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. GHAPTER:T"
HISTORICAL AND INTRODUCTION

Introduction

Nature produces a large variety of chemical substarices. Members of
one group of naturally occurring compounds are called terpenes, and are
uwsually produced by plants. Monoterpenes for example, may be found in
essential oils which are derived by the steam distillation of plant
material. These oils may contain other substances but nearly always con-
tain one or more monoterpenes. 1In Some cases, a single compound may com~
prise as much as 80-90% of the oil. Because a large number of compcunds
have been found to contain an integral number of C5 isoprene units, the
"isoprene rule" was formulated which states that terpenes are compounds
with & carbon skeleton c@ﬁsisting of isoprene units usually linked in a
regular head-to-tail fashion, or occasionally linked in an irregular
sequence (1).

Members of the simplest class of terpenes, the momoterpenes, con-
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tain two isoprene units. This class may be illustrated by geraniol (I),
and members of the p-menthane and cyclopentane groups, pulegone (II)
and nepetalactone (III) respectively.

While monoterpenes contain ten carbon atoms, sesquiterpenes,
diterpenes, and triterpenes contain fifteen, twenty, and thirty carbon
atoms respectively. The sesquiterpene eudesmol (IV) and diterpene

abietic acid (V) exemplify these types.

L& 1T

O,H

Iv v
Although some compounds such as eremophilone (VI) are non-
isoprenoid, they may still be classed as terpenes since their carbon
skeleton may be rationalized by a simple rearrangement from some iso-
prenoid precursor. Such a precursor for eremophilone might be the

eudesmol type compound VII.

oH | OH

VI VII
Naturally occurring furans are rather common, particularly benzo-

furans. However, terpenes containing the furan system, referred to as
"furanoterpenes", are not quite so common and are the subject of this

thesis. As examples, menthofuran (VIII), furanoeremophilane (IX), and
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cafestol (X), might be cited as members of the furanoid mono-, sesqui-,

and diterpene groups respectively.

S ghe

VIII IX X

Menthofuran has been the most thoroughly studied while furanoere-

mophilane and cafestol are unique in that they are non-isoprenoid.

XI

Cafestol has the additonal feature of being a member of a relatively
small group of compounds having an absolute configuration at the bridge-
head position opposite to that of the steroids. The steroid testosterone
(XI) will serve for a comparison of that point.

Of the various furanoterpenes known, nnly the less structurally com-
plicated have been synthesized and the knowledge gained from these syn+
theses will be reviewed. .

As pointed out by Dean (2) the furanoterpenes may be divided into
three patterns based on the isoprene unit as shown below, variations

being the point of attachment of other isoprene units.
Although least common at the time of the review by Dean (2),



I
several furanoterpenes of the pattern C have recently been reported and

will be the main subject of this thesis.

DY RS Y IS 5

Literature Survey

The literature covering naturally occurring furans has been re-
viewed recently by Dean (2). That review covers briefly the literature
to 1961 concerning occurrence, structure elucidation, stereochemistry,
and synthesis of furanoterpenes and some other furans which are not ter-
penoid. This section of the thesis is an attempt to bring the review by
Dean up to date and cover most of the more recently reported furanoter-
penes, The total synthesis of a furanoterpene will be the last facet
of investigation to be discussed and those whose synthesis have been
described by Dean (2) will not be discussed here. Also, biosyntheses

will not be discussed.
Monoterpenes
B -Dehydroelsholtzione (XII), C1oty205¢

The synthesis of B-dehydroelsholtzione (XII) or naginata ketone
was accomplished. by thedacylation of 2-methylpropene with the acid



chloride XIII (3). The chloroketone XIV could be further dehydrohalo-
genated to the desired product.

0
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1
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Menthofuran (VIII), clﬂﬂlho'

Although the conversion of pulegone (II) to menthofuran was report-

ed by Treibs (4) in 1937, pulegone itself was only recently synthesized

——  yIII
/
s vk
O 2" | 0
0~\;> o 0
- CH3CH,0,C

in racemic form by the route shown (5,6). Also, later work by Treibs
(7) resulting in another synthesis of menthofuran was not reported by
Dean (2) but since it is pertinent to this study it will be discussed
here,

In a study of the reaction of mercuric acetate with ketones and
olefins, Treibs (7) reported that upon treating isopulegone (XVI) with
that reagent and then distilling the crude reaction mixture, mentho-
furan was formed along with other oxidation products. The keto-ester

XVII wazs suggested as the probable intermediate.
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XVI XVII
Perillene (XVILI), C..H,)O.

The synthesis of perillene has not been reported (2).
O/ //J

XViil

a=Clausenane, ClOHlZOT

Since the time of the review by Dean (2), no papers were found con-
cerning the unknown:structures of ‘w~-clausenane and other furans foundin

the essential oil of Clausend willderovil.,

H

Egomaketone (XIX), C 1150.

“10
The occurrence in the essential oil of a variety of Perilla
frutescens Brit. of egomeketone and its structure proof have recently
been reported (8). The infrared spectrum of egomaketonme showed it to

contaln a furan ring, & conjugated carbonyl, and a trisubstituted

double bond. It was shown not to be perillaketone (XX) by mixed melt-



ing point of the 2,4-dinitrophenylhydrazone derivatives, Treatment of

egomaketone with sodium and amyl nitrite gave B-furoic acid while hydro- -

XX X

genation with platinum catalyst gave perillaketone, The position of

the double bond was shown by the formation of acetone (identified by its

2,4-dinitrophenylhydrazone derivative) upon oxidation with permanganate.

Its synthesis has not heen repbrted. |
Sesquiterpenes

Nupharidine (XXI), Cl5H23NO2°

Although a synthesis of d,l-deoxynupharidine (XXII) had been re-

o=

XXT XXII

pérted in 1959, it was later considered to be a mixture of diastereo-
mers (9). The stereochemistry was not established until 1961 (10)., The

absolute configuration has recently been established as XXII by degrada-



tion to (S)~(~)-o-methyladipic acid by Kawaski (9) and confirmed by
Arata (11),
Other syntheses have recently appeared, each involving a separation

of the 4 d,1 pairs formed (10,12).
Castoramine (XXIII), Cl5H23N02.

This sesquiterpene alkaloid, extracted from the scent glands of the
beaver, has been shown to be of the same type as mupharidine (13). Al-

th@ugh the conversion to deoxynupharidine (XXII) was made, it was not |

XXIII

known which methyl held the hydroxyl group. By a study of the hydrogen
bonding in model compounds and then synthesizing the two possibilities,
the structure was finally established as XXIII (14).

The synthesis of castoramine will exemplify the type of approach in-

XXIV XXV XXVI
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volved in the synthesis of these furanoterpene alkaloids. This synthe-

sis involved the dialkylation of ethyl acetoacetate followed by decar-
boxylation and then the Mannich reaction to give the keto-ester XXIV,
Treatment of the amine salt with methyl cyanocacetate gave the nitrile
XXV which was cyclized by catalytic reduction and then reduced to the
lactam-alcohol XXVI. The reaction of this lactam-alcohol with 3-furyl-
lithium gave an olefin which was hydrogenated to give a mixture of 4
d,l pairs from which d,l-castoramine was isolated (14).

Nupharamine (XXVII), 015H2 BNO o

The stereochemistry of nupharamine was known since in the structure
proof it was degraded to some of the same compounds obtained from de-
gradations of nupharidine. The absolute configuration was recently
determined by Kawaski (15) as XXVII by its conversion to l-deoxy-

nupharidine.
The snythesis of d,l-deoxynupharamine (XXVIII) was accomplished in

C0,C H20H3

XXVIII
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1963 by Arata (16) by a series of alkylations on ethyl acetoacetate to
give the keto-ester XXIX, The oxime of XXIX was reduced, acylated with
B-furoyl chloride and then c¢yclized to the tetrahydropyridine. Reduc-

tion gave d,l-deoxynupharamine and an isomer.

Dendrolasin (XXX), 615H22O°

Although the synthesis of teirahydrodendrelasin has been reported
by Quilico, Grunager, and Piozzi (17), as part of the structure proof,

a synthesis of the naturally occurring substance has not been reported

(2).

\_/

XXX

8-(3-Furyl }2,6-dimethyl-4~octanone (¥XXI), C 1 5H2 A_O o

Ogawa and Hirose (18) have recently reported the isolation of

ketone XXXI from sweet potato fusel oil. Upon Wolff-Kishner reduction

2 ), — O

XXXT XXXIT
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it gave tetrahydrodendrolasin (XXXII), thereby defining its structure.
Torreyal (XXXIII), ClSHZOOZ s and Torreyol (XXXIV), C15H2202°

Recent investigations of the neutral volatile wood oil of Torreya

nucifera Sieb. et Zucc. have revealed the presence of two new furano-

é-Q)i)‘—% =
I GHO

XXXIV XXXITI
terpenes, torreyal,and torreyol in addition to dendrelasin (XXX).

The étructure of torreyal was determined by spectral data and
ozonolysis. The structure was confirmed by Wolff-Kishner reduction
of the semicarbszone to dendrelasin. Torreyel was found to be iden.-
tical to the lithium aluminum hydride reduction product of torreyal,

hence the structure XXXIV for torreyol (19).

H

22

P - { ( R
Pelargone (XXXV), 015 02

Pelargone A (XXXVa) has been isolated from the essential ¢il of

\\\\\l% . ‘ MHJ Q ZH
H
‘7, 7r
H 5 /¢ 0 H 5 i’lC 02 H

)

XXXVb XXVa XXXVI
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Geranium bourbon and has been degraded to 3-methylcyclopentane-l,2-

dicarboxylic acid as part of the structure proof (20,21). Further
proof of thé stereochemistry and absolute configuration was provided
when the acid was found to be identical to (-)-trans, cis-nepetic
acid (XXXV) (22). Pelargone B is considered to be an epimer of
pelargone A. The pelargones are not isoprenoid but might arise by
oxidation of an appropriate sesquiterpene precursor such as XXXVII

(18).

o

XXXVII

Furanoeremophilanes.

In a recent series of papers Sorm (23,24,25) has reported the iso-

XXXVIII XXXIX

lation of a group of sesquiterpenes with the eremophilane skeleton
XXXVIII and containing a fused furan ring. Although some of the
structures are not proven, tentative ones have been assigned basedvon

evidence obtained by their conversion to the tetrahydrofuran XXXIX.
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Furanoeremophilane (IX) has been charaéterized by Herout (26) and its
stereochemistry and absolute configuration have been established by
relatiqn to other known compounds of the eremophilane type (27). Based

on recent evidence, the structure XL has been suggested for furano-

petasin (28). Tentative structures have been assigned to furanoere-
mophilone (XLI), petasalbin (XLII), albopetasin (XLIII), and albopetasol
(XLIV) as shown (23). |

OR

XLIII XLIV

None of the naturally occurring sesquiterpenes of the eremophi-

lane skeleton have been synthesized (29).



Alexandrofuran (XLV), 015H2003

Although no papers have appeared in print describing the isola-
tion or chemical structure proof of alexandrofuran, its structural

formula is available through a recently published volume by Djerassi,

XLV

Williams, and Budzikiewiez (30) on the application of mass spec-
‘trometry to structural problems. Mass spectral analysis established
the molecular formula and was helpful in the structure elucidatlon.

Alexandrofuran is belng 1nvest1gated by Alpin and Halsall (31).
Linderane (XLVI), Cy;H 0, .

Linderane and linderene (XLVII) are constituents:of the root: of:

Lindera strychnifolia. Their isolation was reported in 1925 by Kondo

and Sanada (32). Only recently has linderane received much attention

X1VI

and the structure XLVI has recently been assigned by Takeda (33).

Linderane is claimed to be the first example of a sesquiterpene
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contalning both a ten—membered ring and a furan rlng (33)., Alexandro-

furan is probably the second such example.

Atractylone (XLVIII), Cl5H2OO

Atractylone was isolated from the essential oil of the rhizomes of

a species of Atractylodes japonica collected in Manchuria (34), The

structure was recently reported (35,36).

XLVIII

The compound was shown to have an exocyclic double bond by
ozonolysis to givé formaldehyde, The presence of a furan ring was

indicated by chemical tests, spectroscopic data, and by formation of

2 maleic anhydride adduct. Only one mole of hydrogen was absorbed
over platinum oxide while three moles were taken up over palladium on
carbon giving octahydrodeoxylinderene (XLIX). Thé étereochémistny’of
octahydrodeoxylinderene has recently been established by its synthesis
from the known tétrahydroanxalactone (L) (37). The structure XLVII

was confirmed by its n.m.r. spectrum. Atractylone is easily air-
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oxidized to the lactol LI. Menthofuran behaves in a similar manner (2).

Linderene (XLVII), C

°158

“18Y%2¢

The structure for linderene has only recently been assigned by
Takeda (37) on the basis of the structure given for octahydrodeoxy-

linderene (XLIX). Perhaps the experimental result which has been the

meSt misleading since the very omset of investigation was that
linderazulene (I11) was formed on dehydrogenation thereby indicat- _
: ing the incorrect carbon skeleton. Linderene was shown by n.m.r. to
have a secondary hydroxyl group (which was previously considered to be
tertiary) adjacent to a single proton, and a cyclopropane ring. Bvi-
dence from the n.m.r. spectrum of the dehydfation product of octahydro-
linderene allowed the position of the hydroxyl group to be assigned to
C-5 and the cyclopropane then could only be at C<l 'and C-3, "From the
chemistry of the alcohol and the coupling constant betwesn the protons

at C=5 and €-10, the hydroxyl was assigned the equatorial configuration.
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Diterpenes
o,B, and y-Caesalpins.

The isolation of these three bitter constituents from the seeds

“of Caesalpin hoﬁducella Flem was first reported in 1960 (38). The

plant grows wild in the India-Pakistan area and the seed kernel is

T LIV

R=0 | R =
Ri=.4c _ Rl= E
LV
R = H, OH

R,=H

,,used locally for medicinal purposes.
The structurel for- a—caesalpln (iIII) and B-caesalpln (LIV) and
hydrolyzed ybcaesalpln (v) have recently been assmgned from the evi-
dence obtained by sodium periodate oxldation of the Y-isomer, &Caesal—
pin is obtained frqm «w-caesalpin by hydrolysis and can be reacetylated
to IIII. Treatmeﬁt of a—caesalpin with lithium aluminum hydride gives
hydrolyzed y-caesalpin (LV). Thus, the 1ocation of the acetate in

y~eaesalp1n is not known (39,40)..

Cafestol (X), C20H2603'

Since the time of the review by Dean (2) the stereochemistry and
absolute configuration of cafestol have”been determined to be as shown
in X,

On the basis of optical rotatory dispersion measurements, the

stereochemistry and absolute configuration of the A/B and ¢/D ring
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junctures were correctly assignedvas shown in X. The stereochemistry

of the glycol grouping in the D ring was determined by conversion of
cafestol to the ketone‘LVi, which was treated with the Wittig reagent

to give the exo-methylene compound LVII. When LVII was treated with

LVII

'~ osmium ’;tk:e'tnoﬁdb; the glycol was obtained which was identical to that
 ’obtained.frqm‘na£ﬁral cafestol. The stereochemical requirements of the
reaction allow the assignment of configuration as in X (41). |

| A recent x-ray analysis of & bromide derivative of cafestol indi-
cates that the B/C ring juncture is trans as in X and firmiy establishes

the stereochemistry and absoiutefconfiguration of cafestdl,(hz). '

Kahweol (LVIII) » CpoHy, 05

The diterpene kahweol has long been known to be similar to cafestol
but with further unsaturation since hydrogenation of a mixture of the
two gave pure cafestol (43). By quantitative hydrogenation it was

shown that kahweol absorbed three moles of hydrogen while cafestol
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absorbed only two. On this basis and evidence obtained from the

methanol adduct and spectrescopic and chemical properties, the struc-

ture LVIII has recently been established for kahweol (44).

