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Ah&act--The pule~nc cpoxide I. with sodium ethoxide in ethanol, gives as the major product, 
the ‘pukganolic’ acid III; similarly epoxide V gives the ‘p~olic’ acid VII with the pukganolidc 
IX. The major products obtained from epoxidc I, in aqueous ethanol. are a ‘norm& hydroxy 
acid XI to@het with III, and from cpoxidc V, a ‘normal’ hydroxy acid XI together with VII and 
IX. The results arc interpreted on the basis of two stcrcospcciIic Favonkii rearrangements, and 
enable the assimt of configuration to epoxida 1 and V, as indicated. An ‘anomalous’ product, 
C,,HIIIOI, is obtained from both epoxidcs. 

THE crystalline cpoxidc, m.p. 3!%40”, formed from D-(+)-pulcgonc by the action of 
alkaline hydrogen peroxide solution,’ is now knowrP to be a mixture comprising 
approximately equal amounts of the diastcreoisomers, I and V. As we had reported‘ 
previously on the Favor&ii rearrangement of the cpoxide, m.p. 39-l@, a rcinvcstiga- 
tion of this reaction for each of the isomers, I and V, is now described. These stcreo- 
isomers have been separated from the original cpoxide mixture,’ by a combination 
of fractional distillation and recrystallization tcchniques.s The purity of each isomer 
has been determined by gas chromatography, physical constants being given in the 
experimental section. 

The present studies enable us to assign configuration to each of the pulegonc 
cpoxidcs, I being the epoxidc, m.p. 57-57-5”. and V the cpoxidc, m.p. 54+55”. 
These assignments arc the reverse of those proposcds’ on the basis of NMR spectra, 
ORD curves, and other data. 

The cpoxidc, m.p. 57-579, that is I, on treatment with sodium ethoxidc in ethanol, 
yields the rranr,rrtuu-hydroxy acid 111 (R = H; 62x)? as the major acidic product. 
The minor product, 3-methylcyclopcntanccarboxylic acid (XII, R = H; 3 %) has been 
detected by gas chromatography of its methyl ester. It results from the retroaldol 
degradation of a ‘normal’ hydroxy ester (XI, R = Et)? The neutral fraction (20%) 
from the rearrangement of this cpoxidc which, on gas chromatography shows no 
evidence of hydroxy esters, yields, on ~stillatio~ an ‘anomalous’ product, C,sH,O, 
(6%). The remaining material, partly polymeric, has not been investigated. 

l We thank Professor W. Rcusch for advising us prior to publication that, as the result of a 
contemporary investigation, he has also reversed the contigwntions previously assiIInr@ to the 
eporidcj I and V. 

t In the designation of confimtion, the relationship of the substitucnts at C, and C, is @en first, 
and that at C, and C, second. 

i W. Tnibs, Ber. Dr~ch. C&em Ges. 66.1483 (1933). and Ref. thtzeii 
’ E. Kkin and G. Ohloff, Tetruhcdron 19, 1091 (1%3). 
’ W. Rtusch and C. K. Johnson, /. Or,. Glum. 28,2SS7 (1963). 
l S. A. A&mad and G. W. K. Cavill, Ausrral. J. Chcm. 16, 858 (1963). 
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The configuration assigned to the zrunr,trm-hydroxy acid III (R = H) follows 
from its conversion into the cis,trm-y-&tone IX on treatment with hydr~hloric 
acid in methanol.‘ Treatment of the rrmts,trans-hydroxy ester III (R = Et), the 
ci.r,rrrms-y-lactone IX, or the ci.r,cis-y-lactone X, with sodium ethoxide in ethanol 
results, in each case, in the recovery of starting material. No epimerization products 
were detected. 
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The epoxide I on treatment with sodium hydroxide in aqueous ethano1 gives a 
‘normal’ hydroxy acid XI (R = H ; 44%) as the major product,* together with the 
rrmu,trurts-hydroxy acid III (R = H; 38’4. Gas chromatography shows trace 
amounts of Imethylcyclopentanecarboxylic acid XII (R = H), and possibly of 
the dehydration product XIII. A neutral fraction (18 %) remained. Epoxide I on 
treatment with sodium hydroxide in 95% ethanol gives the ‘anomalous’ product 
(lOoh, m.p. and mixed m.p. 113-114”, without associated polymeric material. A 
‘normal’ hydroxy acid XI (R = H ; 47%) and the trans,trans-hydroxy acid III 
(R = H; 35%) are the major products of this reaction. . 

