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INTRODUCTION

During the twentieth century, our knowledge of the chem-
istry of natural products has increased to an extent which is
difficult to grasp today and would have been inconceivable
one hundred years ago. Such dramatic progress represents
merely the continuation of an inherent tradition: man's
curiosity about the natural world and his attempts to exploit
it. This age-0ld involvement with the chemistry of Nature
was first manifest in the primitive technologies of dyeing,

*
folk-medicine, and perfumery. From these early beginnings
has evolved the basis of structural and theoretical organic
chemistry.

Por several centuries it has been known that the fruit,
flowers, roots, and leaves of many plants contained volatile,
cdcrifercus substances., It was soon discovered that the
active principles responsible for the odcr could be separated
from the plant by gentle heating and, more elegantly, by
steam distillation. These materials, as an 0il together with
an aguecus phase, were collected by condensation on a cool
surface. The o0ils so isolated became known as ¥essential
oilsY. Recent developments have resulted in a broadening of
the term "essential o0il" to include materials isolated by the

processes of extraction and chromatography.



The essential oils are comprised of several classes of
terpenoids ranging in scope from the simpler monoterpenes to
the more complex sesquiterpenes and polyterpenes. Current
interest has focused upon sesquiterpenes, a rapidly expanding
group of naturally occurring materials which, strictly
defined, contain fifteen carbon atoms in the basic skeleton.
Sesquiterpenes have been known to be constituents of essen-
tial oils for more than a century, but it is only in
comparatively recent times that their chemistry has been in-
vestigated in detail. For further elaboration upon the
subject of sesquiterpenes, the anti.or recommends the works of
Simonsen and Barton (1), Pinder (2), Templeton (3), and
deMayo (4).

A closer examination of the molecular structure of
sesquiterpenes reveals that, in most cases, the carbon
skeleton can be built up theoretically by the union oOf three
isoprene (i) or isopentane residues. This observation, sup-
ported by further structure determinations, gradually evolved
into the generalization known as the "isoprene rule", first
suggested by Wallach (5) in 1887 and later elaborated by
Robinson (6), to the effect that to be terpenoid a compound
must have a carbon skeleton composed of isoprene (or
isopentane) units linked in a head-to-tail fashion. Some
simple examples are the terpene limonine (2) and the

sesquiterpene carisscne (3).
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Isoprene was at one time believed to be a precursor of

terpenes in the plant. Modern views of the biogenesis of
terpenes have, however, led to the rejection of this theory
(6-8). Although the fine points of terpene biogenesis are
still being investigated, 1t is generally accepted that
mevalonic acid (4) leads to an active intermediate, iso-
pentenyl pyrophosphate (5) (9), which self-condenses in a
head-to-tail manner to form unsaturéted alcohols. The
condensation of two, three or four units of isopentyl
pyrophosphate produces geraniol (6), farmesol (7), or
geranylgeraniol (8), respectively. These alcohols and
squalene (9), the head-to-head dimer of farnesol (7), are
envisioned as terpene precursors.

The eremophilane sesquiterpenes (10) are a unigue class
of sesquiterpenes in that the basic carbon skeleton camnot be
accounted for by inveccation of the isoprene rule. These com-

pounds are non-isoprenoid in character and exhibit the






skeletal structure shown below.

In the 1950's, petasin and several of its congeners wvere
isolated and identified as eremophilane sesquiterpenes. 1In
light of the great interest in this type of sesquiterpene,
notably from a biogenetic viewpoint, it appeared desirable to
attempt the synthesis of this unique eremophilane sesquiter-

pene.



NOMENCLATURE

In order that this manuscript might assume a form as
practical and uniform as possible, it was decided to use the
nomenclature system currently employed by Chemical Abstracts.
Since this system is decidedly more cumbersome than that
based on the trivial name "decalin", this section will serve
as a brief explanation of Chemical Abstracts nomenclature.
For additional information on this subject, the reader may
consult references {11-13).

A. Numbering: The numbtering system employed in this

B. Naphthalenone derivatives:

1. These compounds are named as derivatives of the conm-
pletely saturated ring system; 1,2,3,4,4a,5,6,7.8,8a~
decahydronaphthalenone.

2. The substituents are listed in alphabetical orader,

with the exclusion of prefixes such as di, tri, hexa, octa,



etc.

3. The "indicated hydrogen" is given the lowest possi-
ble number consistent with a chemically correct parent con-
pound.

4. Relative stereochemistry in cyclic systems is desig-
nated by Beilstein's system using ¢, t, and r descriptors.
The lowest numbered substituent is assigned the letter
r(reference). Groups on the same side of the ring as the
reference group are designated c(cis); groups on the opposite
of the ringqg are designated §i§§g3§).

5. Cis or trans preceding the name of the compound in-
dicates the stereochemistry about the ring fusion; i.e., the
relationship between the substituents at 4a and 8a. The
prefix dl is omitted from the names of racemic compounds.

C. Examples:

4,4a,5,6,7,8-hexahydro-4a-

methyl-2(3H) -naphthalenone

Q

OH 4,4a,5,6,7,8-hexahydro-t-6-
hydroxy-r-4a,c-5-dimethyl-

o 2(3H) -naphthalenone



WOH

cis-3,4,4a2,5,6,7,8,83a-octa-
hydro-t-6-hydroxy-r~4a,c-5-

dimethyl-2(1H) -naphthalone

6,6-ethylenedioxy-1,2, 3,5,
6,7,8,8a-octahydro-c-1,r-8a-

dimethyl-c-2-naphthol



HISTORICAL

The existence of a particular plant having slender green
leaves, with pink to purple flowers, was first recorded by P.
A. Maltioli (14) in 1563. "Hieronymous Bock (15) elaborated
considerably upon this initial discovery by assigning de-
scriptive characteristics of the plant and naming it

Petasites officinalis Moench., [syn. Petasites hybridus(L.)

Fl. Weet]. 1In the early 1900's it was discovered that this
plant had some therapeutic activity and in 1934, Zellner (16)
attributed this activity to certain resins and terpemes con-
tained in the leaves. Further studies by Karl Buchner (17)
indicated that an extract of the fresh plant root inhibited
contractions of isolated guinea-pig intestine. This was the
first reference to any specific thefapeutic value of the
plant. In 1954 Boriani and Simigaglia (18) attempted to
isolate the active principles by extraction with various
organic solvents, however ail trials were unsuccessful.

These workers did find that a 5% infusion of the leaves of P.
off. caused depression of the nervous spontaneous motility
with unchanged excitability of the whole neuromuscular
system, accompanied by soma hypotensive action. Two other

Ttalian workers (19) supplemented these findings with the
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discovery that an aqueous extract of rhizomes and roots wvas
more potent than that of the leaves. An intravenous adminis-
tration of 1 cc/kqg body weight produced a reduction in blood
preésure Sy 40-60mm Hg. No significant modification of
carotid sinus reflex or respiratory rkythm was found. The
duration of the action was 35-45 minutes and repeated doses
gave a constant response.

The search for possible therapeutic compounds contained
in P. off. led to the first isolatioﬁ of the eremophilane
sesquiterpenoid, petasin, by Aebi and covorkers (20) in 1954,
An alcoholic extract of the roots of P. off. was subjected
to chromatography with two major components being isolated.
The first fraction, upon acetylization, was identified as 8-
sitostearin acetate. The second fraction, a crystalline
ketone with the molecular formula C;oH>g03,. was named
petasin. When petasin was placed on an aluminum oxide coliumn
or warmed with dilute HCL, an isomér, isopetasin, was readily
formed. Aebi found petasin to be spasmolytically active
while isopetasin was also, but to a much lesser degree.

Another group of Swiss workers (21) were concurrently
working with P. off. and were able to isolate four other sub-
stances co-existing with petasin. These included isopetasin,
which was deemed to ke a naturally occurring material and not
an artifact, and petasol esters B and C (C,gH-503S). All

compounds were esters of the same C;5 alcohol named petasol
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(C,sHs505), which was also isolated. Petasin and isopetasin
were determined to be esters of angelic acid, whereas petasol
esters B and C were esters of f-methylmercaptoacrylic acigd.
A1l five substances were found to be spasmolytically active.

In 1958, Aebi, Waaler, and Buchi (22) conducted a very
thorough study of the components in the root of P. off. Like
Stoll and covorkers (21) they found petasin, isopetasin, and
petasol esters B and C. However, Aebi determined that the
spasmolytic activity of petasin was greater than that of
papaverine hydrochloride, while isopetasin was imactive. The
activity of the two sulfur containing esters was found to be
less than that of petasin. Hydrolysis of these sesquiter-
penoids afforded the sesquiterpene alcohol, isopetasol. The
acid components were investigated by paper chromatography and
indicated the presence of angelic, tiglic, and @ -methyl- 8-
hydroxybutyric acids.

Aebi established the carbon skeleton of petasin (10) by
the hydrolysis cf the ester to give 11, reduction of the
carbonyl moiety to yield intermediate 12, and dehydration
with selenium metal to afford eudalene (13). The location of
the g ,g-unsaturated ketone function was determined by alkaline
treatment of isopetasol (14) accompanied by retroaldolization
to give acetone and des-isopropylidenepetasol (15).

