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AMr&-The fate of the u-terpinyl cation (4) in 85% plmplmic acid ha9 bcea examined. In this medium, no 
products formed by auckophilic at&k by the solvent oa the intermediate carbacatioas were observed. In contrast 
to ail other ~axlkr, geraaiol (l), acml(2), liaahl(3), aad their acewe and phosphate esters all prcxIuc.ui cyclized 
m&erial as the major products; tbcae i.nsluded limoaeae (t7)+ isoterpiaokac (le), s-terpincne (19), y-tezpiaeae (a), 
Ipmenthene (X), aad p-cymeae (n), bat ao terpiwkae (li), aad no identifiable bkyclic material. Evirkncc is 
presented that 17 does wt ti from 4, which apparently is not tbc sok cat-ionic iatermediate formed daring the 
cyclhation prwese. 

The biogenesis of the cyclic monoterptnes was fust 
brought to conceptual order by Ruzicka’s suggestion’ 
that they all arise from cyclization of a single, acyclic 
monoterpene, ncrol(2). as outlined in Scheme 1.f Nero& 
fis tbc 2 isomer of geraniol (l), is presumably derived 
from the latter, and was suggested to be the cycking 
species because it possesses the requisite Z double bond 
geometry. Linalool(3) was suggested as an alternative 
species which could undergo this type of cationic cycl- 
k&ion. 

tit now seems likely that biologkally the reaclhg specks are 
not the akobolr themselves, but rather their pyrophosphate 
esters. 

A numkr of subsequent investigatio~s~‘~ have 
focused on the examination of pos&le non-enzymic 
transformations of this tvpe. The results, obtained using 
diverse systems and conditions, generally have shown 
that the neryl systems give monocyclic pr&cts in good 
yield and more rapidly than the geranyl systems, which 
mostly alTord acyclic products. While this is in line with 
expectations bwd on Ruzicka’s biogenetic scheme, the 
postulated subsequent cyclization of 4 to the bicyclic 
level has not been c~nkmed;“-‘~ no bicyclic material 
has txen reported from the cyckation of 1, 2, or 3. 
Cationic cyclization attempts starting with monocyclic 
a-terpineol derivatives (@ also apparently never have 
aflorded bicyclic material. It has been shown, however, 
that enhancement of the nucleophilicity of the double 
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bond in an a-terpinyl system by substitution of an alk- 
oxy or acetoxy group on the double bond (7) is su&icnt 
to allow acid-promoted conversion in goad yield to 
bicyclic ma&ial at the oxidation level of camphor.‘~” 
While these experiments have led to the interesting sug- 
gestion that such enol ethers or acetates could be the real 
biogenetic precursors to the bicyclic monoterp~nes,‘~ 
they also serve to refocus attention on the possibility 
that the a-terpinyl cation 4 plays a central role in mono- 
cyclic and bicyclic monoterpene biogencais. 

b: R’= Cl-Is 

figdicantly, the chemical studies concerning the 
formation and fate of the cation 4, the hypothetical 
biological intermediate, all have involved either media of 
relatively low polarity (e.g. diethyl ether) or the presence 
of a good nuckophile (e.g. water), conditions which are 
not particularly conducive to the formation and furt&r 
intramolecuhu reaction of carbocations. This presumably 
was due to tbe fact that most highly ionizing, noR- 
nuckophilic media also are very acidic, which would 
give rise to undesired reaction resulting from double 
bond protonation The observation” that 85% phos- 
phoric acid provides a medium which promotes double 
bond protonation only slowly compared to ionization of 
allylic systems suggested that it would be a more 
appropriate medium for study of the formation and fate 
of 4. 