Polyslthic Acid (LIX), C2OH2803'

This acid was isolated in nearly 1% yield from the stem bark of

a large tree (gg;yggthia fragrans Bth,) which grows on the west coast

of India. Based on chemical and spectroscopic evidence the structure

‘ ’O R R v o .
0
> BR-A
C0oH | 41 1 i1 By "
IX IXI

Rl = "COZCH?,C_HB

11X has been assigned to polyalthic acid (45). The presence of a

B -substituted furan ring was confirmed by the Alder-Rickert degrada-
tion by reaction of the furan ring with diethyl acetylenédicarboxylate,
hydrogenation of the adduct LX and then pyrolysis to give the retro
Diels-Alder product diethyl:furan<3,/i<dicarboxylate (IXL). 'The .nature

of the carbon skeleton was shown by selenium dehydrogenation to 1,2,5-
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trimethylnaphthalene while the tertiary carboxyl group was indicated

by its chemistry which also suggested it to be equatorial. The

IXIT o v IXIII

structure wﬁs confinméd by degradation to the acid ILXII, identical in
_#11 reSpécts'exnept for opposite sign of rotation to the corresponding
acid obtained from the known neosbietic acid (LXIII). The stereochem-
istry and ebsolute éonfiguration then musﬁ be that depicted by tlx.
These points were confirmed by a similar comparison of two other sets

of derivatives of polyalthic and neocabietic acids.

| Daniellic Aeid (IXIV), GZOHQSOB.

Daniellic acid was recently isolated from the African copal tree,

Daniellia oliveri (Gaesg;pineae) and its structure, stereochemistry, -

and absolute configuration have been reported (46). The‘structure
elucidation was mach the same as that of polyalthic acid.

The difficulty in hydrolyzing the ester derivatives led to the
conclusion that the carboxyl group was tertiary and axial. The struc-
ture proof was confirmed and the stereochemistry and absolute config-.
uration were proven by comparison of the keto-acids LXV derived from
daniellic acid and the known agathic acid (IXVI), The keto-acids were
identical in all respects except their optical rotatery dispersion

curves were opposite, thus establishing the antipodal relationship
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depicted in LXIV.

It might be noted that daniellic acid and polyalthic acid are

identical except for the configuration of the carboxyl groups.

COoH

IXIV , IXV ’ LXVI

Cascarillin (IXVII), C

‘22H 0

The bitter principle from the bark of Croton eleuteria was

isolated long ago and was studied as early as 1896. With the aid of

LXVII LXVIII

modern instrumental methods its molecular formula was correctly
established &s CppH350n.. In addition to the spectroscopic evidence,
degradative experiments gave information which allowed a tentative
structure IXVII to be assigned (47).

Cascarillin is eaéily hydrolyzed to the aleohel which when treat-
ed,ﬁith acid readily loses a molecule of water to give aﬁ acetal con-

sidered to be IXVIII, The stereochemlstry was suggested on the basis
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of a probable biogenetic pathway and its relationship to the known
clerodin (IXIX). |

Marrubin (IXX), CZQHQSQA

Although marrubim has been well studied there still remains some

question as to its stereochemistry (48). The stereochemistry of the

XX LXXT
A/B ring juncture had been agreed upon 25 in LXX (49). Based on the
reduction of the keto-acid LXXI with lithium and liquid emmonia, and
sodium borohydride, the configuration of the lastone ring was suggestéd’
as in LXXII. The remaining centers are still in dispute (48).
Seiadin (IXXIII}, Gz.thOh

From the woed of Sciadopitys verticillata Sieb. et Zucc. of Japan

has been.iselaxed a diterpencid bitter principle named sciadin. Re-
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cent investigations by Sumimoto (50) employing classical chemical de-
gradations and an application of modern instrumental techniques have

allowed the structure to be assigned.

The evidencé‘proﬁided'by.optical rotatory dispersion measure-

ments on the keto-ester LXXIV has allowed tentative assignments of

stereochemistry to be made.

Two othervditefpenes, dimethyl sciadiﬁgate (IXXV) and sciadinone
(LXXVI) have been isolatedbfrcm the same source and related to sciadin
(51). The interrelationships were performéd by degfadations of each to a
common substance or transformations of one'into the other. |

The ozenolysis of sciladinone gave a diketone which was unchanged
on base treatment thus confirming that the side chain was in the
equatorial configuration, and confirming the tentative stereochemical
assignments of LXXIII (52).
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Columbin (LXXVII), C,qH, 0.

LXXVIT

The most recent information leads to the stereochemistry de-
picted in IXXVII for columbin (53). This conclusion was based oh the
formation of an isolactone LXXVIII which could not be formed if the

IXXVIII

A/B juncture were trans. The stereochemistry of the furan ring was
determined by application of the Hudson-Klyne lactone rule (54).
Treatment with base givés isocolumbin, (IXXIX) believed to be an

epimer &t C-8.
Palmarin (IXXX), 620H2207.

In two recent papers by Barton (55,56) the structures of pal-
marin, chasmanthin (LXXXI), jateorin (IXXXII), and iscjateorin
(IXXXIII) are discussed. The relationships of these compounds may

best be shown by their interconversions by base treatment which is
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believed to result in epimerization at C-8 as with columbin,

LXXXIII

Isojateorln and dihydroisocolumbin have been converted to a
common derivatlve thereby shoW1ng that 1803ateorin is the epoxide of
isocolumbin (56)., If the stereochemical a331gnment of the furan ring
of columbin is valid then these formulas should represent the compounds

under discussion.

-Methyl Vinhaticoate (LXXXIV), 021 30 3

‘and Methyl Vouacapenate (LXXXV),
C21M30%3-

These diterpenes of the molecular formula 021 30 3 are identical
except for the configuration of the carboxyl group. This was shéWn by
reduction of the carboxyl group in each.of the two thereby giving the
same gen-dimethyl compound. The stereochemistry of the A/B ring system
of the acid LXXXVI has been shown to be trans and to.have_the same
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absolute configuragion as abietic acid by oxidation to the tricar-
boxylic acid IXXXVIII, identical to that obtained from abietic¢ acid
(57). Cassamic acid, a diterpene alkaloid of similar structure, and

ILXXXVII have been interrélated“pyuconverSiQnhtokthersameﬁdiacidlLXXXIX

IXXXV R = cH,

IXXXVIT R =H

CO,H

LXXXIX

(58). Optical rotatory dispersion measurements on cassamic acid
derivatives indicate & trans-anti-trans configuration for the A/B
and B/C ring junctures allowing the hydrogens at C-8 and C-9 to be
assigned the B and o configurations. respectively as in LXXXV, These
data are also consistent with a B methyl greup at C-l4 although

this point has not been settled (58).
Triterpenes
Thiobinupharidine and Neothiobinupharidine (XC), C 30 420 N2

These triterpenes were first isclated in 1939 from the yéllow
1ily and have recently been isclated by a new procedure based on

chromatography (59). The relationship between these two new alka-
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loids and deoxynupharidine was suspected on evidence from spectro-
scopic studies (59). The relationship with deoxynupharidine as well
as the molecular formulas were confirmed from the mass spectral split-
ting patterns (60). Based on this evidence the tentatiive stiructure
XC has been assigned to the two, one being a stereoisomer of the

other (60).

XC
Geduhin (HCT), CpgHs, O

This triterpene has been isolated from Entondrophragma

angolense along with its dihydro derivative. Since gedunin ex;

hibited reactions similar to those 6f'1imbnol, whose stiucture..and

XCI

stéreochemistry have been determined by x-ray analysis, a tentative
structure XCI was assigned (61l). An x-ray analysis of the iodoacetate

confirmed the structure XCI assigned earlier (62).
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Anthothecol (xc11), ¢ 28H3207.

A series of new substances has been isolated from West African
timbers, one of which is anthothecol,which has been assigned the
tentative structure XCII on the basis of similarities with other

members of the group (63).

XCII

H 01.'

Rdvorin (101ID), a5l
Another of thé series isolated from West African timbers,
khivorin, has been assigned the tentative structure XCIII with only
the configuration of the acetates remaining undefined. The assign-

ments were made on the basis of analogy te other members of this

series (64).
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Obacunone (XCIV), 026H3007'
Based on a suspected relationship to limonin, Barton, Jager,

Corey, and Arigoni and collaborators (65) proposed the structure XCIV

for obacunone but did not indicate the stereochemistry.

Shortly_thereaftef, obacunone was related to limonin via a
degradation product and the stefeochemistry was suggested as shown
in XCIV (66,67). Although the configuration of the furan ring has not

been established it is suspected of being the same as in limonin.

Nimbin (XCV), CgoH, 0.

By a combination of chemical and instrumental méthods the

. structure XCV has been proposed for nimbin (68). The stereochemis-

try and absolute configuration of nimbin has also been shown to be as



in XCV by n.m.r. and optical rotatory dispersion studies (69).

Swietenine (XCVI), 032Hh209'

Two recent communications, one dealing with the_x—ray analysis of

XCVI
a p-lodobenzoate derivative of swietenine, establish its structure and

absolute stereochemistry as XCVI (70,71).

Andirobin (XCVII), 02733207.

Andirobin, isolated from the seeds of‘Carapa guayanesis Aubl.
‘(MEIiaceae), was shown to have a molecular formula of 022H3207 by méss
spectrometry. Its structure has recently?beenbdeducedvas'XCVII (72).
In the same coﬁmunication the stereochemistry was suggested on the basis

of a biogenetic analogy with other compounds of similar structure.
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Review of the Syntheses Reported

A review of the literature indicates that:

(1) All monoterpenes of known structure have been
synthesized except for perillene and egomaketone (2).

(2) The only furanosesquiterpenes which have been
synthesized are tetrahydrodendrelasin, deoxynuphari-
dine, castoramine, and deoxynupharamine.

(3) None of the furanoid di- or triterpenes have been

" synthesized (2).

Almost all of the syntheses reported.have involved the addition
of a preformed furan ring somewhere in the‘synthetic route. The
exceptions to this are the syntheses of menthofuran (VIII) and
evodone (XCVIII) in which the app£opriaﬁé fﬁnctional groups were
cyclized to form the furan ring. Also, these tworfuranoterpenes
have been the only ones synthesized that may be classed as type C
according to Dean (2). Of the compounds reported, all examples of

type C have involved the furan ring as part of another ring.

XCVIII A B ¢

The two major groups of furanoterpenes are those corresponding to
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type C where the furan system is part of amother ring and those of type
A where a monosubstituted furan ring is attached to the rest of the
molecule. Although a few examples of type B are known, none of them
involve the furan ring as part of another ring. The.compounds cafestol
(X) and methyl vouacapenate (LXXXV) for example, appear to be of typebB
but close examination‘will.show them to be nonisoprenoid. Thej'are
considered to have isoprenocid precursors in which methyl migration has
occurred in order to allow the furan ring to be formed éé“shown for

cafestol.

Terpenes are usually classed according te their carben skeleton.
For example, eudesmol (IV) has a eudalane skeleton and the correspond-
ing furanoterpene, atractylone (XLVIII), obviously can be said to belong

to the same class. Thus, there are several cases where the furanoter- |

IV - XLVIII

pene is a member of a class of terpenes of well establishéd carbon

skeleton. Sometimes synthetic routes are already available which
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lead to. a particular skeleton or there may be available‘from»natu:al |
sources sufficient amounts of some terpene which would be potentially-
useful in the synthesis of a particular furanoterpene.

As the complexity of the furanoterpene increases, the possibility
exists that any furan ring introduced at an early state in the syn~
thesis may not survive the many and varied chemical reactions that
might be necessary to bring aboup construction of the rest of the
molecule.

It seems clear that the approaches involved in the syntheses 6f
type A and C furanoterpenes would be somewhat different. If thié is
trué then only a review of the syntheses of type C‘furanoterpenes,
némely, the syntheses of menthofuran and evodone, would be helpful in
pianning syntheses of other furanoterpenes of type C. Although mbst
furanoterpenes are of type 4, the number of examples of type C is now
large énough to warrant some attention. The efforts of this thesis
are directed to that end. |

The problem seems to be resolved to the construction of a furan
ring on another ring. Ideally, a number of methods should be available
to -allow the greatest‘flexibility in the synthesis of the rest of the
molecule,

Mn@h can be leérned frém a study of the syntheses of memthofuran
and evodone, the only furanoterpenes of type C that have been synthe-
sized. Between the two, alﬁost every type of furan synthesis has been
employed. |

One of the oldest routes, the Paal~Knorr synthesis, imvol&es the
closure of 1,4-dicarbonyl compounds and has been employed by Fritel

and Fetizon (73). Isopulegone (X?;) was converted by perbenzeic acid
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into the epoxide which was then'cyclized by hot acid to menthofuran

in an overall yield of 13%. The dicarbonyl compound XCIX might have

been an intermediate.

Examples of the Paal-Knorr synthesis have recently appéared

in the sterocid literature., Steroids could serve as effective models

for the higher terpenes. Julia and Moutannier (74) have reported the
formation‘of.several'steroid—furan derivatives analogous to cafestol
and kahweol by the sequence indicated with a cholestane derivative C.
The reported yields for the cholestane, androstane, and pregnane
examples were greater than 65% in the last step.

A second example involved the sequence starting with the
androstane derivative CcI (75)f The overall yield of 3.5% casté a
doubt as to the suitability of such a reaction sequence in a syn-
thetic route. | |

Recent examples of the formation of simple furans from masked

1,4~dicarbonyl compounds have appeared and good yields are reported
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(76,77} .

Efae

CI

Another well known synthesis of furans is the Feist-Bernary
method which involves an o-halo-carbonyl compound and a B-~keto-ester,
The synthesis of d,l-evodone (XCVIII) exemplifies this method (78).

COCH-
+ <::H01 — _ —>

0020 HzC H3 }\-{ 0

A ——>

0 o)

OoH XCVIIT
d,l-Menthofuran was obtained by Wolff-Kishner reduction of evodone.

The inherent disadvantage in this method lies in the fact that either
carbonyl may react. Hence, in an unsymmetrical molecule more than one
product might be obtained.

Another base-catalyzed reaction resulting in the fongation of
menthofuran was reported by Wienhsus and Dewein (79). Isopulegone
dibromide (CII) when treated with base gave menthofuran.

The reaction used by Treibs (4) in the first synthesis of
menthofuran from pulegone (II) has been developed by Morel and

Verkade (80,81,82) and found to be a general reaction for the con-

version of ¢, B- or B, y-unsaturated ketones into the O&-sultone.



Pyrolysis of the sultone gives the furan and sulfur dioxide in good

yield.

0
Br
Br
011
0
II XV

Finally, the reaction of isopulegone with mercuric acetate
reported by Treibs (7) and discussed earlier in this chapter re-
sulted in the formation of menthofuran.

Up to this time probably the best method wsed to introduce an
isopropylidene, isapropyl or isopropenyl group adjacent to a car-
bonyl group has been the reaction of methylmagnesium iodide on a
ketai_ester such as CIII. OSince the isopropylidene, isopropyl,

and isopropenyl groups are readily available by this route by

[\ M\

G . ¢ 0 '
COZC H3 . A
> —>
R

CIII CIV Ccv




varying the reaction sequence, the conversion of such a system as

CIV into a furan ring is important,

37



CHAPTER II
RESULTS AND DISCUSSION

The purpose of this study was to find several ways to effect the

conversion of systems such as CIV into furan system CV.

CIvV ' cv

Pyrolysis Reactions

The reaction of mercuric acetate with isopulegone (XVI) which had
been reported to give menthofuran (VIII) seemed to be a logical start-
‘ing point (7). In the original work by Treibs (7), isopulegone was
treated with mercuric écetate and the crude mixture was distilled to

give the mixture of products containing menthofuran.

