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PREFACE

Pesticide synthesis is based upon obtaining a certain function and constructing the rest of the molecule
that goes around that function. Pesticides are classified in families according to the leading function.

R,
/
For instance amide pesticides all contain the function R3—(|3'—N\
R,
R,
. : -~
carbamate pesticides contain R3—0—('3'—N
0] N R,

and so on.

Though the main function is important for the efficiency and mode of action of the pesticide, it is by no
means sufficient as such.

It is the radicals and chemical groups surrounding the main function which make all the difference
between a great product and a mediocre one, which is why it is difficult to design a successful pesticide.
Success in the pesticide industry still depends upon the trial and error screening of many products, before
a great product is found.

A successful pesticide is imitated, in one way or another, thus giving rise to a family of products. That
is why over 98% of all pesticides can be classified in one of the main families of products, the remaining
being products one—of—a-kind.

While the synthesis of pesticides varies considerably even within the same family of products, certain
general principles hold true for each family which helps in understanding the synthesis path. This is why
the products are grouped together by the main function.

Finally, some pesticides have several of the main functional groups in the molecule and can be classified
within more than one family.

HOW TO USE THIS HANDBOOK

The main objective of this handbook is to describe the basic synthesis route(s) for the manufacture of
pesticides.
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viii  Preface

Important sidelines are a list of the main raw materials and intermediates used in the synthesis of
pesticides, as well as a list of all pesticides which are made using a given raw material or intermediate.

For this purpose there are five Appendices.

I. Generic Names

The Generic Name Appendix indicates the chemical function of the compound. If the compound has more
than one function, all functions are indicated. In this case, the synthesis route of the compound is found
under the first function indicated in this Appendix.

Example: Quizalofop—This compound is listed as phenoxy carboxylic acid, quinoxaline. Phenoxy
carboxylic acid is the first chemical function in the listing, indicating that the synthesis route of quizalofop
is found in the chapter under phenoxy carboxylic acids in the main text.

11, Trade Names

When only the trade name of the product is known the corresponding generic name is found in this
Appendix.

Example: Targa—Corresponding generic name is quizalofop.

II1I. Raw Materials and Intermediates

This appendix lists all pesticides, the synthesis of which uses a given raw material or intermediate. For
example, the synthesis route for quizalofop described in the main text requires propionic acid,
chloropropionic acid, hydroquinone and 2,6 dichloroquinoxaline. It is also indicated that the synthesis of
2.6 dichloroquinoxaline is described in the synthesis of propaquizafop.

If one wishes to know which other pesticides use any of these raw materials or intermediates, the answer
is given in this Appendix. If the compound is indicated with an asterisk, this means that its synthesis is
either described in the main text itself, or in Appendix IV.

IV. Synthesis of Raw Materials and Intermediates

The synthesis routes of Raw Materials and Intermediates are presented in this Appendix.

V. Chemical Functions

This appendix lists all products which have the same chemical function. The synthesis route(s) for each
product are described under the heading of the main function. When a product has more then one main
chemical function, it is listed under all its functions. However, whenever a function is indicated in
parenthesis, this means that this is the function under which the synthesis route of the compound is
described in the main text.

Example: Quizalofop—In the generic name index, this compound was found to be a phenoxy carboxylic
acid and a quinoxaline. Quizalofop, therefore, appears twice in the chemical function index, once under
the heading phenoxy carboxylic acids and once under quinoxalines. However, the listing under
quinoxalines shows also (phenoxy carboxylic acid) which means that this is the chapter of the main text
in which the synthesis of quizalofop is described.
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AMIDES

The amide function is usually obtained by reacting an amine either
with the chloride of an acid or with the acid itself.
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A significant number of amide pesticides have a general structure

of the type
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Amides and Similar Functions
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Other common amide structures are:

Cl
clomeprop H

Cl

—_0—

napropamide @@ - J‘;— c::— — = %_
!



where either R1

pentanochlor

pronamide

propanil

tecloftalam

or R a

Cl

Cl
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Cl

Cl

Cl
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Amides and Similar Functions

or
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An unusual route for amide formation is by reaction between
an amine and diketene which leads to an acetoacetamide

R— N + (— cI:= c= o)2 e R—N—c—%—c—c::—



Amides and Similar Functions

Acetochlor

Uses: herbicide, soyabeans

Trade names: Harness (Monsanto)

Type: amide

Synthesis:

N/

N
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Alachlor

Uses: herbicide, cotton, maize, peanuts, soyabeans, sugarcane

Trade names: Lasso (Monsanto)

Type: amide

Synthesis:
N/
N
1o [
-c-c~ -c-c-

2.6 diethyl aniline
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Amides and Similar Functions 9

Allidochlor
CDAA

Uses: herbicide
Trade names: Randox (Monsanto)
Type: amide
Synthesis:
1
° /?— ‘i= ?_ i 0
! !
Cl—c—c? + —-N —_ Cl—c—c? !
I M \1i LN A5
Cc—c=C— N
[ N
C—C=C—
[
chloro acetyl diallyl amine allidochlor

chloride
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Uses:

Trade names:

Benalaxyl

fungicide, potatoes, tomatoes, ornamentals, tobacco, onions, soyabeans

Galbsen, Tairel (Agrimont)

Type: ami de
Synthesis:
11 0 ! [ ©
—c—-c—c// + - c—OH —_— —c—ciz—c/
1N ] ol Nl
Cl OH Cl !
2 chloro propionic methanol
acid
+
\/
N
I .
. I 2.6
t | methyl
aniline

1
_c—
—C—
N ! ! QQC—-é
c—C c—c o | /s \/
1 N/ | —c— !
e—d’ ISN7L T —c—c” ¢—o N
) i c1 | l
! i S + —'f ?__
phenyl

benalaxyl

acetyl chloride
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Benodanil

Uses: fungicide, cereals, coffee, vegetables, ornamentals, rice, soyabeans
tobacco, turf

Trade names: Calirus (Basf)

Type: amide

Synthesis:

OH v/

e ©
+ OomC + —_— c—N:
\Cl 'cly i
I

o
\Y4
\C

ortho iocdo phosgene aniline benodanil
benzoic acid
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Benzoylprop-Ethyl

Uses: herbicide, wheat, beans
Trade names: Suffix, Endaven (Shell)
Type: amide
Synthesis:
|
- e
\N/ | o
N —-N—-c-éf
° ! OH
11 4
+ —Cc—c—c¢ _—
PN
c1 c1 OH c1
C1 Cl
3.4 dichloro 2 chloro
aniline propionic acid
+
b
—Cc— ?— OH ethanol
|
° c
1o -7 o
l‘o—‘:':——$-- OQ\ /Cl —N— é— c
g ¢ 1 1
—¢c-¢- 0—C—cCc—
T o
c—N Cl «——
] Cl
o Cl
C1
benzoylprop-ethyl benzoyl

chloride
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[
Bromobutide
Uses: herbicide, rice
Trade names: Sumiherb (Sumitomo)
Type: amide
Synthesis:
|
o Br -c—
it [
N—c—C—c—C—
tr o bt
I - C=C=C— —C—
—c—Br i 1 I
R P
+ ~C—Cc—C—¢C —_—
U el
i
|
olel dimethyl bromo-tert- bromobutide
benzyl amine butylacetyl

(see dymron) chloride



14

Uses:

Trade names:

Type: amide
Synthesis:
\/
N
| | [ |
-c-¢ -c~C-

2,6 diethyl
amine

Pesticides Synthesis Handbook

Butachlor

herbicide, rice, barley, cotton, peanuts, sugarbeet, wheat

Machete (Monsanto)

-C~
1
N
t [
+° -c~¢ c-c—
+ -C —_— t 1 [
\
formaldehyde .
o
1
Cl—c—cf
' ta
Chloroacetyl chloride
o
| [
Cl-c c-c~Cl
1IN/
N
NH et s
11 -c~C c-Cc~
«— AR R ' coma
ot 4,
c-c-
2 5T butanol
[ T N
c
1



Amides and Similar Functions

Butenachlor
Uses: herbicide, rice
Trade names: (Agro-Kanesho)
Type: amide
Synthesis:
\W4
c
\N/ 0
N
1 1 | 1 [o] [ 1 1
—C—C C— C— V4 —Cc—C —C— C—
T T + —_c _ T i1
/
2.6 diethyl formaldehyde
aniline
+
| 49 chloro
Cl—c—c acetyl
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Ccl
Py L0
|
—-c- c—%—o—%—?—?—%— —c< /c—-?—CI
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[ [ | [ 1 \
—c—¢ ¢—c— , | —Cc—C c—c—
r ' — HO—(l:—cl:a?—c— + Pl bt

butenachlor 2 butenol
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Cyprofuram

Uses: fungicide, vine, potatoes
Trade names: Vinicur (Schering)
Type: amide
Synthesis:
\/
o N
o
+
C1 c1
3 chloro meta
tetrahydro chloro
furan 2 one aniline

( 3 chloro
¥ butyrolactone)

RN

[
c// cyclopropane
\ carboxylic

Cl  acid chloride

i~

o]

C1

cyprofuram



Dichlormid

Uses: herbigide, safener, maize
Trade names: (Zeneca)
Type: amide
Synthesis:
Cl 1
o C— Cmz C—
l V4 /l [
—c—c + -N\\
I ‘ =
a ik ke
dichloro diallyl amine

acetyl chloride

Amides and Similar Functions

Cl o
Iy
—¢=—c C— cmc—
| \\N‘/" T
2 Niée cm o
T 1
dichlormid
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Diethatyl-Ethyl

Uses: herbicide, potatoes, red beet, soyabeans, sugarbeet, wheat

Trade names:

Type: amide

Synthesis:
\Y)
N
vt [
-c—c c-c~

2.6 diethyl
aniline

Antor (NorAm)
i [o]
+ Cl-c-¢” \
N 1
o-C-C-

ethyl chloro
acetate

o
[ 1
-C~0=C—
\/t i
N
[ [
~c—C -c-C—~
1 1 [
+
o
"
Cl-c-c
[N
Cl

chloro acetyl
chloride

diethatyl-ethyl



Diethyltoluamide

Uses: insect repellant

Trade names:

Type: amide
Synthesis:
o\\ Cl
N7
\ +
o ]

meta methyl
benzoyl chloride

Metadelphene (Hercules)

diethyl
amine

Amides and Similar Functions

LR
i_x
N
c—c—
[
1
c—
i
diethyltoluamide
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. [
Diflufenican
Uses: herbicide, wheat, barley
Trade names: Quartz (Rhone Poulenc)
Type: amide, pyridine
Synthesis:
N N c1
. c1 o 2 chlore
(:) dép 2 (:) 57 nicotinic
Y N
\OH OH acid
nicotinic
acid +
OH .
F 3 trifluoro
| methyl
c—F phenol
|
F
F F
{ |
F—c—F F—c—F
N N
o o
O «— soct, + O
e#° c°
N “ox
+ thionyl 2( 3 trifluoro methyl
\/ chloride phenoxy) nicotinic acid
N
F 2.4 difluoro
aniline
F
F
|
F—c—F

N
OL -
=0
c
F
\
N F
i

diflufenican



Dimethachlor

Uses: herbicide

Trade names: Teridox (Ciba)

Type: ami de
Synthesis:
\/
1 1 o
i T 7
+ —¢—o—c—c —_—
| [} AN
2.6 dimethyl methoxy
aniline acetaldehyde
o
v 4
N el
N
1 I o
- — C— )
! I &——- Cl— ?— c\
Cl
dimethachlor chloro acetyl
chloride
*
Pretilachlor
Uses: herbicide, rice
Trade names: Rifit (Ciba)
Type: amide
Synthesis:
. . v 1 2°
As dimethachlor with - cl:— <‘:— <l:— o— <i'.— e

propoxy acetaldehyde

and —Cc—Cc—

2.6 diethyl
aniline

Amides and Similar Functions

N
! |
—-C C—
| ]
+
By
[ i
— C—C—0—C—
(. !
N—
| 1
—c c-—
] I
i
| | 1 1
Cl—c—c C—~C=—0— C— C=C—
RN i §F
é [
—¢—C — C—C—
] o
pretilachlor

21



Dimethachlor

Uses: herbicide

Trade names: Teridox (Ciba)

Type: ami de
Synthesis:
\/
1 1 o
i T 7
+ —¢—o—c—c —_—
| [} AN
2.6 dimethyl methoxy
aniline acetaldehyde
o
v 4
N el
N
1 I o
- — C— )
! I &——- Cl— ?— c\
Cl
dimethachlor chloro acetyl
chloride
*
Pretilachlor
Uses: herbicide, rice
Trade names: Rifit (Ciba)
Type: amide
Synthesis:
. . v 1 2°
As dimethachlor with - cl:— <‘:— <l:— o— <i'.— e

propoxy acetaldehyde

and —Cc—Cc—

2.6 diethyl
aniline

Amides and Similar Functions

N
! |
—-C C—
| ]
+
By
[ i
— C—C—0—C—
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N—
| 1
—c c-—
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é [
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alternate route :

\/ | !
N -c- N
[ |
&l dede ——tm dde
[ [ + _— b It
0 =S= o
!
o
| +
—c—
|
—c—
|
o o
| 7
-?— Cl—c—c
|
~C—
|
p.toluene
sulfonic acid
2 propoxy ethyl ester pretilachlor
Propisochlor
Uses: herbicide, maize, sunflowers, soyabeans, potatoes
Trade names: Proponit (Nitrokemia)
Type: amide
Synthesis:
L
o 7°
As dimethachlor with —C = 0—C
(| AN
isopropyoxy formaldehyde |
o] -C-
I { |
Cl——c-—c\\ /?-o——?——c—
\/ N '
N
&b . 44 .
and (| | 1 |
2 methyl 6 ethyl propisochlor

aniline
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alternate route :

\/ | !
N -c- N
[ |
&l dede ——tm dde
[ [ + _— b It
0 =S= o
!
o
| +
—c—
|
—c—
|
o o
| 7
-?— Cl—c—c
|
~C—
|
p.toluene
sulfonic acid
2 propoxy ethyl ester pretilachlor
Propisochlor
Uses: herbicide, maize, sunflowers, soyabeans, potatoes
Trade names: Proponit (Nitrokemia)
Type: amide
Synthesis:
L
o 7°
As dimethachlor with —C = 0—C
(| AN
isopropyoxy formaldehyde |
o] -C-
I { |
Cl——c-—c\\ /?-o——?——c—
\/ N '
N
&b . 44 .
and (| | 1 |
2 methyl 6 ethyl propisochlor

aniline
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Diphenamid

Uses: herbicide, cotton, soyabeans, potatoes, fruit, ornamentals, vegetables,
tobacco
Trade names: Dymid (Lilly), Enide (UpJohn)

Type: amide

Synthesis:

\cf,

©

+ HCN + —_— ~c~cz=N
hydrogen
cyanide
benzaldehyde benzene
+
KOH
—c~c?° «— HC1 + —c-c?®
“oH oKk
+
thionyl
SOCI2 chloride
O ,
¢= n e
~¢-c?° + 7] —> ~g-a-N(
~ \
Cl C- C~—
i H
dimethyl

amine diphenamid
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Fenfuram
Uses: fungicide
Trade names: Panoram (Keno Gard)
Type: amide, furan
Synthesis:
[} ) c \
. ¢~
+ socl, _
z° . 2°
-—C ——
~o S
+
2 methyl furan thionyl
carboxylic acid chloride
\/
N
aniline
o
Vs
- <I:-- e glycoaldehyde
OH
+
[
1Y aceto ° ..J:_
—¢—c—c—¢ . . 1
[T \ acetic acid
OH 20
N—

fenfuram
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Flamprop-M-Isopropyl

Uses: herbicide

Trade names: Commando, Suffix BW, Super Baunon, Mataven (Shell)

Type: amide

Synthesis:
td 2° v ° chloro
—c=—c—c¢ + Ccl _— —c=—c—c¢ propionic
N 2

i .
OH "o o  acid

propionic acid

+
[ .
—C=C=—C— isopropanol
! [
OH
N
! /,o 1 [ /,o t
el ST
-N 0=c-, Cl ! o—c~
Neo F (28 Ndo
' !
c1 3 chloro 4 fluore
7 aniline
+
[ 2 C,Cl

benzoyl chloride

flamprop-m~isopropyl
Ccl
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alternate route :

\/
N
o] o
R i —_— il
AN ! N
c1 OH | OH
Cl
F -
Ql,
F
| I |
—~Cc—Cc—Cc—
Py
OH
o\\c/Cl
/ [o]
flamprop isopropyl e + - ¢;;.. é.. c/ - é_
| Ne—i-
N- |
— c—
I
Cl
F
Flamprop~M-Methyl

- methanol is used instead of isopropanol
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alternate route :

\/
N
o] o
R i —_— il
AN ! N
c1 OH | OH
Cl
F -
Ql,
F
| I |
—~Cc—Cc—Cc—
Py
OH
o\\c/Cl
/ [o]
flamprop isopropyl e + - ¢;;.. é.. c/ - é_
| Ne—i-
N- |
— c—
I
Cl
F
Flamprop~M-Methyl

- methanol is used instead of isopropanol



Uses: rodenticide

Trade names: Rodex

Type: amide

Synthesis:

fluoro acetyl

chloride

Amides and Similar Functions

Fluoroacetamide

(Jewnin-~Joffe)

o
v A/
NH3 —_— F—c—c¢c
| \N’
~
fluoroacetamide
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Flutolanil

Uses: fungicide, rice, potatoes, vegetables, turf, cereals

Trade names: Moncut (Nihon Nohyaku)

Type: amide

Synthesis:
\/ \/
N N
i
i ] J: —C—
<:> + —Cc—Cc—¢— _ !
[ o— c—
(v} I
ONa —C—
m-isopropyloxy
aniline
meta chloro sodium +
aniline isopropyl oxide
Cl
o\\c/
F
é._p 2 trifluoro
| methyl
F benzoyl
chloride
I
—C—C—C-—
Fopot
o
o
1y
|
F—c-F

flutolanil



Furalaxyl
Uses: fungicide, ornamentals
Trade names: Fongarid (Ciba)
Type: amide, furan
Synthesis:
\N/
N
é ! /o
- = 1
! ! —c—c—c/ —_—
Lo N

2.6 dimethyl
aniline

2 bromo propionic
acid methyl ester

Amides and Similar Functions

I o
Sl
| o—c—
N_
| ]
| [
+
Ca?o 2 furan
Ne1 carboxylic
acid chloride
(2 furoic acid
chloride)
o OH
N/
v
—C—C—
| l o
i o
N—=¢
| 1
-C C-—

furalaxyl
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Inabenfide

Uses: growth regulator, rice
Trade names: Seritard (Chugai)

Type: amide, pyridine

Synthesis:
|
—C -
O + o8O, _—
N
potassium
picoline permangenate
[::i::)
|
cmo

1
N- \/
o N o
[:j::r-"_T::::] [::::I-"_T::::J
c ¢
— +
Cl Cl

+ 2 p-chlorec aniline,

. phenyl ketone
sodium

NaBHé boro hydride

l

O

—r)
2

inabenfide

o, OH
N/
isonicotinic
(:) acid
N
+
thionyl
SOZC1 chloride

|
©



Uses: herbicide, beets

Trade names:

Isocarbamid

Merpelan AZ, Terratop (Bayer)

Type: amide, imidazolidinone

Synthesis:

N0

N—

2 imidazolidinone

Ccl

AN

Oom=C

7/

Cl

phosgene

Amides and Similar Functions

-—C=
[ isobutyl

|
-
—N—c— T"' “: amine

isocarbamid
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Mefluidide

Uses: growth regulator, sugar cane, soya beans
Trade names: Embark (3M)
Type: amide, sulfonamide
Synthesis:
o
|-
¥ N
d ¢
c— o —C—
-N ! + —é-c? —— ~n !
o g —_—C—
1 |
5 amino acetyl
2.4 dimethyl chloride +
aniline
o F
\\s/
o// \c—F
3
o
g
—c—
N
N
° N
g
S —_C—
7 \ l
o c—F

mefluidide

trifluoro
methane

sulfonyl

fluoride
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Mepronil

Uses: fungicide, rice, potatoes

Trade names:

Type: amide

Synthesis:

oL Cl
\c/

b

o-methyl
benzoyl
chloride

OH
NZ

m-amino
phenol

Basitac (Kumiai)

it
o—C—C—

_—C—

m-isopropoxy
aniline

isopropyl
bromide

mepronil
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Metalaxyl

Uses: fungicide, hops, tobacco, vines, citrus, maize, sorghum, sunflowers
Trade names: Apron, Ridomil (Ciba)

Type: amide

Synthesis:
|
|
\ v 4
N N \o— -
1 o |
—é c— [ 4 —é é—
! | + —Cc—C—2¢C B — [ 1
e\ g
Br °T§T
2.6 dimethyl 2 bromo propionic
-0 cimetny acid methyl ester
aniline .
o
i 4 methoxy
- f_ o= T_ c\ acetyl
cl chloride
!
o —_—C
1 [l I 4°
—Cc—0—C—¢C c—¢
| FOoONL/ N
N o—<‘:—
b e

metalaxyl



Metazachlor

Uses: herbicide, potatoes, tobacco,
Trade names: Butisan S (Basf)

Type: amide, pyrazole

Synthesis:
\/
N
- L i
i T + c1—t}—c\ —_—
Cl
. chloro
2.6 dimity)
chloride
[//*§]
N——N
] |
]
-c- c—c—Cl N
/1 AN
N N
— LJ -
metazachlor pyrazole

cabbage

Amides and Similar Functions

)
' l para-
c formaldehyde

HC1 or SOCl2

35
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Methfuroxam

Uses: fungicide, cereals
Trade names: Trivax (Uniroyal)

Type: amide, furan

Synthesis:
\/
) N o
] // 1 A
-~ C=C~C—¢ + —_— —Cc—C¢—C—¢
I T AN TR AN
o H N
1
aceto acetic acid aniline

- acetoin
g 1!

o OH

AlCl

|
—C —

i

1
—C

[

Q["_ )

methfuroxam
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Metolachlor

Uses: herbicide, cotton, ground nuts, maize, potatoes, sorghum, sugarbeet,
sugarcane, sunflowers

Trade names: Dual (Ciba)
Type: amide
Synthesis: _(I;_
|
C— C— 0— C—
\/ N/ 1 1
N N
I | |
—C— — Qo= G | i H _I I | —
! [ + -—(l:—lc'—{:—o—-c— —-2—> ‘l: (i: {i:
|
o
+
2 ethyl 6 methyl
aniline methoxyacetone o
Cl— ":_ 7 chloro
N acetyl
Cl A
chloride
I
o —c—
I I 1
R AN ST
N
] [
- —C— C=~—
{ t I
alternate route : metolachlor
o
1
Cl—c— cf
! c1
+
¥
—_—C—
by i
c—c— 0— C—
\/ \N/1 1 [
N N
| 1 !
LANGL SRANIE
] ] | + — (':_ C—C— O0— C— —_—> | I I
|1 I
Br

2 bromo 1 methoxy
propane
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Monalide

Uses: herbicide, carrots, vegetables
Trade names: Potablan (Schering)

Type: amide

Synthesis:
I
T
y . T
-~ o -
L i
+ —C—C=—C¢—c—¢ —_—
N A
-c- (1l 1
Cl |
p.chloro o< g dimethyl monalide

aniline valeryl chloride
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Naphthyl Acetamide

Uses: growth regulator, fruit trees
Trade names: Amid-Thin (Rhone Poulenc)

Type: amide

Synthesis:
7 i 7
——C— ~ -—C—C
OH N
Iﬂ::ﬂll:::’ + NH3 — ':::,
naphthyl naphthyl

acetic acid acetamide
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Naproanilide

Uses: herbicide, rice
Trade names: Uribest (Mitsui)

Type: amide

Synthesis:

B-naphthol bromo propionic
acid chloride

-C=-

o
| 4
o—c—c<
OH
+
\/
N
aniline

Q= L—c//
I N\yN—
|

naproanilide
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Napropamide

Uses: herbicide, citrus, sunflowers, tobacco, tomatoes, fruit trees

Trade names: Devrinol (ICI)
Type: amide
Synthesis:
0 o
4 Lo 7
—c—c—2c¢ + Br _> —¢c—c—c¢
1N\ 2 I \01-1
OH Br
propionic acid .
thionyl
SOCIZ chloride
o t—c o
' é c/ cl: c': —— N/I I (‘: é c//
—C—C— . - + —C—cC~—
PN N Pl N
Br \' . 1 T Br
c—c—
[I
. diethylamine
OH
¢ — naphthol
| o
4 et
Ny
° AN

napropamide
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alternate route :

napropamide



Amides and Similar Functions

Naptalam
Uses: herbicide, ground nuts, soyabeans
Trade names: Alanap (Uniroyal)
Type: amide
Synthesis:
\/
I N o
c 1t
\ NaOH —Cc—0— Na
0 + S
/ iy
c o
" QIO
phthalic hthylamine
anhydride oC nap o

naptalam
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Niclosamide

Uses: molluscicide, aquatic use (shistosomiasis)
Trade names: Bayluscid, Bayluscide (Bayer)

Type:  amide

Synthesis:

HO\;yo \/

¥ c1 c1
~OH Cl
. (O — 1O
c1 o 2

NO, OH

5 chloro 2 chloro

salycilic acid 4 nitroaniline niclosamide
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Ofurace

Uses: fungicide, grapes, potatoes

Trade names:

Ortho 20615 (Chevron)

Type: amide, furanone
Synthesis:
/’o
!
Cl-f-c::
7
\N/ N

2.6 dimethyl
aniline

alternate route:

) 1 I
/ —-c c—
Cl—(':—c/ > [‘©/l
LA
Cl

chloro acetyl
chloride

3 chloro o
tetrahydro
furan-2one

Cl =0

(3 chloroe
Y butyrolactone)

dimethyl aniline + chloro butyrolactone, followed

by reaction with chloro acetyl chloride

ofurace
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Pentanochlor

Uses: herbicide, carrots, vegetables, tomatoes, ornamentals

Trade names:

Type: amide

Synthesis:

Cl

3 chloro
4 methyl aniline
(2 chloro 4 amino
toluene)

Solan (Atlas)

| o
i 4
cl
2 methyl

butyryl chloride

1
SV Sy S VS
[ B B
_c_
I
ci

pentanochlor
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Pronamide
(Propyzamide)

herbicide, trees, ornamentals, vegetables

Uses:
Trade names: Kerb (Rohn & Haas)
Type: amide
Synthesis: i
c
1 1 HZO ] | ]
- C=—Cc—C— + Na—c&mc— —_——> —_C=— = C—
[ B [ |
o OH
. +
acetone sodiumacetylide
thionyl
SOCIZ chloride
i
c
il
c
t o
—C—Cc—¢—
LI N |
Cl
+
NaNZ sodamide
liquid
1
[
il
c
[
—Cc—c—cC—
o
N
/N
+
o OH o Cl
\\c/ N’
+ SOCl2 —_—
Cl Cl Cl Cl
3,5 dichloro thionyl
benzoic acid chloride
1
-C—-
11
<) N—c—c=c—
N7 ]
—c—
|
Cl Cl

pronamide
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Propachlor
Uses: herbicide, cotton, groundnuts, maize, onions, soyabeans, sugarcane,
ornamentals
Trade names: Ramrod (Monsanto)
Type: amide
Synthesis:
i {
—C - ° —(':—
I 1y !
c—C— Cl—c—c ~ <l:— c—
[ {
\N VA N
o
A
+ Cl— <':— c\ —_>
Cl
N-isopropyl chloro acetyl propachlor

aniline chloride
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Propanil
Uses: herbicide, rice, wheat
Trade names: Stam F-34 (Rohm & Haas), Surcopur (Bayer), Rogue (Monsanto)
Type: amide
Synthesis:
o
oy
T
\k/ N
o
14
+ —c—c—c\ _—
Cl bl OH Cl
Ccl Cl
3.4 dichloro propionic propanil
aniline acid

or propionyl
chloride

49
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Tebutam

Uses: herbicide, tobacco, tomatoes, vegetables

Trade names:

Type: amide

Synthesis:
|

|
[
—C=

N-benzyl
N-isopropyl
amine

\.—--
FZ2—0

+

C1

-C—

Comodor (Ciba)

I
-C—-
o
—C=—C=N—— ¢
[ | i
. -~ 0
| 7
+ ~¢=—c—c —_—
I AN
Ccl
-
|
pivalyl
chloride tebutan

isopropyl
amine

benzyl
chloride



Uses: bactericide, rice
Trade names: Shirahagen-S
Type: amide
Synthesis:
o
Z
OH
+
o
v,
<
OH
ortho

phthalic acid

Amides and Similar Functions

Tecloftalam

, Shiragen (Sankyo)
o
Cl c//
ci “oH
Cl2 _—
Cl [¢]
7
c1 o
OH

\/
N
Cl 2.3 dichloro
aniline
Cl
o
Cl df
Cl OH

C1

° c¢_c
a 2
N\

N
!

tecloftalam
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Thenylchlor

Uses: herbicide, rice

Trade names: (Tokuyama Corp)

Type: amide, heterocyclic sulfur, thiophene

Synthesis:
L
\/ .
S Z° N S
-7 1 ! ¢=N—
~ -—C— C— ‘
+ ! (:) | _— i
—-C~-
|
o o
] !
—C=- —-C=
| i
2 carbonyl 2.6 dimethyl +
3 methoxy aniline Cl .
thiophene . trichloro
H—Si—Cl silane
\\Cl
+
/o
Cl——é——c/ chloro
acetyl
Cl chloride
|
-C—
SN—é— N
b
o=C
| -~
_(l:_ ‘
i c1
|
thenylchlor
alternate route:
cl
Cl -é-
L
S I X
+ ! ! _— thenylchlor
[
|
—C-
!
3 methoxy

thiophene
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Trichlamide
Uses: fungicide, cabbage
Trade names: Hataclean (Nippon)
Type: amide
Synthesis:
o om o N<
N N/
on OH
+ NH B
3 . .
salycilamide
salycilic acid *
Cl
I e
Cl—c— 7 chloral
‘ \
Cl
o cl1 C1 o ?H (,:1
Q__&__% !——Cl c——N—-c——-?——Cl
i
Cl
ol Cl ~OH
«— SOC12 +
thionyl
chloride
+
1o
- ?— &= <::— OH n-propyl alcohol
o Cl
o !
c——-N——-c-—-?-—Cl
I
[ Cl
~-OH !

trichlamide
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Triforine

Uses: fungicide, ornamentals, vegetables, fruit

Trade names: Cela W524 (Shell)

Type: amide, piperazine
Synthesis:
Cl Cl
| 2° L0 | : 4y
Cl—c—c + —cZ _— Cl—c—c¢—N—2=¢
AN Ny - ! ~
| NZ I
Cl Cl OH
chloral formamide
+
thionyl
SOC12 chloride
Ccl
] )
Cl-—c-——-é———N-—d{\
! } J
cl N N c1
I | o
— + Cl——c———-c-—N-—67
| R
cl N N Cl Ccl
I
o ,°

Cl— ¢ —— ¢c——N—=¢
] 1 | N

Ccl
piperazine

triforine
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CARBAMATES AND THIOCARBAMATES

Carbamates and thiocarbamates are an important family of pesticides,
finding applications both as insecticides and herbicides.

The R,—N— c—o0—-R function for carbamates ,

1 ' 1l 3

Ry

or R1-—t|€— ﬁ—S—-R3 function for thiocarbamates can be obtained
R, °

by the following reaction:

R
/Cl / 1
o=cC + - N _—> R, —N— Cc—x-—R
N\ \ 1 f 3
x—R3 R2 R2 o
chloroformate (x=0) .
amine

thiochloroformate (x=S)

Cl

The first step consists in producing the chloroformate o=cC
x—R3

by reaction between phosgene (the starting point for nearly all
carbamates) and the respective alcohol or mercaptan
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A variation of the above route consists in inverting the order of
the two reactions that is instead of
phosgene + R, xH ———> chloroformate or thiochloroformate

3

amine

l

carbamate

one can have

R Cl
Cl 1
/ / /
o=C + - N s o=C¢C R
cl Nk \ /1
2 N
\\R
2
phosgene amine carbamyl chloride
+
R3xH

carbamate
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A variation to this latter route is to start from carbonyl sulfide,
thus incorporating both N and S in the first step

S—Na
/5 /
S=c=o0 + —N  — o=C R (thiocarbamate)
\Rz \ "1
N
Rz
+
R, C1

An important alternative route for producing carbamates is by the

reaction between an isocyanate and an alcohol ( or an oxime )

R,~N=c=o0 + R_,OH —_—) R,I—I‘q— ﬁ—o—R3

H

57
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An unusual method for obtaining a carbamate consists in starting

from a chloroformate and an isothiocyanate ( see thiophanate )

0==d/ + K—S—C=N _— R -4}—ﬁ—-N=:c==S

-

This latter compound is then converted to a carbamate by reaction

with an amine

S R
P /2
N —_— R, — O0—C~N—Cc—~— N

R, ~0—C—N=C=S§ + 1
I g I AN

Ry

The most common structures for carbamates are as follows :

|
—N——C~—0—R

Cl

barban
chlorbufam
chlorpropham
propham

Il
o-——c——?——R

ethiofencarb
dioxacarb
fenobucarb
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benfuracarb
carbofuran
carbosulfan
furathiocarb

O0— C—N—~¢—
] ]
o

R R R

17 727 73

aminocarb
bendiocarb
cloethocarb
dioxacarb
ethiofencarb
fenobucarb
formetanate
isoprocarb
methiocarb
metolcarb
mexacarbate
promecarb
propoxur
trimethocarb
xylilcarb
XMX
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~N— c—0—R
| ]
o

R

Ryr Ry

barban
carbetamide
chlorbufam
chlorpropham
diethofencarb
propham

desmedipham
phenisopham
phenmedipham



Amides and Similar Functions

CARBAMATES

Aminocarb
Uses: insecticide, cotton, forestry
Trade names: Matacil (Bayer)
Type: carbamate
Synthesis:
I
OH | -C—-
i ?\ i
1 + —c—N=c=0 _— N o—c—N—c—
C= I 1/ i i i
¥ B
/7 N\
Z Zc-
i 1
4~dimethyl amino methyl isocyanate aminocarb

3-methyl phenol
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Asulam
Uses: herbicide, pastures, sugarcane, forestry, tree crops
Trade names: Asulox (Rhone Poulenc)
Type: carbamate, sulfonamide
Synthesis:
o
w1 Nt
[Pt NI
N
+ ClSO3H _—D
. o=S=0
tq3 chloro sulfonic 1
acetanilide .
acid Cl
NH3
o\\ 1 o\\ ]
N /C-?_ N /c_$°
-— O:c,m‘ .
\o_c':_
o=S=0 0=S=0
i i
-l;l methyl chloroformate /N\
c=0
]
o
1
—c—
i
NaOH



Amides and Similar Functions 63

Barban

Uses: herbicide, wheat, barley, soyabeans, sugarbeet, sunflowers

Trade names: Carbyne, Caryne, Neobyne (Schering); Wipout (Uniroyal)

Type: carbamate

Synthesis:
o
i
c
\/ #
N N
Cl
O=C\ + —_—
c1 c1 c1
phosgene metachloroaniline
+
1
HO-c~czc-¢-OH + socl, —_— Cl-¢-cze~¢-OH
I
1,4 butyne diol thionyl chloride

=0

N—c-o-%—cac-é—cl
Cl

barban
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alternate route :

] t
o= C + Ho—c—cmc—
]

o= C

i i
0o—Cc—cz=c—c—Cl
s 1 }

N1

Cl

[o]
il t 1
N—c—o0o—c¢c—c=c—c—Cl
| |

Cl



Amides and Similar Functions 65

Bendiocarb
Uses: insecticide, public health, buildings, maize, sugarbeet
Trade names: Ficam, Gartox, Seedox (Schering)
Type: carbamate
Synthesis:
oH o o A
P,0 \ /i
OH | : 275 c
—Cc—c—c— _—>
oH * TR /\i
o c—
° ]
pyrogallol acetone
+
| P |
—c—NZ + Ome — — Cc—~Nmcm=o methyl
! ~c1 | isocyanate
methyl phosgene
amine
o
b
o—-c—-N—-$-—
t
NV
c
7/ Ne—
o i
bendiocarb
alternate route
|
—C -
OH : OH 0. |
OH Pl N AT
+ —Cc—c—c— —_— c
(0): L o e—
o 1
|
—_—C——
|
pyrogallol 2.2 dimethoxy

propane
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Benfuracarb
Uses: insecticide, citrus, maize, rice, sugarbeet, vegetables
Trade names: Oncol (Otsuka)
Type: carbamate, benzofuran
Synthesis:
o o
| 1
o—g—N—é— o—¢c—N—c—
i o i !
] o v o 5
_<::- + sC1, —_— -%- c1
sulfur +
carbofuran dichloride
i [
&—c— c/< b
S o—c—c—
N1 bl
c—c—
I I
— c—
|
] 1o o
T /?_7_</ 1l
0o—c—N—S—N om I
_é_ AN
] c—Cc—
' ! |
-C- —_e—

benfuracarb



Carbaryl

Uses: insecticide, cotton, fruit, vegetables
Trade names: Sevin (Rhone Poulenc)
‘Type: carbamate
Synthesis:
CH

— ©Q

naphthalene 1 naphthol
o
[f] i
0-¢c~N-c-
[ ]
! ”
—— -e-N{
methyl

carbaryl amine

Amides and Similar Functions

NaOH
_—

ONa

©

+

o=c’\Cl phosgene

Cl

L n——

o-c-Cl

S
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alternate route:

c1 OH
—{:—N( + o= c< —_— - c::-—N==c= [] + ——> carbaryl
Cl

methyl
isocyanate
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Carbetamide

Uses: herbicide, vegetables

Trade names: Legurame (Rhone Poulenc)

Type: carbamate
Synthesis:
o o
R oL 4
— C~ C=C —c—c—NZ —Cc—Cc—C
[ \ (l: I [N \N ‘1: (I:
on °f OH T
methyl lactate ethyl amine +
o
I
c
[
\/ N
N
cl
+ o—c/ — phenyl
isocyanate
Ccl
aniline phosgene
(<]
vt 7
—c—c—¢
I \ o
Ne—c=—c—
© [
|
o=c
|
- N

carbetamide
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Carbofuran
Uses : insecticide, mainly for corn, also alfafa, sorghum, tobacco
Trade names: FMC (Furadan), Rallis (India), Hungary (State)
Type: carbamate
Synthesis
main route:
OH OH .
OH 1 0-C—C=C~
+ Cl-c-c=c- _ oe-!
] _é_ ] i
1
2 methyl allyl
catechol chloride
A
OH e’ OH

C

an
/O\c\ Y,
| A~ —
C—-
[

+
t

~c=N=ac=o
H

methyl
isocyanate

carbofuran
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alternate route without methylisocyanate :

phosgene

—¢-N

methyl
amine

alternate route based upon ortho-nitrophenocl instead of catechol :

NO2 NO

1
OH : : T0-¢~¢=¢-
+ Clegme=e- — -
1
-

O MgC12 OH
— '
§6=¢

71
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+ NOzNa

OH N=

—C=N=c=0
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Carbosulfan
Uses: insecticide, sugarbeet, rice, citrus, maize, potatoes
Trade names: Marshal (FMC)
Type: carbamate
Synthesis:
oy
c=N-c-
1
1 1 [t
° aRAs
+ SC1 + -N —_—
2 N1
c-¢c-c-c-
] 1 [
carbofuran sulphur dichloride
! [ N |
-
o, 5T L§eGs-
Je-N-S-N_
\ [ |
o c-¢c~c~C~
[ T A
-]
—_

carbosulfan
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Chlorbufam

Uses: herbicide, onions

Trade names:

Type: carbamate

Synthesis:

\/

Cl

metachloro
aniline

BiPC (Basf)

=0=0

/Cl 3 chlorophenyl
o= C _— isocyanate
Nt c1

phosgene

—Cc=Cc— é— OH methyl
‘ propynol
—c-
I
1
-—C—

[+
1
N—c—0—c—c=c~—

Cl

chlorbufam



Amides and Similar Functions

Chlorpropham

Uses: herbicide, carrots, onions
Trade names: Provenol (AgrEvo), CIPC (Elf Atochem)
Type: carbamate
Synthesis:
-C1 | I Cl1
o=¢ * RS — o=cl T ¢ isopropyl
c1 OH °'°<' chloroformate
&-
i
phosgene isopropanol +
\W4
N
metachloro
c1 aniline

chlorpropham

75



76 Pesticides Synthesis Handbook

Cloethocarb

Uses: insecticide, cereals, maize, potatoes, soyabeans

Trade names: Lance (Basf)

Type: carbamate

Synthesis:
]
%
OH o<
o
CH c1
+ o=c\’ _— >
Cl
catechol phosgene
+
t ”
-c~N{ methyl
! amine
]
-C-
t
o
1
o—c-g-Cl OH
i 1
~c-N-c- i 0-c-N-c~-
K & Cl-c=g-o0-c- noo
o o
1 chloro
cloethocarb 2 methoxy

ethylene
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Desmedipham
Uses: herbicide, sugarbeet
Trade names: Betanal AM , Betanex (Schering)
Type: carbamate
Synthesis:
OH OH
cl
7 ¢ * Z N-c~0 é é
oo N= '
(o]
ethyl .
chloroformate m-amino phenol
+
o
i
c
[
% N
N
~C1 phenyl
* o=c 2 isocyanate
Cl
aniline phosgene

desmedipham
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-
Diethofencarb
Uses: fungicide, grapes, vegetables
Trade names: Sumico (Sumitomo)
Type: carbamate
Synthesis:
\/ \Y)
N
1
+ —c—c—0—Na —_—> i
cl [ —o—%—?—
c1 i}
0—c—C—
[
3.4 dichloro sodium
aniline ethoxide
+
Cl Cl
o c/ + (I: ¢l: t': _— o c/ (::_ isopropyl
\\Cl Fyod AN / chloro-
OH o—c=- formate
\y
c—
§
phosgene isopropanol
1
_c—
[

diethofencarb



Dioxacarb

Uses: insecticide, rice, cocoa

Trade names:

Type: carbamate

Synthesis:

salicyl
aldehyde

Elocron, Famid (Ciba)

OH OH

ethylene
glycol

OH

—%—N:c-o

1 |
- c—
| I
o o

AN P

Amides and Similar Functions

methyl
isocyanate

|
0— ¢~ N—c—

dioxacarb

79
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Ethiofencarb

Uses: insecticide, cereals, cotton, maize, potatoes, sugarbeet, tobacco,
vegetables

Trade names: Croneton (Bayer)

Type: carbamate

Synthesis:
OH OH
| | i |
—c—Cl I ] Coune S (l:— c—
[ + - <':— <|:— SH —_— O { !
+
2 chloro methyl ethyl
phenol mercaptan [ methyl

- = N=c=0 .
‘;’ N=c isocyanate

l t 1

ethiofencarb
alternate route : | !
— ¢—S=—Cc—C=—
|
OH
| [ Cl [<]
¢— S—c—c— / /
i ! | + o=¢ ———— o=c
\ N
Cl Cl
2 ethyl thiomethyl phosgene
phenol +
P methyl
_?— N2 amine
i !
- c—S—cl:-c—
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Fenobucarb

Uses: insecticide, rice, sugarcane, tea, wheat, vegetables

Trade names: Osbac (Sumitomo), Bassa (Kumiai), Baycarb (Bayer)

Type: carbamate
Synthesis:
|
OH -C-
! c1 ci
C— / /
|+ o=c — o=c
-(l:- \c1 \o_ 2 sec butyl phenol
-c- chloroformate
i
S Y
2 sec butyl phosgene ; (I‘-—l ¢
phenol
+
~ ! methyl
/N_T— amine
o
]
o—c— }']_ (E—
[
C—C—
' i
—c-
I
-c-

fenobucarb
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Fenoxycarb
Uses: insecticide, citrus, olives, vines
Trade names: Insegar (Ciba)
Type: carbamate, phenyl ether

Synthesis:

OH

Cl

p-chloro
phenol

2 chloroethyl
amine

o-Na
p-phenoxy
@o_@OH phenOI
sodium
fenolate
+
1
/o—<':—<1:— Lo //o 2(chloroethyl)
om=C —_— Cl—c—c—N—c carbamic acid
\Cl b \o—c':-—c':— ethyl ester
[
ethyl
chloroformate

fenoxycarb
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Formetanate
Uses: acaricide, citrus, fruit, vegetables
Trade names: Carzol, Dicarzol (Schering)
Type: carbamate, amidine
Synthesis:
OH OH
o POCl1
4
+ N CH3 _3_) ,CH3
NZ N N=c-N_
1]
CH3 CH3
meta amino dimethylformamide +
phenol
]
-c-N=c=o0 methyl
! isocyanate
HC1
o
i !
o-c-y-c—
CH
/
N-f-N\ 3
CHy

formetanate
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[
Furathiocarb
Uses: insecticide, maize, sugarbeet, vegetables
Trade names: Deltanet (Ciba)
Type: carbamate, benzofuran
Synthesis:
/Cl /Cl butyl
_ ":_ <|:— é_ (l:_ OH . o= c o= c chloroformate
R AN AN [ N R
Ccl 0—C—C—C—C—
{7 1 i
n-butanol phosgene .
~N_ L methyl
=N ? amine
1
N—c—
/
o==C
Nt
0—C—C—C—C—
| | ! t
+
sulfur
SCIZ dichloride
Cl
i
i
N—dm
/ {
o=c
N1
0— C—C—C—C—
[ I I B |
+
o
il
—~N—c—o0 .
| o -
- §
I I
§ carbofuran
o o
1111 ] ]
—C¢—C—C—C—0=—C=N—§—N—c-—o0o )
(N | | o_ ,C-
-c- -Cc- !
] ] I
1

furathiocarb



Amides and Similar Functions

Isoprocarb
Uses: insecticide, rice
Trade names: Etrofolan (Bayer), Mipcin (Mitsubishi)
Type: carbamate
Synthesis: Cl
/
o=C
\
! [+ i
OH -c- - -
i ci |
c- / c-
| + o= _> <:) |
- \ -C—
1 c1 [
+
o-isopropyl phosgene
phenol S methyl
—N ¢ amine
1
—N—c—
/ I
o=¢
\
o |
—c—
|
c—
|
—-
|
isoprocarb
alternate route :
Cl Cl
o c/ + \N <l: _—> [} c/
AN - i \ |
Cl N—c¢c—
[
+
|
OH -c-

l

isoprocarb
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Methiocarb

Uses: insecticide, cereals, citrus, ornamentals, potatoes, sugarbeet,
vegetables
Trade names: Mesurol, Draza (Bayer)
Type: carbamate
Synthesis:
o

OH [N
1
4 _‘l:_ + —-<‘:—N=c=o > & <l:_
1 ] [ i
S S
| |
[ I
methyl
3.5 dimethyl isocyanate

4 methylthio, phenol methiocarb



Uses:

Trade names:

Type: carbamate
Synthesis:
OH
. +
c—
|
3 methyl
phenol
alternate route:

Cl
~ | /
- N—c— + o= C

I \

Cl

insecticide, rice

Metolcarb

Tsumacide (Nihon),

Cl
Om C S
Cl
phosgene
|
—?—N=c=o

Amides and Similar Functions

Metacrate (Sumitomo)

methyl
isocyanate

Cl _é_

o= C

methylamine

—-é—-N—-c——o

e
)

metolcarb

OH
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Uses:

Trade names: Zectran
Type: carbamate
Synthesis:
OH
1 1 +

4 amino 3.5 xylenol
(3.5 dimethyl 4 amino phenol)
(2.6 dimethyl 4 hydroxy aniline)

Mexacarbate

insecticide, acaricide, molluscicide, ornamentals, turf, forestry

(Rhone Poulenc)

-d-0 o oH
'\ /7
s — _{ -
/N ! !
- C—0 o N
! / \
) ]
dimethyl
sulfate
+

methyl

1
— Cc—Nm=cm=o .
] isocyanate

o

o— c—N—é—
|-

_<'f _%_

mexacarbate



Amides and Similar Functions

(3
Phenisopham
Uses: herbicide, cotton
Trade names: Verdinal (Schering)
Type: carbamate
Synthesis:
OH
OH a L
]
om=C c- _) |
N AN /1 N— ¢— 0—cCc—
~ o—c\ [} '
&= ° o
[ |
meta amino isopropyl
phenol chloroformate
+
Cl Cl
/ |
o= —_—
P \\ N—c= o
N\t cl I
- +
- -
N.ethyl phosgene |
aniline
|
—T—
—c—
|
A l

o.

|
— ) ——
|
o
I
=0
)
=]
[
o=n
I
2z

phenisopham
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Phenmedipham

Uses : herbicide, sugar beet
Trade names: Betanal (Schering)

Type t carbamate

Synthesis :

OH OH
Ll
+  o=C —_—> t
o-Cc— N-c~o-c-
( 1 [ t
<]
meta amino methyl
phenol chloroformate
+
~&- &
C1l
’
. - —
< c1 =e=o
meta toluidine phosgene

o-c-N
' 6ot
_(]: _o_ﬁ_N o
o’ —c-

phenmedipham
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Pirimicarb

Uses: insecticide, cereals, ornamentals, vegetables, fruits
Trade names: Pirimor, Aphox (ICI)

Type: carbamate, pyrimidine

Synthesis:
| |
_é_ —C—\ /—C-
| | N
Rl Nede 2 dimethyl
' V4 /| amino
~C~C—C—C H, SO, ~—N= ¢ i O mino,
T AN i 24 \ - OH 4 hydroxy
o o—+— i N | pyrimidine
-C—
!
2 methyl ethyl N.N-dimethyl
aceto acetate guanidine
sulfate
+
&
c1 i c1
/ %
o=C + -~ N o= ¢ }
N\ /i
c1 \é_ N/
1 \“f_
phosgene dimethyl
amine
| {
—-C~ /_c_
N

pirimicarb
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Promacyl

Uses: insecticide, cattle, horses

Trade names: Promicide (ICI)
Type: carbamate
Synthesis:
| OH
—c_
\ l 1 + ——é-—N==c==o —_—
—c—C —C—
Pt i
3 methyl methyl
5 isopropyl isocyanate
phenol

o
II

O0——C==Ne—Cc—

| promecarb
-
]
+
/,o
4 7 butyryl
f \Cl chloride
|
i
-——c———N-——c——é—-é__l__
[
o
|
C -

promacyl
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Promecarb
Uses: insecticide, citrus, potatoes
Trade names: Carbamult (Schering)
Type: carbamate
Synthesis:
o
] 1
o-—c—-?——c—
OH I
1 I
[ 1 + —Cc—N=c=o0 —_— ' ]
—c—c c— i —c—c —C—
1t I i ! I
3 methyl methyl
. . promecarb
5 isopropyl isocyanate

phenol
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Uses:

Trade names:

Type:

Synthesis:

3 dimethyl amine
propylamine

carbamate

Propamocarb

Previcur N (Schering)

propyl chloro-
formate

fungicide, ornamentals, potatoces, tobacco, vegetables

propamocarb



Propham

Uses: herbicide, sugar beet

Trade names: Birgin (Bayer)

Type: carbamate
Synthesis:
o_c,Cl +
*c1
phosgene

alternate route :

ZI=Nn=0

phenyl
isocyanate

t 11
~¢-c-c~
[

OH

isopropanol

Amides and Similar Functions

aniline
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Propoxur
Uses: insecticide, cocoa, rice, vegetables, households
Trade names: Baygon,Blattanex, Unden, Undene (Bayer)
Type: carbamate
Synthesis:
OH OR _‘é_
OH ' o_(,:_
+ ~$—$=$— ——ﬁ _?_
catechol propylene
+
]
—Q—N=c=o

methyl isocyanate

Propoxur



Uses:

Trade names:

Trimethacarb

insecticide, molluscicide, maize

Broot (Rhone Poulenc), Landrin (Shell)

Type: carbamate
Synthesis:
OH
' ' + ~d—Nmcmo _—
—C c— i
! [
—C—
I
3.4.5 trimethyl _ methyl
phenol isocyanate
OH
$— 1
1 ? + ~—C—~ Nmcm=o _—
! é__ ]

2,.3.5 trimethyl
phenol

o
(S
/ 1
[
i |
—C C—
I i
-G
1
trimethacarb
i
c— N—
/ 1
o
1
?—

trimethacarb

Amides and Similar Functions
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Xylylcarb

Uses: insecticide, rice, tea

Trade names: Meobal (Sumitomo)

Type: carbamate
Synthesis:
OH
|
. + —C— Nmcm=o
o i
1
—-c-—
|
methyl
3.4 xylenol isocyanate
alternate route :
OH c1
/7
1 + O== C
- AN
! c1
—_—C—
t
phosgene
OH
as above with 1 t

|
o—¢c—N——c—

T

O e

—_—>
-—c—
1
xylilcarb
~ ! methyl
’N—_? amine
+
Cl 1
-C—
_—> o=c
N\ |

XMC

3.5 xylenol
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Xylylcarb

Uses: insecticide, rice, tea

Trade names: Meobal (Sumitomo)

Type: carbamate
Synthesis:
OH
|
. + —C— Nmcm=o
o i
1
—-c-—
|
methyl
3.4 xylenol isocyanate
alternate route :
OH c1
/7
1 + O== C
- AN
! c1
—_—C—
t
phosgene
OH
as above with 1 t

|
o—¢c—N——c—

T

O e

—_—>
-—c—
1
xylilcarb
~ ! methyl
’N—_? amine
+
Cl 1
-C—
_—> o=c
N\ |

XMC

3.5 xylenol



Amides and Similar Functions

THIOCARBAMATES

The most common routes for the synthesis of thiocarbamates with a

structure —-T-—ﬁ—-s- are similar to those for carbamates.
o
Thiocarbamates of the type R.l--—lil--—-c—--o——R3 are usually
]
R2 S

synthesized by reacting an alcohol with thiophosgene

c1 c1
/

R,— OH + S=_cC —_— S=c\
Cl o—-R3

followed by reaction of the thiochloroformate with an amine

/R1
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Common structures for thiocarbamates are :

n=1 n= 2

butylate pebulate
cycloate vernolate
EPTC

molinate

R
1
—~ C— (CH,) —S—c—N
1 2'n 1 2

prothiocarb

/,R esprocarb

—c':—s—c-—N orbencarb

| [N

o R prosulfocarb
thiobencarb

tiocarbazil



Butylate

Uses: herbicide, maize
Trade names: Sutan (ICI)

Type: thiocarbamate

Synthesis:
(]
|
O== C\ + —c—C—SH
Cl
phosgene ethylmercaptan
alternate route:
|
—c-
o Il
c—c—c—
) 1
o==q\ + —-N\\
c1 dd i
[
-C—

Amides and Similar Functions

—_— o= C

ethylthiochloroformate

+
|
_T-
' ¢
C—C—C—
VAR
=N
AN
C~—C—C—~—
| l I
- -
I
diisobutylamine
safener
e
{ / [
—c¢c—¢— S —c—N
1 o\, 1 |
c—C—C—
1 ' [
—c—
butylate I
—-é—— —SH
]
-4
Cl '
_— o==c// é-—c——é—
AN Pyt
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Cartap

insecticide, rice, vegetables

Uses:
» Vegetox (Takeda)

Trade Names: Padan, Cadan, Patap, Sanvex, Thiobel

Type: thiccarbamate
Synthesis:
1 I 1 |
-c:;\ -C- —cj;\ //:c—
8" N
|
cl—- %- e~ %— c1 + NaSCN —_— NC— S— &m d— d— S— CN
1.3 dichloro sodium
propyl dimethylamine thiocyanate +
HZO
HC1
methanol
i |
N

cartap
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Cycloate

Uses: herbicide, sugar beet, vegetables
Trade names: Ro-Neet (ICI)
Type: thiocarbamate
Synthesis:
L o 1
o=c + -c-c-SH _ o=c_ , ,
\e1 [ \S-$—c—
1
phosgene ethylmercaptan ethyl thio
chloroformate
+
c-¢
N ST

N-ethylcyclohexyl
amine

cycloate
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Di-Allate

herbicide, barley, potatoes, soyabeans, sugar beet, maize

Uses:
Trade names: Avadex (Monsanto)
Type: thiocarbamate
Synthesis:
f t
-C—- -C-
t [
S5 NaOH ° 55
S=c=0 + -N — Na~S-c-N )
N
)T 1
—c—
carbonyl
sulfide diisopropylamine
+
(carbon oxy
sulfide)
1
Cl~c~c=c-Cl
[ 1.2.3
C1 trichloro
propylene
i
-C—
[
c~c-
IR
Cl-c=c-c-S~c-N
[ N
Cl c-c-
'R
—c—

di-allate



2 L]
Dimepiperate
Uses: herbicide, rice
Trade names: Yukamate (Mitusbishi)
Type: thiocarbamate, piperidine
Synthesis:
1
N Cl
/
+ om ¢ _—
AN
Cl
piperidine phosgene
alternate route :
SH
by
—C—C—C—
] i
Cl
+ o=c¢ —_
Cl

Amides and Similar Functions

C1
/
om
N
N
+
SH
.
—¢—c—c—
scoc dimethyl
benzyl
mercaptan
!
—c-
i
S—c—
/ |
—-C -
O == i

c\\\
NQ
dimepiperate

T
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EPTC

Uses: herbicide, potatoes, sugar beet, cotton, sunflowers, citrus, nuts
ornamentals, maize

Trade names:

Type:

Synthesis:

_C1

o=C
Ne1

phosgene

thiocarbamate

Eptam (ICI)

[
~c-c~SH
]

ethyl mercaptan

o=¢ t 1
AN

S-c-c-
i

ethylthiochloroformate

di-n propylamine

-
—c-c-S-c-N~ ' ' :
D

EPTC
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alternate route :

/I [ Cl Cl

/ /
- N + o=_C —_— o=_C é—c’:—:‘:—
\\I 1 | \\Cl \\ 1 I 1

Pl sodium
- ?— ?— §—Na ethyl
mercaptide

EPTC
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Esprocarb
Uses: herbicide, rice
Trade names: Fugi-grass (ICI)
Type: thiocarbamate
Synthesis:
P S c1
I IN /
/N— + o-c\
- %_ %_c: c1
-C=~ =C=
| i
ethyl, 1.2 dimethyl phosgene

propyl amine

Cl
omec L
AN
N
N\ 1 |
c—C— C—
| | |
| I
+
SH
!
—c—
benzyl
mercaptan

o=_¢
AN S— -
N/’l 1
A
c—c—
| |

esprocarb
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[
Fenothiocarb
Uses: acaricide, citrus
Trade names: Panocon (Kumiai)
Type: thiocarbamate
Synthesis: o1
0~ Cc~—c~c—c—Cl
OH R
+ Cl- %— %— %— é— c1 _
phenol 1.4 dichloro
butane +
potassium
KsH hydrosulfide
0t &= ¢— ¢— SH
| S N | U T R
S—Cc—Cc—Cc—C—0— Cl
/b 1T /
o=_cC & o=c\ +
cl Ccl
phosgene
+
{
—c
! \N dimethyl
P\ - amine
—c

! \N— c— S— é— <I:— %— tl:— o—
1/ . !
-—C o

fenothiocarb
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alternate route:

"\
N— + Ome Cam §
/
—-c
I
carbonyl
sulfide

1\\ N-N-dimethyl
thiocarbamate
N—c— SH

o—é—e—d—i—c1
TR

fenothiocarb
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Methasulfocarb

Uses: fungicide, rice
Trade names: Kayabest (Nippon)
Type: thiocarbamate, sulfonate
Synthesis:
<'>—Na ?—Na
OmaSa=0 om=Sm0o
]
L
—c¢c—85-Cl1 _—
|
o
OH
i
. 0=S==0
4 hldro’{z : methane |
benzene sulfonic . —_—
acid sodium salt sulfonyl chloride ]
+
phosphorus
P")(:::"3 oxychloride
Cc1
]
Om=Sm=0
SH
HC1
L Zn +
i ?
o=8=0 o=lS=o
|
—— ——
[ i
+
—cl:-—N-c-o methyl
1 isocyanate
o
I
S—¢c= N—c-—
[
<]
o==‘s-=o methasulfocarb

—_—C —
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Molinate

Uses: herbicide, rice

Trade names:

Ordram (ICI)

Type: thiocarbamate
Synthesis:

C1 Cl

11 /

o=C -—(l:— <‘:— SH —_— o=c\

cL S— e

[

phosgene ethylmercaptan ethylthiochloroformate

<
—N e

\ /

N ” <

/\
hexamethyleneimine
/

\\c e’

/N
—<|:—<;.—S - ?——N c=

|
TN N

molinate
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Orbencarb

Uses: herbicide, wheat, barley, turf

Trade names:

Type: thiocarbamate

Synthesis:

diethyl
amine

(Kumiai)
]
-— i
AN
OomCc== S R — N—c— SH
// 1
[ Pe)
—Cc—C
[
carbonyl
sulfide +
Br
|
—c.—
2 chloro
Cl benzyl
bromide
=t c
i
I\ |
54O
EETAN.

orbencarb
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Pebulate

Uses: herbicide, sugar beet, tomatoes, tobacco

Trade names: Tillam (ICI)

Type: thiocarbamate
Synthesis:
Cl
1o
Oom= ¢ + —Cc—c~c¢c—SH
N T 1 i
Cl
phosgene n-propyl mercaptan

Cl

Om= C

/
Ne b

n-propylthiochloroformate

butylethylamine

pebulate
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Prosulfocarb

Uses: herbicide, wheat, barley, rye
Trade names: Boxer, Defi (ICI)

Type: thiocarbamate

Synthesis:
§
—-—C— C—
‘} ] é\N /Cl /Cl
- + O== C - > O==C ?'_ %_ d_
—d # _ é/ \cl \N/ !
! AV i
dipx_‘opyl phosgene !
amine .
SH
I
-5 benzyl
mercaptan
+©
o= c/ _
\ /¢ ‘}— ¢
N
AN
§-e-4-
prosulfocarb
alternate route : T
d— bt
yaER R
-N
Nt
SH
| .
-
Ccl Cl
/

N

+ Omx C —_— Om= C\
c1 s—%_@

115



Uses: fungicide

Trade names:

Previcur, Dynone

116 Pesticides Synthesis Handbook

Prothiocarb

Type: thiocarbamate

Synthesis:

I\ 1 |

N—c—c— c=NZ

VAR

N-N-dimethyl
propane diamine

Cl
On=C +

AN
Cl

phosgene

+ o= C

S ethyl chloro
thioformate

ethyl

mercaptan

(Schering)

prothiocarb



Uses: herbicide

Trade names:

{Tosoh)

Type: thiocarbamate, pyridine

Synthesis:

oH
¢
S S
7

m.tert.butyl
phenol

Pyributicarb
Cl
/
S=_c —_—
\\Cl
thiophosgene

Amides and Similar Functions

Cl
S=xc//
e
|
A

1
4
N\

=N N O— (}_

<:) 2 amino N-methyl

6 methoxy
pyridine
i
-C—
.
—C -
I
P\
S=¢
AN
Lo 4
-C-

pyributicarb
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Thiobencarb

Uses: herbicide, rice
Trade names: Saturn (Kumiai), Bolero (Chevron)
Type: thiocarbamate
Synthesis:
| C1l
Cl C— C—
/ /T /
o=c + -N L o=c¢ P
A AN
c1 &= c— N/
AN
c—?—
!
phosgene diethylamine
+
c1 SH
| I
-C— -C=-
| p-chloro
benzyl
+ Nazs _— mercaptan
cl cl
p.chloro sodium
benzyl chloride sulfide
o !
el
Ccl —<':— S—c¢—N
! 1o
c— c—
[
thiobencarb
alternate route : cl

|
/ T~ i NaOH “%"#\ I
N —_—> N—c—S—Na +

- + O=Cc=§
\%_ o UV
] carbonyl 71 C1

sulfide
p.chloro

benzyl chloride
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Tiocarbazil

Uses: herbicide, rice
Trade names: Drepamon (Agrimont)

Type: thiocarbamate

Synthesis:

—C~—C—C C1 -C-
T AN |
N— + o=c > o=_c '
V4 AN N ST
—~c¢—c—c c1 /)
T N
Y.
—-Cc- c—Cc—C—
' ' 1 [
_C_
1
disecbutyl phosgene
amine
+
SH
—c—
benzyl
mercaptan
S de
/ l
1
o =c -c-
\ b
C—Cc—C—
VAR
N
A
c—Cc—Cc—

1 i
-
1

tiocarbazil
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Uses:

Trade names:

Type:

Synthesis:

S=c=o0

carbonyl
sulfide

(carbon
oxysulfide)

Triallate

herbicide, barley, wheat

thiocarbamate

Avadex BW, Far-60

}
I,
c—c—

//I !

- N

\l )
c—c—
l [

-
I

diisopropylamine

(Monsanto)

—C-

o] C— C—
NaOH A
Na— S—c—N

-~

' 1.1.2.3
Cl—c—c==c¢c—~Cl tetrachloro
b | propene

Cl ¢Ci

|
-

o
<) C— C—

A

Cl—c==c—C—=8—c—=N

| 1! N\,

Cl C1 c—-?—
—c-
f

triallate



Uses: herbicide, ground nuts, soyabeans

Trade names:

Type: thiocarbamate

Synthesis:

phosgene

Amides and Similar Functions

Vernolate

Vernam (ICI)

n-propyl mercaptan

C1

7\

1 1
s—dodo b
| ) [

n-propyl thiochloroformate

di n-propylamine

vernolate
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DITHIOCARBAMATES

Carbon disulfide is the starting point for dithiocarbamate
synthesis via reaction with an amine

S=c=S§ + —-— N —_— HS— c—N
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Ferbam
Uses: fungicide, fruit
Trade names: Fermate (Dupont)
Type: dithiocarbamate
Synthesis:
| |
-C -(l: s
'\\ NaOH N\ il sodium
CS2 + N- —_— N—— c—5-—Na dimethyl
,// cl:// dithiocarbamate
f i
carbon dimethyl
disulfide amine .
Fe2(804)3 ferric sulfate

ferbam
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Mancozeb

Uses: fungicide, fruit, ornamentals, vegetables, potatoes, cereals
Trade names: Dithane M-45 (Rohm & Haas), Manzate (Dupont)

Type: dithiocarbamate

Synthesis:

|
-S~¢— N— é— (l.— N—c¢c— S—Mn- + Zn(NOEl)2 ——> |[-S— c— N— cl:—- ¢— N—c¢— S§— Mn—] Zn

O T N R A | | - il
s s 5 s

zinc
Maneb nitrate mancozeb

manganese ethylene
bis thiocarbamate
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Maneb

Uses: fungicide, bananas, fruit, nuts, ornamentals, turf, vegetables,
potatoes, cereals

Trade names: Manzate (Dupont), Dithane M-22 (Rohm & Haas)

Type: dithiocarbamate

Synthesis:

Na§ — ¢=N— &= d=N—c~SNa + MnSO, ——) =S—c—N—c¢=d—N—c—S5—Mn-
T T T T 4 2 (N g
S s

manganese
nabam sulfate maneb
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Metam

Uses: fungicide
Trade names: Vapam (ICI), VPM (Dupont)

Type: dithiocarbamate

Synthesis:
S
- [
Sm=cm= S + -?-N- _— — -—T-—c-—-SH
carbon methyl metam

disulfide amine
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Nabam

Uses: fungicide, rice, cotton, onions
Trade names: Parzate (Dupont), Dithane D-14 (Rohm & Haas)

Type: dithiocarbamate

Synthesis:
Pt NaOH Lo
>N—c|:—<|:—N< + CS2 _— Nas—ﬁ—l;l—clz-— ?—N—ﬁ—SNa
S
ethylene carbon nabam

diamine disulfide

127
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Propineb

Uses: fungicide, potatoes, tomatoes, apples

Trade names:

Type: dithiocarbamate

Synthesis:

| U S
-f—-T——?——N~.
N
A

1.2 propylene
diamine

Antracol (Bayer)

s L

NaOH ', '
Secm=§ — Na—§—c—N~ %— ¢~ N—c—5Na
Ii
S
carbon
disulfide +
Zn(N03)2 zinc nitrate
1
-C -

S
I o
(S$—c—N—C— ¢c—N—c—8—12Zn)
T n
s

propineb
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Thiram

Uses: fungicide, ornamentals, vegetables, fruit, maize, repellent to birds,
rodents

Trade names: Arasan, Tersan (Dupont), Pomarsol (Bayer), Fernasan (ICI)

Type: dithiocarbamate, disulfide

Synthesis:

‘I:\ NaOH —é “ sodium dimethyl
cs + N— _ ™ Ne—c—S— Na dithio carbamate

2
_ / A
T i
carbon dimethyl
disulfide amine +
BZOZ hydrogen peroxide

- S
NI 1

W/ N

thiram
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Zineb

Uses: fungicide, potatoes, tomatoes
Trade names: Dithane Z-78 (Rohm & Haas), Tiezene (Agrimont), Parzate (Dupont)

Type: dithiocarbamate

Synthesis:
NaS—c—N—&~— ¢—N—c—SNa  + 2050, ———3  (S—c—N—d&— &—N—c—S—12n)
[ I 4 N n
Il ] It il
S S S S
zinc

nabam sulfate zineb



Amides and Similar Functions

Ziram

Uses: fungicide, fruit, vegetables, repellent to birds, animals

Trade names: Milbam, Zerlate, Fuklasin (Schering)

Type: dithiocarbamate

Synthesis:
- -¢ )
AN NaOH N
CcSs + N- ——— N—c—S—Na
2
l/ |
-C -C
| |
carbon dimethyl
disulfide amine .
ZnSOA

ziram

sodium
dimethyl
dithio
carbamate

zinc sulfate

s s ¢
™ /'

N—¢~—~S~—Zn—S—c~-N

|
c—
!
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OXIME AMIDES

" Oxime amides (Carbamoyl oximes or oxyimino amides) are compounds

with the function

R
RT\ s 3
N A
Cc=N—0—C—=N
4 N
/ R
R2 o 4

The synthesis consists in forming the oxime by reaction of a carbonyl
compound ( aldehyde or ketone ) with hydroxylamine followed by
reaction with an isocyanate

~
R1 —ﬁ-—-Rz + — N—OH _—> R1 —_— ﬁ— R2
o N
I
OH

c==N--o—-c—-N—-R3



Amides and Similar Functions

Many oxime amide pesticides have a common structure

3 1
il vl 2
aldicarb -# -% H
butocarboxim -+ H +—
OR
%
— cl:— N— ¢—0— N= c—R1
ol
R2 o
R.l R2
alanycarb —(} —S—Iil— Rx
R
Y
methomyl —+ H
-
/1
oxamyl —-—c~—N H
n \é
!
|
_c[:—
thiofanox c':—ci:— H
—-C -

The sulfur being oxidized to the sulfone in aldoxycarb and
butoxycarboxim.
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Alanycarb

Uses: insecticide, grapes, tobacco, vegetables

Trade names: Orion (Otsuka)

Type: oxime amide

Synthesis:
K I
Cmm N— 0—c—N— +
A |
-c—
|
methomyl

Cle—8——N—c—
-Ce-
|
-
!
C= O
|
[+
|
-C—
I
-Ce=
!
—¢ o
AN I

alanycarb



Amides and Similar Functions

Aldicarb

Uses: insecticide, cotton
Trade names: Temik (Rhone Poulenc)
Type: oxime amide
Synthesis:
Cl
| [
~¢-e=c- + NOC1 —_ —s-c-'c’—N=O
]
-c~ —c-
1 i
2
isobutylene nitrosyl chloride
or +
sodium nitrite + HCL
]
—c':—SNa

sodium methyl mercaptide

} {

] t
S o S
il i I I |
-g¢~c-¢=N-0-c-N-c~ —— -&;.—N=c=o + —o.":-?—c=NOH
gt [ !

i 1

aldicarb methylisocyanate
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Uses:

Trade names: Standak

Type: oxime amide
Synthesis:
f
—_—C—
i 1 i
—¢— §— ¢~ c= N—0— ¢~ N—c— + HZO”
i [ 1] I h
—c— °
i hydrogen
peroxide
or
aldicarb peracetic acid

Aldoxycarb

insecticide, tobacco

(Rhone Poulenc)

o -c-
[ | I
—¢c=S8—¢c~c=N—0—Cc—N—c—
[ [ I

o —C~ o

aldoxycarb



Amides and Similar Functions

Butocarboxim
Uses: insecticide, citrus, cotton, vegetables, ornamentals, fruit
Trade names: Drawin 755, Afilene (Wacker)
Type: oxime amide
Synthesis:

[ 1 ) 110 !
—C—C——— C=—C— + ~ c— SH R — 4 ——C—eCm—— C=— C—
o it ! P i
Cl o ? o

—C —
2 chloro 3 butanone methyl mercaptan |
+
hydroxylamine
>N—OH . HCL hydrochloride
i | [ !
—c—c—ﬁ—c— — -—ci:—N=c=o + —?_?_ﬁ—?_
! I
S N I S N
1 ! 1 (l)H
-5 ? methyl isocyanate -c|—
o=c
J
N—
f
— T

butocarboxim
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Butoxycarboxim
Uses: insecticide, ornamentals
Trade names: Plant Pin (Wacker)
Type: oxime amide, sulfone
Synthesis:
11 ! I 50 ;! ]
—C—g——C—C— + —c—c —_— —Cc—¢c——c=—C—
1ol [ I “o-0H T [
S N o=S=c N
i I ] ]
~-c— o e ©
o i i
o::cl: ] o=¢
N—- peracetic N—
| acid |
—C—- ~c -
| I
butoxycarboxim

butocarboxim
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Methomyl

Uses: insecticide, cereals, citrus, cotton, grapes, maize, ornamentals,
fruit, sugarbeet, vegetables

Trade names: Lannate (Dupont), Nudrin (Shell)

Type: oxime amide

—-C-
Synthesis: |
S

- %— c=N + —t::-—SH — —cll—c =N-
acetonitrile methyl +
mercaptan
~ .
—~N—OH hydroxylamine

& —é-

1 S
- é_ca N—o— _N_‘l:_ — - (;‘,—N- cm= o + "":—C—':N—OH
! T ;
°
methyl
methomyl isocyanate

+
|
_c_
]
S
l Y
—c—c= N—0H — -~ c—SH + Cl—?—c\
\N—OH
alternate route :
C12
+
o
Vs
—-&—c/ + =N—O0H _ - é—c/
TN N
N—OH

acetaldehyde
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Oxamyl

Uses: insecticide, citrus, cotton, ornamentals, potatees, soyabeans, tobacco,

fruit, vegetables

Trade names: Vydate (Dupont)

Type: oxime amide

—

+

—

Synthesis:
//o
-~ Cc—C + >N—OH
N
o 0= C—
methyl glyoxalate hydroxylamine
y o
HO-N= c—c” — —d—sn
I !
s i
I methyl
_(l:_ mercaptan
+
—N/ dimethylamine
A
c—
]
Y
HO~N= c—c 7 cl.- + - é— N=c=o0
N\ /!
S N
l \J
Ce=
-c- I methyl
| isocyanate

(]
Y4
HO-N= c—c/
AN
0~ Cc—
|
+
Cl2
/ [+
HO-N= c—c/
i
a5
~dN—c—0= N=c—c— N
U I 1 | U
T
—c-

oxamyl
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Thiodicarb

Uses: insecticide, cottonm, soyabeans, maize, vegetables, vines
Trade names: Larvin, Semevin (Rhone Poulenc)

Type: oxime amide

Synthesis:
|
-
]
S
2 ~{mcomNm ommg—N—im + socl
| T 2
o
. h id
methomyl thionyl chloride
or SZCI2 sulfur chloride
_,'l_ -
I
s D s
l o .
—C=——c=N —0—¢~—N—S§ —N_C—O_N—_—C-—T—
I i
c o
thiodicarb
alternate route :
- %—Na c==0 + HF _— _‘::—N—ﬁ—F
o
methyl isocyanate
+
sulfur
SCIZ dichloride
I
—-%-—N——c—-F
thiodicarb &—— —%——c- N-OH + [
S —&—N—c—F
| ! I
o

-C-

|
(see methomyl)
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Thiofanox

Uses: insecticide, sugarbeet, potatoes

Trade names: Dacamox (Fermenta)

Type: oxime amide
Synthesis:
| |
—¢—C—— C— C~— + 012 _ Cl—%—-c—c—é—
] | ] I I |
o [
| I
+
pinacolone
-é—-SH methyl
] mercaptan
| |
-C— -

{ I | ~ | | l |
—C=—=S——C——— g=—C— «— _~N—OH + —-T-S—-c——c-——c——c—-
! mol! P!

N -C— ° —-C=
I ! hydroxylamine 1
OH
+

——é——N-:c-:o

|

|
-C—

—-é——S——c———-c—-é—
| || I i
N -c-

| |

o

o=C

I

-N

|

-C—
1

thiofanox

methylisocyanate
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OXIMES

Oximes are produced by the well known reaction between a carbonyl and

hydroxylamine or an ethoxyamine.

A common structure of some oxime pesticides is

1
N—-O—R2 Ne—Q=—C=—C—
OH OH "
R3 | Ll
e (CHy) ¢ — ==y
usually
=0 =0
R1 R1
that is R2 is often —c':—-%— , n is 1 or 2 , and R3 is

nearly always H

R
R Ry n 3
o)

. ] L i Il

alloxydim - cf_ (2) - c':—c|— 2 —c‘:— O0—Cm
|
—_Clee

. i é ' i

clethodim —C=C==— S C— C— —

', Y
i
-0
It
-Q
|
Q
i}
—
o]

cycloxidim —C—C— 2 H
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R1 RZ
sethoxidim - _i':_é_ - %_4:_
S
|
-C=
|
—Ce
|
| |
tralkoxydim -5 f— N S
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Alloxydim

Uses: herbicide, cereals, sugarbeet, vegetables

Trade names: Kusagard (Nippon)

Type: oxime
Synthesis:
|
-~
| 1 | |
— G == C o= _ -—C—C—C= C—C—
gt [ 1
o [}
acetone +

[o]

Nt
/N
—C—0 (el

o 0y oS
—d—o—c C_T_¢_%_ I

: o —Cc—0—C
|l V4
— —C¢~—C—C—C¢C +
_¢_ AN _"f‘
l \\o Cl I
-C~ _?_
butyryl
chloride
+
~ 1 ethoxy
- N—-o-—%—-?—- amine

|
o N—-o—-?—— —
1 M ow
P i nns
|
- ‘l: N
—c—

alloxydim

mesityl
oxide

dimethyl
malonate
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Benzoximate
Uses: acaricide, apples, citrus, grapes
Trade names:* Citrazon, Aazomate (Nippon)
Type: oxime
Synthesis:
B N-ombod —e-
—o—Ce—C— o Cl !
\éo b A o
) |
—c —o0— o—cCc—
MO — O©
N o
ca &
é o
- |
I e
{
—c—
1
ethyl 3 chloro benzoyl
2.6 dimethoxy chloride benzoximate

benzohydroxamate
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Bromofenoxim
Uses: herbicide, cereals
Trade names: Faneron (Ciba)
Type: oxime
Synthesis:
o} o
" N7
+ Br2 —_—
Br Br
4 hydroxy +
benzaldehyde
> N—OH hydroxylamine
N/OH
V/
Br c1 N 4
NO2
HO c=N—0o N02 — +
i
Br Br
Br No, NO, OH
bromofenoxim 1 chloro 2.4

dinitrobenzene
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Uses:

Trade names:

Type: oxime -
Synthesis:
N 20

-C—

1 1 |
—C=C~=S —C— C—

[

5(propyl 2 thio ethyl)
cyclohexane 1.3 dione

(see sethoxidim)

i
C
i 1 \c/
°x, OH
—c—
N
| [

clethodim

Clethodim

herbicide

Select (Chevron)

o
T I N
[ AN
Cl
propionyl

chloride

N—-o—-é—c:m—-cl
] 11

1chloro 3allyl oxy
amine

|
O 0= Cc— C— C—

AlCl

X, OH



Preparation of

N—OH

N-hydroxy
phthalimide

Amides and Similar Functions

|
>N—-o-c—cmc—Cl :

+ C1—(}:—?= <|:-— Cl E— N—o-— %— ti:=(l:—C1

1.3 dichloro
propene +

hydrazine

—N—N= . HCl hydrochloride

::N——o——%-?-=?-cl
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Cycloxidim

Uses: herbicide, cotton, soyabeans, potatoes, sugarbeet, sunflowers
vegetables
Trade names: Focus, Laser, Stratos (Basf)
Type: oxime, thiopyran
Synthesis:
o o
il Il o

| N T
— C—C— C— C—

P11 o AlCl R

z 3
N + —c—c—c—c¢ _—) N
S Yo [ AN P °
Cl
butyryl
thiopyran chloride
3 cyclohexane
1.3 dione
OH
[
—C—~C—Cc— C—
| I
+
. ethoxy
—C—C— oNH3C1 ammonium
1o chloride
o N-—o—-é—-é-— o -—N—-o—-é—-é-—
I
U N Femimemem
[
S OH 2 N

cycloxidim



Fluxofenim

Uses: herbicide
Trade names: Concep III (Ciba)

Type: oxime

Synthesis:
F
| 7
+ Fe—c—c
| N
Cl F
monochloro trifluoro acetyl
benzene chloride
|
c
1 4° |
—c—d + —C——C— ——3 - +
] AN I /
OH OH "’ T
acetaldehyde ethylene -?._.?-
glycol
methyl

1.3 dioxolane

Amides and Similar Functions

F fo]
et 1
|
F
Cl
+
HCl . >N—OH
F
|
F— ¢—— ¢=N—0H
|
F
Cl
+
Br
|
- -
|
_c—
/ \
[e] o
AL
]
F

F—cCc—— c==N-—o-—é-—c

F

C1

fluxofenim

hydroxylamine
hydrochloride

o——c—

/
N\

O—=——C~
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Heptopargil

Uses: growth regulator, maize, rice, sugarbeet, sunflowers, vegetables
Trade names: Limbolid (Egyt)

Type: oxime

Synthesis:

- —c-

N\
N\

+ =N—OH —_—

bornan 2 one hydroxylamine +

A a= propargyl
Br % c=c bromide

heptopargil
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Oxabetrinil

Uses: herbicide safener for metolachlor, sorghum

Trade names: Concep II (Ciba)

Type: oxime
Synthesis:
c1 i
o,
N/ c—CN
benzoyl
+ KCN e cyanide
. +
benzoyl potassium
chloride cyanide
>=N—OH hydroxylamine
N—OH
c—CN
+
Cl
-l
o
—c||:—<;:— + Cl—c::—c//\ _—
OH OH
ethylene chloro
glycol acetaldehyde
o
|_<
o—2°¢C
[ No—d
N
c—CN

oxabetrinil
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Phoxim

Uses: insecticide, maize, vegetables
Trade names: Baythion, Volaton (Bayer)

Type: oxime, phosphoro organic, phosphoro thioate

Synthesis:
i
C
°\\c/ ! c— CN
+ KCN _— cyano
benzaldehyde
benzoyl potassium
chloride cyanide +
= N—OH hydroxylamine
N—OH
fl: (‘: 0 S é ! o S =
— GG —C—C—
[ V4 o V4
>P\ — >P\ +
—<::—c::—o o—Nm=c—CN —J]:—%— J a
DEPCT

phoxim
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Pyrifenox

Uses: fungicide, bananas, grapes, peanuts, vegetables
Trade names: Rondo (Ciba)

Type: oxime, pyridine

Synthesis:
! )
0, O—(C=—C— N
NP i O
—1-O
N
c1 . O / Na-o-4- c1
b
11
cl o-—? ? Cl
2,4 dichloro 3 pyridil
benzoic acid acetic acid +
ethyl ester ethyl ester
i o.methyl
HCl . >N—o—c— hydroxylamine
! hydrochloride
|
—T_
|
N
c

(@]

A
@

Cl

pyrifenox
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alternate route :

X 3 hydroxy
O —d_on methyl
| pyridine

SOCl2 thionyl
chloride
-t
AN
/N —(':—- CN c1
i
at a1 X
+ O —_—y —Cc=c—
—<}-01 [ ¥
Cl N
/ \
2.4 dichloro phenyl 3 chloro methyl -C- —<|=-
diethyl amino, pyridine I
acetonitrile
+
HC1



o, OH
N/
|
1~ . '
] 1
cl ty1© O

Cl

alternate route :

Cl Cl

2.4 dichloro
chloro acetophencne
(see propiconazole)

oxydation

Amides and Similar Functions

N
N ' '
G — OO
C o [o]

3 pyridine
carboxaldehyde

[o]

I

—c—c

\
OH

+
NaOH
o, o~Na
\/
|
e—:—O
o OH

Cl Cl
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Sethoxydim

Uses: herbicide , cotton, potatoes, soyabeans,flax, sunflowers, vegetables

Trade names: Nabu , Poast, Fervinal (Nippon)

Type: oxime

Synthesis:

crotonaldehyde

ZnCl2
pyridine

G —

ethyl mercaptan

o o
N |
Ne—t—c?
r 1 /Y N
—c—c—o0 o—C—C—

diethyl malonate

butyryl
chloride

-C-

1

-_C -

]

S
oy 0
-C—C~—C—C
T R AN

+

| }
—C—C—(':— acetone

(]
o
S—c—c—

l

| | )
—C—C—C=C—C— C— C—

U R T R
[o]

| 1

o
N9
by
C—C—C—C—
ol Por o
—C—C—C
I A\
S o
1
-C=-
|
—C_
! +
~ | ethoxy
N—o—c—c— .
- I amine
N—o—c—C—
l oy §5
g
C—C—C—C—
| I [
—C=—C~—C
R o
S
|
—c-
| sethoxydim
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Tralkoxydim

Uses: herbicide, wheat, barley
Trade names: Grasp, Splendor (ICI)

Type: oxime

Synthesis:
o
N\ 7 i
) Y N N S /T
C AR i
o o
-C -
L |
]
2.4.6 trimethyl acetone +
benzaldehyde
o, o
\\c——clz—c// diethyl
| /7 b N\ i malonate
— —%—o O0—C—C~
1 [
o
Ii
ZnCl2
N, 2
-%. c::- pyridine
-C =
{
+
o
{ V4 propionyl chloride
- c—C—c, i .
i1\ (or propionic anhydride)
cl
N—o—C—é—
T
o ” |
e OH c—d—i—
oy
C—C—C—
[
X, o
S et —
i 1
-c- ethoxyamine -c-

tralkoxydim
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SULFONYL-UREAS

Sulfonyl-ureas are herbicides of the general 'formula :

Nitrogen heterocyclic
amino pyrimidine or
Aryl Bridge amino triazine

T
0 N
b~ S~—N-—C——N—
i———<O)
(o) [o]

Ry

Among the most frequently used heterocyclic groups are:

R,
bensulfuron,flazasulfuron, o— (l:_
nicosulfuron 1
NN ) '
O chlorimuron o— cI:—
Ry —K)_ R,
F
primisulfuron o— cl:—
F
sulfometuron c::—
trifensulfuron,triasulfuron, o c‘—

tribenuron ]



N
Ry— <§21‘R2

Synthesis:

The R moiety on the aryl group usually

3

hardly ever gives an ortho orientation to

chlorsulfuron

cinosulfuron

metsulfuron

Amides and Similar Functions

(o}

|
-0

!
—_)

|

COOH (or ester), Cl, OR,

the sulfonation reaction.

Therefore the starting point for the sulfonamide can not be obtained

by reaction of

Ry and chlorosulfonic acid.
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Among the more common procedures are :

- diazotisation of an ortho aniline followed by reaction

with SO2 and Cl2

3 R3 . R, o
NZ HC1 -N=N-C1 1 5—C1

+ NaNOo, —> + 8o, _ It

o]

R

- reaction between on ortho chlorobenzene and a mercaptan followed

by acid chlorination

R o

3 R3 + R3 Il
cl SR H S—cC1
+ KS—R —> + Cl, _— Il
H. O o
2

The chloro sulfonyl compound is converted to a sulfonamide by

ammoniation.

- if R3=COOR then reaction between sacharin and an alcohol will

yield the carboxyl sulfonamide directly

o [o} 1
N7 ‘S!_N<
- + ROH
\\\c//' éép
I “or



Amides and Similar Functions

The sequence is either reaction of the sulfonamide with an

isocyanate
o)
1] _ i
R, ~—S—NIJJ + R,~N=c=o0 — R1——S——N——c——N-—
L 2 TR
)

or phosgenation of the sulfonamide to an isocyanate

0 ¢l 1
R,~S5—NZ + o= _C_ —_— R,——S——N=c=o0¢
Ty \ Ty
o Cl

followed by reaction with an amine, usually an amino pyrimidine or

amino triazine

1 -
Rl——ﬁ—-N=:c==o + ~N—R —_—) R —

N
o=
o=qn

[0}

An alternative route is the reaction between the sulfonamide and an

ethyl chloroformate

I - i
R1—S—N< + o= c/ —_— R1—S—N—c—o—<':——é—
I A et Lo
o o-—?——‘—— o o
+
RZ_N‘
followed by amination
fol
4
R, — ——N—c——N—R2
LT I T
o o
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Also commonly used reaction paths are sulfonamide + the phenyl

carbamate

0
—
|
—m=0
|
z
+
|
(o]
{
0:(|)
—2
|
o
N
o]
—
o=Ww=0

sulfonamide + isocyanate
R~ 8— N
1-—”-N\ + o=c=N—R2
o

sulfonamide isocyanate + amine

|
R1~ﬁ-— N=c=o0 + >N—R

o

sulfonamide carbamate + amine

o
R gN R >N—R
— S N C—~ O~ + —_
RN 3 72
o) o)
sulfonamide + carbamate
o
R IS‘N’ R O0— ¢— N—R
-~ S— + - O0— C— N—
1 1 ~ 3 il ] 2
o o)

where R3 is usually phenyl



Amidosulfuron

Uses: herbicide, wheat, barley, rye, oats

Trade names: Gratil (AgrEvo)

Type: sulfonyl urea

Synthesis:

methane N-methyl
sulfonamide

[o}

il
Cl—-ﬁ——Na:c:-o —_—

chloro sulfonyl
isocyanate

Amides and Similar Functions

Q
0 i
— ¢—S—N—8—N==c==0
] I Il
o -c-
I
+
\/
N
2 amino
| (:) | 4.6 di
-(l:—o °_‘]:' methoxy
pyrimidine

(see bensulfuron)

(o]

|
_T——
*:z
=u

|
—Z

|
=qa

|
/;E\

o]
(=]
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alternate routes :

o 0o o]
| Il
(i) —%—: —Ili—ls—N-c=o » —d—don _ —%—ISI—N—IS—N—c—o—ﬁl.—
i T
I {
+

2 amino 4.6 dimethoxy

pyrimidine
amidosulfuron
(ii) same as above with —<':—c::—SH —_—— thiocarbamate (instead of carbamate)
o 9 o o
! il P I}
(iii) —cl:—ﬁ——til— + C1—ﬁ—N< —_ —Cc—8—N— S—N
|
o =-c- ° i
| [
chloro
sulfonamide +
\/ } ‘phen}:l
N o 2 amino
N Cl <':=o 4.6 dimethoxy
] pyrimidine
N.

| O | + o= c/ —_
_—C—0— e o—C— \ — carbamate
! | ° A
. TOL_.
phenyl —(;_—o— —o—c]:—

chloroformate

amidosulfuron



Bensulfuron
Uses: herbicide, rice
Trade names: Londax (Dupont)
Type: sulfonyl urea
Synthesis:
o omt-
\c/
A
f + c1 _—

2 methyl
benzoic acid
methyl ester

Amides and Similar Functions

N T 2 chloro
. methyl
—c—C1 benzoic acid
O ! methyl ester

+
NZ
/ ,
S= c\ thiourea
N
o  o—é—
\
N/ N—HC1
L
+
Cl2
o o—i—
X! ]o
O

167
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!
o) O~ C—
N 1 °
i
— ¢_5—NZ
ol
o
+
o c/C1 hosgene
Nc1

2 amino 4.6 dimethoxy
pyrimidine

°\\C/°_+—
o o
ol it
c—S—N—c
rol '
[e]
N—

bensulfuron
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preparation of 2 amino 4.6 dimethoxy pyrimidine :.

\/
N
N< o N/’\N
— N= c/ + \c—t':—c// O 2 amino
AN Vo N HO -0H 4.6 di-
NJ —?—o o—C— hydroxy
! pirimidine
guanidine dimethyl *
malonate
phosphorus
1;'()(:]'3 oxychloride
\/
V Y
/\N
O ' — —d—on O
P ! c1 c1
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Uses: herbicide, soyabeans

Trade names:

Type: sulfonyl urea

Synthesis:

. methanol
saccharin

2 amino
4 dichloro
pyrimidine

( see bensulfuron )

o, OH
QE/ | N Cl
|
S——N-—c-N—4<
Wit O
o o N
[}
|
—C-

chlorimuron

Chlorimuron

Classic (Dupont)

o-sulfamoyl

thyl
b:izozte phosgene *
\/
N
N//L§§N
Na—o—-(l.— —_ | l c1 2 amino
] _T_o Z 4 chloro
4 methoxy
6 amino
sodium pyrimidine
methoxide
o\\/o—w
N\ g c1
Eaandd
«—— HCl + I L —
o
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Chlorsulfuron
Uses: herbicide, cereals
Trade names: Glean, Telar (Dupont)
Type: sulfonyl urea
Synthesis:
Cl Ccl Cl [
i
NZ HC1 =N-C1 CuCl _5-Cl
+ NaNO2 -_— + 502 —_ g
o.chloraniline +
NH3
Cl 3 Cl o
! [ i
-S=-N-c-0-c-c¢C Nafw3 /Cl -S~NZ
T T U e o=C. * !
o o No~-c-c- o
F I
+ ethyl chloro
formate
\/
N
NN
' <:> ; 2 amino, 4 methoxy
—? -0 e 6 methyl, 1,3,5triazine
N
|
-C-
cr oo N—\
-5<N-c~ N< O N
T R TR
[} o N——¥/
[o]
1
—C—
i

chlorsulfuron
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alternate route: (i)
\/
N

Om= S=0

c1 /4 —_ ﬁ
_ = S—Nmmc= 0
TN ~4=§§=§-Nec=o @"

Cl Cl°
2 chloro phosgene
benzene N
sulfonamide
\/
N

N’/l\\N
0L

chlorsulfuron
alternate route: (ii)
1 Cl H,0
Ccl _s._é._%__%_.
O + KS—(}—A—C— I + C1. T
2 H+
potassium
o.dichloro propyl

benzene mercaptide
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preparation of 2 amino 4 methoxy 6 methyl 1.3.5 triazine

HC1 y N- LHC1
—dme=N 4 —deon S - <'f— 7 methyl
[ | \ acetamidate
o—d—
|
acetonitrile methanol
+
=N—c=N cyanamide
Ne— ¢=N
V4
—?_c
N
o—Cc—
!
+
//N— .HC1
-~ —- HC1 | _ o-methyl
- N—c=N + - %— OH —_— ? Te] c\ isourea
NZ
cyanamide methanol
\/
N
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Cinosulfuron

Uses: herbicide, rice, grass, tropical plantations

Trade names: Setoff (Ciba)

Type: sulfonyl urea
Synthesis:
[ 1
0— C— ¢— 0— C—
Cl ! | !
| [
+ - cl:—- o— <':— <':— OH —_—
2 methoxy
ethoxy benzene
mono chloro ethylene glycol
benzene methyl ether +
o\\ /OH chloro
S sulfonic
o// AN c1 acid
| | 1 ot
‘?—0"‘15—‘15"0 o —C—0—C—C—0 o
1 ! P Il
— S=NZT NH . 5—Cl1
l ‘ 3 il
o o
+
Cl
7/
phosgene o=c¢
\Cl
| |
~—C—0—C—C—0 o

|
[ P “
S— N=c=o0
Il
o



2 amino
4.6 dimethoxy
1.3.5 triazine

| \/
? N
Il PO

N N
S—N=c¢c=o0
+
! —{:_04@} o—%__
[+

N

|
—T—-o—-Na

/O\N , \ N N
+ ~C=0-—Na ———y

CIL )m ! c1 @)—W%-
N N

sodium
methoxide

cyanuric
chloride

Amides and Similar Functions 175

|
—tmo—d—d T
| [ ° ﬁ N
S— N-c|-b'1-< O N
o
g L N——T/
o
}
—o—
]
cinosulfuron

2 chloro
4.6 dimethoxy
1.3.5 triazine
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alternate route:

Cl

monochloro
benzene

1 1 1
HO—G~{—o—¢~

o ////
1]
S—N
1] \\\\
° I
c
{
o—¢—lmomb—
1 T ]

Cl o
o OH ”
+
7°N — d
o Cl
+
Ny
Br 1
: [
¥ —e- c1
Cl o
] // é_.N”
— + o
AN !
benzyl
bromide
ethylene glycol
methyl ether
1 !
c@ o_‘l:_ —o—(':—
I a
o
Pd — S—NZ
+ H, _— i
—é—ou
+
—é—N=c=o 'medwl
1 isocyanate
1 i |
0—C—C—0—C—
[ ¥
o
Cl I |
S~N—c—~ N—c—
& o= ¢ + oo
\\Cl ) o

2 amino
4.6 dimethoxy
1.3.5 triazine

l

cinosulfuron
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alternate route :

o

i
Br—c’:—c— o— c‘:—

|

o=w
)
/A
+
=uw
I
2
/

2 hydroxy phenyl 2 bromo ethyl
sulfonamide methyl ether
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Ethametsulfuron-Methyl

Uses: herbicide, oilseed rape

Trade names: Muster (DuPont)

Type: sulfonyl urea

Synthesis:
o o—t—e- o, o—b—d-
o o o N/ T
N7 i 8
N 11 S—NZ /C1 — S—N=c=0
N— + —cl—clz—on _— i + o=c E— i
)
c// \Cl
i
o
saccharin ethanol o-sulfamoyl phosgene +

ethyl benzoate

2 amino 4 methyl amino
6 ethoxy 1.3.5 triazine

|
d—g- |

fo} O
/T -
[od
: -\
—S—N—c -8~ ¥
R <
o o

ethametsulfuron-methyl



Amides and Similar Functions

Preparation of 2 amino 4 methyl amino, 6 ethoxy 1.3.5 triazine :

Cl Cl
//\\N | N//\\N
CllCN))Cl + -c::— T— o— Na _)01’\9/‘—0—{:—%- +

cyanuric sodium
chloride ethoxide

Inverse order: Reaction first with methylamine and
then with the alcohol is also feasible.