In a comparable series of reactions, the epoxide, m.p. 54*5-55”, that is V, on 
~eatment with sodium &oxide in ethanol yields the cktruns-y-lactonc IX (46%) 
and the rrm,cir-hydroxy acid VII (R = H ; 4%). A small amount of the rrans,trarzr- 
hydroxy acid III (R = H, up to 2x), a ‘normal’ hydroxy acid XI (R = H; 4%) and 
XII (R = H; 2%) are also present. The neutral fraction (22%) again yields the 
‘anomalous product, m.p. and mixed m.p. 113-l 14”. 

The configuration assigned to the rrans,cis-hydroxy acid VII (R = H) follows from 
its conversion into the ci.s,crS-y-lactone X on treatment with hydr~hIo~c acid in 
methanof.* Further, an epimcrization of the rruns,cis-hydroxy ester VII (R = Et) 
with sodium ethoxide in ethanol gives the cb,rrans-y-lactone IX in a 5: l-ratio to the 
starting material. 

l Cf. Ref. 4. 
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The epoxide V on treatment with sodium hydroxide in aqueous ethanol yields a 
‘normal’ hydroxy acid XI (R = H; 51%)’ Further products include the cir,trmrr-y- 
&tone IX and the rrans,cis-hydroxy acid VII (R = H) in a combined yield of 24%. 
The rranr,rrmrs-hydroxy acid III (R = H; 9%) is also present, and traces of XII and 
XIII (R = H) are noted. The neutral fraction (4%) was not resolved. 

The products isolated from the above rearrangements are summarizd in Table I. 
Under comparable reaction conditions, the major products obtained from epoxide I 
correspond in structure to those obtained from epoxide V. However the corre- 
sponding products, from each isomer, show significant stereochemical differences 
which are interpreted on the basis of two predominantly stereospecific Favorskii 
rearrangementsba 

Thus, the major product obtained on rearrangement of I with sodium ethoxide 
in ethanol, the fran.r,rruns-hydroxy acid III (R = H), would have resulted from the 
eyclopropanone intermediate II. Such a stereospecific Favorskii transformationt 
requires that the cyclopropanone II be formed with direct displacement of the epoxide 
oxygen by the enolate ion (i.e. Ia), and consequently with inversion at C,, viz: 

Ia 
l cr. Ref. 4. t Cf. Ref. 8. 

l For a wqmlmsive mvkw see: A. S. KaAc. Og. Rmcr. 11,261(1!260). 
@ G. Stork aml L Borowitz, J. Amrr. C&m. Sm. IQ4307 (1960). 
( H. 0. House a& W F Ghorc. J. Am. C&n. hc. S&3972,3980 (1961); H. 0. Howe and 

Is. w. l-hompsnl. 1. org. ckm. 211,164 (1963). 
’ E. JZ. -, T. L. Lmnke awl 0. Kristianscn, /. ~mer. c&m. ,soc. 88,334 (1%~. 
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The soIvent, ethanol distiilcd over sodium would contain 43% water, and 
hence fission of the cycIopropanont II would occur by a nucleophiIic attack of either 
the ethoxide, or hydroxide, ion. l It has been suggested* that the ‘normal’ opening 
of a cyclopropanone, such as II, should result in the formation of a secondary 
carbanion (e.g. XJa) rather than a tertiary carbanion (e.g. Ma). That is, a ‘normal’ 
hydroxy acid IX (R = H) rather than a ‘puleganolic’ acid III (R = H) should be the 
predominant product. Presently, the rearrangement of pulegone epoxide I, in 
ethanol, has given the rrmts,rruns-hydroxy acid III (R = H) as the major product, 
whence the ‘abnormal’ opening of the cyclopropanone II may be ascribed to the 
inductive effect of the OH group of the carbinot substituent at C,. 

