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For many years, acrylonitrile has afforded 
the organic chemist a convenient method of 
introducing a three-carbon residue onto a variety 
of organic compounds by the so-called cyano- 
ethylation reaction.̂  This reaction is generally 
brought about by a base-catalyzed, nucleophilic 
addition. The purpose of this work is to investi
gate and to evaluate the applicability of the

preadily-available diethyl 2,4-dicyanoglutaconate 
in a similar type of reaction. Such a reaction, if 
feasible, would permit the introduction of a seven- 
carbon residue which possesses reactive terminal 
functional groups. This would be of great value in 
synthetic organic chemistry.

The proposed reaction is of the general 
type shown in equation (1), in which R— H 
designates an organic compound containing a 
hydrogen which is either directly attached to a

■^Roger Adams, Organic Reactions( New York : 
John Wiley and Sons, Inc. , 194-9 ), V , 79-135.

In older chemical journals and periodicals, 
this compound may be listed as " diethyl of, Y - 
dicyanoglutaconat#. ^

2
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highly electronegative element ( 0, N, or S ) or is 
part of an active methylene group ( R-CH2-C00R, 
R-CH2-CN, R-C0-CH?-C00R,etc. ).

C00CoH[-
1 2 5 C-CNII

COOCqH 1 2
H-C-CN

1
R— C-H(lHC base

l i
HC-CN H-C-CNj|
G00C2H5 C00C2H;

(1 )

Diethyl 2,4— 
di cyanoglut ac onat e
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Nucleophilic addition reactions of acrylo
nitrile are known collectively as cyanoethylation 
since the resulting compounds contain the - 
cyanoethyl" grouping ( -CH2CH2CN ).

The classes of compounds which react with 
acrylonitrile in this v/ay may be summarized as 
being : a) compounds having one or more -NH- 
groups such as primary and secondary amines, 
hydrazine, hydroxylamine, amides, etc. ; b) 
compounds containing one or more -OH or -SH groups 
such as water, alcohols, phenols, and mercaptans ;
c) aldehydes and ketones possessing ©r~hydrogens ;
d) compounds such as malonic esters, malonamide, 
ethyl cyanoacetate, etc. , in which a -CH- or a 
-CH2- group is situated between -COOR, -CN, or 
-C0NH2 groups.^

This type of reaction is usually conducted 
in the presence of an alkaline catalyst such as the 
hydroxides and the alkoxides of sodium and potassium, 
as well as the metals themselves. Quaternary 
ammonium bases ( of particular importance is the

3̂Adams, op. cit.. p. 80.
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organic base benzyltrimethylammonium hydroxide, 
commonly known as "Triton B" ) are also used, as 
well as tertiary amines such as pyridine,quinoline, 
and dimethylaniline. In the case of the primary and 
secondary amines, some are basic enough to serve as 
their own catalysts and often react exothermally 
with acrylonitrile.

The reasons for selecting diethyl 2,4— 
dicyanoglutaconate for this investigation can be 
seen, first of all, by the structural similarity 
which exists between it (I) and acrylonitrile (II).

H^C-OOC C00CoH,-
5 2 | H I 2 5

H-C— C = C
I IN = C  C = N

(I)

H H 
H-C=C

I

(II)

Figure 2.1 .

Both compounds are c i - /Sunsaturated nitriles. Diethyl 
2,4—dicyanoglutaconate may even be considered as an 
cv-/S disubstituted acrylonitrile (III).

v
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H
R-- C

R'
:C
C=E=N

( H I )

Figure 2.2 .

Secondly, the addition reactions of acrylo 
nitrile are believed to proceed by a nucleophilic 
attack upon the double bond which has been polar
ized by the electron-withdrawing nitrile group 
( Figure 2.5 )• In this way, the/6- carbon becomes

susceptible to attack by a nucleophilic agent. The 
nucleophile may either be in the form of a Lewis 
base or may be generated by the action of a basic 
catalyst upon a compound possessing an acidic 
hydrogen ( Equations 2-4 ) .