Aebi and Dijerassi (23) indicated that the rotatory

dispersion curve of 15 was of the usual A¢-3-keto steroid
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type (24), a result which settled the absolute configuration
(25) of this substance insofar as the carbon atom bearing the
anqular methyl group was concerned. The absolute configura-
tion of petasin (10) was further substantiated when Aebi and
Dijerassi (23) showed its ORD spectra to be almost super-
imposable with that of octalone 16 for which the absolute

configuration was already known.

The only possible factor which could have affected the
validity of these conclusions was the location and configura-
tion of the hydroxyl group. Aebi et al. (22) felt that the
hydroxyl group must be equatorial owing to the ease of
saponification of petasin (10) as well as by the rate of
oxidation and acetylation of the free hydroxyl group in des-
isopropylidenepetasol (15). Its location at C-6 was suggest-
ed by the observation that the hydroxyl function was not
eliminated by treatment with base, as would be expected for a
vinylogous f-hydroxyketoné (iocation at C-7), and that the

derived diketone, des-isopropylidenepetasone (17), possessed
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an isclated carbonyl group (thus exclauding C-8) in addition
to the original ¢ ,f-unsaturated ketomne moiety. These facts
indicated that petasin (10) was a member of the rare class of

non-isoprenoid eremorhilane sesquiterpenes. Its absolute

E—’m

confiquration was found to correspond to that of eremophilone
{18) as opposed to the typical isoprenoid sesquiterpene (19)

which had been originally postulated to be the structure of

petasia {10).
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Herbst and Djerassi (26) confirmed the structure and ab-
solute configuration of petasin (10) by independently
synthesizing a degradation product of petasin (10) of
rigorously determined stereocheﬁistry. Chart I illustrates
the sequence used to prepare decalin-dione 31, which vas then
shown to be identical to a diketone obtained from petasin
(10).
| The resolution and absolute configuration of the start-
ing material, the (+)-enantiomer of the enol ether 20 had
been reported earlier (27), and so had its transformation
(28) into the hexalone 21 by means of methyllithium followed
by acid hydrolysis. Oxidation with perbenzoic acid furnished
the crystalline epoxide 22. The diol 23 was obtained by re-
duction of 22 with lithium alumiﬁum hydride, and was immedi-~
ately subjected to oxidation with manganese dioxide. The
resulting hydroxyoctalone 24 was treated under the conditions
of the Wolff-Kishner reduction to yield a hydrocarbon mix-
ture. Micro—hydroqgenation demonstrated that no more than i12%
of the mixture could have consisted of a saturated
hydrocarbon resulting from reduction of the double bond. The
remaining 88% thus contained one double bond which could be
either di-substituted (25) or tri-substituted (26), since
migration of a double bond during the Wolff-Kishner reduction
of @ ,B-unsaturated ketones had been reported several times

{29). Nuclear magnetic resonance measurements indicated that
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75% of the total mixture consisted of the migratiom product,
25, with only 12% of the non-rearranged octalol 26 being
found. The mixture wvwas treated with hypobromous acid to
afford the expected bromohydrin 27 and a small amount of the
isomer 28. Both isomers now possessed the newly introduced
hydroxy group in the same position, so the mixture was
oxidized to the isomeric bromodiketones 29 and 30, followed
by debromination with chromous chloride (30) to the homoge-
neous, crystalline diketone 31.

All that was now necessary was to establish a relation-
ship between petasin (10) and the synthetic diketone 31 of
established constitution and absolute configuration. To ac-
complish this, des-isopropylidenepetasol (15) was reduced
with lithium in liquid ammonia to give ketoalcohol 32 having
the thermodynamically more stable tramns ring juncture. The
resulting des-isopropylidenehydropetasol (32) was oxidized to
vield the trans-4a,5-dimethylnaphthalenedione 31 which was
identical in all respects to the afore-mentioned synthetic
species. Herbst and Djerassi's work thus completely con-
firmed the structure of petasin (10) as suggested by Aebi and
covorkers (22) as well as the absolute configuration (23)
deduced by rotatory dispersion measurements on des-

isopropylidenepetasol (15).
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Biogenetically, it is quite probable that petasin (10)
is formed by methyl migration from an eudalenoid precursor
having the same absolute configuration as the corresponding
precursor in the eremophilone (18) series. For that reason
Djerassi assumed that the C-5 methyl group was cis to the
angular methyl group as that stereochemical point had already
been established (28,31) for eremophilone (18). One could
propose such an analogy for the isopropenyl group at C-3,

however, this would be invalid since this center is adjacent
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to a carbonyl group and may have suffered epimerization in
the plant or during the isolation procedures. At the time of
this writing the orientation of the isopropenyl moiety at C-3
still remains a mystery.

The structure and absolute configuration of petasin (10)
have been rigorously established, but the biogenetic origin
of this non-isoprenoid species has not yet been accounted
for. As early as 1939, Robinson (32) suggested that a
1,2-methyl migration from an isoprenoid eudesmane precursor
such as 33 might explain the biosynthesis of non-isoprénoid
eremophilane sesquiterpenes of structure 34. Dunham and

Lawton (33) have suggested that sesquiterpenes of this

-

type may arise via spiro intermediates as shown on the next

page.
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Djerassi and his collaborators (34) felt that isoprenoid
olefinic compounds, such as 35, might be reasonable

biogenetic precursors for the eremophilone sesqguiterpenes.



22

—_— l§

There are no reports in the literature concerning possi-
ble biogenetic precursors for petasin (10). An appropriate
compound would require the functionalized groups to be
disposed trans and coplanar as well as being a highly
oxygenated species. For example, 37 could rearrange to 38,
undergo dehydrogenation, followed by dehydration of the side

chain to yield petasin (10).
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Zzabkiewicz, Keates, and Brooks (35) have reported some
biogenetic studies on petasin (10). These workers found that
some of the activity of DL-[ 2-14C }-mevalonolactone (MVAL) wvas
incorporated into petasin (10) by feeding it to whole plants
of P. off. The effect of synthetic inhibitors on sesqui-
terpenes and sterol tiosynthesis in the plant was also noted
in this study.

When DL-[ 2-14C]-MVAL was fed to P. off., investigations
showed that a major portion of the radioactivity appeared in
the fraction containing sterols and triterpenoid alcohols,
and only a very minor proportion was found in the
sesquiterpenoid fraction. The primary goal of this work was
to obtain a higher incorporation of [2-14C]-MVAL into the
sesquiterpene fraction by the use of synthetic inhibition of
sterol formation.

One inhibitor, SK and F 525-A (g-dimethylaminoethyldi-
phenylpropyl acetate hydrochloride) had been shown by Holmes
and DiTullio (36) to effect inhibition at the stage of
isomerization of isopentenyl pyrophosphate to dimethylallyl
pvrophosphate. With SK and F 7997-2 [ tris-(2-diethylami-
noethyl)-phosphate trihydrochloride] inhibition occurred at a
later stage and caused the accumulation of a non-polar
triterpenoid intermediate. A related result was obtained by
Peid (37) who also observed the accumulation of a non-polar

triterpenoid intermediate wvhen he fed SK and P 7997-A and
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[2-14C]-MVAL to Nicotania tabacum slices. 1In further work,

Reid (38,39) demonstrated an increased incorporation of the
label into squalene and 2,3-oxido-squalene, as well as other
unidentified terpenoids, while the biosynthesis of g-amyrin
and pytosterols was inhibited.

The above results indicated to Brooks and cowvorkers that
the biosynthesis of sterols could be inhibited without neces-
sarily affecting the lower terpenoids. Separate trials with
two inhibitors, SK and F 525-2 and 7997-A , wvwere therefore
undertaken. The inhibitor was fed together with [2-14C ]J-MVAL
to mature leaves of P. off. by the "wick" technique. After
several weeks, the leaves were harvested and the radioacti-
vity in petasin (assayed as isopetasyl acetate) was deter-
mined. With SK and F 525-A the workers noted a decrease in
the activity incorporated and in the weight of the isopetasyl
acetate recovered as the level of the inhibitor was in-
creased. This inhibitor was suppressing sesquiterpenoid as
well as steroid biosynthesis, which was consistent with the
known action of SK and P 525-A .

The results from the SK and F 7997-A feedings showed
that the activity incorporated into petasin increased with
increasing amounts of inhibitor. This was consistent with
the existing evidence that this inhibitor acts at a stage
beyond squalene biosynthesis and probably inhibits the

cyclization of 2,3-oxide-squalene. No study was made of the
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isopetasyl acetate to see where the radioactive label had
been incorporated. Although these workers now had a means
for increasing the incorporation of {2-14C]-MVAL into
sesquiterpenes via inhibition of sterol formation, the
precent increase was not significant enough over the non-
inhibited trials to allow the determination of the position
of incorporation of the label. Perhaps the continuing re-
search of these workers will help to shed some light on the
biogenetic origin of petasin (10) .

