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AbInd-The fate of linalool. germiol md ncrol aDd their xcetam in aqlleoux cilrk and bydTocMoric xcids ha? 
been imstionted. Limbo1 md limlyl name yickl prcdominmuy o-tcrphl and 3,7dimethyloct-lclt_3,7diolQ. 
fhmniol mi wrol afford herpineol, hxlool and the isomuic 3,7dimetby&ct-?a-1,7diols (7 and 6). While both 
aeryl& oerpafl ace~ote @ve a-terp&o~ xnd @hoI, the former dordr Z-19atoxy-3,7diwthyloct-2cn=l-d Lh 
aad the latter the E-isomer 7a and 28-acetoxymthyl-loJ$-trimethykyclohcxanol (U). 

While it is commonly recog&d that the acyclic mono- 
terpene alcohols linalool (I), geraniol (2) and nerol (3) 
tog&z with their esters undergo a variety of trans- 
formations in acidic media the majority of studies have 
however focused on the products derived from reactions 
in strong mineral acids’” and at elevated 
~5.~” In view of the im~rtance of these 
compounds as tIav0urings” their transformations in 
dilute acidic solutions are of intrinsic interest. As 
recently reported investigations of the reactions of citral 
in aqueous citric” and hydrochloric acids” at room 
temperature have shown the major products to be ditferent 
from those reported by earlier workers we were prompted 
to examine the reactions of the monoterpene alcohols and 
their acetates under similar mild conditions. 

Solutions of the alcohols (l-3) and their acetates (la- 
3~) in aqueous citric acid (0.02SM). stored for varying 

pericnis of time, were extracted with dichloromethane 
and the extracts subsequently analysed by gas liquid 
chromatography. The identity of the products formed 
was established, in the case of known compounds, by 
comparison of their spectra and retention data with those 
of authentic samples. . . 

ExammaMn of the product mixtures arising from the 
reactions of linalool and linalyl acetate (Table 1) showed 
the presence of a polar major product. Isolation by 
successive column and tic on silica atIorded compound 
6(C,JIlooz). A strong band at -cm-’ in its IR spec- 
trum coupled with lack of significant absorption in the 
CO region indicates at least one OH functton, while a 
major peak at m/c 59 in the mass spectrum suggested the 
presence of a hydroxyisopropyl group in the molecule. 
Singlet resonances at 6 1.21 (6H) and 1.29 (3H) in the 
NMR spectrum together with an ABX pattern typical of 
an ethyhdene group 6 5.04 (dd, I 10.5.2 Hz), 5.19 (dd, / 
18, 2 Hz), 5.93 (dd, I 18, 10.5 Hz) continned assignment 

Table 1. Pmducb of the reactbox of linakol md linalyl acetate, 
inaqllwllxcilrkxcid(o.o2sM)atw 

linalool linalyl 
ant&m 

Roducb”b tim in dam 

10 20 10 UJ 

linalool (1) 63.4 44.0 49.5 a.3 

llnaly1 acetate (la, 0.5 - 

a-tsmind (4) 17.3 31.0 26.4 35.0 

prank.1 (2) 2.2 0.6 9.1 5.6 

3,7-dimethyloct-1-so-3,74iol (6) 10.2 17.3 4.0 q4.9 

~-1,8-ternin (2) 2.8 0.3 3.5 

maleexpm8cedu% ofinitidrubrtntc 
LxJwellb 

21% 



21% ILL.B~uaL 

as3,7-dimetby~-l-en-3,7-diolQ.Adidofthis 
stnkturehasbeensuggestedasacompotkntofthe 
$ycofmixtureformdintlkreactionoflinaloolhl 
nfhlxingtartaricacid.‘llkisolationof6insignhkant 
amountsindicatesthattuxkrmildacidkc&itions 
simple hydration of the 6;ldoubk bond is competitive 
with auylic n%rraqement. 

Aminorpolarproductformedfromgeranid(Tabk2) 
was tentatively assigrkd the smlcture 7 on tlk basis of 
its mass specbum [m/c 157 (M-CH3.154 (M-H&) aml 
59 (10096, hydroxyisopropylium ion)] and the stereo- 
chemistry of the starting mat&l. !Simikrly a minor 
product detected by gk-ms of the mixture of products 
derived from nerol was assigned the stnkture 8. 

