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PROCESS._EOR.THE. PREPARATI ON..OF —_— ESTERS. OF

STI LBENEDI CARBOXYLI C ACI D This invention pertains to a novel
process for the 5 preparation of esters of 4,4'-stil benedi carboxylic
aci d. Mosssgmcifically, this invention pertains to a BCHU$96/02463
process for the synthesis of dialkyl esters of

4,4" -stil benedi carboxylic acid fromp-toluic acid and al kyl
p-fornyl benzoates utilizing internedi ate phosphtte 10 and phosphonate
conmpounds. D al kyl 4,4'-stil benedi carboxyl ates and 4,4' -stil -

benedi carboxylic acid are used u t pti cal

bri ghteners or whiteners. For M I%% &% %%T%m{ 91'5)921 964
di scl oses the preparation of REIERSION 2IENERICARBOSILIGAE onpounds by
the reaction of di al kyl stllbenedlcarboxylate esters with various

catalysto. Cptical brignuksABvEREIGR RePtatiil & & naysd, EFRYeHh. f6F the
pl astics and % ber Prepinatrioncofoestens ofptad ‘aratilhengdicanboxpbic cacid.
whi teness, thereof .More spégﬂiiéhiﬂﬁrafhﬂﬂ £ﬁvéhﬁidﬂ &ns to a 3-ste
4,4 - blbenzyldlcar- c an - S |car aC|ds
heating a ?ﬁﬁa%ﬂ"yt'bﬁcgggtﬁ?s %# lff fgf is
4 4'—-stilbenedicarboxylic aciad from p—tolui; acid and
alkyl p~formylbenzoates utilizing intermediate phosphite
10 and phosphonate compounds.
Dialkyl 4,4’'—stilbenedicarboxylates and 4,4’'-stil-
benedicarboxylic acid are used in the manufacture of
optical brighteners or whiteners. For example, U.S.
Patent 4,921,964 discloses the preparation of
15  bis(2-benzoxazolyl)stilbene compounds by the reaction of
dialkyl stilbenedicarboxylate esters with various
2—aminophenol compounds in the presence of certain
solvents and catalysts. Optical brighteners are used
extensively in synthetic plastics and fibers to improve
20 the appearance, e.g., the apparent whiteness, thereof.
The preparation of a mixture of 4,4’-bibenzyldicar—
boxylic and 4,4’—stilbenedicarboxylic acids by heating a
stoichiometric excess of p—toluic acid with sulfur is
disclosed in U.S. Patent 2,677,703. The disadvantages
25 involved in this method for producing 4,4’'-stilbene-
dicarboxylic acid include (i) high temperatures in the
range of 250 to 290°C are required, (ii) the product
mixture containing the starting material, p-toluic acig,
and the 2 products, 4,4’-bibenzyldicarboxylic and
30 4,4’'—stilbenedicarboxylic acids, are very difficult to
separate, (iii) the low yieldé, e.g., 40% at best,
obtained, and (iv) the necessity to prevent the hydrogen
sulfide produced from escaping by costly scrubbing
procedures.




disclosed in U S Patent 2,677,703. The di sadvant ages 25 involved in this

nmet Aod for producing 4,4 -stilbene- di carboxylic acid include (i)

hi gh tenperatures in the range of 250 to 290[err]C are required, (ii)
t he product m xture containing the starting material, p-toluic acid,
and the 2 produwbosnrsrd’ - bi benzyl di carboxylic and 30 PCT/US96/02463
4,4" -stil benedi carboxylic acids, are very difficult to separ at e,

(iii) the lowyields, e.g., 40% at best, obtai ned, and (iv) the
necessity to prevent the hydrogen sul fide pToduced from escapi ng by
costly scrubbing procedures. WO 96/ 27577
PCT/ US96/ 02463 1so is known heat a stoichiometric efcess of
It also is known to heat afﬁcnchlonetrlc excess of

p-tol Uic acid with sBrietuig acid &m&ifﬁrpﬁﬁsﬁﬁ? &t a pressure of
about- 5.5 bars absolubeutrsmwemueé fhite grdsence of nitrogen to

obtaipn 4,4'-stil bene 5
based on t he anobunt g#’e 'P %té&b%nbﬁi@a%&%%iﬁ& g’ cid in a 343 yiela
synt hesi zi ng di Bet hyP‘&eq °%tﬁ%é%ﬂ&a9§o§9¥§‘!’é ““‘L A known method for
gonprises thﬁ ﬁtgps Dolviodimeshydt bys ’pstiliériedicarboxylate
enzoate wit ydr og t r t -
hydrochl ori c acid tosg?%%;c‘egeth%y(ﬁ%?'t lr"’?s&ﬁ %&ﬂmﬁe%yl p—fg:smyl

conpound and (2) heabengoate with mﬂﬂFpgsnlﬁﬂH@iQﬁnﬁﬁnﬂﬂF in the presence of
at 220 to 260[ err] C hjjaioehIsr¥se ded a0 toCppoticéd Wl ¢jidlivtrisulfide

