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Foreword 

Best Synthetic Methods is now 10 years old, is a family of 16 volumes and has 
been well received by the majority o[ chemists as a valuable aid in their 
synthetic endeavours, be they academic or commercial. The focus of the series 
so far has been on special methods, reagents or techniques. This volume is thc 
first of a new sub-series with a focus on heterocycles and their synthesis. It is 
amazing the extent to which each heterocyclic type has its own specialized 
synthetic methodology. Whether the chemist is endeavouring to make a 
heterocyc1e by ring synthesis or wishes to introduce specific substituents, it is 
the intention that this new development wilt serve their needs in a practical, 
authoritative, fully illustrative and compact manner. Richard Sundberg is an 
authority on indole chemislry and it is a pleasure to have such a noted 
heterocyclist to initiate this venture. 

O.M.-e. 

vii 



Preface 

Synthesis of indole derivatives has been an active field of chemical research for 
well over a century. Synthetic interest has be en driven by the wide range of 
indole derivatives which occur in nature and by the biological activity of many 
indole derivatives of both natural and synthetic origino In this volume I have 
attempted to illustrate the most widely used of these synthetic methods. The 
underlying organization is on the basis uf the retrosynthetic concept of 
identifying the bond(s) which are formed in the process. The chapters peftain­
ing to ring construction (1-8) and substitutions (9-14) are focused on 
particular ring positions. The final two chapters consider indole-specific 
oxidation-reduction reactions and cycloaddition processes. 

Even after 30 years of research activity in the field, my personal experience 
encompasses only a fraction of the methodologies included in the book. I have 
selected the methods and examples on the basis of utility and reliability as 
judged by frequency of application in the !iterature or by indications that 
specific procedures are especially convenient. 1 will welcome comments [rom 
chemists whose experience, good Of bad, will help in recognizing the best of 
the many methods that are available. 

Richard 1. Sundberg 
Charlottesville 
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-1-
Introduction 

The synthesis and reactivity of indole derivatives has been a topic of research 
interest for wcll over a century. The first preparation of indole dates from 1866 
and the Fischer indole synthesis, which remains the most versatile method for 
preparing indoles, was first reported in 1883[1]. Thc principal commercial 
source of indole is extraction from coal tar, a1though the feasibility of industrial 
synthesis from starting material s such as aniline and ethylene glycol[2J, 
N-cthylaniline[3J or 2-ethylaniline[ 4J has Leen demonstrated. Reports of 
several thousand individual indole derivatives appear annually in the chemical 
literalure. The primary reason for this sustained interest is the wide range of 
biological activity found among indoles[5]. The indole ring appears in the 
amino acid tryptophan and metabolites of tryptophan are important in the 
biological chemistry of both plants and animals. Indole-3-acetic acid is a plant 
growth hormone[6J and 3-(2-aminoethyl)-5-hydroxyindole (serotonin) is one 
of the key neurotransmitters in animals[7]. Scarches for specific agonists and 
antagonists of the receptors for these and other indole metabolites has been an 
active pursuit of pharmaceutical chemistry for nearly 50 years. The indole ring 
also appcars in many natural products such as the indole alkaloids[8J, fungal 
metabolites[9J and marine natural products[lOl 

Among the indole derivatives which have found use as drugs are indo­
methacin, one of the first non-stcroidal anti-infiammatory agents[IIJ, suma­
triptan, which is uscd in the treatment of migraine headaches[12J and 
pindolol[13J, one of the p-adrenergic blockers. 

pindolol 

(1.1) 
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Several of the naturally occurring indoles also have clinical importance. The 
dimeric !linea alkaloid vincristine and closely related compounds were among 
the first of the anti-mitotic class of chemotherapeutic agents for cancer[14]. 
The mitomycins[15] and derivatives of ellipticine[16] are other cxamples of 
compounds having anti-tumour activity. Reserpine, while not now a major 
drug, was one of the first compounds to show beneficial effects in treatment of 
mental disorders[17] 

vincrisline reserpine 
(1.2) 

° 

%
0 CH2oCNH2 

H2N PCH3 

CH3 N NH 

° 

CH3 

0::tP 
H CH3 

milomycin C ellipticine 

Indole is classified as a ¡¡;-excessive aroma tic compound. It is isoelectronic 
with naphthalene, with the hctcrocyclic nitrogen atom donating two of the ten 
¡¡;-electrons. 

~­V--l 
I 

H 

1.3A 

O) 
I 
H 

1.3B 

-- ro-
1.3e 

I 
H 

(1.3) 

The aromaticity of the ring is fundamental to the success of many synthetic 
methods. Most estimates of aromaticity ascribe a stabilization energy which is 
slightly lcss than naphthalene[18]. Most indole-forming reactions begin with 
materials which incorporate a bcnzcnc ring, and thc additional stabilization 
resulting from the [ormation of the fused pyrrole ring pro vides a driving force 
for indo le ring formation. The most fundamental properties of the indole ring 
are fully consistent with the expectation for such a hetcroaromatic structure. 
Like pyrrole, indole is a very weak base; the conjugate acid is estimated to have 
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a pKa = -2.4[19J because aromatlctty is compromiscd by protonation at 
nitrogen. Instcad, protonation occurs at e3. Indole itself and sorne of its simple 
derivatives are quite reactive toward strong acids as a result. As an electron­
rich heteroaromatic, indole has a relatively high-energy HOMO and is subject 
to oxidative processes, incl uding photosensitized electron transfer. Many 
indo les are rcadily oxidizcd by exposure to atmospheric oxygen, with the initial 
product being a 3-hydroperoxy-3H-indole. 

R 

~ ~l -
R 

OOOOH 
7

1 
:::,... N 

(1.4) 

I 
H 

From the perspective of laboratory practice, the sensitivity of many indoles 
to acids, oxygcn and light prescribes the use of an inert atmosphere for most 
reactions involving indoles and the avoidance of storage with exposure to light. 
This sensitivity is greatly attenuated by electron-withdrawing (EW) substitu­
ents. 

Many synthetic methods havc be en developed for addition or modification 
of substituents on the indole ringo Electrophilic substitution occurs preferen­
tially at e3, a result which is explicahle in terms of the contribution of 
resonance structure 1.3B, and is also consistent with various M.O. calculations 
which find the highest electron density and highest conccntration of the 
HOMO at e3[20]. Thc e3 position is estimated to be 10 13 more reactive than 
is benzene to eleetrophilic attack[21]. The e2 posilion is the second most 
reactive site toward electrophiles, but the most reliable means of achieving 
selective e2 substitution is by heteroatom-directed lithiation. Thc indolc NH 
is weakly acidic, pK = J 6.7 in water[19J and pK = 20.9 in DMSO[22J, and 
thc most nuclcophilic site in the anion is N1. Selective NI substitution 
therefore usually involves base-catalysed processes, including alkylation, acyl­
alion and conjugate addition. Regioselective substitution of the carbocyclic 
ring is problematic. The inherent selectivity is not high and so is strongly 
influenced by the specific substitution pattern. Usually, regiospecific substitu­
tion requires the prior synthesis of a functionalized intermediate. For example. 
the halo indoles are useful intermedia tes for introduction of carbocyclic 
substituents. 

As is broadly true for aromatic compounds. the \1.- or benzylic position of 
alkyl substituents exhibits special reactivity. This includes susceptihility to 
radical reactions, beca use of the stahilization provided the radical intermedi­
ates. In indole derivatives, the reactivity of \1.-substituents towards nucleophilic 
substitution is greatly enhanced by participation of the indole nitrogen. This 
effect is strongest at e3, but is also present at e2 and to sorne extent in the 
carbocyclil: ringo The elfect is enhanced by N-deprotonation. 
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This reactivity pattern underlies a group of important synthetic methods in 
which an ct-substituent is displaced by a nucleophile by an elimination­
addition meehanism. Even substituents which are normally poor leaving 
groups, such as alkoxy and dialkylamino, are readily displaced in the indole 
series. 

The material in the sueceeding ehapters describes bolh the synthesis of the 
indole ring and means of substituent modification which are especial1y import­
ant in indole ehemistry. The first seven chapters describe the preparation of 
indoles [rom benzenoid preeursors. Chapter 8 describes preparation of indoles 
from pyrroles by annelalion reaetions. These syntheses can be categorized by 
using the concept of bond diseonnection to speci[y the bond(s) formed in the 
synthesis. The categories are indicated by the number and identity of the 
bond(s) formed. This classifieation is givcn in Scheme 1.1. 

Chapters 9, 10 and 11 describe methods for substitution directly on the ring 
with successive attention to NI, C2 and C3. Chapters 12 and 13 are devoted 
to substituent modification as CJ Chapter 12 is a general discussion of these 
methods. while Chapter 13 eovers the important special cases of the synthesis 
of 2-aminoethyl (tryptamine) and 2-aminopropanoic aeid (tryptophan) side­
chains. Chapter 14 deals with methods for effeeting earboeyelie substitution. 
Chapter 15 describes synthelically ímportant oxidation and reduction reactions 
whieh are characteristic of indoles. Chapter 16 ¡Ilustrates methods for elabor­
ation of indoles l'ia eyeloaddition reaetions. 

As for the other volumes in this series. examples of synthetic procedures have 
been given. These have been eh osen lO indieate the basie operations involved 
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in ¡he individual syntheses. The proeedures have been adapted from the 
published procedures for a suecinct style of presentation. The original referenee 
should be consulted for details which may not have be en included. 

There are a number of other sources of infonnatiol1 available about the 
synthesis of indoles. The most comprehensive entrée to the older literature is 
through Volume 25, Parts 1 - III, of The e hemistry of H eterocyclic e ompounds, 
which were published between 1972 and 1979[231 Work to the early 1980s is 
reviewed in Comprehensive Heterocyclic Chemistry[24] and a second edition is 
forthcoming[251 Other reviews emphasizing recent developments are also 
available[26-281 
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Category la Cyclizations 

Category la cycIizations involve formation uf lhe N-C2 bond from a 
preformed intermediate which contains alI the necessary atoms to COllstruCt the 
indole framework. Onc group of these cycIizations proceeds by addition­
elimination at a carbonyl or imine group, as represented in retrosynthctic path 
a, Scheme 2.1. The ~larling materiaIs are often aromatic nitro compounds. with 
the cyclization taking place folIowing reductive conversion to a nudeuphilic 
ami no group. The carbonyl or imine double bond may be present in the 
starting material. but it can also be introduccd during the synthetic process. 
Relrosynthetic path b involves activation of an acetylene bond to nucleophilic 
addition of the endo-dig type. Metal ions, especialIy Pd2

+. are effective 
catalysts. with the Pd2+ being removed after cycIization by protonolysis. 
Rctrosynthetic path e corresponds to reaction between an electrophilic nitro­
gen species and an adjacent double bond. This pattcrn is rcalized syntheticalIy 
by redm:live conversion of o-nitrostyrenes to indoles. 
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SCHEME 2.1 

2.1 INDOlES FROM ~-DIAlKYlAMINO-o-NITROSTYRENES. 
THE lEIMGRUBER-BATCHO SYNTHESIS 

The Leimgruber-Batcho synthesis is a two-step method which providcs 
indoles that arc substituted only in the benzene ringo The methud was initially 
discIosed in a patente]] and a representativc procedure is available in Orc¡anic 
Synthe.~es[2l A review of the reaction is available[3]. The reaction involves 
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condensation of an o-nitrotoluene with N,N-dimethylformamide dimethyl­
acetaL In its first version the reaction was driven to completion by distillation 
of methanol. An improvement which has been widely adopted is to indude 
pyrrolidine in the reaction mixture. Under these conditions the reaction is 
acceleratcd and thc pyrrolidine is exchanged into the enamine product[ 4]. 
tris-Piperidinomethane is an alternative reagent which may be advantageous ir 
the condensation with DMF dimethylacetal is sluggish[5]. The reaction 
depends on the nitro group both to acidify the methyl group and to stabilize 
the enamine product. The reaction is vcry vcrsatilc with respect to the range 
of carbocyclic substituents that can be used. 

. ROH [H) - (2.1) 

The second step of the synthesis involves reductive cyclization. A numbcr of 
reducing agents have been used, the choice, at least in part, being dictated by 
the nature of the carbocyclic substituents. The reductive cyclization is usually 
done with hydrogen over a palladium catalyst or with Raney nickel and 
hydrazine. Not much is known about the exact sequence of the reduction but 
it is possible to obtain N-hydroxyindoles by choice of an appropriatc rcagcnt. 
Zinc-NH4CI is the preferred reductant for this purpose[6]. Use of TiCI 3 as 
reductant gives a mixture of the indole and N-hydroxyindole[7]. These results 
suggest that the cyclization can take place at the hydroxylamine reduction 
leve!. Table 2.1 gives sorne representative examples. 

Procedures 

7-Methoxyindole{B] 

A. Condell.~ation step 

A solution of 2-nitro-3-mcthoxytolucnc (5 g, 30 mmol), DMF dimethylacetal 
(4.25 mi, 32 mmo!) and pyrrolidine (2.5 mi, 30 mmol) in DMF (50 mi) was 
~lirred and healed al 130' C under nitrogen for 3 h. The solvent was removed 
in vacuo and the residue dissolved in isopropyl alcohol (50 mi). The enamine 
intcrmcdiatc (3.98 g, 54%) was obtained as orange crystals. 

B. Reductiue cyclizati011 

A mixture of 3-methoxy-2-nitro-f3-pyrrolidinostyrene (10 g, 40 mmol) and 
Raney nickel (25 g) in methanol-THF (40 mi of each) was heated to 60°C and, 



Table 2.1 

Indoles prepared by the Leimgruber Batcho method 

Entry Substituents Reagent Reductant Yield (%) Ref. 

1 4-Benzyloxy Me 2NCH(OMe)2!pyrrolidine Raney Ni/NH 2NH2 96 [2] 
2 4-Benzyloxy Tripiperidinomethane Ni-BjNH 2NH 2 90 [9] 
3 4-Cyano Me 2NCH(OMt:)2 Fe 67 [10J 
4 4-(2.2-Dimethoxyt:thyl) MezNCH(OMe)z!pyrrolidine Raney Ni/NH 2NH2 67 [11J 
5 4-Methoxycarbonyl MezNCH(OMe)z HzPd-C 82 [12J 
6 5-Ethoxy [Me1NJ1CHO-t-Bu Raney Ni/NH2 NH 2 53 [131 
7 6-Bromo MezNCH(OMe)2/pyrrolidine Zn 62 [14J 
8 6-Bromo Tripiperidinomethane TiCI, 63 [15J 
9 7-Carboxy Me 2NCH(OMe)2 Fe 80 [16J 

lO 4-Cyano-7-methoxy Me 2NCH(OMe)2 H 2jPd-C 83 [17J 
11 5,6-his·(Bcnzyloxy) Tripiperidinomethane Fe. SiO, 62 [18J 
12 6-Chloro-5-methoxy Me 2NCH(OMe)2 Raney Ñi/NH 2NH 2 68 [19J 
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with stirring, hydrazine hydrate (4 mI in 30 mI of THF) was added over 60 mino 
The reaetion mixture was then eooled to room temperature and filtered 
through Celite. The filtrate was eoneentrated in vacu() and the residue purified 
by ehromatography through siliea gel using 10% ether in hexane for elution. 
The fraetions eontaining produet were eombined and evaporated to give the 
produet as a c1ear oil (2.94 g, 50%). 

4-Benzyloxyindole{9] 

A. C()ndensati()n step 

tris-Piperidinomethane (9.20 g, 34.7 mmol) and 2-benzyloxy-6-nilrotoluene 
(5.62g. 23.1 mmo\) were fused together under aspirator vacuum at 110°C and 
stirred for 6h. The reaetion mixture was eoolcd and abs. methanol (100m!) 
was added. The bright-red produet (7.31 g, 93%) erystallized and was eollected 
by filtratíon. 

B. Reductiue cyclizati()1l 

2-Benzyloxy-6-nitro-~-píperidinostyrene (5.00 g, 14.8 mmol) was added to a 
suspension of niekel boride in absolute ethanol whieh had been prepared from 
niekel aeetale (15 mmol). The reaction mixture was heated to reflux. Hydrazíne 
hydrate (1.5 g, 30 mmol) in abs. ethanol (25 mi) was added over a period of 
15 min, during which vigorous gas evolution oceurred. After eooling, the 
reaetion mixture was filtcred through Celite. [CAUTION.· Raney nickel can 
ignite during filtrati()n.] The filtrate was eoneentrated and the produet purified 
by flash ehromatography through siliea gel using 1: l toluene-eyc\ohexane for 
elution. The produet (2.98 g, 90%) was obtained as a white solido 
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2.2 INDOLES FROM o,p-DINITROSTVRENES 

A two-step synthesis of indoles from o-nitrobenzaldehydes proceeds by conden­
sation with nitromcthanc followed by reductive cyc\ization. Like the Leim­
gruber Batcho method, the principal application of the reaction is to indoles 
with only carbocyc\ic substituents. The formation of the o,~-dinitrostyrenes is 
usually done under c\assical Henry condensation conditions but KF /18-
crown-6 in propanol was found to be an advantageous reaction medium for 
acetoxy-substituted compounds[l l The o,~-dinitrostyrenes can also be ob­
tained by nitration of ~-nitrostyrenes[2]. 

[H] - ~ ~l 
I 

H 

(2.2) 

Several different reducing agents have been used in the reductivc cyc\ization. 
¡ron powdcr is thc traditional choice but the work-up of such reactions is 
sometimes complicated by iron-containing precipitates. A procedure involving 
iron powder wilh a slurry with silica has been recommended[2]. Transfer 
hydrogenation using PdjC and ammonium formate is also a convenient 
method for reduction[3]. There is little definitive evidence of the mechanism of 
the reductive cyc\ization of o,~-dinitrostyrenes. Certain reduction conditions 
lead to other products. F or example, NaBH4 leads to the reduction of only lhe 
styrene double bond[ 4] and formation of o-nitrophenylacetoximes has been 
observed occasionally[Sl Table 2.2 gives some typical procedures. 

Procedures 

5-Chloro-2,!~-dinitrostyrene{6J 

5-Chloro-2-nitrobenzaldchydc (122.9 g) and nitromethane (40.4 g) were dissol­
ved in methanol (132 mI) and cooled to 10-IS"C. A solution of NaOH (27.8 g) 
in water (67 mi) was added at such a tate that the temperature was maintained 
below 15°C by ice-bath cooling. The solution was kept in the ice bath for 2 h 
and the resulting mass was slurried with 700 m] of ice and water. The resulting 
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Table 2.2 

Reductive cyclization of o,0-dinitrostyrenes 

Entry Suhstitucnts Reductant yield (%) Ref. 

4-Chloro Fe 85 [7J 
2 4-Acetyloxy-5-benzyloxy Fe/Si02 64 [8J 
3 4,7 -bis-Benzyloxy Fe 63 [9J 
4 4,7-Dimethoxy NaDlI./Pd-C 67 [5J 
5 5,6-Diacetoxy HziPt-C 70 [lOJ 
6 5,6-Dihydroxy HziPd-C 50 [lIJ 
7 5-M ethoxy-6-benzyloxy Fe/Si02 91 [2J 
8 5,6-Methylenedioxy NHd HCO; (Pd-C 82 [3J 
9 5,6,7-Trimethyl H 2iPd-C 43 [6J 

10 5,6-bis-(Benzyloxy)- Fe/SiOz 90 [12J 
4.7-dimethyl 

11 5,6-Dimethoxy-7 -iodo- Fe 47 [13J 
2-methyl 

clear yellow solution was poured slowly into a mixture of 132 mi of conc. Hel 
and 198 ml of water. The addition product was obtained as a solid (72 g, 51 %). 
The nitroalcohol (20 g) was added to a suspension of finely powdcred anhyd­
rous NaOAc (prepared by fusion and grinding) in acetic acid (90 mi). The 
mixture was refluxed for 5 min and after cooling it was poured into 600 mi of 
cold water. Thc product was obtained as an oil which solidified on standing at 
room temperature. The nitrostyrene was collcctcd by filtration (17.6 g, 95%) 
and could be recrystallized from ethanol. 

4,5-bis -Benzyloxy-3, 6-dimethyl-2,{J -dinítrostyrene{12] 

3,4-his-(Benzyloxy)-2,5-dimethylbenzaldchydc (50 mmol) and nitromethane 
(150 mmo!) and dry NH40Ac (150 mmol) were dissolyed in acetic acid 
(150 mI) and heated at reflux for l.5 h. The reaction mixture was cooled and 
poured into water (11). The product was collected by filtration, dissolved in 
CH 2 CI 2, washed with NaHC0 3, dried oyer Na2S04 and passed through silica 
gel using CH 2CI 2 for elution. Thc product (12.5 g, 64%) was purified by 
recrystallization from benzene-hexane. A solution of the fi-nitrostyrene (3.89 g, 
lOmmol) in dry acetic acid (40ml) was heated to 60-65'C and Cu(N0 3h-
3H20 was added in small portions oyer 30 mino The mixture was kept at 
60-65°C for 1.25 h, coolcd to room tcmpcrature and poured into water 
(400 mI). The product was collected as a solid and washed thoroughly with 
water. The dínitrostyrene was collected by filtration, dissolyed in CH2Clz, 
washed with NaHCOJ , dried oyer Na2S04 and passed through silica gel using 
CH 2 CI2 for elution. The produ(;[ was recrystallized from benzene-cyclohexanc 
and then ethanol (2.1 g, 48% yield). 
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5,6-bis-Benzyloxy-4,7-dimethylindote{12] 

4,5-his-(Benzyloxy)-3,6-dimethyl-2,~-dinitrostyrene (4 mmol), 70- 270 mesh sil­
ica gel (10 g), acetic acid (24 mI) and electrolytic iron powder (4 g, 71 mmol) 
were dispersed in toluene (40 mi) and refluxed under nitrogen for 1 h. The 
mixture was cooled and then filtered. The solid was washed thoroughly wíth 
CH 2C12' The com bined filtrate and washings were washed successively with aq. 
NaHS03, water and aq. NaHC03. After drying over Na2S04 , the solution was 
evaporated in vacuo, and eluted through silica with CH 2Clz-hexane. The 
solvent was evaporated and the residue recrystallized from benzenecyclohexane 
to give 5,6-bis-(benzyloxy)-4,7-dimethylindolc (1.28 g) in 90% yicld. 

Transfer hydrogenation[3] 

The o,~-dinitrostyrene (l mmo!) and ammonium formate (10 mmo!) were 
dissolved in methailol and 10% PdjC (5% by wt) was added. The mixture was 
refluxed under nitrogen for 1 h. Formic acid (0.44 mi) was added and reflux was 
continued for 0.5-1 h until the completion of the reaction (tic). The solution 
was filtered through Celite, evaporated in vacuo and eluted through silica gel 
with CH2CI 2• 
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2.3 GENERATION ANO CYCLlZATIVE CONOENSATION 
OF o-AMINOBENZYL ALOEHYOES ANO KETONES 

Both o-aminobenzyl aldehydes and ketones rapidly cyc\ize and undergo 
dehydration to indoles. The generation of these carbony1 compounds thercfore 
represents a quite reliable route to índoles. The complication is that while ¡here 
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are numerous potential means of eonstrueting the intermediates, none is 
entirely general. As a result, the speeifie synthetie route must be designed for 
the target eompound within the eontext of the broad approaeh. Seheme 2.2 
illustrates sorne of the approaehes that have been used. A closely related group 
of reaetions in whieh the intermediate benzyl earbonyl eompound is not 
isolated will be deseribed in Chapter 6. 

The final slep can involve introduetion of the amino group or of the 
earbonyl group. o-Nitrobenzyl aldehydes and ketones are useful intermediates 
whieh undergo eyclization and aromatization upon reduetion. The earbonyl 
group ean also be introdueed by oxidation of aleohols or alkenes or by 
ozonolysis. There are also examples of preparing indoles from o-aminophenyl­
aeetonitriles by partial reduetion of the eyano group. 

One route to o-nitrobenzyl ketones is by aeylation of earbon nucleophiles 
by o-nitrophenylaeetyl ehloride. This reaetion has been applied to sueh 
nucleophiles as diethyl malonate[l], methyl aeetoaeetate[2], Meldrum's 
aeid[3] and enamines[ 4]. The proeedure given below for ethyl indole-2-aeetate 
is a good example of this methodology. Aeylation of u-nitrobenzyl anions, 
as ill ustrated by the reaetion with diethyl oxalate in the classie Reissert 
proeedure for preparing indole-2-earboxylate esters[5], is another route to 
o-nitrobenzyl ketones. The o-nitrophenyl enamines generated in the first step 
of the Leimgruber- Bateho synthesis (see Seetion 2.1) are also potential 
substrates for C-aeylation[6,7]. Deforrnylation and reduetion leads to 2-sub­
stituted indoles. 
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[-CH=X] 
+ RCOCI - -

[H] 

~~-R 
~N¡-

I 

H 

(2.3) 

Acylalion of the Leimgruber . Bateho enamines with phosgene followed by 
methanolysis and reductive cyclization generates methyl indole-3-earb­
oxylates[8] 

~o CH302C O Qt-fC"' Y'I 1) COCI2, Et3N ~" H2 Pd/C (2.4) • 
"" 1 N02 

~ 

"" NÜ2 2) MeOH 
¿; N 

I 

OC H3 OCH3 OC H3
H 65% 

The reaetant corresponding to retrosynthetic path b in Scheme 2.2 can be 
obtained by Meerwein arylation of vinyl acetate with o-nitrophenyldiazonium 
iuns[9]. Retrosynthetic path e involves oxidation of a 2-(o-nitrophenyl)ethanol. 
This transformation has also been realized for 2-(o-aminophenyl)ethanuls. For 
the latter reaction the best catalyst is Ru(PPh3)2Cl2' The reaction proeeeds 
with evolution of hydrogcn and has been shown to be applicable to a variety 
of ring-substituted 2-(o-aminophenyl)ethanols[1 O]. 

Ru(PPh3)2CI2 
~ 

toluene, 1050 

X~\ 
~l 

I 
H 

(2.5) 

This method has been suecessfully applied to the substituted indole 2.68, an 
analogue of the teleocidin lype uf prolein kinase activators[ll]. 

C2 HS0 2CNH 

-t$CH2CH20H 

",,1 
NH2 

2.6A 

Ru(PPh3)2CI2 
~ 

toluene, 1050 (2.6) 

2-(o-Nitrophenyl)ethanols can be converted directly to indoles by use of 
a binary catalyst consisting of PdjC or RhjC and Ru(PPh3)2CI2[1O]. 
The starting materiaIs can be obtained by condensation of an o-nitrotoluene 
with formaldehyde. An illustrative procedure is given below for 4-chloro­
indole. 

The oxidative generatiun of o-aminophenylacetaldehydes can be donc by 
ozonolysis (retrosynthetie path d in Scheme 2.2) but this requires an elec-
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tron-attracting substituent either on nitrogen or the ring to prevent further 
oxidation. An early example was reported by Plieninger[12] and the method 
has subsequently been used to prepare 4-substituted indoles[13] as in the 
case of an intermediate in the synthesis of the natural product rivularin 
0[14]. 

Br 

~ 1".::: 

.6 NHTs 

OCH3 

(2.7) 

Retrosynthetic path e in Scheme 2.2 requires a regioselective oxidation of an 
o-nitrostyrene to the corresponding phenylacetaldehyde. This transformation 
has been accomplished hy Wacker oxidation carried out in such a way as to 
ensure lhe desired regioselectivity. The required o-nitrostyrenes can be pre­
pared by Heck vinylation. One procedure for oxidation uses 1,J-propanediol 
to trap the product as a 1,3-dioxane[15]. These can then be hydrogenated over 
Rh/C and cyclized by treatment with dilute HC!. 

CH2 =CH 2 

Pd(OAcl2 

2) HCI 

xA--\\ 
~NI 

I 
H 

(2.8) 

An alternative procedure involves use of alkyl nitrites and traps the desired 
prod uct as an acetal [16]. 

o-Nitrobenzyl cyanides are also potential indole precursors. Reduction of the 
ni trile to the imine level and of the nitro group to the amine leve! permits 
cyclization and aromatization to indoles. Reduetion has been carried out both 
in a single slep[17 -19] or by a two-step sequence[20]. One route lo lhe 
o-nitrobenzyl cyanide starting materials is by the 'vicarious nucleophilic 
substitution' route developed by Makosza[18] which starts with a nitroben­
zene. The cyanides can also be alkylated at the benzylic pmition so that it is 
also possible to introduce a 3-substituent as in the synthesis of 5-benzyloxy-3-
methylindole[20]. 
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CH3 

CH31, K2CD3 PhCH2D'C(CHCN " 1)PtD2, H2 
------.. I • 
18-crown-6 ~ ND2 2) DiBAIH 

(2.9) 

The reduction of o-nitrophenyl acetic acids or esters leads to cyclization to 
oxindoles. Several routes to o-nitrophenylacetic acid derivativcs arC available, 
including nitroarylation of carbanions with o-nitroaryl halides[21,22] or trif­
late[23] and acylation of o-nitrotoluenes with diethyl oxalate followed by 
oxidation of the resulting 3-(u-nitrophenyl)pyruvate[24-26]. 

2) -2 

1)base 

Procedures 

EthyI4-(2-nitrophenyl)acetoacetate{3] 

.k!l.- X~D 
~N"-

I 
H 

(2.10) 

Thionyl chloride (11.5 g, 96.4 mmol) was added to 2-nitrophenylacetic acid 
(8.72 g, 48.2 mmol) and the suspension was wanned to 50°C and stirred until 
gas evolution was complete. The resulting solution was concentrated in vacuo 
and the residue dissolvcd in CH 2CI 2 (30 mI). This solution was added dropwise 
to a stirred solution of Meldrum's acid (6.94 g, 48.2 mmol) in CH 2CI 2 (200 mI) 
under nitrogen at OUC. The solution was stirred at OLC for 1 h after the addition 
was complete and then kept at room temperature [or an additional hour. The 
reaction solution was then worked up by successively washing with di!. HCl, 
water and brine and dried (MgS04). The dried solution was concentrated in 
vacuo and abs. ethanol (200 mI) was added to the residue. The mixture was 
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heated at reflux until gas evolution ceased. The ethanol was removed in vacuo 
and the rcsiduc trituratcd with a hulc cthanol and rcfrigcratcd ovcrnight. Thc 
product solidified and was recrystallized from ethanol to give the product as a 
biege powder (10.28 g, 85%). 

Ethyl indole-2-acetate{3J 

Ethyl 4-(2-nitrophcnyl)acctoacetate prepared as aboye (2.68 g, 10.7 mmol) was 
dissolved in acetone (30 mI) and placed in a separatory funne!. Aqueous 
NH 4 0Ac (288 mI, 4 M) was added, followed by aq. TiCI 3 (77 mI, 15% w/v). 
The mixture was shaken for 7 mino The resulting dar k green solution was 
cxtractcd with cthcr (4 x lOO mI) and thc combincd cthcr laycrs washcd with 
water and brine. The solution was dried (MgS04 ) and concentrated in vacuo. 
The residue was purified by chromatography using CH2Cl z t'or elutlon and 
gave the product (1.63 g) in 75% yield. 

4-Chloroindole{10J 

2-Chloro-6-nitrotoluene (25 g, 146 mmol) and 40% PhCH2N+(CH3hOH- in 
methanol (Triton B, 1.8 mI), paraformaldehyde (60 mmol) and DMSO (60 mI) 
were mixed and stirred at 90c C for 2 h. The product was obtained by 
distillation (92% yield on basis of paraformaldchydc). Thc 2-(6-chloro-2-
nitrophenyl)ethanol (10.2 g) was reduced by addition as a solution in ethanol 
(10m!) to a suspension 01' zinc powder (42g) and CaCI2 (4.2g) in 3:1 
ethanol-water (200 mI). The mixture was heated at reflux for 8 h. The product 
was obtained in 45% yield by extraction with ether. The 2-(6-chloro-2-
aminophenyl)ethanol (7 mmol) was added to a mixture of RuCI 2(PPh3)2 
(2 mol %) in toluene under an argon atmosphere in a ftask equipped with a gas 
burette. The mixture became homogeneous after being stirred for about 5 min 
and was then heated to 120°C in a preheated oil bath and kept at reflux for 
6 h. The product was obtaincd in 92% yield. 

6-Bromooxindole{26J 

A. 4-Bromo-2-nitropyruvic acid 

Diethyl oxalate (29.2 g, 0.20 mol) and 4-bromo-2-nitrotoluene (21.6 g, 0.10 mol) 
were addcd to a cooled solution of sodium cthoxide prepared from sodium 
(4.6 g, 0.20 mol) and ethanol (90 mI). The mixture was stirred overnight and 
then relluxed for 10 mino Water (30 mI) was added and the solution refluxed 
for 2 h to effect hydrolysis of the pyruvate estero The solution was coolcd and 
conccntratcd in vacuo. The precipitate was washed with ether and dried. The 
salt was dissolved in water (300 mI) and acidified with conc. He!. The 
precipitate was collected, washed with water. dried and recrystaIlizcd from 
hexane-EtOAc to give 15.2 g of product. 
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B. 4-Bromo-2-nifropheny/a('etic add 

The pyruvie aeid (28.8 g, 0.10 mol) was dissolved in 1 N NaOH (300 mI) and 
stirred at O"e. ¡\ solution of 30% H 202 (l1.3mL O.lOmo\) was added 
dropwise. The solution was slirred [or 1 h at 5~C and then aeidified with di!. 
HC!. The preeipitate was eollected by filtration, washed with water, dried and 
reerystallized from hexane-EtOAc to yield 22.2 g (85% yield) of the produet. 

C. 6-Bromooxindole 

4-Bromo-2-nitrophenylacetic acid (26 g, 0.10 mol) was dissolved in a mixture 
of 50% H 2S04 (400 mI) and ethanol (600 mI) and heated to 90°e. Over a 
period of 1 h, zine dust (26.2 g, 0.40 mol) was added slowly and then heating 
was continued for 2 h. The excess ethanol was removed by distillation. The 
solution was cooled and filtered. The filtrate was extracted with EtOAe. The 
filtered produet and extract were combined, washed with 5% NaC03 

and brine and then dried (MgS04 ). The solvent was removed in vacuo and 
the residue recrystallized from methanol to give 20.5 g (97% yield) of the 
oxindole. 

6-Benzoyloxindole[22] 

A. Diethyl 2-( 4-benzoyl-2-nitrophenyl)propanedioate 

Sodium hydride (9.3 g, 0.22 mol) was washed with petroleum ether and DMSO 
(200 mI) was added and the mixture was heated to 100°e. A solution of diethyl 
malonate (35.2 g, 0.22 mol) in DMSO (50 mI) was then added and stirred for 
10 min to give a clear solution. A solution of 4-bromo-3-nitrobenzophenone 
(30.6 g, 0.10 mol) in DMSO (100 mI) was added and the resulting dark solution 
kept at 100°C for 1 h. The solution was poured into water (3 1) and extracted 
(2 x) with ether. The extraet was washed with water, dried 
(N a2SO 4) and coneentrated in vacuo to give an oil which crystallized. The solid 
was recrystallized from isopropyl alcohol to give 35.4 g (92% yield) of the 
product. 

B. 6-Benzoyloxindole 

A mixture of the aboye intermediate (23.1 g. 60 mmol) and tin powder (22.4 g, 
190 mmol) in ethanol (150 mI) conlaining conc. HCl (65 mI) was healed al 
reftux for 2 h. The solution was filtered hot and on cooling the product 
erystallized. It was reerystallized from nitromethane to give 11.4 g (80% yield) 
01' the oxindole. 
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2.4 INDOlES FROM o-AMINO- OR 
o-NITROPHENYlACETYlENES 

o-AminophenyIacctylenes or N-protected derivatives ean be cyclized to indoles 
by an endo-dig addition. The most use fuI methods empIoy Pd(II) cataIysts. 
Indol-3-ylpalIadium intermediates are involved in the cyclization and this 
opens the possibility for tandem cyclization-substitution procedures which can 
introduce a 3-substituent. The ultimate starting materials are usualIy 0-

haloanilines which are coupled with acetylenes. 
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~R V-N/ 
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(2.11) 

Rudisill and Stille developed a two-step procedure in which 2-bromo­
or 2-triftuoromethanesulfonyloxyacetanilides were coupled with tri-n-butyl­
stannylacetylenes in the presence of Pd(PPh3)4[1]. Cyclization was then 
effected with PdCI2(CH3CNh The conditions are compatible with a variety of 
carbocyclic substituents so the procedure can provide 2-substituted indoles 
with carbocyclic substituents. The reported yield ranges [rom 4U% to 97% for 
the coupling and from 40% to 82% for cyclization. 

y -...:::: C(
x 

.6 NH + 

I 
Ac 

Pd(PPh3)4 ~~ R 
--_. Y -...:::: 

.6 NH 
I 

Ac 

PdCI2(MeCN)2 -co-___ •• y R 
.6 N 

I 
H 

(2.12) 

2-Jodo-N-(methanesulfonyl)anilines can be converted to 2-subslituted in­
doles by reaction with terminal acelylenes in a one-pot process involving CuI, 
Et3N and Pd(PPh3hCI2 as the catalyst system[2]. Yields ranged from 40'% to 
70% for alkyl, aryI and several oxygenated alkyl substituents. 

fYl 
~NH + 

I 
Ms 

HC::CR ~~R V--Nr-
I 

Ms 

(2.13) 

These Pd-catalysed proccdurcs appcar to be preferable to earlier ones in 
which Cu(I)[3] or Hg(I1)[4] were used to induce cyc1ization. Sorne additíonal 
examples are given in Table 2.3. 

