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SUBSTITUTED BENZENE COMPOUNDS, 
PROCESS FOR THEIR PREPARATION, AND 

HERBICIDAL AND DEFOLIANT 
COMPOSITIONS CONTAINING THEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

RELATION TO OTHER APPLICATIONS 

This application is the US. national stage entry of PCT 
application No. PCT/US98/17197, ?led Aug. 21, 1998, and 
is a continuation-in-part application of US. Ser. No. 08/ 958, 
313, ?led Oct. 27, 1997. 

The present invention relates to substituted benzene 
compounds, process for their preparation, and herbicidal and 
defoliant compositions containing them. 

BACKGROUND OF THE INVENTION 

Use of uracils as herbicides has previously been reported. 
For example, US. Pat. Nos. 4,859,229 and 4,746,352 
describe 3-phenyl uracil derivatives as herbicides. However 
the phenyl ring in the described compounds carry only four 
substituents. US. Pat. No. 4,927,451 describes herbicidal 
compounds carrying ?ve substituents on the phenyl ring 
with a dihydrouracil ring. EP Patent 0705829 describes 
uracil herbicides caring pentasubstituted phenyl ring with a 
carbon linked substituent at position 2 of the phenyl ring. 
US. Pat. No. 5,346,881, 5,441,925, 5,169,431, 5,476,834, 
5,602,077, and WO Patents 97/08170, 08171, 12886 and 
42188 described uracil herbicides carrying a fused penta 
substituted phenyl ring where the 2 position of the phenyl 
ring is substituted either with a carbon, oxygen or nitrogen. 
US. Pat. No. 5,116,404 and JP Patent 05025144 describe 
uracil compounds with a 3-phenyl group which may be 
pentasubstituted but none of these Patents appears to make 
obvious the compounds of the present invention which carry 
a nitrogen linked substituent at position 2 of the phenyl ring 
alongwith substituents at positions 3, 4, and 6 and there 
appears to be no indication as to the criticality of the 
substitution pattern of the phenyl moiety in order to intro 
duce the high herbicidal activity in combination with selec 
tivity towards crops. Similarly use of pyraZole, 
tetrahydrophthalimide, triaZolinone, tetraZolinone, and tria 
Zolidine derivatives are herbicides has been described before 
such as US. Pat. Nos. 5,281,571, 4,881,967, 5,084,085, WO 
Patent 85/01939, and Japanese Pat. No. 1-121290 respec 
tively. PyridaZinones, pyridyls, bicyclic hydantoins, 
phthalimides, pyrimidinones, pyraZinones, and pyridinones 
have also been described as herbicides such as WO Patent 

97107104, 95102580, 95123509, EP Patent 0786453, WO 
Patent 97/06150, 97/11060, and 97/28127. However, despite 
the broad coverage of these Patents, the general structure of 
the present invention has not been described. 

SUMMARY OF THE INVENTION 

This invention delineates a method for the control of 
undesired vegetation in a plantation crop by the application 
to the locus of the crop an e?‘ective amount of a compound 
described herein. The herbicidal and defoliant compounds of 
the present invention are described by the following general 
formula I or its salts: 
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wherein X is hydrogen, halogen, nitro, amino, NMR, 
N(R)2, amide, thioamide, cyano, alkylcarbonyl, 
alkoxycarbonyl, alkylsulfonamide, unsubstituted or 
substituted alkyl, haloalkyl, alkoxy, haloalkoxy, 
alkoxycarbonylalkoxy, benZyloxy, aryloxy, or het 
eroaiyloxy; 

Y is hydrogen, halogen, or nitro; 

W is hydrogen, OR, SR, NH, N(R)2, CHZR, CH(R)2, or 
C(R)3, halogen, nitro, or cyano, where multiple R 
groups represent any possible combination of substitu 
ents described by R; R is hydrogen, alkyl, alkenyl, 
alkynyl, cycloalkyl, aryl, heteroaryl, alkoxy, 
cycloalkyloxy, aryloxy, heteroaryloxy, alkylsulfonyl, 
benZyl, alkylcarbonyl, alkenylcarbonyl, 
alkynylcarbonyl, arylcaibonyl, heteroarylcarbonyl, 
alkoxycarbonyl, aryloxycarbonyl, or 
heteroaryloxycarbonyl, where any of these groups may 
be unsubstituted or substituted with any of the func 
tional groups represented by one or more of the fol 
lowing: halogen, cyano, nitro, amino, carboxyl; alkyl, 
haloalkyl, alkylsilyl, alkylcarbonyl, haloalkylcarbonyl, 
alkoxy, alkoxycarbonyl, haloalkoxy, 
haloalkoxycarbonyl, alkylsulfonyl, haloalkylsulfonyl, 
aryl, heteroaryl, or cycloalkyl, 

Q is a heterocycle, examples of which are as follows: 
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-continued 
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wherein R1 is hydrogen, alkyl, haloalkyl, alkenyl, 
alkynyl, amino, alkoxyalkyl, acetyl, alkoxycarbonylamino, 
alkylcarbonylamino, or alkoxycarbonyl; 

R2 is alkyl or haloalkyl; 
R1 and R2 could combine to form a ?ve- or six-membered 

heterocyclic ring; 
R3 is hydrogen, halogen, nitro, amino, alkylamino, 

haloalkylamino, cyano, or amide; 

R8 and R9 are independently oxygen, sulfur, or imino 
group; 

Q6, Q7, and Q10 may optionally be unsaturated contain 
ing one or tWo double bonds in the 6-membered ring; 

Z is amino, hydroxyl, thiol, formyl, carboxyl, cyano, 
alkylcarbonyl, arylcarbonyl, aZido, or one of the fol 
loWing: 

Wherein R4 is alkyl, alkenyl, alkynyl, amino, 
cycloalkyl, heterocycloalkyl, alkylsulfonyl, 
arylsulfonyl, benZyl, aryl, heteroaryl, alkylcarbonyl, 
alkenylcarbonyl, alkynylcarbonyl, cycloalkylcarbonyl, 
arylcarbonyl, heteroarylcarbonyl, alkoxycarbonyl, 
alkylithiocarbonyl, cycloalkyloxycarbonyl, 
aryloxycarbonyl, arylthio-carbonyl, aryl-thiocarbonyl, 
heteroaryloxycarbonyl, aminocarbonyl, 
alkylaminocarbonyl, arylaminocarbonyl, 
heteroarylaminocarbonyl, alkoxyabonylcarbonyl or 
arylcarbonylcarbonyl, Where any of these groups may 
be unsubstituted or substituted With any of the func 
tional groups represented by one or more of the fol 
loWing: halogen, cyano, nitro, amino, dialkylamino, 
hydroxyl, carboxyl, alkyl, alkenyl, alkynyl, cycloalkyl, 
alkylcarbonyl, alkylcarbonyloxy, alkoxy, 
alkoxycarbonyl, alkylthio, alkylthiocarbonyl, alkox 
ythiocarbonyl alkylaminocarbonyl, arylaminocarbonyl 
alkylsulfonyl, alkenyloxycarbonyl, 
alkynyloxycarbonyl, aryl, arylcarbonyl, aryloxy, 
aryloxycarbonyl, arylthio, heteroaryl, heteroaryloxy 
carbonyl or methylenedioxy, Wherein the alkyl moiety 
or aryl moiety may be substituted With halogen, cyano, 
nitro, alkyl, alkoxy, haloalkyl, haloalkoxy, 



US RE39,590 E 
5 

alkoxycarbonyl, cycloalkyl, aryl, or heterocycloalkyl; 
and R5 is hydrogen or any one of the groups repre 
sented by R4; or R4 and R5 could combine to form a 4*8 
membered heterocyclic ring; 

Wherein R6 represents alkyl, haloalkyl, dialkylamino, 
unsubstituted or substituted aryl and heteroaryl; and R7 
represents hydrogen, halogen or any of the groups 
represented by R6; 
ADR4, 
*SR4, 
%H2R10, 
4CH(R10)2, 
4C(R10)3> or 

