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CHAPTER I

INTRODUC TION |

Limonene and & =-pinene are widely distributed in
nature and are produced economically in commercial quan=-
tities. The epoxidation of these compounds may be carried %
out by several methods, the peracetic acld epoxidation

process beling the commercial method of cholce.

| The epoxides of limonene, carvomenthene and o-pinene |
;have found uses as organic Intermediates on a very limlted °
éscale. FConsequently, the stereochemlstry of these epoxidesj
éand their reasction products has been generally lgnored

‘until recently. From the stereochemistry of the reaction |

;products of substituted cyclohexene epoxides, it 1s possi-

ible to show that substituents may fix the conformation of
the cyclohexane ring, thus determining which carbon-oxygen

bond will be broken in the opening of the epoxide.

In thls work a study of the aocld catalyzed hydration
rand rearrangements of d-limonene monoxide in a sulfuriec %
faoid - water system was ocarried out. Similar preliminary

work was also done on «-pinene oxide in an attempt to

i |
find an economical route to pinol. The stereochemistry of E
the products obtained by the action of acetic acid on the I
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epoxidegﬂgfié;iiﬁohéne, g-carvomenthene and dl-o(=pinene

T
|
|

was investigated. The pyrolysis of the resultant hydroxy- |
acetates and the stersochemistry of the products obtained
was also investigated.

Limonene monoxide prepared by peracid epoxidation was
shown to be a mixture of two isomers. Both a chemical and
physical method for the determination of the relative
amounts of the two lsomers present hsve been presented.

The stereospecific synthesis of each of the two isomers of:

limonene monoxide was cegrried out.

The reactions of limonene monoxide with lithium alumi-é
' num hydride and with powdered sodium were reinvestigated.
Cls- and trans-carveol, and trans-isocarveol, were

prepsred stereospecifically. Hydrogenation of easch of

;tural agssignments of the carvomenthols of Bese (l). On

;the kasis of this and other evidence, the carvomenthols

|
. these materials gave results incompatible with the struc-

;were assigned their proper stereochemistry. The confor-

Emational assignments of the carvomenthols were shown to be

fin complete sccord with all of the available experimental

. evidenoce.
The synthesls of several substituted 6-oxa-bicyclo-

[3.2.1] ~00t-3~8nes was undertaken in an attempt to shed

|

- some light on the internal ether - aromaticlty competition |

;during the formation of pinol type systems. A correction
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-ofwﬁ pfébésgd.ﬁécﬁanism for the formation of ﬁiholufrdm ’
o -terpineol dibromide was shown,

In the course of the synthetic steps lsading to the
substituted 6-oxa-bloyclo~[3.2.1]=0ct-3-enes, several
diene syntheses of Ilnterest were carried out. Diesne syn-
theses were also attempted on substituted enocl ascetates.
Dehydroacetic acld was 1solated from an attempted addition
of the enol ascetate of ethyl acetocacetate to cyclopenta-
diene. This acid and 1ts methyl and ethyl esters (enol
| ethers) were studied in order to ascertain the structure

of these compounds.
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CHAPTER II

HISTORICAL

The structures of limonene (I) and o -pinene (II)
were ascertained around the turn of the century. While it
is Impossible to adequately summarize here the prolonged
investigations carried out on these hydrocarbons during

the early years of terpene chemistry, it is sufficient to

say that the eluclidation of the structures of these com-
' pounds were two of the major problems upon which much of

Etha chemistry »f cyclic terpenes rested.

= ?
(1) (I1)
The important evidence which allowed the elucidation
%of the structure of the optically active limonene (the
?racemic form is commonly known as dipentene) was its rela-
 tionship to carvone (III) and « -terpineol (IV). Limonene
?readily formed a crystalline nitrosochloride (2) which,

when treated with base, was converted into carvone oxime.
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S
The presence of an isopropenyl group in dihydrocarvone (V),
prepared by the sodlum = alcohol reduction of carvone, was!
established by its oxidative degradation (3,4). Further-

more, X -~terpineol was shown to give limonene on dehydra-

oH
N N

(I11) (IV) (V)

' tlon (5). These experiments formed the basis of the struc-

ture proof for limonene. The synthesis of dipentene has |

. confirmed the structural assignment (6,7). é
I

: Limonens is abundant in nature, being the main con-

: |
stlituent of the terpene fractlon of a number of oils, among
them, the olls of bergamot, orange, lemon, dill and cara=-

- way (8,9)e

; No terpene occurs more wldely distributed in nature

~ than o« =pinene, It 1s the maln constituent of turpentine

and 1s found in most of the essential oills of the Ccani-
| ferae. The term "pinene" was glven by Wallach (10) to the

j hydrocarbon fraction of the ocil turpentine, bh.p. 155-650,

: but the name o -pinene 1is now reserved for a single ter-

~ pene hydrocaerbon. 3

As the author has reviewed the structure proof of « =
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6
pinene in an earlier work (11), this shall not be repeated
here. Several reviews are avallable dealing with the
structure proofs and general reactions of limonene (12,13,
14) and A~pinene (15,16,17). The natural sources and
general properties have also been conveniently tabulated
(18) , |

The autoxidation of limonene has been thoroughly
studled under varying conditions. Blumann and Zeitschel

(19) have shown that the autoxidation of dipentene in

moist air gives dl-carveol (VI) and dl-carvone (III) (20).,

Horne (21) has pointed out that the literature on the
' autoxidation of limonene might mislead one to believe that
E carvecl and carvone are formed in good yields, while in

aotuallty this 1s not the case.

OH
OH OH
X A
{ (VI) (VII)

i For many years the presumption was that the primary

. products of the autoxidation of limonene was the glycol

. (VII1), from which carveol was obtained upon dehydration of
ithe tertiary hydroxyl group (23). However, in light of the

istudies on the autoxidation of cyclohexene, the methyl
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7
| oyclohexenes and other cyclic elefins (23,24,25), 1t would
be mere reasonable to picture the reactlon as proceeding

threugh the hydroperoxide intermediate. Japanese workers

have reported that the alr autoxidation of limonene i
afforded less than a 20% concentration of the hydroper-
oxlde (26). The rate of formation of the hydroperoxide
was enhanced by benzoyl peroxide or heavy metal salts, but
this had no effect on the percent of hydroperoxide forma-~
tion.

The most complete analysis of the product mixture ob-

| tained from the autoxidation of limonene was reported in a

éseries of patents to the Glidden Co. (27,28). The hydro-

} peroxides formed in the autoxidation were reduced under

" alkaline conditions and the volatile organic material sube
;jected to fractional distillation. ILimonens (I), limonene-l

1,2-0xide (VIII), limonene-8,9-oxide (IX), cis- and trans=-

sl el

(VIII) (IX) (X) (X1)

- 2,8-p-menthadien-1-0l, cis- and trans-carveol (VI), carvone
%(III) and an unidentified fraction were isolated. From thei

iaqueous alkaline solution a mixture of organic acids was
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8
"recovered. In the autoxidation of carvomenthene (XI) and
& -terpineol (IV), the corresponding analogues of the com-

}
|
!
[
|
|
pounds isolated from the autoxidation of limonene were ob-}

tained (27,28). Schmidt has confirmed the formation of ggﬁ
carvone and dl-carveol and has also isolated a crystallinei
limonene-1,2-dlol (8-p-menthene-1,2-diol) (VII) (29) as

well as limonene monoxide (30). This glycol was 1dentical1

to that obtalned from hydration of limonene monoxide. Thej

limonene monoxide and limonene~l,2-diol were optically

active. Schenk, Eggert and Denk (25) have shown that lim=

onene hydroperoxide is photosensitive and apparently goes

through an allylic radical rearrangement to glve racemiza-
' tion. This leads to the conclusion that the formation of
? 4l-carveol and dl-carvone from limonene proceeds through
% the allylic hydroperoxide intermediate while the formation

of the other, optically acitive, products presumably

- follows a course which involves direct addition of active

' oxygen to the olefinic linkage. The limonene-1,2-glycol
Ewas considered to be a trans-dlol since the opening of the
oxide ring would be expected with an inversion of con-
figuration. This conclusion corrected Sahmidt's earlier

| erroneous ¢ls assignment (21,29-31).

The recent literature contains several reports of
kinetic studies of the autoxidation of limonene under %

verying conditions (21,26,33,34), |
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9
Carvomenthene (XI) which may conveniently be prepared]
I
by the partial hydrogenation of limonene (35-41) has been

shown to yield piperitol (XII) on autoxidation in the pres—@

ence of catalysts, but gives carvotanacetol (XIII) in the

absence of catalysts (42). As was previously mentioned,

0.0 ¢

(X11) (X1I1) (XIV) (XV)

| carvomenthene oxide (XIV) and 6is- and trans-2-p-menthen-
1-0l (XV) have also been obtained (27,28).

The oxldatlion of both limonene and carvomenthene by ;
- other reagents has proven to be of considerable interest.
The sctlion of mercuric acetate, Hg(OAo)z, on limonene and

carvomenthene in benzene has bsen thoroughly investigated

(43-45), the products formed being carveyl acetate and
carvotanacetol acetate respectively. It is interesting to
note that the mechanism of the reaction of both mercuric
» acetate and lead tetraacetate wlith carvomenthene must
érequire a step which will cause racemization in the re-
' sultant molecules as the optically active olefin gave a
?raoemic product (45). The racemization could quite con-

- celvably be simllar to that for the hydroperoxide of lim-
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10
usggﬂé>(é5;36),"presumably by passing‘througﬁ-én aliyiio R
resrrangement. The allylic rearrangement of acetates is a !
commonly occurring phenomena and has been used to advantageE
in a number of cases (46). Whether the rearrangement is

radical in nature or lonic has not been ascertained.

The action of mercuric acetate on carvomenthene in

| aqueous medla Eas been shown to yleld trans-p-menthan~l-ol

| (xVI) upon reduction of the mercurial (47).

e JeoM ;
—_ o/t .
NHQOBC—) —_—>
He* He"

While mercurlc acetate gave carveyl acetate from lim-

|
i
l
?onene, the action of lead tetraacetate showed attack at '
jthe isopropenyl olefin (48). First investigated by Ward
?(49), the products remained unidentified until Aratani (48)
ireinvestigatsd this reaction. The maln products identified
~were the dlacetates of l-p-menthen-8,9-diol and 1,8(10)-p-

imenthadien-Q-ol. Thus lead tetraacetate preferentially

Eattacked the double bond outside the ring rather than the
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11
endooyclic olefin.
CHy

CO,H

=0

aO—0

Hy
(Xv1iI)
The ozonizatlion of limonene led to the expected di-

ketcnic acid (XVII) which was 1dentical to an acid previ-~

ously obtained by Tiemann and Semmler (50). More recently

ithe oxidative degradation of the mono- and diozonide of
%limonene, as well as that of carvomenthene ozonide, have
%been studied (51).

| The action of chromyl chloride has been reported (52,
i53) to form an addition compound, Cyo Hj,* 2Cr0,C1lz« On de=-
}oomposition with water a mlxture of &-p-tolyl propaldehyde
gand p-tolyl methyl ketone were formsd.

? The oxidation of limonene with potassium permanganate
isolutions has been studied by a number of workers (50,54~
%56) and apparently proceeds by the scheme outlined on the
;following page .

' The actlon of dllute permanganate on carvomenthens
égave a ols-l-hydroxy-carvomenthol (¢is-p-menthane-1l,2-
édiol (XVIII) (30). More vigorous oxidation results in
oxldation to the keto acid (XIX).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




|

!
|
i
i
|

i

12

OgH
OH €O
ohH =t o
OH CH,OH CHy
X OH
cH3
COuH | COaH
CO,H CO*H co,H
uh
COosH

cn3

The electrolytic oxidation of dipenteﬁe has been

studied by Glasstone and Stanley (58).

(XVIII) (XIX)

Several confliciting results with regard to the oxida-
tion products of limonene with selenlum dloxide have bheen

reported. Schmidt (59) reported the sole product that

| was 1solated to be perillyl alcohol (XX), while Sebas (60) |

has found p-cymene along with other oxidation products.
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r,,,___,._._ [ :
CH,OH _ |

0 .'.OAc 1

OAc OAc

| ~N 3
(XX) (XXT) (XXIT) (XXITI) |

Perillyl alcohol was ruled out as one of the oxidation
products by Zacharewicz (61). However, the chromic acid

oxidation product of his primary alcohol gave a semicarba-

zone, m.p. 199°, The oxidation product of perillyl alcohol

- 1s dihydroouminic aldehyde, semlcarbazone, m.p. 198-198,5°
2(62). Carvotanacetone (XXI) was reported as the product }
%of the selenlum dioiide oxidation of carvomenthene (63,64)J
' In oconneotion Qith the selenium dioxide oxidation of ole=-
fins of thls type it was Interesting to note that «-ter-
pinyl acetate (XXII) gave trans-sobrerol dilacetate (XXIII)
when run in an acetlic acid - acetic anhydride solvent (65).
From the publiéhed results 1t was apparent that thls oxida-
tion ocan yleld a variety of products under differing con- |
ditions. The reported results were, in many cases, sub-

. ject to doubt and should be reinvestigated.

| The oxldation with Beckman's chromiec acid mixture

- ylelded homoterpinyl methyl ketone (XXIV) (66). The first

product of the reaction was o =terpineol which was then

oxldized to the ketolactone by way of the triol (IVa)
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inté;ﬁga{;EBIMMﬁgfé7fecéﬁtly'the éxidaﬁion df liﬁdnene and]
OH

OH

OH

(IVa) (xxXIV) (XXV) (XxxXv1) |
carvomenthene has been carried out with t-butyl chromate.
Limonene ylelded 21% carvons along with homoterpinyl methyi
ke tone, piperitenone (XXV) and lsopiperltenone (XXVI) (67).
Fujita and Matsuura (68) have reported a 57% yield of |

carvotanacetone as the sole product of the t-butyl chromate

oxldation of carvomenthene, while Dupont, Dulon and Mondou

(69) reported a mixture of piperitone (31%) and carvotan- |
' acetone (14%) as the products. %
‘ The oxidation of limonene and carvomenthene with
éreagents which cause epoxidation and hydroxylation were of

} speclal interest in this work. 5
Epoxldation may be defined as the reaction in which

- olefinic unsaturation 1s directly converted into a three
%membered cyclic ether., Génerally this transformation is
Eachieved by use of an organic peracid (70,71). A great
;deal of literature on epoxlides and their formation has been

émade avallable during the past fifteen years due to the

fgreat Industrial effort to find chemical intermediates for
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polymer sysntheses (72,73). No attempt will be made to

discuss the general prosedurss for epoxidation as they

have been adequately reviewsd elsewhere (74).

The epoxidation of limonene was studied by Prlle-
schasv (75) using perbenzolc acld as the epoxidizing agentJ
Prileschaei isolated both the monoxide (VIII) and the di- j
oxide (XXVII). Meerwein, Ogalt, Prang and Serini (57), who!

performed kinetlc studies on the epoxldation of a number of

1

(o} O
X
! |
| (VIII) (XXVII)

f terpenes including limonene, showed that the initial prod-
%uct formed was limonene monoxide (limonene-1,2-oxide).

ZArbuzow and Mikhallow (76) obtained limonene monoxide in

63% yleld with both perbenzoic and peracetic acids in

e thereal solution. The epoxidation of g-limonene has been i
done previously in this laboratory by Horne (21) and by
Harrell (77,78) using monoperphthalic acid. Recently

Goryaev, Tolstlkov, and El'chibekova (79) have modifiled
the procedure for the preparation of monoperphthalic acid
developed by Royals and Harrell (78), shortening the time

required for 1ts preparation. More recently the epoxida-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

1

“%lon of llimonene has been reported by Schmidt (29), |
Greenspan and Linder (80), Pigulevski and Khokhryakov (BI)J
Kuczynskil and Piatkowski (82) and Kergomard and Genlex j
(83)» Blum reported the preparation of limonene monoxide ‘
in 50% yield using succinyl peroxide (84). Commercially
limonene monoxide has been prepared by peracetic acid :
oxidation in ylelds up to 90% (85,86). The further epoxi-%
dation of limonene monoxide ylelds the dloxide (57,75). - |

As was previously mentioned, limonene monoxide has

been 1solated as an autoxidation product of limonene (27,

| 28,30). It has also been isolated by distillation from |
the essential oils of C. densiflorus (87).

Carvomenthene oxide (XIV) has been conveniently pre-

pared by the catalytic hydrogenation of limonene monoxide

(XIVv)
i using Raney niokel or platinum oxlde as the catalyst (80,

%88,89) or by the actlon of epoxidizing agents on carvo-

‘menthene (90,91).

Untll recently the only studies on limonene monoxide

were those involving further epoxidation (75,76,92) and
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those in which the epoxide has bsen hydrated to produce
limonene=~-1,2-diol (21,29,30,57,75).

The preparation of limonene-1,2-diol (8-p-menthene-

1,2-diol) was first accomplished by Ginsberg (93). L-ter-

pineol was oxidized to p-menthane-1,2,8-triol with dilute
potassium permanganate as described by Wallach (94) and
the corresponding triacetate formed. The pyrolysis of
this trilacetate afforded a fraction consisting of a di-
acetate which on saponification gave a diol isomeric with
sobrerol, melting at 63-64°, This glycol gave aVB-men-

thane-~1,2,8,9-tetrol on dilute permanganate oxidation thus

' Indicating that the glycol was an 8-p-menthene-1,2-diol.
| The acid catalyzed hydration of limonene monoxide gave a

- different glycol than that obtained by Ginsberg (29,75).

The stereochemistry of the two glycols was determined by
Blumann and Wood (95) and elaborated by Schmidt (30). The

hydroxylation of olefins with dilute permanganate gives

zcis-glycols (96) whereas the hydration of a cis-epoxide

generally gives a trans-glyocol (97). This being the case,

. by forming the diacetate of the two limonene-l,2-diols and

. preferentially pyrolyzing the tertiary acetate, the carveyl

. acetates were obtained. A fraction corresponding to cis-

carveyl acetate was the pyrolysis product obtained from the

glycol (VIIa) prepared by permanganste epoxidation. Trans-

carveyl acetate was the product from the glycol (VIIb) pre=
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'"535é5“£§”5§é£££i¢n'sf'iiﬁbnéne oxide. Thércarveyl 8ce=-
tates were identifled by saponification to thelr respec=

|
|
!
I

tive ois- (VIa) and trans- (VIb) carveols. Sword (98) has

(VIIb) (VIb)

| reported the preparation of what was undoubtedly the

- trans-limonene-1,2~diol (VIIb) by treating d-limonene with
a hydrqgen peroxide - acetic acid mixture and saponifica=-
' tlon of the resultant product. The hydroxylation of lim-
' onene to the trans-limonene-1,2-diol (VIIb) has more

3 recently been carrled out by Royals and Harrell (78) and

; by Newhall (99) using tungsten trioxide and performic acid

respectively.

Of the eight possible optically active and four in-

actlve modificatlons for the limonene~1l,2~-dlols, only

. three active and two Inactive forms of (VIIa) and (VIIDb)
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are’ " lmZ)v;n ( 30 ) ‘o | I[
|

(VIIa) (VIIDb) (ViIe) (VIIg)

The corresponding E-menthane¥1,2-diols (1-hydroxy-

carvomenthols) (XVIII) have been more throughly investi-

gated and the stersochemistry correctly assigned (30,100-

| 102) . However, the nomenclature, based on the incorrect

(XVIIiia) (XVIIID) (XVIIilc) (XvIIia)
fstructural assignments of two of the carvomenthols is in
%error (100)s 1In the discussion, evidence will be presented{
Ewhich will clarify this situation and bring all of the
?tarpenes whose nomenclature i1s based on the carvomenthols

%under the proper heading.

Neolimonene-1l,2-diol (l-hydroxy-neodihydrocarveol)

i(VIIb) was first converted into neomenthane-1,2-diol (1=

;hydroxy-neocarvomenthol) (XVIIIb) by hydrogenation (57).
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It has also been obtalined by the hydration of carvomenthene
oxide (30,100)s A second trans-diol, neoisomenfhane-l,z-
diol (l-hydroxy-neoisocarvomenthol) (XVIIId) was isolated
in small amounts from the mother-liquor of such an oxide ’
hydration by - Jefferies and Milligan (100). The direct
hydroxylation of carvomenthene with performic acid has

been reported to give the two trans-diols (99,102). Hy=-
droxylation (50,102) with dilute permanganate gave men=-
thane-~1,2-diol (l-hydroxy-carvomenthol) (XVIIIa). This
lsomer was also obtained by Jefferies and Milligan (100)

by treatment of carvomenthene with lodine - silver acetate
- water; by treatment with t-butyl hydroperoxide, and by
inversion of the bromohydrins derived from carvomenthene
oxide. These three methods also ylelded the fourthAisomer,
isomenthane-1,2-diol (l-hydroxy-isocarvomenthol) (XVIIIo)
in the reaction mixtures. Hydroxylation of carvomenthene
with osmium tetroxide and esterification gave isomenthane-
1,2-diol as the di-p-nitrobenzoate. The stereochemistry of
the p-menthane-1,2-diols was unequivocally determined by

chemical and infrared evidence (30,100,101).

oH

OH ol¥ o
"Hg,o

—_—

(XXVIII)
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~ Dehydration of the four p-menthane-1,2-dlols with
sulfuric acid gave carvomenthone (XXVIII) as the only

ldentifiable product in each case (57,100). Dehydration of

the limonene-1,2-diols (21,28,78) gave carvenone (XXIX) and

p-cymene (XXX). The carvenone was presumably formed

N N
(XXXT) (XX1IX)
<
AN \\\\5ls
I j —_—
~
(XXX)

lthrough the dihydrocarvone (XXXI) intermediate.

M11ld oxidation of neolimonene-1,2-diol, and of the
;corresponding saturated glycol, have been reported to

. yield the expected keto acids.

CHg

e}
Co,H
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" The reactions of limonene monoxide should combine the |
reactivity of an epoxide moity with that of a double bond. |
However, only relatively few reactions of limonene monoxide%
have been reported. In many of the reported cases, thse

epoxide provided a mixture of 1lsomers, the i1dentification 1

of which was incomplete. This, coupled with the misinter-

i
i

pretation of results, has led to a number of incorrect conp}
clusions regarding the stereochemistry of reaction prod-
ucts. Part of the difficutly in this field was that in-

sufficient evidence was avallable from which to draw

analogies with regard to both the reactlons of substlituted %
. cyclohexene epoxides and the stereochemistry of the ]
ﬁresultant products.

Before taking up the general resctlons of the epoxides
%of limonene, carvomenthene and o -pinene, it is necessary

to digress from the literature of these hydrocarbons and

their epoxides to that of epoxides in general (97). In

gthe mejority of cases, attack of the epoxide with nucleo-
%philic reagents is considered to be an SNy process. From ;
Ethe point of view of mechanism the stereochemical evidence |
is quite revealing. In SN2 reactions, Inversion occurs be=
‘cause of the approach of the reagent on the side opposite
the leaving group. Therefore inversion of configuration
fis the expected result of an SN2 mechanism, but is incom-

: i
-patible for an SN1 mechanism. (In acid catalyzed reactions
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e S . . N
the epoxide oxygen is initially protonated, but the process

is otherwise the same). There are, of courss, a few ex- 1
i
|

Y Y

R,

, LR | - R
e Tl e
N R ’
R3 (‘90 Rl ‘*R{ o |

amples of ring opening reactions which give retention of

configuration. These are usually found in cases where

neighboring group effects play an important rola.
f The orientational results with alkyl and cycloalkyl !
?substituted epoxides have shown that the incoming reagent

Enormally attacks the least substituted position (primary 1
ésteric effect) unless there are marked polar'or conjugativsi
;effects. While exceptions to this have appeared in the

~work of Mousseron (102-111l) on the epoxides of the cyclo~

 hexane and cyclopentane serlies, aspects of this work were
édisputed by three groups of later investigators (112-114) %
?and further substantlation has been conslidered necessary. |
%Notable in this work was the lack, iIn many cases, of the
?determination of the stereochemistry of the reaction

“produc ts.

The reactions studied so far have involved attack on

I
|

Ean epoxlde carbon atom by an external nucleophilic reagent.i
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If such a reagent 1s not avallable, its place may be taken
by a substituent in the epoxide molecule. This migration
. usually gives rise to a carbonyl group in the resultant
molecule. In some cases ring expansion or contraction may
accompany the rearrangement.

Rearrangements of epoxide molecules are usually
catalyzed by lLewls acids, but also may be brought about by
heat alone. As the reactions are normally catalyzed by a

Iewis acid (e.g., BF,-etherate), the entity that undergoes

3
rearrangement is not the epoxide, but rather its complexe.