10 compound and (2) heating the cyclic trisulfide compound
at 220 to 260°C in the presence of copper and diphenyl
ether. Dimethyl 4,4’-stilbenedicarboxylate is obtained
in an overall yield, based on the methyl p-formyl—
benzoate starting material, of 37.5%. Both of these

a5 methods, like the process of U.S. Patent 2,677,703,
produce hydrogen sulfide and, thus, require special
equipment to treat the process effluent. These -
processes require the use of special, dedicated
equipment and are not well suited for use in general

20 purpose equipment. Additional methods for preparing
stilbene compounds are described by K. B. Becker,
Synthesis of Stilbenes, Synthesis, May 1983, 341-368 and
U.S. Patent 5,113,010. |

A process now has been developed which does not

25 regquire the use of sulfur and may be operafed at
moderate process conditions in general purpose, chemical
manufacturing equipment. The process of the present
invention provides a novel method for producing a
dialkyl ester of 4,4’'—-stilbenedicarboxylic acid having

30 the formula
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by the steps comprising:



ether.‘EinethyI_4,4 '-stil benedi carboxyl ate i s obtained

inan._overall yield bhased on the nethyl p-forml-

benzoate starting material, of 37.5% Both of these 15
nmet hods, |i ke the process of U S. Patent 2,677,703,
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equi pnent to treat the process effluent. These

processes require the use of special, dedicated

equi prent and are not well suited for use i-h3general 20
pur pose equi pment. Additional nethods for preparing

stil bene conmpounds are described by K_ B. Becker,

Synthesis of Stil b&hks, PESPATiNG P—(PRJoronethylybenzpifpcid by
g-s-lpaign;h5,ﬁlg,010- chlorinating p~toluic acia wiﬁhrﬂuxintylnuh?baiffeen
evel ope I C 0oes no ; 2 r ' t ur
and nay be operated at ln the presence of a ére?héﬁé%ﬁé?[££}g$?§°%bﬁ Ptions

in general purpose, chefihlerobenzene or dichlorobenzengyyuf act uring

equi pment. Thg proggss éﬁnﬁi&tﬁ?%&t p-(chloromethyl)benzoic acidcoiEi step
oqu
q

provi des a novel net odfégr I §3§%}§¥&a9Pﬂgphite having the fg%ah&xihe

ester of 4,4'-stil bened

formula [err] " (R°0)3P to obtain g\phosphanate compeundphaving the
WO 96/ 27577 formula: PCT/ US96/ 02463
[e] oo )
10 2 7 2
R -—o&—-\_. /--cnz-g-(on ),  (II)
and
15 (3) contacting the phosphonate ester compound of step

{(2) with an alkyl p-formylbenzoate in the presence
of an alkali metal alkoxide and an inert solvent to
obtain the dialkyl 4,4’~stilbenedicarboxylate;
wherein R! is alkyl of 1 to 6 carbon atoms and R? is
20 alkyl of 2 to 6 carbon atoms.
The 3—step process may be operated in general purpose
equipment in which steps (2) and (3) may be carried out
in the same reactor.
The first step of the process is carried out in
25 chlorination egquipment wherein p-toluic acid is
contacted with sulfuryl chloride in the presence of a
free radical initiator and chlorobenzene and- or
dichlorobenzene to convert the p-toluic acid to
p—(chloromethyl)benzoic acid (or a-chlorotoluic acid).
30 This chlorination procedure is carried out at a
temperature of 70 to 100°C at ambient or autogenous
pressure using at least 1, and preferable 1.1 to 2 moles
of sulfuryl chloride per mole of p—toluic acid. The
free radical initiator may be selected from various
35 peroxides such as aroyl peroxides, e.g., benzoyl
peroxide, and azo compounds such as 2,2’-azobisisobutyr-
nitrile and 1,1-azobis(cyclohexanecarbonitrile).



- 3- ) (1) preparing p-(chloromethyl)benzoic acid by

chlsorinating p-toluic acid wi.th _sul furyl chloride In the presence
of a free radical initiator and chl orobenzene or dichl orobenzene;
b (2) contacting the p-(chloronethyl)benzoic acid of step (1)
with a trial kylwobgesim te having the fornul a ( R20) 3PpCTIUSSNN6R A
phosphonat e conpound havi ng the formula: [err] 10 and 15
(3) -contacting the phosphonate ester conpound of step (2) with
an al kyl p-formyl benzoate in the presence — 4 - of an alkali netal

al koxi de and an inert solvent to obt ai n the dial kyl

4, 4" -stil benedi carbo, re S (o

and R2 is 20 al kyl {-(Y# %?‘H‘% °(,fa:a% g?&%ai iﬂ%to‘% #e%ygpo%ggg@be
operated in general par%s@m ranqaqupﬂenfl e Onie mokesydnikiakey per mele