S [ e

XVI - XVII - VIII

— e

38
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~ This reaction was repeated but the work-up was altered to prevent
pyrolysis of the intefmediate'keto-eéter; The work-up used was similar
to that described by Reitsema (83) fc.pr‘ the reaction of pulegone (II)
with mercuric acetéte. In the latter reaction, 2-acetoxypulegone (CVI)

is the main product and Reitsema (83) found that in the presence of

OH

CcvI

II CVII

cis and trans

base, 2-ace£oxypulegohe was converted into diosphenol (CVII). There-‘
fore, the work-up used in the isopulegone reaction involved>adding the
cooled reaction mixture to water, extracting the mixﬁure with ether,
and then washing the combined ether extracts with water until the
acetic acid was removed. Drying and then distilling under high

vacuum gave the prodﬁct which was foﬁnd to bevidentical with 2-acetoxy-
pulegone obtained frem pulegone by the procedure described by Reitsema
(83). Identification was made by a comparison of the infrared and |
n.m.r. spectra and gas chromatograms. The gas chromatogram showed

CVI to be a mixture of approximately equal amounts of two substances.
An examination of the n.m.r. spectrum (Plate I) showed that XVII was
not one of the substances and that the mixture consisted of the cis |
and trans isomers of 2-acetoxypulegone. The methyl protons of the
isopropylidene group in both isomers appeared at & 1,76 (C-10) and

§ 1.84 (C-9). In both the cis and trans isomers the methyl protons

of the isopropylidene group cis to the carbonyl group would be ex-
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\'\)Ac , CVIa (cis, acetoxy group up)

CVIb (trans, acetoxy group down)

pected to show a paramagnetic shift compared with the methyl protons
trans to the carbonyl group (84). The previcusly proposed intermedi--
ate XVII would be expected to show only one methyl group in this
region of the n.ﬁ.r. spectrum. The protons of the C-~1 methyl group
in CVI appeared as a pair of doublets. The cis isemer (CVIa), in
which the acetoxy group is cis to the C-1 methyl, showed a doublet
centered at § 0.96 (J = 7 c.p;s'., 1.8 protons). The trans isomer
(CVIb) showed the doublet centered at § 1.05 (J = 5.5 e¢.p.s., 1.2
protons) . |

The C-2 proton in the ¢is isomer appeared as a doublet centered
at 8§ 5.10 (§ = 5.5 ¢.p.s., 0.6 protons) whereas in the trans isomer
it appeared as a doublet centered at § 4.64 ‘(J = 10.5 c.p.8., 0.4
protons). The coupling constants of cis 1,2 protons are known to be
smaller than those of the corresponding trans protons (84).

Pyrolysis of the mixture of c¢is- and trans-2-acetoxypulegone gave
essentially optically pure menmthofuran (VIII) im 43% yield and, in
additoh, a variable amount of another component CVIII was obtained
which might have arisen from thermal cracking of piperitenone (CIX),

the product of normal pyrolysis. The component CVIII was shown by
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w —> % + omm

| VIII

CIX CcX CXI

gas chromatography (v}p.c,)ﬂnct-téxbe.3—methyl+2=cyclohexbndnei(CX)abr
thymol (CXI). | | |
The major pyrolysis product‘was identified as menthofuran by its
optical rotation and a comparison of its infraréd and n.m,r. spectra
and gas chromatogram with those of authentic menthofuran prepared by a

modified procedure of Treibs (4). Its identity was confirmed by a com-

%%

CXIT CXITI CXIV CXV

OH

parison of the melting points of the autoxidation product CXII, the
picrate of the benzofuran CXIII obtained by dehydrogenation with
palladium on carbon, and the maleic anhydride adduct CXIV with the

melting points of these derivatives reported in the literature (85,



42

86,87).

The lactol CXII, the autoxidation product of menthofuran, has long
been suspectediof being identical with a substance of the same melting
point obtained from the air oxidation of pulegone (73,85). The identi-
ty of the two was shown by a comparison of the melting points, mixed
melting points, and infrared spectra of the lactol obtained from air
oxidation of menthofuran and from air oxidation of pulegone. As the
air oxidation of pulegone progressed the_specific-rotation gradually
changed from 427° to —4.12°, presumsbly due to the formation of the
autoxidation product CXII which exhibits a negative rotation (85).
Also, an intermediate such as 9-hydroxypulegone (CXV) has been sus-
pected of being involved (85). Attempts to isolate such an alcohol
from the réaction mixture were uhsuccessful. Another product iso-
lated was foﬁnd to be smmethyladipic acid. |

In view of the fact that the pyrolysis of ¢is- and trans-2-
acetoxypulegone gave menthofuran and a product of unknown identity,

it might be hypothesiied that each of the isomers was pyrolyzing to

VIII

Y

CVIb CIX

a different product. .Thus, trans-2-acetoxypulegone (CVIDb) might

pyrolyze more easily than the cis (CVIa) and give a product of normal
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pyrolysis, piperitenone (CIX). The reason for this stems from pyroly-
sis studies of acetates in which a "cis elimination" of acetic acid
occurs to give an olefin, usually in yields of 75% or higher (88).

For example cig-2-methylcyclohexyl acetate (CXVI) gives mainly 3-
methylcyclohexene (CXVII) (88). Similarly the cis-2-acetoxypulegone
(CVIa), in which the acetoxy group and hydrogen are trans, should be
more difficult to pyrolyze in the normal manner and might be the iso-

mer that leads to menthofuran. This would account for the apparent

!

N

CXVI CXVII

low yield of menthofuran since if only half of the mixture of cis-
and trans-2-acetoxypulegone were cis (60% indicated by n.m.r.),.then
the observed 43% yield would represent a yield of 86% based on CVlia,
The only way to unequivocally prove this hypothesis is to obtain
a pure isomer of CVI. Attempts to separate the two isomers by column
chromatography and by gas chromatography were unsuccessful. Also, an
attempt to epimerize the mixture to a single isomer was not successful.
If one isomer actually did‘pyrolyze more easily than the other, that is
at a lower temperature, a separation might be effected in this way. By
starting at lower temperatures, and pyrolyzing at increasingly higher
temperatures, it was found that some menthofuran was formed at 315° but
the unknown component CVIII was not detected until higher temperatures

were reached. By analyzing the pyrolyzates by gas chromatography it
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was also found that the ratio of unreacted isomers of 2-acetoxypulegone
did not change, indicating that one isomer was not pyrolyzing in prefer-
ence to the other. Also, it was found that CVIII was noﬁ formed upon
pyrolyzing menthofuran at 450°, thereby indicating that CVIII was not
a cracking product of menthofuran.

The pyrolysis of 2-acetoxypulegone to yleld optically active
menthofuran is unusual and cannot involve piperitenone (CIX) as an

intermediate since this would yield racemic menthofuran. A mechanism

invelving the intermediate CXVIII might be operative (89). Molecular

models show that the distance between the carbonyl of the acetate and

XVII

the C-9 hydrogens is small enough to allow interaction to occur (89).
Another possible pathway to menthofuran might first involve. a
rearrengement to an intermediate such as 9-acetoxypulegone (XVII)

which then might lose acetic acid as shown.
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To test the generality of this unusual acetate pyrolysis, seferal
compounds containing functional groups in an arrangement analogous to
2-acetoxypulegone were prepared. The'base~catalyzed condensation of
acetone with cyclopentanone gave 2-isopropylidenecyclopentanone (CXIX)
and a smaller amount of the self-condensation product of cyclopentanone
CXX as reported (90,91). Treatment of CXX with mercuric acetate gave
a very small yield of impure acetate CXXI. The purity and quantity

were so low that nothing definite could be concluded from its pyrolysis.

Ac

CXIX XX S CXXI

However, the second compound obtained from the condensation reaction,

CXIX, gave upen treatment with mercuric acetate the desired acetate

CXXII

CXXII in about 18% yield. Its structure was supported by its infrared
and n.m.r. spectra. The infrared Spectrﬁm showed absorption at 1745
cm.~l (acetate cafbonyl), 1712 em."} (o, B-unsaturated ketone in a
five-membered ring), 1638 cmTl (double bond), and 1235 em."L (carbon-

oxygen-carbon freguency of the acetate ester). Its n.m.r. spectrum
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showed the C-8 methyl protons of the isopropylidene group at § 1.84

(3 protons), while those at C-7 appeared.as a doublet centered at

§ 2.18 (J = 1.1 c.p.s., 3 protons). The groups in a similar steroid
system have been observed to exhibit similar chemical shifts as well as
a similar coupling constant due to allylic coupling (92). Thé methyl
of the acetate group appeared as a sharp singlet at § 2,04 (3 protons).
The proton at C-5 appeared as a quartet centered at § 5.1 (JS,A-trans

= 8 C.p.8., =12 ¢.p.8., 1 proton). The smeller coupling

5, 4-cls
constant was assigned to the Cs, C,~trans coupling on the basis of
the probable dihedral angle between the two (84).
Pyrolysis of CXXII at 425° and then at 5259 gave in each case
a light yellow oil which showed only a trace of the charaéteristic
furan absorption at 220-muwhile iWhe iinfrared spedtvm showed sbrong
‘absérption due to a hydrokyl group plus bands characteristic of the
starting material. It is interesting to note that Morel and Verkade
(81) were also unsuccessful when attempting to prepare the §-sultones
of ketones CXIX and CXX which were to be pyrolyzed to the'correSpond—
ing furans.
The reaction of‘mercuric acetate with mesityl oxide and o-ionone
did not result in the‘formation of any usable amount of acetoxy ketones
~although starting material was consumed in each case. Other methods
of introducing the acetoxyvgroup on mesityl oxide were &lso found
unsuccessiul.
If an‘iﬁtermediate such as CXVIII were involved in the pyrolysis
reaction leading to menthofuran, a suitablj designed molecule might
- allow this type of intermediate to be trapped. For that purpose,

cis- and trans-2-isobutylidenecyclohexanone (CXXIII) was prepared by
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the reaction of .isopropylmagnesium. chloride with 2-hydroxymethylene-
cyclohexanone, a reaction similar to that described by Dreiding and
Nickel (93). The structure of CXXIII was supported by Spectrﬁl
analysis. The infrared spectrum shcwed the conjugated carbonyl group
and the double bond.

The n.m.r. spectrum showed CXXIII to be & mixture of isomers,
one with the isopropyl group cis to the carbonyl group and the other'
- trans. The vinylic proton signals of CXXIII appeared as & pair of -
triplets, one centered at § 6;25 with a splitting of 2 c.p.s. and the
other centered at § 6.45 with a splitting of 2 c.p.s. The signals of
the methyl protons of the isopropyl group appeared as a pair of
doublets, one centered at § 0.93 and the other centered at § 1.05,
each withla coupling constant of J = 6 c.p.s. Although the coupling
constants of the vinylic proton signals are of the correéﬁ order of
magnitude for allylic and homoallylic ¢oupling, an unambiguous
assignment would be difficult without.having one of the isomers pure.
Presumably, each set of vinyliec and iSOprbpjl proton signalsvﬁbﬁld be
assigned to'a cis or trans isomer of CXXIII én the basis of the known
deshielding of protons c¢is to a carbonyl g?oup in such a system (84).

Although the infrared and n.m.r. sﬁecﬁr& are consistent with the

T T

CXXITT CXXIV CXXVI CXXVII

cis and trans



48

structure CXXIII, neither of these data allow a distinction to be made
between CXXIII and its double-bond isomer CXXIV. However, the calculat-
ed ultraviolet absorption maxiﬁum‘for CXXIIT is 242 mp and the extinc-
tion coefficient should be below 10,000 while the corresponding
constants for CXXIV are 237 my and above 10,000 (94). The observed
values, A EtOH 2Ll mu; ¢ 7330, clearly confirm structure CXXIII;

Treatment of CXXiII with mercuric acetate gave in low yield what
was presumably the desired acetate CXXV as iﬁdicated by its infrared.and
n.m.r. spectra. However, it gave‘a positive ferric chloride test
indicating the presence of some of the diosphenol CXXVI. The acetate
fraction was shown by thin layer chromatography (t.1.c.) to be a mix~
ture of five aomponenté. The small quantity precluded purificationvqo
the crude product was pyrolyzed'directly. The ultraviolet spectrum of
the pyrolyzate showed absorption only at the wavelength of the starting
material, about 242 my. The expected diene CXXVII would have an ab-
sorption maximum at 234 my (94).

Finally, 2-isopropylidenecyclohexanone (CXXVIII) was prepared

B P XX

co CH20H3

CXXIX CXXX = CXXVIII CXXXI
according to a previously published procedure utilizing the reaction‘
of methylmagnesium iodide with the ketal-ester CXXIX giving the ketal-
alcohol CXXX (5). Removal of the ketone protecting group and then

dehydration by distillation over iodine gave the known ketone CXXVIII
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(5)., Treatment with mercuric acetate gave the expected 6-acetoxy-2-
isopropylidenecyclohexanone (CXXXI). Its structure was verified by
its infrared and n.m.r. spectra and elemental analysis, The n.m.r.
spectrum of CXXXI (Plate II) exhibited peaks at § 1.85 (3 protons)
assigned to the C-8 protons and § 1.78 (3 protons) assigned to the
C-9 protons, while the C-6 proton appeared as a quartet centered at

§ 5.02 (J6,5-cis = 6,5 C.p.S., J6,5-trans =11 c.p.s., 1 proton).

CXXXI ———} %———}
0

CXXXII CXXXIIT

Pyrolysis of the acetate gave in lowiyield the ex?ected 3~methyl-
" 4,5,6,7-tetrahydrobenzofuran (CXXXII), which was identified by its: ..
infrared, n.m.r. and u.v. spectra which were very similar to those
of menthefuran. The infrared spectra of menthofuran and the furan
CXXXII had common absorption in the following regions: 735, 752,
1110, 1087, 1642, and 1565 cm.”l. In the n.m.r. spectrum of the
furan CXXXIT,the aromatic proton appeared as a singlet at § 6.88 and
the methyl group appeared at 8§ 1.85. The structure was confirmed by
the formation of a maleic anhydride adduct CXXXIII which gave the
correct elemental analysis.,

In order to try to extend the use of this unusual acetate
pyrolysis, & conversion of hydroxyeremophilone (CXXXIV) to furano-
eremophilane (IX) was considered. Two reductions of CXXXIV with

lithium aluminum hydride presumably gave the ketol CXXXV and then
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the diol CXXXVI. Oxidation with manganese dioxide gave an «,B-
unsaturated ketoné presumed to be CXXXVII which was acetylated to give
the acetoxyketone CXXXVIII. The infrared and h.m.r. spectra are con-
sistant with the structures given for the intermediates CXXXV through
CXXXVIII. Although pyrolysis of CXXXVIII did not give the expected
furan, the actual product obtained did not contain any carbonyl

functions indicating that an unusuwal pyrolysis had occurred.

QAc CXXXVIIT

CXXXVI CXXXVII

Lead tetraacetate is known to react with olefins and ketones to
give allylic acetates and a-aceﬁoxyketones (95,96). The reaction of
lead tetraacetate with pulegone (II) in benzene gave in 46% yield
L-acetoxyisopulegone (CXXXIX) and only a trace of 2-acetoxypulegone
(cvI). |
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Gas chromatography showed that the main acetate fraction was not
CVI by a relatively large difference in retention times but did show
CVI in trace amounts. The infrared spectrum of CXXXIX (Plate III)
showed carbonyl bands at 1739 and 1710 cm.~l indicating that the
o,B-unsaturated carbonyl was not present as in II and CVI. The n.m.r.
spectrum of CXXXIX (Plate IV) clearly showed it to be a mixture of

two isoﬁers,'cis and trans. The C-1 methyl signal appeared as a

 pair of doublets (J = 5.5 c.p.s.) of approximately equal intensity
centered at & 0,98 and 1.03. Also, there were two acetoxy methyl
signals of equal intensity at 6 1.97 and 2.03 confirming the pre-
sence of two isomers. Although several different columns were
tried, the miktufe pould not be resolved by v.p-¢. The n.m.r.
spectrum also showed a compligated multiplet in the region & 4.95 -
5.20 integrating for two protons. Since the C-2 hydrogen of CVI
had been found to appear at the same plaée as terminal methylene
protons, an assignment‘of this multiplet could‘not be made at this
point. The infrared spectrum of CXXXIX did not show an intense
band at 890 cm.'l,bcharacteristic of a terminal methylene group,
but only a rather weak one.

Hydrogenation of CXXXIX gave the dihydro derivative CXL and
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menthone (CXII). The formation of menthone indicated that no skeletal
rearrangement had occurred in the conversion of IT to CXXXIX. Analysis
by v.p.c. showed CXL not to be identical to CXLII, the hydrogenafion
product of CVI,

The infrared spectrum of CXL showed carbonyl bands as before at

1740 and 1718 om.~L, The n.m.r, spectrum showed the absence of the

—_— .
0 0 .
“Ohc Ohe :
| CXXXTX CXL. CXLI
OAe Ode
0 0

CVI | CXLII

complicated multiplet at § 4.95 - 5.20; thus this multiplet arose
from olefinic protons and not from a proton attached to a carbon
bearing an acetoxy group. The strong characteristic band in the
infrared spectrum usually found for oclefinie protons of the iso-

propenyl group at 890 em, ™t

was absent in the. spectrum of CXXXIX«
as previously mentioned but other cases are known in which this
band is absent (97). This information suggested the strudture,
CXXXIX (eis and trans) for the product of the reaction of lead.
tetraacetate with pulegone. The acetéxy group, being allylie and

« to a carbenyl, would be expected to be susceptible to hydrogenoly- '
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sis and thus menthone was formed in the hydrogenation, even with
rhodium on alumina catalyst which has been shown to be very mild with
respect to hydrogenolysis (98).