- BF 5~ BF:

$ I 3 F 3 03

g+o\ ;‘oﬁ | € LR .
Re*” C/ Creip — Q .C Z _coRi5 R4‘E C" *
4-( \ | +l\_/7 \R;z. \R
R3 Rz_, Ry 3

The course of the rearrangement is governed by two

factorss the directlion of ring opening and the relative

imigratory aptitude of the substituent groups. Electron

releasing groups facllitate the breaking of the carbon =
oxygen bond to which they are attached, often determining
the direction of the rlng opening. Once the direction of

ring opening has been decided, there remains a choice

- between migration of the two substituents, above, Rg or R4e

;This 1s decided by the relative migratory aptitudes of the
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g;ouins. This order 1is gérierélly ai'y1> acyld H> ethyl >
me thyl.

Some epoxides rearrange to carbonyl compounds under

the influence of baslic catalysts. In these cases the prod-|

1
i
i
§
i
i
1
i
i
i
|
i
|

ucts may be different from those obtained under sacid con- !

R O
o /O\ 3\ ‘3
Ra"-.cé_.\cﬂ"g) _ R'.,.C——-—C"—R' —_— C:C——-R‘
12¢/ H ‘ © R /¥
2 RL 2
ﬁ R 72? /,R, Rs o
Ry—C—p C=Re g ¢ T
3 |
\ e
H > \R, H

ditions. Two related mechanisms, either of which may be
followed in a particular case, have been put forth.
In systems, such as the steroild epoxides, where the

ring system 1s conformationally homogeneous, the stereo=-

. chemlcal results of the epoxide reactions are readily dis-

i

- cernible (115). The direction of the epoxide ring opening

‘is such that they lnvarlably give diaxial products. This

~rule has been stated for the steroids by Furst and Plattner

!

i
1

(116) and extended to certain sugar epoxides by Mills

(117)« This rule is: "Either electrophilic or nucleophilic
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FIGURE 1

RULE OF DIAXIAL OPENING AND CLOSING IN THE
3/5, 4/6 ~-EPOXYCHOLESTANE SYSTEM
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opening of epoxldes affords'mainly the diaxial product".
The reactions of 38,48-epoxycholestanse (118) are typilcal
(Figure 1).

It is not immediately obvious why dlaxial rather than
diequatorial ring opening occurs. Elther method would give
inversion of configuration at the point of attack. The
fact that inversion does occur indicates that the opening
proceeds by an SN, mechanism. Assuming that the structure

of cyclohexene oxide (vide infra) 1s unchanged when it be=-

comes part of a sterold epoxide, schemes may be written for
the actlon of p-toluenesulfonic acid with 2X-3-epoxy-
cholestane to give elther a dlaxial or diequatorial product
(Figure 2). "It has been assumed that the stable chair
conformation of the cyclohexane ring is partly reestablish-
ed in the transition states. The fact that only the di-
axial product 1s obtalned must mean that the diaxial trans-
1tion state is more stable than the diequatorial one. That
this 1s so can probably be attributed to the more nearly
linear nature of the partial bonds in the dlaxial trans-
ition state, and also to the fact that the reagent is 1In
the same plane as the epoxide ring in the diaxial trans-
ition state (since partial reestablishment of the chair
confermation of the six membered ring must mean that the
partial bonds of this transition state have achieved some

equatorial character)" (97).
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FIGURE 2

TRANSITION STATES FOR THE OPENING OF THE EPOXIDE RING
IN RING A OF 2K «3X -EPOXY-CHOLESTANE
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these are exceptional cases which can usually be explained@
by the presence of factors causing destabllization of the i
diaxial transition state.

This brings to debate the case of substituted cyclo-
hexene epoxides such as the limonene and carvomenthene
oxides. Is the ring opening determined by the conforma-
tional influences of the substituents or by the primary
steric effect? This problem is complicated by the fact

that the epoxides formed by the peracid epoxidation

procedures could concelvably be, and often are, mixtures ;
of the two possible epoxides (82,119-121). A further com- '

plication arises in a case where the substituted cyclo=-

R

hexene epoxide may Interconvert between the two chalr con-
formations. An example of this last complication 1s the

anhydroinositols. 1,2-anhydroalloinositol (XXXII) theo-

retically may take up elther of the two chair conformaa

3 tions and if the First - Plattner rule holds, the two
possible products, neo- (XXXIII) and (L)~-inositol (XXXIV)
. should be formed. It was found by Angyal (122,123) that

- these two products were formed in nearly equal amounts,
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‘indicating interconversion of the conformations. Angyal
therefore contended that the apparent exceptions from the
Furst - Plattner rule in monocyclic compounds were not

due to "equatorial opening", but to the reaction of the

epoxide-in 1ts other possible conformation.

OH OH
OH — HO
O «—— OH
OH
OH o OH

j o

HO

OH
OH

OH
(XXXTIV) (XXXIIT)

Angyal warned, however, that predictions about the
~directlon of ring opening might not always be reliable
ibecause it would be difficult to presuppose the conforma-

" tion in which the epoxide would react.
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.AWﬁiiéiémﬁﬁﬁﬁef df ;ﬁﬁstiﬁﬁted cycloheiéﬁewééééiaéé‘"
have been prepared and thelr reactions investigated, the
stereochemistry of the resultant products was generally
ignored (97). However, several notable examples are
available.

Lemieux, Kullnig and Moir (124) have reported a study
of ¢is- and trans- lsomers of 3-methoxy-cyclohexene k

oxide, (XXXV) and (XXXVI) respectively.

OCHs
e
e
OCHs OH
O/y\
o) \
OC Hg OCis
o @ +
i
OHW ' OH
@OCH3 'Owa
(XXXV)
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From the reported results 1t was apparent that, at ;
least in the case of the trans- isomer (XXXVI), conventioni
8l conformational effects played a negligible role. How=-
ever, this was a system in which the methoxyl substituent,
belng relatively small, was quite likely affected to an
extent by belng alpha to the epoxide ring, and vice -
versa. The epoxide ring tends to "flatten out" the cyclo=- .

hexene ring in the same way as an olefinic linkage, caus=

ing the ring to occupy & "half - chair" conformation (125).!

A S |
| / :
e \\ //f\a i

Therefore, the substltuents on the carbons alpha to an
olefinic or epoxy linkage are imperfectly staggered and do

i
not occupy the normal equétorisl and axial positions; thesej

substituents are sald to be '"quasiequatorial™ or "quasi-

axial™, While substituents in the "quasiequatorial"

|
position are more stable than those in the “quasiaxial“-
position (115) they do not contribute as much to the con- !
fformational stabllity as do substituents further removed.
%It 1s qulte feaslble that this and the relatively small ;

size of the substituent allows the electronic effect of ;

the electronegative methoxyl group to dominate the orienta-|

fomme e s
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""EISBAof the ring opening. In the césé of fhé»éié;_iébﬁéfpé

(XXXV), the conformational and electronic effects compli- i
ment each other.

In the case of the lithium aluminum hydride (ILiAlH,)
reduction of the gis- (XXXVII) and trans- (XXXVIII)
epoxides of 3=hydroxy-cyclohexene, conformational factors
appear to play the decisive role (126,127). The formationi
of the epoxide by peracid epoxidation of 3-~hydroxy-cyclo=
hexene gave the ¢is- epoxide. Reduction with lithium
aluminum hydride proceeded by diaxial opening, the confor-%

mation being "fixed" by the hydroxyl group.

| on |
% OH E
— e —
|
(XXXVII)

OH

. @ LT —

; .'“oH

f (XXXVIII)

The allylic acetate gave predominately the trans- i

- epoxide which was converted to the epoxy alcohol (XXXVIII)

f and reduced as before. Agalin conformational effects deter=-
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[“mined the product. The ability of the "small" hydroxyl
group to anchor the conformation may well be due to the

complex which the hydroxyl can form with the aluminum

hydride. Such a complex can also lead, in some cases, to
anomalous results. A case 1In point was the reduction ot

the trans- epoxide of 4-hydroxy-cyclohexene (XXXIX) which
proceeded with intramolecular assistance. Conformational

effects determined the product of the cis- epoxide (XL).

OH
ol o H é
o = -
< i
(XXXIX) 13\@ ]
| LS -0 i
: Hz
OH
| | H 4
% O
(XL) oH OH |

Recently the epoxidation of 4-t-butyl-oyclohexene
with perbenzolc acld has been reported to yleld a mixture
' of the gls- (XILI) and trang- (XLIT) epoxides (128). When
| heated with ammonia, a mixture of amino alcohols was ob=-

? talned. The Infrared spectrum of the product contained

~only a single peak in the hydroxyl stretehing region, at
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2626 om? ;-corresponding to a free (axial) hydroi&i group f
(129,130). This proved the absence of any but the diaxiali
lsomers, (XLIII) and (XLIV), showing that attack had takeng
place stereospecifically, in the sense of the rule of di-

axial opening. The 2~amlno-4-t-butyl-cyclohexanol was

X (XLI | (XLII

oF |

OH %
F;;;?“H [;;E] i [;;;j :
(XLIIT) (XLIV)

separated by derlivitizatlion and regenerated. Conversion to

|
the pure cis~ epoxlde was accomplished by pyrolysis of the !
quaternary trimethyl ammonlum base. Reduction of the pure

cis- epoxide with 1llthium aluminum hydride gave the cis-4- |

. I-butyleyclohexanol, expected on the basis of conformationri

§a1 analysis.
The reaction of limonene monoxide, [<]+65°, with
. ammonia was reported by Pigulevskl and Kohkryakov (81) to

ﬁgive a hydroxy amino derlvative which was tentatively ;
S o L e
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assigned ‘the structure of 2-amino-1l- hydroxy-B-B-ménfhene;mE

|
However, slince limonene oxide, prepared from peracid epox-§
idation, has been found to be a mixture of the two possibl%

isomers, 1t 1s almost a certainty that thils was a mixture ;

i

of the two amino alcohols, (XLV) and (XLVI).

y

5 @““”9 5 @

(XLV) (XLVI) (XLVIII) (XLIX) (XLVII)

Evidence for the formation of two amino alcohols has
been furnished by Newhall (91) who found that the action of
ammonia (or amines) on a mixture of ¢ls- and transecarvoe
menthene oxlde gave a mixture of trans- amino alcohols.

The configuration of the trans-2-amino-l-hydroxy~p-menthane

(l-hydroxy-neocarvomenthylamine) (XLVII) was established by

. an independent synthesis., The structure of the second

amino alcohol was assigned as (XLVIII) on the assumption

that the epoxide ring cleavage proceeded exclusively in one

|
|
} direction (primary steric effect). However, trans-l-amino-!
: N
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be the expected product if conformatlional requirements
were the determining factor. The basis of Newhall's f
assumption was a preliminary report (131l) that the cleavag@
of the carvomenthene oxides by ethyl alcohol with a basic ;
catalyst yielded exclusively 2-ethoxy-l-hydroxy-g-menthane{
It has since besen shown (132,133) that the action of |
ethyl alcohol - sodium ethoxide on the llmonene monoxldes
glves both 2-sthoxy-l~hydroxy-, and the l-ethoxy~2-hydroxy-

8-p-menthene. Acetylation and pyrolysis of the correspond{

ing acetate mixture confirmed the position assignments.

| Due to the ambigulty of the abstract (132,133) it was

% Impossible to ascertaln whether the carvomenthene oxides
; gave a similar mixture. It 1s plausible to assume that |
! they did. Thils belng the case, 1t would appear that con- .
formational effects outweigh any primary steric effects, E
thus causing dlaxial epening of the epoxide ring. There=-

. fore, Newhall's second amino alcohol was more likely (XLIXﬂ
; than (XLVIII).

| That the limonene monoxides open stereospecifically
% was shown by the elegant work of Pigulevski (135) and of
" Kuczynskl and Platokowskl (82,119) with the 11thium

aluminum hydride reduction of the two limonene monoxides.

- More recently the action of sodlum powder on the limonene

monoxides has been shown to be stereospecific (135). These
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‘two reactions have been reinvestigated and will be dealt

with further in the discussion.

1t was necessary to bring to the fore some of the
most recent work on the limonene and carvomenthene oxides,
as well as the other epoxides mentloned, in order to be- i

come acquainted with the basic concepts which govern the

reactions of substituted cyclohexene epoxides.
The initisl work on the reactions of limonene monoxide
with acldlc reagents was carried out by Royals and Harrell .

(77,78)« These workers showed that under acid conditions
|

! (8ege, sulfuric acid) limonene monoxide isomerized to
édihydrocarvone and carvenone. The treatment of limonene
%monoxide with glacial acetls acid - sodium acetate led to
the formation of the monocacetate of 8-p-menthene-1,2-diol
in 82% yield. That thils product contalned at least some
~of the Z2~acetoxy-l-hydroxy-8-p-menthene was shown by boric

acid dehydration to glve cerveyl acetate, along with

- p~oymene and dlhydrocarvone. Dehydration of the mono-

' acetate with p-toluenesulfonic acid monohydrate in benzene

gave only carvenone and p-cymene. Limonene oxide gave 36%

dihydrocarvone when refluxed in benzene with freshly fused

zinc chloride. By passing limonene monoxide over alumina
‘at 310-325° a mixture of dilhydrocarvone and carvenone was
{obtained. An attempted heat lsomerization ylelded no

‘i1solable product other than unreacted limonene monoxide at
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FIGURE 3

REACTIONS OF LIMONENE MONOXIDE (ROYALS AND HARRELL)
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Linder and Greenspan (86) were able to effect the %
i synthesis of carvone from limonene monoxide in an overall |

yleld of 7% by the method outlined below:

f OAc j
'OAC ":OH O .
—
STEPS 1
~ N AN

LI)

@ 7=

(VIc)
The carvone obtained was off odor. Thls was undoubt-

Y

:edly due to the fact that not only carveyl acetate but
jalso isocarveyl acetate (L) (136) would be expected from
Zthe pyrplysis of 1,2-diacetoxy-8-p-menthene (LI)e On
“hydrolysis isocarveol (VIc) would also be present along
iwith carveol, and under the oxldatlon procedure described
?the isocarveol would yield perillyl aldehyde (87) as the »
:contaminant in the carvone. This would explain the off
- odor.

Nearly slmultaneously, Kergomard and Geniex (83) re- j

i

fported the preparation and pyrolysis of the diacetate. The
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“reported products were dihydrocarvone and ois-carveyl

acetate. An elasborate explanation was offered to explaln
the epimerization of the expected axial acetete (trans-
carveyl acetate) to the equatorial acetate (cis-scarveyl
acetate). It appears, however, that they were confused in
thelr discussion, since in the experlimentel section they

proved that the product obtalned was the trans-carveyl

acetate (by way of the dinitrobenzoate of the carveol).

Kergomard and Geniex (86) have also reported the i

treatment of limonene monoxide wlth alumina under slightly |

different conditions than those described by Royals and

| Harrell (78)+ They obtained dihydrocarvone, carveol and
' polymer; from carvomenthene oxlde, carvomenthone and ?
E carvotanacetol were obtained. ;
Booth (137) has recently reported the pyrolysis of
E limonene monoxide in the temperature range 200-550°. For
f example; d-limonene monoxide pyrolyzed at 260-265° for
35 hours. The pyrolyslis product was fractionally dis-
. tilled to yleld 5-7% dihydrooarvone, 3-5% l-carvone, 2-4%

l-carveol and 11-13% d-gcis-isocarveol.

The catalytic hydrogenation of limonene monoxide 1s
- reported to inltlally give carvomenthene oxide (83,131).
Furakawa (138) found that a carvomenthol was formed

~ with absorbtion of two moles of hydrogen to one mols of

~ limonene oxide. Kergomard and Geniex (139,140) have
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joutstanding contributions have been made since this review,

reported the qarvoﬁéﬂ%ﬁai“fb“bé‘ﬁeari§w£il ié&éérvomenﬁﬁgi]

However the sample obtalned was lmpure and no alcohol

derivatives were formed. They reported the oxidation

product to be lsocarvomenthone. An explanation was offered

to rationalize the excluslve formation of isocarvomenthole.

Thls explanation cannot be considered valid since it (a)
assumes that limonene monoxide 1s one isomer and (b) as-
sumes the lncorrect structures for 1so- and neolsoocarvo-
menthol. Pigulevski and Kozhim (90) hydrogenated carvo-
menthene oxide using palladlum hydroxide in acetic acid.
They recovered a complex mixture which contained d-neo=-

carvomenthol, l-carvomenthol, p-menthan-l-ol, trans-p-

- menthane, d-carvomenthone and d-lsocarvomenthone as well

as the high boiling monoacetate of p-menthane-1,2-diol.
It was shown that thevaction of the palladium hydroxide
in acetic acld caused the isomerization to carvomenthone.
The hydroxyacetate was formed by the addition of acetic

acld to the epoxide.

The synthesls of l-acetyl-4-isopropyl-l-cyclopentense

from limonene monoxide has constituted a proof of structure

'(141) of the natural ketone obtained from Spanish Eucalyp=-

tus Globulus (142).

The oxlidatlon of « =-pinene has bsen thoroughly re-

viewed by Simonsen and Owen (15) through 1947. Several
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notably"Eﬂ;ngfkmaf-fheuéiiddeh gféﬁﬁ Shufhéwgafaxidation
of «=pinene (27) and that of Whitman (46) on the mechan=

ism of the lead tetraacetate oxidation of o~pinene.

(LIT)

The epoxidation of o-pinene, first done by Prile-

schasv (75), have been Investigated by a number of

workers (77,78,139,143~145). The stereochemical course

- of the epoxidation of o=pinene with peracids undoubtedly
gives only oils-o -pinene oxide (LII), as has been observed
in the analogous pinol system (147), because of steric

hindrance.

.‘OH

(LIII) (LIV)
@ Name tkin and Jaceva (147) postulated that the primary
;hydration product was pinol, since when o« =~-pinene oxide

was heated with water at 115-120°, pinol (LIII) was ob-
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tained along with sobrerol (LIV);Mmﬁhié'ﬂéﬁhbr méy not be
the case. Hydration with dilute aclid ylelded trans-
sobrerol in nearly quantitative yields (143,144,148},

Likewlse, trans~sobrerol was formed in basic aqueous media

(149) .

CH3

- ]
CH=0 CH-OH

(LVII) (v) |

CHy-COLE
CH-OH

(LVIII) (LVI)

ol=-pinene oxlde gave a substituted campholenol (LV)
with Grignard reagents (150,151) and in the Reformatsky
reaction (LVI) (152). Similarly «-pinene oxide was ‘
isomerized to campholenlc aldshyde (LVII) by zinc bromide
' (182,153) and to the dimethyl acetal (LVIII) by a sulfuric
acld - methanol solution (154). Arbuzow and Mikhailow
(144) have reported the formation of a glycol monoace tate
on treatment of o -plnene with peracetic acid in chloro-

| form, end that a similar product was obtained by the
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treatment of o{-pinene oxide with acetic acid. Royals and
Harrell (78) found that with glacial acetic acld, -
pinene oxide was principally isomerized to campholenic

aldehyde. A high boiling, crude hydroxyacetate was also

a product of this reaction. o ~plnene oxide when re-
fluxed with acetlic anhydride has been found to gilve cam~
pholenic aldehyde, sobrerol dlacetate, trans-carveyl
acetate and several other unidentified compounds (155,156).
The pyrolysils of K -pinene oxide has been reported i
to glve pinocamphone (LIX) and carveol (157).

Recently McCullagh (158) has shown that trans-pino-

camphone and campholenic aldehyde were the products of the

~ ) - dr

(LIX)

- i)

(LX)

boron trifluoride - etherate isomerization of -pinene
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oxide in benzene.
Powdered sodlium In benzene gave malinly o-pinene with
some trans-pinocarveol (LX) and trans~pinocamphone (159).

The hydrogenation of «~pinene oxide with Raney nickel

catalyst has been Investigated by Iseeva and Arbuzow (160)
and Kergomard snd Geniex (139). The main product of the

reduction was isopinocampheol (IXI) (139), although a

second alcohol and some pinocamphone (160) were detected.
Kergomard and Genlex postulated alcoholic epimerization to

explaln the stereochemistry of the lsopinocampheol ob-

tained. Thls postulatlon was not necessary since Bose's
- assignments for 1so~ and neolsopinocampheol were incorrect

(161) by his own admission (162).

OH

(IXT)

6-0XA-BICYCLO= [3,2, 1] -0CT-3-ENES

The preparation of substituted 6~oxa-bioyolo-[§.2.1]- '
oct-3-enes has been limited for nearly 75 years to that of
pinol (11), although a mention was made of homopinol by

Wallach (163). The literature on pinol has been thoroughly

U U PO
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‘reviewsd by thls author in a previous work (11). It is |
pertinent, however, to mention at this point the work of
Platkowskl and Kuczynskl (164,165) with regard to their

studles of the stereochemlcal course of epoxidations. It

was found that the epoxidation of o« -terpineol ylelded two .
products, trans~1l,2-epoxy-p-menthan-8-ol (ILXII) and trans-i

l-hydroxy-dihydropinol (LXIII) (164).

(IXIV) (IXV)

1 : The epoxidatlion of pinol ylelded only ¢is-1,2-epoxy=-
idihydropinol (LXIV) (147). ZIithium aluminum hydride re-
?duction of thls epoxlide gave ¢ls-l-hydroxy-dlhydropinol
(LX)
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DEHYDROACETIC ACID

Dehydroacetic aclid may be formed by the action of
dehydrating agents on acetoacetic ester or by acetic an-
hydride on acetone dicarboxylic acid. It has been con-
verted into a large varlety of compounds such as dlacetyl-
acetone, pyridines, etc. Besldes 1ts interesting chemistry
the soaium salt has found wide use as a food additive.

The structure of dehydroacetlic acid was demonstrated
by the observation that lsomerization to 2,6-dimethyl-4-
pyrone-3-carboxylic acid (LXVI) with hot, 85% sulfuric
acld was easlly explained in terms of the Felst (165,166)

structure (IXVII).

CHg OH /‘\OH
| é.ﬁ&o_ ' I H, O , '
¢y N0 ©° cHy TQ Q7 NCHy  CHE N0 “CHy
H H
(LXVII) (IXVI)

A recent reexamination of structure (LXVII) by Berson
(167) has confirmed the structure of the carbon skeleton
of dehydroacetic acid as formulated., The striking similar-
1ty of the ultraviolet absorbtion spectra of dehydroacetic
acid and 1ts ethyl ester (enol ether) provided compelling

evidence that dehydroacetic acid was completely enolized
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In solution. The bathochromic shifts of the maxims in the

spectra of dehydroacetic acid ( Amax 310 gu) and the de-

| A
¢ “3 o O CH.? (o] o
(LXVIII)

O (o) O OR
CHy /ﬂjujﬂfkc%‘J:ff:fg\c%
CR 0 OR CH oY

3 3

(LXVII) (LXVIIa) (LXVIIDb) (LXVIIc)
hydroacetate ion, relative to the maxima for triacetic
lactone (ILXVIII) ( Amax 283 ma) and the triacetic lactonste
fon ( Amax 278 gy),are conslstent with that expected for
the addition of'the chromophorically active acetyl group
in the enol varliants of the Felst structure (LXVII).

It was noted that the maximal absorbtion for the de-
hydroacetate and trlacetic lactonate lons occurred at
shorter wave lengths than for the corresponding un-ionized
aclds. This was in contrast to the observed bathochromic
effect of lonlzation of simple /ﬂ-dicarbonyl systems (168).

On the basis of the absorbtion data, Berson indicated that
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the conversion Sf”ééh§dfbééé£ib”adid_to igé”g£ﬁ§ingsﬁéf“

occurred with a minimsl structural change, 1.e., with
simple replacemsent of the hydrogen with an ethyl groupe.
The observations that the ester did ndt consume alksll
upon titration, nor give a posltive ferric chloride test,
and exhibited no change In 1ts ultraviolet spectral
characteristics led Berson to favor the enol variants
(IXVIIb) and (IXVIIc) on the basis that (IXVIIa) might
concievably show acidic properties since the methyl group
would be conjugated with both the lactone and the side
chain carbonyl groups. A choice between the three enols
was not made, however, because of a lack of further evi-

dence.
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DISCUSSION OF RESULTS

Limonene monoxide, carvomenthene oxide and « -pinene

oxlde are oompounds which offer great promise as inter-
mediates iIn the synthesis of other oxygenated terpenes,
Both limonene monoxide and «=pinene oxide are available
commercially or they may be convenlently prepared In the
laboratory. Carvomenthene oxide 1is easily prepared by the
partial hydrogenation of limonene monoxide.

| These epoxides offered the opportunity to study the

ring opening of unsymmetrical svoxides situated on sub-
stituted cyclohexane rings, This situation afforded a

severe test for the PFurst-Plattner rule in the case of

monooyclic systems. Seoondly, while many of the reactions

Investigated have previously been reported, the identi-
!
i fication of some of the reaction products, and in particu=-

lar the stereochemistry of the products, has been lacking.
It has been the attempt of this research to fill these

; gapSe
LIMONENE MONOXIDE AND CARVOMENTHENE OXIDE

A commercial grade of d-limonene monoxide was purified

iby fractional distillation to remove the d-limonene im=-

50
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purity. As the d-liﬁoﬁehe obtained had an L&]+110° (or
better); the 8-limonene monoxide prepared from 1t was

consldered to be nearly optically pure. The fraction,

bup. 92-94°/20 mm., o(+59.20°, n’S 1.4654, was pure d-lim-

onens monoxide as indicated by gas - liquid phase chroma-
tography (GLPC). |

The limonene monoxide* prepared by peracid epoxidation

procedures, as was that above, has been shown to be a mix-

ture of the cis- (VIIIa) and trans- (VIIIb) isomers by

Kuczynski and Platkowski (82,119). Therefore, the d-lim= |

N

(VIIIa) (VIIID) |
onene monoxide was fractionally distlilled at atmospherio
' pressure (under nltrogen) in an attempt to separate the two!

