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Virtually any ketone will condense with ethyl cyanoacetate in a 1:l 
Mnoevenagel reaction when catalyzed by ammonium acetate (1-4) to  give an 
alkylidenecyanoacetate. The mechanism postulated for this reaction by Cope 
(1) involves consecutive or simultaneous catalyses of a weak base and a weak acid. 
It seemed probable that amino acids or aminophenols mould also catalyze this 
reaction, possibly more effectively if catalysis were a concerted reaction (cf. 5). 
The use of amino acids in alcoholic medium has been anticipated by Raley and 
Maitland (6). 

Preliminary screening. The condensation of acetone with ethyl cyanoacetate 
(equation A) has been attempted using a variety of amino acids as catalysts. 

(CHd)zC=O + CE-I~(CIi)COO@zH~ -+ (CH3)nc=e(@~)CQoC,II, t H20 (-1) 

Benzene was used as a solvent so that upon boiling the mater formed by the 
reaction was azeotropically condensed and collected in a water trap (1-3). In  
preliminary runs one-gram portions of amino acid catalysts mere used with 0.10- 
mole amounts of ethyl cyanoacetate. Then based solely on the water formation, 
the catalysts were divided into two categories: (a) ineffective, where little or 
no water was formed after 2-5 hours (Table I ) ;  and (b) effective, where water 
was collected, indicating the possibility of practical use (Table 11). 

All the aliphatic amino acids and the aminobenzenesulfonic acids cited in 
Tables I and I1 are sensibly insoluble in the reaction medium. However, four of 
them (E-aminocaproic acid, a-aminophenylacetic acid, p-alanine, and dl-lysine) 
have apparently sufficient solubility and basic strength to  be effective catalysts. 
Four other amino acids (L-leucine, dl-6-phenyl-a-alanine, glycine, and dl-methio- 
nine) are moderately effective but not practical catalysts. The other catalysts 
tested in Tables I and 11 were soluble in the reaction medium, a t  least a t  the 
boiling point. 

Comparative condensations with eflective catalysts. The condensations of acetone 
with ethyl cyanoacetate were repeated using 0.005 mole of the most effective 
catalysts (along with ammonium acetate and piperidine acetate) per mole of 
ethyl cyanoacetate. The yields (except for that of ammonium acetate) and 
quality of the products, as revealed by physical properties, were essentially the 
same in all cases (Table 111). 

The best catalysts were p-aminophenol, a-aminophenylacetic acid, p-alanine, 
and e-aminocaproic acid. These catalysts were clearly superior to piperidine ace- 
tate. They were more effective than ammonium acetate because their loss through 
amide formation was slower (cf. 3). When adequate amounts of ammonium ace- 
tate were present, the condensation was very rapid (cf. Table 111, footnote f ) .  
However, the amino acids are essentially nonvolatile and need not be removed 
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m-Aminobenzenesulfonic acid 
p-Aminobenzenesulfonic acid 
p-Aminobenzenesulf onamide 

TABLE I 
CATALYST SCREENINU. ISEFFECTIVE CATALYSTS FOR THE COXDEKSATIOX OF 

ACETONE WITH ETHYL CYANOACETATE" 

Xicotinic acid 
K-Phenylglycine 

.12 p-Aminophenol . , , . 
Ammonium ace ta te . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  .17 
o-Aminophenol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  .23 

. . . . . . . . . . . . . . . . . . . . . . . . .  .25 

I 

&4 mixture of 11.3 g. of ethyl cyanoacetate, 6.9 g. of acetone, 2-7 g. of glacial acetic 
acid, and 25 cc. of benzene was added to  1 g. of catalyst for  these condensation trials. 
N o  water was produced. 

