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Preface 

Four volumes covering the pyridines were originally published under the 
editorship of Dr. Erwin Klingsberg over a period of four years, Part I appearing 
in 1960 and Part IV in 1964. The large growth of research in this specialty is 
attested to by the fact that a supplement is needed so soon and that the four 
supplementary volumes are larger than the original ones. Pyridine chemistry is 
coming of age. The tremendous variations from the properties of benzene 
achieved by the replacement of an annular carbon atom by a nitrogen atom are 
being appreciated, understood, and utilized. 

Progress has been made in all aspects of the field. New instrumental methods 
have been applied to the pyridine system at an accelerating pace, and the 
mechanisms of many of the substitution reactions of pyridine and its derivatives 
have been studied extensively. This has led to many new reactions being 
developed and, in particular, to an emphasis on the direct substitution of 
hydrogen in the parent ring system. Moreover, many new and important 
pharmaceutical and agricultural chemicals are pyridine derivatives (these are 
usually ecologically acceptable, whereas benzene derivatives usually are not). 
The modifications of the properties of heteroaromatic systems by N-oxide 
formation are being exploited extensively. 

For the convenience of practitioners in this area of chemistry and of the users 
of these volumes, essentially the same format and the same order of the 
supplementary chapters are maintained as in the original. Only a few changes 
have been made. Chapter I is now divided into two parts, Part A on pyridine 
derivatives and Part B on reduced pyridine derivatives. A new chapter has been 
added on pharmacologically active pyridine derivatives. It had been hoped to 
have a chapter on complexes of pyridine and its derivatives. This chapter was 
never received and it was felt that Volume IV could not be held back any longer. 

The decision to publish these chapters in the original order has required 
sacrifices on the part of the authors, for while some submitted their chapters on 
time, others were less prompt. I thank the authors who finished their chapters 
early for their forebearance and understanding. Coverage of the literature starts 
as of 1959, though in many cases earlier references are also given to present 
sufficient background and make the articles more readable. The literature is 
covered until 1970 and in many cases includes material up to 1972. 

I express my gratitude to my co-workers for their patience during the course 
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X i i  Preface 

of this undertaking, and to my family, who saw and talked to me even less than 
usual during this time. In particular, I acknowledge the inspiration given me by 
the strength and smiling courage of my son, Michael, who will never know how 
much the time spent away from him cost me. I hope he understood. 

R. A. ABRAMOVITCH 

University, A h  ba ma 
June I973 
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2 Nitropyridines and Reduction Products (Except Amines) 

I. Nitropyridines 

1. Preparation 

A. Synthesis from Aliphatic Intermediates 

Gundermann and Alles' have studied the stepwise reaction of potassium 
2,2-dinitroethanol with formaldehyde, dinitrogen tetroxide, and dilute acid 
(VIII-1). They concluded that the reaction product was 2,4,6-trinitropyridine-l- 
oxide on the basis of spectral evidence and mode of formation. The reaction is 
analogous to one employing potassium nitroacetonitrile to give 2,4,6-tricyano- 
pyridine-1 -oxide. 

0- 

B. By Nitration of Substituted Pyridines 

The nitration of 2-dimethylaminopyridine-1 -oxide under mild conditions gives 
2-dimethylamino-5-nitropyridine-1-oxide; significantly, none of the 4-nitro 
isomer is formed in the reaction.' 

DeSelms3 has reinvestigated the nitration of 2-methyl- and 2-chloro-3-pyri- 
dinol. The entering nitro group is directed to the 4- and 6- positions in a 4 to 1 
ratio. Electrophilic nitration of 3-pyridinol to give 2-nitro3-pyridino14 and 
2,6-dinitro-3-pyridino13 was confirmed. This seems to be the only example of 
4-nitration except for the case of the pyridine-1 -oxides. 

C .  By Oxidation of Aminopyridines 

The preparation of 3-fluoro4nitropyridine can be effected by oxidation of 
the aminofluoro compound with persulfuric acid.' A similar reaction yields 
4-nitrotetrafluoropyridine from the corresponding amino precursor.6i ' 

4-Nitrotetrafluoropyridine is a liquid whose boiling point (152 to 154") is 
appreciably lower than that of 2-nitropyridine (256"), or of 3-nitropyridine 
(2 16"). 



Nit ropyridines 3 

In futher examples, 2-aminopyridine and 2-amino-5-bromopyridine give 
2-nitropyridine-1 -oxide and 5-bromo-2-nitropyridine-1 -oxide directly, in low 
yields, on oxidation with peroxytrifluoroacetic acid.' 

D. From Nitropyridine-1 -oxides 

Kroehnke and Schaeferg have studied the deoxygenation of 4-nitropyridine-l- 
oxides by various reagents. Nitrosylsulfuric acid and "nitration acid" give yields 
of deoxygenated products in excess of 90%; the conventional reagent 
(PC13 -CHC13) is somewhat less effective and gives up to 7 1% of products. 

Simultaneous nitrationdeoxygenation has also been observed by these 
workers. For example, pyridine-1 -oxide undergoes nitration and deoxygenation 
with concentrated sulfuric acid and fuming nitric acid at 130 to 165" to  give 
4-nitropyridine in 7 1% yield. As additional examples, 3-picoline-1 -oxide gives 
4-nitro-3-picoline (8 l%), and 3-bromopyridine-I-oxide affords 3-bromo4-nitro- 
pyridine (75%) on treatment with nitric oxide and sulfuric acid at 150  to 200". 

The N-oxide function is retained on treatment with nitric and sulfuric acids at 
somewhat lower temperatures. Thus Talik and Talik" prepared 3-chloro4-nitro- 
pyridine-1 -oxide (84.5%) and 3-iodo4-nitropyridine-1 -oxide (56.4%) with this 
reagent at steam-bath temperature. 

E. Side-Chain Nitro Compounds 

Rubinstein, Hazen, and Zerfing" noted the occurrence of appreciable 
side-chain nitration during the oxidation of 5-ethyl-2-picoline with nitric acid 
(VIII-2). The product of this reaction gives methyl 2-methyld-pyridyl ketoxime 
on reduction with tin and hydrochloric acid. 

(VIII-2) 

2. Reactions of Nitropyridines 

A.  Reduction 

Yamada and Kikugawa" reported that 2- and 4-nitropyridines give the 
hydrazo- and azo- compounds, respectively, on reduction with sodium 



4 Nitropyridines and Reduction Products (Except Amines) 

borohydride in boiling ethanol; nitrobenzene, however, does not react under 
these conditions. The reduction of picolinonitrile and isonicotinonitrile with this 
reagent further exemplifies the enhanced reactivity of 2- and 4- substitutents on 
the pyridine ring. 

B. Reactivity of Nitropyridines and Halonitropyridines 

The relative reactivity of substituents in nitropyridines, halonitropyridines, 
and halonitropyridine-1 -oxides has been studied extensively during recent years. 

Johnson13 investigated the reactivities of 2- and 4-halo- and 2- and 
4-nitropyridine-1 -oxides toward sodium methoxide and found that the energies of 
activation were lower for the nitropyridine-1 -oxides than for the corresponding 
halo compounds. 

studied the behavior of 3-chloro4-nitropyridine-1 -oxide with 
various reagents, and showed that sodium methoxide causes replacement of the 
nitro group, while amines, on the other hand, effect displacement of the 
halogen. 

2-Halo4-nitropyridine-1 -oxides react with two equivalents of sodium 
methoxide at room temperature to effect replacement of both halogen and nitro 
groups. One equivalent of sodium methoxide at that temperature, however, 
causes replacement of the nitro group alone to give 2-chloro4-methoxypyridine- 
-1-oxide in 84% yield.'6s The use of two equivalents of the base in boiling 
methanol gives 2,4dimethoxypyridine-l -oxide. 

Boiling aqueous potassium hydroxide converts 2-chloro4-nitropyridine into 
2-chlor04-pyridone.'~ In general, the reactivity pattern of 2-halo4-nitro- 
pyridines parallels that of the corresponding l-oxides.17. l9 

3-Fluoro4-nitropyridine-1 -oxide undergoes facile displacement of the halogen 
under mild conditions. Alkoxides in general lead to replacement of fluorine at 
room temperature, and of both substituents a t  higher temperatures.20' 22 

Abramovitch and his co-workers" have studied the reaction kinetics of 
variously substituted halopyridines with methoxide ion in methanol. As part of 
t h i s  study, energies of activation were determined for 2-chloro-3-nitro- and 
2-chloro-5-nitropyridines; they were found to be 18.7 and 18.1 kcal/mole, 
respectively. 
4-Nitro-3-chloropyridine-1 -oxide is reduced with hydrazine to 4-amino-3- 

chloropyridine-1-oxide.17 2-Chloro4-nitropyridine gives 1,2-bis-(2-chloro4- 
pyridy1)hydrazine on treatment with hydrosulfide." 

Talik14* ' 
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C .  Reactions of Nitroaminopyndines 

2-, 3-, And 4-nitroaminopyridines react with halogens and red phosphorus in 
boiling chloroform or carbon tetrachloride to give chloro-, bromo- and 
i~dopyridines.?~ 

If. Nitrosopyridines and Hydroxylaminopyridines 

4-Nitropyridine-1-oxide undergoes reduction with phenylhydrazine to give 
4-hydroxylaminopyridine-1 -oxide in nearly quantitative yield.24 This product is 
very reactive; it undergoes oxidation in aqueous ammonia to form 
4,4’-azopyridine-l,1 ’dioxide, and with potassium pennanganate in acid solution 
to give 4-nitrosopyridine-1 -oxide. 

Photolysis of 4-nitropyridine in ethanol yields 4-hydroxylaminopyridine?’ 
Yates and his co-workersZ6 have studied the reactions of 2,6dialkyl4-pyrones 

with hydroxylamine. Thus, 2,6-dimethyl-4-pyrone and 2,6-diethyl4-pyrone give 
the corresponding 2,6dialkyl4-hydroxylaminopyridine-l -oxides in 17 to 20% 
yields (VIII-3). 

0 NHOH 

The hydroxylaminopyridine-1 -oxides are reactive compounds that are oxidized 
by air in strongly alkaline solutions to azopyridines, and that undergo 
photochemical conversion to azoxy derivatives. Mixtures of azo and azoxy 
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compounds are produced by atmospheric oxidation under less alkaline 
conditions (VIIIJ).  

111. Azopyridines and Azoxypyridines 

Brown and his collaborators2’ found that 5-amino-2-dimethylaminopyridine 
does not react with nitrosobenzene to give the expected 2-dimethylamino-S- 
phenylazopyridine. Instead, the desired compound is obtained by reaction of 
2-chloro-5-phenylazopyridine with dimethylamine. In contrast to the biological 
action of 3-(p-dimethylaminophenyl)azopyridine, this substance is not 
carcinogenic. 

Elslager and his co-workers” have prepared a variety of pyridylazo 
compounds for testing as chemotherapeutic agents. 

Czuba2’ has investigated the behavior of a large number of substituted 
3-nitraminopyridines on treatment with sulfuric acid. The products of the 
reaction are substituted 3-azopyridines, 3-azoxypyridines, and 3-pyridinol. 

The oxidation of 2-(p-nitrophenylazo)pyridine with perbenzoic acid gives a 
mixture of the 1 -oxide and the a-azoxy-1 -oxide? 

Gladstone and Norman3’ have subjected benzoylpyridine phenylhydrazones to 
lead tetraacetate oxidation. The intermediate side-chain azo compounds thus 
formed undergo conversion to 3-pyridylindazoles with Lewis acids (VIII-4). 

TY P b ( 0 A c )  TY Lewis acids 
PhC=NNHPh d PhC-N=NPh ___c 

I 
OAc 

Iih (vIII-4) 

2-Substituted-5-aminopyridines react with nitrosobenzene under basic 
conditions to afford 2-substituted-5-phenylazopyridines in yields of 53 to 
84%.31 

In a significant reaction, pyridine couples with phenyldiazonium salts in the 
presence of sodium bisulfite to give 3-phenylazopyridine. The pyridine-sodium 
bisulfite adduct is thought to be the reactive heterocyclic moiety3’ (v111-6). 
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H S0,Na 

(vIII-6) 

IV. Hydrazinopyridines 

A number of reactive fluoropyridines have been used to synthesize 
hydrazinopyridines. Thus 3-fluoropyridine-1 -oxide reacts readily with hydrazine 
to give 3-hydrazinopyridine-1 -oxide? Similarly, pentafluoropyridine gives 
4-hydrazinotetrafl~oropyridine.~~ In like manner, 3,5-difluoro4-hydrazino- 
pyridine is readily p~epared.~'  

Pyridine and some of its homologs have been subjected to direct hydrazination 
with substituted hydrazines. Reaction occurs almost exclusively at  the 
2-position, although in one case a trihydrazino compound forms as a by-product 
( v I I I - q . 3 6  

0 + Na'(NHNMe,)-- 0 NHNMe, + Me,NNH Ga \ NHNMe, 

N N N 

(VIII-5) 

The reaction of 2-chloropyridine with monosubstituted hydrazines in the 
presence of sodium hydride gives 1,l disubstituted hydrazines." 

V. Pyridyl Azides 

A number of pyridyl azides have been prepared by conventional methods. The 
reaction of 4-hydrazino-2-picoline with nitrous acid, for example, gives 
4-azido-2-picoline. 4-Azidopyridine-1 -oxide is obtained in a similar manner. The 
reaction of 4-chloropyridine with sodium azide is less satisfactory, and gives the 
product in low yield.3a 

3-Pyridylazide is formed by reaction of 3-pyridyldiazonium chloride with 
sodium a ~ i d e . ~ '  2-Aminopyridine-1 -oxides can be diazotized, and treatment of  
the salt with azide ion gives rise to the 2-azidopyridine-1-oxide in good yields.39a 

4-Azido-2-picoline is oxidized with hydrogen peroxide to 4,4'-azoxy-2,2'-di- 
rnethylpy~idine,~' which reacts with propargyl alcohol to give the 
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pyridyl-(hydroxyrnethyl)-1,2,3-triazole. 4-Azidopyridine-1 -oxide yields 4,4‘- 
azoxypyridine-1,1 ’dioxide on photolysis in acetone!’ 

Huisgen and his co-workers have investigated the reaction of 2-pyridylazide 
with various acetylenes. Although the equilibrium is largely toward the 
tetrazole,4°as 40b the substance reacts to give 1-(2-pyridyl)-l,2,3-triazoles 
(VIII-7).40a (See Ch. IA for some reactions of 2-azidopyridine-1 -oxides.) 

R’ = H , R” = C0,Me 
R’ , R” = CO, Me 
R’, R” = Ph 
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VII . Supplement 

The following table contains references to the spectral data on the material 
covered in this chapter. The studies cited are of a more comprehensive nature. 
In most cases the original literature was consulted; chemical abstract citations 
are included for all  references for the purpose of convenience, however. 

Substance Type of Study Reference 

2-Nitropyridine 
ZNitropyridine 

4-Nitropyridine 

4-Nitropyridine-1 -oxide 

2-Nitro-3-picoline 
2-Nitro4picoline 
2-Nitro-4-picoline 
2-Nitrod-picoline 
4-Nitro-2-picoline 
4-Nitro-3-picoline 

3-Ethyl4-nitropyridine 
4-Nitro-3-propylpyridine 
2Chlor0-3-nitropyridine 
3-Bromo-4-nitropyridine-l-oxide 
3-Methoxy -24tropyridine 
2-Methoxy-3-Ntropyridine 
4-Ethoxy-3-nitropyridine 
2-Methoxy-5-nitropyridine 
3,s -Dinitropyridine 
4-Nitro-2,6-lutidine 
4-Nitro-2.6-lutidine-1-oxide 
4-Nitro-3.5-lutidine 
2,3,5,6-Tetramethy14-nitropyndine 
4-Nitrosopyridine-1 -oxide 
Dinitro-(2-pyridyl)methane 
4-Hy drazinopyridine-l -oxide 

4-Hyd~azino-2,3,5,6-tetrafluoro-pyridine 
2,2'-Azopyridine 
3,3'-Azopyridine 

uv 
ESR 
uv 
uv 
NMR 
IR 
ESR 
W 
NMR 
Mass Spec. 
FSR 
Mass Spec. 
Mass Spec. 
Mass Spec. 
Mass Spec. 
IR 
IR 
w 
U V ,  IR 
UV, IR 
w 
IR 
W 
W 
w 
uv 
ESR 
IR 
IR 
IR, UV 
IR, UV 
ESR 
IR, UV 
IR study of 

NMR 
NMR 
NMR 

hydrazones from 

61 
59.67 
61 
61 
72, 73, 81 
63  
65 
71,77 
70.73 
58 
66,75 
74 
74 
74 
74 
79 
60,69, 79 
60 
60  
60  
57 
69 
6 2  
62 
57 
62 
59 
79 
79 
60  
60  
68 
78 

80  
76 
64 
64 
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Substance Type of Study Reference 

4,4‘-Azopyridine NMR 
3.3’-Dimethyl4,4’-azopyridine-l,1 ’dioxide IR 
2,2’,6,6’-Tetramethyl4,4’azopyridine-l,l’dioxide IR 

64 
69 
79 

1. 
2. 

3. 
4. 
5 .  

6. 
7. 
8. 
9. 

10. 
11. 

12. 
13. 
14. 
15. 
16. 
17. 

18. 

19. 

20. 
21. 
22. 

23. 
24. 

25. 
26. 
27. 
28. 

29. 

30. 
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I . Nuclear Amines 

1 . Preparation of Primary Amines 

A . From Nonpyridine Starting Materials 

Aminopyridines were detected in the complex mixture of products resulting 
from the condensation of paraldehyde with excess ammonia at 210" at 100 atm 
pressure.' 

Aminohalopyridines are obtained by the action of anhydrous halogen acids 
(hydrogen bromide or hydrogen iodide) on 3.hydroxyglutaronitriles. glutaco- 
nitriles or 1.3dicyano. 2.propanol. thus. a mixture of 1.3.dicyano. 2.propanol 
and anhydrous hydrogen bromide gives (after neutralization of the product) 
2-amino-6-bromopyridine? 
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2,6-Diamino-3-picoline (IX-1) is obtained in 30% yield by the dehydrogenation 
of a-methylglutarimidine with a Pd catalyst. 2,6-Diamino-3,5dimethylpyridine 
was prepared similarly from a,a-dimethylglutarimidine! 

IX- 1 

The reaction of 3-hydroxyglutaronitrile with andine hydrobromide yields 
2,6dianilinopyridine;’ using thiophenol, hydrogen bromide, and acetic acid 
instead of aniline hydrobromide, 2-amino-6-phenylthopyridine results.6 

Interesting cases of ring formation have been reported, for example, the 
synthesis of 2-amino-3 ,Sdicyano-6-ethoxy4-phenylpyridine (1x4) from benzal- 
malonitrile (IX-3) and ethanolic potassium hydroxide.’ The presence of 

C,H,CH=C(CN), + KOH a C,H,CHO + K+CH(CN); 

Ix-3 Ix-2 

I 

\CH’ ‘CN 

- ‘I NN- 

‘6 H5 

I 
CN 0c N c  

- 

EtOH 
K’ - 



44 Aminop yridines 

benzaldehyde and the absence of malonitrile in the reaction products suggested a 
mechanism involving a reverse aldol condensation to form benzaldehyde and the 
potassium salt of malonitrile (IX-2). IX-2 then condenses with IX-3 to yield the 
substituted pyridine IX4. If methanol is used instead of ethanol, the 6-methoxy 
derivative is formed. 

Cyclizations involving activated carbonyl compounds have been reported. 
l-Ethoxy-2,4-dioxopentane condenses with P-aminoQethoxyacrylate to yield 
ethyl 2-amino4ethoxymethyl-6-methylnicotinate (IX-5): Another condensation 

CH3COCH1COCH,0Et + (NH,)(EtO)C=CHCOOEt - 
IX-5 

reaction involves nitromalondialdehyde and ethyl amidinoacetate; th is  results in 
the formation of ethyl 2-aminod-nitronicotinate (IX-6):’ 

The reaction of acetamidine with 3-(phenylazo)acetylacetone gives 6-amino- 
2,4-dimethy1-3-phenylazopyridine.’ 
4-Hydroxylaminopyridine-1 -oxide (IX-7) was obtained from the reaction of 

hydroxylamine with ypyrone. Its structure was proved by hydrogenation to 
4aminopyridine and also by oxidation to 4-nitropyridine-1 -oxide.’’ 

0- 
IX- 7 
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B. Amination of Pyridines with Alkali Amides 
(The Tschitschibabin Reaction) 

Direct amination of alkylpyridines with sodium amide generally results in the 
formation of the 2- or 6-amino-derivatives. 2-Amino-3-picoline and 2-amin0-4- 
picoline were obtained in good yields (7040%) from the direct amination of the 
crude picoline fraction of coal tar with sodamide." 4-Alkylpyridines having 
more than 5 carbon atoms in the alkyl group can be aminated with sodamide in 
inert solvents, or with sodium in liquid ammonia, to give 2-amino-4-alkyl- 
pyridine;' 3s l4 for example, 4isopentylpyridine yields 2-amino4-isopentyl- 
pyridine when boiled under reflux with sodamide in xylene a t  130 to 140" for 8 
hours.' Even with 2-methyl4-pyridone, direct amination results in the 
formation of 6-amino-2-methy14-pyridone.1s Amination of 3-substituted 
pyridines by sodamide gives predominantly the 2-amino-3-substituted derivative 
rather than the 6-isomer;16 for example, 3-picoline gives a mixture of 
2-amino-3-picoline and 6-amino-3-picoline in the ratio of 10.5: 1 ."l 

When 2,5-dimethyl-4-phenylpyridine is heated with sodium amide at 180" for 
5 hours, 2-amino-3,6dimethyl4-phenylpyridine (1x43) is obtained.' If the 2- 
and 6-positions are not available, direct amination takes place at the 4-position; 
thus, the reaction of 2,6-lutidine with sodium in liquid ammonia yields 
4-amino-2,6-lutidine (IX-9)." The 4-chloro substituent in perchloropyridine is 

Ix-8 Ix- 9 

easily replaced by an amino group; for example, perchloropyridine readily reacts 
with sodium amide to give 4-amino-2,3,5,6-tetrachloropyridineZ ' (see Chapter 
w- 

Nm / / IX- 10 
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The reaction of lithium w i d e  with pyridine has been studied; 2,2’- and 
4,4’dipyridyl, rather than 2-aminopyridine, were the predominant products 
(IX-10)?2 Whereas the reaction of sodium amide with pyridine in various 
solvents gave yields of 2-aminopyridine of at least 43%, lithium amide under 
sirmlar reaction conditions produced less than 1% of 2-aminopyridine.” The 
mechanism of the Tschitschbabin reaction in which a ring hydrogen atom was 
replaced by an amino group has been the subject of much recent discussion. The 
“pyridyne” mechanism (IX-11) proposed by Levitt and LevittZ3 and 
supplemented by molecular orbital  calculation^^^ was proved unacceptable by 
Abramovitch and by other workers.’ 7 s  l 8 ,  25-27 Instead, convincing evidence 
indicated that the overall mechanism was an s ~ A r 2  type addition-elimination 
pathway (IX-12). The subject has been reviewed by Abramovitch and Saha.16 

The mechanism of ammonodehalogenation reactions of halopyridines by alkali 
amides probably involves two mechanistic pathways. The reactions of 3- or 
4-halopyridines with potassium amide in liquid ammonia proceed mainly, if not 
exclusively, via 3,4-pyridines to give mixtures of 3- and 4-aminopyridines; in 
contrast, 2-halopyridines react via an addition-elimination pathway, giving only 
2-aminopyridine~.’~-~ 

0, + NH, - addition OH (Ix-11) 
NH, 

+ MNH, 

Additionelimination mechanism (K-12) 
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The mechanistic pathways of the ammonodehalogenation reactions of 
aminohalopyridine-1 -oxides have been s t ~ d i e d ~ ’ - ~ ~  and are discussed in Chapter 
IV.6. 

The reactions of dibromopyridines and various substituted bromopyridines 
with alkali amides have been r e p ~ r t e d ; ~ ~ - ~ ~  aminopyridines were the products in 
most but not all cases. For example, 2,6-dibromopyridine gives 4-amino-2-methyl- 
pyridine when treated with potassium amide in liquid ammonia: under similar 
conditions but using 2-amino-3-bromopyridine, 3-cyanopyrrole is formed38 (see 
Chapter I.A.). 

C. Arnrnonolysis of Halopyridines 

Halopyridines are converted to aminopyridines under a variety of conditions. 
The conversion of 3-bromopyridine to 3-aminopyridine requires a catalyst 
(copper sulfate), ammonium hydroxide, and 20 atm pre~sure.~’-~’ When 
2-bromo-5-chloro-3-methylaminopyridine was heated with aqueous ammonium 
hydroxide and copper sulfate in a sealed tube, the bromine atom was 
preferentially replaced to yield 2-amino-5-chloro-3-methylaminopyridine~’ 
Concentrated ammonium hydroxide is used to ammonodehalogenate 4-chloro- 
nicotinic acid-l-oxide4’ and 4-chloro-3,5-dimethylpyridine-l-oxide43 to  the 
corresponding 4-amino derivatives. Nitrohalopyridines undergo amination under 
milder  condition^;^^ for example, 2-chloro-3,5-dinitropyridine4’ and 2,4di- 
chlor0-3-nitropyridine~~ react with ammonia at ambient temperatures to give 
the corresponding 2-amino derivatives. The reactions of some chloro-, bromo-, or 
iodonitropyridines with ammonia do not necessarily result in the displacement 
of the halogen atom. Thus, 2-halo- or 3-halo4-nitropyridines react with 

ammonium hydroxide to give 2-halo- and 3-halo4-aminopyridines, re- 
spectively4’* 48 (e.g., IX-13). 

The fluorine atom in 2-fluoro4-nitropyridine is more labile than the nitro 
group, and it is readily replaced by ammonium hydroxide to give 
2-amino-4-nitropyridine (IX-14) rather than 2-fluor04-aminopyridine.~’ 
Similarly, 3-fluoro-4-nitropyridine and its N-oxide give the corresponding 
3-amino-4-nitro derivatives.’ 0-52 

The ammonolysis reactions of various polyfluoropyridines have been 
The 4-fluoro substituent in pentafluoropyridine is easily 
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IX- 14 

replaced by ammonia (or other amines) to give 4-amino-2,3,5,6-tetrafluoro- 
pyridine;’ 31 5 4  similarly, 3-chloro-2,4,5,6-tetrafluoropyridine and 3,s-dichloro- 
2,4,6-trifluoropyridine yield the corresponding 4-amino derivatives.’ 6 s  ’ 13  If the 
4-position does not bear a fluorine atom, as in 4-iodo-2,3,5,6-tetrafluoropyri- 
dine, the 2-fluoro substituent undergoes ammonolysis preferentially to give 
2-amino-4-iod0-3,5,6-trifluoropyridine’~ (see also Chapter VI). 

D. Hofmann, Schmidt, and Curtius Reactions 

Hofmann degradations were carried out on Schloro- and 5-bromonicotinamide 
and S-ethyl-2-picolinamide to yield 3-aminod-~hloropyridine,~~ 3-amino-5- 
bromopyridine,61 and 2-amin0-5-ethylpyridine,~’ respectively. When pyridine 
carboxylic acids are treated with sodium azide in an oleum medium, a good yield 
(69%) of 3-aminopyridine and poorer yields (<30%) of 2- and 4-aminopyridine 
are reali~ed.6~ 3-Amino-hitropyridine is similarly prepared by the Schmidt 
reaction using 5-nitronicotinic and hydrazoic acid.641 65 

Several aminofluoropyridines are prepared either by the Hofmann reaction or 
the Curtius degradation. Thus, 2-amino-6-fluoropyridine is easily obtained from 
either 6-fluoropicolinamide or 6-fluoropicolinic hydrazide.66 3-Amino-2-fluoro- 
pyridine and 5-amino-2-fluoropyridine are prepared best from the appropriate 
2-fluoropyridine carboxamide rather than from the hydrazide because the 
a-fluorine atom is easily replaced by hydrazine. 

E. Reduction of Nitro Compounds 

The preparation of aminopyridines through the reduction of nitropyridines 
and nitropyridine-1 -oxides, may be subdivided into catalytic hydrogenation and 
noncatalytic reducing systems. 3-Ethyl-4-nitropyridine-1-oxide and 4-amino-2,6- 
lutidine-1 -oxide are hydrogenated over platinum oxide to give 3-ethyl-4-amino- 
pyridine and 4-amin0-2,6-lutidine,6~ respectively. Palladium on various inert 

has been used instead of platinum oxide. If a halogen substituent 
is present, not only is the nitro group reduced but the halogen atom is removed 
as well; for example, 6-chloro-5cyano~ethoxymethyl-3-nitro-2-picoline gives 
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3-amino-5-cyano4ethoxymethyl-2-picoline (IX-15) when hydrogenated in abso- 
lute ethanol in the presence of palladium on calcium carbonate.77 Often the 

CH, OEt CH, OEt cNo:l; H,/Pd-CaCO,, "oNH2 

\ CH, 

Ix-15 

halogen substituent may be more effectively removed by treatment of the 
halopyridine with hydrazine prior to hydr~genat ion .~~ 

Catalytic hydrogenation of 6-chloro-5cyano4ethoxymethyl-3-nitro-2- 
picoline over nickel formate selectively reduces the nitro function but spares the 
chloro and cyano groups, giving 3-aminod-chlorod-cyano4-ethoxymethy1-2- 
pi~oline.~' Both nitropyridines and nitropyridine-1 -oxides are converted to 
aminopyridines by catalytic hydrogenation over Raney For 
example, 4-nitropyridine-1 -oxide and 4-nitro-3-picoline-1-oxide are hydrogen- 
ated over Raney nickel to give 4-aminopyridine and 4-amino-3-picoline, 
re~pectively.'~-'~ Similarly, halonitropyridine-1-oxides may be converted to  the 
corresponding aminohalopyridine~?~ the halogen atom is not removed. 

Metal-acid solutions have been employed in the reduction of nitropyridines to  
aminopyridines. Zinc dust and acetic acid have been used in the preparation of 
3-amino-1 -benzyl4-pyridone or 3-amino-l-benzyl-5-iodo4-pyridone from the 
corresponding 3-nitro  derivative^.'^ Tin or iron in acids is more popular.74i 
For example, 3-amino-2-(o-bromobenzyloxy)-pyridine is obtained by the 
reduction of 2-(o-bromobenzyloxy)-3-nitropyridine using iron and hydrochloric 
acid.94 Various ferrous salts have also been effective reducing agents. Several 
derivatives of phenyl 5-amino-2-pyridyl sulfide (IX-16) (or the sulfone) are 

IX-16 

obtained by the reduction of phenyl 5-nitro-2-pyridyl sulfide (or the sulfone) 
with ferrous salts in ammonium chloride solution?' These amino derivatives are 
given in Tables IX-19 and IX-20. Ferrous sulfate successfully reduces 
3-nitro-2-picoline-4-carboxaldehyde to the unstable 3-amino-2-picoline4-carbox- 
aldehyde;" ferrous hydroxide converts 3-iodo4-nitropyridine-1 -oxide to 
3-iodo4aminopyridine.' O0 
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4-Nitropyridine is reduced to 4-aminopyridine by sulfur dioxide dissolved in 
dilute sulfuric acid containing hydrogen iodide as a catalyst."' Aqueous 
solutions of sodium sulfide or ammonium sulfide reduce only the 3-nitro 
substituent in 3,s-dinitropyridine and 3,5-dinitro-2-pyridone."z~"4 4-N it10-2,6- 
lutidine-1 -oxide (IX-17) reacts with aqueous hydrosulfite to give 4-amino-2,6- 
lutidine (IX-18);'05 however, IX-17 reacts with sodium borohydride to give 
4,4'-azo-2,61utidine-l , I  'dioxide (IX-19).'06 

Ix-IS 

IX-17 

Ix-19 

When 2-halo-4-nitropyridine-1 -oxides are treated with hydrazine hydrate in 
ethanol, 4-amino-2-halopyridine-1-oxides re~ul t . ' '~  The reaction of 4-nitro- 
pyridine-1-oxide (IX-20, R = H) and of 4-nitro-2-picoline-1-oxide (IX-20, R = 
CH3) with phenylhydrazine gives 4-hydroxylaminopyridine-1 -oxide (IX-21, R = 
H) and 4-hydroxylamino-2-picoline-1 -oxide (IX-21, R = CH3), respectively, rather 
than the corresponding 4-amino derivatives'08s log (See also Chapter VIII). 

0- 
IX-20 

0- 
Ix-2 1 

F. From Pyridylpyriditiiurn Halides and 
N-(Pyridyl)-2-~yridones 

When N(2-methyl-3-pyridyl)pyridinium perchlorate is dissolved in piperidine 
and ethanol and heated, 3-amino-2-picoline (IX-22) is obtained."' Similarly, 
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other N-(2- and 4-pyridy1)pyridinium salts give the corresponding 2- and 4- 
aminopyridines."' 

IX-22 

Heating 1 (4-hydroxy-2-pyridy1)pyridinium chloride in aniline and acetic 
anhydride gives a product that, on hydrogenation over palladium-charcoal, 
proved to be 2-aminopyridine."' 

Contrary to a previous report,'I3 the reaction of pyridine-1-oxide with acetic 
anhydride does not give exclusively 2-pyridone; 2-aminopyridine and 
N(2-pyridyl)-:!-pyridone (IX-23) are also f ~ r m e d . " ~  Similarly, 6-amino-3- 
picoline and 3-methyl-N(S-methyl-2-pyridyl)-2-pyridone were isolated in the 
reaction of 3-picoline-1-oxide with acetic anhydride"' (see also Chapter IV). 

IX-23 

When 3-methoxypyridine-1 -oxide is treated with 2-bromopyridine, 1-(5- 
methoxy-2-pyridyl)-;!-pyridone (IX-24), 1 -(3-methoxy-2-pyridyl)-2-pyridone 
(IX-25), and some other unidentified products are obtained. Heating IX-24 and 
IX-25 with aqueous sodium hydroxide gives the corresponding aminomethoxy- 
pyridines IX-26 and IX-27. Several other aminomethoxypyridines are prepared 
similarly." 
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0- 

Ix-25 IX-26 IX-27 

G. Miscellaneous Methods 

Hydroxylamine reacts with 2,6-dimethylpyrone or with the barium salt of 
diacetyl acetone to give 4-hydroxylamino-2,6-lutidine-l -oxide, which can be 
reduced catalytically to 4-amino-2,6-lutidine using hydrogen and platinum 

When pyridine4sulfonic acid is heated with ammonium hydroxide or with an 
alkylamine in the presence of a small amount of zinc chloride it gives 
kminopyridine and 4-alkylaminopyridine, respectively."' 4-Amino-2,6di-r- 
butylpyridine is obtained on heating 2,6-di-t-butylpyridine4-sulfonic acid with 
aqueous ammonia in a small sealed tube.'lg The cyano group in the 4-position is 
also labile; thus 4-cyanopyridinium methiodide reacts with ammonium 
hydroxide to give 4-aminopyridine methiodide (IX-28).lZ0 

3 - NH, r 
\ \ 

I I 
CH3 CH, 

Ix-28 

2-Amino-6-fluoropyridine is prepared by the hydrolysis of 6-fluoropyridine-2- 
isocyanate.'" N(4-Methyl-5-phenylnicotinyl)-N'(4-methyl-5-phenyl-3-pyridyl) 
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urea is hydrolyzed with hydrochloric acid to give 3-amino4-methyl-5-phenyl- 
pyridine (IX-29):' 

ix-29 

When the thiazoline IX-30 was sublimed at 400 to 500", small amounts of 
2-amino-3,4,5,6-tetramethylpyridine (IX-31) were isolated.12' 4p-Dimethyl-l- 
(2-pyridy1amino)glutamide is obtained from the pyrolysis of the mono-2- 
pyridylhydrazide of 3,3-dimethylglutaric acid.lZ3 

H 

IX-30 JX-3 1 

4-Aminonicotinamide is obtained by the hydrogenation of 4-benzyloxy- 
nicotinamide over a Raney nickel ~ a t a 1 y s t . l ~ ~  

2-Aminopyridine-1 -oxide can now be converted to 2-aminopyridine by heating 
it with granulated lead and ferrous oxalate; this procedure is valuable for 
aminopyridine-1 -oxides that cannot be deoxygenated by phosphorous tri- 
~ h l 0 r i d e . l ~ ~  

The thermal decomposition of oximes of ?-nitro or rcyano ketones results in 
a complex mixture of products, the major component of which is a substituted 
Zaminopyridine (IX-32).'26 

1X-32 

A mixture of chloramine and ammonia with pyridine, 4-picoline, 2,4-lutidine, 
or nicotinic acid is reported to give the corresponding 2-amino derivative. 
1 -Aminopyridine hydrochloride as well as 2-aminopyridine hydrochloride are 
detected in aqueous solutions of chloramine and pyridine.''" 
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2. Preparation of Secondary and Tertiary Amines 

Vajda and Kovacs'28' 12' described three methods labeled A, B, and C, for the 
direct amination of the pyridine with alkyl mines in the presence of sodium 
amide or finely divided potassium or sodium metal. An example of method A 
was the preparation of 2-n-butylaminopyridine from a mixture of n-butylamine, 
pyridine, and sodium amide in boiling toluene (60 hours). In method B, 
powdered sodium (or potassium) metal was used instead of sodium amide and 
the reflux time was 20 hours. Method C employed sodium metal, a bath 
temperature of 120°, boiling under reflux with stirring for 3 hours and an 
additional 7 hours of boiling without stirring. The yields of 2-n-butylamino- 
pyridine in the above three methods were 38%, SO%, and 33%, respectively. 
These authors claimed that the reaction proceeded via a radical rather than an 
ionic (nucleophilic) pathway because dipyridyls were also formed. When a 
pyridine is heated with a three- to fourfold excess of a primary aliphatic amine 
in the presence of finely divided sodium metal, 70 to 80% yields of 
2-alkylaminopyridines are obtained.130i 1 3 '  

Another general method of direct alkyl- and aryl- amination of the pyridine 
ring has recently been reported by Abramovitch and Singer.132 Pyridine-1-oxide 
(IX-33) and N-phenylbenzimidoyl chloride (IX-34) in boiling ethylene chloride 
give N-benzoyl-2-anilinopyridine (IX-36), which, on hydrolysis, gives 2-anilino- 
pyridine (IX-37); the reaction is believed to proceed via 'an intramolecular 
nucleophilic substitution. Various N-oxides (except 4-nitropyridine-1 -oxide) and 
imidoyl chlorides have been successfully employed in this synthesis (see Tables 
IX-1 and IX-2). Reduction of IX-36 gives the corresponding tertiary amine.'33 

I 
0- 

IX-33 1X-34 

0 -CC, H 
I 
c1 

IX-35 
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Pyridine-l-oxide also reacts with phenyl isocyanate to give good yields of 
2-anilinopyridine.' 34 

Secondary amines are also prepared from aminopyridines and alkyl 
 halide^.'^'-^^* F or example, sodium amide and 2-aminopyridine are boiled 
under reflux in ether for 1 hour and then with ally1 chloride for 3 hours to  give 
61% of 2-allylaminopyridine; similarly 2-allylamino-5-bromopyridine and 
2-allylamino-3,5-dibromopyridine were prepared.'40s 14' 

2-Aminopyridine condenses with alcohols to yield 2-alkylaminopyri- 
dines.' 42-144 2-Aminopyridine and cyclohexanol are dissolved in 80% sulfuric 
acid and heated at 60 to 70" for 6 hours; the reaction mixture is then poured 
over ice and neutralized with ammonia to give 2-(cyclohexy1amino)pyridine 
(70% yield). 2-Isopropylaminopyridine is similarly prepared from isopropyl 
alcohol. 

When 2-aminopyridine is treated with sodium amide and styrene oxide, a 
mixture of 2(/3-hydroxy-/3-phenethylamino)pyridine (IX-38) and 2-@-hydroxyiu- 
phenethy1amino)pyridine (IX-39) in the ratio 3: 1 is ~btained. '~ '  

Ix-38 Ix-39 

2-(/3-HydroxyQ-phenethyl)aminopyridine ( I X 4 )  can be prepared b y  the 
reduction of 2-mandelaminopyridine with lithium hydride.' 46 

Wibaut and Broekman reported that 4-chloropyridine reacted slowly with 
primary and secondary amine~. '~ '  Tertiary amines do not react with 
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4-chloropyridine. A mixture of 4chloropyridine and methylamine in benzene 
was heated in a sealed tube at 160” for 6 hours to yield 34% of 
4-methylaminopyridine. The formation of various secondary aminopyridines 
from a halopyridine and an alkyl amine include the preparations of 4-isopropyl- 
aminopyridine and 4dode~ylaminopyridinne.~~~-~’ 

4-Chloropyridine-1 -oxide when heated with 30% aqueous methylamine at 
140” for 18 hours gives 4-methylaminopyridine-1 -oxide. Several substituted 
4methylaminopyridines are similarly prepared?’ 2-Propylaminopyridine and 
2-phenethylaminopyridine are obtained by heating 2-bromopyridine with 
propylamine’ 52 and phenethylamine,” respectively. 2-Bromopyridine also 
reacts with 1-aminoindane to give 2-( l-indanylamin~)pyridine.~~~~ ”’ 2 , 6-D’ 1- 

chloropyridine reacts with butylamine to give 2-butylamino-6-chloropyri- 
dine.156 2-Benzylamino-3-nitropyridine and 2-(chlorobenzylamino)-3-nitro- 
pyridine are readily prepared from 2-chloro-3-nitropyridine with benzyl amine 
and pchlorobenzyl amine, respectively.’ 5 7  

Anilinopyridines are prepared by heating aniline and a halopyridine, generally 
in the presence of an inorganic b a ~ e . ” ~ - ’ ~ ’  Fo r example, 2-nitro-N-(3-pyridyl> 
aniline is obtained by boiling a mixture of 3-bromopyridine, o-nitroaniline, and 
potassium carbonate in nitrobenzene for 24 hours under re flu^."^ 
2-Anilinopyridine is also isolated (14% yield) from a reaction mixture containing 
aniline, iodobenzene, 2-chloropyridine, methyl salicyate and potassium 
carbonate, though the main product is diphenylamine.159 When 2,6-dichloropyri- 
dine is heated with aniline, both substituents are replaced and 2,6dianilinopyri- 
dine is obtained.160 2,6-Dianilinopyridine (IX41) has also been obtained by the 
cyclization of 3-hydroxyglutaronitrile with aniline hydrobromide.6 2-Amino- 

(CNCH,),CHOH + C,H,NH, - 

3,5-dinitropyridine can be diazotized and undergoes the Schiemann reaction to 
give 2-fluoro-3,5dinitropyridine,’ which, with aniline, gives the 2-anilino 
derivative (IX42).’ 6’ 
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4-Chloropyridine reacts with p(2diethylaminoethoxy)aniline to  give 
4- [p(2diethylaminoethoxy)anilino] pyridine; other substituted pdialkylamino- 
alkoxyanilinopyridines are prepared similarly.' 62* 16' 

Alkoxy groups in the 2- or 4-positions of alkoxynitropyridines are easily 
replaced by ammonia, alkylamines, or dialkylamines. Thus, 4-methylamino-3- 
nitropyridine (IX-43) is obtained in near quantitative yield by heating 
4ethoxy-3-nitropyridine hydrochloride in an autoclave with aqueous methyl- 
amine.''' 

oc, H, NHCH, 

Ix43 

Other methods of preparing secondary aminopyridines have also been 
reported. 
4(rn-Hydroxyphenyl)aminopyridine is obtained by heating the sodium salt of 

m-aminophenol with 4-chl0ropyridine.'~~ A number of 4-arylaminopyridines 
have been prepared similarly (see Table 1x41). 

A preparation of the secondary aminopyridine IX45 involves the reaction of 
2-aminopyridine with the salt IX-44.' 65 

(CH,), N C H S H C H O  + (CH,), SO, - [ (CH,), NXH-CH-ICHOCH,] %H, SO; 
Ix-44 

- 

NH-CH-CH-CH--rN(CH,), 

1x45 - 

+ 

CH, SO,- 

2-Chloro-hitropyridine condenses with 2-aminobenzenethiol to  give 245- 
nitropyridylthio)aniline, which, when heated in ethanolic solutions of hydrogen 
chloride, gives IX46.'66 This Smiles rearrangement has been investi- 
gated' 66-1 'O (see also Chapter XV). 



IX-46 

Aralkylaminopyridines are prepared by reductive alkylation; for example, 
when 2-aminopyridine is heated with 4-alkoxybenzaldehyde and formic acid, 
2(4-alkoxybenzylamino)pyridines are formed. The latter compounds, when 
treated with sodium amide and dialkylaminoethyl chloride, give N-4-alkoxybenz- 
yl-N-2-pyridyl-N:N'dialkylethylenediamine (IX47).171 

When 4-pyridinesulfonic acid is heated with an alkyl amine in the presence of 
zinc chloride, 4-alkylaminopyridines (IX48) result.'72 

IX-48 

Tertiary aminopyridines are generally prepared either by the amination of 
halopyridines with secondary alkyl or aryl amines or by the amination of 
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a secondary pyridylamine with an alkyl or aryl halide.16'-16' The re- 
actions of 2-halopyridines and their N-oxides with an excess of dimethylamine 
have been studied. Based on the yields of diethylaminopyridines and 
dimethylaminopyridine-1 -oxides produced, the following is the order of 
decreasing reactivities of the halopyridines: 174 

2-bromopyridine-l-oxide > 2-chloropyridine-1-oxide > 

(2-iodopyridine-1 -oxide, 2-iodopyridine, 2chloropyridine) 

2-Dimethylamino-3,5-dinitropyridine is obtained from 2-chloro-3,5-dinitro- 
pyridine with 400/0 aqueous dimethylamine. 2-Diethylamino-3,5-dinitropyridine 
is formed from anhydrous diethylamine and 2-(/3chloroethoxy)-3,5-dinitropyri- 
dine."' 
N-(2-Pyridyl)-N-bromobenzyl-N~N'-diall<ylethylenediamines are prepared from 

2#-dialkylaminoethylamino)pyridine, alkali amide and an alkyl bromide 
(preferably bromobenzyl bromide; see Table IX-35). Thus, N-(2-pyridyl)-N-(rn- 
brornobenzy1)-N'JV'diethylethylene diamine (IX49) is obtained from the 
condensation of 2-(fl-diethylaminethylamino)pyridine with m-bromobenzyl 
bromide in the presence of sodium amide.18' 

2-(2-Dimethylaminoethylamino)pyridine reacts with I-phenethyl chloride in 
the presence of sodamide to give N-( 1 -phenethyl)-ZV-(2-pyridyl)-N'JV'dimethyl- 
aminoethylene diamine (IX-50);182 other aryl derivatives have been prepared 
(see Table IX-36). 

IX-50 

Heating N,N-diethyl-N'-2-pyridylethylenediamine with sodium amide in 
toluene followed by treatment with 2-chloromethylselenophene gives Nfldi- 
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ethyl-N'-2-pyridyl-N'-2-~elenylethylene diamine (1x4 1). Other pyridyl deriva- 
tives of selenylethylene diamine were prepared.184* 

CHzCHzN(CzH, ) p  

Ix-5 1 

An unusual preparation is that of 2-(N-cyano-N-phenyl)aminopyridine (IX-52), 
which is obtained by heating pyridine with N-anilino-t-butoxycarbonyl imidoyl 
chloride at 170' for 15 minutes.186 

c1 
I 

NHNX -COOBU' 

Ix-52 

When an aqueous solution of ammonium chloride and a polymethinium 
perchlorate salt (IX-53, R = H or C6H5) is heated, it gives 4dimethylaminopyri- 
dine (78%) and 4dimethylamino-2-phenylpyridine (49%), respectively"' 

N(CHs 12 

[(cH,),NxHcH~=c-N(cH,), I+CIO, - - 
I 
R 

Ix-5 3 

4Aminopyridine reacts with acrylonitrile to give a quantitative yield of 
4- [NJV-bis(2-cyanoethyl)] aminopyridine.188 

Aminopyridines also react with aldehydes, ketones, and other carbonyl 
derivatives to give products that can be converted to secondary or tertiary 
amines; these reactions are discussed in Section I.4.C. 

3. Structures and Properties 

Many excellent books, reviews, and r e ~ o r t s ' ~ ~ - ' ~ ~  are now available on the 
investigations of the structure and properties of aminopyridines. 
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The dipole moments of many aminopyridines in several solvents have been 
mea~ured.’~’~ lg7* ‘’13 These studies contain many interesting observations. One 
amino-hydrogen in 2-aminopyridine is reported to be in the same plane as 
the heterocyclic ring.”’ While the resonance interactions of the methyl and 
chloro substituents in methyl- and chloropyridine are not very very marked, 
those of the amino group in 4-aminopyridine are significant.’” Dioxane forms 
complexes with 2-, 3-, and 4-aminopyridine through hydrogen bonds to  the 
amino-nitrogen; intermolecular associations by hydrogen bonding with 3- and 
4aminopyridine in benzene have also been reported?” 

The ultraviolet spectra of various aminopyridines,’ ”* 201-206 their methoxy 
derivativeszo7 and dipyridyl mines2” were recorded. The investigation of 
amino-imino tautomerism  continue^;"^' 2oos ,09-’ l 2  the amino form generally 
predominates. 2-, 3-, And 4-acetylamidopyridine exist predominantly in the 
acylamino f0rm.2’~ The ultraviolet spectra of 3-monosubstituted tertiary 
4aminopyridines or 3,5disubstituted secondary 4-aminopyridines show changes 
in intensities of bands that were attributed to steric inhibition of resonance. No 
evidence for such inhibition in the case of the primary 3- and 4-aminopyridines 
or the 3-monosubstituted 4-methylaminopyridines was observed. The spectra of 
the monocations of al l  the above aminopyridines indicated that the ring nitrogen 
atom was the basic Theoretical calculations of transition energies, 
oscillator strengths, and dipole moments of n + n* bands agree well with 
experimental results; these calculations were based on the localized-orbital 

The basicities (pK,) of a large number of pyridines have been 
dete~rnined.’~’’ ’”* 221-227 The variation of pKu values with temperature 
for monovalent and divalent organic cations may be calculated from the 
following expressions (the entropy change of -4  ? 6 cal/degree was assumed to 
be a constant):228 

LCAO-MO?’6-218 SCF”’ and CNDOZZ0 methods. 

1 ( 7 = (pK, - 0.9), i 0.004 

Protonation first occurs at the 2- or 4-amino group in 23- and 3,4diamino- 
pyridines; a second protonation then takes place at the 3-amino group. 
Replacement of a hydrogen atom by a methyl group on an extranuclear NH, 
gives rise to a small bathochromic shift for the cation of 3,4diaminopyridine or 
4amino-3-nitropyridine, but not with the neutral species.225 

The fluorescence properties of 2-, 3-, and 4-aminopyridines in various solvents 
have been in~estigated.~,’ The 2- and 3-isomers are efficient fluorescers with 
quantum yields approaching unity 0.1N H2 SO4. 4-Aminopyridine, however, 
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fluoresces weakly due to an n --f TI* (rather than A + n*) lowest excited singlet 
and a second excited state that has large charge-transfer character. The pK, 
values of the excited states of 2- and 3-aminopyridine indicate that the excited 
states are weaker conjugate acids than the ground states. The fluorescence of 
biacetyl sensitized by 2-aminopyridine (but not by the 3- or 4-isomer) has been 
observed.230 The europium complex of 2-aminopyridine, but not that of the 
3-isomer, fluoresces weakly red.231 

Considerable activity in the study of the infrared spectroscopy of 
aminopyridhes,189, 195,  196, 2 0 5 , 2 3 2 - 2 4 0  methylaminopyridine~,2~~' 241 and 
aminomethyl p y r i d i n e ~ ' ~ ~ ~  24'3 243 is . noted. In addition, the Raman spectra of 
aminopicolines were reported.244' 245 In the crystalline state, 2-amino-, 
2-amino-5-halo-, and 2-amino-5-nitropyridines were reported to exist in the 
tautomeric amino form, and the NH2 group absorbed at 3280,3400, and 1640 

on protonation, the vibrational spectra of the 2- and 4-isomer change distinctly. 
The hydrochloride of 2-(and of 4-)aminopyridine is best represented as the 
aminium ion IX-54. The fundamental symmetrical and asymmetrical N-H 

cm-l . 205 Whereas the vibrational spectrum of 3-aminopyridine hardly changes 

1x54 

stretching vibrations of 2-, 3-, and 4-aminopyridines were studied in eleven 
solvents. It was concluded that the excess basicities were due to excess A-charges 
on the nuclear nitrogen. The hydrogen bonding strength was governed by the 
charges on the extranuclear nitrogen.246 

Magnetic resonance spectroscopy employing the nuclei 'H,1903 247-251 

19F2529 2 5 3  and 14N254-256 has been used to study the nelectron densities and 
the various StNCtUrd and electronic properties of the amino group in 
aminopyridines. The PMR spectra of various aminopyridines in various solvents 
give good linear relationships between chemical shifts and electron densities 
derived from molecular orbital  calculation^.'^^^ 2 5 5 9  2 5 7 3  Inter-, intra-, and 
solvent hydrogen-bonding studies have also been reported.2599 260 The preferred 
configuration of amides is related to the magnitudes of the downfield shifts.'61 
Proton resonance spectra confirm that aminopyridines protonate at the ring 
nitrogen.' '' 

The crystal structures of 2-arnin0-6-pyridone;~~ 2-amino-5-chloropyridine 
and 3-pyridylmethylamine d i h y d r o c h l ~ r i d e ~ ~ ~  were 

examined. Electron-impact induced fragmentations of aminopicolines showed 
unexpected loss of ammonia from both 2-amino-3-picoline and 2-amino-6- 
picoline.' 67 
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Miscellaneous studies include the use of 2-aminopyridine as a standard for low 
wave-length spectrofluorimetry,268 the change-transfer complexes of iodine and 
amin~pyridine;~~'  2 7 0  the linear isotherm free-energies of absorption of 2- and 
3-aminopyridine on alumina,271 rotation mobility of an amino group by 
dielectric relaxationz7' and the free energies, enthalpies and entropies of 
protonation.' 7 ' 1  273 

Various rearrangement reactions involving aminopyridines have been studied; 
the rearrangement of nitraminopyridines will be discussed later. Reversible 
hydrolytic ring opening of 2-a~ninO-'~N-pyridine has been reported, but 
3-amino-' 'N-pyridine yielded no rearrangment of 'N.' 74 

Hydrogen-deuterium exchange at the a- and 8-positions of 4-aminopyri- 
dine and 4-dimethylaminopyridine in DUO4 and NaOD solutions have been 
studied by NMR spectroscopy.' 75 Base-catalyzed H-D exchange occurred at 
both positions, but acid-catalyzed exchange took place preferentially at the 
8-position. Mechanisms of exchange were postulated. Hydrogen-deuterium 
exchange is believed to occur between the -ND2 group and the ring-hydrogen in 
2- or 3-aminopyridine? 76 

Photolysis of aminopyridines has been studied by Taylor and his 
c o - w ~ r k e r s . ' ~ ~ ~  2 7 8  Ultraviolet irradiation of 2-aminopyridine (and several 
substituted 2-aminopyridines) in hydrochloric acid solution results in the 
formation of the 1,4-dimer having the anti-trans configuration 1x65. 

Ix-55 

4. Reactions 

A. Oxidation 

Various studies on the oxidation of aminopyridines have been reported. Taylor 
and Drisc011'~~ suggested that the best way to convert 3-aminopyridine to 
3-nitropyridine is by oxidation with persulfuric acid followed by peracetic acid. 
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The oxidation of 2-aminopyridine, 2-methylaminopyridine, and 2-dimethyl- 
aminopyridine with perbenzoic acid at 10" and room temperature gives the 
pyridine-1 -oxide of 2-amino- and 2-methylaminopyridine but the amine-"-oxide 
of 2dimethylaminopyridine. The difference in behavior is attributed to steric 
factors.'" The perbenzoic acid oxidation of 4-methylaminopyridine and 
4dimethylaminopyridine gives the corresponding pyridine-1 -oxides?81 how- 
ever, the reaction of the cyclic 2-amino-tetrachloropyridines with performic or 
trifluoroperacetic acid gives the corresponding hydroxylamines (IX-56) rather 
than the 1-oxides.'" 

c1 CI 

IX-56 

Chloro- and bromoaminopyridines are oxidized by persulfuric acid at 0" to 
their nitro derivati~es;''~~ ' 1 3 ~  thus, 3-chloro-, and 3-bromo-4-aminopyridine are 
converted to the respective 3-halo4-nitropyridines. However, 4-amino-3-iodo- 
pyridine is nor oxidized under these c~nditions.''~ 4-Amino-2,3,5,6-tetrafluoro- 
pyridine is difficult to oxidize and requires refluxing peroxytrifluoroacetic acid 
for 22 hours in order to yield the 4-nitro derivative. Potassium bromate has been 
used to oxidize 5-amino-3-methyl-2-pyridone, but the product was not a nitro 
compound; instead 3-hydroxyd-methyl-2-aza- 1,4-benzoquinone4(2,6-di- 
hydroxy-5-methyl-3-pyridy1)imine (IX-57) was ~bta ined ."~  

IX-5 7 

In some cases in which other functional groups (not the amino group) in 
aminopyridine have to be oxidized, protection of the amino groups and the use 
of mild oxidizing agents are resorted to. Thus, 6-amino-2-picoline is converted to 
6-acetamido-2-picoline, which is then oxidized with aqueous potassium 
permanganate to 6acetaminopicolinic acid. The latter, on hydrolysis, gives 
6-aminopicolinic acid.'" In the preparation of intermediates of nor-vitamin B6, 
3-amino-6-chloro-5-cyano4ethoxycarbonyl-2-picoline is oxidized by selenium 
dioxide to 3-aminod-chloro-5-cyano4ethoxycarbonyl-2-fo~ylpyhdine 
(IX58).'86 
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COOEt COOEt 

Ix-5 8 

B. Reactions with AMehydes and Ketones 

When a solution of 2- or 3-aminopyridine in 48% formalin is allowed to stand 
for 2 days at room temperature, crystals of NJ'di-2- (1x49) and 
Nfl'di-3-pyridylmethylenediamine (IX-59), respectively, are isolated. Under 
similar reaction conditions, 4-aminopyridine requires 7 days to  produce 
N~V'di4pyridylmethylenediamine (IX-59).' " 

With 2-aminopyridine-l-oxide, formaldehyde gives 2-methylolaminopyridine- 
l-oxide; similarly, 5-bromo-2-methylolaminopyridine-1 -oxide is obtained from 
5-bromo-2-aminopyridine-1 -oxide.288 When 2-aminopyridine is treated with a 
hot aqueous solution of sodium bisulfite and formalin followed by sodium 
cyanide, 2-pyridylaminoacetonitrile (IX-60, R = H) is obtained; when 
benzaldehyde instead of formalin is used, a-(2-pyridylamino)phenylacetonitrile 
(IX-60, R = C6H5) is f0rmed.2~' 

It has been shown that two moles of 2-aminopyridine condense with one mole 
of an aliphatic aldehyde (C, -Clo) to give a 2,2'-(alkylidenedimino)dipyridine 
0x41); these are suitable crystalline derivatives for the identification of 
 aldehyde^.'^^ The reaction of 2-aminopyridine with trichloroacetaldehyde had 
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been carried out p r e ~ i o u s l y , ~ ~ ~ - ~ ’ ~  but the structure of the product was not 
established. A patent now claims the structure of the product to be IX-62.294 

Substituted benzylidene-2-aminopyridines (IX-63) are obtained by boiling 
methanolic solutions of equimolar quantities of the appropriate o-hydroxybenz- 
aldehyde and 2-aminopyridine for I Other azomethines are also 

M43 Ix44 

formed from aminopyridines with carbonyl compounds. Thus 1x44 is obtained 
by boiling 2-aminopyridine with acetyl acetone.296. ”’ 2-Aminopyridine reacts 
with 1 -pyrenecarboxaldehyde to give N-(2-pyridyl)-l -pyrenyl methenimine.298 

The imines formed in the reactions of aminopyridine with aldehydes and 
ketones may be reduced to the amines either in situ in the presence of formic 
acid, or with sodium borohydride. Thus, 2-(4-methylthiobenzylamino)pyridine 
0x45) is obtained from 2-aminopyridine, 4-methylthiobenzaldehyde and 
formic acid.”’ 

1x65 

HSCH,CH,COOH + 0 N=CH- 0 ___) 0 
Ix-66 

- \ -N 
N 

1x47 

Ixd8 
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When 3-mercaptoproponic acid 0x46) is added to the Schiffs base 1x47 
(from 2-aminopyridine and benzaldehyde), 2-phenyl-3(2-pyridyl)-l,3-thiazan4- 
one (1x48) is obtained. Similarly, Schiff s bases from 3- and 4-aminopyridine 
give the corresponding phenylpyridyl-l,3-thiazan4-0ne.~~~-~ O1 

2-Aminopyridine condenses with cinnamaldehyde in the presence of 
anhydrous zinc chloride to give a product that, on treatment with sodium 
borohydride, gives 2-cinnamylaminopyridine; similarly, various 2-(substituted- 
cinnamy1)aminopyridines are prepared from 2-aminopyridine and substituted 
c i ~ a m a l d e h y d e s . ~ ~ ~ ~  303 When 2-aminopyridine and formylferrocene are boiled 
under reflux in toluene containing phosphorus oxychloride, there is isolated a 
product which, when reduced with sodium borohydride, gives 2-pyridylamino- 
methyl ferr~cene.~" 

2-Aminopyridine condenses with heteroaromatic aldehydes; with furfural 
or 3-chloro-2-fomylbenzofuran it gives the 2-(furfurylideneamino)pyridine 
and 2- [(3chloro-2-benzofuranyl)-methylene] aminopyridine (IX-69), respec- 
t i~e ly .~"  -308 With ninhydrin and 2-aminopyridine, 2-hydroxy-2-pyridylamino- 
1,3-indandione (Tx-70) results.309 

IX-70 

2,3-Dichlorothiophene-5-carboxaldehyde condenses with 2-aminopyridine to 
yield 244,s -dichloro-2-thienylidene)aminopyridine (Tx-7 l).j 

M-7 1 

When diketene is added to a benzene solution of 2-aminopyridine 
and the reaction mixture is heated for 5 minutes, 2-acetoacetamidopyridine 
(61% yield) is obtained. Diketene reacts with 2-aminopyridine-1 -oxide to yield 
2-acetoacetamidopyridine-1 -oxide (80%). A similar reaction is observed with 
3-aminopyridine and with 3-aminopyridine-1 -oxide.3 l 1  
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The complex reaction of 2-aminopyridine, isobutyraldehyde, cyclohexyl 
isocyanide, and hydrazoic acid gives 2- [ 1 x 1  cyclohexyl-1H-tetrazolyl-5-yl)-2- 
methylpropyl] aminopyridine (IX-72).3 

oNH2 + 0 + (CH,),CHCHO + HN, - 
H NC 

IX-7 2 

The reaction of 2,6-diaminopyridine with acetonylacetone produces 
2-amino-6(2,5dimethyl-l-pyrrolyl)pyridine (IX-73), which reacts with another 
mole of acetonylacetone to yield 2,6-bis(2,5-dimethyl-l -pyrrolyl)-pyridine 
(Ix-74).3 1 3 

+ (CH,COCH,), - ON$ (CHSC  HA, 
NHZ \ 

CH, 
IX-73 

C. Acylation 

a. CARBONYL DERIVATIVES 4-Aminopyridine is formylated with a mixture 
of formic acid and acetic anhydride. Similarly, 4-amino-3-picoline is converted 
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to 4-formamid0-3-picoline.~~~ 2-, 3-, And 4-acetamidopyridines are obtained by 
heating the appropriate aminopyridine either with acetic anhydride or with 
acetic acid in te t rahydr~furan .~”-~~’  Th e benzamido-, phenylacetamido-, and 
chloroacetamidopyridines are similarly prepared from benzoic; phenyacetic, and 
monochloracetic acids, re~pectively.~’ ’ Various 2(substituted benzamido)pyri- 
dines are also prepared from substituted benzyl chlorides and 2-aminopyri- 
dine;3 l 6  2-(2-aminoethyl)pyridine gives 2-(2-benzamidoethyl)pyridine when 
treated with benzoyl ~hlor ide.~” A quantitative yield of 2- [2-chloro-2,2-bis(p- 
chlorophenyl)acetamido] pyridine (IX-75) was obtained from the reaction of 
2-aminopyridine with bis(p-chloropheny1)chloroacetyl chloride.320 The reaction 
of 2- and 4-aminopyridines with chloroacetyl chloride or chloropropionyl 

IX-75 

chloride followed by various mines (R2NH) gives products having the general 
structure IX-76.3211 322 

IX-76 

Aminopyridyl derivatives of carbazole, phenoxazine, iminodibenzyl, and 
phenothiazine have been reported.323 Thus 3x1 O-phenothiaziny1)propionic acid 
gives the corresponding 2-, 3-, and 4-pyridylpropionamides when boiled with 2-, 
3-, or 4-aminopyridine in triethylamine. These pyridylamides are reduced with 
lithium aluminum hydride to yield the corresponding 2-, 3-, or 4-[3-(10-pheno- 
thiaziny1)propylaminol pyridines. 

3-Aminopyridine reacts with 2-benzo-l,5-dioxepanylformyl chloride to form 
N-3-pyridyl-2-benzo-1,5-dioxepanylformamide, which, on reduction with lith- 
ium aluminum hydride, yields 3- [3,4-dihydro-2H-l,5-benzodioxepin-2-y1)- 
methyl] a m i n ~ p y r i d i n e . ~ ~ ~  

Aminopyridines react with acyl or aroyl chlorides to give the corresponding 
amides (IX-77);325-329 for example, 4-aminopyridine reacts with 1 O-undecenoyl 
chloride to give the amide IX-78.326 
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IX-77 

NHCO(CH,), CH=CH, 0 + CH,=CH(CH,),COCl - 
IX-78 

Attempts to prepare 2,6diacyldiamino-3-aminopyridine by means of the 
reductive cleavage of 2,6-diacyldiamino-2’-butoxy-3,5 ‘-azopyridine did not give 
the desired product. Thus, heating 2,6-diphthaloydiamino-2‘-butoxy-3,5’-azopyri- 
dine OX-79) with iron and hydrochloric acid leads to 5-amino-2-butoxypyridine 
(1x40) and 2,6-diamino-3-hydroxypyridine (1x43 1) .3 30 

(R = phthaloyl) 

IX-79 

IX-80 1x4 1 

When 2-aminopyridine and mandelic acid are azeotroped for 20 hours in 
toluene, 2-mandelamidopyridine (IX-82) is obtained; several substituted 
2-mandelaminopyridines are similarly ~ r e p a r e d . ~ ~ ’ - ~ ~ ~  Generally, acids react 

1x42 
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with aminopyridines to give salts334-337 that are often crystalline and are used as 
derivatives for identification or purification purposes. Thus, the reactions 2-, 3-, 
or 4-aminopyridines with fatty 3 3 8  uric dinitrophthalic 
acid,339 and antipyrine-4-sulfonic acid340 all yield crystalline salts. Phosphoric, 
perchloric, and nitric acids have also been ~ s e d . ~ ~ ~ - ~ ~ ~  

Unsaturated acids react with aminopyridines to form condensation products 
rather than salts. Thus, 2-aminopyridine reacts with propiolic acid to form 
truns-2-imino-l(2H)-pyridineacrylic acid (1x43) and 2H-pyrido [ 1,2u]  pyri- 
midin-2-one (IX44).345 The reactions of aminopyridines with acrylonitrile and 

+ CHSCOOH - 0 -NH QN u N 
I 

CH=CHCOOH 
1x43 Ix-84 

acrylic acid and its derivatives have been investigated.3463 347i Heating 
2-amino-4-picoline with acrylic acid, its nitrile, amide, methyl or ethyl ester in 
water at 100" gives 0- [ 1 (4-methyl-2-aminopyridyl)] propionic acid (IX85).346 
The latter, on heating with concentrated hydrochloric acid, cyclizes to 1x86. 

mnc. HCI - 
NHCH, CH, COOH 

IX-85 

+ CH,=CHCOOH - 
NH, 

IX-86 

2-Aminopyridine reacts with ethyl a-cyano-cr-(o-nitrobenzoy1)acetate to form 
a 1: 1 adduct (IXS7), the structure of which has not been established.348 
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Metathiazanones (1x48) are prepared by heating a benzene solution of 
thiosalicylic acid, 2-(or 3-)-aminopyridine, and o-chloro(or rn-nitro-)benzalde- 
h ~ d e . ~  5 7  

b. SULFONYL DERIVATIVES Aryl sulfonamidopyridines are formed by the 

2,6dimethyl-3-aminopyridine reacts with .benzenesulfonyl chloride to give 
N-(2,6dimethyl-3-pyridyl)benzenesulfonamide .3 

Methyl 2-aminoisonicotinate in anhydrous pyridine reacts with p-nitroben- 
zenesulfonyl chloride to give methyl 2-@-nitrobenzenesulfonamido)isonicotinate 

direct reaction of arylsulfonyl chlorides with aminopyridine~.~~~ 349-352 Thus, 

( I x 4 9 ) . 3 5 3  

1x49 

Chloromethanesulfonyl chloride reacts with 2-aminopyridine to give 
2(chloromethylsulfonamido)pyridine.3s4 N-2-Pyridylalkanesulfonamides are 
formed from 2-aminopyridine and an alkane sulfonic acid; these sulfonamides are 
a m p h o t e r i ~ . ~ ~ ~  
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Miscellaneous reactions of aminopyridines with sulfur derivatives have been 
observed. pChloropheny1 hydroxymethylsulfone reacts with 2-aminopyridine to 
give p-chlorophenyl-2-pyridylaminomethyl sulfone l(IX-90).35 

c. UREAS, AMIDINES 2-AminoSchloropyridine reacts with methyl isocyanate 
to give 1 -methy1-3-(5chloro-2-pyridyl)urea; l-methyl-3(5-iodo-2-pyridyl)urea 
and l-methyl-3-(2-methoxyd-pyridyl)urea are prepared similarly.358 3-Amino- 
Cpyridone condenses with urea to give N,N’-bis-(4-hydroxy3-pyridyl)urea 
(IX-9 1);3s8 with ethyl chloroformate, it gives 1,3-diethoxycarbonylamino-4- 
pyridone (M-92). 

Ix-9 1 

0 

0 COOEt NHCooEt 

IX-92 

When 2-amino-6-ethoxypyridine in ethanol is boiled under reflux with carbon 
disulfide, N,N‘-bis(6-ethoxy-2-pyridyl)thiourea (IX-93) is obtained. Similarly, 
treatment with an aryl isothiocyanate gives the corresponding t h i ~ u r e a . ~ ”  

Ix-93 
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When a mixture of 2,6-lutidine, ethyl iodide, and N,N'di(S-bromo-2-pyridyl)- 
formamidine is heated with ethyl orthoformate, 1x94 results.360 

CZH, I- 

IX-94 

D. Diazotization Reactions 

If 2- and 4-aminopyridines are diazotized in dilute mineral acids, diazonium 
salts are formed; however, the diazonium ions are not stable and they hydrolyze 
rapidly to the corresponding p ~ r i d o n e s . ~ ~ ' - ~ ~ ~  Fo r example, the diazotization 
of 2-amino-4-nitropyridine in sulfuric acid yields 85% of 4-nitro-2-pyridone. 
Diazonium salts of 2-substituted4-aminopyridines with electron-withdrawing 
substituents such as COOH, CONHz and CN are particularly unstable.365 

The kinetics of the diazotization of 4-aminopyridine in 0.0025-5.0 M 
perchloric acid were and the reaction was believed to proceed by 
only one mechanism whose kinetic form is first order with respect to the amine 
as well as to nitrous acid. The rate of the reaction showed an exponential 
catalytic dependence on the concentration of added perchloric acid and sodium 
perchlorate. In solutions of constant ionic strength the rate was directly related 
to the acidity function (Ho).  The 4-diazonium ion was characterized as 
4-(2-hydro~y-l-naphthylazo)pyridine.~~' When 4-aminopyridine is diazotized 
and treated with N,N-dimethylaniline, 4-@-dimethylaminophenylazo)pyridine 
(IX-95) is obtained.367 2-(p-Dimethylaminophenyl)pyridine is isolated when 
2-aminopyridine is used instead of 4 - a m i n o ~ y r i d i n e . ~ ~ ~  

IX-95 
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When 2-aminopyridine and isoamylnitrite are added to sodium ethoxide and 
the mixture boiled for 8 hours, good yields of the diazonium salt are obtained. 
When P-naphthol is added to the diazonium salt, azo coupling to IX-96 
occurs.369 

IX-96 

2-Aminopyridine-1 -oxide and its derivatives are diazotized and coupled with 
anilines to give azo dyes for acrylic 

The amino function in 4-amino-3-halopyridines behaves unexceptionally . Thus 
4-amino-3-chloropyridine gives the 3-chloro4pyridinediazonium salt when 
treated with nitrous acid; the diazonium salt decomposes in the presence of 
potassium iodide to yield 3-chlor0-4-iodopyridine.~ 73 

4-Amino-2,3,5,6-tetrafluoropyridine is a very weak base but it can be 
diazotized in 80% hydrofluoric acid. The diazonium salt is converted t o  
4-bromo-2,3,5,6-tetrabromopyridine with cuprous bromide, but its reaction with 
water or with NJ-dimethylaniline are c ~ m p l e x . ~  74 

4-Amino-2-chloro-3-nitropyridine is not converted to 2-chloro-3-nitro-4- 
pyridone (IX-97) on diazotization with mineral acids and sodium nitrite or with 
isoamyl nitrite in glacial acetic acid; with the latter reagent 2-chloro-3-nitropyri- 
dine (IX-98) is formed?6 Nitrous acid reacts with 4-amino-2-pyridone to give 
Camino-3-nitroso-2-pyridone instead of the diazonium salt.375 

0 

NaNO, * 
i d ,  H,, NO, IX-97 

IX-98 
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When 3-aminopyridine is diazotized with hydrochloric acid and sodium nitrite 
and then treated with acetic acid containing sulfur dioxide and cupric chloride, 
3-pyridinesulfonic acid can be i ~ o l a t e d . ~  76 Similarly, 4-aminopyridine-1 -oxide 
gives 4-pyridinesulfonic acid-1 -oxide, but the 2-isomer gives very poor yields of 
the corresponding sulfonic acid. The preparations and reactions of various 
3-pyridinediazonium salts have been rep~rted.’~’ 3773 378 3-Amino-2,6-lutidine 
is diazotized with hydrochloric acid and sodium nitrite and then decomposed in 
the presence of copper powder to give 3-chlor0-2,6-1utidine.~~ The diazonium 
salt reacts with potassium cyanide and with &naphthol to give 3-cyano-2,6-luti- 
dine and (2,6dimethyl-3-pyridyl)-l-azo-2-hydroxynaphthalene, re~pectively.~” 
3-Amino-5-hydroxypyridine and nitrous acid give 3,5dihydroxypyridine,380 

but diazotization of 3-aminod-nitro-2-pyridone yields 3-diazo-5-nitro-2-pyri- 
done.379 

The Sandmeyer reaction on 1 -phenethyl4(or 5)-amino-2-pyridone has been 
reported.381 Thus, 5-chloro-1-phenethyl-2-pyridone is obtained when 5-amino-l- 
phenethyl-2-pyridone is diazotized and then treated with cuprous chloride. 

E. Nuclear Substitution Reactions 

5-Chloro- and 5-bromo-2-aminopyridine are prepared by the action of 
hydrogen peroxide on a mixture of 2-aminopyridine and the appropriate 
hydrogen halide.382i 383 2-Aminod-chloropyridine is also obtained by bubbling 
chlorine gas into a solution of 2-aminopyridine in sulfuric 

When a solution of 2-aminopyridine is treated with bromine, 2-amino-5- 
bromopyridine is obtained.385 Bromination of 2-amino-3-nitropyridine and 
2-arninod-nitropyridine gives 2-amino-5-bromo-3-nitropyridine and 2-amino-3- 
bromo-5-nitropyridine, r e ~ p e c t i v e l y . ~ ~ ~  
6-Amino-2-bromo-3,4,5-tricyanopyridine reacts with the sodium salt of 

malonitrile to form 6-amino-ol,~,3,4,5-pentacyan0-2-picoline.~~~ 
When 2-amino-4-chloropyridine is added to sodium in absolute methanol 

containing a little copper powder, and the mixture is heated for 12 hours at 
150” in a sealed tube, 2-amino-4-methoxypyridine is obtained. This reaction has 
been used to prepare a large number of aminomethoxypyridines (see Tables 
IX-16 to  IX-18).388 
4-Amino-2-methoxypyridine is acetylated to give the acetyl derivative that, 

when treated with perbenzoic acid in chloroform, gives 4-amino-2-methoxy- 
pyridine-1 -oxide.389 Similarly, 4-amino-3-chloropyridine-1 -oxide is obtained 
from 4-amino-2-chloropyridine. 

Glutazine (IX-99) reacts with p-chlorobenzenediazonium chloride to give 
I X - ~ O O . ~ ~ ~  4-Amino-2,6-dichloropyridine is prepared in 60% yield from the 
reaction of glutazine with phosphorus oxychloride at 150” for 5 hours.390 
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5-Hydroxy-6-methylpyridine-3-carboxylic acid (IX-lW), a metabolite of 
pyridoxamine in Pseudomonas MA, has now been synthesized from 
5-amino-2-chloro-6-methylpyridine-3-carboxylic acid (IX-101) by hydrogenation 

fiOH + clo ,c1 - ;o 1 \ a  

- 0 
H H 

IX-100 Ix-99 

m-102 Ix-101 

of an aqueous suspension using palladium on barium carbonate followed by 
diazotization with nitrous 39 392 

CHO 

IX- 103 

2-Dirnethylaminopyridine condenses with a-naphthaldehyde in the presence of 
concentrated hydrochloric acid to give bis[5-(2-dimethylamino)pyridyl] -1 - 
naphthylmethane (IX-1 03).39 
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F. Synthesis of Polycyclic Systems 

The present discussion on the synthesis of condensed-ring systems is limited to 
aminopyridines in which only one amino group is involved; syntheses in- 
volving more than one amino group are discussed in Section I.7., on “Diamino- 
and Triamino py ridine s .” 

a. NAPHTHYRIDINES An excellent review of the chemistry of naphthyridines 
has recently appeared.394 Aminopyridines have been used to prepare 1 5 ,  1,6-, 
1,7-, and 1,8-naphthyridines. 

Various substituted 3-aminopyridines have been cyclized to 1,5-naphthyri- 
dines.394’ 395 Three products, IX-104 to IX-106, have been isolated from the 
Skraup reaction with 3,5-diaminopyridine; Czuba has suggested that 
3-amino-l,5’-naphthyridine (IX-104) was the logical precursor to IX-105 and 

IX-106.396 In contrast, 2,5diaminopyridine afforded only 2-amino-I ,5- 
naphthyridine.61s 397 When 3-amino-5-bromopyridine was used, 3-bromo-13- 
naphthyridine was produced.61 Besides glycerol, other reagents were employed 
(see Table IX-3). 

After several failures39ss 399 to prepare 1,6-naphthyridine by means of the 
Skraup reaction with 4-aminopyridine, it can now be obtained using glycerol and 
- s u l f o m ~ 9 7  400,401 The Skraup reaction yields 1,6-naphthyridine-6-oxide 
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(IX-107) and its derivatives when it is applied to 4-aminopyridine- 1 -oxide and 
some of its derivatives.402i 403 

IX-107 I 
0- 

The reagents for cyclization are not limited to glycerol; they include 
crotonaldehyde, methacrolein, and methyl vinyl ketone, which afford 
2-rneth~l-,4’~ 3-methy1405 and 4-methyl-1,6-naphthyridine~,4~~ respectively. 

The cyclization of the condensation product of 3-aminopyridine- 1 -oxide with 
diethyl ethoxymethylenemalonate (EMME) yields ethyl 4-hydroxy- 1,7- 
naphthyridine-7-oxide-3-carboxylate (IX-108);406 the N-oxide function need 
not be present if the a-positions of 3-aminopyridines are bl0cked.4’~ The Skraup 
reaction with 3-amino-2-pyridone yields 1,7-naphthyridin-8-0ne?~~ Several 

IX-108 

4-substituted-3-aminopyridines are also cyclized to 1,7-naphthyridine derivatives 
(1x-109);409~ 410 fo r example, 2-aminopyridine and some of its derivatives are 
cyclized under Skraup conditions to 1 ,g-naphthyridines. Table 1x4 summarizes 
some of these c y c l i z a t i ~ n s . ~ ~ ~ ’  41 2-Aminopyridine and diethyl ethoxymethyl- 
enemalonate also gives 1,8-naphthyridine in boiling “Dowtherm A”? l 2  

H 
Ix-109 

The condensation of 2,6diaminopyridine with ethyl acetoacetate under 
Conrad-Limpach conditions is now believed to give 7-amino-4-methyl- 1,8- 
naphthyridin-2-one (IX-1 10)412-414 and not 7-amino-2-methyl-l,8-naphthyridin- 
4-one as previously claimed.41 Other 7-amino- 1 ,g-naphthyridines are prepared 
s i m i l a r ~ y . ~ l ~ - ~ ~  
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IX-110 

1 &Naphthyridines have been prepared by means of a Niementowski synthesis 
from ethyl 2-amino-6-phenylnicotinate and by means of Friedlander synthesis 
from 2-aminonicotinaldehydes.422' 423  Ethyl 2-amino-6-phenylnicotinate 
OX-1 1 l), which is readily prepared from ethyl a-ethoxycarbonyl acetimidate 
and benzoylacetaldehyde, condenses with the simple esters (IX-122; R = H, 
CH3, C,H,) in the presence of sodium to give good yields of 
1 ,haphthyridinones (IX-113). 

2-Aminonicotinaldehydes (IX-114) are potentially more reactive than 
2-aminonicotinates. Thus, IX-114 condenses readily with various ketones or 
aldehydes (IX-115) in the presence of piperidine to give 2,3-disubstituted-l,8- 
naphthyridines (IX-116).422 Malononitrile and cyanoacetamide may be used in 
place of IX-115. 

IX-114 IX-115 JX-116 

A mixture of 3-amino-2,ddimethylpyridine (IX-117) and diethyl ethoxy- 
methylenemalonate when heated on a steam bath under reduced pressure gives 
diethyl (2,6-dimethyl-3-pyridyl) methylenemalonate (IX-118). The latter yields 
ethyl 4-hydroxy-6,8-dimethyl-l,7-naphthyridine-3-carboxylate (IX-119) when 
boiled for 4 minutes in diethyl phthalate. 
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IX-117 IX-118 
0 

Ix-119 

A new heterocyclic ring system, pyrrolo [3,2-3,4] -1 ,g-naphthyridine (IX-12 1) 
is obtained from the cyclization of mono- and di-N-acyl derivatives of 
2-aminonicotyrine (IX-120) with phosphorus o ~ y c h l o r i d e ~ ' ~  Thus, 2-dibenzoyl- 
aminonicotyrine is dissolved in toluene and phosphorus oxychloride and heated 

CP 'N NHCOC,H, 

Ix-120 IX-121 

under reflux for 3 hours to yield 1-methyl-2-phenylpyrrolo [3,2-3,4] -1,8- 
naphthyridine (IX-121). 

b. PYRIDOPYRIMIDINJZ The reaction of 2-aminopyridine (IX-124) with 
methyl acrylate (IX-122) in the presence of an acid to give W-pyrido[l,2-a] - 
pyrimidin-2-one (IX-126) has been studied. It was suggested that IX-122 was 
"activated" by protonation of the carboxyl group IX-123, followed by a 
nucleophilic attack at the /3-carbon atom by the ring-nitrogen to form the 
intermediate IX-125, which cyclized to IX-126.425, 426 When IX-124 is heated 
in water with 1-3 moles of a derivative of acrylic acid (the nitrile, amide, methyl 
or ethyl ester), good yields (30-83%) of P - [  1-(2-aminopyridyl)] propionic acid 
are obtained. This, on heating. with concentrated hydrochloric acid, can be 
cyclized to the hydrochloride of IX-126.4'' 

Lappin428' 429 claimed that a cold ethereal solution of 2-aminopyridine 
and methyl propiolate give IX-126 as well as a di-adduct, methyl 
2-(2-carbomethoxyvinylimino)-1(2H)-pyridineacrylate (IX-127). Subsequently, 
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0 6 H  
II 

CH,=CHCOCH, - CH,=CHCOCH, 

IX- 122 IX-123 

I1 n* 

0-... 
P IX-124 ONH2 - nN 

N +Y 
CH,CH, COCH, 

II 
0 

IX-12s IX-126 

the structure of the di-adduct was proved by Wilson and Bottomley to be IX-128 
and not IX-127.430 

CH=CHCOOCH, 
IX-127 IX-128 

High yields (80% and better) of 4H-pyrido [ 1,2-a] pyrimidin4-ones (IX-131) 
are obtained in a one-step synthesis involving the condensation of 1 mole of a 
2-aniinopyridine (IX-129) with 1.5 mole of p-keto ester (IX-130) at 100" for 1 
hour in the presence of polyphosphoric acid.431 

polyphosphoric 
acid 

+ CH,COCH,COOR L c 

IX- 129 IX-130 

R, = 3CH,,  543 ,  
0 U C H ,  S B r ,  3,5-Br, 

R = C H , , C , H ,  " " 4 C H 3  IX-131 
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If 2-aminopyridine is boiled with ethyl malonate for 5 minutes, it gives 
N,N-di-(2-pyridyl)malonamide; when the reaction time is extended to 6 hours, 
the product is pyrido [ 1,2-a] pyrimidine-4,6-dione (IX-132, R = H). When 

R 
IX-132 

alkylmalonyl chloride is used instead of ethyl malonate, the 5-alkyl derivative 
IX-132 is obtained in good yield.432g433 The chemistry of these cyclized 
“malonyl-a-aminopyridines” is being investigated .4343 435 

The reaction of 2-aminopyridine with epichlorohydrin yields the hydrochlo- 
ride of 3-hydroxy-3,6-dihydro-2H-pyrido [ 1,2-a] pyrimidine (IX-133).436 If 
chlorohydrin is used instead of epichlorohydrin, no pyridopyrimidine is 
formed.437 

1 .. 
OH 

IX-133 

C. DIAZAINDENES 4, 5, And 6-methyl-I ,7-diazaindene are prepared by the 
Madelung ring closure of the corresponding 2-formamidolutidines, which are 
obtained by formylation of aminolutidines; for example, 2-formamido-3,4-luti- 
dine (IX-134) cyclizes to 4-methyl-l,7-diazaindene (IX-135) in the presence of 
potassium formate and sodium ax1ilide.4~~ 3-Formamido4-picoline gives only 
3-amino-4-picoline and n o  cyclized product when treated with various bases.439 

IX-I 34 

I 
H 

IX-135 
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d.CARBOLINES The Pschorr-type ring closure for the synthesis of the 
carboline ring system was first investigated by Abramovitch, Hey, and 
M ~ l l e y . ~ ~ '  When an aqueous solution of the diazonium salt of 2-amino-N- 
methyl-N-2-pyridylaniline (IX-136) is heated, a small amount (7%) of 
ind-N-methyla-carboline (IX-137) is formed, though the main product is 
5-methylpyrido [ 1,2-u] benzimidazolium chloride (IX-138) 

6% 
M-136 

6% 
IX-137 

The first synthesis of 6-carboline (IX-141) was achieved by the thermal 
decomposition of 3-azidopyridine (IX-140), prepared from 3-amino-2-phenyl- 
pyridine (IX-1 39).441 When the diazonium salt from 2-amino-N-methyl-N,3'- 

IX-139 IX-140 

pJ-0 \ N \ 

H 

IX-141 

pyridylaniline (IX-142) in aqueous acid solution is decomposed in the presence 
of copper powder, a mixture of ind-N-methyld-carboline (IX-143) and 
ind-N-methyl-Pcarboline (IX-144) is obtained.4421 443 
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CH, 

IX-142 

AH, AH3 
M-143 IX-144 

Nantka-Namir~ki~~ has employed the Graebe-Ullmann method to prepare 
y-carbolines (IX-147) from phenyl-substituted triazolopyridines (IX-145) or 

Rl 

R1 IX-145 

pyridyl-substituted benzotriazoles (IX-146) in pyrophosphoric acid. Various 
aspects of carboline synthesis have been discussed.'63 444 

e. IMIDAZOPYRIDINES Improved laboratory procedures for the synthesis of 
imidazopyridines have been reported.331 * 445 7-Chloro-, 5-chloro-, 5-amino-, 
5-amino-2-methyl and 5-amino-2,3-dimethyl-imidazo [ 1,2-a] pyridines were 
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prepared by condensation of haloaminopyridines with haloaldehydes. Thus, 
bromoacetaldehyde and 2-amino-4-chloropyridine give 7-chloroimidazo [ 1,2-a] - 
pyridine (IX-148).445 

Various imidazopyridinium salts were also prepared. 2-Alkylamino- or 
arylaminopyridines react with a-bromoketones to give 1 -alkyl- or 1 -arylimidazo- 
[ 1,2-a] pyridinium salts substituted at position 2. 2-Anilinopyridine (IX-149) 
and bromoacetone in boiling acetone give the 2-methyl-1 -phenylimidazo[l,2a] - 
pyridinium bromide IX-151 rather than the I-acetonyl salt IX-150.446 When 

#QKZH3 Br- 

Ix-150 
+ BrCH,COCH, 

QT6". M-149 \ C t i C H 3  

Br- \ +N 

Ix-151 

2-(N-methylanilino)pyridine was used instead of 2-anilinopyridine, cyclization 
was not possible. The bromination in benzene of 2-allylaminopyridine gives 
IX-152.447 

NH Br- 

I 
n 

NHCH,CH=CH, -!?L I 
CH-CH, 

kH, Br 

Ix-152 

In the presence of dry hydrochloric acid, 3-amino-2-(P-diethylaminoethyl- 
amino)pyridine (IX-153) condenses with p-ethoxyphenylacetonitrile to give 
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3-(/3-diethylarninoe thyl)-2-@-ethoxylbenzyl)irnidazo [4,5-c] pyridine (IX-154). 
Using other arylacetonitriles, various imidazopyridines are prepared.80 

___) 

NCCH, 

IX-153 

f. MISCELLANEOUS CYCLIZATIONS 2-Aminopyridine condenses with 3- 
chloro-2-ethoxy-l,4-naphthoquinone (IX-155) to yield 6H,llH-benzo(f)pyrido- 
[ 1,2u] benzimidazole-6,ll -dione (IX-156);448 with 2,3-chloro-1,4-naphtho- 
quinone, it yields SH,6H-benzo [el pyrido [ 1,2u] benzimidazole-5,6-dione 
(IX- 1 5 8) !4 

0 0 NH, - 
a 

IX-155 

IX- 156 =-"e 0 

a+pJ c1 \N NH, -I 

II  
IX-157 IX-158 
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10-Substituted aminoalkylazaphenothiazines are obtained by intramolecular 
cyclization of aminoalkylaminohalophenylthiopyridine. Thus, 10-(3-dimethyl- 
aminopropyl)-2-azaphenothiazine (IX-160) is obtained by heating 4-(2-bromo- 
phenylth1o)-3(3-dimethylaminopropyl)aminopyridine (IX-159) in dimethyl- 
formamide with sodium and copper p0wder .4~~ Similarly, 3-amino4-(2-bromo- 
4chlorophenythio)pyridine gives 8-chloro-2-azaphenothiazine (IX-161).4” 

Ix-159 IX-160 

2-Chloronicotinic acid, when heated gradually to 145” with methyl 
o-aminobenzoate and potassium iodide, gives IX-162; with 3-aminoa7-xylene, 
however, the 2-anilinonicotinic acid derivative (IX-163) is ~ b t a i n e d . ~ ”  When a 

IX-161 

mixture of 2-aminopyridine and N-acetylanthranilic acid is heated to 120” for 4 
hours and the product is then hydrolyzed, 2-methyl-3-(2-pyridyl)-3,4-dihydro4- 
oxoquinazoline (IX-164) is 0btained.4’~ The latter can also be prepared by 
heating o-amino-N(2-pyridy1)benzamide (IX-165) with acetic ar~hydride.~’~ 

3-Amino-4-benzoylpyridine (IX-166) reacts with hydroxylamine hydro- 
chloride OX-167) to give 3-amino4-benzoylpyridine oxime (IX-168). With 
chloroacetyl chloride (IX-168) at room temperature for 72 hours, this gives a 
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0 \ NH, +o"""' \ 

Ix-165 

chloro intermediate that, on treatment with methylamine, cyclizes to give 
2-methylamino-5-phenyl-3H-pyrido[3,4-e] -1 ,Cdiazepine (IX-169)?s4 

+ NH,OH.HCI - 
N \  NH, \ 

IX-166 IX-167 

G.  Miscellaneous Reactions 

Aminopyridines undergo a variety of reactions that have not been discussed in 

Triphenylphosphine dibromide and 2-aminopyridine give the phosphineimine 
the above sections. 

IX-1 70.45 
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The identification and determination of 2,4-, 2,5-, and 2,6-dinitrophenols 
by their color reactions with 2-aminopyridine have been r e p ~ r t e d . ~  56a 

2-Aminopyridine-1-oxide gives a blue color when it is heated with 
NJV-dimethylaniline and concentrated hydrochloric acid?” On diazotization 
and treatment with azide ion it yields 2-azidopyridine-1-0xide.4~~~ 

If 2-aminopyridine is boiled with methyl iodide in ethanol and the resultant 
precipitate (2-imino-1-methyl-1 ,Zdihydropyridine) is heated with sodium hy- 
droxide it gives 2-methylaminopyridine (Dimroth rearrangement).4s ’ 

2-Aminopyridine condenses with p-dimethylaminonitrosobenzene to give 
2-@-dimethylaminophenylazo) pyridine (IX-171).458 3-Aminopyridine reacts 
with nitrosobenzene to yield 3-phenyla~opyridine?’~ 

IX-171 

2-Aminopyridine and styrene oxide give N@-hydroxy+-phene thyl)-2-pyri- 
d ~ n i m i n e ~ ~ ’  (see also ref. 145). 

2-Amino-5-bromopyridine condenses with acetonitrile. in the presence of 
aluminum chloride to give N-(S-bromo-2-pyridyl)acetamidine, which can be 
hydrolyzed to 2-acetamido-5-br0mopyridine.4~’ 

5-Halothienylaminopyridines (IX-172) (Table IX-26) are prepared by treating 
thienylaminopyridines with sulfuryl 

A 
IX-172 
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5. Nitraminopyridines 

Geller and S a m ~ s v a t ~ ~ ~  found that the rearrangement of 2-nitraminopyridine 
in sulfuric acid in the presence of Na"N03 resulted in incorporation of "N 
into 3- (IX-173) and 5-nitro-2-aminopyridines (IX-174) to a smaller extent than 
remained in NaN03. They claimed that intramolecular rearrangement had 
occurred. 

IX-173 IX-174 

An improved preparation of 3-nitraminopyridine has been rep0r ted .4~~ The 
reaction of nitraminopyridines with phosphorus halides gives the correspondmg 
hal~pyridine."~~ Thus, 2-, 3-, and 4-nitraminopyridine react with phosphorous 
trichloride to yield 2-chloro- (38%), 3chloro (45%), and 4chloropyridine (65%), 
respectively . 

In the presence of an orfho- or a para-nitro substituent, a nitramino function 
in the 2- or 4-position is easily replaced by a hydrazino group. Thus, a solution 
of 2-nitramino-3-nitropyridine in methanol gives 2-hydrazino-3-nitropyridine 
when treated with hydrazine hydrate. Various hydrazinonitropyridines are 
prepared 

Hydrolysis of nitraminopyridines generally gives hydroxypyridines; 5-nitra- 
mino-3-picoline and 3-nitramino4-picoline are hydrolyzed with sulfuric acid to 
5-hydroxy-3-picoline and 3-hydroxy4-picoline, respectively!66 
3-Nitramino-2-pyridinesulfonic acid gives 3-hydroxy-2-pyridinesulfonic acid 

when heated in concentrated sulfuric acid at 60 to 80"; but 3-nitraminod-pyri- 
dinesulfonic acid gives only 3-hydro~ypyridine.4~' 

Aminopyridinecarboxylic acids are converted into nitramino derivatives by 
treating a cold solution of the amino compounds in sulfuric acid with nitric acid. 
Thus 5-aminonicotinic acid and 5-aminopicolinic acid give 5-nitraminonicotinic. 
and 5-nitraminopicolinic acid, respectively!68 

The nitration of 4-amino-3-picoline yields 3-methyl4-nitraminopyridine, 
which, on heating, gives 4-amino-5-nitro-3-picoline. Reduction of t h i s  with iron 
and acetic acid gives 4,5-diamin0-3-picoline~~~ 

5-Amino-2-nitropyridine gives 2-nitro-5-nitraminopyridine when treated with a 
mixture of concentrated nitric acid and sulfuric acid below 0"; similarly, 
4-amino-2iodopyridine is nitrated to 2-iodo4-nitraminopyridine. When the 
latter is dissolved in concentrated sulfuric acid, it rearranges to 4-amino-2-iodo-3- 
nitropyridine?" 

these are listed in Table IX-5 1. 
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When a mixture of concentrated nitric acid and sulfuric acid is added to a cold 
solution of 5,5‘-diamino-2,2’dipyridyl and the mixture is allowed to come to 
room temperature 5,5’-dinitramino-2,2‘-dipyridyl (IX-175) is formed. At room 
temperature, IX-175 decomposes to give 5,5’diamino4,4’dinitro-2,2’dipyridyl 
(IX-176) : 76 

0, m ~ m  NHNOa __t NHz NH, 

\ 
N 

\ 
1x-176 

\ ‘N 
IX-175 

6. Pyridonimines 

Pyridonimines are usually prepared by the reaction of aminopyridines with 
alkyl halides. Thus, 2-aminopyridine and ally1 bromide form, predominantly, 
1-allyl-2-pyridonimie (IX-177) together with N-allylaminopyridine 
(IX-178): 72 oNHz + CH,=CHCH,Br ___c 

M-177 M-178 

Other methods of preparing pyridonimines have been r e ~ o r t e d . 4 ~ ~ ’  474 

1 -Cyano-2-methylpenta-3-yne-l ene (IX-179) reacts with alkylamines to yield 
N-alkyl-2-pyridonimines; for example, methylamine yields 1,4,6-trimethyl-2- 
pyridonimine (IX-180, R = CH3)-473 

CH, 
CH,C=CA=CHCN + RNH, - 

JX-179 

I 

R 
IX-180 
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When furfural is treated with sulfamic acid (preferably in the presence of 
chlorine and chlorination catalysts) 3-hydroxy-2-imino-l(2H)-pyridinesulfonic 
acid monohydrate (IX-181) is is0lated.4~' 

SO, H 
M-181 

A. Preparation 

Most investigations of the synthesis of diamino- and triaminopyridines are 
directed toward the substituted rather than the unsubstituted polyaminopyri- 
dines. Generally, the procedures are similar to those used for the preparation of 
monoaminopyridines. 

a. REDUCTION OF NITRO GROUPS This may be effected chemically or 
catalytically. Stannous chloride and hydrochloric acid introduce a chloro 
substituent into the 2-position of the pyridine ring, in addition to reducing nitro 
groups. Thus, 4,5-diamino-3-picoline is obtained by the reduction of 
4-amino-5-nitro-3-picoline with iron and acetic acid; if stannous chloride and 
hydrochloric acid are used, the reduction product is 2-chloro4,5-diamino-3- 
picoline .4'j 

The preparation and reactions of 3-bromo4,5-diaminopyridine have been 
studied. The nitration of 4-amino-3-bromopyridine (IX-182) and the subsequent 
rearrangement of the nitramino derivative IX-183 give 4-amino-3-bromo-5-nitro- 
pyridine (IX-184). The reduction of IX-184 with iron and acetic acid produces 
5-bromo3,4-diaminopyridine (IX-lM), but treatment of IX-184 with stannous 
chloride again gives a chloro derivative, 5-bromo-2-chloro-3,4-diaminopyridine 
(IX-186).476 

Sodium dithionite has been used as a reducing reagent for 2-amino-5-chloro-3- 
nitropyridine to yield 5-chlor0-2,3diaminopyridine~'~ 
2-Amino-3,5-dinitropyridine is selectively reduced with freshly prepared 

ammonium sulfide to 2,3-diamino-5-nitropyridine; catalytic reduction with 
palladium and hydrochloric acid gives 2,3,5-triaminopyridine trihydr~chloride?~' 

Treatment of 2-bromo-3,5-dinitropyridine with hydrogen bromide and 
granulated tin gives 3,5-diaminopyridine.' " 



94 Aminopyridines 

Ix-182 q-183  

IX- 186 IX-185 

2-Chloro-3,s-dinitropyridines give 2-alkoxy-3,s-dinitropyridines when heated 
with various alcohols in a sealed tube at 140” for 3 to S hours. Reduction of 
these compounds over PtO, gives the corresponding diamino derivatives 

OR OR 

+ ROH - Nolo””l + NH2 O N %  

N 

IX-187 

(IX-187) (see also Table IX-61)?79 
Nitration of 2,6-dichloropyridine-l-oxide (IX-188) gives 2,6-dichloro-4-nitro- 

pyridine-1-oxide (IX-l89), which, on catalytic reduction using Raney nickel as 
the catalyst, gives 4-amino-2,6-dichloropyridine (IX-190). From the amino 
compound, the 2,6-dichloro-4-nitraminopyridine (IX-191) is readily formed and 
rearranges to IX-192. Catalytic reduction of IX-192 gives an almost quantitative 
yield of 2,6-dichloro-3,4-diaminopyridine (IX-193).” 

2,4-Dichloro-3-nitro-6-n-propylpyridine reacts with alcoholic ammonia to give 
2,4-diamino-3-nitrod-propylpyridine, which can be reduced further to 
6-propyl-2,3,4-triaminopyridine on catalytic hydrogenation over palladium 
chloride?” 
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I 

0- 
IX-188 

0- 
IX-189 

Ix-190 IX-191 

IX- 192 IX- 193 

A series of 4-alkoxy-, 4-aralkoxy-, and 4-aryloxy-2,6-diaminopyridines and 
some of their thio and seleno analogues are prepared by the Curtius reaction, 
employing the appropriately substituted pyridinecarboxylic acid azides?811 482 

For example, 4-butoxypyridine-2,6-dicarboxylic acid diazide is heated to give 
4-b~toxy-2,6-diaminopyridine.~~' Table IX-58 lists the various 4-substituted 
2,6-diaminopyridines prepared this way. 

B. Properties and Reactions 

Tables IX-52 to 1x41 list the physical properties of the diaminopyridines. 
Miscellaneous reactions, including the oxidation and diazotizations of 
diaminopyridines, have been reported. 2,6-Diaminopyridine reacts with 
2-bromopyridine to give 2-amino-6(2-pyridylamimino)pyridine (IX-194)." 
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When a solution of 4,5-diamino-3-picoline (IX-195, R = H) in sulfuric acid is 
diazotized with sodium nitrite and then neutralized with potassium bicarbonate, 
3-methyl-4,5-pyridotriazole (IX-196, R = H) is obtained. When IX-195 is treated 
with freshly distilled formic acid, 3-methyl4,5-pyridoimidazole (1x497, R = H) 
results. 

( i )  NaNO 

(ii) KHCO, 
IX-196 

IX-195 

IX-197 

A solution of 6-chloro-4,5-diamino-3-picoline (IX-195, R = Cl) and hydrazine 
hydrate in absolute alcohol is boiled for 3 hours to yield 6-hydrazino-3-methyl- 
4,s-pyridotriazole (IX-196, R = "H,). Oxidation of 2,s-diaminopyridines 
produces dyes of various hues, provided the 5-amino group is u n s ~ b s t i t u t e d . ~ ~ ~  
2,6-Diamino-3-nitrosopyridine is easily oxidized to the 3-nitro compound by a 

solution of 30% hydrogen peroxide in trifluoroacetic acid-the same procedure 
used for oxidizing 5-nitrosopyrimidines to 5-nitr0pyrimidines.4~~ 

I 
H 

k 
IX-198 
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3-Amino-2,4,6-triiodobenzoic acid is diazotized and allowed to react with 
2,6diaminopyridine to give 3(2,6-diamino-3-pyridylazo)3,4,6-triiodobenzoic 
a~ id .4 '~  Diazotization of 6-amino-l,2,3,4-tetrahydrocarbazole followed by 
treatment with 2,6-diaminopyridine yields IX-198!86 

C .  Synthesis of Condensed Heterocyclic Systems 

a. PYRIDOPYRAZINES (AZAQUINOXALINES) o-Diarninopyridines condense 
with acarbonyl compounds to form pyridopyrazines. The reaction of 2,3,4,6- 
tetraaminopyridine with pyruvaldehyde under acidic conditions gives mainly 
6,8-diamino-3-methylpyrido [2,3-b] pyrazine (IX-199):'' 

IX-199 

The condensation of b e n d  with ethyl 4,5,6-triamino-2-pyridylcarbamate 
(IX-200) gives a mixture of 8-amino;2,3-diphenylpyrido [2,3-b] pyrazines (IX-201) 
and (IX-202) under neutral conditions, and mainly IX-202 under acidic 
conditions?" 

EtOOCNH kN2 NH, 

IX-200 m$+ N J J P h  ' 1 EtOOCNH \ / Ph 
EtOOCNH \ 

Ix-201 Ix-202 

Benzil also condenses with 2,3-diamino4,6-lutidine to yield 6,8-dimethyl-2,3- 
diphenylpyrido [2,3-b] pyrazine (IX-203):" The reaction of diacetyl with 
3,4diaminopyridine yields 2,3-dimethylpyrido-[3,4-b] pyrazine (IX-204).489 
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IX-203 IX-204 

Other azaquinoxalines are prepared from 2,3-diaminopyridine and a-dicar- 
bony1 compounds. For example, 2,3-diaminopyridine and IX-205 in hot acetic 
acid gives 5-aza-2-styryl-3-quinoxalone (IX-206).490 

0"'' + C, H, CH=CHCOCOOH 

N H l  

IX-205 

I 
H 

IX-206 

b. IMIDAZOPYRIDINES 2,3- and 3,4-&aminopyridines cyclize with a variety of 
reagents to give imidazopyridines. When benzyl alcohol and 2,3-diaminopyridine 
are stirred with polyphosphoric acid, 2-phenylimidazo- [4,5-b] pyridine (IX-207) 
is formed. Using this procedure, and the appropriate alcohols, 2-thienyl- and 
2-pyridylvinylimidazo [4,5-b] pyridine can be prepared!" 

CH. OH 

2,3- And 3,4-diarninopyridine condense with phenylacetaldehyde to give 
2-benzylimidazo [4,5-b] pyridine (IX-208, R = H) and 2-benzylimidazo [4,5-c] - 

R 
IX-208 
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pyridine (IX-209, R = H), re~pectively;4’~ the iminoether hydrochloride of 
benzyl cyanide may be used instead of phenyl acetaldehyde. If mandelic acid is 

R 
IX-209 

used, the products are 2-(c~-hydroxybenzyl)imidazo [4,5-b] pyridine (IX-208, R = 
OH) and 2-[a-hydroxybenzyl] imidazo[4,5-c] pyridine (IX-209, R = OH), 
re~pectively.~’~ 

A simple procedure for preparing 6-nitroimidazo [4,5-b] pyridine involves the 
action of formic acid on 2,3-diamin0-5-nitropyridine?’~ Similarly, when 
3-amino-2-~-diethylaminoethylamino)J-nitropyridine (IX-210) is heated with 
formic acid (IX-211, R = H), the product is 3(P-diethylaminoethyl)-6-nitro- 
imidazo[4,5-b]pyridine (IX-212, R = H). Using propionic acid (IX-211, R = 
CzH5),  IX-212 (R = C2Hg) is 0btained.4’~ 

When 6-n-propyl-2,3,4-triaminopyridine hydrochloride is heated with formalin 
in the presence of cupric acetate, 7-amino-5-n-propylimidazo [4,5-b J pyridine 0:; .HCI + CH,O - Cu(OAc), 

n-C,H, 

H 
IX-2 13 

(IX-213) is formed?” 3,4-Diamino-6-propyl-2-pyridone reacts with formic acid 
to yield 5-propylimidazo [5,4-c] -4-pyridone (IX-214)?80 
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H 
IX-2 14 

The preparation of 6chloroimidazo[4,5-c] pyridine (IX-216, R1 = H, Rz = C1) 
and 4,6dichloroimidazo[4,5-c]pyridine (IX-216, R1 = R2 = C1) has been 
accomplished by the ring closure of 
(IX-215) with ethyl orthoformate 
[4,5-c] pyridine (IX-215, R1 = H, RZ 

the appropriate chloro-3,4-diaminopyridine 
and acetic anhydride." 6-Aminoimidao- 
= NH,) was obtained similarly. 