The structure of CXXXIX was proven as indicated below. Ozonolysis

of CXXXIX gave formaldehyde and the diketonme CXLIII. Formaldehyde was

, 2
| Ao OH " oouH
OH

CXLIIT CXLIV ’ CXLV

obtained in 33% yield as determined by its dimedone derivative. The
diketone CXLIII gave & positive ilodoform test and a negative ferric
chloride test. The presence of the methyl ketone was confirmed by the
n.m.r. spectrum. The diketone was then reduced with lithium aluminum
hydride to give the triel CXLIV which was not directly isolated but
was oxidized with potassium permanganate to give B-methyladipic acid
(CXLV). This aeid was jdentified by mixed melting peoint with an
authentic sample prepared from pulegone (99). Both acids were con-
verted into their dimethyl esters which gave identiecal infrared
spectra and retention times in v.p.c. The isolation of this acid
showed that the acetoxy group could not have been located at C-2
or C-5, two positions of pulegone that might be expected to be
reactive toward lead tetraacetate. a

Additional evidence that the acetoxy group was located at C-4
was provided by the pyrolysis of CXL which gave an a,B-unséturated

ketone CXLVI shown not to be pulegone (IT) by comparison of the
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infrared and n.m.r, spectra and by v.p.c. The n.m.r. spectrum of CXLVI
Shqwéd_the vinylic proton at & 6.61, as would be expected for a B-pro-

ton on an a,B-unsaturated ketone system and as found in carvone (CXLVII)

s

CXLVI CXLVII CIX

while in piperitenone (CIX) the a~proton of the a,p-unsaturated ketone
system appeared at § 5.87 (100).
The species Pb+(OAc)3 may be involved in the reagtion of lead

tetraacetate with olefins in benzene (10l). Ip this case, any mechanism

CXLVITI ' cis and trans

must involve an intermediate which would allow- the form;tiqh qf both gig‘
“and trans products, A mechanism mrolvi;i& the i-ntermédiété CXLVIII
ﬁould meet this condition (102). |
A free-radical mechanism may be inleved in the reaction Qf‘l¢éd
tetraacetate with kztbnes-in-benzene.aolventh(96),._If.freevnadicals are
involved,‘ﬁhe following mechanism involving the intermediate.CXle,éwhich

would aceount for the two isomers produced , might be operative, The
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detalled mechamism of this reaction has not been studied.

AcO-
IT > —_— ————> CXXXIX
O -
. N

CXLIX

The pyrolysis of CXXXIX gave in 63% yield. a mixture containing-
56% of the expected diene CL and 44% menthofuran (VIII). Thus,
pyrolysis of both 2-acetoxypulegone and h-acetoxyisopulegone gave
menthofuran. Menthofuran is apparently not produced from the diene
CL since repyrolysis of the initially formed mixture of CL and VIII

did not change the ratio.. of the two products. The formation of the

+ VIII..

diene CL apparently occurs by the usual pyrolysis mechanism. The

mechanism shown belew could account for the formation of menthofuran.
It is conceivable that CXXXTX might undergo an allylic rearrangement
to give 9-acetoxypulegone (XVII) which then would give menthofuran as

suggested before (7).
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Other Reactions Leading to Furan Formation

As pointed out earlier, several reactions of certain masked
1,4~dicarbonyl compounds}which resulted in furan formation have beeh
reported (73,77). Also, as previously stated, perhaps the best way
to introduce an isopropyl‘function adjacent to a ketone involves an
intermediate such as the ketal-alcohol CXXX., This kind of a system
is knewn to be capable of dehydration to the terminal olefin as in
CLI (103). Formation of the epoxide CLII and then treatment with
aqueous acid should result iﬁ removal of the ketone prétecting group
to give an intermediate ketone analpgous to that in the isopulegone
sequence (73). The cbrresPQnding furan CXXXII should then be formed
directly from the ketal-epoxide CLII . To tést this sequence the

56
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following reactions were performed. The known ketal-alcohol CXXX (5)
was dehydrated with phosphorus oxychloride in pyridine to give ﬁhe
olefin CLI. The infrared.spectrum of the olefin showed absorption
maxima at 3085, 1641, and 892 cm."t. The n.m.r. spectrum showed the

G b W @

CXXX -~ CLI CLIT CXXXIT

vinylic protens as a singlet at & 4.6, (2 protons) and the ketal-
methylene hydrogens ét 5 3.6 (4 protons) while the methyl group on the
double bond gave a signal at § 1.6 (3 protons). The structure was also
supported by its elemental analysis. The olefin CLI was converted, by |
m-chloroperbenzoic:acid,. into the epoxide CLII which was not isolated
as such but treated with agueous sulfuric acid. Chromatography of the
crude product gave the furan CXXXII in less than 10% yield. The infra-
red spectrum was identical to the infrared spectrum of CXXXII obtainedv
by pyrolysis.

Another group which easily reverts to a ketone is the enol ace-
tate group. Also, since the isopropylidene group isbavailable through
the sequence already mentioned as in the synthesis of pulegone (II)
(5,6), its conversion into a furan system would be useful. The enol
acetate could be useful only if it could be formed with rearrangement

Iof the double bond to the terminal position. It was found that the
double bond of pulegone (II) could be rearranged to the terminal.

position by preparing the enol acetate, 3-acetoxy-p-mentha-3,8-diene
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I > (EL — %L——%VIII
: OAc OAe
N

CLIII CLIV

(CLIII). The enol acetate was prepared by treating pulegone with
acetic anhydride in carbon tétra.chlgride Solvent.in the presence of a
catalytic amount of 70% peréhloric acid. The structure CLIII was
-supported by the infrared spectrum showing absorption for the double
bond at 3078, 1640, and 901 cm.-l, the acetate carbonyl at 1755 cm.-1,
and the acetate carbon-oxygen-carbon linkage at 1220 em.~L. The n.m.r.
spectrum showed absorption due to the terminal methylene, methyl on
the double bond, secondary methyl, and acetate methyl. The enol
acetate was converted to the epoxide by treatment with m-chloroper-
benzoic acid. The infrared spectrum showed the loss of all three
maxima due to the terminal double bond while the acetate carbonyl
absorption remained at 1755 em.~t. The n.m.r. spectrum showed the
acetate methyl, secondary methyl, methyl on the epoxide ring and two
protons of the epoxide ring. Treatment of the epoxide with agueous
perchloric acid gave menthofuran which was identified by t.l.c. com-
parison with authentic menthofuran., On silica gel menthofuran was
found to have Ry values of 0.64 (petroleum ether) and 0.77 (benzene).
The acid—catalyzed'cyclization of 1,4~dicarbonyl compounds to
furans has long been presumed to involve the intermediate formation of

& mono- or dienol (104). It seems however, that to rationalize a



59

mechanism it is not necessary to postulate such enol intermediates for
formation of furans from 1,4-dicarbonyl compounds. Neither is it
necessary, for example, to postulate the 1,4-dicarbonyl compound XCIX
as an intermediate in the formation of menthofuran from the spoxide
CLITI.

Several similar mechanisms can be written and indeed several might

be operative for the formation of a furan from a l,4-dicarbonyl com-

pound of any given form. Two such examples of mechanisms are given,
the first inveolving the dicarbonyl compound XCIX.

The cholestane model CLV prepared according to Djerassi (103)
was subjected to the same series of reactions as the olefin CLI but
no furan was formed as determined by the ultraviolet absorption of

the product.
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CLVY

Another cholestane derivative, CLVI, was monocalkylated with allyl
bromide by a procedure analogous to that described by Atwater (105).
Reduction with sodium and alcohol and then reoxidatiom gave the saturat-
ed ketone. Ozonolysis followed by reductive work-up gave the inter-
mediate keto-aldehyde CLVII which was not isolated but treated directly
with boron trifluoride:.etherate:for: forty-eight.hours. -By: following the
reaction with t.l.ec. the starting material was shown to disappear and

two products appeared. Neither of the prodﬁnts proved to be a furan.

-

CLVI ' CLVII

Severalbreactiohs, brought about by the action of light, have been
useful in introducing functional groups on relatively inert methyl
groups (106). Therefore, the photolysis of menthyl nitrite (CLVIII) -
was investigated as another means of synthesizing menthefuran. The
photelysis of menthyl nitrite (CLVIII) gave a low yield (less than 10%)

of the oxime CLIX. Further oxidation gave a lactol, presumably CIX.
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Other photolyses carried out on pulegone, isopulegone and other exam-

ONO OH oF
‘ 0
NOH

CLVIII . - CLIX CLX

ples, did not lead to any identifiable products.

Efforts Concerned with the Synthesis of the Carbon Skeleton of Furano-

terpenes

In the general approach considered for the totel syntheses of the
larger furanoterpenes, the first problem is the synthesis of the main
skeleton of the molecule itself. In the case of compounds possessing

‘the unusual non-isoprenoid eremophilane skeleton, several synthetic

CLXI . omur CLXIII

routes have been investigated and as a result the intermediates CLXI,
CIXII, and CLXIII have been synthesized (107,108,109). Since each
route is lengthy, the desirability of a shorter one is apparent. One
potentially attiractive such route to the basic decalone éystem was the
Robinson ring closure of 2,3-dimethylcyclohexanone (CLXIV) with methyl
vinyl ketone (CLXV); Since the intermediate carbanion CLXIVa might be

expected to be attacked from the less hindered side, the product CLXVI
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should have the-desired sterebchHemistry at!C~4 &S-8howr,: 't

I op

CLXVII CLXV CLXIVa CLXIV CLXVI

After many exploratory reactions involving the ketone CLXIV and
the methiodide salt of l-diethylamino-3-butanone, (CIXVII) or methyl
vinyl ketone itself, the best yield of product obtained was less than

15%. The product was also shown by n.m.r. to contain material of the

11 )ﬁ (cHy),

CLXVIII CLXIX CLXX

b’JII!!!lllllI

CLXXI CIXXII

Cr

undesired stereochemistry at C-~4. The condensation of the ketone
CIXIV and 1,3-dichloro-2-butene (CLXVIII) to give the chloroketone
CLXIX, and then cyclization by known methods gave a product identical

to that obtained from the other condensations and in about the same
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overall yield (110). The condensation of the methiodide salt of
l-dimethylamino~2~isopropyl-3~butanone (CLXX) with the ketone CLXIV
while expected to give the decalone CLXXI was found to be unsuccessful.
Alkylation of the ketone CLXVI with isopropylii@didq;ah@ygﬁﬁ@ss$umi
t-butoxide gave the ketone CLXXII instead of the desired ketone CLXXI,
An alternate approach which would be potentially valuable for the
synthesis of members of the furanopetasin group involved the condensa-
tion of the keto-ester CIXXIIT with the methicdide salt of l-diethyl-

amino-3-pentancne (CLXXIV) to give the decalone CLXXV. However, the

O “ O
PhCH,0 B
. COpCHyCH; | CO,CH,CH,
CIXXIII CIXXIV. CLIXV

introduction of the bridgehead methyl by 1l,4-addition of methyl—
magnesium iodide could not be effected. A similar approach by others

also failed at the same step (108).

Some NMR Observations

It is known that protons lying in the plane of a carbon~oxygen
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double bond are subjected to deshielding effects, and‘in their n.m.r.
spectra the signals appear at a lower field (84). This is illustrated
by Jackman (84) with several compounds of the general structure CLXXVI
where the proton H, is shifted down field with respect to H.

During the course of this investligetion several compounds were
encountered which alsc illustrate this effect. They are shown below
with the assigmnments given in § values relative to tetramethylsilane

as an internal standard.

Q
1.75 < N 1.92 1.75
OAe
]
1.7, 71,92 1.78 1.85
Ac
0 0
1.82 2,18 1.84 2.18

Summary

a,p-Unsaturated ketones such as pulegone (II) have been found to

react with mercuric acetate in acetic acid to give o'-acetoxy-uo,p-un-

saturated ketones., FPyrolysis of these acetoxy ketones gives the
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desired furan system. Since optically pure menthofuran (VIII) was ob-
tained from the pyrolysis of CVI, the pyrolysis cannot pfoceed through
an intermediate such as piperitenone (CIX) resulting from the "cis
elimination" of acetic acid as in normal acetate pyrolysis. A mechan-
ism for the formation of menthofuran from CVI has been suggested. The
reaction was found to be limited to cases where the functional groups
were part of a 6-membered ring as with CVI.

In contrast to mercuric acetate, lead tetraacetate in benzene was
found to react with pulegone to give L-acetoxyisopulegone (CXXXIX), a
product of double-bond migration. Pyrolysis of the latter aléo gave
the desired furan. Possible mechanisms for this novel pyrolysis were
also:discussed;

Several masked 1,4~dicarbonyl compounds could be cyclized to the
furan but in lower ylelds.

"sApproAches to the synthesis of the non-isoprencid eremophilane

sesquiterpene skeleton were investigated.



CHAPTER III
EXPERIMENTAL

Melting points were taken on a Fisher-Johns apparatus and are
uncorrected, Infrared spectra were recorded on a Beckman IR-5
spectrometer; n.m.r. spectra were determined with the Varian A-60
spectrometer using carbon tetrachloride as solvent and tetramethyl-
silane as an internal standard (8 = 0). Gas chromatograms, unless
otherwise indicated, were obtained with the Aerograph Hy-Fi gas
chromatograph using a hydrogen flame detector and a column 1/8 in,
x5 ft. of 5% SE-30 on acid-washed Chromosorb W, with hydrogen and
nitrogen flow rates of 30 ml./min. Thin layer chromatograms were

run on silica gel and detection was with iodine wvapor.

Reaction of Mercuric Acetate with Isopulegone (Xv1).

(-)-Isopulegone was prepared from isopulegol acetate as follows:
a solution of 15.5 g. of isopulegol acetate, 2.4 g. sodium, and 30 ml.
of 95% ethanol was refluxed for 4 hrs. After cooling, the solution was
adjusted to pH 6 with dilute sulfuric acid, and then extracted with
ether. The ether extract, after washing with water and drying over
anhydrous magnesium sulfate, gave on distillation 8.9 g. (73%) of
isopulegol, b.p. 40-41° at 0.1 mm. Hgj \,]il‘;_}lcmswo, 16435890 cm,=1,

A solution of 8.6 g. of isopulegol in 50 ml. dry acetone was

cooled in an ice bath and treated with Jones (111) reagent until the

66
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brown color persisted. Water was added and the solution extracted with
ether. After washing with water and drying over anhydrous magnesium
sulfate, the extract was distilled to give 5.1 g. (60%) of isopulegone,
b.p. 52-54° at 0.7 mu. K ; v £1m 1710, 1643, 891 em.7l; a7 %5 +
4.33° (c 2.50 in ethanol). This optical rotation indicates the
presence of 11% (+)-iso-isopulegone, / o /D +1lhk.4°, and 89% (-)-iso-
pulegone, qu;7D ~13.5° {112) .= The 'infrared spectium. and:gas:.chromat-
ogram of this product indicated the absence of any pulegone.

