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The Reduction of Trimethylacetonitrile with Grignard Reagents!

By HarrY S. MosHER AND WiLLIaM T. MOONEY

It has been shown that ethylmagnesium bromide readily adds to trimethylacetonitrile to give a good yield of the normal

addition product.

However {-butylmagnesium chloride does not add normally to this hindered nitrile but instead a small

yield of reduction product, trimethylacetaldehyde is formed. This finding is compatible with the six-membered ring transi-

tion state mechanism for the “‘abnormal” Grignard reaction.

From a consideration of the postulated mechanism
of the Grignard reduction reaction,*® we have pre-
dicted that reduction might occur in the reaction of
a hindered Grignard reagent and a hindered nitrile.
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Hauser and Humphlett* have made this same pre-
diction and have tested it by the reaction of -bu-
tylmagnesium chloride on capronitrile. However
they were unsuccessful in identifying any reduction
product from the reaction.

A search of the literature failed to uncover any
other report of the action of a tertiary Grignard
reagent on a nitrile® In addition no report was
found of the action of a Grignard reagent on a
hindered nitrile. A study was therefore under-
taken of the action of ethylmagnesium bromide,
isopropyl- and #-butylmagnesium chlorides on tri-
methylacetonitrile (I).®  Trimethylacetaldehyde
(IIT) was found after the hydrolysis of the reaction
products from isopropyl- and f-butylmagnesium
chlorides. The trimethylacetaldehyde must have
been formed from the hydrolysis of the predicted
magnesium chloride derivative of trimethylacetaldi-
mine (II).

The isolation of this reduction product indicates
the value of the six-membered ring transition state
theory? for predicting the course of the ‘“‘abnormal”
Grignard reactions and these findings are com-
pletely compatible with this mechanism for the
Grignard reduction reaction.
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The reaction of a slight excess of ethylmagnesium
bromide with trimethylacetonitrile in refluxing
ether for six hours gave an 809, yield of the normal
product, ethyl t-butyl ketone,” with a 5.5, recov-
ery of unreacted nitrile.

Isopropylmagnesium chloride reacted with tri-
methylacetonitrile incompletely upon six hours re-
fluxing in ether solution; 64.29, of the nitrile was
recovered unchanged and 10.8%, yield of isopropyl
t-butyl ketone was formed. There was in addition
a certain amount (12.89, based on the weight of
nitrile taken) of residue. A small amount of ma-
terial (1.99,) boiling at 73° was identified as tri-
methylacetaldehyde by its physical properties and
the melting point of its 2,4-dinitrophenylhydrazone
which was undepressed when mixed with an authen-
tic sample.! Since the yield was unsatisfactory,
the reaction was repeated in diisoamyl ether solvent
at 100-110° for eight hours. In this reaction a
6.39, vield of trimethylacetaldehyde, 5.5% yield
of recovered trimethylacetonitrile, 46.3%, yield of
isopropyl t-butyl ketone, an unidentified solid
which might have been trimethylacetaldehyde
polymer and an unidentified nitrogen-containing
fraction were obtained. The per cent. recovery
was not as satisfactory as in the previous experi-
iment because of the diisoamyl ether which made
it impossible to isolate the high boiling reaction
products.

Trimethylacetonitrile, when treated with (-
butylmagnesium chloride for eight hours at 100~
110° in diisoamyl ether, gave a 39.49, recovery of
the nitrile, and a 14.5% yield of trimethylacetalde-
hyde. No normal addition product, di-t-butyl ke-
tone, was detected. Other higher boiling materials
may have been present but they could not be sepa-
rated from the diisoamyl ether. This reaction was
also conducted at room temperature for four
months but 609 of the trimethylacetonitrile was
recovered unchanged and the yield of trimethyl-
acetaldehyde was 79.