%H=CHR1O 
Wherein R10 is carboxyl, alkyl, alkenyl, anyl, amino, 

cycloalkyl, heterocycloalkyl, alkylsulfonyl, 
arylsulfonyl, benZyl, aryl, heteroaryl, alkylcarbonyl, 
alkenylcarbonyl, alknykarbonyl, cycloalkylcarbonyl, 
atylcarbonyl, heteroarylcarbonyl, alkoxycarbonyl, 
alkyliiocarbonyl, cycloalkyloxycarbonyl, 
aryloxycarbonyl, arylthio-carbonyl, aryl-thiocarbonyl, 
heteroaryloxycarbonyl, aminocarbonyl, 
alkylaminocarbonyl, arylaminocaibonyl, 
heteroarylaminocarbonyl, alkoxycarbonylcarbonyl or 
arylcarbonylcarbonyl, Where any of these groups may 
be unsubstituted or substituted With any of the func 
tional groups represented by one or more of the fol 
lowing: halogen, cyano, nitro, amino, dialkylamino, 
hydroxyl, carboxyl, alkyl, alkenyl, alkynyl, cycloalkyl, 
alkylcarbonyl, alkylcarbonyloxy, alkoxy, 
alkoxycarbonyl, alkylthio, alkylthiocarbonyl, alkox 
ythiocarbonyl alkylaminocarbonyl, 
arylaminocarbonyl, alkylsulfonyl, alkenyloxycarbonyl, 
alkynyloxycarbonyl, aryl, arylcarbonyl, aryloxy, 
aryloxycarbonyl, arylthio, heteroaryl, heteroaryloxy 
carbonyl or methylenedioxy, Wherein the alkyl moiety 
or aryl moiety may be substituted With halogen, cyano, 
nitro, alkyl, alkoxy, haloalkyl, haloalkoxy, 
alkoxycarbonyl, cycloalkyl, aryl, or heterocycloalkyl; 
provided that (1) Z is not alkyl, alkoxy, haloalkyl, 
haloalkoxy, alkylthio, haloalkylthio, alklenyl, 
haloalkenyl, amino, monoalkylamino, dialkylamino, 
alkoxyalkoxy or cyano, When Q is Q1 and R2 is 
haloalkyl, 

(2) Z is not amino When Q is Q3, and 
(3) Z is not hydroxyl, alkoxy, alkenyloxy, alkynyloxy, 

haloalkoxy, haloalkenyloxy, or iNR4R5, Wherein R4 
is alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, 
haloalkenyl, alkylsulfonyl, alkylcarbonyl, 
alkoxycatbonyl, or cycloalkylalkyl, and R5 is alkyl, 
alkenyl, alkynyl, cycloalkyl, haloalkyl, haloalkenyl, 
alkylcarbonyl, alkoxycarbonyl, or cycloalkylalkyl, 
When Q is Q14 or Q15. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the above de?nitions, the term alkyl used either alone 
or in compound Words such as haloalkyl indicates either 
straight chain or branched alkyls containing 1*8 carbon 
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6 
atoms. Alkenyl and alkynyl include straight chain or 
branched alkenes and alkynes respectively containing 2*8 
carbon atoms. The term halogen either alone or in the 
compound Words such as haloalkyl indicates ?uorine, 
chlorine, bromine, or iodine. Further a haloalkyl is repre 
sented by an alkyl partially or fully substituted With halogen 
atoms Which may be same or different. A cycloalkyl group 
implies a saturated or unsaturated carbocycle containing 3*8 
carbon atoms. A heterocycloalkyl group is a cycloalkyl 
group carrying 1*4 heteroatoms Which are represented by 
oxygen, nitrogen, or sulfur atoms. An aryl group signi?es an 
aromatic carbocycle containing 4*10 carbon atoms, and may 
be phenyl or naphthyl. A heteroaryl group is an aromatic ring 
containing 1*4 heteroatoms Which are represented by 
oxygen, nitrogen, or sulfur atoms, and may for example be 
furanyl, pyridyl, thienyl, pyrimidinyl, benZofuranyl, 
quinolyl, benZothienyl or quinoxalyl. 
The compound of the formula I may form a salt With an 

acidic substance or a basic substance. The salt With an acidic 
substance may be an inorganic acid salt such as a 
hydrochloride, a hydrobromide, a phosphate, a sulfate or a 
nitrate. The salt With a basic substance may be a salt of an 
inorganic or organic base such as a sodium salt, a potassium 
salt, a calcium salt, a quaternary ammonium salt such as 
ammonium salt or a dimethylamine salt. 

The compound of the formula I may exist as geometrical 
or optical isomers and the present invention includes all of 
these isomeric forms. 

Preferred compounds for the reasons of ease of synthesis 
or greater herbicidal efficacy are represented by the formula 
I Wherein 

(1) Z is iNR4, or 4CH2RIO, 
(2) X is halogen or cyano; Y is halogen; W is ‘OR; and 
R is alkyl, alkenyl, or alkynyl, Where any of these 
groups may be unsubstituted or substituted With any of 
the functional groups represented by one or more of the 
folloWing: halogen, cyano, nitro, amino, or carboxyl, or 

(3) Q is Q1 or Q6; R1 is alkyl, amino or haloalkyl; R2 is 
haloalkyl; R3 is hydrogen; and R8 and R9 are indepen 
dently oxygen, sulfur, or imino group, 

Still more preferred compounds for the reasons of greater 
herbicidal ef?cacy are represented by formula I Wherein 
X is halogen; Y is ?uorine; W is OR; R is alkyl, alkenyl, or 
alkynyl, Where any of these groups may be unsubstituted or 
substituted With halogen or cyano; Q is Q1 or Q6; R1 is 
alkyl, amino, or haloalkyl; R2 is haloalkyl; R3 is hydrogen; 
and R8 and R9 are independently oxygen, sulfur, or imino 
group; Z is iNR4R5; R4 is alkylcarbonyl, alkenylcarbonyl, 
alkynylcarbonyl, cycloalkylcarbonyl, arylcarbonyl, 
heteroarylcarbonyl, alkoxycarbonyl, alkylthiocarbonyl, 
cycloalkyloxycarbonyl, aryloxycarbonyl, arylthio-carbonyl, 
aryl-thiocarbonyl, heteroaryloxycarbonyl, aminocarbonyl, 
alkylaminocarbonyl, arylaminocarbonyl, 
heteroarylaminocarbonyl, alkoxycarbonylcarbonyl, 
arylcarbonylcarbonyl, Where any of these groups may be 
unsubstituted or substituted With any of the functional 
groups represented by one or more of the folloWing: 
halogen, cyano, nitro, amino, dialkylamino, hydroxyl, 
carboxyl, alkyl, alkenyl, alkynyl, cycloalkyl, alkylcarbonyl, 
alkylcarbonyloxy, alkoxy, alkoxycarbonyl, alkylthio, 
alkylthiocarbonyl, alkoxythiocarbonyl alkylaminocarbonyl, 
arylaminocarbonyl, alkylsulfonyl, alkenyloxycarbonyl, 
alkynyloxycarbonyl, aryl, arylcarbonyl, aryloxy, 
aryloxycarbonyl, arylthio, heteroaryl, 
heteroaryloxycarbonyl, or methylenedioxy, Wherein the 
alkyl moiety or aryl moiety may be substituted With halogen, 
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cyano, nitro, alkyl, alkoxy, haloalkyl, haloalkoxy, 
alkoxycarbonyl, cycloalkyl, aryl, or heterocycloalkyl; and 
R5 is hydrogen; or Z is 4CH2RlO; R10 is carboxyl alkyl, 
alkenyl or alkynyl, Where any of these groups may be 
unsubstituted or substituted With any of the functional 
groups represented by one or more of the following: 
halogen, cyano, nitro, amino, dialkylamino, hydroxyl, 
caroxyl, alkyl, alkenyl, alkynyl, cycloalkyl, alkylcarbonyl, 
alkylcarbonyloxy, alkoxy, alkoxycarbonyl, alkylthio, 
alkylthiocarbonyl, alkoxythiocarbonyl alkylaminocarbonyl, 
arylaminocarbonyl, alkylsulfonyl, alkenyloxycarbonyl, 
alkynyloxycarbonyl, aryl, arylcarbonyl, aryloxy, 
aryloxycarbonyl, arylthio, heteroaryl, 
heteroaryloxycarbonyl, or methylenedioxy, Wherein the 
alkyl moiety or aryl moiety may be substituted With halogen, 
cyano, nitro, alkyl, alkoxy, haloalkyl, haloalkoxy, 
alkoxycarbonyl, cycloalkyl, aryl, or heterocycloalkyl. 

Certain intermediates of the present invention are novel. 
These are 3-(2-amino-4-chloro-6?uoro-3-methoxyphenyl) 
1 -methyl-6-tri?uoromethyl-2,4(1H,3H)-pyrimidinedione, 
3 -(2-amino-4-chloro-6 -?uoro -3 -methoxyphenyl)-1-amino 
6-tri?uoromethyl-2,4(1H,3H)-pyrimidinedione and repre 
sented by the folloWing formulae (III-V): 

III 

Wherein X, Y, W and Q are the same as de?ned above; and 
M is nitro. 

W 
x' Y’ 

R 

No2 
v 

F NH2 

No2 

Wherein X' and Y' are halogens; and R is the same as de?ned 
above. 

