942 Kikumasa Sato, Yoshie KuriHARA and Seiichi INOUE

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN

voL. 40

[Vol. 40, No. 4

942945 (1967)

Reaction of Aliphatic Ketones with a-Cyano-a, f-unsaturated Acid
Derivatives”

Kikumasa SATO, Yoshie KURIHARA® and Seiichi INOUE
Department of Applied Chemistry, Faculty of Engineering, Yokohama National University, Minami-ku, Yokohama

(Received October 3, 1966)

The reaction of several aliphatic ketones with a-cyano-a, B-unsaturated acid derivatives
has been studied. Ethylidenecyanoacetic acid reacted with a large excess of acetone in an
autoclave at 150—160°C to give 3-methyl-5-oxohexanonitrile, which was considered to be
produced by the decarboxylation of the Michael-type adduct of acetone onto the acid. Similar
adducts were obtained by the reaction of the acid with methyl ethyl ketone, cyclohexanone, and

ethyl laevulinate.

The reaction of ketones with ethyl ethylidenecyanoacetate did not afford

Knoévenagel-type condensates, but Michael-type adducts in appreciable yields, for example,
ethyl 2-cyano-3, 4-dimethyl-5-oxohexanoate from methyl ethyl ketone. Diethyl ethylidenemalonate
also gave Michael-type adducts. These results seem to suggest that the 7-methyl group of ethyl-
idenecyanoacetic acid or its ester is not active enough to give Knévenagel-type condensates with
aliphatic ketones, and that, therefore, the Knévenagel-type reaction is preceded by the Michael-
type addition reaction of ketones onto the activated carbon-carbon double bond.

In the course of an investigation of the synthesis of
phytol and its related compounds,® it became
desirable to examine the reaction of aliphatic
ketones with a-cyano-a, B-unsaturated acid deriva-
tives. The great majority of studies of the reaction
of this sort of acid derivative with carbonyl com-
pounds have dealt only with that reaction on
such aromatic aldehydes as carbonyl compounds,
giving Knoévenagel-type condensation products.
Thus Wittig and Hartmann®> reported the reac-
tion of methyl isopropylidenecyanoacetate with
benzaldehyde in the presence of piperidine and
acetic acid at room temperature to give methyl
2 -cyano - 3-methyl - 5 - phenyl - 2, 4 - pentadienoate.
The ethylidenemalonic ester had previously been
condensed with several aromatic aldehydes by
means of concentrated sulfuric acid.’> The saponi-
fication of the condensation products gave cin-
namylidenemalonic acids.  Afterwards Gardner
and his co-workers® found that potassium hydroxide
in absolute alcohol, benzyltrimethylammonium
hydroxide in methanol, or choline in methanol
could replace sulfuric acid in this reaction.
Robeson™ synthesized an isoprene skeleton by a
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28, 45 (1962).
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5) L. Higginbotham and A. Lapworth, J. Chem.
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base-catalyzed reaction between diethyl isopropyli-
denemalonate and such an aldehyde as B-ionyli-
deneacetaldhyde or benzaldehyde. Little atten-
tion has thus been paid to the reaction of aliphatic
ketones with such acid derivatives, the key interme-
diates for the synthetic organic materials. The
present investigation was undertaken to see what
kind of product might be obtained in the reaction
of aliphatic ketones with ethylidenecyanoacetic
acid (I), its ethyl ester (II), or diethyl ethylidene-
malonate (III).

Most experiments were carried out at tempera-
tures between 120 and 160°C in an autoclave,
using an excess of ketone as reactant and solvent
and, as catalyst, a small amount of ammonium
carbonate or acetate, which is known to promote
the Knoévenagel reaction.

