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The present invention relates to a novel process for 
the preparation of unsymmetrical 4,6-bis(aryloxy)pyrimidine 

10 compounds which are useful as pesticidal agents and novel 

intermediate compounds which are useful in the said 

process. 

Symmetrical and unsymmetrical 4,6-bis(aryfoxy) 

pyrimidine compounds which are useful as pesticidal agents 

15 are described in WO 94/02470. Symmetrical 4,6-bis(aryloxy) 

pyrimidine compounds are prepared in one step by reacting a 

4,6-dihalopyrimidine compound with two molar equivalents of 

a phenol compound. In contrast, unsymmetrical 4,6-bis 

(aryloxy)pyrimidine compounds are significantly more 

20 difficult to prepare because the aryloxy groups must be 

introduced by separate reactions. 

WO 94/02470 discloses that unsymmetrical 4,6-bis­

(aryloxy)pyrimidine compounds are prepared by reacting a 

4,6-dihalopyrimidine compound with one molar equivalent of 
25 a first phenol compound in the presence of a base and then 

reacting the resulting compound with a second phenol 

compound in the presence of a base. However, that process 

is not entirely satisfactory for the commercial manufacture 
of unsymmetrical 4,6-bis(aryloxy) pyrimidine compounds. 

30 When 4,6-dichloropyrimidine is used, scrambling of the 

aryloxy groups occurs, producing symmetrical compounds 

which are difficult to separate from the desired 

unsymmetrical product, as shown in Flow Diagram I. 
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FLOW DIAGRAM I 
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To overcome the scrambling problem associated with 
the use of 4,6-dichloropyrirnidine, 4,6-difluoropyrimidine 

has been used. However, 4,6-difluoropyrimidine is 

prepared from 4,6-dichloropyrimidine by a halogen ex­
change reaction which requires the use of costly reagents 

and consumes a large amount of energy. 

It is therefore an object of the present invention 

to provide a process for the preparation of unsymmetrical 

4,6-bis(aryloxy)pyrimidine compounds which overcomes the 

problems associated with the processes of the art. 
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The present invention relates to a process for the 
preparation of an unsymmetrical 4,6-bis(aryloxy)pyrimi­
dine compound having the structural formula I 

{I} 

wherein 

R and Rs are each independently hydrogen or halogen; 
Ri and R7 are each independently hydrogen, halogen, cyano, 

nitro, alkyl, haloalkyl, alkoxy, alkylthio, amino, 
alkylamino, dialkylamino, alkoxyalkyl, haloalkoxyal­

kyl or alkoxycarbonyl; 
R2 and Rt; are each independently hydrogen, halogen, alkyl, 

haloalkyl, haloalkoxy, haloalkylthio, haloalkenyl, 
haloalkynyl, haloalkoxyalkyl, alkoxycarbonyl, halo­

alkoxycarbonyl, haloalkylsulfinyl, haloalkylsul­

fonyl, nitro or cyano; 
RJ and Rs are- each independently hydrogen, halogen, alkyl 

or alkoxy; and 

Rt is hydrogen, cyano, alkyl, haloalkyl, alkoxy, alkyl­
thio, alkylsulfinyl or phenyl; 

provided that at least one of R2 and ~ is other than 
: hydrc:)gen, and that the aryloxy groups are not the same; 

which comprises reacting a 4,6-dihalopyrimidine comp9und' 
having the structural formula II 
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wherein ~ is as described above and X is Cl, Br or I 
with one molar equivalent or less of a first phenol 
compound having the structural formula III 

(III) 

ACY-33240 

wherein R, R1 , R2 and R3 are as described above and a 
first base in the presence of a first solvent to form a 
4-halo_-6·-(aryloxy} pyrimidine ·compound having the struc­
tural formula IV 

(IV) 

wherein R, R1 , R2 , RJ, ~ and X are as described above, 

reacting the 4-halo~6-(aryloxy)pyrimidine compciund with 
at least about one molar equivalent of a C1-c4trialkyl­
amine, a 5- to 6-membered saturated or 5- to 14-membered 
unsaturated heterocyclic amine optionally substituted 



--··---------~ ~~· --=· ··-··--=-=· =·--··=···· -=== 

5 

10 

15 

20 

25 

30 

35 

ACY-33240 

-5-

with one to three c1-c4alkyl groups or c1-C4alkoxy groups 
in the presence of a second solvent to form an ammonium 
halide compound having the structural formula V 

{V) 

wherein R, R1 , R2 , R3, R4 and X are as described above, 
Q+ is 

i9 
+ 

RlO-N---.-: 

