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SYNTHETIC COMMUNICATIONS, 30(9), 1543-1 553 (2000) 

SYNTHESIS OF E- AND 2-O-METHOXY-SUBSTITD 2,3- 
DIPHENYL PROPENOIC 

ACIDS AND ITS METHYL ESTERS 

KBroly Felfijldi, Mhria Sutyinszky, N6ra Nagy and IstvQn Phlik6' 

Department of Organic Chemistry, J6zsef Attila University, 
D6m ttr 8, Szeged, H-6720 Hungary 

Abstract: A series of stereoisomeric 0-methoxy-substituted 2,3diphenyl propenoic 
acids and their methyl esters have been synthesized. The E isomers were prepared 
by a modified Perkin condensation (substituted benzaldehyde, phenylacetic acid, 
EbN/acetic anhydride). The difficult to access Z isomers were obtained convenient- 
ly in good yields when the appropriate coumarin derivatives were allowed to react 
with KOH and CH,I in DMSO. 

Cinnamic acids and their derivatives, beside being compounds of biological 

importance' (they are the members of the shikimic acid metabolic pathway), offer 

the possibility of investigating hydrogen bonding interactions as well'. The acids, 

among them the u-phenylcinnamic acids, are capable of forming hydrogen bonded 

network in solution through dimerization and to a smaller extent trimerization 

(C =O..  .HO)3*4. This short-range order can be extended substantially in the solid- 

sate, where the dimers are kept together by (aromatic)C-H.. .O interactions' 

'To whom correspondence should be addressed 

Copyright 0 2000 by Marcel Dekker. Inc. 
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1544 FELFOLDI ET AL. 

In continuation of studying the agglomeration behaviour of this family of 

molecules, we decided to introduce, on one hand, substituent(s) capable of further 

hydrogen bonds onto the phenyl ring@) of 2,3diphenyl propenoic acid, and, on the 

other hand, to eliminate the possibility of dimer andor trimer formation, the methyl 

ester of the each acid was also prepared. For the molecules described in this work, 

see Scheme 1. 

la: R, R"= H, R'=OCH3 2a: R, R"= H, R'= OCH3 
le: R= CH3, R'= OCH3, R"= H 2e: R= CH3, R'= OCH3, R"= H 
3a: R,R'=H, R"=OCH3 4a: R,R'=H, R"=OCH3 
3e: R=CH3, R'=H, R"=OCH3 4e: R=CH3, R'=H, R"=OCH3 
5a: R=H, R',R''=OCH3 6a: R= H, R', R"= OCH3 
5e: R= CH3, R', R"= OCH3 6e: R= CH3, R', R"= OCH3 

schem: 1 

Many of these model compounds have not been described in the chemical 

literature, yet. The known molecules are the stereoisomer pairs la6 and Za' and the 

ester le*. Although the E isomers can be prepared in good yield without much 

difficulty, the Z isomers are not easily accessible*. Here, we also present a method, 

which provides the Z acids and esters in good yield. 
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2,3-DIPHENYL PROPENOIC ACIDS 1545 

The (modified) Perkin condensation of benzaldehyde and phenylacetic acid 

gives a mixture of 2,34phenylpropenoic acids (a-phenylcinnamic acids)'. The E 

isomer is overwhelming in the reaction, the quantity of the Z isomer rarely reaches 

20 weight%. The actual ratio can be influenced by the solvent, the duration and 

temperature of the reaction". If the pK, values of the stereisomeric acids are 

substantially different the isomers can be separated easily by fractionated 

acidification". This method may not work effectively with our compounds because 

their p& values are unknown. Moreover, even though condensation under Perkin 

conditions (Scheme 2) provided the E isomers in large quantities, yields for the Z 

isomer were poor (generally smaller than 4%). 

scheme 2 

For our agglomeration experiments, however, we needed larger quantities 

of the Z isomers molecules as well. Thus, a more efficient method was searched 

for. 
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1546 FELFOLDI ET AL. 

First, a reaction, described for the preparation of Z-3-(o-methoxyphenyl)-2- 

phenyl propenoic acid from 3-phenylcoumarin with dimehyl sulfate in aqueous- 

basic medium, was tried’. Although 30 % yield was reported, in our hands, even 

after repeating it several times, it gave no more than 8% and even if the Z 

configuration was fixed in the reactant, some of the E isomer was always formed. 

Another method”, the reactions of various coumarins in DMSO with KOH 

and CH31 have been reported to provide with 2-3-(0-methoxyphenyl) propenoic 

acids in good yield. An advantage of the reaction that applying an appropriate 

1,6 eqv. KOH, I .5 h, 40 OC *aocH3 p 2 H  

H’c=cD R 

1 

H’c=cD R 

2. 1 eqv. CH31, 22 h, r.t. 
3. H ~ O +  

2a: R=H, 68: R=OCH3 

CH2N2 \ R 

7: R = H  
8: R=OCH3 

a O C H 3  / c o 2 c H 3  

I. 2 eqv. KOH, 1.5 h, 40 OC 

2. 2.5 eqv. CH31, 30 mh, r.t. 

% DMSo 

2e: R= H, 6e: R= OCH3 

Scheme 3 

quantity of CH,I results in the formation of methyl esters. After optimizing the 

conditions we were succesful in preparing the Z isomers of 2a acid and 2e ester and 
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2,3-DIPHENYL PROPENOIC ACIDS 1547 

6a acid 6e ester in good yield from 3-phenylcoumarin (7) and 3-methoxycoumarin 

(a), respectively (Scheme 3). 