Cl

g YA
/N—(::_ _— "‘:"‘T"kO/T‘“'C;—‘;:‘

N

methylamine

\/
N
/\
..c: —N—-NKO/L o—(:: _(:;_
N

2 amino 4 methyl amino
6 ethoxy 1.3.5 triazine
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Flazasulfuron

Uses: herbicide
Trade names: Shibagen (Ishihara)

Type: sulfonyl urea

Synthesis:

N Cl 2 chloro
<:> ) + C1 + HF —_—— (:) 7 3 trifluoro
(l:— 2 '—T— F methyl

3 picoline

N — 5 c1 H,0
g — c1 +
oIt : 2

NH,OH

o~

idi
F pyridine
+
sodium
NaH$ hydrosulfide
|
S
N
i
Z i F
F
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X E—N/ /N<C=° N— ﬁ—N—c—N\<:Q
QL - LI0L, — O
F

flazasulfuron
\/
N
Cl
PN ,
—§° Y cl1
2 amino phosgene
4.6 dimethoxy
pyrimidine
(see bensulfuron)
alternate route :
N—HC1
N cl g /N< N s c//
. osme —s (O
OLL \ S
| NZ
F F
thiourea
+
NaOH
! S

2z

W,
N

rrf — (i
ik
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alternate route :

(1)

3 trifluoro
methyl 2 pyridine
sulfonamide

(ii)

- @ o-d-

phenyl chloroformate

mem

flazasulfuron

3 trifluoro
methyl 2 pyridine
sulfonamide
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Halosulfuron

Uses: herbicide, maize, sugarcane, rice, turf

Trade names: Permit (Nissan)

Type: sulfonyl urea, pyrazole
Synthesis:
; -
-C— ’
lli I AN ﬁ i |
DR T
I
I + -—%—é-—%—c-—N::c::o —_— o °
Cl L-o Cl c=0
l l
OH

3 chloro 4 carboxy butyl isocyanate
1 methyl pyrazole
5 sulfonamide +

Cl
o=_c
\
C1
]
—T—
\/ N o
N / \ il
S—N=c=o0
© "
—C—0— —o—d— + I
Cl c=0
2 amino OH
4.6 dimethoxy
pyrimidine

(see bensulfuron)

!
-C—

I |
—-C—
4 o

o]
N S—N—c—N O
l 1 g | N
(s}
' [o]
c1 T-O A

OH

halosulfuron

183



184 Pesticides Synthesis Handbook

Imazosulfuron

Uses: herbicide, rice
Trade names: Sibatito, Takeoff (Takeda)

Type: sulfonyl urea

Synthesis:
AN _on NN —c1
O [ + PoCL, _— O ,
2 hydroxyl imidazol phosphorous +
[1.2a)pyridine oxychloride o Cl
N\ / chloro
S sulfonic
o// \OH acid

+

2N _c1 | a1
@\1/ l____§_01 POC13 O\N\_H_Q—OH

o o
+
NH, O]
4 H
\/
N
=N c1
-C
OF_ T8 o v o=l Ol
S—NT No—. * —c!——o— —0—C—
I O x !
2 amino
phenyl 4.6 dimethoxy pyrimidine
chloroformate (see cinosulfuron)

7"\ c1 o N
O\N(_LH_I—II —7_<NO



Amides and Similar Functions

Metsulfuron-Methyl

Uses: herbicide, wheat, barley, cereals
Trade names: Ally, Allie (Dupont)

Type: sulfonyl urea

Synthesis:
o—¢ o, o—t—
N2 AT,
It c1 Na_CO I 1
—S—N 273 S~ N— ¢c— 0~ C=C—
i + omd — IR
° \0_1_1_
Y
+
o-sulfamoyl ethyl
methyl benzoate chloroformate
(see chlorimuron)
\/
N

2 amino

, (:) N i 4 methoxy
—C—0 )—t':— 6 methyl
! N 1.3.5 triazine

(see chlorsulfuron)

metsulfuron-methyl
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alternate route :

o\\c /o-#—
Ccl

|
S——-N::
" + Om= C
o

Cl

phosgene

2 amino 4 methoxy
6 methyl, 1.3.5 triazine

metsul furon
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Nicosulfuron

Uses: herbicide, maize

Trade names: Accent (Ishihara)

Type: sulfonyl urea

Synthesis:
0
V4
-—-c—c\ 9
N N I Non N\ 5—C1
SH : SH "
O + ~c—0H ——> Ol *+ a9 —— (O]}
//o | 4 //o
c
\ N\ _(['_ c
OH © i AN
o—c-
]
2 mercapto methanol
nicotinic acid *
|
—_c—
] t.butyl

—c¢—c—N< amine

—_Cc—

| | | )
0 -c- -cC o— o —c-
il

1 ]
Ny e N/ N
O Il (. — Al—N + O " T
[o] ~C-

\o o -$_ __I/ é_ - //o 1

& [«
\ [ | ] Noe be
N | I
\ N.N-dimethyl amino

+ ¢ dimethyl aluminum

F

| o

F—c— cf trifluoro

| OH acetic acid

F

l o

N il
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nicosulfuron

\/
N

/‘\ c1
N N / 1
Oy - =

2 amino phosgene
4.6 dimethoxy
pyrimidine

(see bensulfuron)



alternate route :

N\ C1
@c//o ’

N
OH

2 chloro
nicotinic acid

alternate route:

SOCl2 _—>

thionyl
chloride

SH

-—C-

benzyl
mercaptan

Amides and Similar Functions

N
ol
o
7
AN
c1
+
|
o—
_N/l dimethyl
\\l amine

[

[
N ]
— S NZ
o
N 2% 1
\N/'
AN

as above starting with mercaptonicotinic acid (instead of chloromicotinic acid)

and reacting with benzyl chloride (instead of benzyl mercaptan)

189
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alternate route :

\/
N
N
H

O -

phenol

+ 8- )

Cl

+ o= C

phenyl
chloroformate

Cl
|
c

Cl

alternate route :

Cl

+ o=¢ —_—
O

nicosulfuron

nicosulfuron




Primisulfuron

Uses: herbicide, maize
Trade names: Beacon, Tell (Ciba)

Type: sulfonyl urea

Synthesis:
] o—é-—-
N/
o
]
~ S—NJ
lc'; + HC1 _— >
o-sulfamoyl
methyl benzoate
(see chlorimuron)
\/
N
© R
+ —c—F
HO = OH l
F
2 axpino difluoro
4.6 dihydroxy
A methane
pyrimidine

(see bensulfuron)

Amides and Similar Functions

Cl
o=_¢ phosgene

Cl

o
]
S~—N=c=0
o

0, OH o

4
N

primisulfuron

191
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Prosulfuron

Uses: herbicide, maize, sorghum

Trade names: Exceed, Peak (Ciba)

Type: sulfonyl urea

Synthesis:
F F
' |
F—c—~F F—c~—F
I I
-C- | -C-

| C=0 I

-c- ! -

|
-
N- —¢- o N—‘l
—S—NZ N/\ I N-<O N
Icl + _%_o_k@{:_ _— Nt ” !
N

o o
0
|
2(3.3.3 trifluoro -c-
propyl) phenyl prosulfuron
sulfonamide
\/

C1l

N
AN
M5

2 amino phenyl
4 methyl chloroformate
6 methoxy

1.3.5 triazine

(see chlorsulfuron)

preparation of sulfonamide:

i |
I
Fetmtd FetfmCm
1] ; f 9
F OH
o\\ / S—Cl
/s\ EEm— g + NH,
d/ Cl
3.3.3 trifluoro chloro
propyl benzene sulfonic
acid

sul fonamide
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alternate routes :

i) 1|«‘
F—c~F
|
-C-
]
—c—
S—NZ /
il + o==¢ —_— prosulfuron
° AN
o
diphenyl
carbonate
ii) f F
F—c—F F—c—F
' x
-C= -C-
' |
—-C— o -
1| NT ﬁ
— NS l | c1
S=-N~—¢c—N-C~
g + = C~=N=a=c=0 ——————) ll ) ﬁ ) ? + O=£/
‘ o o \Cl
methyl
isocyanate phosgene
F
!
Fec—F
|
_C_
|
_c—
o
1}
—8—N==c==0
1l
o
+
\N/
AN
| kOj i
- C=—0— —C
[ N

prosulfuron
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Pyrazosulfuron

Uses: herbicide, rice
Trade names: Agreen, Sirius (Nissan)

Type: sulfonyl-urea

“C-

Synthesis: N
\‘N__// AN
/ g I N]
:;N——N’/ + —-%—-%—-o—-c::c-—-c/ _— Q§ ‘J l
\gi_ TN | D
CN o— #— ?— —C—C—0
1
methyl ethyl ethoxy
hydrazine acrylo cyano M
acetate
NaNO2
HC1
| 1
-Ce —~C~-
o | z
fl N
Cl-—ﬁ 4 \\N Cl—N=N N
o CuCl
N l ¢ 50, * N —I '
I/ [
ARn aan
+
N5
|
—e—
\
Il
>N—S—-// \\

2 methyl

3 amino

4 carboxy
ethyl ester
pyrazole



Amides and Similar Functions

[ N
/C 1 o=c —N—Sl—
! l l
- o
o c\ _— % l
c1 —c-cl_—o/
phosgene

\/

2 amino N
4.6 dimethoxy _é_o@o— ¢
pyrimidine | !

(see bensulfuron)

pyrazosulfuron
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alternate route:

h N
::N__F__ / \\h
2 cl) [——”
\>c_.

alternate route:

c1
/

Qm= C

\o_ %_

methyl
chloroformate

phenyl
chloroformate

2 amino
4.6 dimethoxy
pyrimidine

pyrazosulfuron

pyrazosulfuron



Amides and Similar Functions

alternate route :

_%_ -%_

N N.
Cl—N=N— / "\ cl- /"Ny
o, l + CuCl > o !

w >c‘ [ >\c_
~jrgo ~tf-o

+

S—Na

sodium
benzyl
mercaptide

|

| N
i T O™
o © Clz + ’

+
NH3
|
—c_
RN
SN~—S— \N
I
o © l
N

197



198 Pesticides Synthesis Handbook

Rimsulfuron
Uses: herbicide, maize
Trade names: Titus (DuPont)
Type: sulfonyl urea
Synthesis:
AN [ Lo Li N
(:) + —-—C¢—¢—8—8—Cc—c— —— <:> [
| ] | ] S—Cc—c—~—
[
2 fluoro ethyldisulfide
pyridine +
SH
|
-C=
benzyl
mercaptan

t.butyl amine

|

-c- \Va
g | [ O S—c—c]:— NaoCl —c—c-

‘i‘ v
o
0 o —‘—
N NV T
——S-——N———&—T-
Ol |
7T —c-
o I
+
o\ /o—OH
metachloro
1 perbenzoic acid
F o
4 reer
o o -c- —Cm ¢
Nl \/ [ A\ N4
s—N—c_?_ F OH . ~5—NZ
_
O Loty | . O 1,
AN\ T ¢ trifluoro —//\ ? ‘l:‘
o o ] acetic acid o \o
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|

] o

%/o ? o o N |
CN) Wy N N e o)
1| + o—C— N< _ | [T /

VSRS T p O N N—

O/\}) o 1 /\ ! o

o o o [
| -

-T— |

phenyl (4.6 dimethoxy
pyrimidin-2yl) carbamate rimsulfuron
\/
N
/c1 A
o=c +
\ —é-—o-jiggzjl-o-—é—-
o | |
henyl 2 amino
Ehlozoformate 4.6 dimethoxy
pyrimidine

(see bensulfuron)
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Sulfometuron
Uses: herbicide
Trade names. Oust (Dupont)
Type: sulfonyl urea
Synthesis:
o o~ — |
%c/ O'§c C>-?—0
1 Cl I
— S—NC / Na CO S—N—c—0—d—d—
23
+ o=c —_— ] [
o \b % + o o
o.sulfamoyl
methyl benzoate ethyl
. chloroformate
(see chlorimuron)
\/
NZ N
| 1 / = H,CO NN 2 amino
- ?_ c— C[_ C— C— + °N=C\ 2 3 5 @)—é 4.6 dimethyl
lcl g NZ %— i pyrimidine
acetyl acetone guanidine

alternate route:

1
[+] Oo—-C~
NS

I

— S—NZ
i +
o

(carbonate) J/

sulfometuron
2 amino
4.6 dimethyl
pyrimidine
+
o o—%—
g o
cl Il
/ ~—§—N=c=o0
o=¢ —_ 1l
\ o]
Cl

phosgene



Thifensulfuron

Amides and Similar Functions

Uses: herbicide, cereals
Trade names: Harmony (Dupont)
Type: sulfonyl urea
Synthesis:
¥ S\\ 49
/o —O methyl
i 7z o—¢c— 3 amino
= T’"CN + HS—?—C\ > l X ! 2 thiophene
cl o— <::- ~ carboxylate
+
2 chloro thioglycolicacid
acetonitrile methyl ester .
NaNO sodium
ait nitrite
4 o
s ___é¢ S 7 S —-67
AN \o-‘_ AN 1
° o—{:— ° T o—C—
i e NH3 + Tl — 502 + !
L—S-NZ s-Cl CuCl ~—N==N—C1
i 1l
<} o
thiophene
2 carboxylic
acid methyl ester
3 sulfonamide
+
Cl
o=¢ phosgene
cl
\/
N o
o S 4
Y, — —¢-
N PN Lo
(I - .0 — L. e
—C— o—c-—
'— S—N== c=0 ] N i Se—N~—c—N O N
L
3 I
2 amino T
4 methoxy 6 methyl —c-
1.3.5 triazine . !
thifensulfuron

(see chlorsulfuron)
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Triasulfuron

Uses: herbicide, cereals
Trade names: Amber, Logran (Ciba)
Type: sulfonyl urea
Synthesis:

\/ N,C1l

N 2 . .

HC1 diazonium
OH OH salt of
+ NaN02 ; o—-amino phenol
o-amino +
phenol
SO2 sulfur dioxide
CuCl

\/

N Cl

| 1

o=§=0 OmS=p
OH OH
— NH,OH +
+

o=8=0
2 chloroethyl
p.toluyl
sulfonate
—c-
|
\/
N
|
o=§=g

o——%-—%——cl



CONT.

\/

o=S=0

@_o_é_é_m
11

Amides and Similar Functions

Cl
]
—c_
|
—c—
|
-]
Cl o
/ il
+ o==c\\ —_— ﬁ——N==c==o
Ccl o
phosgene
+
\/
NXN 2 amino
(:) 4 methoxy
—#—k —o—(}— 6 methyl
N 1.3.5 triazine

(see chlorsulfuron)

triasulfuron
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Uses: herbicide, cereals
Trade names:

Type: sulfonyl urea

Synthesis:

N/
c

o

]

S—N—c—o—é—é—
i 11
o o

(see metsulfuron methyl)

Express (Dupont)

Tribenuron

Iy
N—?-

A
+10k

2 methylamino
4 methoxy, 6 methyl
1.3.5 triazine

OH

tribenuron
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Triflusulfuron

Uses: herbicide, sugarbeet
Trade names: Safari (DuPont)

Type: sulfonyl urea

Synthesis:
! i |
o o—c— o 0—C—
N/ e A WA
KH 1
Noz SN S—c
- + potassium | L '
[ hydride ]
2 nxtfo3mc.athy1 benzyl +
benzoic acid mercaptan
methyl ester P NaOCl
4 o o=t
A2 B S | N 0 f
o
P -c- -e- i
— S—N—§i—c—c— [ —S—C1
it | | b e SN—Si—c—c— + 4 i
L i +-
I o c-
| |
t.butyl dimethyl
+ silylamine
-~
-N
F cl— o-phenyl-N[4 dimethyl
' | K) /1 2 amino-6(2.22 trifluoro
F-c—(l:-o- —N\' ethoxy)] 1.3.5 triazin-yl
I N c~ carbamate
F |
] |
-C= -C—
| AN

triflusulfuron
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Preparation of the triazine :

see ethametsulfuron-methyl; same reaction sequence starting with cyanuric chloride and

dimethylamine, followed by

alternate route :

F——c——%—-ONa

c- 0 -c~  -c-
! f J
+
Cl methyl
/ chloroformate
omx C
N
o—cC—

I



Amides and Similar Functions

THIOUREAS

Thioureas are obtained by one of the following routes:

- reaction between ammonium thiocyanate and an amine

R,~ N + N=c——S—NH

1 —_— R, —N—cCc—NZI

Vo
S

4

- reaction between a thiocyanate and a chloroformate followed by

reaction with an amine

/Cl
o= ¢ + N=c—S—K —_— R2——o——c-N==c
No—r |
2 o S
+

R, —N

R,— N=— ¢c— N—c— 0— R
2

R TR
S [}

- reaction between an isothiocyanate and an amine

R,—NIJ + R, —~Ne=Cc=S§ _ R —-?——c—-?——R

1 2 2 1

l
s

The isothiocyanate is usually obtained by reaction between thio-

phosgene and an amine.
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Antu

Uses: rodenticide

Trade names:

Type: thiourea
Synthesis:
\/
N
OO + NH " SCN

ammonium
1 naphthylamine thiocyanate

N—c—N

A

antu

-



Amides and Similar Functions

Chloromethiuron

Uses: ixodicide, cattle, sheep, horses, dogs

Trade names:

Type: thiourea

Synthesis:

Cl

2 methyl
4 chloro
aniline
(2 amino 5 chloro
toluene)

Dipofene (Ciba)

S
Il
c
Il
N
/C1 é— 2 methyl
S=c _— 4 chloro
\Cl isothiocyanate
cl
thiophosgene
+
N/ ‘} dimethyl
- L amine
-
S i
|/

Cl

chloromethiuron
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Diafenthiuron

Uses: insecticide, cotton, fruit, ornamentals, soyabeans, vegetables
Trade names: Pegasus, Polo (Ciba)

Type: thiourea

Synthesis:
Loy oy
OH | N [ _l_ Cl_
© - TOT — IO
—c—- —-c- -c- -c-
] c1 I ! ]
o
phenol 2.6 diisopropyl,
4 chloro aniline
+
Cl
G / thio
< phosgene
Cl
&
N
I I
X T L) L !
! i 1 Qe e, —_C—
?—T— T‘ - — >N —i— - . T _1_'

—cl—
Y F

f

o
|
@ t.butylamine @
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Thiophanate-Methyl

Uses: fungicide, fruit, apples, bananas, cereals, rice, vine

Trade names: Topsin M, Cercobin M (Nippon Soda), Mildothane (Rhone Poulenc),
Cycosin (Cyanamid)

Type: thiourea, carbamate

Synthesis:
/Cl
o==c\\ + K— S— ca=N —_— —-%—-o—-c—-N==c==S
o—d— I
methyl potassium +
chloroformate isothiocyanate
\/
N
-
=  ortho
phenylene
diamine
o

s
I A

N—-c-—N—-c—-o—?—-

N—-c-—N—-c—-o—é-—

Wt
S o

thiophanate-methyl

Thiophanate-Ethyl

As above with ethyl chloroformate
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Thiophanate-Methyl

Uses: fungicide, fruit, apples, bananas, cereals, rice, vine

Trade names: Topsin M, Cercobin M (Nippon Soda), Mildothane (Rhone Poulenc),
Cycosin (Cyanamid)

Type: thiourea, carbamate

Synthesis:
/Cl
o==c\\ + K— S— ca=N —_— —-%—-o—-c—-N==c==S
o—d— I
.methyl potassium +
chloroformate isothiocyanate
\/
N
-
=  ortho
phenylene
diamine
o

s
I A

N—-c-—N—-c—-o—?—-

N—-c-—N—-c—-o—é-—

Wt
S o

thiophanate-methyl

Thiophanate-Ethyl

As above with ethyl chloroformate
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UREA COMPOUNDS

These products are of the general formula

~
N
/ R
o= C

\
N

1

R,

/\

Ry

The synthesis consists of two main steps:

i) reaction between an amine (usually aromatic) and phosgene in

order to produce an isocyanate

R, — N + o= C — R,~N=c=o0

R
ii) amination of the isocyanate in —N 2
order to obtain the urea

R
3

/52

R, = N—C—N
T \R
° 3

More often than not R,~N<Z is a chloroaniline, frequently

1
aniline, chloroaniline or dichloroaniline.
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The frequent use of an aryl amine in urea pesticides is illustrated

by the following compounds:

clorobromuron

chlorfluazuron
(Cl1 in 5 position)

clorotoluron

chloroxuron

difenoxuron

diflubenzuron, monolinuron,

monuron

diuron, linuron, neburon,

sulcofuran

fenuron, forchlorfenuron,

siduron, thidiazuron

flucofuron

\/
N
3

4 3 position 4 position
Cl Br
cl OH

|

Cl -—?-
H -—o-—<i:::>Cl
H Ccl
H Cc1
Ccl cl
H H
CF C1l

213
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cont.
3 position 4 position
fluometuron CF3 H
|
C=-
Va
isoproturon H —cC
N\
C—~
|
metobromuron H Br

metoxuron Cl O— C—
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A particular group of ureas are carbonyl ureas produced by

ammoniation of an acid to the amide

[o]
R V4 R /4
1 —c\ + NH, —_ 1—c\
OH NZ

followed by reaction of the amide with an isocyanate

o]
4
R,—cC O0=Cc= N— R _> R, —~C—N—Ce—=N—R
\ * 2 U

NT o o

an alternative routes being the reaction of a urea with an acid

/1
N o
/ 4
o=c + R, —cC —_ R, —N—¢—N—Cc—R,
\ 2N\ LR T T
NZ OH o o
~
or of a carbonyl isocyanate with an amine
R, —NZ + 0= ¢= N=——C—R —> R, ~N—Cc—N—c—R
1 2 1 T ] 2
o o

215
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the carbonyl isocyanate being obtained either by phosgenation

of an amide

o Cl
V4
Rz--c\ + o= S
N c1

or whenever a methoxy urea is desired, methyl hydroxylamine is

used instead of an amine

R ~=N=c¢c=o0 + >N—- o— ([g—

Tebuthiuron is practically the only compound of this family for

which Rl—-Nzi is not an aromatic amine.

Also the synthesis

route is different from the general pattern, being based upon

hydrazine.
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Chlorbromuron
Uses: herbicide, carrots, potatoes, soyabeans, sunflowers
Trade names: Maloran (Ciba)
Type: urea
Synthesis:
Br Br Br
Cl
+ HNO, R — + C, —— O
NO2 NO2
mono bromo benzene
+
Hy
Br Br
Cl A1 cl
«— o=c + (:)
N
Ccl
N N
2 phosgene /A
H
o
+
MNeo-¢-
AR 0,N-dimethyl
-+ hydroxylamine
Br
cl
N-¢—N-0—c~
;ou | g
[o]

chlorbromuron
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alternate route :

\/
N
+
cl
metachloro
aniline
I
N N—o—t—

Qo= C

Cl

Cl

Br

(o]

Il

C

i

c1
+
Ny om dm
-+ 4
i
—N— c—N—o—¢—



Uses:
Trade names:

Type: urea

Synthesis:

OH
Cl Cl

N

/\
2.6 dichloro
p.amino phenol

(3.5 dichloro

4 hydroxy aniline)

7
%§5/N\
F F

2.6 difluoro
benzolylamide

Amides and Similar Functions

Chlorfluazuron

insecticide, cotton

Atabron (Ishihara)

F N:
Cl
SE@)s
F

5.6 dichloro

3 trifluoro
methyl
pyridine

Cl

/

O=C

\\Cl

phosgene

F

c1 N
—N—¢—N— —o0—
@fl ] @ @
F ° c1

F
Cl N '
>(O)-~O)--
Cl Cl
+
o

— —B=0

—F

loo hamad ¢ anaad ]

° c1

chlorfluazuron

preparation of 5.6 dichloro 3 trifluoro methyl pyridine :

N

O§_+CIZ+HF ___>CO|

3 picoline

N F

F

c¢—F

CINT

R ()

2 c1 T——F
F

219
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Chlorotoluron
Uses: herbicide, cereals
Trade names: Dicuran (Ciba)
Type: urea
Synthesis:

1
+ HNO3 —_— @ + Cl2
NO2

toluene paranitro
toluene
PNT

.

chloromethyl c1 ,C1

phenyl «— o=c_

isocyanate Cl
CMPI1 N

phosgene

Cl

) chlorotoluron

[
1 2 chloro

4 nitro
toluene

2C4NT

2 chloro
Cl 4 amino
toluene

2C4AT
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Chloroxuron

Uses:  herbicide, onions, carrots, lawns, sport fields, ornamentals
Trade names: Tenoran (Ciba)

Type: urea, phenyl ether

Synthesis:
\/
OH N
Cl Cl
p.chloro p.chloro +
phenol aniline
Cl
0= C phosgene
Cl

{
c1 —o— —N—c—N «—— N + C1 —o— N=c=o
NN \ i

dimethyl
chloroxuron amine

221
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Cymoxanil
Uses: fungicide, vine, potatoes
Trade names: Curzate (DuPont)
Type: urea , oxime
Synthesis:
o
4
Cl— ?— c + NaCN _—
CH
monochloro sodium
acetic acid cyanide
O HZSOA
- <l:— <l:— N + KoCN —_—>
ethylamine potassium
cyanate
i
I
N= c—ﬁ—c—t;l—c— ‘—c::—t":— & NaNO2
N
| .
oNa sodium
nitrite
+
|
o o—C—
) s /! dimethyl
7 N\ sulfate
o o—C—
I
o o
I il |t
N= c—¢—=—Cc=Ne-c— »Iz—?—?—

Pesticides Synthesis Handbook

cymoxanil

o
v A
Na= c— c— ¢
| AN
OH
+
1 i
_E—c—
N\‘ 1
o=c¢
AN
N
o
i
+ N=c—c—c—
|

cyano
acetic
acid

ethyl
urea
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alternate route :

/N< N
—-<':—<‘:—-N< + o=_c —_— o=¢c
[ \ \
|
= i

urea
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Uses: herbicide, rice

Trade names:

Type: urea
Synthesis:
\/
N
!

_¢_c_ -

<o dimethyl
benzyl amine

(see dymron)

Showrone

Daimuron

(Showa Denko)

Cl
Om= C

Cl

phosgene

[o]
i
o3
ji
|
_é_ et~

+
\/
N
-C—-
!

|

-

I
| [ |
o

—C~

daimuron

p.methylaniline
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Difenoxuron

Uses: herbicide, onions, garlic
Trade names: Lironion (Ciba)

Type: urea

Synthesis: 'CI’
c
\/ i
N N
Ccl
+ o= C —_——
Cl
Ccl Cl
p.chloro phosgene
aniline
+
OH L
I
+ —¢—0—Na —-N/ dimethyl
‘ N\ L amine
Cl f
p.chloro sodium
phenol methoxide
. |
—e- o c-
e
0 —N-—c— N
| \'
C=-
~¢—o O— N—c—N —— +
! L\
o Cc-
| CH Cl
difenoxuron p.methoxy

phenol
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Diflubenzuron

Uses: insecticide, forestry, citrus, soyabeans, cotton, cattle,

pigs, poultry
Trade names: Dimilin (Duphar)

Type: carbonyl urea

Synthesis:
o
It
i
\N/ N
c1 chloro phenyl
+ o=_¢ e 4 isocyanate
Cl
Cl Cl
p.chloro phosgene
aniline +

o N
N/
c
F— —F
<:> 2.6 difluoro
benzamide
F
c1 Ne—C~—~=N-~—¢
@'! i
o o
F

diflubenzuron
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Diuron

Uses: herbicide, citrus, cotton, sugarcane
Trade names: Karmex (Dupont)
Type: urea
Synthesis:
o
1]
c
N/ .
N N
Cl dichloro phenyl
* o=c > isocyanate DCPIL
Cl Cl
cl
cl Cl
3.4 dichloro phosgene
aniline
(3.4 DCA) +
i
c—
71 . .
—N\’ dimethyl amine
G-
i
o L
oo
N-c-N .
Nee
i
Ccl
1

diuron
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Ethidimuron

Uses: herbicide, non crop areas
Trade names: Ustilan (Bayer)
Type: urea, thiadiazole, sulfone

Synthesis:

0 -¢- -4~
il |

o
] Il
—dbe§— 8 N -—c':—(;:—S—- s Ne—CmN—C—
by i ! J li o
o + O Cam N—f— _— o o
N—N N—N
methyl isocyanate

2 methylamino /N-—é-— ethidimuron
5 ethyl sulfonyl OR o= c\'
1.3.4 thiadiazole Cl

methyl

carbamoyl

chloride
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Fenuron
Uses: herbicide, vegetables, onions, fruit
Trade names: Dybar (Dupont)
Type: urea
Synthesis:
o
i
c
i
\Y4 N
N
c1 phenyl
(:) + o=¢c~ —_— isocyanate
Y
(38
aniline phosgene +
t
_N/‘:-
A
d-
i
dimethylamine

fenuron
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alternate route :

\/
N /N<
@ b e
N
urea
alternate route :
\/
N
+ co +

S

o= C

fenuron

——> fenuron

diphenyl
urea

(+H25)
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Fluazuron

Uses: anti-helmintic, cattle tick
Trade names: Acatak (Ciba)

Type: carbonyl urea, pyridine

Synthesis
F —~ 1 c1 F —o—
| + — 1O
Feec Cl =N F—c~— c1 N
| | N\
F F
2.3 dichloro 5 chloro
5 trifluoro methyl meta amino +
pyridine phenol
(see chlorfluazuron)
o NT
N/
CN c
c1 F
F F F F
+ 32304 _— + omc —_— @—ﬁ—N=c= o
Cl T ©
2.6 difluoro
2,6 difluoro phosgene benzoyl
isocyanate

phenyl cyanide

0}

SEOne)

C= 0O

o ——

N—

C== O

fluazuron
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alternate route :

N OH
T_Q“ "
+
F—c O
Cl

I 02N

F
5 chloro

meta nitro

phenol

| c1 )
F
+
H,
c1
F N <:>
F-—c——[ZEéE]C1 N::
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Flucofuron

Uses:  insecticide, cotton, fabrics
Trade names: Mitin N (Ciba)

Type: urea

Synthesis:
Q
I
c
\/ il
X F /Cl F
| + Om= C —_— l
c—F \ —c—F
I €1 |
SR €l F
3 trifluoro methyl phosgene
4 chloro aniline +
\/
N
F
c—F
cl F
Cl —N-—c—N Cl
[
<)
F—c~F F—c—F

flucofuron
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Flucycloxuron

Uses:  acaricide, soyabeans, apples, fruit
Trade names: Andalin (Duphar)

Type:  carbonyl urea, oxime

Synthesis:
l>—ﬁ @01 + =N—OH —_ Ho—N=c—@ c1
o
+
cyclopropyl p.chloro .
phenyl ketone hydroxylamine .
r
[
—c—
4 nitro
benzyl
bromide
NO

F F 2.6 difluoro
benzoyl isocyanate

(see flufenoxuron)

\ ;
|
<i:::>*_ﬁ__§__ﬁ__y__<i:::>_.?._o__N==c__<<::::>Cl
A r

flucycloxuron
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Flufenoxuron

Uses: insecticide, citrus, cotton, grapes, soyabeans, tea
Trade names: Cascade (Shell)

Type: carbonyl urea

Synthesis:
\/
N c1 F cl F
cl |
+ —> 2N 0 T"F
OH F
F—c—F
2 fluoro L
4 hydroxy
aniline 1.2 dichloro
4 trifluoro methyl +
benzene
o
|
c
Il
N
omt
q§ /OH q§ /N\\ 2.6 difluoro
c c1 benzoyl
F F F F / F F isocyanate
+ NH3 B — + o= c\ _—
cl
2.6 difluoro 2,6difluoro phosgene
benzoic acid benzoylamide

F

F F cl l

C==N—~c—N o— ~— c—F
@'n'u'O @|
FOO F

flufenoxuron
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Fluometuron
Uses:  herbicide, cotton
Trade names: Cotoran (Ciba)
Type: wurea
Synthesis:
Cl F
L Cle—c—C1 F—c’:—F
photo
+ Cl2 + HF _—
benzotrifluoride
toluene
+
HNO3
F F
Fe—C~—F F—c—F
m. trifluoro
met:hyl ——— H2 +
aniline NC NO2
+
Cl
/
o= c\ phosgene
Cl
F F
F—C—F | Fe—c—F i
(= -
/1 i
RN /
N=c=o0 AN i I,“—ﬁ—'N
| o - \\|
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Forchlorfenuron

Uses: plant growth regulator
Trade names: Sitofex (Sandoz)

Type: urea, heterocyclic nitrogen, pyridine

Synthesis:
o
i
i
\/
X c1
+ Om ¢ _— phenyl
\ isocyanate
Cl
aniline phosgene
+

N
C1 2 chloro
(:) 4 amino

pyridine

forchlorfenuron
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Hexaflumuron

Uses: insecticide, cotton, potatoes, fruit

Trade names: Consult, Trueno (Dow Elanco)

Type: urea

Synthesis:
o
g——-N-c-m \(
F c1l
F
' - BREEE °
C1 Cl o ° ¢,
o F
F—c—F
F—L—F '
Fe—c—F
2.6 difluoro F_T—F |
benzoyl
isocyanate .
3.5 dichloro hexaflumuron

4(1.1.2.2 tetrafluoro

(see flufenoxuron) ethoxy) aniline



Uses:
Trade names:

Type: urea

Synthesis:

0 Y S
} ]

cumene

=

0

o

isoproturon

Amides and Similar Functions

Isoproturon

herbicide, barley, rye, wheat

Alon, Arelon (Hoechst), Graminon (Ciba), Tolkan (Rhone Poulenc)

+ HNO3 —_— p.nitrocumene
N02
B,
i | |
—g—c—e—
Cl
— o=c¢ +
Cl
N
n
phosgene p.cumidine
dimethyl
amine

239
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alternate route :

\/
¥ |
NZ c-
ya
+ Om= c< + —N\
NZ {;_
{
urea
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Karbutilate

Uses: herbicide
Trade names: Tandex (Ciba)

Type: urea

Synthesis:
OH | OH
N V4 c-
+ N—c _ W [
- \ Ne—Cc—
N _ {: / c1 Il \é
<] -
m,amino .
dimethyl
phenol carbamoyl
chloride
+
4
t.butyl
| _‘::_ T—N_:c’o isocyanate
-C Cl
i
\N— + o=c< -T'
g c1
|
dimethyl
amine phosgene
|
-C—
o
I |
0=—C—N— c—C=—
_
—e—
[ y (::_
N— c— N,
o N\
o c-

karbutilate
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Linuron

Uses: herbicide, soyabeans, corn, cotton, maize, potatoes, beans, wheat

Trade names: Lorox (Dupont), Afalon (Hoechst)

Type: urea

Synthesis: o

1l

\/ i

C1
/
+ o= C\ _— DCPI
Cl cl C1
cl Cl
3,4 DCA phosgene
+
<4—o_ o
1 V
[?—N—o—c':—]2 I-IZSO4 + \s/ . \N—O—(I:—
[ LN 1/ [
~C~0 [o] -C
! |
o-N-dimethyl
hydroxylamine
—~—0 o
Y/,
\S < dimethyl
om c>/ N .,  sulfate
+
o o—d—
G
[>N-~OH ], 82804 \u
?—
hydroxylamine
sulfate



alternate routes :

(1)
(>N-0H], H,S0,

o G Lol

/1

o=¢C +
AN
Cl

ethyl chloroformate

o-N—dimethyl
hydroxylamine

(0o

Cl

[SN—0H], H,S0

Cl

4

HC1l

Amides and Similar Functions

linuron

?
_Z_
~o-

+ o=cC

7
—_—— —0—
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Lufenuron

Uses:

Trade names: Match (Ciba)

insecticide, acaricide, cotton, vegetables, citrus

Type: carbonyl urea
Synthesis:
F F
F
7 I l . F l L L o N
F— ¢—C—C—0 I -
| l l + HNO3 e l | l O
F F F F F F 2
Cl Cl
1,1,2,3,3,3 hexafluoro +
propoxy 2,5 dichloro
benzene
)
o
il
c
il
N
cC=0
F F c1
[ 1]
F F—C—C—cC—0
* | 1] N
F F F -~
Cl

-

F F
| I Cl
F——T-—%——c——o
| N—C—N——.
F F F T
Cl o o

lufenuron

2,6 difluoro
benzoyl isocyanate

F

2 ®

¥



alternate routes :

C1

T
P e (3 e o
T e
i
o
|

] —— —

=N cx0
Cl

1,1,2,3,3,3 hexafluoro
propoxy 2,5 dichloro

isocyanate

Cl

— N~

Cl

"y
e e
e

Amides and Similar Functions

\N/
o N
N/
c

F F
+ @ —> lufenuron

2,6 difluoro

benzoylamide

\ /°

0\ N—-c/
\V

\
0~ C—
]
F F
+ ——————3> lufenuron

N-methyl formyl
2,6 difluoro
benzamide
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Methyldymron
Uses: herbicide, turf
Trade names: Stacker (SDS)
Type: urea
Synthesis:
o
d \/
ﬁ N
=+ +
+ — @O
Ao
|
dimethyl, phenyl
methyl isocyanate benzylamine methyldymron

(see dymron)
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Metobenzuron
Uses: herbicide, maize
Trade names: (Mitsui)
Type: urea |
—c—
Synthesis: o
— .@ -ou
OH -
R S e
H | LI |

resorcinol acetone 1

-—C— —C—-
I 1
+
1
4 chloro
nitro benzene
NO2
|
N
° ° berlyst | -—é ° —0 NO
4 O © No, Amberlys: ~¢—0H+ 7 2
i
-C- =C- —C— =0C—
! 1 | |
+
H2
4 ¢
N
|
-c
|

-h
o 0
° o N P ] ~N o =c=0
+ o=c\~ _— -?

—?‘ -?— phosgene
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™ o
1 (o] Nmcmeo
—-c ™~ N-OH.,
] <:> + =N-0H. (1,50, )%

-C= =C=
hydroxylamine
sulfate
|

-&
4 ™
—¢—0 [ (]
! \// | o N—c— N-— QOH
V2 Y T
—c—o o
dimethyl
sulfate

¢

o—d—
]

\o //
‘°© N
o]

C-

!

metobenzuron



Type: urea
Synthesis:
o
i
i
\/
N N L
Cl N .
+ o=C  —— + /N——o— l— >
Br €1 Br
p-bromo hosgene :
aniline phosg p.bromo o-N-dimethyl
phenyl hydroxylamine
isocyanate
alternate route :
o
1l
I 4
N ! N——c-——?——o-{—
= L
+ /,N——o—-%-— > ! + Brz —
phenyl

Uses:

Trade names:

isocyanate

Amides and Similar Functions

Metobromuron

Patoran (Ciba)

herbicide, tobacco, tomatoes, soyabeans, sunflowers

o
i !
~N—c—N-—0—C—
| |
—c_
|
Br
metobromuron
[]
il )
—N—¢c— N—o—c¢
| I
- -
i
Br
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Metoxuron

Uses:  herbicide, cereals, carrots, wheat, barley, rye
Trade names: Dosanex (Sandoz)

Type: urea

Synthesis:
o
fl
c
\/ I
N c1
/
+ o= _—_
c1 Net c1
o o
l I
-C~ —C-
! !
3 chloro phosgene
4 methoxy +
aniline
!
c—
/1
-N
A\
C_
I
o ¢
/i
—~N—c—N
! \j
C—
§
Cl

dimethyl
amine
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Monolinuron

Uses: herbicide, beans, maize, potatoes, vine, ornamentals
Trade names: Aresin (Hoechst)

Type: urea

Synthesis:
o
1l
i
\/ N
N /c1
+ o=C _
N
cl
Cl c1
p.chloro phosgene
aniline +
0.N-dimethyl
N—o—clz— hydroxylamine
4
[
i
—N—c'——N—o—c’:—
| 1
—o—
I
Cl

monolinuron
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Monuron
Uses: herbicide, non crop areas
Trade names: Telvar (DuPont), Urox (Hopkins)
Type: urea
Synthesis:
o
il
c
[}
\%4 N
N
+ o=c:C1 —_—>
Cl
Cl Cc1l
p-chloro aniline phosgene
+
1
A . .
-N dimethylamine
\ !
c—
t
o !
TR
N-c-N ,
é-
i
Cl

monuron
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Neburon

Uses: herbicide, wheat, fruit, ornamentals

Trade names:

Type: urea

Synthesis:

Cl
Cl1

3.4 DCA

Kloben (Dupont)

.Cl
Cl C1

DCPI

l

Cl

phosgene

neburon
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Pencycuron

Uses: fungicide, rice, potatoes, vegetables, ornamentals
Trade names: Monceren (Bayer)

Type: urea

Synthesis:
c1 \/
L N
: — Q-
Cl
4 chloro
benzyl cyclo?entyl
chloride amine
\/
N
Cl
/
+ o==q\ >
Cl
aniline phosgene

@

+

o

]

c

[

N
phenyl
isocyanate

aan Gl

c=0

N-



Uses: herbicide, cereals, turf
Trade names: Tupersan (Dupont)
Type: urea
Synthesis:
\(
Cl
+ o==q\
cl
aniline phosgene

Siduron

Amides and Similar Functions

phenyl
isocyanate

+
\/
N
é' 2 methyl
cyclo
hexylamine
1
-C-
Lo
N—c—N:

siduron
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Sulcofuron

Uses:  insecticide, cotton, fabrics
Trade names: Mitin FF (Ciba)

Type: urea, phenyl ether

Synthesis:
o
N N/ o A 's', OH
+ \\S _ Il
7 \ o
[ OH
A +
phenol sulphuric
acid \/
N
Cl
2.5 dichloro
c1 aniline
}!
SO3H
+
o
il
c
\/ 1]
N
Cl
e + o= c\ 3 DCP1
c1 Cl
Cl Cl
3.4 dichloro phosgene
aniline



Amides and Similar Functions

Teflubenzuron

Uses: insecticide, citrus, cotton, grapes, fruit, vegetables, potatoes,
sorghum, soyabeans, tobacco

Trade names: Nomolt (Shell)

Type: carbonyl urea

Synthesis:

C~—— N c== 0

\N/
F F_Cl
F F F
+ > N—c—N—c¢— F
c1 c1 . |(|>
Cl
. F F

2.6 difluoro 3.5 dichloro
benzoyl isocyanate 2.4 ?;fluoro teflubenzuron
(see flufenoxuron) aniline
H, (-or Fe )
+
NO
2 NO2
cl . KF F 3.5 dichloro
c1 c1 2.4 difluoro
Cl C1 nitrobenzene
Cl F
potassium
2.3.4.5 fluoride
tetrachloro

nitrobenzene
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Uses:
Trade names:
urea, thiadiazole

Type:

Synthesis:

77N
NN

3 amino 1.2
thiadiazole
\/
N
Cl
+ o=c
Cl
aniline phosgene

alternate route:

/5N

2

+

.

-4

—~—
—

Thidiazuron

plant growth regulator, cotton

Dropp (Schering)

o
i
c
S
N
[ 4 N'
— N——c-—N——L——— L
1 ‘l J
o
phenyl
isocyanate thidiazuron
N
v
_— thidiazuron

i
o
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Triflumuron

Uses: insecticide, cotton, trees, fruit, soyabeans
Trade names: Alystin (Bayer)

Type: carbonyl urea

Synthesis:
o, OH NZ o N=c=o0
A% °\\C/ X
c1 cl /Cl cl
+ Nﬂ3 _— + o==q\ _
38
o.chloro phosgene
benzoic acid
+
\/
N
4 trifluoro
methoxy
aniline |
1
F—¢—~F
F

Cl I
_—c——N——c——N——<<i:::>-o—c-—-F

[ |

o o F

triflumuron



Phosphoro Organics

PHOSPHORO ORGANICS

Phosphonates and similar products are characterised by at

least one P-H or P-C bond

Phosphonothioates have in addition to a P-H or P-C

bond a P=S or P-S bond

Phosphonodithioates have both a P=S and a P-S bond

Other phosphoro organics have a general structure of the

type
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Y-—R1
X=P— Z—R
2

\'r R
73

where X, Y, Z, T are oxygen and/or sulfur (and in the
special case of amides one of ¥, %, T is nitrogen).

The main families are:

phosphate esters

phosphoro amidates

phosphoro thioates



phosphoro dithioates

phosphoro trithioates

phosphoro amido thioates

phosphoro trithioites

In all these cases usually

Phosphoro Organics

R,—o_ _S
1 \P/
R.—o S—R
2—° —f3
Ry~ \p?

s” Ys—r
Ry— —R3
R,—S. _o
17 5\ 7

N\
R,—S S—R,
RT—'O\P0S

Ny
27— ° |3

Ry

S— R
S/ 1
P— S— R
2

\s R
—R3
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Nearly all synthesis of phosphate esters, phosphorothiocates and
phosphoroamidoates use as starting materials one of the following:

OR
- phosphites P— OR

OH

S OR
N/
- phosphoro dithioic acids P
7\
HS OR
S OR
N/
- phosphoro chlorido thioates P
/ N\
Cl OR
These compounds are obtained as follows :
DIMETHYL PHOSPHITE
DIETHYL PHOSPHITE
|
O— C—
| ]
PCl3 + — C— OH _— HO—P
! AN
|
o— <l:—
phosphorus
trichloride methanol dimethyl phosphite
PC1l + ethanol R — diethyl phosphite



Phosphoro Organics

DMPA -~ DIMETHYL PHOSPHORO DITHIOIC ACID
DEPA - DIETHYL PHOSPHORC DITHIOIC ACID
!
—C—0 S
! AN Y4
- élf— OH + PZSS _— P
L 7N
—-T—-o SH
methanol phosphorus DMPA - dimethyl phosphoro
pentasulfide dithioic acid
ethanol + PZSS ——> DEPA - diethyl phosphoro

dithioic acid

DMPCT - DIMETHYL PHOSPHORO CHLORIDO THIOATE

DEPCT —~ DIETHYL PHOSPHORO CHLORIDO THIOATE

DIPCT - DIISOPROPYL PHOSPHORO CHLORIDO THIOATE

o S
I \\947
C /N
—C—0 SH

DMPA - dimethyl phosphoro
dithioic acid

DEPA - diethyl phosphoro + 012 —_—

dithioic acid

DIPA - diisopropyl c1
phosphoro dithioic acid + 2

o S
I AN Péy
LN
—Cc—0 Cl

DMPCT - dimethyl phosphoro
chlorido thioate

DEPCT - diethyl phosphoro
chlorido thioate

DIPCT - diisopropyl phosphoro
chlorido thioate
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PHOSPHONATES
PHOSPHINATES
PHOSPHONIC ACIDS

Phosphonates are produced by a variety of different reactions ,

practically each product being a case in itself.

The most important methods for obtaining phosphonates are the

following:

- isomerisation of a phosphite :

R— o0 — O
N A ANV
R— o—P _ P
/ / N\
R—o0 — O

- reaction between a phosphite and a chloroformate

Ry—o c1 R,— 0
N\ / N
R1—-o——P + o= C > P—c— 0—R
/ \ /!
R.—o o— R, R,—o0

- reaction between a dialkyl phosphite and phosphorous acid

R— o HO o R— o0 o
\ 7 N 7

P— OH + P _> P
/7 \ / N\

R— o0 HO H HO H
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- reaction between a dialkyl phosphite or phosphorous acid and an
aldehyde

R—~0© N ° RO N //o
V/
P—OH + R—cC 7 _—> P
AN / \
R—o0 RO - <l:—- R
OH
or
HO [} o HO o
N 7 Vi \ 7/
P + R— C —_—_— P
/ \ N /7 N\
HO H HO — T—R
OH

- reaction between a trialkyl phosphite and an alcohol in presence

of PCl3

R1— [o] HO o
AN . PC1, N\ 7/
R1—-o——P, + RZOH —_ P
7/ N\
R1— o HO R2

- reaction between a trialkyl phosphine and an alkyl halide

Ry R,y

AN N+ _
R, =P + R.~C1l —_— R, —P—R Cl
oy 2 177
R R

- reaction between phosphorus trichloride and formaldehyde

c1 Cl
/ . ~ \ |
P—C1 + _Cc=0 > O=P — <|:— Cl

\ /

Cl c1
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Phosphinates are obtained by reaction between Pcl3 and methyl
chloride followed by alcoholysis and oxidation to the penta-
valent form with a halo alkyl compound

Alternate routes to the methyl dialkyl phosphonite are by reaction
between a trialkyl phosphite and a Grignard reagent directly, or
after previous treatment with PCl3

o~ R —
1 /O R1
P:—0—R, + I Mg— ?'— —_— P—&—
AN
o— R1 o— R1
o— R1 /o— R1
P— O0— R1 + PC13 —_— P—C1 + I—Mg—c::—

o~ R 0o~ R



Uses: fungicide

Trade names:

Type: phosphonic
Synthesis:
cl
o==c\\ +
Cl
phosgene

triphenyl
phosphite

acid

- _on
P

ethanol

~C—C— ¢

Ampropylfos

Appa (Rhone Poulenc)

Cl
/
—_—S o= + NH3
N
o—C—C—
(]
ethyl chlorformate
° ~
d + = Ne—C—0—
il
o
ethyl
carbamate

propanal

Phosphoro Organics

1|
cC—C— —
[
HC1
v
HO o
N\, 7
/P\I
B0 c—d—d—
I b
N
/N

ampropylfos
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Chlorphonium Chloride

Uses: plant growth regulator, flowers

Trade names: Phosphon (Mobil)

Type: phosphonate

Synthesis:
Cl
|
—-c—
oL
e
//| o
* Pg=¢— 6 ¢~
¢l \\I__l__l__l__
c1 FTFFS
3.4 dichloro tri butyl

benzyl chloride phosphine

—_O= = ==

(@]
P
_,,;_
i
o
7|\
—_—)— ..T_ —_ -
-0 —0= =0~
i
- == =0

chlorphonium chloride

c1r
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Ethephon

Uses: plant growth regulator, fruit, vegetables, cereals, tobacco, cotton,
latex, maize

Trade names: Ethrel, Florel, Cerone (U.Carbide), Etheverse, Tomathrel (Ciba)

Type: phosphonate

Synthesis:
Cl—¢—c¢—o
. o : : N\ tris
P("13 * - c\—/c— Cl- e ¢ °7P (2 chloro ethyl)
[} Cl— (::_ é_ ° phosphite
phosphorous ethylene
trichloride oxide
A
c1 1o
OH —-c = Ic—o bis
Cl— c':— é—P=o — HC1 + Cl — é=t—P=0 (2 chloro ethyl)
L . : ! / 2 chloro ethyl
OH Cl—cl: - tI:—o phosphonate

ethephon
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Fosamine Ammonium

Uses: herbicide, small trees
Trade names: Krenite (DuPont)

Type: phosphonate

Synthesis:
1
Haas
[ | P
I’Cl3 + -e—c‘—OH _ P-o-c-¢-
\ ]
o-¢-C-—
[
phosphorus thanol
trichloride ethano
3
C1
/
o=¢ .
o-c—-
]
methyl chloroformate
1 ]
’0—(.‘,—4— /o_(::_(::-
o=P-oNH — NH,OH + P-o-¢-c-
\ 4 4 N v
- 4
c~NZ c-o-C-
H 1 '
o 0
fosamine

ammonium
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Fosetyl Aluminum

Uses: fungicide, fruit, onions, cocoa, rubber, tobacto, ornamentals
Trade names: Aljette (Rhone Poulenc)

Type: phosphonate

Synthesis:
v
—§m§-o o i
\ f Vo I
— OH + HO— P—OH _ — Cc— ¢~ 0— P— OH
/ ' t
o
- ?— ¢—o H H
+
diethylphosphite phosphorous
acid Vo
Na— o0—c— cl—
o )
P I . I
—C—Cc—0—P—o0 Al — A1(NO,) + -C—C—0—P—o0—Na
[ | 1/, 373 P |
H H
fosetyl aluminum
alternate route:
—tmt—o —t— o
RN AN /OH
—O0H + HpPOo, € —O0H + —¢——o0—P +
/ 374 _— / [ AN
—t—t—o SV YA oH
(I phosphoric R
acid
+ H3POA + alumina

l

fosetyl aluminum
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Glufosinate

Uses: herbicide

Trade names: Basta, Buster, Finale, Ignite (Hoechst)

Type: phosphinate

Synthesis:
c1 [y Sy .
A
PCl, R e p—é— + —é—c}-on — —¢-»
\
cl o—c—c—
[
phosphorus methyl ethanol +
trichloride chloride
ethylene o
dibromide Br ? ? Br
° Na o o
N |7 | .
c—c—c + -?_T_’—?—Bt
/ 1N\
—d-tboo N-  omC—dmide o—b—d—
' | b T
c=0
|
—c—
|
sodium dipropyl acetoamide malonate
- él— %_ (::— N/ HO o
\7/ \/
c ° c o
! ' [ HC1 ~ l |1 I 1
i A e e
! | I
° ¢ o— %— %— oH

—~Cc—Cc—C—o0 [} .
glufosinate



alternate routes :

P
o0—C—¢—
[
ot~
\ {0
0o—Cc—c—
[
triethyl
phosphite
[
o= 4=
/ 1
P——o—-?-'—- +
A

+ I—Mg—-%-—

methyl
grignard
reagent

Phosphoro Organics
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Glyphosate

Uses: herbicide, coffee, tea, bananas, rubber, coconut, cocoa, cereals,
cotton, soyabeans, fruit

Trade names:

Type: phosphonate
Synthesis:
C1l
/
P—Cl +
\\Cl
phosphorus
trichloride
OH
! //o
1
o::?—-c—-N—-é-—c
N RN
OH OH
glyphosate

alternate routes :

,°
i) :N—-é—-c//
PN

ethyl glycinate

or glycine

OH

| 47°
o=P—é—N—c—c

L \

OH OH

glyphosate

Round-up (Monsanto)

e
/
formaldehyde
o
AN i V4
— ,N—-?-c\
OH
glycine
o
— c//
/
formaldehyde
— HC1

+

Cl
om P— ¢— C1
/ i
Cl
+
H20
OH
I chloromethyl
o=P—c—Cl phosphonic
poi acid
OH
[
e
diethyl
HO— P Do phosphite
o—c—c—
[
or
/,OH
o= P ~0H phospl}orous
\ acid
H
OH
| Pt
o==P—-é—-N—-c—-c/
| [ B \ i ]
o—Cc—c—
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\c/
~
o N N
. 4 \ /
ii) 6 —c” + 4 NH —_ < ¢
7/ 3 ’ \
N/
N
-_C ' C—
/ \_C_ N
formaldehyde |
N
hexamethylene
tetramine
(urotropin)
+
HCN hydrogen
cyanide
o\\ /,o
g
\c- <‘:— N— <‘:—c — acid + N=c—cé¢—Ne—bé—c=N
VR R B \ [
HO CH
iminodiacetic acid imino diacetonitrile
+
P
=< formaldehyde
+
OH
P— OH phosphorous acid
N OH
o
OH é—-df' OH
I . /! OH acid | 2°
°==P—""N\\ - o==P—-c—-N—-?—-c\\
i o ] I i
OH cI:—- c:/ OH OH
! OH
glyphosate
o o
... N A 1
iii) /c— c— N— cl:— c\ + PCl3 + —cI:— OH ——>3 glyphosate
HO OH

phosphorus

iminodiacetic acid . .
trichloride

methanol
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|
—_—C

o
|

o
. ' Vg NaI P R
iv) —c—c—=NZ + Cl—c—c _ —c—c—N=c—c¢
1 ' ] acetone I R \\ o
o—c—cCc— 0—c—c—
—c— 1 -_—Cc— | i
I |
tertiary butyl ethyl chloro
amine acetate +
HC1
{ . !
_(I:- Y ° azzﬁdm J/ o o _(I:_ Y °
—(':—c— N—t‘:— c 7 —— P— OH + —cé + t':— c=N—c—c 7
C | AN by ot N
OH OH OH
§ 7" i
|
HO—P—OH phosphorus formaldehyde
Il acid
o
+
HZSOA sulphuric acid
OH o OH
Iy L V4 o I //o !
o=P—C— N—¢—c + —Cc—c—¢c— _ 0= P— ¢c— N—c~c —c=
'."\on royot Illl\_+|
OH N OH O N'—c—
/\ H3 J
—c—
!
glyphosate isoP’EOPYI mono isopropyl
amine

amine salt
glyphosate

of



o
A
v)  SN—c—c
! N
OH
glycine
o, OH
N/
|
OH -c- OH
I 1 1 ! 1 |
0=P—Cc—~N—~Cc—c—N—c—P=
| | IS I B ] |
OH OH
+
HC1
OH o
[ v
O=P—C—N—c’:—c/
[ R TN
OH OH

glyphosate

PCl

trimethyl
phosphite

q% / \\C/

Phosphoro Organics

1
[¢) N .
N\~ N\, 2.5pipera-

zindione

0 —n
0—o0

>
NN,
I

°
- formaldehyde

OH

—_——

n—an

- c
/
\\N// %b
—-C—

OH
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Trichlorfon

Uses: insecticide, beets, cereals, cotton, fruit, vegetables, households
Trade names: Dipterex, Neguvon, Tugon, Dylox (Bayer)

Type: phosphonate

Synthesis:
o b cl c1 om b
/ //O o / i
HO—P + Cl—c—c_ _ Cl—c—=c~P=o
AN o ] | N o e
°=f c1 cLor  °7f
pilou;;;}:'.yt];a chloral trichlorfon
1
- <l:— OH methanol
+
pCl phosphorus

3 trichloride



Phosphoro Organics

PHOSPHONOTHIOATES

For compounds of the type P there are 2 basic routes:

i) reaction between PC13 and a hydrocarbon in presence of

aluminum trichloride, followed by reaction with sulfur and
an alcohol

Cl Cl S
AlCl Ve \ Z
R, + PCl, — 3 1—PF + S —_— _ P N
\\Cl Cl R1
+
RZ_ OH
Rz—O\ //S
P
7 N
RZ—O R,‘

ii) use of a strong dehydrating agent makes it possible to
start from a chloridothioate (see phosphorothioates)

R1 -o\
P
7/

2° PCl, 17\ 2
N + RZ— OH Y /P\
c1

R,—0

1
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Phosphonothioates with a structure

R, —0O o
1 V/
starting from \\P'/
Cl/ \S—R
3
Ry
which is then reacted with -—N\
Ry

with R,— OH in presence of PCl

2 3

are obtained

( see phosphorothiocates )

(phosphonoamidothiocate) or



Phosphoro Organics 283

Cyanofenphos

Uses: insecticide, fruit, vegetables, cotton, rice
Trade names: Surecide (Sumitomo)
Type: phosphonothioate
Synthesis:
{ | I
OH 0—cCc—Cc— O~—C—C—
R por
+ @—P— c1 _— P— o— CN
] I
S S
CN

o-ethyl phenyl
4 cyanophenol phosphono chlorido cyanofenphos
thioate
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EPN

Uses: insecticide, rice, fruit, vegetables
Trade names: EPN (Nissan)
Type: phosphonothioate
Synthesis:
cl
A1C13 1
+ PCl —_— P
3 AN
cl
chlorobenzene phosphorous
trichloride
S S
4 - ih_c1
P €« —~c—c—o0—Na + P
A o ~a
—~Cc—C—o0 Cl
P sodium
ethoxide
+
oNa
para nitro
phenol (sodium salt)
N02

EPN

AlCl

phenyl thio
phosphonyl
dichloride
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Fosthiazate

Uses: nematicide
Trade names: Nemathorin (Ishihara)

Type: phosphonothioate, thiazolidinone

Synthesis:

c1 (l:— (’:— [¢] o
/ . - N4
o= P—Cl + —c—c—OH — P
\ [ / N\
Cl Cl Ccl

phosphorous
trichloride ethanol +

sec butyl
—C—C—C~—C— mercaptan
cl { [ !

HS—%—(‘:—-N( + o=c —_— HS—(‘:—(}.—N—-C—CI S#
l \Cl '

2 mercapto

ethyl amine phosgene

Z thiazolidine2one

fosthiazate

285



286  Pesticides Synthesis Handbook

Trichloronat

Uses: insecticide, cabbage, onions, carrots, beans, celery, bananas, turf
Trade names: Phytosil, Agritox, Agrisil (Bayer)

Type: phosphonothioate

Synthesis:
I
o—c—c—
S 1 OH S {1
LTS e C
—?—T—P + _— —?—c—P c1
Cl
Na l\
c1 o— Cl
Cl
o-ethyl ethyl 2,4,5 trichloro trichloronat
phosphoro chlorido phenol

thionate (see fonofos) (see 2,4,5 T)
s ’
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PHOSPHONODITHIOATES

Phosphonodithiocates may be prepared using the same path as for
phosphonothioates to

Cl S
N
/P
Cl R

7N\

and then by sucessive reactions with an alcochol and a mercaptan

Cl N //S RZ_O\ //S
P + R,— OH —_— P
7 N\ 2 PN
Cl R1 Cl R1
+
R3— SH
Rz—o N\ //S
P
/ N\

287



288  Pesticides Synthesis Handbook

An alternate route starts from a phosphonate P

obtained by isomerisation of a trialkyl phosphite (see phosphonates),
followed by chlorination, reaction with a mercaptan and finally
substitution of the oxygen by sulfur

R— [e] R, -0 (o]
TOoN 2 ) 175\ 2
p + C P
VRN 2 > VRN
R—0 R cl R
1 1
+
R,—SH
R —_
1—?\P//S . R1 O\ //O
PN — PySs + P



fonofos

Uses: insecticide
Trade names: Dyfonate
Type: phosphonodithiocate
Synthesis:
—é-—é-01 +
| I
ethyl chloride
o-ethyl ethyl
phosphorochlorido
thionate
[ S
—c—cC
T~
P~Cl «—
- ¢—t—o
L
+
SH
thiophenol
| S

Fonofos

(1Cc1)

A1C13
PC13 —_—>

phosphorus
trichloride

[
—-?—-f—-o—-Na +

sodium
ethoxide

Phosphoro Organics

Cl
—&—¢— P . AlCl
1 \ 3
Cl
+
S
ISI a1
11 e ethyl
—c—c~—P .
[ AN thiophosphonyl
Cl dichloride
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alternate route:

0= ¢—cC—

Co A
P—o—g¢—g— —
N

0— C— C—
! ]
triethyl phosphite
o— b SH
ﬁ I NaOH
-é—-c—-P —
bl \

s_@

+

P.S phosphorus

275 pentasulfide

S b

i 0— Cc— C—

1 Ve U
- C=c=— P

fonofos

Cl

AN

o= C

/

Cl

diethyl
ethyl
phosphonate

phosgene
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PHOSPHATE ESTERS

The synthesis of phosphate esters is by reaction between a

trialkyl phosphate, usually trimethyl or triethyl phosphite,

and R,— C—Cc—R
2 gy . 3
o Cl

R,—0

1 N R.]—-O\Péo
R,—o0—P + R,—Cc—C=R _—

1 2 o7 3 2o’ N
_R1— o o Cl 1-—-0 o—<|:=c—R 3

Ry

An alternate route is by reaction between a mono or di
chlorophosphate ester (obtained from phosphorus oxychloride)

and an alcohol

Cl Ccl

/
o=P—Cl + R1— OH _— 0= P—0O— R1

N AN
Cl o— R1

+

RZ—OH

/o— R2

0= P—0—R

o— R
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Common structures of phosphate esters are

1—° o
\ 7
P
7\
1—o° 0= Cc=c=—Cl
I
Ry
chlorfenvinphos
dichlorvos
dimethylvinphos
naled
tetrachlorvinphos
-0 ]
P
VAN e R
-0 O0— C=C— C— X—
! Pl 3
—-C=— o
l
X
crotoxyphos o}
mevinphos o]
dicrotophos N
monocrotophos N
phosphamidon N
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Chlorfenvinphos

Uses: insecticide for potatoes, maize, rice, sugarcane

Trade names: Birlane, Supona (Shell), Sapecron, Steladone (Ciba),
Apachlor (Rhone Poulenc)

Type: phosphate ester

Synthesis:
Cl
|
—c—Cl
]
c=o0 .
Cl 2.4 dichloro
o cl phenyl, dichloro
° + Cl— 'c— c// _ methyl ketone
\
[ cl 4
Cl
dichloro
meta dichloro acetyl
benzene chloride +
'
-§=¢=e
| i \
—c—c— o—P TEP
A
-§=g-e

chlorfenvinphos
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Crotoxyphos

Uses: insecticide no longer in use

Trade names: Ciodrin (Shell)

Type: phosphate ester
Synthesis: L
-—?—-c—-OH
o o
i ! 7 i 7
—c—c—c—c¢c —_— —Cc—c—cCc—¢
b Ny o N0
o o—c—c— o o—c—c—
[ B I
ethyl aceto acetate << methyl
benzyl alcohol
(methyl phenyl
carbinol)
+
sulfuryl
$0,1  chloride
|
—c—o0 o
AN
P o ]
| VRN 4 —‘;:—O o
—c—o o—c=c—c . ] t 7
! | N — —~C—0—P + —C—c—c—=¢
—c— o—c—ti:— : / [ 11 \ Vo
1 _?_o o C O— C— tl:—
O trimethyl
phosphite
™P

crotoxyphos
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Dichlorvos
DDVP

Uses: insecticide for cotton, fruit, vegetables, household protection

Trade names: Dedevap, Mafu, Oko (Bayer), Nogos (Ciba), Vapona, Atgard,
Task (Shell)

Type: phosphate ester

Synthesis:
] Cc1 |
"?"o\ | o —$—o /o
A4 |
_ %— o—P . Cl—c— c// —_— P + —c—Cl
/ l N 1 VAERN !
, —C—0 o—c=c—C1
- ('-__ o Cl ! 1
trimethyl chloral dichlorvos

phosphite
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Uses: insecticide for coffee, cotton, rice

Trade names:

Type: phosphate ester, amide
Synthesis:
I
—C
| ™
— Cm= C— C— + N—
oy | 1/
—c
o— c=o0 ]
diketene dimethylamine
-0 o
I \ 7 !
P C—
t /7 N\ /
—-~C— 0 o—c¢c=c—cCc—N LA
! (| \
—Cc— o c—
1 l
dicrotophos

Dicrotophos

trimethyl
phosphite

T™P

Bidrin (Shell), Carbicron, Ektafos (Ciba)

. . yd dimethyl
—~¢c—¢c—c—c—N aceto-
ror Y acetamide
[») [e] Come
I
+
sulfuryl
§0,C1, chloride
]
/7
doedoeon
o\
o C—
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Heptenophos

Uses: insecticide

Trade names: Hostaquick (Hoechst)

Type: phosphate ester

Synthesis:
|
—C —
[
) /;»—P\\
00— C—
——C==0 / ? O—C:—-
e e
\ I
—?— C1 o d c1
|
Cl
. ichlorobicyclo ™P heptenophos

7.7 4d
2.6 hepten 2one b
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Mevinphos

Uses: insecticide for hops, tobacco, vegetables

Trade names: Phosdrin (Shell)

Type: phosphate ester
Synthesis:
7 o
t | P4 | ~Z
—Cc—Cc=—c¢Cc—=¢ + Cl—Ss~Cl _—_> - Cc—C¢—C~cC
ron ot N Il ool
o) o— 1:— o o Cl 0—C-—~
l
methyl aceto sulfuryl .
acetate chloride
|
N
- ?— o—P ™P
./
—c—o
[
|
—C—o0 o
I \ 7
P
I / #°
—Cc—o O~—Cc=C— C
| | AN 1
-c~ o—Cc—

mevinphos
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Monocrotophos
Uses: insecticide
Trade names: Azodrin (Shell), Nuvacron, Bilobran (Ciba)
Type: phosphate ester, amide
Synthesis:
, \ | \ ) methyl
- (== C— C— + —c¢—NZ —_— —¢c—c—Cc—Cc— N—c— aceto
T ] ! IA ! g . acetamide
o— c=0
diketene methyl
amine
+
i
sulfuryl
C1- IS[— 1 chloride
o
0 1
YN/ 1 —c—o
P -C- I \
/ N | 1 1 i |
C—0 0—Cc=Cc— Cc~=N—C~ &— —c—o0—P + —C— C¢— C=— C— N—c~—
L (I | '/ (I [ | A
o 1 o Cl o
— ?_ o
trimethyl
monocrotophos phosphite

™P
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Naled

Uses: insecticide
Trade names: Dibrom (Chevron)
Type: phosphate ester
Synthesis:
] 1
- l—o\ /o —cl:—o\ //o
P/ P\ Cl
] /7 N\ / r
- <':— o o— <|:= cl:— Cl + Br2 —_— —t—0 o— <|:—- «l: —Cl
1
Br Br

dichlorvos naled
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Phosdiphen
Uses: fungicide for rice
Trade names: MTO 460 (Mitsui)
T7§e= phosphate ester
Synthesis:
c1 o e om
1 bt
om P—Cl + -_C- <':— OH _— om P—Cl
|
Cl Cl
phosphorus ethanol
oxychloride
+
OH
Ccl 2.4 dichloro
phenol
Ccl
Cl
Cl <::::>-—o [
\ 7
a P

phosdiphen
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Phosphamidon

Uses: insecticide for rice

Trade names: Dimecron (Ciba)

Types: phosphate ester, amide
Synthesis:
[
c—c—
| VAR
~C=C— C— + ~N
"y Ny
o— c=0 e=c—
i
diketene diethylamine

aceto acetic acide
diethyl amide

1

I
C— C—

] ! VAR
—_— —¢c—¢c—c¢c—c—N
T TR R T I N
[ o C—C—
i I
+
i
sulfuryl
€1-%=Cl  ‘hloride
o
|
c—cCc—
) | VAR
~C—¢c—¢ —ﬁ— b’i\
LI [
o Cl o c— <l:—
+
1
AN
—?—o—P ™P
e
—Cc—0
|
1
—c—0 o
1 AN / i | {
P ~C- C—cCc—
v/ N\ VAR
- 'c-—o O—Cm== ?—— ﬁ—N\
Cl o (’:— é—

phosphamidon

f



Propaphos

Uses: insecticide for rice
Trade names: Kayaphos {(Nippon)
Type: phosphate ester
Synthesis:
i, o OH
[ RN 4
P +
1o 7/ N\
—Cc—C—C—0 cl
[ | S
I
-_——

Cl

o= P—Cl

Cl

4 thiomethyl
phenol

propanol

phosphorus
oxychloride

Phosphoro Organics

—c—c=—o0 o
o \ /7
P
[ 7/ N\
—Cc—c—cCc—o0 o
7T
propaphos
S
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Tetrachlorvinphos
Uses: insecticide for cotton, maize, fruit
Trade names: Gardona, Rabon , Debantic (DuPont, Cyanamid)
Type: phosphate ester
Synthesis:
Cl
C1 Cl c1 Cl penta
AlCl {
Cl ] ] 3 chloro
z Cl—c—c
+ Cl—c¢c—=c _ R acetophenone
| AN o Cl
cl
Cl
1.2.4 trichloro dichloro .
benzene acetyl chloride
!
—c—o0
AN
—-$—-o——P ™P
4
—c—o0
I
, Cl
~C—0 ] C1
N\ 2°
p?  C- c1
VAR N
—f—o o—c—
Cl
tetrachlorvinphos

Dimethylvinphos

same as above with meta dichlorobenzene
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Tetrachlorvinphos
Uses: insecticide for cotton, maize, fruit
Trade names: Gardona, Rabon , Debantic (DuPont, Cyanamid)
Type: phosphate ester
Synthesis:
Cl
C1 Cl c1 Cl penta
AlCl {
Cl ] ] 3 chloro
z Cl—c—c
+ Cl—c¢c—=c _ R acetophenone
| AN o Cl
cl
Cl
1.2.4 trichloro dichloro .
benzene acetyl chloride
!
—c—o0
AN
—-$—-o——P ™P
4
—c—o0
I
, Cl
~C—0 ] C1
N\ 2°
p?  C- c1
VAR N
—f—o o—c—
Cl
tetrachlorvinphos

Dimethylvinphos

same as above with meta dichlorobenzene



Phosphoro Organics

PHOSPHOROAMIDATES

The synthesis is by reaction between a phosphate chloro ester
and an amine:

o— R

o=P—0—R, + R3—N< _— o= P— o—R

Cl \N—R

The phosphate chloro ester is obtained by reaction between
phosphorous oxychloride and an alcohol

Cl o—R1
/ . /
o=P—Cl + R,—OH —_— o=P—Cl

\Cl N Ccl

+

R2— OH
o—R
Ve 1

o= P— o—R2

N
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.
Fenamiphos
Uses: nematicide for bananas, citrus, tobacco, vegetables
Trade names: Nemacur (Bayer)
Type: phosphoroamidate
Synthesis:
Ccl Cl
[ /
o= P—Cl + —?—?—OH —_— om P— C1
\‘c1 \ 1
o—cCc—Cc—
| ]
phosphorous
oxychloride ethanol
+
OH
3 methyl, 4
é__ thiomethyl
! phenol
S
|
—c—
)
I 1
-_— - —_—C—
o o
| I I ol I i
-—?—-?-—o-—P-o S—-?- «— -—?-l -$—- + —c—c—o0—P—-o (::) —S—Cc—
| : '
N Cl
N~ "
1 I i
—C—C— C=
[ .
isopropyl

fenamiphos amine
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alternate route :

1 /CI
o °o—F_
Cl
\ +  POCl —— O '
C— 3 C—
| !
S S
| |
i !
+
- n::-— c::— OH ethanol
)
||/Cl
o—P\ .
R o
fenamiphos D - (l‘.— (I:— (l:— + \
[
N -
/\
S
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PHOSPHOROTHIOATES

—0 S
LN

/ IP\
1—0 o—R2

Nearly all phosphorothicates are compounds of the type
R

and are synthesized by reaction between a phosphorochloridothioate
( DMPCT or DEPCT ) and an alcohol (R, is nearly always methyl or ethyl)

R,—o0 S R1— S

7 N\

o
AN
R1 -0 Cl R1 —0 o—R2

The phosphorochloridothiocate is obtained from phosphorous pentasulfide

as follows:

R.—~0 S R, —0 S
1 \ 7 1 \ z
P.S. + R,—OH ——> P + Cl, —> P
2”5 1 VRN 2 7\
R1—o SH R1—o Cl
An alternative route being
Cl s R,—0 S
Nz TN 2z
PC1l + S — P + R,—OH e P
3 / N 1 / N
Cl Cl R1—o Cl
4=° o}
. \
Phosphorothiocates of the type /P appear less frequently.
R1—o \S_RZ

Their synthesis follows several possible routes.



The most common path is

POC1 + R,~OH —o

Phosphoro Organics

Another route being by reaction between a phosphoro thioic acid and R—X

R1-o o R1 — 0 [}
N\ 7/ \ 7
P + RZ—Cl —_ P
/ N\ 7\
R1 —0 SH R1— o S—Rz
Finally a more unusual route is
R1 -0 R1— o o
\ \ 7
PCl + R, —~OH _— P— OH + R,SCN _ P
3 1 2 / N\
R1 -0 R1— o —RZ

(dimethyl or

diethyl phosphite)
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Bromophos

Uses: insecticide, flies in cabbage, carrots, onions, cereals, mosquitces
Trade names: Nexion, Omexan (Celamerck)

Type: phosphorothioate

Synthesis:
O ONa
Ccl c1
Cl Cl
Br Br
+
2.5 dichloro i
4 bromo phenol A\ /o— ?_
P DMPCT
N
Cl 0= C
|
I
S —C—
%,/'o §
o—
\o—%—
Cl
Cl
Br
bromophos

bromophos ethyl is made with DEPCT
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Chloretoxyfos

Uses: insecticide, corn
Trade names: Fortress (DuPont)

Type: phosphorothioate

Synthesis:
Cl cl c1
//o l ] /
Cl—c—c\ + PCl5 _— Cl—c—c—o0—P
c1 c1 ¢l ¢
phosphorus
choral pentachloride .
HZS
—(!, l o S
i ? \P// ¢l Cl S
N\ _/
— c%—{:—o/ \O—T—({:—Cl — - c[— (l:— CH + /P< | ¢1
| P
c1 ¢ Cl 0—c——C—C1l
Cl 1

chloretoxyfos

311



312 Pesticides Synthesis Handbook

Chlorphoxim

Uses: insecticide, mosquitoes
Trade names: Baythion (Bayer)

Type: phosphorothioate

Synthesis:
Cl o\ / o
o
e’ N c
cl Cl
O + KCN —_—
2 chloro benzoyl potassium .
chloride cyanide
SN—-OH
HO—N CN
N\ 7/
1 1o c
BRSNS REENYS
4
P NaOH P . Ccl
v+ /N P /7 \
—C=C—0 0— N=c—~CN —C—C=—0 Cl

DEPCT

chlorphoxim

2 chloro
benzoyl
ecyanide

hydroxylamine



Phosphoro Organics 313

Chlorpyrifos

Uses: insecticide, citrus, coffee, cotton, maize, sugar beets

Trade names: Dursban, Lorsban (Dow)

Type: phosphorothioate, pyridine
Synthesis:
—-é—-é-—o S 1 —-t—-é—-o S
YNy HO LN v
P + O —_— P c1
4 \C1 N c1 C o/ N\ .
—¢={-o & —eme—o o((O)e
N
DEPCT 3.5.6 trichloro chlorpyrifos

2 pyridinol

chlorpyrifos methyl as above with DMPCT
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Coumaphos

Uses: insecticide (veterinary)

Trade names: Asuntol, Perizin (Bayer)

Type: phosphorothiocate, coumarin
Synthesis:
—C —
“bbe
P + —_—
/7 \ HO =0
—¢—¢—0 C1 °

3 chloro 4 methyl

DEPCT 7 hydroxy coumarin
Cl2
+
|
-C -
AN
o-—c-c':—c—c’:—
HO R HO o °
<] o
3 hydroxy phenyl 7 hydroxy

aceto acetate 4 methyl coumarin

S
\ 7
P
/ N\
o—
coumaphos
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Cyanophos

Uses: insecticide, cotton, fruit, vegetables

Trade names: Cyanox (Sumitomo)

Type: phosphorothioate
Synthesis:
OH Lo s S
N7 Ny
+ P —_—> P

CN —c::—o/ \Cl - cI:— o/ \o© CN

4 cyanophenol DMPCT cyanophos
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Demeton-S-Methyl

Uses: insecticide, cereals, fruits, vegetables

Trade names: Metasystox (Bayer)

Type: phosphorothioate
Synthesis:
B hydroxy ethyl
ethyl sulphide
| { | 1 11 1 {
—c—c—SH + ~Cc—cC— e —C=C=S—c—c—0H
| \/ 11 [
[
ethylene
ethyl mercaptan oxide
+
potassium
K— S—CN isothio
cyanate
¢ o '
- -—c—o0
ANV 4 1 |
/P\ «— P—OH + —?—$— S—c':—tl:— S—c=
1
—t—0”  S—t—bm§—t—t— —(i:—o
dimethyl

demeton-S- i
emeton-S-methyl phosphite
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Demeton-S-Methyl Sulphon

Uses: insecticide, fruits and grapes

Trade names: Metaisosystox sulfon (Bayer)

Type: phosphorothioate
Synthesis:
| ]
—c—o0 o —Cc—o0 o
! \I/ 0 ] \1/ o
+ E—
i/ N\ Lo 4 o N

—c—o0 S-—é-—&—-S—-c-—c-— —Cc—0 S—Cc—C— S—c—cCc—
I I [ | [ ” I
[«

potassium

permanganate demeton-S-methyl sulphon

demeton-S-methyl
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- .
Dichlofenthion

Uses: insecticide, nematicide, onions,carrots, turf
Trade names:
Type: phosphorothioate
Synthesis:

Py OH b s
—Cc—C—0 S —?—f o

TN/ c1 NaOH \ 7/

P + _ P\ Cl
/ N\ o/

1t — Cl
il [ —c—c—o0 o ()

el el L " /
DEPCT 2,4 dichloro dichlofenthion

phenol
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Dioxabenzofos
Uses: insecticide, fruit, rice, tea, tobacco, vegetables
Trade names: Salithion (Sumitomo)
Type: phosphorothioate
Synthesis:
OH
|
—C— \(
Ot Cl\\ 475 No
s DL — |
N =
Cl o—c— o//f s
o
|
o-hydroxy methyl —Cc—
benzyl alcohol phosphoro dichloride !
thionate

dioxabenzofos
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Etrimfos

Uses: insecticide, citrus, fruit, grapes, olives,potatoes, vegetables

Trade names: Ekamet, Satisfar (Sandoz)

Type: phosphorothicate, pyrimidine

Synthesis:

Ho.@_ .
he

i
—C -
[

2 ethyl 4 ethoxy
6 hydroxy pyrimidine

—C— S
O\ 7
P

DMPCT

NYIN

—_—C—C—
|

etrimfos
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Famphur

Uses: insecticide, cattle

Trade names: Warbex, Bo-Ana (Cyanamid), Warbexol (Schering)

Type: phosphorothiocate, sulfonamide
Synthesis:
OH OH
o Cl
N/
+ /s\ —
o/ CH
o=1S58=0
chloro ]
phenol sulfonic cl
acid
+
P
c—c—
—N/' ! diethyl
N o amine
c—c—
P
|
\ —c— \ OH
—c—o i s
} \ 7 —_—C— ! \ 7
/,P\\ ﬁ | ~— P +
—&—o [ S— N __é._o’, \\Cl
L il | ]
° —— o=2S8=o0
e —llono bt

] [ 1 1 I

famphur DMPCT
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Fenitrothion

Uses: insecticide, coffee, wheat

Trade names: Accothion, Cytel, Cyfen (Cyanamid), Folithion (Bayer)
Sumithion (Sumitomo)

Type: phosphorothioate
Synthesis:

I
~c—0 S OR \

YNy NaOH —c—o S i

P + O i > ! N P// T
/\ ¢

: c1 ! Ll (O )

—5T° NO - ° 2
2
DMPCT 4 nitro fenitrothion

meta cresol
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Fensulfothion
Uses: insecticide, bananas, cacao, cereals, coffee, 'cotton, oranges, potatoes
Trade names: Dasanit, Terracur (Bayer)
Type: phoshorothioate
Synthesis:
—é—c—o0 s OH
b \ / —i—t—o
p + 5 [ N 4
1 / N\ il VRN 1
—c—cCc—o0 Cl —C—C—0 o O S—c—
§ { i i
S
i
—C —
|
4 methyl *
DEPCT mercapto phenol hyd
H.0 ydrogen
272 peroxide
11
—Cc—C—0 S
r' 1 N 7
P
[ | /7 \ ]
—C—C=—0 o S—c—
[ ot
o
fensulfothion
alternate route:
1
—C~—C—0 S
[ \ 7/
P
1 /
—<::—'c—o c1
+
OH OH
+ H, O —_—>
272
S S=o0
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Fenthion

Uses: insecticide, fruit, cereals

Trade names: Baycid, Baytex, Entex, Lebaycid, Tiguvon (Bayer)

Type: phosphorothioate
Synthesis:
|
—<l:—o S —C=—0 S
I N 7 | NaOH RN~
P + HO S—c— D — P
/ I ¥ VAERN H
—-é—-o Ccl —C—=0 o— <:> S—c—
] i i i
1
—C -
{
4 methyl
DMPCT mercapto meta fenthion

cresol
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Iodofenphos

Uses:

Trade names: Nuvanol (Ciba)

insecticide, farms, poultry

Type: phosphorothioate
Synthesis:
S o-t
i - Cc=
o——-P‘/ !
CH ) ~N !
—Cc=—0 S o—-$—
Cl I\ 7 Cl
+ P\\ _
1/
c1 —~C—0 Cl c
1 ! I
2.5 dichloro DMPCT iodofenphos

4 iodo phenol
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Isazofos
Uses: nematicide, insecticide, bananas, turf
Trade names: Miral (Ciba)
Type: phosphorothioate, triazole
Synthesis:
N N
= —OH Cl = — OH
N
1 |

—c':—c':—N—N + o cl, —_ —cII:—clz—N-—N

1 isopropyl 3 hydroxy
1.2.4 triazole

+
|
-_Cc— c— [} S
| | \ //
P DEPCT
1 /
—Cc—c—o Cl
to
S [
N (A
€z o—P\
]
“l:" o—C—C—
—¢—c—N——NX b

isazofos
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Isoxathion
Uses: insecticide, trees, turf, fruit
Trade names: Karphos (Sankyo)
Type: phosphorothioate, isoxazole
Synthesis:
“hbeo s ou Cideo s
[ \ V4 N [ \ // N/ \_ O
P + l —_—> P
{ 1 / \ —o0-—Na 1o / AN
—C¢—c—o0 Cc1 —C—C—0 o
I [
DEPCT 3hydrpxy 5 phenyl isoxathion
isoxazole
NaOH

| o
@ﬁ_—?—?—OH + HNO2 —_— @ c':—clz ICI OH
o OH N
|

OH
1 hydroxy methyl
acetophenone
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.
Methacrifos
Uses: insecticide
Trade names: Damfin (Ciba)
Type:  phosphorothioate
Synthesis:
! i
—C— o -'-—o S —c—o0 s
] // ! \ // ! N\ // i
Na—o—c;.== c—c + P —_—> P —C— °
PN ./ \ /N Iy
| —-—C—0 Cl —C—0 O=C= C—C
! ! N N
O—C—
I
sodium salt of DMPCT methacrifos

hydroxy methylene
acrylic acid

methyl ester



Omethoate

Phosphoro Organics

Uses: insecticide, cereals, fruit, vegetables, ornamentals

Trade names: Folimat (Bayer)

Type: phosphorothioate
Synthesis:
//o
- <':— N + Cl—- cl:— c
| \
Cl

chloro acetyl
chloride

methyl amine

. YV 2 chloro
Cl—c—c N methyl
! N\ N— (I:_ acetamide
1!
+
i
—<[:—o\ //o dimethyl
P phosphoro
thioic
—<':—o/ \SH acid
I
!
—c—o0 ]
'\ 7
P
1 / \ | |
—-—Cc—0 S—c—c— N—c—
! [ I T |
[

omethoate
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Oxydemeton-Methyl

Uses: insecticide, cereals, fruit, vegetables
Trade names: Metasystox R , Metasystemox (Bayer)
Type: phosphorothioate
Synthesis:
1 |
—c—o <] —c—o0 o
N7 AN
P + H202 > P o
N N
—c—o0 S—C—C— S—Cc—C— —Cc—0 S=CwC= S= Cc— Cc—
[ [ tod | [ [
demeton hydrogen oxydemeton-methyl

peroxide
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Parathion

Uses: insecticide, cotton, fruit, vegetables

Trade names: Bladan, Folidol (Bayer), Thiophos (Cyanamid), Fosferno (ICI),
Niran (Monsanto)

Type: phosphorothiocate
Synthesis:
—ilo s OH —e—o s
Ny NaOH N7
P + _— P

- c':— [¢] Cl NOZ —<|:—o o—

para nitro

phenol methyl parathion

DMPCT

DEPCT + pa;;e::;;ro _— ethyl parathion
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Uses:

Trade names:

Type: phosphorothioate
Synthesis:
POCI3 +
phosphorus
oxychloride
0 S ¢m e e
N/ b b
P
Br o 0~ C— C~
! i
038

profenofos

Profenofos

insecticide, cotton

Curacron, Selecron (Ciba)

! !

Na-o—-é—-é-— + Na—-S—-é—-c—-c—
i i i f I
sodium sodium propyl
ethoxide mercaptide
v
on $S—d—c—¢
NaOH cl O\\ / Ty
&—— + P
AN
c1” Nomdmio
Br 1 1

2 chloro 4 bromo
phenol
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Pyrazophos

Uses: fungicide, cereals
Trade names: Afugan, Curamil, Missile (Hoechst)
Type: phosphorothicate, pyrimidine, pyrazole
Synthesis:
]
Pl i 5 it
TSN N —n AR
/k il + Cl—P\
NS c |
RN \OH 0—c—c—
| | [
2 hydroxy 5 methyl DEPCT
6 carbethoxy pyrazolo
pyrimidine
\4
Q
[ !
IR RERANPAN T S i1
\) i "0
1 S c—o—P
—C N \\c’/ AN |
!

pyrazophos
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Pyridafenthion

Uses: insecticide, acaricide, rice, vegetables, fruit
Trade names: Ofunack, Ofnacks, Ofnak (Mitsui)

Type: phosphorothiocate, pyrimidinone

Synthesis:

1 phenyl 3 hydroxy
DEPCT 6 oxo pyridazine pyridafenthion
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Temephos

Uses: insecticide, mosquitoes
Trade names: Abate, Abathion, Abat (Cyanamid)

Type: phosphorothioate

Synthesis:

[ S
AN 4 v
P + HO — S— OH
| / N\

DMPCT 4.4 thiodiphenol

temephos
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Tolclofos
Uses: fungicide, cotton, potatoes, sugar beet, ornamentals
Trade names: Rizolex (Sumitomo)
Type: phosphorothioate
Synthesis: S\ o— Ié_
/
P
o7 Nomio
OH . I
c1 c1 N c1 c1
+ P —_—
-t o/ Cl
-_—C— I —C
1 [
2.6 dichloro DMPCT tolclofos
4 methyl phenol
alternate route: —f]:— OH
I
+
S\ /Cl
\P
7 \
OH o Cl
Cl Cl Cl Cl
+ PSCI3 —_—

—_—



Uses: insecticide, fruit, cereals, vegetables

Triazophos

Trade names: Hostathion (Hoechst)

Type: phosphorothioate, triazole
Synthesis:
N ido s
. Y
P
N—N L /N
—?—?—o Cl
1 phenyl DEPCT
3 hydroxy

1.2.4 triazole

Phosphoro Organics

N,
N
//, \\-—o—P/
N
triazophos
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Vamidothion

Uses: insecticide, cotton, rice

Trade names: Kilval (Rhone Poulenc)

Type: phosphorothioate
Synthesis:
p o
!
Cl—(':—t!:—OH + -—(!‘.—C—C/
[ N
SH 0—Cc— Cc—
[
2 chloro 2 mercapto
ethanol propionic acid
ethyl ester
o
.y 7 — socl
—c—c—¢
[ AN \ 2
N—¢c—
i I
—_—C— .
] thionyl
- <l:— chloride
Cl
+
c‘: o o
I\ 7 dimethyl
/P N phosphoro
—:;:-—o SH thioic acid
|
—c—o0 o
(N4 '
P —C— o
t /Ny 4
—Cc—0 S—c—=¢c—=S—c—c
| I N\ )

vamidothion

o
|
0— C— Cc—
1 l
methyl
amine
[+
i
N—c—



Phosphoro Organics

PHOSPHORODITHIOATES

Most phosphorodithioates are compounds of the type

The synthesis is generally carried out starting with a dialkyl

phosphoro dithiocic acid

the dithioic acid having been obtained from PZSS (see phosphoro-

thiocates).

An alternative less frequently used route is

the chloridothiocate being obtained from P as previously

S
275
described (see phosphorothioates), by chlorination of the

dithioic acid.
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The inverse order - reaction first with a mercaptan and then with
the alcochol is feasible but not frequently used. The starting

point is SPCl3

cl R,—0 S
. LN
S=P-Cl + R1 —OH + R2—SH _ _ P\ +
N -
c1 Cl S RZ
R, ~0O S
O] N7
+ R3 H —_ /P\
R3—o S—-R2
Unusual synthesis routes are:
R, —0 S R, —06 S
TNz . TN,z
+ c=0 —_—
7\ s 7 N\ ]
R1 —0 SH R1 —0 S—cl:—OH
R,—~0O S —_

1 \ 2z R1 o\ //S
T 0 0 A
R1—o SH R1—o S—c—c—R
3

R



Phosphoro Organics

R T [o)

When a phosphorodithiocate of the type P is desired

7/ N\

S
N
e
Rf—s o--R1

the starting point of the synthesis is phosphorous oxychloride

Cl
Cl (o] R,-—S [o}
/ N AN
o=P—Cl + R, —OH P + R,—SH ——» P
Cl \o—R R —S/ \o—R

Cl

The reaction order may also be inverted, that is first the mercaptan
and then the alcohol.

341



342  Pesticides Synthesis Handbook

Uses:

Trade names:

Type:

Synthesis

—C—

~C—C
N\ 7/
N

C1

p.chloro
N-isopropyl
aniline

Cl

C1

Anilofos

herbicide, rice, grass

Arozin, Rico (Hoechst)

phosphorodithiocate

|
—C~ o

isopropylamine

L
—Cc—cC c—c—Cl
[ N4 |
N
[}
C].-—(::—-C e
Ccl ¢
chloro
acetyl
chloride +
]
RN
P/' DMPA
LN
~Cc—0 SH
|
;
S\ o—-f—
A
| P//
—-—C— o / N\ .
, i, s o—c—
—c—c c—c” !
I N/ i

p-dichlorobenzene

anilofos



Uses:
Trade names:

Type:

Synthesis:

Cl
1

o0=S=0

O

benzene sulfonyl
chloride

Betasan, Prefor

Phosphoro Organics

Bensulide

herbicide, cotton, turf

(1CcI1)

phosphorodithiocate, sulfonamide

1
+ HO—(I:—t‘:—N Z

ethanol

thionyl
amine SOCL

2 chloride

Cl
—-Cc -

—Cc -

0=S=0

NH,OH So\l
|

—C-C=C— _ NH,~S-P
by 4 \
OH g

isopropanol

bensulide
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Cadusafos
(Ebufos)

Uses: insecticide, sugar cane, tobacco, potatoes, maize, citrus, bananas
Trade names: Apache, Rugby, Taredan (FMC)

Type:  phosphorodithioate

Synthesis:
o
Lo f I c1
POC1 + —c=c—OH —_— — ¢= ¢c— 0—P
3 i i N1
phosphorus ethanol
oxychloride .

| S B 2 butyl
popof mercaptan

-

o S—-?-c—-%—
i

1o g/

~C—C=—0m

S—-c—-c—-é—

—_——

cadusafos
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Carbophenothion

Uses: insecticide, citrus, cotton, wheat, soyabeans, maize, vegetables
Trade names: Trithion, Garrathion (ICI)

Type: phosphorodithioate

Synthesis:
SH
° |
+ HCL + =7 —_ c1 s—c—c1
Cl
4 chloro formaldehyde
thiophenol .
—ib0 s DEPA
[ \ 7
P\ (sodium
- c::-— <':— o/ S-Na salt)
1
—Cc—C—o0
A N4

carbophenothion
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Chlormephos

Uses: insecticide, maize, sugar beet
Trade names: Dotan (Rhone Poulenc)
Type: phosphorodithioate

Synthesis:

ot

—Cc—cCc—o0 S
N7 ,
P + —c—Cl >
/N I
-—1:—(':-—0 S-Na Br
DEPA sodium salt bromochloro
methane

{
I

i
—C—=C—0

S
l\//
P
AN

-c—f-—o S—-?-Cl

chlormephos



Phosphoro Organics

Dialifos

Uses: insecticide, potatoes, vegetables, fruit, cotton

Trade names: Torak (Shell)

Type: phosphorodithioate
Synthesis:
o
il
—c
SN—c=c—
e I
il
o

vinyl phthalimide

o
1
—C }
N—c—Cl
Cl2 —_— o T
Il -—$—C1
+
—-é—-l—-o S
| ! \ //
P DEPA
] / N\
—Cc—cCc—0 SH
[
S o—-é—-l—
\\ / 1 !
o
fi 13
—o< /N
/,N—-c—-S o—Cc—Cc—
—c Pt
i I
0 —=c-
I
Cl

dialifos
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Dimethoate

Uses: insecticide, cereals, citrus, coffee, cotton, fruit, pastures, tobacco

Trade names:

Type: phosphorodithiocate
Synthesis:
1
—Cc—0 S
N , ,
*’ it
/ N\
—-'—-o SH °

dimethyl phosphoro-
dithioic acid
DMPA

Cl—- <::— ?
cL

chloro acetyl
chloride

>N—-c-— —_—

2 chloro~N-methyl
acetamide

methyl
amine

Cygon (Cyanamid), Perfekthion (Basf), Roxion (Shell)

-~Cc—0 S
ANIV4
P
1 / \ |
—c—o0 S—C—c—N—
! |
dimethoate



Phosphoro Organics

Dioxathion

Uses: insecticide, ornamentals, lawns, industrial areas, parasiticide

Trade names: Delnar, Deltic (Noram)

Type: phosphorodithioate
Synthesis:
o
[:: ::] + C12
o
dioxane

Cl
o
+
__l_.l__o s
1 I \ //
P DEPA
o0 2N\
- C=C—0 SH
i {
S o—-é é
N\ [
P/
// Pt
0—C— C—
— S | !
.__s .
\ o—é—c—
/T
47P
7 Nomloio

R

dioxathion
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Disulfoton

Uses: insecticide, cereals, coffee, cotton, peanuts, potatoes, vegetables

Trade names:

Type: phosphorodithioate
Synthesis:
HO— %— ¢ 5= o +

beta hydroxy ethyl
ethyl sulfide

Disyston, Dithiosystox (Bayer), Frumin, Solvirex (Sandoz)

i i

[

PCl3 —> Cl— cl:— c]:— S— $— c]:—
phosphorus ethyl thioethyl
trichloride chloride

+
S s
N4
P\ DEPA
—bebe o’ Nsu
[ 1
NaCOH
o s
ANV
//P
L \s—'—'—s—é—é—

disulfoton



Edifenphos

Uses: fungicide, rice
Hinosan (Bayer)

Trade names:

Type: phosphorodithioate

Synthesis:

SH 1

ethyl phosphoro

thiophenol dichloridate

ethanol

o=P—Cl

N\

Ccl

phosphorous
oxychloride

Phosphoro Organics

edifenphos
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Ethion

Uses: insecticide, fruit trees, citrus, cattle

Trade names:

Type: phosphorodithioate

Synthesis:
~i=t—0 s
[ \ 7/
P
o /N
—C—C—0 SH

diethyl phosphoro
dithiocic acid
DEPA

Cethion (Cheminova),Ethiol (Rhone Poulenc)

1
Br— c— Br

methylene bromide

or methylene chloro
bromide

ethion



i)

Uses:

Trade names:

Type:
Synthesis:

POC1

phosphorus
oxychloride

alternate route:
) Cl
/
P
AN
Cc1 Cl

N 7

phosphorus
oxychloride

insecticide

Ethoprop (Ethoprophos)

Mocap, Prophos (Rhone Poulenc)

phosphorodithioate

—-?—-c—-f—-SH —_—
1
propyl
mercaptan
[
—c—?—OH _
I
ethanol

Phosphoro Organics

] S—c—c—c—
N
P
/N
Cl S—Cc—cCc—c~—
I i 1
+
| sodium
_?—?_ o—Na ethoxide
1t
[o] S—¢c—c¢c—c—
Ny
P
| / \ | 1 1
—c—Cc—0 S—c—c—c—
o P
ethoprop
o\\ /Cl
\\P\\
1
- -—c—o/’ Cl
[
+
i
—e—é—&—SH
[ .
o  Smb—t—i—
\WARER
P
v /N
—c—c—o S—c—c—c—
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S—em b b
/ i | I
.. |
ii) PCl, + —<|:— e—c— SH —_— Cl—P
\ i ! 1
S—c—c—cCc—
t | i
+
i 1
—Cc—c—O0H
o
|
S—c— dm o=
\ / [
ethoprop e H O R S o—P
272 [ \



Uses: insecticide, cotton,

Trade names: Anthio, Aflix

Type:  phosphorodithioate
Synthesis:
o
| 4
Cl—c—c +
I
Ccl

chloro acetyl
chloride

—é—o S
ANV 4
P
v/ \

—?—o SH

DMPA

Phosphoro Organics

Formothion

rice, sugar cane, tobacco, vegetables, fruit trees

(Sandoz)

methyl
formamide

NH, OH

—_—C -
| !
_ Cl—-c—-ﬁ—-N-ﬁ—
I
o o
+
I
C— S
ANV
RS 4 P
i /7 N\
—Cc—0 S— NH
I 4
|
—C—0 S i
N7 i
1 7/ N\ I
—Cc—0 S—¢—c¢— N—c—

formothion
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Fosmethilan

Uses: insecticide, fruit, vegetables, crops
Trade names:
Type: phosphorodithioate, amide

Synthesis:

N
Cl C o 0
r/ \\1__ + —-é——é—-é-—cé7 —_— Cl—é-——N——-Q—-'—-é—-é—-
=N TN, i I

Cl
1.3.5 tri ( 2 chloro butyric acid
phenyl ) - hexahydro chloride
1.3.5 triazine
+
é—-o S
N~z
//P\ DMPA
]
—Cc =0 SH
!
|
Cc~— S
] \P//
! AN i
—emd” smdon— Bl Ll
| | | I
Cl

fosmethilan



Phosphoro Organics 357

Iprobenfos
Uses: fungicide, rice
Trade names: Kitazin (Kumiai)
Type: phosphorodithicate
Synthesis:
| I
| —c=— —t=
—c— SH | |
—c—c—o S —c—c—0 S
N/ 1 N/
+ P P
1 | / \ I | / \ I
—C—Cc—o0 Cl —c—cCc—0 S—c¢
| I ! | l
—C — -_—C -
I |
benzyl

mercaptan DIPCT iprobenfos
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IPSP

Uses: insecticide, potatoes, vegetables

Trade names: PSP, Aphidan (Hokko)

Type: phosphorodithicate
Synthesis:
!