be carried out ﬁﬁﬁ&iddiﬂgtomhe use of child¥®Y¥enzenest ep of the

process is carried [ t [ c acid
Ps " contact ed W##'éﬁ?% fahe o B miReify' ot iy g PrbluplC

radi cal initiat8r anao&mm andupexpected benefiidh dm, that: §h90nvert
the p-toluic acid tOdesired) bhhbﬁaiét I#hékdbﬂb acid, is

g?r;] chlogghggrgfuﬁélg !cEHorégaghgn rocedure |sﬂg§éi|ed out
pressure using at Iehenzeneand‘lmsaf osau-dcqurone@lyﬂmzoic acid forms
during the chlorination step, it precipitates and
10 formation of dichlorinated material, p—(dichloromethyl)—
benzoic acid, is minimized. Accordingly, step (1) of
the process defined above constitutes a separate
embodiment of the present invention. The weight ratio
of chlorobenzene and-ror dichlorobenzene solvent employed
15 to the p-toluic acid starting material normally is 1:1
to 5:1, preferably 2:1 to 4:1. The p~(chloro—-
methyl)benzoic acid obtained from step (1) is isolated
by filtration, normally washed to remove residual
sulfuryl chloride and initiator and used in step (2)
20 without further purification.
Step (2) is carried out by simply heating a mixture
of the p—(chloromethyl)benzoic acid from step (1) and a
trialkyl phosphite at a temperature of 140 to 180°C.
Step (2) conveniently is performed using an excess of
25 the trialkyl phosphite as the reaction solvent or
medium. For example, the mole ratio of trialkyl
phosphite to the p—(chloromethyl)benzoic acid may be in
the range of 2:1 to 10:1, preferably in the range of 3:1
to 5:1. Upon completion of step (2), the excess
30 (unreacted) trialkyl phosphite normally is removed from
the product by distillation. During the course of the
reaction of step (2), the toluic acid carboxyl group is
esterified with an alkyl group derived from the
phosphite ester (R?0)3P. This esterification inherent
35 . in step (2) results in the formation of a
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initiator may be selected fromvarious_35__ peroxi des—such—as—aro
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-4- *he anount of free radical initiator enployed typically

is in the range of 0.01 to 0.10 soles initiatqr per nole of p-toluic
acid. The use of chl orobenzene, di chioBobenzene or a i xture thereof

as the process sol vent produces an unexpected benefit in that the

5
desired product, p- | 0 t hyl )b ' | | '
‘i nsol ubl 2 in chl OIP M%ﬁgz?égi&%ge%%%eﬁghﬁus, ;gl Y
p- (chl oronet hyl ) bemonoestrrd forns during the chlorination step, it
precipitates and 10 ffJBRHIR Ftep o Cheprofesi sy itdle present

p- (di chl or onet hyl ) - benzoi ¢ acid S ning ' t 1
of - t he proce%gvfﬂﬁ49ﬂxfeﬂﬁf;?*foﬁ?P#fﬁggg&gh§§§%¥§§%Q&gkggbéﬁggd?ﬁegt)
of the presens i nvecmpound W stepy(2)r with an alky} pticrmyddengsatand/ or

di chl or obenzene 50$¥€Eﬁafiﬂgf§ﬁ¥ﬁéﬁire to the p-toluic acid starting

material normally 1s 1:

| 1 8 2N

10 R —ol:—-\ /-—cno (III)

euze
in the presence of an alkali metal alkoxide and an inert
solvent to obtain the dialkyl 4,4’—-stilbenedicarbox—

15 ylate. Examples of the alkali metal alkoxides which may
be used in step (3) include the sodium, potassium,
lithium and cesium alkoxides containing 1 to 4 carbon
atoms. The amount of alkali metal alkoxide used
typically is at least one mole alkali metal alkoxide per

20 mole of alkyl p—formylbenzoate, preferably 1.2 to 2.0
moles alkali metal hydroxide per mole of alkyl
p—formylbenzoate. Step (3) typically is carried out at’
a temperature of 25 to 35°C in the presence of an inert,
polar, aprotic solvent. Inert solvents which may be

25 used include dimethylformamide, dimethylacetamide,
dimethylsulfoxide, glycol diethers, glycol diesters,
glycol ether esters and haloaromatic compounds.

