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p-menth-3-ene

lllerltll-2,4(8 )-cliene (14), and p-melltha-3,8(9 )-di-
ene (15) C*1I he selective y hydrogenated indi-
vidldly 01- irl dmixture with ewh other in the
presence of other non-c onjug, ated p.mem
thadiews to yield mixtures of p-menthenes in
which the .3-ismner predomill:ltes over the 2- or
4(8) -ismvsr (2 m 6).’ IIydrogenatiun c~ltalyst, for
cmample Ni, Pd, and Pt iu small nmollrlts; hy -
<hogen pmssu re ~ of 0-200 If)/U”; and tempe r;t-
tuw of 25-150” are recommended. Ni catd ysts
are IIs!ltdly preferred. An additional quota of the
:3-isonler is oht:lined by treatment of’the cllt rich
in 1>-tllerlth-4( 8)-erlc: (6) with an acid isorneriz.t-
tion cuto]yst suc h ;1s wicl clay, s(llfhric acid, or
I)erlzell<:s,lllonic aci< i h%ixtures of p-mem
ttl;dienes witll a hixh propotiiml of the conjm

gated nwmlwrs amenable fbr the ;dmve proct3ss

we deri vml in general trom lllollo -terl]crloicls hy
mixing them with mineral or strong org:lnic
acids :ul(l emtlls ;~t o tcmperatl,re of 50-177. ”
rtlllS, {?-rncJ1ltll;ic{ieltes cnmmlting tro!n decycli-
zatiou o I a -pirlelle (16) with 50-5,5% H2 S0, have
been s[wcessfhlly conve,twl to (4) owr R;mey
nickel.]’

Tlie selective llyclr[}gc;ll:lti[~rl {)f (+ )-1>-mcm
th;L-~3(9)-dicrle (1.5) with cliis(]l)~Ltyl:ll limilltll~l
hydride yiel[ls (+ )-1]-mentl~-3-ene (4).’” Tecllui-
ctdly 1]-nlenth-:3-c,lle is :dso produced hy rduc -
ing 1]-t11eT1tt1:icliet1e,5 with llexyl:lrll irle-c:llcilllrl in
:tn ineti solvcnlt.’’ t]’]

2. l>isl>()r~><)tii( )ll,~tic)rl-C;lt.tly tic(lis~>ruil(ltiion-
atiou of p-mt:rlthdielws provides ;t very com
vt, nient mllte to 1>-rtlerltll-~3-erle. The mtwhani snl
of this tl,trlsfi>rrll:ttil>rt emerges from the work of
Eschimuzi und Pines.’” T1lIM, the dispropmtiun-
ation of (+ )-limo nene (8) with palladium
hyclr(]xi(le-l~~iritlll) sulfite catalyst proceeds in iit
Iewt two steps, tlw first of which involves a very
rapid ;Incl exuthennic hycimgen transler ill
u,hich two moles 01’ (+ )-limmwue dispropotiion-
ate into one mole of 11-cymcne and one ,mole of
ymentlwne, fi)llou,ed I),y a second slower step
ill which tllree molvs of ~].menthene <lisprupor-
tiollate illto one moll, 01 1>-cymetle an(l two
lllOlt)S of p-mcnth; t!w:

(.A) 2C,, H,, ~ C,,lll, + C,, H,,

(B) 3C,0H,, + C,oll,, + 2C,0H,,

When the reactiml is intel-rupte<l at Stage A as a
result of thermodyn; lrnic equilibrium the P-
rnentherws lilwrated include: 59% l]-mentll-:3-
ellc.

What is epitomized in Stage A is the
frmnework OF the p:ltent granted to Bain mtd
C:~rv.2<’ l)-hierltl~:tcliel les utilized we from the
CI;LS; cor~sistillg of (1 1), (1~3), (14), (15), (17), :~lld
1~-T~~etlt]l,l-2,4-[liel~e (18). The process eomsists of
simple l-~fllwing OS the selected p-menthdiene
>Llldlllr llli XtUrt’ C,O1ltaillill K the sL1lll~ with a slll~dl
Limo IIrlt ol a hydrogen tltio n c~ltal yst, tor example
R:mey nickel, nickel lbrln:lte, m 5’% pdl;idium

on carho”; the reactic,n is terminated at the Close

OS Stage A and is tracked through hmmine titr:l-
tion; the original nun-he nzenoid skltur,lti<j” Il:is
to he reduced to - 25% and at most to -7570,
Such J drop in unsatumtion, which is f’urther
monitored hy spectrochemicd methmls, l]mck-
ets with optimum yield of ~>-me”tll-3-ene.