The compounds described by the formula I can be pre 
pared by the procedures as described herein. In general, the 
compounds described in this invention can be prepared by 
one of the tWo routes depending on Whether the heterocyclic 
ring (e.g. uracil ring) is formed prior to or after the nitration 
at the 2 position of the phenyl ring in the ?nal product. 
As depicted in Scheme 1, the starting materials for these 

preparations are the compounds represented by the formula 
VIc. These compounds can be prepared starting from the 
nitro compound VIa via the amine VIb by the procedures 
described in literature, for example U.S. Pat. No. 4,859,229 
(1989). Nitration of VIc is typically carried out by its sloW 
addition to a mixture of sulfuric acid and nitric acid in a ratio 
of 9:1. Typically 34 ml of the nitration mixture is used for 
2*3 mmol of VI and the addition is carried out betWeen 0 to 
—30° C. folloWed by stirring at ambient temperature for 
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8 
0.5i2 hr. Product (VII) is separated by addition of the 
solution to ice Water and ?ltration of the precipitate. The 
product can also be extracted from aqueous layer into 
organic solvents such as ether or ethyl acetate and puri?ed 
by crystallization or column chromatography. Alkylation of 
VII to VIII can be accomplished by treatment of VII With 
alkyl halide, haloalkyl halide, especially the respective 
chloride, bromide, or sulfate in the presence of a base such 
as potassium carbonate or sodium hydride in an inert solvent 
such as acetone, dimethylformamide, dimethylsulfoxide, 
tetrahydrofuran, methyl ethyl ketone, or acetonitrile at a 
temperature range of 0 to 130° C. VIII can be reduced to the 
amine (IX) under typical reduction conditions such as treat 
ment With iron in acetic acid or ethanolic hydrochloric acid; 
or by hydrogenation using palladium on carbon or platinum 
oxide as catalyst. The product IX is puri?ed by typical 
puri?cation procedures of recrystallization or column chro 
matography. 
The amine (IX) can be derivatiZed to yield a variety of 

products generally represented by the formula X. For 
example amides can be prepared by treatment of IX With 
alkyl or aryl acid halides, typically chlorides, or anhydrides 
in the presence of base in an inert solvent. Typically organic 
bases such as triethylamine, diisopropylethylamine, or pyri 
dine can be used in inert solvents such as tetrahydrofuran, 
acetonitrile, or dioxane at a temperature range of ambient to 
re?ux temperature for 2*24 hr. Pyridine can be used alone 
as solvent and base. Acylation catalysts such as dimethy 
laminopyridine (DMAP) can be added to facilitate the 
reaction. Typical Work-up procedure includes removal of 
solvent folloWed by partitioning of the product betWeen 
aqueous and organic solvents such as ether, ethyl acetate or 
methylene chloride. Depending upon the reactivity of the 
acid halide, the product typically consists of a monoamide, 
diamide, or a mixture of the tWo. These can be puri?ed/ 
resolved typically by column chromatography. Mono or 
dialkyl (amino) derivatives of IX can be prepared by its 
treatment With alkyl or haloalkyl halides in the presence of 
base such as potassium or sodium carbonate, or sodium 
hydride in an inert solvent such as tetrahydrofuran or 
dimethylformamide at a temperature of ambient to 120° C. 
for 2*24 hr. Mono or dicarbamoyl derivatives of IX can be 
prepared by its treatment With alkylhaloformates such as 
methyl or ethylchlorofor'mate in the presence of base such as 
potassium or sodium carbonate in an inert solvent such as 
tetrahydrofuran or dimethylformamide at a temperature of 
ambient to 120° C. for 2*24 hr. Mono or di urea derivatives 
of IX can be prepared by its treatment With an alkyl or aryl 
isocyanate, for example methyl or ethyl isocayante, in the 
presence of a base such as triethylamine in an inert solvent 
such as toluene or tetrahydrofuran. Alternatively, IX is ?rst 
converted into its isocyanate derivative by treatment With 
phosgene or triphosgene in toluene or tetrahydrofuran at 
re?ux temperature for 2*6 hr. This isocyanate can, in turn, 
be treated With an alkyl or aryl amine such as methyl or ethyl 
amine in the presence of a base such as triethylamine in an 
inert solvent such as toluene or tetrahydrfuran at a tempera 
ture range of ambient to 130° C. for 2*12 hr to ?nish the 
corresponding urea. IX can be treated With an alkyl dihalide 
such as 1,4-diiodobutane in an inert solvent such as toluene 
or acetonitrile at re?ux temperature in the presence of a base 
such as potassium or sodium carbonate to furnish the 
corresponding cycliZed product such as a pyrrolidine deriva 
tive. IX can be treated With an aromatic or aliphatic aldehyde 
or ketone or its diethyl or dimethyl acetal derivative in an 
inert solvent such as toluene or methylene chloride to 
furnish the corresponding imino derivative. Alternatively, a 
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monoacetyl derivative of IX can be treated With a dehydro- The starting uracil derivative represented by formula XIII 
chlorinating agent such as phosphorus pentachloride to in Scheme 3 can be prepared according to the procedure as 
furnish the corresponding iminochloride. previously described. Compound XIII can be nitrated With 

scHEMEi 

X Y X Y 

U b U 0 
—> 

R R i H 
\o M \o N N/ 

M : No2 Vla M a M : NH2 Vlb O / R 
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V10 
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R i R1 <_d R i H \o N N/ \O N N/ 

N02 M NO M 2 
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VIII v11 

6 l 
X Y X Y 

o o 

R i Rl f R i Rl \o N N/ \o N N/ 

NHZ M Z M O / R2 0 / R2 

IX X 
(a) catalytic reduction; (b) l) triphosgene, 2) NaH, ethyl 3-arnino-4, 4, 4-trifluorocrotonate; 
(c)H2SO4-HNO3; (d) dirnethyl sulfate, base (R1 I CH3); (e) Fe-AcOH; (f) (CF3CO)2O, (e.g. 
Z I N'HCOCF3) 

The starting uracil derivative represented by formula XI nitric acid at 0° C. for l5i30 minutes. Product (XIV) is 
in Scheme 2 can be prepared according to the procedure as Obtalned by addlnon of lee followed by ?hratlon 
described before. The compound XI is nitrated With con 
centrated nitric acid at 0° C. to ambient temperature for 45 W 

l5i30 minutes. Product @(II) is obtained by addition of the X Y 
product mixture to ice-Water folloWed by ?ltration. O 

H i cH3 HNO3 
SCHEME 2 \o N N/ 

H i H HN03 XIII 
\o N N/ ’ X Y 

M 55 O / 
0 R2 H\ /CH3 
XI 0 N N 

X Y N02 M 
0 R2 

O 

A 60 H H XIV 
\o N N/ 

N02 M The desired starting tetraZole derivatives represented by 
0 R2 formula XV in Scheme 4 can be prepared according to the 
X11 65 literature procedure of W0 85/ 01 939. These compounds can 

be nitrated With nitric acid at ambient temperature or at 0° 
C. for l5i30 minutes. Product (XVI) is isolated by addition 
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of ice followed by extraction into an organic solvent such as 
ether or ethyl acetate and puri?ed. XVII can be prepared by 
the reduction of XVI typically by catalytic hydrogenation in 
presence of catalysts such as palladium on carbon or by 
treatment With iron in acetic acid or in ethanolic hydrochlo 
ric acid. XXII can be prepared by reacting XVII With a 
halide in presence ofa base at 50 to 1200 C. for 145 hours. 
Further modi?cation of XVIII to XIX is carried out accord 
ing to the general procedures described for the preparation 
of X from IX (Scheme I). 

SQHENIEA 
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XIX XVII 

The starting triaZolinone derivative represented by for- The desired starting pyraZole derivatives represented by 
mula XX in Scheme 5 can be prepared according to the 40 
literature procedure of US. Pat. No. 4,980,480 (1990). The 
compound XX is nitrated With concentrated nitric acid at 
—15 to 00 C. for 0.542 hr. Product (XXI) is obtained by 
addition of the product mixture to ice-Water folloWed by 
?ltration. 
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formula XXII in Scheme 6 can be prepared according to the 

literature procedure of US. Pat. No. 5,281,571 (1994). 

