
[COMMUNICATION FROM THE CHEMICAL INSTITUTE OF THE SERBIAN ACADEMY OF SCIENCES 
AND THE CHEMICAL IXSTITUTE OF THE FACULTY O F  SCIENCES I N  BELQRADE] 

REACTIQKS OF BISAMIDES. V. SYNTHESIS OF DERIVATIVES OF 
@-ARYL-@-AMINO ACIDS 

GJORGJE STEFANOVIO, SLAVKO MIHAJLOVIO, AND MILUTIN STEFAKOVIc 

Received January 16, 1968 

Free 0-aryl-P-aminopropionic acids have been obtained hitherto in the follow- 
ing ways: 

(a) by Rodionow's method, applying the Knoevenagel reaction (1-5); (b) by 
the addition of hydroxylamine to cinnamic acids (11); (c) by the hydrogenation 
of @-keto acids in the presence of platinum and palladium as catalysts in an alco- 
holic solution of ammonia (12); (d) from arylhydramide and malonic acid (2, 13); 
(e) by heating cinnamic acid and ammonia at 100" in sealed tubes using stannic 
chloride as a condensing agent (14); (f) by addition of ammonia on arylidene- 
malonic acids or their esters (15). 

According to Rodionow, in the Knoevenagel reaction the oxamines are formed 
first, which then react with malonic acid giving p-aryl-@-aminoethane-a , a-di- 
carboxylic acids. By action of mineral acids and heat, these acids decompose with 
loss of carbon dioxide, yielding @-aryl-@-aminopropionic acids. The arylidene- 
monocarboxylic acids are obtained with loss of carbon dioxide and ammonia, as 
illustrated by the equations: 

RCHO + IVHs RCH(0H)NHz 
RCH(0H)NHz + CHa(COOH)2 4 RCH(NHa)CH=(COOH)p 
RCH ("2) CH= (COOH) z -+ RCH (NH2)CHsCO OH 
RCH ("8) CH- (COOH) 2 4 RCH=CHCOOH 

In our previous studies on the reactions of bisamides, we found that bisamides 
react readily with compounds possessing an active methylene group. In the pres- 
ent work we have investigated the reactions of bisamides with diethyl malonate 
and have found that the same reactions occur as with ethyl nitroacetate (6 ) ,  
nitromethane (7), and acetoacetic ester (8), Le. in these reactions the diethyl 
esters of @-aryl-P-acylamino-ethane-a , a-dicarboxylic acids (I) are formed ac- 
cording to the following scheme: 

RCHNHCOCK? + CHz(C0OCzHs)z -3 1 + CHsCONHz 
/"C0CH3 

RCH 
CH=( COO CzH6)% 

IVHCOCHa 
\ 

I 

0 
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By partial saponification, these esters yield the free acylamino dicarboxylic 
acids (11), which, when heated above the melting point, yield, with evolution of 
carbon dioxide, the 8-acylamino-monocarboxylic acids (111). 

RCHKHCOCH, 

CH(C0OH)z 
I1 

RCHKHCO CHs 

I 
RCHXHCO CHI NsOH --+ 

HC1 I 
CH(CO0 C2Hr)z 

I 
4 0 9  

-4 
RCHNHCO DHs 

CH(C 0 0H)z CH2COOH 
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R ---o - R = - D O C H a  I R == -=--(/ - 

Contrary to Rodionow and others, Goldstein (9) and Boehm (10) are of the 
opinion that by saponification of the diethyl esters of 8-aryl-p-amino-ethane-cu , a- 
dicarboxylic acids, it is not possible to isolate the corresponding dicarboxylic 
acids, because of their instability and the easy loss of carbon dioxide, Le.,  that 
by the condensation of arylaldehydes ammonia and malonic acid, p-aryl-8- 
aminoethane-a! , a-dicarboxylic acids are not obtained, but only the acid ammo- 
nium-salts of the arylidene malonic acids (10). 

We have found, however, that the acylamino derivatives of the dicarboxylic 
acids are very stable compounds, which decompose only when heated above their 
melting point, yielding the corresponding acylamino-monocarboxylic acids, with 
loss of carbon dioxide. 

