
Tetrahedron Letters No·. 43, pp. 3829-3837, 1965. Pergamon Preu I.td, 
Printed in Great Britain, 

CONF'OR'.~ATIONAL EF'FEC TS IN 'lliE OPEN.INu OF 

QJ.§/TRANS 1, 4-DIALKYL SU3Sl'ITU'illD 1, 2-

CYCLOHEXENE EPOXIDES WITH ACETIC ACID 

1 
Jolm C. Leff 1ngwe 11 and E. Earl Royals 

Denartment of Chemistry 

Emory University, Atlanta, Georp,ia 
(Received 23 August 1965) 

In our continuing studies on the reactions of 

terpene CJxides2 we wish to report the following oases 

of stereospecific enoxlde ooeninea in the 2-menthnne 

eorioo, 

I II III 

The peracid epoxidation of 1imonene · (I}, menthene-1 

(II) and rnenthene-3 (III) leads,. in each case, to 

ap~roximately a 1:1 mixture of tho corres~ondlng ~ 

and~ epox1des3 as would be exoected from the 

recent findine:s of Rickborn and Lwo3d. Althqugh 

the ~/~rans epoxide Mixturos are sepnra~la by dis­

tillation only with difficulty, t~oy may be separated 

oonvenion tly on a 15 ft. 15~~ Carbowax 20M on c.hromo­

sorb W OLPC column~. In each of the three. oases cited, 

reaction of the~ epoxide (IVa,b,o) with a 'sodium 
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{b) R1: CH
3

, ~: CH(CH3)2 

(o) . R1 : CH(CH3) 2 , ~: CH3 

acetate buffered solution of acetic acid leads exclu-

s1vely to a single :>roduc t contai!ling ~ tertiary 

acetoxy and secondary hydroxyl srou~s and trans 1,4-

·alkjl ~ouos (VII a, b, o), as would be ex pee ted by an 

extensio!l of the FUr~t-Plattner rule 5 to nonocycl~c 
3a " " ~5ys t~!!\S , assLU!I1!1g t!'la t R2 fixes . the con.ft>rmA tion or 

the cyolohexane ring systen. SiMilarly, reaction of the 
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~ epox1des (Va,b,o) leads predominantly to tllpoxJ.do 

opening result:1ng !rom cleavage of -tho "equat,r!al''-C-0 
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,linkage 1n the trans! tion s ta. te (VIII) to afford the 

d1ax1al products (IXa.,b,c) with secondary a.cetoxy and 

tertiary hydroxyl erou~s. The proof of structure in 

ea.oh oa.se follows from nyrolysis nf the acetate to 

yield known products2
• 3a. For examole, {±)-cis-3-

rnen thene e_poxide (IVc) affords a. hydroxyace tate (VIIc) 

which pyrolyze~ at 390° to a Mixture of (±)-trRns~3-

~enthene-5-ol (X)7 a and {±)-menthone-isomenthone {XI) 1n 

XI X 

IX c. 

XII X.V 

XIII 

~ 
VIIOH 

H :: 

""' XIV 

a. 'product ratio, 7:3. The (±)-trans-3-mcntheno epox.lde 

affords a crystalline {:t)-~yc!rox:r9.cet~t.e (IXc), '"·'?· 
,, 

SG.S-89.5°, \~hich pyrnlyz.ed at 450° to (t)-tram:-2-

'8Jl 



'7b menthene-4-ol · (XII). In each oase, the infrared 

~~ectra of the pyrolysis products were superpos1ble on 
7a b 

tfl.ose of authentic samol?~/ ' • further structure proof 

at (X) oame !'ro!:"' hydro gena t1on .(Pt02 - ethyl 'acetate) 

~o a mixture o! 88~ (~)-1somenthol (XIII) and 12% (±)-

· ~oenthol (XIV). Hydrogenation of (XII) afforded~­

~-menthan-4-01 (XV). 

The high degree of stereos~eci!1o1ty in these 

e~ox1de openinss leads us to propose the following: 

(1) The ap?reciable amount or abnormal, 

"d1equator1al", open1n~observed with 

nucleophilic reagents on monocyclio ~-

1,4-dialkyl cyolohexene epoxldes (vid~ 

~) does not necessarily arise from 

reaction or the less stable conformational 

1somer8 (as is observed in conformationa~ly 

mobile oyolohexene epoxide system~9 ) b.ut 

ra~her, perhaps, from the !nate difficulty 

or nucleophilic displacements ' at tertiary 

oenters10 • 

(2) The 4-alky.l ·subs ti tuen t determines the con-
. 6 

forr.ation in whlch'the cis- and tra~s--- ---
1,4-alkyl subst1t~~ed oyclohexene-1,2-

epox!des react with ac1d1o re~eents (i.e., 

~!0Ac) via a normal,. "diaxial", opcnine 

{?iirst-Plattner Rule 5 ). 