The reaction of the I acid with acetone in an
autoclave at 150—160°C for 5 hr gave a liquid
which boiled at 74—76°C/2 mmHg. The two
structures (IV, R=CHj, R'=H; Va) shown below
are possible, i.e., one formed by the Knévenagel-
type condensation reaction, and the other by the
Michael-type addition reaction. The former was
eliminated by the infrared spectrum examination
of the product, which showed the absence of
conjugated double bonds and even of a sole double
bond in the molecule; the product was assigned
to the Michael-type adduct with concurrent
decarboxylation, 3-methyl-5-oxohexanonitrile (Va),
through elemental analysis and infrared spectro-
scopy.

Similar adducts were obtained by the reaction
of I with methyl ethyl ketone, cyclohexanone, or

7) C. D. Robeson, U. S. Pat. 2662914 (1953).
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ethyl laevulinate.
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Va R=CHj; R'=H Vb R=R'=CH;
Vc R—R’ = —(CHz)f'

Vd R=CH,;, R'=CH,COOC:H;

The reaction of methyl ethyl ketone with I might
also possibly proceed in such a manner that either
the reactive methyl group adjacent to the carbonyl
group or the reactive methylene group is added
onto the activated carbon-carbon double bond of
the I acid.

A decision between the two possible courses of
the reaction could be made on the basis of NMR
spectroscopy.  This spectroscopy showed that
the latter was the case and that 3, 4-dimethyl-5-
oxohexanonitrile (Vb) was produced in this reac-
tion; the NMR spectrum of the product exhibited
a singlet at v 7.81 due to three acetyl protons,
along with other singals due to the remaining
protons.

A mechanism consistent with the results obtained
thus far may reasonably be described as follows:
(1) the addition of ketone to the I acid, after which
decarboxylation takes place, or (2) first decarbox-
ylation is caused, giving crotononitrile, to which
the ketone is then added.

The fact that the reaction of I with aliphatic
ketones under the typical conditions of a Knévenagel
reaction gave the Michael-type adducts is attribut-
able either to an originally lower reactivity of the
7-methyl group of I or to the decreased reactivity
of this group caused by the decarboxylation.
Therefore, the reaction of ethyl ethylidenecyano-
acetate (II), in which the decarboxylation was
suppressed, was examined.

The reaction of II with ketones, however, was
found by gas chromatographic analyses to give a
mixture of several components, and a combination
of infrared spectroscopy, elemental analysis, and, in
one specific case, NMR spectroscopy showed that
the main component was not the expected
Knévenagel-type condensation product, but the
similar Michael-type addition product. The
presence of both carbonyl and ethoxycarbonyl
groups is shown by the appearance of two absorp-
tion bands in the infrared spectrum due to the C=O
stretching vibration in the region between 1710
and 1740 cm~!. The reaction can be described
as follows:

Reaction of Alphatic Ketones with a-cyano-a, 8-unsaturated Acid Derivatives. 943

CH30H=C<CN
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VIb R=R'=CHj;

N
OOC.H;

VIa R=CH;, R'=H
VIc R-R'=-(CHy)-
VId R=CHj, R'=CH,COOC,H;

TaBLE 1. REACTION OF ALIPHATIC KETONES WITH
ETHYLIDENECYANOACETIC ACID (I), ITS ETHYL ESTER
(II) OR ETHYL ETHYLIDENEMALONATE (III)

Reaction
———  Prod- Yield
Compd. Ketone Temp. Time uct %
°C hr
1
Acetone 150—160 5 Va 56
Methyl ethyl
ketone 150—160 8 Vb 30
Cyclohexanone  150—160 5 Ve 22

Ethyl laevulinate 250—260 8 vd 20

II
Acetone 150—160 5 VIia 60
Methyl ethyl :
ketone 120—130 5 Vib 21
Cyclohexanone  127—129 6 Vie 29
Ethyl laevulinate 148—149 5.5 VId 16
III
Acetone 110—120 5 Vila 44
Methyl ethyl
ketone 120—130 5 VIIb 34

The structure of the VIb compound was iden-
tified by means of its NMR spectrum. The rela-
tively low yield of VIa-d compounds seems to
be the result of several simultaneous side reactions
and the brittle property of the complex products
during distillation, along with an incomplete re-
action because of the low reactivity of II; it should
also be noted that the yield of cyanoacetic esters,
VI, was nearly equal to that of the corresponding
nitriles, V.

