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A CONTROLLED SYNTHESIS OF a-(E)-1-ALKENYL KETONES
FROM B-KETO BENZYL ESTERS

Shun-ichi Hashimoto, Yoji Miyazaki, Tomohiro Shinoda, and Shiro lkegami*

Faculty of Pharmaceutical Sciences, Teikyo University
Sagamiko, Kanagawa 199-01, Japan

Summary: A regio- and stereocontrolled method for the synthesis of a—(E)-1-alkenyl ketones from f—
kelo benzyl esters has been developed by devising the sequence of a modified Pinhey's alkenylation
and a reductive removal of a benzyloxycarbonyl group with Raney nickel in the presence of triethylamine.

The synthetic significance of a-alkenyi ketones as useful intermediates for a wide variety of transformations, inter
alia, ring expansion reactions through Cope,1 anionic t'.oxy-C:ope,2 or Cope-Claisen3 rearrangement, has stimulated
considerable interest in expedient methods for the introduction of an alkenyl group o to the carbonyl of the ketones.
Despite the great deal of work,4-8 however, there exists a continuing demand for versatile and practical procedures
enabling the regiocontrolled introduction of a stereo-defined alkenyl group onto unsymmetrical ketones. In the course
of our studies directed toward the convergent synthesis of (+)-isocarbacyclin,9 we were sncountered with the problem
of converting a bicyclic B-keto ester to a bicyclic ketone with w-appendage « to the carbonyl. While this problem was
recently solved by exploiting Pinhey's a-alkenylationw of the B-keto benzyl ester with the alkenyllead(lV) reagent
prepared in situ from Pb(OAc)4 and (Rw)2Hg (Rw: w-appendage equivalent), and devising a reductive removal of a
benzyloxycarbonyl group with W-2 Raney nickel!1 in the presence of triethylamine,9 one disadvantage for this
sequence lay in a use of excess of the precious w-appendage eguivalent. We have now found that the use of
alkenylzinc chloride instead of dialkenylmercury makes Pinhey's method more effective and economical. Herein we
wish to report that the new version coupled with the salient debenzyloxycarbonylation method has advantages in
providing a facile entry to a-(£)-1-alkenyl ketones with essentially complete regio- and stereocontrol, and including
operational simplicity.

A wastage of one alkenyl group inherent in Pinhey's alkenylation method is due to the formation of the
unreactive alkenylmercury acetate (eq. 1). Thus, we explored the feasibility of developing a more efficient methed for
the preparation of alkenyllead(iV) triacetate (eq. 2), through the reaclion of a mixture of Pb{OAc)4 and each of (E}-1-
hexenylmetals containing Al(i-Bu)2, BO2CgH4, CdCl, CeCla, SnBuj, and ZnCl with benzyl 2-oxo-
cyclopentanecarboxylate. Among the metals screened, (E)-1-hexenylzing chloride (2.1 equiv.) proved to be the

RaHg + Fb(OAc)y — RPb(OAc)y + RHgOAc (1)
RML, + Pb(OAc); ———= RPb(OAc); + L,MOAc (2)
R : alkenyl group
superior choice, giving the desired adduct12 in 57% yield (85% yield based on the recovered keto ester).13 The yield

compared well with the 54% (82%) yield obtained by the use of di[(E)-1-hexenyljmercury (2.1 equiv.). In stark
contrast, the reaction with the other hexenylmetals afforded a complex mixture of products. On this positive note, the

7195



7196

Table 1. Synthesis of a-(E)-1-Alkenyl Ketones from (-Keto Benzyl Esters.

adduct
entry substrate alkenyl group . product / % yleld
% yleld
o [¢]
CO,CH,Ph
1 {j P 57 (85) é"\/\’\ 83
S COCH, Ph
e e
2 b’ (E:Z=19:21) ¢ 53(87)
0 o
CO,CH,Ph e _OSIMe,But %" OSiMe,But
3 A 2Bu 58 (86) e,Bu 81
o CO,CHPh P o OSiMe, By
2
4 ér m 61 (86) b/w\ 83
2
0
CO,CH,Ph b
5 N~ 54 (88) _m/\/\ 81
(cls:trans=63:37)°
o
CO,CH,Ph 9
6 zi ~FOSIMeBu! 60 (88) m/‘osune,au' 80
{cls:trans=14:86)°
[o) [+]
d
7 é,cOzCHzPh P 46 (83) d‘:rv\/\ 84
2 = OSiMe,Bu! i
d U
¢ e e e A
o o
o4 ﬁcoacmi’h A OSIMe;But 60 (82) ﬁ/V‘osm;zBu' 77
(cis:trans=86:14)°
3 COCH,Ph $
10 ¢’ 2 05 Me,But 62 (84) ¢/§’\OSIMezBul 84
o o
114 \@f;%% NANOSMeBY 59 (89) w%‘”""’“‘ 87
] o OSiMe,Bu'
CO,CH,Ph
129 ﬁ 2CH2 \fY\/\‘ 53 (90) W 85
MeO OSIMe,Bu MeO
o o
CH,P
130:| )l\rcoz Ph ~NFe 49 (81) )kr%/\/\ 78
o [+]
14 Ph/\)'Tco,cH,Ph P~ OSIMe,Bu 41 (84) ph’\/u\rVosiMe,nu‘ 85