In the late 1950's two Japanese groups, headed by T.
Korihara and K. Naya, as well as a Czechoslovakian group led
by L. Novotny and F. Sorm, began to take a very active
interest in the isolation of sesquiterpenes of the petasin
family. The Japanese workers concentrated om Petasites
japonicus M¥axim., a plant indigenous to almost all of Japan.
The early work by Kurihara and Takase {(40,47) was only a rep-
etition and conformation of the findings of Aebi and his
coworkers {20)}. Ia 1966, however, Kurihara and hkis
collaborators (42) discovered a major component of P. jap.
which they called petasione., Further experimental evidence
indicated that petasione was identical with isopetasin (39),
and that the compounds found in P. off. were also present in

P. jap. K. Naya, I. Takagi, and their coworkers (43,44)
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discovered two new sesquiterpenes from P. japonicus Maxim.

and named them petasitin (40) and fukinone (41). Fukinone
(41) has been synthesized by several groups (45-47), repre-

HO

R = Ang
ho 43

—

senting the first total synthesis of a compound in the

petasin family of sesquiterpenes.

Concurrent with the investigation of P. jap.

was a study
being undertaken by Novotny and his collaborators on sub-

Gaertn,

both plants being foumnd in Czechoslovakia.
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Chromatography of the rhizome extracts and subsequent
crystallization of particular eluates afforded a series of
nev compounds, different from those isolated by Aebi and his
coworkers (20,22) and Stoll and his coworkers (21) in
Switzerland. The compounds isolated fell mainly into two
classes: substances of the furan type and compounds contain-
ing an & ,B-unsaturated §-lactonic grouping.

The constituents of coltsfoot rhizomes (rhizomes of P.

officinalis Moench.) 1initially isolated by Novotny et al, were

furanopetasin (42), (48), eremophilenolide (43), (48,49), and

petasitolide A and B (44), (48,50). From the rhizomes of

HOHSC
. OR \'__/\'/K
i i | A

Petasites albus (L.) Gaertn., this same research group
(51,52) identified two more eremophilane sesquiterpenes,

albopetasin (45) and petasalbin (46).
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Additonal research brought forth the discovery of several
more new sesquiterpenes of the eremophilane type such as
hydroxyeremophilenolide (47), (52), furanoeremophilane (48),
(53), and the main component of coltsfoot rhizomes,

furanopetasine (49), (S4). In addition, there were some

hydrocarbons (55) isolated along with the sesquiterpenes.
These differed very slightly between the two plants.
Novotny and Herout (56) examined the constituents of the

rhizomes of Petasites japonicus from a plant located in

Bohemia and found the components to be nearly identical to
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those in P. albus. Lukes and Komeré {(57) have reported the
separation by gas chromatography of ten of the sesquiterpenes
found in P. off.

The structures c¢f most of these new eremophilane
sesquiterpenes were elucidated (58) by conversion of the oxy-
gen containing compounds into 8, 12-oxidoeremophilane (50).

On hydrogenation and on hydrogonolysis,'some compounds {ere-
mophilenolide (43), petasalbian (46), and fqranoetemophilane
(48) ) afforded the hydrocarbon eremophilane (34) which, for

comparison purposes, had been prepared from

P

20 4

hydroxydihydroeremophilone.

The above communications are summarized, a listing of
the physical properties of the newly discovered compounds is

cies is elaborated upon by Novotny et al.in references (58,

59).
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By 1971 Naya and his coworkers (60) had isolated fifteen
components from the rhizomes of P. japonicus Maxim. These
included four known and six unknown furanoeremophilones. The
six new furan derivatives were obtained by glc and repeated
column chromatography. The new sesquiterpenes were named
petasalbin methyl ether (51), furanofukinol (52},
6-acetylfuranofukinol (53), 6-angelylfuranofukinol {(54), S-

furanopetasitin {35), and furanojaponin (56).

OCHs OR
WOR’
0
H . H
2 R R’

RN
5
]

OAng

Although exhaustive isolation procedures have been
carried out on both E. off. and 2. jap., eremophilane
sesquiterpenes are continually being found and identified.

In 1971 Naya and his coilaborators (61,62) isolated four com-
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pounds from P. jap., all of them being related to the
sesquiterpene fukinone (41). The structure of petasitolone

(57) was confirmed by synthesis from fukinone (él).

1 HO

H H
1l "7

-

Eremofukinone (58), 9-acetoxyfukinonolide (59), and S-japonin
(60) are three of the more exotic compounds found in this

plant. Their structures were validated by chemical and spec-

troscopic methods.
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It is quite easy to see that the number of eremophilane
sesquiterpenes is growing at a fantastic rate. This manu-

script is concerned only with those sesquiterpenes coming

list of compounds is too extensive to discuss each one indi-
vidually. Many other eremophilane sesquiterpenes have'also
been isolated and for a complete tabulation of these, the
reader may consult the superlative vorks of Ourisson et al.
(63) and Devon and Scott (64).

Oour study now narrows from the obtuse to the acute. The
remainder of this manuscript will be concerned with the ap-
proaches to the stereoselective synthesis of petasin (10) and
isopetasin (39). A pathway to a whole class of new sesqui-
terpenes would be created by the synthesis of these two conm-
pounds. Then, the biological activity of these materials
coulid be thorougGaly iavestigated, their structures couid be
confirmed by total synthesis, and perhaps some insight could
be gained as to their biogenetic origin. The judicious
synthesis of petasin (10) and isopetasin (39) thus appears to

be an ideal challenge for an aspiring organic chemist.

Alkylation of 2,3-Dimethylcyclohexanone
The literature abounds with methods for the preparation
of octalones from 2-methylcyclohexanone. One of the first
was reported by E. C. duFeu, F. J. McQuillan, and R. Robinson

(65) in wvhich 2-methylcyclohexanone vas condensed wvith
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4-chloro-2-butanone (a precursor for the in situ genmeration
of methyl vinyl ketone) employing sodium methoxide as a base.
Yields in this instance were only 15-20%. The use of

Mannich bases (66-70), and an increase in the sophistication

of reaction techniques, raised the yield to 42%. Employing

N base

+ —_—

0 N

(or precursor) 61

catalytic amount of base (71,72) was found to minimize the
unwanted side reaction of self-condensation of the methyl
vinyl ketone and vields of 61 were increased to a consistent
55-60%.

It was expected that the yields of the condensation
product of 2,3-dimethylcyclohexanone (62) with methyl vinyl
ketone would be analogous to those discussed above. Berger,
Frank-Neumann, and Ourisson (73a) discovered that this wvas
not the case, as they realized yields of only 15% (73b) in
this particular reaction. Furthermore, octalone 63 consisted

of a mixture of two epimers in a ratio of approximately 3:2
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3 —0

62 | €3¢, cis

63t, trans

It was quite evident that for a practical synthesis of

octalone 63c or 63t, a different synthetic procedure was

needed.

To circumvent this problem some workers have condensed
methylcyclohexanone with methyl vinyl ketone first, and then
introduced the second methyl group in a subsequent series of
reactions. Such a synthetic scheme was utilized by Church,
Ireland, and Shridhar (74) in their synthesis of
cis-3,4,4a,5,6,7,8,8a-octahydro-t-6~-hydroxy-r~4a,c-5~
dimethyl-2(1H) -naphthalenone (64). Coincidentally, their ob-
jective in this synthesis was to develope a potentially
useful intermediate for the total synthesis of petasin (10).
The sequence 1is outlined on Chart II.

The starting material in this scheme is octalone 16
which was obtained by the condensation of Z-ﬁethylcyc-
lohexane-1,3-dione with methyl vinyl ketone followed by a

selective reduction with sodium borohydride. Decalone 65 was
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Chart II
0
0
\ NaBH4
OH 0
1) Pa/C, H
2y H0 OH,H' MeLi
—_—
3) Jones.

~Hp0 1) BHTHF
—— —
<S:TL\\V//1\\"/J 2) Jones
0 H
67
0
1) Li/NHs \WOE
2) B
H
64



36

prepared by catalytic reduction to the g¢cis-ring systenm,
ketalization of the saturated ketone, and oxidation of the
alcohol with Jones reagent (75). Treatment of the cis-
ketoketal 65 with methyllithium effected the introduction of
the second ‘methyl group and afforded a 65% yield of the
crystalline alcohol 66, which was readily dehydrated to
olefin 67. The next step involved the use of a hydroboration
reaction developed by Brown et al, (76). When olefin 67 was
treated with boron hydride tetrahydrofuranate followed by
alkaline hydrogen peroxide, and the resulting alcohol was
oxidized with Jones reagent (75), there resulted a 71% yield
of the cis—decalone 68. Reduction of decalone 68 with 1lithi-
um in liquid ammonia, followed by ketal cleavage, afforded
hvidrcxyketone 64, which these authors described as the key
intermediate in the synthesis of petasin (10).

Unfortunately, the sequence was carried no farther as there
apparently was no practical means for the introduction of a
double bond a, 8 to the carbonyl group.

