
Tetrahedron Letters,Vol.23,No.2,pp 131-134,1982 oo40-4039/82/020131-04$03.00/O 
Printed in Great Britain 01982 Pergamon Press Ltd. 

A NEW SYNTHON FOR THE REGIOSPFCIFIC y-ALKYLATION OF 

2-CYCLOHEXENONES. APPLICATION TO THE SYNTHESIS OF ZINGIBERENOL 

AND OXYGENATED BICYCLO[j.j.l]NONANES 

Leo A. Paquette* and William A. Kinney 

Evans Chemical Laboratories, The Ohio State University, Columbus, Ohio 43210 

Summary : The regiospecific y-alkylation of y-sulfonylcyclohexenone ketals is described and 
applied to various synthetic objectives. 

The utilitarian dienophilic properties of phenyl vinyl sulfoxidei and sulfone" in Diels- 

Alder reactions have recently been demonstrated in this laboratory. As part of this synthetic 

program, we have sought to devise a versatile and expedient protocol which would result in net 

y-alkylation of 2-cyclohexenones. At present, this important class of intermediates is necessarily 

generated indirectly.'-a Although certain of these alternative procedures are highly imagina- 

tive, none appears entirely general. Consequently, synthetic schemes involving b-substituted 2- 

cyclohexenones, e.g., those targeted toward zingibereneg(l)g and anticapsin (2),i" are somewhat 
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protracted. It is well documented that complications a&se in attempts at direct alkylation of 

2-cyclohexenones because their kinetic dienolates react at the (Y' position.ii Thermodynamic 

dienolates suffer from a propensity to undergo irreversible C-alkylation at the CY position, even 

when this site is already substituted.'* The presence of an activating carboxylate group at C-4 

as in Ragemann's ester does not obviate the difficulty of achieving intermolecular v-alkylation.ia 

@-Enamino ketones derived from secondary amines constitute the only exception.14'15 

Our solution to this long-standing problem, which was inspired by Julia's and Lansbury's 

Pioneering application of sulfonyl substituents to the regiochemical control of alkylation, is 

embodied in ketal sulfone 4 (mp 77-78OC). This synthon is readily accessible in 857% overall 

Yield by [4 + 23 cycloaddition of 1 to Danishefsky's diene I6 (C,H,, reflux, 28h) and direct 

ketalization of the adduct (Ce&, reflex, 23h).i7 The alkylations of & (NaH, DMF) proved to 

be especially clean in all of the examples listed in Table I (yields Unoptimized). In the 

case of ethyl 5-iodopentanoate where additional acidic protons are present, inverse addition 

was utilized for yield maximization. Although the heightened nucleophilicity of the a-sulfonyl 
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carbanion center in 6 has ample precedent,18 the observed regiospecificity may be additionally 

fostered by steric congestion adjacent to the Spiro center. Analogous methylation of S (R=H), 

available by direct acid hydrolysis of the Diels-Alder adduct, gave a 56:44 mixture of o- 

alkylated and a,y-dialkylated 4-phenylsulfonyl-2-cyclohexenones." It is especially relevant 

that 6 shows little tendency to react via its ring-opened form 7 to give products of type 8 

when primary halides or sulfonate esters are involved. 

Deketalization of 'j-with pyridinium p-toluenesulfonate (PPTS) in hot acetonem led ef- - 

ficiently to s However, the application of various desulfonylation methods to 2 did not proceed 

as well as desired. This complication was obviated by effecting the reductive desulfonylation of 

ketal sulfones >with 6% sodium amalgam in Na,HPO,-buffered methanol.21 These reactions were 

usually complete within 30 min at room temperature, the pendant functional groups were not 

chemically altered, and yields of the pure products generally bordered on quantitative. A pre- 

ponderance of the more thermodynamically favored S,y-unsaturated ketals 1Ca was routinely observed - 

(iH NMR analysis, Table I). Acid hydrolysis of these mixtures (1 mm01 ketal and 50 mg TsOH in 12 

ml of 95% ethanol; reflux 15-X)h) delivered the target cyclohexenones $J ti lib. The equilibrium -_ 

distribution of structurally simpler derivatives has been examined by others.22 

With the preceding methodology as a guide, zingiberenol (a), a sesquiterpene alcohol recently 

isolated from the essential oil of Zingiber officinale Rosc,*s was conveniently synthesized. -- 

Alkylation of & with secondary tosylate 24 g as before gave lJ (47%) as a mixture of diastereo- 

mers.25 Accompanying lJ was the 0-alkylated derivative @_ [R= 2-(6-methyl-5-heptenyl), 15$] which 

is now encountered because of the obvious steric disadvantages of coupling a tertiary nucleophilic 

carbon to a secondary electrophilic center. Following desulfonylation and hydrolysis (PPTS, wet 

acetone;26 NaOCH,, CHsOH) to the conjugated enone, reaction with methyllithium furnished 14 and - 

the cis isomer (2.4:1), separable by medium pressure liquid chromatography.= 

In a second application of the y-alkylation sequence, $_ was condensed with 4-bromo-2-butanone 

ethylene ketal's and the resultant JLJ_ (83%) was partitioned between I& (93%) and x (79% overall). 

Upon exposure of 16 to alcoholic potassium hydroxide, access to the bicyclic keto alcohols 18a - -- 

(mp 166-168'C, 72%) and IJJ&. (mp 178-179'~, 11%) was realized. Structural. assignment to the 

individual epimars was initially based on the premise that aldol condensation would occur 
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Table I. --_ Regiospecific y-Alkylation of 2-Cyclohexenones. 

Flectrophile 
alkylation yield, -----desulfonylation----- ------hydrolysis--- 

% of 5, yield, $ ratio 10a:lla yield, $ cr@:By ratio -- 
-- 

a3 a9 59:41 74 90:20 

77 9a 69 :3l 73 61:3pa 

91 100 66:34 87 62:jS 

al 100 68:32 a3 68 :52 

ap 90 63:Y 82 7O:F 

92 92 67:33 a7 47:53 

76 95 64:~s 72 69:31 

94 100 62:38 93 36 :64b 

EIOOC-1 92 71 56 ~44 76 69:31 

'Values deriged from product quantities isolated because accurate 'H NMR integration was not 
possible. Longer heating gave rise to an equilibrium ratio of 69:Tl. 

Preferentially from that conformation having opposed dipoles as in grs This conclusion was 

supported by the more highly shielded nature of the methyl singlet in 18a (6 1.20; compare 6 1.39 7 

for lpa) and later established by: - (a) analOgOUs conversion of lJ_to &Q (mp p2-p3.5OC, 51% bCH, 

1.21); (b) catalytic hydrogenation of e; and (c)reaction of the dihydro product with methyl- 

lithium to give 1 which was devoid of a molecular plane of symmetry (iaC FMR analysis). 
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Since the second methyl group in zis certain to have entered from the 

exo direction, the original alkyl substituent is required to be endo. 

The methodology outlined herein provides the groundwork for numerous 

additional synthetic applications, some of which we hope to report on in 
30 

the near future. Z! 
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