In addition to these results, it was found that
crotononitrile did not react with acetone under
similar conditions. Consequently, it seems reason-
able to assume that the addition of ketones to
I precedes the decarboxylation in the case of the
reaction of I with ketones.

Diethyl ethylidenemalonate (III), the reactivity
of which is similar to but somewhat less than II,
was also found to react with aliphatic ketones,
yielding Michael-type adducts, R-COCH(R')-
CH(CH;)CH(COOC,H;); (VIIa, R=CH; R'=
H, VIIb, R=R'=CH,;).

While Michael-type adducts were thus obtained
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TABLE 2. PHYSICAL CONSTANTS AND ANALYTICAL CHARACTERISTICS OF PRODUCTS
Analysis, %
B c=0
Compd. oC /mrrr)ng n¥ :m“ 1 Found Calcd.
PG
c H N G H N
Va 74—76/2 1.4432 1720 67.05  9.02  11.49 67.17  8.86  11.19
Vb 73—74/1 1.4478 1715 69.14  9.31 9.74 69.03  9.41  10.06
Ve 1111182 1.4848 1720 72.90  8.93 8.68 72.69  9.15 8.48
Vd  143—145/4.5 1730 62.77  7.73 62.5¢ 8.1l
Via  134-135/3 1.4480 e 60.80  7.57 7.36 60.89  7.67 7.10
VIb* 112.5/0.7  1.4588 0 62.68  7.96 62.5¢  8.11
VIe  127—-129/0.33  1.4759 1k 65.86  7.94 6.20 65.80  8.07 5.90
VId  148—149/0.25 1.4638 1730 50.42  7.23 59.35  7.47
Vila  118—121/2 1.4420 1720 50.00  7.92 50.00  8.25
VIIb  130—132/2 1.4517 1725 50.98  8.37 60.44  8.59

* The preparation of this compound from ethyl cyanoacetate and 3-methyl-3-penten-2-one by means of a

Michael reaction is described in a literature in which the boiling point is reported to be 131—134°C/

5 mmHg.
53, 19 (1959).

when I or II was treated with various aliphatic
ketones under the conditions of the Knévenagel
reaction, attempts to obtain these adducts by
reacting I or II with ketones in the catalysis of
sodium hydroxide or methoxide at various tem-
temperatures were unsuccessful; only a resinous
material was produced.

Experimental®

Materials. Ethylidenecyanoacetic acid (I) was
prepared by the condensation of sodium cyanoacetate®>
and acetaldehyde in an aqueous solution at 3—5°C.

A 609, yield of I was obtained (on the basis of the start-
ing monochloroacetic acid); white plates from benzene,
mp 98°C. Ethyl ethylidenecyanoacetate (II) was ob-
tained in a 609%, vield according to the procedure of
Popp and Catala.1® Diethyl ethylidenemalonate
(III) was successfully prepared in a 509% yield by the
least modified procedure of the literature.!’> The other
materials were obtained from commercial sources.

The Reaction of Aliphatic Ketones with Ethyli-
denecyanoacetic Acid (I). To a solution of 11.1g
(0.1 mol) of the I acid dissolved in 100 m! of ketone,
0.96 g (0.01 mol) of ammonium carbonate was added;
the mixture which resulted was heated in an autoclave
and kept for about 5 hr at the temperature shown in
Table 1. Thereafter, the reaction mixture was allowed
to cool and was distilled under reduced pressure to give
the product, V, as a slightly yellowish liquid.

8) All boiling points are uncorrected. Infrared
and NMR spectra were recorded on a Hitachi Model
EPI-S2 spectrophotometer and a Varian A-60 spec-
trometer, respectively.

9) J. K. H. Inglis, “Organic Syntheses,” Coll.
Vol. I, p. 254 (1948).