I —_C—

—~C—

v 1 l
—C—C—0 S —C—C—0 S
RN P . YNy

P + —-/ [d + —(I:—c—SH _— P
[ / \ ! 1| / \ I i {

—C—C—0 SH ~—Cc—C—-0 S—C— S—c—c—
(I | | | [

~¢- 1

DIPA formaldehyde .
HZOZ
1
—_C—
—é—c—o S
PN 7/
3 o
coo N
—C—C-~0 S—c—=8—c—c—
P | I i
—_—C -

IPSP



Malathion

Phosphoro Organics

Uses: insecticide, cotton, potatoes, rice, vegetables, grain, poultry, dogs,

cats,

Trade names:

Cythion (Cyanamid)

Type: phosphorodithioate
Synthesis:

|
—c—o

diethyl maleate

—C—0 S
[} \ 47
P [¢]
v /Ny
—C—0 S—c—c
] AN
o—C—C—
[
o
V4
c—cC
PN 1
o—C—C—

malathion
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Mecarbam
Uses: insecticide, cotton, citrus
Trade names: Murfotox (Dow Elanco)
Type: phosphorodithioate, carbamate
Synthesis:
I
—c—
o o I
Ccl é 04? + é N 2 o é é R Cl é c= N—c~o é—-é—
| ~ [ [ [ I o
Cl o o
chloracetyl
chloride N-methyl ethyl carbamate +
1
— C=C—0 S
N
P DEPA
L /N
- Cc—C—0 SH
o
o
—C—C-—0 S
N 47 |
P —Cc—
[ // \\ i | | I
~C—C—0 S—¢—¢c— N—c—0—c—c—
I Il il |
) o
mecarbam
N-methyl ethyl carbamate:
Cl
~C1 i1 / | 1 I 1ol
o=_c¢ + —c~c~—0H R o=c + —¢—N{ —-—— ~c—N—C—0—Cc—C—
[ N 1 I bt
Cl o.._T_cl_
phosgene ethanol ﬁgéii}

alternate route:

[
—-%—-N==c==o + —-?—-c-OH
I



Phosphoro Organics

Phenthoate

Uses: insecticide, citrus, coffee, cotton, rice, tea, fruits, tobacco, vegetables
Trade names: Cidial, Elsan (Agrimont), Papthion (Sumitomo)

Type: phosphorodithioate

Synthesis:
Br
| o
——c
o—t—bm o s - s
1 1 N\ /7 ] \P/
+ <)
(::) '/ N\ ? 1 / N\, \ 7
-—C— SH —Cc—o0 S—c—c
| i 1
0—Cc— C—
O)
=( phenyl =< bromo DMPA

ethyl acetate

phenthoate
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Phorate

Uses: insecticide, coffee, cotton, maize, sugar beet
Trade names: Thimet, Agrimet (Cyanamid)
Type: phosphorodithioate
Synthesis:
formaldehyde
o
[ -7 1ot
—C—C—0 S /7 —Cc—C—0 S
N N/
P + or — S P
[ /\ [ / \ i
~C—C—0 SH i | . — c—C=—0 S— c— OH
I —¢—0—Cc—o0—C— I
! |
dimethoxy
DEPA methane +
—&—é—sH ethyl
R mercaptan
i
—t—¢—0 S
[ \//
\
 / 1
-—é-—c-—o S-—é-—S—-c—-é-—
[ ] 11
phorate
alternate route:
|
- —-é—-o S
b \ 47 [ |
+ —C=C= S—c—Cl

P
c0 /N Pt :
—?—?—o SH

chloro methyl
DEPA ethyl sulfide
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Phosmet

Uses: insecticide, grapes, potatoes
Trade names: Imidan (ICI)

Type: phosphorodithioate

Synthesis:

N

[+]
0
° [+
\N 7 HCl _ \N t—C1
- + -c + —Cc—
/S s
(o
1
o

phthalimide formaldehyde
+
¢ s
1N 7/
P\\ DMPA
i
—c—o/ SH
i
o]
1l
c\\\ S o é
o5
} i
N—-c—-S—-P::
|
C/ O l—
I !
o]

phosmet
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Piperophos

Uses: herbicide, rice

Trade names:

Rilof (Ciba)

Type: phosphorodithicate, piperidine
Synthesis:
i
N 1 [ o
c— | 7 A
] Cl— clz— c _—> Cl—c—c
!
Cl N
2 methyl chloro
piperidine acetyl chloride
+
| |
—C—C—C— S
[ ? { o\\ V4
P
ot /0N
—C—C—C—0 SH
[
T
~C=—C—C—0 S
[ \ 7
P
for ot /Nl
—C—C—C—0 S—

piperophos

dipropyl
dithio
phosphoric
acid



Phosphoro Organics

Prothiofos

Uses: insecticide, fruit, vegetables, public health
Trade names: Tokuthion, Bideron (Bayer)

Type: phosphorodithioate

Synthesis:
Cl
/ L 11 1
S=P—Cl + Na— 0— C— c— + —c—Cc—¢—S—Na
\ {1 [ |
cl
thiophosphoryl sodium S:gluT
chloride ethoxide propy:
mercaptide
L 4
5 [} é é OH S o—-é—-é—
VAR c1 . AR
a o—P “— + Cl-P
N 11 N1
c1 S—¢c—Cc—cCc— S b e
oo 1 ror
prothiofos 2.4 dichloro

phenol

alternate route:

1st step reaction with 2.4 dichlorophenol instead of propylmercaptide

2nd step with propylmercaptide
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Uses:

Trade names:

Type:

Synthesis:

isopropyl
amine

Prothoate

insecticide, citrus, cotton, fruit, vegetables

Fac (Agrimont)

phosphorodithioate, amide

| 7 R
Q—T—c\ —_ Cl—c—c
! N\ }
C1 Ne &= em
I ] !
-—C—
I
chloro acetyl
chloride
+
é ' 0 S
11 N\
P DEPA
r e /0N
- Cc—C—0 SH
10
[
—Cc—C—0 S
N7
/’P‘\
~¢—t—0 Smt—cm N &
| I | | |
fl [
o —c—

prothoate
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Sulprofos

Uses: insecticide, cotton, peanuts, soya beans, vegetables

Trade names: Bolstar, Helothion (Bayer)

Type: phosphorodithioate
Synthesis:
Cl
awct, / thiophosphoryl
I’Cl3 + S —_— S=P-Cl chloride
N\
Cl
phosphorous
trichloride .
_é_l_ — Na sodium
1 ? ° ethoxide
+
oo sodium
—C—c— c— c— S—Na propyl
L mercaptide
s | 0—Na s {1
| ,o—¢—c¢c— | o ¢—c=
' s /1
—C—8— o— P — + Cl-P
[ N N
S—Cc—Cc=—Cc— S=c—c—c—
L [ .
S
]
—c—
]
sulprofos 4 methyl

thio phenate
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Terbufos

Uses: insecticide, maize, sugar beet, cabbages, onions, bananas

Trade names: Counter (Cyanamid)

Type: phosphorodithioates
Synthesis:
!
_: : N 7° o —T_
4 1
P + - 7 + —c—~c— SH
t 1/ N\ / Foy
—c—c—o
i 1 -_—C—
I
diethyl phosphoro formaldehyde tertiary butyl
dithioic acid mercaptan
DEPA
v

terbufos



Phosphoro Organics

Thiometon
Uses: insecticide
Trade names: Ekatin (Sandoz)
Type: phosphorodithiocate
Synthesis:
S S s —é—o s
D . Ny NaOH Ny
—-c—-c—-S-—f—-?—-Cl P e 4 P
1o o/ N\ /N 1o
—c—o0 SH —Cc—0 §—c—Cc—=S—Cc—Cc—
{ | 11 Pt
2 ethyl t@lo ethyl DMPA thiometon
chloride
(see disulfoton)
A i
-—C -
alternate route:
i o=S5S=o0
—c¢c—o0 S |
Lol 1o PN/ ¢l
—¢c—¢c—S—c—c—0H P
bl Fol v/ N\
—Cc=o0 SH
|
2 ethyl thio dimethyl
ethanol phosphoro

thioic acid
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PHOSPHOROTRITHIOATES

The synthesis is by reaction between phosphorous oxychloride

and a mercaptan

Cl RS

o
N 7
o= P—Cl + RSH Y Yz P\
c1 RS SR
or via oxydation of a phosphorotrithioite
S—R -
/ 1 S R1
P— S— = P— S—
\S R2 + 02 _ o= P\S R2
S—R S—R
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S,S,S-Tributyl Phosphorotrithioate

Uses: plant growth regulator, cotton
Trade names: DEF Defoliant (Chemagro)
Type: phosphorotrithioate
Synthesis:
¢t s-bobobo b
111y IR VA T
o=P—Cl + —Cc-~Cc—C—C—S—Na — 3 —¢—C~—C—C— S—P
[ T | | T | // \ s ' \ I
—C—Cc— C— C—
Cl o [ R B
phosphorus sodium butyl S, S, S - tributyl
oxychloride mercaptide phosphoro trithioate
%
alternate route: +
c1 S—d— g %- d—
/ T i
| [ } | é é
P—Cl + —-?-?—-?—-f—-SH —_— P—-S-—f—-?—-{— T=
\ N\ i l
cl s—d_d_ ¢ ¢
[ |
phosphorus

trichloride
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PHOSPHOROAMIDOTHIOATES

DEPCT or DMPCT ( see phosphorothiocates ) react with an amine

to form the amido thioate

+ R,~ N —_—

The synthesis of acephate and methamidophos involves the

isomerisation of

R, —o0 S R, —0
17°\ 2 170\ 2°
PN to /p
- — AN
Ry—o N—R R.—S N— R

via treatment with dimethyl sulfate.
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Another starting point is

RO S
~ 7
thiophosphoro dichloridates //P\\
Cl Cl
obtained by
PCl + S —_— SPC1 + ROH

3
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Acephate

Uses: insecticide, tobacco, fruit, cotton, soya beans
Trade names: Orthene (Chevron)
Type: phosphoroamidothiocate, amide
Synthesis:
1
—-é—-o S —~C=—0
1 \ 4 1 A4
P + NH D
o/ N\ 3 /N
—c—o0 cl —c—o0 NZ
! !
DMPCT
+
i o
—c—c// acetic
PN anhydride
i /O or
—c—c acetyl chloride
T A
) i
! —c—o S
—C—0 o —C=—0 o}
P> 1 \ 4
‘ :P\/ /S\:/ * P
—¢—35 N—c—c— =¢—° © i/ N\ i
1 { noi —-—Cc—0 N—¢C —c —
<] ! [
acephate dimethyl

sulfate



alternate route :

cl
0= P—(Cl +

Cl

phosphorous
oxychloride

acetyl
I N chloride

acephate

Phosphoro Organics

—Cc—0 o
) T\ 7z
— c= OH _— P
1 /7 N\
Cl Ccl
methanol
+
|
e sH methyl
I mercaptan
é o o
AN
NH + P
3 1 / N\
—c—S Ccl
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Butamifos
Uses: herbicide, beans, lawns, vegetables
Trade names: Cremart (Sumitomo)
Type: phosphoroamidothioate
Synthesis:
I |
— o G
| !

—_c— —_— G

to CH 1o
—c—c—N ~c=—c—N NO

oI\ s 0N PN 8 2

p7 + ! > P
\ —c— 7/ \

1o Ccl I [ o—
—c—c—o —C=—C=—0

[ [

—c—
|
o-ethyl

sec butyl amino 3 methyl butamifos
thionophosphoric 6 nitrophenol

acid chloride



Ditalimfos

Uses: fungicide, fruit
Trade names: Plondrel, Laptran, Millie, Farmil, Dowco
Type: phosphoroamidothioate
Synthesis:
o
l !
c —Cc—¢c—o0 S
N [ \ 7
N—K + P\\
|
c/ —c—c‘:—o Ccl
o
it
o
potassium DEPCT

phthalimide

Phosphoro Organics

ditalimfos
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Isofenphos
Uses: insecticide, maize, vegetables
Trade names: Oftanol (Bayer), Amaze (Mobay)
Type: phosphoroamidothioates
Synthesis:
ALcl, ¢
PCl . S S=rP_Cl thiophosphoryl
3 \ chloride
Cl
phosphorus
trichloride
+
1 1
- cl:— c¢— OH ethanol
1
! ]
—_—C— —C—
1 1
(o] O—C— o O~ C—
s N s
. [ - — ¢ c1
i
—C—~C—0—P — o0— OH / Do
! | “— + S=P—o0—c—c—
Cl \ [
Cl
+ ;:??:;?:iz ethyl Fhiophosphoro
dichloridate
| .
- ‘C— C—C— isopropyl
| ! amine
N
/\
1
e
° |
S e ‘]:_
T —a

isofenphos
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Mephosfolan

Uses: insecticide, cotton, maize, rice, potatoes, sorghum
Trade names: Cytrolane (Cyanamid)
Type: phosphoroamidothioate
Synthesis:
|
_C—-
|
S—c—
1 1 /
~Cc— Cc—C~— + Cl—c=N _ HCl. —=N=c¢
IR N
SH SH -5
cyanogen
{ grgPig?ol chloride .
-4 aithr (chlorine
cyanide)
é é 0 S
I \P//
DEPCT
v /0N
- C—=C~—0 Cl
[
J teo S '—é_
P 1N 7/ |
P S— ¢~
tr /0N /
— c~—C—0 N==c¢
|1 AN
S—c—

mephosfolan
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Methamidophos

Uses: insecticide, cotton, fruit, potatoes, tobacco, vegetables
Trade names: Monitor (Chevron), Tamaron (Bayer)
Type: phosphoroamidothioate
Synthesis:
: S é <]
—c—o0 - c—
I \P/ - | \P/
+ —_—>
N\ 3 C /N
—cl:—o cl —fl:—o NZ
DMPCT
+
| dimethyl
c—o o] sulfate
i \S//
/N or
—c—o o
! methyl
iodide
{
—c—o o
I\ 7
P\\
| /
—-c—58 N

methamidophos



Uses: insecticide, household, public health

Trade names:

Propetamphos

Safrotin (Sandoz)

ethyl

Type: phosphoroamidothiocate
Synthesis:
o Cl S
) 1 V4 N Z
s PN
|
o—C—C— [038 Cl
| |
-—C —
{
aceto acetic acid thiophosphoryl
isopropyl ester chloride
1
—C—0 S
! \P// <
o p)
i1/ N\ 4
— ¢c—c—N o—C=C—C
I PN
e o—Cc—C—
] N
—_—C—

propetamphos

amine

—c—o0 S
N4
P

Phosphoro Organics

Cl
N g
Cl o—c=C—C

o—C—C—

—_C—

—c—~ OH methanol

AN V4

Cl o—Cc=Cc—cC

o—C—C—
—C — ] ]

—_c—
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PHOSPHOROTRITHIOITES

Are obtained by reaction between phosphorous trichloride and
a mercaptan

SR
PCl + RSH —_— P— SR

SR
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Merphos

Uses: growth regulator, cotton

Trade names: Folex (Rhone Poulenc)

Type: phosphorotrithioite
Synthesis:
1 |
S—c—c—émom
[ | o
PCl + —C=C— c—C— S —Na —_— —C—C— Cc—~Cc—S—P
3 Poron R N0
S—c—c—c—c—
I I t I
phosphorus sodium butyl merphos

trichloride mercaptide
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PYROPHOSPHATES

Pyrophosphates are usually obtained from phosphorus oxychloride
by reaction with an alcohol, followed by reaction with phosphorus

oxychloride or a phosphate

Cl
o= P—Cl
Cl
+
ROH
Cl
/
o= P—Cl
oR AN T~
/ Cl Rmo © S 5r
~ I/
o= P—OR + ﬁ Pe—0O— D
\ /
OR OR R—o OR
/ /
o= P—0OR
AN
OR




Uses:

Trade names:

Type: pyrophosphate

Synthesis:

triethyl
phosphate

alternate routes :

i) triethyl phosphate

ii) —c—c—OH +

iii)

triethyl phosphate

Phosphoro Organics

TEPP

insecticide, fruit, vegetables, trees

Vapotone, Tetron, Neotox {(Chevron)

Cl —-?—-c—-o o o ,0—C—C—
/ RN VAL
o=P—C1 —— P—o0~P
\ [ // N\ i
Cl - C—C—0 0=—C—~C—
{1 [
phosphorus TEPP
oxychloride
+ P205

phosphorus oxychloride

o\\ 470
P
/ \
o Cl

diethyl phosphore
chloridate
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THIOPYROPHOSPHATES

Thiopyrophosphates are obtained by reaction of a pyrophosphate

and sulfur or by hydrolysis of DEPCT in an alkaline medium.

R— o o— R R— o o— R
o o S S
N\t n/ AN i/
P—o0—P + 8§ — P— o— P
/ AN
R—~ 0O Oo— R— 0O o— R
R— o0 R— o0 o— R
S S S
N\ N n/
P—Cl + HOH _— P— o—P
/ / N
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Sulfotep

Uses: insecticide, vegetables

Trade names: Bladafum (Bayer)

Type: thiopyrophosphate
Synthesis:
[ ot [ [
~C—c—0Q o O—f_?_ —c':—r':-o 3 s o—?—?—
v \\H l!// ] n
P—o~P + S —_— P—o0—P
o/ 1] 1 / N
—C—C—0 o—Cc—C¢— —Cc—c¢c—o0 o— -
! i [ i ! § !
TEPP sulfotep
alternate route :
| t
—C=~C=—o0 S Na?’CO3
1 \ /7 LN
P + HZO sulfotep
v /N
~C=C—0 Cl

DEPCT
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0,0,0',0', Tetrapropyl Dithiopyrophosphate

Uses: insecticide, turf

Trade names: Aspon (ICI)

Type: thiopyrophosphate
Synthesis:
PS + — &= &= ¢—OH
5 I
phosphorus
pentasulfide alcohol
! S S 11t
c—¢—C—0 o c .
SRR [ pyridine
P— 0—P
/
- '—%—é—o ——b—c— #,0
] T T 7

tetrapropyl dithiopyrophosphate

Cl

dipropyl
phosphoro
dithioic
acid

dipropyl
phosphoro
chloride

thioate

DPPCT
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ORGANO ARSENICS

Arsenates are synthesized by reacting an organo halogen with

sodium arsenite

ONa NaoO o
N 7
As— ONa + R-C1l —_— As
\ 7N

ONa NaQO R

The chemistry of arsenic is basically similar to that of

phosphorous.

For instance in the synthesis of dimethyl arsinic acid (cacodylic

acid) trivalent arsenic 1is isomerised to the pentavalent state
|
Nao —C o
i | N o
AS— C— + —C—C1l —_— As
7 ! ! 7N\
NaO —C ONa

Arsenic based products however have nowhere near the importance

of phosphoro organics.



Organo Arsenics, Mercurics, Tins

Cacodylic Acid
(Dimethyl Arsenic Acid)

Uses: herbicide, non crop land

Trade names: Phytar, Bolls-Eye (Vertac)

Type: organo arsenic
Synthesis:
c]; o—Na
- <::—- As + 802 _ > - cI:-— As=o0
AN
o—-Na
disodium methyl
arsenate +
(see DSMA)
NaCH
1
—cC [+]
| o— Na
NI I I
As— o— Na — —c~Cl + —c—As
1/ ! ! o— Na
-c
! methyl
chloride
+
HC1
I
—-c o
'\ 7
As
i/ N\
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DSMA
(Disodium Methyl Arsonate)

Uses: herbicide, cotton, citrus, non crop lands
Trade names: Ansar (Fermenta)
Type: organo arsenic
Synthesis:
sodium
Aszo3 + NaOH _— As (ONa)3 arsenite
arsenic
trioxide
+
| methyl
—e=dl chloride
O! /o— Na
{ l
- clz— As
N
o— Na

DSMA



Organo Arsenics, Mercurics, Tins

MSMA
(Monosodium Methane Arsonate)

Uses: herbicide, cotton, sugar cane, non crop lands

Trade names: Ansar, Daconate, Bueno, Arsonate, Super Argonate (Diamond Shamrock),
Fermenta , Mesamate (Vertac), Trans-Vert (U.Carbide)

Type: organo arsenic

Synthesis:
/ONa
sodium
As203 + NaOH —_— As—O0ONa arsenite
AN
ONa
arsenic
trioxide
+
—c::— Cl methyl chloride
o O]
ON.
N/ L s
As ——— H,SO + — Cc— As
/ \ 2774 1
- ONa ONa

MSMA
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ORGANO MERCURICS

Mercury is incorporated in the organic molecule by using

mercury acetate as the starting point for synthesis.
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Methoxy Ethyl Mercury Acetate

Uses: fungicide, wheat, barley, oats, rye
Trade names: Panogen (Shell)
Type: organo mercuric
Synthesis:
o o
7 | } f It
— C= C— + —Cc—c + —c— OH —— - ¢=— 0~ Cc— c~Hg—0—C—C—
[ ! N ! | [
58 4/2
ethylene mercury methanol methoxy ethyl

acetate mercury acetate
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Phenylmercury Acetate

Uses: fungicide, cereal seeds

Trade names: Agrosan, Cerasol (ICI), Mist-o-Matic (Dow Elanco)
Type: organo mercuric

Synthesis:

[ o]
i 7 ([
+ —Cc—cC —_— Hg— o—c—c—
i \ I
o— Hg

1/2

benzene mercuric phenyl mercury
acetate acetate
or

acetic acid
+ HgO



Organo Arsenics, Mercurics, Tins

ORGANO TINS

Organotins are obtained by reaction between the Grignard reagent
and tin tetra chloride

R— MgX + SnCl 4 —_—_— R— Sn— R

Hydrolysis or other substitution of the halogen X leads to the
final product.
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.
Azocyclotin
Uses: acaricide,citrus, cotton, fruit, grapes, vegetables
Trade names: Clermait, Peropal (Bayer)
Type: organotin, triazole
Synthesis:
Br
Br Mg
+ Mg —_— cyclohexyl
magnesium
bromide
bromo
cyclohexane +
SnCla tintetrachloride
I ﬁ
N
/ |
N Cl

OO — [

azocyclotin

1.2.46 triazole

OO

tricyclohexyltin
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Cyhexatin

Uses: acaricide, citrus
Trade names: Plictran (Dow)
Type: organotin
Synthesis:
Br
!
Br Mg
cyclohexyl
+ Mg —_—— magnesium
bromide
bromocyclohexane +
or
chlorocyclohexane

SnCl4 tin tetrachloride

C1

] .
tricyclo-
Q v O heXYI : in

NaOH
OH
OO
]
|

cyhexatin



400 Pesticides Synthesis Handbook

Fenbutatin Oxide

Uses: acaricide, citrus, grapes, fruit, vegetables

Trade names: Vendex, Osadan, Torque (Shell)

Type: organotin
Synthesis:
Cl
f
c1 Ilig
_.(I:_ —C —
i | 1 1 | !
—b— b —c—c—c—
H i
O Coe
neophyl chloride .
tin tetra
SnClA chloride
I
i ?1 ——
—C=—C—Sn—c—c¢
. | L
—C— ——
[ c 1
I
—c—c—c—
+
HZO

fenbutatin oxide
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Fentin Acetate

Uses: fungicide, potatoes, tobacco, coffee, sugar beet, rice
Trade names: Brestan (Hoechst)
Type: organotin
Synthesis:
?1
a e
+ Mg _ >
benzene *
chloride SnCl tin tetra
™ chloride
Cl
|
Sn
+
o
A acetic
—c—c .
i \ acid
OH
J{ KOH
o
Iy
o-C—C—

fentin acetate

401
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Fentin Hydroxide

Uses: fungicide, potatoes, tobacco, coffee, sugar beet, rice

Trade names: Duter (Shell), Tubotin (Rhone Poulenc), Brestan (Hoechst)
Type: organotin

Synthesis:

Cl

OH
[ l
Sr + NaOH —_— —Sn

triphenyl tin fentin hydroxide
chloride

(see fentin acetate)



404  Pesticides Synthesis Handbook

HETEROCYCLIC NITROGEN COMPOUNDS

O

benzimidazole

e

benzoxazine

o]

Ny

benzoxazolinone

0

imidazolinone

O

benzothiazole
benzoxazole
i
/N\

imidazole

imidazolidinone

benzothiazoline

benzoxazoline

imidazoline

e

indole



indoledione

.

morpholine

()

oxazole

O\O

T

oxazolidinedione

isoxazole

oxadiazolone

A

oxazolidine

-2

®

piperazine

Heterocyclic Nitrogen Compounds

isoxazolone

-2

—N
!

oxadiazoledione

:]=o

-=

oxazolidinone

-

9

piperidine
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pyrazine

pyridazinone

)

pyridone

)

pyrrole

(3

pyrazole

!

N
o= “N-
Nt

pyradazinedione

©

pyrimidine

Z—

pyrrolidine

©

pyridazine

©

pyridine

l()f

I
o

pyrimidinedione

pyrrolidinone

pyrrolidone



2

pyrrolidinedione

QR

guinoxaline

PN
N—

U

thiadiazine

sl

thiadiazolone

QO

quinoline

quinazoline

N

0}

S

o]
|

thiadiazinone

)

thiazole

Heterocyclic Nitrogen Compounds

N
CcC=0
™

quinolinone

tetrazine

(3

thiadiazole

Y

thiazolone

407
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© @)

1.3.5 triazine 1.2.4 triazine

) )

thiazolidine thiazolidinone 1.2.4 triazole



Heterocyclic Nitrogen Compounds

The generic term refers to a large variety of different products all

of which have a cyclic amine ring in the molecule.

From the point of view of their synthesis they can be classified in

two main groups:

A) Products in which the cyclic amine being a fairly common product

B)

- usually commercially available - 1is hooked on, ready made, to
the rest of the molecule.
This is the case for instance of imidazoles, triazoles, and tria-

zines derived from cyanuric chloride among others.

For a triazole for instance the common synthesis path is:

//::::N
— N
AN

N——

i
R—Cl + N/N\\ —_ R
L

Amine rings which are cyclised tailor made during the synthesis of

the pesticide.
These are either:

B-1) Special products such as for instance thiadiazoles, isoxazo-

les, pyridazinones, pyrazines, pyrazoles, etc.
or

B-2) More common rings, which however can not be adequately treated
once cyclised. For instance it is difficult to halogenate
pyridine in certain ring positions. Therefore when a halogen
is required in those positions, it is introduced into an

aliphatic molecule which is then cyclised during the synthesis.

On the other hand if a pyridine structure which is amenable
to halogenation is required, then the pyridine is halogenated
and connected ready made with the rest of the molecular
structure no special cyclisation being required.

Heterocyclic nitrogen rings also appear frequently together with other

leading functions such as amides, sulfonyl ureas, etc.

409
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BENZIMIDAZOLES

Orthophenylene diamine is the starting point fbr the synthesis of

benzimidazoles.

One route is by reaction between ortho phenylene diamine and a

carboxylic group (or a carbonyl group in oxidising media)

NZ o\ N\\
+ Ne_ r _— c—R
7
NZ HO N
OR
EY
\c—-R
/
Another route is by reaction with a nitrile
NI N
= Q
+ N= c—R —_— c—R
/

When N=c—Cl (chlorine cyanide) is used amino benzimidazole is

obtained

N/
N~ \\ _
+ N=c—Cl _— /c'd“\

SN< N



Heterocyclic Nitrogen Compounds

Reaction with a pseudo thiourea also leads to the benzimidazole rings

NZ NZ N
~ / N
+ R, =S—C —_—> c—N—R + R,SH
1 N Vi ) 2 1
~
N N—R N
2
R
|1
N
N
If the desired product is //Rz
N

then the starting point is ortho nitro chlorobenzene, and an acid

chloride is used

_c1 _~N—R,
+  SN—R, N
NO N02

411



412  Pesticides Synthesis Handbook

Benomyl

Uses: fungicide, cereals, grapes, rice, vegetables

Trade names: Benlate (Dupont)

Type: benzimidazole, carbamate

Synthesis:
Cl
/ NN o
o=C + /N—cxN —_—
o—d—
1
methyl chloro cyanamide
formate .
(or calcium
cyanamide)
N
N\ | I
¢—N—C— 0—Cc— — —C=— C—~ C~ C~= N=c=o0
V| ! oo
? o
o==<‘: n-butyl isocyanate
-N
|
e benomyl
|
-C—-
1
—c_
|
~C -

[

alternate route :
\/

N
<
+ C1CN —_—>
chlorine
cyanide
benomyl — - cI:— c‘:— <|:— - N=c=o0

o
+
\/
N
NZ
o-phenylene
diamine
N\\
\\c-T-—ﬁ—-o—-%-—
N'/ o
|
carbendazim
N
AN
c— NZ
N
|
+
o=c ¢ methyl
- | chloro
o—c—
1 formate
N
N\

c—?—{-—o—-%—
i
e

o
|

carbendazim



alternate route

NS !
O 4 N e—N—c—0—c— +  NaOH
/ [ 1
N o
I
/Cl ~ i 1 i i
o=¢ + —+N—c—c—c—c—~
N1 L
phosgene butyl amine
alternate route
Cl
/
o=¢
\ | + CaCN2 + HZO
o—Cc—
1
calcium
cyanamide

Heterocyclic Nitrogen Compounds

PN )
—_ O ¢c—N—Cc—o0—c—
Ve [T |
-~ o
-Na*
+
/Cl
E— e=c 00
N—c—c~c—c—
[ T |
benomyl
= | ++
N=c— N-c~o0o—cCc~ Ca
& e
2
+

o-phenylene diamine

l

carbendazim
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Carbendazim

Uses: fungicide, bananas, cereals, grapes, rice, sugarbeet, vegetables

Trade names:

Type: benzimidazole, carbamate

Synthesis:

e

S=c

thiourea

carbendazim
I
N

o
\>>—N—c4?
7z ' N\
N o~—C—
1 t
+
|
—?—SH

alternate route :

N

— o
N\ 7
S
A
—-—C—0 o
!
dimethyl
sulfate
o NZ
v <
S (O
h
NZ
orthophenylene
diamine
+ C1CN —_
chlorine
cyanide

Bavistin (Basf), Derosal (Hoechst), Delsene (Dupont)

o= c( methyl
o—c— chloroformate
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alternate route :

©
/Cl Y, N—CN
o=c¢ + CaCN2 _— o= ¢ Ca++
A AN
0—C— o— <!:—
| ) 2
calcium
cyanamide
+
NI
N=T
HC1

carbendazim
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Fuberidazole

Uses: fungicide, cereal, seed
Trade names: Voronit (Bayer)

Type: benzimidazole

Synthesis:
o 4°
NZ —¢
e N
+ _— Il
c
N /N
N 1'1 °
o.phenylene furfural fuberidazole

diamine



Thiabendazole

Heterocyclic Nitrogen Compounds

Uses: fungicide, bananas, fruits, citrus, cotton, onions, rice, potatoes,

soya beans, sugarbeet, tobacco, tomatoes, wheat

Trade names: Mertect, Tecto, Storite (Merck)

Type: benzimidazole, thiazole

Synthesis:

ammonium dithio
carbamate

S
A ]
A4

thiabendazole

alternates routes :

S
o SH
A | l
/,c—-c—-T—-Cl — o N
HO g QE
7/
HO
chloro pyruvic
acid
+
10,
S
NS thiazole
| 4 carboxylic
o .
NZ N N acid
c
/
HO
o.phenylene
diamine

- ethyl ester or acid chloride of thiazole 4 carboxylic acid

- thiazole 4 aldehyde instead of the carboxylic acid

417
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BENZOTHIAZOLES
BENZOTHIAZOLINES
BENZISOTHIAZOLES

Benzothiazoles and benzothiazolines can be obtained by several routes:

i) amino benzothiazole

~ cyclisation of chlorophenyl thiourea
S
S
Cl C —NI
/°\  — l
= i

- from mercapto benzothiazole by chlorination and ammoniation

SN\y~sH S\—c1 7SN g
O™ o= O = — O

ii) benzothiazolines

~ reaction of o-chloro aniline with ammonium thiocyanate

N N—
+ NH , SCN _ é
c1 s X




Benazolin

Uses: herbicide, cereals, soya beans

Trade names:

Cornox (Schering)

Type: benzothiazoline, carboxylic acid

Synthesis:

Cl

2 chloro
aniline

NH, ~S-c=N

ammonium thio
cyanate

Heterocyclic Nitrogen Compounds

N~
|
P
+
o
Cl-é—c¢
TN b1
o-c-Cc—
i1
ethyl
chloroacetate
H.O
2
v R
N-c-¢
' Yom
[
7o
s o

benazolin
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alternate route

Cl
O N e
PN amino .C oro
S=c¢ N benzothiazole
Nygr
N\

2 chlorophenyl

thio urea
hydrolysis
S S
\“,01{ ~Nez°
— |
N N—
+
, o
] /4
Cl—c—c
| \ too
o—c—c—
[
HZO
S\ .o o
[ 4
N—c—c¢
1 \
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Benzthiazuron

Uses: herbicide, sugar beet
Trade names: Gatnon (Bayer)

Type: benzothiazole, urea

Synthesis:

s S\ NZ 2 amino
\” + N—OH —_— [[F™ benzothiazole
N N

benzothiazole hydroxylamine

1 methyl
—C¢—Nec=o isocyanate

s i
}N— c—N—c—
v 7

N o

benzthiazuron
alternate route
Cl
S

/N C — e
S=c¢ l

N N

N<

2 chloro phenyl
thio urea
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alternate route:

/S\—SH
@

mercaptobenzothiazole
MBT

SOC1

thionyl
chloride
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Mefenacet

Uses:  herbicide, rice
Trade names: Hinochloa, Rancho (Bayer)

Type: benzothiazole, amide

Synthesis:
N N
Ve \ v \ 2 chloro
~ SH + Cl —— c~Cl benzo-
~ / 2 / thiazole
S S
mercapto benzo +
thiazole MBT
i
!
—e- HO~¢—c_  —d-
N\ / | e .
° N hydroxy acetic
Y acid N-methyl,
O + HO~ <l:— c\ 2 anilide
Cl
N-methyl hydroxy
aniline acetyl chloride
N o
A o |
c—o0—Cc—2¢ -c-
~ .7 | \N/

mefenacet
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Methabenzthiazuron

Uses: herbicide, cereals, onions

Trade names: Tribunil (Bayer)

Type: benzothiazole, urea
Synthesis:
5\ /S . 2 methyl
I SN—OH _— \”_ N amino
N é/’ N I benzothiazole
t
methyl
benzothiazole hydroxylamine
+
1 wethyl
- "3— N=c=o isocyanate
!
-C-
S i )
N—c—N—c—
T
N o
methabenzthiazuron
alternate route
Cl
S
N/@ \
s=c/ N \”—r\\(l:_
N N |
R
\c_

!
2 chloro phenyl
methyl thiourea



Heterocyclic Nitrogen Compounds 425

alternate route:

S
"\~ SsH N—C1
O Il + socl, _— I}
N N
mercaptobenzothiazole thionyl
MBT chloride
+
Syl mecwl
i amine
S
N—N—d—
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Probenazole

Uses: fungicide, rice
Trade names: Oryzemate, Oryzaemate (Meiji Seika)

Type: benzisothiazole

Synthesis:
1
—_— [ —o—C—c=C—
O I + —c=c—c—OH — o
N ! X
s 7
S S
7\ 7N\
o o o o
3 chloro 1.2 allyl alcohol probenazole
benzisothiazole

1.1 dioxide



Heterocyclic Nitrogen Compounds

BENZOXAZINE

Benoxacor

Uses: herbicide, maize
Trade names: Dual (Ciba)
Type: benzoxazine, amide
Synthesis:

i

N y 1 [}

—-—C— ' //
! + Cl-—f-—c\ —_—
(o] Cl
. dichloro
2.
3 dihydre acetyl

3 methyl benzoxazine chloride

o Cl

N

QL

benoxacor

427
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Flumioxazin
Uses: herbicide, soyabeans, peanuts

Trade names: Sumisoya (Sumitomo)

Type: heterocylic nitrogen benzoxazine,indole
Synthesis:
o <)
O + Cl—(l:—-c/ —_— >C—-(%—O O F
OH HO
3 fluoro chloro acetic
phenol acid +
HNO3
o
o
N\ i N F
c—C—0 F P c—c—o
vy /] —— - —Cc~—c—O0H + Ho/ |
-C—C— 0
Cl ? o 02N 2 02 NO2
ethanol
Fe
o
F
+ Cl—-é——cEEc— —_— _
"y < | =\, <
propargyl |
chloride —T-
c
]
c
]
i
+
J 3.4.5.6
\\ tetrahydro
/° phthalic
c anhydride
il
o
o
© |
F
Lo,
~C~- it
o

—_—O=EO——0

flumioxazin
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alternate route :

ethyl 5 fluoro 2 nitro
phenoxy acetate

o F | 0 F
— Br—-?—-cssc- +
[o] O==
- O2 N NO2

l propargyl
i bromide

Fe

!
n—0—2
|

—0
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BENZOXAZOLES
BENZOXAZOLINES
BENZOXAZOLINONES
BENZOXAZOLONES

Benzoxazolone is synthesized by reaction between ortho amino phenol

and urea

Benzoxazoles may be obtained from mercapto benzaxazole eliminating
the SH radical by chlorination, followed by further synthesis steps



Heterocyclic Nitrogen Compounds

Phosalone

Uses: insecticide, fruit trees, grapes, potatoes, vegetables

Trade names: Zolone (Rhone Poulenc)

Type: benzoxazolinone, phosphoro dithioate
Synthesis:
OH NZ
7 ~ o
N< / AN
+ o=_¢ _ /C=O
NZ SN
I
2 amino +
phenol urea
Clz
c1 °\ c1 N
<:> c=0 <&—— HCl + ::c==o + c=0
N/ \‘N/
| [
—c-
i formaldehyde
Ccl
+
—c::—cl:—o s
i \ 47
P DEPA
WA
—?—-?—-o SH
-é-—é—-o S
[ \ /
P
ind Moty
[ VAN
o=¢c
AN Ccl
o

phosalone

benzoxazolone
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IMIDAZOLES

Imidazole is obtained by reaction between glyoxal, ammonia and

formaldehyde.

The imidazole ring is joined to the molecule by substitution

of a halogen.

e {J e
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IMIDAZOLES

Imidazole is obtained by reaction between glyoxal, ammonia and

formaldehyde.

The imidazole ring is joined to the molecule by substitution

of a halogen.

e {J e
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Uses: fungicide
Trade names:
Type: imidazole, furan

Synthesis:

e}
/ | —- o
l "?‘N\ L1 Y
+ —C¢c=C—C—C¢C
IR
OH

Pefurazoate

Healthied (Hokko, Ube)

—-C-
|
~C-
[o]
o] i I //
; R
‘ " OH

Ci
furfuryl 2 chloro +
amine butyric acid
- (|:= c— z'g— <l:— t::— OH 4 pentene2ol
| |
//o
—é—c‘:—c‘—c + Cl
\ 2
R .. OH
butyric acid
4o -
] |
N7 o A
o I
—(l:—N— Cm ¢ /CI —(l:—N—C—C 4
I ll\llé &— o=c  + AN
c=0 O0—C~—C—C—C=C— \ O0—C—C=C—C=C—
] [ T | c1 [ I I R |
Cl
phosgene

+

]
N
” Wl imidazole
N

—C -
1
_(':- //O
° ~C—N—c~¢
I AN
0~ C—C—C~—C=m C—
¢=o0 [ T N

N

” jl pefurazoate
N
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Prochloraz

Uses: fungicide, cereals, coffee, rice, vegetables, fruit

Trade names: Schering (Sportak)
Type: imidazole
Synthesis: }‘Br
—c—
1
—e-
1
oH °
c1 c1 C c1 c1
+ Br—c':-<x:—Br —_—
Cl Cl
+
2.4.6 trichloro ethylene
phenol bromide .
>N-c—c-c~
I |
n-propylamine
c1 c1
i
c—<l:—c‘:—N—<':—<l:-o Cl P o=c’c1 + ddodon-édo C1
i F I | [ N [ 2 SR T B
i c1
c-Cl Cl c1
i
o phosgene

Cl
oy 11
—c—c-c—N—c—c-o@ Cl
Py
c=0 Cl
[
N

”/ ]‘ prochloraz
N
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Triflumizole

Uses: fungicide, fruit, vegetables, cereals

Trade names: Trifumine (Nippon Soda)

Type: imidazole
Synthesis: \/
F
Vi '
C1—-é—~c + c=F
! \Cl %
Cl
chlorocacetil 4 chloro
chloride 2 trifluoromethyl
aniline
F
|
F—c—F
Cl
—é—é—é—o—é—c=N—— Cl D o=C
[N Lo \c1
Cl
phosgene
+

imidazole
F
F—<':-F
|
-—é-—c—%-—o—-%—-c==N——- Ccl

triflumizole

—_

Cl—é=¢

i
F—c—F

7’ I
(O

propanol

F—c—F

Cl



Heterocyclic Nitrogen Compounds

IMIDAZOLINES

The imidazoline ring is obtained by reaction between ethylene

diamine and an aldehyde

[e} N
// ~ { ‘ 7 //
R—c¢ + /N—c—?—N\ —_— R—cC

IMIDAZOLINONES

Most imidazolinones are herbicides of general structure

The imidazolinone structure is obtained either by

i) Reaction between an o¢ amino amide and a trihalogen carbon

R
c1 SN o2
| \c\ //N\ 2
R1-- c—Cl + . ] R3 —_— R1— c c
l /N— o] ' I\R3
cl i N— ¢
o ! T

The oK amino amide employed is usually 2 amino 2.3 dimethyl butvramide

R,=CH

2 3 R3=CH(CH3)2
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Heterocyclic Nitrogen Compounds

IMIDAZOLINES

The imidazoline ring is obtained by reaction between ethylene

diamine and an aldehyde

[e} N
// ~ { ‘ 7 //
R—c¢ + /N—c—?—N\ —_— R—cC

IMIDAZOLINONES

Most imidazolinones are herbicides of general structure

The imidazolinone structure is obtained either by

i) Reaction between an o¢ amino amide and a trihalogen carbon

R
c1 SN o2
| \c\ //N\ 2
R1-- c—Cl + . ] R3 —_— R1— c c
l /N— o] ' I\R3
cl i N— ¢
o ! T

The oK amino amide employed is usually 2 amino 2.3 dimethyl butvramide

R,=CH

2 3 R3=CH(CH3)2
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ii) Formation of a phthalimide followed by cyclisation and reaction
with HC1l and NaOH

o
i
=0 \/ |
c® | (o]
-c- N —C-
N S 7 N\ [0
R1 [e] + —C—C—cC— C_ —_— R1 N—c— c\
J/ b NZ ! NI
N ¢ -C- N c/ -Cc=-C-
% 1l 1
(o] —-C -
I
A
o o 1
/“\ ! -cf_
N o
R1 © NHEHC1 «— HC1l + R1 N ?—?_
\_ é_ I C=
l\‘ \\N \\o’
1 1
—N— §TF
o -c-
1
NaOH
.0
C~CH
R‘l -~ 1
AL
| e d-
-N i !
1l -C~
o |

The main compounds of this type are imazamethabenz, imazapyr,
imazaquin, imazethapyr.



Heterocyclic Nitrogen Compounds

The basic imidazolinones structure is :

The main pesticides being :

|
imazamethabenz - f

N
imazapyr @
(o}
c”
N

imazaquin

{ |
imazethapyr —C—C— O\"
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IMIDAZOLIDINONE

Imidazolidinone is obtained by reaction between urea and ethylene

diamine
1 SN o
_?—N< - \ —C—N\
) + c=0 B X c=o
— c—NZ ~u —c—N
I N [

or by reaction of ethylene diamine with CO2 under heat and pressure

The ring is joined to the pesticide molecule by substitution of a

halogen as in the synthesis of isocarbamid.

The imidazolidinedione ring (hydantoin) is synthesized by reaction

between glycine and urea

(o] o]

li SN |

c— OH “N\ —c= N

| + c=0 S | c=o0
—c— N 4 —c—N~"

I N i I

IMIDAZOLIDINE

The reaction between ethylene diamine and a cyanogen halide leads

to the imine-imidazolidine

{ —_—C—
ZNe—C— N—oc¢

BrC= N + —_— HBr. N=c/

>Ne—-c— Ne—-C—
| [ |
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IMIDAZOLIDINONE

Imidazolidinone is obtained by reaction between urea and ethylene

diamine
1 SN o
_?—N< - \ —C—N\
) + c=0 B X c=o
— c—NZ ~u —c—N
I N [

or by reaction of ethylene diamine with CO2 under heat and pressure

The ring is joined to the pesticide molecule by substitution of a

halogen as in the synthesis of isocarbamid.

The imidazolidinedione ring (hydantoin) is synthesized by reaction

between glycine and urea

(o] o]

li SN |

c— OH “N\ —c= N

| + c=0 S | c=o0
—c— N 4 —c—N~"

I N i I

IMIDAZOLIDINE

The reaction between ethylene diamine and a cyanogen halide leads

to the imine-imidazolidine

{ —_—C—
ZNe—C— N—oc¢

BrC= N + —_— HBr. N=c/

>Ne—-c— Ne—-C—
| [ |
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Glyodin
Uses: fungicide, fruit trees
Trade names:
Type: imidazoline
Synthesis:
o o
7 1o 4
H _ — >N—c—c—NZ _ C,.H —c
C1735°\|l* TS 17357\, .,
0~ C— C— N—c—c—NZJ
| T R
ethyl stearate ethylene diamine AN
N I
— O —
4
C,H,——cC
17735 7\
N—c—~
b
o
| 7 acetic
—c—cC ,
| AN acid
OH
- !
——c—
J
c, H,.—c l
17735 N
N—c—
I |
C
'CH3 OOH

glyodin
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Imazamethabenz

Uses:  herbicide, wheat, barley, rye, sunflowers
Trade names: Assert (Cyanamid)

Type: imidazolinone

Synthesis:
<)
| c// ! c//o
_f No—éi- -‘!:- No—dmd-
(’:_ T ? + C12 _— cl ?’ 1
i L
i
Cl
2,5 dimethyl
benzoic acid .
ethyl ester
\/
Lo T //o 2-amino 2.3
—cI:—cl:— —c dimethyl
]\ id
—ee - nz butyramide
! ]
NaOH
o
| °/<
—C=— CH i
| c‘:-
N L
Z . /$
/ \(‘:_
N 1
ol
o
imazamethabenz

alternate route :

[o] o
|
C -C- N c
& o AN o
i N el e __4@( i
< 7/ S B £ /] N

u —c—
-C_

5 methyl
phthalic anhydride

d_
]



~-C=

imazamethabenz

&

NaOH

+

Heterocyclic Nitrogen Compounds

HC1

1 \}
NH.HCL
Ao
I (‘:-
-N /c’/'
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Imazapyr

Uses:  herbicide, rubber, oil palm
Trade names: Arsenal (Cyanamid)

Type: imidazolinone, pyridine

Synthesis:
N_ AP N
No—d—d- \’C\ 1
O | P + C12 I O 0—C—C—
—(':— (l:l [
?—CI
2 carboxylic acid ¢l
ethyl ester, 3 methyl .
pyridine \/
N
| 470 2 amino 2.3
b d—e¢ dimethyl
| l | N\ Nz butyramide
-c- -¢- =
| i
NaOH
o
N d?
o
C—
AT L
e
NG
N I
o
o
imazapyr
alternate route :
\/
N Il -lé- N N JI —e-
c
| o o
O > + —be—ed® — (O Nl
4 bopog ~.” | . <
—Cc— c
! i | -
° I
—c—

2.3 dicarboxylic acid |
anhydride, pyridine
see imazamethabenz

for sequence



Heterocyclic Nitrogen Compounds

Imazaquin
Uses: herbicide, soyabeans
Trade names: Scepter ( Cyanamid )
Type: imidazolinone, quinoline
Synthesis:
L :
o
h 2 be—céy
Dbk, — St
—— — — c——
n< o =59 NT
o-amino
benzaldehyde ethyl aceto acetate
el !
Lomdte N
(] C=C 1 |
Cl e cl + O | , o—c—c-
PR 2 o b T
N \:':—c1 va
Cl
2 methyl 3 quinoline
ethyl carboxylate
+
! \/
-Cc- N .
o 2 amino
| | 7 2.3 dimethyl
—c—cC c—c :
[ l \ butyramide
N
—c—
!
NaOH
o
&
Y o
1
N// ZN ?_ |
Y
SN
Y 1
o

imazaquin
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alternate route :

\/ o |
g N I —c—
X o X \ o
///i:]:: \\o + —-%-—é l——df —_—> _ N——-l——-d’
s —
N c/ | | NZ N o |, °N
fl T i 'T‘?'
—c-
l
2.3 dicarboxylic acid see imazamethabenz

anhydride, quinoline for sequence



Heterocyclic Nitrogen Compounds

Imazethapyr

Uses: herbicide, soya beans
Trade names: Pursuit, Pivot (Cyanamid)

Type: 1imidazolinone, pyridine

Synthesis:
. /o
] N: // 1 1 N. C< 1 1
AT Nom i , 5§~
O -t + o Ol a
c— |
1 f_CI
2 carboxylic acid C1
ethyl ester, 3 methyl
6 ethyl pyridine
+
Y .
—C- N 2 amino
| | ' P 2.3 dimethyl
—c—c¢ c—cC butyramide
ol ' Nz
—c—
]
o
Vi
{1 N R
-c—C OH
o ™,
N c=
7 L.
]\\c/¢
N 7 -
| il ]
o
imazethapyr
alternate route :
o \l o
. i - N I -c-
N
Al \ Ly Al N2
I (:) o + —c—c c—c [ <:> N—-—c—c¢
/ o e A I £
' N e
I o | |
—Cc—

2.3 dicarboxylic acid !
anhydride, 6 ethyl

see imazamethabenz
pyridine

for sequence
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Imidacloprid

Uses: insecticide
Trade names: Admire, Confidor, Gaucho (Bayer)

Type: imidazolidine, pyridine

Synthesis:
N N
c o . c1”,
RN O
O & + N (|: (;: NS —_ c==N—~c'—<':—N<
AN ) b
2 chloro ethylene +
5 formyl pyridine diamine
sodium
NaBH[‘ boro hydride
NH.HBr
N
c 1l ca N
O %_N/\_ — BrCN . O %_xlq_ . C:_ N
l__J cyanogen
+ bromide
HN03
N— NO
N
1 o2
O VAN
c——N N-—
"L
imidacloprid
alternate route: NH.Br N-—NO
2
il It
ZN—c~c=NZT + BrCN ——— —N N- + HN03 —> XN N=— 2 nitro
U imine
l ' imidazo-
lidine
+
C1 N
2 chloro O '
5 chloro methyl ?—Cl

pyridine -7

imidacloprid



Heterocyclic Nitrogen Compounds

Iprodione

Uses: fungicide, cereals, fruit, rice, vegetables

Trade names: Rovral (Rhone Poulenc)

Type: imidazolidinone
Synthesis:
o
I
c
N/ 1l
N N
+ o= :Cl _
Cl Cl Cl Cl Cl
3.5 dichloro hosgene
aniline phosg
NH,
o
\ /c// Cl I Cl
St '
' N — - 0 ’
SN Sodec? ool Ny
S c1 ' “on N<
)
3(3.5 dichloro phenyl) glycine
hydantoin
+
b .Cl ue
‘?‘?-(".— &~ °=C\ . + —([:..(':_(’:_
N Cl N
¢ n
1}
o
o
' R Cl
- ? \
!
[N
-c- o & Cl
! o

iprodione
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INDAZOLES

Ethylchlozate

Uses: growth regulator, citrus, fruit

Trade names: Figaron (Nissan)

Type: indazole

Synthesis:
/o
__c==c—c/ —_C= C—C//
| \ \
oH | OH
NC HC1
< R NO,Na 5 N=N— C1
Cl Cl
2 amino 5 chloro sodium
cinnamic acid nitrite
+
sodium
N .
so3 a2 sulfite
o N\\
N\ / AN N\ /
c_‘l: N~ /C—I N—
D e i - HO
[ ] e ——c——7——OH + <:>
!
C1 C1

ethylchlozate



alternate route :

OH
|
-C=
SO
Cl2
\ thionyl chloride
N + SOZC12
N/ sulfonyl chloride
i
3 hydroxy

methyl 1H indazole

ethylchlozate* &——— —c—c—0H +

Heterocyclic Nitrogen Compounds

potassium

KCN cyanide

-c—CN

c1 AN

—_—

451
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INDOLES
INDOLEDIONES

Indole is obtained by cyclisation of orthoformyl toluidine

The pesticide synthesis follows by addition to the reactive
carbon (n? 3) either using a lactone or a halogen

. R—C1l

-

Indoledione (phthalimide) is obtained by ammoniation of

phthalic anhydride.



Uses:

Trade names:

Type: indoledione
Synthesis:
—C=2C = CxEC = +
I | i i
butadiene
£
c\ €1 ¢1
i 1

“ N—S=—c—c—

/ P

c Cl C1
N\

captafol

Heterocyclic Nitrogen Compounds

Captafol

Difolatan (Chevron)

4

—_—Cc—c

N

maleic
anhydride

—

1.1.2.2 tetrachloro ethyl
sulfenyl chloride

fungicide, coffee, tomatoes, rubber, wood, fruit

?1 Cc1l
)
—c—c¢ —=S8S—C1
| i
cl C1

+

NH

tetra hydro
phthalic
anhydride

tetra hydro
phthalimide
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Captan

Uses: fungicide, fruit, vegetables

Trade names:

Type: indoledione

Orthocide {(Chevron)

Synthesis:
1 ,° 29
c-c0 c\ tetra hydro
—-C=C-C=C~— + i Yo o phthalic
Pyt c—c’ / anhydride
I Qo SN
Yo
butadiene maleic anhydride +
NH 5
.0
c
\ tetra hydro
N= phthalimide
c/
N
+
?1 perchloro
CS2 + C12 —_— Cl—?—SCl methyl
cl mercaptan
carbon
disulfide
<° a
\ !
N—S—?-Cl
/
c Ccl
o

captan



Heterocyclic Nitrogen Compounds

Flumiclorac

Uses:  herbicide, soyabeans, maize
Trade names: Resource (Sumitomo)
Type: indole

1
O=C— 0= C—

Synthesis: o
OH
Cl
Cl ya Ccl
+ o= ¢ _
Node
F I F
2 chloro methyl .
4 fluoro phenol chloroformate
HN03
|
o=?—-o-c—
)
OH
Cl Cl
<:> — NaOH +
OZN OZN
F 2 chloro F
4 fluoro
5 nitro phenol
+
HZ
OH 49 OH o
c1 N c AN
+ o _ 7
~y J/ N
~ c N
F X F e
o/

3,4,5,6
tetra hydro
phthalic anhydride
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N\
HO c OQE
C ::][:::::]
N\\
F 4;

flumiclorac

o
L7

Br—c—c¢

AN
<]

methyl bromo
acetate




Uses:

Trade names: Phaltan (Chevron)

Type: indoledione

Synthesis:

[¢]
4
c/

\c/
N
\O

phthalic
anhydride

C82 + Cl2

carbon
disulfide

Heterocyclic Nitrogen Compounds

Folpet

fungicide, cucumbers, fruit, onions, tomatoes

o
7
AN
_ N— phthalimide
/
c\
No
+
Cl
Cl— ‘|:_ S—cCl perchloro
? ] methyl mercaptan
Ccl
0
4
c Cl
N I
N——S——?-—Cl
v
q§ Ccl

folpet
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Indol-3-yl Acetic Acid

Uses: hormone, induces rooting in cuttings

Trade names: Rhizipon (Chemie Farma)

Type: indole

Synthesis:
1
N o o
|- oy
+ C— C—0——C— C—
indole glicolide
alternate route :
!
N
v pa
l + Cl—-é—-c/
— I \
OH

chloro acetic
acid

i
KOH /N o
#
— -
[ AN
OK

+
HC1
i
N
[+
W 7
—C
RN
OH

indol-~3 ylacetic acid

{
KOH N
AN .
—_
oam
I\
OH



Heterocyclic Nitrogen Compounds

4-Indol-3-yl Butyric Acid

Uses: growth regulator, induces rooting in cuttings
Trade names: RootoneF (Rhone Poulenc)

Type: indole

Synthesis:
! i
N o KOH _-N
by U Py
0t [
| B \
l———o———I OK
indole gamma
butyrolactone .
HC1

4-indol-3-ylbutyric acid
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ISOXAZOLONES
ISOXAZOLES

Methyl isoxazolone is obtained by reaction between ethyl aceto
acetate and nitrous acid

1 i 1 ! |
—c C——C— —-cC C—C— —C
| i ! | ot [ I
o=c °© —_— o=¢ N _ o=c N
] /7
\b * (o] HO \\o//
| N=o |
—-C= —-Cw
OH
I l
- - -
I 1

Amino isoxazole is obtained by reaction between a carbonyl nitrile
and hydroxylamine

R,~C=0 =N R,—~c=N R,—c=N
1 1 N\ 1 AN
] + i —_— OH —> s

-—(.I:— C=N OH —CI:—CN —?=T

N

/\

The carbonyl nitrile compound is obtained by reaction between
aceto nitrile and an ester

7 _—> R1—-F—-%—-csr€
o— R 4



Heterocyclic Nitrogen Compounds

An appropriate diketone or a ketcalcohol may also be used as
starting point for the synthesis of isoxazoles’

R—-c—-é—-é—-OH + HO—N=0 _ R—c¢C

C o
o |
[o] OH
ép—OH
HO-N
R
oL //—-OH

|
R —-c—-é—-c—-c—-R + HO— N=o —— R, —~ c—c¢C

[od
gt 2 1gg [
[o} o \ ?—_'RZ
OH OH
R1—-ﬁ——
o]
K\b R2

The reaction between ethyl aceto acetate and hydroxylamine yields the
hydroxamic acid which is cyclised to a hydroxy isoxazole
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OXAZOLONES

The preferred route is via reaction of an o< hydroxy amine

and urea
| =N |
R1 —c—0H \ Rj-—-c— [o]
+ c=0 _— > Pz
Rz—c'—N\ / R,~C—N



Uses: insecticide, animals, public hygiene, house holds

Trade names: Alfacron (Ciba)

Type: oxazolone, pyrimidine, phosphoro thioate
Synthesis:
N
OH /
(:) + o=_C¢ —_—
N N
N7 NZ

2 amino 3 hydroxy
pyridine

cl o\
@I 2
N N

-T-
Cl
—-?-—0\\ 470
P\\ DMPA
—-%—-o// SH
8 N/ o— &
! Vel
-c— S—P
L e

azamethiphos

HC1

urea

Heterocyclic Nitrogen Compounds

Azamethiphos

formaldehyde

o]
O )=
/
N N
[
+
Cl2
0
c1 -\
O W
a4
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Drazoxolon

Uses: fungicide, beans seeds, maize seeds, flowers

Trade names: Mil-Col (Zeneca)

Type: isoxazolone

Synthesis:
\/
N
Cl
+ NaNO2
o-chloro sodium
aniline nitrite
°
N 4
~Cc=c—cC—c¢
ot N
o o—-c—-?—

ethyl aceto acetate

N2C1
cl o-chloro
3 bgnzeng
diazonium
chloride
+
NaNo : :
a —¢-¢ e 3 methyl
” l 1 isoxazolone
N, c=0
\./
]
sodium
nitrite
|
-—-T—-N::c C__T_
I
o=C N
N,/

drazoxolon



Hymexazol

Heterocyclic Nitrogen Compounds

Uses: fungicide, rice, sugar beet, vegetables, ornamentals

Trade names: Tachigaren (Sankyo)

Type: isoxazole

Synthesis:

" | + N—OH
O—— c=0
diketene hydroxylamine
alternate routes :
i)
/o
—cl:—c—é—c/ + >N—- OH
b\ g
<] —C~
i
methyl aceto acetate
ii)
Br
N t
c= N- OH + - c‘:—cece
Br
dibromo formal propyne
doxime

hymexazol

- é-—c—— (I:-—C—N—OH
RO
o [

+
HC1
o,
VAR
—c':—c N
I
c c-—O0OH
|
hymexazol
o
V4
- ¢—Cm=——Cc— ¢
U | \
o Ili— OH
o
-4 AN
—_— l.l N
J-Br
+
—<:: — OH methanol

0,

_c:_ Ny
" L |
o—C—
[
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Isouron

Uses: herbicide for sugar cane
Trade names: Isoxyl (Shionogi)
Type: isoxazole, urea
Synthesis:
1
—¢-
| o
Sl o
N b omc
I AN
NZ Cl
2 amino 5 t.butyl phosgene
isoxazole
alternate route :
1
Cl c~
/ /1
o=_cC + =N — o=c
AN \4
Cl c-

1
c—
o
[N
N
-1
c—
! N—c—Cl
Lo
o
+
1
c—
—N/ ! dimethyl
N amine
Cc~
1
N
—C—C— N |
c—
“, e
N—c—N
i\
o cl:-

isouron

——> isouron

N



alternate route :

I
-C=
n °
[ Yy —
'
—-c—

!

~
N
| 7
—C
\
OH

2 carboxy 5 t.butyl
isoxazole

Heterocyclic Nitrogen Compounds

-C-

Y S AN
| | l N

isouron
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Isoxaben
Uses: herbicide, cereals, vine, turf
Trade names: Flexidor (Dow Elanco)
Type: isoxazole, amide
Synthesis:
1
&= -c-
! i
-c- -C-
vt //° t R /,o
-Cc-C~C-C + -c=-1 —_— ~C=C=C~C
R 1 b Nglho
[ -c- [
[
methyl 2 ethyl methyl iodide
butyrate +
1
~-c-cEN
1
acetonitrile
| i
—c— —Cc-
' T
—o— -c-
' _/ ~ i I i
-c-c~C . —— HCl. >N-OH + —¢—-¢ — ¢ — c~c—c=N
LI / N [ | o
~c- -~ ©
hydroxylamine !
hydrochloride
+
c
o§c/ 1

—c-0- —0=C—
1 (:) ! 2,6 dimethoxy
benzoyl chloride

b —c—
1
c
i1
-c-c- c
1o -N-
_c— H
1
. o
isoxaben -
i



Heterocyclic Nitrogen Compounds

synthesis of 2.6 dimethoxy benzoyl chloride

HO OH

2.6 di-hydroxy
methyl benzoate

° 0—Cc—
N/
c
1 1
i —C—0—, - 0—C—
—c-I —_— > ! i
methyl
iodide
+
KOH
9% OH
\C/
f |
—C—0— —0—C—
— SOCl2 + 1 i
thionyl

chloride
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MORPHOLINES

.The morpholine ring is obtained by reaction between a primary amine
and an oxide, followed by dehydration

Tz
¢ c—on
//l ]
R, —NZ + — ¢~——c—R R R— N
L N/ N
¢c— c— OH
o
Ry
R,
R—N  ©
R,

The synthesis of morpholine pesticides follows one of several
routes :

i) formation of the morpholine ring as illustrated above

ii) tacking on the morpholine by reaction with a halogen or
hydroxyl

where X = OH, Cl, Br



Heterocyclic Nitrogen Compounds

iii) Compounds with a structure :

R@_H_ N\/:/\o .

are made by tacking an alkyl aldehyde or ketone on to a

c piperidine

o morpholine

benzaldehyde

R R
i /7 N\ L ENZERN
R (:) c=c—c=0 + =N o — R c=c— c—N )
B N AR SN
2

or first reacting the amine with formic acid
o
7N 2° SN
—N o + - _— c— N o
OH 7

and then combining the 2 carbonyl groups with liberation of CO2

R (o] R
1! v N\ 1ty /TN
R (:) C=C—C=0 + ¥>—N o —_—> R c=Cc—C—N o
1 1 / \ / I ﬁ \ //
2

The same synthesis route is also employed for piperidine compounds

R@—H——NQ

of the type
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Dimethomorph

Uses: fungicide, potatoes, tomatoes, vines

Trade names: Acrobat, Forum (Cyanamid)

Type: morpholine

Synthesis:
|
+ -~ Cc—Br
OH !
OH
catechol b‘:z;?z;l'
1§
—— C O
PNy oy
P—c—c
/7 VN
—?—%—o 0—C—C—
R
triethyl phosphonacetate
_é_o C= Cl
! It
c—

c
[ \N
-c—c—o/ o

o-dimethoxy

_— | benzene
o—?— (veratrole)
o
]
—c—
1
+
o Cl
N/
4 chloro
benzoyl
chloride
Cl



Heterocyclic Nitrogen Compounds

-]
!
-

]

c—@ Cl + HC1 > —cl.—o— c@ Cl
n | I

/\
HO \o

+

|
N

Q morpholine

dimethomorph
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alternate routes :

(i)
— //o
[o] N— + - %— c\
/ a
morpholine acetyl
_é_ chloride
!
o
| i / \
CL O c— O o—Cc— + —c—c—-N o
i | TN
acetylmorpholine
| |
—c- ~c-
i [
OH
| |
c1 / o—t— &~—— H,S0 + Cl ¢ o—d—
\}Cﬁ ' B —O)
c- —c-
1 I
c=0 c=0
| |
N (:N>
(o) o
(ii)

single step reaction without going through the hydroxy propionic intermediary

(iii)
1 |
—-c- —o-
(L |
— Zn OH
cl @c@o—é— + Cl—(':—c—N \o —> Cl @— <::—
I [ PN/ o
d=s

chloro acetyl |

morpholine (Nﬁ

o



Heterocyclic Nitrogen Compounds

Dodemorph

Uses: fungicide, ornamentals

Trade names:

Type: morpholine

Synthesis:

cyclododecyl
amine

Meltatox, Mehltaumittel, Milban (Basf)

—c-
. oo
Ve ~ c—c—0H
, / A
—_9<:f__?'_ —_— { ;"N\\
\ t
[] -7 c—c—0H
/\ {
—-C -
propylene !
oxide
H2504
i
- -
— \/ [
Ve ~ -
\ c—c
/ VAN
\ =N )
\ / N\ v/
~_ c—2cC
N
-C -

dodemorph
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Uses: fungicide, cereals, sugar beet, beans

Trade names: Corbel (Basf)

Type: morpholine

Synthesis:

HO— d— ¢ N— d—¢—om
SR R

-C— -C=

di~isopropanol amine

-C-

-C-

[

—C—C—
1

-C-

|

O

fenpropimorph

H,SO

3 para tertio
butyl phenyl
2 methyl propanal

(see fenpropidin)

Fenpropimorph

-2

[
V4

-—C

OH

o]

2.6 dimethyl
morpholine

formic acid



Heterocyclic Nitrogen Compounds

Tridemorph

Uses: fungicide, bananas, tea, rubber
Trade names: Calixin (Basf)

Type: morpholine

Synthesis: |
-l
l
c—c~ OH
| . 1 )} é |
—c—(CH,) ,,—NT + —~c C—C— ——3> —c—(CH,),,—N
1 2729 \ / i 2°29 \
o lé— ¢~ on
-C-
I
tridecylamine propylene
oxide
H2804
|
-C-
o
— e Comm
| /N
—~c—(CH,) ,,—N [+
] 2°29 \ /

tridemorph
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OXADIAZOLONES

OXADIAZOLIDINONES

Ring synthesis is achieved by cyclisation of a hydroxyurea

with a chloroformate

R1—N— CH R3—O
| + _e=o0
O =C— Ii]— Cl
Ry

or of a carbonyl hydrazide with phosgene

R1— IF_ o\c= R
O =Cc— N~
|
Ry
R,— N— cfo
| o
N=c¢
!
R



Heterocyclic Nitrogen Compounds 479

Dimefuron

Uses:  herbicide, cereals, cotton, groundnuts, beans
Trade names:

Type: oxadiazolone, urea

[+]
Synthesis: g
v v
Cl
+ o=c _—
Cl N\ Cl
%0 Cl
2 N0,
3 chloro
+
4 nitroaniline phosgene
B
i
—E—N—d— o
! [
il
_ c
7= I
N— |
-
/1
— -~ N +
C1l \\é‘ Cl
N N
N dimethyl n
amine
+
sodium
NaNOZ nitrite
Lol
~C—N—c—
| l I
c=o0
|
N—
Cl

N==N-—C1
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(:) + SO3Na

N=N—-C1
sodium
sulfite

—c—N— c—

C=0

N-

N——N -c-

S A

o] ==C\ /C—— (l.‘.—(ll—
o

—-C—-

phosgene

dimefuron

Cl

trimethyl
acetyl
chloride

-C-

N— N—c——c—c—

!

!

i

o]

!

- -



Methazole

Heterocyclic Nitrogen Compounds

Uses: herbicide, onions, potatoes, citrus, tea, cotton, vines, nuts
Trade names: Probe (Velsicol)
Type: oxadiazolidinone, urea
Synthesis:
OH
‘ 1
CH —c-N-gc~
\N/ N § If ¢
1]
o=c=N—?— + (:)
C1l Cl
methylisocyanate
2.4 dichloro .
phenyl hydroxylamine
NH,Cl ()=(:’C1
4 N
0=6-¢~
Zn ethyl chloroformate
+
N02
cl N
R N
c1 N
C
\N/ \:)
3,4 dichloro
nitrobenzene
Cl
Cl

methazole
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Oxadiazon

Uses: herbicide, rice, orchards, vine
Trade names: Ronstar (Rhone Poulenc)

Type: oxadiazolone

Synthesis:
i
—c—
A |
\N—N/ N—N—— ¢ — c— é—
= I L
-C— o o I
c1 Y c1
\ + —-—C—Cc—¢C —_— \
' 1 | AN e
e \ o} Ccl Ve \ o
<’ a =5~ o c1
7N\ N
N\ N
2.4 dichloro trimethyl
5 isopropoxy acetyl .
phenyl hydrazine chloride
cl
o=¢ phosgene
Cl
o
e c\
N\ o
/N
= c\
N—c\ c/
N/
cl \c/ /c\
/ ~
\c/ e
- \c/o Cl
e \ _
c
7N\

oxadiazon



Heterocyclic Nitrogen Compounds

OXAZOLIDINES
OXAZOLIDINONES
OXAZOLIDINEDIONES
OXAZOLES

Oxazolidinones are usually obtained by reaction between a hydroxylamine

and a chloro acid chloride followed by cyclisation

o R2 o RZ
A { I |
R1 - I}l— OH + /c—(I:—clz—Cl _> R1— If— Co— C— R3
|
Cl R3 OH Cl—e—
|
o
i
[o] R2
/S N/
R, —N c
1 \\R
o
o ?—

An alternate route is by cyclisation of a compound

R [o]
J Il
—N c
\0
c1
l /
-_C C

! A

obtained for example by reaction between 2 chloroethyl chloroformate

and an amine

R~ NZ + o=cC
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Oxazolidinediones are synthesisized by reaction between an isocyanate

or a urea and an o< hydroxy carboxylic acid

R1 —N + HO=—c=0 R1--N c=0
” HO—~ cl-— R l I R
o=cC 3 o=c c 2
! N SN
Ry ° 3
R1——N— + HO—cCc= o0 R1—N C =0
o=c—NZ HO— T— Ry o=<l: cl:/R
NN
R2 o) R3



Heterocyclic Nitrogen Compounds

Amino oxazoles may be obtained by several routes :

i) reaction between cyanamide and acetoin

N o= c——R1 N Cm— R1
o | — I
SN—c HO— c— R =N—c c—R

i 2 - N 2
o
ii) cyclisation of a nitrile-oxime compound
R R R
S s
c c c c
T L]
[o] = N=—C
T Ny
N OH

the compound to be cyclised having been obtained by reaction

between a nitrile and an acid ( or ester )} followed by hydro-

xylamination
T‘l R2 R1 R2 R‘I RZ
—cl:— + HO~ <|: > ---cI J‘-— + =>N—OH > — L J‘
I I |l
o ° | o c N
I

=0

2
2
o
9]
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iii) cyclisation of a hydroxy oxime compound

— O ——C — R2 —C C— R2
I | — [
R1_.i ? R1—-c\\ //N
OH HO [o}

The compound to be cyclised having been obtained by
nitrosation of a ketone

—Cc——cCc—-R — C———c—R
] 2
+ HNO —_—> ” ”
C

1 1
ou ud



Heterocyclic Nitrogen Compounds

Chlozolinate
(Dichlozolinate)

Uses: fungicide, fruit, vegetables, ornamentals
Trade names: Serinal (Agrimont)
Type: oxazolidinedione
Synthesis:
o
i
c
\/ H
N N
LC1
+ o=c¢ —
) cl N1 C1 1
+
3.5 dichloro phosgene
aniline ;
-
}
Ye-c-c”
—cmc=0” I No-g-¢-
I OH i

diethyl methyl tartronate

Cl "
c-C. -0
v e
-N ) € 1
\ o-c-c -
g
C1l o
chlozolinate

(dichlozolinate)
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Clomazone
(Dimethazone)
Uses: herbicide, soyabeans, maize, sugarcane, tobacco, cassava
Trade names: Command (FMC)
Type: oxazolidinone
Synthesis:
o, -0
c [«
c1 Cl
+ > N-OH o
2 chloro :
benzaldehyde hydroxylamine +
cyano boro
CN .
4~ o BH& hydride
7
Cl—c—c—c¢ + SOCl2
I\
-c- OH
|
—I“J—OH
{] (l: P o
, —c-
v/ N\ /ST Ll ,0 1
c-N c L a—— Cl-c-c~c + O
on ~d-Ve- 'l ta
(e} I ! 'f‘
Cl
dimethyl chloro
methyl acetyl
chloride
o
]
c 1
c':—N/ \c/ f
ANV
cl 0—%\ i

clomazone



Heterocyclic Nitrogen Compounds

alternate route:

-C— / o —T— /O
-l + =N—oH — a—t—c—c”
| PN ! | N\
_(I:- Cl —?— 7-— OH
hydroxylamine

Cl
| -4 N=
clomazone — c':—Br + 1 '
o

2 chloro
benzyl bromide
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Furilazole

Uses: herbicide safener, maize, sorghum
Trade names: (Monsanto)

Type: oxazolidine, furane

Synthesis: -C-
|
« i
o o -c- o
& Pl c—CN
N\ 4+ ~c—8i—CN —_— !
I OH
-C-
|
cyano trimethyl *
2 furaldehyde silane
. lithium
LlAlH& aluminum
hydride
\/
¢~
° 7N o [
/c ]/C— C—C—N<
AN _-c I | | !
o AN — = Cmm G G +
! OH
o [T
|
+ acetone
Cl o
Cl-—L——éy dichloro
RN acetyl chloride
Cl

o Cl
g-—l-—C1
o N’/ !
—_— //,1..&..
” ” ° |

furilazole



*
Isoxapyrifop
Uses: herbicide, rice, wheat
Trade names: (Rohm & Haas)
Type: oxazolidine
Synthesis:
|
N\ HC1 .
| e .,
+ —_—C—C—
[ | \C1
Cl
isoxazolidine 2 chloro
hydrochloride propionyl
chloride
o
g s N
DR S Cl
|
| \N/ - .
°© N cL c1
2.3.5
9 trichloro
ridine
c1 Py

Cl

isoxapyrifop

Heterocyclic Nitrogen Compounds

o
d
—c—
| N\
Cl \
+
OH
hydroquinone
OH
o
4
C—C o)
TN
N
° \_—
OH
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alternate routes :

OH
N Cl
O :
Cl Cl
OH
o]
7
===l C +
! | \
Cl

()

isoxapyrifop



Heterocyclic Nitrogen Compounds

Oxadixyl

Uses: fungicide, cereals, cotton, soyabeans, maize, sunflowers, tobacco, sugarbeat
potatoes, tomatoes, turf, vegetables, citrus, fruit, ornamentals

Trade names: Sandofan (Sandoz)

Type: oxazolidinone , amide

Synthesis:

N I |

N—NZ N— N—f.— o~ ?— ¢= cl
1 1 Cl | J
-C C— / -C #_
i ! + o= c\ —_— J
o— <’:— é- Cl
[
2.6 dimethyl 2 chloro ethyl .
phenyl hydrazine chloro formate
o
| v A 2 methoxy
c1 — c—0—C—C acetyl
/ Ut ! ! \Cl chloride

o=_c + C1—<':—<':-—OH

Cl
phosgene 2 chloro ethanol

\/
¢ o
7N I |
=c o ]
|c|> - , l —¢ —0—C—C——N—N— ﬁ_ O0— C~ c':- Cl
!
—<|:—o—<|:—c /N c — <]
N e (o)a
i §
oxadixyl
alternate route :
[+]
| |
- <':—o— —C
use of o instead of chloride

! |
- C—=0—C—C

I

! \\o
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Vinclozolin

Uses: fungicide, grapes, fruit, vegetables, ornamentals
Trade names: Ronilan, Ornalin (Basf)

Type: oxazolidinedione

Synthesis:
<]
I
c
\/ il
N o
+ o=_cC _
c1 c1 \c1 cr c1
3.5 dichloro phosgene +
aniline
3.5 DCA
|
C-
il
c- [ methyl
_ (l:_ (l:__ c// vinyl
I AN 1o lactate
o °T§TET
[
c—Cc—
1 A
—c—c~-N
[ \

o
A\
[ o
W
AN |
(o4 C— C—
/ | |
[+ c—
I
C—

vinclozolin



Heterocyclic Nitrogen Compounds

PIPERAZINES

Piperazines are introduced by tacking on to a halogen of the main
molecule

E: :] + R—C1 _— N N—R
_/

-2

see TRIFORINE (amides)
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PIPERIDINES

The piperidine ring may either be tacked on to the main molecule by a

halogen, or via a carbonyl

Ox oo — (e

o
Z o o 1
/_\\ N + —c —_ N—c” & ;‘\C—R _— N—(I:—R

OH

+

(COZ)

A further synthesis route is as illustrated in route (iii) for
morpholines.



Heterocyclic Nitrogen Compounds

Fenpropidin

Uses: fungicide, cereals
Trade names: Patrol, Sorilan (Ciba)

Type: piperidine

Synthesis: |
-—C =
| 0
N —c—e—d?
\ .
] 3(p-tertio
D (butyl phenyl)
+ —em =7 _— 2 methyl
P N 2 allyl
tolo | | alcohol
G —=C—C— —c—c~Cc—
I l | 1 I |
-C- -C—
! ]
p-tertio butyl propionaldehyde +
benzaldehyde
i
N
piperidine
+
H2
|
_T-
—é—c-—c—N
[
v
—c—c—C~—
] [ ]
- -
1
fenpropidin
alternate route :
|
—-C- -C-
o
—C=Cc— c// —c=c—c~0H
~N
+ NaBH4 _
~t—c—im emc
I l | sodium boro I ‘ ]
hydride
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formic
acid

H
* 2
Py
—C—C—C—
] ’ |
- -
|
fenpropidin P
alternate route :
1
AN
+ —-c
|
—T—
o
—c= c—c//
] AN
+ H
1
~—C—=C~—C—
" |
—c—

!
—c-
Ll
—¢—c—c—0H
[
| |
—C—C~—C—
i l |
+
phosphorous
PBr3 tribromide
|
—c-

—~Cc—Cc—c—Br
{

+
|
-—T_
{ [o]
—c——c——67
b
| |
—C—Cc—C—
| I |
_c_

fenpropidin



Uses: rodenticide

Trade names:

Type: piperidine

Synthesis:

3.5 bis trifluoro
methyl, iodo benzene

!
N

O .

| ]
—~C—C~C—

! ]!
—c—

|

4 tert butyl
piridine

F
F—l—F
|
_c—
cEEc—-%——ﬁ::::>>—i—é—-
, i
F—T—F |
F

flupropadine

(Rhone Poulenc)

- cEc—c::——OH

Heterocyclic Nitrogen Compounds

Flupropadine

2 propyn-1ol

4 tert butyl
piperidine

OH
|
-C—-
|
c
Il
c
|
F F
| {
Fec c—F
| ]
F F
+
Br2
Br
|
-~
|
c
IH
d
F F
| {
F_T ?—-F
F F
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alternate route :

N —T—
|
+ - cEc—-ci:—Br _— - cgc_(:;_ N c_é_
|
L
{ § |
—C=—C=C
I ' 1 bromo 2 propyne
- -
]
+
I
F F
| |
F—c c~—F
{ i
F F

flupropadine



Heterocyclic Nitrogen Compounds

Mepiquat Chloride

Uses: growth regulator, cotton, barley, rye, wheat

Trade names:

Pix (Basf)

Type: piperidine, quaternary ammonium

Synthesis:

(1'«

piperidine

Br

-‘:;_ . -<IL_
Ny

e = O

methyl
bromide

silver

AgCl chloride

mepiquat
chloride
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Piproctanyl

Uses: growth regulator
Trade names: Alden, Stamtrol (Ciba)
Type: piperidine, quaternary ammonium
Synthesis:
&= ¢ '
1 : )
| 1 | |
—C=—C==C— C~ C— C=C~ C— Br +
| [ I R N A
geraniol bromide
¢ &
| l | N | I | |
—C—C—C—C—C~ C—C—C— —C
I R B !
N
+

allyl bromide

oo oo
-—C=C—C ¢C—-C—C—C—=C—C—~C—C—
T AN R A B S T

N} Br-

piproctanyl

geranyl piperidine



PYRAZINES

Heterocyclic Nitrogen Compounds

The pyrazine ring can be obtained by reaction of a primary diamine

with glioxal or of a secondary diamine with ethylene dibromide

ethylene
diamine

or

the latter method

o}
[

+
(o]
I
—_Q— 0 -

glyoxal

2]
/
—Q=- —0—

AN

being used in the synthesis of diquat.
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Diquat

Uses: herbicide, potatoes, aquatic weed control
Trade names: Reglone (ICI)
Type: pyrazine, pyridine, quaternary ammonium
Synthesis:
N : N
0, (air) OO 2.2 bipyridil
O —
Ni
+
pyridine
Vo . .
Br—c¢ —c—Br ethylene dibromide
] i
+/ N\ +

diquat



Heterocyclic Nitrogen Compounds

PYRAZOLES

The pyrazole ring may be obtained

- by reaction between a hydrazine and a diketone

T T
C=0 c—-N——R3
N /
o] + ---N——R3 — -C
AN | \
c=o0 ~ c=N
I —N [
Ry Ry
- by cyclisation of
\/
Cl—c\\ |
R-N-~ R—N C
c=0 _— AN
// c—~ OH

the compound to be cyclised being a hydrazone (or diazonium salt)

~ by cyclisation of the hydrazone resulting from the reaction
between ethyl aceto acetate and a hydrazine

—c':—c—c':—c// + >N—N-—R —_ d_o ¥
[T AN I P2 I I \ 7
O—C=—C~— C
I N AN |
\ / O=~C-=C-
N [
I
Ry
|
_—Ce—
'||
=0
N—-N
|
R
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by reaction between a hydrazine and a halo acrylonitrile

\/

|
R— N— N=c R— Ne——=c
/\c-— Cl —_—> l \c—
NZ /C/ N=C/

by reaction between a hydrazine and a morfolynil acrylonitrile

|
R1—N— N= ¢ R, ==N——-cC
\ 1 AN
+ c— R —_—> c— R
7 2 /2
NZ -C N==cC

@



Heterocyclic Nitrogen Compounds

A common structure of pyrazole pesticides is

-C-

I
/

O=

where

ethyl aceto acetate and methyl hydrazine followed by cyclisation

is reacted in succession with a benzoyl chloride and R

X is a halogen.

N.
AN
N
IL_' obtained from the reaction between
l f_
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Benzofenap
Uses: herbicide
Trade names: (Mitsubishi)
Type: pyrazole
Synthesis:
_d- o Cl
| N
N
(<] \\N Cl HO
O
[ L
- I
| cl

1.3 dimethyl
5 pyrazolone

(see pyrazolinate)

4 methyl
acetophenone

2.4 dichloro
3 methyl

benzoyl chloride

Br

benzofenap

I
o
|
-C-
X
/N
N
|
C~—
!
c=0
|
Cl
|
—C—
l
Cl
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Difenzoquat
Uses: herbicide, wheat, barley
Trade names: Avenge, Finaven (Cyanamid)
Type: pyrazole, quaternary ammonium
Synthesis:
1] Q\/
c-¢- c
' @C i =c_@
o
o
acetophenone benzaldehyde
+
Br2

@—c—c—c—@ “—_ NaoCH3 + @C_é_é-@
Wt |
r

o Br B
sodium
methoxide
+
-¢-N-yg | methyl
] hydrazine
+
d o omt !
—C~ o-c—
@_C// \c_@ * \\S/ ’ //\ \\ ( |
R 7N\ \ -5 ‘ 0 \ _
-c-N—N ° o=¢- —c—N—N-c—
i i ; 5

dimethyl
sulfate



510 Pesticides Synthesis Handbook

Fenpyroximate

Uses: acaricide, citrus, fruit, tea
Trade names: Danitron, Ortus (Nihon Nohyaku)

Type: pyrazole

Synthesis:
0
OH — ~
i ~
+ —_—
N io
N
!
-C~-
|
phenol +

1 methyl 2 chloro
3 formyl 4 methyl
pyrazole

::N——OH hydroxylamine

4 bromo methyl
benzoic acid
isobutyl ester

IS N_o_%@ bom it
-C-

fenpyroximate



Heterocyclic Nitrogen Compounds

Fipronil

Uses: insecticide, acaricide, potatoes, rice
Trade names: Regent (Rhone Poulenc)

Type: pyrazole

Synthesis:
Y :
Cl N
c c1 A H,50, | /TS eCN
—-c——-c——c\ —> F—c—~ N é
NaM _
CN ON ‘o—d—io N2NOy ' N R
F—c—~F N
| /\
F
2.6 dichloro ethyl 2.3 +
4 trifluoro dicyano propionate F
methyl aniline trifluoro
methyl
F—e—5—Cl sulphenyl
chloride
F
[¢] o-OH
N7
F oy F ¢l N
' / :§FC-CN ’ Ve :§>c—-CN
F—c N I/ — + F—c —N P
l N /c\/0 ¢l l \c/C\S F
F [ Bt 57 F c1 N
I \ l c—F
N F—c~F N F
/\ | I\

meta chloro
perbenzoic
fipronil acid
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Uses: herbicide
Trade names: (Bayer)
Type: pyrazole
Synthesis:
\/
N
Cl Cl
+ NaNOz
F—c—F
|
F sodium
nitrite

2.6 dichloro
4 trifluoro methyl
aniline

-?==?—-CN + Cl

acrylonitrile

Nipyraclofen

N=N—C1

Cl

F—c—F

N~NJ

Cl

F—c-F

AN N

Cl

-~

Cl

-
~

cl Cl

F—c—F

F
+

HNO3

Ly

F

2.6 dichloro
4 trifluoro methyl
phenyl hydrazine

2 chloro acrylonitrile

\
N
1 —NO
| e J 2
F—c
| Ny=—
F c1

nipyraclofen



Heterocyclic Nitrogen Compounds

alternate routes :

S
“N-n< AN
N
Cl Cl
i) + O0,N —Cl _—> nipyraclofen
F—c~F
' 3 chloro 4 nitro
F isothiazole
o o
o Z p
ii) c1=d=cZ + KCN SN NC— ¢—c7
I N | N\
chloro potassium +
acetaldehyde cyanide
[
N
morpholine
o
2 nitro 3 morfolynil
acrylonitrile
NC—c=c—-Nmo — HNO + NC—c=a=c—N o
NO2
+
S N-NS
Cl Cl
F—c~F
|
F

nipyraclofen
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Pyraclofos

Uses: 1insecticide, vegatables

Trade names: Boltage, Voltage (Takeda)

Type: pyrazole, phosphoro thicate

Synthesis:
\/
N N201
HC1
+ NaNO2 —_—>
Ccl Ccl
p-chloro sodium +
aniline nitrate
JP
Cl—:l:—- c—c
(T
o OH
OH l
1
c
Z \ !
—c c—~
| I
N N NaOH
b‘
Cl
Cl
+
—¢—¢—o o
[ \ 7/ o-ethyl
P S-propyl .
s hosph t t
_é—t{:—c’:_s/ \Cl pho%phOro. (see phosphoro thioates)
[ { chlorido thioate
\\/ — C— C—
c——0— P
/ \ i 1ol
~c C~ — C— C—
AR
N N
pyraclofos

Cl

p~chloro
benzene
diazonium
chloride

chloro puruvic
acid

N—N=¢—c—&~-Cl
T T



Heterocyclic Nitrogen Compounds

Pyrazolinate
Uses: herbicide, rice
Trade names: Sanbird (Sankyo)
Type: pyrazole
Synthesis:
: c1 -¢-
e W i
N N
o= \N HO- \N
+ ——_)
L L
[ c1 | '
c=0
1.3 dimethyl 2.4 dichloro
5 pyrazolone benzoyl chloride Ccl
Cl
+

[+
—C!‘.— C=— C—C//
ol h
N—N-
|
_c-—
]
SN—N—d—
]
+
o]

- <':— c—tm c//
] NS

I

0 ﬁ toluene
—c— O S—Cl sulfonyl
! Il chloride
o
methyl
hydrazine
|
-C=-
o X
]
I N
—C— S —o
| @u l N“
o |
[l o—tmd I
° |
=0
Cl

ethyl aceto
acetate

Cl

pyrazolinate
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Pyrazoxyfen
Uses: herbicide, rice
Trade names: Paicer (Sangyo)
Type: pyrazole
Synthesis:
L l
N i o N
c—~ c— Br
wo K ﬂ—%_o_/ N
| L - ) — |
| ! I
c=0 c=0
¢l c1
Cl Cl
<  bromo
acetophenone
see pyrazolinate pyrazoxyfen
Br2
+
]
c—C—

acetophenone



Heterocyclic Nitrogen Compounds

Tebufenpyrad

Uses: acaricide, vines, citrus, vegetables, cotton, fruit
Trade names: Masai, Pyranica (Mitsubishi)

Type: pyrazole, amide

Synthesis:
\/
| N
—=C- [
-C=
/IL /7’
N “oH
I l *
~c—C —C1
vl il
—~C—C—C—
[ l !
-C—
1 methyl 3 ethyl !
4 chloro Slcarboxylate 4 tert butyl
pyrazole benzylamine
v
I
-C=-
Nl ] |
N/ —en—d —C—
I |
i -c-
—C—C— ~Cl |

tebufenpyrad
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PYRIDAZINES
PYRIDAZINONES
PYRIDAZINEDIONES

The synthesis of pyridazinone is by reaction between a hydrazine

and a carbonyl carboxylic acid

\/
=

t
(o}

\/
2z

The c= c double bond need not necessarily be present in the

carboxylic acid since it can also be obtained after cyclisation

by dehydrogenation.

Pyridazinedione is obtained by reaction of a hydrazine with

maleic anhydride

AN >N
[o) +
/ >N
C=—C=0



Heterocyclic Nitrogen Compounds

Uses: herbicide, sugar beet

Trade names: Pyramin
Type: pyridazinone
Synthesis:

) I
-c-c=c-c- +

1 i

OH OH

butyne 1.4 diol

Chloridazon
(Basf)
+° mucochloric
ci, I 'ﬁ'f=?‘c\ acid
OH
oClCl
+
< A<
N
phenyl
hydrazine

Cl

chloridazon
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Diclomezine

Uses:  fungicide, rice

Trade names: Monguard (Sankyo)

Type: pyridazinone
Synthesis:
|
-C-
ﬁ ﬁ AlCl3
+ c-—%——%-—c —_—
L.
toluene succinic
anhydride
AP
c—c
[ / -
~- _c\ cmo  é—— SN—NZ HO
A\
N—-N//
| hydrazine
hydrate
+
B
%2
1 1
C=C
| / N\
—? i\ c=0
N——N//

1

diclomezine

AlCl

Cl
+ —c —C—C—C~ ¢
| i AN
o

cl CH



Heterocyclic Nitrogen Compounds

Maleic Hydrazide

Uses: growth regulator, beets, carrots, onions, potatoces, tobacco
Trade names: MH-30 (Uniroyal)

Type: pyridazinone

Synthesis:
r !
c-—-—c{\ o\ N\\N__
ll o + >N—NZ —_—
c-———c// X o
A\
o
maleic . maleic
anhydride hydrazine hydrazide
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Norflurazon

Uses: herbicide, citrus, cotton, nuts, soyabeans
Trade names: Zorial, Evital, Solicam (Sandoz)

Type: pyridazinone

Synthesis:
\/
X NZCI
F F
| + NaNoO —_— O |
?—F 2 c—F
|
F F
i +
m-trifluoro sodium
methyl aniline nitrite
NaZSO3
~N—NZ
F m-trifluoro
é—-F methyl phenyl
i hydrazine
F
+
| | N Vs mucochloric
-~ C~ C=C~—C— + Cl —_— C— C=x= C—C .
| | 2 / 1 1 N\ acid
CH OH o Cl Cl1 OH
butyne 1.4 diol l
F
|
F-c~F
N=
O N Y c1
/ Cl
[+
+
:N—c::— methyl amine
F

F—Ll‘.—F
{ y—n-dc
/2
// Cl
[+]

norflurazon



Uses:

Heterocyclic Nitrogen Compounds

Pyridaben

insecticide, acaricide, field crops, fruit trees, ornamentals, vegetables

Trade names: Sanmite (Nissan)

Type: pyridazinone

Synthesis:
QQC_. _ _.699
/ | [
¢t cn M

mucochloric acid

q§'c====c——c'//°
Z1 I N\gg
SH S Cl
| |
—_—
| | ! |
—C—C—C— —C~—C—C~—
b ot
! ]
p.tertio butyl
benzyl mercaptan
+
7
>N—N 4o p.tertioc
\\\I | butyl
c—c .
| hydrazine
—-C -
l
|
—C~
4o
—C—C—C—
oy
N
o=""\
I
AN
)
S
|
-
i ]
—C—C~—C—
oy
-C—-

pyridaben
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alternate routes :

i)
Cl
N ‘c:' ~4- bE
| N by
C) T e — (T —
cl =0 -C- + Na —Cm +
c1 c1 S
sodium ! _g_ '
2 p.tertio hydro- 2 p.tertio I
sulfide
?utyl butyl p.tertio
3.5 dichloro 5 mercapto butyl
3 pyridazinone 3 pyridazinone benzyl
chloride
ii)
SH
& g
N —c—
/ \N I
C———C—
-\ o - ?
c1 ~d_ed
U
_c—

2 p.tertio butyl
3.5 dichloro
3 pyridazinone

|

-C-

ol
—C—Cc—C—

| | i
N
\\N

pyridaben

pyridaben



Heterocyclic Nitrogen Compounds
Pyridate

Uses: herbicide, cereals, maize, rice
Trade names: Lentagran (Chemie Linz)
Type: pyridazine

Synthesis:

LN o /N
| 7
O ' —?-(cuz)fs—c\m 7 l\O/L<<:>>
O

0—c—5-(CH,) ~¢-

3 phenyl °
n-octyl
4 hydroxy thioformic
6 chloro acid chloride
pyridazone pyridate
Cl
!
—<|:- (CH2)7—SH + o=c\
Ccl
octyl phosgene

mercaptan
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PYRIDINES

Pyridine pesticides are usually synthesized by starting with pyridine
or a picoline nucleus, which is then further treated by halogenation,
ammoniation, oxidation, etc. Quite often however it is impossible to
introduce the desired substituents into the adequate ring position, in
which case the corresponding aliphatic compound is prepared and then

cyclised.