' isomers. Since both isomers showed as a single peak on

. GLPG, the distillation was followed by the observed optical
?rotation and refractive index of each cut. The fraction,

| .
&b.p. 1979, ol3+50.800, i, 1.4640 (cut #10) and b.p. 198°,

H
{ The absolute configurations of the terpenes are 1llustra-
- ted throughout the discussion on the basis of their rela-
tionship to d-limonene, whose absolute configuration has
. been established (169).

|
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(375,549, 0¥ 1,4665 (cut #35), were as near to purity as |

could be obtained. The cut #35 was essentially pure d=- |
trangs-limonene monoxide. The lower boilling fraction, how-

ever, was subsequently shown to be qulte impure.

In testing the Furst-Plattner rule, the reactions of
an isomeric mixture of epoxides was considered to be mean—i
ingful only if the distinction could be made among the i

reaction products as to which product(s) came from each of

the two isomers. Therefore, 1t was advantageous to under-

take the stereospecific synthesis of pure cils- and pure

trans=limonene monoxide.

; The synthesls of d-trans-limonene monoxide was carried

' out according to the method of Kucznyski and Pilatkowski

(82,119). The first stage of this synthesis afforded the

' Initial evidence that conformational influences direct the
opening of the epoxide ring in the limonene monoxides. !

25
The mixture of d=-limonene monoxides,txp+59.200, was

hydrated with a 1% sulfuric acid - water solution to give

a single glycol isomer, neolimonene~l,2-diol dihydrate.

. This glycol dihydrate was recrystallized from chloroform,
%from which the water of hydration was easily separated.

' The neolimonene~1,2-diol, m.p. 70-71°, ExJ§%5° (acetone),
 was then subjected to p-toluenesulfonyl chloride in
ipyridine to form the monotosylate (ILXIX) (l~hydroxy=-2-

i 24
 tosyl-8-p-menthene), o+51.05°, n} 1.4944. Refluxing the
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monotosylate in methanolic - potassium hydroxide ylelded
92% d-trans-limonene monoxide, b.ps 78.5-80.5°/10 rm.,
83,229, n%1.4657.

The reaction of d-trans-limonene monoxide with a
glaclal acetic acld - sodium acetate solution gave a mix-
ture of hydroxyacetates., The hydroxyacetate mixture was
indirectly identified by GLPC to be a 9 : 1 ratio of two
isomers. These 1somers were subsequently shown to be 90%
of a trans-2-acetoxy-l-hydroxy-8-p-menthene (1-hydroiy-
neodihydrocarveyl acetate) (LXX) and 10% of a trans-l-
ace toxy-2~hydroxy~8-p-menthene (l-acetoxy-neoisodihydro-

oarveol) (IXXI), by analysis of the pyrolysis products.

' The two isomers arise from the two possible conformations

that trans-limonene monoxide can assume in the transition

state durling the oxirane opening and provides confirmation

N
(0]
—
o)
\ /
\ OH
AcO...
He
~

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

U




54

fhat the First-Plattner rule holds for trans-limomens

monoxide. The suggestion of Angyal (122) explains the
formation of the small amount of tertiary acetate formed,
in that the formation of the diequatorial product arose
from an iInltial dilaxlal oxirane ring opening with sub-
sequent Inversion of the less stable conformatlon %to the
more stable. That the conformation with the methyl and
1sopropenyl group equatorial afforded the more stable con-
formation iIn the transition state was Indicated by the
very hlgh percentage of l-hydroxy-neodihydrocarveyl ace=-
tate obtalned. E
The preparation of d-cis-limonene monoxide (VIIIa)
| gave somewhat more difficulty. Several attempts to prepare
the tosylate of l-hydroxy-neodlhydrocarveyl acetate failed.
Me thane sulfonyl chloride in pyrildine, however, converted
this hydroxyacetate into impure l-mesyl-neodihydrocarveyl
acetate (LXXII). The impure mesylate was then refluxed
wilth methanolic -~ potassium hydroxide. Four products were
obtained; d-neolimonene-1,2-diol (18%), trans-carveol and |
trans-isocarveol (38%) and d-cis-limonene monoxide (29%).
The d-neolimonene-1,2-diol was formed from hydrolysis of
unreacted l-hydroxy-neodlhydrocarveyl acetate present in
5the mesylate as an Iimpurlity. The observed carveols were
not unexpected by-products of the reaction since the action

of strong bases often causes eliminatlion reactions of
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mesylates and tosylates to occur. Since such eliminations
are generally "trans", no dihydrocarvone was formed. The
reaction of interest was the formation of d-cis-limonene
monoxide which had b.p. 96-98°/26 mm., dgifss .00°, 11213)51.4683

In the formation of the trans- epoxide, the anlon of |
the alpha, trans hydroxyl group dlsplaced the nelghboring
tosylate group to form the oxirane ring. The same process

occurred for the formation of the ois~ epoxide, but in this

case acetate hydrolysis and anion formation had to occur

prior to the epoxide closing. That such a two stage

reaction must ocour undoubtedly enhanced the predominant

gformation of the carveols.
g The hydratlon of the d-cls-limonene monoxlde to d-neo-
5limonene-l,2-diol completed the cycle (Figure 4). Con=-

- verslons of one lsomerlc epoxlde Ilnto another,as was il-

ilustrated by thls cycle,have been done previously in the
5steroid series (118) and more recently in a monooyclic
%system (170) %
| The reaction of d-cis-limonene monoxide with a glacial
?acetic acid - sodium acetate solution appeared to glve
%Egggg-l-aoetoxy-z-hydroxy-B-ggmenthene (l-acetoxy-neodi=
ghydrooarveol) (IXXIII) in at least 95% purity. This was

' one of the most dramatic cases of conformational effects

determining the directlon of the epoxide opening. If the

. primary steric effect were the determining factor, the ex-
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‘pected product would have been A'@;2;;6&Edi}lilﬁj?dzi&&-%
8-p-menthene (specifically l-~hydroxy-neoisodihydrocarveyl !
acetate) (LXXIV). None of this isomer was found. This l
isomer could have also formed from the transition con- ‘
formations in which the lsopropenyl group would be axail.
| This conformation was the least thermodynamically stable
one and therefore 1t was not too surprising that none (or
little) of the product arising from this conformation was

formed.

i

Since the epoxldes appeared to open stereospecificallm

| there was little questlion as to the stereochemistry of the

(LXXIII) (IXX1IV)

:products. That the stereochemical assignments for the

' hydroxyace tates obtained from the limonene monoxides were
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“correct was born out by the observed stereochemistry of
the pyrolysis products of these compounds.
The analysis of a sample of d-limonene monoxide for

the percentage of each isomer was now possible by polar-

imetry. Having assumed the density differences to be
negligible in this calculation, the percentages were found g

from the equations
(x) 36.0 + (y) 8342 = observed optical rotation

100x

24
% d-cis-limonene monoxide,cx3+36.0°

100y = % d-trans-limonens monoxide,y +83.2°

The commercial sample obtained from peracid epoxida-
: 5 i
tlon, o{;59.2°, was thus a mixture of 50.5% cis- and 49.5% |
%Egggg-limonene monoxide. A second physical method was |

| |
Initially employed for analysis which would be satisfaotory1
. for racemic or partially racemic samples, also. Observa=- i

Etions of the nuclear magnetlic resonance spectrum of the i
%neat liguid of the limonens monoxide mixture showed a ratiol

|Of 5045 t 49.5 of the single methyl peaks of the two |
%isomers at ~70 cps €l.16 ppm) from TMS (internal standard).
iThe ratio was obtalned by measurement of the area under the
?methyl peaks. |
| A slightly less exact method of analysis Involved

‘reacting the epoxide mixture with glacial acetic acid -

Esodium acetate to form ﬁhe pxq39§yacetayes. The hydroxy=-
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acetate mixture thus obtained was hydrogenated and the
resultant saturated hydroxyacetate mixture subjscted to
GILPC. The ratio of the hydroxyacetates from the two

. lsomers was 52 : 48.

The hydroxyacetate mixture obtained from peracid d=-
limonene monoxide was subjected to vapor phase pyrolysis
at varying temperatures. These results are tabulated in
Table I. It was found that between 370° and 3960, under
the presoribed condltions, preferential pyrolysis of the
trans-l-acetoxy-2-hydroxy-8-p-menthenes occurred and the

trans-2-ace toxy-l-hydroxy-8-p-menthene was recovered

- unchanged. The unchanged hydroxyacetate was easily sepa

. rated from the neutralized pryolysate by distillation.

The pyrolysate contained at lsast five components as in-
dicated by GLPCe. Fractional distillation yilelded the
ifirst two components, isodihydrocarvone and dihydrocarvone
 (XXXI), as one, b.p. 85-87°/8 mn., o+21.80°, n' 1.4714,
although 1t was possible to see the two lsomers on GLPC.
These were 1dentifled by preparation of the 2,4-dinitro-
phenylhydrazone, m.p. 147-149°, and the semicarbazone,
mepe 189°. The infrared spectrum was identical to that of
. an authentic sample.

o 25 o
The third component, b.p. 102°/10 mm., o(+82.00°,

P 255 :
'Ngy 14925 gave a 3,5-dinitrobenzoate, me.p. 69-69.,5°, The

- physical constants of this aloohol and its derivatives in-
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TABLE I .
RATIO OF PYROLYSIS PRODUCTS OF TRANS-1-ACETOXY-2=-HYDROXY-8=-p=-MENTHENES

]

Temperature Dihydrocarvone® Trans-iso- Trans- Cls-
“carveol carveol carveol
342° P - - - -
370° 16 7% 4077% 38 +8% 3.8%
396° 20 .4% 41.4% 3542% 3.0%
4360 © 26 .6% 35.7% 34 .6% 3.1%
450° ¢ 26 .8% 22 .1% 16 7% 2 .a%

EThis value is the combined total of dihydrocarvone and 1sodihydrocarvone.
egligible pyrolysis occurred.
; dNe lecting pyrolysis of 2-acetoxy-l-hydroxy-8-p-menthene.
? 31% of mixed hydrocarbons and other low bolling decomposition products presente.
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dloated that it was the same as the cis-l(?)s,fg-mentha-'”

dlen=2-0l isolated by Naves and Crampoloff (87) from the

| (Xa) (VIa)

?confirmed by the infrared spectrum which was 1ldentical to
éthat reported. The assignment of thls alcohol, hereafter
%referred to as an isocarveol, as the ¢is- isomer, howsver,
%was In error. The incorrect assignment was based on the
%isolation of isocarvomenthol as a hydrogenation product.

FAlthough no .reference for the carvomenthol assignments

éused was noted, the assignments were those first postulated

by Bose (1) in which the assignments for iso- and neoiso-
Ecarvomenthol were reversed on the basls of very tenuous
?evidence. The 1lsocarvomenthol, in truth, indicated that

ﬁthe lsomer was trans. Furthermore, since the l-acetoxy-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

R
i
!

|

essential olls of Cymbopogon densiflorus. This was furtheﬂ

|
\
|
l
i
|
|
i

i




62

“neodihydrocarveol was formed stereospecifically from the [
cis-limonens monoxlde, the stereochemistry was expected to!
have the secondary hydroxyl group trans to the 1sopropeny1§
group. Further confirmation of the stereochemistry for i
the trans-isocarveol (VIc) was furnished by the identi- .
fication of the l-trans-carveol (VIb) fraction, b.p.
106°/10 mm., <, ~181.80°, n 1.4934, which comprised the
other major component. The l=-trans-carveol furnished a
3,5-dinitrobenzoate, m.pe. 111°. The trans-isocarveol and
trans~carveol fractions each gave a mlxture of 1so- and
neocarvomenthol on hydrogenation. Cis-carveol (VIas), b.pe

108°/10 mm., was found in a very small yield, due to the

2small perocentage of l-acetoxy=-neoisodlhydrocarveol formed
ifrom the other, less stable, conformation of the trans- |
jlimonene monoxide. Thls carveol was 1ldentified by GLPC |
iand by 1ts infrared spectrum compared to an authentic
sample, prepared from the lithium aluminum hydride re-
duction of l-carvone according to Reitsema (171).

The  l-trans-carveol obtained from pyrolysis of 1-
ace toxy~neodihydrocarveol was oxidized in 79% yield to

carvone, ldentifled by GLPC, its infrared and ultraviolet

. 8Spectra and 1ts 2,4-dinitrophenylhjdrazone, MeDe 1860. It

was noticed that under the acld conditions of oxidation

- some of the unreacted trans-carveol was 1somerized to cise

- carveol,
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" The first reported isolation of an isocarveol was that|
of Blumann and Wood (95) who pyrolyzed the diacetate of

neolimonene-1,2-diol and obtained the isocarveyl acetate

which gave an impure isocarveol upon saponification. This

was probably the same isomer, trans~isocarveol, as was ob- .
tained here. The melting point of their 3,5-dinitroben-
zoate, however, was curiously high.

The l-hydroxy-neodlhydrocarveyl acetate formed from
the &trans-limonene monoxide was pyrolyzed at 455° under thei

prescribed conditions to give trans-2,8-p-menthadien-l-ol

(Xa), bep. 81-83°/7 mm., o(::46.‘70°, ' 1.4826, as the only
- observed product. The physical constants and infrared
3spectrum compare to those reported. On hydrogenation

. pure trans-p-menthan-l-ol (XVI) was obtained as indicated
?by GLPC and its 3,5-dinitrobenzoate, m.p. 82-83°,

|
Kuczynskil and Zabza (172) have recently obtained i

identical results by pyrolysis of the N-oxide of the 2-

(N,N-dimethyl-amino)-l=hydroxy-8-p-menthene formed from
;g-jgggg-limonene monoxide. They obtainad d-trans-2,8-p-
Ementhadien-l—ol of a somewhat higher optical purity than
?that reported here. The physical constants of their i
%alcohol were as follows: b.p. 69-70°/2.5 mm., di00.9429,
ny 144900, [o]+68.9°,

] The ligquld phase pyrolysis of the hydroxyacetate ob-

tained from the peracid limonene monoxides differed mark-
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|edly from that occurring in the vapor phase. The tertiary
acetates gave malnly dihydrocarvone and very little of the
carveols. The éecondary acetate, however, gave 2,8-p-

menthadlien-l-0l as before.

The action of acetic acid - scdium acetate on the
%carvomenthene oxldes gave results analogous to those for
;the limonene monoxides.
| The carvomenthene oxldes employed in this work were
prepared by hydrogenation of the llimonense monoxides in

ethyl acetate using platinum oxlde as catalyst. The per-

- acld limonene monoxlides gave a carvomenthene oxides frac-
. 5 25

' tion, b.p. 133-135%/7 mm., 1, 1.4629, «;+56.60°, This
iepoxide mixture afforded essentlally the same ratio of

- hydroxyacetates as did the limonene monoxides. It was
[
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(IXXV)
- therefore possible to obtaln the same hydroxyacetate mix-

%ture by hydrogenation of the limonene hydroxyacetetes.

The pyrolysils of the saturated hydroxyacetate mixture ;
: |
~was not as selective as in the case of the limonene hydroxw%

H f
~acetates in that at the temperatures required to completelyE
fpyrolyze the tertlary acetate a small percentage of the

|
|
 secondary acetate was also pyrolyzed. The ratlos of the
;pyrolysis products of the trans-l-acetoxy=-2-hydroxy=-p-
-menthanes (91% l-acetoxy-neocarvomenthol (IXXV) and 9%

;l-acetoxy-neoisocarvomenthol (LXXVI) ) are tabulated in

Table II.

The pyrolysis products were separated by fractional

;distillation. The fraction, b.p. 720/4 mmne., Iﬁi 1.4596,

|
of d=-carvomenthone and |

23
;ag&14.60°, corresponded to a mixture
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The second fraction was ldentified as the previously un-
reported d-trans-isocarvotanacetol (XIIIc), b.p. 98-100%/
10 mr., 1y 1.4765, 5 +62,91°, which afforded a 5,5-d1n1tro-%
benzoate, mep. 80+5-81.5°, The infrared spectrum indicated
e terminael methylene group. Hydrogenation gave the same
mixture, lsocarvomenthol and neccarvomenthol, as was ob-
talned from trans-lsocarveol. The third fraction, b.p.
101~102°/10 mm., #;’51.4772,«;3'5-164.80", was 1-trans-
carvotanacetol (XIIIa). While no claim was made to the

optical purlity of this fraction, it certainly had a higher

optical rotation than any sample previously reported, as

far as could be ascertalned. The l-trans-carvotanacetol

Zafforded a 3,5~dinitrobenzoate me.pe. 115°, Hydrogenation

' gave a mixture of 1so- and neocarvomenthol, similar to

. that obtalned from trans-carveol. A small amount of what
was assumed to be ¢ig-carvotanacetol (XIIIb) was observed

on GLPC of the crude pyrolysate, but this component was

'not isolated for identification.
Pyrolysis of the 2-acetoxy-l-hydroxy-p-menthane (1=

hydroxy-neoccarvomenthyl acetate) (IXXVII) afforded only

5 25
trang-2-p-menthen-l-o0l (XVa), ﬁ% 1.4674,0LD-15.O2°. This

alcohol gave trans-p-menthan-l-ol on hydrogenation.

| The lithium aluminum hydride reduction of cis- and j

_trans-limonene monoxide has been reporied to glve jrans-ﬁ?-
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TABILE II

RATIO OF PYROLYSIS PRODUCTS OF TRANS-1-ACETOXY-2-HYDROXY-p-MENTHANES

Temperature Carvomenthone® Trans-~lso- Trans- : Cls~-
carvotanacetol carvotanacetol carvotanscetol

375° P 29 .6% 30 +0% 36 6% 3,89
392° © R7 J7% 30 ¢3% 38..5% 345%
400° © 29 4% 31e2% 36 .2% 3429

aThis value 1s the combined total of carvomenthone and Isocarvomenthone.

bproduct ratio 1s from hydroxyacetate pyrolyzed, as Incomplete pyrolysis occurred
-at thls tempersture.

; SNeglecting pyrolysis of 2-acetoxy-l-hydroxy-p-menthane which occurred to a
'small extent.

'577
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{ oA
Ho.. R Ho.,. HO. ..
— + +
H-’ H H-° H’

(XXVIII) (XIT1Ic) (XI11a)
:  OH i OH
AcO.\ HO Ho
R —
. H"‘ Hl' H"

; - (Xva) (XIIIb)

E terpineol (XVd) (from the trans- isomer) and neodihydro-

' carveol (XVe) (from the cis- isomer) as the major productsJ
%as well as a small amount of cis- B-terpineol (XVe) (82, .
f119,155). This reaction was carried out in order to ob-
%tain an authentlc sample of neodihydrocarveol for com-
éparison in subsequent experiments. The mixture obtained
éwas analyzed by GLPC and the products identified by |
éfractional distillation and isolation. The product mixture

¢
i

' (74% recovery) contained 9% limonene monoxide (meinly cis-

isomer), 48% trans-/9-terpineol, 5% ois-/ﬁ-terpineol, 29%

' neodihydrocarveol and 9% of two other unidentified prod-

fuots. This product ratio was quite similar to that pre-

éviogg;y reported. It was interesting to note that the
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trans-limonene monoxide reacted faster and more stereo~ i

specifically than the cis~ ilsomer.,

(Xve) (Xve)

The reactlion conditions for the lithium aluminum
- hydride reductlon of the limonene monoxides were quite
different from that of the glacial acetic acid - sodium

acetate solution used in the previous ring opening study.
! i

. It 1s apparent, however, that in both cases the conforma-~
" tional effects of the substituents on the monocyclic

i cyclohexene epoxide are the predominate influence on the
| directlion of the epoxlde ring openlng. It would appear

' that the Furst-Plattner rule of diaxial opening applies to

. monocyclic systems as well as those In which the ring con-

formation 1s fixed by fusion to other rings. The examples

3presented in thls research are the severest tests to date
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k;futhis principle in a monocyclic system inaamuch as ‘the
systems studled present a direct competition between the
primary steric effect and the conformational effectse.

The reaction of sodium powder on the limonene monox- E
jdes exemplified the fact that the solvent used can have a
| large effect on the course of epoxide reactions. A mixture.
of limonene monoxidss was allowed to react with sodium
powder in dlethyl ether. The two main reactlon products,

besldes polymer, were dihydrocarvone and trans-/?-terpineolv

in a ratio of 7 ¢ 3. A very small amount of dihydrocarveol.

| (XVb), also, was detected by GLPC as well as & small hydro-i
;carbon fraction. This result was in sharp contrast to the E
%results of Chabudzynski (135) using benzene as the solvent.i
EReinVGStiSation of thls reaction with benzene as the |

‘solvent proved fruitful in that the isolation of the "cis

—-———

‘isooarveol" formed was distinetly different from the

material 1solated by Naves and Grampoloff (87), contrary to

what was reported by Chabudzynski.

The isolated material was 30% polymer and 70% volatile:

ioils. The volatile ocomponent contained three main prod- |
‘uots; trans-/g-terpineol, dihydrocarvone (cis and trans),

‘and "gis-1socarveol". Minor components included limonene |
I

imonoxide, limonene, neodihydrocarveol, trang-lsoocarveol ('t’),l
| D — i
‘ois-carveol and several other unidentified substances. It }

~was possible to isolate the three major components as well é
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~N

?as the cis-carveol in a fair state of purity. The "cis-iso~
carveol" obtained had a b.p. 98°/10 mm., ny 1.4775,
iti;£-16.35°. This fraction appeared to'oontain approximate-é
1y 10% impurity and 1t 1s quite likely that the optical
érotation would be of a magnitude of «,~35° were the
;sample completely pure. This "isocarveol" had a similar, |
zbut different, Infrared spectrum than that reported for the%
gggggg- isomer (87). The 3,5-dinitrobenzoate had a m.p.
s

?122-122.5o compared to the 69-6945° reported for the other

iisomer. Hydrogenatlon did not give isocarvomenthol as

- reported (135) but rather only carvomenthol. From the

\ i
information available 1t would appear that the component i
|

‘identified as cis-isocarveol was really l-dihydrocarveol,

iwhich Chabudzynski reported was not present in the reaction!
: i
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mi;fﬁfé;"ﬁhiie a trace (approximatély 245%) of whét“ﬁiéﬁt?
have been trans-isocarveol was present in the reaction of {
the mixed limonene monoxides, 1t was absent in the reactioni

|
t !

of pure trans-limonene monoxide.

|

There was no doubt that the cls- isomer reported by E
Chabudzynski (135) was not the same as that reported by
Naves and Grampoloff (87). The evidence presented in this
research indicated that the isomer of Naves and Grampoloff :
was the trans- lsomer and that of Chabudzynski was l-di-
hydrocarveol (XVb).

The result of sodium powder on pure trans-limonene

. monoxide was analyzed by GLPC and was as reported (135),

i except that cls-carveol was also present among the reaction%

- products and the product identified as cis-1socarveol was

%l-dihydrocarveol. ’

| The hydration of the limonene monoxides to Egglim-
onene-1,2-diol with 1% sulfuric acid was one of the first

i reactions observed with this compound. The fact that the

- peracid limonene monoxide is a mixture of ols- and trans-

~isomers, and that only one hydration product is obtained,’
should have been the first indlcation that the opening of

the epoxide ring proceeded by the Furst-Plattner rule.

