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Ahract-Tbc (~,&g~-~byl(S~D)darhydroruph~4s_ol bas bacn prepared and its reaction 
witi H$O,-Ac+HOAc sbown to occur with a kdk, of 2.2 (kO.2) by loss of a proton (ckutcron) 
syn lo lhc departing oxy-anion. The msuhs are ud as a probe of carboatioa-anion conformatioaa~ 
mobility. 

THE unsuccessful attempt by Wcstphakn’ to aatylatc 
the tertiary alcohol of 3/?,6/?diacetoxy-5z - 
chokstan-5-01 (1) with H,!SO,-Ac@HOAc 
prompted interest, tirstly in the structure’ of the 
major rearranged product S-methyl-ISnor-S/I- 
chokst-9(lO)-cnc-3,6diol diacztate (2) and secondly 
in the mode of action of the reagents’ (Scheme 1). We 
have more recently studied the reaction of scvzral 
&-methyldecahydronaphthakne4a-ols with H$O,- 
AGO HOAc in an attempt to probe the detailed 
mechanism of reaction. In the absence of ring substit- 
utnts 8a-methyl-rrmrr- and cirdccahydronaphtha- 
lene4a-ol (3~) and L give 8a-methyl-l.2,3,4,6, 
7.8.8a-octahydronaphthakne (SI) in reactions which 
do not involve skektal rcorganisation, Me migration 
or spiran intermediacy. The product Sa from both 
alcohols results from 1,2climination in reactions 
believed to involve the intermediacy of 8a- 
mcthyldecahydronaphthakn&-yl cation (6) formed 
by hctcrolysis of an initially prod& intermediate 
aatyl sulphate intermediate.’ 

Reaction of deutcro-alcohol 8, which exists as 
a dynamically tquilibratin? mixture of the 
two chairxhair conformers (Scheme 2) with 
H$O,-A%0 HOAc gives an qua1 mixture’ of the 
dcutcro-alkcncs (9 and SC). The cation intermediate 
produced from alcohol 4b superficially is identical to 
the cation produced from similar hcterolysis of the 
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Ca bond of the epimeric alcohol 3b (!khemc 3), 
however the latter &on does not give an equal 
mixture of 5) sod !k, instead giving a mixture (I : 2.2) 
of Sa and SC. 

Failure to observe loss of D from the reaction of 
alcohol 4b suggests either that proton loss in the 
formation of alkenc 5) and hence SC is stereospacific 
and syn or alternatively that a large kinetic isotope 
effect favours loss of a proton. 

We now report the synthesis of alcohol 4c and 
a study of its &hydration reaction with 
Hw,-AC@ HOAc to measure the kinetic isotope 
effect and probe cation-anion mobility. information 
presently inacessibk by other methods of in- 
vestigation.’ 

RESIJLTS AND V 

The synthesis of alcohol 4c was affected in the 
following manner (Scheme 4). The epimeric 
4,4a-epoxy-&-mcthyl-rranr- and citddcahydronaph- 
thalencs (78). to date unseparated, were reacted with 
LAD to produce akohols 3c and 4 which are readily 
separable. The former alcohol 3c was dehydrated 
using H$O,-Ac$XHOAc. This reaction is known to 
occur by syntlimination’ and the reaction is amena- 
bk to scaling up. The mixture of dcutcrated alkenes 
sb and !!d was reacti with mchloropcrbcnzoic acid 
and the deuteratcd epoxide mixture (la) so pro- 
duced nzacted with LAH’ to give three deutcrated 
alcohols 3b. 3c and C. The labclkd rrun.r-&- 
mcthyldccahydronaphthakn4a~ls (3b and 3~) were 
separated by chromatography from the required 
stereospecifically lab&d ck-8a-mcthyldbcahydro- 
naphthalene4a-ol (4~). 