(+ )-Lim<>nene has been catalytically dispru-
potiion: (ted by trwlsitiorl metal oxide ciittdysts in
a stirring autoclave, fixed bed, or continuous
fluid hed at 300-50W,21Z4 A mwel and highly
selective catalytic system, nam+:]y 1 :9-nicke-
lnol yhden urn oxide (prepared hy decompo siti””
of a cryskdlizahle and water soluble arnmon iurn
nickel rnolyh(lttte, (N H,)6Nihfo,03, . 611,())
supported on silic;i-chrom ia 01- alumina which
coutains nickel in the uncolnmon tetmt, alent
stute and tllus radic+i I Iy ditlers from other mixed
oxide cutalysts, yields a high mtio of })-menth-
3-eT1elll-,T1entll-l-e[le. Using this catalvtic sys-
tem. p-lnenth-3-er)e may he ohtainwl as high as
20-30% and rmiy he separated I)y fictional dis-
tillation and huther pltrificd hy :wtivattxl si liwd
gel.” e-Pinene (16) and isoprene (19) Can ;1]s0

.1 fserve ii.s raw mater ia ,s or this pmce.s,s.
Hydrogen transfer reaction 01’ this p-men-

thadiene leading to 1>-nlenth-,3-ene has also lxx”
noted in the presence of Chasov-JnrrskY clay;
metallic catd ysts s Iwh M those containing Cu,
Ni, and alkali hy{imxides; and ]apauc:se iwid
cl:ly.’’’-’l~

l:rom 11-VIL?lLth[L1l(lk and their <lwiuatioe,: A
technical route to ~)-rrle lltll-;3-ene consists 01
cyclinx i)-mer1thom8-ol (20a), its ether (2oh) Or
ester (WC) derivative, or a mixture 0[’ p-mew
thalt-8-ol (2(k1) ad p-menth-l -01 (20d) over a

dehydmting cattdyst, e.g., “Tonsil” or Mg$(PO, ),
at :300-50(~ .26.Z7 Evidently, the initially formed
1)-me ntherws (6, 7, 2 and 5?) converge OIL the
title compmmcl. IT) o U.S. pdtent, ymentharl-8-ol
(20:,) oht.tined hy retluxing terpineo] (21) with

menthol (22:1) in pwse nce of ;+ hydm~ren;lt i“r]
catalyst 11,1s Ileen Sl,ccessslllly Converted to 11-
mentlA3-elle with NaHSO, at 10(P,ZH

Chemetron Corpomtion exploits slow distill,l-
tioil of ciillY(lro-a-tel-l] illYl ether, e.g., 8-meth-
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clxy-~]-rllel~th~ll~e (201>, x = OCH, ), in the pres-
ence 01 an nlk;incsulf’onic iicid to split off
rneth;tnol and stimulate the Inigr;lt ion 01 the

doul)le lmncf into the ring to pruvidc l>-nleutl~-

3-elLt!.”

Of pms ing interest is the Lwt that p-menth-3-
ene is o}]tained I)y dehydration cd (20a) under
pressure with aqueous MgC12 tit 230-24 (Y’(’ By
refluxillg with KHSO,, cis-1)-rrlent}l:lll-4 -ol (20<:)
is I-cported to yield exclusively 1>-menth-3-elw
(7596).3’

l{udloit hus c<)rl~I)rc:t]ellsivc:ly evaluated the
dehydr; Nioll 01 a mixt(lrc of cis - aud trims- 11-
lll~llth,lll-t i-()] (20:1), ;1s well >1s the pure
stereo isome !-s, llsin~ a variety of reagents. ” Fol
t,xampl c!, the mhydmus sdicylic twicl-catidyzcd
rewtio!l tdtords primarily 11-)llerltll-4( 8)-erle (6), d
srrlNller mnouut 01 isomcric 1>-melltll-%lle (7),
w}l ich fin~ll Iy re;mungcs to 1>-lllerltll-Z3-erle.

‘~r:ltlsfor,ll;iti<)”s ()f l]-rrlelltll:lll -3-i)ls :md their
cfel-ivativcs t{) 1)-lnenth-:3-ene h:tvc hec:n
thoroughly ex:tminc(l, These conversions are
hrielly I)rojectcd here, })yp~~ssinp, the slll)tle
re:wt ion !mecharlism which 11:1s been highlighted
i n ;dvwwed monogr:q]hs.

~]-Mer]tll-3-ene is obtained from menthol (22>1)
hy reaction with H, SO,, 1,, oxalic aci<l, lmric
aci(l, allhydmus copper slllfh, KIISO,, anhy -
drows ZnCl,, PCI,, activated cudmn, SiO, gel,
ali(l Al,0a.’3 -<’ Conlp:wed to lnentlml, neomtll-
thol and neo-isomenthol (23a tmd 25a) undergo
nlore ficile dehychation to ~>-lllenth-3-erle.t’,4~a
Menthyl chloride (2211) und neomenthyl
ehl oriole (2.31)) {Indergo dehydmch Iorinaticm to
1~-menth-:3-ene, and the conversion :Ippruachw
ils IIigh m 997. with the latter deriv:ttive.4’,48

with mi Iine, 4-clll(],-o-1)-,llentl~ :lne (2ftf) derived
I,y culmination of’ p-menth;me in CCl~ knms
(+ )-1]-nle,,th-3-,:,, c.115

WC: h:%ve alredy emphasized the difficulty of
oht;lining optic ;ll]y active l)-rrle lltll-<3-t:nc.
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~yrolysis of the esters, such :1s methyl-( -)-men-
thylxantlmte (22c), (-)-menthyl acetate (22d), and
(-)-me l,tllyl henzoate (22e), is a sig”ificiiut
teehnique to get (+ )-11-]rlerltll-3-erle .’’-ti4 lktm
sylation of the sl,llbnatcs (22(1, 2:3,1, 241), and
9,511) of the isonwric !menthols also Ie;ds to l>-
l)le,ltll-3-t} !1c,63,6’-”

