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PROCESS FOR THE PREPARATI ON OF _ STI LLBENEDI CARBOXYLATE
ESTERS This invention pertains to a novel process for the 5
pr'epar ation of 4,4'-stil benedi carboxylate esters. Mre specifically,
this inven ains to a 4-step process for the QﬁﬁhﬁisOf

di al kyl ?b mne- di carboxyl ates from al kyl Pttt

p- f or nyl benzoat es.utilizing i nt ermedi at e phosphite and phosphonste
conmpounds. 10 D al kyl 4,4' -stil beaedicarboxylates and 4,4 -stil -
benedi carboxylic acid are used in the manuf acture of opti cal

bri ghteners or whiteners. For exanple, Pat ent 4,921, 964

di scl oses the preparation ofPROCESS MMMMW’, AF | bene conpounds by
the reaction of 15 di al kyl gri.BENEST COHR remiesSs W th vari ous

ceftaln " solvents and

2- am nophenol conpounds in the presence o

catial ysts. Optical brighteners are used extensively in synthetic
plastics and fibers fMrisnpnyestion peﬂmimmmmmelepgweshefap;ﬁlent
whiteness, §her %Sifepa%@tio;thpi epaLgt i Dhea fcaibony1atef esters. More

4,4 -bib | di - tilb d box ds b
heatl nlg :nzy & itfﬂ'l MFI g“éﬁc&%‘%ﬁi 'fi?ﬁlttﬁ r']%c:t%aéh 3’ﬁ¥gl Cf 3? | : Y

di scl osed i n U. rodeessnifor, theé, SPBthdsis chﬁadiaiﬂ:ﬁdgds‘l'—stilmel-ved in

this method for ﬁé&i‘ﬁdx@@.a@eé £2bn | SBOFI Frorm ﬁ'ﬂzm&h' aragigihgcl ude
(i) high tenperatyres i of 250 to,290[ ERR] C are required,
(ii) the product® ntern q?ff’iﬁu?@"ﬁ%%é ng’Ffb p-toluic
aC|Id - 10 anq t he Diglkyldciés4’<4sdilbenesdicdrbhogrliates) nndancu'-stil—_

?i’ i4i )SE Lgbfgad;?ﬁw E-So?&zgg? aé‘iﬁ &5 Yuskd fixP"tlhte hﬂgﬁ?ae&u% fothg
necessity to pr qlh?g' QHFSBE?P or wh%%ﬁ‘ﬁ’iﬁ-} pF(?&'u%&“PP'Gm UsBapi ng by
costly scrubbi ngpatent 4,921,964 discloses the preparation of

bis(2~-benzoxazolyl)stilbene compounds by the reaction of

15 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
the appearance, e.g., the apparent whiteness, thereof.

20 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
involved in this method for producing 4,4’—stilbene-

25 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 acid,
and the 2 products,'4,4'-bihenzyldicarboxylic and
4,4’'—stilbenedicarboxylic acids, are very difficult to

30 separate, (iii) the low yields, e.g., 40% at best,
obtained, and (iv) the necessity to prevent the hydrogen
sulfide produced from escaping by costly scrubbzng
procedures.

) It also is known to heat a stoichiometric excess of

35 p—toluic acid with sulfur at 265°C at a pressure of



procedur es. It also is knowmn to heat a stoichionetric excess of

35 p-toluic acid with sulfur at 265C at a pressure of WO
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-2- about 5.5 bars absolute in the presence of nitrogen to

obtain 4,4 -sgil I carboxylic acid in a 34%yield ba

anount of suﬁ?efagggg. A known net hod for synt hesi zi ng g?ﬁgthy §

4,4' -stil benedi carboxyl ate 5 conprises the steps of (1) contacting nethyl
p- f or nyl - benzoate with hydrogen sulfi<dl@ at OC in the presence of
hydrochloric acid to produce a cyclic trisulfide conmpound and (2)
heating the cyclic trisulfide conmpound at 220 to 260 Cin the