These compounds can be nitrated in sulfuric acid-nitric acid 

mixture (9:1) With a ratio of 34 ml of the nitrating solution 

to 34 mmol of XXII. The addition is carried out betWeen —15 

to —30° C. folloWed by stirring at ambient temperature for 

142 hr. Product X is isolated by addition of Water folloWed 

by extraction into an organic solvent such as ether or ethyl 

acetate and puri?ed. XXIV can be prepared by the reduction 

of XXII typically by catalytic hydrogenation in presence of 

catalysts such as palladium on carbon or by treatment With 

iron in acetic acid or in ethanolic hydrochloric acid. Further 

modi?cation of XXIV to XXV is carried out according to the 

general procedures described for the preparation of X from 

IX (Scheme I). 
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(a) H2SO-HNO3; (b) catalytic reduction; (e) (CF3CO)2O, (e.g. Z I NHCOCF3) 

The desired starting tetrahydrophthalimide derivative rep- ric acid. XXIX can be prepared by reacting XXVIII With 
resented by formula XXVI in Scheme 7 can be prepared 30 (substituted)alkyl halide in the presence of a base such as 
according to the literature procedure of US. Pat. No. 4,484, potassium carbonate. Further modi?cation of XXIX to XXX 
941 (1984). The compound can be nitrated With nitric acid is carried out according to the general procedures described 
at 0° C. to ambient temperature for half hour. The product for the preparation of X from IX (Scheme I). 
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XXX XXIX 
(a) HNO3; (b) Fe-ACOH; (c) R-X, K2CO3; (d) (crgcoho, (e. g. z : N'HCOCF3) 

(XXVII) is isolated by addition of ice folloWed by extraction Scheme 8 describes the preparation of intermediates rep 
into an organic solvent such as ether, ethyl acetate, or resented by the formulae XXXIII and IV. The starting 
methylene chloride and puri?ed. XXVIII can be prepared by materials (amino phenols and alkyl derivatives represented 
the reduction of XXVII typically by catalytic hydrogenation 65 by the formula VIb) are prepared according to the procedure 
in presence of catalysts such as palladium on carbon or by as described in literature such as US. Pat. No. 4,670,046 
treatment With iron in acetic acid or in ethanolic hydrochlo- (1987) Which upon treatment With phthalic anhydride in 
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acetic acid can afford phthalimide derivative (XXI). Nitra 
tion of XXXI can be carried out by its addition to a mixture 
of sulfuric acid and nitric acid (9:1) at —l5 to —30° C. 
followed by addition of Water and extraction of the product 
(XXII) in organic solvents such as ethyl acetate or ether. 
XXXII can be reduced to the corresponding amine @(XXIII) 
by conventional methods such as treatment With iron in 
acetic acid or ethanolic hydrochloric acid or by catalytic 
hydrogenation in the presence of palladium on carbon. 
Amino group of XXXIII can be derivatiZed as described 
before in Scheme 1 to fumish XXXIV Which in turn can be 
deprotected to ?nish XXXV. Removal of the protecting 

o NH2 
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R c R 
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\o N \o 

o o 

id 
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R 6 R —> 

\o N \o NH2 
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z 
o 

XXXv 

16 
phthalimido group can be accomplished by several methods 
such as treatment With hydraZine in a polar solvent such as 
dimethylsulfoXide or by treatment With on organic amine 
such as methyl amine in ethanol. XXV can then be deriva 
tiZed to the desired compound Qi) according to the knoWn 
procedures as described before in Scheme 1. Alternatively, 
XXXII can ?rst be subjected to deprotection to a?ford the 
amine IV Which can be modi?ed to introduce the heterocy 
clic ring such as the uracil ring (U in XXXVI) according to 
the knoWn procedures. Nitro group in XXXVI can then be 
reduced to a?ford the amine Which can then be derivatiZed as 
described previously to a?ford X. 
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-continued 

(a) AcOH, phthalic anhydride; (b) H2SO4-HNO3; (c) Fe-AcOH; (d) dirnethyl sulfate, base, [e.g. 
z I N(CH3)2]; (e) DMSO-hydrazine; (f) 1) triphosgene, 2) NaH, ethyl 3-arnino-4, 4, 4 

Y X Y 
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i R h R l <— 

N N/ \o U 

z M N03 0 / R 
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No3 

IV 

tri?uorocrotonate, 3) CH3I(R1 I CH3, R; I CF3); (g) 1) triphosgene, 2) NaH, ethyl 3-arnino-4,4,4 

Scheme 9 delineates a process for the preparation of the 
intermediates represented by the formula V. Starting mate 
rials represented by the formula XXXIX are prepared by the 
nitration of XXXVII Which gives XXXVIII Which can be 
reduced to XXXIX according to the literature procedure of 
Japanese Pat. No. 01186849 (1989). The amino group in 
XXXIX is protected by forming amide or carbamate XL and 
the latter is nitrated to give XLI. Deprotection of XLI leads 
to the ortho-nitro aniline V. V can be converted into the 
desired compounds represented by XLV according to the 
procedures as shoWn in the scheme. 
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Scheme 10 describes the preparation of intermediate 

represented by the formulae XLVIII. The starting material 
@(LVI) can be prepared according to the method described 

in patents, such as US. Pat. No. 5,154,755 (1992). XLVI 
reacts With ethyl chloroformate at basic condition to give the 

carbamate XLVII. The latter is nitrated With a mixture of 

nitric acid and sulfuric acid to give the intermediate XLVII 

Which can be N-alkylated With an alkylhalide in the presence 

of base to furnish XLIX. 
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(a) H2SO4—HNO3; (b) Fe—AcOH; (c)pyridine-CICOOEt(e.g.JIN'HCOOEt); (d)H2SO4—HNO3; 

(e) HBR—AcOH; (f) 1) triphosgene, 2) NaH, ethyl 3-amin0-4,4,4-trifluor0crotonate, 3) CH3T 

(Q I uracil ring as in X1 R1 I CH3, R; I CF3); (g) ROH, base (e.g. T I O, R I CH3); (h) Fe—AcOH; (i) 
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Scheme 11 describes an alternative procedure for the 
preparation of compounds represented by the formula LVII 
With varying R groups. Reduction of L to LI is carried out 
using conventional procedures such as catalytic reduction or 
iron-acetic acid miXture. The aniline LI is reacted With 
phenyl chloroformate to afford a carbamte represented by 
the formula LII Which is nitrated With an inorganic salt such 
as ammonium or potassium nitrate in an acid anhydride such 
as acetic anhydride according to published procedure such 
as described in WO 97/42188. Resultant nitro derivative LIII 
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XLVIII 

is cycliZed to furnish the uracil derivative LIV upon reaction 
With an appropriately substituted amino crotonate in the 

presence of an inorganic or organic base eXempli?ed by 
l,8-diaZabicylo[5.4.0]undec-7-ene (DBU). LIV is 
N-derivatiZed to afford LV folloWed by reduction to aniline 
LVI according to conventional procedures as described 
before. LVII is then derivatiZed to afford the ?nal com 
pounds represented by the formula LVII according to the 
procedures as described before. 
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-continued 
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(a) catalytic reduction; CICO2C6H5; (c) Ac2O—N'H4NO3; (d) ethyl 3 amino-4,4,4 
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tri?uorocrotonate, DBU, DMI; (e) CH3I; (f) Fe—AcOH (g) (CF3CO)2O, (e.g. Z I NHCOCF3) 

Scheme 12 describes a process for the preparation of 
compounds represented by the formula LXII Which are 
trisubstituted phenyl derivatives. Ortho-nitroaniline deriva 
tives represented by the formula LVIII are the starting 
materials Which are converted to a ortho-nitro uracil deriva 

tives (LX) according to previously described procedures, 
eg via the NH uracil derivative (LIX). Nitro groups is then 
converted to an amino group (LXI) via conventional reduc 
tion procedures such as cataytic or iron-acetic acid reduction 
folloWed by derivatiZation to furnish LXII. 
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-continued 
(a) NaH, ethyl 3-amino-4,4,4-tri?uorocrotonate; 

(b) 01131; (c) Fe—AcOH; (d) (crscoho, (e.g. z : N'HCOCF; 

Scheme 13 describes a procedure for the preparation of 
trisubstituted phenyl derivatives represented by the formula 
LXVI. Direct nitration of LXIH, Where X and Q (a 
heterocylce) are as previously de?ned, using nitration 
reagents such as nitric acid or a mixture of sulfuric acid 
nitric acid leads to ortho-nitro compounds represented by the 
formula LXIV Which are reduced to the corresponding 
aniline derivatives (LXV) by reduction procedures such as 
catatlytic reduction or iron-acetic acid. Aniline (LXV) is 
then derivatiZed to furnish LXVI. 

