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PHEROMONE SYNTHESIS VIA ORGANOBORANES: A STEREOSPECIFIC SYNTHESIS OF (E)-7-ALKEN-1-0LS"
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@bstract - Borepane, obtained via hydridation of B-chloroborepane, hydroborates
1-bromo-1-alkynes cleanly to provide the B-(cis-1-bromo-i-alkenyl)borepanes.
Treatment of these intermediates with sodium methoxide results in the displace-
ment of bromine by one end of the boracycioalkyl moiety, producing the cor-
responding vinylboranes, containing the eight-membered borocane moiety. These
intermediates, on controlled protonolysis followed by oxidation, provide the
(E}-7-alken-1-0ls, This process constitutes a simple, very convenient, stéreo-
specific and general one-pot synthesis of (E}-7-alken-1-ols. Pheromones, (g)-
7-tetradecen~-i-ol, (E)-7-tetradecen-1-o) acetate and (E)-7-dodecen-1-01 acetate

were prepared in excellent yields.

The synthesis] of unsaturated alcohols is acquiring considerable importance because several
insect sex attractants2 are acetates of such unsaturated alcohols, For example, (E)-?-dodecen-1—o1

acetate {]) 1s the sex pheromone of the moth, Argyroploce leucotreta M2b and (E)-7-tetradecen-1-o0l

(2) and the corresponding acetate (3) are sex pheromones of the corn earworm, Heliothis zea
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Since the presence of minor isomers frequently inhibits the biological activity of such sex attract-
ants,3 a highly stereospecific synthesis of this class of compounds is desirable. This work des-
cribes a very convenient and stereospecific synthesis of (E)-7-alken-1-ol, providing a convenient

*Dedfcated to Professor Herbert C. Brown in recognition of his outstanding contributions to chem-
istry.
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route to the synthesis of pheromones (1), (2) and (3) via organcboranes.

Synthetic applications of organcboranes are widespread in the 11terature.4 Highly stereo-

specific synthetic methods for the preparation of C'is5 and tv-ans6 alkenes via organoboranes (Scheme

1) are well documented.
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The hydroboration of 1-bromo-} -alkyne with borepane (4) generated in situ via the hydridation

of g—::h]::\r'obore’pama,8 provides the corresponding B-(¢is-1-bromo-1 -alkeny)borepane (5) (Scheme 2),

as evidenced by 1ts conversion to 1-bromo-1-alkene (R1 = p_-C4H9) on protonolysis with acetic acid.
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When B-(cis-1-bromo-1-atkenyl)borepane (5} was treated with sodium methoxide, displacement of bro-
mine by one end of the boracycloalkyl moiety occurs, resulting in the formation of the eight mem-
bered ring borocane intermediate (f). Treatment with acetic acid at reflux temperature for two
hours led to the protonolysis of the vinyiborane, producing the boronate ester (7), which was
oxidized in the usual procedure by alkaline hydrogen peroxide to provide {E)-7-alken-1-01 in
high overall isolated yields. Consequently, this reaction sequence was empioyed for the synthesis
of representatfve insect pheromones belonging to the class of (E)-7-alken-1-ols. Thus, (E)-7-
dodecen-1-01 (8) and {£)-7-tetradecen-1-01 (2) were preparéd in 80% and 78% isolated yields
respectively, and converted into the corresponding acetates (1) and (3) in 94% and 93% yields
respectively.' These acetates (1) and (3) are natural sex attractants.zc'b

It has already been established that in the base induced migration of 1-bromo-l-alkenyldialkyl-
boranes the migrating group from boron becomes gttached to the double bond trans to the alkyl group
of the original alkyne, as shown in Scheme 1.8 Therefore, the 7-alken-1-0ls obtained, as in Scheme
2, should have the trans stereochemistry. The trans stereochemistry was confirmed by the strong ir

) in each case.9 The 136 nmr chemical shifts of the vinylic carbons of cis

and trans isomers of disubstituted alkenes are distinctly dif'fer‘ent.]0 However, iﬁ the 13C nmr

absorption at ~ 965 em”

spectra of our compounds, no detectable cis isomer was observed. (onsequently, this reaction
sequence represents a very convenient, general and stereospecific one-pot synthesis of (E)-7-alken-
1-01s.