IX-215 Ix-2 16 

Heating 3,4-diaminopyridine with chloroacetic acid gives 6-aza-2quinazolone 
(IX-217). However, if glycollic acid or acetic anhydride is used instead of 
chloroacetic acid, 2-hydroxymethylimidao [4,5-c] pyridine and 2-methyl- 
imidazo [4,5-c] pyridine are obtained, respe~tively?~' 

N c A  + CICH,COOH - 
H 

IX-217 

NQ::: 
c. MISCELLANEOUS CYCLIZATIONS Miscellaneous cyclizations include the 

reactions of diaminopyridines with phenanthraquinone or with triphenyl borate. 
Thus, 2,4-dimethyl-5,6-diaminopyridine condenses with 9,lO-phenanthraquinone 
to  yield IX-218?88 
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2,3-Diaminopyridine is reported to  react with triphenyl borate to give phenol 
and tris[lH(or 3H)-pyridino[2,34] -1,3,2-diazaborolo] borazine (IX-219).496 

Ix-219 

11. Side-Chain Amines 

1. Preparation 

A. Arninolysis of Side-Chain Halides 

Side-chain aminopyridines are easily prepared by the action of ammonia or of 
an amine on ha10alkylpyridines.4~' 

2-Chloromethylpyridine reacts with aniline in the presence of potassium 
carbonate to yield 2-(phenylaminomethyl)pyridine. When the latter is treated 
with sodium amide followed by 2-chloroethyl-Nfl-diethylamine, 2- [N-phenyl-N- 
(2-N,Ndiethylaminoethyl)]picolylamine (IX-220) is f0rmed.4~' Other 2-, 3-, and 
4(pyridylmethyl)-Nfl'diethylethylenediamines (Table 1x42) have been pre- 
pared similarly.4993 

1x220 

When 2-cNoromethylpyridine is treated with ethanolamine, N-2-hydroxyethyl- 
N-2-picolylamine (IX-22 1) is isolated.501 A mixture of 2-chloromethylpyridie 
and N(4-hydroxybuty1)aminoethanol is heated for 2 hours to yield 
N 4 4 - h ~  dr oxyb utyl)-N(2 -hy dr oxye thyl)-2-pyridylmethylamine.s O2 
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+ NH, CH, CH, OH - 0 CH, C1 

Ix-22 1 

2-Pyridylmethyl chloride and potassium phthalimide give a solid that is 
decomposed by hydrogen bromide to give 2-pyridylmethylamine hydrobro- 
~ n i d e . ” ~  
o<CPyridylmethylamino)phenol (IX-222) is obtained from the reaction of 

4chloromethylpyridine with the hydrochloride of o-aminophenol, diethylamine, 
and methanol.504 

H 

CH, C1 

NH, . HCI p 
HN(C,H,), 

\ - 
N QJ+o MeOH IX-222 

2-, 3-, And 4-pyridylmethyl chloride condense with 1,2-diaminoethane to give 
the corresponding N-(pyridylmethyl)-l,2-diaminoethanes. For example, 
Cpyridylmethyl chloride and 1,2-diaminoethane give N-(4-pyridylmethyl)-1,2- 
diaminoethane (IX-223).505 

+ H, NCH, CH, NH, - 0 
Substituted side-chain amines may also 

CH, NHCH, CH, NH, 

0 
IX-223 

be prepared by aminolysis of 
substituted haloalkyl pyridines.506-508 Thus, 2-bromomethyl-3-nitropyridine 
yields the expected 2-arylaminomethyl-3-nitropyridines when treated with 
aromatic amines at room temperature. At higher reaction temperatures, 
however, W-pyrazolo [4,3-b] pyridines (IX-224) result.506 
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When a mixture of aniline hydrochloride and 2chloromethylpyridine is heated 
at 135 to 140” for 2 hours and then made alkaline with sodium carbonate, 
N(2-picoly1)aniline (IX-225) results. If the reaction temperature is raised to 225 
to 230”, rearrangement occurs and 4(2-picolyl)aniline (IX-226) is obtained 
instead .’ O6 

MI, HCI 

0 IX-225 
225” 

IX-226 

B. Reduction of Nitriles 

Cyanopyridines have been reduced to aminoethylpyridines by a variety of 
methods, 2- And 4-cyanopyridine are reduced with sodium borohydride to  2- 
and 4-aminomethylpyridine, respect i~ely.’~~ In acidic solutions, the polaro- 
graphic reduction of 4cyanopyridine yields 4-aminomethylpyridine.’ 

Hydrogenation of 6chloro-5cyano-4-methoxymethyl-3-nitro-2-picoline over 
palladiumcharcoal in aqueous hydrochloric acid gives 3-amino-5-amin omethyl-4- 
methoxymethyl-2-picoline hydrochloride .’l 51 

3-Amino-5-aminomethyl-2,4-lutidine is prepared in good yield by the catalytic 
reduction (Pd-C in methanol) of 6-chloro-3-cyano-2,4-dimethyl-3-nitropyri- 
dine.5 l 3  The hydrogenation of 3(~-pyridylmethoxy)propionitrile over Raney 
Nickel yields 3- [(3-aminopropoxy)methyl] pyridine.’ l4 

3-Aminomethyl4-picoline is obtained by the catalytic reduction of 
3-cyan0-2,6-dichloro-4-picoline using 30% Pd-CaCO, as the catalyst.” 

Pyridoxamine dihydrochloride may be prepared by the reduction of 
4-cyano-3-hydroxyd-hydroxymethy-2-picoline hydrochloride in methanol ove! 
a palladium-oncarbon catalyst .” 
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C .  Reduction of Amides 

The use of lithium aluminum hydride for the reduction of pyridinecarboxylic 
acid amides (IX-227) to side-chain aminopyridines (IX-228) has been reported; 
thus, NJ-dibenzylnicotinamide (IX-227, R1 = R2 = C6H5CH2) is reduced to 

IX-227 IX-228 

N(3-pyridy1methyl)dibenzylamine (IX-228, R1 = R2 = C6H5 CH2 ).,I7 
Diisobutyl aluminum hydride has also been used, as in the preparation of 
3-diethylaminomethylpyridine (IX-227, R1 = R2 = C2 H, ) from NJ-diethyl- 
nicotinamide (IX-228, R1 = R2 = C2 H5)."' 7-Methoxy-I-naphthylacetyl 
chloride reacts with 2-aminopyridine to give the corresponding amide, which is 
reduced by lithium aluminum hydride to IX-229.519 

M-229 

Aminoalkylpyridines have been prepared by heating thioamides with an alkyl 
amine and h e y  Nickel in an autoclave under 10 atm of hydrogen at 70" for 
several hours. Under these conditions, P(2-pyridy1)propionic thioamide reacts 
with diethylamine to give 2-(3-diethylaminopropyl)pyridine (IX-230).520 
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IX-230 

D. Reduction of Oximes 

Aldoximes and ketoximes have been reduced to aminoalkyl pyridines; 
reduction methods include polarographic, catalytic and chemical means. 2-, 3-, 
And 4-aminomethylpyridine have been prepared by the polarographic reduction 
of the corresponding pyridinealdoxime~.~~' 

The oximes of 1 (2-pyridylcarbonyl), 1(3-pyridylcarbonyl)-, and 1 (4-pyridyl- 
carbony1)-1 -phenylacetamide (IX-23 1) are hydrogenated over Raney Nickel at 
50" and 55 atm to give IX-232.522 

4-Amino-3-hydroxy-5-hydroxymethylpyridine dihydrochloride is prepared by 
hydrogenation of the oxime of 4-formyl-3-hydroxyl-5-hydroxymethylpyridine 
in aqueous hydrochloric acid over palladi~rncharcoal.~~' 

2-(a-Aminobenzyl)pyridine is obtained by the reduction of phenyl 2-pyridyl 
ketone oxime with zinc dust and acetic 

Lithium aluminum hydride is used to reduce the oxime of (3-methyl-2- 
pyridy1)acetone (IX-233) to 2-amino- 1 43 -methyl-2-pyridyl)propane (IX-234) 
Oximes of other 2-pyridylacetones can be used similarly. 0 CH3 ,, 

CH, CCH, CH, CHCH, 
I 

NOH N H Z  
IX-233 Ix-234 

If a mixture of 4-pyridinecarboxaldehyde and its oxime are hydrogenated in 
methanol in the presence of Raney Nickel, bis(4-pyridylrnethy1)amine (IX-235) 
is formed.525 
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HC=NOH CHO 

IX-235 

E. Reduction of Schiff Bases 

Schiff bases that are obtained from pyridine aldehydes and amines are reduced 
to aminoakylpyridines by various reagents. 

The Schiff bases obtained by condensing 2,6-pyridinedicarboxylaldehyde with 
aliphatic amines are reduced by sodium borohydride to bis(alkylaminomethy1)- 
pyridines. For example, the product obtained from 2,6-pyridinedicarboxalde- 
hyde and n-butylamine gives 2,6-bis(n-butylaminomethyl)pyridine (IX-236) on 
reduction.526 

NaBH, 
+ n-C,H,NH, - 

IX-236 

Various secondary pyridylamines have been prepared by the sodium 
borohydride reduction of the corresponding aryl idene-amine~.~~~’ For 
example, pyridine-3-aldehyde condenses with p-nitroaniline to give IX-237, 
which, on reduction, gives the secondary amine IX-238.527 

lX-237 IX-238 

Catalytic reduction of Schiff bases has also been used to produce side-chain 
a m i n ~ p y r i d i n e s . ~ ~ ~ - ~ ~ ~  2-Acetylpyridine condenses with ethylene diamine to 
give an imine which is reduced with hydrogen in the presence of platinum oxide 
to give N,N-bis[a-(2-pyridyl)ethyl]ethylenediamine (IX-239). Table IX-65 lists 
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u(-239 

compounds so obtained. 
Compounds of the general structure IX-241 are prepared from the appropriate 

ketone (IX-240) and mines (&R5NH) by reductive amination; thus 
1-(5-methyl-2-pyridyl)-2-aminopropane (IX-243) is obtained by autoclaving 
(5-methyl-2-pyridy1)acetone (IX-242) in the presence of ammonia, hydrogen, 
and Raney 

IX-240 IX-24 I 

__t 

CH, ~ C H ,  H, CH, CH(NH, )CH, 

IX-242 IX-243 

A good source of N(2-pyridylmethy1)anilines and N(4-pyridylmethy1)anilines 
is the reaction of 2- and 4-pyridinemethanol with anilines in the presence 
of potassium hydroxide at high temperature. Thus, a mixture of 4-pyridinemeth- 
anol, pethoxyaniline, potassium hydroxide, and a trace of amyl nitrite gives 
N-(4-pyridylmethyl)-pethoxyaniline (IX-244).534 Amy1 nitrite is not a 
necessary reagent.535 
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IX-244 

F. Side-Chain Alkylation with Aminoalkyl Halides 

In the presence of sodamide, 2-picoline or 2-benzylpyridine condenses with 
2dimethylaminoethyl chloride to give 1-(2-pyridy1)-3-dimethylaminopropane 
(IX-245, R = H) and 1 -phenyl-l-(2-pyridyl)-3-dimethylaminopropane (IX-245, R 
= C6Hs), respectively.536i 5 3 7  

IX-245 

2-Benzylpyridine is boiled with sodium amide and then treated with 
N-(3-bromopropyl)-3-phenyl-2-propylamine to yield 3-phenyl-N-[4-(phenyl)- 
4-(2-pyridyl)] butyl-2-propylamine (IX-246).538 

Other 3-substituted-2-propylamines have been prepared in an analogous 
manner. 

c H 3  

+ NaNH, + C,H,CH,(!!HNH(CH,),Br - 0 ‘HZ ‘6 H 5  

The reaction of dL(2-pyridyl)rnethane with 2-(2-bromoethyl)l -phenylamino- 
propane in the presence of sodamide produces 2-amino-2-benzyl-l,l-(2,2-di- 
pyridyllpentane (IX-247): 
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[o + NaNH, - 
-m 
1 

+ 

M-247 

G.  Mannich Reactions 

When 2-benzylpyridine, paraformaldehyde, and dimethylamine hydrochloride 
are heated in water for 24 hours, 2-(2dimethylaminoethyl-l-phenyl)pyridine 
dihydrochloride (IX-248) results.540 

M-248 

Heating 3-hydroxypyridine in water with secondary mines and formaldehyde 
gives various 2-aminoalkyl-3-hydroxypyridines; for example, with dimethyl- 
aminoethylamine, 2-(dimethylaminomethyl)-3-hydroxypyridine is obtained in 
73% yield.541 

A mixture of 3-hydroxy-6-nitro-2-picoline, dimethylamine, and 3096 for- 
malin gives 2- [2(dimethylamino)ethyl] -3-hydro~y-6-nitropyridine.~~~ 2-Amino- 
methyld-hydroxy-6-nitropyridine is prepared similarly from 3-hydroxy-2-nitro- 
p ~ r i d i n e . ~ ~ ~  
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The 4-position can also be aminomethylated. Thus, 4-dimethylaminomethyl- 
6-ethyl-3-hydroxy-2-picoline (IX-249) is obtained from condensation of formalin, 
dimethylamine, and 6ethyl-3-hyd~oxy-2-picoline.~~~ 

IX-249 

A study by NMR and chemical methods shows that aminomethylation of 
2-alkyl-3-hydroxypyridines under the above conditions produces 6-aminomethyl 
and 4,6-diaminornethyl-2-alkyl-3-hydroxypyridines; the 6-position is the site of 
initial a m i n ~ m e t h y l a t i o n . ~ ~ ~ ~  546 

H. From Alkynes 

Side-chain pyridineamines, particularly those containing an alkyne function, 
are prepared from pyridylalkynes or by the action of alkynes on pyridyl 
ketones. 

Miocque has prepared various NjV-dimethylaminopyridylalkynes of the type 
IX-251 by aminomethylation of IX-250 with dimethylamine and triox- 
ane;546, 548 for example, 1 -dimethylamino-5-(2-pyridyl)-2-pentyne (IX-25 1 ,  n = 
1) is obtained by heating 4-(2-pyridyl)-l-butyne (IX-250, n = I), trioxane, and 
dimethyl amine. Furthermore, this and other aminoalkynylpyridines may be 
reduced to the corresponding aminoalkylpyridines by catalytic hydrogena- 
t i ~ n . ' ~ '  

IX-25 1 
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N-substituted derivatives of aminoalkynyl pyridines are readily prepared when 
propargyl bromide is heated with a 2-, 3-, or 4-picolylamine in acetone to give 
the corresponding N-methyl-N-picolyl-2- propynylamine (IX-252).5491 5 5 0  

CH<CH,Br 0 CH, FH3 NCH, M H  
CH, NHCH, - 

IX-252 

5-Ethynyl-2-methylpyridine heated with piperidine gives a 70% yield of 
2-methyl-5(2-piperidinoethenyl)pyridine (IX-253). Similarly, 2-methyl-5- 
(2morpholinoethenyl)pyridine is obtained with m ~ r p h o l i n e . ~ ~ ~  

0 M H  Piperidine 0 
CH3 \ CH3 \ 

N 
IX-253 

Another method of preparing aminoalkynylpyridines involves the reaction of 
lithium alkynes with pyridyl ketones. Thus, 4-diethylamino-I -phenyl-l(2- 
pyridyl)-2-butyn-l-ol (IX-254) is obtained by the reaction of lithium amide with 
diethylamino-2-propyne followed by 2-benzoylpyridine. Similarly, the use of 3- 

and 4-benzoylpyridine yields IX-255 and IX-256, respectively.552 
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I 
C, H, C W C H ,  N(C, H, 1, 
A 

IX-255 IX-256 

I. Leuckart, Clarke-Esch weiler. and Hofmann Reactions 

The Inuckart reaction has been used for the preparation of 4-(a-aminobenzyl)- 
pyridine, which was obtained by heating a mixture of concentrated ammonia, 
formic acid, and 4 - b e n ~ o y l p y r i d i n e . ~ ~ ~  

The related Clarke-Eschweiler reaction in which the reductive alkylation of an 
amine is carried out with formaldehyde and formic acid was used to prepare 
3-dimethylamino-1 -phenyl-l-(2-pyridyl)propane (IX-258) from 3-phenyl-342- 
pyridy1)propylamine (IX-257).554 

IX-257 IX-25 8 

The Hofmann rearrangement has not been used often for the preparation of 
aminoalkylpyridines; it  has been reported in the synthesis of S-aminomethyl-2- 
picoline (IX-260), which is isolated from the reaction of sodium hypobromide 
with IX-259.555 

IX-25 9 IX-260 

J .  Addition of Amines to Vinylpyridines 

The addition of amines to vinylpyridines has been the source of a large variety 
of sidechain aminopyridines. For example, the reactions of 2-vinylpyridine with 
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four aliphatic diamines ethylene-, tetrarnethylene-, hexarnethylene-, and 
octamethylenediamine-and the mono-, di-, tri-, and tetra-addition compounds 
obtained were ”’ Mono- and di-addition compounds are best 
prepared in benzene with acetic or propionic acid as a catalyst; tri- and 
tetra-addition compounds require the same catalyst but higher temperatures and 
longer reaction times. Some examples are given below. 

F‘yridylethylation resulting from the addition of monoamines to 2-vinyl- 
pyridine was shown to be strongly catalyzed by organic and inorganic acids and 
by ammonium salts of inorganic acids, for example, the alkanoic (C, -C5) acids, 
stearic acid, phenol, and piperidine hydrochloride. Protic solvents affect the 
reactions slightly; aprotic solvents have no influence. Thus, heating 
2-vinylpyridine in piperidine for 8 hours gives 63% 2-(P-piperidinoethyl)pyridine 
(IX-261); in the presence of the above catalysts yields of up to 92% are 
obtained . ’13 

o C H = C H 2  + HNs - 0 CH, CH, 

IX-26 1 

The reactions of 2- and 4-vinylpyridines with various amines include the 
following: 2-vinylpyridine reacts with ammonium chloride to yield 2-(2-amino- 
ethy1)pyridine (35%);”’ when treated with methylamine it yields 242- 
methylarnin~ethylpyridine).~~~ 

2- And 4-vinylpyridine when heated for 5 hours with dimethylamine give 2- 
and 4-(2-dimethylaminoethyl)pyridine (1X-262), respectively.540i ’ 6 o  

IX-262 

Secondary aromatic amines such as IX-263 add to 2-vinylpyridine to give 
N-dime thylaminoalkyl-N-(pyridylethyl)anilines (IX-264)561-563 (see Table 
IX-76). 
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O C H = C H l  + 

N 

IX-264 

Heterocyclic amines also add to vinylpyridines. 2-Aminopyridine and 
2-aminoquinoline react with 2-vinylpyridine in the presence of sodium metal to 
give IX-265 and IX-266, respectively.564’ 5 6 5  

IX-265 

1X-266 

The reaction of 2-vinyl- or 4-vinylpyridine with N-hydroxypyrrolidine give the 
oxygen-free product IX-268 rather than the expected IX-267. A variety of such 
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pyridylethylamines rather than the oxygenated products have been obtained in 
this way.566 

Ethylenimine condenses with 2-hnylpyridine in the presence of metallic 
sodium to give 2-ethylenirnin0ethylpyridine.~~ 

The reactions of substituted vinylpyridines have not been intensively studied. 
N-Methylaniline and 5-vinyl-2-picoline condense in the presence of sodium metal 
to give 5-(N-methyl-2-phenylaminoethyl)pyridine (1X-269).568 

+ Na + C, H, NHCH, - 
CH 3 Q =CHz 

M-269 

When da-methylphenethylamine (IX-270) and 5-ethyl-2-vinylpyridine are 
heated in acetic acid and methanol, N-(da-methylphenethy1)-2-(5-ethyl-2- 
pyridy1)ethylamine (IX-271) is formed.569i 570 

Acetic acid 
+ C, H, CH,CH(CH,)NH2 - 

cz H 5  o C H = C H 2  N IX-270 

IX-271 

2- [P-Alkyl- or arylaminoethyl] -5-vinylpyridines were prepared by treating 
2,5-divinylpyridine with an amine in protic solvents in the presence of an acid 
catalyst at 90 to  1 2 0 " . ~ ~ l  

K. Miscellaneous Reactions 

The reduction of pyridine derivatives also provides a source of side-chain 
amines. Nicotine and its analogues are reduced to side-chain aminopyridines; 
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thus, hydrogenation of nicotine over palladium-charcoal at 54" until one mole of 
hydrogen is consumed gives 3-(4-methylaminobutyl)pyridine (IX-272).' 72 If the 
latter is treated with formic acid and formaldehyde, 3-(4-dimethylaminobutyl)- 

IX-272 

pyridine results. 
At a cathode potential of -0.75 volts, isonicotinanilide is reduced to 

4-anilinomethylpyridine and 4-pyridylcarbinol.' 73 
1 -Nitro-2-(3-pyridyl)ethylene is reduced by copper coated with zinc dust to 

P(3-pyridy1)ethylamine (IX-273), which can also be obtained from the 
reduction of 3-pyridyla~etaldoxime.~~~ 

fJ =CHNoz ~ p2cHzNHz 
\ \ 

N 
IX-267 

L. Miscellaneous Preparations 

The preparations discussed here did not fit in previous sections. They include 
sidechain mines obtained from hydrolysis or condensation reactions. The 
preparation of aminoethers and aminothioethers have also been included. 

Several aminocyclohexylpyridines are prepared by the hydrolysis of 
pyridylcyclohexyl carbamates. Thus 2-( 1-aminocyclohexy1)pyridine (IX-274) is 
obtained by the alkaline hydrolysis of methyl N- [ 1 ~2-pyridyl)cyclohexyl] car- 
bamate.575 Other aminocyclohexyl pyridines have been reported.'" 

M-274 
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It has been reported577 that 3-(4-aminobutyl)piperidine is obtained by the 
hydrogenation of 1,8-diamino-4-aminomethyloctane in the presence of 
ammonia. Acetylation of t h i s  piperidine, followed by dehydrogenation at 200” 
over palladiumcharcoal gives 3(4-acetylaminobutyl)pyridine (IX-275). 

.. 

M-275 H 

When 2-picolyllithium is added to an azomethine linkage, various substituted 
2-(2-pyridyl)ethylamines (IX-276) are formed in good yield.’ 7 8 3  ’’’ 

IX-276 

Heating N-benzylidine aniline with a mixture of magnesium turnings (or 
aluminum), mercuric chloride, and pyridine, gives 1 JV-diphenyl- 1 -(2-pyridyl)- 
methylamine (IX-277). Several such picolylamines are prepared by this 
modification of the Emmert-Asendorf reaction.”’ When IX-277 is heated with 

C, H, CH=NC, H, + 

CH(C,H,)NHC,H, 

IX-277 

IX-278 

sodium amide and 0-dimethylaminoethyl chloride, it yields 2- [a-(N-2-dimethyl- 
aminoethyl-N-phenylamino)benzyl] pyridine (IX-278). 
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2-Chloromethyl-l,4-benzodioxan reacts with picolylamine to give 2-picolyl- 
aminomethyl-l,4-benzodioxan (IX-279).’” Table 1 x 4 4  lists the 1,4-benzodi- 
oxans thus prepared. 

IX-279 

When 2-pyridinecarboxaldehyde is added to a cooled solution of nitroethane 
and diethylamine in ethanol, 2-nitro-1 -(2-pyridyl)propanol (IX-280) is 
~btained.’~’ Dehydration of IX-280 followed by hydrogenation gives 

+ C,H,NO, - 0 CHO 

IX-280 

IX-282 

3-amino- 1 (2-pyridy1)propane (IX-282) .’” ’ 83 Th e 3- and 4-pyridyl analogs are 
prepared similarly. 

The preparation of aminoethers and aminothioethers of pyridine have been 
reported. 4-Chloropyridine-1 -oxide reacts with ethanolamine to give 4(P-amino- 
ethoxy)pyridine- 1 

P-Dialkylaminoethyl chlorides have been used to prepare P-aminoalkyl 
2-pyridyl sulfides (IX-283).585i The preparation involves heating 2-pyridi- 
nethiones and P-dialkylaminoethyl chlorides in ethanol. Compounds IX-283 are 
also obtained from the reaction of chloropyridines with P-dialkylaminoethyl 
mercaptans (see also Chapter XV). 
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I 
H 

IX-283 

Dimethylaminoethyl ethers (IX-284) are obtained when aryl 2-pyridyl 
carbinols are treated with @-dimethy1amino)ethyl chloride. For example, 

R 

&Ha CH, N(CH3 )2 

IX-284 

pyridine-2-aldehyde reacts with phenylrnagnesium bromide to give phenyl 
2-pyridyl carbinol, which, when treated with sodium amide and 2-dimethyl- 
aminoethyl chloride hydrochloride, gives dimethylaminoethyl a-2-pyridylbenzyl 

CH, CH, NHCH, CH, OH 

W0 
OCH, CH, NHCH, CH, N 

Ix-285 



120 Aminop yridines 

ether (IX-284, R = 588 Wh en 2-bromopyridine is added to a suspension 
of 2-(2-N-morpholinoethylamino)ethanol and sodamide in boiling toluene, 
2- [2-(2-N-morpholinoethylarnino)] ethoxypyridine (IX-285) results.’89 

2-Pyridylalkylguanidines (IX-286) are obtained by the reaction of 
2-pyridylalkylamine with 2-methyl-2-thiop~eudourea.~ 90 

IX-286 

Various 5-aminoethyl-2-picolines are prepared by nitrosation of the 
corresponding 5(2-phenylaminoethyl)-2-picolines, with subsequent cleavage of 
the resulting nitrosyl derivatives by heating them with alkali hydroxide; no 
hr ther  details are reported in this patent.’” 

Nitrile derivatives of dialkylaminoalkylpyridines have been synthe- 
sked.592s 593 Thus, in the presence of sodamide, m-tolylacetonitrile condenses 
with 2-bromopyridine and 0-diisopropylaminoethyl chloride to give 4-diiso- 
propylamino-2-(2-pyridyl)-2-(3-tolyl)butyronitrile (IX-287). 3- [(Dimethyl- 

CH, CN 
I OCH3 .+ Q + E;; - O C N  b-CH,CH, N(isoPr1, 

Br 

fJ \ CH, 

IX-287 

amino)methyl] -2,6-diphenylpyridine (IX-288) is obtained by heating 1,3-dibenz- 
oyl-2-dimethylaminomethylpropane hydrochloride with hydroxylamine hydro- 
chloride.’94 
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2. Properties and Reactions 

The physical properties of side-chain aminopyridines are listed in Tables IX-63 
to 1x40. Their chemical reactions are reported below. 

The acylation of 3-dimethylamino-l-(2-pyridyl)propane (IX-289) and 
3dimethylamino-1 -phenyl-l(2-pyridyl)propane (IX-290) with various esters 
using phenyllithium or phenylsodium as the base to produce the carbanion 
yields the ketones IX-291. For example, when the ester is ethyl benzoate, the 
ketone IX-291, (R, = H, R2 = C6Hs) is obtained.537 

IX-289 IX-290 

I 

IX-29 1 
R2 

When treated with hydrochloric acid and an aqueous solution of sodium 
nitrite, N-methyl-2-picolylamine gives 2-(iV-methyl-N-nitroso)pi~olylamine.~~~ 
I-@-Chlorophenyl)-3-(4-picolyl)urea (IX-292) results from the action of 

4-aminomethylpyridine on p-chlorophenylisocyanate.sg6 Other ureas are 
similarly prepared (Table 1x48). 

CH, NH, 

IX-292 

3-Picolylamine is alkylated with 7-0-bromoethyltheophylline (IX-293) to give 
1X-294.s96 
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IX- 1 

IX-2 

IX-3 
IX-4 
IX-5 

IX-6 
IX-7 
1x43 
I X-9 

I 
CH3 

IX-294 
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V. Guide to Locating Compounds in Tables 

The reader should first consult the list of tables (Section HI), which 
summarizes the general classes of aminopyridines compiled; generally, derivatives 
are listed in the same tables as the parent compounds. 

Compounds in a particular table are arranged in alphabetical order except 
when abbreviations (e.g., Me, Et, n-Pr, Ph, etc.) for alkyl or aryl substituents are 
used. In this case, groups with fewer carbon atoms have priority over those with 
more carbon atoms (thus Me before Et). When several columns of substituents 
are present in a table, the column on the left is first filled, then the next column, 
and the last to be filled is that on the extreme right. Monosubstituted 
compounds are listed before di- or trisubstituted aminopyridines. 

VI. TABLES 

TABLE IX-1. Reaction of 3-Substituted Pyridine-I-oxides with N-Phenylbenzimidoylchlor- 
ides (See Chapter IV) 

TABLE IX-2. Reaction of Pyridine-I-oxides with N-Arylbenzimidoyl Chlorides (See 
Chapter I v )  
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TABLE 1x4. Preparation of 1 ,I-Naphthyridines from 2-Aminopyridines x-oNHl- mR x+ I I  - I  I I  +R  

R 

X Reagent 2 3 4 5 6 7 % Yield Ref. 

H 
4-Me 
4-Me 
4-Me 
5-Me 
5-Me 
5-Me 
5-Me 
&Me 
&Me 
4,6-Me, 
4,6-Me, 

Glycerol 
Glycerol 
Crotonaldehyde 
Meth ylvinylke tone 
Glycerol 
Crotonaldehyde 
Methylvinylketone 
Methacrolein 
Glycerol 
Crotonaldehyde 
Glycerol 
Cro tonaldehyde 

H 
H 
Me 
H 
H 
Me 
H 
H 
Me 
Me 
Me 
Me 

H 
H 
H 
.H 
Me 
H 
Me 
Me 
H 
H 
H 
H 

H 
Me 
H 
Me 
H 
H 
H 
H 
H 
H 
Me 
Me 

H 
H 
Me 
Me 
H 
H 
Me 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
Me 
H 
Me 
H 
H 
H 
H 
- 

H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
H 
Me 

30 
17 
17 
3 

18 
15 
3 
1 

10 
15 
10 
16 

41 1 
41 1 
405 
405 
405 
405 
405 
405 
41 1 
405 
41 1 
405 

TABLE 1x4. Preparation of 7-Amino-l,8-naphthyridines from 2,6-Diaminopyridine 

R 

Reagent 2 3 4 7 Ref. 

Ethyl 2-oxalylpropionate 
Ethyl oxalacetate 
Malic acid 
Ethyl p-methylmalate 
Citric acid 
Acetone dicarboxylic acid 
Ethyl oxalate 
Ethyl acetoacetate 

OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 

Me 
COOEt 

Me 

COOH 
- 
- 
- 

CH, COOH 
CH, COOH 
COOH 
Me 

413  
416 
417 
417 
417 
417 
4 2  1 
414 

127 
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TABLE IX-7. Alkyl- and Aryl-3aminopyridines 

Substituents 

2 4 5 6 Physical properties Ref. 

Me H 
Ph H 

P B G H ,  H 

H Me 

H H 

H H 

Me Me 

Me H 
Me H 

H Me 
H Me 

Me Me 

H 
H 

H 

H 

Me 

H 

H 

Me 
H 

Ph 
H 

H 

H 
H 

H 

H 

H 

Me 

H 

H 
Me 

H 
Me 

Me 

m.p. 114-15" 
b.p. 119-21"/0.35 mm 
m.p. 65-7" 
m.p. 6 2 4 " ;  picrate, 
m.p. 204-6" 
m.p. 99-101" 
m.p. 134.5-7" ; 
picrate, m.p. 177-9" 
m.p. 106-7", 104-6" 
picrate, m.p. 177-8" 
m.p. 61-3", 58"; 
picrate, m.p. 225" (dec.) 
m.p. 95-6"; acetyl, 
m.p. 158-60" 
b.p. 246-56" m.p. 70-4" 

picrate, m.p. 227-8" 
sulfonyl, m.p. 54" 

m.p. 123"; picrate, 
m.p. 180-1"; 
l-oxide, mp. 155-8" 
m.p. 136-6.5" 

m.p. 62-3", 
m.p. 68-71"; picrate, 
m.p. 186-7"; 
sulfonyl, m.p. 62-3" 
1-oxide HCl, m.p. 211" 

b.p. 255-7"; 

40,110 
110,392 
44 1 
110,392,441 

110 

610 
40,468 
95 
40,468 

40,555 

91,92,352 
611 

91 
92  

379 
68 

612 
91,92,352 

351 

131 



TABLE 1x4. Alkyl4aminopyridines 

Substituents 

2 3 5 6 Physical properties Ref. 

H 

Me 

Et 

H 

H 

H 

H 
H 
Me 
Me 
Me 

Me 

t-Bu 

H 

Me 

H 

H 

H 

Me 

Et 

isoPr 

Styryl 
H 
H 
H 
H 

H 

H 

Me 

Me 

H H 

H H 

H H 

H H 

H H 

H H 

H H 
Et H 
COOCH, H 
CH,OH H 
Et H 

H Me 

H t-Bu 

Me H 

Me Me 

m.p. 152-5"; 
picrate,m.p. 215-17"; 
l-oxide, HC1, mp. 181-3" 
m.p. 94-5"; 
l-oxide, m.p. 190" 
1-oxide-HCi, m.p. 191-2" 
b.p. 128-30"/4-5 mm; 
117-20"/2.5 mm 
m.p. 108-9"; 
1-oxide, m.p. 120-5"; 
1-oxide HCl, m.p. 219-20" 
m.p. 42-3"; picrate, 
m.p. 202-3" 
HCl, m.p. 209-10" 
hemihydrate, m.p. 52-3" 
hemihydrate, picrate, 
m.p. 196-7" . 
hemihydrate, m.p. 69-70" 
hemihydrate, picrate, 
m.p. 156-7" 
1-oxide, m.p. 179" 
m.p. 91-2" 
m.p. 125-6" 
m.p. 1 3 2 4 "  
1-oxide HCl, m.p. 181-3"; 
picrate, m.p. 181-2" 
m.p. 192-3"; 190-1" 
m.p. 188-90", 192" 
1-oxide, m.p. 265" 
1-oxide HCl, m.p. 257" 
chloroaurate, m.p. 193-5"; 
picrate, m.p. 146-50" 
l-oxide, m.p. 227-9" ; 
1-oxide, picrate, 
m.p. 221-3' 
hemihydrate, m.p. 196-7" ; 
picrate, m.p. 225-6" 

119 

86,118 
71 
75 
88,614 

86, 118 
71 
75 
41,67,615 

62 
214 
41,214 

41,214 

616 
97,617,618 
97 
97 
75 

74,118 
20,105 
74,619 
74 

119 
119,620 
41, 214 

41 

132 



TABLE IX-9. Halo-2-aminopyridines 

Substituents 

3 4 5 6 Physical properties Ref. 
~~ 

H 
H 
H 
H 
H 
H 
Br 
H 
F 
F 
F 

c1 
H 
H 
H 
H 
H 
Br 
Br 
H 
Br 
I 

H 
Br 
c1 
H 
H 
H 
H 
H 
F 
F 
F 

H 
H 
H 
Br 
F 
I 
H 
Br 
F 
F 
F 

445 
382,385 

m.p. 135-6" 278,382, 384 

m.p. 53-45', 58-9" 66 ,121  
m.p. 89-90' 2 

m.p. 109-10" 233 

m.p. 94.5-5.5" 53 ,374  
m.p. 116-17" 53 ,374  
m.p. 114-5" 59 

34 
34  

133 



TABLE IX-10. Halo-3-aminopyridines 

Substituents 

2 4 5 6 Physical properties Ref. 

c1  H 

~ 

H H 

F 

H 

H 
H 
SH 
H 

H 

H 
H 
H 
Me 

H 

I 

H 
H 

c1 

c1 

CI 
c1 
NHNH, 
CH, Br 

H H 

H H 

Br H 
H F 
Cl 
Br H 

c1 H 

I H 
H c1 
H c1 
CH,Br H 

2-nitrobenzo yl, 
m.p. 158-61.5" 
2-aminobenzoyl, 
m.p. 168-72" 
4€1-2-N0, -benzoyl, 
m.p. 205" 
2-NH, 4C1-benzoyl, 
m.p. 202" 
5 -M e-2 -NO -b en zo yl, 
m.p. 154-5" 
2-NH, -5-Me-benzoyl, 
m.p. 186-8" 
b.p. 116-17"/24 mm; 
HCl, m.p. 187-8" 
m.p. 75-6"; picrate, 
m.p. 253" (dec.) 

m.p. 87-7.5" 
m.p. 204-5" 
m.p. 108.5"; 
nitrate, m.p. 176" 
m.p. 108"; nitrate, 
m.p. 169" 
m.p. 102" 
m.p. 84-5" 
m.p. 167-9" 
HBr, m.p. 220" 

621 

66 

373 

3 86 
66 

168 
44 

44,622 

623 
223,225,624 
6 24 
625 

134 



TABLE IX-11. Halo-4-aminopyridines 

NH, 

Substituents 

2 3 5 6 Physical properties Ref. 

Br H 
c1 H 

I H 

H Br 

H c1 
H F 
H I 

H H 

Cl H 

Cl c1 
c1 c1 
c1 Cl 
F C1 
F c1 
F F 

F F 

CCl, c1 

H 
H 

H 

H 

H 
H 
H 

H 

H 
c1 
H 
CI 
c1 
c1 
F 
F 

F 

H 
H 

H 

H 

H 
H 
H 

F 

c1 
H 

c1 

F 
F 
F 

Me0 

cc1, 

cc1, 

m.p. 95-6" 
m.p. 92"; 1-oxide HCI, 

m.p. 152-3.5" 
m.p. 99", 1-oxide 

m.p. 110" (dec.) 
m.p. 110" 
1-oxide, m.p. 67" 
m.p. 59"; 60" 
m.p. 77" 
m.p. 71'; 75-6"; 
picrate, m.p. 253" (dec.) 
1-oxide, picrate, m.p. 189" 
m.p. 89"; picrate, 
m.p. 223" 
m.p. 172-3", 170" 
m.p. 136-8" 
m.p. 8 1 4 "  
m.p. 220-1" 
m.p. 113-18" 
m.p. 112-13" 
m.p. 117-18" 
m.p. 85-6" 

m.p. 92.5-3" 

47 
47,87,96,  

389 

47, 107, 177, 
470 

373 
47,107, 177 
48,373 
5 1  
48,100 
47,171, 107 

49 

87,390 
56 
56 
21 
56 

53,58,374 
53,58 

53, 54, 57, 
252,626 
252 

135 



TABLE IX-12. Alkylhalo-(2,3, or 4)-aminopyridines 

R X  

Substituents 

2 3  4 5 6 Physical properties Ref. 

NH, Me H Br H m.p. 90-2" 40 
NH, Me H H Br m.p. 114-14.5" 3 
NH, H Me H Br m.p. 115-16" 2, 3 
NH, H Et H Br m.p. 113-13.5" 3 
NH, H Et H I m.p. 112-13" 3 

NH, H Ph H Br m.p. 141-3" 3 
NH, H Ph H I m.p. 154-5.5" 3 
NH, H H Me Br m.p. 97.5-8" 3 

NH, H cl H Me m.p. 108-9" 388 

Me NH, H cl H 627 
NH, Br Me Br H m.p. 123-4" 40 
Me NH, H H COOH m.p. 262-3" 39 1 
Me NH, COOH H C1 m.p. 218-19" (dec.) 39 1 

Me NH, CH,Br CH,Br H HBr, m.p. 220" 625 
Me NH, EtOCH, CN c1 m.p. 146" 78 
Me H NH, H C1 m.p. 155-7" 388 
Me F NH, H Me m.p. 92'; picrate m.p. 235" 52 
F F  NH, F Me0 m.p. 92.5-3" 252 

Me COOH H NH, C1 m.p.2274" 39 1 

136 



TABLE IX-13. Aminonitropyridines 

Substituents 

2 3  4 5 6 Physical properties Ref. 

NH, NO, 
NH, H 

NH, H 

NH, NO, 
NH, H 
OH NH, 

H NH, 

H NH, 

H NO, 

H H 
NO, H 

H NO, 

H NO, 

H NO, 
NO, NO, 

NO, H 

H NO2 

NH, H 

m.p. 96" ; N-acetyl, 
m.p. 21 1" 
1-oxide, m.p. 245-6"; 
acetyl, m.p. 206" 
m.p. 188" 
N-acetyl, m.p. 194-6"; 
l-oxide, m.p. 196-7" 
m.p. 188" (190-2"), 188" 
m.p. 217" 
m.p. 199-201"; 
N-acetyl, m.p. 281" 
b.p. 62-4"/0.5 mm 
m.p. 138" 
l-oxide, m.p. 237" 
m.p. 141'; acetyl, 
m.p. 146-8" 
benzoyl, m.p. 170-2" 
m.p. 204"; HCI, 
m.p. 260-1" ; picrate, 
m.p. 197-8" 

386 
628 

371,628 

9 
371, 386 

45 ,176 ,  367 ,478  
628 
102 

50 
5 1  

178 
64,68 

103 
152 

137 



TABLE IX-14. Alkylnitro-(2,3, or 4)-aminopyridines 

NO1 

Substituents 

2 3  4 5 6 Physical properties Ref. 

NH, NO, H H Pr m.p. 150'; picrate, 480 

NH, NO, Me H Me m.p. 164" 488 
NH, NO, H Me Me m.p. 165-6" 608 

Me NH, NO, H 

Me NO, NH, H Me m.p. 126" 469 
R H  NH, NO, H m.p. 193" 480 
H Me NH, NO, H m.p. 193' 469 

m.p. 165-6" 

Me NO, Me m.p. 188-9", 184" 10,488 
Me m.p. 112'; 1-oxide, 52 

H 

m.p. 189-90" 

TABLE IX-15. Haloaminonitropyridines 

Substituents 

2 3  4 5 6 Physical properties Ref. 

H H m.p. 176" 
NO, H m.p. 213", 222" 
Br H m.p. 205" 
c1 H 
NO, H m.p. 205" 
Br H 
F F 
Br Me m.p. 169-70' 
F F m.p. 84-4.5" 
H H m.p. 197" 
H H m.p. 209-10" 
H H m.p. 269-71" (dec.) 
NO, H m.p. 190-1", 206" 
NO, H m.p. 181" 
H C1 m.p. 142-3" 

46 

386 
477 
386 
477 
252 
630 
252 
375 
87,96, 375,629 

470 
87,96 
44 
87 

9,386 
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TABLE 1X-16. Alkoxy-2-aminopyridies 

Substituents 

3 4 5 6 Physical properties Ref. 

CH,O H H H 116 
C,H,O H H H m.p. 79-82" 33, 35 ,  38  
H CH, 0 H H m.p. 115-16" 116,388 

H n-C, H, 0 H H m.p. 143-5" 4 8 2  
H isoC,H,O H H m.p. 150-2" 4 8 2  
H n-C,H,,O H H m.p. 135-7" 4 8 2  
H isoC,H,,O H H m.p. 129-31" 4 8 2  
H n-C,H,,O H H m.p. 1 3 2 4 "  4 8 2  
H H H C,H,O b.p. 120-2"/ 16 mm 359 
H H H isoC,H, 0 b.p. 1624"/23  mm 359 

H CH, 0 H CH, m.p. 141-2" 388 

H C,H,O H H  3 4 , 3 5  

Br '1 H 5  H H  m.p. 147-8" 34 

H C l H 5 0  Br H m.p. 149-50" 3 4 , 3 5  
H C1H50 H C,H,O m.p. 35-6"; 34 

Br C,%O Br H m.p. 100-1" 3 4  
picrate, m.p. 176-7" 
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TABLE IX-17. Alkoxy- and Aryloxy-3-aminopyridines 

Substituents 

2 4 5 6 Physical properties Ref. 

eBrC,  H, 0 
Ethoxy 

H 
H 

H 
H 

H 
H 

94 
b.p. 105-6"/10 mm; 468 
m.p. 3 1-2" 
m.p. 147-53" 81 

m.p. 147-8"; 81 
acetyl, m.p. 129-31" 

- 

l-p-Dcluc* 
pyranosyloxy 

tetra-O-acetyl-1- 
p-D-g1ucO- 
pyranosyloxy 

H 

H H H 

H H H 

H H m.p. 83" 83 
HCl, m.p. 216" 152 

b.p. 166-8"/15 mm; 388 
m.p. 64-5" 
picrate, m.p. 189-91" 28, 35 ,468  
b.p. 141"/25 mm 313 

28 
330 

m.p. 174-5" 98 

35 ,30 ,359  
H H CH, 0 H 

H 
H 
H 
H 
H 

H 
H 
H 
H 
H 

CZHSO 
H 
H 
H 
H 

H 
CH, 0 
c, Hs 0 
c4 H, 0 
4 N H ,  -2- 

CIC, H, 0 

CIC, H, 0 
4 N H Z  -2- H H H m.p. 145-6" 98  

di-N-acetyl, 631 
m.p. 195-6" 
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TABLE IX-17. Alkoxy- and Aryloxy-3-aminopyridines (Continued) 

Substituents 

2 4 5 6 Physical properties Ref. 

H 

H 

Me 
Me0 
Me0 
Me0 

H 
H 

H 

Me 
H 

H 

H 

Me0 
H 
H 
H 

H 
H 

H 

EtO 
Me0 

H 

H 

H 
H 
H 
H 

BI 
c1 

c1 

H 
Me0 

4NH, -2,6- 
C1, C, H, 0 

tetra-0-acetyl- 1 - 
p-D-gluco- 
pyranosyloxy 

H 
Br 

CH, 0 
CH, 

c2 H, 0 
4 N H ,  -2- 

ClC, H, 0 

4NH, -2,6- 
C1, C, H, 0 

Me 
Me 

m.p. 147-8" 98  

m.p. 59-63"; 82 

di-N-acetyl, 631 
m.p. 226-I'' 

acetyl, m.p. 176-7" 
benzoyl, m.p. 253-5" 
m.p. 102-4.5" 632 
m.p. 78-9" 3 88 
m.p. 74-5" 388 
b.p. 116-17710 mm; 388 
m.p. 43-5"; 
acetyl, m.p. 85-7" 
m.p. 1424" 61 
m.p. 164-5" 98 
di-N-acetyl, 631 
m.p. 171-2" 
m.p. 215-16" 98  
di-N-acetyl, 
m.p. 252-3" 
m.p. 62-3" 105 
b.p. 140-1"/15 mm; 388 
HCl, m.p. 163-4" 
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TABLE IX-18. Alkoxy- and Aryloxy4aminopyridines 

NH, 

Substituents 

2 3 5 6 Physical properties Ref. 

Me0 H H H m.p. 88-9"; 1-oxide 388,389,633 
acetyl, m.p. 93" 3 89 

EtO H H H m.p. 87-9" 28, 33,35 
H EtO H H - 35 
Me0 H H Me m.p. 98-9" 388 
Me0 H H Me0 m.p. 82-3" 388 

TABLE IX-19. 5-Amino-2-arylthiopyridines and Other Thioaminopyridines 

Acetate 
R, R, R, R4 Rs m.p. m.p. Ref. 

H H H OH H 
c1 H H OH H 
H C1 H CI H 
H c1 H OH H 
H H C1 OH H 
H H Cl H c1  
a c1 H c1 H 
a C1 H OH H 
CI H C1 c1 H 
C1 H c1 OH H 
CI H C1 H c1  
H c1  H OH C1 
H H C1 OH C1 
c1 C1 H OH Cl 
a H c1 OH Cl 
4-(2'-Brornophenylthio) 
2-Methyl thio-3-(2,4-dinitrophenyl)amino-5- 

chloropyridine 

169-70" 
21 7-18" 

84-5" 
20.5-8" 
148-9" 

114-15" 
87-8" 

1 7 2 4 "  
1 0 3 4 "  
171-2" 
129-30" 
2 13-14" 
222-3" 
178-9" 
223-4" 

- 

223-24" 

16 8-9" 
192-3" 
125-6" 
159-60" 
169-70" 

121-2" 

118-19" 
137-8" 
148-9" 

2 17-1 8" 

- 
172-3" 
137-8" 
167-8" 

- 

98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 

6 34 
449 
168 
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TABLE IX-20. 5-Amino-2-pyridyl aryl sulfones 

Acetate 
R, R, R3 R4 R, m.p. m.p. Ref. 

H H H 
H H H 
a H H 
H c1 H 
H c1 H 
H H c1 
H H c1 
H H c1 
c1 c1 H 
a c1 H 
a H c1 
c1 H c1 
c1 H c1 
H c1 H 
H H c1 
a H c1 

H 
OH 
OH 
c1 
OH 
c1 
OH 
H 
c1 
OH 
c1 
OH 
H 
OH 
OH 
OH 

H 
H 
H 
H 
H 
H 
H 
c1 
H 
H 
H 
H 
c1 
c1 
a 
a 

- 

2 19-20" 
214-15" 
166-7" 
216-7" 
242-3" 
232-3" 
104-5" 
185-6" 
276-7" 
21 2-1 3" 
21 1-1 3" 
184-5" 
230-1" 
232-3" 
238-9" 

- 
97-8" 

195-6" 

1 5 3 4 "  

- 

- 

107-8" 
138-9" 

- 
- 

1 8 3 4 "  
2 6 3 4 "  

157-8" 
227-8" 
21 3-14" 

98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
98 
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TABLE IX-21. Miscellaneous 2-Aminopyridines 

Substituents 

3 4 5  6 Physical properties Ref. 

CHO H H H m.p. 86-8" 422 
CHO H H Ph m.p. 124-5" 422 
H H H  COOH m.p. 317-19" 285 

H H H  COOMe m.p. 88" 285 

H H H  COOEt m.p. 56" 285 
H H H  CONH, - 285 
H H H  (-N=C-CH,-COOEt) m.p. 68-70' 414 

I 
Me 

H H H  C,H,S m.p. 117-7.5" 6 
H H H  p-(o-NH, C, H, Et) m.p. 96-7" 635 
H H H  (2-ethoxalyl- m.p. 245" 415 

NO, -S- H H m.p. 98" 38 

H OH H Me nitrate,, m.p. 250-1" ; 15 

acetyl, m.p. 227-9" 

acetyl, m.p. 180" 

propylamido) 

COOEt H 2-naphthylazo H m.p. 25" 9 

picrate, m.p. 182-3" 
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TABLE IX-22. 3-Aminopyridinecarboxylic Acids and Esters 

R, 

R, R* R3 R, Physical properties Ref. 

COOH H H H m.p. 210" 62 
Me H COOH H m.p. 217" 95 

0.5 H, SO,, 378,391 
m.p. 262-3" 392 

H COOH COOH H H,O,m.p. 240-5" 286 
Me H COOH OH m.p. 319-20" 39 1 
Me H COOH Cl m.p. 227-8" 378,391, 392 
COOH COOEt CN H m.p. 160-2" 286 
Me COOH COOH H H,O, m.p. 233-5" (dec.) 64 1 
COOH COOH COOH H H,O,m.p. 205-10" 286 
Me COOH COOH Cl m.p. 218-20" 636 
H COOEt CN H m.p. 129-31" 286 
H COOMe COOMe H m.p.74-6' 286 

CHO COOEt CN H m.p. 85-8" 286 
OH COOEt CN H m.p. 235-40" 286 
Me C0,Me CN c1 39 1 
CHO COOEt CN CI m.p. 131-2" 286 
Me COOMe COOMe c1 m.p. 121-2" 636 

Me COOEt CN H m.p. 130-1" 77 
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TABLE IX-23. Miscellaneous 3-Aminopyridines 

R, 

R, R, R3 R, Physical properties Ref. 

H 
OH 
H 
Me 
Me 

OH H H 
H H Pr 
OH I H 

CH,OH CH,OH H 
CH,CHO H H 

Me Me NH,CH, H 

Me 
Me 

CF, NH,CH, H 
CH,OMe NH,CH, H 

Me CH, OEt 
Me CH, OEt 
Me CH, OEt 
1-( 2-Pyridone) H 
H H 
2'-Pyridyl H 
(3'-Nitro-2'-pyridyl) H 
(S'-Nitro-2'-pyridyl) H 
(S'-Methy1~3'-nitro- 

(3'-Met hy 1-5 '-nitro- 

(I-Pyrrolidinyl) H 

2'-pyridyl) H 

2'-pyridyl) H 

NH,CH, H 
CN H 
CN a 
H H 
H 1-(2-Pyridone) 
H H 
H H 
H H 

H H 

H H 
H H 

H (1-Pyr- H B 

2,4-Dinitrophenyl H c1 H 
rolidinyl) 

N-benzyl, m.p. 161-2" 
m.p. 167-8" 
N-benzyl, m.p. 232-3" 
phenylhydrazone 
m.p. 1 ~ 0 - 6 0 " ;  
picrate, m.p. 214.5-16.5"; 
HQ, m.p. 160-70" 
di-HC1, m.p. 310" 
dipicrate, m.p. 225" 
tri-HQ, m.p. 276-8" 
di-HCl, m.p. 230-1"; 
dipicrate, m.p. 214-15" 
di-HCl, m.p. 127" 
m.p. 80" 
m.p. 146" 
acetyl, m.p. 243-4" 
acetyl, m.p. 210-11" 
m.p. 105-8" 
m.p. 167-8" 
m.p. 176-7" 

m.p. 145-6" 

m.p. 159-60" 
m.p. 70"; 
picrate, mp.  184" 
b.p. 150°/1.1 mm; 
picrate, m.p. 170" 
m.p. 1 8 3 4 "  ; 
picrate, m.p. 170"; 
acetyl, m.p. 1 6 2 4 "  

89 
480 
89 
99 

636 

513 
78,314 

639 
78 

78 
77 
78 

116 
116 
169 
169,170 
169 

169 

169 
637, 638 

637,638 

168 

146 



TABLE IX-24. Miscellaneous 4-Aminopyridines 

NH, 

~ 

Substituents 

2 3 5 6 Physical properties Ref. 

COOH H 

H 
CN 
Me 
OH 
OH 
OH 
2-[ (5-Nitro-2- 

furyl)vinyl j 
1-(2-Pyridone) 

H 
H 
H 

COOH H 
H H 

H H 
pCIC, H, N=N- H 
NO H 
H H 

SO, H H 

H H 

H 
H 
Me 
OH 
OH 
H 
H 

H 

H 
H 
H 

m.p. 319"; 365 
amide, m.p. 169" 
l-oxide, m.p. 270.5' 42  
m.p. 145" 365 
m.p. 293-5" 106 
- 390 

m.p. 315" (dec.) 390 
m.p. 330" (dec.) 375 
m.p. 203"; 316 
acetyl, m.p. 223-5" 
m.p. 169.5-70"; 116 
picrate, 
m.p. 256-8" (dec.) 
m.p. 293-5" 64 2 
m.p. 195" 642 
m.p. 283-5" 64 2 
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TABLE IX-25. 2-Alkylaminopyridines 

R Physical properties Ref. 

PAcetoxy-p-phenylethyl 
A U Y  1 

2-Aminoethyl 
1-( 3-Amino)propyl 
n-Butyl 

p-(N-Bu tylcarbamo ylox y)-p- 
phen ylethyl 

3-(9Carbazoyl)propyl 
Carboxymethyl 

p- [pChloro)phenethyl] 
(5Chloro-1-indanyl) 

1Cyanoethyl 
Cyanomethyl 
Cyclohexyl 

2-(Diethylamino)ethyI 

Dih ydro-p-ionyl 
2-(Dimethylamino)ethyl 

Dimethylaminovinyl 
Dodecyl 

b.p. 108"/12 mm 
b.p. 56-8"/1 mm; 
picrate, m.p. 151-2" 

b.p. 100-5"/0.4 mm; 
b.p. 90-100"/0.6 mm 
dipicrate, m.p. 181-3" 
m.p. 95-8" 

m.p. 98.9" 
HCI, m.p. 206"; 
picrate, m.p. 199" 
picrate, m.p. 170" 
b.p. 160-70"/0.5 mm; 
m.p. 117" 
m.p. 133-5" 
m.p. 126" 
m.p. 124-5"; picrate, 
m.p. 184-5" 
b.p. 110-15"/0.6 mm; 
dipicrate, m.p. 197-8" 
n'," 1.5270 

b.p. 180"/0.5 mm 
b.p. 96-102"/0.4 mm 
ny 1.5412 

di-HCl, m.p. 221-3" 
m.p. 113-15" 
b.p. 160-85"/0.6 mm 
m.p. 57-9" 
dipicrate, m.p. 134-5" 

146 
447 
141 

64 3 
643 
128 

60 
146 

323 
289 

137 
155 

289 
289 
60, 142 

60 

644,645 
60 

165 
60,129 
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TABLE IX-25. 2-Alkylaminopyridines (Continued) 

R Physical properties Ref. 

Ethyl 
p-Hydroxy-pcyclohexylethyl 

p-Hydroxy-p, p-diphenylethyl 

6-p-Hydroxy-p-phenylethyl 

p-[ (pHydroxyl)phenethyl] 

2-Hydroxypropyl 
1-Indanyl 

Isopropyl 
(2-Isopropyl-2-propyny1amino)ethyl 
2-(7-Methoxy-l-naphthyl)ethyl 
Methyl 

Methylcyclohexyl 
l-Methyl-3-(2,6,6-trimethyl-l- 

l-Methy1-3-(2,6,6-trimethyl-l- 

34 1 0-Pheno thiaziny1)propyl 

Ropy1 

cyclohexen-I-y1)propyl 

cyclohexy1)propyl 

Tetrahydro-p-ionyl 

HCl, m.p. 1 3 8 4 0 "  
m.p. 86-8"; 
HCl, m.p. 143-4" 
m.p. 167-9" 
HCl, m.p. 201-2" 
m.p. 83-5"; 
HCI, m.p. 140-2" 
m.p. 84"; picrate, 
m.p. 151-2" 
HCl, m.p. 164-5" 
b.p. 140-50"/0.2 mm; 
m.p. 126" 
b.p. 84-6"/4-5 mm 
tri-HC1, m.p. 209-10" 
HCl, m.p. 168 .545"  
b.p. 84-5"/15 mm; 
1 -oxide, m.p. 67-8" ; 
picrate, m.p. 156-8" 
m.p. 163" 

m.p. 98-9"; HCl, 
m.p. 172" 
b.p. 110-1 1"/15 mm; 
picrate, m.p. 149-50.5" 
b.p. 66-7O11.5 mm; 
picrate, m.p. 148.54.5" 
b.p. 1324"/0.03 rnm 

60 
146 

146  

146  

137  

331 
155 

142, 144 
135 
519 
5 09 
280 ,434  

176 
644  

644  

323  

434  

141  

644 
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TABLE IX-26. 2-Arylaminopyridines 

R Physical properties Ref. 

5-CNoroindol-l-yl 

4-( 7Chloroquinolyl) 
SChloro-2-thien yl 

3Cyan0-2-pyridyl 
1-( 1'€yclohexyl-5'-tetrazolyl)-2- 

5-(5'-Nitro-2'-furyl)- 1,3,4- 

1-Indolyl 

methyl-2-propyl 

thiadiazol-2-yl 

m.p. 117" 154 
b.p. 170"/0.5 mm; 
m.p. 171" 138 
b.p. 163-8"/1.9 mm 462 
m.p. 87-90'; 
m.p. 350" 151 

m.p. 166-8" 312 

m.p. 33040"  646-649 
b.p. 140-SO"10.2 mm-; 154 
m.p. 126" 

TABLE IX-27. 2-Arallcylarninopyridines 

R Physical properties Ref. 

1,4-Benzodioxan-2-ylmethyl HCI, m.p. 265-7" 581 
Benzyl b.p. 116-31"/0.6 mm; 131 

dyanobenzyl m.p. 210-11" 289 
a-[p-(p-Diet1iylaminoethoxy)- 

2-Diphenylmeth yl m.p. 100-1"; 331 

a-Hydroxybenzyl m.p. 123-4" 146 
(2-Ethyl-3-benzofuranyl)meth yl b.p. 118-25"/0.001 mm 650 
(4-Methylthiobenzyl) m.p. 128" 299 
rn-Nitrobenzylidene 300 
p-Nitrobenzylidene 0.5 H,O, m.p. 147" 652 
Phenethyl m.p. 112-13" 137 
(2-Phenyl-l,3dioxolan-2-yl-methyl) b.p. 140-65"/0.3 mm; 153,651 

m.p. 94-5" 

phenyl] $3-phenylethyl m.p. 75-6" 579 

HCl, 197-8" 

m.p. 29"; picrate, 
m.p. 1434"  

1-Pyrenylme thylene m.p. 158-60" 298,653 
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TABLE IX-28. 2,2'-(Alkylidenediamino)dipyridinesz9" 

R m.p. R m.p. 

Amy1 100" 
Butyl 122" 
Isobutyl 108" 
Decyl 66" 
Ethyl 154" 
Heptyl 81" 

~ ~~~ ~~ 

Hexyl 9 2" 

Nonyl 7 2" 
Octyl 76" 

Isopropyl 146" 

Methyl 122" 

Propyl 1 10" 

TABLE IX-29. 2-(Alkoxybenzyl)aminopyridines 

R, 

R, R2 R, R4 b.p./lO mm m.p. Ref. 

Me0 H H H 1 8 1 4 "  120-1" 171 
EtO H H H 184-7" 90-1" 171 
n-Pro H H H 190-3" 87-8" 171 
IsoPrO H H H 186-9" 105-6" 171 
n-BuO H H H 202-5" 86-7" 171 

n-Pentyloxy H H H 206-9" 80-1" 171 
isoPentyloxy H H H 207-10" 87-8" 171 
Me0 H H F - 77" 654 
EtO H H F - 77.5" 654 
n-Pro H H F - 7 0" 654 
n-BuO H H F - 5 8" 654 
H F Me0 H - 113" 654 
H F EtO H - 88.5" 654 
H F n-Pro H - 75" 654 
H Me0 Me0 H - - 72 
H Me0 Me0 Me0 - 167-8" 72 

IsoBuO H H H 188-91" 109-10" 171 

1 5 1  



TABLE IX-30. Halo-2-alkylaminop yridines 

Substituents 

R 3 4 5 6 Physical properties Ref. 

Pr H H Br H m.p. 40 .341" ;  141 

Pr H H c1 H m.p. 31.5-32"; 140 

Pr Br H Br H b.p. 95-6"/2 mm; 14 1 

PI CI H c1 H b.p. 100-2"/2 mm; 140 

picrate, m.p. 146-7" 

picrate, m.p. 138-9" 

picrate, m.p. 119.5-20.5' 

picrate, m.p. 199-201" (dec.) 

TABLE IX-31. Nitro Secondary 2-Aminopyridines 

R, Rl R3 m.p. Ref. 

Benzyl NO1 H 80" 157 
pChlorobenzy1 NO1 H 105" 157 
3,4-Dimethoxy- NO1 H 110" 655 

CDimethylamino- NO1 H 110" 655 

3,4-Dimethyl- NHl H 9 8 4 "  655 

Dodecyl NO1 H 102" 655 
p-Hydroxy-p.phenethy1 NO1 H 90-2" 655 
24  3-1ndolyl)ethyl NO2 H 161" 655 
Phenethyl NO1 H 85-6" 655 
Benzyl H NO1 131-4" 656 
4-Dimethylaminophenyl H NO1 187-9" 656 
PHydroxy-p-phenethyl H NO, 137-8" 655 
Morpholino H NO2 142-3" 656 
Methyl H NO2 180-1" 457,656 

152 

p-phenethyl 

p-phenethyl 

p-phenethyl 



TABLE IX-3 1. Nitro Secondary 2-Aminopyridines (Continued) 

Ref. 

2.2'-@,p'-Methy- 

Phenyl 
1enedianilino)-bis 

Rperazino 
pTolyl 
pAcetamidopheny1 
pAcetopheny1 
o-Anisyl 
Benzyl 
flhlorophenyl 
Cyclohexyl 
Ethyl 
pHydroxyethy1 
Methyl 

a-Naphthyl 
pNaphthyl 
o-Nitrophenyl 
m-Nitrophenyl 
pNitropheny1 
1-Piperidinyl 
Phenyl 
p-NH, SO, C, H, 
p H 2 0 3 A s C 6 H ,  

o-HO, CC6 H, 

oCH3 0, CC, H, 
pHo, cc6 H, 

f l l  H 5  'ZCC6H4 
[(2-C, H4N)CONH-J 
o-Tolyl 
pTolyl 

H 

H 

203-7" 

136" 
110" 
84-5" 

136-7" 
276" 
186" 
200" 
112" 
178" 
117", 116-7" 
1 0 3 4 "  
104" 
163" 
148" 
142-3" 
234" 
229" 
167" 
158" 
200" 
1384" 
149" 
249" 
>300° 
239" 
298" 
163" 
160" 
229" 
170" 
162" 

656 

723 
166 
656 
656. 
176 
180 
176 
176 
176 
176, 180 
180 
176 
176 
493 
180 
176 
176 
176 
176 
176 
180 
176 
176 
176 
176 
176 
176 
176 
176 
176, 180 
176, 180 

153 



TABLE IX-32. 2-Anilinonicotinic Acids 

R, Rz R, R4 m.p. Ref. 

Me H H H 107-8" 151 
OH H H H 234-5" 452 
H CF, H H 204" 452 
H H Me0 H 20 8" 452 
H H EtO H 202" 452 
Me Me H H 248" 452 

acetyl deriv. 452 
m.p. 195" 452 

Me H c1 H 208-9" 452 
OH H c1 H 216" 452 
Me H H Me 219-20" 452 
H OH C0,Me H 21 8" 452 
Me H Me H 245-5 0" 151 

154 



TABLE IX-33. 2-Diakylaminoalkylarninopyridines 

R3 

n R, R, R, R, R, Physical properties Ref. 

2 Me H H H Me b.p. 105-15"/0.6mm 131 
di-HC1, m.p. 2 2 6 6 "  128  

2 Me H H H C1 b.p. 124-6"/0.16mm; 156 
picrate, m.p. 151-2" 

2 Me H H H BuO b.p. 127-9"/.05 mm; 156 
HCI, m.p. 104-5" 

2 Et NH, H H H b.p. 140"/0.05 mm 80 
2 Et H H H Cl b.p. 150-2"/0.18mm; 156 

2 Et H H H BuO b.p. 163-5"/0.2mm; 156 

2 Et NO, H H H b.p. 120"/0.05 mm 80, 149 

picrate, m.p. 118-19" 

HCI, m.p. 76-7" 

m.p. 58-9" 494 
2 Me NH, NO, H H m.p. 1 3 7 6 "  494  
2 Me NO, NO, H H HC1,m.p. 268-70" 494  

HCl, m.p. 200-5" 494 
2 Et NH, NO, H H m.p.83' 80 

2 Et NO, NO, H H m.p. 66";HCl, 80, 149 ,494  

2 Et NO, H NO, H m.p. 66" 181 
3 Me H H H Cl b.p. 176-82'/11 mm 657 
3 Me H H NO, H m.p.64' 143  
3 Et H H NO, H m.p. 78-80" 143  
3 Morpholino H H NO, H m.p. 102";picrate. 143  
3 Piperidino H H NO, H m.p. 112" 143  

m.p. 179-80" 

m.p. 80-2"; picrate, 
m.p. 195" 

3 CH,CH,CI H H H H m.p. 144-6" 65 8 

1 5 5  



TABLE IX-34. Nuclear Substituted Secondary 2-Aminopyridines 

Substituents 

R 3 4  5 6 Physical properties Ref. 

H H  H H  b.p. 56-8"/1 mm; 
picrate, m.p. 151-2" 
b.p. 98-9"/2 mm; 
picrate, m.p. 150-1" 
m.p. 50"-50.7"; 
picrate, m.p. 170-70.5" 
b.p. 11 1-13"/6 mm; 
picrate, m.p. 201-3" 
b.p. 108-10°/1.5 mm 
picrate, m.p. 125.5-6.5" 
m.p. 40.3-41"; 
picrate, m.p. 146-7" 
b.p. 99-10S0/0.02 mm; 
benzoate, m.p. 91-2" 
b.p. 26" 
b.p. 24"-50"/20 mm 
b.p.25"/23 mm 
b.p. 220-30"/10 mm 
m.p. 104-5" 

141 

140 

14 1 

140 

14 1 

14 1 

156 

608 
13 
13  
13  

608 
170 

146 

146 

146 

146 

170 
170 

13 
723 
608 
723 
659 
156 

H H  Q H  

H H  Br H 

C1 H C1 H 

Br H Br H 

R H H  Br H 

H H  H C l  Bu 

Bu 
Benzyl 
Benzyl 
Benzyl 
Benzyl 
5-Chloro-2-pyrid yl 

phenylethyl-) 
d(p-Hydroxy-p- 

NO, H Me Me 
H Isopentyl H H 
H Pentyl H H 
H 5-Nonyl H H 
NO, H Me Me 
Me H H H  

m.p. 97-9" ; 
HCl, m.p. 116-17" 

H H  Me H 

2-(p-Hydroxy-p- 
phenylethyl-) H H  C1 H m.p. 102-3"; 

HC1, m.p. 177-8" 
Z-(p-Hydroxyl-p- 

phenylethyl-) H H  Br H m.p. 110-1 1'; 
HCl, m.p. 187-9" 

m.p. 77-8"; 
HCI, m.p. 132-3" 

C(p-Hydr0xy-p- 
phenyleth yl-) Me H Me H 

2-MeS-3-p yridyl 
2-MeS-3-pyridyl 
p-Methoxybenzyl 
3-Me-2-p yrid yl 
Phenethyl 
Phenyl 
4-Pyridylme thy1 
CH, CH, NCH, 1, 
C, H, OCH, - p  

Me H NO, H 
NO, H Me H 
H Heptyl H H 
H H  C1 H 
NO, H Me Me 
C1 H H H  
H Me H H  
H H  H BuO 

b.p. 225-30"/2 mm 
m.p. 68-9" 
m.p. 93" 
m.p. 49-50" 

b.p. 195-200"/0.4 mm 
HCl, m.p. 129-30" 

156 
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TABLE 1X-36. Other 2-N-Substituted-N-(pdialkylaminoethyl)aminopyridines 

~ ~ ~~ 

Physical properties Ref. 

Et 
Et 
Me 

Me 
Me 

Me 

Me 
Me 

Me 

Me 

Me 

Me 
Me 

pAnisylCOCH, 
PHydroxy-PPhenethyl 
4-Bromophenethyl 

5-Bromo-2-selenopheny1 
4Chlorophenethyl 

5Chloro-1-indanyl 

5-Chlorc-2-selenophenyl 
5Chloro-2-thien yl 

4-Fluorophenethyl 

1-Indanyl 

aPhenethy1 

2-Thienyl 
a-@-Toly1)ethyl 

b.p. 189432" 

b.p. 160-5"/0.1 mm; 
HCl, m.p. 178" 
b.p. 194"/4 mm; 
b.p. 145-50"/0.1 mm; 
HCl, m.p. 171" 
b.p. 160-70'10.2 mm; 
HCl, m.p. 191" 
b.p. 199-200"/4.5 mm 
b.p. 162+i0/0.75 mm; 
n y  1.5860; 
citrate, m.p. 114-16" 
b.p. 190-200°/10 mm, 
b.p. 122O10.1 mm; 
di-HC1, m.p. 156" 
b.p. 156"/0.2 mm; 
HCl, m.p. 186" 
b.p. 140°/0.15 mm; 
HCl, m.p. 160" 

b.p. 160"/0.5 mm; 
di-HC1, m.p. 222" 

- 

- 

661 
183 
154 

185 
154,182 

154, 155 

185 
462 

154 
182 

154, 155 

182 

462 
182 

160 
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TABLE 1X-38. Secondary 3-Aminopyridines 

R2 

~~~~~ ~~ ~~ 

R, R, R, Physical properties Ref. 

Benzyl 
[2-(1,4-Benzodioxan-2- 

yl)ethyl] - 
Cetyloxypropyl 

Cyclohex yl  
2-Dimethylaminopropy1 

2-Dimethylaminopropyl 
3-Dimeth ylaminopropyl 

2,4-Dinitrophenyl 

Et 
Et 

a-Hydroxyethyl 
Me 

Me 
Me 

Me 
Ph 
Ph 
Ph 
Ph 
3,4,5-Trimethoxybenzyl 
Veratryl 

NO2 H H H l-oxide,m.p. 189" 178  
H H H H HC1,m.p. 104-5" 666 

H H H H b.p.210-13°/10mm; 514 

NO2 H H H l-oxide, m.p. 197-9" 178  
2-bromo4- H H H b.p. 208-ll"10.3 mm 449 

2-bromophenylthio H H H b.p. 198-202"/0.3 mm 4 4 8  
2-bromo4- H H H b.p. 210-15"/0.3mm 449  

H Cl H H methyl sulfonyl, 168 

H NO, H H m.p.96" 50 
H H H Me b.p. 104-5";picrate, 555 

H NO, H H m.p. 129" 50 
Me H H H b.p. 116"/10mm; 515,665 

m.p. 30" 

chlorophenylthio 

chlorophenylthio 

m.p. 21 1-1 3" 

m.p. 207-8" 

picrate, 230"; 
HC1, m.p. 278-9" 

NO2 H H H l-oxide m.p. 227" 152  
H H H Me m.p.61-2"; 555 

picrate, m.p. 209" 
H C1 H Br m.p .434 '  41 
H NO, Me Me l-oxide, m.p. 146" 52 
H H Me H m.p. 1264.5"  158 
H H H Me m.p. 102-3" 158  
H H H H m.p. 125.5-6" 158 
H H H H m.p. 109-10" 72  
H H H H  7 2  

163 



TABLE IX-39. Diethyl(2,6-Disubstituted-3-pyridylamino)- 
methylene Malonates40' 

Me H H 100-1 00.8" 
Me0 H H 81-3" 
H H Me 83.6-7.6" 

Me H CH, CONH 151.6-2.8' 
Et H Et 8 1 .O-3.6" 
CH, CONH H CH, CONH 217-18" 
Me Me Me 108-9" 

Me H Et 8 5 . 8 4 . 2 "  

TABLE 1x40. Tertiary 3-Aminopyridines'" 

R Rl  R, R3 R4 Physical properties 

Me H NO, H H I-oxide, m.p. 146" 
Et H NO2 H H 1-oxide, m.p. 7 3 4 "  

164 



TABLE 1x41. Secondary 4-Aminopyridines 

NHR, 

~~ ~ 

Physical properties Ref. 

n-Butyl 

4-Carbethoxyphenyl 
4-Carboxyphenyl 
4-Chlorophenyl 
2 4  3,4-Dihydroxyphenyl)ethyl 
24  3,4-Dimethoxyphenyl)ethyl 
Dodecyl 

Ethyl 

Hydroxy 
3-Hydroxyplienyl 
4-Methoxyphen yl 
Methyl 

p-Phenethyl 
isoPr 

PNH, SO,C, H, 
C,H,CH,CO 
C, H,-3,4-(OCH3), CH, CO 

l-oxide, picrate, 43  
m.p. 189-90" 
m.p. 197-8" 164 
m.p. above 250" 164 
m.p. 245-7" 164 
HBr, m.p. 140" 655 
Oil 655 
m.p. 8 3 4 "  ; picrate, 147 
m.p. 94.2-5.4" 

picrate, m.p. 182-3" 

m.p. 210-12" 164 
m.p. 178-9" 164 
b.p. 87-90"/6 mm; 509 ,510 ,525  
di-HCl, m.p. 271-2"; 
picrate, m.p. 1 2 2 4 "  118 
l-oxide, m.p. 1 9 2 4 "  118 ,509 ,510 ,525  
m.p. 39" 655 

m.p. 118-19" 
m.p. 210-212" 164 
Oil 655 
HCl, m.p. 203-5" 655 

l-oxide, m.p. 117-18"; 43  

1-oxide, m.p. 237" 43  

m.p. 82-2.5"; picrate, 147 

165 
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TABLE 1x44 .  2-Nitraminopyridines 

Substituents 

3 4 5 6 Physical properties Ref. 

BI 

H 
H 
H 
Me 
H 
H 
1-Me2- 

NO2 

p yrrolidinyl 

NO2 
NO1 
H 
H 
H 
H 

H 
H 

H 
H 
H 
Me 
H 
H 

NO1 

H 
Me 
Me 

H 
Me 

NO2 

H H m.p. 181" 
H H m.p. 137" 
H H m.p. 154" 
NO2 H m.p. 161" 
H Pr m.p. 97" 
NO2 H m.p. 165" 
H Me m.p. 154" (dec.) 
Me Me m.p. 141-2" 
1-Me-2- H 

pyrrolydinyl 
Me H m.p. 62" 
H H m.p. 162" 
NO2 H m.p. 163" 
NO2 H m.p. 105" 
NO2 Me m.p. 116" 
Br Me m.p. 159-60" 

46 5 
465 
465 
465 
480 
465 
488 
608 
602 

465 
465 
465 
465 
46 5 
630 
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TABLE 1x45. 3-Nitraminopyridines 

Substituents 

2 4 5 6 Physical properties Ref. 

H Me H H m.p. 184" 466,468 
H H Me H m.p. 172" 466 
H NO, H H m.p. 104"; 1-oxide, 465 

H H H NO, m.p. 113" (explosive dec.) 470 
H H H C1 m.p. 179" 60 
H H EtO H m.p. 160" 46 8 
COOH H H H m.p. 186" 46 8 

SO,H H H H m.p. 184" (dec.) 467 
H H H SO, H m.p. 217-20" (dec.) 46 7 
Me H H Me m.p. 162" 351 
Me Me H Me m.p. 162" 351 

m.p. 108" 

H H COOH H m.p. 201" 468 

TABLE 1x46. 4-Nitraminopyridines 

NHNO, 

Substituents 

2 3 5 6 m.p. Ref. 

Br 
c1 
I 
H 
H 
H 
H 
H 
Me 
cl 

H 
H 
H 
Br 
C1 
I 
Me 

NO2 
NO2 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
CI 

181' 
148" 
195' 
203" 
206" 
204' 
212" 
204" 
187" 

3 75 
465 
465 
465 
465 
465 
469 
465 
465 

87 
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TABLE 1x47.  2-Azopyridines 

Substituents 

R 3 5 6 Physical properties Ref. 

4-Amino-l- H H H 1-oxide, m.p. 192-3" 673 

p Anilino H H H 1-oxide 370,671, 
672 

pDimethy1- H H H m.p. 142-3" 36 7 

2-HY~IOXY-1- H H H 369 

Ph NH 1 NHZ Me0 di-HC1, m.p. 141" 674 
Ph NH, NHZ EtO dbHCI, m.p. 119" 674 
Ph NH 1 NH, Pro di-HCl, m.p. 122" 674 
Ph NH, NHZ BuO di-HCI, m.p. 126" 674 
Ph NHZ NHZ C, H, 0 di-HC1, m.p. 96" 674 

nap ht hyl 

aminophenyl 

naphthyl 
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TABLE 1x48. 3-Azopyridines 

Substituents 

R 2 4 5 6 Physical properties Ref. 

R ,  = Naphthyl 

CNH,-l-R,  
4-NH,-I-R, 
4-NH, -8-C1 

2-Me- 1-R , 
Pi1 eny I 

4-Chlorophenyl 
4Chlorophenyl 
4(2-Diethylaminoethyl- 

amino)phenyl 
4-( 2-Diethylamino- 

ethoxy)phenyl 
4-Iodophenyl 

2,4,6-Tri-iodophenyl 
Ph 
PI1 

R ,  =Pyridyl 

2'-Bu0-3'-R2 
6'-Bu0-3'-R2 
4'-Cl-S'-I-3'-R2 
4'-C1-3'-R2 
S'-C1-3'-R2 

H H H H m.p. 185-7" 
H H H CI - 

H H H H  - 

NH, H H H  - 

NH, H H NH, - 
OH NH, H OH m.p. 315" (dec.) 
NH, H H NH, m.p. 234" 
NH, H H NH, HCI, m.p. 243" 

NH, H H NH, m.p. 204.5-5" 

NH, H H NH, - 
NH, H H NH, - 

Me Me H NH, m.p. 131-2" 

NH, H H NH, - 
NH, H H NH, - 

NH, H H NH, m.p. 270" 
H C1 H H - 

H H C1 H m.p. 183" 

675  
673  

673  

6 7 6 , 6 7 7  
6 7 6 , 6 7 7  
390 
675 
679  

6 2 3  
485  
485 
678  

10 

6 8 0 , 6 8 1  
3 30 
6 2 3  

60 
60 
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TABLE 1 x 4 9 .  4-Azopyridines 

N=NR 

Substituents 

R 2 3 5 6 Physical properties Ref. 

4-Amino-I-naphthyl H H  H H m.p. 1 6 4 4 "  673 
4-Dimethylaminophenyl H H H H m.p. 207-9" 361 

3'-Me-4'-pyridyl H Me H H m.p. 150" 86 
4'-Pyridyl H H H H m.p. 106-7.5" 509 

2',6'-Me, -4'-pyridyl Me H H H m.p. 124-6" 74 

TABLE IX-50. 2-, 3-, and 4-Arylazoaminopyridines 

Substituted Physical 
pyridine R, RZ R, properties Ref. 

2-Pyrid yl H H H - 652 
2-Pyridyl NO, H H m.p. 185-6" 652 
2-Pyridyl H NO, H m.p. 212" 652 
2-Pyridyl H H NO, m.p. 246", 249" 652 
3-Me-2-pyrid yl H H (CH,),N m.p. 1 9 3 4 "  367 
CMe-2-pyridyl H H (CH,),N m.p. 184-5" 367 
5-Me-Z-pyrid yl H H (CH,),N m.p. 201-2" 367 
6-Me-2-pyridyl H H (CH,),N m.p. 170-1" 367 
3-Pyridyl NO, H H m.p. 128" 65 2 
3-Pyridyl H NO, H m.p. 205",212" 652 
3-Pyridyl H H NO2 m.p. 226" 652 
3-Pyridyl H H (CH,),N m.p. 189-91" 367 
CPyridyl H H (CH,),N m.p. 210-11" 367 
2-Me-Cp yridyl H H (CH,),N m.p. 191-2" 367 
3-MwI-pyridyl H H (CH,),N m.p. 1 9 3 4 "  367 
2,6-Me2 -4-pyridyl H H (CH,),N m.p. 197-8" 367 
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Substituents 

Physical 
HyCazino 2 3 4 5 6 properties Ref. 

2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

4 
4 
4 
4 
4 
4 
4 
4 

NO, H 
NO, H 
Br H 

Me H 
NO, H 
NO, H 
NO, H 
NO, Me 
H Me 
NO, Me 
H H 

H H 
NO, H 
NO, H 
c1 H 
H Me 
F F 
c1 Me 
H H 

m.p. 204' 
m.p. 170" 
m.p. 138" 
acetyl deriv., 
m.p. 172" 
m.p. 166" 
m.p. 177" 
m.p. 192" 
m.p. 218" 
m.p. 122' 
m.p. 153' 
m.p. 1454" 
picrate, 
m.p. 162-3" 
m.p. 207' 
m.p. 152" (dec.) 
m.p. 199" 
m.p. 171-2" 
m.p. 117-8" 
m.p. 56-7' 
m.p. 171-3" 
HCl, 
m.p. 242-4" 

465 
386 
386 
386 

465 
465 
465 
465 
465 
488 
488 
118 

465 
628 

44 
56 

105 
53 

105 
118 

177 



TABLE 1x42 .  Alkyl 2,3-Diaminopyridines 

RIQ)NHz NHR, 

Substituents 

R, 
Physical 

R, 4 5 6 properties Ref. 

Benzyl H Me Me m.p. 58-9" 608 
n-Bu H Me Me m.p. 183-4" 608 
Z-(Diethylamino)- H NO2 H m.p. 83"; HCl, 149 

2-(Diethylamino)- H H H b.p. 140"/0.05 mm 149 

3,4-Difluorophenyl H Me Me m.p. 123-4" 608 
p F l u  orophenyl H Me Me m.p. 90-1" 608 
PHydroxy-0-phenethyl H H H di-HC1, 65 5 

Phenethyl H Me Me m.p. 96-7" 608 
Phenethyl H H H HCI, m.p. 144" 682 
Ph H H Me0 m.p. 210" (dec.) 723 
Ph H Me Me m.p. 69-70" 608 
H H H PI picrate, 480 

H Me H Me m.p. 183" 488 
H H Me Me m.p. 179-81" 608 

CH, CH, R ~ 

3,4-Dihydroxyphenyl H H H di-HBr, 174" 655 
3,4-Dimethoxyphenyl H H H HCI.H, 0, 655 

CDimethylamino- H caboxy- H m.p. 134-5" 655 

3-Indolyl H H H di-HC1, m.p. 240" 655 
a-Naphthyl H H H HCl, m.p. 175" 655 
3,4-Xylyl H H H HCl, m.p. 168" 655 

ethyl m.p. 200-5" 

ethyl 

m.p. 157-8" 

m.p. 193.5-195" 

R , =  

m.p. 162-4" 

phenyl methyl 
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TABLE IX-53. Halo 2,3-Diaminopyridines 

Substituents 

Physical 
R, R2 4 5 6 properties Ref. 

Benzyl 
Diethylaminoethyl 
2-dimethy lamino- 

Et 
Me 
Me 
Ph 
Ph 
H 
H 
H 
H 
H 

ethyl 

H H a H 
H H Br H 
H H c1 H 

H H c1  H 
H H Br H 
H H CI H 
H H c1 H 
H H H c1  
Me H C1 H 
H H Br H 
H H c1  H 
H H C1 c1  
H Me Br Me 

m.p. 11 3" 
b.p. 70"/1 mm 
picrate, 
m.p. 202" 
m.p. 107-8" 
m.p. 126" 
m.p. 132" 
m.p. 144-5" 
m.p. 232-3" 
m.p. 122-4" 
m.p. 158-60" 

m.p. 167" 
m.p. 186" ; 
picrate, 
m.p. 217" 

- 

6 8 3  
6 84 
6 8 3  

683 
6 84 
683 
7 2 3  
7 2 3  

41 
41 

4 7  7 
477  
6 3 0  

TABLE IX-54. Nitro 2,3-Diaminopyridines 

No2c3NHz NHR No2c3NHz NHR 

R Physical properties Ref. 

H m.p. 260" 4 5 , 4 7 8 , 6 8 5  
m.p. 256" 4 9 3  

2-Diethylaminoethyl m.p. 83"; HCI, m.p. 200-5" 80 

2-Dimethylaminoethyl m.p. 137-8" 494 
Me m.p. 2 2 2 4  49  3 

3,4-Dimethoxyphenethyl m.p. 174-6" 6 85 

2-Methylphenethyl HC1, m.p. 208-1 1" 6 8 5  
Phenethyl m.p. 136" 682  
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TABLE IX-55. 2,4-Diarninopyridines 

Substituents 

R ,  R2 R3 3 5 6  Physical properties Ref. 

H H H  
H H H  
H H H  
Me Me H 

Et Et H 

H H Me 
H H H  
H H H  

H 
H 

H 
NO2 

H 

H 

F 
NO2 

H NO, m.p. 197.5-98" 
H OH m.p. 178" 
H H  m.p. 2 12" 
H H  m.p. 151"; picrate, 

m.p. 216" 
H H  m.p. 117" ; picrate, 

m.p. 172" 
C1 H m.p. 1 2 2 4 "  
H PI m.p. 145.5" 
F F  m.p. 111-12" 

87 ,628  
390 
375 
107,177 

107,177 

41 
480 
252 

TABLE IX-56. 5-Amino-2-anilinopyridines 

NH, 

R, R2 R3 R, Physical properties Ref. 

H H H H HCI, m.p. 219-23" 656, 686, 723 
H H F H m.p. 141" 723 
H H Me H HCI, m.p. 2 3 7 4 2 "  656 
H H m e 2  H HCl, m.p. 245" 656 
H H C , H , , O  H b.p. 225-35"/ 723 

H CF, H H m.p. 115" 723 
Me H H H b.p. 178-85"/ 723 

M e 0  H H CI b.p. 190-5" 723 
Me Me H H b.p. 200-5"/0.7 mm 723 

m.p. 105" 723 

0.5 mm 

0.2 rnm 
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TABLE 1x48. 2,6-Diaminopyridines 

Substituents 

R 3  4 5 Physical properties Ref. 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Ph 

Me H 

Ph H 
PhN=N H 
H EtO 
H Me0 
H P I 0  
H lsoPro 
H BuO 
H Hexyloxy 

H isoC, H ,, 0 
H CH, =CHCH, 0 
H CH,OCH,CH,O 

H C, H, CH, 0 
H 
H C, H,CH,CH,CH,O 
H C, H, CH=CHCH, 0 
H EtS 
H nC,H, S 
H PhS 
H pCIC, H, S 
H C, H, CH, S 
H C, H, Se 
H EtSO, 
H n-BuSO, 
H PhSO, 
I H 
Me H 
NO2 Ph, CH 
Phenyl- Bu,N 

NO2 H 

H C,H, ,O 

H '6 H5 

C, H, CH, CH, 0 

aminoethyl 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
I 
Me 
H 
H 

m.p. 156-7" 
- 

- 

acetyl, m.p. 208" 
- 

- 

- 
m.p. 150-2" 
m.p. 146.5-7" 
m.p. 132-4" 
m.p. 135-7" 
m.p. 129-31" 
m.p. 114.5-16" 
m.p. 97-9" 
m.p. 195" 
m.p. 166-68.5" 
m.p. 133-5" 
m.p. 138" 
m.p. 146-7" 
m.p. 165" 
m.p. 157-9" 
m.p. 108-10' 
m.p. 133-5" 
m.p. 202-3" 
m.p. 99-100" 
m.p. 170-71.5" 
m.p. 161-3" 
m.p. 285" 

m.p. 186-7" 
m.p. 260" 
b.p. 202-4"/0.5 mm 

- 

4 
484 
688 
181 
482,689,690 
482,689,690 
482 
482 
481,482 
482 
482 
482 
69 1 
69 1 
69 1 
69 1 
69 1 
691 
691 
691 
69 1 
691 
69 1 
691 
69 1 
691 
69 1 
69 1 
485 
4 

692 
150 

183 
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TABLE IX-60. Other 3,4-Diaminopyridines 

NHR, 

Rl R l  R3 R, Physical properties Ref. 

H c1 H H HC1, m.p. 209-10" ; 
di-HC1, m.p. 175-7" 
m.p. 140-1" ; picrate, 
m.p. 220-1" 
m.p. 146" 
HCl, m.p. 238-9" 

m.p. 206-8" 
m.p. 157" 
HCl, m.p. 205-7" 
m.p. 198" 
1-oxide HCI, m.p. 2 11" 
m.p. 206-8" 
m.p. 117.5-18.5" 
m.p. 220"; picrate, 
m.p. 234-6" 
m.p. 134-5" 
m.p. 157-8" 
HCl, m.p. 208-9" 

m.p. 82-3" 

- 

87 

H H Br H 476 

624 
87 

682 
47 6 
469 

87 
480 
35 1 
476 
252 
152 

H H H 

H 
CI 
CI 
c1 
OH 
Me 
H 
F 
H 

NO2 
Br 
Me 
H 
H 
H 
Br 
F 
H 

H 
H 
H 
CI 
PI 
Me 
c1 
F 
H 

p-Anisyl 
pChloropheny1 
2-Diethylamino- 

2-Diethylamino- 

2-Dimethylamino- 

p-Iodophenyl 
Me 

ethyl 

ethyl 

ethyl 

H 
H 
H 

Br 
Br 
Br 

H 
H 
H 

667 
667 
682 

682 H H 

H H 494 

m.p. 202-5.5" 
m.p. 169-70"; picrate, 
m.p. 185" ; di-HC1, 
m.p. 227-8" 
HCI, m.p. 203-4" 
m.p. 112" 
m.p. 144.5" 
H, 0, m.p. 149.5" 
m.p. 187.5-8.5" 
m.p. 174" 
m.p. 177-9" 
m.p. 199-200" 

624 
152 

H 
H 

I 
H 

H 
H 

H 
H 
H 
H 
H 
Me 
Me 
Me 

682 
682 

44 
44 

624 
105 
44 

105 

Phenethyl 
Phenethyl 
Ph 
Ph 
Ph 
Ph 
Ph 
Ph 

H 
H 
H 
H 
H 
Me 
Me 
Me 

Br 

Br 
c1 
I 
H 
Br 
c1 

NO2 

186 



TABLE IX-61. 3,s-Diaminopyridines 

Substituents 

R 2 4 6  Physical properties Ref. 

H 

H 
H 
H 

H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
OH 

H 

H 
H 
C1 

Me, N 
OH 

M e 0  
EtO 
PrO 
BuO 

2-Hydroxyethoxy 
2-Acetoxyethoxy 
Me0 
EtO 
EtO 
PrO 
BuO 
Am0 
Me 
Me 

C,HI lO 

H 

H 
H 
H 

H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Cl 
CI 

H 

H 
PhN=N- 
H 

H 
H 

H 
H 
H 
H 
H 
H 
H 
PhN=N- 
PhN=N- 
PhN=N- 
PhN=N- 
PhN=N- 

Me 
Me 

PhN=N- 

m.p. 107-8"; 
acetyl, m.p. 246-8" 
1-oxide, m.p. 229-30" 
m.p. 192" 
m.p. 101-3"; picrate, 
m.p. 213-4" 
diacetyl, m.p. 210-12" 

di-HC1, m.p. 205", 
acetyl, m.p. 267-9" 
di-HC1, m.p. 190" 
di-HC1, m.p. 168" 
di-HC1, m.p. 192" 
di-HC1, m.p. 175" 
di-HC1, m.p. 150" 
di-HC1, m.p. 210" 
acetyl, m.p. 203" 
m.p. 141" 
m.p. 119" 
acetyl, m.p. 173" 
m.p. 122" 
m.p. 126" 
m.p. 96" 
m.p. 283-5" 
m.p. 97.5-8" 

- 

102, 175 
7 5 , 1 0 2  

6 94 
674 
102  

695 
102  

674 
674 
674  
674  
674  
181 
181 
674  
674 
181  
674  
674  
674  
696 ,697  
6 96 

187 



TABLE 1x42. Triaminopyridines 

Position of 

R NHR NH, 

NHl 2 3 
2-Diethylaminoethyl 4 3 
Ph 6 2 
Ph 4 3 
mCF,C, H, 6 2 
H 2 3 

H 2 3 
(2,3,4-Triamino4-propylpyridine) 

Physical properties 

5 

tetra-HC1, m.p. 140" 
picrate, m.p. 164-7" 
m.p. 144" 

m.p. 300" 
m.p. 298" (dec.); di- 
HCI, m.p. 260" 
tri-HCI, m.p. 160" (dec.) 
picrate, m.p. 155-6" 

- 

Ref. 

478 
682 
123 
6 19 
723 

87 

- 

47 8 
478 

188 



TABLE IX-63. N-Aryl-2-picolylamines 

Ar Physical properties Ref. 

o-Anisyl 

N~V-Bis(2-pyridylme thy1)O- 

pCarboxypheny1 
1-(3,4-Methylenedioxyphenyl)- 

o-Ethoxyphenyl 
p-H ydroxy-p-( 3,4dimethoxyphen- 

pHydroxy-p-(4-methoxyphen- 

pHydroxy-p-(4-methylphen- 

p-Hydroxy-p-phenethyl 
pHydroxypheny1 
1-(4-Hydroxypheny1)-2-propyl 
1-Hydroxy-1-phenyl-2-propyl 
1-(4-Methoxyphenyl)-2-propyl 
a-Naphthyl 

phenylenediamine 

2-propyl 

ethyl) 

ethyl) 

ethyl) 

a-Phenethyl 
pPhenethy1 
Ph 

1-Phenyl-2-prop yl 
O-TOlyl 

b.p. 173-6'/7 mm 
picrate, m.p. 144" (dec.) 
b.p. 235-43"/7 mm 

m.p. 207-9" 
m.p. 210" 

m.p. 1 0 2 4 '  
m.p. 145" 

m.p. 78" 

m.p. 115" 

m.p. 166" 
m.p. 164-6" 
m.p. 221" 
m.p. 218" 
m.p. 197" (dec.) 
b.p. 211-13"/6 mm; picrate, 
m.p. 172" (dec.) 
m.p. 224" 
m.p. 170" 
m.p. 50-3" 
m.p. 50-4" 
m.p. 203" 
b.p. 153-8'/4 mm; picrate, 
m.p. 147" 

5 34 
534 
5 34 

527 
527 

5 34 
527 

527 

527 

527 
527 
527 
527 
527 
5 34 

527 
527 
698  
5 34 
527 
5 34 
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TABLE IX-65. 

Substituents 

n R, R, R3 R, Physical properties Ref. 

0 

0 

0 

0 

0 
2 
2 

2 

2 

2 

2 

EtNH 

t-Bu 

Me 

Ph 

Ph 
Me 
Me 

Me 

Me 

Me 

Me 

H Me H 

H Me H 

Me Me H 

H Me lsoBu 

H Me Hexyl 
Me H H 
Me H Acetyl 

Me H Benzoyl 

Me H Butyroyl 

Me H Isobutyroyl 

Me H Propionyl 

b.p. 74-5"/0.07 mm; 
fumarate, m.p. 159-61" 
b.p. 63-9"/0.03 mm; 
maleate, m.p. 124-5" 
methobromide, 
m.p. 189-91" 
b.p. 145"/0.08 mm; 
picrate, m.p. 145-6" 
b.p. 141"/0.03 mm 
b.p. 67-9"/0.6 mm 
b.p. 86-7"/0.33 mm; 
dipicrate, m.p. 179.7-80.4" 
b.p. 132-3"/0.28 rnm; 
dipicrate, m.p. 179.2-9.8" 
b.p. 95-6"/0.26 mm; 
dipicrate, 
m.p. 149.6-50.6" 
b.p. 89-90"/0.28 mm; 
dipicrate, 
m.p.' 155.8-6.7" 
b.p. 90-1"/0.29 mm; 
dipicrate, m.p. 169-70' 

529 

529 

529 

580 

580 
537 
537 

5 31 

537 

537 

5 31 
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TABLE 1 x 4 5 .  2-(or-Alkyl-branched)aminoalkylpyridines (Continued) 

Substituents 

R, R, R, R, Physical properties Ref. 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me 

Me H Trimethyl- 

Me Ph Acetyl 
acetyl 

Me Ph Benzoyl 

Me Ph Butyroyl 

Me Ph Isobutyroyl 

Me Ph 2-Ethyl- 
hexanoyl 

Me Ph Propionyl 

Mc Ph Trimethyl- 
acetyl 

b.p. 90-1"/0.29 mm; 
dipicrate, m.p. 17 1.3-2.5" 
b.p. 151-2"/0.62 mm; 
dipicrate, 
m.p. 159.2-60.4" 
b.p. 200-5"/1 mm; 
m.p. 86-7.4"; tri- 
picrate, m.p. 199-200.5" 
b.p. 152-3"/0.29 mm; 
dipicrate, m.p. 150.5-1.4" 
b.p. 145-6"/0.29 mm; 
dipicrate, m.p. 1 5 9 4 0 "  
b.p. 176-7"/9.28 rnm 

b.p. 144.5O10.27 mm; 
maleate, m.p. 144.2-5.3" 
b.p. 156-8"/0.25 n m ;  
m.p. 65-70"; di- 
picrate, m.p. 156.6-7.4" 

537 

5 37 

537 

5 37 

537 

5 37 

537 

5 37 
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TABLE IX-67. 2-(p-Alkyl-bran~hed)aminoalkylpyridines~~~ 

5 

Et 

__ 
R2 

H 

4 

H 

6 

H 

Physical properties 

b.p. 143-52"/0.3 mm; di-HCI, 
m.p. 178-9" 
m.p. 179-80" 
b.p. 162-5'/12 mm 
b.p. 161-4" 
b.p. 112-16"/12 mm; di-HCI, 
m.p. 175-6" 

b.p. 130-2~/ 13 mm; di-HCI, 
m.p. 208-9" 
di-HCI, m.p. 171-2" 
di-HCI, n1.p. 175-6" 
b.p. 163-6'/13 m m  

b.p. 123-4"/15 mm; di-HCI, 
m.p. 181-2" 
b.p. 101-3"/14 mm 
b.p. 123-6'117 mm; dipicratc, 
m.p. 155-60"; methiodide, 
m.p. 170" 

b.p. 175-80°/10 mm; di-HCI, 
m.p. 129-30" 
b.p. 135-7"/12 mm; di-HCI, 
m.p. 173-5" 
di-HCI, m.p. 152-3" 
b.p. 148-51"/0.18 mm 
b.p. 127-32"/15 mm 
b.p. 121-4"/13 mm 
b.p. 1 11-40" ; di-HCI, 
m.p. 209-10" 

b.p. 109-10" 

b.p. 152-5" 

- 

Benzyl 

2-Chloroethyl 
2-Hydroxyethyl 
2-H ydroxyethyl 
Me 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
Me 
H 

Me 
Me 
H 
Me 

H 
H 
Me 
H 

Me 
H 

H 
H 

H 
Me 

Me 
H 

H 
Et 

Me 
H 

2Chloroetliyl 
2-Chlo roc t hyl 
2-Hydroxyethyl 
2-Hydroxyethyl 
Me 

Me 
Me 
Me 
Me 
Me 

H 
Me 
H 
Me 
H 

Me 
H 
Me 
H 
Me 

H 
Mc 
H 
Me 
H 

Me 
Me 

Me 
Me 

H 
H 

H 
H 

Me 
Me 

H 
Me 

2Chloroethyl 
2-Hydroxyethyl 

H 
H 

Me 
Me 

H 
H 

Et 
Et 

H 
H 

Me H Me H Et H 

2Chloroctliyl 
2-Hydroxyethyl 
H 
H 
H 

Me 
Me 
H 
H 
H 

Me 
Me 
H 
H 
H 

H 
H 
Me 
H 
Me 

Et 
Et 
H 
Et 
H 

H 
H 
H 
H 
Me 
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TABLE IX-68. 2-(p-Aryl-branclied)aminoalkylpyridines 

Rl RZ m.p. Ref. 
~~ ~ 

p-Anisyl 
mClC, H, 
?J-% H, 
p-FC6 H4 
pMeOC6 H, 
p-Tolyl 
p-Tolyl 
Ph 
Ph 

2-Pyridyl 
P-Tolyl 

~~ ~ 

Diethylamino 
Diethylamino 
Diethylamino 
Diethy lamino 
Pyrrolidino 
Morpholino 
Piperidino 
Die thylamino 
Piperidinomethyl 
Diethylamino 
(Phenyl') 

. ~~~ ~ 

66-8" 
6 2 4 "  
76-7" 

93-5" 
103-5" 
93-5" 
6 1-3" 
88-91" 
77-9" 
84-5" 

- 

(b.p. 182-7"/0.1 mm) 

5 7 9  
5 7 9  
579 
579 
579 
57 9 
5 7 9  
579 
579 
579 
578 

'This is a p-phenyl substituent and not an alkoxyphenyl group. 
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TABLE 1X-70. 2,2'- { [(Aminoalkyl)imino] 

diethylene}dipyridinesss6 

R 
~ ~~~~ 

Physical properties 

2-Aminoethyl 
4-Aminobutyl b.p. 128°/0.001 mm 
6-Aminohexyl b.p. 136"/0.002 mm 
8-Aminooctyl b.p. 148"/0.001 mm 

TABLE IX-7 1. N,N-Bis[Z-, 3-, 4-(pyridylalkyl)amino] alkylenediamine 

L 

Pyridine 
ring 
position R, RZ n Physical properties Ref. 

2 H 

2 Me 

2 Me 

2 Me 

2 Me 

2 Me 

2 Me 

2 Me 
2 Me 

2 CH3 

H 

H 

H 

CHO 

Me 

H 

H 

H 
H 

H 

2 

2 

2 

2 

2 

-CH,CH- 

AH3 
(CH, CHI, 

3 
5 

(trans-1,2- 
Cyclo- 
hexenyl) 

208 

b.p. 151-8"/0.8 mm 
dimaleate, m.p. 174-5" 
b.p. 154-6"/0.25 mm; 
djmaleate, m.p. 162-3" 
b.p. 153-6'/0.25 mm; 
difumarate, m.p. 197-8" 
b.p. 165-8"/0.01-.03 mm; 
dimaleate, m.p. 145-7" 
b.p. 168-72"/0.08 mm 
tetra-HCl, salt, m.p. 170' 
b.p. 140-5"/0.04 mm; 
difumarate, m.p. 151-3" 

b.p. 160-3"/0.75 mm; 
difumarate, m.p. 172-4" 
b.p. 148-52"/0.2 mm 
b.p. 167-8"/0.04 mm; 
dimaleate, m.p. 148-50" 

tetra-HCI, m.p. 244-6" 
b.p. 153-5"/0.005 XIUYI; 

530 
529 
530 

529 

5 30 
529 
530 

5 30 
529,544 

5 29 

530 
5 30 

529 



TABLE IX-7 1 N,N-Bis [2-, 3-, 4-(pyridylalkyl)amino]alkylenediamine (Continued) 

Pyridine 
ring 
position R, R, n Physical properties Ref. 

3 Me H 2 b.p. 176-80"/0.1 mm; 5 29 

4 Me H 2 b.p. 1704" 529 
dimaleate, m.p. 15 1-3" 

dimaleate, m.p. 145-7" 
~~~~ 

'Pressure not reported. 

TABLE IX-72. N-Aryl-3-picolylamines 

Ar m.p. Ref. 

Bis( 3chloro-2-methyl-4-picolyl)amine 

mCarbox yphenyl 
pCarboxypheny1 
14 3,4-Dimethoxyphenyl-2-propyl) 
p-(3 ,4-Dime thoxyphenethyl) 
o-Hydrox yphenyl 
pHydroxy-p-(3,4dimethoxyphenethyl) 
pHydroxy-p-(4-rnethylphenethyl) 
pHydroxy-p-(4-methoxyphenethyl) 
I-Hydroxy- 1-phenyl-2-propyl 
1-(4-Hydroxypheny1)-2-propyl 
p H  ydrox y-p-phenethyl 
4-Hydroxy pheny l 
l-(3,4-Methylenedioxyphenyl)-2-propyl 
1-(4-Methoxyphenyl)-2-phenyl 
plrlitrophenyl 
a-Phenethyl 
pPhenethy1 
I-Phenyl-2-propyl 

114-14.5"; tri-HC1, m.p. 292-5" 
(dec.) 
19 0-2" 
2 2 0-2" 
202" 
226" 
177-8" 
197" 
198" 
153" 
227" 
228" (dec.) 
179" 
145-6" 
232" 
216" 
114-15" 
199" 
205" 
203" (dec.) 

640 

527 
527 
5 27 
5 27 
527 
527 
527 
527 
527 
5 27 
527 
527 
527 
5 27 
5 27 
5 27 
5 27 
5 27 
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TABLE IX-74. 3-Amino*-hydroxyalkyl- 
pyridines' 32 

R, R, Properties 

Me H b.p. 115-18"/0.2 mm; 

H CH, OH b.p. 180-5"/0.54 mm; 
di-HC1, m.p. 222-4" 

m.p. 90" 
dipicrate, m.p. 172" 

Me Me b.p. 107-10°/0.14 mm; 
di-HCI, m.p. 232-4" 

Me Et b.p. 119-23"/0.34 mm; 
di-HCI, m.p. 208-12" 

Me Ph b.p. 163"/0.19 mm; 
di-HC1, m.p. 2 10-1 1" 

Et CH,OH b.p. 184-8"/0.01 mm 

214 



TABLE IX-75, 4-Picolylamines 

CH, NHR 

0 
R m.p. Ref. 

Anilino 
pAnisyl 

pCarboxypheny1 
f3( 3,4-Dimethoxyphenethyl) 
14 3,4-Dimethoxyphenyl)-2-propyl 
pHydroxy-p43,4dime thoxy- 

PHydroxy-p-(4-methylphenethyl) 
pHydroxy-p44-methoxyphenethyl) 
1-(4-Hydroxyphenyl)-2-propyl 
1-Hydroxy- 1-phenyl-2-propyl 
PHydroxy-p-phene thy1 
o-H ydroxyphenyl 
1-(3,4-Me thylenedioxyphenyl)-2- 

144-Methoxyphenyl)-2-phenyl 
cx-Phenethyl 
PPhenethyl 
Ph 

phenethyl) 

ProPYl 

1-Phenyl-2-propyl 
2-Pyridyl 

3,4,5-Trime thoxyphenethyl 
0-Tolyl 
pTolyl 

tri-HC1, 228-30" 

b.p. 184-6"/4 mrn 
244-7" 
210" 
153" 
203" 

7 8-8 0" ; 

201" 
161" 
230" (dec.) 
228" 
143" 

168" 
1 7 6-8" 

190" 
232" 
198" (dec.) 

b.p. 125-50"/0.04 mm 
di-HC1, m.p. 197-9" ; 
picrate, m.p. 147-8" 
185" 

b.p. 166-7"/4 mm 
210" (dec.) 
75-6';b.p. 165-7"/3 mm 
74"; b.p. 162-6'/4 mm 

101-3", 1034" ;  

109-11"; 

525 
5 34 

527 
527 
527 
527 

527 
527 
521 
527 
527 
504 ,527  
527 

527 
527 
527 
534 ,698  
498 

527 
5 34 

527 
534 
534 
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TABLE IX-77. 6-Substituted-2,4-bis(alkylaminomethyl)- 
p y r i d i n e ~ ' ~ ~  

R, N R, Physical properties 

Me, N 
Me, N 
Piperidino 
Piperidino 

n-Bu b.p. 180-2"/1 mm 
IsoAm b.p. 150-1"/1 mm 
n-Bu tri-HC1, m.p. 224-5.5" 
n-Pr b.p. 98-10@/1-2 mm; 

tri-HCI, m.p. 2134" 

tri-HCI, m.p. 198-9" 
Piperidino IsoPr m.p. 76-7"; 
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TABLE 1X-79. 2-, 3-, and 4-Dimethylamino-2-alkynylpyridines 

Ring 
position n b.p./mm Dipicrate, m.p. Ref. 

3 
3 
4 

4 
4 

2 
3 
4 
5 
10 

3 
4 
3 

5 
10 

142-3'113 
159-60"/14 
1 7 7"/ 1 7 
187"/14 
182OI0.7 

151-2"/2 
147-8O10.8 
142-3'11.4 
16 2'1 14 
166"/1.5 
21 3-14O11.6 

159" 
- 

157-8" 
134" 
7 0" 

monopicrate, m.p. 88" 

- 

135" 
158.5" 
7 5" 

54 7 
547 
547 
547 
547 

548 
548 
548 
547 
547 
547 

TABLE 1x40. Other 2-, 3-, or 4-Dialkylaminc-2- 
bu tynylpyridinesss2 

Ring 
position R Properties 

2 Et m.p. 7&2"; 

2 Me m.p. 116-7"; 

3 Et m.p. 81.2" 
4 Et m.p. 724" 

methobromide, m.p. 151-2" 

methobromide, m.p. 154-5" 
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TABLE IX-82. 