. err
presence of copper3BPRE R phdipRs APsolutrein the pXegRANce ST nitrogen to
-sti | benedi car boxybptain s4 pbht-sstidbenedicarberyDieradid \iirelad 34Bagidldn t he

t hyl -f | - i i f 37459
Tethads” | ket he based 8K Vi sdil 8¢ EIEL Ugel! W rchdun bEngh 20"
sul fide These prof¥uthesizing Aimetbyis4,4{gtiibanpdicarboxydnts; o

equi prent andsar e sompyisés the stepscoff (1) Ueentactinty: methylr petormyl—

equi pnent. Additio | tdd e r
Gescribed o' by pangoate YR YhradenPBAEPIAFINE doc iE ThETRRMRERCE (SF
1983, 341-368 and hydroehleric mciti tgproduce a cyclic fxisudfideoped a
process ‘whi ch doescofpoisidleric (2) heak@nySehefcyel fd/ rtraphlFigebeorpsind ed

manufact ur i ng equl BReRED Shed st ot tlp BR8Egped of Wit A" igheny) i o
a novel nethad® forepheduciipeting 4.4 askilbanedicarhoyariatec ishoktained -
having the fornul ain an overall yield, based on the methyl p—formyl—
benzoate starting material, of 37.5%. Both of these
methods, like the process of U.S. Patent 2,677,703,
produce hydrogen sulfide. These processes require the
15 use of special, dedicated eguipment and are not well
suited for use in general 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.
20 We have developed a process which does not require
the use of sulfur and may be operated at moderate
process conditions in general purpose, chemical
manufacturing equipment. The process of the present
invention provides a novel method for prodqcing a
25 dialkyl 4,4’'-stilbenedicarboxylate having the formula

o] oas sme (0]
1 N VR 1
R'—08-{ Se—CH=CH~-{ -—80—R (1)

30
from an alkyl p-formylbenzoate compound by the steps
comprising:
(1) preparing an alkyl p—(hydroxymethyl)benzoate having
35 the formula

0 e _
Rl—oé':--f S-—cn, 08 (III)
40 (3 —X]



[err] froman al kyl p-fornyl benzoate conpound by the steps

cQnprising: (1) preparing an al kyl p-(hydroxymet hyl)benzoate having 35
the formula [err] WD 96/ 27578 '
PCT/ US96/ 02465 - 3- by
hydrogenatigﬁﬁﬁgwﬁhkyl p- f or nyl benzoat e havi ng the f
[err] ydrogenation conditions of tenperature an pressure
in the presence of a nickel hydrogenation 10 catal yst; (2)
contacting the al kyl p-(hydroxynethyl)benzoate of step (1) with a
trial kyl phosphite having the formula (Rlerr]Of[err]P to obtain a
phosphite easter conpound havi ng the fornul a:
[err] (1V) 20 by hsiirogenating ran aikyihpsfbrnplbenzoats having thewith a
catal ytic anount ggfmh@gi Ne to rearrange the phosphite ester to a
phosphonat e ester having the '

" - ' 1_ 87N cno

5 R'—08- .-cHO (1I)

under hydrogenation conditions of temperature and
pressure in the presence of a nickel hydrogenation
10 catalyst;

(2) contacting the alkyl p—(hydroxymethyl)benzoate of
step (1) with a trialkyl phosphite having the
formula (R?0),P to obtain a phosphite ester
compound having the formula:

15

o & -
rR'—ob—f S.—cm,0-p-(0r%), (IV)

2
oxze
20 (3) contacting the phosphite ester of step (2) with a
catalytic amount of iodine to rearrange the
phosphite ester to a phosphonate ester having the
tormula:
25 R*—0b-2  S.—cu, b (0r?) V)
Nl 2 2
and
30 (4) contacting the phosphonate ester compound of step
{(3) with an alkyl p~formylbenzoate, e.g., having
" formula (II), in the presence of an alkali metal
alkoxide and an inert solvent to obtain the dialkyl
4,4'—stilbenedicarboxylate;
35 wherein R! is alkyl of 1 to 6 carbon atoms and R? is
alkyl of 2 to 6 carbon atoms.
The alkyl p—formylbenzoate, e.g., methyl p—formyl-
benzoate, used in steps (1) and (4) is produced in large
amounts as a byproduct in the manufacture of dimethyl
40 terephthalate which is used in the production of
poly (ethylene terephthalate) polymer. The 4-step
process may be operated in general purpose equipment in



formula: 25 [err]