Starting with 2-ethynylaniline, Cacchi and co-workers have prepared 2-aryl 
and 2-(cyc1oalkenyl)indoles by coupling followed by cyclization[7]. The re­
agents for the coupling step are Pd(PPh3)4:CuI:Et2NH. The cyclization is 



Tahle 2.3 

I ndoles vía o-alkynylanilines 

Entry Substituents Aromatic reactant Reagent. catalyst Yicld" (%) Re[ 

1 2-Phenyl 2-Iodoaniline Copper phenylacetylide 85 [5J 
2 2-(3,4-Dih ydro-6- 2-Elhynylaniline 3,4-Dihydro-6-methoxy- 91, 64 [7J 

methoxynaphth-I-yl) 1-trifiuor omethan es ulfonylox y-
naphthalene, (1) Pd(PPh.,)4, 
CuI, Et 2NH (2) PdCI 2 

3 2-Blltyl-5-methyl 2-Bromo-5-methylacetanilide 1-(T ri -n- bul y I-stannyl)hex yne, 81, 77 [lJ 
(1) Pd(PPh3)4' 
(2) PdCI 2(CH 3 CN)2 

4 2-(Diethoxymethyl)- 2-Iodo-N-( mcthane- 3.3-Uiethoxypropyne 63 [2J 
l-methanesulfonyl sulfonyl)anilinc Pd(PPh 3),CI 2, CuI 

5 6-Methyl-5-(4-pyridyl)-7-aza- 2-Amino-3-iodo-6-methyl-5- Trimethylsilylethyne. 96,40 [6J 
(4-pyri dyl) pyridine Pd(PPh3)2CI2' CuI 

'Successive yields for coupling and cyclization or overall yicld. 



2.4 INDOLES ~ROM o-AMINO- OR o-N 1"1 ROPHFNYIACETYLENES 23 

done using PdCl2 in acetonitrile. This sequence was subsequently converted to 
a one-pot process by use of PdClz-mediated coupling/cycli7ation in a two­
phase system consisting of CHzCI2 and ac.¡. II-Bu4N+Br~ [8]. These l:onditions 
promote protonolysis of the indol-3-ylpalladium intermediate formed in the 
cyclization. 

- o:rY I 

(2.14) 

H 

Tandem cyclization/3-substitution can be achieved starting with o-(trifluoro­
acetamido)phenylacetylenes. Cyclization alld coupling with cycloalkenyl trif­
lates can be done with Pd(PPh3)4 as the catalyst[9]. The Pd presumably cycles 
between the (O) and (H) oxidation lcvcls by oxidative addition with the triflate 
and the reductive elimination which completes the 3-alkenylation. The N­
protel:ting group is removed by solvolysis under the reaction conditions. 3-Aryl 
groups can also be introduced using aryl iodides[9]. 

-

-Pd(~ ~I~ OJ-R (2.15) 

I 
H 

Tandem cyclization and 3-carboxylation has been done with o-(methanesulf­
onamido)phenylacetylenes by conducting the reaction in methanolunder a CO 
atmosphere[l OJ. 

CO. MeOH 
(2.16) 
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Procedures 

1-Acetyl-2-butyl-5-chloroindole{1 ] 

A mixture of 2-bromo-4-chloroacetanilide (1.038 g. 4.36 mmol), tri(-n-butyI)­
hexynylstannane (U\6 g, 5.01 mmol) and Pd(PPh3)4 (0.151 g, 0.131 mmol) in 
toluene (40 mi) was heated at 100°C for 1.5 h. The solvent was removed in 
¡;acuo and the rcsiduc eluted through siliea gel with 4: 1 hexanc-EtOAc to givc 
2-(I-hexynyl)-4-chloroacetanilide (0.881 g) in 81 % yield. To a solution of 
2-(l-hexynyl)-4-chloroacetanilide (0.ll5 g, 0.46 mmol) in acetonitrile (6 mI) was 
added PdClz{CH 3CN)2 (12 mg, 10 mol%). The mixture was heated at 80°C for 
2 h. The solvent was removed in vacuo and the residue eluted through siliea gel 
with 5:1 hexane~EtOAc to yield 95 mg (83% yield) of the product. 

2-(3-7.-Acetoxyandrost-16-en-17-yl)indole{B] 

A solution of 3-at-acetoxyandrost-16-en-17-yl triJ1ate (0.230 g, 0.49 mmol) in 
DMF (0.5 mI) and Et2NH (2 mi) was prepared and, with stirring, 2-ethynylani­
line (0.058 g, 0.49 mmol), Pd(PPh3)4 (11 mg, 2 mol%) and CuI (4 mg, 4 mol%) 
were added. The reaction mixture was stirred for 6 h at room temperature 
under a nitrogen atmosphere and then concentrated in vacuo with gentle 
warming. The residue was dissolved in CH2Cl 2 (13 mi) and 0.5 N HCI (5 mi), 
PdCI 2 (5mg, 6mol%) and BU4N+Cl~ (15mg, lOmol%) were added. The 
mixture was stirred at room temperature for 48 h under nitrogen. The solvents 
were removed in vacuo and the residue purified by chromatography on silica 
gel using 4: 1 hexane-EtOAc for elution to give the product (0.205 g) in 96% 
overall yield. 
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2.5 REDUCTIVE CYCLlZATION OF o-NITROSTYRENES 

Several procedures have been explored for the rcductivc cyelization of 0-

nitrostyrenes. Triethyl phosphite accomplishes this transformatíon by 'deoxy-
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Table 2.4 

Indo les by reductive cyclization of o-nitrostyrenes 

Entry Substituents Reagents Yield (%) Ref. 

l 2-(Methoxycarbonyl) Pd(PPh3)zClz, CO, SnCI 2 60 [8] 
2 2-Propyl P(OC2H5)3,160°C 60 [IJ 
3 2-(2-Pyridyl) P(OC2H 5 )3,160°C 65 [9J 
4 2-(2-Pyridyl) Ru 3(CO)12' CO 63 [lOJ 
5 2-[2-( 3-Methylpyrid-2-yl)- P(OC2H 5h. 160T 52 [11J 

dioxolan-2-yl 
6 2-( 5,6-Dimethox yindol-2-yl)- P(OC2H,h,160T >90 [12J 

3-phenylthio 
7 2-(Ethoxycarbonyl)-5,6- P(OC2H,)3' 160c C 86 [7J 

methylendioxy 
8 Furo[3,2-b J P(OC2H5 )3, 160T 34 [13J 

gcnation'[l,2]' More recently, a PdCI 2-PPh 3-SnCI 2 system has been found to 
effect cyclization using CO as the reductant[3]. There are several potential 
routes to o-nitrostyrenes, including Horner- Emmons-Wittig condensation 
with diethyl o-nitrobenzylphosphonate[l]. While these reductivc cyclizations 
can formally be considered to be 'nitrcnoid' in charactcr, various observations 
suggest this to be an oversimplification[1,3]. It seems more likely that each of 
the reductants generates a specific electrophilic nitrogen intermediate which 
attacks the adjacent double bond. The structure of the reactive intermediate 
may vary with the reductant. An interesting feature of the phosphitc 
deoxygenation method is that it can bc applied to ~,~-disubstituted o-nitro­
styrenes, in which case one of the ~-substituents migrates to become the indole 
3-substituent[4-6]. Table 2.4 gives examples of reductive cyclizations of 
o-nitrostyrenes to indoles. 

Procedures 

~'LR 
~N~ 

I 
H 

Ethyl indole-2-carboxylate{7} 

R 

~R ~/----
I 

H 

(2.17) 

Ethyl o-nitrocinnamate (1 mmol) was dissolved in triethyl phosphite (5 mmol) 
and heated at 170°C for 3 h. The triethyl phosphite and triethyl phosphate were 
removed in vacuo. The residue was eluted through a column of silica gel 
using CHCI 3 and the product recrystallizcd from CHCl 3-hexane. The yield was 
94%. 
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2-Phenylindole[3] 

o-Nitrostilbene (2 mmol), PdCliPPh 3h (0.10 mmol), SnCI2 (1.0 mmol) and 
dioxane (lO mi) wcre placed in a glass liner in a 50 mi stainless steel autoclave 
equipped for stirring. The apparatus was sealed, purged three times with CO 
(10 kgjcm 2

) and pressurized to 20 kgjcm 2 with ca and heated quickly (within 
10 min) to 100°C and maintained at that temperature [or 16 h. The apparatus 
was then rapidly cooled and the gases discharged. The solvent was removed in 
vacuo and the product purified by medium pressure column chromatography 
on silica gel. 
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Category lb Cyclizations 

Category lb cyclizations effect closure of the C2 C3 bond. Scheme 3.1 depicts 
retrosynthetic transformations corresponding to syntheses in category lb. 
Included are three variations of the intramolecular aldol condensation and 
reductive coupling of o,N-diacylanilines. 

~ ~Nl 
I 

R 

I 
R 

SCHEME 3.1 

3.1 INDOLES FROM o-ALKYLANILlDES - THE MADELUNG SYNTHESIS 

The classical conditions [or the Madelung indole synthesis are illustrated by 
thc Organic Syntheses preparation of 2-methylindole which involvcs hcating 
o-methylacetanilide with sodium amide at 250°C[1]. 

NaNH2 -2500 (3.1 ) 

Thcsc conditions are so harsh that they are applicable only to indo les with 
lhe most inert substituents. Cyclization can be achieved at much lower 
temperatures by using alkyllithium reagents as the base. For example, (reat­
ment of o-methylpivalanilide with 3 eq. of n-butyllithium at 25u C gives 
2-tert-butylindole in 87% yield[2]. These conditions can be used lo make 
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Table 3.1 

Indoles by base-mediated cyclization of o-alkylanilides 

Fntry Suhstitucnts Cyclization conditions Yield (%) Ref. 

2 
3 
4 
5 
6 

2-Methyl 
2-Nonyl 
2-(2-lndolyl) 
2-( I-Methylpiperid-4-ylmethyl) 
5-Chlora-2-phenyl 
2-Cyclohexyl-5-methoxy 

NaNH 2• 250°C 
NaNH 2, 250°C 
K ~t-BuO-, 25°C 
K -t-BuO-, 340°C 
n-BuLi, -20j25°C 
n-BuLi, 25u C 

80 
81 
80 
92 
>90 
40 

[1] 
[S] 
[6] 
[7] 
[2] 
[8] 

2-arylindoles from benzanilides and have also been applicd to the synthesis of 
azaindoles[3]. The reaction is presumed to proceed through a dilithiated 
intcrmediate which eIiminates Li 20[4]. Table 3.1 gives sorne examples. 

CH3 

CC~ 
NCR 
I 
H 

2 n-Buli ~'LR 
~N~ (3.2) 

I 
H 

A variation of the Madelung cycIization involves installing a functional 
group at the o-mcthyl group which can facilitate cyc1ization. For example, a 
triphenylphosphonio substituent converts the reaction into an intramolecular 
Wittig condensation. The required phosphonium salts can be prepared by 
starting with o-nitrobenzyl chloride or bromide[9]. The method has bccn 
applied to preparation of 2-alkyl and 2-arylindoles as well as to several 
2-alkenylindoles. Tablc 3.2 provides exampIes. 

KO-t-Bu --
Table 3.2 

~'LR 
~N( 

I 

H 

2-Su bstituted indoles [ram o-carboxamidobenzylphosphonium salts 

Entry Substituents Yield (%) Ref. 

1 2-Benzyl 64 [10] 
2 2-(2-Methylprop-l-enyl) 93 [11] 
3 2-(1-Methylethenyl) 65 [12] 
4 2-(Ethoxycarbonylmethyl) 72 [13] 
S 2-(4-Phenylbutyl) 78 [14] 

(3.3) 
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Another variation of the Madelung synthesis involves use of an O-alkyl or 
O-silyl imidate as the C2 electrophile. The mechanistic advantage of lhis 
modification stems from avoiding competing N-deprotonation, which presum­
ably reduces the eIectrophilicity of the amide group under the classical 
conditions. Examples of this approach to date appear to have bcen limited to 
reactants with a EW substituent at the o-alkyl group[15,16]. 

Z 

- ~R V-/-
I 
H (3.4) 

Z = ArSÜ2; R =H; R' =C2H5 

Z = CN; R = CH3; R' Si(CH3l3 

An Organic Syntheses preparation of 4-nitroindole may involve a reIated 
reaction. The condensation occurs in the presence of diethyl oxalate which may 
function by condensation at the methyl group. If this is the case, it must 
subsequently be lost by deacylation[l7]. 

Procedures 

EtÜ2CC02 Et 
• NaOE!, DMF, 

DMSO 

2-(tert-Butyl)indole{2] 

- (3.5) 

71% 

A stirred solution of o-methylpivalanilide (50 mmol) in dry THF (lOO mI) was 
maintained at 15°C under a nitrogen atmosphere. A 1.5 M solution of n­

butyllithium in hcxane (3 equiv.) was addcd dropwise. The solution was then 
maintained at room temperature for 16 h. The solution was eooled in an 
ice-bath and treated with 2 N HCI (60 mI). The organic layer was separated 
and the aqueous layer was further extracted with benzene. The eombined layers 
werc dried (MgS04 ). The product was obtained in 87% yield and recrystallized 
from ether-cyelohexane. 

2-(4-Phenylbutyl)indole{14] 

4-Phenylbutanoyl chloride (0.8 g, 4.9 mmol) was added dropwise to a stirred 
solution of o-aminobenzyltriphenylphosphonium chloride hydrochloride (1.6 g, 
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3.6 mmol) in DMF (3 mi) and pyridine (1 mi). The mixture was stirred 
overnight and then concentrated in vacuo. The residue was dissolved in CHCI 3 

and washed with I NHCl (2 x lOml) and brine (IOml) and dried over 
Na2S04 . The solution was filtered and evaporatcd. Thc rcsidue was triturated 
with ether (20 mi) to yield 1.8 g (90%) of the intermediate acylated phos­
phonium salt. A mixture of this material (4.5 g, 7.98 mmol) and KO-t-Bu (1.0 g, 
8.9 mmol) was refluxed in toluene (50 mi) for 30 mino The cooled solution was 
filtered and then concentrated. Thc rcsidue was purified by elution through 
silica gel with CH2Cl 2. The yield was 1.55 g (78%). 
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3.2 INDOlES FROM o-ACYlANllINE DERIVATIVES 

Retrosynthetic path b in Scheme 3.1 corresponds to reversal of the electrophilic 
and nucleophilic components with respect to the Madelung synthesis and 
identifies o-acyl-N-alkylanilines as potential indole precursors. The known 
examples require an aryl or EW group on the N-alkyl substituent and these 
,ubslituents are presumably required to facilitate deprotonation in the conden­
sation. The preparation of these starting materials usually involves N-alkyla­
tion of an o-acylaniline. Table 3.3 gives sorne examples of this synthesis. 



Table 3.3 

Indoles from o-acylaniline derivatives 

Entry Substituents Reactants Conditions Yield ("lo) Ref. 

2-Benzoyl 2-Aminophenyldioxolane, phenacyl (1) NaHC03 60 [1] 
bromide (2) HBr 

2 6-Chloro-2-(ethoxycarbonyl)-J- N -[S-Chloro-2-( 4-fluorobenzoyl]benzamide, (1) NaH 30 [2] 
(4-fluorophenyl) methyl bromoacetate (2) NaOMe 

3 l-Benzoyl-S-chloro-2,3-diphenyl N-(2-Benzoyl-4-chlorophenyl)-N- (l)LDA 72 [3] 
hcnzylhenzamide (2) POC1 3, pyridine 

4 5-Chloro-2-cyano-I-(4-methylphenyl- N-(2-Benzoyl-4-chlorophenyl)-p- DMF, reflux 71 [4] 
sulfonyl)-3-phenyl toluenesulfonamide, chloroacetronitrile 
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o 

c(R 
I 

Z 
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3.3 INDOlES FROM o,N-DIACYlANllINES 

Retrosynthetic path d (Scheme 3.1) has recently been realized as an elfective 
synthesis of 2,3-disubstituted indoles using low-valent titanium reagents to 
elfect the reductive cyc1ization. Several aryl- and melhyl-substituted com­
pounds were prepared by using Ti-graphitc prcpared from K-graphite and 
TiCI3 [1,2]. An improved methodology which avoids the preparation of K­
graphite was subsequently developed[3]. This procedure uses zinc powder to 
elfect in situ reduction of TiCI3 . 

reflux 
(3.7) 

Procedure 

S-3-Phenyl-2-[N-(trifluoroacetyl)pyrrolidin-2-yljindole[3} 

A mixture of compound 3.7 A (250 mg, 0.64 mmol), TiCl3 (209 mg, 1.36 mmo!) 
and zinc dust (178 mg, 2.72 mmol) in THF (20 mI) was heated al reflux for 1 h 
in an argon atmosphere. The solution was cooled lo room temperalure and 
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filtcred through a short silica plug using EtOAc for elution. The product 3.7B 
(206 mg) was obtained in 90% yield. 
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Category le Cyclizations 

Category le cyc1izations involve formation of the C3-C3a bond and require 
anihne derivatives with a nitrogen substituent appropriate for such reaction. 
Sorne, but not aH, such cyclizations also require an o-substituent, frequently 
halogcn. Thc rctrosynthetic transformations corresponding to the most import­
ant of this group of syntheses are shown in Scheme 4.1 

R 
p- Oj 

~ x Ó N R'O+ (J(N) I 

QNrR z 

I 

~ 
, Z I 

Z 

((R 
: I NJCy QNJC: 

I I 

Z z 
SCHEME 4.1 

Retrosynthetic path a corresponds to Pd-catalysed exo-trig cyc1ization of 
o-halo-N-allylanilines. Path b involves the endo-trig cyc1ization of o-halo-N­
vinyl anilines. Path e is a structurally similar cyc1ization which can be effected 
photochemically in the absence of an o-substituent. Retrosynthetic path d 
involves intramolecular Frieuel-Crafts oxyalkylation followed by aromatiz­
ation. 

4.1 TRANSITION METAL-CATALYSED CYCLlZATION OF N-ALLYL­
ANO N-PROPARGYL ANILlNES 

The development of methods for aromalic subslitution based on catalysis by 
transition metals, especialIy palladium, has led to several new methods for 
indole synthesis. One is based on an intramolecular Heck reaction in which an 
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o-halo-N-al1ylaniline is eyclized to an indole as represented by path a in 
Se heme 4.1. The first application of this reaction to indole synthesis Was by 
Hegedus and eo-workers[l]. The proeedure involved extended heating of an 
N-allyl-o-iodoaniline with Pd(OAch and EtJN in CH3 CN. The reaction 
presumably involves a Pd(O) species whieh undergoes oxidative addition with 
the aryl iodide. Cyclization then providcs an unstable alkylpalIadium inter­
mediate which undergoes elimination regenerating Pd(O). The initial hetero­
cyclic product is al1 exo-alkylideneindoline bul under these conditions they 
isomcrizc to 3-alkylindoles. 

((Xf 
((Pd(lI) 

CH2Pd(ll) 

Pd(O¡ :1 f - Oj 
~ N 

N N I 
I I R R R 

CH2 CH3 

- (Jrj - Oj (4.1) 
~ N ~ N 

I I 

R R 

An important reaetion parameter is ¡he choice of the base al1d NazC0 3 or 
NaOAc have been shown to be preferable to El3N in sorne systems[2]. The 
inclusion of NH4Cl has al so been found to speed reaction[2J. An optimiz­
ation of the cyclization of N -alIyl-2-benzyloxy-6-bromo-4-nitroaniline whieh 
achieved a 96% yield found Et3 N to be the preferred base[3]. Thc use of acetyl 
or methanesulfonyl as N-prolecting groups is sometimes advantageous (see 
Entries 4 and 5, Table 4.1). 

The indo le skeleton can also be constructed by Pd-mediated cyclization of 
N-propargyl-o-haloanilines. Thc vinylpalladium intermediates formed in the 
cyc1ization are sufficiently stable to permit further rcaction[4,5]. For example, 

Table 4.1 

Indoles by cyclization of N-allylaniline derivatives 

Entry Substituents Cyclization conditions Yield (%) Ref. 

3-(2-Propyl) Pd(OAch, Et3N 73 [lJ 
2 3-(1-Benzyloxycarbonylpyrrol- Pd(OAc)2, Et3 N gl [6J 

id in-2-ylmet hyl)-5-( methane-
sulfonamidomcthyl) 

3 7· Benzyloxy-3-methyl-5-nitro Pd(OAc)z, Et3N 96 [3J 
4 I-Methanesulfonyl-6-methoxy- Pd(OAch, AgC0 3, PPh 3 SO [7J 

3-methylene-2,3-dihydro 
5 I-Acetyl-5-(N -allylacetamido)- Pd(OAc)2' PPh 3 , Et3 N 76 [8J 

4,7 -diacetoxy-3-methyl 
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Table 4.2 

Oxindoles by cyclization of N-alkcnoylanilincs 

Entry Oxindole substitllents Conditions Yield (%) Ref. 

3-Benzylidene Pd(OAch, NaOAc 97 [2] 
2 1-Methyl-spiro-3-cyclopent- Pd(OAch, PPh 3 91 [9] 

2-ene 
3 1-Methyl-spiro-3-cyclohcx- Pd 2(dha)3' Ag3P04 74 [10] 

2-ene R-BINAP (80%ee) 
4 1,3-Dimethyl-5-methoxy-3- Pd2(dbah, S-BINAP 84 [11] 

(2-oxocthyl) (95%ee) 
5 1,3-Dimethyl-5-methoxy n-Bu4 Sn, AIBN 63 [12b] 
6 3-Ethyl-5-methoxy-l- n-Bu4 Sn, AIBN 64 [12d] 

(tx-methylhenzyl) (2%ee) 
7 2-(Ethoxycarbonylmethyl)- TMSC1, n-BuLi 85 [13] 

l-methyl 

reaction with arylzinc chlorides gives 3-arylideneindolines, Similar reactions 
have been observed for alkyl and alkynylzinc chlorides and with the zinc 
enolate of ethyl acctate (Rcformatsky reagent). 

Pd(ll) 

~~ ~I lJ-N) 
I 

R 

Ph 

~~ lJ-N) 
I 
R 

(4.2) 

60% 

The Te cyclization pattern has also proved useful for the preparation of 
oxindoles from o-haloalkenoylanilines, Table 4.2 gives SOIne examples, 

R 

~ ~~o lJ-N>= (43) 
I 
R 

Besides Pd-catalysed cyclizations, both radical[12] and orgal1olithium[13] 
intermediatcs can give oxindoles by exo-trig additions. 

(4.4) 

33% 
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(4.5) 

Procedure 

7-Benzyloxy-3-methyl-5-nitroindole{3] 

2-BenzyIoxy-6-bromo-4-nitro-N-(2-propenyI)aniline (5.82 g, 16 mmol), tetra-n­
butyIammonium bromide (5.16 g, 16 mmoI) and Et 3N (4.05 g, 40 mmol) were 
dissoIved in DMF (15 mI). Palladium acetate (72 mg, 2 moI%) was added and 
the reaction mixture was stirred for 24 h. The reaetion mixture was diluted with 
EtOAc, filtered through Cclite, washed with water, 5% HCI and brine, dried 
and evaporated in vacuo. The residue was dissoIved in CH 2 CI 2 and filtered 
through siIica to remo ve coIloidal palladium. Evaporation of the eluate gavc 
the product (4.32 g) in 96 % yield. 
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4.2 CYCLlZATION OF N-VINYL-o-HALOANILlNES 

Intramoleeular palladium-calalysed cyclizalions can also be applied lo N­
vinylanilines. Usually the vinyI group carric s an EW substiluent which serves 
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to stabilize the enamine. ~-(2-Bromoanilino )enones are eyclized to 3-aeyl­
indoles[l]. 

Pd(OAc)2 
(4.6) 

49% 

Esters of indole-3-earboxylie aeid ean be made in two steps starting with an 
o-bromoaniline and an acrylatc cstcr[2]. 
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4.3 PHOTOCYCLlZATION OF N-VINYLANILlNES 

The pholocyclizalion of N-vinylanilines is an example of a general class of 
photocyclizations[l]. If the vinyl substituent has a potentialleaving group or 
the reaction is carried out so that oxidation oecurs, the cyclization intermediate 
can aromatize to an indole. 
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H x 
[-HX] O CHX ~z (X):-Z - --º!.-. ::,... N}l,Z 

I 
[-H2] 

I 
I R R R 

- CQ-Z (4.8) 
I 
R 

For examplc, ot-anilino-~-ketoesters photocyclize to indole-2-carboxylate 
csters[2]. 

(i°rCH3 

~ C02CH3 
-

H 

-
ct-Anilinoacrylonitriles photocyclizc to 2-cyano-2,3-dihydroindoles[3,4]' If 

the photocyclization is done under oxidative conditions, 2-cyanoindoles are 
obtained[5]. 

2-Anilinocyclohex-2-enones photocycIize to l-oxo-l,2,3,4,4a,9a-hcxahydro­
carbazoles[6]. Similarly, 3-anilinocyclohex-2-cnones give 4-oxo analogues[7]. 

-
I 
H 

(4.10) 

Procedure 

3-(4-Bromobutyl)-2-cyano-1-methylindole{5) 

A solution of 7-bromo-2-(N-methylanilino)hept-2-enenitrile (145 mg, 0.52 
mmol) in cyclohexane (60 mI) was placed in a quartz tube and purgcd with 
oxygen. The sample was irradiatcd for 8 h in a Rayonet Model RPR-100 
Reactor llsing 254 nm light. An oxygen almosphere was maintained during 
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phololysis. The solvent was removed in vacuo and the residue purified by silica 
gel chromatography using EtOAc- hexane (2:98) for elution. The yield was 

81%. 
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4.4 ElECTROPHILlC CYCLlZATION OF el-ANILlNO ALOEHYOES ANO 
KETONES 

Another category le indole synthesis involves cyclization of ot-anilino aldehydes 
or ketones under the influence of protonic or Lewis acids. This corresponds to 
retrosynthetic path d in Scheme 4.1. Considerable work on such reactions was 
done in the early 1960s by Julia and co-workers. The most successful examples 
involved alkylation of anilines with y-haloacetoacetic esters or amides. For 
example, heating N -substituted anihnes with ethyl 4-bromoacetoacetate fol­
lowed by cychzation with ZnCl2 gave indole-3-acetate ester[l]. Additional 
examples are given in Table 4.3. 

o 
11 

BrCH2CCH2C02C2H5 -
~:JCH2C~C2HÓ 

I 
CH3 

(4.11 ) 

N-(2,2-Diethoxyethyl)anilines are potential precursors of 2,3-unsubstitutcd 
indoles. A fair yield of l-melhylindole was obtained by cyc1ization of N­
methyl-N-(2,2-diethoxyethyl)aniline with BF 3, but the procedure failed for 
indole itself[2]. Nordlander and co-workers alkylated anilines witb bromo­
acetaldehyde diethyl acetal and then converted the products to N-trifluoro­
acelyl derivatives[3]. These could be eyelizcd to l-(trifluoroacetyl)indoles in a 
mixture of trifluoroacetic acid and trifluoroacetic anhydride. Sundberg and 
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Table 4.3 

Indolcs hy cyclization of (X"anilino ketones and aldehydes 

Entry Suhstituents Conditions Yield (%) Ref 

1 1-Ethyl-3-methyl Ac20 53 rX] 
2 3-( 4-Fluorophenyl)-1- ZnCI2 81 [5] 

(2-propyl) 
3 3-( 1 ,3-his-Ethoxycarbonyl- ZnCl2 64 [9] 

propyl)-l-methyl 
4 6-Ch loro-1-methanesulfonyl TiCI4 . 110~C 55 [4] 
5 4,6-Dimethy 1-1-triftuoroacetyl TF AA TF A, 56C '13 [3] 
6 1,3-Dimethy 1-5-methoxy ZnCI2 72 [10] 
7 5-Methoxycyclohexa[h y MgCI1 • p-anisidine 88 [11] 
8 6,7-Dímethoxy-3- EtOH, reftux 87 [12] 

(ethoxycarbony lmethyl)-
1-methyl-4-[2-(trimethyl-
silyl)ethoxycarhonylamido] 

"Systematic name 6-methoxy-1.2,3.4-tetrahydrocarbazole, 

Laurino examined a similar melhod in which methanesulfonanilides werc 
alkylaten wilh bromoacetaldehyde diethyl acetal and thcn cyclized with 
TiCI4 [4]. lhese methods presumably involve gcncration of an electrophilic 
intermediate from the acetal functionality, followed by an inlramolecular 
Friedel-Crafts reaction, As a consequence, the cyclization is favoured by ER 
substituents and retarded by EW groups on the benzene ringo 

- -x~\ 
~l (4.12) 

z I 
Z 

N-Phenacyl derivativcs of N-acylmethylanilines can be cyclized in good yield 
using ZnCl 2 in alcoholic solution[5.6] or by exposure lo solid ZnC12 or A1Cl 3 

[7], Extended heating can cause rearrangement to the corresponding 2-sub­
stituled indole. Generally, these reactions cannot be applied to N-unsubstituted 
indoles because of competing formation of 2-arylindoles, The formation of 
2-arylindoles from anilincs and phenacyl halides will be discussed in Section 
7,5. Table 4,3 gives sorne examples of preparation of indoles from ct-anilinocar­
bonyl compounds. 

Intramolecular Friedel-Crafts substitution has also figured prominently in 
the synthesis of oxindoles from ct-haloacelanilides. Typical reaction conditions 
for cyclization involve heating with AICl3 [13-17], 
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AICI3 -­> 1500 

X~O 
~Nr-

I 
R 

43 

(4.13) 

Miloer conoitions (SnC14 , room tempcrature) suffice for ct-chloro-cHhio­
metbylacetanilides, implying that it is the ionization of lhe halogen that is the 
difficult step in the ehloroaeetanilide cyclization[lH,19]. Pummerer conditions 
can also be used for the cyclizalion of ct-sulfinylacetanilides[19,20]. 

Procedure 

1-Methyl-5-fluorooxindole{16] 

TsOH -­benzene 

N- jlJ efhyl-4-fiuoro-:x-hromoace fanilide 

~O 
~Nr-
CI~CI 

U 
(4.14) 

N- \JIethyl-4-fluoroanilinc (49.5 g. 0.395 mol) was added dropwise over 30 min 
to bromoacetyl bromide (40 g, 0.198 mol) dissolved in benzene (250 m1) and the 
mixture was stirred overnight. The solution was filtercd and washed with dil. 
HCl ano lhen dried (Na2S04 ) and conccntrated in vacuo. The residue was 
triturated with toluene and filtcrcd. The toluene was removed and the residue 
distilled under vaCllllm to give the product as an oil (14.4 g, 30%). 

l-l'v! ethyl-5 -fiuorooxindole 

The bromoacetanilide (14.4 g, 0.58 mol) was mixed with A1C1 3 (19.5 g, 
0.146 mol) and heated lo 220-225°C for 30 mino The hot solution was poured 
011 to ice (600 g) and the precipitate was colleeted to give 8.6 g (85%) of the 
producto 
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The Hemetsberger Synthesis 

The main example of a categor)' Ji indole synthe,is is the Hemetsberger 
procedure for preparation of indole-2-carboxylate esters from ::x-azidocinna­
mates[l]. The procedure involves condensation of an aromatic aldehyde with 
an azidoacetate ester, followed by thermolysis of the resulting ::x-azidocinna­
mate. The conditions used for the base-catalysed condensation are critical since 
the azidoacetate enolate can decompose by elimination of nitrogen. Conditions 
developed by Moody usually give good yields[2]. This involves slow addition 
of the aldehyde and 3-5 equiv. of the azide to a eold solution of sodium 
ethoxide. While the thermolysis might be viewed as a nitrene insertion reaetion, 
it has been demonstrated that azirine intermediates can be isolated at inter­
mediate temperatures[3]. 

--- --- ~CO:zR 
~l 

I 
H 

(5.1) 

The procedure has been found to be compatible with a variety of earboeyelie 
substituents. Ta ble 5.1 provides sorne examples of the reaetion. 

Procedure 

Methy/2,4,5-trímethoxy-rx-azidocinnamate{11} 

A solution of sodium methoxide (25% w, 115 mI, 532 mmol) in methanol 
(187 mI) was eooled to - 8"C under nitrogen. A solution of 2,4,5-trimethoxy­
benzaldehyde (25 g, 128 mmol) and methyl azidoaeetate (59 g, 513 mmol) in a 
1:2 mixture of methanol-THF (50 mI + 100ml) was added dropwise to the 
sodium methoxide solution with stirring at - goC oyer a period of 45 mino The 
solution \Vas stirred and kcpt below 5°C for 2 h. The mixture was then poured 
onto ice (l kg) and stírred. The preeipitate whieh resulted was eolleeted by 
filtration, washed with water and dried oyer CaCIl in a yacuum desieeator. The 
dried preeipitate was dissolyed in EtOAc (600 mI) and dried oyer Na2 S04 . 



Table 5.1 

Preparatíon of indole-2-carboxylate esters by the Hemetsberger method 

Yield (%) 
Entry Substituents Ester Conditions (from ArCH=O)a Re[ 

4-Benzyloxy Methyl Xylene/reflux 33 [4J 
2 4-Ethoxycarbonyl Ethyl Toluene/reflux 79 [51 
3 6-Methoxy Methyl Xyleneireflux 88 [6J 
4 6-( 1, 1-Dimethylpropenoxy) Ethyl Tolueneireflux 60 [2J 
5 6-(I-Methyl-l,3-dioxan-l-yl) Methyl Xylene/reflux 78 [7J 
6 7-Bramo-4-methoxy Methyl Xylene/reflux 51 [8J 
7 2-(tert-Butyldimethylsiloxymethyl)-7 H-I ,4- Methyl Xylene/reflux 72, 75 [9J 

dioxino[2,3-eJ 
8 4-Benzyloxy-5-methoxy-6-methyl Methyl Xy lenejrefl ux 80,96 [lOJ 
9 4,6,7 -Trimethoxy Methyl Xylenejreflux 74,99 [l1J 

10 4-Ethyl-6,8-dimethylcyclopenta[f] Ethyl Toluenejreflux 86 [12J 
11 5,7-Dibenzyloxy-4.6-difluoro Methyl Xylene!reflux 50 [13J 

"Single yields are the overall yield fram the aramatic aldehyde. 
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Evaporation of the solvent gave the product as bright yellow crystals (27.6 g) 
in 74% yield. 

Methyl 4,6, 7-trimethoxyindole-2-carboxylate[11 ] 

The cinnamate ester prepared as abo ve (23.2 g, 79 mmol) was added as a so lid 
slowly to refluxing xylene (500 mI) over a period of 3 h at arate that prevented 
accumulation of unreacted azidocinnamate in the solution (monitored by gas 
evolution through a gas bubbler). The solution was refluxed for an additional 
2 h after gas evolution ceased. The reaction mixture was cooled and the solvent 
removed in vacuo. The residue was recrystallized [rom methanol to give pure 
product (20.7 g, 99% yield). 
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The main I1ab synthetic pathway is illustrated in Scheme 6.1 and corresponds 
to C-acylation of an o-aminobenzyl carbanion equivalent. Acylation is nor­
mally followed by in situ cyclization and aromatization. This routc is therefore 
closely related to the cyclizations of o-aminobenzyl ketones described in 
Section 2.3 but the procedures described here do not involve isolation of the 
intermediates. 

~R~ V-N' 
I 
H 

SCHEME 6.1 

One type of n-aminobenzyl anion synthon is a mixcd Cu/Zn reagent which 
can be prepared from o-toluidines by his-trimethylsilylation on nitrogcn, 
benzylic bromination and reaction with Zn and CuCN[l]. Reaction of these 
reagents with acyl halides gives 2-substituted indoles. 