The following procedure for the synthesis of (E}-7-dodecen-1-01 is representative. To 30 mM

8 n

of B-chloroborepane”™ in THF at 0°C was added 7.5 mM of LiA]H4 in THF with stirring under nitrogen.
After one hour at 0°C, the resulting borepane solution in THF was transferred into the solution of
1-bromo-1~-hexyne (4.83 g, 30 mM) in THF at .78°C. The reaction mixture was allowed to warm to 0°C
and then stirred for an additional three hours at 0°C. Sodium methoxide (75 mM} in MeQH was-adéed
slowly and the contents were stirred at room temperatdre for one hour. Then 3 ml of acetic acid
was added to neutralize any excess sodium methoxide and the soplvents and volatile materials were
removed under vacuum. Acetic acid, 40 ml, was added and heated under reflux for two hours. The
reaction flask was cooled.to room temperature and acetic acid was distilled off under vacuum. The
reaction mixture was oxidized in the usual way4 to provide {E)-7-dodecen-1-01 (8) (4.41 g, 80%) bp,
100-103°/0.8 mm, n2°D 1.4540 (14,72 bp 78-81°C/0.06 mm, n?°D 1.4521). GLC analysis indicated’
> 97% chemical purity, !H nmr was consistent with the stryucture.

Simitarly, (E)-7-tetradecen-1-01 (2) was prepared in 78% yield, bp 107-109°C/0.05 m, nD
1.4565 (1it.' 110-115°C/0.05 m).

(E}-7-Dodecen-T-o1 acetate (1) was prepared in 94% yield by reaction with acetyl chloride and
pyridine in anhydrous benzene, bp 93-95°C/0.15 mm, n°D 1.4420 (1it.'® bp 78-82°C/0.05 mm, nZ%D

1.4810).
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=%, Similarly, (E)-tetradecen-1-o1 acetate (3) was prepared in 93% yfeld, bp 115-117°/0.1 mm,

20

D 14460 (11t.'C bp 90-95°C/0.01 mm).

Acknowledgement - The author is indebted to Professor Herbert C. Brown for providing laboratory

facilities; stimulating discussions, and encouragement during this study. The author wishes to

thank Dr. S. 0. Kulkarni for valuable discussions. Financial support from the National Institutes

of Health (grant GM 10937) is gratefully acknowledged,

10.
1.

References and Notes

a) N. Green, M, Jacobson, T. J. Henneberry and A. N, Kishaba, J. Med, Chem., 1967, 10, 533.
b) A, S, Kovaleva; V. M. Bulina, L. L. Ivanov, Yu. B. Pyatnova and R. P, Evstigneeva, Zh.
Org. Khim., 1974, 10, 696. <} C. Canevet, Th, Rbder, 0. Vostrowsky and H. J. Bestmann,
Chem, Ber., 1980, 113, 115,

a) W. L. Roelofs and A. Comeau, J. Econ. Entomol., 1970, 63, 969, b) J. S, Read, P. H.
Hewitt, F. L. Warren and A. C. Myberg, J. Insect Physiol., 1974, 20, 441. c} L. M.

McDonough, D. A. George and B. J, Landis, J. Econ. Entomol., 1970, 63, 408,
a} M, Jacobson, Science, 1969, 163, 190. b} W. L, Roelofs and J, P, Tette, Nature, 1970, 226,

172.

H. C. Brown, G. W. Kramer, A. B. Levy and M. M. Midland, 'Organic Syntheses via Boranes'
Wiley-Interscience, New York, 1975.

a) G. Zweifel, H. Arzoumanian and C. C. Whitney, J. Am. Chem. Soc., 1967, 8%, 3652.

b} S. U. Kulkarni, D. Basavaiah and H. C. Brown, J. Organometal. Chem., in press.

a) G. Zweifel and H. Arzoumanian, J. Am. Chem. Soc., 1967, 89, 5086, b) E. Negishi, J.-J.
Katz and H. C. Brown, Synthesis, 1972, 555. «c¢) H. C. Brown, H. D, Lee and S. U. Kulkarni,
Synthesis, in press. d} H. €. Brown and D. Basavaiah, manuscript in preparation.

H, C. Brown and S, U, Kulkarni, J, Organometal. Chem., in press,

H. C. Brown and M, Zaidlewicz, J, Am, Chem, Soc,, 1976, 98, 4917,
M. Lehtveer, S. Rang, 0. Eisen and T. Saks, Eesti NSV Tead. Akad. Toim, Keem., 1978, 27, 239

(Russ}; Chem. Abstr., 1979, 90, 46192a.
D. E. Dorman, M. Jautelat and J. D. Roberts, J. Org. Chem., 1971, 36, 2757,

For detailed experimental techniques in handling air-sensitive materials, see Ref, 4,

Chapter 9,
Received, 3rd October, 1981

—156—