.67 

.62 
1.2 
1.1 

TABLE I1 
CATALYST SCREENING.. EFFECTIVE CATALYSTS FOR THE CONDENSATION OF ACETONE 

WITH ETHYL CYANOACETATE 

CATALYST' 
I TIUEb 

I Half-(Hours) Total- (Hours) 

a To 1 g. of catalyst a mixture of 11.3 g. of ethyl cyanoacetate, 6.9 g. of acetone, 2 g. 
of glacial acetic acid, and 25 cc. of benzene was added. Upon boiling the rate of condensa- 
tion was assumed to  parallel the rate of water collection. 6 Half-time was the period re- 
quired to  collect 1.0 cc. of water in the Barrett trap. (The theoretical amount of water 
was 1.8 cc. However, some acetic acid and acetone caused the volume of water to  be 2.0- 
2.5 cc. when the reaction ceased.) 0 One gram of dl-lysine hydrochloride and an exactly 
equimolar amount of sodium acetate were dissolved in the reaction flask. The water was 
evaporated at  100" and the residue used as the catalyst. An extra 5 g.  of acetic acid was 
added t o  these runs. 

prior to  the fractionation of the product. Thus the usual extraction step can be 
eliminated. 

Variation of the catalyst ratio. The effect of varying amounts of o-arninophenol 
and acetic acid was shown by the runs listed in Table IV. Runs A and B indicated 
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p-Aminophenol. . . . . . . . . . . . . . . . . . . . . .  
a-Aminophenylacetic acid. . . . . . . . . . .  
p-Aminophenylacetic acid. . . . . . . . . . .  
&Alanine. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F. S. PROUT 

.60 

.67 
4.25 

.87 

that the acetic acid was unnecessary if enough c-axiao?henol was used. An 
excess of acetic acid nevertheless seemed desirable, not only to  accelerate the 
reaction (Ems C,  D, and Z), but slso io  prevent a small amount of hydrolysis 
of the nitrile (Runs B and F). 

Scope e j  catalysis. In  order to dernccslrste the general utility of amino acid 
catalysis the procedure was adapted for the condens2tion of butanom and benzo- 
phenone with ethyl eyanoacelate ; acet~i ie  with cyanoacetic acid ; and acetone, 
cyclohexanone, and pinacolone with xnaloconitrile. These results indicated that 

TABLE 111 
CQNDENSATIOX OF ACETOSE WITH ETHYL CYAXOLCET~TE USISG Van~ous 

EFPECTIVE CATALYSTS 

TIVEb I PRODUCT 

C A T A L I S T ~  (0.00125 Xole) 1 Half- 
(Hours) 

Total- 
( Hours) 

10 
1.25 
5.25 
5.0 
2.5 
2.5 
9.0 
3 .0  

3 .0  
13 

Yield, ItD ("C.) 
% I  

~. .. ________ 
77.3 1.4644 (21) 
78.1 1.4650 (23) 
76.2 1 1.4660 (18.5) 
74.9 1.4563 (18) 
79.7 1 1.4570 (18) 
74.5 1.4645 (23) 
76.0 1.4646 (23) 
78.1 ~ 1.4654 (21) 

F.P., "C. 

27 
28 
27.5 
27.5 
27.5 
27 
27 
27 

78.3 1.4637 (25) 27 
1.4630 (25) ~ 26 

I 
38.3 1 

_.-____ 

a In  these runs 28.3 g. of ethyl cyanoacetate was condensed Kith 17.5 g.  of acetone 
using 25 cc. of bmzene as solvent and 5 g.  of acetic acid and 0.00125 mole of amino acid 
as catalyst, except as noted. Half-time was taken as that  period required to  collect 2.3 
cc. of water. At total-time, 4.5-4.8 cc. of water had usually been collected (theoretical, 
4.5 cc.) In  this run 0.86 g. (0.0063 mole) of m-aminobenzoic acid was required for effec- 
tive catalysis. &re 0.28 g. (0.0025 mole) of m-aminophenol was used. e For piperidine 
0.106 g. (0.00125 mole) was insufficient; an additional 0.424 g. was acldocl before condensa- 
tion began. f Ammonium acetate (0.0013 rnolej wag prepared in  situ by the action of the 
acetic acid in the mixture on 71 rng. of ammonium carbonate (30% "a, therefore 0.0013 
mole of S&). This catalyst rapidly lost its activity for only 2.7 cc. of water was formed. 
However, by using larger amounts (354-425 mg.) of ammonium carbonate the half- and 
total-times were reduced to  0.25 and 1 hours, while the yield was raised to  T6-79%. 

most condensations which can be effected with ammonium acetate or piperidine 
acetate can also be catalyzed with equal or better effect with certain amino acids. 