I 
Rll 

or 

, 

I 

; 
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Rg, Rio and R11 are each independently c 1-C4alkyl, and 
when taken together, Rg and R10 may form a 5- or 6-

membered ring in which R9R1o is represented by the 
structure: -(CH2 )n-, optionally interrupted by-O, s 
or NR141 where n is an integer of 3, 4 or 5, provided 
R11 is C1-c4alkyl; 

z is o, s or NR14, 

Ri2 and R13 are each independently hydrogen, c 1-c4alkyl or 
C1-C4alkoxy, and when taken together, R12 and R13 may 
form a 5- or 6-membered saturated or unsaturated 
ring optionally interrupted by O, S or NR14 and 
optionally substituted with one to three c1-c4alkyl 
groups or c 1-c4alkoxy groups; and 

R14 is C1-C4alkyl; and 
15 reacting the ~~monium halide compound with at least about 

20 

25 

30 

35 

one molar equivalent of a second phenol compound having 
the structural formula VI 

(VI) 

wherein Rs, R6, R7 and Rs are as described above and a 
second base in the presence of a third solvent to form 
the desired formula I compound. 

Advantageously, the process of the present inventio~ 
provides unsymmetrical bis (.aryloxy) pyrimidine compounds 
in higher yield than the art processes, overcomes the 
scrambling problem associated with the 4,6-dichloropyr-
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imidine art process and uses less costly reagents than 

the 4,6-difluoropyrimidine art process. 

DETAILED DESCRIPTION OF THE INVENTION 

The process preferably comprises reacting a formula 

II 4,6-dihalopyrimidine compound as described above with 

one molar equivalent of a formula III first phenol 

compound as described above and at least one molar 

equivalent of the first base in the presence of the first 

10 solvent preferably at a temperature range of a1x2ut o °C to 

100 °C to form a formula IV 4-halo-6-(aryloxy)pyrimidine 

compound as described above, reacting the formula IV 

compound with at least about one molar equivalent of the 

amine as described above in the presence of the second 

15 solvent prefef.ably at a temperature of about o °C to 

100 °C to form a formula V ammonium halide compound as 

described above, and reacting the formula V compound with 

one molar equivalent of a formula VI second phenol 

compound and at least about one molar equivalent of the 

20 second base in the presence of the third solvent prefera­

bly at a temperature of about o °C to 100 °C to .form the 

desired unsymmetrical 4,6-bis{aryloxy}pyrimidine compound 

of formula I. The reaction scheme is shown in Flow 

Diagram II. 
25 

30 

35 
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FLOW DIAGRAM II 

+ 

(III) 
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(IV) 

l
c1-c4trialkylamine or 
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heterocyclic saturated 
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FLOW DIAGRAM II (Continued) 

R R4 R* N~N I~ ~ ~ + -R2 0 Q x 
R3 

(V} 

4~ Base 

HO R6 

Rs 

(VI) 

R10r .& &~ 
~~o o~R6 

R3 Rs 
(I) 

The unsymmetrical 4 1 6-bis(aryloxy)pyrimidine com­
pounds may be isolated by diluting the reaction mixture 
with water and filtering the formula I product from the 
aqueous mixture. The product formula I compounds may 
also be isolated by extracting the aqueous mixture with a 
suitable solvent. suitable eXtraction solvents include 
substantially water-immiscible solvents such as diethyl 
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ether, ethyl acetate, toluene, methylene chloride and the 

like. 

The ammonium halide compounds are an especially 

important feature of the present invention. When an 

ammonium halide compound is reacted with a second phenol 

5 compound, scrambling of the aryloxy groups does not 

occur. Surprisingly, disadvantageous scrambling has been 

overcome by the process of the present invention without 

requiring the use of 4,6-difluoropyrimidine. 

The amines that may be used in the process of the 

10 invention to prepare the ammonium halide compounds are .,.. 
alkyl amines, 5- to 6-membered saturated and 5- to 14-

membered unsaturated heterocyclic amines optionally 

substituted with one to three c1-c4alkyl groups or 

C1-C4alkoxy groups. The preferred amines are C1-C4tri-

lS alkylamines, 5- or 6-membered saturated heterocyclic 

amines, and 5- 14-membered unsaturated heterocyclic 

amines wherein the heterocyclic ring system contains one 

to three nitrogen atoms and optionally include sulfur or 

oxygen in the ring system~ 

20 The more preferred amines include trimethylamine, 

~he saturated heterocyclic amines including pyridines, 

picolines, pyrazines, pyridazines, triazines, quinolines, 

isoquinolines, imidazoles, benzothiazoles and benzimida­

zoles, optionally substituted with one to three c1-C4alkyl 

25 groups or c1-c4alkoxy groups, and unsaturated heterocyclic 

amines such as pyrrolidines, piperidines, pipe~azines, 

morpholines, thiazolidines and thiamorpholines. 

First and second bases suitable for use in the 

process of the present invention include alkali metal 
·. 