Piers and coworkers (77) desired dimethyl octalone 63c
as a starting material for their synthetic proof of the
stereochemistry of the sesquiterpene aristolone (63). They
attempted the Robianson annulationr of 2,3-dimethylcyc-
lohexanone (62) with both methyl vinyl ketone and
4-diethylamino-2-butanone, but were unable to obtain the

alkylated material in any better than 15% yield.
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Since Piers was interested only in the cis isomer, that meant
a yield of approximately 9% plus some laborious glc work in
order to separate the two epimers. This poor overall yield
prompted a search for a better synthetic route. As an alter-
native method for the prepacation of octalone 63c, Piers and
his collaborators (77,78) developed the scheme outlined in
Chart IIT.

in essence, a substituted 2,3-dimethylcyclohexzanone was
prepared in which alkylation could be forced to occur at C-2.
Alkylation of the blocked ketone 70 with ethyl 3-bromo-
propanoate produced, in 86% yield, a mixture of keto esters
71. The n-butylthiomethylene blocking group uasvremoved,
vith concomitant ester hydrolysis, in the normal manner
(potassium hydroxide in hot, aqueous diethylene glycol). The
product, a mixture of keto acids 72 was obtained in 90%
yield. Lactonization of 72 with acetic anhydride and sodium
acetate afforded a 9:1 mixture of 73c and 73t in 85% yield.

The desired epimer, 73c was obtained in 80% yield upon
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Chart III
Pt ,HOAc C[ CrOs @
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BT( CHz ) 2C0zFt
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recrystallization from hexane. Treatment of 73c with
methyllithiam at -25° for 1.75 hours, foliowed by a base-
catalyzed aldol condensation, afforded the cis-dimethyl
octalone 63c in 70% yield. The overall yield of pure, cis-
octalone 63c, based on 2,3-dimethylcyclchexanone (62), vas
improved from 9% to approximately 30%.

Piers procedure for making u,ua,s,6,7,8—hexahydro—g—ua,
c-5-dimethyl-2 (3H)-naphthalenone (63c) has been incorporated
into the synthesis of several natural products. The total
synthesis of racemic fukinone (41) and of (+)-hydroxy-
eremophilone (74) by Pinder and Torrence (79) exemplifies the
use of octalone 63c. These workers, however, used the
methylanilinomethylene compound 75 as a synthetic intermedi-
ate rather than the p-buthylthiomethylene analogue 70, wvwith
no siqnificant changes in yields. Piers et al, (80,81) have
also used octalone §3c for the stereoselective synthesis of

(+) -fukinone (41) and (+)-eremophilenolide (43).

CH-NMePh
| ] ‘ Il - '
O .
s R \
H
H R=H
R = CH>2CH-CO2C-Hs

T4 15 43
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RESOULTS AND DISCUSSION

Introduction

The primary intention of our research was the prepara-
tion of a viable intermediate conducive to the synthesis of
petasin sesquiterpenes. Des—-isopropylidenepetasol (15) was
deemed to be such a suitable precursor, and its synthesis is
discussed in the first part of this section.

The second part of the discussion is concerned with the
adaptability of synthon 15 for the preparation of petasin
(10). Although petasimn (10) itself was not made, the ap-
proaches towards its synthesis will be thoroughly reviewed.

In the final part of this section we shall elaborate
upon the total synthesis of the natural product

(t) -isopetasin (39).

Synthesis of (it)-Des-isopropylidenepetasol (15)

WOF

//A\\jjy\\\///
0
15
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Our initial synthetic goal was to prepare a suiltably
substituted dimethylcyclohexanone wvhich could be condensed
with methyl vinyl ketone to give the desired octalone, des-
isopropylidenepetasol (15). The starting material selected
for this synthesis was the commercially available 2,3-dime-
thylphenol (76). Diazotization of 76 with p~benzene
diazonium sulfonate, followed by acid hydrolysis, oxidation,
and steam distillation afforded benzoquinone 77 in 55% yield
(82). VYields could be improved to 75% when the intermediary
aninophenol was added in small portions and the oxidant re-
placed after each addition (see the experimental section for

details).
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A one-step procedure employing chromyl chloride as the
oxidizing agent has béen reported by Strickson and Leigh (83)
for the general conversion of phenols to benzoquinones.
OUnfortunately, when 2,3-dimethylphencl (76) was treated with
chromyl chloride, 77 was formed in only a 13% yield.

Teuber and Rau {(84) developed a facile procedure for the
synthesis of benzoquinone 77 by reacting 2,3-dimethylphenol
(76) with "Fremy's salt", Ralthough this reaction gave con-
sistent vields of 75%, the high cost of “Fremy's salt" made
its use, in the early stages of a synthetic sequence,
prohibitive.

Attempted catalytic reduction of benzoquinone 77 with
either Rh/Al,0z0r W-2 Raney nickel (85) afforded only
intractable material. The quinone 77 was therefore
chemically reduced in 95% yield with zinc in acetic acid
(86). The resultant hydroquinone 78 has also been prepared

directly from 2,3-dimethylphenol (76) (87). Yields are

Zn
HOAc
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less than 10%, hovever, as the aminophenol 79 is extremely
unstable being readily converted to intractable material in

the presence of air and moisture. Purther reduction of 1718

&

1) "N2-CeHs-SOsH OH 1) snc1., HC1

- 2) NaNO HC1

_]é o ) e 2> y ﬁ
2 ) Na>S204 HzN 3) H30+

with W-2 Raney nickel (85) for 96 hours at 1709 and 2000 psi

of hydrogen afforded diol 80 in 91% yield.

OH OH
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At this point in the sequence a need arose to differen-
tiate the two alcohol functions while simultaneously
protecting one hydroxyl moiety. A selective oxidation, ac-
cording to the published procedure of Stolow and Groonm (88),
of 80 was attempted with Jones reagent (75), however the
major products recovered were diketone 81 along with un-

changed starting material. Benzoyl chloride was then used

|
.0 "rﬂOC-CsHS

HO

to try to selectively benzoylate the diol (89). Although
benzoyl alcohol 82 could be obtained in 62.5% yield, its use
was pursued no further as it wvwas found not to be stable to
the basic conditions present in subsequent reactions.

Since many protecting groups are not compatible in both
acidic and basic media, it became necessary to employ 2
blocking group which was stable to these reaction conditionms
and yet was easy to remove. An ideal blocking group appeared
to be the benzyl function, which could later be removed by

catalytic hydrogemation. Initial trials with diol 80,
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utilizing n-butyllithium and benzyl bromide as reagents,
afforded alcohol 83 in only 30-35% yields. The mono-sodiunm
salt of diol 80, on the other hand, gave benzyloxy alcohol 83
in 60% yield. Oxidation of 83 with a sodium dichromate solu-

tion in ether gave benzyloxy ketone 84 (82%).

NaoCro0
2) PhCHzBr HoS04
HO 0
83 84

Berger, Frank-Neumann, and Ourisson (73a) have reported
that the condensation of 2,3-dimethylcyclohexanone (62) with
methyl vinyl ketone gives a mixture of c¢cis- and trans-
octalones 63c and 63t (3:2 mixture), however the reaction

affords bicyclic material in very poor yield (73b).

Hi
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Based on these results, we anticipated similar yields of
dimethyl octalone when using ketone 84. Unfortunately, at-
tempts to effect the annulation of benzyloxyketone 84 with
methyl vinyl ketone (potassium hydroxide, ethanol) under a
variety of conditions (90), gave no trace of the desired
bicyclic material. The use of other solvents such as
dioxane, dimethylformamide, or dimethyl sulfoxide with sodium
hydride also proved unfruitful (91).

The success of Stork et al (92) and Ohashi et al, (93)
vith substituted 4-halomethylisoxazoles as annulating agents,
prompted us to try the alkylation of 84 with 4-chloromethyl-

3,5-dimethylisoxazole (85). The product, however, wvas

Cl CHsa

/

@
N

85

Ha

derived from alkylation at C-6, rather than at the desired
methyl carbon, C-2. The ketones which Stork and Ohashi
alklylated had an a-hydrogen that was much more acidic than
the hydrogen at C-2 in 84. Blocking the C-6 methylene group
of 84 [iso-propoxymethylene blocking group (94) ] results in

the complete failure of the alkylation.
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At this juncture, it seemed apparent that the C-2 hydro-
gen in 84 is either less activated or more sterically
hindered than the C-2 hydrogen in 2-methylcyclohexanone.
This is substantiated by the fact that yields of 50-60% are
routinely obtained with 2-methylcyclohexanone, while ketone
84 gives no alkylated product when treated with methyl vinyl
ketone. This difference can be attributed partially to the
steric crowding caused by the additional methyl group and
benzyl ether in 84. These substituents may well hinder the
approach of the base used in forming the enolate. It seems
unlikely, however, that this could account for a decrease in
yield of 60%. The major component of 84, the cis isomer
[approximately 80%, (95) ] will probably have the

stereochemistry shown below. Proton removal in this

e
H]—}(\ Base Base

RO

Ha . Ha

case should be no less favorable than in 2-methylcyclohexa-
none. A reasonable explanation for the wide variance in

vields during alkylation of 2-methylcyclohexanone and ketone
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84 is currently unkno¥n.