A mixture’of 16,5 g. of isopulegone, 35 g. of mercuric acetate,
and 50 ml. of glacial acetic acid was refluxed with stirring for 2
hrs, After cooling, the reaction mixture was poured into 400 ml., of
water and the reSulting mixture separated from the mercury and extract-
ed 4 times with 50-ml. portions of ether, The combined ether extracts
were washed with water, dried over anhydrous magnesium sulfate, and the
solvent removed. Fractional distillation of the residue gave (a) 4.65
g.5 b.p. 57-59° at 1 mm. Hg; (b) 1.2 g., b.p, 60-89° at 0.9 mm. Hg;
and then (¢) 2.67 g., b.p. 90-100° at 0.7 mm. Hg. Analysis by v.p.c.
at 180° showed (a) to be a mixture of 80% pulegone and 20% isopulegone
whose retention times were 1.25 and 0.95 min. respectively. Fraction
(¢) was an acetate whose infrared and n.m.r. spectra and gas chromato-
gram.wére found to be identical to those of R-acetoxypulegone (CVI)
obtained from the reaction of (+)-pulegone (II) with mercuric acetate
according to Reitsema (83), 2~Acetoxypulegone (CVI) exhibited the
following properties: b.p. 110-112° at 1.4 mm. Hg / reported (88) 102°
at bmm. Hg 75 [ o/ 35 -14.46° (¢ 2.31 in ethanol) / reported (83)
/o7 35 ~15.88 7; A i:gﬂ 252 my e 6214 / reported (83) A ;i; 252 my,
e 6010 7; v ;:3:11 1738, 1690, 1615, 1232 cm.”%; n.m.r. (Plate I) & 0.96
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(doublet, J = 5.5 eopaagg 1.2 protons), 1.05 (dowblet, J = 7 e.p.s.,
1.8 protoms), 1.76 (3}, 1.84 (3}, 25@} {3}, 4.6t {doublet, J = 10.5
¢.p.8., 0.4 proton), and 5.10 (deublet, J = 5.5 ¢.p.5., 0.6 proten).
Analysis by v.p.c. at 170° showed two componsnis in approximately

equal amounts with retention times of 5 and 5.7 min.

Pyrolysis of 2-Acetoxypulegone (cv1).

A solution of h,85vg, of'2~acetcxypulegoﬁe iﬁ:25 ml. of benzene
was slowly passed through abl;S em. x 17 cm. pyréx éolumn'paeked with
3/32 in. glass heiices,vat'h50°; the solution was forced through the
columnvuhder positivg nitrogen pressure, V.p.c. analysis at 165°
- using é thérmistor*déﬁéétér“shéwedﬂthéipyrplyzaie“toﬁcbntain t#o 
cémponents in a ratio of 0.33Ito_0;67'wi£hirétenﬁ10n times of 1.5 and
5.8 min. resﬁéétively; -Vap,c. analysis of the}pyrolyzate from another
pyroiysisvof CVI conducted under identical'conditions as above showed
CVIII to be less than 5% ofvthe'mixiurevef CVIII and VIiI° The com~
ponent in smaller amount, CVIII, was shdwn not to be thymol (CXI) or
3-methyl-2-cyclchexenone (CX) by v.p.c. comparisom with authentic
samples. The component of longer retention time and in larger amount
was found to be menthofuran (VIII). Removal of the benzene at reduced
pressure also resulted in the removal of CVIII and gas chromatographic
analysis showed only the presence of menthofuran with minor impurities
(less than 5%). The benzene eluent was found to contain 1.5 g. of
menthofuran (43% yield) and no unchanged 2-acetoxypulegone. The pyroly-
sis of 5-ml. portions of a solution of 0.750 g. 2-acetoxypuiegone in 15
ml. of benzene was conducted as above except that the temperature was

varied. By v.p.c. analysis no menthofuran was detected at 210° and
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both isomers of CVI were present in their original proportions. At
315° menthofuran was detected but no CVIII and no change in the isomer
ratlo of CVI was observed. At 348° both menthofuran and CVIII were
present. Menthofuran was subJected to the same pyrolysis conditlons as
used for CVI and at a temperature of 460°. Analysis of the pyrolyzate
by v.p.c. at 100° showed the absence of CVIII.

The menthofuran obtained from the pyrolysis of CVI had the follow-
ing properties after distillation; A E40H 220 my, & 5852; /o7 35 +
87.46° (¢ 1.87 in ethanol) (reported (87) ZT6£7 55 + 81° for natural
menthofuran, and +92° for menthofuran prepared from pulegenol sulfonic
ester according to Treibs (4);7; the infrared spectrum was identical
in all respects with an authentic sample prepared by a modified pro-
cedure of Treibs (4); n.m.r. & 1.07 (doublet, J = 5.5 ¢.p.8., 3 pro-
tons), 1.85 (doublet, J =1 c.p.8., 3 protons), and 6.84 (1). The
autoxidation product CXII (m.p. 186-187°) and maleic anhydride
adduct CXIV (m.p. 132-133°) of the isolated menthofuran were identi-
cal in melting points to those previously reported (85,87).

The dehydrogenation of menthofuran was accomplished by heating
0.528 g. of menthofuran at 200° for 18 hrs. in the presence of 0,103
g. of 10% palladium on carbon in a nitrogen atmosphere. Chromatog-
raphy on 60 g. of activity I acid-washed alumina and elution with
petroleum ether (b.p. 60-90°) gave the product CXIII which was dis-
tilled to give 0.103 g. of a colorless oil showing one spot by t.l.c.,
Re 0.714 (benzene); v iiim 806, 1042, 1091, 857 cm."l; n.m.r. 8§ 2.38
(3), 2.13 (doublet, J = 2 c.p.5., 3 protons) 6.8-7.4 (3); m.p.

picrate, 76-77° / reported (86) 75-76°_/
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Preparation of Authentic Menthofuran (VIII).

Menthofuran was prepared by a procedure similar to that deseribed
by Treibs (4) except the work-up which was altered. A colorless mix-
ture of sulfuric acid and acetic anhydride was prepared by slowly
adding 100 g. of concentrated sulfuric acid at 0° to 200 g. of acetic
anhydride at 0°, To this cold mixture was added, with stirring and
over a period of 30 min., 100 g. of pulegone which had been cooled to
0°. The resulting dark brown éolution was kept cold for 3 hrs.,
diluted‘with an equal volume of water; and stirred overmight. The
precipitate was filtered and washed with water. Recrystallization from
hot methanol gave 50 g. of the 6-sultone as white crystals, m.p. 83-86°
[reported (4) 85°_7; v XBT 3078, 1653, 1583, 1360, 1199, 774, 742
em.~l; n.m.r. § 6.22 (1), 1.99 (doublet, J = 3 c.p.5., 3 protons),
1.08 (doublet, J = 6 c.p.s., 3 protons); A g;g? 273 my, € 4640,
259 mp, e 3188, 253 my, € 2000. Isolation of an additional 8.7 g.
from the mother liguor brought the yield to 41%. According to the
procedure of Treibs (4), a mixture of 42.8 g. of the §-sultone and an
equal weight of zinc oxide was heated in a distillation apparatus under
a nitrogen atmosphere. The crude product which distilled was dried
over anhydrous magnesium sulfate and redistilled to give 20 g. (66%)

of menthofuran, b.p. 93-94° at 18-19 mm. Hg / reported (4) 80° at

18 mm. Hg /.

Preparation of the Autoxidation Product CXIT of Menthofuran.

Menthofuran was air oxidized by forcing dry air through 2 g.

of menthofuran for 6 days. The resulting mixture was dissolved in ether
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and extracted with 10% sodium hydroxide several times. The combined
extracts were acidified with 10% hydrochloric acid and extracted with
ether. The combined ether extracts were washed with water, dried over
anhydrous magnesium sulfate,and the solvent removed. Recrystallization
from scetons gave the product, m.p. 186-188° / reported (85) 188-189°7.

Preparation of the Maleic Anhydride Adduct CXIV of Menthofuran.

To a solution prepared by dissolving 5 g. of maleic anhydride in
15 ml. benzene was added 1.66 g. of menthofuran., Heat was evolved and
the whole mass sgolidified upon standing. Recrystallization from ben-

zene gave the product, m.p. 128-130° (dec,) Zpreported (87) 133_‘37°

Air Oxidation of Pulegome (II).

Pulegone was subjected to air oxidation by forcing air through
pulegone at the rate of 0.5 to 1 ml./sec., for 25 days at room temp-
erature., Samples were taken every five days until a period of 25 days
had elapsed whereupon a precipitate formed.

The infrared spectra of the samples showed an increasing ab-

sorption due to hydroxyl, & new carbenyl at 1725 em. ™t

, and a de-~
crease in the absorption at 1680 om.~L due to pulegone. The
oxidation was also followed by optical rotation and ultraviolet
absorption and these data are prssented in Table I.

A portion of the resulting oxidation mixture from above was
dissolved in ether and extracted with 10% sedium hydroxide several
times. The combined basic extracts were acidified with 10% hydro-

chloric acid and extracted with ether. The combined ether exbracbé

were washed with water, dried over anhydrous magnesium sulfate, and
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TABLE I
AIR OXIDATION OF PULEGONE (II).

| LY, ]235 A o
Sample No. Total Days ‘ €
0 0 +7 252 L373
1 5 + 7.8 252 3262
2 10 + 6,21 252 2667
3 15 + 3.1 250  R207
L 20 + 0,36 24§ 1970
5 25 - 4ol2 249 1901

the solvent removed. The resulting residue after recrystallization
several times from methanol gave the product in low yield. The in-
frared spectrum was identical to that of the autoxidation product of
menthofuran., The melting points of both products were 186-188° alone
and on admixture. The change to a negative rotatlion was presumably
due to the presence of the autoxidation product, / o / %0 ~61.6° (85).

A second portion of the oxidation reaction mixture was dissolved
in ether and treated with excess diazomethane., The crude product
(13.75 g.) was chromatographed on 500 g. of activity I acid-washed
alumina. The first fractions, obtained by elution with benzene and
chloroform, preved to be mainly pulegone. FElution with chloroform-
methanol (5:1) gave & small fraction whose infrared spectrum and gas
- ehromatogram were identimal‘to those of dimethyl p-methyladipate,

The preparation of this ester is described elsewhere in this chapter.
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Further elution gave seﬁéral large fractions exhibiting similar
infrared spectra. These were combined and distilled giving & small
quantity of distillate: v ni;;im 3465, 1730, 1658 cm.~L, indicating a
methyl ester was present. The distillate was dissolved in ether and
extracted with 10% sodium hydroxide to remove any autoxidation pro-
duct that might be present. The ether solution was then washed with
water and dried. The infrared spectrum of the residue after removal
of solvent was unchanged indicating that the mblecule contained an
ester, hydroxyl, and an o,p-unsaturated ketone and was therefore not
the sought 9-hydroxypulegone (CXV).

A third portion of the 25-day oxidation reaction mixture was
dissolved in ether, extracted with 10% sodium hydroxide, the ether
solution washed with water, dried, and solvent remeved to give a
product whose infrared spectrum showed v iéim 3510, 1725, 1660 cm.,'lo
The product was treated with acetic anhydride and pyridine overnight.
The resulting reaction mixture was dissolved in ether, extracted with
10% hydrochloric acid, washed with water, and dried. The resulting
residue after evaporation of solvent did not show signals in its n.m.r.
spectrum due to protoms attached to a carbon bearing a hydroxyl group

indicating that the hydroxyketone CXV was not present.

Attempted Base Epimerization of 2-Acetoxypulegone (CVI).

A solution of 2-acetoxypulegone (0.2 g.) in 25 ml. of benzene was
treated with sodium hydride (0.2 g.) with stirring for 7 hrs. at room
temperature. The resulting mixture was slbwly added to 100 ml. of
dilute acetic acid, the solution extracted with ether, the combined

ether extracts washed with waler and dried, and after remeoval of
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solvent, dietilled. Infrared spectra of the starting mixture and the
product were identical. The n.m.r., spectrum of the product shows the
presence of two doublets at 8§ 5.10 and 4,64 assigned to the proton at
C~2 and corresponding to the two isomers. V.p.c. analysis at 135°
showed both isomers in about equal proportions as described for the

initial mixture, with retention times of 5.25 and 5.8 min.

Reaction of Mercuric Acetate with 2-Isopropylidenecyclopentanone
(CXIX) and Pyrolysis of CXXII.

The ketone CXIX was prepared by the base-catalyzed condensation
of acetone with cyclopentanone (90,91). A mixture of 35 g. of the
ketone CXIX, 85.5 g. of mercuric acetate, and 70 ml. of glacial acetic
acid was refluxed with stirring for 13 hrs. Work-up as with pulegone
and then distillation gave an acetate fraction which was redistilled to
give 6,84 g. (18% yield) of CXXII, b.p. 85-86° at 0.35 mm. Hgy v Iilm

max
1745, 1712, 1638, 1235 em.”L; n.m.r. § 1.84 (3), 2.18 (3), (doublet,

J =3 c.p.8., 3 protons), 2.04 (3), and 5.1 (quartet, JS,Aatrans
8 c.p.S., J5,h—eis = 12 ¢.p.S., 1 proton).

The pyrolysis of 2 g. of CXXII under conditioms identical to those
described for 2-acetoxypulegone (CVI) at 425° gave 0.15 g. of a yellow
oil whose infrared and ultraviolet spectra were characteristic of the
starting material. Pyrolysis at 525° gave, with much charriﬁg, a
yellow oil whose infrared and ultraviclet spectra were less characterm

istic of the starting material but clearly not these expected of a

furan.
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Oxidation of g~lonone with Mercuric Acetate.

A mixture of 55 g. of a~ionone (Givaudan-Delawénna), 85.5 g. of
mercuric acetate and 70 ml. of glaclal acetic acid was refluxed for 2
hrs. The mixture turned black as uswal. The mixture was added to 500
ml, of water and the resulting mixture extracted with ether and the com-
bined extracts washed with water until the washings were free of acetic
acid and color. The.extracts were dried, the solvent removed, and the

residue distilled giving only starting material and a residue.

Some Reactions of Mesityl Oxide,

A mixture of 37 g. of freshly distilled mesityl oxide, 85.5 g. of
mercuric acetate, and 70 ml. of glaecial acetic aeid was refluxed for
2.5 hrs. The work-up was identical to that described above and gave
on distillation only starting material and residue.

Following conditions established by Glazier (113) in the steroid
field, a mixture of 10 g. of mesityl oxide, 23 g. of cupric bromide,
and 50 ml, of tetrahydrofuran was refluxed for 2 hrs. The reaction
mixture was diluted with water and extracted with ether. The combined
ether extracts were washed with water, dried, and the solvent removed.
The resulting residue was shown by infrared analysis not to contain any
unsaturated ketone.

Following the procedure of Ringold and Stork (114) with examples
from the steroid field; a mixture of 10 g. of mesityl oxide, 23 g. of
iodine, 5.7 g. of calcium oxide, and 100 ml. of 50% methanol-tetra-
hydrofuran was stirred for 2 hrs. at room temperature. The reaction

mixture was diluted with water, extracted with ether, and the combined
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ether extracts washed with water and dried. Most of the solvent was
removed on a steam bath giving a light yellow solution. Further heat-
ing caused rapid decomposition to a black oil. The light yellow
ethersal solution from another run was diluted with 75 ml. of 95%
ethanol and 45 ml. of water; and then 15 g. of potassium acetate added.
The resulting mixture was refluxed for 3 hrs,, diluted with water, and
extracted with ether. The combined ether extracts were washed with
water, dried, and the solvent removed, Distillation of a small quanti-
ty gave the product expected to be w-acetoxymesityl oxide which rapidly
dscomposed on standing; v éiim 1755, 1705, 1638, 1240 em.~l. Since the
infrared spectrum indicated the absence of a conjugated carbonyl or

terminal double bond in the product, it was not investigated. further.

Preparation of 2-Isobutylidenecyclohexsnone (CXXIII).

Following a procedure of Dreiding and Nickel (93) for the prepar-
ation of Z~ethylidenecyclohexanone, a mixture of 20 g. of 2-hydroxy-
methylenecyclohexanone, prepared according to Aimsworth (115), in 200
ml. of dry ether was cooled to -10° and treated with  isopropylmagnes-
ium chloride prepared from 26 g. isopropyl chloride and 21 g. of
magnesium turnings in 500 ml. of dry ether. The temperature was
maintained below O° during the addition which tock 1 hr. . The stirred
mixture was kept at ~10° for another hr., treated with 10% hydrochlorie
acid until the salts dissolved, and the mixture extracted with ether.
The combined ether extracts were washed several times with 10% sodium
hydroxide, and then with saturated sodium chloride, dried with anhy-
drous sodium sulfate and the solvent removed. Distillation gave the

desired product in approximetely 30% yield, b.p. 51~52° at 0,15 mm, Hg;
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. . : .QQu W He /¢ o £ilm -1, 3 EtOH
/ reported (116) 97-99° at 5 mm. Hg /; v = 1688, 1612 em,=1; A “V°
24l my, ¢ 76303 n.m.r. & 6.45 (triplet, splitting of 2 G.p.8., 0.5
protons), 6.24 (triplet, splitting of 2 ¢.p.s., 0.5 protons), 0.93 (J =
6 ¢.p.8., 3 protons), 1.05 (doublet, J = 6 c.p.5., 3 protons); 1 %5

1.4800 / reported (116) 1.4808 /.