30 carbonates such as sodium carbonate and pota~sium carbon­

ate, alkaline earth metal carbonates such as calcium 
carbonate and magnesium carbonate, alkali metal hydrides 

such as sodium hydride and potassium hydride, alkali 

metal hydroxides such as sodium hydroxide and potassium 
35 



~~--- ----··~-·-----

ACY-33240 

-11-

hydroxide 1 and alkaline earth metal hydroxides such as 
calcium hydroxide and magnesium hydroxide, with alkali 
metal carbonates being preferred. 

First solvents suitable for use include ethers such 
as diethyl ether, tetrahydrofuran and dioxane, carboxylic 

s acid amides such as N,N-dimethylformamide and N,N­
dimethylacetamide, halogenated hydrocarbons such as 1,2-
dichloroethane, carbon tetrachloride, methylene chloride 
and chloroform, sulf oxides such as dimethyl sulfoxide, 
ketones such as acetone and N-methylpyrrolidone, and 

10 mixtures thereof. Second solvents suitable for use in 
~:::... 

the process ~f this invention include aromatic hydrocar­
bons such as toluene, xylenes and benzene, halogenated 
aromatic hydrocarbons such as chlorobenzene and dichloro­
benzenes, and mixtures thereof. Third solvents suitable 

15 for use in the invention process include carboxylic acid 
amides such as N,N-dimethylformamide and N,N-dimethyl­
acetamide, sulfoxides such as dimethyl sulfoxide, and 
mixtures thereof. 

Preferred first solvents include carbox.ylic acid 
20 amides and ketones. Preferred second solvents include 

aromatic hydrocarbons. And preferred third solvents 
include carbox.ylic acid amides. 

In formula I above, an alkyl group is suitably a 
straight chain or branched chain group containing up to 8 

25 c~rbon atoms, for example up to 6 carbon atoms. Prefera­
bly, an alkyl group contains up to 4 carbon atoms. An 

alkyl moiety which f9rms part of another group, for 
example the alkyl of a haloalkyl group or each alkyl of 
an alkox.yalkyl group, suitably has up to 6 carbon atoms, 

30 p~eferably up to 4 carbon a~oms. 

35 

In formula I above, halogen is fluorine, chlorine, 
bromine or iodine. Haloalkyl and haloalkoxy are espe­
cially trifluoromethyl, pentafluoroethyl and 
trifluoromethoxy. 
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The process of the present invention is especially 

useful for the preparation of formula I unsymmetrical 

4,6-bis(aryloxy)pyrimidine compounds wherein 

R and Rs are the same and each represents hydrogen or 

fluorine; 

5 R1 and R7 are each independently hydrogen, halogen, cyano, 

10 

nitro or c1-c4alkyl; 

R2 and ~ are each independently hydrogen, fluorine, 

chlorine, c1-C4alkyl, C1~C4haloalkyl, C1-C4halo­

alkoxy, c2-c4haloalkenyl, c1-c4alkoxycarbonyl or 

nitro; 

RJ and Rs are each independently hydrogen, halogen or 

C1-C4alkyl; and 

R4 is hydrogen, c1-C4haloalkyl, C1-C4alkylthio, 

C1-C4alkylsulfinyl or phenyl; 

15 provided that at least one of R2 and R6 is other than 

hydrogen, and that the aryloxy groups are not the same. 

In particular, the process of this invention is used 

to prepare unsymmetrical 4,6-bis(aryloxy)pyrimidine 

compounds of formula I wherein 

20 R, R3 , R1, Rs and Rs are hydrogen; 

one of R1 and R7 is hydrogen, chlorine or cyano-and the 

other is fluorine; and 

R2 and Rt; are trifluoromethyl. 

In order to facilitate a further understanding of 

25 the invention, the following examples are presented to 

illustrate more ~pecific details thereof. The invention 

is not to be limited thereby except as defined in the 

claims. 

30 

35 
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EXAMPLE 1 

Preparation of 4-£(4-Chloro-a.,a,a-trifluoro-m­

tolyl)oxyJ-6-CCa,a,a,4-tetrafluoro-m-tolyl)oxyJpyrimidine 
- Invention Process 

5 a) Preparation of 4-Chloro-6-[(a,a,a,4-tetrafluoro-m­
tolyl)oxy]pyrimidine 

10 

15 

20 

25 

30 

35 

+ + 

F 

Fn 9'-1 N r 
FC ~ O~Cl 

. 3 

a,a,a,4-Tetrafluoro-m-cresol (1,208.9 g, 6.71 mol) 
is slowly added to a mixture of 4,6-dichloropyrimidine 