(-)-hfentllyl~~,l, i,le (22g), (+ )-,lt(,tnc:rlth)l:llllirle
(23d), (+ )-iso,tlerltllJ,l:illlillt (24c), m,d neo-isw
rllc,llttlyl:lrllir~e (25c) may tdl lx: lltilized M a
source of (+ )-1>-rlletltll-3-c:llc ill vwyirlg yields hy
tlw wti<m 0{’ uitrous wi(l upnll them.’’, w,s””’”
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p-menth-3-ene

Thermul cleco, nposit ion of the opticu! Iy nctive

stc:]-c: {]-is []rneric {llerlt hyltri] rlctt)Y l:~]rlrnonill]ll

hy(lr[)xi[les (22h, 23e, 24[1, ,LIICI 2,5d) discloses

the F.Letthat tile neonwnthyl ml<] r>e<]-is<)lrlel]tllyl
<Ieriv:,tiv<.s (24(1 ;incl 2,5(1) undergo n]khssive cOll-

versio!l to (+ )-]> -171cr1tl B-,3-e:rlt~.7’

Frotll 1,8-cirleole: Excellent conversion 0{

1,~-cille(>le (IX)) to (t )-1) -lT1(lltll-:3-(llc ]1>1S I]ccn

t~cc,O1lll>lisllc!(l I)Y I)yrolysis over JiLpane.se ncicl

clay ;lt 20(F.118

[;rorft 1)-trIe]tl/L<>rLIJtIeY: W’IM;I, pItlc;g(,nc (26) is

allowed to relet with PC],, it allp:ircntly

enolizt,s ;Lnd yiel[ls the vhlol-idc (27); the ]attcr

I)y re(lllcti<ln wit], so[lillm ;Itld alcohol gives

11-rllt:tltll-:3 -e13e.7z-7< liydrq~enolysis 0( (+ )-p\ile-

Wlnv (%) With N 3:1 Inixturv ot.k]~;l, :Ll)d LiAIIl,
in ether tik)rds ltl;linly (1 )-~>-l)lvlltll-;3-elle;.Ts Fi -
nitlly, car,t,, ]one hydrwone (2,8) is convertetl to
1)-mcntll-3-env I)Y distill atio,l uith KolI.7ti

$0Q’k“’,. 27 2s

29

.,, .”.,,,.=.
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c, ,=, , ,= 2=”

d, x = .,0. ”,, ”=2.”

,) x= ”=,,, z=.
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Reactions

Notwitllst~~rlclirlg tllc gl-et~t simplicity OS stnlc-
t\lre, ]>-mcntll-3-elle has Iwc:n :ul irlte resting and
ciulllenging stihstrittc tbr concentmtec] :ITICI itm
p)-cssive (Iisl)lay of syntll(!tic expertise!. This

phase ()[’ the chemistvy of the hy(hocwhon will
IIOW Iw cmlsi[lew cl.

HT{(/f-(lg(> llfLti(ltL: lIyc!rl)gi:ll:lti(lll llf (+ )-11-

m<..lltl1-:3-t,ne in gl:lcittl acwtic ;wicl at 4 utm ;1)1<1

rIIOI II teml)(’ratl]re ovl:r Admn’s pto, cilt;ll YSt
gives [1-mc.uthaue (1) (cis, ,55%; t,-:ms, 45%).7’

k’r(>tT1i)l({tiorl: III gltlciill :wctic ;wi(l, (+-11 -

,nentll-:3-cl)e ahs(lrl)s 1.94 at(~tllic eqltiv<d?llts 0(
hmmil)v with evolution of Iw:tt to give (+ )-3,4-
clil>ro:llO-lJ-lllentll:illc:” (2%), Im]ld)ly a lnixttlre
of sterc<)- is<llllers. ” llel~rO1llill:lti<>rl 0[’ this de
rivativ< I)y relluxing with zitlc dllst in ethmolic:
wlutioo Iilwmtes tlw p:lwnt lly(lroc:lrl)(lll.’” 011
tile, other hLLnd, clelly(lrol)l-(Bl, ]it1;1ti07)” I,y rcflux-
il]g with ethanolic KOII generates the Y.Lre w

rn(lltll:L-2,4-[licllv ( 18); I)Y retlction mith %~i ~LTl(l

JICOII 013 this hy(lwc,wlx)n rc.velts tl) l~-l)l~,ltll-:~-

,,11?.”

Allylic hnnuiuatiol] of (+ )-wmerltll-3-el~e {)Y
N-l] B-(~ltlO-stlccirlilrli<le> gives 11-l~lelltll-3-crl-5-y]
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bromide (30a) which })Y stirring with sodium

fonnate in formic ucicl in clioxme solution is

converted to the tormate (,30h; R = H). UPOU
L-eaeting with N:~CO, irl wlueoits CH, OH, this
ester Iurnishcs (* )-tr;,,ls-~,-,xle,ltll-3 -e,, -5-<>1
(30.),5’