However, the yield obtained when benzophenone was condensed with ethyl 
cyanoacetate was low. Furthermore, pinacolone was not condensed with ethyl 
cyanoacetate even though large amounts of amino acids were used (cf. 3). Acetone 
and ethyl malonate could not be condensed by these techniques with various 
amino acids (cf. 7). 

EXPERIMENTAL 

All melting and boiling points were uncorrected. All the fractionations (except one) 
were carried out through a 60-cm., Vigreux coluran with no head. The water formed by 
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UOLES 0% C A T A L Y ~  

the reaction was collected in a Barrett trap (Corning $3622) when a Iighter-than-water 
solvent was employed or in an oil dilution t rap (Corning # 3582) when chloroiorrn or eth- 
ylene chloride rrere used. The nitrogen analysis n-as determined by Xicro-Tech Labora- 
tories, Skokie, Illinois. 

Reagents. Ethyl cyanoacetate, c> anoacetic acid, and cyanoacetamide were obtained 
from Kay-Fries Chemicals, Inc. Malononitrile was obtained from the Matheson Co., Inc. 
or prepared from cyanoacetamide (8). 

The catalysts nere amino acids which were used in the form that  they mere obtained 
from The Matheson Co., Inc. or Distillation Products Industries, except for the following. 
e-Aminocaproic acid (m.p. 195.5-199'; from 95% ethanol) TI as obtained by rearrangement 
of cyclohexanone oxime (9). The black aminophenols n-ere purified: 0-, n? p. 172-174.5', 
from 95% ethanol; m-, m.p. 122-123", from toluene; and p - ,  m.p. l'i7-180", from 96% ethanol. 
o-hminophenol acetate, m.p. 151.5-155", resulted by crystallizinE a mixture of the phenol 
and acetic acid from 95% ethanol. 

Ethyl s-propylzdenecyanoacetate. A .  Prelzminary catalyst screening. A mixture of 11.3 g. 
(0.10 mole) of ethyl cyanoacetate. 6.9 g. (0.12 mole) of acetone, 2 g. of glacial acetic acid, 

TIYE 

- 
0. 0012Sc 6.0 

.0167 2.17 

.0833 2.0s 

.0125d 0.67 

0.00126 
.0125 
.00125c 
,00125 
,00125 
.0125d 

18 
6.0 
5.25 
2.25 

74. 2b 
75.2 
78.8 
76.2 
6 S . g b  

a In  all these runs 28.3 g. (0.25 mole) of ethyl cyanoacetate was condensed with 17.5 g. 
In  these runs there mas an "ammoniacal" 

I n  this run 211 mg. (0.00125 mole) of o-aminophenol acetate, m.p. 
In  run F, 2.11 g. of o-aminophenol acetate was used. 

of acetone using 25 cc. of benzene as solvent. 
scent in the product. 
151.5-155", was used as catalyst. 

25 cc. of benzene, and 1 g. of catalyst was placed in a flask. A benzene-filled Barrett t rap 
and a condenser were attached to  the flask. The mixture was heated briskly under reflux 
with a gas flame. With ineffective catalysts, no water resulted after 2-5 hours of boiling. 
With effective catalysts, the time of apparent half-reaction (after 1 cc. had been collected) 
and the time of completion (after 2.0-2.5 cc. of water had collected and water had ceased 
to  form) were noted. (Some acetone and acetic acid contaminated the water which sepa- 
rated.) The results are assembled in Tables I and 11. 

