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to be adopted should depend primarily on convenience
in a particular situation.
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Reaction of Organoboranes with Chloroacetonitrile
under the Influence of Potassium
2,6-Di-z-butylphenoxide. A Convenient Procedure for
the Conversion of Olefins into Nitriles via Hydroboration

Sir:

Trialkylboranes react, under the influence of potas-
sium z-butoxide (in z-butyl alcohol or tetrahydrofuran),
with ethyl haloacetate, ethyl dihaloacetate, and various
c-halo ketones to give the wa-alkylacetate! (eq 1), the

a-alkyl-a-haloacetate? (eq 2), the «,a-dialkylacetate?
(eq 3), and the corresponding a-alkyl ketones®* (eq 4).
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All attempts to extend the reaction to the synthesis of
nitriles by a related alkylation of chloroacetonitrile un-
der the influence of potassium z-butoxide had been un-
successful. Our success in achieving the alkylation of
bromoacetone under the influence of potassium 2,6-di-
t-butylphenoxide, a mild base of large steric require-
ments,® encouraged us to try it with chloroacetonitrile.
The reaction proved highly satisfactory. Consequently,
this alkylation of chloroacetonitrile provides a conven-
ient new synthetic route to nitriles (with addition of a
two-carbon moeity to the molecule) and to the various
derivatives to which nitriles are readily converted
(amines, amides, carboxylic acids) (eq 5, 6).
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. In the corresponding reaction with bromoacetone’
it was noted that protonolysis of the reaction inter-
mediate by the 2,6-di-z-butylphenol produced in the re-
action was relatively difficult. Consequently, ethanol
was added to liberate the ketone. However, in the
present case the reaction intermediate evidently under-
goes protonolysis much more readily, so that examina-
tion of the reaction mixture by glpc revealed the pres-
ence of the product in high yield without adding ethanol
or other protonolyzing agent.

Recently Hooz and Linke have reported that diazo-
acetone, diazoacetonitrile, and ethyl diazoacetate react
wjth trialkylboranes to yield the corresponding ketones,?
nitriles,” and esters.” These reactions provide an im-
portant new route to these derivatives.

In all of these reactions only one of the three groups
of a trialkylborane is utilized. This limitation could
constitute a major difficulty in cases where it is desired
to apply these homologation reactions to valuable in-
termediates. Fortunately, the use of the B-alkyl-9-
borabicyclo[3.3.1lnonane derivatives® (B-R-9-BBN) cir-
cumvented this difficulty for the base-induced synthesis
of esters® and ketones.#5> The same expedient served
for the present nitrile synthesis! (eq 7).

+ KC (6
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The new B-aryl-9-BBN reagents!! also were satis-
factory to achieve « arylation of chloroacetonitrile

(eq 8). The experimental results are summarized in
Table I.
@—B ) + CcHCN — O—CHQCN ®)

5%

The procedure is indicated by the preparation of cy-
clopentylacetonitrile. The apparatus and the prepara-
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Table I. « Alkylation and « Arylation of Chloroacetonitrile with
Organoboranes under the Influence of Potassium
2,6-Di-#-butylphenoxide®

Organoborane
R;B or B-R-9-BBN Product Yield,b &%
Triethyl Butyronitrile 95¢
Tri-n-butyl Hexanonitrile 89¢
B-n-Butyl Hexanonitrile 76
B-2-Butyl 3-Methylpentanonitrile 65
B-Isobutyl 4-Methylpentanonitrile 57
Tricyclopentyl Cyclopentylacetonitrile 67¢
B-Cyclopentyl Cyclopentylacetonitrile 72
B-Cyclohexyl Cyclohexylacetonitrile 77
B-exo-Norbornyl 2-Norbornylacetonitrile? 65
B-Phenyl Phenylacetonitrile 75

@ All reactions were carried out in tetrahydrofuran at 0° using 10
mmoles each of the organoborane, the base, and the chloroacetoni-
trile. ® Glpc analysis. < Based on the availability of only one alkyl
group per trialkylborane molecule. ¢ The stereochemistry was not
established, but this is probably the exo isomer from the apparent
reaction mechanism.