R Physical properties 

[ 2-(2-Morpholinoethylamino)ethoxy] - 
[ 2-(3-Morpholinopropylamino)ethoxy] - 
[ 2-(N-me thyl-2-morpholinoet hylamino)- 

[ 2-(N-methyl-2-piperidinoethylamino)- 

b.p. 170-8"/1 mm 
di-HC1, m.p. 189-90" 

ethoxy] - di-HCI, m.p. 180-2" 

ethoxy] - di-HCI, m.p. 208-10" 

225 



TABLE 1x43. Mandelamidopyndines el- NHCOCHOHC, H, 

Compound m.p. HCl, m.p. Ref. 

2-(O-Acetylmandelamido)pyridine 
4-(O-Acetylmandelamido)pyndine 
2-(4-Brornomandelamido)pyridine 
5-Bromo-2-mandelamidopyridine 
24 p-(N-Butylcarbamy1oxy)phenethyl- 

5Chloro-2-mandelamidopyridine 
2- [ p(N-Ethylcarbamoy1oxy)phenethyl- 

2-(Hexahydromandelamido)pyridine 
2-(pHydroxy4bromophenethylamino)- 

2-(p-Hydroxy4-chlorophenethylamino)- 

2-(P-Hydroxy-pcyclohexylethylamino)- 

2-(p-Hydroxyphenethylamino)-5-bromo- 

2-(p-Hydroxyphenethylamino)-5-chloro- 

6-(p-Hydroxyphenethylamino)-2,4- 

2-(N-(p-Hydroxyphenethyl)methyl- 

6-(p-Hydroxyphenethylamino)-3-picoline 
2-(~-Hydroxy-p-phenethylamino)-Q- 

2-(p-Hydroxyphenethylamino)pyridine 
3-(p-Hydroxyp henethy1amino)pyridine 

2-(-y-Hydroxy-y-phenylpropylamino)- 

2-Mandelamido-4-picoline 
6-Mandelamido-2,4-lutidine 
6-Mandelamido-3-picoline 

amino] pyridine 

amino] pyridine 

pyridine 

pyridine 

pyridine 

pyridine 

pyridine 

lutidine 

amino] pyridine 

picoline 

pyridine 

- 

146-7" 
15 5-6" 

95-8" 
146-8" 

13 2-4" 
11 8-20" 

105-6" 

9 1-8" 

86-8" 

110-1 1" 

102-3" 

77-8" 

b.p. 147-57'10.3 mm 
97-9" 

90-1" 
102-5" 
b.p. 195- 
202"/0. 3 mm 
1234" 

143-6" 
167-9" 
141-2" 

- 331 
331 

197-8" 331 
175" (dec.) 331 

332 
169" 332 

75-8" 332 
- 331 

135-6" 332 

112-23" 332 

1434" 322 

187-9" 322 

177-8" 332 

132-3" 322 

170-3" 332 
116-17" 332 

135-6" 332 
124-6" 332 
- 322 

13 8-60" 3 3 2 

188-9" 332 
195-6" 332 
203" 332 
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TABLE 1 x 4 4 .  2-Sulfanilamidopyridines3"' 

Acetyl 
Acetyl 
Acetyl 
Acetyl 
Acetyl 
H 
H 
H 
H 
H 

OMe 
H 
H 
H 
H 
OMe 
H 
H 
H 
H 

H H 
OMe H 
H OMe 
OMe H 
OMe H 
H H 
OMe H 
H OMe 
OMe H 
OMe H 

H 
H 
H 
OMe 
Me 
H 
H 
H 
OMe 
Me 

212" 
262-3" 
228-30" 
201-3" 
236-8" 
214-15" 
237-9" 
200-1" 
15 8-9" 
184-5" 

TABLE 1x45. 3-Sulfanilamidopyridines3'" 

Acetyl 
Acetyl 
Acetyl 
Acetyl 
Acetyl 
Acetyl 
Acetyl 
Acetyl 
Acetyl 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
OMe 
H 
H 
OMe 
OMe 
H 
OMe 
H 
H 
OMe 
H 
H 
OMe 
OMe 
H 
OMe 

H Br 
H cl 
H H 
OMe H 
H OMe 
H H 
H H 
OMe H 
OMe H 
H Br 
H c1 
H H 
OMe H 
H OMe 
H H 
H H 
OMe H 
OMe H 

H 
H 
H 
H 
H 
OMe 
Br 
Me 
Me 
H 
H 
H 
H 
H 
Br 
OMe 
Me 
Me 

250-1" 
255-6" 
194-5" 
257-8" 
2 6 3 4 "  

' 193-5" 
210-1 1" 
228-9" 
236-7" 
208-10" 
208-9" 
134-6" 
222-3" 
220-1" 
172-3" 
165-7" 
210-11" 
225-7" 
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TABLE 1 x 4 6 .  4-Sulfanilamidopyridines'" 

Rl R, R3 R4 R, m.p. 

Acetyl OMe H H H 2 18-1 9" 
Acetyl H OMe H H 232-3" 
Acetyl OMe H OMe H 230-1" 
Acetyl OMe H Me H 204-5" 

H H OMe H H 1 7 3 4 "  
H OMe H H H 15 1-2" 

H OMe H OMe H 18 1-2" 
H OMe H Me H 69-7 1' 

TABLE 1 x 4 7 .  

Rl m.p. 

4,CDimethylglutarimide 196" 
4-Ethyl-4-methylglutarimide 137-8" 
4,4-Tetramethyleneglutarimide 17 2-3" 
CPhenylglutarimide 201-3' 
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TABLE 1x48. N-Aryl-N'-(Pyridylalkyl)~reas~~~ 

Pyridine 
fig 
position R, R* x Physical properties 

2 
2 
2 

3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

Me H 
Me H 
H H 

Me H 
Me H 
H H 
H H 

Me H 
Me H 
Me H 
Me H 
Me H 
Me H 
Me H 
Ph H 
H H 
H H 
H H 

2 c 1  
4 4 E t  
2 c 1  

2 c 1  
4 4 E t  
4C1 
3,4,5-(OMe) 

4-Br 
2c1  
3 4  
4C1 
2,5€1, 
3-F 
4-1 
2-c1 
4€1 
2-OEt 
3,4,5-(OMe), 

HBr, m.p. 134-5" 

m.p. 148-50"; 
HCl, m.p. 173-5" 

m.p. 118-19" 
m.p. 171-3" 
m.p. 164-6"; 
HCI, m.p. 169-70" 
m.p. 159-60" 
HC1, m.p. 145-6" 
HCl, m.p. 143-7" 
m.p. 136-7" 
m.p. 95-7" 

- 

- 

- 
- 

m.p. 192-5" 
HCI, m.p. 235-6" 

m.p. 170.5-2.5"; 
HCI, m.p. 2 2 2 4 "  

- 
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TABLE 1x49. Arylmethylene-2-aminopyridines 

R, R2 Physical properties Ref. 

2-Furanyl 
o- Aminobenzylidene 
o-Anilino 
Benzyl 
(3Chloro-2-benzyfurany1)methyl 
Dibenzoylmethylene 
4,5-Dichloro-2-thienyl 
p(2-Diethy1aminoethoxy)phenyl 
2-E t-3-benzofuranyl 
2-Furanyl 
Isopropylidene 
p-Nitrobenz yl 

Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

b.p. 138-9"/0.3 mm 
m.p. 125" 
m.p. 125" 
b.p. 123-5"/1 mm 
m.p. 107-9" 
m.p. 70" 
m.p. 98.5" 
b.p. 160-5"/0.1 mm 
b.p. 105-15°/0.001 mm 
m.p. 88-9" 
Acetyl, m.p. 36" 
m.p. 147-8" 

305 
297 
296,291 
578 
307 
297 
310 
578 
650 
305 
297 
712 

TABLE IX-90. Aldimines 

Ring 
position R m.p. Ref. 

2 
2 
2 
3 
3 
3 
3 
? 
3 
3 
3 
4 
4 
4 
4 

pCarboxypheny1 
p-H ydroxyphenyl 
p-Phenethyl 
p-Aminophenyl 
oCarboxypheny1 
mCarboxypheny1 
p-Carboxyphen yl 
Diphenylmethyl 
p-Hydroxyphenyl 
m-Nitrophenyl 
p-Phenethyl 
pCarboxypheny1 
o-H ydroxyphen yl 
p-H ydroxyphenyl 
p-Phenethyl 

235-7" 
186" 

144" 
39-41"; b.p. 147-8" 

87-8" 
2 19-2 1" 
241-3" 
105-7" 
21 2-1 3" 
109-11" 
46-7" 

28 8-90" 
166-8" 
201-2" 
b.p. 150-1" 

527 
527 
531 
527 
527 
5 21 
521 
528 
527 
527 
531 
527 
5 27 
527 
531 
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TABLE IX-9 1. Amino-2-imino-l,2dihydropyridines 

R, RZ R3 R4 Physical properties Ref. 

NHZ H H 2-Pyridyl 656 
H NH, H 2-Pyridyl m.p. 132 .54"  116 
W NH, H 2-Pyrid yl m.p. > 300" 723  
2-Amino-3,3,4,4,5,5-hexafluoro-6-imino-piperidine m.p. 162-7 3" 713  

TABLE IX-9 2. 1,2,3,6-Tetrahydroaminopyridines 

R, 

R, R* R, Physical properties Ref. 

Me p-Aminobenzamido Me m.p. 168-70" 718 
Me p-Aminobenzylamino Me m.p. 126-7" 718 
2-Aminoethyl Et H b.p. 102-4°/10 mm 717 
2-Aminoethyl Ph H - 329 
4-Aminobutyl Ph H b.p. 1354"/0.2 mm 329 
Me NH,C,H,CH,CH,CONH Me m.p. 1 5 3 4 "  719 ,720  
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TABLE IX-93. 1,2,3,4-Tetrahydroaminopyridines 

H H  

Rl R* R3 R, Physical properties Ref. 

2-Dimethyl- H H H - 383 

2-Diethyl- H H H - 383 

Me 3-Amino- Me H b.p. 92”: picrate, 722 
ProPYl m.p. 162-3” 

H H H 4-Amino- - 721 

amino 

mino 

butyl 

‘Pressure not reported. 
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Citric acid (X-1) when treated with ammonia or urea at 130 to 2OOo1 or with 
p-toluenesulfonic acid under autoclaving conditions' affords citrazinic acid (X-2, 
X = OH) or its amide (X-2, X = NH,) in yields exceeding 60% of theory.? 

0 

HO CO,H 

heat 

+ NH3 - 
HO CO, H 

H 

HO, C fi 
x- 1 x-2 

Citrazinic acid can be converted in high yield to 2,6-dichloroisonicotinic acid 
(X-3, X = Cl) with POC13. The latter is easily reduced catalytically to 
isonicotinic acid (X-3, X = H).' 

H 
x-2 x-3  (X = C1) 

2-Pyrone ( X 4 ,  R = R' = H) and its 5- (X4;  R = CO'H, R' = H) and 
6-carboxylic acid ( X 4 ;  R = H, R' = COzH) or its 5,6-dicarboxylic acid (X4, R = 
R' = COz H) were converted to the corresponding pyridine carboxylic acids (X-5) 
by treatment with LiAlH, followed by aminoly~is.~ The intermediate 

(i) LiAIH, 

(ii)  NH, OAclHOAc 

R' 

X-4 X-5 

cis,trans-muconic acid semialdehydes could be isolated. 
The sodium enolate of acetoacetaldehyde (X-6) could be condensed with 

formaldehyde and amrnonolyzed to yield the dihydropyridine 6-7).  Subsequent 
nitric acid oxidation gave pyridine-3,s-dicarboxylic acid (X-8).4 When this 

tIn this chapter all 2- or 4axipyridine derivatives will be formulated as pyridones rather 
than as hydroxypyridines in keeping with modern structural evidence (A. R.  Katritzky, 
Principles of Heterocyclic Chemistry, Academic Press, New York, 1968). 
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&ONa + NH, + CH,O - 
X-6 

HO,C / CO,H 
___f HNO, 0 

N 
H 

x-7 
X-8 

reaction was carried out with acetaldehyde and ammonium carbonate, the 
product was 4-methyl-3,5-diacetyl-1,4-dihydropyridine (X-9), which is readily 
oxidized with nitrous acid to the pyridine (X-10). Sodium hypobromite 

H O , C ~ C O , H  CO, H p 
H,C CH, 

\ \ 
N 

x-12 x-10 

Rolcoco~R N 

x-11 
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oxidation followed by esterification in methanol or ethanol gave the 
corresponding dialkyl 4-methylpyridine-3,5dicarboxylates (X-1 1, R = CH3 or 
CzHS). Oxidation of the dihydropyridine (X-9) with nitric acid afforded 
pyridine-3,4,5-tricarboxylic acid (X-12), which could be esterified with 
diazomethane.' 

Related bimolecular condensations of enamines derived from bdiketones with 
an aldehyde have also been described.6 

Similar reaction systems in which the aldehyde has been replaced by a suitable 
malonic acid or malononitrile precursor, undergo similar condensations to 
pyridone~.~-"' With appropriately substituted precursors, the synthesis is suitable 

for the preparation of pyridonecarboxylic acids. 

aminoacrylate (X-13) to N-methyl-5-carbethoxy-2-pyridone (IX-14). 
A related reaction is the bimolecular self-condensation of ethyl fl-methyl- 

Nicotinic acid (X-17) can be obtained by an interesting electrolytic 
trimerisation of acrylonitrile to 1,3,6-tricyanohexane (X-15). The latter is 
reduced with Raney Cobalt to the corresponding triamine, which, in turn, is 
catalytically cyclized to 3-(w-amino-n-butyl)piperidine (X-16, R = H). The 
acetylated piperidine (X-16, R = OAc) is dehydrogenated and oxidized to the 
vitamin (X-17).16 

Huisgen and Herbig" condensed N-benzylphenylazomethine (X-18) with two 
moles of dimethyl acetylenedicarboxylate to obtain the corresponding 
1,2-dihydropyridinetetracarboxylic acid ester (X-19). Oxidation with bromine 
afforded tetramethyl 2-phenylpyridine 3,4,5,6-tetracarboxylate (X-20). 
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NC 4 
electrolysis 
____c 

x-15 1 It:ney Cobalt 

X-16 X-17 

CO, Me '6 ' 5  c H Z , a  '6 H, , CO, Me 

C 6 H 5  I 
c6H,CH,,N)H E C - 

X-18 60, Me MeO, C CO, Me 

MeO, C 
C 

\ 

+c 
'CO, Me 

60, Me 

Br, 1 '-19 

CO, Me 

MeO, C 
0, Me 

x - 2 0  

The acid-catalyzed trimerization of potassium (3-hydroxy-a-nitropropionitrile 
6-21)  yields 2,4,6-tricyanopyridie-l -oxide (X-22, R = CN). The latter could be 

R 

0 0.8 ,OK 
II 

HOH, C-C-CN 
x-2 1 

(i) H, SO. 

(ii) MeOH/ 
AcOH 

x-22 
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converted to the trimethyl ester (X-22, R = COzMe) by methanolysis in acetic 
acid." 

Isoxazoles (X-23) have been used to protect Piminocarbony1 systems in the 
manipulation of complex starting materials. Thus they yield dihydro-0-acetyl- 
pyridine-P'carboxylic acids (X-24).' 

"'J-J(o __c ~ R1;IW I /  
3 

H3 \ /  
H CH3 

X-23 
X-24 

A number of miscellaneous condensations have been recorded in the last ten 
years. Thus, the Hantzsch synthesis has been reexamined and a 53% yield of 
X-25 was obtained." 

Treatment of aminopyranodioxins (X-26) and aminopyranooxazines (X-27) 
with alkoxides or hydroxides afforded 4,6-dihydroxy-2-oxopyridine-3-carboxyl- 
ates (X-28) or carboxanilides (X-29) via the following mechanism: *' 

7% 
EtO, C CO, Et 

H3 c 
H 

X-25 

11 

X-28 
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OH 

X-27 

0 0 0 0 

RN 

X-29 

Maleic acid, when treated with sulfuric acid containing oleum and methanol, 
gave a 50% yield of methyl coumalate (X-30). Ammonolysis afforded a 75% 
yield of 2-pyridone-5-carboxylic acid (X-31).” Cinnamoylacetaldehyde (X-32) 

fJ OzMe __c Nn,on oncozH 
0 

N .  
H 

X-30 x-3 1 

and cyanoacetamide were condensed to 3-cyano-6-styryl-2-pyridone (X-33, X = 
CN), which was hydrolyzed to the carboxylic acid X-34 (X = COzH). 

X-32 x-33 (X = CN) 
X-34 (X = CO, H) 
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2. By Electrocyclic Reactions 

A new class of pyridine syntheses is based on the proclivity of some 
heteroazoles to add dienophiles with the intermediate formation of 
hetero-2,2,1 -bicycloazaheptenes. Thus, substituted oxazoles (X-35) react with a 
typical dienophile such as maleimide (X-36) at elevated temperatures to yield 
substituted pyridines (X-37).24 The same type of reaction utilizing substituted 

x-35 X-36 

H 

O Y N \  

x-37 

hlkoxyoxazoles (X-38) and maleic anhydride (X-39) affords 4,5-dicarboxy-3- 
pyridinols (X4)." (See also Chapter MI.) 

It was immediately recognized that t h s  system offers a new route to pyridoxol 
(vitamin B6): 4-methyl-5-ethoxyoxazole (X41), on treatment with diethyl 
maleate (X42, X = C0,Et)  or maleonitrile (X42, X = CN), gave the expected 
bicyclic adducts (X43, X = C0,Et or CN) w h c h  were readily solvolyzed to 
2-methyl-4,5-dicarbethoxy-3-pyridinol (X4, X = COz Et) or the corresponding 
nitrile (X-44, X = CN). The latter are easily converted to pyridoxol (X-44, X = 
CH,0H).Z6-28 



OR" 
'0 

x-38 x-39 

x-40 

A B C 

265 
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Investigation of the mechanism and stereochemistry of this Diels-Alder 
reaction showed that the intermediate X-45 could lead to four different product 
types depending on the electronic nature of X, Y ,  and Z, on the stereochemical 
relationshp of the 4-proton to the oxide bridge, and on whether or not the 
medium contains an oxidant.” 

The use of unsymmetrical dienophiles such as acrylonitrile fits well into this 
scheme in that the two possible intermediates (X-45; X = CN, Y = Z = H) and 
(X-45; X = Z = H, Y = CN), formed from 4-methyloxazole, are transformed to 
the expected product mixture.30’ 31 

CN 

x-45 

B A 

C L D 
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Results similar, but less complete, than those reported for the above dienophile 
were reported for acrylic acid. The products isolated correspond to  only one 
(X-46) of the two possible isomeric adducts that could be formed. Thermolysis 
to pyridinecarboxylic acid occurred as expected in about 50% overall yield.32 

CO, H 
I 

X-46 

Tetraphenylcyclopentadienone (X-47) added phenyl cyanoformate (X-48) at 
186" to yield phenyl 3,4,5,6-tetraphenylpyridine-2-carboxylate (X-SO). An 
intermediate, [2.2.1] -azabicycloheptadienone (X49), is p o ~ t u l a t e d . ~ ~  The 

I- 
x-50 

phenyl ester was hydrolyzed to give the free acid. The same reaction was run 
with tetrachlorocyclopentadienone. Continuous extraction with methanol 
afforded methyl phenyl 3,4,5~trichloropyride-2,6-dicarboxylate (X-52), which 
may have arisen from the solvolytic ring-opening of the intermediate X-51. 
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yy c1 
c1 
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H 

9, ph 
C 

+ N  
N Ph 

L 

x-5 1 

x-5 3 X-52 

Treatment of the mixed ester @-SO) with sodium methoxide led to dimethyl 
3,5-dichloro-4-methoxypyridine-2,6-dicarboxylate (X-53). 

3. By Oxidation of Alkylpyridines, Quinolines, and Isoquinolines 

The oxidation of appropriate alkylpyridines and quinolines continues to 
represent the most important process for the manufacture of nicotinic acid. All 
aspects of the field have seen continuing development, and a Czech review is 
available.34 A general developmental study comparing seven oxidizing agents on 
a quantitative basis has also a ~ p e a r e d . ~ ’  

The oxidation of alkylpyridines in general, and 5ethyl-2-methylpyridine 
(X-54) in particular, by dilute nitric acid at elevated pressures and temperatures 
has been the subject of many  publication^.^^-^' 

The use of cupric nitrate as a catalyst in these systems has also been 
de~cr ibed .~”  49 The reaction usually proceeds to isocinchomeronic acid (X-55, 
R = C02 H), which is decarboxylated to nicotinic acid (X-56) either in situ or in 
a subsequent operation. Under specific conditions of temperature and pressure, 
the reaction can be stopped at the 6-methylnicotinic acid (X-55, R = CH3) 
stage.” It thus seems clear that under those conditions the 5-alkyl group is more 
prone to oxidative attack. The same nitric acid reaction system, with or without 
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x-5 4 x-55 X-56 

Cu+' or Moo2 catalysis, converts quinoline (X-57) to quinolinic acid 
(X-58).51-54 If quinoline is first converted to the 8-sulfonic acid with 65% a - QJ"" CO, H 

x-57 X-58 

oleum, oxidation with nitric acid yields an improved direct yield of nicotinic 
acid." 

Picolines and 5-ethyl-2-methylpyridine (X-54)' can also be converted to  the 
corresponding acids in basic media containing lead dioxides6 or iron-aluminum 
oxide  catalyst^.'^ Again elevated pressures and temperatures are required. 

A number of publications also describe the air oxidation of the same pyridine 
substrates in the presence of cupric Extensive work has also been 
reported on the fmed or fluidized bed vapor phase of alkylpyridines using 
vanadium  catalyst^.^^-^^ The intermediate aldehydes can be isolated,6' but 
usually the conditions are set to minimize this side reaction. Vanadates, 
molybdates, and tin salts of these two oxyacids are also described as effective 
catalysts in the high temperature oxidation of quinolines and i s o q ~ i n o l i n e s . ~ ~ - ~ ~  

In the laboratory, selenium dioxide in organic solvents is a good reagent for 
the oxidation of alkylpyridines to carboxylic a ~ i d s . ~ ' - ~ ~  The intermediate 
aldehydes can be obtained depending on the position of the alkyl side-chain and 
the substrate/Se02 ratio. The reaction is selective in the case of 
Sethynyl-2-methylpyridine (X-59) yielding 5ethynyl-2-picolinic acid in 40% 
yield. 7 5  

x-59 

A number of industrially important systems have been described that use SeOz 
formed in situ from Se metal and nitric or sulfuric acid containing S 0 3 . 7 6 - 7 8  
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The same oxidants can be used with quinoline or isoquinoline as  substrate^.^^-^^ 
In most of these reactions Se metal is used in catalytic amounts and is 
continuously regenerated by the other oxidants present. 

Ozone has been used to convert 8-hydroxyquinoline to nicotinic acid.833 84 In 
the case of alkylquinolines, acridine, and phenanthridine, ozonolysis leads to 
alkylpyridjne carboxylic acids, their N-oxides, and more extensive degradation 
products derived from the subsequent C-N bond cleavage in the N-~x ides .~ ’  
5-Fluoronicotinic acid was obtained from 3-fluoroquinoline using a Cu(I1) 
acetate/hydrogen peroxide couple.86 Manganese dioxidea7’ and permanga- 
nateg9’ 90 are also effective, even in the case of ace tamidopi~ol ines .~~ The use of 
chromic acid seems an obvious e x t e n s i ~ n . ~ ~ - ~ ~  An interesting mechanistic study 
concerning the air oxidation of alkylpyridines in strongly basic media shows that 
the reaction proceeds through direct electrophilic attack of oxygen on the 
alkylpyridine carbanions c~nce rned .~ ’  

O C H ,  

x-60 

I HCHO 

N 

X-65 x-64 
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An interesting variant on this scheme to form alkylpyridinecarboxylic acids by 
nitric acid oxidation has been described by Czech workers: starting with 2,4- or 
2,6-lutidine these bases are condensed with formaldehyde to yield 
unsymmetrical fl-(hydroxyethy1)methylpyridines. Nitric acid oxidation now 
occurs preferentially at the hydroxylated side chain yielding the corresponding 
methylpicolinic  acid^.'^-^^ Thus, 2,4-lutidine (X-60) is converted to a separable 
mixture of 4-(fl-hydroxyethyl)-2-methylpyridine (X-61), 4-[tris(hydroxy- 
methyl)methyl]-2-methylpyridine (X-62), and 2(fl-hydroxymethyl)-4-methyl- 
pyridine (X-63). Nitric acid oxidation yields 2-methylpyridine-4-carboxylic acid 
(X-64) from X-6 1 and X-62, and 4-methylpyridine-2-carboxylic acid (X-65) 
from X-63. A similar reaction sequence carried out with 2,6-lutidine 6-66) 
affords ultimately 6-methylpyridine-2-carboxylic acid (X-67). 

X66 

x-67 

Vigorous oxidation conditions of course vitiate any selectivity adduced by 
functionalizing one of the side-chains: complete oxidation of all alkyl 
substituents is the result."' 

excess MnO, H0* yJ CO, 

H 3 c a N - c 0 2  Et --- x-69 CO, H 

X-68 

2.66 moles MnO, 

R = NHCOCH, , 
halogen, 

H 

1 
OCH, 9 

X-70 



272 Pyridinecarboxylic Acids 

Substituted merimines (X-68) yield tricarboxylic acids (X-69) on vigorous 
oxidation with excess permanganate: With exactly 2.66 moles of permanganate, 
selective oxidation can be accomplished to a number of substituted 
6-methylcinchomeronic acids (X-7O).'O1 

A nice example of a selective oxidation with manganese dioxide has been 
reported in the pyridoxine series:"' in ethanolic KOH pyridoxine (X-71) 
yields 3-hydroxy-S-hydroxymethyl-2-methylpyridine-4-carboxylic acid (X-72). 
The same reagent in dilute sulfuric acid yields the hemiacetal X-73. 

" O r 7  CH, OH 

x-73 X-7 1 

X-72 

4. Electrolytic Oxidation 

In efforts to develop industrial processes for the manufacture of nicotinic acid, 
Russian workers have studied the electrolytic oxidation of alkylpyridines and 
quinolines (X-74) using neutral or acidic media and platinum and lead 
 anode^.'^^‘^'^ Reactions occurred at 40 to 100" with high current efficiencies, 
but reported yields are low (<SO%). Desired products appeared, of course, in the 
anolyte compartment. In the catholyte compartment, on the other hand, 
quinoline substrate was, inter alia, reduced to 1,2,3,4-tetrahydroquinoline 
(X-75), isolated as the N-acetyl derivative. 
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anode 
r- 

x-74 
cathode 

0::;: N - 0""" 
-40% 

H 
x-75 

5. Synthesis via Nitriles 

The solvolysis of pyridine nitriles (X-76) is an important route .to 
pyridinecarboxylic acids (X-77, X = OH) or their derivatives (X-77)."' In this 
section, only those new syntheses that proceed through nitriles that are not 
derived in the first place from precursor carboxylic acids"2-"8will be described. 

X-76 x-77 

X = OH, NH,, OR 

Much progress has been made in the catalytic air amrnoxidation of 
alkylpyridines to cyanopyridines (X-76). Yields are generally high. The catalysts 
employed are oxides of B, Al, P, Bi, Mo and V."9-'28 In th e case of 
S-ethyl-2-methylpyridine (X-78) the principal products observed were 
nicotinonitrile (X-79), 6cyanonicotinamide (XSO), and 5-ethylpicolinonitrile 
(X-81). These products indicate that initial oxidative attack in X-78 may occur 
at the 2-methyl position, and that initial oxidative attack to the alcohol 
equivalent is the slow step in the reaction ~equence."~ 

Additional support for this interpretation comes from work on isomeric 
lutidines: 2,3-lutidine (XS2) is converted to 2cyano-3-methylpyridine ( 3 8 3 )  
and 3,s-lutidine (X84) affords 5-methylnicotinonitrile (XS5).'30 
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H3 c 
x-78 x-8 1 

NC -0""". + QJCN 

x-80 x-19 

H 3 c 0 c H 3  __.c H3CyJCN 

X-84 x-85 

A related reaction is the oxidative ammonolysis of 1,l ,l-trihydroxymethy14- 
picoline (X-86) to isonicotinonitrile (X-87).I3' 

X-86 x-87 

The cyanation of alkylated pyridine-I-oxides (X-88) leads to 2- or 
4-~yanopyridines'~~-'~~ (see also Chapter IV). The intermediate quaternary salts 
(X48) can be isolated. Related acylated pyridinum-1-imines (X-89) undergo a 
similar r e a ~ t i 0 n . l ~ ~  



Preparation 275 

N 
R’ >OR’ 
X-89 

An internal redox reaction of 2-picoline-1-oxide (X-90, X = H) and its alkyl 
derivatives with nitrite ion and an acylating agent yields 2-cyanopyridines (3-91,  
X = H).136 The following mechanism is proposed: 

T 

X-90 

+ RCOONO 

X T 

I 
N@ 
/ \  
0 0  

\ CN 

x-9 1 I 
Yo 

0’ ‘OCOR 

This reaction can also be achieved with an intramolecular source of nitrite ion: 
4-nitro-2-picoline-1-oxide (X-90, X = NOz), on treatment with acetyl chloride 



216 Pyridinecarboxylic Acids 

under cooling, yields a 68% yield of 4-chloro-2-picoline-I-oxide (X-90, X = Cl). 
If this reaction is carried out with warming, some 4-chloro-2-cyanopyridine 
(X-91, X = Cl), and a large yield (57%) of 4-chloro-2-cyanopyridine-1-oxide is 
~laimed.'~' 

2- or 4-Methylcyanopyridines, convertible to 2- or 4-methylpyridinecarboxylic 
acids, can be obtained by the action of methylmagnesium iodide on 
2,5-dicyanopyridines (X-92, X = H or CH3). The intermediate 1,2- or 
1,4-dihydropyridines (X-93, X = H or CH3) are isolable yellow solids. They can 
be dehydrogenated catalytically (Pd/C) or with silver oxide.'387 139 

x-94 x-95 X-96 ( J 

orH H 

X-98 
x-97 
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In the acid-catalyzed hydrolysis of halocyanopyridmes such as 2-chloro-3- 
cyanopyridine (X-94), an intermediate 2-chloronicotinic acid (X-95) is formed 
which, on heating, undergoes a bimolecular condensation to the bis-ester (X-96). 
Further hydrolysis leads to 2-pyridone-3carboxylic acid (X-97). Treatment of 
X-94 with alkoxides leads to the 2-alkoxy-3cyanopyridine (X-98).140 

SO,H 

N SN - - ‘3F;;;:)LNm - - 

SO, H CN 
x-100 

HO, S 

x-99 

CO, H x-102 
x-101 

- 

\ Br 
N 

X-103 

x-106 
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Treatment of (4,4’-bipyridyl)-3,3’,5,5’-tetrasulfonic acid (X-99) with potas- 
sium ferricyanide at 350” affords 3cyano4,4‘-bipyridyl (X-100) as the distillate. 
The latter could be hydrolyzed with concentrated hydrochloric acid to 
(4,4’-bipyridyl)-3carboxylic acid (X-101). Oxidation of X-100 with neutral 
permanganate yielded cinchomeronic acid (X-102).141 

Nicotinonitrile-I-oxide (X-103) on treatment with 2-bromopyridine afforded 
1 -(3cyano-6-pyridyl)-2-pyridone (X-105), which could be hydrolyzed to 
6-aminonicotinic acid (X-106). It is proposed that the reaction proceeds through 
the intermediate 2,4-oxadiazoline (X-104).142 (See also Chapter IV.) 

6. Synthesis of Pyridinecarboxylic Acids Containing Sulfur Substituents 

5-Amino-2-chloropyridine (X-107, X = NHz), obtained by reduction of the 
5-nitro precursor (X-107, X = NO2), was converted by a Sandmeyer reaction to 
the Scyanocompound (X-107, X = CN). Saponification afforded 5-carboxylic 
acid (X-107, X = C02H), which, on treatment with potassium hydrogen sulfide, 
yielded 2-mercaptopyridine-Scarboxylic acid (X-108, Y = SH). The latter was 
oxidized with alkaline permanganate to the 2-sulfonic acid (X-108, Y = S03H). 

X-107 
X = NO,, NH,, CN, CO,H 

X-108 
Y = SH. SO,H 

A second Sandmeyer reaction on 5-amino-2-chloropyridine (X-107, X = NHz) 
and copper-catalyzed coupling with SOz -saturated acetic acid gave the 
2-chloropyridine-5-sulfonic acid (X-109, X = Cl). This substance was converted 

x-109 
X = C1, SH, SO,H 

to  the pyridine-2,s-disulfonic acid (X-109, X = S03H) by treatment with KHS 
and ~ermanganate.’~~’ 144 

A second excellent method of introducing a mercapto substituent consists of 
treating 6-methyl-2-pyridone (X-110) with P2 Ss . Oxidation with concentrated 
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nitric acid leads directly to the 6-carboxypyridine-2-sulfonic acid 
( ~ - l l l ) . ~ ~ ~ ~ ~ ~ ~  The same sequence can be carried out with 4-methyl-2- 
pyridone. 

H 
x-110 

.. 
x-111 

7. Miscellaneous Syntheses 

Photochlorination of 2-picoline (X-112) at 50 to 150" produces 
3-chloro-2-trichloromethylpyridine (X-113) and 3,6-dichloro-2-trichloromethyl- 
pyridine (X-114). Hydrolysis with concentrated nitric acid gave a 95% yield 
of the corresponding 2-carboxylic acids.146 Continued photochlorination affords 
a perchlorinated trichloromethylpyridine (X-l15), whch, after ammonolysis and 
boiling in sulfuric acid, afforded picloram (X-1 16).l4'> 14' 

x-112 X-113 X-114 

x-115 X-116 
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Potassium nicotinate (X-117) when autoclaved with CdFz under COz pressure 
yields isocinchomeronic acid (X-118). The same product is obtained when potas- 

X-117 X-118 

sium picolinate (X-119) or potassium quinolinate (X-120) is exposed to the same 
reaction conditions. Potassium isonicotinate (X-121) affords X-118 and 
pyridine-2,4,6-tricarboxylic acid (X-122).' 49 

x-120 / 

x-121 x-122 

Preparation of substituted pyridinecarboxylic acid 1-oxides by means of 
H-abstraction is reported by Abramovitch and others.''' Thus, treatment of the 
lithium derivative of 4-chloropyridine-1 -oxide or 4chloro-3-methylpyridine-l- 
oxide with C 0 2  gave the corresponding 4-chloro- and 4-chloro-5-methylpicolinic 
acid-1 -oxides. Under the same conditions, 4-picoline-1-oxide gave the 2,6-di- 
carboxylic acid. 
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I 
0‘ 

11. Physical Properties 

The apparent ionization constants and ultraviolet absorption spectra of the 
three isomeric pyridine monocarboxylic acids were determined at 25” in 
aqueous KC1. As expected, it was confirmed that these acids exist in aqueous 
isoelectric solutions mainly in the dipolar ion form.”’ Similar data for 
monocarboxylic and monosulfonic acids’” and polyvalent acidslS3 were 
obtained more recently. The dissociation constants and electrophoretic 
mobilities of fifteen substituted alkyl-, nitro-, and chloropyridine carboxylic 
acids were also dete~mined.’’~ The ultraviolet absorption spectra of a series of 
dihydropyridine-3,5-dicarboxylic acids were correlated with electronic and steric 
factors. lS5  

Intermolecular hydrogen bonding has been observed by infrared spectroscopy 
for nicotinic and isonicotinic acid, while the expected intramolecular 
phenomenon was observed with picolinic acid.’56 Spectral abnormalities of the 
carboxylate ion absorption at 1640 cm-’ and 1380 cm-’ have been 
recorded.’” The infrared spectra of isomeric pyridinecarboxylic acid- 1 -oxides 
have been reported and Hammett u values determined for the 4- (u = 0.25) and 
3- (CJ = 1.1 8)  position^.'^^ 

The NMR spectra of 154 pyridine derivatives were examined neat or in DMSO 
solution. With the exception of strong electron withdrawing substituents in the 
3-position, the coupling constants are n~rrnal.’’~ 

The acid dissociation constants of chelidamic acid chelates [2,6-dicarboxy4- 
hydroxypyridine (X-123)] as a function of the metal M were deter- 
mined.’60i 16’  The pK, of the hydroxyl group in these chelates increased in the 
order: Cu(1I) < Co(I1) < Zn(I1) < Ni(I1) < Mn(I1). 
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X-123 

Separation schemes for pyridinecarboxylic acids'6z and nicotinic and 
isonicotinic acids'63 are reported. Paper c h r ~ m a t o g r a p h y ' ~ ~  and gas 
chromatography' 6 5  of pyridinecarboxylic acids have been discussed, and the 
crystal structures of picolinic acid hydrochloride'66 and pi~olinamide'~' have 
been described. 

111. Reactions 

1. Chemical Reduction 

Reduction of pyridinecarboxylic acid methyl esters with a large excess of 
sodium borohydride in methanol is reported to give the corresponding 
alcohol.'6s Thus, using a twentyfold excess of hydride, nicotinic acid gave high 
yields of 3-hydroxymethylpyridine. Similar reductions of unsaturated 
pyridinecarboxylic acid esters such as X-124 gave predominantly the saturated 
alcohols (X-125). 

X-124 

NaBH, 1 

X-125 

Similar reductions in ethanol gave the same result for methyl nicotinate, but 
diethyl 2,6dimethyl-3,5-pyridine dicarboxylate (X-126) gave the dihydro- 
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pyridine (X-127) and the partially reduced ethyl S-hydroxymethy1-2,6-dimethyl- 
nicotinate (X-128).' 6 9  

Reduction of isomeric methyl pyridine dicarboxylates (2,5-; 2 5 ;  3,4-) with 
lithium aluminum hydride at -80" afforded good yields of the corresponding 
dialdehydes.' 70 

H 
X-127 

X-128 

Electrolytic reductions of isonicotinic acid and isonicotinamide in acid 
solutions were in~es t iga ted . '~~- '~ '  The main reduction product was the 
aldehyde. Its stability to further reduction is explained by hydrate formation. In 
an acetate buffer the reduction of the amide proceeds to the carbinol. If the 
amide is N-phenylsubstituted the N-phenylaminomethyl compound is obtained. 

Reduction of 2,6-dichloroisonicotinic acid with hydrazine hydrate in presence 
of palladium on charcoal is claimed to yield isonicotinic acid.'73 

Intermediates in the sodium dithlonite reduction of pyridinium salts have 
been is01ated.l~~ Thus 1 -@-chlorobenzy1)nicotinamide (X-129) yielded the 
dihydrosulfinate X-130, which is desulfinated in alkaline media t o  
1 -@chlorobenzyl)-l,4-dihydronicotinamide (X-131). The desulfination of 
X-130 was confirmed by deuterium exchange experiments. 
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2. Catalytic Reduction 

Rhodium (5%) on carbon is a better catalyst for the reduction of the isomeric 
pyridinecarboxylic acids, their esters, and amides to the corresponding 
piperidine analogues than is rhodium on alumina.I7' Reductions are generally 
slow, but yields are very satisfactory. Catalytic reductions of pyridylalkane 

P $ - C O R  - P 7 - C O R  

H 

R = OH, OMe, OEt, NH,, NEt, 

carboxylic acids using rhodium catalysts and ammonia are also successful. 176 

Good results have also been claimed with a nickel, copper, chromic oxide, and 
alumina catalyst system.'77 

Catalytic reductions of substituted pyridinecarboxylic acids continue to 
play an important role in some syntheses of pyridoxol. Thus 4-carbethoxy- 
6-chloro-5-cyano-2-methyl-3-nitropyridine (X-132) is reduced over Raney Nickel 
in water to 3-amino-5-aminomethyl-4carboxy-2-methylpyridine-4,5-lactam 
(X-133).'78-'80 

O,N 0,; / ___c H,N@ 

H 3 C  'N H3C LN 
X-132 X-133 

Raney Nickel catalyzed reductions of pyridinium salts (X-134) afforded the 
corresponding N-(aminoalkyl)piperidinecarboxylic acid (X-135). ' ' 

X-134 X-135 
R = CN, CH, NH, 
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3. Esterification 

The selective esterification of isocinchomeronic acid continues to be of 
obvious interest in the large-scale preparation of nicotinic acid. Selectivity is 
attempted by hydrolysis of the diesters as well as by selective monoesterifica- 

Alcoholic KOH hydrolyzed the diester X-137 predominantly to the 
5-monoester X-138. The 2-monoester X-139 was isolated from the mother 
liquors. Esterification of X-136 with large amounts of HzS04 and alcohol 
afforded the diester X-137, but reduced amounts of solvent and acid led to the 
2-monoester X-139. 

tion.18Z-184 

HO, C 

X-136 

X-138 

The second order rate constants k of the esterification of the three isomeric 
pyridinecarboxylic acids with diphenyldiazomethane in absolute ethanol were 
determined to be 0.108 for picolinic acid, 0.096 for nicotinic acid, and 0.182 for 
isonicotinic acid (temperature not specified in Chemical Abstracts). The 
reactivity ratios agree with theoretical expectations.185 

Diazomethane reacted with 4-carboxy-3-cyano-6-methyl-2-pyridone (X-140) in 
the expected manner to form the methyl ester (X-141). Further treatment of 
X-141 with diazomethane led to a mixture of 0- (X-142) and N-methyl (X-143) 
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derivatives. Treatment of X-141 with methyl iodide in sodium methoxide 
yielded X-143 exclusively.'86 

YO, Me 

Vinyl esters of pyridine-2,5- and 2,6-dicarboxylic acids were prepared from the 
diacid chlorides and mercuriacetaldehyde. The ally1 and propargylic esters of 
pyridine 2,4- and 2,6-diacids were prepared similarly from the alcohols.''' 

4. Decarboxylation 

An extensive study of the decarboxylation of picolinic acid in twelve polar 
solvents has been concluded.I8' Thirty-two sets of activation parameters were 
obtained. The data favor the uncharged molecule (X-144) over the zwitterion 
(X-145) as the entity involved in the formation of the transition state. 

The decarboxylation of 2-substituted pyridinecarboxylic acids was studied in 
ethylene glycol at constant pressure'" and in sulfuric acid and in ammonium 
bisulfate.' The reactions obeyed apparent first order kinetics. The 
determined parameters of activation are given in Table X-1. The data were again 
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TABLE X-1 . Activation Energies (E), Activation Enthalpies (AH*), and Activation Entropies 
(AS*) in the Decarboxylation Process 

ethylene H, so4 NH,HSO, I9O3 j 9 '  

Pyridine 
carboxylic E AH* AS* 
acid kcal/mole kcal/mole e x .  E AH* AS* E AH* AS* 

2- 44.03 43.1 20.84 
2,6- 38.97 38.1 8.71 
2,s- 47.64 46.1 30.01 53.6 52.6 31.3 

2.4- 55.8 54.9 36.6 
2,3- 31.63 30.9 6.04 36.0 35.1 -5.1 31.8 31.0 -2.5 

interpreted as favoring the neutral molecule (X-144) as the reactive species. The 
3-carboxyl group was not lost over the temperature ranges studied (up to 164" 
in NH4HS04 and 233" in HzS04). Its effect as a neighboring group in the 
decarboxylation of the 2,3-dicarboxylic acid (quinolinic acid) is apparent. 

The 14C kinetic isotope effect in the decarboxylation of picolinic acid (X-144) 
was measured in a variety of solvents. The observed effects are related to 
hydrogen bonding.' 9 2  

The deutero-decarboxylation of isomeric pyridinecarboxylic acids is a good 
way of introducing deuterium into the pyridine n ~ c 1 e u s . I ~ ~  The 2- and 

X-146 

6-positions are especially favorable. The role of the hypothetical intermediate 
(X-146) is reviewed. 

The relative rates of decarboxylation of picolinic acid (X-144), its N-methyl 
homologue, homarine (X-147), and its N-oxide (X-148) in ethylene glycol 
at 134" are 1 :720: 160. Homarine decarboxylates lo3 times faster than 
the 3-position isomer, trigonelline, and N-methylisonicotinic acid.194 The 

X- 147 X-148 
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decarboxylationsof X-144and X-148 are inhibited by divalent metal ions such as 
Cu(II), Mg(II), and M ~ I ( I I ) . ' ~ ~  The rapid decarboxylation of betaine X-147 has 
biological significance. 

The decarboxylation of 2,3- or 3,4-substituted pyridinedicarboxylic acids is 
still of importance in technical syntheses of nicotinic acid'95 and py r id~xo l . "~  

The photodecarboxylation of isomeric pyridinedicarboxylic acids has been 
~ t u d i e d . ' ~ '  Monocarboxylic acids are photostable in aqueous solution. 
Dicarboxylic acids with 1,3-related carboxyl groups decarboxylate. Other 
dicarboxylic acids are photostable. Dissolved oxygen has no effect, whch  
suggests that the photodecarboxylations are related to a 71 + IT* singlet excited 
state. In contrast to its thermal stability the photolability of the 3-carboxyl 
group is remarkable. 

5. Pyridinecarboxylic Acid Amides 

The conversion of nicotinic acid (X-149) to its amide (X-150) continues to be 
examined. 

n c o , l  - QCONH2 

\ \ 
N 
X-149 X-150 

The use of urea at 150 to 250" is described for this reaction and for the 
analogous conversion of isonicotinic acid.'98 Urea has also been used to amidate 
quinolinic acid and substituted pyridine-3,4-dicarboxylic acids.' 9 9  Sulfamic acid 
and its ammonium salt at 165" in the presence of ammonia also converts X-149 
to X-150 and amidates isonicotinic acid."' 

More exotic procedures are the Raney Nickel-catalyzed hydrogenation of the 
nicotinic hydroxamic acid to X-150;'' and a sequence of reactions starting with 
4-amino-3-cyano-l,2,3,6-tetrahydropyridine (X-151). This compound is hydro- 
lyzed to 1-acetyl-4-oxohexahydronicotinamide (X-152), which is reduced and 
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then hydrogenated, deacetylated and dehydrated to X-150 in 60 to 75% overall 

Some new work in very classical procedures is also reported such as the 
ionexchange catalyzed hydration of n i c o t i n ~ n i t r i l e , ~ ~ ~ ~  ' 0 6  the ammonolysis of  
esters of nicotinic acid,207y 208 as well as of the free acid."' 

Substituted nicotinamides have been prepared by the reaction of the acid 
(X-149) with phosphorus oxychloride and diethylamine." The Bodroux 
reaction using a dibutylaminomagnesium salt has been applied to ethyl 
picolinate.' l1  

The diamide of pyridine-3,5-dicarboxylic acid (X-154) was prepared by  
oxidizing 3,Sdiacetyl- 1,4-dihydropyridine (X-153) with dilute nitric acid 
followed by treatment with thionyl chloride and dimethylformamide .' '' 

yield.2 0 2-2 04 

H 
X-153 

H O z C O  , H  ~ H ~ N ~ ~  2 

N 
X-154 

The alkali- and acidcatalyzed hydrolysis of the isomeric pyridine 
monocarboxamides was examined. In the second order alkaline process, the 
calculated Hammett U-values agreed well with constants obtained by molecular 
orbital calculations. The methods were extended to the acid-catalyzed process 
where Hammett constants are not available for c o r n p a r i ~ o n . ~ ' ~  The 
rate of acidcatalyzed hydrolysis of picolinamide and N-methylpicolinamide is 
somewhat decreased by Cu(I1) ions.'14 

Picolinamide and isonicotinamide can be N'-alkylated by treatment with allcyl 
bromides or iodides. These can be converted to the chlorides by treatment with 
freshly precipitated silver chloride." 

Pyridine carboxamides are readily converted to the corresponding aldehydes 
by treatment with lithium aluminum hydride in tetrahydrofuran.' l6 

Nicotinamide and quinolinamide are readily converted to nitriles by treatment 
with phosphorus pentoxide2" or thionyl chloride in dimethylformamide.2'8 
The methylamide of nicotinic acids is converted to the N-methylimidochloride 
(X-155) by treatment with phosphorus pentachloride. Reaction of X-155 with 
hydrazoic acid yields the tetrazole (X-l56)." ' 
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x-155 X-156 

An interesting amidation procedure utilizes the condensation of nicotinic acid 
hydrazide (X-157) with chloral. The resulting Schiff s base (X-158) is smoothly 
converted to the N-cyclohexylamide (X-159) on treatment with cyclohexyl- 
arnine.”’ The reaction has general utility. 

~ C O N H N H ,  __c ~ C O N H N = C H C C I ,  

N 
X-157 X-158 

x-159 

Hydrolysis of the isomeric pyridinecarboxylic acid azides has been ex- 
amined.”’ The rate-determining step involves hydroxide ion attack on 
carbonyl carbon. The rates fall in the order: isonicotinic > picolinic >nicotinic. 
Azides are relatively easily hydrolyzed. 

6. Pyridinethiocarboxylc Acids 

Mild alkaline hydrolysis of 2ethylpyridine4-thioamide (X-160) leads to the 
corresponding thiocarboxyljc acid (X-163) through the iminothiol (X-161) and 
the carbonylthiol (X-162).222 The carboxamide and the free acid are side 
products. 
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X-160 X-161 X- 162 

I1 
S 
I1 
C-OH 

X-163 

4-(3-Hydroxypropyl)picolinonitrile (X-164) is converted to the thioamide 
(X-165) by treatment with alcoholic ammonia and 

CHz CH, CH, OH CH, CH, CH, OH 

X- 164 X-165 

2-n-Propylnicotinothoamide (X-166) yields the S-oxide derivative (X-167) on 
reaction with the hydrogen peroxide-sodium perborate 

0 
\@ 0 S -NH, H,O, O ! - - N H ,  S 

__L 

NaBO, 
\ CH,CH,CH3 

N 
\ CH, CH, CH, N 

X-166 X-167 

Treatment of 2-picoline with methylformamide and sulfur leads to 
thiopicolinic acid methylamide (X-168).225 
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X-168 

7. Miscellaneous Reactions 

Treatment of nicotinic acid and isonicotinic acid, or their corresponding 
amides, with sodamide followed by oxidation with concentrated nitric acid 
affords 2,6-diamin0pyridine."~ 

(i) NaNH, 
or 

(ii) HNO, HIN O N H 1  N 

Cyanopyridines are prepared by passage of nicotinic or isonicotinic acid, their 
ammonium salts, or amides over a dehydration catalyst at 350" in the presence 
of ammonia. Boron phosphate and aluminum phosphate are mentioned 
specifically as catalysts.227 

2- And 4-cyano-3-methoxypyridines (X-170) are prepared from the cor- 
responding 3-nitropyridines (X-169) by the action of methanol and cyanide 
ion."' The mechanism might involve a series of additionelimination steps as 
indicated. The final dehydrogenation of , the hypothetical dihydropyridine 
intermediate (X-171) must be accomplished by the expelled nitrite ion. The 
reaction is general and yields are reported to exceed 50% of theory. 

Isocinchomeronic acid (X-172, X = OH) when treated with PC15 at 100" 
afforded the corresponding diacid chloride (X-172, X = Cl). Ammonolysis of the 
latter followed by dehydration with POC13 gave 2,s-dicyanopyridine (X-173).229 

Nicotinic or isonicotinic acids when heated to 200" with p-toluenesulfonamide 
yield the corresponding nitriles. Carboxyl groups in the 2-position are eliminated 
in this reaction.230 
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X-169 H 

.. 
X-170 H 

X-171 

xoc / ocox - NcQL 
X-172 X-173 

Methyl 2- or 4-pyridinecarboxylates gave high yields of N-methylated 
pyridinium salts (X-174) when treated with the Meerwein reagent. Mild 
hydrolysis of X-174 gave the corresponding betaines (X-175), which were 
readily decarboxylated under mild conditions in dipolar aprotic solvents. The 
intermediate betaines (X-176) could be trapped with electrophiles such as 
benzaldehyde or diazonium salts.232 

Hydrogenation of dimethyl pyridine-3,4-dicarboxylate (X-177) over 
palladium-oncharcoal affords the 1,4,5,6-tetrahydro derivative (X-178), which, 
on further reduction over platinum oxide, yields the piperidhe. derivative 
(X-179). On the other hand, dimethyl pyridine-2,3-dicarboxylate (X-180) is 
reduced over palladium-on-charcoal directly to the piperidine (X-18 1)? 
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X-180 H 

X-181 

Reductive alkylation of methyl isonicotinate with benzyl chloride yields 
4-pyridyl benzyl ketone (X-182).234 

N\ DCozMe 
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Mercapto derivatives derived from 5-amino-2-picolinic acid (X-183) and 
5-aminonicotinic acid (X-184) are obtained by diazotization in the presence of 
sulfur and sodium sulfide. The thiols can be converted to the corresponding 
sulfonic acids with ~errnanganate.'~' 

HO,C JqJNHl \ 

X-183 

Ho'ccYNH1 x-184 - 

phKcoa 

+ PhCH,CO,H - 
X-185 

N\ w +  
X-186 

X- 187 X-188 X-189 
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Cinchomeronic acid (X-185) condenses with phenylacetic acid in the presence 
of acetic anhydride and triethylamine to yield 1 -benzylidene-3-oxo- 1,s-dihydro- 
furo[3,4-c]pyridine (X-188) and a mixture of the isomeric acids (X-186) and 
(X-187).236 The lactone (X-188) was converted to the dione (X-189) with 
sodium methoxide. 

Dirnethyl 4-chloropyridine-2-6-dicarboxylate (X-190) on treatment with 
sodium salts of cyanoacetic esters, or malononitrile, yields dihydropyridine 
derivatives (X-19 l)?' 

CO, Me 
+ CH(X)(Y)Na+ - 

MeO, C 
H 
x-191 

x-190 

X = CN Y = CO, Bud 
X = CN Y = C0,Et 
X = Y = C N  

Ethyl 2-chloronicotinate reacts with ethyl acetate and sodium ethoxide to 
form ethyl (w-(2ethoxynicotinoyl)acetate (X-192). Reduction of the latter to the 
diol (X-193) followed by treatment with hydrobromic acid affords 
2H-pyrano[2,3-b] pyridine . HBr (X-194) (R.I. 1701).238 

X-194 X-193 

A similar reaction sequence with acetophenone but omitting the reduction 
step yields azaflavone (2-phenyl4H-pyrano [2,3-b] pyridin4-one) (X-195). 
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x-195 

Cinchomeronic acid, on treatment with ammonium molybdate, urea, and 
cupric chloride at elevated temperatures affords copper tetra-3,4-pyridinopor- 
phyrazine, the nitrogen analogue of copper p h t h a l o ~ y a n i n e . ~ ~ ~  

Quinolinic anhydride (X-196) reacts with o-aminothiophenol in dimethylform- 
amide to yield 2-(2-benzothazolyl)pyridine-3-carboxylic acid (X-l97), which 
could be decarboxylated to the known 2-(2-pyridyl)benzothia~ole.~~~ ao+ ONHa- qsa 

0 
/ X- 196 N 

X-197 

Cinchomeronic anhydride yielded a mixture of analogous 4-(2-benzothiazolyl> 
pyridine-3- and 3-(2-benzoth1azolyl)pyridine4-carboxylic acids. 

Another example of the Schmidt reaction was reported: isomeric 
pyridinecarboxylic acids were treated with sodium azide in sulfuric acid at 
elevated temperatures to give 3-aminopyridine (69% yield) and 2- and 
4-aminopyridines in less than 30% yield.241 

Wynberg described the photolysis of some pyridinecarboxylic acid 
 derivative^.'^' 3,5-Dicarbethoxy-2,4,6-trimethylpyridine (X-198) gave 3,5-di- 
carbethoxy-2,4,6-trimethyl-l,4-dihydropyridine (X-199) and 3-carbethoxy- 
2,4,5-trimethylpyrrole (X-200) upon irradiation in ethanol. Irradiation of the 
4-desmethyl derivative of X-198 in methanol afforded only reduction products 
or those of addition of solvent at the 2- or 4-positions. 

The characteristic color reaction of nicotinic acid with cyanogen bromide and 
P-naphthylamine has been studied. The product is believed to be X-201.243 

Argentic picolinate is a powerful oxidizing agent.244 Thus, toluene is oxidized 
to benzyl alcohol, benzaldehyde, and benzoic acid in a stepwise, controllable 
manner. Primary alcohols were converted to aldehydes, secondary alcohols to  
ketones. Amines were oxidized to aldehydes or ketones in dimethylsulfoxide. 
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x-201 

Cyclohexanol was converted to cyclohexanone, cyclohexanediol and the vicinal 
diketone. Activated methylenes reacted readily to yield mixtures of products. 
The method has potential utility in carbohydrate chemistry. 

Quinolinic acid anhydride undergoes fragmentation under electron impact 
analogously to phthalic anh~dride.’~’ 

Pyridine-2,6-dicarboxylic acid and pyridine-2,4,6-tricarboxylic acid are 
valuable reagents for the precise photometric determination of iron.246i 247 

Pyrolysis of the 1,4-dihydropyridine (X-202) gave mainly the lactone (X-203), 
but some ring contraction to X-204 was observed.248 

x-202 X-203 
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H 
X-204 

Treatment of alkyl isonicotinates or 4cyanopyridine with alkyl free radicals 
(generated from diacyl peroxides) afforded 2-alkyl-substituted r n ~ l e c u l e s . ’ ~ ~  

An improved synthesis of pyridoxol has appeared’ 5 0  and 5-hydroxyd-methyl- 
nicotinic acid (X-205), a metabolite of pyridoxal in Pseudomonas MA has been 
prepared.’ 5 1  

x-205 

IV. Pyridinecarboxylic Acid-1 axides 

N-Oxides of pyridinecarboxylic acids are prepared by oxidation of their 
potassium salts in hydrogen peroxide/acetic a~id.’~’ (See also Chapter 1V.) The 
N-oxides, particularly those derived from isocinchomeronic acid, are reputed to 
inhibit the decomposition of peracids.’ 

The reaction has been applied to substituted pyridinecarboxylic acids such as 
2-methoxyisonicotinic acid (X-206),’54 or to the parent 2-pyridone. These acid 
N-oxides form amides and nitriles via the esters. 

x-206 

Picolinic acid amide undergoes oxidation to the N-oxide with the H, O2 /HOAc. 
The latter undergoes a normal Hoffman degradation with potassium 
hypobromite to form 2-aminopyridine-1 a ~ i d e . 2 ~ ~  The amine N-oxide can also 
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be obtained directly by the oxidation of 2-aminopyridine with or without the 
intermediate formation of the acetylated N-oxide. 

4Picoline-1 -oxide was converted to the N-methoxy4picolinium iodide 
(X-207) by treatment with methyl iodide. The latter was treated with cyanide to 
yield 2-cyano-4-picoline (X-208, X = CN) which was hydrolyzed to the acid 
(X-208, X = COZH) with dilute hydrochloric acid. The nitrile (X-208, X = CN) 
was converted to the 1-oxide (X-209, X = CN), which could also be hydrolyzed 
to  the corresponding acid (X-209, X = COzH). The same N-oxide acid (X-209, 
X = COz H) could be obtained directly by N-oxidation of the acid (X-208, X = 
C O ~ H ) . ~ ~ ~  

X-208 

X-207 

H, OJHOAc I 

00 
X-209 

x -2  10 

x-211 x-212 
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Oxidation of hydroxymethyl alkylpyridines with the Hz O2 /HOAc affords N- 
and C-oxidation products: 2-hydroxymethyld-methylpyridine (X-210) yielded 
6-methylpicolinic acid-1 -oxide (X-2 11) and 2-hydroxymethyl-6-methylpyri- 
dine-1 -oxide (X-2 12). Similarly, 2,6-bis(hydroxymethyl)pyridine (X-2 13) yielded 
the expected pyridine-1-oxide (X-214) and a small amount of 6-hydroxymethyl- 
picolinic acid-1 -oxide (X-215). On the other hand, permanganate oxidations lead 

m - - -  H,O,/HOAc 

HOH, C/\\N/!&H, OH 

X-2 13 

b 
X-214 x -2  15 

exclusively to C-oxidation even with appropriate N-oxides: thus lutidine (X-2 16) 
afforded pyridine-2,6-dicarboxylic acid (X-218) and the intermediate 6-methyl- 

KMnO, 

X-216 

X-2 17 X-218 

picolinic acid (X-217). Lutidine-1-oxide (X-219) was oxidized to X-220 and 
X-221 with permanganate.” 
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ha 
X-219 

Nicotinic acid-1 -oxide (X-222) on treatment with acetic anhydride is 
converted to 2-acetylnicotinic acid-1-oxide (X-223) and 3-carboxy- (X-224) and 
5-carboxy-2-pyridone (X-225)?58 The structure of X-223 was proved by deriva- 

bo 
x-222 

X-223 X-224 x-225 

tization, oxidation, and reduction. Reaction of X-222 with propionic an- 
hydride yielded X-224, X-225, and the diketone-1 -oxide (X-226). Treatment of 
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X-226 

isonicotinic acid-1 -oxide with acetic anhydride afforded 4-carboxy-2-pyridone 
and an unidentified material. Cinchomeronic acid-1 -oxide (X-227) is claimed to 
yield cinchomeronic acid (X-228) in boiling acetic a ~ i d . 2 ’ ~  

CO, H CO, H - 0 O*H 
X-227 X-228 

A rearrangement of alkylpyridine-1 -oxides that is related was also 
in~estigated.”~ Ethyl 2-methylnicotinate-1-oxide (X-229) afforded an oil on 
treatment with acetic anhydride, which, after acid hydrolysis, yielded the 

X-231 



304 Pyridinecarboxylic Acids 

lactone (X-230) [synthesized independently from quinolinimide (X-231) by 
reduction with zinc and alkali] , and 5-hydroxy-2-methylnicotinic acid (X-232). 
Under the same conditions ethyl 2,6-dimethylnicotinate-1 -oxide (X-233) yielded 
ethyl 2-acetoxymethyl- (X-234) and 6-acetoxymethylnicotinate (X-235). 
Hydrolysis of crude X-234 afforded 2,6-dimethyld-hydroxynicotinic acid 
(X-236), 5-methyl-4-azaphthalide (X-237), and 6-hydroxymethyl-2-methylnico- 
tinic acid (X-238). 

X-233 

X-234 X-235 

H,C " O O H : "  \ H3ca 
X-236 X-237 

X-238 

A reaction deals with the preparation of 4-halogenated pyridinecarboxylic 
acids (X-240) from Cnitronicotinic acid-1 -oxide (X-239) by explosive 
interaction with phosphorous trichloride or tribromide.260 The requisite 
formation of nitrosyl chloride is not recorded. The 4-iodoacid (X-240, X = I) 
was prepared from the chloro-acid with hydrogen iodide. The authors also report 
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X-239 X-240 

the formation of 5-iodonicotinic acid from 3-iodo-5-methylpyridine by oxida- 
tion with permanganate. 

Picolinic acid-1-oxide is readily converted to the 4-nitro derivative. The nitro 
group is easily replaced by nucleophiles such as alkoxide, hydroxide, hydrogen 
sulfide, ammonia, chloride, and phenoxide.2611262 Derivatization of the acid 
function and other reactions remain as expected. 

The rate constants for the esterification of the N-oxides of picolinic, nicotinic, 
isonicotinic, and dipicolinic acids with diphenyldiazomethane were determined. 
The rates reflect the decrease in electron availability at the various nuclear 
positions as 2 < 4 < 3. The 2,6-diacid had the highest rate constant indicating 
that the slow rate for picolinic acid is not due to steric e f f e ~ t s . 2 ~ ~  
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The area of pyridine side-chain carboxylic acids continues to be a rapidly 
expanding segment of pyridine chemistry. In addition to the general chemical 
interests in these compounds, which are discussed throughout this chapter, many 
have been investigated for a wide variety of practical applications. They have 
been employed in the synthesis of aatural products such as hydroxycotinine ;' 
nicotine;' a variety of is~quinoline,~-'  lupine: and ind~le ' ' - '~ alkaloids; des 
DL-ca~toramins;'~ porphobilin~gen;'~ and flavonoids.16 Structural determination 
studies of dio~corine, '~ retamine,'sl l9 and evonine" involved the use of 
pyridine side-chain acids. Wilfordic and hydroxywilfordic acids have been shown 
to be pyridine side-chain acids.'' Pyridine side-chain acids are also formed in the 
metabolism of nicotine'" 23 and have been employed in metabolic studies 
performed with ~o t in ine . '~  Many have been investigated as therapeutic agents 
such as antibacterial and a n t i f ~ n g a l , ' ~ - ~ ~  antiviral,36 anti-inflamrnat~ry,~~-~' 
antifertility:' hypoglycemic:' hypocholesterolemic~1-43 and eurhyth- 

agents. Additionally, they have been examined as CNS depres- miC44, 4 5  

sants46-49 and  stimulant^,^^  analgesic^,^'  antispasmodic^,^'-^^ analeptics and 
hypo tensor^,'^^ 5 7  monoamine oxidase mhib i to r~ ,~ '  and corticosuprarenal 
 inhibitor^.'^ A few have been studied as bactericides and  fungicide^,^'-^^ 
 pesticide^:^  insecticide^,^' solubilizing agents,66 and  sensitizer^^^ and 
desensitizers in photographic emulsions.68 
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I. Preparations 

1. From Nonpyridine Starting Materials (Table XI-1) 

Several esters (XI-3) were obtained from a Diels-Alder cycloaddition between 
the oxazole XI-1 and the activated olefins XI-Z6’ 

XI-2 XI-3 

X = = C0,Et 
X = Y = C N  
X = Y  =CH,OMe 
X=CN,Y=CH,OAc 

When the proper conditions were employed, the 3H-azepine (XI-4) was 
converted to the pyridine ester XI-5 in good yields.70 

MeO, C a r  Me __c Me0,C 0 / CH,CO,Me 

Me Me \- Me 

XI-4 XI-5 

The 2-pyridylalanine (XI-7) was synthesized from the pyrone (XI-6)71 and 

(i) NH,OH 
(ii) MeOH 

(iii) Ba(OH), 

H, C(CN)(CO, Et)NHAc - 
XI4 

OH 

XI-7 
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treatment of the isoquinoline XI-8 with benzenesulfonyl chloride produced the 
4pyridylacrylic acid XI-9.72 

CH=CHCO, H 

NO 

xI-8 XI-9 

The remaining syntheses of pyridine side-chain acids from nonpyridine 
precursors involves typical condensation reactions. The preparations of acids 
containing a partially reduced pyridine nucleus were performed either through 
condensation reactions or by the treatment of pyrones with amines. 

2. From Pyridine Starting Materials 

A. Side-Chain Oxidation (Table XI-2) 

Side-chain acids have been obtained by employing the following oxidizing 
agents on a variety of functional groups: 

(i) Chromic Acid -CH, OH - -CO, R 
(ii) AgNO, -CHO -CO,H 
(iii) SeO, -COMe - -COCO,H 
(iv) KMnO, -CH=CH, -CO,H 
(v) MnO, -COCO,Et -CO,H 

In three instances, enzymes were used as the oxidizing agents.731 74 Oxidation of 
I-anabasine (XI-10) with 10% hydrogen peroxide under mild conditions caused 
cleavage of the piperidine ring to form the acid XI-11.,75 When 34% hydrogen 
peroxide in acetic acid was employed at a higher temperature, however, 
oxidation of the pyridine nitrogen atom occurred to form the N-oxide acid 
(XI-12). This latter acid yielded the dl-lactam (XI-13) on reduction with zinc in 
acetic acid. The dl-lactam was then converted to dl-anabasine by reduction with 



Preparations 335 

NOH 
10% H,O, I t  - 3-Py-C(CH,),CO1 H 

3 -Py R.T. 8 days 

H 
XI-10 XI-1 1 

MX, n , o ,  
LAH. THI: 1 HOAc. 24hr 70-80" \ 

I 
0- 

XI-12 

I 
H 

XI-13 

dl 

lithium aluminum hydride in tetrahydrofuran. The homer  of the lactam 
(XI-13) was synthesized by using the following reaction scheme: 

3-PyCH(NHCOPh)(CH2 )3 CO, H 
3 -pY 

I COPh 
l i )  HCI 

( i l l  160". 4.5 hr 

(-1- t 

3-Py H 0 0  H 

In one in~tance,'~ a dihydropyridine acetic acid was oxidized by oxygen to the 
pyridylacetic acid. 
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B. Carbonation of Organometallic Compounds (Table XI-3) 

The carbonation of side-chain metallated lutidines has been inve~ t iga t ed .~~’  78 

As expected, the lithium derivatives of 2,3- and 2,5-lutidine were carbonated 
only at the C-2 methyl group. The addition of carbon dioxide to the side-chain 
lithium or sodium derivatives of 2,4- and 2,6-lutidine yielded primarily the C-2 
acetic acids. In one instance,77 the 2,6-diacetic acid was also isolated. The 
sodium salts of pyridylacetylenes were converted to the corresponding acids in 
good yields when treated with carbon dio~ide.~’-’’ 

C .  Increase of Chain Length by the Arndt-Eistert Method 
(Table XI-4) 

Only two examples employing this method were found. 

D . Condensations of Halogenated Pyridines with Active 
Methylene Compounds (Table XI-5)  

Although many phenylacetamides were successfully alkylated with 2-bromo- 
pyridine, the corresponding thioamides were not.82 The pyrrolidone XI-14 was 
employed as the active methylene compound in a condensation with 
2-br0mopyridines.’~ Treatment of quaternary salts of halo- or alkoxy-pyridines 

Et 

XI-14 

(XI-15 and XI-17) with an active methylene compound gave the anhydro bases 
XI-1 6 and XI-18. The electron-attracting substituents stabilized the anhydro 
bases. 
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XI-15 
Y = Br, C1, or OPh 

XI-16 

XI-17 XI-18 
Y = OMe, OPh 

Attempts to hydrolyze the ester group in the o-nitro-2- and 4-pyridyl acetates 
XI-19, synthesized by treating the corresponding pyridyl halide with a malonic 
acid derivative, were unsuccessful using either basic or acidic  condition^.'^ The 

benzyl esters (XI-19, R = CH2Ph) also did not undergo hydrogenolysis when 
10% Pd-C, 30% Pd-C, Ra-Ni, or PtOz were employed as catalysts. Only reduction 
of the nitro group to the m i n e  occurred. 

E. Condensations of Picolines and Related Compounds 

a. Condensation of Chloral wi th Picolines (Table XI-6) and Hydrolysis of the Products 
(Table XI-7) 

b. Condensations with Picolines to Give Side-Chain Acids and Esters (Table XI-8) (see 
also Chapter Iv, Section V. I . )  The previously unknown ethyl 2- and 4-pyridyl 
pyruvates (XI-20) have been synthesized, although only in 10% yields.8s3 86 

The C-2 isomer was prepared by treating the lithium derivative of 2-picoline 
with diethyl oxalate in the presence of a mixture of the cadmium salts, 
(2-PyCH2),Cd and CdClz (in Chapter XI of the 1964 edition, attempts to  



No pyrrocoline 

48% HBr t 

Scheme XI-1 

338 
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synthesize these pyruvates using diethyl oxalate and base were reported to give 
disubstitution). In the synthesis of the 4-isomer, the mercury salts, 
( ~ - I ‘ Y C H ~ ) ~ H ~  and HgClz had to be employed. These pyruvates were reported 
to undergo the reactions illustrated in Scheme XI-I. 

Pyridylpyruvic acids have been synthesized in good yields by treating several 
picolines containing electron withdrawing substituents with oxalyl chloride in 
the presence of phosphoryl ~hloride.’~ These pyruvates exist primarily in the 
enol form with hydrogen bonding between the enol hydroxyl group and the 
pyridine nitrogen atom (XI-21). T h  probably explains the reluctance of the 
pyruvate XI-21 to undergo decarbonylation to the acetate.’ Pyruvates also have 

q Eto’ca XI-22 CH, COCO, E t  

H‘O CO, H 

XI-21 

been reported to be formed by treatment of 2-picoline-1-oxides with diethyl 
oxalate in the presence of base.’3si 
Although a picoline was usually converted to a pyridine acetate when treated 

with ethyl carbonate under basic conditions, ethyl 6-methylnicotinate (XI-23) 
gave the ketone XI-24 instead.’ ’ 

““‘OMe + (EtO),CO 7 NaOEt 

N 
XI-23 

XI-24 
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F. Condensations of Vinylpyridines with Esters 
(Table XI-9) 

Two syntheses of a-amino-y-(2- and 4-pyridy1)butyric acids employing the 
Michael addition have been reported. In the one instance, 2-vinylpyridine was 
allowed to react with the activated ester XI-25 and the resulting product was 
hydrolyzed to give the amino acid ester (XI-26).” The second synthesis involved 

( i )  NaOEt 
2-PyCH=CH2 + AcNHCH(CN)CO, Et - Z-Py(CH,), CHCO, Et 

(ii) HCl I 
NH, 

XI-25 X-26 

the condensation of 4-vinylpyridine with the malonic ester (XI-27) on a basic 
ion-exchange resin. Acid treatment of the product yielded the amino acid 
XI-28 isolated as the hydr~chloride.~’ 

Q - 4-Py(CHl CHCO, H 
( i )  ion erchanpc OH 

4-PyCH=CH2 + AcNHCH(C0, Et), 
(u) HCl I 

NHl 
XI-27 XI-28 

An electrolytic condensation of 2-vinylpyridine with the activated olefin 
diethyl fumarate (XI-29) produced the diester XI-30.” The Michael addition of 

H, ,CO,Et eQ 
2-PyCH=CH2 + ,C=C 2-Py(CH, ), CHCH, CO, Et 

I 
CO, E t EtO, C ‘H 

XI-29 XI-30 

diethylmalonate to compound XI-31 occurred in the normal manner, except that 
the a-acetate group was lost to yield the olefin XI-32, probably by the mechanism 
shown.I4 Hydrolysis of the acetate function also occurred. 

Barbituric acids have been employed as the active methylene compounds in 
the Michael addition to 4-vmylpyridine to yield the barbiturates XI-33.” A 
variety of 3-vinylpyridyl ketones of the type XI-34 were treated with esters 
containing active methylene groups to form the 6-keto esters (XI-35).’08 
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XI-3 1 

CH, 
36% 

x1-32 

O A O  

H 

"r"\r" 
0 

R = Et, Ph x1-33 

~ C O C H = C H A ~  

+ CH,(COR')CO,Et - 
Me \ 

XI-34 

COCH, CHArCH(C0R' )CO, E t  

x1.35 

G. Condensations of Pyridinealdehydes and Ketones 
(Table XI-1 0 )  

The use of acylaminoacetates as the active methylene compounds in 
condensations with pyridinealdehydes and -ketones has produced a variety of 
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pyridineacetic acids. When monoethylacetamidomalonate was employed in the 
presence of base, N-acetyl-O-pyridylserines (XI-36) were Hippuric 
acid, when allowed to react with these aldehydes in the presence of sulfur 
trioxide yielded azlactones (XI-37) that were converted either to a-aminopro- 
pionic acids (XI-38) or to acrylic acids (XI-39).94 In these instances, the acetals 
of the pyridinealdehydes had to be used to avoid the formation of tars. 
a-Arnino-P~2-pyridyl)propionic acid (XII-38,2-isomer) was also synthesized from 
the hydantoin (XI4O).’’  Nitrosoamino estersg6 and a l k y n e ~ ~ ~ .  9 7  have also 

XI-36 
XI-37 

XI-38 XI-39 

(i) Reduction 
(ii) Ba(OH),, heat 1 

2 - p y c ~ < 1  Bomb. 2-PyCHO + hydantoin 

100’. 2 hr 

XI40 

been employed as the active methylene compounds. 
The stereochemistry of the Ocarboxystilbazoles formed in a Perkin 

condensation of pyridinealdehydes with arylacetic acids has been shown to be 
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cis (X141)98-'00 rather than trans as reported earlier." The cis stereochemistry 
was shown to be correct by the. following transformations: 

(i) ban/ copper 
3 - W H O  EtOH 3-h' Ph chromite 3-4. 
I 

H H  
+ 

250" 
PhCH, CO, H (ii) 2: 

2 hr XI41 XI42 

I, ,  PhNO, 

3-Py Ph 
>CH 

HO, C 
3-PyxH H Ph 

This stereochemistry is the opposite of that found in the 0-cyanostibazoles 
(XI-43) obtained from a Knoevenagel condensation of arylacetonitriles with 
pyridinealdehydes (see Table XI-25). Unfortunately, these results do not provide 
syntheses for both the cis- (XI-41) and the trans- (XI-45) carboxystilbazoles 
because, although the nitriles can be hydrolyzed to the truizs amides (M-44), 
these amides isomerize when hydrolyzed further to yield the cis acids.g8 

100". 3 hr 

3-py>('" 
H CO,H 

3-Py CO,H >=< 
H Ph 

XI4 1 XI45 

H .  Condensations of Pyridinecarboxylic Esters 
(Table XI-1 1) 

Some of the keto esters, obtained from condensation reactions with 
pyridinecarboxylic esters as listed in Table XI-1 1 ,  have been hydrolyzed and 
decarboxylated,"' 23 9  7 5 9  '01-'04 condensed with aldehydes in Aldol condensa- 
t i o n ~ , ' ~ ~ '  and converted to  barbiturate^,^' azomethine dyes,'07i I o 8  aryl- 
hydra zone^,"^ and acylpyridine~."~ 

Ethyl picolinate failed to undergo condensation with diethyl oxaloacetate 
(XI46) (using Claisen conditions) to give the desired product X147.110 
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2-PyCO, Et + CH, (CO,Et)COCO, Et 2-PyCOCHCOC0, Et 

AO, Et 

XI46 XI47 

I.  Condensations of Pyridineacetic Esters (Table XI-1 2 )  

Usually the condensation of ethyl pyridylacetates with aromatic aldehydes 
requires the presence of a base to form the required anion. When, however, the 
methiodide of the pyridine ester is employed no added base is needed."' 
Quaternization of the pyridine nitrogen atom facilitates proton removal. The 
stereochemistry of the cinnamate isolated from the condensation of ethyl 
2-pyridylacetate methiodide (XI48) with benzaldehyde has been shown to be 
cis (XI49) whereas the product obtained by using the free base has the trans 
configuration (XI-SO)."' On the other hand, the 4-isomer yielded only the 
trans-cinnamate in both instances. Apparently the steric crowding between the 
phenyl group and the quaternary nitrogen atom in the 2-pyridyl-trans-cinnamate 
methiodide (XI-51) is too great to allow its formation, whereas in the 4-isomer 
this crowding is absent. 

o C H , C 0 2 E t  B y  + PhCHO -- 'f;,. Et 

,- M e  

H Ph 

I0 M e  

XI48 XI49 

0 CH,CO, Et + PhCHO - 
Ph 
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When the aromatic aldehyde contained an ortho hydroxyl or amino group, 
cyclization to the coumarins or quinolines, respectively, occurred."' Attempts 
to condense ethyl 2- and 4-pyridylacetate (either as the free base or as the 
methiodide) with phenyl methyl ketone or with o-hydroxyphenyl methyl 
ketone were unsuccessful. However, the methiodide of the 4-isomer yielded a 
quinoline when treated with o-aminophenyl methyl ketone. 

The condensation of ethyl 2-pyridylacetate with benzoyl chloride in the 
presence of base gave only the disubstituted product (XI-52) rather than the 
monosubstituted derivative."' Acetyl chloride did not produce the correspond- 
ing diacetyl ester. 

2-PyC(PhCO), CO, Et 
x - 5  2 

Several Mannich-type reactions have been performed using 3- and 4-pyridyl- 
acetates to form the expected products in fair ~ i e1ds . l ' ~  

J.  Reduction of Side-Chain Functions (Table XI-1 3) 

Reduction of the double bond of P(2-pyridy1)acrylates (XI-53) without 
reducing the ester group in order to obtain 2-pyridylpropionates (XI-54) was 
accomplished in good yields by using either a mixture of phosphorus with 57% 
hydriodic acid in acetic acid114 or by hydrogenation over platinum oxide1l4 or 
10% pal lad ium-~n-carbon~~ in acetic acid. Treatment of the betaine of either the 
2- or 4-pyridineacrylate (XI-55) with fused potassium forrnate in formic acid also 

XI53 

Mel. acetone I 
XI44 

(i) 95'%HCO,H 
HC0,K 
reflux. 10-13 hr 

(ii) EIOH,HCI 

Me 
XI-55 
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gave the propionates, but in poor yields, and accompanied by the corresponding 
piperidine prop ion ate^."^ 

The use of sodium borohydride in the reduction of the acrylate XI-56 caused 
the formation of a mixture of products resulting from the reduction of both the 
ester and the double bond  function^."^ As expected, the composition of this 
mixture was dependent on the amount of sodium borohydride employed. 

meon 
4-PyCH=CHCO1Me + NaBH, renux- 4-Py(CH2),C0,Me + 

1-2 hr 

XI-56 XI-57 

4-PyCH=CHC01 Me + 4-Py(CH1 )3 OH + 4-PyCH=CHCH, OH 
XI-58 XI59 XI60 

Molar Ratio I % Product in Mixture 

Sodium borohydride has also been used to reduce the carbonyl group to a 
hydroxyl group in some pyridine keto acidsz3 and esters'g' l 6  without reducing 
the acid function. Reduction of the oxime of ethyl 4-0~0-4-(3-pyridyl)butyrate 
in the presence of a lead catalyst yielded the amino acid XI-61.' Attempts to 
reduce the carbonyl groups of the diketo ester XI42 failed in the presence of 
Raney Nickel."' 

3-PyCCH1CH, CO, Et - 3-PyCH(NH,)CH1 CH,CO, Et 2-PyCOCH2 COCO, Et 
II 
NOH 

XI6  1 XI62 

K. Willgerodt Reaction (Table XI-14) 

Only a few examples of the use of this reaction to synthesize pyridine 
side-chain acids were found. 4-Pyridyl propyl ketone was converted to the 
methyl ester of 4-pyridylbutyric acid."' 
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3. Miscellaneous Methods (Table XI-14-1) 

Several methods that employ the opening of a variety of side-chain or fused 
pyridine ring systems have been developed for the synthesis of side-chain acids 
and  derivative^.^^^ lo2* 11'-122 An interesting example is the ring opening of 
cyclohexanones XI-63 and M-64.117i 11' 

(i) reflux. HCI - 3- or 4-PyCO(CHl),CO, Et 
(i i)  ErOH. HCI 0 3- or 4PyCO 

0 

XI63 

The a-keto ester XI45 was synthesized in good yields by treating 3-nicotinoyl 
chloride with a Wittig Treatment of the oxime of 

0 
3-4.COC1 + Ph,PCH, OMe B? phLi 

El, 0 or - 3-PyCOC(OMe)=PPh3 
Ph, P=CHOMe 

PhUOAc), 1 
3-PyCOCO, Me 

XI45 

3-oxo4(3-pyridyl)butyric acid (XI-66) with phosphorus oxychloride yielded 
3-pyridylacetic acid." 

3-PyCH, C(=NOH)CH, CO, H - pot' 1 3-PyCH, CQ, H 
X-66 



348 Pyridine SideChain Carboxylic Acids 

1I:Properties and Reactions 

1. Esterification and Ester Hydrolysis 

Several methyl esters were synthesized by .the treatment of pyridine acetic 
acids with d iaz~rne thane .~’  lo2, ‘14, 12’ A variety of C-21 steroidal alco- 
h ~ l s ~ ~ - ~ ~ ~  126 and the following alcohols have been employed in esterification 
reactions with pyridine side-chain acids.53g 12’ 

HOCH,CH,NEt, HOCH,CH, Q NMe, Br 0 HO & 
HOCH, CH, Br 

In one instance, a pyridinecarboxylic acid XI47 was converted to a pyridine 
acetic acid XI48 through the Arndt-Eistert reaction.’28 

70, E t CO, Et 

XI67 XI48 

2. Decarboxylation (Tables X I -  16 and XI- 17) 

Heating the pyrrolidones (XI-69) caused cleavage of the lactam bond, which 
was then followed by decarboxylation and enarnine formation to yield the 
pyrrolines (xi-70).’29 

The decarboxylation of a-pyridylcinnamic acids yielded a variety of 
stilbazoles. Beard and Katritzky reported that they obtained the trans-stilbazole 
(XI-72) (as shown by i.r.) by the decarboxylation of the 0-3-pyridylcinnamic 
acid (XI-71) which itself was obtained by the condensation of benzaldehyde 
with 3-pyridylacetic acid.”’ Clarke and co-workers found, however, that the 
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R 

XI-70 

A 3-q. H 
3-PyCH2C0,H + PhCHO - 3-PyC(C02H)=CHPh - >=<ph 

H 
XI-7 1 XI-72 

cis-stlbazole (XI-74) was formed when they repeated this work as well as when 
the trans-cinnamic acid (XI-73) (formed by the condensation of 3-pyridinealde- 
hyde with sodium phenylacetate) was decarboxylated.'' This latter reaction has 

3-PyCHO + PhCH,CO,Na - 
H CO,H H H  

XI-73 XI-74 

been discussed earlier under pyridinealdehyde condensations. Although the 
trans-stilbazoles are apparently not formed by the condensation of  a 
pyridylacetic acid with an aldehyde, they have been synthesized by irradiation 
of the czs-isomer with a tungsten lamp."' Although the base XI-73 underwent 
decarboxylation readily on heating, the corresponding pyridine- 1 -oxide did 
not. lo' 

Hydrolysis, decarboxylation followed by dehydration of the nitrile XI-75 gave 
the olefin XI-76, which was converted to the di(pyridine-2,6-dimethylene) 
(XI-77) (RIS-867 



Me 0 \ CH(CN)CH(OH) 0 M e  

XI-75 

(i) Ac,O 
(ii) HCI I 

XI-76 

H,O,/HOAc I 
0- 

(i) Ac,O/A 
(ii) acid 
(i i)  H , ,  RO, 
(iv) HBr, HOAc 

Et,O, n-BuLi I 

XI-77 

350 
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An attempt to perform a Hammick reaction on 2-pyridylacetic acid to obtain a 
variety of alcohols gave only 2-pi~oline. '~ '  However, the sodium salt of this acid 
was successfully converted to a variety of alcohols (XI-78). Apparently, the free 
acid provides the proton necessary to form 2-picoline, whereas the sodium salt 
does not. 

' \  L - r y c n ,  cu, Na 

3. Active Methylene Reactions 

No new examples of this type of reaction were found. 

4. Reduction (Table XI-18) 

In general the reduction of a pyridine side-chain acid or ester using platinum 
oxide, Raney Nickel, rhodium-on-carbon, rhodium-on-alumina, or ruthenium 
oxide as the catalyst gives the piperidine acid or ester. Partial reduction of the 
pyridine ring to a tetrahydropyridine usually occurred when palladium-on- 
carbon was employed as the catalyst, although two exceptions were 
rep~rted. '~' '  1 3 3  Either a mixture of the piperidine and the tetrahydropyridine 
ester'33 or the tetrahydropyridine ester alone'34 was formed when sodium 
borohydride was used at room temperature in the reduction of pyridine 
side-chain ester salts. When the free bases were employed, reduction of the ester 
group occurred instead of nuclear 1 1 5 i  177 The use of lithium 
aluminum hydride gave the same results (see Table XI-18). Many acetamides 



352 Pyridine Side-Chain Carboxylic Acids 

were reduced to tetrahydropyridylacetamides with sodium borohydride at room 
temperature .36 

The diol XI-80, obtained by the sidechain reduction of the keto ester 
(XI-79) with sodium borohydride, served as a precursor to 5methylindolizine 
(XI-82).' 35 However, the yield was low in this synthesis and the indolizine could 
be prepared by a more favorable route from the aldehyde XI-81. 

-0 Me \ CH,CH(OH)CH,OH (ii) NaBH,, MeOH 
reflux, 4 hr 

(i) Na 

CH, COCO, Et Me 

0- 
XI-79 XI40 

(i)  LAH. THF, reflux. 3 hr 
(ii) NaOAc, Ac, 0. overnmt 

(iii) 450" 1 
I 

Me 

XI-82 

(i) Ac,O 
(ii) 450' 

THF 
+ CH,=CHMgBr - 

XI41 

Catalytic reduction of the a-(o-nitroary1)acrylonitrlles (XI-84) over a 
palladium catalyst at room temperature gave the amine (XI-85)." Reduction 
with iron in boiling acetic acid yielded the indole XI-83, however." In an earlier 
work by Walker,' 36 catalytic (palladium, SO") reduction of the corresponding 
S-phenylacrylonitriles (XI-86) caused reductive cyclization of the nitrile to give 
the indole XI-87. An attempt was made to apply Walker's method to the 
2-pyridyl isomer of XI-84 but the expected indole was not i s01a ted . l~~ The 
mechanism proposed for the cyclization of XI44 to the indole (XI-83; Py = 
2-Pyridyl) involves an intramolecular Michael addition of a hydroxylamino 
group to the double bond rather than attack by an amino group. Support for 
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this mechanism was shown by the lack of cyclization of the amino compound 
M-88. 

H,. 10% Pd-C 

EtOAc 
Me R.T. 3.5 hr py 

XI44 
Py = 3- or Pyridyl 

XI-85 

1096 Pd-C 

ph 80". 1.3 hr 
H 

XI-86 XI-87 

XI-88 

5. Synthesis of Condensed Heterocycles-Quinoles and 
Quinolizidines (Table XI-19) 

The quinolizidine XI-90 obtained by reduction of the diester XI-89 was 
converted to the azaphenalene XI-91.'38 The diester XI-93 (R = H) failed to 



354 Pyridine Side-Chain Carboxylic Acids 

EtO, C(CH, ) n  n ( C H ,  ) 3  CO, Et -* H, 

Ra-Ni 

condense with either compound XI-92 or XI-95 to yield the corresponding 
quinolizines XI-94 and XI-96, re~pect ive ly . '~~  However, when R = OEt, 
condensation did take place. 

CO, Et 

CO, Et 

+ CHR=C(CO,Et), - 
EtO O C H ,  CO, Et 

XI-92 XI-93 XI-94 

q0, Et 

XI-95 

o \ H . .  .o 

XI-96 



Properties and Reactions 355 

Several quinolizines were synthesized by heating 2-pyridyl 3-butyrolactonyl 
ketones (XI-97) in acid.'40 

renux 
R 

XI-97 

6. Synthesis of Condensed Heterocycles Other Than Quinolizines 
(Table XI-20) 

A great deal of research has been performed in this area since the earlier 
review, especially in the synthesis of indolizines, chromones, and naphthyridines. 

A. Indolizines 

The most common procedure employed for the synthesis of indolizines is the 
condensation of a 2-pyridylacetate or acetonitrile with an a-halo activated 
methylene c o m p o ~ n d . ' ~ ' - ' ~ ~  The yields were often good but decreased when R 

Y 

R 

solvent 
Z-PyCH,Y + XCHRCOR' 7 

Y=CO, Et, CN X=Br, C1 

was a large alkyl residue or when X was a chlorine, instead of a bromine, atom. 
Since the indolizine was formed without employing a base, the earlier belief of 
Stepanov and Grineva that a base is required for cyclization to occur136 is not 
justified. A mechanism for this cyclization has been proposed as shown in 
Scheme x 1 - 2 . ' ~ ~  In a few instances, the l-carbethoxyindolizines (XI-98) that 
occasionally formed were hydrolyzed and decarboxylated to yield the C-1 
unsubstituted indolizines (XI-99).' 42  



7 +H' 

R R' R R' 
Scheme XI-2 

CO, Et 

QQR-QQR XI-98 XI-99 

Ql CH,CO,Et + BrCH,CCCO,Et - 
XI-100 

FO, Et 
1 

XI-101 

CO, Et 

XI-102 XI- 103 

356 
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Initially the quinolizine XI-101 was thought to be formed in the reaction of 
ethyl 2-pyridylacetate (XI-100) with ethyl b r ~ m o p y r u v a t e , ' ~ ~  but it was later 
shown that indolizines XI-102 and XI-103 were actually produced.'44* 1 4 7  

Several indolizines were synthesized by cyclizing pyridine side-chain acid 
derivatives or nitriles in boiling acetic anhydride.'43i 14' Only two indolizidines 
have been prepared from pyridine side-chain acids.' 321 14' 

B. Coumarins and Chromones 

Coumarins and chromones containing pyridine substituents were synthesized 
from pyridine side-chain acids by employing the K n o e ~ e n a g e l ? ~ ~  49, 14' 

Pechmann,I6. 14' 'and S imon i~ '~ '  reactions. The chromones XI-106 were 
obtained from a Simonis condensation of ethyl nicotinoylacetate (XI-1 05) with 
a variety of phenols (XI-lM), whereas a Pechmann condensation yielded the 
coumarins (XI-107). 

0 

Y Y 

XI-104 xi-105 XI-106 

ZnCI, 

3-Py HOAc 
A, 2 hr 

X C l  V 0 

\ 
x1-107 

C .  Naphthyridines 

2,6-Naphthyridine (XI-1 13) has been synthesized from pyridine side-chain 
acids via two different routes. Treatment of the dinitrile XI-108 with anhydrous 
hydrogen bromide yielded the naphthyridine (XI-107). Boiling XI-109 with 
hydrazine gave the dhydrazino naphthyridine XI-1 10. The hydrazino groups 
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were removed by treating XI-1 10 with copper sulfate in boiling acetic acid to 
yield 2,6-naphthyridine (XI-113).150 The yields were good and the dinitrile 
XI-108 could be obtained by a four-step synthesis from ethyl 3-pyridylacetate. 
The other route involved cyclizing the diamide XI-1 11 to the imide (XI-1 12), 
which was then reduced to 2,6-naphthyridine (XI-1 13).'" No yields were 
reported in this synthesis. The diamide XI-111 was synthesized in four steps 

XI-108 

NHNH, 

(86%) 

XI-110 

(7 2%) 
XI-109 

HOAc 

XI-1 13 (52%) 

Zn dust 
170" 

0 

XI-111 XI-112 

from 4carbethoxynicotinic acid. Similarly, 1,7-naphthyridine (XI-1 15) was 
prepared from the dinitrile (XI-1 14).92 

Syntheses of 1,5-151 and 1,6-152i naphthyridine from pyridine side-chain 
acids have also been reported. 
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.____) 
ale. Kon 

(72%) (81%) 

NH,NH,. 
dioxane. 
reflux, 1 hr 

c x  em boil IS min 

NH1 

AHNH, 
(18%) (64.5%) 

XI-115 

111. Functional Derivatives 

1. Esters 

The esterification of side-chain acids has already been discussed under 
esterification (Section 11.1 .). 

2. Acid Chlorides and Anhydrides 

Several acid chlorides have been prepared, usually as intermediates (Table 
XI-21). Two of these have been characterized, one through its boiling point"* 
and one through its hydrochloride As in the earlier review, no 
anhydrides have been reported. 

3. Amides 

h i d e s  prepared by conventional methods are listed in Tables XI-14 and 
XI-27. 
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The pyridine-1 -oxide XI-1 17 was synthesized by treating compound XI-1 16 
with ammonium h ~ d r 0 x i d e . l ~ ~  Reaction of the sulfonamide XI-118 with 

COMc 

XI-] 16 

120" 

3 hr 
f NH,OH - 

0- 
XI-1 17 

sodium hydroxide gave the amide XI-1 19, whereas the 2-isomer (XI-120) formed 
a mixture of the amide (XI-121) and XI-122.'54 The proposed mechanism for 

10% NaOH 

20". 0.5 hr 

SO, NHCOCH, COMe 

0- (78.8%) 

XI-1 18 

0- 
XI-120 

XI-119 

o C H ( C O M e ] C O N H 2  Y 
b- (42.8%) 

XI-121 +ao 
(57 3%) 

XI-122 

this reaction is the same as that proposed for the rearrangement of nitrophenyl 
s u l f ~ n a m i d e s . ' ~ ~  A few acids have also been prepared by this method. 
6-Methyl-3-pyridylacetamide (XI-1 23) was converted to the 3-aminomethyl- 

pyridine (XI-124) by the Hofmann reaction.'56 Alkylation of the amides XI-125 
with aminoalkyl halides yielded amides containing substituted amino groups 
(XI-1 26) 1 579 I s8 
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so!% 
PyCHArCONR, + R; N(CH,),CI - PyCArCONR, 

NaNH, I 
toluene (CH, )nNR; 

XI-125 XI-126 

4. Hydrazides, Hydroxamic Acids, and Amidines 

A few hydrazides have been treated with ketones and the resulting 
acylhydrazones XI-127 were reduced to yield substituted hydrazides 
(XI-128)~8i's9~'60 The properties of these hydrazides are listed in Table XI-33. 
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Py(CH,),,CONHNH, + RR'CO - Py(CH, ),CONHN=CRR' 
XI-127 

Py(CH, ),CONHNHCHRR' 
XI-128 

Two examples of the conversion of a hydrazide to an amide through the Curtius 
reaction have been reported.'' 

The guanidine XI-130 and not 2-amino-4-hydroxy-6(3-pyridyl)pyrimidine 
(XI-131) was reportedly formed when the ester XI-129 was treated with 
guanidine carbonate at 140°.161 Treatment of the ester XI-132 with guanidine 

3-PyCOCH, CO, Et + NH,C(=NH)NH, 5 3-PyCOCH,CONHC(=NH)NH1 
1 hr 

XI-129 XI-130 

XI-131 

gave the substituted guanidine XI-133 in 85% yield.162 

5. Nitriles 

A. Synthesis 

As reported in the earlier edition, side-chain nitriles have been synthesized by 
pyridylation of nitriles (Table XI-22), alkylation of pyridylacetonitriles (Table 
XI-23), employing the Michael addition (Table XI-24), and the Kmoevenagel 
(Table XI-25) and Strecker (Table XI-26) reactions, by the dehydration, of 
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amides (Table XI-26), and the nucleophilic displacement of halogens or alkoxyl 
groups by cyanide (Table XI-26). 

In the Michael addition of acrylonitrile to the methiodides of a variety of 
picolines (XI-134) and (XI-135), two molecules of the nitrile added to a C-2 
methyl group whereas three molecules added to a C 4  methyl group.312 

(i) baw, 
reflux 

(i) solvent 
300" R xQMe + CH, =CHCN - R 

Me 
XI- 134 

Me 

+ CH,=CHCN 

(i) Base, 

solvent 

(ii) 300" 

XI-135 

Apparently steric hindrance between the C-1 methyl and the cyanoethyl groups 
in the anhydro base intermediate of the C-2 isomer XI-I36 prevented its 
formation and therefore the addition of a third molecule of acrylonitde. No 
such steric hindrance is present in the C 4  isomer. The same reasoning was 

XI-136 

employed to explain the addition of only one molecule of acrylonitrile to a C-2 
ethyl group in compound XI-137. 

QCHMeCH, CH, CN 

+ CH,=CHCN - 
Io Om, yo CH, 

Me 
XI-137 
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Investigation of the reaction of 2-pyridylacetonitde with acid anhydrides 
showed that the a-acylpyridyl acetonitriles formed exist in two pH dependent 
tautomeric forms XI-138 and XI-139, as determined by uv and nmr 
spec t ro~copy. '~~  When 4-pyridylacetonitrile was treated with acetic anhydride 

10 days, or - 
HOAc 

2-PyCH2 CN + (RCO), 0 

R = Me, n-PI reflux. 6 hr 

XI-138 XI-139 

at room temperature, acylation occurred on the nitrogen rather than on the 
a-carbon atom to give a compound that appeared to be a resonance hybrid of 6 ci f i = N  0 

Ac 0 

R.T. 
10 min 

4-PyCH,CN 1 I c---.c - 
\ 

N O  
I 

Me A \O Me ''0 0 COMe 
XI-140 XI-141 XI-142 

XI-143 XI-144 
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structures XI-140 - XI-142. Acylation occurred on both the nitrogen and the 
a-carbon atoms to give a mixture of tautomers XI-143 and XI-144 when the 
reation mixture was heated. 

B. Solvolysis and Arninolysis (Table XI-27) 

The a(p-aminophenyl)-/3-pyridylpropionitriles (XI-145) proved difficult to 
hydrolyze to the corresponding acids.164 This lack of reactivity is probably 
caused by the effect of the polarizability of the amino group on the methine 
hydrogen atom alpha to the nitrile group, which would allow charged complex 
formation with polar reagents. Also, there is the tendency for the p-amino group 
to localize partial negative charges at the C-I, C-3, and C-5 positions of the 
aromatic ring (see XI-146), which would reduce the usual charge distribution 
over the arylacetonitrile group. The C-3 and C-4 isomers of XI-145 were 

CH, CH@-H, NC, H,)CN 

6' N 
XI- 145 XI-I46 

successfully hydrolyzed by first forming the esters in the presence of hydrogen 
chloride (through the imino ether dihydrochloride) and then hydrolyzing the 
ester with base. An attempt to hydrolyze nitrile XI-147 failed. Nitrile XI-148 

4-PyCH(CN)CO(CH2),CO, Et 
XI-147 

could be hydrolyzed and dehydrated by acid to give the amide XI-149 but this 
could not be further hydrolyzed to the acid XI-150?9 

75% 
4-PyCH(CN)CH(o4Iz NPh)OH - 

" a  so, 
4-PyC(CONH, )=CH(oe, NPh) + XI-149 XI-148 

4-PyC(C02 H)=CH(o-Oz NPh) 
XI-150 

Acid hydrolysis of 1,3-dicyan0-3(2-pyridyl)hexane (XI-15 1) resulted in 
cyclization to the imide XI-152.17' Lactam XI-154 was isolated from the 
hydrolysis of nitrile XI-153 followed by treatment with thionyl ~ h l o r i d e . ' ~  The 
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Z-PyCEt(CN)CH, CH, CN - 
H, so, 
reflux 

XI-151 XI-152 

XI-153 

Et 
(29%) 

XI-154 

acids obtained from nitriles XI-155 were found to decarboxylate readily during 
the hydrolyse~.'~ 

Et 

XI-155 

Several thioamides have been prepared by treating nitriles with hydrogen 
sulfide.'66-'68 A few A'-thiazoline derivatives (XI-156) have been isolated from 
the reaction of pyridylacetonitriles with 2-aminoethyl t h i 0 1 . l ~ ~  3-Pyridylacetoni- 

PyCHRCN + HSCH,CH,NH, - PyCHR 

XI-156 

trile was converted to the tetrazole XI-157 by treatment with boiling 
butanol-acetic acid followed by sodium 

H 
XI-157 
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C .  Reduction (Table XI-28) 

The reduction of 3-pyridylacetonitrile and 3-pyridylacrylonitde using 
A'-p-menthene (XI-158) as the hydrogen source and 10% palladium-on-carbon as 
the catalyst yielded 3ethylpyridine and 3-propylpyridine, respectively (yields 
85-95%)."' 

I 
Me 

XI-158 

D. Reactions with Organometallic Compounds 

These reactions and the products obtained are summarized in Table XI-29. 

IV. Derivatives with Side-Chains of Mixed Function 

1. Carbony1 Derivatives (Table XI-30) 

Treatment of the keto ester M-159 with hydroxylamine yielded 
3-(4-pyridyl)isoxazol-5-one (XI-160) rather than the expected oxime. lo' 

XI-160 

3(7-Pyridyl)-5-aminopyrazoles (XI-162) were synthesized by treating the 
4-pyridyl-pketonitriles (XI-161) with substituted hydrazine~.'~~ No yields were 
reported. 

Keto esters have also been employed in the synthesis of a wide variety of con- 
densed heterocycles. These reactions 'have already been discussed under Section 
11.6. and recorded in Table XI-20. 
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4-bCOCHRCN + R'NHNH, __t EtOH 4-Py c::, 
XI-161 XI-162 

reflux 

N 

2. Hydroxyl Derivatives 

Hydroxyl derivatives have been employed to synthesize in den one^'^' and 
quinoliness7' 173 (Table XI-20). The lactone XI-164, obtained from ester 
XI-163, was converted to a variety of N-substituted lactams (XI-165), which 
were then reduced to the tetrahydronaphthyridines (XI-166)174 (Table XI-20). 

EtOH, KOH 

reflux 

N 
XI-163 

XI-164 XI-165 

N 
XI-166 

3. Ethylenic Derivatives 

A. Syntheses 

These are summarized in Table XI-31. 
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B. Reactions (Table XI-32) 

The cyclopropanes XI-168 were obtained when the unsaturated side-chain 
lactones M-167 were treated either with diazomethane or with the dimsyl 
anion.94 

2-, 3-, or 4-PyCH 
+ CH,N, __c 2-, 3-, or 4-Py 

Ph Ph 
XI-167 XI-168 

4. Displacement of Sidechain Substituents 

The chlorine atoms of a mixture of compounds XI-169 and XI-170 were 
displaced by amines to yield the enamines XI-171.'75 

R, NH 
3-PyCCkCHC0, Et + 3-PyCC1, CH, CO, Et - 3-4.C(NRZ )=CHCO, Et 

XI-169 XI-170 XI-171 
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TABLE XI-21. SideChain Acid Chlorides 

Acid chloride Properties Ref. 

2PyCMe(OH)C=CCOCI 

3-PyCH2 COCl 

3-Py Ph 

H X C O C l  

CO, Et 
I 

m.p. 196"(decomp.) 

b.p. 102"/0.1 mm 

79 ,97  

79,97 

3 7 4 0  

37 

298,299,343 

98 

7 

128 

4PyCPh=CHCOCl 172 
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I. Preparation 

A large variety of ring closure reactions have been applied to the direct 
formation of pyridinols and pyridones. Judicious choices of open-chain 
intermediates often can provide excellent routes to a variety of substituted 
pyridines and fused ring systems. 

The ring closures presented in this section are classified according to the 
number of ring carbons furnished by each reagent: (1) one reactant provides all 
five ring carbons; (2) one reactant provides four ring carbons; and (3) one 
reactant provides three ring carbons. 

This classification of ring closure is arbitrary. The isolation of an acyclic 
intermediate often is the choice of the investigator. For example, 6-phenyl-2- 
pyridone (W4) has been directly prepared from W-1 and XII-2 or from the 
isolable intermediate W-3.' 

The further classification used here and earlier' into (1) ring closures and (2) 
preparations from other Mgs is also arbitrary and often appears inappropriate in 
that a useful relationship such as that between furfural and the acyclic 
2-oxoglutaconaldahyde (XII-5) may not be a~paren t .~  



XII-2 XII-3 

H 
m-4 

I -  
CHO 

II 
0 

” 
tc 

xu-5  
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1. Ring Closures of Acyclic Compounds That Provide 
Five Ring Carbons 

A. Glutaconic Acid and I t s  Derivatives 

Glutaconic acid derivatives have been used extensively for the synthesis of 
2,6-pyridinediol~;~ however, there has been relatively little interest in these 
compounds during the past ten years. Pa-Methoxypheriy1)ghtaconic acid 
(XII-6) and methylamine or benzylamine give N-methyl- or N-benzyl-6-hydroxy- 
4-@-methoxyphenyl)-2-pyridone (W-7).5 P-Methylglutaconic anhydride and 

C,H,OCH,-p 
I - 

0 

CHCmH RNH, 
pCH, OC, H, -C: 

CH, COOH 
HO 

xII-6 

I 
R 

xn-7 

hexamethylenediamine give the dipyridone (W-8) when boiled in xylene.6 

In addition to cyclizations where glutaconic acid derivatives provide five ring 
carbons, cyclizations are known where a glutaconate provides four ring carbons 
and a 2-pyridone is formed (Section I.2.B., p. 616). 

Alkylations of diethyl a-alkylmalonates with trichloroacrylonitrile give the 
P-cyanovinylmalonates (XII9), which cyclize in sulfuric acid to  3-alkyl-4,5- 
dichloro-2,6-pyridinediones (XII-10) in good yield.' 

0-Ketoesters and cyanoacetic acid in benzene containing ammonium acetate 
and acetic acid give ethyl ycyano-2-butenoates (W-11, X = OCz H5), which are 
saponified to the corresponding acids (XI-1 1 , X = OH) and then are converted 
to the acyl chlorides (XII-11, X = C1) with phosphorus pentachloride. The acyl 
chlorides cyclize to 6-chloro-2-pyridones (W-12) in n-butyl ether containing 
hydrogen chloride.' 
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c1 
I 

H 

R 

0 
C 

C1 R 
I 

,C-&CO,C,H,), - 
CI-c' C 

I 0" 'NH, OH 'OC,H, 
CN 

MI-9 A 
w-10 

__c R4 - &; 
X 

+ I 
CH 

/ \c/ a N  
I 

XII-12 

R, 8 H R4\/ 0 

XII- 1 1 

R, = H ; R 4  = C H , , C , H S .  
R( 'CO,C,H, R,R, = (CH,),,(CH,),. 

I 
CH 

When the dimer of malononitrile, 2-amino-1 ,I ,34ricyanopropene (MI-13) is 
heated with hydrochloric acid, it gives glutazinamide (XII-14; R = CONHz ,77% 
yield). Cyanoacetamide and sodium ethoxide in ethanol form glutazinonitrile 
(XI-14, R = CN)? 