Cltlorination: OIIe of t}w ewiting reorg;iniz:i-
ticms 0S 1>-rnenttl-.3-cne is thmuzh chlorination.
L,lrge quantities (>1’5-clll(]l-< )-1)-rnerltll-:3-elle (30(1)

with S171,L11CI- amotlnts of :3,4 -clicll loro-L)-t~lel l-”

thmle (291)) m fol-me(l h>. chh)rin:ht io!> of 1~-

nlentll-,3-cllc sllital)ly ot 90-12(~ il’ the rt; action is

carried olk in tlw liquid ph;lse, or dt 20(T it Ixlth

I-c:tct;lllts :Lre to lx enlIIloyc:(l ill the vapor
,lhtlSe ,78 ,~lI~S(~ (l~riv~lti~es ilre pre C’UrS(ll S Ilf tilt’

m?mhcrs ot’tlw lnerltllO1le -r7>erlt11c)l limlily .7”

liven IIII({CT milcl conclit ions, tllc allylic
chlorine of (30(I) l-c~:dily exchznges for Ihydroxyl
to give 1>-l,lelltll-3-e[l-5-111 (:30c), I)ut tllc
<ielly[ll-tlcll lorill:lti orl-lly<lrolysis of’the [Iichlori(k

(291)) dern:Lnds In<),< rixo,-ous con[liti<>,, s. Au
ecorlolllic:ll hydrolyzing system is CXCC.SS of
,Lqueolls SI1lI-TY of Iijne. Tempcratlll-es l-ec’Ol71-

]mel)(le<l ilre [)s the order ()(’ 125-177 and 17!5-
20(.Y fbr (30d) an(l (2911) respectively, imd the
time reqtbirc(l depends 011 axitatiol) :Incl pres-
ence or :Lhsenc(: of e)nulsil’iers.’n The dcoho]
(30c) is ewily oxidized witll CI(), -11, S04 ,nlix-
ture to the kct(>ne (30e). Dc:lly(lr<)clllorirl:lti or~” UI
(K)d) hy rcflllxirw with :Ilcoh(,lic; KOII Ieds to
1]-lllerltll:t-2,4-clielle (18), a hydroc:ulwn which
dso sttms fhnu (2911) I)y processing with c:tl-
cium llydmxide.7° 1)- Merlthenyl t~nlines are
fc>nmxl from (30d) IW tre:htment with :unlnonia,
prilnary, or st!co))dtlry amines.’i Esters al]d
ethers (30d mid 301) al-(; pmd(iced I’irom (t30d) I,y
heating it with alkali )netal s;tlts 0[ c:ulmxy]ic
wicls m]d itlkali nlet:ll alcolloliites uncler slIl)-

sttlntiitlly al,hydro[(s con[litious reslxctively.”

Corlversiorl of L1-ltlerltl,-3-e,,-5-ol to v:du,Il]lv
3-oxywn:@J (lerivtltives Ii L]-ltlenth;lnc w,hivh

f 1 ill flitvors MI(I )neclicinal prc:p:mti(tnilre Llse 11

is :LlsO &scril)t, (l.7’

4

x,

3,
,, x=.,,=,
b) ,=”, ,= O.O,

,, ,=”, ,=0”

,, ,, .,,.,,

,, x,=,

,) X, .,,,..

,) ,“. ,..

A k

,! 32

., ,=. . ,= O.,

h, ,.,, “=,,

c, ,“=,

I1!~clr(>io[lir t[tti[]n: Baeyer notecl tllat the tL-e:ht-

mcnt of 1]-mentll-.3-c1le with an acetic :lcid sol It-
tion 0S Ilydmgen iudi<le :dfbrils 4-iodo-1>-lncm
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thiinc’ (xlc) .80 Its <Iecc]!?l!)<)siti(]!) with silver :wc:-

tk~te ill ocetic :tcid gives the correspo,lcling

ncct:ite whi[., h IIp OIIs: Lpo IIi l’ictLt ion of’f(>mls w
][1vllt])nm4-ol (20 F). Altel-natively, the latter is

(]l>tainccl by the tction of moist Ag, O on (29c) .81
However, t}w ,m~xt thcile route to this alcohol,
klmwn sinec 1843, is I)y I,exting ~1-mentl,-3-cnc
with tl-ieh lorowet ic wid tt 70-9(P for ,30 mi n and
:Lzitatillg tlw l)rocluct u, it}) potash for 12 h,-s ,w,~
This siml)le cou”ersio,, (Icserves lurthev
scn!tiny au{] ;qqx>ws to he m> economic mute to
this I’,Lre :L]w]lllI.

Haloll!vdritl .I(, rfuat ion: Al,pl ication 0[’
I]r(]]nille water to (t )-L]-]rlerltll-:3-c:llc gives ;L
,mixt,, w OF (i2,.W l>m,uollydrin (C,o H,,013r) ancl
37.1% dil]romide (C,0H,8BrZ),’0 On the other
Il:tnd, Tau;tkil 11;1s i,,<:(>qmmtcd hypochlorous
:111<1hypoimlous wi(l to tlw hy<[rocarlmn ;L7)cI se-

criw[l the wspective halolly(h ins,””

().sid(i lion: W(. (IWC to W’;t,guer the cl:issiul

i]lvc. stig:tion which h;Ls throwu light orl the colL-

stit{ltion 01 [3-, )ler]tll -:3-e llt.—oxi(l:ttic )11 witll l%

Kklilo. :Lt -(~ u,ltich resulted in the isolation of
the glycol (29(.). ketone (291), ;Ind fl-meth>,l

acli})ic :wi(l (,31 ).8s

.A(ttoxi<l:lt ion ,)t (t )-1]-luet~thel,c: ;kt ,5(Y au(l
und?v the illR1l(,llcc III’ Itltruviolc>t li~ht gives

~1-Tlle,ltll-:3 -erl-2-llyclrc> llc:r{>xi<lc: (tK2a) and sm;d]cr

q~mntities 01 1>-lllerltll-3-erl-2-(Jl (321)) mld 3,4-

ell(lxy-11-lllt’tltll;llle (3~3).” So\,iet che, nists have

St, !died the kin?tic. s of this a{ltoxidatiol, LLILC!

lIave con I’irmed tlle f(>m);~tiou of the hydro-
Iwmxide (,32).86,87 MI? and Co salts ol’ c:whoxylic
acid twilitatc tile pewxidittion stel).