[err] and 30 (4) contacting the phosphonate_ester conpound of
step (3) with an al kyl p-fornyl benzoate, e.g., having

formula (11), in the presence of an alkali netal al koxi de and an
i nert sol vent g in the dialkyl 4,4 -stil benedicqgpisegeisst €;
35 wherein R err] is alkyl of 1 to 6 carbon atons and R err] 1s

al kyl of 2 to 6 carbon atons. The al kyl p-fornyl benzoate, e.g., nethyl
p- f ornyl - benzoate, used in steps (1) -angl£4) is produced in |arge
anounts as a byproduct in the manufacture of dinethyl 40 terepht hal ate

which is used in the production of pol yet hyl ene terepht hal at.e)
pol ymer. The 4-st ¥pich staps R}, &) Bnd(4)m2Y Pe iﬁﬁfef‘oﬂ qiH JHsthe

equi pnent in sane\\Ee@6tor 578
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(2): (3) and (4) may bemézeirir#zé%t o%‘%e‘f noft r%‘e procggélmisr eca%ﬁjiw dit 1h The

first step of the Pressuxe;eauipment; wharein an alkyl prfarmyihensoatennerein
an al kyl p-forsayl bgaehaas méthyF s+t oxrmyIdiehzoagel 6 "FélerviaXy iand

ISt Ye Y " smenSOtEbLLY A MR ACY, Shnfub RN U 8 1010,
a ni ckel hydr ogenadl@iCcand| § Pregfune of 20 tpnZp:bars Absluts iantheThe
catal yst preferabl presehBe ofodayidlieX tyarogenatDen! éLEaIystk and anal yst
such as inert, organic solvent. The catalyst preferably is
10 Raney nickel or a supported nickel catalyst such as
nickel on a silicaralumina catalyst support material
wherein nickel constitutes 1-70 weight percent of the
catalyst. The hydrogenation usually is performed in the
presence of an inert, organic solvent such as, for
1s example, aliphatic and aromatic hydrocarbons,
e.g., hexane, heptane, benzene, toluene and the xylenes;
chlorinated, aromatic hydrocarbons, e.g., chlorobenzene
and dichlorobenzene; and alkyl carboxylate esters,
e.g., C;—C, alkyl esters of carboxylic acids containing
20 2 to 4 carbon atoms. The preferred hydrogenation
conditions comprise a temperature in the range of 60 to
75°C and a pressure of 40 to 60 bars absolute.
Normally, after separation of the catalyst, for example,
by filtration, and removal of most or essentially all of
25 the solvent by distillation, the product of step (1) is
used in step (2) without further purification.
Step (2) is carried out by simply heating a mixture
of the alkyl p-~{hydroxymethyl)benzoate from step {1) and
a trialkyl phosphite at a temperature of 120 to 160°C.
30 Step (2) conveniently is performed using an excess of
the trialkyl phosphite as the reaction solvent or
medium. For example, the mole ratio of trialkyl
phosphite to the'alkyl p—(hydroxymethyl)benzoate may be
in the range of 10:1 to 1:1, preferably in the range of
35 §:1 to 2:1. Upon completion of step (2), the excess



ni.ckel on a silical/alum na catal yst support materi al wher ei n ni ckel

constitutes 1-70 weight percent of_the catal yst. The_hydrogenation
usually is perfornmed in the presence of an inert, organic solvent such
as, for 15 exanpl e, aliphatic and aromatic hydrocarbons, e.g.,
hexane, hegﬁagg,wﬁpnzenew t ol uene and the xyl enes; chpetfy

aromati ¢ hydrocarbons, e.g., chlorobenzene and di chl or obenzene; and

al kyl carboxyl ate esters, € g., (Jerr]-Cerr] alkyl esters of
carboxylic acids containing 20 2 to 4—8rbon atons. The preferred

hydr ogenat i on conditions conprise a tenperature in the range of 60 to
75[err] C and a pressure of 40 to 60 bars apsol ute af ter

: Nor.mal | vy,
separation of th@nRERagted) trialkyd.phesphite may he FFQPVBH?EEﬂﬁ Heoval of
nost ?a)essentiejﬁqau&ﬁ hy:daiti%lhe;onlvent by distillation, the product of
step i s use P u i
Step (2) is carried %ﬁ‘go?%?l %%I %%Fian%w%ﬁ %’f@w a ﬁa%‘fa‘?ﬁe"%l*k"?