The basic similarities between many pyridine pesticides appear from
the following table where one may observe that pyridine pesticides vary
mainly in the 2 position, The remaining positions of the ring are

always halogen, hydro or sometimes amino groups

Pyridine nucleus

R, R, R, R, R,
N
R6 <:> R, fluroxypyr OCHZCOOH Cl NH2 Cl F
R R
5 3 triclopyr OCH,COOH  C1 H c1 c1
Ry
i
chlorpyrifos (CZHSO)ZPO_ cl H Ccl Ccl
Picoline nucleus
clopyralid COOH Cl H H Cl
R N R
5 . ;
6 O nitrapyrin ccl, H H H ol
5 3
Ry picloram COOH c1 NH, c1 c1

Pyridine rings are frequently used in combination with other functional
pesticides. These pyridine compounds have structures which are
determined by the main function involved, the pyridine ring being an

attachment to the main function.



Heterocyclic Nitrogen Compounds

For instance

phosphorc organics

R—oO S
\ 7
chlorpyrifos P
\ Lo .
R—oO pyridine ring
imidazolidinones
. pyridine N
imazapyr ring
imazethapyr N
l
o
phenoxy carboxylic acids
|
— C—
fluazifop 1
pyridine—o— O———\— O— C—
haloxyfop ring é
A
o o—R
amides
diflufenican pyridine——i—-N—-R
i I |
inabenfide ring o
thiocarbamates
o
pyributicarb pyridine-—N—-c—-o—-R2

ring
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Pyridine pesticides vary mainly in the 2 position.

The remaining

positions of the ring are nearly always halogen, hydro or sometimes

amino groups.

R
C': 1
—-C—C—o0_ O
hl £ b N
chlorpyrifos P
(| /\
—C—C—0 oOo—
[
0
clopyralid - c\/
OH
| //O
fluroxypyr —0— cl:— c
OH
nitropirin - Cc— Cl3
o
picloram - c//
N\
OH
{ 2°
triclopyr —0~c—c”
| AN

OH

Cl

Cl

Cl

Cl

Ry Ry
c1 c1
H c1
c1 F

H Cl
c1 c1
c1 c1



Heterocyclic Nitrogen Compounds

Buthiobate

Uses: fungicide, fruit trees, fruit, vegetables, ornamentals

Trade names: Denmert (Sumitomo)

Type: pyridine

Synthesis:

N S—H
<:> / | R
N=c —C—- + Br—c—c—c~c—
\|© o
S—c¢ —

—0—0—=0-
]
——

1
— c—o—Na

buthiobate
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Clopylarid

Uses: herbicide, sugar beet, cereals
Trade names: Lontral ( Dow Elanco )
Type: pyridine

Synthesis:

= O
@ —<::— * ¢, light —<~ ¢l
N

Cl

o< picoline
(2 methyl pyridine)
Ccl

light

@Cl
(o]
4
C —C.
1 N

OH

4

clopyralid



Dithiopyr

Uses: herbicide

Trade names: Dimension Herbicide (Monsanto)

Heterocyclic Nitrogen Compounds 531

Type: pyridine —%-
_c_c;_
l
Synthesis: o -c- o
| | Il | I It
-C—C—0—C c ¢c—0—C—C—
F | Pl N I/ (I
| //o -—T- //o ~-c Cem
F——c——c—c‘:—c —ol:-c— t':— c’ _—> F F
I T A N e N ] |
F o F~c—c c—c—F
o I
HO OH
ethyl trifluoro aceto isovaleraldehyde
acetate (3 methyl butenal) *
NH3
| |
-C= -C=
A Aol
! o
o -c- o -C= ‘
N TSP ) R i
—0—C— C— -C—C—~0— —0—C—C~
NI\ l ! NN T
c—
tributyl
. F
f F amine f |
F~c—c C——F—F F—c—cC c—c—F
| ! LN
F N F FHo | OH'
lutidine
|
-C—-
|
_(];_?_
o
T oS
c—o—-c‘:—-(':— HO—c ~ c¢—0H
F + base _— f O F
| F—c N cI:—
' !
| F
F
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| 1
—C—C—
[
i
Cl—c c—C1
SOCl2 — f/ O f
F— N C—
thionyl % %
chloride
+
methyl
Na—S—c— sodium
sulfide
]
-—C=
| !
—-C—C—
o -l
il i
—C—5—cC ~S—C—

dithiopyr



Heterocyclic Nitrogen Compounds

alternate route :

F o
| 4 . :
F— <|:— ﬁ—cl:— c\ trifluoro aceto acetyl chloride
F cl
+
HS— (l:_ methyl
] mercaptan
|
F -C- [}
! V.
Fe Gmm c—m c/ + NH + - 4— <!_- c':—- c//
] ot \S | 3 [ N
o —C—
methyl trifluoro aceto
thioate
| ]
—c- -Cc—
I |
~-c—c— -c—c—
1 {
] |
ﬁ yd (':\l ﬁ ﬁ ' 7 ?\' ﬁ
—%—S—c-—c c—c-—-S—c::— —c::—S—c—c c—Cc—S~ ({:—
(—_—— (—
dithiopyr tributyl f " f‘ HCl I; l T
amine Fe—c—C N /c—c':-—F F—(l:—c /c—c;.—F
: N 13 (or PC13) F HIO\N ] F

] OH
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alternate route:

[o]
| A
F—¢ —C—c¢c—¢
N
F ° RO
|
-c-
|
—C e —
|
o -C=- e}
! l S
11 \ [
F ” F
l_ !
N |
F f F
|
-—C -
|
|
Cc
L | il 1
—0—C c~—0— C—

-C—

P N

(CF3CO)2 -0

~—

ko]

7
O
<

both of which are oxidised to the pyridine

F <]
| Y
Fe—C——c¢c=c—c
[ L S S
F ;\ i
ethyl B amino,
trifluoro methyl
acrylate
]
-C-
1
—C e~
[
o -C- o
Lt d h i Lo
I NSNS bt
F F
| l
F—-T——-c\\ c—-T—-F
F | N F
HO ‘



Heterocyclic Nitrogen Compounds

Fluroxypyr

Uses: herbicide, cereals, rubber, oil palm, conifers
Trade names: Starane ( Dow Elanco )

Type: pyridine

Synthesis:
\/ \/
N N
Cl Cl Cl Cl
+ NaOH —_—> <:>
NG C1 F ™\~ OH
+

4 amino 2.3.5
trichloro, 6 fluoro
pyridine , o
Cl—-?—c

/N

chloro acetic
acid butyl ester

\/
Y i
c1 c1 ° c1 c1 °
O /4 —— HC1 + O "/
o—C—C F o0—C—C
N roN N AN
OH 0—C—C— C—C—

fluroxypyr

535



536 Pesticides Synthesis Handbook

Nitrapyrin

Uses: bactericide
Trade names: N-Serve ( Dow Elanco )
Type: pyridine

Synthesis:

.HC1

¢ picoline

Cl

acetaldehyde

c1
N |
c1 c—Cl

nitrapyrin



Heterocyclic Nitrogen Compounds

Norbormide

Uses: rodenticide
Trade names: Shoxin, Raticate ( Mc Neil )

Type: pyridine

Synthesis:

O - o9 — o1©
|| i

pyridine fulvene
(phenyl 2 pyridil
ketone) +

OO

cyclopentadiene

c

@7 0 @/IC@

_—_\ /C— c
N_
/ &é&—— —N +
1 Ne—e

@*l ®) I © ©
i

norbormide
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Paraquat

Uses: herbicide, vegetables, plantations, pastures
Trade names:  Gramoxone, Dextrone X, Esgram (ICI)

Type: pyridine

Synthesis:
N
Na i iquid
O a in liqui N __CN
ammonia
pyridine 4,4 tetra hydro
bipyridil
O2 (air)

! methyl
1 chloride

A0y

paraquat



Heterocyclic Nitrogen Compounds 539

Picloram

picloram

Uses: herbicide, grassland, non crop areas
Trade names: Tordon ( Dow Elanco )
Type:  pyridine
Synthesis:
Cl
cl
(. o — O
\N { c1 N/ é
1
>¢ picoline
+
N
\/
\/
N N
cL Xl Cl” ™1 <1
| P — 8,50, * Sl a
Cl N Cl N
N OH 1
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Triclopyr

Uses: herbicide, rice, wheat, pastures, industrial sites

g

Trade names: Garlon ( Dow Elanco )

Type: pyridine

Synthesis:
Cl
Cl” ™\C1
| N + c1, —
Z
N/ Cl N/Cl
pyridine *
= N—NZ hydrazine
N N—NZ
cl c1 o CL” X1
® —— |
cIN__ZCL SeNwZ
N
+
oN potassium cyanide
K ( or sodium cyanide )
+
o
A
A g paraformaldehyde
N4
N

€1\ C1 HC1 1l ™N\C1
‘/\7[\ P — l /_o_-c'_c’/o
Cl\N 0—-([:—C=N Cl . i \

OH

triclopyr



Heterocyclic Nitrogen Compounds
Are synthesized by reaction between a diketone and an amide
R
R, |1
/c= o} ~c—R >c N c—R
~ 3 3
—~C + I l
C= 0 c /c= o
c=o0 >N/ R N N
| 2
R,
or between a dienediether and a amine:
R R
1 1
(I: l
c
N A
o=c/ \?— o—<':— o=c/ c—
l + >=N— R3 ' I
R, —c Rs—cC N
2 1 2 \c 7

541



542  Pesticides Synthesis Handbook

Fluridone

Uses: herbicide, aquatic plants
Trade names: Sonar, Pride (Dow Elanco)

Type: pyridone

Synthesis:
F
|
F—c=TF
o
et .=
T AN
o 0= C~ C—
[
1(3 trifluorc methyl phenyl) ethyl formate
3 phenyl 2 acetone
v

-c- -c-
| |

-C- -C= F
[ | |
o o F—c—F

+
_ A—N/ methyl
I = amine
HC1
- F
Ilq |
F—c~F
—C/ \c_
I l
c C——
N\ /
c
!
o

fluridone



Heterocyclic Nitrogen Compounds

PYRIMIDINES

(see also sulfonyl ureas for synthesis of amino pyrimidines)

The most

urea and

common route for synthesis is by reaction between a
ethyl (or methyl) aceto acetate

|
—_—C — |
_I —_—C—
o_c\ _R |
T\ Néc\ /R
1o
+ C—0—C—C=— _— | I
/ o HO—c c—OH
o Xy

The hydroxyl groups are then substituted, for instance by

chlorination and amination.

An alternative route is the reaction between ethyl aceto acetate with

an amidine or with guanidine sulfate (or hydrochloride)

|

_—C —
O=_-C\C/R2 [ 2
- C
P I
l 1 1 N (o]
Y e o e S [
—C c—
o
1T "N\y#
R
N7 guanidine
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Ancymidol

Uses: plant growth regulator, holly, foliage
Trade names: A-Rest, Reducymol (Dow Elanco)
Type: pyrimidine
Synthesis:

°

Br N
]
]
-_—
i
4 methoxy 5 bromo

benzoyl cyclopropane pyrimidine

>0

ancymidol



Uses: fungicide, apples
Trade names: Nimrod (ICI)

Type: pyrimidine, sulfamate

Synthesis:

[
—é— —OH
1 <:> + NaoH

ethirimol

Bupirimate

Heterocyclic Nitrogen Compounds

N\ﬁ//N

I I
N—¢c—c~—
I i !
+
1
AN dimethyl
N— S—Cl sulfamoyl
g:/ A chloride

!

bupirimate

for different. routes for preparing dimethyl sulfamoyl chloride

see bentazon ( isopropyl sulfamoyl chloride )

C

13 1
—_— - O~
t i
t
-C N
— 10

—C

1
i

a
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Uses: rodenticide

Trade names:

Type: pyrimidine

Synthesis:

urea

Cl
|

PN L
_é_@NA
! \|

C—-

crimidine

Crimidine

(Bayer)

ethyl aceto acetate

dimethyl
amine

?H

7\
N
I
c— OH
N\ S
i

2.4,6 di-hydroxy
6 methyl pyrimidine

n—"2

I
-
|

+

Cl

2.4 dichloro
6 methyl pyrimidine



Heterocyclic Nitrogen Compounds

Diazinon

Uses: insecticide, fruit trees, maize, potatoes, rice,'sugar cane, tobacco
Trade names: Basudin, Diazitol (Ciba)

Type: pyrimidine, phosphorothioate

Synthesis:
1 1 1 ] 1 i i
—c[:-c-—(lz— + —c':—OH + HC1 > —Cc—c—C—
! Pl
c c
in
N c]) I;J.HCI
—C_
i
isobutyronitrile methanol .
NH3
v
—C—c—C—
[ !
o
/\N I ] // 1 ! t
<:> | — —C~Cc—cC—2¢C + —c—cCc—C—
HO ¢= L oy
o o—Cc—C—
t ! /C
N \N.HCI
A
ethyl aceto acetate
+
—c—t—0 8
i 1 \ //
P DEPCT
/N

diazinon
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Uses: fungicide, flowers

Trade names: Milcurb (ICI)

Type:  pyrimidine

Synthesis:

1
-C-

|

~Cc-
!

-C -
|

—-C-

Y/
-é—-c—-c-c/ +
Pl T N i
o]

2 butyl
ethyl aceto
acetate

alternate route:

dimethylamine

Dimethirimol
i
-C-
I
N—$—-
H 2 SO X —N==C

NN dimethyl
guanidine
sulfate

5 butyl 4 hydroxy
6 methyl 2 methyl
thio pyrimidine

—C-
-C-
-C-

-C-

dimethirimol



Uses: fungicide, cereals

Trade names: Milgo (Zeneca)

Type: pyrimidine
Synthesis:
|
—c—
!
-C—
|
-C=-
|
-
l o

2 butyl ethyl aceto
acetate

Ethirimol

+ ~N==c

ethyl guanidine

Heterocyclic Nitrogen Compounds

- I N-on
N~
| 1

ethirimol
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4
Fenarimol
Uses: fungicide, fruit, peppers, tomatoes
Trade names: Bloc, Rimidin, Rubigan (Dow Elanco)
Type: pyrimidine
Synthesis:
Br
I
1 Cl
N/\N c1 HZO N
1"
N o
¢
N\ !
o7 o—c—
t +
orthochloroc
methyl pyrimidine phenyl magnesium ?r
5 carboxylate bromide Mg
p.chloro
phenyl magnesium
bromide
Cl
HZO
OH
¥ | Cl
CO)-
|
Cl

fenarimol



alternate route :
o Cl
X\
N’

Cl

2 chloro benzoyl
chloride

butyl lithium

C1

chloro
benzene

®)

5 bromo
pyrimidine

Heterocyclic Nitrogen Compounds

L (O)e

Cl

AN b
s Yf;;zﬂ 5 lithio
pyrimidine

fenarimol
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Fenclorim
Uses: safener, rice
Trade names: Sofit (Ciba)
Type: pyrimidine
Synthesis: —<':—<l:—o N—, HC1
0 Y
CN T
| HC1
+ -?—-%—-OH —_—
benzonitrile ethanol .
Ny
~
/N\ /N—
c
o
\ | // O
C—C—C +
Ly N
—C— Cc—0 0— C— C—
[ !
. b idi
diethyl malonate enzamidine
v
OH Cl
| !
=—=C Ne==c
O ) o, —— (O
C— + —
N\ 3 AN Y
N-—-éy N———C//
| |
OH Cl

fenclorim



Uses: fungicide, rice

Trade names: {(Takeda)

Type: pyrimidine

Synthesis:

cl
N

+0L. -

2 chloro
4.6 dimethyl
pyrimidine

Heterocyclic Nitrogen Compounds

.
Ferimzone

P

>N—NT S | O ,
—¢ c—

I I

hydrazine +
|
-
1 2 methyl
"?"ﬁ acetophenone

o

%_

SN—N=c—d-
/\ f
Ok

ferimzone
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Flumetsulam

Uses: herbicide, soyabeans, maize
Trade names: Broadstrike, (DowElanco)

Type: pyrimidine, triazole, sulfonamide

Synthesis:

N 0—C— N
/\N- ! s i Z R
—-S—\\ i + —?—c—-r-c _ —S—\\ L\
N47\N:: g \o é NF N//

2 amino 5benzylthio triazole aceto acetaldehyde
dimethyl acetal +

Cl

H,0

F o N N
@_N_g_—/ NN | - F P, C1_2_< \N/ﬁ»
z
13

TN, A\ !1

N

2.6 difluoro

flumetsulam P
aniline
Preparation of 2.6 difluoroaniline :
\/ \/ \/
N X H.0 X
F F 2 F
+ FZ —_— _—
0=S=0 o=S=0

N N
/\ /\

sulfanilamide



alternate route :

2 fluoro
aniline

Heterocyclic Nitrogen Compounds

| N

—C- ° —C-
{ | 4 F !
—c—Cc—o0—¢—c¢ _
| | AN
c1

—Cc-

I

2 isobutoxy
acetyl chloride

butyl lithium

e
Le>}
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alternate route :

|
—-C—

-é-—Si~—Br +

—Cc-
I

trimethyl silyl
bromide

\/
N

i N,—"/\)
c1— E —I\N/KN/ T—

flumetsulam



Flurprimidol

Heterocyclic Nitrogen Compounds

Uses: growth regulator, turf, ornamentals, coniferous trees

Trade names:

Cutless (Dow Elanco)

Type: pyrimidine

Synthesis:

Br

p.bromo anisole

Br

ZE=EO—0 =~

PCl

phosphorous
pentachloride

isobutyronitrile

5 bromo
pyrimidine

Mg

Br
(:) i p.bromo
trichloro
methoxy
? benzene
Cl—f—Cl
Ccl
+
antimony
SbF3 triflucride
Br
p.bromo
trifluoro
methoxy
benzene
i
F-?-—F
F
1
OH -c-
O >——
c c—
N A
1
o
|
F—?—F
F

flurprimidol
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Hydramethylnon

Uses: insecticide, ants

Trade names: Ambro, Combat, Maxforce (Cyanamid)

Type: pyrimidine

Synthesis:
_4 ' F F
] |
C\\ %>= N—-NZ , HI + F-—é c=Cc—C—C=C— —c—F
| ¥ | S T | |
-¢ ) F o F
5 dimethyl L 1.5 di-p.trifluoromethyl
perhydro pyrimidine 1.4 pentadiene 3 one
2 hydrazide
F o
F é 6¢ + ——é c——é—— r
| ~ I | F—c—F
F o
p.trifluoromethyl acetone
benzaldehyde
C=-
) ! Ii
-¢ N |C‘
N—N=c
] |
-C N Cc-
: | I
c-
F_f_F
F

hydramethylnon
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Mepanipyrim

Uses: fungicide, fruit, cucumbers, tomatoes
Trade names: (Thara, Kumiai)
Type: pyrimidine

Synthesis:

2 thiomethyl hydrogen +
4 methyl 6 propynil peroxide
pyrimidine o
V.
N\ ‘/C::
N

@ formanilide

-
l
O+
I
/c\\o I‘I:I
C
|
——
|
HC1
_d-

mepanipyrim
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Nuarimol

Uses: fungicide, barley seeds, wheat seeds
Trade names: Trimidal, Triminol, Gauntlet, Murox (Dow Elanco)
Type: pyrimidine

Synthesis:

Cl

PN Cl OH
Y - o — GO
ﬂ |
Br
2 chloro phenyl @

5 bromo N

pyrimidine 4 fluoro phenyl

ketone

(4 fluoro 2 chloro nuarimol

benzophenone)



Uses: insecticide

Pirimiphos—-Methyl
Pirimiphos-Ethyl

Trade names: Fernex (ICI)

Type: pyrimidine, phosphorothioate

Synthesis:
|
C—C—
[
v
N
- N=¢ 1 ?—' +
NZ
NN diethyl guanidine
—-é-’o S
i \P//
i/ \
—c—o0 [
I |
—c—
Yor-
N N

pirimiphos-methyl

Pirimiphos-ethyl is made with DEPCT

~doedoc

T

o]

VR

ethyl aceto acetate

DMPCT

instead of DMPCT

Heterocyclic Nitrogen Compounds

+
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Pyrimethanil

Uses: fungicide, vines, fruit, vegetables

Trade names: Mythos, Scala (AgrEvo)

Type: pyrimidine

Synthesis:
'Jf' \?zo
o=S=0 -N |

&\ ~Cc~
4.6 dimethyl
2 methyl sulfonyl formanilide
pyrimidine
HCl
|
—c—
O
|
—C—

pyrimethanil



Heterocyclic Nitrogen Compounds

Pyrithiobac-Sodium

Uses: herbicide, cotton
Trade names: Staple (DuPont)

Type: pyrimidine

Synthesis:
Cl o
df HC1
OH + NaNO2 _—>
N
6 chloro sodium
2 amino benzoic acid nitrite

(6 chloro anthranilic
acid)

7
-
NoH

N=N-C1

4.6 dimethoxy
2 mercapto

/)\\T pyrimidine
+LOL

— 00—

@»S—<O «— NaH +
e p=o

o sodium
NaO |

—c= hydride
I
pyrithiobac-sodium

alternate route:

Cl o Cl
_Z A
O, + . 10J. .1
N sH TN
6 chloro

4.6 dimethoxy
2 chloro
pyrimidine

2 mercapto
benzoic acid

Cl

L
Nl
54@
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Preparation of 6 chloro 2 mercapto benzoic acid :

(i)
o ,0H HO o HQ o
X ) ¢ Na,$,0 P ¢
a
c - wep Cl _NeN-Cl 2’277« SH
T+ NaNO, —— + Na,§, ——>
sodium
. sodium pyro
gigiggo disulfide  sulfate
benzoic acid
(6 chloro
anthranilic
acid)
(ii)
OH HO <]
HO °
.\C//o \\c/ \C//
OH il
C N=N-C1 Cl, S-¢c-o0-c-Cc- c SH
+ Se=c _— i | { + NaOH —> O
ol
S—g—c~
as tetrafluoro ethyl
borate xanthic
acid
NaOH
(iii)
+
i
o /c— o
1 C// ¥ | C1 C// c1 c//o
4 .
OH / \I ot JAN N
< — Q2O
OH Cl o—c—N ‘E—C—N/”
N 1\
s & J i
6 chloro (thiophosgene + !

salycilic acid

dimethylamine)



2 methyl
3 chloro
phenyl
acetanilide

Heterocyclic Nitrogen Compounds

(iv)
Cl cl Cl C//o
~CN CN H_SO /\’/ N
OH
O v — O 2 O
Cl H SH
2.6 dichloro sodium
benzonitrile sulfide
)
ct S cl o o
7 v C1 &7
\oH CuClz C\ N
O + NaNO2 _ OH 4 Na282 —_— OH
NZ Cl SH
preparation of 6 chloro salyciliec acid :
(1)
o —é o o HO o}
4 INg? N4 NS
| NS
c1 F —c‘/ No OH c 0K
O KOH _— + K0, —> O
dimethyl
sulfoxide
2 fluoroe potassium
6 chloro permanganate
benzaldehyde
(ii)

HQ\ 49
|
C N—c—c~
+ NaMn04 —_— @l Icljl +

sodium
permanganate

o OH
Qb/
c1 _NT
HCl —> (:)
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Uses: herbicide
Trade names:

Type: pyrimidine

Synthesis:

Cl
a

O

C1 Cl

S
I
c
]

2.4,6 trichloro
5 thio methyl
pyrimidine

Tioclorim

tioclorim



Heterocyclic Nitrogen Compounds

PYRIMIDINEDIONES

The synthesis is by reaction between an alkyl urea and ethyl (or methyl)

aceto acetate

NZ o N
/ Y ! ~ 1
o=_cC C—C— o=cC CmCm—
[ + [ ! —_— | i
— — - — —
R1 N /c\ R1 N\ /c R2
R o]
o=cC 2 il
| o
o
1
—C
1
_c—

The alkyl urea is obtained from phosgene

_c1 /N\
-
o=_cC + NH + R—NZ, —_—> O=C
~ 3
Ccl N
N_.
I
R
An alternative route makes use of anisocyanate
Ry
R2 l
| | o T c
—c—c—c—c// 1o + NH _> —c—c¢ \c=o
~ 3
Py o—c—c— P Py
© (I N Oo—C—C—
TAS 11
+
N—R
V/4 1
c
Il
o
R
2
I
c
=
—¢—c? Sc=o
| |
—N\ /N-—R,|
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Bromacil
Uses: herbicide, citrus, pineapple
Trade names: HyvarX (Dupont)
Type: pyrimidinedione
Synthesis:
| I
C1 [ ! -~
o=¢C + NH + ~c-c=c~N < _— —c—$—c—N—c—N\
\ec1 3 [ ! P
o
+
11 L0
methyl —c-c—c-c\
[ {
acetoacetate ° ot
i
bromacil

i
2 N-c
N-c-c-c- ;!
Br i i —c-
it -C~- i
o i °
alternate route \/
N o
o1 20 P 4
-c-c-C=C + NH3 —_—> -Cc=C=C-C
PR N I AN
o o-C~ o—C—
1
methyl acetoacetate *
t 1
i l_?— — /Cl ! |_$—
-c-c-c-NT_ + o=c > ~¢c-c-c-N=c=0
[ \Cl [
2-butylamine phosgene l
! i
i N 1 N
- [ —C [
?\ \1/ | \,/
l 11 — Br, + ‘ T
N-c-c-c~ N~c-c-C-
Br\/ it P

i - i
[+ [o]



Lenacil

Uses: herbicide, sugar beet, vegetables, fruit
Trade names: Venzar (Dupont)
Type: pyrimidinedione

Synthesis:

Heterocyclic Nitrogen Compounds

[

o + o=c¢ —_— “

2 cyclopentanone cyclohexyl
1 carboxylic acid urea
ethyl ester

c

1
4 \\h=o
@
N—
N
g

lenacil
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Terbacil

Uses: herbicide, citrus, sugar cane, fruit trees
Trade names: Sinbar (Dupont)

Type: pyrimidinedione

Synthesis:
S _%- _%_
o=c¢ + NH + —dec—n< —_ —de e N—c—NZ
3 rol Pt
cl —-c- -c- o
[ ]
phosgene
+
. <] methyvl
| | // aceto
—c—c—cCc—¢
[l i \ | acetate
o o0— C—
!
: N |
| N -<l:_ | _ —c-
—Cc— o —C— =0 I
T | — c1 + |l
——C 2 Com
031 I
;] .

o] —C- o I

terbacil
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Heterocyclic Nitrogen Compounds

alternate route :

terbacil
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PYRROLIDINONES

Synthesis of pyrrolidinones does not follow any single route but
varies according to the compound to be produced.

Flurochloridone is produced by ring closure of

Cl
l
Cc— Cl —Cc— Cl
Il I | !
¢ Cl-c— c c
| | —_— | !
—c C=0 >c C=0
A4 N/
N N
| I
R R
Procymidone by ring closure of
R R R R R R R R
3 2 2 3 2 3 2
\/ \Y4 \/ NS
O=(':—OH ? ' l
o=c c=o0




Heterocyclic Nitrogen Compounds

Ammoniation of maleic anhydride produce a pyrroledione

[¢)
o}
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PYRROLES

Pyrroles may be synthesized by a great number of different routes,

some of which are illustrated below.

-~ reaction between acetaldehyde and ammonia :

N
1 #°
—-?—-c + NH3 _— l
— reaction between acetonyl acetone and ammonia :
R R
P ,
—-$-—-c=o
) + NH3 —_— \N-
-~ C—C=0
l | —_—/
R |
R
- reaction between acetonyl acetone and an amine :
R1 ]
C [
- C=—C=0 —_—
! + i>N—-R2 —_— \N R
| —
-— C—-C=0 / 2

w
—

- condensation of a ketone with an o¢ amino ketone

i o
o —c= Il !
i ] l R 1 —cC —C—
R,~C—c—N + o=c _ ' I |
1[1 _cl— Rz—-c\ //c (l:_
2 | N
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The o< amino ketone is prepared from the ketone via the oxime

followed by hydrogenation

i
R, — C—C— + HONO —_— R1—C—C= NOH

|
R —-c—-ﬁ—-N(

- reaction between acrylonitrile (or derivate) and a tosyl methyl

isocyanide
| RN
R—C + N=c —_— l
u j |
c —C—
1 l |
CN X CN
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Fenpiclonil

Uses: fungicide, cereals
Trade names: Beret (Ciba)

Type: pyrrole

Synthesis:
\/
N

C1
e - SN

cl

sodium
2.3 dichloro nitrite
aniline

2.3 dichloro
cinnamic
nitrile

dmmd—cn

Cl

— KOH +
Ccl

—c—CN

o=mSmo

tosyl methyl
isocyanide

—-—C—

C1 C1

@ ox

—

fenpiclonil

N=N—C1
Cl

Cl

~ca=c—CN
[

[3]
—C—C—CN

Cl

Cl

2.3 dichloro
aniline
diazonium
salt

acrylonitrile



Heterocyclic Nitrogen Compounds

alternate route :

° <
N/
c
AN //o —c==c—CN
<
cl / Cl
+ NC——%——C —
C1 N Cl1
N
2.3 dichloro cyano
benzaldehyde acetamide +

tosyl methyl
isocyanide

fenpiclonil
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Fludioxonil
Uses: fungicide, cereals, vegetables, rice
Trade name: Celest (Ciba)
Type: pyrrole
Synthesis:
HC1 | |
NZ + _-T==?—_CN _ c——?——CN
Cl
o o <]
N\ N/
c c
N\ . 7N\
F F acrylonitrile F F
4 amino
2.2 difluoro
benzodioxol
\
“o-
\
-C -
N
N—C—C—
/T
=L
L
/c triethylamine
f
—-C-
c c—CN &e——0 [::::] + f;::;z>_.c==c-_CN
P
[o] 0o N o0=S=0 [o] o]
\/ | | N/
[o4 -C—- C
/ \ | 7/ \
F F N F F
|
—c~
|
fludioxonil 0
toluyl
sulfonyl

methyl isocyanate



Heterocyclic Nitrogen Compounds

Fluoromide

Uses:  fungicide, apples, rubber trees, citrus
Trade names: Sparticide (Kumiai)
Type: pyrroledione

Synthesis:

° i
I
¢ }{ //c
Cl—c \ Cl=—c \
[ — I / :
Cl—c // Cl—c
\\‘c F ‘\\c
I Il
o
dichloro p.fluoro fluoromide

maleic anhydride aniline
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*
Flurochloridone
Uses: herbicide, wheat, rye, cotton, potatoes, sunflowers
Trade names: Racer (ICI)
Type: pyrrolidinone
Synthesis:
o%n i
N/ \ /c-?-
N N
Voo
BN
@ ' ’ -_9
v/
CFy -(I:-C\\o Chy
3 trifluoro acetic .
methyl aniline anhydride
! allyl
Br-?—s—?- bromide
NaH
i 1 ﬁ 1
-c=c-¢
; -¢=c-C_ ,C—-C—~
PN 1Ny
O T HC1 + c
CF3 NaOH F3
+
Cl o
Cl—é-do
AN
Cl
C\l .
A a
o Cl /C—C
cmc=t Qc c Cl ¢ \C
Ny “ NN %
Fe012
_
CF3 CF3

flurochloridone



Heterocyclic Nitrogen Compounds

Procymidone

Uses: fungicide, cereals, sunflowers, vine, greenhouses, fruit

Trade names: Sumisclex, Sumilex (Sumitomo)

Type: pyrrolidinones
Synthesis:
]
-c~ o
I
c—c
N/ AN
c o +
/\ /
c—c¢
Il
-c- O

1.3 dimethyl
cyclopropane
dicarboxylic acid
anhydride

3.5 dichloro acetic
aniline anhydride
1 |
f I
o==\\ /c=m
N
Cl Cl

procymidone
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QUINOLINES

The most common route to synthesis of the guinoline ring (such as

for instance in imazaquin) is by cyclisation of ortho amino

cinnamaldehyde
c
Se— R §§——R1
I 1 5
- c— R RZ
N2 Vi 2 N
o

Other routes are by condensation of an aniline with acetone; or
with acrolein or glycerol in presense of a dehydrating agent

followed by oxidation

NS N /T
34 — Ol D¢
\S /?_ Cw 1
c z
. c
] Cc~ i
> !
No_&o !} —c—



Heterocyclic Nitrogen Compounds

/
\
Q=0
!
;o\
(o} 2 —
\ /
0O—0
TARAY
Z
0-—‘0/
/N N

C/
il i I
[¢] o OH
HZSO4
N I
XN N.
e~ (o) \c(
é «— |
—_ G-
7 o7
L |
i
N< N B
OH cg cg
AN —_—> I _ ]
.-c':— OH c\—OH - c—O0OH
OE c—0OH \c/ /c\
<\ PEN
V4l
HZSO4
!
N N
NS
\<|:— (o) \<13<
e 77
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Finally

less common routes are by reaction between an aniline and

diethyl ethoxy methylene malonate followed by cyclisation

\/ o~ R
N | ]
o\ ﬁ— ‘¢p N\\ o
@ R N N @r |/
/ \ —C
RO OR s
/C\\ OR
RO [e]
N
AN 49
C
Z AN
OH OR

or by condensation between an aniline and chloro propionyl chloride

followed by cyclisation

N N
//’.\c=o =0
Cl ¢
\_/



Heterocyclic Nitrogen Compounds

Cloquintocet

Uses: herbicide safener, in combination with clodinafop
Trade names: (Ciba)
Type: quinoline
OH OH N
N i | | stoa
O S S A A O
1 OH OH OH &
2 amino glicerine
4 chloro +
phenol
/o
i
Cl——c——c<
l OH
Y
N gt L e
- | A R p
° —c- OH
N ! i N
pororr o
— —?—ﬁ-T—c—T—ﬁ-—OH +
Cc1 cl
1 methyl hexyl
alcohol

cloquintocet

5 chloro
8 hydroxy
quinoline

chloro
acetic acid

585
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Uses: fungicide

Trade names: Stop-Scald (Monsanto)
Type: quinoline
Synthesis:
Cl
+ —-%—-%—-o——Na —_—>
NOZ
p-nitrochloro sodium
benzene ethoxide
[
0— c— C—
[
| |
— Sase
i °
i
=N
£ 2e- acetone

ethoxyquin

Ethoxyquin

NO
2

A

p-phenitidine
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8-Hydroxyquinoline Sulfate

Uses: fungicide, ornamentals, benches, equipment
Trade names: Chinosol (Hoechst), Cryptonol (Ciba)

Type: quinoline

Synthesis:
OH OH
N | | HZSOA N\\ 8 @ydrqu
+ - é__ C—C— —_— quinoline
Lo
OH OH OH
o.amino glycerol
phenol .
HZSOA
CH
P HZSOQ
2

8 hydroxyquinoline sulfate

alternate route :

H
OH N

acrolein
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Oxine~-Copper

Uses: fungicide, cereals, sugar beet, sunflowers
Trade names: Quinolate (Ciba)

Type: quinoline, copper organic

Synthesis:
OH
N.
O + Cuso, R
8 hydroxy copper
quinoline sulfate

oxine-copper



Heterocyclic Nitrogen Compounds

Oxolinic Acid

Uses: bactericide, rice
Trade names: Starner (Sumitomo)

Type: quinoline

Synthesis:
o o
OH AN A
+ Ze=o —_— //c“ * HN03 — 0 //C\‘
OH o 2N [
catechol formaldehyde methylene
dioxybenzene +
i
o—dmd—
—_——C— [
o] \\/O ? ¢ I
\\C— c o o e~ o °
A d N e— I 7 + el
c—C—0 / ~ C——C—C —~ J/ ~
N No i1/ A - o
—C~—C—0 c—C—

diethyl ethoxy
methylene malonate

° OH

\\c-—/ RN
1oy ! e
—Cc—Cc—0

[ N o
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+

NaOH

—

Pl ethyl
T 1 iodide

oxolinic acid



Pyroquilon

Uses: fungicide, rice

Trade names: Fongoren, Fongorene (Ciba)

Heterocyclic Nitrogen Compounds

Type: quinoline , pyrrole
Synthesis:
\/
/N
Cl—c- c¢=0
'
¥ o ¥
1 4/
+ Cl— I— <|:— c —_—
Cl
p chloro
indoline .
propionyl
chloride
A1C13

l/\ro

pyroquilon
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Uses: herbicide, rice
Trade names: Facet (Basf)

Type: quinoline

Synthesis:

7 chloro 8 methyl

Quinclorac

C1
~C-

“ — Q0.

quinoline .
- hydroxylamine
—N-—0H . HC1 hydrochloride

[« OH N

e’ i

N
C1 N cl
O — H,S0 + O
2774
Cl c1l

quinclorac



Heterocyclic Nitrogen Compounds

Quinmerac

Uses: herbicide, cereals, sugar beet
Trade names: Fiesta (Basf)

Type: quinoline

Synthesis:
Br
| I
-C— -C—-
N o o N
€1 iy oy Cl
O, + gl — O
C— _?_
' N
I
Br
7 chloro 3.8 dimethyl bromo
quinoline succinimide
H2804
HC1
) OH
N/
[
N

quinmerac

593



594 Pesticides Synthesis Handbook

QUINAZOLINES
QUINOXALINES

The gquinoxaline ring is produced by the reaction between ortho-
phenylene diamine and glyoxal

Zz =2
ANEVAN
+
o] o}
o
—_——Q—

2
\b—ny
[

Hydroxy quinoline is obtained by the reaction between o.phenylene
diamine and dichlorc acetic acid

- o N.
N OH
~ Qb/’ Ne— on
+ — |
C—
NZ Ck\c_ N?
Cl

Hydroxy quinazoline is synthesized by reaction between anthranilic
acid and formamide

N o N
o + - —_ !
7 ] Yy
C\ C/
OH N |
OH
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2 Hydroxy quinoxaline 1is obtained by many different routes
(see propaquizafop) all of which start from ortho nitro

aniline.
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Fenazaquin

Uses: acaricide, nuts, fruit, cotton, grapes, citrus, ornamentals

Trade names: Magister (Dow Elanco)

Type: quinazoline

Synthesis:

ory -

OH

4 hydroxy
quinazoline

4°
-c formamide

2 anthranilic
acid

Cl

N

triphenyl
phosphite

N

ﬁ

N
72
C1
+
OH
|
-C—-
|
-
]
| |
—C—c—C—
by
—c~
I
D
N
2
o
|
_c—
|
—c—
|
I 1y
—C—C=C—
bl
—c—

fenazaquin

4(t.butyl)
benzene
ethanol



Uses:

Trade names:

Heterocyclic Nitrogen Compounds

Propaquizafop

herbicide, cotton, peanuts, potatoes, soyabeans, sugar beet, vegetables

Agil, Shogun (Ciba)

Type: quinoxaline
Synthesis:
—~C=— = C— + HC1 .>N-—OH _ — C—C—C— acetone
toy ol ! ! oxime
o N~—OH
hydroxylamine
acetone hydrochloride +
] |
— Q——C— ethylene
\ ./ oxide
o
] { 1
—_— G C— o -— C—C—C—
(] i 1o // [ |
N L — -C—=Cc—C + N
l | \ |
o OH o
i |
-C- -Ce
! !
1 c{\ o lactic acid &
o———-c-?—-?—- (calcium lactate) H
OH
+
1
~C— X
¢ 2.6 dichloro
toluene (:) quinoxaline
sulfonic acid Cl N
o=?=o l
CH
OH
hydroquinone
—de—t—
[ OH
N
|
o
|
—_C -
|
-c- 0
b\ i N
o c—C—C—
o
|
O==S=x O Cl N

-G
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o
4
\
OH

|
~c—c—c¢
o
o
|
—e-
|

HC1

thionyl
chloride

N
|
o
-l—
i
—c-

o

N\
0O——C—Cc—C~—

Cl
j —_— propaquizafop

0

10

2.6 dichloro
quinoxaline




Heterocyclic Nitrogen Compounds

1
— e G G —

: [ |
N
]
o
|
-C~
|
-c- o
N
o ¢— c—C—
[
o
propaquizafop
I
o
7
|
Cl
alternate route: 4o
o
/ L7
—¢—c—c¢ + —_—> —e—¢—¢
LNy ] b
OH o=—c~c— © o= C—c—
[ | [
°=|S=° 0=S=0
OH
-C—-
1
+
OH
monoethyl
ether of
hydroquinone
o
1
—c—C—
[
o
V4 1 dimethyl
—c\ /‘1:_ formamide
N
N\

599
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alternate route :

O ——-—c—o—clz—‘— <l:
| it } T |
o [
o=S8= o0 O—C=—C Qe C—C —
(I 1
CH l o
|
—C— C~ —C— —Cc—C—
. ] ot
o o
4 hydroxy
acetophenone
peracetic
acid
| | f
-c- —-C~ —-c—
| | | | P
O0=—C=e—rC~—0— C— C~— 0— Nx= ¢ O=~C=——C—O0—C~—C~—
| il | l | 1] [
o —oe o
|
&~ --<|:—c—?— +
I
OH N OH
o
—-C -
-Ce



Heterocyclic Nitrogen Compounds

Synthesis of 2.6 dichloroquinoxaline

i)
c NO, | c1 NO,
+ -<':—c c— _—
NC ' l N—c—&—c—é—
Om— C=0 R
[e]
4 chloro 6 nitro diketene
aniline
NaOH
H
2
HNO3
+
\/
N
N.
c1 @
OH
N
Cl
4 chloro aniline
Nal
)
ii)
o
c1 No, Vi c1 No,
+ Cl—- %— c —_—
Ny \01 N—C— %— ci

601
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iii)

methyl dimethoxy
acetate

00—

iv)

NO [
c 2 y
Q. - ¢
N cl

acryloyl
chloride

c1 N H,
‘_—

c1 2
_

NO

Ne—C = mmuC ==
|
]

NO

Neme Qe C e
[T

[
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c1 N N
cl
O + soct, _— O
— OH c1
N N
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Quinalphos

Uses: insecticide, cotton, fruit trees, ground nuts, vegetables

Trade names:

Bayrusil (Bayer), Ekalux (Sandoz)

Type: quinoxaline, phosphoro thioate

Synthesis:

o.phenylene
diamine

Cl N
| A?o th-—OH
Cl——?——c\ > L_
OH NZ 2 hydroxy
quinoxaline
dichloro

acetic acid

P DEPCT

S oit
N W,
%c—o—P

SR S i
_c= —_——C—
N/ [

quinalphos



Heterocyclic Nitrogen Compounds

TETRAZINES

The tetrazine ring is synthesized by the following reaction:

’;1 T1
c—C1l c
7 7 N\
N >N N/ N—
| v — |
N -N N N
\‘c——Cl \‘c’,
| hydrazine |
R, Ry
+

followed by reduction NaNO2
R
1
[
c
Z N\
N/ N
N\ N
N
|
R

605
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Clofentezine

Uses: acaricide, citrus, cotton, fruit, nuts, ornamentals
Trade names: Apollo (Schering)

Type: tetrazine

Synthesis:
o Cl
N/
cl €
cl
+ >N—NZ, H,0 —_—> lc—bll—bli—ﬁ—
IS
2 chloro hydrazine
benzoyl chloride hydrate +
phosphorous
PCIS pentachloride

cl y N—N Cl cl Y
@c< \\c—@ ¢——— N—N + @_?=N—N= c':—
?———?// Cl Cl

hydrazine

NaNO sodium
2 nitrite

clofentezine



Heterocyclic Nitrogen Compounds

THIADIAZINES
THIADIAZINONES

Thiadiazine thione is obtained by the following reaction:

Cs + 2 >N—R + 2 Xc=o0 —_— ‘ ‘

Thiadiazines and thiadiazinones are synthesized by cyclisation of

2 P2 P
N N N
N / /7
R.— c{ S Rl— c—- \S—Cl Rl— c— \S
| l °or | \ — | |
RZ— c—- —N—R4 R2— C{ /N—R4 Rz— ci /N—R4
_ c c
h: OH AN Il
o o)

Also by the reaction:

2
R |
c1 -~ 2 /N\
o= cC \c— N— R2 o= cC c= N— Rz
A - l I
R,—N s R,—N S
1 1
c—Cl \c/
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Bentazone
Uses: herbicide, soyabeans, corn, rice, cereals, peanuts
Manufacturers: Basf (Basagran)
Type: benzothiadiazinone
Synthesis:
1] vt
-c-c-c~
[
N
0=S=0
Y 1
N -N
L0 o )
-c’ [ | " C\
“oH +  -g-c-N-S-Cl s OH
-c- ©
¥
anthranilic acid isopropyl
sulfamoyl chloride +
N omc”Cl
Ml
PCl5 phosgene
bl % /Cl
-C-C=C~ + ,S\ —
i Ilq 1 o/ OH
AN
o
isopropyl chloro i _i
amine sulfonic acid C\N-é
o 1 1
35 7§
N

bentazone
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Heterocyclic Nitrogen Compounds

alternate routes for isopropyl sulfamoyl chloride

.Cl
*e1

o=C

1
i

i
-c-¢-c-

1
!

i

PCl5

N~
[}

0=S=0
OH

]

!
-c-c-c-

i

1!
-c=c-c~

ii)

i

i

]

1

/\

i

H

H2804/303
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alternate route:

,/O

c
“OH
NZ

iv)

anthranilic
acid

POCl

methyl

Pesticides Synthesis Handbook

picoline

v CL
o] C\

Ccl

phosgene

\N
N7 Yo
i

isatoic anhydride

+
_é_é_é_ isopropil
D] amine
N
/\
©f
c-
\\N C o
I ¥ =C-
o=?=o + CiN=¢-
F
OH N TET
o
i
\N_l_
O Ik
N/§¢01

bentazone



Uses:
Trade names:
Type: thiadiazinone

Synthesis:

t
Cl —
N/
N

N-chloro
methyl
aniline

Heterocyclic Nitrogen Compounds

Buprofezin

insecticide, growth regulator, citrus, rice, potatoes, cotton, vegetables

Applaud (ICI)

o
1 ol
/C Cl— }:—N—c— C1
o=_¢ —_ b
\Cl
phosgene

+
|
—c-
b
N—c—c—
| !
/ -c- N-ditert butyl
S=¢ I :
(l:_ N-isopropyl
\ /1 thiourea
N—c—
{ \\1
o—
|
o
e -t
7N
-~ N N—c¢—c—
i i
|-
~c c | c—
NN
S c
]
o=

buprofezin
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Uses:  fumigant

Dazomet

Trade names: Salvo (ICI), Mylone (Rhone Poulenc), Basamid (Basf)

Type: thiadiazine

Synthesis:
cs + SN—i-
2 -1
carbon me thyl
disulfide amine

>Se=o0

formaldehyde

dazomet



Heterocyclic Nitrogen Compounds

THIADIAZOLES
THIADIAZOLONES

Several alternative routes may be used

i) reaction between an acetamidine and dichloro methane sulfenyl
chloride (1.3.5 thiadiazole)

Cl—-S\
c— R S
é + / \ 2 N/ \E—-R
R1—-c—-N< R,— ¢c——N

ii) phosgenation of the ester of thiocarbazic acid (1.3.4 thiadiazolone)

-C-

SN—NZ

—_

cL c1
\ /

—_C—

—0

613
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iii) cyclisation of a carbonyl hydrazide in presence of phosphorous
pentasulfide (1.3.4 thiadiazole)

R
it R
— Ne—-Cc==0 —N=cC
|
+ sts _—_ ,
— N—c==0 —N=cC
f {
R, Ry

iv) cyclisation of an amino thionyl hydrazide in presence
of a dehydrating agent (1.3.4 thiadiazole)

?1 ?1
— Ne—Cc=0 HZSO4 N==c\
s ? l S
=
— N——C = N=C/
i }
1,

the thionyl hydrazide may be obtained by reaction between a

thiosemicarbazide and an acyl chloride or an anhydride

— N—NZ C1 —~ N—— N—
AN ’ |
+ c— R c-—R
c\ 6? 1 c\ g 1
N/\s N/\S
/\ /\
R R

2 2



Heterocyclic Nitrogen Compounds

1.2.5 thiadiazole is obtained by reaction between cyanogen or

cyano formamide and disulfur chloride

NC—CN /5
N N
or + 82012 _— “ “
Ccl Cl
P
NC— c/
NNz

2 amino 1.3.4 thiadiazole is synthesized from thio semi carbazide

and an acyl chloride

—~N—NZ Cl N— riz N N
- + >c —R —_— - ' l —R — ”
/N—C\\ o/ /N_C\\ e} N—C

615
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Uses: fungicide,

Trade names:

Etridiazole

cotton, fruit, groundnuts, ornamentals, turf, vegetables

Terrazole (Uniroyal)

Type: thiadiazole
Synthesis:
Cl
[ — trichloro aceto
- (':— c=N + C].2 —_— Cl— (i.—- c=N nitrile
Cl
acetonitrile
+
HC1l
+
NHy
S
Cl \\N cl cl
' c1 |
| €¢—— Cle-c—=5-Cl + Cl—c—c==N—, HC1
N ?—Cl
Cl Cl N
Cl I
. trichloro methane trichloro acetamidine
sulfenyl chloride hydrochloride
——'-—é——o—Na sodium
T ] ethoxide

etridiazole
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Methidathion

Uses: insecticide
Trade names: Supracide, Ultracide (Ciba)

Type: thiadiazolone, phosphoro dithioate

Synthesis:
sg thiocarbamic
1 acid methyl
—c—OH + S=c= s + >N=NC —_ >N— N= c< ester
o &
{
carbon .
methanol disulfide hydrazine .
Cl
o=_c phosgene
31
S S
AN 1 / \ ‘l_
o= ¢—0—C— o= c—o0—C—
} /0 !
I " &e—— S0Cl , * - c + l "
Cl—-c::—N N N N
I
thionyl formaldehyde
chloride
+
t‘: o S
PN &
/P N DMPA
—&::—o SH
KOH
S

o s o c/ AN |
—~C~ = c—o0—c—

! \P/ I " ]

i/ N\
—Cc—0 S,—é— N N

f t

methidathion
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Tebuthiuron

Uses: herbicide, pastures, sugarcane
Trade names: Spike, Perflan (Dow Elanco)

Type: thiadiazole

Synthesis:
|
_T_ //o —(':- //o
—(}— cl— c\ + >=N—NT _— —(;:— v':— c\
G- Yo—ié— -c- N—NZT
I ] 1 I
methyl 2.2 dimethyl hydrazine +
propionate
N/
/ methyl
S=c thiourea
N, |
N—cCc—
[
A,
N——N | 4
] | 7
-Cc— ” “ — H,S0 + —c—c—¢
1| | 4 ! AN i
—C— C——c c—N—c— -c- N— N—c— N—c—
Pl N/ v i [T
~-c- S
} S
+
- '— N= ca= 0 xixethyl
T isocyanate
| N N
-c- o
;| ” " I 1
—Cc—C—¢ c—N—c—N—c—
N [
-c- S —-c-

I !

tebuthiuron



alternate route:

-c- o
4
~—C~—C——C
N\
-Cc- o—C—

methyl 2.2 dimethyl

propionate
| N——N
S
—Cc—Cc—c¢C ~N——c—N—
N7 11
-C - S -

tebuthiuron

>N-—NZ

hydrazine

PS

K_S

Heterocyclic Nitrogen Compounds

S

|
-—?-N==c==o

+

| 7
—C—C—C
T N
—Cc- N—NZT
] [
+

methyl

]
—Cc~N=c¢c=o .
isocyanate

-C- o
R4
—-c—-c——c\\

—é— N— N—c— N—c—

[
o
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Thiazafluron
Uses:  herbicide
Trade names: Erbotan (Ciba)
Type: thiadiazole, urea
Synthesis:
1
Ne— &
Al -
Sa=c\ + —N—NI _—
NZ
methyl thiourea hydrazine

| P \\\ | poly phosphoric
F— c C— N— ¢~ —
I N\ v 11 acid
— N
+

- é—- N=c= o l?ethyl
1 isocyanate
F S
| /’/’ \\\\
F— ?—c N P C~—N--mC—
F N—N/ I
c= 0
|
N—

it
Sa=c/
N
N—N=
|
+
i 7
F—-?——c”
P\
o
F
L/
F—?—c\
F \\o
F )
| 7
F—f—c
AN
F N——

4 methyl
thiosemi
carbazide

hexafluoro
acetic
anhydride



Heterocyclic Nitrogen Compounds

THIAZOLES
THIAZOLONES

Thiazoles are cyclised by the reaction between ammonium dithio-

carbamate and an ol chloro carbonyl compound

N O=c—R N— c—R
s 1 YV 1
NH,—S—c + —_— HS— C Il
A\ Cl—c—R \
S— 2 S—c—R
| 2
+
The mercapto group is then H202
removed by oxidation
N— c~ R
7
S—-c—-R2

Thus for instance if R1==R2==H thiazole is obtained.

1f R2==H ’ R1 = COOH , there results thiazole 4 carboxylic acid.

If thio acetamide is used a 2 methyl thiazole is obtained

| /N< O= C— R1 | //N-— C— R1
-7 c%s : Cl—c— R - TN “
1 2 S— Cm— R2
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Amino benzothiazole is made by cyclisation of 2 chlorophenyl thiourea

cl RN
s —_ Il ’
< N
N— S —N

{see benzthiazuron)

Thiazolones are obtained by cyclisation of the appropriate thiocyanates,
disulfides or B-thioketo amides :

CN
$
SN
R1—-c N—-R3
I l
Rz-c c=0
R S S R‘ s
>c” N<R2 \c< R 3 s0,c1, R,— ¢ Dy R,
| I | 22, [
—-—C Cc=0 RZ—'? c=0 R2—-c C=0
25
R1—-T I—-R3
Rz— C C=0

An alternate route is by reaction between chloro carbonyl sulfenyl
chloride and an amine with a double bond on the ®< carbon

Cl S
\ /N
Rz—-c—- S R2-c c=0
. o — I
— /s R,— Co— N
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Flurazole

Uses: herbicide, safener
Trade names: Screen (Monsanto)

Type: thiazole

Synthesis:
/o F f‘ //o
-~ cl'.—c—c—-c/ + F— <|:-—c= N —_ F—Cc—Ca= ‘I: —c
L [ A N ] b \ 1
o o— L‘:— c— F F N c¢=o0 o—C—C—
AN [
—c—
ethyl aceto acetate trifluocro |
aceto nitrile +
NHAOH
o\ S F //o
\c—c c=0 Cl-¢c—S—Cl + F—<::— CmmC—— C
1]/ " l Il |1 N
—C—C—0 o F N o—C—C—
(I c N— I\ I
F—tI:—F chloro carbonyl
] sulfenyl chloride
F
+
phosphorus
P0C13 oxychloride
S o S
\
>\c—c/ \c— cl /\c—c/ \c—Cl
—é—é—o " “ + NaOH 4 ” ”
I 1 c N c
F—c—F F—?—F
|
F F
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o\ S

)p-—c// c—Cl

o | *
c N
|

F—c~F

|
F

alternate route:

{ Z°
F—-c——-c—-é—-c”
AN
° e

4 trifluoro
ethyl aceto acetate

[o] o]
Ao SN e— HC1 + —é—§—o_g—c
1 ‘ l NaNoO, I ” I
N T N

|

F—c-F

SOCl2

thionyl
chloride

+

o
\ S
\c —C1
/
— Cl
N
+
OH
-C-
o
i Qh S -—C1
—C—0”
' |
N
flurazole
F [}
f z
SOZCI2 —_— F—- Ce——Cc——c— ¢
Lo N
F o Cl o—C—C—
b
sulfuryl
chloride +
/ 8= .
S=c¢ thiourea
N .
N

2 N

c— NI

F—c-—F



Heterocyclic Nitrogen Compounds

Metsulfovax

Uses: fungicide, cereals, cotton, potatoes, ornamentals
Trade names: Provax (Uniroyal)
Type: thiazole, amide

c—c':—c—f;:—

Synthesis: \/
y \ \N/g ] !a'
-— (‘:= (I:——?— + —_ t
aceto
o— &m0 acetanilide
diketene aniline
or
+
o
Y

bt

bl oy

o
. o Cl
aceto acetic N/ sulfuryl
acid //S\ chloride
o Ccl

| _—
- cl:—c=N + HZS 1
acetonitrile e—decmn A

Y RN
o S o Cl o

I thioacetamide
+
NHAOH
I
N—=¢c
Co=
“ i
-4 N
f

metsulfovax
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Octhilinone

Uses: fungicide, fruit trees, citrus
Trade names: Pancil-T (Rohm & Haas)

Type: thiazolone

Synthesis:
o] o]
Nemdodogosd i # +  S0,CL
N~ 0 I 272
Ve ~N
CHy(CHy) (CH,) ,CH, sul furyl
chloride

dithio-N-n.dioctyl propionamide

e
g

2)7CH3

c=0

octhilinone

alternate routes:

i)

0
NEEc-—S-—c==c-—67
N\

N

e
~N
(CH2)7CH3

octyl acrylamide thiocyanate

(ii)

i
Ssc——?—ﬁ—l?—(CHZ) 7CH3 + 012
o

Bthial-N-octyl propionamide



Heterocyclic Nitrogen Compounds

Thiazopyr

Uses: herbicide, cotton, alfafa, peanuts, soyabeans, sugarcane,vine,
citrus, forestry

Trade names: Visor (Monsanto)

Type: thiazole, pyridine
(I: |
Synthesis: | ? T
—-C-
| ? S
1“‘ /7 _T- //0 —é—o—>\c c//—o-—c—
F-—c-ﬁ——l—-i + ——é——T——l-—c\ e
}
F o o—c‘:— | F3c cF3
! HO OH
methyltrifluoroaceto isovaleraldehyde
acetate +
NH,
I | [
-C—C—C— —C—C—C— —C—C—C—
Fyod [ ] ol
o —-c- [ o -C- o \ -C- |
\ V4 1 N\ / —C~—0—C c—o—C—
~C—0=C C-——0-—C— -Cc—o0—C c—0— l - H?_SO4 ]
| ; PR
Fye” g7 “cF Fye” Ny NeF, F3e N\ F3
HO OH
1.8 diazo bicyelo *
5 undecene
DBU
ol
. .
RS é
\ 4 @ DU
—c—olk 610—C— E} c<
O | . KOH : HO O OH
|
Fae” w7 TeF F,d N \%—F
F F
+
SOCl2 thionyl
chloride
i
Sy e
[ - R
-c- //o N —c—
AN\ 7
e c—o—é- | P Py
cl” O | _ <‘:—OH . Cl O Cl
F.cC N —F F.¢ N —F

) !
c

3 ] methanol 3 T
F F
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|
—C—C
i
o -c-
> /
>C C—0—C~—
¢l (:) + HO—C—%—-N::
|
Fjc N Z_F
2 hydroxy
ethylamine

thiazopyr

—C—C—C—
o ! i | /o
D Lol
HO—C—c—N
— 1O
|
F3c ?——F
F
+
P.S phosphorous
25 pentasulfide
tolo
—~C—C—~C~—

NS 7

1 /p C—0=—C—
HO —Cc—~c—N I
O
i
F3C ?-—F
F



Thifluzamide

Uses: fungicide, rice, cereals, turf

Trade names: (Monsanto)

Heterocyclic Nitrogen Compounds

Type: thiazole, amide
Synthesis:
f o /S T /o
F——c——-c——-é——c4¢ + ——é——c —_— F—geC —= c—-c/
o T N N L] Nl
0~ C— C— NZ 0—C—C~
F [+ Cl ‘ l F N S ‘ I
N
|
ethyl 4.4.4 trifluoro-2chloro thioacetamide -c-
aceto acetate I
+
NaOH
F F
o o
! / | Y
F—c——c c~—c e SOCl2 + F—c~c c—c
B L
F 1 ¥ ol
N S N S
Q\b// thionyl §§c//
1 chloride |
-C— -C-
! ]
+
\/ \N/
N
Br Br 4 trifluoro
e Br + methoxy
aniline
o o
| |
F—c—F F—c—F
| l
F F
F
o
F~—L——-c e— ¢ Br F
L
F -~ 0—C—~F
N s ! |
Q§c// Br F
e

thifluzamide
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THIAZOLIDINES

Several routes may be used to obtain a thiazolidine ring:

i) «cyclisation of a compound of the type

R2 R1 R2

| [

R,~C~C—N—c=0 —_— — C=—C*~
Yoo f N—

SH Cl /

S—c

I

o

The starting intermediate being obtained by phosgenation

of a mercapto amine.

ii) reaction between a thio urea and a dihalogen aliphatic compound

—_ R, ~N=c
N



Heterocyclic Nitrogen Compounds

Flubenzimine

Uses: acaricide, fungicide, fruit, citrus, tea, coffee, tomatoes,

cucumbers
Trade names: Cropotex (Bayer)

Type: thiazolidine

Synthesis:

Vd

/N© N/
S=c¢ + F Cmmm C F —
\ | 7 N

" F—c=—N N~c—F

N ] I

F
N,N' diphenyl perfluoro 2.5
thiourea diazahexa 2.4
diene
v

N
]

2 N

F—c—N N— (l:— F

flubenzimine
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.
Hexythiazox
Uses: acaricide, citrus, cotton, tea, vegetables, grapes
Trade names: Nissorun (Nippon Soda)
Type: thiazolidine, amide
. |
Synthesis: —C—
I
_%_ —c———?——?-=o
1
HS—c—c—= N —c— SH Cl
! cl
/
+ o=c\ _—>
Ccl
C1 Cl
1 methyl 2 mercapto phosgene

2 p-chloro phenyl
ethyl amine

Cl Cl

hexythiazox cyclohexyl
isocyanate



alternate route :

ethyl, p.chloro phenyl
ketone

C—— Co——C—

Lol

OH -N

c=S

-C=

HC1

(1)

butyl nitrosate

Heterocyclic Nitrogen Compounds

HC1

B
Pd
Br
-C=-
— @ +  Cs, + c1@—%—-—%— <::—
OH N
n
benzoyl carbon
bromide disulfide
|
=
+ NaOH — < . Jeo

633



634 Pesticides Synthesis Handbook

alternate route : (ii)

Cl

o N
A A
O=S==0 +
I
OH Smc==§



alternate route :

©

|
C——C-—C~—

o

N
n

(iii)

Heterocyclic Nitrogen Compounds

potassium

c
@/ N phthalimide
N—K
~./

o=C C=0
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TRIAZINES

(from cyanuric chloride)

First the basic ring structure is obtained from CNCl. Then
the chlorine atoms are replaced by different substitutes, by

means of successive reactions:

Ccl R1

R
NN NN N/{N NN
CILO/’Cl - c1ko)c1 - Rsz)Cl——, Rsz/' R3
N N N N

Rq

The most common substitutes are
- amine groups (reactions with amines)
- methoxy groups (reactions with sodium methoxide)

- mercaptans (reactions with mercaptans)

Usually R1 = Cl , o—cl:— ’ S_?_
R2 = I;I— R4

The most common amines are isopropyl amine and ethyl amine.
Methyl substituted triazines, such as used in sulfanyl ureas are

synthesized by another route.



ametryn

anilazine

atrazine

aziprotryne

cyanazine

Heterocyclic Nitrogen Compounds

|
—C

1 P R
— N—C—C—C—
i ! P I i | !
— ’

a a1 1?_@

— -
l P
Cl N— Cc— N—c¢c—c—
} P
—— -
|
!
—_—C—
N s i I
—-—C— N—c—
3 1 Lo
—c—
|
|
— e
| P
Cl N—c—c=N N—Cc— c—

-—C—

637



cyprazine

cypromazine

desmetryn

dimethametrin

dipropetryn

procyazine

prometon

638  Pesticides Synthesis Handbook

Cl

Cl

Cl

N—cCc~—

—_—

—_C—

N—c—

—_C—

—-—C—

N—c—c=N

—_—C —

— C—

N—Cc—

_—C—

_—C—

N— c—

—_—C—



prometryn

propazine

simazine

simetryn

terbutryn

terbuthylazine

trietazine

Cl

Cl

Cl

Cl

Heterocyclic Nitrogen Compounds

—C—

Ne—Cc—

— —

—_C—

N Cc— Cc—

—_—C—

3
!
-_—C—
|
N—Cc—
oy
_c—
|
|
—_— C
|
N—c—
b
-_——
|
N—G—de
[
N—d—d—
[
b
N—Cc—c—
i ! l
| |
N—Cc—c—
|
Iy
C— C—
VAR
N
AN
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Ametryn

Uses: herbicide, bananas, citrus, cocoa, coffee, maize, sugarcane, tea,
potatoes, pineapples

Trade names: Gesapax, Evik (Ciba)
Type: triazine
Synthesis:
i
-C-
1
Cl S

AN
..(':.. N/\N ' —?— N O N
Ol - b — y
—c-N—k )-N-:':-c- + NaS-c -c-lli—k )—!l‘l—c—(';_
T N R 1 N I
—- -e-
!

sodium methyl

mercaptide

atrazine ametryn



Anilazine

Uses: fungicide, tobacco

Trade names:

Type: triazine

Synthesis:

Cl N

PN

ol

Cl

ortho chloro
aniline

cyanuric
chloride

Dyrene, Direz, Kemate (Bayer)

Heterocyclic Nitrogen Compounds

Cl

N//*\\N Cl
S <O

anilazine
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Atrazine
Uses: herbicide, forestry, grasslands, maize, flowers, sorghum, sugarcane
Trade names: Gesaprim (Ciba)
Type: triazine
Synthesis:
Cl CL
N> . 8N
OJ, + i — 10!,
cl c1 hi cl N-c-c-
N N [
ethylamine
cyanuric
chloride
+
' .
—é-c—é 1sopFopy1
Foyl amine
N
/\
C1
| N’//\\‘N
1O
! il
-c~N N-c-c~-
i N [

atrazine



Heterocyclic Nitrogen Compounds 643

Aziprotryne

Uses: herbicide, onions, vegetables
Trade names: Mesoranil (Ciba)

Type: triazine

Synthesis:

!

—_—C -

RN
©Lo e — O

—_—C

cyanuric isopropyl
chloride amine .

] sodium
—c—5SNa methyl
mercaptide

N c1

N N —c—
{
LOLE = w0
’ N b_d N

—C—

aziprotryne sodium azide
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Cyanazine

Uses: herbicide, maize, barley, wheat, cotton, forestry, potatoes,
soyabeans, sugarcane

Trade names: Bladex, Fortrol (Shell)

Type: triazine
Synthesis:
Cl o
VN P
N N . . .
kO) ' =g — ko) o
- N-c~c-
“ N “ c1 N oot
éﬁfﬁ::;: ethyl amine
+
\Y)
l ?Hl . ? , amino iso-
T * NH3 — -c-¢-c- butyro
e bt nitrile
i c
il <
i N
acetone
cyanohydrin
HCN hydrogen o
cyanide P
] N N
—c—
* "L O
NEc-c-N—L\ - N~c-c-
[ N [
—c—
1
| 1
-c-c~C—
ol
o
cyanazine
acetone

alternate route:

reaction first with amino

isobutyro nitrile and then

with ethylamine



Heterocyclic Nitrogen Compounds 645

Cyprazine

Uses: herbicide, maize

Trade names: Outfox (Gulf 0il)

Type: triazine

Synthesis:
Cl Cl
/\ N/\N '

N N Vol (:> —c—
(:) + ~-c-¢-c— > ;
K [N k )-N—C—

C1 c1 N Ny
N /\ —Cc-
!
cyanuric isopropyl .
chloride amine
1
S
=N-c |
[o2N
i
cyclopropyl
amine
Cl
VAN
N N '
O
1
-N -k )-N—c—
| N o

cyprazine
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Cyromazine

Uses: insecticide, growth regulator, sheep, chicken, ornamentals, vegetables
Trade names: Vetrazine, Trigard, Larvadex, Neoprex (Ciba)
Type: triazine

Synthesis:

Cl Cl

AN AN
c:LCN)/Tm * >N_<] - CIY\CND /T—'rf

cyanuric cyclopropyl
chloride amine
+
NHI‘OH
\ Cl

\z/
|
Q)

/N\N
= N-NkCN) /l_:'q_q — N

cyromazine



Uses: herbicide

Trade names: Semeron (Ciba)

Type: triazine

Synthesis:

fl
N,

[

CL—c\\ ‘47c—-01

cyanuric
chloride

desmetryn

Desmetryn

——
—)—

1
—-c

I

N

/

isopropyl
amine

methyl
mercaptan

Heterocyclic Nitrogen Compounds

- R

Cl-—c§§ //c—-Cl

| methyl

—
N—C~ .
- amine

|
——
i
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Dimethametryn
Uses: herbicide, rice
Trade names: Dimepax (Ciba)
Type: triazine
Synthesis:
Cl 1 Cl
/\ —c- /\ i
N N - 1 N —-c-
@) v S O}N il
c1 1 - c1 Pl
N I N -c-
I
cyanuric 1.2 dimethyl
chloride propyl amine
+
_ é_ SH methyl
I mercaptan

ethyl
dimethametryn amine



Dipropetryn

Uses: herbicide, cotton, water melons

Trade names:
Type: triazine

Synthesis:

Ccl
) PN I

- N N -c-
gan=as

propazine

alternate route:

Cl

AN

{ |

N (o)
YA

-Cc— —-C=-

I 1

propazine

dipropetryn —

Sancap, Cotofor (Ciba)

NaS-A—-é-—
[

sodium
ethyl
mercaptide

S=-c// —_—

N
N

thiourea

~ddo

T \S//°
TN
—(':—(':—O (o]

diethyl
sulfate

Heterocyclic Nitrogen Compounds

S—¢—¢—

ANy L
- 701
O

| |

dipropetryn

} |
- - -l
R (0) M

NN

-C- -~
1 ]

NaOH

SH

o A o
1 LO), L
it b

-C- —C—-
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Eglinazine

Uses:  herbicide, cereals
Trade names: MG-06 (Nitrokemia)
Type: triazine
Synthesis:

cl Cl

/\N RN

O o omeeded — ol
c1 c1 ! c1 N—c—c—

N N P
cyanuric ethyl .
chloride amine

o
/
=N-— cl:— c/ glycine
I\
OH
cl
RN

eglinazine



Heterocyclic Nitrogen Compounds

Methoprotryne

Uses: herbicide, cereals

Trade names: Gesaran (Ciba)

Type: triazine

Synthesis:
Cl

RN
01Y\O)c1

N

cyanuric
chloride

Cl
O /\
=N—c—c— _— (:) 1
| 1 — N—c¢c—c—
—e- €1 byt
| N -c-
|
isopropyl +
amine Lo 3 methoxy
>N~c—c—c—o0—c— n.propyl
P amine
Cl
RN
ot Ol pos
N e
!
+
_ é_ SH methyl
I mercaptan
4=

methoprotryne

651
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alternate route:

Cl SH
P /\
© O -
+ KHS — [ + —c— _
et QL ot HO - -
N ! _l_ I I N I ! methyl
? . - iodide
potassium |
hydrosulfide "?'

~-C~

[

-C—-

methoprotryne



Uses:

Trade names:

Type: triazine
Synthesis:
cl

RN

CIY\S:z/TCI
N

cyanuric

chloride

OR
acetone | ‘ i
cyano- —C—Cm—C—-
hidrin Py

c

[

N
hydr9gen HCN
cyanide

+
acetone ~——C—C——C—

It

o

herbicide

(Ciba)

Heterocyclic Nitrogen Compounds

Procyazine
c1
-¢ AN
e n< SN f\Q J
i . ‘7‘<]
cyclo.propyl .
amine
\/
i
NH —_— ded
3 i l ]
c
]
N
c1
-
N=c—c‘:—N-L<>J—-N—<
A !

procyazine
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Uses: herbicide, maize
Trade names:

Type: triazine

Synthesis:

AN

N

cyanuric
cloride

Proglinazine

(Nitrokemia)

Ccl

isopropyl
amine +

=N—c-c glycine

PN 1
O\ N O N —T—
Nl N—K /’— N—C—t—
/ bt I T
HO

N

proglinazine



Heterocyclic Nitrogen Compounds

Prometon

Uses: herbicide, ground (for asphalt), non crop areas
Trade names: Gesagram, Primatol (Ciba)
Type: triazine

Synthesis:

Cl
T L N/\ 4
_(l:_ O -T_ + Na—o—¢— —_ ] O i
—C—NJ\ )—N—c— | _C_I?— —b]l—cl;—

Pt |

U
e & T Al

| ]

sodium
propazine methoxide prometon
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Prometryn

Uses: herbicide, cotton, vegetables, potatoes, sunflowers
Trade names: Caparol, Gesagard (Ciba)
Type: triazine

Synthesis:

Cl

-4
§
| 1 P

RIS Mo 5 4 —c- ~d-
+ 8= S— C— —_—

Al O Lt . oL 0
LN L _1[_ N <

sodium
methyl

mercaptide prometryn

propazine



Heterocyclic Nitrogen Compounds

Propazine

Uses: herbicide, sorghum
Trade names: Gesamil, Milogard (Ciba)

Type: triazine

Synthesis:

Cl

N |

O + S —_—
c1 c1 by

N N

A

cyanuric isopropyl

chloride amine

-C—

|

—c—N.

|
- -

9,

N

propazine

|
-C-

|
- C—

|
-C-

|
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Uses: herbicide

Trade names:

Type: triazine

Synthesis:
Cl

AN
c1L?Jc1

cyanuric
chloride

Secbumeton

Etazine (Ciba)

ethyl
amine

é sec,butyl
1 amine

secbumeton



Heterocyclic Nitrogen Compounds

Simazine

Uses: herbicide, vegetables, citrus, coffee, cocoa, rubber, ornamentals,
sugarcane, sisal, tea, turf, vineyards

Trade names:

Type: triazine

Synthesis:

//21\
1O,

cyanuric
chloride

Gesatop, Weedex, Aquazine (Ciba)

c1
N\
[
S P —
I —é—é—n—@ J—N—é_%_
1 N

)

ethyl

. simazine
amine

659
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Simetryn

Uses: herbicide, rice
Trade names: Gybon (Nippon, Hokko)

Type: triazine

Synthesis:

Cl

N |
mKOJCl + S %_ [ -

N
cyanuric ethyl
chloride amine

VN |
Na— S— ¢—
2Ol e wesy
| 1 1 N [

sodium
simetryn methyl
mercaptide

+

Cl

PN
KO}N )
Cl N\ y «_(I: 1



Heterocyclic Nitrogen Compounds 661
Terbumeton

Uses: herbicide, citrus, forestry, vineyards
Trade names: Caragard (Ciba)
Type: triazine

Synthesis:
-C—-
|
1 o
)‘\N (l: /\ -é_
T |
L IOL e - e — O T
PN Vg P . Py

—-C- -C-

! !

sodium
terbuthylazine methoxide terbumeton
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Terbuthylazine

Uses: herbicide, sorghum, citrus, maize, vineyards, cereals
Trade names: Gardoprim (Ciba)

Type: triazine

Synthesis:

Cl Cl

N | N

o] - A4 — Of ..
N CL CIN =9
cyanuric ethyl
chloride amine ¥

\/
N
l | ' t.butyl
—C=—C~—C— amine
Iy
_C—

Cl
e /\N
0k
R boTo
—e- N

|

terbuthylazine



Heterocyclic Nitrogen Compounds

Terbutryn

Uses: herbicide, sugarcane, sunflowers, potatoes, waterways, reservoirs,
fishponds

Trade names: Igran, Clarosan, Prebane (Ciba)
Type: triazine

Synthesis:

é //\\N i -C-
R +  Na—S—c— N
2 0L S _%_%_N_@)ﬂq_ L
[ It 1

sodium
terbuthylazine methyl terbutryn
mercaptide

663
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Trietazine

Uses: herbicide, potatoes, vegetables

Trade names:
Type: triazine

Synthesis:

O,

cyanuric
chloride

Bromox, Remtal (Schering)

Cl
VN
—_ i N N
Sl — o)
! c1
[
N
ethyl
amine
+
i i
Cm—C~—
—N/ P diethyl
amine
N i
[
Cl

trietazine



Heterocyclic Nitrogen Compounds

TRIAZINES

(not derived from cyanuric chloride)

(see also sulfonyl ureas for synthesis of amino 1.3.5 triazines)

Each compound is a case in itself, since there are many synthesis
routes:

1.3.5 triazines

i) reaction between an isocyanate and an amino or imino carbonate,

followed by cyclisation

o]
I I I
//c / AN 1 VAN
R,—N R,—N N Na-o-Cc- R, —N N
1 + 3 1 | H i 1 l H
I -C—

—_—— | _ o==cC c—R
[o} N o=—c / TJ
ol N

o==C c—R R3
N/ 2 |
N R
| 3
R3

ii) reaction between an isocyanate and an alkyl pseudo urea (or an
alkyl thio pseudo urea) followed by cyclisation with phosgene

or a chloroformate

c
7/ ~ /N /s
R1— N + N —_ R1 —I;I N + o=c\
I
Cc— 0= R c—0—R cl
~ sy’ l
” 7
o]
|é
RN
R,— N N
T
o=C c—0—R
N
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1.2.4 triazoles

i) reaction of a compound of the type

hydrazine followed by cyclisation

>N—NZ

R1—-c—-N—-
no
o

—_>

//O
=C=—C
: No—t—
R, I
?1
/C=°
TN SN—NZ
| |
N c=0
\C
|
Ry
Il‘1
[od
7 '\
N N—N 7
l |
N C=0
X 7/
C
|
R



iii)

Heterocyclic Nitrogen Compounds

ii) reaction of a compound as in (iii) with PCl5 followed by cyclisation

with hydrazine

"
/c=o i
— N '?"
l <]) + PCl5
N c=0
X 7~
c
|
Ry

an ol keto acid

\/
|
HO
N —
o=c/ \T= °
+
l c— R
—N o//
\N<

+ SN=—NZ

R
;
l
[o]
7 \
N N—NZ
l |
N Cc=0
X7
]
Ry

reaction between a carbohydrazide (or a thiocarbohydrazide) and

N/
N
!
/N
o=cC c=o0
l |
—N c— R
N 7

667
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Azinphosmethyl
Azinphosethyl

Uses: insecticide, acaricide, citrus, cotton, grapes, rice, vegetables

Trade names:

Guthion, Gusathion (Bayer)

Type: benzotriazine, phosphoro dithioate

Synthesis:

benzazimide

~
+ C=0
'

formaldehyde

azinphosmethyl DMPA

azinphosethyl:

reaction with DEPA instead of DMPA

)
i
c
i
N-c-OH
It
N
K%
+
thi
SoCL ionyl

2 chloride



Uses:

Heterocyclic Nitrogen Compounds

Hexazinone

herbicide, sugarcane, pineapple, coniferous

Trade names: Velpar (DuPont)

Type:
Synthesis:

SN—c=N

cyanamide

|
—N=c— N— ¢c—0—C—

11l
-c- o
[

triazine ( not derived from cyanuric chloride )

Cl
7/
+ o=c
N
0— ¢~

methyl
chloroformate

1 \!

dimethyl
amine

cyclohexyl
isocyanate

Na-o-c-—

]
N=c— N—c—0—cC—
P
o

1

N=c— N—c—o0—c—

0 =C

|
—e-
I

N
I

[l !
o

{

c— N—c—

\N/

—Cc-

| 1
—c-
1
hexazinone

dimethyl
sulfate
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alternate route :

hexazinone

S
' N e
i

-~
~

2 methyl thio pseudo urea
(sulfate)

chloroformate

/ methyl
N



Uses:

Trade names:

Type:

Synthesis:

) csN
N/
\C

benzoyl
cyanide

N c=0

metamitron

Heterocyclic Nitrogen Compounds

Metamitron

herbicide , beets

Goltix (Bayer)

triazine ( not derived from cyanuric chloride )

P
c
N
\c/ “OH
H,SO
I
—2-L> + -c-OH
{
phenyl
glyoxilic methanol
acid (or ethanol)
v ~ -
e, + >N-NCUHYO
o-¢-
methyl hydrazine
acetate hydrate
— >KN-N< -H,0 +
- :N-N(.HZO +

o)
4
[ c
N 1
Ne” Mo-c-
1]
— O
+
0
v
B — -Cc—C
Y 4
i
acetyl
hydrazine
o
| %
—-c~c-N-N N c” .
fnr N L
o i
+
L
PC 5
(alternate
route)
) | °
—c-c=N-N /c\ ,
[ N
¢ o-c-
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Metribuzin

Uses: herbicide for tomatoes, potatoes, soya, sugarcane, cereals
Trade names: Sencorex, Sencoral, Sencor (Bayer), Lexone (Bayer)

Type: triazine (not derived from cyanuric chloride)

Synthesis:
¢ 0 ¢ ¢ ¢
1| t ™N P /!
-~ C=—CmmeC—C— 4+ Cl—=S~Cl + N~ —) —C—C——C——c—N
[ A It 1/ oo\
-c- o o - -c- © c—
{ I {
t.butyl methyl sulfuryl dimethyl
ketone chloride amine +
pinacolone
NaOH
o
A0 0
il —NZ 1 —T_ al
Pl T e—  S¥-bN-c N-NZ s —TTT
-c- N X “
. S -c- © o—Na
| 7 s 1
thiocarbohydrazide
+

o
4o
i | _!]/\ —
—C~—C N-—=NZ
I //L\
-C- / '
I \N S—?—

metribuzin



alternate route :

{
-Ce

—c'-—c—c—csN + >=N— N—c—N— N
(|| [ T |
-c-= N s

2 imino 3.3 dimethyl
butyronitrile

Heterocyclic Nitrogen Compounds

_¢;;_ i
1
coC =C — N
i I_IN =
-C= ~
| \N N S
]
+
HC1
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.
Pymetrozine
Uses: insecticide, vegetables, ornamentals, cotton, citrus
Trade names: Chess (Ciba)
Type: triazine, pyridine
Synthesis:
F
o o
F—-(l:—/ =0 | | F—-(IZ—/ o
l l + Cl—-c—-ﬁ—-T—- > ( “
F N——N l o F N N
‘ |
—c— c—C—
| Ll !
5 trifluoro methyl chloroacetone
1,3,4 oxadiazole
2(3H) one +
— hydrazine
>N—NT. H,.0 Y
- =2 hydrate
\/ \b/

N N AN
—%——c// N—N=c (:) -—%——c// N— NC
I — Ol * I
N ) | N Cau=0
\N/ N
! |

pyridine

pymetrozine 3 aldehyde
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Triazoxide

Uses: fungicide, seeds
Trade names: (Bayer)
Type: benzotriazine, imidazole

Synthesis:

— O
Z —p O

Y
|

N N

e
4 7,
N/
(@)
+
=/
2!
2z

3.7 dichloro imidazole triazoxide
1.2.4 benzo
triazine 1 oxide



676 Pesticides Synthesis Handbook

TRIAZOLES

Triazole pesticides are made by reaction between 1.2.4 triazole and
a halo-compound

N=—= N=—=
ex e =] —— |

, o=c //N:=:c—-
- N + 1 —N
\ >N
\ T=° - \
c
N
n

There are 4 most common structures for triazole pesticides

R,
O
o/ <l>
=Ce— C— R
Pt 3
azaconazole
difenoconazole
etaconazole

propiconazole



Heterocyclic Nitrogen Compounds

The synthesis follows the route

o I
4 — T
? \Cl A

R R

Br

— C— %—Br I I C—CI:— Br
/\ s s o B 5
T T OH OH
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NG S
A

X is usually Cl1 but may also be another radical

OH may also be =o

Examples of this structure are

bitertanol
triadimefon

triadimenol

The synthesis route is by reaction of bromopinacolone with
p.chloro phenol, followed by bromination and reaction with

triazole
| OH
-C—
Br—de—e—ddo 4
i g é [
1 Cl
X
i
-4 N
|
—o—é——-c—- —C— & l l
e -
N -



Heterocyclic Nitrogen Compounds

-_C— —C -
il 1|
—~C—C—C— —C—C— C~
| I | | ]
-Cc=0H N=—, -c-0H N—
v / | / '
3) (a) —Cc—N (b) —<|:=c—N
R | \;:::N R \u==:N
diclobutrazol diniconazole
paclobutrazol triapenthanol
uniconazole

The synthesis route for (a) starts with the reaction between bromo
pinacolone and triazole, followed by addition of a benzyl chloride
derivate and hydrogenation of the carbonyl

|

|
—c- 7 W 4o
[ " I '
— C—C—C— + —) — C—C—C—
T ] N l by
c=0 Cc=0 —
e |7
| T AN—
Br N
+
c1
|
- -
1 i
- -C-
Lo [
—C=C—~C— —_C=—C—C—
| l | | I
-c-0H -C=0 N—
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The synthesis route for (b) is similar to (a) but using a

benzaldehyde derivate instead of benzyl chloride.

The second step is thus

N\ /s

followed by reduction of the carbonyl.



Heterocyclic Nitrogen Compounds

—
" _l_%_ o

cyproconazole
hexaconazole

tebuconazole

The synthesis route is by reaction between the oxirane and triazole

1
A ) — @)
C—C—~ + —C =
IL | “__N Il{ I N—

1 R 1

The oxirane is obtained by action of a methyl sulfonium ion in an

oxidising medium on the ketone

681
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An unusual route to triazole pesticide synthesis is by cyclisation
of the triazole ring as a synthesis step, by reaction between an
©< amine hydrazono derivate and an acid chloride

R,~—N Cl_ﬁ‘R3 R,—N c—R,
|+ 2 — |l
\/

N N N N
\_/ N

[o] o]

| ]

Ry R,

The ©< amino hydrazono compound is obtained from the diazonium
salt

R.' —N=N-~-C1 + Cl— (::-- R _— R, —N=N—c—R

Cl

NH,OH
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Amitrole

Uses: herbicide, maize, potatoes, wheat

Trade names: Weedazol (Rone Poulenc)

Type: triazole

Synthesis:
]
- —N.
e s0 g N
-N=¢ + H —_— S c=N-
\
Nye 24 o’ Son N7
~
guanidine guanidine sulfate
+
HNO3
l -
-
P N-NZ N~ NO
=N=¢ — H + =N=c 2
\ 2 ~
NZ NZ

amino guanidine guanidine nitrate

-c* formic acid

N
( IN amitrole
[0
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Azaconazole

Uses: fungicide, wood, fruit, vegetables
Trade names:

Rodewood, Safetroy (Janssen)

Type: triazole

Synthesis:
[
Cl . ' éy
LB
c1 Cl
metadichloro acetyl
benzene chloride
Cl
1 1
Cl<i:::>}——c-—c-—8r e __é___c__
/\! [ 1
o o
l I OH OH
~C~— C—
! | ethylene
glycol
+
|
N
v
N \\c-
” “ 1.2.4 triazole
-c N
cl /C'_N
Cli c——-é N, I
/N T Ne—e
i !

azaconazole

o)

2.4 dichloro
acetophenone

+

Br

Cl

|
+ Ccl c~—C~~Br

o



Bitertanol

Uses: fungicide, bananas, groundnuts
Trade names: Baycor (Bayer)
Type: triazole
Synthesis:
i
—-C—
]
=C=( ==C=C= + Cl
In 2
o —¢c-

3.3 dimethyl
butanone
pinacolone

Br -¢-

O~C—C— C—-C—

l' " 1.2.4 triazole

N -Cc-
7N\
N [ !
i i
-c — N

Br

Heterocyclic Nitrogen Compounds 685

4 phenylphenol

[}
]
- -
|
B
..n_?_n-
-0-

9



686 Pesticides Synthesis Handbook

Bromuconazole

Uses: fungicide, bananas, cereals, grape, rice, fruit, vegetables, turf

Trade names: Granit, Vectra

Type: triazole, furan

Synthesis:

-—c==?—-é——Br

|
allyl bromide

|

N
I

-

c—Cmemcm
P
OH

Br

K, CO

Mg

Y
./

—

z

1.2.4 triazole

_

(Rhone Poulenc)

—-ci,= ?——clz—Mg—Br
!

+
—-c——é——Cl
ot
c1 c1 °
o¢ 32.4 trichloro
acetophenone
Cl
|
-C—-

]
C—C—C= c~—
o1t
OH

N
\\N
]
—C—-
| \/
——C ——C
\\c-—Br
/N
/\

bromuconazole



Heterocyclic Nitrogen Compounds

alternate route :

Cl 31
‘ |

—c- -c-

Ll eme B
I + Br —_— |t |
OH 2 OH Br Br

lCl

—-C-

|
N
~N
N Y
bromuconazole e l ” + \c—Br
N B

/\

687
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Cyproconazole

Uses: fungicide, cereals, coffee, sugarbeet, fruit ttees, vines

Trade names: Alto, Atemi, Biallor, Bialor (Sandoz)
Type: triazole
Synthesis:
i | 1
- - -C— ° -C-
cL ' H L s// _ l—q
c—c e cl c c
ﬂ | QZ 25 ' VAN \\o 1

1(4 chlorophenyl)
2 cyclopropyl
propanone 1

_?_ -§° ©

dodecyl dimethyl
sulfonium methyl
sulfate

N
1.2.4
' triazole

N

1
O -c-

I
Cl <|=— <|=—<]

—c|_
N

|

cyproconazole



Heterocyclic Nitrogen Compounds

0
Y
NZ
- -
Cl \ i
+ — ¢—C——C—
o
o -c-
Ccl |

2.4 dichloro

benzaldehyde pinacolone

Diclobutrazol
Uses: fungicide, cereals, coffee
Trade names: Vigil (ICI)
Type: triazole
Synthesis:
|
N 1
1 -~
\N ~Cc-— Na—o—é—(}.— N_—_—\ , c': .
| I ! N—C— c~——Cc—C—
” + Br— ¢~ ¢c—cC—C— _—> 2 T
N | =N o -c-
o -~C- 1}
i
. +
1.2.4 bromo pinacolone
;riazole (bromo 3.3 dimethyl
2 butanone) Tl
—-c- .
2.4 dichloro
Ccl benzyl
chloride
Cl
l NaH
! ¢
N=— —¢- N=—= T
>l—<':—c—<|:—é— ——  NaBH, + \/N—(':— — ?_<:;—
| | ]
—_—N l OH _<l;_ N I —c—
—o— ] e i
cl1 sodium c1
boro
hydride
Cl Cl
diclobutrazol
alternate route:
! 1 -
c=c—c——é—c—
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Paclobutrazol

Uses: growth regulator, ornamentals, fruit trees
Trade names: Bonzo, Clipper, Cultar, Parlay (ICI)

Type: triazole cl

-C-

p.chloro
benzyl
chloride

Same as DICLOBUTRAZOL with

Cl
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Paclobutrazol

Uses: growth regulator, ornamentals, fruit trees
Trade names: Bonzo, Clipper, Cultar, Parlay (ICI)

Type: triazole cl

-C-

p.chloro
benzyl
chloride

Same as DICLOBUTRAZOL with

Cl
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Difenoconazole

Uses:  fungicide, potatoes, wheat, vegetables, peanuts, seeds

Trade names: Geyser, Score (Ciba)

Type: triazole
Synthesis:

o
i

c-4-

OH 1
Cl {
+ —_—> (1l o C|—<':—
I
o]

Cl Cl
2.4 dichloro p.chloro +
acetophenone phenol
(see propiconazole) B"z

C1

-¢—C~C— glycol
. ! o propylene
¥
d
N \c-
o 1.2.4
-¢c——N triazole

/C=N
Cl —0 —_———
@ _@ o/ \ N\N=(!:

difenoconazole
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Diniconazole

Uses: fungicide, grapes, cereals, coffee, bananas, peanuts, seeds

Trade names: Sumi-8, Sumi-Eight, Spotless (Sumitomo)

Type: triazole

Synthesis:
| |
] d |
—(f—c——-c—c— + Br2 —_— Br—¢— ¢——c—c—
i L T
o -c- o -c~
|
pinacolone
+
|
N
‘ 1.2.4 triazole
s
o
1 \\C/ |
——N -C- ———N -C=
[N | ! Nedo el
—C—— C~—C—~C—  —————— + - C— C—C—C—
Nﬁ It il | 1 N—/ bl Pt
c- o -(I:— 1 = o _?_
Cl
2.4 dichloro
benzaldehyde
Cl
+
NaBH, (or L1A1H4)
= L

Cl



Etaconazole

Uses: fungicide, cereals, seeds

Trade names: Benit, Sonax, Vangard
Type: triazole
Synthesis:
o
i
C—C =
i
Cl B
+ T,
cl

2.4 dicloro
acetophenone

(Ciba)

Heterocyclic Nitrogen Compounds

o
.
—c¢—Br
i
Cl
Cl
+
i ! ! 1
=& =% butanediol 1.2
OH OH

1
Cl <:::::>-:p\-?-Br
o o

Cly ¢ v
—C e = -
¥ ] ] ]

-

[' 1.2.4 triazole

T:

etaconazole
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Fenbuconazole

Uses: fungicide, cereals, beans, sugarbeet, rice, bananas, vegetables

Trade names:

Type: triazole

Synthesis:

-é—-CN

phenyl aceto
nitrile

(benzyl cyanide)

fenbuconazole

(Rohm & Haas)

1 chloro 2 (4 chloro
phenyl) ethane

+

Br—-é—-Br meth¥1ene
bromide
Br

1.2.4 triazole
(potassium salt)



Heterocyclic Nitrogen Compounds 695

Fenchlorazole

Uses: herbicide, safener, wheat, rye
Trade names: (AgrEvo)

Type: triazole

Synthesis:
\/ N==N—C1
N
cl Cl
+ NaNoO, _
c1 cl
2.4 dichloro sodium .
aniline nitrite
I 49 chloro
Cl—c—c acetic acid
! o ‘I:_ methyl ester
I
wa y
Na=N — c—-c/ =N é-—C\
Cl N \o—-cl_— c1 Cl o— é—
A I — N, OH + [
Cl
+
Cl o
Cl—(l:— c// trichloro
| acetylchloride
cl1 cCl
4?
N C=——C
S Moo
Cl—_f —-q\\ N |
Cl N/
|
Cl
Cl

fenchlorazole
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Fluotrimazole

Uses: fungicide
Trade names: Persulon (Bayer)

Type: triazole

Synthesis:
Cl
Cl—-L-—Cl
AlCl
F 3
% + @ —_— c—Cl . A].Cl3
~F
F
F-?—F
3 trifluoro methyl benzene
benzo trichloride
H20
¢ —C(Cl
Fec-F
|
F
+
N
/7 \
N

(FE—

‘I 1.2.4 triazole

=z

fluotrimazole



Heterocyclic Nitrogen Compounds

Flupoxam
Uses: herbicide, wheat, barley
Trade names: Synexus (Kureka)
Type: triazole
Synthesis:
g F OF c1 T T
~—c—Cl 1 ‘ I ——é—o—-é——c-—c——F
I +  HO~C—c—c—F ——) I U
: b F F
N
02 N02
2 chloro 5nitro 2.2.3.3.3 penta +
benzyl chloride fluoro propanol i
SN—NZ.H.0 hydrazine
- ~*"2 hydrate
Pd
F F
2 i Q |
| | | |
C—=0=—C~eC~— ¢—F HC1 —C—0— ¢c—C— ¢c—F
I I I I & NaNOZ + 1 j | l
F F F F
N sodium N
i nitrite /\
N
|
Cl
+
@-/O -° o\ ‘
(T — >t
N acetic HO o
anhydride
hippuric acid
(N benzoylglycine)
I
F—c—F
F ]
| F—c—F
F-—tl:—F i
|
F—c—F \/ °
| N ]
o T | -c~
=0 O=C N
—C— 7 \\\
N
N ==N—N— Cl + NH,OH —> Na

flupoxam
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Flusilazole

Uses: fungicide, cereals, sugarbeet, grapes

Trade names: Nustar, Olymp (Dupont)

Type: triazole

Synthesis:

|
-C-

Cl—Si—Cl

|

.

