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The alkylation of anions derived from primary and secondary nitriles using
various strong bases affords tertiary nitriles in excellent yield.l However,
only limited methodology exists for effecting the monoalkylation of primary
nitriles.2 We wish to report that lithium dialkylamides allow for the alkyla-
tion of primary nitriles by a variety of alkyl halides to provide predominantly

secondary nitriles (}).
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The relatively high PK, values of nitriles demand the utilization of a
strong base to abstract an o proton.3 Among the potential bases which were sur-
veyed, lithium dialkylamides possessed a unique ability, relative to lithium
alkoxides or alkyl lithium reagents, to effect the monoalkylation of primary
nitriles. For example, the alkylation of propionitrile with benzyl chloride
using lithium tert-butoxide afforded only a 14% yield of i'(R=CH3, R'=CH2Ph)
and using tert-butyl lithium afforded a 90% yield of 2‘(R=CH3, R‘=CH2Ph). A
variety of lithium dialkylamides proved equally advantageous in alkylating pri-
mary nitriles. The yield of &,(R=CH2Ph, R'=iPr) in the alkylation of 3-phenyl
propionitrile with isopropyl bromide using five different lithium dialkylamides4
only varied between 72 and 82%. The use of the less basic lithium alkylaryl-
amides and diarylamides proved unsatisfactory.5
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The ratio of monalkylated to dialkylated product (1/2) was markedly in-
creased\by (a) employing low reaction temperatures,6 (b} allowing brief time
intervals for generation of the nitrile anion,7 and (c) using only a 5% excess
of alkyl halide.8 In contrast to a recent report on the monoalkylation of
esters,9 the inverse addition of lithionitrile solutions to alkyl halides in
dimethyl sulfoxide did not prove advantageous. For example, the inverse addi-
tion of 2-lithio-3-phenylpropionitrile to a DMSO solution of methyl iodide at
25° afforded only a 38% yield of &'(R=PhCH2, R'=CH3). In general, the inverse
addition of a tetrahydrofuran solution of a lithionitrile to an alkyl halide in

10

tetrahydrofuran at -78° furnished 60-85% yields of monoalkylated product &'

(Table 1). This procedure was extended to the alkylation of secondary nitriles
to provide tertiary nitriles.ll
The following is a typical experimental procedure. To 212 mg (1.5 mmol) of
N-isopropylcyclchexylamine in 1.5 ml of anhydrous THF at -78° under a nitrogen -
atmosphere was added 0.71 ml of 2,12 M (1.5 mmol) n-butyl lithium in hexane.
The solution was stirred for 10 minutes. Phenylacetonitrile (176 mg, 1.5 mmol)
in 0.4 ml of THF was introduced, and the solution was stirred for only 5 min-
utes. To 303 mg (1.57 mmol, 1.05 equiv) of 2-bromooctane in 0.4 ml of THF at
-78° was added the lithionitrile solution. The product was stirred for 1 hr
at -78 and 1 hr at 25°, Following an aqueous acidic workup, the product was
chromatographed on a Mexck silica gel F254 preparative layer plate in 1:9
ether : hexane to provide 282 mg (82%) of 3; (Rf.52)(R=Ph, R'=2—oct§l) and 5.4 mg
(2%) ofoa (Rf.63).
We are presently investigating the reactions of nitrile anions with non-

carbon electrophiles.12



Fo. 9 709
References
1. (a) a. C. Cope, H. L. Holmes, H. O, House, Org.'Reactions, 9, 107 (1957)

10.

11.

12.

(b) K. Ziegler, H. Ohlinger, Ann. Chem., 495, 84 (1932) (c) K. Ziegler,
Fr. 728, 241, Dec., 14, 1931 (Chem. Abst., 2_, 5573 (1932)), and (d)
K. Ziegler, Ger. 583, 561, Sept. 6, 1933 (Caem. Abst., 28, 1057 (1934)).

(a) S. Miyano, N. Abe, J. Org. Chem., 36, 2948 (1971), (b) E. J. Corey,
I. Kuwajima, Tetrahedron Lett., 487 (1972) and (c) M. Makosza, Tetra-
hedron, 24, 175 (1968).

H. O. House, Modern Synthetic Reactions, (Menlo Park, Calif.,
W. A. Benjamin, 1972), Ch. 9,

Lithium dialkylamides were derived from diethyl, diisopropyl, di-n-butyl,
dicyclohexyl and N-isopropyl-N-cyclohexylamine.

The alkylation of 3-phenylpropionitrile with methyl iodide, allyl bromide
or isopropyl bromide using lithium N-ethylanilide or lithium diphenylamide
provided monoalkylated product i’in less than 40% yield.

For example, the alkylation of propionitrile with benzyl chloride using
lithium N-isopropyl-N-cyclohexylamide showed the following temperature
dependence (temperature, 1/2): 0°, 10/86; -78°, 80/14; -98°, 80/14;
-126°, 78/24. e~

For example, increasing the time allowed for the generation of the lithio-
nitrile affected the alkylation of propionitrile with benzyl chloride in
the following manner (time, 1/2): 1 min, 38/54; 5 min, 80/14; and 25 min,
62/38. ~~

Increasing the equivalents of benzyl chloride used to alkylate propioni-
trile from 1.05 to 2.0 decreased the yield of 1 from 80% to 60% and in-
creased the yield of 2 from 14% to 40%. ~

M. W. Rathke, A. Lindert, J. Amer. Chem. Soc., 93, 2318 (1971).

Products had spectral and analytical data consistent with assigned struc-
tures.

For example, the alkylation of isobutyronitrile with l-bromooctane, 2-
bromooctane, 2-bromopropane, 3-bromopropene and benzyl chloride provided
the corresponding tertiary nitrile in 88, 71, 68, 70 and 89% yields,
respectively.
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Table 1.
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CH3
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CH3
Ph
Ph
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Ph
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R'X
CH3I
CH3CH2Br
CH3(CHZ)7C1
CH3(CH2)7Br
CH3(CH2)7I

(CH3)ZCHBr

CH3(CH2)5CHBrCH3

(CH,) 4CHBX
(CH,) gCHBr
PhCH,C1
CH,=CHCH,Br

PhCHZCl

Ph(CH2)3Br

Ph(CH2)4Br

Ph(CHz)ZCHBrCH3

CH3I

(CH3)2CHBr

CH3(CH2)SCHBrCH3

PhCH2Cl

CH2=CHCHZBI

Isolated Yields*
1/2
~o~

71/14
61/36
63/36
63/37
70/30
79/14
85/1

76/12
67/1

70/24
64/30
62/12
65/32
60/36
60/10
70/30
75/16
82/2

63/18

70/26

The Alkylation of Nitriles using Lithium
N-Isopropyl-N-cyclohexylamide.

* All nitriles were isolated by preparative layer caromatography. The

yield of monoalkylated nitrile

was calculated on the b

asis of primary

nitrile, and the yield of dialkylated nitrile 2 was calculated on the

basis of alkyl halide as limiting reagent.
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