Accordinx to Ohloll’ ;tncl uIIcI:L, the photoserl-
sitized oxidtlt ion ot (+ )-~l-]rle llt}l-,3-erle Ietlcls to
R,e illlylllyclro}]eroxi(les” NIIC1these hale ken
I-e(llwe(l I)y sltllmte(l sl]dilltrl sldi’ite sol,ltiou .60
The U1COI1O1S idelltifie[l we: (-)-tr:~!]s-[]-l]~elltll-
2.e,I.4.,11 (]4), (.)-c is-~>-,uerltll-2-em4-ol (35),

(-)-tr:lll s-11-lrle,ltl,-4-t:ll -:3-ol (36), and (+ )-cis-l)-
lllc!rltll-4-t: rl-:3 -(11 (37).

Q Q ;Qo,Q ‘q’...

,7 36

,, ,,,.., ,?=O

b, R , ,..., ,”..

,, R . CW@”, ,=, “:0.

A lnmjor hreaktllr-ol, gh in tlw Inoclilieation III

1]-l)]trltll-:3-el)e is achieve(l with <>mne.

Ozc,nolysis 0S 1]-menth-:3-cne giws esse,lti~llb
3,7-cl i,,!ctllyl-6-keto-(} cti!l (38<,) with a sprinkling

ot ;l,7-cl irnethyl -6-kc, to-<)cttinoic” acid (,3811), Ig~,88
Ilydroge nation 0S the Ibrmer in pmsc”ce of
Rauey nickel m copper chromitc cwtdyst gives
qluultitatively 3,7-cli)lletlly l-1,6 -octCirlecliol (38c);
tllis Klycol is also ohtainecl fro)u (3811) hy reac-
tion with LiAlll,. Dehydration 01 (J38c) with
A1203, HC104 or KIISO. htrnishes citroncllols
(39).’’’’,8’,” The lramewurk k),- this exploitation
of 1>-menth-3-ene appems to have htwn worked
otlt I)y Sieuliml, who decomposed the ozcnlize[l
products with LiAl H, to (38c) alId distilled the
latter with 20% 11,S0, to yield citronellols (39).’0

Lead tetrmcetate oxidation of 11-mellth-:3-elle
IVcis I)een reported hy S:ltl>:“ The hydrolystlte 01
the rewtion mixturv invlll(le(l cis- and trans-~)-
mentll-3-erl-2-ols (40), L>-lrle rltll;i rlc-3,4-cliol
(~$)c), ,,,,<1 t,,,,,,.4.],y,l,,, xy,,e<,,,,c,lltl,,,l (41). 1,1

pwsing, it may lw mentioned that tllc rcwtion of
(40) with pd]adiunl II clll[mide, LiCl, and CO
gives (Ii-11-cllll>rol)is-[ :3,1,8-tritlhilJt<l-11-lrlelltll-3-
cnc) pall:l(lilllu (11)] (42), w!]ich cwnttlins the
only cwnccivahle tetr;ls t]l>stitt,t[:(l 7--: Jlylic sys-
tem which llas IIot iuvolved dmstic rc.arrmlge-
]mcnt [)fthe lnenth;me rimx systeul.’Z

Retween C, :h,,d C, active metllylc:, ]es in
(+ )-~)-,rle,]tl,-3-er,e, trrt-hl,tyl chromate prc:fc,r-

entiidly att.l<!ks the one rem<]t{, fm)n the iscl -
propyl gmtlp, presum:ih[y <Ilte to steric inlli-
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p-menth-3-ene

hitiom-the contrib,,tion from the methyl group
in this respect being negligible-to give pre-
dominantly (+ )-cwvenone (32c). The spmingly
I iberatwl pmenth-3-en-5-one (30e) is opticall y
inactive and its forma tiou is hooked to url -
specified intermediate radicals,”

p-Menth-3-en-5-one (30e), p-rrlenth-3-en-5-ol
(30c), and di-(p-menth-3-em5 -yl)selenids (43)
are the products released in the uxidation 01
p-menth-3-ene with Se02.53,$J95 Japanese inves-
tigators have found that the oxidation of (+ ).P-
menthene with SeOj in a mixture of’ glacial
acetic acid and acetic anhyciride results in p-
mellth-3-en-5-yl acetate (30b, R = C H,) in addi-
tion to the above ketone and alcohol; the hY-
droxyl group of the alcohol and the acetoxy
group of the ester apparently possess tmns-coll-
figuration with respect to C,-Me,si C,-tdlylic
hydrogens are notably spread in this reaction,
The premmsors o I these optically inwtive procl-
lwts involving C,-methylene may be the initially
fbrmed resonance hybrid (44). Capture by (44) of
the hydmxyl ion 01 water (which is considered
to he produced by the attack of Se02) or the
wxtoxy ion of the solvent leads to the alcohol or
acetate respective] y, App] ication of .stereo -

elect runic principles to the formation of
wlenium (II) ester (45) from (+ )-1] -rnenthcrle
and the spectrum of pathways available for its
clc>c[]lr~po.sitic)rl CW1171i natink, i n racem iz;ition htls
Im:en recently elucidated.” However, OhlofI and
Uhda have isolated the acetate (30b, R = CH,)
in their work on ~~-llle ntll-3-elle; and its
saponification with KOH k)llowed by oxidation
with MIIOz gave pwtiidly mcemized ymenth-
3-eI1-5-mle (30e):”