tion of the base follow the procedure previously de-
scribed.® To this solution at 0° was added 100 mmoles
of tricyclopentylborane in THF, prepared from cyclo-
pentene and THF-borane, followed by the dropwise
addition of 7.5 g of chloroacetonitrile (100 mmoles) in
50 ml of THF. The reaction mixture was stirred for 1
hr. »n-Octane was added as an internal standard; glpc
analysis showed the presence of 67 %, cyclopentylace-
tonitrile. The reaction mixture was diluted with 200
ml of pentane, washed with three portions of 1 N so-
dium hydroxide, washed with water, and dried over
anhydrous magnesium sulfate. Distillation gave 54 g
(50%; yield) of cyclopentylacetonitrile, bp 76-78° (15
mm), n®D 1.4495 (lit.!? n®p 1.4474).

Nitriles such as n-butyronitrile and phenylacetonitrile
proved to be quite stable to the base over 24 hr at room
temperature. Consequently, we also explored the
applicability of three of the modified procedures® in the
reaction of triethylborane with chloroacetonitrile:
procedure A, 9597; procedure B, 969; procedure C,
9597. 1t follows that here also the precise procedure to
be selected appears to be primarily a matter to be de-
cided on the basis of convenience—all give excellent
yields.
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Reaction of Organoboranes with Ethyl Bromoacetate
and Ethyl Dibromoacetate under the Influence of
Potassium 2,6-Di-z-butylphenoxide, an Unusual Base
with Large Steric Requirements

Sir:
In the preceding communications we described the

fast reactions of organoboranes with bromoacetone!
and chloroacetonitrile? under the influence of potassium
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2,6-di-z-butylphenoxide and reported some of the un-
usual properties of this base. Thus representative ke-
tones, such as acetone, cyclohexanone, and acetophe-
none, appear to be quite stable to the base at 25° over
considerable periods of time, whereas the same ketones
at 0° react in a matter of seconds with potassium #-bu-
toxide.! Similarly, nitriles, such as butyronitrile and
phenylacetonitrile, are stable to the phenoxide base.?
This property is quite valuable in permitting the syn-
thesis of ketones and nitriles by the organoborane route
in the presence of excess base without loss of product. b2
Excess potassium z-butoxide must be carefully avoided
in the related syntheses utilizing this base. 34

Presumably, the marked difference in the behavior of
the two bases is a consequence of the great difference in
their base strengths. An indication of this great differ-
ence is provided by a comparison of the pK, for t-butyl
alcohol, 19,5 with that for 2,6-di-z-butylphenol, 11.7.6
(At the same time it should be kept in mind that the
base strengths in aprotic solvents, such as tetrahydro-
furan or dimethyl sulfoxide, do not necessarily correlate
with the pK, values measured in hydroxylic media.)

Preliminary experiments revealed that esters, such as
ethyl butyrate and ethyl phenylacetate, are also quite
stable to the base in THF at 25°, whereas these same
esters rapidly disappear from a THF solution of potas-
stum -butoxide at 0°. Consequently, it appeared that
the new base might also have advantages in making pos-
sible the synthesis of esters from organoboranes with-
out the usual requirement of protecting the product
from excess base.?

Indeed, we observed that nearly quantitative yields of
ethyl butyrate were realized from the reaction of tri-
ethylborane and ethyl bromoacetate under the influence
of potassium 2,6-di-z-butylphenoxide in THF solution

OK*

(CH):B + CH,BrCO,CH, +

CH,CH,CH,CO.C.H;, + (CH.),BO
93%

at 0° (eq 1). We examined the effect of modification
of the experimental procedure. The base was prepared
from potassium metal and the phenol (2097 excess) in
THF and the ethyl bromoacetate was added to an equi-
molar mixture of the base and triethylborane; yield
93%. The base was prepared by adding potassium
t-butoxide in THF to the phenol and triethylborane in
THF and the reaction achieved by adding ethyl bromo-
acetate to the mixture; yield 96%. In the third pro-
cedure the base was generated by adding an equal vol-
ume of a solution of potassium #-butoxide in ¢-butyl
alcohol to the phenol and triethylborane in THF;
yield 957. Evidently all of these procedures are quite
satisfactory.
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