(l,000.0 g, 6.71 mol} and potassium carbonate (967.5 g, 
7.00 mol) in N,N-dimethylformamide (10 L). The reaction 
mixture is stirred overnight at room temperature, stirred 
at 45 °C for 2 hours, stirred at 71 °C for 2 hours, 
stirred overnight at room temperature and poured into 
water· (~O L). The resultant aqueous mixture is extracted 
with methylene chloride. The organic extracts are 
combined, washed sequentially with water; 5% sodium 
hydroxide solution and brine, dried over anhydrous 
magnesium sulfate and concentrated in vacuo to obtain the 
title product as a brown oil (1 1 943.3 g, 99% yield). 
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b) Preparation of Trimethyl{6-((a,a,a,4-tetrafluoro-m­

tolyl)oxy]-4-pyri.midyl}a.mmonium chloride 

Fn ~ 1 N r 
FC ~ O~Cl 

3 

+ 

Liquefied trimethylamine (1,255 g, 21.24 mol) is 

added to a so1ution of 4-chloro-6-((a,a,a,4-tetrafluoro­

m-tolyl)oxy]pyrimidine (2,038.8 g, 6.97 mol) in toluene 

(17 L). The reaction mixture is stirred overnight at 

room temperature and filtered. The resultant solid is 

washed sequentially with toluene and hexanes and dried 

overnight in a vacuum oven at 60-65 °C to obtain the title 

product as a white solid (1,962 g, 80% yield). · 
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c) Preparation of 4-((4-Chloro-a,a,a-trifluoro-m­
tolyl)oxy]-6-[ (a,a,a,4-tetrafluoro-m-tolyl)oxy)pyrim.idine 

+ ¢rel CF
3 

+ 
~ 

OH 

a,a,a-Trifluoro-4-chloro-m-cresol (1,118.9 g, 5.69 
mol) is added to a mixture of trimethyl{6-((a,a,a,4-
tetrafluoro-m-tolyl)oxy]-4-pyrimidyl}ammonium chloride 
(1,962.0 g, 5.58 mol) and potassium carbonate (793.2 g, 
5.74 mol) in N,N-dimethylformamide (8.5 L). The reaction 
mixture is stirred overnight at room temperature, cooled 
to 5 °C and slowly diluted with water (2.27 L). ·The 
resultant aqueous mixture is filtered to give a solid. 
The solid is washed sequentially with water, hexanes and 
water, dried overnight in a vacuum oven at 40-45 °c and 
recrystallized from hexanes to obtain the title product 
as a yellow solid ci,731.5 g, 69% yield). 

As can be seen from the data in Example 1, the title 
product is prepared in 55% yield starting from 4,6-
dichloropyrimidine. 
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EXAMPLE 2 
Preparation of 4-[(4-Chloro-a.,a,a-trifluoro-m­

to1yl)oxyJ-6-f(a,a,a,4-tetrafluoro-m-tolyl}oxy]pyrimidine 
- 4,6-Difluoropyrimidine Art Process 

5 a) Preparation of 4,6-Difluoropyrimidine 

10 

15 

20 

25 

30 

35 

KF + 

A mixture of 4,6-dichloropy~imidine (223.5 g, 1.5 
mol), potassium fluoride (279.6 g, 4.8 mol) and tetrabu­
tylammonium bromide {6.0 g, 0.0186 mol) in sulfolane 
(1 L) is heated at 180-190 °C for 3.5 hours and distilled 
to give the title product as a white liquid (115 g, 66% 
yield). 

b) Preparation of 4-((4-Chloro-o:,a,a-trifluoro-m­
to.l.yl) oxy] -6-fluoropyrimidine 

+ Na OH + 

A solution of sodium hydroxide {14.8 q, 0.37 mol) 
and tetramethylam.monium chloride (0.928 q, O.OQ847 mol) 
in water (140 mL) is slowly added to a solution of 4,6-
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difluoropyrimidine (44 g, 0.379 mol) and a.,a.,a.-trifluoro-

4~chloro-m-cresol (72.5 g, 0.369 mol) in methylene 

chloride (270 mL). The reaction mixture is stirred at 

room temperature for 2 hours and the phases are sepa­

rated. The aqueous phase is extract~d with methylene 

5 chloride and the organic extract is combined with the 

organic phase. The resultant-organic solution is washed 

wi-th l.N sodium hydroxide solution, dried over anhydrous 

sodium sulfate and concentrated in vacuo to obtain a 

solid. The solid is recrystallized from petroleum ether 

10 to give the title product as white crystals (73.7 g, 66% 

yield). 

