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Abstract: Alkylation of (1R,53)-4-ethyl-6,6-dimethyl-3-(vhenylsulfonyl)

bicyclol3.1.1]lhept-3-en-2-one (3) with allyl bromide proceeded at the Y
pesition te the conjugated enone system in regic- and diasterecselective
fashion, ©providing {1R,55)-4-((1R}-1-methyl-3-butenyl)-6,6-dinethyl-3~
{phenylsulfonyl)bicycle[3.1.1 heot-3-en-2-one {%a) in good yield. An
analogous trend was observed in alkylation of 3 with other reprasentative
alkyl halides.

We have been studying natural product synthesis starting with {(+)-
nepinone (1) as a chiral source,  +? and recently reported that the
sulfone 2 obtainable in five steps and 70% overall yield from 1 is a
reactive Michael aceeptor, giving 4,4-disubstituted nopincnes when react-
ed with some representative carbon nucleophiles.2.3 In cornecticn with
cur program dealing with the chemistry of reactive nopinone derivatives,
we wish to report here that alkyliation of the title compound 3, a2 homolog
of 2, with a variety of alkyl halides provided v-alkylaticn products 9 in

an extracyclic slereocontrolled fashion.4s5
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The sulfone 3 was readily prepared from 1 via phenylthio enone 42,3

by use of our standard synthetic route; {1) Michael addition (EtMgBr,
Cul, THr) of 4, (ii) ecxidaticn [mCPBR (1 eguiv), CHzClz] of fhe adduct 5
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followed by the Pummerer rearrangement [Acs0, MsCOH, CHClo) of the re-
sulting sulfoxide, and (iii) oxidation [mOPBA (2 eguiwv), CEzQ1;] of the
resulting enone 6 with formation of sulfone 3 in 74% overall yield from 4.

TIn order to determine the cptimum reaction conditions, allylation of
3 with allyl bromide was examined in some detail with changes of metal
ions in the bases. No rcaction occurred upon generation of the carbanion
with T.DA (THF, -78 °C - rt), whereas formation of deconjugated encne 7
was detected when Nad (THF, <t or refluxing} was employved. Then, potas-
sium bases were testified to be effective for allylatiorn of this type.
Although use of KH (THF, rt) or XORut (THFP-HMPA) l=d to a mixture of o -
and y-allylation product,4 a problexr of a few by-products formation was
accompanied. After all, it was found that the conditions using KpCoz (10
nole equiv.) in MeCN at 50 °C resulted in allylation smoothly and cleanly
to provide a mixture of 9a and 10a in which the former was predominant,6
along with 1la as the minor preoduct and a very small amount of 0O-allyla-
tion product.’ Consaquently, we adopted the above reaction conditions in

211 of our subsequant studies.
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The alkyl halides 8a-e used in this study and the results Lhereby
obtained are sunvarized in Table 1. As can be seen, alkyvlation of 3 with
8a-d proceeded at the v position in extracyclic stereccontrolled fashion
to give Y-alkylation products 9a-d in good to high yields (run 1 - 4).
Methylation also provided isopropyl enone in good yield (run 5). Recent-
ly, as a reagent, Kp(03-CsC03 (9:1 ratio) was reported to be suitable
base for alkylation of pentane—2,4—dione,8 we examined usc of this
reagent for our casc: No change was observed in the products distribution
ineluding their vields when 8c¢,d were reacted, however interestingly,
increasing diastereoselechtion was delected on formation of 9a,b when 8a,b
were employed (run 1,2).

The above regic- and diastereoselection can be explained as follows
(Scheme 1). First, a potassium extend snolate anion 12 generated from 3
is alkylated preferentially at the v site to give 9 and 10, because
development of the transition state for the @-alkylaticn process is un-
favorable from a non-bonded interacticn betwesn a phenylsulfonyl group
and gem-dimethyl face, as seen in 11. Second, the nucleophiles approach
to the ¥ position of 12 from the less hindered ¢ side away frow the gem-

dimethyl face, according to the wcll-known rcagtivityzfg of pinane-type
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Table 1. ERegio- and diasterecsslective alkylation of 3
productd
) Q o

run | alkyl halide PhO,S J{E PhO, 8

RBr) B

( ) H . R

R Pogb 10 11¢
yield (g)dse 9 / 10f yield {%)€

1 | a CHyCH=CH5 68 10:1 (20:1)9 20
2 b CH,CH=CMey 62 7:1 (12:1)9 16
3 c CHpC=CH i 60 13:1 20
4 d CH;Fh ‘ 87 18:1 3
5 | e Meh 70 - 27

A small amount of O-alkylation product was detected in each case.
[2]lp in CECl3z: 9a, +157.9°; 9b, +123.0°; 9¢, +120.5°; 9d, +&5.3%
A single iscomer with respect to the double bond geometry.
Combined vield of 9 and 10.

Isolated vield.

Ratio obtained from the TH NMR (600 MHZ) analysis.

LQ D Q0T W

Ratic cobktalned when alkylated under the conditions of KyC03-CsCO3
{9:1) in MeCN al room rtemperature,

h Mel was employed,

compounds,; providing 9 stercoselectively. Third, a sevcre non-bonded
interaction between a phenvlsulfonyl group and a cisoid substituent (g7,
probably Ms) shown in 13 prevents encolization of 9 under the basic condi-
tions used here, leading to the integrity of the newly formed asymmetric
carbon in the side chain of 9.10
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The regioisoners produced were readilyv separated by column chromato-
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graphy on silica gel, whereas separation of 9 and 10 was carried out by
high-pressure liguid chromatogranhy. Fortuaztely, the sulfones 9 and 190
are highly crystalline, so that the major 9 were practically ohtained as
pure crystals by a simple recrystallizaticn of a mixture of the two.

When heating in xylene at 50 °C, 11a was recovered unchanged, where-
as under refluxing, 9a was produced albeit in low yield (20%). The find-
ings indicated that 9a is a direct alkylaticn product and not one arisen
from Cope rearvrangement of 1t1a.

Congidering that the sulfones 9 obtained can be utilized as reac-—
tive Michael acceptors for preparation of ¢,4-disubstituted nopinones,
and that their cyclebutane rings can be clecaved without loss of optical
purity, affording 5,5-disubstituted 1i-acetoxy cyclohexenes,!}? the
sulfones 9 wonld serve as promising internediates for asymmetric synthe-

sis of natural products.
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