Reaction of this latter alcohol 4c with 
H$O, Ac@HOAc gave a I :2.2 (f0.2) mixture of 
alkencs k and U (Scheme 5). The signals due to Cl 
and C8 were not reduced in height in the “C NMR 
spectrum comparal with the signals of an authentic 
sample of alkcne Sa, confirming that Me migration 
and/or spiran intermediacy do not compete with loss 
of a proton adjaant IO the departing oxy-anion. The 
signal for Cl was a singlet, 32.6ppm. superimposed 
on a tripkt central at 32.4 pprn and the okfinic signal 
in the ‘H NMR spectra integrated as one proton. The 
ratio of alkcncs Sa and !!d was detcrminad from the 
gc/ms of the mixture from, in particular, the intensity 
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of the peaks at m/z 152, 151 and 150 in comparison 
with the peaks at 151, I50 and 149 of an authentic 
unlabclkd sample of the okfin Sa. The carbocation 
intermediate formed by C-0 bond bctcrdysis in 
alcohols C and & (!Schcmes 5 and 2) can exist in two 
extremes of chair-boat conformation. From these two 
conformations it can be seen that each of the protons 
or deutcron adjacent to the carbocation centrcs can 
in one or other of the conformations present an 
appropriate orientation in the plane of the carbo- 
cation p-orbital to facilitate proton (dcutcron) loss 
and alkene formation. The presence of a kinetic 
isotope effect (k,/k, 2.2 f 0.2) in the reaction of 
alochol4c and its magnitude demonstrate firstly that 
the stereospecificity observed in the formation of 
alkcnc !5b from alcohol 4b dots not result from a large 
kinetic prcfertna for proton vs dcuteron loss. !kc- 
ondly the result shows a stereochemical preference in 
the loss of a proton adjacent to the departing oxy- 
anion. Furthermore the presence of a measurabk 
kinetic isotope effect indicates that mobility of the 
carbocation conformers is at least comparable with 
the rate of proton loss since if this were not the c8se 
and interconversion of the carbocation conformers 
was slow, no kinetic isotope effect would be observed 
because the starting alcohol gives equal mixtures of 
the carbocation in the two extremes of conformation. 

The rate of conformational change of carbocations 
in cyclic systems has not proved particularly amena- 
ble to study and has been a matter of some debate.’ 
Whakn has recently argued* that the stereochemistry 
of diol formation from naphthaknc tetrahydro cp 
oxides is related to the rate of change of con- 
formation of the intermediate bcnzyl cations. For 
acyclic carbocauons simple conformational changes 
have been shown to be competitive with l.Zhydride 
shifts” and similar results have recently been ob- 
tained for the spontaneous transformation of a naph- 
thakne tetrahydrocpoxide to ketone product! 

If the conformers of the carbocation formed from 
akohol 4c did not interconvert at a rate comparable 
to proton (dcuteron) loss any kinetic preference for 
proton vs dcuteron loss would be masked. The 
absence of dcutcron loss from alcohol 4h along with 
the measured kinetic isotope effect in UK reaction of 
alcohol 4c demonstrates unambiguously that for al- 
cohols 4b and 4c the proton or deutcron CHD syn 
to the departing oxy-anion is lost. &cause of the 
inherent symmetry of the dcutcrated cis-8a- 
mcthyldecahydronaphthakn4a-ols (4b and 4c) the 

loss of the proton from the adjacent CHI must also 
result from the b-face syn to the departing oxy-anion. 
Contrasting with this synclimination reaction of 
alcohol 4c with H$O,-Ac+HOAc reaction of the 
alcohol with thionyl chloride gave a I : I mixture of 
alkcnes Sb and 51 demonstrating that under these 
conditions the proton fmfi to the departing oxy group 
is lost.’ The isotope effect observed for reaction of 
alcohol 4c with H,SO,-Aq&HOAc (k,/k, 
2.2 k 0.2) is comparabk with that determined for 
similar reaction of alcohol 3b (k&, 2.2 f 0.4). These 
two reactions proceed via carbocation intermediates 
which differ in the face of the carbocation to which 
the oxy-anion is held as a tight ion pair. The angular 
Me group for the /?-face ion pair might be exfxctcd 
to reduce the mobility of the complex compared with 
the z-face anioncarbocation ion pair. The compara- 
bility in isotope effects for these two reactions where 
the mobility of the intermediate carbocation-anion 
complex should differ somewhat suggests that the 
measured effect is a true kinetic isotope effect, and 
not a consequence of a comparatively slow rate of 
carbocation-anion conformer interchange. 