6 
C H I  \C-CN NH, I 

___c 

CN \ CH:%C-CN 

I 
CN 

I 
CONH, 

I XII-13 

O%H, HO 
z CN-CH, CONH,' I 

H 
XII-14 

The potassium salt of tetracyanopropene (MI-15, M = K) gives 2-amino-5- 
cyano-6-hydroxy-3-pyridinecarboxamide (XII-16, R = H) when heated in 
aqueous alkali." In aqueous alcohols, MI-15 forms 6-alkoxy-2-amino-3,5-di- 
cyanopyridines (W-17; R = H, R' = CH3, C,H,) or 6-alkoxy-2-aminod-cyano- 
3-pyridinecarboxamide (XII-18, R = H) depending on conditions." Bromoform 
and chloroform react with malononitrile in the presence of sodium alkoxides to 
give XI-17 (R = H)." 
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Ethoxymethylenemalononitrile (W-19), a useful intermediate for the syn- 
thesis of 4-amino-5cyanopyrimidines (XII-20), gives MI-17 (R = H, R' = C2 H5)  
in aqueous alcohol. A retrocondensation of W-19 forms some malononitrile, 
which reacts with more MI-19 to form XU-15 (R = H) and then MI-17 (R = 
€I).'' Benzylidenemalononitxile (XI-21, R = C6H5) reacts similarly. However, a 
Michael addition of the malononitxile anion to MI-21 gives the anion of 
2-phenyltetracyanopropane (MI-22, R = C6H5), which, through autooxidation 
or hydride transfer, forms MI-15 (R = C6H,)." Aldehydes and malononitrile 
have been used to form MI-17 (R = alkyl, aryl; R' = CzHS) in one step.I3 

SR 

- C,H,OCH=C. CH(CN), + HCO,C,HS /CN 

CN 
RS N 

XII-20 XII- 19 

CH(CN), 
/CN ___c RCH=C 

XII-21 
'CN 

R R 
I I 

(0) 
CH 

CHXs - , C N  
I C,H,O- CHyN 

CN 

M * c  
CN-C' 'CHCN - CN-F \C-CN- 

I 
CN 

I 
CN 

I 
CN 

RO 

XII-18 XU-17 MI-16 

B. Pentadienoic Acid Derivatives 

Condensation of perchloropropene with trichloroethylene gives 4H-nona- 
chloro-1 pn t ene ,  which can be converted to perchlorocyclopentene-3-one 
(MI-23)14 or converted to perchloro-2,4-pentadieneamides (MI-24) via per- 
chloro-2,4-pentadienoic acid.I5 When MI-23 is treated with ammonia, ring 
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opening occurs to give W-24. Cyclization of W-24 with PC15 gives perchloro-2- 
pyridinol (XII-25) and pentachloropyridine (XII-26, 67%). l6 N-Substituted 
amides (XI-24; R = CH3,C6H5) can be cyclized to pyridone by heating them 
alone or with PCls .Is 

a XII-24 
Xu-23 

Lithium aluminum hydride and methyl perchloro-2,4-pentadienoate (XI1-27)l7 
at -78" form dienes MI-28 and XU-29.15 The mixture of isomers XII-28 and 
XII-29, or pure XII-28, is converted to W-29 by heating in C C 4  .17 The mixture 
reacts with aryl hydrazines via hydrazones (W-30, R = arylamino) to form 
N-arylamin~3,4,5-trichloro-2-pyridones (XI1-31), with semicarbazide to form 
N-ureido3,4,5-trichloro-2-pyridone (XI-31, R = ureido) (Section IV.3., p. 839) 
and with ammonia or primary amines to form amides (W-32), which are readily 
cyclized to pyridones (XII-31).l5 

Compounds W-28 and W-29 react with 2,4dinitrophenylhydrazine to 
form isomeric products W-33 and W-34, which cyclize to 3,4,5-trichloro- 
1(2,4dinitroanilino)-2-pyridone (W-35)." 

Perchloropentadienoyl chloride" and 2,3,4,5-tetrachlorod-bromo-2,Cpenta- 
dienoyl chloride" react with aniline to form N-phenylperchloro-2-pyridone 
(MI-36) via the corresponding N-phenylamide. The 2-pyridones XII-37 and 
XU-38 are prepared similarly from the appropriate bromo analogs." 
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c1 

\ XI-27 

R 
XU-30 \ 

c1  clr.Ycl 0 

d 
XII-31 

I 
R 

XU-32 

XII-29 

"Hh 
// 

XII-28 - Cl, C=CCl-CCl=CCl-C 
w - 3 3  'H 

I 
NHAr 

0 xu-35 
// 
\ 

XII-29 - CHCl=CCI-CCI=CCI-C 

XII-34 NHNHAr 

2,3,4,5-Tetrachloro-5-phenyl-2,4-pentadienamide (XII-39), prepared from 
perchloropentadienoyl chloride via a Friedel Crafts phenylation, is cyclized 
to 3,4,5-trichloro-6-phenyl-2-pyridone (MI-40) by pyrolysis or by heating 
with sodium hydroxide in methanol.20 
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XII-36 w-37 XI-38 

c1 

A 6  H, AI & H, 

F’ cl 
( X c / C Y c P  

c, H/%,H,  N/ \o 
I -  

C 
I1 

C, H, 

XII-39 
H 

MI40 

1,1,3,3-Tetraethoxypropane (malonaldehyde tetraethylacetal) (MI41) and 
diethyl malonate in acetic anhydride give diethyl 3ethoxyallylidenemalonate 
(W42), which cyclizes in polyphosphoric acid or formic acid to the 
pyrone W 4 3 .  Reaction of W42 with ammonia or benzylamine forms 
3-aminoallylidenemalonates (XII44;  R = H, CH2C6H5), which are cyclized 
to the ethyl a-pyridone-3carboxylates (XII45) in alcoholic sodium ethoxide 
or piperidine 

/m, c, H, 
(C, H, O), CHCH, CH(OC, H, ), 

XII-41 

- C, H, 0-CH=CH-CH=C 
‘CO, C, H, 

,COl C, H, 
RNH-CH=CH-CH=C 

‘CO, C, H, 
XII-44 

XI143 
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Nitroso compounds and carbomethoxydienes form Diels-Alder adducts, the 
3,6dihydro-l,2-oxazines XII-46 and M147,22323 which are reduced by zinc 
in acetic acid to the 3,6-dihydro-2-pyridones (XII.18) and the 2-pyrones 
(MI-49) respectively. Because of the directive effect of the carbomethoxy 
group, W47, if not formed exclusively, is the major product. Dehydration 
of XII-48 to 1 -aryl-6-substituted-2-pyridones (MI-50) occurs on heating with 
concentrated hydrochloric acid.24 

XII-46 xu49 

CO, CH, 

0 
+ I1 

R, 
N \  

vNN C, H, Cl-p 

XI140 (R = H, CH,) 

xu47 

The oxazines of structure W47 form pyrroles when they are treated 
with potassium hydroxide in methanol. However, under appropriate condi- 
tions W-51 in methanolic KOH forms 63% of 3-hydroxy-6-methyl-N- 
@-chlorophenyl)-2-pyridone (W -5 2 ) and 33% of 1 (p-chlorophenyl)J- 
methyl-2-pyrrolecarboxylic acid.24 
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H C0,CH3 

Konicn, on - 
C6 H, C1-p 

XII-5 1 

/ 
c6 

H,Cl-p 
XII-52 

C .  niketones, Ketodialdehydes (Oxoglutaconaldehydes), 
and Ketodicarboxylic Acid Derivatives 

Hauser and co-workers have prepared a number of triketones by (1) acylation 
of benzoylacetone with aliphatic esters employing lithium amide,” (2) by 
twofold aroylation of acetone with methyl esters using sodium hydride,26 (3) by 
aroylation and acylation of aliphatic diketones with potassium amide in liquid 
ammoniaz7 and (4) by aroylation of sodioacetoaceta1dehyde”i in the presence of 
potassium amide?7 Disodio- and dipotassiobenzoylacetone are not acylated by 
ethyl acetate or by phenyl propionate?’. 29 However, dilithiobenzoylacetone and 
dilithioacetylacetone with an excess of lithium amide are acylated by aliphatic 
esters. It is usually more convenient to synthesize 4-pyridones directly from 
these triketones by cyclization with ethanolic ammonia rather than by way of 
the intermediate Qpyrone.” 
5-Phenyl-3,5-diketopentanal (W-53) is converted to 2-phenyl4pyridone 

(XU-54) in good yield with ethanolic ammonia.’ 
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0 
II 

NC\ 
cHl NH, 

CHO 
I -  I 

C,H,CO 
XI63 

A 
XII-54 

The 7-benzyl derivative of XII-53 (W-55) prepared from the sodium salt of 
5-phenyl-l,3-pentanedione, potassium amide, and methyl benzoate, was not 
isolated but was converted to 5-benzyl-6-phenyl4-pyridone with ammonia in 
ethan01.2~ 

C,H,CO,CH, 
Na+ 

KNH 
C,H, CH, CH, CO-CH-CHO A C,H, CH, CHCO-CH-CHO 

NH I 

c 

I 

XI-55 H 

Condensation at the terminal methyl group of 1-phenyl and 10-methoxy-  
phenyl)-l,3,5-hexanetrione (W -56) with benzophenone or anisaldehyde in the 
presence of three equivalents of sodamide in liquid ammonia gives the 
hydroxytriketones (W-57), which cyclize with ammonia to give the 4-pyridones 
(XI1-58a~) .~'  

R, COCH, COCH, COCH, 

XI1 -5 6 

R, f i c H l  CR, R, O H  

R, COCH, COCH, COCH, CR, R,OH - 
MI-57 

I 
H 

XII-58a-C 
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The trisodio salts of W-56 are also alkylated with a,w-dibromoalkanes to give 
the corresponding bis(triketones), which can be converted to the polymethylene- 
bis-2(6-aryl-4-pyridones) (W-59, n = 5,6) with ammonia.30a, 

R 00 N I (CH,), 7 H R 

H 
XII-59 

Although three different carbonyl groups are available, 6-phenyl-2,4,6-hexane- 
trione (XII-60) reacts with aromatic amines to form the ketoenamines (XII-61; 
R = H, o-CI, p-C1, p-OCH3), which cyclize to N-aryl-2-rnethyl-6-phenyl4-pyri- 
dones (XII-62) in hot polyphosphoric acid. n-Butylamine and W -6 0  give the 
corresponding ketoenamines, but these could not be cyclized to the pyridone by 

CH,COCH, COCH, COC, H, 
XII-60 

R CH, COC, H, 

CH, 

XU66 

CH,COCH=CCH, 
I 
NHC, H, 

XU63 
R 

xII-62 
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this method. Instead they gave the p y r ~ n e . ~ ~ ,  The enamine (XII43) forms a 
dipotassio salt with potassium amide in liquid ammonia, which reacts with 
benzoyl chloride to give the diketoenamine (XU-61, R = H).32 Although the 
ketoenamine (W-64) is cyclized to the quinoline (XII-65) by sulfuric acid,33 
quinolines ( X I I 4 6 )  were not detected in these studies.31 

XI164 XII-65 

When furfural is oxidized with chlorine or bromine in an aqueous acidic 
medium, a solution of hydrates of oxoglutaconaldehyde ( W 4 7 ) ,  to which the 
trivial name endialone has been given, is formed in high yield.3 Endialone and 
ammonia or aliphatic mines give 3-hydroxy-2-pyridones (XII-68), usually in low 
yield.3 Endialone (XII-67) and sulfamic acid give XI169 (43%) and XII-70 
(31%), which are slowly transformed to MI-71 and XII-68 (R = H), respectively, 

CHO - CHO-CH=CH-CO-CHO - 
XII-67 

I 
XII-68 

on standing. Chlorine adds to W 4 7  to form 2,3dichloro4-oxoglutaraldehyde 
(W-72), which reacts with ammonia at pH 7, with methylamine at pH 7.5, to 
give 4-chloro-3-hydroxy-2-pyridone (W-73; R = H, CH3), with anilines in 
strongly acidic solution to give 5-chloro-3-hydroxy-2-pyridones (XII-74, R = 
aryl), and with sulfamic acid to give W-74 (R = H).3 

Diethyl acetone-l,3dicarboxylate and a mixture of cold aqueous ammonia 
and liquid ammonia (1 : 1) are converted to 4,6-diamino-2-pyridone (W-75).34 



n N I . H , o -  

XIi-71 
/ $O,H 

XU49 

XI167 + 2NH,SO,OH 

noH __c X I I 6 8 ( R = H )  

\ 
CIz 

I 
SO, OH 
XU-70 

I cl 

R 
xu-73 ,CHCl 

#I ' P A  CHC. L-v 

1 I 
dHO kHO 

Xn-72 

A 
XII-74 

0 
II fi0 - CIlf\CH, 

I I 
C, H, OCO CO, C, H, H2N N 

I 
H 

xu-75 
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D. 6-Ketonitriles (3.4-Dihydro-2-pyridones) 

Monocyanoethylation of deoxybenzoin and phenylacetone .in t-butyl alcohol 
gives ycyanoketones (XU-76; Rs = C6Hs, & = CH3, C&), which are cyclized 
by potassium hydroxide in t-butyl alcohol/methanol to 3,4-dihydro-5-phenyl-6- 
substituted-2-pyridones (W-77), which can be dehydrogenated to 5-phenyl-6- 
substituted-2-pyridones (W-78).35 When y-benzoylbutyronitrile is passed over 
A1203 at 400" or over Cr203/A1203 at 300 to 3100, 6-phenyl-2-pyridone 
(W-79) is formed.36 Mixtures of products can be formed in these reactions; for 

I 
H 

XII-79 

example, y-acetylvaleronitrile (W-76, Rs = R6 = CH3) is converted t o  
2,3-dimethylpyridine (6.6%), 5,6dimethyl-l,6dehydropiperidone (23%), and 
5,6dimethyl-3,4dihydro-2-pyridone (6%) at 340 to 360". At 400 to  410" some 
5,6-dimethyl-2-pyridone (6.6%) is formed .3 

Trichloroacrylonitrile and ethyl a-alkylacetoacetates (XII-80) give XI14 1, 
which cyclizes with sulfuric acid to 5-alkyl-3,4-dichloro-6-methyl-2-pyridones 
( ~ - 8 2 ) . 3 7  

R 
0, C=CCICN 

t-BuOK 
CH,CO-~H-CO,C,H, - 

XII-80 cl 

CH, CO-C-CCkCCl-CN R I I ___c "z so, Ra 
CO, c, H, CH, 

I 
H 

XII-81 XU-82 
R = H, CH, , C, H, , nC,H,, C, H,CH, 
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4-Carbethoxyy-4-cyano-1,4-diphenyl-2-butene-l-one (XII-83), from ethyl 
cu-cyano-cu-phenylacetate and phenyl fl-chlorovinyl ketone, is cyclized in 86% 
sulfuric acid to 3,6-diphenyl-2-pyrid0ne.~' 

CH=CHCl YO, C, H, 
/ 

C, H, -C + FHyC,H, - 
CN Ja Hs 

CH*H, ,C02 C, H, 
I 

C, H, -C 
'0 CN C,H, 

__t 

/ c\ 
C6H5 N 

xu-83 I 
H 

E. Miscellaneous 

&Diketones (Xn-84; R = CH3, C6HS) condense with benzylideneaniline, but 
not with aliphatic Schiff bases, in the presence of potassium amide to give 
2,3-dihydro-4-pyridones (W-86) either directly (R = CH3) or by treatment of 
W-85 (R = C6H,) with sulfuric acid. Under these conditions 6-phenyl-2,4- 
hexanedione (XII-84, R = CH2 CH2 c6 H5 ) gives 1 -anilino-l,7diphenyl-3,5- 
heptanedione (MI-85, R = CHzCH2C6HS), which forms MI-86 (R = 
CH2 CHzC6HS) on treatment with sulfuric acid. The isomeric dihydropyridone 

0 
I t  
C 

CH( 'CH, 

XI-84 

Ph 
I -  

CHPh R 

I 
Ph 

I 
Ph 

MI-86 

\ .  CH, /C\CHCH, Ph - bCHZPh 
Ph 

I 
CH, CHPh 

I 
CH,/'*O YH' N I 

Ph Ph 

XII-87 
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is a by-product in the formation of W-86 (R = C6HsCH2CH2) presumably via 
w-87.39 

The Pdiketones (XII-84; R = CH3, C6H5,  C6HSCHzCH2) are condensed with 
benzonitrile and potassium amide to give ,the 6-substituted-2-phenyl-4-pyridones 
(XII-88) dire~t ly .~ '  The possible products W -89, isomeric with XII-88 (R = 

C6HSCHzCHz), which could arise from the condensation of benzonitrile at C-5, 
were not isolated?' 

Di-1 -propynyl ketone (MI-90) and primary amines (ethylamine, isopropyl- 
amine) or amino acids that are unsubstituted in the a-position (glycine, 
0-alanine, eaminocaproic acid, glycylglycine , glycylleucine, alanylglycine) give 
enamines (W-9 l), which form Nsubstituted lutidones when their sodium salts 
are heated in water or their esters are heated in xylene. When 2-substituents are 
present, cyclization occurs when their calcium salts or amides are heated in 
aqueous alkali. When heated in the presence of Triton B and DMF, a-alanyl- 
amide and di-1-propynyl ketone give the lutidone!' 

XII-90 

p-Nitrophenylpropiolyl chloride and sodium plienylacetylene give the diynone 
(XII-92), which reacts with aniline in alcohol to give W-93,  which cyclizes in 
boiling xylene to 1,6diphenyl-2-@-nitrophenyl)4-pyrid0ne~~ 
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c n C - C N ~  
p N O ,  C, H4 -C%C-COCI - p-NO,C, HA -W-CO-CkC-C, H, __c 

XII-92 

0 

2. Ring Closures in Which One Acyclic Compound 
Provides Four Ring Carbons 

A. Ketoamides 

a,a-Diethylacetoacetamide reacts with methyl formate in the presence of 
sodium ethoxide in toluene to form 3,3-diethyl-2,4-pyridinedi0ne?~ Using two 
equivalents of sodium, olethylacetoacetanilide, and methyl formate in toluene/ 
methanol gives 3ethyl4-hydroxy-1 -phenyl-2-pyridone (W-94)P4 

0 n 

/ - \- 
C,H,NH 0 C, H , N H / ~ %  

B. Unsaturated Acid Derivatives 

Diethyl glutaconate and two moles of N-benzylidenemethylamine (XII-95, R = 
CH3) or benzylideneaniline (XU-95, R = C6HS) in xylene condense to give 
compounds characterized as 1-substituted-3-benzylidene-5-carbethoxy-2-oxo-6- 
phenyl-A4 -piperidenes (interpretation of NMR), which form 1 mbstituted-3- 
benzyl-5carboxy-6-phenyl-2-pyridones after heating in methanolic potassium 
hydroxide. The carboxypyridones have been decarboxylated to XII-96:’ 
a-Cyano-P-methylcinnamide and ethyl formate are cyclized in the presence of 
sodium hydride to 3-cyano4-phenyl-2-pyridone (W-97).46 
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H O C n  C6H5 = floHacsHs 
‘ 6  HS ‘ 6  H5 
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R = CH, , C6 H, 

B 

I 
H 
XII-97. 

C . Dien es 

Chlorosulfonyl isocyanate and isoprene in ether give 5-hydroxy-3-methyl-2- 
pentenoic acid lactone (Cmethyl-5,6-dihydro-2-pyrone, XI-98) and 5-amino- 
3-methyl-3-pentenoic acid lactam (4-methyl-3,6-dihydro-2-pyridone, W-99) by 
hydrolysis of intermediate N-sulfochlorides that were not isolated:’ 
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CH, 

0%- do, c1 

XU-98 

A 
XII-99 

D. Diketones 

P-Diketones (XU-100) and benzaldazine give 1 -benzylideneimino-2,3-dihydro- 
4-pyridones (XU-IOl), which can be converted to the corresponding 2,3-di- 
hydro4pyridones (XI-102) by hydrogenolysis. Dehydrogenation with chloranil 
gives the 4-pyridone. 

h c 6 H 5  - R 

KNH, 

C, H, CH=N-N=CHC, H, 
RCOCH, COCH, i 

I 
N* XU-loo CHC, H5 
xu-101 

__t 

N C6H5 

I I I 

N, CHC, H, 
H H 

XU-102 XII-103 
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When 6-phenyl-2,4-hexanedione (MI-100, R = C6HSCHz CHz) was used, 
W-101 (R = CH2CH2C6HS, 52%) and the isomeric pyridone (XU-103, 21%) 
were formed.48 The P-diketones (MI-100) and benzylideneaniline give N-phenyl 
derivatives of X I I - ~ O ~ . ~ ~  

E. PKetoesters 

The sodium salt of diethyl acetonedicarboxylate reacts with aryl isocyanates 
to give 1 -aryl4,6-dihydroxy-2-pyridones (XU-104) and with phenyl isothiocya- 
nate to give 3carbethoxy4-hydroxy-2-mercapto-l-phenyl-6-pyridone~9 Th'e 
compound formed on treatment of XI-104 (R = H) with acetic anhydride has 
been proposed to be 3,5-diacetyl-4,6-dihydroxy-l -phenyl-2-pyridone. Character- 
ization was based on the infrared ~pectrum.4~ 

PH 

" 
C, H, 0°"*0 

R = H  
__c 

HO 

C, H, 0°"*0 

I -  
HO 

COCH, cHscox3 HO 0 

A 6  H, 

Thioamides react with diketene in acetic acid or xylene to  form 
6-substituted-4-hydroxy-2-pyridones (W-10S).50 
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OH 

k 
XII- 105 

R = alkyl, aryl 

3. Ring Closures in Which One Acyclic Compound 
Provides Three Ring Carbons 

A. PDiketones. PKetoaldehydes, and Malonaldehyde 

There are two possible orientations for ring closure between reactants 
furnishing two and three carbons, respectively, to the ring. When the carbonyl 
reagent is an unsymmetrical diketone, the electrophilicity of the two carbonyl 
groups often is similar and both possible products are detected. The methylene 
group of cyanoacetamide prefers to react with the more electrophilic or the less 
hindered carbonyl.” Reaction of l-methoxy-3-phenylhydrazon0-2,4-pentane- 
dione (XU-106) and cyanoacetamide employing sodium ethoxide gives both 
possible products (MI-107 and MI-lOS), with XII-107 pred~minating.’~ Pre- 
sumably the inductive effect of the 1-methoxy group makes the 2-carbonyl more 
electrophilic, and it is preferentially attacked by the conjugate base of cyan@ 
acetamide [for leading references see (53)] . 

XU-106 

CN 

CH, OCH, 0 

I 
H 

XU-108 

- 
H 

C, H, NN=C 
I I 

CONH, 
CHCGO 

I C‘H;sN;fi; CH, OCH, 

I 
H 

XII-107 
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1 -Hydroxymethylene- 1 -phenyl-2-propanone (XU-109) condenses with cyano- 
acetamide in piperidine to give 3cyano-6-methy1-5-phenyl-2-pyridone 
(W-llOa) in low yield. Cyanoacetamide and the sodium salt of W-109 give 
3-cyano4-methyl-5-phenyl-2-pyridone (XU-1 lob). With ethyl cyanoacetate in 
methanol containing piperidine, 3carbomethoxy-6-methyl-5-phenyl-2-pyridone 
(XII-110c) is formed. It has been suggested that the formation of thesodium salt  
of the hydroxymethylene group of XU-109 blocks attack by the methylene of 
cyanoacetamide at that carbon.53 2,5-Diphenyl-l,3-pentanedione and cyano- 
acetamide in aqueous sodium carbonate give 3cyanoJ-phenyl-6#-phenylethyl)- 
2-pyridone (W-11 l).' 

XII-109 XII-110 a: R, = CN, R, = H, R, = CH, 
b: R, = CN, R, = CH,, R, = H 
c : R , = C O , C H , , R , = H , R , = C H ,  

XII-111 

The dicarbanion of acetoacetaldehyde is alkylated in the yposition to give 
salts and copper chelates of 8-ketoaldehydes (W-112; R = C6H5CH2, CH3, 
n-C4H9 and n-CsHl7), which are converted to 3-cyano-2-pyridones (MI-1 13; 
R = CH3, C6H5CH2, n-C4Hg) by reaction with cyanoacetamide. n-Butylation 
of the dianion of a-benzylacetoacetaldehyde followed by cyclization with 
aqueous cyanoacetamide gives 5-benzyl-3carboxamido-6-n-penty1-2-pyridone 
(XII-1 14).54 

CH, COCH, + HCO, C, H, - CH, COCHNaCHO - CH ONa KNH 

NH 3 

C H ~  -CO-~H-CHO - RCH~CO-CH-CHO C"H, H, 0 

RCH, XII-112 

H 

XU-113 
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c 6 H S c H 1 0 : 1  

nC, HI1  

I 
H 

Xll-114 

Ethyl 2-keto-3-phenyllevulinate and cyanoacetamide in methanol containing 
piperidine give a mixture of methyl and ethyl 3-cyano-6-methylJ-phenyl-2-pyri- 
done4carboxylates (W-1 1 Q S 3  

COOR 
COOR 
I 

I 
H 

XU-115 
R = C H , , C , H ,  

A series of 3-cyano-4-trifluoromethyl-2-pyridones (W-117) has been prepared 
employing trifluoromethyldiketones (XU-1 16) or ethyl 4,4,44rifluoroaceto- 
acetate (Section 1..3.B., p. 625) and cyan~acetamide.~~ The strongly 

F3 
y 3  __t flcN 

R 0 
I 

H 
XII-117 

XI-1 16 

R =CH,,CF,,C,H,,Z-thienyl  

electron-withdrawing trifluoromethyl group in the diketones activates the 
carbonyl group to give products W-117 rather than the isomeric 
6-trifluoromethyl-4-alkylpyridones.55 The conversion of Xn-117 (R = CH3) to 
the vitamin B6 analog, 5-hydroxy-6-methyl4-trifluoromethyl-3-pyridine- 
methanol (W-l18), illustrates a utility of this compound.56 Reactions of 
cinnamoylacetaldehydes with cyanoacetamides give 3-cyano-6-styryl-2-pyridones 
(XU-1 19).” 
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XU-119 

Ethyl cyanoacetate and 1 -amino-2-benzoylethylene cyclize to 3-cyano-4- 
phenyl-2-pyridone (XII-120) in the presence of sodium ethoxide!6 

CH,CN 
I 

II + C,H,O 
C CHNH, 

H’ ‘OX+ 
7 6  HS 

k 
HI-120 
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1,1,3,3-Tetraethoxypropane (malonaldehyde diethyl acetal) and cyanoaceta- 
mide in aqueous triethylamine give 3-cyano-2-pyridone (XII-123, 57%).58 

I 
H 
MI-123 

The reaction between fl-dicarbonyl compounds and cyanoacetamide to form 
the corresponding 3-cyano-2-pyridones, followed by conversion to the 2-halo 
derivatives and reduction in the presence of 5% PdC, is a useful route to 
3-cyan0-4- and 3-cyano-6-substituted pyridines (MI-12 l).” Acetoacetamide and 

R, COCH, COR, - C ~ ~ , C O N H ,  JpJCN __c 

R6 0 
I 

H 

R6 JPJ - R60cN 

CH, b-”. 0 

XII-121 

acetylacetone in 10% ethanolic hydrogen chloride give 3-acetyl4,6-dimethyl-2- 
pyridone (W-l22).6O 

- 
P N 0  + H,N/‘\o I 

1 
CH( ‘ CH, 

r3 
CHC \O 

I 

A CH, 

x u - 1 2 2  

An enamine from Iethoxy-2,4-pentanedione, previously described as 
XII-12461’62 has been shown to be XII-125, which has been prepared also from 
ethoxyacetonitrile and acetone.63 The pyridone W-126 is formed by treatment 
of W-125 with malononitrile followed by ammonia and ~yc l i z a t i on .~~  
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XII-124 
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XII- 126 

B. P-Ketoacid Derivatives 

Cyclizations of 0-ketoesters with cyanoacetamide or with ethyl cyanoacetate 
and ammonia give 5-cyan0-6-hydroxy-2-pyridones.~~ Ethyl 4,4,4-trifluoroace to- 
acetate and cyanoacetamide in the presence of sodium methoxide form 3-cyano-6- 
hydroxy-4-trifluoromethyl-2-pyridone (XII-127) after crystallization from 15% 
hydrochloric acid. This pyridone appears to tautomerize in the solid state to 
5-cyano-6-hydroxy-4-trifluoromethyl-2-pyridone .’’ 

HO J+JLo& OH 

I B H 
XII-127 
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Only small amounts of 6-aryl4-methyl-2-pyridones (XU-128; R = C6H5,  6%; 
a-C1,,H7, 8.5%) are formed from ethyl acetoacetate, aryl methyl ketones and 
ammonium acetate .6 

H 

XII-I28 

The procedure of Hauser and Eby66 has been used to prepare several 
substituted 4-phenyl-2-pyridones related to streptonigrin (MI-1 29). In model 
experiments, aroylacetonitriles and ketones in polyphosphoric acid give 
4-aryl-2-pyridones (XU-130). 5,6-Dimethyl4-phenyl-2-pyridone (XII-13Oa) was 

(J OCH, 

XII-129 

R, CHI 

CH, O4 ‘CH, R;Ak 

CN C 
R6 RscL 0 

:‘ 
l -  I - - - -  

H,N’ “0 
I 
H 

XII-130 a, b 

R4 RS R6 

a: C6HS CH, CH, 
b: 2,3,4-(CH,0),C6H, H CH, 
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the only pyridone isolated when ethyl methyl ketone and benzoylacetonitrile 
were used.67 Dimethylaminoacetonitrile can be aroylated to give a-aroyle-NJ- 
dimethylaminoacetonitriles (W-131; R = C6H5, p<H30C6H4, p-C1C6H4), 
which are cyclized with acetophenone to 4-aryl-3-dimethylamino-6-phenyl-2- 
pyridones .68 

R 

(CH,),N / 

R 

+ - 0 OCeH5 (CH3 1, NCH J\o 0 
I 
CN 

I 
H 

XII-131 

Primary and secondary enamines prepared from ethyl acetoacetate or 
Pdiketones react with diketene to form 4-pyridones (XU-132). The 
3-carbethoxy4pyridones (W-132, R3 = C02  Et) are readily saponified and 

CH, 

0 

CH, R 3 f i C H ,  R, I - C H 3 f i C H 3  R, I 

XII-132 XII-133 
R, = H, C, H, , CH, C, H, ; R, = CO, C, H, . 
R, = H; R, = COCH, , COC, H,. 

decarboxylated to N-substituted4lutidones (XU-133, R1 = H, c ~ H 5 ) . 6 ~  
Acylated acetoacetic esters are cleaved with methanolic potassium hydroxide 

to give XU-134, which can be converted to enamines W-135 with ammonia in 
the presence of a small amount of ammonium nitrate. Methyl P-alanate and 
W-135 in ethanol give the enamines XII-136, which are cyclized to the 
5,6-dihydro4-pyridones using sodium methoxide in methanol." When the 
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Kon 

cn,oH 

CH, CO, 

R'CO' 
CHC0,R - 

F Nn,cn,cn,co,cn, 
R'COCH,CO, R - R'C=CH-CO, R * 

XII-134 XU-135 

0 
ROC0 

- Roocfl 'CH CH, CO, CH, 

I 11 
'R' ANH/ 

E;' 
R' 

CH, 

XI1-136 H 
R R' 

CH, C,H,CH,- 
t-BU C6H,CH,- 

CH3 PCH,OC,H,CH, - 
CH, 3344CH3 01, C, H, CH, - 
CH, CH, 

enamines XI-135 are boiled under reflux with acrylic esters, 3,4-dhydro-2- 
pyridones (XII-137) are formed.m 

ROOC 

XII-135 + CH,=CH-CO,R 7 

R' 
I 

H 

XU-137 

R R' 

C. PSubstituted Ketones 

Both dialkylamine and pyridine can function as leaving groups in this type of 
pyridone synthesis. For example, 6-phenyl-2-pyridone can be formed from 
wdimethylaminopropiophenone and N(carbamylmethyl)pyridinium chloride 
(MI-138)' (Section I.].,  p. 599). 
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CHl-:D 

__c oo 0 

‘6 HS 

I 
H 

I 
+ 

C6HsA\o , c=o 
H l  N 

XU-138 

D. Unsaturated Carbonyl Compounds 

Compound W-138 or its N-methyl derivative in methanol contain- 
ing dimethylamine or sodium hydroxide, or in acetic acid containing 
ammonium acetate, reacts with benzylideneacetophenone, benzylideneacetone, 
cinnamaldehydes, or w4-@icolinylidenyl)acetophenone probably by paths 
initiated by a Michael addition to give W-140.’3 71-74 N-C arbethoxymethyl- 
pyridinium bromide (W-139) and ammonium acetate in acetic acid has 

X = NH, (XU-138) 
X = OC, H, (XU-139) 

R 4  R, R, 
a-c: H 

d: CH, 
e: H 
f : H  

g, h: H 

‘6 H S  

‘6 HS 

Cpyridyl 

‘6 HS 

PmN0l ‘6 R4 

k H  o-NO1C6H, H 

XU-140 

advantages over W-138 for synthesis of XII-140e-g.72 Benzylideneaceto- 
phenone and W-138 or W-139 with ammonium acetate in acetic acid at 140” 
give both W-14Oa and 2,4,6-t1iphenylpyridine.~~ A retrocondensation of benzyl- 
ideneacetophenone occurs to form benzaldehyde and acetophenone, which react 
with benzylideneacetophenone and ammonium acetate to form triphenylpyridine 
via a typical Chichibabin rea~t ion,~’  which includes a dehydrogenation. 
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Nicotellin (XII-141), a tobacco alkaloid, has been synthesized from XII-138 
and the Claisen condensation product of nicotinaldehyde and 3-acetylpyridine . l  

kH0 
+ 

Xll-138 

XU-1 4 1 

Vinyl ketones, ethyl cyanoacetate and ammonium acetate give 4,6-disubsti- 
tuted 3-cyano-2-pyridones (XU-142) by a reaction path that includes a Michael 
addition and a dehydrogenation. The intermediate 3,4-dihydro-2-pyridones were 
not detected. When benzylideneacetophenone was used in benzene, the reaction 
proceeded by a Knoevenagel condensation and it was possible to isolate the 
intermediate 3-cyano-5,6-dihydro-4,6diphenyl-2-pyridone, which was dehydrog- 
enated to MI-142 by boiling in acetone.76 

Condensation of 2-substituted veratrals with ethyl methyl ketones gives substi- 
tuted vinyl ketones that react with ethyl cyanoacetate in the presence of 
ammonium acetate to give 4-aryl-3-cyano-5,6dimethyl-2-pyridones (X11-143).77 

Cyanoacetamide and 1 -dimethylamino-3-phenyl-l -propene-3-one in acetic acid 
give 3-carboxamido4-phenyl-2-pyridone (XII-144)." 



R, = C , H 5 , n C , H , ; R 6  =CH, 

I 
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f XII-142 
C6H5 / 

CN 
C N  
/ 

0 

,&=o 
CH 

CH 
I + 

C6H5 / C, H5 OF"O 

H 

B 

YHO O"F' CH3 

0 

NC 

I 
H 
XII-144 

63 1 
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1,3,3-Tricyan0-2-aminopropene(dimeric malononitrile) (XI-145) and enamino- 
ketones (XII-146; R = NHCH3, N(CH3)z, & = C6H5, pCH3C6H4,  
2,4(CH3)zC6H3, p C H 3 0 C 6 H 4 )  in acetic acid give bipyridonyls (XII-147), as 
well as smaller amounts of W-148 and the 5,6-dihydro-2-pyridone (MI-149) in 
a reaction that is not influenced by radical inhibitors or initiators or by the 
exclusion of o~ygen . '~ - '~  

R 
CH' CH"\O 

/c 
CN ,>c-m, 

11 + II I + 
NC/CH' o=y /CH R/CH 

I XI-146 
R, 

XII-145 I 

+ 

CN 
/ 

CN 

I 

CN 
C-CN 

I 
N 

H I LONH, H 

0 

H 

R4 

Xn-147 XII-148 XII-149 

Although imino derivatives of nitromalonaldehyde and active methylene 
compounds often give linear condensation products that could not be 
cyclized," ol-nitro-/3-methylaminoacrolein reacts with diethyl malonate to give 
ethyl 1-methylJ-nitro-2-pyridone-3-carboxylate (W-150, R = COz Cz H5).  
Similarly, ethyl a-nitroacetate gives W-150 (R = NO2)." 

I 
CH3 

6% 
XI-150 

Dehydrochlorination of dichloroacetyl chloride by triethylamine in the 
presence of a Schiff's base with a cinnamaldehyde structure through 
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cycloaddition gives dihydro-2-pyridones (W-15 l), which are converted to 
3-chloro-2-pyridones (W-152) by an excess of triethylamine.” 

‘6 
‘6 H5 

I 
HC HCH a, __c K O  b: (C,H,),Nc 0‘’ 

0 

I 
N N  

CH 

I 1: R 
MI-151 MI-152 

R 

R = C 6 H s ,  CH3C6H,, C6HS CH=CH-CH=N- 

Enamines W-153, W-154, and W-155 and propiolactone or acrylic acids 
form dihydropyridones, W-156, W-157, and XJI-158, when boiled in 
chlorobenzene .84 

XII-153 

B 
XU-156 

R3rl CO, R 
4 CH’ - II 

CH, 
C 

1 
HCH 

H,N’ ‘CH, O N  
I 

H + 
XII-154 XU-157 a-c 

COOH 

R, R, R 
a: H H t-Bu 
b: CH, H C,Ha 
c: H CH, C,H, 

XII-155 
k 

XU-158 
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E. Malonic Acid Derivatives 

In the presence of alkoxides, diethyl malonate reacts with acetylacetone imine 
to give the 4,6-dimethyl-2-pyridone (XI-159) and with ethyl 0-aminocrotonate 
to give the 4-hydroxy-2-pyridone (MI-160).8s In these reactions, ethyl 
malonate, like ethyl cyanoacetate and cyanoacetamide, provides two of the ring 
carbons. Ethyl nitromalonate, which cannot form a 2-pyridone by this path, 
reacts with enamines (MI-161; R = C6Hs, OC2HS) through its two carbethoxy 
groups to give the 5-substituted4-hydroxy-3-nitro-2-pyridones (MI-162). The 
5-carbethoxy-2-pyridone (XII-162, R = OC,H,) is readily saponified and 
decarboxylated.86 In contrast,it had been suggested earlier that when the related 
ethyl alkylmalonates are used, intermediates are formed which undergo aromati- 
zation through loss of a carbethoxy group from the malonate moiety.85 

R 

I 
H 

XU-160 

Primary and secondary enamines and anils (Xn-163) react with carbon 
suboxide (MI-164) to form 3-unsubstituted4-hydroxy-2-pyridones 
(MI-165),8'i8a with carbethoxy ethyl ketene (XI-166) to form 3-ethyl-4- 
hydroxy-Zpyridones (MI-167),89 and with malonyl chloride (MI-168) or 
malonic acids and acetic anhydride (XI-169) to give 3-substituted4-hydroxy-2- 
pyridones (XII-170)90-92 (Table XI-1). Anils of cyclic ketones (MI-163, Rs R6 
= (CH,),, where n = 3,4,5,6; R, = aryl) and substituted malonyl chlorides 

(R3 = alkyl) give 5,6-polymethylene4-hydroxy-2-pyridones.9 A comparison 



Preparation 

0 0 
II II 

C 
c w  'CHNO, - R/'\CH_ 

II + 1 
C 

MI-161 
CH,' 'NH, O>\OC, H, 

63 5 

R ! O ;  - R = OC,H, 0 
I I 

H H 

CH, CH, 

W-162 

with known isomeric pyridonesg4 showed that the product formed from 
benzoylacetonearnine (XII-163; R5 = COCHB, R6 = C6H5, R1 = H) and 
carbon suboxide (XII-164) is S-acety14-hydroxy-6-pheny1-2-pyridone 
(XII-165; R1 = H, R5 = COCHJ, R6 = C6H5) and not the isomeric 
5-benzoy14hydroxy-6-methyl-2-pyridone8'~ 9 5  (Section I.S.C., p. 658). 

R, ' CH 

n 
C 

R,' "HR, 

The benzyl ether of diethyl ketoxime (W-171, R = C,H5) and benzylrnalonyl 
chloride in benzene give 3-benzyl-l-benzyloxyd-ethyl4-hydroxy-5-rnethyl-2- 



TABLE XII-1. 4-Hydroxy-2-pyridones from Derivatives of Malonic Acid 

R, R3 Rs R6 Reagent %Yield Ref. 
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H 
H 
‘6 H S  

(CH3)ZC6H3 

pCH3 OC6 H4 
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pCH3 ‘6 H4 
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‘6 H5 
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H 
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H 
H 
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H 
H 
H 
H 
H 
‘2 H5 

‘2 H5 

H 
‘ 6  H S  ‘HZ 

c6 H5 CHZ 

‘6 H S  ‘HZ 

‘1 H5 

C H Z C 6 H 5  

‘ 6  H5 CHZ 

‘6 H5 ‘HZ 

C W H , ) ,  

nC, H, 
CH(CH3 Iz 

‘6 HS ‘HZ 

‘ 6  H S  CHZ 

‘6 H5 ‘HZ 

XI-164 
XI-164 
XI-164 
XI-164 
XI-164 
XI-168 
XI-164 
XI-168 
XI-164 
XI-169 
XI-164 
XI-164 
XI-164 
XI-169 
XI-164 
XI-168 
XI-164 
XI-164 
XI-164 
XI-164 
XI-1 64 
XI-166 
XI-166 
XI-168 
XI-168 
XI-168 
XI-168 
XI-169 
XI-168 
XI-168 
XI-168 

MI-168 

XI-168 
XI-168 
XI-168 
XII-168 
XI-168 
XI-168 
XI-168 

56 87 
31 87 
47 87 
38 87 
46 87 
100 90 
41 87 
100 90 
80 87 
42 90 
46 87 
92 87 
74 87 
33 90 
31 87 
61 90 
38 87 
46 88 
48 88 
46 88 
19 88 
26 89 
39 89 
33 93 
68 90 
92 90 
54 90 
58 90 
29 90 
65 91 
68 91 

30 91 

42 92 
56 92 
82 92 
42 92 
66 92 
38 92 
39 92 

636 
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pyridone, which on hydrogenolysis gives 3-benzyl-6ethyl-l,4-dihydroxy-5- 
methyl-Zpyridone (MI-172, R = CzHs).'The pyridone (W-173) is formed by 
heating MI-172 at reduced pressure. When the benzyl ether of propiophenone 
oxime (W-171, R = C6H5) is heated at 250 to 280" with diethyl 
benzylmalonate, the pyridone (W-173, R = C6H5) is obtained dire~t ly . '~  

0 

8 
a' 'CHCH, C, H, 

I + I - 
c 

R' \N 

Nitriles condense with malonyl chloride to give 2-~hloro4,6dihydroxypyri- 
dines (MI-174) in 23 to 63% yieldg7 and/or the pyrimidones (XII-175)98 or 
chloropyranooxazines (Section I.5.C.) depending on  condition^.^^' 99 

5-Bromo-3-carbethoxy-2-chloro-4,6dihydroxypyridine (XII-176, R = 
COzCz H5 ) is prepared either by bromination of MI-174 (R = COz Et) or by 
cyclization of bromomalonyl chloride and ethyl cyanoacetate. Methylmalonyl 
chloride did not react with pr~pion i t r i l e .~~  The product from acetonitrile and 
malonyl chloride, first described as 2chloro-4,6-dihydroxypyridine (MI-174, R 
= H):' is 6-chloro-2-methyl4pyrimidone (XI-175, R = 
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OH 

XI-174 

0 0 
I1 It 

R, c1c 
HC\ CH, 'CH, 

R 

___c I I 
CH, cl CH, 20" 

\ 

I +  I -  
CN C 

c1/ N o  

XU-175 

F. Acetone Derivatives 

Dimethyl acetonedicarboxylate or ethyl acetoacetate can provide the 3-, 4-, 
and 5-carbons to give 3,5-disubstituted4-pyridones (XI-177, R5 = CH,CO, 
COzCH3). s-Triazine has been used to provide the 2- and 6-carb0ns.l~~ A 
compound, previously described as 4-hydroxy-3-pyridinecarboxylic acid 
(XII-177, R = R5 = H)"' was shown to be nicotinic acid-1-oxide (MI-178).'00 
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(TJ + Rs CH, COCH, CO, R - NH2CH=N-CH Rs30zR 
CH, ONa 1 

OCozH +r 
0- 
XII-178 

A 
MI-177 

G.  Isocyanates 

In isocyanates the incipient ring carbons are not in a continuous carbon chain. 
Styryl isocyanates (MI-179) react with ynamines in acetonitrile to give 
4amino-5-substituted-2-pyridones by 1,4cycloaddition. Further reaction occurs 
under these conditions to give l-(N-substituted-carbamoy1)-2-pyridones 
(W-l80), which are readily decomposed thermally.'02 

p 2  NR, 

R3-G€NR, CH,CN_ 

R, -CH=CH-NCO 
+ 

W-179 N 

XII-180 

4. Miscellaneous Ring Closures 

A. Autocondensations 

There is some confusion in the literature that describes autocondensations of 
acetoacetamides. In 1902, Claisen and Meyer'03 proposed that the pyridone 
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product formed by heating acetoacetamide was 5-carboxamido4,6-dimethyl-2- 
pyridone (XU-181) and its hydrolysis product was XII-182.'03 A reinvestigation 
of this reaction led to assignment of XI-183 as the structure because it gives the 

H 

XII- 185 



Preparation 64 1 

known 3-acetyl-4-hydroxy-6-methyl-2-pyridone (MI-185) on hydrolysis.' O4 

However, easy conversion of MI-185 to the original cyclization product with 
ammonia suggested the structure W-184 for the latter."' Product XII-184 was 
also prepared by reduction of the corresponding oxime (MI-186). The main 
product of cyclization of acetoacetamide is 2,6-dimethyl-4-pyridone (MI-1 87, 
52%). When acetoacetamide was heated under reduced pressure, the yield of 
XU-184 could be increased from 3% to 3045%.'05 A small amount of MI-185 
is formed during the formation of acetoacetamide from diketene and 
ammonia.lo6 N-Alkylacetoacetamides also undergo auto-condensations when 
heated, but the yields of pyridones are low once more. Water formed appears t o  
hydrolyze the reactant to acetone, carbon dioxide, and amine. The products 
have been characterized as 5(N-alkylcarbamoyl)-2-pyridones (XII-188; R = CH3, 
C2Hs) because the 1-methyl homolog (MI-188, R = CH3) was hydrolyzed and 
decarboxylated to 1,4,6-trime thyl-2-p yridone.' 

R 

B 
XII-188 

fl-Ketoamides substituted in the a-position cannot give products analogous to  
MI-188 but react to give 5,6-dialkylura~ils.'~~ 

Diketene and glycine in a basic solution give 3-acetyl-l-carboxymethylene-4- 
hydroxy-6-methyl-2-pyridone (MI-189) by a reaction path in which 
dehydroacetic acid is not an intermediate. However, N-acetoacetylglycine was 
not detected.'% Deacylation of MI-189 to MI-190 occurs in sulfuric acid. 

5-Aminotropolone and diketene give 3-acetyl-4-hydroxy-6-methyl-1 -(5-tropo- 
lonyl)-2-pyridone (XU-192) directly, in the presence of triethylamine. In the 
absence of triethylamine, 5-acetoacetamidotropolone (MI-191) could be 
isolated. log 
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~ L H ~  COOH 

XII-189 
~ L H ~  COOH 

XII-190 

0 OH 
d-CH, 

W H 3  CH: &3 I ~ cH3g 
HO 0 HO 0 

XII-191 XII-192 

4Aminotropolone and diketene form 3-acetyl4-hydroxy-6-rnethyl-l-(tropo- 
lon4yl)-2-pyridone (MI-193) and N-(tropolon-4-yl)-2,6dimethyl-4-oxo-4H- 
pyran-3-carboxamide (MI-194).110 

A preparation of glutazine (XU-196) from ethyl cyanoacetate has been 
irnpr~ved.'~ 3-Carbethoxyglutazine is readily prepared from ethyl a-cyano-L.3- 
iminoglutarate (XI-195) and can be decarboxylated by heating with ammonia 
to glutazine (XU-196) in an overall yield of 35%.34 
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CH3 JOCWH3 0 

OH 
XU-193 

+ 

PH 
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, CH, CHf 'CHCO, C, H, 

C CN 
__c I CN 'a, C, H, - - I  

/ No 
ClHSO 

XII- 195 

- ofi 
0 OH 

B I 
H 

W-1% 

B. Cyclizations of Three or More Acyclic Molecules 

The condensation of an aldehyde with ethyl cyanoacetate and ammonia to 
give 4-alkyl-3,5-dicyano-6-hydroxy-2-pyridone (XU-198) probably proceeds 
through the oxidation of an intermediate glutaric acid imide (MI-197). Only 
small amounts of the reduction products (XI-199) could be isolated. Additional 
pathways for the oxidation of W-197 to XU-198 were not excluded."' 
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s-Triazine and ethyl a-cyanoacetimidate give 3,5-dicyano-2,6-diethoxypyridine 
(Xn-200). loo 

2CN-CH, + RCHO - 
‘CO, C, H, 

“ ~ b l  RCH=C(CN)CONH, - ~ o ~ c N  + RCH, CHCNCONH, 

0 0 
I 

H H 
XII-197 MI-198 XII-199 

Treatment of a-unsubstituted-IV-(2-pyridyl)acetoacetamides with triethyl 
orthoformate and zinc chloride in ethanol gives 3-acetyl-6-methyl-l-(2-pyridyl)- 
5-(N-2-pyridylcarboxamido)-2-pyridone (XII-201).”2 

4.= ; R = H , C H ,  

R A\ 
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5. From Other Ring Compounds 

A. 2-Pyrones 

Ammonia, primary amines, and related acyclic nitrogen nucleophiles react 
with a large variety of pyrones to form pyridones. These reactions often have 
been used to characterize the pyrones or to remove them from mixtures. Under 
these circumstances, yields are often not reported and experimental conditions 
are not optimal, and, therefore, in many instances these reactions are difficult to 
evaluate, particularly as alternative routes to the somewhat more carefully 
studied direct ring closures to form pyridones. 

Although pyrones and pyridones are potentially interconvertible, the 
conversion of pyridones to pyrones has been reported only occasionally. For 
example, 2,3,6-trimethyl4-pyrone in aqueous methylamine gives 1,2,3,6-tetra- 
methyl-4pyridone (XII-202) (59%, isolated). The pyridone is converted to  the 
pyrone (31%, isolated) in dilute sulfuric acid containing mercuric s ~ l f a t e . " ~  

0 

A wide range of experimental conditions has been used to effect these 
transformations. For example, scillaridin A, a 17-/3-(5-pyronyl)-steroid QUI-203) 
does not react with ammonia in methanol or with ammonium acetate in boiling 
acetic acid and gives only a low yield of pyridone with ammonia in aqueous 
methanol at 120". It gives the pyridone (XU-204) in 58% yield with ammonium 
acetate and acetic acid in dimethylformamide at 175" in a sealed tube."4 

XU-203 

I 
H 

XII-204 
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Methyl coumalate reacts with amines to give Schiffs bases that can be cyclized 
in aqueous sodium carbonate to N-substituted-2-pyridones [XII-205, R = 
24hiazoly1, 2-pyridyl, 4-methyl-2-pyridyl,2-( 1,3,4-thiadiazolylmethyl)] .' ' After 

4 0 

0 

- moHo CH-CH, COOH 
// 

R-NSH-C, 
Na, CO, CO,CH, 

I 
R 

XI-205 

boiling under reflux for 4 hours, 2-pyrone-6-carboxylic acid and ammonium ace- 
tate in acetic acid give a 5 1% yield of 2-pyridone-6-carboxylic acid.' ' 
4Methyl-6-phenyl-2-pyridone is prepared in 98% yield by heating the corre- 
sponding a-pyrone in methanolic ammonia at 100°.'17 

Butylamine and 2,6-dimethyl-4-pyrone (MI-206, X = 0) and 2,6-dimethyl-4- 
thiopyrone (MI-206, X = S) give the corresponding 4-pyridone and 
thiopyridone, respectively. Benzylamine, a weaker base and weaker nucleophile, 
reacts with the thiopyrone but not with the pyrone.'" 

k XII-206 

3,4,5-Trichloro-6-phenyl-2-pyridone (XU-208, R = H) can be prepared from 
the corresponding a-pyrone by boiling it under reflux for 36 hours with 
ammonium acetate in acetic anhydride and acetic acid. It is, however, more 
conveniently prepared by cyclization of the amide XII-207.20 3,5-Dichloro-2- 
pyridone (XII-209, R = H) is formed in low yield from the pyrone. The 
pyridones MI-209 (R = H, CH3, C,H,) are, however, formed in good yield by 
reduction of MI310 (see Section 1.1 .B., p. 604)." 
3,5-Dichloro-6-phenyl-2-pyridone can be prepared from 6-phenyl-2-pyrone by 

chlorination with sulfuryl chloride to give XU-211, which is then treated with 
ammonium acetate, or by chlorination of 6-phenyl-2-pyridone.' '' Perchloro-2,Q 
pentadienoyl chloride and the corresponding methyl ester (MI-21 2) are reduced 



C6 H, (CCl=CCl), CONHR - 
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C, H, (CCl=CCl), COOH - 
C'fJ - yJ - a& 

c1 0 
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MI-210 

: 0 

XII-209 

xn-211 O \ NH,OAc 
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by lithium aluminum hydride at - 10" to perchloro-2,4-pentadien-l-ol. 
Cyclization in the presence of manganese dioxide or chromic acid in t-butyl 
alcohol gives 3,4,5-trichloro-2-pyrone, which is converted to the 2-pyridone 
(W-213) with ammonium acetate in acetic acid" (see Section I.l.B., p. 604). 
3,4,5-Trichloro-2-pyridone (XII-213) can be formed also from perchloro-2,4- 
pentadienal by heating in acetic acid." 

CCl, =CCI-CCI=CcI-CO, CH, CCI, =CCl-CCl=CcI-CocI 

i 
CC4 =CCI -CCI=CClCHO CCl, =CCI-CCI=CCl-CH, OH 

"D ___) "0 
0 0 

I 
H 

XII-213 

w-Methoxy- and w-aryloxyacetophenones and benzyl phenyl ketones 
condense with ethyl phenylpropiolate to give 5 - r n e t h o ~ y - ' ~ ~  and 5-aryloxy-4,6- 
diphenyl-2-pyrone~,'~~ and 4,5,6-triaryl-2-pyrone~.~~~ Ammonia and methyl- 
amine give the corresponding 2-pyridones (MI-21 4). N-Methyl-2-thiopyridones 
(MI-21 5) are formed from 2-thiopyrones and methylamine.122 
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B. 4-Pyrones 

Malt01 (XU-216), allomaltol (W-217), kojic acid (XII-218), chelidonic acid 
(W-219), meconic acid (XII-220), and comenic acid (MI-221, R = H) are 
examples of well-known natural products and their derivatives that have been 

XII-216 Xll-217 XII-218 

MI-219 xu-220 w -221  

converted to 4pyridones. Many of these conversions have been instrumental in 
elucidating structures of naturally occurring furanols and pyrones.' 23 

Isomaltol, first described as a pyrone, has been shown to be 3-hydroxy-2-fury1 
methyl ketone (W-222).'24i12s This structure has been confirmed by its 
conversion to 3-hydroxy-2-methyl-4pyridone,1zs which has been synthesized 
from maltol (XII-216).125~ 

Kojic acid (MI-218) is acylated in the 2-position by butyrolactone in 
trifluoroacetic acid. The product and aqueous ammonia give 3-hydroxy-2(7- 
hydro~ybutyryl)-6-hydroxymethyl-4-pyridone.~ ' 

Treatment of MI-220 or MI-221 (R = H, CH3) with aromatic amines in water 
gives 1 -aryl-5-hydroxy(or methoxy)4-pyridone-2-carboxylic acids, which are 
readily decarboxylated to XII-223, (R = H, CH3) or converted to ethyl 
esters."" 2-Hydroxymethyl-5-methoxy4-pyrone, a monomethyl ether of 
kojic acid, and 2-dialkylaminoethylamines in water give 1 -(2dialkylaminoethyl)- 
2-hydroxymethyl-5-methoxy-4-pyridones (MI-224; R = CH3, Cz H5).' 30 Natural 
maltol glucoside and ammonia or primary amines give the corresponding 
pyridones (XU-225) when boiled in methan01.'~' 
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HO 
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CH, CH, NR, 
XII-224 

y-Pyrones and cyanamide in aqueous ethanol give Ncyano-Cpyridones 
(W-226); however, reactions of XI-226 with acids or bases have not given 
characterizable products.' 32 

& = H, CH, ; R, = H, OH, OCH, ; R6 = CH, OH, CH, C1, CH, 
W-226 

The naturally occurring amino acid mimosine (leucaenine; W-229) has been 
synthesized from meconic acid (W-220), which is decarboxylated and then 
converted to the benzyl ether (W-227). Mimosine is obtained via!XII-228.' 33 
3-Hydroxy4pyridone was formed by treatment of mimosine with zinc dust or 
by hydrogenolysis of 3-benzyloxy4-pyridone in a procedure designed to locate 
the label from aspartic acid incorporation into Cpyridone in Mimosa pudicu.' 34 

Although the Cpyridones W-230 can be prepared from the pyrones, it is 
more convenient t o  obtain them directly from triketones by treatment with 
ammonia in ethanol" (see Section I.l.C.,p. 608). l-Phenyl-1,3,5-hexanetrione is 
acetylated and cyclized by boron trifluoride and acetic anhydride t o  the 
4pyrone (W-231). Conversion to 3-acetyl-2-methyl-6-phenyl4pyridone in low 
yield is accomplished in anhydrous ammonia.' 35 1,5-Diphenyl-l,3,5-pentanetri- 
one gives 3-benzoyl-2-methyl-6-phenyl4pyrone (MI-232), which reacts with 
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OCH, C6 H, - 
XII-227 

o/ocH~ '6 H~ O O H  

- I  I 
N 
I I 

H H 

liquid ammonia to form the pyridone XI-233 in 86% yield. Products isomeric 
with XII-232 and MI-233, such as XII-234 (X = 0, NH), were not found.'35 
0-Ketoesters react with acyl and aroyl phosphorus ylids to give the same 
4pyrones. For example, ethyl a-acetylacetoacetate and benzoylmethylenetri- 
phenylphosphorane give XI-231 .l 36 Additional conversions of 4-pyrones to 
Qpyridones are summarized in Table XI-2. 

Lutidones rather than 4-hydroxy-2-pyridones are formed from dehydroacetic 
acid (XII-235) and ammonia or primary amine~. '~'  With one equivalent of 
aqueous or ethanolic primary amine at ambient temperatures, dehydroacetic 
acid gives 3-(a-alkylaminoethylidene)-6-methylpyran-2,4-diones (XI-236). An 
excess of amine (R = Me, Et, n-PI, n-Bu, CH2C6H5, CH2CH2C6H5) and 
dehydroacetic acid give 2,6-bisalkylaminohepta-2,5-dien-4-ones (XU-237) or the 
lutidones (XII-238), depending on conditions. 108i 143-148 Aqueous ammonia 
and dehydroacetic acid give some 3-carboxylutidone XU-239, which is not 
decarboxylated under the reaction conditions and therefore is not an intermediate 
in the formation of lutidone under these  condition^.'^'^ 148 These dienones 
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R, COCH, COCH, COR, c 

I 
H 

Xll-230 
R, =CH,,C,H, 
R, = alkyl 

(CH, CO), CHCO, C, H, 

'6 HS 

I 
A 

XII-233 m-234 

(XU-237) in which the two alkyl groups are different were not isolated on 
treatment of W-236 (R = Et) with methylamine.'08 Aqueous dirnethylform- 
amide has been used as the solvent to give XU-236.'4s Compounds XII-236 
could not be converted directly to the lutidones XII-238,'43 which indicates 
that the N-methyllutidone is not formed by rearrangement of XI-236 through 
an intramolecular nucleophilic attack by the nitrogen on C-6.'43 However, 
XII-236 (R= CH2 CH2 C6 HS , CH(CH3)CHz Cs Hs ) in dilute mineral acid does give 
XII-238.'4' Under appropriate conditions diacetylacetone and amines give the 



TABLE XI-2. Conversion of 4Pyrones to 4Pyridones 

%Yield Ref. Rl R, R3 R5 R6 

H CH3 H H CH3 65 137 
H CH3 H H Zquinolylmethyl 80 138 
CH, H CH, CH3 H 74 139 

-100 140 
- 141 

CH3 CH3 H H CH3 
H CH3 COCH, H CH3 

MI-240 

654 
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dienone MI-237 or the lutidone Mi-238.' 431 144 3-Carboxy-2,6-dimethyl-B 
pyrone (MI-240) and amines also give XU-237 or XII-238.'49 Ethanolamine and 
dehydroacetic acid give XII-236 and XII-238 (R' = CHzCH20H), but not 
XU-237.147' 14' N-Phenyllutidone (XU-238, R = C6Hs) is prepared from 
dehydroacetic acid and aniline by boiling in concentrated hydrochloric acid for 
2 hours.'47 

C. 4-Hydroxy-2-pyridones from Pyrones 

Ethyl n-butyroacetate, on treatment with sodium bicarbonate, gives the 
dehydroacetic acid homolog W-241, which, on treatment with 90% H2 SO4, is 
converted to 4hydroxy-&propy1-2-pyrone, which gives 4-hydroxy-6-n-propyl-2- 
pyridone in low yield when treated with ammonia.' 

fir3". - C3 HI COCH, CO, C, H, - 
'3 

XII-241 

k 
Dehydroacetic acid oxime rearranges in polyphosphoric acid to 3-acetamid04 

hydroxy-6-methyl-(2H)-2-pyrone and 2,6-dimethyl-(4H)-pyrano [ 3,441 oxazol-4- 
one (W-242). Treatment of W-242 with ammonia gives 2,6dimethyl-(SH)- 
oxazolo [4,5c]-4pyridone, which, in turn, gives 3-acetamido-4-hydroxy-6- 
methyl-2-pyridone with hydrochloric acid at room temperature and 
3-amino-4-hydroxy-6-methyl-2-pyridone on heating.' 

Reactions between triacetic acid lactone (MI-243) and ammonia or amines to 
give 4-hydroxy-6-methyl-2-pyridones are well For example, 
glycine and XII-243 give l-carboxymethylene-4-hydroxy-6-methyl-2-pyri- 
done.' 54 This latter 4-hydroxy-2-pyridone has also been formed from diketene 
and glycine in aqueous base via XU-244, which can be deacetylated in 
concentrated sulfuric acid. Dehydroacetic acid does not appear to be an 
intermediate in the formation of XII-244. Under these conditions it reacted with 
glycine to form an isomeric product, which, however, was not ~haracterized."~ 



656 Pyridinols and Pyridones 

OH NOH 

PPA a : C H ,  - py 0 OCH3 __c 

CH3 CH, 

XI-242 k 

OH 

__c 
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NHCOCH, 

0 
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MI-243 

CH, COOH 
MI-244 

On heating with polyphosphoric acid o-haloacetoacetanilides give mixtures of 
4hydroxyquinaldines and 3-arylcarbamyl-2,6-dimethyl-4-pyrones (XII-245; R = 
2-C1C6 & , 2,4-C12C6 H3, 2,5-C1, C6 H3, 2-BrC6&). The 4-pyrones (XU-245) are 
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hydrolyzed in 70% sulfuric acid to give mixtures of the 4-pyrone-3-carboxylic 
acids (MI-246) and the N-aryl-4-hydroxy-6-methyl-2-pyridones (MI-247).' 49 

A compound previously described as 3-benzoyl-6-phenyl-2,4-( 1H,3H) pyridine- 
dione (XII-248)'5' and earlier as 2,6-diphenyl4pyrid0ne,~'~ which is formed 

0 

Xn-246 

QH 

R 
Xn-247 

from 3-benzoyl-6-phenylpyran-2,4(3H)-dione and ammonia, has been shown to 
be 3-cr-aminobenzylidene-6-phenyl-2H-pyran-2,4(3H)dione (XII-249)'43 (see 
also XII-236, p. 653). 

A 
XII-248 XII-249 

Although ketones, including ethyl acetoacetate and several related compounds, 
react with malonyl chloride to form chloropyranodioxins (this section, p. 661), 
1,3-diketones give pyrones. It was proposed originally that benzoylacetone 
forms the 4-hydroxy-2-pyrone that tautomerizes to the 2-hydroxy-4-pyrone 
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(XII-250).94 It was shown later, however, that the reaction gives a mixture of 
the isomers W-251 (60%) and XI-252 (40%) and that both give 
S-acetyl-4-hydroxy-6-phenyl-2-pyridone on treatment with aqueous ammonia?’ 

0 

XII-250 
C6 H, COCH, COCH, 

+ CH3 C O O o  

c, H5 

c H 3 c 0 x 3 0  ‘6 HS H I 

Acetylacetone and malonyl chloride give 5-acetyl-4-hydroxyd-methyl-2- 
pyrone (XII-253), a positional isomer of dehydroacetic acid, which reacts with 
aqueous ammonia or aqueous methylamine to form XII-254 (R = H, CH3),94 
which can also be prepared from the enamine of acetylacetone and carbon 
suboxides7 (see Section I.3.E., p. 635). The N-methylpyridone XII-254 (R = 
CH3) is deacetylated to 4-hydroxy-l,6-dimethyl-2-pyridone with sulfuric acid; 
however, W-254 (R = H) was not deacetylated under these  condition^.^^ 
Acetylacetone and carbon suboxide give 8-acetyl-4-hydroxy-7-methylpyrano- 
[4,3-b] pyrane-2,s-dione (XI-255) with catalytic amounts of sulfuric acid. This 
is also formed from acetylacetone and malonyl chloride or from carbon 
sub oxide and the intermediate 5-acetyl-4-hydroxy-6-methyl-2-pyrone 
(XII-253).lS7 3,S-Diacetyl-4-hydroxy-6-methyl-2-pyrone (XI-256) can be 
formed by acetylation of XII-253 with acetic acid and phosphorus oxychloride 
or by degradation of XI-255. 3,5-Diacety1-4-hydroxy-6-methyl-2-pyridone can 
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be prepared quantitatively from W-256 and ammonia or by acetylation of 

A product of the tropolone-producing mold Penicilliurn stipitaturn was 
identified as 3,6dirnethyl-4-hydroxy-Zpyrone by its conversion to 3,6dimethyl- 
4-hydroxy-Zpyridone (W-257) with ammonia in a sealed tube at 120' and to 
the N-methyl-Zpyridone with aqueous methylarnh~e.'~~ 

XII-254.157 

I XII-253 

I 
I 

/CH,CO& 0 OCH, 

\ 0 / CH3 XII-256 O 

I 

d 
XII-254 

cH3c0@0H CH3 

XII-255 
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Treatment of 2-bromo-6-hydroxymethyl-3-methoxy-4pyrone with aqueous 
ammonia or aqueous methylamine gives 4-hydro~y-2-pyridones.~~~ 6-Chloro-4 
hydroxy-2-pyrone-3-crboxylic acid and m-anisidine give N.N-di-m-methoxy- 
phenylacetonedicarboxamide, which can be converted to 4hydroxy-N-(m- 
methoxyphenyl)-6-(m-methoxyanilino)-2-pyridone (XII-258) by heating with 
phosphorus oxychloride.161 

40, 
* 

m-NH,C, H, OCH, 

0 

CH, 0 
\ 

PH 

0 / OCH, 
XII-258 

Ammonia or ammonium acetate in acetic acid and aureothin, desmethyliso- 
aureothin (W-259, R = H), and isoaureothin (XII-259, R = CH3) give 



‘x =:OH I 
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‘X OV \ 300H 

HO 

‘x 0v9x HO 

€8 0v9x HO 
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presence of &oxides to 6-aryl-2,2-dimethyl-7-hydroxy-4,5-dioxopyrido [4,3-d] - 
1,3-dioxins (W-263), which are converted to 3carbomethoxy4,6dihydroxy-2- 
pyridones (XII-264).' 67-1 69 The intermediate pyridodioxins (MI-263) are 
isolated when sodium phenoxide is used.'70 The 7-aminopyranodioxin (R' = 
C6 H5) and phosphorus oxychloride form the 7-chloropyridinodioxin, which 
gives 4,6dialkoxy-3-carboxy-N-phenyl-2-pyridones (XII-265; R = CH3, C2 H,) 
when treated with alkoxide ion.'67 

a a 
XII-262 

(R' = C,H,) 

COOH HO 0 
I 
R' 0 0 0 

XU-265 XII-264 

2,2-Dimethyl-7-phenylamino-4,5dioxopyrano [4,3d] -1,3-dioxin reacts with 
aniline to form a 1,3-dioxindiamide, which gives an acetone-tricarboxylic acid 
derivative when treated with sodium m e t h 0 ~ i d e . l ~ ~  Cyclization to 4,6-dihy- 
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C, H, NHCO 

CH, cn,o- - 6H=o , 

c 6 H s N H ~ $ ~ ~  - C,H,NH, 

0 
NHCO 
I 

0 0 '6 H 5  0 

C, H, NHCOCH, xOH KOH - 
C, H, NHCO CO,CH, 

I 

XII-266 
C6 H5 

droxy-l-phenyl-3-(N-phenylcarbamoyl)-2-pyridone (XII-266) occurs on boiling 
with methanol containing potassium hyd r~x ide . ' ~~ '  172 

Isocyanates and malonyl chloride or isocyanates and 6-chloro-4-hydroxy-2- 
oxopyran-3-carbonyl chloride give 7-chloro-2,4,5-trioxopyrano [3,4-e] -1,3- 
oxazines (MI-267), which can be converted to 2,4-dioxo- 1,3-oxazines and 
diethyl 2-carbamoyl-3ethoxy-2-pentenedioates (MI-268, R = Et) when heated 
with ethanol. Isothiocyanates react similarly to form thio analogs. When MI-268 
(R = Et) is heated in ethanolic potassium hydroxide, 3-carbethoxy-4-ethoxy-6- 
hydroxy-2-pyridones are formed that can be saponified and decarboxylated to 
MI-269. Hydrolysis of the enol ethers (MI-268) gives the enol (XU-268, R = H), 
which can be cyclized in ethanolic potassium hydroxide to the N-substituted-3- 
carbethoxy-4,6-dlhydroxy-2-pyridone. The dioxo-oxazines in ethanolic potas- 
sium hydroxide give 3,5-dicarbethoxy-4,6-dihydroxy-2-pyridones (MI-270).l7' 
7-Amino-2,4,5-trioxo-3-phenylpyrano [3,4e] -1,3-0xazines'~~ and sodium phen- 

oxide in phenol as solvent give 6-hydroxy-2-0x04-phenoxy-1 -substituted 
pyridine-3-carboxanilides (W-271; R1 = aryl, R = phenyl). It has been suggested 
that the aryloxy ion attacks the ring with concomitant loss of C02 followed by 
isomerization to the product. Intermediates could not be i ~ o l a t e d . " ~ ~  173 

Alcoholic potassium hydroxide and the oxazines give MI-271 (R = H).174 
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D. 3-Pyridinols from Fumns 

Acylfurans, convenient intermediates for the synthesis of 2-substituted-3- 
hydroxypyridine~,'~' are synthesized by acylation of furans or by acylation of 
aromatic substrates with 2-furoyl halides. 3-Pyridinols (XII-272), pyrrolyl 
ketones, and pyrroyl ketimines are formed on treatment with ammonia.' 76-182 

OCOR 

I I 
H H 

XII-272 

The products can be separated conveniently by "~ublimatography".~~'-~~' 
6-Methyl-3-pyridinol (MI-273) can be prepared directly from furfurylamine 

and formalin in hydrochloric acid"' or by way of 2-aminomethyl-5-hydroxy- 
methylf~ran."~ 

U C H ,  NH, 

HOCH, CH, NH, 
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The reaction of 2-acylfurans to form 3-pyridinols is not prevented by small 
alkyl groups at C-3. 3-Methyl- and 3-ethyl-5-methyl-2-acetylfuran (XI-274; R = 
CH3, = CH3, CH3CH2)185 and 2-aroyl-3-methylfurans (XI-274; R = aryl, 
& = CH3)lS6 form 3-pytidinols without difficulty. 

XII-274 

Oxidation of furfural with chlorine water or sodium hypochlorite followed by 
treatment of the product (see Section 1.l.C.) with sulfamic acid gives 
3-hydroxy-2-imino-l(2H)-pyridinesulfonic acid, which is converted to 2-amino- 
3-pyridinol (XI-275) on hydrolysis.187i 

c=o NH,SO,H I -  
O C H O  " l o  CHO CHO 

N 
XII-275 

NH 
I 

SO, OH SO, OH 

Oxidation of N-monosubstituted-2-(a-aminoalkyl)furans (XU-276) with 
chlorine water gives N-alkyl-3-hydroxypyridinium chlorides (XI-277; R1 = 
alkyl, Rz = H, CN, CONHz). The 2-cyanomethylfurans (XII-276; R1 = alkyl, 
Rz = CN) are prepared from furfural by a Strecker reaction and hydrolyzed to 
the amides (XI-277, Rz = CONHz). Pyridinium salts of the amides (XI-277, 
R1 = CH3, CzH5, CHzC6H5; Rz = CONHz) give 3-hydroxypicolinamide 
(XI-278, Rz = CONHz) on heating.lS9 
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A variety of 2-substituted-3-pyridinols can be prepared by well-known 
 method^.'^' For example, diarylmethyl 2-fury1 ketones are prepared in good 
yield from ethyl furoate and diarylmethanes using KNHz or NaNH2 in liquid 
ammonia and are conveniently converted to XII-279. pChlorobenzy1 2-fury1 
ketones, which can be converted to ?UI-280, can be prepared from 
p-chlorophenylacetonitrile and ethyl furoate by condensation in the presence of 
alkoxide followed by hydrolysis and decarboxylation. 2-Pyrryl ketones are also 
formed in the last step. Several 2-fury1 ketones are cleaved under these reaction 
conditions and do not give 3-pyridin0ls.'~' 

XII-279 I 
C, H4Cl-p 

I - + O C O C H 2  I O C W H l  

I C, H, C1-p 
H 

&, H, C1-p C, H4Cl-p 

XII-280 

Derivatives of 5-aminoaldoses have been partially characterized by conversion 
to 3-pyridinols. For example, 6-amino- and 6-nitro-5-acetamido- 1,2-0-cyclo- 
hexylidene-5,6-dideoxy-~-iodofuranose and the corresponding D -glucofuranoses 
when boiled under reflux with hydrochloric acid form 6-aminomethyl- and 
6-nitromethyl-3-pyridinol (MI-281, R = NHz , NOz).192i lg3 

I 

NHCOCH, 
XU-281 
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E. 3-Pyridinols from Pyrones 

3-Pyridinols have been prepared indirectly from kojic acid (XII-218, p. 649), 
which reacts with dimethyl sulfate to give 2-hydroxymethyl-5-methoxy4H- 
p y r a n h n e ,  which can be converted to 2-hydroxymethyl-5-methoxy-4-pyridone 
(XII-282) with aqueous ammonia. Treatment of XII-282 with phosphorus 

0 

cH300cH,0H - 
0 

__c cH300 I CH, OH 

H 

MI-282 

I 

NHCOCH, 

XII-283 
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yo1 

XI-372 

XII-373 

I 
H 

XII-374 

I 
H 

XII-375 

the nitramine can be converted to 4-amino-3-nitro-2-pyridone (XI-376) with 
potassium hydroxide containing hydrogen peroxide. 3-Nitro-4-hydroxy- 
2-pyridone has been formed from XII-376 by treatment with nitrous acid.305 

O0 N 

ONoz 0 ___c 
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5-Ethoxy-4-methyloxaole has been used to form pyridoxine (MI-286, R = 
H). With maleic anhydride it gives an adduct that, on treatment with ethanolic 
hydrogen chloride, forms the products W-287 and XII-288 (R = R’ = Et) and a 
monoester (XII-288; R = Et, R’ = H or R = H, R’ = Et).’” The diethyl ester 
MI-288 is also formed from ethyl maleate or ethyl fumarate and 
5-ethoxy-4-methyloxazole.zoo Fumaronitrile and 5-ethoxy-4-methyloxazole give 
4,5-dicyano-2-methyl-3-pyridinol, ’’’* ’01 also a known precursor to pyridoxine. 
5-Ethoxy-4-methyloxaoles and 2-butene- 1,4-diol give pyridoxine (XII-286, R = 
H), which is difficult to purify when prepared in this way (assay, 23%). 

TABLE MI-3. Reactions of 5-Alkoxyoxazoles with Maleimide and Maleic Anhydride 

% XII-284 % MI-285 
R2 R, R Ref. 196 Ref. 191 

43 
80 
I1 
83 
81 
43 
36 
13 
68 
85 

54 
4 1  
31 
42 
40 

0 
36 
25 
16 
0 

5-Ethoxy-4-methyloxazole reacts similarly with a variety of ethers and esters 
of 2-butene-l,4-di01.~’~ 1,4-Dimethoxy-2-butene forms XI-286 (R = CH3); 
2,5-dihydrofuran forms the pyridoxine cyclic ether (MI-289) ’’’, ’’’ and 
1,4-diacetoxy-2-butene forms pyridoxine.”’ 

XII-287 XII-288 
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HO& ,OR H 5  

CH3 N / CH3 N / 

MI-286 MI-289 

5-Ethoxy-4-methyloxazole reacts with cis- and frans-2,5-dimethoxy-2,5-di- 
hydrofuran to form both endo- (XII-290) and em- (XU-291) adducts. All four 
adducts have been characterized. The adducb give cis- or trans- XII-292 when 
treated with base. Both of the latter isomers give 3-hydroxy-2-methylpyridine- 
4,5-dicarboxaldehyde on treatment with hydrochloric acid.203 

0 

0 OC,H, 

cHQ N 
0% + C H a  CH3 KOii 

0 N OCH, 

H OCH, 

XII-290 XU-291 

An unstable anhydride has been isolated from the reaction between maleic 
anhydride and ethyl 5-ethoxy-4oxazolylacetate and has been characterized as 
XII-293.2w 
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C, H, OCOCH, czH50@o 

C, H, OCOCH 
I 

H 

XII-293 

CCarboxymethyl-5-ethoxyoxazole reacts with fumaronitrile to give 4,5-di- 
cyan0-2-methyl-3-pyridinol.~~~ It reacts with 4,7-dihydro-l,3-dioxepine to give 
W-294, which is hydrolyzed with dilute hydrochloric acid to pyridoxine. The 
ethyl ester of Ccarboxymethyl-5-ethoxyoxazole reacts with 1,3-dioxepine to 
form MI-294 and XII-295, which can also be hydrolyzed to pyridoxine. 
5-Cyano-4methyloxazole and 4,7-dihydro-l,3-oxepines have been used to 

R = C , H ,  / 

MI-295 

\ 

\ 
H 

XU-294 

/ 
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XU-296 

prepare pyridoxine by a route in which cyano is the leaving group during the 
degradation of the adduct.206 

Both 4-methyl-207 and 4-carboxymethyl-5-ethoxyoxazole206 and y-hydroxy- 
crotonitrile give 4-cyano-5-hydroxymethyl-2-methyl-3-pyridinol (XII-296). 

Products from the four reaction paths ( a d )  are observed in Diels-Alder additions 
to oxazoles (XU-297), depending on the nature of the groups on the 4- and 
5-positions of the incipient pyridine ring2'' A 5-unsubstituted oxazole can give 
a 3-pyridinol even though the dienophile is an alkene, if the dienophile can 
provide to  the adduct a leaving group (X) alternate to the 3-hydroxyl that is 
produced by cleavage of the oxygen bridge (path b). 3-l'yridinols can also be 
formed by dehydrogenation (path c, R, = H). The yields of 3-pyridinols are 
usually low, however, when 5-unsubstituted oxazoles are used because of 
competing reactions. LtMethyloxazole reacts with acrylonitrile in toluene to give 
kyano-2-methylpyridine (path a), 2-methyl-3-pyridinol (XI-298) (path b) and 
5-amino-6-methylnicotinonitrile (by dehydrogenation, path c,  R, = H), all in 
low yields. A similar reaction in aqueous acetic acid gave only XII-298 (28%) 
and hydrogen cyanide. 4-Phenyloxazole and 2,4-dimethyloxazole in acetic acid 

R. R. H. ?r H X  

XI-297 

b d 

R, = H, OR, CN, and so on 
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react with acrylonitrile to give 2-phenyl-3-pyridinol and 2,6-dimethyl-3-pyri- 
dinol, respectively."' 

Fumaronitrile and Cmethyloxazole give 5-cyano-2-methyl-3-pyridinol 
(XI-299) in unusually high yieid for this type of reaction (71%). Both diethyl 
fumarate and diethyl maleate give low yields of W-300 and of XI1301 (R = 
COzCzH5), which is formed by dehydrogenation (path c)?I1 Ethyl 

CN 

fJ + ' + HzNp-JcN CH, CH, ' CH, 

MI-300 XU-301 

trans-3-cyanoacrylate gives both possible products of structure XI1300 (R = 
COOCz H,, CN). Ethyl acrylate gives XI-300 (R= H) and 5-carbethoxy-2-methyl- 
3-pyridinol (MI-300, R =  COz Cz H,)Z1' 5-Carbethoxy-2,4-dimethyl-3-pyridinol, 
a precursor for Cdeoxypyridoxine, and W-302, a pyridoxine intermediate, also 
can be formed from Cmethy l~xazo le .~ '~  Depending on conditions, 4-methyl- 
oxazole and N-phenylmaleimide in ethyl acetate form either of two adducts 
(XI-303 or XII-304) that were not completely characterized and that give 
6-methyl-Nf-pheny1-3,4-pyridinedicarboximide, (path a) and 5-hydroxyd- 
methyl-N'-phenyl-3,4-pyridinedicarboximide (path c),  respe~tively.~'~ Similar 
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Diels-Alder reactions have been reported for 2,4-dimethyloxazole, ethyl 
4methyl-5-oxazolocarboxylate, 4-methyl-5-oxazolocarbonitrile, 4-methyl-5-oxa- 
zolocarboxylic acid and 2-amino-4,5-dimethyloxazole.209 The formation of a 
trace of diethyl 2-methyl-3,5-pyridinedicarboxylate from ethyl 4-methyl-5-oxa- 
zolecarboxylate and diethyl fumarate is the only example cited for path d.'09 

It has been suggested that in paths b and c reaction of the adduct occurs via 
C1-0 cleavage of the oxygen bridge followed by nucleophilic attack at C5 to 
displace X and to give XII-305, or at C4 to displace hydride and give XII-306.195 

XII-305 

x 

XI-306 

The dehydrogenation product is usually formed in small amounts; however, in 
the presence of hydride acceptors such as hydrogen peroxide or nitrobenzene 
the amount of dehydrogenation is increa~ed.'~' 

G. 3-Pyridinols and Pyridones from Other 
Nitrogen-Containing Heterocycles 

Diels-Alder addition of dimethyl acetylenedicarboxylate to 3-benzyld-methyl- 
2,5-dihydroxypyrazine gives an adduct that decomposes on heating to give equal 
amounts of the 2-pyridones MI-307 and M1-308.213 

4,6-Dihydroxy-2-methylpyrimidine and dimethyl acetylenedicarboxylate form 
an unstable adduct that decomposes to give the pyridone XII-309.213 

Acetophenone-anil and benzylmalonic acid react in acetic anhydride to form 
5-benzyl-2-methyl-4,6-dioxo-2,3-diphenylhexahydro-l,3-oxazine, which rear- 
ranges to 3-benzyl4-hydroxy-l,6-diphenyl-2-pyridone (MI-310) when heated 
with phosphorus pentoxide. A number of tetrahydrocarbostyrils have been 
prepared similarly from cyclohexanone-mil via XU-31 1 .'14 
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XU-309 

2,3-Dihydro-1 ,Zdiazabicyclo [3.2.0] -3-hepten-6-ones MI-312 and XII-313 and 
diazepinones XII-314 are readily interconvertible ring systems" 5-21 ' and a l l  
three can give 1-amino-3-pyridinol salts (see Section IV.3., p. 839) or 
3-pyridin0ls.~'~~ When heated in methanol, the 2-acetyl- or 2-benzoyl- 
derivative of MI-31 3 rearranges to several products including 6-acetamido- or 
6benzamid~3-hydroxy4methyl-5-phenylpyridine (Xn-317) in 17% and 68% 
yield, respectively, presumably through intermediates such as XII-315 and 
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0 OH 
II 

fl:““ cH3LT C6HS P,o, ~ 

0 c, Hs 
HSC6 I I 

‘6 HS ‘6 HS 

XII-310 

XII-316. In basic aqueous solution XII-313 (R = CH3) is converted to 
4-amino-3-hydroxy-4-methyl-5-phenyl-5-piperidein-2-one (XII-320) and 3-hy- 
droxy-4-methyl-5-phenyl-2-pyridone (MI-321) by a process beginning with 
XI-318, involving hydration, azetinone ring opening, disproportionation to 
XI-319, and recyclization.”” 221 

Although earlier reports indicated that XI314 did not react with 
aqueous base, later work has shown that it rearranges to 6- and 
2-amino-4-methyl-5-pheny1-3-pyridino1, presumably through intermediates 
XI-322 and XII-323.2223 2 2 3  

Dimethyl sulfate and XII-314 give equal amounts of the two N-methyl 
derivatives MI-324 and MI-325.216 Tautomerization of XU-325 t o  MI-326 
occurs on standing. The betaine XII-325 rearranges to 3-hydroxy-4-methyl-1- 
methylamino-5-phenylpyridinium chloride when treated with hydrochloric 
acid.” The N-methyldihydroazepinones XII-324 and XII-326 rearrange to 
3-pyridinols when warmed with methanolic alkali?22i 224i  ’’’ 

The alkaloid dendrobine gives 4-isopropyl-2-pyridone (MI-327) when heated 
with selenium at 300°.226 
2-Ethyl-5-methyl-3-pyridinol (MI-328) has been characterized as a degradation 

product of the steroid alkaloid leptir~idine.~” 
The acid azide XII-329, freshly prepared from (2,3-diphenylcycloprop-2-enyl)- 

acetyl chloride, gives 3,4-diphenyl-2-pyridone (MI-332) (60-70%) and a small 
amount of the urethane (MI-333) on treatment with boiling ethanol. When 
heated, XII-329 rearranges quantitatively to the isocyanate (XII-330).228i 2 2 9  It 
has been suggested that XII-332 is formed via XII-331 through an intramolecular 
cycloaddition.228 Photolysis of XII-329, followed by treatment with ethanol at 
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c6H5vc‘H5 CH, COCl 
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55”, gives 2,5-diphenylpyrrole (6%), 5,6diphenyl-2-pyridone (5761, diphenyl- 
acetylene, and MI-332. The nitrene adduct XU-334 is postulated as a common 
intermediate in the formation of 2,Sdiphenylpyrrole and 5,6diphenyl-2-pyri- 
done.’” (1,2,3-Triphenylcycloprop-2-enyl)acetyl a ide  gives, on similar 
treatment with ethanol, the corresponding carbamate and 3,4,5-triphenyl-2- 
pyridone (6-8%).230 Photolysis gives 4,5,6-triphenyl-2-pyrid0ne.’~’ 
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H. Pyridinols and Pyridones From Carbocyclics 

Phenylcyclobutenediones and enamines give 1 : 1 adducts that rearrange with 
bases to 3-hydroxy-2-pyridones (XII-335).231 

‘6 HS 

L 

0 Do + I R6 

Rl  
R, and R, = H, alkyl, aryl 
R, = CO, R, COR, CN 

CH, c, H, 

1:l adduct - KOll “b; 
R6 

I 

XII-335 
R,  

The secondary amine XU-336, which can be piepared conveniently from 
chloranil, reacts with aqueous sodium hydroxide to give the 4-pyridone MI-337, 
which is decarboxylated and deacetylated by hydrochloric acid in isopropyl 
alcohol to  N-@-aminophenyl)-2,3,5-trichloro-4-pyrid0ne.~~~ 
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6. From Other Pyridine Derivatives 

The activating influence of the ring nitrogen provides an important versatility 
for the synthesis of pyridones, pyridinols, and pyridine ethers, by nucleophilic 
substitution at the 2- and 4- and even the 3-position. Further, the potential of 
accomplishing these substitutions via pyridine N-oxides contributes to  the scope 
of this method. 

A. Halo pyridines 

The preparation of pyridinols from halopyridines has generally not been 
important. More often pyridinols have been the source for the halopyridines. 
However, the recent development of new routes to several halopyridines has 
made them available as pyridinol precursors (see also Chapter VI). For example, 
polyhalopyridines, formed by direct ring closure233 or through treatment of 
glutarimide with phosphorus penta~hlor ide, '~~ give polychloro 2- and 
4pyridones on h y d r ~ l y s i s ' ~ ~  and 4-alkoxypolychloropyridines when treated 
with a lkoxide~ . '~~  Glutarimide and phosphorus pentachloride form a mixture 
(XI-338) of 2,ddichloro- (lo%), 2,3,6-trichloro- (75%) and 2,3,5,6-tetrachloro- 
pyridine 235 that is hydrolyzed to a mixture of 2-pyridinols by sodium 
hydroxide in aqueous t-butyl alcohol at 150 to 160°.23s Further chlorination of 
the acidified hydrolysate gives 3,5,6-trichloro-2-pyridinol (XII-339).23' 2,6-Di- 
chloropyridine is converted to 6-chloro-2-pyridinol by sodium hydroxide in 
t-butyl alcohol-water.237 Photochlorination of XII-338 gives pentachloropyri- 
dine, which forms 2,3,5,6-tetrachloropyridine by reductive dehalogenation. 

6 N 

XII-338 xu-339 

\ Cl I 
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Hydrolysis aves MI-339 in hgh yields, but the product by this route is more 
difficult to Pentachloropyridine can also be prepared from 
perchlorocyclopentenone'6 (see Section I. 1 .B.) or from 2,6-diaminopyridine by 
chlorination in hydrochloric acid followed by treatment with phosphorus 
oxychloride and phosphorous t r i ~ h l o r i d e . ~ ~  * Pentachloropyridine and nucleo- 
philes give mixtures of 2- but mainly 4-substituted products, with bulkier 
reagents giving increased amounts of substitution at the less sterically hindered 
2-position. The ratios of monosubstituted products (XII-340:XII-341) formed 
by treatment of pentachloropyridine with alkoxides are 85:  15 (R = CH3), 65:35 
(R = C2H5), and 57:43 (R = n-C4Hg).238 CMethoxyperchloropyridine is 
converted to the 4-pyridinol in concentrated hydrochloric acid at 1 70°.239 

ROK 

ROIi 
___) 

MI-340 XII-341 

Perchloropyridine also reacts with secondary amines to form mainly 2- and 
some 4substituted aminotetrachloropyridines. Oxidation with peroxyacids is 
followed by intramolecular rearrangement to give 0-pyridylhydroxylamines. 
Perchloro-2-pyridinol (XII-343) has been formed in good yields from 
perchloropyridine through formation and oxidation of 2-dialkylaminotetra- 
chloropyridines followed by pyrolysis.240 Electron withdrawal by the chlorine 
atoms and the ring nitrogen favors the rearrangement of the intermediate 
N-oxide (XI-342) to the hydroxylamine. Although 4-methoxy-2-piperidino- 
perchloropyridine gives the hydroxylamine on oxidation, the corresponding 
4-pyridinol (XII-344) gives the stable piperidine N-oxide, presumably because of 

c1 c1 
I I 

c1 

c1 a:: - ::a:R2 - 

OH 
0- 

XI-342 XII-343 
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electron release by the 4-oxygen that exists in the hydroxyl form.240’ 241 

Performic acid oxidations of the less highly substituted 2-chloro-6-piperidine 
pyridine also gives the N-oxide and no rearrar~gement.’~’ 

ClQCl - :pJ 
c1 N NC, HI, / +yc,H,o 

-0 XII-344 

2,3-Diphenylglutarimide and phosphorus pentachloride give 2,5,6-trichloro- 
3,4diphenylpyridine (XII-345) and 5,6-dichloro-3,4-diphenyl-2-pyridinol. Treat- 
ment of XI-345 with dimethyl sulfate in water and then with aqueous sodium 
hydroxide gives the pyridones W-346 and W-347, which are hydrogenated to 
4,5- and 3,4-diphenyl-l -methyl-2-pyridone, re~pect ively . ’~~ 

I 

CH, 
XII-346 MI-347 

I Pd. t iz.  KOAc. ElOH I 
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Pentafluoropyridine, 3-~hlorotetrafluoropyridine, and 3,Sdichlorotrifluoro- 
pyridine, can be obtained from penta~hloropyridine'~~' 244 and are convenient 
compounds for the preparation of chlorofluoropyridinols244-'4' (vide infru). 
Pentafluoropyridine can also be prepared from pyridine viu undecafluoropiperi- 
dine, although less ~onvenien t ly . '~~~ 248 It usually reacts with nucleophiles to 
give the Qsubstituted product initially. With sodium methoxide it gives 
4methoxytetrafluoropyridine (Xn-348), 2,4-dimethoxytrifluoropyridine, and 
2,4,6-trimetho~ydifluoropyridine.'~~~ 248 Under very mild conditions it is 
possible to isolate MI-348 in good yield.245 When t-butyl alcohol is used in the 
hydrolysis, a steric participation by solvent is indicated. Dilute aqueous sodium 
or potassium hydroxide and perfluoropyridine give only 4-hydroxytetrafluoro- 
~ y r i d i n e ' ~ ~ ~  248 b ut with potassium hydroxide in t-butyl alcohol, 4- and 
2-hydroxyperfluoropyridine are formed in the ratio of 9: 1 .246 3,5,6-Trifluoro- 

XII-349 

2,4dlhydroxypyridine (XI-349) is formed from pentafluoropyridine by 
treatment with 40% aqueous sodium h y d r ~ x i d e . ' ~ ~  3-Chlorotetrafluoropyridine 
and aqueous potassium hydroxide form 3-chloro-2,S ,6-trifluoro4-hydroxypyri- 
dine (XU-350) and 5-chloro-3,4,6-trifluoro-2-hydroxypyridine (MI-351) in a 
ratio of 9:1, but in t-butyl alcohol MI-350, MI-351, and 3chloro-4.5.6-tri- 
fluoro-2-hydroxypyridine (XII-352) are formed in the ratio of 5.5:3.5: 1 .246  

Aqueous potassium hydroxide and 3,5-dichlorotrifluoropyridine give an 85% 
yield of the two hydroxypyridines XI-353 and MI-354 also in a 9: l  ratio. In 
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F 

F Ff+Jcl- F 

XII-350 XII-351 XII-352 

F F 

t-butyl alcohol, the ratio is 7:3.246 4Bromotetrafluoropyridine and potassium 
hydroxide in r-butyl alcohol form 4-bromo-3,5,6-trifluoro-2-hydroxypyridine in 
high yield.247 

An increase in susceptibility to nucleophilic substitution of halogen at all ring 
positions by an N-oxide function has been observed. Relative reactivities toward 
sodium methoxide have been reported for 4-chloropyridine, 4-chloro-2,6-luti- 
dine, 4-chloro-3-nitro-2,6-lutidine, and their N-~xides,’~’ and for 2-bromo-, 
2-bromo-3-methyl- and 2-bromo-5-methylpyridine, and their N - o x i d e ~ ? ~ ~  

In the reactions of 2-halopyridines and their N-oxides with methanolic 
potassium methoxide, the order of reactivities is 2-X > 2-X-3-CH3 > 2-X-5-CH3 
(X = C1, Br), which is not predictable on the basis of steric and inductive effects 
of the methyl group. Arrhenius parameters have been obtained for these 
reactions and have been used to rationalize observations. For example, it has 
been suggested that ion-dipole attraction between the 3-methyl and attacking 
methoxide is in part responsible for the greater reactivity of 2-bromo-3-methyl- 
pyridine over 2-bromo-5-methylpyridine. However, in 2-chloropyridine it is 
suggested that bond breaking is more important in the rate-determining step.’” 
Toward thiophenoxide ion in methanol, the order 2-Br-3-CH3 > 2-Br- > 
2-Br-5-CH3 is observed.251 Further extensions of these reactions to include 2,3- 
and 2,5-dibromopyridine indicate that more than one orrho effect appears to  be 
ope~at ive. ’~~ 

The syntheses and nucleophilic reactivities of a number of chloro and 
fluoronitropyridines have been studied extensively by Talk and T a m .  In studies 
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with 2-halo4-nitropyridine N-oxides, it was demonstrated that the 4-nitro group 
is more reactive than the 2-halo function toward aqueous alkali and alkoxides. 
The ethers XI-355 and XII-356 have been formed by reducti~n.’~’’ 253 Toward 
diethylamine the 2-halo is more reactive than the 4-nitro group (Br > C1> I).’” 

tin, on I FeS04 

XII-355 XII-356 

3-Halo-4nitropyridines and their N-oxides react at the C-nitro group when 
treatzd with bases or alkoxides to give XII-357 or MI-358 (X = C1, Br, I). 
However, 3-fluoro4nitropyridine and its 1 -oxide form 4-nitro-3-pyridinols and 
4nitro-3-alkoxypyridines, r e ~ p e c t i v e l y . ’ ~ ~ - ’ ~ ~ ~  The 3-alkoxy-4-nitropyridine-l- 
oxides have been converted to 3,4-dialkoxypyridine-l - o ~ i d e s . ” ~  Because of this 
marked reactivity of the 3-fluoro substituent, these studies have been extended 
to 3-fluoro-5-methyl-4-nitropyridine-l-oxide,257 3-fluoro-2-methyl-4-nitropyri- 
d ine- l -~x ide ,”~  and 2,6-dimethyl-3-fluoro-4-nitropyridine-l-o~ide.’~~ Several 
of these fluoronitropyridines have been extensively studied as potential reagents 
for formation of amino acid  derivative^.'^^^-'^^ 2-F1 uoro-3,5-dinitropyridine, a 
typical example, is hydrolyzed by hot water and reacts with hot alcohols to 
form 2-alkoxy-3,5-dinitropyridines and reacts with amino acids and their 
derivatives to give well-defined products.260 The reactions of a number of 
fluoronitropyridines and their N-oxides have been summarized by Talik and 
Talik’ 61 and the relative reactivities toward simple nucleophiles have been 
observed,258.262 as shown on p. 689. 

2-Fluoro-3-nitropyridines are prepared from the corresponding 2-aminopyri- 
dines in only fair yield but are hydrolyzed in good yield to the 2-pyridin0ls.’~~ 
2-Fluor0-6-methyl-5-nitropyridine,’~~ 2-fluor0-3,5-dinitro4-methylpyridine,’~~ 
2-fluor0-3,5-dinitro-6-methylpyridine’~~ and 2-chlor0-3,5dinitropyridine’~~ 
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have also been converted to the corresponding ethers and 2-pyridones by 
solvolyses. 

4-Cyano-2-fluoropyridine is hydrolyzed by aqueous acid to 2-hydroxy-4- 
pyridinecarboxylic acid.266 

The rate of displacement of the halogen in 2-chloro- and 2-iodo-5-nitropyri- 
dine by water decreases with increasing acid concentration and is proportional to 
the 4th power of U H , O  and to the fraction of the halopyridine protonated in 
acetic acid-water and dioxane-water. Rates in D20 with D2S04 give an isotope 
effect of 2.36. The following mechanism has been suggested:267 

2-, 3- and CMethoxypyridine are cleaved to the pyridone by sodium 
methoxide in methanol. 3-Chloro- and 3-bromopyridine react with methoxide 
ion to give 3-methoxypyridine (W-359), which is then cleaved by methoxide in 
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an S N ~  mechanism.268 Treatment of 3-bromopyridine with methanolic 
potassium hydroxide has been reported to give an 87% yield of 
3-metho~ypyridine.’~~ However, a reinvestigation of this reaction has shown 
that the yield of 3-methoxypyridine rises to 36% after 9 hours and then 
decreases.268 The ratios of second-order rate constants at 218” for formation of 
3 -metho~ypyr id ine’~~~ 270  and its subsequent cleavage are 0.53 for 3-chloropyri- 
dine and 0.75 for 3-br0mopyridine.~~’ 3-Chloropyridine and sodium methoxide 
in methanol at 230’ give 3-pyridinol in 70% yield, a reaction that appears to 
have preparative value.’6a Reactions of 2- and Qchloropyridines with methoxide 
are relatively fast and ether cleavage is not an important side reaction.268’ 2 7 0  

QMethoxypyridine with methoxide in aqueous methanol gives both ether and 
alcohol by cleavage and undergoes a more rapid methoxyl exchange as shown by 
experiments with methanol43 and deuterium oxide.’68 

XI-359 

Treatment of 2-, 3-, and 4-substituted pyridine-l-oxides (XU-360) with 
2-bromopyridine gives l-(substituted-2-pyridyl)-2-pyridones, usually in low 
yields, 2,3‘-dipyridyl ethers, and 2-pyridones (see also Chapter IV). In several 
instances, the N-(2-pyridyl)-2-pyridones have been hydrolyzed to aminopyridine 
with aqueous sodium hydroxide.’ 71 Electron donating substituents, particularly 
at the 3-position, favor, and electron withdrawing groups on the 2- or 4-position 
prevent, pyridyl-2-pyridone formation. 

R 

0 + n-rJo=l?J Br ’ NH, 
$ 0 XII-360 

R = CH, , CH, 0, AcNH, NO, 

R 

Observations of the reaction between pyridine-1 -oxide, quinoline-1 -oxide, and 
isoquinoline-2-oxide with 2-bromopyridine, 2-bromoquinoline, or l-bromoiso- 
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quinoline are not consistent with previously proposed mechanisms2 72 and have 
led to the suggestions that nucleophilic attack by pyridine-l-oxide on the 
a-carbon of 2-bromopyridine followed by ring closure gives the intermediate 
XI-361 which rearranges to XU-362 through cleavage of the N-0 bond. 
Subsequent cleavages of the C-N or C-0 bond give the observed products 
XII-363 to XII-365.273 

The intermediate MI-366, formed by cyclization at the 1-position of 
isoquinoline-2-oxide, cannot rearrange to a cyclic intermediate comparable to 
XII-362, and an ether product analogous to XII-364 is not formed.274 
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4-Alkoxypyridines rearrange at elevated temperatures to N-alkyl-4-pyridones. 
Isomerizations of this kind are catalyzed by acids and alkyl halides. Spinner and 
White, however, have prepared 4-methoxypyridine from 4-chloropyridine and 
sodium methoxide in 86% yield through temperature control and by 
neutralization of the reaction mixture with solid carbon dioxide.275 
2-(3,5-Dinitro-2-pyridyl)pyridinium chloride (XII-367), formed from 3,5-di- 

nitro-2-chloropyridine and pyridine in benzene or ether, is readily hydrolyzed in 
an alkaline medium to 3,5-dinitr0-2-pyridone.~’’~ 

a- 
XI-367 

H 

B. Nitropyridines 

A nitro group in the 2- or 4position of the pyridine ring is susceptible to 
nucleophilic substitution under relatively mild conditions, and in these reactions 
it competes with a 3- or 5-hal0gen.’~~ 3-Halo-4-nitropyridines (halo = C1, Br, I) 
react with aqueous barium or potassium hydroxide to form 3-halo-4-pyridones 
and with alkoxides to form 4-alko~y-3-halopyridines.’~~ However, 3-fluoro-4- 
nitropyridine is converted to 4-nitro-3-pyridinol or 3-alkoxy-4-nitropyri- 
dines.”6a The corresponding N-oxides react similarly.2s6 (See Section 1.6.A., p. 
688). 

4-Nitro-3-picoline (MI-368) is hydrolyzed on standing to 1 -(3’-methyl-4‘- 
pyridyl)-3-methyl-4-pyridone and 3-methyl-4-pyrid0ne.~~~ 4-Nitropyridine and 
benzyl bromide give N-benzyl-3,5-dibromo-4-pyridone (MI-369) in 33% yield. 
The quaternary salt first formed is hydrolyzed to the 4-pyridone. Oxidation of 
hydrogen bromide by the nitrous acid product provides the bromine and water. 
The yield is increased to 71% by the addition of bromine. 3,5-Dibromo4-chloro- 
pyridine and benzyl bromide in base also give XII-369.279 Similarly, 
3-methyl-4-nitropyridine and benzyl bromide give N-benzyl-3-bromo-S-methyl-4- 



Preparation 695 

UH3’ 
\ XU-368 

I 
H 

OCH3 

0 c--- Cs H, CH, Cl 6 ____c C,H,CH,Br 6 - I  o/ I 
J Br- / 

N N N 
I I I 

C H l  ‘ 6  H 5  ‘HZ ‘ 6  H S  CHl ‘ 6  H S  

O c H 3  NO, 0 Br 

- 
/ 

I I 

XII-370 XII-369 
‘HZ ‘ 6  H S  ‘HZ ‘ 6  H S  

pyridone (MI-370). N-Benzyl-4-pyridone is prepared in 74% yield from 
Cnitropyridine and benzyl chloride. 

4Nitropyridine and 4-hydroxypyridine-1 -oxide in boiling methanol react 
to give N(4’-pyridyloxy)4( Iflpyridone (MI-37 l), which rearranges to 
3,3’-(4,4’-dihydroxy)bipyridyl on heating at 100” in benzene or dioxane. 
Evidence supports a homolytic fission of the N-0 bond in XI-371 to give a 
biradical intermediate.’ 
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0 

- 
0 

XII-37 1 

C. A minopyridines 

Although many 3-aminopyridines can be diazotized and coupled, the ring 
nitrogen activates the diazonium ions from 2- and 4-aminopyridines, and they 
are rapidly converted to pyridones. A relatively large number of pyridinols and 
pyridones have been formed by this route. Examples are listed in Tables XI14 to 

Although aminopyridines can be prepared by the reduction of nitropyridines, 
2- or 4-nitro groups are readily displaced by nucleophiles. For example, 
3-halo-4nitropyridines (XII-372) can be converted to the intermediate 
4-amino-3-halopyridines (XU-373) by reduction with potassium hydrosulfide or 
by displacement with ammonia, or they can be hydrolyzed directly to 
3-halo-4pyridones (XII-374).254 In those cases where both methods have been 
used to prepare pyridones the route XI-372 + XI-373 -* XI-374 usually gives 
lower yields.299 Nitration of 2-amino-5-bromopyridine with warm sulfuric 
acid-nitric acid gives 5-bromo-3-nitro-Zpyridone (XII-375).304 However, 
4-amino-2-bromo-3-nitropyridine prepared from 4-amino-2-bromopyridine via 

MI-6. 
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TABLE XII-4. 2Pyridones from 2-Aminopyridines 

3 4 5 6 % Yield Ref. 

CZH, 
EtO Br 

73 
58 
mixture, 75 
same as above 
1 5  
69 
85 
mixture, 88 
same as above 
85 
80 
I5 
80 
91 

50 

61 
83 
72 
70 

60 
C6 H, 61 

73 

- 
CH3 
CH, 
CH3 
CH3 - 

- 

281 
281 
281 
281 
282 
283 
284 
285 
285 
286 
286 
281 
281 
288 
288 
289 
289 
290 
290 
29 1 
29 1 
292 
292 
14 

226 



TABLE MI-5. 4Pyridones from 4-Aminopyridines 

H 

2 3 5 6 % Yield Ref. 

80 
CH3 85 
CH3 33 
c1  65 

79 
58 

CH3 60 
45 
- 

293 
294 
295 
296 
266 
266 
297 
299 
299 

TABLE XII-6. 3-Pyridinols from 3-Aminopyridines 

__c 

N 
R2 

2 4 5 6 % Yield Ref. 