Compound Rtagents ILI Ml IX XI XII NCUtdP 
-- __. -- -, 

Epoxide (I) NaOEt/EtOH 62 trace 3 20 Q/Q 
Epoxide (v) 2446 4 2 22 

Epoxide 0) NaOEt/EtOH/H,O 38 
T 

44 traa 18% 
Epoxidc (V) 9 51 traa 4 

l Neutrals are cakulatcd as CLIHllOt. 
* Penzen- relate to isolated products, the proportions of the hydroxy esters are 

wimatcd from gas chrnmatographic data. 

XVb ~XIVb XIV0 ot.4. 

Further, the retention of configuration observed at C, in the rruqrranr-hydroxy 
acid III (R = H), reflects a rapid protonation, formally represented as that of the 
carbanion IIIa. This rapid step could involve abstraction of a proton from the sotvent 
(ethanol), from the dimethylcarbinol, appropriately positioned by intramolecular 
hydrogen bonding (e.g. XIVa); additionally, it coutd involve abstraction of a proton 
from the ~ycloprop~ot (e.g. XIVb), if nucleophiiic attack on the cyclopropanone II 

l %&q-t hydrolysis of the ethyi cststus rcwlts in the isolation of the hydroxy acid8 (or 
_)-l6ctoncs). 



Favocakii ltarnngemnt of the pubqonc epoxidca 1123 

has been by hydroxide rather than ethoxide ion. Protonation by the solvent is likely 
to occur with retention at C, as protons from the solvent, hydrogen-bonded to the 
a-oriented oxygen-containing groups, are readily available (e.g. XIVc). On the 
other hand, the /I-face is relatively hindered to an intermolecular approach by the 
solvent. In the absence of additional experimental evidence, a detailed mechanism 
for fission of the cyclopropanone II u&a a cyclopropanol type intermediate has not 
been proposed: The anionic species obtained from the opening of the cyclopropanol 
is formally represented as IIIa; however, it is not intended to exclude mechanisms of 
a more concerted type (for example, XIVd). Structures XIVa+z illustrate further the 
availability of protons for retention of configuration at C, in 
rearrangement. 

the course of the 

XNd 

0 h --. 0 
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An intramolecular fission of the cyclopropanone II with retention of contiguration 
at C,, as in XIVe, would also account for the formation of the rrans,zrmu-hydroxy 
acid III (R = H) from I. Intermolecular fission of the cyclopropanonc (see XIVd) 
by ethoxide, or hydroxide, ion appears the more likely path. 

Comparably, the rearrangement of epoxide V would be expected to give the 
trmu,&hydroxy acid VII (R = II) as the major product. In fact, the major product 
is the c&,frmu-y-lactone IX, the tran.r,cis-hydroxy acid VII being a minor constituent 
(see ‘Table 1). But the rronr,cir-hydroxy ester VII (R = Et) is readily converted into 
the c&,trun.r-y-la&one IX by the action of sodium ethoxide in ethanol, so that the 
Favor&ii rearrangement, via the cyclopropanone VI, would have given essentially the 
frOlLt,ci.r-isomer VII.7 Isolation of the ci.r,rrun.r-y-lactone IX also implicates cthoxide, 
rather than hydroxide, ion in the nucleophilic attack on the cyclopropanone VI. 
as the ester VII (R = Et) readily undergoes epimetition. 