SQHEMEll 

X X 

No2 

LXIII LXIV 

z NH2 
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(a) AcOH— N'H4NO3; (b) Fe — AcOH; (c) (crscoho, (e. g. z : N'HCOCF3) 

Scheme 14 delineates a procedure for the preparation of 
tetrasubstituted phenyl derivatives represented by the for 
mula LXXIV. The process is akin to one described in scheme 
11 for the preparation of pentasubstituted phenyl derivatives 
(LVH). The nitro intermediates (LXVH) are reduced to the 
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anilines (LXVIH) via conventional procedures followed by 
derivatiZation to the phenyl carbamate (LXIX) by reaction 
With a phenylhaloformate. Nitration to LXX (inorganic 
nitrate acid anhydirde) is followed by the uracil ring forma 
tion (appropriately substituted crotonate-DBU) (LXXI) and 
N-derivatiZation to furnish LXXII. Reduciton to the aniline 

(LXXIH) is carried out by procedures such as catalytic 
reduction or iron-acetic acid folloWed by derivatiZation to 
furnish LXXIV. 
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24 
-continued 

X Y 
O \CKNiNJQ 

Z OMR 2 
L§Q<IV 

(a) catalytic reduction; (b) CICOZC6H5; (c) Ac2O—NH4NO3; 

(d) ethyl 3-amino-4,4,4-tri?uorocrotonate, DBU, DMI; 

(e) 01131; (n Fe — AcOH (g) (crgcobo, (e. g. z : NHCOCF3) 

Scheme 15 describes various procedures for the deriva 

tiZation of the amino group in LXXV via diaZonium salts 

represented by LXXVI. The diaZonium salts are prepared by 

treatment of the aniline With an inorganic nitrite solution 

such as sodium or potassium nitrite in an acid such as 

sulfuric or hydrochloric acid or by treatment of the aniline 

With an organic nitrite such as t-butyl nitrite in an organic 

solvent such as acetonitrile. Reaction is carried out betWeen 

1&1 5° C. Which results in a stable solution of the diaZonium 

salt Which is reduced to the corresponding hydraZine deriva 

tive represented by the formula LXXVII by reducing agents 

exempli?ed by stannic chloride. HydraZine derivatives are 

then derivatized to a variety of compounds represented by 

the formula (LXXXVI) via conventional reactions such as 

acylation, alkylation, Schilf base formation, etc. The diaZo 

nium group in LXXVI is replaced by a hydroXyl to furnish 

the corresponding phenol (LXXVIH) by its treatment With 

an aqueous solution of cuprous oXide in presence of cupric 

nitrate or cupric sulfate at ambient temperature. LXXVIII is 

then derivatiZed to furnish LXXXVI via conventional reac 

tions such as acylation, alkylation, etc. Treatment of the 

diaZonium salts (LXXXVI) With disul?des (RSSR) leads to 

the formation of corresponding thioethers represented by the 

formula LXXIX Which can be further modi?ed according to 

conventional procedures leading to sulfur analogs repre 

sented by the formula LXXVI. LXXVI can be treated With 

inorganic cyanides leading to the formation of cyano deriva 

tives (LXXXI) Which can be oXidiZed via conventional 

routes to fumish carboXylic acids (LXXXV) Which can then 

be derivatiZed leading to LXXXVI. The diaZonium group 

can also be replaced With an aZido group furnishing LXXX. 

LXXVI can be treated With inorganic iodides to afford the 

iodo compounds (LXXXII) Which can be converted to the 

corresponding aldehydes (LXXXIH) (Which are also 
directly obtainable from LXXVI via conventional 

procedures). LXXXIII can be reduced to fumish corre 

sponding benZyl alcohols (LXXXIV) Which can be deriva 

tiZed to LXXXVI. 
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Scheme 16 describes an altematived procedure for the 
formation of amides @(C). Reaction of the ortho-amino 
phenol LXXXVII With an aliphatic or aromatic acyl halide 
in an organic solvent such as 1,4-dioXane or tetrahydrofuran 
in the absence or presence of an inorganic or organic base 

such as potassium carbonate, sodium carbonate, or 
triethylamine, regioselectively leads to the formation of 
corresponding amide represented by the formula LXXIX. 
LXXXIX can also be produced by the hydrolysis of a 
corresponding alkyl ether such as methyl ether (LXXXVHI) 
by treatment With strong LeWis acids such as boron tribro 
mide or boron tribromide-dimethyl sul?de complex. Phenol 
group in LXXIX is then derivatiZed by treatment With a 
halide in the presence of base such as sodium carbonate or 

potassium carbonate in an organic solvent such as as 

acetone, methyt-ethyl ketone, dimethylsulfoXide, or tetrahy 
drofuran at ambient to re?ux temperatures. 
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(a) Acyl halide; (b) BBr3.Me2S; (c) RlX, base, 
(e.g. R I Z-naphthyl, R1 I CHFZ) 
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Scheme 17 describes a procedure for the preparation of 
pyridaZinone derivatives represented by the formula XCVII 
and XCVIII. Desired starting pyridaZinone derivatives rep 
resented by formula XCI and XCIV can be prepared accord 
ing to the literature procedure of WO 97/07104. These 
compounds can be nitrated With nitric acid or a miXture of 

nitric acid and sulfuric acid at ambient temperature or at 0° 

C. for 15*30 minutes. The products XCII and XCV are 

isolated by addition of ice folloWed by ?ltration. XCII and 
XCVI can be prepared by the reduction With iron in acetic 

acid or in ethanolic hydrochloric acid. Methylation of XCHI 
can be carried out by reacting XCIII With methyl iodide in 
presence of a base at 50 to 1200 C. for 15 hours. Further 

modi?cation of XCVI to XCVIII is carried out by treatment 

of the aniline With an organic nitrite (such as t-butyl nitrite) 
in an organic solvent (such as acetonitrile) and alkyl acrylate 
in the presence of copper(ll) chloride. Modi?cation of XCVI 
to XCVII is carried out by treatment of the aniline With an 

alkyl or aryl acid halide at 50 to 1200 C. for 1*5 hours. 

XCIII 

XCVI 

X if 
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XCVII XCVIH 

(a) HNO3; (b) Fe—AcOH; (c) CH3, base, 

(d) H2SO4—HNO3; (e) RZX, base, (i) t-BuONO-ethyl acrylate-CuClZ 

EXAMPLE 1 

Preparation of 3-(4-chloro-6-?uoro-3-methoxy-2 
nitrophenyl)-6-tri?uoromethyl-2,4(1H, 3H) 

pyrimidinedione (Compound no. 1-1) 
3 -(4 -Chloro -6-?uoro-3 -methoxyphenyl)-6 - 

tri?uoromethyl-2,4(1H, 3H)-pyrimidinedione (10.0 g, 29.5 
mmol) Was slowly added to a stirred mixture of con. sulfuric 
acid (36 ml) and con. nitric acid (4 ml) With stirring at —15° 
C. The solution Was then sloWly Warmed to room tempera 
ture and alloWed to stir for 2 hr. Addition of the solution to 
ice-Water resulted in a light yelloW precipitate Which Was 
separated by ?ltration to a?‘ord the title compound (9.1 g). 

EXAMPLE 2 

Preparation of 3-(4-chloro-6-?uoro-3-methoxy-2 
nitrophenyl)- 1 -methyl-6-tri?uoromethyl-2,4( 1 H, 

3H)-pyrimidinedione (Compound no. 1-5) 
3-(4Chloro-6-?uoro-3-methoxy-2-nitrophenyl) 

6tri?uoromethyl-2,4(1H, 3H)-pyrimidinedione (9 g, 23.5 
mmol) Was dissolved in dimethylformamide (90 ml) and to 
this Were added potassium carbonate (3.9 g, 28.2 mmol) and 
dimethylsulfate (10.2 g, 47 mmol) With stirring. The solution 
Was stirred at ambient temperature for 12 hr and Water Was 
added. Product Was extracted in ethyl acetate and the organic 
layer Was Washed With Water and dried over anhydrous 
sodium sulfate. Removal of the solvent a?‘orded a crude 
product Which Was puri?ed by column chromatography on 
silica gel. Elution of the column With methylene chloride 
a?‘orded the title compound (7.8 g). 

EXAMPLE 3 

Preparation of 3-(2-amino-4-chloro-6-?uoro-3 
methoxyphenyl)-1 -methyl-6-tri?uoromethyl-2,4(1 H, 

3H)-pyrimidinedione (Compound no. 1-4) 

3-(4-Chloro-6-?uoro-3 -methoxy-2-nitrophenyl)-1 
methyl-6-tri?uoromethyl-2,4(1H, 3H)-pyrimidinedione (7.5 
g, 18.9 mmol) Was dissolved in acetic acid (75 ml) and 4.2 
g (75.6 mmol) of iron poWder Was added. The solution Was 
stirred at ambient temperature under nitrogen atmosphere 
for 6 hr and Water Was added. Extraction Was carried out 
With ethyl acetate. Organic layer Was Washed With Water, 
brine, and dried With anhydrous sodium sulfate folloWed by 
evaporation to a?‘ord the title compound (6.8 g). 

EXAMPLE 4 

Preparation of 3 -[4-chloro -2-(2,4di?uorobenZoyl) 
amino-6-?uoro-3 -methoxyphenyl]- 1 -methyl-6 
tri?uoromethyl-2,4( 1 H, 3H)-pyrimidinedione 

(Compound no. 2-42) 
3-(2 -Amino-4-chloro-6?uoro-3 -methoxyphenyl)-1 

methyl-6-tri?uoromethyl-2,4( 1 H, 3H)pyrimidinedione (2.0 
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g, 5.4 mmol) and triethylamine (0.66 g, 6.5 mmol) Were 
dissolved in anhydrous tetrahydro?uran (30 ml) and stirred 
under ice cooling. To this solution Was sloWly added 2,4 
di?uorobenZoyl chloride (0.96 g, 5.4 mmol) and solution 
re?uxed for 2 hr. Another batch of 2,4-di?uorobenZoyl 
chloride (0.19 g, 1.1 mmol) Was added and solution re?uxed 
for 2 hr. Solvent Was removed in vacuo and the product 
puri?ed by column chromatography on silica gel using 
hexane-ethyl acetate (3:1) as the eluent to a?‘ord the title 
compound (2.2 g). 