ZUnfortunataly, i1t was only recently realized that limonense
%monoxide existed as two isomers. It has also been found

. that the action of sulfurlc acid under more vigorous con-
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"“§1¥16ﬂé affords dihydrodarvone and'cafvénoneﬂ(ﬁ7;7é5;“'Thei
actlon of acid hydration and isomerization of limonene |
monoxide has had only cursory examination, however. It wa%
considered feasible that under the proper acld reaction %

conditions limonene monoxlide might be made to form pinol

by the route shown. Therefore, a study of the hydration

{_OH
HO.. Ho.
— — —
o
MO HO
~N

iand acid isomerizetion of limonene monoxide was undertaken.:

- Approximately forty experiments were carried out under
jvarying conditions. In most cases the results were quite

similar. It was found that in hot, refluxing 20% sulfuriec

;aoid the peracid limonene monoxides gave 39% carvenone and %
259% p-cymene. AsS 1t was wished to avoid the formation of :
fthese two compounds, the 1nitial addition of the limonene 1

monoxides was conducted at ice bath temperature, in the
‘majority of experiments; thereafter, the temperature was i
‘raised as desired. With 15-35% sulfuric acid and ralsing !
the temperature to approximately 27° for a reaction time ofE

elght to sixty-four hours, two fractions were obtained;

' (a) an organic layer which contained dihydrocarvone and

-carvenone as the major components with plnol and p-cymene é
|
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””Egiﬁiﬁérwoomponents, and (b) a water soluble fracﬁioﬁ | i
which consisted of an aloohol identified as 1,8-d1hydroxy-!
ngoocarvomenthol (IVb), the hydration product of neolim-
onene-1,2-diol. With increasing reaction time the propor-é
tion of carvenone increased while that of dihydrocarvonse
| decreased. At higher acld concentrations, 40~65% sulfurici
aold, the experiments gave progressively more carvenone |
and less dihydrocarvone in the volatile organic layer. In?
the aqueous phase three distinctly different aleohols were!

now detected, ons optically active and two optically in-

|
. active. It was found that with an increase in the reaotioﬁ
% time the amount of these two latter alcohols increased
:while that of the optically active alcohoi decreased. The
yields, based on limonene monoxide, varied widely. It was
Zfound that the alcohol ylelds were generally in the range
of 20~-40% with yields of the volatile components ranging
from 20-50%. The optically active alcohol, m.p. 136°,
s[o(]}s55° (acetone), was 1dentified as d-1,8-dlhydroxy-neo-
fcarvomenthol; the same isomer found by Schmidt (30) on
;hydration of neolimonene~l,2-dlol. The isomers, m.p. 114.5
;-115.5o and 154-156°, were optically inactive and gave dlis=-

tinotly different Infrared spectra. Dilute potassium per-

manganate oxidation of dl-o(-terpineol afforded the dl-1,8- i
dihydroxy-carvomenthol (IVa), m.p. 122°, whioh gave an in- }

frared spectrum different from the three alscohols above. I
|
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Formic acid - hydrogen peroxide oxldation of dl-ct ter-A

pineol afforded a small amount of Ilmpure dl-1,8-dihydroxy-

! neocarvomenthol, mep. 110-1110, identified by 1ts infrared
spectrum. Characterlzatlion of the d-1,8-dihydroxy-neo-
carvomenthol was further afforded by i1ts oxidation to homo-

terpinyl methyl ketone.

207%H,504
—

Pl
l! OH

o
ol

HO-.. HO.,

HO.

O

l

OH :
From the limited information available, it would ’

"appear that the isomers, mepe 114,5-115.5° and 154-1560, f

were dl-1,8-dihydroxy-isocarvomenthol (IVe) and dil-1,8=

dihydroxy-neoisocarvomenthol (IVd), although at the present\
|
l
l

~time 1t 1s impossible to designate with certainty whioch
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“struoture belongs to which isomer. The formation of these |
compounds presumably occurs by way of the intermediate !
carbonium ions with subsequent reformation of the aloohols;

P
i
'

|_OH :
Ho HO._
H*’| _ oH H’
(IVa) (IVDb) (I1Ve) (IVd)

The reaction of peracid limonene monoxide with boron

| trifluoride - etherate 1n benzene was found to yleld ,

. carvenone in 45.5% yleld; however, with dimethyl sulfoxide '

. as the solvent a 50% yield of dihydrocarvone was formed

with no appreciable carvenone.

Pyrolysis of limonene monoxide at 546° gave dihydro-
:carvone as the main product with a small amount of mixed
;alcohols.
| Neolimonene-1,2-diol, formed by hydration of the
%oxirane linkage of the limonene monoxides, gave l-hydroxy-

' neocarvomenthol upon hydrogenation. The literature on the

| :
| 1-hydroxy-carvomenthols has been confused by the use [of |

iBose's carvomenthol assignments (1) in that the nomen-

§clature sometimes bellies the assigned structure. This

.confusion also led Naves and Grampoloff (87) to assign

ithe cis conformation to trans-isocarveol. Although an
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‘overwhelming amount of evidence is available which oon- |
tradlcts two of thesse assignments, they do not appear to |
have been challenged. The literature, in fact, is a mass i
of confusion because the assignments of Bose are used by |
some investigators while others use the assignments given
by Simonsen and Owen (173). For this reason, it was

deemed essentlal to clarify, once and for all, the stereo-

chemistry of the carvomenthols.
ON THE STRUCTURE OF THE CARVOMENTHOLS

The configurations of the carvomenthols have been the |

subject of disagreement for a number of years (1,173). |
Theory predicts the existence of four racemic carvomenthols
- and elght optically active forms. Characterization of four
- stereolsomeric carvomenthols, in a state of purity, was
accomplished by Johnston and Read (174). Simonsen and
Owen assigned the structures of the carvomenthols on the
basis of the known relationship between the carveols and
carvomenthones with the carvomenthols. Subsequent work by '

Schmidt has extended this relationship to the four dihydro-

carveols and the sobrerols (175-177). Although the Auwers-

- Skita rules must be applied with caution to 1,3-disubsti-
- tuted cyclohexane derivatives, nearly all the evidence for
' the structures of ocis- and trans-~carveol concur with the

jstructures assigned on this basis.
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The evidence of Bose for the structures of the carvo=-
menthols was based upon the reactlons of the three known
carvomenthylamines with nitrous acid. Mills (178) and
Bose (179) independently have shown that equatorial amines
react cleanly with nitrous acld to glve equatorial alcohols
with very little olefin formation. Axlal amines give
mainly olefin and some mixed alcohols. On the basis of
conformational analysis, as well as the Auwers-Skita rule,
carvomenthone was considered to have the methyl and iso=~
propyl groups trans and 1n the equatorial positions.
Formatién of carvomenthone oxime and the subsequent re-
duction with sodium in alcohol afforded 95% carvomenthyl-
amine and 5% neocarvomenthylamine (180). As the method of
reduction generally provided the more stable isomer; Bose
considered the carvomenthylamine to have all of the sub-
stituents equatorial. This was confirmed by the action of
nitrous acid which gave nearly all carvomenthol. The neo-
carvomenthylamine, with the isopropyl and methyl groups
equatorial, must therefore have the amino group axlal. This
was born out by predominant olefin formation on reaction
with nitrous acid. The oxime of 1socarvomenthone, where
the methyl and lsopropyl groups are cis, gives only iso-
carvomenthylamine, Bose assumed that the isopropyl group
fixed the conformation of the cyclohexane ring and was in

the equatorial position. This would require the methyl
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“group to be axlal. Since the actlion of nitrous acid on |
1socarvomenthylamine gave malnly isocarvomenthol with veryi
little olefin, the conformation was considered to have the%
amino group equatorial. Thus Bose assigned the structurasE
to the carvomenthylamines, and by analogy to the carvo- |
menthols, as follows: carvomenthylamine (ILXXVIII) and
carvomenthol (LXXIX), neocarvomenthylamine (LXXX) and 222'2
carvomenthol (IXXXI), isocarvomenthylamine (ILXXXII) and '
1socarvomenthol (LXXXIII), and neoilsocarvomenthylamine

(LXXXIV) and neolsocarvomenthol (ILXXXV). Unfortunately

) 1
) ]
) :

| R R-..

(LXXVIII, R=NH,) (LXXX, R=NHg
(LXXIX, R:=0H) (IXXXL, R=0H

—

(LXXXII, R:=NH
(LTI, R-Of

—

(IXXXIV, R=NHo)
(v, R=OH%

' neolsocarvomenthylamine was not avallable for reaction with|
fnitrous acld for comparlson. The conflgurations of carvo=-

imenthylamine, carvomenthol, neocarvomenthylamine and neo-
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VEEEGBQBhtﬁbi“wére“idghfibal to thoséhdédubéa-5§-MEﬁi&éhm“.
and Read (18l1). Bose stated that since isocarvomenthol

was esterified at a faster rate than was neocarvomenthol,

this was evidence for the correctness of the conformation

assigned to lsocarvomenthol.

The error in Bose'!s argument was that the presence of g
an 1sopropyl group on a cyclohexane ring does not necessar-;
1ly fix the conformation, as has so often been assumed.

Recently the lsopropyl group has been shown to have the

same magnitude as the methyl or ethyl group in affecting :

the ring conformation (182.184). It is in quite a differ

;ent class from the t-butyl group. Thus, while contributing§

OH !
; CH; :
| — i
| —— HO l
|
\ CHy

|

l

%to the ring conformation, the isopropyl group can not be
|

iconsidered bulky emough to cancel the effects of the other

:substituents. Therefore, the structure which Bose assigned
|

as neolsocarvomenthol may take up the alternative conforma-

\

;tion in which the isopropyl group is axlal and the methyl

%and hydroxyl groups are equatorlal. Were this the case with
|

Ethe corresponding amine, then this conformation could also
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“predominately give the corresponding alcohol on reaction |
with nitrous acid. Considering this, it is impossible to
conclude which asslignment 1s 1so~ and which is neoisocarvo-%
menthol solely on the basls of the actlon of nitrous acld
on isocarvomenthylamine. The argument that the relative
rates of esterification of neocarvomenthol and isocarvo-
menthol support the structures of Bose was refuted by the
same arguments that Eliel (185) applied to the isomeric
menthols.

The Inconslistencies of these carvomenthol assignments,i

which arise from hydrogenation studies on the carveols,

fall into place if the assignments of Bose for isocarvo-
menthol and neolsocarvomenthol are reversed. There are

three major pleces of evidence which support the reversal

;of assignments; (1), The relationship between the sobrerols;
dihydrocarveol hydrates, dihydrocerveols and carvomenthols !
%shown by Schmidt. Thls includes the relative hydrolysis
?rates of related structures which support such a reversal
éof assignments. (2), The molecular rotation values of the
fcarvomenthols which are as predicted for carvomenthol,
Effgcarvomenthol and neoisocarvomenthol (using the stereo=
chemistry which Bose assigned as_iggcarvomenthol). However,
éthe value for iggcarvomenthol indicates that it exists in

1

@nearly equal amounts of the two possible conformations

- (186) (as was predicted above from purely conformational
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‘arguments). (3) Hydrogenation studies of the carveols, |
originally done by Johnston and Read, using palladium on ?
charcoal as a catalyst,also contradlicts Bose's assignments
of iso~ and neoilsocarvomenthol. A more complete study was
carried out in this laboratory. The hydrogenations of EEE'E
and trans-carveol, trans-isocarveol, trans-carvotanacetol g
and trans-lsocarvotanacetol were studled. That these com-
pounds were as ﬁostulated was based on the methods of

preparation, derivatization and comparison with authentic

samples whenever possible. The solvent used was ethyl E

' acetate with platinum oxlde as the catalyst. In order to
iascertain whether the solvent or catalyst caused isomeriza-.

tion of either the starting materials or the saturated

i

alcohols produced, the following tests were made: (1). Thei

unsaturated alcohols were shaken with the solvent and ;
i |

' catalyst for approximately twelve house. (2). The individ-
gual carvomenthols were shaken in a similar manner. No

;isomerization ocourred In elther case. The hydrogenation
%results were analyzed by GLPC and the percentages caloulate
%ed in Table IIT. This evidence indicated that 1socarvo-
Ementhol has structure (LXXXV) and neoisocarvomenthol has

'structure (ILXXXIII).

The consideration that the structures of these two

;carvomenthols, iso- and neolso-, were still questionable }
'has often been overlooked in the course of structure proofs

i
i
|
{
|
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TABLE IIT

HYDROGENATION OF UNSATURATED ALCOHOILS

1]

Alcohol Carvomsnthol Neo~- Iso- Neoiso-
carvomenthol carvomenthol carvomenthol
Cis-carveol 49% - - 51%
Trans-carveol - 63% 37% -
Trans-isocarveol - 24 ,5% 7545% -
Trans-carvotanacetol - 64% 36% -
- Trans-iso- - 25% 75% -
carvotanacetol

83
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TABLE IV

HYDROGENATION OF LIMONENE MONOXIDES?

Catalyst Pt0y Raney Nickel  Raney Nickel
W-17 W-5
Temperature 300 100° 100°
| Pressure 60 pes.1. 2000 pe.s.i. 2000 pes.i.
' Carvomenthene oxide 100% - -
:Neooarvomenthol - 3.8% 6.1%
? Carvomenthol
| > 49.4% . 48.8%
. Isocarvomenthol
Neolsocarvomenthol - 27 «3% 25.7%
- p-menthan-1l-0l - 19.5% 19.4%

: 850-50 mixture of c¢ls~ and trans- lsomers from peracid
- epoxldation.

84
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"(éy:iéé;iééj, éithbdgh the inconsiétehéies ofléaééTs"‘ ]

assignments were early recognized (180). The hydrog?nation!
with Raney nickel catalyst of the limonene monoxides, and '
' therefore also the carvomenthene oxides, was reported to
give‘only isocarvomenthol by Kergomard and Genlex (139,
140). Reinvestigation with both W-5 and W-7 Raney nickel
afforded substantially different results in this labora-
tory. The results are tabulated in Table IV,

The nomenclature used throughout this work was based

on the carvomenthol assignments given above.

A -PINENE OXIDE

Sobrerol exists in the cls and trans forms, giving
rise to four optically active and two racemic modifica-
tions. ol ~pinene oxide forms only the trans modification

- upon hydration. Even though there 1s some rearrangement

e

.OH . OH

| during this transition, it is obvious that the original

' oxirane oxygen had to be in s position trans to the gem-

; dime thyl grouping of the cyclobutane ring. For consistent

- nomenclature the oxide should therefore be called cis-X =
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and the gem~dimethyl side of the cyclobutane ring.

While trans-sobrerol 1s more reluctant to form pinol
than is the cis modification, 1t may still be produced.
Therefore, reactions of « ~pinene oxide in acld media were

investigated. It was found that strong acid media formed

| aldehyde, some pinocamphone and a small amount of pinol,
along with a considerable amount of resinous material.
When dl-« =-pinene oxide was hydrated with dilute acid to

| dl-trans-sobrerol, me.p. 151-1520, and the acid concentra-

' in 65% yleld along with a small amount of p-cymene.
Royals and Harrell (77,78) reported that o -pinene

oxlde with glacial acetlic acld - sodium acetate formed

: campholenic aldehyde along with an unidentified, impure,

hydroxyacetate which has been assumed to be 6-acetoxy-8-

' hydroxy-l-p-menthene (187). Relnvestigation of this

15
np 1.4630; 17.1% trans-carveol, b.p. 76°/4 mm., n’y 1.4940;

and 20.5%.0f e hydroxyacetate, b.p. 127~155°/4 MM,

25
‘n, 1.4813. The aldehyde was characterized by its 2,4-di-

fnitrophenylhydrazone,.m.p. llO-lllO, and 1ts semicarbazone,

Em.p. 138,.5-140°, The d4l-trans-carveol afforded a 3,5-di~

‘nitrobenzoate, mep. 118-118,5°. Hydrolysis of the hydroxy=|
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| pinene oxide, cls referring to the methyl at the 2-positioni

i
}
I
1

| a complex mixture of what appeared to be mainly campholenic

. tion raised after the sobrerol formation, pinol was formed

t
H

i

reaction afforded 39% campholenic aldehyde, b.p. 80°/10 mm”i

1
|
i
!
i
t
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"EEEEEEQAééﬁé”gglﬁggg§~sébrerol, m;p. 12841296;”ﬁﬁiah
showed no depresslion on admlxture with an authentic sample.
From mechanism considerations the hydroxyacetate would be 5
expected to be trans-8-acetoxy-6-hydroxy-l-p=-menthene
(IXXXVI) instead of that which had previously been assumed
(187). This was confirmed by pyrolysis of the hydroxy-

acetate to give dl-trans-carveol, identified by CGLPC, 1ts

| infrared spectrum and the 3,5-dinltrobenzoate, m.p. 119°.

(*1*
| + o
; .OH ,.oH /
; —_— — —»
| O -
\ |
3,00 oM .OH o
— —_— _+_
¥ OAcC
N
(

LXXXVI)

It was considered feasible, although unlikely, that
ithe hydroxyacetate might have arisen if the oxlde opening
!had oocurred by the breaking of the axial C-0 linkage.
1This would have afforded the monoacetate of K -pinene
%glycol (LXXXVII)e Anticipating this possibility, the «=

pinene glycol was prepared by the method of Schmidt (188),
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to the c¢is~l~hydroxy-pinocamphone and reduction with
lithium aluminum hydride. As 1t turned out, thls was not
{ necessary since none of the monoacetate of the o -pinene

glycol was formed.

_.OH .OH
¥ OAc OH
_:_ —> —_
o

(ILXXXVII)

which consisted of the pérméhganéﬁe okidéﬁibﬁudfhoz;ﬁinéﬁé

1
!
|

|
!

It appeared that the equatorial bond in cis- o~pinene

' oxlde preferentially opened the oxirane ring, after which
the observed rearrangements occurred. It was question-

- able, however, as to whether conformational influence was

% the contributing factor. It was qulite possible that the

; driving force in this reaction was the carbonium ion forma-
? tion. Nevertheless, this oxide underwent the same cleavage
} of the equatorial C-0 linkage as had been observed in most
i of the cyclohexene oxlde series, corresponding to the

f Furst-Plattner rule of diaxial opening. This, however,
? was considered to be a speoclal case. The conformation of

- 0is-o{~-pinene oxide was considered to be fixed dus to the

? unfavorable steric interactions that would occur in the

alternate conformation.
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|
SUBSTITUTED 6-~0XA-BICYCLO-[3.2.1}-0CT-3-ENES |
i

In a previous work this author studied the reactions
of 1,2-dibromo~8~hydroxy-p-menthane with various bases. It
was found that strong basic reagents gave pinol (4,7,7-tri-
methyl-G-oxa-bicyclo-[§.2.1J-oct-3-ene) while weaker bases
afforded p-cymene as the product. It was erroneously pos-
tulated that the ether formatlon preceded the tertiary
bromlde elimination In the pinol formation. A reinvesti-

gation of the action of hasic reagents on 6-~bromo-8-

Ehydroxy—l-g—menthene has refuted thls claim. The previous

“error was undoubtedly due to the instabllity of the allylic

bromide, which rapidly decomposes to p-cymene at room

temperature. The results of this reinvestigatlion are |
 tabulated 1n Table V.
| The effect of the alkyl substituents on the basicity

" of the hydroxyl group was of interest. Therefore, prepara-
%tion of a series of substituted 6-oxa=-bicyclo-[3.2.1]|-0Ct=
éB-enes by the dlbromide intermediates was undertaken. By
jstudying this reaction with various bases, it was possible
?to observe the internal ether - aromaticity competition.

In order to obtain the dibromide precursors of the

" plnol analogs, it was necessary to synthesize the desired !
‘ |
|

o =terpineol analogs (IXXXVIII, LXXXIX, XC and XCI). |
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TABIE V

REACTION OF BASES ON & -TERPINEOL MONOBROMIDE
(6~ BROMO- 8~-HYDROXY-1~p~MEN THENE )

Baslic Reagent Solvent? Product ratlo
pinol % : p-cymene %

'Sodium ethoxide ethyl alooholP 98 2
E?Sodium hydroxide  ethyl alcohol® 95 5
ySodium me thoxide me thyl alcohol® 72 28
iPyridine benzeneP 0 100
2% sodium bicarbonate solution® - -

, A1l solvents were anhydrous except the bicarbonate
‘solution. :
bReaction temperature: 65-75°,

- CThe product obtained was dl-trans-sobrerol, m.p. 128°;
‘reaction temperature was 25°,

90
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The'preparation of dinor-tx terpineol (LXXXVIII) ‘was

approached by attempting a Diels~Alder diene synthesis, |
employing isoprene as the diene and allyl alcohol as the %
dienophile. A number of runs were made at increasing ;
temperatures, but nothing other than starting materisl was;
: obtained. Using acrylonitrile as the dienophile, 4-oyano-;

1-me thyl-cyclohex-1-ene was obtained, b.p. 85-93°/20 mm.,

20 f
ny 1.4723, in an 83% yield. Since the addition of acrolein

< “\‘,3,“ < “\(““3 ?
| |

Q.. e

(XC1I1) XCIII)

A U A
OO OO

N CH
Hg

C
C:LHS CI

(LXXXVIII) (XC) (LXXXIX) (XCc1)
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"was considered to be a more direct approach, this was the |
| dienophlile which was finally employed. Isoprene and ascro- !

|
|
| lein formed the adduct l-methyl~-4-formyl-cyclohex-l-ene

(XCII) in 84% yield. This adduct, b.p. 64°/10 mm.,

23

n1,1.4711, was characterized by the preparation of its
semicarbazone, m.p. 142.5-144° and 1ts 2,4-dinitrophenyl-~
hydrazone, m.p. 165.5-166.5°, Lithium aluminum hydride

| furnished a 96% yield of two materials; 87% of dinor-o -

terpineol (LXXAVIII), b.p. 90°/10 mm., n’ 1.4810, 3,5-di-

nitrobenzoate mep. 111-112°, and 9% of an unidentified

material, b.p. 89°/10 mm., which was purified by GLPC to

i5 ;
give n, 1.4603. This latter material had a carbonyl group -

;which showed at 5.71 mlcrons in the infrared. From the

;GLPG thls second fraction was thought to be two different

compounds which were not separated. WNo further work was

fdone on this,

Alder and Vogt (189) prepared nor-o -terpineol
E(LXXXIX) by addition of methyl magnesium halide to l-meth-
éyl-4-formyl-cyclohex-l-ene. For convenlence, the problem
%was approached from another route in this laboratory. The
%Diels-Alder addition of isoprene and methyl vinyl ketone

-afforded l-methyl-4-acetyl-cyclohex-l-ene (XCIII) in better

Ethan 90% yield. It was found by GLPC that less than 3%

'1-me thyl-5-ace tyl-cyclohex-1l-ene was formed. The l-methyl-

%4-aoetyl-cyolohex-l—ene, b.p. 79-80°/10 mm.,z¢:51.4705,
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waes characterized byl the préparation of 1ts semicarbazone,
mep. 148,0~148.5° and the 2,4-dinitrophenylhydrazone, m.p.
116°, ILithium aluminum hydride reduction gave nor- L -ter-
pineol, b.p. 93°/9 mm., ny 1.4792, in 90% yleld. This
aloohol gave a 3,5-dinitrobenzoate, m.p. 95-96°,

The approach used in the synthesis of iso~ and homo-
X -terpineol, (XC) and (XCI) respectively, involved addi=-
tlon of the corresponding aldehyde and ketone, previously
produced in the Dlels-Alder syntheses to ethyl magnesium
oromide. This gave 1so~o -terpineol (l-me thyl- [4-of -

hydroxy-propyl]-cyolohex-l-ene), b.p. 82-85°/3 mm.,

A1
'n, 1.4808, 3,5-dinitrobenzoate, m.p. 111-113°, in 81.5%

yleld and homo- X -terpineol (l-methyl- [4-« -hydroxy-« -

‘. methyl—propyl] -cyclohex-1l-ene), b.p. 89-9‘20/5 mme, ,

11
'n, 1.4836, 3,5-dinitrobenzoate - oil, in 87.5% yleld.

Bromination of dinor-o ~terpineol with pyridinium

;bromide perbromide in acetic acld according to the method

of Lombard and Heywang (190) gave what was apparently the

fl-acetoxy-z-bromo derivative (XCIV). This compound gave

OAc
Bv
O
— —>
H
CH,0H CH,OM
(XC1IV) (xcw)
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dinorpinol (4-methyl-6-oxa-bicyclo-[3.2.1] -oct=3-ene) (XCV)

———— b

with strong bases, but went unchanged when reacted with

pyridine. Due to this undesirable acetylation during-the

bromination, this method was discarded. More satisfactory

results were obtalned with the terplneol analdgs by addi-

i tion of a bromine - carbon tetrachloride solution to a

carbon tetrachloride solution of the olefinic alcohol, at

ice bath temperatures. This procedure gave very clean

products. The carbon tetrachlorlde was removed under vacuo

prior to use of the dibromide.

The reactions of these dibromides with strong bases

- gave the corresponding pinol analogs. Weak bases were

" reluctant to cause aromatization and did not form the pinol

- analogs, but gave the allylic bromides Iinstead. As with

- K -terpineol dibromlde other high bolling products were

;produced. In these cases, however, the products were

:"oleaner" and were ldentifled as high boiling alcohols.

| The results of the studies regarding the aromatization-

" internal ether formation are tabulated for dinor-d =ter-

'pineol dibromide in Table VI and for nor-d -terplneol Gi-

bromide in Table VII. The 1so- and homo=~ o -=terpineol dl=-

" bromides were converted into the corresponding pinol

analogs by strong bases. The physical properties of the

6-oxa-bioyclo-[§.2.l =-o¢ t=-3=-enes produced in this study

iare tabulated in Table VIII.
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REACTION OF BASES WITH DINOR-o{ -TERPINEOL DIBROMIDE®

TABILE VI

Baslc Reagent

Solvent

Product ratio
dinor-pinol % : p-xylene %

 Sodium ethoxide 100%
Sodium methoxide 100%
Sodium hydroxide 85%

 Pyridine 100%

ethyl alcohol
methyl alcohol
me thyl alcohol

me thyl alcohol

100
98-100
83

0

0
0=-2
17
100

ZThe reaction temperatures
hile p-xylene was formed,

were betwsen 680 and 75°,

the main product was the allylic bromlde.