LA
,, 40 4! 42 43

44 45 4. 4,

Acylating oxidation of (+ )-p-menth-3-ene with
mercuric acetate gives largely the mcemie ester
(3011, R = CH,) which can be saponified to the
mrre.spending alcohol (30c).’7,’S

It lnay be recalled that (* )-1>-lllerltll-3-elle
gives (* )-p-mentbwl-3,4-diol (29e), m.p. 76.5-7T
with 1 ‘/0 KMnO,, apparently h y cis adcfitiml.* 6,54
Decyclization ot3,4-epoxy-1,-mentl~ane (33) with
10”A HzSO. at O’ furnishes a similar diol, m,p.
75-76-.’4 On the other hand, an inactive, trans (?)
diol, m.p. 950, hw heeu prepared from (* )-3,4-
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qwxy-p-menthane.” Naves added a new dimen-
sion to this cwnfhs ion by isol~ting ill the per-
formic oxidation of (t )-1,-menth-3-ene, a diol,
m.p. 76-77, which is assigned cis- structure by
slender comparison with Wagner’s sample .gg H+
dehydration of tbe diol yields a mixtu l-e of

(* )-menthone and (f )-iso-menthrme (46) cmm
baining 60% of’ the fhnner?g Another route to (46)
is by decomposition of the formate (29g).u$ The
above sterecm hemica I corltmdictions were re-
solved by Japanese workers through infrared
Spectmscmp y.54 The (+ ).p. n,erith ;l-3,4-cliol, nl. P.

76,5-7T, generated by perfonnic acid hydroxy -
Iation of (+ )-p-mentll-kne, is deciphered as
(+ )-trii”s-4-hY(iroxy neornentbol (41). Piriacolic
dehydration of the latter fhrnishes a mixture of
(– )-menthone (65%) JIIC1 (+ )-iso-menthone
(35% )5’ The conversion of the diol and its mono-
and di-tormates to the mentlmne isomers is u
key step in the synthesis ofmenthol?T.lOQ- IO%LIL

Contin{,ing tbe chemistry of the diol (47), uxi-
datiun with tert-b{ttyl chrum:(te or chromium
trioxi[le -I>yriclillc complex afforcls (-- )-4-
hydmxymenthune (47); of interest is the tict
that the Huang-Minlun reduction of (47) fur-
nishes (+ )-p-me ntlu3-ene awi ~>-menthan-4-ol
(Z(fe),swwm

Oxidation of p-men tl]-3-ene with perhenzoic,
peraeetic, or monoperphtbalic acid le:lds to 3,4-
eT>c)xy-1]-rnentllane (33),8’,8’,’ 03,’0’,’0’ A~itation
with methy l-, ethyl-, propy l-, b{lty l., or amyl
alc<>llo l-hy[iroellloric acid converts it into p-
me ntkl-,3-m~e (29h), essentially WI isomer ization
which is also accorn PI ished at 250-2EXY in the
presence of SiO,, MgSO, on pumice, CU
pymphospbate, or Al,0t?~.8+Ln5 Whereas catalytic
bydrugenation by Wil Istatter’s method produces
p-men thane, conventional reduction with
LiAIH, in EkO gives mainly pmentharl-4-ol
(20e); but if the reaction mixture is deprived of
ri~o and the mass heatml to 87=, t}le product

oht;i ined is essenti:d Iy 1]-mentham3-ol (22:1). 59,”1
Ou the other hand, Ilydrogenatioll 01 the oxi(le
with a catd yst 01 Pd(O Ii), without a carrier Ic-
sults in a mixture of alcohols, bydrocart)nns, and

ketones which have not ham properly chuac-
terizul.’”’

The gec)metrical isomers constituting tlie

epoxide rnmy be separ.ited corlverliently on a

15-lt 15°A Carbow,ax 2,0M on Chromosorb W

GLPC column, reven]ing :lpproxirn>~tely a 1:1
mixture of the cis- and trans-epnxidc (33a) and
(3311)?0’ Reaction of’the (* )-epoxide (33a) with a
sodium acetate buffered solution of acetic wid
leuds extensively to the hydroxyacetate (48)
which with pyrolysis at 39(P leads to a mixture
of (f )-trans-1>-mentb-4 -en-3-ol (36) :~nd (* )-
~llenthotl-isornelltll[>ne (46) in a product ratio of
7:3, Under similar conditions, the (~ )-epoxide
(33b) af’ti)rds (* )-hydroxyacetate (49) which cie-
composes at 45P to (* )-trans-1>-menth-2 -en-4-ol
(34). The pyrolysis of the l,yclroxy,,cet:,tc?s pro-
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vides ml exce]lent route to the allylic alcohols?””
From a theoretical mgle, thew epoxide opem
ings disclose a high degree of specificity-m
would be expected }]Y <In extension of the
Furst-l?lattner ride-to the monocycle system,
assllming that Ii “fixes” the conformation of the
cyclohexew system.’on,’a’