BmlLTa 

An initial, qualitative survey of the behavior of I, 2,3 
and their acetates, and the phosphate esters of 1 and 2, in 
85% phosphoric acid revealed the striking observation 
that all eight of these acyclic monoterpenes provided 
high proportions of cyclic material. Except for the 
phosphates and 3, considerable amounts of C-20 corn- 
pounds and some oligomeric material also were formed; 
added co-solvents failed to reduce the amounts of these 
substances. Fdy, 1 and its acetate (but not the 
phosphate) produced some (cu 13% of the C-10 material) 
cyclogeranyl (13) product. 

Because the three geranyl systems gave rise to C-10 
hydrocarbon mixtures which were vhtually identical, as 
did the three ncryl systems, aad because of the similar 
behavior of 3 and geranyl phosphate, the reaction 
mixtures obtained from treatment of 1, 2 and 3 were 
selected for careful examination. Parallel sets of 
experiments, one set using only 85% phosphoric acid and 
the other using 85% phosphoric acid plus pcntane, were 
carried out. Iu both cases, the reaction mixtures were 
heterogeneous. While the results were quslitatively the 
same, some difltrencea in relative ratios of products 
were observed, appareatty owing to the action of 
phosphoric acid on the products (e.g. 17; see Table I). 
We have focused on the data, summa&d in Table 1, 
which were obtained with pentane present, since they 

Table I. Quantitative survey: rdative perccntaoej of C-IO 
hydrocarbons* 

2 
ZEr _g 

~~/~~j~ 
A ; z a 4 

Germ101 (1) 19 10 12 11 11 9 28 

Nero1 (2) 37 11 18 11 8 6 9 

LIlulwl (3) 28 13 18 11 11 9 10 

a-Tavir*ol (I) 43 14 18 0 13 10 2 

I-TW’fnsOl (8) 41 15 15 0 10 13 6 

Limnem! (17) 7 2 384 3 10 

‘Ed mixture malyd by GC u@ OV-I7 columns. 
‘Rea&nIlcMiedout8tfcKMntempgtturcfor1smiau~* 

85% pho~c acid @la pcataae. Q!iakively similar product 
distributions reedted when penCane was omhcd. 

reflect more closely the initial product composition. The 
conclusions drawn from the results, however, are not 
altered by consideration of the data obtained without 
pentane present. The products were idcnt&d by pre- 
parative GC purification and subsequent comparison of 
theirIRandNM.Rspectrawiththosereportedinthe 
literam, as well as by direct comparison of their GC 
retention times and mass spectra with authentic samples. 
The technique described by Thomas” for analysis of 
mass spectra was particularly helpful; the relative 
abundance ratios of the m/t 136 (molecular ion) and 93 
ion to the total ion current are exceptionally charac- 
teristic numbers which permit the diiferentiation of most 
acyclic, monocyclic, and bicyclic monoterpene hydro- 
carbons. The products which were not identi&d were 
comprised primarily of mixtures of acyclic compounds 
(based on NMR) in the geranyl cases, and primarily of 
reduced material (molecular weight 138) in other cases. 

To focus on the possible monocyclic carbocation 
intermediates, the tertiary alcohols a-terpineol(6, R = H) 
and Merpineol (8) were treated separately with 85% 
phosphoric acid. Interestingly, neither reaction mixture 
(see Table 1) contained any limoncne (17). Similarly, 
treatment of the hydroxy ketone 9 resulted in quan- 
titative conversion of 9 into the a&unsaturated ketone 
10. 

0 

P -!Skfr 

0 

H 
0 lo 

Control experiments indicated (1) that 19 and 2g are 
unaifected by the reaction conditions, while 17 is 
tmsfonncd ody slowly into other monocyclic terpenes 
(see Table I), and (2) that all compounds are stabk to 
the CiC conditions employed. 

This study was undertaken to investigate possibk . 
laboratory parallels to proposed enzymic bansfor- 
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Table 2. Charactctitic IIMSS spectral data for aelected mow 
tcrpene hydracarbna’ 
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cmmurd 

o-terptnen (10) 

y-tmplrban (20) 

lratmpIfmlrn (lB) 

limnam (I?) 