15 

20 

25 

30 

35 

c) Preparation of 4-((4-Chloro-a.,a.,a.-trifluoro-m­

tolyl)oxy]-6-[ (a.,a.,a.,4-tetrafluoro-m-tolyl)oxy]pyrimidine 

N r ! -:::::'- Uc 1 

FNl.O ~ CF 
3 

> 
Fn -:::::'- ,():Cl :::;.--- N - N 

F c ~ I o~o ~ I CF 
3 3 

A solution of a,a,a,4-tetrafluoro-m-cresol (59.7 g, 

0.33 mol) in N,N-dimethylformamide (150 mL) is added to a 

mixture of 4-[(4-chloro-a.,a.,a.~trifluoro-m-tolyl)oxy]-6-

fluoropyrimidine (97 g, 0.33 mol) and potassium carbonate 

(91.5 g, 0.66 mol) in N,N-dimethylformamide (200 mL) oyer 

a 5 minute period. The reaction mixtui;e is stirred at 

room temperature for 4.5 hours, treated with additional 

a.,a,a.,4-tetrafluoro-m-cresol (6 g), stirred at room 

temperature for one hour, treated with additional 
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a,a,a,4-tetrafluoro-m-cresol (2 g), stirred overnight at 

room temperature, treated with additional a,a,a,4-tetra­

fluoro-m-cresol (1 g), stirred at room temperature for l 

hour and poured into an ice-water mixture (1,780 g). The 

resultant aqueous mixture is stirred for 2 hours and 

s filtered to obtain a solid. The solid is dissolved in 
methylene chloride and the resultant organic solution is 

washed sequentially with 2N sodium hydroxide solution and 

brine, dried over anhydrous sodium sulfate and concen­

trated in vacuo to obtain a white solid. The white solid 

10 is recrystallized from hexanes to give the title product 

as white crystals (136 g, 91% yield). 

As can be seen from the data in Example 2, the 4,6-

difluoropyrimidine art process provides the title product 

15 in 40% yield starting from 4,6-dichloropyrimidine. 

20 

25 

30 

35 
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EXAMPLE 3 
Preparation of 4-[(4-Chloro-a,a,a-trifluoro-m-

tolyl)oxyJ-6-[(a,a,a,4-tetrafluoro-m-tolyl)oxyJpyrimidine 

- 4,6-Dichloropyrimidine Art Process 

a) Preparation of 4-Chloro-6-[(a,a,a,4-tetrafluoro-m­

tolyl)oxy]pyrimidine 

+ + 

F 

F~ ~ , N r 
FC ::-...... O~Cl 

3 

4-Chloro-6-((a,a,cr,4-tetrafluoro-m-tolyl)oxy]­
. Pyrimidine is obtained in 99% yield according to the 
procedure described in Example 1. 
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b) Preparation of 4-[(4-Chloro-a,a,a-trifluoro-m­
tolyl)oxy]-6-((a,a,a,4-tetrafluoro-m-tolyl)oxy]pyri.midine 

Fn 4' ,(J(l ~ N~ N 

F c ~ I OA)(Cl 
+ -+ iscoJ 

HO "' I CF3 3 

l 
Ratio 

4 part~ 

F~ N~N ~Cl 

FC~O~O~CF 
3 3 

+ 

2 parts 
F~ N~N ~F 

FC~O~O~CF 
3 3 

+ 

1 part 

A solution of 4-chloro-6-((a,a,a,4-tetrafluoro-m­
tolyl)oxy]pyriinidine (0.25 g, 0.6 mmol), a.,_a.,a."."'trifluoro-
4-chloro-m-cresol (0.12 g, 0.6 mmol) and potassium 
carbonate (0.25 g, 1.8 mmol) in N,N-dimethylformamide is 
heated to and stirred at 60 .°C for 24 hours, cooled and· 
poured into water. The aqueous mixture is extracted with 
ether and the organic extract is washed with brine, dried 
over anhydrous magnesium sulfate and concentrated in 
vacuo to obtain a solid (0.21 g). The solid is found to 
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contain the desired product and the two symmetrical 

compounds identified above in a 4:2:1 ratio by NMR 

analyses. It is difficult to separate the title compound 

from the symmetrical compounds and even before a separa­

tion is attempted, the title compound is only produced in 

5 about 30% yield. 

Advantageously, the process of the present invention 

provides 4-((4-chloro-a,a,a-trifluoro-m-tolyl)oxy]-6-

[ (a,a,a,4-tetrafluoro-m-tolyl)oxy]pyrimidine in signifi-

10 cantly higher yield than the art processes (55%"vs. 40% 

and 30%). 

EXAMPLE 4 

15 Preparatipn of 4-f (a,a,a-Trifluoro-4-nitro-m-

tolyl)oxyJ-6-f (a,a,a-trifluoro-m-tolyi>oxyJpyrimidine -

Invention Process 

a) Preparation of 4-Chloro-6-[(a,a,a-trifluoro-m-

20 tolyl)oxy]pyrimidine 

25 

30 

35 

+ 

> h .N~r 
FC~OA)(Cl 

3 

4,6-Dichloropyrimidine (14.9 g, 0.1 mol) is added to 

a mixture of m-trifluoromethylphenol (16.2 g, O.l mol) 

and potassium carbonate (14.5 g, 0.105 mol) in acetone 

(200 mL}. The reaction mixture is stirred at room 
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temperature for 2 days, refluxed for 3 hours, cooled and 

poured into water. The resultant aqueous mixture is 

extracted with methylene chloride. The organic extracts 

are combined, washed sequentially with 5% sodium hydrox­

ide solution and water, dried over anhydrous magnesium 

5 sulfate and concentrated in vacuo to give the title 

product as an oil (27.4 g, 99% yield). 