B.  Comparative condensations wi th  effective catalysts. The procedure above was repeated 
using mixtures of 28.3 g .  (0.25 mole) of ethyl cyanoacetate, 17.5 g. (0.30 mole) of acetone, 
5 g.  of glacial acetic acid, 25 cc. of benzene, and 0.00125 mole of effective catalyst (Table 
XI). The times required to collect 2.3 cc. and 4.5-4.8 co. of water were noted as the half- 
and total-times. (The water yield was 92-99%, after deducting the acetic acid present, 
estimated by titration with standard base.) 

After u ater had ceased to  form, the reaction mixture -ras transferred to  the fractionating 
column. The benzene was removed a t  atmospheric pressure. Distillation of the residue a t  
reduced pressure furnished two fractions : (a) forerun, largely ethyl cyanoacetate, b.p. 
95-116" (16 mm.), 5.8-7.6 g. and (b) ethyl s-propylidenecyanoacetate, b.p. 115-120" (16 
mm.). 28.5-30.5 g. (74.5-79.7%). These trials are summarized in Table 111. 

One series of runs employed ammonium carbonate (30y0 KHZ) as catalyst (effectively, 
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ammonium acetate). Using 71 mg. (0.0013 mole of "3) of ammonium carbonate the yield 
of ethyl s-propylidenecyanoacetate mas only 38%; with 142 mg., 44%; with 284 mg., 67%; 
with 354 mg., 79%; with 425 mg., 76%. 

Runs where the amounts of catalyst, o-aminophenol, and acetic acid, mere varied are 
assembled in Table IV. 

In  another series, using p-alanine as catalyst, the effect of various azeotrope-forming 
solvents on the yield of product was tested: chloroform, 75%; benzene, 77%; ethylene 
chloride, 60%; toluene, 61%; and xylene, 37%. The higher-boiling solvents liquefied the 
catalyst, possibly forming the peptide, faster than condensation occurred (cf. 3). 

One sample of product was crystallized from ethanol, m.p. 28.5-29.5", n:6 1.4647 (super- 
cooled). Komppa (10) and T'ogel (11) reported m.p. 28" and m.p. 33", respectively. 

Other ethyl alkylidenecyanoacelates. Butanone (346 9.) was smoothly condensed with 
ethyl cyanoacetate (453 g.) in 400 cc. of benzene. Using 2.6 g. of e-aminocaproic acid and 
80 g. of acetic acid as catalysts a i9.6% yield (533 g.) of ethyl s-butylidenecyanoacetate 
was obtained: time of condensation, i hours; b.p. 115-120" (12 mm.); nE6 1.4638-1.4649. 
A 74% yield was obtained using p-aminophenol and 80% yield using p-alanine. Cope, Rof- 
mann, Wyckoff, and Hardenbergh (2) reported 65-857, yields using ap-monium acetate; 
b.p. 116-118" (11 nim.) ; n:5 1.4650. 

Pinacolone has failed to  condense with ethyl cyanoacetate using p-alanine and a-aniino- 
caproic acid as catalyst (cj'. 3). 

Benzophenone (46.6 g.), 33.9 g. of ethyl cyanoacetate, 12 g. of glacial acetic acid, 2 g. of 
e-aminocaproic acid, and 50 cc. of benzene were heated under refiux for 11 hours while 
water n-as removed. Distillation from a Claisen flask gave 38.0 g. (54.9%) of ethyl 2-cyano- 
3,3-diphenylpropenoate; b.p. 185-195" (1 nim.) ; m.p. 82-93". The literature (3) gives b.p. 
176192" (1 mm.) ; m.p. 95-97". 