The major products, VII and IX, arc of the ‘puleganolic’ tw. The predominant 
retention of configuration at C, again reflects a rapid protonation formally represented 
as that of the carbanion VIIa. The solvent, the OH group of the dimethylcarbinol 
(cf. XIVa) and/or the OH group of the cyclopropanol (cf. XIVb) are likely proton 
donors. Should the solvent be the proton donor, then an intermolecular approach 
to C, from the less hindered a-side (see VIIa) by ethanol would be possible, fn u&&ion 
to the steps already considered. The additional protonation step would result in 
partial inversion at C,. The small amount of rranqram-hydroxy acid III (R = I-I), 
invariably found among the products from V, could have resulted from such an 
inversion, together with an epimcrixation of the carboxylatc group at G. 

l Cf. Ref. 9. 
t It is now know+ that the rrmu,c&-hydroxy acid VII is UK major product from the don 

of sodium methoxidc in diincthoxyethanc on V. 

’ D. J. Cram. PKW umf Appl. Ckm. 7, 1SS (1963). 
” W. Rcusch and P. Mattisoo. personal communication. 
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that a dipolar or zwitterion intermediate is not ncuswily involved in such rearrange- 
ments in polar media. 

It remains to consider the structure of the ‘anomalous’ product, GH,Os, m.p. 
113-l 14*, obtained from both epoxides. Structure XV, tentatively suggested for this 
compound,‘ is now excluded on the basis of additional elemental analyses, and the 
mass spectrum. A peak corresponding to a parent ion, m/e 216 is not observed, but the 
spectrum shows a base peak, m/e 198, and a further peak, m/e 201, which correspond 
to the loss of a mote&e of water, and of a methyl group, respectively from the parent 
ion. The IR spectrum is transparent in the carbonyf region, but shows a strong OH 
absorption (vmU 3410 cm-*). The compound has one OEt group and the two active 
hydrogens are presumably those of the two OH groups. The compound does not 
appear to react with sodium periodate at room temperature. It is not readily 
dehydrated. 

As the same product has been isolated from each of the cpoxides I and V, it is 
reasonable to seek a common precursor: the dipolar ion XVI is a logical choice.* 
This intermediate, as the result of a nucleophilic substitution’ and reduction of the 
carbonyl grou~,~ with sodium ethoxide in ethanol, could yield the ethoxydiols XVII 
and XVIII. The ‘anomalous’ product may be represented by one of these structures, 
further studies are in progress. 
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EXPERlMENTAL 

M.p. am tanwmed. Lisfit pmvkum has b.p. 46-60”. wit solvent atram wett dried 
over anhyd M@O,. IR rpcdrrr wm muded as liquid apilhriu. or M “Nu&l” mulls, wing a 
FcirkhEbncr- spcctmphotmwtcr with NaCl optica. NMR spectra wae rum&d 00 a 
Varian A6Ospcctrotnctcr with CDCI, aa wlvcnt, and TMS as an intemal rcfcnmce. Spazitk rotatlom 
wfc carried out using a Hi&r. I dan xnicma4 Microrinrlyba, we by Dr. E. CbaIkn of this 
University. and by Dr. K. W. Zhmmnan axxi’akstantq Atstmlbm Micxoannlyticat strvia. 
Mdbourae. 

*Cf. Rd.?. 

xl cf. CT. S. Bame and A. Palmer, Awrraf. J. Chcin. 10,334 (19S7). 
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A mixture of the epoxkks (20 3, m.p. 3941”. was obtaincP on treatment of M+)-pukgonct 
(30 g). [aIn +24.1’, with H.0, (100 ml, 30%) in 4N NoOH (26 ml). The cpoxida I and V were 
separated from the mixture by repeated fractional distillation, and mtion.’ Epoxide I was 
obtained as colourkss prisms, m.p. 57-57.9, from light petrokum. (Found: C. 71.1; H, 9.5. 
Calc. for CIIHI,O,: C, 71.4; H. 9.6%). [aL +42*? (MeWI). $43.8” (c. 8.14 in chf). Epoxide V 
was obtained as fk needles, m.p. 54%SS”, also from light pet&. (Found: C. 71.1; H, 9.8%). 
I& -16.3’ (c, 1OS in chf). Rerrscb and Johnson’ report [& +489’ (EtOH) for the epoxide. 
lap. 59”. and [ab - 19.6” (EtOH) for tbc epoxide, m.p. SP. On gas chranatography (butanaliol 
auccinatc, lW, 60 ml/mm), epoxidc I haa a retention time of 17 mitt 4S act. and epoxidc V of 
11 min 40 sec. The NMR sprctrum of each epoxidc is in agreement with that previously reported.’ 
The rearrangement poducu of I and V arc reported Mow. 