H
H-- C

à ®

Figure 2.5

R-H + :B (2)
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R
H ©

R—C— C——Ct 
H H

:N

H ©  H H
R— C— C— C==N + ^  H : B ---  R— C— C— C = N  + :B (4)

H H H H

The ease with which the olefinic compound 
undergoes a reaction of this type is determined 
largely by the degree of polarization of the 
double bond. In diethyl 2,4-dicyanoglutaconate, the 
double bond is activated not only by a nitrile 
group, as is acrylonitrile, but also by an ester 
group ( Figure 2.4 ). Therefore, it seemed reasonable

h 5c2ooc

N = C

to assume that the double bond in this compound 
should be even more susceptible to attack by a 
nucleophilic agent than is the double bond found in 
acrylonitrile. It should undergo,consequently, the 
following series of reactions :
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R-H + :B ---► R ®  + ®  E:B (5)

H5C2OOQ
RS  + I-C— C=C)

I |<

COOCoHc HeCoOOC2 5 5 2 , H COOC2H5
H

N = C  C = N
se>

E-C— C— C 0
T

N=0 J, 0- :N
(6)

H[-Co 00C COOCoHc- H(-Co 00C  COOC-EU5 2 I H I 2 5 5 2 | ? ' 2 5
I- C — G— C 0  +H-
INEC

e  
IC^=N

:B- H-C— C— C-H + :B(7)
I I IN=G 1 C = N

The influence of double-bond, activation upon 
the ease with which a compound undergoes additions of 
this type may be seen in the reactions of methacrylo- 
nitrile (IV) and crotononitrile (Y), the cx-methyl and 
the /3-methyl analogues of acrylonitrile.

H CH, H H
H— C = C — C = N  CH,— C = C ---C = N0

(IV) (V)

Figure 2.5 .
Aldehydes and ketones do not form adducts 

with methacrylonitrile, although strongly basic 
amines such as piperidine do. Alcohols add to meth-
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acrylonitrile with such difficulty that the yields of 
alkoxynitriles produced are much smaller than those 
obtained with acrylonitrile. Crotononitrile, 
although slightly more reactive than methacrylo- 
nitrile, is also less reactive than acrylonitrile.

The lack of reactivity of these two compounds 
may be attributed to the inductive effect of the 
methyl ( CH^- ) group which could, conceivably, 
decrease the electrophilic character of the^-carbon 
and, hence, reduce the attraction of a nucleophile 
to this carbon.

A third reason for the selection of diethyl 
2,4— dicyanoglutaconate for this investigation is its
convenient synthesis from readily-available chemicals.

5Its preparation, first reported in 1898 by Errera
6and, later in that same year, by Ruhemann, consists 

in the initial reaction of ethyl cyanoacetate, 
sodium ethoxide, and chloroform to form the sodium 
salt of the dinitrile ( Equation 8 ) .

^Ibid., p. 108.
^G. Errera, Ber., 31» 1241(1898).
^S. Ruhemann, J. Chem. Soc., 282(1898).
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ç o o c ^
2 HCH +

I
CN

CHC1- NaOCoH2^
-3NaCl

Ht-GoOOC C O O C Æ  5 2 | H ! 2 5
N a -C -C = C  ( 8 )

NC CN

The free dinitrile, a bright yellow solid, is 
then obtained by acidification of a warm, aqueous 
solution of the sodium salt ( Equation 9 )•

H c Co 00C  C 0 0 C o H c  Hc-Co C>0C COOC-Hc-
5 2 I H | 2 5  5 a | H | 2 5
Na-C-C=C + HC1 ---- ► H—C-C=C (9)

| | -NaCl | |
NC CN NC CN

According to Ruhemann, diethyl 2,4-dicyano- 
glutaconate, prepared in the above manner and, then, 
recrystallized from acetone, melts at 188-189°C.^ 
Errera reported that recrystallization of the 
dinitrile from benzene yielded a purer compound which 
melted at 178-179°C. 7 8

It was discovered, early in the course of 
this research, that great care must be taken in thet
choice of experimental conditions for reactions in 
which this compound would be employed.

7Ibid., p.282 .
8Errera, op. cit., p. 1243.
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QM. Guthzeit reported that the esters of 

glutaconic acid ( H00C-CE2-CH=CH-C00H ) are converted 
to dimeric substances under the influence of warm 
sodium ethoxide. H. von Pechmann^ characterized 
these substances as dicarbalkoxycyclohexenone 
acetates (VI) and postulated the following reaction 
for their formation :

COOR
CH <_ 
HA

CH0 I 2 COOR

COORi
COOR
c®

HCH
NaOCpHR

COOR1
crnCH

------- 2_* y
HCH IICH

ch2 CO ® CH \B\
COOR ¿00R

-HOR
’'

C; h 2 c o o r • C O O R1
H CH C O O R

H .
/ H \

.C O O R V H C
l

1
— c

II
— x  H C H CH

H O , ,H „  1 1
0 = C - --------- — CH

9 ¿ 0 0 R
C O O R

(VI)

( 10)

Guthzeit, Ber., 34, 675-680(1901).
■^H. von Pechmann and W. Bauer, Ber., 37, 

2113-2129(1904).
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However, von Pechmann did not report the action of 
metal alkoxides upon diethyl 2,4— dicyanoglutaconate. 
It seemed possible that this compound, under the 
influence of sodium ethoxide, could react in a 
way similar to that postulated for the esters of 
glutaconic acid. It was necessary, therefore, to test 
the action of this base upon the dinitrile before 
using it as a catalyst in this investigation.