CH3 CH3 
CH3 CH3 CH3 

C6 H, CONH 
OH 

COCH , 
COCH, 
I I 
CH3 COOH COOH 

62 
52 
54 
20.7 
76 
52 
14 
80 

300 
300 
292 
301 
302 
302 
298 
303 

698 
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XII-372 

xu-373 

ox I 

H 
xu-374 

0 
I 

H 

XII-375 

the nitramine can be converted to 4-amino-3-nitro-2-pyridone (MI-376) with 
potassium hydroxide containing hydrogen peroxide. 3-Nitro-4-hydroxy- 
2-pyridone has been formed from MI-376 by treatment with nitrous acid.305 

__c fi? 
I 
H 

NH2 

H 
XII-376 

ONoz H I 0 

H 

XII-377 
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Both 4-amino-2-pyridone (XII-377)305 and 4-amin0-1,6-dimethy1-2-pyridone~~~ 
form 3-nitroso derivatives when treated with nitrous acid. Oxidation of 
4-amino-3-nitroso-2-pyridone also gives MI-376.305 2,6-Diaminopyridine is nitro- 
sated and diazotized with nitrous acid in aqueous sulfuric acid. Ultraviolet, 
infrared and nuclear magnetic resonance spectra are consistent with the 
1,2,3,6-tetrahydro-3-hydroxyimino-2,6-pyridinedione structure M1-378.307 
Under mild hydrolytic conditions the nitrogens of the ring and of the amino 

n,o* 

I1 -1, HONO- ) I 
NH2 0’ 

I 
H 

MI-378 

group in 3- and 5-nitro-2-aminopyridine MI-379 exchange positions (a Dimroth 
rearrangement). In reactions with nitrous acid, kinetic studies with MI-379 
indicate that the intact pyridines and not the ring-opened species react 
preferentially, (MI-379a -f XII-38Oa, MI-379b -f XII-380b).308i 309 

MI-379 a XII-379 b 

pJ0 1 5  N 

I 
H 

MI-380 a 

k 
XU-380 b 
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4-Amino-3(/3-phenylethyl)pyridine and nitrous acid give 4-hydroxy-3- 
(0-phenylethy1)pyridine (XI-381) with or without Gattermann copper powder, 
but 3-amino-4-(P-phenylethyl)pyridine undergoes a Pschorr cyclization to 
MI-382 in the presence of copper.310 

CNJ 
- HONO (&JcHZCHZcSH5 

CU 

N 
XII-381 

XI-382 

2-Amino-5-pyridinol (W-383) and 5-hydroxy-2-pyridone can be prepared 
from 2-amino-5-nitropyridine. After protecting the 2-amino group by 
benzoylation, hydrogenation followed by treatment with nitrous acid and acid 
hydrolysis gives XII-383. 5-Hydroxy-2-pyridone can be isolated as the 
monobenzoate from the reaction between W-383 and nitrous acid after 

O Z N y J N H Z  - '""0 / NHCOC,H, 

"Q "'0- ___.c PhCOCl HONO 

HCOC, H, NHZ 

MI-383 

OCOC, H, - HopJo 
I 

H 
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treatment with benzoyl chloride.292 It has been prepared in low yield from 
2-aminopyridine3" or from 3 e t h o ~ y p y r i d i n e ~ ' ~  or more conveniently and in 
improved yields by the Elbs peroxydisulfate oxidation of 2 - p ~ r i d o n e . ~ ' ~  
2-(3-Amino-2-pyridyl)propene (W-384), on treatment with nitrous acid in 

hydrochloric acid, gives 3-chlbro-2-isopropenylpyridine and 2-acetyl-3-pyridinol. 
Bicyclic products were not detected. Nitrous acid oxidation of 2-isopropenyl-3- 
pyridinol or treatment of 2-acetyl-3-aminopyridine with nitrous acid also gives 
2-acetyl-3-pyridinol.30z 

XII-384 / '  

/ 

The composition of a mixture of 3- and 5-ethyl-2-aminopyridines from the 
direct amination of 3-ethylpyridine has been estimated by conversion to 
N-methyl-2-pyrid0nes.~'~ 

D . Nitramin es 

Nitration of aminopyridines with mixed acid gives nitramines. 2- and 
QNitraminopyridines when heated with sulfuric acid rearrange to aminonitro- 
pyridines. For example, 2-nitraminopyridine (XII-385) gives a mixture of 
3-nitro- and 5-nitro-2-aminopyridine and only a trace of 2-pyridone. The yield of 
2-pyridone is increased significantly by using acetic acid-acetic anhydride in 
place of sulfuric acid. 3-Nitraminopyridine when treated with sulfuric acid or 
acetic acid-acetic anhydride gives 3-pyridinol as the major 
2-Aminopyridine has been used to prepare 3,5-dinitro-2-pyridone in an overall 
yield of 37% via the nitramine (XII-385) and the aminoni t ropyridine~.~~~ 
2-Amino-S-bromo-3-nitropyridine and nitric acid in sulfuric acid give the 

2-nitramine, which reacts further with sulfuric acid-nitric acid to give 
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5-bromo-3-nitro-2-pyridone (Xn-386),304 a behavior characteristic of 3,5-disub- 
~tituted-2-nitramines.~ l 5  

2-Nitraminonicotine and 6-nitraminonicotine and sulfuric acid give nitrous 
oxide and hydroxynicotines (XII-387, 54%; XI-388, 74%) and amino-5-nitro- 
nicotines. The nitraminonicotines and acetic anhydride in acetic acid give some 

I 

H 
=I-387 
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hydroxynicotine, tars, and nitrogen. Also with an equimolecular amount of 
triethylamine in acetic anhydride, 2-nitraminopyridine reacts similarly to give a 
good yield of nitrogen, 2-pyridone and some diethylacetamide. It has been 
suggested that an intermediate oxidation of the N-methylpyrrolidine ring or of 
triethylamine by the nitramine is responsible for nitrogen formation (XI-389, 
Xn-390)? l 6  

H 
XII-388 

RNHNO, + Et,N - ROH + N, + Et,NO (MI-389) 

Et,NO + Ac,O - AcNEt, + CH,CHO + AcOH (XI-390) 

Czuba has studied 3-nitramines in some detail.'l' Nitramines of the four 
chlor0-3-aminopyridines,~'~ 3-amino-5-ethoxypyridine, 5-aminonicotinic acid, 
5-aminopicolinic acid; l 9  3-amino- and 5-amino-2-pyridinesulfonic acids,320 
3-amino-4picoline and 5-amin0-3-picoline~~' have been prepared. Attempts to 
prepare nitramines from the four 3-aminopyridinols were unsuccessful.' 
However, 3-amino-5-ethoxypyridine forms the nitramine that reacts in sulfuric 
acid to give S-etho~y-3-pyridinol.~~~ 

3-Nitraminopyridines that normally do not rearrange when heated with 
sulfuric acid give azopyridines (XU-391; R = 6-C1, 2-C1, 5-C1, 4421, 5-COOH) or 
azoxypyridines (XI-392, R = 6-COOH) in addition to 3-pyridinols (MI-393; R = 
5421, 5-0C2 H5, 4-CH3, 5-CH3, 2-S02 OH).'" 5-Nitramino-2-pyridinesulfonic 
acid gives 3 -pyr id in01 .~~~  
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R 

R 

. NHNO, 

XI-391 

XII-392 

E . Pyridonimines 

2- or 4Pyridonimines can be prepared by treatment of aminopyridines with 
alkyl halides and then with silver oxide.322 2-Aminopyridines and styrene oxides 
in aqueous ethanol form N-(phydroxy-P-phenylethyl)-2-pyridonimines (XI-394; 
R = H, CH3).323 Treatment of W-394 with aqueous alkali gives 
N-(P-hydroxy-P-phenylet hyl)-2-pyridone .3 24 2-Aminopyridine and 3-(0- 
toly1oxy)propylene oxide give W-395 after hydrolysis.325 In the presence of 
sodamide in liquid ammonia N-alkylation of 2-aminopyridine occurs to  give 
W-396.324 

QNHR c n H s - c ~ ~ H :  ONR __c no 
I I 

CHOHC, H, CHOHC, H, 
YHz YHZ 

XI-394 
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CH, -CHOH-CH, OC, H,CH3-o 

XII-395 

QNHNa 0 NHCH, CHOHC, H, 

XII-396 

l#-Hydroxyakyl)-2-pyridones can be synthesized by the direct alkylation of 
2-pyridone with alkylene oxides.326 

Although 3- and 5-nitro- 1 -methyl-2-pyridonimines undergo the Dimroth 
rearrangement rapidly to give XII-397 when treated with base, analogs similarly 
substituted with less powerful electron withdrawing groups (R3 = RS = H; R3 = 
R5 = C1; R5 = C1; R3 = H) undergo hydrolysis to give theN-methyl-Zpyridone. 
The corresponding 5-cyano-2-imino-1 -methylpyridine did not react under the 
conditions used.3 '' 

F. Quaternary Salts 

Alkaline potassium ferricyanide oxidation of N-substituted pyridinium salts of- 
ten is a method of choice for the preparation of N-alkyl-2-pyridones. For example, 
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N-methyl-2-pyridone is prepared conveniently from pyridine by conversion to 
the quaternary methosulfate followed by oxidation with potassium ferricya- 
nide.328 Certain quinones with high redox potentials are reduced by 
N-methylpyridonium methosulfate, but in these reactions N-methyl-2-pyridone 
could not be isolated.329 
aqueous methylpyridinium 
quinone .3 "9 330 

However, N-methyl-2-pyridone is 
hydroxide (XI-398) is treated 

isolated when 
with p-benzo- 

A 

XU-398 

Dipole moments have indicated that the oxidation of 1 -phenethyl-3-phenoxy- 
pyridinium salts by alkaline ferricyanide gives the 6-pyridone (XII-399) and that 
the corresponding 3-bromo- and 3-cyanopyridinium salts (R = Br, CN) form the 
2-pyridones (XII-400).33' Subsequently these structures have been con- 
firmed.332 The acetal of N-(3,4dimethoxyphenethyl)-3ethyl-4-formyl- 
pyridinium bromide gives about equal amounts of the 2- and 6 - p ~ r i d o n e s . ~ ~ ~  

Substituents on the 3-position can contribute both electronic and steric 
e f f e ~ t s . ~ ~ ~ - ~ ~ ~  It has been shown that a 3-methyl group is slightly activating 

I I 
CH, CH,C, H, CH,CH,C, H, 

XII-399 

CH,CH2C,H, CH,CH,C,H, 

XI1400 

and directs oxidation to the 2-position (W401:~11402-96.6: 3.4). The 
3-cyano group is appreciably activating and also directs oxidation to the 
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2-position but 6- and 4-pyridones (XI1402 and XI-403) are also formed 
(83.1: 15.9: 1). The carbomethoxy group is deactivating and directs only to the 
6 - p o ~ i t i o n . ~ ~ ~  Neither C-H bond breaking nor the addition of hydroxide ion is 
ratedetermining. It has been suggested that the rate-determining step is the 
formation of a complex (MI404) that then reacts with more ferricyanide to 
form a second complex that gives the p y r i d ~ n e . ~ ~ ~  

0 

XI1401 xII-402 XII-403 

The alkylation of the alkaloid anabasin (W405) with methyl iodide gives the 
hydroiodide of N-methylanabasin iodomethylate which gives N,"-dimethyl- 
anabasone (W406) when treated with potassium f e r r i ~ y a n i d e . ~ ~ ~  

The oxidation of MI406 to 2(S)(-)-N-methylpipecolinic acid has established 
the absolute configuration of W405.336 
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xII-405 

CH3 

CH3 

1 -( 1 -Methyl-2-phenyle thyl)-2-pyridone1 1 -&(3,4-d imethoxyphene t hyl)-2- 
pyridone ,3 1 -(3,4dimethoxyphenethyl)-5( 1 -methyl-:!-pyrrolidinyl)-2-pyri- 
done,339 1,l '-he~amethylene-di-2-pyridone,~ and 1- [3-(3,4-methylenedioxy- 
phenyl)propyl] -2-pyrid0ne~~' have been formed by oxidation of pyridinium 
salts by alkaline potassium ferricyanide. However, attempts to  oxidize 
1-@6-methoxy-l-naphthylethyl)pyridiniurn bromide341 or 1 -methyl-3-pyri- 
d in01~~ '  to the pyridone with alkaline potassium ferricyanide have been 
unsuccessful. 

Cyano-, halo-, and amino- groups on the 2- and 4-positions of pyridinium ions 
are susceptible to nucleophilic substitution. For example, 2- and 4-cyano- 1- 
methylpyridinium perchlorate (XI1407 and XII408) and aqueous sodium 
hydroxide give both amides and pyridones. The ratio of rates of reaction of the 
nitrile group are 50:5.7:1 (2-CN > 4-CN > 3-CN) and at the ring carbon are 
1100:43: 1 (2-CN > 4-CN > 6-position of 3-CN).343 1-Methyl-3-cyanopyri- 
dinium perchlorate (XII-409, X = C104) in aqueous sodium hydroxide has been 
reported to give 3-carbamidopyridinium perchlorate (87%) and smaller amounts 
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CONH, 
I 

CH3 CH3 CH3 
XI1407 

I 
CH3 CH, CH3 

xn-408 

of 4-cyano-5-methylamino-2,4-pentadienal (6%) and l-methyl-5-cyano-2-pyri- 
done However, oxidation of the corresponding iodide (XII-409, X = 
I) with alkaline aqueous potassium ferricyanide has been shown to give only the 
3-cyano-N-methylpyridones and no hydrolysis products.334 

QCN x- -is-+ OH' 

I 
CH3 
XI-409 ac:: + CH, NH-CH=C(CN)-CH=CHCHO 

+? 
CH3 

4- And 2-bromo-1 -alkylpyridinium fluoroborates (XII-410) and para -sub 
stituted phenylhydrazines form phenylhydrazino derivatives that are oxidized by 
nitrous acid to the arylazopyridinium fluoroborates (XI1411)344 that can be 
attacked by nucleophiles at positions a, b ,  or c.345* 346 Reaction between alkali 
and XII-41 1 (X = H) gives N-ethyl-2-pyridone and benzene.344' 345 When X is H 
or C1 only 1% of XII-412 is formed (attack at c). Sulfinates and sodium bisulfite 
react at b to give adducts. 
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pxc.H. NHN? Q - OBI BF, 

NHNHC, H,X-p 
I 

Cl H, 
+? 
‘lH5 

XII-410 

71 1 

OH - - 

xII-411 

xII-4 12 

1 

The 2-cyano-N-methylpyridinium ion, the 2-carboxy-1-methylpyridinium ion 
and N-methyl-2-pyridone have been identified as metabolites of N-methylpyri- 
dinium-2-aldoxime iodide (2-PAM) (M1413)347i 348 in rats. 

XII-413 

As part of a program to synthesize ipecac alkaloids, dipyridinium diiodides 
(XII414), which are formed from 1,5-disubstituted-2-methylpyridinium salts 
and iodine in pyridine, were converted to 2-pyridones (XII415) with aqueous 
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Rl Rl 
XI14 14 

CH3 

alkali.349-351 An attempt to use this method with XII-416, which has an 
electron withdrawing carboxyl or carbomethoxy group in the 4-position, was 
unsuccessful. Cleavage gives pyridine and not the p y r i d ~ n e . ~ ~ ~ '  3 5 0  The 

FOOR 

kl 
XI1416 

03 NC/ OR 6Jc, OR 

___) 
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application of this route to the synthesis of XI1415 [R, = (CH2)2C6H5, 
3,4-(CH30)2C6H3(CHZ)Z; R5 = C2H5] has also been unsuccessful.352 
4-(C ar b o xal d e h y de di ethylacetal)-l-(3,4-dimethoxyphenethyl)-5ethyl-2-pyri- 
done (XI1417) has been prepared in low yield by this method and was used to 
characterize the products of alkaline ferricyanide oxidation of XI1418.333 

OCH, 

+N 

W H 3  
XII-418 
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2-Methylpyridine-1-oxides react with tosyl chloride to give 2-chloromethyl 
derivatives (XII419), which react with pyridine to form 1 (2'-pyridylmethy1)- 
pyridinium chlorides. These, on methylation, give XI1420 which form the 
2-pyridone3 53 by the procedure previously described.349 

(CH, 1, SO, (PJ ___c csH5NpJ + - 
CH, C1 CH, NC, H, 

c1- 
XI1419 

Q +  -no KOH 

CH, NC, H, 
I 

R = H, 5 C , H , ,  6 C H , ,  4CH,  

5-Acetyl-2-methyl-1 -phenylethylpyridinium perchlorate when treated with 
aqueous sodium hydroxide gives the anhydro base that forms 5-acetyl-1 -phen- 
ethyl-2-pyridone (XII421) with potassium permanganate in acetone.354 

+? CH3 H 

XI1420 

A single N-methylnicotinamide oxidase apparently is responsible for the 
oxidation of N-methylnicotinamide to N-methyl-2-pyridone-5-carboxamide 
(XII422) and N-methyl-4-pyridone-3-carboxamide (XII423) and the oxidation 
of pyridoxal to pyridoxic acid in man. A xanthine oxidase appears to oxidize 
N-methylnicotinamide ion to XI1422 but not to XI1423.355 
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71 5 

G. N-Oxides and Anhydrides 

When pyridine-1-oxides and related heterocyclic N-oxides in which there are 
no alkyl groups at the 2- or 4-positions are heated with acetic anhydride, 
0-acetylation occurs. This is followed by rearrangement to the acetoxypyridine 
(XII424), which is hydrolyzed readily to the p y r i d ~ n e . ~ ’ ~ - ~ ~ ’  Acetoxylation 
usually occurs at the (see also Chapter IV). 

-0 OAc 

~ o A c ~ ~ o  + BuOAc 

I 
H 

~ 1 1 4 2 4  

A method of preparation of 2-pyridone from pyridine in 50% overall yield 
viu the N-oxide and XI1424 is recommended by C h ~ r n a k o v . ~ ~ ’  The 2-pyridone, 
free of water and acetic acid, is prepared from XI1424 by heating with 
n-butyl When an alkyl group occupies the 2- or 4-position (e.g., 
XI1425 to XII427) substitution at the a-position of the side-chain 
predominates and is usually accompanied by some reaction at  the 

CH, OAc 

-b 
XI1425 ( 5  3%) (7%) 
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Ac, 0 

QCH, I - 
-0 

XII-426 

(60%) (16%) (18%) 

CHOHCH, CH, CH, 

I 

-0 
XI1427 (27%) (6 %) 

3 - p o ~ i t i o n . ~ ~ ~ ~  367 Further treatment of N-oxides of rearrangement products 
with acetic anhydride gives diols and aldehydes after hydrolysis. For example, 
2,6-lutidine-l-oxide has been converted to the aldehyde and the diols (XI1428 
to  X11-430).3683 369  All possible pyridinols and pyridinylcarbinols are formed 
from 2,4-lutidine-l-oxide and from 2,4,6-collidine-l -oxide when treated with 
acetic anhydride.370 

The product of rearrangement of 6-methylpicolinic acid-1 -oxide (XII431) and 
acetic anhydride, previously characterized as 2-a~etoxyrnethylpyridine,~~' has 
been shown to be 6-acetoxy-2-picoline (XI1432).372 The observation that 
2-picoline-1-oxide (xI1426), the decarboxylation product of XII431, gives 
mainly 2-acetoxymethylpyridine indicates that decarboxylation, N-0 cleavage, 
and acetoxylation of XI1431 at C-2 are concerted.372 

The preparation of 6-methyl-2-pyridone from 2,6-lutidine via XII-431 appears 
to be preferred3 

72 over diazotization and hydrolysis of 6-methyl-2-amino- 
~ y r i d i n e . ~  73 

2-Carboxypyridine-1-oxide is decarboxylated quantitatively with acetic 
anhydride.361s 362,  374 However, conversion to the methyl ester blocks 
decarboxylation and methyl 2-pyridone-6-carboxylate is formed after hydrol- 
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xII-428 I XII-429 xII-430 

y ~ i s . ~ ~ '  Methyl isonicotinate -1 -oxide gives methyl 2-pyridone-4-carboxylate in 
poor yield after hydrolysis.283 

2-Trifluoromethylpyridine-1 -oxide and acetic anhydride give a poor yield of 
6-trifluoromethyl-2-pyridone. 4-Trifluoromethylpyridine-1 -oxide does not react 
with acetic anhydride. It has been suggested that in the latter case the N-oxygen 
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is not acetylated because of a strong hyperconjugative electron withdrawal by 
the Ctrifluoromethyl group.375 

Studies with 3-substituted pyridines indicate that the product distribution 
depends on the substituent. When the group in the 3-position is methyl, the two 
isomeric 2-pyridones are formed in about equal amounts. However, when the 
group is inductively electron withdrawing, the 3-substituted-2-pyridone either 
predominates or is the only isolated product. 3-Picoline-1 -oxide and acetic 
anhydride give 3-methyl-2-pyridone (35-40%), 5-methyl-2-pyridone (35-40%), 
and 3-methyl-1-(5-methyl-2-pyridyl)-2-pyridone (4%) after hydrolysis with 
water.361 In a later study, much less 3-methyl-2-pyridone was detected.376 
3-(Trimethylsilyl)pyridine-l-oxide and acetic anhydride give 5-(trimethylsily1)- 

and 3-(trimethylsilyl)-2-pyridone in a ratio of approximately 1.5: 1 .377 

3-Acetylamino-2,6-lutidine rearranges to the acetate of 3-acetylamino-6- 
methy1-2-pyridinemethan01.~~~ However, 3-hydroxypyridine-1 -oxide and acetic 
anhydride give 2,3-dihydroxypyridine and 3-halopyridine- 1 -oxides give 
the 2-a~etoxy-3-halopyridines.~~~ 3-Nitropyridine-I-oxide gives 3-nitro-2-pyri- 
done in 50% yield.364 Although only 3- and 5-carbomethoxy-2-pyridone are 
isolated from a reaction between methyl nicotinate-1 -oxide and acetic 
anhydride,362 nicotinic acid-1-oxide (XII433) forms 2-acetylnicotinic acid and 
smaller amounts of 2- and 6-hydroxynicotinic acid after hydrolysis.361 

( i )  Au,O 

( in)  H,O 

-0 
XI1433 

H H 

(25-30%) (10%) (3%) 

3-Trifluoromethylpyridine- 1 -oxide and acetic anhydride give an 83% yield of 
3-trifl~oromethyl-2-pyridone.~~~ 

A nitro group at position 3 or 5 of 2,4-379 or 2,6-dimethylpyridine-l-ox- 
or of sym-collidine-1-oxide has no effect on the ease of 

rearrangement but has some effect on the product distribution. Decreases in the 
yields of Chydroxymethyl containing products and of pyridinols are 
observed.379 The 4-nitro group of methylpyridine- I-oxides is a reactive leaving 

ide 295,  379 
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group in nucleophilic substitutions.380 4-Nitro-2-picoline-1 -oxide (XII434, R = 
H) and 4-nitro-2,6-1utidine-l-oxide (XII434, R = CH3) and acetic anhydride give 
the 4-nitro-2-hy droxymethylpyridine and the 2-hydroxymethyl4pyridone. 
4-Nitro-2,5-lutidine-l-oxide forms 2-hydroxymethyl-5-methyl-4-nitropyridine 
and 2,5-dimethyl4-pyrid0ne.~~’ 

0 

R &CH3 - R n c H 2 0 H  N + R f i c H z o H  N I 

H +r 
-0 
xn-434 

2-Chloro-, 2-ethoxy-, and 2-phenoxypyridine-1 -oxides (XII435) do not 
rearrange but form I -hydroxy-2-pyridones after hydrolysis. However, 2-chloro-4- 
methylpyridine-l-oxide (XII436, R = 4-CH3) and 2-chloro-6-methylpyridine-l- 
oxide (XII436, R = 6-CH3) give the corresponding acetoxymethyl-2-chloropyri- 
dines.3 74 ox -ax- ox- I OAc 

OAc 
+Y 
OAc 

+Y 
-0 

XII-435 

CH, OAc 

cLo-cLo I N I elc1 +N - bCI 
-A OAc OH 

xU-436 

Considerable attention has been devoted to the mechanisms of these reactions 
during the past decade and with only partial success. It should be emphasized 
that rearrangement to the nucleus at the 2- or 3-position or to the a-carbons of 
the side-chain on the 2- or 4-positions are different kinds of reactions. Studies 
with “0 labeled acetic anhydride show that rearrangement of 2-picoline-1-oxide 
is intramolecular and that equilibration of the two oxygens from the 
N-acetyloxy group takes place.382i 383 Alth ough this suggests a “radical pair” 
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intermediate and many investigators earlier favored a radical mechanism 
(XII438), later work has shown that 2- and 4-picoline-1-oxides react through 
anhydro bases (e.g., XII-437) and has suggested that 2-picoline-I-oxide 
reacts by an intramolecular path via an ion pair intermediate (XII- 

(See also Ch. IV). 439).360-362, 366, 383-398 

I I 
-0 -0Ac  

XI1437 

Studies using 1-acetoxy-2(a,a-dideuterobenzyl)pyridinium perchlorate, 
sodium acetate, and acetic acid show that proton transfer to form the anhydro 
base is irreversible.389 Relatively large isotope effects (kH/kD) for reactions of 
N-oxides of 2-benzylpyridine, 2-picoline, and 4-picoline also show that proton 
removal to  form the anhydro base is the rate-determining step.396 

in the intramolecular rearrangement of 2-picoline- 1 -oxides it appears that after 
N-0 cleavage, the rearrangement process is completed so quickly that the 
oxygen atoms of the acetoxy are not completely scrambled. The extent of 
scrambling appears to be related to the structure and conformational preference 
of the anhydro base.’” 

It has been suggested that in 2-picoline-1 -oxide either a (1,3)-sigmatropic shift 
of the nitrogen atom between the two oxygen atoms of the acetoxy group 
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before the N + C, migration or competitive (1,3)- and (3,3)-sigmatropic 
rearrangements of the anhydro base could be operative.397 

The rearrangement of the anhydro base from 4-picoline-1-oxide may be 
intramolecular (through ion-pairs or radical pairs) or intermolecular depending 
on solvent and concentration.3873 3907 391 Experiments with 180-acetic 
anhydride indicate that, in the absence of solvent or in acetic acid, 4-acetoxy- 
methylpyridine, and 3-acetoxy4methylpyridine are formed by intermolecular 
nucleophilic attack of the acetate on the anhydro base.392 Recently, chemically 
induced nuclear spin polarization during the reaction of 4-picoline-1 -oxide with 
acetic anhydride has provided direct evidence for the intermediate formation of 
a radical pair and strengthens the suggestion that a dual mechanism is operative 
involving cleavage of the anhydro base to both radical and ion pairs.400 MO 
consideration of data from the action of acetic anhydride on 2- and 
4methoxypyridine-1 -oxides has led to the conclusion that this rearrangement is 
concerted and 

The observation that rearrangements to the 4-methyl group do not occur with 
3-nitro-2,4- and S-nitro-2,4-1utidine-l-oxide and 3-nitr0-2,4,6-collidine-l-oxide 
indicates a greater stabilization of the 2- rather than the 4-methylene anhydro 
base by the 3-nitro group. The 3-nitro group also increases the reactivity of the 
methylene group relative to that of the pyridine nucleus.379 

The reaction of pyridine-1 -oxide with acetic anhydride to form 2-acetoxy- 
pyridine, which cannot proceed through an analogous anhydro base, exhibits 
pseudo-first-order kinetics and a secondary isotope effect (2,6d2 -; k, /k ,  = 
0.92). An ionic process is consistent with the kinetic data and with the effects of 
3-substituents on product distribution. The pathway involves attack of acetate 
ion within the ion pair (XII440) or attack of acetate at C-2 of the cation, but 
does not involve intramolecular rearrangement of the free cation.360 

XII-440 

A study with "0 labeled acetic anhydride suggests that the rearrangement of 
3-picoline-1 -oxide to give a mixture of 3- and 5-methyl-2-acetoxypyridines 
proceeds by an intermolecular ionic process.394 

In addition to  rearrangement, pyridine-I-oxides undergo redox reactions on  
treatment with acid anhydrides to give carbon dioxide, an aldehyde or ketone, 
the parent acid, and the pyridine as well as pyridinols and alkylated 

When 2- and 4-picoline-I-oxides are treated with pyridines.387, 398,401,402 
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phenylacetic anhydride in benzene, at least 46% and 79% respectively of the 
N-oxides are consumed by redox reactions401 (e.g., equations XII441 and 
XII42) .  Additional products from 2-picoline-1-oxide are 2(Pphenylethyl)- 

C, H, COOH + C, H, CHO + CO, + 2 C, H, N (XII441) 

2C,H,NO + 3(C,H,CH,CO),O - 

pyridine, benzylpicolines, hydroxypicolines and toluene.40' Pyridine-1-oxide 
reacts with acetic anhydride at a relatively slow rate to give 2-acetoxypyridine as 
the principal 404 but reacts with higher normal and branched chain 
anhydrides and phenylacetic anhydride to give considerable amounts of redox 
products (Table XII-7).405- 406 Higher carboxylic acid anhydrides can be 
replaced by mixtures of acetic anhydride and the corresponding carboxylic acid 
with similar  result^^^^' 406 Although radicals are present in these mixtures, ionic 
mechanisms are available and appear to be more reasonable to many 
 investigator^.^^' 9 405-4 O7 

TABLE XI-7. Redox Reaction Products from Pyridine-laxide and Anhydrides 
~~ 

~ 

% Yield 
Anhydride Solvent Product (% yield) co, Ref. 

Phenylace tic Benzene Benzaldehyde (69) 76 406 
Diphenylace tic Benzene Benzophenone (68) 83 406 
Isobutyric Toluene Acetone (39) 69 406 
Butyric Xylene Propionaldehyde (1 2) 19 406 
Acetic Xylene, neat 2-Pyridone (65) nil 403,406 
p-Nitrophenylacetic Neat p-Nitrobenzaldehyde (20) 21 407 

3-(Trimethylsily1)pyridine-1 -oxide and phosphorus oxychloride give 2- and 
4-chloro-3-(trimethylsilyl)pyridine, which are difficult to separate but which 
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have been converted to the pyridones by conversion to the benzyl ethers fol- 
lowed by hydrogen~lysis.~ 7 7  

Acetyl or benzoyl chloride and 2-picoline-1 -oxide in nonaqueous solvents give 
the acetate or benzoate of 2-pyridinemethanol and a small amount of 
2-pyridylmethyl chloride?'" Pyridine-1 -oxide and tosyl chloride in benzene give 
2,3-dipyridyl ether, N-(2'-pyridyl)-Zpyridone, N-(2'-pyridyl)-5-chloro-2-pyri- 
done, N-(2'-pyridyl)-3-chloro-2-pyridone, and 3- to~yloxypyr id ine .~~~ Tracer 
studies have suggested that the 3-tosyloxypyridine is formed via an intimate ion 
pair (XI1443)?10 (For alternate suggestion, see Ch. I). 

0 - 0 - - 
N 

I 
OTs 

+r 
OTs 

+r 
-0 

XI1443 

4-Picoline-1 -oxide, 2,6-lutidine-l -oxide, and 4-nitro-2,6-1utidine-l -oxide react 
with ketene to form the corresponding hydroxymethylpyridine and the 
corresponding 3-pyridinol in relatively low yields. N-oxides of 3-picoline, 
4-nitropyridine, and 4-nitro-2-picoline did not give comparable products when 
treated with ketene.411 

N-Oxides undergo deoxidative substitution in the presence of acetic anhydride 
and mercaptans to  give mainly 2- and 3-alkylthiopyridines, (XI1444 and 
XII445). 4Alkylthiopyridines were not detected but acetates are formed by 
rearrangement of the intermediate N-acetoxypyridinium salt. The mechanism, 
whch is consistent with  observation^^'^-^^^ has been proposed, as shown in 
mechanisms XI144 and X11-45. 

pyridine N-oxides and butyllithium give lithiopyridine N-oxides that react with 
oxygen to form hydroxamic acids in poor yield. They react with sulfur to give 
1-hydroxy-2-pyridinethiones (XU446 to MI448) in better yields; however, no  
attempt was made to optimize yields.415 (See also Chs. VII and XV). 

3-Hydroxy-1 -methoxypyridinium methyl sulfate and the sodium salt of 
n-butyl mercaptan give 2-butylthio-3-hydroxypyridine (XII-449): 
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R 

R R 

XI1445 

Y4 
QR3 :;);Ll'- + OR3 + 

S 
I 
OH 

N 
I I 

-0 OH 
XI1446 XI1447 

% Yield 

R 3 n s - s f i  R, R, W 4 4 6  W 4 4 7  XI1448 

- - S H H  8 
' N  H CH, 39 - - 

CH, Cl 11.5 - - I I 
OH OH 

XII-448 CH, CH, 24 12.5 31.4 
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I 
OCH, XI1449 

H. N-Oxides (by Reduction) 

Pyridine-I-oxides are comparatively resistant to reduction because of 
resonance stabilization by the aromatic system. Typical reagents that have been 
used for the formation of pyridones and pyridinols are Raney Nickel in 
methanol, palladium-oncharcoal, phosphorous trichloride, or phosphorus 
oxychloride in ethyl acetate.380 The N-oxides of pyridoxine, pyridoxal, and 
pyridoxamine have been deoxygenated ~atalytically.~” 4-Alkoxy-3-halopyri- 
dine- 1 -oxides are N-deoxygenated by phosphorous trichloride in ch l~roform.~  5 5  

2-Amino-3-pyridinol can be prepared from 2-nitro-3-pyridinol-1 -oxide (XII450) 
in acetic acid by treatment with iron and mercuric chloride and then with 
zinc.41 Z-Halo-3-pyridinols can be prepared from XI1450 by treatment with 
phosphorous trihalides in chloroform!’ 2,4-Diiodo- and 2,4,6-triiodo-3- 

x11-450 

pyridinol can be formed from their N-oxides by deoxygenation with iron and 
acetic acid.298 

Irradiation of pyridine-l-oxides in the gas phase with ultraviolet light can lead 
to deoxygenation. In benzene the pyridine and some phenol are often formed. 
Other products include 3-pyridinols, 2-pyridones, and 2-formyl- or acylpyr- 
r0les.4’~~ 420 2-Picoline-1 -oxide gives small amounts of both 2- and 
Gmethyl-3-pyridino1, in addition to other products!21i 422 Irradiation of 
2,6-lutidine-l-oxide in benzene gives phenol, 2,6-lutidine, 2,6dimethyl-3-pyri- 
dinol, and 2-acetyl-5-methylpyrrole~20i 421  In ether, 2,5dimethyl-3-formylpyr- 
role and 3-acetyl-2-methylpyrrole are also formed!20i 422 Both 2,3,6- and 
2,4,6-collidine-l -oxide give some of the corresponding 3-pyridin01.4~’ 

The 1-benzyloxy- group has been used as a protecting group in pyridone 
syntheses. 2-Benzyloxypyridine-1 exides undergo facile rearrangement to 
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N-benzyloxy-2-pyridone even at ambient temperat~re.4’~ For example, a 
compound previously described as 2-benzyloxy-6-methylpyridine- 1 -oxide 
(XI1451)424 was later shown to be 1 -benzylo~y-6-methy1-2-pyridone~’~ The 
intermediate W-451 can be isolated under mild  condition^^^^ 

CH3 ~ o C H , c , H ,  +y CH, 

-0 ACH,C,H, 
xII-45 1 

Although rn-chloroperbenzoic acid oxidation of 2-benzyloxy-4-methylpyridine 
gives the N-oxidePZ6 this oxidizing agent and 1 -benzyloxyd-methyl-2-pyridone 
give only ~e rearranged prod~ct .4’~ 1 -Benzyloxy-6-methyl-2-pyridone con- 
denses smoothly with ethyl oxalate to give the /3-(6-pyridonyl)pyruvate 
(XII452), which can be converted to  6-@-alanyl)-2-pyridone via the oximes 
(MI453 to XI1455) and the I-hydro~y-6-(/3-alany1)-2-pyridone~~~ 

CH, no- 7% JrJ= 0 

I 
OCH,C,H, 

I 
OCH,C,H, I 

C, H, OCO 
XII-452 

PI-C - 
H ,  

C=NOH AH 
/ 

C,H,OCO 
XI1453 XI1454 

7H2 
CHNH, A 

/ / 
H O W  HOOC 

xII-45 5 
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I. Direct Hydroxylation 

2-Pyridone has been oxidized to 5-hydroxy-2-pyridone by the Elbs method 
with potassium p e r o x i d i ~ u l f a t e . ~ ~ ~  2-Pyridone has been formed by 60cobalt 
y-radiation of an aqueous solution of pyridine.4" The mechanism of attack and 
reactivity of OH radicals with pyridine have been studied4" Rates of reactions 
of pyridines with the electrophilic hydroxyl radicals are predictably somewhat 
slower than analogous rates of reactions of benzene derivatives, which are 
very fast and approach diffusion control rates. For Psubstituted pyridines, good 
correlation was obtained between rate data and 0,. Rates for pyridines 
containing a-, or y-substituents that are affected by the ring nitrogen, did not 
correlate with u, and up. Hydroxylations occurred at both carbon and 
nitr0gen.4~' 2-Pyridone has been isolated as a minor product from the reaction 
of nitrobenzenes with pyridine at 600°.430 Ruthenium tetroxide and pyridine in 
carbon tetrachloride give a 1 : 2 complex that yields ruthenium and 2-pyridone 
when heated in a stream of hydrogen (equation XI1456).431 

Ru0,.2C5H,N + 2H2 - Ru + 2 i('l + 2 H 2 0  (XII-456) 

I 
H 

3-Hydroxy-4-methyl-5-pheny1-2-pyridone and sodium nitrite in sulfuric acid 
give 2-hydroxy-4methyl-5-phenyl-1 -azaquinone (XI1457).221 

The three monohydroxypyridines and 4-hydroxy-2-pyridone are not oxidized 
by hydrogen peroxide and peroxidase. However, 5-hydroxy-2-pyridone is 
oxidized to XI1458 and XI1459.432 

A relatively large number of metabolic products of 3-acetylpyridine, an 
antimetabolite of nicotinamide, have been isolated and identified. They include 
3-(a-hydro~yethyl)pyridine,~~~ its g l u ~ u r o n i d e > ~ ~  and its N - o ~ i d e , ~ ~ '  
3-(a-hydro~yethy1)-6-pyridone,~~' 5 - a ~ e t y l - 2 - p y r i d o n e ; ~ ~ ~ ~ ~  5-acetyl-l- 
methyl-Zpyridone > 37 3-carboxamido- 1 -methy14-pyrid0ne~~' and 3-carbox- 
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XII-458 XII-459 

amido-1 -methyl-6-pyrid0ne!~~ 3-Hydroxy4pyridone is an intermediate in the 
metabolism of 4-pyridone by Agobacterium sp.4391 440 

J. Hydropyridinols 

Pyridinols and pyridones are sometimes prepared by dehydrogenation of 
hydropyridinols. For example, the available 1 -phenyl- and 1 -methyl-5 ,Qdihydro- 
2-pyridones (XII460; R = CH3, C6H5)441 are readily dehydrogenated to the 
pyridones with palladi~m-on-carbon4~~ y-Acetyl- and y-benzoyl-y-phenylbutyro- 

CH, n o  - C H 3 0 0  I 

A R 
XII-460 

nitriles cyclize to 5,6-disubstituted-3,4-dihydro-2-pyridones (XII-461),3si443 
which are also conveniently dehydrogenated to 2-pyridones with palladium-on- 
carbon.35 The potassium salt of benzylcyanoacetic acid and propiophenone give 

H 

x u 4  1 

I 

H 
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2-cyano-3,4-diphenyl-4-acetylbutanoic acid, which cyclizes and decarboxylates 
on standing to  6-methyl-4,5-dipheny1-3,4-dihydr0-2-pyridone.~~~ 

Cycloalkano-2-pyridones (XII-463) are formed from 2-(2-cyanoethyl)cyclo- 
alkanones by cyclization to XI1462 with cold concentrated sulfuric acid, which 
is reduced to sulfur dioxide in a subsequent a romat i~a t ion .4~~  

CN 

n = l , 2  

H 

I 
H 

XI1462 
w ’ 3  

I 
H 

XI1463 

c1 

XI1464 H 

Treatment of 5,6-dialkyl-3,4-dihydro-2-pyridones (Xn464; R5 = R6 = CH3, 
R5 = C3H7, & = CH3) with bromine446 or sulfuryl results in 
addition of halogen, which is followed by dehydrohalogenation to the 
2-pyridone. The tetrahydroquinolone (XII463, n = 2) was also prepared by  this 
route from XI142.447 

Diethyl 2,6-diphenyl-4-piperidone-3,5-dicarboxylates (XII465) are dehydro- 
genated by chromic oxide or ceric sulfate to the 4-pyridone (XII466; R = H, 
CH3, C6H5 CH2, CH2=CH-CH2). Some dealkylation of the N-substituted 
piperidones occurs to give the pyridone (W466 ,  R = H) when chromic oxide is 
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1,2-Diphenyl-2,3-dihydro-6-methyl4pyridone (XII-467) and chloranil in 
tetrahydrofuran or mercuric acetate in water form 1,2-diphenyl-6-methyl-4- 
p y r i d ~ n e . ~ ~ ~  

CI cloc' CI 

a 
c 

or Hg(OAc), 

Acrolein (XII-468, & = H) and crotonaldehyde (MI468, & = CH3) react 
with 1,2-dialkoxyethylenes to form 2,3-dialkoxy-3,4-dihydro-l,2-pyrans, which 
have been converted to 3-alkoxypyridines with ammonia in the presence of 
Pt/AI2 O3 at 180 to 300°.450 

XI-468 R, = H; R = C,H, , C,H, 
R, =CH, ;R  =C,H, .  

Cassine (MI-469), a crystalline alkaloid from the legume Cassia excelsa Shrad., 
has been dehydrogenated to 2-methyl-6-(1O-acetylundecyl)-3-pyridinol with 
palladium-on-carbon at 220°.451 
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11. Properties and Structure 

1. Physical Methods 

N o  attempt will be made here to review and correlate the large number of 
ultraviolet, infrared, nuclear magnetic resonance, and mass spectra that have 
been recorded, interpreted, and used in structure determination of pyridinols 
and pyridones. Articles that contain significant spectral data and/or discussions 
are noted in the Tables. The role of spectroscopic techniques, ionization 
constants, and dipole moments in the studies of structure and tautomerism of 
heterocyclic compounds has been reviewed recently by Albert.452 Although 
ionization constants have been used to estimate pyridinol-pyridme equilibrium 
constants with some S U C C ~ S S , ~ ~ ' '  453-457 caution must be exercised about 
drawing conclusions from this type of data.458 

The infrared literature was reviewed by Katritzky and Ambler in 1963."" 
Interpretation of infrared bands of pyridinols and pyridones has, however, been 
the subject of several investigations during recent years and merits a brief 
discussion. The infrared spectrum of 4-pyridone (W47Oa, R = H) in the solid 
state contains three significant bands in the double bond stretching region. A 
band near 1590 cm-' (I = 0.25) that disappears on both N-deuteration and 
N-methylation is assigned to N H  in-plane bending.460 A high frequency band at 
1635 cm-' at one time was assigned to carhonyl stretching. The low frequency 
band at 1534 cm-' was assigned to C=C bond stretching. Subsequently, because 
of an inability to correlate these bands with those of analogous oxygen 
heterocycles it was suggested that these assignments be reversed."6' In solution, 
the low frequency band (solid, 1550 cm-') in N-methyl-4-pyridone (XII-470, 
R = CH3) was more sensitive than the high frequency band to changes in solvent 
(CHC13, 1581 cm-'; C6H6,  1598 cm-I), a characteristic of carbonyl group 
absorptions, which also supported a reversal of the a ~ s i g n m e n t . ~ ~ '  The low 
carbonyl stretching frequency was presumably due to the polar nature of that 
bond attributed to contributions to W47Oa from XII470b. 

I 
R R 

XI1470 a XI1470 b 
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A comparison of the infrared spectra of 4-pyridone and 1 -methyl4pyridone 
in the solid states shows that the bands at 1635 cm-' are not much different but 
that the 1534 cm-' band of 4-pyridone is shifted to near 1550 cm-' and 
sharpens in l-methyl-4-pyridone, consistent with the expected shift from a 
hydrogen bonded to a nonhydrogen bonded carbonyl.461 However, a 
comparison of the spectra of 3,5-dihalo-, 3,5dhalo-l-methyl-, 2,3,5,6d4, I d - ,  
and I-methyl-4-pyridones has led to the conclusion that both C=O and C=C 
stretchings are extensively mixed to give composite vibrations at both 
frequencies?603 462 These difficulties have not negated the earlier structure 
assignments of 4-pyridones that have been based on infrared interpretations. 

In 1-methyl-2-pyridone the higher frequency bands have been assigned to a 
carbonyl stretching The inductive effect of the nitrogen alpha to 
the carbonyl operates in a direction opposite to that of the resonance effect and 
this less polar carbonyl gives a higher frequency band than that observed for 
4-pyrid0nes.~~' However, 2-methoxypyridinium hexachloroantimonate, which 
does not have a carbonyl group, shows a strong ring mode absorption at 1638 
cm-l 463,464 A comparison of the spectra of 2-pyridone and 2-pyridone-"O 
also shows extensive mixing of ~ i b r a t i o n s . 4 ~ ~ '  46s 

The assignments of the 1477-1443 cm-' bands of 2-pyridone to skeletal 
stretching466 has been questioned4633 4 6 5 y  467  since these bands are sensitive to 
phase, solvent, and isotopic substitution.465 

2. Association of 2- and 4-PyndOneS 

2-Pyridone and its thio and seleno analogs all form strong dimers in 
chloroform466 and in Hydrogen bonding in sulfur and selenium 
analogs is lower than in 2-pyridone but nevertheless all three are classified as 
powerful hydrogen bonders.469 2-Pyridone forms an exceptionally strong 
hydrogen bonded dimer in nonpolar s o l ~ e n t s . 4 ~ ~ - ~ ~ '  Thi s is supported by NMR 
studies where an unusually low field resonance for the enolizable proton is 
observed, indicative of strong hydrogen bonding.465i 472 NMR studies indicate 
that 4-pyridone is more strongly associated in solution than is 2-pyridone. In 
dilute solution in chloroform, it has a molecular weight that corresponds 
approximately to a trimer.462 

In solid 2-pyridone, hydrogen bonding is of the NH-0 t y ~ e . 4 ' ~  
6Chloro-2-pyridinol exists as the pyridinol tautomer in the solid state and forms 
hydrogen bonded dimers of the OH-N type?74 Molecular weight 
determinations in chloroform show that concentrated solutions of 4-methyl-, 
4-phenyl-, 3,4-trimethylene-, and 3,4-tetramethylene-6-chloro-2-pyridone con- 
tain mainly hydrogen bonded di1ners.4'~ 

Rate and equilibrium constants have been measured for the hydrogen bond 
dimerization of 2-pyridone in chloroform-dimethyl sulfoxide and in carbon 
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tetrachloride-dimethyl s ~ l f o x i d e ~ ~ '  and of 2-pyridone and 2-thiopyridine in 
chl~roform?~'  by ultrasonic attenuation, ultraviolet, infrared, and NMR 
methods. In the first solvent system, association appeared to be diffusion 
controlled. In the second solvent it was suggested that solvation-desolvation of 
2-pyridone by dimethyl sulfoxide is rate limiting?75 

3. The Pyridone Structure 

2- And 4-pyridones are aromatic and do not have the properties of simple 
unsaturated lactams. It has been estimated that 2-pyridones have about 35% of 
the aromaticity of benzene as defined by their ability to sustain an induced ring 
current476 and as calculated by the SCF 

The infrared spectra of 2- and 4-pyridones are consistent with the pyridone 
structure.478 A comparison of the infrared spectra of 2-pyridone and 
2-~yridone- '~O indicates that the lactam description is better than the dipolar 
0 n e . 4 ~ ~  A comparison of infrared and Raman spectra of 4-pyridone (XII470, R = 
H) with those of 4-pyridinium ions and a rationalization of the dipole moment 
has led to the estimate that the upper limit of the contribution to 4-pyridone by 
the dipolar form (XII470b, R = H) is 10 to 15%.460 

The chemical shifts of the y-protons of several 2-substituted pyridines 
including 2-pyridone, the 2-pyridone anion, and 2-phenoxy- and 2-methoxy- 
pyridine have been correlated with the electron donating and withdrawing 
properties of the sub~t i tuen t s .4~~  

Charge distributions and dipole moments have been calculated by a modified 
Hiickel method for N-methyl-Zpyridone ( p  = '4.0 D) and N-methyl-4-pyridone 
( p  = 6.7, 6.4 D).4803 481 Dipole moments have been measured in benzene for 
N-methyl-2-pyridone (p  = 4.15 'D?53  4.0 D?82 4.04 D469) and for 
N-methyl-4pyridone (p = 6.9 D453). 

4. Tautomerism 

In water, the ultraviolet spectra of 2-pyridone, 2-thiopyridone, and 
2-selenopyridone resemble the spectra of their respective N-methyl derivatives, 
and all exist as the amide tautomer ~ 9 % ) ? 5 4 i 4 6 8 i 4 8 3 i 4 8 4  2-Pyridinethiones 
(MI471; X = S, R = CH3, p = 5.26 D) and 2-pyridineselenones (XII-471; X = 
Se, R = CH3, p = 5.73 D) in benzene have progressively higher dipole moments 
than 2 - p y r i d o n e ~ ~ ~ ~  because of increasing contributions of structure XII471a 
(X = 0, S, Se) to XII-471.485 Acid strengths are in the expected order: XII-471: 
R = H , X = O ,  PK, 11.62,S,9.97; Se,9.36?68 
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k 
XI1471 a XI1471 b 

The NMR spectrum of 4-pyridone in aqueous solution is consistent with a 
pyridone structure.486 In deuterochloroform, the NMR spectra of 2- and 
4-pyridone-"N show a very rapid intermolecular exchange of the enolizable 
proton!62y46s The observed "N-H coupling of 90 Hz at low temperature 
indicates that the relative amount of the 2-pyridinol tautomer is less than 2 % ~ ~ ~ ~  
A study of "nitrogen-hydrogen coupling in 4-pyridone was thwarted by its poor 
solubility at lower temperatures!62 

It has been demonstrated that appreciable pyridinol tautomer is present in the 
vapor of 2-pyrid0ne~~' and 6-phen~l-2-pyridone!~~ 

Unlike the corresponding pyridones, 2- and 4-aminopyridines prefer the amino 
forms (XII-472). 

H H 

XU472 a XI1472 b XII473 a XI1473 b 

H H 
XII-474 a XI1474 b XI1475 a XII-475 b 

In 4-aminopyridine, stabilization of XI1472 and XI1473 by charge separated 
forms (XI14721 and XII473a) are similar and moderate and the aromatic nature 
of XII472b is responsible for the predominance of XII472. However, in 2- and 
Qpyridone, stabilization of XI1474 by the charge separated form XII474a 
where oxygen bears a positive charge is much less than stabilization of XI1475 
by XII475a where oxygen is negatively charged, and XI1475 predomi- 
n a t e ~ . ~ ~ ~ '  489 
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Although 2-pyridone, 4-pyridone, and many of their derivatives appears to 
exist predominantly in the pyridone form under all conditions, electron 
withdrawing groups alpha to the nitrogen shift the equilibrium in favor of the 
pyridinol tautomer.7, 241 ,242 ,246 ,456 ,4573  490-491 F or example, tetrafluoro-4- 
pyridinol (pK, = 3.21; 20", H20), which is a stronger acid than 
pentafluorophenol (pK, = 5.53, 25") exists mainly e95%) in the pyridinol 
form.248 Electron withdrawing substituents increase the acidity of NJ3 of the 
pyridone tautomer and decrease the basicity of the pyridinol nitrogen. Both 
effects lead to a relative stabilization of the pyridinol form.241 Groups in the 
3-position usually produce smaller effects. For example, 3-nitro-4-pyridone, in 
which the nitro group has an inductive base-weakening effect on both forms 
(-4.0 pK units), exists as the pyridone by a factor of 103.4:1, presumably by 
stabilization of the pyridone by canonical form XI1476.497 Comparable 
contributing structures to the pyridinol, requiring the positive charge to be on 
oxygen, are not important.497 

ONOZ - 0 -0- 
I 1  - 

N +N 
I 

H H 
XII-476 

Tautomeric equilibrium constants K, = [pyridone] / [pyridinol] have been 
measured for a number of 2-pyridones (Table XII-8). The constant K, has been 
estimated by a Hiickel approximation for 2- and 4-pyrid0ne.4~~ The Kr values 
obtained from ultraviolet spectra and those obtained from acidity constants are 
in poor agreement for 6-chloro4-substituted-2-pyridones (XII477; R = CH3, 
C6 H5) and 6-chloro-3,4-polymethylene-2-pyridones (XII-478; n = 3,4) in 
water.457 For example, in M I 4 7 7  where R = CH3, values of 6% and 44% respec- 
tively of pyridinol tautomer (MI477b) are obtained from ultraviolet data and 
from acidity constants. However, values obtained from ultraviolet studies 
appear to be more reliable.45'3458 

tCH1In 

c1 -0, N H I =clJooH clJ30 H I 

XI1477 a XII-477 b xII-478 
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TABLE XI-8. Tautomeric Equilibrium Constants: Kt = [ pyridone] /[pyridinol] 

Method Ref. R4 R6 Solvent Kt 

H c1 98% H, 0,2% EtOH 1.66 uv 494 
50% H, 0, 50% EtOH 1.16 
EtOH 0.14 
50% EtOH, 50% Dioxane 0.09 
Dioxane 0.07 

50% EtOH, 50% Dioxane 46.6 
Dioxane 0.64 

H NH, Ethanol 99 uv 494 

CH, c1 H,O (20") 15 uv 457 
CH3 Cl H,O (20") 1.3 PK 
CH3 c1 Methanol 0.48 uv 

Chloroform 0.79 uv 
Dmethyl sulfoxide 0.04 uv 
Cyclohexane 0.05 uv 

The equilibrium shifts toward the pyridinol as the medium becomes less 
polar241. 458i489i  490i 494-496 (Table XI-8) and as the solvent becomes less able 
to solvate the carbonyl group.457 Protic solvents favor the pyridone tautomer 
(Table XI-8) by hydrogen bonding to the c a r b ~ n y l . ~ ' ~  For example, in both 
dimethyl sulfoxide (E = 45.0) and cyclohexane (E = 2.0) the pyridinol form 
predominates (85-9676) for XI1477 and XII-478. The pyridinol content is less 
(28-6976) in protic solvents and in chloroform. In the solid state, these 
compounds exist in the pyridone form.4s7 The temperature dependence of the 
tautomeric equilibrium for 6-amino-, 6-bromo-, and 6-chloro-2-pyridone has 
been studied in several solvents.496 Heteroaromatic tautomer equilibria changes 
with solvent for 6-chloro-2-pyridone, 2,3,5-trichloro4-pyridone, 2-chloro-4- 
pyridone, 3-pyridinol and 2,6-di-(methoxycarbonyl)-4-pyridone have been 
correlated by equation X11478a,490 where K T ~  is the equilibrium constant in 
one solvent and P1 is the polarity of the solvent (ethanol-water, methanol-water, 
ethylene glycol, acetonitrile, chloroform, and isooctane) and Kosower Z values 
are used as a measure of solvent polarity.499 An abnormality has been observed 
for 2,6-di-(methoxycarbonyl)-4-pyridone, which exists as the pyridone in 
chloroform and carbon tetrachloride but not in i s o o ~ t a n e . ~ ~ ~  

K T 1  
In - 

K T 2  
= n(P1 - Pz) XU478a 
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The ultraviolet and infrared spectra of the dimethyl and diethyl esters of 
3,5-dicarboxy-4-pyridones (XI1479; Rz = R6 = phenyl, a-pyridinyl, 
aquinolinyl) indicate they exist as conjugate pyridinol chelates in chloroform, 
carbon tetrachloride and 

'0 

\ \CH, 
ROOC 

I I 
H H 

x11-479 XII-480 xII-481 

The dimethyl and diethyl esters of 2,6-di-a-pyridinyl- and 2,6-di.crquinolinyl- 
4-hydroxy-3,5-pyridinedicarboxylic acids (XII-479) also exist in the solid state as 
conjugate chela te~.~"  2,6-Diphenyl-4-pyridone, which does not possess the 
ortho-hydroxy ester structural feature of XII-479, exists as the pyridone 
(XII-480) in the solid state and in s o l ~ t i o n . 4 ~ ~  3-Acetyl-4,6dimethyl-2-pyridone 
(W-481) exists as the pyridone tautomer in methanol. Stabilization of the 
pyridinol form by hydrogen bonding does not occur.6' The infrared (KBr) and 
ultraviolet spectra (ethanol) of 3-hydroxy-2-pyridone are consistent with the 
pyridone structure (XI1482).501 

OH 

I I 
H H 

XI1482 XI1483 

The 4-hydroxy-6-methyl-2-pyridone structure (XII483) is consistent with its 
NMR, ir, and uv spectra5" and is similar to that of 4-hydro~y-2-pyridone.~'~ 

Ultraviolet spectra in water and ethanol and infrared spectra (KBr) show that 
glutazine and several of its derivatives (W484; R = H, CN, C O W z ,  COzEt) 
exist as an equilibrium mixture of the 4-amino-6-hydroxy-2-pyridone (X11484a) 
and the 4-amino-2,6-pyridinedione (Xn-484b).'04 

is mainly 
6hydroxy-2-pyridone (XII45a:b:c  = 2960 :  15) in water, as shown by a 
comparison of its ultraviolet spectra with those of model compounds.455 The 

Glutaconimide, which exists predominately in lactam 
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I 

H 
XI1484 a 

A 
XI1484 b 

relatively large amounts of the pyridinediol (XII485a) at equilibrium is 
considered to  be related to the reduced basicity of the glutaconimide nitrogen 
compared to that of the nitrogen of 2-pyridones, which have only one 

I 
H H 

XII-485 a XII-485 b XIl-485 c 

a - o ~ y g e n . ~ ~ ~  The O-methyl derivative appears to exist mainly as structure 
XII-486 and the N-methyl derivative as approximately equal amounts of 
XII487a and XII487b in aqueous solution; only the diketo tautomer 
( X I I 4 7 a )  is observed in chloroform solution, however.50s 

CH, N I 0 0 0  I H O O O  I 

H CH3 CH3 

XII-486 XlI487a W487b 

The infrared spectra of XI-488 (R = CH3, C z H s ,  n-C4H9, n-CsH,J in the 
solid state exclude tautomers containing OH groups; in carbon tetrachloride 
solution, however, absorptions due to OH containing tautomers are observed. ’ 

c1 

H 

XI1488 
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TABLE XII-9. Tautomerism Constants (KT = [CH form] /[OH form] ) for 
3-Hydroxy-2,6-pyridinediones (XII489) 

rt R, KT(DMSOd, ) KT(CF,COOH) 

H CH, 0.4 0 
CH3 CH3 2.0 0 
a, H 4.2 0.3 

3-Hydroxy-2,6-pyridinediones (XII-489) have been obtained in both the CH 
and OH forms. Tautomeric constants have been calculated from NMR data. In 
DMSO, the CH form predominates when there is a methyl group at  the 
Cposition. In trifluoroacetic acid, the OH form either exists exclusively or  
predominatesso6 (Table XI-9). 

I 

A H 
XI1489 

Infrared studies have ruled out XII490a and XII490b as structures for 
crystalline citrazinic acid. Esters of citrazinic acid exist in form XII490c in 

COOH COOH COOH COOH 

O N  f i 0  H I O n O H  O f i O H  N H I H O h O H  

XI1490 a XII-490 b MI490 c XI1490 d 

methanol and in the imide form (XII490a) in chloroform, dioxane, and 
acet onitrile .' O7 

The reaction of either the cyanoglutaconimide XI1491 or the cyanofuropyri- 
done XI1492 with hydrochloric acid gives two isomeric products that were first 
considered to be the furopyridone (XII493a) and the furopyridinol 
(XII-493b).s08 Subsequently it has been demonstrated that only one tautomer 
can be isolated4s8s '09 and that the compound earlier identified as XII493a is 
probably 4-methyl-3-spirocyclopropane-2,6-pyridinedione (XII494),' l o  which is 
formed from XI1495 during alkaline workup of the reaction m i x t ~ r e . ~ "  
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HO 

XI-493 b 

I 
H 

OH t l  
XI1495 

H 
xII-491 

XI1493 a 

I 
I 

H 

XU492 

I 
H 

XII-494 

m o  
I 

H 
MI-496 

In ethanol. 2,3-dlhydro-6-hydroxy-4-methylfuro [2,3-b] pyridine exists mainly 
as the pyridinol (XII-493b), while the corresponding 2,3-dihydropyranopyridine 
MI-496 exists mainly as the pyridone. Under the same conditions 
6-methoxy-2-pyridone exists as equal amounts of the two tautomers. The 
preference, on energetic grounds, by a five membered ring for exo double bonds 
(a possible Kdkuld localization for XI1493b) and the preference by the 
dihydropyrano ring for endo double bonds can account for these 
observations.458 

Spectroscopic data and pK measurements have indicated that 3-pyridinol in 
aqueous solution is present in a tautomeric equilibrium between approximately 
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equal amounts of XII497a and XII497b’” among other ionic forms.511. 
The infrared spectrum of 3-pyridinol in the solid state513 and its NMR spectrum 
in nonpolar solvents5 

l4 show the presence of intermolecular hydrogen bonding 
that is compatible with a dipolar structure. A comparison of the NMR spectra of 
2-methyl-3-pyridinol and 1,2dimethyl-3-hydroxypyridiniurn iodide has provided 
additional evidence for the existence of the zwitterion form in aqueous 
s o l u t i ~ n . ~  l 5  Calculated singlet-singlet transition energies of the zwitterionic form 
of 3-pyridinol by the Pariser-Parr-Pople method are in good agreement with 
experimental data, but the discrepancies are higher than those realized for the 
enolic and anionic forms.516 

H 

XI1497 b 

Anhydro 3-hydroxy-N-methylpyridinium hydroxide, “N-methyl-3-pyridone,” 
(XI1499) has been prepared and characterized and has been classified 
as a mesionic compound.517 The similarity of spectral properties of the 
three N-methylpyridones (XII498, MI-499, W-500)  and the observations that 
dipolar structures make only a small contribution to MI498 and W-500 has 
suggested that there is also only a small contribution by the polar structure 
W-499a to “1-methyl-3-pyridone.” A delocalization of the negative charge into 
the ring that is accommodated through canonical structures XI1499b-d can 
account for the carbonyl properties of W499. It has been suggested that 
formulas such as XII-499e be employed for mesionicsfl however, undesirable 
connotations such as an implication of d orbital participation could result from 
this notation. A PPP ASMO calculation also predicts that 2-, 3-, and 4-pyridone 
should all have similar properties.’ 7 7  
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pJo 0” \ /  N 0 N 
I I I 

CH3 CH3 CH3 
xu498 XI1499 e XII-500 

The ultraviolet spectra of bis(3-hydroxy-2-pyridylmethylene)ethylenediamine 
(XII-501) indicate that in ethanol the keto form predominates and that 
protonation occurs on the annular nitrogen  atom^.''^ 

- - 
N ,N=CH 

CH,CH, 
XI-501 

NH-CH 0 H-NH \ C H , C H ,  / 

Chemical shifts have been used to evaluate pi electron densities for several 2-, 
4-, and Galkyl- and 2-, and 6-aminomethyl-3-pyridinols. Reasonable agreement is 
observed in a comparison of these charge distributions and those obtained by 
MO LCAO ca lc~ la t ions . ’~~  

Earlier data have indicated that 3 - p y r i d i n 0 1 ~ ~ ~ ~ ’ ~ ’  is a weaker base than 
pyridine.’” A reexamination of these basicities suggests that the reverse is true 
and that the 3-hydroxyl group is electron releasing here and its introduction 
increases the basicity of the nitrogen of pyridine and a lkylpyr id ine~. ’~~ pK 
values for the individual acid dissociation steps for pyridoxamine, pyridoxal, 
3-hydroxypyridine4-carboxaldehyde, and 3-hydroxypyridine-2-carboxaldehyde 
have been obtained by NMR measurements in D20 solution.524 
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6. Fluorescence 

Fluorescence studies have been reported for several 3-pyridinols including 
pyridinols of the vitamin B6 series, and 2- and 4-pyridones.512i525-527 
CPyridone and 4-methoxypyridine are not fluorescent at any pH values.525 The 
cations, anions, and dipolar ions of 3-pyridinol derivatives are fluorescent, but 
neutral forms are not.525i 526 All forms of 2-pyridone and its derivatives are 

Excited state ionization (ionization of acids and bases in the excited 
state at pH ranges where unexcited molecules do not ionize)528 has been 
studied for cations of 3 - p y r i d i n 0 l s , ~ ~ ~ ~  ”’ pyridoxine,525i 527i  528  pyridox- 
a-e,525, 527,  5 2 8  p y r i d o ~ a l , ~ ~ ~ ~  527i  528 2-pyrid0ne,’~~ and N-methyl-2-pyri- 
done and N-methyl-3-pyridin01.~~~ Excited state pK, values for the 3-pyridinol 
anion and cation have been studied using photopotentiometry, the measurement 
of the potential developed between one illuminated electrode and one dark 
electrode in solution.52g 

7. Relative Stabilities of N-Alkylpyridones and Alkoxypyridines 

In equilibration studies in the liquid state by using the corresponding 
N-methyl-2-(or)4methoxypyridinium tetrafluoroborate as the catalyst, it has 
been determined that the N-methyl isomer is more stable than the 0-methyl 
isomer for both pairs: 2-methoxypyridine * N-methyl-2-pyridone (AGO > - 9.3 
kcal/mole) (XII-502 * W-503) and 4-methoxypyridine G= N-methyl4pyridone 
(MI-504 =: XII-505) (AGO > -7.4 kcal/mole) at 130°.530i 5 3 ’  On the other hand, 
the sulfur analog of XII-502 is more stable than the N-methy lpyr id ine th i~ne .~~~ 

I 
CH3 

XII-502 XI-503 

XII-504 

I 

XI-505 
CH, 
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The relative stabilities of these two sulfur analogs should be compared with the 
tautomeric equilibrium of 2-thiopyridine where the pyridinethione tautomer 
predominates in aqueous solution. These observations demonstrate that 
tautomeric equdibria in protic systems cannot be used reliably to predict the 
relative stabilities of the methylated isomers.532 It  has been shown recently that 
0-mesyloxypyridines (MI-506) are more stable than N-me~yl-2-pyridones.’~~ 

SO,CH, MI-506 

4Methoxy-2,6-diphenylpyridine (XU-504, R = C6H5)  is more stable than 
N-methyl-2,6-diphenyl-4-pyridone due to 1,2,6-steric interactions.5301 531  

8. Protonation of 2- and 4-Fyridones 

Although it had been suggested on the basis of Raman and infrared evidence 
that 2- and 4-pyridone are protonated on nitrogen,534 subsequent information 
has established that protonation occurs on oxygen.4641 4721 4861 535-542  

Pro tonated 6-methoxy-2-pyrid one, 6-me thoxy- 1 -met hyl-2-pyrid one, 6-h y- 
droxy-l-methyl-2-pyridone, and 2,Gdimethoxypyridine all exist as structure 
XII-507.455 

k 
MI-507 

The crystal structure of 2-hydroxypyridinium chloride monohydrate and 
2,6-dihydroxypyridinium chloride have been determined. The cations are 
essentially planar and are in the mono- and dipyridinol forms respectively.543 

9. The Pyridone Anion 

Although at one time there was some disagreement as to the location of the 
charge on the 2-pyridone anion in its ground state,5441545 later work has 
demonstrated that the charge lies mainly on the oxygen at0m.4’~’ 546  
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III. Reactions 

1. Involving 0 and N 

A. 0- and N-Alkyhtion and Aryhtion 

a. GENERAL Alkylations of 2-pyridones have been studied extensively and 
usually are accomplished by reactions between the pyridone anion and an alkyl 
halide or dialkyl sulfate or between the pyridone and a diazoalkane. Tosylates, 
alkenes, and epoxides have been used as alkylating agents, but less extensively. 
Although there are fewer reports of 3-pyridinol and 4-pyridone alkylations, 
interest in 3-pyridinols has increased over the past decade, but the course of 
their alkylations and the structures of products have been less clearly elucidated. 
0- and/or N-Alkylations usually are observed, although side-chain a-C-alkylation 
can be accomplished. It has been shown in alkylations of 2-pyridone salts, that 
the product distribution in these reactions results from kinetic control and 
depends on the nature of the pyridone, the cation, the alkylating agent, and the 
solvent. 

b. 2-PYRIDONES The course of alkylations of 2-pyridone salts is far more 
sensitive to changes in cation and solvent than are comparable alkylations of 
2-pyrimidone salts.547i 548 The pi-electron deficiency in pyrimidones due to two 
ring nitrogens imposes more severe restrictions on polarizability than are 
observed in alkylations of pyridones. In alkylations of alkali metal and silver 
2-pyridone salts with halides, important solvent effects are observed. Solvent has 
the greatest effect on silver salt alkylations, where alkoxypyridine formation is 
favored in poor ion-solvating media.’47y 549 Under heterogeneous conditions 
many alkylations give only 2-alko~ypyridines.’~~ For example, the silver salt of 
2-pyridone and methyl iodide give N-methyl-2-pyridone as the major product in 
dimethylformamide but give 2-methoxypyridine (97%) when benzene is 
Alkylations of alkali metal salts are less solvent sensitive but an increase in rate 
and more 0-alkylation are observed in dirnethylf~rmamide’~~ and dimethyl 
s u l f ~ x i d e ~ ~ ~  compared with protic and nonpolar solvents. Although alkali metal 
salts of 2-pyridone and methyl iodide in dimethylformamide give N-methyl-2- 
pyridone as the major product (>90%), 0-alkylation increases as the halide is 
varied from methyl to ethyl and predominates with iscFropyl iodide due to a 
steric effect (Table XII-10).547 The potassium salt of 6-acetamino-2-pyridone 
in ethanol-water is N-alkylated by isoamyl br~mide.~’’ The “traditional” 
solvents employed in 2-pyridone salt alkylations, methanol and ethanol, 
appear to be relatively poor for ethylations and isopropylations of 2-pyridone; 
considerable elimination occurs as is evidenced by 2-pyridone for ma ti or^.'^^ 
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In alkylations of silver salts in DMF, considerable amounts of 2-pyridone 
are also regenerated. An S N ~  alkyl-oxygen cleavage of 2-methoxypyridine 
may be responsible for the pyridone that is formed (see Section IV). Only 
elimination is observed with the silver salt of 2-pyridone and isopropyl bromide 
in DMF (Table XI-1 

Although the product distributions listed in Tables XI-10 and XI-11 are 
calculated from gas chromatographic data, simple procedures have been 
developed for bench-scale preparations by direct alkylation to form 
chromatographically pure 2-isopropyloxypyridine (76%), 2-benzyloxypyridine 
(78%), and 2-methoxypyridine (57%). These procedures avoid the more 
circuitous route where a 2-halopyridine is treated with an alkoxide to form the 
ether.547 

In view of the relatively large solvent effects on the alkylation site of the silver 
salt of 2-pyridone, generalizations concerning the site of alkylation of 
ring-substituted 2-pyridone salts need to be reconsidered. These generalizations 
sometimes have been made by comparing reactions run in different solvents and 

TABLE XI-10. Alkylation of Salts of 2-Pyridone in DMFS4' 

Product Composition, % 
Alkylating 
agent Cation % Yield N-Alkyl 0-Alkyl 2-Pyridone 

Me1 Na 93 95 5 
EtBr Na 94 I7 23 
IsoPrBr Na 84 29 68  3 
C6H,CH,Br Na 95 91  3 
Me1 Ag 81 1 4  12 21 
EtBr Ag 80 20 38 42 
IsoPrBr Ag No alkylation, only 2-pyridone was formed 
C6H,CH,Br Ag 85 54 46 

TABLE MI-1 1. Solvent Effects on Alkylations of Salts of 2-Pyrid0ne~~'  

Product Composition, % 
Alkyl 
halide Solvent Cation % Yield N-Alkyl 0-Alkyl 2Pyridone 

EtBr 
EtBr 
EtBr 
EtBr 
EtI 
EtI 
EtI 
C6H,CH,Br 
IsoPrI 

DMF Na 94 I7 23 
MeOH Na 80 66 5 29 

DMF Ag 80 20 38 42 
(CH, 01, (CH, Na 88 87 6 I 

(CH, 01, (CH, 1, Ap 90 21 54 19 
EtOH Ag 91 1 80 19 
'6 H6 Ag 100 100 
'6 H6 Ag 100 100 
'6 H6 Ag 100 100 
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by comparing reactions where only a part of the total reaction products were 
identified.’4 ” 

It has been verified by comparing alkylations of sodium salts and silver salts of 
2-pyridone, 5-nitro-2-pyridone, and 5-carbethoxy-2-pyridone that electron 
withdrawing groups at the 5-position cause increased N-alkylation. This 
substituent effect, like the solvent effect, is more pronounced in alkylations of 
silver salts.549 When electron withdrawing groups occupy both the 3- and 
5-positions, N-alkylation is strongly favored. For example, silver salts of 
3-halo-5-nitro-2-pyridones and methyl iodide in ethanol give mainly the 
N-methyl-Zpyridones and only small amounts of the ethers (3-6%).2873 290i 291 

3-Bromo-1 -methyl-5-nitro-2-pyridone has also been prepared from the sodium 
salt and dirnethyl sulfate.290 

By melting a mixture of 2-pyridone and picrylpyridinium chloride, the 0- and 
N-alkylated products (W-508 and W-509) are formed in 17% and 82% yield, 
respectively. Rearrangement of XI1508 to MI-509 occurs at its melting p ~ i n t . ” ~  
The silver salt of 2-pyridone and picryl chloride in benzene gives 97% of MI-508 
and 3% of XII-509.553 

+ RYN(----J - QOR + oo 
I 
R 

N 
c1- I 

H 

XII-508 XII-509 
R = Picryl 

The silver salt of 2-pyridone and trimethylene iodide in dioxane gives 
2,3dihydropyrido [2,1-b] oxinium iodide (XII-510).s54 Potassium salts of 

XII-5 10 

3,4,5,6-tetrafluoro-2-pyridinol and 2,3,5,6-tetrafluoro4-pyridinol are methyl- 
ated on oxygen by methyl iodide in methanol and by dimethyl sulfate.246 

Silver salts of 4,5,6-triphenyl-2-pyridone and 4,6diphenyl-5-phenoxy-2- 
pyridone are mainly 0-alkylated by methyl iodide in methanol or benzyl 
chloride in benzene. The potassium salt of 4,5,6-triphenyl-2-pyridone in an 
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excess of methyl iodide gives more N-alkylation product, but the sodium salt 
and benzyl chloride in ethanol gives more 0-alkylation product.’” This appears 
to be due to a steric effect, since sodium salts of 2-pyridones that are unsubsti- 
tuted in the 3- and 6-position give similar product distributions in reactions with 
benzyl halides and with methyl iodide under similar conditions.5473 549 This 
steric effect has been observed in the benzylation of 6-methyl-2-pyrid0ne.~~~ 

Butylation of the sodium salt of 2-pyridone in dimethyl sulfoxide gives 
2-n-butoxypyridine and N-n-butyl-2-pyridone, in the same product ratio at a 
pressure of 1 atm and at 1360 atm. Similarly, the product distribution in 
benzylation of the potassium salt in ethanol does not vary with pressure, and 
therefore the transition states leading to 0- and N-alkylation have nearly 
identical molar It has been concluded from these data that the 
branching of the reaction pathway occurs at or beyond the transition state. The 
model for the transition state (XII-511) implies that the products are determined 
by minor differences in conformation and energy distribution.550 

M+ 

XI15 1 1 Oo R I 

A variety of alkali metal salts of 2-pyridones have been alkylated in polar 
solvents to give N-alkyl-2-pyridones (Table XI-1  2). 

The sodium salts of 2-pyridone and 4-pyridone react with 1-bromoisoquinoline 
and copper-bronze to give mixtures of products. For example, under Ullmann 
conditions the sodium salt of 2-pyridone gave 39% of N-(2-isoquinolyl)-2- 
pyridone (XI151 2) and minor amounts of 2-(2-pyridyl)isocarbostyril, 
2-(1-isoquinolyl)isocarbostyril, 1(2-pyridyl)-2-pyridone and i ~ o c a r b o s t y r i l . ~ ~ ~  
(See also Section I.6.A., p. 69 1 .) Under these conditions, 3-acetamido-2-bromo- 
pyridine forms 1 -(3-acetamido-2-pyridyl)-2-pyridone, which can be hydrolyzed 
to the aminopyridyl-2-pyridone and then cyclized in the presence of 
plyphosphoric acid to dipyrido [1,2*:3,26] imidazole (XII-513).271 
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A large number of N-substituted-2-pyridones have been synthesized as 
potential pharmaceuticals, principally by G ~ g o l i m s k a ~ ~ ~ - ~ ~ ~  and 
hczka337n 564, 565 and S a ~ h a . ' ~ ~ .  567 The se compounds have been prepared by 
alkylation of alkali metal salts with halides,337y561-564 by modification of the 
N - s ~ b s t i t u e n t , ~ ~ ~ - ~ ~ ~  and by oxidation of pyridinium salts with f e r r i ~ y a n i d e . ~ ~ ~  
Careful analyses of product distribution from alkylations of 2-pyridones with 
dialkyl sulfates are not generally reported. When dimethyl sulfate is used with 
salts of 2-pyridones that are unsubstituted or have small groups or chlorine at 
the 6-position, N-alkylation appears to predominate. For example, 3- and 
5 - e t h ~ l - 2 - p y r i d o n e , ~ ~ ~  6-chloro-2-pyridones' and 6-methyl-2-pyr id0ne~~~ are 
N-alkylated by dimethyl sulfate and base (Table XI-13). On the other hand, the 
sodium salt of 6-acetamido-2-pyridone and diethyl sulfate give 2-acetamido-6- 
etho~ypyridine. '~ 6-(6-Hydroxy-l,2,3,4-tetrahydro-2-naphthyl)-2-pyridone and 
dimethyl sulfate give the products of 0- and N-alkylationS6' (Table XII-13). 

Although it had been assumed earlier that diazomethane and 2-pyridone give 
exclusive O - a l k y l a t i ~ n , ~ ~ ~  it has been shown that both N-methyl-2-pyridone and 
2-methoxypyridine (Table XII-14) are formed and that the product ratio is the 
same in methanol-ethyl ether as in methylene chloride-ethyl ether. An increase 
in 0-alkylation of 2-pyridone by diazoethane as compared with alkylation by 
diazomethane (Table XII-14) has been rationalized on steric grounds or as 
resulting from a decrease in the sN2  character of a graded SNl-sp.12 factor.'" 
4,5,6-Triphenyl-2-pyridone and 5-phenoxy4,6-diphenyl-2-pyridone are re- 

ported to be 0-alkylated by diazomethane."' Citrazinic acid and its methyl 
ester (XII-514) give mixtures of the products of 0- and N-methylation. 
4Carbomethoxy-6-methoxy-1 -methyl-2-pyridone (XII-51 5) can be prepared 
from citrazinic acid by dimethyl sulfate to give methyl N-methylcitrazinate 
(Table MI-1 3), which is then treated with diazomethane. 

NaOH/H,O 

N HO 
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6-Hydroxy-2-pyridone (XU-516) and a large excess of diazomethane give 
6-methoxy-2-pyridone (2%), 6-methoxy-1 methyl-2-pyridone (4%), 2,6-dimeth- 
oxypyridine (8%), and the 3-@-methylhydrazone) of 1 -methyl-2,3 ,dpyridine- 
trione (XU-517) ( 14%).'05 6-Methoxy-2-pyridone and diazomethane give a 
mixture of 0- and N-methylation products. 6-Hydroxy- 1 -methyl-Zpyridone 
gives 6-methoxy-1 methyl-2-pyridone and XII-517.50s 

I 
H 
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TABLE XII-14. Alkylations of 2Pyridones and 2-Pyridinols with Diazoalkanes RsO, - RCHN, R s o ;  + %&R3 

’ OR 
R6’ N R6 N N 

I I 
H CH, R 

H H H H H 55 35 570 
CH, H H H H 66 24 570 
H NH, 37 4 8  494 
H CI 57 17 494 
CH3 C,H,O Br 62  284 

4-Methyl-3-(spirocyclopropane)-2,6-pyridinedione (XII-518) and diazo- 
methane in methanol-ether give the N-methyl derivative. 

H 

XI14 18 
CH, 

CH,CH,Cl 
CH, N, pJo - 

HO 
I 
H 

XI14 19 

n r , C H , C l  or o f i C H , C H , C 1  

CH30 N N W H ,  
I I 
H H 
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On the other hand, 3(P-chloroethyl)-4-methyl-2,6-pyridinediol (XI-519) gives 
a product of O-alkylation that was not c h a r a c t e r i ~ e d . ~ ~ ~  Additional alkylations 
of 2-pyridones by diazomethane and diazoethane are summarized in Table 

The sodium salt of 2-pyridone and triethyloxonium tetrafluoroborate in 
methylene chloride gives 2-ethoxypyridine (2 1 %), N-ethyl-2-pyridone (40%), 
and N-methyl-2-ethoxypyridinium tetrafluoroborate (MI-520), 29%.571 A 
slower allcylation of the sodium salt by MI-520 produces 2-ethoxypyridine (9%) 

XII-14. 

+ 

BF, 

and N-ethyl-Zpyridone (79%).571 The product distribution in this alkylation 
changes with time.571 In ethanol and with an excess of triethyloxonium 
tetrafluoroborate, the monoethylation products are formed in 19% and 77% 
yield, respectively.570 Product MI-520 can be formed in 97% yield from 
2-ethoxypyridine and is hydrolyzed with aqueous sodium hydroxide to N-ethyl- 
2-pyridone (89%).’” 
l-Ethyl-2-methoxy-5-nitropyridinium tetrafluoroborate (XI-521) is a strong 

methylating agent. Sodium benzoate, sodium iodide, and lithium bromide are 
methylated by this reagent.572 
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""0 BF,- - MA ''"0 + CH,A + MBF, ' OCH, 0 
I 

C l  Hs 
+Y 
ClH,  

XII-52 1 
A = C,H,CO,, Br, I 

The sodium salt of 2-pyridone and 0(2-hydroxyethyl)acetoneoxime 
p-toluenesulfonate gives the N-alkylation product X11-522.573 

MI-522 

Treatment of 2-pyridones (MI-523, X = 0) or 2-pyridinethiones (XII-523, X = 
S) with dihydropyran in the presence of p-toluenesulfonic acid gives 
1-tetrahydropyranyl-2-pyridones or 1-tetrahydropyranyl-2-pyridinethione 
(XII-524).' 74 

R R, 

H 

MI-523 
G 

XII-524 

2-Pyridone and p-nitrostyrene oxide give 1 (/3-hydroxy-&p-nitrophenethyl)-2- 
pyridone (XII-525), which was also synthesized by alkylation of 2-pyridone with 
w-bromo-pnitroacetophenone to give the ketone MI-526, which was reduced 
with sodium bor~hydr ide .~ '~  

Dianions of 4- and 6-alkyl-3-cyano-2-pyridones can be formed from the 
pyridone by treatment with two equivalents of potassium amide in liquid 
ammonia and can be akylated, aroylated, or acylated selectively on the 
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I I 
H 

CHC,H,NO, - p  

MI-525 

I 
CH,, 

COC6H,NOl - p  

XII-5 26 

side-chain in good yields. By this method 6-methyl-2-pyridones (MI-527) are 
methylated to give the 6ethylpyridone (MI-528) and benzylated to  give the 
6-phenethyl-2-pyridones (XII-529), which can be alkylated further. 3-Cyano-4- 
methyl-6-phenyl-2-pyridone (XII-530) gives the 4-phenethyl derivative in 90% 
yield. 5 75- 5 7 7 

H 
XII-527 

H 
XII-528 (R = H) 

A 
XII-530 
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The dianion of 3-cyano4,6-dimethyl-2-pyridone (XII-53 1) and benzyl chloride 
give only one product, which was not characterized. However, XII-531 and 
three equivalents of potassium amide and an excess of benzyl chloride give a 
30% yield of stilbene and 35% each of a monobenzyl- (XII-53% or XII-532b) 
and the dibenzyl-  derivative^.^'^ This method gives better yields of the 

I 
H 

XII-531 
CH,CH,C,H, 

6-alkyl-3-cyano-2-pyridones than the route where dicarbanions of pketo- 
aldehydes or Pdiketones XII-533 are alkylated and then cyclized with 
~yanoacetamide.’~ in the latter method, mixtures of products are formed, 

- DoN (i) RX 

(ii) CNCH,CONH, 
CH, -CO-CH-CHO 

RCH, XII-533 
I 
H 

R =C,HSCH, ,  CH, 

although the use of an imine of a P-diketone has overcome this di~advantage.”~ 
The dianions from XII-527 (R = H, C6Hs) and XII-530 are aroylated with 

methyl benzoate to give the ketones XII434 and XII-535. They react with 
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benzaldehyde and benzophenone to give the alcohols XU-536. Benzophenone 
and the dianion W-530 give W-537.576 

C, H, COCH, 
I 

H 
XII-534 (R = H, C, H, ) 

XII-536 

I 

H 
XII-d 35 

H 
XII-537 

The monoanion of 6-methyl-2-pyridone is not sufficiently acidic t o  form a 
satisfactory dipotassium salt when treated with two equivalents of potassium 
amide. It does, however, react with n-butyllithium in tetrahydrofuran or ether to 
give the dilithio salt, which condenses readily with carbonyl compounds579* 
e.g., to give the tertiary alcohol XII-538 in 94% yield. Less conveniently, the 
dehydration product of XII-538 was prepared from the dipotassium salt of 
XII-527 (R = H) via W-536 (R = C6H5). 4-Methyl- and 3-methyl-2pyridones as 

CH, no LE,H,_ LicH*noLi- 
no I 

H 

(C,H, ),C(OH)CH, 
I 
H 

XII-538 noN- XII-536 ( R = C , H , )  - 50% 

C,H,, 
C=CH 

N 
H 

CH, 

I ‘6 H,’ I H 
XII-527 (R -= H) 
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well as 3-methyl- and 6-methyl-2-pyridinethiones form dilithio salts that react 
~ imi la r ly .~’~  Alkylation of the side-chain of methylpyridines has been extended 
to 2-benzyloxymethylpyridines (MI-539, MI-540, XII-541). The products can 
be converted to alkyl-Zpyridones by hydrogenolysis.6s 

Attempted alkylations of 3-benzyloxy-6- and 2-benzyloxy-5-methylpyridine 
with tetramethylene dibromide have been unsuccessfuL6 

XII-539 

RCH, 

(i) KNH, 

(ii) RBI  

w H 1 C 6 H S  

R = 3-, 4-,5- and 6-hexyl; 4-, and 
5-undecyl; 4-benzyl. 

H,; PdICaCO, 

2-Pyridinethione and 1 -bromo-2-chloroethane in dimethylformarnide contain- 
ing potassium carbonate give 2,3-dihydrothiazolo[3,2-a] pyridinium bromide’82 
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(R.I. 1 145). 3-Hydroxy-2-pyridinethione (W-542, R = H) and 3-hydroxy-6- 
methyl-2-pyridinethione (XII-542, R = CH3) and ethylene bromide in methanol 
containing sodium methoxide react to give dihydrothiazolo [3,2a J pyridinium 
8-oxides (XII-543).583 Methyl 2,3-dibromopropionate and XII-542 form 

C6 H,CH, 0 ocH, - b - ( c H 2 ) 6 - 0  

XII-541 0 

8-hydroxy-dihydrothiazolo [3,2-a] pyridinium 2carboxylates (MI-544) after 
heating in benzene, followed by saponification. These reactants, in the presence 
of sodium methoxide in methanol, give the 3-carboxylate (XII-545) after 
hydrolysis, presumably via pelimination of the ester to give ethyl 
a-bromoacrylate, which then reacts with XII-542.’83 8-Hydroxy-5-methyldi- 
hydrothiazolo[3,2-a] pyridinium 3-carboxylate (XU-545, & = CH3) is a blue 
fluorescent material that has been isolated from bovine liver hydr~lysates . ’~~ 

Similarly, MI-542 reacts with a-bromoacrylonitrile to give the 3-cyano 
derivatives and with a-bromo-a-unsaturated acids by fruns addition to form 
substituted 3-carboxyldihydrothiazolo[3,2a] pyridinium compounds that are 
readily de~arboxylated.’~’ Under these conditions MI-542 does not react with 
pbromostyrene. 

The trum product XII-546 from bromomaleic anhydride and MI-542 requires 
that the anhydride ring of the intermediate adduct be opened to assume the 
conformation necessary for trans displacement of Br by the annular nitr~gen.’~’ 

A combination of ortho and electronic effects appears to 
determine the course of alkylations of 4-pyridones. N-Alkylation is more 
sensitive to steric effects than is 0-alkylation. For example, the potassium salt of 
3-nitro-4-pyridone is N-alkylated by methyl i ~ d i d e , ” ~  and the sodium salt of 
3,5diiodo4pyridone is N-alkylated by w-bromoalkanoates in ethanol.’” On 
the other hand, the dimethyl and diethyl esters of 2,6-di-(a-pyridyl)-4-hydroxy- 
3,5-pyridinedicarboxylic acid (XII-547; R = CH3, C2 H,) undergo 0-alkylation 
with methyl iodide in alcoholic potassium hydroxide,500 and the potassium salt 
of tetrafluoro-4-pyridone and either methyl iodide or dimethyl sulfate in 
methanol give tetrafluoro4methoxypyridine. The product of N-methylation 
was not detected.246 Alkylation of the sodium salt of 4-pyridone with 
Cphenoxybutyl bromide followed by treatment with hydriodic acid gives 
N(4-iodobutyl)4pyridone (XII-548), which forms a polymer in water rather 
than the N-spiro deri~ative.’”~ Dehydrohalogenation of 2-ChlOrO-3(PthlOro- 

c.4PYRIWNES 



MI-545 I 
Br 

762 



763 
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ONa 

- I  6 I - 

ethyl)-4,6-dihydroxypyridine (XI-549) in ethanolic ammonia gives 4-chloro-2,3- 
dihydro-6-oxofuro [3,2-~] pyridine (XII-550)’ and not 2-chloro-3-vinyl-4,6- 
pyridinediol as previously reported.’ Treatment of XII-549 with sodium 
carbonate and methyl or ethyl iodide produces S-alkyl-4-chlor0-2,3-dihydro-6- 
oxofuro [3,2-c] pyridine (%I-551) (R.I. 1306). The N-alkylfuro [3,2-c] pyridines 
(XII-551; R = CH3 ,C2 H,) and phosphorus oxychloride give 2,4,6-trichloro-3- 
P-chlor~ethylpyridine,’~~ which can be prepared directly from MI-549 or 
W-550.590 

OH -0: =CHz 

/ Ho 8 XI-550 N & OH 

HO 

I 
R 

XII-551 
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5-Acetyl-4-hydroxy-6-methyl-2-pyridone and dimethyl sulfate in sodium 
methoxide give the N-methyl-Zpyridone (40%) but diazomethane causes 
O-methylation (52%).94 

Alkylation of 4-hydroxyd-methyl-3-nitro-2-pyridone (MI-552, R = H) and its 
5-carbethoxy derivative (MI-552, R = C02C2HS)  with diazomethane in ether or 
benzene gives a mixture of the 2,4-dimethoxypyridine and the 4-methoxy- 
N-methyl-2-pyridone (XII-553).86 Alkylation of MI-552 (R = H) with an 
excess of dimethyl sulfate gives a good yield of the 4-hydroxy-N-methyl-2- 
pyridone, which gives XII-55 3 on treatment with diazomethane.86 
4-Hydroxy-6-hydroxymethyl-3-methoxy-2-pyridonc (XI-554) and diazo- 

methane in ether-ethanol give both 6-hydroxymethyl-2,3,4-trimethoxypyridine 
and 6-hydroxymethyl-3,4-dimethoxy-2-pyridone.s 91 Acetylation of XII-554 

O a N o H ,  ____t CH,Ny OJ&R + oaIfJR 

O " n  0 I H, 

CH, 
CH, N 

CH, 0 

I 
O N  

I 
H (CH,),SO. CH3 

CH, N, XII-553 / \ I 
XII-552 OH 

CH, 
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gives MI-555, which reacts with diazomethane to give both 4-acetoxy-6-acetoxy- 
methyl-2,3dimethoxypyridine and 4-acetoxy-6-acetoxymethyl-3-methoxy-N- 
methyl-2-pyrid0ne.~~' 

N-Methyl-4pyridone and methyl iodide in ethylene chloride containing silver 
tetrafluoroborate give 4-methoxy-N-methylpyidinium tetrafluoroborate (W- 
556).139 

- BF; 

I 
CH, CH, 

XII-556 

4-Pyridone and cyanogen bromide in chloroform give N-cyano-4-pyridone 
(MI-557)?60 

H 
I 

CN 
m-557 

I 
H 

d. 3-PYRIDINOLS Alkylations of 3-pyridinols have been reported to give four 
types of products: 3-alkoxypyidines (MI-558), 3-hydroxypyridinium salts 
(XU-559, R = H), betaines (W-560), and betaine complexes (MI-561). 

Shapiro, Weinberg, and Freedmans9' have assigned the betaine hydrohalide 
structure to a number of N-ablation products, several of which are considered 

pJR / UxR / 0- / ox / 
I I +  
R R,  

XII-558 MI-559 MI-560 MI-56 1 
1 

by others to be pyridinium salts."9' 3421 5 9 3  F or example, the N-methylation 
product from 3-pyridinol and methyl iodide has been described as 
N-methyl-3-oxypyridyl betaine hydroiodide (MI-561 ; R, = CH3, R = H, X = 
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I)”’ and more often has been assigned the N-methyl-3-hydroxypyridinium 
iodide structure (W-559).342i 593i 594 Alkylation of 3-methoxypyridine 
( W - 5 5 8 ,  R = CH3) with benzyl halides gives N-benzyl-3-methoxypyridinium 
halides (W-559; R = CH2C6HS, X = Br; R = CH2C61&Cla and P ) . ” ~  Salts of 
structure XU-559 (R = H, R1 = alkyl, aryl) have been prepared from furfural and 
arninesI9’ (see Section I.5.D.) Alkylations of 3-pyridinols have often given low 
yields of 3-alkoxypyridines. Reactions usually take place at nitrogen to give the 
pyridinium saltsg5’ 5 9 6  or the betaine. The synthesis of 3-methoxypyridine from 
3-pyridinol or its sodium salt and dimethyl sulfate appears to  be 
~ n s a t i s f a c t o r y . ~ ~ ~  Alkylation with diazomethane at ambient temperature gives 
only a low yield of 3-methoxypyridine and considerable amounts of 
N-alkylation; the yield, however, can be increased to 75% by carrying out the 
reactions in t-butyl alcohol at -15 to -20°.s94 Following this procedure, 
2-bromo-3-methoxy-6-methylpyridine has been prepared in 90% yield.597 
Sodium salts of 3-pyridinols are preferentially 0-alkylated by alkyl halides in 
dimethyl sulfoxide or dimethylformamide. By this method, thirty-five new 
3-alkoxypyridines have been prepared in good yield in dimethyl s u l f ~ x i d e . ’ ~ ~  
3-Qridinol is 0-alkylated by ethyl a-bromopropionate in 37% yield in sodium 
ethoxide in ethanol and in 21% yield in ethanolic potassium hydroxide. Using 
sodium hydride in dimethyl sulfoxide, a 67% yield is realized.595 Ethyl 
3-hydroxyisonicotinate is alkylated similarly by ethyl bromoacetate and ethyl 
a-bromopropionate. 3-Alloxypyridine is prepared in only 5% yield from ally1 
bromide and the sodium salt of 3-pyridinol in d imethyl f~rmamide .~~~ The yield 
is increased to 45% when sodium hydride in dimethyl sulfoxide is used.s95 

The course of alkylation of 2- and 6-substituted-3-pyridinols is subject t o  a 
steric effect. Sodium salts of 3-pyridinol in ethanol are N-alkylated by methyl 
bromo- or iodoacetate. However, 2-bromo-3-pyridinol is N-alkylated by methyl 
and ethyl iodide in dimethylformamide but is O-alkylated by haloacetates to  
XII-563 (R, = Br, R6 = H). 2-Bromo-6-methyl-3-pyridinol (XII-562, R2 = Br, 
R6 = CH3) is N-alkylated by methyl and ethyl iodide and U-alkylated by 
diazomethane, but reacts with bromoacetic acid in chlorobenzene to  give 
3-hydroxy-6-methyl-2-pyridone (XII-565), possibly via 2-(a-bromoacetoxy)-6- 
methyl-3-pyridinol (XII-564).s97 With 6-methyl-2-methylthio-3-pyridinol 
(MI-562; R2 = CHBS, R6 = CH3),Nalkylation should be favored electronically, 
particularly by electron release by the 2-methylthio group. However, 
quaternization is difficult even with the simple alkyl halides and only 
0-alkylation is observed when methyl iodoacetate is used.597 

2,4,6-Triiodo-3-pyridinol, potassium carbonate, and ethyl chloroacetate in 
methyl ethyl ketone give the Ualkylation product (XI-566) in 80% yield.599 
2-Diphenylmethyl-3-pyridinol and dimethyl sulfate in alkaline water-dioxane 

give both 2diphenylmethyl-3-methoxypyridine and 2diphenylmethyl-3- 
hydroxy- 1 -met hylpyridinium hydroxide. lgl 
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XU-563 

XII-564 
A 

MI-565 

I I & -K’ CKH,CO,C,HL I ~ w H a c o l c z H s  

I I 

XU-566 

The alkaloid Syphilobin F, a 2-substituted-3-pyridinol(see Section VI., p. 861), 
is 0-methylated by diazomethane in diethyl ether-benzene in 43% yield.600 
Anhydro-3-hydroxy-N-methylpyridinium hydroxide (XII-567) can be formed 

by the reaction between 3-pyridinol and diazomethane, by the reaction of 
N-methyl-3-hydroxypyridinium chloride with anhydrous sodium carbonate and 
by thermal decomposition of 3-methoxypyridine iodomethylate. However, its 
preparation from the dimer complex of N-methyl-3-hydroxypyridinium iodide 
(XII-568)’93 by treatment with silver oxide was the most convenient 
method.’17 It has also been prepared from the quaternary i~dide.~’’ 

Paoloni notes that the ground state properties of W-567 are in line with those 
of its isomers N-methyl-2-pyridone and N-methyl4pyridone and suggests that 
this is a mesionic compound for which the betaine structure is 
unsatisfactorys17i ”* (see, however Section 11.5.). 
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The two diols, 3- and 5-hydroxy-2-pyridone (XII-569, 3-OH, 5-OH) nre 
converted to the corresponding N-methyl-2-pyridones by treatment with excess 
methyl iodide.342 

HO no - HpJo N 

I I 
H CH3 

XII-569 

B. Pyridine Nucleosides 

The chemistry of pyridine nucleoside analogs is similar to that of the more 
widely studied pyrimidine nucleosides. The nucleosides are prepared from 
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pyridone salts or alkoxypyridines or trimethylsilyloxypyridines and halogenoses. 
The products of direct alkylation of salts appear to be the O-glycosides, but 
rearrangements can occur in situ or by subsequent treatment with mercuric 
bromide. 

The silver salt of 2-pyridone gives the O-glycoside (XI-570) when treated with 
1 -bromo-2,3,4-tri-0-benzoyl-~ -ribopyranose. 0-Ribofuranosides (XII-571 and 
XII-574) are formed from silver salts of 2- and 4pyridone and 
1 chloro-2,3,5-tri-O-benzoyl-P-~ -ribofuranose in boiling toluene. Rearrangements 
of the 0-glycosides to N-glycosides (XII-572, XII-573, XII-575; R = C6H5CO) 
are accomplished by heating with mercuric bromide in 602 

Deblocking to the nucleoside analogs [XII-572 and MI-573 (R = H)] is 
accomplished by transesterification with sodium methoxide in methanol.602 

The blocked nucleosides XII-572 and MI-573 can also be prepared from 
2ethoxypyridine and the halogenoses. 4-Ethoxypyridine and 1 -chloro-2,3,5-tri- 
0-benzoyl-0-D -ribofuranose gives both the P- (MI-575) and a-anomers 
(XI-576) .602 N(D Glucopyra~nosyl)-2-pyridone 

o\ N 0 

/ MI-570 
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XI14 74 m-575  XI-576 

of 2-pyridone and tetra-0-acetyla-D -glucopyranosyl bromide (XII-577) by 
similar procedures. It can also be prepared from 2-ethoxypyridine or the 
mercuri-chloride salt of 2-pyridone with the hal~genose.~’~ 

Silver salts of substituted 2-pyridones (W-578; R = 3 -co2  CH3, 4 C 0 2  CH3, 
6-C02CH3, 4-C6H5, 6-C,5H5, 5-N02,  5-CN, 5 4 ,  5-Br, 5-1) and XII-577 give 
0-P-glucosides. The 6-substituted-0-P-glucosides (6C02 CH3, 6-C6Hs) do not, 
however, rearrange when heated with mercuric bromide in toluene.604 Some /3 + 
a anomerization occurs6os’ 606 when the silver salts of 5-halopyridones are 
rearranged. When R is the electron withdrawing 5-NO2 or S-CN, only 
anomerization is ~bserved.~” 

R 
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XII-577 

In the preferred conformation of the N-fl-glucosides, the aglycone moiety is 
perpendicular to  the axis of the sugar group and the C=O or C=S group is 
aligned with the vicinal proton (XII-579).607 

3Substituted and 3,5-disubstituted 2-(tetra-O-acetylQ-~-glucopyranosyloxy)- 
pyridones also undergo 0 + N rearrangement when heated with mercuric 
bromide6” and often are accompanied by some formation of the 
~ - a - a n o m e r . ~ ~ ~ ~  610 



772 Pyridinols and Pyridones 

H 

XII-579 

The silver salt of 2-pyridone and 2-deoxy-3,5-di-O(p-tolyl)iu-~ -ribofuranosyl 
chloride give both the a- and PO-glycosides. Rearrangement of either anomer in 
the presence of mercuric bromide gives the N-deoxyribosides with an a:p ratio of 

The silver salt of 3-carbamoyl-6-pyridone and 1 -chloro-2,3,5-tri-O-benzoyl-P-D - 
ribofuranose give 3-carbamoyl-N(P-D -ribofuranosyl)-6-pyridone after rearrange- 
ment and deblocking with sodium methoxide. This nucleoside has been 
converted to 3-carbamoyl-6-pyridone adenine dinucleotide.61 

The silver salt of 2-pyridone and 1 -bromo-2,3di-O-benzoyl-5-O-diphenyl- 
phosphoryl-D ibofuranose in toluene gives the 0-riboside (MI-580), which in 

1:2.611, 612 
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turn gives the N-riboside 5’-phosphate after rearrangement and then hydrolysis 
first with alkali and then with pho~phordiesterase.“~ 

The nucleotide can also be prepared from N(2’,3’-O-isopropylidene-p3-D - 
ribofuranosyl)-2-pyridone through phosphorylation with /I-cyanoethyl phosphate 
in the presence of N,N’dicyclohexylcarbodiimide followed by deblocking.61 

2-F‘yridone and trimethylchlorosilane in toluene containing triethylamine form 
2(trimethylsilyloxy)pyridine, which reacts with tetra-0-acetyla-D -gluco- 
pyranosyl bromide to give N(tetraOacety1-D -glucopyranosyl)-2-pyridone 
(Xn-581).61 2,4-Bis(trimethylsilyloxy)pyridine and 2,3,5-tri4-benzoyl-~ - 

I 
H 

.. 

AcOCH, 

OAc 

XI14 8 1 

ribofuranosyl bromide in acetonitrile give the N-riboside after boiling in ethanol. 
4-Hydroxy-N(/3-~-ribofuranosyl)-2-pyridone (3deazauridine) (MI-582) is 
formed by deblocking with alcoholic ammonia.616 

Reaction of MI-582 with diphenyl carbonate gives 2,2’anhydro-2-hydroxy-N- 
p-D -arabinosyl4pyridone (MI-583).6 

The “1 -deazauridine” (XU-587) has been prepared from 3-bromo-2,6-di- 
benzyloxypyridine by means of conversion to the 3-pyridyllithium and then to 
the di-3-pyridylcadmium (XU-584). Treatment of XII-584 with 1 -chloro-2,3,5- 
tri-0-benzoyl-/3-D -ribofuranose gives a 2,6dibenzyloxy-3(~ -ribofuranosyl)- 
pyridine (MI-585) and the benzylidene derivative (MI-586). Hydrogenolysis of 
XI-585 gives a 3-ribosyl-2,6dihydroxypyridine (Xn-587). 

The cadmium derivative MI-584 is converted to a 2‘deoxyribofuranoside 
(MI-588) by a similar procedure beginning with 3 ,5dii-p-toluyl-2’deoxy-D - 
ribofuranosyl chloride.61 

The configurations of anomers of N(5’-toluyl-2’deoxy-~ -ribofuranosyl)-2- 
pyridone and the corresponding Odeoxyribofuranosides have been determined 
from their chemical shifts and coupling ~onstants .~” 

The silver salt of 2-pyridone has also been used to prepare N(p-~-gluco- 
pyrano~yl)-2-pyridone~~’ and N-(S’deoxyQ-~ -ribofuranosyl)-2-pyridone. 21 
Pyridyl ethers have been used to prepare N(P-2‘deoxyribofuranosyl)-2-pyri- 

N@-D -glu~opyranosyl)4pyridone,~~~ and 5-nitro-I -(P-D -gluco- 
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pyrano~y1)-2-pyridone.~'~ The mercuric salt method has been used to prepare 
N#-glucopyranosyl)-2-pyridone,"zo N-@D -ribofuranosyl)-2-pyridone ,62 ' and 
N(P-2deoxyrib ofuranosyl) -2-pyridone. 

Sodium salts of 2-pyridone and of a number of 3- and 5-substituted 
2-pyridones and 3,5-disubstituted-Zpyridones when treated with tetra-0-acetyl- 
a-D -glucopyranosyl bromide in acetone give both the 0- and N-p-gluco- 

Blocked pyridine nucleosides have been phosphorylated with Pcyanoethyl 
phosphate and dicyclohexylcarbodiimide,61 ' I  6 2 5 3  627  diphenyl phosphorochlori- 
date,61 '* and with triethyl phosphate followed by oxidation.627 

N-(P-D -Ribofuranosyl)-2-pyridone 5 'diphosphate (XI-590) has been prepared 
from N-(2',3'-0e thoxymethylenep-D -ribofuranosyl)-2-pyridone by phosphoryla- 
tion with triimidazoyl phosphate to give XI-589, which is treated with 
bis(tributy1ammonium) orthophosphate and deblocked with hydrochloric 
acid .628 The synthesis of N-(3 '-0-phosphory1-P-D -ribofuranosyl)-2-pyridone 
(3' + 5' )  uridine has been rep~rted.~" 

sides.624, 626 
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C. 0- and N-Acylation 

h t e r s  of pyridinols and pyridones are readily prepared by conventional 
procedures, although early investigators experienced some difficulty in the 
preparation of esters of 2- and 4-pyridones because of their reactivity, 
particularly their susceptibility to hydrolysis.629 N-Acylated pyridones have 
been elusive until recently. 

It has been suggested that Nacylations have often been overlooked and that 
Nacylations of 2-pyridones may be general but that rapid rearrangement of the 
N- to the 0-acylpyridine occurs.63o 

N-Acetyl-2-pyridone (XU-59 1) was first prepared by acetylation of the 
thallium(1) salt of 2-pyridone that gives both MI-591 and 2-acetoxypyridine. 

I 

COCH, 
MI-591 
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The reaction product contains approximately 40% of XLI-591 a t  -40"; at 
ambient temperatures the mixture is almost entirely 2-acetoxypyridine 
(approximately 90%).631 Treatment of 2-pyridone with acetyl chloride in the 
presence of a tertiary amine catalyst gives a 46:54 mixture of 2-acetoxypyridine 
and N-acetyl-2-pyridone (MI-591). After 24 hours in dimethyl sulfoxide, the 
mixture contains 92% of 2-acetoxypyridine. This N+ 0 migration is accelerated 
by 2 - p y r i d 0 n e . ~ ~ ~  

Acetylation of 4-pyridone or its thallium salt with acetic anhydride gives 
N-acetyl-4-pyridone (XII-592).633 Earlier this product had been described as 
4 - a c e t o ~ y p y r i d i n e . ~ ~ ~ ~  635 In methylene chloride, MI-592 equilibrates with 

COCH, 
MI-592 

Qacetoxypyridine in the ratio 53:47.633 4-Pyridyl benzoate, however, exists 
entirely in this form in methylene The isomeric pyridyl benzoates 
are prepared conveniently from benzoyl chloride and the pyridinol by boiling in 
chloroform.636 

2- And 3-acetoxypyridine have been examined as potential acetylating 
agents.637 Generally 2-acetoxypyridine gives better yields with the amines and 
phenols surveyed. nButyl alcohol is acetylated in 92% yield after 3 hours with 
2-acetoxypyridine in tetrahydrofuran at ambient temperatures, but requires 7 
hours under reflux (93%) with 3-acetoxypyridine in tetrahydrofuran. 

3-Acetoxypyridine and benzoic acid in boiling xylen'e give 3-benzoyloxypyri- 
dine in 85% yield.637 2-Butyroxypyridine is prepared in 80% yield from 
n-butyric acid and 2-acetoxypyridine in xylene by distilling off the acetic acid as 
it is formed. 2-Benzoyloxypyridine is formed in 63% yield by this method. The 
corresponding acylthiopyridines are prepared from 2-a~etylthiopyridine.~~~ 
These reactions are subject to considerable steric effects. 