The reduction of a hindered nitrile with a hin-
dered Grignard reagent and the known relationship
between the Grignard reduction reaction and the
Meerwein-Ponndorf-Verley reduction® suggested
that aluminum isopropylate might be used in the
reduction of nitriles. This has been investigated
and it was found that refluxing (186°) benzonitrile
with freshly "distilled aluminum isopropylate for
several days resulted in a 149, yield of acetone.
This reaction is obviously very slow and no benzal-
dehyde was found in the residue.

(7) F. C. Whitmore, C. I. Noll and V. C. Meunier, THIS JOURNAL,
61, 683 (1939), mention this reaction in a footnote for the identification
of trimethylacetonitrile.

(8) Xindly furnished by Dr. T. $. Oakwood of The Pennsylvania
State College.



Aug. 1951

Experimental

Ethylmagnesium Bromide and Trimethylacetonitrile.—
To a titrated ether solution of 0.91 mole of ethylmagnesium
bromide was added 55 g. (0.67 mole) of trimethylacetoni-
trile (b.p. 104-105°).6 The reaction mixture was refluxed
under a nitrogen atmosphere for ten hours, and allowed to
stand for 12 hours after which time the Gilman test for Grig-
nard reagent was still positive. Large translucent crystals
had separated from the reaction mixture. The crystals
and ether solution were hydrolyzed with ammonium chlo-
ride solution in the cold. The ether was removed from the
resulting dried ether layer and ether extract by distilling
through a twenty-plate packed column and the residue
fractioned through a thirty-plate column to give the follow-
ing: cuts 1-6 ether; cuts 7-9, b.p. 70-73°, »¥p 1.3747-
1.3823, 2.1 g., may be impure trimethylacetaldehyde; cuts
10-13, b.p. 75-80.5°, 4.0 g., ethanol, presumably formed
from the Grignard reagent; cuts 15-18, b.p. 100.5-106°,
3.0 g., n®p 1.3780-1.3782, recovered trimethylacetonitrile;
cuts 21-30, b.p. 123-125°, n¥®p 1.4049-1.4052, 60.8 g.,
ethyl {-butyl ketone; residue 6.9 g.

Isopropylmagnesium Chloride and Trimethylacetonitrile.
—The isopropylmagnesium chloride from 0.6 mole of the
halide was treated with 0.5 mole of trimethylacetonitrile
under nitrogen for six hours in refluxing ether. After stand-
ing 60 hours, it was worked up as indicated above and frac-
tionated through a thirty-plate column to give a 64.29,
yield of recovered nitrile, b.p. 104-105°, #%p 1.3780-
1.3783; 10.89, of crude isopropyl #-butyl ketone, b.p.
134-137°, #¥Dp 1.4064-1.4168, oxime, m.p. 138-140°,
mixed m.p. with authentic sample, m.p. 139-141°,and 1.9,
of trimethylacetaldehyde, b.p. 70-80°, n%p 1.3740-1.3802.
This latter material gave a positive Schiff test, a semicarba-
zone, m.p. 187-188.5°% and a 2,4-dinitrophenylhydrazone,
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m.p. 205-207°; melting point when mixed with authentic
sample,® 205-207°.

In a second experiment the reaction mixture from 0.5
mole of trimethylacetonitrile was prepared as above. Diiso-
amyl ether, 600 ml., was added and the diethyl ether re-
moved through a Vigreux column attached to the reaction
flask. The reaction mixture was then maintained with
stirring at 100-110° for eight hours. After hydrolysis with
ammonium chloride solution it was worked up as above;
a 5.59%, yield of trimethylacetonitrile, a 6.3% yield of tri-
methylacetaldehyde and a 46.3%, yield of crude isopropyl ¢-
butyl ketone were isolated. This latter material was not
homogeneous; it boiled over a range, 135-144°, and seemed
to be composed of two components, one boiling at 135°,
n®p 1.4038, and the second boiling at 143°, #2p 1.4180.
Both cuts gave good yields of the oxime of ¢-butyl isopropyl
ketone (m.p. 139-141° and 140-141°, respectively) but the
higher boiling cut contained 0.5% nitrogen which possibly
may be due to the presence of isopropyl {-butyl ketimine.
Immediately before the diisoamyl ether solvent began to
distil, a small amount, 1.8 g., of a white solid which is yet
unidentified, collected on the condenser. This may be the
trimer of trimethylacetaldehyde.