Ccl

chloro methyl
(dichloro) methyl silane

C1

F

p.chloro
fluoro
benzene

F

p.fluoro lithio
benzene

or

cl
Mg

|
-C-

1o3%e)

—-C—

Cl

+

Na
|

N
~N sodium
salt of
|

triazole

I
-C-

; @_ i\_@F
(]

N

flusilazole



Uses: fungicide, cereals, seeds
Trade names: Impact (ICI)
Type: triazole
Synthesis:
I
F
+ Mg
o.fluoro iodo
benzene
F
4?
+ Cl—-é—-c
\
Ccl
fluoro chloro
benzene acetyl
chloride
—c—t— —
,x\N_J

flutriafol

Heterocyclic Nitrogen Compounds

Flutriafol
I
|
Mg
F
_
+
§
c—c—C1
ﬂ
4 fluoro
phenacyl chloride

(4 fluoro Bchlore
acetophenone)

N ]
F
1.2.4
triazole
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alternate route :

F
<O - b — O

2 fluoro phenyl methyl
4 fluoro phenyl maggz:;::
ketone
F OH

0
C

~©
|

-C-



Uses: fungicide

Trade names: (Rhone Poulenc)

Type: triazole, furan

Synthesis:

c1 c—dé—
ot
c1L °
2.4 dichloro

acetophenocne
(see propiconazole)

Mg + —%-{:—Br — —%—c::—MgBr + -

bromo
ethane
Ccl
|
€1 -c- Pd
Cl L—é-—c==c—o-é—- &
| o |
OH (isomerisation)
Ru

Heterocyclic Nitrogen Compounds

Furconazole

+ cl

|
cEc—%—o—C::— —> BrMg—c=c— c::-- o—cl:-

3 methoxy
1 propyne

Cl

Cl ‘

—o-

H + Cl é—cEk-—é-o—#—
2 l i
OH
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L
| \TJ
Cl -¢—o | Cl _o-
N -c-o-Na c
Cl@—l/—+—?=<i— o— c;-— + ( ” —l—-) Cl é— cI:—cl:=<i-— 0—(::—

' ]
OH

1.2.4 triazole
Ru
p.toluene
sul fonic acid

| | ]

\n \1'«
Cl -é— 1 -c-
€1 @—c‘: o —— HC1 + Ccl <‘: o
—c, c—OH c c—o—c—
AN ANVARER
c
/\ /\
+
|
o trifluoro
F T ? OH ethanol
F

m@.é .o
B
/\C/ \o | T
/\ F

furconazole



Heterocyclic Nitrogen Compounds 703

alternate routes :

(i)
F F
N e e
F—c—c—OH + Cl—¢—c=c— _ F—c—c—o0—c—c=c—
]! | |1 I
F F
propargyl
chloride +

Cl
C l F F
T | | |
Cl @—c‘:—cEc—é—o—é— c—F €&—— Cl - cl - (l:——-Cl + F— <l:—-(::—o—c—c_=‘c—MgBr
| | 1 | |
OH F © F
+
)
Pd
Cl
C1 _l_ F following reaction with 1.2.4 triazole
[ | [ furconazole is obtained directly after
cl —C~—C—cz=c— 0—C—C—F cyclisation to tetrahydro furan (without
] b ! l the last two steps: acidification and

OH F reaction with trifluoro ethanol).
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alternate route (ii)

Bng—(::—(%— +
Cl
Cl _l-

|
C1 ——c——c==c——é——0ﬂ
' [

OH

p.toluene
sulfonic acid

propargylic

— HO~—%——cE§c——MgBr

Cl

c1 —c—d—c1
it
[+

cl
Cl _l_
+ Cl<<::::>——é——c55c——%——oﬂ
by
Cl
a -
Cl ——-l



cl

¢l -

7

Cl

c-

(o]

N/
!

Heterocyclic Nitrogen Compounds

I N
(N\N cl _1_
|
—_— Cl c o
N]_” @| |
N
|
F
F_l_;_
c——c—0H
l I
F

furconazole
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Hexaconazole

Uses: fungicide, vines, coffee, peanuts
Trade names: Anvil (ICI)

Type: triazole

{ [
Synthesis: Wy
C— g—C—C—C—
| [
1 P c1
¢ R 4
+ —C—C—¢=—c¢c—2¢ —_—
IR RN
Cl €1 Ccl
m.dichloro pentyl chloride +
benzene
_|
T trimethyl
Yy
_.(!__.. S— '_ + —%—I 5 —d_s_1 sulfonium
| ? // iodide
dimethyl methyl —%
sulfide ilodide
+
o
~dosdo + H.O N 48 1 dimethyl
| | 272 i i sulfoxide
hydrogen
peroxide
N
P N N S S
| [ |
Cl
cl
+
Na
|
N

\N
1.2.4 triazole
” soldium salt

Cl

hexaconazole



alternate route:

0
Cl " Y

c1 Cl

chloro
acetyl
chloride

N
hexaconazole &——m— ” ”
N

Heterocyclic Nitrogen Compounds

c—c—Cl
1
C1
Cl
+
) | S . n.butyl
T %_?_?" L1 lithium
OH

Cl
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Imibenconazole

Uses: fungicide, cereals, grapes, fruit
Trade names: Manage (Hokko)

Type: triazole

Synthesis:
Ccl —_—
Ccl
, ! 1
N==c~— ¢ —(C1
] N\ RS
cl . l ‘l _ Cl
N
c1 Cl
1.2 dichloro ethane, }’2'4
1-N-2.4 dichlorophenyl triazole *
imide
SH

|
—c-
4 chloro
benzyl
mercaptan
Cl

imibenconazole
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Ipconazole

Uses: fungicide, rice
Trade names: Techlead {(Kureka)

Type: triazole

o‘\
Synthesis:
o]
N\ It

c1 s 8
Ho\d49 | e c— OH
£ o) (o]
+ s
-+
e c1 o
] |
-c- —c—
! l
3 methyl ethyl 2 oxo 4 chloro
cyclopentane carboxilate benzyl chloride
HBr
Cl Cl
- - ":_ _é —_C—
I AN o
o €« —~c~S—I +
i
L / L
i - I
-c- | —c—
] i
‘?' trimethyl -c=
sulfonium !
+ iodide

|

N
ﬂ/ “ 1.2.4 triazole
N

—_
Ot
\\::::N

ipconazole
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alternate route :

dimethyl

Cl sulfoxide Cl
¢
AN
—C= §=o —-C-
_ys
[i:]=o | =é—
-_>
| 1
e — C—
P! i
- —-C-
|
- —-C=-
' @\ !

methyl triphenyl
phosphonium
bromide

per
chloro
benzoic
acid

s

O — O~



Heterocyclic Nitrogen Compounds

Metconazole

Uses: fungicide, cereals

Trade names: Caramba (Cyanamid)

Type: triazole
Synthesis:
c1 2
| 0 ! |
- [o] -c- -C No—C—
NAZ i °f
N, | %

Cl

methyl 3.3 dimethyl
2 oxo cyclopentane
carboxylate

4 chloro
benzyl chloride

—_—O— —0—
—_a—
0
—

—Ym (3

| —¢mo -
KOs T
-?-—o—-S-I +
/

+ trimethyloxo
sulfonium iodide

/N
Nm
H 1.2.4 triazole

OH

- & c1
{

metconazole
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alternate route

o= o

_-C— L o
g
5.5 dimethyl

cyclohexane
1.3 dione

[o]
i I
-c
¢
! o

-
|

+

LLAIHA

C1

pP.toluene

sulfonic
acid

—

KOH

methanol

OOH

peracetic
acid

—-c—-?——c—- isobutanoc!

p.toluene
sulfonic
acid

o=?=m

CH

o]
_é 1l
: - 1
& l
]
[o]

I

o
Il
-C

I |

i 1

—T Br

Br

sodium

i
NaGc— .
& T methoxide




metconazole

Heterocyclic Nitrogen Compounds

OH

s

—C— . |OHI
@Cl + LiAlH4 _— }—T—@Cl

—

ol methyl
— ¢—S—C1 sulfonyl
ol chloride

[o]
I Ao

N -c-

' - oH

“ l . l %@ c1
N
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Myclobutanil

Uses: fungicide, grapes
Trade names: Systhane (Rohm & Haas)

Type: triazole

Synthesis:

_é"CN —c-—c-—c-é-—c—-CN

[ Y
Pl
Ml S i
Ccl >
4 chloro
e +
nitrile u
Br— &—Br methylene
| bromide

H_j

N
N

? Br

—c- -
| 1 1

—~¢ —c— c—c—c¢—CN } Y SO U N VN S
N //N I $75 7S
N

1.2.4 triazole
myclobutanil ( potassium salt )



Uses:

Trade names:

Type:

Synthesis:

-c'— Br

triazole

Topas (Ciba)

Penconazole

fungicide, grapes, vegetables, ornamentals

]
—c—c=N

Heterocyclic Nitrogen Compounds

oH
Cl cl c1 )
+ KCN ——> O + HS0, — 2.4 dichloro
phenyl

Cl Cl
2.4 dichloro potassium 2.4 dichloro
benzyl cyanate phenyl'
bromide acetonitrile
S
[ [
Cl
—— NaBH4
¢l sodium
boro
+ hydride
o
| “ methane
—c —S—Cl sulfonyl
Foy chloride
o
0
- —é—:-é—~<::-—o—s— %— !
1
i N
033 N
o ’
N
Cl

1.2.4
triazole

o1 acetate

+

| bromo
Br— ¢—¢—c—

| f propane

o
i
S
Py o
Ccl
Cl

Cl

penconazole
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alternate route @

“ n + Se=o -—_
N
1.2.4 triazole formaldehyde
o o—é—é—
1] (I
37
R Nom b be
/ ] o—Na
N ,
|| u & P——o——?——c—- +
o—g—d—
PT
sodium diethyl
+ .
phosphite
I |
VAREN
\c
Cl 2.4 dichloro
propyl benzoate
Cl
cl ——c—#—é— &= + H,y E— c1
oot
Cl ¢
L
/
N \

-%-—OH
N

N

N

L]

thionyl

SOC12 chloride

S N |
¢——C—C—C—

I
4L

|
A

penconazole
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Propiconazole

Uses: fungicide, cereals, grapes
Trade names: Tilt, Radar, Desmel (Ciba)

Type: triazole

Synthesis:
) Cl
Ccl 1 V4 | 2.4 dichloro
M - ‘;‘— c\ ’ 2 ﬁ_ T_ acetophenone
Cl o
Cl
+
metadichloro acetyl Br
benzene chloride 2
Cl
C1 c— c‘:—- Br
n
o
+
[ JAN 1 11 | 1.2 pentane
— ¢—=C=C—C—C—0f —» —C—C—C—Ca=C— + H,0 _—> —~C—C—C~—C—— C— : .
[ R [ T R T 272 |||" diol
OH OH
1 pentanol 1 pentene
|
N
c1 / \ c1
N N
i |
Cl —c—<':— N — + Cl —_—Cc— cl:-— Br
/N N\=x N /\
o o o o
l l | | 1 l l | 1 1
—C— Cc—C— C—C— —-C=~— C— C= C— C—

propiconazole 1.2.4 triazole
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Sulfentrazone
Uses: herbicide, soyabeans
Trade names: (FMC)
Type: triazole, sulfonamide
Synthesis: o
N Ve bt o
N Na=N-—Cl - —“—' 2
Cl NaNO2 Cl NaZSO3 c1 ©
—) —-—’
sodium sodium
1 nitrite €l sulfite €l
2.4 dichloro
aniline HC1
l 1 1
N—N= (l',— (l:— N—NZ
c1 - N é_c//o . Cl
| N 2.4 dichloro
& phenyl
acetaldehyde cl hydrazine
{or pyruvic acid)
+
KOCN potassium
cyanate
NaOC1
\ - \C/F Ve
N—e” N N TR
/ A\ / AN
o=C N o=C N
Ny e
Cl I C1
+ Cl—c—F _—
|
c1 F c1
chloro +
difluoro HNO3
methane l
F
Nas
# Sy
N b
o= g |
N
Cl
OZN



\c/F
N
N |
—_—C
Y
N~
g Cl  gHei
I &

sulfentrazone

Heterocyclic Nitrogen Compounds

PtO

[ methane
—‘?‘—S‘—Cl sulfonyl

Il chloride
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Tebuconazole

Uses: fungicide, cereals, seeds

Trade names: Elite, Folicur, Horizon, Lynx, Raxil, Silacur (Bayer)

Type: triazole

Synthesis:

|
-C-

cl et R . +  Na—o—d-— + —des—i-
gt f I I
c -c-
!
1(4 chloro phenyl) 4.4 dimethyl sodium dimethyl
3 pentanone methylate sulphide

I 1.2.4
” triazole
N

OH —¢-
cl T VR S
g [
-t —c-
| |
N
7N

|

N

tebuconazole



Heterocyclic Nitrogen Compounds

Tetraconazole

Uses: fungicide, cereals, sugar beet, grapes, vegetables

Trade names: Domark, Eminent (Isagro)

Type: triazole

Synthesis:
o i il
| | V.
HO—#—&—C’( g + - -—|SI—Cl-— —_— —%—'Sl—o—é—c-—c/ )
M o ° LT
1
c1 methane Ccl
sulfonyl +

methyl ¢ 2.4 dichloro phenyl chloride

hydrox ropanocate
P hy Y, Prop ‘2.4

|
N
\N
l ” triazole
N

N—
11 . i 1 A
N—C¢~—Cc=——c—0H e~ LiAlH + e e
/| i 4 1 o__}__
—=N —N

Cl L
lithium

aluminum

c1 hydride

F— ca=¢c—F

| | tetrafluoro
F F ethylene
. F F
\\ 1 ' I
N—C—C~—— ¢—0~—C—C—
S R
F F

tetraconazole
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Triadimefon

Uses: fungicide, cereals, coffee, vegetables
Trade names: Bayleton (Bayer)

Type: triazole

Synthesis:
o— Na
| |
—¢- -c~
Br— i c1 | I
r—c—Cc—cCc—C— + —_— o—¢—Cc—Cc—cCc—
(I | o |
o -c- o -c-
] cl |
bromo pinacolone
(see triadimenol) para chloro
phenol sodium +
salt
Br2

|
N
| AN
e | I
Cl o-—é——c———l—-é—- — l + Cl 0— ¢— C——C—C—
b0 N IS
o Br o -c-
N\\ I
ﬂ/ ﬁ 1.2.4 triazole

triadimefon



Heterocyclic Nitrogen Compounds

Triadimenol

Uses: fungicide, cereals, bananas, coffee
Trade names: Baytan (Bayer)

Type: triazole

Synthesis:
| |
-c- -T-
- é— -——c!_—clz-— + Br, S Br—c——c—c—c—
b [ I |1
-c- o ~c-
l |
+
pinacolone
o—Na
p.chloro
phenol
sodium salt
Cl

|
o] —(l:— (N\N =C-
S S A W .o ombm e d i
@Oyt | 1 2 OtF

-c-

AN [

I ﬁ 1.2.4 triazole
N

sodium

NaBH4 boro hydride

oH -¢-

c1 o d
| | (I
L

N ]

(]

triadimenol
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Triapenthenol
Uses: growth regulator
Trade names: Baronet (Bayer)
Type: triazole
Synthesis: - 49

Same as diniconazole with cyclohexyl aldehyde (instead of 2.4 dichlero

benzaldehyde)

[——“\ I
N—¢— ¢—¢—C—
2RI

N— c- OH =-c-

Uniconazole

Uses: growth regulator, ornamentals, trees, rice
Trade names: Prunit, Sumagic (Sumitomo)

Type: triazole

Synthesis: N/
Same as diniconazole with p.chloro benzaldehyde
Cl
—y 4
\ ! I
AR EE
N —_—/ g— OH —c‘:-

C1
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Triapenthenol
Uses: growth regulator
Trade names: Baronet (Bayer)
Type: triazole
Synthesis: - 49

Same as diniconazole with cyclohexyl aldehyde (instead of 2.4 dichlero

benzaldehyde)

[——“\ I
N—¢— ¢—¢—C—
2RI

N— c- OH =-c-

Uniconazole

Uses: growth regulator, ornamentals, trees, rice
Trade names: Prunit, Sumagic (Sumitomo)

Type: triazole

Synthesis: N/
Same as diniconazole with p.chloro benzaldehyde
Cl
—y 4
\ ! I
AR EE
N —_—/ g— OH —c‘:-

C1



Uses: insecticide

Trade names:

Heterocyclic Nitrogen Compounds

Triazamate

Aztec (Cyanamid)

Type: triazole
Synthesis:
¢
T o N—NZ
Y
_ %_ o c\/ . S & NaOH
A Na L
l
trimethyl thio semi
acetyl chloride carbazide
|
- - N °
l AN 7
—(::—c‘( N— — et c”
L, Nomimbo
Y/,
‘ S— é— c/
o <l:_ | _ ethyl chloro
T acetate
+
i ¢
-T N //o dimethyl (AN
N—c carbamoyl — N—
_":/ \Cl chloride é/
' |
dimethyl
amine
<4 |
B N o c-
I \ r
O
N TN
o
l S— <‘:— c//
[
0= c— C—

triazamate

—C=

- é— ¢==—C=~= N— N—c~—NZ

R

Cl

phosgene
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Tricyclazole

Uses:  fungicide, rice
Trade names: Beam, Bim, Blescide (Dow Elanco)

Type: triazole, benzothiazole

Synthesis:
|
—c-
[+]
— N— Ay
N TN -

§7IN—NZ OH
2 hydrazino formic
4 methyl acid

benzothiazole

——N

il
S/'\N/N

tricyclazole



Heterocyclic Nitrogen Compounds

Triticonazole

Uses: fungicide, cereals, maize
Trade names: Real (Rhone Poulenc)

Type: triazole

Synthesis: é ﬁ
| i
_(l:_ /o |
-—c==c—-é-—c——c/ A1C13 -c
FrT ] N\ —_ [
-Cc- Cl
!
2.2 dimethyl, 4 pentenoic +
acid chloride
HZ
o o
|
_T |l Q§c/ L Il
c 1 !
—d | ¢ _é 2.2 dimethyl
(I: — + i cyclopentanone
Cl
+
4 chloro
benzaldehyde
-¢
: trimethyl
- CI_S_I sulfonium
iodide
_
!
dimethyl
sulfoxide

|}

N

-C—-

HO
\/

T Ly — O

1.2.4 triazole triticonazole
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Heterocyclic Sulfur Compounds 729

HETEROCYCLIC SULFUR

O O M

thiopyran thiophene

oA RS

s s

dithiins
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DITHIINS
DITHIOLANES

Dithiins are cyclysed by reaction between a dithiol and an alkyl

dihalogen or ketohalogen

S—H Cl S
/ N /N
R1 + RZ > R1 R2
AN /
S—H Cl \\b'//
S—H < S—c—R,
/ c—R,
R, + l —_— R,
\\S—-H //c-R3
o/ S—-c—-R3

If the alkyl dihalogen contains a carbonyl group (for instance

phosgene) a dithiinone is obtained.

If cyanogen chloride is used instead of an alkyl dihalogen a

dithiin imine is obtained

R + C1CN e Rl c= N—



Heterocyclic Sulfur Compounds

Chinomethionat
Quinomethionate

Uses: acaricide, fungicide, fruits, vegetables, ornamentals
Trade names: Morestan (Bayer)

Type: dithiin, quinoxaline

Synthesis:
i a1 i s
; :[ + NaHS _— g
4 n7 sH
6 methyl 2.3 dichloro sodium hydro
quinoxaline sulfide .
Cl
/
o=¢ phosgene
\
Cl

S,

foees
N s/

chinomethionat
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Dimethipin

Uses: growth regulator, cotton, rubber, vines, rice, sunflower
Trade names: Harvade (Uniroyal)

Type: dithiin, sulfone

Synthesis:

Lo "‘l:\ N
HS—c—c¢—SH + - (l:—c—c—(':— — '
P I T | &
Cl o ] S
ethanedithiol 3 chloro
2 butanone
+
H202
o, ©
N\ 7
-(} pr
_é:]I: ::]
| S
6¢ Qb

dimethipin



Heterocyclic Sulfur Compounds 733

Dithianon
Uses: fungicide, germination, inhibitor, coffee, fruit
Trade names: Delan (Shell)
Type: dithiin, quinone
Synthesis:
CN CN
1.2 dicyano
CS2 + NaCN _— HS—c===c—SH 1.2 dimercapto
ethylene
carbon sodium
disulfide cyanide
+
o
Il
Cl 2.3dichloro
1.4 naphto
c1 quinone
u (see dichlone)
) S
\\j__CN
—CN
s/
1l
o

dithianon
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Isoprothiolane
Uses: fungicide, rice
Trade names: Fuji-one (Nikon)
Type: dithiin
Synthesis:
|
-c- o
| Il S—x
o o — ¢—c—o—c¢ —Na
\N Y, NaH P
>c—%—c/ S=c=S§ —_—> \c=c<
1
- c—cI:-—o \o—é—{:— - cI:—<I:— o—c/ S—Na
T ] I Il
-c- —c- -c- [
[ | |
diisopropyl carbon
malonate disulfide +
11 dibromo-
Br T ? Br ethane
|
-c- [
—-é——c——o-—i S—-é-—
CT N _
c==c
L1 7/ N\
— ¢c—¢—o0—¢ S—c—

b I
-c- o
|

isoprothiolane
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Phosfolan

Uses: insecticide, cotton

Trade names: Cyolane, Cyolan, Cyalane, Cylan

Type: imino dithiin, phosphoroamidate

Synthesis:

I
——id- + ClCN —_ -

|
c c—
L] |
SH SH s s
N
ethane cyanogen I
1.2 dithiol chloride N . Hol
+
o il
T N ° diethyl
o=P—Cl + —d—d—on —_— 1 3¢ phosphoro
\ [ It/ N\ chloridate
cl -—?—tlz—o Ccl
phosphorus ethanol
oxychloride
[ |
EERRNE
34 S—i—
SN,/
—cl— ci—o N=c\
S— <‘:'—

phosfolan
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OXATHIINS

Oxathiins are obtained by cyclisation of

| [
R1-—c—-S——c——c
| |1
c=0
|
Ry
S
R1-——c// \\T::
R,—cC cZ
2 \\o// -~

The compound to be cyclised is synthesized by chlorinating

a ketone followed by reaction with mercapto ethanol.

R1-—é-—ﬁ—-nz . c1, _—
(o]

HO——%——%——SH



Carboxin

Uses:

Trade names: Vitavax (Uniroyal)

Type: oxathiin, amide
Synthesis:
\/
N
—c=c—d—
| | ' + _—
o—c=o0
diketene aniline
o
N S
Nl
s o KOH -
l — HO—?—?—SH
—c-
-l_ mercapto
| ethanol
[0):1
NaCOH A
|
—-C-
0 !
g céy \\o
Yool
S cT
N/
c
/\

carboxin

Heterocyclic Sulfur Compounds

fungicide, cereals, maize, cotton, peanuts, soyabeans

0
L B I
aceto
acetanilide
+
sulfuryl
502012 chloride
o
0 S
Sy !1 i
+

737
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alternate route :

o ]

/ /
I + 50,C1,—) S + Ho—d—d-sH
RS L\t I
o o—C=—C-— o 1 o—-c—c-
[ !
ethyl aceto sulfuryl
acetate chloride
!
—c=
0 ¢
N _ 7N\
c—¢ (<]
- l l — socl, +
S el
N
I\ thionyl
chloride
+
\/

@ aniline

[¢] c
Vi
Yol
S s
/\

carboxin



Oxycarboxin

Uses: fungicide, cereals, ornamentals

Trade names: Plantvax (Uniroyal)

Type: oxathiin, amide, sulfone

Synthesis:

o]

=N\

O+
N—c—c¢
N/

0—o0
JAN

/\

carboxin

272

hydrogen
peroxide

Heterocyclic Sulfur Compounds

©

o
l/\/
_?_ﬁ cC
~— N—c—c¢ e
| N/
o S
VAN
(¢} [o]

oxycarboxin
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THIOPHENES
THIOPYRANES
TRITHIANES

Dimethenamid

Uses: herbicide, maize, soyabeans
Trade names: Frontier (Sandoz)

Type: thiophene, amide

Synthesis: o OH
N\ /
c
|
—C—C-
b
i -e=
SH -C— |
[ o S o
7 | 7 L1/
—C—C=—C + ——CamC——C —_— —Cc—c—c¢
N (R TN PN
OH OH OH
thiolactic acid metacrylic acid

—c': =N——C~—C~—0—C— —-C =0
! SR PR NN S0 S SO
“f— P T L 2.4 dimethyl
s

S | tetrahydro
3 thiophenone

1 methoxy 2 amino
propane
SOC12 c1
|
-
| I |
-C o=C -C-

I 1 ' ! | ] { |
—C N Qe G QG [ - ~—~N—C~—C—0—C—
] i | | | ! 1

| Cl-—T—-c é
e (e -
s/ 1 ct s7
chloro
acetyl dimethenamid

chloride



Heterocyclic Sulfur Compounds

Thicyofen

Uses: fungicide, cereals, cotton, maize
Trade names: (Duphar)

Type: thiophene

Synthesis:

HS CN
NC—(!.—CN + S=c=§ _— \c=c/
] / N\
HS CN
malonic acid carbon
dinitrile disulfide .

(cyano acetonitrile)

1 i ethyl
_'? ? I iodide

- <'f—s —(}—c':—s cN
! \ | PN
c===c—CN &~ Cl—c—CN + c=r==C
{ | ' ns’ N
\ CN
e chloro
aceto
CN nitrile
KoH
1 1 S
§-¢s —d—d—s— N
)=-<m NaNo,, 01
S + CuCl2 —_
HC1 NC Cl
LNg
CN ol
o_ o-
X/
p.nitro
perbenzoic
acid
NOZ
o
g N8
-c—cf—S CN
|
NC Cl

thicyofen
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L]
Thiocyclam
Uses: insecticide, cotton, rice, sugarcane, potatoes, vegetables
Trade names: Evisect, Evisekt (Sandoz)
Type: trithiane
Synthesis:
|
I -c—Cl [
—-—C —C
l\\\N NO,S5,.0 ™
—c— + —
_T -c—Cl _T
i
2 N-N-dimethyl amino sodium
1,3 dichloro propane thiosulfate
oxalic
acid - /,S\\
i« A€
—c o o
N \
Ne—c c— — \\c———-éy +
VA ]
_T HO OH
oxalate oxalic acid
+
hydrogen
H202 peroxide
HC1
S S
~.~ ~
I /C S=o0 1 :C/ S
N =5 |
'\ N\
N~C c~— + NaZS Ne——c-
Ly 1 ' i/ \./
- C c
| sodium | 7N\
1fat
sultate thiocyclam

P
-c—S5—S—o—Na
l Il
o
Cm
| %
—e—S—8—o—na
[ I
o
+
NaZS
S
] >C/ Ng
—C
N
1/ | |
—C
|
S
I >°/ s
—C
N l ]
N—c c—
1/ [
—c
|
reprocessed
as above



alternate route : ?Na
‘ o=S=o0
_l -c—Cl1
N
Ne— ¢~ +
N
1 -c— C1

sodium phenyl
thiosulfonate

(as hydrochloride)

2 N-N-dimethyl amino
1.3 dithiobenzyl propane

Li

Heterocyclic Sulfur Compounds

o
1 I
. ~Cc—— S— S—
c i
N\ I e}
N—-—c-
1/ ' o
-5 I
—C——S— 3§
! I
[s]
bensultap
+
S
Na2
thiocyclam
|
i —-Cc——-5SH
N—-cC-
v
i -c~—SH
|
+
sulphur
SClZ dichloride
NaOCZH5

thiocyclam
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Carboxylic Acids

AROMATIC CARBOXYLIC ACIDS

These products are usually of 3 types

i) fluorenone derivates, the carboxy function being obtained by

acidification of the cyano alcohol resulting from reaction
between fluorenone and HCN

déo
\
OH o
d&
cs AN
ii) OH
X

|
R Q_c._.é_
ot
o]
iii)

obtained from the respective
anhydrides or diacids

resulting from the reaction between
the sodium salt of the aromatic
alcohol and acetyl chloride

745
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Chlorflurenol-Methyl Ester

Uses: growth regulator, grass, roadsides, railways
Trade names: Curbiset, Multiprop (Celamerck)
Type: aromatic carboxylic acid
Synthesis:

o ]

13 "

c c c1

+ c1, _—
+
fluorenone

HCN hydrogen

(see flurenol) cyanide

Cl
flurenol

-{;-on methanol

i

o
\Y 1
HO “e-o-c-
i

A

Cl

ﬁ,,

alternate route: chlorflurenol

flurenol + chlorine



Uses: herbicide, red beet, sugar beet, potatoes, cotton

Trade names:

Accelerate (E1f

Endothal

Atochem)

Type: aromatic carboxylic acid
Synthesis:
c?°
- \
1] o
-cQ /
o
o
furan maleic
anhydride
o
4
OH
— HC1
o
{
OH

endothal

Carboxylic Acids

NaOH

747
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Fenitropan
Uses: fungicide, cereals, maize, rice, sugar beet
Trade names: Volparox (Egyt)
Type: aromatic carboxylic acid
Synthesis:
"
Na—o—C— <l:— J':— o— Na
o
4
+ —?—c\ _>
Ccl
1 phenyl 2 nitro acetyl
1.3 propanediol chloride

sodium salt

fenitropan



Carboxylic Acids 749

Flurenol
Uses: growth regulator, cereals
Trade names: Anten (Cyanamid)
Type: aromatic carboxylic acid
Synthesis:
o
Il
c
‘ + (o) - fluorenone
fluorene +
HCN hydrogen
cyanide
HO CN
\/
c
+
NaOH
alternate route:
o OH
B N/
N /
c
NaOH
_>
o
Il
o]
flurenol

phenanthrenequinone
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Naphthyl Acetic Acid

Uses: growth regulator, fruit

Trade names: Fruitone, Rootone (Rhone Poulenc), Phyomone (ICI)

Type: aromatic carboxylic acid
Synthesis:
o
|
—c—c?
K KBr ~oH
|
+ Cl—-T—-c/ _—
CH
naphthalene chloro naphthyl acetic acid
acetic acid
alternate route:
—c-—c=N
+ HC1L —_— naphthyl acetic acid
naphthyl

1 acetonitrile



Uses: fungicide, fruit

Trade names: Kumulan, Pallinal (Basf)

Type: aromatic carboxylic acid

Synthesis:
HO o
NZ
P
N
OH

isophthalic acid

Carboxylic Acids

Nitrothal-Isopropyl

HNO

HO [o}
Y,
\c/
c//o
N
%, “oH
+
T .
- ?— ?— c,:— isopropanol
OH
|
——
o o—c—C—
N/ '
c
am
oN ¢ -c-
2 A
o—Cc—C—

nitrothal-isopropyl
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PHENOXY CARBOXYLIC ACIDS
AND AMIDES

The synthesis is by reaction between a phenol and a halo aliphatic

acid

/N

!
+ R1——c——-c _ R1——$-—-c

X 2 Ccl

The halo aliphatic acid is chloro acetic or chloro propionic acid,

the phenol being usually chlorinated before the final step.

Typical products are X1 X2 X3 acid
clomeprop Cl -—%—- Cl chloropropionic (amide)
cloprop H Cl H chloropropionic

1
cloxyfonac —c—0H H Ccl chloro acetic

|
3 CPA H Cl H chloropropionic {amide)
4 CPA H H Cl chloro acetic
2.4D Ccl H Cl chloro acetic
dichlorprop Ccl H Cl chloropropionic
fenoprop* H Cl Cl chloropropionic
MCPA H Cl H chloro acetic
mecoprop -—é—- H Cl chloropropionic

!

2.4.5T* H Cl Cl chloro acetic

* also an extra chlorine in the 6 position



Carboxylic Acids 753

o
y
—&—r— el
When a structure of the type é OH
X4
%2
%3

is required, since it is difficult to chlorinate the aliphatic acid
in the terminal position, the preferred synthesis is by reaction of
the phenol with a lactone

V.
o— ¢—R—c7
OH ! OH

1 2°
+ =—cCc=R=—cC —

X X
2
X L—-O-—-I X 2
Thus 2.4 DB and MCPB are synthesized by this route.
Finally there is a group of phenoxy carboxylic acid pesticides with

a structure

|
—_C—

[ 0
R—o—<i::>%-o—-c—-c<
! OH

where R is an aromatic or heterocyclic nitrogen group.

In this case either the R—o-<<§§§>h0ﬂ compound is synthesized

first (see phenyl ethers) and then joined to the halo propionic acid,
as in the case of diclofop, fenoxaprop, fluazifop and haloxyfop:;

or the phenoxy carboxylic acid is obtained as usual and the

R—o bridge constitutes the last step (see guizalofop).
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Clodinafop

Uses: herbicide, cereals

Trade names: Celio, Topik (Ciba)

phenoxy carboxylic acid, phenyl ether, pyridine

N
N N HC1 OH
— (O)F . e, 2 (O
c1 Cl

Type:

Synthesis:

N

NZ
(:) + Cl2

2 amino 2 amino sodium +
pyridine 5 chloro nitrite
pyridine HNO
3
3 amino
2.5 dichloro
pyridine

N N Cl N.
Cl Cl / CH
<:> —— H + (:) é— o= + <:>
— 2 \
Cl ' Cl

N02 cl Cl N02
+ 2.5 dichloro phosgene
3 nitro pyridine
NaNO,
HF
o
e
b OH
o
N Ccl CsF N F
o'+ = — (O] « (O
Cl F C1l F

2.5 dichloro
3 fluoro
pyridine

2,3 difluoro
5 chloro
pyridine

2(4 hydroxy
phenoxy)

propionic acid

clodinafop



Carboxylic Acids 755

alternate route :

Cl CsF F
O * F, — O

2.3.5 trichloro

pyridine
OH
N £ N—\
O — =GO
cl F
OH F
hydroquinone +
1 //o 2 ch]:or?
—c':——?—c\ propionic
Cl O©H acid

clodinafop
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Clomeprop

Uses: herbicide, paddy rice
Trade names: Cente (Mitsubishi)

Type: phenoxy carboxylic acid, amide

Synthesis:
t ¢°
—C—C—C\
| OH
OH o
[+
c1 R c1
+ ~—=C=—c—c¢ _ ]
—_ | \ ?_
Cl OH
Cl Cl
2.4 dichloro prgﬁigﬁc
3 methyl phenol acid +
\/
N
aniline
| °
=<
Cl
]
c—
]
Cl

clomeprop



Carboxylic Acids

Cloprop

Uses: growth regulator, pineapples, plums
Trade names: Fruitone CPA (Rhone Poulenc)

Type: phenoxy carboxylic acid

Synthesis:
(e
1 om
OH o
o
4
+ —?—T—c\ 4
Cl c1 OH Cl
chloro
m.chloro ropionic clopro
phenol prop prop

acid

757
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Cloxyfonac

Uses: growth regulator, tomatoes, eggplants
Trade names: Tomatlane (Shionogi)

Type: phenoxy carboxylic acid

Synthesis:
| -
—c—c
| OH
o
OH
|
¢~ om .7 —¢— OB
! + Cl—-?—-c\ _—
Ccl O C1l
2 hydroxy methyl chloro acetic cloxyfonac

4 chloro phenol acid



3 CPA

Uses: growth regulator, pineapples, plums
Trade names: Amchem 64-50 (Rhone Poulenc)

Type: phenoxy carboxylic acid, amide

Synthesis:
o
A
—Cc—cCc—¢ + NH Em—
AN 3
Cl OH

chloro propionic
acid

Carboxylic Acids

.4 3 chloro

|
- ?— (I:_ c\ propionamide

Cl1 NI

OH

3 chloro

c1 phenol

-C- [o]

Cl

3 CPA

759
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4 CPA

Uses: growth regulator, tomatoes
Trade names: Tomatofix, Tomato hold (Amvac)

Type: phenoxy carboxylic acid

Synthesis:

S NaOH

0 a
L/
+ Cl-?-c\ —_—>

OH

Cl

monochloro

4 chloro phenol acetic acid

|
o—C—2¢

Cl

4 CPA

4

OH



24,D

Uses: herbicide, cereals

Trade names:

Netogrone, Planotox (Rhone Poulenc)

Type: phenoxy carboxylic acid

Synthesis:

OH OH
C1
+ Cl 2 —_ +
Cl

2.4 dichloro
phenol

phenol

Cl

2.4.D

HC1

Carboxylic Acids

Hedonal (Bayer), Fernimine, Fernoxone, Agroxone (ICI), Desormone,

ONa
Cl
NaOH —_—
Cl

v AL
Cl-c-c”
1 \0H

monochloro
acetic acid

NaOH

C1
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2,4,DB

Uses: herbicide, cereals, grassland
Trade names : Embutox (Rhone Poulenc)
Type: phenoxy carboxylic acid
Synthesis:
OH ONa
cl / Ccl
+  NaOH >
Ccl Cl
2.4 dichloro
phenol +
| P
-c2c- + >c=0 —_— —c-c—c‘-c
1
butyrolactone
Lo_,
acetylene formaldehyde

Cl 2.4.DB

4-(2.4 dichlorophenoxy)
butyric acid



Dichlorprop

Uses: herbicide, cereals, grass, turf

Trade names: Cornox (Schering)

Type: phenoxy carboxylic acid

Synthesis:

propionic acid

OH

phenol

Carboxylic Acids

2 chloro propionic acid CPA

OH
Cl

Cl

2.4 dichloro phenol

N
-c-c-C
' oy
[o]
cl
c1

dichlorprop

763
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alternate route:

—C—C~—¢
[N
° OH
° CH
[ 4 NaOH 2 ph?nO).(y
- ?_ (l;_ c\ + 5 propionic
Cl1 OH acid
phenol
+
C12
11 AR
—C—C—c
Fr Som
o
c1

Cl
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Diclofop~Methyl

Uses: herbicide for wheat, barley, rye, soya, potatoes, sugar beets,
sunflowers, tomatces, vegetables
Trade names: Hoe Grass, Hoelon, Illoxan (Hoechst)
Type: phenoxy carboxylic acid, phenyl-ether
Synthesis:
]
- -
]
OH o
c1 KOH
> 1
CI@O@O-C-
Cu f
Ccl Br Cl
2.4 dichloro 4 bromoanisole HBr
phenol ] °
_‘c-c”
I “on
Ci
+
Br Br
[P 1 40 1 TR
—c-c-c + Br:2 _ -e-c=c + -¢~0H ——> —c-C-C
' Mo 1 oy ! [ PO
T
propionic methanol
acid
1
—c—
i
Cl o -o-c
I 1
Cl C—=0~C—-
o 1

diclofop-methyl
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alternate route :

OH NO2
Ccl
+ é
Cl Cl
4 chloro
nitrobenzene

QO

Cl

sodium

NaNOZ nitrite

Cl
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Fenoprop

Uses: herbicide,. growth regulator, non crop lands, pastures, maize,
sugar cane, rice

Trade names: Kuron, Kurozal (Dow), Fruitone T (U.Carbide)

Type: phenoxy carboxylic acid

Synthesis:
]
-C-
I P
o—c—c
OH ONa
[
c1 a7 a1
TS
Ccl ClL
i Ccl ONa 1
2.4.5 trichloro sodium chloro
phenol propionate
see 2,4,5 T
HC1
|
—-C—-
] F
0— c— ¢
CH
Cl
Cl
Cl

fenoprop
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Fenoxaprop-Ethyl

Uses: herbicide, beets, cotton, potatoes, soya beans, vegetables
Trade names: Furore, Whip, Acclaim, Puma (Hoechst)
Type: phenoxy carboxylic acid, benzoxazole
Synthesis:
Cl
ot L0 A
—Cc—Cc—C + C12 > —Cc—C ~-C
t 1+ “om L ~oH
propionic acid .
[
—-— c—c—OH ethanol
{ !
Cl °
[
c—c—c? Y
1 No—gc—c—
! |
+
OH
@ hydroquinone
CH
o 40
—Cc—c—¢
[ R VA S
o t [
OH
+
N N
AN A
c—SH + Cl2 _ /c—Cl
Cl
o 2 o
2 mercapto l 0
6 chlorobenzoxazole N N —c-
—0 = o0— C
c1 o’ !
7N\ !

fenoxaprop ~ethyl I



Carboxylic Acids 769

Fluazifop-Butyl

Uses: herbicide
Trade names: Fusilade (ICI)
Type: phenoxy carboxylic acid, pyridine
Synthesis:
[ oo by +°
—(I:_ e=~c’ + Cl2 > —c—c—c_
! H [
0 aa M
.. . +
propionic acid
[
- c!.— c—c—c—0H Dbutanol
§ i i 1
i J /,
"f"f"c< v
0—Cc—Cc—C—cCc—
C1 Fo0 0
+
OH
{
_":_ 7z ) ) hydroquinone
N ‘ B picoline
N OH
M )
i 1 V4
— c—c—c¢
i 1 N ! ! 1 1
c1 o TITITITIT
2
CH
+
Cl F
! | {
—¢ Cl—c—¢7 F—c o~
! l +Cl, —> | | + HF —p i |
N~ CL photo Cl \q c1l F Xy~ Cl
3 methyl 5 chloro
pyridine l
F
[ I
F—c —= —-Cc~-
) | !
F \\ o —0—-c
N !

1 t 1 '
No—c—c—c—c—
{ i 1 4

/,C
o]

fluazifop-butyl
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alternate route:

Fl‘ OH F
F—c p_%__
(O — "0
F C1 F 0~ OH
N
OH
]
-C—
!
o
or +
OH
)
Ll ot
4 methoxy IR
}
phenol Br \o—c'—é— c‘:—c

fluazifop



Uses:

Trade names:

Type:
Synthesis:
o
Y,
I

propionic acid

HF

Carboxylic Acids

Haloxyfop-Methyl

Gallant, Zellek, Verdict

phenoxy carboxylic acid

3 methyl trichloro
6 chloro pyridine

(see fluazifop metyl)

herbicide, sugar beet, potatoes, onions, vegetables, sunflowers, soyabeans

(Dow Elanco)

o
1 v

methanol

+
H

o)

™~
©

OH
|
xc//°
roq

©

OH

+
F

F—t:: s l
F
Ny

l

F i
| —Cc—
F—c //

: lCl |
o

C—0—C—
¥,
O/ !

N\ |
0— Cc—
|
Cl
Cl

haloxyfop-methyl

771
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MCPA

Uses: herbicide, cereals, grass land, turf
Trade names: Cornox M (Schering)

Type: phenoxy carboxylic acid

Synthesis:

-¢- -¢-

OH OH
+ Ccl 2
Ccl
o-cresol

+

I ° chloro

Cl—c— c< mzreu:ic aocid

! on 2
|

-C -

0
— 0—C— ¢ \/
O 7
Cl

MCPA

Ccl 2
alternate route : +
. -
| o
OH 1 4° —o—e—c”
+ Cl— c':— < —_— O | \o}{

OH



MCPB

Uses: herbicide, cereals, peas, grass

Trade names:

Tropotox (Rhone Poulenc)

Type:

phenoxy carboxylic acid

Synthesis:

OH

ortho cresol

alternate route :

|

—-C=

Cl

4 chloro butyronitrile

O + Cl— (‘:— il- <':— c=N B e J Cl

Carboxylic Acids

- -
OH 2 methyl 4 chloro
phenol ( MCP )
cl
+
o
1 1 7
—c— ?— <I:— c butyrolactone
o
|
-
o
o—pbtod
Cl RN
OH
MCPB
NaOH
+
|
-C—

Lo
—0— C— C— C—c=N
|

!

773
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Mecoprop

Uses: herbicide, cereals, grassland

Trade names: Iso Cornox (Schering)

Type: phenoxy carboxylic acid

Synthesis:
[°] Cl [
A vl 2.ch}oro )
~Cc—c—c¢ + Cl _— —Cc—c¢c—cC propionic acid
I AN 2 1t N\ CPA
OH OH

propionic acid

+
CH OH
1 }
C— o—
I + c1, _— O i
cl
o-cresol
| [¢)
—é—c——cf
bl oH
o
)
—o—
1
Cl

mecoprop



Carboxylic Acids

2 Naphthyloxy Acetic Acid
(Naphthoxy Acetic Acid)

Uses: growth regulator, tomatoes, fruit
Trade names: (Bitterfeld)

Type: phenoxy carboxylic acid

Synthesis:

o 4
OH \ / o—é—c
+ Cl-c—c¢ —_—> AN
N OH
CH

naphthol chloro acetic 2 naphthyloxy acetic
acid acid

775
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Quizalofop-Ethyl

Uses: herbicide, sugar beet
Trade names: Assure (DuPont), Pilot (Schering), Targa (Rhone Poulenc)

Type: phenoxy carboxylic acid, pyrimidine

Synthesis:
[ o
A A chloro
—Cc—c¢c—¢ + Cl2 _ —C—C=—¢ propionic
AN N acid
OH Cl OH
propionic acid +
- %— c::— o ethanol
OH
o o
A L4
—Cc—¢C—2¢ — + —c—c—c
[ AN Pl
o 0— C— C— Cl 0— C— C—
I OH I
hydroquinone
OH
+

N
C1 N 2.6 dichloro
quinoxaline
P .
N Cl (see propaquizafop)

1

Cl N\ -C~-
0
N L

¢— 0~ C—cC—
V4 [
o

quizalofop-ethyl
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245 T

Uses: herbicide, trees

Trade names: Weedone (Rhone Poulenc)

Type: phenoxy carboxylic acid
Synthesis:
Cl OH
Cl
O +  NaoH — ¢
Cl Ccl
c1 C1

1,2.4.5 tetra
chloro benzene

[}
| Vi mono chloro
Cl—-?—-c\ acetic acid

OH

NaOH

o-Na

Cl

HCL

o]
I
-0
I
0

ca

Cl
Cl

2.4.5T

2.4.5 trichloro phenoxy acetic acid
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HALOGENATED ALIPHATIC ACIDS
Dalapon

Uses: herbicide for grass, citrus, sugar cane, rubber, coffee, industrial sites
roadside, railway tracks, orchards, olive, bananas, asparagus, potatoes

Trade names: Dowpon (Dow), Radapon, Basfapon (Basf)

Type: chlorinated aliphatic acid

Synthesis:
o 038 o
¢ c‘: c// Cl —_— é (l. c//
— G— G + — C¢—c—
1 N 2 ro
OH OH
2 chloropropionic
propionic acid acid CPA
+
Cl2
Cl o ClL o
4 A
—C—c¢c—~—2C —— NaOH + —C—Cc—c¢
I AN I AN
Cl o-Na Cl OH

dalapon
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Flupropanate

Uses: herbicides , pastures
Trade names: Frenock (Daikin)

Type: halogenated aliphatic acids

Synthesis:
| 0
F~—C= c—F + NACN _— F—T—cl:—c( + NH3
F F FF ONA
tetrafluoro sodium flupropanate

ethylene cyanide
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L]
Trichloroacetate
Uses: herbicide, sugar beet
Trade names: NaTa (Hoechst), Tecane (Schering), Varitox (Rhone Poulenc)
Type: chlorinated aliphatic acid
Synthesis:
o Cl o
A I
—-—C—-C + Cl —_— Cl—c—c
AN 2 \
CH Cl OR
acetic
acid

NaOH

Cl o
V4
Cl—c—c

| \
Cl o-Na

TCA
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HALOGENATED AROMATIC,
CARBOXYLIC ACIDS

The most common structures are :

1

O

V. X (hal
X o/ \0_R2 ( ogen)
bromopropylate
chlorobenzilate
chloropropylate
o OH
N/
c
|
X
NZ
No2
]
O—C—
!
chloramben
chlorthal
dicamba

2.3.6 TBA
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Bromopropylate

Uses: acaricide, cotton, fruit, grapes, soya beans, vegetables

Trade names:

Neoron, Acarol (Ciba)

Type: halogenated aromatic carboxylic acid

Synthesis:

o
Br @_é _@Br
|

/c\
o/ OH

dibromo benzilic acid

isopropanol

OH
— @+
l

c
/AN
o o—c—c—
[
——
|
bromopropylate
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Chloramben
Uses: herbicide, maize, soya beans, vegetables, sunflowers, ornamentals
Trade names: Amiben (Rhone Poulenc)
Type: halogenated aromatic carboxylic acid
Synthesis:
O\\ C1 0\\ Cl
c c
Cl
+ c, —_
Cl
2,5 dichloro
be“z°?1 benzoyl chloride
chloride
+
HN
03
O\\ OH O\\ /OH
c c
Cl Sn Cl
O — H, +
c1 NZ HC1 c1 NO

chloramben
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Uses: herbicide, sugar cane, non crop lands, lakes,

Trade names: Fenac, Fenatrol

Chlorfenac

(U.Carbide)

Type: halogenated aromatic carboxylic acid

Synthesis:

Cl Cl

Cl

2.3.6 trichloro
toluene

Cl Cl
Cl

chlorfenac

light

H, SO

ponds, ditches

Cl
1
-C -
C1 Cl1 2.3.6 trichloro
c1 benzyl chloride
+
NaCN sodium cyanide
N
f
-
|
-
C1 cl
Cl
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Chlorobenzilate

Uses: acaricide, citrus, cotton, soya beans, grapes, tea, vegetables

Trade names: Akar, Folbex, Acaraben (Ciba)

Type: halogenated aromatic carboxylic acid
Synthesis: Fl
.. -c—Cl
+ 012 —_—
Ccl
toluene
+
NaOH
4.4 dichloro benzoin ’\dép
1 ~i_i_om 4 chloro
c1 c— c— C1 P B . benzaldehyde
(I)H g NaCN
C1
HN03
o OH 4.4 dichloroe
N/ benzilic
¢ acid
KOH |
Cl G Cl —_— Cl C Cl
it ] |
[+ o OH
4.4 dichloro benzil .
P ethanol or
—c—C¢—0H A
I diethyl
sulfate
I |
o o0—C—cC—
\W} [
c

Oan®
Cl T-—
OH

chlorobenzilate
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Chloropropylate

Uses: acaricide, fruit, vegetables, tea, cotton, sugar beet, nuts

Trade names: Rospin, Chlormite (Ciba)

Type: halogenated aromatic carboxylic acid
Synthesis:
OH OH
! (1 !
Cl C— + —-?—-?—-?- —_> (1l I <:>
| o l
"\ ¢ »
o OH 7N\ s
o o— ¢~
\é_
}
4.4 dichloro isopropanol chloropropylate

benzilic acid

(see chlorobenzilate)



Carboxylic Acids

Chlorthal-Dimethyl

Uses: herbicide for grass , onions, tomatoes, lettuce, potatoes,
cotton, soya, turf

Trade names: Dacthal (Fermenta)
Type: halogenated aromatic carboxylic acid
Synthesis:
o OH °¢ ICI
AN e c
+ soct, —_—
¢ c
PARN A
o” OH thionyl oo c
chloride
terephthalic
acid
+
012
Fe
Oomtm o Cl
N s Qc/
Cl
Cl Cl ! c1
“— -c-0H +
! c1 c1
Cl Cc1l
Y, C\ 1 //c
o’ o-—c- methanol o (1l
chlorthal

dimethyl tetrachloro
terephthalate

787
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alternate routes to terephthalyl dichloride:

Cl
& c1-<l:— c1
-<I:— Cl—ti:—Cl
Cl
hexachloro
p-xylene
o OH
N/
+ SOCl2
"\
4
o OH
terephthalic thionyl
acid chloride

o\\ /OH o\\ Cl
c
: 2
; 7\
7\ 4
o OH o (1
terephthalic
acid
o\ Cl
\c/
—_
c
Vi
o/ \Cl
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Dicamba
Uses: herbicide for maize, sorghum, sugar cane, pastures
Trade names: Banvel, Mediben (Sandoz)
Type: halogenated aromatic carboxylic acid
Synthesis:
cl 1l
Cl OH 2.5 dichloro
O + NaOH _—> phenol
Cl Cl
1.2.4 trichloro
benzene +
CO2
KOH
Cl . cl
o o-c-
—-0-C~ N\ /7 i OH
20 E 728N ] + -0
-C o-c- c”
Yot ! ¢1 oK
Cl
dimethyl
sulfate

dicamba
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alternate routes :

H
N/
C

Cl
+
Cl

3.6 dichloro
benzoic acid

(1)

‘s H
(ii) o\\c/

C1 N

(048

3.5 dichloro
anthranilic
acid

c—o0 (o]
PN/ NacH
s

di camba

H
cl Cl N=N-—C1
NaNO2 _—

methvl chloride
|
—-c—Cl or

|
dimethylsulfate

dicanba



Carboxylic Acids

o OH
N\ /
—_-
cl c1 Ccl Cl i
+ HNO3 — + —T-o—Na ———> dicarmba
Cl

c1
2.3.6 trichloro 2.3.6 trichloro niiili";‘te
toluers benzoic acid 24
(iv)
r r
— —-
cl _O_(lf_ e Cl Cl:— 4
+ KOH - I —_—— 3 dicamba
Br cl cl o
pt/Pd
NaOH
"“f'°
Y
Ng
! VAN
[
) *
(I)H OH
-~ -
cl OH e~ c1 OH
+ KOH —_—

Br Cl Cl

791
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Plifenate

Uses: insecticide, house holds, public health
Trade names: Baygon MEB (Bayer)

Type: halogenated aromatic carboxylic acid

Synthesis:

C1 c1 Cl

cl | o AlCl cl
+ Cl—c— c< ——-—3>

Cl
—c— OH
orthodichlore chloral Cl—c—Cl

benzene l
Cl

AN acetic
anhydride

Cl
Cl

plifenate



Carboxylic Acids

2,3,6 TBA

Uses: herbicide, sugar beet, peas

Trade names: Tryoben (DuPont)

Type: halogenated aromatic carboxylic acid

Synthesis:
[¢) Cl o Cl
\\c/ N
c1 c1 2.3.6
. c1 5 trichloro
2 c1 benzoyl
chloride
benzoyl +
chloride
H20

o, OH
N/
Cl Cl
C1l

2.3.6 TBA

alternate routes :

c1 cl
Cl CN
i) + CuCN _ ( + isomers )
Cl Cl
Cl

Cl
1.2.3.4 copper +
tetrachloro cyanide
benzene HZS°4

Cl
O

[ Cl
7 7
\OH «— NaNO2 + \N< ( + isomers )
Cl Cl
Cl

793
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alternate routes : {cont.)

- -
Cl
ii)
| I
= —c-
Ccl Ccl
+ Cl2 —_>
c1 C1
2.3.6
b trichloro
toluene
Ccl
Ccl
o-chloro toluene
m-chloro toluene
o.m-dichloro toluene
o o-Na
N
Cl Cl
Cl
+
HNO
3
[} OH
N/
Cl Cl

Cl

Cl

NaOH

Cl

l
Cl-c-Cl

Cl

Cl

4

Cl
s

Cl

Cl

Cl

C1
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HEXANEDIONE CARBOXYLIC ACIDS

These are structures of the type

o] o-R
N1
[o]
°=©=o
R,

The cyclohexane ring is obtained either via hydrogenation of

the aromatic ring or by cyclisation.
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Prohexadione

Uses: growth regulator, barley, rice, wheat, turf

Trade names: (Kumiai)

Type: hexanedione carboxylic acid

Synthesis:
o-Na
11
o [] —c—?—o—Na o
N1t 7 | ]
c—~C—Cc—¢ Y c
L T N T 11/
—c—c—o -Cc—~ 0— Cc—C— —C—C—0 1l
(. 1 P [ °
c=0
| +
—_C-
I
HC1
diethyl acetmethyl (acetonyl)
succinate
OH
o |
c
P/
—C—C—0
P l
o
+
/o
_i_ é— <:/ proplopyl
T \ chloride
Cl
o
o |
il 0—C—C— C¢—
o o] b
i |1 I
[ C— C=— C— —— c
i/ ol dimethyl 4
5T e amino e I
o pyridine
+
NaOH
o
]
o
“ c—d— i
/ W1
OH o
f
o

prohexadione



Trinexapac

Uses: growth regulator, cereals, rice, sunflowers, turf

Trade name: Primo, Moddus (Ciba)

Type: hexanedione carboxylic acid

Synthesis:
) OH o OH
N’ N/
+ H 2 —_—
HO OH ° o1

3.5 dihydroxy
benzoic acid

//
——— C

= \
o o c1

cyclo propanoyl
ﬁ chloride

o CH
0

L

N’
y—OH

trinexapac

Carboxylic Acids

—&—¢—on
i 1

ethanol

797



Halogenated Hydrocarbons

HALOGENATED HYDROCARBONS

Most halogenated hydrocarbons have the following basic structures:

Cl

Rq

Cl Cl

R— (Cl )n

Cl Cl Cl

Cl

aldrin
camphechlor
chlordane
endosulfan
endrin

heptachlor

chloropicrin
dibromochloro propane

dichloropropene

DDT
dicofol

hexachlorophene

dienochlor

lindane
PCNB

799
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L]
Aldrin
Uses: insecticide
Trade names: Aldrex, Aldrite (Shell), Octalene (Sandoz)
Type: halogenated hydrocarbon
Synthesis:
dicyclohepta-
+ —c=c— _ l l diene
cyclopentadiene acetylene +
Ci Cl
+ cl _ ¢t ¢l hexachloro
2 cyclopenta~
c1 c1 diene
Cc1
Cl
(038
Cl
aldrin

alternate route:

+

Cl Cl Cl
c1 c1 cL
+ Cl2 — + —C=Cc— —)
Cl
Ccl Cl Cl



Halogenated Hydrocarbons

Camphechlor
(Toxaphene)

Uses: insecticide, cotton, fruit, maize, vegetables, soyabeans

Trade names: Phenacide, Phenatox, Toxakil (FMC)

Type: halogenated hydrocarbon
Synthesis:
a1 Cl
. Cl- Jl:— c1
]
i + ¢, > c1 t—c1
T i
Cl
—c—- -Cc-

camphene toxaphene

801
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Chlordane

Uses: insecticide, households, wood, lawns
Trade names: Octachlor (Velsicol)

Type: halogenated hydrocarbon

Synthesis:
cl ¢l
Cl— ~Cl
l ' + Cl 2 —_— l l hexachloro
c1— ¢ cyelo-
pentadiene
or
cyclopentadiene +
o
Il
Cl—8—Cl

sulfaryl chloride

Cl
Cl —
Clj chlordene
1

Cl

Cl

Cl
Cl

It

Cc1 C1

chlordane



Halogenated Hydrocarbons

Chloropicrin

Uses: insecticide, stored grain
Trade names: Dorochlor, Picrin 80 (Mitsui)

Type: halogenated hydrocarbon

Synthesis:
OH Cl
O.N NO
2 2 + Ca(OCl)2 _— Cl—-c—-NO2
I
C1
NO2
calcium
2.4.6 trinitrophenol hypochlorite chloropicrin
(picric acid) (bleaching powder)
alternate route :
cl
| NaOH |
-~ c—NO + Cl —_— Cl—c— NO
1 2 2 i 2
Cl

nitromethane

803
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DDT

Uses: insecticide
Trade names: Gesarol, Guesarol, Neocid (Ciba)

Type: halogenated hydrocarbon

Synthesis:
c1 c1
l //o H2304
+ Cl-c—-c\ _>
{
Cl

chlorobenzene chloral

DDT



Halogenated Hydrocarbons

DBCP
Dibromochloropropane

Uses: nematicide
Trade names: Nemagon (Shell), Fumazone (Dow)

Type: halogenated hydrocarbon

Synthesis:

—c=c—c—Cl + Br —_— —Cc—c¢c—c—Cl

Br Br

allyl chloride dibromochloropropane

805
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Uses:

Trade names:

Telone, Dorlone

1,3 Dichloropropene

fumigant, nematicide

(Dow Elanco)

—_— 5 Cl—- ?'— e=c—

Type: halogenated hydrocarbon
Synthesis:
—é—c=c + Cl
r i 2
propene

allyl chloride

1.3 dichloropropene
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Dicofol
Uses: acaricide, citrus, cotton
Trade names: Kelthane (Rohm & Haas)
Type: halogenated hydrocarbon
Synthesis:
Cl
| |
c1 ¢ c1 + a1, — 3 T c1
|
Cl—c—C1 Cl—c-Cl1
| |
Ccl Cl
DDT *
//o
—c/ formic acid
AN
OH
OH
|
c1 O c c1
|
Cl—c-C1
[
Cl

dicofol
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Dienochlor
Uses: acaricide
Trade name: Pentac {Sandoz)
Type: halogenated hydrocarbon
Synthesis:
cl c1
C1 Cl hexachloro
+ Cl _— cyclo
’ l 2 :] [: pentadiene
Cl Cl
cyclopentadiene
Cu (or Hz)
Cl Cl Cl Cl
L i .
Cl
pad
[ I T |
Cl C1 Cl Cl

dienochlor



Endosulfan

Halogenated Hydrocarbons

Uses: insecticide, cereals, coffee, cotton, potatoes, tea, vegetables

Trade names: Thiodan, Cyclodan, Beosit, Malix, Thimul, Thifor (Hoechst)

Type: halogenated hydrocarbon , sulfite

Synthesis:
cl ¢

Cl
[:Cl

Cl—-

Cl—

hexachloro
cyclopentadiene

cis 2 buteno
1.4 diol

c1
c1 %- OH
1
c1 ¢— O
c1
+

SOC1 thionyl
2 chloride

c1
¥
¢l cdel] T os=o
c1 —é—o
c1

endosulfan

809
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Endrin
Dieldrin

Uses: insecticide, cotton, maize, sugarcane, rice, cereals
Trade names: Octalox (Velsicol), Dieldrex, Dieltrite, Endrex, Panoram (Shell)

Type: halogenated hydrocarbon

Synthesis:
Cl c1
— C1 10 . c1
+
c1 272 —_— o
! Cl
hydrogen
peroxide
aldrin or endrin
peracetic dieldrin

acid



Uses: insecticide, maize, grain, sorghum, households

Trade name:

Heptachlor

Type: halogenated hydrocarbon

Synthesis:
cyclopentadiene
Cl
Cl |
iy
Cl c1
heptachlor

C1

!
Cl—c—Cl
I
c1
L m—

peroxide

Cl

sulfuryl
chloride

or

Velsicol 104 (Velsicol)

Cl

2

Halogenated Hydrocarbons

Cl C1

Cl Cl
J [ hexachloro
cyclo-
C1 Cl  pentadiene

l cyclo-
pentadiene

Cl
Cl

l chlordene
Cl

Cl
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Uses: insecticide

Trade names:

Lindane

Lindaterra, Lindamul (Rhome Poulenc)

Type: halogenated hydrocarbon

Synthesis:

benzene

Cl
sunlight cl c1
C12 U
Cl Cl
Cl

lindane

Gammexane, Gammalin (ICI), Isotox (Chevron), Inexit, Agronexe,

Nexit (Celamerck), Exagama, Gallogama, Lindafor, Lindagranox ,

997%

X isomer



Methyl Bromide

Uses: insecticide, nematicide, ships, mills, stores

Trade names: Dowfume (Dow)

Type: brominated hydrocarbon

Synthesis:

methanol

—Cc—Br

Halogenated Hydrocarbons

(+H

soA )

813
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Mirex
Uses: insecticide,
Trade names:
Type: halogenated hydrocarbon
Synthesis:
cl Ccl
Cl— —ct hexachloro
+ c1 —_ cyclo
2 cl ¢1 pentad iene
cyclopentadiene
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl Cl

Cl

mirex



HALOGENATED AROMATICS

Halogenated Hydrocarbons

These compounds have the following basic structures :

X
Ccl

bromoxynil

chloroneb

chlorotalonil

2 DCNA

dichlobenil

hexachlorobenzene

ioxynil

pentachlorophenol

quintozene

tecnazene

tetradifon

tridiphane

dichlorophen

X methoxychlor

Cl Cl
tetrasul R= S

X

CN

OCH

CN

NH

CN

Cl

CN

OH

NO

NO

Cl —S

Cl

OH

815
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L3
Bromoxynil
Uses: herbicide, cereals, garlic, onions, sorghum
Trade names: Brominal, Buctril (Rhone Poulenc)
Type: halogenated aromatic
Synthesis:
)
c?
+ Br2 —_—
CH
4 hydroxy
benzaldehyde
N
"
c
A
H—
Br Br
OH

bromoxynil

“N-OH hydroxylamine

-c-¢
\
ONa
/OH
N
N7
c
Br Br
OH



alternate route :

N
it
c
+ NaoBr
OH
4 hidroxy sodium

benzo nitrile hypobromite

Halogenated Hydrocarbons

Br Br
OH

817
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Chloroneb

Uses: fungicide used for cotton, soya, sugar beets
Trade names: Demosan (Dupont)
Type: halogenated aromatic

Synthesis:

OCH3

OCH

p-dimethoxy
benzene

alternate route:

benzoquinone

OCH
Cl

Cl
ocH

diazomethane

OH
cl Cl
+ HC1 _— + NaClO3 e
OH

0CH3
Cl

Cl
OCH

HC1

OH
Cl

C1
OH



Chlorotalonil

Uses: fungicide for vegetables, soyabeans, coffee, fruit

Trade names: Daconil, Bravo, Exotherm,Termil (Fermenta)

Type: halogenated aromatic

Synthesis:

metaxylene

CN
Cl Clt

cl CN
cl

chlorotalonil

alternate route :

o OH
\Y
\‘c/

Cl Cl
o
Y,
Cl ——-c/
\

Cl OH
tetrachloro

isophthalic acid

Cl +

Halogenated Hydrocarbons

CN

CN

CN

isophthalonitrile

PZOS or POCl3

chlorotalonil

819
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Uses: herbicide, fruit

Trade names:

Type: halogenated aromatic

Synthesis:

toluene

éN-OH

Cl Cl

— O

nNnE2

C1 Cl

dichlobenil

Cl

Dichlobenil

Casoron (Duphar)

>N-OH

hydroxylamine

C1

Cl

-c-Cl

P
\

Cl

cl

2,6 dichloro
benzaldehyde



Halogenated Hydrocarbons

alternate routes :

Cl
1 0
| Cl—c—Cl °§C/H
-C—
Cl Cc1 Cl C1
i) + €, — O + HO0 —>
+
thionyl
SOC12 chloride
o NZ
\ ) Cl
\c/ %b/
Cl C1

O wma . c1 O c1

ammonium 2.6 dichloro
A1013 A chloride benzoyl chloride
N
il
c
Cl Cl
s nitrosyl
i) HZSO4 *+ NaNoO, EE— NOH504 sulphuric acid
+
sodium
nitrite \Yi
N
Cl Cl 2.6 dichloro
aniline
N,—0SO_ H
oN 2 3
c1 c1 c1 c1 diazonium

—— CuCN + KCN + salt

821
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Dichlorophen

Uses: fungicide, textiles, anti-mould, athletes foot
Trade names:  Super Mosstox, Antiphen (Rhone Poulenc)

Type: halogenated aromatic

Synthesis:
OH OH OH
H,SO 1
+ >c= o La—a ?
Cl Cl Cl
p-chloro formaldehyde dichlorophen

phenol



Uses: fungicide, fruit, ornamentals, vegetables

Dicloran
DCNA
Dichloronitroaniline

Halogenated Hydrocarbons

Trade names: Botran (Upjohn), Allison (Schering), Resiran (Nissan)

Type: halogenated aromatic

Synthesis:

p-nitroaniline

+ Cl

Cl Cl

dicloran

823
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Hexachlorobenzene
Uses: fungicide
Trade names:
Type: halogenated aromatic
Synthesis:
1
Cl Cl
+ c1, _
Cl Cl
Cl
benzene hexachlorobenzene
alternate route :
Cl
Cl Cl i
+ Cl—S—C1l ——D hexachlorobenzene
Cl Cl !
c1 °
sulfuryl
hexachloro chloride
cyclohexane
or
[+] Cl
A s /
V2N
o/ OH
chloro
sulfonic

acid



Ioxynil

Uses: herbicide, onions, cereals, sugarcane

Trade names:

Type: halogenated aromatic
Synthesis:
o
z
N ?
+ Iz _—
CH
4 hydroxy
benzaldehyde
N
il
c
acetic
I 1 anhydride
OH
ioxynil
alternate route :
N
il
c
+ 12 _—
OH
4 hydroxy

benzonitrile

Halogenated Hydrocarbons

Certrol, Actril, Totril (Rhone Poulenc), Mylone (U.Carbide)

o
y
NP
I I
OH
+
~ .
—~N—OH hydroxylamine
—c=N—0H
I I
OH
N
i
c
I I
OH

825
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Methoxychlor

Uses: insecticide fields, forage, fruit, vegetables
Trade names: Marlate (Dupont)

Type: halogenated aromatic

Synthesis:
|
-
|
° cl
I e AlCl
+ Cl=c—c7 —3; _iom O ! —o—t—
P ] ' ]
¢l Cl—c—Cl
|
anisole chloral €1

methoxychlor



Uses: fungicide,

Trade names:

Pentachlorophenol

Type: halogenated aromatic

Synthesis:

OH

phenol

Cl

Halogenated Hydrocarbons

Dowicide EC7, Dowicide G, Penta (Dow), Santobrite (Monsanto)

OH
Cl Cl

cl Cl
Cl

pentachlorophenol

827
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Quintozene

Uses: fungicide, vegetables, ornamentals
Trade names: Botrilex (ICI), Tritisan (Hoechst), Folosan, Terrachlor (0lin)

Type: halogenated aromatic

Synthesis:
Cl
12 Cl Cl
+ Cl2 _
Cl Cl
NO
N02 2
nitrobenzene quintozene
alternate route :
cl
Cl
+ Hno3 —_— quintozene
Cl Cl
Ccl

pentachlorobenzene



Halogenated Hydrocarbons

Tecnazene
Uses: fungicide, potatoes
Trade names: Foloran (Bayer), Fusarex (ICI)
Type: halogenated aromatic
Synthesis:
Cl
Cl Ccl A Cl Cl 1.2.4.5
_— + Cl2 _—> tetrachloro
Ccl Cl CL Cl benzene
Cl
C13
+
hexachloro
cyclohexane
HNO3
!\‘IO2
Cl Cl
Cl Cl

tecnazene

829
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Tetrachlorophthalide

Uses: fungicide, rice
Trade names: Rabcide (Kureha)

Type: halogenated aromatic

Synthesis:
1 ¢a c1 s
c1 —¢|;—01 H,50, c1 N
4 —_— <]
c1 —¢-cl c1 c/
Ccl Cl c1 /N
tetrachloro tetrachlorophthalide

1.2 bis dichloro
methyl benzene



Halogenated Hydrocarbons 831

Tetradifon

Uses: acaricide, fruit, grapes, vegetables
Trade names: Tedion (Duphar)

Type: halogenated aromatic, sulfone

Synthesis:

Cl

Cl
[ OH
cL N/ o c1
. s — i (O
7 N\ Cl—S —
o Cl ]
Cl o [033
1.2.4 trichloro chlorosulfonic +
benzene acid Cl
chloro
benzene
Cl
o Cl
I
cl S
i
o Cl

alternate route :

Cl
Cl
C g—
Cl

hydrogen
peroxide

tetrasul
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Tetrasul

Uses: acaricide, fruit, vines, ornamentals
Trade names: Animert (Duphar)

Type: halogenated aromatic

Synthesis:

SH NOZ
Cl NaOH
+ _—>
Ccl
Cl c1l

2.4.5 trichloro i;i:ioro
thiophenol benzene

Cl
Cl

CuCl

Cl

Cl

tetrasul

Fe
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Tridiphane

Uses: herbicide, maize
Trade names: Nelpon, Tandem, Dowco 356 (Dow)

Type: halogenated aromatic, oxirane

Synthesis:
[y
\ o\\c/ H
o
HZSOA
+ Cl 2 B —
cl c1 cl Cl
+
3.5 dichloro
toluene \
- ?— OH methanol
SOC1 2
o o—c—
—é—c= —_— \\C/ |
' ! c1
O — :
c1 c1 N c1 c
I
+
ci
|
Cl—c—~C1
|
c1
Cl o
Cl | /
1 i { Cl— c—cl:—c-—\c-—

—C==Ce—C—— c—C1 | ] |

! | cl
Q) ” —
¢ c1 7 c1 1
[

\o— OH

peracetic acid tridiphane



Diverse Chemical Functions

AMIDINES

The amidine function is obtained by 2 routes :

i} reaction of a dihaloamine with an amine

ii) reaction of an amine with a formamide derivate

835



836  Pesticides Synthesis Handbook

Amitraz

Uses: insecticide, acaricide, citrus, cotton, tomatoces

Trade names:

Type: amidine
Synthesis:
HC1
\N/
N
1
C -
1 +
-

2.4 dimethyl aniline
hydrochloride

Mitac, Taktic (Schering)

—C—
p-toluene
o sulfonyl ! )
L el Nmeonodo
N . i [ E S
?“f“ chloride
N methyl
formamide _c':_
p-toluene
sulfonic acid
o= S=o0
]
OH
! |
-_—C— 1 —C —
—_r—
| } i
-—C —N=¢c—N-—c=N-— c —

amitraz



Diverse Chemical Functions

Chlordimeform
Uses: acaricide, insecticide
Trade names: Galecron (Ciba), Fundal (Schering)
Type: amidine
Synthesis:
c
4;° } d
POCl + —-c i _— Cl—c—~N
3 AN /C— 1
{ |
N\' cl c-
C— I
]
phosphorous dimethyl +
oxychloride formamide
I
-C -
| N 2amino 5
° /c— chloro
Z ! c1l tol
e < . - N\ oluene
OH .
1
formic acid dimethyl
amine
1 t
- - c-
1 /!
N=c—N
N1
Ccl c-

chlordimeform

837
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BENZOFURANS

The benzofurans ring in itself does not exhibit strong pesticidal
activity. Therefore benzofuran pesticides always have another main
function which gives the molecule its leading characteristics.

Thus benfuresate and ethofumesate are sulfonates with a structure

ﬁ 2
R,—S—o0 ¢-
T i !

o ?-

while carbofuran and furathiocarb are carbamates with a structure

R— N—=C—=— o0

Benzofurans have been grouped together in this chapter in order to
show the different ways of synthesizing the benzofuran ring

Ring closure methods are

. Ccl
o
~c
1 _&- benfuresate
C::l
<|E_
o O
2° N/
+ I /,$— ethofumesate
v -C
(o] \é
1
]
C—-
OH /!
Cc= ?_ carbofuran
é- furathiocarb
I



Diverse Chemical Functions 839

Benfuresate

Uses: herbicide, cotton
Trade names: Cyperal (Schering)

Type: benzofuran, sulfonate

Synthesis:
1
| -
_?_ ([: (':1
o ° -f_
|
: — C— C—
+ ~c=c—c—Cl _ Pt
] | i ~C~
—-C—- 1
Br i Br
4 bromo 2 methyl
isole allyl
an chloride
& i
o [ [o) 1
- -
&—— Na-o-—%-— +
sodium Br
? methoxide
—c-
]
sodium
Nall hydride
: }
o s o ¢-
é- o Cl 1
1 N\ / “1‘
+ s _
VAR
5
OH o
ethane o= SI= °
sulfonyl ]
chloride ‘T'
—c—

benfuresate
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Ethofumesate

Uses: herbicide, sugar beet, pasture, tobacco, sunflowers

Trade names:

Nortron, Tramat (Schering)

Type: benzofuran, sulfonate
Synthesis:
o HO &
N L1 base -
-c-c-C=- —_— !
A tort H
(<) c °
s §°
+
-benzoquinone isobutyraldehyde \
P 4 Y o -s-é—OH ethanol
1
—=
HO —c":-
11
o-C=C—
o o
+
N ,C1 miibani
sulfony
%
o \é- chloride
o }
v N —C-
~c-5-0 .
L] —-c-
[e] 1
1}
0-C~C~
° [

ethofumesate



alternate route :

~Cc—c—C—
c
7N
o
isobutyraldehyde
o
f i
-é-S-—o <

HC1

—Cc—S—o0 I

o o—Cc—C—

Diverse Chemical Functions

morpholine

o Cl | 2
\\ / HO —C -
E AN [:1 ¥
2 | o
[+] (I:- 0 \ /

841
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COUMARIN AND
SIMILAR DERIVED PRODUCTS

Nearly all coumarin pesticides have a structure

OH
X—R
(o] \\0

obtained by reaction between 4 hydroxy coumarin and one of the
following :

R— X where X is a halogen
R— OH
1
= CoaamC e C—
R = ror o ( benzalacetone )
g\ o]
X reacts with 4 hydroxy

coumarin on the 3 position

A more unusual starting material is 3 carbethoxy 4 hydroxy coumarin
(obtained by reaction between salycylaldehyde and malonic acid)
which undergoes decarboxylation when reacting with benzalacetone.

4 hydroxy coumarin itself is synthesized from methyl acetyl salicylate
by treatment with metallic sodium

e Ny
™ P

C—0— C— i

{
i OH



Diverse Chemical Functions

Brodifacoum
Uses: rodenticide
Trade names: Talon, Ratak (ICI)
Type: coumarin
Synthesis:
! I
—c—c—Cl . Al(:13 c—c Br
b + Br —_— i H
o o
phenyl acetyl para diphenyl +
chloride bromide

sodium

NaHB boro hydride

;

i | I
T CBr PBt3 ! B $— c o
]
: Br )
phosphorus
+ tribromide
o o
N 4 .
N c—c—¢C ’ diethyl
| N R N B | malonate
—¢—Cc—o0 o—c—c—

[ L

OO0 - = OO0~
[ /

C <

/\ Lo
-~ Cc—Cc—o0—2¢ c—o—cCc—Cc— HO —c c—OH
[ i) i [ i Il
o o o o
H3P04 poly
phosphoric
P20 acia
sodium i
OH boro hydride o

843
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4 hydroxy coumarin

brodifacoum

H_SO



Uses: rodenticide

Trade names: Deadline,

Type: coumarin

Synthesis:

OH
|

acetyl chloride
phenyl carbinol

Diverse Chemical Functions

Bromadiolone

para diphenyl
bromide

Lanirat (Ciba), Maki, Super Caid (Lipha)

OH
e é_é_cgr
R + Br ——> RN
o o

CH
N 4 hydroxy
coumarin
o
o

OH

AN c—é—c Br
[ [

o Qb °

Al (cu3cm>cu3)3
aluminium
isopropylate
OH
N HXOXO
0N OH

]

bromadiolone
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Coumachlor

Uses: rodenticide

Trade names: Tomorin, Ratilan (Ciba)

Type: coumarin
Synthesis:
o o
z ° L
O + —c‘:—c—c=c Cl ——> |
A P < c1
S N |
0— C—~C—
I 'T‘
c=0
—-C-
]
3 carbethoxy p-chloro benzal
4 hydroxy coumarin acetone coumachlor
NaOH
o
N/
c
1
+ —C—c—¢—
T
o
cl
p-chloro acetone

benzaldehyde



Diverse Chemical Functions 847

Coumatetralyl

Uses: rodenticide
Trade names: Racumin (Bayer)

Type:  coumarin

Synthesis:
OH ° o
N 7z
+ _—
/s =
OH OH
4 hydroxy 1 tetralol

coumarin coumatetralyl
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Difenacoum
Uses: rodenticide

Trade names: Ratak (ICI)

Type: coumarin

Synthesis:

SEE BRODIFACOUM. First reaction is with diphenyl @@ ( Instead

of p-diphenyl bromide )

difenacoum



Diverse Chemical Functions

Difethialone

Uses: rodenticide
Trade names:
coumarin

Type: (benzothicpyranone)

Synthesis:

O~ -

OH

( see brodifacoum )

Baraki (Lipha, Rhone Poulenc)

4 hydroxy
benzothio

pyran 2 one

on @@ e

difethialone

849
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Flocoumafen

Uses: rodenticide
Trade names: Storm, Stratagem (Shell)

Type:  coumarin
Synthesis:

See brodifacoum.
F

I
First reaction is with @—o—{:@— c—F 4 trifluoro methyl
!

F

methyloxy benzene instead of diphenyl bromide

flocoumafen



Diverse Chemical Functions

Warfarin
Uses: rodenticide
Trade names:
Type: coumarin
Synthesis:
I
—c—
l
c=0
1 | [
OH Cas C—Co—C— OH -Cc—
T l
o <:::>
c
+ —_—> |
"
o %O o \O
4 hydroxy benzalacetone warfarin
coumarin
"
o
N\ s
c
1
+ —Cc—Cc—C—
TR
)

benzaldehyde acetone

851
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DISULFIDES

Disulfide pesticides are obtained by condensation of
2 molecules of the corresponding mercapto compound
in presence of an oxidising agent such as H202

0, , Cl,

R— SH _— R—S8—S— R



Uses:

Trade names:

Type:

Synthesis:

N
o)

2 chloro
pyridine

1
N

;
o 10

Diverse Chemical Functions

Dipyrithione

fungicide

Omadine (Yashima)

disulfide, pyridine

o]
¢me?
| \\o—OH

+ -

peracetic
acid

NaOH

dipyrithione

%
.__._) O

NaSH

2 chloro
pyridine
1 oxide

sodium
bisulfide

2 mercapto
pyridine
1 oxide

853
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EXD

Uses: herbicide
Trade names: Sulfasen (Monsanto)

Type: disulfide

Synthesis:
S
[ | 1 I
Nao —¢ —~c = + CS2 —_— —~c=—Cc—0—c—S5—Na
[ { 1
sod ium carbon i thyl that
ethoxide disulfide sodium ethyl xanthate

S S
1 I ] i i i
—Cc—¢c—0—Cc—=S8S—~8S—C=-0—Cc—c¢c—
i i ! i



Diverse Chemical Functions

DIENEDODECANOATES

These compounds have the following basic structure

where R, has 7 straight chain carbons in addition to side

1

branches and/or other functions { 7 carbons plus the five

indicated lead to the dodecanoate ).

The diene structure is obtained by reaction between an

octanal and a phosphonate

o) o—R
o N
R, c</ + p\
| o~R
©—c-
|
—¢—c
A
-—C
0=(|:
o)
|
R

855
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Uses: insecticide

Hydroprene

Trade names: Altozar, Gencor (Sandoz)

Type: dienedodecanoate

Synthesis:
i
— —
R I
—C—C—C—C—C—C—C—Cm=0
| | | A IS B
—c—

3.7 dimethyl 1 octanal

o o 1 |
| DA
+ P
AN
0—Cc— C—
| o=
©—e— diethyl
| ' 3 ethoxy
—Cc—cC
] I carbonyl
2 methyl
Com
| 2 propenyl
e=0 phosphonate
o
L
|
—
!
NaH or Na-o-R
t
—C—
. I
c
I

hydroprene



Uses:

Trade names:

Type: dienedodecanocate
Synthesis:
| |
—C - —C—
] ' 11 ' i\
—c-¢c—=C¢—Cc—~C—cCc—C—C
| ] | | ] i { \
o

3.7 dimethyl, 7 methoxy

1 octanal

Diverse Chemical Functions

Methoprene

insecticide, farm animals, cats, dogs, cattle, public health

Altosid, Pharoid (Sandoz)

=5
+ P
N 1o
I o= e ¢ diethyl
@ —c— 4 isopropoxy
| ) carbonyl
C— C=— 2 methyl
- 2 propenyl
c— phosphonate
|
c=o0
|
o
Iy
—_—C— C—
| 1
——
[
| | |
—C— - Cc~ - Cc—
| l 1 l | l
—~C—C~C—C—C—C—C—C=C —C=C— C— 0— C— C—
! I e | !4 o
o —-—C— °
| |
——

methoprene
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DINITROANILINE HERBICIDES

These compounds are aromatic amines with nitro groups in the 2.6

positions adjacent to the amino function.

Their general formula is

3
02N NO2
N
7/ \
R2 RAl
The synthesis is as follows:
R3 R3 R3
+ Cl2 _ [:::] + HNO3 —_—
O,N NO
cl 2 Cl 2
+
The purpose of the chlorination being to direct /R1
the nitro groups to the desired 2.6 positions. —N
R
2
R3
0N NO,
2 N
7\
R2 R1
When ortho chloro tcluene is used instead of the para isomer,
nitration will yield the 2.4 derivate (with respect to the chlorine),

Fluorination of the R3 group involves an extra step after

chlorination and before nitration.



Uses:

Trade names:

Balan, Banalan

Benfluralin

(Dow Elanco)

Type: dinitroaniline
Synthesis:
91
—c- Cl-e-Cl
C12 —_— @ + HF
Cl
toluene p-chloro
toluene
F
|
F-c-F |
3y -
0 N NO /| ]
2 2 ¢ N
Nt o1
C—C-—=C=—C—
| |
N
1/ N\
—c—C C=—C—C— C—
11 [
ethylbutylamine

benfluralin

Diverse Chemical Functions

herbicide, tobacco, lettuce, cucumbers, vegetables

—

F

F F

i
—c-
PCTF
Ccl

HNO

—-Cc-

0 0
zNc1 2

859
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alternate route

o CH
N
+ SF&
OZN NO2

Cl

L. sulfur

4 chloro 3.5dinitro tetra

benzoic acid fluoride

F—c—F



Diverse Chemical Functions

Bromethalin
Uses: rodenticide
Manufacturers: (Dow Elanco)
Type: dinitroaniline
Synthesis:
Cl
{ |
—c— Cl—c—(C1
Cl
+ Cl 2 _— + HF
toluene
i
\/
F—c—F ) N
— N.
[¢]
2N N02
aniline
+
o
I N\g 2° dimethyl
im0’ X, sulfate

1
! { or —<':—I)

2 —&- NO, o
I ;2 Vs
o.N N + Nsc—c—c —_—> o,N
2 [ I\ ,Br
N

F—c—F ™ Br

dibromo
isocyanuric acid

F
]
F—c~F
Ccl
—_—
+
HN
03
H2 SOA

F

[

F—c~F
Cl
+
02N NO2
|
N02 -ﬁ:_ Br
Br
F—cl:—F
F
bromethalin

861
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Butralin

Uses: herbicide, soyabeans, cotton, tobacco
Trade names: Amexine, Tamex (Rhone Poulenc)

Type: dinitroanilines

Synthesis:
1 | |
—c— —Cc— —C—
1y oo |
~C—C—C— —C—C—C— —c—Cc—C—
i ] ] ! | |
+ Cl2 s + HNO3 _
o N NO
a a2
isobutyl
benzene N

|
::N—-c—-c—-c-

' | sec

- <]:— butylamine

butralin
alternate route :
O OH Cl
OZN NOZ 02N NO2
+ HNO3 _— + SOCl 2 _—>
| { | | t i
—C—Cc—C— —Cc—C—C— —C=C—C—
oy Pyt 1T
—c— —c— —_C—
| I |
p.tert. thionyl

butyl phenol chloride



Dinitramine
Uses: herbicide, cotton, sunflowers, soyabeans, carrots
Trade names: Cobex
Type: dinitroaniline
Synthesis:
F F
I [
F—c~F F—c—~F
Ccl cl
HNO, _
OZN NO
Cl Cl
2.4 dichloro .
benzotrifluoride
T
c—c—
/0
—N
Neodo
vl
F F
| |
F—c~F F—c—F
NZ c1
&—— NH +
0N No, OyN N0,
N N
7N\ i 1/ \i
—c—c¢ C—C— —_C— -

dinitramine

Diverse Chemical Functions

diethyl
amine

863



864 Pesticides Synthesis Handbook

Ethalfluralin

Uses: herbicide, cotton, soyabeans

Trade names:

Type: dinitroaniline
Synthesis:
Cl F
1 } i
—Cc= Cl-¢c-C1 F-c-F
+ C1, —_— + HF ——> PCTF
Cl cl
toluene
+
HNO3
HZSOA
F
!
f - F-c-F
F-c-F e—cm
YA RN
& -N +
N ead ON NO,
%2 N0, TS L1
N —C~-
[ERVARY 1
~-c—-C  Cc-C=C~-
o [
RS DTFB
ethyl methallyl
ethalfluralin amine

Sonalan, Sonalen (Dow Elanco)
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Fluazinam
Uses: fungicide, grapes
Trade names: Shirlan (ICI)
Type: dinitroaniline
Synthesis:
\V
N
N F 0y . F
F c1 O,N NO, | |
OF - O — =00
F—c— c1 cl !
! F o cT no, I F
F—¢—-F
J
F
. 2, ini
5.6 dichloro 6 dinitro fluazinam
: 3 chloro
3 trifluoro methyl .
gs 4 trifluoro methyl
pyridine P
aniline
(see chlorfluazuron)
alternate route:
+
OH
N,
N Cl
¥ NZ 0N o,
| O + — % fluazinam
F-—f— c1 Cl
F
F-_f-F
F
2 chloro 3 amino 2.6 dinitro 3 chloro

5 trifluoromethyl

4 trifluoro methyl
pyridine

chloro benzene
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Fluchloralin
Uses: herbicide, rice, potatoes, soyabeans, sunflower, cotton, ground nuts
Trade names: Basalin (Basf)
Type: dinitroaniline
Synthesis:
cl F
f 1
—c- Cl-¢-C1 F-c-F
Q)+ — (O "— (O
Cl Ccl
PCTF
toluene para chloro parachloro
toluene trifluoro methyl
benzene
+
HNO3
H2504
' ]
F-&-F F-c-F
gt
., c-c-c-
e— -N ': + 0
N 1
ON No, 9—9-C1 0,N < 2
n«/N\: P
Cl-c-¢ ‘c-c-C
[ ) rof
DTFB
fluchloralin propyl chloro

ethylamine
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alternate route :

F F
i I
F—C—F Do F—c~F
C— C— C—
000
+ —-N\\ E—
02N NO2 (::_ (i:_ ol OZN N02
Cl N
no—d—d/ N
propyl hydroxy [ [ |

ethyl amine

+

thionyl
SOCIZ chloride

fluchloralin
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Uses:
Prime

Trade names:

dinitroaniline

Type:

Synthesis:

Cl

DTFB

(see benfluralin)

growth regulator, tobacco

Flumetralin
(Ciba)
F
I
T F— c—F
§o5
/
—N\ c1 —_—
o,N NO
<O X
7N\
F -c- —e—
F Cl
ethyl (2 chloro
6 fluoro benzyl) amine
flumetralin

YN
cl
|
—o—
F Cl
Shobobe _ |
(|
ethylamine 2 chloro
6 fluoro

benzyl chloride



Diverse Chemical Functions

Isopropalin

Uses: herbicide, peppers, tomatoes, tobacco

Trade names: Paarlan (Dow Elanco)

Type: dinitroaniline

Synthesis:
11 11 1
—C=—C—C— —CeC—C—
i [ 1 [
+ 012 —
Cl
cumene p-chloro
cumene

—C e
O.N NO
YO, ——> 2 2
Cl
+
1 i {
C=— C=— C—
VAR
—N
NL_G_L

di-n-propylamine

y N

Pt 1

—C—C—C \ é—c—é—
[ oy

isopropalin

869



870 Pesticides Synthesis Handbook

Nitralin

Uses: herbicide, beans, cotton, groundnuts, soyabeans, sunflowers, tobacco,
tomatoes

Trade names: Planavin (Shell)

Type: dinitroaniline, sulfone

Synthesis:
| |
—C— —_—C—
1 {
o= S=mgo OmSm=0o
NO ' HN03 oN NO
a2 a2
4 chloro 3 nitro
methyl sulfone +

C—Cc—cC~— .
yainan di-propyl
—N amine
AN
C=—C—c—
Poorog
1
—_—C -
]
o=S=0
N
i 1 1/ N\ o g
—C=C — —Cc—C—

c
| I I [

nitralin



Diverse Chemical Functions

Oryzalin

Uses: herbicide, cotton, groundnuts, sunflowers, soyabeans

Trade names: Dirimal, Ryzelan, Surflan (Dow Elanco)

Type: dinitroaniline, sulfonamide
Synthesis:
?H
o=S8=0
+ 012 _ @ + H2804 e @
Cl Cl
+
HNO3
HZSOA
OH
?1 |
0=S=0 o=S=0
— POCl3 +
O,N No, 0N NO,
Cl cl
+
Ny
v/ \/
N N
| I
o=S8=o0 0=S=0
o1
c—c—Cc—
2BE
+ —N\ —_
Pl
0,N NO, i O,N No,
cl 0 14
11 1/ N\
—c—c c—c—t—

oryzalin
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Pendimethalin

Uses: herbicide for maize, sorghum, rice, soya, onions, carrots, celery,
peas, beans, flowers

Trade names: Prowl, Stomp, Herbadox (Cyanamid)

Type: dinitroaniline

Synthesis:

HNO _— ¢—

— HNO

NO



Diverse Chemical Functions

alternate route :

! -
i + Cl _— : + H,0
—d— 2 e 2
? Cl I
|
O=S== 0 O m=S= o
OH OH
stoa
+
1
—_—C—
T
=4
i
o-xylene
[
CmC—
OZN LY [
i — SN c—
N T L !
.~ N\ NO C—C—
2 Pt
\C/‘
Yol

3 pentaneamine

pendimethalin

— (O1F

3
1‘12504
% i
Cl g—
NOZ

873
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Synthesis of pentaneamine

S P NPy +  SN-od
[ |
o
diethylketone hydroxylamine

alternate route:

-t
I

| |
C~Cc— C—C—

NN

N—OH

pentaneamine
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altermate route :

\/ Pl 1
N—C—O—C — C—
N /c1 P
| + o=c¢ > |
—<|:_ \o— cl:— c::— - T_
< <
3.4 dimethyl ethyl +
aniline chloroformate
rmo3
\/ R
N N—c—o— 7 —c=
OZN NO2 OZN NOZ
_ ?L — H250 4 +
[
-c-
| ]

+

(:1!:12
HC1
Cl
Oo,N NO.
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alternate route :

¥ — HC1 + BS
cl g Cl—N=N —<::—



Diverse Chemical Functions

Prodiamine

Uses: herbicide, cotton, soyabeans

Trade names: Barricade (Sandoz), Marathion (Velsicol)

Type: dinitroaniline
Synthesis:
Cl Cl
H,S0O o.N NO
+ HNO3 —2——4) 2 2
Cl
F—c—F F—?—F
)
F F
2.4 dichloro
benzotrifluoride
+
L)
c—Cc—¢
/l i I
- N
Nogoy
RN
. 11 L4 P
N2 SR T IR TNVASR R
N
O_N NO
0,8 N0, — U . 2 2
= Cl
F—c—F F-—?-—F
[
F F

prodiamine

2.4 dichloro
3.5 dinitro
benzo
trifluoride

dipropyl
amine

877
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Profluralin

Uses: herbicide, cotton, soyabeans

Trade names: Tolban, Pregard (Ciba)

Type: dinitroaniline
Synthesis:
1
o ! P
Z{EX_C47 + )N_é_é_.é_ 5 ¢—N—C—c—Cc—
AN I I | I I S
Cl
: +
cyclopropane propylamine
carboxylic acid
chloride
lithium
LiAlHA aluminum
hydride
F
|
F—c~F
A_' L ¢ A_""
¢—N—c—C—cC—~ & + ¢—N—C—c—c~—
| [ O.N NO [ T A
2 2
cl
DTFB
F—c—F ..
| 3.5 dinitro
F 4 chloro benzo
trifluoride

2.6 dinitro
4 methyl trifluoro
chloro benzene

(see trifluralin)



Trifluralin

Diverse Chemical Functions

Uses: herbicide, cotton, groundnuts, soyabeans, tomatoes, sunflowers,
sugarbeet, peppers, ornamentals, vine

Trade names: Treflan, Elancolan {Dow Elanco)

Type: dinitroaniline

Synthesis:

—

toluene

F—c=F

trifluralin

alternate route :

Cl

4 chloro
3.5 dinitro benzoic
acid

c1
Cl —&—cCl
_ + HF
c1
| I
Cm—c—¢—
VAR
el

di-n-propylamine

sulfur
tetrafluoride

F

|
F—c~F

—_ @ PCTF
Ccl

+

DTFB

F—c~F
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DINITRO PHENOLS
AND DERIVATIVES

OH

R
Nitration of leads to the 4.6 dinitro product which is

characteristic of this family.

OH

Nitration of leads to the 2.6 dinitro derivate of

which dinocap is the only significant example.



