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Synthetic Studies starting from f-Cyanopropionaldehyde. VIL

Condensation Reaction with the Compound

having an Active Methylene Group

§-Cyanopropionaldehyde (1) is an interesting compound which has reactive
functional groups; aldehyde, cyano and two active methylene groups. Accor-
dingly, it is expected that many useful organic compounds will be synthesized
from this cyano-aldehyde (1). The synthesis of 1 had been investigated by
several workers. One consisted of the addition of hydrogen chloride to
acrolein followed by substitution of the chloro-aldehyde with potassium
cyanide!2, and the other was the convertion of succinonitrile into 1 through
the partial reduction of the nitrile groupd All of them, however, rather
cumbersome as the method of preparation, so this cyano-aldehyde (1) had
rarely appeared in literature. In 1960, an improved technique for the oxo
reaction of acrylonitrile in the presence of cobalt carbonyl to form 1 has
been developed by the member of Ajinomoto Co. Ltd. in high yield"5, and 1

is now being used as an useful reactive material in organic syntheses.

NC—CH,CH;—CN : ~»NC—CH,CH,CH=N—NHCONH; « HCI

HCI _OR |
CHy=CH—CHO ————> Cl—CH,CH,CH{

ROH Of

KCN

Co, H, ! JOR HO | '
CHy=CH—CN  ———> NC—CHCH,CH{ —— NC—CH,CH,CHO

ROH R Yorr

ROH 5

The purpose of our work is to extend synthetic studies starting from 1 as

_3_



152 Bulletin of Nippon Dental College, General Education, No. 4, March 1975

reported alreadyS. As one of this series, studies on some condensation rea-
ctions of 1 with the compounds having an active methylene group (2) will be
presented in this paper. The reaction products prepared are all new
compounds and are hard to derive from other materials.

The carlier attempts to bring about condensation of aldehyde with diester,
ketonic ester and 1, 3-diketone were carried out by Claisen, who used hydro-
gen chloride as a reaction catalyst. Knoevenagel investigated this reaction,
and found that much more effective catalyst for this purpose were such
base as primary or secondary amine.

At first, we tried the reaction of 1 with 2 in the presence of hydrogen
chloride, dicthyl amine or piperidine, and obtained a large amount of tarry
material and unreacted 2. That is, acid or base was not suitable catalyst
for the condensation of 1 with 2 because of the unstableness of the former.
On the other hand, no condensation occurred in the absence of catalyst,
almost all of materials were recovered. It is general known that ammonium
acetate (AA) is also excellent catalyst in the condensation of ketone with
cyanoacetic ester”. So, we examined the catalytic effect of acetic salt (sodium
acetate, acetamide, triethylamine acetate, pyridine acetate, ammonium acetate
or piperidine acetate) and found that piperidine acetate (PA) was better
catalyst in the condensation reaction than others, as shown in Table 1. The
acidic salts of organic bases caused the formation of a relatively large pro-
portion of high boiling polymeric material.

The condensation of 1 with diethyl malonate (2a), ethyl acetoacetate (2b)
or acetylacetone (2¢) was examined by three methods. A benzene solution
of an equimolecular mixture of 1 and 2 was refluxed in the presence of PA,
the water formed in the reaction being removed continuously by azeotropic
distillation with benzene (Method A). Diethyl 3—-cvanopropylidenemalonate

(3a), ethyl 3-cyanopropylideneacetoacetate (3b) and 3-cyanopropylideneacetyl-
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Table 1. Table 2.
1 + 2a — 3a (Method A) 14+2—3
Catalyst Catalyst Yield Product Method Catalyst Yield, ¢
E: 3 " &
name mol 3a, o 3a A AA 20
sodium acetate 0.01 7 3a A PA 41
acetamide 0.01 16 3a B AA 40
triethylamine acetate 0.01 15 3a B PA 65
pyridine acetate 0.01 18 3b A PA 46
ammonium acetate 0.005 25 3b B PA 73
0.01 30 3c A PA 52
0.02 21 Je C PA 85
piperidine acetate 0.005 38
0.01 41
0.02 32

acetone (3¢) were thus obtained in yield of 30-50%. When this experiment
was carried out in the absent of water separator, the reaction proceeded too
slowly.