Cur chromurography. Products were separated by gas chromatography: (i) A P&in-Elmer 
Fractomctcr lS4D was usad with Hc as carrier gas. Preparative scpamtiom were achkved on g&n 
co1umns (2 m x 10 mm), using 20% sililicow oil (SUO), cr 20% LACzR-446 on “Celitc” (SO-60 
mtsh). (ii) A Perkin-Elmer 800 gas chrornatograph was rued with N aa carrier p. !kparations 
were achkved (Table 2) on aluminium columns (2 m x 6 mm) with S% stationary phase on 
“Chromosorb G” (sCrloOnush). Retention timc~ correspond to fS= in an abrohne time of 
about -1s min. 

T~*eur 2. GM CHROMATDORAPHIC DATA 

Retention Times 
Compounds 

Silicone (SEU)) Apieunr L ButarKdiol rlKcinat8 
- 
‘Normal’ hydroxy esters llmin3oscc 10minssaec 1onlin4sluc 

(XI, R - Me) 
cir.frunr-~-lanolK (IX) 11 20 12 4s 20 4s 
cis.cis-y-LactolK (x) 11 ss 14 20 21 OS 
‘Pukganolic’ ester (III) 12 35 II ss 17 30 
‘Fuleganolic ester (VU) 13 40 14 OS 20 3s 

Rtaction o/epoxi& I with sodiwn ethoxide tn ethanol 

(a) Pukgone epoxidc, m.p. S7-S7.S’. (I, SO mg) was treated with a solution of EtONa in EtOH 
(1 ml).: The mixture WBS heated under rctlux (5 hr). 00 cooling, and after evaporation of the bulk 
of the solvent, water (2 ml) was added. The mixture was then cxtrrzted with ether (3 x 2 ml). 
The ethereal layer, after drying and removal of solvent, gave a neutral fraction (IO mg. 20%). Gas 
chromatography of the neutral fraction showed no ‘normal’ or ‘pukganolic’ type esters. This 
fraction tinally gave the ‘anomalous’ product, m.p. and mixed m.p. 113-l 14” (see below). 

Tbc original aqtkcus layer was acidilkd with HQ, extracted with ether (6 x 2 ml). and the 
ethereal layer dried and treated with freshly prepamd d-e. The mcthylatcd product, 
purified by distillation, is essentially the rruas,tranr-hydroxy ester III (R - Me), (37 mg 62%). 
(Found: C, 611.7; H. l@t UC. for CIIHnOI: C. 66.0; H, lM%.)§ Gas chromatography 
(Apiexon L. and butancdiol succinate) gave a major peak corrupooding to that of an authentic 
specimen,* (Table 2). methyl 3methylcyclopent aoecarboxylatc (XII. -3 ye) was also identitlul. 