The 2e and 6e methyl esters were synthesized with traditional CH,N, 

method too from the 2a and 6a acids in 100% yield too. 

The E isomers of la, 3a and 5a were obtained from the mixture of the 

Perkin condensation by acidifying it with acetic acid (Scheme 2). Compound 4a fell 

out on further acidification of the mother liquor of 3a. 

The le, 3e, 4e and 5e esters were prepared by Fischer esterification of the 

appropriate acids with long reflux and moderate yields. 

Experimental 

Compounds used throughout were Fluka products. Benzaldehyde, 

triethylamine and acetic anhydride were distilled before use. 

The 3-phenylcoumarin (7) and the 3-(o-methoxyphenyl)coumarin (8) were 

prepared by literature  method^^,'^. 

Characterization data on the compounds prepared are summarized in Table 

1. The purity of the compounds were checked by TLC (Fluka 60778 silica gel TLC 

cards, 5 %  or 10% ethanol in benzene eluents) and the GUMS method (HP 

[Hewlett Packard] Model 5890 gas chromatograph equipped with a mass selective 

detector, HP 5997 Chemstation for data evaluation, 12-m long HP-1 capillary 

column, He carrier). The esters could be introduced directly, while the acids were 
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1550 FELFOLDI ET AL. 

transformed to trimethylsilyl esters and then measured". Further characterization 

was made by IR (BIORAD FTS-65A1896 spectrometer equipped with a liquid 

nitrogen cooled MCT detector, lo2 mol/dm3 in CC14) and NMR (Bruker Avance 

500 spectrometer, 'H: 500 MHz, 13C: 125.8 MHz, in CDCl,) spectroscopies. All 

the compounds gave excellent microanalysis results. 

Methods of preparation (based on specific compounds) 

Method A (E- and 2-2-(0-methoxyphenyl)-3-phenyl propenoic acid (3a, 4a)) 

A mixture of 100 g (0.6 mol) of o-methoxyphenyl acetic acid, 100 cm3 (1 mol) of 

benzaldehyde, 65 cm3 of triethylamine and 65 cm3 of acetic anhydride were 

refluxed for 3 hours. The mixture was cooled and 300 cm3 of benzene was added. 

Then the solution was extracted with 6x100 cm3 of 10% NaOH solution. The 

aqueous solutions were unified and was extracted with 2x50 cm3 of benzene, then, 

150 cm3 of acetic acid was added. The mixture was extracted with diethyl ether, the 

ethereal phase was washed with 2x100 cm3 10% NaOH solution. Then the aqueous 

phase was diluted to 500 cm3 (pH = 10) and fractionated acidification was performed 

by cc. HCl. The crude solid material melting in identical ranges were collected and 

recrystallized from methanol until constant melting range was reached. 

Method B (E-3-(o-methoxyphenyl)-2-phenyl propenoic acid (la)) 

A mixture of 25 g (0.183 mol) phenylacetic acid, 25 g (0.183 mol) of o- 

methoxybenzaldehyde, 20 cm3 of triethylamine and 40 cm3 of acetic anhydride was 

refluxed for 5 hours. The mixture was cooled and dissolved in 100 cm3 of benzene. 
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2,3-DIPHENYL PROPENOIC ACIDS 1551 

The solution was extracted with 10% NaOH solution. The basic solution was 

acidified by acetic acid. The precipitate was filtered and recrystallized from ethanol 

until constant melting range was obtained. 

Method C (Z-3-(o-methoxyphenyl)-2-phenyl propenoic acid (b)) 

4.45 g (20 mmol) of 3-phenylcomin was dissolved in 40 cm3 of abs. DMSO and 

7.3 g (130 mmol) of powdered KOH was added. The mixture was stirred at 40 "C- 

on until all the coumarin was consumed (circa 75 min, followed by TLC). The 

mixture was cooled to room temperature and 1.6 cm3 (26 mmol) of CH,I was 

added. Stirring was continued for another 22 hours. The mixture was poured into 

200 cm3 of icy water and was acidified to pH = 1 by cc. HCl. The precipitate was 

then filtered, washed with water, dried and recrystallized from benzene until 

constant melting range was reached. 

Method D (Methyl Z-3-(o-methoxyphenyl)-2-phenyl propenoate (2e)) 

4.45 g (20 mmol) of 3-phenylcoumarin was dissolved in 40 cm3 of abs. DMSO and 

2.4 g (43 mmol) of powdered KOH was added. The mixture was stirred at 40 "C-on 

until all the coumarin was consumed (circa 75 min, followed by TLC). The mixture 

was cooled to room temperature and 3.4 cm3 (55 mmol) of CH,I was added. 

Stirring was continued for another hour. The mixture was poured into 200 cm3 of 

icy water. The precipitate was then filtered, washed with water, dried and 

recrystallized from methanol until constant melting range was reached. 

Method E (Methyl E-2-(o-methoxyphenyl)-3-phenyl propenoate (3e)) 

12.7 g (50 mmol) E-2-(o-methoxyphenyl)-3-phenyl propenoic acid (3a) was 
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1552 FELFOLDI ET AL. 

dissolved in 100 cm3 of methanol. To the mixture 1 cm3 of cc. H,SO, was added 

and refluxed for 80 hours. The reaction was followed by TLC.'The mixture was 

allowed to stand in the refrigerator overnight. The precipitate was filtered, dried 

and recrystallized from methanol until constant melting range was reached. 
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