Using chloroform, a 56% yield was obtained after 87 hours of reflux. Poor yields were 
obtained using p-alanine (37%), p-aminophenol (28%) and or-aminophenylacetic acid (0%). 

s-Pfopylidenecyanoacetic acid.  A mixture of 85 g. of cyanoacetic acid, 70 g. of acetone, 
2 g. of a-aminophenylacetic acid and 200 cc. of benzene was placed in a fiask. A Barrett 
t rap and condenser were attached and the homogeneous solution was heated under reflux 
for 15 hours. The product was crystallized upon concentration of the reaction mixture to  
furnish two crops totalling 118 g. (94.4%) of product; m.p. 125-131.5'. Two recrystalliza- 
tions of these heavy blades from acetone-benzene gave the purified acid; m.p. 132-134'; 
neut. equiv., 126.2 (calc'd, 125.11). Knoevenagel (12) reported m.p. 130" for this acid. 
P-Alanine catalyzed an 87-91% conversion in 22 hours. 

s -Propyl idenemalononi~~i~e ,  A mixture of 49.5 g. of malononitrile, 52.2 g. of acetone, 
0.5 g. of p-alanine, 10 cc. of acetic acid, and 140 cc. of benzene was heated under reflux 
for 1.5 hours while eliminating 16 cc. of water. The reaction mixture and a 35-cc. portion 
of benzene were washed successively with eight 75-cc. portions of water and 75 cc. of satu- 
rated sodium chloride solution. After drying with sodium sulfate and removal of the solvent 
and a small forerun, the product was fractionated: b.p. 100-102" (16 mm.); 73.0 g. (91.8%); 
d6 1.4655. The literature (13) reports b.p. 107-108" (23 mm.); ni6 1.4662. 

When acetic acid was omitted, the time for completion of reaction mas 7.5 hours and 
the yield was 72%. 

Cyclohezylidenemalononi~~~Ze. Cyclohexanone (25.5 g.) was condensed with 16.5 g. of 
malononitrile in 45 minutes following the procedure described for s-propylidenemalono- 
nitrile. Fractionation gave 33.7 g. (92.3%) of product; b.p. 147-150" (15 mm.);  nE5 1.5100. 
Cope and Hoyle (13) gave b.p. 137-138" (10 mni.), nt6 1.5110. 

Z - C y a n o - d , ~ , Q - l r i m e t h y l - Z - p e n t e ~ e n i ~ r ~ ~ e .  A mixture of 30 g. of pinacolone, 16.5 g. of 
malononitrile, 94 mg. of p-alanine, 5 g. of acetic acid, and 50 cc. of benzene n-as arranged 
with a benzene-filled trap and condenser and heated under reflux for 25 hours. Three ad- 
ditional 188-mg. amounts of p-alanine were added after 2, 8, and 20 hours of refiux. After 
removal of the solvent, the reaction mixture was fractionated: (a) 7.6 g., b.p. 105-115" 
(15-14 mm.), n:4 1.4442; (b) 2.0 g . ,  b.p. 115-125" (14-13 nim.), n:4 1.4657; and ( c )  17.8 g .  
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[48,0% conversion, 81.7% yield, correcting for recovered malononitrile in fraction (a) 1, 
b.p. 125-127' (13 mm.), nz4 1.4774. A purified center cut was obtained for analysis upon re- 
fractionation of the product through a 60-cm., heated, wire-spiral column (14) : b.p. 137- 
138" (20 mm.), ny 1.4772, dZ6 0.9374. 

Anal. Calc'd for C s H d p :  S, 18.91. Found: N ,  19.13. 

dcknowledgement. The preparations of ethyl s-butylidenecyanoacetate cited 
were run by 'CTrilliam Feuerstein, Felice J. Lasala, and Stanley Stancak. 

SUMBlbRY 

A number of amino acids and aminophenols have been evaluated as possible 
catalysts in the Knoevenagel condensation of acetone with ethyl cyanoacetate. 
Four of them, e-aminocaproic acid, a-aminophenylacetic acid, @-alanine, and 
p-aminophenol, have proved to be very efficient. In  addition to  efficient conden- 
sation, these catalysts allow the elimination of the extraction step usually re- 
quired in the work-up of the reaction. 

CHIC.4GO 14, ILLINOIS  
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