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DEOXYGENATION OF ALLYLIC ALCOHOLS TO TERMINAL OLEFINS

VIA STANNYLATION/DESTANNYLATIONl

Yoshio Ueno, Hiroshi Sano, and Makoto QOkawara
Laboratory of Resources Utilization, Tokyo Institute of Technology,

Nagatsuta 4259, Midori-ku, Yokohama 227, Japan

Summary; Deoxygenation of allylic alcohols to terminal dlefins was performed
via three steps; 1) [3,3]-sigmatropic rearrangement of O-allylxanthates,
2} the successive stannolysis with tributyltin hydride yielding allylic

stannanes, and 3) final protolysis of allylic stannanes to terminal oclefins.

In general, deoxygenation from oxygen-containing organic compounds is one
of the most important transformations, since the many naturally occurring
products are known to exsist both in oxygenated and their deoxygenated forms.

In fact, deoxygenation of allylic alcchols to methyl olefin (A) has been
fully investigated by several workers.2 On the other hand, no methodology which
enables the effective deoxygenation to the energetically less stable terminal

olefin (B) has been still established.
R\\\449\\ - R\%’ﬁ*\V,OH —_— R\\V/A§§
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We wish to report here the new process based upon the strategy involving

a stannylation and destannylation as outlined in Scheme 1.
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Scheme 1
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The process inevitably requires the completely directed regiochemistry
throughout the all reactions to aveid the contamination of the regioisomer.
We have found the each transformation shown in Scheme 1 sufficiently satisfies
our predefined criteria. First of all, we examined the allylic 1,3-functional
group transposition (0—S) by use of [3,3]- or [2,3]-sigmatropic rearrangement

3

of O-allylesters such as xanthate (3, in situ),” thionocarbamate (4),4

diphenylphosphinothioate (5), or phenylsulfenate (6, in situ).5

S S
R ™\~ OCSCH, R\*gfk\v,OgN(CH3)2 R\*fﬁ*\v/ogphz RN _Z\_~0SPh
(3) (4} (5) (6)

Among these O-allylesters, we found only O-allylxanthate (prepared in situ,
from allylic alcohols by treatment with sodium hydride and carbon disulfide
followed by methyl iodide) is practically useful for this purpose, giving the
rearranged product, dithiocarbonates (1) in good yield under mild conditions
(refluxing benzene for 2 hr)6 (Table 1).

Allyl transfer from sulfur to tin (i.e. second step) was successfully
visualized with tributyltin hydride involving SH' process similar to more

8/9 (rable 1).

simple S-allyl sulfides or sulfones
The general procedure is as follows. Dithiocarbonate (1) (1.8 mmol) and
tributyltin hydride (3.6 mmol) in benzene (15 ml) containing catalytic amount
of azobisisobutyronitrile (AIBN) were heated at 80°C for ca. 2 hr under N,.
After evaporation of benzene, the product was ¥solated by fractional
distillation. It was found, however, that the employment of one equivalent of
tributyltin hydride under the similar conditions gave better results (vide

infra). The reaction scheme might be best explained by the following radical

chain mechanism initiated by the attack of stannyl radical.

1 R Bu,Sn+
—_— R\/\/SnBu3 + +S5C0SMe
S-COSMe
2 *SCO0SMe ——==» COST + MeS-
3 MeS+ + Bu,SnH —> MeSHT + Bu,Sn
4 MeSH + Bu3SnH — Bu3Sn-SMe + HzT
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Table 1. S-Allylic Dithiocarbonates and Their Stannylationll
Run Allylic Dithiocarbonates Yield Allylic Stannanesa) bp b) Yield
Alcohols (1) (%) (2) (°C) (%)

1 OH SCOSMe 79 SnBu3 110° 78
(0. 3mmHg)

2 AP Pt N 6 A s 1200 84
SCOSMe (0. 1lmmHg)

3 \/\/\/OH \/\]/\ 86 \/\./\/SDBU3 120"1250 73
SCOSMe (0. 1lmmHg)

FAVAVAVAVAV aVaui W\/\/\(\ 87 VV\V\AA/SBU3 175 1830 86
SCOSMe (0.12mmHg)

5 Ph\/\NH Ph\/\A 62 Ph\/\/\/SnBu?) 160-165° 77
SCOSMe (0.15mmHg)

6 \/\)\/OH 70 \/\)\JSHBU3 120-123° 59
COSMe (0. 15mmHe)

7 PMOH PhM 89 Ph\/\)\/snB% 170-178° 86
ScosMe (0. 2mumHg)

8 \(\/Y\/\/OH \(\/W\ 74\(\/Y\/\/5n13u3 1400 91
SCOSMe (0.04mmHg)

9¢) OH SCOSMe 56 SnBuy  159-155° 80
(0.07mmHg)

-
Z 7

10U~ AT NS g6 N A AT 125m1300 w2

SCOSMe (0.4mmHg)

a) For convenience, only one stereoisomer is described in this report.
b) Kugelrohr distillation.

c) Eguimolar amount of Bu3SnH was employed.

When the twice molar amount of tributyltin hydride was employed, small
amount of methylthiotributylstannane (MeS-SnBu3) in addition to the trace amount
of hexabutyldistannane (Bu3Sn—SnBu3), unreacted tributyltin hydride, and
dibutyltin oxide (Buzsno) was detected by GLC analysis.

More interestingly, as indicated in Run 9 and 10 (Table 1), employment of
an equimolar amount of tributyltin hydride resulted in the formation of allylic
stannane also in good yield with the formation of the negligible amount of the
by-products described above. This fact indicates that the overall reaction
under the equimolar conditions, giving only the desired allylic stannane, should

be formulated as follows.lO
R BuBSnH, (AIBN)
PhH, reflux -

NG L cos § + mesn

SCOSMe
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All the gasecus by-products in this stannylation reaction clearly makes the
present process practically more attractive for the preparation of allylic
stannanes than our previously reported method starting from allylic sulfides or
Sulfones,s'9 since the complete separation of allylic stannanes from sulfur-
containing tin compounds such as phenylthiostannane (PhS—SnBu3) or tolyl-
sulfonylstannane (TlSOZSnBu3) is sometimes troublesome or difficult.

Facile protolysis of allylic stannanes to terminal olefins is well known
process.12 Consequently, the overall transformation provides the regiospecific
deoxygenation of allylic alcohols to the terminal olefins as shown in Scheme 1.
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