!Synthesis of the two isomers co&rmed these assign- 
ments. Treatment of geraniol with 3-chkroperbenxoic 
acid afforded a mixture from which the 6;lcpoxy 
derivative was sepproted by tk on silica Reduction of 
tbe6,7cpoxide)witbLAHyieldedtbeoilydiol7infair 
yield.15 The Z-iimer 8 was prqared from nerol in an 
analoeous mantkr.Tbscompounds7and8weresbown 
by gk, fR and mass spectral comparison to be identical 
with the products from the citric acid reaction. The 
comsponding acetates 78 and L, isolated by successive 
columnandtkofthcacidmkturesformedfromgcranyl 
and neryl acetates respectively, were identitkd on the 
basisofmasa(bothsbowmPjotpealrsatmlc59),NMR 
and IR spectra and their identity con&n& by 
comparison with the monoacetyl derivatives of 7 aed 8. 

An addiinal polar product of the geranyl acetate 
react& mixture was isolated as a cokurkss oil, 
WI& by column and tk. Absorption bands at 3460 
and 1736cm-’ in ths IR spectrum suggested both OH 

aad OAc groups were present in tlk mokcuk. The NMR 
Wctrum showed two singkt resonances (each 3H) at 8 
0.88 and 1.03 indicative of two alkyd Me groups, singkts 
(each 3H) at 8 1.21 and 2.08 corresponding to a 
CHX(OH)- aad an acetate Me group respectively and a 
doubkt (2H, J 3 Hz) at b 4.32 assignabk to the methy- 
leae of an acetoxymethyl function. These data are in- 
dicative of the formulae l2 or W for this compouml. In 
ordertoco&nltlkstructWeofthisproductandto 
assign stl!rutchemktry, both the 14,2.Q- and l&2/3- 
isomers of 2 - acetoxymethyl - 133 - trimethykyclo- 
hexanol (12 and 13 respectively) were prepared by the 
followin route. 

Epoxidation of clcyckgeranyl acetate (l5) aiTorded a 
mixture of the isomerk epoxhks 10 and 11(6/l) which 
were separated by tk. It was predicted that the major 
zdye be _the_ la&x-isomer 10 and this was 

xamuu&noftheNMRspectraofthe 
two epoxitks formed. The spectrum of the major 
product shows sin&t signals for the gem-d&thy1 
groups at 8 0.87 and 092 and a multipkt at 8 4.16 
corresponding to the methykne protons of the 
acetoxymethyl group. In contrast in the spectrum of the 
miDorproductthecsMeresonancesappearatdo.75and 
0.99 and the methykne protons give rise to a doubkt of 
Qubkts(J6,6Hz)at84.01aada&ubkt(J6Hz)atb 
4.30. The noncquivaknce of both the C5Me groups and 
the methykne protons of the actoxynWhy1 group in the 
spectrumoftheminorpmductcanbeattribWdtothc 
int&ctkns between the epoxhk oxygen and the substi- 
tuentsatpositions1and5inthestnkture11. 

Reductkn of the epoxides 10 and 11 with LAH 
followed by acetyktion of the resultant dials afforded 12 

linalool (1) 

a-terpineol a) 

&wxlyl acetata (&P) 

nor01 (1) 

&eeraniol (2, 

3,7_dimethyloct-1-an-3,7-dial (6) 

m-1 ,Y-tsrml (2) 

t-l-nccst4xj-3.7-dimet~loet-2-~-1-ol (&I 

;! p --acet&ymethyl-1 a ,3,Ftriaethylcycloheaaol (2) 

C-1-acetoxy-3,7-diaethyloct-2-en-l-01 (7_a) 

Z-3.7-dimethy~nct-Sen-1 .‘/-diol tg) 

E-3.7-dianthylc-A-?-en-1.7-dial (2) 

42.4 

13.8 

11.8 

10.0 

7.1 

35.0 17.6 J9.0 

2Y.g 4.2 11.1 

_ _ 

36.0 13.9 

- _ 

1.6 11.0 1.0 

17.9 6.6 7.5 

1.5 - trace 

- _ 

3.9 5.5 

a.9 10.3 

- - 

6.0 - tr8ce 

19.0 14.5 

43.7 55.8 

- - 

_ _ 

w.2 10.5 

_ - 

1.1 5-3 

3.8 

.- - 

_ - 

12.6 

5.2 

52.1 

12.6 

1.1 

a.? 

tru* 

3.8 

1.4 

12.0 
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Fil.Reactionof~ia~citricrcid;.,garaid; 
0. Iinaw (1); A, a-tcqkol(4); +$1 dimtbybct - I - en - 3j - 

~~2.ReEdmofnuolm4ucuuci&icacid;~,md;O. 
baakd (1); A. etcrpbd (4): +. 3.7 - dimubybu - I -en - 3.7 - 

did(6);o.B3.7~~~~(~-I.l-dio10;A,nW 1,8 diol(6);X,Z3,7-~yka-2-~-],7.~~;~.- 1~ 

tsrpia 4). 