Reaction of CXXIII with Msrcuric Acetate and Pyrolysis of the Acetate

CXXV,

A mixture of 31.5 g. of CXXIII, 63 g. of mercuric acetate, and 52
ml. of glacial acetic acid was stirred and refluxed for 3 hrs. During
this time the mixture turned an intense blue and deposited elemental
mercury. Work-up as with pulegone and distillation gave. 16.5g. of start-
ing material and about 1 g. of a crude acetate fraction showing five
componente by t.l.c. in benzene, Re 0,071, 0.27, 0.39; D.46, and 0.58,
with the starting materlal exhibiting Re 0.27. The crude acetate
fraction gave b.p. 80°at 0.1 mm. Hgs v Iﬁi;im 1725, 1685, 1615, 1234
em,~1; n.m.r. spectrum was complicated but showed some signals due to
acetate methyls. The mixture gave a positive ferric chloride test.
The material could not be purified by further small-szcale fractiomsl
distillation. |

Pyrolysis of the acetate fraction under conditions identical to
those agbove and at & temperature of 510° followed by & similar work-
up and then distillation gave & yellow oll which showed by infrared and

wltraviolet analysis no evidence of diene formatlion.

Reaction of 2-Isopropylidenscyclohexanone (CXXVIII) with Mercuric

Aeetate,
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A mixture of 8 g. of the ketone CXXVIII, prepared according to the
procedure of Mukherji and co-workers (5), 18 g. of mercuric acetate, and
20 ml. of glacial acetic acid was refluxed for 20 min. By this time
elemental mercury had deposited and the mixture was allowed to cool and
then worked up as usual., Distillation geve 1.8 g. of starting material
and 1 g. of acetate CXXXI, b.p. 90-100° (bath temperature) at 0.5 mm.
Hg; v flim 1950, 1699, 1626, 1240 om.=l; n.m.r. (Plate II) 6 1.85
(3), 1.78 (3), 5.02 (quartet, 6, 5mcis = 6.5 CopaB., J6,5-trans =
11 ¢.p.S., 1 proton). V.p.c. analysis at 180° showed a single peak,
retention time 1,25‘mim. ' v

| Anal, Gglcd. for‘CllH1603:>C,_67°32; H, 8,22, Found: C, 67.25;
H, 8.24.

Pyrolysis of 6-Acetoxy-2-isopropylidenecyclohexanone (CXXXI).

A solution of @.755 g. of the acetate CXXXI im 15 ml. of benzene
was pyrolyzed at 1.+50o under the same conditions as before. Analysis
of the pyrolzate by v.p.c. at 150° showed a single peak, retention time
0.5 min. The benzene solution was washed with 10% sodium bicarbonate,
water, and then dried over anhydrous magnesium sulfate. Distillation,
after removal of solvent, gave 0.140 g. (27%) of 3-methyl-4,5,6,7-
tetrahydrobenzofuran (CXXXII) as a colorless oil, b.p. 120° (bath temp-
erature) at 30 mn. Hg; v I11m 1650, 1572, 1100, 896, 732 em.~1; A ZEOH
223 mu, e 4818; n.m.r. spectrum § 1.85 (3) 6.88 (1).

The maleic anhydride adduet CXXXIII ‘was prepared by adding the
furan to a saturated benzene solution of maleic anhydride and allowing
to stand. Recrystallization from benzene gave m.p. 140-144° (dec.).

Anal ., Caled. for C : G, 66.65; H, 6,03. Found: C, 66.72;

138,09,
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H, 6.10.

Reductions of Hydroxyeremophilone (CXXXIV).

To & solutien of 1.0009 g. of hydroxyeremophilone in 75 ml. of dry
ether was added 0.5 g. of lithium aluminum hydride. The mixture was
refluxed for 3 hrs.; the excess hydride was destroyed by successively
adding wet ether and then a saturated solut;on of ammonium chloride.
The mixture was then éxtracted with ether, the combined extracts dried
over anhydrous magnesium sulfate, and the solvent removed glving crude
ketol CXXXV, v 117 34,0, 1712, 1680 (weak), em.”}, The crude material
gave a slight coloration with ferric chleride indicating some had re-
arranged to a diosphenol. Since distillation resulted in further re-
arrangement to the diosphenol as evidenced by.its infrared spectrum, a
further reduction was performed without purification. The second re-
duction was performed exactly as above to give 0.866 g. (86%) of the
crude diol CXXXVI, v ;iim 3410, 1712 (weak) cm.~%; n.m.r. speetrum
showed § 1.8 due to methyls ona double bond. The weak carbonyl ab-
sorption was presumably due to the ketone resulting from the reductien

of the contaminating diosphenol.

Oxidation of the Diol CXXXVI.

The erude diocl from above was dissolved in 100 ml. of petroleum
ether (b.p. 60-90°) and treated with 10 g. of manganese dioxide prepar—
ed according to Attemburrow and co-workers (ll’?)° After stirring for
6 hrs, the mixture was filtered, the solid washed with acetone, and the
solvent removed giving 0.565 g. (65%) of the ketol CXXXVIL, v fiim

3430, 1712, 1660 cm,~t.
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Acetylation of the Ketol CXXXVII.

The crude ketol from above was treated with 10 ml. of acetic anhy-
dride and 10 ml, of pyridine with stirring for 22 hrs. at room tempera-
ture. The mixture was diluted with ether, washed with water several
times, dried over anhydrous megnesium sulfate and the solvent removed
giving 0,420 g. of the crude acetate CXXXVIII, v iiim 3440 (weak),
1728, 1660, 1242 cma"l; n.m.r. spectrum showed methyl signals at

8§ 1,7-1.8 indicating the presence of an isopropylidene group.

Pyrolysis of the Acetate CXXXVIII.

The crude acetate from above was dissolved in 10 ml. of spectro-
grade cyclohexane and pyrolyzed at 400° under the same conditions used
for the other pyrolyses. The crude pyrolyzate was reduced in volume on
a rotary evaporator and the residue chromatographed on 10 g. of activi-
ty I acid-washed alumina. Flution with cyclohexane gave an oil, A JOH
2402455 v T 2940, 1450, 1380 (weak), 755 (weak), 743 (weak) em.”l;
n.m.r, § 1.3 and 0.95. It may be concluded from these data that no
furan was formed. The pyrolysis is of interest since the product lack-
ed carbonyl absorption in the infrared indicating that an wnusual

acetate pyrolysis occurred.

Preparation of c¢is- and trans-i-Acetoxyisopulegone (CXXXIX).

A solution prepared by adding 15,2 g. of pulegone and 55 g. of
lead tetraacetate to 150 ml. of dry benzene was refluxed until it gave
a negative starch-iodide test (approximately 2 hrs.). After cooling,

the benzene solution was washed with water until the wash water was

neutral to litmus paper and the benzene lasyer was then dried over
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magnesium sulfate and concentrated with a rotary evaporator. Frac-
tional distillation of the residue gave (a) 6.6 g., b.p. 25-75° at
0.5 mm. Hg; then (b) 5.41 g., b.p. 75-90° at 0.5 mm. Hg. Gas chroma-
tography of (b) showed only about 5% of CVI, the remainder being
CXXXIX. The retention times of CVI and CXXXIX were 3 and 2 min.
respectively at 180°. Under the conditions used in the §op,e,,-an
authentic sample of CVI gave a double peak centered at 3 min., where-
as CXXXIX gave a single sharp peak at 2 min, Several other v.p.c.
columns also failed to resolve CXXXIX into its two components., How-
ever, the n.m.r. spectrum of CXXXIX (Plate IV) showed that it was an

approximately equal mixture of cis and trans isomers by the appearance

of two acetoxy signals of almost equal intensity at § 1.97 and 2.03 and
by the appearance of a pair of doublets for the C-1 methyl group. Re-
distillation of fraction (b) gave the analytical sample of CXXXIX,
bop. 87° at 0.5 m. Hes v Hf;.;lt.m 3095, 1745, 1700, 1648, 1239, and 895
(very weak and bfoad)vcm.°l’(Plate III).

Anal. Caled. for 012H1803: C, 68.55; H, 8.63. Found: C, 68.34;
H, 8.86.

CXXXIX (0.5 g.) was added to a solution prepared by disselving 1 g.
of semicarbazide hydrochloride and 1.5 g. of sodium acetate in 10 ml.
of water and ethanol was added until the turbid solution became clear,
The solution was heated on the steam bath for 3 min., then cooled over-
night. The solid precipitate was recrystallized from ethaneol-water and
gave m.p. 205-208° (dec). The elemental analysis indicated that, in form-
ing the semicarbazone, CXXXIX had lost the elements of acetic acid.

Anal., Caled. for CllH17N3@; C, 63.74; H, 8.27. Found: G, 63.37;
H, 8,20,
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Hydrogenation of CXXXIX and CVI.

(w . CXXXIX. {1 g.). in: 30:mluiofl absolute ethanol was hydrogénated in the
presence of 0.1 g, of 10% palladium on charcoal at atmospheric pressure
and room temperature until hydrogen uptake appeared to cease. The
catalyst was removed by filtration and the solvent was removed with a
rotary evaporator. Distillation gave a lower-boiling fraction (bath
temperature of 50-70° at 0.5 mm. Hg) which was shown to be mostly
menthone (CXLI) by v.p.c., and & higher-boiling fraction (bath tem-
perature of 80-95° at 0.5 mm. Hg) which was rich in CXL. The analy-
tical sample of CXL was obtained by preparative v.p.c. using an
Aerograph Autoprep with a column % in. x 10 ft. of 10% silicone rubber
on Chromosorb P at 150° with a flow rate of 88 ml./min.; v Hlm 17,8,
1724, and 1240 em.~%, Hydrogenation with 5% rhodium on alumina gave
similar results.

Anal, Caled., for 012H2003: C, 67.89; H, 9.49. Found: C, 68.13;

H, 9.47.

CVI was hydrogenatedvin a similar mamner to give CXLII. V.p.c.
comparisons of CXL and CXLII using a £ in. X 10 ft. Craig polyester
sucecinate column at 130° with a thermal detector and a helium flow rate
of 62 ml./min, showed that individually and on admixture CXL and CXLII
had retemtion times of 12.3 and 14 min., respectively.

An authentic sample of l-menthone was prepared by Jonmes (111)
oxidation of l-menthol and it was identical by infrared and v.p.c.

with CXLI isolated as desecribed above.

Preparation of Authentic l-Menthone (CXLI).

A mixture of 39,1 g. of l-menthol (Mallinckrodt) in 100 ml. of
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acetone was cooled to 15° and treated with an excess (80 ml.) of the
Jones (111) reagent. The mixture was stirred vigorously during the
addition which lasted 7 hrs. The mixture was diluted with water and
extracted with ether., The combined ether extracts were washed with
water, dried over anhydrous magnesium sulfate, and distillation after
removal of solvent gave 32 g. (83%) of menthone, b.p. 129-130° at 72 mm.,
Hg / reported (118) b.p. 81° at 10 mu. Hg7; v £ 1710 om.~}; showing

one spot by t.l.c., By 0.35 (benzene).

Pyrolysis of CXL.

A solution containing 0.2 g. of CXL in 10 ml. of benzene was
forced through é 1.5 em. x 17 em. Vjcer column packed with 3/32 in.
glass helices.aﬁd heated to & temperature of 300° under nitrogen
pressure (77 ml./min,). The crude pyrolyzate was washed with 10%
.sodiumbbicarbonate,»then'waﬁer, and finally dried over anhydrous
magnesium sulfate. Removal of the benzene with a rotary evéporator
and distillation of the residue gave an impure preduct consisting
mainly of an o,B-unsaturated ketone (v g%%m 1675 em.~1), presumably
CXLVI, which when compared by v.p.¢. at 100°, (H, and N, flow rates
of 20 ml./min.) with pulegone (II) and menthone (CXLI) alone and on
admixture gave the following retention times: 3.5 (CXLI), 3.8 (CXLVI),
and 4.7 min. (II). The n.m.r. spectrum of CXLVI showed an olefinic
proton at & 6.61; carvone is reported to show its analogous vinylic
proten B to the carbonyl group at § 6.75, whereas piperitone shows its

vinylic preton o to the carbomyl group at § 5.87.
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Ozonolysis of CXXXIX and Conversion of CXXXIX to B-Methyladipic Acid

CXLV.

A stream of oxygen containing 3% ozone was passed through a solu-
tion prepared by dissolving l.l4 g. of CXXXIX in 15 ml. of methylene
chloride at ~70° until the characteristic blué color persisted. The
solution was then stirred with 0.2 g. of zine dust and 15 mi, of water
at room temperature for 3 hrs., After filtration, the organic layer was
washed with water several times, a saturated methanolic solution of
dimedone was added to the combined agquecus wash solution, and the
resulting aqueous solution was heated for 30 sec. After cooling, the
formeldehyde-dimedone derivative: precipitated(0.532 g,) and gave m.p.
191-192° alone and on admixture with an authentic sample.

The organic layer was dried over anhydrous magnesium sulfate and
concentrated with a rotary evaporator. The residue was distilled to
give 0.65 g. of diketone CXLIII, b.p. 90~100° (bath temperature) at
0.1 mm. Hgs v Iﬁ;}:‘l 1750, 1740, 1720, and 1240 em.”%; n.m.r. 6 1.02
(doublet, J = 6 c.p.s., 3 protons) and 2.12 (6). CXLIII gave a nega-
tive test with methanolic ferric chloride and gave iodoform (m.p.
120°) with sodium hypoiodite.

An ether solution of CXLIII (0.35 g.) was added to an ether
solution of lithium aluminum hydride (0.5 g.) and the resulting mixture
was stirred at room temperature for 2 hrs. After the usual work-up,
the ether layer was concentrated to yield 0.2 g. of triol CXLIV
(v iii? 3400 cm.'lj, which was directly oxidized. A solution pre-
pared by adding 0.1h g. of CXLIV and 0.51 g. of potassium permanganate

te 20 ml, of water and 5 ml. of dicxane was stirred overnight at room
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temperatu;e. After ;he manganese dioxide was removed by filtration,
the soiution wés ;;idified with dilute hydrochlorie acid and extracted
with ether. The ether extract was dried over anhydrous magnesium sul-
fate and, up&n the addition of petroleum ether (b.p. 30-60°), B-methyl-
adipic acid (CXLV) precipitated. After recrystallization from ether-
petroleum ether, CXLV gave m.p. 85-88° alone and on admixture with an
authentic sample of B-methyladipic acid obtained by the oxidation of
pulegone according to Semmler (99).

Both CXLV and the authentic sample of B-methyladipic acid were
converted into their dimethyl esters with ethereal diazomethane and
the V.p.C. (1/8 in., x 6 ft. column of 10% silicone rubber on Chromo-
sorb W with hydrogen and nitrogen flow rates of 20 ml./min.) at 135°
gave identical retention times (3.6 min.) alone and on admixture.

The infrared spectra of the two ester samples were superimposable,

Pyrolysis of CXXXIX.

A solution of 0.2 g. of CXXXIX in 10 ml. of benzene was pyrolyzed,
as described above in the pyrolysis of CXL, to give pyrolyzate fraction
A, A smail sample of pyrolyzate A was stored under nitrogen; the re-
mainder was repyrolyzed under the same conditions to give pyrolyzate B.
V.p.c. analysis showed that pyrolyzates A and B were identical. V.p.c.
analysis wsing a 1/k4 in. x 10 ft. column of 10% SE-30 on Chromosorb W
at 145° and a helium flow rate of 50 ml./min. with a thermal detector
showed the pyrolyzate to contain 44F menthofuran (VIII), retention time
8.0 min., identified by comparison with an authentic sample, and 56%
of another component, presumably CL, retention time 9.5 min. Under

these conditions the starting material CXXXIX showed a retention time
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of 30.5 min.