Since some resinification of 1 was observed in Method A, the following
modifications were adopted. In Method B, 1 was added slowly into the
refluxing benzene solution of an excess molecular of 2a or 2b. In Method
C, 1 was added to the benzene solution of 2¢ at room temperature with
stirring, and then refluxed. This Method C was used to prevent the self
condensation of 2¢ under the reaction condition of Method B. The vield of
conversion of 1 into condensation product 3 was then raised up to a vield
of 65-85% (Table 2). The structure of the product was confirmed by
clemental analyses, molecular weight mesurement by the cryoscopic method
with benzene, infrared spectra and nucleo megnetic resonance spectra, as

seen in Table 3.

=

) X X
NC—CH;CH,CHO + HyC “— NC—CH,CH,CH—CH
Ny é | Y
OH
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/X
Table 3. NC—-CILCH,CH=C (3
Ny

Product X Y Method e Bp vy
2 °C/mmllg formula
3a COO0C,IT; COOC,I; B 65 165-7/3 C1H 504N
3b COCH; COOC,H; B 73 161-2/2 CyoH 103N
3c COCH, COCH, & 85 144-5/3 CoHp 0N
NMR spectral data™® IR, Analyses Mol Weight
e e ——e———,
8, ppm cm Caled Found Calced Found
Ja 6.63 (t, 1H) 2250 C: 58.65 58.139 205 229
4.23 (q, 4H) 1730 H: 6.71 6.99
2.42-1. 98 (m, 4H) 1720 N: 6. 22 6.51
1. 27 (t, 6H) 1645
3b 6.78 (t, 1) 2250 C: 61.52 61.27 195 200
4.28 (g, 2H) 1720 I 6.71 7.09
2.65 (s, 3H) 1680 N: 7.18 7.22
2.41-2.12 (m, 411) 1640
1.32:Ct; 3H)
Jc 6.89 (t, 1H) 2250 C: 6544 65.15 165 164
2.88 (s, 3H) 1680 H: 6.71 6. 88
2.78 (s, 3H) 1640 N: 8.48 8.71
2.48-2.25 (m, 4H)

# NMR Spectra were observed in CC1; by means of Varian A-60 NMR spectrometer,
using tetramethylsilane as an internal standard. The chemical shifts were followed

by the splitting pattern: s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet.

PR X a: X=Y=COOC,Hs
T, NC—CHCHCH=C{
. Y b: X=COCH,;, Y=COOC,H;
' ¢: X=Y=COCH,

The reaction of 1 with malonic acid gave 3-cyanopropylideneacetic acid
(4) by the usual Doebner's methods. The compound 4 was also obtained by

heating 2a with 10% sulfuric acid.

— 6 —
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/COOII _/COOII
1+ CHz\ —— NC“‘CI'IBCHQCHZC\
COOH l coon
2a —— —> NC—CILCH,CH=CH-—COOH

4

This product 4 will be used as an important intermediate in the preparation

of lysine as follows:

4 —> NC—CI-12CHZCI{—/CII—COO[-I »  NC—CH,CH,CH,COCOOIT

———> NC—-CH,CH,CH,C=NOII ——> 1LN(CH,),CH—-COO0IT

| |
CcooH NH,

Almost all of the aromatic compound was recovered in the reaction of 1
with less reactive aromatic compound having an active methylene group
such as benzyl cyanide (2d), ethyl phenylacetate (2e), diphenylmethane (2f)
or desoxybenzoine (2g). It is considered that the methylene group of 1 is
more reactive than that of the aromatic compound and sclf condensation of
1 proceeds preferentially. Actually, besides recovered aromatic compound,
considerable amount of high boiling product was obtained. Several attempts
to carry out the condensation of 1 with other carbonyl compound were

resulted in failure.

CsHsCH,CN CsH;5CI,CO0C, 5 CglTsCHoCgH; CeIT;CH.COC1H;
2d 2e 2f 2z

On the other hand, the reaction of aromatic carbonyl compound with
diketene (5) to give a, f-unsaturated ketone has appeared in the literatured,
Condensation of carbonyl group with active methylene group and subsequent
decarboxylation of f-ketoacid is effected in one step by heating the two

reactants. This procedure, however, is not applied to unstable or inert

—_ 7 -
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Table 4.
1+5—+6

Solvent Catalyst Time, hr Yield, 23

- . 45 o
benzene - 45 26
henzene PA 25 63
toluene = 45 54
toluene PA 25 85

compound on account of no solvent or no catalyst. TFor example, only a
viscous tar was resulted when this method applied for 1.