p- (hydr oxymet hy Dhrsphite: esten ofcformulan(IV) with, & CALRLYEiGAROWREe at a

t enperat uresof l1g¥ rciecullae 1bGindlat a tempdritwrenimithet kange otrizo nmed

modi o For oxart 8976 s pRBR of £3RINS fudkn UaGsaig Lt B8 4R ©

al kyl p- (hydr oxrRmount whichsgdvesyanciodine:phosphite, ggtess wedoht o 1: 1,

ItO--L eferably in tfﬁﬁf&‘\/\i)&@:g(t}ixze;iagg&bi 1950 to 11400 wivlaciredgnel rated (2),
e excess

PCT/ US96/ 02465 in the ré%ge %% 1:100 to 1:200 bg%gg preferrfﬂﬁreacted)

trial kyl ph®sphidlthmghaote meressarym the use of mndpert)podvent| Payi on.
Step (3) is carrbéthraferped ¢3! Qigsipite! thé Kéat UF reactibasphrherester of

oo (1), it i 19 Bh g A8 it 8 REnher o
used usual |y wi |dingthyjacetamide, glycol diethers, glycol diesters,
glycol ether esters and haloaromatic compounds. Step
b £ (3) preferably is conducted at a temperature of 140 to
150°C. _

The fourth step of .the process of the present:
invention comprises contacting the phosphonate ester
compound of step (3) with an alkyl p—formylbenzoate in

20 the presence of an alkali metal alkoxide and an inert
solvent to obtain the dialkyl 4,4’—stilbenedicarbox—
ylate. Examples of the alkali metal alkoxides which may
be used in step (4) include the sodium, potassiun,
lithium and cesium alkoxides containing 1 to 4 carbon

25 atoms. The amount of alkali metal alkoxide used
typically is at least one mole alkali metal alkoxide per
mole of alkyl p—formylbenzoate, preferably 1.2 to 2.0
moles alkali metal hydroxide per mole of alkyl
p—formylbenzoate. Step (4) typically is carried out at

30 a temperature of 25 to 35°C in the presence of an inert,
organic solvent such as the polar, aprotic solvents
described above.

With reference to step (3), the iodine-catalyzed
isomerization of trimethyl phosphite to the

35 corresponding dimethyl methylphosphonate is described by



anount whi ch gives an iodine: phosphite ester weight ratio in the
range of 1:50 to 1:300 with a wei.ght ratio in the range of 1:100 to
1: 200 being preferred. 10 Al though not necessary, the use of an inert
sol vent may be preferred to dissipate the heat of reaction. Inert
sol vent s whi clyosires used i ncl ude di net hyl f or mam de, PCT/US96/02465

di net hyl acet am de, gl ycol diethers, glycol diesters, gl ycol ether
esters and hal oaromati c conmpounds. Step 15 (3) preferably is conducted
at a tenperature of 140 to 150[err] C~ 6 — The fourth step of
t he process of the present I nvention conprises contacting the

phosphonat e ester conpound of step (3) with an al kyl E#forngll benzoat e
in 20 the preséhc&ofagdav,ip;fynthetic £ atignge 2OEFL, 239-246
sol vent to obtain (issaji.al Withiréfesentécee ditep (@), the regétien of-xanpl es

of the alkali net -ﬂﬂsﬁxipd%gr ' NS jncl ude
the sodi um pot asgtlhijm P‘tﬁﬁm %%?%%Eﬁggitheg-&%ﬁ?éﬁ?% l1to4
carbon 25 at ons32o1y]d benzaddehyde) in| thepresence, ofBM§QAnd sodium
typically is st | esstthadidetocpbliate 4o{24-dngnsiarolyd)—4/—stilmdme-of

al kyl p-fornyl ben I lyal e | o MEt al
hydr oxi de per nol é%&%ﬁg QE&B xg-?(g)?érr{/) enz%nat%‘.“g?gpié4 ¥tatlflbs|'cal ly is
carried out at 30 Patente 3,588, 673.of Seus et A} or Jourmal: f e of an
i nert, or gargifensidtes)t 26yCb22as (196Tp| déscribeothe poéparation of

descri bed above. j 3 .
| odi ne-cat al yzed Stil?elnseor?é‘rw %gﬁgég%gff‘?i%i%oﬁoéaﬁ%gﬁgt% ?ﬁg‘fﬁf
cor r espondi n§0di mﬁﬂlﬁmmﬁﬁﬁﬁmﬁstﬂe%ﬂﬂééagyde or a \\D