10 

15 

20 

25 

30 

35 

b) Preparation of Trimethyl{6-[(a,a,a-trifluoro-m­

tolyl)oxy]-4-pyrimidyl}amm.onium. chloride 

A trimethylamine/toluene solution (previously 

prepared by adding 27.4 mL of liquefied trimethylamine to 

toluene (325 mL} at o °C} is added to a solution of 4-

chloro-6-( (a,a,a-trif luoro-m-tolyl) oxy]pyrimidine (27.4 

g, O.l mol) in toluene (50 mL) over a 10 minute period. 

The reaction mixture is stirred overnight and filtered to 

obtain a solid. The solid is washed with hexane and 

dried overnight in a vacuum oven at 45-50 °C to give the 

title product as an off-white solid (23.3 g, 70% yield). 



5 

10 

15 

20 

25 

30 

35 

-- --------------

ACY-33240 

-23-

c) Preparation of 4-[(cx.,cx.,cx.-Trifluoro-4-nitro-.m­

tolyl)oxy]-6-[(cx.,cx.,cx.-trifluoro-m-tolyl)oxy]pyrim.idine 

+ 

Trimethyl{6-((cx.,cx.,cx.-trifluoro-m-tolyl)oxy]-4-

pyrimidyl}ammonium chloride (22.8 g, 0.068 mol) is added 

to a mixture of cx.,cx.,cx.-trifluoro-4-nitro-m-cresol (15.1 g, 

0.073 mol) and potassium carbonate (11.3 g, 0.082 mol) in 

N,N-dimethylformamide (125 mL). The reaction mixture is 

stirred at room temperature overnight and poured into 

water. The resultant aqueous mixture is extracted with 

methylene chloride. The organic extracts are combined, 

washed sequentially with 5% sodium hydroxide solution, 

water,· 6N hydrochloric acid and water, dried over anhy­

drous magnesium sulfate and concentrated in vacuo to 

obtain a yellow solid. The solid is recrystallized from 

a 20:1 heptane/ethyl acetate solution to give the title 

product as an off-white solid (28.2 g, 93% y.ield). 

As 

process 

product 

i~~dine. 

can_be 

of the 

in 64% 

seen from the data in Example 4, the 

present invention provides the title 

yield starting from 4,6-dichloropyr-
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EXAMPLE 5 

Preparation of 4-f (a,a,a-Trifluoro-4-nitro-m­
tolyl}oxyJ-6-f (a,a,a-trifluoro-m-tolyl)oxyJpyrimidine -
4,6-Difluoropyrimidine Art Process 

s a) Preparation of 4,6-Difluoropyrimidine 

10 

15 
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35 

KF + 

A mixture of 4,6-dichloropyrimidine (223.5 g, 1.5 
rnol), potassium fluoride (279.6 g, 4.8 mol) and tetrabu­

tylammonium bromide (6.0 g, 0.0186 mol) in sulfolane 

{l L) is heated at 180-190 °C for 3.5 hours and distilled 
to give the title product as a white liquid (115 g, 66% 
yield). 

b) Preparation of 4-Fluoro-6-((a,a,a-trifluoro-m­

tolyl)oxy]pyrimidine 

> 

A solution of m-trifluoromethylphenol (74.5 g, 0.46 

mol) in tetrahydrofuran (300 mL) is added dropwise to a 

mixture of 4,6-difluoropyrirnidine (53.8 g, 0.46 mol) and 



ACY-33240 

-25-

potassium carbonate (60 g, 0.43 mol) in tetrahydrofuran 

(700 mL). The reaction mixture is stirred at room 

temperature for 3 days and poured into water. The 

resultant aqueous mixture is washed with 2N sodium 

hydroxide solution and extracted with ethyl acetate. The 

5 organic extract is dried over anhydrous magnesium sulfate 

and concentrated in vacuo to obtain a liquid. the liquid 

is vacuum distilled to give the title product as an oil 

(87.4 g, 7~% yield). 