1) 2 eq BuLi 

2 eqTMS-CI 

2) NBS, AIBN 
.. 

t) Zn 
2) CuCN, LiCI 

• 
3) RCOCI 

X~R 
~N' 

I 
H 

(6.1 ) 

Anothcr o-aminobenzyl anion eq uivalent is generated by treatment of 
N -trimethylsilyl-n-toluidinc with 2.2 eq. of n-butyllithium. Acylation of this 
intermediate with esters gives indoles[2]. This routc, for example, was used to 
prepare 6.2D, a precursor of the alkaloid cinchonamine. 

~CH3 2.2 eq BuLi 

~. ----. 
NHTMS 

6_2A 

~CH2Li 

~. 
NTMS 

6.28 Li 
- 0?-0": N 

-& N 
H '. 

6.20 fl 

(6.2) 
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A more highly substituted analogue was suceessfully used in lhe preparalion 
of tbe penitrem class of terpenoid indoles[3]. 

Another version of the o-aminobenzyl anion synthon is obtained by dilithi­
ation of N-t-Boc-protected o-alkylanilines. These intermediates are C-aeylated 
by DMF or N-methoxy-N-melhyl l:arboxamides, leading to either 3- or 
2,3-disubstituted indoles. In this procedure dehydration is not spontaneous but 
occurs on brief exposure of the eyclization produet to aeid[ 4l e se of CO 2 as 
the eleetrophile generates oxindoles. 

R 

((

¿HLi 
?'I 
"'" NLi 

I 
tBoe 

DMF 
or 

• 

R 

~ 1 R' 
~ N OH 

I 
tBoe 

R 

~~R' ~N/ 
I 
tBoe 

(6.3) 

In a relaled prol:edure 1V-melhyl-o-loluidine can be N-lithiated, carboxylated 
and C-lithiated by sequential addition of n-butyllithium, CO 2, and n-butyl­
lithium[5]. The resulting dilithiated intermediate reacts with esters to give 
1.2-disubstituted indoles. 

((
CH

3 

1) n-BuLi 
((CH2Li 2) C02 RC02CH3 Cl}-R "",1 • "",1 -3) n-BuLi ~ N 

NHCH3 NC02LI I 
I CH3 
CH3 

(6.4) 

In a more e1aborate and speeifil: synlhesis, lhe terpenoid indole skeleton 
found in haplaindole G, which is isolated from a blue-greell alga, was 
eonstructed by addition of a nucleophilic formyl equivalent to enone 6.5A. 
Cyclization and aromatization to the indo le 6,6B followed Hg 2

- -catalysed 
unmasking of the aldehyde group[6]. 

CI 

LDA &?~~ 
1'" 
~ N 

(6.5) -
6.5A 6.58 GÜ2CH2CH=CH2 

Procedures 

2-(5-Vinyl-1-azabicyclo{2.2.2]octan-2-yl)indole{2] 

A solution of N-TMS-o-toluidine (200 mg. 1.12 mmo!) in dry hexanes (8 mi) 
was cooled to OC and treated dropwise with a 2.5 M solution of n-BuLi in 
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hexanes (1.0 mi, 2.5 mmol). The pale yellow solution was heated at reflux for 
6.5 h. The re~ulting solution (orange) was cooled to room temperature and 
added vía a cannula to a cold (- 78°C) solution of elhyl 5-vinyl-l-azabi­
eyclo[2.2.2]octane-2-carboxylate (180 mg, 0.86 mmo!) in THF (5 mI). The mix­
ture was then allowed to warm to room temperature and diluted with ether 
(25 mI) and q uenched with sat. aq. NaCl (10 mi). The product was isolated by 
extraetion and purified by chromatography using 3:2 hexanes-acelone for 
clution. The yield was 63%. 

1-~ert -Butoxycarbonyl)-6-methoxyindole{4] 

A solution of N-(tert-butoxycarbonyl)-6-methoxy-2-methylaniline (1l.9 g, 
50 mmol) was eoolcd to - 40°C and s-BuLi (96 mi of 1.3 M in cyclohexane. 
125 mmo!) was added. The mixture was stirred at -45°C to - 55c C for 30 min 
and then allowed to warm slowly lo -15°C over 60min. The yellow solution 
was recooled to -45°C and DMF (5.8 mi, 75 mmol) was added. After 5 min 
the reaetion mixture was diluted with water (250 mi) and the product was 
extracted with EtOAc (2 x 150 mi). The extraet was washed with water 
(200ml) and then concentrated in vacuo. The residue was dissolved in THF 
(lOO mI) and 12 N HCI (2 mI) was added. The solution wa5 stirred for 5 min at 
room temperature and then diluted with ether (250 mi). The solution was 
washed with water (250 mi), sat. aq. NaHC0 3 (250 mi), and brine (250 mi), 
dried (Na2S04) and evaporated. The product was purified by ehromatography 
using 2% EtOAc in hexane for elution. The yield (9.3 g) was 75%. 

References 

1. H. G. Chen, C. Hoechstetter and P. Knochel, Tetrahedron Lett. 30, 4795 (1989). 
2. A. B. Smith, 1Il. M. Visníck. J. N. HaseItine and P. A. Sprengeler, Tetralledran 42. 2957 (1986). 
3. A. B. Smith, 111. J. N. HaseItine and M. Visnick, Tetrahedran 45, 2431 (1989). 
4. R. D. Clark, J. M. Muchowski. L. E. Fisher, L. A. Flíppin, D. B. Repke and M. Souchct, 

Synthe.\ís 871 (I991). 
5. A. R. Katritzky. W.-Q. Fan, K. Akutagawa and 1. Wang, Heteracycles 30, 407 (I990). 
6. T. Fukuyama and X. Chen, J. Am. Chem. Soc. 116,3125 (1994). 





-7-
Category lIac Cyclizations 

The lIac category is the most prevalent means for synthesis of 2-, 3- and 
2,3-disubstituted indo les. This reaction pattern crea tes the indole ring from an 
aroma tic compound and a second molecule which pro vides e2 and e3 and the 
attached substituents. This dissection allows for the synthesis to be quite 
general since the potential e2 and e3 substituents generally do not directly 
participate in the reaction. Sorne lIac syntheses require only a mono-sub­
stituted aromatic ring whi1e others require a specific o-substitution pattern. The 
formcr type, of course, has the advantage of requiring a less complex starting 
material. Scheme 7.1 depicts sorne of the important indo le syntheses which fall 
in category lIac. Path a is the Fischer cyclization, which is the most widely 
applied of al! indole syntheses. Paths b and e are closely related methods, 
which, like the Fischer cyclization, depend on a sigmatropic rearrangement to 
effect ortho-substitution. In each of these reactions, an iminium or carbonyl 
bond is in place after thc sigmatropic rearrangement to perrnit completion of 
the cyclization. Path d corresponds to the Sugasawa indole synthesis which 
proceeds by conversion of anilines to indoles by Bel3-directed ortho-chloro­
acetylation, followed by a reductive cyclization. Path f dissects the indole ring 
to an aniline and ex-haloketone. When the ketones are ex-bromoacetophenones, 
this corresponds to the Bischler synthesís of 2-arylindoles. 

R 

~R V--Nr-
I 
H 

~ 
~ + 

NHOH 

SCHEME 7.1 
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7.1 FISCHER INDOLE SVNTHESIS 

Retrosynthesis a in Scheme 7.1 corresponds to the Fischer indo le synthesis 
which is the most widely used of all indole synthescs. Thc Fischcr cyclization 
converts arylhydrazones of aldehydes or ketones into indoles by a process 
which involves ortho-substitution via a sigmatropic rearrangement. The rear­
rangement genera tes an imine of an o-aminobenzyl ketone which cyclizes and 
aromatizes by loss of ammonia. 

a (R 
::".. I + ~ 

N-N R 
H - I 

- -
H 

R 

- Oj-R 
I 

H (7.1) 

The Fischer cyclization is usually carried out with a protic or Lewis 
acid which functions both to facilitate the formation of thc cnchydrazine by 
tautomerization and also to assist the N N bond breakage. The mechanistic 
basis of the Fischer cyclization has been discussed in recenl reviews[I,2]. 

The Fischer cyclization has proved to be a very versatile reaction which can 
tolerate a variety of substituents at the 2- and 3-positions and on the aromatic 
ringo An extensive review and compilation of cxamplcs was published several 
years ago[3]. From a practical point of view, the crucial reaction parameter is 
often the choice of the appropriale reaclion medium. For hydrazones of 
unsymmetrical ketones, which can lead to two regioisomeric products. the 
choice of reaction conditions may determine the product composition. 

7.1.1 Reaction mechanism and catalysts 

The mechanism of the Fischer cyclization outlined in equation 7.1 has been 
supportcd by spectroscopic obscrvation of various intermediates[ 4J and by 
isolation of examples of intermediates in specialized structures[5]. In particu­
lar, it has been possible to iso late enehydrazines under neutral conditions and 
to demonstrate their conversion to indoles under the influence of acid cata­
lysts[6]. 

Sigmatropic rearrangements are normally classified as concerted processes 
with relatively nonpolar transition states. However. the Fischer cyclization 
involves rearrangement of a charged intermediatc and ring substituents have a 
significant effect on the rate of the rearrangement. The overall cyclization rate 
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is accelerated by ER substituents in the benzene ring[2,7]. The acceleration 
provided by acid catalysis is in the range 103 -106 [6,8]. This catalytic effect 
is due at least in part to acceleration of the sigmatropic rearrangement 
of intermedia te. Bulh protic and Lewis acids have been shown to accelerate 
related sigmatropic reactions involvillg rupture 01' nitrogen-carbon bonds[9]. 

A variety of both protic and Lewis acids have been used to effect Fischer 
eyc!izations. Hydrochloric acid or sulfurie acid in aqueous, alcohol or acetic 
aeid solution are frequently used. Polyphosphoric acid and BF) in acetic acid 
have also been employed[lO]. Zinc chloride i~ the most frequently used of the 
common Lewis acids. This choice is supported by comparative studies with 
FeCl), A1Clo, CoCl2 and NiCl1 , which found ZnCl2 to be the most effective 
catalyst[11]. Zinc chloride can he used either as a solid mixture with the 
hydrazone reactant or in ethanol ur acetic acid solution[12]. 

Fischer indolization can also be carried out under thermal conditions with­
out a catalyst in solvents SLlch as ethylene glycol[13], diethylene glycol[14], 
sulfolane[15] or pyridine (using the hydrazone hydrochloride)[16]. High 
temperalure (275-350°C) heterogeneous cyc!izations of arylhydazones to in­
doles have also been developed with special emphasis on lhe cyc!ization of 
acetaldehyde phenylhydrazone, a reaction which is difficult to achieve in solu­
tion. Vapour phase cyclization occurs using AI 20), MgO and MgO/Si02 [17]. 
Yields of 85% have been achieved using an alumina-MgF2 catalyst[18]. This 
catalyst has also been used successfully lo make substÍtuted índoles. An acidic 
aluminium orthophosphate catalyst has been used to prepare several alkyl­
indoles[ 19]. 
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7.1.2 Regioselectivity 

The issue of regioselectivity arises with arylhydrazones of unsymmetrical 
ketones which can form two different enehydrazine intermediates. Under the 
conditions used most commonly for Fischer cyclizations, e.g. ethanolic Hel, 
the major product is usually the one arising from the more highly substituted 
enehydrazine. Thus methyl ketones usually give 2-methylindoles and cycliz­
ation occurs in a branched chain in preference to a straight chain. This 
regioselectivity is attributed to the greater stability of the more substituted 
enhydrazine and its dominance of the reaction path. 

R a CH2R 
H+ 

OH, CHR (r)-CH 3 - -:::-... /N=< :::-... .N--Z 
N CH3 ~ + CH3 I 
I H 
H H2 

(7.2) 
R R a CHR2 

H+ 
OH, /. CR2 O)-CH2R -:::-...N=< :::-...N~ -N CH2R ~ + CH2R I 

H H2 

There are a number of cases in which it has been shown that more strongly 
acidic conditions can shift the direction of indolization from the more sub­
stituted group to the les s subsituted one[I-6] Mechanistic interpretation of 
this cffcct has suggcsted that either enehydrazine formation or its rearrange­
ment can be rate-determining. Rate-determining enehydrazine [oflnation could 
favour reaction through the less-substituted regioisomer while rate-determining 
rearrangement would proceed preferentially through the more substituted 
and thermodynamically preferred enehydraúne. These ideas are outlined in 
Scheme 7.2. 
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Recently the proposal has been advanced that rearrangement might occur 
through both mono- and di- protonated intermediates, with the latter favour­
ing ratc-dctcrmining enehydrazine formation and fast rearrangement[7]. A 
study of solvent and kinetic isotope effects has indicated that reaction in 
strongly acidic solution may proceed through an intermediate in which the 
aromatic ring is protonated. This non-aromatic cyclohexadienylium ion would 
be expected to ha ve a much lower activation energy for sigmatropic rearran­
gcmcnt, pcrmitting thc cnchydrazine formation to become rate-determining[7]. 

fast -

r.d.s. -

(7.3) 

Very recent work has uncovered a different and promising approach to 
control of regioselcctivity of Fischcr indolization. It was found that use of 
dialkylaluminium amides, specifically diethylaluminium 2,2,6.6-tetramethyl­
piperidide (DATMP), promoted indolization of 1V-methylarylhydrazones[8]. 
Thc regioselectivity was dependent on the stereochemistry of the hydrazone. 
Thus for the N-methylphenylhydrazone of bcnzyl n-propyl ketone, the Z­
isomer gave mainly 2-benzyl-3-ethyl-l-methylindole while the E-isomer gave 
mainly l-methyl-3-phenyl-2-propylindole. The dependence on hydrazone 
stereochemistry could result from preferential syn deprotonation via a 
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DA TMP complex. So far this methodology has been demonstratcd only for 
N -alkylarylh ydrazones. 

CH2CH3 

O . 
(t"}-CH2Ph 

I CH2CH2CH3 
:::... N=< -N' CH2Ph I 

I CH3 CH3 

Ph 

O CH2Ph - (t"}-CH2CH2CH3 :::... N=< 
N CH2CH2CH3 I (7.4) 
I CH3 
CH3 

E12~ 
.. 1 OEt2~1 CHR 

O ... CHR -:::... ,N=< :::... ,N-i( 
N CH2R ~ CH2R I 

CH3 CH3 

Another issue of regioselectivity arises with meta-substituted arylhydrazones 
from which either 4- or 6-substitutcd indo les can be formed. Robinson has 
tabulated extensive data on this point[9]. A study comparing regioselectivity 
of cyclization as calalysed by HCljEtOH and ZnC12 was carried out for several 
m-substituted arylhydrazones of diethyl ketone[IOl The results given in Table 
7.1 show sorne dependence on catalyst but mixtures are obtained under all 
conditions studied. 

Table 7.1 

Regioselectivity in m-substituted arylhydrazones 

Entry Substituent Reaction medium 6:4 Ratio 

N02 ZnCI 2 3:7 
2 N02 HCl, EtOH 1:1 
3 CI ZnCl 2 0.8: 1 
4 CI HC], ElOH 1.3: 1 
5 C 2 H s ZnCl 2 1.2: 1 
6 C 2 H s HC], EtOH 1.8: 1 
7 CHJO ZnCl 2 1:1 
8 CH.lO HC!, ElOH 5.4:1 

Data from Reference 10 of Section 7.1.2. 
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7.1.3 Other reaction media 

In addition to the more traditional reaction media diseussed in Section 
7.1.1, there arc a number of other reaetion systems which have been invest­
igated. Sorne of their specific characteristics are outlined in the sueeeeding 
paragraphs, 

Polyphosphoric acid trimethylsilyl ester (PPSE)[I] can be used in sulfolane, 
CH2CI 2 or nitromethane. It is similar to polyphosphoric acid but the overall 
conditions arc milder and the work-up more convenient. PPSE has been used 
in the cyclization of bis-arylhydrazones of cyclohexane-l,2-diones to give 
indolo[2,3-a]carbazole analogues[2], 

A mixture of methanesulfonic aeid and P 205 used either neat or diluted with 
sulfolane or CH 2Cl2 is a strongly acidic system. It has been used to control the 
regiosclcctivity in cyclization of unsymmetrical ketones, Use of the neal reagenl 
favours reaetion into the less substiluled branch whereas diluted solutions 
favour the more substituted branch[3]. 

A solution of trifluoroacetic acid in toluene was found to be advantageous 
for cyclization of pyruvate hydrazoncs having nitro substituents[ 4]. p-Toluene­
sulfonic acid or Amberlyst-15 in toluene has also been found to give excellent 
results in preparation of indole-2-carboxylale ester, from pyruvate hydra­
zones[5,6j. Acidic zeolite eatalysts have been used with xylene as a solvent to 
eonvert phenylhydrazines and ketones to indo les both in one-flask procedures 
and in a flow-through reaetor[7]. 

Phosphorus triehloride in benzene is reported to effect mild and fast 
eyclizalion, It has been med for synthesis of 2.3-dialkyl- and 2,3-diaryl­
indoles[8-11]. Table 7,2 presents sorne typical Fischer indolization 
reactions using both the traditional and morc recently devclopcd rcactíon 
conditions, 
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Table 7.2 

Representative Fischer indole cyclizations 

Entry Substituents Cyclization conditions Yicld (%) Ref. 

I 2-Phenyl ZnCI2, 170°C 70~80 [12] 
2 2-Ethoxycarbonyl TsOH, toluene 85 [5] 
3 2-( 1,1-Dimethyl-2-propenyl) ZnCI2, diglyme 45 [13] 
4 3-(2-Propyl) BF3, EtOH 60 [14] 
5 Cyc1ohexa[b ]" HOAc 75-85 [15] 
6 3-Methyl-2-phenyl Polyphosphatc ester 64 [16] 
7 5-Chloro-2-( ethoxycarbonyl) Amberlyst-15, toluene 70 [5] 
8 2-(Ethoxycarbonyl)-5-nitro Polyphosphoric acid, 83 [17] 

xylene 
9 2,5-Dimethyl-3-(4-fluorophenyl) H 2S04 , EtOH 80 [18] 

10 5-Chloro-3-ethyl-2-propyl Zeolite, xylene 77 [7] 
11 2,3-Diphenyl-5-methyl PCI), CH2CI2 RO [lO] 
12 3-Ethyl-2-meth yl-5-nitro Conc. Hel 69 [19] 
13 3-Methyl-5-[N-(2-propenyl)- TsOH, THF 90 [4] 

acetamido ]-7-benzyloxy 
14 5-Bromo-2-( ethoxycarbonyl)- Polyphosphoric acid 41 [20] 

7-(4-methylphenylsulfonyloxy) 
15 3,3-Dimethyl-2-phenyl-3H Acetic acid 66 [21] 

'Systematic name 1,2,3,4-tetrahydrocarbazo1e. 
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7.1.4 Synthesis of indoles with functionalized substituents 

One of the virtues of the Fischer indole synthesis is that it can frequently be 
used to prepare indoles having functionalized substituents. This versatility 
extends beyond the range of very stable substituents such as alkoxy and 
halogens and includes esters, arnides and hydroxy substituents. Table 7.3 
gives sorne exarnples. These include cases of introduction of 3-acetic acid, 
3-acetarnide, 3-(2-arninoethyI)- and 3-(2-hydroxyethyl)- side-chains, all of 
which are of special irnportance in the preparation of biological1y active indole 
derivatives. Entry 11 is an efficient synthesis of the non-steroidal anti-inftarn­
rnatory drug indornethacin. A noteworthy feature of the reaction is the 

Table 7.3 

Fischer indole cyclizations incorporating functionalized substituents 

Entry Substituents Conditions Yield (%) Ref. 

1 3-[2-( 3-Pyridy I)ethyl] MeOH,HCI 56 [2] 
2 3-(6-Isopropy 1-8-meth y lene-6- 4% H ZS04 64 [3] 

azabicyclo[3.2.1 ]oct-3-en-
7-yl)methyl 

3 3-[2-(N.N -Dimethy lamino- ZnClz, 170°C 78 [4] 
carbonyl)methyl]-2-phenyl 

4 1-(4-Chlorobenzyl)-2-(2-ethoxy- EtOH, cat. H 2S04 68 [S] 
carbonyl-2-methylpropyl)-
3-methyl 

5 3-l2-Acetamido-2,2-bis-( ethoxy- 5% H ZS04 99 [6] 
carbonyl)ethyl]-7-chloro 

6 N,N -Dimethyl-2-[5-( cyanomethyl)- 4% H 2S04 76 [7] 
1 H-indol-3-yl]ethylamine 

7 7-Bromo-6-fl uoro-3-(2- ZnCI2 48 [8] 
hydroxyethy 1) 

8 3-(2-Aminoethyl)-5-cyano EtOH, HBr 35 [9] 
9 2-(Diethoxyphosphonylmethyl)- EtOH, HCI 90 [10] 

3-hexyl 
10 3-( t -Butylthio )-2- [2-( methoxy- HOAc, NaOAc 31 [11] 

carbonyl)-2-mcthylpropyl]-S-
(2-propenyloxy) 

11 3-(Carboxymethyl)-I-( 4- HOAc 96 [12] 
chlorobenzoyl)-S-methoxy-
2-methyl 
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installation of a l-acyl substituent prior to eyclization. Entry 8 is an example 
of the Grandberg method for tryptamine synthesis in which 4-ehlorobutanal 
reacts with an arylhydrazine[l]. The ex-nitrogen of the hydrazone is alkylated 
during the reaetion and becomes the tryptamine nitrogen. 

-
Procedures 

~'H ~l-' , 
H 

-

N, N -Dihexyl-2-phenylindole-3-acetamide from 3-phenyl-3-oxopropanoic 
Acid[4] 

3-Phenyl-3-oxopropanoic acid (25 mmol) and Et3 N (87.5 mmol) were dissol­
ved in THF (150 mi) and cooled to -40°e. Ethyl chloroformate (27.5 mmol) 
was added dropwise to this solution and then the reaction mixture was stirred 
[or 30 min at - 20°e. Di-n-hexylamine (27.5 mmol) was added to the suspen­
sion and it was stirred at room temperature for an additional hour. The 
reaction mixture wa~ diluted with water (100 mi) and extraeted with ether 
(400 mi). The extract was washed with aq. 5% HCt (100 mI) and brine 
(2 x 100 mi) and dried over Na2S04 . The erude amide was obtained by 
removal of the solvent in vacuo and phenylhydrazine (25 mmol) was added. 
The mixture was heated to 100°C for 30 mino The residue was held in vacuo to 
remove the water formed and then powdered ZnClz (125 mmol) was added. 
The mixture was heated at 170C C with manual stirring for 5 mino The cooled 
residue was dissolved in acetone (lOO mi) and diluted with ether (500 mi). 
Water (lOO mi) was added. The organic layer \Vas separated and washed 
successively with 5% aq. HCl (100 mI) and brine (2 x 100 mi) and dried over 
Na2S04 . The solvent was removed in vacuo, and the residue was recrystallized 
from EtOAc-hexane. The yield was 79%. 

2-Acetamido-2-(7-chloroindol-3-ylmethyl)propanedioic acid dimethyl 
ester[6] 

A. Hydrazone formation 

A solution of 2-chlorophenylhydrazine hydroehloride (89.5 g, 0.50 mol) in 
water (800 mI) was neutralized with 1 N NaOH and extraeted with benzene 
(800 mi). The solution was dried (MgS04 ) and filtered. Acetic acid (10.7 mi) 
and dimethyl 2-acetamido-2-(3-oxopropyl)propanedioate (122.5 g, 0.50 mol) 
were dissolved in benzene (200 mI) and added. This mixture was stirred for 1 h 
at 50°C and then kept at 4°C for 2 days. The hydrazone precipitated. 
Additional product was recovered by concentration of the flltrate to about 



7.1 FISCHER INDOLE SYNTHESIS 63 

one-fourtll its yolume and diluting with pentane. Pure product (153 g, 83%) 
was obtained by recrystallization from MeOHjwater (70: 30). 

B. e yclization 

The hydrazone prepared aboye (153 g. 0.42 mol) was heated at reflux for 5 h in 
5% H 2S04 (750 mI). The solution was cooled to 4'~C and after 12 h lhe 
precipitate was collected by filtration. Recrystallization from MeOHjwater 
(70:30) gaye the product (145 g, 99%). 

N, N -Oimethyl-2-{5-( cyanometh yl)-1 H -indol-3-yljethylamine{7] 

A ~olulion of 4% aq. H ZS04 (301) was heated to 50nC oyer 30-60 mino 
Nitrogen was bubbled through the solution during this time. 4-(Cyano­
methyl)phenylhydrazine hydrochloride (1080 g, 4.77 mol) was added as a solid 
to the heated mixture. After it had dissolyed, N,N-dimethyl-4,4-dimethoxy­
butanamine (965 g, 5.98 mol) was added oyer a period of 30 mino The mixture 
was lhen healed al refiux for 2 h. The reaction mixlure was cooled and diluted 
with portions of 30% aq. NH4 0H (21 total) oyer 0.5 h at arate to maintain 
the temperature at 25-30°C. The product was then extracted into isopropyl 
acetate (3 x 10 1). The solution was coneentrated to 3 I which led to a 
precipitate which was isolated by filtration and washed with cold isopropyl 
aeetate to giye 827.4 g (76%) 01' product. 
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7.1.5 Anomalous reactions 

Anomalous Fischer cyclizations are observed with certain o-substituted aryl­
hydrazones, especially 2-alkoxy derivatives[l]. The products which are formed 
can generally be accounted for by an intermediate which would be formed by 
ipso-substitution during the sigmatropic rearrangcmcnt stcp. Nuc!cophiles 
from thc rcaction medium, e.g. CI- or the solvent, are introduced at the 5-
and/or 6-position of the indole ringo Even carbon nucleophiles, e.g. ethyl 
acetoacelale, can be incorporated if added to the reaction solution[2]. The use 
of 2-tosyloxy or 2-trifluoromethanesulfonyloxy derivatives has been found to 
avoid this complication and has proved useful in the preparation of 7-oxygen­
ated indoles[3]. 

H 
\ 

H 

Hú}-R NUm-
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OR R I R í'(Ü- ""Nu R_ ~ N 
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Nu or R H H 
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H + ~ OR R '"-':: R 

~-R- ~R 
NU~Nr Nu-v--'N>'-

H I I 
H H 

OR R 

a~ 
N-N R 

(7.6) 

ipso-Substitution has also been observed with alkyl and aryl substituents and 
can lead to substituent migration. For example, 4-substituted indo les have been 
isolated from the cyclization of o-methyl and o-phenylphenylhydrazones of 
ethyl pyruvate. Formation of lhese by-products can be minimized by variation 
of the cyclization conditions and the use of p-toluenesulfonic acid in benzene 
or acetic acid was the preferred system[ 4]. 

- ~
I 

~ Oo,O,H, 
~ N 

I 
H 

(7.7) 

Similarly, the N-mesitylhydrazone of acetophenone gives 2-phcnyl-4,5,7-
trimethylindole as a minor product (10%)[5]. 2,4,6-Trialkylphenylhydrazones 
havc also been observed to give 5,6,7-trialkylindoles as the result of a formal 
3a -> 6 shift[6]. These reactions probably occur via a 1,5-shift followed by a 
1,2-shift. 
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7.1.6 The Japp-Klingemann route to arylhydrazones 

The Japp-Klingemann coupling of aryldiazonium ions with enolates and other 
nucleophilic alkenes provides an alternativc routc to arylhydrazones. The 
rcaetíon has most frcquently been applied to ~-ketoesters, in which deacylation 
follows eoupling and the indolization affords an indole-2-carboxylate ester. 

o 
" R"c9HC02R' -

CH2R 

.CH2R 
ArNHN~C 

C02R' -
(7.9) 

If, instead of an ester, the Japp-Klingemann reaetion is done with a salt of 
a ~-ketoacid, decarboxylation oceurs and the eventual product is a 2-acyl­
indole. 

o 
'02CCHCR' , 

CH2R 
- CH2R 

ArNHN~ 
'CR' 

" o 
--

R 

X~CR' 
Vl.N/" , o 

H 

(7.10) 



Table 7.4 

.Japp-- Klingemann coupling;'Fischer cyclization 

Entry Substituents 

2-(Ethoxycarbonyl)-7-nitro 
2 6- F ormamido-5-methoxy- 2-(methoxycarbonyl) 
3 2-Acetyl-5-chloro-3-phenyl 
4 3-(4-Fluorophenyl)-2-(methoxycarbonyl)-5-

methyl 
5 5-BellLyloxy-2-( ethoxycarbonyl)-3-(2-

phthalimidoethyl) 
6 4-Carboxy-3-(2-carboxyethyl)-7-chloro-2-

(ethoxycarbonyl) 
7 5-Bromo-2-carboxy-3-(3-carboxypropy 1) 

Coupling reactant 

Ethyl 2-methyl-3-oxobutanoate 
Methyl 2-methyl-3-oxobutanoate 
Ethyl 2-benzyl-3-oxobutanoate 
Methyl 2-(4-fluorophenyl)-3-

oxobutanoate 
Ethyl 2-(3-phthalimidopropyl)-3-

oxobutanoate 
2-Ethoxycarbonylcyclopentanone 

2-Cyanocyclopentanone 

"The ¡eaetion involves subsequent hydrolysis of a 2-cyano group to 2-earboxy. 

Cyclization 
conditions Yield (%) Ref. 

PPA 78 [5] 
HCOoH 72 [6] 
Conc:HCI 50-90 [7] 
H 2S04 58 [8] 

HCI, EtOH 51 L'IJ 

Bf",-HOAc 63.81 [1] 

HCI, EtOH a 80 [10J 
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Table 7.4 gives sorne examples of indoles obtained from hydrazones pre­
pared by Japp- Klingemann coupling. Entry 6 presents a case where coupling 
with 2-ethoxyearbonylcyclopentanone is followed by ring cleavage to generate 
a precursor of an indole-3-propanoic acid. This reaction was successfully 
performed on a large seale (5 kg of produet) using BF 3 in aeetie acid as the 
reaetion medium[l]. 

A special application of the Japp-Klingemann/Fischer sequence is in the 
preparation of tryptamines from piperidone-3-carboxylate salts, a method 
which was originally devcloped by Abramovitch and Shapiro[2]. When the 
piperidone is subjected to Japp-Klingemann coupling under mildly alkaline 
condition¡, deearboxylalion occurs and a 3-hydrazonopiperidin-2-one is iso­
lated. Fischer cyclization then gives I-oxotetrahydro-~-carbolines which can be 
hydrolysed and decarboxylated to afford the desired tryptamine. 

-
(7.11) 

The decarboxylation is frequently the most troublesome step in this se­
quence. Attempts at simple thermal decarboxylation frequently lead to recycliz­
ation to the lactam. The original investigators earricd out deearboxylation by 
acidie hydrolysis and noted that rings with ER substituents were most easily 
decarboxylated[2]. It appears that ring protonation is involved in the decar­
boxylation under hydrolytic conditions. Quinoline-copper decarboxylation 
has been used suecessfully after protecting the exocyclic nitrogen with a 
phthaloyl, acctyl or benzoyl group[3]. 

A variation on the tryptamine synthesis is to use diethyl (3-ehloropropyl)­
malonale ai> lhe substrate for a one-pot Japp-Klingemann/Fiseher procedure. 
The chloropropyl group alkylates the a-nitrogen, forming the tryptamine 
side-ehain. The precise stage at whieh the alkylation oeeurs is unclear[4]. 

11 pH ~ 6, 25° -
2) BuOH, 

(7.12) 
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Procedures 

4-Carboxy-7-chloro-2-( ethoxycarbon yl)indole-3-propanoic acid[1 ] 

Water (121) and crushed ice (12 kg) were added to a suspension of 3-amino-4-
chlorobcnzoic acid (5.0 kg) in conc. Hel (61). The mixture was stirred and kept 
at 0-2 n C by adding more ice during addition of a solution of NaNOz (2.05 kg) 
in water (31). Stírring was contÍnued at O-2°C for 1 h after the addition was 
complete. NaOAc hydrate (5 kg) was added, followed by ethyl 2-oxocyclo­
pentanecarboxylate (4.55 kg). An oil scparatcd which eventualIy solidified. 
After 30 min the precipitate was collected as an orange solid and washed with 
ice-water. The solid was then added to 80% acetic acid (301) and the mixture 
was stirred at 95-100°C for 1 h. The solution was cooled and the intermediate 
hydrazone was collected by filtration and dried (6.6 kg, 63%). The hydrazonc 
(6.6 kg) was suspcndcd in glacial acetic acid (25 1) and BF 3-acetic acid complex 
(4.51) was added. The mixture was heated to 90n C with stirring. At this point 
an exothermic reaction began and the heat source was removed. The solution 
was allowed to spontaneously reflux until the exotherm subsided and then 
heated to reflux again for 4 h. Thc solution was coolcd and filtered. The solid 
product was washed with water and dried to give the product (5.1 kg, 81 %). 

Meth yl 3-( 4-fluorophen yl)-5-methylindole-2-carboxylate[8] 

To a solution of p-toluidine (119.4 g, 1.1 mol) in conc. HCI (580 mI) was added 
over 1.5 h at O-5°C a solution of NaN01 (84.6 g, 1.2 mol) in water (500 mi). 
This solution was added in one portion with stirring, to a mixture of methyl 
2-( 4-fluorobenzyl)-3-oxobutanoate (250 g, 1.1 mol), K OH (220 g, 3.9 mol) 
water (500 mI), ethanol (1.25 mI) and ice (2 kg). After 2 h at room temperature, 
the reaction solution was extracted with ether (2 x 21). The organic phases 
were combined, washed with water (31), dried (Na2S04 ) and evaporated to 
give the crude hydrazone (330 g) which was used without furthcr purification. 
The hydrazone was dissolved in MeOH (2.251) containing conc. H 2S04 

(100 mi) and the solution was heated at reflux for 18 h. The solution was cooled 
and partially evaporated in vacuo. The product (180 g) was obtained in 58% 
yield. 
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7.1.7 Oxindoles from N-acylphenylhydrazines 

OxindoIes can be prcparcd from N,~-acyIphenyIhydrazines by a reaction which 
is analogous to the Fischer cyclization. This is known as the Brunncr reaction. 
The reaction is typically conducted under strongly basic conditions. For 
example, heating N-phenylcyclopentanecarbonylhydrazide with CaO gives a 
70% yicId of spiro-cyc1opentane oxindoIe[l]. 

CaO I~OO UN)=: (7.13) - I 
H 230-2500 

CaIcium hydride has also been used as the base[2,3]. ¡\ comparison of 
the effect of metal cations indicated that yieIds increase in the order 
K + < Na + < Li + and a procedure in which /l-BuLi serves as the base has been 
developed[ 4]. 

Procedure 

3,3,7-Trimethyloxindole[3] 

Ground, predried CaH (11.0g, 0.26moI) was added to a mixture of N­
(2-mcthylphenyl)-2-methylpropanoylhydrazide (25.0 g, 0.13 mol) in tetralin 
(500mI). The mixture was slowly hcatcd ovcr 2 h to about 200°C and kept at 
that temperature [or 30 min. The reaction mixture was slowly cooled to room 
temperature and a solution of aq. methanol (100 mI, 50% by vol) was carefully 
added at O-5°C. After H 2 evolution ceased, the pH was adjusted to 1 with 
conc. HCI and the mixture heated at reflux for 1 h. Then 3 N NaOH was added 
to bring the pH to 5. A precipitate formed and was colIected and dried to give 
20.1 g (89% yield) uf the product. 
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7.2 INDOLES FROM N-ARYL-O-HYDROXYLAMINES 

The oxygcn analogue of the Fischer cyclization requires lhe formation of 
O-vinyl derivatives of N -arylhydroxylarnines. These are readily con verted to 
indoles but are less readily accessible than the arylhydrazones used for the 
Fiseher cyclization. 

- - ~\ Vi-l (7.14) 
I 
H 

One route to O-vinyl derivatives involves LiPdCl4-calalysed exchange with 
vinyI acetate[l]. Rearrangemenl and cyclization occur eoneurrently to give 
l-acylindoles. 

o-~OH 
CR 

0"' 

Li2PdCI4 

CH2=CH02CCH3 - (7.15) 

Addition of arylhydroxylamines to eleetrophilic alienes sueh as methyl 
propadienoate or l-methancsulfonyl-1,2-propadiene is another roule to 0-
vinyI derivatives[2]. The addition step is carried out by forming the salt uf lhe 
hydroxylamine using NaH and the addition is catalysed with Li01CCF 3" The 
intermediate adducts are cyclized by warming in formie aeid. Yields are 
typical1y 80% or better. 