EXAMPLE 5 

Preparation of 3-(4-chloro-2-diacetylamino-6 
?uoro -3 -methoxyphenyl) -1 -methyl- 6 

tri?uoromethyl-2,4(1H, 3H)-pyrimidinedione 
(Compound no. 2-2) 

A mixture of 3-(2-amino-4-chloro-6-?uoro-3 
methoxyphenyl)-1 -methyl-6 tri?uoromethyl-2,4( 1 H, 3H) 
pyrimidinedione (0.5 g, 1.4 mmol), triethylamine (0.53 g, 
5.6 mmol), acetic anhydride (0.57 g, 5.6 mmol), and anhy 
drous toluene (10 ml) Was re?uxed for 12 hr. Solvent Was 
removed in vacuo and the product puri?ed by chromatog 
raphy on silica gel. Column Was eluted With hexane-ethyl 
acetate (7:3) to furnish the title compound (0.34 g). 

EXAMPLE 6 

Preparation of 3 -(4 -chloro -2 -dimehtylainino-6 
?uoro -3 -methoxyphenyl)-1 -methyl-6 

tri?uoromethyl-2,4(1 H, 3H)-pyrimidinedione 
(Compound no. 1-11) 

To a solution of 3-(2-amino-4-chloro-6-?uoro-3 
methoxyphenyl)- 1 -methyl-6-tri?uoromethyl-2,4(1 H, 
3H)pyrimidinedione (0.6 g, 1.6 mmol) in toluene (10 ml) 
Was added potassium carbonate (0.27 g, 1.92 mmol) fol 
loWed by dimethylsulfate (0.69 g, 3.2 mmol). The solution 
Was re?uxed for 2 hr and solvent Was removed in vacuo. 
Residue Was chromatographed on silica gel and product 
eluted With methylene chloride to a?‘ord the title compound 
(0.12 g). 

EXAMPLE 7 

Preparation of 3-(4chloro-6-?uoro -3 -methoxy-2 
methoxycarbonylaminophenyl)- 1 -methyl-6 
tri?uoromethyl-2,4(1 H, 3H)-pyrimidinedione 

(Compound no. 4- 1) 

A solution of 3 -(2-amino-4-chloro-6-?uoro-3 - 
methoxyphenyl)- 1 -methyl-6-tri?uoromethyl-2,4( 1 H, 3H) 
pyrimidinedione (1 .25 g) and triethylamine (1 ml) in ethyl 
acetate (20 ml) Was added to a solution of triphosgene (1 .0 
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g) in ethyl acetate (15 ml) stirred under nitrogen The mixture 
Was heated at re?ux for 2 hr, cooled, ?ltered and the ?ltrate 
evaporated under reduced pressure to give a bulf colored 
solid (1.4 g). l H NMR (CDCI3, 300 MHZ) 3.58 (3H, s), 4.00 
(3H, s), 6.38 (1H, s), 7.12 (1H, d, J=8.8 HZ) ppm. 
The above isocyanate (0.5 g) dissolved in N,N 

dimethylformamide (10 ml) Was treated With dry methanol 
(2 ml) and stirred at room temperature for tWo days. Water 
and ethyl acetate Were added and the solution separated. The 
organic phase Was dried over sodium sulfate, evaporated, 
and chromatographed on silica gel eluting With ethyl 
acetate-hexane (1:3) to give the title compound as a White 
solid (0.17 g). 

EXAMPLE 8 

Preparation of 3-[2-bis(methylaminocarbonyl) 
amino -4 -chloro-6-?uoro -3 -methoxyphenyl]-1 - 

methyl-6-tri?uoromethyl-2,4(1 H, 3H) 
pyrimidinedione (Compound no .3 - 1) 

To a solution of 3-(2-amino-4-chloro-6-?uoro-3 
methoxyphenyl)- 1 -methyl-6-tri?uoromethyl-2,4( 1 H, 3H) 
pyrimidinedione (0.5 g, 1.4 mmol) and triethylamine (0.17 
g, 1.7 mmol) in anhydrous toluene (10 ml) Was added methyl 
isocyanate (0.1 g, 1.7 mmo.) With stirring. The solution Was 
re?uxed for 2 hr and solvent removed. Residue Was chro 
matographed on silica gel in methylene chloride-methanol 
(99:1) to fumish the title compound (0.56 g). 

EXMPLE 9 

Preparation of 3-[4-chloro-2-methoxyphenyl]-1 
methyl-6-tri?uoromethyl-2,4(1H, 3H) 
pyrimidinedione (Compound no. 1-31) 

A mixture of 3-(2-amino-4-chloro-6-?uoro-3 
methoxyphenyl)- 1 -methyl-6-tri?uoromethyl-2,4( 1 H, 3H) 
pyrimidinedione (0.5 g, 1.4 mmol) and dimethylformamide 
dimethylacetal (0.8 g, 7 mmol) Was re?uxed for 4 hr under 
a blanket of nitrogen. Excess reagent Was removed in vacuo 
and product extracted With ether. Solvent Was removed to 
afford a residue Which Was chromatographed on silica gel. 
Elution of the column With hexane-ethyl acetate (6:4) 
afforded the title compound (0.22 g). 

EXAMPLE 10 

Preparation of 3-(2-amino-4-chloro-6-?uoro-3 
hydroxyphenyl)- 1 -methyl-6-tri?uoromethyl-2,4( 1 H, 3H) 
pyrimidinedione (Compound no. 1-16). 

3-(2 -Amino-4-chloro-6-?uoro-3-methoxyphenyl)-1 - 
methyl-6tri?uoromethyl-2,4(1H, 3H)-pyrimidinedione (1.1 
g, 2.7 mmol) Was dissolved in 50 ml of anhydrous 1,2 
dichloroethane and 3.4 g (10.8 mmol) of borontribromide 
imethylsul?de complex Was added to the solution. The 
solution Was re?uxed for 16 hr and methylene chloride (100 
ml) Was added. Washing With Water folloWed by drying 
(anhydrous sodium sulfate) and removal of the solvent 
afforded a residue Which Was triturated With ether to afford 
the title compound (0.6 g). 

EXAMPLE 11 

Preparation of 3-(4-chloro-6-?uoro-3-hydroxy-2 
nitrophenyl)-6-tri?uoromethyl-2,4(1H, 3H) 

pyrimidinedione (Compound no. 1-2) 

3-(4-chloro-2-?uoro-5-hydroxyphenyl)6-tri?uoromethyl 
2,4(1H,3H)-pyrimidinedione (2.5 g) Was added to an ice 
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cooled con. nitric acid (50 ml). After stirring for 1 hr, the 
reaction mixture Was poured into ice-cold Water. The yelloW 
crystals Were collected by ?ltration to afford the title com 
pound (0.9 g). The ?ltrate Was extracted by ethyl acetate 
(200 ml) and Washed With brine. The organic phase Was 
dried over anhydrous sodium sulfate. After removal of the 
solvent, 0.6 g of title compound Was obtained as yelloW 
crystal. 

EXAMPLE 12 

Preparation of 3-(4 -chloro-6-?uoro-3-hydroxy-2 
nitrophenyl)- 1 -methyl -6 -tri?uoromethyl-2, 4( 1 H, 

3H)-pyrimidinedione (Compound no. 1 -17) 

3 -(4-Chloro -2-?uoro-5 -hydroxyphenyl)-1-methyl-6 
tri?uoromethyl-2,4(1H, 3H)-pyrimidinedione (1.06 g) Was 
added to ice-cold con. nitric acid (10 ml). After stirring for 
30 min, crushed ice Was added. The yelloW crystals Were 
collected by ?ltration to afford the title compound (1.2 g). 

EXAMPLE 13 

Preparation of 1-(4-chloro-6-?uoro-3-hydroxy-2 
nitrophenyl)-4-(3-?uoropropyl)-1,4-dihydro-5-oxo 

5H-tetraZole (Compound no. 5-4) 

1-(4-Chloro-2-?uoro-5-hydroxyphenyl)-4-(3 
?uoropropyl)-tetraZolinone (2.91 g) Was gradually added 
into an ice-cooled nitric acid (20 ml) and stirred for 30 
minutes. Crushed ice Was added folloWed by extraction With 
ethyl acetate. The ethyl acetate extract Was Washed With 
Water, dried over sodium sulfate, concentrated, and ?ltered 
through a silica gel SPE column (2 g) to give the title 
compound as a yelloW solid (3.4 g). 