It has also been established that diethyl ethylmalonate reacts in the same way 
as diethyl malonate, with the only difference that upon partial saponification of 
the diester, only one ester group is removed (contrary to the assumption of 
Rodionow, et al.) while upon total saponification by means of alkali, a-alkylcin- 
namic acid is obtained (VI): 

RCHNHCO CHB 
3 1  4- CHaCONHz 

/co O c2H6 + R’CH 
CHa 

R C H  
R‘C(CO0 C2%h 
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We have also obtained the 0-aryl-/?-acylaminopropionic acids, in quantitative 
yields, by partial saponification of a-carbethoxy-0-aryl-P-acylaminoethyl methyl 
ketones (VII), prepared by the action of acetoacetic ester on bisamides (8) : 

RCHNHCOCH3 
I RCHNHCOCHs NaOH 

__3 
HCI CH2 C 0 0 H 

I 
CHaCCHCOOCgH5 

II 
0 

VI1 I11 

0 CH, 

Our attempts to obtain the corresponding ketones by partial saponification, i.e. 
by ketonic hydrolysis, of the a-carbethoxy-P-aryl-&mylaminoethyl methyl ke- 
tones were unsuccessful; in the presence of alkali of various concentrations and 
at  low temperatures the 0-aryl-0-acylamino-propionic acids are always obtained 
in quantitative yields, while on heating, the above mentioned ketones are de- 
composed. 

EXPERIMEXTAL 

The melting points are uncorrected. 
1. Diethyl ester of P-phenyl-P-acetylaminoethane-cu,cu-dicarbox& acid ( I ,  R = CeHj). 

A .  Prepared by the condensation of benzylidenebisacetamide with diethyl malonate in acetic 
anhydride. Benzylidenebisacetamide (10.3 g., 0.05 mole), 8 g. (0.05 mole) of diethyl malo- 
nate and 25 cc. of acetic anhydride are heated in a flask equipped with an air condenser for 
3 hours in an oil-bath a t  150-155". Prolonged heating leads t o  benzylidene diethyl malonate, 
e.g., after heating for 9 hours the yield falls t o  11%. The acetic anhydride is removed in 
uucuo (14 mm.) and t o  the remaining viscous mass 100 cc. of water is added with stirring, 
causing white crystals t o  separate. The precipitate is filtered and washed with cold water 
and a little ether. The crude product weighs 8.9 g., m.p. 83'. From the ether used for wash- 
ing another 0.7 g.  is obtained. The total yield is 9.5 g. (62.1%) of crude product. After 
recrystallization from 50% ethyl alcohol the compound has the constant melting point 
85". The crystals are readily soluble in alcohol and acetone, sparingly soluble in ether, 
and insoluble in  water. 

B.  Prepared by direct healing of benzylidenebisacetamide and diethyl malonate. Benzyl- 
idenebisacetamide (10.3 g., 0.05 mole) and 24 g. (0.15 mole) of diethyl malonate are mixed 
and heated for 3 hours in an oil-bath a t  180'. After the reaction mixture has cooled, the 
unreacted bisamide and the  separated acetamide are filtered, and the excess of diethyl 
malonate is removed in z'acuo (14 mm.). After several days the remaining syrup begins to  
crystallize. The crystals are washed with a little ether and after several crystallizations 
from 50y0 alcohol, 1.7 g.  of the  pure product is obtained (yield 11.1%). The melting point 
of the mixture of the products obtained according to  A and B does not show any depression. 

Anal .  Calc'd for C1&1N06: C, 62.54; H, 6.84; N, 4.56. 
Found: C, 62.71; H, 7.11; N, 4.67. 
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2.  @-Phenyl-i%acetylaminopropionic acid (111, R = CsHa). A.  Prepared from the diethyl 
ester of &phenyl-a-acetylamino-ethane-a, a-dicarboxylic acid. The ester (5 g . )  and 40 cc. of a 
10% aqueous solution of sodium hydroxide are allowed t o  stand a t  room temperature for 
24 hours. The solution is neutralized with 10% hydrochloric acid using Congo Red as an 
indicator, and the water is evaporated in  vacuo. The remaining solid product is extracted 
several times with a little absolute ethyl alcohol. The dicarboxylic acid thus obtained is 
an amorphous hygroscopic compound, readily soluble in  alcohol, insoluble in ether, melting 
at 75". By heating above its melting point it loses carbon dioxide, solidifies, and melts then 
at 150-164O. The molecular weight, determined by titration, was 265 (Calc'd 251). The 
complete transformation of the dicarboxylic acid into the monocarboxylic is achieved by 
heating first at 75", and then for 3 hours at 115-120", until it solidifies completely. The 
@-phenyl-P-acetylaminopropionic acid obtained in this way is recrystallized from water 
and has the constant melting point of 164". Yield, 3.2 g. (97%, based on the diester). 