3-p-mthene (28) 

p_Eyrw (271 

t.trpimlene (16) 

m/e 13&i/2 Ions a/e 9312 lcms 0th ions0 

9.6 19.6 l21( loo) 

7.4 27.7 

8.6 16.6 121( loo) 

5.3 12.8 6Nloo) 

- 138(27), %( LOO) 
- 134(28), 119(100) 

13.7 16.9 l21( loo) 

‘Data obtained at 70 tV. 
‘Ions (m/c) which are particularly characteristic. Relative 
abundances are given in parentbees. 

mations, assumed to occur Owing to an environment in carbocation formation is apParently rapid and initiates all 
which nucleophilic attack and deprotonation of the observed transformations; intramolecular cyclization is 
intermediate carbocations are prech&d until in- the major fate of all acyclic cations (e.g. 11 and 12) 
tramolecutar processes are complete. The key postulate 
of this work was that 85% phosphoric acid would 

formed, cuen for the gcranyl sy~tmr~, in contrast to atl 

provide an appropriate environment to mimic these 
previously reported investigations; and no C-10 product 

enzymic properties. This appears to be the CBSC: 
is observed which results from nuckophilic attack on a 
cation. Of course, nuclcophilic attack by the medium on 
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intermediate cations, to form alcohols or phosphates 
which rapidly re-ionize, is poss~~k. Examination of 
reaction mixtures at shorter times provided no evidence 
for the formation of alcohols or phosphate esters; thus, if 
such compounds are intermediates, their concentration 
does not build up to a level which permits detection by 
our methods of analysis. Double bond protonation, an 
undesirable side reaction, is observed only when 1 or its 
acetate (but not the phosphate) is the starting material, 
and this mode of reaction is never a major pathway. 
Importantly, the products of the transformations all are 
relatively stable to the acidity of the medium. It 
therefore appears that 85% phosphoric acid is an 
appropriate choice for investigation of the intramokcular 
processes open to the monocyclic cation 4. 

A second, most interesting observation regarding the 
results, summarized in Scheme 2, is the formation of 
limonene (17) in cu 10% yield from all three acyclic 
alcohols, while or-terpineol(4, R = H) gives rise to no 17 
under the same conditions. Apparently, cation 4 is not a 
precursor to 17. In keeping with this observation, 
Scheme 2 depicts some other intermediate 14 as the 
specks directly formed from protonated 2 and from 11 
(both of which could also give rise to 4 directly). These 
results do not provide sufEcknt evidence to permit 
assignment of a structure to cation 14,f but do suggest 
fWher consideration be given to previous cyclization 
studies, and perhaps to the classical biogenesis scheme 
as well. 

Other groups have devoted considerable effort in 
attempts to convert 4, generated from acyclic or 
monocyclic precursors, into biiyclic material; no such 
transformation could be conlirmed.‘* The same con- 
cIusion must be drawn from the present experiments. 
This result is particularly sign&ant because, for the first 
time, experimental conditions were employed in which 
neither deprotonation of 4 nor nuckophilic attack on 4 
accounts for measurable amounts of products (16 or 17 
and 6, respectively), ahbough the latter process may 
occur if the products rapidly re-ionize and react further. 
In verification, neither a-terpineol (6, R= H) nor 4 
terpineol (8) gives rise to 17 flabk 1). The rapid 
transformation of 4 into 15 (!3ckm 2) is in keeping with 
observed (oidc JMJNU) quantitative conversion of 9 into 
10, which may proceed by way of a similar l&hydride 
shift (althougb a dehydrationcnolization pathway also 
would be reasonabk). It therefore appears that, thcr- 
modynamic considerations’9 notwithstanding, transfor- 
mation of 4 into 15 is much more rapid than the 
cyclization of 4 to afford bicyclic material. 