-
(7.16) -

N-Substituted arylhydroxylamines add to l11ethyl propynoate and rearran­
gement occurs to give indolc-3-earboxylate esters[3]. With unsubstituted 
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arylhydroxylamines addition occurs a second time and the products are N-(~­
carbomethoxyvinyl)indoles[ 4]. 

o-~OH (7.17) 

Procedure 

l-Benzyl-3-methyI6-melhoxyindole-l,3-dicarboxylate[3] 

N-Benzyloxycarbonyl-3-methoxyphenylhydroxylamine (1.84 g, 6.74 mmol) and 
methyl propynoate (1.2 mI, 13.5 mmo!) were dissolved in dry eH 2CI2 (20 mI). 
N-Methylmorpholine (0.74 mI, 6.73 mmo!) was added at room lemperature. 
Thc temperature of the solution rose lo 40'C. Stirring was continued for 1 h 
and the solvent removed. The product was purified by elution through silica 
gel using l: 1 CH 2Clr hexane. The product was recrystallizcd from mcthanol. 
The yield was 1.51 g (66%). 
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7.3 REARRANGEMENT OF ANIUNOSULFONIUM YUDES- THE 
GASSMAN SYNTHESIS 

Gassman and co-workers developed a synthetic route from anilines to indoles 
and oxindoles which involves [2.3]-sigmatropic rearrangement of anilinosul­
fonium ylides. These can be prepared from N-chloroanilines and a-thiomcthyl­
ketones or from an aniline and a chlorosulfoniurn salt[l]. The latter sequence 
is preferahle for anilines with ER substituents. Rearrangement and cyc1i..:ation 
occurs on treatment of ¡he anilinosulfonium salls with Et 3N. The initial 
cyc1ization product is a 3-(methylthio)indole and these can be dcsulfurizcd with 
Raney nickel. Use of 2-(methylthio)acctaldehyde generates 2,3-unsubstituted 
indoles after desulfurization[2]. Trcatment of 3-methylthioindoles with tri­
fluoroacetic acidjtbiosalicylic acid is a possible alternative to Rancy nickel for 
desulfurization[3]. 
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- ~"-R ~N¡-
I 

H 

(7.18) 

When longer chain O!-methylthio substituents Uf O!-methylthiocycloalkanones 
are used, 3-methylthio-3H-indole intermediates are isolated. These can be 
converted to 2,3-disubstituted indoles by reduetion with LiAIH4 [4]. 

R' 

f) 
~NCI 

I 

- ~R V-Nr-
I 

H 
H 

(7.19) 

The Gassman method has pro ven to be adaptable to eomplex struetures, 
sueh as the intermediate 7.208 used in the synthesis of the índole diterpenes 
paspalieine and pasalinine[5} Table 7.5 gives sorne other examples. 

Table 7.5 

rndoles from anilinosulfonium salts 

Yield (%) 

Entry S ubstituents CycL Deslllf. Ref. 

2-Ethyl-3-methyl 81 [4] 
2 5·(Ethoxycarbonyl).2·methyl 50-70 [6] 
3 5·Chloro·2·mcthyl 72 74 [la] 
4 5-Cyano-2-mcthyl 85 83 [3] 
5 7-Mcthoxy-2-mcthyl 45 87 [lb] 
6 4.5-Difluoro-2-methyl 93 86 [7] 
7 2-Methylbenzo[e] 76 RR [2] 
8 2-M eth yl-3-( meth ylthio )-1.7 -trimethylenea 39 [8] 

"Systcma tic namc: 1-( M cthyl thio)-2-methyl-5,6-dihydro-4 H-pyrrolo[3,2, l-iJJquinoline. 
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PhNHCI 2) NI (71%) 

3) TsOH 

~ Vl-{ Uo 
H oJ 

7.20B 

(7.20) 

The Gassman synthesis has been a particularly useful method for the 
synthesis of oxindoles[lb,8]. Use of methylthioacetate esters in the reactions 
leads to 3-(methylthio)oxindoles which can be desulfurized with Raney nickel. 
Desulfurization can abo be done by reduction with zinc or tin[1O,11]. 

1) CH3CH2C02C2Hs 
~ 

Ra Ni -or Sn 

SCH3 

x~o ~N¡= 

x.élr'-o 
~N'--, 

H 

, 
H 

(7.21) 

There are two sequences in which the reaction can be carried out. For most 
anilines the first step is N-chlorination which can be done with t-butyl 
hypochlorite[9]. Howeyer, [or anilines with ER substituents it may be prefer­
able to halogenate the thioester. The halogenation can be done with CI2 [lb] 
or SOzCI2 [12]. For some anilines simply adding t-butyl hypochlorite to a 
mixture of thc aniline and thioester is satisfactory (Entries 1, 4, Table 7.6). 

Procedure 

7-Benzoyl-3-methyloxindole[15] 

eh/orinatian, rearrangement and cyclization 

A solution of 2-aminobenzophenone (98 g, 0.50 mol) and methyl 2-(methyl­
thio)propanoate (74g, 0,50mo!) in CH 2CI2 (21) was cooled to -70CC and 
95% t-butyl hypochlorite (56 g, 0.5 mol) was added dropwise at such arate that 
the temperature did not rise aboye - 65°C. One hour after the addition was 
complete, Et3 N wa~ added and the mixture was allowed to come to room 
temperature. The solution was mixed with 3 N HCI (800 mi) and slirred for 1 h. 
The organic layer was separated, dried (Na2 S04 ) and filtered. The solution was 
eyaporated in vacuo and lhe residue triturated with ether. Filtration gaye the 
3-(methylthio)oxindole inlermediate (92 g) in 62% yield. 



Table 7.6 

Oxindoles by the Gassman mcthod 

Fntry Substituents 

7-eyclohexanonyl 

2 7-( 4-Chlorobcnzoyl)-5-methoxy 

3 7- Methoxy-4-methyl-3-methylthio 

4 7-Beuzoyl-3-methyl 

S 5-[2-Chloro-4-( trifluoromethyl )phenoxy)- 3-
methylthio 

6 S-Met hoxy-4, 7-bis-(m ethoxymethyl )-6-methyl-
3-mcthylthio 

7 5-(2-ehloro-l-oxopropyl)-3-spiro[thiolane-2,3'-

Reagent sequence Ylelds (%) 
-------------------------------

1: 2-eyclohexanoylaniline, ethyl thiomethyl acetate 
2: t-Buoel 
3: Et 3 N 
4: Tin powder 
1: e1 2, Ethyl methylthioacetate 
2: 2-( 4-dllorobenLOyl )-4-methoxyaniline 
3: Et,N 
4: Raney Ni 
1: Methyl methylthioacetate, SO lel z 
2: 2-Methoxy-5-methylaniline 
3: 1,8-bis-(Dimethylamino)naphthalene 
1: Ethyl mcthylthiopropanoate, 2-aminobenzo-

phcnone, r-Buoel 
2: EtJN 
3: Raney :"oli 
1: C1 2• Ethyl methylthioHcctatc 
2: 4-[2-ehloro-4-(trifluoromethyl)phcnoxyl]aniline 
3: Et,N 
1: Cl;. Ethyl methy1thioacetate 
2: 4-Methoxy-2,5-bis-(methoxymethyl)-3-methylaniline 
3: Et,N 
4: Xylene, 120c e 
1: 4-(2-Chloro-l-oxopropyl)aniline, t-BuOCI 
2: Methyl thiolane-2-carboxylate 
3: Et 3 N 

58,88 

74,90 

81, 

62,89 

49, 

74. 

57,-

Ref. 

[IIJ 

[13J 

[14J 

[15J 

[16] 

[17] 

[18] 
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Desu/furizutiun 

The aboye intermediate (8 g, 0.03 mol) in THF (80 mI) was stirred with Raney 
nickel (40 g) for 2 h and then carefully filtered. [e AunON. Ralley nickel can 
iYllite durillf} .filtration.] Conc. HCl (2 drops) was added to the filtratc and it 
was evaporated ill vacuo. Recrystallization of the residue from 2-propanol gave 
the product (6.0 g) in 89% yield. 
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7.4 INDOLES FROM ANILlNES via o-CHLOROACETYLATION- THE 
SUGASAWA SVNTHESIS 

Boron trichloride, usually in conjunction with an additional Lewis acid, effects 
o-chloroacetylation of anilincs. The resulting products are converted to indoles 
by reduction with NaBH4 [1]. The strength of the Lewis acid required depends 
upon the substitution pattern on the ringo With ER substituents no additional 
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Table 7.7 

Indoles via o-chloroacctylanilines 

Yield ("lo) 

Entry Substituents 
Acylation 
conditions AcyL Cyc1. Ref. 

5-Methyl BCI3!ZnClz 62 81 [2] 
2 7-Propyl BCI3!AICI, 59 48 [3] 
3 5- Methoxy-7-methyl BCI3!TiCI.¡ 25 86 [4] 
4 5-Chloro-I-( l-methylpipcrid-4-yl) BCI3 93 69 [5] 
5 6,7-Dibromo-4-methoxy BCI3/TiCI.¡ 90 90 [6] 
6 5,6,7-Trimethoxy BCI] 85 72 [7] 

catalyst may be rcquired but in other cases TiCI4 or AICI3 is needed. Table 7.7 
gives sorne examples of indoles prepared in this way. 

-

-
Procedure 

6,7-Dibromo-4-methoxyindole[6] 

Chloroacetylation 

NaBH4 -NaOMe 

or 

NaH 

~ ~l 
I 
H 

(7.22) 

¡\ solution of 2,3-dibromo-5-methoxyaniline (32 g, 0.17 mol) in CH2CI 2 

(300 mI) was stirred and cooled in an ice bath. Boron trichloride (1 M in 
CH 2Clz, 180 mi, 0.18 mol). chloroacetonitrile (14.3 g, 0.19 mol) and TiCl4 (1 M 
in CH 2CI2 , 190 mi, 0.19 mol) were added. The resulting mixture was reftuxed 
for 1.5 h. The solution was cooled to room temperature and ponred carefully 
on to a mixtnre of ice and 20% aq. HCI (700 mi). The organic layer was 
separated and the CH2Cl2 removed by distillation. The residne was hcatcd to 
90°C on a water bath for 30 mino The solntion was cooled and (he solid 
collected by filtration. It was partitioned between ether (1.41) and 1 N NaOH 
(500 mi). The ether layer was washed with brinc, dricd over Na2S04 and 
evaporated. The residue was recrystallized from ethanol to give 2-amino-3,4-
dibromo-6-methoxy-a-chloroacetophenone (55 g) in 90% yield. 
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Reducti1;e cyclizatioll 

The abo ve product (24 g, 0.067 mol) was dissolved in 90: 10 dioxane-water 
(300 mi) and sodium borohydride (92.5 g, 0.067 mol) was added. The mixture 
was reftuxed for 4 h. Thc coolcd solution was poured into 0.1 N HCI (1.11). A 
solid prccipitated and was collected by filtration, dried and recrystallized from 
ether hexane to give 6,7-dibromo-4-methoxyindole (18.5 g, 90%). 
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7.5 THE BISCHLER INDOLE SYNTHESIS 

Anilines reae! with a-haloacetophenones to give 2-arylindoles. In a typical 
procedure an N-phenacylaniline is heated with a two-fold excess of the aniline 
hydrobromide to 200-250°C[1]. The mechanism of the reaction was the 
subject of considerable investigation in the 1940s[2]. A crucial aspect of the 
reaction seems to be the formation of an imine of the acctophenone which can 
isomerize to an aldimine intermediate. This intermediate apparently undcrgoes 
cyclization more rapidly (path b1 --> b2) than its precursor (Scheme 7.3). Only 
with very reactive rings. e.g, 3,5-dimethoxyaniline, has the alternative cycliz­
ation (path al --> a2) to a 3-arylindole been observed and then only under 
modified reaction conditions[3]. 

CÓA
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SCHEME 7.3 
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Thcre is an experimental yariation in which an N-phenacylpyridinium salt 
is heated with an aniline[ 4]. This reaction can also be readily accommodated 
to the mechanism inyolYing an imine intermediate. There are a fe\\' examples 
of use of other types of ct-halokctoncs[5,6] but most of the synthetic applica­
tions haye been to 2-arylindoles. 

(723) 

72% 
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Indoles by Annelation 01 Pyrroles 

Indoles are usually constructed from aromatic nitrogen compounds by forma­
tion of the pyrrole ring as has been the ca,e fur al! of the synthetic methods 
discusscd in the preceding chapters. Recently, methods for construction of the 
carbocyclic ring from pyrrole derivativcs havc received more attention. Scheme 
8.1 illustrates sorne of the potential disconnections. In paths a and b, the 
syntheses involve construction of a mono-substiluted pyrrole with a substit­
uent at C2 or C3 which is capable of cyclization, usually by electrophilic 
substitution. Paths e and d involve Diels-Alder reactions of 2- or 3-vinyl­
pyrroles. While such reactions lead to tetrahydro or dihydroindoles (the latter 
from acetylenic dienophiles) Lhe adducts can be readily aromatized. Path e 
represents a category lIey cyclization based on 2 + 4 cycloadditions of pyrrole-
2.3-quinodimcthane intermediates. 
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8.1 CATEGORY Id ANO CATEGORY Ih CYCLlZATIONS 

Thesc two methods are closely related but dilfer in the point of initial 
attachment of the suhstituent from which the carbocyclic indole ring is 
constructed. One strategy for building up 2-substituted pyrroles carable of 
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cyclization to índoles ínvolves addition of a Grignard reagent to a 2-acyl­
pyrrole. For example the dioxolanyl group of the Grignard reagent 8.IA 
provides a potential aldehyde substituent capablc of clcctrophilic substitution 
at C3. Furthermore, substitution by the electrophilic aldehyde group crea tes a 
hydroxyl group which can be eliminated during aromatization. This method 
provides a potentially general route to 7-alkyl and 7-arylindoles[1]. In most 
examples the pyrroles were protected by N-tosyl groups and 6% H 2S04 in 
isopropanol was found to be a useful cyclization medium. 

° (~MgBr + 

° 8.1A 

R 10 _ (0\/\ !I~ _ 
'1('( o/ ~>(,N'> 
° p 8.1B R OH P 8.1C 

~ 
y--~' (8.1) 

R H 8.10 

An alternative strategy is to put a 3-(-2-dioxolanyl)ethanoyl substituent in 
place first and then add the C7-substituent by a Grignard addition. This 
approach was applied to the synthesis of S.2C but in this case it was found 
necessary to remove the tosyl protectíng group prior to cyclization[l]. 

c:Y\V 
° +s 

FMgBr 

<0 

@ 1) Mg/Meo~H 
OH~ 2) TsOH 

Ts 
8.2B -..;::: 83% 8.2A 

~
I 

~ N 
H (8.2) 

I 
8.2C 74% 

4-Substítuted indoles can be obtained by the same general method starting 
with 3-acylpyrroles[2]. The precise methodology for construction of the 
sllbstitucnt can be adapted as necessary for more complex structures. For 
example, enantioselective syntheses of both ci.~ and trans-trikentin A and 
herbindoles A, B and C have been accomplished by using the annelation 
methodology[3]. 

mi ml~ mi mi ~ N ~ N ~ N ~ N 
- I I I I 

H H H H 

cis-tnkentin A trans-tríkentín A herblndole A herbindole B herbindole e 

(8.3) 
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The category Id cyclization has also been applied to 4-aminoindoles of 
the type found in the indolelactam tumour promoters such as Iyngbyatoxin 
A and pendolmycin. In a synthesis of analogues of Iyngbyatoxin A the 
isoxazoline 8.4A was constructed as a key intermediate[ 4]. Reductive 
cleavage of the isoxazolíne ring generated 8.48 which was cyclized by reaction 
with tert-butyldimethylsilyl triftate (Entry 6, Table 8.1). The cyclization of 
a thioamide was a key step in the synthesis of pendolmyein[5] (Entry 7, 
Table 8.1). 

I 
H 

TBDMSTf .. 
tBu02C /'...~:CH=: 

A N 
I 
H 

8.4C 55% 8.4A 8.4B 

(8.4) 

Procedure 

4-Cyclohexyl-1-( 4-methylphenylsulfonyl}indole[2] 

To a solution of 3-cyclohexanoyl-1-( 4-methylphenylsulfonyl)pyrrole (85 mg) in 
THF (3 mI) at - 20°C under argon was added the Grignard reagent prepared 
from 2-(1,3-dioxan-2-yl)ethyl bromide (0.60 mI) and Mg (90 mg) in THF 
(3.4 mI). After 15 min the reaction was quenched with sat. NH 4Cl and extraetcd 
with CH2C1 2. After washing and purification by TLC, the intermediate 
carbinol was obtained (108 mg, 97%). A portion (73 mg) of this product was 
dissolved in 6% H 2S04 in isopropanol (4.5 mI). The solution was reftuxed for 
30 mino After cooling and dilution with water, the solution was extracted with 
CH2 CI2 • After washing and purification by TLC thc indole was obtained in 
82% yield. 
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Table 8.1 

Synthesis of indoles by electrophilic annelation of pyrroles 

Entry Product 

2 

3 

4 

4-Cyclohexyl-l-( 4-methylphenylsulfonyl)­
indole 

1-Methyl-4-( 3-meth ylbu t-2-en yl)­
indole 

7-Ethyl-l-methoxycarbonylindole 

7 -Cyclohexy 1-1-( 4-methy Iphen y lsulfon y 1)­
indole 

Reactant 

C:>-'"''"~ 
N 
I 
Ts 

SCH3 JO 
(CH3)2C~CHCH26cH2CH2CH N 

I I I 

SCH3 S02 PhCH3 

O=CHCH=CHCH Q 
I I 

C2H5 CÜ2CH3 

Conditions 

H 2S04 , propanol 

p-TsOH 

pTsOH, benzene 

H 2S04' propanol 

Yield ("lo) Ref. 

82 [1] 

35 [6] 

89 [7] 

69 [2] 



o 
5 7 -Phenyl-l-( 4-methylphenylsulfonyl)- C~C~~ H 2 S04 , propanol 70 [1] 

índole O N 

I OH +S 

y0 2C(CH 3b 
(CH3)2CHCH 'N·CH~O C02CH3 

(CH3)2CHCH CH3 
6 9q 'N TBDMSOTf 54 [4] 

~ N 2? (CH3)3C H ~ N 

CH2=CH H 
CH3 CH3 

C02C(CH3)3 CH3Ü2C S I 

(CH3)2CHCH 'NCH~ \ 11 
7 I (CH3)2CHCH~CCH2C~ O eH 3 I, DMF 73 [5] 

,CH CH3 '\::C N 
H09H 'O I I 

CH2 CH2=CH-C H 

(CH3)3C C~ ~ CH{ CH3 

H 
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8.2 CATEGORY IIdf ANO CATEGORY IIfh 
CYCUZATIONS - OIELS-ALOER REACTIONS OF VINYLPYRROLES 

As iIIustrated in Scheme 8.1, both 2-vinylpyrroles and 3-vinylpyrroles are 
potential precursors of 4,S,6,7-tetrahydroindolcs via Diels-Alder cyclizations. 
Vinylpyrroles are relatively reactive dienes. However, they are also rather 
sensitive compounds and this has tended to restriet their synthetic application. 
While l-methyl-2-vinylpyrrole gives a good yield of an indole with dimethyl 
acetylenedicarboxylate, :x-substituents on the vinyl group result in direct 
electrophilie attaek at es of the pyrrole ringo This has been attributed to the 
steric restrietion on aceess to the necessary cisoid conformation of the 2-vinyl 
substituent[ 1]. 

MeO,CC ~ CCO,Me 

• 

R ~ H 70% 

or 

R = CH 3, Ph, IBu 

Donor substituents on the vinyl group further enhance reactivity towards 
electrophilic dienophiles. Equations 8.6 and 8.7 illustrate the use of such 
functionalized vinylpyrroles in indole synthesis[2,3]. In both of these examples, 
the use of acetyleneic dienophilcs leads to fully aromatic products. Evidently 
this must OCCur as the result of oxidation by atmospheric oxygen. With 
vinylpyrrole 8.6A, adducts were also isolated from dienophiles sueh as methyl 
acrylate, dimethyl maleate, dimethyl fumarate, acrolein, acrylonitrile, maleic 
anhydride, N-methylmaleimide and naphthoquinone. These tetrahydroindole 
adducts could be aromatized with DDQ, although the overall yields were 
modest[3]. 

B.6A 

900 -
8.6B 

(8.6) 

17% 
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85 

(8.7) 

8.3 CATEGORY lIeg CYCLlZATIONS - CYCLOADDITIONS INVOLVING 
PYRROLE-2,3-QUINODIMETHANE INTERMEDIATES AND 

EQUIVALENTS 

This category corresponds to the construction of the carbocyclic ring by 2 + 4 
cyc1oaddition with pyrrole-2,3-quinodimethane intermediates. Such reactions 
can be particularly useful in the synthesis of 5,6-disubstituted indoles. A\though 
there are a few cases where a pyrrolequinodimethane intermediate is gener­
ated, the most useful procedures involve more stable surrogates. Both 1,5-di­
h ydropyrano[3,4-b ]pyrrol-5( I H)-ones[ 1] and 1 ,6-dihyropyrano[ 4,3-b] pyrrol-
6-(lH)-ones[2] can serve as pyrrole-2,3-quinodimethane equivalents. The ad­
ducts undergo elimination of CO2• 

o~\ 
o~l 

I 
H 

~y~~\ 
y~l 

H 
-

1,5-dihydropyrano[3,4-b]pyrrol-5-one 

- ~~ 
y~l 

I 

XC==CY -
H 

1,6-dihydropyrano[4,3-b]pyrrol-6-one 

(8_8) 

Reactions with mono-substituted alkynes usually give mixtures of both 5-
and 6-substituted indoles, although certain combinations of substituents result 
in good regioselcctivity. Table 8.2 provides sorne examples. 



Table 8.2 

Indoles by cycloaddition with pyrrole-2,3-quinodimethane equivalents 

Entry Product Reactants Yield (%) Ref. 

4-Ethyl-4-methyl-l-(phenylsulfonyl)indole 4-EthyI-7-methy l-l-phenylsulfonyI-l,5-dihydropyrano- 60 [3] 
[3,4-b]pyrrol-5-one; phcnyl vinyl sulfoxide 

2 5,6-bis-(Methoxycarbonyl)indole 1,6-Dihydropyrano[ 4,3-b]pyrrol-6-onc; dimethyl 82 [2] 
acctylcncdicarboxylatc 

3 1-(Isobutoxycarbonyl)-5-( ethoxycarbonyl)- l-(Isobutoxycarbonyl)-1 ,5-dihydropyrano[3,4-b ]pyrrol- 77a [2] 
6-trimethylsilylindolc 5-one; ethyl 3-trimethylsilylpropynoate 

4 5,6-bis-(Methoxycarbonyl)-7-methyl-l-phenyl- 7-Methyl-l-phenylsulfonyl-l,5-dihydropyrano[3,4-b ]pyrrol- 70 [1] 
sulfonylindole 5-one; dimethyl acetylenedicarboxylate 

5 6-(Methoxycarbonyl)-7-methyl-l-(phenylsulfony 1)- 7-Methyl-l-phenylsulfonyl -1,5-dihydropyrano[3,4-b ]pyrrol- 53 [1] 
5-trimethylsilylindole 5-one; ethyl 3-trimethylsilylpropynoate 

6 1-(Isobutoxycarbony\)-4-methylbenzo[f]indole l-(Isobutoxycarbony \)-4-methyl-l,6-dihydropyrano[ 4,3-b]- g4 [2] 
pyrrole-6-one; benzyne 

'The regioisomer was isolated in 13% yield_ 
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Procedure 

5-Ethyl 1-isobutyl 6-(trimethy/silyl)indole-1,5-dicarboxylate[2] 

A mixture of iso-butyl 1,6-dihydropyrano[ 4,3-b Jpyrrol-6-( 1 H)-one-l-carboxyl­
ate (80 mg, 0.34 mmol) and ethyl 3-(trimethylsilyl)propynoate (173 mg, 
1.02 mmo!) in chlorobenzene (10 mI) was refluxed for 20 h. Thc solvent was 
removed in vacuo and the residue purified by chromatography to give the 
product (98 mg, 79%) and its regioisomer (13 mg, 11 %). 
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Synthetic Modification of Indoles by Substitution 

at Nitrogen 

Synthetic methodology for introduction of substituents on indole has histori­
cally been dominated by electrophilic substitution. Sinee the 3-position is the 
most reactive on the indole ring, this position is the easiest one at whieh to 
accomplish electrophilie substitution. The nitrogen atom ean be made the most 
reactive nucleophilic site by deprotonation, so proeedures for NI substitution 
normally involve base-catalysed nucleophilie substitution or conjugate addi­
tion reactions. Base-catalysed conditions are also used for introduetion of acyl 
and sulfonyl wbstituents. Phase transfer catalysis has be en found useful for 
both alkylation and aeylation. I-Substitution is also important for introductioll 
of proteeting groups. The most versatile methods for C2 substitution involve 
organometallie intermedia tes obtained by C2 lithiation. Several N-protccting 
and/or directing groups ha ve been developed in eonjunction with methods for 
lithiation. 

9.1 ALKYLATION 

The indole-NH is weakly acidic with pK values of 16.7 and 20.9 having been 
determined in water[l] and DMSO[2], respectively. While the neutral indole 
ring is not very nucleophilic at nitrogen, the anion is a good nucleophile. 
Procedures for N-alkylation therefore normally are done under conditions 
where the nitrogen is deprotonated. One method is to use one or more 
equivalent of a strong base in a polar aprotie solvent[3]. Both sodium hydride 
and alkali metal hydroxides have been used as bases. Another method involves 
phase transfer catalysis[ 4]. An older procedure involves deprotonation by 
NaNH2 in liquid NH3 [5]. This method is reliable but somewhat lcss conveni­
ent than the other methods. The reaetion conditions ean also be influeneed by 
ring substituents. 3-Aeyl substituents, for example. facilitate the deprotonation 
reaction and allow the use of weaker bases. The alkylating reagents must be 
able to undergo SN2 substitution. Primary alkyl. benzyl and allyl halides and 
sulfonates are usually excellent electrophiles. There are fewer examples of use 
of secondary systems and the reaetion is slower and accompanied by dehydro-



Entry Substituents 

A H omogeneous basic so/ution 
1 l-Mcthyl 
2 l-Methyl 
3 l-Benzyl 
4 l-Ethyl 
5 l-Cyclopentyl-3-formyl 
6 l-Methyl-3-(2-methylpropanoyl) 
7 1-(2-Trimethylsilylelhoxyrnethyl) 

B Phase transJer conditions 
8 l-Ethyl 

9 1-(2-Propenyl) 
10 1-(n-Buty\) 

C Conjugate addition 
11 1-[(2-Ethoxyearbonyl)ethyl] 
12 5-Chloro-l-(2-cyanoethyl) 
13 l-Propanoamide 
14 1-[2-(4-Pyridyl)ethyl] 

Table 9.1 

N-Alkylation of indoles 

Conditions 

CH31, NaNH 2 , NH31iq. 
eH 31, NaH, DMF 
PhCH2Br, DMSO, KOH 
C2H,I, acetone. KOH 
c-C,HgCI, DMF, K ZC0 3 

eH,1, DMSO, NaH 
(CH3)3SiCH2CII20CH2CI, NaH 

(C2H,O)zS02' benzene, 50% NaOH, (C4H9)4N+HSO¡ 
(5 mol%) 

CH 2=CHCH2Br, ether, KO-t-Bu, 18-crown-6 (lOmol%) 
C4H 9Br, benzene, 50% NaOH, (c',Hg)4N+HSO¡ 

(5mol%) 

KH, CH 2-CHC02 C2H, 
Triton B, CH 2=CHCN 
NaOMe, pyridine, CH 2=CHCONH2 
NaOEt, CuS04, 4-vinylpyridinc 

Yield(%) 

85-95 
86 
95 
88 
58 
89 
96 

95 

78 
93 

72 
na 
39 
57 

Ref. 
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[12] 
[13] 
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halogenation[3]. Good results were reported for N-alkylation of indole-3-carb­
oxaldehyde using cyclopentyl chloride in DMF with K 2C0 3 as the base[4]. 
Among the alkyl substituents which have be en used as protecting groups in 
multistep synthesis is the 2-(trimethylsilyl)ethoxymethoxy (SEM) group.1t can 
be introduced by reaction of the corresponding chloride with the sodium salt 
of indole and can be removed by fluoride ion[7]. Table 9.1 gives some 
representative alkylation procedures. 

Indoles can also be alkylated by conjugate addition under alkaline condi­
tions. Under acidic conditions, alkylation normally occurs at C3 (see Section 
11.1). Table 9.1 includes examples of alkylation by ethyl acrylate, acrylonitrile, 
acrylamidc and 4-vinylpyridine. 

Indoles can also be alkylated by lactones[14]. Base-catalysed reactions have 
been reported for ~-propiolactone[15], y-butyrolactone[lO] and o-valerolac­
tone[lO]. These reactions probably reflect the thermodynamic instability of the 
N-acylindole intermediate which would be formed by attack at the carbonyl 
group relative to reclosure to the lactone. Thc rcvcrsibility of thc N-acylation 
would permit the thermodynamically favourable N-alkylation to occur. 

ZCf-\,2)n 
o~o - (9.1 ) 

Procedure 

2,3-0imethylindole-l-propanenitrile[16] 

A solution of 2,3-dimethylindole (145 g, 1 mol) in dry dioxan containing 
hydroquinone (100 mg) was treated with N,N,N-trimethylbenzylammonium 
ethoxide (5 mi of a 40% solution in MeOH) and warmed to 35 u C. Freshly 
distilled acrylonitrile (150 mi, 2.5 mol) was added at arate such that the 
temperaturc did not rise aboye 40°C. The solution was then stirred overnight 
and diluted with 10% aq. aeetic acid (11). The solution was extraeted with 
CH2CI2 and the extract was washed with water and dried (MgS04). The 
extraet was then mixed with silica gel (800 g) and the solvent removed in ¡;acuo. 
The silica was placed in a Soxhlet extractor and extracted with cyclohexane. 
The extract deposited the product as eolourlcss ncedlcs (125 g, 63% yicld). 

References 

1. M. Balón, M. C. Carmona. M. A. Muñoz and J. Hildalgo, Tetrahedron 45, 7501 (1989). 
2. F. G. Bordwcll, X. Zhang and J.-P. Cheng, J. Org. Che",. 56, 3216 (1991). 
3. (a) G. M. Rubottom and J. C. Chaba1a, Synthesis 566 (1972); (h) H. Heaney and S. V. Ley, J. 

Che",. Soc., Pcrkin Trans. ] 499 (1973); (e) Y. Kikugawa and Y. Miyake, Synthesis 461 (1981); 
(d) B. Cardillo, G. Ca&nati. A. Poehini and A. Ricea, Tetrahcdron 23, 3771 (1967). 



92 9 SYNTHETIC MODIFICATION OF INDOLES 

4. (a) A. Barco. S. Benetti and G. P. Pollini, Synthesis 124 (1976): (b) V. Boceh~ G. Casnati, A. 
Dossena and F. Villani, Synthesis 414 (1976); (e) E. Santaniello, C. Faraehi and F. Ponti, 
Synthesis 617 (1979); (d) W. e Guida and D. J. Mathre, J. Org. Chem. 45, 3172 (1980); (e) K. 
Sukata, Bull. Chem. Soco Jpn. 56, 280 (1983); (f) J. Barry, G. Bram, G. Decodts. A. Loupy, P. 
Pigeon and J. Sansoulet, Tetrahedron 39, 2669 (1983); (g) R. S. Davidson, A. M. PateI and A. 
Safdar, J. Chem. Res. (S) 88 (1984); (h) M. Bourak and R. Gallo, Heterocycles 31, 447 (1990). 

5. K. T. Potts and J. E. Saxton, Org. Synth., Coll. Vol. V 769 (1973). 
6. T. Gungor, P. Malabre, J.-M. Teulon, F. Camborde. J. Meignen, F. Hertz, A. Virone-Oddos, F. 

Caussade and A. Cloaree, J. Med. Chem. 37, 4307 (1994). 
7. J. M. Muchowski and D. R. Solas, J. Org. Chem. 49, 203 (1984). 
8. G. Buchi and C.-P. Mak, J. Org. Chem. 42, 1784 (1977). 
9. J. P. Sanchez and R. F. Pareell, J. Heterocycl. Chem. 25, 469 (1988). 

10. S. C. Benson, J.-H. Li and J. K. Snyder, J. Org. Chem. 57,5285 (1992). 
11. L. D. Basanagoudar and S. Siddappa, J. Chem. Soc., C 2599 (1967). 
12. A. de la Cruz, J. Elguero, P. Goya and A. Martinez. J. Heterocycl. Chem. 25, 225 (1988). 
13. A. P. Gray and W. L. Archer, J. Am. Chem. Soco 79, 3554 (1957). 
14. W Reppe, Liebigs Ann. Chem. 596, 1 (1955). 
15. H. E. Fritz, J. Org. Chem. 28. 1384 (1963). 
16. R. Neidlein and U. Reitdorf, Arch. Pharm. 315, 901 (1982). 

9.2 ACYLATION ANO SULFONYLATION 

The mechanistic principies underlying N-acylation and sulfonylation are the 
same as for N-alkylations. The rcaetíon conditions are designed so that the 
indole anion is the reactive nucleophile. The usual acylating agents are aeíd 
anhydrides, acyl chlorides or chloroformate esters and sulfonyl chlorides are 
used for sulfonylation. The tert-butoxycarbonyl group is introduced using 
di-tert-butyl dicarbonate[l] or tert-butyl phenyl carbonate[2]. The N-acyl 
derivatives of indoles are less stable to hydrolysis than normal amídes because 
of the díminished capacity of the índole nitrogen to act as an electron donor 
toward the carbonyl group. 

~ V-N' 
I 

e 
o' 'R 

-- 00+ 
" 

-- (9.2) 
e 

o' R 

Nevertheless, they are stable to standard work-up and purification methods. 
The benzenesulfonyl group can be introduced using base and an aprotic 
solvent[3] or under phase transfer conditions[ 4]. Table 9.2 gives some repre­
sentative examples of acylation and sulfonylations. 

Procedures 

1-(tert -Butoxycarbonyl)indole[1 J 
Indole (10 mmol) was added to dry CH3CN (20 mi) and the mixture stirred 
while DMAP (122 mg, 1.00 mm o]) and di-tert-butyl dicarbonate (2.62 g, 
12 mm01) were added. Evolution of gas was noted and stirring was continued 
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Entry 

1 
2 
3 
4 

Table 9.2 

Acylatíon and sulfonylation of indoles 

Substituents 

I-Acetyl 
I-Benzoyl 
I-tert-Butoxycarbonyl 
1-Phenylsulfonyl 

Conditions 

(CH3CO)20, DMF, K 2C0 3 
PhCOCI, DME, NaOH 
(CH 3hCOC02C6Hs, THF, NaH 
C6HsS02CI, benzene, 50% 

NaOH, (C4H9)4N+HSO; 
(lOmol%) 

93 

Yield (%) Ref. 

na [3] 
83 [4] 
78 [5] 
96 [6] 

for 1 h or until the reaction was judged to be complete by TLC. The solvent 
was removed in vacuo and the residue purified by being eluted through silica 
gel with CH 2 CI2 -hcxancs. 

1-(Benzyloxycarbonyl)indole{2] 

To a stirred ice-cooled suspension of indole (12.0g, 0.102mmol), Bu4N+Br­
(1.16g, 3.6mmol) and powdered NaOH (5.24g, 0.13 mol) in CH 2CI 2 (100 mi) 
there was added over a period of 50 min a solution of benzyl chloroformate 
(15 mi, 0.11 mol) in CH2CI2 (50 mi). After stirring for an additional 10 min, the 
reaction mixture was diluted with water (200 mi) and extracted with CHzClz 
(2 x 100 mi). The extracts were dried (Na2SO 4) and evaporated. The residue 
crystallized on cooling and was rccrystallizcd from cthcr to givc purc product 
in 84% yield. 