Thus the lithium al~~inum hydride (LAH) reduction 

of (+)-~-1,2-limonene e~oxtde (IVa} 3~,lla affords a 

product ratio of 15% cis-,8-ter'!)lneol (XVI) via "effective 

.d1equator1al ' openlng" and est (+}-~dihydrocarvool (XVII) 

via "nor~al . d1ax1al openlne"• ~ith ot~er nucleophilic 

reacents, i.e., d1methylam1ne, the percentaee of 
. llb 

"dieq~utorial" openin~ is even ~eater (30-40~) • 

M 

·M,o~ ~ 
· CH ~ 

3 

Norma~/ 
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~~eH3 
,, ,~ -r-rormal diax!al 
A \&. inversion 

There are two ways in :vhich S'lCh dlequa tor lal O'!?enln p:s 

may occur; ' (a) t~rough diax!al o~enin~ of the le~s stable 

epoxlde conformer with subsequent l!lversion {process 

"A") or (b) via .diaxial O!)ening of a "twist" transition 

state ('!)rocess "!3"}. Inns~uch as t~ere should be a 

considerable sterlc (~h!elc~nr.} effect exhibited by the · 

"ax~a·l" . 4-al'«:yl rrou':') on the !nconb~ nucleon~lle 1n 

process "A", in addi t1on to the alr~n c! y ener:-et!.cally 

un~avorable epox1do con~orna~1on, we to~d to ~avor 



prooe:!ls "B". 

In the opening or the ~-dialkyl epox1de (VIo) wit~ 
/ 

aoetlc acid, alt~o~ch R1 1s · 1sopro~yl and ~ 1s methyl, 

only a s ln[•le oroe.uc t 1s obtained ( p;overned by diaxial 

ope:1inc \'fi th R2 e(!ue torial). Therefore, even though the 

1,4-diAlkyl substituted . cyclohexene epoxide has been 

oostulated
12 

to as~~e a "nearly chair" conformAtion 1n 

the reaction tr~~sit!on state, the 1-alkyl substituent 

~lays 11 ttle or no part 1n de term1n1ne the conforms t1onal 

preference or t~e transition state13 • It is ~robable, 

there~ore, that t~e transition states for the reactions 

of tr.e .sW,tre.r.s-1,4-die.lkyl oyclohex9ne ,. enox1des as 

1llus tra ted above (VI a:1d VIII) are a b1 t exas~;era ted, 

since to develo~ a true "chair" conformation the c-o 
bo:1d must effectively be broken (or at the least very 

stretched). '!7ans1t!on states such as (VId) and (VIIId) 

mi g.h t be bet t.er re!)resen ta tions. In such transi tlon 

:statt'H3, as the !)rotonated oxirane starts to assume the 

status of an axial hydroxyl there is still effectlv~ 

ovorlap between t~e p-orbltal of oxygen and the vacant 

p-orbital of t~e "incipient carboni~m ion". Since R1 
in such a transition state for the cis e~oxioo (VI) 

can be ·neither a:xial nor equatorial it should not have 

any effect on confor::1ational n.reference (as indeed is~­

oase). Such overlap would be less favorable for a 



VId VIIId 

d1equator1al o~enlns (which 1s not observed for the ~ 

epoxldes of type !'1). The small oercentRge (ca. 1~) of 

an "effective diequatorlal o?ening_" observed for the 

~ epoxides (Va and Vb) ma:r occur by e i thor a nroces s 

of type "A" or "3" (vide ~}. Al tho 1.1[':h the results 

oresented do not dtsttn~utsh bet~cen these two mechanisms 

it is ap.ain feasible that process "3" may fQ~ction 1nas-

much as the normal diaxial o~en1n~ of a "twist" con~ormer 

of (V) wo•.1ld be enhanced b~r for":''a tto!1 of an incipient 

tertiary positive carbon center. 

In any event, t~~ sterecspecific cpening of 4-

alkyl substituted cyclohexene epoxldes, counled with the 

convenient :>yrolys1s of the resultant hydroxyacetates 

affords an excelle:1t method for the p:-eparat.ion of 

specific allylic alcohols. 
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(l~). The term 1-alkyl and 4~alkyl substituent refers to 
the systematic naming of cyclohexane systems !n 
~ral. Therefore, in each of the cases cited 
ner~the alkyl substituent substituted on the 
epoxide bearing carbon is the 1-alkyl substituent. 
The fact that the isopropyl p.roup in the .3-rnen thene 
epoxides is on the 4-caroon atom accordinr, to 
nomenclature in the p-menth~~e syste~s thus should 
not confuse the reader in the interpretation of 
the eeneral effect. 