. & 
1: R-H 

18: R=Ac 

OH 

4 

-.. 
52 

H 

OH 

2: R-H 

&CyoR 

28: R-AC 

i)H 

7: R=H 
78: R-AC 

10: aCH& 
11: ~C&oAc 

. 
12: iCH,OAc. R = H 
12: /lCHsOAc, R = H 
lk 0C~Ac. R = Br 

2: R-H 
2m: R=Ac 

9 

20R 

IS 

16 

12: R=Br 
19: R=H 

R 



and l3 resptctively. The latter compound wat shown to 
bt idtntical with tk product itohtai from tk gcranyl 
acetate reaction mixture. Neitbcr 12 nor I3 were &tee 
tai in tbc reaction mixtures derived from neryl acetate. 

TllccourscsofthcrePctionsofnerolaadgeraniolin 
aqueous cibic acid at pH 2.4 are shown in Figs. 1 and 2. 
!hiIardatawmobtainedfortbcrcactionsinhydro- 
chic acid at this pH and are comparable with the 
relative rates of cyclisation aad allylic substitutioo 
obtained by Valenzuela sod Cori.” Tbcse results in- 
dicatcthatwbcrea8inthccaseofoerolbotllcychatioo 
and 1J allylic vat are involved, gcraniol 
uhrgocs tbc latter transfha almost exchuively 
aDd that a-terpiM%3l formed in this reactioo is derived 
from the primary product, linalool.” This is coohi& 
catory to the hypothesis’*” that equilibrium betwe 
tbc carbonium ions 16 ad 17 accounts for the formation 
of cyclised products from geraaiol. Altbougb an cqui& 
brium between such specks may be involved under 
colldiths of higher acidity and temperature, in dihlte 
acids it is probabk that 00 such equilibrium is involved. 

The formation of tbc l~J@-hydroxyacehtc l3 from 
gcranyl acetate is of cooshrabk intcnst. whik this 
compoundmightbcexpcctaltoarisc,togcthwitbits 
l&?ediastcrcomer, by hydration of a- and jhzyclo- 
gcranyl acetate neither of the latter compounds was 
detMtcdintl.lccitricacidrcactioomixturc;moreovcr 
acyclogcfanyl acetate was recovered unchanged wbeo 
treated with aqueous acids under a variety of conditions. 
wohsky and Faulkncr’9 have illvohd the in&i 
bicyclic ion 18 in the bromiaation of gcranyl acetate 
under anhydrous co&ions. Hydrolysis of this inter- 
mediate would be expected to yield tbc akobol 14. 
Whileasimilarmcchanismmightbcproposcdinthiscasc 
via ouckophilic invcrsioo of the C, centre of 1). it is 
uoiikcly that the akobol w would be the exchlsive 
product Additionally ncryl acetate might be expected to 
yieldtlteisomcrl2un&rt&e8nmcu&itions.Analter- 
native explanatioo (!k&eme) would involve protonatioo 
of tbc 6.7doubk bond to attord an intermediate C7 
cafboniuol ion. Ring cbturt with conccrttd syngdditioa 
ofamokcukofwaterassochdwithfbcC7cahoniPm 
ion to the C3 pOsiti WOdd a&d the alcOholl3. St&c 

illtaactiod belwceo tbc acctoxyuEthy1 and termhal 
methyl group8 would forbid adoption of such a con- 
formation by nay1 acetate. 

-AL 

via a Bkmlm st$amr to a Hitachi-Ptrkit Ehtl RMUdL 
MtxsSptcuonettrtnddttttttlyxtdwithtbttidofrVG2040 
Rtuyxttm. Both pa&d (4m x 1.75 mm. 10% Ctrbowtx 

rtcdtdoatPtrkin-hIS7GSptctrophotomstaladNMR 
q!tcfrtoarvtlitnHR2m~ iDCDCI,UitgTMStl 
inttnd~.M.pawtftdetannaedoaeCirOenLPlnp~ 
q .p. tppmahu Ebmtnttl tdyttx wtrt ptrformtd by Dr. F. B. 
§4rtu3t,wiaororlytial~,Gxftrd. 