With reference to step (1), the chlorination of
toluene using sulfuryl chloride and benzoyl peroxide is

30 disclosed by Kharasch et al., J. Amer. Chem. Soc., 61,
2442 (1939). However, Case, J. Am. Chem. Soc., 47, 3003
(1925) teaches the preparation of p—(chloromethyl)-
benzoic acid by heating p—cyancbenzyl chloride with
concentrated hydrochloric acid for 10 hours. With

35 reference to steps (2) and (3) the reaction of (i)
a—bromotoluic acid and triethyl phosphite to produce
diethyl p—carboxybenzylphosphonate and (ii) diethyl
p—carboxybenzylphosphonate with p—(2-benzoxazolyl)benz—



to 5:1, preferably 2:1 to 4:1. The p-(chloro- met hyl ) benzoi c acid
obtained fromstep (1) is isolated by filtration, normally washed to
renove residual sul furyl chloride and initiator and used in step (2)
20 without further purification. Step (2) is carried out by

sinply heating woekbssse of the p-(chloronethyl)benzoic agcinukssmrusst ep
(1) and a trial kyl phosphite at a tenperature of 140 to 180[err]C
Step (2) conveniently is perforned using an excess of 25 the trial kyl
phosphite as the reaction solvent or medt n~ For exanpl e, the nole
ratio of trial kyl phosphite to the p- (chloronethyl)benzoic acid may be

T oo ange, Of o tnk e 65 Jnd el g oklS 4ol el mhepawigh °eo
phosphite normally iproéuceed-(ztﬁhenzoxaaumylpﬁddustiIyenkq!zﬁdxauicnacid
(E:Jt; Ibgg fhergﬁurlsg of 1hhaescr1bed eﬁpt %bear(ﬁls.tiﬁérﬁ el# %"%Cﬁqq?'e
phosthtegestgr (RQO??P’ C H? egf qc&&i@ﬁ“%ﬁﬁg gﬂéhééf "@8esPER3(2)
results in the fSorma{l8flpfdescribe the PWPePpar3Lidn of stilbene and
<11 benedi car boxyl | cPEL O EAS S1akqfs bY, heating a mixture of diethy)
benzylphosphonate, benzaldehyde or a heterocyclic
carboxaldehyde, sodium methoxide and dimethylformamide.
The novelty and inventive merit of the present process
10 is predicated primarily on the unique combination of
steps which require a minimum use of general purpose
equipment to operate on a commercial scale. For
example, steps (2) and (3) can be conveniently and
economically carried out in the same reaction vessel.

15
The process of the present invention is further
illustrated by the following examples.
. SIEP (1)
20 A solution of p—toluic acid (27.2 g, 0.2 mole) in

chlorobenzene is heated to 90°C in a 250-nl, 3-neck
flask equipped with 2 dropping funnels for the addition
of the initiator and the sulfuryl chloride. A solution
of 1,l1-azobis(cyclohexanecarbonitrile) (0.75 g) in 25 nL
25 chlorobenzene and sulfuryl chloride (48.7 g, 29 mL, 0.35
mole)} are added simultaneously over a period of 30
ninutes while a stream of gaseous sulfur dioxide and
hydrochloric acid is generated rapidly and passed into
an alkaline solution. The mixture is heated at 30°C for
30 4 hours and any low boilers formed are distilled off.
The mixture is cooled to 15°C with an ice-water bath and
the product, p—{chloromethyl)benzoic acid, is collected
by filtration, washed with cold (15°C) toluene (4 x
25 nL) and dried in a 60°C vacuum oven. The yield of



nonoest er . The third step of the process of the present
I nvention conprises contacting the_phosphonate-ester 5 -- conpeuvrd—et—step-

(Z) wi th an al kyl p-fornyl benzoate havi ng the structure [err]

'in the presence of an alkali netal al koxide and an inert solvent to
obtain the dﬁ*’ﬁ&' ,4' -stilbenedicarbox- 15 ylate. ExantGRUMS0M6E

al kali netal X|des whi ch may be used in step (3) include the

sodi um pot assi um | ithium and cesium al koxi des containing 1 to 4

car bon atons. The anount of al kali net@l=al koxi de used

typically is at |east one nole alkal i rret al al koxi de per 20 nol e of al kyI
p-fornyl benzoate, preferably 1.2 to nol.es _al.kal i r

per nmol e of al kyl PrOductpiFoFﬁbeﬁni'bﬁfe"f S‘i‘éﬁ‘?’?@) B‘Pgaf’lgsi. %arrl out

. a tenper aig!ideteirmi nedobgSgasr diiromatdgraphysence of an inert,
polap, aprotic solvent. Inert solvents which may be 25 used incl ude
di met hyl f or mam de, di net hyl acet am de, di met hyl sul f oxi de, gl ycol
di et hers, - gl ycol diesters, gl ycol eﬁm—-&'&ers and hal oaromati c

conpounds. 5 wmxmfrer ofCcp—(chlorgnéthyl benzoilcoacidt (24 919,
t ol uene using sulf | 3 S ed b
Khar asch et gl lﬁnﬂﬁ%h awa gﬁ&i&ﬁg%%&ﬁi 42?5 9s nﬂ gL56 d