When diethyl 2,4— dicyanoglutaconate was 
added to a warm solution of sodium ethoxide, no 
apparent reaction took place. However, as more of 
the dinitrile was added, the solution became a 
gelatinous mass of gummy, white material. The 
alcohol was allowed to evaporate off ; a coarse, 
white solid was obtained. The possibility that this 
material might be the sodium salt of the dinitrile 
was eliminated on the basis of two observations : 
a) the sodium salt of the dinitrile is a yellow solid 
which exists in the form of needle-like crystals 
whereas the isolated compound was white and had no 
definite crystalline form ; b) the sodium salt of 
the dinitrile melts at 265°G'L1 whereas the isolated 
compound showed no signs of melting at this 11

11Errera, op. cit., p. 124-3.
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temperature.
When the above solid was dissolved in boiling 

water and acidified, a white material, m.p., 204-

compound indicated that it was not the original 
dinitrile. It was therefore apparent that the 
initially isolated material was a product,conceivably 
a dimer, resulting from a reaction of the dinitrile 
with sodium ethoxide. This indicated that the direct 
use of this base as a catalyst should be avoided.

direct contact of sodium ethoxide and the dinitrile 
appeared to be that which is illustrated by equations 
(11)-(13) . These equations are those postulated for 
the reaction of ethyl acetoacetate and diethyl 2,4- 
dicyanoglutaconate.

206°C, was obtained. The melting point of this

A reasonable procedure for preventing the

CH,-C=0
+ N a O C ^ H<p e  

COOC2H5
( 11)

COORI
(12)COOCoHc- CH2 5 I

C-CN
COOR
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Na©
COORI©  C-CN

CHj-C-CH H V  
ROOC COOR

CN

HC1
-NaCl

COOR 
H^-CN

1| X gCHZ-C-CH n H'C-CN 3 i i
ROOC COOR

(13)

The thought was that, by treating the ethyl aceto- 
acetate with sodium ethoxide, the alkoxide would be 
eliminated.

The reaction was carried out in the manner 
indicated but none of the expected adduct was obtain
ed. Only the free dinitrile, its sodium salt, and 
the polymeric form of diethyl 2,4-dicyanoglutaconate 
were found. It appeared that an unexpected side- 
reaction ( Equation 14 ) had occurred.

c h5-c=o 
"h C ©  Na® 
COOR

COORI
+ HC-CN
HCIIC-CNl
COOR

CH-,-C=0 3 i
HCHI
COOR

COORi
+ ©C-CN
HCIIC-CNI
COOR
(VII)

(14)

This introduced a new problem— the formation 
of the anion of diethyl 2,4-dicyanoglutaconate (VII). 
Since this anion is generated at the expense of the 
attacking nucleophile, the possibility of an addition 
reaction is greatly reduced. Also, this anion,
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stabilized by resonance ( Figure 2.6 ), would be un- 
reactive toward nucleophilic attack.

:O0 0 D : 0 °1 II 11 1
HcCo0— C

5 ll ?
C— OCoH,- 
1 2 5

w c o0— 5 2 f 9
C— OĈ Hc-
II 2 5c— 5«=c ''i =C-— c

I \ 1C = N N=( C--N

’ f
0 0 0 0
II II II II

Hc-CoO— C 5 2 , H
c—1 oc2h 5 H,-CoO— C 

5 2 1 H
c-1 -oc2h 5

0 • • -o
- 1-6 1= c1 <— — c= 1 — C--C:| G>

N = C 1c— -N 1N = C IC == N* •

0 0 0
II II II

H5C2°— •c
1

C— 0GoHc 
H 1 2 5r '

Hc-C^O— C 5 2 , 9
c-II -C=C| c=1— c

©  :N«= II=0 C^N N =  C

0
C— OC2H5
i
C = N :

Figure 2.6 .

An experiment in which potassium/?-naphthoxide 
was refluxed for five hours with the dinitrile in an 
attempt to form the/5-naphthoxy adduct ( Equation 15 ) 
yielded freeyS-naphthol and, upon acidification, the 
free dinitrile. Evidently, in this case, the anion
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of diethyl 2,4-dicyanoglutaconate had been formed 
and had prevented the desired reaction.