Uses:

Trade names:

Type: dinitrophenol
Synthesis:
OH
| |
0,N ol
(R
—c-
1
N02 -$-
dinoseb

Binapacryl

acaricide, fungicide

1
—-c-

[ //o

—c—c=c—c
| toN

3.3 dimethyl
acrylic acid
chloride

Cl

_—

Diverse Chemical Functions

Acricid, Endosan, Morocide, Ambox, Depacryl, Morrocid (Hoechst)

i
o =—c—
" [
c—c¢=c—c—
o ! |
]
OZN é—-c~
[
—c—
1
NO2 -?-
binapacryl
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Dinobuton

Uses: acaricide, fungicide, fruit, citrus, vegetables, tomatoes, cotton,
cucumbers

Trade names: Dessin (U.Carbide)

Type: dinitrophenol

OH OH
gl 0N Nt b 4
|1 |
_?__ + HNO3 _ _(]:_
NO2
o-sec butyl
phenol .
&=
| /1
o—¢ .
/ ~N +_ isopropyl
o= C\ chloroformate
Cl
o 4o
i f
0—C—0—¢
N\t
C—
T
1 |
o8 e
_c’_
NO

dinobuton



Diverse Chemical Functions

Dinocap

Uses: acaricide, fungicide, citrus, vegetables
Trade names: Karathane (Rohm & Haas)

Type: dinitrophenol

Synthesis:
P |
—g—c— (CHy)y —¢—
[
+ —c—c— ((2’1{2)5 —+— —_— capryl
U phenol
OH OH OH
phenol 2 octanol
+
HNO3
[ | [ |
—c—c— (CH,). —c— —C—C— —C—
; ( 2% tI: ¢—c (CHZ)S <I:
o.N NO ° o,N NO
2 V.
2 «— —é—c= c—c/ + 2 2
[ \
Ccl
O~ C— Com C— C— OH
n | |
o
dinocap crotonyl

chloride
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Dinoseb

Uses: herbicide for soya, maize, pear, beans, onion, orchards

Trade names: Premerge (Dow), Gebutox, Caldon, Subitex (Hoechst), Basanite (Basf)

Type: dinitrophenol
Synthesis:
i
OH —c- Gl
—c- H,S0, 0,N aam —%—
h + o, 25
1
-C—
T NOZ
o-sec.butyl dinoseb

phenol



Diverse Chemical Functions

Dinoseb-Acetate

Uses: herbicide, maize, sorghum, potatoes, onions
Trade names: Aretit, Ivosit (Hoechst), Phenotan (Rhone Poulenc)

Type: dinitrophenol

Synthesis:
o
oy
0—C—C—
OH I
[ | [ [
OTIT . S Q)RR
+ —c—c —_— |
Cl
N02 N02
dinoseb acetyl dinoseb acetate

chloride
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Dinoterb

Uses: herbicide, cereals, maize
Trade names: Herbogil (Rhone Poulenc)

Type: dinitrophenol

Synthesis:
1 1
OH —T— OH _?_
1
c—c— 0,N e —
rod + HNO _> |
_(’:_ 3 _(':_
NO2
tert butyl

phenol dinoterb



DNOC

Uses: herbicide, fruit trees, cereals
Trade names: Antinnonin (Bayer)

Type: dinitrophenol

Synthesis:

OH

! + HNO

o-cresol

Diverse Chemical Functions

OH

DNOC
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FURANS
FURANONES
HYDROFURANS

The furan ring is synthesized by reaction between aceto acetic acid
(or acetamide) and a compound with adjacent hydroxy carbonyl groups

R1— (‘:/OH + \\c—%— R1— c/ \c <::
LIz |
| o [ OH

Cyclisation of a keto nitrile in presence of a halogen and an acid

leads to an amino furanone

o
/
R, —-c/ C=N R, —\c/ \c—N(
| - |
o=c c—R, o=C c—R,

Hydrofurans are obtained by different routes, the cyclisation of
a butenediol or butenol-ether being a common one :

R R
R 1 2
1
| N o
R2—<|: C— /

OH —_— o
Ry—0-c— c— \c__ c—
A N\

R3= H or methyl
R
R 2
1z I~
R1 --clz C— R1 —/c C—
OH — o

~C=—0=C === C— —(l:—o— Co—mee Cm

1 1 1 ] |



Diverse Chemical Functions

Flurtamone

Uses: herbicide, cotton, peanuts, sorghum, sunflowers
Trade names: Banchmark (Chevron)

Type: furanone

Synthesis:
1 < ::: >
o=c—_c
I !
|
—~c—c¢=N —c—c=
o
F v F
+ —c—c _ |
c—F N c—F
] o—?—c— |
3 trifluoro ethyl phenyl
methyl phenyl acetate
acetonitrile

/ko /N

o=c o
, |
=N — C ==mm= ¢ =N
1 |
—¢—o o
F N i
! — s + (Ol
—c=F : / N\ c~F
! —c—0 o |
F ] F
flurtamone dimethyl

sulfate
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Uses:

Trade names:

Furmecyclox

fungicide, cereals, cotton, potatoes

Campogran, Xyligen (Basf)

Type: . furan, carboxamide
Synthesis:
o .
1 | { 2.5dimethyl
° -c- _(I:— —¢= furan 3
| 4 ' 1 o carboxylic
— ¢—Cc—C—¢ —C— Cc—0— C— C— > z acid
LN o . —c
o OH o o OH
acetoacetic acid acetyloxy
propionaldehyde +
socl thio?yl
2 chloride
o
| ¢ ——
?" I i
— O—N— OH.HC1 + #°
—N— —c
c Ne1
OH o
+
N-cyclohexyl
\ hydroxylamine
RN hydrochloride
S\ dimethyl
¢t sulfate
|
o
i -
| it
——N-—c
o
o o

furmecyclox



Diverse Chemical Functions

GUANIDINES

Guanidines are obtained by reaction between an amine and

cyanamide or a pseudo thio urea

b i

1] _

R—-NZ + c— NZ e R—I;I—C—Ni

cyanamide

R1 é R1 i

N\ | oo AN
N—  + —cl:—S—c-N\ — N—c—NJ

/s

R R/
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Dodine

Uses: fungicide, fruits, vegetables, trees
Trade names: Cyprex, Melprex (Cyanamid)
Type: guanidine
Synthesis:
NH
H NZ . HCl SN—c=N c,.H N—c” HC1
Cigftgs = NS - * oNTe= —_— 12 25—,—c\ :
NZ
dodecylamine cyanamide
hydrochloride
+
I L0 sodium
—Cc—2cC acetate
U NoNa
N_
4
C‘IZHZS_T_C\ . CH3CooH
Ng
dodine
alternate route: NH3
+
C12H25_ Cl + Na— N—c=N —— C12H25— N~ ¢ =N

dodecyl chloride sodium cyanamide
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Guazatine

Uses: fungicide, cereal seeds, potato seeds, cotton, rice, wood,
citrus, sugar cane

Trade names: Parroctine (Rhone Poulenc)

Type: guanidine

Synthesis:

>N—%-—c H —é— NZ +

1 |
Br—c— —~c~B
612 rc':CH ? r

612

octamethylene diamine 1,8 dibromo octamne

-~ ! i i
—~Ne— ¢~ —Cc— N—c=— —C— N—¢— —N~
c C6H12 c I['I cl: C6H12 c— N ? C6H12 c’:N
+
|
N .
| I 2 methyl thio
—c—8—c— N pseudo urea
(sulfate)
| )
H N
| 1 | i ] 1]
>~ N—¢~N~c~C H, 6 —~c~N—c—C H,  —c~N—c—C_H —4—N—c—NZ
0812 oy 612§ 7 612 7 =~
X X
guazatine
!
N

|
X may be H or —c—NZ
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Uses: fungicide, cereals, citrus

Trade names: Betran (Dainippon)

Type: guanidine

Synthesis:

N—c=N

cyanamide

Iminoctadine
' H2804 | 47N—-.H504
—?—OH —_— ~—C=—0~mC o.methyl
i N isourea

methanol

di(8 amino octyl)

S— —
—N—(CHy) g =N —(CH ) g—NJ BRI

If
.
/N—c—l;I— (CHZ) 8 T_(CHZ) S_IEJ_C_N =

iminoctadine



Diverse Chemical Functions

HYDRAZIDES

Hydrazides are generally obtained by the reaction
between a hydrazine and an active halogen particularly

acid halides, an acid or anhydride.

-
R, II\I—N\ + R,~Cl —_ RT-—I;I—I;I—RZ
O
R,~ N— N R c// —_— R,—N—N—c—R
Tyt AN T2
OH o
jo)
_ Y4
Ry~ N—NZ + Ry~ G — R,~N—N—c—R,
I \ L
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Daminozide

Uses: growth regulator, ornamentals
Trade names: Alar, B-Nine (Uniroyal)

Type: hydrazide carboxylic acid

Synthesis:
o}
Y
—-c~c é_
\ - /1
[¢) + —N—N —_—
/ N\
Co—
—c=c ]
N
o
succinic dimethyl

anhydride hydrazine

o [+
N4
c—-?—-?—-c\ é__
/1
HO N—N
Ny
c—
I
daminozide



Tebufenozide

Diverse Chemical Functions

Uses: insecticide, rice, fruit, nuts, vegetables, vines

Trade names: Mimic (Rohn & Haas)

Type: hydrazide (amide)

Synthesis:
o Cl
N\ /
c
|
—c—
N i NaOH
/,N-—N——?~—T-— + ——
| _é-
!
—-—C—
t.butyl hydrazine _L_
!
4 ethyl

benzoyl chloride

+
o, Cl
¢
3.5dimethyl
benzoyl
! 1 chloride
-_—C — e Q=
] i
NaOH
1
~C-
|
—o—c—T— e
b |
-C=-

tebufenozide
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INDANEDIONES

Indanediones are obtained by cyclization of diethyl or dimethyl-

phthalate with a ketone

o
Pt i
—_—O— Co—
i N
+ —c—c—R _— c—c— R
Il S0

C— 0—C— o c o
1l ! il
o

The main Indanedione pesticides are

R
AOpe
chlorophacinone —-—cC
diphacinone —cC
1
—?_
pindone —C— <::_



Uses: rodenticide

Trade names: Drat, Quick

Type: indanedione

Synthesis:

SRS
o

phenylacetone
Cl

o
y i

c

|
OV i/
i

chlorophacinone

Chlorophacinone

cs

2
+ Br, _—
Céo
NaOCH, Nomim
- 3 i
(o]
Z
c< \
o—C—
|
dimethyl

phthalate

Diverse Chemical Functions

(Rhone Poulenc), Caid,Liphadione,Roviac (Lipha)

Br

-c—-c—-é-—
O i
o

Cl

AlC1
cs

Cl

c—c—c—
oot
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Diphacinone

Uses: rodenticide
Trade names: Diphacin, Ramita (Sandoz)

Type: indanedione

Synthesis:
o o
7 i
C\o__ L <C:>>\ ~¢-0-Na c
] } 1 ! AN
+ g—Cc—C—  —> c—c—C
o—¢— ho 10 i
< ! o l? o
N
X, "
dimethyl o< ({iphenyl . R
phthalate acetonep y diphacinone
A
1C13
+
! !
C—— C—C—
l I !
r o

o bromo <X phenyl
acetone



Uses: rodenticide

Trade names:

Type: indanedione

Synthesis:
|
-C=-

i I
~—C—C——C~— C—
(] | |
o -c-

methyl t.butyl
ketone

pinacolone

Pival, Pivalyn

Pindone

(Motomco)

Na
— 4

diethyl
phthalate

Diverse Chemical Functions

o
il
c
@ \?‘ R
c// °
1]
o

pindone

I
-C-

|
|

-
|

!
t
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PHENYL-ETHERS

The synthesis consists in the reaction
O= v KO — OO

in presence of an alkali.

Sometimes bromine is used instead of chlorine, and the sodium or

potassium salt may be used instead of OH.

The phenyl ether formation is always one of the last steps of the
synthesis, the benzene rings being first subjected to nitration,

chlorination, carboxylation, etc.

Nearly always the phenyl groups contain attached NO2 and Cl

radicals, and often acid, ester or CF3.

Nearly all products in this class have a structure



Cl

8]

Ccl

Diverse Chemical Functions

acifluorfen, fluoroglycofen, fomesafen, lactofen,
oxyfluorfen

bifenox, chlomethoxtfen, chlornitrofen, fluoronitrofen,
nitrofen

acifluorfen, aclonifen, bifenox, chlomethoxyfen,
fluoroglycofen, fomesafen, lactofen, nitrofen, oxyfluorfen

chlornitrofen

fluoronitrofen

or ester, acifluorfen, bifenox, fluoroglycofen, fomesafen,
lactofen

chlomethoxyfen, oxyfluorfen
aconifen

chlornitrofen, fluoronitrofen, nitrofen

All these phenyl ethers are herbicides.

Etofenprox which has a structure

derived from m.phenoxy benzyl alcohol, a pyrethroid precursor has

an insecticide activity.
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Acifluorfen

Uses:

" Trade names:

Type: phenyl ether
Synthesis:
1
—c-
+ HNO3 —_—
OH
m-cresol
F
i
F-c-F
+ Cl2 _—_
o oNa
F Cl e
|
F—c@—o@noz L —— NaOH
i
F
acifluorfen
alternate routes :
CN CN

H,SO N
+ HNO

+
F F Cl

3 fluorophenyl
cyanide

iy
-0 =y
o
]
:z 0
(=)
N

herbicide, peanuts, rice, soyabeans

Tackle (Rhone Poulenc), Blazer (Basf)

o OH
Se
0,N 3 hydroxy 6 nitro
benzoic acid
OH
+
F
i
F-c-F
3,4 dichloro
trifluoro
a1 methyl benzene
Cc1
2 ,OH
F Cl c
1
’ F_'_@-O@Noz
F
1
F-c-F

F €1 CN
i
—_—_ F-c@-o ONOZ
i
F

oK

CH3C00H

HBr
S OH

F 1 c
i
NaOH + F-c@o < YNO
' 2

F



Diverse Chemical Functions

preparation of 3 hydroxy 6 nitrobenzoic acid

7
4

NO2 NO
+ Cu(OH)2 —_—> 2
clL HO

3 chloro 6 nitro
benzoic acid

(see bifenox)

alternate route:

F
HO o o OH
\7 —— N\
~ ¥ F F c1 W4
+ —> F—c —0 —
OH c1 ]
c1 F
3 hydroxy
benzoic acid +
HNO3
Cu(OH)2
acifluorfen
+
o OH
\W4
[
cl

3 chloro benzoic acid
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Aclonifen
Uses: herbicide, potatoes, sunflower, wheat
Trade names: Bandren, Bandur (Rhone Poulenc)
Type: phenyl ether
Synthesis:
Cl Cl
Cl Cl
+ HNO3 _—
Cl Cl
NO2
1.2.3 trichloro 2.3.4 trichloro
benzene nitrobenzene
+
N3
Ccl N: ONa Cl
Cl
Oy<Opr ,
NJ
NOZ
aclonifen sodium
phenclate

alternate route:

cl OH c1 o©
C1 (C,H,), NHSO
. 47974 4 @:;@ NO,
1
+

NH3

triethylene
glycol

aclonifen



Diverse Chemical Functions

alternate route

+ Cl —_— (zz:) 3chloro benzoic acid

benzoic
acid

907
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Bifenox

Uses: herbicide, wheat, soyabeans, rice, sorghum, grain particularly wheat

Trade names: Modown (Rhone Poulenc)

Type: phenyl ether

Synthesis:
Cl
_é_ o\\ OH °\\c ,
+ HNO3 R + S0C1 —
c1 c1 2 c1
metachloro thionyl +
toluene chloride
|
—Cc—C—Cc—
oo
OH
isopropanol
-4- _C:_
1
o _ 0—cC— %N ¢
OH S/ ] e _L _
—C—
Ccl O.N | ]
+ 2 — HNO, 4
Cl Cl
Cl
2,4 dichloro
phenol
-4
| o, omd~
o o—tl:— N/
¢

N -?_
|
QD= - 4= — Q)
Cl

methanol bifenox



Diverse Chemical Functions

Chlomethoxyfen
Uses: herbicide, rice
Trade names: Ekkusugoni (Nikon)
Type: phenyl ether
Synthesis:
]
— i
! |
o o
3 chloro
+ Clz > a1 anisole
anisole
+
HNO3
|
| -
._?__ T
o
OH
q c1
c1 o,N 3 chloro
0 —o Cl e + 6 nitro
2 Cl anisole
Cl
2,4 dichloro
chlomethoxyfen phenol

909
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Chlornitrofen
Uses: herbicide
Trade names: Mo (Mitsui)
Type: phenyl ether
Syntheses:
OH NOZ Cl
cl cl
+ _— Cl o N02
Ci Ccl Cl
2.4,6 trichloro p-nitro chlornitrofen

phenol chlorobenzene
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Diofenolan
Uses: insecticide, citrus, fruit, olives, tea, ornamentals
Trade names: Aware (Ciba)
Type: phenyl ether
Synthesis:
L4 [0
-0 OH + -c-—-c—-?—-OH —_— o O“ﬁ-T-——?—
0/ OH OH
4 phenoxy phenol 1 hydroxy +
(4 hydroxy diphenyl propylene
ether) oxide °
\\c— c'— (l:_ propyl
/ [ 71 aldehyde

-C=-
diofenolan _é_
]
alternate route:
] | |1
—C—— T—-— - + o-c—-T-c- —_—> HO—C=——c—c~
(!)H OH OH \
o o
glycerine ]
—C=-
|
-C—

diofenolan
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Etofenprox

Uses: insecticide, cereals, rice, vegetables, tomatoes
Trade names: Trebon (Mitsui)

Type: phenyl ether

Synthesis:
fN CN
1
Aotet-
+ -— <::-— I —_—
o methyl °
| iodide ]
-C- —-C-
| !
L ot ] -(I:—
4 ethoxy
benzyl cyanide l HZSOA
o OH
~-0H N’
e L
i i —C¢-C-g-
€ LiAlH 4 +
? lithium ?
—4;.— aluminum —C-
—cm hydride _(I:_
! ]
+
Br—(': —0
1 3 phenoxy ( PBA + Brz )
benzyl bromide .
see permethrin
cypermethrin

l
'-::_o_l@—h@

' 1
—C=C=C~
i ]

o etofenprox
I
_c—

-C=
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Fluoroglycofen

Uses: herbicide, wheat, barley, peanuts, soyabeans, rice
Trade names: Compete (Rohm & Haas)

Type: phenyl ether

Synthesis:
8 o
o, OH I | v
N4 C—-o—-c—-c\
e ' Nom
[
No, .7 NO,
+ Cl—cl:—c\ _—
c o c1
2 nitro 5 chloro chloro *
benzoic acid acetic acid
(see bifenox)
OH
Cl 2 chloro
(:) 4 trifluoro
methyl
phenol
F—c~F
[
F
<)
-
F ' o
[
F—?— —0 N02
F c1

fluoroglycofen
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Fluoronitrofen

Uses: herbicide
Trade names: Mo 500 (Mitsui)

Type: phenyl ether

Synthesis:
OH cL F
F cl
+ e Ccl o— N02
Cl
Cl NOZ
2.4 dichloro z;;:igo fluoronitrofen

6 fluoro phenol benzene



Diverse Chemical Functions

Fomesafen

Uses:  herbicide, soyabeans
Flex, Reflex (ICI)

Trade names:

Type: phenyl ether

Synthesis:
F
1
F—¢—F
+ Cl2
OH
4 trifluoro methyl
phenol
—‘_
NO
2 + (o)
Ccl
5 chloro 2 nitro
toluene
o
i
F c1 C~nz
i
F——f-«<i::>>—o NO2 <~
F
+
o, C1
. methane sulfonyl
721 .
o f- chloride
o o
c—N—S—c—
F Cl noi
F : °
—<':— <] O NO2
F
fomesafen

alternate route: see acifluorfen

F
1
Fe¢—~F
_—
033
OH
+
oq\,OH
NOZ
—_—>
Ccl
o
N on
F Cl
]
W+ el f@o Yo,
F
acifluorfen

915
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Uses: herbicide

Trade names: (Mitsui)

Type: phenyl ether, furan

Stnthesis:

OH

F—c~F

I

F

4 trifluoro
methyl phenol

Furyloxyfen
OH
cl .
2 chloro 4 trifluoro
_— methyl phenol
F—c—F
I
F
+
Cl
3.4 dinitrochloro
Noz benzene
NOZ

F Cl
]
F
NOZ

+

o
3 hydroxytetra
hydrofuran

OH

i
¥rf e 03 e
o
::: -

o
E:i:]

&

[

furyloxyfen



Diverse Chemical Functions

Halfenprox

Uses: citrus, vines, fruit, vegetables, tea, ornamentals

Trade names: Anniverse, Cyprene, Sirbon (Mitsui)

Type: phenyl ether

Synthesis:

OH

|

—-C=

L
_cl_.c—c—

— —

Fe—c—F

Br

2(4 bromo difluoro
methoxy phenyl)
2 methyl propanol

alternate route :

OH

2(3 chloro 4 ethoxi
phenyl) 2 methyl
propanol

Cl

—C—

_o@

3 chloro methyl
diphenyl ether

Br—c—o C—C—0—C
I ] !
-~
!
halfenprox

Cl

—_—C—

917
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F

&— Br-——%——-F

Br

halfenprox

difluoro
dibromo
methane

+
jo o]
o



Uses: herbicide
Trade names: Cobra (PP§)

Type: phenyl ether

Synthesis:

i
F—c—F

OH

4 trifluoro methyl
phenol

{
—C—
NO

Cl

5 chloro 2 nitro
toluene

Cl

(o)

Lactofen

Diverse Chemical Functions

F—c—F

C1
OH

C1

Cl

+
[+]
—dee—? ethyl
\
of o_é_(li_ lactate
]
SOCI2
1
o] —C— o
Il
C—O—(!,—C//
Cl N 11

lactofen
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Nitrofen

Uses: herbicide, rice, sugarbeet, cereals, vegetables
Trade names: Tok, Tokkorn (Rohm & Haas)

Type: phenyl ether

Synthesis:
OH CH
Cl 2.4 diCthl’.‘O
+ Cl2 _— phenol
cl
phenol
+
Cl 1
HZSOQ 4-chloronitro
+ HNO, —_— benzene
NO2
chlorobenzene
cl

ozn@o c1

nitrofen



Oxyfluorfen

Uses: herbicide, coffee, cotton, citrus
Trade names: Goal (Rohm & Haas)
Type: phenyl ether
Synthesis:

F

+ —_—
c1 OH
Cl

oxyfluorfen

F cl I
F—é-@o No, «——— Ho, +
i

Diverse Chemical Functions

1 ethyl
- ?_ (1:_ ct chloride
o—d—t—
Ccl [

921
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alternate route :

OH
+ —dtear
C1 [
3 chlorophenol
o— & ém

F Ccl T
|
F

oxyfluorfen

|
——C —
|
o
—_
Cl
+
HNO3
|
—_—C —
|
F —C—
] |
F—c—~F o
. oN
. 2
38 Ccl
OK
2 chloro

3 trifluoro methyl

potassium phenolate

(see lactofen)



Diverse Chemical Functions
Pyriproxifen
Uses: insecticide, public health, mosquitoes

Trade name: Sumilarv (Sumitomo)

Type: phenyl ether, pyridine

Synthesis:
o
1
) 1
+ — OO+
OH +
4 methoxy chloro HBr
phenol benzene

4 phenoxy
@-o@_OH PhenOI

_<|:_ p.toluene &
| sulfonic v
o o—c— c— OH L e 0— o—c—¢C~—o0
P! acid bt o

N
—F 2 fluoro pyridine
O (or 2 chloro pyridine)

pyriproxifen

923
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Preparation of intermediary (A)

o o o
L4 p.toluene | B
—C=—Cc—c + I sulfonic —C=C=C
‘ (')H \o<l: . acid bl \o-—tl:—é—
P 0 I
ethyl lactate dihydro
pyrane
+
lithium
LiAlH 4 aluminium
hydride

OmS=0
cl
p.toluene
sulfonic chloride

alternate route :

L —c-
O-Oti= - ™ — OOt
Pt

phosphorus
tribromide

N
— OH 2 hydroxy
O pyridine

pyriproxifen



Diverse Chemical Functions

PYRETHROIDS

Pyrethroid insecticides have three basic general structures:

I) Chrysanthemic acid nucleus and m.phenoxy cyanobenzyl alcohol (PCBA)

II) Another acid and PCBA

III) Chrysanthemic acid nucleus and another alcohol

|
-C = =C=

//° on

A

where R2 is nearly always c=N

I) R —C

The structure consists of a crysanthemic acid nucleus and m.phenoxy
(cyano)benzyl alcohol (PCBA).

The synthesis is by reaction between

{ i
aCr =Ca=

4
R1 —c\ + HO-—c—-R

” @_o©

The synthesis of the acid depends upon the nature of R1.

925
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Basically there are 3 main routes to the acid :

-C = =Ce
| i

-—C = =C=
. t \ / § //o //O
i) R,—C—C—C—C D R —C

1 [ 1 AN | I 1 N i !
0—C—C— 00— C— C—
cl Pl [

R, then receiving ( or not ) further transformation.

1

ii)}) formation of the cyclopropyl ring by reaction between an

aliphatic acrylic acid ester and methylene chloride

Cl Cl
\ /
c
P /' \
| ° l o
—c=c—c<’ T + —c—C1l > —-C c—c// —
l Qe ComC o ‘ { | \o__.c_c_

R . R ro



Diverse Chemical Functions

iii) Ozonolysis of acrysanthemic acid ester followed by reaction of

the carbonyl compound with a triphenyl phosphine derivative

3
i i
-—C~-—C—
0O
R, = cﬁ_cl/
1 ! \ 1
O— C—

The main products are acrinathrin, cycloprothrin, cyfluthrin,
cyhalothrin, cypermethrin, cyphenothrin, deltametrin, fenpropathrin,
permethrin, phenothrin, tralomethrin

I
—C Qo G

i ] | o
1I1) R3 x—-c—cé OH
PNl

0= c—CN

-©

The structure consists of an acid nucleus and m.phenoxy cyano benzyl
alcohol.

The main products with this structure are fenvalerate, esfenvalerate,

flucythrinate and fluvalinate all of which do not have a crysanthemic
acid derivate.

927



928 Pesticides Synthesis Handbook

Once again there are 2 basic routes to the acid :

i) Tacking on the isopropyl radical to a nitrile followed by
hydrolysis for example:

—Cc—c=N —odb

P oy

¢+ —g—c—e— 5 c— c=N
Br I
Cl
+
HZSO4

[} tq

—C—C—C—

ii) Reacting an amine with a chloro acid ester



Diverse Chemical Functions 929

IIT) R c

/\

o—R

The structure consists of a crysanthemic acid nucleus
and an alcohol other than PCBA.

This is the case of allethrin, bifenthrin, bioresmethrin,
prallethrin, resmethrin, tefluthrin, tetramethrin.
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Acrinathrin
Uses: acaricide, insecticide, citrus, cotton, fruit, soyabeans, tobacco, vegetables
Trade names: Rufast (Roussel-Uclaf)
Type: pyrethroid
Synthesis:
F F
] !
F F-c':-F F F-T-F
| 1
F—%_—(lz—o—ﬁ—c—C1 + P(@) — F—c[:—c—o—cl:—c=P(©) Cl
1 1 |
F o Cl 3 F ! o 3
triphenyl
phosphine

2 trifluoro 1 trifluoro methyl
ethoxy carbonyl carbon dichloride

(2 trifluoro 1 trifluoro methyl
ethyl dichloro acetate)

F
!

7 F—f—F
|
F—c—c¢c—o0—cCc—c=P
| ] [/ L<E§§Z>%3

&=
71
0
0
[¢]
0
\
\O
+
o
o
4
n/
(2]
N\
\O

/ N 3 ! )
-c- o—C— o—Cc—
! I I
chrysantemic acid l
i |
F -c— —c—
|
F F-c-F °
] ] ; ; V.
F—C—c¢c—0—c~c=c¢ c/
! [ Wt \ i
F o °"T"
+
|
1 | HO —c-—~CN
F -¢c- —c-
| ;;
fF F-c-F
| | //O
F—cw=—cCc—0—c—c=c¢ c &— [
] t [T | \ i
F o 0—c—CN

PCBA
@I—o—\@ (see cypermethrin)

acrinathrin
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Allethrin

Uses: insecticide, household
Trade names: Pyonamin- (Sumitomo)

Type: pyrethroid

Synthesis:
=0
| | 1 |
~ ¢~ —C—C—C—C—C~—~C=C— —_— HO — C—C=C—
lull”llll [
o OH o OH
—c-
{
3 hydroxy 8 nonen 2.5 dione
=0
HO c': c=Cc—
/2R
-C—
i
+
1 |
| 1 1
-Cc- —-Cc-— -c—
1 —c—c:ﬁ: c
—c— \
I Y
—Cc—c=C¢C &7 _— o]
—c‘:—c=c c
b ! %
—c-
f
crysanthemic acid
[ P p— -
! i
1 1
-G~ =C—

allethrin
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Bifenthrin

Uses: insecticide, cereals, citrus, cotton, fruit, vegetables
Trade names: Brigade, Talstar (FMC)

Type: pyrethroid

Synthesis:
F c1 cl - . 0K
I T N N ol
F—t—Ce—Cc—Cc—C—C—c¢ + — C—C—C—
I Cor 7 TN Foyd
Focl .- omem -
I i
. potassium
(see cyhalotrin) t. butoxide
| |
—C= =C=-
F o
l Y
SOCl2 + F— c— c=x C— —_ c/
] N
thionyl F I
chloride
| |
- ~C-
1o
HO—c~- <
T o 2 methyl
F C=——Cmx C— —c// + 3 methyl
| ! \ hydroxy
F C1 c1 biphenyl
| |
F o
l Y
F —¢c—cm=c— —c/
[oq ) N\,
F Cl N i
c- —Cc-

bifenthrin @@
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Bioresmethrin

Uses: insecticide, household, public health
Trade names: Resbuthrin (Wellcome), Chryson Forte (Sumitomo)

Type: pyrethroid

Synthesis:

|
- c_ . .
| o crysanthemic acid
Cam C— —c
| OH
—C—
|
+

© |
?—— 5 benzyl
‘ 3 hydroxy furan
HO—

!
L /N7 |
| ] \

[o]

bioresmethrin
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Cycloprothrin

Uses: insecticide, rice

Trade names: Cyclosal (Nippon)

Type: pyrethroid
Synthesis:
o
Y
—<':-—c< P o o
0— C— C— N 4
{1 c—c
11 7 AN |
+ —c—ﬁ:—o 0—Cc—Cc—
i [
o
|
-C-
|

ethyl p.ethoxy diethyl oxalate

phenyl acetate

N
I
c =0
| o
-C_cf p o
0—C—C— —¢=c7
11 ] \OH
b—
o
|
—
|
-C~
I
.
—c—CH
I 2°
—¢ ———c\\ |
0— C— C— ~
T 1 _e=o0
—_—
K2C03
o

)
Na— o~ c— c—

&p
—c—=c Lo
No—C—c—
[
o
|
—Cc-
1
—-C -
!
|
—c
o
o,
c—c7
\ | |
0— C— C=—
I
[+
1
—C—
|
—_—C—



Diverse Chemical Functions

_é Cl (2
I ,4° >c< I o
e c1 e—c”
0~Cc—cCc— N ]
i Sae
O . o s
|
Cl
? o
—Cc- |
| methylene —Cc-
—<‘:- chloride _<l;_
- 1
+
NaOH
Cl c1 I
o \c/T- 0
7 7N\ 4
c1 N Cl t—2=c
OH ] No— Na
— HC1 +
o (<]
I |
| |
- - —-C=-
| |
+
1
N=c— c—~ OH

PCBA
— o= (see cypermethrin)

C1

Cl

1 cycloprothrin
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Cyfluthrin

Uses: insecticide, cotton, cereals, fruit, vegetables
Trade names: Baythroid, Responsar, Solfac (Bayer)

Type: pyrethroid

Synthesis:

m.phenoxy
p.fluoro
o< cyano
- o—@ benzyl alcohol
¥ (as PCBA with 3 bromo 4 fluoro
toluene - see cypermethrin)
+
i !
—-C— —-C -
Cl o
l v DV
cl:== c— —cC acid ester
[
0—c—Cc— (see cypermethri
Cl R ypermethrin)
| |
-C- —C~
Cl o
l 7
c=C— —c\
| |
o—c—CN
Cl I

cyfluthrin



Diverse Chemical Functions

Cyhalothrin

Uses: insecticide, cattle, sheep
Trade names: Grenade (ICI)
Type:  pyrethroid
Synthesis:
L . F Cl
[ oo
—C=C—C—C—C + Fee ¢ = c—C1
1 t ‘ f \o—-é—-é—- | |
-?— I 1 F Cl
(see cypermethrin) 1.1.1 trichloro
2.2.2 trifluoro
ethane
|
OK F Cl -c-
o
ol ! Ly 4
~Ce—C—C— + Ff—otc—c¢—c¢c—ce—=c—c—c¢
oyt [ L N R WS B O
-f- F Cl Cl —?— T
potassium
t.butoxide
! 1 1 !
-C= ~C- -c- =c-
F ¢l F C
| o || a
F—Cc—c=c— —c¢ + 30012 Fe—gc——c=c— —-C
| | AN | | \
0= Cc—C— C1
F [ F
+
|
N=c—OH
O--®
PCBA
(see cypermethrin)
| !
F Cl
| °
Fe—c——C=c— ——c47
| |
F

x\l —o_@
: @
I
N

cyhalothrin

937
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alternate route :

—é— —é— Br
o r,
T= (I:— cl:— Br + P(C6HS)3 —_— Ic=<':— cl:—P(CSHS)3
—C— —C—
| |
3.3 dimethyl triphenyl +
allyl bromide phosphine
F o
| V4 trifluoro
Fec— C\ acetyl
| chloride
Cl
F
1 1 F F
ST r
° c F—c~F o —C— F—c—F
v/ N\ | 7 I I
/C—(': (':—(':-qi; — “ /?-—-C\ + CcC= (!:— ?== c
) L ] ]
$—o cl N o—¢ —e— c1
diazoacetic

acid methyl
ester



Uses:

Diverse Chemical Functions

Cypermethrin

insecticide, cereals, citrus, cotton, forestry, fruit, tobacco,

vegetables, cattle

Trade names:

Ambush C, Cymbush, Impesa (ICI), Barricade, Flectron, Folcord,

Ripcord, Stockade (Shell)
Type: pyrethroid
Synthesis:
NH . HC1
1 11 4
Nz c— (]:— + -—cI:— ¢I:— OH + HC1 _— _(l:_ c\
o— b— &~
i 1
acetonitrile ethanol
+
! sodium
-5 ‘%— o—Na ethoxide
o—d—¢—
/ T triethyl
ctelopip ortho
1 v acetate
\* I TOA
0— C— C—
¥ ¥
+
o
Dc/ \ci 3 methyl
- é_ c=c¢c— + ‘ | —— _ (l:_ c=c— c':— OH 2 butene
{ I I ° ° ] | [ 1ol
-c— N\ / -Cc- MBO
! < i
A
isobutylene paraformeldehyde
c1 -2
Ly 1y 7 c1 '
Cl—c—Cc—C—c—Cc—2¢C 'T- o
P 0 N | LA
o—c—c— €—— (Cl—¢c—Cl + —c¢c=¢c—c—c—c¢
c1 Cl—?— I | oy Do
a1 S
Na-0-t~&- carbon
i tetra chloride
1 ]
-C— =C—
Cl \c/
| /\ o DV acid ester
¢=C—C—C —C . 2.2 dimethyl-3-(2.2 dichloro vinyl)
. ! ! 0o—Cc—cC— cyclopropane carboxylic acid ethyl ester
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OH -c- -~
+ > m.phenoxy
Br —0— toluene
phenol m.bromo + ?t
toluene [ N o
e/ \c//
Brz or bromo
succinimide
+ -
{ 1<CH2)6N[‘]BI 1';,
-c- —_C -
N
HC1 ( AN
— ’/N l +
o_ e—
N\;N ° O
+
hexamine
HC1 (urotropine)
(CH,) (N,
o
N N =c—d—0H
o—@ + NaCN _ o— @ m.phenoxy
cyano
benzyl alcohol
m.phenoxy (or ggg . PCBA
benzaldehyde
I 1
Ci
| Vi v
c=c— —c acid ester
! Vo b
¢l I
| 1
C= —C-
Cl o
I Y
cmCc— —_ c<
(!;1 o—(l:—CN
cypermethrin

_o_@



alternate routes

i) wmcl . >N—c::-—c

glycine ester
hydrochloride

V4

Diverse Chemical Functions

Vi diazoacetic
HNO2 R — Nz—-c-c acid ethyl
PN ester
0— C— C—
Pt
nitrous
acid
+
i
_f' | 1.1dichloro
Cl—c=c—Cc=c—C— 4 methyl
] 1 | penta 1.3
Cl diene
| 1
\c/
/N\_ 7
Cl—c=c—¢ c—¢
(L N 1
0= C— C—

941
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Cl
ii) Cl—c— + P + Cl— é— P @
| o
cl 3 Cl 3
chloroform triphenyl
phosphine +
OR
N5
Cl
wba o (@) — ot (O
3 {
Cl Cl 3
carbon
tetra +
chloride
| | | t
-c- -c- -C- =C-
|
_? o o
C=x —c¢ \ + 03 _—D o= Cc— —-c//
I l \O— Co— ' \o_ (’:_
_? I ]
chrysanthemic acid ozone
methyl ester
! 1
—C= ~C-
o
Cl—c=c¢c— —c¢ |
f \o_ ¢

C1 |
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Diverse Chemical Functions

I
o/\N
L]

.._c//o
N\

|
-C=-

I

|
-C=

1

—_—C = <':_.c__.

iii)

c
a
|

c1

Cl—
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Cyphenothrin

Uses: insecticide, public health, households, wood, fabric

Trade names: Gokilaht

Type: pyrethroid

Synthesis:
| |
—-Cm ==
]
- -
| 0
%
c==?-— —-c\
| on

chrysanthemic acid

N=c —'c -~ OH

O
p-toluene

sulfonic acid

PCBA
(see cypermethrin)

cyphenothrin



Diverse Chemical Functions

Deltamethrin

Uses: insecticide, cereals, cotton, citrus, maize, soyabeans, vegetables

Trade names:

Type: pyrethroid

Synthesis:

(see cypermethrin)

Br °

l /

c=c— —c 7

]! N

Br O_T 0
c
it
N

deltamethrin

Decis (Roussel Uclaf)

1
Br Br -c-

[ | oL 40
Br— c— Br _— Br—¢—Cc—Cc——Cc—¢—¢
| P! \o

Br Br Br -c- T

carbon tetra
bromide

Na— o— c::— <::—

N=c—c—0H —-Cg Se-
Br o
I /
«— Ca= C— —c/
AN

PCBA

(see cypermethrin)
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Empenthrin

Uses:  insecticide, house holds pests
Trade names: Vaporthrin (Sumitomo)

Type:  pyrethroid

Synthesis:
[ NaOH o
Z Z
-—é——é——c” _— —t—c—c?
[ N
c—
]
—c-
propionaldehyde _%_
+
~—c==c—MgBr acetyl magnesium
bromide
{
-?-c———c—czm-—
! 1
c~- OH
|
~C-
|
-C~=
]
+
| |
—C—  =C=
1
-c- o .
P V4 crysanthemic
—C—C ==C— —c acid

.
X_7 +
\ i

|
o—-c——~c==?-—c—-c——

!

C=

|
-c
|
—C—C==C—
t

i

———

empenthrin
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Esfenvalerate

Uses: insecticide, cotton, fruit, vegetables
Trade names: Sumialpha, Sumialfa (Sumitomo), Asana (Dupont)

Type:  pyrethroid

Synthesis:

( see fenvalerate )

use — c—c—Br instead of isopropyl bromide

ethyl bromide

o

V4

ClL —_C— c/ i

' No—c— CN
]

-©

—C—C=-
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Fenpropathrin

Uses: insecticide, cotton, grapes, fruit, vegetables
Trade names: Rody, Danitol, Meothrin (Sumitomo), Herald (Shell)

Type: pyrethroid

Synthesis:
1 1 | b L
TS NSc—c—0H
o <]
1 / | %
—_—C— -C + —_—> —C— —C,
[ \ o—@ ro| N\
OH ~c- o
_f_ l ‘
N=c—c
2.2.3.3 tetramethyl PCBA
cyclopropane

carboxylic acid (see cypermethrin)



Diverse Chemical Functions

Fenvalerate

Uses: insecticide, cereals, cotton, maize, potatoes, grapes, fruits,
vegetables

Trade names: Sumicidin (Sumitomo), Belmark (Shell), Pydrin (Dupont)

Type:  pyrethroid

Synthesis: ?r
e -
+ Br, —_
cl cl
4 chloro
toluene +
KCN potassium
cyanide
1
—c— CN
| P 4 chloro phenyl
Cc1 cl:— CN -—— - <|:— <':— ?— + acetonitrile
—t—c—im Br
LI
isopropyl
bromide
H2804
NaOH
HC1
-
N=c-—~c~0OH
o o
V4
c1 b & + —s e~ |
| ‘Com —o— l No— ¢—CN
1 1 | {
-c—c—c- —-¢—Cc—C~

PCBA
o
(see cypermethrin)
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Uses:

Flucythrinate

tobacco, vegetables

Trade names:

Type:

Synthesis:

-4

OH

p.cresol

~C=—
} i
-c——Cc—~CN
|
_c-
1
O + KOH

F—c—~F

pyrethroid

Cybolt, Cythrin, Pay-off (Cyanamid)

F
Cl—c— —_—
F
chloro difluoro
methane
D — NaCN +
1
_?_ o
b’
I “oH
—?—
+ SOC1
2
L thionyl
| chloride
F—?—f

—C-

-C

c-

insecticide, cotton, maize, potatoes, soyabeans, fruits, sugar beet,

[
C——C

F—c—F

Cl
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~C~ —Cc-—

|
—-C— Cc—C N=c—c—0OH ~Ce——C~—C
‘ \Cl l \o—(‘: o_@
..C— -C=-
! i |
+ —_— c
- ]

PCBA
(see cypermethrin) flucythrinate
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Uses: insecticide, cotton, fruit trees, trees, vegetables

Trade names: Maurik, Klartan, Apistan (Sandoz)

Type:  pyrethroid

Synthesis:

N/
N

Cl

F—f—F
F

2 chloro
4 trifluoro
methyl aniline

Pl

o

-—N—-c-—d¢
o

O-C—@—
c
i
F—?—F N
F

Fluvalinate

3 methyl 2 chloro
methyl butanate

(see cypermethrin)

F—c—F

S0C1

+

thionyl
chloride

L4
Fress
-N—-c——67

! c1

CiL

Fec—F
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Permethrin

Uses: insecticide, tobacco, fruit, cotton, household, animals
Trade names: Ambush, Perthrine, Picket (ICI), Pounce (FMC)
Type:  pyrethroid
Synthesis:

\c//

m.phenoxy

O + Hz E— benzyl
o— —o—= alcohol

PBA
m.phenoxy +
benzaldehyde
(see cypermethrin)
I N
Cl °
4 DV acid
== —¢ ter
| A es
& =i~ .
I (see cypermethrin)
1 ]
—e~ —C-
Cl
o
l /
Cm= c— —c
| \ !
c1 0— Cc—

—~O
permethrin
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Phenothrin

Uses: insecticide, public health, stored grain
Trade names: Sumithrin (Sumitomo)

Type: pyrethroid

Synthesis:
i |
| W
_(1:_ —c—0H é
| //o ! #°
c=cl:— - c\ + e c=<|:— -7
o— |
I OH , 0——c~— OH
-C= -C-
| !
crysanthemic m.phenoxy o—@
acid benzyl
alcohol

(see permethrin)
phenothrin



Uses:
Etoc

Trade names:

Type: pyrethroid

Synthesis:

chrysanthemic
acid chloride

(Sumitomo)

Prallethrin

insecticide, public health

-C =

HO— C—C== C—
[ !

2 allyl
3 methyl, 4 hydroxy

cyclopentrin 2 ene 1 one

Diverse Chemical Functions

prallethrin

955
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Uses:

Trade names: Chryson
Type: pyrethroid
Synthesis:
o o
e o éﬁ
/
HO ’ l OH
<) o
Y
AN &
/
HO OH

tetra carboxy furan

OO I
¢=C1 zacl,
L
o
L
—-c—0
t
+
benzene
A1C13
o
l | <:>
[
<§b
| 7

Resmethrin

insecticide, household, public health

(Sumitomo)
o
VAN
—_— l 3 furoic acid
Cu o
e
/
HO
+
—r::— OH methanol
)
]
~c 7N e
HC1 + | ' + l l
)
o\\c//o N
I\ =0’
|
para
formaldehyde
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LiAlH 4 —_— ﬁ_ T_@
1

HO~—c¢
lithium !
aluminium
hydride

resmethrin

5 benzyl
3 hydroxy
methyl
furan

chrysantemic
acid chloride

( or methyl
ester )
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alternate route :

—é—CN

° ° Na—o—é—é-
R Neoiin” AR
—Cc—C—
11 / rt AN | é
—c—C—o0 o—Cc—C~
[ [
ben;yl diethyl succinate
cyanide
o
S I W E il on
mrroN [ [
o 0—Cc—C—
(I ethanol
+
| | ethylene
— m—
] ] glycol
OH OH
o
o
| A V4
- —————C—~—C—C—C + —c . NaH —>
/N PN N1
[<] o—C—C— O—C—C—
[ I fo
ethyl sodium
formate hydride

CN o
' 4
-~ ¢—¢—C—C—C
l AN
] OH
+
H2504
o, OH
\\c/ /o
S WY W
ot
o OH
o
| 4
—C—————cc—<C—C—C
/N TN
o o [+)
| c-
—c—c- |
! f o-Na
+
HC1
|
—-c c=——=Cc—
| o
o c,:—c//
N\



2.3.5.6
tetra
fluoro

4 methyl
benzyl
alcohol

Uses: insecticide, maize, sugar beet

Tefluthrin

Trade names: Force, Forza (ICI)

Type: pyrethroid

Synthesis:

1.2.4.5
tetra fluoro
benzene

tefluthrin

methyl
iodide

LiAlH

lithium
aluminium
hydride

(see bifenthrin)

Diverse Chemical Functions 959

-C-
F F 2.3.5.6
tetra fluoro
F F toluene
+
002
]
-C—
F F 4 methyl
2.3.5.6 tetra fluoro
F F benzoic acid
c
7\
OH o
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Uses: insecticide, public health

Trade names:

Type: pyrethroid

Synthesis:

c
AN
N — ¢— OH
v

i
o

N-hydroxy methyl

1 cyclohexene

1.2 dicarboximide

~
~

+
o
I
c
N—
c’//
i
o

1 cyclohexene
1.2 dicarboximide

Neo Pynamin

c=0 formaldehyde

Tetramethrin

(Sumitomo)

- -

§ {
|
o
| y
—C—c=cC~ —-c —_—
! \
Cl
chrisanthemoyl
chloride
N
| i
o)
i
c
AN )
N—-?-—o-—ﬁ-
\\c’/ o
il
)
tetramethrin
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Tralomethrin

Uses: insecticide, cereals, coffee, cotton, maize, rice, tobacco, fruit,

vegetable

Trade names: Scout (Roussel Uclaf), Tralate, Tracker (Dupont)

Type: pyrethroid

Synthesis:
~do - 4

i N2 N

—c- ¢ [+ o [+

l ] / \ V4 N\ / \ V4

Ca=C—C C—C + 0 _— c—C C—C

| 7 N 3 7 ) N

o— C— O—C~
I
methyl crysanthemate ozone *
Br
carbon
Br —c—Br tetrabromide
Br
triphenyl
(C6H5) 3P phosphine
| | ] |
-C< ;C— °C< 7C—
Br C ° Br C °
VAN | /\ 4
Br—c—c—¢ c—C — Br2 + c=C—C c—C
I W L S
Br Br I Br =y
+
1

N&=c—c~0H

5o =

(see cypermethrin)

T
Br c/ °
v /N 7»
Br—c——c—~c¢ c—C

Y

Br Br _‘I: —°
c

tralomethrin I

z
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Transfluthrin

Uses: insecticide, mosquitoes, flies, cockroaches
Trade names: Baygon, Bayothrin (Bayer)

Type: pyrethroid

Synthesis:
Lok L
fl >c . E_F a N .
c=c—¢ \\c—.c‘? + HO—-é _— l==c-—c// \\c_'éé
I1 I\ ] ! AN
DV acid 2.3.5.6 tetrafluoro transfluthrin

see cypermethrin benzyl alcohol

o



Diverse Chemical Functions

QUATERNARY AMMONIUM

The synthesis route is by reaction between a tertiary amine and

an alkyl halide or dimethyl sulfate

R, R,
N N,

R, —N + R,C1 _ R, ~N'—R, c1
/ /

Ry R3

R R

1 | 1 (’;
AN Wk N o\ S5

R, =¥ + s e T

AN 2 [ 7\

/ [o] O—(I:'—' / (o] (o]

Ry R,

The tertiary amine can be aromatic such as a pyridine, piperidine,

pyrazole, etc.

R
L+ -
N Cl

@,,m_a@

963
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Chlormequat

BROMIDE
CHLORIDE
Uses: growth regulator, oats, rye, wheat
Trade names: Cycocel (Cyanamid)
Type: quaternary ammonium
Synthesis:
1
Cc~
1 S 1ot
-_c=N + Br— c— ¢— Br
AN T
c—
I
trimethylamine ethylene dibromide

(dibromo ethane)

I
—c—N + CL—é—c—Cl
|

ethylene dichloride

(dichloro ethane)

_

—_—

-C—
1ot
Bt—-c—-$—-N—-c—-

- -

chlormequat
bromide

chlormequat
chloride

Br

c1”



Diverse Chemical Functions

QUINONES

Naphthoquinone pesticides are synthesized either starting from
naphthalene via chlorination and oxidation, or starting from

naphthoquinone by chlorination.

These 2 basic routes are illustrated for dichlone.

965
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Dichlone
Uses: fungicide, fruit
Trade names: Phygon (Uniroyal), Kolo (FMC)
Type: quinone
Synthesis:

naphthalene

C1

Ci

O

Cl

dichlone

Cl
Cl

Cl

Cl

Cl
OH



alternate route :

1.4 naphtho gquinone

Diverse Chemical Functions

Cl
C12 _>
Cl

dichlone

967
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Quinoclamine

Uses: herbicide, algicide, rice

Trade names: Mogeton (Agro Kanesho)

Type: quinone
Synthesis:
o 0
1l Il
Cl NZ
+ NH3 —_—
Cl Cl
]
o
dichloro quinoclamine

1.4 naphtho quinone
(see dichlone)



SILANES

Etacelasil

Uses: growth regulator, olives

Trade names: Alisol (Ciba)

Type: silane
Synthesis:
Ccl

Cl—Si—émémCl 4+
/r 1] 1

—deomié—tb—on
I | ]

Cl

2 chlorocethyl
trichloro
silane

methoxy
ethanol

—>

Diverse Chemical Functions

—fmomg-d-o

—fmom bt o—sicd-d-a1
i
C—0—C—C—0
| ! t

etacelasil

969
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Silafluofen

Uses: insecticide, lepidoptera and others

Trade names: Joker, Silatop (AgrEvo)

Type: silane, phenyl ether
Synthesis:
\/
N N= N—Br
CuBr2
+ NaNO2 ——————9
Cl
F sodium
3 chloro nitrite

4 fluoro aniline

allyl bromide
Grignard
reagent

hexachloro
platinic acid
4 ethoxy
phenyl dimethyl
silane

...c_
|
‘@81_(:_ —C© !
—c— Cl
+
ONa
sodium
phenolate
_c..

I

|
Q-0

silaflucfen

Br

O

F

Cl

—c':=<f—JIt—MgBr



Diverse Chemical Functions

alternate route:

C—C-—

0
N/
o
4
+ Ph_AP— c—c _
0 3
T Nemdb
F b
4 fluoro 3 phenoxy ethyl(triphenyl phosphoro +
benzaldehyde anilidine) acetate L.
lithium
LiA1H4 aluminum
hydride
I
—c—?—ﬁ—Br —c—c—c—OH
HC1 |
e Br-—c':—<|;=c~ @
-0
¥ 1,1" carbonyl
diimidazole allyl bromide
+
Mg
—c-?-—?—MgBr
©~o@
¥ |
- |
~cC, Cl
| I N/ ]
~C—C—0 Si—Cl — Si + BrMg O o—C—C—
bl | VRN f
-C Cl
dichloro
dimethyl
silane
Mg
+
silafluofen
Br
p.bromo
phenyl
ethyl
ether
<)
(4 ethoxy _i_

bromo benzene) I

971
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alternate route :

i
—c'—é—o@Si—c‘:—él—clz—MgBt + Br@F ———>» silafluofen

3 phenoxy 4 fluoro
bromobenzene

alternate route :

! |
o— ~Cc—c—~ o—
|
F@MgBr + _ F @—cl:—ci:—c:—m{

-—C—0

4 fluoro 3 phenoxy 1.3 propylene +
bromo phenyl oxide

grignard reagent
HBr

O
Ot



Diverse Chemical Functions

SUGAR DERIVATIVES

Chloralose

Uses: rodenticide

Trade names: (Jewnin-Joffe)

Type: glucose derivate

Synthesis:

OH

c1

| o HO OH
Cl—c— c/< + é o

| HO -

Cl

chloral glucose

Cl !
| /o—c
Cl—c~c¢ ”
No—e— b b i
cl TR
OH OH OH OH
chloralose

973
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Dikegulac-Sodium

Uses:

Trade names: Atrinal (Ciba)

Type: sorbose

Synthesis:

OH OH

I I

..'c c—\
i
\\c// c¢—0OH —-é-c-é-—
' [ TR
o

0 ~—— c—~0H

|
~c—0H
]

sorbose acetone

1
-C= —C-—

NaOH
{

o—Na

dikegulac sodium

growth regulator, hedges, ornamentals

-—C = =C=—

X

2.3.4.6 diketal

2 oxogulonic acid

2.3.4.6
diketal sorbose



Diverse Chemical Functions

SULFONAMIDES
SULFAMATES

Sulfonamides are obtained by reaction between. an alkyl sulfonyl

chloride ﬁ and an amine or ammonia
R—S—C1
]
o)
o o
] - I
R— S—Cl1 + —~N— R1 —_— R— S— N— R1
Il Il i
o o

The alkyl sulfonyl chloride is usually synthesized using chloro-

sulfonic acid

(o]
1l 1
R + Ho— ﬁ—- Cl —_— R— 'S— Cl
i
(o] (o]

Sulfonation followed by chlorination also leads to a chlorosulfone

o
if il
R + H,SO N R—S—OH + POCl, —> R—=S-Cl
2774 I or 3 i
° socl, °

Sulfonamides are also obtained by reaction between sulfuryl chloride

or methane sulfonic acid and an amine or ammonia

[e] o]

i {1
Cl—S—Cl + Ry~ NZ _ R,—N—S—cl

I 1l

(o) [o]

0 i

i

Cl—S8—t— 4+ R,~N< _ R,— N— S— &—

T L T

(o) (o]

In addition to the sulfonamides listed in the index, all sulfonyl

ureas also contain the sulfonamide moiety.

975
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Sulfamates are prepared by reaction between an alkyl sulfamoyl chloride

and an OH or ONa group.

R [e] e} R
AN i i 7/
N— S—C1 + R1OH _— R1_ O0— S— N
VAR I AN
R o o R

The sulfamoyl chloride may be obtained by the following routes:

- reaction between chlorosulfonic acid and an amine

o [}
i ]
R— N + HO— IS—- Cl e R— l"l— ?— Cl
| |
o o]

- sulfonation of an isocyanate followed by chlorination

o o
n ]
HZSO4 + R—N=C=0 —u— R—N—-S[—OH + PCls—) R— N—S-C1
[N n
o
~ sulfonation of an amine followed by chlorination
0 i
R—NI + H80,/80, —— R—I\'I—S—- OH + PCl,——> R— 1}1—5—01
I} 1
o o
- sulfonation of a urea followed by chlorination
e
N\ ?[) o{
|
o=c + HZSO4—9 R—N—~S—OH + PCl_, ——> R—N-—S-C1
\ _R b 5 Il
o



Dichlofluanid

Uses:

Trade names:

Type: sulfonamide
Synthesis:
d
/1
-N + S0, Cl
2772
\\é-
{
dimethyl sulfuryl
amine chloride
o
It
KO —
]
o S
!
Cl—c—Cl
|
F
dichlofluanid

fungicide, fruit, timber

Euparen, Elvaron (Bayer)

Cl

!
F—c—S—-Cl

I
cl

fluorodichloro
methyl sulfenyl
chloride

Diverse Chemical Functions

IN
N—S—Cl1
I
1
+
\/
N

aniline

977
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Flusulfamide
Uses: fungicide, sugar beet
Trade names: Nebijin (Mitsui)
Type: sulfonamide
Synthesis:
cl F
cl f o OH }
c—F N/ c—F
| + S _ |
F 7 N\ F
o Cl '
o=S=0
|
o.trifluoro methyl sﬁ?égzgc Ccl
chloroc benzene .
acid
+
\/
N
cl 2 chloro
HF 4nitro aniline
+
N02
1
—c—Cl
b
photo
F
!
c1 F—c—F
2 o cL
Il
Cl —S—N NO2
+ i1
<]
Cl
!
"f" ortho chloro flusulfamide

toluene



Metosulam

Uses:  herbicide, wheat, cereals

Trade names:

Type: sulfonamide, triazole, pyrimidine

Synthesis:

in

5 amino 3 mercapto
1.2.4 triazole

—— POCI3

phosphorous
oxychloride

&
N

0
1]
Br -—N——S

0

Cl

Cl

o
! N N
O Y S e
4 L'N_— Yy +Na—o—c|;_

|
i

Pronto (Dow Elanco)

+ Cl
o
NV 7
+ C—C—cC
7 1N\
Cl Cl
melonyl
chloride

YN\
Y/°

N

Cl sodium

methoxide

Diverse Chemical Functions

o |

e

Ne———N
+
\N/
N
4 bromo
_(I:_ 3 methyl
] aniline
Br
!
<Oy~
-Cc- N——N
|
Cl l
I N
Br I—_ﬁ l N \\-—o-é—
AT S N

979
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o
|

—C-

i
—_—C—

|

cl
l
Fonl | + H, —
[ c1 0 N—m==R ~
[

Pd
\'g
Cl ﬁ
O
R N

metosulam



Diverse Chemical Functions

alternate route :

' |
H5— N / BS =t N N —Ne—c—
. =L — [
f \ N °

N——N OH
formic
acid +
Cl2
2 ! \/
i N 2 !
Br r'i-ﬁ~”/ \”‘lﬁ P Cl—S§~~ Nw—lf—lc—
T —o
T i~ A
Br
+
Cl2
c1 ﬁ é Cl ﬁ &\\
O T O =17 ™
1 o o + HZ —_— c1l o M 4
—C- -C=- -
|

followed by condensation with melonyl dichloride in the presence of

phosphorous oxychloride, and reaction with sodium methoxide as in
the other route.
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Perfluidone
Uses: herbicide, cotton, tobacco, turf, sugarcane, rice, ground nuts
Trade names: Destun (3M)
Type: sulfonamide, sulfone
Synthesis: ?1
i
|
\/
X N
. + NaNo, —_—
- .
NOZ NO2
+
3 methyl 4 nitro SH
aniline

thiophenol

e -

I o F o F
T T
—S blz—s— ?— F ¢«—— (Cl—S—c—F + S -NZ
I [
F

o o F

+ trifluoro
methane sulfonyl
chloride
hydrogen
H202 peroxide
I
—-—C —
[+] I o F
I ot
—S. N— S—c—F
Il T
0 o F

perfluidone



Diverse Chemical Functions 983

alternate route :

| _d
—c— SH N

2 nitro
5 chloro +
toluene
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Sulfluramid

Uses: insecticide, household
Trade names: Finitron,Mirex (Griffin)

Type: - sulfonamide

Synthesis:
Tyl AR
! i |
i e ol aatiae
il | | 1l
F 7 o F F 7 o
perfluoro octane ethyl

sulfonyl fluoride amine sulfluramid
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Tolylfluanid

Uses: fungicide, fruit
Trade names: Euparen M (Bayer)

Type: sulfonamide

Synthesis:

Same as for dichlofluanid using p.toluidine instead of

aniline

N ,

N— Se— N — C—
/oo ‘
-? o S
Cl—-T—-Cl
P

tolylfluanid
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SULFONATES—SULFONES—SULFITES

Sulfonate, sulfone and sulfite functions usually play a secondary role
in pesticide activity. Thus many pesticides with these functions have
also another main function which gives the molecule its characteristic

activity.
Sulfonates
i
— S8—o— are synthesized by reaction between an alkyl sulfonyl
i
o chloride (see sulfonamides) and ROH
? o
| il
R‘I_ ﬁ— Cl + RZOH _— R1— l?— o— R2
o o

An unusual route is by reaction between sodium sulfite and R— Cl

]
NaSO + R.C1 _— NaO— S— R



Diverse Chemical Functions

Sulfones

— S5— are obtained by the following routes:

- oxidation of a sulfide by HZO or peracetic acid

2

R,—S—R + H, O _— R,— S—R

- reaction between an alkyl sulfonyl chloride and a hydrocarbon

Sulfites

o=2S§ are obtained by the action of thionyl chloride on ROH

/
o=S\ + R1OH — o0=S + ROH —> o=S/

987
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Bensultap

Uses: insecticide, potatoes, rice, cereals

Trade names: Bancol, Victenon, ZZ-Doricida (Takeda)

Type: thiosulfonate
Synthesis:
n S-Na
P! \ Lol
- o=S=0 == L=
N 7/ /
N . HC1 \N
o : o
b I ol I
Cl—-?—-f—-$—-C1 + _D -s-s—-?-?-c-s—s-
i ! 1
8 3
2 dimethyl amino sodium bensultap
. phenyl
1.3 dichloro propane thiosul fonate

hydrochloride



Chlorfenson

Diverse Chemical Functions

Uses: acaricide, citrus, vines, nuts, cotton, vegetables

Trade names: Ovex (FMC), Orotran (Dow), Sappiran {(Nippon)

Type: sulfonate

Synthesis:

Cl

chloro
benzene

chloro
sulfonic
acid

Ci

OmS==0

Cl

OH

p~chloro
phenol

Cl

989
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Uses:

Trade names:

Lesan (Bayer)

Type: diazosulfonate
Synthesis:
1 1
_c.\ /c_
N
+ NaN02
N
4 dimethyl sodium
amino aniline nitrite

Fenaminosulf

+

HC1

fungicide, cotton, maize, sorghum, sugarcane, beet, cucumbers

Na SO

fenaminosulf

4 dimethyl
phenyl
di-azonium
chloride

sodium
sulfite



Diverse Chemical Functions

Propargite

Uses : acaricide, fruits, maize, soyabean, tomatoes, nuts, cotton, also corn,

alfafa, vegetables

Trade names : Uniroyal (Omite)

Type: sulfite

Synthesis:
o Cl
OH
N + HC1 _ [::::]
cyclohexene
oxide

OH
p-tertio butyl
phenol
I f
—c=-C-C~
SRR
—c-

thionyl
chloride

o
—-C- ]
_c—g@o o-S-C1 ¢
() - @O
—C
1
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' o
176 ¥
—-Cc=C (:) 0 0-5-C1 ) °
I_! ' (=% i \
-¢- + -czc-c-oH —> -c-¢ o 0~S-0-c-Cc=c-
—&-
{

propargyl
alcohol propargite



Diverse Chemical Functions

Sulfuryl Fluoride

Uses: fumigant insecticide, structures, vehicles, wood products
Trade names: Vibane (Dow Elanco)

Type: sulfone

Synthesis:
i
F, + S0, _s F—S—F
Il
o
sulfur
dioxide sulfuryl fluoride
alternate route :
<] o o
I Il ]
BaC].2 + HO— Si— F ——>» Ba—o0—S—F ——> F—S5~F + BaSOA
| ] 1]
o o o
barium fluoro
chioride sulfonic barium fluoro

acid sulfonate
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OTHER TYPES

Uses: rodenticide
Trade names: Kayanex (
Type: thiosemicarbazide
Synthesis:
N/
/
S=¢c +
AN
NZ
thio urea

Bisthiosemi

Nippon)

NZ
/ thio semi
~N_ N~ . €
~N=NZ ” S C\ carbazide
N—NZ
I
hydrazine
+
“e=o0 formaldehyde
NZ >N
/ \
S=¢c¢ c=S
\ /

bisthiosemi



Diverse Chemical Functions

Bronopol

Uses: bacteriostat, cotton, cooling towers

Trade names:

Type: nitrodiol

Synthesis:

nitropropane
1.3 diol

Bronotak (Schering), Bronocot (ICI)

Br
| i |

Br —_—> ~—C=—— C—— C—
2 [0 i

OH NO, OH

bronopol
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Chlorthiamid

Uses: herbicide, fruit, olives, citrus, shrubs

Trade names: Prefix (Shell)

Type: thioamide
Synthesis:
CN HS—c==N—
Cl Cl Cc1 C1l
+ st —>

2.6 dichloro
benzonitrile

(2.6 dichloro
phenyl cyanide)

Cl Ccl

chlorthiamid



Uses: herbicide, rice

Trade names: Argold (Shell),

Cinmethylin

Cinch (Dupont)

Type:  epoxy
Synthesis
1
-
\\\ H, O
* 2°2 —>
! |
—C—=—C ==
T
terpinene hydrogen
peroxide
1
- l
_?_
i
A E— _‘f—T— o— OH
_C—
|~ OH I
| !
—(I:_(l:—?_ t-butyl
peroxide
p.toluene sulfonic acid
or HZSOQ
Cl
‘ |
-C— o
OH é_
+ I —_
| |
—~C—C=—C—
[
2 methyl

benzyl chloride

Diverse Chemical Functions

p-toluene sulfonic acid

or HZSOIo

terpinene-4 ol

OH
I 1
—Cc—c—C—
Prod
] o
- - <
Oo—=C
) i
—C—Cc—C—

P

cinmethylin
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Fenazox

Uses: acaricide, insecticide, fruit trees, soya beans, vine, vegetables

Trade names: Fentoxan (Fahlberg)

Type: azoxy

Synthesis:

NO

273

nitrobenzene

alternate route :

NO

NaOH

— @_N="@

NH, Cl

[o]

fenazox
—N— OH
phenyl
hydroxylamine

fenazox
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MCPA-Thioethyl

Uses:  herbicide, rice, wheat
Trade names: Zero One, Herbit (Hokko)

Type: thioate

Synthesis:
1 ] f
o— c—c=N 0= C~—=C— S— C— C=~
] i 1] !
N
—t— 1 .
T + —$—$—SH + HC1 — [
Cc1 Cl
ethyl +
2 methyl mercaptan
4 chloro
phenoxy acetonitrile H20
| |
0—C— C— S— ¢c— Cc—
! it o
o
|
Cm
I
Cl
MCPA
thiocethyl
alternate route :
| vt
o—ec—c¢
. a
T 1
‘ + ~c— ¢~ SH
[
Cl
2 methyl
4 chloro

phenoxy acetylchloride
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Methoxyphenone

Uses: herbicide, rice, vegetables
Trade names: Kayametone (Nippon)

Type: phenyl ketone

Synthesis:
_é_ o] Cl | i
] N\ / e —c—
o c
| | |
- s ~O
~Cc—o
* e 1 i
[ [}
3 methyl
ortho methyl benzoyl methoxyphenone

anisole chloride



Uses: insect pheromone, flies
Trade names: Muscamone (Sandoz)

Type: cis-olefin
Synthesis:
| {
- ?_ (CH2)7-—<‘:= = (cH,) 7§ OH

oleyl alcohol

Diverse Chemical Functions

Muscalure

butyl lithium

1
- (I:— (CHZ) 7—<|:= <|:—- (cH,)

2

7——%—-0—-Li

p-toluene
sulfonyl
chloride

[+]
1 i il |
—c~ (CH,) ~c=c— (CH_ ) ,~—C—0— S5 — c—
] 277 10 277 i

]
o

+
Lo pentyl
— ¢— ¢~ c— ¢— C— MgBr magnesium
ot bromide
| {
- ?_(CHZ) 7S (CH2)1Z—IC_

muscalure
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alternate route :

] ]
= ¢= (CH,) y—c= e~ (CH,) j—c— OH

A | 2lumina
- %— (CHZ) 7—<l:== &= (CHZ)6—cl:= cl'.— 1.9 octadecadiene
+
--c::— c::— %— <;:— MgCl butyl magnesium chloride
(CZI~15)2’1‘1'.CZL2 titanocene dichloride

|
- %— (CH2) 7—c|-= c;.— (cH,) 7_T_ MgCl

—C~C~Cc—Cc—Cc— Br n-pentyl bromide

muscalure
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2 Phenyl-Phenol

Uses: fungicide, apple trees, seed, wrappers
Trade names:

Type:  diphenyl

Synthesis:
o-Na
Na
dibenzofuran
(diphenylene oxide) +
HC1
Pbo
phenol
OH

2 phenyl-phenol
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Piperonyl Butoxide

Uses: insecticide, synergist for pyrethroids

Trade names:

Type: benzodioxole

Synthesis:
o l O_—"
° ° dihydro
O + HZ > safrole
—C— —em
‘ I
—c- o~
it ¢
‘ |
safrole +
Se=o0 formaldehyde
+
HC1
°
o
Cl—tl:—
[
-C—
|
—c-
i
-C=-
|
+
0 S SO PR N S G o
[ R [ R carbitol
NaOH
M
o]
VoLt 1 | y
—C~C=C~C=0=C =L —0—C=C —0—C
| A | [N [ 1
—c—
!
—c—



APPENDIX I
GENERIC NAMES

See PREFACE: How to Use This Handbook

Acephate: phosphoro organic, phosphoro amido
thioate

Acetochlor: amide

Acifluorfen—sodium: phenyl ether

Aclonifen: phenyl ether

Acrinathrin: pyrethroid

Alachlor: amide

Alanycarb: oxime amide

Aldicarb: oxime amide

Aldoxycarb: oxime amide

Aldrin: halogenated hydrocarbon

Allethrin: pyrethroid

Allidochlor: amide

Alloxydim: oxime

Ametryn: heterocyclic nitrogen, triazine

Amidosulfuron: sulfonyl urea

Aminocarb: carbamate

Amitraz: amidine

Amitrole: heterocyclic nitrogen, triazole

Ampropylfos: phosphoro organic, phosphonic acid

Ancymidol: heterocyclic nitrogen, pyrimidine

Anilazine: heterocyclic nitrogen, triazine

Anilofos: phosphoro organic, phosphoro dithioate

ANTU: thiourea

Asulam: carbamate, sulfonamide

Atrazine: heterocyclic nitrogen, triazine

Azaconazole: heterocyclic nitrogen, triazole

Azamethiphos: oxazole, phosphoro organic,
phosphoro thioate, pyridine

Azinphos-ethyl: benzotriazine, phosphoro organic,
phosphoro dithioate

Azinphos—methyl: benzotriazine, phosphoro organic,
phosphoro dithioate

Aziprotryne: heterocyclic nitrogen, triazine

Azocyclotin: organo tin, triazole

Barban: carbamate

Benalaxyl: amide

Benazolin: heterocyclic nitrogen, benzothiazoline,
carboxylic acid

Bendiocarb: carbamate

Benefin: see Benfluralin

Benfluralin: dinitroaniline

Benfuracarb: carbamate, benzofuran

Benfuresate: benzofuran, sulfonate

Benodanil: amide

Benomyl: heterocyclic nitrogen, benzimidazole,
carbamate

Benoxacor: heterocyclic nitrogen, benzoxazine, amide

Bensulfuron-methyl: sulfonyl urea

1005

Bensulide: phosphoro organic, phosphoro dithioate,
sulfonamide

Bensultap: thiosulfonate

Bentazone: heterocyclic nitrogen, thiadiazinone

Benthiocarb: see Thiobencarb

Benzamizole: see [soxaben

Benzofenap: heterocyclic nitrogen, pyrazole

Benzoximate: oxime

Benzoylprop-ethyl: amide

Benzthiazuron: heterocyclic nitrogen, benzothiazole,
urea

BHC: see Lindane

Bifenox: phenyl ether

Bifenthrin: pyrethroid

Binapacryl: dinitrophenol derivate

Bioresmethrin: pyrethroid

Bisthiosemi: (other) thiosemicarbazide

Bitertanol: heterocyclic nitrogen, triazole

Brodifacoum: coumarin

Bromacil: heterocyclic nitrogen, pyrimidinedione

Bromadiolone: coumarin

Bromethalin: dinitroaniline

Bromobutide: amide

Bromofenoxim: oxime

Bromophos: phosphoro organic, phosphoro thioate

Bromopropylate: halogenated aromatic carboxylic
acid

Bromoxynil: halogenated aromatic

Bromuconazole: heterocyclic nitrogen, triazole,
furan

Bronopol: (other) nitrodiol

Bupirimate: heterocyclic nitrogen, pyrimidine,
sulfamate

Buprofezin: heterocyclic nitrogen, thiadiazinone

Butachlor: amide

Butamifos: phosphoro organic, phosphoro amido
thioate

Butenachlor: amide

Buthiobate: heterocyclic nitrogen, pyridine

Butocarboxim: oxime amide, sulfone

Butoxycarboxim: oxime amide

Butralin: dinitroaniline

Butylate: thiocarbamate

Cacodylic acid: organo arsenic

Cadusafos: phosphoro organic, phosphoro dithioate
Camphechlor: chlorinated hydrocarbon

Captafol: heterocyclic nitrogen, indoledione
Captan: heterocyclic nitrogen, indoledione
Carbaryl: carbamate
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Carbendazim: carbamate, benzimidazole

Carbetamide: carbamate

Carbofuran: carbamate, benzofuran

Carbophenothion: phosphoro organic, phosphoro
dithioate

Carbosulfan: carbamate, benzofuran

Carboxin: oxathiin, amide

Cartap: thiocarbamate

CDAA: see Allidochlor

Chinomethionat: dithiin, heterocyclic nitrogen,
quinoxaline

Chlomethoxyfen: phenyl ether

Chloralose: sugar derivate

Chloramben: halogenated aromatic, carboxylic acid

Chlorbromuron: urea

Chlorbufam: carbamate

Chlordane: halogenated hydrocarbon

Chlordimeform: amidine

Chloretoxyfos: phosphoro organic, phosphorothioate

Chlorfenac: halogenated aromatic acid

Chlorfenson: sulfonate

Chlorfenvinfos: phosphoro organic, phosphoro ester

Chlorfluazuron: urea

Chlorflurecol-methyl: see Chlorflurenol-methyl

Chlorflurenol-methyl: carboxylic acid

Chloridazon: heterocyclic nitrogen, pyridazinone

Chlorimuron: sulfonyl urea

Chlormephos: phosphoro organic, phosphoro dithioate

Chlormequat chloride: quaternary ammonium

Chlomitrofen: phenyl ether

Chlorobenzilate: halogenated aromatic acid

Chloromethiuron: thiourea

Chloroneb: halogenated aromatic

Chlorophacinone: indiane dione

Chloropicrin: halogenated hydrocarbon

Chloropropylate: halogenated aromatic acid

Chlorothalonil: halogenated aromatic

Chlorotoluron: urea

Chloroxuron: urea, phenyl ether

Chlorphonium chloride: phosphoro organic,
phosphonate

Chlorphoxim: phosphoro organic, phosphoro thioate,
oxime

Chlorpropham: carbamate

Chlorpyrifos: phosphoro organic, phosphoro thioate,
pyridine

Chlorsulfuron: sulfonyl urea

Chlorthal-dimethyl: halogenated aromatic acid

Chlorthiamid: (other) thioamide

Chlozolinate: heterocyclic nitrogen, oxazolidine dione

Cinmethylin: (other) epoxy

Cinosulfuron: sulfonyl urea

CIPC: see Chlopropham

Clethodim: oxime

Clodinafop: phenoxy carboxylic acid, phenyl ether,
pyridine

Cloethocarb: carbamate

Clofentezine: heterocyclic nitrogen, tetrazine

Clomazone: heterocyclic nitrogen, oxazolidinone

Clomeprop: phenoxy carboxylic acid derivate, amide

Cloprop: phenoxy carboxylic acid

Clopyralid: heterocyclic nitrogen, pyridine

Cloquintocet: heterocyclic nitrogen, quinoline

Cloxyfonac: phenoxy carboxylic acid

Coumachlor: coumarin

Coumaphos: phosphoro organic, phosphoro thioate,
coumarin

Coumatetralyl: coumarin

3-CPA: phenoxy carboxylic acid

4-CPA: phenoxy carboxylic acid

Crimidine: heterocyclic nitrogen, pyrimidine

Crotoxyfos: phosphoro organic, phosphate ester

Cyanazine: heterocyclic nitrogen, triazine

Cyanofenphos: phosphoro organic, phosphoro thioate

Cyanophos: phosphoro organic, phosphoro thioate

Cycloate: thiocarbamate

Cycloprothrin: pyrethroid

Cycloxydim: oxime, thiopyran

Cyfluthrin: pyrethroid

Cyhalothrin: pyrethroid

Cyhexatin: organo tin

Cymoxanil: urea, oxime

Cypermethrin: pyrethroid

Cyphenothrin: pyrethroid

Cyprazine: heterocyclic nitrogen, triazine

Cyproconazole: heterocyclic nitrogen, triazole

Cyprofuram: amide, furanone

Cyromazine: heterocyclic nitrogen, triazine

2,4-D: phenoxy carboxylic acid

Daimuron: urea

Dalapon-sodium: halogenated aliphatic acid

Daminozide: hydrazide, carboxylic acid

Dazomet: heterocyclic nitrogen, thiadiazone

2,4-DB: phenoxy carboxylic acid

DBCP: see Dibromochloro propane

DCNA: see Dicloran

DDT: halogenated hydrocarbon

Deltamethrin: pyrethroid

Demeton-s—methyl: phosphoro organic, phosphoro
thioate

Demeton-s—~methyl sulphon: phosphoro organic,
phosphoro thioate

Desmedipham: carbamate

Desmetryn: heterocyclic nitrogen, triazine

Diafenthiuron: thiourea

Dialifos: phosphoro organic, phosphoro dithioate

Diallate: thiocarbamate



Diazinon: heterocyclic nitrogen, pyrimidine,
phosphoro thioate

Dibromochloro propane: chlorinated hydrocarben

Dicamba: halogenated aromatic acid

Dichlobenil: halogenated aromatic

Dichlofenthion: phosphoro organic, phosphoro thioate

Dichlofluanid: sulfonamide

Dichlone: quinone

Dichlormid: amide

Dichlorophen: halogenated aromatic

1,3-Dichloropropene: halogenated hydrocarbon

Dichlorprop: phenoxy carboxylic acid

Dichlorvos: phosphoro organic, phosphate ester

Dichlozolinate: see Chlozolinate

Diclobutrazol: heterocyclic nitrogen, triazole

Diclofop—methyl: phenoxy carboxylic acid

Diclomezine: heterocyclic nitrogen, pyridazinone

Dicloran: halogenated aromatic

Dicofol: halogenated hydrocarbon

Dicrotophos: phosphoro organic, phosphate ester,
amide

Dieldrin: halogenated hydrocarbon

Dienochlor: halogenated hydrocarbon

Diethatyl-ethyl: amide

Diethofencarb: carbamate

Diethyltoluamide: amide

Difenacoum: coumarin

Difenoconazole: heterocyclic nitrogen, triazole

Difenoxuron: urea, phenyl ether

Difenzoquat methyl sulphate: heterocyclic nitrogen,
pyrazole, quartenary ammonium

Difethialone: coumarin (similar)

Diflubenzuron: urea

Diflufenican: amide, pyridine

Dikegulac-sodium: (other) sorbose derivative

Dimefuron: oxadiazolone, urea

Dimepiperate: thiocarbamate, piperidine

Dimethachlor: amide

Dimethametryn: heterocyclic nitrogen, triazine

Dimethazone: see Clomazone

Dimethenamid: heterocyclic sulfur, thiophene, amide

Dimethipin: heterocyclic sulfur, dithiin, sulfone

Dimethirimol: heterocyclic nitrogen, pyrimidine

Dimethoate: phosphoro organic, phosphoro dithioate,
amide

Dimethomorph: heterocyclic nitrogen, morpholine

Dimethylarsinic acid: see Cacodylic acid

Dimethylvinphos: see Tetrachlorvinphos

Diniconazole: heterocyclic nitrogen, triazole

Dinitramine: dinitroaniline

Dinobuton: dinitrophenol derivate

Dinocap: dinitrophenol derivate

Dinoseb: dinitrophenol

Dinoseb acetate: dinitrophenol derivate
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Dinoterb: dinitrophenol

Diofenolan: phenyl ether

Dioxabenzofos: phosphoro organic, phosphoro thioate

Dioxacarb: carbamate

Dioxathion: phosphoro organic, phosphoro dithioate

Diphacinone: indanedione

Diphenamid: amide

Dipropetryn: heterocyclic nitrogen, triazine

Dipyrithione: disulfide, heterocyclic nitrogen pyridine

Diquat dibromide: heterocyclic nitrogen, pyrazine,
quatermnary ammonium

Disulfoton: phosphoro organic, phosphoro dithioate

Ditalimfos: phosphoro organic, phosphoro
amidothioate

Dithianon: heterocyclic sulfur, dithiin, quinone

Dithiopyr: heterocyclic nitrogen, pyridine

Diuron: urea

DNOC: dinitrophenol

Dodemorph acetate: heterocyclic nitrogen, morpholine

Dodine: guanidine

Drazoxolon: heterocyclic nitrogen, isoxazolone

DSMA: organo arsenic

Ebufos: see Cadusafos

Edifenphos: phosphoro organic, phosphoro dithioate

Eglinazine: heterocyclic nitrogen, triazine

Empenthrin: pyrethroid

Endosulfan: halogenated hydrocarbon

Endothal: carboxylic acid

Endrin: halogenated hydrocarbon

EPN: phosphoro organic, phosphoro thioate

EPTC: thiocarbamate

Esfenvalerate: see Fenvalerate

Esprocarb: thiocarbamate

Etacelasil: silane

Etaconazole: heterocyclic nitrogen, triazole

Ethalfluralin: dinitroaniline

Ethametsulfuron: sulfonyl urea

Ethephon: phosphoro organic, phosphonic acid

Ethidimuron: urea, thiadiazole, sulfone

Ethiofencarb: carbamate

Ethion: phosphoro organic, phosphoro dithioate

Ethirimol: heterocyclic nitrogen, pyrimidine

Ethofumesate: benzofuran, sulfonate

Ethoprop (Ethoprophos): phosphoro organic,
phosphoro dithioate

Ethoxyquin: heterocyclic nitrogen, quinoline

Ethylchlozate: heterocyclic nitrogen, indazole

Etofenprox: phenyl ether

Etridiazole: heterocyclic nitrogen, thiadiazole

Etrimfos: phosphoro organic, phosphoro thioate

EXD: disulfide
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Famphur: phosphoro organic, phosphoro thioate,
sulfonamide

Fenaminosulf: suifonate

Fenamiphos: phosphoro organic, phosphoro amidate

Fenarimol: heterocyclic nitrogen, pyrimidine

Fenazaquin: heterocyclic nitrogen, quinazoline

Fenazox: (other) azoxy

Fenbuconazole: triazole

Fenbutatin oxide: organo tin

Fenchlorazole: heterocyclic nitrogen, triazole

Fenclorim: heterocyclic nitrogen, pyrimidine

Fenfuram: amide, furan

Fenitropan: aromatic carboxylic acid

Fenitrothion: phosphoro organic, phosphoro thioate

Fenobucarb: carbamate

Fenoprop: phenoxy carboxylic acid

Fenothiocarb: thiocarbamate

Fenoxaprop-ethyl: phenoxy carboxylic acid,
heterocyclic nitrogen, benzoxazole

Fenoxycarb: carbamate, phenyl ether

Fenpiclonil: heterocyclic nitrogen, pymole

Fenpropathrin: pyrethroid

Fenpropidin: heterocyclic nitrogen, piperidine

Fenpropimorph: heterocyclic nitrogen, morpholine

Fenpyroximate: heterocyclic nitrogen, pyrazole

Fensulfothion: phosphoro organic, phosphoro thioate

Fenthion: phosphoro organic, phosphoro thioate

Fentin acetate: organo tin

Fentin hydroxide: organo tin

Fenuron: urea

Fenvalerate: pyrethroid

Ferbam: dithiocarbamate

Ferimzone: heterocyclic nitrogen, pyrimidine

Fipronil: heterocyclic nitrogen, pyrazole

Flamprop-m-isopropyl: amide

Flamprop-methyl: amide

Flazasulfuron: sulfonyl urea

Flocoumafen: coumarin

Fluazifop-butyl: phenoxy carboxylic acid, pyridine

Fluazifop-p-butyl: phenoxy carboxylic acid, pyridine

Fluazinam: dinitroaniline

Fluazuron: urea, heterocyclic nitrogen, pyridine

Flubenzimine: heterocyclic nitrogen, thiazolidine

Fluchloralin: dinitroaniline

Flucofuron: urea

Flucycloxuron: urea

Flucythrinate: pyrethroid

Fludioxonil: heterocyclic nitrogen, pyrmrole

Flufenoxuron: urea, phenyl ether

Flumetralin: dinitroaniline

Flumetsulam: heterocyclic nitrogen, pyrimidine,
triazole, sulfonamide

Flumiclorac: heterocyclic nitrogen, indole

Flumioxazin: heterocyclic nitrogen, benzoxazine:
indole

Fluometuron: urea

Fluoroacetamide: amide

Fluoroglycofen—ethyl: phenyl ether

Fluoromide: heterocyclic nitrogen, pymrole

Fluoronitrofen: phenyl ether

Fluotrimazole: heterocyclic nitrogen, triazole

Flupoxam: heterocyclic nitrogen, triazole

Flupropadine: heterocyclic nitrogen, piperidine

Flupropanate: halogenated aliphatic acid

Flurazole: heterocyclic nitrogen, thiazole

Flurenol: carboxylic acid

Fluridone: heterocyclic nitrogen, pyridone

Flurochloridone: heterocyclic nitrogen, pyrrolidinone

Fluroxypyr: heterocyclic nitrogen, pyridine

Flurprimidol: heterocyclic nitrogen, pyrimidine

Flurtamone: furanone

Flusilazole: heterocyclic nitrogen, triazole

Flusulfamide: sulfonamide

Flutolanil: amide

Flutriafol: heterocyclic nitrogen, triazole

Fluvalinate: pyrethroid

Fluxofenim: oxime

Folpet: heterocyclic nitrogen, indoledione

Fomesafen: amide, phenyl ether, sulfonamide

Fonofos: phosphoro organic, phosphoro dithioate

Forchlorfenuron: urea, pyridine

Formetanate hydrochloride: carbamate, amidine

Formothion: phosphoro organic, phosphoro dithioate,
amide

Fosamine~ammonium: phosphoro organic,
phosphonate

Fosetyl-aluminium: phosphoro organic, phosphonate

Fosmethilan: phosphoro organic, phosphoro dithioate,
amide

Fosthiazate: phosphoro organic, phosphono thioate,
thiazolidinone

Fuberidazole: heterocyclic nitrogen, benzimidazole

Furalaxyl: amide

Furathiocarb: carbamate, benzofuran

Furconazole: heterocyclic nitrogen, triazole, furan

Furilazole: heterocyclic nitrogen, oxazolidine, furan

Furmecyclox: furan, carboxamide

Furyloxyfen: phenyl ether, furan

Glufosinate: phosphinate

Glyodin: heterocyclic nitrogen, imidazoline
Glyphosate: phosphoro organic, phosphonate
Guazatine: guanidine

Halfenprox: phenyl ether

Halosulfuron: sulfonyl urea, heterocyclic nitrogen,
pyrazole

Haloxyfop: phenoxy carboxylic acid, pyridine

HCH: see Lindane



Heptachlor: halogenated hydrocarbon

Heptenophos: phosphoro organic, phosphate ester

Heptopargil: oxime

Hexachlorobenzene: halogenated aromatic

Hexaconazole: heterocyclic nitrogen, triazole

Hexaflumuron: urea

Hexazinone: heterocyclic nitrogen, triazine

Hexythiazox: thiazolidine, amide

Hydramethylnon: heterocyclic nitrogen, pyrimidine

Hydroprene: dienedodecanoate

8-Hydroxyquinoline sulphate: heterocyclic nitrogen,
quinoline

Hymexazol: heterocyclic nitrogen, isoxazole

Imazalil: heterocyclic nitrogen, imidazole

Imazamethabenz—methyl: heterocyclic nitrogen,
imidazolidinone

Imazapyr: heterocyclic nitrogen, imidazolidinone,
pyridine

Imazaquin: heterocyclic nitrogen, imidazolidinone,
quinoline

Imazethapyr: heterocyclic nitrogen, imidazolidinone

Imazosulfuron: sulfonyl urea

Imibenconazole: heterocyclic nitrogen, triazole

Imidacloprid: heterocyclic nitrogen, imidazolidine,
pyridine

Iminoctadine: guanidine

Inabenfide: amide, pyridine

Indol-3-ylacetic acid: heterocyclic nitrogen, indole

4-Indol-3-ylbutyric acid: heterocyclic nitrogen,
indole

Iodofenphos: phosphoro organic, phosphorothioate

JIoxynil: halogenated aromatic

Ipconazole: triazole

Iprobenfos: phosphoro organic, phosphoro dithioate

Iprodione: heterocyclic nitrogen, imidazolidinone

IPSP: phosphoro organic, phosphoro dithioate

Isazofos: phosphoro organic, phosphorothioate,
triazole

Isocarbamid: amide, imidazolidinone

Isofenphos: phosphoro organic, phosphoro amido
thioate

Isoprocarb: carbamate

Isopropalin: dinitroaniline

Isoprothiolane: dithiin

Isoproturon: urea

Isouron: heterocyclic nitrogen, isoxazole, urea

Isoxaben: heterocyclic nitrogen, isoxazole, amide

Isoxapyprifop: heterocyclic nitrogen, azolidine

Isoxathion: phosphoro organic, phosphoro thioate,
isoxazole

Iodenphos: see Iodofenphos

Jodfenphos: see Iodofenphos
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Karbutilate: urea, carbamate

Lactofen: phenyl ether

Lenacil: heterocyclic nitrogen, pyrimidinedione
Lindane: halogenated hydrocarbon

Linuron: urea

Lufenuron: urea

Malathion: phosphoro organic, phosphoro dithioate

Maleic hydrazide: heterocyclic nitrogen,
pyridazinedione

Mancozeb: dithiocarbamate

Maneb: dithiocarbamate

MCPA: phenoxy carboxylic acid

MCPA-Thioethyl: (other) thioate

MCPB: phenoxy carboxylic acid

Mecarbam: phosphoro organic, phosphoro dithioate,
carbamate

Mecoprop: phenoxy carboxylic acid

Mefenacet: heterocyclic nitrogen, benzothiazole,
amide

Mefluidide: amide, sulfonamide

Mepanipyrim: heterocyclic nitrogen, pyrimidine

Mephosfolan: phosphoro organic, phosphoro amido
thioate

Mepiquat chloride: heterocyclic nitrogen, piperidine,
quaternary ammonium

Mepronil: amide

Merphos: phosphoro organic, phosphoro tri thioite

Metalaxyl: amide

Metam: dithiocarbamate

Metamitron: heterocyclic nitrogen, triazine

Metazachlor: amide, pyrazole

Metconazole: heterocyclic nitrogen, triazole

Methabenzthiazuron: urea, benzothiazole

Methacrifos: phosphoro organic, phosphoro thioate

Metham-sodium: see Metam

Methamidophos: phosphoro organic, phosphoro amido
thioate

Methasulfocarb: thiocarbamate, sulfonate

Methazole: heterocyclic nitrogen, oxadiazolone, urea

Methfuroxam: amide, furan

Methidathion: thiadiazolone, phosphoro organic,
phosphoro, dithioate

Methiocarb: carbamate

Methomyl: oxime amide

Methoprene: dienedodecanoate

Methoprotryne: heterocyclic nitrogen, triazine

Methoxychlor: halogenated aromatic

Methoxyethylmercury acetate: organo mercurics

Methoxyphenone: (other) benzophenone

Methyl arsonic acid: see MSMA

Methyl bromide: halogenated hydrocarbon

Methyldymron: urea
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Metiram: see Zineb

Metobenzuron: urea

Metobromuron: urea

Metolachlor: amide

Metolcarb: carbamate

Metosulam: sulfonamide, heterocyclic nitrogen,
triazole, pyrimidine

Metoxuron: urea

Metribuzin: heterocyclic nitrogen, triazine

Metsulfovax: heterocyclic nitrogen thiazole, amide

Metsulfuron-methyl: sulfonyl urea

Mevinphos: phosphoro organic, phosphate ester

Mexacarbate: carbamate

Mirex: halogenated hydrocarbon

Molinate: thiocarbamate

Monalide: amide

Monocrotophos: phosphoro organic, phosphate ester,
amide

Monolinuron: urea

Monuron: urea

MSMA: organo arsenics

Muscalure: (other) cis olefin

Myclobutanil: heterocyclic nitrogen, triazole

Nabam: dithiocarbamate

Naled: phosphoro organic, phosphoro ester
1-Naphthylacetamide: amide

1-Naphthylacetic acid: aromatic carboxylic acid
2-Naphthyloxy acetic acid: phenoxy carboxylic acid
Naproanilide: amide

Napropamide: amide

Naptalam: amide

Neburon: urea

Niclosamide: amide

Nicosulfuron: sulfonyl urea

Nipyraclofen: heterocyclic nitrogen, pyrazole
Nitralin: dinitroaniline

Nitrapyrin: heterocyclic nitrogen, pyridine
Nitrofen: phenyl ether

Nitrothal-isopropyl: aromatic carboxylic acid
Norbormide: heterocyclic nitrogen, pyridine
Norflurazon: heterocyclic nitrogen, pyridazinone
Nuarimol: heterocyclic nitrogen, pyrimidine

Octhilinone: heterocyclic nitrogen, triazolone

Ofurace: amide, furanone

Omethoate: phosphoro organic, phosphoro thioate,
amide

Orbencarb: thiocarbamate

Oryzalin: dinitroaniline, sulfonamide

Ovex: see Chlorfenson

Oxabetrinil: oxime

Oxadiazon: heterocyclic nitrogen, oxadiazolone

Oxadixyl: oxazolidine, amide

Oxamyl: oxime amide

Oxine-copper: heterocyclic nitrogen, quinoline

Oxolinic acid: heterocyclic nitrogen, quinoline

Oxycarboxin: oxathiin, amide, sulfone

Oxydemeton—methyl: phosphoro organic, phosphoro
thioate

Oxyfluorfen: phenyl ether

Paclobutrazol: heterocyclic nitrogen, triazole, see
Diclobutrazol

Paraquat dichloride: heterocyclic nitrogen, pyridine,
quaternary ammonium

Parathion: phosphoro organic, phosphoro thioate

PCNB: see Quintozene

Pebulate: thiocarbamate

Pefurazoate: heterocyclic nitrogen, imidazole, furan

Penconazole: heterocyclic nitrogen, triazole

Pencycuron: urea

Pendimethalin: dinitro aniline

Pentachlorophenol: halogenated aromatic

Pentanochlor: amide

Perfluidone: sulfonamide

Permethrin: pyrethroid

Phenisopham: carbamate

Phenmedipham: carbamate

Phenothrin: pyrethroid

Phenthoate: phosphoro organic, phosphoro dithioate

Phenylmercury acetate: organic mercury

2-Phenylphenol: (other) diphenyl

Phorate: phosphoro organic, phosphoro dithioate

Phosalone: phosphoro organic, phosphoro dithioate,
benzoxazole

Phosdiphen: phosphoro organic, phosphate

Phosfolan: imino-dithiolane, phosphoro organic,
phosphoro amidate

Phosmet: phosphoro organic, phosphoro dithioate

Phosphamidon: phoesphoro organic, phosphate ester,
amide

Phoxim: oxime, phosphoro organic, phosphorothioate

Picloram: heterocyclic nitrogen, pyridine

Pindone: indanedione

Piperonyl butoxide: (other) benzadioxole

Piperophos: phosphoro organic, phosphoro dithioate,
piperidine

Piproctanyl Bromide: heterocyclic nitrogen,
piperidine, quartenary ammonium

Pirimicarb: carbamate, pyrimidine

Pirimiphos—ethyl: pyrimidine, phosphoro organic,
phosphoro thioate

Pirimiphos-methyl: pyrimidine, phosphoro organic,
phosphoro thioate

Plifenate: halogenated aromatic acid

Prallethrin: pyrethroid

Pretilachlor: "amide, see Dimethachlor



Primisulfuron: sulfonyl urea

Probenazole: heterocyclic nitrogen, benzothiazole

Prochloraz: heterocyclic nitrogen, imidazole

Procyazine: heterocyclic nitrogen, triazine

Procymidone: heterocyclic nitrogen, pymolidinedione

Prodiamine: dinitroaniline

Profenofos: phosphoro organic, phosphoro thioate

Profluralin: dinitroaniline

Proglinazine: heterocyclic nitrogen, triazine

Prohexadione: hexanedione carboxylic acid

Promacyl: carbamate

Promecarb: carbamate

Prometon: heterocyclic nitrogen, triazine

Prometryn: heterocyclic nitrogen, triazine

Pronamide: amide

Propachlor: amide

Propamocarb: carbamate

Propanil: amide

Propaphos: phosphoro organic, phosphate ester

Propaquizafop: heterocyclic nitrogen, quinoxaline

Propargite: sulfite

Propazine: heterocyclic nitrogen, triazine

Propetamphos: phosphoro organic, phosphoro amido
thioate

Propham: carbamate

Propiconazole: heterocyclic nitrogen, triazole

Propineb: dithiocarbamate

Propisochlor: amide

Propoxur: carbamate

Propyzamide: see Pronamide

Prosulfocarb: thiocarbamate

Prosulfuron: sulfonyl urea

Prothiocarb: thiocarbamate

Prothiofos: phosphoro organic, phosphoro dithioate

Prothoate: phosphoro organic, phosphoro dithioate,
amide

Pymetrozine: heterocyclic nitrogen, triazine,
pyridine

Pyraclofos: pyrazole, phosphoro organic, phosphoro
thioate

Pyrazolinate: heterocyclic nitrogen, pyrazole

Pyrazophos: phosphoro organic, phosphoro thioate,
pyrazole, pyrimidine

Pyrazosulfuron: sulfonyl-urea

Pyrazoxyfen: heterocyclic nitrogen, pyrazole

Pyributicarb: thiocarbamate, pyridine

Pyridaben: heterocyclic nitrogen, pyridazinone

Pyridafenthion: phosphoro organic, phosphoro thioate,
pyridazine

Pyridate: heterocyclic nitrogen, pyridazine

Pyrifenox: oxime, pyridine

Pyrimethanil: heterocyclic nitrogen, pyrimidine

Pyriproxifen: phenyl-ether, pyridine

Pyrithiobac-sodium: heterocyclic nitrogen, pyrimidine
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Pyroquilon: heterocyclic nitrogen, quinoline, pyrrole

Quinalphos: quinoxaline, phosphoric organic,
phosphorothioate

Quinclorac: heterocyclic nitrogen, quinoline

Quinmerac: heterocyclic nitrogen, quinoline

Quinoclamine: quinone

Quinomethionate: see Chinomethionat

Quintozene: halogenated aromatic

Quizalofop: phenoxy carboxylic acid,
quinoxaline

Resmethrin: pyrethroid
Rimsulfuron: sulfonyl urea

Secbumeton: heterocyclic nitrogen, triazine

Sethoxydim: oxime

Siduron: urea

Silafluofen: silane, phenyl ether

Simazine: heterocyclic nitrogen, triazine

Simetryn: heterocyclic nitrogen, triazine

Sulcofuron: urea, phenyl ether

Sulfentrazone: heterocyclic nitrogen, friazole,
sulfonamide

Sulfluramid: sulfonamide

Sulfometuron: sulfonyl urea

Sulfotep: phosphoro organic, thiopyrophosphate

Sulfuryl fluoride: sulfone

Sulprofos: phosphoro organic, phosphoro dithioate

2,4,5-T: phenoxy carboxylic acid

2,3,6-TBA: halogenated aromatic acid

TCA: halogenated aliphatic acid

Tebuconazole: heterocyclic nitrogen, triazole

Tebufenozide: hydrazide

Tebufenpyrad: heterocyclic nitrogen, pyrazole,
amide

Tebutam: amide

Tebuthiuron: thiadiazole, heterocyclic nitrogen, urea

Tecloftalam: amide

Tecnazene: halogenated aromatic

Teflubenzuron: urea

Tefluthrin: pyrethroid

Temephos: phosphoro organic, phosphoro thioate

TEPP: phosphoro organic, pyrophosphate

Terbacil: heterocyclic nitrogen, pyrimidinedione

Terbufos: phosphoro organic, phosphoro dithioate

Terbumeton: heterocyclic nitrogen, triazine

Terbuthylazine: heterocyclic nitrogen, triazine

Terbutryn: heterocyclic nitrogen, triazine

Tetrachlorophthalide: halogenated aromatic

Tetrachlorvinphos: phosphoro organic, phosphate
ester

Tetraconazole: heterocyclic nitrogen, triazole
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Tetradifon: halogenated aromatic, sulfone