95
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TABILE VII

REACTION OF BASES WITH NOR-o( -TERPINEOL DIBROMIDE®

Baslc Reagent Solvent Product ratio

norpinol %

4-ethyl-toluene %

Sodium e thoxide 100% ethyl aloohol 98-100
Sodium me thoxide 100% methyl alcohol 95
Sodium hydroxide 85% methyl alcohol 90
Pyridine® 100% methyl alcohol -

0-2
5]
10

~ @The reactlon temperatures were betwsen 68° and 75C.
PThe only product formed was the allylic bromide.

96
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PROPERTIES OF PINOLS

TABLE VIII

(SUBSTITUTED 6-0XA-BICYCLO- [3.2.1]-0CT-3-ENES)

Combound B.P. n;S
1-pinol? 64-65°/11 mm. 1.4698
- d1-pinolP 61-62°/10 mm., 1.4725
- dl-dinorpinol (XCV) 55-56°/10 mm. 1.4777
dl-norpinol (XCVI) 60-61.5°/12 mm. 1.4708
dl-isopinol (XCVII) 85-88°/14 mm, 1.4690
dl-homopinol (XCVIII) 70°/10 mm., 1.4725

10

3% 0,9420.
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It was apparent from the studles of the dlbromo- |
alcohols, that the base strength played an important rols !
in the ether formation. This was indlcated dramatically |
in previous work (1l) and still held in the cases studied
here. While the aromatic compounds were reluctant to formé
with the dinor- or ggg-o(-terpingol dibromides (except in ‘
acid media or when heated), 1t appeared that formation of
the allylic dibromide was an Intermediate step in the
formation of the internal ethers.,

The formation of the two possible stereoisomeric

racemates occurred with norpinol (XCVI). No attempt was i

! made to separate the two isomers. It was noted that the
two 1somers were not formed in equal amounts. This would
be due to the unfavorable steric interactions in the i
transition state of the isomer which was formed to a
lesser extent. This would also explain the presence of

. the nearly equal amount of high bolling alcohols formed in
} the reactions producing the 1lso- and homopinols, (XCVII)
and (XCVIII) respectively,

é Since the starting materials for nor-, iso-, and

% homopinol are racemic, this would mean that only 50% of
the starting material would be sterically favored to form
the pinol analogs (due to the asymmetry about the hydroxyl-
carbon), From a study of molecular models, it seemed

likely that the pinol lsomers whose formations were
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'EEg;iéally favored would be the isomers which have the
largest substituent in the exo posltion.
Bach of the pinols formed a complex wilth ferricyanic
acid.

8. P c

H
A

g

r

N @t C -—’é

2 ——
* ; ﬁ DA
\ CHy

R, RL R, Rz ‘ I\

/
© CHy @
R — @
Vd

&) @ o i\B
' CHg

o@

\

0*0

H

(xcv); Rl: RZ.:H
(XCVI); R,=CH;3, R,=H and R,=H, R,:CH,
(XCVII); R,=C H,, R,=H (and R,=C, H,, R,zH?)

(XCVIII); R,2CH,, R,:CH; (and R,:C Hg, R,:CH,?)

DEHYDROACETIC ACID

In the course of the research dealing with the Diels-
. Alder synthesis, a number of unsuccessful attempts were

' made to add enol acetates to cyclopentadiens .
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"~ The preparation of the enol acetates of 2,4-pentan~
dione, ethyl acetoacetate and methyl acetoacetate were
carried oute It was found that the esters of acetoacetic

acid formed only a single 1lsomer, probably the cls enol

acetates, whereas 2,4-pentandione afforded the two |
possiﬁle, c¢is and trans, lsomers. The propertles of theseé
enol acetates are tabulated iIn Table IX. Thls appeared
to be the first report of the two isomeric enol acetates

2,4-pentandione (2-acetoxy-2-penten-4-ones). The =

CHy |
CH v CHs H CHj \C:O
/ \ / \ /
c—¢C /g:::g\ c—¢
AcO >C:0 AcO /CT-O AcO H
(cis) (cis) (trans)

isomer appeared to be the predominant one. Since the ;
keto - enol equllibria of the acetoacetic esters have been%
shown to have the enol completely in the c¢is configurationJ

whereas acetylacetone can exist in both the c¢is and trans

sonfigurations in the enol form, this might indicate that
i the configurations of the enol acetates formed follows
that of the enol itself,

The NMR spectrum of the A = isomer showed a splitting
(F~047 cps) of the vinyl methyl group by the vinyl

, proton, while this was not observed for the /9-isomer.
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Also, the vinyl methyl group was approximately 7 cps fﬁl'}
ther downfield in the « - compound than in the /B - isomer.i
This was analogous to the dehydroacetic aclid system, whiché
showed a splitting where the vinyl proton and vinyl methyl%
were cise. Unfortunately, the NMR spectra for the enol !
acetates of methyl and ethyl acetoacetate were of such
poor quality that no worthwhile data was obtalned. Also,
analogies of vinyl compounds with cyclic systems must be
considered as "dangerous" in such a structure proof., Be-

cause of thls, and the absence of further physical data,

the assignments of the enol acetates as cis or trans must

. be considered as pure conjecture until further proof 1s
~avallable.

In the course of the attempted addlition of the enol |
- acetate of ethyl acetoacetate to cyclopentadiene, a solid,%
 MeDe 110°, ldentified as dehydroacetic acid was isolated. %
| No Dlels-Alder adduct was formed. Under the vigorous
- experimental conditions, the enol acetates apparently
2 underwent self-condensation to give ethyl acetate and
% dehydroacetic acid.
E The carbon skelton of dehydroacetic acid has been

! rigorously established along with the determination that

the acid exlsts (at least in solution) in the enol form
' (167). The question which remained unanswered was which

~enol form the acld and 1ts enol ethers possessed.

i —
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TABLE IX

PROPERTIES OF ENOL ACETATES

Compound B.P. n%?® Amax (mu)®
3-ace toxy-me thyl-crotonate 86°/10 mm. 1.4428 210
S5-acetoxy-ethyl-crotonate 83°/5 mm. 1.4423 209
K -2-acetoxy=-2~penten-4-one 85-86°/10 mm. 1,4500 232 .5
B ~2-acetoxy-2-penten-4=-one 87°/10 mm. 1.4493 226

8gpectra taken in 95% ethanol;

mean devigtion+t1.0m

102

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



103

e OAc 0 o |
H s H. CHy
+ —> g

The problem was approached by a study of the spectral%
properties of dehydroacetic acid and 1ts derivatives. ‘
Berson's (167) assumption, deduced from the similar ultra-j
violet spectra of dehydroacetic acld and its enol ether,

thaet the structure of the sther and acid was the same

; except for the replacement of the acld proton with an
| alkyl group was considered to be valid in the absence of

. any contradictory evidence.

o OR
H , , CH3 H o’ CH3
(o]
CH3 e} OR CHy 0]
(ILXVIIa) (IXVIIb) (IXVIIc)

Dehydroacetic aclid was prepared according to the

' method of Arndt (191) and the sodium and silver salts were
iprepared. The action of methyl or ethyl iodide on the dry
;silver salt readily formed the respective esters (enol

fethers). The ultraviolet spectra of these are tabulasted
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TABLE X

ULTRAVIOLET SPECTRAL DATA OF DEHYDROACETIC ACID

AND ITS DERIVATIVES®

Compound Amax (n}u)b Log€
Dehydroacetic Acid 222,5 3.99
311,0 4,05

‘ Sodium Dehydroace tate 230,0 4.22
' 29545 3.92
Silver Dehydroacetate 229.0 4.21
297 .0 3492

Me thyl Dehydroace tate 224,5 5.98
314,5 3494

 Ethyl Dehydroacetate 225,5 3496
| 313.5 3,91

BSpec tra taken in 95% ethanol,

Prean deviation ¥ 1.0 m/4
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TABILE XI

INFRARED SPECTRAL DATA OF DEHYDROACETIC ACID

Compound A mex (microns)

Dehydroacetlioc acid 5.70(s), 5.'75(m)a, 6.06(s), 6.16(m), 6.40(s), (CCly).
5.82(8), 6.06(s), 6.16(m), 6.42(s), (Nujol).
5.78(s), 6.05(s), 6.17(m), 6.40(s), (KBr).

Sodium Dehydroacetate 5.93(s), 6.02(s8), 6.25%, 6.,34(s), 6.51(ms), (KBr):
5.93(8), 6.02(8), 6.31(m)’ 6034(5), 6-51(m8), (NuJOl)o

Silver Dehydroacetate 5.,95(s), 6.08(s), 6.41(s8), (Nujol).
5.93(s), 6.03(s), 6.35(s), 6.52(m), (KBr).

Methyl Dehydroace tate 5.78(s), 5.83(s)?, 5.89(s)?, 6.08(m), 6.56(m), (CC1,).
5.78(ms)?, 5.86(s), 5.98(s), 6.09(m), 6.66(s), (Nujol).
5.76(ma)®, 5.83(s), 5.95(s), 6.06(m), 6.64(s), (KBr).

Ethyl Dehydroacetate 5.79(s), 5.87(s)®, 6.07(m), 6.53(ms), (CCLl,).
5085(3) 9 5.89(8), 6.09(m 9 6054(8), (NuJOi)o
5.69(m), 5.83(s), 5.89(s)%, 6.07(m), 6.54(8), (KBr).

BShoulder

(s) strong, (m) medlum intensity.
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In Table IX and the infrared spectra in the carbonyl - ole=-
fin region are tabulated in Table X. The infrared and
ultraviolet spectra would tend to rule out structure
(LXVIIb) on the basis of comparison with other derivatives
of 2,4-pyrandiones (192,193). A tabulation of such deriva-
tives 1s 1Included in the Appendix for comparison. This did
now, however, rule out structure (LXVIIG), although the
striking similarities of the spectral properties of
(LXVIIa) to known compounds favored this structure.

The problem was unequivocally solved by analysis of
the nuclear magnetic resonance spectra of dehydroacetic
acid and 1ts derivatives. Dehydroacetic acid gave a NMR
spectrum with peaks at -135 cps (-2.25 ppm), which corres-
ponded to the methyl group at the 6-position. This was
split (J= 0.81 cps) by the olefinic proton. The peak at
-154 cps (-~2.57 ppm) was a sharp singlet corresponding to
the acetyl methyl group. The quartet at =347 cps (=-5.78
ppm) corresponding to one proton was the vinylic proton
split by the methyl group at‘the 6-position. When dehydro-
acetic acid was dissolved in deuterium oxide and the
solutlon made basic by sodium deuteroxide, the peak at -154
cps (-2.57 ppm) disappeared due to the rapid exchange of
the acetyl methyl hydrogens with deuterium. This, howsver,
proved little, for if structure (ILXVIIc) were the ocorrect

one, under the conditions used, exchange would undoubtedly
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have also taken place. When ethyl dehydroacetate was
shaken with deuterium oxide and sodium deuteroxids,.
exchange of the replaceable hydrogens of the acetyl methyl
group was observed. This would tend to rule out structure
(IXVIIc) as a possibility. It would thus appear that
(LXVIIa) was the enol structure for the enol ethers, if not
dehydroacetic acid itself. This evidence still left the
outside possibility that (ILXVIIb) (which was ruled out on
the basis of infrared evidence) could feasibly be the
structure if the acetyl group caused an abnormal shift in
the observed infrared spectrum. Therefore, ethyl dehydro-
acetate was hydrogenated in ethyl alcohol using 5% palla=-
dium on charcoal as the ocatalyst. This ylelded a dark,
viscous oil which gave an ultraviolet Amax 264.5 m and
Infrared absorbtions at 5.81(m), 6.04(s), 6.19(s) and
8400(s) microns. This material gave a strong positive
ferric chloride test. The NMR spectrum showed the absence
of the O-ethyl grouping indicating that the enol ether was
cleaved during the hydrogenation. The 6-methyl group was
now present as a doublet at -82 cps (-1.37 ppm), while the
acetyl methyl showed as a singlet at -116 cps (=1.93 ppm)
which readily exchanged deuterium with deuterium oxide in
the presence of sodium deuteroxide. A single proton showed
up at =248 cps (=4.13 ppm).as a multiplet, corresponding to

the 6-position hydrogen. The remaining hydrogens appeared
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a8 non-resolvable multiplets. The absence of two extra 1
protons in the reglon occupled by the single proton on the
C-0 carbon rules out (IXVIIb). The spectral data presented
constitutes a proof of the enol structure of ethyl dehydro-
acetate, and if the assumption of the direct relationship
of the ether and acid is valid, of dehydfbaﬁetic acid
(IXVIIa).
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CHAPTER IV

EXPERIMENTAL

All melting points and bolling polnts are uncorrected.
Optical rotations were measured on a Josef and Jan Fric
polarimeter using a 1 dm., tube. Refractive indices were
measured on a Bausch and Lomb, Abbe-3L, refractometer,
Analyses by gas - liquid phase chromotography (GLPC) werse
done by using a Wilkins Aereograph Master Model A-100

instrument equipped with a 10-ft., %-in., column packed

with a Carbowax = 20M substrate on firebrick. Infrared
~ analyses were carrled out using a Perkin-Elmer Model 21
E and Model 137 spectrophotometer. Ultravollet spectra were
| obtained on a Beckman Model DB spectrophotometer. Nuclear
magnetic resonance spectra were obtained with a Varian
" Model A-60 spectrometer., Chemical shifts are reported in
i both cycles per second (cps) and parts per million (ppm)
% downfleld from tetramethylsllane using deuterated chloro-
form as solvent, unless otherwise noted.

The pyrolysis apparatus consisted of a pyrex tube,
l1-in., 0.D., mounted vertlcally iIn a l-ft. Hoskins electric
furnace, The column was packed with 6 mm., glass beads to

a height of %-in. and with 1/8-in. Pyrex helices to a
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height of 17-in. The bottom of the column was connected to
a 30 cm. West condsenser which was fitted with a 250 ml.
flask with a side arm, cooled in a dry 1lce -~ acetonse bathe.
To this side arm was attached a trap and a bubbler. At the
top of the column, a nitrogen inlet and an addition funnel
were placed. The addition fumnel was also equipped with a
nitrogen inlet. The ester flow rate was adjusted by a
stainless steel needle valve. The temperature was measured
by a thermometer inserted to a depth of approximately 10-in.
in the glass helices.

Derivatives were prepared by the methods presented by
Vogel (194) with the following modification; all deriva-
tives were recrystallized from ethanol or ethanol - water
solutions at least twice. Melting points were taken in
capillary tubes on a Meli=-Temp melting point apparatus.

Analyses were done by Dr. G. Weiller and Dr. F. B.
Strauss, Microanalytical Laboratory, 164 Banbury Road,

Oxford, England.

Purification of d-limonene monoxide (VIII). 1.50 Kg.

of commercial grade d-llimonene monoxide obtained from Food
Machinery and Chemical Corporation, ni?l.4697, d;163.33°
(neat) (prepared by peracid oxidation), was fractionally
distilled over a 3-ft. spinning band column to remove the

small percentage of d-llmonene present. Two fractions were

a8
obtained; (1). d-limonene, b.p. 70°/20 mm., X;+99.06° (neat)
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i
D

and (2). d-limonene monoxide, b.p. 92-94°/20 mm., «5+59.20°
(neat), néfl.4654. The distillation was followed by GLPC
analysis and the fractions reported were pure. 150 g. of
the pure d-limonene monoxide was subjected to fractionation
over a 3-ft., metal helice packed, Todd column egquipped
with an automatic fraction cutting distilling head,at atmos-
pheric pressure under nitrogen. Thirty-five cuts were
arbitrarily taken. The distillation was followed by the
observed optical rotation and refractive index of esch cute
Cut #10, b.p. 197°,¢x;f50.so° (neat), n;51.4640, was impure
d-cis-limonene monoxide. Cut #35, b.p. 198°, d;ivs.54°
(neat), nﬁfl.4665, was essentially pure d~trans-limonene
monoxide (Lit. (119): b.p. 66°/3.5 mm.,[bdifes.vo°,

riy 1.4668, dy 0.9303). 110 g. dlstilled over the range
196-198°, 40 g. was left 1n the distillation pot as a

dark resinous mass which had the distinct spearmint odor
characteristic of carvone. There was no separation of the
two lsomers when analyzed by GLPC over a number of different

substrates.

d-neolimonene-1,2-diol (VIIb). 500 g. of commercial

grade limonene monoxide, n§f1.4697,<1;163.55°, was mixed
with 2500 ml. of 6% sulfuric acid at ice bath temperature
and stirred for 5 hours. The solution was filtered to
remove the crude neolimonene-1,2-diol dihydrate. After

washing with ice water, the glycol was taken up in 1200 ml.
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of hot chloroform from which the water of hydration readily
separated. The hot chloroform was separated from the water
and the neolimonene-1,2-diol crystallized to gilve 375 g.
(67%) of material, m.p. 70.0=70.5°, [«]11550 (acetone),
(Lit. {30): m.p. 72-73°, [%]+48°). Anal. Caloulated for
C,oHjgO 2 C, 70.55%; H, 10.66%. Found: C, 70.13%; H,
10.75%

d-1-hydroxy-2-tosyl-8-p-menthene (ILXIX). d-neo=-limo-

nene-1,2-diol (41.3 g.) was added to a solution of 49.8 g.
p-toluenesulfonyl chloride in 100 ml. of dry pyridine. The
flask was sealed and the solution stirred at 25° for 48
hours. The reaction was worked up by pouring into e
cracked 1lce - hydrochloric acid solution and extracted with
four 75 ml. portions of ether., The ethereal solution was
washed with 50 ml. portions of dllute hydrochloric acid,
séturated sodlum bicarbonate solution and water. The ethe-
real portion was dried over anhydrous sodium sulfate. The
ether was removed under vacuo leaving 43.0 g. (58%) of
crude l-hydroxy-2-tosyl-8-p-menthene. A small portion

(8.0 g.) was purified by distillation over a modified
Hickman sti1ll to yleld 7.0 g., n;?l.4944, d:r5l.05° (neat) .

d-trans-limonene monoxide (VIIIb). To & solution of

15.5 g« of potassium hydroxide in 100 ml. of methanol was
added 35.0 g. of the crude d-l-hydroxy-2-tosyl-8-p-menthene.

The reaction immedliately became milky in appearance. The
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reaction was stirred for 30 minutes at room temperature.
The reactlon mixture was poured into water and extracted
filve times with 50 ml. portions of ether. The ethereal
solution was washed with a 50 ml. portion of water and
dried over anhydrous sodlum sulfate. The solvent was re-
moved under reduced pressure and the material distilled to
yield 16.6 g. (96%) d-trans-limonene monoxide, bep. 78.5=
80.5°/10 mm., ny 1.4657, ol +83.22° (neat). 5_@. Calcu-
lated for C,,H;,0: C, 78.89%; H, 10.59%., Found: C, 78.91%;
H, 10.50%.

Reaction of d-trans-limonens monoxide with glaclal

acetic acid - sodium acetate. 500 mg. of d-trans-limonene
monoxide, ny 1.4665, ops75.34°, was added to a solution of
1.50 g« sodium acetate in 10 ml. of glacial acetic acid.
The reaction was stirred at room temperature for 48 hours.
The reactlion was worked up by pouring into 500 ml. of water
and neutrallzling the solution with sodium bicarbonate. The
aqueous solution was then extracted seven times with 30 ml.
portions of ethyl acetate. This was washed with a 50 ml.
portlon of water and dried over sodium sulfate. The ethyl
acetate solution was hydrogenated at 60 p.s.i. on the Paar
hydrogenation apparatus using 0.3 g. of platinum oxide as
the catalyst. This was done in order to obtain the carvo-
menthene hydroxyacetates for GLPC analysis since the limo-

nene hydroxyacetates were held on the substrate. The
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carvomenthene hydroxyacetates were obtained by removing
the catalyst by filtration and evaporating the solvent
under reduced pressure. The carvomenthene hydroxyacetates
(400 mg.), néfl.4596, were analyzed by GLPC. Analysis in-
dicated the hydroxyacetates to be 90% 2-acetoxy-l-hydroxy-
p-menthane (l-hydroxy-neocarvomenthyl acetate) and 10%
l-ace toxy-2-hydroxy-p-menthane (l-acetoxy-neoisocarvomen-
thol). An authentic sample of l-hydroxy-neocarvomenthyl
acetate was used as an internal standard. This indicated
that the hydroxyacetates initially formed were 90% 1l-hy-
droxy-neodihydrocarveyl acetate (LXX) and 10% l-acetoxy-
neoisodihydrocarveol (LXXI).

Reaction of peracid d-limonene monoxide with glacial

acetic acid - sodium acetate. 76.0 g. of peracid d-limo-

nens monoxide, nifl.4654,oé§;59.200, was added to a solu-
tion of 41.0 ge. sodium acetate in 500 g. glaclal acetio
acid, wilth stirring. The temperature rose to approximately
37° but was cooled to 27° and the reaction mixture was
stirred at this temperature for a period of 68 hours. The
reactlion mixture was poured into approximately 2000 ml. of
water and extracted seven times with 75 ml. portions of
ether. The ethereal solution was neutralized with a satu-
rated sodium bicarbonate solution, washed with 75 ml. of
water and dried over anhydrous sodium sulfate. The solvent

was removed under reduced pressure and the limonene
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hydroxyacetates distilled over a range 132-138°/7 mm. to
glve 96.0 g. (90.5%) of material, np 1.4742, oy +53.60°
(neat)s Hydrogenation of a small portion in ethyl acetate,
as described previously, and analysis by GLPC indicated
that the original hydroxyacetate consisted of 46.4% l~hy-
droxy-neodihydrocarveyl acetate (IXX), 5.1% l-acetoxy-neo-
isodihydrocarveol (IXXI) and 48.5% of l-acetoxy-neodihydro-
carveol (IXXIII).

Pyrolysis of mixed limonene hydroxyacetatese 90.0 ge.

of mixed limonene hydroxyacetates, b.p. 114°/3 mm.,
rﬁ§144750,<¥ii56.800 (neat), prepared as above from peracid
limonene monoxide, was pyrolyzed at 370°. The ester was
dropped on the pyrolysis column at a rate of 1 drop/27 sec=-
onds., The pyrolysate was taken up in ether and washed with
a saturated sodium bicarbonate solution until neutralized
and then washed once with a 50 ml. portion of water. The
solvent was removed under reduced pressure and the pyroly-
sate distllled over a simple cold finger distilling head
under reduced pressure. Two main fractions were collected;
(1). b.p. 85-126°/6-8 mm. (32 g.) and (2). 126-130°/6 mm.
(35 ge)s Analysis of the first fraction by GLPC indicated
that there were five components (see Table I). Fractiona-
tion of the first cut over a 3-ft. spinning band column
ylelded the flrst two components as a single fraction,

25 5
b.p. 85-87°/8 mm., ny 1.4714, X;#+21.80° (neat), identified

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



116

as a mixture of 1sodihydrocarvone and dihydrocarvone (XXXI)
by its semicarbazone, m.p. 189° and its 2,4=dinltrophenyl-
hydrazone, m.p. 147-149° (Lit. (195): nﬁ?l.4717,¢13-17.759,
g 0.928, semlicarbazone m.p. 189-191°, for l-isomers). The
Infrared spectrum and GLPC retention times were ldentical
to that of an authentic sample. Anal. Calculated for
C,oH 02 C, 78.89%; H, 10.59%. Found: C, 78.77%; H, 10.92%,
The third component, b.p. 102°/10 mm., ny 1.4925, o(j,’fsz .00°
(neat), gave a 3,5-dinitrobenzoate, m.p. 69-69,5°. The
physical constants and Infrared spectrum indicated that
this was identical with the "cis"-1(7),8-p-menthadiene-2-o0l
i1solated by Naves and Grampoloff (Lit. (87): be.p. 71-72°/3
mn., da 0.9457, ny 1.4955, [«]+94.3°, 3,5-dinitrobenzoate
MeDe 69=69.5°) . Anal. Calculated for CK3H|60: C, 78.89%;
H, 10.59%. Found: C, 78.67%; H, 10.86%. Hydrogenation of
a‘l.O ge portion of this alcohol in 25 ml. of ethyl acetate
with O.1 g. platinum oxide catalyst at 60 p.s.i1. on the
Paar hydrogenation shaker gave a 1.0 g. mixture of 24.5%
neocarvomenthol and 75.5% 1socarvomenthol as analyzed by
GLPC using authentic samples as internal standards. The
hydrogenation produot was distilled over a modified Hiclkman
st1ll to yield a carvomenthol sample, n2§1.4650,¢12521.06°.
Preparation of the 3,5-dinitrobenzoate by means of the acid
chloride in pyridine gave a crystalline derivative, m.pe.

lll°,corresponding to that of 1socarvomenthol. (Iit. (196):
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m.pe. 111°). The pyrolysis product was thus identified as
d-trans-1(7),8-p-msnthadiene~-2-0l (d-trans-isocarveol)
(VIc). The fourth component, b.p. 106°/10 mm., nZDS 1.4934,
“;i181.800 (neat) was 1dentified as l-trans-carveol (VID)
(Lit. (195): b.p. 102.2-102.4°/10 mm., n’ 1.4942,
[1'3215% for a-isomer). Ansl. Caloulated for C,qHj, O:
C, 78.89%; H, 10.59%. Found: C, 78.96%; H, 10.80%. This
alcohol gave a 3,5-dinltrobenzoate, m.p. 111° (Lit. (195):
mep. 111.5°). The l-trans-carveol gave 63% neocarvomenthol
and 37% isocarvomenthol on hydrogenatlon 1n ethyl acetate
as described for trans-lsocarveol. Analysis was done by
GLPC using authentlc samples as 1nternai standards. The
fifth component, b.p. 108°/10 mm. was identified by GLPC
and 1ts infrared spectrum as Impure cis-carveol (VIa) by
comparison with an authentic sample. Pyrolyses at 342°,
396°, 436° and 450° were carried out in a similar manner.
The results are tabulated in Table I.