In an attempt to obviaté this alkylation problem, the n-
butylthiomethylene blocking group (96) was investigated.
Treatment of benzyloxy ketoné 84 with sodium methoxide and
ethyl formate in benzene afforded hydroxymethylene ketone 86
in 75% yield (94). Reaction of 86 with 1-butanethiol and p-
toluenesulfonic acid in benzene readily gave n-butylthio-

methylene ketone 87 in 96% vield. The addition of methyl

CHzoPh OCHzPh
84 1) HCOzE'tI Q_-_B_ILS_H__._
— 2) NaOCHs p-TsOH
0
CHOH CH-S-n-CqHs
86 87

vinyl ketone to 87 gave only intractable material. Conden-
sation of 87 with acrylonitrile resulted in the formation of
addition product 88, but it was obtained only in poor yields

(5-18%) .
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OCHzPh

CHS-n-C4He

Piers and his collaborators (73) have recently reported
the use of ethyl 3-bromopropanoate as an alkylating agent in
systems somewhat analogous to 87. Thus, reaction of 87 with
ethyl 3-bromopropanoate and potassium t-butoxide in t-butyl
alcohol afforded, in high yield, a stereoisomeric mixture of
keto esters 89. At this point in the synthetic sequence, the
relative stereochemistry of tke benzyloxy and methyl group
was unknown and irrelevant. No attempt was made to charac-
terize or separate these isomers, as it was intended that
future stereoselective reactions would afford the desired

stereochemistry depicted in structure 15.

The

b

n~hntvithiomethylene blocking group of 89 was
removed, with concomitant ester hydrolysis, in 25% agueous
potassium hydroxide and ethylere glycol. A mixture of crude

keto acids 90 was obtained in 86% yield. This mixture vas
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OCHoPh
87 Br(CH2)2C02Et 25% KOH
02E
HO OH
CHS-E—C4H9
89
OCH»Ph :
OCHsPh
Ac20 2
NaOAc
02H 0
90 91

refluxed in acetic anhydride containing sodium acetate
affording, in 60% yield (based on 84), a viscous liquid
consisting of a mixture of isomeric lactones 91. One isomer
could readily be obtained in 60% yield from the mixture by
careful crystallization from n-hexane. The stereochemistry
of this white so0lid was not determined, but spectral and
chromatographic data indicated that it was stereochemically
homogeneous. Solid lactone 91 was extremely labile, being

converted to acid 90 and two unidentified materials in the
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presence of air and moisture.

Several modes of annulation via enol lactones have been
cited in the literature (97-99). Treatment of enol lactone
91 with methyllithium, for example, gave octalone 932 in low
and non-reproducible yields (typically 5-25%). A prepon-
derance of alcohol-containing product was obtained in this
reaction, presumably due to "di-addition" of methyllithium to
enol lactone 91. Milder reaction conditions (shorter reac-
tion times and/or lower temperatures) resulted in the recov-
ery of hydrolyzed starting material (i.e., keto acid 990).

Henrick and his coworkers (97) have reported the reac-
tion of phosphonate anions vith enol lactones in the prepa-
ration of cyclic a ,8-unsaturated ketones. Exposure of
lactone 91 to one equivalent of methylene-triphenylphos-
phorane in dry tetrahydrofuran, followed by treatment of‘the
resultant oil to the basic conditions of.an aldol condensa-
tion, afforded octalone 92 in 26% yield. Due to the low
yield, this procedure offered no improvemernt over the one
employing methyllithium described above.

According to the original procedure developed by Gilman
and Van Ess (100), treatment of acetal 93 [obtained by using
the scheme of Piers et al (77) ] with excess methyllithiunm
qave methyl ketone 94. Removal of the acetal moiety under
acidic conditions followed by self-condensation of the re-

sultant methyl ketone, gave octalone 63 in 5 to 20% yields.
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This variablility is common for reactions which involve
methyllithium and has generally been attributed to the vary-
ing degrees of decomposition of the stock solution. In any
case, due to the relatively low and non-reproducible yields
obtained in the preparation of ketone 94, an alternative
method was investigated.

The reaction of 91 with methylmagnesium bromide (101)
gave none of the undesired alcohol by-product prevalent with
methyllithium, and gave the desired material in excellent
yield. Thus, treatment of enol lactone 91 with methylmag-
nesium bromide in dry ether and benzene at -50° for 1.5
hours, followed by acidic hydrolysis, afforded hydroxy ketone
95 in 98% crude yield (99). Structure 95 is proposed from
spectral data which indicates the presence of an alcohol and
carbonyl function, as well as a singlet at § 1.28 in the nar
spectrum, indicative of a tertiary methyl group. Signifi-

cantly, no methyl ketone absorption is seen in the nar
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spectrum of 95, thus precluding a structure such as methyl
ketone 96. Results obtained by Fujimoto and coworkers (102)
with phenylmagnesium bromide and several enol lactones
corroborate the proposed structure 95. Base-catalyzed
opening, followed by re-cyclization, and dehydration of 95
gave, in addition to a small amount (12%) of keto acid 90,

octalone 92 in 85% yield.

CHoPh OCHzPh
CHMeBr KOH
CHs0H
0
HO Ha
91 95
' OCHzPh ' OCHzPh

HaC 74
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Octalone $2 was constructed in such a manner that the
C-5 methyl group was potentially epimerizable. We felt that
conversion of the benzyloxy group to a ketomne, followed by
treatment with base should affix the C-5 methyl group in its
most stable configuration; i.e., equatorial and thus ¢cis to
the anqular methyl group. To this end, the a,B-unsaturated
ketone 92 was protected by reaction with 1,2-ethanediol and
p-toluenesulfonic acid in benzene to give a mixture of
acetal 97 and unchanged octalone 92 (9:1 ratio by comparison
of vinyl protons in the nmr spectrum). The protecting benzyl
ether could now be cleaved to alcohol 98 by reductiox with

sodium, ammonia, and ethanol (81% yield based on 92).

]
Q
u s
n
)
o3

Alcohol 98 was readily oxidized with Jones reagent (75)
to give ketone 99 in good yield. The nmr spectrum of ketone

99 indicated no loss of the acetal group under these slightly

acidic conditions.
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Treatment of ketone 99 with base under‘an epimerizing
environment resulted, unfortunately, in migration of the
double bond into conjugation with the carbonyl group. It had
been hoped that such a migration would not be a problenm,
owing to the greater stability in some systems (103), of a
tri-substituted double bond as opposed to a conjugated di-

substituted double bond.

The aforementioned difficulty would not exist if the
carbonyl gqroup in 92 were protected with a group which does
not enhance double bond migration. A potentially useful
protecting group is the semicarbazone derivative of the a,B-
unsaturated ketone. Treatment of 4,4a,5,6,7,8-hexahydro-d4a-
methyl-2(3H)-naphthalenone (61) with semicarbazide

hydrochloride afforded semicarbazone 100 in 73% yield.
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@ H
NHz -C-N-

61 100

The sezicarbazone4derivative 100 was found to be impervious
to lithium in ammonia, the conditions under which we hoped to
cleave the benzyl ether 1in 92.

Semicarbazones 101 and 102 were then prepared to insure
the survival of the semicarbazone group under conditions known

to cleave the benzyl ether. When 101 and 102 vere reacted

with lithium in ammonia, however, only starting material

OCH2CgHs OR

P
o

N-N-C-NHz N-N—Q—NHZ
H H
101 102, R = CHzPh

103, R

Il
fo




57

was recovered. The semicarbazones 101 and 102 vere not
soluble in the typical solvents used for "Birch-type" reduc-
tions. Employment of a sodium-ammonia-ethanol mixture was
also unsuccessful.

The catalytic reduction of 102 (Pd/C, Hz) afforded
alcohol 103 im virtually quantitative yields. For our pur-
poses, this cleavage would be profitable only if it were much
faster than the reduction of the endo-cyclic double bond in a

compound such as 104. Semicarbazone 104 was prepared fromn

.OCHzCgHs

HgN-@—N-

H 104

octalione 52 in 71% yield. 7This derivative was hydrogenated
over P4d/C until the uptake of one equivalent of hydrogen was
recorded. An examination of the product revealed that reduc-
tion of the endo-cyclic double bond had occurred much faster
than hydrogenolysis of the benzyl ether. Similar results
vere obtained with hydrogenation of octalone 92. At this
stage, the work with semicarbazones was abandoned in favor of

a more profitable approach.
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We believed that the major isomer in the mixture of

octalones 92 is the one with all substituents cis (i.e. 92¢).

OCHz-CeHs

This opinion is somewhat confirmed by the findings of Piers
et al (77), in which the cis isomer of 63 predominates over
the trams, 9:1, and Ulery and Richards (85), who have found
that the reduction of 2,3-dimethylphenol (75) leads to a mix-
ture of isomers, with 82% of the mixture being the all cis
diastereomer. There are also precedents in the literature
(104) which indicate that the conditions of the Jones
oxidation (75) may have been acidic enough to cause
epimerization of the C-5 methyl group. Indeed, gas phase
chromatography indicated that ketone 99 was nearly homoge-
neous, while alcohol 98 wvas not.

