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Summary: trans-Cinnamic acids react in sequence with bromine, base, and carbon monoxide ~- 

[palladium(O) and phase transfer catalysis] to give cis-acids in reasonable yields. 

The conversion of trans to cis-cinnamic acids has attracted attention over many years. -- 
For example, irradiation of trans (or cis)-cinnamic acid for 2.5 - 120 hr. affords an equil- -- 
ibrium mixture from which the cis-isomer can be obtained in lo-40% yields 132 . Another approach - 
involves esterification of the E-acid followed by bromination, base-induced elimination to the 

arylpropiolic acid and subsequent hydrogenation affording the Z-cinnamic acid in 28-31X overall 

yield from the ester (the yield from the acid was not reported)3. Other unattractive routes 

involving ester substrates include the use of derivatives of phenylpropiolic acid 
4a 

and 
-46 

phenylalanine (i.e., diazo esters) . 

The use of vinylic bromides as intermediates has also been examined. Bromination of the 

trans-cinnamic acid followed by treatment with sodium bicarbonate in acetone gave the cis- 

bromostyrene. Grignard formation from the latter, followed by conventional carbonation and 

protonation afforded cinnamic acid in a 2:l cis/trans ratio. Lithiation of cis-bromostyrene 

and subsequent carbonation and work-up gave a 4:l mixture of trans-cinnamic acid and phenyl- 

propiolic acid5. 

Phase transfer catalysis is an excellent means of effecting metal catalyzed processes 

under gentle conditions 627 . For instance, benzylic halides are carbonylated to acids, at room 

temperature and atmospheric pressure in the presence of cobalt carbonyl 637 or tetrakis(tri- 

phenylphosphine)palladium8, sodium hydroxide, methylene chloride, and a phase transfer agent. 

We now wish to reportthatcis-bromostyrenes(3), obtained from trans-cinnamic acids (1) as 

illustrated in Scheme 1, can be carbonylated to cis-acids (4) using palladium (0) and phase _ - 
transfer catalysis conditions. 

Bromination of a variety of trans-acids, l[R=H, p-Cl, p-CH3, p-CF3, m-Br, o-CH3] in 

carbon tetrachloride gave the dibromoacids (2) in-go-97% yields (Table 1). The G-bromides 

(3) wereformedin 86-91X yield by exposure of 1 to bicarbonate ion in acetone'. When 2 was 

reactedwith carbon monoxide, 5N sodium hydroxide, t-amyl alcohol as the organic phase (and 

some methylene chloride to solubilize Pd(PPh3)4),benzyltriethylammonium chloride as the phase 

transfer catalyst and tetrakis(triphenylphosphine)palladium(O) as the metal catalyst 

[25-40 /I mole ratio of 2 /Pd(PPh3)4], the pure s-cinnamic acids (4) were obtained in 35-56% 
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Scheme 1 

COOH 

(1, 

Br2/CC14 
z 

CO,Pd(PPh3)4 or 

yields (not optimized). By-products of 

butadienes (5)and very small amounts of 

Note that, in contrast to benzylic 

some of these reactions were the cis,cis-1,4-diaryl-1,3- -- 

the t-amyl ester of 2 were also sometimes isolated. 

halides8, the nature of the palladium(O) catalyst does 

not change the reaction course as bis[bis(l,Z-diphenylphosphino)ethane]palladium(O) CPd(diphosjpl 

behaved in the same manner as tetrakis(triphenylphosphine)palladium(O)[for 3, R=p=Cl]. A phase 

transfer agent is required for these reactions, since the yield of 4is much lower in the 

absence of the quarternary ammonium salt. No reaction occurs in the absence of the palladium 

catalyst. 
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The reaction is apparently insensitive to substituent effects since essentially the same 

yields of 4 were realized using 3, R=p-CF3, or 3, R=p-CH3 as reactants. The use of the less 

polar solvent, 4-methyl-2-pentanone, as the organic phase give superior yields of 4. However, 

the reaction is not useful, since a mixture of cis and trans acids are produced (e.g., 3, R=H -- 
afforded cinnamic acid in 79% yield, with the cis/trans ratio being 62:38). Isomeric mixtures 

of acids, in high yield, were also isolated when benzene was employed as the organic phase. 

The overall yield for the described conversion of trans to pure cis-cinnamic acids are - 
reasonable (28-47%). In addition, this reaction sequence is simple both in execution and 

work-up. The palladium catalyzed reaction is regiospecific, in terms of the formation of 

either 4 or 5 [i.e., no geometric isomers]. - - 

The following general procedure was used: a mixture of 5N sodium hydroxide [15 ml.1 and 

benzyltriethylammonium chloride [0.5-0.6 mmol] was stirred for 30 minutes under nitrogen. The 

palladium(O) catalyst [0.09-0.12 mm011 in t-amyl alcohol (15 ml.) containing methylene chloride 

(4-6 ml.), was added and the reaction atmosphere was changed to carbon monoxide. After 

stirring for 3.5-4.0 hours, 3 [2.75-3.75 mmol] in t-amyl alcohol (5 ml.) was added dropwise - 
and then the mixture was vigorously stirred overnight (CO atmosphere). The phases were sepa- 

rated, the aqueous phase was extracted with ether (2 x 15 ml.), and the organic phase was 

washed with water (20 ml.). The combined aqueous phases were cooled, acidified (c. HCl), 

extracted with ether (4 x 50 ml.), and the ether extracts were dried (MgS04) and concentrated. 

Analytically pure acid (4) was then obtained by thin-layer chromatography. 

Acknowledgement 

We are indebted to the Natural Sciences and Engineering Research Council for support of 

this work. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

References 

T.A. Wittstruck and E.N. Trachtenberg, J. Am. Chem. Sot., e, 3803 (1967). 

E.N. Ugochukwu and R.L. Wain, Ann. Appl. Biol., 61, 121 (1968). 

E.R. Trumbull, R.T. Finn, K.M. Ibne-Rasa and C.K. Sauers, J. Org. Chem., 2& 2339 (1962). 

(a) J. Basters, C.J. Groenenboom, H. van Bekkum and L.L. van Reijen, Rec. Trav. Chim., 92, 

219 (1973); (b) N. Takamura, T. Mizoguchi and S. Yamada, Chem. Pharm. Bull., 3, 299 (1975). 

G.F. Wright, J. Org. Chem., 1, 457 (1936). 

H. Alper, Adv. Organometal. Chem., l9, 183 (1981). 

H. Alper, Fundamental Research in Homogeneous Catalysis, in press. 

H. Alper, K. Hashem, and J. Heveling, Organometallics, 1, 775 (1982). 

S.J. Cristol and W.P. Norris, J. Am. Chem. Sot., 2, 2645 (1953). 

(Received in USA 8 April 1983) 