Mormblr. Ihtbol, IiBtlyl tcatttt, gtrttid tad gtrttyl 
tctatt wtrt snppkl by Buxh, Botkt, Mtn & Co. Ltd., 
Ldot;ndtdnuyitdttt.byGivtudtnLtd..~htm. 
Saurty.TbtatwtrtpurihdtoM9%byprtpxdvt$cu 
rtquid.TkpltttswtrttuppkdbyAndtmLU.,Lutta. 

AnalYtioif&?&hmtdvnrTYPwYthstawnc~oI 

Thtcombi&orpnictxtrtcttw&wtshtdw&h-&N& 
(lOmI)Ilddriedbypu~~rrbortcohrmaofN~~ 
(I I). M’bttvlethrnol (IO ul of a 0.82 M soh~ it CHsCCM wts _ - 
k&duinkmtltttn&ltothttxbactwhicbwttpmtidty 
tvtpoftttdttWldtr IWlumotrfottrytnpontorfiti 
withrdryicc/ MtpropWl cold hap. stmpkx wtrt trdystd 
-by&. 

Pmducta(%bltrItnd2)wtrtidualbyprtpudvtgkof 
tachoftbtmixfanstdidttti8tdby rpectrorcopic(IR,Ms) 
tnd ChroMtosnphic @It. tk) corn with tltlbdc 
ttmpkt. In tbt mixturtr fond from gmnyl tnd nuyl tcttttts 
tbecompolmdrSmd’l.~2Pad8n~vdy,~otonlyin 
trttt tmlnJtts. wtft idtotilkd 00 tbt basis of gk-MS cxnqtrhn 
wilhtotbdcrmtairls. 

Rtlttivt rttta of rttcth (cibic rid, HCI): lintbol(1.o: 1.0); 
tiutlyi tcttttt (11.6: 11.2); gtdol(S.3: 5.3); gmllyl tcetttt (24: 
Zs); wrol(2.9: 3.0); nayi tdttt (1.5: 1.6). 

kidaht of acid-nocriorr pmduct~ of hahwl liuabol 

(5u)mg) iu MtGH (5mi) wta d&d to tqutwa citric acid 
(O.~M.~nmdt~iathedutIt2Cfot4walrr.The~ 
ktt cd with CHfi (5OOmlx2). tht oqtnk ltytr dhul 
MhsGJtndtvawttd. Tbz0ftbtraidut810mdoIl10dict 
iG)-p&a (0.25 izoOx Zoomm) thttd wi& ti- EtGH-tight 
pttrokum (404WJ tffdtd 5 (52m&. tt da from 
CH2Ch,m100_T(tit.~1049tdmoilyks8pohffrtttion 

l-m-3,7-did((.701gO)ucdowksa-aesdleftmlC4r:IR 
(KU mtx 3400 (Lw). 2930, 1370,997,91Jcm-‘. NMR stt ttxt; 
MS m/c (rtl int) 157 (M-15,0.5). 154 (5X139 (Xl), 121 (a 93 (4s). 
81 (60), 71 (100). 59 (33). (Pod: C. 69.76; H, 11.76. Cl&,& 
rqirta: C. 69.76; H. 11.62%). 

Idttkm of tcid-tttttiat pfvducts of gtnuyl tad RtTd 
tctuaOarnyl~(ls)iuMtGH(Pml)wttddedto 
tqWaucitrictcid(O.o2n&5l)tndttlXtdilltbtdtfkttWfor 
4wttks.l?JtsolnwtatxlrtcttdtarlthbaJitthcctttof 
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lioabol sod tbc extract SubjLxd to cduma chrormtognphy on 
silica (Mo-2oomes4,13g) ebb with in?x&ng amulnts of 
EtGAc in light petrokum (30#). Fractbns cluted with 204096 
EtGac-Iigbt petrokum were comb&d and evaporated to give a 
residue(90mg)whicb~subjectedtotlcoa3ailicr(GP)phtes 
(0.5x2OOx2oomm) using 296 MeGH-CHsCI, as eluant to pive 
two fractions. The more polar material+ E - 1 - acaoxy - 3.7 - 
dlmrihylocr-Z-m-7-d(7241mg),isoLted~pooil,~:IR 
(film) max 3449 (br). 2942, 1736. 1670,1235. 1103. 1025.948c.m-‘: 
NMR 8 1.21&H, I, C(CH,)&, 1.79 (3H. brs, -C-CC), 2.94 (3H, 
s. CG-CHJ. 4.59 (2H.xJ = 7 Hz. -C&t&). 5.34 (1H. brt, I 
;Hx, -cz:ms n;e (Al ilIt) 154 (Mu!t!tj, 13935). 136 (36,. 121 
(40), 93 (95), 81 (99), 59 (100). (Found: C, 67.73; H. 10.60. 
C,sH& requires: C, 67.29; H, 10.28%). 