‘It is noteworthy thnt other worken, employ& very different 
raction n&a, ah have su~gertcd the pouiMs invdvemtnt of 
non-claa8ical catiodc intermcdirrtes, such as lb,’ llb?’ pnd 
14~~ Of course, direct compuiaona with the present work are 
prcchxkdbytbcsigdf&autdiRerenccsinthcteoctioamedia,h 
which the Strllcturcs OHd fura of intcrver& ciltionic inter- 
mediates may well be diScrent 

I40 

I -0 \ 
I 

A 
27 

Sckmt 3. 

The relatively slow rate of &proton&n of car- 
bocations in this medium permits the formation of 
products resulting from extensive intramokcular rear- 
rangements. Two such products, which account for 
2&30% of the starting acyclic or monocyclic alcohols, 
are isoterpinokne (18) and 3-p-menthe (26), shown in 
Scheme 3. These two products apparently arise from 
cation 24, the formation of which can be rationalized as 
depicted in Scheme 4. Inspection of hiding models 
indicates t&at t&e misrating hydrogen in 23b can 
approach the allylic a-system without its severe dis- 
tortion from planarity, thus permitting the lJ_bydride 
migration indicated. This hydride shift could be accom- 
panied by a 1,2 shift of the geometrically well disposed 
C-4 hydrogen to give the allylic cation 24 directly; 
alternatively, t&se events could be consecutive, with ion 
25then~inganintcrmediatc.It~uldbenotbdtbat,in 
the absence of additional evidence, a series of inter- 
molecular hydride transfers to form 24 can not be 
excluded. Cation 24 then either undergoes deprotonation, 
forming 18, or intermokcular hydride abstraction. The 
latter event, a possible example of which is shown in 
Scheme 3, gives rise to p-cymene (27) along with 26. 

The initial ionization kadi~ to the described reactions 
also is of some interest, although &tails of such 
ionizations often are obscure. In the present study, it is 
interesting to note that ionization apparently precedes 
product composition determination, since the latter is not 
sensitive to which leaving group is used (in contrast to 
some other systems).’ The rate of ionization of 1 or its 
acetate (but not the phosphate) is slow enough that direct 
protonatioa of the isopropylidene double bond is a 
c4Mnpetitive process (ca 13% of 13 is formed). since 
doubk bond protonation of 2 or its acetate cannot 
compete with ionimtinn, some rate accckntion of the 
ionization is apparently operating, presumably 0wiW to 
~-participation of the type descrii by o&r group~-~ 

The above results show 85% phosphoric acid to be a 
medium particularly well suited for,the e-n of 
c&o&ionic processes initiated by ionization. In co& 
trasttootbtrsucb~13tbeacidityissucbtbatdirect 
doubk bond p?otonatiOn is relatively slow. The fate of 
cations generated under t&se conditions from 1,2,3, 
aad~(R=H),indIcatetbat(1)4~not~eriaeto17, 
(2) even when formed in an environment where pruuimcts 
resuIt& from deprotonation and nuckophilic attack are 
not observed* 4 St&r8 reatraqgement at jhe monocyclic 
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C"3 

23b 

24 

I, 5 !i? I 
H 

25 
scbcmc 4. 

kvcl rather than conversion to bicyclic material, and (3) 
mrne cation other than 4 is fomwd from protonated 2 
and the acyclic ion 11. 

~&(&dgmti-_We thank Firmenich, SA, for gcrtem~~Y 

providing comparison samples of monoterpenc al&d aud 
hy&ocartmns. 