(b) In another axpcrimcnt, pukgone cpoxidc I (1.4g) gave a neutral fraction, partly polymeric 
(0.79 3.11 On distillation, and rubsequent raxystalliration. this neutral fraction yielded the 
‘anomalous’ product (97 mg), as colourkas ab6dks, m.p. 113-l 14”. from light pctrokum. [ag 

l Cf. Ref. 4. 
t Supplied by Keith Harris and Co. Ltd., Sydney. 
$ Reagent prepared from sodium (0.1s g) in EtOH (S ml, freshly distilkd OVM Na). 
Q Cf. Ref. 4. 
1) The amount of the neutral fraction varies considerably from rue to run, and often contains 

much polymeric material. Littk variation is noted in the proportions of individual Favomltii products 
io the acidic fraction. 
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+44T (c, 244 in chf). (Found: C. 66.6; H, 11.1; OC,H,, 189; rciva H. @89. C,,HH,O, requires: 
C, 66-6; H, 11.2; 1 x OC,H,, 209: 2 x ac%iva H, MQ’/,) Mixed m.p. with ths ‘anomalous’ 
product, mp. 106’ from the epoxidc mixtures was umkpm=d. 

Reactbn of epoxklc I 4th sdknt hydioxide in queow ethanol 

Pulcgonc epoxidc I (100 mg) in EtOH (@7 ml) was heated under reflux (5 hr) with 4N NaOH 
(O-3 ml). After removal of the solvent, water (1 ml) was added, and the mixture extracted with ether. 
The ethereal layer, worked-up as above. gave a neutral fraction (18 mg). The original aqueous layer 
was acidilkd @ICI), and extracted with ether. This ethereal soln, after treatment with an excess of 
diazomcthane, gave a mixture of esters (97 mg) which were acparatul by gas chromatography. The 
‘normal’ hydroxy ester (possibly IV, 447‘. further purilkd by distillation, has [ah, -12’ (c, 1.9 
in chf). Its retention times on three columns (Apiexon I., butanediol succinatc, and SE3O) cormspond 
to those of the ‘normal’ hydroxy ester XI* (Table 2). The trunr,rronr-hydroxy ester III, (38 YJ was 
also present and, in addition, gas chromatography indicated trace quantities of XIl and possibly 
XIII. 

Reactbn of epoxide V with sodbm ethoxldr in ethanol 

Fubgooc epoxidc. m.p. 543-55”. V (04 g) in EtOH (4 ml) was treated with EtONa soln, prepared 
from Na (@3 g) in EtOH (5 ml, freshly distilled from Na). and the soln heated under rcflux (5 hr). 
After cooling and removal of the bulk of the solvent, the mixture was diluted with water (1Oml) 
and extracted with ether (3 x 4 ml). The ethereal layer, worked up aa above, gave a crystalline 
product (0.14 g, 22%) after distillation. On rccrystalliration from light petroleum it had m.p. and 
mixed m.p. l&114”, with a spa&run from epoxick L [a% +46.6’ (c, 2.17 in chf). (Found: C, 
66.8; 66.5; Ii, 11.3, 1@9; OC,H, 18G; active H, O-93. Cak.. for C&IWO,; C. 66.6; H, 11.2; 
1 x OC,H,. 209; 2 x active H O-92%.) Gas chromatography of the crude neutral fraction showed 
no ‘normal’ or ‘pukganolii’ type esters. 

The aqueous layer was acidified (HCl). and extracted with ether (6 x 4 ml) aml the ethereal 
layer then dried and treated with freshly distilled diazomcthanc. The solvent was removed. and the 
product distilkd to give a lactonc-hydroxy ester mixture (0.36 3. The mixture contains 2% of the 
trans.trant-hydroxy ester III. and approximately 2% of methyl 3-mcthylcyclopcntanrboxyIatc, 
as shown on gas chromatography (butancdiol succinatc). The tranr.tranr-hydroxy ester III was 
then separated by preparative gas chromatography (LAG2R-446.160”. 2% ml/mm). Its IR spectrum 
and retention times (Apiczon L, butancdiol succinatc and SE30 columns) correspond to those of an 
authentic specimen.‘ The remaining product, on gas chromatography (SE30), was shown to consist 
of the cb,trmu-y-lactow IX (SO’?) and the trunr,cfs-hydroxy ester VII (20’~). This mixture was 
separated by preparative gas chromatography (SUO). The ci.r,tranr-;hlactonc IX was identified by 
comparison of its IR spectrum and nteotion times (Table 2) with those of an authentic specimen.* 
The truqcfdydroxy ester VII was charactcrimd by the actions reported below. (Found: C. 
65.9; H, 10-S. C,,HIOO, rquiru: C, 66.0; H. 10.0%) 