In order to eliminate the possibility of 
anion formation, an attempt was made to replace the 
allylic hydrogen of the dinitrile with a methyl 
group ( Equation 16 ). A mixture of methyl iodide

COOR COORl i
CHZI + NaC-CN CHZ-C-CN3 | 3 |

CH --------- > CH (16)
if -Nal HC-CN x
¿00R

and the sodium salt of diethyl 2,4-dicyanoglutaconate 
was heated at 50°C for twenty-four hours. At the end 
of this time, only unreacted sodium salt was obtained. 

Since all attempted base-catalyzed reactions
had been hindered by the dinitrile's tendency to 
form either a polymer or an anion in the presence of 
a base, it was necessary to confine the remainder of
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this investigation to compounds which are known to 
participate in cyanoethylation-type additions with
out requiring the presence of an alkaline catalyst. 
The amines and amino acids are such compounds.

amine reacts exothermally with acrylonitrile and 
gives excellent yields of the cyanoethylated product 
n-C^H^NHC^CHgCN. The reaction of equimolar amounts 
of diethyl 2,4-dicyanoglutaconate and n-butylamine 
in alcohol at room temperature gave a white, 
crystalline product, m.p., 86.5-87«0°C, which was 
assumed to he diethyl 2-( n-butylamino )-l,3- 
dicyanoglutarate (VIII). However, analytical data 
indicated that the proposed adduct had not been 
obtained.

12According to Hoffmann and Jacobi, n-butyl-

lHC-CN
* n-C4H9N— p

H “YHC-CN
COOCoH,- I 2 5

(17)

C00C2H5I

(VIII)

The possibility that the isolated compound 
might be an amide, formed by the reaction of an ester



group with the amine, was also eliminated on the 
basis of analytical data.
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No further investigation was made of this 
substance.

The next reaction attempted was the prepay 
ation of diethyl 2-( benzylamino )-l,3-dicyano- 
glutarate (IX), the benzylamine adduct of the di- 
nitrile. A mixture of two moles of benzylamine and 
one mole of the dinitrile was heated at 80°C for 
two hours. A white, crystalline solid, m.p.,110.5- 
112.0°C, was obtained. The proposed reaction was :

isolated compound corresponded to that calculated 
for structure (IX). A further examination of the 
chemical nature of the isolated compound was 
prevented by the small amount of product obtained.

Obshclei. Klim.,19,1953(194-9) [C.A.,44,3448(1950)] .

(IX)

The nitrogen found to be present in the

19Bekhli and Serebrennikov reported that
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heating a mixture of aniline and the acetate salt of 
aniline with acrylonitrile for fourteen hours at 
120-140°C gave excellent yields of /3-anilinopropio- 
nitrile ( CgH^NHCH2CH2CN ). In the preparation of 
diethyl 2-(anilino)-l,3-hicyanoglutarate (X), a 
mixture of aniline and excess glacial acetic acid 
was used in place of the aniline-aniline acetate 
pair.

c 6H5NH2

CO O C-H .i 2 5
C-CNII

+  CH I
HC-CNI

COOC2H5

glacial
---------- >
acetic acid

<j! OOC2H5
H HC-CN

C^-Hj-Ñ— CH6 5
HC-CN

c o o c2h 5
( X )

(19)

The dinitrile was added to a stirred 
solution of aniline in glacial acetic acid, and the 
resultant mixture was heated on an oil bath at 140°C 
for eighteen hours. When the reaction mixture was 
poured into cold water, a dark red oil was formed. 
This oil was separated from the water and, after 
much stirring, was dissolved in dilute HC1. When 
dilute NaOH was added to this solution, a red-brown 
precipitate was obtained. This precipitate was 
dissolved in aqueous ethanol, and the resulting
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solution was allowed to stand for several days. 
Crystals were obtained which, after recrystallization 
from alcohol-water, melted at 117.0-118.0°C.

A second experiment utilizing aniline was run 
in conjunction with that described above. Aniline was 
added to a solution of the dinitrile in methanol, and 
this mixture was heated on a water bath at 80°C for 
two hours. This procedure yielded a small amount of a 
colorless, crystalline product which melted at 117.0- 
118.0°C. By means of a mixed melting point, these 
crystals were shown to be the same as those produced 
in the previous experiment.

The analysis for nitrogen of the compound 
isolated in this second experiment indicated that 
the desired adduct had been obtained. The isolated 
compound's solubility in dilute acid served to 
further substantiate this.

14According to Me Kinney and Uhing, cx-amino 
acids also participate in cyanoethylation reactions. 
The amino acid chosen for addition to diethyl 2,4- 
dicyanoglutaconate was glycine. The procedure 
consisted in the initial formation of the sodium salt 
of the amino acid (XI), and the subsequent reaction

L. Me Kinney and E. Uhing, J.A.C.S., 72,
2599(1950).

14
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of this salt with the dinitrile ( Equation 21 ).