-AL 
For GC separations, columns utilized Hi Performance 

Chromasorb G as the support unkss otbetiw’notal; temp 
programming was from 50 to 200” at l@$nin unless otherwise 
noted; a variety of conditions was usedz A, 118inx6f.t 4% 
OV-101 column at 80”; B, the snmc cohunn as A, with temp 
pm; C, l/8 in x 6ft 4% OV-17 cdumn at loo”; D, the 
same column an C, with temp programmips from 100 to XKP at 
4’lmin; E-118inx6ft 5% carbowax 20M column with temp 
pr~miag;F~114inx6ft496DC-5Hl,at700;G=lC8inx6ft 
7% Ucon polar on chromanorb w column with temp progmm- 
m&; GC-nuss spectral @C-MS) analysis lltilid a l/8 in x 4 ft 
3% SE30 on Varapack No. 30 column interfaced to a wont 
491 mass spectrometer. For TLC dysia, plates mark 
using Merck HF ~siticagdwereused;compoundswm 
visuatidwithI,.NMRspectrawereobtainedusingaVarian 
A-60, with TMS as an internal standard. Spinning band 
distilktion was carriad out using a Nester-Faust NR-50 t&n 
band still. Ekmental analyses were performed by GaIbrai& 
Moratorks. Gemniol (1, co 95%) was obtaid from a 
commercial (MCB) mixture using the CaC& metltod;~ neroI (2, 
co 97%) was used as obtained from Fluka; linald (3, cti 99%) 
wasusedasobtainedfromAldrich.Puritywasascertaidby 
GC method B: retention time (min): $14.5; 2,l7; l,l8. ‘I’& 85% 
HsPO, used was MaBinckrdt AR grade. 

TraohnuU of e (l), nemi (2)+ linufd (J), a-cupind 
’ W+ and +fcrplrrd (8) wirh 85% H,PG,. To a 25 ml round 

bdtom~kcoatainins9~of85%HgO,,lmlpenCoae,anda 
3/4in t&-ted stir bar was adckd with maximum posslblc 
stirring under N2 ca 150 mg (0.98 mmol) of monoterpenc alcohol. 
The mixture was stintd for 15 min. was poured into 9oml of 
H,O, and the products weie extracted (2 x #I ml of pentme). 

ThccombiacdorgsnicportibnswenwPsbed(lx~Oofsat 
NaHCO,aq lx3omI of sat Ndlaq), dried (M&O,) ad 
concentrated to a volume of 0.5 ml. The sampks were stored 
under N1 in a freezer until thy c&d be analyzed by GC 
(Methods A rrnd C). The results are summarized in Tabk 1. GC. 
retdon times @in) for the products are: (method A) 2d, 21; 19, 
25; 27.26; 17,28.5: 2.,34.5; 18,41.5; ad (method C) X,4.5; 19, 
6.0: 27.75; 17,6.5; 1,83; 18,10.5. Tbc use of 2 oc 3 dfordul w 
13n; 1 gave ti in a yield of ca 13%. 

SmaU SC& trrrrtmmt of lidd (3) with 85% H,PG, to 
de&m&e picid of C-10 hpdmm6on To 1 ml of 85% H,PG, was 
d&d with sting 150 q g (0.97 mmol) of 3. The mixture was 
stird for 15mi.n and was worked up as above. After 
evapomtion (ca 0.1 Torr), there remaid 33 mg of nonvdatik 
material which was not q onoterpenoid, idicdug a yield of 
volatik, C-10 hydroc&ow of 78%. 

LAQC SC& lnolmarf of hdool (3) &/I 85% I&PO,. To n 
25oml of 85% l&PO, and aold pentane wan 8ddcd with rapid 
sting by a me&a&al stirrer under N1 ca 200 of 3. Ik 
mixaaew~artimdforl5minradw~po~into2~H~; 
5OmlpentanewaU&d,adtheorganicportioawasseparnd. 
Tbtrq~portionW~CXtncted(3X50mlofpeOto#)mdtbe 
combined .organic portions were wasbed (3~5Oml of sat 
NaHCG,rq, lx5Oml sat NsClaq), and dried (&SO,). The 
reaction was repealed ti a total of 161.48 (1.05 mol) of 3 was 
usal. The organic sdns were combined, tbc pcntanc was 
removed by distillation, ad the voldk products were distilled at 
room temp under dbcai pressure (0.0s Torr). The we@ of the 
clear, cdorku liquid obtaid was 35.39g (25%). The put 
contained a thick yellow liquid which dided at 15(r (0.7 Torr) 
to give 45,367s of material which was believed to be dimeric and 
was not further analyzed. The monoterpene mixture was distillal 
at65*(31Torr)usingat&oaspinningtmdqparatus. 