Tetramethrin: pyrethroid

Tetrasul: halogenated aromatic

0,0,0',0'-Tetrapropyl dithiopyrophosphate: phosphoro
organic, thiopyrophosphate

Thenylchlor: amide, heterocyclic sulfur, thiophene

Thiabendazole: heterocyclic nitrogen, benzimidazole,
thiazole

Thiameturon: see Thifensulfuron

Thiazafluron: heterocyclic nitrogen, thiadiazole, urea

Thiazopyr: heterocyclic nitrogen, thiazole, pyridine

Thicyofen: heterocyclic sulfur, thiophene

Thidiazuron: thiadiazole, urea

Thifensulfuron: sulfonyl urea

Thifluzamide: heterocyclic nitrogen, thiazole, amide

Thiobencarb: thiocarbamate

Thiocyclam: heterocyclic sulfur, trithiane

Thiodicarb: oxime amide

Thiofanox: oxime amide

Thiometon: phosphoro organic, phosphorodithioate

Thiophanate: thiourea, carbamate

Thiophanate—methyl: thiourea, carbamate

Thiram: dithiocarbamate, disulfide

Tiocarbazil: thiocarbamate

Tioclorim: pyrimidine

Tolclofos-methyl: phosphoro organic,
phosphorothioate

Tolyfluanid: sulfonamide

Toxaphene: see Camphechlor

Tralkoxydim: oxime

Tralomethrin: pyrethroid

Transfluthrin: pyrethroid

Triadimefon: heterocyclic nitrogen, triazole

Triadimenol: heterocyclic nitrogen, triazole

Triallate: thiocarbamate, see Diallate

Triapenthenol: heterocyclic nitrogen, triazole, see
Diniconazole

Triasulfuron: sulfonyl urea

Triazamate: heterocyclic nitrogen, triazole

Triazophos: phosphoro organic, phosphorothioate,
triazole

Triazoxide: heterocyclic nitrogen, triazine

Tribenuron: sulfonyl urea

SSS-Tributyl phosphorotrithioate: phosphoro organic,
phosphoro trithioate

Trichlamide: amide

Trichlorfon: phosphoro organic, phosphonate

Trichloronat: phosphoro organic, phosphonothioate

Triclopyr: heterocyclic nitrogen, pyridine

Tricyclazole: triazole, heterocyelic nitrogen,
benzothiazole

Tridemorph: heterocyclic nitrogen, morpholine

Tridiphane: halogenated aromatic, oxirane

Trietazine: heterocyclic nitrogen, triazine

Triflumizole: heterocyclic nitrogen, imidazole

Triflumuron: urea

Trifluralin: dinitroaniline

Triflusulfuron: sulfonyl urea

Triforine: amide, heterocyclic nitrogen, piperazine

Trimethacarb: carbamate

Trinexapac: hexanedione carboxylic acid

Triticonazole: heterocyclic nitrogen, triazole

Uniconazole: heterocyclic nitrogen, triazole, see
Diniconazole

Vamidothion: phosphoro organic, phosphorothioate,
amide

Vemolate: thiocarbamate

Vinclozolin: heterocyclic nitrogen, oxazolidinedione

Warfarin: coumarin

XMC: carbamate, see Xylylcarb
Xylylcarb: carbamate

Zineb: dithiocarbamate
Ziram: dithiocarbamate
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See PREFACE: How 1o Use This Handbook

Aatrex: atrazine
Aazomate: benzoximate
Abat: temephos

Abate: temephos
Abathion: temephos
Acaraben: chlorobenzilate
Acarol: bromopropylate
Acarstin: cyhexatin
Acatak: fluazuron
Accelerate: endothal
Accent: nicosulfuron
Acclaim: fenoxaprop-ethyl
Accothion: fenitrothion
Achieve: tralkoxydim
Acricid: binapacryl
Acrobat: dimethomorph
Acryptan: folpet
Actellic: pirimiphos
Actril: ioxynil

Actril M: mecoprop
Admire: imidacloprid
Afalon: linuron
Afilene: butocarboxim
Afix: formothion
Afugan: pyrazophos
Agil: propaquizafop
Agreen: pyrazosulfuron
Agrimet: phorate
Agrisil: trichloronat
Agritox: trichloronat

Agrosan: phenylmercury acetate

Agroxone: MCPA

Akar: chlorobenzilate
Alanap: naptalam

Alar: daminozide

Albrass: propachlor

Alden: piproctanyl bromide
Aldrex: aldrin

Aldrite: aldrin

Alegro: phenmedipham
Alfacron: azamethiphos
Aliette: fosetyl-aluminum
Allie: metsulfuron

Allisan: dicloran

Ally: metsulfuron

Alon: isoproturon

Alsol: etacelasil

Alto, Altemi: cyproconazole
Altosid: methoprene

Altozar: hydroprene
Alsystin: triflumuron
Amaze: isofenphos
Amber: triasulfuron
Ambox: binapacryl
Ambro: hydramethylnon
Ambush: permethrin
Ambush C: cypermethrin
Amchem 64-50: 3 CPA
Amexine: butralin
Amiben: chloramben
Amid-Thin: 1-naphthylacetamide
Andalin: flucycloxuron
Animert: tetrasul
Anniverse: halfenprox
Ansar 8100: MSMA
Ansar: DSMA

Anten: flurenol

Anthio: formothion
Antinonnin: DNOC
Antiphen: dichlorophen
Antor: diethatyl-ethyl
Antracol: propineb
Anvil: hexaconazole
Apache: cadusafos
Apachlor: chlorfenvinphos
Aphidan: IPSP

Aphox: pirimicarb
Apiste: furiloxyfen
Apollo: clofentezine
Appa: ampropylfos
Applaud: buprofezin
Apron: metalaxyl
Aquazine: simazine
Arasan: thiram

Arelon: isoproturon
Aresin: monolinuron
Arest: ancymidol

Aretit: dinoseb acetate
Argold: cinmethylin
Arozin: anilofos

Arrivo: cypermethrin
Arsenal: imazapyr
Arsonate: MSMA
Asana: esfenvalerate
Aspon: 0,0,0,0 tetrapropyl dithiopyrophosphate
Assert: imazamethabenz-methyl
Assure: quizalofop—ethyl
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Asulox: asulam
Asuntol: coumaphos
Atabron: chlorflurazuron
Atemi: cyproconazole
Atgard: dichlorvos
Atrimmec: dikegulac
Atrinal: dikegulac—sodium
Avadex: di-allate
Avadex BW: tri-allate
Avenge: difenzoquat
Aware: diofenolan
Azodrin: monocrotophos
Aztec: triazamate

Balan: benfluralin
Bandren: aclonifen
Bandur: aclonifen
Bancol: bensultap
Banvel: dicamba

Baraki: difethialone
Baronat: triapenthenol
Barricade: prodiamine
Basagran: bentazone/dichlorprop
Basalin: fluchloralin
Basamid: dazomet
Basanite: dinoseb
Basfapon: dalapon-sodium
Basitac: mepronil

Bassa: fenobucarb

Basta: glufosinate
Basudin: diazinon
Bavistin: carbendazim
Baycarb: fenobucarb
Baycid: fenthion
Baycor: bitertanol
Baygon: propoxur
Baygon: transfluthrin
Baygon MEB: plifenate
Bayleton: triadimefon
Bayluscid: niclosamide
Bayluscide: niclosamide
Bayrusil: quinalphos
Bayothrin: transfluthrin
Baytan: triadimenol
Baytex: fenthion
Baythion: phoxim
Baythion C: chlorphoxim
Baythroid: cyfluthrin
Beacon: primisulfuron
Beam: tricyclazole
Befran: iminoctadine
Belmark: fenvalerate
Bellmac Straight: MCPB
Benchmark: flurtamone

Benit: etaconazole
Benlate: benomyl

Beosit: endosulfan

Beret: fenpiclonil

Betanal AM: desmedipham
Betanal: phenmedipham
Betanex: desmedipham
Betapal: 2 naphthyloxy acetic acid
Betasan: bensulide

Biallor: cyproconazole
Bialor: cyproconazole
Bideron: prothiofos
Bidrin: dicrotophos
Bilobran: monocrotophos
Bim: tricyclazole

BIPC: chlorbufam

Birgin: propham

Birlane: chlorfenvinphos
Bladafum: sulfotep
Bladan: parathion

Bladan M: parathion~methyl
Bladex: cyanazine
Blascide: tricyclazole
Blattanex: propoxur
Blazer: acifluorfen-sodium
Bloc: fenarimol

BNine: daminozide
Boa-Ana: famphur
Bolero: thiobencarb
Bolls-Eye: dimethylarsinic acid
Bolstar: sulprofos

Boltage: pyraclofos
Bonalan: benfluralin
Bonzi: paclobutrazol
Botran: dicloran

Botriflex: quintozene
Boxer: prosulfocarb
Bravo: chlorothalonil
Brestan: fentin acetate
Brestan Flow: fentin hydroxide
Brigade: bifenthrin

Broad Strike: flumetsulam
Brominal: bromoxynil
Bronocot: bronopol
Bronotak: bronopol
Bronok: trietazine

Broot: trimethacarb
Buctril: bromoxynil
Bueno: MSMA

Buster: glufosinate
Butisan S: metazachlor
Butox: deltamethrin

Caden: cartap



Caid: chlorophacinone
Caliber: simazine

Caldon: dinoseb

Calirus: benodanil
Calixin: tridemorph
Campogran: furmecyclox
Caparol: prometryn
Caragard: terbumeton
Caramba: metconazole
Carbamult: promecab
Carbicron: dicrotophos
Carbyne: barban

Caryne: barban

Carzol: formetanate hydrochloride
Cascade: flufenoxuron
Casoron: dichlobenil
Castrix: crimidine
CeCeCe: chlormequat
Cela W524: triforine
Celest: fludioxonil

Celio: clodinafop

Celio: cloquintocet

Cente: clomeprop
Cercobin M: thiophanate—methyl
Ceresol: phenylmercury
Cerone: ethephon

Certrol: ioxynil

Cethion: ethion
Challenge: aclonifen
Chess: pymetrozine
Chinosol: 8-hydroxyquinoline sulfate
Chlormite: chloropropylate
Chryson: resmethrin
Chryson Forte: bioresmethrin
Cidial: phenthoate

Cinch: cinmethlyn
Ciodrin: crotoxyphos
CIPC: chlorpropham
Citrazon: benzoximate
Clarosan: terbutryn
Classic: chlorimuron
Clermait: azocyclotin
Clipper: paclobutrazol
Clout: alloxydim

Cobex: dinitramine

Cobra: lactofen

Combat: hydramethylnon
Command: clomazone
Commando: flamprop-M-isopropyl
Comeodor: tebutam
Compete: fluoroglycofen
Concep II: oxabetrinil
Concep III: fluxofenim
Confidor: imidacloprid
Consult: hexaflumuron
Contraven: terbufos
Coopex: permethrin
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Coratop: pyroquilon
Corbel: fenpropimorph
Comox: benazolin
Comox M: MCPA
Cornox: dichlorprop
Corsair: permethrin
Cotofor: dipropetryn
Cotoran: fluometuron
Counter: terbufos
Cremart: butamifos
Croneton: ethiofencarb
Cropotex: flubenzimine
Crotothane: dinocap
Cryptonol: 8-hydroxyquinoline sulfate
Cultar: paclobutrazol
Curacron: profenofos
‘Curamil: pyrazophos
Curaterr: carbofuran
Curbiset: chlorflurenol-methy!
Curzate: cymoxanil
Cutless: flurprimidol
Cyalane: phosfolan
Cyanox: cyanophos
Cybolt: flucythrinate
Cyclodan: endosulfan
Cyclosal: cycloprothrin
Cycocel: chlormequat chloride
Cycosin: thiophanate-methyl
Cygon: dimethoate

Cylan: phosfolan
Cymbush: cypermethrin
Cymperator: cypermethrin
Cyolan: phosfolan
Cyolane: phosfolan
Cyperal: benfuresate
Cyprene: halfenprox
Cyprex: dodine

Cytel: fenitrothion
Cythion: malathion
Cythrin: flucythrinate
Cytrolane: mephosfolan

Dacamox: thiofanox
Daconate: MSMA
Daconil: chlorothalonil
Dacthal: chlorthal-dimethyl
Dalacide: dalapon

Damfin: methacrifos
Danitol: fenpropathrin
Danitron: fenpyroximate
Dapacryl: binapacryl
Dasanit: fensulfothion
Deadline: bromadiolone
Debantic: tetrachlorvinphos
Deccoquin: ethoxyquin
Decis: deltamethrin
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Dedevap: dichlorvos

DEF 6: S,S,S-tributyl phosphorotrithioate
DEF Defoliant: S,S,S-tributyl phosphorotrithioate
Defi: prosulfocarb

Deftor: metoxuron

Delan: dithianon

Delnav: dioxathion

Delsene: carbendazim
Deltanet: furathiocarb

Deltic: dioxathion

Demosan: chloroneb

Denmert: buthiobate

Derosal: carbendazim

Desmel: propiconazole
Desormone: 2,4 D

Dessin: dinobuton

Destun: perfluidone

Devrinol: napropamide
Dextrone X: paraquat dichloride
Diazitol: diazinon

Dibrom: naled

Dicarzol: formetanate hydrochloride
Diconal: phenisopham
Dicoprime: bromofenoxim
Dicuran: chlorotoluron
Dieldrite: dieldrin

Difolatan: captafol

Dimecron: phosphamidon
Dimenson: dithiopyr
Dimepax: dimethametryn
Dimilin: diflubenzuron
Diphacin: diphacinone
Dipofene: chloromethiuron
Dipterex: trichlorfon

Direx: diuron

Dirimal: oryzalin

Disyston: disulfoton

Dithane D-14: nabam
Dithane M-22: maneb
Dithane M-45: mancozeb
Dithane Z-78: zineb
Dithiosystox: disulfoton
Domark: tetraconazole
Dorado: pyrifenox

Dorlone: 1.3-dichloropropene
Dorochlor: chloropicrin
Dosanex: metoxuron

Dotan: chlormephos

Dowco 199: ditalimfos
Dowco 356: tridiphane
Dowfume: methyl bromide
Dowcide EC7: pentachlorophenol
Dowcide G: pentachlorophenol
Dowpon: dalapon-sodium

Dozer: fenuron

Drat: chlorophacinone
Drawin: butocarboxim
Draza: methiocarb
Drepamon: tiocarbazil
Dropp: thidiazuron
Dual: metolachlor, benoxacor
Duplosan: mecoprop
Dursban: chlorpyrifos
Duter: fentin hydroxide
Dybar: fenuron
Dyfonate: fonofos
Dylox: trichlorfon
Dymid: diphenamid
Dynone: prothiocarb
Dyrene: anilazine

E-605: parathion
Ebufos: cadusafos
Ekalin: quinalphos
Ekalux: quinalphos
Ekamet: etrimfos
Ekatin: thiometon
Ekkusugoni: chlomethoxyfen
Ektafos: dicrotophos
Elancolan: trifluralin
Elite: tebuconazole
Elocron: dioxacarb
Elsan: phenthoate
Elvaron: dichlofluanid
Embark: mefluidide
Embutox: 2,4 DB
Eminent: tetraconazole
Endaven: benzoylprop-ethyl
Endosan: binapacryl
Endrex: endrin

Enide: diphenamid
Entex: fenthion
Eptam/Eradicane: EPTC
Erbotan: thiazfluron
Esgram: paraquat dichloride
Etazine: secbumeton
Etheverse: ethephon
Ethiol: ethion

Ethrel: ethephon

Etoc: prallethrin
Etrofolan: isoprocarb
Euparen: dichlofluanid
Euparen M: tolyfluanid
Evik: ametryn

Evisect: thiocyclam
Evisekt: thiocyclam
Evital: norflurazon
Exagama: lindane
Exceed: prosulfuron



Exotherm-Termil: chlorothalonil
Express: tribenuron

Fac: prothoate

Facet: quinclorac
Famid: diexacarb

Fan: endosulfan
Faneron: bromofenoxim
Far-Go: tri-allate
Farmil: ditalimfos
Fecundal: imazalil
Fenac: chlorfenac
Fenatrol: chlorfenac
Fentoxan: fenazox
Fermate: ferbam
Fernasan: thiram
Femex: pirimiphos—ethyl
Fervin: alloxydim
Fervinal: sethoxydim
Ficam: bendiocarb
Fiesta: quinmerac
Figaron: ethylchlozate
Finale: glufosinate
Finaven: difenzoquat
Finitron: sulfluramid
Flectron: cypermethrin
Flex: fomesafen
Flexidor: isoxaben
Florel: ethephon

Focus: cycloxydim
Folar: terbuthylazine
Folbex: chlorobenzilate
Folex: merphos
Folicur: tebuconazole
Folidol M: parathion—-methy!
Folimat: omethoate
Folithion: fenitrothion
Folosan: quintozene, tecnazene
Folpan: folpet
Fongarene: pyroquilon
Fongarid: furalaxyl
Fongoren: pyroquilon
Force: tefluthrin
Fortress: chloretoxyfos
Fortrol: cyanazine
Forum: dimethomorph
Forza: tefluthrin
Forfeno: parathion
Frap: difethialone
Frenock: flupropanate
Frontier: dimethenamid
Frowncide: fluazinam
Fruitone: cloprop
Fruitone N: naphthyl acetic acid
Fruitone N: 1-naphthylacetic acid
Fruitone T: fenoprop
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Frumin AL: disulfoton
Fuji-one: isoprothiolane
Fuji-grass: esprocarb
Fuklasin: ziram
Fumazone: DBCP
Fundal: chlordimeform
Fungaflor imazalil
Fungazil: imazalil
Furadan: carbofuran
Furore: fenoxaprop-ethyl
Fusarex: tecnazene
Fusilade: fluazifop-butyl

Galben: benalaxyl
Galecron: chlordimeform
Gallant: haloxyfop—ethoxyethyl
Gallogama: lindane
Gammalin: lindane
Gammexane: lindane
Gardona: tetrachlorvinphos
Gardoprim: terbuthylazine
Garlon: triclopyr
Garrathion: carbophenothion
Garvox: bendiocarb
Gatnon: benzthiazuron
Gaucho: imidacloprid
Gebutox: dinoseb

Gencor: hydroprene
Gesagram: prometon
Gesagard: prometryn
Gesamil: propazine
Gesapax: ametryn
Gesaprim: atrazine
Gesaran: methoprotryne
Gesarol: DDT

Gesatop: simazine
Geysar: difeconazole
Glean: chlorsulfuron
Glyodex: glyodin
Glyoxide: glyodin

Goal: oxyfluorfen
Gokilaht: cyphenotrin
Goltix: metamitron
Graminon: isoproturon
Gramoxone: paraquat dichloride
Granit: bromuconazole
Granurex: neburon

Grasp: tralkoxydim

Gratil: amidosulfuron
Grenade: cyhalothrin
Guerasol: DDT

Guthion: azinphos—ethyl
Gusathion: azinphos—ethyl
Gy-bon: simetryn

Harmony: thifensulfuron
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Harness: acetochlor
Harvade: dimethipin
Hataclean: trichlamide
Healthied: pefurazoate
Helothion: sulprofos
Herald: fenpropathrin
Herbadox: pendimethalin
Herbit: MCPA-thioethyl
Herbogil: dinoterb
Hinochloa: mefenacet
Hinosan: edifenphos
Hoegrass: diclofop-methyl
Hoelon: diclofop-methyl
Horizon: tebuconazole
Hostaquick: heptenophos
Hostathion: triazophos
Hyvar X: bromacil

Ignite: glufosinate
Igran: terbutryn

Illoxan: diclofop-methyl
Imidan: phosmet
Impact: flutriafol
Imperator: cypermethrin
Insegar: fenoxycarb
Iso—Comox: mecoprop
Isotox: lindane

Isoxyl: isouron

Ivosit: dinoseb acetate

Javelin: diflufenican
Joker: silafluofen

Karathane: dinocap
Karmex: diuron
Karphos: isoxathion
Kayabest: methasulfocarb
Kayametone: methoxyphenone
Kayanex: bisthiosemi
Kayaphos: propaphos
Kelthane: dicofol
Kemate: anilazine
Kenopel: guazatine
Kerb: propyzamide
Keropur: benazolin
Kilval: vamidothion
Kitazin: iprobenfos
Klartan: fluvalinate
Klerat: brodifacoum
Kloben: neburon
Kolo: dichlone
Krenite: fosamine
Kumulan: nitrothal
Kuron: fenoprop
Kurosal: fenoprop
Kusagard: alloxydim

Lance: cloethocarb
Landrin: trimethacarb
Lanirat: bromadiolone
Lannate: methomyl
Lanray: orbencarb
Laptran: ditalimfos
Larvadex: cyromazine
Larvin: thiodicarb
Laser: cycloxydim
Lasso: alachlor
Lebaycid: fenthion
Legurame: carbetamide
Lentagran: pyridate
Lesan: fenaminosulf
Lexone: metribuzin
Limbolid: heptopargil
Lindafor: lindane
Lindagranox: lindane
Lindamul: lindane
Lindaterra: lindane
Liphadione: chlorophacinone
Lironion: difenoxuron
Logran: triasulfuron
Londax: bensulfuron
Lontrel: clopyralid
Lorox: linuron
Lorsban: chlorpyrifos
Lynx: tebuconazole

Machete: butachlor
Magister: fenazaquin
Maki: bromadiolone
Malix: endosulfan
Maloran: chlorbromuron
Manage: imibenconazole
Manzate 200: mancozeb
Manzate: maneb
Marathon: prodiamine
Mariate: methoxyclor
Marshal: carbosulfan
Masai: tebufenpyrad
Matacil: aminocarb
Mataven: flamprop methyl
Match: lufenuron

Mavrik: fluvalinate
Maxforce: hydramethylnon
Mediben: dicamba
Melprex: dodine

Meltatox: dodemorph acetate
Meobal: xylylcarb
Meothrin: fenpropathrin
Merpelan AZ: isocarbamid
Mertect: thiabendazole
Mesamate: MSMA
Mesoranil: aziprotryne



Mesurol: methiocarb

Metacide: parathion

Metacrate: metolcarb

Metadelphene: diethyl toluamide

Metaisosystoxulfon: demeton-S-methyl
sulphone

Metasystemox: oxydemeton-methyl

Metasystemox R: oxydemeton-methyl

Metasystox: demeton—-S-methyl

Metasystox R: oxydemeton-methyl

Methavin: methomyl

MG-06: eglinazine

MH-30: maleic hydrazide

Milagro: nicosulfuron

Milban: ziram

Milban: dodemorph acetate

Mil-Col: drazoxolon

Milcurb: dimethirimol

Mildothane: thiophanate-methyl

Milgo: ethirimol

Millie: ditalimfos

Milogard: propazine

Mimic: tebufenozide

Mipcin: isoprocarb

Miral: isazofos

Mirex: sulfluramid

Missile: pyrazophos

Mist-o—matic: phenyl mercury acetate

Mitac: amitraz

Mitacid: cyhexatin

Mitin FF: sulcofuron

Mitin N: flucofuron

MO: chlomitrofen

MO 500: fluoronitrofen

Mobilawn: diclofenthion

Mocap: ethoprophos

Moddus: trinexapac

Modown: bifenox

Mogeton: quinoclamine

Monceren: pencycuron

Moncut: flutalonil

Monguard: diclomezine

Monitor: methamidophos

Morestan: chinomethionat

Morfotox: mecarbam

Morocide: binapacryl

Morrocid: binapacryl

MTO 460: phosdiphen

Multiprop: chlorflurenol methyl

Murfotox: mecarbam

Murox: nuarimol

Muscamone: muscalure

Muster: ethametsulfuron

Mylone: dazomet

Mylone: ioxynil
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Mythos: pyrimethanil

Nabu: sethoxydim
Nebijin: flusulfamide
Neguvon: trichlorfen
Nelpon: tridiphane
Nemacur: fenamiphos
Nemagon: DBCP
Nemathorin: fosthiazate
Neobyne: barban
Neocid: DDT
Neo-Pynamin: tetramethrin
Neoron: bromopropylate
Neotox: TEPP

Neporex: cyromazine
Nexion: bromophos
Nifos: TEPP

Nimrod: bupirimate
Niran: parathion
Nissorun: hexythiazox
Nogos: dichlorves
Nomolt: teflubenzuron
Nortron: ethofumesate
N-Serve: nitrapyrin
Nudrin: methomyl
Nustar: flusilazole
Nuvacron: monocrotophos
Nuvan: bromopropylate
Nuvanol N: iodofenphos

Octachlor: chlordane
Octalene: aldrin
Octalox: dieldrin
Ofnak: pyridafenthion
Oftanol: isofenphos
Ofunack: pyridafenthion
Olymp: flusilazole
Omadine: dipyrithione
Omexan: bromophos
Omite: propargite
Oncol: benfuracarb
Ordram: molinate
Orion: alanycarb
Ormalin: vinclozolin
Orthene: acephate
Ortho 20615: ofurace
Orthocide: captan
Ortus: fenpyroximate
Oryzaemate: probenazole
Oryzemate: probenazole
Osadan: fenbutatin oxide
Osbac: fenobucarb
Oust: sulfometuron
Outflank: permethrin
Outfox: cyprazine
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Ovex: chlorfenson
Ovotran: chlorfenson

Paarlan: isopropalin
Padan: cartap

Paicer: pyrazoxyfen
Pallinal: nitrothal
Pancil-T: octhilinone
Panocon: fenothiocarb
Panoctine: guazatine
Panogen: methoxy ethyl mercury acetate
Panoram: fenfuram
Panoram D-31: dieldrin
Papthion: phenthoate
Parlay: paclobutrazol
Patap: cartap

Parzate: nabam

Parzate: zineb

Patoran: metobromuron
Patrol: fenpropidin
Pay-Off: flucythrinate
Peak: prosulfuron
Pegasus: diafenthiuron
Penta: pentachlorophenol
Pentac: dienochlor
Perfekthion: dimethoate
Perflan: tebuthiuron
Perizin: coumaphos
Pemit: halosulfuron
Peropal: azocyclotin
Persulon: fluotrimazole
Perthrine: permethrin
Phaltan: folpet

Pharorid: methoprene
Phenacide: camphechlor
Phenatox: camphechlor
Phenotan: dinoseb acetate
Phosdrin: mevinphos
Phosfleur: chlorphonium
Phosfon: chlorphonium chloride
Phygon: dichlone
Phyomone: 1-naphthylacetic acid
Phytar: dimethylarsinic acid
Phytosol: trichloronat
Picket: permethrin

Picrin 80: chloropicrin
Pilot: quizalofop-ethyl
Pirimor: pirimicarb

Pival: pindone

Pivalyn: pindone

Pivot: imazethapyr

Pix: mepiquat chloride
Planavin: nitralin

Planete: hexaconazole
Plant Pin: butoxycarboxim
Plantvax: oxycarboxim
Plictran: cyhexatin

Plondrel: ditalimfos
Poast: sethoxydim
Polo: diafenthiuron
Polyram: metiram
Pomarsol: thiram
Potablan: monalide
Pounce: permethrin
Pradone: dimefuron
Pramitol: prometon
Prebane: terbutryn
Precor: methoprene
Prefar: bensulide
Prefix: chlorthiamid
Pregard: profluralin
Prevenol: chlorpropham
Previcur: prothiocarb
Previcur N: propamocarb hydrochlioride
Pride: fluridone
Primetol: prometon
Prime: flumetralin
Primicid: pirimiphos
Primo: trinexapac
Princep: simazine
Probe: methazole
Promet: furathiocarb
Promicide: promacyl
Pronto: metosulam
Prophos: ethoprop
Proponit: propisochlor
Provax: metsulfovax
Provenol: chlorpropham
Prowl: pendimethalin
Prunit: unicozanole
PSP-204: IPSP
Puma: fexoxaprop
Punch: flusilazole
Pursuit: imazethapyr
Pydrin: fenvalerate
Pynamin: allethrin
Pyramin: chloridazon
Pyranica: tebufenpyrad

Quartz: diflufenican
Quick: chlorophacinone
Quinolate: oxine-copper

Rabon: tretachlorvinphos
Racer: flurochloridone
Racumin: coumatetralyl
Radapon: dalapon-sodium
Radar: propiconazole
Ramik: diphacinone
Ramrod: propachlor
Rancho: mefenacet
Randox: allidochlor
Rangado: dimethylvinphos
Ratak: brodifacoum/difenacoum



Raticate: norbormide
Ratilan: coumachlor
Raviac: chlorophacinone
Raxil: tebuconazole

Real: triticonazole
Reducymol: ancymidol
Reflex: fomesafen
Regent: fipronil

Reglone: diquat dibromide
Reldan: chlorpyrifos methyl
Remtal: trietazine
Resbuthrin: bioresmethrin
Resisan: dicloran
Resource: flumiclorac
Responsar: cyfluthrin
Rhizopon: indol-3-ylacetic acid
Rhodocide: ethion

Rico: anilofos

Ridomil: metalaxyl

Rifit: pretilachlor

Rilof: piperophos
Rimidin: fenarimol
Ripcord: cypermethrin
Rizolex: tolclofos—methyl
Ro-Neet: cycloate
Rodewood: azaconazole
Rodex: fluoroacetamide
Rody: fenpropathrin
Rogue: propanil

Rondo: pyrifenox
Ronilan: vinclozolin
Ronstar: oxadiazon
Rootone: 1-naphthylacetic acid
Rootone F: indol butyric acid
Rospin: chloropropylate
Roundup: glyphosate
Rovral: iprodione

Roxion: dimethoate
Rubigan: fenarimol
Rufast: acrinathrin

Rugby: cadusafos
Ryzelan: oryzalin

Safari: triflusulfuron
Safetray: azaconazole
Safrotin: propetamphos
Saga: tralomethrin
Salithion: dioxabenzofos
Salvo: dazomet

Sanbird: pyrazolinate
Sancap: dipropetryn
Sandofan: oxadixyl
Sanmite: pyridaben
Santobrite: pentachlorophenol
Sanvex: cartap

Sapecron: chlorfenvinphos
Sappiran: chlorfenson
Saprol: triforine
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Satisfar: etrimfos
Satumn: thiobencarb
Scala: pyrimethanyl
Scepter: imazequin
Score: difenconazole
Scout: tralomethrin
Screen: flurazole
Seedox: bendiocarb
Selecron: profenofos
Select: clethodim
Semeron: desmetryn
Semevin: thiodicarb
Sencor: metribuzin
Sencoral: metribuzin
Seradix: 4 indol 3yl butyric acid
Serinal: chlozolinate
Seritard: inabenfide
Setoff: cinosulfuron
Sevin: carbaryl
Shibagen: flazasulfuron
Shiragen: tecloftalam
Shirahagen: tecloftalam
Shirlan: fluazinam
Shogun: propaquizafop
Showrone: daimuron
Shoxin: norbormide
Sibatito: imazosulfuron
Silatop: silafluofen
Silvacur: tebuconazole
Sinbar: terbacil

Sirbon: halfenprox
Sirius: pyrazosulfuron
Sitofex: forchlorfenuron
Sofit: fenclorim

Solan: pentanochlor
Solfac: cyfluthrin
Solicam: norflurazon
Solvirex: disulfoton
Sonalan: ethalfluralin
Sonalen: ethalfluralin
Sonar: fiuridone
Sonax: etaconazole
Sorilan: fenpropadin
Sparticide: fluoromide
Spike: tebuthiuron
Splendor: tralkoxydim
Sportak: prochloraz
Spotless: diniconazole
Stacker: methyldymron
Stam: propanil
Stampede: propanil
Standak: aldoxycarb
Staple: pyrithiobac-sodium
Starane: fluroxypyr
Starner: oxolynic acid
Steladone: chlorfenvinphos
Stemtrol: piproctanyl bromide
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Stockade: cypermethrin/permethrin
Stomp: pendimethalin
Stopscald: ethoxyquin
Storite: thiabendazole

Storm: flocoumafen
Stratagem: flocoumafen
Stratos: cycloxidim

Subitex: dinoseb

Suffix: benzoylprop—-ethyl
Suffix BW: flamprop~M-isopropy!l
Sulfasan: EXD

Sumagic: uniconazole
Sumi-alfa: esfenvalerate
Sumi-alpha: esfenvalerate
Sumi-eight: diniconazole
Sumicidin: fenvalerate
Sumico: diethofencarb
Sumiherb: bromobutide
Sumilarv: pyriproxifen
Sumilex: procymidone
Sumisclex: procymidone
Sumisoya: flumioxazin
Sumithion: fenitrothion
Sumithrin: phenothrin
Super-Bamon: flamprop—M-isopropy!l
SuperCaid: bromadiolone
Super-Mosstox: dichlorophen
Superarsonate: MSMA
Supona: chlorfenvinphos
Supracide: methidathion
Surcopur: propanil

Surpass: acetochlor

Surecide: cyanofenphos
Surflan: oryzalin

Sutan: butylate

Synexus: flupoxam

Systhane: myclobutanil

Tachigaren: hymexazol
Tackle: acifluorfen-sodium
Tairel: benalaxyl
Takeoff: imazosulfuron
Taktic: amitraz

Talcord: permethrin
Talon: brodifacoum
Talstar: bifenthrin
Tamaron: methamidophos
Tamex: butralin

Tandem: tridiphane
Tandex: karbutilate
Taredan: cadusafos
Targa: quizalofop-ethyl
Task: dichlorvos
Techlead: ipconazole
Tecto: thiabendazole
Tedion: tetradifon

Telar: chlorsulfuron
Tell: primisulfuron
Telone: 1,3-dichloropropene
Telvar: monuron
Temik: aldicarb
Tenoran: chloroxuron
Teridox: dimethachlor
Termn: fenpropidin
Terraclor: quintozene
Terracur P: fensulfothion
Terratop: isocarbamid
Terrazole: etridiazole
Tersan: thiram

Tetron: TEPP

Thifor: endosulfan
Thimet: phorate
Thimul: endosulfan
Thiobel: cartap
Thiodan: endosulfan
Thiophos: parathion
Tiezene: zineb
Tiguvon: fenthion
Tillam: pebulate

Tilt: propiconazole
Titus: rimsulfuron
Tok: nitrofen
Tokkom: nitrofen
Tokuthion: prothiofos
Tolban: profluralin
Tolkan: isoproturon
Tomathrel: ethephon
Tomatlane: cloxyfonac
Tomorin: coumachlor
Topas: penconazole
Topik: clodinafop
Topik: cloquintocet
Topsin M: thiophanate-methyl
Torak: dialifos
Tordon: picloram
Torque: fenbutatin oxide
Totril: ioxynil
Toxakil: camphechlor
Tracker: tralomethrin
Tralate: tralomethrin
Tralox: tralomethrin
Tramat: ethofumesate
Trans-Vert: MSMA
Trebon: ethofenprox
Treflan: trifluralin
Tribunil: methabenzthiazuron
Trifmine: triflumizole
Trifocide: DNOC
Trifungol: ferbam
Trigard: cyromazine
Trimidal: nuarimol
Triminol: nuarimol



Trithion: carbophenothion
Tritisan: quintozene
Trivax: methfuroxam
Trophy: acetochior
Tropotox: MCPB
Trueno: hexaflumuron
Trysben: 2,3,6 TBA
Tsumacide: metolcarb
Tubotin: fentin hydroxide
Tugon: trichlorfon
Tupersan: siduron

Ultracide: methidathion
Unden: propoxur
Undene: propoxur
Uribest: naproanilide
Urox: monuron
Ustilan: ethidimuron

Vangard: etaconazole
Vapam: metham-sodium
Vapona: dichlorvos
Vapotone: TEPP
Vaporthrin: empethrin
Vectra: bromuconazole
Vegetox: cartap

Velpar: hexazinone
Velsicol 104: dicamba
Vendex: fenbutatin oxide
Venturol: dodine
Venzar: lenacil

Verdict: haloxyfop
Verdinal: phenisopham
Vernam: vernolate
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Vetrazine: cyromazine
Victenon: bensultap
Vigil: diclobutrazol
Vikane: sulfuryl fluoride
Vinicur: cyprofuram
Vincit: flutriafol
Vitavax: carboxin
Volaton: phoxim
Volparox: fenitropan
Voltage pyraclofos
Voronit: fuberidazole
VPM: metham-sodium
Vydate: oxamyl

Warbax: famphur
Warbexol: famphur
Weedazol: amitrole
Weedex: simazine
Weedone: 2,4,5-T
Whip: fenoxaprop—ethyl
Wypout: barban

Xyligen: furmecyclox

Yaltox: carbofuran
Yukamate: dimepiperate

Zectran: mexacarbate

Zellek: haloxyfop—ethoxyethyl
Zerlate: ziram

Zero One: MCPA-thioethyl
Zolone: phosalone

Zorial: norflurazon
ZZ-Doricida: bensultap
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APPENDIX III
RAW MATERIALS AND INTERMEDIATES

See PREFACE: How to Use This Handbook

Many intermediates are listed under the main function. For example:

chloroformates

coumarin derivatives
diazonium chloride compounds
esters (see the corresponding acid)
guanidines

hydrazines

isocyanates

isoxazoles

mercaptans

oxadiazoles

piperidines

pyridazines

pyridazones

Example: butyl mercaptan
ethyl aceto acetate
methyl benzoate
dimethyl hydrazine
methyl thio pseudo urea
methyl sulfonyl chloride

— di, tri are listed in alphabetical order

Example: dichloroaniline

see
see
see
see
see
see

see

pyridines
pyrimidines
pymroles
quinolines
quinoxalines
silanes

sulfenyl chlorides
sulfonamides
sulfonium ions
sulfonyl chlorides
thiadiazoles
thiphenes
triazines

mercaptan butyl

aceto acetic acid

benzoic acid

hydrazine dimethyl
pseudo urea

sulfonyl chloride (methyl)

dichloroaniline

—ortho, meta, para, secondary, tertiary, are not considered in alphabetical order.

Example: tertiary butyl
orthodichlorobenzene

S€C
sec

b under butyl
d under o-dichlorobenzene

The synthesis of intermediaries marked with an asterisk is described in the previous
section, or in the synthesis of the corresponding pesticide.

The first word is the raw material/intermediate, and the products follow after the colon.

Acetaldehyde: alanycarb, fluxofenim, methomyl, nitrapyrin, sulfentrazone

Acetamide malonic acid: glufosinate
Acetanilide*: asulam

Acetic acid: dodine, fentin, glyodin, phenyl mercury acetate, see acetyl chloride chloro acetic acid
Acetic anhydride: acephate, fluorochloridone, plifenate

Aceto acetaldehyde: flumetsulam

Aceto acetanilide*: carboxin, metsulfovax, oxycarboxin

Aceto acetic acid*: benzofenap, bromacil, carboxin, coumaphos, crotoxyphos, diazinon, dithiopyr, drazoxolon,
fenfuram, flurazole, furmecyclox, hymexazol, imazaquin, methfuroxam, mevinphos, oxycarboxin,
phosphamidon, pirimiphos, propetamphos, pyrazolinate, terbacil
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Acetoin: methfuroxam

Acetone: alloxydim, bendiocarb, coumachlor, cyanazine, dikegulac—sodium, ethoxyquin, furilazole, hydramethylnon,
metobenzuron, procyazine, pronamide, propaquizafop, sethoxidim, tralkoxydim, warfarin

Acetone cyanohidrin*: cyanazine, procyazine

Acetone oxime: propaquizafop

Acetonitrile: alanycarb, benzamizole, chlorsulfuron, etridazol, flurazole, isoxaben, methomyl, metsulfovax,
metsulfuron, thicyofen, thifensulfuron, triasulfuron, see TOA

Acetony! succinic acid: prohexadione

Acetophenone*: difenzoquat, pyrazoxyfen

Acetophenone 2,4 dichloro: see dichloro acetophenone

Acetyl acetone*: sulfmeturon

Acetyl chloride: acephate, azaconazole, chlorfenvinphos, cyhalotrin, dimethomorph, dinoseb acetate, fenitropan,
fluxofenim, furconazole, mefluidide, propiconazole

Acetyl chloride (dichloro): see dichloro

Acetyl chloride phenyl carbinol: bromadiolone

Acetylene: aldrin, 2,4 DB

Acetyl hydrazine*: metamitron

Acetylide (sodium): pronamide

Acetyl magnesiun bromide: empenthrin

Acetyl morpholine*: dimethomorph

Acetyloxy propionaldehyde: furmecyclox

Acrolein: 8 hydroxy quinoline sulfate

Acrylic acid: propaquizafop

Acryloyl chloride: propaquizafop

Acrylonitrile: fenpiclonil, fludioxonil, nipyraclofen

Aldrin: dieldrin, endrin

Allyl bromide: bromuconazole, fluorochloridone, piproctanyl, silafluofen

Allyl chloride*: DBCP, dichloropropene, imizalil, probenazole

2 Allyl, 3 methyl, 4 hydroxy cyclopent 2 ene 1 one: prallethrin

Alumina: fosetyl aluminum

Aluminum isopropylate: bromadiolone

Aluminum nitrate: fosetyl aluminum

o-Amino benzaldehyde: imazaquin

2 Amino 6 chloro benzoic acid: pyrithiobac

2 Amino benzothiazole*: benzthiazuron

2 Amino 5 chloro cinnamic acid: ethylchlozate

2 Amino 5 chloro toluene: chlordimeform, chloromethiuron

2 Amino 4 chloro phenol: cloquintocet

p—Amino 2,6 dichloro phenol*: chlorfluazuron

4 Amino 2.2 difluoro benzodioxol: fludioxonil

2 Amino 2,3 dimethyl butyramide: imazamethabenz, imazapyr, imazaquin, imazethapyr

S Amino 2,4 dimethyl aniline: mefluidide

Amino guanidine*: amitrole

Amino isobutyronitrile: cyanazine

m-Amino phenol*: desmedipham, formetanate, karbutilate, mepronil, phenisopham, phenmedipham

o-Amino phenol*: 8 hydroxyquinoline sulfate, phosalone, triasulfuron

m-Amino toluene*: phenmedipham

o—Amino toluene*: siduron

p-Amino toluene*: daimuron, dymron

4 Amino xylenol: mexacarbate

Ammonium chloride: dichlobenil

Ammonium dithiocarbamate: thiabendazole

Ammonium thyocyanate: antu

Aniline: benodanil, bromecthalin, carbetamide, carboxin, clomeprop, desmedipham, dichlofluanid, fenfuram,
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fenpiclonil, fenuron, forchlorfenuron, metobromuron, metsulfovax, methfuroxam, naproanilide, oxycarboxin,
pencycuron, propham, siduron, thidiazuron

Aniline derivatives: see methyl, dimethyl, trifluoro, etc.

Anisole*: chlomethoxyfen, diclofop, methoxychlor, see bromoanisole

Anthranilic acid*: bentazon, fenazaquin

Antimony trifluoride: flurprimidol

Arsenic trioxide: cacodylic acid, DSMA, MSMA

Arsenious oxide: fenasox

Atrazine: ametryn

Barium chloride: sulfuryl chloride

Barium fluoro sulfonate: sulfuryl chloride

Bensultap: thiocyclam

Benzalacetone*: warfarin

Benzaldehyde*: diclobutrazol, difenzoquat, diniconazole, diphenamid, warfarin, see chlorobenzaldehyde, dichloro
benzaldehyde

Benzamidine: fenclorim

Benzazimide: azinphosmethyl

Benzene: carbophenothion, diphacinone, fluotrimazole, hexachlorobenzene, lindane, phenylmercury acetate,
resmethrin

Benzene chloride: see Chlorobenzene

Benzene sulfonyl chloride*: bensulide

Benzil (4.4 dichloro): chlorbenzilate

Benzimidazole*: carbendazim

Benzoic acid*: benodanil, benzoximate, benzoylprop ethyl, bifenox, chloramben, clofentezine, dimethomorph,
flamprop isopropyl, flamprop methyl, oxabetrinil, phoxim, pronamide, 2.3.6 TBA, triflumuron, see benzoy!l
chloride, see chlorobenzoic acid, see dichlorobenzoic, see iodo benzoic acid

Benzoin (4.4 dichloro): chlorbenzilate

Benzol thiosulfonic acid: bensultap

Benzotrifluoride: fluometuron

Benzonitrile*: fenclorim

Benzoquinone: chloraneb, ethofumesate

Benzothiazole: benzthiazuron, metabenzthiazuron

Benzoxazine (2.3. dihydro 3 methyl): benoxacor

Benzoxazole (2 mercapto, 6 chloro): fenoxaprop

Benzoxazolone: phosalone

Benzoyl chloride*: see benzoic acid

Benzoyl cyanide*: metamitron, oxabetrinil

N Benzoyl glycine: see hippuric acid

Benzyl alcohol: flurazole

Benzylamine*: methyldymron

Benzyl bromide*: cinosulfuron, hexythiazox

Benzyl chloride: tebutam

Benzyl cyanide*: fenbuconazole, resmethrin

5 Benzyl 3 hydroxy furan: bioresmethrin

5 Benzyl 3 hydroxy methyl furan: resmethrin

N benzyl N isopropyl amine: tebutam

2.2. Bipyridil: diquat

Boman 2 one: heptopargil

Bromo acetic acid methyl ester: flumiclorac

p.Bromo aniline: metobromuron

p-Bromo anisole: benfuresate, diclofop, flurprimidol

Bromo benzene: chlorbromuron, fonofos

o Bromo t.butyl acetylchloride: bromobutide

Bromo chioromethane: chlormephos
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Bromo cyclohexane: azocyclotin, cyhexatin

Bromoethane: furconazole

3 Bromo 4 fluorotoluene: cyfluthrin

2 Bromo 1 methoxy propane: metolachlor

4 Bromo 3 methyl aniline: metosulam

4 Bromo methylbenzoic acid isobutyl ester: fenpyroximate

p Bromo nitro benzene: chlorbromuron

4 Bromophenol: silafluofen

o Bromo a phenyl acetone: diphacinone

Bromo pinacolone*: diclobutrazol, triadimefon

Bromo propane: penconazole

Bromo propionic acid: diclofop-methyl, furalaxyl, metalaxyl, naproanilide, napropamide, see chioro propionic
acid

1 Bromo 2 propyne: flupropadine

Bromo succinimide*: quinmerac

m. Bromotoluene: see PCBA

p Bromo trichloro methoxy benzene: flurprimidol

p Bromo trifluoro methoxy benzene: flurprimidol

Butadiene: captafol, captan

1.2 Butane diol: etaconazole

Butanoic acid: cycloxidim

n-Butanol: butachlor, fluazifop, furathiocarb, piperonyl butoxide

2 Butene diol 1.4: endosulfan

2 Butenol: butenachlor

Butocarboxim: butoxycarboxim

t.Butyl acetyl chloride: bromobutide

t.Butyl alcohol: bifenthrin, cyhalothrim, tefluthrim

n Butyl amine*: benfluralin, benomyl

sec Butyl amine: bromacil, secbumeton

t Butyl amine: diafenthiuron, glyphosate, karbutilate, nicosulfuron, rimsulfuron, terbumeton, terbutryne, terbutylazine

p-tert Butyl benzaldehyde: fenpropidin, fenpropimorph

p-tert Butyl benzylamine: tebufenpyrad

p-tert Butyl benzyl chloride: pyridaben

Butyl bromide: buthiobate

Butyl carbitol*: piperonyl butoxide

t-Butyl dimethyl silylamine: triflusulfuron

2 Butyl ethyl aceto acetate: dimethirimol, ethirimol

Butyl ethyl amine: benefin, benfluralin, pebulate

Butyl lithium: fenarimol, hexaconazole, muscalure

Butyl magnesium chloride: muscalure

t—Butyl methyl ketone: see pinacolone

o—-sec Butyl phenol: dinobuton, dinoseb, fenobucarb

m-~tert Butyl phenol: pyributicarb

o-tert Butyl phenol: dinoterb

p-tert Butyl phenol*: butralin, propargite

2(p-tert Butyl phenyl)ethanol: fenazaquin

1.4 Butyne diol*: barban, chloridazon, norflurazon, pyridaben

(iso) Butyraldehyde: ethofumesate

& Butyrolactone*: 2,4 DB, 4 indol 3 yl butyric acid, MCPB

Butyric acid: perfurazoate, see butyryl chloride

Butyryl chloride: alloxidim, cycloxidim, fosmethilan, promacyl, sethoxydim

Camphene: camphechlor (toxaphene)
Capryl phenol: dinocap
Carbendazim: benomyl °
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Carbofuran: benfuracarb

Carbon dioxide: dicamba, tefluthrin

Carbon disulfide: captan, dazomet, dithianon, EXD, fetbam, folpet, hexythiazox, isoprothiolane, mancozeb, maneb,
metam, methidathion, nabam, propineb, tebuthiuron, thicyofen, thiram, zineb, ziram

Carbon monoxide: fenuron

Carbon oxy sulfide: see carbonyl sulfide

Carbon tetrabromide: deltamethrin, tralomethrin

Carbon tetrachloride: cypermethrin, permethrin, tridiphane

Carbonyl sulfide: diallate, fenothiocarb, hexythiazox, orbencarb, thiobencarb, triallate

Carboxin: oxycarboxin

2 Carboxy 5 t.butyl isoxazole: isouron

Catechol*: carbofuran, cloetocarb, dimethomorph, oxolinic acid, propoxur

CDMA: alachlor, butachlor

Chloroacetic acid*: benazolin, cloquintocet, cloxyfonac, 4 CPA, cymoxanil, 2,4 D, diethatyl, fenchlorazole,
flumioxazin, fluoroglycofen, fluroxypyr, glyphosate, indol 3 yl acetic acid, MCPA, naphthoxy acetic acid,
naphthylacetamide, naphthyloxy acetic acid, 2 naphthyloxy acetic acid, 2.4.5 T, triazamate, see chloro
acetylchloride

Chloral*: chloretoxyfos, chloralose, DDT, dichlorvos, dicofol, methoxychlor, naled, plifenate, trichlamide,
trichlorfon, triforine

Chlordane: heptachlor

Chlordene: chlordane

Chlorine cyanide: see cyanogen chloride

Chloro acetaldehyde: nipyraclofen, oxabetrinil

Chloro acetone: pymetrozine

Chloro acetonitrile: thicyofen

Chloro acetyl chloride: acetochlor, alachlor, allidochlor, anilofos, butachlor, butenachlor, CDAA, diethatyl,
dimethachlor, dimethenamid, dimethoate, flutriafol, formothion, hexaconazole, mecarbam, metalaxyl,
metazachlor, ofurace, omethoate, oxadixyl, piperophos, pretilachlor, propachlor, propaquizafop, propisochior,
prothoate, pyrifenox, thenylchlor, triflumizole, see dichloro acetyl chloride

Chloro acetyl morpholine: dimethomorph

2 Chloro acrylonitrile: nypyraclofen, thifensulfuron

1 Chloro 3 allyl oxyamine: clethodim

6 Chloro amino benzoic acid*: pyrithiobac

5 Chloro meta amino phenol: fluazuron

2 Chloro 4 amino toluene*: chlorotoluron, pentanochlor

m-Chloro aniline: barban, chlorbufam, chlorpropham, cyprofuram, flutalonil

o-Chloro aniline*: anilazine, chlorsulfuron, drazoxolon

p—Chloro aniline*: chloroxuron, difenoxuron, diftubenzuron, monalide, monolinuron, monuron, pyraclofos

2 p.Chloro aniline, phenyl ketone: inabenfide

m-Chloro anisole: chlomethoxyfen

6 Chloro anthranilic acid: pyrithiobac

p-Chloro benzal acetone*: coumachlor

o-Chloro benzaldehyde*: dimethazone

p—Chloro benzaldehyde* chlorobenzilate, chloropropilate, coumachlor, paclobutrazol, triticonazole, uniconazole

Chloro benzene: chlorfenson, chlorophacinone, DDT, dicofol, EPN, ethoxyquin, fenarimol, fentin, fluxofenim,
nitrofen, pyriproxifen, tetradifon

0—Chloro benzene diazonium chloride: drazoxolon

2 Chloro benzene sulfonamide: chlorsulfuron

3 Chloro 1,2 benziso thiazole 1,1 dioxide: probenazole

2 Chloro benzoic acid*: triflumuron

3 Chloro benzoic acid: acifluorfen

2 Chloro 4 fluoro phenol: flumiclorac

2 Chloro 4 fluoro 5 nitrophenol: flumiclorac

1 Chloro 2 methoxy ethylene: cloetocarb
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3 Chloro benzoic acid*: bifenox, fluoroglycofen, fomesafen
2 Chloro benzoyl chloride: chlorphoxim, clofentezine, fenarimol
4 Chloro benzoyl chloride*: dimethomorph
2 Chloro benzoyl cyanide*: chlorphoxim
2 Chloro benzyl bromide: orbencarb
p-Chloro benzyl chloride*: ipconazole, metconazole, paclobutrazol, pencycuron, thiobencarb
2 Chloro 4 bromophenol*: profenofos
1 Chlorobutane: myclobutanil
2 Chloro 3 butanone: butocarboxim, dimethipin
Chloro t.butyl phenol: fenbutatin
2 Chlore butyric acid: pefurazoate
3 Chloro & butyrolactone: cyprofuram, ofurace
4 Chloro butyronitrile: MCPB
Chloro carbonyl sulfenyl chloride: flurazole
1 Chloro 2 (4 Chloro phenyl) ethane: fenbuconazole
4 Chloro o-cresol: see 2 methyl 4 chloro phenol
p.Chloro cumene: isopropalin
Chloro cyclohexane: cyhexatin
Chloro difluoro methane: flucythrinate, sulfentrazone
4 Chloro 2.6 diisopropyl aniline: diafenthiuron
3 Chloro 2.2 dimethyl propionic acid: dimethazone
7 Chloro 3.8 dimethyl quinoline: quinmerac
1 Chloro 2.4 dinitro benzene*: bromofenoxim
4 Chloro 3.5 dinitrobenzoic acid: benfluralin, trifluralin
Chloroethanol: oxadixyl, vamidothion
2 Chloro ethyl amine: fenoxycarb
Chloro ethyl propyl amine: fluchloralin
2 Chloro ethyl p.toluyl sulfonate: triasulfuron
3 Chloro 4 fluoroaniline: flamprop isopropyl, flamprop methyl, silafluofen
2 Chloro 6 fluoro benzaldehyde: pyrithiobac
3 Chloro 4 fluoro benzaldehyde: silafluofen
p-Chloro fluoro benzene: flusilazole
2 Chloro 6 fluoro benzyl chioride: flumetralin
Chloroform: cypermethrin
Chloroformates—
Butyl: furathiocarb
2 Sec butyl phenyl: fenobucarb
2 Chloroethyl: oxadixyl
Ethyl: ampropylfos, chlorsulfuron, desmedipham, fenoxycarb, linuron, methazole, metsulfuron,
sulfometuron, tribenuron
Ethyl thio: butylate, cycloate, EPTC, molinate
Isopropyl: chlorpropham, diethofencarb, dinobuton, phenisopham, propham
Methyl: asulam, benomyl, carbendazim, flumiclorac, fosamine ammonium, hexazinone, phenmedipham,
pyrazosulfuron, thiophanate, triflusulfuron
Phenyl: amidosulfuron, buprofezin, flazasulfuron, imazosulfuron, nicosulfuron, prosulfuron, pyrazosulfuron,
rimsulfuron, thidiazuron
Propyl: propanocarb
Propyl thio: pebulate, vernolate
p—Chloro N-isopropil aniline: anilofos
6 Chloro 2 mercapto benzoic acid*: pyrithiobac
2 Chloro 6 mercapto benzonitrile*: pyrithiobac
N.Chloro methylaniline: buprofezin
2 Chloro N methyl acetamide: benfuracarb, omethoate
3 Chloro methyl benzamide: azinphos methyl
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2 Chloro methyl benzoic acid, methyl ester*: bensulfuron

3 Chloro methyl diphenyl ether: halfenprox

Chloro methyl (dichloro) methyl silane: flusilazole

Chloro methyl ethyl ether: acetochlor

Chloro methyl ethyl sulfide: phorate

2 Chloro methyl phenol: ethiofencarb

Chloro methyl phosphonic acid: glyphosate

7 Chloro 8 methyl quinoline: quinclorac

2 Chloro methyl trichloro silane: etacelasil

3 Chloro 4 methoxy aniline: metoxuron

1 Chloro 2 methoxy ethylene: cloetocarb

N Chloro methylphthalimide: phosmet

2 Chloro nicotinic acid: dimethipin, nicosulfuron

2 Chloro 4 nitro aniline: flusulfamide, niclosamide

3 Chloro 4 nitro aniline: dimefuron

4 Chloro 6 nitro aniline*: propaquizafop

3 Chloro 6 nitro anisole: chlomethoxyfen

3 Chloro 4 nitro isothiazole: nypyraclofen

2 Chloro nitrobenzene*: nitralin

4 Chloro nitro benzene*: diclofop, ethoxyquin, fluoronitrofen, metobenzuron, nitrofen, tetradifon, tetrasul

3 Chloro 6 nitro benzoic acid*: acifluorfen, bifenox, fluoroglycifen, fomesafen

2 Chloro 5 nitro benzyl chloride: flupoxam

4 Chloro 3 nitro methyl sulfone: nitralin

5 Chloro meta nitro phenol: fluazuron

2 Chloro 4 nitro toluene*: chlorotoluron

3 Chloro 6 nitro toluene*: bifenox, fomesafen, lactofen, perfluidone

m-Chloro perbenzoic acid: fipronil, rimsulfuron

m-Chlorophenol: cloprop, 3 CPA, oxyfluorfen

p—Chloro phenol*: clodinafop, chloroxuron, 4 CPA, dichlorphen, difeconazole, difenoxuron, fenoxycarb,
triadimefon, triadimenol

4 Chloro phenyl acetonitrile: myclobutanil

1 (4 Chloro phenyl) 2 cyclopropyl propanone 1: cyproconazole

1 (4 Chloro phenyl) 4.4 dimethyl 3 pentanone: tebuconazole

2.Chloropheny! 4 fluorophenyl ketone: nuarimol

0. Chloro phenyl magnesium bromide: fenarimol

p. Chloro phenyl magnesium bromide: fenarimol

2 Chloro phenyl methyl thiourea: methabenzthiazuron

2 Chloro phenyl thiourea: see Thiourea

o Chlore propionic acid*: benalaxyl, benzoylprop, clodinafop, clomeprop, cloprop, 3 CPA, dalapon, dichlorprop,
fenoprop, fenoxaprop, flamprop isopropyl, flamprop methyl, fluazifop, haloxyfop, isoxapyrifop, mecoprop,
napronamide, quizalofop, quizalofop—ethyl, see propionic acid

B Chloro propionyl chloride: pyroquilon

Chloro pyruvic acid*: pyraclofos, thiabendazole

5 Chloro salycilic acid: niclosamide

6 Chloro salycilic acid: pyrithiobac

Chloro sulfonic acid: asulam, bentazon, carbophenotion, chlorfenson, famphur, flusuifamide, hexachlorobenzene,
imazosulfuron, prosulfuron, tetradifon

3 Chloro tetra hydro furan 2 one: see 3 Chloro § butyrolactone

Chloro thiophenol: carbophenothion

m-Chloro toluene: bifenox

o—-Chloro toluene: flusulfamide

p—Chloro toluene*: benefin, benfluralin, esfenvalerate, fenvalerate, fluchloralin, ethalfluralin, thiobencarb, trifluralin

2 Chloro 4 trifluoromethyl aniline: fluvalinate

2 Chloro 3 trifluoromethyl aniline: flucofuron
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2 Chloro 4 trifluoromethyl aniline: triflumizole

m-Chloro trifluoromethyl benzene: bromethalin

o-Chloro trifluoromethyl benzene: flusulfamide

p—Chloro trifluoromethyl benzene: see PCTF

2 Chloro 4 trifluoromethyl phenol: fluoroglycofen, furyloxyfen

Chrysanthemic acid: acrinathrin, allethrin, bioresmethrin, cypermethrin, cyphenothrin, empenthrin, phenothrin,
prallethrin, resmethrin, tetramethrin, tralomethrin

Copper chloride: tetradifon, tetrasul, thicyofen

Copper sulfate: oxime copper

Copper cyanide: 2.3.6 TBA

Coumarin*: coumaphos

Coumarin (3 carbethoxy 4 hydroxy): coumachlor

Coumarin (3 chloro 4 methyl 7 hydroxy)*: coumaphos

Coumarin (4 hydroxy): brodifacoum, bromadiolone, coumatetralyl, difenacoum, flocoumafen, warfarin

Coumarin (4 methyl 7 hydroxy)*: coumaphos

m~Cresol: acifluorfen, clomeprop, metolcarb

o0-Cresol: DNOC, MCDA, MCPB, mecoprop

p-Cresol: fluoroglycofen, fomesafen, flucythrinate, furyloxyfen, lactofen

Crotonaldehyde*: sethoxidim

Crotonyl chloride: dinocap

Cumene: isopropalin, isoproturon

Cumidine: see p.Isopropylaniline

Cuprous cyanide: Dichlobenil

Cyanamide: benomyl, chlorsulfuron, dodine, hexazinone, iminoctadine, metsulfuron, thifensulfuron, triesulfuron

Cyano acetamide: fenpiclonil

Cyanoacetic acid*: cymoxanil, fenpiclonil

Cyanate: see Potassium, see Sodium

Cyano aceto nitrile: thicyofen

Cyanoborohydride: dimethazone

Cyanogen bromide: imidacloprid

Cyanogen chloride: benomyl, mephosfolan, phosfolan

Cyanophenol: cyanofenphos, cyanophos

Cyanuric chloride: ametryn, anilazine, atrazine, aziprotryne, benomyl, cinosulfuron, cyanazine, cyprazine, cyromazine,
desmetryn, dimethametryn, dipropetryn, eglinazine, methoprotryne, procyazine, proglinazine, prometon,
prometryn, propazine, sec bumeton, simazine, simetryn, terbumeton, terbatryn,, terbutylazine, triazines (see
sulfonyl ureas), trietazine

Cyclododecylamine: dodemorph

1 Cyclohexene 1.2 dicarboximide: tetramethrin

Cyclohexene oxide: propargite

Cyclohexyl aldehyde: triapenthenol

Cyclohexyl amine*: hexazinone, hexythiazox

Cyclohexyl hydroxylamine: furmecyclox

Cyclohexyl magnesium bromide: cyhexatin

Cyclohexyl magnesium chloride: cyhexatin

Cyclohexyl urea: lenacil

Cyclopentadiene: aldrin, chlordane, dienochlor, endosulfan, heptachlor, mirex, norbormide

2 Cyclopentanone 1 carboxylic acid: lenacil

Cyclopentylamine: pencycuron

Cyclopropane carboxylic acid chloride*: cyprofuram, profluralin, trinexapac

Cyclopropylamine: cyprazine, cyromazine, procyazine

Cyclopropyl p.chloro phenyl ketone: flucycloxuron

DCPI* (3.4 dichloro phenyl isocyanate): diuron, linuron, neburon, sulcofuron
DDT: dicofol
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Demeton: oxydemeton methyl

Demeton-S-methyl: demeton-S-methyl sulfone

DEPA* (diethyl phosphoro dithioic acid): carbophenothion, chlormephos, dialifos, dioxathion, disulfoton, ethion,
fonofos, mecarbam, phorate, phosalone, prothoate, terbufos

DEPCT* (diethyl phosphoro chlorido thioate): chlorphoxim, chlorpyrifos, coumaphos, demeton, diazinon,
dichlofenthion, ditalimfos, ethyl parathion, fensulfothion, isazofos, isoxathion, mephosfolan, phoxim,
pirimiphos, pyrazophos, pyridafenthion, quinalphos, sulfotep, triazophos

Diallyl amine: allidochlor, dichlormid

Di(8 amino octyl) amine: iminoctadine

Diazoacetic acid: cyhalothrin, cypermethrin

Diazomethane*: chloroneb

Diazonium chloride (o amino phenol): triasulfuron

Diazonium chloride (o—chloro benzene): drazoxolon

Diazonium chloride (p—chloro benzene): pyraclofos

Diazonium chloride (4 dimethyl amino phenyl): fenaminosulf

Dibenzofuran: 2 phenyl phenol

Dibromobenzilic acid: bromopropylate

Dibromoethane: see Ethylene dibromide

Dibromo isocyanuric acid: bromethalin

Dibromo methane: see Methylene bromide

1.8 Dibromo octane: guazatine

Dibromoformaldoxine: hymexazol

Di-sec-butylamine: tiocarbazil

N-t.butyl-N-isopropyl thiourea: buprofezin

Dichlorfos: naled

Dichloroacetic acid: quinalphos

2.4 Dichloroacetophenone: azaconazole, chlorfenvinphos, etaconazole, propiconazole

Dichloroacetylchloride: benoxacor, chlorfenvinphos, dichlormid, fluorochloridone, furilazole, tetrachlorvinphos

2.3 Dichloroaniline: tecloftalam

2.4 Dichloroaniline: fenchlorazole, sulfentrazone

2.5 Dichloroanile: sulcofuron

2.6 Dichloroaniline: dichlobenil

3.4 Dichloroaniline 3.4 DCA)*: benzoyl prop-ethyl, diethofencarb, diuron, linuron, neburon, propanil, sulcofuron

3.5 Dichloroaniline: chlozolinate, iprodione, procymidone, vinclozolin

3.5 Dichloro anthranilic acid: dicamba

2.3 Dichloro benzaldehyde: fenpiclonil

2.4 Dichloro benzaldehyde: diclobutrazol, diniconazole

2.6 Dichloro benzaldehyde®*: dichlobenil

m.Dichlorobenzene: azaconazole, chlorfenvinphos, difeconazole, furconazole, hexaconazole, propiconazole,
pyrifenox

o.Dichlorobenzene: chlorsulfuron, plifenate, see 3,4 Dichloroaniline

p-Dichlorobenzene: anilofos

4,4 Dichlorobenzil: chlorbenzilate, chloroproplyate

3,4 Dichlorobenzyl chloride: chlorphonium chloride

4,4 Dichlorobenzilic acid: chlorobenzilate, chloropropylate

2,4 Dichloro benzoic acid*: diclobutrazol, hexaconazole, penconazole, pyrifenox

2,6 Dichloro benzoic acid: dichlobenil

3,4 Dichloro benzoic acid: piperalin

3,5 Dichloro benzoic acid: pronamide

3.5 Dichloro benzoic acid: dicamba

4.4 Dichlorobenzoin: chlorbenzilate, chloropropylate

2.6 Dichlorobenzonitrile: chlorthiamid, pyrithiobac

3.7 Dichloro benzotriazine 1 oxide: triazoxide

2.4 Dichloro benzotrifluoride: dinitramine, prodiamine
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2.4 Dichloro benzoyl chloride: pyrazolinate, pyrazoxyfen

2.5 Dichloro benzoyl chloride: chloramben

2.6 Dichloro benzoyl chloride: dichlobenil

2.4 Dichloro benzyl bromide: penconazole

3.4 Dichloro benzyl chloride: chlorphonium chloride

2.4 Dichloro benzyl chloride: diclobutrazol, penconazole

7.7 Dichloro bicyclohepten 2 one 6: heptenphos

3.6 Dichloro 5 bromo 2 hydroxy benzy! alcohol: dicamba

3.6 Dichloro 5 bromo 2 methoxy benzyl alcohol: dicamba

2.5 Dichloro 4 bromo phenol: bromophos

1.4 Dichlorobutane: fenothiocarb

2.3 Dichloro cinnamic nitrile*: fenpiclonil

3.5 Dichloro 2.4 difluoro aniline: teflubenzuron

3.5 Dichloro 2.4 difluoronitro benzene: teflubenzuron

2.4 Dichloro dinitro benzo trifluoride prodiamine

Dichlorofluoromethy! sulfenyl chloride: dichlofluanid, tolyfluanid

2.4 Dichloro 6 fluoro phenol: fluoronitrofen

3.5 Dichloro 4 hydroxy aniline: chlorfluazuron

2.5 Dichloro 4 iodo phenol: iodofenphos

Dichloro isopropoxy phenyl hydrazine: oxadiazon

Dichlore maleic anhydride: fluoramide

2.4 Dichloro 3 methyl benzoyl chloride: benzofenap

1.1 Dichloro 1 methyl penta 1.3 diene: cypermethrin

2.4 Dichloro 3 methyl phenol: clomeprop

2.6 Dichloro 4 methyl phenol*: tolclofos

2.3 Dichloro 1.4 naptho quinone: dithianon, quinoclamine

3.4 Dichloro nitrobenzene*: methazole

2.4 Dichlorophenol*: bifenox, chlomethoxyfen, 2.4 D, 2.4 DB, dichlofenthion, dichlorprop, diclofop, diclofop—
methyl, nitrofen, phosdiphen, prothiofos

2.5 Dichloro phenol*: dicamba

4(2.4 Dichloro phenoxy) phenol: diclofop—methyl

2.4 Dichloro phenyl acetate: penconazole

2.4 Dichloro phenyl acetonitrile: penconazole

2.4 Dichloro phenyl, diethylamino acetonitrile: pyrifenox

2.4 Dichloro phenyl hydroxylamine*: methazole

a 2.4 Dichloro phenyl B hydroxy methyl propanoate: tetraconazole

3.4 Dichloro phenyl isocyanate: see DCPI

2(3.5 Dichloro phenyl) 4.4.4 trichloro 1 butene: tridiphane

1.3 Dichloro propene: clethodim

2.4 Dichloro propyl benzoate: penconazole

1.3 Dichloro propyl dimethylamine: cartap

2.6 Dichloro quinoxaline: propaquizafop

2.5 Dichloro 4(1.1.2.2 tetrafluoro ethoxy) aniline: hexaflumuron

3.5 Dichlorotoluene: tridiphane

2.6 Dichloro 4 trifluoro methyl aniline: fipronil, nipyraclofen

1.2 Dichloro 4 trifluoro methyl benzene: flufenoxuron

1.2 Dicyanodimercapto ethylene: dithianon

2.3 Dicyano propionic acid ethyl ester: fipronil

Dicycloheptadiene: aldrin

Diethylamine: diethyloluamide, dinitramine, famphur, phosphamidon, napropamide, orbencarb, thiobencarb, trietazine

2.6. Diethylaniline: alachlor, butachlor, butenachlor, diethatyl, pretilachlor

Diethylethoxymethylene malonate: oxolonic acid

Diethyl 3 ethoxy 2 methyl 2 propanyl phosphonate: hydroprene

Diethyl ethyl phosphonate: fonofos
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Diethyl 4 isopropiloxy carbonyl 2 methyl 2 propenyl phosphonate: methoprene

Diethyl ketone: pendimethalin

Diethyl maleate: malathion

Diethyl malonate: see Malonic acid

Diethyl phosphatechloroester: phosfolan

Diethyl phosphite*: demeton-S-ethyl, demeton-S—methyl, fosetyl aluminum, glyphosate, penconazole

Diethyl phosphoro chloridate*: phosfolan, TEPP

Diethyl phosphoro chloridothioate: see DEPCT

Diethyl phosphoro dithiocic acid: see DEPA

Diethyl phthalate: pindone

Diethyl sulfate: chlorobenzilate, dipropetryn

2.4 Difluoro aniline: diflufenican

2.6 Difluoro aniline: flumetsulam

2.6 Difluoro benzamide (benzoylamide): chlorfluazuron, diflubenzuron, flucycloxuron, flufenoxuron, lufenuron

2.6 Difluoro benzoic acid: chlorfluazuron, difluobenzuron, flucycloxuron, flufenoxuron, hexaflumuron,

teflubenzuron

Difluoro dibromo methane: halfenprox

Difluoromethane: primisulfuron

2.6 Difluoro phenyl cyanide: fluazuron

2.3. Dihydro 3 methylbenzoxazine: benoxacor

Dihydropyrane: pyriproxifen

Dihydro safrole: piperonyl butoxide

2.6 Dihydroxy benzoic acid: isoxaben

3.5. Dihydroxy benzoic acid*: trinexapac

Di-isobutylamine: butylate

Di-isopropanol amine: fenpropimorph

Di-isopropylamine: diallate, triallate

Di-isopropylaniline: diafenthivron

2.6. Di-isopropyl 4 bromo aniline: diafenthiuron

Diisopropyl phosphorochloroido thioate: see DIPCT

Diketal sorbose: dikegulac-sodium

Diketene*: carboxin, dicrotofos, hymexazol, metsulfovax, monocrotophos, oxycarboxin, phosphamidon, propaquizafop

Dimethoxy acetic acid: propaquizafop

Dimethoxy acetic anhydride: oxadizyl

o-Dimethoxy benzene: dimethomorph

p-Dimethoxy benzene: chloroneb

Dimethoxymethane: phorate

2.2 Dimethoxy propane*: bendiocarb

3.3 Dimethyl acrylic acid: binapacryl

3.3 Dimethyl allyl bromide: cyhalotrin

Dimethylamine: chlordimeform, chloromethiuron, chloroxuron, chlorotoluron, crimidine, dichlofluanid, dicrotophos,
difenoxuron, dimefuron, dimethirimol, diphenamid, diuron, fenothiocarb, fenuron, ferbam, fluometuron,
hexazinone, isoproturon, karbutilate, metoxuron, metribuzin, monuron, nicosulfuron, oxamyl, pirimicarb,
pyrithiobac, thiram, tolyfluanid, triazamate, ziram

4 Dimethyl amino aniline: fenaminosulf

2 Dimethyl amino 1,3 dichloro propane: bensultap, thiocyclam

N-N'-Dimethylamino dimethyl aluminum: nicosulfuron

2 Dimethyl amino 1,3 Dithiobenzyl propane: thiocyclam

4 Dimethyl amino 3 methyl phenol: aminocarb

3.5 Dimethyl 4 amino phenol: mexacarbate

2.4. Dimethyl aniline: amitraze

2.6. Dimethyl aniline: benalaxyl, dimethachlor, furalaxyl, metalaxyl, metazachlor, ofurace, thenylchlor

2.3. Dimethyl benzoic acid: imazamethabenz

3.5 Dimethyl benzoyl chlorid2e: tebufenozide
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o o Dimethyl benzyl amine: bromobutide, daimuron, methyldymron

o a Dimethyl benzyl chloride: bromobutide, daimuron, methyldymron

3.3 Dimethyl butanone: see Pinacolone

2.2 Dimethyl 5 methyl carboxylic acid cyclopentanone: metconazole

Dimethyl chloro methyl acetyl chloride: dimethazone

5.5 Dimethyl cyclohexane 1.3 dione: metconazole

2.2 Dimethyl cyclopentanone*: triticonazole

1.3 Dimethyl cyclopropane dicarboxylic acid anhydride: procymidone

Dimethyl formamide: chlordimeform, formetanate

2.2 Dimethyl-3(2.2 dichloro vinyl) cyclopropane carboxilic acid (or ester): see DV acid

Dimethyl guanidine sulfate: dimethirimol, pirimicarb

0-N-Dimethyl hydroxylamine*: linuron, metobromuron, monolinuron

3.7 Dimethyl 7 methoxy 1 octanal: methoprene

3.6 Dimethyl 4 methyl thiophenol: methiocarb

2.6 Dimethyl morpholine*: fenpropimorph

3.7 Dimethyl octanal: hydroprene

3.3 Dimethyl 20xo0 cyclopentane methyl carboxilate: metconazole

2.2 Dimethyl 4 pentenoic acid chloride: triticonazole

Dimethyl phosphite*: demeton-S-methyl, demeton-S-methyl sulfone, oxydemeton, trichlorfon

Dimethyl phosphoro chlorido thioate: see DMPCT

Dimethyl phosphoro dithioic acid: see DMPA

Dimethyl phosphoro thioic acid: omethoate, vamidothion

Dimethyl phthalate: chlorophacinone, diphacinone

N-N-Dimethyl propanediamine: prothiocarb

2.2 Dimethyl propionic acid: tebuthiuron

1.2 Dimethy! propylamine: dimethametryn

3 Dimethyl propylamine propamocarb

Dimethyl sulfamoyl chloride: bupirimate

Dimethylsulfate: acephate, bromothalin, carbendazim, cymoxanil, dicamba, difenzoquat, flurtamone, furmecyclox,
hexazinone, linuron, methamidophos, metobenzuron, mexacarbate

Dimethyl sulfoxide: hexaconazole

Dimethyl sulfide: hexaconazole, tebuconazole

2.2 Dimethyl valeryl chloride: monalide

2.4 Dinitro 6 sec.butyl phenol: dinobuton

3.4 Dinitro chloro benzene: furyloxyfen

3.5 Dinitro 4 chloro benzo trifluoride: profluralin

2.6 Dinitro 3 chloro 4 trifluoro methyl aniline: fluazinam

2.6 Dinitro 3 chloro 4 trifluoro methyl chlore benzene: fluazinam

2.6 Dinitro 4 trifluoromethyl chloro benzene: see DTFB

Dinoseb: binapacryl, dinoseb acetate

Dioxane*: dioxathion

DIPA*: IPSP

DIPCT*: iprobenfos

Diphenyl: brodifacoum, bromadiolone, difenacoum, difethialone

o o Diphenyl acetone*: diphacinone

p-Diphenyl bromide: brodifacoum, bromadiolone, difethialone

Diphenyl carbonate: prosulfuron

Diphenylene oxide: see Dibenzofuran

N-N' Diphenyl thiourea*: flubenzimine

Diphenyl urea*: fenuron

Di-n-propylamine: CDAA, EPTC, isopropalin, nitralin, oryzalin, prodiamine, propalin, prosulfocarb, trifluralin,
vernolate

Dipropylchloride phosphate: propaphos

Dipropyl dithio phosphoric acid: piperophos
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Dithiodioctyl propionamide: octhilinone

DMPA* dimethyl phosphoro dithioic acid: anilofos, azamethiphos, azinphosmethyl, dimethoate, formothion,
fosmethilan, malathion, methidathion, phentoate, phosmet, thiometon

DMPCT* dimethyl phosphoro chlorido thioate: acephate, bromophos, cyanophos, etrimfos, famphur, fenthion,
fenitrothion, iodofenphos, metacrifos, methamidophos, methyl parathion, pirimiphos, temephos, tolclofos

Dodecyl amine chloride: dodine

Dodecyl chloride: dodine

Dodecyl dimethyl sulfonium methyl sulfate: cyproconazole

DSMA: cacodylic acid

DTFB 2.5 dinitro 4 trifluoro methyl chlorobenzene: benfluralin, butralin, ethalfluralin, fluchloralin, flumetralin,
profluralin, trifluralin

DV acid: cypermethrin, permethrin, transfluthrin

Ethane dithiol: dimethiin, phosfolan

Ethane sulfonyl chloride: benfuresate

Ethanol amine*: bensulide

Ethirimol: bupirimate

Ethoxyamine*: alloxydim, sethoxidim, tralkoxydine

Ethoxy ammonium chloride: cycloxidim

4 Ethoxy benzyl cyanide: etofenprox

4 Ethoxy bromo benzene: silafluofen

p- Ethoxy phenyl acetic acid*: cycloprothrin

Ethyl aceto acetate: see Aceto acetic acid

Ethyl amine: ametryn, atrazine, carbetamide, cyanazine, cymoxanil, dimethametryn, eglinazine, flumetralin,
propetamphos, secbumeton, simazine, simetryn, sulfuramid, terbumeton, terbutylazine, trietazine

N-Ethyl aniline: phenisopham

4 Ethyl benzoyl chloride: tebufenozide

Ethyl bromide: esfenvalerate

Ethyl butyl amine: see Butyl ethyl amine

o-Ethyl sec butylamino thione phosphoro acid chloride: butamifos

Ethyl carbamate*: ampropylfos

Ethyl chloride: fonofos, oxyfluorfen, trichloronat

Ethyl chloroacetate: see Chloro acetic acid

Ethyl 3 chloro 2.6 dimethoxy benzohydroxamate: benzoximate

Ethyl (2 chloro 6 fluoro benzyl) amine: flumetralin

S-ethyl chlorothioformate: prothiocarb

Ethyl cyclohexyl amine: cycloate

Ethyl, 1.2 dimethyl propyl amine: esprocarb

Ethyl disulfide: rimsulfuron

Ethylene: methoxy ethyl mercury acetate

o-Ethyl ethyl phosphoro chlorido thionate*: fonofos, trichloronat

Ethylene diamine: glyodin, imidacloprid, mancozeb, maneb, nabam, zineb

Ethylene dibromide: chlormequat, diquat, isoprothiolane, glufosinate, prochloraz

Ethylene dichloride: chlormequat

Ethylene glycol*: azaconazole, dioxacarb, fluxofenim, glyphesate, oxabetrinil, resmethrin

Ethylene glycol methyl ether: cinosulfuron

Ethylene oxide: ethephon, demeton-S-methyl, demeton-S-methyl sulfone, oxydemeton, piperonyl butoxide,
propaquizafos

Ethyl p.ethoxy phenyl acetate*: cycloprothrin

Ethyl formate: fluridone

Ethyl glycinate: glyphosate

Ethyl guanidine: ethirimol

Ethyl imido acetate: see TOA

Ethyl iodide: oxolinic acid, thicyofen



Appendix III: Raw Materials and Intermediates 1037

Ethyl mercapto ethyl thiocyanate: demeton—S—ethyl, demeton-S-methyl, demeton-S-methyl sulfone, oxydemeton
Ethyl methallyl amine: ethalfluralin

2 Ethyl 6 methyl aniline: acetochlor, metolachlor, propisochlor
Ethyl phenyl acetate*: flurtamone

Ethyl phenyl ketone: hexythiazox

o-Ethyl phenyl phosphono chlorido thioate: cyanofenphos
Ethyl phosphoro dichloridate*: edifenphos, isofenphos

Ethyl stearate: glyodin

2 Ethyl thio ethanol: thiometon

2 Ethyl thio ethyl chloride*: disulfoton, thiometon

2 Ethyl thiomethyl phenol: ethiofencarb

Ethyl urea*: cymoxanil

Ethyl xanthic acid: pyrithiobac

Ferric sulfate: ferbam

Fluorene: chlorfluorenol, flurenol

Fluorenone: chlorfluorenol, flurenol

Fluoro acetyl chloride: fluoroacetamide

o.Fluoro aniline: flumetsulam

p-Fluoro aniline: fluoromide

Fluoro benzene: flutriafol

2 Fluoro B chloro acetophenone: see 2 Fluoro phenacyl chloride

4 Fluoro 2 chloro benzophenone: see 2 Chloro phenyl 4 fluoro phenyl ketone

Fluoro dichloro methyl sulfenyl chloride: dichlorofluanid

2 Fluoro 4 hydroxy aniline: flufenoxuron

o-Fluoro iodo benzene: flutriafol

p-Fluorolithio benzene: flusilazole

3 Fluoro phenol: flumioxazin

4 Fluoro phenacyl chloride: flutriafol

3 Fluoro phenyl cyanide: acifluorfen

2 Fluorophenyl, 4 fluorophenyl, ketone: flutriafol

Fluoro sulfonic acid: sulfuryl fluoride

Formaldehyde: acetochlor, alachlor, azamethiphos, azinphosmethyl, bisthiosemi, butachlor, butenachlor,
carbophenothion, dazomet, 2.4 D B, dichlorphen, glyphosate, IPSP, oxolinic acid, penconazole, phorate,
phosalone, phosmet, piperonyl, butoxide, tetramethrin

Formamide: fenazaquin, triforine

Formanilide: mepanipyrim, pyrimethanil

Formic acid: amitrole, chlordimeform, dicofol, fenpropidin, fenpropimorph, fluridone, formothion, metosulam,
propiconazole, resmethrin, tricyclazole

2 Furaldehyde: furilazole

Furan*: endothal

Furfural: fuberidazole

Furfuryl amine: pefurazoate

2 Furoic acid*: furalaxyl

3 Furoic acid: resmethrin

Geraniol: piproctanil

Glucose: chloralose

Glycerine: cloquintocet, diofenolan, 8 hydroxy quinoline sulfate

Glycine*: cypermethrin, eglinazine, glyphosate, 8-hydroxy quinoline sulfate, iprodione, proglinazine
Glycoaldehyde*: fenfuram

Glycolide: indol-3 ylacetic acid

Glyoxylic acid*: oxamyl

Guanidine*: amitrole, bensulfuron, chlorimuron, flazasulfuron, nicosulfuron, pirimiphos, primisulfuron,
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pyrazosulfuron, sulfmeturon
Guanidine (amino)*: amitrole
Guanidine (diethyl)*: pirimiphos
Guanidine (dimethyl) sulfate*: dimethirimol
Guanidine (ethyl)*: ethirimol
Guanidine nitrate*: amitrole
Guanidine sulfate: amitrole

Hexachlorocyclohexane: hexaclorobenzene, tecnazene

Hexachlorocyclopentadiene: aldrin, chlordane, dieldrin, dienochlor, endosulfan, endrin, mirex

Hexachloroparaxylene: chlorthal

Hexachloro platinic acid: silafluofen

Hexafluoro acetic anhydride: thiazafluron

1.1.2.3.3.3 Hexafluoro propoxy 2.5 dichloro 4 amino benzene: lufenuron

1.1.2.3.3.3 Hexafluoro propoxy 2.5 dichloro benzene: lufenuron

Hexamethylene imine: molinate

Hexamethylene tetramine*: see Urotropin

Hippuric acid: flupoxam

Hydrazine: bisthiosemi, clethodim, clofentezine, diclomazine, difenzoquat, ferimzone, flupoxam, maleic hydrazide,
metamitron, methidathion, metribuzin, pymetrozine, tebuthiuron, thiazafluron, triclopyr

Hydrazine (acetyl)*: metamitron

Hydrazine (tertiobutyl): tebufenozide

Hydrazine (p.tertio butyl benzyl): pyridaben

Hydrazine (2.4 dichloro phenyl)*: sulfentrazone

Hydrazine (dimethyl): daminozide

Hydrazine (2.6 dimethyl phenyl)*: oxadixyl

Hydrazine (methyl): benzofenap, difenzoquat, pyrazolinate, pyrazosulfuron, pyrazoxyfen

Hydrazine (phenyl)*: chloridazone

Hydrazine (3 trifluoro methyl phenyl): norflurazon

2 Hydrazino 4 methyl benzothiazole: tricyclazole

(Sodium boro) hydride: imizalil

Hydrogen cyanide: chlorfluorecol, diphenamid

Hydrogen peroxide: aldoxycarb, cinmethylin, diledrin, dimethipin, endrin, ethoprop, fensulfothion, hexaconazole,
IPSP, mepanipyrim, oxycarboxin, oxydemeton, perfluidone, tetradifan, thiabendazole, thiocyclam, thiram

Hydroquinone*: clodinafop, fenoxaprop, fluazifop, haloxyfop, isoxapyrifop, propaquizafop, quizalofop-ethyl

Hydrosafrole: piperonyl butoxide

4 Hydroxy acetophenone: propaquizafop

Hydroxyacetyl chloride: mefenacet

4 Hydroxy benzaldehyde: bromoxynil, ioxynil

4 Hydroxy benzene sulfonic acid: methasulfocarb

3 Hydroxy benzoic acid*: acifluorfen

4 Hydroxy benzonitrile*: bromofenoxim, bromoxynil, ioxynil

4 Hydroxy benzothiopyran 2 one: difethialone

o-Hydroxy benzyl alcohol: dioxabenzofos

Hydroxy coumarin: see Coumarin (hydroxy)

2 Hydroxy ethylamine: thiazopyr

Hydroxyethyl ethyl sulfide: demeton-S—methyl, demeton-S-methyl sulfone, disulfoton, oxydemeton

Hydroxylamine (and hydroxylamine hydrochloride orsulfate): alanycarb, benzamizole, benzthiazuron, bromofenoxim,
bromoxynil, butocarboxim, chlorbromuron, chlorphoxim, dichlobenil, dimethazone, fenpyroximate,
flucycloxuron, fluxofenim, heptopargil, hymexazol, ioxynil, isoxaben, linuron, methabenzthiazuron,
methomyl, metobenzuron, oxabetrinil, oxamyl, pendimethalin, phoxim, propaquizafop, pyrifenox, quinclorac,
thiodicarb, thiofanox

1 Hydroxy methyl acetophenone: isoxathion

3 Hydroxy methyl 5 benzyl furan: resmethrin
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2 Hydroxy methyl 4 chlorophenol: cloxyfonac

N-Hydroxy methyl 1 cyclohexene 1.2 dicarboximide: tetramethrin
Hydroxy methylene acrylic acid: methacrifos

3 Hydroxy 8 nonene 2.5 dione: allethrin

p.-Hydroxy phenyl acetic acid*: cycloprothrin

3 Hydroxy 5 phenyl isoxazole: isoxathion

3 Hydroxy phenyl aceto acetate*: coumaphos

N-Hydroxy phthalimide: clethodim

1 Hydroxy propylene oxide: diofenolan

4 Hydroxy quinazoline*: fenazaquin

8 Hydroxy quinoline*: 8 hydroxy quinoline sulfate, oxime copper
3 Hydroxy tetra hydro furan: furyloxyfen

Imidazole*: imizalil, pefurazoate, prochloraz, triazoxide, triflumizole
2 Imidazolidinone*: isocarbamid
(Ethyl) imido acetate: see TOA
Iminodiacetic acid: glyphosate
Imino diaceto nitrite: glyphosate
2 Imino 3.3 dimethyl butyro nitrile: metribuzin
1H Indazole (3 hydroxy methyl): ethylchlozate
Indole*: indol-3yl acetic acid, 4 indol-3yl butyric acid
Indoline: pyroquilon
o-iodo benzoic acid: benodanil
Isobutanol: metconazole
Isobutyl amine: isocarbamid
Isobutyl aniline: terbacil
Isobutylene: aldicarb, aldoxycarb, see MBO, see Methallyl chloride
Isobutyraldehyde: ethofumesate
Isobutyronitrile: diazinon, flurprimidol
Isocyanates*—
p.Bromo phenyl isocyanate: metobromuron
Butyl isocyanate: benomyl, halosulfuron
t.Butyl isocyanate: karbutilate
Chlorophenyl isocyanate: diflubenzuron
Chlorosulfonyl isocyanate: amidosulfuron
Cyclohexyl isocyanate: hexazinone, hexythiazox
3.4 Dichlorophenyl: see DCPI
2.6 Difluoro benzoyl amide: lufenuron
2.6 Difluorobenzoy!l isocyanate*: fluazuron, flucycloxuron, flufenoxuron, lufenuron, teflubenzuron
Dimethyl phenyl methyl isocyanate: dymron, methyldymron
2 isobutoxy acetyl chloride: flumetsulam
Isopropoxy formaldehyde: propisochlor
Isopropyl: iprodione
Methyl isocyanate: alanycarb, aldicarb, aldoxycarb, aminocarb, bendiocarb, benzthiazuron, butocarboxim,
carbaryl, carbendazim, carbofuran, cinosulfuron, dioxacarb, ethidimuron, ethiofencarb, formetanate,
furathiocarb, mecarbam, methabenzthiazuron, methasulfocarb, methazole, methiocarb, methomyl,
metolcarb, mexacarbate, oxamyl, promacyl, promecarb, propoxur, prosulfuron, tebuthiuron, thiazafluron,
thiodicarb, thiofanox, trimethocarb, xylilcarb
Phenyl isocyanate: carbetamide, desmedipham, fenuron, forchlorfenuron, metobromuron, pencycuron,
propham, siduron, thidiazuron
Toluyl sulfonyl methyl: fludioxonil
m.Tolyl: phenmedipham
3 Trifluoromethyl phenyl: fluometuron
Isocyanuric acid: bromethalin
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Isonicotinic acid*: inabenfide

Isophthalic acid: chlorotalonil, nitrothal

Isophthalonitrile: chlorotalonil

Isopropanol: bensulide, bromopropylate, chlorpropham, chlorpropylate, diethofencarb, dinobuton, flamprop
isopropyl, isofenphos, isoprothiolane, nitrothal, phenisophan, propham

Isopropyl amine: ametryn, anilofos, aziprotryne, desmetryn, dipropretryn, fenamiphos, glyphosate, iprodione,
isofenphos, methoprotryne, proglinazine, prometon, prometryn, propazine, prothoate, tebutam

N-isopropyl aniline*: propachlor

p-Isopropyl aniline*: isoproturon

Isopropyl bromide: fenvalerate, mepronil

Isopropyl chloride: fluythrinate

m.Isopropyloxy aniline: flutalonil

o.Isopropyl phenol: isoprocarb

Isopropy! salicylate: isofenphos

Isopropy! sulfamoyl chloride: bentazon

Isovaleraldehyde: dithiopyr, thiazopyr

Isoxazole 5 amino-3(1 ethyl 1 methyl) propyl: isoxaben

Isoxazole (3 hydroxy 5 phenyl): isoxathion

Isoxazolidine: isoxapyrifop

1 Isoxazolone (3 methyl): drazoxolon

Lactic acid: carbetamide, lactofen, propaquizafop, pyriproxifen

Maleic anhydride: captafol, captan, endothal, fluoromide, maleic hydrazide
Maleimide*: norbormide
Manganese sulfate: mancozeb, maneb
Malonic acid*: alloxydim, bensulfuron, brodifacoum, chlorimuron, difenacoum, difethiolone, fenclorim,
flazasulfuron, flocoumafen, glufosinate, nicosulfuron, isoprothiolane, oxolinic acid, primisulfuron,
pyrazosulfuron, sethoxydim, tralkoxydim
Malonic acid acetamide: glufonisate
Malonic acid dimitrile: thicyofen
Maneb: mancozeb
MBO 3 methyl 2 butene 1 ol: bifenthrin, cyhalothrin, cypermethrin, deltamethrin, permethrin, tefluthrin
Melonic acid: metosulam
Melonyl chloride: metosulam
Mercaptans—
Benzyl: iprobenfos, nicosulfuron, prosulfocarb, pyrazosulfuron, rimsulfuron, tiocarbazyl, triflusulfuron
Butyl: merphos, SSS tributyl phosphoro trithioate
2 Butyl: cadusafos, ebufos, fosthiazate
t.Butyl: terbufos
p.t.Butyl benzyl: pyridaben
p-Chloro benzyl*: imibenconazole, thiobencarb
o Dimethyl benzyl: dimepiperate
Ethyl: butylate, cycloate, demeton, dipropetryn, EPTC, ethiofencarb, MCPA thioethyl, molinate, phorate,
prothiocarb, sethoxidim
Methyl: acephate, alanycarb, aldicarb, aldoxycarb, ametryn, aziprotrine, butocarboxim, desmetryn,
dimethametryn, dithiopyr, methomyl, methoprotryne, oxamyl, prometryn, simetryn, terbutryn, thiodicarb,
thiofanox
Octyl: pyridate
Perchloro methyl: captan, folpet
n~-Propyl: chlorsulfuron, ethoprop, pebulate, profenofes, prothiofos, pyraclofos, sulfoprofos, vemolate
Mercapto benzothiazole*: benzothiazuron, mefenacet, methabenzthiazuron
2 Mercapto 6 chloro benzoxazole: fenoxaprop
Mercapto ethanol: carboxin, oxycarboxin
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2 Mercapto ethyl amine: fosthiazate

2 Mercapto nicotinic acid: nicosulfuron

Mercapto propionic acid: vamidothion

Mercuric acetate: methoxy ethyl mercury acetate, phenyl mercury acetate

Mercury oxide: methoxy ethyl mercury acetate, phenyl mercury acetate

Mesityl oxide*: alloxydine

Meta: see Parent compound

Methacrylic acid: dimethenamid

Metaxylene: chlorotalonil

Methane sulfonyl chloride*: ethofumesate, fomesafen, methasulfocarb, penconazole, tetraconazole

Methomyl: alanycarb, thiodecarb

Methoxy acetaldehyde: dimethachlor

Methoxy acetone: metolachlor

Methoxy acetyl chloride: metalaxyl, oxadixyl

1 Methoxy 2 amino propane: dimethenamid

4 Methoxy benzoyl cyclo propane: ancymidol

7 Methoxy 3.7 dimethyl octanal: methoprene

Methoxy ethanol*: etacelasil

p.Methoxy phenol: difenoxuron, fluazifop, pyriproxifen

3 Methoxy n.propylamine: methoprotryne

3 Methoxy 1 propyne: furconazole

Methyl acetoacetate: see Aceto acetic acid

Methyl aceto acetic acid*: pirimicarb

2 Methyl acetophenone: ferimzone

4 Methyl acetophenone: benzofenap

Methyl allyl chloride: benfuresate, carbofuran

Methyl amine: alanycarb, aldicarb, aldoxycarb, aminocarb, bendiocarb, benzthiazuron, butocarboxim, carbaryl,
carbendazim, carbofuran, cinosulfuron, cloethocarb, dazomet, desmetryn, dimethoate, dioxacarb,
ethametsulfuron, ethidimuron, ethiofencarb, fluridone, formethanate, formothion, furathiocarb, isoprocarb,
mecarbam, metam, methabenzthiazuron, methasulfocarb, methazole, methiocarb, methonyl, metolcarb,
mexacarbate, monocrotophos, norflurazon, omethoate, oxamyl, promacyl, promecarb, propoxur, tebuthiuron,
thiazafluron, thiodicarb, thiofanox, trimethocarb, vamidothion, xylilcarb

N-Methyl aniline: mefenacet

p-Methyl aniline: see p.toluidine

o-methyl anisole: methoxyphenone

2 Methyl benzoic acid: bensulfuron

m-Methyl benzoyl chloride: diethyltoluamide, methoxyphenone

0-Methyl benzoyl chloride: mepronil

a Methyl benzyl alcohol: crotoxyphos

2 Methyl benzyl chloride: cinmethylin

Methy! bromide: dimethomorph, mepiquat chloride, metribuzin

Methyl bromo propionate: diclofop methyl

3 Methyl butanal: dithiopyr

3 Methyl 2 butene 1 ol: see MBO

Methy! butyl amine: neburon

Methyl & butyl ketone: see Pinacolone

2 Methyl butyric acid: pentanochloro

Methyl chloride: bensulfuron, cacodylic acid, dicamba, DSMA, flazasulfuron, glufosinate, MSMA, nicosulfuron,
paraquat

2 Methyl 3 chloro aniline: pyrithiobac

Methyl chloreformate: see Chloroformates

3 Methyl 2 chloro methyl butanoate: fluvalinate

2 Methyl 4 chloro phenol*: MCPB, mecoprop

2 Methyl 4 chloro phenoxy acetonitrile: MCPA thioethyl
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2 Methyl 4 chloro phenoxy acetyl chloride: MCPA thioethyl