96/ 27578 heterocyclic carboxaldehyde, st¥diubSaetfid#fd®e and V. K

Yadav in Synthetic Wﬁ%@?lﬁghzg&ﬁg’ng\;&& Gnd invehefPe melid of

reference to steplI
_ e present process is predicated primarily on the

unique combination of steps which require a minimum use
15 of equipment to operate on a commercial scale and on the
use of an abundant starting material that is available
as a byproduct from commercial dimethyl terephthalate
processes. _
The process of the present invention is further
20 illustrated by the following examples.

STEP (1)
A mixture of methyl 4-formylbenzoate (500 g, 3.05
mole), Raney nickel (25 g) and toluene (1000 mlL) is
25 heated in an autoclave between 60 and 75°C under a
hydrogen atmosphere at between 41 and 44 bars absolute
for 3.5 hours. The hydrogen pressure then is released
and the catalyst removed from the reaction mixture by
filtration at 40 to 60°C. The toluene is removed by
30 distillation and the product, methyl 4-(hydroxymethyl)-
benzoate obtained in a 90% yield, is used in the next
step without further purification.



di et hyl p-carboxybenzyl phosphonate wth p-(2-benzox-
azol yl ) benzal dehyde in the presence of DVMSO and sodium 5 met hoxide to

produce 4- (2" - benzoxazolyl)-4'-stil bene- carboxylic acid is described
in Exanple 22 of U. S Patent 3,586,673. Seus et al., Journal of

Organi c ﬁéag&istry, 26, 5243 (1961) describe the pre '

stil bene aft? ocyclic analogs by heating a m xture 10 of di et hyl
benzyl phosphonat e, benzal dehyde or a het er ocycl i ¢ car boxal dehyde,

sodi um et hoxi de and di zet hyl f or uawi Wle~= The novelty and inventive
merit of the present process is predicated primarily on the

uni que conbi nati on of steps which require a m nimum use 15 of equi pnent
to operate on a commercial scale and orSRER(2) use of an abundant

starting material that migtayaei bfbhéthyl 4-m&mwymybénmwmm al

di met hyl t ht hal_a

pngen¥ |n52ﬁf|dha| Efapgﬁéraﬁéqggf?fﬁkknggﬁquﬁge (Egeg Ggﬁﬁ q%f%ﬂgles
STEP (1) mole)Aisi heatedoat n1303¢ fpx mﬂusenzraéie Bﬁ lers)s
nol e), Raney ni %ﬁiﬂ%e&aﬁ&ﬂ)t&emﬁﬂm& BOf as885to BSeced Undan

aut ocl ave between 60 and 75C u e e t between
41 and 44 bars a&?é’dﬁ??e “’?of‘@?’ﬁ’o‘tﬂ"w#@hgg% ig&é}‘gsﬁre then is
rel eased drahperatureanott exceeding f#&ﬁﬁq.hé'-hee&etppsﬁ ieth¥l py

filtration at 4Gy &%ﬂ E.Ecdi'srﬁfliéduﬁﬂﬁnlﬁ:é vEactdohymifture dowér 1d ati on

o e ot e e peBISaCY TELEN' ) o 4 (ARENEGER-BBA ey 2 0%
VO 96/ 275780 diethyl phosphite product is used wﬂnggpgspg;ggiggtzon :
-7 - in the third step.

SIEP (3)
The product (0.1 mole) of step (2) is added slowly

i5 over a period of 8 minutes to a hot solution of icdine

(0.2 g) in dimethylformamide (DMF, S0 mL) and the

mixture is maintained at 140°C for 3 hours. This

solution containing the product, diethyl 4—(methoxy-

carbonyl)benzylphosphonate, is used in the fourth step. .
20

STEP (4)
DMF (100 mL) and methyl 4—formylbenzoate (13.9 g,
0.13 molej are added to the product solution from step
25 (3) at a temperature of 25 to 28°C. Sodium methoxide
(7 g) is added to the solution while maintaining the
temperature at 25 to 35°C by means of a water bath. The
reaction mixture is heated at 25 to 35°C for an
additional 4 hours and then water (100 mL) is slowly
30 added at 25 to 35°C (with water bath cooling as
necessary) to precipitate the product. Aafter stirring
for 1 hour, the product, dimethyl 4,4’-—stilbenedicarbox—
ylate, is collected by filtration, washed with water
until the filtrate has a pH of 5 to 7 and then washed
35 with methanol (2 x 50 mL). After drying at 60°C under