B. Prepared from a-carbebhoxy-p-acetylaminophenylethyl methyl ketone (VII, R = CaH5). 
The ketone (5 9.) obtained from benzylidenebisacetamide and acetoacetic ester (8) and 
40 cc. of a 10% sodium hydroxide solution are mixed. After standing for 3 days the solu- 
tion is neutralized with 10% hydrochloric acid. After half an hour the white crystalline 
product is filtered and washed with water. There is obtained 3.5 g. (93.7%) of the crude 
product, m.p. 159-161O. After several crystallizations from water i t  has the constant m.p. 
164-165'. The mixture melting point of this product with the material obtained according 
t o  8 A is not depressed. Posner has obtained this compound by acylation of @-phenyl-@- 
aminopropionic acid; m.p. 161-162" (16). 

Anal. Calc'd for C1lHlsNOs: C, 63.77; H, 6.28; N, 6.77. 

3. Diethyl ester of @-(4-methoxypheny1)-@-acetylaminoethane a, a-dicarboxylic acid (I, 
R = CeHd3CHa). Anisylidenebisacetamide (12 g., 0.05 mole), 8 g. (0.05 mole) of diethyl 
malonate, and 50 cc. of acetic anhydride are treated according t o  the procedure 1 A ,  yield- 
ing 7.6 g. (44.5y0) of crude product which is recrystallized from 80 cc. of 50% alcohol until 
the  melting point is unchanged (m.p. 95'). 

Found: C, 60.49; H, 7.01; N, 4.32. 

Found: C, 63.95; H,  6.40; N, 6.99. 

Anal. Calc'd for Ci7HzaNOe: C, 60.56; H, 6.82; N, 4.18. 

4. @-(4-Methoxypheny1)-@-acetylaminopropionic acid (111, R = CeHaOCHa). A .  The 
ester (5 g.) i s  saponified according t o  R A .  The melting point of the dicarboxylic acid is 
82-84'. By prolonged heating above its melting point ~-(4-methoxyphenyl)-~-acetylamino- 
propionic acid is formed, m.p. 171-173" (yield quantitative). 
B. Prepared from a-carbethoxy-@-acetylamino-~-(~-methoxyphenyl)ethy1 methyl ketone 

(VII, R = CeH40CHs). The ketone (5 9.) obtained from anisylidenebisacetamide is saponi- 
fied according to  B B .  The product obtained by recrystallization from water melts a t  174- 
175". There is no depression in melting point when this acid is mixed with the product 
obtained in .G A .  

Anal. Calc'd for C12HlsNO~: N, 5.91. Found: N, 6.05. 
6. Diethyl ester of @-(3,~-methylenedioxy~hen~l)-~-acetaminoethane-a, a-dicarboxylic acid 

(111, R = CaH30zCHe). Piperylidenebisacetamide (12.5 g., 0.05 mole), 8 g. (0.05 mole) of 
diethyl malonate, and 25 cc. of acetic anhydride are treated according t o  1 A .  The red- 
colored crude product, map. 95", is dissolved in a little warm acetone and precipitated with 
ether. The colorless crystals thus obtained are recrystallized from 50% alcohol until the  
melting point is unchanged. The yield is 9.25 g. or 52.6%. 

Anal. Calc'd for C17HP1NO~: C, 58.11; H, 5.98; X, 4.00. 

6 .  @-(3,4-Methylenedioxyphenyl)-~-acetylaminopropionic acid (111, R = C6HaOzCH2). 
A. Prepared from the diethyl ester of @-(a, 4-methylenedioxyphenyl)-~-acetylaminoethane- 
a,a-dicarboxylic acid. The ester obtained according to  6 (5 9.) is saponified and treated as 
described in 8 A .  The dicarboxylic acid thus obtained melts at 84-86'. On longer heating 
it loses carbon dioxide and is transformed quantitatively into the monocarboxylic acid 
which, recrystallized from water, gives white crystals, melting point 103-105'. 

Found: C, 57.90; H, 6.04; IT, 4.35. 



REACTIONS OF BISAMIDES. V 147 1 

B .  Prepared jmm or-carbethoxy-p-acetylamino-@-(b,~-methylenedioxyphenyl)ethyl methyl 
ketone (VII, R = C&O&&). The ketone (5 g.) obtained from the corresponding bisamide 
and acetoacetic ester is saponified as described in 8 B.  The crude acid is recrystallized 
from water, m.p. 104-106". The yield is 3.5 g. or 89.7%. The mixture melting point of this 
product with the material obtained according to  6 A does not show any depression. 