Methyl chrysantemate: see Chrysanthemic acid

2 Methy! cyclohexyl amine: siduron

Methyl dichloroquinoxaline: quinomethionate

Methyl diethyl malonate: endonthal

Methyl 1.3 dioxolane: fluxofenim

Methylene bromide: ethion, fenbuconazole, myclobutanil

Methylene chloride: cycloprothrin

Methylene chlorobromide: ethion

Methylene dioxybenzene: oxolinic acid

Methyl 2 ethyl butyrate: isoxaben

Methyl ethyl carbamate*: mecarbam

3 Methyl, ethyl 2 oxo cyclopentane carboxilate: ipconazole

Methyl formamide: amitraze, formothion

N-Methyl formyl 2.6 difluoro benzamide: lufenuron

2 Methyl furan carboxylic acid*: fenfuram

2 Methyl 6 ethyl aniline: see 2 Ethyl 6 methyl aniline

1 Methyl hexyl alcohol: cloquintocet

Methyl hydroxylamine*: methabenzthiazuron, pyrifenox

Methyl iodide: benzamizole, bromethalin, etofenprox, hexaconazole, isoxaben, methamidofos, methoprotryne,
metribuzin, tefluthrin

Methyl isocyanate: see Isocyanates

3 Methyl 5 isopropyl phenol: promacyl, promecarb

o0-Methyl isourea*: chlorsulfuron, iminoctadine, metsulfuron, thifensulfuron, triasulfuron

Methyl lactate: carbetamide

Methyl magnesium chloride: tridiphane

Methyl malonic acid: endothal

4 Methyl mercapto meta cresol: fenthion

4 Methyl mercapto phenol: see 4 methyl thiophenol

2 Methyl 3 methyl hydroxy biphenil: bifenthrin

3 Methyl 4 nitro phenol: perfluidone

3 Methyl 6 nitrophenol: butamifos

4 Methyl phenol: see p-Cresol

Methyl phenyl carbinol: crotoxyphos

Methyl phenyl glyoxalate: metamitron

Methyl phosphoro dichlorido thionate: dioxabenzofos

5 Methyl phthalic anhydride: imazamethabenz

2 Methyl piperidone: piperophos

Methyl propynol: chlorbufam

Methyl sodium sulfide: dithiopyr

o Methyl styrene: bromobutide, daimuron, dymron, methyl dymron

p-Methyl sulfinyl phenol: fensulfothion

3 Methy!l 4 thiomethyl phenol: fenamiphos

4 Methyl thiophenol*: fensulfothion, sulfoprofos

Methy! thiopseudo urea: guazatine, hexazinone

4 Methyl thiosemi carbazide: thiazafluron

Methyl thio urea*: tebuthiuron, thiazafluron

Monobromo benzene: chlorbromuron

Monochloro acetic acid: see Chloro acetic acid

Morpholine*: dimethomorph, ethofumesate, nipyraclofen

Mucochloric acid*: chloridazon, norflurazon, pyridaben

Nabam: mancozeb, maneb, zineb
Naphthalene: carbaryl, dichlone, naphthyl acetamide, naphthyl acetic acid
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1-Naphthol*: carbaryl, napropamide

2-Naphthol*: naphthoxy acetic acid, 2 naphthyloxy acetic acid, naproanilide
1.4 Naphthoquinone*: dichlone, dithianon

1 Naphthyl acetic acid*: naphthyl acetamide

Naphthyl 1 acetonitrile: Naphthyl acetic acid
1-Naphthylamine*: antu, naptalam

Neophyl chloride*: fenbutatin oxide

Nicotinic acid*: diflufenican

p-Nitroaniline*: DCNA (dicloran)

Nitrobenzene: PCNB, fenazox, quintozene

4 Nitrobenzyl bromide: flucycloxuron

p-Nitrocumene: isoproturon

2 Nitroimine imidazolidine: imidacloprid

4 Nitrometacresol: fenitrothion

Nitromethane: chloropricrin

2 Nitro 3 methyl benzoic acid methyl ester: triflusulfuron
o-Nitrophenol*: carbofuran

p-Nitrophenol*: ethyl parathion, EPN, methyl parathion
Nitropane 1.3 diol: bronopol

Nitrosyl chloride: aldicarb, aldoxycarb

Nitrosyl sulfuric acid: dichlobenil

m-Nitrotoluene: fluometuron, fluorochloridone, norfluazuron, phenmedipham
p-Nitrotoluene*: chlortoluron, tolyfluanid

Nitrous acid: cypermethrin

1.9 Octadecadiene: muscalure

Octamethylene diamine: guazatine

2 Octanol: dinocap

Octyl acrylamide thiocyanate: octhilinone

Oleyl alcohol: muscalure

Ortho: see Parent compound

1.3.4 Oxadiazole (5 trifluoro methyl 2-3H one): pymetrozine
Oxalic acid: cycloprothrin

Oxime 2 chloro phenyl acetic acid: chlorphoxim

Ozone: acrinathrin, cypermethrin, tralomethrin

Para: see Parent compound

Paraformaldehyde: metazachlor, triclopyr

PBA m-phenoxy benzyl alcohol: see-Phenoxy benzyl alcohot

PCBA m-phenoxy cyano benzyl alcohol: acrinathrin, cycloprothrin, cyhalothrin, cypermethrin, cyphenothrin,
deltamethrin, esfenvalenate, fenpropathrin, fenvalerate, flucythrinate, fluvalinate, tralomethrin

PCBTF para chloro benzotrifluoride: benefin, benfluralin, ethalfluralin, fluchloralin, flumetralin, profluralin, trifturalin

Pentachlorobenzene: quintozene

2.2.3.3.3 Pentafluoro propanol: flupoxam

1.2 Pentanediol: propiconazole

3 Pentane amine*: pendimethalin

1 Pentanol: propiconazole

3 Pentanol*: pendimethalin

1 Pentene propiconazole

4 Pentene 2 ol: pefurazoate

3 Pentylamine: pendimethalin

Pentyl bromide: muscalure

Pentyl chloride: hexaconazole

Pentyl magnesium bromide: muscalure
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Peracetic acid: aldoxycarb, butoxycarboxim, dieldrin, dipyrithione, endrin, metconazole, tridiphane

Perfluoro 2.5 diazahexa 2.4 diene: flubenzimine

Perfluoro octane sulfonyl fluoride: sulfuramid

Phenacyl chloride*: see 2 Chloro acetophenone

Phenanthrenequinone*: chlorfluorenol, flurenol

p—Phenitidine*: ethoxyquin

Phenol: aclonifen, butralin, cyfluthrin, 2.4 D, diafenthiuron, dichlorprop, diclofop-methyl, dinocap, famphur,
fenothiocarb, fenoxycarb, fenpyroximate, nicosulfuron, nitrofen, pentachlorophenol, 2 phenyl phenol,
silafluofen, sulcofuron

m-Phenoxy benzaldehyde*: etofenprox, permethrin, see PCBA

m-Phenoxy benzyl alcohol (PBA): etofenprox, permethrin, phenothrin

Phenoxy cyanobenzyl alcohol: see PCBA

3 Phenoxy 4 fluoro bromo benzene: silafluofen

p-Phenoxy phenol*: diofenolan, fenoxycarb, pyriproxifen

2 Phenoxy propionic acid: dichlorprop

Phenyl acetic acid*: flurtamone

Phenyl acetone: chlorophacinone

Phenyl acetonitrile*: see Benzyl cyanide

Phenyl acetyl chloride: benalaxyl, brodifacoum, difenacoum, difethialone, flocoumafen

Phenyl bromo acetic acid*: phentoate

o-Phenylene diamine*: benomyl, carbendazim, fuberidazole, quinalphos, thiabendazole, thiophanate

Phenyl hydroxylamine*: fenazox

1 Phenyl 2 nitro 1.3 propane diol: fenitropan

4 Phenyl phenol*: bitertanol

Phenyl thiophosphonyl dichloride: EPN

4 Phenyl thio o—toluidine: perfluidone

Phosgene: alanycarb, aldicarb, aldoxycarb, aminocarb, barban, bendiocarb, benodanil, benomyl, bentazone,
bensulfuron, benzthiazuron, bromacil, buprofezin, butocarboxim, butylate, carbaryl, carbendazim,
carbetamide, carbofuran, chlorbufam, chlorfluazuron, chlorimuron, chlorotoluron, chloroxuron,
chlorpropham, chlorsulfuron, chlozolinate, cinosulfuron, cloetocarb, cycloate, daimuron, desmedipham,
diethofencarb, difenoxuron, diflubenzuron, dimefuron, dimepiperate, dinobuton, dioxacarb, diuron, EPTC,
esprocarb, ethametsulfuron, ethidimuron, ethiofencarb, fenobucarb, fenothiocarb, fenoxycarb, fenuron,
flazasulfuron, fluazuron, flucofuron, flucycloxuron, flufenoxuron, fluometuron, fonofos, forchlorfenuron,
formetanate, fosamine ammonium, fosthiazate, furathiocarb, halosulfuron, hexaflumuron, hexazinone,
hexythiazox, iprodione, isocarbamid, isoprocarb, isoproturon, karbutilate, linuron, lufenuron, mecarbam,
methabenzthiazuron, methasulfocarb, methazole, methidathion, methiocarb, methomyl, metobenzuron,
metobromuron, metolcarb, metoxuron, metsulfuron-methyl, mexacarbate, molinate, monolinuron, monuron,
neburon, nicosulfuron, oxadiazon, oxadixyl, oxamyl, pebulate, pefurazoate, pencycuron, phenisopham,
phenmedipham, pirimicarb, primisulfuron, prochloraz, promacyl, promecarb, propamocarb, propham,
propoxur, prosulfocarb, prosulfuron, prothiocarb, pyrazosulfuron, pyridate, quinomethionate, siduron,
sulcofuron, sulfometuron, tebuthiuron, teflubenzuron, terbacil, thiazafluron, thiadiazuron, trifensulfuron,
thiobencarb, thiodicarb, thiophanate, thiophanox, tiocarbazil, triasulfuron, triazamate, tribenuron, triftumuron,
triflumizole, trimethocarb, vernolate, vinclozolin, xylilcarb, see also Chloroformates/Isocyanates

Phosphine: chlorphonium chloride

Phosphite (sodium diethyl): penconazole

Phosphites: see Diethyl, Dimethyl

Phosphonium(methyl triphenyl bromide): ipconazole

Phosphoric acid: fosetyl aluminum

Phosphorous acid: fosetyl aluminum, glyphosate

Phosphorus derivatives: see DEPA, DEPCT, DMPA, DMPCT

Phosphorus oxychloride: acephate, cadusofos, chlordimephorm, chlorimuron, chlorotalonil, ebufos, edifenphos,
ethaprop, fenamiphos, fenclorim, flazasulfuron, flurazole, imazosulfuron, methasulfocarb, metosulam,
nicosulfuron, phosdiphen, phosfolan, primisulfuron, profenofos, propaphos, pyrazosulfuron, SSS tributyl
phosphorotrithioate, TEPP
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Phosphorus pentachloride: bentazon, clofentezine, flurprimidol

Phosphorus pentasulfide: bensulide, fonofos, tebuthiuron, tetrapropyl dithiopyrophosphate, thiazopyr, see DEPA,
DEPCT, DMPA, DMPCT

Phosphorus pentoxide: chlorotalonil, TEPP

Phosphorus sulfochloride: see Thiophosphorylchloride

Phosphorus tribromide: brodifacoum, difenacoum, fenpropidin, flocoumafen, pyriproxifen

Phosphorus trichloride: chloretoxyfos, disulfoton, EPN, ethephon, ethoprop, fonofos, fosamine ammonium, fosetyl
aluminium, fosthiazate, glufosinate, glyphosate, isofenphos, merphos, propaphos, sulprofos, SSS—tributyl
phosphorotrithioate, trichlorfon, trichloronat

Phthalic acid: pindone, tecloftalam

Phthalic anhydride: chlorophacinone, diphacinone, folpet, naptalam, phosmet, pindone

Phthalimide*: ditalimfos, folpet, phosmet

a Picoline*: clopyralid, nitrapyrin, picloram

B Picoline: chlorfluazuron, flazasulfuron, fluazifop, fluazinam, haloxyfop

& Picoline: inabenfide

Picric acid*: chloropicrin

Pinacolone*: bitertanol, diclobutrazol, diniconazole, metribuzin, paclobutrazol, pindone, thiofanox, triadimenol,
triadimefon, triapenthenol, uniconazole

Piperazine: triforine

Piperidine*: dimepiperate, fenpropidin, mepiquat, piproctanil

Piperidine (4 tert butyl): flupropadine

Piperidine (2 methyl): piperophos

Pivalic acid*: tebutam

Pivalyl chloride: tebutam

Polyphosphoric acid: brodifacoum, difenacoum, flocoumafen

Potassium t.butoxide: bifenthrin, cyhalotrin

Potassium cyanate: cymoxanil, sulfentrazone

Potassium cyanide: chlorphoxim, dichlobenil, esfenvalerate, ethylchlozate, fenvalerate, nipyraclofen, oxabetrinil,
penconazole, phoxim, triclopyr, see PCBA

Potassium fluoride: teflubenzuron

Potassium hydrosulfide: fenothiocarb, methoprotryne

Potassium phthalimide: hexythiazox

Potassium thiocyanate: demeton-S-methyl, demeton-S-methyl sulfone, oxydemeton methyl, thiophanate

Potassium permanganate: demeton—S-methyl sulfone, pyrithiobac

Potassium phthalimide: ditalimfos

Promecarb: promacyl

Propanal: ampropylfos

Propane 1.2 dithiol: mephosfolan

n-Propanol: propanophos, triflumizole

Propargyl bromide: heptopargil

Propargyl chloride: flumioxazin, furconazole

Propargylic alcohol*: flupropadine, furconazole, propargite

Propazine: dipropetryn, prometon, prometryn

Propinyl chloride: see Propionic acid

Propionaldehyde*: fenpropidin, fenpropimorph, empenthrin

Propionic acid*: benalaxyl, benzoylprop-ethyl, clethodim, clodinafop, clomeprop, cloprop, 2 CPA, dalapon,
dichlorprop, diclofop, fenoprop, fenoxaprop, flamprop isopropyl, flamprop methyl, fluazifop, furalaxyl,
haloxyfop, isoxapyrifop, mecoprop, metalaxyl, naproanilide, napropamide, prohexadione, propanil,
pyroquilon, quizalofop ethyl, tralkoxydim

Propoxy acetaldehyde: pretilachlor

n-Propylamine: prochloraz, profluralin

Propyl alcohol*: propaphes, tetrapropyldithiopyrophosphate, trichlamide

Propy! aldehyde: diofenolan

Propyl chloroethyl amine: fluchioralin

Propyl dimethylamine: cartap
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Propylene: dichloropropene, propoxur

Propylene diamine: propineb

Propylene glycol: difeconazole

1.2 Propylene oxide: dodemorph, tridemorph

1.3 Propylene oxide: silafluofen

Propyl hydroxyethyl amine: fluchloralin

S5(Propyl 2 thioethyl)cyclohexane 1.3 dione: clethodim
Propyne: hymexazol

2 Propyn-1 ol: see Propargylic alcohol

Pseudo urea (methyl thio): hexazinone

Pyrazole*: metazachlor

Pyrazole (3 chloro,4 carboxy,l methyl 5 sulfonamide): halosulfuron
Pyrazole (1.4 dimethyl,2 chloro, 3 formyl): fenpyroximate
Pyrazole (2 methyl, 3 amino, 4 carboxy)*: pyrazosulfuron
Pyrazole (2 methyl,4 carboxy, ethyl ester): pyrazosulfuron
Pyrazole (1 methyl,2 ethyl,4 chloro 5 carboxy): tebufenpyrad
5 Pyrazolone (1.3 dimethyl)*: benzofenap, pyrazolinate, pyrazoxyfen
Pyridazine (1 phenyl 3 hydroxy, 6 oxo): pyridafenthion

3 Pyridazinone (2.p.tert.butyl 5 mercapto): pyridaben

3 Pyridazinone (2.p.tert.butyl 5 chloro): pyridaben

3 Pyridazinone (2.p.tert.butyl 3.5 dichloro): pyridaben
Pyridazone (3 phenyl 4 hydroxy 6 chloro): pyridate
Pyridine*: diquat, fluroxypyr, paraquat, triclopyr

Pyridine (3 acetic acid)*: pyrifenox

Pyridine (3 aldehyde): pymetrozine

Pyridine (2 amino): clodinafop

Pyridine (2 amino 5 chloro)*: clodinafop

Pyridine (3 amino 2.5 dichloro)*: clodinafop

Pyridine (2 amino 3 hydroxy): azamethiphos

Pyridine (2 amino-N-methyl 6 methoxy): pyributicarb
Pyridine (4 amino 2,3,5 trichloro 6 fluoro): fluroxypyr
Pyridine (2 amino, 3 chloro 5 trifluoro methyl): fluazinam
Pyridine (2 benzoyl): norbormide

Pyridine (4 tert.butyl): flupropadine

Pyridine (3 carboxaldehyde): pyrifenox

Pyridine (2 carboxylic acid 3 methyl): imazapyr

Pyridine (2 carboxylic acid ethyl ester 3 methyl, 6 ethyl): imazethapyr
Pyridine (2 chloro): dipyrithione, pyriproxifen

Pyridine (2 chloro 4 amino): forchlorfenuron

Pyridine (2 chloro 3 amino 5 trifluoro methyl): fluazinam
Pyridine (2 chloro 5 chloromethyl): imidacloprid

Pyridine (3 chloro 5.6 difluoro): clodinafop

Pyridine (2 chloro 5 formyl): imidacloprid

Pyridine (3 chloromethyl)*: pyrifenox

Pyridine (3 chloro, 5 nitro, 6 hydroxy)*: clodinafop
Pyridine (2 chloro 3 trifluoromethyl): flazasulfuron
Pyridine (2.3 dicarboxylic acid): imazapyr

Pyridine (2.3 dicarboxylic acid 6 ethyl): imazethapyr
Pyridine (2.5 dichloro 3 fluoro)*: clodinafop

Pyridine (2.5 dichloro, 3 nitro)*: clodinafop

Pyridine (5.6 dichloro 3 trifluoro methyl)*: chlorfluazuron, fluazinam, fluazuron
Pyridine (2 fluoro): pyriproxifen, rimsulfuron

Pyridine (2 hydroxy): pyriproxifen

Pyridine (2 hydroxy, 3 fluoro, 5 chloro): clodinafop
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1-2a Pyridine (2 hydroxy imidazol): imazosulfuron

Pyridine (3 hydroxymethyl): pyrifenox

Pyridine (2 methyl): see a Picoline

Pyridine (3 methyl): see B Picoline

Pyridine (4 methyl): see & Picoline

Pyridine (2.3.5 trichloro): clodinafop, isoxapyrifop

Pyridine (2.3.5 trichloro, 6 hydroxy): chlorpyrifos

Pyrimidine (2 amino 4.6 dichloro)*: bensulfuron, chlorimuron, flazasulfuron, nicosulfuron, pyrazosulfuron

Pyrimidine (2 amino, 4 chloro, 6 methoxy)*: chlorimuron

Pyrimidine (2 amino 4.6 difluoro methoxy)*: primisulfuron

Pyrimidine (2 amino 4.6 dihydroxy)*: bensulfuron, flazasulfuron, nicosulfuron, primisulfuron, pyrazosulfuron

Pyrimidine (2 amino 4.6 dimethoxy)*: amidosulfuron, bensulfuron, flazasulfuron, halosulfuron, imazosulfuron,
nicosulfuron, pyrazosulfuron, rimsulfuron

Pyrimidine (2 amino 4.6 dimethyl)*: sulfometuron

Pyrimidine (5 bromo): ancymidol, fenarimol, flurprimidel, nuarimol

Pyrimidine (5 butyl 4 hydroxy 6 methyl 2 methyl thio): methirimol

Pyrimidine (2 chloro 4.6 dimethoxy): pyrithiobac

Pyrimidine (2 chloro 4.6 dimethyl): ferimzone

Pyrimidine (2 chloro 4 methoxy 6 amino): chlorimuron

Pyrimidine (2.4 dichloro, 6 methyl)*: crimidine

Pyrimidine (2.4 dihydroxy 6 methyl)*: crimidine

Pyrimidine (4.6 dimethoxy, mercapto): pyrithiobac

Pyrimidine (2 dimethyl amino 4 hydroxy 5.6 dimethyl)*: pirimicarb

Pyrimidine (5.5 dimethyl per hydro 2 hydrazide): hydramethylnon

Pyrimidine (4.6 dimethyl, 2 methyl sulfonyl): pyrimethanil

Pyrimidine (2 ethyl 4 ethoxy 6 hydroxy): etrimfos

Pyrimidine 2 hydroxy 5 methyl 6 carbethoxy pyrazole): pyrazophos

Pyrimidine (methyl 5 carboxylate): fenarimol

Pyrimidine (2 thiomethyl 4 methyl 6 propynil): mepanipyrim

Pyrimidine (2.4.6 trichloro, 5 thio methyl): tioclorim

Pyrogallol*: bendiocarb

Pyruvic acid*: pyraclofos, sulfentrazone

Quinazoline (4 hydroxy)*: fenazaquin

Quinoline (7 chloro 3.8 dimethyl): quinmerac
Quinoline (7 chloro 8 methyl): quinclorac

Quinoline, 2.3 dicarboxilic acid: imazaquin
Quinoxaline*: quinomethionate, quizalofop-ethyl
Quinoxaline (2.6 dichloro)*: propaquizafop, quizalofop
Quinoxaline (6 methyl 2.3 dichloro): chinomethionate
Quinoxaline (2 hydroxy)*: quinalphos

Quinoxaline (2 hydroxy, 6 chloro)*: propaquizafop

Resorcinol*: coumaphos, metobenzuron, oxyfluorfen

Saccharin: clorimuron, ethametsulfuron, metsulfuron-methyl, primisulfuron, sulfometuron, tribenuron
Safrole: piperonyl butoxide

Salicylic acid*: isofenphos, niclosamide, trichlamide

Salicylaldehyde*: dioxacarb

Silane (2 chloro ethyl trichloro): etacelasil

Silane (cyano frimethyl): furilazole

Silane (dichloro dimethyl): silafluofen

Silane (trichloro): thenylchlor

Silane (trimethyl bromide): flumetsulam

Silver chloride: mepiquat chloride
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Sodamide (sodium amide)*: pronamide

Sodium acetylide: pronamide

Sodium arsenite: cacodylic acid, DBMA, MSMA

Sodium azide: aziprotrine

Sodium bisulfide: dipyrithione

Sodium borohydride: brodifacoum, diclobutrazol, difenacoum, difethialone, diniconazole, fenpropidin, flocoumafen,
imidacloprid, imizalil, inabenfide, paclobutrazol, penconazole, triadimenol, uniconazole

Sodium butyl mercaptide: see Butyl mercaptan

Sodium chlorate: cloroneb

Sodium chloro propionate: see Chloro propionic acid

Sodium cyanamide: dodine

Sodium cyanide: chlorfenac, cyfluthrin, cymoxanil, dithianon, flucythrinate, flupropanate, triclopyr, see PCBA

Sodium diethyl phosphite: see Diethyl phosphite

Sodium disulfide: pyrithiobac

Sodium ethyl mercaptide: see Ethyl mercaptan

Sodium hydride: benfuresate, diclobutrazol, pyrithiobac, resmethrin

Sodium hydrosulfide: flazasulfuron, quinomethionate

Sodium isopropyloxide: flutalonil

Sodium methoxide: benfuresate, chlorimuron, difenoxuron, difenzoquat, prometon, terbumeton

Sodium methyl mercaptide: see Methyl mercaptan

Sodium methyl thiophenate: see Methyl thiophenol

Sodium nitrite: aldicarb, chlorsulfuron, clodinafop, clofentezine, cymoxanil, dichibenil, diclofop, dimefuron,
drazoxolon, ethylchlozate, fenaminosulf, fenchlorazole, fenpiclonil, flupoxam, nipyraclofen, perfluidone,
pyraclofos, pyrazosulfuron, pyrithiobac, silafluofen, sulfentrazone, 2,3,6 TBA, tetradifon, tetrasul,
thifensulfuron, triasulfuron

Sodium phenolate: see Phenol

Sodium phenyl thiosulfonate: bensultap, thiocyclam

Sodium propyl mercaptide: see Propyl mercaptan

Sodium pyrosulfate: pyrithiobac

Sodium sulfide: thiobencarb, thiocyclam

Sodium sulfite: ethylchlozate, fenaminosulf, sulfentrazone

Sodium thiocyanate: cartap

Sodium thiosulfate: thiocyclam

Sodium 1,2,4 triazole: flusilazole

Sorbose: dikegulac-sodium

Stearic acid: glyodin

Succinic acid: quinmerac, resmethrin

Succinic anhydride: daminozide, diclomezine

(Isopropyl) sulfamoyl chloride: bentazon

o.Sulfamoyl methyl benzoate: chlorimuron

Sulfanilamide: flumetsulam

Sulfenyl chloride (tetra chloro): captafol

Sulfenyl chloride (trichloromethane): etridazol

Sulfonamide (chloro): amidosulfuron

Sulfonamide (2 chloro benzene): chlorsulfuron

Sulfonamide (methane N-methyl): amidosulfuron

Sulfonium (trimethy! iodide): hexaconazole, metconazole

Sulfonium (trimethyloxo iodide): ipconazole, triticonazole

Sulfonyl chloride: ethylchlozate

Sulfonyl chloride (methyl) (or methane): ethofumesate, fomesafen, metconazole, sulfentrazone

Sulfony! (trifluoro methane chloride): perfluidone

Sulfonyl (trifluoro methyl fluoride): fipronil, mefluidide

Sulfoxide (dimethyl): ipconazole, pyrithiobac

Sulfur chloride: thiodicarb
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Sulfur dichloride: benfuracarb, furathiocarb, thiocyclam, thiodicarb

Sulfur dioxide: sulfuryl fluoride, triasulfuron

Sulfur tetra fluoride: benfluralin, trifluralin

Sulfuryl chloride: carboxin, chlordane, crotoxyphos, dichlofluanid, dicrotophos, flurazole, heptachlor,
hexachlorobenzene, metribuzin, metsulfovax, mevinphos, monocrotophos, octhilinone, oxycarboxin,
phosphamidon, tolyfluanid

TEP triethyl phosphite: chlorfenvinphos, fonofos, glufosinate

Terephthalic acid*: chlortal, DCPA

Terephthalic dichloride: chlortal

Terpinene: cimmethylin

Terpinene—4 ol: cimmethylin

Tetracarboxy furan®*: resmethrin

1.2.3.4 Tetrachloro benzene: 2.3.6 TBA

1.2.4.5 Tetrachloro benzene: 2.4.5 T, tecnazene

Tetrachloro 1.2 bis dichlore methyl benzene: tetrachloro phthalide

Tetrachloro isophthalic acid: chlorotalonil

2.3.4.5 Tetrachloro nitrobenzene: teflubenzuron

1.1.2.3 Tetrachloro propene*: triallate

Tetrachloro sulfenyl chloride: captafol

1.2.4.5 Tetra fluoro benzene: tefluthrin

2.3.5.6 Tetra fluoro benzyl alcohol: transfluthrin

Tetrafluoro ethylene: flupropanate, tetraconazole

3.4.5.6 Tetrahydrophthalic anhydride: flumiclorac, flumioxazin

1 Tetralol*: coumatetryl

2.2.3.3 Tetramethyl cyclo propane carboxylic acid: fenpropathrin

1.2 Thiadiazole (3 amino): thiadiazuron

1.3.4 Thiadiazole (2 methyl amino 5 ethyl sulfonyl): ethidimuron

8 Thial N octyl propionamide: octhilinone

Thiazole*: thiabendazole

Thiazole 4 aldehyde*: thiabendazole

Thiazole 4 carboxylic acid*: thiabendazole

Thiazolidine 2 one*: fosthiazate

Thioacetamide: metsulfovax, thifluzamide

Thiocarbamic acid*: metribuzin

Thiocarbohydrazide*: metribuzin

Sodium) thiocyanate: cartap

L.4 Thiodiphenol*: thenephos

“hioglycolic acid*: thifensulfuron

‘hiolactic acid: dimethenamid

Thiomethyl phenol*: propaphos

‘hionyl chloride: azinphosmethyl, barban, bensulide, benzthiazuron, bifenthrin, butralin, carboxin, cyhalothrin, DCPA,
dichlobenil, diflufenican, dimethenamid, diphenamid, dithiopyr, endosulfan, ethylchlozate, fenfuram,
fluchloralin, flurazole, fluvalinate, fucythrinate, furmecyclox, inabenfide, isoxaben, naproamide,
methabenzthiazuron, methidathion, nicosulfuron, penconazole, piperalin, pronamide, propaquizafop,
propargite, pyrifenox, thiazopyr, thifluzamide, triforine, thiodicarb, trichlamide, vamidothion

hiophene (2 carbonyl, 3 methoxy): thenylchlor

hiophene(2 carboxylic acid, 3 sulfonamide): thifensulfuron

hiophen (3 methoxy): thenylchlor

hiophenol*: carbofenothion, edifenphos, fonofos, perfluidone

lophenone(2,4 dimethyl tetra hydro 3)*: dimethenamid

liophosgene: chloromethiuron, diafenthiuron, pyributicarb, pyrithiobac

iio phosphoryl chloride: isofenphos, propetamphos, prothiofes, sulfoprofos, tolclofos

o pseudo urea (methyl): hexazinone
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Thio pyran 3 cyclo hexane 1.3 dione: cycloxidim

Thio semi carbazide*: bisthiosemi, triazamate

Thio semi carbazide (4 methyl): thiazafluron

Thiourea: benazolin, bensulfuron, bisthiosemi, carbendazim, dipropetryn, flazasulfuron, flurazole

Thiourea (N.t.butyl,N-isopropyl)*: buprofezin

Thiourea (2 chlorophenyl): benazolin, benzothiazuron

Thiourea (methyl): tebuthiuron, thiazafluron

Tin tetra chloride: azocyclotin, cyhexatin, fenbutatin, fentin

TMP trimethyl phosphite: chlorfenvinphos, crotoxyphos, dichlorvos, dicrotophos, glyphosate, heptenphos,
mevinphos, monocrotophos, naled, phosphamidon, tetrachlorvinphos

TOA triethyl ortho acetate: bifenthrin, cyhalothrin, cypermethrin, deltamethrin, permethrin, tefluthrin

Toluene: bromethalin, chlorbenzilate, chlorotoluron, diclomazine, thiobencarb, see PCBA

p-Toluene sulfonic acid*: amitraz, pretilachlor, propaquizafop, pyriproxifen, triasulfuron

p.Toluene sulfonic chloride: muscalure, pyrazolinate

m.Toluidine*: phenmedipham

p.Toluidine: daimuron, tolyfluanid

Tosyl methyl isocyanide: fenpiclonil

1.3.5 Triazine (2 amino 4.6 dimethoxy)*: cinosulfuron, prosulfuron

1.3.5 Triazine (2 amino 4 methoxy 6 methyl)*: chlorsulfuron, metsulfuron, thifensulfuron, triasulfuron

1.3.5 Triazine (2 methylamino 4 methoxy 6 methyl): tribenuron

1.3.5 Triazine (2 methylamino 6 ethoxy)*: ethametsulfuron

1.3.5 Triazine (hexahydro) 1.3.5 tri(2 chloro phenyl): fosmethilan

1.2.4 Triazole*: azaconazole, azocyclotin, bitertanol, bromuconazole, cyproconazole, diclobutrazol, difeconazole,
diniconazole, etaconazole, fenbuconazole, fluotrimazole, flusilazole, flutriafol, furconazole, hexaconazole,
imibenconazole, ipconazole, metconazole, myclobutanil, paclobutrazol, penconazole, propiconazole,
tebuconazole, tetraconazole, triadimefon, triadimenol, triapenthenol, triticonazole, uniconazole

1.2.4 Triazole (2 amino 5 benzyl thio): flumetsulam

1.2.4 Triazole (5 amino 3 mercapto): metosulam

1.2.4 Triazole (1 isopropyl 3 hydroxy): isazofos

1.2.4 Triazole (1 phenyl 3 hydroxy): triazophos

Tributyl phosphine: chlorphonium chloride

a. 2.4 Trichloro aceto phenone: bromuconazole

Trichloro acetyl chloride: fenchlorazole

1.2.3 Trichloro benzene: aclonifen

1.2.4 Trichloro benzene*: dicamba, tetrachlorvinphos, tetradifon

2.3.6 Trichloro benzoic acid: dicamba

2.3.6 Trichloro benzoylchloride: 2.3.6 TBA

Trichloromethyl sulfenyl chloride: etridazol

2.3.4 Trichloronitrobenzene: aclonifen

2.4.5 Trichlorophenol*: fenoprop, 2.4.5 T, trichloronat

2.4.6 Trichloro phenol*: prochloraz

1.2.3 Trichloro propylene*: diallate

3.5.6 Trichloro 2 pyridinol: chlorpyrifos

2,4,5 Trichloro thiophenol: tetradifon, tetrasul

2,3,6 Trichloro toluene: chlorfenac, dicamba, 2,3,6 TBA

1,1,1 Trichloro 2,2,2 trifluoro ethane: bifenthrin, cyhalothrin, tefluthrin

Tridecylamine: tridemorph

Triethyl ortho acetate: see TOA

Triethyl phosphate: TEPP

Triethyl phosphite: see TEP

Triethyl phosphonacetate: dimethomorph

Trifluoro acetic acid: nicosulfuron, thiazfluron

Trifluoroaceto acetic acid: dithipyr, flurazole, thiazopyr

Trifluoro acetic acid anhydride: thiazfluron
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Trifluoroacetonitrile: flurazole

Trifluoro acetyl chloride: cyhalothrin, fluxofenin

4,4,4 Trifluoro 2 chloro aceto acetic acid ethyl ester: thifluzamide
Trifluoroethanol: furconazole, triflusulfuron

Trifluoro methane sulfonyl chloride: perfluidone

Trifluoro methane sulfonyl fluoride: fipronil, mefluidide

4 Trifluoromethoxy aniline: thifluzamide, triflumuron
m-Trifluoromethyl aniline*: fluometuron, fluorochloridone, norflurazon
p-Trifluoromethyl, B amino ethyl acrylate: dithiopyr

p.Trifluoro methyl benzaldehyde: hydramethylnon

4 Trifluoro methyl benzene: aciftuorfen, fomesafen

3 Trifluoromethyl benzotrichloride: fluotrimazole

2 Trifluoromethyl benzoyl chloride: flutalonil

2 Trifluoromethyl chloro benzene*: flusulfamide

3.5 Bistrifluoromethyl iodo benzene: flupropadine

4 Trifluoromethyl methyloxy benzene: flocoumafen

3 Trifluoromethyl phenol*: diflufenican

4 Trifluoromethyl phenol*: fluoroglycofen, fomesafen, furyloxyfen
2(3 Trifluoromethyl phenoxy)nicotinic acid: diflufenican

3 Trifluoromethyl, phenyl acetonitrile: flurtamone

1(3 Trifluoromethyl phenyl) 3 phenyl acetone: fluridone

3.3.3 Trifluoro propyl benzene: prosulfuron

Trimethyl acetyl chloride: dimefuron, oxadiazon, triazamate
Trimethylamine: chlormequat

2.4.6 Trimethyl benzaldehyde*: tralloxydim

2.3.5 Trimethyl phenol: trimethocarb

3.4.5 Trimethyl phenol: trimethocarb

Trimethyl phosphite: see TMP

Trinitro phenol: see Picric acid

Triphenyl phosphine: acrinathrin, cyhalothrin, cypermethrin, tralomethrin
Triphenyl phosphite: ampropylfos

Triphenyl tin chloride: fentin acetate, fentin hyroxide

Urea: crimidine, cymoxanil, fenuron, isoproturon, phosalone
Urotroprin: cyfluthrin, glyphosate, see PCBA

Veratrole*: dimethomorph
Vinyl phthalimide: dialifos

m.Xylene: chlorotalonil
o—Xylene: pendimethalin
p-Xylene: chiorthal

3.4 Xylenol: xylilcarb
3.5 Xylenol: XMC

Zinc nitrate: mancozeb, propineb
Zinc sulfate: zineb, ziram
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APPENDIX IV
SYNTHESIS OF RAW MATERIALS AND INTERMEDIATES

See PREFACE: How to Use This Handbook

INTERMEDIATES SYNTHESIS

Acetanilide Acetic acid (or anhydride) + aniline
Acetoacetanilide Diketene + aniline

Aceto acetic acid Hydrolysis of ethylacetoacetate
Acetone cyanohydrin Acetone + HCN

Acetophenone (1) Benzene + acetyl chloride

(2) Ethyl benzene + O,
(3) By product of phenol production

Acetyl acetone Ethylacetate + acetone in presence of Na

Acetyl hydrazine Methyl acetate + hydrazine

Aldol Condensation of acetaldehyde

Allyl chloride Chlorination of propene

p.-Amino 2.4 dichlorophenol p-Nitro 2.4 dichlorophenol + H,

Amino guanidine Nitroguanidine + Zn

4 Amino 1 naphthol 1 Naphthol + benzene diazonium chloride followed by sodium
hydrosulfite

m.Amino phenol (1) Nitrobenzene + oleum — m.nitro phenyl sulfonic acid +

H, — m.amino sulfonic acid + NaOH — m.amino
sodium fenolate + H,S0O,

(2) Resorcinol + ammonia

(3 Metaphenylene diamine + NaNO, — diazonium salt +

HCIYH,0
0.Amino phenol o.Nitrophenol + H,
m.Amino toluene m.Nitrotoluene + H,
0.Amino toluene o.Nitrotoluene + H,
p-Amino toluene p.Nitrotoluene + H,
Anisole Phenol + methyl chloride
Anthranilic acid (1) Phthalimide + H,

(2) o.Nitrotoluene + HNO, — o.Nitrobenzoic acid + H,
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INTERMEDIATES

Benzalacetone

Benzaldehyde

Benzene diazonium chloride
Benzene sulfonyl chloride
Benzil

Benzimidazole

Benzoic acid

Benzoin

Benzonitrile

Benzoyl chloride
Benzoyl cyanide

Benzylamine

Benzyl chloride

Benzyl cyanide
Benzylidene chloride

Benzyl mercaptan

S.Benzyl thiouronium chloride

N .C1l

Bromo succinimide
n-Butyl amine
Butyl carbitol
Butyl cellosolve
p.t.Butyl phenol

1.4 Butynediol
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SYNTHESIS

Benzaldehyde + acetone

(1) Toluene + O,
(2) Benzylidene chloride + NaOH

Aniline + NaNo, + HCl

Benzene + chlorosulfonic acid

Oxydation of benzoin

o-Phenylene diamine + formic acid
Toluene + O,

Benzaldehyde condensation

(1) Toluene + NH,

(2) Sodium benzene sulfonate + NaCN
(3) Benzene diazonium chloride + NaCN
Benzoic acid + thionyl chloride

Benzoyl chloride + NaCN

(1) Benzaldehyde + NH,
(2) Benzyl chloride + NH;

(1) Toluene + Cl,
(2) Benzyl alcohol + thionyl chloride

Benzyl chloride + KCN
Benzyl chloride + Cl,

(1) S-benzyl thiouronium chloride + NaOH
(2) Benzyl chloride + NaSH

Benzyl chloride + thiourea

Succinimide + Br,

Butano! + NH,

Butyl cellosolve + ethylene oxide
Butanol + ethylene oxide

Phenol + isobutanol

Acetylene + formaldehyde
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INTERMEDIATES
y Butyrolactone

Catechol (hydro/pyro)

Chloroacetic acid

Chloroacetyl chloride
Chloral

2 Chloro 4 amino toluene
o0.Chloroaniline
p-Chloroaniline
0.Chlorobenzaldehyde
p.Chlorobenzaldehyde
m.Chlorobenzoic acid
o0.Chlorobenzoic acid
p-Chlorobenzoic acid
o0.Chlorebenzoyl cyanide
0.Chlorobenzyl chloride
p-Chlorobenzyl chloride
o0.Chlorobenzylidene chloride
p-Chlorobenzylidene chloride
2 Chloro 4 bromophenol
Chloro 2.4 dinitrobenzene
o/p.Chloronitrobenzene

2 Chloro 4 nitrotoluene
Chloroformates

o/p Chloronitrobenzene

3 Chloro 6 nitrobenzoic acid

2 Chloro 4 nitrotoluene

SYNTHESIS

Acetylene + formaldehyde

(1) Phenol + H,0,

(2) ofp.Chlorophenol + NaGOH + H,SO,
(3) o-Dichlorobenzene + NaOH

(1) Acetic acid + Cl,
(2) Trichloroethylene + H,SO,

Chloroacetic acid + SOCl,
Acetaldehyde + Cl,

2 Chloro 4 nitrotoluene + H, .
o.Chloronitrobenzene + H,
p.Chloronitrobenzene + H,
o0.Chlorobenzylidene chloride + NaOH
p-Chlorobenzylidene chloride + NaOH
Benzoic acid + Cl, + AlCl,
o.Chlorotoluene + HNO,
p-Chlorotoluene + HNO,
0.Chlorobenzoyl chloride + KCN
o.Chlorotoluene + Cl,
p.Chlorotoluene + Cl,
0.Chlorobenzyl chloride + Cl,
p.Chlorobenzy!l chloride + Cl,
o.Chlorophenol + Br,
o.Chloronitrobenzene + HNO,
Chlorobenzene + HNO,
p-Nitrotoluene + Cl,

Phosgene + alcohol
Chlorobenzene + HNO,
m.Chlorobenzoic' acid + HNO,

p-Nitrotoluene + Cl,



INTERMEDIATES

3 Chloro 6 nitrotoluene
o/p.Chlorophenol
p-Chlorophenyl acetic acid
a Chloropropionic acid
Chloropyruvic acid

o/p/2.4 Dichlorotoluene

Coumaric acid
Coumarin
Crotonaldehyde
Cyanoacetic acid
Cyclohexyl amine

Cyclopropane carboxylic acid

3.4 Dichloroaniline

DCPI

DEPA

DECPT
Diazomethane
Diazonium salts

3.4 Dichloroaniline

2.4 Dichlorobenzoic acid
2.6 Dichloro 4 methyl phenol
3.4 Dichloronitrobenzene

2.4 Dichlorophenol

Appendix IV: Synthesis of Raw Materials and Intermediates

SYNTHESIS
m.Chlorotoluene + HNO,
Phenol + Cl,

see Phenyl acetic acid
Propionic acid + Cl,
Pyruvic acid + Cl,

Toluene + Cl, — ortho, para + Cl, -
2.4 dichlorotoluene

Salicyl aldehyde + acetic anhydride

Cyclization of coumaric acid

Dehydration of aldol

Chloroacetic acid + KCN

Aniline + H,

(1) Cyclopropane bromide + KCN —»
cyclopropane cyanide followed by
hydrolysis

(2) Ethylene dibromide + diethyl malonate —
cyclopropane dicarboxylic acid followed by

saponification and monodecarboxylation via
heating

Orthodichlorobenzene + HNQ, — followed by hydro-

genation
3.4 Dichloroaniline + phosgene
P,S; + ethanol
DEPA + Cl,
Chloroform + hydrazine
Amine + NaNO,

(1) p.Chloroaniline + HCl + AICl,
{2) 3.4 Dichloronitrobenzene + H,

2.4 Dichlorotoluene + HNO,
p.Cresol + Cl,
o.Dichlorobenzene + HNO,

p-Chlorophenol + Cl,
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INTERMEDIATES

Dicyano diamide
Diethanol amine

2.6 Diethyl aniline
Diethylmalonate
N-N-Dipheny! thiourea
Diethyl phosphite

3.5 Dihydroxy benzoic acid

Diketene

2.2 Dimethoxy propane
Dimethyl morpholine

2.6 Dimethyl phenyl hydrazine
Dimethyl phosphite
Dioxane

DIPA

DIPCT

Diphenyl acetone

Diphenyl urea

DMPA

DMPCT

Ethanol amine
Ethoxyamine

p.Ethoxy phenyl acetic acid

Ethyl aceto acetate

N-Ethyl aniline
o/m.Ethyl aniline
Ethyl chloroformate

Ethylene diamine

SYNTHESIS

Condensation of cyanamide
Ethylene oxide + NH,

o.Ethylaniline + ethylene
Cyanoacetic acid + ethanol + H,SO,
Phenyl thiourea + aniline HCl

PCl, + ethanol

Benzoic acid + H,SO, — 3.5 disulfonic benzoic acid

followed by alkali fusion
see Ketene
Methyl isopropenyl ether + methanol
Propylene oxide + isopropanolamine
see Phenyl hydrazine
PCl; + methanol
Condensation of ethylene glycol
P,S; + isopropanol
DIPA + Cl,
1 Bromo 3 phenylacetone + benzene
Phenyl urea + aniline HCl
P,S; + methanol
DMPA + Cl,
Ethylene oxide + NH,
Hydroxylamine disulfonic acid + ethyl sulfate
p-Chlorophenyl acetic acid + sodium ethoxide

(1) Diketene + ethanol
(2) Ethyl acetate + sodium ethoxide

Aniline HCl + ethanol
Aniline + ethylene
Phosgene + ethanol

Ethylene dichloride + NH,



INTERMEDIATES
Ethylene glycol

2 Ethyl 6 methylaniline
Ethyl urea

Furan

2 Furoic acid

Glycine

Glycoaldehyde

Glyoxal

Glyoxilic acid

Guaicol

Guanidine

Guanidine (dimethyl)
Guanidine (diethyl)

Guanidine nitrate

Hexamethylene tetramine
Hydroquinone/pyrocatechol
o/p.Hydroxy benzaldehyde

4 Hydroxy benzonitrile

4 Hydroxy coumarin

3 Hydroxy phenyl aceto acetate
8 Hydroxy quinoline

Imidazol

2 Imidazolidinone

Indole
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SYNTHESIS
Ethylene oxide + H,0

o.methylaniline + ethylene

Ethylamine + KOCN

Furfural + NaOH (oxidation + dicarboxylation)
Furfural + NaOH (acid salt) followed by HCl
Chloroacetic acid + NH,

Condensation of formaldehyde

Ethylene oxide + O, (or HNO,)

(1) Dichloroacetic acid + H,0
(2) Electrochemical reduction of oxalic acid with H,

Pyrocatechol + dimethylsulfate

(1) Chlorine cyanide + NH,

(2) Ammonium thiocyanate + NH,
(3 Thiourea + NH,
Dimethylamine + cyanamide

Diethylamine + cyanamide

(1) Guanidine + HNO, + H,SO,
(2) Dicyanodiamide + (NH,)NO,

Formaldehyde + NH,
see Catechol
Phenol + chloroform + KOH

4 Hydroxy benzaldehyde + hydroxylamine followed by
dehydration

Cyclization of acetylsalycilic acid

Aceto acetyl chloride + resorcinol

o.Amino phenol + glycevol + H,SO,

Glyoxal + NH, + formaldehyde

Ethylenediamine + CO,

(1) Cyclization of o.amino phenyl + acetaldehyde

(2) Cyclization of N-formyl, o.toluidine
(3) Cyclization of N-methyl, o.toluidine
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INTERMEDIATES SYNTHESIS
Isocyanates Phosgene + amine
methyl methylamine
ethyl ethylamine
phenyl aniline
etc. etc.
Isonicotinic acid ¥ Picoline + KMnO,
N.Isopropylaniline (1) Isopropylamine + benzene chloride

(2) Aniline HC! + isopropanol

p.Isopropyl aniline p.Nitrocumene + H,
Ketene Cracking of acetic acid
Maleic anhydride Benzene + O,
Maleimide Maleic anhydride + NH;
Malonic acid Hydrolysis of diethyl malonate
Mercaptobenzothiazole Aniline + CS, + S
Mesytil oxide Dehydration of diacetone alcohol
Methallyl chloride Isobutylene + ClL,
Methane sulfonic acid SO, + Methane
Methane sulfonyl chloride Methane sulfonic acid + thionyl chloride
Methoxy ethanol (1) Ethylene oxide + methanol
(2) Ethylene glycol + diazomethane

Methyl acetoacetic acid Acetoacetic acid + methyl iodide
N-Methylaniline Aniline HCl + methanol
Methyl chloroformate Phosgene + methanol
Methyl hydroxylamine Hydroxylamine + dimethyl sulfate
Methyl isothiocyanate Methylamine + thiophosgene
4 Methyl thiophenol 4 Toluene sulfonyl chloride + Zn
Methyl thiourea Methylamine + carbon disulfidle - CH,NHCSSNH, +

Pb (NO,), — methyl isothiocyanate + NH, —

methylthiourea
Morpholine Cyclization of diethanolamine

Mucochloric acid Butyne 1.4 diol + Cl, or furfural + Cl,
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INTERMEDIATES SYNTHESIS

1 Naphthalene sulfonic acid Naphthalene + H,SO, (0°C)

2 Naphthalene sulfonic acid Naphthalene + H,SO, (160°C)

1 Naphthol (1) 1 Naphthaleneamine + H,SO, (hydrolysis)
(2) 1 Naphthalene sulfonic acid + NaOH

2 Naphthol 2 Naphthalene sulfonic acid + NaOH

1.4 Naphthoquinone (1) 4 Amino 1 naphthol + FeCl,
{2) Naphthalene + chromic anhydride

1 Naphthy! acetic acid Naphthalene + acetic anhydride

1 Naphthylamine 1 Nitronaphthalene + H,

Neophyl chloride Benzene + methallyl chloride

Nicotinic acid Paraldehyde + NH; — 2 methyl 5 ethyl pyridine + HNO, —

2.5 dicarboxy pyridine — nicotinic acid

o/p.Nitroaniline (1) o/p.Chloronitrobenzene + NH,
(2) Aniline + HNO,

o.Nitrobenzoic acid o.Nitrotoluene + HNO,

p-Nitro 2.4 dichlorophenol 2.4 Dichlorophenol + HNO,

1 Nitronaphthalene Naphthalene + HNO,

o/p.Nitrophenol (1) o.Chloronitrobenzene + NaOH
(2) Phenol + HNO,

ofp.(m)Nitrotoluene Toluene + HNO, (+ meta)

Paraldehyde Condensation of acetaldehyde

Phenacyl chloride (1) Benzene + chloroacetylchloride

(2) Acetophenone + Cl,
Phenanthrenequinone Oxidation of phenanthrene

p-Phenitidine p-Nitrochlorobenzene + sodium ethylate followed by
reduction with hydrogen

m.Phenoxy benzaldehyde (1) Bromination/hydrolysis of m.phenoxy toluene

(2) Reduction of m.phenoxy benzoic acid methyl ester
Phenyl acetic acid Benzyl cyanide + H,SO,
o/m.Phenylenediamine (1) o/m Nitroaniline + H,

(2) o.Dinitrobenzene + H,
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INTERMEDIATES
Phenyl hydrazine
Phenyl hydroxylamine
4 Phenyl phenol
Phenyl urea

Phenyl thiourea
Phthalimide

a Picoline

Picolines (+ pyridine)

Picric acid

Pinacol
Pinacolone
Piperazine
Pivalic acid
Piperidine

Propargylic alcohol

Propionaldehyde

Propionic acid
n.Propionol

Pyrazole

Pyridine

Pyridine 3 acetic acid
Pyridine (2 benzoyl)

Pyrogallol

SYNTHESIS

Aniline diazonium chleride + Na,SO, + NaOH
Nitrobenzene + Zn

Byphenol + sulfonic acid followed by hydrolysis
Urea + aniline . HCl

Thiourea + aniline . HCl

Phthalic anhydride + NH,

Acetaldehyde + NH,

Acetaldehyde + formaldehyde + NH,

Phenol + H,SO, ~» phenol disulfonic acid followed by
nitration

Condensation of acetone

Pinacol + H,SO,

Condensation of ethanolamine

t.Butyl chloride + Mg— Grignard + CO,

Pyridine + H,

(1) 1.3 Dichloropropene + NaOH —» 3 chloro 2 propen
1 ol + NaOH

(2) Acetylene + formaldehyde

(1) Propylene oxide + H,SO,

(2) n.Propanol + O,

(3) Allyl alcohol A__

n.Propanol + O,

Ethylene + CO

Diazomethane + acetylene

(1) Acrolein + formaldehyde + NH,
(2) Acetaldehyde + formaldehyde + NH,

B Picoline + benzene lithium — B picoline lithium + CO,
2 Benzyl pyridine + O,

Heating of gallic acid



INTERMEDIATES
Pyruvic acid
Quinoxaline
Resorcinol

Saccharin

Salicyl aldehyde
Salycilic acid
Sodamide

Succinimide

Terephthalic acid
Tetracarboxy furan
Tetralol

1.1.2.3 Tetrachloropropylene

Thioacetamide

Thiocarbohydrazide
Thiodipheno!

Thioglycolic acid

4 Thiomethyl phenol
Thiophenol
Thiosemi carbazide

Thiourea

Thiourea (N-t.dibutyl, N-isopropyl)

p-Toluene sulfonic acid
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SYNTHESIS

Tartaric acid + HCl (dehydration)

o.Phenylenediamine + glyoxal

Benzene + H,SO, — m.benzene disulfonic acid + NaOH

(1) Toluene + chlorosulfonic acid — o.toluene sulfonate +
NH, — o.toluene sulfonamide + KMnO,

(2) Anthranilic acid + NaNO, + N,S, — o.sodium benzoate
disulfide + methanol + Cl, — o.sulfony! chloride methyl
benzoate + NH,

Phenol + chloroform + KOH

Phenol + CO,

Na + NH,

Succinic acid + NH; — diammonium succinimate followed
by heating

Paraxylene + O,
Condensation of ethyl sodio oxalacetate
1 Naphthol + H, or Na

1.2.3 Trichloropropylene + Cl, = 1.1.2.2.3 penta chloro-
propane — NaOH — 1.1.2.3 tetrachloropropylene

Ammonium acetate + aluminum sulfide
Acetonitrile + H,S

Thiosemi carbazide + hydrazine
Chlorophenol + Na,S (or Na,S, or potassium ethyl xanthate)

(1) Sodium sulfhydrate + sodium chloroacetate

(2) Sodium chloroacetate + Na,S — thiodim glycolic acid
sodium salt Sletwlvsis

p.Chlorophenol + sodium methyl mercaptide
Benzene sulfonyl chloride + Zn
Thiourea + hydrazine

(1) Fusion of ammonium thiocyanate
(2) Cyanamide + H,S

CS, + t.Butylamine + isopropylamine

Toluene + H,SO,
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INTERMEDIATES
1.2.4 Triazole

1.2.4 Trichlorobenzene
2.4.6 Trichlorophenol

1.2.3 Trichloropropylene

Trifluore methyl phenol
2.4.6 Trimethyl benzaldehyde

Veratrole

SYNTHESIS

Formamide + hydrazine

Orthodichlorobenzene + Cl,

Phenol + chlorine

Propylene + Cl, — 1.2.3 trichloropropane + NaOH —
2.3 dichloropropylene + Cl, — 1.2.2.3 tetrachloro-
propane + NaOH — 1.2.3 trichloropropylene

Chlorine + methyl phenol — trichloromethyl phenol + HF

Mesitylene + CO + AlCl,

Guaiacol + methyl chloride



APPENDIX V
CHEMICAL FUNCTIONS

See PREFACE: How to Use This Handbook

This Appendix lists all products which have the same chemical function. The
synthesis route(s) for each product are described under the heading of the main

function.

When a product has more than one main chemical function, it is listed under all
its functions. However, whenever a function is indicated in parenthesis, this
means that this is the function under which the synthesis route of the compound

is described in the main text.

1. AMIDES AND OTHER

X—(I:I_N FUNCTIONS
0

AMIDES

acephate (phosphoroamido thioate)
acetochlor

alachlor

al]lidochlor

benalaxyl

benodanil

benoxacor (benzoxazine)
benzoylprop—ethyl

bromobutide

butachlor

butenachlor

carboxin (oxathiin)

clomeprop (phenoxy carboxylic acid)
3 CPA (phenoxy carboxylic acid)
cyprofuram

dichlormid

dicrotophos (phosphate ester)
diethatyl—ethyl

diethyl toluamide

diflufenican

dimethachlor

dimethenamid (thiophene)
dimethoate (phosphoro dithioate)
diphenamid

fenfuram

flamprop—isopropyl
flamprop-methyl

fluoroacetamide

flutolanil

fomesafen (phenyl ether)
formothion (phosphoro dithioate)
fosmethilan (phosphoro dithioate)
furalaxyl

hexythiazox (thiazolidine)
inabenfide
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isocarbamid

isoxaben (isoxazole)
mefenacet (benzothiazole)
mefluidide

mepronil

metalaxyl

metazachlor

methfuroxam

metobenzuron (urea)
metolachlor

metsulfovax (thiazole)
monalide

monocrotophos (phosphoro ester)
1 naphthylacetamide
naproanilide

napropamide

naptalam

niclosamide

ofurace

omethoate (phosphoro thioate)
oxadixyl (oxazolidine)
oxycarboxin (oxathiin)
pentanochlor

phosphamidon (phosphate ester)
pretilachlor

pronamide

propachlor

propanil

propisochlor

prothoate (phosphoro dithioate)
tebufenozide (hydrazide)
tebufenpyrad (pyrazole)
tebutam

techloftalam

thenylchlor
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thifluzamide (thiazole) methasulfocarb
trichlamide molinate
triforine orbencarb
vamidothion (phosphoro thioate) pebulate
CARBAMATES prosulfocarb
aminocarb prothiocarb
asulam pyributicarb
barban thiobencarb
bendiocarb tiocarbazil
benfuracarb triallate
benomyl! (benzimidazole) vernolate
carbaryl DITHIOCARBAMATES
carbendazim (benzimidazole) ferbam
carbetamide mancozeb
carbofuran maneb
carbosulfan metam
chlorbufam nabam
chlorpropham propineb
cloethocarb thiram
desmedipham zineb
diethofencarb ziram
dioxacarb OXIME AMIDES
ethiofencarb alanycarb
fenobucarb aldicarb
fenoxycarb aldoxycarb
formetanate butocarboxim
furathiocarb butoxycarboxim
isoprocarb methomy!
karbutilate (urea) oxamyl
mecarbam (phosphoro dithioate) thiodicarb
methiocarb thiofanox
metolcarb OXIMES
mexacarbate alloxydim
phenisopham benzoximate
phenmedipham bromofenoxim
pirimicarb chlorphoxim (phosphoro thioate)
promacyl clethodim
promecarb cycloxidim
propamocarb cymoxanil (urea)
propham fluxofenim
propoxur heptopargil
thiophanate (thiourea) oxabetrinil
thiophanate-methyl thiourea) phoxim
trimethacarb pyrifenox
xmc-see Xylcarb sethoxydim
xylcarb tralkoxydim
THIOCARBAMATES SULFONYL-UREAS
butylate amidosulfuron
cartap bensulfuron
cycloate chlorimuron
diallate chlorsulfuron
dimepiperate cinosulfuron
EPTC ethametsulfuron—-methyl
esprocarb flazasulfuron

fenothiocarb halosulfuron



imazosulfuron
metsulfuron-methyl
nicosulfuron
primisulfuron
prosulfuron
pyrazosulfuron
rimsulfuron
sulfometuron
thifensulfuron
triasulfuron
tribenuron
triflusulfuron
THIOUREAS
antu
chloromethiuron
diafenthiuron
thiophanate-ethyl
thiophanate-methyl
UREAS
benzthiazuron (benzothiazole)
chlorbromuron
chlorfluazuron
chlorotoluron
chloroxuron
cymoxanil
daimuron
difenoxuron
diflubenzuron
dimefuron (oxadiazolone)
diuron
ethidimuron
fenuron
fluazuron
flucofuron
flucyclofuron
flufenoxuron
fluometuron
forchlorfenuron
hexaflumuron
isoproturon
isouron (isoxazole)
karbutilate
linuron
lufenuron
methabenzthiazuron (benzothiazole)
methazole (oxadiazolone)
methyldymron
metobenzuron
metobromuron
metoxuron
monolinuron
monuron
neburon
pencycuron
siduron
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sulcofuron

tebuthiuron (thiadiazole)
teflubenzuron
thiazafluron (thiadiazole)
thidiazuron

triflumuron

2. PHOSPHORO ORGANICS

PHOSPHONATES - PHOSPHINATES -
PHOSPHONIC ACIDS
ampropylfios
chlorphonium chloride
ethephon
fosamine-ammonium
fosetyl-aluminium
glufosinate
glyphosate
trichlorfon
PHOSPHONO THIOATES
cyanofenphos
EPN
fosthiazate
trichloronat
PHOSPHONO DITHIOATES
fonofos
PHOSPHATE ESTERS
chlorfenvinphos
crotoxyphos
dichlorvos-DDVP
dicrotophos
dimethylvinphos
heptenophos
mevinphos
monocrotophos
naled
phosdiphen
phosphamidon
propaphos
tetrachlorvinphos
PHOSPHOROAMIDATES
fenamiphos
phosfolan (dithiolane)
PHOSPHOROTHIOATES
azamethiphos (oxazole)
bromophos
chloretoxyfos
chlorphoxim
chlorpyrifos
coumaphos
cyanophos
demeton-S-methyl
demeton~S-methyl sulphon
diazinon (pyrimidine)
dichlofenthion
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dioxabenzofos

etrimfos

famphur

fenitrothion

fensulfothion

fenthion

iodofenphos

isazofos

isoxathion

methacrifos

omethoate

oxydemeton-methyl

parathion

phoxim (oxime)

pirimiphos~ethyl (pyrimidine)

pirimiphos-methyl (pyrimidine)

profenofos

pyraclofos (pyrazole)

pyrazophos

pyridafenthion

quinalphos (quinoxaline)

temephos

tolclofos

triazophos

vamidothion
PHOSPHORODITHIOATES

anilofos

azinphos—ethyl (triazine)

azinphos-methyl (triazine)

bensulide

cadusafos

carbophenothion

chlormephos

dialifos

dimethoate

dioxathion

disulfoton

edifenphos

ethion

ethoprop

formothion

fosmethilan

iprobenfos

IPSP

malathion

mecarbam

methidathion (thiadiazolone)

phenthoate

phorate

phosalone (benzoxazole)

phosmet

piperophos

prothiofos

prothoate

sulprofos

terbufos

thiometon
PHOSPHOROTRITHIOATES

S,S,S tributyl phosphoro trithioate
PHOSPHOROAMIDOTHIOATES

acephate

butamifos

ditalimfos

isofenphos

mephosfolan

methamidophos

propetamphos
PHOSPHOROTRITHIOITES

merphos
PYROPHOSPHATES

TEPP
THIOPYROPHOSPHATES

sulfotep

0,0,0,0 tetrapropyl dithiopyrophosphate

3. ORGANO ARSENICS, MERCURICS,
TINS

ORGANO ARSENICS
cacodylic acid
DSMA
MSMA
ORGANO MERCURICS
methoxy ethyl mercury acetate
phenyl mercury acetate
ORGANOTINS
azocyclotin
cyhexatin
fenbutatin oxide
fentin acetate
fentin hydroxide

4. HETEROCYCLIC NITROGEN

BENZIMIDAZOLES
benomyl
carbendazim
fuberidazole
thiabendazole
BENZOTHIAZOLES, BENZOTHIAZOLINES,
BENZISOTHIAZOLES
benazolin
benzthiazuron
mefenacet
methabenzthiazuron
probenazole
tricyclazole (triazole)
BENZOXAZINES
benoxacor



flumioxazin
BENZOXAZOLES, BENZOXAZOLINES,

BENZOXAZOLINONES, BENZOXAZOLONES

fenoxaprop (phenoxy carboxylic acid)
phosalone
IMIDAZOLES
imazalil
pefurazoate
prochloraz
triazoxide (triazine)
triflumizole
IMIDAZOLINES, IMIDAZOLIDINES,
IMIDAZOLIDINONES,IMIDAZOLINONES,
glyodin
imazamethabenz
imazapyr
imazaquin
imazethapyr
imidacloprid
iprodione
isocarbamid (amide)
INDAZOLES
ethylchlozate

INDOLES, INDOLEDIONES

captafol

captan

flumiclorac

flumioxazin (benzoxazine)

folpet

indol 3 yl acetic acid

4 indol 3 yl butyric acid
ISOXAZOLES, ISOXAZOLONES,
OXAZOLONES

azamethiphos

drazoxolon

hymexazol

isouron

isoxaben

isoxathion (phosphoro thioate)
MORPHOLINES

dimethomorph

dodemorph

fenpropimorph

tridemorph
OXADIAZOLONES, OXADIAZOLIDINONES

dimefuron

methazole

oxadiazon
OXAZOLIDINES, OXAZOLIDINONES,
OXAZOLIDINEDIONES, OXAZOLES

chlozolinate

clomazone

furilazole

isoxapyrifop
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oxadixyl
vinclozolin
PIPERAZINES
triforine (amide)
PIPERIDINES
dimepiperate (thiocarbamate)
fenpropidin
flupropadine
mepiquat
piperophos (phosphoro dithioate)
piproctanyl
PYRAZINES
diquat
PYRAZOLES
benzofenap
difenzoquat
fenpyroximate
fipronil
halosulfuron (sulfonyl urea)
metazachlor (amide)
nipyraclofen
pyraclofos
pyrazolinate
pyrazophos (phosphoro thioate)
pyrazoxyfen
tebufenpyrad
PYRIDAZINES, PYRIDAZINONES,
PYRIDAZINEDIONES
chloridazon
diclomezine
maleic hydrazide
norflurazon
pyridaben
pyridafenthion (phosphoro thioate)
pyridate
PYRIDINES
azamethiphos (oxazole)
buthiobate
clodinafop (phenoxy carboxylic acid)
chlorpyrifos (phosphoro thioate)
clopyralid
diflufenican (amide)
dipyrithione (disulfide)
dithiopyr
fluazifop (phenoxy carboxylic acid)
fluazuron (urea)
fluroxypyr
forchlorfenuron (urea)
haloxyfop (phenoxy carboxylic acid)
imazapyr (imidazolidinone)
imidacloprid (imadazolidine)
inabenfide (amide)
nitrapyrin
norbomide
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paraquat
picloram
pymetrozine (triazine)
pyributicarb (thiocarbamate)
pyrifenox (oxime)
pyriproxifen (phenyl ether)
thiazopyr (thiazole)
triclopyr
PYRIDONES
fluridone
PYRIMIDINES
ancymidol
bupirimate
crimidine
diazinon
dimethirimol
ethirimol
etrimfos (phosphoro thioate)
fenarimol
fenclorim
ferimzone
flumetsulam
flurprimidol
hydramethylnon
mepanipyrim
metosulam (sulfonamide)
nuarimol
pirimicarb (carbamate)
pirimiphos—ethyl
pirimiphos-methyl
pyrazophos (phosphoro thioate)
pyrimethanil
pyrithiobac
quizalofop (phenoxy carboxylic acid)
tioclorim
(see also sulfonyl ureas)
PYRIMIDINEDIONES
bromacil
lenacil
terbacil
PYRROLES, PYRROLIDINONES
fenpiclonil
fludioxonil
fluoromide
flurochloridone
procymidone
pyroquilon (quinoline)
QUINOLINES
cloquintocet
ethoxyquin
8 hydroxy quinoline
imazaquin (imidazolidinone)
oxine-copper
oxolinic acid
pyroquilon
quinclorac

quinmerac
QUINOXALINES, QUINAZOLINES
chinomethionat (dithiin)
fenazaquin
propaquizafop
quinalphos
quizalofop (phenoxy carboxylic acid)
TETRAZINES
clofentezine
THIADIAZINES, THIADIAZINONES
bentazone
buprofezin
dazomet
THIADIAZOLES, THIADIAZOLONES
ethidimuron (urea)
etridiazole
methidathion
tebuthiuron
thiazafluron
thidiazuron (urea)
THIAZOLES, THIAZOLONES
flurazole
metsulfovax
octhilinone
thiabendazole (benzimidazole)
thiazopyr
thifluzamide
THIAZOLIDINES
flubenzimine
fosthiazate (phosphono thioate)
hexythiazox

TRIAZINES FROM CYANURIC CHLORIDE

ametryn
anilazine
atrazine
aziprotryne
cyanazine
cyprazine
cyromazine
desmetryn
dimethametryn
dipropetryn
eglinazine
methoprotryne
procyazine
proglinazine
prometon
prometryn
propazine
secbumeton
simazine
simetryn
terbumeton
terbuthylazine
terbutryn



trietazine
TRIAZINES NOT DERIVED FROM
CYANURIC CHLORIDE, BENZOTRIAZINES

azinphos—ethyl

azinphos—methyl

hexazinone

metamitron

metribuzin

pymetrozine

triazoxide

(see also sulfonyl ureas)
TRIAZOLES

amitrole

azaconazole

azocyclotin (organo tin)

bitertanol

bromuconazole

cyproconazole

diclobutrazol
difenoconazole
diniconazole
etaconazole
fenbuconazole
fenchlorazole
flumetsulam (pyrimidine)
fluotrimazole
flupoxam
flusilazole
flutriafol
furconazole

. hexaconazole
imibenconazole
ipconazole
isazofos (phosphoro thioate)
metconazole
metosulam (sulfonamide)
myclobutanil
paclobutrazol
penconazole
propiconazole
sulfentrazone
tebuconazole
tetraconazole
triadimefon
friadimenol
triapenthenol
triazamate
triazophos (phosphoro thioate)
tricyclazole
triticonazole
uniconazole
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5. HETEROCYCLIC SULFUR COM-
POUNDS: DITHIINS, OXATHINS, THIO-
PHENES, THIOPYRANES, TRITHIANES

carboxin
chinomethionat/quinomethionate
cycloxidim (oxime)
dimethenamid
dimethipin
dithianon
isoprothiolane
oxycarboxin
phosfolan
thenylchlor (amide)
thicyofen
thiocyclam

6. CARBOXYLIC ACIDS

AROMATIC CARBOXYLIC ACIDS
benazolin (benzothiazoline)
chlorflurenol — methyl ester
endothal
fenitropan
flurenol
naphthylacetic acid
nitrothal isopropyl

PHENOXY CARBOXYLIC ACIDS

AND AMIDES
clodinafop
clomeprop
cloprop
cloxyfonac
3 CPA
4 CPA
24D
24 DB
dichlorprop
diclofop—methyl
fenoprop
fenoxaprop—ethyl
fluazifop-butyl
haloxyfop~methyl
MCPA
MCPB
mecoprop
2 naphthyloxy acetic acid
quizalofop ethyl
245T

HALOGENATED ALIPHATIC ACIDS
dalapon
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flupropanate
TCA
HALOGENATED AROMATIC
CARBOXYLIC ACIDS
bromopropylate
chloramben
chlorfenac
chiorobenzilate
chloropropylate
chlorthal dimethyl
dicamba
plifenate
23.6 TBA
HEXANEDIONE CARBOXYLIC ACIDS
prohexadione
trinexapac

7. HALOGENATED HYDROCARBONS

HALOGENATED HYDROCARBONS
aldrin
camphechlor (toxaphene)
chlordane
chloropicrin
DDT
(DBCP) dibromochloro propane
1.3 dichloropropene
dicofol
dieldrin (see endrin)
dienochlor
endosulfan
endrin - dieldrin
heptachlor
lindane
methyl bromide
mirex
HALOGENATED AROMATICS
bromoxynil
chloroneb
chlorotalonil
dichlobenil
dichlorophen
dicloran - DCNA dichloronitroaniline
hexachlorobenzene
ioxynil
methoxychlor
pentachlorophenol
quintozene
tecnazene
tetrachlorophthalide
tetradifon
tetrasul
tridiphane

8. DIVERSE CHEMICAL FUNCTIONS

AMIDINES
amitraz
chlordimeform
formetanate (carbamate)
BENZOFURANS
benfuracarb (carbamate)
benfuresate
carbofuran (carbamate)
carbosulfan (carbamate)
ethofumesate
furathiocarb (carbamate)
COUMARIN AND SIMILAR DERIVED PRODUCTS
brodifacoum
bromadiolone
coumachlor
coumaphos (phosphoro thioate)
coumatetralyl
difenacoum
difethialone
flocoumafen
warfarin
DISULFIDES
dipyrithione
EXD
thiram (dithiocarbamate)
DIENEDODECANOATES
hydroprene
methoprene
DINITROANILINE HERBICIDES
benfluralin
bromethalin
butralin
dinitramine
ethalfluralin
fluazinam
fluchloralin
flumetralin
isopropalin
nitralin
oryzalin
pendimethalin
prodiamine
profluralin
trifluralin
DINITRO PHENOLS
AND DERIVATIVES
binapacryl
dinobuton
dinocap
dinoseb
dinoseb acetate
dinoterb



DNOC
FURANS - FURANONES
- HYDROFURANS
bromuconazole (triazole)
cyprofuram (amide)
fenfuram (amide)
flurtamone
furalaxyl (amide)
furconazole (triazole)
furilazone (oxazolidine)
furmecyclox
furyloxyfen (phenyl ether)
methfuroxam (amide)
ofurace (amide)
pefurazoate (imidazole)
GUANIDINES
dodine
guazatine
iminoctadine
HYDRAZIDES
daminozide
tebufenozide
INDANEDIONES
chlorophacinone
diphacinone
pindone
PHENYL ETHERS
acifluorfen
aclonifen
bifenox
chlomethoxyfen
chloritrofen
chloroxuron (urea)
clodinafop (phenoxy carboxylic acid)
diclofop (phenoxy carboxylic acid)
difenoxuron (urea)
diofenolan
etofenprox
fenoxycarb (carbamate)
flufenoxuron (urea)
fluoroglycofen
fluoronitrofen
fomesafen
furyloxyfen
halfenprox
lactofen
nitrofen
oxyfluorfen
pyriproxifen
silafluofen (silane)
sulcofuron (urea)
PYRETHROIDS
acrinathrin
allethrin
‘bifenthrin
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bioresmethrin
cyclopropthrin
cyfluthrin
cyhalothrin
cypermethrin
cyphenothrin
deltamethrin
empenthrin
esfenvalerate
fenpropathrin
fenvalerate
flucythrinate
fluvalinate
permethrin
phenothrin
prallethrin
resmethrin
tefluthrin
tetramethrin
tralomethrin
transfluthrin

QUATERNARY AMMONIUM
chlormequat
difenzoquat (pyrazole)
diquat (pyrazine)
mepiquat (piperidine)
paraquat (pyridine)
piproctanil (piperidine)
QUINONES
dichlone
dithianon (dithiin)
quinoclamine
SILANES
etacelasil
silafluofen
SUGAR DERIVATIVES
chloralose
dikegulac - sodium
SULFONAMIDES, SULFAMATES
Sulfopamide:
asulam (carbamate)
bensulide (phosphoro dithioate)
dichlofluanid
famphur (phosphoro thioate)
flumetsulam (pyrimidine)
flusulfamide
metosulam
Sulfamates
bupirimate (pyrimidine)
fomesafen (phenyl ether)
mefluidide (amide)
oryzalin (dinitroaniline)
perfluidone
sulfentrazone (triazole)
sulfluramid
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tolyfluanid
SULFONATES, SULFONES,
SULFITES
ulfonat
benfuresate (benzofuran)
bensultap
chlorfenson
ethofumesate (benzofuran)
fenaminosulf
methasulfocarb (thiocarbamate)
pyrazolinate (pyrazole)
sulcofuron (urea) - sulfonic acid
Sulfones
aldoxicarb (oxime amide)
butoxicarboxim (oxime amide)
demeton-S-methyl (phosphoro thioate)
dimethipin (dithiin)
ethidimuron (urea)

nitralin (dinitroaniline)
oxycarboxin (oxathiin)
perfluidone (sulfonamide)
sulfuryl fluoride
tetradifon (halogenated aromatic)
Sulfites
endosulfan (chlorinated hydrocarbon)
propargite
OTHER TYPES
bisthiosemi
bronopol
chlorthiamid
cinmethylin
fenazox
MCPA-thioethyl
methoxyphenone
muscalure
2 phenyl phenol
piperonyl butoxide



Acephate - 374
Acetochlor - 7
Acifluorfen - 904
Aclonifen - 906
Acrinathrin - 930
Alachlor - 8
Alanycarb - 134
Aldicarb - 135
Aldoxycarb - 136
Aldrin - 800
Allethrin - 931
Allidochlor - 9
Alloxydim - 145
Ametryn - 640
Amides - 2, 752
Amidines - 835
Amidosulfuron ~ 165
Aminocarb - 61
Amitraz - 836
Amitrole - 683
Ampropylfos - 269
Ancymidol - 544
Anilazine - 641
Anilofos - 342
Antu - 208
Aromatic carboxylic acids - 745
Asulam - 62
Atrazine — 642
Azaconazole - 684
Azamethiphos — 463
Azinphosethyl - 668
Azinphosmethyl — 668
Aziprotryne — 643
Azocyclotin - 398

Barban - 63
Benalaxyl - 10
Benazolin - 419
Bendiocartb - 65
Benefin - 859
Benfluralin - 859
Benfuracarb - 66
Benfuresate — 839
Benodanil - 11
Benomyl - 412
Benoxacor ~ 427
Bensulfuron - 167
Bensulide - 343

INDEX
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Bensultap - 988
Bentazone - 608
Benthiocarb - 118
Benzamizole - 468
Benzimidazoles - 410
Benzisothiazoles - 418
Benzofenap - 508
Benzofurans — 838
Benzothiazoles - 418
Benzothiazolines - 418
Benzoxazine - 427
Benzoxazoles — 430
Benzoxazolines - 430
Benzoxazolinones - 430
Benzoxazolones - 430
Benzoximate - 146
Benzoylprop-ethyl - 12
Benzthiazuron - 421
Bifenox - 908
Bifenthrin - 932
Binapacryl - 881
Bioresmethrin - 933
Bisthiosemi - 994
Bitertanol - 685

BHC - 812
Brodifacoum - 843
Bromacil - 568
Bromadiolone - 845
Bromethalin - 861
Bromobutide - 13
Bromofenoxim - 147
Bromophos - 310
Bromopropylate — 782
Bromoxynil - 816
Bromuconazole - 686
Bronopol - 995
Bupirimate - 545
Buprofezin - 611
Butachlor - 14
Butamifos - 376
Butenachlor - 15
Buthiobate - 529
Butocarboxim - 137
Butoxycarboxim - 138
Butralin - 862
Butylate - 101

Cacodylic acid - 391
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Cadusafos — 344 Clodinafop - 754
Camphechlor - 801 Cloethocarb - 76
Captafol — 453 Clofentezine - 606
Captan - 454 Clomazone - 488
Carbamates - 55, 61 Clomeprop - 756
Carbaryl - 67 Cloprop - 757
Carbendazim - 414 Clopylarid - 530
Carbetamide - 69 Cloquintocet - 585
Carbofuran - 70 Cloxyfonac - 758
Carbophenothion - 345 Coumachlor - 846
Carbosulfan - 73 Coumaphos - 314
Carboxin - 737 Coumarin - 842
Cartap ~ 102 Coumatetralyl ~ 847
CDAA -9 3 CPA - 759
Chinomethionat ~ 731 4 CPA - 760
Chlomethoxyfen — 909 Crimidine - 546
Chloralose - 973 Crotoxyphos - 294
Chloramben - 783 Cyanazine - 644
Chlorbromuron - 217 Cyanofenphos - 283
Chlorbufam - 74 Cyanophos - 315
Chlordane - 802 Cycloate - 103
Chlordimeform - 837 Cycloprothrin - 934
Chloretoxyfos — 311 Cycloxidim - 150
Chlorfenac - 784 Cyfluthrin - 936
Chlorfenson - 989 Cyhalothrin - 937
Chlorfenvinphos - 293 Cyhexatin - 399

Chlorfluazuron - 219

Chlorflurenol-methyl ester — 746

Chloridazon - 519

Cymoxanil - 222
Cypermethrin - 939
Cyphenothrin - 944

Chlorimuron - 170 Cyprazine - 645
Chlormephos - 346 Cyproconazole - 688
Chlormequat - 964 Cyprofuram - 16

Chlomitrofen - 910

Cyromazine — 646

Chlorobenzilate — 785

Chloromethiuron - 209 24D - 761

Chloroneb - 818 Daimuron - 224
Chlorophacinone — 899 Dalapon - 778
Chloropicrin - 803 Daminozide - 896
Chloropropylate — 786 Dazomet ~ 612
Chlorothalonil ~ 819 2,4DB - 762
Chlorotoluron - 220 DBCP - 805

Chloroxuron - 221 DCNA - 823
Chlorphonium chloride - 270 DDT - 804

Chlorphoxim - 312 DDVP - 295
Chlorpropham - 75 Deltamethrin - 945
Chlorpyrifos - 313 Demeton-s—methyl - 316
Chlorsulfuron - 171 Demeton-s—methyl sulphon - 317
Chlorthal-dimethyl - 787 Desmedipham - 77
Chlorthiamid - 996 Desmetryn - 647
Chlozolinate - 487 Diafenthiuron - 210
Cinmethylin - 997 Dialifos — 347
Cinosulfuron - 174 Diallate - 347

CIPC - 75 Diazinon — 547

Clethodim - 148



Dibromochloropropane - 805
Dicamba - 789
Dichlobenil - 820
Dichlofenthion - 318
Dichlofluanid - 977
Dichlone - 966
Dichlormid - 17
Dichloronitroaniline - 823
Dichlorophen - 822
Dichlorprop -~ 763

1,3 Dichloropropene - 806
Dichlorvos - 295
Dichlozolinate - 487
Diclobutrazol - 689
Diclofop-methyl - 765
Diclomezine - 520
Dicloran - 823

Dicofol - 807
Dicrotophos ~ 296
Dieldrin - 810
Dienedodecanoates — 855
Dienochlor - 808
Diethatyl—ethyl - 18
Diethofencarb - 78
Diethyltoluamide - 19
Difenacoum - 848
Difenoconazole - 691
Difenoxuron - 225
Difenzoquat - 509
Difethialone - 849
Diflubenzuron - 226
Diflufenican - 20
Dikegulac-sodium - 974
Dimefuron - 479
Dimepiperate - 105
Dimethachlor - 21
Dimethametryn — 648
Dimethazone - 488
Dimethenamid - 740
Dimethipin - 732
Dimethirimol - 548
Dimethoate - 348
Dimethomorph - 472
Dimethyl arsinic acid - 391
Dimethylvinphos - 304
Diniconazole - 692
Dinitramine - 863
Dinitro phenols - 880

Dinitroaniline herbicides — 858

Dinobuton - 882
Dinocap — 883
Dinoseb — 884
Dinoseb-acetate - 885
Dinoterb — 886

Index

Diofenolan - 911
Dioxabenzofos - 319
Dioxacarb - 79
Dioxathion - 349
Diphacinone - 900
Diphenamid - 23
Dipropetryn - 649
Dipyrithione - 853
Diquat - 504

Disodium methyl arsonate — 392
Disulfides - 852
Disulfoton - 350
Ditalimfos - 377
Dithianon - 733
Dithiins - 730
Dithiocarbamates - 122
Dithiolanes -~ 730
Dithiopyr - 531

Diuron - 227
DNOC - 887
Dodemorph - 475
Dodine - 892

Drazoxolon - 464
DSMA (disodium methyl arsonate) — 392

Ebufos - 344
Edifenphos - 351
Eglinazine - 650
Empenthrin ~ 946
Endosulfan ~ 809
Endothal - 747

Endrin - 810
EPN - 284
EPTC - 106

Esfenvalerate - 947
Esprocarb - 108
Etacelasil - 969
Etaconazole - 693
Ethalfluralin - 864
Ethametsulfuron-methyl - 178
Ethephon - 271
Ethidimuron - 228
Ethiofencarb - 80
Ethion - 352
Ethirimol - 549
Ethofumesate — 840
Ethoprop - 353
Ethoprophos - 353
Ethoxyquin -~ 586
Ethylchlozate - 450
Etofenprox ~ 912
Etridiazole - 616
Etrimfos - 320
EXD - 854
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Famphur - 321
Fenaminosulf - 990
Fenamiphos - 306
Fenarimol - 550
Fenazaquin - 596
Fenazox - 998
Fenbuconazole - 694
Fenbutatin oxide - 400
Fenchlorazole - 695
Fenclorim - 552
Fenfuram - 24
Fenitropan — 748
Fenitrothion — 322
Fenobucarb - 81
Fenoprop - 767
Fenothiocarb -~ 109
Fenoxaprop—-ethyl - 768
Fenoxycarb - 82
Fenpiclonil - 576
Fenpropathrin - 948
Fenpropidin - 497
Fenpropimorph - 476
Fenpyroximate - 510
Fensulfothion - 323
Fenthion - 324
Fentin acetate — 401
Fentin hydroxide — 402
Fenuron - 229
Fenvalerate — 949
Ferbam - 123
Ferimzone - 553
Fipronil - 511

Flamprop-M-isopropyl — 25
Flamprop-M-methyl - 26

Flazasulfuron - 181
Flocoumafen - 850
Fluazifop-butyl - 769
Fluazinam - 865
Fluazuron - 231
Flubenzimine - 631
Fluchloralin — 866
Flucofuron - 233
Flucycloxuron - 234
Flucythrinate - 950
Fludioxonil — 578
Flufenoxuron - 235
Flumetralin - 868
Flumetsulam - 554
Flumiclorac - 455
Flumioxazin - 428
Fluometuron - 236
Fluoroacetamide - 27
Fluoroglycofen - 913
Fluoromide - 579
Fluoronitrofen ~ 914

Fluotrimazole - 696
Flupoxam - 697
Flupropadine - 499
Flupropanate -~ 779
Flurazole - 623
Flurenol - 749
Fluridone - 542
Flurochloridone - 580
Fluroxypyr - 535
Flurprimidol - 557
Flurtamone - 889
Flusilazole - 698
Flusulfamide - 978
Flutolanil - 28
Flutriafol - 699
Fluvalinate — 952
Fluxofenim - 151
Folpet - 457
Fomesafen - 915
Fonofos — 289
Forchlorfenuron - 237
Formetanate - 83
Formothion - 355
Fosamine ammonium - 272
Fosetyl aluminium - 273
Fosmethilan - 356
Fosthiazate — 285
Fuberidazole - 416
Furalaxyl - 29
Furanones — 888
Furans — 888
Furathiocarb - 84
Furconazole - 701
Furilazole - 490
Furmecyclox - 890
Furyloxyfen - 916

Glufosinate — 274
Glyodin - 441
Glyphosate - 276
Guanidines - 891
Guazatine - 893

Halfenprox - 917
Halogenated aliphatic acids - 778
Halogenated aromatics — 815

Halogenated aromatic, carboxylic acids — 781

Halogenated hydrocarbons — 799
Halosulfuron - 183
Haloxyfop-methyl - 771

HCH - 812

Heptachlor - 811

Heptenophos - 297

Heptopargil - 152



Heterocyclic nitrogen compounds ~ 404
Heterocyclic sulfur - 729
Hexachlorobenzene - 824
Hexaconazole - 706

Hexaflumuron - 238

Hexanedione carboxylic acids — 795
Hexazinone - 669

Hexythiazox - 632

Hydramethylnon - 558

Hydrazides - 895

Hydrofurans ~ 888

Hydroprene - 856
8-Hydroxyquinoline sulfate - 587
Hymexazol - 465

Imazalil - 433
Imazamethabenz - 442
Imazapyr ~ 444

Imazaquin -~ 445
Imazethapyr - 447
Imazosulfuron - 184
Imibenconazole — 708
Imidacloprid - 448
Imidazoles - 432
Imidazolidine - 440
Imidazolidinone - 440
Imidazolines - 437
Imidazolinones - 437
Iminoctadine - 894
Inabenfide - 30
Indanediones — 898
Indazoles - 450

Indol-3-yl acetic acid — 458
4-Indol-3-yl butyric acid - 459
Indolediones - 452

Indoles — 452
Iodofenphos - 325
Ioxynil ~ 825

Ipconazole - 709
Iprobenfos — 357
Iprodione - 449
IPSP - 358
Isazofos - 326
Isocarbamid - 31
Isofenphos — 378
Isoprocarb - 85
Isopropalin - 869
Isoprothiolane — 734
Isoproturon - 239
Isouron - 466
Isoxaben - 468
Isoxapyrifop - 491
Isoxathion - 327
Isoxazoles — 460
Isoxazolones - 460

Index

Karbutilate - 241

Lactofen ~ 919
Lenacil - 569
Lindane - 812
Linuron - 242
Lufenuron - 244

Malathion - 359

Maleic hydrazide - 521
Mancozeb - 124

Maneb - 125

MCPA - 772
MCPA-thioethyl - 999
MCPB - 773

Mecarbam - 360
Mecoprop - 774
Mefenacet - 423
Mefluidide - 32
Mepanipyrim - 559
Mephosfolan - 379
Mepiquat chloride ~ 501
Mepronil - 33

Merphos - 383
Metalaxyl - 34

Metam - 126
Metamitron - 671
Metazachlor - 35
Metconazole - 711
Methabenzthiazuron - 424
Methacrifos - 328
Metham - 126
Methamidophos — 380
Methasulfocarb - 111
Methazole - 481
Methfuroxam - 36
Methidathion - 617
Methiocartb - 86
Methomyl - 139
Methoprene - 857
Methoprotryne — 651
Methoxychlor - 826
Methoxy ethyl mercury acetate — 395
Methoxyphenone — 1000
Methyl arsonic acid - 393
Methyl bromide - 813
Methyldymron - 246
Metobenzuron - 247
Metobromuron - 249
Metolachlor - 37
Metolcarb - 87
Metosulam - 979
Metoxuron - 250
Metribuzin - 672
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Metsulfovax - 625
Metsulfuron~methyl - 185
Mevinphos —~ 298

Mexacarbate — 88

Mirex - 814

Molinate - 112

Monalide - 38

Monocrotophos - 299

Monolinuron - 251

Monosodium methane arsonate — 393
Monuron - 252

Morpholines - 470

MSMA (monosodium methane arsonate) — 393
Muscalure - 1001

Myclobutanil - 714

Nabam - 127

Naled - 300

Naphthyl acetamide - 39
Naphthyl acetic acid - 750
2-Naphthyloxy acetic acid - 775
Naproanilide - 40
Napropamide - 41
Naptalam - 43

Neburon - 253
Niclosamide - 44
Nicosulfuron - 187
Nipyraclofen - 512
Nitralin - 870

Nitrapyrin - 536

Nitrofen — 920
Nitrothal-isopropyl - 751
Norbormide - 537
Norflurazon - 522
Nuarimeol - 560

Octhilinone - 626
Ofurace - 45

Omethoate - 329
0,0,0',0', Tetrapropyl dithiopyrophosphate - 388
Orbencarb - 113
Organo tins - 397
Organo mercurics - 394
Organo arsenics — 390
Oryzalin - 871
Oxabetrinil - 153
Oxadiazolidinones - 478
Oxadiazolones - 478
Oxadiazon - 482
Oxadixyl - 493

Oxamyl - 140

Oxathiins - 736
Oxazoles - 483
Oxazolidinediones — 483

Oxazolidines - 483
Oxazolidinones — 483
Oxazolones - 462

Oxime amides ~ 132
Oximes - 143
Oxine—copper — 588
Oxolinic acid - 589
Oxycarboxin - 739
Oxydemeton—-methyl - 330
Oxyfluorfen - 921

Paclobutrazol - 690
Paraquat - 598

Parathion -~ 331

PCNB - 828

Pebulate ~ 114
Pefurazoate ~ 434
Penconazole - 715
Pencycuron - 254
Pendimethalin - 872
Pentachlorophenol - 827
Pentanochlor - 46
Perfluidone ~ 982
Permethrin - 953
Phenisopham - 89
Phenmedipham - 90
Phenothrin - 954

Phenoxy carboxylic acids - 752
Phenthoate - 361
Phenyl—ethers — 902
Phenylmercury acetate — 396
2 Phenyl-phenol - 1003
Phorate - 362

Phosalone - 431
Phosdiphen - 301
Phosfolan ~ 735

Phosmet - 363
Phosphamidon - 302
Phosphate esters — 291
Phosphinates — 266
Phosphonates — 266
Phosphonic acids — 266
Phosphonodithioates — 287
Phosphonothioates — 281
Phosphoro organics ~ 261
Phosphoroamidates — 305
Phosphoroamidothioates - 372
Phosphorodithioates — 339
Phosphorothioates — 308
Phosphorotrithioates — 370, 382
Phoxim - 154

Picloram - 539

Pindone - 901

Piperazines - 495



Piperidines — 496
Piperonyl butoxide — 1004
Piperophos — 364
Piproctanyl - 502
Pirimicarb - 91
Pirimiphos—ethyl — 561
Pirimiphos—methyl - 561
Plifenate — 792
Prallethrin - 955
Pretilachlor - 21
Primisulfuron - 191
Probenazole - 426
Prochloraz - 435
Procyazine - 653
Procymidone - 581
Prodiamine - 877
Profenfos - 332
Profluralin - 878
Proglinazine — 654
Prohexadione -~ 796
Promacyl - 92
Promecarb - 93
Prometon - 655
Prometryn - 656
Pronamide - 47
Propachlor — 48
Propamocarb - 94
Propanil - 49
Propaphos - 303
Propaquizafop - 597
Propargite — 981
Propazine - 657
Propetamphos - 381
Propham - 95
Propiconazole — 717
Propineb - 128
Propisochlor ~ 22
Propoxur - 96
Propyzamide - 47
Prosulfocarb - 115
Prosulfuron - 192
Prothiocarb - 116
Prothiofos - 365
Prothoate - 366
Pymetrozine - 674
Pyraclofos - 514
Pyrazines - 503
Pyrazoles - 505
Pyrazolinate - 515
Pyrazophos - 333
Pyrazosulfuron - 194
Pyrazoxyfen - 516
Pyrethroids — 925
Pyributicarb - 117
Pyridaben - 523

Index

Pyridafenthion - 334
Pyridate - 525
Pyridazinediones - 518
Pyridazines ~ 518
Pyridazinones - 518
Pyridines ~ 526
Pyridones - 541
Pyrifenox - 155
Pyrimethanil -~ 562
Pyrimidinediones ~ 567
Pyrimidines - 543
Pyriproxifen - 923
Pyrithiobac-sodium - 563
Pyrophosphates — 384
Pyroquilon ~ 591
Pyrroles - 574
Pyrrolidinones - 572

Quaternary ammonium - 963
Quinalphos - 604
Quinazolines - 594
Quinclorac - 592
Quinmerac - 593
Quinoclamine - 968
Quinolines - 582
Quinomethionate — 731
Quinones - 965
Quinoxalines - 594
Quintozene - 828
Quizalofop-ethyl ~ 776

Resmethrin - 956
Rimsulfuron - 198

Secbumeton - 658
Sethoxydim - 158
Siduron - 255
Silafluofen - 970
Silanes - 969

Simazine - 659
Simetryn - 660
S,S,S-Tributyl phosphorotrithioate ~ 371
Sugar derivatives — 973
Sulcofuron - 256
Sulfamates - 975
Sulfentrazone - 718
Sulfites - 986
Sulfluramid - 984
Sulfometuron - 200
Sulfonamides - 975
Sulfonates — 986
Sulfones - 986
Sulfonyl-ureas — 160
Sulfotep - 387
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Sulfuryl fluoride - 993
Sulprofos - 367

245T-777

2,3,6 TBA - 793

TCA Trichloroacetate — 780
Tebuconazole - 720
Tebufenozide — 897
Tebufenpyrad - 517
Tebutam - 50
Tebuthiuron - 618
Tecloftalam - 51
Tecnazene - 829
Teflubenzuron - 257
Tefluthrin - 959
Temephos - 335

TEPP - 385

Terbacil - 570

Terbufos — 368
Terbumeton - 661
Terbuthylazine - 662
Terbutryn - 663
Tetrachlorophthalide - 830
Tetrachlorvinphos - 304
Tetraconazole - 721
Tetradifon - 831
Tetramethrin —~ 960
Tetrasul - 832
Tetrazines - 605
Thenylchlor - 52
Thiabendazole — 417
Thiadiazines - 607
Thiadiazinones - 607
Thiadiazoles - 613
Thiadiazolones — 613
Thiameturon - 201
Thiazafluron - 620
Thiazoles ~ 621
Thiazolidines - 630
Thiazolones - 621
Thiazopyr - 627
Thicyofen - 741
Thidiazuron - 258
Thifensulfuron - 201
Thifluzamide ~ 629
Thiobencarb - 118
Thiocarbamates — 55, 99
Thiocyclam - 742
Thiodicarb - 141
Thiofanox - 142
Thiometon - 369
Thiophanate—ethyl - 211
Thiophanate-methyl - 211
Thiophenes - 740
Thiopyranes - 740

Thiopyrophosphates - 386
Thioureas — 207
Thiram - 129
Tiocarbazil - 119
Tioclorim - 566
Tolclofos - 336
Tolylfluanid - 985
Toxaphene — 801
Tralkoxydim - 159
Tralomethrin - 961
Transfluthrin - 962
Triadimefon - 722
Triadimenol - 723
Triallate - 120
Triapenthenol - 724
Triasulfuron - 202
Triazamate - 725
Triazines

from cyanuric chloride — 636
not derived from cyanuric chloride -~ 665

Triazoles - 676
Triazophos - 337
Triazoxide - 675
Tribenuron - 204
Trichlamide - 53
Trichlorfon - 280
Trichloronat — 286
Triclopyr - 540
Tricyclazole - 726
Tridemorph - 477
Tridiphane - 833
Trietazine - 664
Triflumizole - 436
Triflumuron - 259
Trifluralin - 879
Triflusulfuron - 205
Triforine - 54
Trimethacarb - 97
Trinexapac - 797
Trithianes - 740
Triticonazole - 727

Uniconazole - 724
Urea compounds — 212
Vamidothion - 338
Vemolate - 121
Vinclozolin - 494

Warfarin - 851

XMC-98
Xylilcarb - 98

Zineb — 130
Ziram - 131