A total of 22 fractions weighing 4.05g wclc obtaid. kaviq 
31.26g of material in the pot. GC @&hod B) analysis showed the 
f&&s mostly contained soome of the wmponcnts present ill 
smalkr amounts ia the c&e cyclizntion mixture, phU 27. The 
materklkHintbepotw~mainly19,~,~,andl8. 

E& of these latter four compounds was ptded by 
prcpadvd3C(MctbdF’)iugrcatcrthanM%purity.Apurc 
sample of 27 w&s obtained from one of the fractions of the 
spinningtmnddMktion.AIlIRspcctrawereideIlticrjtotbosc 
reported in the literature.” NMR and mass spectral data (see 
Tabk 2) were iddcal to authentic SItmpks as well as literature 
data.= 

C&injdoa Gc anelysis tiwcd that the isolated wmpuuds 
possessed retention times (mid identical to authentic =npks, as 
Micated Mow: (Method B) 27, 10.8; 19, 10.75; 20, 11.25; 
(m&xl E) 19.33; 20.4.25. With method B, 18 had a retention 
time of 11.75 min. GC analysis by method D allowed sepudon 
of 27 and 19 (retention times, 10 acd 9miq respedvely). 
C&jection GC analysis (method B) showed that l&27,19 ad 
IIdbMTCSpondedtotheCX~pC@kSintb5UUdCtitltfC. 

NMRadysisoftbecndemixhrreshowedthatitcontaidall 
tldgdsfoundintbeqXctraoftheiaoktedcompeds. 

M&M of 3-p-h (m. To 250 ml of 85% H,PG, was 
dded with stirring 20.38g (0.135 mol) of 6 (R- I-0. The mixtnre 
warstirtedforlSmin,w~pourcdiato21.H,Oaadwuwortsd 
upasdescdKdabove.Spinninsbraddistillrtiondthecleir, 
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cdourkss monoterpcnes (5.6& 31%), followed by preparative 
GC(MethodF)~ord~asampleof21sbowntobe~punby 
GC analysis (Method B) (retention the: IOnin); IR (Ccl,) 
corresponded to that in literature; NMR (Ccl&l 5.34 ppm (broad 
s, 1, C<U), 1.5-2.3 (m, 8, Cl&CJ$,, (CH&C& and 
CH,CIjC&h and 0.98 (d, 9, J+iHz, C&CH and (C&)#I); 
mUs spectrum (7OeV) m/r (fel intensity) 1380, 123(31), 
95(100), %UllI), 81(59), 67(29), SS(l7), 43(6),41(18). 

hhtfh of 1ho1~11c (17). To 25 ml of 85% H$O, was added 
with sthing 2.047g (0.0132 mol) of 2. The mixture was stirred for 
15 min, was poured into 25Oml H1O, and was worked up as 
descnii above. Preparative GC (Method p) of the monoterpene 
mixhre so obtained ah&d a purified sample of 17. GC 
(Me&d B) retention time: llmin; NMR= pml mass spectral 
(Tabk 2) data identical to that in the literature and of authtic 
material. 

zh!uhI#mr of a-refpi#enr (19) and y-Uq?inmC (ti) wifh 85% 
H,PO,. To 5ml of 85% &PO, was added with stirring either 
4346 (32mmol) of 19 or 428mg (3.15mmol) of 2& The 
mixtmes were stirred for 15min ad wohd up a8 above. 
Edn of the resulting rixtures (GC, NMR) showed only 
un&anged starting mat&al. 