{-Butylmagnesium Chloride and Trimethylacetonitrile.—
To 0.45 mole of a titrated ¢-butylmagnesium chloride solu-
tion was added 33.3 g. (0.40 mole) of trimethylacetonitrile.
The ether solvent was replaced with 500 ml. of diisoamyl
ether and the reaction temperature maintained at 100-110°
with stirring for eight hours. An olive-colored precipitate
was formed in the mixture. After hydrolysis with am-
monium chloride solution and working up as above, 11.3 g.
(89.49,) of trimethylacetonitrile, 5.0 g. (14.5%) of ¢-butyl al-
coholand 4.5g.(6.1%) of trimethylacetonitrile were isolated.
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Synthetic Curare Substitutes from Stilbazoline Quaternary Ammonium Salts

By ARTHUR P. PHILLIPS AND JULIO C. CASTILLO

In a continuing search for curare-like activity in varied series of synthetic organic compounds active products have again
been found in a relatively simple type, stilbazoline quaternary ammonium salts.

While examining the relationship between chemi-
cal structure and curare-like activity in a series of
simple polymethylene-a,w-bis quaternary ammo-
nium salts Barlow and Ing! and Paton and Zaimis?
found a maximum activity in the decamethylene-
1,10-bis-trimethylammonium iodide.

Exploiting this discovery the corresponding bis-
quaternary bromide?

+ +
(CH3)sN—(CHa)10—N(CHa):
Br- Br-
and bis-quaternary ammonium salts from a series of

bis-B-dimethylaminoethyl esters of dicarboxylic
acids*® were prepared. In this latter group maxi-

mum activity, of the same order of potency as d- -

tubocurarine chloride, was encountered in the suc-
cinyl choline derivative
O O

+ 7 v +
(CH;)3I\{CHQCHQOC_CH2CH2C_OCH2CH2N(CHa)a
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(4) A. P. Phillips, THis JoUurNAL, V1, 3264 (1949).

(B) J. C. Castillo and E. J. de Beer, J, Pharmacol. Exp. Therap., 99,
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in which the quaternary ammonium nitrogens are
separated by a chain of ten atoms analogous to the
model mentioned above.

There is evidence, however, that, in spite of re-
cent views®”® the mere existence of such a long
chain of atoms, separating two (or more) quater-
nary ammonium groups by some optimum distance
of about 12-14 A., is in itself neither a necessary nor
a sufficient condition for producing very powerful
curariform activity in a molecule. Thus Marsh and
Herring® report a mono-quaternary ammonium
chloride from Calabash curarine I to be about six
times as active as d-tubocurarine chlorine (possess-
ing two quaternary nitrogens and the ultimate
model from which the decamethylene series was
derived) in producing head drop in rabbits. That
possession of the optimal long chain bis-quaternary
ammonium salt structure was not sufficient to pro-
duce invariably strong curare-like effects has been
shown by the almost complete lack of such effects
in a series of bis-B-tertiaryaminoalkyl amides of di-
carboxylic acids and their bis-quaternary ammo-

(6) R. B. Barlow and H. R. Ing, Brit. J. Pharmacol., 8, 298
(1948).

(7) X. X. Kimura, X. Unna and C. C. Pfeiffer, J. Pharmacol. Exp.
Therap., 95, 149 (1949).

(8) W. D. M. Paton, J. Pharm. Pharmacol:, 1, 273 (1948).

(8) D.F. Marshand D. A, Herring, J. Pharmacol. Exp. Therap., 101,
26 (1951); (abstracts of papers).