STEP (2) A m xture of nethyl 4-(hydroxynethyl)benzoate (16.6
g, 0.1 nole) and triethyl phosphite (48 9, 50 ni,.0.29___ nole) is heated

at 150[err]C for 2 hours while I ow boilers 5 (mainly ethanol) are
distilled off a 80 to 85[err]C. Under ‘reduced pressure (approximately
100 torr) and at a tenperature not exceedi ng 125[ err] Cpctiuso6m24s8s S
triethyl w iteis distilled fromthe reaction m xture over a

30 minute period of time. The 4-(methoxycarbonyl)benzyl 10 di et hyl
phosphite product is used without purificatiog — in the third step.
STEP (3) The product (0.1 nole) of step (2) is added sIomAy 15

over a period of 8 mnutes to a hot solution of iodine
di met hyl f or mani de (V@iwRumG 0dimethnt 4&ﬂf-st11bemﬁﬁ@99§bP§Y¥ﬂﬁﬁu%ﬁ m&&aéped

140[err] C for 3 houssa EBaSyield b&é&dltdxﬁitrfeo&hahﬂtnﬁftﬁetwndﬂlhydd‘bayhyl
4- (met hoxy- ca%g?géh%fenz Ipho te, is used in the fourth step.
20. :ﬁ%ﬁ -fornyl benzoate (13.9 g,

0.13 nole) are added to the product solution fromstep 25 (3) at a
tenperature ofg25 to 28C.  Sodi um net hoxi de (7 g) is added to the
solution while maintaining the tenperature.at 25 to 35[err]C by neans
of a water bath. The reaction mxture is heated at 25 to 35[err]C for
an additional 4 hours and then water (100 nmL) is slowy 30 added at
25 to 35[err]C (with water bath cooling as necessary) to precipitate
the product. After stirring for 1 hour, the product, dinethyl

4,4" -stil benedi car box- ylate, is collected by filtration, washed with
wat er until the filtrate has a pHof 5 to 7 and then washed 35

with nmethanol (2 x 50 nlL). After drying at 60[err] C under
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“vacuum di nmethyl 4,4'-stil m‘mm!lﬂ“ﬁ m" ! i_s_obt ai ned —a—-65%

—yi-etd—hased—om THhe anount’ roxy- nethyl)benzoate
.enpl oyed. WO 96/ 27578 9 - e
claim 1. Process for the preparation of a dlalkchnUﬂKNﬂ“ﬂ
benedlcarﬂ@NVFEF% havi ng the formul a 10 froman al kyl
p- f or nyl benzoat e conpound by the steps conpri si ng: (1) preparing
an al kyl p-(hydroxynet hyl)benzoate having. ¢ — the formula 15 [err]
20 by hydrogenating an al kyl p-fornyl benzoate havi ng t he
formul a
CLAINMS
We claim:

1. Process for the preparation of a dialkyl 4,4’-stil—
benedicarboxylate having the formula

S
o oo @ o & o
rR'—od-¢ S-cp=cp-Z S.-&o—r' (1)
10 (: I oEm=e
from an alkyl p—formylbenzoate compound by the steps
comprising:
(1) preparing an alkyl p—{hydroxymethyl)benzoate having
the formula
15 o ome
1 g X
R —0&-.\.3. _+—CH,,OH (III)
20 by hydrogenating an alkyl p~formylbenzoate having
the formula ]
O * -
1 s N
25 R —ot-.{ .—cuo (I1)

under hydrogenation conditions of temperature and
pressure in the presence of a nickel hydrogenation
catalyst;

30 (2) contacting the alkyl p—(hydroxymethyl)benzoate of
step (1) with a trialkyl phosphite having the
formula (R20);P to obtain a phosphite ester
compound having the formula:

35 Rl—og—-<.=.>--CH20—P—(OR2) ,  (IV)
(3) contacting the phosphite ester of step (2) with a
40 catalytic amount of iodine to rearrange the
phosphite ester to a phosphonate ester having the
formula:
45 RE—0b-.? S ey —g—(oaz) v)
N _ 7 2 2

and



[err] under hydrogenatlo enperature and
pressure in the presence of a ni CB @Bgﬁum . catal yst; 30
(2) contacting the alkyl p- (hydr e of step (1) -

wi'th a trial kyl phosphite having the formula (R20)[err]P to obtain
a phosphite %&?}ns .conpound havi ng the formul a: [ POT]US96/02465 3)
contacting the phosphite ester of step (2) with a 40 catal ytic
anount of iodine to rearrange the phosphite ester to a phosphonate
ester having the formul a: [err] - 10 —and WO 96/ 27578

- 10 - (4) contacting the phosphonate ester conpound of step

(3) with an al kyl p-fornyl bensgate in the presence of an al kal

metal al koxi de and & i fontagsipgnthe phosphonate esfgr rampoandof |Shep
4,4 -stil benedi car boxyl g39; with anv&Ixyl p-formylbenzobkyl infthe tprdseneoon
atoms and R2 is algey lanOh }ﬁaiﬁ e@ﬁ Bk Hi¥E ana an ineft sdiVEH to
according to Caiml whérern &
obtain the ialkyl 4,4’—stilbenedicarboxylate;
5 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)
comprises hydrogenating the alkyl p—formylbenzoate at a
10 temperature of 40 to 100°C and a pressure of 20 to 70
bars absolute in the presence of Raney nickel or a
supported nickel catalyst and an inert, organic solvent.

15 3. Process according to Claim 2 wherein step (2)
comprises heating a mixture of the alkyl p—(hydroxy—
methyl)benzoate and an excess of the trialkyl phosphite
at a temperature of 120 to 160°C and step (3) comprises
heating the phosphite ester at 120 to 180°C in the

20 presence of a catalytic amount of iodine and an inert
solvent.

4. Process according to Claim 3 wherein step (4)
comprises contacting the phosphonate ester compound of

25 step (3) with an alkyl p—formylbenzoate in the presence
of an alkali metal alkoxide and an inert solvent at a
temperature of 25 to 35°C.

5. Process according to Claim 1 wherein the dialkyl
30 4,4’-stilbenedicarboxylate is dimethyl 4,4’'-
stilbenedicarboxylate which is prepared from methyl
p—-formylbenzoate by the steps comprising:
(1) preparing methyl p-(hydroxymethyl)benzoate by
hydrogenating methyl p—formylbenzoate at a
35 temperature of 60 to 75°C and a pressure of 40 to



conprises hydrogenating the alkyl p-fornylbenzoate at a 10 tenperature
of 40 to 100[err]C and a pres l __ bars absalute in the .
pr esence of Raney ni ckel or - ﬂm“”ﬂ | m“)mmn ni ckel catal yst and an inert,
0Jr gam c sol vent. . *Prbcess "acéording to Claim 2 wherein step

%(g?@éﬁs heat| ng ‘a mixture of the alkyl p-(hydrecuyeseso24ss
rret hyl ) ben d an excess of the trialkyl phosphite at a

tenperature of 120 to 160[err] C and step (3) conprises heati ng t he
phosphite ester at 120 to 180[err]C in thare presence of a catalytic
amount of iodine and an inert sol vent . 4. Process accordi ng

to Caim3 wherein stedo rises contacting the ggogphonate
ester conpound of 256 @Fép%?lw‘ n the |presence: R BRIGREL in the

presence of an igldsigenation ahtnkyskasethated fepin Baheymickel

t enperature of 25toﬁ,ﬁ@;1&h Caf $hageto Caim1l
wherein the dial kyl gxtstlf‘%enedl%?fr# Xy atsgal S dlgmet hyl 4, 4' -
sti| benedi car boxyl at Sakvet;i s prepared from net hyl p- f or nyl benzoat e

by the steps congg) sidigitacting the methyl ipre(hydriopymethyl)benzoate of
Dt of myl bonzoatc at| FRP (1) with tristh a:?%ﬂ%ﬂﬁ*% e $oTBbELIp adethy)
pressure of 40 to p—(nethoxycarbonyl)mm e\i\o 96/27578
- 11 - (3) contacting the phosphite ester of step (2) with a
catalytic amount of iodine at a temperature of 120
10 to 180°C in the presence of an inert solvent to
rearrange the phosphite ester to diethyl p—

(methoxycarbonyl)benzylphosphonate;

and
(4) contacting the phosphonate compound of step (3)

15 with methyl p—formylbenzoate at a temperature of 25
to 35°C in the presence of an alkali metal alkoxide
and an inert solvent to obtain dimethyl
4,4’—stilbenedicarboxylate.