The second fraction from the crude distillation was
frans-2-acetoxy-l-hydroxy~8-p~-menthene (l-hydroxy-gggdihy-
drocarveyl acetate) (IXX). Redistillation gave a pure
fractlon, bep. 143°/10 mm., ny 1.4728, «(-373.50° (neat).
This hydroxyacetate formed a 3,5-dinltrobenzoate, m.p. 161-
162°. Anal. Caloulated for C,, H,,0,¢ C, 67.89%; H, 9.50%.
Found: C, 67 .63%; H, 9.56%.

Ilquld phase pyrolysis of mixed limonene hydroxy-
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acetates. 25 g. of a mixture of limonene hydroxyacetates
was distilled over a 3-ft. spinning band column under
nlitrogen at atmospheric pressure. The crude pyrolysate,
b.pe. 70-2200, was analyzed by GLPC and neglecting the ace-
tic acid formed, the reaction mixture consisted of 40% di-
hydrocarvone, 40% 2,8-p-menthadien-l-ol and 20% carveols.
The hydroxyacetate pyrolyzed was not anaslyzed prior to 1ts
pyrolysis and thus the compositlion was not necessarily the
same as reported for the limonene hydroxyacetates previ-
ously described.

Preparation of l-cis-carveol (Via). 45.0 g. l-carvone,

nﬁfl.4967, dii58.47° (neat), was reduced with lithium
aluminum hydride according to the procedure of Reiltsema
(171) to glve 40.5 g. (89%) crude l-carveol, ny 1.4940,
<¥;EB2.4O° (neat) which was distilled to glve 39.9 g. 1-
carveol, nz; 1.4955, d;s-32.74° (neat) which was shown by
GLPC analysis to be 94.4% l-cis-carveol and 5.6% l-trans-

carveol.

Pyrolysis of d-l-hydroxy-neodihydrocarveyl acetate
(ILXX)« Pyrolysis of 8-1-hydroxy-neodihydrocarveyl acetate
(34.0 g.) at 4559, the ester dropping on the pyrolysis
column at a rate of 1 drop/30 seconds, yielded a crude
pyrolysate which was taken up in 200 ml. ether and neutral-
1zed with a saturated sodium bloarbonate solution. The

ethereal solution was then washed with 50 ml. of water and
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dried over anhydrous sodium sulfate. The solvent was re-
moved under reduced pressure and the pyrolysate distilled
to give 21 g. (86.5%) of crude d-trans-2,8-p-menthadien-l-
ol (Xa), b.p. 90-101°/10 mm., n’1.4838, d5+41.62° (neat).
Fractionation over a 3-ft. spinning band column yielded a
cut, bep. 81-83°/7 mm., ny 1.4826, olp+46.70° (neat) (ILit.
(87,172) ¢ bup. 68-69°/3 mm., d4 0.9429, n’’1.4900,
[o(];$68.9°). Anal. Calculated for C,oH,,0: C, 78,89%; H,
10.59%. Found: C, 79.06%; H, 10.75%. The infrared spec-
trum corresponded to that reported (87). Hydrogenation by
the procedure previously described for trans-lisocarveol,
gave trans-p-menthan-l-ol, which was purified by distilla-
tion over a modified Hickman still to give 2.3 g., n§f1.4564
~x;:b.83° (neat) (Lite (87)2 b.p. 67-68°/3 mm., n§?1.4600,
déﬁo.on). The trans-p-menthan-l-ol gave a 3,5-dinitro-
banzoate, me.p. 82-83° (Lit. (87)2 mepe. 83-83,5°). The
infrared spectrum of the trans-p-menthan-l-ol was identical
to that reported (87)e. Analysis by GLPC showed this alco-
hol to be better than 95% pure.

Oxidation of l-trans-carveol. 3.00 g. of l-trans-car=-

veol, from the pyrolysls of l-acetoxy-neodihydrocarveol,
was slowly dropped into a solution of 4.00 g. chromic an-
hydride in a solutlon of 10 ml. acetons, 25 ml. water and
5 ml. ether which had been precooled to 10°, The addition

rate was such'that the temperature never rose above 15°.
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The reaction was then stirred, at 15°, for a period of 10
hours. The ether layer was separated and the aqueous

phase extracted three times with 25 ml. ether. The ethe-
real layers were comblned and washed with 25 ml. portions
of water, sodlum bicarbonate and water again. The ethereal
layer was drled over anhydrous sodium sulfate. The solvent
was removed under reduced pressure to yleld 2.60 g. of a
yellow oll whioch was shown by GLPC analysis to be a mixture
of 61% carvone, 32% trans-carveol and 7% cis-carveol. The
carvone had an ultraviolet Amax at 235 gycand gave a 2,4~
dinitrophenylhydrazone, m.p. 186° (Lit. (195): m.p. 189°).
The yleld of carvone (1.57 g.), based on the percent car-
veol reacted, was 79%.

d-cis-limonene monoxide (VIIIa). 21.2 g. of l-hydroxy-

neodlhydroocarveyl acetate was added to a solution of 12.0 g
menthane sulfonyl chloride in 45 ml. of dry pyridine at 15°
and the reactlion vessel sealed. The temperature was
allowed to rise to 25° and the reaction stirred for 58
hours. The reaction mixfure was then poured into a cracked
ice - hydrochloric acld solution and extracted three times
with 50 ml. portlons of ether. The ethereal layer was then
washed once with 50 ml. of a saturated sodium bicarbonate
solution and one time with a 50 ml. portion of water. The
ethereal layer was drled over anhydrous sodium sulfate.

The solvent was removed under reduced pressure %o yleld
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24,5 g. of crude trans-l-mesyl-2-acetoxy~8-p-menthene
(LXXII), np 1.4787,0(-=7.38° (neat). 20.0 g. of the crude
mesylate was added to a solutlon of 12.0 g. postassium
hydroxide in 100 ml. of 75% methanol. The reaction was
stirred for 48 hours at room temperature. The reaction
mixture was then poured into 700 ml. of water and extracted
four times with 50 ml. portions of ether. The ethereal
portions were washed twice with 50 ml. portions of water
and dried over anhydrous sodium sulfate. The solvent was
removed under reduced pressure to yleld a liquld which
contained crystalline materliasl. 50 ml. of pentane was
added, causing a mass of crystals to precipitate. The
crystals were filtered and the pentane removed from the
liquid portion under reduced pressure. The crystals,

(2,10 g.), mep. 55-57°, were recrystallized from a benzene -
pentane solution to give neolimonene-1,2-diol (18%), m.p.
68-690, 1dentical with an authentic sample. No melting
polnt depression occurred on admixture and the infrared
spectra were ldentical., Distlllatlon of the liquid on a
microware distillation head equipped with a 5-in. vigreaux
column gave 3,10 g. d-cis-limonene monoxide (29%), b.p. 96=
98°/26 mm., ny . 1.4683, %2 356,000 (neat), and 4.00 ge of
mixed trans-carveol and trans-isocarveol (38%), b.p. 96-
115°/10 mn., n'y° 1.4894,o( +119.00° (neat). The limonene

monoxide and carveols were identified by GLPC and their
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Infrared spectra compared to peracid limonene monoxide and
authentic samples of the carveols. 1.0 g. cf d-clis-limo-
nene monoxide was hydrated in 10 ml. of 1% sulfuric acid

to yleld neolimonene-1l,2-diol dihydrate which upon loss of
the water of hydration and recrystallization from benzene =
pentane gave d-neolimonene-l,2-diol, m.p. 76-71°,E¥];i550
(acetbne).

Reactlon of d-cis-limonene monoxide with glacial

acetic acid - sodium scetate. 600 mg. of d-cis-limonense

monoxide was mixed with 10 ml. of glacial acetic acid and
1.0 g. sodium acetate and the reaction mixture was allowed
to stir for 48 hours. The reaction mixture was then poured
into 50 ml. of water and extracted seven times with 10 ml.
portions of ethyl acetate. The ethyl acetate portions were
washed with a saturated sodlum blcarbonate solution until
neutral and then with a 40 ml. portion of water. The ethyl
acetate layer was dried over anhydrous sodium sulfate.
Hydrogenation, as was described for the hydroxyacetates
formed from trans-limonene monoxide, ylelded a hydroxy-
acetate that was shown to be at least 95% pure by GLPC and
was ldentified as the l-acetoxy-2-hydroxy-p-menthane (1~
acetoxy-neocarvomenthol) indicating the limonene hydroxy-
acetate to be l-acetoxy-neodihydrocarveol (ILXXIII). Iden-
tification was made by use of internal standards which had

been 1dentified by thelr pyrolysis products. An attempt to
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T
prepare the 3,5-dinitrobenzoate of the l-acetoxy-neocarvo-
menthol was unsuccessful.

Carvomenthene oxides (XIV). 15.2 ge. (0.10 mole) of

peracid limonene monoxide, b.p. 92-94°, n’y 1.4654,
o<;'5;59.200 (neat) was placed in 250 ml. of ethyl acetate
with 0.5 g. of platinum oxlde and hydrogenated at 60 p.s.l.
on the Paar hydrogenation apparatus. When an 8 p.s.i.
pressure drop had occurred (corresponding to a 0.10 mole
absorbtion of hydrogen), the hydrogenation was stopped.
The catalyst was removed by filtration and the solvent
evaporated under reduced pressure. Distlllation of the
carvomenthene oxides produced, gave a nearly quantltative
yield of epoxide, beps 72-75°/10 mm., n 1.5404, <ok 51.46°
(neat). Thils corresponded to an approximately 1 : 1 ratio
of c¢is- and Egggg-carvomenthene oxilde, since the ratio‘of
the limonene monoxldes was known.

Reactlion of the carvomenthene oxlides with glacial

acetic acld - sodlum acetate. 77.0 g+ of peracid carvo-

menthene oxide, from the hydrogenation of peracid limonene
monoxide above, was added to a solutlion of 41.0 g. sodium
acetate 1In 350 ml. glaclal acetic acid and the resultant
solutlon stirred for a period of 68 hours at room tempera-
ture, The reactlion mixture was poured into 1500 ml. of
water and extracted seven times wilth 50-75 ml. portions of

ether. The ethereal layers were combined and neutralized
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with a saturated sodium bilcarbonate solution. The neutral-|
1zed ethereal layer was washed twice with 100 ml. portions
of water and dried over anhydrous sodium sulfate. The
ether was removed under vacuo and the crude hydroxyacetates
distilled over a simple cold finger still to give 91.2 go
(86%) of mixed hydroxyacetates, b.p. 120-1360/7 mme. (mainly
133-135°/7 mm.), Iﬁf l.4629,d;§+56.800 (neat). Analysis by
GLPC showed the hydroxyacebtate mixture to consist of 46,.5%
l-hydroxy-neocarvomenthyl acetate (ILXXVII), 5.3% l-acetoxy-
neolsocarvomenthol (IXXVI) and 48,.2% of l-acetoxy-neocarvo-
menthol (ILXXV). As thls was essentially the same ratio as
was obtained upon hydrogenatlion of the mixed limonene
hydroxyacetates, a second method of preparation wsas
afforded.

Pyrolysis of mixed carvomenthene hydroxyacetates.

240 g. of a mixed carvomenthene hydroxyacetate fraction,
b.p. 140-121°/10 mm., ny 1.4616, - +57.80° (neat), prepared
by hydrogenation of the limonene hydroxyacetates, was
pyrolyzed at 392°, The ester was dropped on the pyrolysis
column at a rate of 1 drop/?? seconds. The pyrolysate was
taken up in ether and neutralized with a saturated sodium .
blcarbonate solution. The ether layer was then washed with
two 50 ml. portions of water and dried over anhydrous
sodlum sulfate. The ether was removed under reduced pres-

sure and the pyrolysate distilled over a simple cold finger
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distilling head to give two fractions; (1). b.p. 87-130°/6-
7 mm. (86 g.) and (2). bep. 132-135°/8 mm (98 g.). Analy-
sis of the first cut by GLPC indicated the presence of at
least six oonstituents (see Table II). Fractional distil-
lation of the first cut over a 3-ft. splnning band column
initially yilelded a fraction, b.p. 57-70°/4 mm. which was
subsequently shown to be impure 2-p-menthen-l-ol by GLPC
using an guthentic sample as an internal standard. The
first major component, b.p. 72°/4 mm., n 1.4596, olp+14.60°
(neat) corresponded to a mixture of d-isocarvomenthone and
d-carvomenthone (XXVIII). Anal. Calculated for C,,H g0
C, 77.87%; H, 11.76%. Found: C, 77.29%; H, 11.56%. This
component was ldentified by GLPC and its infrared spectrum
compared to an authentic sample. The ketone formed a semi-
carbazone, m.p. 176-177°, (Lit. (195): nyy 1.4531, do90.900,
&¥J:19.55°, for the l-isomer). The third component, b.pe.
98-100°/10 mm., ny 1.4765, ¥5362.91° (neat) was identified
as the previously unreported d-trans-1(7)-p-menthen-2-ol
(d-trans-isocarvotanacetol) (XIIIc). The alcohol gave a
5, 5=-dinltrobenzoate, m.p. 8045-81.5°. The infrared spec=-
trun with absorbtions at 3.25 and 6.03 microns was indica-
tive of a terminal methylene group. Anal. Calculated for
CloHg0s C, 77.87%; H, 11.76%. Found: C, 77.22%; H, 11.94%.
Hydrogenation, as described for trans-isocarveol, gave 25%

neocarvomenthol and 75% isocarvomenthol, as indicated by
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GILPC analysls using authentic samples as internal standards,
The fourth component, b.p. 101-102°/10 mm., ng 1.4772,
d§u1164.800 (neat), corresponded to l-trans-carvotanacetol
(XIIIa) and formed a 3,5-dinitrobenzoate, m.p. 115°, (Lit.
(196): bep. 101°/13 mm., nzf,’ 1.4800, [oc];7+1oo.5°; (197) 2
3,5-dinitrobenzoate, m.p. 109-110°). Anal. Calculated for
CioH,g0¢ C, 77.87%; H, 11.76%. Found: C, 77.86%; H, 11.98%
Hydrogenation, as described previously for trans-isocar-
veol, gave 64% neocarvomenthol and 36% isocarvomenthol.
Analysis was done by GLPC using authentic samples as in-
ternal standards. The last component of the pyrolysate was
assumed to be gis-carvotanacetol (XIIIb), by analogy with
the pyrolysis of the limonene hydroxyacetates, although it
was not isolated. Simllar pyrolyses of the l-acetoxy-
carvomenthols at 375° and 400° are tabulated in Table II.

The second cut from the crude distillation of the
pyrolysate, b.p. 132-135%/8 mm., na 1.4606, X470 490°
(neat) corresponded to l-hydroxy-neocarvomenthyl acetate
(IXXVII)e This hydroxyacetate appeared to be homogeneous
by GLPC analysis. The hydroxyacetate formed a 3,5-dinitro=-
benzoate, mep. 155~155.,5°. It was noted that for both the
. limonene hydroxyacetates and the carvomenthene hydroxy-
acetates, that when the infrared spectra were taken nesat,
two carbonyl bands appeared at 5.74 and 5.79 microns,

whereas in carbon tetrachloride solution only a single band
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at 5.75 microns occurred.

d-1l-hydroxy-neocarvomenthyl acetate (XXVIII). 2.0 g

of l-hydroxy-neodihydrocarveyl acetate, b.p. 143°/10 mm.,
néfl.4750,<¥ii73.50° (neat) was placed in 100 ml. ethyl
acetate with 0.5 g. platinum oxide catalyst and hydrogen=
ated at 60 p.s.i1. on the Paar hydrogenation apparatus. The
catalyst was removed by filtration and the solvent removed
under reduced pressure. The crude hydroxyacetate was dis-
tilled over a modified Hickman still to yleld 2.0 g. of
l-hydroxy-neocarvomenthyl acetate, n? 1.4583, d;ﬁ-Bl.OOO
(neat). Anal. Calculated for C,, H,,0;: C, 67.25%; H,
10.35%. Found: C, 67.72%; H, 10.48%,

Pyrolysis of l-hydroxy-neocarvomenthyl acetate. 19.0

ge of l-hydroxy-neocarvomenthyl acetate was pyrolyzed at
4500, under the prescribed pyrolysis conditions. The ester
was dropped on the pyrolysis column at a rate of 1 drop/év
seconds. The orude pyrolysate was taken up in ether and
neutralized with a saturated sodium bilcarbonate solution.
The ethereal layer wes then washed with a 50 ml. portion of
water and dried over anhydrous sodium sulfate. The solvent
was removed under reduced pressure, leaving 11.3 g. (84%)
of crude l-trans-2-p-menthen-l-ol (XVa). Distillation over
a modifled Hickman.still gave 8.7 g, of material, nifl.4674,
0(3.5.13.0'20 (neat) (Lit. (27,28): b.p. 85°/10 mm., n2§1.4698,

25 25
[)3-17.2°, a*°0.915, f.p. 6-8%). Anal. Calculated for
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C,oHgO0s C, 77.87%; H, 11.764. Found: C, 78.01%; H, 11.60k
Hydrogenation of 2.5 g. l-trans-2-p-menthen-l-ol, by the
proosdure described for trans-isocarveol, gave 2.2 g. of
material after distillation over a modified Hickman still,
n”) 1.45865, 5 *2.30°, Analysis by GLPC indicated the sample
contained approximately 5% impurity. This frans-p-menthan-
1-01 gave a 3,5-dinitrobenzoate, m.p. 83° (Lit. (87)2 m.p.
83-83.59).

Lithium aluminum hydride reduction of peraclid limonsene

monoxide. 47.0 ge. of peracld limonene monoxide, néfl.4654,
‘X;iSQ.BOO (neat) was dropped into a slurry of 3.10 g. of
lithium aluminum hydride in 130 g. of dried diethyl ether
wlth stirring. The reactlion was refluxed for 36 hours.
After cooling to room temperature, water was added dropwise
until a flocculent precipitate formed. The preciplitate was
filtered and washed with 50 ml. of ether. The solvent was
removed from the flltrate under reduced pressure and the
resultant product distilled over a 3-ft. spinning band
columne. Analysis of the crude product by GLPC prior to
distillation indicated two major components and four minor
components. The percentage composition was determined to
be 9% ocis-limonene monoxide, 48% trans- 4 -terpineol, 5%
cis- #~terpineol, 29% neodihydrocarveol and 9% of two un=-
identified products. The products were identified by dis=-

tlllation and isolation. The first component, b.p. 85~
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90°/10 mm., n’) 1.4650, x%38.50° (neat) corresponded to
@d-cls~limonsene monoxide. Thls was Indlcated by GLPC and
1ts infrared spectrum compared to an authentic sample. The
second component, b.p. 100°/10 mm., nifl.4740, d;10.02°
(neat, supercooled), m.p. 31°, was frans- F-terpineol (XVvd)
(Iit. (82): bep. 979/17 mm., ny 1.4747, d% 0.9197, m.p.
32°) . Anal. Calculated for C,,H,30¢ C, 77.87%; H, 11.76%.
Found: C, 77.57%; H, 12.09%. The third component was
tentatively assigned as cis- B-terpineol (XVe), bep.
104.5°/10 mm., n’ 1.4763 (Iit. (82): bup. 78%/1.5 mm.,
20 20
n1,1.4795, dg 0.9258), The fourth component, b.D. 107°/8
mm.,xﬁ§144784,d2129.600 (neat), was d-neodihydrocarveol
(XVe) (Lit. (175): bup. 96-97°/9 mm., da'°0.930, n®’1.4802,
B1]3-32.5° for the l-isomer). Hydrogenation of d-neodi-
hydrocarveol, as described for trans-isocarveol, gave neo-
carvomenthol as the only product. Analysis was by GLPC
using an authentic sample as an Internal standard. Several
other unidentified products were present in the fraction,
beps 108-111°/9 mm. 36.3 g. (74%) of distillate was ob-
talned.

Reaction of peracid limonene monoxide with sodium

powder 1n benzene. 152 g. of peracid limonene monoxide,

o as 15 o
bep. 92-94°/20 mm., np 1.4641, A;+60,75° (neat) was slowly
added to a slurry of 92 g. of 50% sodium powder dispersion

in 500 ml. of dry benzene. The reaction became quite hot
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and ran ouv of control, with the subsequent loss of some

of the reaction mixture. The reaction was then refluxed
for 10 hours, After cooling, the excess sodium was reacted
with methanol. The reaction mixture was poured into 1000
ml. of water and the organic phase separated. The aqueous
phase was extracted seven times with 75 ml. portions of
ether which were combined with the organic layer. The
ethereal solution was then washed with 150 ml. portions of
dilute hydrochloric acid, saturated sodium bicarbonate and
water. The organic phase was dried over anhydrous sodium
sulfate. The solvent was removed under reduced pressure
and the resultant product distilled. 68.0 g. of distillate,
b.p. 84-125°/8 mm. and 28.0 g. of pot residue were obfaine&
This corresponded to 29.5% polymer and mineral oil and
70.5% distillate of the organic material recovered. The
crude distillate was then fractionated over a 3-ft. spin~
ning band column. Prior to fractionation the distillate
was analyzed by GLPC, the products each being individually
ldentified by use of an authentic sample as an internal
standard, when available. The analysis showed 7.1% limo-
nene, 1.7% unidentified hydrocarbon, 3.0% limonene monoxide,
21.0% trans-g-terpineol, 23.0% dihydrocarvone, 4.5% neo=
dihydrocarveol (?), 23.6% dihydrocarveol, 3.2% trans-iso-
carveol (%), 7.6% unidentified alcohols and 5.3% cis~

carveol. Fractlonation allowed the isolation in a rela-
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tively pure state of trans- A-terpineol, b.p. 99-100°/10

a5 25 o fo)
mm., , nI)1.4756,C<b+0.08 (neat, supercooled), m.p. 30",

ldentified by GLPC and 1ts infrared spectrum compared to
the asuthentic sample prepared from the lithium sluminum
hydride reduction. The second major component, bep. 104°/
10 mm., nifl.4voo,<x;ﬁqﬁ.ss° (neat), was identified by
GLPC and its infrared spectrum to be d-isodlhydrocarvone
and d-dihydrocarvone. The third component, b.p. 108°/10
mm., o 14775, Aa-16.35° (neat) contained about 10% of an

impurity. Thils material gave a 3,5-dinitrobenzoate, m.p.

122-122,5°, Hydrogenation of a sample gave nearly pure
carvomenthol, as identified by GLPC and 1ts infrared spec-
trum compared to an authentic sample. Anal. Calculated
for CoH,g02 C, 77.87%; H, 11.76%. Found: C, 78.13%; H,
12.25%. This corresponded to a slightly impure sample of
l-dihydrocarveol (XVb) (Lit. (175): b.p. 99-102°/9 mm.,

a'°0.924, n?’

1.4778, X;#31°, 3,5-dinitrobenzoate, mep. 122~
123°, for the d-isomer). The top fraction, b.p. 110-114°/
10 mm., was regarded as a slightly impure sample of cis-

; carveol on the basis of GLPC and 1ts infrared spectrum
Voompared to an authentic sample. This fraction gave an
impure 3,5-dinitrobenzoate, m.p. 86-88° (Lit. (195): m.p.
 92,0-92.5°) .

% Reaction of d-trans-limonene monoxide with sodium

powder and benzene. 2.0 g. of pure d-trans-limonene monox=-
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'iéé"&éém;Eé;&“53m516_§f”of 50% sodium dispersion in 20 ml.
of dry benzene. The reaction mixture was heated to reflux
for a period of 30 minutes. The reaction was cooled and

an excess of ethanol added as rapldly as pcssible. The
reaction was then poured into 500 ml. of water. The resc-
tlon mixture was extracted with four 50 ml. portions of
ether. The etheresl layer was washed with 50 ml. portions
of dilute hydrochloric acid, saturated sodium bicarbonate
solution and water; i1t was then dried over anhydrbus sodium
sulfate. The solvent was removed under vacuo and the crude

0ll subjected to analysis by GLPC using internal standards

for identification. The following components were present;

limonene, a trace of a second hydrocarbon, limonene monox-

lde, trans-/e-terpineol (major component), dihydrocarveol,

and cls-carveol,

1 Reaction of peracld limonene monoxide with sodium

i powder in diethyl ether. 16.2 g. of peracid limonene

. monoxide was added to a solution of 9.2 g. of 50% sodium
powder slurry in 100 ml.‘of dry ether. The reaction

. mixture was refluxed for 24 hours. After cooling, the

% excess sodium was reacted wlth methanol. The reaction

" mixture was poured into water and the aqueous phase ex=
tracted three times with 75 ml. portions of ether. The

% ethereal extracts were washed with 75 ml. portions of di=-

| lute hydrochloric acid, & 5% sodium bicarbonate solution
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"mésiﬁtioﬁmﬁﬁd water;m“Th5~ethe}eal solution was removed

under vacuo and the residue distilled to give 16,0 g. of
distillate, 68-110°/7 mm. Analysis of the distillate by
GLPC -indicated 61% dihydrocarvone, 25% trans- £ -terpineol,
5% cis-carveol, 4% dihydrocarveol, and 10% hydrocarbons
(mainly limonens).