1-(Phenylsulfonyl)indole{6, adapted] 

Indole (25.0 g, 0.213 mol) was dissolved in CH 2 Cl 2 (200 mi). Powdered NaOH 
(17.1 g, 0.426 mol) and n-Bu4N+HSO; (0.103 g, 0.3 mmol) were added. Thc 
solution was stirred for 1 h. The solution was then cooled in an ice bath and 
PbSOzCI (30 mi, 0.234 mol) was added dropwise over 30 mino Tbe solution was 
then stirred overnight. The solution was mixed with water (300 mi) and 
CHzCl2 (300 mi) and the layers separated. The CH2 Cl2 was washed with 10% 
aq. NaCI and dricd (Na2S04). The solution was filtered and concentrated in 
vacuo to give crude product which was triturated with MeOR to yield 44.9 g 
(82% yield) of product. 
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Introduction of Substituents at C2 

The most versatile procedures for C2 substitution are based on lithiation, 
which is selective for C2 because of the influence of the heteroatom. l-Alkyl­
indoles such as l-methylindole are readily lithiated and undergo typical 
reactions with electrophiles. For syntheses requiring N-unsubstituted indoles, 
removable protecting groups are used. The most widely used are phenylsulf­
onyl[1-3J, tert-butoxycarbonyl[ 4J and carboxy[5]. For cases where protective 
groups must be removed under highly selective conditions, the 1-(2-trimethyl­
silylethoxymethyl) (SEM) group may be useful[6]. These groups can by 
introduced as described in the preceding chapter. The original procedure for 
lithiation of l-phenylsulfonylindole used t-butyllithium because n-butyllithium 
caused competing reaction at the sulfonyl group[l]. Subsequently it was shown 
that LDA could readily effect lithiation[2,3]. More recently other workers have 
reported good results using n-butyllithium directly[7,8]. Lithiation of tert­
butoxycarbonylindole is done using t-butyllithium in THF at - 78°C[ 4]. The 
lithiocarboxy protecting group is introduced by allowing N-lithioindole to 
react with solid COz in THF. The salt is then lithiated at C2 with an equivalent 
of t-butyllithium[5]. 

10.1 ALKYLATION ANO HYOROXYALKYLATION 

Lithiated indoles can be alkylated with primary or allylic halides and they 
react with aldehydes and ketones by addition to give hydroxyalkyl derivatives. 
Table 10.1 gives sorne examples of such reactions. Entry 13 is an example of 
a reaction with ethylene oxide which introduces a 2-(2-hydroxyethyl) substitu­
ent. Entries 14 and 15 illustrate cases of addition to aromatic ketones in 
which dehydration occurs during the course of the reaction. lt is likcly that 
this process occurs through intramolecular transfer of the phenylsulfonyl 
group. 

Synthetic procedures involving other types of intermediates can be based on 
2-lithiation. An indireet 2-alkylation can be carricd out via indol-2-ylboratcs 
which can be prepared by addition of 2-lithioindoles to trialkylboranes. 
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Treatment of the borates with iodine leads to boron ~ C2 migration of an 
alkyl group[9]. This rcaction has not been widely applied synthetically but it 
might be more applicable for introduction of branched alkyl groups than direct 
alkylation of an indol-2-yllithium intermediate. 

Table 10.1 

Alkylation and hydroxalkylation of 2-lithioindoles 

Entry Substituents Electrophile Yield ("lo) Ref. 

A Alkylation 
1 1·(Phenylsulfonyl)-2-methyl CH 3 I 85 [3] 
2 1-Carboxy-2-methyl CH31 68 [5] 
3 2-( 4-Bromobutyl)-1-(phenylsulfonyl) Br(CH2)4Br 76 [8] 
4 2-tE,E-Farnesyl)-1-phenylsulfonyl E,E-Farnesyl bromide 70 [12] 

B Hydroxyalkylalion 
5 1-(Phenylsulfonyl)-2-(I-hydroxyethyl) CH 3CH-Ü 93 [3] 
6 1-(Phenylsulfonyl)-2-[hydroxy- 4-Methoxybenzalde- 65 [1] 

( 4-methoxyphenyl)methyIJ hyde 
7 l-(Phenylsulfonyl)-2- [hydroxy- Pyridine-2-carboxalde- 32 [1] 

(pyrid-2-yl)methyIJ hyde 
8 1-(Phenylsulfonyl)-2-[ l-hydroxy- Ethyl phenyl ketone na [2] 

1-phenylpropylJ 
9 l-Carboxy-2-[hydroxy( 4-methoxy- 4-Methoxybenzalde- 72 [5] 

phenyl)methyl hyde 
10 1-(Phenylsulfonyl)-2-[I-hydroxy- Methyl pyruvate 64 [13J 

l-(methoxycarbonyl)ethyIJ 
11 1-(Dimethylaminomethyl)-2- Benzaldehyde 77 [14J 

[hydroxy(phenyl)methyIJ 
12 2-[1-[3-(t-Butoxycarbonyl)-2,2- 3-(c-Butoxycarbonyl)- 71" [7] 

dimethyloxazolidin-4-yl)]-I- 2,2-dimethyloxa-
hydroxymethyl]-I-(phenylsulfonyl) zolidine-4-carboxal-

dehyde 
13 2-(2-Hydroxyethyl)-1-(phenylsulfonyl) Ethylene oxide 69 [15J 

e Hydroxyalkylation/dehydration 
14 2-(2-Ylethyl-l-phen ylpropenyl) Isobutyrophenone 68 [15J 
15 2-(2-Methylphenylelhenyl) 0-Methylacetophenone 33 [16J 

aproduct is a 4: 1 mixture of stereoisomers. 
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Indol-2-ylcopper reagents can al so be prepared from 2-lithioindoles and they 
have sorne potential for the preparation of 2-substituted indoles. l-Methyl­
indol-2-ylcopper can be prepared by reaction of 2-lithio-l-methylindole 
with CuBr[lO]. It reacts with aryl iodides to give 2-aryl-l-methylindoles. 
Mixed cyanocuprate reagents can be prepared using CuCN[ll]. The cyan­
ocuprate from l-methylindole reacts with allyl bromide to give 2-allyl-l­
methylindole. 

Procedures 

1-[ 1-(Pheny/sulfony/)indo/-2-y/jethano/[3 j 

A solution of 2-lithio-l-(phenylsulfonyl)indole was prepared by adding 1-
(phenylsulfonyl)indole (11.7 mmol) dissolved in THF (30 mi) to a solution of 
LOA prepared from (i-PrhNH (1.12 eq) and n-BuLi (1.05 eq) in THF (30 mI) 
at -75°C. The solution was stirred at -- 70°C for 1 h and then warmed slowly 
to 5°C over 1 h. The solution was re<.:ooled to -78 V C. A solution of acetalde­
hyde (1.00 g. 22.7 mmo!) in THF (5 mI) was added rapidly by syringe. The 
reaction mixture was then allowed to come slowly to room temperature and 
poured into 1 % Hel (350 mI). The solution was extracted with CH2Clz 
(3 x 250 mI) and the combined extract was washed with water (400 mI) and 
brine (2 x 400 mI) and then dried over K 2 ca 3' The solvent was eva porated in 

vacuo and the residue purified by chromatography to give the product (3.28 g, 
93%). 

Methy/ rx-hydroxy-rx-methy/-1-(pheny/sulfony/)indo/e-2-acetate{13, as 
subsequently modifiedj 

Dry THF (150 mI) was added to a fiame-dried fiask protected from the 
atmosphere and (i-Pr)2NH (10.2 mI, 0.073 mol) was added. The fiask was 
cooled to O'C using an ice-batb. n-Butyllithium (0.068 mol) was added as a 
hexane solution and the solution stirred at O°C for 30 mino The solution 
was then cooled to - 78°C. A solution of 1-(phenylsulfonyl)indole (14.0 g, 
0.055 mol) was dissolved in THF (50 mI) and cooled to - 78°C. The indole 
solution was cannulated into the LOA solution over 1S-20min and the 
mixture stirred at -78°C for an additional 45 mino The solution was then 
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brought to O°C and stirred for 1 h hefore being recooled to _78 c
(', A solution 

of melhyl pyruvate (14.7 mI, 0.163 mol) was dissolved in THF (50 mI) and 
cannulated into the solution of 2-lithio-l-(phenylsulfonyl)indole oyer a period 
of 15-20 mino The solution was stirred at - 7ST for 30 min and then allowed 
to come gradually to room temperature oyer 2 h. The reaction mixture was 
poured into sal. NH4 CI (400 mi) and lhe phases separated. The aqueous phase 
was extracted further with ether (3 x 150 mi). The original organic phase was 
washed with water (3 x 150 mi) and the organic phases combined and dried 
(MgS04 ). The solvent was removed in vacuo. The residual oil was crystallized 
by trituration with ether to give 14.3 g (73%) of product. 
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10.2 ARYLATION ANO VINYLATION 

Lithiation at C2 can also be the starting point for 2-arylation or vinylation. 
The lithiated indo les can be conyerted to stannanes or zinc reagents which can 
undergo Pd-catalysed coupling with aryl, vinyl, benzyl and allyl halides or 
sulfonates. The mechanism of the coupling reaction invol ves formation of a 
disubstituted palladium intermediate by a combinatíon ofligand cxchange and 
oxidative addition, Phosphine catalysts and salts are often important reaction 
componenls. 
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Several groups have devcloped proccdures [or Pd-mediated coupling based 
on this general ehemistry. The variety of sueh proeedures and the range of 
eompounds [or which they are applicab1e suggest that Pd-eatalysed eoupling 
is currently the most versatile method for introduetion of 2-substituents whieh 
eannot be prcpared direetly from organolithium intermediates. 

Severa1 N-proteeting groups were examined in developing proeedures based 
on the coupling of indol-2-yltri-n-buty1stannanes. The l-methyl and 1-(2-tri­
metbylsily1etboxymethyl) (SEM) derivatives reaeted readily with aryl and vinyl 
ha lides, whereas the l-tert-butoxyearbonyl derivative was les s reaetive[1,2]. 
The SEM proteeting group is removed by BuNtF-, providing aeeess to 

Table 10.2 

Palladium-catalysed 2-arylation, 2-allylation and 2-vinylation 

Entry Indole Reagents Yield (%) Ref. 

1-Methyl-2-( tri-n-butyl- 4-Bromobenzonitríle, 91 f2] 
stannyl)indole Pd(PPh3)2CI2 

2 l-(Phenylsulfony l)indol-2- lodobenzene, Pd(PPh3)2CI2 57 [4J 
ylzinc chloride 

3 I-(Phenylsulfony l)indol-2- 2-Bromo-4-methylpyridine, 92 [5J 
ylzinc chloride Pd(PPh,hCI2 

4 1-(tert-Butoxycarbonyl)-2- 4-Bromobenzonitrile, 66 [2J 
(tri-n-butylstannyl)indole Pd(PPh3)2CI2 

5 I-Carboxyindol-2-y lzinc Iodobenzene, Pd(PPh3)4 74 [3] 
chloride 

6 l-(T rimeth y Isily lethox y- 2-Methyliodobenzene, 93 [1 ] 
methyl)-2-(tri-n-butyl- Pd(PPh3)4 
stannyl)indole 

7 l-(Trimethylsilylethoxy- 3-Bromopropene, Pd 2 (dba)" 93 [1] 
mcth yl)-2-(tri-n-butyl- tri-( 2-fury I )phosphine 
stannyl)indole 

8 l-(T rimethy Isilylethoxy- 2-Bromopropene, 62 [2] 
methy 1 )-2-( tri -n-buty 1- Pd(PPh3 )2CI2 

slannyl)indole 
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deproteeted 2-substituted indoles. Both PdCI2(CH 3CN)2 and Pd(PPh3 )4 have 
been used as catalysts with somewhat better results heing reported for the 
latter[l]. For eoupling with allylie bromides Pd 2(dba)3 with trifurylphosphine 
as the phosphine ligand gave the best results[l]. 

Indol-2-ylzine halides are also useful reagents for Pd-eatalyscd cross-eoup­
ling. One route to these intermediates is via lithiation and metal- metal 
exchange using N-(t-Boe) proteetion[3]. 1-(Phenylsulfonyl)indol-2-yl zinc 
iodide has been prepared direetly from the 2-iodoindole by reaetíon with active 
zinc[ 4]. Entries 2, 3 and 4 in Table 10.2 gíve examples of these proeedures. 

Procedures 

2-(2-Methylphenyl)-1-(2-trimeth ylsilylethoxymethyl)indole{1] 

1-(SEM)indol-2-yltri-n-butylstannane (1.0 mmol) was added to a solution of 
2-iodotoluene (1.3 mmo!) and Pd(PPh3)4 (0.01 mmol) in dry DMF (5 mi) using 
a syringe. The mixture was stirred at tlOOC until the reaetion was judged to 
be complete by TLC (2 h). The reaetion solution was eooled to room temp­
erature, diluted with water (20 mi) and extraeted with ether. The extraet was 
washed with water and brine, dried overNa2S04 and evaporated. The rcsidue 
was purified by síliea gel chromatography to give the produet in 93% yield. 

1-(tert-Butoxycarbonyl)-2-(4-cyanophenyl)indole{2] 

A mixture of 1-(t-Boe)indol-2-yl-tri-n-butylstannanc (1.2 mmol) and 4-bromo­
benzonitrile (1.0 mmol) and Pd(PPh:l)2CI2 (0.02 mmol) in dry dioxane (5 mi) 
was heated at 100°C overnight under nitrogen. The reaetion mixture was 
eooled, diluted with EtOAe and stirred for l5mín with 15% aq. KF. The 
preeipitate was removed by filtration and washed with EtOAe. The EtOAe 
layer was separated, washed wíth brine, dricd (Na2S04 ) and eoneentrated. The 
residue was puríficd by ehromatography on siliea. The yield was 66%. 
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10.3 ACYLATION ANO CARBOXYLATION 

The simplest procedures for 2-aeylation involve reaetíon of an N-proteeted 
2-lithioindole with an acyl halide, anhydride or ester. Sueh reactions typieally 
give good yields of 2-aeylindoles. Table 10.3 presents sorne examples. Aryl 
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Table 10.3 

Acylation and carboxylation of 2-lithioindoles 

Entry 2-Lithioindole Electrophile Yield (%) Ref. 

1 l-(Phenylsulfonyl) Benzoyl chloride 65 [3] 
2 1-(Phenylsulfonyl) Pyridine-3-carbonyl chloride 60 [3] 
3 1-(Phenylsulfonyl) Benzoic anhydride 72 [4] 
4 1-(Phen ylsulfony 1) Isonicotinic anhydride 75 [5] 
5 l-(Phcnylsulfonyl) Pyridine-3,4-dicarboxylic ~3 [6] 

acid anhydride 
6 I-(tert- Butoxycarbonyl) Dirnethyl oxalate 66 [7J 
7 I-(Phenylsulfonyl) Ethyl chloroforrnate 75 [3] 
R I-(Phenylsulfonyl) Carbon dioxide 63 [3] 
9 I-(Phenylsulfonyl) Dirnethylforrnarnide 50 Pll 

10 1-( Lithiocarhoxy) Carbon dioxide 70 [9] 
11 1-( Lithiocarhoxy)-3-methyl Ethyl chloroformate 70 [10] 
12 1-( Lithiocarhoxy)-3-mcthyl Dirnethylformamide 51 [10] 
13 5-Methoxy-l- Dirncthyl oxalate 54 [11] 

(phenylsulfonyl) 
14 1-(Phenylsulfonyl) Pyridine-2-carbonitrile 36 [3] 

nitriles have also been used occasionally (Entry 14). Palladium-catalysed 
carbonylation via stannanes can also be done but this adds an additional stcp 
if the original starting point is 2-lithiation[1]. 2-Acylindoles have also been 
prepared by Pd-catalysed carbonylation using indol-2-ylborates and vinyl 
trifiatcs[2} 

or03SCF3 

ca, 15 alm, 980 

(104) 

Procedure 

Methyl 5-methoxy-rx-oxo-1-(phenylsulfonyl)indole-2-acetate{11 J 
tert-Butyllithium (16 mi of 1.7 M solution. 27.1 mmol) in pentane was added 
dropwisc to a solution of 5-methoxy-1-(phenylsulfonyl)indole (6.0 g. 20.1 
mmol) in THF (50 mi) at -1O'C. The solution was stirred for 20 min at - 5°C 
and thcn for 20 min at room temperature. Tbis solution was then transferred 
to a dropping funnel and added dropwise lO a solution of dimethyl oxalate 
(10.0 g, 35.5 mmol) in THF (35 mi) at OJe. Alter being stirred for 1 h at room 
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temperature, the reaction mixture was treated with 5% aq. NH4Cl. The layers 
were separated and the water layer extracted with EtOAc. The combined 
organic layers were washed with water and brine and dried. The solvent was 
removed in uacuo and the residue crystaIlized from Me OH to givc 4.18 g (54%) 
of product. 
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10.4 INTRODUCTION OF OTHER FUNCTIONAL GROUPS 

N-Protected 2-lithioindoles can, in principIe, be used to introduce a range of 
other functional groups at C2 by applying synthetic methods applicable to 
aryllithium intermedia tes. Among cases for which procedures have been 
developed are halogenation using hexachloroethane, 1,2-dibromo-1,1,2,2-tetra­
chloroethane and 1,2-diodoethane[1]. The N-carboxy protecting group was 
used, 

- ~\...-CI 
~l 

I 

H 

(10.5) 

Similar halogenations have becn done on 2-lithio-l-phenylsulfonylindole[2]. 
2-Lithio-l-phenylsulfonylindole is readily converted to the 2-(trimethylsilyl) 
derivative[2,3]. 2-Trialkylstannylindoles can also be prepared via 2-lithio­
indoles[ 4,5]. 2-Sulronamido groups can be introduced by reaction of a 
2-lithioindole with sulfur dioxide, foIlowed by convcrsion of the sulfinic acid 
group to the sulfonyl chloridc with N-chlorosuccinimide[6]. 
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Introduction of Substituents at C3 

There are a wide variety of methods for introduction of substituents at e3. 
Since this is the preferred site for electrophilic substitution, direct alkylation 
and acylation procedures are often elfeetive. Even mild electrophiles such as 
alkenes with EW substituents can react at the 3-position of the indole ringo 
Techniques for preparation of 3-lithioindoles, usually by halogen-metal ex­
change, have been developed and this provides access not only to the lithium 
reagents but also to other organometallic reagents derived from them. The 
3-position is also reactive toward electrophilic mercuration. 

11.1 ALKYLATION 

The susceptibility of indoles to electrophilic attaek makes direct 3-alkylation 
by carbocations or ion pairs a fe asible reaction. However, the indole ring is 
quite reactive to protic and Lewis acids so that only procedures which generate 
carbocations under relatively mi Id conditions are likely to produce good yields. 
Alkylation is sometimes carried out directly on the neutral heterocycle but it 
is al so possible to use salts of indoles. Synthetic procedures for 3-alkylation 
usually involve magnesium salts prepared by reaction of the indole with a 
Grignard reagent. The magnesium salts tend to give 3-substitution, rather than 
I-substitution, presumably because the tight coordination of magnesium at 
nitrogen reduces its nucleophilicity. There have been several studies of the ratio 
of N:C alkylation of indole salts[I-3J. C-Alkylation is favoured in the order 
M g2 + > Li + > N a + > K + [3]. Improved donor eharacter of the solvent pro­
motes ion pair dissociation of the indole salts and favours N-alkylation[2,3]. 
C-Alkylation is favoured by more reactive alkylating agents such as allylic and 
benzylic halides[1,3]. C-Alkylation is more favourable for iodides than for 
tosylates, but this effeet is rather small[3]. 

Table 11.1 lists sorne of the reaction conditions which have given prepara­
tively uscful yields of 3-alkylation. Entries 1-3 are typical alkylations using a 
magnesium salt and an alkyl halide. Even 2,3-disubstituted indoles are alk­
ylated at C3 under these conditions (Entry 7). Entry 5 represents a more 
recently developed method in which an allylic alcohol and índole rcaet in the 
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Table 11.1 

3-Alkylatiun uf indoles 

Entry Indole reactant Alkylating reactant Yield ("lo) Ref. 

Indol-I-ylmagnesium 3-Bromopropene, benzem:, 70 [4] 
bromide 10-14h at 20cC 

2 Indol-I-ylmagnesium Methyl 2-(bromomethyl)- 56 [5] 
bromide propenoate, THF, 

-20~C -> 30C 
3 6-Methoxyindol-l- 3-( I-Chloroethyl)pyridine 40 [6] 

ylmagnesium bromide 
4 Indole 1-Bromo-3-meth y Ibut-2-ene. 56 [7] 

HOAc, NaOAc, H1 O, 
23°C, 1 h 

5 Indole 3-Methylcyc1ohex-2-enol, 82 [8] 
3 M LiCIO., 0.01 eq. 
HOAc 

6 Benzyl indole-5-carhoxylate Mcthyl 4-(bromomethyl)-3- 45 [9J 
mcthoxybenzoate, DMF, 
ROcC 

7 2,3-Dimethylindol-l- 3-Bromopropyne, ether, 64 [101 
ylmagnesium bromide 38"C 

8 2,3-Dimethylindol-I- Iodoethane, THF, 45-70 [IIJ 
yllithium -78C --+ 2ST 

9 1,2,3,4-Tetrahydrocarbazol- N,N -Dimethyl-3-chloropro- 50 [12J 
9-ylmagnesium bromide panammc 

presence of 3 M LiCI04 and a small amount of acetic acid. This reaction 
presumably involves generation of allylic perchlorate ion pairs. Alkylation 
occurs at the less substituted allylic terminus. Entry 6 involves solvolysis of a 
benzyl bromide. Earlicr cxamples of 'solvolytic' alkylation of indole inelude a 
reactiün with isopentenyl bromide in acctatc butTer (Entry 4). Entries 8 and 9 
are examples of alkylation of lithium salts of 2,3-dialkylindoles which occurs 
at C3 to give 2,3,3-trisubstituted 3H-indüles. 

Carbocations stabilized by functional groups can also etTect 3-alkylation of 
indoles. From a synthetic point of view the most important are N,N-dialkyl­
methyleneiminium ions which can be generatcd undcr Mannich conditions 
from formaldehyde and secondary amines[13]. The products, 3-(N,N-dialkyl­
aminomethyl)indoles, are useful synthetic intermediates (see Chapter 12). 

Epoxides and aziridines are also capable of electrophilic subsitution of 
indo les. Indolylmagncsium bromide and cyelohexene oxide react to give 
3-(lrans-2-hydroxycyelohexyl)indole[14]. Reaction of indoles with epoxides 
also occurs in the presence of Lewis acids. For example, indo le reacts with 
methyl 2S,3R-epoxybutanoate at C3 with invcrsion of configuration[15]. 
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CH3" / C02CH3 
n SnCI4 (11.1 ) O _ 

Lewis acids such as zinc triflate[16] and BF3[17J have been used to etfect 
the reaction of indole with N -prolected aziridine-2-carboxylate esters. These 
alkylations by aziridines constitute a potential method for the enantioselective 
introduction of tryptophan side-chains in a single step. (See Chapter 13 for 
other methods of synthesis of tryptophans.) 

3-Alkylation can also be accomplished with electrophilic alkenes. There is a 
dichotomy between basic and acidic conditions. Under basic conditions, where 
the indole anion is the reactive nucleophile, N-alkylation occurs. Under acidic 
conditions C-alkylation is observed. The reaction of indo le with 4-vinylpyri­
dine is an interesting illustration. Good yields of the 3-alkylation product are 
obtained in refluxing acetic acid[ 18J whereas if the reaction is done in ethanol 
containing sodiurn ethoxide l-alkylation occurs[19]. Table 11.2 gives sorne 
examples of 3-alkylation using electrophilic alkcnes. 

It is also possible to etfect 3-alkylation via reactions of 3-lithioindoles. 
3-Lithioindoles are not as easily available nor quite as easy to use as the 
2-isomers. They are ordinarily prepared by halogen-metal exchange between 
a haloindole and an alkyllithium reagent. The stability of the 3-lithioindoles 
depends on the nitrogen substituent. With a I-phcnylsulfonyl substituent 
rearrangement to the more stable 2-lithioindole occurs at temperatures of 
- 40'C and above[24]. This problem can be avoided by use of a tert-butyl­
dimethylsilyl (TBDMS) protecting group. 3-Lithio-l-TBDMSindole can be 
prcpared from 3-bromo-l-TBDMSindole and is stable up to room tempera­
ture[25]. The steric bulk of the protecting group evidently rctards rcarrange­
ment of lithium to C2. 3-Lithioindoles prepared by halogen metal exchange 
undergo typical alkylation reactions[25,26]. 

Table 11.2 

3-Alkylation by conjugate addition 

Entry rndole reactant Electrophile Yield (%) Ref. 

lndole Rut-3-en-2-onc, 4: 1 AcOH, Ac 2 O, 75 [20] 
25°C --+ 90 C 

2 rndole But-3-en-2-one, BF3' EtOH, 86 [21] 
-20 J C 

3 rndale But-3-en-2-one, CH 2 CI2> 75 [22] 
montmorillonite c1ay, 40c C 

4 lndole Nitroethene, benzene, OC then 25 c C 80 [23] 
for 20 h 
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II C2 HS 

Oj EII Oj (11.2) -ó N Ó N 
I I 

TBDMS TBDMS 

Li O CH2CH20H 

(C2HS)2 NC02m 1) U. (C2 HS)2NC02m 
1-";:: ~ 1-";:: (11.3) 

Ó N 2) BF3 OEt2 Ó N 
I I 

3) CaC03 TBDMS TBDMS 

There are also palladium-catalysed procedures for allylation. Ethyl 3-bromo-
1-(4-methylphenylsulfonyl)indole-2-carboxylate is allylated at C3 upon reac­
tion with allyl acetate and hexabutylditin[27]. The reaction presumably 
involves a TC-allyl-Pd intermediate formed from the allyl acetate, oxidative 
addition, transmetallation and cross coupling. 

Pd(dppd)CI2 

~ 

(11.4) 

Procedures 

3-(2-PropenylJindole{4] 

A 20% excess of ethylmagnesium bromide was prepared fram magnesium 
(6.5 g) in ether (80 mi) by adding ethyl bromide (30 g) in ether (30 mi). Indole 
(25.8 g) in benzene (50 mi) was then added slowly with stirring and stirring was 
continued for 20 min after addition was complete. A solution of allyl bromide 
(29.2 g) in benzene (20 mi) was then added slowly. The mixturc was stirred 
overnight and then diluted with ether and the product isolated and purified by 
distillation (22.7 g, 70% yield). 

Methyl 4-{{5-(benzyloxycarbonylJindol-3-yljmethylj-3-methoxybenzoate{9] 

A solution of benzyl indole-5-carboxylate (1.0 g, 3.98 mmol) and methyl 4-(bro­
momethyl)-3-methoxybenzoate (2.06 g, 7.97 mmol) in dry DMF (10 mi) was 
heated at 80ce for 24 h. The reaction solution was cooled, poured into water 
(lOO mi) and the product extracted with EtOAc (3 x 75 mi). The extract was 
washed with water and brine and dried over MgS04 . The product was 
obtained by evaporation of the solvent and purified by chromatography on 
silica gel using 1:4 EtOAcjhcxane for clution. Thc yield was 1.11 g (32%) and 
sorne of the indole (30%) was recovered unreacted. 
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11.2 VINYLATION, ARYLATION ANO ALKYNYLATION 

The best procedures for 3-vinylation or 3-arylation of the índole ring involve 
palladium intermediates. Vinylations can be done by Heck reactions starting 
with 3-halo or 3-sulfonyloxyindoles. Under the standard conditions the active 
catalyst is a Pd(O) species which react~ with the indo le by oxidative addition. 
A major consideration is the stability of the 3-halo or 3-sulfonyloxyindoles and 
usually an EW substituent is requircd on nitrogen, The range of alkenes which 
have been used successfully is quite broad and includcs cxamples with both ER 
and EW substituents. Examples are given in Table 11.3. An alkene which has 
received special attention is methyl et-acetamidoacrylate which is useful for 
introduction of the tryptophan ~ide-chain. This reaction will be discussed 
further in Chapter 13. 



Entry Indole reactant 

A Heck reactions 
I I-Acetyl-3-bromoindole 

2 

3 

4 

1-(Phenylsulfonyl)-3- trifluoromethyl­
sulfonyloxyindole 

4-Bromo-3-iodo-l-( 4-methylphenyl­
sulfonyl)indole 

4-Bromo-3-iodo-l-( 4-mdhylpheny 1-
sulfonyl)indole 

B Oxidative vinylations 
5 I-(Phenylsulfonyl)indole 

6 

7 
8 

1-(2,6-Dichlorobenzoy I)indole 

Ethyl l-Benzylindole-2-carboxylate 
4-Bromo-l-( 4-methylsulfonyl)indole 

e Mnyl stannane coupling 
9 3-Bromo-l-(methanesulfonyl)imlole 

D Boronic acid coupling 
10 1-(4-Methylphenylsulfonyl)indole-

3-boronic acid 

Table 11.3 

3-Vinylation of indoles 

Rcagcnt, conditions 

Methyl acrylate, Pd(OAc}z, Ar,P, Et3N, DMF 

Styrene, Pd(PPh 3JzClz, EtN(i-Pr)2' DMF 

N-Vinylphthalimide, Pd(OAch, El3N 

Ethyl I)(-acetamidoacrylate. Pd(OAc)2' El3N 

Ethyl acrylate. AgOAc (2 eq.), Pd(OAc)z, (10 mol%) 

Acrylonitrile, Pd(OAch 

Methyl acrylate, PdCI2, CU(OAC)2 
Methyl 1)(-( t-butoxycarbonylamino)acrylate, 

Pd(OAc)2' chloranil 

Z-(2-Ethoxyvinyl)tri-n-bulylstannane, Pd(PPh 3 hCI2 

1-Benzyl-3-tri fluoromethanesulfon yl o xy-l ,2,5,6-
tetrahydropyridine, Pd(PPh 3)4 

Yic1d (%) Rcf. 

50 [1] 

75 [2] 

77 [3] 

60 [4] 

98 [5] 
(al 32% conv.) 
52 [6] 
(at 47°1r, conv.) 
84 [7] 
87 [8] 

83 [9] 

92 [10] 
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Because Pd(I1) salts, like Hg(ll) salts, can etTect electrophilic metallation of 
the indolc ring at C3, it is al so possible to carry out vinylation on indo les 
without 3-substituents. These rcactions usually require the use of an equiv. of 
the Pd(ll) salt and al so a Cu(I1) or Ag(l) salt to etTect reoxidation of the Pd. 
As in the standard Heck conditions, an EW subslitution on the índole nitrogen 
is usualiy nccessary. Entry 8 of Table 11.3 is an interesting example. The 
oxidative vinylation was achieved in 87% yield by using one equiv. of 
Pd(OAch and one equiv. of chloranil as a co-oxidant. This examplc is also 
noteworthy in that the 4-bromo substituenl was unreactive under these 
conditions. Part B of Table 11.3 lists sorne other representative procedures. 

3-Vinylation can al so be done by Pd-catalysed cross-coupling in which one 
componenl is used as a halide or trifiate and the othcr as a stannane (Stilie 
reaction) or boronic acid (Suzuki reaction). Entry 9, Table 11.3, is an example 
of the use of a vinylstannane with a haloindole. Indole-3-boronic acids, which 
can be prepared by mercuration/boration, undergo coupling with vinyl trifiates 
(Entry 10). 

Arylatíon reactions can involve generation of either a nucleophilic (c.g. 
stannane, organozinc, boronic acid) or electrophilic (e.g. halíde or trifiate) 
derivativc of indole. A complementary reagent provides the 3-substituenl and 
palladium is used to catalyse couplíng. Couplíng proceeds by oxidative 
additíon of the electrophilic component on Pd(O) and ligand exchange with the 
nucleophilic component to generate a diarylpaliadium(lI) intermediate whích 
undergoes reductive elímínation. In mOst of the cases reported to date, the 
indole has served as thc nucleophilic component. 1-TBDMSindol-3-ylzinc 
chloride, which can be prepared by metal-metal exchangc from the lithio 
intermedíate, has be en successfully coupled with various heteroaryl hal­
ides[ll]. 1-(Phenylsulfonyl)indol-3-ylzinc iodide, which can be prepared by 
reaction of 1-(phenylsulfonyl)-3-iodoindole and activated zinc, also gives good 
yields in aryl-aryl coupling reactíons[12]. 

3-Indolyltrialkylstannanes are al so potential reagents for Pd-catalysed coup­
ling. 3-(Tri-n-butylslannyl)-1-tosylindole can be prepared by Pd-catalysed 

Table 11.4 

3-Arylation of indoles 

Elltry Indole reactant Arylation reagcnt Catalyst Yield (%) Ref. 

1-(4-Methylphenyl- 2-Naphthyl Pd 2(dba)3' 87 [13] 
sulfonyl)-3-(tri-rz- triflate AsPh" DMF 
butylstannyl)indole 

2 I-(t-Butyldimethyl- 2-Bromopyridine PdCI2 (PPh3h, 95 [11] 
silyl)-3-indolylzinc DiBAlH, THF 
chloriut: 

1-( PhenylsulfonyD-3- Iodobenzene Pd(PPh,)4 R3 [12] 
indolylzinc iodide 
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stannylation of 3-iodo-l-tosylindole. It reacts with aryl and heteroaryl halides 
or aryl and vinyl trillates to give coupling produets[13]. The best eatalyst for 
these couplings was tris-(dibenzylideneacetone)dipalladium (Pd2dba3) with 
tris-(2-furyl)phosphine or triphenylarsine as the added ligando Examples of 
these reactions are given in Table 11.4. 

Palladium also eatalyses coupling of haloindolcs with acetylenes. The 
reaetion is carried out in the presence of Cu(I) and presumably involves a 
copper acetylide as an intermediate[14]. 

CPh 
é" 

PhC:CH 
~ CÜ2C2 HS (11.5) 
~N/ 

I 
H 

Procedures 

4-Bromo-3-(2-methoxycarbonylethenyl)-1-( 4-methylphenylsulfon yl)indole[3] 

4-Bromo-3-iodo-l-(4-methylphenylwlfonyl)indole (0.476 g, 1.00 mmo!), methyl 
aerylate (0.108 g, 1.25 mm o!), Et3N (0.127 g, 1.25 mmol) and Pd(OAch (11 mg, 
0.050 mmol) were mixed in a tube, purged with argon and the tube was sealed 
and heated to 100°C for 1 h. After eooling, it was opened and mixed with 
CH 2 CI2 (50 mi). The solution was washed with water and dried (NaZS04 ). The 
residue was purified by ehromatography on silica using 1: 3 benzene-hexane 
for elution. The yield was 0.350 g (81 %). 

3-Phenyl-1-(phenylsulfonyl)indole[12] 

Aetivated zine was prepared from lithium naphthalenide (12 mmol) and ZnCI2 

(6.3 mmol) in THF. The mixture was eentrifuged and the solvent deeanted. The 
zine was resuspended in dry THF and 3-iodo-l-(phenylsulfonyl)indole (766 mg, 
2 mm01) was added. The solution was stirred at room temperature for 2 h. The 
mixture was centrifuged and the supernatant solution was added to a solution 
of iodobenzene (410 mg, 2 mmol) and Pd(PPh3)4 (0.05 mmol) in THF (2 mi). 
The mixture was stirred for 18 h and then filtered through Celite. The produet 
was isolated from the filtrate by extraetion with CHCI3 and dried oyer MgS04 

and purified by siliea gel chromatography using hexane- EtOAe for elution 
(9:1). The yield was 550mg (~3%). 
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11.3 ACYLATION ANO CARBOXYLATION 

Acylation of the indole ring at C3 can be earried out using carboxylic aeid 
chlorides or Vilsmeier-Haack reagents. If the indole ring does not have EW 
substituents, 3-acylation is usually done by reaction of the magnesium salt with 
an acyl chloride. Recently, excellent results have been obtained using zinc salts 
prepared by metal-metal exchange from the magnesium salts[l]. For indoles 
with EW substituents, use of a Friedel-Crafts catalyst is necessary. For 
example, 1-(phenylsulfonyl)indole can be acylated in good yields by reactions 
with acyl chlorides using AICI3 in CH 2 CI2 [2]. Oxalyl chloride is sufficiently 
reactive to acylate simple indoles in the absence of a catalyst. This acylation is 
the starting point for a versatile method of synthesis of tryptamines via 
indole-3-glyoxamides (see Seetion 13.1). Other examples of aeylation pro­
cedures are given in Table 11.5. 

Vilsmeier-Haack conditions have been used most frequently for formylation 
but are also applieable to longer acyl chains[3]. Reactions with lactams 
generate 3-(iminyl)indoles which ean be hydrolysed to generate ffi-aminoacyl 
groups as in equation 11.6 [4]. 

~ ~l 
I 
H 

(11.6) 

Seetion C of Table 11.5 gives sorne examples of Friedel-Crafts and 
Vilsmeier-Haack acylations of indoles. 

Chlorosulfonyl isocyanate has been used to introduce 3-carboxamide 
groups. The initial product, an N -chlorosulfonylcarboxamide, is treated with 
tri-n-butylstannanc to form the primary carboxamide[ 15]. 3-Cyano groups can 
also be introduced using chlorosulfonyl isocyanate. The intermediate N­
chlorosulfonylindole-3-carboxamide is con verted to 3-cyanoindole On reaction 
with triethylamine[16] or DMF[I7]. 



