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Summary Decarboxylatlon of E-3-phenyl-2-cyanopropenolc acid (1) in dlmethyl sulfoxlde con- 
taining sodium bicarbonate, lithium chloride, and water in molar excess afforded, with high 
stereospecificity, Z-cinnamonitrile (5) The dealkoxycarbonylatlon of the corresponding 
methyl ester (2) under similar reaction conditions was much less selective and resulted in a 
1 1 mixture of-E- and Z- stereolsomenc nitriles (5 and 7). 

A research proJect that we were about to initiate required efficient access to large quan- 

tities of Z-clnnamonltnle (6) and its ortho- substituted derivatives (e g., 8) Although 

several stereoselective routes to such compounds have been reported,l none seemed suitable for 

the task at hand 

Conceptually, the most direct approach to the desired nltnles appeared to be one involv- 

ing dealkoxycarbonylation (e g , 2 +6) of readily available2 and stereochemically homogen- 

eous 3 esters of E-3-aryl-Z-cyanopropenoic acids Unfortunately, however, much conflicting 

data has been published concerning efforts to achieve a kinetically-controlled decarboxylatlon 

of the parent carboxyllc acid (L), and results to date would seem to preclude the viability of 

such an approach Especially ominous are the findings reported by Corey and Fraenkel,4 who 

obtained an equlllbrlum mixture5 of 35% cls- and 65% m-cinnamonltrile after heating a - 

stereochemically homogeneous sample of cyanoacld 1. in pyndlne at 111°C When the same decar- 

boxylatlon was conducted in qulnollne at higher temperature (140-155"C), Klein and Meyer6 were 

able to obtain more cls-clnnamonltrile. however, their results were erratTc7 and yields were 

generally low Although a kinetically-controlled process to effect this decarboxylation (1 e , 

L-6) was subsequently reported, 
lc 

yields were moderate and the cls-nitnle had to be removed 

once formed since it was not stable under the experimental conditions 

Despite the fact that a large-scale synthesis of cls- clnnamonltrlle (4) via decarboxyla- 

tlon of unsaturated cyanoacld 1 seemed fraught with problems, we decided to investigate the 

dealkoxycarbonylatlon of the corresponding esters (2 and 2) using the experimental conditions 

developed by Krapcho and co-workers.8 Although extensive work' has been done during the past 

decade on dealkoxycarbonylation of a-cyanoesters and related compounds, few publications have 
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detailed the stereochemical outcome of such processes 10 
Indeed the only study directly 

related to the reaction we planned to investigate reported 11 that treatment of ethyl benzyli- 

denecyanoacetate (>)l* with water and sodium chloride in dlmethyl sulfoxlde (DMSO) at 160°C 

afforded cinnamonitrlle asan unspecified mixture of cls trans stereoisomers -- When we repeated 

this reaction using similar conditions (Table I, entry 12), we were disappointed by the stereo- 

chemical results (Z E ratio -- 1 3), as well as by the formation of a significant amount of 

benzaldehyde.13 

In a previous study14 designed to assess the dlastereoselectlvlty of protonatlon in dealk- 

oxycarbonylation of cyclic gemlnal dlesters, lithium chloride and water in DMSO were the re- 

agents of choice since the resulting mixture 1s homogeneous Although similar conditions 

applied to cyanoester 2 (Table I, entry 11) increased the amount of cls-clnnamonltnle (fj), 

the stereochemlcal outcome was still dlsappolntlng and a retro-Knoevenagel reaction continued 

to plague the system Use of the corresponding methyl ester (z)15 led to equally frustrating 

results (Table I, entry 10) However, much to our surprise, especially in view of the previous 

studles4'6 on the decarboxylation of cyanoacld l_, treatment of a-cyanoclnnamlc acid Q)16 under 

identical condltlons (Table I, entry 2) afforded clnnamonltrlle~n89% yield as a 7 1 mixture 

of Z E stereoisomers uncontaminated by any benzaldehydel 

In order to rationalize the disparate stereochemical results cited above, we conducted 

several additional experiments involving acid 1 and ester 2 as substrates Perhaps most lnform- 

ative of these were the ones (Table I, entries 8 and 9) that lndlcated an initial rapid form- 

ation of trans-clnnamonltnle during the decarbalkoxylatlon of cyanoester 2, with both a steady 

increase in the amount of cis-stereoisomer and a leveling off in the formation of benzaldehyde - 

as the reaction proceeded 

Such results can be explained by considenng two probable reaction pathways available to 

cyanoester 2 under the conditions selected for decarbalkoxylation 

(a) a rapid Michael addition of water to cyanoester 2 affording 10 (equation 1) The - 

latter (10) 1s capable of undergolng either a facile retro-Knoevenagel reactTon to yield benz- - 

aldehyde or hydrolysis to afford 11 - A subsequent decarboxylatlve-elimination involving 11 - 

should proceed via a thermodynamically controlled process, affording predominantly trans-cin- 

namonitrile (1) Results of an earlier study4 involving decarboxylation of cyanoacid 1 in 

pyrldlne also suggested formation of trans-clnnamonltrlle (L) via an addition-elimination path- 

way 

(b) hydrolysis (via either BAC2 or BAL2 cleavage) to afford, in the presence of sodium 

bicarbonate, benzylidenecyanoacetate (2). Michael addition to the latter should be suppressed, 

thereby mlnlmlzlng formation of benzaldehyde and enabling a kinetically-controlled decarboxyla- 

tion to occur to afford stereospeclflcally the cis-nitrile (5) 