Tbs less polar fraction (16mg) was resubmitted to tic on 2 
(0.25x#)Ox#)Omm)Jilica(CP)poatesebtalwitb296M~H- 
CH#Zlr to give 2/J - acrtoxGhy/ - la.3.3 - hinrethylcyb- 
hereno/ (W. 4mu): IR Ifilm) max 3460 (lx). 2935. 1736. 1245. 
1170. 1105, i661,~0,9l5~& NMR See text, ms.m/e (~1 imj 
154 (13). 139 (IS). 136 (as), 121 (90), 96 (65), 93 (@I), 69 (100). 
(Fcund: C. 67.47; H, 10.64. C,rH& rqtires: C, 67.29; H, 
10.2396). 

Treatment of neryl acetate (lg) with aqteous citric acid 
(0.025 M, 5 1.) for 4 weeks. followed by extraction arxI chroma- 
tography as above, &wdod 2 - 1 - acetoxy - 3,7 - dimuhyIcor - 2 
-~-7-d(&,52me)as~oil:IR(Blm)max3J10(br),2940. 
1730, 1667. 1235 ltU?7~ 1922, 948cm-‘; NMR 61.21 (6H. I), 1.76 
(3H. a) 2.05 (3H. s). 4.56 f2H. d. J 7 Hz). 5.37 (1H. brt. I 7 Hz): 
& mie (r~l mq.139 (23),‘lM(25), 121 (33). 93‘(76j. si(l60). 59 
(69). (Fouadz C, 67.26; H, 10.58. C,zH& requires: C, 67.29; H, 
10.29%). 

E - 3.7 - ticllryfoci - 2 - en - 1,7 - dial 0. To a sob of 
8aaniol (lump) in CHCl, (Sml) at -100, S&brop&ruok 
acid (173mn) in CHClr (5ml) was added with stirrina arxi the 
~olakfttberpomtemp.iorlshr.Tbesolnwrswnshcdwith~ 
NaWGq Ymlx2). water (5mlx2). drkd (N~#G,) and 
evaporated. Tbe re3ultMt residue (15Omg) was sulrjoctal to tk 
oa3silica(G)plWs(0.5x200x200mm)elutedaritb~~ 
paooI-CHsC& aBordiq5 the epoxirk 9 (80 me): IR (film) max 3426 
(br), 2925, 1667, 1250, 1118, 1001.870,678cm-‘; ms m/e (rel int) 
152 (M-18,3), 109 GO), 85 (66), 84 (38), 81 (se). 71(80). 67 (56), 59 
Cra), 41 (100); NMR 8 1.28. 1.30 (6H, 2s, C(CH,),). 1.72 (3H, I, 
-C-c~,). 2.73 (IH, t. I 7Hz, -C(O)H). 4.r(W, d, I 8 HE, 
-CCsGH), 5.48 (1H. brt, I 8 Hr., =C-II,. 

TbeCpoxidc)(ZDme)indryCtber(5ml)at(Pwrstnated~ 
UH(6mp)aodtbestimdsohsllowedtowrrmto~mtcmp. 
overlhr.AfterafnrtbalhrN~~(Zml)worrdQd,tbe 
aqueous layer acid&al with di! HCl and extracted with f&Cl2 
(5 ml x 2). Ilre combbad cqanic layers were dried R(a2so4), 

evaporated, ad the residue subjected to UC on a sitica (G) plate 
(0.25 x200x 2OOmm) ebtcd with 496 isooronanotCHEb to eive 
7 Cl.ems) as an OilI IR (aim) max 332il gr), 2940,1667,120.5, 
1150. 1ooO,910 cm-‘; NMR il 1.16 (6H, s. C.(w. 1.65 (3H. S. 