H 0
H-A-- C— OH NaOH

h o  e1 11 rr>H-C-- C— 0 Hay* (20)
H-N-H H-N-H

(XI)

H H1 j
COOC-Ht- l 2 5
C-CN

<pOOC2H5 
H H HC-CN

|  j |

H-Q—  N-H + 11 H-(p— N-- CH (21)TC=0 l
HC-CN C=0 HC-CN | |i0<2> faNaw
co o c2h 5 0^ C00CoH,- ©  ^  2 5Na®

(XII)

The amino acid-dinitrile mixture was stirred 
for a total of fourteen hours over a period of four 
days. A precipitate was formed on the fourth day 
which, after filtration from the mixture, was shown 
to he the polymeric form of diethyl 2,4-dicyano- 
glutaconate. To the filtrate was added a calculated 
amount of HC1 ; a light yellow precipitate was formed. 
After filtration, this precipitate was partially
dissolved in a dilute solution of NaHCO-,. A small5
amount of undissolved material was filtered off.
To the filtrate, obtained from this last step, was 
added ¿just enough 6N acetic acid to cause turbidity.
A white solid separated out. After recrystallization



from methanol, this precipitate was found to melt at
201.0-202.5°C.

The nitrogen found in this compound did not 
correspond to that calculated for the acidified form 
of structure (XII).

23
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All melting points listed in the following 
procedures are uncorrected. All microanalytical 
work was done by Galbraith Laboratories, Inc., 
Knoxville, Tennessee.

PREPARATION Off DIETHYL 2,4-DICYAEQGLUTACONATE1^’ 15 16
Twenty-three grams ( 1 gram atom ) of 

metallic sodium was added to an excess of absolute 
ethanol ( about 500 ml. ). The resulting mixture was 
cooled to 10°G by means of an ice bath ( if this 
cooling is omitted, a very violent reaction occurs 
when the next step in the synthesis is attempted ).
To this solution 56.5 grams ( 0.5 mole ) of ethyl 
cyanoacetate was added slowly and with stirring ; 
the alcohol-insoluble sodio-salt of ethyl cyano
acetate precipitated out. While the mixture was 
being stirred, 50 grams ( 0.25 mole ) of chloroform 
was added slowly. When the addition of the chloro
form was complete, the solution was gradually 
heated on a water bath. As the temperature of the 
bath reached the range of 50-60°C, the mixture slowly 
began to turn yellow ; soon, a vigorous reaction,

15•^Errera, op. cit., p. 1241.
16Ruhemann, op. cit.. p. 283.

ae QCItr% *4.
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characterized by boiling and refluxing, was observed. 
As soon as this reaction had subsided, the 
temperature of the bath was increased. The mixture 
was allowed to reflux for 1 hour. The alcohol was 
then removed by heating ( hot water bath ) under 
reduced pressure. Water was added to the residual 
tarry mass ; the sodium salt of diethyl 2,4-dicyano- 
glutaconate, which is slightly soluble in cold water, 
precipitated out. The salt was filtered, washed 
several times with cold water, and then recrystal
lized once from boiling water. The pure sodium salt, 
obtained in this way, was in the form of yellow, 
needle-like crystals which melted at 264-266°C 
( Literature: m.p., 265°C ).^

The free dinitrile was obtained by treating 
a solution of the sodium salt in a minimum amount of 
warm water with an excess of dilute HC1. The dinitrile 
precipitated out in shiny, yellow needles which, 
after recrystallization from acetone, melted at 187- 
189°C ( Literature: m.p., 187-139°C ) . 18

The yield of pure diethyl 2,4-dicyanoglutacon- 
ate was 30 grams or 50*8% of the theoretical. * 16

17'Errera, loc. cit.
16 .Ruhemann, loc. ext.

\
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REACTION OF SODIUM BTHOXIDE AND DIETHYL 2,4-DICYANO- 
GLUTACONATS

A solution of sodium ethoxide was made by- 
dissolving 0.2 gram ( 0.009 gram atom ) of metallic 
sodium in about 50 ml. of absolute ethanol. While 
this solution was still warm, 2 grams ( 0.009 mole ) 
of diethyl 2,4-dicyanoglutaconate was added. At first 
the dinitrile dissolved. However, as soon as the last 
of it had been added, the mixture became a gelatinous 
solid. The ethanol was allowed to evaporate off ;
1.5 grams of a white solid was obtained. The 
melting point of this material was well above 265°C.