In benzene or toluene solution, the expected 3-cyanopropylideneacetonc
(6), the structure of which correspond to that of the condensation product
of 1 with acetone, was obtained with a relatively high yield. The yield
appeared to be higher in toluene than in benzene. The effect of catalyst
was also examined, and it has been found that PA catalyse the reaction and
the reaction time was shortened to about the half with improvement of the
vield (Table 4). Acidic catalyst such as p-toluenesulfonic acid only gave
rise to the formation of dehydroacetic acid. In this reaction an intermediate
hydroxy diketenc is believed to be formed, which subsequently loses water.
The water eliminated reacts with the condensation product and results in
the formation of a f-ketocarboxylic acid, which, in turn, loses carbon dioxide;

the end product is the unsaturated ketone.

1 + CH;—C=CIl;, ———> NCCHCH,CH—-CH—-C=CH, —>
EO—(]) (|)H (|30—-C|]
H]
NCCH,CH,CH=C—C=CH, ———> NCCH,CH;,CHI=C—-C=Cll; ——>
(|:O——(|) HOO(|3 (I)H
NCCH,CH,CH=CCOCH; ———> NCCH,CH,CH=CHCOCHj;
E‘OOII 6
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Experimental

Method A. B-Cyanopropionaldehvde (1) (0.2 mol), compound having an
active methylene group (2) (0.2 mol), piperidine acetate (1.5 g) and 200 ml
of benzene were placed in a flask attached to a water separator, which in
turn was attached to a reflux condenser. The mixture was refluxed for 8
hours, the water formed being removed continuously by azeotropic distillation,
washed with water and distilled. The results obtained are summarized in
Table 2 and 3.

Method B. In a three necked flask, fitted with a stirrer, dropping funnel
and reflux condenser attached to a water separator were placed 0.4 mol of
2, 1.5 g of piperidine acetate and 200 ml of benzene. The mixture was gently
refluxed, and 0.2 mol of 1 was added slowly over a two-hour period, the
water formed being removed. After another 4 hours’ refluxing, the reaction
mixture was cooled and washed with water. Distillation of the benzene
solution gave the results shown in Table 2 and 3.

Method C. Into a solution of 0.4 mol of 2¢, 1.5 g of piperidine acetate
and 200 ml of benzene, 0.2 mol of 1 was added over a two-hour period with
good agitation at room temperature. The mixture was then refluxed for
two hours, the water formed being removed, washed with water. Fractional
distillation of this benzene solution gave the results shown in Table 2 and
Table 3.

3-Cyanopropylideneacetic Acid (4). Into a solution of 0.3 mol of malonic
acid in 30 ml of pyridine, 0.3 mol of 1 was added slowly at room temperature
with good agitation. The reaction mixture was then heated on a steam
bath for two hours. After the evolution of carbon dioxide was ceased, the

mixture was cooled, neutralized with 5025 sulfuric acid and extracted with
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ether.  After removal of cther, the residual white solid was recrystallized
from benzene: yield 549, mp 74°c, IR 2550, 2260, 1700, 1650 cm~L

Anal. Caled for Cgll;ON: C, 57.59; H, 5.65; N, 11.20. TFound: C, 57.25: 1,
5.81; N, 11.26. Neutralization equivalent. Caled: 125. Found: 124,

3-Cyanopropyridenecacetone (6). A solution of 0.3 mol of 1, 0.3 mol of
diketene (5), 1.5 g of piperidine acetate in 50 ml of toluene was refluxed
for 25 hours. The reaction mixture was then cooled, washed with water
and distilled to give product 6: yield 854, bp 125-6°/6mmlig.

Anal. Caled for GGHON: C, 68.32; H, 7.37; N, 11.38; MW, 123. Found: C,
68.02; H, 7.35; N, 11.61; MW, 125.

The authors wish to thank Mr. Mitsuo MIYASAKA for his assistance in this work.
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