=C:c&h 4.02 (W. d, J 75H2, CCH), 5.34 (1H. brt, I 
7.5 Hz. =CC-); ms m/r (rel int) 154 (M-18.0.5). 139 GO), 136 (25). 
121 (50), 93 (90), 81 (95). 59 (100). 

usin the above procedure nerol (129mg) a&uded tbs 
isomericepoxide(34mg)wMcbwasreducedwitllLAHinetIrcr 
to~veZ-3,7-dimuh~-2-a-1.7-did(~.20mp)ssm 
oil: IR (film) mu 3440 (lx). 2940, 1665. 121s. 1183, 1150, laJ0, 
910cm-‘; ms m/e (rel int) 139 (20). 136 (26), 121 (39), 93 (69), al 
(84), 69 (80), 59 (loo). 

l-Acctoxy-3,7-~h~-Z-a-7-oLcClr~&). To 
a sob of l(l0 me) in &dine (0.5 ml), Ac& (0.1 ml) was added, 
thesdnkftforlSbratroomtcmp.,~tcdwitbHCI(lM,lml) 
and extracted with etbw (2ml x2). Tbc etbaul extract was 
waslbdwithwater(2ml),drkd(NrusG~andevaporated.Tbc 
residue was chro~ oaasilica(GF)plate(O.25x2Wx 
200 mm) usinp 2% MeGH-CH&Ch as eluant to a&d 7a (8 mn) 
i&otical a UC, &bms) with materid dacrii prcvibuay. 
Acetylatbo of 8 (16 ma) as above r&o&d Ir (15 mn) identical 
(IR, tic, gk-ms) to motairl dvsaibd prcvbusly: -. 

6-A~~h~-19-~~-1JJ-~~~ 
(10 and 11). a - Cycbgeranyl ace&’ 000 mg) in CHCb (10 mB 

TBllu VOL 34 NO. 14-J 

was treated with 3-chbrop&mKok acid (33Omg), as described 
above,togiveat&c4m oil(3OSmg)arbicbwasseparaMbytk . 
~6silka(G~pktes(O.5x2QOx26Omm)usinuCHCl,aseluant 
to give tbz l&?u-rpatidr 10 (IIS al&: IR (fiha) nlax i938.1739, 
1231, 1158. 1036. 874. 774cm-‘: NMR d 0%. 0.92 1.46. 2.97 
(lW, C), 2% (iH, bn, C(O)H), 4.16 (2H, s,&-GAcj~ms 
m/r (rel im)l53 (M-59.1s). 152 (14). 137 GO), 124 (25), 109 (27), 43 
(100): and the l&?/J-epoxfde ll(30 al&: IR (lunl) max 1935.1739, 
1240, 1183, 1149, 1035, 890, 789cm-‘; NMR 8 0.74. 0.99. 1.34, 
2&&(12H. 4s), 293 (1H. brs. -C(O)& 4.01 (1H. dd, i 6,6Hz, 
CHrOAc); ms m/e (nl int) lS3 (M-59.6). 152 (12), 124 (78), 109 
03). 43 (100). 

2u - Acetory - 1033 - trimethjfc&haa I (12). The epox- 
idc1.(30mg)bdryetba(10ml)~treat#lwitbLAH(10mp) 
at (P. the stirred sob allowed to warm to rmm temp. over 2hr 
and then beated at r&x for a fur&r OJhr. Wart up as 
described above gave a viscous oil (20 mg) which was acetylatcd 
in pyridine (0.5 ml)-A& (0.1 ml) for 18 hr at room temp. Dib- 
tioooftbemix~witbdil.HCI,ex~tioo~witbetkr(2mlx2) 
and evaporatko of t& e&veal layer gave an oil (18mg) which 
was subjected to tk on a silica (GF) plate (0.25~#w)~#)omm) 
eluted with 2% MeGH-CHCla aB& l2 (12.5 mg). as cobur- 
less prisms m 54-S: IR (KBr) max 3510 (br), 2940,172S. lw), 
llB8,1038,975 cm-‘; NMR iZ 0.99. 1.01, 1.24.2.06.2.06 (12H, Is), 
4.29 (lH, dd, I 3, 13Hz, -C&-4&). 4.42 (lH, dd. I 6, 13Hz. 
-C-AC); ms m/e (rel iot) 154 (M-60, 25). 139 (2.5). 136 (45). 
121 (55). 96 (IS), 69 (70), 43 (100). (Found: C, 67.34; H, 9.75. 
C,zH,& requires: C, 67.29; H, 10.28%). 

Treatment of tbc isomeric epoxide ll(2Omg) in alike manner 
Peorded 2@ - acUoxym&i - 1~3.3 - ttimdhylthykycbhtxand 
(l&4.5 me), identical (IR, UC, glc-ms) to the materiai described 
PreviollaY. 
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