Table 11.5 

3-Acylation of indole derivatives 

Entry Indole reactant Acylation conditions 

A Acylation of indole salts 
1 Indol-I-ylmagnesium bromide 
2 Indol-I-ylzinc chloride 
3 5-Benzyloxyindol-I-ylmagnesium bromide 
4 5-(Dibenzylamino)indol-I-ylmagnesium 

bromide 
5 6-(4-Fluoruphenyl)indol-I-ylzinc chloride 

B Ac)'lation under Friedel-Crajis conditions 
6 l-(Phenylsulfonyl)indole 
7 Ethyl indole-2-carboxylate 

8 Ethyl indole-2-carboxylate 

e Vilsmeier-Haack acylatíon 
9 Indole 

10 6-Methoxyindole 
11 4-Benzyloxyindole-2-(N,N-dimethyl-

carboxamide) 
12 Indole 
13 Indole 

Cyc1opentanecarbonyl chloride 
3-Methylbut-2-enoyl chloride 
Acetyl chloride 
I-(Bcnzyl oxycarbon yl)pyrrolidine-2-carbony l 

chloride 
3-(Pyridin-3-yl)-1 H,3H-pyrrolo[1 ,2-c]thiazole-7-

carbonyl chloride 

But-2-enoyl chloride, AICI 3 
3-(Methoxycarbonyl)propanoyl chloride, AICI 3, 

nitrobenzene 
4-Methoxybenzoic acid, TFAA, H 3P04 

DMF, POCl3 
DMF, POCI 3 
DMF, POCl3 

N,N-Dimethylpropanoamide, POCI3 
N-Methylpiperidone, POC1 3 

Yield (%) Ref. 

49 [5] 
70 [1] 
65 [6] 
44 [7] 

>45 [8] 

98 [9] 
95 [10] 

74 [11] 

95 [12] 
95 [13] 
60 [14] 

85 [3] 
32 [4] 
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Procedures 

3-(Cyclopentanecarbonyl)indole{5] 

Phenylmagnesium bromide (2.S mol) was prepared in anhydrous ether (21) 
from bromobenzene (440 g, 2.9 mol) and magnesium turnings (68.0 g 2.8 g­
atom). To this solution was added dropwise a solution of indole (328 g, 
2.8 mol) in bcnzene (800 mi). The resulting solution was stirred for 10 min and 
then a solution of cyclopentanoyl chloride (322 g, 2.4 mol) in benzene (800 mi) 
was added dropwise. The solution was stirred for 1 h and then water (11) was 
added carefully. The precipitate which formed was collected by filtration and 
dried to givc 169 g of crude product. Additional product (97 g) was obtained 
by evaporation of the organic layer of thc filtrate. The eombined products were 
recrystallized from toluene to give 250 g (49% yield) of pure product. 

3-Acetyl-1-(phenylsulfonyl)indole{2] 

A suspension of AICI 3 (20.00 g, 0.15 mol) in CHzClz (250 mI) was stirred at 
25°e. Acetic anhydride (7.6 g, 0.075 mol) was addcd and the mixture was 
stirred for 15 min, resulting in a c1ear solution. A solution of l-(phenylsulf­
onyl)indole (6.43 g, 0.025 mol) in CH zCI2 (50 mI) was added dropwise. The 
mixture was then stirred for 2 h and poured on to crushed ice (400 mi). The 
mixture was extractcd with CH2CI2 (3 x 100 mi) and washed with brine 
(100m!), sat. aq. NaHC03 (100 mI) and brine (100ml), dried (K 2C03 ) and 
evaporated in vacuo to give the product (7.39 g, 98%). 

Indole-3-carboxaldehyde{12] 

POCI3 (5 mi, 0.05 mol) was added dropwise to DMF (16 g, 0.22 mmol) at a 
temperature of 1O-20c e. Indole (5.85 g, 0.50 mmol) in DMF (4 mi) was then 
added slowly with stirring at a temperature of 20-30°e. The mixture was kept 
at 35°C for 45 min and then poured on to crushed ice and the c1ear solution 
treated at 20-30°C with aq. NaOH (20%, 0.24 mol) at such arate that the 
solution was always acidic. The last quarter was added all at once and the 
solution quickly boiled for 1 mino The product was collected by filtration, 
washed with water and dried to yield 6.93 g (95% yield) of product. 

6-Methoxyindole-3-carboxaldehyde{ 13] 

POCI3 (86.S g, 0.57 mol) was addcd dropwise to DMF (164 g, 2.24 mol) at WC 
and the mixture stirred for 1 h. A solution of 6-methoxyindole (75.0 g, 0.57 mol) 
in DMF (75 mi) was then added over a period of 75 min and stirring was 
eontinued for 2 h at 35°C after the addition was complete. Ice (250 g) was 
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added to the warm solution and the mixture was transfcrrcd to a larger flask 
to whích a solution of NaOH (225.6 g, 5.64 mol in 11 of water) was added 
slowly with mechanical stirring. The mixture was then heated rapidly lo reflux 
and cvolution of dimethylamine was observed. The mixture was cooled and 
refrigerated overnight. The precipitate was colleetcd hy filtration and washed 
with water (3 x 500 mI). The solid was then resuspended in water (21) an d 
colleeted by filtration. The moist solid was dissolved in hot ethanol (21) and 
boiled with charcoal for 5 mino The solution was filtered and eoneentrated. The 
product was obtained as a gold powder (84.8 g, 95%). 

3-Cyanoindofe{16] 

To a stirred solution of indole (5.857 g, 50mmol) in abs. CH 3CN (150mI) 
at O'C was added chlorosulfonyl isocyanate (4.35 mi, 50 mmol) dissolved in 
CH3CN (50 mi) over about 45 mino ¡\ precipitate of 3-(N-chlorosulfonyl­
aminocarbony I)indole formed. After stirring for 1 h, Et3N (6.82 mi, 49 mmol) 
was added over 45 min, maintaining the temperature near oue. The resulting 
solution was warmcd to room temperature and stirred for 2 h. The solvent was 
then removed in vacuo and the residue mixed with CHCI 3 and ice-cold sat. ag. 
NaHC03. The CHCI3 layer was separated, dried (Na2S04 ) and evaporated to 
yield erude produet. The product was heated with E10Ac (3 x 200 mi) and the 
eombined solution lreated with charcoal. Evaporation of the EtOAc provided 
6.R03 g (96%) of product. 
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11.4 OTHER FUNCTIONAL GROUPS 

The halogenation of the indole ring in the 3-position is a facile process and 
so long as appropriate recognition is taken as to the stability Iimitations of 
the product, good yields can be obtained. While introduction of a 1- or 2-EW 
substituent attcnuates reactivity, halogenation still occurs readil)'. Indole. 
l-methylindole and 2-methylindole can be brominated or iodinated by reac­
tion with the halogens in DMF[l]. Other reagent<; which have been uscd 
for halogenation of indoles include pyridinium bromide perbromide[2], N­
ehlorosuccinimide[3], sulfuryl chloride[ 4] and 2AA.6-tetrabromocyelohexa­
dienone[5]. A recently devcloped procedure involves use of N-bromosuc­
einimide in a slurry of silica in CH2CI2 [6]. Table 11.6 givcs somc examples of 
these reaetions. 

3-Sulfenylation of indoles can be earried out with sulfenyl halides[7], 
disulfides[7-9] or with N-methylthiomorpholine[lO]. With disulfides the in­
doles are converted to Iithium[8] or zinc[9] salts prior to sulfenylation. 
Thiophenols and iodine convert indoles to 3-(arylthio)indoles[ll]. 

Direct 3-silylation of N-substituted indoles has been elTected by reaction of 
the indoles with trimethylsilyl triflate in the presence of triethylamine[12]. The 
trimethylsilyl group has also becn introduced via 3-lithio-l-(phenylsulfonyl)­
indole[13]. 

Procedure 

3-Bromoindole{2] 

A solution of indole (4.0 g, 0.034 mol) in pyridine (40 mI) was eooled lo OcC 
and pyridinium bromide perbromide (10.8 g. 0.034mol) was added slowly so 
that the reaction tempcraturc did not rise above 2De. When the addition was 

Table 11.6 

Halogenation of indo les 

Entry Substituents Halogenation reagent Position Yield ("lo) Rcf. 

None Pyridinium hromide 3 64 [2,3] 
perhromide 

1 None N -Chlorosuccinimidc, 3 84 [3] 
MeOH 

3 None 2,4,4,6-Tetra bromocyclo- 88 [5] 
hexadienone 

4 I-M~thvl Br2,DMF .1 94 [1] 
5 2-Methyl 120 DMF 3 98 [1] 
6 2-Methyl NBS, CH 2CI 2 • silica 3 98 [6] 
7 3-Methyl NBS, CH2 CI2 , silica 2 90 [6] 
8 3-Rromo Br2, CH 2 C1 2 2 76 [3] 
9 4,7-Dibromo S02CI2 (2 cq.) 2,3 gg f41 
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complete the reaction solution was pourcd into cold ether and filtered. The 
filtrate was washed successively with di!. HCI, di!. NaOH and water. The ethcr 
solution was dried (MgS04 ) and evaporated lo dryness. The residue was 
crystallized from n-hcptane to give 4.3 g (64% yield) of 3-bromoindole. Heating 
the recrystallization solution abovc 60°C caUses decomposition of the product. 
The recrystallized 3-bromoindole can be stored under pentane at - 20°C. 
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Modification of 3-Alkyl Substituents by 

Nucleophilic Substitution 

An important method for construction of functionalized 3-alkyl substituents 
involves introduction of a nucleophilic carbon synthon by displacement of an 
a-substituenl. This corresponds to formation of a benzylic bond but the ability 
of the indo le ring to act as an electron donor strongly influenccs the reaction 
pattern. Under many conditions displacement lakes place by an elimination­
addition sequence[l]. Substituents that are normally poor leaving groups, e.g. 
alkoxy or dialkylamino. exhibit a convenicnt level of reactivity. Conversely, the 
3-(halomethyl)indoles are too reactive to be synthetically uscful unless stabil­
ized by a ring EW substituent. 3-(Dimethylaminomethyl)indoles (gramine 
derivatives) prepared by Mannich reactions or the derived ljuaternary salts are 
often the preferred starting material for the nucleophilic substitution reactions. 

1) RX - (12.1) 
2) Nu· 

A number of early studies demonstrated that stabilized carbanions such as 
those from dialkyl malonates, ~-ketoesters, a-nitroeslers and nitroalkanes were 
alkylated by gramine and its derivatives. The cyanide group can al so be easily 
introduced by nucleophilic substitution. Table 12.1 gives some examples of 
these reactions. The procedures typically involvc hcating the nucleophilic anion 
and the gramine derivative. In some procedures gramine is convcrted to the 
salt prior to the reaction (e.g. Entries 7 and 8) but in other procedures the salt 
is formed in situ by including an alkylating reagent, typically dimethyl sulfate, 
in the rea<.:lion mixture (Entries 1, 2, and 3). The alkylation of dimethyl 
malonate, nitromethane and similar anions was found to be improved by 
inclusion of tri-n-butylphosphine in the rcaction mixture[2]. For cxample, 
heating gramine and diethyl acetamidomalonate in acelonitrile in the presence 
of 40 mol% tri-n-bulylphosphine resulted in a quantitative yield of the alkyla­
tion product, while no reaction occurred in the absence of the phosphinc. It is 
postulated that the phosphine traps the methyleneindolenine intermcdialt; and 



Table 12.1 

Alkylation using gramine derivatives 

Entry lnd ole rcactan t N ucleophile Conditions Yield ("lo) Rd. 

Gramine Nitromethane (MeO)lSOl' NaOMe 86 [4] 
2 Graminc Methyl 2-nítropropanoate Xylene, reflux 81 [5,6] 
3 Graminc Díethyl acetamidomalonate (MeO)2S02' NaOEt 95 [7] 
4 Gramine Diethyl formamidomalonate (MeOhS02' NaOEt 99 [7,8] 
5 Gramine 3-Cyanopcnta-2,4-dione sodillm (MeO)2S02 79 f91 

enolate 
6 Gramine Diethyl 2-(ethoxycarbonyl)- (1) Na, toluene na [10] 

butanedioate (2) aq. NaOH 
7 Gramine 2-Cyano-4-oxopentanecarbo- DMAD 71 [9] 

ni trile 
S Gramine methiodide DBu, DMF 25 [11] 

H02C -9N9H(CH2)4NHCbZ 

O CO:;CH3 

9 Gramine methiodide O (CH2)3NHCO:;CH2Ph NaOMe 76 [12] 
(CH3bCNHGHCCH2CH(C02C2HS)2 

" O 

10 3-[I-(2-Propylamino- Methyl nitroacetate Et 3N, toluene, reflux 85 [13] 
ethyl)]indole 

I1 5-Benzyloxygramine Ethyl 2-nitropropanoate Xylene, reflux 90 [6] 
12 7-Benzoylgraminc Diethyl malonate NaH. xylene 46 [14] 
13 5-Nitro-3-(diethylamino- Ethyl nitroacetate Xylene, 92°C S6 [15] 

methyl)indole 
14 4-(3-Hydroxy-3-methyl-l- M ethyl nitroacetate Tributylphosphine 80 [16] 

butenyl)-3-(dimethyl-
aminomethyl)indule 

15 4-(3-Methylbut-2-enyl)- Diethyl formamidumalonate Toluene, NaOH 78 [17] 
3-( dimethylamino )indole 
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promotes subsequent addition, perhaps through a pcntavalent phosphorane. 
The phosphine catalyst method has proven useful for the alkylation of rather 
complex structures such as illustrated by equation 12.2. 

(12.2) 

Dimethyl acetylenedicarboxylate (DMAD) has also been used to catalyse 
gramine alkylations (see Entry 7). It may function by both activating the 
dialkylamino leaving group and deprotünating the nucleophile[3]. 

-
Thc simple 3-halomethylindoles are too unstable to be useful reagents for 

·synthesis. However, stabilization by an EW nitrogen substituent gives more 
suitable compounds. l-Benzoyl- and l-(phenylsulfonyl) derivativcs of 3-(brom­
omethyl)indole can be prepared by radical bromination with NBS[19,20]. 
These compounds are capable of alkylating typical nucleophiles such as 
imidazole, cyanide or azide ion, and enolates of compounds such as diethyl 
malonate[19]. Reaction with triethyl phosphite gives a phosphonatc cstcr 
which Can be used in Wadsworth-Emmons condensatíonsL20]. l-(Phenylsulf­
onyl)-3-(iodomethyI)indole gives 52% of the C2 alkylation product 12.4C on 
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reaction with the lithium enolate of methyl sorbate[21]. This iodide has also 
been used in the alkylation of a ketone enolate in the course of synthcsis of the 
indolyl terpene emeniveiol (equation 12.5)[22]. 

12.4A 

Procedures 

o 
I 

CH30C~CHCH~CHCH~CH2 

12.48 
--

+ hlL. --
li-O 0~ 

H OTBDMS 

(12.4) 

66% 

(12.5) 

In situ quatemization method: ethy/2-(ethoxycarbony/)-2-formamido-3-
(indo/-3-y/)propanoate{7,B] 

Sodium metal (0.23 g, 10 mmol) was dissolved in abs. EtOH (30 mi). Gramine 
(L74 g, 10 mmol) and diethyl formamidomalonate (2.03 g, 10 mmol) were 
added, followed by slow addition of dimethyl sulfate (2.52 g). The solution was 
allowed to stand at room temperature for 4 h, during which a precipitate 
formed. The mixture was poured into water and the product collected by 
filtration (99% yield). 

In situ quatemization method: 3-(2-nitroethy/)indo/e{4] 

A solutiol1 of NaOMe was prepared fram sodium (4.35 g, 0.19 g-atom) and 
MeOH (300 mi). This was added to a stirred solutiol1 of gramine (30 g. 
172mmol) and dimethyl sulfate (43.4g, 344mmol) in 1:1 CH3N02 -MeOH 
(500 mi). The reaction mixture \Vas stirred for 24 h_ Ncarly all of the solvent 
was removed in wcuo and the residue dissolved in CH2 CI 2. The solution was 
washed with 5% NH 3• 1 N HCI and brine. The organic layer was dried 
(Na2S04 ) and the soh:ent evaporated in l"aCllO_ The residue was purified by 
chromatography using CHCl3-hexane to give the product (2&_0 g, &6%) along 
with a little 3-[2-nitro-2-(indol-3-ylmethyl)ethyl]indole (2J~ g. 5%). 
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Prior quatemization method: 4-acetyl-4-cyano-5-(indol-3-yl)pentan-2-one{9] 

To a solution of gramine (4.35 g, 25 mmol) in dry THF (30 mi) under nitrogen 
was slowly added dimethyl sulfate (3.24 g, 25 mmol) in dry THF (25 mi). A 
pink gum formed. In a separate fiask, 3-eyanopenta-2,4-dione (4.23 g, 25 mmol) 
in dry THF was added slowly to THF (15 mi) and NaH (0.6 g, 25 mmol) at 
oue. When the addition was complete, the eooling bath was removed and the 
solution of the anion (purple) was slowly transferred by cannula to the first 
flask. The mixture was shaken to disperse the gummy preeipitate suffieiently to 
permit stirring. Stirring was then eontinued for 16 h. The solvent was evapor­
ated and the residue was partitioned between CHCI) (25 mi) and 2 M HCI 
(25 mI). The aqueous layer was extracted with additional CHCI) (2 x 15 mi) 
and the combined CHCI3 layers washed with water, brine and dried (MgS04 ). 

The solvent was removed in vacuo and the residue purified by chromatography 
using petroleum ether/EtOAe for elution. The produet was obtained as an oil 
(6.22g, 79%). 

Tri-n-butylphosphine catalysis: 3-(2-methyl-2-nitropropyl)indole{2] 

A solution of gramine (87.3 mg, 0.50 mmol) and 2-nitropropane (33.7 mg, 
0.38 mmol) in CH 3 CN (3 mI) was treated with n-Bu 3 P (18.6 mg, 0.14 mmo!). 
The mixture was refluxed for 4 h. The solvent was removed in vacuo and the 
residue was aeidified with 0.5 N aq. HCI and extraeted with 95:5 CH2 C!2-

MeOH. The extraet was washed with brine and dried (Na2S04). The solvent 
was removed in vacuo and the residue purified by TLC to yield 138.5 mg (99% 
yield) of the produet. 

Indole-3-acetonitrile{18] 

A solution of gramine methosulfate (30.0 g, 0.10 mol) and NaCN (15.0 g, 
0.30 mol) in water (300 mi) was heatcd to 65-70°C for 1 h. A colourless oil 
separated as the reaetion proeeeded. The solution was eooled and saturated 
with Na2S04 and extraeted with ether (400 mi). The ether was removed in 
vacuo and the residue purified by high vaeuum distillation to give the produet 
in 94% yield. 
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Introduction of the Tryptamine and Tryptophan 

Side-Chains 

The appearance of the 2-(indol-3yl)ethylamine (tryptamine) unit in both 
tryptophan-derived natural products and in synthctic matcrials having poten­
tial pharmacological activity has generated a great deal of interest in the 
synthesis of such compounds. Several procedures which involve either direct 
3-alkylation or tandem 3-functionalizationjmodification have been developed. 
Similarly, methodology applicable to preparatíon of tryptophan analogucs has 
bccn widcly cxplored. 

13.1 INTRODUCTION OF THE TRYPTAMINE SIDE-CHAIN 

There are several procedures in which the reactivity of the indole ring towards 
electrophilic subsitution at C3 is used as the basis for introducing the 
tryptamine side-chain. A procedure developed by Speeter and Anthony in­
vol ves acylation by oxalyl chloride followed by reaction with an aminc to givc 
an indol-3-ylglyoxamide[1]. The glyoxamides arc thcn rcduced to tryptamines. 
In thc original procedure LiAIH4 was used but alternative methods using 
diborane and alane are also successful. The borane reductions generate 
amine-borane complexes from which the amine is Iiberated using CsF or 
acidic bydrolysis. Table 13.1 Iists sorne examples of these reactions. 

Tryptamines can also be obtained from nitroethyl and nitrocthcnyl indoles. 
3-(2-Nitroethyl)indolcs can be obtained in moderate to good yield by 3-alkyla­
tion with nitroethylene. The effective generation of this reactive alkene is the 
,key to the success of the procedures. Ranganathan and co-workers generated 
nitroethylene from a mixture of nitroethanol and phthalic anhydride heated to 
175-180°C. Nitroethylene was obtained by distillation at partial vacuum. 
Reaction of nitroethylene with indole gave 3-(2-nitroethyl)indole in 80% 
yield[8]. Another procedure involves in situ generation of nitroethylene from 
2-nitroethyl acetate. This can be done in refluxing xylene in the presence of a 
radical chain inhibitor (c.g. tert-butylcatcchol)[9]. 

3-(2-Nitroethenyl)indoles can be prepared by reactiün of an indole with 
2-(dimethylamino )-l-nitroethene in TF A[l O]. 3-(2-Nitroethenyl)indolcs can 
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Table 13.1 

Synthesis of tryptamines from indoles via glyoxamides 

Indolc 
Entry suhstitucnt Amine Reductant Yield (%) Ref. 

1 None Indolíne AIH 3 93,97 [21 
2 5-Benzyloxy N,N-Dibenzylamine LiAIH4 91,92 [1] 
3 S-Nitro Dimethylamine BH 3-THF 36,54 [3] 
4 6-Chloro NH 3 LiAIH4 83,41 [41 
5 6-Chloro-5-methoxy NH3 BH3-S(CH 3)2 85, 76' [5] 
6 5,6-Dimcthoxy 1-Phenylethyl- A1II3 75,85 [6] 

amine 
7 Oxano[3,2-c] Dimethylamine BlI3-S(CH3 )2 78,54 [7] 

'Isolated as N-acetyl derivative. 

also be made by condensation of indole-3-carboxaldchydcs with nitroalkanes. 
Condensation is typically carried out with NH40Ac/Ac20[II]. The nitro­
ethenyl indoles can be reduced to tryptamines with LiAIH4 . In addition to 
LiAIH4 , AIH3 has been used for reduction[9]. Stepwise reduction, first to the 
nitroalkane using Wilkinson's catalyst and then to the tryptamine by hydro­
genation over Pd/C, has also be en reported[12]. The examples in Table 13.2 
illustrate these procedures. 

Tryptamines can also be prepared from gramine via indole-3-acetonitrilt:s. 
This procedure was found advantageous for C-halo tryptamines[9]. 

Procedures 

3-(2-Dimethylaminoethyl}-5-nitroindole[3] 

Glyoxamide formation 

To a stirred mixture of 5-nitroindole (10.00 g, 61.7 mmo)) and phthalimide 
(4.00 g) in anhydrous ether (250 mi) was added dropwise oxalyl chloride 
(17.0 mi, 0.194 mmol). The reaction mixture was stirred under nitrogen for 72 h. 
The mixture was then chilled in ice and a solution of dimethylaminc (80 mI) 
condensed in ether (80 mi) at - 78°C was added cautiously with vigorous 
stirring. Stirring was continued for 1 h after th!;: addition was complete. The 
ether was then removed by evaporation and the residue partitioned between 
water (500 mi) and CH2Cl2 (500 mi). The pH was adjusted to 3 with conc. HeL 
The layers were separated and the aqueous layer was further extracted with 
CH2Clz (3 x 500 mI). The combined CH2Cl2 layers were dried (MgS04 ) and 
evaporated in vacuo. Recrystallization of the residue from methanol gave the 
glyoxamide (5.74 g, 36%). 



Table 13.2 

Synthesis of tryptamines via nitroethyl and nitroethcnyl indoles 

Entry Indole substit uent Re actant Reductant 

A Nitroethylation vía nitroethene 
I None 
2 5-Methoxy 
3 4-( 4-Hydroxy-3-methyl-l-

butenyl) 

Nitroethene 
2-Nitroethyl acetate 
Nitroethene 

B Nitroethenylation \Vil/¡ dimel/¡ylaminonitroethene 
4 2-Methyl Dimethylaminonitroethene 

5 
6 

6-Benzyloxy 
2-Cyclohexyl-5-methoxy 

Dimethvlaminonitroethene 
Dimethylaminonitroethenc 

e From indole-3-carboxaldehvdes bv condensation \Vilh nitroalkanes 
7 Nune . - Nitropropane. NH 4 0Ac, Ac20 
8 l-Cyclopentyl Nitromethane, NH 40H 
9 4,7-Dibenzyloxy Nitromethane, NH 40Ac, Ac 20 

lO 6-Chloro-5-methoxy Nitroethane, NH 4 0Ac. Ac 20 

'Isolated as acetyl derivative. 

(1) H 1 , RhCl(PPh3h 
(2) H 1 , Pd/C 
LiA1II4 
LiA1H4 

LiA1H4 
LiA1H4 
LiAI4 
A1H 3 

Yield (%) Ref. 

80,- [R] 
66,- [9J 
53, [11J 

80,93 [lOJ 

95,98 [12] 
60,42" [13J 

34,40 [14J 
60,58 [15J 
98, lOO [16J 
47,97 [9J 
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Reductiun with diborane 

To a stirred solution of the glyoxamide (5.36 g, 20.5 mmol) in anhydrous THF 
(55 mI) was added 1.0 M diborane in THF (78.8 mI, 78.8 mmol). The resulting 
solution was stirrcd at room temperature under nitrogen for 16 h. A saturated 
solution of NaHC03 (200 mI) was added carefulIy to the reaction solution and 
the mixture was extracted with ether (3 x 150 mI). The ether extracts wcre 
combined, dried (MgS04 ) and evaporated in vacuo, lcaving the amine-borane 
complexo This solid was added to a mixture of abs. ethanol (150 mI), CsF (6.9 g) 
and NalCO) (6.9 g). The resulting mixture was heated at reflux under nitrogen 
for 16 h. The solution was cooled, filtered through Ce1ite and the filtrate 
concentrated in vacuo. The oil was purified by chromatography using CH 2Clz­
MeOH-aq. NH 3 for elution to givc thc product (2.58 g, 54%) as a yellow solid. 

3-(2-Aminoethyl)-6-benzyloxy-1-methylindole[12,13} 

N itroetheny/ation 

To a stirred ice-cooled solution of 2-(dimethylamino)-I-nitroethene (1.67 g, 
14.4mmol) in TFA (7.2ml) was added 6-benzyloxy-l-methylindole (3.42g, 
14.4 mmol). The solution was alIowed to warm to room tcmperature and 
poured into ice water. The product was extracted using EtOAc to give 
6-benzyloxy-l-methyl-3-(2-nitroethenyl)indole (4.2 g, 95%). 

Reduction 

The previous product was added to LiAIH4 (6 eq.) in THF. The solution was 
heated at reflux for 1 h. The excess hydride was destroyed by dropwise addition 
of water and the resulting mixture filtered through Celite. The filtrate was 
diluted with EtOAc, washed with brine and dried (Na2S04 ). The product was 
an oil (3.4g, 98%). 

3-(2-Aminobutyl)indole[14} 

Cundellsatiol1 step 

A solution of crystaIline NH4 0Ac (66 g), Ac2 0 (18 mI) and AcOH (60 mI) was 
stirred for 20 min at 50c C. A mixture of indole-3-carboxaldehyde (87.0 g, 
0.6 mol) and l-nitropropane (300 mI) in AcOH (300 mI) was added. The 
mixture was refluxcd for 3 h, cooled, diluted with water (360 mI) and chilled to 
1 aoC. The so lid which was colIected was recrystallized from 40% ethanol to 
give 44.5 g (34%) of 3-(2-nitro-l-butenyl)indole. 

Reduction 

Anhydrous THF (300 mI) was treated with LiAIH4 (1.7 g). After reaction 
subsided, additional LiAIH4 (30.0 g) was added carefulIy and the mixture was 
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stirred for 1.5 h. A solution of the nitrobutenylindole (36.0 g, 0.17 mol) in TRF 
(285 mI) was added dropwise over 3 h and the mixture gradually brought to 
reflux. The suspension was heated at reflux for an additional 2 h and kept 
overnight at room temperature. Moist ether (500 mI) was added eautiously, 
followed by addition of 70 mI of water and 100 mI of THF. When reaetion 
ceased, 20 mI of conc. NaOH was added. The mixture was stirred for 1 h and 
filtered. The solid \Vas washed with ether (1.51). The filtrate and washings were 
combined, dried over K 2C03 (50 g) and eoneentrated. The residual oil was 
dissolved in MeOR (100 mI) and AcOR (12 mI) was added. The mixture was 
evaporated and the residue dissolved in EtOAc (250 mI) and MeOR (30 mI). 
This solution was evaporated to about one-third volume, and 2 mI of AcOR 
was added. The product (17.0 g, 40%) precipitated on cooling. 
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13.2 INTRODUCTION OF THE TRYPTOPHAN SIDE-CHAIN 

One effective method [or synthesis of tryptophan derivatives involves alkyla­
tion of formamido- or acetamido- malonate diesters by gramine[1.2]. Conver­
sion to tryptophans is complcted by hydrolysis and decarboxylation. These 
reactions were discussed in Chapter 12. An enoJate of an a-nitro ester is an 
aIternative nucleophile. The products can be con verted to tryptophans by 
rcduction[3,4]. 

A versatile tryptophan synthesis which proceeus directly from indoles as 
starting materials was developed by Gilchrist[5]. The alkylation reagent is the 



Table 13.3 

Introduction of the tryptophan side-chain 

Entry Indole substituents 

A By reactiofl with ethyl fJ-bromopynwate oxime 
1 2-Cyclohexyl 

2 4-(Ethoxycarbonyl)mcthyl 

3 5-Bromo-2-(3-phenylpropyl) 

4 4- [N-Methyl-N -(1-benzyloxycarbonyl-2-
methylpropyl)amino] 

5 4-[N-(l-(t-Butoxycarbonyl-2-melhylpropyl)-N-
methylamino]-7-( 1 ,1-dimethyl-2-propenyl) 

B By palladium-catalysed reaction with amidoacrylate esters 
6 4-Bromo-3-iodo-l-( 4-methylphenylsulfonyl) 

7 4-Fluoro-3-iodo-l-( 4-methylphenylsulfonyl) 
8 3-Bromo-2-(ethoxycarbonyl) 

'Tsolated as t-Boc derivative. 

Reactants 

(1) Ethyl ~-bromopyruvate oxime, Na 2CO, 
(2) Zn, HOAc; HCI: (t-BOC)20 
(1) Ethyl ~-bromopyruvate oxime, NaZC03 
(2) AI-Hg 
(1) Ethyl ~-bromopyruvate oxime, NaZC03 
(2) Zn, HOAc; NaOH 
(l) Ethyl ~-bromopyruvate OlI.ime, Na2C03 
(2) AI-Hg 
(1) Ethyl ~-bromopyruvate oxime, NaZC03 

(2) AI/Hg 

(1) Methyl cx-acetamidoacrylate, Pd(OAc)2 
(2) Hz, RhCI(PPh,)3 
(1) Mcthyl cx-acetamidoacrylate, Pd/C 
(1) Methyl cx-(t-butoxycarbonylamino)acrylate, 

Pd(PPh 3lzCI 2 

Yicld (%) Ref. 

99,83" [7] 

72, 88 [8] 

63,55 [9] 

45, >42 [10] 

57.90 [11 ] 

60.98 [12] 

n [13] 
66. [14] 
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oxime of ethyl bromopyruvate which generates o:-nitrosoaerylate in situ. This 
intermediate reaets with indoles to give 2-oximino-3-(indol-3-yl)propanoates 
which can be redueed to tryptophans. This method has pro ved to be a useful 
way of preparing both 2- and C-substituted derivatives of tryptophan. Table 
13.3 includes sorne cxamples. 

base --- ~ V--N7 
I 

H 

- (13.1 ) 

If the oximino intermediates are O-alkylated and then reduced with BH
3

-

N(CH 3h N-alkoxy tryptophans can be obtained[6]. 
Tryptophans can al so be prepared by reduetion of o:,~-dehydrotryptophans. 

These can be obtained by a classieal azlactone type synthesis from dcrivatives 
of indole-3-earboxaldehyde. These reactions usually rquire an N-EW substitu­
ent and the yields are modest[15]. 

CH=O 

~ V-/ 
I 
H 

o 
CH3CNCH2C02H 

I 

H 

(13.2) 

Better results have been obtained using the 3-(2-pyrrolidinylidene)indolenine 
intermediate l3.3A which can be prepared from indole-3-carboxaldehyde and 
pyrrolidine[16]. 

o 
" + CH3C~CH2C02CH3 _ (13.3) 

H 

13.3A 13.38 62% 

Use of él-acetamidoacrylate esters in the Heek reaction allows for the 
introduetion of a dehydroalanine side-ehain. The dehydrotryptophans ean be 
reduced catalytically, and this reduction can be done enantioselectively[ 17]. 
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Standard Heck conditions were used to introduce the dehydroalanine side­
ehain with 4-bromo-3-iodo-l-( 4-methylphenylsulfonyl)indole[12]. Using 4-
fluoro-3-iodo-l-(4-methylphenylsulfonyl)indole as the reaetant, Merlic and 
Semmelhack found that addition of 2 eq. of LiCI or KCI improved yields in 
reactions carried out with 10% PdjC as the catalyst[13]. The addition of the 
dehyroalanine side chain can also be done by stoichiometric Pd-mediated 
vinylation (see Section 11.2). A series uf C-subslituted dehydrotryptophans was 
prepared in 40-60% yield by this method[14]. 

The tryptophan side-chain can also be introdllced lIsing methyl 2-ethoxy-l­
nitroacrylate as an clectrophile[l 7b]. Vinylation occurs at room temperature 
by addition elimination. Redllction by SnClz followed by acylation generates 
N~-acyl-cx,~-dehydrotryptophans. 

~\ V-NI 
I 

H 

C2H50CH=CC02C02CH3 

N~ - SnCI2 -HCI 

(13.4) 

Enantioselective synthesis of tryptophans has been a¡;complished uia alkyla­
tian of 2.5-diethoxy-3,6-dihydropiperazines by the method developed by 
Schollkopf[18]. For example, D( + )-6-methoxytryptophan ethyl ester was 
prcpared using 1-(phenylsulfonyl)-3-(bromomethyl)-6-methoxyindole for alkyl­
ation[19]. 
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Procedures 

5-Benzyloxytryptophan{3] 

Alkylation 01 ethyI nitromalonate 

5-Benzyloxygramine (28.0 g, 0.10 mol) and elhyl nitromalonate (20.5 g, 
0.10 mol) were dissolved in toluene (225 mI). The solution was heated at reflux 
with a vigorous stream of nitrogcn passing through the solution. During the 
heating, precipitation of a solid occurred, which made stirring difficult, but it 
disappeared on continued heating. The reaction was continued until evolution 
of dimethylamine was complete (about 4 h). The cooled solution was washed 
with 2 N HCI (2 x 100 mi), 1 N NaOH (2 x 100 mi) and water. The solution 
was dried (MgS04) and decolorized with Magncsol. 

Partial hydrolysis and decarboxylation 

The toluene solution from the previous step was treated with an ethanol 
solution of NaOEt (0.1 mol in 100 mi) at oue. When about a quarter of the 
solution had be en added a thick precipitate formed and ether (100 mi) was 
added to maintain a fluid slurry. The remainder of the NaOEt was added and 
the slurry was stirred overnight. The solid was collected and washed with ether. 
It was then mixed with ether (200 mi) and 2 N HCI (75 mI) and shaken in a 
separatory funneI until the so lid dissolved. The ether layer was washed with 
2 N H HCI (2 x 50 mI) and water and dried over MgS04 . The solution was 
decolorized with Magnesol and evaporated to give the ('¡(-nitro ester as a red oil. 

Reduction and hydrolysis 

Ethyl 2-nitro-3-(5-benzyloxyindol-3-yl)propanoate (3.7 g, 0.01 mol) was dis­
solved in abs. ethanol (50 mI) and hydrogenated over PtO catalyst (1.0 g) until 
H 2 uptake ceased (about 1.75 h). The solution was purged with nitrogen and 
20% aq. NaOH solution (4.0 g) was added. A hydrogen atmosphere was 
re-established and the hydrolysis was allowed to proceed overnight. The 
solution was diluted with water (20 mI) and filtered. The pH of thc filtrate was 
adjusted to 6 with HOAc and heated to provide a solid precipita te. The 
mixture was cooled and filtered to provide 5-benzyloxytryptophan (2.64 g). 