20 6. Process according to Claim 5 wherein step (1) is
carried out in the presence of Raney nickel and an inert
solvent selected from hexane, heptane, benzene, toluene,
the xylenes, chlorobenzene, dichlorobenzene and C;—C,
alkyl esters of carboxylic acids containing 2 to 4

25 carbon atoms; step (é) is carried out using 2 to 5 moles
of triethyl phosphite per mole of methyl
p—(hydroxymethyl)benzoate; and step (3) is carried out
at 140 to 150°C in the presence of a catalytic amount of
iodine and dimethylformamide.

30



60:bars absolute in the presence of a nickel - hyﬁr%dlmpg-‘?

catal yst..selected from Raney nickel _and_supported nickel

cagal ysts and an inert solvent; 5 (2) contacting the SCOP
p- (hydr oxymet hyl ) benzoat e of step (1) with triethyl gasphite to Yy
obt ai n di et hyl p- (et hoxycar bonyl ) benzyl phosphit egheire (3)
contacting the mphl t e estwRLEmeBletival rRbredi dkeANtzATION CRRDRWt | c

amount of- i odin a tenperature of lngmagional Buresu to 180[err]C in the

presence RNTERNATIONAL MUMKONGUBLISHED UNDEREEHE BATENT: CRORERATTON TREARY CT) 0

di et hyflg CHslifcitlo &y Car bony | ?%EEERHQLS and %ws
cont adt I m&fﬁﬁm nat e corrpound %{%% Nm"vx'f't h rTEVKyI
b

p- f or nyl terrperature 01 (ﬁ)hmﬂonﬂm%[mﬁr]ﬁsepﬂm&hb%(lzmgﬁ)
preser e—of—an—eat-tat—retat—eat r\U}\I u dllu - ert—sotvent—to
obt ai ) () wksnitishal Application Numbefk, 4’ mmwcm..kp Bigpean
accobrding to daim %a'\ﬁ(mere#tr; ste W CHRE. Pk, ES{TR. G Bd-v.
of Raré’ﬁ’glfﬁ"ﬁ‘k'@ll i ne sel ¥ Ta®F8m hexane, hept ane,
benzene, toluene t he xyl enés, chlorobenzene dlchlorobenzene and
d[ er r ]{ {30 priority Da %;boxy d’% cont ai 2t 0 4 25
car bor ator%” (2)6%5193? dout tng 2 () "'1'{1”‘9 P of triet hyl

. phosph te per ol e of net hyl p- (hydfoxynet hyl ) benzoate; and step (3)

is cani snmg n the presence of a catalytic
anmount 'W“'? ﬂHﬂWFﬁ%ﬁW de. 30
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(54) Title: PROCESS FOR THE PREPARATION OF STILBENEDICARBOXYLATE ESTERS

al—og— ’ ~ S+—cn,0-p-(0r), av)

(57) Abstract

Disclosed is a process for the preparation of 4,4"-stilbenedicarboxylate esters by a 4-step process starting with an alkyl p-formylbenzoate
and utilizing intermediate phosphite and phosphonate compounds. The steps comprise: (1) preparing an alky] p-(hydroxymethyDbenzoate
by hydrogenating an alkyl p-formylbenzoate; (2) contacting the alkyl p-(hydroxymethyl)benzoate of step (1) with a trialkyl phosphite to
obtain a phosphite ester compound having formula (IV); (3) contacting the phosphite ester of step (2) with a catalytic amount of iodine to
rearrange the phosphite ester to the corresponding phosphonate ester; and (4) contacting the phosphonate ester compound of step (3) with
an alkyl p-formylbenzoate in the presence of an alkali metal alkoxide and an inest solvent to obtain the dialkyl 4,4'-stilbenedicarboxylate.