EXAMPLE 14 

Preparation of 1-(2-amino-4-chloro-6-?uoro-3 
hydroxyphenyl)-4-(3-?uoroproyl)-1,4-dihydro-5 - 

oxo-5H-tetraZole (Compound no. 5-5) 

Iron poWder (2.3 g) Was added to a solution of 1-(4 
chloro-6-?uoro-3 -hydroxy-2-nitrophenyl)-4-(3 - 

?uoropropyl)-1,4dihydro-5-oxo-5H-tetraZole (3.4 g) in ace 
tic acid (50 ml) and stirred at room temperature over night. 
The reaction mixture Was ?ltered through a celite bed. The 
?ltrate Was concentrated under reduced pressure and puri?ed 
by a silica gel column, eluted With hexane-ethyl acetate (2:1) 
to give yelloW crystals (2.75 g). 

EXAMPLE 15 

Preparation of 1-(2 -amino -4 -chloro-6-?uoro -3 - 
propargyloxyphenyl)-4-(3 -?uoroproyl)-1,4-dihydro 

5-oxo-5H-tetraZole (Compound no. 5 - 17) 

The mixture of 1-(2-amino-4-chloro-6-?uoro-3 - 
hyroxyphenyl)(3-?uoropropyl)-tetraZolinone (0.28 g), pro 
pargyl bromide (0.13 g), and potassium carbonate (0.14 g) in 
acetonitrile (5 ml) Was heated under re?ux for 0.5 hour. The 
solvent and excess reagent Were removed under reduced 
pressure. The residue Was puri?ed by a silica gel column, 
eluted With ethyl acetate to give the desired product (0.33 g). 

EXAMPLE 16 

Preparation of 1-(2 -amino -4 -chloro-6-?uoro -3 - 
isopropyloxyphenyl)-4-(3?uoropropyl)-1,4-dihydro 

5-oxo-5H-tetraZole (Compound no. 5 -18) 

The mixture of 1-(2-amino-4-chloro-6-?uoro-3 
hydroxyphenyl)-4-(3 -?uoropropyl)-1,4-dihydro-5 -oxo-5H 
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tetraZole (0.30 g), isopropyl iodide (1.2 ml), and potassium 
carbonate (0.14 g) in acetonitrile (5 ml) Was heated under 
re?ux for 2 hours. The reaction mixture Was evaporated and 
puri?ed by a silica gel column, eluted With hexane-ethyl 
acetate (2:1) to give the desired product (0.29 g). 

EXAMPLE 17 

Preparation of 1-(4-chloro-6-?uoro-3-hydroxy-2 
nitrophenyl)-4-di?uoromethyl-3-methyl-1 ,2,4 

triaZolinone (Compound no. 6-1) 

1-(4-Chloro-2-?uoro-5-hydroxyphenyl)-4 
di?uoromethyl-3-methyl-1,2,4-triaZolinone (0.21 g) Was 
added to con. nitric acid (1.5 ml) at ambient temperature. 
The solution Was vigorously stirred at ambient temperature 
for 15 min. Reaction mixture Was poured into ice-cold Water 
and yelloW precipitate Was collected by ?ltration to afford 
the title compound (0.17 g) as a 1:1 mixture With oxidative 
compound. 

EXAMPLE 18 

Preparation of 1-(2-amino-4-chloro-6-?uoro-3 
hydroxyphenyl)-4 -di?uoromethyl-3 -methyl -1 ,2 ,4 - 

triaZolinone (Compound no. 6-2) 

To a stirred solution of 1-(4-chloro6-?uoro-3—hydroxy-2 
nitrophenyl)-4 -di?uoromethyl-3 -methyl-1,2,4-triaZolinone 
(0.15 g) in a mixed solvent of con. hydrochloric acid (5 ml) 
and methanol (5 ml) Was added 0.3 g of iron poWder at 
ambient temperature. The resulting mixture Was re?uxed for 
1 hr and the solution Was concentrated under reduced 
pressure. The residue Was extracted With ethyl acetate (200 
ml) and the organic phase Was Washed With brine and dried 
over anhydrous sodium sulfate. Solvent Was removed under 
reduced pressure to give title compound as a broWn oil. 

EXAMPLE 19 

Preparation of 4-chloro-3-(4 -chloro-6-?uoro —3 - 
methoxy-2-nitrophenyl) -1 -methyl- 5 -tri?uoromethyl - 

1H-pyraZole (Compound no. 7- 1) 

4-Chloro—3-(4-chloro-2-?uoro-5-methoxyphenyl)-1 - 

methyl-5-tri?uoromethyl-1H-pyraZole (1.2 g, 3.5 mmol) 
Was slurried With 4 ml of conc. sulfuric acid and Was sloWly 
added to a stirred 4 ml of conc. sulfuric acid-con. nitric acid 
(9: 1) at —15° C. Solution Was alloWed to stir at ambient 
temperature for 2 hr and then added to ice Water. Extraction 
With ethyl acetate and removal of the solvent afforded a 
crude product Which Was chromatographed on silica gel. 
Elution of the column With hexane-methylene chloride (4:6) 
furnished the title compound (0.72 g). 

EXAMPLE 20 

Preparation of 4-chloro—3-(2-amino-4-chloro-6 
?uoro3 -metoxyphenyl) -1 -methyl- 5 -tri?uoromethyl 

1H-pyraZole (Compound no. 7-2) 

4-Chloro-3 -(4-chloro-6-?uoro-3-methoxy-2 
nitrophenyl)-1-methyl-5 -tri?uoromethyl-1H-pyraZole (0.48 
g, 1.24 mmol) Was dissolved in toluene (8 ml) and 0.05 g of 
10% palladium on carbon Was added. The solution Was 
vigorously stirred under hydrogen atmosphere for 4 hr at 
ambient temperature and the catalyst Was removed by ?l 
tration. Removal of the solvent afforded a residue Which Was 
chromatographed on silica gel. Elution of the column With 
hexanemethylene chloride (3:7) fumished the title com 
pound (0.38 g). 
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EXAMPLE 21 

Preparation of 6-chloro-4-?uoro-2-nitro—3 
(tetrahydrophthalimido)phenol (Compound no. 8-1) 

2-Chloro-4-?uoro-5 -(tetrahydrophthalimido)phenol (5 .0 
g) Was added into nitric acid (50 ml) at 00 C., Warmed up to 
room temperature in 30 minutes. Crushed ice Was added and 
the solution extracted With methylene chloride. The organic 
phase Was Washed With Water, dried over anhydrous sodium 
sulfate, and puri?ed by a silica gel column, eluted With 
metliylene chloride-ethyl acetate (19: 1) to give 3.67 g of the 
desired product. 

EXAMPLE 22 

Preparation of 2-amino-6-chloro-4-?uoro-3 
tetrahydrophthalimido)phenol (Compound no. 8-2) 

Iron poWder (2.48 g) Was added into a solution of 6-nitro 
4?uoro-2-nitro-3-(tetrahydrophthalimido)phenol (3.67 g) in 
acetic acid (60 ml) and stirred at room temperature for tWo 
hours. The reaction mixture Was diluted With ethyl acetate, 
Washed With Water, dried over anhydrous sodium sulfate, 
evaporated to give 3.6 g of the title compound. 

EXAMPLE 23 

Preparation of N-(2-amino-4-chloro-6-?uoro-3 
propargyloxyphenyl)tetrahydrophthalimide 

(Compound no. 8-3). 

A mixture of 2-amino-6-chloro-4-?uoro-3 
(tetrahydrophthalimido)phenol (0.31 g), propargyl bromide 
(0.2 ml), potassium carbonate (0.14 g), and acetonitrile (5 
ml) Was heated under re?ux for 0.5 hr. The solvent and 
excess reagent Were removed under reduced pressure. The 
residue Was puri?ed by a silica gel column, eluted With ethyl 
acetate to give the title product (0.2 g). 

EXAMPLE 24 

Preparation of N-(2-amino-4-chloro-6-?uoro-3 
isopropyloxyphenyl)tetrahydrophthalimide 

(Compound no. 8-4) 

A mixture of 2-amino-6-chloro-4-?uoro-3 
(tetrahydrophthalimido)phenol (0.31 g), isopropyl iodide 
(1.2 ml), potassium carbonate (0.14 g), and acetonitrile (5 
ml) Was heated under re?ux for 2 hr. The solvent and excess 
reagent Were removed under reduced pressure. The residue 
Was puri?ed by a silica gel column, eluted With ethyl acetate 
to give the title product (0.21 g). 

EXAMPLE 25 

Preparation of N-(2-amino-4-chloro-3 
cyclopentyloxy-6-?uorophenyl) 

tetrahydrophthalimide (Compound no. 8-5) 

A mixture of 2-amino-6-chloro-4-?uoro 
3tetrahydrophthalimido)phenol (0.31 g), cyclopentyl bro 
mide (1.3 ml), potassium carbonate (0.14 g), and acetonitrile 
(5 ml) Was heated under re?ux for 2 hr. The solvent and 
excess reagent Were removed under reduced pressure. The 
residue Was puri?ed by a silica gel column, eluted With ethyl 
acetate to give the title product (0.17 g). 