Earlier it U,W mentioned that LiAll I, reduc-
tion 01 3,4-e !)llxy-1)-rne:lltll;lrle letlcls to l>-
mentluu-4-ol (2 W). In a comprehensive stldy,
Bowman aud Jackson founcl that the tram-
epoxi(le (3~3h) is ]-educed more readily than the
cis- iso,ner (33:, ).” The fi)rmer affords ti-ans-l]-
lnenth:l-4-ol (50) and neoisornenthol (23a), and
the latter cis- nnd tr>lns-~)-lnerlthtlr~-4-o I (51 and
50). This inclicxtes thi~t the decyclization has oc-
cllrred with prefewnt ial f<]rrnotion 01 cfiaxial
sul]stituents.fi’

JyRz f=” $.”
., ., m

R,= Cl+!c.,),. P&c”,

5! ,, 5, 5.

Alumi n unl isopmpoxide (A IP)-catal yztxl rt!ar-
mngement of 3,4-epoxy -1)-rllclltllar>e has yielded
irltere sting results?’” The electrophilic attack of
AIP on the cis-epoxide (33,1) :lt ca 120-1300
C:illses almost unilateral cleavage of’ tile 3-
memlwre<l rin Arat tlw most substituted <,-carbon
with synch l-onizecl /3-pr@on elimination from the
least sul)stituted carlmn to yield tfi~ns-p-merltl~-
4-ell-3-ol (36). Under the same conditions, the
sister isomer (33h) ,-cnmims passive. At elevated
temperatlwes 0{” 150-17 (~, the trans-epoxide is
convertrd into a mixtlue 01 cis-1)-mentll-4 -em
3-01 (:37), trwes ol’ cis-pulegol (52), tmd stlhsta)l-
tit~l :tn]o[lnts of 1]-l]lellth:l-~3,8 -clie!lc (15) and
1)-]lle!ltll:t-2,4 (8)-ciiel,e (14).

We credit Eschirl;lzi with an exceptionally
valu;lhle process fhr the conlrnercia] production

of rnentlwl Irom i>-m~ntll-3-ene. ‘“ This is based
on the kict tllat if iL mixture 01 cis- a]ld trans -3,4-
e{>oxy-1]-mcntt~:~rle is hydrogenated in the IJrcs-
ence of fianey nickel under suitahlc conditions,
tlle cis- iomev is suhstimt ially converted to a
single hydroxy coInpo LInd S(LCII as isomcnthol
(241). The isomentlml is then remranged in the
kuown m:mncr to ,nentlml (22a); 11+ ctttalyzed
isol)leriz ation of the llnscathc<l epoxy-l>-
mentlmne gives mentllorle; ancl the Iattvr cm? he
processed to mvnthols I)y hydrogcnatiml in the:
presellce of knowr] cilt:tlysts SUC1l as copper
c h ro m it c.

\7i(rclY[l c/ll(]ri fL<iti<>rL: M<,dilicotio, )s of
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p-merlth-3-ene tllrougll rlitrosochlorin;ttic>n”
illitiatect hy Krcmers and coworkers have
gained momentum ovt!r the years.36, a’,’” Both
optically active an( 1 inactive n itrosochlorides of
the hydrocarbon are cfescri})ed in litertl-
tL,re,19a,49,71,116,118,11,Spectr:l] At., (IR and PMR)

are in agreement with strllctllre (,54) for the ni -
troscjc~ll<)ri<le,,zo With pl-imar>, and secondary

arnines, the nitmscwhloricle yiel(is nitmkunines
of the genercd fbrm ula (55). Dellydr[)ll~llogerla-
tion of the nitrosochloricte ilf’lorcis the: oxinle
(30g); IIpon hydrolysis this oxirne Iiirnishes Ll-
,T,cnt],. s.r,,.s.<)”e (30e),, Y,a,36,37,tt7,118.121,122

Ifwmeriz[Ltion, [lis?Jr[){l[)rti[ >7L[Lti[)fL, delt:\dro-

ge7wtion, aml dirlLcrizfLtion: Contact isonlcrkLa-
timl 01 1>-menth-3-ene ovvr Sio, d 375-45fY to
live-membered hydrocarbons 1,;,s Ixxm repo~tecl,
hut the cat;dy sate requires Surther scrlltiuy .4’ A

mixt{me of 11-cyIrIcne (12) and p-nlenthonc (1) is

formed hy cyclillg 13-lrlentll-3-ene over 1’(1-

ashestos ;lt 175-18(~ or over red{mxl (lt ,lt 290-

30(J’.’2”4”4 Sulfur also dehydrogenates l>-tnenth-

3-env to 11-cyll>elle.’” Heating i>-mentll-3-e]le
over actiwitcd guml)riu day gives l,2-di methyl-
3-isol>r(>l>ylcyclolleTlt:lrle (56) and dirnel-s.”6