10) F. D. Popp and A. Catala, J. Org. Chem., 26,
3738 (1961).

11) W. S. Fones, “Organic Syntheses,” Coll. Vol.
4, p. 293 (1963).

H. Yasuda, H. Midorikawa and S. Aoyama, Sci. Papers Inst. Phys. Chem. Research (Tokyo),

When methyl ethyl ketone was used as an aliphatic
ketone, Vb was obtained (bp 73—74°C/1 mmHg); its
infrared spectrum included absorption bands at 2500
(vCN), 1715 (vCO), 1460 (6CH;, CH;), and 1365
cm~! (JCH;j of the acetyl group). The NMR spectrum
(in CCl;, TMS standard) contained a sharp three-
proton singlet at z 7.81 due to the acetyl group.

Found: C, 69.14; H, 9.31; N, 9.74%. Calcd for
C:H;NO: C, 69.03; H, 9.41; N, 10.06%.

Results with individual compounds are shown in
Tables 1 and 2.

The Reaction of Aliphatic Ketones with Ethyl
Ethylidenecyanoacetate (II). With Acetone or Methyl
Ethyl Ketone. A mixture of 10.0 g (0.07 mol) of freshly-
distilled ester II, 100 g of the ketone, and 0.8 g (0.01
mol) of ammonium acetate was heated in an autoclave
at the temperature described in Table 1 for 6 hr, during
which time stirring was continued. After the reaction
mixture had then cooled, the excess ketone was removed
on a water bath in vacuo. The concentrated solution
was taken up with ether, and the ethereal solution was
washed several times with water, dried over anhydrous
sodium sulfate, and distilled under reduced pressure to
yield a slightly viscous, pale yellow liquid.

With Cyclohexanone or Ethyl Laevulinate. A mixture of
10.0 g of 11, 50 g of the ketone, and 0.8 g of ammonium
acetate was heated at the temperature described in
Table 1 for 5 hr. To the cooled-down reaction mixture
there was then added 50 m/ of ether, after which the
solution was washed with water and dried over anhy-
drous sodium sulfate. The removal of ether and the
ketone in vacuo and the distillation of the residue gave
a pale yellow, viscous liquid.

Each of these distillate was contaminated by several
by-products which could not be identified by analysis
by means of vapor phase chromatography.!2> The
products were purified by repeated distillations. The

12) A 2.25-m vapor phase chromatography column
packed with solicon oil (DC 200) absorbed on Celite
545 was employed.
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physical and analytical data of individual compounds
are shown in Table 2.

The Reaction of Aliphatic Ketones with Diethyl
Ethylidenemalonate (III). This reaction was similarly
carried out by using 10 g (0.05 mol) of III, 100 g of the
ketone, and 0.8 g of ammonium acetate. The results
and the characteristics of the individual compounds are
summarized in Tables 1 and 2.

Attempts to isolate the Michael-type addition product
from the distillate, which showed several peaks in gas
chromatography, by means of repeated distillations in
the reaction of III with cyclohexanone or ethyl lae-
vulinate were unsuccessful.

The Reaction of Acetone with Ethylidenecyano-
acetic Acid (I) or the Ester (II) under Atmospheric
Pressure. When a mixture of I (0.1 mol), acetone
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(100 g), and sodium hydroxide (0.11 mol) was refluxed
or allowed to stand at room temperature for several
hours, only a dark, high-boiling residue was obtained;
the acid I was not recovered. The same result was also
obtained when sodium methoxide was used as a catalyst
in place of sodium hydroxide. Furthermore, the re-
action of II with acetone in the presence of sodium
ethoxide in ethanol, Triton B in methanol, piperidine
acetate, or sodamide in liquid ammonia gave the same
results.

The authors are grateful to Mr. Masatoshi
Sugiyama, Mr. Osamu Kanzaki, and Mr. Noriaki
Kamiya for their help in carrying out the experi-
ments. The authors are also indebted to Professor
Shigehiro Abe for his kind advice.