3?, Ho v$r Case
J. Am Chem Soc. !WIJF) g@geated 3P1§297¢t Grsect afPBn®o
p-(chloromethyl)- in a 2583 G—heckt BYabkat |mpexqsmumigyhyah| oride with

concentrated hydroghl oqr}%am %L%:&ngegfére\’#&ﬁﬁea 3%6{.&&&5 feanteds

(2) and (3) the r onot ol ul ¢ acl gtl’l B +:
phosphi t e t 02fr odupxessure &ﬁm:mqimptewbb%?b ba &ng F )
di et hyl P- caphee ukpdratarieostes ai périod aamexmxaz.ohphrbenrhe

reaction mixture then is cooled, toluene (100 mL) is
added and the toluene solution of the product is washed
with water (6 x 100 mL) to a pH of 4 to 5. The toluene
15 is distilled off under reduced pressure (150 torr) and a
temperature of less than 100°C (base temperature) over a
period about 1 hour. The product, consisting primarily
of diethyl p—(ethoxycarbonyl)benzylphosphonate, is
obtained in a yield of 37 g (88% of theory) and used in
20 step (3) without further purification.

STEP (3)
A slurry of sodium methoxide (10.4 g, 0.19 mole) in
dimethylformamide (DMF, 150 mL) is added slowly over a
25 period of 15 to 20 minutes to a mixture of the
phosphonate (37 g, 0.123 mole) from step (2) and methyl
p—formylbenzoate (20.2 g, 0.123 mole) in 100 mL DMF
while maintaining the mixture at 25 to 35°C by means of
cold water cooling. Stirring of the mixture at 25°C is
30 continued for 4 hours. Water (200 mL) is added slowly
while maintaining the temperature at 25 to 30°C and then
stirring at 25 to 30°C is continued for 1 hour. The
product is collected by filtration, washed with water
. (5 x 100 mL) to a pH of 67, washed with methanol and
35 then dried. The yield of product is 29.5 g, 80% of
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al dehyde in the presence of DVBSO and sodi um net hoxide to pr oduce
4-(2' -benzoxazolyl )-4'-stil benecarboxylic acid is described in :
Exanple 22 of U S. Patent 3,586, 673. Seus et al., Journal of Organic

Chem stry, 26, wlddisr (2961) describe the preparati on of FCTABNNI46Nd
het erocycl i c anal ogs by heating a m xture of diethyl

benzyl phosphonat e, benzal dehyde or a heterocyclic car boxal dehyde,
sodi um et hoxi de and di net hyl f or mam de. — 8The novelty and inventive
merit of the present process 10 is predicated primarily on the unique
conbi nati on of ste i require a ni u p

equi pnent to operat&hﬁﬂ %'§E§I5h°ﬁﬁ that fqmgﬁngﬁﬂﬁii#n H££

and (-3) can be convpn'pénctyiarthe Myﬂcsﬂbﬂcdiﬁﬂ%rﬂ‘b@ G\!-POFnPPHE QRne
reaction vessel. 154 tﬂfﬂé&%@i‘soﬁfﬂbe—ﬂtmﬁedi@&bbk?mics
further : |IIustrg§ed by the follow ng exanples.

sol ution of p-tolui 82&€rd (27.2 g, 0.2 mole) in



chlprdbenzene S heated to E@b ch in a 250-n m., 3-neck fl ask

eq ,ﬂ"ﬂmlﬁml tion —__ of the_initiator

and the sul furyl chloride.
1, 1- azobls(cyclohexanecarbonltrlIe "0.95 %) in 25 mL 25 chl orobenzene
and sul furyl wddepas®e (48.7 g, 29 niL, 0.35 nol e) are RENAISI6/02463
simul taneously over a period of 30 m nutes while a stream of gaseous
sul fur dioxide and hydrochloric acid is generated rapidly and passed
into an al kaline solution. The mi xture® s heated at 90[err]C for 30
4 hours and any low boilers fornmed are distilled off. The m xture is
‘cooled to 15[err]C with an ice-water bath&%&iﬂ& t he product,

‘p- (chl oronet hyl ) benzoic acid, is collecte by filtration, washed with
cold-(15[err] O tHeasiaims x 25 nL) and dried in a 60C vacuum oven.

The yield of 1. 'PPcdasd’26¥ the preparation of a dialkyl 4,4'—stil-
PCT/ US96/ 02463 - 7~ product Is 26.0

g (76% of t heory) HERAGIgarboxylate pavwing the Lormpda. i nod by gas

chr omat ogr aphy. STEP4&(2) 5 A m xture
of p-(chloronethyl)benz lLaej_dl( 2N 20. ™M _gol ex2and triethyl
phosphite (99, 98 ni, 0 N=ible) is heawad at 170[err] C (base

tenperature) for % h%‘e steps comprising:

(1) preparing p—(chloromethyl)benzoic acid by
chlorinating p—toluic acid with sulfuryl chloride
in the presence of a free radical initiator and

15 chlorobenzene or dichlorobenzene;