10 c) Preparation of 4-[(a,a,a-Trifluoro-4-nitro-m-

15 

20 

25 

30 

35 

..,. 

tolyl)oxy)-6-[(a,a,a-trifluoro-m-tolyl)oxy]pyrimidine 

+ 

~ VN02 N N I 

FC o~o :::..... CF 
3 3 

A mixture of 4-fluoro-6-[(a,a,a-trifluoro-m­

tolyl)oxy]pyrimidine (87.4 g, 0.34 mol), a,a,a-trifluoro-

4-nitro-m-cresol (84.9 g, 0.41 mol) and potassium carbon­

ate (55 g, 0.40 mol} in N,N-dimethylformamide (1 L) is 

stirred at room temperature until the reaction is com­

plete by thin layer chromatography analysis (8:1 hex­

anes/ethyl acetate). The reaction mixture is then poured 

into water and the resultan~ aqueous mixture is extracted 

with diethyl ether. The organic extract is dried over 

anhydrous magnesium sulfate and concentrated in vacuo to 

obtain a solid. The solid is recrystallized from an 
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ethyl acetate/heptane solution to give the title product 

as a white solid (108 g, 71% yield). 

As can be seen from the data in Example 5, the 4,6-

difluoropyrimidine art process provides the title product 

s in 35% yield starting from 4,6-dichloropyrimidine. 

Advantageously, the process of the present invention 

provides 4-{(a,a,a-trifluoro-4-nitro-m-tolyl)oxy)-6-

[ (a.,a,a-trifluoro-m-tolyl)oxy)pyrimidine in significantly 

10 higher yield than the art process (64% vs. 35%)~ 

l.5 
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35 
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WE CLAIM: 

1. A process for the preparation of an unsymmetrical 4,6-
bis(aryloxy)pyrimidine compound having the structural formula 

wherein 

R and R8 are each independently hydrogen or halogen; 

R1 and R7 are each independently hydrogen, halogen, cyano, nitro, alkyl, haloalkyl, 

alkoxy, alkylthio, ammo, alkylamino, dialkylamino, alk.oxyalkyl, 

haloalkoxyalkyl or alkoxycarbonyl; 

R2 and ~ are each independently hydrogen, halogen, alkyl, haloalkyl, haloalkoxy, 

haloalkylthio, haloalkenyl, haloalkynyl, haloalkoxyalkyl, alkoxycarbonyl, 

haloalkoxycarbonyl, haloalkylsulfinyl, haloalkylsulfonyl, nitro or cyano; 

R3 and R5 are each independently hydrogen, halogen, alkyl or alkoxy; and 

~is hydrogen, cyano, alkyl, haloalkyl, alkoxy, alkylthio, alkylsulfmyl or phenyl; 
provided that at least one of R2 and ~ is other than hydrogen, and that the aryloxy 
groups are not the same; 

which comprises reacting a 4,6-dihalopyrimidine compound having the structural 
formula 

wherein ~ is as described above and X is Cl, Br or I with one molar equivalent or 
less of a first phenol compound having the structural formula 

111111111111111111111111111111 
* C L M S * 
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wherein R, RI> R2 and R3 are as described above and a first base in the presence of a 
first solvent to form a 4-halo-6-(aryloxy)pyrimidine compound having the structural 
formula 

R 
3 

wherein R, Rh R2, R3, ~ and X are as described above, reacting the 4-halo-6-
(aryloxy)pyrimidine compound with at least about one molar equivalent of a 
C1-C4trialkylamine, a 5- to 6-membered saturated or 5- to 14-rnembered unsaturated 
heterocyclic amine optionally substituted with one to three C1-C4alkyl groups or 
C1-C4alkoxy groups in the presence of a second solvent to form an ammonium halide 
compound having the structural formula 

R*R l i Y I ~~ I~ 
~ ~-R2 0 Q X 

R3 

wherein R, RI> R2, R3, ~and X are as described above, Q+ is 

i9 
R -N+-

1 a I 
R11 

I lllllll lllllf lllll lllll fl llll 
* C L M S * 
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R:'l-==<Rl 2 

R-4- _,Z 
12 N + 

I , or 

~. R10 and R 11 are each independently C1-C4alkyl, and when taken together, ~and 

R 10 may form a 5- or 6-membered ring in which RqR10 is represented by the 

stnicture: -(CH2)n-, optionally intenupted by 0, S or NR14, where n is an 

integer of 3, 4 or 5, provided R 11 is C1-C4alkyl; 

Z is 0, S or NR14, 

R12 and R 13 are each independently hydrogen, C1-C4alkyl or C1-C4alkoxy, and when 

taken together, R12 and R13 may form a 5- or 6-membered saturated or 

unsaturated ring optionally intenupted by 0, S or NR14 and optionally 

substituted with one to three C1-C4alkyl groups or C 1-C4alkoxy groups; and 

R14 is C1-C4alkyl; and 

reacting the ammonium halide compound with at least about one molar equivalent of 

a second phenol compound having the structural formula 

111111111111111111111111111111 
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wherein R5, ~. R7 and R8 are as described above and a second base in the presence of 

a third solvent. 

2. The process according to claim 1 wherein the first and second bases are 

selected from the group consisting of an alkali metal carbonate, an alkaline earth 
a. 

metal carbonate, an alkali metal hydride, an alkali metal hydroxide and an alkaline 

earth metal hydroxide. 