Reactbn of the e.twx&ie V with sodium hydroxide in aqueous ethanol 

Fulcgonc cpoxidc V (SW mg) in EtOH (4 ml) was ad&d to 4N NaOH (3 ml) and the mixture 
heated under rcflux (5 hr). The reaction was worked-up as above. giving a neutral product (20 mg, 
4%). The methyl ester fraction (470 mg) was shown by gas chromatography (Table 2) to contain 
a ‘oormal’ hydroxy ester (possibly VIII, 51%) [z]n -23” (c, 1.9 in chf). The truns,cLr-hydroxy 
cater VII and the cti, trans-y-lactone IX were obtained in a combined yield of 247-t with the 
trcuu,truns-hydroxy ester III, (9%). Again, the products were character&d by gas chromatography, 
and by comparison of IR spectra 

Reactbns of the trans.&hydroxy ester VII 

(a) The trwu. cf.r-hydroxy ester VII, (R - Et, 50 mg) was heated under r&u (5 hr) with EtONa 
in EtOH (1 ml, 048N). After mling, the solvent was evaporated, water (0.5 ml) added and the 

l Cf. Ref. 4. 
t The fraction contains approx. 20% of the trmv,clrutcr (VII). 



1128 G. W. K. CIsvItL and C. D. HALL 

mixture oxtmtod with ether. Tbc etbcrcal layer, afkr drying pnd removal of 5olven~ gave a neutral 
polynuak frauion (10 mg. 200/3. The a- layer was ociditkd (Ha), and extracted with ether. 
This ethereal extrau was treated with NaHCOm. wk~~ the cl,rr~-$actone (20 mg) ranained 
in the ttbcrval layer. The aqueous layer was re-acid&d (HCI), rc-extmctcd with ether, dried and 
then treated with excess of a diazomcthane aoln. Evaporation of the solvent gave an ester frauion 
(7 mg). shown by gas chromatography (Table Z), to contain the clr,rrcrru-plactone Ix (20%) and 
the rrmu.cLrsstcr VII. (80%). The ovuall ratio of the cLr,rranr-y-bone Ix to the rrum,&-hydroxy 
ester VII is 5: 1. Under similar conditions, the rrcmc,rrmu-hydroxy cstcz III was not cpkcrized. 

(b) The ester VII, (20 mg) was rcfluxcd (8 hr) with McOH (0.1 ml) and 10N HCI (35 ~1). The 
solvent was evaporated and water (QSml) ad&d. The mixture was then extracted with ether 
(6 x 05 ml). washed and dried. Removal of the solvent gave the CL. cLs-y_lactom X, (10 mg, 6Oyd. 
Its IR spectrum and re&ntion timea (Apiaon L, Butanediol UrdRBte and SE30 columns) corrapond 
to thor of an authentic specimen, prepared from cis-puk@c tid.* No other prod- were 
idcntikl. 

Attqted epherizarion of the cis,cis- and cis,tnuu-y-lacroncs 

Attempted epimerizatioo of the cb,cf.r+actooe X, (200 mg) with EtONa in JZtOH (0.5 ml. 1N) 
kd to the my of the c&.&-y-lactonc X, (172 mg, 86%). m.p. 48-49” from light petroleum. 
Walla&* reports m.p. S&Y’. No rrans. nmrr_hydroxy atcr III was M on &rs chmsna~phy. 
Similarly, an attanptcd cpimerizatioa of the cLt+fr~-y-hactonc Dz (50 mg) resulted in the recovery 
of start@ material (37mg, 740/3. No additional ‘pulwolk’ prod- were datactad by gas 

ChnJmatography. 
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l Cf. Ref. 4. 

I* 0. Wallach. L.&b&s AM. 392,49 (1912). 