2-Pyridyl methacrylate has been prepared from the sodium salt of 2-pyridone 
and methacryl chloride and has been polymerized by radicals but not  by 
anions.639 2-Pyridone and phosgene (1 :4) in dry tetrahydrofuran or benzene 
with or without pyridine form di-(a-pyridyl)carbonate, which is a useful reagent 
for the formation of the benzoate and the monophenyl phosphate of 
2-pyrid0ne.~~' 

2-Amino-6-pyridone and acetic anhydride in water give the diacetylated 
material (MI-593), which can be hydrolyzed to give 2-acetamido-6pyridone; 
th is  can be 0-alkylated conveniently.641 
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2-Alkyl(or ary1)oxazolo [5 ,4-b-] pyridines (MI-594) are formed by acylation of 
3-amino-2-pyridones followed by distillation from PzOs :569 642i 643 6-B romo-2- 
phenyloxazolo[5,4-b]pyridine (XII-594; R = 6-Br, R' = C6Hs) is prepared 
directly from 3-amino-5-bromo-2-pyridone and benzoic anhydride.643 

R R R 

I 
H H MI-594 

Treatment of 5-cyano4-metho~methyl-2-methyl-3-phenylazo-6-pyridone 
(XII-595) with tosyl chloride in acetone-pyridine gives the tosylate; this can be 
hydrogenated in two steps to 3-amino-5-aminomethyl-4-methoxymethyl-2- 
me thylpyridine (XLI-596) or to 3-aminod-aminomethyl-4-methoxymethyl-2- 
methyl-6-tosyloxypyridine in the presence of Raney Nickel, depending on 
 condition^.^' 

XII-595 
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4-Hydroxy-2-pyridones form 4-acetoxy-2-pyridones readily. 4-Acetoxy- 1,6-di- 
methyl-2-pyrid0ne~~~ and 4-acetoxyd-acetyld-methyl-2-pyridone87 have been 
prepared employing acetic anhydride. CAcetoxy-6-methyl-1 -phenyl-Zpyridone 
has been formed with phosphoryl chloride and acetic Methyl citrazinate 
(XI-597) and acetic anhydride give methyl 2,6diacetoxyisonicotinate.so7 

I 
H 

MI-597 

3-Nitro4pyridone and 3-amino4pyridone are N-acylated by ethyl chloro- 
formate in aqueous sodium carbonate.s86 

Reactions of 3-pyridinols with organic and inorganic acid derivatives to give 
esters are well known.646 Recently 2-nitro-3-pyridinol was converted to 
3-acetoxy-Znitropyridine with acetyl chloride in benzene-pyridine. 6-Nitro-3- 
pyridinol and acetyl chloride in acetone containing sodium carbonate gave the 
acetate q~ant i ta t ively.~~'  

3-Pyridinol or 2-nitro-3-pyridinol and chlorosulfonic acid in chloroform 
containing dimethylaniline give the 3-pyridyl bisulfate. 2-Pyridone gives the 
unstable N-sulfonate and 4-pyridone gives both the Nsulfonate and the 
4-pyridyl bisulfate, all isolated as their potassium salts.648 3-Methanesulfonoxy- 
pyridine is prepared from 3-pyridinol and methanesulfonyl chloride in 
chloroform containing 2 ,6- l~ t id ine .~~ '  

Pyridoxylidenebenzylamine (MI-598) and benzoyl chloride in ether-pyridine 
form 7 -benzo yl oxy - 1 -(N-benzylbenzamido)-6-methylfuro [3,4-c] pyridine 
(MI-599). However, treatment of MI-598 with acetic anhydride in pyridine 
gives N(a4 -acetoxy-3 ,Os diacetylpyridoxyl)-N-acetylbenzylamine.6 so 

3,s-Pyridinediol and acetic acid containing sodium acetate form the diacetate. 
Benzoylation is accomplished with benzoyl chloride in ~yridine.~" 

3-Pyridinol and benzyl chloroformate in tetrahydrofuran give benzyl-3-pyridyl 
carbonate (MI600), which has been used to introduce the N-benzyloxycarbonyl 
group into amino acids. It reacts with L-lysine in waterdimethylformamide to  
give E(N-benzyloxycarbonyl)-L-lysine (33%). Somewhat higher yields are 
obtained from benzyl 8quinolyl carbonate and 4-nitrobenzyl-8-quinolyl 
carbonate employing 3-pyridinol as a catalyst.651 
N-Benzyloxycarbonylamino acids and 3-pyridinol form 3-pyridyl esters in the 

presence of dicyclohexylcarbodiimide. The esters in ethyl acetate are treated 
with an amino acid ethyl ester hydrochloride and triethylamine to give peptides 
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(XII-601).65 2 9  Similarly, 2-methyl-4-nitr0-3-pyridino1, 2,6-dirnet hyl4-nitro- 
3-pyridinol, 2-isobuty1-6-methy14-nitro-3-pyridino1, and 2-methyl-6(N-methyl- 
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piperidyl)-3-pyridinol have been converted to N-benzyloxycarbonylaino acid 
esters for use in peptide synthesis.654 
E(N-Benzyloxycarbonyl)a-N-toluene-p-sdfonyl L-lysine (XII-602), 3-pyri- 

dmol, and N,N'-dicyclohexylcarbodiimide in tetrahydrofuran give the pyridyl 
ester, which can be converted to the hydrobromide by hydrogen bromide in 
ni t r~rnethane.~ '~ Esterification of the N-tosyl derivatives of phenylalanine, 

+ 
(CH, ),NH, Br- 

0 
(CH, ),NHCO,CH,C, H, 
/ 

TsNH-CH - TsNH-CH 

\ COOH x11-602 ' C " 2 - 0  Br- 

N+ 
I 

H 

N-methylphenylalanine, and L - d i n e  with 3-pyridinol in the presence of 
N,N'dicyclohexylcarbodiimide yields 3-pyridyl esters that can be isolated as 
their  hydrochloride^.^'^ 

The 3-pyridyl ester of N-benzoyl-DL-alanine (XII-603) has been prepared from 
a mixed anhydride and 3-pyridin01.~~' 

(C, H,),C=C=O 
C, H, CONHCHCOOH - 

1 
CH, 

2-Pyridone and phosgene in tetrahydrofuran give di(2-pyridyl) carbonate 
(XII-604).658 Ethyl pyrocarbonate and pyridinols in aqueous ethanol give the 
corresponding pyridyl ethyl  carbonate^.^" 

XII-604 I 
H 
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D. Pyridyl Phosphates 

a-Pyridyl phosphates (W-605; R = thymyl, benzyl, 0-naphthyl, phenyl, 
pchlorophenyl) can be prepared from di(2-pyridyl) carbonate (XII-604) and 
monoesters of phosphoric acid and isolated as their cyclohexylammonium or 
sodium salts. Some of these mixed phosphates (xIIdo5; R = C6H5 , p - a C 6 H 4 ,  
C2 I& CN) can also be prepared from 2-pyridone and aryl phosphorodichloridates 
or from 2-pyridone and monoesters and NJV'dicyclohexylcarbodiimide (DCC). 
2-Pyridone and phosphorus oxychloride and pyridine give the tripyridyl 
phosphate, which is readily hydrolyzed to the dipyridyl phosphate (XII-605, R = 
- c s  I& N)? 

\ 
XII-604 //A 

1 J 

OPO(0H)OR 

xII-605 

Because of the reactivity of the a-pyridyl moiety, phosphates of structure 
MI-605 are convenient reagents for the formation of derivatives of phosphoric 
acid. They react with monoesters of phosphoric acid to give pyrophosphates, 
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with alcohols to form dialkyl phosphates (XII-606), and with amines to form 
monoalkyl phosphoramides.660 

0 0  
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a-Pyridyl esters of nucleoside 5’-phosphates (MI-607) can be prepared from 
the 5’-phosphate and 2-pyridone using DCC. The a-pyridyl ester XII-607 and 
monose phosphate give the unsymmetrical P,P’-pyrophosphate diesters 
(XII-608). With phosphoric acid salts the pyrophosphate XU409 is formed. 661 

XI1407 

RNH: OPO(OH), 

OH 

t 

XII-608 XII-609 
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0-Cyanoethyl 2-pyridyl phosphate and uridine-, cytidine-, and adenosine-5’- 
phosphates give the P,P‘-pyrophosphate diesters (XII610) which can be 
converted to the pyrophosphate with base.662 

0 0  

XIIdlO 

2-Pyridone and 2-pyridinethione anions react with 0,O’diphenylphosphoro- 
chloridothioate to give 0,O‘diphenyl 0-2-pyridyl phosphorothioate (XI141 1, 
X = 0) and 0,O’-diphenyl S-2-pyridyl phosphorodithioate (MI-611, X = S). 

Phosphates and phosphorothioates are insensitive to anion polarizability in this 
reaction. 2-Pyridone is a better nucleophile than 2-pyridinethione (relative rates 
= 28:l). The rates of these reactions have been correlated with acidities for 
several carboxylic acids, phenols, and t h i ~ p h e n o l s . ~ ~ ~  

E. Displacement by Halogen 

2- And 4-halopyridines are often prepared from the corresponding pyridones 
(Tables XII-15 and XU-16). 3Pyridinols, like phenols, are unreactive toward 
direct displacement, but 3- and 5-halopyridines can be obtained by direct 
halogenation. Di- and trihalopyridines can be prepared by combinations of 
these procedures.98. 287,291,294,6649 6 6 5  F or example, 3,4-dichloro-5-nitro- 
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pyridine (MI.612), an intermediate used in the preparation of y-carbolines, has 
been prepared from 3-nitro4-pyridone by chlorination to give 3-chloro-5-nitro- 
4-pyridone, which is then treated with phosphoryl chloride and phosphorus 
pentachloride .664 

H XI14 12 

Direct displacement of hydroxyl by halogen is accomplished with phos- 
phoryl c~or ide ,34,97,  9 8 , 2 9 1 ,  3 0 5 ,  338, 5 0 2 ,  5 1 0 ,  666-668 phosphorus pentachlo- 
ride,37s 2 9 3 s  669 a mixture of phosphoryl chloride and phosphorus pentachlo- 

phosphorous trichloride,’ O2 phosphoryl chloride or thionyl chloride in 
dimethylf0rrnamide,6~~ phosphoryl chloride with dimethylaniline:8 and 
phenylphosphoric d i ~ h l o r i d e . ~ ~ ~  2-Pyridones are converted to 2-bromopyridines 
with phosphorus pentabr~mide.”~’  290’ 2 9 1  

In the conversion of 2,6-dimethyl-4-pyridone to 4-chloro-2,6-lutidine a small 
amount of 4-chloro-2-methyl-6-trichloromethylpyridine (MI-613) is isolated.670 

ride,53’ 282,2903 291, 2 9 4 ,  306,6649 6659670-675 phosphorus pentachloride and 

I 

H 
XI-613 

3-Cyano-6-substituted-4-trifluoromethyl-2-pyridones are not converted to  the 
2chloro derivatives under a number of conditions, but several 6-substi tuted4 
trifluoromethyl-2-pyridones do react to give XII-614.672 

Under conditions where 3-carboxy-6-methyl-5-phenyl-2-pyridone (XII-615) 
forms a 2-chloro-3-chlorocarbonylpyridine, only the carboxy function of 
XI-61 6 reacted with phosphorus pentachloride-phosphorus oxychloride to give 
MI-61 7 .’ 

Heating ammonium salts of 4-alkyl-3,5dicyano-6-hydroxy-2-pyridone and 
phosphorus oxychloride under pressure at 220” is required to form 4-alkyl-2,6- 
dichloro-3,5-dicyanopyridines (XII-618). The salts are also converted to XII-618 
by heating with phenylphosphonic dichloride at 200°.’” 



786 Pyridinols and Pyridones 

R f iOGRfi  N ’ c1 
I 

H 

I 

H 
XII-6 1.5 

COOH 

H 
XI14 16 

XII-614 
R = C, H,, 2C, H,S, CH, 

COCl 

POCI, 

pc’’ c6H5x3 CH3 N 0 

I 
H 

XII-617 

4-Hydroxy-2-pyridone is converted to 2,4-dichloropyridinesoz and 5,6-di- 
chloro-2,4-pyridinediol (MI-619) is converted to  2,3,4,6-tetrachloropyridine by 
phosphoryl chloride. In the presence of dimethylaniline. XII-619 is converted to 
2,3,6-trichlor0-4-pyridinol.’~ 

R 

ONH, 

XII-6 18 
I 
H 

R = CH,, C 2 H 5 ,  CH,CH,CH,, C,H,, 

N-Alkylpyridones are demethylated when undergoing substitutions of this 
kind or are converted to pyridinium salts.677 For example, N-benzyl-3,S- 
dibromo-Cpyridone (MI-620) and phosphorus pentachloride in toluene form 
3,5-dibromo-4-chloropyridine and a small amount of N-benzyl-3 ,S-dibrom0-4- 
chloropyridinium chloride.’ 7 9  N-Methyl-5-nitro-2-pyridone and thionyl chloride 
in dimethylformamide give 2-chloro- 1 -methyl-5-nitropyridinium chloride.676 
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4-Chloro-l,6-dimethyl-2-pyridone is, however, formed from 4-hydroxy-l,6- 
dimethyl-2-pyridone and phosphoryl chloride-phosphorus p e n t a ~ h l o r i d e ~ ' ~  and 
3carbomethoxy-4,6-dichloro-l -methyl-2-pyridone can be formed from 3-carbo- 
methoxy-4,6-dihydroxy- 1 methyl-2-pyrid0ne. '~~ 

Treatment of 3(P-hydroxyethy1)4-methyl-2,6-pyridinediol (MI-621) with 
thionyl chloride gives 3-(~-chloroethyl)4-methyl-2,6-pyridinediol (XII-622), 
which cyclizes to the spirane XII-623 with triethylamine. XII-623 forms 
2,6-dichloro-3-(/3chloroethyl)4-methylpyridine with phosphoryl chloride or is 
reconverted to  XI-622 with hydrochloric acid.'" 

N-Methyl- and Nethyl4-chloro-2,3-dihydro-6-oxofuro [3,2-c] pyridine (XII- 
624) and phosphorus oxychloride give 3(P-chloroethyl)-2,4,6-trichloropyri- 
dine in 68% and 71% yields, r e s p e ~ t i v e l y . ~ ~ ~  
N-Substituted-2-pyridones can be used as substrates for ring closure to a 

number of polyheterocyclic systems, as an alternate to the Pschorr cycliza- 
tion678, 679  or to  the cyclizations of the corresponding N-alkyl-2-halopyridinium 
halides. 2-Substituted pyridines (MI-625; X = C1: Br, OC,H,) and 3(2-bromo- 
ethy1)indole give N-[2(3-indolyl)ethyl]-2-substituted pyridinium bromide 
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H 

XI1623 

R 
XII-624 

(XII-626), hydrolysis of which gives the pyridone (XI-627) in 80% yield. Ring 
closure of XU-626 (X = Br) by fusion in an oil bath or by treatment of XI-627 
with phosphorus oxychloride gives 6,7-dihydro- 12H-indolo [2,3-a] quinolizinium 
salts (XI-628). In this series the best yields are obtained in the direct sequence 
XII-626 (X = Br) + X1-628.680 

A reaction between N-arylethyl-2-pyridones (MI-629) and phosphorus oxy- 
chloride was originally reported to give quinolizinium salts.681 Reports that the 
5 c a r b e t h o ~ y . ~ ~ '  and 5ethylPa2 derivatives of XII-629 do not cyclize led to 
reinvestigations of earlier work, which have shown that quinolizinium salts were 
not formed, but that this reaction gives N-arylethyl-2-chloropyridinium salts 
instead.341i 6 8 3 s  "' Additional conversions of pyridones to halopyridines are 
listed in Tables XII-15 to XII-I 8. 
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TABLE XI-16.  Conversion of 4Pyridones to 4Chloropyridines 
0 c1 

R 5 0 1 ;  ___c y J R 3  

R6 N R, 
I 
H 

R5 R 6  Reagent % Yield Ref. 

CH, PCI, /POcl, 
CH 3 PC1, /POCI, 

PC1, /POCI, 

POC1, 
POCI, /PCl, 
SOCI, 
PCI, 

C(CH, 1 3  POCI, /PCl, 
CH, POC1, 
CH, POCI, /PCl, 

POC1, /DWF 

92 
88 
68 
95 

35 

61  
6 8  

294 
294 
664 
616 
668 
297 
297 
29 3 
67 1 
670 
670 

TABLE XI-17.  Conversion of 2,4-Pyridinediols and 4-Hydroxy-2-pyridones to  2,4-Di- 
chloropyridines 