(2) contacting the p—(chloromethyl)benzoic acid of step
(1) with a trialkyl phosphite having the formula
(R20) 3P to obtain a phosphonate compound having the
formula:

20 0 bome
2
rR2—ot-.Z }—caz-g—(on ), (I

R
25 and
(3} contacting the phosphonate ester compound of step
(2) with an alkyl p—formylbenzoate in the presence
of an alkali metal alkoxide and an inert solvent to
obtain the dialkyl 4,4’—stilbenedicarboxylate;
30 wherein R! is alkyl of 1 to 6 carbon atoms and R? is
alkyl of 2 to 6 carbon atoms. '

2. Process according to Claim 1 wherein step (1) is

carried out at a temperature of 70 to 100°C using 1.1 to
kL 2 moles of sulfuryl chloride per mole of toluic acid, a

free radical initiator selected from aroyl peroxides and

azo compounds, and a solvent selected from

chlorobenzene, dichlorobenzene or a mixture thereof in a

solvent:p~toluic acid weight ratio in the range of 1:1
40 to 5:1.



in a 250- i | ask. The excess triethyl phosphi te and |
bypfoduct$ ﬂ!\"ﬂﬁ " Hk@" f f_under reduced 10 pressure (approxi mately 150
eszt .

torr) and Ik (bas : a period of about 1
hour. The reaction mixture thdrTHIS SHEETHAS BBENi¢ne (100 nl) is
added and the twbwessrsol ution of the proagpiLAQEﬂ washed PCT/OS96m2483 (6

x 100 m.) to a pHof 4 to 5. The tol*rere—tS——7s0rsTT| | ed of f under

reduced pressure (150 torr) and a tenperature of |ess than 100[err]C
(base tenperature) over a peri od about-l1i@cdr. The product,
consisting primarily of diethyl p-(ethoxycarbonyl)benzyl phosphonat e,

IS obtained in_a yield of 37 %&S%Qf t er)S/% and u_sedini(?) .Step
(3) without further parifPEQEesH according Lo Cla Jwherein s&gpule) is

met hoxi de (10.4 g, Océfriedcjut rat a temperatuyefaf mdo o ABOPC ©8@nglani s
added slowy over a [ -ﬂ‘,q,’IJS ) t ' e
phosphonate (37 g, Ogézgnﬁop%)% om stggaggi%%n% vede 18 931:5.9 ?f
p-fornyl benzoate (20tPiglkyl pBhosphite to the Pr(¢hioromethy})bepzpic teidi ng
the m xture at B85 tooB52e1rtd 1oziaeans of cold water cooling.

Stirring of the mxture at 25[err]Cis 30 continued for 4 hours. Wter
(200 nL) is added slowy while maintaining the tenperature at 25 to
30[err]C and then 4+ ~SPFooess agcordipng to[€laim 3 whexein, g&6Pf €3) 1 hour.
ng ) pr oductfi Zcoﬁbkméedxmg‘ i1l.2r ¢bi 200 MOBEE hMKAYL wietAl hydroxide X
1 m) to a pHoO e ' t t Ll T
jrera o prodhes T bhr ABE0GH, iy B-Ha20 1800 Ak, W Vil iduze B 25

to 35C, and an inert, polar, aprotic solvent.

5. Process for the preparation of a dialkyl 4,4’'-stil~
benedicarboxylate having the formula

12 1ol -<.=>--cn=cn-<._>-—&o—o r%

20 by the steps comprising:

(1) preparing p—{(chloromethyl)benzoic acid by
chlorinating p—~toluic acid with sulfuryl chloride
at a temperature of 70 to 100°C using 1.1 to 2
moles of sulfuryl chloride per mole of toluic acidq,

25 a free radical initiator selected from aroyl
peroxides and azo compounds, and a solvent selected
from chlorobenzene, dichlorobenzene or a mixture
thereof in a solvent:p—toluic acid weight ratioc in
the range of 1:1 to 5:1;

30 (2) contacting the p—(chloromethyl)benzoic acid of step
(1) with triethyl phosphite at a temperature of 140
to 180°C to obtain a phosphonate compound having
the formula:

0 .-
35 . —-/ \. -—
czns—o& L -—CH, g—(oc2

Hg),

wherein the mole ratio of triethyl phosphite to
40 p—(chloromethyl)benzoic acid is in the range of 2:1
to 10:1; '
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theory IUR"H "Iu ws that a major portionof the product_is the
nmet hyl a m nor portlon hey di net hyl di ester of
4, 4' - stiI'benedr car boxyl'i aci g Hksanmb-/27577
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Process for the preparatlon of a dital k IR'
having the forrmula [err]

benedicarboxyléte

and
. (3) contacting the phosphonate ester compound of step

(2) with an methyl p-formylbenzoate at a
temperature of 25 to 35°C in the presence of an

5 alkali metal hydroxide using 1.2 to 2.0 moles
alkali metal hydroxide per mole of methyl
p—formylbenzoate and an inert, polar, aprotic.
solvent to obtain the dialkyl 4,4’-stilbenedi-
carboxylate;

10 wherein R! is methyl and R? is methyl or ethyl.