The above solid was partially dissolved in 
boiling water. The solution was filtered, and the 
filtrate was acidified with dilute HC1. Upon cooling, 
this solution yielded a very flocculent, white 
substance which, after being filtered and dried, 
weighed 0.5 grams and melted at 204.0-206.5°C.

No further tests were made on this compound.

REACTION OF ETHYL ACETOACBTATE AND DIETHYL 2.4- 
DICYAN OGLUTACONATE

A solution of sodium ethoxide was prepared by 
dissolving 0.5 gram ( 0.02 gram atom ) of metallic 
sodium in 100 ml. of absolute ethanol. The solution
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was cooled, and 5 ml. ( approximately 0.04 mole ) of 
ethyl acetoacetate was added slowly with stirring.
To the resultant solution 5 grams ( 0.02 mole ) of 
diethyl 2,4-dicyanoglutaconate was slowly added. The 
dinitrile dissolved completely. The mixture was then 
heated at 100°C. After the solution had been heated 
at this temperature for about 45 minutes, a 
flocculent, white precipitate was formed. The 
reaction mixture, at this point, was extremely vis
cous. Heating was continued for another hour, and then 
the temperature of the bath was lowered to 80°C. The 
mixture was heated at this temperature for 2 more 
hours. The alcohol was distilled off under reduced 
pressure until a yellow paste remained. The residue 
was dissolved in water ; a small amount of insoluble 
material was removed by filtration.

Approximately 1 gram of a yellow crystalline 
substance (A) was obtained from the above filtrate. 
Acidification of an aqueous solution of these 
crystals gave a bright yellow solid (B), m.p., 188- 
189°C. This solid was shown to be unchanged 
dinitrile by a mixed melting point. Solid (A) was 
probably the sodium salt of diethyl 2,4-dicyano
glutaconate .
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When the filtrate from (A) was acidified, a 
copious yellow solid (C) was produced. This solid 
weighed 3»2 grams and melted at 171-173°C. Therefore, 
(G) was also assumed to be diethyl 2,4-dicyano- 
glutaconate ( the apparent discrepancy in melting 
points of the above two samples of the dinitrile is 
explained by Footnote 7» page 11 ).

Since most of the dinitrile had been re
claimed, it was concluded that no reaction had taken 
place.

REACTION OF -NAPHTHQL AND DIETHYL 2,4-DICYAH 0- 
GLUTACONATE

To a suspension of 2.9 grams ( 0.021 mole ) 
of anhydrous K^CO^ in 50 ml. of methanol was added 
6.1 grams ( 0.042 mole ) of -naphthol. The 
resulting mixture was heated on a water bath until 
it became homogeneous ( about 30 minutes ). Five 
grams ( 0.021 mole ) of diethyl 2,4-dicyanoglutacon- 
ate was added to the hot mixture, and heating ( about 
80°C ) was continued for 5 hours. During this time, 
a white precipitate had formed in the reaction 
mixture. The methanol was distilled off under 
reduced pressure, and water was added to the residue. 
A copious white precipitate settled out. Filtration
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of the mixture yielded 5»5 grams of a white solid 
which melted at 118-121°C. A mixed melting point 
showed this solid to be unreacted /S-naphthol.

Acidification of the above filtrate yielded 
4.2 grams of a bright yellow solid which melted at 
184-187°C. This was shown to be unreacted dinitrile 
by a mixed melting point.

REACTION OP METHYL IODIDE AM) DIETHYL 2.4-DICYAKQ- 
GLUTAGORATE

Five grams ( 0.019 mole ) of the sodium salt 
of diethyl 2,4-dicyanoglutaconate was added to a 
stirred solution of 150 ml. of absolute ethanol. To 
the resulting suspension was added 5 ml* ( 0.076 
mole ) of methyl iodide. The mixture was stirred in 
an oil bath at 50°C for 18 hours. The temperature of 
the bath was then raised to 100°C, and the stirring 
was continued at this temperature for 5 hours. The

alcohol was then distilled off under reduced pres
sure, and water was added to the residue. Upon cool- 

ing, the solution yielded 2.7 grams of a yellow 
solid which melted at 259-263°C. A mixture of this 
material and the sodium salt of the dinitrile melted 
at 264-267°C. The isolated compound was assumed to 
be the unreacted sodium salt of diethyl 2,4-dicyano-
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glutaconate.
More of the sodium salt was recovered by- 

evaporation of the aqueous solution.