With the above facts in mind, ketone 99 was reduced with
lithium and ammonia to stereoselectively afford the more
stable alcohol 105 (74). The ethylenedioxy protecting group
was removed by acidic hydrolysis (acetone, water, and p-

toluenesulfonic acid), giving crystalline des-isopropylidene-
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petasol (15) in 46.4% yield (based on 99). ©Nar and ir

spectra of this material are exhibited in Figure 1.

\\\OR
g _Li/NHg
106, R = Ts
OH
A\
H30+ \
CHaz- @ CH3

In order to ascertain the relative stereochemistry of
the methyl groups in 105, it was converted to octalone 63c of
known stereochemistry. Treatment of hydroxyacetal 105 with
p-toluenesulfonic chloride in pyridine gave tosylate 106,
which was reduced with lithium aluminum hydride in refluxing
ether. The major product, isolated by column chromatography,
was shown to be dimethyl octalone 63c by comparison of its
ir, nmr, and its chrcmatographic mobility with an authentic

sample prepared by an independent route. It would seenm,



Figure 1. Spectra of des-isopropylidenepetasol

Top: 60 MHz nmr spectrum of des-iso-
propylidenepetasol
Bottom: Infrared spectrum of des—iso-

propylidenepetasol
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therefore, that either epimerization of the C-5 methyl group
occurs during the oxidation of alcohol 98 or that alkylation
of ketone 88 results predominantly ip a cis-dimethylester
vhich is carried through the synthetic sequence as the major
isomer.

The stereochemistry of all asymmetric centers in
Lhydrocxyketcne 15 vas confirmed by catalytic hvdrogenation
(palladized carbon in absolute ethancl) giving a white,
crystalline material which was identical by ir, amr, and
mixed melting point with an authentic sample of 107.1 The ir
spectrum of synthetic 107, shown in Figure 2-top, compares
quite favorably with the ir spectrum of the authentic materi-

al displayed in Figure 2-bottonm.

iJye are very grateful to Professor R. E. Ireland fot a
small sample of this compound.



Figure 2. Infrared spectrun of cis-3,4,4a,5,6,7,8,8a-octahydro~-t-6-
hydroxy-r-4a,c-5-dimethyl-2(1H) -napthalone (107)
Top: Synthetic material

Bottom: Authentic sample
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\\\OH
pPd/C, H
15 __é._’__%—

The above comparison authenticates the stereochemisfry
of 15, and therefore makes it much easier to determine the
confiquration of the asymmetric centers in the precursors of
this compound. As noted earlier in the text, approximately
60% of lactone 91 could be crystallized from hexane as a ho-
mogeneous solid. This solid was treated with methylmagnesium
bromide (101) and then potassium hydroxide in methanol to
give octalone 92 as a white solid. The nmr spectra of
lactone 31 and octalcmne 92 are reproduced in Figure 3. The
acetal of 92 was prepared, the benzyl ether cleaved, and the
acetal removed to afford octalone 15x, a diastereomer of 15.
NET, ir, melting point, and glc data indicated that solid 15x
was not identical with des-isopropylidenepetasol (15). Thus,

there are three possible stereoisomers for 15x:



Figure 3.

Nmr Spectra

Top:

Bottom:

60 MHz nmr spectrum of 6-benzyloxy-
4a,5,6,7-tetranydro-4a,5-dimethyl-
hydrocoumarin (91)

60 MHz nmr spectrum of 6-benzyloxy-
4,4a,5,6,7,8-hexahydro-4a,5-dimethyl-
2 (3H) -naphthalenone (92)
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91 92, R = CHxPh
15x, R = H
L R :li S0H
Z i i 0
15a 15b
~ OH
15¢

Wenkert and his coworkers (105) have done some interest-
ing work concerning pyridine-induced solvent shifts in the
amr of hydroxylic compounds. They found that in saturated
cyclic systems, methyl groups occupying positions

1,3-diaxial, vicinal, or geminal to a hydroxyl function are
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deshielded. 1In S-androstane-2,17-diol (108), for example,
the chemical shift of the angular methyl group is 0.3 ppm

farther upfield in CDCls than in CsDsN. A 1,3-diaxial

OH CHsa

108

interaction of an anqular methyl and an alcohol in steroidal
systems, consisteatly gives chemical shift differences of
~0.2 to -0.4 ppm for the angular methyl group (where chemical
shift, A= 6CDCls-6CsDsN) - If the alcohol were equatorial, the
maximum shift observed was -0.05 ppm.

A shift of -0.18 ppm was observed for alcohol 15x which
is slightly lower thanm the minimum value of -0.2 ppm seen in
steroids. The smaller downfield shift was expected as the
ic deunbkle bond in this svstem tends to increase the
ipter-nuclear distance between the methyl group and the

alcohol. These results eliminated 15a as a possible stereo-

isomer.



70

In order to elucidate the relationship between the
methyl groups in 15x, the acetal was prepared and attempts
were made to convert the hydroxyacetal to the corresponding
tosylate. OUOanfortunately, the only product isolated was the
starting alcohol. Since the tosylate of acetal 105 formed
quite readily when treated with p-toluenesulfonyl chloriie,
it would seem that compound 15x must have the alcohol located
in the more hindered axial configuration. Reaction of 15x
with methanesulfonyl chlcoride afforded the mesviate which was
inmediately treated with lithium aluminum hydride. The re-

sulting crude oil wvas chromatographed to yield, as the only

identifiable product, octalone 63c (30% from 15x) . These
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findings substantiate the initial suggestion that solid 15x
is identical with the cis isomer 15b, and thus this provides
a convenient, stereoselective synthesis of des-isopro-

pylidenepetasol (15).
Attempted Preparation of (t)-Petasin {10)

The availability of des-isopropylidenepetasol (15) made
the synthesis of petasin (10) much more feasible, Precursor
15 had to be modified only by the introduction of an
isopropenyl group "“a" to the carbonyl group, followed by

esterification of the secondary alcohol with angelic acid.

! \\\OH )-L_‘

—— e - - G~

Due to the "priceless"™ nature of alcohol 15, all reactions

leading towards the introduction of an isopropenyl moiety
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were initially carried out on the more accessible octalones,
61 or 63c.

A convenient route for the synthesis of isopropenylic
terpenes was devised by 0. P. Vig and his collaborators (106,
107) . These workers reported the synthesis of u-isopropenyl-.
cyclohexanone (109) in 65% yield by the reaction of
ketobromide 110 with lithium diisopropenyl cuprate (111) in

anhydrous tetrahydrofuran at temperatures below 0°.

N\
+ \ cu® 13® THE o
<0°
2 .

110 111

A
X

Br

~~

N
\n
o
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were initially carried out on the more accessible octalones,
61 or 63c.

A convenient route for the synthesis of isopropenylic
terpenes was devised by 0. P. Vig and his collaborators (106,
107) . These workers reported the synthesis of u-isopropeny1~>
cyclohexanone (109) in 65% yield by the reaction of
ketobromide 110 with lithium diisopropenyl cuprate (111) 1in

anhydrous tetrahydrofuran at temperatures below 09,
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In addition, Vig and his covorkers reported several other
transformations which involved replacement of a halogen by an
isopropenyl group through reaction of the halide with lithiunm
diisopropenyl cuprate (111). For example, the synthesis of
racemic pentadiene (112) was accomplished by treatment of
1-methyl-4-bromocyclohex-1~ene (113) with lithium diisopro-
penyl cuprate. Also, racemic isopulegone (114) was prepared

in 60% yield from 2-chloro-5-methylcyclohexanone (115).

+ \ cu® 11® T e
<0°
2

a4
113 111

I (80%)

112
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0 2
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(60%)
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1

Finally, methyl styreme (116) was prepared by reaction of

bromobenzene (117) with excess lithium diisopropenyl cuprate.
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+ \ 0 1% e
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117

(85%)

N
116

These results indicated the extreme versatility of the.
replacement reaction as outlined by Vig et al, (106,107 .

In order to introduce an isopropenyl group at C-3 in
octalone 61, some type of functionality had to be initially
introduced at that position. Since the replacement of a
halogen by an isopropenyl moiety is well documented, an &-

bromoketone such as 118 seemed to be a logical precursor to

the desired octalone 119.
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18 119

Brominations at positions & to a ketone, if there are no
double bonds elsewhere in the molecule, have been done rou-
tinely with bromine in acetic acid. This isvobviously impos-
sible using octalone 61, since the double bond will react
with bromine as well as the a-carbon. We had hoped to
overcome this probiem by utilizing pyrrolidone hydrotribro-
mide, which has been used to selectively brominate ketones in
compounds which contain an olefinic linkage. Avang and Wolde
(108) treated 120 with pyrrolidone hydrotribromide and ob-
tained an @ -bromoketone in good yield with no addition of
bromine to the double bond. Chapman and Tome (109) treated
ketone 121 with pyrrclidone hydrotribromide and observed

bromination exclusively at C-2.
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CH=CH—@—CH3

120 121

Repetition of the above reaction with octalone 61 re-
sulted in bromination of the double bond as well as cther
unvanted side reactions. Glc indicated the presence of ap-
proximately seven compounds which were inseparable by colunmn
chromatography. If this mixture was allowed to stand at roon
temperature for six hours, it was converted to a black,
intractable material. Attempted bromination with tri-
zmethylphenylammonium perbromide (110,111) and pycidinium
hydrotribromide (112) gave similar results, It appears that
there is no selectivity exhibited by these brominating agents
wvhen reacted with octalone 63c.