Nfi_(tert)-Butoxycarbonyl-2-cyclohexyl tryptophan ethyl ester 

A solution of 2-cyclohexylindole (lOOmmol) in CH 2 C1 2 containing Na
2
C0

3 
(7.5 g) was treated with a solution of ethyl 3-bromo-2-(hyroxyimino)pro­
panoate (7.35 g. 35 mmol) in CH2 CI 2 (50 mI). The mixture was stirred under 
nitrogen for 16 h, liltered through Celite, and concentrated in vacuo. The 
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intermediate was purified by chromatography (99% yield). The intermediate 
(13 mmol) was dissolved in AcOH (100 mI) and zinc dust (3.4 g) was added in 
portions over 30 mino Thc rcaction was slightIy cxothcrmic but was not coolcd. 
The mixture was filtered through Celite and concentrated in vacuo. The residue 
was dissolved in 1 N Hel and evaporated lo provide the tryptophan hydro­
chloride salt as a foam. This salt was dissolved in t-butanol (50 mI) and water 
(5 mI) and treated with Et3N (2.3 mI, 16 mmol) and di-tert-butyl dicarbonate 
(3.4 g, 16 mmol). After stirring overnight, the reaction mixture was evaporated 
in vacuo, dissolved in EtOAc, washed with 1 N HCl, 1 M NaZCO) and brine. 
The solution was dried (Na2S04 ), filtered and concentrated. The product was 
purified by silica gel chromatography, using CHCI3 for elution (83% yield). 
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-14-
Introduction of Substituents on the 

Carbocyclic Ring 

Introduction of substituents on the carbocyclic ring relies primarily on elec­
trophilic substitution and on organometallic reactions. The former reactions 
are not under strong regiochcmical control. The nitrogen atom can stabilize 
any of the C-ring a-l:omplexes and both pyrrole and benzo ring substituents 
can influence the substitution pattern, so that the position of substitution tends 
to be dcpcndent on the specific substitution pattern (Scheme 14.1). 

Reactions via organometallic intermediates achieve position selectivity on 
the basis of prior substitution, for cxample through halo gen-metal exchange 
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of C-haloindoles or by directed metallation, and thus are ultimatcly dependent 
on a preccding synthetic manipulation for regioselectivity. 

14.1 ELECTROPHILlC SUBSTITUTION 

Electrophilic substitution on thc carbocyclic ring requires deactivation of the 
heterocyclic ring and this is usually achieved by lhe pn:sence of an EW 
substituent at Ni, C2 or C3 or a combination thereof. For example, ethyl 
indole-2-carboxylate can give either C3 or C5,7 acylation, depending upon 
reaction conditions[i,2]. Use of excess AICI 3 favours carbocylic subsitution. 
This may reflect stoichiometric complexation at the ethoxycarbonyl group 
which further deactivates the heterocycli\: ringo Ethyl indole-3-carboxylate 
gives a mixture of 5-, 6- and 7-substitution products on reaction with 
CH 3 COCljAICI3 [3]. In sorne instances the regiosclcctivity seems to be govern­
ed by the specific acylating agent. For example CICH2COCI and ClzCHCOCI 
give good yields of 6-acylation producls on AICl3-catalysed reaction with 
l-a\:ylindoles[4]. Acel)'1 chloride does not exhibit this regioselectivity. Under 
certain conditions ethyl indole-2-carboxy]ate can be acylated at C5 in prefer­
ence to C3(5). This regioselectivity is obscrved for acid chlorides with EW 
substitucnts (sce Entry 3, Table 14.1 for example). Azlaetones have been found 
to give predominant]y C5/C7 substÍlution with ethyl indole-2-carboxylate[2]. 
At the moment the mechanistic basis of these regioselectivities is not clear. 

o 

~o 
N "1' 

R 

The presence of activating substituent on the carbocyclic ring can, of course, 
affect the position of substitution. For example, Entries 4 and 5 in Table 14.1 
rcflcet sueh orientational cffeets. Entry 6 involves using the ipsn-directing effect 
of a trimethylsilyl substituent to achieve 4-acetylation. 

The strongt:r directing effects present in the indoline ring can sorne times be 
used to advantage lo prepare C-substituted indoles. The aniline type of 
nitrogen present in indoline favours 5,7-substitution. After the substitut:nt is 
introduced the indoline ring can be aromatized by dehydrogenation (see 
Section 15.2 for further discussion). A procedure for 7-aeylation of indoline 
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Table 14.1 

Electrophilic carbocyclic substitution 

Entry Substituents Reagents Yield (%) Ref. 

l-Acctyl-6-chloroacetyl Chloroacetyl chloride, AlU 3 80 [4J 
2 6-Acctyl-l-benzoyl-2,3- Acetyl chloride, A1C]3 70 [2J 

dimethvl 
3 2-CEthoxycarbonyl)-5- 4-Nitrobenzoyl chloride, 73 [7J 

(4-nitro bemoyl) A1CI, 
4 2-(Ethoxycarbonyl)-7- Propanoyl chloride, A1Cl3 93 l~J 

methoxy-3-methyl-
4-propanoyl 

5 7 -Methoxy -4-( methoxy- (1) C1COCOCl. A1Cl3 75 [9J 
carbonyl)-l-pheny lsulfonyl (2) MeOH 

6 l,4-Diacetyl Acetyl ehloridc, A1Cl3 95 [IOJ 

depends upon a chelation efft:ct. Nitriles are known to have a preference for 
ortho-acylation when reaction is carried out on a preformed BCI 3 complex[ll]. 

r0¡r\ 
~N/ 

I 

BCI3 

(14.2) 

ArCN _ 

H 

l-Acetylindoline-2-sulfonic acid, which can readily be obtained from indo le 
by addition of sodium sulfite followed by acetylation, is a useful intermedia te 
for introduction of 5-substitucnts by clcctrophilic substitution[12]. The sub­
stituted indoline-2-sulfonic acid can be reconverted to the substituted indole by 
treatment with base. 

Procedures 

6-Chloroacetyl-1-(2,2-dimethylpropanoyl)indole{4] 

To a suspension of AICI 3 (89 g, 0.67 mol) in 1,2-dj¡;hlorot:thane (600 mi) 
chloroacctyl chloride (56ml. 0.70 mol) was added dropwise at O'c. After the 
addition was complete the mixture was kept at ambient temperature for 
15 min, at whü;h time 1-(2,2-dimethylpropanoyl)indole (30 g, 0.15 mol) was 
added over 3 h. After compktion of the addition, tht: mixture was stirred for 
15 min and then poured ¡nto ice-cold water. The mixture was extracted with 
1,2-dichloroethane. The extract was washed with water (3 x) and aq. 5% 
NaHC03 (3 x J, dried (Na1 S04 J and concentrated in vacuo. The residue was 
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erystallized to give the produet (25 g, 60% yield). Additional produc:t (5.4 g, 
13% yield) and a small amount of the 4-ehloroaeetyl isomer (1.7 g, 4% yield) 
was obtained by ehromatography of the mother liquor. 

7-Benzoylindole[13] 

Acylation 

A solution of indoline (120 g, l.Omol) and benzonitrile (124 g, 1.2 mol) in 
toluene (555 mi) was heated to boiling and 90 mi of toluene was distilled off to 
effeet azeotropie drying. In a separate flask BCl 3 (130 g, 1.1 mol) was added to 
dry toluene (745 mi) at 5°C. This solution was kept at 5-10°C while the 
indoline-benzonitrile solution was added over 2.5 h. The temperature was 
maintained at 5-lOoC and AICI3 (147 g, 1.1 mol) was added in portions over 
45 mino The reaetion mixture was then refluxed for 16 h. The reaetion mixture 
was eooled to 8°C and water (188 mi) was added with eontinued stirring, 
resulting in separation of a heavy gum. There was then added 2 N Hel (800 mi) 
and the reaetion mixture was heated to reflux for 2.5 h. During heating, a tan 
granular preeipitate formed. After eooling, it was eollected by liltration, washed 
with water and pressed dry. The damp solid was resuspended in water (1.11) 
and the suspension made basie with 25% NaOH solution while keeping the 
temperature below 20°C. Stirring was then eontinued for 4 h. The resulting 
yellow solid was eolleeted by filtration, washed with water and dried to give 
179 g (80%) of 7-benzoylindoline. 

Aromatization 

7-Benzoylindoline (223 g, 1.0 mol) was dissolved in CHzClz (2.231) and MnOz 
(261 g, 3.0 mol, Diamond-Shamroek grade M) was added. The mixture was 
heated at reflux and agitated for 18 h. The reaction mixture was filtered and 
the solid washed with hot CH 2Cl 2 (200 mi). Evaporation of the solvent left 
7 -benzoy lindole. 
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14.2 RING METALLATION 

Carbocyclic substitution can also be achicved by first introducing a reactive 
organometallic substituent. Preparation of organolithium reagents can be done 
by one of the conventional methods, espt:cially halogen-metal exchange or 
directed lithiation, Table 14.2 gives examples. 

A study of conditions for halogcn -metal exchange of the C-bromoindoles 
found thar the best results were obtained if the indole was first converted to its 
potassium salt by reaction with KH in ether at onc. Halogen-metal exchange 
was then done with t-butyllithium at -78°C[l]. Attempts to use excess 
t-butyllithium on the neutral indole were not as reproducible or effective and 
this was attributed to complications resulting from both incomplete N-depro­
tonation and heterogeneity. Using optimal lithiation conditions, electrophiles 
such as DMF, N-methyl-N-methoxycarboxamides and dimethyl disulfide gave 
good yields of C-substituted indoles[1,2]. Directed lithiation should also be an 
appropriatc proccdurc for preparation of C-substituted indoles, Most examples 
in the literature have been the result of specific synthetic objcctives rather than 
comprehensive studies of dirt:cled lithiation. Nevertheless, they indicate the 
potential of the methodology. One of the issues which must be considered is 
competition with 2-lithiation. A study of 5-methoxy-l-methylindole observed 
competition bctwccn C2, C4 and C6 lithiation[3]. Such competition can be 
influenced by proper choice of substituents. Bulky N-silyl substitucnts can 
retard e2 lithiation. For example, while l-methyl-3-(dimethylaminomethyl)­
indole is lithiated at C2, use of an N -(tri-isopropylsilyl) protecting group leads 
to C4 lithiation[ 4]. 5-(Dimethy1carbamoyloxy)-1-(tert-butyldimethylsilyl)­
indole is c1eanly lithiatcd at C4[5]. l-tert-Butoxycarbonylindoline is lithiated 
at C7 and this permits introduction of various electrophiles at thc 7-posi­
tion[6]. These Iithiated intermedia tes permit the introduction of various 
functional groups by reaction with electrophiles or they can be con verted to 
other organometallic rcagcnts for Pd-catalysed coupling (see Section 14,3 for 
examples). 

Directed thallation has been useful for synthesis of sorne 4- and 7-substituted 
indoles. Electrophilic thallation directed by 3-substituents is a potential route 
to 4-substituted indoles. 3-Formyl[7J, 3-acetyl[8] and 3-ethoxycarbonyl[7] 
groups can all promote 4-thallation. l-Acetylindoline is the preferred startillg 



Table 14.2 

Introduction of carbocyclic substitucnts via lithioindoles 

Entry Indole reactant Reagents Substituent Yicld (%) Rcf. 

A Substitutian via halagen metal exchange 
l Potassio 4-brornoindole (1) s-BuLi; (2) DMF 4-Forrnyl 57 [1 ] 
2 Potassio 6-brornoindole (1) s-BuLi; (2) (CH 3 S)2 6-MethyIthio 94 [2] 
3 Polassio 7-brornoindole (1) s-BuLi; (2) DMF 7-Forrnyl 61 [1] 

B Substitution by directed lithíatíun 
4 3-( Dimethylaminomethyl)-l-( tri-isopropylsilyl)- (1) t-BuLi; (2) DMF 4-Formyl 57 [4] 

indole 
5 3-(Dimethylaminomethyl)-I-( tri-isopropylsilyl)- (1) t-BuLi; (2) eH 3 ! 4-Methyl 69 [12] 

indole 
6 5-( N.N -Dirncthylcarbamoyloxy-I-(tert-butyldimethyl- (1) s-BuLi, TMEDA; 4-Chloro 90 l5] 

silyl)indole (2) C2Cl" 

e Substitution by ¡hallatían 
7 3-Acetylindole (1) TI(02CCF3h; (2) KI 4-lodo 75 [8] 
8 Indole-3-carboxaldehyde (1) TI(ü2CCF3)3; (2) CuBr2 4-Bromo 58 [10] 
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material for 7-thallation[7]. The thallium can then be rcplaced by various func­
tional groups including halogen[8-1O], nitro[7] and azido[7], or subjected to 
Pd-catalyscd couplíng[11]. 

Procedure 

Indole-l-carboxaldehyde{1 ] 

Potassium hydridt: (1 eq.) was washed with hexanes and suspended in anhy­
drous ether at O°c. 7-Bromoindole was added as a solution in ether. After 
15 min, the solution was cooled to -78°C and t-butyllithium (2 eq.) which had 
been precooled to - 78°C was addcd by cannula. A white precipitate formed. 
After 10 min DMF (2 eq.) was added as a solution in ethcr. The reaction 
mixture was allowed to warm slowly to room temperature and when reaction 
was complete (TLC) the suspension was poured into eold 1 M H 3 P04 . The 
product was extracted with EtOAc and the extract washed with sat. NaHCOJ 
and dried (MgS04 ). The product was obtained by cvaporation of the solvent 
and purified by chromatography on silica gel (61 % yield). 
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14.3 PALLADIUM-CATAL YSED SUBSTITUTION 

Indoles with carbocyclic halogen or triflate substituents are potential starting 
materials for vinylation, arylation and acylation via palladium-catalysed pro­
cesses[l]. Indolylstannanes, indolylzine halides and indolylboronic acids are 
also potential reactants. The principal type of substitution whieh is excluded 
from such coupling reactions is alkylation, since saturated alkyl groups tend to 
give elimination products in Pd-catalysed processes. 

Heck type vinylation of 4-bromo-l-(4-methylphenylsulfonyl)-indole pro­
ceeds in good yield with such alkenes as mcthyl acrylate, styrene and N­
vinylphthalimide using Pd(OAc)2 (511101%) and tri-u-tolylphosphíne as the 



Table 14.3 

Carbocy1ic villylation alld ary1ation 

Entry Indole reactant 

A Vinylation under Heck conditions 
1 7-lodo 
2 5-Trifluoromethanesulfonyloxy 

3 4-Bromo-l-(4-methy1phcny1s11lronyl) 

4 4-Bromo-3-[2-(t-butoxycarbony1amino)-2-(ethoxy-
carbonyl)etheny1J-l-( 4-methylphenylsu1fonyl) 

B Arylarion by palladium-caralysed coupling 
55-Bromo 

6 5-Boronic acid 
7 6-Bromo 
B S-Bromo 
9 3-Formyl-4-( bis-trifllloroacetoxythallio) 

Reagents 

Methy1 acry1ate, Pd(OAc)" Et 3N 
Methyl a-acetamidoacry1ate, Pd(OAc)2' n-B1l 3N, 

LiCl, bis-(diphenylphosphinorerrocene) 
Methyl a-acetamidoacrylate, Pd(PPh 3)2C12' 

NaOAc, Et,N 
2-Methylbut-3-en-2-o1, Pd(PPh3hCI2' Ag2C03 , Et3N 

2-( 1-B lItUXy )-5-( tri-n-buly1stanny1)Furan, 
PhCH1 Pd(PPh3)lCI 

Bromobenzene, Pd(PPh 3 )4 

4-F1uorobenzeneboronic acid, Pd(PPh ')4 
4-Fluorobenzeneboronic acid, Pd(PPh')4 
Benzeneboronic acid, Pd(OAc)2 

Yield (%) Rer. 

90 [7J 
3R [RJ 

90 [2J 

83 [3J 

60 [9J 

87 [10J 
90 [l1J 
74 [5] 
60 [6J 
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catalyst system[l]. Methyl ex-acetamidoacrylate al so gives good results[2]. 
The Heck reaction has al so be en used to introduce 4-(3-hydroxy-3-methyl-l­
butenyl) substituents[ 1,3]. 4-Haloindoles can be coupled with acetylenes via 
Pd-catalyscd processes[ 4]. Table 14.3 gives examples of these reactions. 

The Suzuki coupling of arylboronic acids and aryl halides has proven to be 
a use fui method for preparing C-aryl indoles. The indole can be used either as 
the halide component or as the boronic acid. 6-Bromo and 7-bromoindo1c 
were coupled with arylboronic acids using Pd(PPh3)4[5]. No protection of the 
indole NH was necessary. 4-Thallated indoles couple with aryl and vinyl 
boronic acides in the presence of Pd(OAch[6]. Stille coupling between an aryl 
stannane and a haloindole is another option (Entry 5, Table 14.3). 

Procedures 

Methyf 1-( 4-methyfphenyfsuffonyf)indofe-4-(a-acetamido)propenoate[2J 

A mixture of 4-bromo-l-(4-methylphenylsulfonyl)indole (88 mg, 0.25 mmol), 
methyl ex-acetamidoacrylate (91 mg, 0.64 mmol), PdCliPPh3h (16 mg, 0.023 
mmol) and NaOAc (82 mg, 0.98 mmol) in Et3N (0~8 mI) and DMF (0.4 mi) was 
heated to 120°C in a sealed tube for 2 h. The tube was opened and the contents 
diluted with EtOAc and filtered through Celite. The EtOAc was washed 
successively with 10% HCI, sat. NaHC03 and brine and then dried (MgS04). 
The residue was purified by elution through silica gel with 10: 1 benzene­
EtOAc to give the product as a yellow solid (93 mg, 90%). 

6-( 4-Ffuorophenyf}indofe[5J 

A solution of 6-bromoindole (0.10 mol) in toluene (200 mi) was treated with 
Pd(PPh3 )4 (5 mol%) and stirred for 30 mino A solution of 4-fluorophenyl­
boronic acid (0.25 M, 0.15 mol) in abs. EtOH was added, followed immediately 
by sat ag. NaHC03 (10 eq.). The biphasic mixture was refluxed for several 
hours and then cooled to room temperature. The reaction mixture was pourcd 
into sat. aq. NaCI (200 mi) and the layers separated. The aq. layer was 
extracted with additional EtOAc (200 mi) and the combined organic layers 
dried (Na2S04), filtered and concentrated in vacuo. The solution was filtered 
through silica gel using hexane-CHzClz-hexanc for elution and evaporated. 
Final purification by recrystallization gave the product (l 9 g, 90%). 
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-15-
Selective Reduction and Oxidation Reactions 

15.1 REDUCTION OF INDO LES TO INDOLlNES 

While catalytíc reduction of thc indole ring is feasible, it is slow because of the 
aromatic eharaeter of the C2-C3 double bond. The rclative basieity of the 
indole ring, however, opens an aeid-eatalysed pathway through 3H-indolenium 
intermedia tes. 

~ V-l 
I 
H 

E 

~H 
~+l 

I 

H 

-- (15.1 ) 

A traditional method for sueh reduetions ínvolves the use of a redueing 
metal sueh as zine or tin in aeidie solution. Examples are the proeedures [or 
preparing 1,2,3,4-tetrahydrocarbazole[ 1] or cthyl 2,3-dihydroindole-2-carbox­
ylate[2] (Entry 3, Table 15.1). Reduction can also be carried out with 
acid-stable hydride donors such as acetoxyborane[4] or NaBH3CN in TFA[5] 
or HOAc[6]. Borane is an effective reductant of the indole ring when it can 
complex with a dialkylamino substituent in such a way that it can be delivered 
intramolecularly[7]. Both NaBH4-HOAc and NaBH3 CN-HOAc can lead to 
N-ethylation as well as reduetion[8]. This reaction can be preventcd by the use 
of NaBH 3CN with temperature control. At 20°C only reduction oceurs, but ir 
the temperature is raised to 50°C N-ethylation occurs[9]. Silanes ¡;an also be 
used as hydride donors undcr acidic conditions[ 10]. Even índoles with EW 
substituents, such as ethyl indole-2-carboxylate, can be reduced[11,l2]. 

Proced U res 

EthyI2,3-dihydroindole-2-carboxylate{2] 

Ethyl índole-2-carboxylate (45.2 g, 0.238 mmol) was dissolved in abs. EtOH 
(450 mI) in a 11 polyethylene container and cooled in a dry icc-cthanol bath. 
The solution was saturated with dry HCl gas until the volume increased to 
¡nS mI. Granular tin metal (84.2 g, 0.710 mmol) was addcd to the slurry and 
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Table 15.1 

Reduction of indoles to 2,3-dihydroindoles 

Reduction Yield 
Entry Ind ole su bstituents conditions (%) Ref. 

None NaBH 3CN, HOAc, 60" [9] 
50c C 

2 None Zn, II,P04 64 [10] 
3 2-(Ethoxycarbonyl) Sn. HCI, EtOH 62 [2] 
4 1,2-Dimethyl NaBH,CN. HOAc 92 [5] 
5 2-(Ethoxycarbonyl)-1-methyl Et,SiH. TFA 67 [12] 
6 5,6-Dimethoxy NaBH,CN, HOAc 86 [14] 
7 3-(2-Bcnzyl oxycarbon ylethyl)- NaBH,CN, HOAc 87 [6] 

5-mcthoxy 
8 5,6-Dimeth oxy-2-methy 1-3- [2-(4- Et,SiH, TFA 80 [1 lb] 

phenylpiperazino)ethyl] 
9 2-(M ethoxycarbony I)pyrrolo[ 3,2-e] NaBH 3CN, HOAc 79 [15] 

10 5-Hydroxy-6-1-(Methoxycarbonyl)- Et3SiH. TFA 80 [13] 
(phenylsulfonyl)-8-methyl-
pyrrolo[3,2-e] 

11 5-Benzyl oxy -2-(benzy loxycar bony 1)- NaBH,CN. HOAc >63 [16] 
4-methoxypyrrolo [3,2-e] 

'The prodllct IS l-ethyl-2,3-dihydroindole. 

the container was sealed in a preeooled 1.41 autoclave whieh had all surfaces 
eoatcd with silieonc oil. Thc scalcd autoclave was kcpt at room tcmpcrature 
[or 36 h and then vented. The reaetion mixture was filtered through sintered 
glass and ehilled lo -15'C overnighl. A yellow eryslalline lin eomplex (73.6 g) 
was obtained. This eomplex was dissolved in abs. EtOH (750 mI). cooled and 
treated with anhydrous ammonia until the pH reached 8. The EtOH was 
evaporatcd and thc rcsidue slurried with ether and filtercd. Thc solid was 
washed with several portions of ether. The ether filtrate and washes were 
eombined and exlraeled wilh 1: 1 waler-saturaled brine (300 mI) lo remove 
basie tin salts. The ether layer was dried (MgS04 ) and evaporated to leave an 
oil whieh spontaneously crystallized. Recrystallization from hexane gave pure 
produet (28.5g, 62%). 

Benzyl 2,3-dihydro-1-benzoyl-5-methoxyindole-3-propanoate[6} 

A solution of benzyl 5-methoxyindole-3-propanoate (26.0 g, 0.084 mol) in 
HOAc (500ml) was eooled as NaBH3CN (26g, 0.41 mol) was added. The 
resulting mixture was stirred at room temperalure for 3.S h and then poured 
¡nto cold water (21). The mixture was extracted with several portions of 
CH 2CI 2 and the extracts were washed with aq. NaHC03 and dried over 
Na2 S04 . Removal of lhe salvent gave the erude produet as a viseous oil. This 
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material was dissolved in CHCI3 and eooled in ice. Pyridine (8 mi, 0.10 mol) 
and then benzoyl ehloride (11.5 mI, 0.10 mol) were added. The mixture was 
stirred for 1 h at room temperature. The reaetion mixture was washed with 
water, aq. NaHC03 and brine and then dried (Na1S0

4
). The solvent was 

removed and the residue was dissolved in EtOAc and eluted through a short 
Florisil column using additional EtOAc. Evaporation of the eluate and 
erystallization of the residue from toluene/hexane gave the produet (30.2 g, 
87%). 

Ethyl 3-acetYI-5-hydroxy-B-methyl-6-(phenY/Sulfonyl)-1 ,2,3,6-
tetrahydrobenzO[1 ,2-b:4, 3-b' ]dipyrrole-1-carboxylate 

To a stirred ice-cold solution of ethyl 3,6-dihydro-5-hydroxy-8-methyl-6_ 
(phenylsulfonyl)benzo[1,2-b:4,3-b']dipyrrole_1_carboxylate (368 mg, 0.85 mmol) 
in TFA (3ml) was added Et 3SiH (1.5 mI). After 15min the solution was 
allowed to come to room temperature and stirred for an additional 2 h. The 
solution was evaporated in vacuo and the residue dissolved in CH

2
Cl z (10 mI), 

washed,with aq. NaHC03 and dried over MgS04 . The solution was mixed 
with Ae10 (1 mI) and CH1C1 2 (1 mI) and kept at room temperature for 2 h. 
The reaetion mixture was evaporated and the rcsidue purified by chromatog­
raphy on siliea gel using CH 2Clz-EtOAc (3:1) for elution. The product 
(271 mg) was obtained in 71 % yield, 
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15.2 AROMATIZATION OF INDOLlNES 

Aromatizarion of indolines is important in completing synthetic sequences in 
which the directive effects of the indoline ring have been used to achieve 
selecrive carbocyclic substitution[l]. Several methods for aromatization have 
been developed and sorne of these are ilIustrated in Tablc 15.2. A range of 
reagents is represenred. One type of procedure represents use of oxidants 
which are known to convert amines to imines. Aromatization then pro­
vides the indole. Such reagents must not subsequently oxidize the indole. 
Mercuric acetare (F.nrry 1) is known to oxidize other types of amines and 
presumably reacts by an oxidarive deprotonation cr- to the eomplexcd 
nitrogen. 

- - (15.2) 

The perrurhenate procedure (Entry 2) is also based on a general amine to 
imine oxidation. The iodosobenzene method (Entry 3) is an applieation of a 

Table 15.2 

Aromatization of indolines by dehydrogenation 

Entry Substituents Reagent Yield (%) Ref 

None Hg(OAc)2 72 [4J 
2 None R

4
N+Ru0

4
-, 50-75 [5J 

N-methylmorpholine-
N-oxide 

3 None Iodosobenzene 38 [6J 
4 2-Methyl O2, Co(salen) 79 [2J 
5 5-Propyl Mn(OAch 60 [7J 
6 7-Benzoyl Mn02 >90 [81 
7 3-( l-Acetylpiperid-4-yl)- Mn02 47 [9] 

5-nitro 
8 I-Benzoyl-4-¡-2-( N,N -diprop- O 2 , KO-t-Bu 41 [10] 

ylamino )ethy 1]-5-methoxy 
9 3,4-Dihydrobenzo[ cd]indol- (PhSeO),O 57 [11] 

5(lH)onc 
10 4.5.6-Tribromo 02' Co(salcn) 86 [12] 
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method for conversion of cyclic secondary amines to ¡mmes. None of these 
three methods has yet been tested extensively with substitutcd indolines. The 
Co(salen) catalytic oxidation was found to be satisfactory for several 2-
and 3-alkylindoles[2] and has bccn applied to 6-nitro[2] and 7-nitroindo­
line[3]. The other reagents included in Table 15.2 have been applied to specific 
substituted indoles. 

Procedure 

Catalytic oxidation using Co(salen)[3} 

To a solution of indoline (20 mM in MeOH) was added Co(salen) (0.10 equiv.) 
and O 2 was bubbled through the suspension at 25°C. After 1 h the suspension 
became homogeneous and the solvent was removed in vacuo and the product 
purified by chromatography on silica gel. 
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15.3 REDUCTlVE DISPLACEMENT OF CL-SUBSTITUENTS 

3-Acyl groups on the indole ring can gene rally be reduced directly to 3-alkyl 
groups. The reduction proceeds through the intcrmediate indol-3-ylcarbinol 
stage and carbinols prepared by other means are al so susceptible to reductivc 
deoxygenation. The facility of these rcductive displacements depends upon the 
susceptibility of indol-3-ylcarbinols to elimination. 
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H,"\ R 

c6 - (15.3) -
The reaction is assisted by nitrogcn-dcprotonation and is therefore some­

whal less facile for l-subsituted indoles. 2-Acylindoles and indol-2-ylcarbinols 
are also susceptible to reductive deoxygenalion but the reactivity is somewhat 
less than for 3-substituted indoles beca use nitrogen participation is diminished 
at the 2-position. Among the reducing agents which have been used success­
fully for deoxygenation of 3-acylindoles are LiAIH4 [1,2] and diborane[3-5]. 
Diborane is the more electrophilic of lhe two reagents and while LiAIH4 often 
results in formation of carbinols from N-substituted 3-acylindoles, diborane 
usually gives complctc rcduction. Monti and co-workers developed a pro­
cedure which avoids competing reduction of the indole ring which involvcs 
quenching excess diborane wilh acetone[3]. Reduction with NaBH4 normally 
gives carbinols from l-substituted 3-acylindoles[6]. The parlial reduction of 
acylindoles to carbinols has also been done with LiBH4 , although the general­
ity of this procedure has not bccn demonstrated[7]. The use of LiAIH4 , BH3 
and AIH3 for reduction of indole-3-g1yoxamides to tryptamines was discussed 
in Section 13.1. 

3-Acyl-1-(phenylsulfonyl)indoles can be reduced to 3-alkyl-l-(phenylsulf­
onyl)indoles using NaBH4 -TFA[8]. The active reductant is presumably a 
triftuoroacetoxyborane[9]. Thc prcsence of the electron-attracting phenylsulf­
onyl substituent would be expected to require electrophilic assistance in the 
e1imination step. The NaBH4 -TF A reagent is selective enough to permit sorne 
functional groups in the side-chain to survive, as in equation 15.4[10]. 

NaBH4 -TFA 
(15.4) 

The reduction of scvera12-acyl-l-(phenylsulfonyl)indoles to the correspond­
ing 2-alkyl compounds was achieved using BH1-H2NC(CH3h-AICI3[10]. 

Indol-3-ylearbinols can also be reduced using Et3SiH-TF A. Aryl indolyl-3-
ylcarbinols can be formed in situ from 2-alkylindoles and benzaldehydes. These 
reactions, when run in tandem, provide a versatile route to 3-benzylin­
doles[ 11]. 1 ndole itself undergoes reduction to indoline under these conditions. 
Indol-3-ylcarbinols can also be generaled by organomelallic additions to 
3-acylindoles[ 12J. 
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Table 15.3 

Reductive deoxygenation of 2-acyl and 3-acylindoles 

Enty lndole substituents Reduction conditions Yield ("In) Rcf 

A 2-Arylindoles 
l 2-Propanoyl-I-(phenylsulfonyl) 

B 3-Acylindoles 
2 3-Acetyl 
3 3-Benzoyl-I-methyl 
4 3-Acetyl-I-(phcnylsulfonyl) 
5 3-Acetyl-5-hydroxy-2-methyl 
6 3-[I-Hydroxy-I-(3-mcthyl-

~\...R 
~Nr-

I 
H 

pyrid-2-yl)methyl]-1-methyl-

+ ArCH=O 

BH3-HzNCCCH3h 
AICI3 

LiAlH4 

B1H6 
NaBH 4 -TFA 
B2H 6 

Pd¡C, H2 

oo=HO Ar 

';/1 R 
~ N 

I 
H 

Et3SiH 

TFA • 

75 

72 
80-85 
99 
82 
88 

[10] 

[1 ] 
[3] 
[8] 
[4] 
[13] 

oS
Ar 

';/1 R 
~ N 

I 
H 

(15.5) 

Table 15.3 gives sorne cxamples of reductive deoxygenation of 2-acyl and 
3-acyl indo les. 

Procedures 

3-Ethyl-5-hydroxy-2-methylindole[4] 

A solution of 1.05 M diborane in THF (25 mI, 26 mmol) was added slowly to 
a stirred suspension of 3-acetyl-5-hydroxy-2-methylindole (1.0 g, 5.3 mmol) in 
THF (10 mI). After hydrogen evolution eeased, the mixture was heated at reflux 
for I h, cooled and poured into acetone (75 mI). The mixture was heated briefty 
to boiling and then evaporated in vacuo. The residue was heated with methanol 
(50ml) for 2Omin. The solution was concentrated and 3NHCI (40ml) was 
added. The mixture was extracted with ether and the extraets dried (MgS0

4
) 

and evaporated to yield a yellow oil. Vacllum sublimation or recrystallization 
yielded pure product (0.76 g, 82%). 

Ethyl 4-[1-(phenylsulfonyl}-indol-3-yl]butanoate[1 OJ 

NaBH 4 pellets (10-12 eq.) were added to TFA (25 mI) over 30 mino Ethyl 
4-[I-(phcnylsulfonyl)indol-3-yl]-4-oxobutanoate (1.5 mmol) was then added as 
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a solution in CH 2CI2 . The mixture was stirrcd overnight and diluted with 
water (75 mI). The product was isolated by an extraction sequence and purified 
by silica gel chromatography using 1: 1 hexane-CH 2Cl2 for elution (!l5% 
yield). 
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15.4 OXIDATION OF INDOLES TO OXINDOLES 

The conversion of indoles to oxindoles ean be achieved in several ways. 
Reaction of indoles with a halogenating agent such as NCS, NBS or pyridin­
ium bromide perbromide in hydroxylic solvents leads to oxindoles[l]. 
The reaction proceeds by nucleophilic addition to a 3-haloindolenium inter­
mediate. 

x X R R , R 

oJ:OH Oj x+ ro - HX 0:>=0 - - -"""- N """- N """- N """- N 
I I I I 

H H H H 

(15.6) 

Use of an excess of the halogenating agent results in halogenation at the 
3-position of the oxindole[3,4]. The halogenation and hydrolysis can be carried 
out as two separate steps. One optimized procedure of this type used NCS as 
the halogenating agent and it was found that 70% phosphorie acid in 
2-mcthoxycthanol was thc most cfTective medium for hydrolysis[2]. If the 
halogenation is carried out in pyridine. the intermedia te is lrapped as an 
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N-(indol-2-yl)pyridinium salt which can subsequenlly be hydrolysed to an 
oxindole[5]. 

The oxidation of 3-substituted indole to oxindoles can al so be done with 
a mixture of DMSO and conc. hydrochloric acid[6-9]. This reaction prob­
ably involves a mechanism similar to the halogenalion with a protonatcd 
DMSO molecule serving as the electrophile[lO]. 

R (ó: R 

Oj yH3 0)=0 + x-s+ - I OH - (15.7) 
~ N 

CH3 
~ N ~ N 

I I I 
H H H 

X = el or OH 

Procedures 

7-Benzoyloxindole[2) 

A CH2CI 2 of 7-benzoylindole (245 g, 1 mol) was chlorinated with N-chlorosuc­
einimide (119g, 0.87 mol) at 15-20'C by adding a quarter of the reagent at 
0.5 h intervals. One hour later, the solution was washed with water (2.51 x 2). 
The water layer was re-extraeted with CH 2Cl2 (200 mI). After washing with an 
equal volume of water, the extract was combined with the original CH

2
CI

2 
layer and distilled to remo ve the CH2CI2 . The residual 7-benzoyl-3-chloro­
indole was dissolved in 2-methoxyethanol (1.81) and heated to l00°e. With 
stirring, H 3P04 (70%, 1.31) was added. A phosphate salt separated hut stirring 
was continued. The mixture was maintained at reflux for 4-8 h. using TLC to 
monitor reaetion progress. Upon complction, the mixture was treated with 
charcoal (20-40 g) at reflux for 15 min and then filtered hot. The filtrate was 
kept at 70°C while warm (65-70ü C) water (2.31) was added with stirring. 
Precipitation began during the addition. The slurry was cooled slowly to 
5

ü

C and kept for 12 h. Filtration then gave 7-benzoyloxindole (199 g, 84% 
yield). 

1,3-Dimethyl-5-methoxyoxindole[8} 

A solution of l,3-dimethyl-5-methoxyindole (4.5 g, 0.026 mol) in DMSO 
(27 mI) was maintaincd at 5°C as conc. HCI (23 mI, 0.77 mol) was added 
dropwise over 15 mino Stirring was eontinued for 3 h at room temperature and 
the reaction mixture was then poured into ice-water (100ml). The mixture was 
neutralized with NaHC03 to pH 7 and extracted with EtOAe (100 mI x 2). The 
EtOAc was removed in vacuo and the residue purified by chromatography on 
silica using hexane-EtOAc (7:3) for elution. The yield was 4.35 g (88%). 
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15.5 SELECTIVE OXIDATION OF SUBSTITUENTS 

Because of the susceptibility of the indoJe ring to oxidation, mosl of lhe 
c1assical methods for oxidation of aromatic substituents are not appropri­
ate fOf indole derivatives. There are, however, procedures that can effect con­
version of 3-alkyl groups to 3-aeyl groups and of 2-alkyl subsitutents to 
hydroxyalkyl ur ac.:yl. The preferred reagent for oxidation of 3-alkylindoles to 
3-acylindoJes is dichlorodicyanoquinone (DDQ). It has been used both with 
substituted indoles and fused ring analogues. For example, N,O-protected 
tryptophans can be oxidizcd in good yield[ 1]. 

