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Terminal alkenes are converted into one-carbon homologated primary alkanenitriles in high yields via
hydroboration followed by a reaction with copper(i) cyanide, copper(i) acetate, and copper(i) acetylacetonate.

Although some methods for the synthesis of alkanenitriles by
two- or more-carbon homologation of organoborane have
been reported,! a synthesis of secondary alkanenitrile from
trialkylcyanoborate,? reported previously by us, seemed to be
a potentially useful method for the conversion of internal
alkenes to the corresponding one-carbon homologated secon-
dary alkanenitriles.? However, an attempt to obtain primary
alkanenitriles from terminal alkenes by similar procedures
(Scheme 1) failed to give satisfactory results because of the
sluggishness of the reaction.

We now report a high yield synthesis of primary alkane-

nitriles from terminal alkenes employing a modified pro-
cedure. Thus, a successive treatment of hexyldicyclohexyl-
borane, prepared by hydroboration of hex-1-ene with di-
cyclohexylborane in tetrahydrofuran(THF), with excess
amounts of copper(1) cyanide and copper(i1) acetate in the
presence of a small amount of copper(1r) actylacetonate gave
heptanonitrile in 98% yield (estimated by g.1.p.c.), accompan-
ied by very small amounts of cyclohexanecarbonitrile and
undefined by-products (Scheme 2). Thus, the hexyl group was
cyanated in preference to the cyclohexyl group.

The above resultis in marked contrast to our previous work,

Table 1. Synthesis of alkanenitriles from terminal alkenes via hydroboration by dicyclohexylborane.?

Alkene Product
Hex-1-ene C¢H,;"CN
Oct-1-ene CgH,;"CN
4-Methylpent-1-ene Me,CH(CH,);CN
3,3-Dimethylbut-1-ene Me;C(CH,),CN
2-Methylpent-1-ene C;H,»CH(Me)CH,CN

¢-CsHoCH,CN
¢-CeH,,CH,CN

Methylenecyclopentane
Methylenecyclohexane

% Yieldb B.p./°C (Torr) [lit.]
98 (92)¢ 81(24) [70—72 (10))s
684
97 (91)¢ 100 (13) [102 (11)]
97 (90)¢ 75 (24)
95 (87)c 84 (39)
72(63)° 91 (52)
144
86 (80)¢ 78 (18) [76—78 (15)]#
78 (71)¢ 89 (14) [82 (11)]

a The reactions were carried out using dicyclohexylborane (50 mmol), alkene (50 mmol), Cu(CN), (100 mmol), Cu(OAc),-H,0 (300 mmol),
Cu(MeCOCHCOMe), (12.5 mmol), and THF (200 ml) under argon atmosphere. ® By g.1.p.c. method based on terminal alkenes employed.
< Isolated by distillation. After filtration of the contents under argon atmosphere, the crude product was distilled out, washed with
aqueous K,CO,, and dried over anhydrous Na,SO,. Then the pure product was obtained by distillation. 9 In the absence of Cu(u)
acetylacetonate.
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Scheme 1. Reagents: i, 9-borabicyclo[3.3.1]nonane [9-BBN]; i,
NaCN;j iii. NaCN; iv, Pb(OAc),.
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Scheme 2. Reagents and conditions: i, R3,BH, 0°C, 2 h;ii, CuCN, 0°C
for 0.5 h then 20 °C for 2 h; iii, Cu(OAc), - H,O/Cu(acac),, —15°C for
0.5 h then 20°C for 15 h. R? = alkyl, Rz = Hor alkyl, R? = cyclohexyl.

where the secondary alkyl group in mixed trialkylboranes was
cyanated in preference to the primary one.t

In the reactions using several types of terminal alkenes as
starting materials, similar results were obtained giving high
yields of corresponding primary alkanenitriles (Scheme 3).
The presence of copper(i) acetylacetonate promoted mark-
edly the reaction. Thus, 2-methyl-pent-1-ene was converted to
3-methylhexanonitrile in 72% yield in the presence of
copper(11) acetylacetonate (acac), whereas only 14% yield was
obtained in the absence of this reagent. In all cases, the
amount of cyclohexanecarbonitrile (<1%) and other by-

+ Unpublished result: for example, in the reaction of sodium
hexyldicyclohexylcyanoborate with sodium cyanide and lead(1v)
acetate, cyclohexanecarbonitrile was afforded in preference to
heptanonitrile.
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Scheme 3. Reagents: i, NaCN; ii, Pb(OAc)y; iii, CuCN; iv, Cu(OAc),/
Cu(acac)s.

products were negligible. The primary alkanenitriles thus
obtained were isolated from the worked-up reaction mixture
by such simple procedures as distillation or column chromato-
graphy. These experimental results are shown in Table 1.

The features, i.e., the anti-Markownikoff hydrocyanation
of terminal alkenes, the mild reaction conditions, and the high
yields which are comparable to those reported in the reaction
of haloalkanes with alkali cyanide,3-¢ widely employed for the
synthesis of alkanenitrile, make the present reaction practi-
cally and generally applicable to the synthesis of primary
alkanenitriles.

Received, 25th October 1988; Com. 8/04249G

References

1 J. Hooz and S. Linke, J. Am. Chem. Soc., 1968, 90, 6891; H. C.

Brown, H. Nambu, and M. M. Rogié, ibid, 1969, 91, 6854; H.

Nambu and H. C. Brown, ibid., 1970, 92, 5790; Y. Takahashi, M.

Tokuda, M. Itoh, and A. Suzuki, Chem. Let., 1975, 523; N.

Miyaura, M. Itoh, and A. Suzuki, Tetrahedron Lett., 1976, 255.

For example: A. Pelter, M. G. Huchings, and K. Smith, J. Chem.

Soc., Chem. Commun., 1970, 1529; 1971, 1048; E. Brem, A. Haag,

G. Hesse, and H. Witte, Annalen, 1970, 737, 70, 80; A. Pelter, K.

Smith, M. G. Huchings, and K. Rowe, J. Chem. Soc., Perkin

Trans. 1, 1975, 129, 138.

3 Y. Masuda, M. Hoshi, T. Yamada, and A. Arase, J. Chem. Soc.,
Chem. Commun., 1984, 398.

4 H. C. Brown, ‘Organic Synthesis via Boranes,” Wiley, New York,
1975.

5 S. R. Sandler and W. Karo, ‘Organic Functional Group Prepara-
tions,” 2nd edn., vol. 1, Academic Press, New York, 1983, p. 549.

6 For example, a recent report is as follows: S. Harusawa, R.
Yoneda, Y. Omori, and T. Kurihara, Tetrahedron Lett., 1987,
4189.

7 J. Giricny, D. M. Orere, and C. B. Reese, J. Chem. Soc., Perkin
Trans. 1, 1980, 1487.

8 H. C. Brown, H. Nambu, and M. M. Rogi¢, J. Am. Chem. Soc.,
1969, 91, 6854.

(35