Reactlon of peracld limonene monoxide with refluxing

20% sulfuric acide 24.0 g. of peracid limonene monoxide

was féﬁidly dropped into 150 ml. of vigorously refluxing

20% sulfuric aclid. The reaction was refluxed for 4 hours,

cooled and poured into 500 ml. of water. The oil layer was
? separated and the aqueous phase extracted five times with
50 ml., of ether. The organic phases werse combined and

| neutralized with a sodium carbonate solution. The ethereal
phase was then waéhed with 50 ml. of water and dried over
anhydrous sodium sulfate. The solvent was removed under
reduced pressure leaving a crude oil which yielded 20.9 g.
of distillate, b.pe. 45-980/5 mm. GLPC analysis indicated

. that the distillate consisted of 43,5% p-cymene and 56.5%

| carvenones. Fractionation over a 3-~ft, spinning band column
gave a fraction (8.2 g.), b.p. 53-60°/10 mm., n’ 1.4935,
which corresponded to a 39% yield of p-cymene. A fraction
(9.4 g.), b.p. 87-95°/10 mm., n§f1.4818,cx;i1.2o° (neat)
corresponding to a 39% yield of carvenone, was obtained.

These products were identified by GILPC and their infrared
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.éﬁéé£f§mgaﬁﬁéred to authentic Egmples. The carvenone gave
a 2,4-dinitrophenjlhydrazone, m.p. 163-165°,

Hydration and acid isomerization of peracid limonene

monoxide. Procedures and results are given for typical
runs. The sulfuric acid concentration was varied in 5%
increments from 20-65%.

Typical procedure. 76.0 g. of peracid limonene monox-

1de was slowly dropped into a solution of sulfuric acid at
0-5° over a 2% hour period. The reaction was then allowed
to stir for a period of 8-72 hours after addition. The
reaction temperature was allowed to rise to room tempera-
ture approximately 6 hours after addition. The reaction

mixture was poured into cracked ice and neutralized with

solid potassium carbonate. The potassium sulfate formed
was flltered and washed with absolute ethanol. The aqueous
éhase was extracted three times with 100 ml. of ether, the
ether layer washed with 50 ml. of water and dried over
anhydrous sodium sulfate. The ethanol washings were come-
bined with the aqueous phase and evaporated. The aqueous
phase generally ylelded a heavy viscous oll containing

. alcohols and residual water. The aqueous oll was subjected
| to continuous chloroform extraction for 48 hours. Any

% solid alcohols were then crystallized from the chlorcform

? and recrystalllzed from ethyl acetate. The ethereal solu=-

|
E tion was distilled, after removal of solvent, under reduoced
|
|
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pressure.

Typlcal results. A 50% acetic acid - 15% sulfuric

acid solution, reacted for 48 hours, ylelded 6 g. dlhydro-
carvone, 15 g. 1,8~dihydroxy-neocarvomenthol, me.p. 1560,
and 20 g. of an alcohol, m.p. 302°, which after 6 months
melted at 147-149°%, Recrystalllization of this fraction
yielded an alcohol, m.p. 155-156°.

A 20% sulfuric acid solution, reacted for 24 hours,
yieldéd 7 g. of 1liquid organic material which consisted of

dihydrocarvone carvenone > pinol) p-cymene. The alccoholic

fraction ylelded 37 g. of crude 1,8-dihydroxy~neocarvomen-
thol, m.p, 126~128°.

@ A 35% sulfuric acid solution, reacted for a period of
8 hours, gave 20.5 g. of liquid organic materlal which
analysis by GLPC showed to be mainly dihydrocarvone )
carvenone) p~cymene and pinol, slong wlth trace amounts of
several low bolling unidentified materials. The water
soluble fraction ylelded 25 g. of crude triol, m.p. 118~
120°, which after four recrystellizations melted at 135-
136°.

A 50% sulfuric acid solution, reacted for 18 hours,
yielded 40 g. of 1liguid which consisted of 35% carvenone,
25% dihydrocarvone, 25% pinol and 10% p-oymene as well as
5% unidentified material. Analysis was done by GLPC using

authentic samples as internal standards. The aqueous phase
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“was lost on this run.
A 50% sulfuric acid solution,stirred. at approximately

5° for 18 hours, gave 29 g. of liquid materisl consisting
of dihydrocarvone’) carvenone % pipol) p-cymene. This ex-
periment gave 15 g. of alcohols which ylelded three crops
on recrystallization; (1). m.p. 90-95%, (2). m.p. 115-122°,
(3)s mep. 146-148°, Chromatography over basic alumina
(pH 8) using chloroform as the elutant of crops (1), and (2),
yilelded alcohols melting at 114 .5-115.5° and 136° respec-

tively., Recrystallization of (3), from ethyl acetate

yielded an alcohol, m.p. 155-156°.

Identification of products. Combination of the liquid

| organic material from several runs gave enough material to
conveniently fractionate the reaction products over a 3=-ft.
. spinning band column. The fraction, b.p. 68-69,5°/20 mm.,
%rﬁ§144958, corresponded to p-cymene. The second component,
 b.p. 69-72°/20 mm., ny 1.4739, was pinol (contaminated with
' some p-cymene). The third component, be.p. 97-105°/20 mm.,
n% 1.4701, «(2312.43° (neat), was dihydrocarvons. This

. fraction on redistillation gave material, b.p. 920/9 mme.,

f nﬁfl.4709,<¥;$15.75° (neat). The fourth component, bep.
110-115°/20 mm., was carvenone which on redistillation gave
materisl, b.p. 81°/5 mm., np 1.4825, A5+1.14° (neat). The
E dihydrocarvone fractlion gave a 2,4-dinitrophenylhydrazone,

|
{
% m.p. 148-149°, The carvenone fraction gave a 2,4-dinitro-
i
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" phenylhydrazone, m.p. 165°., All samples were identified

by GLPC and their infrared spectra compared to authentic
samples. The alcohol derivative, m.p. 136°, Bi];i55° (ace=-
tone), corresponded to the 1,8-dihydroxy-neocarvomenthol
(IVb) (Lit. (30): m.p. 136°,E¥];i54° (acetone) ). Anal.
Calculated for C“;H2003: C, 63.80%; H, 10.71%. Found: C,
63.89%; H, 10.80%. The alcohol, m.p. 114.5-115.5°,[qj§§o°,
gave an Infrared spectrum different from that of the other
1,8-dihydroxy-carvomenthols. Analysis indicated this to

be a hydrate. Anal. Calculated for C,oH,,05-3H,0: C,

60.88%; H, 10.73%. Found: C, 60.79%; H, 10.93%. The alco-
hol, m.p. 155-156°,EX];iO°, gave an infrared spectrum

i different from the other 1,8-dihydroxy-carvomenthols (p=-
menthane triols). Anal. Calculated for C,pH,,033 C,
63.80%; H, 10.71%. Found: C, 63.33%; H, 10.75%.

Oxidation of 1,8-dihydroxy-neocarvomenthol (IVb).

1.88 gs of 1,8-dlhydroxy-neocarvomenthol was dissolved in

a 20 ml. solution of 1 ¢ 2 ether-acetone and a solution of
E 2.00 g. chromic anhydride in 22.5 ml. of 10% sulfuric acid
' was dropped in over a 15 minute period. The temperature
was controlled at 25-30° by means of a cold water bath.
The reactlon was then stirred at room temperature for 6
hours. The ether layer was separated from the aqueous
phase. The aqueous phase was extracted twice with 20 ml.

of ether. The ethereal layers were combined, neutralized
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-ﬁigﬂméwgatufated sodlum bicarbonate solution, washed with

20 ml, of water and dried over anhydrous sodlum sulfate.
The ether was evaporated to yleld 1.20 g. of crude l-homo-
0 25 lo)
terpinyl methyl ketone (XXIV), m.p. 40.5 ,EM]D-4O (ace-
tone). The lactone melted at 45° upon recrystallization
(Lit. (29): m.p. 47°,{}QD-42° (acetone) }. The infrsred
spectrum showed bands at 5.6l and 5.8l mlcrons, indicative

of a keto-lactone.

dl-1,8-dihydroxy-carvomenthol (IVa). 73.0 ge. of dl-
o -terpineol, b.p. 98-99°/10 mm., ny 1.4830, was added in

five 15 g. portions to a solution of 75 g. potassium per-

manganate in 2500 ml. of water, cooled to 5°. The tempera-
ture was malntained at 5-8° during the 4 hour reaction
‘time. The purple permanganate color changed to brown as

| the manganese dioxide was produced. The manganese dioxide
was filtered and the aqueous solution evaporated after
extracting once with 100 ml. of ether to remove any un-
reaoted o -terpineol. When.the volume was reduced to
approximately 700 ml., the aqueous phase was subjected to
continuous extraction with chloroform for a 48 hour period.
The alcohol was crystallized from the chloroform and re-
crystallized from ethyl acetate to give pure dl-1,8-di-

| hydroxy-carvomenthol, m.p; 122° (Lit. (196): m.p. 121-1220°).

This alcohol gave a different infrared spectrum from the

three 1,8-dihydroxy-carvomenthols described above.
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. Oxidation of dl-ol -terpineol with formic acid - hydro-

gen peroxide. To a mlxture of 77 g. dl-X=-terpineol and

200 ml. 89% formic acid was added 60 g. of 30% hydrogen
peroxide over a 15 minute perlod. The reaction was stirred
for 12 hours at 30°, The reaction was then heated to 55~
60° and the formid éoid removed under vacuo. When most of
the formic acld had been removed, the flask was charged
with 80 ml. of 20% sodium hydroxide and gently refluxed

for 20 minutes, The reaction was then cooled and neutral-

ized with dilute hydrochloric acid. The liquid was then

evaporated under reduced pressure and the residue extracted
- four times with 150 ml. of ether. The extracts were dried
over anhydrous sodium sulfate. The solvent was removed
f under vacuo and the residue distilled to give 53 g. of
' material, b.p. 110-165°/5 mm., which was arbitrarily cut
into three fractions. The low boiling fraction, b.p. 110-
140°/5 mm., contained carbonyl compounds as indicated by
the infrared spectrum. The high boiling fraction, 160~
165°/5 mm., set up to a hard, resinous substance of amber
like appearance. From this fraction, 0.4 g. of triol, m.pe.
940, was crystallized from ethyl acetate. This material
gave an Infrared spectrum ldentical to that of 4-1,8-di-
hydroxy~-neocarvomenthol. A crude sublimation gave the

aloohol in what was still probably & slightly impure state,

mepes 111°. No attempt was made to further purify this sub-
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-vSEQHngéfrimpra§gwthe oxidationmﬁrocedure.

Hydrogenation of d-neolimonene-1,2-diol. Hydrogena-

tlon of 2.5 g. of d-neolimonene-1l,2-dlol by the procedure
described for trans-isocarveol, gave 2.5 g. of crude d-1-
hydroxy-neocarvomenthol. On recrystallization from the
benzene - petroleum ether, the alcohol melted at 88°,
ENJ§28° (acetone) (ILit. (30): m.p. 88°,[&]D+44°).

Isomerization of peraclid limonene monoxide with boron

trifluoride - etherate in benzene. 100 g.ﬁof peracid limo-

nene monoxlde was added to 400 g. of dry benzene containing

5.0 g. of predistilled boron trifluoride - etherate and

gently refluxed for 24 hours. After 8 hours another 3.0 g.

of boron trifluoride - etherate was added. The reaction

turned black after about 3% hours. After cooling, the ben-
zene solution was repeatedly washed with 100 ml. portions
of saturated sodium bicarbonate and water. The organic
phase was dried over anhydrous sodium sulfate, the solvent
- removed under reduced pressure and the resultant product
 alstilled. 50 g. of material, ba.p. 94-98°/7 mm., was ob-

§ tained which on redlstillation gave, nearly quantitatively,
& material, b.p. 94°/7 mm., n’ 1.4805, «5+1.86° (neat).
 Anel. Calculated for G ,,H, 0: C, 78,89%; H, 10.59%.

. Founds: C, 78.34%; H, 10.53%. This corresponded to a 45.5%
yleld of pure carvenone as analyzed by GLPC. 11 g. of high

bolling alcohols were obtained and 45 g. of resinous mate-
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rial rem;ined aé‘ibéﬂfééidﬁe;.

Isomerization of peracid limonene monoxide with boron

trifluoride - etherate in dimethyl sulfoxide. Peracid lim-

onene monoxide, 61.0 g., was added to a solutlion of 0.4 ml.
of boron trifluoride - etherate in 160 ml. of predistilled
dime thyl sulfoxide. The reaction was stirred for 48 hours,
with the reaction temperature being maintained at approxi-
mately 85°. Every 12 hours an additlional 0.2 ml. of boron
trifluoride - etherate was added. The reaction was cooled,
poured into water and the organic layer separated. The
aqueous phase was extracted several times with ether and
the organic phases combined, washed with water, saturated
'sodium bilcarbonate solution and water again. The etheresal
phase was drled over anhydrous sodium sulfate, the solvent
removed under vacuo and the product distilled to yleld 30.8
g+ (50%) of dihydrocasrvone, b.p. 95-98.5°/10 mm., é§51.4’76&
o(;s'f-ls.'?oo (neat). Redistillation gave a fraction, b.p.
69-70°/5 mm.,, nl;'51.4695, 0(33'-118.000 (neat). The residue
consisted of high boiling (polymeric?) alcohols. The di=-
hydrocarvone was identified by GLPC and its infrared
spectrum compared to an authentic sample.

Pyrolysis of peracid limonene monoxide. Several pyrol-

yses were carried out from 500-550°, Below 500° 1little
pyrolysis occurred. A typlcal run is described. 25 g. of

peracid limonene monoxide was dropped on the pyrolysis col-
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 wH55W(54O5)—é£ a rate of 1 drop/40 seconds., The pyrolysate
consisted of 10 g. of low boiling products (among them,
isoprene and water) which collected in the dry 1ce - ace-
tone trap. The less volatlile components were distilled to
yield 11.0 ge. of nearly pure dihydrocarvone, b.p. 80-87°/5
mme, nﬁ§1J4784,?%;i19.60 (neat) and 1.5 g. of mixed car-
veols., No limonene monoxide was present. At lower temper-
atures, pyrolysis was often incomplete.

Hydrogenation of peracid limonene monoxide with Raney

nickel. 30.0 ge of limonene monoxide was placed in a glass
liner with 100 ml. of absolute ethanol and approximately

4 go of Raney nickel. The glass liner was placed in a high
pressure hydrogenation apparatus under 2000 p.s.i. of

hydrogen and heated to 100°. The apparatus was shaken for

36 hours, cooled and the liner removed. The Raney nickel
was removed by filtration and the aloéhols poured into 700
ml., of water. The aqueous phase was extracted five times
with 75 ml. of ether. The ether phase was washed once with
75 ml. of water and dried over anhydrous sodium sulfate.
The solvent was removed under vacuo and the alcohol mixture
| subjected to analysis by GLPC. The lsocarvomenthol and the
carvomenthol isomers, while readily distinquishable on thé

chromatograms, overlapped and thelr percentages are report-

ed together. In both cases, isocarvomenthol was the pre-

dominant isomer. The results are tabulated in Table IV.
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'”“ﬁ&&fSééﬁAtion bf unsatuféﬁéa alcohoig:‘ The procedure

used for trans-isocarveol was the one employed. The un-
saturated alcohols were also shaken In the presence of the
catalyst (no hydrogen) for 12 hours and then analyzed by
GLPC. Similarly, the saturated alcohols were individually
shaken for 12 hours in the presence of the catalyst (hydro-
gen) and then analyzed by GLPC. No isomerization occurred
in either case. The percentages of the resultant carvo-
menthols are tabulated in Table III.

Conversion of dl-cis~o -pinene oxide into pinol (4,7,

7-trimethyl—S-oxa-bicyolo-{3.2.i]-oct-s-ene). To 720 g of

water and 160 ml. ethanol, precooled to 50, was added pre=-

cooled dl-ois- o =pinene oxide (304 g.). The solution was

vigorougly stirred, maintaining the temperature betwsen 5°
and 10°, 720 g. of concentrated sulfuric acid was slowly
added over an 8 hour period, the reaction temperature being
maintained by means of an ice - saslt bath. The reaction
. was then stirred for 24 hours between 50 and 10°. The
temperature was allowed to rise to 27° and the reaction
i stirred for 12 hours more . The organic layer was separated
and the agueous phase diluted with ice water and extracted
. five times with 150 ml. of ether. The organic phases were
combined eand neutralized with a sodium carbonate solutione.
The organic phase was washed with water and dried over an-

hydrous sodium sulfate. The solvent was removed under re-
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'”HEE&&‘ﬁEéEéEEB and the reaction aistilled, yielding 249 g.
of distillate, b.p. 60-110°/15 mm. Redistillation gave
203 g. (66.5%) of nearly pure pinol, b.p. 60-63°/10 mm.,
n% 1.4718. Analysis by GLPC of the orude distillate indi-
cated the presence of a very small amount of p-cymene and
some high boiling materials (possibly carveols). (Note:
in the reaction described, after the addition of about 10 g,
of acid, the appearance of sobrerol was in evidence. Re-
rmoval of a small aliquot gave crystals of 4l-trans~-sobrerol
which melted at 131-132° after several recrystallizations
from ethyl acetate). Product identification was effected
by GLPC and the infrared spectrum compared to an authentic

sample. The inverse addition was carried out, but gave

campholenic aldehyde and pinocamphone as well as pinol and
! a considerable amount of resinous material.,

Reactlon of dl-cis~ol -pinene oxide with glacial acetic

acld - sodium acetate. 136.0 g. of distilled Gdl-cis-oL -

pinene oxide, b.p. 63-65°/10 mnm., nﬁfl.4670, was slowly
dropped Into a slurry of 123 g. of sodium acetate in 600 g.
| of glaclal acetic acld over a 2% hour period. The tempera-
i ture rose to aporoximately 40° during this time. The reac-
tion was stirred for 72 hours, during which time the tem-
perature dropped to 270. The reaction mixture was poured
into 1000 ml. of water, the oil layer separated and the

aqueous phase extracted three times with 100 ml. of ether.
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.“iﬁghéféanic ﬁﬁésesmﬁgre neutralized with a saturated sodium
bicarbonate solution and thrice washed with 75 ml. portions
of water. The ethereal phases were dried over anhydrous
sodium sulfate. The solvent was removed under reduced
pressure and the product distilled over a 3-ft. spinning
band column to give 53.6 g. of campholsnic aldehyde (39%),
b.p. 80°/10 mm., n'y 1.4630, which gave a yellow 2,4-di-
nitrophenylhydrazone, m.p. 110-111° and a semlcarbazone,
m.p. 138.5-140° (Lit. (78): n 1.4607, semicarbazone, m.p.
139.5-140.5°) . Anal. Calculated for C,oH, 0: C, 78.89%;
H, 10.59%. Found: C, 78.61%; H, 10.63%., The second com-

ponent (26.0 g.), bepe 76°/4 mm., n5 1.4949, was identified

as dl-trans-carveol (17.1%). This alcohol gave a 3,5-di-
nitrobenzoate, m.p. 118-118.5° (Lit. (195): n;‘1.4956,
3,5-dinitrobenzoate, m.p. 119°). Anal. Calculated for
CioH,,0¢ C, 78489%; H, 10.59%. Found: C, 78.48%; H, 10.55%
It.afforded GLPC evidence and an infrared spectrum identi-
cal to an authentlic sample of d-trans~carveol. The third
component (43.5 g.), bep. 127-133°/4 mm., n’p 1.4813, was
the monoacetate of sobrerol (8-acetoxy-a-hydroxy-l-g-men-
thene) (LXXXVI) (20.5%) which gave a 3,5-dinitrobenzoate,

. me.p. 130.5-132°, Hydrolysis of 0.4 g. with 4 ml. of 50%
potassium hydroxide in 10 ml. of a 20% ethanol solution

. afforded dl-trans-sobrerol, m.p. 128-129° which was un-

depressed on admixture with an authentic sample. Anal.

' A,._,M‘,_,_A
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~ Calculated for C, H,,05: C, 67.89%; H, 9.50%. Found: C,
68.24%; H, 9.72%.

Pyrolysis of 8-ascetoxy-6-hydroxy=-l-p-menthene (LXXXVI)

6.00 g. of the sobrerol monoacetate, prodused above, was
dropped at a rate of 1 drop/25 seconds on the pyrolysis
column (5700). The pyrolysis product was taken up in ether,
neutralized with a saturated sodium bicarbonate solution,

washed with water and dried over anhydrous sodium sulfate.
After removal of the solvent under reduced pressure, the

crude product (4.24 g.), identified by GLPC as trans-car-

| veol, was distilled on a modified Hiclman still to give

3.78 ge. of dl-trans-carveol, néfl.4959, 3,5=dinitrobenzoate
m.p. 119°. This gave an infrared spectrum identical with
an authentic sample. GLPC analysls indicated the crude
pyrolysate to be better than 90% trans-carveol.

Hydroxylation of 4- ~-pinene. 68 g. of d-« -pinene,

rﬁ:]J4635,d$i16.65° (neat), was added in four aliquots to
a solution of 79 g. of potassium permanganate in 2000 ml,
of water, between 0° and 5°. The reaction was stirred for‘
8 hours at thls temperature. The manganese dloxide formed
was flltered and fthe aqueous phase reduced to 2CG0 ml. by
evaporation. The aqueous phase was subjected to a continu-
ous chloroform extraction for 36 hours. The chloroform
layer yielded an oil, tan iIn color, (5.70 g.) which was

subjected to distillation over the modified Hickman still
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o yleld a colorless oil, n% 1.4882,[o(]%~14.2° (acetone)
which was indicated to be ¢is-l-hydroxy-pinocamphone (188)
by its infrared spectrum.

Lithium aluminum hydride rsduction of ¢is-l-hydroxy-

pinocamphone. 250 mg. of the hydroxy-ketone was dissolved

in 200 ml. of dry ether (in a beaker) and approximately
200 mge. of 1lithium aluminum hydride added. The ether was
filtered to remove any solid, a little water was added and

the solution dried over anhydrous sodium sulfate. Evapora-

tion of the ether yislded 210 mge. of alcohol, of which
about 80 mg. was an oll. The solld gave a m.p. 140-143°,
Infrared spectral evidence indicated both materials were
alcoholic (no carbonyl bands). The solid was identified
. as impure & -pinene glycol (LXXVII) (188).