(15.8) 

Generally speaking though, yields are best for the fused ring derivatives. The 
reactions are usually carried out in 10% aq. THF and probably proceed 
through 3-alkylideneindolenine intermediates. Table 15.4 gives several ex­
amples. SeJenium dioxide has also been used for oxidations leading to 3-acyl­
indoles (Entry 9). 

Selective oxidations of 2-alkyl groups usually involve an initial attack at C3 
followed by an allylic rearrangement which places the substituent at the 
a-carbon of the C2 substituent. The overall pattem of a-2e oxidation has been 
observed with several oxidants including oxygen[lO] and peroxysuJfate[ll] 
but the most reliable reagent for preparative purposes is diiodinepentaox­
ide[12]. A few oxidations have also been reported using Mn(OAc)3 (Entry 13). 



Table 15.4 

Ol-OxidatlOn 01 2- and 3-alkylindoles 

Entry Indole Product Oxidation conditions Yield (%) Rel. 

1,2.5-Trimethyl 2,5-Dimethylindole-3-carboxaldehyde DDQ, THr, H 20 30' [1] 
3-( 2-Benzy loxycarbon y lamino jet hyl 3-(2-Benzyloxycarbony lamino)-l- DDQ > 73 [2] 

oxoethyl 

3 crffl,o C6t 
DIJQ, HOAc, THF 98 [3] 

I ~ N H I "':: ~~O 
I ~ N H 

H I 
H 

4 Tetrahydrocarbazole 4-0xotet rahydrocarbazole DDQ, THF, 11 2 0 82 [lJ 

0ge
", 

O DDQ, THF, H 20 31 [4J oYe", ~I ~I 
~ N ~ N 

I 
H I 

H 

6 Methyl 1.2,3,4-tetracarbazole-2- McthyI 4-oxo-l ,2,3,4-tetrahydro- DDQ, THF, H 20 85 [5J 
acetate carbazole-2-acetate 

d::Q0 O DDQ, accIone, H20 77 [61 
~ " O::G~ -78°C 

'/ - N NCCCI3 
~ N NCCCI3 

I C2 H5 H I C2 H5 H 



Tahle 15.4 (Cnn¡i,wed) 

::t-Oxidation of 2- and 3-alkylmdoles 

Entry Indole Product OxidalÍan condltioll> Yield ('lo) Ref. 

O:fIJo O DDQ. THF. H,O 78 [7J %0 
H C02CH3 

I 
H C02CH3 

9 CtCY O SeO" dioxane 90 [8J 

N 'CPh o3:FJ I " H O ~ , 
N "CPh 

CÜ2CH3 ' " 
I 

H O 

10 

0:fY 
902CH3 SeO 2' dioxane 72 [9J 
N 

O:fl N 
I 
H 

I O 
H 

11 Cyclahepta[b] 5-0xocyeloheptarbl 12°, 99 [12] 
12 O O 12°, 65 [13] 

'CCHCH2CH3 " 

cdJ"' ufl""",e", 
y ~ 

......, 
N N 
I I O H H 

13 2,3-Dimcthyl-l-phenylsulfonyl 2- Acetoxymet hyl-3-melh yl-I-phenylsulfonyl Mn(OAc)3' AcOH :\8 [14] 

'Sorne 3,S-dlmethylindole-2-carboxaldehyde (8%1 is also formed. 
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~J\ 
~~ 

I 
H 

Procedures 

- r¡J\ 
~K 

I 
H 

Methyl 4-oxo-1 ,2,3,4-tetrahydrocarbazole-2-acetate{5] 

157 

(15.9) 

A solution of melhyl 1,2,3,4-tetrahydrocarbazole-2-acetate (5.94 g) in THF 
(195 mI) containing water (15 mI) was cooled lo O'C and DDQ (11.22 g) 
dissolved in deoxygenated THF (75 mI) was added. The solution was main­
tained at O°C for 2 h and then evaporated in vacuo. The residue was dissolved 
in EtOAe and washed thoroughly with aq. NaHC03 solution to remove 
dichlorodicyanohydroquinone. The EtOAc was then dried (MgS04 ) and 
evaporated to give methyl 4-oxo-I,2,3,4-lelrahydrocarbazole-2-acetate (5.23 g) 
in 85% yield. 

Oxidation of cycloalkan{bjindoles with diiodinepentaoxide{12] 

120 5 (400 mg 1.20 mmol) was added to a solution of a cyeloalka[b]indole 
(1.00 mIllol) in 80% aqueous THF (25 mI). The mixture was stirred at room 
temperature and the solvent removed in vacuo. The resid ue was extracted into 
EtOAc and the extraet washed with water, 5% NaS 20 3 , saturated NaHC03 

and brine and dried over Na2S04 . The solvent was evaporated and the residue 
purified by silica gel chromatography. 
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-16-
Synthetic Elaboration of Indole Derivatives using 

Cycloaddition Reactions 

Two types of cycloaddition reactions have found application for the 
synthetic claboration of indoles. One is Diels-Alder reactions of 2- and 
3-vinylindoles which yield partially hydrogenated carbazoles. The second is 
cycloaddition reactions of 2,3-indolequinodimethane intermediates which also 
construct the carbazole framework. These reactions are discussed in the 
following sections. 

16.1 OIELS-ALOER REACTIONS OF 2- ANO 3-VINYUNOOLES 

While hoth 2- and 3-vinylindole have been synthesized and characterized[1,2], 
they arc quite reactive and susceptible to polymeriLation. This is also true for 
simple l-alkyl derivativcs which readily undergo acid-catalysed dimerizalion 
and polymerization[3]. For this reason, cxccpt for certain cases where in situ 
generation of the vinylindoles is practical, most synthetic applications of 
vinylindoles involve derivatives stabilized by EW-nitrogen substituents[4]. 

~EWG 

QOEWG CIY -- ~ ~ 
h N ......, --

I N 
R I 

R (16.1 ) 

oS~ -- O::H h ~ t:G 
R I EWG 

R 

Most examples of Diels-Alder rcactions reported for both 2-vinyl and 
3-vinylindoles involve typical electrophilic dienophiles such as benzoquinone, 
N-phenylmaleimide and dimethyl acetylenedicarboxylate (see Table 16.1). 
These symmetrical dienophiles raise no issues of rcgiosclectivity. While there 
are fewer examples of use of mono-substituted dienophiles, they appear lo react 



Table 16.1 

Diels--Alder reactions of 2-vinyl and 3-vinylindoles 

Entry Indole sub,tituents Dienophile Product Yíeld ("lo) Ref, 

A 2- Vinylindoles 

~Co,G" 1 2-Ethellyl CH 30 2CC==CC02CH 3 46 [IJ 

~ '\: - N , 
H 

O 
" 2-(1-Propenyl) [RJ 2 Pent-I-en-3-one CCH2CH3 46 

CeO-_ CH3 

N , 
H 

3 2-(2-Phenylethenyl) Benzoquinone ~: 49 [8J 

N , 
H 

Qj:/o,c" 4 1-Meth yl-2-(1-phenyletheny 1) CH3 0 2CC CC02 CH3 
~ '\: 37 [9J -

~ Ph 
CH3 



5 I-Methyl-2-[(2-(N-methyl-N­
phcny lamino )ethenyl)J 

B 3- Vinylindoles 
6 3-Ethenyl 

7 I-Bcn7.yl-3-ethenyl 

8 3-Ethenyl-I-(phenylsulfony 1) 

9 3-Etheny l-I-(phenylsulfonyl) 

N-Phenylmaleimide 

Naphthoquinone 

Benzoquinone 

Bcnzoquinone 

N -Pheny Imaleimidc 

Ph 

QB:~ N o 

~ ~ H 

- N ~Ph 
, CH3 

CH3 

30 [101 

91 [2J 

~o Rfi [6J 

-Ph¿H
20 

C2J:;o 50 [IIJ 

-Ph~Ü20 

o:Rt 60 [7J - N N 
Ph~02 O Ph 



Tahle 16.1 (Contillued) 

Entry Indole substituents Díenophile Prodllct Yield ('Yo) Ref. 

10 1) 1 (phenyl-3-(2-Methoxyetheny - - Naphthoqllínone 86 [12) 
sulfonyl) 

70 [13J PhCH2S H O CC==CC0 2CH 3 

~C02CH3 
C 3 2 11 3-(1-Benzy Ithio) 

[14J 
~ C02CH3 

15 
H 

CN 
Bcnzyne 12 3-(2-Cyanoethenyl) 

0:f0 
H 

70 [15J 
O 

CCH3 
~CH2--<~)< B ut-I-en-3-one 

O:f:I-CH
2--<:)< 

13 
~ CN 

~ CN 

H 

H 

86 [16J O Methyl acrylate 
HNCC H3 

. d -9-(pheny IsulfollY 1)-

CcB 
14 4-Acetaml o 1 

. 1 ,2-dihydrocarbazo e 

7 C02CH3 
PhS02 
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in a prcdictablc fashion. 2-Vinylindoles appear to have the highest electron 
density at C3 of the indole ring. For 3-vinylindoles the p-carbon of the vinyl 
group has the highest HOMO density and bonds to the more elcctron-poor 
p-carbon of the dienophile[5]. While the initial adducts with exocyclic un­
saturation are sometimes observed[5,6], in most cases an isomerization pro­
vides the rearomatized indole. Tablc 16.1 gives sorne examples of these 
reactions. 

2-Vinylindoles have been of interest in the synthesis of both aspidosperma 
and iboqa alkaloids. The structural relationship between these two groups can 
he iIlustrated by two alternativc intrarnolecular Diels-Alder reactions of the 
pUlative (biosynthetic?) intermediate dehydrosecodinc[l7]. Despite several 
efforts[18-20], the closest synthetic approach to dehydrosecodine that has 
been achieved is release of the N-benzyl derivative from a Cr(COh corn­
plcx[21]. Under these conditions, the aspidosperma pathway dominates over 
the iboga. Addition of a 4-silyloxy substitucnt to the dihydropyridine ring 
makes the iboga pathway the preferred one[22]. The retrosynthetic concept 
ernbodied in the disconnection of both the aspidosperma and iboga structures 
to dehydrosecodine has be en used to develop syntheses of both types of 
alkaloids[23,24]. 

dehydrosecodine 

iboga aspidosperma 

(16.2) 
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16.2 GENERATION ANO REACTIONS OF INDOLE-2,3-
QUINODIMETHANE INTERMEOIATES 

Indole-2,3-quinodimethane is, as would be expected. an exlraordinarily reac­
tive diene. Its generation in the presence of an alkene or alkyne leads to 2 + 4 
l:ycloaddition to form a carbazole ring structure[1]. Several procedures for 
generation of the inlermediate or N-protected analogues havc been developed. 
Procedures in which a synthetic e(juivalent, particularly derivatives of pyra­
no[3,4-bJindol-3-one, is used are also valuable. 1-Acylindole-2,3-quinodi­
methanes can be gcncrated from the corresponding 2,3-bis-(bromomethyl)­
indoles by reductive eliminated through rcaction with NaI[2,3]. The gramine 
derivative 16.3A is also a potential indole-2,él-quinodimcthane precursor[ 4]. As 
illustrated by examples in Table 16.2, lhe intermediates can be trapped by 
typical electron-poor dienophiles. 

F' -
16.3A 

(16.3) 



Tahle 16.2 

Synthe,is of carbazoles from índoles by quinodímethane intermediates 

Entry Quínodimethane precursor Dienophíle Product Yíeld (%) Ref. 

2.3·bis-(Bromomethyl)-1- Bellzoq uínone O 90 [2J 
benzoylindole 

o-d:¿ 
N O 
I 

O"CPh 

2 2,3-his-(Bromomcthyl)-I- 1 ,l-bis-pheny Isulfollyl- S02Ph 67 [13J 
benzoylíndole ethene ~SÜ2Ph ~S02Ph 

N S02 Ph 

N I 

I O.,.CPh 
O.,.CPh 

1:1 mixture 

3 l-Methylpyrano[3,4-bJindol- But-3-en-2-one 1-Methyl- 3-acetyl-l,2,3,9a-tctrahydro- 4~ [14J 
3-one carbazole 

4 1-M ethylpyrano[3.4-b Jindol- Ethyl acrylate Methyl 9-methylcarbazole-3-carboxylate 75 [8J 
3-one and methyl 9-methylcarbazole-2-

carboxylate (2: 1 mixture) 
5 1.4-Dimethyl pyran o [3.4-b J- Ethyl acrylate Methyl l,4-dimethylcarbaLo!e-3-carboxylate 65 [8J 

illdol-3-one and methyl 1,4-dimethylcarbazole-2-
carhoxylate (30: 1 mixture) 

6 1,9-Dimethy Ipyrano[3,4-b]- Vinyl acetate 1,9· Dimcthylcarbazole 97 [lOJ 
indol-3-one 



Table 16.2 (Continued) 

Synthesis of carbazoles [rom indoles by quinodimelhane intermediates 

Entry Quinodimethane precursor Dienophile Product Yield (%) Rd. 

7 1,9-Dimet hylpyrano[3,4-b J- O) CycIohexene 

CtfP 
93 [10J 

indol-3-one (2) Ambient conditions 

I CH3 
CH3 

8 I-Heptylpyrano [3,4-b Jindol- EtOzC=CSi(Me)3 Qfi-'C<'" 74 [9J 
3-one 

--""""' N C02C2H5 

I C7H15 H 

9 1,3-Dimethyl-4-(phenylsulf- Me0 2C==CC02 Me CH3 C02CH3 lOO [15J 
onyl)furo[3,4-b Jindole 

~ -'" N C0 2C H3 

I CH3 
PhS02 

10 4-Benzyl-I-( tert-butyldimethyl- (1) CH2=CHC02 Me Methyl-9-benzyl-4-hydroxycarbazole-3- 87 [16J 
sily loxy )furo[3,4-b Jindole (2) BF 3-0Et2 carboxylate 

I1 1,9-Dimethylpyrano[3,4-b J- Ethyl ()(-cyanobut-2-
CH3 

97 [17J 
indole-3-one enoate 

CcÑCN 
--' N C02C2H5 

I CH3 
CH3 
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Pyrano[3,4-bJindol-3-ones are the most useful equivalents of the indol-2,3-
quinodimethane synthon which are currently available for synthetic applica­
tion. These compounds can he synthesized readily from indole-3-acetic acids 
and carboxylic anhydrides[5,6]. On heating with electrophilic alkenes or 
alkynes, adducts are formed which undergo decarboxylation to 1,2-dihydro­
carbazoles or carbazoles, rcspectively. 

EWG 
o 

O::P H R 

~EWG oiJ° 
H R 

(16.4) 

The regioselectivity of the reaction appears to be determined by a balance 
of electronic and steric factors. For acrylate and propiolate esters, the carb­
oxylate group is found preferentially at C3 of the carbazole product[6-8]. 
Interestingly, a 4-methyl substituent seems to reinforce the preference for the 
EW group to appear at C3 (compare Entries 4 and 5 in Table 16.2). For 
disubstituted acetylenie dienophiles, there is a preference for the EW group to 
be at C2 of the carbazole ring[6]. This is rcinforced by additional steric bulk 
in the other substituent[6,9]. 

Alkynes lacking activating EW groups can give adducts too, but the yiclds 
are lower than for electrophilie alkynes[6]. Alkenes with donor substituents 
can al~o reaet with pyrano[3,4-bJindol-3-ones. Vinyl acetate, for example, gives 
a very high yield uf 1.9-dimethylcarbazole (Entry 6). There are fewer examples 
of reactions with unactivaled alkenes although cyclohexene has been found to 
give an adduct which eventually is aromatized lo 5,6-dimethyl-7,8,9,10-tetra­
hydrobenzo[b Jearbazole[ 1 OJ. 

-
- (16.5) 

Furo[3,4-b Jindoles are al so potential indolequinodimethane equival­
enls[11,12]. For example, 16.6A generates a furo[3,4-bJindole in situ which is 
trapped by dimelhyl aeetylenedicarboxylate generating the carbazole 
16.6C[12]. 
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DMAD - -
16.6A 16.66 

(16.6) 

As was the case with reactions of vinylindoles, lhe most elaborate synthetic 
targets approached by the indole-2,3-quinodimethane route have been alka­
loids[18]. The route has been applied to aspidosperma[19] and kopsine[20] 
structurcs. The fundamental reaetion pattern is illustrated in equation 16.7. An 
indole-2,3-q uinodimethane is generated by N-acylation of an N-(pent-4-enyl)­
¡mine of a 2-melhyl-3-[ormylindole. Inlramolecular 2 + 4 cycloaddition then 
occurs. 

(16.7) 

In the ease of the aspidosperma structure, the 5-membered C-ring is eon­
strueted from the N-aeyl substituent. For the kopsine skeleton, an allyl group 
is installed and used lo form lhe C6-C20 bridge. 

asp,dosperma 

Procedures 

c!42 
N 
I 

H 

kopsanone 

Mixture of 2-butanoyl- and 3-butanoyl-1-methylcarbazole[6] 

(16.8) 

A mixture of l-methylpyrano[3,4-blindol-3-one (414 mg, 2.08 mmol) and hex­
l-yn-3-one (988 mg, 10.29 mmol) in bromobenzene (30 mi) was heated to ref1ux 
for 3 h. The solvent was removed in vacuo and lhe residue purified by 
chromatography on silica gel to give an inseparable mixture of the isomeric 
products (463 mg, 1:2.8 ratio, 87%). 
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3-Acetyl-1-methylcarbazole[7} 

A solution of l-methylpyrano[4,3-b]indol-3-one (1 mmol) and methyl vinyl 
ketone (5 mI) in toluene (5 mI) eontaining 5% Pd/C (40 mg) was heated for 48 h 
in a sealed tube at 110°C. The reaetion mixture was evaporated in vacuo and 
the residue purified by siliea gel ehromatography to give the produet in )\0% 
yield. 

References 

L U. Pindur and H. Erfanian-Abdoust. Chem. Rev. 89. 1681 (1989). 
2. B. Saroja and P. e Srinivasan, Tetrahedron Lete. 25. 5429 (1984). 
3. S. F. Vice. H. N. de Carvalho, N. G. Taylor and G. L Dmitrienko, Tetrahedron Lett. 30. 7289 

(1984). 
4. E. R. Marinelli, Tetrahedron Lett. 23. 2745 (1982). 
5. H. P1ieninger. W. Muller and K. Weinerth, Chem. Ber. 97. 667 (1964). 
6. e 1. Moody and P. Shah, 1. Chem. Soc., Perkin Trans. 1 1407 (1988). 
7. P. Van Doren. D. Vanderzande, S. Toppet and G. Hoornaert. Tetrahedron 45, 6761 (1989). 
8. U. Pindur, M. Eitel and E. Abdoust-Houshang, Heterocycles 29, JI (1989). 
9. P. M. Jackson, e J. Moody and R. J. Mortimer, J. Chem. Soc .. Perkin Trans. 1 2941 (1991). 

10. P.l. Van Broeck, P. E. Van Doren, S. M. Toppe! and G. J. Hoornaert. J. Chem. Soc., Perkin 
Trans. 1 415 (1992). 

1 L G. W. Gribble. D. J. Keavy, D. A. Davis, M. G. Saulnier, B. Pelcman, T. e Barden, M. P. Sibi, 
E. R. 01son and J. J. Bel Bruno. J. Org. Chem.57, 5878 (1992). 

12. T. Kuroda, M. Takahashi, T Ogika. H. OhmiLU. T Nishitani, K. Kondo and T. Iwasaki, J. 
Org. Che",. 59. 7353 (1994). 

13. M. Haber and U. Pindur, Tetrahedron 47,1925 (1991). 
14. H. N. de Carvalho. G. 1. Dmitrienko and K. E. Nie1son, Tetrahedron 46, 5523 (1990). 
15. G. W. Gribble, M. G. Sanlnier, M. K. Sibi and 1. A. Obaza-Nutaitis, J. Orl/. Chem., 49, 4518 

(19811). 
16. Y. Miki and H. Hachiken, S,Hl/elt 333 (1993). 
17. P. Van Doren, F. Compernolle and G. Hoornaert, Tetrahedron 46, 4023 (1990). 
18. P. Magnus, T Gallagher, P Brown alld P Pappalardo, Acc. Chem. Res. 17, 35 (1984). 
19. T. GaIJagher, P. Magnus and J. C. HutTman, J. Am. Chem. SOL. 105. 4750 (1983); K. CardweIJ. 

B. Hewitt, M. Lad10w and P. Magnus, J. Am. Chem. Soc. 110, 2242 (1988). 
20. P. Magnus, T GaIJagher. P. Brown and J. C. HutTman. J. Am. Chem. Soc. 106, 2105 (1984); P. 

Magnus, T. Katoh, L R. Matthews and J. C. HutTman, J. Am. Chem. Sor 11 1,6707 (1989). 





Index 01 Compounds and Methods 

A 

acetanilides 
o-alkynyl, indoles from, 21-24 
~-sulfinyl, oxindoles from, 43 

2-(3-,,-acetoxyandrost-16-en-17-yl)indole, 
procedure for, 24 

l-acetyl-2-blltyl-5-chloroindole, procedure 
for, 24 

3-acetyl-4-cyano-5-(indol-3-yl)pentan-2-one, 
procedure for, 123 
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for, 115 
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128 129 
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20-24 
o-aminophcnylclhanols, indo les from, 15-16 
anilidcs 
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o-alkyl, indoles from, 27-10 
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o-acyL indoles from, 30 32 
o-alkyl, indoles from, 27-30, 45-46, 49 -50 
o-alkynyl, indoles from, 20 24 
N -allyl, indoles from, 35 38 
o-chloroacetyl, indo les from, 75-77 
o"V-diacyl, indoles fmm, 32-33 
N-diethoxyethyl, indoles rrOIl!, 41 42 
and ;'-haloacetoacetates, mdoles from, 41 

o-halo-N-vinyl, indo les from, 38- 39 
indoles from by Gassman method, 71-75 
oxindoles from, 73 75 
N -phenacyL indoles from, 42 -43, 77 
N-propargyl, indo les from, 36-37 
N-vinyl, indoles from, 39-41 

anilinosulfonium salts, in Gassman synthesls, 
71-75 

aromaticity, of indole, 2 
N-arylhydrazones, indoles from, 54-69 
N-aryl-O-hydroxylamines, indoles from, 

70-71 
aziridines, reactions with indoles, 106-107 

B 

benzaldehydes 
condensatiol1 with ~-azidoacetate enolates, 

45 
benzanilides, indoles from, 27-28 
7-bellzoylindole, procedure for, 138 
7-benzoyl-3-methyloxindole, procedure for, 

73-75 
6-benzoyloxindole, procedure for, 19 
7-benzoyloxindole, procedure for, 153 
benzyl 2.3-dihydro-I-benLoyl-5-

methoxyindole-3-propenoate, procedure 
for,146-147 

I-benzyl 3-methyl 6-methoxyindole-1.3-
dicarboxylate. procedure for, 71 

I-(benzyloxycarbonyl)indole. procedure for. 
93 

5,6-his-hen7yloxy-4,7-dimethylindole, 
procedure foro 13 

4-benzyloxyindole, procedure for, !O 
7-benzyloxy-3-methyl-5-nitroindole, 

procedure fOL 38 
5-benzyloxytryptophan, procedure for 133 
Bisch ler syn thesis, 77 - 78 
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4-bromo-3-(2-methoxyearbony lethenyl)-I­
(4-methylphenylsulfonyl)-

indole, procedure for, 112 
6-bromooxindole, proeedure for, 19 
3-(4-bromopropyl )-2-eyano-l-methylindole, 

procedure for, 40-41 
Brullner reaction. 69 
2-butanoyl-l-rnethykarbazole. procedure for, 

168-169 
3-butanoyl-l-methykarbazole, procedure foro 

168 -169 
1-( tert-butoxyearbon yI)2-( 4-

eyanophenyl)indole, proeedure for, 100 
1-( tert-butoxyearbo n y 1)-2-

eyclohexyItryptophan melhyl ester, 
proeedure for, 133-134 

1-( tert-butoxyearbonyl)-6-methoxyindo le, 
procedure for, 51 

2-(tert-blltyl)indole, proeedure for, 29 

e 

carbazole derivatives 
l-oxo-1.2,3.4,4a,9a-hexahydro,40 
4-oxo-l ,2,3.4,4a,9a-hexahydro, 40 
synthesis from indoles, 159 169 

4-carboxy -7 -chloro-2-
(ethoxyearbonyl)indole-3-propanoie acid, 

proeedure for, 68 
6-chloroacetyl-l-(2.2-

dimethylpropanoyl)indole, proeedure for, 
137-138 

4-chloroindole, proeedure for, 18 
ehlorosulfonyl isocyanate, reaetion with 

indole, 113 
ónnamate esters 

G<-azido, indoles from. 45 47 
o-nitro, indoles from, 24-26 

3-eyanoindole, proeedure for, 116 
cycloalka[b]indoles. oxidation of. 155 157 
4-eyclohexyl-l-( 4-

methylphenylsulfonyl)indole, proeedure 
for, 81 

3-( cyclopentaneearbonyl)indole, proeedu re 
foro 115 

o 

deslllfurization. of 3-(alkylthio )indoles. 71-72 
n.7-dihromo-4-methoxyindole, procedure fOL 

76 77 
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Diels-Alder reaetion 
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of pyrrole-2,3-quinodimethanes, X5-X7 
of vinylindoles, 159 -164 
of vinylpyrroles, 79, 84-85 

N,N-dihexyl-2-phenylindole-3-acetamide. 
proeedure foro 62 

dimethyl 2-aeetamido-2-(7-ehloroindol-3-
yl)propanediearboxylate, procedllre for, 

62-63 
dimethyl aeetylenediearboxylate 

as catalyst for gramine alkylation, 121 
reaetion with vinylindoles, 159 
reaetion with vinylpyrroles, 84 

3-(2-dimethylaminoethyl)-5-nitroindole, 
procedure for, 91 

N.N -dimethyl-2-[ 5-( cyano methy I )indol-3-
yl]ethylamine. procedure, for, 63 

N.N-dimethylformamide 
acetals of. in indole synthesis. 8 

1,3-dimethyl-5-methoxyoxindole, proeedure 
for, 153 

enolates. indol-3-ylmethylation of. 121-122 
epoxides, reaetlons with indoles, 106--107 
ethyl ~-aeetyl-5-hyd roxy-8-methyl-6-

(phenylsulfonyl)-1,2,3.6-
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ethyI2,3-dihydroindole-2-earboxylate, 
proecdure foro 145-146 

ethyI2-(ethoxyearbonyl)-2-formamido-3-
(indol-3-yl)propenoate, 
procedurc for, 122 

3-ethyl-5-hydroxy-~-methylindole. proeedure 
for, 151 

S-ethyl 1-isohutyl, 6-(tnmethylsilyl)indole-
1,S-diearboxylate. proeedure for, 87 

ethyI4-[1-(phenylsnlfony1)indol-3-
yl]butanoate, proeedllre for, 151-152 

F 

Fischer indole synthesis. 1. 54-69 
anomalous products from, 64- 65 
eatalysts and conditions foro 54-55, 59-61 
meehanism of, 54 -55 
regioselectivity of. 56- 59 
thermal. SS 
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6-(4-Auorophenyl)indole, procedure for, 143 
hiedel erafts reactlOn 

for acylation of indoles, 113-115, 136-138 
intramoleculaL 42, 79-81 

furo[3,4-b Jindolcs, 167 

Gassman synthesis 
of indoles, 71-73 
of oxindoles, 73-75 

gramine derivatives 

G 

alkylation with, 119-124 
indole-2)-qurnodimethanes from, 164 
lithiarion of, 139 

H 

Heck reaclion. 16, 109--111. 131 -132, 141-
143 

Hemetsberger syuthesis, 45-47 
l-hydroxyilldoles, synlhesi, of, 8 

;mino ethers, indoles from, 29 
indole deri~atives 

aódity of, 3, 89 
l-acylation.92-93 
2-acylation, 100-103, 150 
3-acylation,113-116 
alkalOlds, 2, 49, 163, 168 
1-alkylation, 89-92 
2-alkylation, 95-98 
3-alkylation, 105--109.149-152 
3-alkynylation. 109 -113, 129-131 
aromalicily of, 2 
2-arylarion, 98-100 
3-arylalion, 109-113 
basici ty of. 3 
biologicaIly active, 1. 
2-carboxylation, 100-102 
3-carhoxylation, 113-116 
drugs derlved from. 1-2 
2-halogenation. 102-1m 
3-halogenation. 117 118 
2-hydroxyalkylation, 95 98 
from indolines, 148--149 
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industrial synthes;s, 1 
lithiation, 95-98.100 102,107,117.139 
nitroethenylation. 125 
nitroethylation, 125 
oxidation of, 3,148-149, 152-157 
protecting groups foro 91-·93, 95, 99 -100, 

107, 139 
reactivity of. 3 
rcduction of, 145- 147, 149-152 
silylatlOn of, 117 
3-ulfenylation of. 117 
l-ulfonylation of. 92-93 
thallation of, 139-141, 143 
2-vinyl, 98-100,159-163 
3-vinyl. 109-113. 159- 163 

indole-3-acetonitrile. procedure for, 123 
indole-J·acetonitriles, tryptamines from, 126 
indoleboronic acids. 111, 143 
indole-2-carbonitriles,40, 
indole-3-carbonitriles, 29.113,116 
indolc-3-carboxaldehyde, procedure for, 115 
indolc-7-carboxaldehyde, procedure for, 141 
indole-3-carboxaldehydes, reactions 0[, 

126-128.131 
indole-3-carboxamides, 113 
indole-2-carboxylate esters 

from G<-anilino-¡'l-keloesters, 40 
from G<-azidocinnamate esters, 45 47 
elhyl ester, procedure for, 25--26 
from ¡'l-ketoesters, 65 - 68 
from pyruvate esters by Rerssert melhod, 

14 
from pyruvate hyrazones, 59, 64. 65 -66 

Índole-3-carboxylate esters 
from N-aryl-O-hydroxylamines and methyl 

propynoale, 70-71 
from u-bromoanilines and acrylate esters, 

39 
froO! ¡'l-dialkylamino-o-nitrostyrenes, 15 
from o-methanesulfonamido-

phenylacetylenes, 23 
indole-3-glyoxamides, 125- 128 
indole-2,3-quinodinrelhanes. 164-169 
indole-2-ulfonamides, 102 
jndolincs 

7-acylation 01', 136-137 
alkylidenc derivatives, 36 
aromatization of. 136-138, 14R-149 
from Índoles, 145 147 
lithiation of. 139 
substitution reacrions 0(, 136-137 
thallation of, 139-141 
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indol-2-ylborates,95 96, 101 
indol-2-yl carbinols, 95,-98, 150 
indol-3-yl ~arbinols, 149- 1 50 
indol-2-ylcopper reagents, 97 
indol-l-ylmagnesium halides, 105-IOG 
imlol-3-ylrnethyl halides, 121-122, 132 
indol-3-ylsilanes, 117, 
indol-4-ylsilanes, 136 
indol-2-ylstannanes, 99-100, 102 
indol-3-ylstannanes, 111-112 
indol-2-ylzinc halides, 100 
indol-3-ylzinc halides, 111 
indomethacin, 51 

Japp-Klingemann synthesis of 
arylhydrazones, 65-69 

K 

ketones 
~-alkylthio, indoles from, 71-72 
o-aminobenzyl, indoles from, 13-20 
'l-anilino, indoles from, 41 A4, 77-78 
o-nitrobenLYI. indoles from, 14-17 

L 

lactams, acylatlOn of mdoles by, 1 1 ~ 
lactones, alkylation of indo les hy, 91 
Leimgruber-Batcho synthesis, 7-11 

M 

Madc!ung synthesis, 27-30 
Mannich alkylation, 106, 119 
7-mcthoxyindole, procedure for, 8 
6-methoxyindole-3-carboxaldehyde, 

procedure for, 115 116 
methyl 4-[5-(benzyloxycarbonyl)indol-~­

yl]methyl-3-methoxy-
benzoate, procedure for, 108 

l-methyl-5-fluorooxindole, procedure for, 43 
methyl 3-( 4-fluorophenyl)-5-methylindole-2-

carboxylate, procedure, for, 68 

INDEX 

methyl a-hydroxY-él-methyl-l­
(phenylsulfonyl)indole-2-acetate, procedure 

for,97-98 
methyl 5-methoxy-x-oxo-1-

(phenylslllfonyl)indole-2-acetate, procedure 
for,101-102 

mcthyl 1-( 4-methylphenylsulfonyl)indole-4-
(x-acctamidopropenoate), procedure for, 

143 
3-(2-methyl-2-nitropropyl)indole, procedure 

for, 123 
methyI4-oxO-I,2,3,4-tetrahydrocarbazole-2-

aoetate, prooedure for. 157 
2-(2-methylphenyl)-I-(2-

trimethylsilylethoxymethyl)indole, 
procedure foro 100 

methyI4,6,7-trimethol<yindole-2-carboxylate, 
prooedure for 46-47 

N 

o-nitrobenzaldehydes, indoles from, 11 
o-nitrobenzyl cyanides, indoles from, 16-17 
o-nitrobenzylphosphonium salts, indoles 

from,28 
3-(2-nitroethyl)indole, procedurc for, 122 
o-nitrophenylacetic acid, oxindoles from, 17 
o-mtrophenylacetylenes, indo les from, 20-24 
o-nitrophenyldia70ninm salts, indoles from, 

15 
o-n¡trophenylethanols, mdoles from, 15 
o-mtrostyrenes 

¡'l-dialkylamino, indoles from 7-11, 14-15 
indoles from, 24-26 
¡'l-nitro, indoles from, 11-13, 16 

o-nitrotoluenes 
indo les from, 7-11 
oxindoles from, 17 

oxindoles 

o 

from N-acylphenylhydrazines, 69-70 
from N-alkenoyl-o-haloanilines, 37 38 
from a-haloacetanilides, 42- 43, 
from indole;, 152-154 
fmm u-llitrophenylaL-etic aCids, 17 
from o-nitrophenylpyruvic acids. 17 
from Cl-sulfinylacetanil¡des. 43 
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p 

palladium "< catalyst for 
3-allylation of indoles, 108 
2-arylatIon and vinylation, 98-100 
carbocyclic substitution, 141-143 
curbonylation of indol-2-ylborates, 101 
coupling with alkyncs, 112 
cyclization of N-allylanilincs, 35- 3H 
cyclization of o-aminophcnylacetylenes, 

20 24 
cyclization of o-hulo-N-vinylanilincs, 

38 39 
Heck reaetions, 16, 109 -111,131-132, 

141-143 
oxidation of o-nitrostyrenes, 16 

phase transfer eatalysis, 89, 92 
2-(4-phenylbutyl)indole, proeedure for, 29 -30 
2-phenylindole, procedure for, 26 
3-phenyl-I-(phenylsulfonyl)indole, procedure 

for, 112 
S-3-phenyl-2-[ N -( t rifluoroaeetyl )pyrrolidin-

2-yl]indole, procedure, for, 32- 33 
I-(phenylsulfonyllindole, proeedure for, 97 
3-(2-propenyl)indole, proeedure for, 108 
pyranor3,4-b]indol-3-ones, 167 
pyrrole-2.3-q uinodimethane in termediates, 

85-87 
pyrroles 

indo les from, 79-83 
vinyl derivalives, indoles from, 84-85 

• 

R 

reduetive eyclization 
of o-ehloroueetylanilines, 75-77 

of o,N-diueylaniines, 32 33 
of ¡'l-diulkylamino-o-nitrostyrenes, 8 
of o-¡'l-dinitrostyrenes, 11 
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of o-nitrophenylaeetie aeids to oxindoles, 
17 

of o-nitrostyrenes, 24-26 

s 

Sugasawa indole synthesls, 75-77 
Suzuki eoupling rcactlon, 111, 143 

T 

toluidines, Índole> from, 49 
tri-n-butyl phosphine, as catalyst for gramine 

alkylation. 119-121 
\3,7-trimethyloxindole, proeedure for, 69 
tryptamine derivatives 

from diethyl (3-chloropropyl)malonate, 67 
by Fiseher indole synthesis, 61-63 
Grandberg method for, 62 
fmm, piperidone-3-carboxylate esters, 67 
synthesis of, 67, 125-129 

tryptophan derivatives, 1 
syntheslsot~ 107, 109-110, 129-134 

v 

Vilsmeier-Haack reagents, 113 
2-( 5-vinyl-I-azabieyelo[2. 2.2]oetan-2-

ylindole, procedure for, 50 51 
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