As further evidence for the proposed mechanism, decarboxylation of cyanoacld J. at 145°C 

(Table I, entry 7) would be expected to proceed more slowly than at 165"C, enabling the un- 

desired Michael reaction (9 -+ 11) with water to become more competitive. The latter transfor- - 

matlon can be followed by a facile decarboxylative elimination to afford mainly trans-nitrile 

(I) It would also explain the formation of benzaldehyde as a minor product under these con- 
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Table I - - Preparation of Clnnamonitnle 

Entry Starting Addition 1 
K 

Reaction 
TemperatureC 

Reaction Yleldd ClS. Yleldf of 
No Materiala Reagents Time of trans Benzaldehyde 

(mmol) (“Cl (min.) $and 7 ratioe (%) 
(%) - 

1 1 4 LlCl, 4 H20 165' 30 35 81 <1 - 

2 1 4 LlCl, 4 H20 165O 180 89 7.1 <1 

3 1 4 LlCl, 4 H20 (-)g 120 87h 1 3' <1 - 

4 1 2 LlCl, 2 H20 165" 180 95 51 Cl 

5 1 165' 180 90 63 37 <1 

6 T 

2 NaCl, 2 H20 

165=' 180 72 51 3 _ 6 LlCl, 6 H20 

7 1 4 LlCl, 4 H20 145O 180 38 31 7 

8 2 4 LlCl, 4 H20 165" 5 25 14 1lJ 

9 1 4 LlCl, 4 H20 165" 30 56 45-55 16k 

10 2. 4 LlCl, 4 H20 165" 180 75 11 18 

11 3 4 LlCl, 4 H20 165" 180 63 40 60 21 

12 3 4 NaCl, 4 H20 165" 180 51 13 27 

aAll experiments were conducted under a nitrogen atmosphere using 1 0 mmole of substrate 

in 2.0 mL of DMSO. Cyanoesters _2 and 3 were prepared from benzaldehyde and methyl or ethyl 

cyanoacetate respectively using a procedure analogous to that described by F S Prout and co- 

workers in a. S_yt~ , Co11 Vol. 4, 93 (1963). NMR analysis (vinyl H absorption) showed both 

of these cyanoesters (2 and 3) to be stereochemically homogeneous. The corresponding cyano- 

acid (1) was prepared as outlined in footnote 16 in this comnunicatlon. b Sodium bicarbonate 

(2 0 mmoles) and DMSO (2 0 mL) were also added to each reaction mixture. 'Temperature of the 

pre-heated 011 bath, unless speclfled otherwise. 
d 
Based on starting material. The product was 

isolated by extraction with ether and subsequent washing of the extracts with 1 1 (v/v) ly 

aqueous NaOH saturated brine and 5% aqueous NaCl to remove acidic lmpuntles and DMSO Re- 

moval of any undecarboxylated cyanoacld (1) during the base washes in the reaction workup can 

explain the low matenal balance in certain of these experiments eThis ratio was determined 

by NMR analysis (vinyl H absorption). 
19 f This yield 1s based on starting material and was 

determined by NMR analysis of the reaction product. gThe reaction mixture in this experiment 

was heated at reflux hThls represents the crude yield. NMR analysis indicated the presence 

of small amounts of unidentified material - - not observed in any of the other experiments. 

'A subsequent experiment demonstrated that Z-clnnamonltrile (2) was not stable under the con- 

ditions used in this reaction. After 50 mln in DMSO at reflux (in the presence of 4 LlCl - 

4 H20 - 2 NaHC03) a 7 1 mixture of Z E stereoisomenc nitnles (5 and z) was slowly isomenzed 

to a 2 1 mixture of 6 7 respectively -- JA 19% recovery of starting material (2) was also 

obtained in this experiment 
k 
3% starting material (2) was recovered in this experiment 
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dltions, ln sharp contrast to other experiments lnvolvlng cyanoacld 

In order to determine what effect substltuents on the aromatic 

1. - 

ring would have on the 

stereochemlcal outcome of this decarboxylatlon, E-3-(o-chlorophenyl)-2-cyanopropenolc acid (5) 

was prepared by saponlflcatlon I6 of the corresponding cyanoester (?).I7 Decarboxylatlon of 5 

(DMS~, 2 NaHC03, 

(8)18 

4 LlCl, 4 H20, 165"C, 90 mln ) afforded 3-(2'-chlorophenyl)-2-propenenltrlle 

as a 10-l mixture of Z E stereolsomers in 92% yield It appears, therefore, that the 

route outlined ln this communlcatlon 1s the most convenient method available for stereoselec- 

tive preparation of cis-cinnamonitriles. 
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X = H, Y = CN, Z = COOH 5, X = Z = H, Y = CN 2, X = H, Y = CN, Z = C02CH3 

X = H, Y = CN, Z = C02CH3 1, X = Y = H, Z = CN 9, X = H, Y = CN, Z = COO- 

X = H, Y = CN, Z = C02CH2CH3 8, X = Cl, Z = H, Y = CN 

X = Cl, Y = CN, Z = C02CH2CH3 2, X = H, Y = CN, Z = COO- 

X = Cl, Y = CN, Z = COOH 
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