Distillation of the pyrolyzate gave a 63% yield of product which
was a mixture of menthofuran (VIII) and CL. The infrared spectrum of
the mixture clearly showed the presence of menthofuran by its charac-
teristic bands at 1570, 1108, 764, and 732 cm,”l; in addition, the
bands at 3080, 1660, 1640, and 888 em.=} could be assigned to CL, The
n.m.r. spectrum of the mixture likewise showed the presence of mentho-
furan by its characteristic signals at § 1.07 (doublet, J = 5.5 c.p.s.)
and § 6.84. The signals at § 1.05 (doublet, J = 4 ¢.p.s.) and § 5.07
(doublet, J = 13 c.p.s.), and a multiplet in region § 6.7-7.0 could be

assigned to CL.

Dehydration of the Ketal-Alcohol CXXX.

A mixture of 5 g. of the ketal-alcohol CXXX, 50 ml. of anhydrous
pyridine, and 20 ml. of phosphorus oxychloride was allowed to stand
overnight. The resulting mixture was added slowly to 500 ml. of ice
and water. The mixture was extracted with ether, the combined ether
extracts washed with water until neutral; dried over anhydrous mag-
nesium sulfate, and the solvent removed. Distillation gave 2.77 g.
(61%) of the olefin-ketal CLI, b.p. 70° (bath temperature) at 0.4 mm,
Hg; v film 3088, 1642, 890, 1180-1040 em.~L; nom.r. & 4.92 (2), 3.95
(4), and 1.92 (3).

Anal. Caled. for CyqHyg05; €, 72.49; H, 9.95. = Found: C, 72.55;

H, 10.07.

Formation of 3-Methyl-4,5,6,7-tetrahydrobenzofuran (CXXXII).

A mixture of 4.07 g. of CLI, 4.8 g. of m—chloroperbenzoic acid, .
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and 75 ml; of dry ether was stirred at room temperature until

all of the peracid had been consumed (4 hrs.). Then 10 ml. of water,
10 ml. of methanol, and Q.5 ml. of concentrated sulfuric acid were
added and the resulting mixture refluxed for 5 hrs. under a mitrogen
atmosphere, After coeling, the mixture was diluted with ether, washed
with saturated sodium bicarbonate, water, then dried over anhydrqus
magnesium sulfate and the solvemt removed. Chromatography on 65 g.
of activity I acid-washed alumina by elution with petroleum

ether (b.p. 60-90°) gave a fraction which when distilled gave the
desired furan in less than 10% yield, b.p. 120° (bath) at 30 mm. Hg.
The infrared spectrum was identiecal to that of the furan prepared

by pyrolysis.

Formation of 3-Acetoxy-p-mentha-3,8-diene (CLIII) and Its Conversion

to Menthofuran (VIII).

A mixture of 15.2 g. of pulegone (II), 500 ml. of CCl;, 100 ml.
of acetic anhydride, and 1 ml. of 70% perchloric acid was stirred at
room temperature for 1 hr., extracted with water, dried and distilled
to give the enol acetate CLIII in 70% yield; b.p. 70° (bath) at 0.5
mn. Hg; v Iiim 3065, 1758, 1640, 1220, 902 em.~l; n.m.r. & 4.8 (2),
2.0 (3), 1.8 (3), and 1.03 (doublet, J = 5 ¢.p.S., 3 protons).

A mixture of 2 g. of CILIII, 2 g. of m~chloroperbenzoic acid, and
50 ml. of dry ether was stirred overnight. The resulting ether solu-
tion was washed with 10% sodium bisulfite solution until a negative
starth iodide test was observed, then washed with 10% sodium bicarbon-
ate solution, water, and then dried over anhydrous magnesium sulfate.

Removal of solvent gave the crude epoxide CLIV, v gi%m 1753, 1220 emo“l;
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nam.r. § 2.6, 2,06, 1.28, and 1.0 (doublet, J = 5.¢.p.8.). Since
distillation resulted in material whose infrared spectrum was
significantly different from the crude material, the epoxide was not
purified but used directly in the next step. Treatment of the crude
epoxide with agueous methanol and swlfuric acid on a steam bath for
10 minutes gave the characteristic blue color associated with the
oxidation of menthofuran. Water was added to the mixture which was
then extracted with ether and the combined extracts washed with water,
dried over anhydrous magnesium sulfate, and the solvent removed. The
presence of menthofuran was determined by t.l.c. comparisom of the
lérude prodﬁcts with authentig menthofuran which exhibited on silica

-gel an Rf 0.64 in petroleum ether (b.p. 60-90°) or 0.77 in benzene.

Attempted Cyclization of CLV.

The cholestane derivative CLV (0.05 g.), prepared according ﬁo
Ejéféési and co-workers (103), was dissolved in ether and treated with
G.ldfg. of m-chloroperbenzoic acid at room temperature overnight. The
solution was diluted with 10 ml., of 95% ethanol and treated with 5
drops of concentrated sulfuric acid overnight. The mixture washed with
water and dried over anhydrous magnesium sulfate. Removal of solvent
gave the material which did not exhibit absorption in the 200 my

region characteristic of furams.

Attempted Cyelization of L—o-(2-Oxoethyl)-cholestan-3-one (CLVII).. "~

Following the procedure by Atwater (105), the alkylation was
conducted as follows: to a solution of potassium t-butoxide pre-

pared by dissolving 0,152 g. of potassium in 6 ml. of anhydrous
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t-butyl alcohol was added a hot solution of 1 g. of A¥-cholesten-3-one in 15
ml. of hot t-butyl alcohol., To this refluxing seolution was added with stir-
ring 0.315 g. of allyl bromide in 30 ml. of t-butyl alcohel over & period of
2 hrs., After addition was complete the mixture was refluxed for 30

min. After cooling, it was diluted with ether, washed with dilute
acetic acid, saturated sodium bicarbonate solution, then water, and
finally dried. Removal of solvent and chromatography on 50 g. of

silica gel with benzene-pstroleum ether (b.p. 60-90°) (3:7) gave the
monoalkylated product in appfoximately L5% yield, showing one spot by
t.l.c., Ry 0.28 (benzens); v ;iim 3078, 1640, 904, 1668, 1605 em. ™%,

The ketone from above (2.08 g.) was dissolved in absolute ethanol
and treated with 20 g. of sodium in small pieces over a period of 5
hrs. The resulting mixture was diluted with ether, washed successive-
ly with dilute acetic acid, saturated sodium bicarbonate solution, and
water, and dried over anhydrous magnesium sulfate. Removal of solvent
gave the crude alcohol which was oxidized by the Jones (111) procedure
to give 0.300 g. of the saturated ketone, whiéh showed one spot by
t.l.c,, Rf .44 Z—ethyl acetate-benzene (h:96):7 and was reerystallized
from absolute ethanol; m.p. th—iOh°; Y §£§ 1700, 912-cm°”l.

The above ketone (0.200 g.) in 30 ml. of methylene chloride was
treated with excess ozone at -70°. The resulting blue solution was
allowed.to warm to room témperature, treated with 10 ml. of water and
0.2 g. of zinc dust. The mixture was then stirred 3 hrs., filtered,
diluted with ether, washed with water, and dried over anhydrous
magnesium sulfate. The-keto—aldehyde which showed one spot by t.l.c.,
Rf 0.56 [Fethyl acetate-benzene (4:96)_7 was not isolated but treated

with 10 drops of boron trifluoride-etherate at room temperature. After
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48 hrs., t.l.c. showed the absence of any starting material and the

presence of two products, Rf 0.76 and R, 0.25, with the latter being in

f
greater quantity. Chromatography in 20 g. of alumina gave by elution

with petroleum ether (b.p. 60-90°) a small amount of the component of

EtOH

DUOH 251 ma; v o213 1710 em.™, Further elution with

Rp 0.76; A

chloroform gave approximately 0.1 g. of the component of R, 0.25;

f
HCC1 -1 . s o .
v -~ 3 1715 em.”™™, These data indicate that neither of the two

products was a furan.

Attempted Alkylations of Some Cholestan-3-one Derivatives.

The pyrrolidine enamine of cholestan~3-one was prepared according
to a reported procedure (119). A mixture of 1 g. of cholestanone,
0.81 g. of freshly distilled pyrrolidine, and 15 ml. of toluene was
refluxed for 3 hrs. After that time the excess pyrrolidine and
toluene were removed under vacuum.

The crude enamine from above, 0.5 g. of isopropyl iodide, and
10 ml. of toluene were refluxed 3 hrs, Then 10 ml. of water was added,
and the refluxing continued for another hr. The mixture was diluted
with ether, the ether layer washed with water, dried, and the solvent
removed, The resulting erystalline material exhibited a melting point
identical to that of cholestan-3-one. Two other reactions using up to
an 8-molar excess of isopropyl iodide gave the same results.

The pyrrolidine enamine from 1 g. of cholestanone was dissolved in
20 ml. of benzene and 0.33 g. of freshly distilled allyl bfomide was
added, After refluxing for 16 hrs. 10 ml. of water was added and re-
fluxing continued for another hr., The reaction mixture was diluted

with ether, the ether layer washed with water, dried, and the solvent
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removed under vacuum. The resulting crystalline material proved to be
cholestanone as determined by melting point and infrared spectrum.
Attempts by others to introduce groups into the 2 position of cholesta-
none via the enamine have also not been successful (120).

A mixture of 1 g. of Z2-methoxalylcholestan-3-one, prepared
according to Nelson and Schut (120), 2 g. of freshly distilled allyl
bromide, 0.5 g. of potassium carbonate, and 20 ml. of acetone was
refluxed for 16 hrs, The reaction mixture was dissolved in ether, the
ether washed with water, dried, and the solvent removed. The infrared
spectrum of the crude reaction mixture indicated that the alkylation
did not take place.

A mixture of 0.1 g. of choiestanone, 25 ml, of benzens, and 0.1 g.
of sodium hydride was refluxed for 2.5 hrs., 15 ml. of acetone was add-
ed and the mixture allowed to stand overnighﬁ° The reaction mixture
was taken up in ether, washed with water, dried, and the solvent re-
moved to give starting material as determined by its melting point and
infrared Spectrum.v |

The enol acetate of cholestanone was prepared according to a
published procedure (121). Treatment of 0.15 g. of the enol acetate
with 0.170 g. of m~-chloroperbenzoic acid in 20 ml. of chloroform over-
night did not give the expected epoxide. A similér treatment for a
longer period also failed to give the epoxide,

The o-epoxide of Az—cholestene wasvtheh prepared according to
Plattner and Furst (122). To an ether solution of isopropylmagnesium
iodide, prepared from 0.20 g. of isopropyl iodide and excess magnesium
turnings, was added 0.15 g. of the epoxide in 20 ml. of ether. The

resulting reaction mixture was refluxed for 4 hrs, the excess Grignard



reagent destroyed with wet ether, and then water, and 10% hydrochloric
acid added, The ether solution was washed with water, dried over an-
hydrous magnesium sulfate, and the solvent removed, giving the crude

product, v film 3979 em.”t. The crude material was dissolved in ace-

tone and trzzfed with 10 drops of Jones (111) reagent. The resulting
mixture was diluted with ether, washed with water several times, and
dried over anhydrous magnesium sulfate. Removal of the solvent gave
the ketone v iiim 1710 am.'l;_m.p. 164-167°. The melting point indi-
cated that the product was ndt the expected 2-o~ or 2-f-isopropyl-
cholestanone since both ketones are known and exhibit melting points
lower than 164° (103). The B-epoxide is also known to give an ab-
normal Grignard reaction (123).

In an effort to utilizebthe Feist-Bernary (104) synthesis, a
solution of 0.090 g. of 2-go-bromocholestan-3-one, prepared according to
the procedure of Fieser and Dominguez (124), in aqueous pyridine was
treated with a slight excesé of ethyl acetoacetate,for 2 days at room
temperature, The mixture was then diluted with ether, washed with
water, dried, and the solvent removed. The starting material, identi-
fied by its melting point, was recovéred°

A reaction employing similar amounts of thé two reactants dissolv-
ed in a pyridine-ether mixture also gave starting material.

A small amount of ethyl acetoacetate was dissolved in ether and
treated with excess sodium hjdrideo After the evelution of hydrogen
had ceased, an equimolar amount of 2-a-bromocholestanocne was added and
the mixture refluxed 3 hrs. The excess base was destroyed by the
addition ef cold water, the solution was saturated with salt, diluted

with ether, and the ether layer washed with water, and then dried.
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Removal of solvenp under reduced pressure gave the crude product. Its
infrared and n.m.r. spectra show no indication.of absorption due to the
expected furan, gqeJofuﬁenzgnQLas;a“solVentiinstead'of ethqr“gave-simi-
lar results.

In an attempt to utilize an alkylation described in a note by
Stork (125), a solution of 1 g. of A¥~cholestan-3-one in 100 ml. of
freshly distilled liquid ammonia was treated with 0.036 g. of lithium
‘metal. The imitial blue color of the lithium quickly disappeared as
it was added, and finally‘a deep blue coler remained upon the addition
of the last piece of lithium. This was a ratio of 1 mole of ketone to
2 equivalents of lithium. Then 0.350 g. of (1 mole equivalent) of
freshly distilled allyl bromide was added dropwise. Upon the addition
of the first drop the blue color disappeared, the rest was added, and
the mixture was aliowed to reflux 1 hr. The ammonia was then allowed
to evaporate, ether added, then water, and then 2 g. of ammonium
chloride. The ether layer was washed with water, dried, and the
: solfent remc{red° The n.m.r, sﬁectrum of the resulting material indi-

cated it to be starting material,

Some Attempted Photolyses.

A solution of 6.1 g. of pulegome in 200 ml. of reagent—grade ben-
zene was photolyzed using a pyrex‘filter and a Hanovia 200-watt mercury
lamp. The.solution was mixed by a stream of oxygen-free dry nitrogen
through it. The entire photolysis cell was cooled so that the tempera-
ture did not rise above 50° at any time. Two-milliliter samples were
taken every 30 min. so the experiment could be followed by gas chroma-

tography and n.m.r. Afbér 3 hrs. no change was deteeted,by V.P.C. and
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n.m.r., analysis. Another photolysis of pulegone using a Corex filter
gave the same results.

A solution of 5 g. of pulegone in 350 ml. of abseolute ethanol was
photolyzed for 48 hrs. at 70° using a quartz filter. No change was de-
tected by v.p.¢.

A solution of 7 g. of isopulegone in 350 ml. of methanol was
photolyzed through guartz for 7 hrs. The infrared spectrum of the
crude reaction product showed no change had occurred.

The photolysis ef 5 g. of bidiphenyleneethylene, prepared accord-
‘ing to Fuson and Porter (126), in benzene for 14 hrs. using a quartz
filter produced no identifiable product.

Although none of the above photolyses resulted in transformations,
anthracene was readily dimerized by the light produced by the same

lamp useq above.

The Preparation of Menthyl Nitrite (CLVIII).

Nitrosyl chloride, prepared according to Morton and Wilcox (127),
was distilled into a solution of 10 g. of menthol in 125 ml. of anhy-
drous pyridine until a red color persisted. Water was added and the
mixture extracted with ether. The combined ether extracts were washed
with 10% hydrochloric acid, water, and then dried. Removal of the

solvent gave the crude nitrite, v Tt1™ 1610, 1640, 1650 em.™L.

The Photolysis of Menthyl Nitrite (CLVIII).

The e¢rude nitrite ester from above was dissolved in 300 ml. of
benzene and photolyzed at 25° with a 200-watt Hanovia mercury lamp

using a pyrex filter., After 1 hr. and 40 min. the reaction was com-
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plete a5 determined by the disappearance of the characteristic absorp-
tion in the infrared spectrum. After removal of solvent, 1.5 g. of the
crude reaction mixture was chromatographed on 55 g. of 60-100 mesh
Florisil. EFElution with benzene and chloroform gave mainly menthol and
ketonic products amounting to 1.37 g. -of material., Finally, elution
with methancl-chloroform (4:96) gave 0.110 g. of material whose infra-
red spectrum (v iii? 3230 broad, 1600 cm.™t) indicated it to be an
oxime, presumably CLIX,

The crude oxime from above was dissolved in 5 ml. of anhydrous
pyridine and added to the chromium oxide-pyridine complex prepared
according to Sarett and co-workers (128) by diséolving 0.5 g. of
chromium oxide in 10 ml, of pyridine. The mixture was allowed to stand
overnight, diluted with water and extracted with ether. The combined
ether extracts were washed with water several times, and dried over
anhydrous magnesium sulfate. Removal of the solvent gave 0.10 g. of

a crude lactol, presumably CIX, as product, Vv iiié 3380, 1785 em, L.