6. Process according to Claim 5 wherein the free
radical initiator used in step (1) is selected from
benzoyl peroxide, 2,2’-azobisisobutyrnitrile and

15 1,1-azobis (cyclohexanecarbonitrile); the triethyl
phosphite to p—(chloromethyl)benzoic acid mole ratio is
in the range of 3:1 to 5:1; the alkali metal hydroxide
used in step (3) is selected from sodium and potassium
alkoxides containing 1 to 4 carbon atoms; and the inert,

20 polar, aprotic solvent used 'in step (3) is
dimethylformamide.

7. Process for the preparation of p—(chloromethyl)-—
benzoic acid which comprises chlorinating p—toluic acid

25 with sulfuryl chloride in the presence of a free radical
initiator and in a solvent comprising chlorobenzene,
dichlorobenzene, or a mixture thereof.

8. Process according to Claim 7 wherein the process is
30 carried out at a temperature of 70 to 100°C using 1.1 to
2 moles of sulfuryl chloride per mole of toluic acid, a
free radical initiator selected from aroyl peroxides and
azo compounds, and a solvent selected frbﬁ
chlorobenzene, dichlorobenzene or a mixture thereof in a

' This Sheet Has Bee
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ri sing: (1) preparing p-(chloronethyl)benzoic
aC| d byl II" ﬂ""ﬁ m)HmEt i-ng p-toluic acid with sulfuryl chloride

t he prresence o ee radical initiator and 15 chl or obenzene or
d| chI or obenzene; (2) contacting ?g‘s i RASQBEENWI ) benzoi c acid of
step ‘b)%m'strhatrialkyl php i i gthe f or mul PCTUS96/02463
(R20) 3P to obtain a phosphonate conpo formula: 20
[err] 25 and (3) contacting the phosphonate ester conpound of step
(2) with an al kyl p-fornyl benzoate in the presenee of an al kal i
met al al koxi de and an inert solvent to obtain the dialkyl 4,4
-sti | benedi car boxyl ate; 30 wherein Rl is alkyl of 1 to 6 carbon atom; and
R2 is al kyl of Solvent:grtadwis: ardd weight xatio dn.the rangeiof 13
Claim1l wherein stepté¢15:1s carried out at a tenperature of 70 to
100[err]Cusing 1.1 to 35 2 noles of sulfuryl chloride per nole of toluic
acid, a free radical initiator selected fromaro per oxi des and
azo conpounds, and a2sol \RIRCess ascewdipgnto Cla%l%ﬁgﬁﬁéén@e free

di chl orobenzenesor arsdiddl driitdater 1B Selected dréinbenzb9lupsrogide wei ght
ratio in the range Oi,&#z%%isits%bgf%rrnitrile and 1, 1-azobis(cyclohexane-
- carbonitrile) and the solvent:p—toluic acid weight ratio
is in the range of 2:1 to 4:1.
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- 10 - - 3. Process according to Caim2 wherein step (2) iS -2 aa4as
carried out at a tenperature of 140 to 180[err}C using an, : : anmount of .~
trj al kyl phosphite which gives a nole ratio of - trialkyl -phosphit€stad

t he p-(chl oronet hyl)benzoic acid 5 of 2:1 to 10: 1. 4. Prioces’s
according to Claim3 wherein step (3) conprises using 1.2 to 2.0

nol es al kali netal al koxi de per nole of al kyl p-fornyl benzoate, a
tenperature of 25 10 to 35[err]C, and am i¥ert, polar, aprotic-solvent.

5. Process according-to Claim2 wherein: step (2) is carried out at

a tenperature of 140 tq _180[err]C usj.n triethyl phosphite whergin
the nole ratio of %ri e%ﬁﬂc Jciﬂ‘ﬁi“ﬁ% & (G3% i ?fﬁ%{rhﬁsﬁﬁn i ctSci d
is in the r sagericid 2uk tak B :tempErmturd of E0 rtedl &1 C atsing an
tenperature of 25 ]+G sl e ﬁ?ﬁ |

al koxi de using 1. ftm?’c‘)ﬁg"[ g{frmﬁgelsﬂ%aﬁq{ tact?e th&%tlai%édea p%?le@r%@%? of
met hyl p-f or nyl bedrd@l&ydnPhaspidte g dhe moldilongrethyl Kepnagic tarid
obtain the disal kylor 2:1 tb 4'o:St.i | benedi carboxylate; and Rl is nethyl and
R2 is met hyl or ethyl. 6. Process according to Caimb5

wherein the free 25 radical initiator used in step (1) is selected from
: 4. Process according to Claim 3 wherein step (3)

comprises using 1.2 to 2.0 moles alkali metal alkoxide
per mole of alkyl p—formylbenzoate, a temperature of 25
10 to 35°C, and an inert, polar, aprotiec-solvent.