Johnson and his coworkers (112) prepared bromocacetal 122

Hy

by first forming the acetal iZ3 from the saturated decalcone.
Bromination with trimethylphenylammornium perbromide afforded
2-bromoacetal 123 in good yields. Even higher yields of a-
bromoacetals could be obtained when pyridinium hydrotribro-

mide was employed as the brominating agent (110, 111).
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Thus, acetal 124a was readily prepared from octalone 61
and treated with pyridinium hydrotribromide according to the
procedure of Keith (111). The material isolated appeared to
te homogeneous, however it rapidly decomposed when allowed to
stand at room temperature. Bromoacetal 124b was therefore
immediately treated with lithium diisopropenyl cuprate with
the intention of generating an isopropenyl moiety o to the

acetal. However, an examination of the product revealed
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the presence of olefinic material as well as starting acetal.
Solubility as well as stability problems influenced our
decision to try a different approach towards the generationmn
of an isopropenyl group.

Piers and his collaborators (81) developéd the procedure
outlined below for the preparation of g -keto ester 125 from

dimethyloctalone 63c.

PRSI
~
0
63c, R = Ha 127, R = CHO
126, R = CHOH 128, R = CQ.H

CHa02
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Conversion of the dimethyloctalone 63c into the corre-
sponding hydroxymethylene derivative 126, followed by
dehydrogenation of the latter with 2,3-dichloro-5,6-4di-
cyanobenzoquinone in dioxane afforded, in 73% yield, the
cross-conjugated keto aldehyde 127. Oxidation of compound
127 with silver oxide and esterification of the resultant
carboxylic acid 128 with silver oxide and methyl iodide gave

the keto ester 129 in 86% overall yield. Reduction of 129

ith sodium borohvdride in pyridine gave, in 87% yield, the
B-keto ester 125.

Althouqh it works, the above sequence requires five
steps to give 125 ipn an overall yield of 55%. We felt that
the preparation of an intermediary B-keto ester would be much
more feasible if carried out in only one step from the
octalone. This route was therefore investigated.

Carbomethoxylation of a non-conjugated ketone nay
readily be accomplished by treatment of the ketone with
dimethylcarbonate in the presence of sodium hydride. This
procedure i; adequately outlined by Rhoads (113) and Krapcho
{114} and their resnective coworkers. However, in neither
case is the carbomethoxylation of an &, B-unsaturated ketone
discussed.

B-Keto ester 125 was prepared in 69% yield from 63c by
reaction with three equivalents of sodium hydride and two

equivalents of dimethylcarbonate in benzene. The concen-
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CH302C

69%

tration of the coctalcre in benzene was quite crucial as a
very dilute solution resulted in no reaction, and a solution
which was too concentrated effected migration of the double
bond to a postion g,y with respect to the carbonyl group.
Compound 125 solidified after distillation and was identified
by its spectral properties.

The carbomethoxy moiety established a synthon for the
introduction of two more carbon atoms. After protecting the
carbonyl group, it was felt that alkylation of B-keto ester
125 with methyllithium might afford a tertiary alcohol which
could be dehydrated giving the desired isopropylidene group.

g-Keto ester 130, which was prepared in a manner iden-
tical to that described above for 125, was treated with one
equivalent of lithium hydride affording a lithio salt which
we believe has structure 131. Reaction of the lithium salt

with methyllithium gave, as the only isolable product, triene

132. ©Utilization of sodium hydride as a base offered no im-
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proveament in the results.

CO2CHa 0o CH

Li

130 131 132

Consequently, the &, B-unsaturated ketone 130 was pro-
tected by reaction with 1,2-ethanediol and p-toluenesulfonic
acid in benzene to give acetal 133 in excellént yield.
Carbomethoxyacetal 133 was treated with methyllithium

affording tertiary alcohol 134 in a 90% crude yield.

HO

CHSOZCM
= OW ‘ W
s C
133
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At this stage in the sequence, we attempted to remove
the acetal protecting group to obtain alcohol 135. However,

all reaction conditions emplcyed for acetal cleavage occurred
£

with concomitant dehydration of the alcohol to give ketone

A36.
— -
H
134 - - ——
0 0
L 135 | 136

Theobald (115) endeavored to isomerize 137 with hot, 2%
sulfuric acid in ethanol. He observed no reaction under
these acidic conditions, but the use of 0.4 potassium
hydroxide in methanol gave an excellent yield of diketone

138. Ve felt that the acidic conditions used in this reac-

ticn may have been str

e

ngent enough to cleave the acetal in
134 without promoting isomerization of the double bond. With
this in mind, alcohol 134 was dehydrated with thionyl

chloride in pyridine, under conditions known to give the 4di-



84

137 Hot 2% Héso*-.Nb Rxn.

0.4N
—————————
KOH/CHgOH
’, -~
Z “/ = g
CHS CHS
137 138

substituted endo-cyclic double bond (116). Following this
treatment, the acétal was renoved with 2% sulfuric acid and
acetone. Nmr and ir again confirmed the absence of an
isopropenyl group.

Since the double bond of the isopropenyl group in these
systems seemed to have a great propensity to isomerize into
conjugation with the ketone, it was decided to concentrate
our efforts on the conversion of the isopropylidene moiety to
an isopropenyl group. Zalkow and Eilis (117) found that the
double bond in pulegone {(139) could be isomerized to the B8,y
position by treatment with lead tetraacetate. This reaction
afforded keto acetate 140 which we felt could have been con-
verted quite readily to 141 by reduction with calcium in
ammonia as carried out by J. H. Chapman and his coworker

(118) on similar compounds.
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Pb(0Ac) ., _Ca/NHs g
0
=

1o

IH
o=
|._.l

Octalone 142 vas treated with freshly prepared lead
tetraacetate in dry benzene. After five hours at reflux, two
major components were isolated from the reaction mixture.

One compound was starting material while the other was a
ketone in which the acetate functionality had added somewhere

in the ring. ©Nmr showed no vinyl proton a to the carbonyl,

142 (OAc)y
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however nar and ir 4id indicate the presence of an
isopropenyl group. Varying the reaction conditions gave none
of the desired a-acetoxyketone.

House and Trost (119) have done an extensive amount of
research on the nature of the potassium and lithium enolates
derived from cyclic ketones. These workers found that in the
absence of excess ketone, and in the absence of proton-
donating solvents, there is a kinetic preference for ab-
stracting a proton from the less highly substituted a carbon.
This kinetically controlled generatiom of enolate anions was
seen to lead to mixtures of enolate anions in wvhich the less
nighly substituted enolate predominéted. For example,
2-methylcyclopentanone (143) and triphenylmethyllithium,
under kinetically controlled conditions, were found to yield
a mixtyre of enolate anions 144 and 145 (94% and 6% respec-

tivelyj.

Li

]
i

PhaCLi!.
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In accordance with the research of Hcuse and Trost
(119), we tried to prepare enolate 146 by reaction of
octalone 136 wvith triphenylmethyllithium. The major diffi-
culty encounteted in this reaction wvas élearly'the possibili-

ty of isomerizing two double bonds. The isomerization of the

_PhsCld |
~
o“ 110~ NF
156 146

endo-cyclic double bond proved to be much more facile, as the
major product recovered after quenching the enolate was

octalone 147.

PPN
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With a great degree of reluctance, we terminated our ef-

forts to synthesize petasin (10) and decided instead to

concentrate on effecting the synthesis of (t¢)-isopetasin

(3%).
Synthesis of (#)-Isopetasin (39)

The transformation of octalone 63c to octalome 142 was

studied before attempting any reactions with des-isopropyli-

CHz02
B ———  cumaet
ie5

63c

I ]
———;_.—
I0 \

(\v/o

= C02CHa 142
C(CHs)20H

=
= =
O |
» A\¥3
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denepetasol (15). Octalone 63c was readily converted to -
keto ester 125 with sodium hydride and dimethylcarbonate in
refluxing benzene. The carbonyl moiety was protected by for-
mation of acetal 148, which was immediately subjected to
methyllithium in refluxing ether. The resulting hydroxy
acetal, 149, was placed in hot 10% hydrochloric acid and
acetone to cleave the acetal protecting group, folloved by
dehydration of the tertiary alcohol with concentrated
hydrechloric acid in methanol. Chromatography of this
viscous oil over silca gel afforded octalone 142 in 27%
vield.