'Hydrogenation of 2,3-Dimethylphenol.

This reduction was performed similarly to that already described -
(129). A solution of 100 g. of 2,3-dimethylphenol (Aldrich) in 200 ml.
of absolute ethanol was introduced into a one-liter high pressure hydro-

genation reaction vessel. Then, 18 ml. of settled Raney nickel (W-2)
was added and the reaction vessel assembled., After flushing with
aitrogen and then hydrogen, the hydrogen pressure was increased to
1750 p.s.i. After the temperature was raised to 175° the pressure
dropped steadily for approximately 30 min., After cooling, the contents

of the reaction vessel were filtered, dissolved in ether, washed with



96

water and dried over anhydrous magnesium sulfate. Removal of the sol- .
vent and distillation gave 97.6 g. (93%) of 2,3-dimethylcyclohexanol,

b.p. 47-48° at 0.2 mm. Hg / reported (129) b.p. 77-79° at 12 mm. Hg /.

' Oxidation of 2,3-Dimethyleyclohexanol.

A solution of 97,6 g. of the alcohol in 400 ml. of reagent acetone
was cooled to 10° while 200 ml. of Jones (111) reagent was added with
vigorous stirring. The progress of the reaction was followed by infra-—
red znalysis., When complete, water was added, the resulting mixture
extracted with ether, and the combined ether extracts were washed with
water and dried over anhydrous magnesium sulfate, Removal of the
solvent and distillation gave 82.5 g. (85%) of 2,3-dimethylecyclo—
hexanone (CLXIV), b.p. 35° at 1,2 mm Hg / reported (130) b,p. 63° at
15 mm. Hg_ /. Although the semicarbazone of this material was found
to be not hemogeneous, that derivative prepared: from ketone which had
been epimerized with base gave m.p. 203-304° Zfreported (130) m.p.

201202 @ec)/.

Condensation of Ketone CIXIV Witthethyl Vinyl.Ketone GLXV,

The following procedure was found to give the best results in
effecting the condensation and is similar to that described by Djerassi
and co-workers (110). To a solutien of 75 g. of CIXIV in 305 ml.
anhydrous ether was added 9.15 g. of sodium in small pieces. After the
initial reaction had subsided, the mixture was refluxed with stirring
until all the sodium had dissolved. It was then cooled in an ice bath
and a solution of 113 g. of the methiodide salt of l-diethylaminom3:.-

butanone_(GLXVIIL prepared according to Wilds, Nowak, and McCaleb (131),
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in 200 ml. of dry pyridine was added during 1 min, . After cooling for. .
an hr., the mixture was refluxed for 2 hrs,, cooled, 1 1. of water add-
ed and extracted with ether, thevcombined extracts were washed ﬁith 10%
hydrochloric acid, saturated sodium bicarbonate solution and water,
then dried over anhydrous magnesium sulfate, the solvent removed, and
the residue distilled. A tbtal'of 34 g. of starting material was
eollected along with about 17 g. of avhigher~boiling fraction. Re~

distillation of the higher boiling fraction gave 4 g. of starting
film
max
1670, 1615 em.~L. About 0.300 g. was chromatographed on 10 g. of

material and 6.9 g of product CIXVI, b, p.. -84-86%at .02 mm. Hg; v

activity I acid-washed alumina, FElution with benzene-~petroleum ether
(b.p. 60-90°) (6:4) gave the ketone CXLVI free of the saturated ketone,
b.p. 93-98° (bath temperature) at 0.2 mm. Hg; n.m.r, spectrum showed
the secondary methyl as two doublets, one centered at § 0.92 (J = |
5.5 ¢.p.S.) and the other centered at § 0,96 (J = 5,5 ¢.p.8.), the
bridgehead methyl at 6 1.1, and the olefinic proton at & 5.62. Based

on consumed starting material, 6.9 g. represents a 13.2% yield.

Alkylation of CLXVI.

According to an analogous procedure deseribed by Johnson (132), a
mixture of 0.5 g. of ketone CIXVI, 1 g. of potassium t-butoxide and
10 ml. of t-butyl alcohol was cooled in a nitrogen atmosphere. Then 6.9 g.
of isopropyl iod?de was added and the mixture brought to room tempera-
ture and then re%luxed for 2 hrs. The cooled mixture was diluted‘with
water, extracted with ether and the combined ether extracts washed with}
water and dried over anhydrous magnesium sulfate. Removal of solvent

and distillation gave 0.34 g. of the product, v f;lcm 1658, 1588, 1710
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em.~1; n.m.r. spectrum showed a complicated abserption in the region §

0.8 to 1.3 and a lack of signals due to olefinic protonms.

Condensation of 2,3-Dimethylcyclohexanone (CLXIV) with 1,3-Dichloro-

2-butene (CLXVIII) and Cyclization of CLXIX.

Following the condensation and cyclization procedure described by
Djerassi and co-workers (110), a suspension of 0,46 g. of sodium
t-amylate in 20 ml. of benzene was added to a cold solution of 3 g. of
the ketone CIXIV and 1.8 g. of freshly distilled 1,3-dichloro-2-butene
(K&K) in 25 ml. of anhydrous benzene. After coming to room temperature
the mixture was heated at reflux for 3 hrs., then cooled, and diluted
with ether. The ether solution was washed with water, dried over an-
hydrous magnesium sulfate, and the solfent removed, Distillation gave
in 28% yield the chloroketone CLXIX, b?p,v90~120° (bath temperaﬁure)
at 0.2 mm, Hg; v iiim 1715, 1660 cm.’l; the n.m.r, spectrum showed two
doublets due tc the secondary methyl, one centéred at 6 0,96 (J =6
c.p.8., 1.5 protons) and the second centered at 6 1.03 (J = 7 c.p.s.,

1.5 protons), & 0.98 (3), 2.08 (3), and the vinylic proton as a guartet

centered at § 5,52 (Ja x = 6 c.p-S., J = 14 e¢.p.S., 1 proton).
1™

g: P
A 1l g. sample of the chloroketonse éLXIX from above was cgoled in
an ice bath and 3 ml. of concentrated sulfuric acid was slowly added
with mixing, The resulting dark red mixture was allowed to stand 24
hrs., then poured into water and extracted with ether. The combined
ether extracts were washed with water, dried over anhydrous magnesium
sulfate, and the solvent removed. Distillation gave in 30% yield the

desired ketone whose infrared spectrum was essentially identical to

that of the previously prepared ketone CLXVI,
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Preparation of 1~Dimethy1qmino-2-isqproqy193~butanon9 (QLXX) and Its

Condensation with 2,3-Dimethylcyclohexanone (CLXIV).

This preparation was accomplished using a procedure analogous to
that described for the preparation of l-diethylamino-3-butanone (131).
A mixture of 100 g. of 4-methyl-2-pentanone (Eastman), 20 g. of dimethyl-
amine hydrochloride, 9 g. of paraformaldehyde, 75 ml., of methanol, and
5 drops of concentrated hydrochloric acid was refluxed for 12 hrs. The
mixture was then cooled, neutralized with a solution of 8.5 g. of
potassium hydroxide in 40 ml. of water, and extracted 5 times with 150-
ml. portions of ether. The combined ether extracts were washed with
saturated sodium chloride solution and then dried over anhydrous sodium
sulfate, After removal of the solvent, distillation gave the product
in 60% vield, b,p, 54-57° at 2,0 mm. Hg; v éﬁm 1712 em."L; nom.r. 8
0,9 (doublet, J = 6 c.p.s,, 6 protons), 2.18 (6), 2.48 (3). The
picrate (from methanol) exhibited a melting point of 101-102°. The
preparation of this aminoketone from the starting materials used here
has been reported but no derivatives were given (133).

As before, the condensation was carried out by dissolving 0.92 g.
of sodium in a solution of 8 g. of 2,3-dimethylcyclohexanone (CILXIV)
in 50 ml. of ether, To this cooled solution was added a solution of
the methiodide salt prepared by dissolving the salt from 6.3 g. of
1-dimethylamino-2-isopropyl-3~butanone CixX)and 5.7 g, of methyl
iodide in 20 ml. of anhydrous pyridine. After keeping cool for 1 hr,
the mixture was refluxed for 2 hrsf, then 100 ml, of water was added
and the resulting mixture extracted with‘ether. The combined ether
~extracts were washed with 10% hydrochloric acid, saturated sodium

bicarbonate solution, then water, and dried. Removal of the solvent
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and distillation gavé an estimated 1.1 g. of product, b.p. 130° (bath
temperature) at 0.1 mm, Hg; v é%%@ 1710 (strong), 1658 (weak); n.m.r.
spectrum showed weak signals due to olefinic protens. The e¢rude
material was chromatographed on 15 g, of activity I acid-washed alumina.
Elution with petroleum ether (b.p. 60-90°) gave a small amount of un-
saturated ketone, v gg%m 1658, 1615 cm.*l; n,m.r. spectrum showed only
a weak signal due to a vinylic proton, The infrared spectrum was not
identical to that of the known ketone obtained from hydroxyeremophilone

(134).

Preparation of cis- and trams-1,4-Cyclohexanediol . (Quinitol).

This reduction was accomplished under conditions essentially iden-
tical to those described in the literature (135)., The reaction vessel
was charged with approximately 400 ml. of a saturated solutieon of
hydroquinone (Eastman) in absolute ethanol and 10 ml. of settled Raney
nickel catalyst (W-2). After flushing the assembled reaction vessel
with nitrogen and then hydrogen, the hydrogen pressure was increased to
approximately 1500 p.s.i. The temperature was increased to 150° and
the reaction was completed within an hr, After cooling, the catalyst
was allowed to settle and the suspended catalyst removed by filtration,
At this point more hydroquinone could be reduced utilizing the same
catalyst several times. The splvent was removed from the reaction

mixture and the gquinitel recrystallized from acetone.

Preparation of i-Benzyloxycyclohexanol.

Aecording to the procedure of Prins (136), 4-benzyloxycyclo-

hexanol was prepared as follows: during 15 min, 1l.5 g. of sodium was
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added to a boiling solution of 58 g. of guinitol in 400 mi. of absolute
dioxane and the resulting mixture refliuxed for 5 hrs. and then ccoled to
room temperature., A solution of 59 g. of benzyl bromide in 60 ml. of
dioxane was added within 10 min,., and the mixture refluxed for 18 hrs,
After cooling 50 ml. of methancl was added and the solution diluted
with 350 ml, of acetonéa The precipitate was removed by filtration and
the solvent removed from the filtrate under reducéd pressure, The
residue was dissolved in ether, washed with water, and dried. Removal
of the solvent and distillation gave 35 g. of the monobenzyl ether,

b.p. 118-120° at 0.1 mm. Hg / reported (136) b.p. 101-103° at 0.02 mm.

Hg /3 v Iﬁf 3380, 1100-1060, 735, 697 cm.™L,

Oxidation of 4-Benzyloxycyclohexanol.

A mixture of 43.7 g. of h~benzyloxycyclohexanol in 200 ml., of
reagent acetone was cooled to 10° and treated with a slight excess of
Jones»(lll) reagent. The mixture was diluted with waler and extracted
with ether. The combined ether extracts were washed with water, dried,
and the solvent removed. Distillation of the residue gave 38.9 g. (90%)
of the ketone, b.p. 114-115° at 0.15 mm. Hg / reported (136) b.p. 118~
120° at 0.14 mn. Hg /5 v Fi™ 1710, 1110-1060 em.™; nom.r. & 7.32 (5),
4L.53 (2), 3.7 (1 proton). Other oxidations restlting in slightly lower

yields have been reported (136,137).

Cohdenéation,gi,h—Benzlexycyclohexanone with Diethyl Oxalate and

Decarbonylation}gilthe Glyoxylate.

The following procedures are analogous to those described by

Snyder, Brooks, and Shapiro (138) for the condensation of cyclo-
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hexanone with diethyl»mxalat@ and decarbonylation.of the resulting
glyoxylate. A mixture of 30 g. of the ketone and 21.5 g. of diethyl
oxelate at 5° was added to & cold sclution of sodium ethoxide prepared
by dissolving 3.4 g. of sodium in 40 wl. of absolute ethanol. The
resulting brown mixture was stirred for 1 hr. in an ice bath and
stirred 6 hrs. at 25°. When it was neutralized by adding a mixture of
L4 ml., of concentrated sulfuric acid in 32 g. of ice and then diluted
with water, the product separated as a red oil. The aqueous layer was
extracted with ether, ﬁhe extracts combined'with 0il, and washed with
water. The solﬁtidn‘was dried by azeotroping with benzene and then the
remaining solvent removed. A portion of the reSulﬁing crude glyoxylate
was distilled to give;b.ﬁ. l85° (bath temperature) at 0.1 mm. Hg; n.m.r,
spectrun showed § 7.3 (5), 4.5 (2), 3.7 (multiplet, splitting of 5
c.p.5,, 1 protoh), 4.28 (quartet, J = 7 e¢.p.s., 2 protons), and
1.3 (triplet, J = 7 e.p.s., 3 protons).

The crude glyoxylate from above was decarbonylated in the presence
of a small amount of powdered soft glass and a frace of irom filings
at 170° for 5 hrs. Distillation gave 16.73 g. (4L5% from 4-benzyl-
oxycyclohexanone) of ethyl 2-oxo-5-benzyloxycyclohexanecarboxylate.
(CLXXIII), b.p. 165-170° at 0.5 mm. Hg; v i;im 1740, 1720, 1652,
1230, 1100, 736, 698 em."L; num.r. & 7.3 (5), 4.52 (2), 3.68 (multiplet,
1 proton), 4.19 (quartet, J = 7 ¢.p.s., 2 protons), and 1.25 (triplet,
J =17 c.p.8., 3 protons). The material gave a positive ferric chloride

test.

Condensation‘gg the Ketoester CLXX1II with the Methiodide Salt of

1-Diethylamino-3-pentanone (CLXXIV),
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To a cold, stirred solution of 2.76 g, of the keto-ester in 10 ml,
of absolute ethanol was added a soLution of sodium ethoxide prepared by
dissolving 1.13 g. of sodium in 25 ml. of absolute ethanol., The
methiodide salt, prepared by the reaction of 1.45 g, of l-diethyl-

- amino-3-pentanone CLXXIV and 1.5 g, of methyl iodide, in 6 ml, of
absolute ethanol was then added dropwise, The mixture was stirred in
an ice bath for 1.5 hrs. and then refluxed for 3.5 hrs. The cooled
mixture was diluted with water, exiracted with ether, and the combined
ether extracts washed with water, 10% hydrochloric acid, and then
water. The ether solution was then dried over anhydrous magnesium
sulfate and the solvent removed giving 2.7 g, (78%) of crude prodﬁct
CLXXV, v iiim 1725, 1668, 1615, 1228, 1105, 733, 696 cm.™; n.m.r.

& 7.25 (5), L.45 (mltiplet, 2 protons), 3.5-4.2 (mltiplet, 3 pro-
tons), 1.72 (3), and 1.1 (triplet, J = 0,98 ¢.p,s., 3 protons).

Attempted 1,4-Addition of Methylmagnesium Iodide to the Ketone CLXXV.

A procedure completely analogous to that described by Birch and
Robinson (139) was used to bring about the 1,i-addition of methyl-
magnesium iedide to the o,B-unsaturated ketone CLXXV in the presence
of cuprous bromide. However, a prodﬁct could not be isolated that

corresponded to the desired substance,
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Plate IT

Nuclear Magnetic Resonance Spectrum of 6-Acetoxy-2-isopropylidenecyclohexanone ( CXEXIX)
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Plate III

Infrared Spectrum of 4-Acetoxylisopulegone (CXXXIX)
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Plate IV

Nuclear Maghetic Resonance Speéctrum of 4-Acetoxyisopuléegone (CXXXIX)
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