3. The process according to claim 2 wherein the first and second bases are 

an alkali metal carbonate. 

4. The process according to claim 1 wherein the first solvent is selected 

from the group consisting of an ether, a carboxylic acid amide, a halogenated 

hydrocarbon, a sulfoxide and a ketone; the second solvent is selected from the group 

consisting of an aromatic hydrocarbon and a chlorinated aromatic hydrocarbon; and 

the third solvent is selected from the group consisting of a carboxylic acid amide and 

a sulfoxide. 

5. The process according to claim 1 wherein 

Xis Cl. 

6. The process according to claim 1 wherein 

or 

111111111111111111111111111111 
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7. The process according to claim 1 wherein the 4.6-dihalopyrimidine 

compound is reacted with the first phenol compound and the first base at a 

temperature of about 0 °C to 100 °C, the 4-halo-6-(aryloxy)pyrimidine compound is 

reacted with the amine at a temperature of about 0 °C to 100 °C, and the ammonium 

halide compound is reacted with the second phenol compound and the second base at 

a temperature of about 0 °C to 100 °C. 

8. The process according to claim 1 wherein 

R and R8 are the same and each represents hydrogen or fluorine; 

R1 and R7 are each independently hydrogen, halogen, cyano, nitro or C1-C4alkyl; 

R2 and Res are each independently hydrogen, fluorine, chlorine, C1-C4alkyl, 
""" C1-C4haloalkyl, C1-C4haloalkoxy, CrC4haloalkenyl, C1-C4alkoxycarbonyl or 

nitro; 

R3 and R5 are each independently hydrogen, halogen or C1-C4alkyl; and 

~is hydrogen, C1-C4haloalkyl, C1-C4alkylthio, C1-C4alkylsulfinyl or phenyl. 

9. The process according to claim 8 wherein 

R, R3, ~. R5 and R8 are hydrogen; 

one of R1 and R7 is hydrogen, chlorine or cyano and the other is fluorine; and 

R2 and Res are trifluoromethyl. 

10. A compound having the structural formula 

wherein 

R is hydrogen or halogen; 

R1 is hydrogen, halogen, cyano, nitro, alkyl, haloalkyl, alkoxy, alkylthio, amino, 

alkylamino, dialkylamino, alkoxyalkyl, haloalkoxyalkyl or alkoxycarbonyl; 

111111111111111111111111111111 
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R2 is hydrogen, halogen, alkyl, haloalkyl, haloalkoxy, haloalkylthio, haloalkenyl. 

haloalkynyl, haloalkoxyalky 1, alkoxycarbonyl, haloalkoxycarbonyl, 

haloalkylsulfinyl, haloalkylsulfonyl, nitro or cyano; 

R3 is hydrogen, halogen, alkyl or alkoxy; 

Rt is hydrogen, cyano, alkyl, haloalkyl, alkoxy, alkylthio, alkylsulfinyl or phenyl; 

X is er, Br- or r; 
Q'" is 

R. I ~ 
R -N+-

10 I 
R, -

Rl2x· NxR __ :;/ ".t 

I 
~ 

R,
3 

N+ R
1

, 
" I -

R1~R12 

R-4: _,Z 
12 N + 

I 

R13 

, or 

)/Z 
-1.:... >-R. 2 N R_ -- + - .t 

I 

R.g, R 10 and R11 are each independently C1-C4alkyl, and when taken together, R.g and 

R10 may form a 5- or 6-membered ring in which R.gR10 is represented by the 

structure: -(CH2)n-, optionally interrupted by 0, S or NR14, where n is an 

integer of 3, 4 or 5, provided R 11 is C1-C4alkyl; 

Z is 0, S or NR14, 

111111111111111111111111111111 
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: REPLACED 

R 12 and R13 are each independently hydrogen, C 1-C4alkyl or C 1-C4alkoxy, and when 

taken together, R12 and R13 may form a 5- or 6-membered saturated or 

unsaturated ring optionally interrupted by 0, S or NR14 and optionally 

substituted with one to three C1-C4alkyl groups or C1-C4alkoxy groups; and 

R14 is C1-C4alkyl. 

13. The compound according to claim 12 wherein 

R is hydrogen or fluorine; 

R1 is hydrogen, halogen, cyano, nitro or C1-C4alk:yl; 

R2 is hydrogen, fluorine, chlorine, C1-C4alkyl, C1-C4haloalkyl, C1-C4haloalkoxy, 

CrC4haloalkenyl, C1-C4alkoxycarbonyl or nitro; 

R3 is hydrogen, halogen or C1-C4alkyl; 

~is hydrogen, C1-C4haloalkyl, C1-C4alkylthio, C1-C4alkylsulfinyl or phenyl; 

xis er; and 
+ + 

Q is {CH. ) , N - · 
J -

1111111111111111111 11111111111 
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