4-cyano=-l-me thyl-cyclohex-l-ene. 15.0 ge. of 1soprense,

16.0 g+ of acrylonitrile, 40 ml. of toluene and 0.10 g. of
hydroquinone were placed in a glass liner in a steel, high
pressure, apparatus and heated to 135° under 2000 PeSel. of
an inert gas (hydrogen) fof 18 hours. The apparatus was
cooled and the products distilled., Distillation gave 21.1
. 8e 4-cyano-l-methyl-cyclohex~l-ene (82%), b.p. 85-930/20
' mm., n2°1.4723.

l-me thyl-4-formyl~oyoclohex-l-ene (XCII). 73.0 g. of

lsoprene and 59.0 g. of predistilled acrolein wers placed

in the glass liner with 0.10 g. hydroquinone. This was

i

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



148

 placed in the high pressure bomb under 2000 p.s.i. (hydro-
gen) and heated to 125° for 7 hours. Distillation of this
product afforded 110 g. of material, be.p. 45-47°/5 mm.,
(84.4%) identified as l-methyl-4-formyl-cyclohex-1l-ene.
Redlstillation gave b.p. 64°/10 mm., np 1.4711 (Lit. (189):
bepe 70-71°/14 mm.). The aldehyde gave a semicarbazone,
mep. 142,5-144° (Lit. (189): m.p. 144°), and a 2,4-dinitro-
phenylhydrazone, mep. 165.5-166,5°,
Dinor-«-terpineol (IXXXVIII), To 22.8 g. of lithium

aluminum hydride, slurried in 2000 ml. of anhydrous ether,
was added 248 g. of l-methyl-4-formyl-cyoclohex-l-ens so as

to keep the reaction refluxing gently. The reaction was
refluxed for 2 hours after addition was complete. Water
was then added dropwise until a white, flocculent precipi-
tate formed. The precipitate was filtered by means of a
buchner funnel. The ethereal solution was stripped of
solvent under reduced pressure. The colorless oil was
crudely distilled yielding 242 g. (96%) of alcohol. GLPC
analysis showed two components in about a 91 : 9 ratio.
Distillation afforded the main oomponent, dinor-ol-ter-
pineol, b.p. 90°/10 mm., nigl.4810. This alcohol gave a
5,5=dinitrobenzoate, m.p. 111-112°. The éecond component,
be.pe 89°/10 mm., nﬁfl.4605, was isolated by GLPC, The
Infrared spectrum of the unknown compound had a carbonyl

band at 5.71 microns. GLPC analysis showed that this may
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‘nﬁé&éuﬁéé£”¥§6wbroduc£§,althougﬂwiﬁ was lmpossible to con-

firm this with the datae avallable,

l-me thyl-4-acetyl-oyclohex=l-ene (XCIITI). 30.0 g. of

me thyl vinyl ketone and 35.0 ge. of isoprene with 0.10 g.
hydroquinone were placed 1n a high pressure bomb under
2000 p.s.i. of hydrogen and heated to 175° for 18 hours.
Distillation of the product obtalned gave 59 g. of crude
1-me thyl-4-ace tyl-cyclohex-1l-ene (93%), b.p. 63-68°/5 mm.
Redistillation gave material, b.p. 79-80°/10 mm.,

rﬁ;51.4703, which formed a semicarbazone, m.p. 148-148,5°

(Lit. (189): m.p. 149°) and a 2,4-dinitrophenylhydrazons,

. m.p. 116°., Analysis of the crude distillate by GIPC indi-

cated less than 3% of l-methyl-5-scetyl-cyclohex~l-ene.
Nor- { -terpineol (LXXXIX). 276.0 g. of l-methyl-4~

acetyl-cyclohex~l-ene was added to a slurry of 22.8 g. of
lithium aluminum hydride in 2000 ml. of anhydrous ether at
such a rate as to malntain gentle reflux. The reaction
was refluxed for 1 hour after completion of ketone additiond
The reaction was then cooled and water added dropwise until
a white, flocculent preclipitate formed. The precipitate
was flltered off, the solvent removed under reduced pres-
sure end the product distilled. Distillation gave 250 g.
(89.5%) of nor-ol-terpineol, b.p. 90-95°/9 mm., n'y 1.4788,
which on redistillation gave & b.p. 93°/9 mm., n% 1.4702.

This alcohol gave a 3,5~dinitrobenzoate, m.p. 95-96°,
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Anal. Calculated for CqH,,0: C, 77.09%; H, 11,50%. Found:
C, 77.26%; H, 11.57%.

Iso-o{ -terpineol (XC). A solution of 60.0 g. ethyl

bromide in 70.0 g. dry ether was slowly added over a 2 hour
period to 14.60 g. of predried magnesium turnings (under
nitrogen) at a rate such that gentle reflux was maintained.
After addition was complets, the reaction was stirred for
30 minuteé while the temperature was lowered to 5° be means
of an ice -~ salt bath. l-methyl-4-formyl-cyclohex-l-ene

(62.0 g.) in 75 ml. of ether was then added over an 80 min-

ute period, maintaining the temperature between 5° and 15°.

The reaction was stirred for 30 minutes after additlon was

. complete. The reaction was then poured into an ice - 10%

sulfurlc acid solution. The o0il layer that formed was

separated and the aqueous phase was extracted four times

. with 125 ml. of ether. The extractions were washed with
two 125 ml. portions of water and dried over anhydrous
potassium carbonate. The solvent was removed under reduced
pressure and the product distilled, b.p. 82-85°/3 mm.,
rﬁ§1.4808, to yleld 63 g. (81.5%) of iso-& -terpineol (1~
methyl—[}-0<-hydroxy-propyl]-cyclohex-l-enei. The alcohol
gave a 3,5=dinitrobenzoate, m.p. 111-113°, Anal. Calcu-

} lated for C,0H,g0s C, 77.87%; H, 11.76%. Found: C, 77.80%;

H, 11.74%.

Homo- X -=terpineol (XCI). A solution of 127 g. of
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Héfﬂ&iwﬁfdmide and 200 ml. of dry—éther was slowly added to
30.5 go of predried magnesium turnings so as to maintain a
gentle reflux, cooling when necessary with an ice bath.
When addition was complete, the reaction was stirred for
35 minutes and then a mixture of 138 g. of l-methyl-4-
acetyl-cyclohex-l-ene in 300 ml. of dry ether was added at
a rate such that gentle reflux was maintained. The reac-
tion was heated at reflux for 1 hour after addition was
completed. After the reaction was cooled, the reaction
was worked up as for igg-o(-terpineol. 163 g. of crude
material was recovered before distillation. Distillation

afforded 147 g. (87.5%) homo- o -terpineol, b.p. 89-92°/3

, mm., nﬁfl.4856. The alcohol failed to give a crystalline
3,5=dinltrobenzoate. Anal. Caloculated for C,, H,,0: C,
| 78.51%3 H, 11.98%. Found: C, 78.58%; H, 11.88%.

Bromination of dinor-o -terpineol (IXXXVIII) with

| pyridinium bromide perbromide. To 138 g. of dinor- o -ter-

pineol in 665 ml. of glacial acetic acid was added, scoop=-
wise, 386 g. of pyridinium bromide perbromide, prepared
according to the method of Fieser (198), over a 40 minute

. period at room temperature. The solution took on a yellow-
orange color. The reaction was then poured into 1500 ml.

of water and the oil layer that formed was separated. The

aqueous phase was extracted twice with 150 ml. of ether.

The oil was then taken up 1n ether and repeatedly washed

———
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neutrallized ether layer was dried over anhydrous sodium
sulfate and stored 1In the refrigerator. After the solvent
was removed, the Infrared spectrum showed a strong carbonyl
absorbtion at 5.73 microns. Reacting what was thus assumed
to be a bromoacetate (24 g.) in pyridine (68 g.) at 35° for
24 hours gave the bromoacetate back unchanged. This mate-
rial distilled with negligible decomposition at b.p. 150~
153°/6 mm., nﬁ?l.5252. Similar results were obtained in

refluxing methanol - piperidine. Analysls would indicate

. that this was impure bromoacetate. Anal. Calculated for
CoH4; O Brs C, 45.29%; H, 6.46%. Found: C, 39.11%; H,
. 5.44%, When 128 g. of this "bromoacetate" was added to a
refluxing sodium ethoxide (32.2 g.) - absolute ethanol

(475 ml.) solution, 39 g. of dinorpinol (4-methyl-6-oxa-
bicyclo- [3.2.1]-00t-3=6ne) (XCV) was obtained, b.p. 56-67°/
10 mm., n% 1.4772, The remainder was left in the pot as
% high bolling residue on distillation. Because of the un-
| deslrable acetylation during bromination, this bromination
. proocedure was not used further.

Bromination procedure for terpinecl analogs. The ole-

fins were mixed in a 1 : 10 ratio, by volume, with carbon
tetrachloride. The solution was then cooled to about 5°
' and a 1 ¢ 1 bromine ~ carbon tetrachloride solution was

i added dropwise (1 mole of bromine for 1 mole of olefin).
Lo

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



153

" The bromides were stored in solﬁ%&on, under refrigeration,
until just prior to use. The carbon tetrachloride ﬁas
stripped off under vacuo and the dilbromides were used in
thelr crude forms. The results were very clean in every
case.,

Reactions of dilbromo-alcohols with basic reagents. The

procedure for the reaction of the dibromo-alcohols wlth
bases was as follows. The ratio of equivalents of base to
the bromline equlvalent was a 2 : 1 excess of base. The
base was in a 0.50 molar concentration in the respective

solvents. The dibromide was dropped Into the base solution

at the prescribed temperatures and stirred for a period of
8 hours. The reaction was cooled and poured into water,
extracted with ether, washed with water, dried over anhy-
drous sodium sulfate, the solvent removed and the results
analyzed by GLPC, While only the aromatic and pinol com-
poundé were reported in the product ratio, this was not to
imply that the reported ratios were actual ylelds. In the
case of weak bases the allylic bromide was the primary
product. TILarge scale runs were carried out only to isolate
reaction products for ldentification purposes. When the
dibromides were heated or reacted with acids, the aromatic
product was observed. Authentlc samples of the purified

pinol analogs, isolated from large scale runs, and of the

aromatics, obtained commercially, were used in the GLPC
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| analyses as internal standards.
6-bromo=-8-hydroxy-l-p-menthene was prepared as des-

cribed previously (1ll) and used immediately after prepara-

tion. The results are tabulated in Table V. Ths results
for dinor-« -terpineol dibromide are in Table VI and for
nor- o« ~terpineol dibromide in Table VII.

Dinorpinol (4-methyl-6-o0xa=-bioyclo-[3.2.1]~00t=-3=-6n6)

(XCV). 17.25 g. of sodium was dissolved in 280 g. of pre-
dried tertlary butyl alcohol. The temperature was ralsed
to 65° and 64.5 g. of dinor-o -terpineol dibromide was

slowly dropped 1In over a 3 hour perlod. The reaction was

stirred for 2 hours after addltion and then cooled. The
reactlon mlixture was poured into 700 ml. of water and ex-
tracted seven times with 75 ml. of ether. The etheresal
solution was washed four times wlth 100 ml. of water and
then dried over anhydrous sodium sulfate. Distillation
gave 17.8 g. (64.5%) dinorpinol, b.p. 55~56°/10 mm.,
: n§51.4777. This was identical to the material previously
obtained from the "bromoacetate". The dinorpinol formed
; a crystalline complex with ferrlicyanic aclid, and a crude
dibromide melted at 46-48°,

Norpinol (4,7=-dimethyl-6-oxa-bicyclo-[3.2.1)-0Ct=3=6ne)

(XCVI). 335 g. of nor-« -terpineol dibromide was slowly

' added to solution of 237 g. of sodium methoxide in 600 ml.

i of absolute ethanol, refluxing gently. The reaction time
L .
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was 8 hours. The reaction was worked up as for dinorpinol.
Distillation gave 95 g. of crude norpinol, b.p. 50-115°/12
mm. Fractionation gave 65 g. of norpinol, b.p. 60-61.5°/12
mme, néfl.4708, corresponding to a 43% yleld. The remain-
ing materials were high bolling alcohols (via infrared).
The GLPC analysis indlicated that the two possible isomeric
norpinols were present In about a 3 ¢ 2 ratio. The mixed
norpinols gave a crystalline complex with ferricyanic acld.

Isopinol (4-methyl-7-ethyl-6-oxa-bicyclo-[3.2.1] -06t-

" 3=6ne) (XCVII). 55.0 g. of 1so-A ~terpineol dibromide was

dropped Into a refluxing solution of 36 g. sodium ethoxide

in 250 ml. of absolute ethanol and refluxed for 8 hours.

i The reactlon was worked up as described for dinorpinol.

. Distillation afforded 13 ge. (48%) of lsopinol, b.p. 85-

- 88°/14 mnm., nz,fl.z;sgo. A second fraction (7.5 g.) consist-
: ing of high boiling alcohol(s), be.p. 97-138°/14 mm., was

~ obtained. Analysis of the 1sopinol fraction showed only a

T single peak on GLPC, but this does not rule out the possi-

billity of the two possible isomers being present. The iso-
- pinol(s) formed a crystalline complex with ferricyaniec

E acid.

Homopinol (4,7-dimethyl~7-ethyl-6-0xa~bleyclo= [3.2,.1]-

i oct=3-ene) (XCVIII). 174 g. of homo-« -terpineol dibromide

' was dropped Into a refluxing solutlion of 95 g. sodium meth-

|
E oxide in 730 ml. of absolute ethanol. The reaction was re=-
1
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mfiﬁ%éémfgimémﬂburéi The”reacgiahwﬁés worked up as for 4il-
norpinol. Distillation gave 40.5 g. of homopinol (46%),
beps 77-96°/15 mm., and 44 g. of high boliling alcohols,
b.p. 96-135°/10 mm. Redistillation of the first fraction
gave homopinol, b.p. 70°/10 mm., nﬁfl.4725. Homopinol
formed a crystalline derivative with ferricyanlc acid.

3-acetoxy-methyl-crotonate (enol acetate of methyl

acetoacetate). 348 g. of methyl ascetoacetate and 360 g. of

1sopropenyl acetate were mixed together and 3 mle. of con-

centrated sulfuric acid added dropwlse with stirring. The

reaction mixture was then refluxed, and the acetone formed
was distilled off. The reaction became black in color.
After 2% hours, the reaction mixture was distilled from the
pot under reduced pressure. 389 g. of colorless liquld was
obtained which was then fractionated on a 3-ft. spinning
band column. This gave 52 g. of methyl acetoacetate, b.pe.
42-840/10 mme. and 306 g. of 3~acetoxy-methyl-crotonate,
bep. 86°/10 mm., nﬁfl.4428. This corresponds to a 78.5%
yield based on the methyl acetoacetate reacted. The in-
frared spectrum and ultraviolet spectrum ( Amax 210 gﬂ)
were recorded. Anal. Calculated for C,H,04: C, 53.16%;
H, 6+37%. Found: C, 53.60%; H, 6.59%. |

3-acetoxy-e thyl~=crotonate (enol acetate of ethyl

acetoacetate). 396 g. of ethyl acetoacetate and 347 g. of

|
; isopropenyl acetate were mixed and 3 ml. of concentrated
)
|
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" sulfuric acid added dropwise. The reaction was then car-
ried out as for 3-acetoxy-methyl-crotonate. 590 g. of
crude distillate gave 149 g. of ethyl acetoacetate and
404 g. of enol acetate on fractionation, corresponding to &
97% yield based on the ethyl acetoacetate reacted. The
enol acetate, b.p. 83°/5 mm.,rﬁila4425 (Lit. (199): b.p.
89-900/10 mme., ni?l.4675) gave an ultraviolet Amax at
209 mue Anal. Calculated for CgH,,04t C, 55.80%, H,
7+03%. Found: C, 56.12%3 H, 7 «16%.

Cis- and trans-2-acetoxy-2-penten-~4-one (enol acetate

of acetylacetone). 350 g. of isopropenyl acetate and 300

ge. of 2,4-pentandione (acetylacetone) were mixed together

and 3 ml. of concentrated sulfuric acid added dropwise.

The reaction was carried out as for 3-acetoxy-methyl-cro-
tonate. 416 g. of crude material was obtained which was
fractionated to give acetylacetone and the enol acetate of
2,4~-pentandione. GLPC analysis indicated the enol acstate
to be a 67 : 33 ratio of two 1somers. These lsomers were
separated by fractionation to give o« -2-acetoxy-2-penten-
4-one, b.p. 85-86°/10 mm., ny 1.4500, ultraviolet \ max
at 232.5 m and A& -2-acetoxy-2-penten~-4-one, b.p. 87°/10
mme, n 1.4493, ultraviolet Amax at 226 mu. Anal. Calou-
lated for C,H,,05: C, 59.14%; H, 7.09%. Found: C, 59.27%;
H, 7.25%.

Hydrogenation of 3-agetoxy-methyl-crotonate. 25 g
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of the enol acetate was placed.IHME glass liner with 200
ml. of ethyl acetate and 0.7 g. platinum oxlide and shaken
under 60 p.s.l. of hydrogen. The reaction absorbed 22
PeSei. of hydrogen (0.29 mole). The catalyst was removed
by filtration and the material distilled at atmospheriec
pressure. Three fractions were obtained: (1l). ethyl ace=-
tate, (2). methyl-n-butyrate, b.p. 102° and (3). acetic
acid, b.p. 118°. The methyl-n-butyrate was identified by
GLPC and its infrared spectra compared to an authentic
sample.

Attempted dlene synthesis of cyclopentadiene and

3-ace toxy=e thyl=crotonate (enol acetate of ethyl aceto-

acetate. 61l.2 g. of the enol acetate was mixed with 19.8
g. of freshly distilled cyclopentadiene and 0.2 g. hydro=-
quinone. The reaction mixture was placed in a high pres-
sure bomb, in a glass liner, and heated to 190° for 20%
hours under 2000 p.s.ls of hydrogen. Upon removal from the
bomb, 4 ge. of polymer was flltered éff and the liquld was
distilled ylelding cyclopentadiene and a high boiling frac-
tions The high bolling material was fractlonated to glve
35 ge of unreacted enol acetate and 6.3 ge. of white crys-
talline material, be.pe. 1260/7 MMe, MePoe 99-100°, The solid
melted at 108° after several recrystallizations from carbon
tetraohloride. The solid was 1dentified as dehydroacetio

acid, giving no melting polnt depression on admixture with
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Héﬁméﬁgﬁéﬁtic éample: The authentic sample was prepared by
the method of Arndt (191).

Sodium salt of dehydroacetlic acid. The preparation of

the sodium salt was effected by the gradual addition of
slightly more than one equivalent of a sodium hydroxide
solution to one equivalent of dehydroacetic acid in a sat=-
urated water solution. Immediately upon addition of the
base, salt formation occurred. A little sthanol was added
and the salt was filtered, washed with ethanol, and re-

crystallized from a water - ethanol solution. For the

; ester syntheses, commercial sodium dehydroacetate, obtained
from Aceto Chemical Co., was employed.

Silver salt of dehydroacetic scid. An aqueous solu-

tion of purified sodium dehydroacetate was added to a con-
centrated silver nitrate solution, in excess, with stir-
E ring. The silver salt was filtered and washed with ice
water, filtered and dried. The salt turned dark on drying.

Dehydroacetic acld esters (enol ethers). The dry

silver salt of dehydroacetic acld was refluxed for several
hours in an execess of the alkyl iodide of the desired
ester. The excess alkyl lodide was distilled off and the
? residue taken up in hot carbon tetrachloride from which the
| esters were orystallized. The methyl dehydroacetate melted
| at 91-92° (Lit. (200): m.p. 93-95°) after several recrys-

tallizations. The ethyl ether (ester) melted at 90-91°
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" (Lit. (201): m.p. 93-94%). The ultraviolet spectra of the
acld and its derivatives agree well with the literature
(187) (see Table X). The infrared spectra in the carbonyl-
olefin region are tabulated in Table XI. The nuclear mag-
netlc resonance spectra are given In the Appendix. The
solvent used for the NMR spectra was deuterated chloroform,
with the sxception of that of the sodium salt which was
taken in deuterium oxide. The deuterium exchange experi-

nents were carried out by placing the samples in a deuter-

lum oxlde -~ sodlum deuteroxide solution and shaking for 10~
| 15 minutes prior to taking the spectra. It was noted that
In the case of ethyl dehydroacetate, a secondary reaction
took place at the same time that exchange of the acetyl

- methyl was occurring. However, 1t was easy to differentl-
1 ate the two compounds in the spectra. |

Hydrogenatlon of ethyl dehydroacetate. 2.5 g. of

- ethyl dehydroacetate was hydrogenated at 60 p.s.i. on the

% Paar hydrogsnation shaker using 0.5 g. of 5% palladium on

Z charcoal as catalyst iIn 35 ml., of absolute ethanol. The

; catalyst was removed by flltration and the ultraviolet

. spectrum of the ethanol solutlon gave a Amax at 264.5 M
? Removal of the solvent under reduced pressure afforded a

- dark oll which gave a strong, positive ferric chloride test
| . In both water and alcohol. The Infrared spectrum gave

: Amax 5, Bl(w-m), 6.04(s), 6.19(s), 8.00(s) microns in car-
.
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' bon tetrachloride solution, The first carbonyl absorbtion
was shifted when the oll was run neat; )\max 5475 microns
and intense. The NMR spectrum was taken in both deuterated
chloroform and deuterium oxide. A deuteration experiment
was oarried out. The NMR spectra are given in the Appendizx.
The absence of the ethyl group was obvious in the NMR
spectra, indicating enol ether cleavage. The spectra are

discussed in Chapter III.
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" CHAPTER V

SUMMARY

1. The stereospecific preparation of d-cis- and d-
trans-limonene monoxlde was carried out. The stereochem-
istry of the hydroxyacetates formed from the limonene mon-
oxldes and carvomenthene oxldes was determined by pyrolysis
of the respective hydroxyacetates. The pyrolysis of the

hydroxyacetates readily distinguished the tertliary and sec-

. ondary acetates formed from the epoxides. The Furst-

% Plattner rule was found to be valid for substituted mcno-
cyclic oyclohexene epoxides., The stereochemistry of the

" pyrolysis products of the limonene hydroxyacetates indi-

j cated that the "cis"-1(7),8-p-menthadien-2-0l reported by

~ Naves and Grampoloff (87) had the trans configuration.

z The lithium aluminum hydride and sodium powder reductions

; of the limonene monoxides were reinvestigated. The selec-
} tive and total hydrogenations of the peracid limonene mon-

- oxldes were effected. The acid hydration and isomerization
| products of the peracid limonene monoxides were identified
as carvenone, d-dihydrocarvone, p-cymene, pinol, d-1,8-di-
hydroxy-neocarvomenthol and two optically inactive alcohols,

tentatively assigned as dl-1,8-dihydroxy-isocarvomenthol

162
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Uéﬁé“éi:i;g:azhydr8£§:heoisocarvomenthol.m

2. A study of the hydrogenation products of the car-
veols, coupled with the known relationships of the carvo-
menthols, Indlcated that the configurations of 1so~ and
neoiso-carvomenthol, assigned by Bose (1), should be re-

versed.

3. Pinol was prepared in 65% yleld from o/ -pinene
oxide. The products, and the stereochemistry thereof, ob=-
tained from the actlon of acetic acid - sodium acetate on
X -pinene oxide were ldentified as campholenic aldehyde,

trans-carveol and trans-8-acetoxy-6-hydroxy-l-p-menthene.

4., A series of o -terpineol analogs were synthesized;
their dibromides were prepared and subjected to reaction
~with various bases. The Internal ether - aromaticity com-
;petition was studied. The reinvestigation of the action of
Lbases on 6-bromo-8~hydroxy-l-p-menthene refuted the mechan=-
“ism of pinol formation previously postulated (11l). A
series of pinol anélogs (substituted 6-oxa-bicyclo-[5.2.1]-

oct-3-enes) were synthesized.

5. A study of the spectra of ethyl dehydroacetate,
Sand 1ts hydrogenation product, unambiguously determined the

%structure of the parent enol ether.
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 APPENDIX

SPECTRAL PROPERTIES OF 2,4~-PYRANDIONE DERIVATIVES

§ Compound Infrared Ultraviolet Reference
5 Amax (microns) Amax (ny«)
O cH,
Eﬁﬁj:cn3 5.58, 5.91, 6.16 (CH,C1,) 250 (7,400) 192
o0
o CHJ
; tH3y 5,58, 5.99, 6.15 (CH,C1l,) 282 (7,050) 192
o~ Yo
o ¢
| ¢ 5.61, 5.98, 6.15 (CH,C1,) 293 (6,700) 192
o0 _
OH
§ /ﬂj£il 5.83, 6.02, 6.15, 6.30, 6.51 (KBr) 283 (6,000) 192
[ CH o ©
OAc
| JIA%I 5.61, 5.75, 6.06, 6.35 (CH,C1,) 294 (6,890) 192
CHy ~o0—0

(continued)
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APPENDIX (continued)

Compound Infrared Ultraviolet Reference
Amax (microns) Amax 09M
OCH;
| X 5.84%, 5.88, 6.09, 6.41 (CH,C1,) 280 (6,300) 192
CHy No7°
©
/HTKIL 5.98, 6.15, 6.28 (CH,C1,) 240 (13,000) 192
CHT SN0 OCH,
OH
CH
Y - 311 (10, 300) 192
o O
(o]
CH3 a,
[E_ 7 6.03%, 6.39 (KBr) - 192
, OCH3
: CcH
| [E_ ,‘\ > 5.93, 6.22, 6.55 (CH,CL,) 320 (9,800) 192
: o ©
i

(continued)
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APPENDIX (continued)

Compound Infrared Ultraviolet Reference
Amax (microns) Amax AE\;
o
MH _ _\nxu 6.03, 6.19, 6.25, 6.33 Aomwowhv 256 (27,300) 192
fo) OCH,
5.64, 5.86, 6.15, 6.38 Aomnownv 324 (10,500) 192
5.65, 5.85, 6.15, 6.45, 8,10 309 (7,050) 193

9.10 (Neat)

5.71, 6.02, 6.46, 8.08, 9.98 313 (14,800) 193
(Nujol)

mMSocHQow
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~ APPENDIX
EXPERIMENTAL INFRARED SPECTRAL DATA

The followlng spectra were obtained in Nujol on =
Perkin-Elmer, Model 137 spectrophotometer fitted with

scdium chlorlde optics and cells.,
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~ APPENDIX
EXPERIMENTAL NUCLEAR MAGNETIC RESONANCE SPECTRAL DATA

The following spectra were obtained on a Varian
Model A~60 nuclsar magnetic resonance spectrometer.
Te trame thylsllane was used as an internal reference exbeptE

for spectra run In deuterium oxide solvent.
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