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In our oontinuing studies on the reactions of

terpeno oxides2 we wish to report the following cases

of stereospeolfic epoxlde ovenings in the p-menthane

series.,
XX E;EE E;;E
I 11 III

The peracid epoxidation of limonsne: (I), menthene-1l
(7I) and menthene-3 (III) leads, in each case, to
aporoximately a 1:1 mixture of the corresnonding cis
and jzggg epoxidess as would be exvected from the
recent findings of Rickborn and Lwoad. Althquph
the cis/trans evoxide mixtures are separable by dis-
tillation only with difficulhy, they ma& be separated
conveniently on a 15 ft. 15% Carbowax 20M on chromo=
sorb W GLPC oolumné. In each of the threa'oasesbcited,

roaction of the cis epoxide (IVa,b,0) with a sodium
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(a) Rl- CcHs, RZ'VCQCHg
(b) Ry = CHS, Rp= CH(CHz)o
(0)- Rl= CH(CHs)z, R2= CH:,

acetate buffered solution of acetic acid leads exclu-

sively to a single oroduct containing trans tertiary
acetoiy and secondary hydroxyl grouns and trans 1,4-
‘alkyl grouos (VII a,b,0), as would be expected by an

~ extenslon of the RMirst-Plattner rule5 to monocyclic
aystemssa, assuming that Ry "fixes" the conformation of

the cycliohexane ring system. Simllarly, reaction of the
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6
trans epoxides (Va,b,c) leads predominantly to epoxide

opening resulh!hg f{rom cleavage of the "equatorial”-G-0
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linkage in the transitlon state (VIII) to afford the

diaxlal products (IXa,b,c) with secondary acetoxy and
tertiary hydroxyl grouns. The vroof of structure in

each case follows from nyrolysis of the acetate to

yileld mown produc tsz T .

For example, (¥)-cis=3-
meﬁthene epoxide (IVec) affords a hydroxyacetate (VIIc)
which pyrolyzes at 390° to a mixture of (X)~trans~3-

menthené-5-o0l (X)7a and (¥)-menthone~-!lsomenthone (XI) in

2q0° wH wWH o WH oH
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701 7oK

XII Xv

a product ratlo, 7:3. The (*)-trans-3-menthenc epoxlde
affords a crystalline (¥)-hydroxyacetste (IXc), m.p.

88.5-89.5%, which pyrolyzed et 450° to ?t)—trann—?—
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mentheno-4-ol7h (XII). In each case, the infrared
spectra of the pyrolysis products were superposible on
those of authentilc samplesvf"b.

,

Further structure proof
af (X) came from hydrogenation .(PtO; = ethyl acetate)
zo a mixture of 887 (¥)-isomenthol (XIII) and 127 (%)-
.neomenthol (XIV). Hydrogenation of (XII) afforded trans-
p-menthan=-4-01 (XV).
The high degree of stereospecificity In these
epoxide opbenings leads us to pronose the following:

(1) The apprecilable amount of abnormal,
"dlequatorial”, opening observed with
nucleoshilic reagents oh Qonocyclic cls-
1,4-d1alkyl cyclohexene epoxides (1223
infra) does not necessarlly arlse from
reaction of the less stable conformational
1somer8 (as 1s observed in conformationally
moblle cyclohexene epoxlide systemsg) but
rather, verhaps, from the inate difficultf
of nucleophillc displacéments'at tertiar§
centerslo.

(2) The 4-al¥%yl substltuent dekerminas Hhe con-
formation In which'the 2&3- and 33333-6-
1,4-alkyl substituted cyclohsxene-1,2-
epoxides rcact wlth acldic reapgents (1.e.,

10Ac) via a normel, "dlaxial", opening

(First-Plat tner Rules).
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Thus the 1lithium aluminum hydride (LAH) reduction
of (+)-cis-1,2-limonens evoxide (IVa)z’a'lla affords a
produot ratio of 157 cls-g -ternineol (XVI) via "effective
dlequatorial opening" and 853 (+)-neodihydrocarveol (XVII)
via "normal diaxial openingh. “71th other nucleophilic

reagents, l.e., dimethylamine, the percentage of

. . 11b
"diequatorial” opening ls even greater (30-407 e
| _
LY O, > ,
“ :ZfZ&Q:S;Z —
X
Normal Twist «.n\ Normal dlaxial
diaxial/f g dlaxial A & inversion
Vi
CHy
T .|

XVII
There are two ways in which such dlequatorlal oneninrss
may»occur;'(a) through diaxial oneninz of the less stable
epoxlde conformer with subsecuent inversion (process
ﬁA") or (b) via diaxlal opening of a "twist" transition
state‘(process "8"), Irnasmuch as there should be a
considerable sterlic (shielédinr) effect exhiblted by the’
"ax;al"‘4-alky1 grouo.on the Incomine nucleonhile in

process "A", in additlon to the already enercetilcally

. unfavorable evox!de conformation, we tend to favor
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process "B",

In the opening of the cis-dlalkyl epoxide (VIc) with
acetlic acld, althourh Rl is'i;opropyl and R, is methyl,
only & single oroduct 1s obtained (governed by diaxial
opening with R2 ecuatorial). Therefore, even though the
1,4-d1allkyl substituted cyclohexene epokide has been .
oostulatedlz to assume a "nearly chalr" conformation in
the reaction transitlon state, the l-alkyl substituent
plays 1little or no dart in determining the conformatlonal
preference of the translitlion statels., It is »robabdle,
therefore, that the transition states for the reactlons
of the.gig/}zggg-l,é-dialkyl cyclohexsne . enoxldes as
1llustratled above (VI and VIII) are a blt exaggerated,
since to develop a true "chalr" conformatlon the C-0
bond must effectively be broken (or at the least very
stretched). Transition states such as (VId) and (VIII4)
might be better reoresentations. In such transition
statés, eas thé protonated oxirane starts to assume the
status of an ex!al hydroxyl there 1s still effective
ovorlap between the p-orbltal of oxygen and the vacant
p-orbital of the "inclplent carbonium ion". Since Ry
in such a transitlon state for the cls enoxlde (v1)
can be nelther axlal nor equatorial 1t should not have
any effect on conformastional nreference (as 1ndeed 1s ¢

case). Such overlap would be less favorable for a
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dlequatorlal ovening (which 1s not observed for the cis
epoxides of type IV). The small percentage (ca. 109) of
an "effective élequatorlal opening_" observed for the
trans epoxides (Va and VD) may occur by either a orocess
of type "A" or "3" (vide suora). Althouch the results
opresented do not distinculsh between these two mechanisms
1t 1s apgaln feasible that procéss "3" may function inas-
much as the normal dlaxlal ovening of a "twist" conformer
of (V) would be enhanced by formatlon of an inciplent
tertliary oositive carbon center.

In any event, the sterecspecific cpening of 4=
alkyl substltuted cyclohexsne epoxldes, counled with the
convenlent nyrolysls of the resultant hydroxyacetates
affords an excellent method for the preparation of

specific allylic alcohols.
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The term l-alkyl and 4-alkyl substituent refers to
the systematlic naming of cyclohexane systems in
reneral. Therefore, In each of the cases clted
ere, the alkyl substituent substituted on the
epoxide bearing carbon is the l~alkyl substltuent.
The fact that the l1sooropyl sroup Iin the 3-menthene
epoxldes 13 on the 4-carbon atom according to
nomenclature In the p-menthane systems thus should
not confuse the reader in the Iinterpretation of
the general effect.