OH c1 

I 
R, 

~~~ 

R ,  R, R ,  R6 Reagent % Yield Ref. 

NO, nC,H,  POCI, 5 Oa 150 
“2 ‘2 H 5  POCI, 667 

. c1 c1 POCI, 98 
c1 c1 poc1,/c6 H,N(CH,), 98 

306 
CH, POCI, 65 502 

CH, c1 POC1, 58 97 

POCI, / P a 5  b CH, CH, 

CH, CH, C1 POCI, 64.5 589 

UFort y-five percent of 4-chloro-3-nitro-6-n-propyl-2-pyridinol was obtained under mild con- 
ditions. 
*Reaction occurred only at the 4-position to give 1,6-dimethyl-4-chloro-2-pyridone. 

792 
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TABLE MI-IS. Conversion of 2,6-Pyridinediols and N-Substituted Derivatives to 2,6-Di- 
chloropyridines 

R,  R3 R4 R, Reagent % Yield Ref. 

NH, POCI, 6 0  34 

H CH, c1 c1 PCI, 9 6  7 

C,H, CONHC,H, OC,H, POC1, goa 1 7 2  
C,H, CONHC,H, OC6H4CH3- POCI, 506 1 7 3  

OProduct was 6-chloro-4-phenoxy-l-phenyl-2-pyridone-3-carboxanilide. 
bProduct was 6-chloro-l-phenyl-4-(o-tolyloxy)-2-pyridone-3-carboxanilide. 

F. Miscellaneous Replacements 

Pyridinols and pyridones and phosphorus pentasuKide give predictable 
products. 4-Pyridinol and phosphorus pentasulfide in pyridine give 4-pyridine- 
t h i ~ n e , ~ ~ ~  while 2,6-di-t-butyl-4-pyridone gives bis [4(2,6-di-t-butylpyridinyl)] 
sulfide.671 N-Alkyl-3,5dibromo-2,6dimethyl- and N-alkyl-3,5-dibromo-2,6di- 
phenyl4pyridone are converted to the corresponding 4-pyridinethi0nes."~ 
Ammonium salts of 4-alkyl-3,5-dicyano-6-hydroxy-2-pyridones and phosphorus 
pentasulfide in xylene and pyridine form pyridinium salts of the corresponding 
6-mercapto-2-pyridinethiones (XII-630)."' 

N C f i  R N N : O C N  R 

- 
0 ONH, S%, H, NH' 

N N 
I I 

H H 
XI1630 

Pentachloropyridine and phosphorus pentasulfide give 4-mercaptotetrachloro- 
pyridine (XII-631), which can be methylated readily with dimethylsulfate in 
aqueous alkali.686 
A method has been described for the conversion of phenols to  thiophenols 

employing dimethylthiocarbamoyl chloride. 2- And 4-pyridone and 3-pyridinols 
were typical among twenty-nine compounds studied. The carbamyl chloride and 
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cyJc; -1y.J >yJ 
c1  c1  

X11-63 1 

the sodium salt of 2-pyridone or 3-pyridinol, or the silver salt of 4-pyridone in 
dimethylformamide gives the 0-pyridyl dimethylthiocarbamate. Thermal re- 
arrangement gives the S-pyridyl dimethylthiocarbamates (XII-632).687 

N 

OCSNCH, l2 SCON(CH, l2 6-a N a N XI1432 

The boron trifluoride and hydrogen chloride salts of 2- and 4-pyridyl 
N,N'dimethylthiocarbamate rearrange at  room temperature. The lower tempera- 
ture requirement for phenols substituted with electron withdrawing groups 
supports a mechanism involving nucleophilic attack by sulfur (Xn-633 + 

X11-634).687 When 4-pyridone is heated with sodium bisulfite a small amount of 

XII-633 MI-634 

4-pyridinesulfonic acid is formed.685 
Ring contractions are sometimes observed when halopyridines or halopyrimi- 

dines are treated with potassium amide. 2-Bromo-3-pyridinol (XII-635, R = H) 
and an excess of potassium amide in liquid ammonia give pyrrole-2carboxamide 
(XI-636, R = H). 2,6-Dibromo-3-pyridinol (XII-635, R = Br) forms 5-bromo- 
pyrrole-2carboxamide (XII-636, R = Br).688 

Br 

H 
I 

C 
H, NCO ' 1 ' N - I 

XII-635 
H 

X11-636 
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2. Involving the Nucleus 

A. R educ ti0 n 

2-Pyridones are usually hydrogenated employing a Raney Nickel catalyst a t  
elevated temperatures and pressures, most often with ethanol as the solvent, 
although palladium and platinum catalysts have been used (Table XI-19).  A t  
temperatures that are higher than optimum for piperidone formation, piperi- 
dines are formed.283 N-Benzyl-2-pyridone gives Ncyclohexylmethyl-Zpiperi- 
done (81%) when hydrogenated at  100 atm and at  150" in ethanol employing a 
Raney Nickel catalyst, but gives N-benzyl-2-piperidone at 50 atm of hydrogen 
and 70" .689 6-Methyl-5-phenyl-2-pyridone-3carboxylic acid is not hydrogenated 
under conditions where the 4-carboxylic acid (MI-637) is reduced t o  6-methyl- 
5-phenyl-2-piperidone-4-carboxylic acid. It was suggested that these properties 
are a consequence of the pyridinol structure of the 3-carboxylic acid and the 
pyridone structure of XII-637.53 More direct information is needed to verify this 

I 
H 

XII-637 

I 
H 

conclusion.489 N-Methyl-2-pyridone has been used for the synthesis of 1,7-di- 
methyl-l,7-diazaspiro [5,5] undecane (XI-638) via N-methyl-2-piperidone in 
43% overall yield.692 

2,3-Dihydro-4H-pyrid [2,1 -b] oxazinium iodide (XII-639), prepared by alkyla- 
tion of the silver salt of 2-pyridone with trimethylene iodide, is hydrogenated in 
the presence of platinum to N(y-hydroxypr~pyl)piperidine.~~~ 
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CH3 COOH NHCH, 

-co, 
___c 

XI1438 

XI1439 

Hydrogenations of 2-aralkyl-3-pyridinols with platinum catalysts give mixtures 
of products where either or both the pyridyl ring and the phenyl ring are 
reduced. However, the major product of low pressure, controlled hydrogenation 
of 2-diphenylmethyl-3-pyridinol at 50" is 2-(crcyclohexylbenzyl)-3-pyridinol. 
Hydrogenation of the corresponding methyl ethers, 2-aralkyl-3-methoxypyri- 
dines over a platinum catalyst gives cleaner  product^."^ 2-Diphenylmethyl-3- 
pyridinol in dioxane containing Raney Nickel is hydrogenated at 130 to 135" 
and 125 kg/cm2 to 2-diphenylmethyl-3-piperidinol(-70%) and smaller amounts 
of 2~acyclohexylbenzyl)-3-piperidinol and 2-dicyclohexylmethyl-3-piperi- 

Although early attempts were unsuccessful, it is possible to reduce N-methyl-2- 
pyridones with lithium aluminum hydride and aluminum chloride in tetrahydro- 
furan or ether, or without aluminum chloride in t e t r a h y d r o f ~ r a n . ~ ~ ~  N-Methyl- 
2-pyridone (MI-640, R = H) gives 1-methyl-3-piperideine (XII-641, R = H) as 
the major product and 1,4-dimethyl-2-pyridone (XII-640, R = CH3) gives 

d i t101.~~~ 
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1 ,4-dimethyl-3-piperideine (XII441, R = CH3). However, 1,3-, 1,5-, and 
1,6-dimethy1-2-pyridone and 1,4,6-trimethy1-2-pyridone give mixtures of the 
corresponding piperidines and p i p e r i d e i n e ~ . ~ ’ ~ ~  694 Fo r example, reduction of 
1,4,6-trimethy1-2-pyridone with lithium aluminum hydride gives XII-642 as the 
major product along with XII443, XII-644, and XII445. In the presence of 
aluminum chloride, the less stable of the piperidines, the trans isomer (XII-644) 
is not detected694 and Xn-645 is the major product. The product distribution 

R P 

CH, CH3 
xII-644 XII-645 

has been rationalized through steps initiated by 1,6-, 1,4-, or 1,2-addition 
involving the carbonyl 1,6-Dimethy1-2-pyridone and two moles of 
lithium aluminum hydride per mole of pyridone gives mainly 1,2-dimethyl-3- 
piperideine (XII-646) and 1,2-dimethyl-2-piperideine (MI-647) and a small 
amount of 1,6-dimethy1-3-piperideine. As an illustration, 1,6-addition of the 
aluminum hydride ion to 1,6-dimethy1-2-pyridone gives MI-648, which is 
followed by reductive cleavage to the enamine XII-651; this reacts with more 
aluminum hydride ion to give Xn-646 after hydrolysis.695 With an excess of the 
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CH3 

CH3 

XII-648 

I 

H, 0‘ - CH3 I C H 3 0 0  I 

CH, CH3 
XII-649 XII-650 

2-pyridone the dihydropyridones X11-649 and XII-650 are isolated after 
hydrolysis. The product of 1 ,Qaddition XII-647 was isolated in good yield from 
1,6-dimethy1-2-pyridone, but products of reactions initiated by 1,4-addition are 
not detected when other N-methyl-2-pyridones were r e d ~ c e d . ~ ”  

Electrolytic reductions of N-methyl- and Nethyl-2-pyridone have given mainly 
1 -alkylpiperidine and some 1-alkyl-3-piperideine. Both 1,3-dimethyl- (XII-652) 
and 1,6-dimethyl-2-pyridone give mainly the piperidine (e.g., XII-653) and equal 
but smaller amounts of the two isomeric piperideines (e.g., XII-654, 
XII-655).696 
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N-Benzyl-5,6dihydr0-6-methyl-2-pyridone~~~ and 3,4-dihydro-5,6-diphenyl-2- 
p y r i d ~ n e ~ ~ ~  have been hydrogenated to the corresponding 2-piperidones in the 
presence of platinum. Piperidones can be converted to piperidines with lithium 
aluminum h ~ d r i d e . ~ ' ~  

B. Electrophilic Substitution-General 

Electrophilic substitutions of pyridinols and pyridinol ethers have been 
reviewed recently.698 Although pyridine reacts with difficulty, aminopyridines, 
pyridinols, and pyridones, undergo electrophilic substitution readily under 
moderate conditions. The annular NH-CO group of 2-pyridone, which acts as an 
electron releasing group in these reactions, has an acid strengthening effect on a 
second substituent. This group, therefore, appears to be electron withdrawing in 
its ground state and electron releasing (+E effect) in electrophilic substitution 
transition states through contributions from structures such as XI-656 at the 
demand of cationic  reagent^.^" A study of electrophilic substitution of 
pyridones is complicated because of the variety of forms that could react. 
Several studies have, however, been reported for nitration in acid solutions 
where the reacting species have been determined.7001 701 

A 
XI1656 

C . Halogenation 

Halogenation of 2- and 4-pyridones occurs at the 3- and 5-positions and, even 
under mild conditions, the monohalogenated product from 2-pyridones unsub- 
stituted in the 3- and 5-positions is usually not isolated.698i702 R ecent 
contributions to the literature describe product distributions that are consistent 
with earlier chemistry7" (Tables XII-20 to XII-22). 

Although treatment of 4-methyl-, 1-methyl-, 1,4-dimethyl-, and 1,6-dimethyl- 
2-pyridone with N-bromosuccinimide (NBS) gives 3,5-dibromo-2-pyridones, 
side-chain bromination occurs with 1,3- and 1 ,5dimethyl-2-pyridones to give 3- 
and 5-bromomethyl-N-methyl-2-pyridone, respectively. 3- And 5-methyl-2-pyri- 
done give oils that decompose on distillation.559 
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TABLE XI-20.  3-Halo-2-pyridones by Halogenation 

R, R, R6 Reagent % Yield Ref. 

NO, HCI, KCIO, 60 29 1 
NO, BIZ 91 290 
NO, KI, KIO,, H+ 80 287 

OH CH, C1 Br, , C,H,OH 95 97  

TABLE XI-21. 5-Halo-2-pyridones by Halogenation 

0 3  -CflR3 
0 

N 
I 

R6 N 
I 
R, R, 

R, R, R, R, Reagent %Yield Ref. 

NO, HCI,KCIO, 4 5  29 1 
NO, KI, KIO,, H+ 60 287 

CONHC,H, OC,H, OH Br,, CHCI, 67 172  
‘6 H 5  CONHC,H, OC,H,CH,-m OH BI,, CCI, 50 173  
C 6 H 5  CONHC, H, OC, H, CH -o OH Br, , CCl, 50 173 
rnCH,OC,H, C0,CH3 OH OH Br,, CHCI, 80 169 

NO2 OH CH, Br,, HOAc 74 502  

CH3 Br, , HOAc 559 

Iodination of 2-pyridone with aqueous iodine-potassium iodide gives 5-iodo-2- 
pyridone and 3,5diiodo-2-pyridone and iodination of 4-pyridone aves 3-iodo-4- 
pyridone (50%) and 3,5diiodo-4-pyridone (21%).704 3,5-Dibromo-4-methoxy- 
pyridine (Xn-657) has been prepared from chelidamic acid by bromination, 
followed by decarboxylation, treatment with phosphorus oxychloride, and then 
with potassium rneth~xide.’~’ 
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TABLE XII-22. 3, 5-Dihalo-2-pyridones by Halogenation 

fio-;J-Jo N 

I 
R6 N 

I 
R ,  R l  

Reagent % Yield Ref. Rl R4 R6 

H CH, H 
CH, CH, H 
CH, H CH, 
CH, H H 

CH, H CH, 
CH, H H 

H CH, H 
CH, CH, H 

H H c1 
H H c1 

Br, , HOAc 

NBS, benzoyl peroxide 
NBS, benzoyl peroxide 
NBS, benzoyl peroxide 
NBS, AlCl, 
HCl, H, 0, , HOAc 
Br,, 33% H, SO, 
KI,  I, 

75-90 559  

75 559  
45 559  
57 559  
79  559  
80 703  
9 3  703  
15 704 

3,5-Dibromo-l-methyl-4-pyridone has been prepared from N-methyl-4- 
pyridone by  modification^'^^ of an earlier procedure.706 N(n-Butyl)-2,6-di- 
methyl4pyridone is also brominated in acetic acid to the 3,Sderivati~e. ' '~ 
3-Ni t r0-4-pyr idone~~~ and 2,6-dimethyl-3-,nitro-4-pyridonezg4 are halogenated at 
the 5-position to give 5-bromo- and 5chloro-2,6dirnethyl-3-nitro-4-pyridone, 
which have been converted to the corresponding 4-chloropyridines for use in 
ycarboline synthesis. 
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3-Acetyl-2,6-dimethyl4pyridone and sodium hypobromite form 3-ace tyl-5- 
bromo-2,6-dimethyl-4-pyridone (XII-658), which then gives 3,5dibrorno-2,6-di- 
methyl 4pyr idone (XI14 59) ' 41 

Chlorination of 4-hydroxy-6-methyl-2-pyridone (MI-660) in water a t  40" gives 
3chloro- and 3,5-dichloro-6-methyl-2,4-pyridinediol and 6-chloromethyl-3,5- 
dichloro-4-hydroxy-2-pyridone in a ratio of 44: 1 .502 

CH3 k20 N - 
I 
H 

XI1660 

Chlorination of 5-carbethoxy4-hydroxy-6-methyl-2-pyridone with SO2CI2 
gives MI-661, MI-662, or XII-663, depending on conditions. Products XII-662 
and MI663 are converted to XII-661 with zinc and acetic acid.707 
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9 

I 
H 

XII-662 

C 2 H 5 0 C O a :  

/ 

Y c2H50c0fi0 CH3 N CH3 

\ 
H 

0 

I 
H / XI1661 

H 

XI1463 

3-Pyridinol is converted to 2-bromo-3-pyridinol by an alkaline solution of 
bromine. Additional activation of the ring can be provided by conversion to the 
N-oxide. 3-Hydroxypyridine-1 -oxide (MI-664) can give 2-bromo- (47%) or 
2,4,6-tribrorno-3-hydroxypyridine-l-oxide (78%), depending on conditions. 
Further bromination of 2-bromo-3-hydroxypyridine-1 -oxide can give 2,6-di- 
bromo-3-hydroxypyridine-1 -oxide (36%). The N-oxides are reduced to the 
corresponding 3-pyridinols by iron and acetic acid.708 

6-Methyl-3-pyridinol is brominated in pyridine to give 2-bromo- and then 
2,4-dibromo-6-methyl-3-pyridinol. Iodination with sodium iododichloride gives 
2-iod0-6-methyl-3-pyridinol.~~~ Iodination of 2G-substituted phenyl)-3-pyri- 
dinols (XII-665; R = H, CH3, CZH5, CH(CH3)2, C(CH,),, Cl, OCH3) gives 
2-aryl-6-iod0-3-pyridinols.~~~ Thls should be contrasted with nitration of these 
pyridinols, which occurs first on the phenyl (Section III.2.D., 

Bromination in acetic acid of 3-bromo-5ethoxypyridine (MI-666) gives 
2,3-dibromo-5-ethoxypyridine. Similar treatment of 2-bromo-6ethoxypyridine 
(XII-667) gives 2,3-dibrom0-6-ethoxypyridine.~' 

p. 810). 



(33% yield) 

-0 
XII-664 

XII-665 

c2H500Br N 

Fe 

HOAc 
- 

N 

XII-666 

805 
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XII-667 

D. Nitration 

The preparative nitration of pyridones has been reviewed recently.698 The 
nitrations of several 2- and 4-pyridones have been studied kineti~ally.~"' 701 

Pyridones with pK, < 1.5 are nitrated as their free bases under all conditions. 
4-Pyridone (pK, 3.27) is nitrated as the free base in 65 to 85% sulfuric 
acid but as the conjugate acid in 85 to 98% HzS04.700 6-Hydroxy-2- 
pyridone and its N- and O-methyl derivatives are rapidly converted to the 
3-nitro-derivative vin the free bases in 70 to 77% sulfuric acid. At higher acidities 
the reactions were too fast to be followed k i n e t i ~ a l l y . ~ ' ~  

Since 2-pyridones are nitrated mainly as their free bases and are probably in 
the pyridone form,700 it is not likely that a transition state involving 
hydrogen-bond participation by OH as has been suggested for ortho-nitration of 
pheno1713 and for nitration of 2-substituted-3-pyridinols at the 4-position714 
(this section, p. 809) is responsible for the formation of 3-nitro-2-pyridone, the 
major 

3,5-Dinitro-2-pyridone is usually prepared by direct nitration of 2-pyri- 
done.673, 676,  7 1 5  It can be formed in 50% yield employing fuming nitric acid in 
0 1 e u m ~ ~ ~  or in 37% yield from 2-aminopyridine (MI-668) via its nitramine. In 
situ rearrangement to a mixture of 3- and 5-nitro-2-aminopyridines. is followed 
by conversion to the pyridones and nitration (Table XII-23)?85 

Nitration of 6-methyl-4-phenyl-2-pyridone (X11-669) gives a mixture of the 3- 
and 5-mononitro derivatives that could not be separated because of its 
insolubility in organic solvents and that did not react with triethyl phosphite. 
Conversion to  the 2-chloro derivatives gave a mixture that could be converted to 
the o-carbolines W-670 and XI1-671 when treated with triethyl phosphite, 
presumably through nitrene intermediates.666 

Mixtures of 3- and 5-nitro-4-methyl-2-pyridone and of 3- and 5-nitro-6-methyl- 
2-pyridone have been converted to  the corresponding 3,5-dinitro-2-pyridones 
with nitric acid in 0 1 e u m . ~ ~ ~  

A procedure has been described for the preparation of 3-nitro-4-pyridone from 
4-pyridone and mixed acids that avoids the oleum used by previous investigators 
(Table XII-24).667 Both 4-hydroxy-2-picoline and 4-ethoxy-2-picoline are 
nitrated at the 3- and 5-positions but give more 3-nitrati0n."~ 4-Hydroxy-2- 
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pyridones are usually nitrated at the 3-position (Table XII-23). Additional 
nitrations of 2-pyridones and 4-pyridones are summarized in Tables XII-23 and 
MI-24. 

TABLE XII-24. 3-Nitro4-pyridones 

0 

Rsf.JR, R6 N - ;;f----Jc 
H I h 

R, Rs R6 Reagent %Yield Ref. 

H H H HNO, (d l S ) ,  H,SO., (d 1.84) 61 667 
CH, H CH, HNO, (d l S ) ,  H,SO., (d 1.84) 670  
CH, H CH, HNO, (d 1.51, H, SO., (d 1.84) 8 3  294 
CH, H CH, HNO, (d 1.51, H, SO., 7 0  295 
H NO, H HNO, (fuming), 30% oleum 9 2  716 

3-Pyridinol and 3-methoxypyridine undergo nitration with nitric acid in 
sulfuric acid as their conjugate acids.70' 3-Pyridinol with sulfuric and nitric 

or with fuming acids7" gives 2-nitro-3-pyridinol in good yield along 
with a small amount of 6-nitr0-3-pyridinol.~~~ Further nitration in acetic 
acid-acetic anhydride gives 2,6-dinitro- and then 2,4,6-trinitro-3-pyridinoL7' 
Generally, in electrophdic substitutions of 3-pyridinols, the 4-position is less 
reactive than the 2- or the 6-position. However, in the nitrations of 2-alkyl- or 
2-halo-3-pyridinol (Xn-672) at lower temperatures (0-5") formation of the 
4-nitro-2-substituted-3-pyridinol predominates.647i 71 In fact, several 4-nitro-3- 
pyridinols were first reported to be 6-nitr0-3-pyridinols''~ but were later 
correctly described.718 It has been suggested that in these series, hydrogen- 
bonded &membered transition states involving the 3-hydroxy group are 
energetically favored and are responsible for the preferred reactivity of the 
4-position over the 6-position when the 2-position is 0ccupied.7'~ The weakening 
or absence of this hydrogen-bonding should influence orientation. Thus, in the 
nitration of 2-methyl-3-pyridinol (W-672, R = CH3) at hgher temperatures 
(55"), the 6-nitro product predominates, and the nitration of 3-methoxy-2- 
methylpyridine (XII-673) gives only the 6-nitro d e r i ~ a t i v e . ~ ' ~  2-Nitro-3- 
pyridinol (W-674), which is a hydrogen-bonded substrate, is also nitrated 
preferentially at  the 6-position to give .2,6-dinitro-3-pyridinol (XI1475).714 How- 
ever, the rate profiles for the nitration of 3-pyridinol and 3-methoxypyridine to 
give 2-nitro derivatives are similar.701 
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2,6-Dialkyl-3-pyridinols are nitrated in good yield at the 4-position using nitric 
Nitration of 2,6-dimethyl-3-pyridinol with sodium acid and sulfuric acid.71 

nitrate in oleum gives 2,6-dimethyl-4-nitro-3-pyridinol in only 10% yield.295 

MI-672 

With concentrated sulfuric acid and nitric acid (d 1.34) 2-phenyl-3-pyridinol 
(XI-676, R = H) is nitrated first at the phenyl group (88% in the para position) 
rather than at the cationic pyridinol ring, to give mainly 2@-nitropheny1)-3- 
pyridinol, which reacts further at the 6-position of the pyridine ring to  give 
6-nitr0-2(p-nitropheny1)-3-pyridinol.~~ When the para position of the phenyl 
ring contains ortho-para- directing substituents, nitration occurs a t  the position 
ortho to the substituent to give 2(3-nitro-4-substituted phenyl)-3-pyridinols 
(XII-677; R =  CH3, CzHS, CH(CH3)2, C(CH3)3,OCH3, Cl). Further nitration of 
MI-677 (R = CH3) again occurs at the 6-position of the pyridinol ring.711 
Iodination of MI-676 in the presence of sodium carbonate occurs only at  the 
6-position of the pyridinol ring.'09 
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XII-676 

XII-677 

E. The Mannich Reaction 

Although 3-pyridinol is not sufficiently reactive to undergo chloromethylation 
or Friedel Crafts alkylation or arylation it is readily aminomethylated. The 
ease of reaction appears to be in the order of 2- > 6- > 4-positions in 
the absence of steric influences. 3-Pyridinol reacts with secondary amines and 
formaldehyde at the 2- and then the 6-positions and 6-methyl-3-pyridinol reacts 
at the 2-position. However, reaction at the 4-position is not observed, even under 
drastic conditions720 (unless the a-positions are blocked-see below). Although 
dimethylamine and piperidine react with formaldehyde and 3-pyridinol to give 
both the 2-mono- and 2,6-bis-products, diethylamine and 3-pyridinol give only 
2-diethylaminomethyl-3-pyridino1, a behavior that is similar to that observed in 
hydroxymethylation. ''O 

2-Methyl-3-pyridinol reacts with secondary amines and formaldehyde to  form 
the 6-dialkylaminomethyl- (XII-678) and 4,6-bis(dialkylaminomethyl)-2-methyl- 
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3-pyridinol (MI-679). Hydroxymethyl-3-pyridinols are formed by converting 
the Mannich products (XI-678 and XII-679, R = CH3) to the acetate followed 
by hydrolysis. Hydrogenation of the Mannich products gives the expected 
2,6dimethyl- and 2,4,6-trimethyl-3-pyridinol (XII-aO), re~pect ively .~’~ Higher 
2-alkyl-3-pyridinols also react stepwise with formaldehyde and piperidine or 
dimethylamine to form 4,6-bisdialkylamino products. When the group at the 
2-position is bulky (R = isobutyl, isoamyl), the formation of the bis product 
requires more severe conditions because of steric influence of the alkyl group on 
the activating effects of the 3-hydroxyl group.”’ 

XII-680 

I t 
CH, NR, 

N N 

XII-678 xII-679 

I Ac, 0 J J b O  

CH, OH 
I 

HOCH, 
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2-Ethyl-6-methyl- and 2,6dimethyl-3-pyridinol react with piperidine, di- 
methylamine, and morpholine in aqueous formaldehyde to form 4-dialkylamino- 
methylated products that have been used to prepare vitamin B6 analogs XII-681 
and MI-682.723 Reaction at the side-chain is not observed.724 

CH, OH a:, (ii) ___c (i)  H,. HBr Ni 0"" 
CH, CH3 N / CH, 

XII-681 XII-682 

2-Nitro-3-pyridinol forms 6dialkylaminomethyl-2-nitro-3-pyridinols that do 
not react further even under forcing conditions."' A compound previously 
described as 2-methyl-6-nitro-3-pyridinol'z6 and later identified as 2-methyl-4- 
nitro-3-pyridinol (XII-683)726a reacts with formalin and dialkylamines to give 
both 6-dialkylaminomethyl- and 2-(fldialkylaminoethyl)-3-pyridinols. 

011,- 
XII-683 

.. .. I. 

CH, NR, CH, NR, 

2-Fyridone and 3-methoxy-2-pyridone (XII-684; R3 = H, CH30) give 
1-dialkylaminomethylpyridones, but 3-hydroxy-2-pyridone (MI-684, R3 = OH) 
forms the 6- and 4,6- Mannich products.501 The 6-morpholino- Mannich product 
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OR' 0 

I 
H 

XII-684 

/ CH,NR, 

a;+ f i 3  

R,NCH, R,NCH, 0 
I 
H 

I 
H 

reacts with cyclohexanone pyrrolidine enamine to give the dihydroxyhexahydro- 
benzo[b] indolizinone XII-685!01 

XII-685 

Aminomethylation of 2-(p-anisyl)-3-pyridinol gives 6-mono- and 4,6-bis(di- 
methylaminomethyl)-2-(p-anisyl)-3-pyridinol. Aminomethylation at the anisyl 
group is not observed. Aminomethylation of 2(p-hydroxyphenyl)-3-pyridinol 
occurs at  both the 3- and 5-position of the p-hydroxyphenyl group, followed by 
aminomethylation at the 6- and then the 4-position of the pyridinol ring.727 

Proton chemical shifts and LCAO calculated charge distributions have been 
correlated with reactivity and substitution sequences in the Mannich reactions of 
3 - p y r i d i n 0 l s . ~ ~ ~ ~  7 2 8  
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F. Hydroxyrnethylations 

1 -Methyl-Zpyridone, formaldehyde, and hydrochloric acid give 5-hydroxy- 
methyl-I-methyl-Zpyridone. Addition of acetic anhydride and sodium acetate 
to the reaction mixture appears to be necessary to obtain a good yield. A similar 
reaction using 5ethyl-1-methyl-2-pyridone gives 5ethyl3-hydroxymethyl-l- 
methyl-2-pyrid0ne.~" 2-Methyl-3-pyridinol undergoes only 6-hydroxymethyla- 
tion when treated with formaldehyde in aqueous base;721 with formaldehyde 
and secondary amines, however, 4,6-bis products can be isolated (see Section 
III.2.E.). 

G.  Hydrogen-Deuterium Exchange 

It has been suggested that deuteration of N-methyl-2-pyridone occurs a t  the 
methyl Base-catalyzed hydrogendeuterium exchange, however, takes 
place at the 2- and 6-positions of 4-pyridones (MI-686, R = H, CH3, Br) and 
4-methoxy-1 -methylpyridinium tetrafluoroborate (MI-687) and at the 6-posi- 
tion of N-methyl-2-pyridone in deuterium oxide via an ylide mecha- 

The rates of exchange relative to N-methyl-4-pyridone are: 
N-methyl-2-pyridone (DZ 0 at 1 00"), 10-o.8; 4-methoxy-1 -methylpyridinium 
tetrafluoroborate (XII-687) (CH30D at 40"), 105'.732 The high rate of 
incorporation into MI-687 is due to the positive charge that lowers the  
activation energy for hydrogen-ab~traction.~~~ N-methyl-2,6-dimethyl-4- 

nism.l 39, 731, 732 

0 

CH, 
XII-686 
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0 BFa- CH,O_ CH,OD Do B F , -  

D 
N+ N+ 
I I 

CH3 CH3 
xII-687 

pyridone (XI-688) undergoes exchange at the a - s ide -~ha ins . '~~  .. 

Acid-catalyzed hydrogen-deuterium-exchange 
of p y r i d o n e ~ . ' ~ ~ ~  5 3 7 s  733-736 Over a wide range 

occurs on the 3- and 5-positions 
of acidities (pH 4 - H, -lo), the 

rates of deuterium exchange vary by relatively small increments for 4-pyridone, 
1 -methyl4-pyridone, and 3- and 5-methyl-2-pyridone. consistent with the 
suggestion that these compounds react as the free bases.734 Methyl substitution 
a t  the 2- and 6-positions activates the much less reactive conjugate acids. 
2,6-Dimethyl4pyridone exchanges as the free base at  lower acidities but as the 
conjugate acid at acidities above H, -3.5. A similar changeover in mechanism 
occurs a t  H ,  -2.7 for 1,2,6-trimethyl-4-pyrid0ne.'~~~ 733 A comparison of rate 
data from 1,2,6-trimethyl4-pyridone, 4-methoxy-2,6-dimethylpyridine and 
2,6-dimethyl4pyridone, indicates that exchange occurs on the pyridone form 
of the free base.'37 The deactivating effect of the positively charged nitrogen of 
the conjugate acids h?s been cqmpared F t h  effects of heterocyclic analogs 
containing =iOH-, =N(O-)-, 4)- and =S-.' 37 4-Methoxypyridine does not 
exchange under these conditions.734i 735 The 3- and 5-positions of 2-pyridone 
appear to be deuterated at approxhately the same rate in 23% deuterosulfuric 
acid. 73 

H. Acetylation 

5-Acetyl-4-hydroxy-6-methyl-2-pyridone and phosphoryl chloride in acetic 
acid give 3,5diacetyl-Q-hydroxy-6-methyl-2-pyridone (XII-689).'57 4-Hydroxy- 
6-methyl-2-pyridone (W-690, R = H), 1,6dirnethyl4-hydroxy-2-pyridone 
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(MI-690, R = CH3), and 4hydroxy-6-methyl-1 -phenyl-2-pyridone (X11-690, R = 
C6H5) and acetic acid in phosphoryl chloride give the 4-acetoxy prod- 
u c t ~ . ~ ~ ~ ~  645 In polyphosphoric acid (F'PA), 3-acylation can occur to give 
XU-691 (R = R' = CH3; R = H, R' = CH3, CzHs, n-C3H7, n C 4 H 9 ,  isoC4H9, 
n-C5 H11).644i 645i 737 Structure assignments have been based on  infrared 

spectroscopy and on the synthesis of 3,6dimethyl-l-phenylpyrazolo [4,3-c] pyri- 
d i n 4 o n e  (MI-692) (R.I. 1186), which was also prepared from the known 
3,6-dimethyl-l -phenylpyrano [4,3-c] pyrazol-4-one (XII-693). 

Both 4-acetoxy-d-methyl-2-pyridone (W-694, R = H) and 4-acetoxy-6- 
methyl-1-phenyl-2-pyridone (XII-694, R = C6H5) undergo the Fries rearrange- 

I 
R 

XII-690 XII-691 

' 6  HS ' 6  HS 

XII-693 
H 

XII-692 



818 Pyridinols and Pyridones 

ment in the presence of aluminum chloride to give the corresponding 
3-acetyl-4-hydroxy-2-pyridone .6441 645 fi; ~ ,̂ x“’. 

CH3 CH3 
1 
R I 

R 
XI1694 

I. Coupling with Diazonium Salts 

Pyridinols, pyridones, and alkoxypyridines that are sufficiently activated can 
be coupled with diazonium salts. 2-Alkoxy-3,5diaminopyridine gives 2-alkoxy- 
3,5diamino-6-phenylazopyridine (XII-695) with benzenediazonium 

C, H, N=N OR 
a 

XII-695 
(R = H, CH,, C,H,,  C,H,,iC,H,I C , H l l )  

HaNo:: - 
2-Hydroxy-4(p-methoxyphenyl)-l-phenyl-6-pyridone couples with diazonium 
salts to give colored products MI-696.739 

XII-696 
(R = H, 4CH3,  2-OCH3, 4-OCH3, 2-, 3-, 4 -N02,  

2-, 3-, 4€1,4-B~) 
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3-Pyridinol and p-nitrobenzenediazonium chloride form 6-(p-nitrophenylazo)- 
3-pyridinol as the major product. A low yield of the 2-isomer can be increased to  
17% in a neutral or slightly acidic medium.z92 Glutazine (W-697, R = H) and 
3carbethoxyglutazine (XlI-697, R = COz Cz H,) react with pchlorobenzene- 
diazonium chloride to give 3-p-chlorophenylazo  derivative^.^^ 6-Hydroxy-2- 

pyridone and benzenediazonium chloride give both 3-phenylazo- and 3,5-bis- 
(phenylaz0)-6-hydroxy-2-pyridone.~~~ 

In contrast to nitrationzgs3 719 and amin~methylation,~'~ 2,6-dimethyl-3- 
pyridinol does not couple with benzenediazonium or p-nitrobenzenediazonium 
chloride in weakly acid or alkaline medium. Only 6-substitution occurs when 
2-methyl-3-pyridinol is coupled with diazonium salts.741 

J . Nitrosation 

Both 4-amino-2-pyridone (W-698, R, = R6 = H)30s and 4-amho-1,6- 
dimethyl-2-pyridone (XII698, R1 = R6 = CH3)306 react with nitrous acid to 
give a 4-amino-3-nitroso-2-pyridone rather than a diazonium salt. 

I 
R, 

XI-698 

K. Nucleophilic Substitution 

There are a few instances in which direct amination or arylation of pyridones 
has been reported.742 2-Methyl4pyridone and sodamide give 6-amino-2-methyl- 
Cpyridone in 79% yield.743 4-Ethoxypyridine and t-butyllithium give 2-t-butyl- 
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and 2,6-di-t-butyl4-ethoxypyridine. Hydrolysis of the ether to 2,6-di-t-butyl-4- 
pyridone (XI-700) is accomplished with hot hydrochloric acid. Similar 
treatment of the 3-sulfonic acid derivatives Xn-699 with hydrochloric acid leads 
to displacement of the sulfonic acid group to give MI-700; on the other hand, 
MI-699 and aluminum chloride in tetrachloroethane give the 4-hydroxy- 
pyridinesulfonic acid (75%).6'l 3-Methoxypyridine and phenyllithium react to 

C,H,-t 

H 
xII-700 

give 3-methoxy-2-phenylpyridine exclusively. I t  has been suggested that a 
reaction path involving coordination of the oxygen electrons to the lithium is 
operative .744 

L. Diels-A Mer Dienophiles 

The structures of 2-pyridone and its N-alkyl derivatives suggest that they could 
perform as dienes in Diels-Alder reactions. When maleic anhydride and 
N-methyl-Zpyridone are heated alone or in toluene at 100" a 2 : l  adduct is 
formed (24%) that dissociates into the pyridone and maleic anhydride in polar 
solvents or when heated to its melting point or when sublimed. The structure 
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W-701 has been proposed for this adduct, and its formation has been 
rationalized according to the following scheme:730 

0 CA -CH, +T CH I 
CHC 'COOH 
I 

COOH 

H O W  Go CH I 

H O W  CH: 'COOH 
I 

COOH 
MI-701 

N-Methyl-2-pyridone and tetracyancethylene in diisopropyl ether give a 2: 1 
pentacyanopropene salt (XII-702).'45 

2(CN),C=C(CN), + oo 1 + 2 H , O  - 
I 

CH, 

p),CC(CN)C(CN),]-  + 3HCN + CO, [QI2 0 - - - H +  

CH, 

xu-I02 
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When heated with perfluoro-2-butyne at 175” for 12 hours, 2-pyridone gives 
1-[3,3,3-trifluoro-1 (trifluoromethyl)propenyl] -2-pyridone (XII-703). N-Methyl- 
Z-pyridone, a compound that cannot undergo this addition, gives no character- 
izable products with perfluor0-2-butyne.~~~ 

Qo- H I 0 I 0 
C 

CF,’ \CHCF, 
XI-703 

2-Pyridone and ethoxyacetylene in chloroform-hexane were heated for 27 
days to give a mixture of 2-acetoxypyridine (XII-705) (67%) and N(1ethoxy- 
vinyl)-2-pyridone (MI-704) (33%). Similarly, 4-pyridone and ethoxyacetylene 
gave 4acetoxypyridine (41%) and N{ 1 ethoxyvinyl)4pyridone (17%) after 5 
days. It has been suggested that XII-705 is formed by rearrangement of MI-704 
via N-acetyl-2-pyridone, or through a ketene ketal intermediate by hydrol- 
~ s i s . ~ ~ ’  

XII-704 / \ 
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2-Pyridone, 6-methyl-2-pyrid0ne,~~' 5,6-tetramethylene-2-pyridone, and 
5,6-dimethyl-2-pyrid0ne~~~ give the products of 1,2-addition to dimethyl acetyl- 
enedicarboxylate. N-Methyl-2-pyridone gives N-methylphthalimide, which is 
probably formed by decomposition of the Diels-Alder adduct W-706.748 

- 
CO, CH, 
\ 

xn-706 

2-Pyridon-1 -yl fumarates (XII-707), products of addition of 5,6-dimethyl-2- 
pyridone to dimethylacetylene dicarboxylates are rapidly saponified in cold 
aqueous alkali to the acids (XII-708), presumably by an intramolecular catalysis 
involving the pyridone oxygen.749 

Benzyne, from chlorobenzene and sodamide, and N-methyl-2-pyridone give 
3-phenyl-1-methyl-2-pyridone in 5.4% yield, together with a small amount of 
1,lfdimethyl-2,2'-bipyridyl-6,6'dione (XII-709).750 2Pyridone undergoes N- 
and O-arylation in low yield when treated with benzyne prepared from 
diazotized anthranilic acid.750i 7 5 1  A small amount of acridone is formed also. 
However, N-methyl-2-pyridone and the methyl-1 -methyl-2-pyridones react with 
benzyne from anthranillc acid to form the Diels-Alder adducts (XII-710).750s 751 



I 
H 

C 
@ ‘C-OCH, CH, OCO-C 

0 
I 

H 

XII-707 

II L, 

cH3a CH3 - cH3)PJ0 CH, 

kJo l 

I 
-om-c 

%-coo- - Ooc 

H 

XII-708 
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XII-7 10 

Recently a successful Diels-Alder addition of maleic anhydride to 1 -methyl-2- 
pyridone was accomplished by heating the reactants in toluene for 72 hours, 
yielding the endo product (=I-71 1).7s23 7 5 3  1-M ethyl-2-pyridone and fumaroni- 

trile, when boiled for 11 1 hours in toluene formed the adduct MI-712, but only 
in 3% yield.754 

XII-712 

The endo dicarboxylic acid can be converted to the dimethyl ester, which 
isornerizes to MI-713 in good yield on treatment with potassium t - b u t ~ x i d e . ~ ~ ~  

Anhydro-3-hydroxy-l -methylpyridinium hydroxide (MI-714) and N-phenyl- 
maleimide, acrylonitrile, or methyl acrylate give adducts that are conveniently 
converted to tropones and tropolones. Acrylonitrile and methyl acrylate and 
XI-714 give MI-715 (R = em-CN; R = C02CH3, endo:ao, l:l), which, after 
treatment with methyl iodide, gives XU-716. This forms 6-dimethylamino-5qxo- 
1,3,6-cycloheptatriene-l-carbonitrile (MI-717, R = CN) and the 1 -carbomethoxy 
derivative (W-717, R = C02CH3) on reaction with silver oxide.755 Treatment 
of MI-716 with sodium bicarbonate gives XII-717 and MI-718 (R = CN, 
COZ CH3). 
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0 R 

t€.H,OK - 
COOH C0,CH3 

COOH CO, CH, 

CO, CH, 

XII-713 

CH3 CH,, 7 3  

A&O (R = CN) - - 
O o - C H , K H - R  &-& orNa,CO,(R=CO,CH,) 

CH3 
R R 

XII-714 XII-7 15 XU-7 16 

XII-717 XII-7 18 

M . Photochemktry 

Ultraviolet irradiation of aqueous solutions of 2-pyridone and N-methyl-2- 
pyridone gives dimers to which the structure XI-719 (R = H, CH3, respectively) 
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was first assigned,756 but which subsequently have been shown to be 
trans-3,7-diazatricyclo [4.2.2.22p5] dodeca-9,l l-dien4,8-diones (MI-720).757-760 
The NMR spectrum of the photodimer (Xn-721) from 1,4-dimethy1-2-pyridone 
shows that the methyl group is at the double bond rather than a t  the 
bridgehead,757 as would be required by the ring system in XII-719. 

0 

XII-719 

XII-720 XII-721 

Several substituted-2-pyridones have been dimerized to XII-720.7581 7611 762 A 
photoinduced diradical intermediate was suggested as the species leading to 
d imer i~a t ion .~~’  When irradiated in water N-benzyl-2-fluoropyridinium bromide 
gives the same dimer as is formed from N-benzyl-2-pyridone in 
Photoisomerization of N-methyl-2-pyridone in ether, followed by careful 
workup of products, gives XII-722.764 

0 
XII-722 

Ultraviolet irradiation of 2,3-dihydro-l,2diphenyl-6-methyl-4-pyridone 
(MI-723) in methanol gives 2,5-dipheny1-6-methyl- and 2,3dihydro-2,6-di- 
phenyld -methyl4-pyridone and 5-aniline 1 -phenyl-l,4-hexadiene-3-one .7 
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/NHC6 H 5  

+ C6H5CH=CH-COCH=C 

CH3 
\ 

c, H5 
I 

H 

N. Miscellaneous 

2-Pyridone and sulfur dichloride in benzene give 2,2'dihydroxy-5 ,S'dipyridyl 
sulfide (XI-724). 3-Pyridinol and SClz form a poorly defined product and 
4-pyridone did not react.'66 

4-Me thoxy- 1 -methylpyridinium iodide (XI-725) and benzylmagnesium iodide 
in ether give 2-benzyl-l,2dihydro-4-methoxy-1 -methylpyridine, an air-sensitive 
red oil, which forms 2-benzyl-2,3-dihydro-l -methyl4-pyridone when heated 
with sodium hydroxide in aqueous rnethan~l. '~ '  
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IV. 0- and N-Substitution Products 

1. Reactions of Ethers (See also Section I.6.A) 

The annular nitrogen of pyridine ethers, like a nitro group, performs not only 
as an activating group in nucleophilic substitutions but also increases the 
susceptibility to alkyl-oxygen cleavage of the alkoxy group by an S N ~  
mechanism. The relative rates of cleavage at 164.7" of 2-, 3-, and 4methoxypyri- 
dine (XII-726) by sodium methoxide in methanol to give the anion and dimethyl 
ether are 1 .O: 1 .I :2.8.268 214-Dichloropyridine and sodium methoxide in 
methanol not only give 2,4-dimethoxypyridine (XI-727) as the major product 
but also 2-methoxy-4pyridone (XI-728) and minor amounts of 4-methoxy-2- 
pyridone. 2Chloro4~1ethoxypyridine gives XI-727 and XII-728.768 This 

XII-726 

cleavage reaction is observed also as a side reaction during the formation of a 
Meisenheimer adduct from 2-methoxyy3,5-dinitropyridine and methanol.769 

&fi+fi N OCH, H I N / c1 

H I 0 
XII-727 XII-728 

4-Alkoxy-l-methylpyridinium salts (Xn-729) have been used to study the 
behavior of carbonium ions in solvolyses. They are easy to prepare and purify, 
and in solvolyses the leaving group does not undergo internal return. The 
solvolysis of 4(cyclopropylcarbinyloxy)-1 methylpyridinium iodide (XII-729, 
R = CH2 4) in 80% ethanol gives some cyclopropylcarbinol, cyclobutanol, and 
allylcarbinol but mainly the corresponding ethyl ethers (XII-730; R = cyclo- 
propylcarbinyl, cyclobutyl, allylcarbinyl; R' = C2H,)  in a ratio of 3.6: 1.5:l.O. 
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Hydrolysis of optically active 4(cyclopropylmethylcarbinyloxy)-l-methyl- 
pyridinium iodide (XII-729, R = P C H - )  in the presence of lithium carbonate 

I 
CH3 

gives cyclopropylmethylcarbinol that is 95.6% racemic .770 

XII-729 

[R' + O = c  -CH, + I] ROR' + 0 1- 

I 

XII-730 CH, 

A methoxy group meta to a reaction site is normally activating in aromatic 
nucleophilic substitutions (a, is positive). However, the methoxy group of 
2chloro-4-methoxypyridine retards the reaction with sodium methoxide relative 
to that with 2chloropyridine ( k ~ , o / k H  = 0.71 at 15"). It has been proposed 
that a conjugative interaction between the electron releasing methoxyl group 
and the ring nitrogen reduces the activation of the 2-halo by nitrogen.768 Sigma 
complexes, formed from sodium methoxide and polynitroanisoles, have been 
studied extensively to shed light on the nature of nucleophilic aromatic 
substitution.771 These studies have been extended recently to heterocyclic 
systems including 3,5dinitr0pyridine,~~'* 773 4-methoxy-3,5-dinitropyri- 

-777 and 2-metho~y-3,Sdinitropyridine~~~ 7 7 4 *  777 whose properties are 
similar to those of the nitroanisoles. 

Addition of sodium methoxide to a solution of 3,5-dinitropyridine in 
dimethyl sulfoxide gave the anion MI-731, which rapidly rearranged to XI-732 
(to.s 10 min).773 This was the only anion observed in methanol. 

MI-731 XII-732 
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4-Chlor0-3,5dinitropyridine~~~ or 4-metho~y-3,5-dinitropyridine~~~ and 
sodium methoxide in methanol give sodium 4aza-1 ,l-dimethoxy-2,6-dinitro- 
cyclohexadienate (MI-733). In dimethyl sulfoxide the adduct XII-734 is 
formed,774 which may be an intermediate in the formation of MI-733.776 The 
product of rearrangement, N-methyl-3,5dinitro4-pyridone, is formed by treat- 
ment of a solution containing W-733 with acetic acid or by heating 
4-metho~y-3,5dinitropyridine.~~~~ 777 The conversion of 2,6dinitrochloro- 

XII-734 

benzene to the methyl ether is faster in dimethyl sulfoxide than in methanol, 
which solvates the methoxide ion. When 3,5dinitro-2-methoxypyridine is 
treated with sodium methoxide in methanol, excess solvent causes irreversible 
formation of the sodium salt of 3,5dinitro-2-pyridone by a competitive rather 
than a consecutive reaction.769 The only Meisenheimer adduct observed is the 
2-aza-l,3dimethoxy-4,6-dinitrocyclohexadienate anion (MI-735), which is more 
conveniently formed in dimethyl s ~ l f o x i d e . ~ ~ ~ ~  777 However, the behavior of 
3,5-dinitro-2-methoxypyridine in dimethyl sulfoxide could not be related 
directly to nucleophilic heteroaromatic substitution because of the failure of 
W-735 to  rearrange to the 1 , l - a d d ~ c t . ~ ~ ~ '  777 

The preferred structure of the sigma complex presumably depends on steric 
effects. The methine complex W-734 experiences adverse steric interactions 
between the methoxyl group bound to the sp2 carbon and the other nitro 
groups. Ths compression is enhanced in protic solvents where XII-733 
predominates. In 3,5dinitro-2-methoxypyridine, the annular nitrogen provides 
only a small steric effect and the methine complex XII-735 is observed.777 
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' + CH30CH3 

0- 

Equilibrium constants775i 776 and rates of formation776 for the adduct 
MI-733 have been measured and compared with those of 2,4,6-trinitroanisole. 
An annular nitrogen in the 4-position to a reactive center results in a relative 
decrease in stability of the Meisenheimer compound and an increase in its rate of 
formation when compared to the effect of a p-nitro 

The Qmethoxypyridone (W-736) has been used to prepare a number of 
4-hydrazino- and substituted-4-amino-1 -methyl-2-pyridone~.~~ 

NHR 

I 

XII-736 
CH 3 

Grignard778 and organolithium reagents7789 779 react with tetrachloro-4- 
methoxypyridine to form 4-alkyl- and 4-aryltetrachloropyridines. Phenyllithium 
and tetrachloro-4-methoxypyridine form tetrachloro-4-phenyl- (MI-737, Ar = 
CgH5)7781 779 trichloro-4,6-diphenyl- and dichlor0-2,4,6-triphenylpyridie.~~~ 
Under mild conditions a series of aryllithium compounds form 4-aryltetra- 
chloropyridines (XII-737) that react with butyllithium to give 4-aryl-trichloro-3- 
pyridyllithium ( ~ 1 1 - 7 3 8 ) . ~ ~ ~ ~  79 

3-Phenyl4pyridone has been prepared from 4-methoxy-3-nitropyridine by a 
diazotization of 3-amino4-methoxypyridine (MI-739) with pentyl nitrite in the 
presence of benzene and in the absence of added acid.780 
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f’ 

XII-737 

BuLi‘ I I 
1 
Ar 

t 
c 6  HS 

Xli-738 

XII-739 

6 . 6 . .  

H 

2.0  + N-Rearrangement 

Although it has been shown that the thermal rearrangement of 2-methoxy- 
pyridine to N-methyl-2-pyridone (XU-740) is intermolecular and is catalyzed by 
benzoyl peroxide,781 these features of 0 + N rearrangements are not 
universal.7823 783 Fo ur centered mechanisms have been suggested for rearrange- 
ments of m e t h o x y p y r r ~ l i n e ~ ~ ~  or 2-alko~ypyrimidines.~~~ However, intra- 
molecularity in rearrangements of 2-alkoxypyrimidines has not been demon- 
~ t r a t e d . ~ ~ ~  Ion-pair intermediates have been suggested for the rearrangement of 
4methoxypyridine to N-methyl-4-pyridone and for the rearrangements of 
2-alkoxypyrimidines to N-alkyl-2-pyrimidones ?83 
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The 0 + N rearrangement of 4- and 2-alkoxypyridines are catalyzed by alkyl 
halides through quaternary nitrogen derivatives (e.g., MI-741). Catalytic 
amounts of methyl iodide have been used to convert the methoxypyridines to 
N-methylpyridones under relatively mild conditions.139y 530 

CH, 
XII-741 

MI-742 

Acid and alkyl halide-catalyzed rearrangements have been considered to 
involve an intermolecular ion-pair ix~termediate.”~ 

2-Methoxypyridine, 4-methoxypyridine, and 2,6-diphenyl-4-methoxypyridine 
have been equilibrated in the liquid phase (130-250”) with their respective 
pyridone isomers in the presence of the corresponding methoxy-1 -methyl- 
pyridinium tetrafluoroborate presumably via a species isomeric with XI-742. 
Although the pyridone (e.g., XII-743) is more stable in the above cases, 
4-methoxy-2,6-diphenylpyridine is more stable than 2,6diphenyl- l-methyl-4- 
pyridone (XII-744) because of 1,2,6-steric interactions.530 Experiments using 
2-methoxy- and 4methoxypyridine in the presence of isotopically labeled 
catalysts showed that oxygen to oxygen transfer occurs in addition to oxygen to 
nitrogen transfer, but that nitrogen to oxygen transfer does not occur.53o 
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I 

MI-743 
CH3 

835 

CH, 
XII-744 

Equilibration of N-methyl-2-pyridinethione (XII-745) with 2-methylthio- 
pyridine in the presence of N-methyl-2-methylthiopyridinium tetrafluoroborate 
showed that the thioether is the more stable in the liquid phase [Ke4,= 14.4 
(188"), 10.7 (145")] .532 

The alkyl halidecatalyzed rearrangement can be extended to reactions where 
R # R' and provides a convenient route to N-alkylpyridones as an alternative to 
direct alkylation. For example, although alkylations of 2-pyridone salts with 
P(6-methoxy-1-naphthy1)ethyl halides (MI-746, R' = 6-methoxy- 1-naphthyl) 
appear to be unsuccessful, 2-ethoxypyridine and XI-746 [X = Br, R' = 
1(6-CH30CloH6), C6H5 ] give the N-arylethyl derivative in good yield.341 
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p-Anisyl chloride and an excess of 2ethoxypyridine give a quantitative yield 
of 1 -(p-methoxybenzyl)-2-pyridone (MI-747) when heated without a solvent.762 

I 

OCH, 
XII-747 

The product of direct alkylation of a pyridone or pyrimidone salt is the akoxy 
derivative if the reagent is bulky. For example, O-glycosides are formed from 
halogenoses and these heterocycles, but can be rearranged to Nglycosides by 
heating with mercuric bromide in a solvent such as toluene. (See section on 
alkylation, III.l.A.). Recently, catalysis of rearrangement by other Lewis acids has 
been reported.609 For example, the main product obtained from the silver salt of 
5-nitro-2-pyridone and acetobromoglucose is the w-acetoglucoside (XII-748), 
which rearranges to the a-0-glucoside (MI-749) and the PN-glucoside (MI-750) 
when treated with mercuric bromide in boiling toluene.6053 ' 0 9  Stannic chloride, 
titanium chloride, or antimony chloride and XII-748 in benzene at room 
temperature or zinc chloride or cadmium chloride in boiling benzene also give 
MI-750. The a-anomer (XU-749) and mercuric chloride or stannic chloride in 
benzene also gives XII-750.609 

Treatment of 2-bromopyridine with N-phenylethanolamine gives N@-anilino- 
ethyl)-2-py~idone.~"~ It has been suggested that 2-(N-~-hydroxyethylanilino)- 
pyridine (MI-751) is first formed and that subsequent rearrangement occurs via 
MI-752 or via W-753 and W-754.785 
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Alkylation of 2-methoxypyridine with a phenylacyl bromide or bromoacetone 
gives N-phenacyl- or N-acetonyl-2-pyridone, which can be cyclized in sulfuric 
acid or perchloric acid to oxazolo [3,2a]pyridinium salts (RJ.  11 15), which 
have been isolated as their perchlorates (XI-755).786' 787 

XII-755 

4-Methoxypyridine and 8x3-indoly1)ethyl bromides (W-756; R = H, CH3) in 
ethanol give 1- [P-(34ndolyl)ethyl] -4-methoxypyridinium bromide, which is 
converted to indolylethylpyridones (XI-757) by treatment with sodium 
hydroxide in 4-Methoxy-3-pyridinecarboxamide and methyl iodide 

give 3-carboxamido-1 m e t h y l 4 - p y r i d 0 n e . ~ ~ ~  

R' = 
2-Allyloxy- (W-758, R = R' = H),5", 790 2-m ethallyloxy- (XI-758; R = CH3, 

and 2crotoxypyridine (XI-758; R = H, R' = CH3)790 give N- and 
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3-substituted pyridones by a normal Claisen rearrangement when heated in 
dimethyl- or diethylanilir~e.~” When 2crotoxypyridine is rearranged neat, a 

I I 
CH H 

R 
XU-758 R’’ ‘CH=CHR 

normal Claisen rearrangement gives 3-methallyl-2-pyridone, but the rearrange- 
ment to nitrogen provides both the Claisen product, N-methylallyl-2-pyridone, 
and Ncrotyl-2-pyridone, an abnormal Possibly, the abnormal 
product could be formed by a [ 1,3] -sigmatropic process that competes with the 
Claisen rearrangement, a [3,3] sigmatropic rearrangement. Attempted rearrange- 
ment of 4allyloxypyridine was unsuccessful.598 \ 2-Allyloxypyridines, like alkyl- 
oxypyridines, rearrange in good yield to N-allyl-2-pyridones, in the presence of 
Lewis acids. 2-Crotoxypyridine rearranges to N-me thallyl-2-pyridone in the 
presence of chloroplatinic acid but gives N-crotoxy-2-pyridone and some 
3-crotyl-2-pyridone in the presence of boron trifluoride etherate, demonstrating 
the different roles of the two catalysts.791 

3. N-Amino Derivatives 

Kojic acid (W-759, R = H) and hydrazine give the corresponding pyrazole 
derivative (XII-760) and 3,6-bis(hydroxymethyl)4-pyridazinone (XII- 
761).792i 7 9 3  However, 2-hydroxymethyl-5-methoxy-4-pyrone (Kojic acid 
5-monomethyl ether) (XII-759, R = CH3), which contains a blocked 5-position, 
gives 1 -amino-2-hydr oxym ethyld -methoxy-4-pyridon e (MI-7 62) (20%) and 
a-(3-hydroxymethyl-5-pyrazolyl)~-methoxyacetaldehyde hydrazone (XII-763) 
(35%). These results suggest a nucleophilic attack by hydrazine at the a-position 
of the pyrone, followed by ring opening and nucleophilic attack by nitrogen a t  
the 4, 5-, or 6 - c a r b 0 n . ~ ’ ~ ~  795 Allomaltol (XII-764, R = CH3) and pyromeconic 
acid (XII-764, R = H) also give pyridazine and pyrazole  derivative^.^'^ 
a(3-Pyrazoly1)acetaldehyde hydrazone was the only product isolated from 
4-pyrone and hydrazine hydrate.796i 797 

Products formed from 1,3,5-triketones (XII-765) or ypyrones and p-nitro- 
phenylhydrazine had originally been assigned the structures XII-766 and 
XII-767.7983 799 However, it has been shown that 4-pyrone and p-nitrophenyl- 
hydrazine give the p-nitrophenylhydrazone of the pyrazole (XII-768, R = H) .797 
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XII-769 MI-767 

It has been proposed subsequently that diacetylacetone (MI-765, R = CHs) 
and p-nitrophenylhydrazie form XII-768 or XI-769 (R = CH3) and that a 
second compound that is described as the 4.pyridone MI-766 (R = CH3) is 
formed from 2,6-dimethyl-4-pyrone. Reaction of XI-766 with additional 
p-nitrophenylhydrazine gives XII-767 (R = CH3).14' It is proposed that 
acetonedicarboxylic anhydride (XII-770) and phenylhydrazines give the pyri- 
done derivatives.140* 8o09 *'' For example, XI-770 and p-nitrophenylhydrazine 
give the N4p-nitroanilino)4pyridone and its p-nitrophenylhydrazone 
(MI-771).800 

0 NNHC, H, NO, -p  

HO QoH - H o f i o H  I - H o f i o H  I 

NHC, H,NO,-p NHC, H, NO, -p 

XII-770 XII-771 

Hydrazine and 2,6dimethyl4-pyrone appear to give the bipyridone 
XII-772.' 40 Triaryl-2-pyrones react with hydrazine and phenylhydrazine to give 
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W-772 

the N-amino- and N-phenylamino-2-pyridones (XII-773), respec- 
tively.120-122, 802  

'no R'NHNH, __c Ino 
N 

R 
0 

I;HR* 
XII-773 

R ' = C , H , , H ; R  =C,H,,p-BrC,H,-, pCH,C,H,- 

Reactions of the 1 -amino group of 1 -amino-4,5,6-triaryl-2-pyridones have been 
studied.802 The ethyl esters of 3-benzoyloxy-4-oxo-4H-pyran-6carboxyIic acid 
and hydrazine in ethyl alcohol are reported to give the hydrazide of 
1 -amino-3-benzoyloxy-4-pyridone-6-carboxylic acid (XII-774, R = C6 H5 CO) but 
only in 8% yield. Similarly, 6-carbethoxy-3-methoxy4-pyrone and hydrazine 
give MI-774 (R = CH3).803 

I 

NH, 
XII-774 

cis,cis-2,4,6-Perchloroheptatriene-6-a1 phenylhydrazone (MI-775) gives 1 -an& 
lino-3,5-dichloro-2-trichlorovinyl-4-pyridone when heated in aqueous ethanol. 
The corresponding 2,4dinitrophenylhydrazone required heating in acetic acid- 
hydrochloric acid to effect cyclization. The bromo analog was prepared 
similarly.233 
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NHC, H, 
c 1  

843 

XII-775 

1 -Amino- and 1 -methylamino-3-hydroxy4-methyl-5-phenylpyridinium chlo- 
ride react with alkali or carbonate to form the corresponding pyridinium 
betaines (MI-776). The amino group of XU-776 (R = H) is not basic but has the 

‘.“‘OoH - OH - c 6 H 5 f 7  - m=H) c 6 H , b  

/ Ac, 0 

+N 
I 

- N. 

(3- \ / 
+N 

I +I 
NHR NHR 

XII-776 

( R = M e )  1 
XII-777 

reactivity of a primary amine. For example, W-776 (R = H) reacts with acetic 
anhydride to form the ylid (MI-777), which is 0-alkylated with diazomethane. 
Trifluoroacetic anhydride and benzoyl chloride react similarly with XII-776 (R = 
H). Acetylation of the N-methylaminopyridinium betaine (W-776, R = CH3) 
gives the betaine W-778, which, in contrast to W-777, is labile to 
hydrolysi~.~’ 

The interconvertible ring systems MI-779 and W-780 can give amino-3- 
pyridinols when treated with aqueous acids. In hydrochloric acid-methanol, 
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2-acetyl- and 2-benzoyld-methyl-4-phenyl-l,2,diazabicyclo [3.2.0] -3-hepten- 
Gone (MI-779) rearrange to N-acetamido- and N-benzamido-3-hydroxy4-methyl- 
5-phenylpyridinium chloride (MI-781 ; R = CH3, C6 H5 ) by an allylic shift of the 
bridging bond from C-5 to C-3 (see the section on 3-pyridinols for a discussion 
of th is  interconversion)?20*804 The pyridinium salts XII-781 are converted to 
betaines (XII-782) by treatment with pyridine or by neutralization with base.804 
When the diazapine (W-780) is treated with benzoyl chloride and pyridine in 
methanol, the 1 -benzoyl-7-methoxytetrahydrodiazepinone (W-783) is isolated 
and forms W-781 on treatment with acid. Treatment of XII-780 with 10% 
hydrochloric acid gives 1 -amino-3-hydroxy-4-methyl-5-phenylpyridinium chlo- 
ride (XII-784),216s 220 which gives XI-781 on treatment with benzoyl chloride 
in pyridine.'04 
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/ NH, 

/ x11-7r 
__c 
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Dimethyl sulfate and XU-780 give the N-methylated products XII-785 and 
XI-786. The hydrochloride of W-785 rearranges to XII-787?I6 

c6 

C6H5 0 OH 

___.c 

+ I  
NHCH, 

XII-787 

c1- 

I 
CH 3 

XU-786 

1 -Amino-2-pyridone and 2-pyridinecarboxaldehyde in methanol give 
N(1 -pyridyl-2ane)-2-pyridinealdimine (Xn-788, R = H). Although the Schiff s 
base from 1-amino-2-pyridone and 2acetylpyridine (W-788, R = CH3) is not 
easily isolated, it forms complexes with iron(II), nickel@), and Co(I1) 
p~rchloratesao5 (see Section IV.5.). 

XII-788 

4. Bifunctional Catalysis 

Although early investigators considered that general acid-general base catalysis 
was operative in the mutarotation of tetramethyl-D-glucose in benzeneao6 and in 
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the aminolysis of p-nitrophenyl acetate,'07 recent studies have demonstrated 
that tautomeric catalysis is consistent with observations. It has been suggested 
that this mechanism is prevalent particularly in reactions of carbonyl compounds 
where bifunctional catalytic effects have been observed and where 2-pyridone 
and similar tautomeric catalysts are effective.'07 The existence of a concerted 
general acid-base reaction mechanism has not been substantiated."' 

A tautomeric catalyst is defined as a "molecule that repeatedly cycles between 
two tautomeric states during the course of catalysis in a chemical rea~tion.""~ 
A concerted mechanism has been proposed: 

- R-A-ZH + H-N 
XH 

I 
Y 3 

0 

It has, however, been observed that 2-@-hydroxyethyl)pyridine (XII-789) and 
4-(y-hydroxypropyl)pyridine (XII-790), which appear to act as bifunctional 
catalysts, are somewhat more effective than 2-pyridone in the hydrolysis of 

CH,CH,CH,OH 

XII-789 XII-790 

p-nitrophenyl acetate E o 9  2-Pyridone, which acts as a bifunctional catalyst in 
peptide synthesis,810-812 does not cause racemization in the synthesis of 
N-benzyloxycarbonyl-~-leucyl-~-phenylalanyl-~-~1ine t-butyl ester from N-benz- 
yloxycarbonyl-L-leucyl-L-phenylalanine p-nitrophenyl ester and L - d i n e  t-butyl 
ester in acetonitrile:" and in condensations in ethyl acetate solution of carbo- 
benzoxy-0-cyano-r. -alanine with methyl glycinate to give methyl carbobenzoxy- 
P-cyanoalanyl glycine.'" 

Bifunctional catalysis of the reaction between fluoro-2,4-dinitrobenzene and 
piperidine and chloro-2,4-dinitrobenzene and piperidine by 2-pyridone, but not 
by N-methyl-2-pyridone, has been reported.'13 2-Pyridone has been evaluated as 
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a catalyst for the polyurethane forming pr~cess . "~  The oxidation of l-dode- 
canethiol by tetramethylene sulfoxide is catalyzed by 2-pyridone and has been 
considered to be general acid and general base catalyzed.815 

5. Complexes and Organometdlic Compounds 

2-Pyridone forms 1 : 1 adducts with MnClz , CoClz , NiClz , and CuClz . In 
addition, CuClz forms a 1 :2 adduct, CuClz B ~ ( P ~ - ~ - O H ) ~  and CoClz forms a 1 :3 
adduct, CoClz -3(4.-2-0H). Powder diffraction data for the CuClz 1 : 1 adduct 
support a chlorine bridged dimeric structure (W-79 1). Generally, properties of 
the other 1 : 1 adducts are consistent with the dimeric structure.'16 

-N 
'H 

XII-791 

N-Methyl-2-pyridone forms 1: 1 adducts with HgClz 'la CdClz ,8" and 
ZnCIz8" and forms a 1 :2 adduct with SnBr, .'la 1,2,6-Trimethy1-4-pyridone 
forms 1 : 1 complexes with HgClz, ZnClz, and CdClz . N-Ethyl-2,6-dimethyl-4- 
pyridone forms 1 : 1 adducts with HgClz, CdClz , and CoClz .'" Infrared spectra 
indicate that the donor site of these N-methylpyridones is the carbonyl and not 
the nitrogen.818i 'I9 

2- And 4-pyridone coordinate at oxygen to form 1 : 1 adducts, C O ( N H ~ ) ~  PyOH- 
(C104)3, with pentamminecobalt(III), which are isolated as their perchlorates. 
3-Pyridinol does not react with aquopentamminecobalt(II1) perchlorate.820 
2-Pyridone is reduced by Cr(I1) via the outer sphere mechanism, while 
Qpyridone is reduced via ligand transfer!" 

Complexes of 2-pyridone with the structure M(P~-2-OH)~(anion),, (M = Mn, 
Fe, Co, Ni, Zn, Cd; anion = C104-, BF4-) have the ligand in the lactam form 
coordinated to metal ions also via the carbonyl. Ca(Py-2-OH)a(C104)z and 
Al(Py-2-OH), (C104)3 have been described also.822 

QPyridone and sodium dinitro-bisacetylacetonato carbonate(II1) form a stable 
nonionic complex (W-792) that appears to be the frans-is~mer.'~ 4-Pyridone 
and hydrated cobalt chloride in alcohol give a blue tetrahedral complex 
C0(Py-4-0H)z Clz 
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Stability constants have been determined for 1 : 1 bivalent metal complexes of 
UOz , Cu, Pb, Zn, Be, Ni, Co, Cd, and rare earths with 3-hydro~y-2-pyridone.~~~ 

Stability constants of 1 : 1 complexes (XI-793) formed by chelidamic acid 
(H3L) and Ca2+, BaZ+, Srz+, MgZ+, and Mn2+, and of 1: l  and 1:2 complexes, 
M(HL),, from chelidamic acid and Co2+, Ni2+, Cuz+, and ZnZ+ have been 
determined. These complexes are stabilized by loss of the phenolic proton in 
alkaline solution.82 
Bis(3-hydroxy-2-pyridylmethylene)ethylenediamine (HI-794) forms 2:3 

copper(I1) and nickel(1I) complexes.827 The 1 : 1 complex formed from Fe(II1) 

XII- 79 3 

\ 
CH, -CH, 

XII-794 

perchlorate and 2-pyridone has been examined spectroscopically in aqueous 
solution.*z8 The Mossbauer spectrum of several substituted pyridine iron(I1) 
derivatives has been measured, including a bis( 1,2-cyclohexadienonedioxime)- 
iron(I1) complex with 3-pyridinol, Fe(II)(Niox), (Py-3-OH)* ."' 

N-Amino-2-pyridone and its Schiff's bases (XI-795) (R = H, CH3) from 
2-pyridinecarboxaldehyde or 2-acetylpyridine have been studied as ligands for 
transition metal ions [Fe(II), Co(II), Ni(II)] . Two series of complexes have been 
isolated from I-amino-2-pyridone: MLClz from the  metal chlorides and 
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ML3(C104)2 from the perchlorates. Complexes of the general formula 
(ML2)(C104)2 were formed from W-795, a tridentate ligand that coordinates 
through two nitrogens and one oxygen.805 

XII-795 

2-Pyridone reacts with dibutyl dimethyloxytin to form dibutyldi-(2-pyri- 
donato- 1)tin (MI-796), with dimethyl dichlorosilane to form dimethyldi-(2-pyri- 
dinato-1)silane (XII-797), and with aluminum ethoxide to form tri(2-pyri- 
dinato-1)aluminum (XII-798). Infrared spectra are consistent with an N-substi- 
tuted pyridone structure.830 

XII-796 XII-797 MI-798 

A comparison of the ultraviolet spectra of arylmetallic derivates of pyridones 
with the spectra of their N- and 0-methyl derivatives indicates that phenyl- 
mercury derivatives of 2-pyridone, 3 ,S-dichloro-2-pyridone 3,5dichloro-4- 
pyridone, and 4-pyridone have the lactam structure (e.g., XII-799), while the 
triphenyl tin and triphenyl lead compounds have the lactim structure (e-g., 
xu-800).831 

The rate of substitution of bromide in [Pt(dien)Br]' by a series of pyridine 
derivatives including 2-pyridone and 3-pyridinol has been considered to  be 
governed by steric properties of the entering group rather than by its 
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Ethyl 4,6dihydroxy-5-nitrosonicotinate has been studied as an analytical 
reagent for a photometric determination of iron.833 3-Nitroso-2,6-pyridinediol 
has been studied as an analytical reagent for the photometric determinations of 
osmium,”34 and palladium.835 Ruthenium chloride appears to 
form a 3: 1 3-nitroso-2,6-pyridinediol to ruthenium anionic complex.836 A 2: 1 
complex is formed from palladium(I1) chloride.835 Methyl and ethyl esters of 
1 -aryl-5-hydroxy4pyridone-2-carboxylic acids can be used as chelating agents 
for the extraction and separation of niobium(V) and tantalum(V) from oxalate 
 solution^.^^' Triethylborane and 2-pyridone form a 1 : 1 dimer.838 N-Methyl-2- 
pyridone and cyclomethylenetetranitroamine form a 2: 1 complex.839 

V. Polyhydroxypyridines 

A number of 2,4- and 4,6dihydroxy-2-pyridones can be prepared from 
polyhalopyridines that are available by ring closure and by direct halogena- 

2-Pyridone, 4-pyridone, and 3-pyridinol undergo the Elbs peroxydisulfate 
oxidation, a reaction characteristic of phenols and aromatic amines. A bimolecular 
ionic reaction in which the 2-pyridyloxy ion attacks the peroxy-bond of the 
persulfate ion with displacement of sulfate ion to give 2-pyridone-5-sulfate 
is consistent with the  observation^.^^' 9 8 4 1  

tion.15, 233-235,244-248 

4Methyl-S-phenyl-3-pyridinol couples with p-nitrobenzenediazonium chloride 
to give W-801 and W-802 (Ar = p-NOZ C6 b), which can be hydrogenated to 
the corresponding aminopyridinols (XII-803 and XII-804). Treatment of XII-803 
with nitrous acid gives W-805, XII-806, or XU-807, depending on condi- 
t i o n ~ . ~ ~ ~  The autooxidation product W-807 can be converted to the triacetate 
of 4-rnethyl-S-phenyl-2,3,6-pyridinetriol (XlI-808) by treatment with zinc dust 
in acetic anhydride.z92 

Compounds formed by bromate or chromium trioxide oxidation of 3- and 
5-amino-2-pyridone and 3-amino-5-methyl- and S-amino-3-methyl-2-pyridone 
were first described as possessing monomeric azaquinone or azaquinhydrone- 
type structures.84z It has, however, been shown that after hydrolysis and oxida- 
tion with potassium bromate ,5 -acetamido-3-methyl-2-pyridone forms 3-hydroxy- 
6-me thy1 -2-aza- 1,4-benzoquinone-4-(2,6dihydroxy-5-methylpyridyl)-3-imine 
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c,H, + H O O  ,H, 
H o o c 6 H s  - ArN; 

/ ' N,Ar ArN, / 
N 

HoaIc 
N 

XII-803 

CH, 

XII-804 

N Hn:s O N  I 

H I 
H 

XII-805 XU-806 

H0n:5 

L 

XII-807 XII-808 

(XII-809).843 Oxidation of W-809 with nitric acid produces 5-methyl-2,3,6- 
pyridinetrione (XII-810). Hydrogenation of (XI1809) over Pd-BaS04 gives 
4,4'dihydroxy-5,5'dimethyl-3,3'diaza-2,2'diphenoquinone (W-812), through 
autooxidation of the intermediate 3-amino-5-methyl-2,dpyridinediol (MI- 
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I 
H 

Pd-BaSO. 

"=. / noNo, \ 
cH3_i_;] 0 H I 

XU-811 XU-810 I 

H 
XII-813 

811).843 Reduction of W810 with zinc in the presence of acetic anhydride 
gives 2,3,6-triacetoxy-5-methylpyridineI which is hydrolyzed in sulfuric acid to  
HI-813, isolated as the hydrochloride hydrate. Hydrogenation of XII-810 over 
palladium also gives X11813.5°6 

4~Methyl-3-phenylazo-2,6-pyridinediol (W814, R = H) and 43 -dimethyl-3- 
phenylazo-2,6-pyridinediol (W814, R = CH3) and zinc in acetic anhydride 
form 2,6diacetoxy-3-diacetylaminopyridines that can be converted to the 
2,3,6-triacetoxypyridine and then to 3-hydroxy4methyl-2,6-pyridinediones 
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___) 

Ac, 0 
OH 

I 
H 
XII-814 ______I__ 

R O O A C  __c - (R = o, CH,) C:flo 

0 
N 

I I 
H H 

XII-8 15 XI14 17 

A d  OAc 

HO CH, OH CH3 0 

O= =O 

H’ OH CH, OH H 0 CH, 0 
XU-816 xu-8 18 

(Xn-815). Autooxidation of W815 (R = H) gives the corresponding bipyridyl 
(Xn416). Autooxidation of W-815 (R = CH3) gives the deep blue azaquinone 
XIIS17. Oxidation of W816 with potassium ferricyanide gives the bisaza- 
quinone (XIIS 1 8).’06 

Hydrolysis of the azoquinone ketal (WS19) gives a product that had been 
described earlier as 3-hydroxy-2azabenzoquinone (Xll-820),844 but has been 
shown to be the diazadiphenoquinone (MI-821).843 

Compounds described as 4-methyl- and 4,S-dimethyltrihydro~ypyridines~~~ 
do not have the properties expected from these structures843 and are probably 
products of autooxidation. 

Although earlier attempts to prepare 3-amino-2,6-pyridinediol were unsuccess- 
f d 4 ’  this compound has been prepared from 3-phenylazo-2,6-pyridinediol 
(XIIS22).846 Hydrogenation of W-822 employing Raney Nickel in the presence 
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0 
I 

H 
XII-819 XII-820 XII-821 

of acetic anhydride gives the tetraacetate. Reduction of XII-822 or of 
3-nitroso-2,6-pyridinediol (XII-823) with tin and hydrochloric acid gives the 
hydrochloride of 3-amino-2,6-pyridinediol (XII-824).B46 Free 3-amino-2.6-pyri- 

f J G H 5  * O N ( A c I z  

\ A *  I 
O N 0  ~ fJ3+C'- 

OAc 0 
I 

H 
XII-822 

OH 0 OH 
O N  I 

H 
I 
H 

XII-823 XII-824 

dinediol cannot be isolated conveniently because of its autooxidation. When its 
hydrochloride is dissolved in sodium bicarbonate solution indigoidin (W-825) is 
formed. (See Section VI, p. 860.) Hydrogenation of XII-825 in acetic anhydride 
gives 5,5'-bisdiacetylamino-2,6,2',6'-tetraacetoxy-3 ,3'-bipyridy1.846 

H\g; 0 A* /gNAC2 
fJ;l3+Cl- - - 

0 \ OAc 

I 
H 

/ N  N 
'H Ac, N 

I 
H2 N 

0 OAc 

XII-825 
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VI. R i ~ i n i n e " ~ ~  and Other Pyridine Alkaloids 

Succinic acid is incorporated into the 2-, 3- and 7-carbon atoms of ricinine 
(3cyano-4-methoxy-1 -methyl-2-pyridone). Carbon 1 of succinic acid becomes 
the nitrile carbon of r i~inine."~~-""  Ni cotinic acid and nicotinamide are highly 
incorporated into ricinine, which suggests that these two compounds are closer 
to ricinine than is succinic Ricinine and nicotine show labeling 
patterns that are consistent with a pathway where succinic acid or a related 
dicarboxylic acid is a precursor to nicotinic acid, which is an intermediate in the 
formation of nicotine and r i ~ i n i n e . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  The a-carbon of lysine is 
incorporated into carbon 6 of ricinine and the €-carbon of a-aminoadipic acid is 
incorporated into carbons 2 and 6.854 

Nudiflorine (S-cyano-1 -methyl-2-pyridone) (XII-826), an isomer of ricinidine 
(demethoxyricinine), has been isolated from the leaves of 7'rewia nudiflora Linn. 
It has been synthesized from 5-carbomethoxy-2-pyrone by treatment with 
ammonia to form 6-oxonicotinic acid, whch is alkylated via its sodium salt to 
the N-methyl derivative. Esterification, followed by conversion to the amide and 
dehydration, gives nudiflorine. It has been suggested that both ricinidine and 

CH3 

XII-826 

nudiflorine arise from nicotinic acid."" CAcetyl-S-isovaleryl-2,6-pyridinedione 
(XII-827), an antibiotic with strong activity against gram-positive and gram- 
negative bacteria, has been isolated from Aspergillus flavipes, a thermophilic 

Innovanamine, 2-methyl-3-~-~-glucopyranosyl4-pyridone (XII-829) has been 
isolated from fallen leaves of Evodiopanax in no van^,"'^ and has been prepared 
from the natural maltol glucoside (XII-828).131 Hydrolysis by hydrochloric acid 
in methanol or in the presence of emulsin gives 3-hydroxy-2-methyl-4pyridone 
and glucose.a58 
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Ho*ofi-Hoo CH3 N m3 N 

I 
H 

I 
H 

XII-829 

Perlolidine (W-833), a minor alkaloid first isolated from the New Zealand 
perennial rye grass Lolium perenne L., has been synthesized from 3-cyano-4- 
phenyl-2-pyridone (see Section I.2.B.) via XII-830, XII-831, and XII-832.46 

0 
I 

H A 
XII-830 

H g N' 

I 
H 

MI-831 
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- ”-& H + ? $  / -Ng / 

0 0 
N 

I I 
H H 

XII-832 XII-833 

The alkaloid piplartine W4334, isolated from the roots of Piper longurn Linn., 
is identical with p iper long~mine .~~~’  s60 A 3,4-dihydro-2-pyridone structure was 
first proposed,859 but a detailed NMR study has shown it to be N-[P(3,4,5-tri- 
methoxyphenyl)acrylyl] -5,6dihydro-2-pyridone fiII-834)*60 Blastidone 

N 
I 

O/&-CH=CH- 

(W-835), a degradative component of blasticidine S by mild alkaline hydrolysis, 
has been prepared from methyl isonicotinate through the following se- 
quence:861g 862 

C0,CH3 CO,CH, COOH CO, CH, 0 a pJ K S W C N ) .  -OrZN* pJoL 

c>- &J0 NPOBI_ fi0 0 

I I 
CH, CH3 

+I I-  
CH, 

CO, CH, CONH, NHCONH, 

N 
I I 1 

AH3 CH3 CH, CH3 
w - 8 3 5  
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The C-3 of aspartic acid is specifically incorporated into the pyridone nucleus 
of mimosine (W836).'34 Lysine is incorporated into the pyridone nucleus of 

I 
CH, -CH-CO, 

I 
N H ~ +  

XII-836 

XI14336 in L. G 2 ~ u r n . ~ ~ ~  The alkaloid tomatillidine has been assigned the 
structure ~ - 8 3 7 . 8 ~ ~  

XU-837 

The structure of piericidin A, a natural insecticide865 and irhbitor of 
mitochondria1 electron has been elucidated as 
W-838. '603 591i867-869 Evidence has been presented to assign the S configura- 
tion to C-9 and C-10 of the side chain and a trans arrangement at each side-chain 
double b0nd.8~' Piericidin B, isolated along with Piericidin A from mycellia of 

CH3-CH=C-CH-CH-CH=C-CH2-CH=CH-CSH-CH2 y H 3  7H3 yH3 

7% cH3h0cH3 W H ,  

I I 
OH XII-838 H 
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Streptomyces mobaraensis, has been identified as the 10-methyl ether of 
Piericidin 

The metabolism of nicotine by several microorganisms has been studied. 
Included as products are 6-hydroxynicotine (XII-839), 6-hydroxy- (XII-841) and 
2,6-dihydroxy-3(y-methylaminobutyryl)pyridine (XII-842), whch are obtained 
from nicotine in a reaction catalyzed by cell-free preparation of a soil 
b a ~ t e r i u m . * ~ ~ - ' ~ ~  and from a Pse~domonas .8~~ 6-Hydroxynicotine (W-839) 
and W-842 are produced from nicotine by oxidation by a cell-free extract of 
Arthrobacter oxydans879i880 and by a species of Arthrobacter present on the 
roots of tobacco plants.88' 

L-Nicotine oxidation by cell-free extracts of Arthrobacter oxydans yields 
L-6-hydroxynicotine exclusively.a82 When Arthrobacter oxydans is grown on 
DL-nicotine, L- and D -6-hydroxynicotine oxidases are produced and have been 
~eparated."~ L-6-Hydroxynicotine oxidase converts L-6-hydroxynicotine to 
5-(y-methylaminobutyry1)-2-pyridone (XII-841) in the presence of oxygen by a 
mechanism that consists of dehydrogenation followed by hydrolysis of the 
intermediate enamine (W-840).884 

2-Pyridone and 4-pyridone are the major persistent metabolites arising from 
the breakdown of pyridine nucleotides following administration of 7-C14 

The biosynthesis of Piericidin A and B has been 

+T-fJQ N / 0 - 
I 
H 

XII-839 

H 
xu-842 
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nicotinic acid intramuscularly into a pig.'" A bacillus isolated on nicotinic acid 
is shown to oxidize this compound to 6-hydroxynicotinic acid and 2,6di- 
hydroxynicotinic acid, which is then decarboxylated to 2,6-dihydroxypyri- 
dine.886 Bacteria utilizing 2- and 3-hydroxypyridine convert these substrates to  
pyridine-2,5di01.4~' A number of bacteria produce green or blue pigments by 
oxidation of 2-pyridone,'" 5-hydroxy-2-pyridone,'' nicotine or nicotinic 
acid,"'* 2,6dihydroxynicotinic acid,"l isonicotinic and citrazinic 
acid.8" The blue oxidation products are either indigoidin (XII-844) or related 
compounds. Indigoidin is a blue compound produced by various bacteria, P. 
indogofera, C. insidiosum, A .  atrocyaneus, and A .  polychromogenes.893~895 The 
assignment of structure W844 was based on comparison of its uv, ir, and NMR 
spectra, and acidities with data on structurally related compounds. It has been 
prepared directly and in good yield by potassium ferricyanide oxidation of 
aminocitrazinic acid (W-845), by decarboxylation of the dicarboiylic acid 

treatment of the indigoidin hydrolysis product (W-847) with ammonium 
acetate, and by the autooxidation of 3-amin0-2,6-pyridino1.8~~ When the 
hydrochloride of 3-amino-2,6-pyridinediol is dissolved in sodium bicarbonate 
solution, a deep blue color is formed that rapidly disappears. On further 
oxidation, the solution turns blue again and deposits indigoidin (W-844). 
Presumably a blue semiquinoid intermediate is formed that dimerizes to  the 
leuco-indigoidin (W-843), which is oxidized to  W844. The hydrolysis product 
(XII-847) is accessible from nitrosocitrazinic acid, from 3,3'-dipyridyl, from 
3-amino-2-pyridone, or from citrazinic acid di re~t ly ."~ 

W846,894 by the bromic acid oxidation of 5-arnin0-2-pyridone,"~ b Y 
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XII-843 XII-844 xu-847 

IHBf l ,  

HaNpJo N 

I 
H 

Two alkaloids, syphilobin F (XII448) and syphilobin A,  its 3-deoxy 
derivative, have been isolated from Lobelia syphilitic L.600 

CH, 0 

XII-848 
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WI. Tables of Physical Data 

BY PRISCILLA B. CLARKE AND HOWARD TIECKELMANN 

Tables XII-25 to XII-145 represent a list of pyridinols and pyridones that have 
been described in the literature from 1960 to  1970. A few compounds reported 
during 1958 and 1959 are also included. Melting points boiling points, and/or 
analytical data, and references are given for each compound. When the nitrogen 
atom is unsubstituted, the pyridinol structure has been used throughout the 
tables, which have been divided into the following major categories: 2-, 3-, and 
4-pyridinols; 2-, and Cpyridones; ethers of 2-, 3-, and 4-pyridinols; pyridinediols, 
ethers of pyridinediols, pyridinetriols and ethers of pyridinetriols. 

Format of Tables 

To facilitate the location of a specific compound the tables have been 
subdivided into the following categories: 

Alkyl and Aryl; Alkyloxy, Aryloxy, and Hydroxy; Amino, Substituted Amino, 
and Imino; Carboxylic Acids, Aldehydes, Amides and Esters; Nitriles; Halo; 
Nitro and Nitroso; and Sulfur Containing Pyridinols and Pyridones. 

If there is more than one substituent on the pyridine ring the compound will 
be found in the table with the functional group listed last in the above list. For 
example, 4-chloro-3-nitro-6-n-propyl-2-pyridinol is listed in the table with the 
heading Nitro and Nitroso 2-Pyridinols. In all cases except sulfur containing pyri- 
dinols and carboxylic acids and their derivatives, the functional group is directly 
attached to the pyridine ring. In the latter cases the sulfur or carboxylic acid may 
appear in any location on the substituent. 



Reference Code 

a = Molecular orbital calculation 
b = Crystal data studies 
c = Column chromatography 
d = Explosive properties 
e = Electron spin resonance 
f = Rf values 
g = Gas chromatography 
h = Fluorescence 
i = Infrared absorption data 
j = Transition energies 
k = Optical rotation 
1 = Ligand field spectra 

m = Mas spectroscopy 
n = Nuclear magnetic resonance 
o = Optical rotatory dispersion 
p = Photochemical decomposition 
q = Molar conductivity 
r = Raman spectra 
s = Spot test 
t = Thin layer chromatography 
u = Ultraviolet spectroscopy 
v = Visible absorption data 

w = Electronic structure 
x = X-Ray data 
y = Stabhty constants 
z = Dipole moments 
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R’ 

H TABLE XII-147. Diazadibenzoquinones 

R R’ m.p. Derivatives Ref. 

1. 
2. 

3. 

4. 
5 .  
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 

20. 
21. 
22. 
2 3. 
24. 
25. 
26. 
27. 
28. 
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from acylation of furans, 665 
2-furoyl halides , 665 
used in synthesis of 2-alkyl 

N-acylpyridones , rearrangement , 
(aryl) -3-pyridinols , 665 

776 
synthesis , 776 

from 2-acetylthiopyridineI 777 
Acylthiopyridines, 777 

Addition-elimination pathway , 
46 

Adenosine-5'-phosphateI reac- 
tion with B-cyanoethyl-2- 
pyridylphosphate, 704 
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6-Alanine, reaction with di-1- 
propynyl ketone, 615 

a-Alanylamide, reaction with 
di-1-propynyl ketone, 615 

Alanylglycine, reaction with 
di-1-propynyl ketone, 615 

6- ( B- Alany 1) -1-h ydroxy-2-pyri- 
done, 726 

6- (B-Alanyl) -2-pyridone , from 
l-benzyloxy-6-methyl-2- 
pyridone , 726 

Aldimines , 230 
6-Alkoxy-2-amino-3,5-dicyano- 

4-ethylpyridines, 603 
6-Alkoxy-2-amin0-3,S-dicyano- 

pyridines, 602 
Alkoxy-2-aminopyridinesI 139 
Alkoxy-3-aminopyridinesI 140 
Alkoxy-4-aminopyridines, 142 
2- (Alkoxybenzyl) aminopyri- 

2- (4-Alkoxybenzylamino) pyri- 

2-Alko~y-3~5-diamino-6-pheny- 

2-Alkoxy-3,5-diaminopyridines, 

dines, 151 

dines , 58 

lazopyridine, 018 

coupling with diazonium 
salts , 818 

2-Alkoxy-3,5-dinitropyridines, 
from Z-fluoro-3,S-dinitro- 
pyridine , 688 

4-Alkoxy-3-halopyridine-1-ox- 
ide, N-deoxygenated, 725 

4-Alkoxy-3-halopyridine-1-ox- 
ides, from 3-halo-4-nitro- 
pyridine-1-oxides, 688 

4-Alkoxy-3-halopyridinesI from 
3-halo-4-nitropyridine, 
688 , 694 

4-Alkoxy-1-methylpyridinium 
salts, solvolysis studies, 
829 

oxides , 608 
conversion to 3,4-diallioxy- 

pyridine-1-oxides, 688 
from 3-fluoro-4-nitropyridine- 

1-oxide , 688 

3-Alkoxy-4-nitropyridine-l- 

3-Alkoxy-4-nitropyridinesI from 
3-fluoro-4-nitropyridinesI 
608, 694 

maleimi.de, 669 
preparation, 669 
reaction with maleic anhydride, 

5-Alkoxyoxazoles, 669 

669 

from polyhalopyridines and 
alkoxides , 684 

Alkoxypyridines, alkylation of 
phenylacetamides with, 336, 
337 

bilities, 743 

catalyst on rearrangement 
rate , 03  3 

hydro-l,Z-pyrans, 730 

4-AlkoxypyridinesI effect of 

4-Alkoxypolychloropyridines, 

Alkoxypyridines, relative sta- 

2-Alkoxypyridines, effect of 

3-Alkoxypyridines, from 3,4-di- 

preparation, 766 

catalysts on isomerization, 
694 

rearrangement of, 694 
rearrangement rate, 834 
3-Alkoxypyridinium halides, 

from furfural and amines, 
767 

2-Alkoxy-3,4,5,6-tetrachloro- 
pyridine , 684 

4-Alkoxy-2,3,5,6-tetrach1oro- 
pyridine , 684 

N-Alkylacetoacetamides, auto- 
condensation of, 641 

3 - (a- Alky laminoethy 1 idene 1 - 6 - 
methy1pyran-2,4-dionesI 
from dehydroacetic acid, 
652 

alkoxynitropyridines, 57 
Alkylaminonitropyridines, from 

4-Alkylaminopyridine, 52 
A1kyl-2-aminopyridineI 45, 128 
Alkylaminopyridine, from alkyl- 

mine and pyridine, 54 
Alkyl-3-aminopyridinesI 131 
Alkyl-4-aminopyridinesI 132 
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2-Alkylaminopyridines, 148 
from aminopyridines and alco- 

hols, 55 
4-Alkylaminopyridines, from 4- 

pyridinesulfonic acid, 58 
Alkylaminopyridines, from re- 

duction of pyridyl amides, 
69 

l-Alkyl-4-benzyl-5-carbethoxy- 
3-hydroxy-6-methyl-2-pyri- 
dones, 682 

kylpyridines , 196 

kylpyridines , 202 

droxypyridinium chloride, 
666 

1- A1 ky l-4- chloro-2 ,3 -di hydro- 
6-oxofuro (3 , 2-C) pyridine, 
chlorination of, 787 

5-Alkyl-4-chloro-2,3-dihydro- 
6-oxofuro (3,2-C) pyridine , 
764 

N-Alkyl-2-cyano-3-hydroxypyri- 
dinium chloride, 666 

4-Alkyl-3-cyano-2-pyridones, 
756 

formation of dianions, 756 
side chain alkylation, aroy- 

lation, acylation, 756 

756, 758 
by alkylation of dicarbanions 

of B-ketoaldehydes or B- 
diketones, 758 

dimethyl-2-pyridoneP 758 

2- (a-Alkyl-branched) aminoal- 

2- (6-Alkyl-branched) aminoal- 

l-Alkyl-2-carboxamido-3-hy- 

6-Alkyl-3-cy~o-2-pyridones, 

from dianion of 3-cyano-4,6- 

formation of dianions, 756 
side chain alkylation , aroy- 

lation, acylation, 756 
Alkyl,2,3-diaminopyridines, 175 
Alkyl 3,4-diaminopyridines, 184 
N-Alkyl-3,5-dibramo-2,6-di- 

methyl-4-pyridone, reac- 
tion with P2S5, 793 

N-Alkyl-3,5-dibromo-2,6-di- 
phenyl-4-pyridone, reaction 

with P2S5, 793 

anopyridines, 785 

droxy-2-pyridone, 785 
5-Alkyl-3,4-dichloro-6-methyl- 

2-pyridones, 613 
3-Alkyl-4 , 5-dichloro-2,6-pyri- 

dinediones, tautomeric 
properties, 738 

2-pyridone, 643 
ammonium salt, 758 
reaction with, phenylphosphon- 

phosphorous oxychloride, 785 
4-Alkyl-3,5-dicyano-6-hydroxy- 

2-pyridone ammonium salt, 
793 

4-Alkyl-2 ,6-dichloro-3 ,5-dicy~ 

from 4-alkyl-3 , 5-dicyano-6-hy- 

4-Alkyl-3,5-dicyano-6-hydroxy- 

ic dichloride, 785 

reaction with P2S5, 793 
N-Alkylfuro (3,2-C) pyridines , 

764 

-4,6-pyridinediol, 764 

chloride , 764 

from 2-chloro-3- (B-chloroethyl) 

reaction with phosphorus oxy- 

Alkylhalo-2-aminopyridines , 136 
Alkylhalo-3-aminopyridines, 136 
Alkylhalo-4-aminopyridines, 136 
2-Alkyl-3-hydroxypyridines, 110 
2-~1kyl-S-hydroxypyridine-3,4- 

dicarboximides , 669 
2-Alkyl-S-hydroxypyridine-3,4- 

dicarboxylic acids, 669 
N-Alkyl-3-hydroxypyridinium 

chloride, 666 

tuted 2- (a-aminoalkyl) 
furans, 666 

2 ,2'- (Alkylideneirnino) dipyri- 
dine, 65, 151 

6-Alkyl-2-methyl-4-pyridone, 
from triketones, 651 

Alkylnitro-2-aminopyridines , 138 
Alkylnitro-3-aminopyridines , 138 
Alkylnitro-4-aminopyridines , 138 
2-Alkyloxazolo (5,4-b) pyri- 

dines, from acylation of 

by oxidation of N-monosubsti- 
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3-amino-2-pyridonesI 778 
N-Alkylperchloro-2,4-pentadie- 

namides, 603 
6-Alkyl-2-phenyl-4-pyridoneI 

from triketones, 651 
Alkylpyridines, oxidation of, 

268, 272 
Alkylpyridine-1-oxides, side- 

chain acetylation, 715 
4-Alkyl-3-pyridino1, n-elec- 

tron densities, 742 
6-Alkyl-3-pyridinolI a-elec- 

tron densities, 742 
2-Alkyl-3-pyridino1sl 665 
from acylfurans , 665 
nitration o f ,  809 
n-electron densities, 742 
N-Alkylpyridones, preparation 

v i a  alkyl halide-catalyzed 
rearrangement reactions, 
83 5 

relative stabilities, 743 
N-Alkyl-4-pyridonesI from 4- 

alkoxypyridines by rear- 
rangement, 694 

N-Alkyl-2-pyridonimines , 92 
1- (Alkyl-2-pyridyl) -2-pyri- 

dones. from pyridine-l-ox- 
ides and 2-bromopyridine , 
691 

Alkynes, as the active methy- 
lene compound in condensa- 
tions with pyridine alde- 
hydes, 342 

Allomaltol, 839 
2-Allylamino-5-bromopyridines, 

2-Allyamino-3,5-dibromopyri- 

2-AllylaminopyridineI 55, 86 
N-Allylaminopyridine, 92 
l-Allyl-3-carboxanilide-6-hy- 

55 

dine, 55 

droxy-4-phenoxy-2-pyridoneI 
663 

767 

arrangement of, 838 

3-AllyloxypyridineI synthesis, 

2-AllyloxypyridineI Claisen re- 

rearrangement in presence of 
Lewis Acids, 839 

l-Allyl-2-pyridonimineI 92 
Amination, 45 
2,2 ' -{ [ (Aminoalkyl) imino] 

diethylene) dipyridines, 
208 

Aminoalkylpyridines, 105 
2-Aminoalky1pyridinesl 190, 204 
3-AminoalkylpyridinesI 210 
4- (Aminoalkyl) pyridines , 216 
B-Aminoalkyl 2-pyridyl sulfides, 

118 
3-Amino-5-aminoethyl-4-methoxy- 

methyl-2-picolinel 103 
3-Amino-5-aminomethyl-2,4-luti- 

dine, 103 
3-Amino-S-aminomethyl-4-meth- 

oxymethyl-2-methylpyridine, 
778 

6-pyridone by hydrogenation, 
778 

from the 5-cyano-3-phenylazo- 

5-Amino-2-anilinopyridinesI 180 
5-Amino-2-arylthiopyridines , 

l-Amino-2-benzoylethylene, con- 
142, 122 

densation with ethyl cyan- 
oacetate, 623 

done-6-carboxylic acid hy- 
drazide, 842 

l-Amino-3-benzoyloxy-4-pyri- 

3-Amino-4-benzoylpyridineI 88 
2-Amino-2-benzyl-l,1-(2,2- 

dipyridyl) pentane, 108 
3-a-Aminobenzylidene-6-phenyl- 

2H-pyrar1-2~4- (3H) dione , 
65 7 

3-Amino-l-benzyl-5-iodo-4-pyri- 
done, 49 

2-(a-Aminobenzyl) pyridine, 105 
4- (a-Aminobenzyl) pyridine , 112 
3-Amino-l-benzyl-4-pyridoneI 49 
a-Amino- 8- (2-pyridyl) propionic 

acid, formation from, 2- 
pyridine aldehyde, 342 

3-Amino-2- (0-bromobenzyloxy) 
pyridine, 49 
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3-Amino-4-(2-bromo-4-chloro- 

2-Amino-3-bromo-5-nitropyri- 

2-Amino-5-bromo-5-nitropyri- 

phenythio) pyridine, 00 

dine, 16 

dine, reaction with nitric 
acid in sulfuric acid, 702 

dine, 93 

dine, 76 

dine, 691 

2-pyridone, 691 

691 

4-Amino-4-bromo-5-nitropyri- 

2-Amino-5-bromo-3-nitropyri- 

4-Amino-2-bromo-3-nitropyri- 

conversion to 4-amino-3-nitro- 

from 4-amino-2-bromopyridineI 

2-Amino-3-bromopyridineI 41 
2-Amino-5-bromopyridineI 76, 90 
3-Amino-S-bromopyridine, 40, 70 
4-Amino-3-bromopyridineI 93 
2-Amino-S-bromopyridine, nitra- 

tion of, 697 
3-Amino-S-bromo-2-pyridone, 

with benzoic anhydride, 
770 

thesis, 16 

pyridine, 76 

112 

with di-1-propynyl ketone, 
615 

ethoxycarbonyl-2-foryl- 
pyridine, 64 

ethoxycarbonyl-2-picoline, 
64 

ethoxymethyl-2-picoline, 
49 

2-Amino-5-chloro-3-methylamino- 
pyridine, 41 

S-Amino-2-chloro-6-methylpyri- 
dine-3-carboxylic acid, 77 

2-Amino-5-bromopyridineI syn- 

6-Amino-2-bromo-3,4,5-tricyano- 

3- (4-Aminobutyl) piperidine , 

E-Aminocaproic acid, reaction 

3-Amino-6-chloro-5-cyano-4- 

3-Amino-6-chloro-5-cyano-4- 

3-Amino-6-chloro-S-cyano-4- 

2-Amino-S-chlor0-3-nitropyri- 

4-Amino-2-chloro-3-nitropyri- 

2-Amino-4-chloropyridine , 76 , 

2-Amino-S-chloropyridine, 73, 

3-Amino-5-chloropyridine , 40 
4-Amino-2-chloropyridine , 76 
2-Amino-5-chloropyridine hydro- 

chloride, structures, 62 
4-Amino-3-chloropyridine-l-o~- 

ide, 76 
Aminocitrazinic acid, oxidation 

with potassium ferricyanide , 
06 0 

3-Amino-5-cyano-4-ethoxymethyl- 
2-picoline, 49 

2-Amino-S-cyano-6-ethoxy-3- 
pyridinecarboxamide , 602 

2-Amino-S-cyano-fi-hydroxy-3- 
pyridinecarboxamide , 602 

2-Amino-5-cyano-6-methoxy-3- 
pyridinecarboxamide , 602 

2- (1-Aminocyclohexyl) pyridine , 
116 

N-Amino-SI6-diaryl-4-phenyl-2- 
pyridone, from triaryl-2- 
pyrones, 042 

4-Amino-2,6-di-t-butylpyridineI 
for 2,6-di-t-butylpyridine- 
4-sulfonic acid, 52 

4-Amino-2,6-dichloropyridine, 
76, 94 

2-Amino-3,5-dicyano-6-ethoxy-4- 
phenylpyridine, 43  

2-Amino-3,5-dicyano-6-ethoxy- 
pyridine , 602 

2-Amino-3 , 5-dicyano-6-rnethoxy- 
pyridine , 602 

3-Amino-2- (B-diethylaminoethy- 
lamino) -5-nitropyridine , 99 

3-Amino-2- (B-diethylaminoethyl- 
aminopyridine, 06 

reaction with p -ethoxyphenyl- 
acetonitrile , 86 

4-Amin0-1~6-dimethyl-3-nitroso- 

dine, 93 

dine, 15 

06 

16 



1188 Index 

2-pyridone , 700 

lazopyridine, 44 

lpyridine , 45 

00 

done , nitroso derivatives , 
formation of , 700 

4-Amino-lI6-dimethyl-2-pyridone, 
nitrosation, 019 

2-Amino-6-(2,5-dimethyl-l-pyr- 
rolyl) pyridine , 60 

2-Amino-3,5-dinitropyridineI 
56, 93 

0-Amin0-2~3-diphenylpyrido 12, 
3-b] pyrazine, 97 

2-Amino-4-ethoxymethyl-6-methyl- 
nicotinic acid, ethyl ester, 
44 

4-Amino-5-ethoxy-3-penten-2- 
one , 624 

condensation with malono- 
nitrile, 624 

preparation from, ethoxyaceto- 
nitrile and acetone, 624 

l-ethoxy-2,4-pentanedioneI 
624 

3-Amino-5-ethoxypyridineI con- 
version to nitramines, 704 

2-Amino-6-ethoxypyridineI 73 
4- ( 8-Aminoethoxy) pyridine-l- 

2-?minoethoxypyridines, 225 
5-Aminoethyl-2-picolinesI 120 
2-Amino-5-ethylpyridineI 40 
2-(2-Aminoethyl) pyridine, 69, 

Aminoethylpyridines, 103 
3-Amino-2-fluoropyridineI 40 
S-Amino-2-fluoropyridine, 40  
2-Amino-6-fluoropyridineI from 

6-iluoropyridine-2-isocya- 
nate , 52 

6-Amin0-2~4-dimethyl-3-pheny- 

2-Amin0-3~6-dimethyl-4-pheny- 

3-Amino-2,6-dimethylpyridineI 

4-Amino-l16-dimethyl-2-pyri- 

oxide , 110 

113 

Amino fluoropyridines , 40 
2-Amino-6-fluoropyridines, 40 
4-Amino-2-halopyridine-l-oxideI 

from 2-halo-4-nitropyridine- 
1-oxide, 50 

Aminohalopyridines, 42 
Aminohalopyridines, from halo- 

nitropyridine-l-oxide, 49 
4-Amino-3-halopyridinesI 75 
3-Amino-a-hydroxyalkylpyridines, 

2 14 
4-~mino-3-hydroxy-S-hydroxy- 

methylpyridine, 105 
l-Amino-2-hydroxymethyl-5-meth- 

oxy-4-pyridoneI from Kojic 
acid 5-monomethyl ether, 039 

phenylpyridinium N-betaine, 
043 

dride, 043 

043 

phenylpyridinium chloride, 
044 

l-~min0-3-hydroxy-4-methyl-S- 

reaction with, acetic anhy- 

trifluoroacetic anhydride, 

l-Amino-3-hydroxy-4-methyl-5- 

preparation, 044 
reaction with benzoyl chloride, 

044 

pyridone , 655  

pyridone, autooxidation of, 
051 

3-Amino-4-hydroxy-6-methyl-2- 

3-Amino-6-hydroxy-5-methyl-2- 

3-Amino-5-hydroxypyridineI 76 
2-Amino-3-hydroxypyridinium bi- 

sulfate , 611 
3-Amino-6-hydroxy-2-pyridone, 

autooxidation of, 060 
3-Amino-b-hydroxy-2-pyridone 

hydrochloride, from 3-pheny- 
laz0-2~6-pyridinedio1, 053 

Amino-2-imino-lI2-dihydropyri- 
dines , 231 

4-Amino-2-iodo-3-nitropyridine, 
91 

4-Amino-2-iodopyridineI 91 
4-Amino-3-iodopyridineI 64 
2-Amino-4-isopentylpyridineI 45 
3-Amino-2,6-lutidine, 76 
4-Amino-2,6-lutidine, 45 ,  50, 52 
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4-Amino-2,6-lutidine-l-oxide, 

2-Amino-4-methoxypyridine, 76 
3-Amino-4-methoxypyridine, di- 

azotization of, 032 
4-~mino-2-methoxypyridine-l- 

oxide, 76 
4-Amino-2-methoxypyridine, 76 
Aminomethoxypyridines, from 1- 

40 

(5-methoxy-2-pyridyl) -2- 
pyridone, 51 

carboxylic acid hydrazi.de, 
042 

tropyridine, 109 

from 4-methyloxazole and 
acrylonitrile, 673 

5-Amino-3-methyl-3-pentenoic 
acid lactam, 617 

2-Amino-4-methyl-5-phenyl-3- 
pyridinol, 670 

1-Amino-3-methoxy-4-pyridone-6- 

2-Aminomethyl-5-hydroxy-6-ni- 

S-Amino-6-methylnicotinitrile, 

from diazepionones, 670 
reactions of with nitrous ac- 

id, 050 

pyridinol, 670 
6-Amino-4-methyl-S-phenyl-3- 

from diazepinones, 670 
reaction with nitrous acid, 

050 

dine, from N-(4-methyl-5- 
phenylnicotinyl-Nt-(4-meth- 
yl-5-phenyl-3-pyridyl) 
urea, 53 

3-Aminomethyl-4-picoline, 103 
S-Aminomethyl-2-picoline, 112 
3-Amino-5-methyl-2,6-pyridine- 

diol, autooxidation of, 051 
2-Aminomethyl-3-pyridino1, T- 

electron densities, 742 
6-Aminomethyl-3-pyridin01, from 

6-amino-5-acetamido-1,2-0- 
cyclohexylidene-5,6-didoxy- 
L-iodofuranose, 667 

n-electron densities, 742 

3-Amino-4-methyl-5-phenylpyri- 

6-Aminomethyl-3-pyridino1, 669 

4-Aminomethylpyridine, 103 
4-Amino-2-methylpyridine, 47 
4-Aminomethylpyridine, 103 
4-Aminomethylpyridine, 121 
3-Aminaethylpyridine, synthe- 

sis through a Hofmann re- 
action, 360, 361 

4-Amino-l-methyl-2-pyridones, 
from 4-methoxypyridine, 032 

6-Amino-2-methy1-4-pyridoneI by 
direct nucleophilic substi- 
tution, 019 

S-Amin0-3-methyl-2-pyridone, 64 
6-Amino-2-methyl-4-pyridone, 45 
2-Amino-N-methyl-N-2-pyridylan- 

2 -hino-l- (3-methyl- 2 -pyridyl) 

2-Amino-l,S-naphthyridine, 70 
3-Amino-l,5-naphthyridine, 70 
7-~mino-l,0-naphthyridines, 127 
2-Aminonicotinaldehydes, 00 
4-Aminonicotinamide, from 4- 

5-Aminonicotinic acid, 91 
5-Aminonicotinic acid, conver- 

sion to nitramines, 702 
2-Aminonicotyrine, 01 
3-hino-4-nitro derivatives, 47 
2-Amino-5-nitronicotinic acid, 

4-Amino-5-nitro-3-picoline, 91, 

from 3-methyl-4-nitraminopyri- 

iline, 04 

propane, 105 

benzyloxynicotinamide, 53 

ethyl ester, 44 

93 

dine, 91 

702 
2-Amino-3-nitropyridine, 76, 

2-~mino-4-nitropyridine, 47, 74 
2-Amino-5-nitropyridine, 702 
3-hino-5-nitropyridine, 40 
5-Amino-2-nitropyridine, 91 
3-hino-4-nitropyridines, 47 
Aminonitropyridines, 137 
3-Amino-5-nitro-2-pyridone, 76 
4-Amino-3-nitro-2-pyridone, by 

oxidation of 3-nitroso de- 
rivative, 699 

4-Amino-3-nitroso-2-pyridone, 75 
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4-Amino-3-nitroso-2-pyridoneI 
700 

oxidation of, 700 
synthesis , 819 

6-Amino-a',a',3,4,5-pentacyano- 
2-picoline, 76 

3-Amino-4- (B-phenethyl) pyri- 
dine, Pschorr cyclization 
of, 701 

4-Amino-3- (B-phenethyl) pyri- 
dine, reaction with ni- 
trous acid, 701 

2-Amino-6-phenylnicotinateI 80 
2-Amino-6-phenylnicotinateI 

3-Amino-2-pheny1pyridinel 84 
a (p-Aminophenyl) -$-pyridyl- 

ethyl esters, 80 

propionitriles, hydrolysis 
of, 365 

43 

chloro-4-pyridone , 682 

2-Amino-6-phenylthiopyridine, 

N-(p-Aminophenyl)-2,3,5-tri- 

2-Amino-3-picolineI 45 
2-Amino-4-picolineI 45 
3-Amino-2-picolineI 50 
3-Amino-4-picolinel 83 

4-Amino-3-picolineI 49, 91 
conversion to nitramines, 704 

4-formamido-3-picoline from, 
69 

5-Amino-3-picolineI conversion 
to nitramines, 704 

6-Amino-3-picolineI 45, 51 
3-Amino-2-picoline-4-carboxy- 

5-Aminopicolinic acid, 91 

6-Aminopicolinic acid, 64 
3- [ (3-Aminopropoxy) methyl] 

7-Amino-5-n-propylimidazo [4 , 5- 

Aminopyridine, acylation, 68 

aldehyde, 49 

conversion to nitramines, 704 

pyridine , 103 

b] pyridine, 99 

adsorption on alumina, 63 
charge transfer complexes, 63 
diazotization, 74 
from aminopyridine-1-oxide, 53 

kinetics of diazotization, 74 
reaction with alkyl halides , 

92 
ketene I 67 

1-Aminopyridine, 53 
hydrochloride , from pyridine 

and chloramine, 53 

53, 72, 76, 81, 82, 83, 87, 
88, 90, 92, 104, 114, 127, 
144, 152, 156, 161 

79 

2-AminopyridineI 46, 48, 51, 

cyclized to 1,8-naphthyridineI 

from y-cyan0 ketoximes, 53 
from a-nitro ketoximes, 53 
oxidation of, 63 
from pyridine-1-oxide, 51 
(4-H) pyrido [1,2-a] pyrimi- 

din-4-ones from, 82 
reaction with, N-acetylanthran- 

ilic acid, 88 
3-chloro-2-ethoxy-l,4-naph- 
thoquinone , 87 

nitrophenols, 90 
triphenylphosphine dibromide, 
90 

72, 90, 126, 146, 163, 164 
3-Aminopyridine , 46 , 48 , 63, 

3-pyridinesulfonic acid to, 76 

49, 50, 51, 52, 65, 78, 
147, 165-171 

methiodide, from 4-cyanopyrid- 

4-AminopyridineI 46, 47, 48, 

inium methiodide , 52 
Aminopyridinecarboxylic acids, 

91 
3-Aminopyridinecarboxylic acids, 

145 
3-Aminopyridinecarboxylic es- 

ters, 145 
3-Amino-2,6-pyridinediol, auto- 

oxidation of, 860 
3-Amin0-2~6-pyridinediol hydro- 

chloride, from 3-phenylazo- 
2,6-pyridinediolI 853 

Aminopyridine-1-oxide, 53 
2-Aminopyridine-l-oxideI 65, 

75, 90 
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4-Aminopyridine-l-o~ide~ 76, 

Aminopyridines, 47, 48, 61, 221 
79 

amino-imino tautomerism, 61 
basicities, 61 
conversion to pyridones, 697 
enthalpies , 563 
entropies , 63 
fluoroescence, 61 
free energies, 63 
Hofmann, Schmidt, and Curtius 

reaction, 48 
infrared spectroscopy , 62 
naphthyridines to , 78 
nitraminopyridine from, 91 
nitration of, 702 
from nitropyridine-1-oxide, 48 
from nitropyridines, 48 
NMR spectroscopy 'H1 ,19F,14N, 

62 
oxidation of aminopyridine-l- 

oxide , 63 
photolysis, 63 

prepared by reduction, 697 
protonation , 63 
reaction with, acyl and aroyl 

PKaf 61 

halides , 69 
aldehydes and ketones, 65 
amidines, 73 
isocyanates, 73 
sulfonyl halides, 72 
unsaturated acids, 71 
urea, 73 
ultraviolet spectra, 61 
2-AminopyridinesI N-alkylation 

of, 705 
3-hydro~y-3~6-dihydro-2H-pyr- 

rolo [1,2-a] pyrimidine 
from , 83 

6-dione from, 83 

from, 83 

late, 81, 82 

pyrido [1,2-a] pyrimidine-4, 

N,N-di (2-pyridyl) malonamide 

reaction with , methyl propio- 

styrene oxides, 705 
3- (0-tolyloxy) propylene 

oxide , 705 
tautomerization , 734 
4-AminopyridinesI from chloro- 

f luoropyridines , 48 
from pyridines, 53 
stabilization by charge sepa- 

tautomerism, 734 
rated forms, 734 

3-Amino-2-pyridinesulfonic 
acid, conversion to nitra- 
mines, 704 

acid, conversion to nitra- 
mines, 704 

5-Amino-2-pyridinesulfonic 

2-Amino-3-pyridinolI 666 
preparation from 2-nitro-3- 

pyridinol-1-oxide, 725 

from 2-amino-5-nitropyridineI 

reaction with nitrous acid, 

2-Amino-5-pyridinolI 701 

701 

701 
1-Amino-3-pyridinol salts, 677 
from 2,3-dihydro-lI2-diaza- 

bicyclo 13.2.01 -3-hepten- 
&ones, 677 

from diazepinones, 677 
l-Amino-2-pyridoneI 845 
reaction with, 2-acetylpyri- 

dine , 845 
2 -pyridinecarboxaldehyde , 84 5 

2-Amino-6-pyridoneI structures, 

3-Amino-4-pyridoneI 779 
4-Amino-2-pyridoneI 700 

Schiff's bases, 848 

62 

nitrosation, 819 
nitroso derivatives, formation 

5-Amino-2-pyridoneI bromic acid 

3-Amino-2-pyridonesI acylation 

6-Amino-2-pyridonesI reaction 

2-Amino-6- (2-pyridylamino) 

5-Amino-2-pyridyl aryl 

of, 700 

oxidation of, 860 

of, 778 

with acetic anhydride, 777 

pyridine, 95 
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sulfones , 143 

118 

reaction with nitrous acid, 
702 

3-~mino-l-(2-pyridyl) propane, 

2- (3-Amino-2-pyridyl) propene , 

5-Amino-2-pyridyl sulfide, 49 
2-Aminoquinoline, 114 
4-Amino-5-substituted-2-pyri- 

dones, by 1,4-cycloaddition 
of ynamines and styryl iso- 
cyanates, 639 

4-Amino-2,3 , 5,6-tetrachloro- 
pyridine, from perchloro- 
pyridine, 45 

2-Amino-3,4,5,6-tetramethyl- 
pyridine, from thiazoline, 
53 

oxidation to hydroxylamines, 
64 

4-Amino-2,3,5,6-tetrafluoro- 
pyridine, 40, 64, 75 

4-Amino-2,3,5,6-tetrafluoro- 
pyridine, from pentafluoro- 
pyridine, 47, 40 

2-Amino-1 , 1 , 3-tricyanopropene , 
(dimeric malonitrile), 602 

condensation with enaminoke- 
tones, 632 

3-Amino-2,4,6-triiodobenzoic 
acid, 97 

Ammonodehalogenation, amino- 
pyridines from halopyri- 
dines, 46 

2-Amino-tetrachloropyridines , 

Ammoxidation catalysts, 273 
3- (n-Amyl) -4 , 5-dichloro-2,6- 

pyridinedione, 601 
Anabasine, 334, 335 
alkylation of, 708 
dl-, synthesis, 334, 335 
1, oxidation with hydrogen 

peroxide, 334, 335 
Anhydro bases, as products of 

alkylation of halo- or 
alkoxpyridines, 336, 337 

2,2'-Anhydro-2-hydroxy-N--B-8- 
arabinosyl-4-pyridone, 

from 3-deazuridine, 773 
Anhydro 3-hydroxy-N-methylpyri- 

dinium hydroxide, a mesio- 
nic compound, 741 

inium hydroxide, 760 
conversion to tropones and 

tropolones, 025 
from dimer complex of N-methyl- 

3-hydroxypyridinium iodide, 
768 

Anhydro-3-hydroxy-~-methylpyrid- 

N-phenylmalemide, 025 
reaction with acrylonitrile 

methyl acrylate, 825 
synthesis from 3-pyridinol, 

760 
Aniline, 604 
Anilines, 611 
6-Anilino-5-benzyl-6-phenyl-2, 

N-Anilino-5,6-diaryl-4-phenyl-2 
4-hexanedione, 615 

-pyridone, from triaryl-2- 
pyrones, 042 

l-Anilino-3,5-dichloro-2-tri- 
chlorovinyl-4-pyridone, 
from cis, cis,-2,4,6- 
perchloroheptatrien-6-a1 
phenylhydrazi.de, 042 

l-Anilino-1,7-diphenyl-3,5- 
heptanedione, 614 

5-Anilino-l,S-dipheny1-1,3- 
pentanedione, 614 

N- (B-Anilinoethyl)-2-pyridone, 
036 

3-Anilino-l-methyl-2-butene-l- 
one, formation of dipotassio 
salt, 611 

2-Anilinonicotinic acid, 88, 154 
5-Anilino-1- (p-nitrophenyl) -5- 

phenyl-4-ene- l-pentyne-3- 
one, cyclization of, 615 

3-Anilino-l-phenyl-2-buten-l- 
ones, cyclization to quino- 
lines, 611 

dione, 614 

3-dione, 610 

1-Anilino-1-phenyl-3,s-hexane- 

5-Anilino-1-phenyl-4-hexene-1, 
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2-AnilinopyridineI 56, 06 
2-AnilinopyridineI from pyri- 

dine-l-oxide and phenyl 
isocyanate, 55 

Anilinopyridines, 56 
1-Anilino-3,4 , 5-trichloro-2- 

pyridone, 604 
Anils , reaction with carbon 

suboxide , 634 
Anisaldehyde, 609 
2- (p-Anisyl) -3-pyridinol , ami- 

nomethylation, 014 
Aralkylaminopyridines, 50 
2-AralkylaminopyridinesI 150 
2-Aralkyl-3-methoxypyridinesI 

hydrogenation, 797 
2-Aralky1-3-pyridinolsI hydro- 

genation, 797 
Arndt-Eistert reaction, in the 

conversion of a pyridine- 
carboxylic acid to a pyri- 
dineacetic acid, 340 

in the synthesis of pyridine 
side-chain carboxylic ac- 
ids , 336 

Aroylacetonitriles, condensa- 
tion with ketones in poly- 
phosphoric acid , 626 

2-Aroyl-u-N,N-dimethylamino- 
acetonitriles , preparation , 
627 

627 
N-Arylamino-3-chloro-4,S-di- 

brom-2-pyridoneI 604 
Aryl-2-aminopyridinesI 120 
2-ArylaminopyridinesI 140 
Aryl-3-aminopyridinesI 131 
2-Ary1azoaminopyridinesI 176 
3-Aryla~oaminopyridines~ 176 
4-Arylazoaminopyridines, 176 
Arylazopyridinium fluorobor- 

cyclization with acetopheone, 

ates, nucleophilic attack 
of, 710 

preparation, 710 
l-Aryl-S-benzoyl-4-benzyl-3- 

hydroxy-6-methyl-2-pyri- 
done , 602 

6-Aryl-4-benzyl-5-carbalkoxy-3 

1-Aryl-4-benzyl- S-carbethoxy- 
-hydroxy-2-pyridone , 602 

3-hydroxy-6-methyl-2-pyri- 
dones, 602 

pyridines, 190 

pyridines , 203 

2- (a-Aryl-branched) aminoalkyl- 

2- (6-Aryl-branched) aminoalkyl- 

Aryl-3,4-diaminopyridinesI 104 
3-Arylcarbamyl-2,6-dimethyl-4- 

pyrones , from o-haloaceto- 
acetanilides, 656 

hydrolysis, 656 
l-Aryl-3-carbethoxy-4,6-dihy- 

droxy-2-pyridone , 663 
1-Aryl-2-carbethoxy-5-hydroxy- 

4-pyridone , 649 
a chelating agent €or the ex- 

traction of niobium V and 
tantalum V, 649 

&pyridone, 649 

pyridone, a chelating a- 
gent , 050 

pyridones , 611 
l-Aryl-3-chloro-4-phenyl-2- 

pyridones , 633 
4-Aryl-3-cyano-5,6-dirnethyl-2- 

pyridones, 630 
6-Aryl-2,3-dihydro-1,2-di- 

phenyl-4-pyridoneI 619 
l-Aryl-3,4-dihydro-2-pyridones, 

preparation v i a  cycloaddi- 
tion, 633 

pyridine-3-carboxanilidesI 
663 

dones , 619 

phenyl-2-pyridone, 627 

dones , 653 

nols , 666 

l- Aryl- 2 - carbethoxy- 5 -methox y- 

i-~ryi-s-chior0-3-hya~0~-4- 

l-Aryl-5-chloro-3-hydroxy-2- 

l-Aryl-rl15-dihydroxy-2-oxo- 

l-Aryl-4,6-dihydroxy-2-pyri- 

4-Aryl-3-dimethylamino-6- 

l-Aryl-2,6-dirnethyl-4-pyri- 

2-Aryl-4,6-dirnethyl-3-pyridi- 
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1-Aryl-4-ethoxy-6-hydroxy-2- 

N-Arylethyl-2-pyridones, reac- 
pyridone, 663 

tion with phosphorus oxy- 
chloride, 708 

l-Aryl-l,3,5-hexanetrione tri- 
sodio salts, alkylation 
with a,w-dibromoalkanes, 
610 

N-arylhydrazones of perchloro- 
2,4-pentadienal, 604 

3-Aryl-4-hydroxy-6-methyl-2- 
pyridone, 661 

N-Aryl-4-hydroxy-6-methyl-2- 
pyridones, 657 

l-Aryl-b-hydroxy-2-0~0-4-phen- 
oxypyridine-3-carboxani- 
lide, 663 

from 7-amino-2,4,5-trioxo-3- 
phenylpyrano [3,4-e]-1,3- 
oxazines, 663 

2-Aryl-S-hydroxypyridine-3,4- 
dicarboximide, 669 

2-Aryl-5-hydroxypyridine-3,4- 
dicarboxylic acid, 

l-Aryl-S-hydroxy-4-pyridone, 
649 

l-Aryl-S-hydroxy-4-pyridone-2- 
carboxylic acids, 649 

649 
preparation from, cumeric acid, 

meconic acid, 649 
2-Aryl-b-iodo-3-pyridinols, 

from 2-aryl-3-pyridinolI 
004 

1-Aryl-5-methoxy-4-pyridonel 
649 

l-Aryl-S-methoxy-4-pyridone-2- 
carboxylic acid, 649 

decarboxylation of ,  649 
preparation from, cumeric acid, 

649 
meconic acid, 649 

Arylmethylene-2-aminopyridinesI 

N-Aryl-2-methyl-6-phenyl-4- 

b-Aryl-4-methyl-2-pyridones, 

230 

pyridones , 610 

from arylmethyl ketones and 
ethyl acetoacetate, 626 

densation with ethyl phenyl- 
propiolate, 640 

w-Aryloxyacetopheonones, con- 

Aryloxy-3-aminopyridinesI 140 
5-Aryloxy-4,6-diphenyl-2-pyroneI 

reaction with monia, 640 
methylamine, 640 
N-Awl-2-picolylamines , 189 
N-Aryl-3-picolylamines, 209 
2-Aryl-3-pyridinols, from acyl- 

furans, 663 
iodination, 004 
4-Aryl-2-pyridonesI 626 
N - A r y l - N ' -  (Pyridylalkyl) ureas , 

4-Aryl-2,5,6-trichloro-3-pyri- 

Autocondensations, 639 
2-Aza-1,4-benzoquinone-4-(2,6- 

229 

dyllithium, 032 

dihydroxy-5-methylpyridyl) - 
3-hydroxy-6-methyl-3-imine, 
050 

850 

050 

hydrogenation over Pd-BaS04, 

oxidation with nitric acid4, 

Aza-desmethylisoauresthin, 661 
Azaphenalene, synthesis, 353 
5-Aza-2-styryl-3-quinazolone, 

4-Azido-2-picoline, oxidation 
90 

o f ,  7 
preparation of, 7 
2-Azidopyridine, reaction with 

3-Azidopyridine, from 3-pyridyl- 
acetylenes, 0 

diazonium chloride and so- 
dium azide, 7 

tolysis o f ,  7 
4-Azidopyridine-l-oxide, pho- 

preparation of ,  7 
2-Azidopyridine-l-oxides, f r o m  

4 , 4 '  Azopyridine-1,l'-dioxide, 
2-aminopyridine-l-oxides, 7 

from 4-hydroxylaminopyri- 
dine-l-oxide, 5 
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Azopyridines, from 3-nitramino- 

2-AzopyridinesI 174 
3-Azopyridines, 175 
4-Azopyridines, 176 
4,4'-Azoxy-2,2'-dipicoline, 

4,4'-Azoxypyridine-l,11-diox- 

pyridines, 704 

from 4-azido-Z-picoline, 7 

ide , from 4-azidopyridine- 
1-oxide, 7 

minopyridines, 704 
Azoxypyridines, from 3-nitra- 

Barbiturates, from 4-vinylpyri- 
dine, 340, 341 

Base-catalyzed hydrogen-deu- 
terium exchange, 815 

Benzaldazine, condensation with 
B-diketones, 618 

2- (2-Benzamidoethyl) pyridine, 
69 

6-Benzamido-3-hydroxy-4-methyl- 
5-phenylpyridine, 677 

l-Benzamido-3-hydroxy-4-methyl- 
5-phenylpyridinium chloride, 
844 

conversion to betaines, 844 
from 2-benzoyl-5-methyl-4- 

phenyl-l,2-diazabicyclo 
[3.2.0]-3-hepten-6-one, 844 

Benzophenone, 609 
5H,6H-Benzo[e]pyrido[1,2-a] 

benzimidazole-5,6-dione, 
87 

benzimidazole-6,11-dione, 
87 

Benzoylacetone, reaction with 
malonyl chloride, 657 

Benzoylacetoneamine, reaction 
with carbon suboxide, 635 

Benzoylacetonitrile, condensa- 
tion with ethyl methyl ke- 
tone, 627 

from pyridine-1-oxide and 
N-phenylbenzimidoyl chlor- 
ide, 54 

6H,1 1H-Benzo [f] pyrido[l,2-a] 

N-benzoyl-2-ani1inopyridinel 

5-Benzoyl-4-benzyl-3-hydroxy-1- 

a-Benzoylbutyronitrile , 613 
Benzoyl chloride, 611 
3-Benzoyl-2,6-dimethyl-4-pyri- 

5-Benzoyl-4-hydroxy-6-methyl-3- 

l-Benzoyl-7-methoxy-5-methyl-6- 

methyl-2-pyridone, 682 

done, 627 

nitro-2-pyridone, 634 

phenyltetrahydrodiazepinone, 
844 

3-Benzoyl-2-methyl-6-pheny l-4- 
pyridone, 652 

3-Benzoyl-2-methyl-6-phenyl-4- 
pyrone , ammonolysis , 651 

7-Benzoyloxy-1- (N-benzylbenza- 
mido) -6-methylfuro [3,4-c] 
pyridine, 779 

acetoxypyridine and benzoic 
acid, 777 

acetoxypyridine and benzoic 
acid, 777 

triles, cyclization of, 728 

2-Benzoyloxpyridine, from 2- 

3-Benzoyloxypyridine, from 3- 

u-Benzoyl-a-phenylbutyroni- 

2-Benzoylpyridine, 111 
4-Benzoylpyridine, 111 
Benzoylpyridine phenylhydra- 

zones, oxidation with lead 
tetraacetate, 6 

butylation of, 621 
a-Benzylacetoacetaldehyde , n- 

Benzylamine, 601 
2-Benzylamino-3-nitropyridineI 

3-Benzyl-l-benzylidenimino-2,3- 
56 

dihydro-6-methyl-2-phenyl- 
4-pyridone, 618 

3-Benzyl-1-benzylideneimino-2, 
3-dihydro-6-methyl-Z-phenyl- 
4-pyridoneI 619 

3-Benzyl-l-benzyloxy-6-ethyl-4- 
hydroxy-5-methyl-2-pyri- 
done, 635 

hydrogenolysis, 635 
preparation , 635 
1- Benz y 1 - 3 -bromo- 5 -me thy 1 - 4- 
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pyridone , from 3-methyl-4- 
nitropyridine , 695 

l-Ben~yl-3-carbethoxy-2~6-di- 
methyl-4-pyridone, 627 

decarboxylation, 627 
saponification, 627 
synthesis, 627 

4-Benzyl-5-carbethoxy-6-ethyl- 
3-hydroxy-2-pyridoneI 602 

l-Benzyl-3-carbethoxy-2-pyri- 
done , 606 

z-~enzyl- 3-carbo- t-butylox y- 5 , 
6-dihydro-4-pyridone , 627 

2-Benzyl-3-carbomethoxy-S16-di- 
hydro-4-pyridone, 627 

6-Benzyl-5-carbomethoxy-3,4- 
dihydro-2-pyridoneI 628 

4-Benzyl-5-carboxamido-3-hy- 
droxy-6-methyl-2-pyridoneI 
602 

l-Benzyl-2-carboxamido-3-hy- 
droxypyridinium salts, 666 

5-Benzyl-3-carboxamido-6-n- 
pentyl-2-pyridoneI 621 

3-Benzyl-5-carboxy-l16-di- 
phenyl-2-pyridone, 616 

decarboxylation , 616 
synthesis of, 616 

3-Benzy l-5-carboxy-l-methyl- 
6-phenyl-2-pyridoneI 616 

decarboxylation of, 616 
synthesis of, 616 

3-Benzyl-5-carboxy-6-phenyl-1- 
substituted-2-pyridonesI 
6 16 

4-Benzyl-5-cyano-3-hydroxy-6- 
methyl-2-pyridone , 682 

2- N-Ben2 yl-N- (8-di alkylamino- 
ethyl) aminopyridines , 157 

N-Ben~yl-3~5-dibromo-4-pyri- 
done , 786 

conversion to pyridinium 
salts , 786 

from 3,5-dibrmo-4-chloro- 
pyridine , 694 

4-nitropyridineI 694 
reaction with PCls, 786 
3-Benzyl-4,5-dicarbomethoxy-6- 

methyl-2-pyridone, from 3- 
benzyl-2,5-dihydroxy-6- 
methylpipazine and dimethyl 
acetylenedicarboxylate , 676 

6-Benzyl-4,5-dicarbomethoxy-3- 
methyl-2-pyridoneI from 3- 
benzyl-2,5-dihydroxy-6- 
methylpyrazine and dimethyl 
acetylenedicarboxylate, 676 

5-Benzyl-3,4-dichloro-6-methyl- 
2-pyridone , 613 

3-Benzyl-2,3-dihydro-l12-di- 
phenyl-6-methyl-4-pyridoneI 
614 

N-Benzyl-5,6-dihydro-6-methyl- 
2-pyridoneI hydrogenation, 
000 

3-Benzyl-l14-dihydroxy-6-ethyl- 
S-methyl-2-pyridoneI 637 

3-Benzyl-2,5-dihydroxy-6- 
methylpyrazine, Diels-Alder 
addition of dimethyl acety- 
lendicarboxylate , 676 

4-Benzyl-3,S-diketo-S-phenyl- 
pentanal , 609 

3-Benzyl-l16-diphenyl-4-hy- 
droxy-2-pyridoneI from a- 
cetophenone anil and 
benzylmalonic acid, 676 

3-Benzyl-lI6-dipheny1-2-pyri- 
done , 616 

3-Benzyl-l-ethyl-4-hydroxy-6- 
methy1-2-pyridoneI 661 

3-Benzyl-6-ethyl-4-hydroxy-5- 
methyl-2-pyridoneI 637 

N-Benzyl-2-fluropyridinium 
bromide, irradiation of, 
02 7 

N-Benzyl-6-hydroxy-4-(p-meth- 
oxyphenyl) -2-pyridone , 601 

3-Benzyl-4-hydroxy-5-methyl-6- 
pheny 1- 2 -pyr idone , 6 3 7 

6-Benzyl-4-hydroxy-2-pyridoneI 
6 19 

Benzylideneacetone , 629 
Benzylideneacetophenone, 629 
Benzylidene-2-aminopyridinesr 

66 
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Benzylideneaniline, 614 
condensation with diethyl glu- 

3-Benzylidene-5-carbethoxy-l,6- 
taconate, 616 

diphenyl-2-oxo-A4-piperi- 
dine , 616 

3-Benzylidene-5-carbethoxy-l- 
methyl-2-0x0-6-phenyl-A4- 
piperidine , 616 

1-Benzylidene-2,3-dihydro-2,6- 
dipheny1-4-pyridoneI 618 

l-Benzylideneimin0-2~3-dihydro- 
6-methyl-2-phenyl-4-pyri- 
done , 618 

6- (B-phenethyl) -2-phenyl- 
4-pyridone , 618 

4-pyridonesI 610 
hydrogenolysis, 618 
preparation, 618 

l-Benzylideneimin0-2~3-dihydro- 

l-Benzylideneimin0-2~3-dihydro- 

Benzylidenemalononitrile, 603 
N-Benzylidenemethylamine, con- 

densation with diethyl 
glutaconate, 616 

90 

dine , 90 

halides, 767 

pyridone, 616 

sine , 779 

nate, 779 

nate , 779 

nate , 779 

side-chain alkylation, 760 

done, condensation with 
ethyl oxalate, 726 

2-BenzyloxypyridineI by direct 
alkylation, 746 

2-Benzylimidazo [4,5-b]pyridine8 

2-Benzylimidazo [ 4  , 5-clpyri- 

N-Benzyl-3-methoxypyridinim 

3-Benzyl-l-methyl-6-phenyl-2- 

E- (N-Benzylox ycarbonyl) -L-ly- 

from benzyl 3-pyridyl carbo- 

from benzyl 8-quinolylcarbo- 

4-nitrobenzyl 8-quinolylcarbo- 

2-Benzyloxy-6-methylpyridineI 

l-Benzyloxy-6-rnethyl-2-pyri- 

2-Benzyloxypyridine-1-oxides , 

N- Benz y loxy- 2 -p yri done , 7 2 6 
3-~enzyloxy-4-pyridone, hydro- 

rearrangement, 725 

genolysis to 3-hydroxy-4- 
pyridone , 651 

tion with ethyl phenylpro- 
piolate, 648 

609 

Benzyl phenyl ketone , condensa- 

5-Benzyl-6-phenyl-4-pyridone8 

2-BenzylpyridineI 100 
N-Benzyl-2-pyridone, irradia- 

tion of, 827 
reduction to , N-cyclohexyl- 

methyl-2-piperidone , 795 
N-benzyl-2-piperidone , 795 

N-Benzyl-4-pyridone8 from 4- 

Benzyl 3-pyridy1carbonateI 779 
from 3-pyridinol and benzyl 

used in amino acid synthesis, 

nitropyridine , 695 

chloroformate , 779 

779 
Bifunctional calatysis, 845 
2 , 2 ' -A4 , 4 '  -Biglutaconimide , 860 
from 3-amino-2-pyridoneI 860 
from citrazinic acid, 860 
from the 3 , 3 ' -dipyridyl , 860 
from nitrosocitranzinic acid , 

?60 

diamino, 060 
84 4 -Biglutaconimide , 2 , 2 - 

Bipyridonyls, 632 
2,6-Bisalkylaminohepta-2,5-dien- 

&ones, from dehydroacetic 
acid, 652 

pyridine , 106 

phenyl) -2-pyridone] , 632 

phenyl) -2-pyridone] , 632 

done1 , 632 

done1 , 632 

2,6-Bis (n-butylaminomethyl) 

6-Bis [3-cyano-4 (2  ,4-dimethyl- 

6-Bis [ 3-cyano-4- (p-methoxy- 

6-Bis [ 3-cyan0-4-phenyl-Z-pyri- 

6-Bis [3-cyano-4-ptolyl-Z-pyri- 

5,5'-Bis(diacetylamino)-2,2', 
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6,6'-tetraacetoxy-3,3'- 
bipyridyl, preparation, 854 

4,6-Bis (dialkylaminomethyl) -2- 
methyl-3-pyridinol, 811 

conversion to hydroxymethyl- 
3-pyridinols, 811 

preparation , 811 
Bis [l- (Z16-dimethyl-4-pyri- 

done) 1 , from 2 , 6-dimethyl- 
4-pyrone, 841 

Bis (3-hydroxy-2-pyridylmethyl- 
ene) ethylenediamine,tau- 
tomeric properties, 742 

Bis (3-hydroxy-2-pyridylmethyl- 
ene) ethylenediamine , 848 

2:3 copper (11) complex, 848 
2:3 nickel (11) complex, 848 
4,6-Bis (3-pyridyl) -2-pyridone , 

630 
4,6-Bis (trifluoromethyl) -3- 

cyano-2-pyridoneI 622 
2,4-Bis (trimethylsilyloxy) 

pyridine, 773 
Blastidone, degradative compo- 

nent of Blasticidine 6 
prepared from methyl iso- 
nicotinate , 857 

3-Bromo-4-amino-pyridineI 64 
5-Bromo-2-aminopyridineI 76 
5-Bromo-2-aminopyridine-l-o~- 

ide, 65 
5-Bromo-3-carbethoxy-2-chloro- 

4,6-dihydroxypyridineI 637 
by bromination of S-carbethoxy- 

6-chloro-4-hydroxy-Z-pyri- 
done, 637 

and ethyl cyanoacetate, 
637 

pyridine, 93 

pyridine , 47 

cyclization of bromomalonyl 

5-Bromo-2-chloro-3,4-diamino- 

2-Bromo-5-chloro-3-methylamino- 

3-Brmo-4,5-diaminopyridineI 93 
5-Bromo-3,4-diaminopyridineI 93 
5-Brom0-2~6-dimethyl-3-nitro- 

4-pyridoneI 802 
conversion to 4-chloro- 

pyridines, 802 
preparation , 802 
2-Bromo-6-ethoxypyridine , bro- 

3-Bromo-5-ethoxypyridine, bro- 

2-Bromo-3-hydroxypyridine-l- 

mination of, 804 

mination of , 804 

oxides, reduced to 3-pyri- 
dinols by iron and acetic 
acid , 804 

2-Bromo-3-methoxy-6-methylpyri- 
dine, by alkylation with 
diazomethane, 767 

pyridone, from the sodium 
salt and dimethyl sulfate, 
747 

dine-1-oxide, 65 

004 

ethyl iodide , 767 

767 

acid , 767 

3-Bromo-l-methyl-5-nitro-2- 

5-Bromo-2-methylolaminopyri- 

2-Bromo-6-methyl-3-pyridinolI 

N-alkylated by methyl and 

0-alkylated by diazomethane, 

reaction with bromoacetic 

3-Bromo-l15-naphthyridine, 78 
3-Bromo-4-nitropyridine, from 

5-Bromo-2-nitropyridine-l-oxide, 

5-Bromo-3-nitro-2-pyridoneI 697 

3-bromopyridine-1-oxide , 3 

preparation of , 3 

by nitration of 2-amino-5- 

from 2-amino-5-bromo-3-nitro- 
bromopyridine , 697 

pyridine, 703 
3-Bromo-l-phenethylpyridinium 

salts, oxidation of, 707 
3-Bromo-N-(!3-phenethyl)-2-pyri- 

done , 707 
6- (p-Bromophenyl) -4 , S-diphenyl- 

1-methyl-2-pyridone, 648 
6- (p-Bromophenyl) -4 , 5-diphenyl- 

2-pyridone, 648 
6-Bromo-2-phenyloxazolo [5 , 4-b] 

pyridine, from 3-amino-5- 
bromo-2-pyridone and 
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benzoic anhydride , 778 

dimethylaminopropyl) ami- 
nopyridine, 88 

N- (3-Bromopropyl) -3-phenyl-2- 
propylamine , 108 

2-Brompyridine, 120 
Bromopyridines, 49 
2-Bromopyridine, reaction with 

2-Brom0-3-pyridino1, 767 

ethyl iodide, 767 

767 

pyridinol by alkaline so- 
lution of bromine , 804 

ring contraction to form pyr- 
role-2-carboxamide , 794 

5-Bromo-2,3,4,5-tetrachloro-2, 
4-pentadienoyl chloride, 
60 4 

4-Bromo-3,5,6-trifluoro-2-pyri- 
dinol, from 4-bromotetra- 
fluoropyridine, 687 

n-Butanol, acetylated with 2- 
acetoxypyridine, 777 

2-Butoxy-5-aminopyridineI 70 
4-Butoxy-2,6-diaminopyridineI 

n-Butylamine, 610 
2-Butylamino-6-chloropyridineI 

56 
5- (n- Bu ty lamino ) -1-pheny 1- 4- 

hexene-l13-dione, 610 
2-n-B~tylaminopyridine~ 54 
5- (n-Butyl) -3,4-dichloro-6- 

methyl-2-pyridoneI 613 
3- (n-Butyl) -4 ,S-dichloro-2 ,6- 

pyridinedione, 601 
1- (n-Butyl) -2,6-dimethyl-4- 

pyridone, 646 
bromination of , 802 

4- (2-Bromophenylthio) -3- (3- 

N-phenylethanolamine, 836 

N-alkylation by methyl and 

0-alkylation by haloacetates, 

2-Bromo-3-pyridino1, from 3- 

3-acetoxypyridineI 777 

95 

1- (n-Butyl) -2,6-dimethyl-4- 

2-t-Butyl-4-ethoxypyridineI 819 
thiopyridine, 646 

1- (isoButyl) -6-hydroxy-2-0~0- 
4-phenoxypyridine- 3- carbox- 
anilide, 663 

3-hydroxy-1-methoxypyridi- 
nium methylsulfate , 723 

2-ButyroxypyridineI from 2- 
acetoxypyridine and n- 
butyric acid, 777 

2-Butylthio-3-pyridino1, from 

Cadmium salts , in the synthesis 
of ethyl 2-pyridylpyru- 
vates, 337, 338 

3-Carbamoyl-6-pyridone adenine 
dinucleotide , synthesis 
from 3-carbamoyl-6-pyri- 
done, 772 

3-Carbamoyl-6pyridone , silver 
salt, reaction with 1- 
chloro-2,3,5-tri-O-benzoyl- 
B-A-ribofuranose, 772 

3-Carbamoyl-N- (B- A-ribofur- 
anosyl)-6-pyridoneI 772 

5-Carbethoxy-4-carboxy-2- 
methyl-3-pyridinol, from 
5-ethoxy-4-methyloxazole 
and maleic anhydride , 670 

methyl-3-pyridinol , from 5- 
ethoxy-4-methyloxazole and 
maleic anhydride , 670 

droxypyridine , 637 

droxy-6-methyl- 2 -py ri done , 
803 

phenyl-2-butene-l-oneI cy- 
clization to 2-pyridones , 
614 

5-phenyl- 2-pyridone , 62 2 

dimethyl- 2-pyridone , 6 3 3 

dimethyl-2-pyridone , 633 

methyl-2-pyridoneI 628 

4-Carbethoxy-5-carboxy-2- 

3-Carbethoxy-2-chlor0-4~6-dihy- 

5-Carbethoxy-3-chloro-4-hy- 

4-Carbe thoxy- 4- cyano- 1 , 4- di - 

I-Carbethoxy-3-cyano-6-rnethyl- 

5-Carbethoxy-3,4-dihydro-3,6- 

5-Carbethoxy-3,4-dihydro-4,6- 

5-Carbethoxy-3,4-dihydro-6- 
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5-Carbethoxy-3,4-dihydro-6- 
methyl-l-substituted-2- 
pyridones , 633 

3-Carbethoxy-4,6-dihydroxy-l- 
methyl-2-pyridoneI 663 

3-Carbethoxy-2,6-dimethyl-l- 
phenyl-4-pyridine, decarbo- 
xylation , 627 

saponification , 627 
synthesis, 627 

5-Carbethoxy-2,4-dimethyl-3- 
pyridinol, from 4-methy- 
loxazole, 674 

3-Carbethoxy-2,6-dimethyl-4- 
pyridone, decarboxylation, 
627 

preparation , 627 
sapon ficat ion , 6 2 7 

3-Carbethoxy-4,6-dimethyl-2- 
pyridone , 634 

3-Carbethoxy-4-ethoxy-6-hydroxy- 
l-phenyl-2-pyridoneI 663 

3-Carbethoxy-4-ethoxy-6-hydroxy- 
2-pyridonesI 663 

decarboxylation of ,  663 
f ran diethyl 2-carbamoyl-3- 

ethoxy-2-pentenedioatesI 
663 

saponification of , 663 
Carbethoxy ethyl ketene , 634 
5-Carbethoxy-6-ethyl-4-hydroxy- 

3-Carbethoxyglutazine. 642 
2-pyridone, 634 

decarboxylation to glutazine, 
642 

prepared from ethyl u-cyano-0- 
hinoglutarate, 642 

reaction with p-chlorobenzene- 
diazonium chloride , 019 

capto-l-phenyl-6-pyridoneI 
619 

methoxyphenyl)-6-methyl-2- 
pyridone , 634 

5-Carbethoxy-4-hydroxy-6-methyl- 
3-nitro-2-pyridoneI 634 

3-Carbethoxy-4-hydroxy-2-mer- 

S-Carbethoxy-4-hydroxy-l-(p 