EXAMPLE 26 

Preparation of 2-chloro-4-?uoro-5-(phthalimido) 
methoxybenZene 

4-Chloro-2-?uoro-5-methoxyaniline (10.0 g, 57 mmol) 
and phthalic anhydride (8.5 g, 57 mmol mmol) Were dis 
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solved in glacial acetic acid (200 ml) and the solution 
re?uxed for 2 hr. Water Was added and the resultant pre 
cipitate Was separated by ?ltration. The residue Was Washed 
With Water and dried to afford the title compound (16.7 g); 
1H NMR (CDCI3, 300 MHZ) 3.89 (3H, s), 6.9 (1H, d, J=6.3 
HZ), 7.33 (1H, d, J=9.0 HZ), 7.82 (2H, m), 7.97 (2H, m) ppm. 

EXAMPLE 27 

Preparation of 6-chloro-4-?uoro-2-nitro-3 
(phthalimido)methoxybenZene 

2-Chloro -4-?uoro-5 -(phthalimido)methoxybenZene (5 .0 
g, 16.4 mmol) Was sloWly added to a stirred mixture of con. 
sulfuric acid-con. nitric acid (10:1, 20 ml) at —20° C. 
Solution Was then Warmed to ambient temperature and 
alloWed to stir for 1 hr. Addition to ice-Water resulted in a 
light yelloW precipitate Which Was separated by ?ltration. 
Column chromatography on silica gel in hexane-methylene 
chloride (3:7) furnished the title compound (3.2 g); 1H NMR 
(CDCI3, 300 MHZ) 4.06 (3H, s), 7.54 (1H, d, J=8.5 HZ), 7.84 
(2H, m), 7.97 (2H, m) ppm. 

EXAMPLE 28 

Preparation of 3-chloro-5-?uoro-2-methoxy-6 
(phthalimido)aniline 

6-Chloro-4-?uoro-2-nitro-3-(phthalimido) methoxyben 
Zene (0.5 g, 1.4 mmol) Was dissolved in glacial acetic acid 
(5 ml) and reduced iron (0.32 g, 5.6 mmol) Was added. The 
solution Was stirred at ambient temperature under a stream 
of nitrogen for 12 hr. Water Was added and the product 
extracted With ethyl acetate folloWed by Washings With 
Water, brine, and drying (anhydrous sodium sulfate). 
Removal of the solvent afforded the title compound (0.4 g); 
1H NMR (CDCl3, 300 MHZ) 3.87 (3H,s), 4.21 (2H, br s), 
6.65 (1H, d, J=9.4 HZ), 7.81 (2H, m), 7.95 (2H, m) ppm. 

EXAMPLE 29 

Preparation of 4-chloro-6-?uoro-3-methoxy-2 
nitroaline 

3-Chloro-5-?uoro-2-methoxy-6-(phthalimido)aniline (0.6 
g, 1.7 mmol) Was dissolved in dimethylsulfoxide (3 ml) and 
anhydrous hydraZine (0.22 g, 6.8 mmol) Was added. The 
solution Was stirred at ambient temperature for 12 hr under 
a stream of nitrogen. Water Was added and the product 
extracted With ether. The organic layer Was Washed With 
Water, dried (anhydrous sodium sulfate), and evaporated to 
furnish the title compound (0.22 g). 1H NMR (CDCl3, 300 
MHZ) 3.98 (3H, s), 5.09 (2H, br s), 7.2 (1H, d, J=10.5 HZ) 
PPm~ 

EXAMPLE 30 

Preparation of 4-chloro-6-?uoro-3-methoxy-2 
nitrophenyl isocyanate 

4-Chloro-4-?uoro-3-methoxy-2-nitroaniline (0.5 g, 2.27 
mmol) Was dissolved in anhydrous toluene (30 ml) and 
triethylamine (0.46 g, 4.54 mmol) Was added. This solution 
Was sloWly added to a stirred solution of triphosgene (0.67 
g, 2.27 mmol) in toluene (30 ml) and the solution re?uxed 
for 2 hr. The solution Was cooled and ?ltered. Clear ?ltrate 
Was evaporated in vacuao to afford the title compound. 1H 
NMR (CDCl3, 300 MHZ) 3.96 (3H, s), 7.38 (1H, d, J=8.8 
HZ) ppm. 

EXAMPLE 31 

Preparation of 3-[4-chloro-6-?uoro-3-methoxy-2 
nitrophenyl]- 1 -methyl-6-tri?uoromethyl-2,4) 1 H, 

3H)-pyrimidinedione (Compound no. 1-5) from 4 
chloro-6-?uoro-3 -methoxy-2-nitrophenyl isocyanate 
Sodium hydride (0.06 g, 2.27 mmol) Was suspended in 10 

ml anhydrous dimethylformamide and to this Was sloWly 
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added a solution of ethyl-3-amino-4,4,4-tri?uorocrotonate 
(0.42 g, 2.27 mmol) in anhydrous toluene (10 ml). The 
solution Was stirred for 15 min. until the evolution of 
hydrogen gas ceased. The solution Was cooled to —300 C. 
and a solution of 4-chloro-6-?uoro-3 -methoxy-2 
nitrophenyl isocyanate (2.27 mmol) in anhydrous toluene 
(10 ml) Was sloWly added With stirring. The solution Was 
then alloWed to Warm to room temperature and methyl 
iodide (1.31 g, 9.1 mmol) Was added. After stirring for 4 hr 
at ambient temperature, Water Was added and product 
extracted With ethyl acetate. Column chromatography on 
silica gel in hexanezmethylene chloride (4:6) afforded the 
title compound (0.13 g). 

EXAMPLE 32 

Preparation of 2-chloro-4-?uoro-5-(phthalimido) 
phenol 

5-Amino-2-chloro-4-?uorophenol (3.0 g, 18.6 mmol) and 
phthalic anhydride (3.3 g, 22.3 mmol) Were dissolved in 
glacial acetic acid (60 ml) and the solution re?uxed for 2 hr. 
Water Was added and the resultant precipitate Was separated 
by ?ltration. The residue Was Washed With Water and dried 
to afford the title compound (5.04 g); 1H NMR (CDCl3+ 
CD3OD, 300 MHZ) 3.68 (1H, s), 6.93 (1H, d, J=6.6 HZ), 
7.27 (1H, d, J=9.1 HZ), 7.84 (2H, dd, J=3.0, 5.5 HZ), dd, 
J=3.0, 5.5 HZ) ppm. 

EXAMPLE 33 

Preparation of 6-chloro-4-?uoro-2-nitro-3 
(phthalimido)phenol 

2-Chloro-4-?uoro-5-(phthalimido)phenol (5.0 g, 17.1 
mmol) Was sloWly added With stirring to con. nitric acid (50 
ml) at —10° C. Solution Was then Warned to ambient tem 
perature. and alloWed to stir for 0.5 hr. Addition to ice-Water 
resulted in a light yelloW precipitate Which Was separated by 
?ltration to afford the title compound (5.5 g); 1H NMR 
(CDCl3+CD3OD, 300 MHZ) 4.36 (H, br s), 7.61 (1H, d, 
J=8.6 HZ), 7.88 (2H, dd, J=3.0, 5.5 HZ), 7.99 (2H, dd, J=3.0, 
5.5 HZ) ppm. 

EXAMPLE 34 

Preparation of 4-chloro-2,5-di?uoronitrobenZene 
@(XXVH) 

1-Chloro-2,5-di?uorobenZene (31.7 g, 0.21 mol) Was dis 
solved in sulfuric acid (110 ml) at —40° C., then a solution 
of sulfuric acid (20 ml) and nitric acid (30 ml) Was added 
dropWise. The mixture Was stirred for 1 hr While temperature 
sloWly raised to 200 C. The product Was forced to crystalliZe 
by mixing the reaction mixture With ice-Water (500 ml), the 
yelloW crystals Were ?ltered, Washed With cold Water and 
dried in fume hood overnight. (38.0 g). 1H NMR (CDCl3, 
300 MHZ) 7.46 (1H, dd, J=9.8, 9.9 HZ), 7.96 (1H, dd, J=7.9, 
7.9 HZ) ppm. 

EXAMPLE 35 

Preparation of 4-chloro-2,5-di?uoroaniline 
(XXXlX) 

1-Chloro-2,5-di?uoro-4-nitrobenZene @(XXVIH) (17.5 
g) Was dissolved in acetic acid (150 ml) in a 1L 3-neck round 
bottom ?ask equipped With cooling condenser. To it iron 
poWder (35.0 g) Was added sloWly While the solution Was 
stirred by an overhead stirrer. The reaction Was exothermic 
















































































