REACTION Off n-BUTYLAIvltlbE AMD DIETHYL 2.4-DICYAKO- 
GLUTACONATE

To a stirred, cooled ( ice bath ) suspension 
of 5 grams ( 0.021 mole ) of diethyl 2,4-dicyano- 
glutaconate in 100 ml. of methanol was slowly added 
2.06 ml. ( 0.021 mole ) of n-butylamine. During this 
addition, no noticeable increase in temperature was 
observed. The dinitrile gradually dissolved as the 
amine was added. The ice bath was removed, and the 
solution was stirred at room temperature for an 
additional hour. The methanol was then distilled off 
under reduced pressure( room temperature ). After 
most of the alcohol had been removed in this manner, 
the mixture was transferred to a steam bath and was 
evaporated further. Approximately 6 grams of a brown 
oil was obtained.

i

When a sample of this oil was added to 
dilute HC1, a yellow solid was obtained. This was 
identified as the original dinitrile by its melting 
point and by a mixed melting point.

The oil was allowed to stand at room
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temperature for about 1 month. No crystallization 
occurred. The oil was then dissolved in hot, aqueous 
ethanol. After standing overnight, the solution 
produced shiny, white, needle-like crystals which 
were filtered and washed several times with water. 
Recrystallization from alcohol-water yielded 0.6 
gram of flake-like crystals which melted at 88.0- 
89*0°C. Further recrystallization yielded crystals 
which melted at 86.5-87«0°C. The yield of these 
crystals was approximately 10% of the theoretical.

Anal. Calcd. for : 0,58.23 H,7.49 N,13.58
Found : 0,61.21 H,7.67 N,14.17

The analytical data indicated that the 
desired adduct had not been obtained. The small 
yield curtailed attempts to characterize the product.

PREPARATION OF DIETHYL 2-(BENZYLAMIN0)-l,5-DICYANO- 
GLUTARATE

To a suspension of 6.4 grams ( 0.025 mole ) 
of diethyl 2,4-dicyanoglutaconate in 100 ml. of 
methanol was added 5.8 ml. ( 0.05 mole ) of benzyl- 
amine, slowly and with stirring. The dinitrile, which 
up to this point had remained suspended in the 
methanol, went into solution. The mixture was then 
stirred and heated on a water bath at 80°C for 2
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hours. The methanol was distilled off under reduced 
pressure. A yellow-orange liquid remained. This 
liquid was dissolved in hot, aqueous ethanol ( about 
60% alcohol ) and allowed to stand overnight. A 
rust-colored solid was produced. This solid was 
filtered, washed several times with water, and 
finally washed with ether. The ether washings 
removed the rust color, leaving behind 1.2 grams of 
a white material melting at 110.0-112.0°C.

The combined ether washings were evaporated, 
and a residual red oil was obtained. When absolute 
alcohol was added to this oil, a yellow-orange solid 
settled out. Further precipitation was induced by 
the addition of water. An oily material was isolated 
which, on trituration with a minimum amount of 
absolute alcohol, yielded 1.0 gram of white crystals 
which melted at 104.5-109.0°C.

The absolute alcohol wash from the last step 
was diluted with water. Red crystals were obtained 
which, after several washings with petroleum ether, 
lost most of their red color. The weight of these 
crystals was 0.5 gram ; the melting point was 102.0- 
106.0°C.

The above three sets of crystals were
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combined, and the mixture was recrystallized twice 
from alcohol-water. Twro grams of a white solid was 
obtained,m.p., 110.5-112.0°C. The yield was 25% of 
the theoretical.

Anal. Calcd. for C^g^^N^O^ : N, 12.24
Found : N,12.19

Sufficient product was not available to 
make further tests to definitely show that the 
desired adduct had been obtained.

PREPARATION OF DIETHYL 2-(ANILINO)-l,5-bICYANO- 
GLUTARATE

One milliliter ( 0.01 mole ) of aniline was 
slowly added to a stirred solution of 3 ml. of 
glacial acetic acid. To this mixture was added 2 
grams ( 0.009 mole ) of diethyl 2,4-dicyanoglutacon- 
ate . To facilitate the dissolution of the dinitrile, 
7 ml. more of glacial acetic acid was added to the 
solution. The mixture was stirred and heated at 140°C 
for 18 hours. At the end of this time, heating was 
discontinued ; the mixture was allowed to stand at 
room temperature for 2 hours. It was then poured 
into 350 ml. of cold water. A dark red oil settled 
out of the water and was drawn off. The oil was 
dissolved in dilute HC1. When this solution was made
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basic with dilute KOH, a red-brown precipitate was 
obtained which melted at 101.0-105.0°C. After 
several recrystallizations from alcohol-water, 0.4- 
gram of pink crystals, m.p., 117.0-118.0°C, was 
obtained. The yield of these crystals was 13.6% of 
the theoretical.