Prim thermal t-e(Lction: So]xmif’icatioll of the
thermal condensation product of 1>-nlelltll-3-ene,
I):ir;tfi)rlrl:~lclell ycfe, :md acetic an hydride ut 180-
22(F dfords 3-llyclroxylllethy l-~~-lller~th-4 -elle
(57), an assignment clinched km IR :md PIvIR
&Lt:l,l,, IIowe”er, the t<]nnation of the isonlel-ic
~.llyc{roxY1,letl, Yl-1)-Il~er~th-4 (8)-cllt, (58) c~l,lll~t,

hc CX&I&C1.l’slxO rh~ c~lt.ll~ti[:ll)[lrox~,~~,tl,~,lOf
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p-menth-3-ene

the alcohol, which rethserl resolution hy both
fractional distilliltion an< 1 g:ls I iquid chmm;dog-
raph y, res uits in ~j.k yclrorn ethyl -~]-tnenthtllle, hut
in the present context this reaction lMS no di:ig-
,l~sti~ “~, I,,r, IZ7-IZY OrI the other ha”cl, oxickltion

with potwsiulll perrn:irlg:ln;@ gives :Lcetone,

projcctiu g the pre sencw of the iso-prol] yl idcne
,nuiyt,,,12n.lzY Iwcspect ive of thr apparent 111iXe[l

lnixture nf the h ydroxy deriwdivc generated, this
corlc[en s:dinu rewti<>n opens tlp m] interesting
mute to compounds (]f’the p-ret. nth<me series.

itfi[;t-t)l)ic)li)gi[;[ll trfLrL,Yf<)rr7t[1ti(]t~: A I)ovel

mocli[ic:dion 01 (* )-1] -llle:;ltll-,3-e rle with ;L soil

IIseIIc{OII1<)I1:tcl (PL stmin) results ill the lbrnltc-

tinn of 1]-][>erlttl-:j-erl-l-(11 (60), [x-t: tllyl succimic
acid (61), l-lly{lrox y-1> -ltlerlt ll-f3-c;ll-9-oic acid
(62), ;IU<I l-lly<ir(>xy-i) -tllelltll-3-c,,, -7-oic acid
(63).” The h~dmcnrhon ]acks the I :2-douljle
bond w}lich provides the necessmy chemical
Ioc,ts O( :Ittack hy the l)act~ri:ll enzyme i,,
bringing alm,lt ;L cletiv+w 01 the cyclol,t:xene
rin~r Iv, hydmt ion ofan l~,fi-llrls:tttlrLltioll wljacent
to cwlmxyl KI-OUI] derived ir<)ln the 7-lnetllyl
WOIIP. F!ltiher study ill this wea is likely to Im
ww:wding.

l[i)<lr<,l)[)r<ltii> rt: Filltllly, we shall consider the!
Inosi otltstall ding utilizatinll of (* )-l)-l11er1t11-~3-
ene, tlw prepimdion of mentholx via homu con-
plex. Atlti-hlt lrk{)wr~ik off stereospeci Iic hydro-
horation ofthe tlydrocarlmll leads to :1 lmixturv of
I-aeemie mentllol (22:1) :irld ismlnenthol (24a)
whose ratio cwn l)e vwicd delx:,, ding ltpm, tlw

experimerltthl collclitiolls.’5,130’31° Process {t]r lMe-
parinx optically tlctive lnenthol lrOIII (+ )-l>-

nlenth-:3-crle revIIlves 011 hor<lnes ll:lvillz tile
k,rmilln BHR2 where R is :LI1 opticully wtive
hydmcwlm,, r.,dic:tl.’x’ A great utlmhe:r 0S opti-
cally wtivc hydr{x:ldwus can f[>nm the stLl)sti-
tuted Imnmcs, I){(t tlle [)l-c&rred ones me (*<r-
pint:lle and (– )-<x-pincue.’:” .~sym!netric syrl -
tllt!sis of (– )-nlt!lltllols (2221) tmd (– )-isomenthol
(24:1) by hy(lmlmration of (* )-11-lrle:lltll-:3 -clle
with ( + )-#11()rl<]i.s()- I]ill()c;t >lll)l]e r1yll){)r;ll1<: de-
rive(l hwm (–)-(l S:5S)~l-pincne I]as Iwcn de-
scrihml hy Japanese workers.’”

lntroductioll nl optically ;wtive solvent in the
llyc{rol>i)r;iti<)ll step is COVCNXI hy the p:ltent
gmnte(l tn C1]lg:itc-Ptll,llOlive COmIMrly.’a4 This
reslllts i,, the prnductioll 0S mentllo]s with
greater pmportioll of tlw active compollents. A
pmtivulwly tNetul optics Ily uctive solv~nt in this
process is (– )-tllenthyl-ethyl etlwr.”4

Summary

Here :111>Itfenlpt 11;1.5h?en made to poliray the:
k:llci(ioscopic chetllistl-y OF 1)-r~]er>tl]-:3-e,lc, the

lnost ,Lristrocr:dic IIIenlhev of the p-lmenthene

series. ,rhe cxploit~d ion 01 the rciwtivity iJs -
sociate<i with the doul>le imnd has spmke(l im
vestig,dions of K1-e:d theort:ticd ;Lncl indllstrial
value tind Ilmre thtm allytllillg else paved tlw
w;ty li)r I-OY:LI entl-y into the nwllthellyl, tllell-
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thanyl, uncl citmnellyl series.
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