Trwrme~U of hornrc (17) with 85% HSPO,. The treabncnt of 
17 with 85% HQO, was canial out in the same manner as for 
the reactions of he &obols, using 139 mg (1.02 mmol) of 17. 
PI&& were examined by GC (Methods A sad C). The results 
aresbowninTabk1. 

cb- and &an+ pMenrh-2-0n+ol (9)?’ To 19.670 (0.062mol) 
of mtrcuric acetate in 6Oml H&l was added 6Oml of THF, 
resulting in a yeflow suspension. To this was added with stirring 
9.399 (0.062 mol) of cis- ad tm- p-menth+en-2one @epafed 
from cuvone as descrii“) with immediate bss of color. After 
5 ain, 60 ml of 3M NaOH aq was added, followed by 120 ml of 
OJM’NaBI& in 3M NaOH aq. The mixture was stirred for 2lu 
and was poured into a scparatory funnel with exclusion of the 
mercury metal. The aqueous phase was s&rated &CO,, and 
the or&c layer was separated. TlIe aqueous layer was 
Cxtrocted(2XSOmlOfTHF)andtbecornbinedO~portions 
wtlc dried (K&O&, filter& and conccnbated. The viscous liquid 
waatahupin~I#,treatedwittIacthtcdchar~,~ 
&.ful (C&e). Crystalhlion from the benzene gave 5.04g 
(gJ%) of a mixture of c&- d fmru- 28, u white crystals, m.p. 
loo-l#p. Further concentration gave 4.730 (445%) of &ddithltal 
mahal, q .p. 7OUP:t TLC (10% ethyl acet&bexane)lpI: 0.1% 
0.20 and 0.28; NMR “El&l 3.11 ppm (s, 2, Om and O.!U5 
@road m, 18, C& CIh Cm. 

To a suspension of 9.49g (0.044 mol) of pyridihm cbbro- 
&romatP and 482 mg (5.87 q mol) of NaOAc in 25 ml of tiyd 
CH& was added with stiniq 5.043g (0.0293 md) of diois(21) in 
50ml of CHfi. The mixture was stirred for 3hr, 4Oml of 
diethyletberw~sddcdmdthe~~wrrsdecantedfromtbe 
black tar. The tar was extracted (3 X 10 ml of &thy1 ether) and 
the combined organic portions were passed through a 3X29cm 
c&mn of Fbrisil @epared as a dkthyl ether slurry). Removal 
of tbc solvent gave s.cQ of alilk 9. Distiuation (83, 0.5 mm) 
&fdal alY7g (82%) of pure ): TLC (10% ethyl acetate/bexalle) 
R,: 0.47; GC (Method B) retention the: 155 min: IR (neat) 3450 
(OH) pad 17lOcm” (Cd); NMR (CDcld 8 3.42~~ (btod 8, 

l,Ou), 1.s2.5 (m,7, CM md C&h 1.16 (a, 6, (C&)&OH), and 0.94 
(d, 3, Jd Hz, C&CH). The ring stcreohmistry was not deter- 
mined. 

z’rwhne~~ of pmc&-2-0n-8-d (9) wirh 85% HQO, to gh 
3-gmartrkm-2-au (II). To a 25 ml Oask contni~& 9 ml of 85% 

1 H,PO, (Mallinckr&t, AR) and a 314 in t&o& stir bar was 
sdded with highest possible stirring under N, 161 mg (0.95 mMo1) 
of 9. The mixture was stirred at roam temp for 15mh was 
& into 9oml i&O, and the resulting mixture was extrrcted 
(4 x 20 ml of dkthyl ether); the combhed organic portions were 

worked up aa &lwbd above, to give 113 mg (7&S%) of the 
known ketone, I@, a ckar, cobrlesa oil:” TLC (5% ethyl 

xetatcbm) R,: 0.19; GC (Method B) retention time: 13.4 min; 
uv max (95% ethanol) 235 MI (z = llBo0); rR (neat) 1675 (con- 
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spec&um (70 eV)m/c (rel intensity) 152(14), 110(100),95(78),67(33), 
41(18), 39(16). 
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