The reaction of aniline and the dinitrile 
was repeated using methanol as the solvent.

To a suspension of 4- grams ( 0.018 mole ) 
of diethyl 2,4— dicyanoglutaconate in 100 ml. of 
methanol was added 4- ml. ( 0.036 mole ) of aniline. 
The resulting mixture was stirred and heated on a 
water bath at 80°G for 2 hours. The methanol was 
then distilled off under vacuum ; a red-brown oil 
remained. Water was added, and the resulting turbid 
solution was stirred for about 1 hour and then left 
standing at room temperature overnight.

White, needle-like crystals had settled out 
of this mixture along with a semi-solid oil. The 
mixture was filtered. The filtrate, which contained 
the above-mentioned oil, was added to a small 
amount of 95% ethanol and, after much shaking, 
produced yellow-brown crystals. These crystals, 
along with those obtained in the above filtration,
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were recrystallized several times from alcohol- 
water and yielded 1.0 gram of white, needle-like 
crystals which melted at 117»0-118.0°C. The yield 
was 16.8% of the theoretical.

A mixed melting point showed that the above 
crystalline product and that produced in the acetic 
acid-catalyzed experiments were the same.

Anal. Calcd. for : N,12.75
Found : N,12.60

The analytical data and the fact that the 
isolated compound was soluble in acid were taken 
as proof that the desired adduct had been obtained.

REACTION OF GLYCINE AND DIETHYL 2,4-DICYAN0- 
GLUTACONATE

Two grams ( 0.025 mole ) of glycine was 
dissolved in 100 ml. of methanol, and the resulting 
solution was cooled and stirred in an ice bath. A 
cold solution of 1 gram ( 0.025 mole ) of NaOR in 
50 ml. of water was then slowly added to the stirred 
solution of the amino acid. During this addition, 
the temperature of the mixture was maintained below 
50°C. After all of the NaOH had been added, 6 grams 
( 0.025 mole ) of diethyl 2,4-dicyanoglutaconate 
was slowly introduced into the solution. When the
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addition of the dinitrile was complete, the ice hath 
was removed , and the reaction mixture was stirred 
at room temperature for 4 hours. During this time, 
an additional amount of methanol was added to bring 
the dinitrile into solution. The mixture was then 
allowed to stand at room temperature for about 36 
hours. At the end of this period, the mixture was 
again subjected to 5 hours of intensive stirring 
and then allowed to stand overnight at room 
temperature. A flocculent precipitate settled out 
during this time. The mixture was again stirred 
for 5 hours. The precipitate was then filtered off. 
To the filtrate was slowly added 2.1 ml. ( 0.025 
mole of HC1 ) of concentrated HCl which had been 
diluted with water. A thick, curdy precipitate was 
formed. This was filtered and washed with water 
until the washings were free from chloride ion.

The above precipitate was added to a 5%
solution of NaHCO^— much frothing was observed. The

*

resultant solution was allowed to stand for about 10 
minutes and then filtered to remove a small amount 
of insoluble material.

The filtrate from the above step was 
acidified with enough dilute acetic acid to make the
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solution turbid. A thick precipitate soon settled 
out and was filtered off. The precipitate, which was 
a light yellow color, was added to 20 ml. of 95% 
ethanol and was allowed to stand at room temperature 
for several days. The solution was then filtered, 
and 0.5 gram ( 6.4-% yield ) of a white solid which 
melted at 200.0-203«0°C was obtained. Upon 
recrystallization from methanol, the product melted 
at 201.0-202.5°C.

Anal. Calcd. for : N,13.49
Found : N, 5»74

Lack of sufficient material and time 
prevented any investigation into the nature of the 
product.



\

S U M M A  R Y



40

The addition reactions of diethyl 2,4- 
dicyanoglutaconate were studied.

It was discovered that, in reactions using a 
base either directly as a catalyst or indirectly as 
a source of a salt of an active methylene compound 
or a phenol, the dinitrile undergoes polymerization 
and anion formation respectively.

An attempted alkylation of the dinitrile
failed.

In reactions with amines, the dinitrile 
formed two adducts : diethyl 2-(benzylamino)-l,3- 
dicyanoglutarate and diethyl 2-(anilino)-l,3- 
dicyanoglutarate. Reactions with n-butylamine and 
glycine produced unidentified compounds.

The use of diethyl 2,4-dicyanoglutaconate in 
addition reactions of this type does not appear to 
be practical. The reactions are complicated by 
undesirable side-reactions ; when an adduct is 
formed, the yields are low.
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