Anal. Calc'd for C12HlaK05: K', 5.68. Found: N, 5.72. 
7. @-(a, 4-Dimethox~phenyl)-B-acetyEaminopropionic acid [111, R = CBHa (OCH3)2]. The  

ketone (5 g . )  obtained from the corresponding bisamide and acetoacetic acid (8) is saponi- 
fied as described in 2 B.  There is obtained 3.4 g. (yield 86.8%) of @-(3,4dimethoxyphenyl)- 
P-acetylaminopropionic acid, m.p. 164-165O. 

Anal. Calc'd for ClaH1,NOs: K,  5.24. Found: K, 5.32. 
8. Monoethylester of P-phenyl-P-acetyZamino-a-ethy2ethane a,a-dicarboxylic acid (V, 

R = CeH6; R' = C Z H ~ ) .  Benzylidenebisacetamide (10.3 g., 0.05 mole), 9.4 g. (0.05 mole) 
of diethyl ethylmalonate, and 25 cc. of acetic anhydride are heated for 5 hours a t  150-156'. 
The acetic anhydride is evaporated in vacuo and the excess ethyl diethyl malonate is re- 
moved by steam-distillation. The remaining oil is extracted with ether, dried over sodium 
sulphate, and the ether removed by distillation. The syrupy product (12.8 g.) thus ob- 
tained is the crude diethy1 ester of p-phenyl-p-acetylamino-a-ethylethane-a, or-dicarboxylic 
acid (IV). It is not further purified, but is partially saponified. The crude ester is dissolved 
in 100 cc. of alcohol, and to  this solution 60 cc. of a 10% sodium hydroxide solution is added. 
After standing for 3 days at room temperature, the solution is neutralized n i th  10% hydro- 
chloric acid, and the alcohol is removed in vacuo. On cooling, white crystals separate, which 
are filtered, washed with cold water and a little ether, and recrystallized from 96% alcohoI. 
The yield is 2.4 g. or 20.5% (based on the crude diethyl ester) of the pure monoethyl ester 
of @-phenyl-@-acetylamino-u-ethylethane-a, a-dicarboxylic acid, melting a t  184". 

Anal. Calc'd for ClsH&Oa: C, 62.54; H, 6.84; N, 4.56. 

The molecular weight is determined by titration in  alcoholic solution. Calc'd: 307; 
Found: 308. 

9.  a-Ethylcinnamic acid (VI, R' = C Z H ~ ) .  The monoethyl ester of @-phenyl-@-acetyl- 
amino-a-ethylethane-a,a-dicarboxylic acid (3 g.) is dissolved in 50 cc. of 10% sodium 
hydroxide solution. Half of this solution is heated t o  boiling for 2 hours and on cooling is 
acidified with hydrochloric acid. The separated white crystals (yield 98%) of a-ethylcin- 
namic acid melt a t  114-115', in agreement with Posner (17). The remaining 25 cc. of the above 
solution is allowed to stand at room temperature for 60 days. On acidification with hydro- 
chloric acid a-ethylcinnamic acid separates quantitatively; melting point 114-115'. The 
molecular weight determined by titration is 170. Calc'd, 176. 

Acknowledgment, The authors acknowledge the valuable assistance of Miss M. 
PaviEiE of the Faculty of Sciences, Belgrade, who performed the microanalyses 
reported in this paper. 

Found: C, 62.59; €3, 7.03; N, 4.77. 

SUMMARY 

1. Arylidenebisamides react readily with diethyl malonate yielding diethyl 
esters of 8-aryl-P-acylaminoethane-n , a-dicarboxylic acids. By partial saponifi- 
cation of these esters the corresponding dicarboxylic acids are obtained, which 
are converted into P-aryl-P-acylaminopropionic acids when heated above their 
melting points. 

2. The products obtained by the reaction of arylidenebisamides with substi- 
tuted malonic esters yield, by partial saponification, the monoesters of the cor- 
responding dicarboxylic acids. The free acids cannot be isolated because on 
saponification a-substituted cinnamic acids are formed. 
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3. Partial saponification of the products obtained by condensing arylidenebisa- 
mides with acetoacetic ester, i.e. of a-carbethoxy-p-acylamino-0-aryl-ethyl me- 
thyl ketones (8) occurs exclusively in the direction of the 0-aryl-P-acylamino 
propionic acids. 
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