5. Process according to Claim 2 wherein: step (2) is
carried out at a temperature of 140 to 180°C using
_ triethyl phosphite wherein the mole ratio of triethyl

15 phosphite to p—(chloromethyl)benzoic acid is in the
range of 2:1 to 10:1; step (3) is carried out at a
temperature of 25 to 35°C in the presence of an alkali
metal alkoxide using 1.2 to 2.0 moles alkali metal
alkoxide per mole of methyl p—formylbenzoate and an

20 inert, polar, aprotic solvent to obtain the dialkyl
4,4'—stilbenedicarboxylate; and R! is methyl and R? is
methyl or ethyl.

6. Process according to Claim 5 wherein the free"“ﬁl‘
25 radical initiator used in step (1) is selected from
benzoyl peroxide;_2,2'—azobisisobutyrnitrile and
1, 1—azobis(cyclohexanecarbonitrile); the triethyl
phosphite to p—~(chloromethyl)benzoic acid mole ratio is
in the range of ‘3:1 to 5:1; the alkali metal alkoxide
30 used in step (3) is selected from sodium and potassium
alkoxides containing 1 to 4 carbon atoms; and the inert,
polar, aprotic solvent used in step (3) is-
dimethylformamide. -
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bénzgyl'peroxide, 2,2' -azobi si sobutyrnitrile and. T AL
1, 1- azobi s(cycl ohexanecarbonitrile); the triethyl phosphite'to -, >

p-:(chl or onet hyl ) benzoic acid nole ratio is in the range of.3:1 tQq-
5:1; the alkali netal al koxide 30 used in step (3) is selected from
sodi um and pot assi um al koxi des containing 1 to 4 carbon atons; and
the inert, pol ar, aprotic sol vent used Ln_step (3) is
dlnethylfornan1de 11 - 11 -

7. Process for the preparation of p- (chloronethyl) benzoic acid
whi ch conpri ses chl or | BabLods Pebg! thE BEbflaration"bleNps(Lhibrbnelthoayde in
the presence of a free ta f and in a vent co |S|ng

chl or obenzene, Sbenzqi@ha@;@b@hz@hecompraSstsbi@r@néﬁéag p—toluic gcid

Process accor di Ngyien G5at fus i\’ﬂéﬁfbﬁééelﬁr eﬁ58§ré§ence ofcar Ek@@ edhiahia
tenperature of 70, tp 100 errg Usi ng yl

chloride per nol etRttiaF Fca 4n 3 gglvenprggmpgaﬁégp F§49F8§8P2§§Fected
from ar oyl pErOXIdEBhBﬂﬂobenzen&ZOofOﬂpﬁﬂﬁﬂﬁreaﬂﬁeﬁe&GLVent sel ected from

chl orobenzene, dichl orobenzene or a m xture thereof in a
8. Process according to Claim 7 wherein the process is
carried out at a temperature of 70 to 100°C usihg 1.1 to
2 moles of sulfuryl chloride per mole of toluic acid, a
10 free radical initiator selected from aroyl peroxides and .
azo compounds, and a solvent selected from
chlorobenzene, dichlorobenzene or a mixture thereof in a
" solvent:p—~toluic acid weight ratio in the range of 1:1
to 5:1.
15
9. Process according to Claim 8 wherein the free
radical initiator is selected from benzoyl peroxide,
2,2’'—azobisisobutyrnitrile and 1,1-azobis(cyclchexane—
carbonitrile) and the solvent:p—toluic acid weight ratio
20 is in the range of 2:1 to 4:1.
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d V\E‘l’ght ratio in the range of 1:1
8 wherein the free

radi CM g

perOX|de 2,

ratio in®

carbonltrlle) and the solvent:p-tg
s inthe range of 2:1 to 4:1.,
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(54) Title: PROCESS FOR THE PREPARATION OF ESTERS OF STILBENEDICARBOXYLIC ACID

(57) Abstract

Disclosed is a process for the preparation of 4,4°-stilbenedicarboxylate esters by a 3-step

process utilizing p-toluic acid, an alkyl p-

formylbenzoate and a trialkyl phosphite. The steps comprise: (1) preparing p-(chloromethyl)benzoic acid by chiorinating p-toluic acid with
sulfuryl chloride in the presence of a free radical initiator and chlorobenzene or dichlorobenzene; (2) contacting the p-(chloromethyl)benzoic
acid of step (1) with a trialkyl phosphite to obtain a phosphonate compound; and (3) contacting the phosphonate ester compound of step (2)
with an alky] p-formylbenzoate in the presence of an alkali metal alkoxide and an inert solvent to obtain the dialky] 4,4"-stilbenedicarboxylate.