The D labella! experiments’ on 8a-methyl-rrans- 
and cirdccahydronaphthakn4a-ol (3a and C) ex- 
clude Me migration and spiran intermediacy (Scheme 
6) in the reaction with H*SO,. HOAc AqO. condi- 
tions of reaction where carbocation intermediates am 
proposed. Reaction of (4ez.Sa.8a(r)-S-acetoxy-8a- 
methyldocahydronaphthakne-4a-oi (7) under these 
conditions gives IO-mcthylspiro(4,S)dcc-9cn-6-yl ace- 
tate (8)” indicating that with an acetate adjacent and 
syn to the departing oxy-anion rearrangement to 
spiran can be induced. We have postulated” a similar 
rearrangement to account for Lhc formation of rrmu- 
4a-methyl-l,2,3.4,4a.5.6.7-octahydronaphthakn-l-yl 
acetate (SC) from reaction of (4aqSz,gaz)-5- 
acetoxy-8a-mcthyldccahydronaphthalen4a-ol (7) 
with thionyl chloride in pyridine. 
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For substituted acctoxy&-mthyldazahydronaph- 
thakn4ads the involvement of Spiro carbucations 
in reaction with H$O,-HOAc-A%0 is masked by 
isomerisatioo of the allytic acetate products. Reaction 
of (4aa,S/I&x )-khloro-8a-mcthyldecahydronaph- 
thakn4a-01 (W) with H$O,-HOAc-A$0 results in 
formation of both cir- and rronr4a-methyl-1,2,3.4. 
4a,5,6,7+ctahydronaphthakn-I-yl choridcs (Sf and 
s).” The isomcrisatioo of the chloride Sg via an 
allylic cation under these conditions is unlikdy to 
compete with substitution by aoetatc and the for- 
mation of the ci.r- isomer can be regarded as iodica- 
Live of spiran in-. 

To probe 0~ equilibrium of cations 6 and 9 
6-mctbyIspiro(4~s)decan691(10)” was reacted with 
H$O,-HOAc-Ac,O and with SOCl,-pyridinc. Uo- 
dcr the acidic conditions 8a-methyl-1,2,3,5,6,7,8,8a- 
octahydronaphthaknc (ti) is formed dClIlW5tratiOg 

that in tbc absence of substituents the spire cation 9 
rcarranm to cation 6. The reverse of this rear- 
rangement oamdy cation 6 to cation 9 dm not occur 
asevidcnadbytluno nscrambliog of D in dons 

of the dcuterated alcohols (3b, 3c, 4b and C). With 
thionyl chloridcpyridinc a mixture (7:3) of 
Cmctbyhpiro(4.5) (tf) and imethykne 
spiro(l,s)decd.( I I)-cnc (It) was obtained demon- 
strating that rearrangement of ths chlorosulfatc ester 
and formation of 8a-methyl-l.23.5,6,7,8,8a-ocla- 
hydronaphthaknc (Sa) is not competitive with adja- 
cent proton loss. These alkcna on standing in &II- 
tcrochloroform slowly rearrange to alkm Sa 

The dccabydronaphthalcn4a-ol system sod in par- 
ticular deutero-8a-mtthyldacahydro~~~~- 
ols (C and 4) provide a unique probe for under- 
standing carbocatioo-ion pair conformation and 
the stcrcospazifidty of the .rcact.ions with 
H#I,-AgC&HOAc studied to date suggest that this 
media may provide a gcncral method df e&ctiog 
synelimioation. The method is mild and the rate of 
reaction is dcpcndcnt on the concentration of sulfuric 
acid-acetic acid used and this therefore o&s control 
in the reaction. Sp-climination in Mary akzohots 
to form alkcncs typically involves further derivation” 
and the use of heat in the elimination step. 7lw 
synthetic utility of the reapt is under iovutigtioo. 

LX-AI. 
IR rpectrr wcrz rrcordsd on a Shimadzu IR27G rpao 

tropbotorncter and ‘H NMR w on a Varian T60 ~rp&- 
lroalcta for CDCI, lolnr with CHCl, and Me$i U iIlterMl 
slladud*“CNMRspcurawereracordedwrV&n 
CFT2O~forCDCl,soInswithMe$iasin(rmrl 
M. Marc spectra w recorded on an A.E.I. MS902 
spcctrow and s/mr on a Hcwktt wrd 598oA. Alu- 
mina used for chromatography was Spcm & H, Dali- 
vated by the addition of 10% v/v of loo/, MH. and for dty 
column chromatography I.C.N. PhMUa?utia& 8lumina 
(Brockmann ac(iviry 111/20) wu used. 
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