2Values in parentheses are based on recovered starting material. ® The alkenylstartnane (2.5 equiv.), n-BuLi (2.6 equiv.),
ZnCl, (2.5 equiv.}, and Pb{OAc), (2.4 equiv.} were used. Tha ratio was detarmined by "H NMR analysis, 9 The
corresponding sodium enolate generated with NaH was used.
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Scheme 1
BusSn g (21 equiv)
1. n-Bull (2.2 equlv.}, -55 °C, 0.5 h
2.ZnCl; (2.1 equiv.),-78t0 0°C,0.5 h
3. Pb{OAc), (2 equiv,)

room temperature (RT), 15 min
o] W-2 Raney NI

\/%cozcuzph (ACO)PB COzCHzPh _EtN(©2equiv) ‘)kl/\"
CHCl,, RT, 3 h EtOH, RT,05h

synthesis of a variety of a-alkenyl ketones based on the improved Pinhey's alkenylation / reductive debenzyloxy-

carbonylation sequence was investigated (Scheme 1).14 Some representative results are presented in Table 1, in

which several features deserve comment.

(1) o-(E)-1-Alkenylation of a variety of cyclic or acyclic B-keto benzyl esters proceeded smoothly to give the
corresponding adducts in moderate to good yields, in which little variation in recovery yields of the starting materials was
observed even when the large excess of the reagent was used. Except for cyclopentanone derivatives, the sodium
enolates of B-keto esters gave better results.

{2) The stereochemical purities of the a-(E)-1-alkenyl ketones obtained upon debenzyloxycarbonylation15 were
confirmed to be »99% by their spectroscopic (400 MHz 1H NMR) comparison with the corresponding a-(Z)-1-alkenyl
ketones, 1€ and furthermore, no trace of the saturated ketones or the conjugated enones could be detected.

(3) a-Alkenylation with (Z)-alkenyl groups did not proceed under the present conditions. Thus, an EZ mixture of
the alkenylstannanes prepared by hydrostannation of 1-alkynes can serve as an alkeny! source for the formation of a-
(E)-1-alkenyl ketones (entries 2 and 8), making the present procedure much simpler than the existing methods. Itis
important to note that the akenylstannane as an alkenyl source is crucial to the success of this alkenylation, since the
alkenyllithium generated from the corresponding alkenyl iodide gave much inferior results.

(4) Since the cyclic B-keto benzyl esters can be readily prepared by trapping the kinetic enolates of cyclic ketones or
the intermediate enolates generaled via organocopper conjugate addition to cyclic enones with benzyl
cyanoformate,17.18 the present method constitutes an efficlent procedure for the controlled a-alkenylation of
unsymmetrical cyclic ketones (entries 5, 6, and 9-12),

(5) Noteworthy is the fact that a conjugated enone moiety is compatible with the present debenzyloxycarbonylation
conditions (entries 10-12), enabling access to a-(E)-1-alkenyl cyclic enones otherwise difficult to prepare.

The protocol developed here could be successfully applied to the synthesis of (+)-isocarbacyclin intermediate as
shown in Scheme 2,9 in which the w-appendage equivalent, (+)-{38)-(E}-3-(tert-butyldimethylsilyl)oxy-1-octene,
()35 +6.3 ° (¢ 1.36, CHGI3), recovered in 54% yield, could be converted back into the starting alkenylstannane, [o]%5

Scheme 2
Ma Me
—(L i M )1 .8“0 /(\/‘coou
Me Me
y&* a o‘é’é OSiMeBU' b 0*}) Ref. 9
oo P P T
%
CO,CH,Ph
4 CO,CH,Ph 8 2CH,

i
o OSiMe,But

)y

{a) RaZnC1 (2.1 equiv.), Pb(OAc), (2.0 equiv.), CHCl,, RT, 0.5 h, then the f-keto ester added, RT, 3 h, 55% (86% based on
recovered starting materlal), (b) W-2 Raney NI (5 ml of sediment In EtOH per mmol), Ef3N (0.2 squlv.), RT, 0.5 h, then
EtzN (1 equiv.) added, 0 *C, 15 min, 75%.
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-15.9 ° (¢ 1.52, CHCl3), for reuse in 56% yield by a three-slep operation {i, Bra, CCl4, -10 °C, 0.5 h; i, NaNH2, liq. NH3,
-40 °C, 15 min; iii, BugSnH, AIBN, 100 °C, 2 h).

In canclusion, we have developed a facile and controlled method for the synthesis of a variety of a-(E}-1-alkenyl
ketones. Exploitation of this method to the synthesis of biclogically interesting compounds as well as mechanistic
studies is currently in progress.
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