saponification, 634 
synthesis, 634 
5-Carbethoxy-4-hydroxy-6-methyl- 

l-phenyl-2-pyridone, 634 
3-Carbethoxy-4-hydroxy-6-methyl- 

2-pyridone, 634 
5-Carbethoxy-4-hydroxy-6-methyl- 

2-pyridone , 634 
S-Carbethoxy-4-hydroxy-6-methyl- 

2-pyridoneI chlorination 
with SO2Cl2, 003 

S-Caxbethoxy-4-hydroxy-6-methyl- 
1- (mxylidyl) -2-pyridone , 
634 

propyl)-2-pyridoneI 634 

rone, reaction with hydra- 
zine , 042 

3-Carbethoxy-l-methyl-S-nitro- 
2-pyridoneI 632 

N-Carbethoxymethylpyridinium 
bromide , 629 

S-Carbethoxy-2-methyl-3-pyridi- 
nol, 670 

from 5-ethoxy-4-methyloxazole 
and maleic anhydride, 670 

from 4-methyloxazole, and 
diethylfumafate, 674 

and ethyl acrylate, 674 
and ethyl trans-3-cyanoacry- 

S-Carbethoxy-4-hydroxy-6-(n- 

6-Carbethoxy-3-methoxy-4-py- 

late , 674 
3-Carbethoxy-2-pyridoneI 606 
5- (Carbo-t-butoxy) -3,4-dihydro- 

6-methyl-2-pyridone, 633 
6-Carboline, 04 
6-Carbomethoxy-2- (pchloro-  

phenyl) -3 , 6-dihydro-3- 
methyl-1,2-oxazineI 607 

6-Carbomethoxy-2- (p-chloro- 
phenyl)-3,6-dihydro-l12-oxa- 
zine, 607 

4-Carbomethoxy-3-cyano-6-1nethyl- 
S-phenyl-2-pyridoneI 622 

6-Carbmethoxy-3,6-dihydro-3- 
methyl-2-phenyl-l,2-oxa- 
zine , 607 

decarboxylation , 634 3-Carbomethoxy-S16-dihydro-2- 
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methyl-4-pyridoneI 627 
3-Carbomethoxy-4,6-dihydroxy-l- 

methyl-2-pyridoneI reaction 
with PCl5, 787 

3-Carbomethoxy-4,6-dihydroxy-2- 
pyridones, from 6 - a ~ l - 2 ~ 2 -  
dimethyl-7-hydroxy-4,5-di- 
oxopyrido [4,3-d1-1 , 3-diox- 
ins, 662 

3-Carbomethoxy-2- (3 ,I-dimeth- 
oxybenzy1)-5,6-dihydro-4- 
pyridone, 627 

3-Carbomethoxy-5,6-dihydro-2- 
( p-methoxybenzy 1 ) -4-pyri- 
done, 627 

4 -Carborne thoxy -6 -me thoxy - 1 - 
methyl-2-pyridone, pre- 
pared from citrazinlc acid, 
752 

3-Carbome thoxy -6-me thy 1- 5 - 
phenyl-2-pyridone, 621 

3-Carbomethoxy-1-methyl-6-pyri- 
done , 707 

3-Carbomethoxy-2-pyridoneI from 
methyl nicotinate-1-oxide, 
718 

4-Carbomethoxy-2-pyridoneI 717 
5-Carbomethoxy-2-pyridone, from 

methyl nicotinate-1-oxide, 
718 

6-Carbomethoxy-2-pyridoneI 716 
2-(2-Carbomethoxyvinylimino)-l 

(2H) -pyridine acrylate, 81 
Carbon suboxide, 634 
4-(Carboxaldehyde diethylace- 

tall -1- (3 ,4-dimethoxy- 
phenethyl1-3-ethyl-2-pyri- 
done , 713 

4- (Carboxaldehyde diethyl ace- 
tall -1- (3 , 4-dimethoxy- 
phenethyl)-5-ethyl-2-pyri- 
done, preparation, 713 

N- (Carboxybenzyl) methylluti- 
done, 615 

N- (Carboxyisobutyl) methylluti- 
done , 615 

5-Carboxamido-4,6-dimethyl-3- 
pyridone, 640 

N-Carboxamidomethyllutidone, 615 
N- (Carboxamidomethyl) methyl- 

N-Carboxamidomethylpyridinium 

3-Carboxamido-1-methylpyridin- 

3-Carboxamido-1-methyl-4-pyri- 

from 4-methoxy-3-pyridinecar- 

3-Carboxamido- 1-methyl- 6-pyri- 

3 -Carboxamid0-4-phenyl- 2-pyri - 
N- (Carboxybenzyl) methylluti- 

N- (Carboxyisobutyl) methylluti- 

5-Carboxy-4,6-dimethyl-2-pyri- 

3-Carboxy-2,6-dimethyl-4-pyrone , 

N- (B-carboxyethyl) lutidone, 652 
3-Carboxylutidone, 652 
4-Carboxymethyl-5-ethoxyoxazole, 

lutidone, 615 

chloride , 628 , 599 

ium perchlorate, 709 

done, 727 

boxamide, 838 

done , 727 

done, 630 

done, 615 

done, 615 

done , 640 

ammonolysis, 655 

reaction with, fumaronitrile, 
672 

4 , 7-dihydro-1 , 3-dioxepineI 672 
l-Carboxymethyl-4-hydroxy-6- 

methyl-2-pyridone, 641 
from diketene, 655 
from triacetic acid lactone, 

655 
N-Carboxymethyllutidone , 6 15 
N- (Carboxymethy 1) me thy1 lut i- 

done, 615 
3-Carboxy-6-methy1-5-phenyl- 2- 

pyridone , reaction with 

4-Carboxy-6-methyl-5-phenyl-2- 
pyridone, reaction with 
PC13/POC13, 785 

4-Carboxy-6-methyl-5-phenyl- 2- 
pyridone, reduction of, 795 

5-Carboxy-N- (4-methyl-2-pyridyl) - 
2-pyridone , 646 

N-Carboxypyridine-1-oxide, 615 

PC13/??CC13, 785 
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2-Carboxypyridine-l-o~ide~ 716 
decarboxylation, 716 
esterification, 716 

5-Carboxy-2-pyridyl-2-pyridoneI 
646 

5-Carboxy-N- 12- (1 , 3 ,4-thiadi- 
azoylmethyl)]-2-pyridoneI 
646 

pyridone, from methyl cou- 
malate via Schiff's base, 
646 

7 30 

801 

complexes with metal salts, 
848 

Chloral, condensation with pic- 
oline , 337 

Chloranil, dehydrogenation 
with , 618 

Chlor0-3-aminopyridines~ con- 
version to nitramines, 704 

8-Chloro- Z-azaphenothiazine , 00 
2- [ (3-Chloro-2-benzofuranyl) 

5-Carboxy-N- (2-thiazolyl) -2- 

Cassine, dehydrogenation of, 

Chelidamic acid , bromination of , 

stability constants of 1:l 

methylene] aminopyridine , 
67 

2- (Chlorobenzylamino) -3-nitro- 
pyridine , 56 

2- (p-Chlorobenzyl) -3-pyridinol, 
from p -chlorobenzyl 2- 
fury1 ketone , 667 

2-Chloro-3 (B-chloroethyl) -4,6- 
pyridinediol, 761 

dehydrohalogenation, 761 
reaction with iodomethane , 761 
4-Chloro- 2- chloromethyl- S-meth- 

oxypyridine, reaction with 
ethyl acetamidomalonate, 
669 

5-Chloro-1- (0-chlorophenyl) -3- 
hydroxy-2-pyridone , 611 

5-Chloro-1- (mchlorophenyl) -3- 
hydroxy-2-pyridone, 611 

3-Chloro-1- (cinnamylideneamino) - 
4-phenyl-2-pyridone, 633 

2-Chlor0-4~5-diamino-3-pico- 

6-Chlor0-4~5-diamino-3-pico- 

Ch1oro-3,4-diaminopyridineI 100 
S-Chloro-2,3-diaminopyridine, 

93 
5-Chloro-2 , 3-dichlorophenyl) - 

3-hydroxy-2-pyridoneI 611 
5-Chloro-1- ( 2  , 5-dichlorophenyl) 

-3-hydroxy-2-pyridoneI 611 
5-Chloro-l-(3,4-dichloro- 

phenyl)-3-hydroxy-2-pyri- 
done , 611 

[3,~-c]pyridine, from 2- 
chloro-3- (B-chloroethyl) - 
4,6-pyridinediolI 764 

2-Chloro-4,6-dihydroxy-3-sub- 
stituted-pyridines, 637 

S-Chlor0-2~6-dimethy1-3-nitro- 
4-pyridone1 chlorination, 
80 2 

4-Chloro-3,5-dimethylpyridine- 
1-oxide, 47 

2-Chloro-3,5-dinitropyridine, 
solvolysis of, 600 

4-Chloro-3,S-dinitropyridine, 
with sodium methoxide, 031 

7-Chlorodioxopyrano-l12-diox- 
ins, prepared from malonyl 
chloride and ketones, 661 

3-Chloro-l14-diphenyl-2-pyri- 
done , 633 

3-(B-Chloroethyl)-4-methyl-2,6- 
pyridinediol, 0-alkylation 
with diazomethane, 755 

3- (B-Chloroethyl) -4-methyl-2,6- 
pyridinediol, cyclization, 
787 

line , 93 

line , 96 

4-Chloro-2,3-dihydro-6-oxofuro 

reaction with mines, 661 

preparation , 707 
3- (B-Chloroethyl) -2,4,6-tri- 

chloropyridine , 764 
from N-alkylfuro [3,2-c1 

pyridines , 764 
from 2-chloro-3- (B-chloroethyl) 

-4,6-pyridinediolI 764 
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from 4-chloro-2,3-dihydro-6- 
oxofuro [3 ,2-c]pyridineI 
764 

Chlorofluoropyridinols, from 
3-chlorotetrafluoropyri- 
dine , 686 

from 3,5-dichlorotrifluoro- 
pyridine, 686 

from pentafluoropyridine, 686 
5-Chloro-3-hydroxy-l-(4-meth- 

oxyphenyl) -2-pyridone , 611 
5-Chloro-3-hydroxy-l-(2-methyl- 

phenyl)-2-pyridone, 611 
4-Chloro-3-hydroxy-l-methyl-2- 

pyridone, 611 
5-Chloro-3-hydroxy-l-(3-nitro- 

phenyl)-2-pyridoneI 611 
5-Chloro-3-hydroxy-l-phenyl-2- 

pyridone, 611 
4-Chloro-3-hydroxy-2-pyridoneI 

611 
5-Chloro-3-hydroxy-2-pyridone, 

611 
6-Chloro-4-hydroxy-2-pyrone-3- 

carboxylic acid, reaction 
with m-anisidine, 660 

2-pyridone , 611 
5-Chloro-3-hydroxy-1- (mtolyl) - 
3-Chloro-2,6-lutidineI 76 
4-Chloro-5-methoxy-2-phthali- 

midomethylpyridine, 669 
2-Chloro-4-methoxypyridine, 

with sodium methoxide, 829 
2-Chloro-4-methoxypyridineI 830 
2-Chloro-4-methoxypyridine-l- 

oxide, formation of, 4 
6-Chloromethyl-1-cyano-3-hy- 

droxy-4-pyridoneI 651 
6-Chloromethyl-3,5-dichloro-4- 

hydroxy-2-pyridone, 803 
2-ChloromethylpyridineI 101 
2-Chloro-4-methylpyridine-l- 

oxide, with acetic anhy- 
dride , 719 

2-Chloro-6-methylpyridine-l- 
oxide, with acetic anhy- 
dride , 719 

6-Chloro-4-methyl-2-pyridonesI 
tautomeric equilibrium 
constant studies, 735 

pyridine, 72 
2- (Chloromethylsulfonamido) 

2-Chloronicotinic acid , 08 
4-Chloronicotinic acid-l-ox- 

2-Chloro-5-nitropyridineI rate 
ide, 47 

of halogen displacement , 
689 

mechanism, 689 
2-Ch1oro-4-nitropyridineI hy- 

3-Chloro-4-nitropyridine-1-ox- 

2-Chloro-4-nitropyridineI re- 

drolysis of, 4 

ide , reduction of , 4 

duction with hydrosulfide , 
4 

phenyl-4-hexene-1 , 3-dione , 
610 

phenyl-4-hexene-1,3-dione, 
610 

3-hydroxy-6-methyl-2-pyri- 
done , 607 

1- (p-Chlorophenyl) -3,6-dihydro- 
3-hydroxy-2-pyridoneI 607 

1- (p-Chlorophenyl) -4,6-dihy- 
droxy-2-pyridone , 619 

6- (p-Chlorophenyl) -4-hydroxy-2- 
pyridone, 619 

1- (0-Chlorophenyl) -2-methyl-6- 
phenyl-4-pyridoneI 610 

1- (p-Chlorophenyl) -2-methyl-6- 
phenyl-4-pyridoneI 610 

1- (p-Chlorophenyl) - 5-me thy 1- 2- 
pyrrolecarboxylic acid, 607 

1- (p-Chlorophenyl) -3- (4-picolyl) 
urea , 121 

1- (p-Chlorophenyl) -2-pyridone , 
60 7 

6-Chloro-4-phenyl-2-pyridones , 
tautomeric equilibrium 
constant studies, 735 

5- (0-Chlorophenylamino) -1- 

5- (p-Chlorophenylamino) -1- 

1- (p-Chlorophenyl) -3,6-dihydro- 

5-Chloro-N-methyl-2-pyridone,706 pChloropheny1-2-pyridylamino- 



1204 Index 

methyl sulfone, 72 
3-Chloro-4-phenyl-l-tolyl-2- 

pyridone , 633 
6-Chloro-3,4-polymethylene-2- 

pyridone, tautomeric equil- 
ibrium constant, 135 

malonyl chloride and ke- 
tones, 657 

4-Chloropyridine-l-o~ide~ 56, 
118 

2-ChloropyridineI reaction with 
monosubstituted hydrazines, 
7 

4-ChloropyridineI reaction with 
sodium azide, 7 

2-Chloro-3-pyridino1, prepara- 
tion of, 2 

6-Chloro-2-pyridino1, from 2,6- 
di chlo ropyridine , 6 8 3 

6-Chloro-2-pyridinolI existance 
as pyridinol tautomer, 132 

OH---N type , 132 

Chloropyranodioxins, from 

formation of dimers of the 

5-Chloro-3-pyridinols, 104 
2-Chloro-4-pyridone , from 2- 

6-Chloro-2-pyridones, 601 
chloro-4-nitropyridine, 4 

N-alkylated by dimethyl sul- 

1 , 2-Bis (2-chloro-4-pyridyl) hy- 

3-Chloro-N- (2'-pyridyl) -2-pyri- 

fate, 152 

drazine, preparation of, 4 

done, from pyridine-l-ox- 
ide , 723 

done, from pyridine-l-ox- 
ide , 723 

1- (Chlorosulfonyl) -3 , 6-dihydro- 
4-methyl-2-pyridoneI 611 

Chlorosulfonyl isocyanate, re- 
action with isoprene, 617 

3-Chloro-2,5,6-trifluoro-4- 
pyridinol, from 3-chloro- 
tetrafluoropyridine, 686 

pyridinol , from 3-chloro- 
tetrafluoropyridine, 686 

5-Chloro-N- (2 I-pyridyl) -2-pyri- 

3-Chloro-4,5,6-trifluoro-2- 

5-Chloro-3,4,6-trifluoro-2- 
pyridinol, from 3-chloro- 
tetrafluoropyridine, 686 

dine, from 3-trimethylsilyl- 
pyridine-1-oxide, 122 

4-Chloro-3-trimethylsilylpyri- 
dine, from 3-trimethylsilyl- 
pyridine-1-oxide, 722 

2-Chloro-3-trimethylsilylpyri- 

hydrolysis, 122 

hydrolysis , 122 
7-Chloro-2,4,5-trioxopyrano 

[3,4-e]-1,3-oxazines. 663 

oxazines, 663 

2-pentenedioatesI 663 

chloride, 663 

oxopyran-3-carbonyl chlor- 
ide, 663 

dineacetic acid derivatives, 
357, 494-497 

Simonis condensation of ethyl 
nicotinolacetate with phe- 
nols , 351 

tion with cyanoacetamides, 
622 

conversion to , 2 , 4-dioxo-1 , 3- 

diethyl 2-carbamoyl-3-ethoxy- 

from isocyanates, and malonyl 

and 6-chloro-4-hydroxy-2- 

Chromones, formation from pyri- 

Cinnmylacetaldehydes, reac- 

2-CinnamylaminopyridineI 61 
Citranzinic acid, 139 
bacterial oxidation of, 860 
0 and N-methylation, 1 5 2  
tautomeric properties, 739 
2,3,6-Collidine-l-oxide, irra- 

2,4,6-Collidine-l-oxide, 116 
irradiation of, 725 
reaction with acetic anhy- 

diation of, 725 

dride, 716 

densation of ethyl pyridyl- 
acetates with o-hydroxy- 
aromatic aldehydes, 345 

Pechmann condensation of ethyl 
nicotinoylacetate with 

Coumarins, formation from con- 
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phenols, 357 
pyridineacetic acid deriva- 

tives, 357, 491-493 
Coupling with diazonium salts, 

010 
2-Crotoxpyridine, Claisen re- 

arrangement of, 030 
effect of catalyst on rear- 

rangement, 039 
Curtius reaction, conversion 

of a pyridine hydrazide 
to a pyridine amide, 362 

Cyanoacetamide , 602 , 620 
Cyanoacetic acid, 601 
Cycloalkano-2-pyridones, prep- 

aration from 2-(2-cyano- 
ethyl) cycloalkanones , 729 

u-Cyano-2-butenoic acids, 601 
3-Cyano-5,6-dihydro-4,6-diph- 

enyl-2-pyridone, dehydro- 
genation of, 630 

prepared by Knoevanagel con- 
densation, 630 

3-Cyano-4,6-dimethyl-2-pyri- 
done, dianion of, 750 

reaction with benzyl chlor- 
ide, 750 

l-Cyano-2,6-dimethyl-4-pyri- 
done, 651 

3-Cyano-4,6-diphenyl-2-pyri- 
done, 630 

3-Cyano-4,6-disubstituted-2- 
pyridones ,. from vinyl ke- 
tones and ethyl cyanoace- 
tate v i a  Michael addition, 
630 

3-Cyano-4-ethoxymethyl-6- 
methyl-2-pyridone, 624 

4- [N,N-Bis (2-cyanoethyl) 1 
aminopyridine, 60 

3-Cyano-6-ethyl-2-pyridone, 
621 

B-Cyanoethyl 2-pyridyl phos- 
phate, 704 

4-Cyano-2-fluoropyridine, hy- 
drolysis of, 609 

3-Cyan0-6-hydroxy-S-(B-hy- 
droxyethyl)-4-methyl-2- 

pyridone , 739 
l-Cyano-3-hydroxy-6-hydroxy- 

methyl-4-pyridone, 651 
l-Cyano-6-hydroxymethyl-3- 

methoxy-4-pyridone , 651 
4-Cyano-S-hydroxymethyl-2- 

methyl-3-pyridinol , f r o m  
&methyl- and I-carboxy- 
methyl-5-ethoxyoxazole 
and u-h ydroxy croton i t ri le , 
673 

S-Cyano-6-hydmxy-2-pyridones , 
by cyclization, 625 

3-Cyano-6-hydroxy-4-trifluoro- 
methyl-2-pyridoneP 624 

3-Cyano-6-hydroxy-4-tri f luoro-  
methyl-2-pyridone, 625 

S-Cyano-6-hydroxy-4-trifluoro- 
methyl-2-pyridoner 625 

u-Cyanoketones, cyclization 
of, 613 

5-C yano-4-methoxymeth yl-2 - 
methyl-3-phenylazo-6-pyri- 
done, with tosyl chloride, 
770 

methyl-5-phenylhydrazono- 
2-pyridone, 620 

meth yl-5-phen ylhydrazono- 
2-pyridone, 620 

3-Cyano-4-methoxy-l-methyl-2- 
pyridone, see also 
Recinidine , 055 

Cyanmethoxypyridines, f r o m  
nitropyridines, 292 

a-Cyano-0-methylcinnamide , cy- 
clization with ethyl for- 
mate, 616 

2-Cyanomethylfurans , hydroly- 
sis, 666 

prepared from furfural , 666 
3-Cyano-6-methyl-4-phenyl-2- 

3-Cyano-6-methyl-S-phenyl-2- 

3-Cyano-4-methyl-S-phenyl-2- 

3-Cyano-4-methoxymethyl-6- 

3-Cyano-6-methoxymethyl-4- 

pyridone , 630 

pyridone , 621 

pyridone, 621 
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3-Cyano-6-methyl-5-phenyl-2- 
pyridone, dianion of, 759 

ate , 759 

759 

pyridone, dianion of , 759 

zoate, 759 

aroylation with methyl benzo- 

reaction with benzaldehyde, 

3-Cyano-4-methyl-6-phenyl-2- 

aroylated with, methyl ben- 

benzophenone, 759 

2-pyridone , 630 

4-methyloxazole and acry- 
lonitrile, 673 

5-Cyano-2-methyl-3-pyridinolI 
from 4-methyloxazole and 
ethyl trans-3-cyanoacry- 
late, 674 

from 4-methyloxazole and 
fumaronitrile, 674 

5-Cyano-1-methyl-2-pyridone 
(Nudiflorine) , 855 

3 -Cyano-N-methylpyridones , 
from oxidation of corre- 
sponding pyridinium iodide 
with aq. potassium ferri- 
cyanide, 710 

aroylation of the dianion 
with methyl benzoate, 758 

from 3-cyano-1-methylpyri- 
dinium perchlorate and aq. 
NaOH, 710 

707 

pyridone , 622 

rnethyl-2-pyridoneI conver- 
sion to the Vitamin B6, 
analog, 622 

synthesis, 622 

3-Cyano-6-methyl-4- (n-propyl) - 

4-Cyano-2-methylpyridineI from 

3-Cyano-6-methyl-2-pyridoneI 

5-Cyano-l-methyl-2-pyridoneI 

3-Cyano-N-methyl-2-pyridoneI 

3-Cyano-6- (a-methylstyryl) -2- 

3-Cyano-6-methyl-4-trifluoro- 

3-Cyano-6-n-pentyl-2-pyridoneI 

3-Cyano-4-phenethyl-6-phenyl- 
621 

2-pyridone, by side chain 
aroylation of 3-cyano-4- 
methyl-6-phenyl-2-pyridoneI 
757 

3-Cyano-6- (B-phenethyl) -5- 
phenyl-2-pyridoneI 621 

3-Cyano-1-phenethylpyridinium 
salts, oxidation of, 707 

3-Cyano-N-(B-phenethyl)-2- 
pyridone, 707 

3-Cyano-b-phenethyl-2-pyri- 
done, 621 

2- (N-Cyano-N-phenyl) aminopyri- 
dine, 60 

3-Cyano-4-phenyl-2-pyridoneI 
616, 623 

3-Cyano-6-u-phenylstyryl-2- 
pyridone, 622 

3-Cyano-6-phenyl-4-trifluoro- 
methyl-2-pyridoneI 622 

Cyanopyridines, from isonico- 
tinic acid, 292 

from nicotinic acid, 292 

conversion to 2-halo, 624 
reduction, 624 

3-Cyano-2-pyridonesI 621, 624 

3-Cyano-2-pyridoneI 624 
N-Cyan0-4-pyridone~ from 4- 

pyridone and cyanoqen bro- 
mide, 766 

N-Cyano-4-pyridones, from a- 
pyrones and cyanamide, 651 

3-Cyano-6-styryl-2-pyridoneI 
622 

3-Cyano-6-styryl-2-pyridonesI 
622 

3-Cyano-6- (2-thienyl) -4-tri- 
fluoromethyl-2-pyridone, 
622 

3-Cyano-4-trifluoromethyl-2- 
pyridones , prepared from 
trifluoromethyldiketones, 
622 

2- (Cyclohexylamino) pyridine , 
55 

2- (a-Cyclohexylbenz yl) -3 -pyri- 
dinol, from 2-diphenyl- 
methyl-3-pyridino1, 797 
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2- [l- (1-Cyclohexy-1-H-tetra- 
zol-5-yl)-2-methylpropyl] 
aminopyridine, 68 

4- (Cyclopropylcarbinyloxy) -1- 
methylpyridinium iodide, 
829 

hydrolysis, 830 
solvolysis, 829 

Cytidine-S'-phosphate, reac- 
tion with B-cyanoethyl-2- 
pyridyl phosphate , 784 

1-Deazauridine, synthesis from 
3-bromo-2,6-dibenzyloxy- 
pyridine, 773 

3-Deazauridine , from 2 , 3- bis  
(trimethylsi lyloxy ) pyri- 
dine, 773 

nate, 773 
reaction with diphenyl carbo- 

Dehydroacetic acid, 652 
reaction with, ammonia, 652 
ethanolamine, 655 
primary mines, 652 

Dehydroacetic acid oxime, re- 
arrangement of, in PPA, 
655 

1,6-Dehydro-5,6-dimethylpiper- 
idone, from a-acetylvaler- 
onitrile, 613 

Deoxybenzoin, monocyanoethy- 
lation of, 613 

3- (2'-Deoxyribofuranosyl) -2,6- 
dihydroxypyridine, synthe- 
sis, 773 

N- (f3-2'-Deoxyribofuranosyl) -2- 
pyridone, by mercuric salt 
method, 773 

from pyridyl ethers, 773 
N- ( 5  '-Deoxy-0-A-ribofuranosyl) - 

2-pyridone, from silver 
salt of 2-pyridone, 773 

5'-toluyl-2-pyridone, con- 
figuration of anomers, 773 

2,6-Diacetoxy-3-diacetylamino- 
pyridines, conversion to 2, 
3,6-triacetoxypyridine, 852 

N- (2'-Deoxy-D-ribofuranosyl) - 

preparation , 852 
Diacetylacetone, reaction with 

p-nitrophenylhydrazine , 
841 

3,5-Diacetyl-4,6-dihydroxy-l- 
phenyl-2-pyridone, 619 

3,5-Diacetyl-4-hydroxy-6- 
methyl-2-pyridone, 658 

from 3,5-diacetyl-4-hydroxy- 
6-methyl-2-pyrone, 658 

from 5-acetyl-4-hydroxy-6- 
methyl-2-pyridone, 658, 
816 

2-pyrone, preparation from 
5-acetyl-4-hydroxy-6- 
methyl-2-pyrone, 658 

reaction with ammnia, 658 

3,5-Diacetyl-4-hydroxy-6-methyl- 

2,6-Diacyldiamino-3-aminopyri- 

4,6-Dialkoxy-3-carboxy-N- 
dine, 70 

phenyl-2-pyridonesI from 7- 
chloropyridinodioxins, 662 

2,3-Dialkoxy-3,4-dihydro-l12- 
pyrans, conversion to 3- 
alkoxypyridines with NH3, 
730 

and acrolein or crotonal- 
dehyde, 730 

3,4-Dialkoxypyridine-l-oxides, 
from 3-alkoxy-4-nitropyri- 
dine-1-oxides, 688 

dines, 155 

from 1,2-dialkoxyethylenes 

2-Dialkylaminoalkylaminopyri- 

Dialkylaminoalkylpyridines , 120 
2-Dialkylamino-2-butynylpyri- 

dines, 223 
3-Dialkylamino-2-butynylpyri- 

dines, 223 
4-Dialk ylamino- 2 -butyny lpyri- 

dines, 223 
2- ( B-Dialkylaminoethylamino) 

pyridines, 59 
2-N-Substituted- N- (B-dialkyla- 

minoethyl) aminopyridines , 
160 

B-Dialkylaminoethyl pyridyl 
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sulfides, 224 
6-Dialkylaminmethyl-2-methyl- 

3-pyridinol, conversion to 
hydroxymethyl-3-pyridinols, 
011 

from 2-methyl-3-pyridinolI 011 
Dialkyl l-aryl-l12-dihydro-4, 

6-dihydroxy-2-oxopyridine- 
3,S-dicarboxylateI 663 

S16-Dialkyl-3,4-dihydro-2-pyri- 
dones , bromination , 729 

dehydrohalogenation, 729 
reaction with sulfuryl chlor- 

ide, 729 
Dialkyl 2,6-diphenyl-4-pyri- 

done-3,S-dicarboxylatesI 
existance as conjugate 
pyridinol chelates, 737 

pyridine-l-oxides, prepar- 
ation of, S 

Dialkyl 2,6-di (u-pyridyl) -4- 
hydroxy-3,s-pyridine di- 
carboxylate , 0-alkylation 
with iodomethane, 761 

Dialkyl 2,6-di-u-pyridinyl-4- 
pyridone-3,S-dicarboxylateI 
existance as conjugate 
pyridinol chelate, 737 

pyridone-3,s-dicarboxy- 
lates, existance as conju- 
gate pyridinol chelates, 
737 

tration of, 009 

dine, from a,u-diethylglu- 
tarinidine , 43 

2'-dipyridyl, 92 

92 

pyridyhethyl)-lI2-diami- 
noethane , 102 

70 

2,6-Dialkyl-4-hydroxylamino- 

Dialkyl 2,6-di-u-quinolyl-4- 

2,6-Dialkyl-3-pyridinolsI ni- 

2,6-Diamino-3,S-dimethylpyri- 

SIS'-Diamino-4,4'-dinitro-2, 

S,S'-Diamino-2,2'-dipyridylI 

1,2-Diamonoethane give N-(4- 

2,6-Diamino-3-hydroxypyridine, 

2,3-Diamino-4,6-lutidineI 97 
6,0-Diamino-3-methylpyrido 

[2,3-b]pyrazineI 97 
2,4-Diamino-3-nitro-6-propyl- 

pyridine , 94 
2,3-Diamino-S-nitropyridine, 

93, 99 
2,6-Diamino-3-nitrosopyridineI 

2,6-Diamino-3-picolineI 43 
4,S-Diamino-3-picolineI 92, 93, 

3,4-Diamino-6-propyl-2-pyri- 

2,6-Diaminopyridine, 60, 79, 

diazotization, nitrosation, 

from isonicotinic acid, from 

2,3-DiaminopyridinesI 61, 90, 

2,4-DimnopyridinesI 100 
2,S-DiaminopyridinesI 70, 181 
3,4-~iamonopyridines , 61 , 97 , 

3,S-~iamonopyridines, 70, 93, 

Diaminopyridines , protonation , 

4,6-Diamino-2-pyridoneI 611 
3- (2,6-Diamino-3-pyridylazo) - 

96 

96 

done , 99 

95, 97, 12.7, 103 

700 

nicotinic acid, 292 

101 

90, 100, 106 

107 

61 

2,4,6-triiodobenzoic acid, 
97 

2,6-DianilinopyridineI 43 
from 3-hydroxyglutarontrile, 

56 

from diarylmethyl-2-furyl- 
ketones, 667 

Diazaindenes, 03 
Diazepine, reaction with, ben- 

2-Diarylmethyl-3-pyridinolsI 

zoyl chloride , 844 
dimethyl sulfate, 844 

Diazepinones, reaction with 
dimethylsulfate, 677 

rearrangement of , in base , 
677 
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trans-3 , 7-Diazatricyclo [4.2.2. 
2.2.51dode~a-9~11-dien-4, 
8-diones , 827 

3-Diazo-5-nitro-2-pyridoneI 76 
kinetics of diazotization, 74 
2-Diben~oylaminoicotyrine~ 81 
2,6-Dibenzyloxy-4-methylpyri- 

dine, side chain alkyla- 
tion, 760 

a,w-Dibromoalkanes, 610 
3,4-Dibromo-S ,6-dichloro-l- 

3,S-Dibromo-2,6-dimethyl-4- 
phenyl-2-pyridone, 604 

pyridone, from 3-acetyl-2, 
6-dimethyl-4-pyridoneI 803 

804 
2,3-Dibromo-3-ethoxypyridineI 

2,3-Dibromo-6-ethoxypyridineI 

3,5-Dibromo-4-methoxypyridineI 
from chelidamic acid by 
bromination, 801 

2,4-Dibromo-6-methyl-3-pyridi- 
no1 , 804 

3,5-Dibromo-l-methyl-4-pyri- 
done, from N-methyl-l-pyri- 
done , 802 

804 

Dibromopyridines, 47 
2,6-Dibromo-3-pyridinolI ring 

contraction with KN?iZr 794 
3,S-Dibromo-2-pyridones, prep- 

aration, 800 
N, N’-Di- (5-bromo-2-pyridyl) 

formamidine, 74 
2,6-Di-t-butyl-4-ethoxypyri- 

dine , hydrolysis and prep- 
aration , 020 

dine-3-sulfonic acid, hy- 
drolysis of, 820 

ide , 820 

Z16-Di-t-butyl-4-ethoxypyri- 

reaction with aluminum chlor- 

Dibutyldi (2-pyridonato-l) tin, 

2,6-Di-t-butyl-4-pyridoneI re- 
action with P2S5, 793 

3,5-Dicarbethoxy-4,6-dihydroxy- 
l-phenyl-2-pyridoneI from 

a49 

dioxo-oxazines, 663 

pyridinol , from 4-methyl- 
oxazole and diethyl male- 
ate , 674 

pyridone, from 4,b-dihy- 
droxy-2-methylpyrimidine 
and dimethyl acetylenedi- 
carboxylate , 676 

3 , 5-Dicarbomethoxy-4-pyridoneI 
638 

Dichloroacetyl chloride , dehy- 
drochlorination of, 632 

2,6-Dichloro-3,4-diaminopyri- 
dine , 94 

3,S-Dichloro-2,6-di€luoro-4- 
pyridinol, from 3,s-di- 
chlorotrifluoropyridine, 
686 

3,5-Dichloro-4,6-difluoro-2- 
pyridinol, from 3,s-di- 
chlorotri f luoropyridine , 
6 86 

3 , 4-Dichloro-5 , 6-dimethyl-2- 
pyridone , 613 

3,6-Dichloro-4,S-diphenyl-l- 
methyl-2-pyridone, hydro- 
genation of, 685 

preparation of , 685 

4,5-Dicarbethoxy-2-methyl-3- 

4 , S-Dicarbomethoxy-6-methyl-2- 

5,6-Dichloro-3,4-diphenyl-l- 
methyl-2-pyridone, hydro- 
genation and preparation , 
685 

pyridinol, from 2,3-di- 
phenylqlutarimide, 685 

3,4-Dichloro-S-ethyl-6-methyl- 
2-pyridoneI 613 

4,5-Dichloro-3-ethyl-2,6-pyri- 
dinediones, 601 

3 , 5-Di~hloro-b-methyl-2~4-pyri- 
dinediol, 803 

4,5-Dichloro-3-methyl-2,6-pyri- 
dinedione, 601 

3,5-Dichloro-l-methyl-2-pyri- 
done, 646, 706 

3,4-Dichloro-6-methyl-2- 

5,6-Dichloro-3,4-diphenyl-2- 
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pyridone , 613 

dine , 94 

from 3-nitro-4-pyridone by 
chlorination , 785 

oxide , 94 

hyde, formed by chlorine 
addition to oxoglutaconal- 
dehyde, 611 

phatic mines and aromatic 
mines , 611 

3,5-Dichloro-l-phenyl-2-pyri- 
done , 646 

3,5-Dichloro-6-phenyl-2-pyri- 
done, prepared from, 6- 
phenyl-2-pyridoneI 646 

2,4-DichloropyridineI from 4- 
hydroxy-2-pyridoneI 706 

reaction with sodium methox- 
ide, 829 

2,6-Dichloropyridine-l-oxideI 
94 

5,6-Dichloro-2,4-pyridinediol, 
reaction with PK13 , 706 

2,6-Dichloropyridines , Table 
X I I -  18 , 793 

3,5-Dichloro-2-pyridone, by 
reduction of polyhalopyri- 
dines , 646. 

phenylmercury derivative, 849 
preparation from pyrones , 646 
ultraviolet spectrum studies, 

2,6-Dichloro-4-nitraminopyri- 

3,4-Dichloro-5-nitropyridineI 

2,6-Dichloro-4-nitropyridine-l- 

2 ,3 -Dichloro-4-oxoglutaralde- 

reaction with ammonia, ali- 

6-phenyl-2-pyrone, 646 

849 

phenyl lead derivative, 
849 

triphenyl tin derivative, 049 
ultraviolet spectrum studies, 

849 
2-(4,5-Dichloro-2-thienylidene) 

aminopyridine, 67 
3- ( 0  , B-Dicyano-a-minovinyl) - 

5,6-dihydr0-4- (2 , 4-di- 

3,5-Dich1oro-4-pyridoneI tri- 

methylphenyl)-2-pyridone, 
632 

3- ( B  , B-Dicyano-a-minovinyl) - 
5,6-dihydro-4- (p-methoxy- 
phenyl)-2-pyridoneI 632 

3- ( B  , €3-Dicyano-a-aminovinyl) - 
5 , 6-dihydro-4-phenyl-2- 
pyridone, 632 

5,6-dihydr0-4- (p-tolyl) -2- 
pyridone, 632 

3,5-Dicyano-2,6-diethoxypyri- 
dine, from s-triazine and 
ethyl a-cyanoacetimidate, 
644 

a,3-Dicyano-4-dimethylamino-2- 
pyridineacetamide, 632 

a,3-Dicyano-4-methylamino-2- 
pyridineacetamide, 632 

4,5-Dicyano-2-methy1-3-pyridi- 
nol, from 4-carboxymethyl- 
5-ethoxyoxazole and fumar- 
onitrile , 672 

from 5-ethoxy-4-methyloxazole 
and fumaronitrile, 670 

a13-Dicyano-4-phenyl-2-pyrido- 
neacetamide , 632 

2,5-DicyanopyridineI from iso- 
cinchomeronic acid, 292 

1.3-Dicyano-1- (2-pyridyl) hex- 
ane acid, hydrolysis of, 
365 , 366 

a , 3-Dicyano-4- (ptolyl) -2-pyri- 
dineacetamide , 632 

Diels-Alder adducts from ni- 
troso compounds and carbo- 
methoxydienes, 607 

Diels-Alder dienophiles 820 
Diels-Alder reaction, in the 

3- ( B  , B-Dicyano-a-aminovinyl) - 

synthesis of pyridine side- 
chain carboxylic acids , 
333 

pyridone, 73 
l13-Diethoxycarbonylamino-4- 

a.a-Diethylacetoacetamide, 616 
Diethyla~etone-1~3-dicarboxy- 

late, reaction with ammonia 
and liquid ammonia, 611 
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Diethylacetonedicarboxylate, 
sodium salt, reaction with, 
aryl isocyanates, 619 

phenyl isothiocyanate, 619 
Diethyl 3-aminoallylidene malo- 

nate, cyclization of, 606 
2-Diethylamino-3,s-dinitropyri- 

dine , 59 
4- [ p-  (2-Diethylaminoethoxy) 

anilinolpyridine , 57 
1- (2-Diethylaminoethyl) -2-hy- 

droxymethyl-S-methoxy-4- 
pyridone, from 2-hydroxy- 
methyl-5-methoxy-4-pyroneI 
649 

troimidazo [4,5-b]pyridine, 
99 

3-DiethylaminomethylpyridineI 
104 

4-Diethylamino-1-phenyl-1- (2- 
pyridyl) -2-butyn-1-01 , 111 

2- (3-Diethylaminopropyl) pyri- 
dine, 104 

Diethyl a- (n-amyl) -a- (a,B-di- 
chloro-0-cyanovinyl) malo- 
nate , 601 

Diethyl 3-benzylaminoallylide- 
nemalonate, cyclization of, 
606 

Diethyl a- (n-butyl) -a- (a, B-ai- 
chloro-0-cyanovinyl) malo- 
nate , 601 

anoviny1)-a-ethylmalonate, 
601 

anoviny1)-a-methylmalonate, 
601 

done-3,5-dicarboxylate, 729 

(SO4)3, 729 

done-3,5-dicarboxylateI 729 

pyridy1amino)methylene malo- 

3- (0-Diethylaminoethyl) -6-ni- 

Diethyl a-(a,B-dichloro-0-cy- 

Diethyl a- (a,B-dichloro-B-cy- 

Diethyl 2,6-diphenyl-4-piperi- 

dehydrogenation by CrO3 or Ce 

Diethyl 2,6-diphenyl-4-pyri- 

Diethyl (2,6-disubstituted- 3- 

Diethyl 3-ethoxyallylidenemalo- 
nate, cyclization in poly- 
phosphoric acid or formic 
acid, 606 

zyl mine, 606 
reaction with ammonia or ben- 

Diethyl glutaconate, 616 
Diethyl ketoxime , benzyl ether, 

Diethyl malonate, 606 
Diethyl malonate , Michael addi- 

tion to vinyl pyridines, 
340, 341 

nemalonate, cyclization of, 
606 

Diethyl 2-methyl-3-hydroxypyri- 
dine-4,5-dicarboxylate, 
from 5 -ethoxy- 4-me thy loxa- 
zole and maleic anhydride, 
ethyl maleate, ethyl fuma- 
rate , 670 

Diethyl 2-methyl-3,5-pyridinedi- 
carboxylate , from ethyl 4- 
methyl-5-oxazolocarbonate 
and diethyl fumarate, 676 

sis of pyridylpyruvic acids , 
339 

338, 339 

635 

Diethyl 3-methylaminoallylide- 

Diethy oxalate, in the synthe- 

reaction with picolines, 337, 

Diethyl oxaloacetate , condensa- 
tion with ethyl picollnate , 
343 

3,3-Diethyl-2,4-pyriainedioneI 
6 16 

N,N-Diethyl-N' -2-pyridylethyl- 
enediamine , 59 

N,N-diethyl-N1-2-pyridyl-N'-2- 
selenylethylene diamine, 60 

Diethyl sumarate, condensation 
with 2-vinyl pyridine, 340 

3,5-Difluoro-2,4,6-trimethoxy- 
pyridine, from perfluoro- 
pyridine, 606 

3 , 5-Dihalo-2-pyridones , by halo- 
genation of 2-pyridones, 802 

nates , 164 3- [ (3 , 4-Dihydro-2H-1 , S-benzo- 
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dioxepin-2-yl) -methyl] 
aminopyridine, 69 

3,4-Dihydro-S,b-dimethyl-2- 
pyridone, from ci-acetyl- 
valeronitrile, 613 

2,3-Dihydro-1,2-diphenyl-6- 
methyl-4-pyridone, 614 

reaction with chloranil, 730 
ultraviolet irradiation, 827 
3,4-Dihydro-4,5-diphenyl-b- 

methyl-2-pyridoneI 729 
2,3-Dihydro-1,2-diphenyl-6-(8- 

phenylethyll-4-pyridone, 
614 

pyridone, dehydrogenation 
of, 613 

3,4-Dihydro-S,b-diphenyl-2- 

hydrogenation, 800 

pyridone, 618 

pyridones, dehydrogenation 

2,3-Dihydro-2,6-diphenyl-4- 

3,4-Dihydro-5,6-diphenyl-2- 

oi, 728 
2,3-Dihydro-b-hydroxy-4-methyl- 

furo[2,3-b]pyridineI tauto- 
meric properties, 740 

3,6-Dihydro-3-hydroxy-6-methyl- 
1-phenyl-2-pyridone , 607 

3,5-Dihydro-3-hydroxy-6-methyl- 
2-pyridone, 607 

3,6-Dihydro-3-hydroxy-2-pyri- 
dones, dehydration of, 607 

6,7-Dihydro-12H-indolo [2,3-a] 
quinolizinium salts, prep- 
aration, 788 

3,4-Dihydro-b-methyl-S-phenyl- 
2-pyridonet dehydrogena- 
tion of, 613 

2-pyridone, dehydrogena- 
tion of, 728 

4-pyridone , 618 

done, 617 

dones, dehydrogenation of, 

3,4-Dihydro-b-methyl-5-phenyl- 

2,3-Dihydro-b-methyl-2-phenyl- 

3,6-Dihydro-4-methyl-2-pyri- 

5,6-Dihydro-l-methyl-2-pyri- 

728 

5,6-Dihydro-4-methyl-2-pyrone, 

3,6-Dihydro-1,2-oxazines, Diels- 

reduction by Zn in acetic acid, 

6 17 

Alder adduct, 607 

607 

dide, from silver salt of 
2-pyridone and trimethylene 
iodide, 747 

2,3-Dihydro-b-phenethy1-2- 
phenyl-4-pyridone, 618 

5,6-Dihydro-l-phenyl-2-pyri- 
done, dehydrogenation to 
pyridones with Pd/C, 728 

3,4-Dihydropyridones, from 
enamines and acrylic acids 
and propiolactone, 633 

2,3-Dihydro-4-pyridones, 614, 

3,4-~ihydro-2-pyridones, 613 

acrylic esters, 628 
5,6-Dihydro-2-pyridones, 632 
5,6-Dihydro-4-pyridones, from 

methyl 8-alanate and ena- 
mines, 627 

oxazinium iodide , prepared 
from silver salt of 2-pyri- 
done, 795 

2,3-Dihydro[2,1-b] oxinium io- 

618 

preparation from enamines and 

2,3-Dihydro-4H-pyrido [ 2 , 1-b] 

reduction of, 795 
2,3-~ihydrothiazo10 [3 ,a-aIpyri- 

dinium bromide, from 2- 
pyridinethiones and 1- 
bromo-2-chloroethane, 760 

2,3-~ihydrothiazolo [3 ,z-a]pyri- 
dinium bromide, from 2- 
pyridinethiones and 1- 
bromo-2-chloroethane, 761 

methoxyphenyl) acrylyl] -2- 
pyridone, 857 

4-pyridone, 614 

69 5 

5,6-Dihydro-N-[B- (3,4,5-tri- 

2,3-Dihydro-1,2,6-triphenyl- 

3,3'-(4,4'-Dihydroxy-bipyridyl, 

4,4'-Dihydroxy-S,S'-dirnethyl- 
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3,3'-diaza-2,2-dipheno- 
quinone, 051 

2,2'-Dihydroxy-SIS'-dipyridyl 
sulfide, 020 

Dihydroxyhexahydrobenzo [b] 
indolizinone, 014 

2,6-Dihydroxy-3-(a-methylamino- 
butyryl)pyridine, from 
nicotine, 059 

3,6-Dihydroxy-S-methyl-2-pyri- 
done, 052 

2,6-Dihydroxynicotinic acid, 
bacterial oxidation of, 060 

2,6-Dihydroxy-1- (pnitroanil- 
ino)-4-pyridone, from ace- 
tonedicarboxylic anhydride, 
041 

4 , 6-Dihydroxy-1- (p-nitrophenyl) 
-2-pyridone, 619 

4,6-Dihydroxy-l-phenyl-3-(N- 
phenylcarbamoyl) -2-pyri- 
done , 663 

done, 619 

hydroxypyridine-1-oxide, 
718 

4,6-Dihydroxy-l-phenyl-2-pyri- 

2,3-Dihydroxypyridine, from 3- 

3,5-Dihydroxypyridine, 76 
2,6-DihydroxypyridineI from 

2,6-dihydroxynicotinic 
acid, 060 

2,b-Dihydroxypyridinium chlor- 
ide, crystal structure, 
planar cations, 744 

4,6-Dihydroxy-2-pyridonesI from 
polyhalopyridines, 050 

2,4-Dihydroxy-3,5,6-trifluoro- 
pyridine, from pentafluoro- 
pyridine, 606 

by deoxygenation of N-OX- 
ides, 725 

2,4-Diiodo-3-pyridinol, formed 

3,5-Diiodo-2-pyridone, 001 
3,5-Diiodo-4-pyridone, 001 
sodium salt, N-alkylation, 

761 
4-Diisopropylamino-2- (2- 

pyridyl) -2- (3-to~yl) 

butyronitrile, 120 
$-Diketones, 620 
condensation with, benzylidene 

aniline, 614, 619 
benzonitrile, 615 

Dilithioacetylacetone, 600 
Dilithiobenzoylacetone, 608 
3,4-Dimethoxy-6-hydroxymethyl- 

4,5-Dimethoxymethyl-2-methyl- 
2-pyridone, 765 

3-pyridinol, from 4-methy- 
loxazole, 674 

2,4-Dimethoxy-6-methyl-3-nitro- 
pyridine, preparation, 765 

a- (4 , 5-Dimethoxy-2-nitrophenyl) 
-8-pyridylacrylonitrile, 
reduction, 352, 353 

5-ethyl-2-pyridone, 711 

(1-methyl-2-pyrrolidenyl) -2 
-pyridone, by oxidation of 
pyridinium salts, 709 

pyridone, 711 

salts, 709 

duction , 600 

nation, 744 

formation of, 4 

from pentafluoropyridine, 
6 06 

Dimethyl acetonedicarboxylate , 
630 

Dimethylaminoacetonitrile, 
aroylation of,  627 

N-Dimethylaminoalkyl-N- (pyridy- 
lethyl) anilines, 113 

2-Dimethylamino-2-alkynylpyri- 
dines, 223 

4-dimethy lamino-2-alkynylpyri- 
dines , 223, 

3-Dimethylamino-4- (pchloro- 
phenyl) -6-phenyl-2- 

N-8- (3,4-Dimethoxyphenethyl) - 
1- (3,4-Dimethoxyphenethyl) -5- 

N-$- (3,4-Dimethoxyphenethyl) -2- 

by oxidation of pyridinium 

2 ,I-Dimethoxypyridine, by re- 

2 , 6-Dimethoxypyridine, proto- 

2 ,4-Dimethoxypyridine-l-oxideI 

2,4-Dimethoxytrifluoropyridine, 
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~~ ~~ 

dine, preparation of, 6 by irradiation of- 2 , 6- 

pyridone, 627 

pyridine, 59 

2-pyridone, 627 

pyridines , 59 

2-Dimethylamino-3,5-dinitro- 

3- (Dimethylamino) -4,6-diphenyl- 

2-(2-DimethylanLinoethylamino) 

Dimethylaminoethyl ethers, 119 
1- (2-Dimethylaminoethyl) -2-hy- 

droxymethyl-5-methoxy-4- 
pyridone , from 2-hydroxy- 
methyl-5-methoxy-4-pyrone, 
649 

hydroxy-6-nitropyridine, 
109 

N-phenylamino) benzyl] pyri- 
dine, 117 

Z-(Z-DimethylanLinoethyl-l- 
phenyl)pyridine, 109 

2- (2-Dimethylaminoethyl) pyri- 
dine, 113 

4- (2 -Dimethy laminoethyl) pyri- 
dine , 113 

Dimethylaminoethyl a-2-pyridyl- 
benzyl ether, 119 

3-Dimethylamino-4-(p-methoxy- 
phenyl) -6-phenyl-2-pyri- 
done, 627 

3- [ (Dimethylamino)methy1]-2,6- 
diphenylpyridine, 120 

2- (Dimethy laminomethyl) - 3 -hy- 
droxypyridine, 109 

2-Dimethylamino-5-nitropyri- 
dine-1-oxide, nitration of, 
2 

pyridine, 90 

propene-3-one, condensation 
with cyanoacetamide, 630 

dine , 74 

pyridine , 74 

2- [ 2- (Dimethylamino) ethyl] -3- 

2-[a-(N-2-Dimethylaminoethyl- 

2- (pDimethylaminophenylazo) 

l-Dimethylamino-3-phenyl-l- 

2- (p-Dimethylaminophenyl) pyri- 

4- (p-Dimethylaminophenylazo) 

2-Dimethylamino-5-phenylazopyri- 

3-Dimethylamino-l-phenyl-l-(2- 
pyridyl) propane, 112, 121 

B- (Dimethylamino) propiophe- 
none, 599, 628 

10- (2-Dimethylaminopropyl) -2 - 
azaphenothiazine, 88 

1- [ 3- (Dimethylamino)propyl] -3- 
hydroxy-2-pyridone, 611 

2-Dimethylaminopyridine, 77 
2,6-Dimethyl-3-aminopyridine, 

4-Dimethylaminopyridine, 64 
2-Dimethylaminopyridine, oxida- 

tion of, 64 
Bis [ 5- (Z-dimethylamino)pyridyl] - 

1-naphthylmethane, 77 
3-Dimethylamino-l-)2-pyridyl) 

propane, 121 
2,4-Dimethyl-5,6-diaminopyri- 

dine, 100 
N,N'-Dimethylanabasone, by po- 

tassium ferricyanide oxida- 
tion, oxidation of, 708 

1,l '-Dimethyl-2 , 2 '-bipyridyl- 
6,6'-dione, 823 

1,7-Dimethyl-1,7-diazaspiro[5, 
5]undecane, from N-methyl- 
2-pyridone via N-methyl-2- 
piperidone, 795 

2,7-Dimethyl-3,6-dicarbomethoxy- 
3X-azepineI conversion to 
2,6-dimethyl-3,5-dicarbo- 
methoxymethylpyridine, 333 

6,8-Dimethyl-2,3-diphenylpyrido 
[2,3-blpyrazine, 97 

Dimethyl di (2-pyridinato- 1) 
silane, 849 

4,6-Dimethyl-l-ethyl-5-(N- 
ethy lcarbamoy 1) -2 -pyri done, 
641 

2,2-Dimethyl-7-phenylamino-4,5- 
dioxopyrano [4,3-d]-1,3- 
dioxin, reaction with ani- 
line, 662 

2,6-Dimethyl-4-ethyl-3-pyridi- 
nol, 666 

2,5-Dimethyl-3-formylpyrrole, 

72 
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lutidine-1-oxide in ether, 
725 

2,6-Dirnethyl-l-(f3-hydroxyethyl) 
-4-pyridone, 655 

lI6-Dimethyl-4-hydroxy-3-nitro- 
2-pyridone, synthesis, 765 

l,b-Dimethy1-4-hydroxy-Z-pyri- 
done , 658 

reaction with POC13/PC15 , 787 
l,b-Dimethyl-I-hydroxy-2-pyri- 

done, acetylation of, 816 
3,6-Dimethyl-4-hydroxy-2-pyri- 

done, from 3,6-dimethyl-4- 
hydroxy-2-pyrone , 659 

3,6-Dimethyl-4-hydroxy-Z-py- 
rone, ammonolysis , 659 

1,6-Dimethyl-4-methoxy-3-nitro- 
2-pyridone, synthesis, 765 

lI6-Dimethyl-4-methoxy-3-nitro- 
2-pyridone, reaction with 
amines, 832 

2,6-Dimethyl-l-methyl-4-pyri- 
done, deuteration of, 816 

2,6-Dimethyl-l-(pnitroanilino) 
-4-pyridone, from 2 ,6-di- 
methyl-4-pyroneI 841 

p-nitrophenylhydrazone deriva- 
tive, 841 

2,6-Dimethyl-4-nitro-3-pyridi- 
no1 , convers ion to N-benzy- 
loxycarbonylaminoacid es- 
ters, 780 

810 
ZI6-Dimethyl-3-nitro-4-pyri- 

done, halogenation of, 802 
2 , &Dimethyl- (5H) -0xazolo [4,5- 

c]-4-pyridone, from 2,6- 
dimethyl- (4H) -pyrano [3,4- 
d]-oxazol-4-one, 655 

2,6-Dimethyl-4-oxo-N-(tropolon- 
4-yl) -4H-pyran-3-carboxa- 
mide, from 4-aminotropo- 
lone and diketene, 642 

4,5-Dimethyl-3-phenylazo-2,6- 
pyridinediol, reduction 
with Zn in acetic anhy- 
dride, 852 

from 2,6-dimethyl-3-pyridinol, 

2 , 6-Dimethyl-1-phenthyl-4-pyri- 
done, 652 

6- (3 ,I-Dimethylphenyl) -4-hy- 
droxy-2-pyridone , 619 

3 , 6-Dimethyl-1-phenylpyrazolo 
[4,3-c]pyridin-4-one , syn- 
thesis, 817 

done, 627 

done , 626 

dloxazol-4-one, ammonolysis, 
655 

655 

2,6-Dimethyl-l-phenyl-4-pyri- 

5 , 6- D ime thy 1- 4-pheny l - 2 -py r i - 
2 , 6-Dimethyl- (4H) -pyrano [3 , 4- 

from dehydroacetic acid oxime, 

2,3-Dimethylpyridine, 613 
2 , 6-Dimethyl-3-pyridinol , 812 , 

aminomethylation of , 812 
from 2,4-dimethyloxazole and 

acrylonitrile, 674 
from irradiation of 2 ,b-luti- 

dine-1-oxide, 725 
nitration of, 810 
used to prepare Vitamin B6 

analogs, 813 
2 , 3-Dimethylpyrido [ 3 , 4-b] pyra- 

zine, 97 
5,6-Dimethyl-2-pyridoneI 1,2- 

addition to dimethyl acety- 
lenedicarboxylate , 82 3 

1,3-Dimethyl-Z-pyridone , 707 
electrolytic reduction, 799 
1,4-Dimethyl-Z-pyridone, 800 
bromination with N-bromo- 

reduction with lithium alumi- 

813 

succinimide, 800 

num hydride, 797 
lI5-Dimethyl-2-pyridone, 707 
lt5-Dimethyl-2-pyridone, side 

chain bromination , 800 
1,6-Dimethyl-2-pyridoneI 800 
bromination with N-bromosucci- 

electrolytic reduction, 799 
from the 5,6-dihydro-2-pyri- 

nimide, 800 

done, 728 
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reduction with lithium alumi- 
num hydride , 798 

4-nitro-2,S-lutidone-l- 
oxide, 719 

2,5-Dimethyl-4-pyridoneI from 

2,6-Dimethyl-4-pyridone, 627 
chlorination of, 785 
rate of dueterium exchange , 

5,6-Dimethyl-2-pyridoneI 729 
from a-acetylvaleronitrile, 

613 
l13-Dhethyl-2-pyridones, side 

chain bromination, 800 
2,6-Dimethyl-4-pyridones , 652 
N- (2 , 6-Dimethyl-3-pyridyl) 

benzenesulfonamide, 72 
(2 , 6-Dimethyl-3-pyridyl) 

methylmalonate diethyl 
ester , 80 

2,6-Dimethyl-4-pyroneI 841 

816 

reaction with, butylamine, 
646 

hydrazine, 841 
p-nitrophenylhydrazine, 841 

2,6-Dimethyl-4-pyrone-3-car- 
boxylic acid, 657 

2 , 6-Bis ( 2  , 5-dirnethyl-l- 
pyrrolyl) pyridine, 68 

2,6-Dhethyl-4-thiopyroneI 646 
reaction with , benzylamine , 

646 
butylamine , 646 

5,5'-Dinitramino-2,2'-dipy- 

3 , 5-Dinitro-2-f luoro-4-methyl- 
ridyl , 92 

pyridine, solvolysis of, 
688 

pyridine, solvolysis of, 
6 88 

688 

3,5-Dinitro-2-fluoro-6-methyl- 

3,5-Dinitro-2-f1uoropyridineI 

hydrolysis , 688 
reaction with, alcohols, 688 

reactivity toward nucleo- 
amino acids , 688 

philes, 688 

3,5-~initro-2-methoxypyridine, 

preparation of Meisenheimer 

reaction with sodium methox- 

sigma complex studies, 830 

831 

adduct, 829 

ide, 831 

3,5-Dinitro-4-methoxypyridine, 

reaction with sodium methox- 

sigma complex studies, 830 
3,5-Dinitro-l-methyl-2-pyri- 

3,5-Dinitro-l-methyl-4-pyri- 

031 

ide , 831 

done , 632 

done, preparation from 4- 
chloro-3,5-dinitropyridine, 
831 

1- (2,4-Dinitrophenylamino) -3,4 , 
5-trichloro-2-pyridoneI 604 

3,5-Dinitropyridine, 830 
reaction with sodium methox- 

sigma complex studies, 830 
2,6-Dinitro-3-pyridinolI from 

2,6-Dinitro-3-pyridinol, prep- 

3,5-Dinitro-2-pyridoneI 694 

ide , 030 

2-nitro-3-pyridinolI 809 

aration of, 2 

by direct nitration of 2-pyri- 

from 2-aminopyridineI 702 
from 2-aminopyridine via ni- 

from 2- (3 ,5-dinitro-2-pyridyl) 

done , 006 

tramine, 806 

pyridinium chloride by hy- 
drolysis, 694 

-2-phenyl-4-pyridoneI 609 

methoxyphenyl) -1 , 3 ,S-hep- 
tanetrione , 609 

7,7-Diphenyl-7-hydroxy-l-phenyl- 
1,3,5-heptanetrioneI 609 

3,6-Diphenyl-4-hydroxy-2-pyri- 
done , 661 

2,6-Diphenyl-4-methoxyyridine, 
834 

6-(2,2-Diphenyl-2-hydroxyethyl) 

7,7-Dipheny1-7-hydroxy-l-(p 
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isomer equilibration studies, 

relative stability, 744 
834 

4,6-Diphenyl-5-methoxy-2-py- 
rone, reaction with ammo- 
nia and methylamine, 648 

2-Diphenylmethyl-3-pyridino1, 
797 

hydrogenation of, 797 
0- and N-alkylation with 

dimethyl sulfate , 767 
3,4-Diphenyl-l-methyl-2-pyri- 

done, 685 
4,5-Diphenyl-l-methyl-2-pyri- 

done, 685 
4,6-Diphenyl-l-methyl-2-pyri- 

done, 629 
1,2-Diphenyl-6-methyl-4-pyri- 

done, preparation from 1, 
2-diphenyl-2,3-dihydro-6- 
methyl-4-pyridone and 
chloranil, 730 

1 , 6- Diphen yl-2-me thy 1-4-py ri - 
done, 610 

4,5-Diphenyl-l-methyl-6-p- 
tolyl-2-pyridone, 648 

1,6-Diphenyl-2-(p-nitrophenyl)- 
4-pyridone, 615 

2,5-Diphenyl-l,3-pentanedioner 
condensation with cyano- 
acetamide, 621 

trione, conversion to the 
3-benzoyl-2-methyl-6- 
phenyl-4-pyrone, 651 

4,6-Diphenyl-5-phenoxy-2-pyri- 
done, 0-alkylated by diaz- 
omethane, 752 

4,6-Diphenyl-S-phenoxy-2-pyri- 
done, silver salt, O-alky- 
lation by iodomethane, 747 

1,5-Diphenyl-1,3,5-pentane- 

3,4-Diphenyl-2-pyridoner 681 
from (2,3-diphenylcycloprop- 

2-enyl) acetyl azide, 681 
v i a  an intramolecular cyclo- 

addition , 681 
3,6-Diphenyl-2-pyridone, 614 
4,6-Diphenyl-2-pyridone , 629 

5,6-Diphenyl-2-pyridone , 613 
5 ,6-Diphenyl-2-pyridoneP by 

photolysis of (2 , 3-diphenyl- 
cycloprop-2-enyl) acetyl 
azide, 681 

2,6-Diphenyl-4-pyridone, 615 
2,6-Diphenyl-4-pyridone, tau- 

1 ,N-Diphenyl-1- (2-pyridyl) 

0,O'-Diphenyl S-2-pyridyl- 

0,O'-Diphenyl 0-2-pyridyl- 

4,5-Diphenyl-6-p-tolyl-2-pyri- 

3,4-Diphenyl-2,5,6-trichloro- 

from 2,3-diphenylglutarimide 

reaction with dimethyl sul- 

tomeric properties , 737 

methylamine, 117 

phosphorodithioate, 784 

phosphorothioate, 784 

done, 648 

pyridine , 685 

and PC15, 685 

fate, 685 

butoxy-3,5'-azopyridine, 70 
2,6-Diphthaloydiamino-2'- 

Dipole moments, 61 
Di-1-propynyl ketone, reac- 

tion with, primary mines, 
615 

a-unsubstituted amino acids , 
615 

Di (pyridine-2,6-dimethylene) , 
preparation , 349 , 350 

Dipyrido[l,2-a:3,2-d] imidazole, 
from 1- (3-amino-2-pyridyl) - 
2-pyridone, 748 

2,3'-Dipyridyl ether, 693 
from pyridine-1-oxide, 723 
mechanism for formation from 

pyridine-1-oxide and 2- 
bromopyridine, 693 

2,3'-Dipyridyl ethers, from 
pyridine-1-oxides , 691 

N ,N1-Di-3-pyridylmethylenedi- 
amine, 65 

N , N' -Di-4-pyridylmethylenedi- 
amine, 65 

Direct hydroxylation, 727 
3,5-Disubstituted-4- 
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pyridones, 638 
from dimethyl acetonedicar- 

boxylate , 638 
from ethyl acetoacetate, 638 
from s-triazine, 638 

4-Dodecylaminopyridine , 56 

Electrolytic reduction, 799 
Enamines , 633 
from acylated acetoacetic 

intermediates in the forma- 
esters , 627 

tion of pyridylpyrrolines 
from nicotinoylpyrroli- 
dones , 349 

reaction with, acrylic acids, 
633 

propiolactone, 633 
Endialone (oxoglutaconalde- 

Enzymes, as oxidizing agents 
hyde) , 611 

in the synthesis of pyri- 
dine side chain carboxylic 
acids , 334 

1-Ethoxyacetylacetone, enamine 
of, 624 

4-Ethoxy-5-carbethoxymethylox- 
azole, conversion to 2- 
pyridineacetic acid ethyl 
esters, 333 

N-(2',3'-O-Ethoxyethylene-B- 
D-ribofuranosyl) -2-pyri- 
done, 744 

deblocking of, 744 
phosphorylation of, 744 
4-Ethoxy-6-hydroxy-2-pyridonest 

Ethoxymethylenemalononitrile, 

S-Ethoxy-4-methyloxazoleI 670 
reaction with, 2-butene-1,4- 

663 

60 3 

dio l s  , 6 70 

2 , 5-dihydrofuran , 670 
cis- and trans-2,s-dimethoxy- 

lI4-diacetoxy-2-butene, 670 
2,S-dihydrofuranI 670 
lI4-dimethoxy-2-butene, 670 
ethyl fumarate, 670 

ethyl maleate, 670 
fumaronitrile , 670 
maleic anhydride, 670 

l-Ethoxy-2,4-pentanedioneI ena- 
mines of, 624 

4-Etho~y-l-phenyl-2~6-pyridine- 
dione , 663 

4-Ethoxy-2-picolineI nitration 
of, 806 

2-EthoxypyridineI reaction with 
p-anisyl chloride, 836 

4-Ethoxypyridine, direct nu- 
cleophilic substitution 
with t-butyllithium, 819 

reaction with 1-chloro-2,3,5- 
tri-0-benzoyl-0-D-ribo- 
furanose, 770 

amino-5-ethoxypyridine, 704 
5-Ethoxy-3-pyridinolI from 3- 

5-Ethoxy-3-pyridinolsI 704 
N,fl'-Bis- (6-ethoxy-2-pyridyl) 

N- (1-Ethoxyvinyl) -2-pyrido'ne , 
thiourea, 73 

preparation from ethoxy- 
acetylene, 822 

N- (1-Ethoxyvinyl) -4-pyridone , 
from ethoxyacetylene, 822 

a-Ethylacetoacetanilide, reac- 
tion with methyl formate, 
6 16 

Ethyl a-acetylacetoacetate, re- 
action with benzoyhethyl- 
enetriphenylphosphorane, 
652 

Ethyl B-aminocrotonate, con- 
densation with acetylace- 
tone amine, 634 

Ethyl 2-amino-4-ethoxymethyl- 
6-methylnicotinateI 44 

3 Ethyl-4-amino-2,6-lutidineI 
49 

Ethyl 2-amino-5-nitronicoti- 
nate, 44 

Ethyl l-aryl-5-hydroxy-4-pyri- 
done-2-carboxylateI 649 

chelating agent for extrac- 
tion of niobium V and tan- 
talum V, 850 
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Ethyl l-aryl-5-methoxy-4-pyri- 
done-2-carboxylate8 649 

Ethyl 3-benzoyloxy-4-oxo-4H- 
pyran-6-carboxylateI re- 
action with hydrazine, 042 

Ethyl carbonate, reaction with 
picolines, 339 

N-Ethylcarboxymethyllutidone, 
615 

Ethyl cyanoacetate, 621 
condensation with aldehydes , 

643 

601 

ides , 601 

642 

614 

vinyl) acetoacetate, cy- 
clization to 2-pyridonesI 
613 

Ethyl 2- (1 , 2-dichloro-2-cyano- 
vinyl)-2-alkylacetoace- 
tates , 613 

Ethyl 2-(1,2-dichloro-2-cyano- 
vinyl) -2-benzylacetoace- 
tate , 613 

vinyl) -2- (n-butyl) aceto- 
acetate, 613 

vinyl)-2-ethylacetoacetateI 
613 

vinyl)-2-methylacetoace- 
tate , 613 

Ethyl 4,6-dihydroxy-5-nitroso- 
nicotinate, analytical 
reagent for photometric 
determination of iron , 050 

6-Ethyl-4-dimethylaminomethyl- 
3-hydroxy-2-picoline, 110 

N-Ethyl-2,6-dimethyl-4-pyri- 
done, formation of trans- 
ition metal complexes, a47 

Ethyl u-cyano-2-butenosates, 

Ethyl u-cyano-2-butenoyl chlor- 

Ethyl a-cyano-B-iminoglutarate, 

Ethyl a-cyano-a-phenylacetate, 

Ethyl 2-(l12-dichloro-2-cyano- 

Ethyl 2-(1,2-dichloro-2-cyano- 

Ethyl 2-(l12-dichloro-2-cyano- 

Ethyl 2- (1,2-dichloro-2-cyano- 

Ethylenimine, 115 
2-EthyleniminoethylpyridineI 

115 
Ethyl 5-ethoxy-4-oxazolylace- 

tate reaction with maleic 
anhydride , 671 

Ethyl 3-hydroxyisonicotinateI 
alkylated by ethyl bromo- 
acetate and ethyl u-bromo- 
propionate , 767 

methyl-2-pyridone , prepara- 
tion , 815 

pyridone 616 

619 

from carbethoxy ethyl ke- 
tene , 634 

Ethyl 2-keto-3-phenyllevulinate, 
condensation with cyano- 
acetamide, 622 

5-Ethyl- 3-hydroxymethyl- 1- 

3-Ethyl-4-hydroxy-l-phenyl-2- 

b-Ethyl-4-hydroxy-2-pyridone 

3-Ethyl-4-hydroxy-2-pyridones , 

N-Ethyllutidone, 615 
l-Ethyl-2-methoxy-5-nitropyri- 

dinium tetrafluoroborate, 
a strong methylating agent , 
755 

from degradation of leptin- 
idine , 678 

2-Ethyl-6-methyl-3-pyridinolI 
aminomethylation of, 813 

5-Ethyl-1-methyl-2-pyridone , 
hydroxymethylation of , 015 

Ethyl nicotinoylacetate, in 
Pechmann condensation, 357 

2-Ethyl-5-methyl-3-pyridino18 

in Simonis condensation, 357 
Ethyl u-nitroacetate , 632 
Ethyl nitromalonate, condensa- 

tion with , benzoylacetone- 
mine , 634 

ethyl B-aminocrotonate , 634 

rate oxime, reduction of, 
346 

pyridone, 711 

Ethyl 4-0x0-4- (3-pyridyl) bufy- 

5-Ethyl-N- (B-phenethyl) -2- 



1220 Index 

5-Ethyl-2-pico1ineI oxidation 
with nitric acid, 3 

3-EthylpyridineI formation 
from reduction of 3-py- 
ridylacetonitrile, 367 

conversion t o  N-methyl-2- 

direct amination of, 702 
N-Ethyl-2-pyridone, from an 

3-Ethylpyridine, 702 

pyridones, 702 

arylazopyridinium fluoro- 
borate , 710 

N-Ethyl-2-pyridone, electroly- 
tic reduction of, 799 

3-Ethyl-Z-pyridone, N-alky- 
lated by dimethyl sulfate, 
752 

lated by dimethyl sulfate, 
752 

chloromethylpyridines, 714 

606 

carbanate, 97 

tate, 622 

mide , 625 

5-Ethyl-2-pyridone, N-alky- 

5-Ethyl-2-pyridone, from 2- 

Ethyl u-pyrone-3-carboxylateI 

Ethyl 4,5,6-triamino-Z-pyridyl- 

Ethyl 4,4,4-trifluoroacetoace- 

condensation with cyanoaceta- 

5-Ethyl-2-vinylpyridine, 115 
5-Ethylnyl-2-methylpyridineI 

Excited'state ionization, 743 
111 

Fischer Indole synthesis, in 
the reaction of pyridyl- 
pyruvates , 338 

2-F1uoro-4-aminopyridineI 47 
2-Fluoro-3-nitropyridineI from 

2-aminopyridines, 688 
hydrolysis to 2-pyridinols, 

688 

oxide, reaction with alk- 
oxides , 4 

3-Fluoro-4-nitropyridine, 
preparation of , 2 

3-Fluoro-4-nitropyridine-l- 

6-F luoropi c01inami.de , 48 
6-Fluoropicolinic hydrazide, 

48 
3-Fluoropyridine , reaction 

with hydrazine, 7 
2-Formamido-3,4-1utidineI 83 
3-Formamido-4-picoline, 83 
Friedel Crafts phenylation, of 

perchloropentadienoyl 
chloride , 605 

Furfural , 599 
oxidation with, C 1 2  or Br2 in 

aqueous acid, 611 
aq. C12 , 666 

dine , 67 
2- (Furfurylideneamino) pyri- 

l-(B-D-Glucopyranosyl)-S-nitro- 
2-pyridone, 773 

N- (D-Glucopyranosyl) -2-pyri- 
done , 770 

from 2-ethoxypyridine and 
halogenose, 770 

from mercuri chloride salt 
of 2-pyridone and the 
halogenose, 770 

preparation from silver salt 
of 2-pyridone and tetra- 
O-acetyl-a-D-glucopyrano- 
syl bromide , 770 

done, from silver salt of 
2-pyridone by mercuric 
salt method, 773 

N-(f3-D-Glucopyranosyl)-4-pyri- 
done, from pyridyl ethers, 
773 

3-Glucosyl-2-methyl-4-pyri- 
dones , 649 

Glutaconic acids, 601 
Glutaconimide, 737 

N-(8-Glucopyranosyl)-2-pyri- 

N-methyl derivative, 737 
0-methyl derivative, 737 
tautomeric properties, 737 
Glutaric acid imide, oxida- 

Glutazinamide , 602 
Glutazine, 642 

tion to 2-pyridones, 643 
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preparation from ethyl cyano- 
acetate, 642 

reaction with p-chlorobenzen- 
ediazonium chloride, 019 

tautomeric properties , 131 
Glutazinonitrile, 602 
Glycine, reaction with di-l- 

propynyl ketone , 615 
Glycylglycine, reaction with 

di-1-propynyl ketone, 615 
Glycyllericine , reaction with 

di-1-propynyl ketone, 615 

o-Haloacetoacetanilides, heat- 
ed in polyphosphoric acid, 
656 

Halo-2-alkylaminopyridines, 152 
2-Halo-4-aminopyridineI from 

halonitropyridine, 47 
3-Halo-4-aminopyridineI from 

halonitropyridine, 4 1  
Haloaminopyridines, 06, 130 
Halo-2-aminopyridines, 133 
Halo-3-aminopyridinesI 134 
Halo-4-aminopyridinesI 135 
2-Halo-4-aminopyridines, 4 1  
Halo-2,3-diaminopyridinesI 119 
Halogenation, 104 
2-Halo-4-methoxypyridineI by 

reduction, 600 
3-Halo-4-nitropyridine-1-oxide, 

reaction with alkoxides, 
688 

Halonitropyridine-1-oxides, 49 
relative reactivities of, 4 
2-Halo-4-nitropyridine-1-ox- 

ides , 608 
reaction with, alkoxides, 608 
diethylamine , 600 
sodium methoxide, 4 

Halonitropyridines, relative 
reactivities of, 4 

2-Ha1o-4-nitropyridinesI 47 
3-Halo-4-nitropyridinesI 47,  

680 
hydrolysis , 691 
reaction with, alkoxides, 600, 

694 

base , 694 
reduction, 691 
Halopyridines, 4 1  
alkylation of, 336, 331 
ammonolysis, 41  
2 -b romo-alkyl at ion of phenyl- 

condensation with active 

reactions with haloaldehyde, 

acetamides with, 336 , 337 

methylene compounds, 336 

06 
2-HalopyridinesI 46 
from 2-pyridones, 704 
ortho effect, 681 
reactions with alkoxides, 601 
3-Halopyridines , by direct halo- 

4-HalopyridinesI from 4-pyri- 

5-Halopyridines , by direct 

2-Halo-3-pyridino1, nitration, 

2-Halo-3-pyridinolsI prepara- 
tion from 2-nitro-3-pyri- 
dinol-1-oxide, 725 

3-Halo-2-pyridones , by halo- 
genation of 2-pyridonesI 
Table XII-20, 801 

5-Halo-2-pyridonesI by haloge- 
nation of 2-pyridones , 001 

3-Halo-4-pyridonesI 694 
from 4-amino-3-halopyridines , 

from 3-halo-4-nitropyridines , 

5-Halothienylaminopyridine~~ 90 
Hammick reaction, with 2-pyridy- 

Hexamethylene-bis-2-[6-p-meth- 

genation , 104 

dones , 704 

halogenation, 104 

a09 

691 

694, 697 

lacetic acid, 351 

oxyphenyl-4- (1H) -pyridone] , 
610 

Hexamethylene bis-2- [6-phenyl- 
4- (1H) -pyridone] , 610 

Hexamethylenediamine, 601 
lI1'-Hexamethylene-di-(6-hy- 

droxy-4-methyl-2-pyridone) , 
601 
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1,1f-Hexamethylene-di-(2-pyri- 
done) , by oxidation of 
pyridinium salts, 709 

condensation with pyridine- 

in the preparation of pyridy- 

in the synthesis of, a-amino- 

Hippuric acid, 342 

aldehydes, 342 

lazlactones, 342 

B-pyridylpropionic acids, 
342 

fbpyridylacrylic acids, 342 
Hofmann degradations, 48 
Hofmann reaction, in the syn- 

thesis of 3-aminomethyl- 
pyridine, 360, 361 

a-amino-B (2-pyridyl) pro- 
pionic acid, 342 

4-Hydrazino-3,5-difluoropyri- 
dine, preparation of, 7 

4-Hydrazino-1-methyl-2-pyri- 
dones, from 4-methoxy-2- 
pyridones, 832 

2-Hydrazino-3-nitropyridinel 
91 

4-Hydrazino-2-picoline, reac- 
tion with nitrous acid, 7 

3-Hydrazinopyridine-l-oxide, 
preparation of, 7 

2-Hydrazinopyridines, 177 
4-Hydrazinopyridines, 177 
4-Hydrazinotetrafluoropyridine, 

preparation of, 7 
Hydropyridinols, 728 
B-Hydroxyalkyl-2-pyridones, by 

direct alkylation, 706 
2- (a-Hydroxybenzyl) imidazo 

[4 , 5-b]pyridine, 94 
2- [a-Hydroxybenzyl] imidazo 

14, 5-clpyridine, 99 
N- (4-~ydroxybutyi) -N- (2-hy- 

droxyethyl)-2-pyridyl- 
methylamine, 101 

2,6-pyridinediol, dis- 
placement of side chain OH 
with thionyl chloride, 787 

Hydantoin, in the synthesis of 

3- ( B-Hydroxyethyl) -4-methyl- 

N-2-Hydroxyethyl-N-2-picoly- 
mine, 101 

2- (B-Hydroxyethyl) pyridine , 
a bifunctional catalyst, 
846 

3- (a-Hydroxyethyl) pyridine , 
727 

3- (a-Hydroxyethyl) -6-pyridone , 
727 

3-~ydroxy-2-(a-hydroxy- 
butyry 1) -6-hydroxymethyl- 
4-pyridone, from Kojic 
acid 649 

4-Hydroxy-6-hydroxymethyl-3- 
methoxy-2-pyridone, 660, 
765 

acetylation of, 765 
alkylation with diazomethane, 

765 
4-Hydroxy-3- (a-iminoethyl) -6- 

methyl-2-pyridone, prepar- 
ation by autocondensation 
of acetoacetamide, 641 

3-Hydroxy-2-imino-l(2H) -pyri- 
dinesulfonic acid, 93, 611 

from furfural, 666 
hydrate of, 611 
hydrolysis, 666 
4-Hydroxy-6-(4-isopropoxy- 

phenyl) -2-pyridone , 619 
4-Hydroxylamin0-2~6-lutidine- 

1-oxide, from 2,6-dimethyl- 
pyrone and hydroxylamine, 
52 

4-Hydroxylamino-2-picoline-l- 

4-Hydroxylaminopyridine-l- 
oxide, SO 

oxide, SO 

5 

1-oxide, 44 

from 4-nitropyridine-1-oxide, 

oxidized to 4-nitropyridine- 

reduced to 4-aminopyridine, 44 
Hydroxylaminopyridine-l-ox- 

ides, reactions of, 5 
Hydroxyl groups, displacement 

by halogen, 784 
4-Hydroxy- N- (m-methoxypheny 1) - 
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6- (m-methoxyanilino) -2- 
pyridone, f m m  N,N-di-m- 
methoxyphenylacetone di- 
carboxamide , 660 

6-Hydroxy-4- (p-methoxyphenyl) - 
N-methyl-2-pyridone, 601 

7-Hydroxy - 7- (p-me thoxyphe ny 1) - 
1-phenyl-lI3,5-heptane- 
trione, 609 

6-Hydroxy-4- (p-methoxyphenyl) - 
N-phenyl-2-pyridoneI coup- 
ling with diazonium salts, 
818 

4-Hydroxy- 5-me thoxy- 2-pyridy l- 
aline, formation from a 
pyrone, 333 

3-Hydroxy-6-methyl-N-(p-chloro- 
phenyl) -2-pyridone , prep- 
aration from oxazines, 607 

1-Hydroxymethylene-1-phenyl- 
2-propanoneI condensation 
with cyanoacetamide, 621 

2-Hydroxymethyl-5-methoxy-4- 
pyridone, from 2-hydroxy- 
methyl-5-methoxy- (4H) -py- 
ran-4-oneI 668 

treatment with phosphorus oxy- 
chloride, 668 

3-Hydroxy-4-methyl-1-methyl- 
amino-5-phenylpyridinium 
N-betaine, acetylation of, 
84 3 

3-Hydroxy-4-methyl-1-methyl- 
amino-5-phenylpyridinium 
chloride, from N-methyl- 
diazepinones, 678 

3-Hydroxy-4-methyl-1-methyl- 
amino-5-phenylpyridinium 
chloride , 845 

pyridinol, from pyridine- 
1-oxides, 716 

pyridinol , from pyridine- 
1-oxides , 716 

pyridone , preparation , 
815 

6-Hydroxymethyl-2-methyl-3- 

2-Hydroxymethyl-6-methyl-3- 

5-Hydroxymethyl-l-methyl-2- 

4-Hydroxy-6-methyl-3-nitro-2- 

4-Hydroxy-6-methyl-3-nitro-2- 
pyridone , 634 

pyridone, 765 

765 
alkylation with, diazomethane, 

dimethyl sulfate, 765 
3-Hydroxy-4-methyl-2-nitroso- 

5-phenyl-6-pyridone , prep- 
aration , 850 

5-Hydroxy-3-methyl-2-pentenoic 
acid lactone, (5,6-dihydro- 
4-methyl-2-pyrone) , 617 

2-Hydroxy-4-methyl-5-phenyl-l- 
azaquinone, from 3-hydroxy- 
4-methyl-5-phenyl-2-pyri- 
done , 727 

5-Hydroxy-6-methyl-" -phenyl-3 , 
4-pyridinedicarboximide , 
from 4-methyloxazoles and 
N-phenylmaleimide , 674 

3,6-pyridinedione , conver- 
sion to triacetate , 850 

3-Hydroxy-4-methyl-5-phenyl-2- 
pyridone , from 2 , 3-dihydro- 
1,2-diazabicyclo [3.2 .O]- 
3-hepten-6-oneI 678 

3-Hydroxy-4-methyl-S-phenyl-2- 
pyridone , reaction with 
sodium nitrate , 727 

4-Hydroxy-6-methyl-l-phenyl-2- 
pyridone, acetylation of, 
817 

pyridone, 850 

-a-methoxyacetaldehyde hy- 
drazone, 839 

5-dicarboxaldehyde , syn- 
thesis from 5-ethoxy-4- 
methyloxazole, 671 

dinediones , 852 
autooxidation of, 852 
preparation , 852 

2 -Hydroxy-.l-rne thy 1- 5-pheny l- 

5-Hydroxy-4-methyl-3-phenyl-2- 

u- ( 3-Hydroxymethyl- 5-pyrazoly l) 

3-Hydroxy-2-methylpyridine-4 , 

3-Hydroxy-4-methyl-2 , 6-pyri- 

3-Hydroxy-b-methyl-2- 
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pyridinethione , 761 

nitrile, 761 

761 

reaction with, u-bromoacrylo- 

a-bromo-u-unsaturated acids, 

bromomaleic anhydride, 761 
ethylene bromide, 761 
methyl 2,34ibromopropionate , 
76 1 

preparation, 812 

611 

767 

6 19 

Hydroxymethyl-3-pyridinols, 

3-Hydroxy-l-methyl-2-pyridone, 

3-Hydroxy-6-methyl-2-pyridone, 

4-Hydroxy-6-methyl-2-pyridone, 

acetylation of, 816 
chlorination, 803 
tautomeric properties, 737 
6-Hydroxy-l-methyl-2-pyridoneI 

alkylation with diazo- 
methane, 753 

protonation, 744 
3-Hydroxy-2-methyl-4-pyridoneI 

649 
from isomaltol, 649 
from Innovanamine, 855 
from maltol, 649 

2-Hydroxymethyl-4-pyridones , 
719 

ide , 719 

oxide , 719 

from triacetic acid lac- 
tone, 655 

5-Hydroxy-6-methyl-4-trifluoro- 
methyl-3-pyridinemethanol, 
622 

6-Hydroxymethyl-2,3,4-trimeth- 
oxypyridine, 765 

6-HydroxynicotineI prepared 
from nicotine by oxidation, 
859 

minonicotines, 703 

from 4-nitro-3-picoline-l-o~- 

from 4-nitro-2,6-lutidine-l- 

4-Hydroxy-6-methyl-2-pyridonesI 

Hydroxynicotines, from nitra- 

2-Hydroxynicotinic acid, 718 
6-Hydroxynicotinic acid, 718, 

860 
1- ( B-Hydroxy-8-p-nitrophene- 

thyl)-2-pyridone, 756 
by alkylation of 2-pyridone 

with w-bromo-pni troace to- 
phenone followed by reduc- 
tion with NaBH4, 756 

styrene oxide, 756 

109 

from 4-amino-3-nitro-2- 
pyridone, 699 

line, conversion to 3-cyan0 
-4-pyridylacrylic acid, 334 

3-Hydroxy-Z-oxopyridine-l- 
sulfonic acid, 611 

3-Hydroxy-2-oxopyridyl-l- 
acetic acid , 611 

2-(B-Hydroxy-u-phenthylamino) 
pyridine, 55 

2- ( B-Hydroxy-B-phenthylamino) 
pyridine, 55 

from 2-mandelaminopyridine 
with lithium hydride, 55 

4-Hydroxy-3-(B-phenthyl) pyri- 
dine , from 4-amino-3- (B- 
phenethyl) pyridine 701 

pyridone, from 2-pyrido- 
mines , 705 

N- (B-Hydroxy-B-phenethyl) -2- 
pyridonimine, 90 

N-(B-Hydroxy-B-phenethyl)-2- 
pyridonimines, reaction 
with alkali, 705 

4- (mHydroxypheny1) aminopyri- 
dine , 57 

4-Hydroxy-l-phenyl-5,6-poly- 
methylene-2-pyridone, 634 

2- (p-Hydroxyphenyl) -3-pyridi- 
nol, aminomethylation, 814 

&Hydroxy-6-phenyl-2-pyridone, 
6 19 

from 2-pyridone and pnitro- 

3-Hydroxy-6-nitm-2-picoline, 

4-Hydroxy-3-nitro-2-pyridone, 

7-Hydroxy-8-nitrosoisoquino- 

N- ( 8-Hydroxy-8-phenethyl) -2- 
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3-Hydroxypicolinamide , 666 
4-Hydroxy-2-picolineI nitra- 

tion , 806 
4-Hydroxy-5,6-polymethylene-2- 

pyridones , 634 
4- (a-Hydroxypropyl) pyridine , 

bifunctional catalyst, 846 
4-Hydroxy-6-n-propyl-2-pyri- 

done , from ethyl n-butyro- 
acetate v i a  4-hydroxy-6- 
propyl-2-pyrone , 655 

3-Hydroxypyridine1 91, 109 
2-Hydroxy-4-pyridinecarboxylic 

acid, from 4-cyano-2- 
fluoropyridine by hydroly- 
sis , 689 

3-Hydroxy-2,6-pyridinedionesI 
tautomeric properties, 739 

3-Hydroxypyridine-l-o~ide~ 718 
bromination of, 804 
reaction with acetic anhy- 

3-nydroxy-2-pyridinesulfonic1 

3-Hydroxy-2-pyridinesulfonic 

l-Hydroxy-2-pyridinethionesI 

dride, 718 

91 

acid, 704 

from lithiopyridine-l-ox- 
ides , 723 

action wi.th ethylene bro- 
mide , 761 

monohydrate, 744 
crystal structure, 744 
planar cations, 744 

3-Hydroxy-2-pyridinethioneI re- 

2-Hydroxypyridinium chloride 

3-Hydroxypyridinium salts, 766 
3-Hydroxy-2-pyridoneI 718 
formation of 6- and 4,6- 

Mannich products , 813 
from 3-hydroxypyridine-l-oxide, 

718 
N-methylation with iodomethane, 

769 
stability constants for 1:l 

bivalent metal complexes, 
848 

tautomeric properties , 737 

4-Hydroxy-2-pyridone1 reaction 

5-Hydroxy-2-pyridone1 701 
with P0Cl3, 786 

from 2-amino-5-nitropyridine, 

from 2-aminopyridine1 701 
bacteria1 oxidation of , 860 
from 2-ethoxypyridine , 701 
N-methylation with iodometh- 

oxidation of, 727 
prepared by Elbs peroxydisul- 

701 

ane , 769 

fate oxidation of 2-pyri- 
done , 701 

6-Hydroxy-2-pyridone , 060 
alk’ylation with diazomethane , 

from 2,6-dihydroxynicotinic 

nitration of, 006 
reaction with benzenediazonium 

753 

acid, 860 

chloride , 019 
3-Hydroxy-4-pyridone1 651 
from 3-benzyloxy-4-pyridone by 

intermediate in metabolism of 
hydrogenolysis , 651 

4-pyridone by Agrobacteri urn 
sp., 728 

from mimosine. 651 

from 2-chloropyridine-1-oxide , 

from 2-ethoxypyridine-l-o~ide~ 

from 2-phenoxypyridine-l-o~- 

1-Hydroxy-2-pyridones1 719 

719 

719 

ide , 719 
3-Hydroxy-2-pyridones1 682 
from carbocyclics , 682 
from endialone and ammonia or 

aliphatic mines , 611 
from phenylcyclobutenediones 

and enamines by rearrange- 
ment , 682 

acetylation, 779 
conversion to 2 , 4-dichloro- 

from amonolysis of 2-bromo- 

4-Hydroxy-2-pyridones1 619 

pyridines , 792 
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6-hydroxymethyl-3-methoxy- 
4-pyrone , 666 

636 
from malonic acid derivatives, 

from pyrones , 655 
nitration of, 809 
Table XII-I, 634 
5-Hydroxy-2-pyridylalanine8 669 
2-Hydroxy-2-pyridylaxnino-l,3- 

N , N' -Bis (4-hydroxy-3-pyridyl) 

4-Hydroxy-N- (B-D-ribofuranoys 1) 

2-Hydroxytetrafl~oropyridine~ 

4-Hydroxytetrafluoropyridine, 

6-(6-Hydroxy-1,2,3,4-tetrahy- 

indandione , 67 

urea, 73 

-2-pyridone, 773 

6 86 

from perfluoropyridine, 686 

dro-2-naphthyl) -2-pyri- 
done, 0 and N-alkylation 
with dimethyl sulfate, 752 

N- [ B-Hydroxy-a- (0-tolyloxy) 
propyl] -2-pyridone , 705 

Hydroxytriketones, cyclization 
with ammonia to 4-pyri- 
dones, 609 

4-Hydroxy-6- (3,4,5-trimethoxy- 
phenyl) -2-pyridone , 619 

4-Hydroxy-l83,6-trimethy1-2- 
pyridone , 659 

Imidazopyridines, 85 

2-Imino-l-methyl-1,2-dihydro- 
pyridine, 90 

2-(l-Indanylamino) pyridine, 
56 

Indenes , from pyridineacetic 
acid derivatives, 488-490 

Indenones, from pyridine hy- 
droxy compounds, 368 

Indigoidin , 854 

synthesis, 85 

from 3-amino-2,6-pyridinedio18 

hydrogenation , 854 
preparation , 854 

854 

by autooxidation of %amino- 

2,6-pyridinediolI 860 
by bromic acid oxidation of 

5-amino-2-pyridone, 860 
by decarboxylation, 860 
by potassium ferricyanide 
oxidation of aminocitra- 
zinic acid, 860 

produced by bacteria, 860 
structure assignment , 860 
Indoles , from u- (0-nitroaryl) - 

B-pyridylacrylonitriles, 
352, 353 

Indolizidines, from pyridine 
side-chain carboxylic acids , 
357 

pyridine acetates, 355-357 
formation from pyridine side- 

chain carboxylic acids, 

Indolizines, formation from 

355-357, 481-488 
5-methyl, synthesis, 352 

N- [2- (3-Indolyl) ethyl] -2-halo 
(or ethoxy) pyridinium 
bromide, hydrolysis, 787 

ring closure by fusion, 787 
1- [B- (3-Indolyl) ethyl] -4- 

methoxypyridinium bromide, 
conversion to the pyridone, 
838 

done, 788 

pyridine, 788 

N- [2- (3-Indolyl) ethyl] -2-pyri- 

preparation from, 2-ethoxy- 

2-halopyridineI 788 
substrate for ring closure, 

Innovanamine (2-methyl-l-B-D- 
788 

glucopyranosyl-4-pyridone) , 
hydrolysis of, 855 

isolated from Evodiopanax 
i n n o v a n s ,  855 

preparation from a natural 
maltol glucoside, 855 

3-Iodo-4-aminopyridine, 49 
N- (4-Iodobutyl) -4-pyridone , 

polymer formed in water, 
76 1 

2-Iodo-4-nitraminopyridineI 91 
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2-Iodo-5-nitropyridine, 689 
rate of halogen displacement, 

3-Iodo-4-nitropyridine-l-oxide, 
mechanism, 689 

from 3-iodopyridine-l-o~- 
ide, 3 

pyridone and aq. 12/KI, 
80 1 

3-Iodo-4-pyridoneI from 4- 
pyridone and aq 12/KI, 
801 

Isatin Pfitzinger reaction, in 
the reactions of pyridyl 
pyruvates, 338 

2-Isobutyl-6-methyl-4-nitro-3- 
pyridinol, conversion to N- 
benzyloxycarbonylaminoacid 
esters, 780 

5-Iodo-Z-pyridone, from 2- 

Isocyanates, 639 
Isomaltol, identification of, 

Isonicotinanilide, 116 
Isonicotinic acid, bacterial 

oxidation of, 860 
Isoprene , reaction with chloro- 

sulfonyl isocyanate, 617 
2-Isopropenyl-3-pyridino1, ni- 

trous acid oxidation of, 
702 

2-Isopropylaminopyridine, 55  
4-Isopropy~aminopyridineI 56 
N- (2',3'-O-Isopropylidene-B- 

649 

D-ribofuranosyl-2-pyridone, 
phosphorylation with B- 
cyanoethyl phosphate, 773 

N-Isopropyllutidone, 615 
2-Isopropyloxypyridine, by di- 

rect alkylation, 746 
4-Isopropyl-2-pyridone, from 

dendrobine , 678 
Isoquinoline-2-oxide, cycli- 

zation with 2-bromopyri- 
dine, 693 

Isoquinolines oxidation of, 268 
N- (2-Isoquinolyl) -2-pyridone, 

from 1-bromoisoquinoline and 
740 

sodium salt of 2-pyridone, 
748 

from isoquinoline-2-oxide, 693 

B-Ketoacid derivatives, 625 
B-Ketoaldehyde, 620 
copper chelates, 621 
salts, 621 
Ketodialdehydes (oxoglutacon- 

Ketodicarboxylic acids, 608 
Ketoenamines , cyclization to 

B-Ketoesters, 601 , 619 

aldehyde) , 608 

4-pyridones, 610 

cyclization with, cyanoaceta- 
mide, 625 

ethyl cyanoacetate, 625 
&-Ketonitriles, 613 
Knoevenagel condensation, in 

the synthesis of , acrylace- 
tonitriles with pyridine- 
aldehydes, 343 

pyridine side-chain nitriles, 
362, 527-31 

Kojic acid, 839 
acylation, 649 
conversion to 3-hydroxy-4- 

reaction with hydrazine, 839 
Kojic acid 5-monomethyl ether, 

pyridones, 649 

reaction with hydrazine, 
839 

2,4-Lutidine-l-oxide, reaction 
with acetic anhydride, 716 

2,6-Lutidine-l-oxide, irradia- 
tion, 725 

reaction with ketene, 723 
Lutidines, carbonation, 336 
4-Lutidone, chlorination of, 

Lutidones , from dehydroacetic 

1 ~ ~ ,  l9F, 14N , Magnetic reso- 

785 

acid, 652 

nance spectroscopy, 62 

Malonaldehyde, 620 
Malonaldehyde diethy lacetal , 
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condensation with cyano- 
acetamide, 624 

606 
Malonaldehyde tetraethylacetal, 

Malonic acid derivatives, 634 
Malononitrile , 603 
dimer, 602, 632 

Malonyl chloride, condensa- 
tion with nitriles, 637 

Maltol, conversion to 3-hy- 
droxy-2-methyl-4-pyridone, 
649 

2-Mandelamidopyridine , 70 
Mandelamidopyridines , 226 
2-Mandelaminopyridines, 70 
Mannich reaction, 011 
with 3- and 4-pyridylacetates, 

34 s 

nols, 014 

tributions , 014 

Mannich reactions of 3-pyridi- 

LCAO calculated charges dis- 

proton chemical shifts, 014 
reactivity and substitution 

sequence correlation, 014 
A'-p-Menthene, hydrogen source 

in the reduction of 3- 
pyridyl side-chain ni- 
triles, 367 

Mercury salts, in the synthe- 
sis of ethyl 4-pyridylpy- 
ruvates , 336-330 

0-Mesyloxypyridines, relative 
stability, 744 

2-Methallyloxypyridine, 
Claisen rearrangement of, 
030 

3-Methanesulfonoxypyridine, 
from 3-pyridinol and 
methanesulfonyl chloride, 
779 

w-Methoxyacetophenones, con- 
densation with ethyl 
phenylpropiolate, 648 

1 - (p-Methoxybenz y 1) -2-pyri- 
done, 036 

I-Methoxy-2,6-dimethylpyridine, 
016 

3-Methoxy-2-methyl-6-nitropyri- 
dine, 809 

3-Methoxy-2-methylpyridinel 
nitration of, 009 

4-Methoxy-1-methylpyridinium 
iodide, reaction with 
benzylmagnesium iodide, 
820 

tetrafluoroborate, from 
N-methyl-4-pyridone and 
iodomethane and silver 
tetrafluoroborate, 766 

6-Methoxy-l-methyl-2-pyridoner 
protonation, 744 

4-Methoxyperchloropyridine, 
conversion to perchloro-4- 
pyridinol , 604 

phenyl-4-hexene-l,3-dione, 
610 

diphenyl-2-hydroxyethyl) - 
4-pyridone, 609 

B - (p-Me thoxypheny 1) glutaconi c 
acid, 601 

1- (p-Methoxyphenyl) -1 , 3, S-hexa- 
netrione, 609 

trisodium salt, 610 

4-Methoxy-N-methylpyridinium 

5- (p-Methoxyphenylamino) -1- 

2- (p-Methoxyphenyl) -6- (2,2- 

1-Methoxy-3-phenylhydrazono- 
2,4-pentanedioneP conden- 
sation with cyanoaceta- 
mide, 620 

droxyethyll-2-phenyl-4- 
pyridone I 609 

1- (p-Me thoxyphenyl) - 2-methyl- 
6-phenyl-4-pyridonet 610 

3-Methoxy-2-phenylpyridine, 
from 3-methoxypyridine and 
phenyllithium, 020 

5-Methoxy-2-phthalimidomethyl- 
pyridine I 669 

2-Methoxypyridine , 690 

6- (2-p-Methoxyphenyl-2-hy- 

alkylation with, bromace- 
tone, 038 

phenyacyl bromide , 030 
cleavages of, 690 
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by direct alkylation, 746 
effects of catalyst, 833 
intermolecular thermal rear- 

isomer equilibration studies, 

rate of cleavage by NaOCH3, 

stability of, 743 

alkylation with benzylhalides, 

cleavage of, 690 
from 3-halopyridine, 690 
nitration, 809 
preparation by alkylation with 

rate constants for, cleavage, 

rangement, 833 

834 

829 

3-Methoxypyridine, 690 

767 

diazomethane, 767 

690 
formation, 690 
rate of cleavage by CH30Na, 

reaction with phenyl lithium, 

synthesis from 3-pyridinol 

829 

820 

and dimethyl sulfate, 767 
4-Methoxypyridine, 690 
cleavage of, 690 
from 4-chloropyridine, 694 
isomer equilibration studies, 

834 
rate of cleavage by CH30Na, 

829 
reaction with 8- (3-indolyl) 

ethyl bromides, 838 
rearrangement via ion-pair 

intermediates, 833 
stability of, 743 

4-Methoxy-3-pyridinecarboxa- 
mide, reaction with iodo- 
methane, 838 

methylation of, 813 
3-Methoxy-2-pyridone, amino- 

6-Methoxy-2-pyridone, 752 
alkylation with diazomethane, 

protonation, 744 
tautomeric properties, 740 

752 

1- (Methoxy-2-pyridyl) -2-pyri- 
dones, 691 

4-Methoxytetrafluoropyridine, 
from pentaf luoropyridine , 
686 

Methylamine, 601, 611 
3- (4-Methyldnobutyl) pyri- 

5- (a-Methylaminobutyryl) -2- 
dine, 116 

pyridone, from L-6-hydroxy- 
nicotine, 859 

2- (2-Methylaminoethylpyridine) , 
113 

Methyl 2-aminoisonicotinate, 72 
8-Methylamino-a-nitroacrolein, 

condensation with diethyl 
malonate, 632 

57 

pyrido [ 3,4-e] -1,4-diaze- 
pine 

4-Methylamino-3-nitropyridine, 

2-Methylamino-5-phenyl-3H- 

2-Methylaminopyridine, 90 

4-Methy1aminopyridineI 56, 64 
4-Methylaminopyridine-l-oxide, 

B- [l- (4-Methyl-2-aminopyridyl) 1 

N-Methylanilhe, 115 
2- (N-Methylanilino) pyridine, 

Methyl 2-benzyloxypyridines, 

5- (N-Methylcarbamoyl) -1,4,6- 

oxidation, 64 

56 

propionic acid, 71 

86 

side-chain alkylation, 760 

trimethyl-2-pyridoneI hy- 
drolysis, 641 

synthesis, 641 

urea, 73 

anhydride, 779 

nate, 779 

arrangement, tautomerism, 
678 

1-Methyl-3- (5-chloro-2-pyridyl) 

Methyl citrazinate, with acetic 

Methyl 2,6-diacetoxyisonicoti- 

N-Methyldihydroazepinones , re- 

1- 13- (3,4-Methylenedioxyphenyl) 
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propyll-2-pyridone , formed 
by oxidation of pyridinium 
salts , 709 

Methyl formate , 616 
0-Methylglutaconic anhydride, 

Methyl 2,4-hexadienoateI 607 
N-Me thy 1- 3 -h ydroxyp yri din i m  

1-Methyl-3- (5-iodo-2-pyridyl) 

1-Methyllutidone, 652 
1-Methyl-3- (2-methoxy-5- 

pyridyl) urea, 73 
4-Methyl-2-methylamino-5-phenyl 

-3-pyridinol , from N- 
methyldihydroazepinones, 
6 70 

4-Methyl-6-methylamino-3-pyri- 
dinol, rearrangement of N- 
methyldehydroazepinones, 
670 

2-Methyl-6- (N-methylpiperidyl) - 
3-pyridinol , conversion to 
N-benzyloxycarbonylamino- 
acid esters , 700 

Methyl 2-methyl-5-pyridyl ke- 
toxime , from 5-ethyl-2- 
picoline , 3 

3-Methyl-1- (5-methyl-2-pyridyl) 
-2-pyridone, 710 

6-Methyl-2-methythio-3-pyridi- 
no l ,  0-alkylation with 
methyl iodoacetate, 767 

4-Meth y 1-6 - ( a-naph th yl) -2 - 
pyridone, 626 

3-Methyl-4-nitraminopyridine, 
91 

4-Methyl-2 (p-nitrophenylazo) - 
5-phenyl-3-pyridinolI 050 

4-Methyl-6- (p-nitrophenylazo- 
5-phenyl-3-pyridinolI 050 

6-Methyl-3-nitro-4-phenyl-2- 
pyridone, 006 

006 

601 

iodide, 767 

urea , 73 

conversion to 2-chloro deriv., 

preparation , 006 
6-Methyl-5-nitro-4-phenyl-2- 

pyridone , conversion to 2- 
chloro deriv., 806 

2-Methyl-4-nitro-3-pyridinolI 
conversion to N-benzyloxy- 
carbonylaminoacid esters, 
700 

2-Methy1-4-nitro-3-pyridinolI 
reaction with formalin and 
dialkylamines, 013 

009 

706 

chloride , 706 

ide , 706 

nitration of, 006 

nitration of, 006 

nitration of, 806 

nitration of, 006 

mines , 706 

2-Methyl-6-nitro-3-pyridinolI 

l-Methyl-5-nitro-2-pyridoneI 

conversion to the pyridinium 

reaction with thionyl chlor- 

4-Methyl-3-nitro-2-pyridone, 

4-Methyl-5-nitro-2-pyridoneI 

6-Methyl-3-nitro-2-pyridoneI 

6-Methyl-5-nitro-2-pyridoneI 

l-Methyl-3-nitro-2-pyridoni- 

Dimroth rearrangement of, 706 
hydrolysis of, 706 
l-Methyl-5-nitro-2-pyridoni- 

mines, 706 
Dimroth rearrangement of, 706 
hydrolysis of ,  706 
2- ( N- Meth y 1 - 1 1  N-n itroso pi co y- 

lamine, 121 
2-Methylolaminopyridine-l-o~- 

ide. 65 
4-MethyloxazoleI 673 
reaction with, acrylonitrile , 

673 
N-phenylmaleirnide, 674 

1-Methyl-3-oxypyridyl betaine 
hydroiodide, synthesis 
from 3-pyridinol, 766 

Methyl 2,4-pentadienoate, 
methyl vinylacrylate , 607 

N-Methylperchloro-2 , 4-penta- 
dienamide , 603 
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Methyl perchloro-2,4-pentadie- 

N-Methylperchloro-2-pyridone, 

N-(d-a-Methylphenethyl-2(5- 

noate, 604 

604 

ethylpyridyl) ethylamine, 
115 

done, 652 

pyridone, by oxidation of 
pyridinium salts, 709 

pyridine, 115 

dinediol, reduction with 
zinc in acetic anhydride, 
052 

nedicarboximide, from 4- 
methyloxazole and N-phenyl- 
maleimide, 614 

coupling with p-nitroben- 
zenediazonium chloride, 050 

l-Methyl-3-phenyl-2-pyridone, 
02 3 

4-Methyl-6-phenyl-2-pyridone, 
626 

1- (a-Methyl-8-phenethyl) luti- 

1- (1-Methyl-2-phenethyl) -2- 

5- (N-Methyl-2-phenylaminoethyl) 

&Methyl-3-phenylazo-2,6-pyri- 

6-Methyl-N1-phenyl-3,4-pyridi- 

4-Methyl-5-phenyl-3-pyridino1, 

from pyrones, 646 
b-Methyl-l-phenyl-2-pyridone, 

from the 5,6-dihydro-2-pyri- 

b-Methyl-4-phenyl-2-pyridone, 

60 7 

done, 120 

629 
nitration of, 006 
b-Methyl-S-pheny1-2-pyridone, 

613 
6-Methyl-2-phenyl-4-pyridone, 

615 
N-Methylphthalimi.de, from N- 

methyl-2-pyridone, 023 
6-Methylpicolinic acid-1-oxide, 

116 
acetoxylation, 116 
cleavage, 116 
decarboxylation, 116 

N-Methyl-2-picolylamine, 121 
2 (S) (-) -N-Methylpipecolinic 

acid, from N,N'-dimethyl- 
anabasone, 708 

2-Methyl-5- (2-piperidinoethenyl) 
pyridine, 111 

l-Methyl-3-piperidine, from N- 
methyl-2-pyridone, 191 

6-Methyl-5-propyl-2-pyridoneI 
129 

2-Methylpyridine-l-o~ides~ re- 
action with tosyl chloride , 
714 

conversion to 5-methylindo- 
lizine, 352 

760 

chain, 160 

160 

quilibration with 2-methyl- 
thiopyridine, 035 

051 

6-Methyl-2-pyridine aldehyde, 

Methylpyridines, 2-benzyloxy, 

alkylation of methyl side 

hydrogenolysis to 2-pyridones, 

N-Methyl-2-pyridinethione, e- 

S-Methyl-2,3,6-pyridinetrione, 

preparation, 051 
reduction, 851 
N-Methylpyridinium salts, elec- 

tronic and steric effects 
of 3-substrates, 101 

l-~ethyl-3-pyridinol, excited 
state ionization, 743 

2-Methy1-3-pyridino1, from 4- 
methyloxazole and ethyl 
acrylate, 673 

2-Methyl-3-pyridinol, 125, 019 
aminomethylation of, 011 
coupling with diazonium salts, 

hydroxymethylation of, 015 
from 4-methyloxazole and 

acrylonitrile, 673 
nitration of, 009 
from 2-pi colien- 1 -oxide by 

019 

irradiation in gas phase, 
725 
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4-Methyl-3-pyridinolt 704 
5-Methyl-3-pyridinol, 704 
6-Methyl-3-pyridinol , 011 
aminomethylation of, 011 
from 2-aminomethyl-5-hydroxy- 

bromination , 004 
furfurylamine , 665 
2-picoline-1-oxide by irradi- 

ation in gas phase, 725 
reaction with sodium iododi- 

chloride , 004 

methylfuran, 665 

5-Methyl-3-pyridinols, 704 
l-Methyl-2-pyridoneP a metabo- 

lite of l-methylpyridinium- 
2-aldoxime iodide, 711 

bromination with N-bromo- 
succinimide, 000 

charge distribution, 733 
complex with cyclomethylene- 

tetranitroamine, 050 
from 2-cyano-1-methylpyridi- 

nium perchlorate , 709 
deuteration, 815 
diene in Diels-Alder reaction, 

dipole moment, 733 
electrolytic reduction, 799 
excited state ionization, 743 
formation of organometallic 

adducts, 047 
hydrogenation, 795 
hydroxymethylation, 015 
infrared spectrum, 732 
from methylpyridinium hydrox- 

NMR, 027 
photochemistry, 026 
photoisomerization, 027 
reaction with, benzyne, 023 
fumaronitrile, 025 
maleic anhydride, 820, 825 
tetracyanoethylene, 021 

020 

ide, 706 

reduction with LAH, 797 
stability of, 743 
3-Methyl-2-pyridone, from 3- 

picoline-1-oxide, 710 
rate of hydrogen-deuterium 

exchange, 016 
4-Methyl-2-pyridone , bromina- 

tion with N-bromosuccini- 
mide , 000 

714 
S-~ethyl-2-pyridone, from 3- 

picoline-1-oxide, 718 
rate of hydrogen-deuterium 

exchange , 816 
6-Methyl-2-pyridone , alkyla- 

tion, 752 

714 

from 2-chloromethylpyridine~~ 

from 2-chlormethylpyridines, 

from 2 ,b-lutidine , 716 
reaction with dimethyl acety- 

lenedicarboxylate, 023 
6-Methyl-2-pyridone, monoanion, 

759 

compounds, 759 

759 

compounds, 741 

condensation with carbonyl 

reaction with n-butyllithium, 

N-Methyl-3-pyridone,a mesoionic 

l-Methyl-4-pyridone, 709 
bromination, 002 
charge distribution calcula- 

tions, 733 
deuteration, 015 
infrared spectrum, 731 
rate of hydrogen-deuterium ex- 

reaction with, cyanogen bro- 
change, 016 

mide, 766 

stability, 743 
iodomethane, 766 

2-Methyl-4-pyridone, direct 
amination , 019 

direct arylation, 019 
3-Methyl-4-pyridone, from 4-ni- 

l-Methyl-2-pyridone-5-carboxa- 

N-Methyl-2-pyridone-3-carboxa- 

N-Methylpyridones, 706 

tro-3-picolineI 694 

miae, 714 

mide, 714 

conversion to pyridinium 
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salts, 706 
demethylation, 706 
l-Methyl-2-pyridones, Diels- 

Alder adducts with ben- 
zynes , 02 3 

1- ( 5-Meth yl-2 -pyridy 1) -2 -ami- 
nopropane , 107 

Methyl N- [1- (2-pyridyl) cyclo- 
hexyl] carbamate, 116 

1- (3 '-Methyl4 '-pyridyl) -3- 
methyl-4-pyridoneI from 4- 
nitro-3-picolineI 694 

Methyl sorbate , 607 
4-Methyl-3-spirocyclopropane- 

2,6-pyridinedioneI 739 
alkylation with diazomethane , 

754 
from 3- (8-chloroethyl) -4- 

methyl-2,6-pyridinedione, 
739 

pyridine, 66 

2-thiopyrones and methyl- 
amhe , 640 

5-Methyl-2,3,6-triacetoxypyri- 
dine, hydrolysis of, 052 

l-Methyl-3,4,5-trichloro-2- 
pyridone, 604 

6-Methyl-4- (2 , 3,4-trimethoxy- 
phenyl) -2-pyridone , 626 

Michael addition, of acryloni- 
trile to picolines, 363 

in the synthesis of, a-amino- 
a-(2- and 4-pyridyl) 
butyric acids, 340 

2- (4-Methylthiobenzylamino) 

l-Methyl-2-thiopyridines, from 

pyridine side-chain nitriles, 
362, 522-526 

Mimosine (leucaenine) , incor- 
poration of lysine, 050 

preparation, 651 
from aspartic acid, 050 
from mecanic acid, 651 

Monocyanoethylation, 613 
Monoethylacetamidomalonate, 

condensation with pyridine- 
aldehydes, 342 

Monoethylacetamidomalonate, in 

the synthesis of N-acetyl- 
B-pyridylserines , 342 

2- (2-N-Morpholinoethylaino) 
ethanol, 120 

2- [2- (2-N-Morpholinoethylamino] 
ethoxypyridine, 120 

Naphthalenes , synthesis f r o m  
pyridineacetic acid deriva- 
tives, 490, 491 

1,6-NaphthyridineI 70 
l17-Naphthyridine, from 3-mi- 

nopyridine-1-oxide , 79 
Naphthyridines , synthesis , 78 , 

te t rahydronaphthyridines ,  360 
357-359 , 499-501 

1,5-NaphthyridinesI 126 
lI0-Naphthyridines, 127 
Nicotellin, 630 
Nicotine, 116, 059 
bacterial oxidation of , 060 
metabolism of , 859 
Nicotinic acid, bacterial oxi- 

dation of, 060 
4-carbethoxy, conversion to 

ethyl 4-carbethoxy-3- 
pyridylacetate, 348 

Nicotinic acid-1-oxide , 630 
reaction with acetic anhy- 

Nicotinoylacetic acid, ethyl 
dride, 718 

ester, conversion to a 
guanidine, 362 

3-Nicotinoyl chloride , conver- 
sion to methyl 3-pyridyl- 
glyoxalate, 347 

Nitramines, 702 
2-NitraminonicotineI 703 
reaction with, acetic acid in 

acetic anhydride , 703 
sulfuric acid, 703 
triethylamine , 703 

5-Nitraminonicotinic acid, 91 
2-Nitramino-3-nitropyridineI 

reaction with hydrazine hy- 
91 

drate , 9 1 
3-Nitramino-4-picolineI 91 
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5-Nitramino-3-picoline , 91 
5-Nitraminopicolinic acid, 9 
2-Nitraminopyridine , 91 , 172 
rearrangement of, 91, 702 
3-NitraminopyridineI 91, 173, 

702 
reaction with, acetic acid 

acetic anhydride , 702 

4-Nitraminopyridine, 91, 173 
2-, 3- ,  and 4-Nitraminopyri- 

sulfuric acid, 702 

dine, reaction with phos- 
phorous trichloride , 91 

Nitraminopyridinecarboxylic 
acids , aminopyridinecar- 
boxylic acids, 91 

91 

phosphorus, 5 

Nitraminopyridines , hydrolysis , 

reaction with halogen and red 

rearrangement , 63 
2-Nitraminopyridines, reaction 

with phosphorous trichlor- 
ide, 91 

rearrangement of, 702 
3-Nitraminopyridines, reactions 

with phosphorous trichlor- 
ide, 91 

sulfuric aicd, 6 
4-NitraminopyridinesI reaction 

with phosphorous trichlor- 
ide, 91 

rearrangement of , 702 
3-Nitramino-2-pyridinesulfonic, 

91 
3-Nitramino-6-pyridinesulfonic 

acid, 91 
5-Nitramino-2-pyridinesulfonic 

acid, conversion to 3- 
pyridinol, 704 

3-Nitro-2-aminopyridine, Dim- 
roth rearrangement of, 700 

5-Nitro-2-aminopyridineI 700 
Dimroth rearrangement of, 700 
reactions with nitrous acid, 

700 
5-Nitro-2-aminopyridinesI 91 
4-Nitro-3-chloropyridine-l- 

oxide, from 3-chloropyri- 
dine-1-oxide , 3 

reagents, 4 
reactions of, with various 

Nitr0-2~3-diaminopyridines , 179 
Nitrohalopyridines, amination 

6-Nitroimidazo [4,5-b] pyridine, 

4-Nitro-2,6-lutidine-l-oxide, 

reaction with, acetic anhy- 

of, 47 

99 

719 

dride, 719 
ketene, 723 

Nitromalonaldehyde, 632 
6-Nitromethyl-3-pyridinolI 667 
5-Nitronicotinic acid, 40 
6-Nitro-2-(3-nitro-4-methyl- 

phenyl)-3-pyridinolI 010 
6-Nitro-2- (p-nitrophenyl) -3- 

pyridinol, from 2-phenyl-3- 
pyridinol, 010 

1- (p-Nitrophenylamino) -3,4 , 5- 
t ri ch loro- 2 -py ri done , 60 4 

6-(p-Nitrophenylazo)-3-pyridi- 
nol, preparation from 3- 
pyridinol, 019 

oxidation of with perben- 
zoic acid, 6 

1- (pNitropheny1) -5-phenyl-1,4- 
pentyne-3-oneI reaction 
with aniline, 615 

pyridone , 629 

ide, 615 

629 

2-pyridone, 629 

oline-1-oxide, 3 

2-(p-Nitrophenylazo) pyridine, 

4- (p-Nitrophenyl) -6-phenyl-2- 

pNitrophenylpropioly1 chlor- 

4- (0-Nitrophenyl) -2-pyridone , 

4-p-Nitrophenyl-6-(2-pyridyl)- 

4-Nitro-3-picolineI from 3-pic- 

hydrolysis of, 694 
4-Nitro-2-picoline-l-oxide, ef- 

fect of 4-nitro group, 719 

719 
reaction with acetic anhydride, 
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4-Nitropyridine, 50 
from pyridine-1-oxide, 3 
photolysis of, 5 

aration of, 3 

oxygenation of, 3 

zine, 5 

substitution, 694 

2-Nitropyridine-l-oxide, prep- 

4-Nitropyridine-l-oxide, de- 

reduction with phenylhydra- 

Nitropyridines, nucleophilic 

relative reactivities of, 4 
2- and 4-Nitropyridinesl re- 

duction with sodium boro- 
hydride, 3 

2-Nitro-3-pyridino1, 779, 009 
dialkylaminomethylation of, 

nitration of, 009 
preparation of, 2 

reaction with, acetyl chlor- 

813 

from 3-pyridinol, 009 

ide, 779 
chlorosulfonic acid, 779 

4-Nitro-3-pyridinol ( s )  , from 
3-fluoro-4-nitropyridine, 
600, 694 

6-Nitro-3-pyridino1, 009 
reaction with acetyl chlor- 

ide, 779 
2-Nitro-3-pyridinol-1-oxide. 

deoxygenation of, 725 
reaction with phosphorous 

trihalides, 725 
3-Nitro-2-pyridoner from 3- 

nitropyridine-1-oxide, 718 
3-Nitro-4-pyridone, 705 
chlorination, 785 
from 4-pyridone, 006 
halogenation, 002 
potassium salt, alkylation 

reaction with ethyl chloro- 
of, 761 

formate, 779 
5-Nitro-Z-pyridone-l-(B-N- 

acetoglucoside) , 036 
3-Nitro-4-pyridones, prepara- 

tion, 009 

2-Nitro-N- (3-pyridyl) aniline , 

1-Nitro-2- (3-pyridyl) ethylene , 

2-Nitro-1- (2-pyridyl) propanol , 

1- (Nitro-2-pyridyl) -2-pyridone , 

2- (5-Nitro-pyridylthio) ani- 

Nitrosamino esters , as the 

56 

116 

110 

691 

line, 57 

active methylene compound 
in condensations with 
pyridine aldehyde, 342 

3-Nitroso-2,6-pyridinediol , 850 
analytical reagent for deter- 

mination of osmium, ru- 
thenium and palladium, 850 

reduction of, 854 
4-Nitrosopyridine-1-oxide 

from 4-hydroxylaminopyri - 
dine-1-oxide, 5 

preparation and properties 
of, 2 

4-Nitrotetrafluoropyridine , 

4H-Nonachloro-l-penteneI 603 
Nucleoside 5 ‘-phosphates, prep- 

aration of a-pyridyl es- 
ters, 783 

2-pyridone) , 055 
Nudi f lorine ( 5- cyano- 1-methy 1- 

from nicotinic acid, 855 
isomer of ricinidene, 055 
isolated from Treivia 

nudifloria Linn, 855 
synthesis from 5-carbomethoxy- 

2-pyrone, 055 
NMR spectroscopy, 62 

Oxalyl chloride, in the syn- 
thesis of pyridylpyruvic 
acids, 339 

Oxazoles, 669 
Diels-Alder additions to, 673 
reaction with dienophiles, 

669 
Oxazolo [3,2-a]pyridinium 

perchlorates, 830 
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from N-acetonyl-2-pyridoneI 
838 

from N-phenacyl-2-pyridoneI 
838 

Oxidation, of pyridine side- 
chain functional groups, 
334 

thesis of pyridine side- 
chain carboxylic acids , 
334 

&-Oxo-a,6-diphenylvaleroni- 
trile , 613 

2-Oxoglutaconaldehyde (Endia- 
lone) , 599, 608, 611 

addition of chlorine to, 611 
5-Oxo-4-phenylhexanonitrile, 

3-Oxo-5-phenylvalera1dehydel 

Oxidizing agents, in the syn- 

613 

609 

Pechmann condensation, of 
ethyl nicotinoylacetate 
with phenols, 357 

Pentafluoropyridine, 47 
Pentamethylene bis [ 2- (6-phenyl- 

4-pyridone) 1 , 610 
2,4-PentanedioneI 614 
Perchlorocyclopentene-3-one, 

60 3 
c i s ,  cis-2,4,6-Perchlorohepta- 

triene-6-a1 phenylhydra- 
zone, cyclization, 842 

Perchloropentadienoyl chloride, 
604, 605 

Perchloro-2,4-pentadienoyl 
chloride, 646 

cyclization to 3 , 4 , 5-tri- 
chloro-2-pyrone , 646 

reduction to perchloro-2,4- 
pentadien-1-01, 646 

Perchloro-2 , 4-pentadienal , 604 
Perchloro-N-phenyl-2 , 4-penta- 

Perchloro-2,4-pentadienoic 

Perchloro-N-phenyl-2-pyridone , 

dienamide , 603 

acid, 603 

604 

Perchloropropene , 603 
Perchloropyridine, 604, 683 
by photochlorination, 683 
from 2,6-diaminopyridineI 683 
from perchlorocyclopentenone, 

reaction with, nucleophiles, 
683 

683 
P2S5, 793 
secondary mines , 684 

Perchloro-2-pyridinol, 604, 684 
from perchloropyridine, 684 
v i a  dialkylaminotetrachloro- 

pyridines, 684 
Perfluoropyridines, reaction 

with nucleophiles, 686 
Perkin condensation, of pyri- 

dinealdehydes with aryl- 
acetic acids, 342-343 

Perlolidine, isolated from 
L o l i u m  perenne L., 856 

synthesized from 3-cyano-4- 
phenyl-2-pyridoneI 856 

N-Phenacyl-2-pyridoneI 838 
2-PhenthylaminopyridineI 56 
l-Phenethyl-4-amino-2-pyridoneI 

l-Phenethyl-5-amino-2-pyridoneI 

l-Phenethyl-5-chloro-2-pyri- 

1- (B-Phenethyl) lutidone, 652 
1-Phenethyl-3-phenoxypyridi- 

nium salts, oxidation of, 
707 

N- (B-Phenethyl) -5-phenoxy-2- 
pyridone, 707 

6-(B-Phenethy1)-2-phenyl-4- 
pyridone, 615, 618 

N-(B-Phenethyl)-2-pyridoneI 711 
2- [3- (10-Phenothiazinyl) 

3- [3- (10-Phenothiazinyl) 

4- [ 3- (10-Phenothiazinyl) 

Phenylacetone, monocyanoethyla- 

76 

76 

done, 76 

propylamino]pyridines , 69 

propylamino]pyridines, 69 

propylamino]pyridines, 69 

tion of, 613 
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5- (2-Phenylaminoethyl) -2-pico- 
lines, 120 

2- (Phenylaminomethyl) pyridine, 
101 

3-PhenylazopyridineI from pyri- 
dine and phenyldiazonium 
salts (NaHS03) , 6 

hydrogenation of , reduc- 
tion of, 853 

3-Phenylazo-2,6-pyridinediolI 

l-Phenyl-1,3-butanedioneI 614 
Phenyl €4-chlorovinyl ketone, 

6 14 
Phenyl cyclobutenediones, re- 

action with enamines, 682 
5-Phenyl-3,5-dioxopentanol, 600 
6-Phenyl-2,4-hexanedioneI 614, 

l-Phenyl-l,3,5-hexanetrione, 
615, 619 

609, 651 
acetylation, 651 
cyclization to 4-pyroneI 651 
trisodio salt, 610 

6-Phenyl-2.4,6-hexanetrioneI 

formation of ketoenamines , 

reaction with aromatic mines, 

with n-butylamine, 610 

6 10 

610 

610 

2-Phenylimidazo[4,5-b]pyridineI 

Phenyl isothiocyanate, 619 
N-Phenyllutidone , from dehydro- 

acetic acid and aniline, 
655 

98 

5-Phenyl-l,3-pentanedioneI 609 
3-Phenyl-N- [4- (phenyl) -4- (2- 

pyridyl) ] butyl-2-propyla- 
mine, 108 

2-Phenyl-3-pyridino1, from 4- 
phenyloxazole and acrylo- 
nitrile. 674 

iodination of, nitration of, 
81 0 

4-Phenyl-2-pyridoneI prepara- 
tion by procedure of Hauser 
and Aby, 626, 629 

6-Phenyl-2-pyridoneI 599, 628, 

from a-benzoylbutyronitrile , 

from w-dimethylaminopropio- 

tautomerism of , 734 

646 

613 

phenone, 628 

2-Phenyl-4-pyridoneI 600 
3-Phenyl-4-pyridoneI prepara- 

tion from 4-methoxy-3- 
nitropyridine, 832 

Phenyl 2-pyridyl carbinol, 119 
1-Phenyl-1- (2-pyridyl) -3-di- 

methylaminopropane , 100 
4-Phenyl-6- (3-pyridyl) -2-pyri- 

done, 629 
6-Phenyl-4- (4-pyridyl) -2-pyri- 

done, 629 
2-Phenyl-3- (2-pyridyl) -1,3- 

thiazan-4-one. 67 
2-Phenyl-6-substituted-4-pyri- 

dones, 615 
5-Phenyl-2 , 3,4 , 5-tetrachloro- 

2,4-pentadienamide , 605 
cyclization of, 605 
pyrolysis of, 605 
2-Phenyltetracyanopropane , 603 
2-Phenyltetracyanopropene , 603 
l-Phenyl-3,4,5-trichloro-2- 

6-Phenyl-3,4,5-trichloro-2- 

6-Phenyl-3 ,4 ,5- t r ichloro-2-  

Phosphoryl chloride, in the 

pyridone, 604 

pyridone, 605 

pyridone, preparation, 646 

synthesis of pyridylpyru- 
vic acids, 339 

furanosyl) -2-pyridone 
(3 ‘+5 ‘ ) uridine , synthe- 
sis, 114 

N- (3 

Physical properties, 61 
3-Picoline-1-oxide , 721 
“0-acetic anhydride studies , 

reaction with acetic anhy- 
721 

dride, 710 
2-Picoline-1-oxide ( s )  , 725 
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i r r ad i a t i on  o f ,  i n  the gas 

reac t ion  with acetyl  or  ben- 

rearrangement mechanism, 719 
with phenylacetic anhydrides, 

phase, 725 

zoyl chloride, 723 

72 1 
4-Picoline-1-oxide ( s )  , 723  

reac t ion  with, ketene, 723 
phenylacetic anhydride, 721 

rearrangement of anhydro base,  

rearrangement mechanism, 72 
Pico l ines ,  condensation with 

720 

ch lora l ,  337, 397 

chain carboxylic acids and 
e s t e r s ,  337-339, 398-402 

pyridylpyruvic acids , 339 
Michael addition of acryloni- 

conversion t o  pyridine side- 

t r i l e ,  363 

ace t i c  acid,  351 
1-oxide, conversion to pyri-  

dylpyruvic acids , 339 
P ico l in i c  acid, e thyl  e s t e r ,  

condensation with d ie thyl  
oxaloacetate, 343-344 

w-4- (Picolinylidenyl) aceto- 
phenone, 629 

Picolylamine, 118 
2-Picolylamine, 111 
3-PicolylamineI 111, 1 2 1  
4-PicolylamineI 111, 215 
2-Picolylaminomethyl-1,4- 

benzodioxan , 118 
N- (2-Picolyl) an i l i ne  , 102  
4- (2-Picolyl) an i l i ne ,  103 
2-Picolyllithium, 117 
5 '-  (3-Picolyl) t e t r azo l e ,  for-  

2-PicolinesI from 2-pyridyl- 

mation from 3-pyridylace- 
t o n i t r i l e ,  366 

P i e r i c id in  A ,  858 
a na tura l  insec t ic ide ,  858 
biosynthesis o f ,  858 
inh ib i to r  of mitochoandreal 

electron t ranspor t ,  858 
i so la ted  from Streptomyces 

mobaraensis, 858 
P i e r i c id in  B, 858 
biosynthesis  o f ,  858 
i so l a t ed  from Streptomyces 

mobaraensis, 858 
Piperidinecarboxylic  acids,  

from pyridinecarboxylic 
ac ids ,  293, 294 

t i o n  from pyridylacrylates ,  
346 

2-(B-Piperidinoethyl) pyridine,  
113 

P ip l a r t i ne ,  857 

Piperidine propionates, forma- 

i so l a t ed  from Piperlongum 
Linn, 857 

nmr study,  857 
Piperidones, reduction with 

LAH to piper id ines ,  800 
Polychloro-2-pyridones , from 

polyhalopyridines , 683 
Polychloro-4-pyridones, from 

polyhalopyridines , 683 
Polyhalopyridines , used i n  

preparat ion of po lyhydroxy- 
pyridines , 850 

Polyhydroxypyridines, from 
polyhalopyridines, 850 

Polymethylene b i s  [2- (6-aryl-4- 
pyridones) 1 , 610 

Polyphosphoric acid 
Primary enmines ,  627 

from e thy l  acetoacetate ,  627 
react ion with diketene, 627 

2-PropylaminopyridineI 56 
3-Propylpyridine, formation 

from reduction of 3- 
py r idy l ac ry lon i t r i l e  , 367 

6-n-Propyl-2,3,4-triminopyri- 
dine, 99 

6-Propyl-2,3,4-triaminopyri- 
dine,  94 

Protonation , 61 
a-(3-Pyrazolyl) acetaldehyde 

hydrazone, from 4-pyrone, 
839 

049 
T r i -  (2-Pyridinato-1) aluminum, 
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Pyridine. reaction with lithium 
amide, 46 

Pyridineacetamides , alkylation 
of, 336 

conversion to pyridine side- 
chain carboxylic acids, 

tetrahydro, fomtion from the 
422-420 

reduction of pyridineacet- 
amides, 351. 352 

3-PyridineacetamideI 6-methyl, 
conversion to 3-aminomethyl- 
pyridine, 360-361 

2-Pyridineacetamide-l-oxide, 
synthesis, 360 

4-Pyridineacetamide-l-oxide, 
synthesis, 360 

Pyridineacetates, conversion to 
pyridine side-chain car- 
boxylic acids, 344-345, 
422-420 

ethyl, condensation with, aro- 

phenyl methyl ketones, 345 
formation from picolines, 339 
synthesis, 340 
2-Pyridineacetates, conversion 

to indolizenes, 355-357 
ethyl, condensation with, ace- 

tyl chloride, 345 
benzoyl chloride, 345 

o-nitro, hydrolysis, 337 

matic aldehydes, 344 

4-Pyridineacetates, o-nitro, hy- 
drolysis , 337 

Pyridineacetic acids, conver- 
sion to pyridine side-chain 
carboxylic acids, 422-420 

dihydro, oxidation with 02, 
335 

formation from, pyridinealde- 
hydes and ketones, 341-342 

oxidation of dihydropyridine- 
acetic acid, 335 

2-Pyridineacetic acids, conver- 
sion to 2-picolines, 351 

3-Pyridineacetic acids, forma- 
tion from 3-0x04- (3- 
pyridyl) butyric acid, 347 

Pyridine-2-aldehyde , 119 
Pyridine alkaloids, 055 
Pyridine carbonyl compounds, 

condensation with active 
methylene compounds, 341- 

2-Pyridinecarboxaldehyde, 110 
2,6-Pyridinecarboxaldehyde, 106 
Pyridinecarboxylic acids , 215 
by ammoxidation of , alkylpyri- 

343, 406-416 

dines, 273 
cyanopyridines, 273 

by electrocyclic reactions 
from, 5-alkoxyoxazoles , 264 

substituted oxazoles, 264 
tetrachlorocyclopentadienone , 

tetraphenylcyclopentadienone, 
267 

267 

dines , 260-272 
isoquinolines, 260-272 
quinolines, 260-272 
from pyridine nitriles , 273 , 

photolysis of, 297 
physical properties, 281 
preparation of from, aceto- 

acetaldehyde Na-enolate, 
250 

by oxidation of , alkylpyri- 

270 

acrylonitrile, 260 
aminopyranodioxins, 262, 263 
aminopyranooxazines, 262, 263 
cinnamoylacetaldehyde, 263 
citrazinic acid, 25% 
dimethyl acetylenedicarboxy- 

ethyl B-methylaminoacrylate, 

methyl coumalate, 263 
nonpyridine starting materi- 

potassium B-hydroxy-a-nitro- 

2-pyrone , 25% 

tion, 204 

late, 260 

260 

als, 257-263 

propionitrile, 261 

reactions, catalytic reduc- 

chemical reduction, 202 
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conversion to, amide, 200 

decarboxylation , 206 
esterification, 205 

thioamide, 290 

Pyridinecarboxylic acid-l-ox- 
ides, preparation, 299 

3-Pyridinediazonium salts, 76 
3,s-Pyridinediol , 779 
reaction with, acetic acid, 

reactions of, 301 

779 
benzoyl chloride, 779 

2,4-Pyridinediols, conversion 
t o  2,4-dichloropyridines, 
792 

2 , 6-Pyridinediols , conversion 
to 2,6-dichloropyridines, 
79 3 

from pyridinecarboxylic 
esters, 343, 417-422 

Pyridine ketoesters, formation 

reactions , 343 
2-Pyridinemethanol, 107 
4-Pyridinemethanol , 107 
Pyridine nucleosides, 769 
preparation from 2-ethoxypyri- 

dine and halogenoses, 769 
rearrangement of 0 to N-gly- 

cosides, 769 
Pyridine nucleosides. 774 
alkylation of. 769 
phosphorylation of, 774 
preparation from 2-ethoxypyri- 

rearrangement of 0- to N-gly- 

Pyridine-1-oxides , deoxidative 

irradiation in gas phase, 725 
nitration and deoxygenation 

0-acetylation, 715 
reaction with, acetic anhy- 

dine, 769 

cosides, 769 

substitution, 723 

of, 3 

dride, 721 

by reduction, 725 
Table XII-7, 222 
tosyl chloride, 723 

buty llithium , 72 3 

Pyridinepropionates, from 
pyridine acrylates, 345, 
346 

kali amides, 45 

acid amides, alkylation of, 
361 

acids, conversion to con- 
densed heterocycles, 353- 
355, 476, 500 

decarboxylation, 340-351, 450- 
459 

derivatives, 359-367 

Pyridines, amination with al- 

Pyridine side chain carboxylic 

Pyridine side-chain carboxylic 

acid anhydrides, 359 
acid chlorides, 359, 509 
amides, 359, 434-435, 551-562 
esters, 340, 359, 343-344, 

hydrazides, hydroxamic acids 
and amidines. 361, 362, 

417-421 

579-505 
thioamides, 366 
preparations of. 333-347, 370- 

properties and reactions, 340- 

reduction, 351-353, 460-473 
with side-chains containing 

450 

359, 450-500 

carbonyl groups, reactions, 

double bonds, reactions, 360- 

hydroxyl groups, 360 

367, 360, 565-576 

369, 577-570 

uses, 332 
Pyridine side-chain nitriles, 

preparation, 510-550, 362- 
365 

reactions with organometallic 
reagents, 367, 564 

reduction, 352-353, 367, 563- 
564 

solvolysis, 365-367, 551-562 
2-Pyridinethione anions, re- 

action with 0,O'-diphenyl- 
phosphorochlorodithioate , 
784 
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2-Pyridinethiones, N-alkyla- 
tion with dihydropyran, 756 

&Pyridinethiones, from 4- 
pyridinol and P2S5, 793 

2,3,6-Pyridinetrione 3-oxime, 
from 2,6-diaminopyridine, 
700 

3-Pyridinol, 0-alkylation of, 
767 

aminomethylation, 811 
from 3-aminopyridine, 698 
bromination , 804 
from 3-chlorpyridine, 691 
conversion by bacteria to 5- 

hydroxy-2-pyridone, 860 
coupling with diazonium salts, 

819 
Elbs peroxydisulfate oxida- 

tion, 850 
N-methylation, 766 
from 3-nitraminopyridine, 702 
from 5-nitramino-2-pyridine- 

nitration, 2, 809 
rate of bromide substitution 

in [Pt (dien) B r ]  +, 849 
reaction with, amino acids, 

781 
benzylchloroformate , 779 
chlorosulfonic acid, 779 
diethylamine, 811 
dimethylthiocarbamoyl chlor- 

methanesulfonyl chloride, 

sulfonic acid, 704 

ide, 793 

779 
Pyridinols, 683, 781 
electrophilic substitution, 

from halopyridine, 683 
nitration in acid solution, 

reaction with ethyl pyrocar- 

800 

800 

bonate, 781 

preparation by dehydroge- 
nation of hydropyridinols, 
728 

Pyridinols and Pyridones, 

2-Pyridinols, conversion to 

2-chloropyridines , 788 
3-Pyridinols , by dehydrogena- 

tion, 673 
from diazepinones , 677 
by Diels-Alder addition to 

from dienophile, 673 
from 2 , 3-dihydro-l , 2-diaza- 

oxazoles , 676 

bicyclo[3.2.0]-3-hepten-6- 
ones, 677 

fluorescence studies , 743 
from furans, 665 
infrared studies, 740 
from Kojic acid, 668 
from nitrogen heterocycles , 676 
NMR studies, 740 
from oxazoles, 669 
form pyranes, 668 
tautomeric properties , 740 
3-Pyridinol cations , excited 

state ionization studies, 
74 3 

3-Pyridinol sodium salts , N- 
alkylation of , O-alkyla- 
tion of, 767 

methyl acetylenedicarboxy- 
late, 823 

alkylation with diazomethane, 
752 

aminomethylation of, 813 
aromatic properties , 733 
N- and 0-arylation with ben- 

bacterial oxidation of, 860 
bifunctional catalyst, 846 
catalyst for polyurethane 

foaming process, 847 
complexes with metals, 847 
1:l complex with Fe (111) 

perchlorate, 848 
conversion to 5-hydroxy-2- 

pyridone, 860 
deuteration of, 816 
diene in Diels-Alder reaction, 

1 : 1 dimer with triethylbor- 

2-Pyridone, addition to di- 

zyne, 823 

820 

ane, 850 
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d i r e c t  n i t r a t i o n ,  806 
e f f e c t  of  a- elect ron w i t h -  

drawing groups i n  s t r u c-  
t u r e ,  735 

E lbs  peroxydisulfa te  oxida- 
t i o n ,  850 

equ i l ib r ium cons tan t ,  735 
e x c i t e d  s t a t e  i o n i z a t i o n ,  743 
f luorescence s t u d i e s ,  743 
i n f r a r e d ,  d i scuss ion ,  732, 733 
i o d i n a t i o n  o f ,  801 
n i t r a t i o n  o f ,  809 
15N-nmr spec t ra ,  734 
o x i d a t i o n  t o  5-hydroxy-2-pyri- 

done by Elbs method, 727 
pentaammine coba l t  I11 adduct,  

047 
phenylmercury d e r i v a t i v e ,  049 
photochemistry , 826 
p r e p a r a t i o n  from pyr id ine  via 

N-oxide, 715 
p repared  by 60Cobalt-a-radia- 

t i o n  of pyr id ine ,  727 
from pyridine-1-oxide, mecha- 

nism, 693 
rate  of  bromide s u b s t i t u t i o n  

i n  [Pt  (dien)  Br]+, 849 
r e a c t i o n  with ,  a c e t y l  chlor-  

i d e ,  777 
aluminum ethoxide,  049 
ch lo rosu l fon ic  ac id ,  779 
d i b u t y l  dimethyloxy t i n ,  849 
dimethyl d ich lo ros i l ane ,  849 
dimethylthiocarbamoyl chlor-  

ethoxyacetylene , 822 
perfluoro-2-butyne , 022 
phosgene, 777, 781 
s u l f u r  dichlori.de, 028 
t r imethy lch lo ros i l ane ,  773 

reduced by C r  (11) via o u t e r  
sphere  mechanism, 847 

from ruthenium t e t r o x i d e  and 
pyr id ine  , 727 

tautomerism, 733 
u l t r a v i o l e t  spectrum s t u d i e s ,  

i d e ,  793 

049 
&Pyridone, a c e t y l a t i o n ,  777 

N- and 0 -a lky la t ion ,  761 
displacement of hydroxyl by 

halogen, 705 
e f f e c t  of electron-withdrawing 

groups,  735 
E l b s  pe roxydisu l fa te  ox ida t ion ,  

850 
i n f r a r e d  spectrum i n  s o l i d  

s t a t e ,  731 
1 5 ~  nmr s p e c t r a ,  734 
nmr spectrum, 734 
pentaamine c o b a l t  I11 adduct,  

phenylmercury d e r i v a t i v e ,  849 
p ro tona t ion  on oxygen, 744 
r a t e  of dueterium exchange, 

r e a c t i o n  w i t h ,  ch lo rosu l fon ic  

dimethylthiocarbamoyl chlor-  

ethoxyacetylene,  822 
sodium d i n i t r o - b i s  ( ace ty l -  

847 

816 

a c i d ,  779 

i d e ,  793 

acetonato)  c o b a l t a t e  (111) , 
847 

847 

s t a n t ,  735 
2-Pyridone, potassium s a l t ,  

benzylat ion o f ,  748 
2-Pyridone, s i l v e r  s a l t ,  795 

a l k y l a t i o n  o f ,  745, 746 
e f f e c t  of  e l e c t r o n  with- 

drawing groups,  746 
r e a c t i o n  wi th ,  halogenose,  

770, 772 

reduct ion by l igand  t r a n s f e r ,  

tautomeric  equ i l ib r ium con- 

p i c r y l  c h l o r i d e ,  747 
t r imethylene iod ide ,  747 

sodium s a l t ,  a l k y l a t i o n  o f ,  

under Ullmann cond i t ions ,  

us ing  t e t r a f l u o r o b o r a t e s ,  755 
b u t y l a t i o n ,  748 
e f f e c t  of  e lect ron-with-  

drawing groups,  747 

s o l v e n t  e f f e c t s ,  746 

746 

748 
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r e a c t i o n  wi th ,  halogenose,  

methacryl c h l o r i d e ,  777 
4-phenoxybutyl bromide , 761 

2-Pyridone anion (s)  , l o c a t i o n  
of charges on oxygen, 744 

reac t ion  with  0,O'-diphenyl- 
phosphorochloridothioate , 

2-Pyridinecarbo~aldehyde~ 040 
2-P y r i  done-6- carboxy li c a c i d  , 

774 

704 

from 2-pyrone-6-carboxylic 
a c i d ,  646 

2-Pyridone-5-sulfateI 050 
Pyridones,  000 

conversion t o  pyrones,  645 
d i r e c t  a l k y l a t i o n  wi th  halo- 

e l e c t r o p h i l i c  s u b s t i t u t i o n ,  

2-PyridonesI a l k y l a t i o n ,  745 
0- and N-alkylation w i t h  

d i a l k y l  s u l f a t e s ,  752 
a l k y l a t i o n  with  diazomethane , 

754 
N-alkylation w i t h  dihydro- 

pyran, 756 
from 2-aminopyridines, 697 
aromatic p r o p e r t i e s ,  733 
a s s o c i a t i o n  o f ,  732 
conversion t o  2-bromopyri- 

displacement of hydroxyl by 

equ i l ib r ium c o n s t a n t ,  732, 

genoses,  036 

000 

d i n e s ,  705 

halogen, 705 

736 

l a t i o n ,  736 
and s o l v e n t  p o l a r i t y  corre-  

halogenat ion , 000 
hydrogenation t o  2- piperi-  

dones, 796 
i n f r a r e d ,  d i scuss ion ,  733 
n i t r a t i o n  , 809 
p r e p a r a t i o n  by Michael addi- 

t i o n ,  629 
p ro tona t ion  on oxygen, 744 
from pyraz ines ,  676 
f r o m  pyr imidines ,  676 

reduct ion o f ,  795 

from a l lomal to l ,  649 
4-aminopyridines , 698 
aromatic p r o p e r t i e s  , 733 
from chel idonic  a c i d ,  649 
from comenic a c i d ,  649 
conversion t o  4- chloropyri-  

d ines ,  792 
from Kojic a c i d ,  649 
from mal to l ,  649 
from meconic a c i d  , 649 
n i t r a t i o n  , 006 
prepara t ion  from, 4-pyrones , 

651, 652 

4-Pyridones 

t r i k e t o n e s ,  651 

halogens,  000 

sodium b i s u l f i t e  , 794 
from t r i k e t o n e s  , 600 

Pyridone syn thes i s  , 628 
dialkylamine l eav ing  group , 

pyr id ine  leaving group,  628 
Pyridonimines , 92 
Pyridonirnines , from aminopyri-  

d ines ,  705 
2-Pyridon-1-yl fumara tes ,  023 
p repara t ion ,  023 
sapon i f i ca t ion  t o  a c i d s  , 023 

reac t ion  with , aq. I 2 / K I  , 001  

P2S5, 793 

620 

4ii-Pyrido [ l  , 2-alpyrimidin-4- 
ones, 82 

Pyr idoxal ,  exc i t ed  s ta te  i o n i -  
za t ion  s t u d i e s ,  743 

Pyridoxamine , e x c i t e d  s ta te  
ion iza t ion  , 743 

Pyridoxamine d ihydroch lor ide  , 
103 

Pyridoxine,  from 4-carboxy- 
methyl-5-ethoxyoxazole and 
4,7-dihydro-l , 3- dioxepine , 
672 

exc i t ed  s t a t e  i o n i z a t i o n  s t u -  

from 4-cyano-4-methyloxazole 
d i e s ,  743 

and 4,7-dihydro-l,3-dioxe- 
p i n e  , 672 
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from 5-ethoxy-4-methyloxazole , 
610 

Pyridoxine cyclic ether, from 
5-ethoxy-4-methyloxazole 
and 2,5-dihydrofuranI 610 

Pyridoxol, from 4-methyl-5- 
ethoxyoxazole, 264 

Pyridoxylidene benzylamine , 
719 

with acetic anhydride, 719 
with benzoyl chloride. 179 
u-Pyridoylcyclohexanones , ring 

Pyridoyl pyrrolidones, conver- 
opening of, 341 

sion to pyridyl pyrrolines, 
349 

condensation with triethyl 
ortho formate , 644 

formation from pyridylace- 
tonitriles, 364 

N- (2-~yridyl) acetoacetamide , 

Pyridylacetonitriles, u-acyl, 

alkylation of. 362, 517-521 
reaction with 2-aminoethane- 

thiol, 366 

version to indolizines , 

reaction with anhydrides, 364 
3-PyridylacetonitrilesI con- 

version to 5'-(3-picoly- 
tetrazole) ,' 366 

361 
4-PyridylacetonitrilesI reac- 

tion with anhydrides, 364 
Pyridylacetylenes , carbonation , 

336 
B-Pyridylacrylates, reduction, 

3-PyridylacrylonitrileI reduc- 

2-~yridylacetonitriles, con- 

355-356 

reduction to 3-ethylpyridineI 

345-341 

tion using A'-pmenthene, 
361 

2-PyridylalkylamineI 120 
N,N-Bis 12- (Pyridylalkyl) amino] 

alkylenediamine , 200 
N,N-Bis [3- (Pyridylalkyl) amino] 

alkylenediamine, 200 

N,N-Bis [$-Pyridylalkyl) amino] 
alkylenediamine, 200 

2-Pyridylalkylquanidines, 120 
2-Pyridylaminoacetonitrile, 65 
1- (2-Pyridylamino) glutari- 

mides, 220 
2-Pyridylaminomethylferro~ene~ 

61 
d- (2-Pyridylamino) phenylace- 

tonitrile, 65 
3- (u-Pyridyl) -5-aminopyrazoles , 

preparation, 361-360 
Pyridylaniline, 04 
Pyridyl azlactones , formation 

from pyridine aldehydes, 
342 

Pyridylbenzylesters, 2- and 4-, 
o-nitro, hydroqenolysis, 
337 

3-Pyridyl bisulfate, prepara- 
tion, 779 

4-Pyridyl bisulfate, prepara- 
tion, 119 

N- (2-Pyridyl) -N-bromobenzyl-N' , 
N'-dialkylethylenediamines, 
59 

u-Pyridylbutyric acids, u-ami- 
no synthesis, 340 

methyl ester, from 4-pyridyl 
propyl ketone, 346 

a-oxo oxime, conversion to 3- 
pyridylacetic acid, 347 

reaction with phosphorus oxy- 
chloride , 347 

2-Pyridyl-3-butyrolactonyl ke- 
tones, conversion to quin- 
olizines, 355 

2-Fyridyl carbinols, 19 
Di (u-pyridyl) carbonate , pre- 

pared from 2-pyridone and 
phosgene, 717, 101 

2-Pyridylcinnamic acid, ethyl 
ester, preparation from 
ethyl pyridyl acetates, 344 

stereochemistry of, 344 
u-Pyridylcinnamic acids, de- 

carboxylation to stilba- 
zoles, 340, 349 
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synthesis of, 348, 349 
1- (2-Pyridyl) -3-dimethylamino- 

2-Pyridyl N,N'-dimethylthio- 

4-Pyridyl N,N'-dimethylthio- 

0-Pyridyl dimethylthiocarba- 

propane , 108 

carbamate , 794 

carbamate, 794 

mates, 794 
preparation, 794 
thermal rearrangement, 794 

formation of peptides, 779 
from 3-pyridinol and N-benzy- 

loxycarbonylamino acids , 
779 

3-Pyridyl esters, 779 

2- (2-Pyridyl) ethylamines , 117 
B- (3-Pyridyl) ethylamhe, 116 
N,N-Bis [a- (2-pyridyl) ethyl) 1 

ethylenediamine, 106 
3-Pyridylindazoles, prepara- 

tion of, 6 
3- (4-Pyridyl) isoxazol-5-one , 

preparation, 367 
4-Pyridyl-B-ketonitriles, con- 

version to pyrazoles, 367- 
368 

2-Pyridyl methacrylate, poly- 
merization of, 777 

2-Pyridylmethylaminet 161 
Bis (4-pyridylmethyl) amine, 

3-PyridylmethylamineI struc- 

0-(4-Pyridylmethylamino) phe- 

N- (2-Pyridylmethyl) anilines , 

N- (4-Pyridylmethyl) anilines , 

4-Pyridylmethyl chloride, 102 
N- (3-Pyridylmethyl) dibenzyla- 

N- (4-Pyridylmethyl) -p-ethoxy- 

N- (4 ' -Pyridyloxy) -4-pyridone, 

105 

tures , 62 

nol, 102 

107 

107 

mine 104 

aniline, 107 

69 5 
from 4-nitropyridine, 695 

rearrangement of, 695 
Pyridylphosphates , 782 
from di- (2-pyridyl) carbo- 

2-pyridone, and aryl phos- 
nate 782 

phorodichloridate , 782 
and xmnoesters, 782 

phosphates, 782 

d l  ,-synthesis , 334, 335 

sine, 334, 335 

version to methyl 4- 
pyridylbutyrate , 346 

enimine, 66 

aldimine, 845 

reagent for formation of pyro- 

6-Pyridyl-3-piperidinone, 1 & 

dl, conversion to dl-anaba- 

4-Pyridyl propyl ketone , con- 

N- (2-Pyridyl) -1-pyrenyl meth- 

N- (l-~yridyl-2-one) -2-pyridine 

N- (2 -Pyridyl) -2-pyridone , 723 
hydrolysis to aminopyridine, 

mechanism formation , 693 
from pyridine-1-oxide , 723 , 

691 

691 

alkylation of 2-pyridone 
sodium salt and l-bromo- 
quinoline, 748 

2-Pyridylpyruvic acids , ethyl 
esters, 6-methyl-1-oxide , 
conversion to 5-methylin- 
dolizine, 352 

Pyridylpyruvic acids, synthe- 
sis , 339 

2-,1 decarbonylation of , 339 
hydrogen bonding in, 339 
ethyl esters, 2- and 4-reac- 

1- (2-Pyridyl) -2-pyridone, from 

tions of, 338 
synthesis, 337-339 

Pyridyl substituted cyclopro- 
panes , preparation , 369 

1- (2-pyridyl) -1,2 , 3-triazoles , 
from 2-azidopyridine and 
acetylenes , 8 

Pyridyne, 46 
Pyrimidones, 637 
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6-chloro-2-methy1-4-pyrimi- 

5,6-dialkyluracils, 641 
2,6-dimethyl-4-pyrimidone, 

done, 637 

641 
Pyromecanic acid , 839 
4-Pyrone , 839 
reaction with, hydrazine hy- 

p-nitrophenylhydrazine, 839 
Pyrones, conversion to, pyri- 

drate, 839 

dones, 645 
pyridylalines , 333 
from 1,3-diketones, 657 

4-PyronesI 649 
Pyrrole-2-carboxamide, from 2- 

bromo-3-pyridinol, 794 
Pyrrolidones, as active methy- 

lene compounds in conden- 
sation with 2-bromopyri- 
dines, 336 

Quaternary salts, 706 
Quinolines, from the conden- 

sation of ethyl pyridyl- 
acetates with o-amino- 
aromatic aldehydes, 345 

formation from, pyridineace- 
tic derivatives, 497, 498 

pyridine hydroxy compounds, 
368 

oxidation of, 268, 272 
Quinolizidines, preparation 

from pyridine side-chain 
carboxylic acids, 353-355, 
474-481 

Quinolizines, preparation 
from pyridine side-chain 
carboxylic acids, 353-355, 
474-481 

Raney Nickel, in the reduction 
of a pyridyl diketo ester, 
346 

done-5'-phosphate, from N- 
(2',3'-0-ethoxyethylene-B- 
D-ribofuranosyl) -2- 

N- ( B-D-Ribofuranosyl) -2-pyri- 

pyridone, 774 
Ricinidine (3-cyano-4-methoxy- 

1-methyl-2-pyridone) , 855 
from a-aminoadipic acid, 855 
from lysine, 855 
from nicotinamide, 855 
from nicotinic acid, 055 
from succinic acid, 855 
Ring closures, of acrylic com- 

pounds, 616 

Schmidt reaction, 40 
Scillardin A ,  conversion to a 

pyridone , 645 
Secondary enamines, prepara- 

tion, reaction with dike- 
tene, 627 

Simonis condensation, of ethyl 
nicotinoylacetate with 
phenols, 357 

Sodamide, 45 
Sodium borohydride, in the re- 

duction of, methyl 4- 
pyridylacrylate, 346 

346 

tion with p-nitrophenyl- 
propiolyl chloride, 615 

Stilbazoles, B-carboxy-prep- 
aration from pyridine al- 
dehydes, 342, 343 

pyridine ketoacids and esters, 

Sodium phenylacetylene, reac- 

stereochemistry, 342, 343 

pyridine aldehydes, 343 

stereochemistry of, 348, 349 
synthesis, 348, 349 
Strecker reaction, preparation 

Strecker synthesis, of pyri- 

8-cyano-preparation from 

stereochemistry, 343 

of 2-cyanomethylfurans, 666 

dine-side chain nitriles, 
362, 535-538 

Streptonigrin, 626 
Styryl isocyanates, reaction 

6-Substituted-2,I-bis (alkyl- 
with ynamines, 639 

aminomethyl) pyridines, 220 
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1- (N-Substituted carbamoyl) -2- 
pyridones, 639 

Sulfamic acid, 611 
2-SulfanilamidopyridinesI 227 
3-Sulfanilamidopyridines, 227 
4-Sulfanilamidopyridines, 228 
Syphilobin A ,  861 

bin F, 861 

tic L, 861 
Syphilobin F, 768 

a deoxy derivative of Syphilo- 

isolated from Lobelia syphili- 

a pyridine alkaloid, 861 
isolated from Lobelia syphili- 

0-methylation with diazometh- 
tic L, 861 

ane, 768 

Tautomeric catalyst, defini- 
tion , 846 

N- (Te tra-0-acetyl-D-glucopyra- 
nosyl)-2-pyridoneI 773 

2,3,4,6-Tetraaminopyridine, 97 
Tetrachloro-4-methoxypyridine , 

reaction with, Grignard rea- 

organolithium reagents, 832 
Tetrachloro-4-methylthiopyri- 

dine, from perchloropyri- 
dine, 793 

2,3,4,5-Tetrachloro-2,4-penta- 
dienoyl chloride, 604 

2,3,4,5-Tetrachloro-2,4-penta- 
dienoyl chloride , 604 

2,3,5,6-Tetrachloropyridine, 
683 

832 

gents , 832 

hydrolysis of, 683 
by reduction dehalogenation of 

perchloropyridine, 683 
2,3,5,6-Tetrachlor0-4-pyridi- 

nol, 684 
Tetracyanopropene, potassium 

salt, 602, 603 
1,1,3,3-Tetraethoxypropane 

(malonaldehyde tetraethyl 
acetal) , 606 

condensation with cyano- 

acetamide, 624 

tassium salt , methylation, 
747 

tassium salt, methylation, 
747 

Tetrafluoro-4-pyridone, potas- 
sium salt, 761 

fate, 761 

Tetrafluoro-2-pyridinol , po- 

Tetrafluoro-4-pyridinol , po- 

0-alkylated with dimethyl sul- 

with iodomethane , 761 
1,2,3,4-Tetrahydroaminopyri- 

1,2,3,6-Tetrahydroaminopyri- 

Tetrahydrocarbostyrils, from 

4,4',5,5'-Tetrahydroxy-3,3'- 

dines, 232 

dines, 231 

cyclohexanone anil, 676 

diaza-2,2'-diphenoquinone, 
853 

5,6-Tetramethylene-2-pyridoneI 
82 3 

acetylenedicarboxylate , 823 
1,2 , 3 , 6-Tetranethyl-4-pyridone , 

from 2,3,6-trimethyl-4-py- 
rone, 645 

A2-Thiazoline picoline deriva- 
tives, synthesis, 366 

Thienylaminopyridines, 90 
Thioamides , reaction with dike- 

1 , 2-addition to dimethyl 

tene to form 4-hydroxy-2- 
pyridones, 619 

Thioaminopyridines , 142 
l-Thiopyran-2-onesI 661 
reactions with, amines, 661 
ammonia, 661 

loid, 858 

dine-1-oxide , 723 

acrylic acid, 71 

Tomatillidine, a pyridone alka- 

3-Tosyloxypyridine, from pyri- 

trans-2-Imino-l(2H) -pyridine- 

Triacetic acid lactone, 655 
reaction with, amines, 655 
ammonia, 655 
glycine, 655 
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Triaminopyridines, 188 
4,5,6-Triaryl-2-pyrones, 648 
reaction with , ammonia , 648 
methylamine , 648 

Triaryl-2-pyronesI reaction 
with hydrazines, 841 

s-Triazine, 638 
Trichloroacrylonitrile, 601, 

Trichloroethylene, 603 
3,5,6-Trichloro-2-pyridinol, 

3,4,5-Trichloro-2-pyridone, 

613 

683 

604 

2,4-pentadienalI 648 

3,4,5-Trichloro-l-ureido-2- 

2,4,6-Tricyanopyridine-1-oxide, 

Trifluoromethyldiketones, 622 
2-Trifluoromethylpyridine-l- 

oxide, reaction with ace- 
tic anhydride, 717 

3-Tri f luoromethyl-2-pyridone , 
from 3-trifluoromethyl- 
pyridine-1-oxide , 718 

6-Trifluoromethyl-2-pyridone, 
from 2-trifluoromethyl- 
pyridine-1-oxide, 717 

4-Trifluoromethyl-2-pyridones, 
chlorination, 785 

1-[3,3,3-Trifluoro-l-(tri- 
fluoromethyl) propene] -2- 
pyridone , 822 

preparation from, perchloro- 

from pyrones, 648 

pyridone, 604 

preparation of , 2 

2,4,6-Triiodo-3-pyridinol, 725 
2,4,6-Triiodo-3-pyridinol, 0- 

alkylation with ethyl 
chloroacetate, 767 

Triketones, 608 
1,3,5-Triketonesl reaction 

with p-nitrophenyl hydra- 
zine, 839 

666 

812 

2,4,6-Trimethyl-3-pyridinol, 

2,4,6-Trimethyl-3-pyridinol, 

1,4,6-Trimethyl-2-pyridoneI re- 

lr2,6-Trimethyl-4-pyridone, 816 
complexes with transition me- 

rate of dueterium exchange, 

duction with WI, 798 

tals , 847 

816 

92 

773 

chlorosilane, 773 

1,4,6-Trimethyl-2-pyridonimine, 

2-Trimethylsilyloxypyridine, 

from 2-pyridone and trimethyl- 

reaction with haloqenoses, 773 
3-Trimethylsilylpyridine-l- 

oxide , 722 

dride , 718 
reaction with, acetic anhy- 

phosphorus oxychloride , 722 
3-Trimethylsilyl-2-pyridoneI 

5.-Trimethylsilyl-2-pyridoneI 

2,4,6-Trinitropyridine-1-oxideI 

2,4,6-Trinitro-3-pyridinolI 809 
2,4,6-TriphenylpyridineI prep- 

aration v i a  Chichibabin 
reaction, 629 

3,4,5-Triphenyl-2-pyridone, 
from 1,2,3-triphenylcyclo- 
prop-2-enylacetyl azide, 
681 

4,S,6-Triphenyl-2-pyridoneI 648 
by photolysis of [1,2,3-tri- 

phenylcycloprop-2-enyll 
acetyl azide, 681 

648 
4,S16-Triphenyl-2-pyridone, 0- 

alkylated by diazomethane, 
752 

4,S,6-Triphenyl-2-pyridoneI po- 
tassium salt N-alkylation 
with methyl iodide, 747 

4,SI6-Tripheny1-2-pyridone, 
silver salts, 0-alkylation 
by iodomethane, 747 

7 18 

718 

preparation of, 2 

from 3,4,5-trichloro-2-pyrone, 
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4,5,6-Triphenyl-2-pyridoneI 
sodium salt ,  0-alkylation 
with benzyl chloride,  740 

Tripyridyl  phosphate, hydroly- 
sis , preparat ion , 702 

Unsaturated carbonyl compounds, 
629 

Uridine-5'-phosphate, reac t ion  
with B-cyanoethyl-2- 
pyridylphosphate, 704 

Vinyl ketones, 630 
condensation with e thy l  cyano- 

from 2- subst i tuted v e r a t r a l s ,  
ace ta te ,  630 

630 
4-Vinylpyridine , 113 
Vinylpyridines, 1 1 2  

condensations w i t h  esters, 

conversion t o  a-amino-y- (2- 
340, 404, 405 

pyridyl)  bu ty r i c  ac id ,  340 

e l ec t ro ly t i c  condensation wi th  
diethyl  fumarate, 340 

Michael addition of d i e t h y l  
malonate to, 340, 341 

2-Vinylpyridines , 1 1 2  , 113 
4-Vinylpyridines , condensation 

with malonic esters, 340 
conversion t o  a-amino-y- (4- 

pyridyl) bu tyr ic  ac id ,  
340 

340, 341 

version t o  6- keto esters, 
340. 341 

reaction with b a r b i t u r i c  ac id s  , 

3-Vinylpyridyl ketones, con- 

willgerodt react ion,  i n  t h e  
synthesis of pyr id ine  s ide-  
chain carboxylic a c i d s ,  
346, 434, 435 

t inoyl  chloride, 347 
Wittiq reaction , with 3-nico- 