We anticipated that the scheme used for the conversion
of 63c to 142 could also be applied to the synthesis of
isopetasin (39) from des-isopropylidenepetasol (15). It was
expected that the reaction of 15 with sodium hydride and
dimethylcarbonate would result in an initial abstraction of
the alcoholic proton followed by the formation of an
unsymmetrical carbonate. For this reason, an extra equiva-
lent of sodium hydride and dimethylcarbonate was added to the
reaction miyture with the hope that after the alcohol had
been protected, the B-keto ester would rapidly form. Carbon-
ate 150, however, was the only product isolated under these
conditions, beinqg formed in virtually quantitative yields.
When 150 was treated with three equivalents of sodium hydride

and two equivalents of dimethylcarbonate, no reaction
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0
WOH \\\OJOCH;;
(CHz0)2C=0 -—
NaH

o]

occured. Compound 150 suffered from a lack of solubility in
benzene, but varying the éolvent only resulted in the produc-
tion of intractable material.

This problem was rectified by treatment of des-
isopropylidenepetasol (15) with dihydropyran in methylene
chloride. Tetrahydropyranyl ether 151 was obtained in 77%
vield after purification, and served as a very adegquate

precursor for the introduction of the carbomethoxy moiety.

|w -
n \n
VI Pt
CYR-
il il

fay

CO2CHgz
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Treatment of 151 with sodium hydride and dimethylcarbonate
gave B-keto ester 152 in 0 to 53% yield. As in the model
system, the concentration of octalone 151 in benzene was ex-
tremely critical to the success of the reaction. The ideal
conditions are discussed in the experimental section, however
in no instance did we obtain greater thanm a 53% yield of 152.
The formation of acetal 153 was accompanied by almost
conplete cleavage of the tetrahydropyranyl ether protecting
qrou#. Acetal 153 was treated with methyllithium in
refluxing ether for two hours to give tertiary alcohol 154 in

91% crude yield. The acetal protecting group of 154

CHsozC:\\\r//'\\;’,!\\\l \OH( THP) ?:>L\r,/“\\¥,/l\\\ \W\OH
\
= \W W

13 154

was cleaved, accompanied by the removal of residual traces of
the tetrahydrdpyranyl ether by treatment of 154 with p-
toluenesulfonic acid, water, and acetone. Complete
dehydration of the tertiary alcohol was accomplished in

refluxing methanol containing a trace of concentrated
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hydrochloric acid. The resulting solid, isopetasol (14), was

recovered in only a 3% yield from des-isopropylidenepetasol

(15) .
| (\OH
154 — o
7
14

The nmr spectrum of 14 is displayed in Figure 4 - top.
The ir spectrum of 14, shown in Figure 4 - middle, compares
well with the ir of authentic isopetasol (14)2, reproduéed in
Fiqure 4 - bottom.

Isopetasol (14) was found to be quite unstable when al-
lowed to stand for long periods of time, or when subjected to
a humid environment. An isopropenyl function in a position &
to a carbonyl is known to be quite unstable due to the possi-
bility of its undergoing a reverse-aldol condensation as

shown on page 95 (34).

2§e wish to thank Professor C. Djerassi and Professor C.
J. W. Brooks for their generous gifts of isopetasol.



Figure }.

Isopetasol (14)

Top: 60 MHz nmr spectrum of isopetasol
s

Middle: Infrared spectrum‘of synthetic
isopetasol (14)

Bottom: Infrared spectrum of authentic

iscpetascl (14}
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®on
HO .
\\ \OH \\\OH
e
) H

4
4(’90H
H
\\\OH W OH
et —— R ——
= 0
15
+
CHsﬁ-CHs

This side reaction and the overall imstability of the cém-
pounds in this sequence, account for the decrease in yield as
compared to the model systen.

We had planned to synthesize isopetasin (39) by
esterifying 14 with angelic acid (155). Following the well-
defined procedure of Buckles and Mock (120), angelic acid

(155) wvas prepared from tiglic acid (156) in 18% yield.



CHs

A

\\\C==C
PF/// \\\002H

KOH
CHs0H

acid (156) upon treatment with
heating or storage of 155 also
Due to the acid sensitivity of

catalyzed esterification of 14

96

Bl"g/CCl4
P

Angelic acid (155) was quite unstable,

thought to be untenatle.

hot acid or base.

with angelic acid (155) was

isomerizing to tiglic
Prolonged
effected this transformation.

angelic acid, a normal, acid-

The use of dicyclohexylcarbodiimide for the coupling of
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two hydroxylic components by elimination of water under mild,
neutral conditions, has been extensively reviewed (121)
(122) . Condensations involving carboxylic acids and
alcohols, however, have consistently given higher yields if
the alcohol vere a phenolic derivative. There are very few
references in the literature (121) indicating a successful
condensation with a secondary alcohol and a carboxylic acid
in the presence of dicyclohexylcarbodiimide. In fact, some
reactions with DCC seem to be non-reproducible, working one
time and failing the next (123-125).

Due to these questionable properties of DCC, we
initially used it to catalyze the esterification of
2-methylcyclohexanol with tiqlic acid (156). The only

isolable product had all the characteristics of amide 157.

CH3

/\/OH \ DCCo
l\/‘\ ' \COZH

156

CSHII‘V‘Q'NH‘CSHll

o=i P
=C
cﬁ Nex,

—
Ul
g
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This type of product was not unexpected since Amat and his
coworkers (126) had observed similar intermediates wvhen
esterifying fatty acids in the presence of DCC.

2-Methylcyclohexanol was then treated with angelic acid
(155) and p-toluenesulfonic acid in refluxing benzene.
Surprisingly, the angelic acid (155) did not isomerize to
tiglic acid (156), but unfortunately no ester was detected
either.

Tiglate esters have been used as blocking groups for
secondary alcohols (127). The alcohol is treated with
tigloyl chloride (128) and pyridine in refluxing benzene.
Yields of up to 90% are normally realized for this reaction.

We proposed to attempt the same reaction outlined above
with angeloyl chloride rather than tigloyl chloride. Treat-
ment of angelic acid with thionyl chloride (129) or oxalyl
chloride (130) proved futile, as the major product isolated
was the isomeric tigloyl chloride. Hocking (131) experienced
a similar problem when trying to prepare cis-crotonyl
chloride from the cis acid. He found that all published
methods for the preparation of cis-crotonyl chloride gave a
product contaminated with appreciable quantities of the tranms
isomer. Hocking (131) devised a procedure where successful
preparations of cis-crotonyl chloride were possible using
neat thionyl chloride, carried out as a rapid low temperature

conversion, with immediate purification. Application of this
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scheme to angelic acid (155) was unsuccessful due to our in-
ability to distill the angeloyl chloride from the acidic by-
products fast enough.

In 1909, Rupe (132) reported the synthesis of angeloyl
chloride. Repetition of this published work also gave
tigloyl chloride. A modification of Rupe's (132) scheme re-
sulted in the isolation of reasonably pure angeloyl chloride.
Angelic acid wvas treated with one eguivalent of sodium
hydride at rocn temperature. The resulting sodium salt was
reacted with phosphorous oxychloride. After stirring for one
hour, the solvent was removed at reduced pressure and
angeloyl chloride was isolated in small guantities yia
distillation.

Isopetasol (14) was then treated with angeloyl chloride
in benzene and pyridine. The reaction mixture was stirred
overnight, and the product isolated. The crude product wvas
thoroughly washed with a sodium bicarbonate solution to
remove any acid that may have formed due to hydrolysis of the

acid chloride. The amr of the crude ester indicated a vinyl

{4

proton at § 6.1 ppm. This is indicative of a vinyl protonmn of
an angelate derivative, as opposed to a tiglate compound.
Purification of the crude product by column chromatography
gave isopetasol (14) as well as 3-S5 mg of a light yellow oil.

A high resolution mass spectrum of this o0il indicated the

molecular weight to be 316.2065, which is nearly identical
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with the molecular weight of isopetasin (39), 316.2038.

0
“ CHs»
\\\OC\(':___J:H
CHa
0

39
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EXPERIMENTAL
Reageats
Common solvents and chemicals were obtained from commer-
cial sources and were generally used without purification.
When anhydrous solvents were required, reagent grade materi-
als were treated according to the following:

Diethyl ether {anhydrous) - distilled from a mixture of

sodium~-benzophenone, which displayed a constant purple color.

Tetrahydrofuran - distilled from a mixture of sodium-

benzophenone, which exhibited a constant purple color.
Pentane - dried over anhydrous calcium chloride and dis-
tilled from potassium hydroxide.

p-Dioxane - distilled from calcium hydride.

Dimethylcarbonate - distilled from calcium hydride.

Dihydropyran - distilled from sodium.

Methylene chloride - wash with 5% sodium carbonate,

water, and distilled from anhydrous potassium carbonate.

-~ e

hydride.

Carbon_tetrachloride - distilled from phosphorous

pentoxide.

N, N-Dimethylformamide - distilled from calcium hydride.

1.2 - Dimethoxyethane ~ distilled from either lithium

aluminum hydride or sodium-benzophenone which displayed a

constant purple color.
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Pyridine - distilled from sodium hydroxide.

Characterization of Compounds

811 melting points were determined on a Kofler Micro Hot
Stage melting point apparatus and are uncorrected. Infrared
spectra were taken on a Perkin-Elmer Model 21 Double Beam
Spectrometer, a Beckman IR 12 spectrometer, or a Beckman IR
18A spectrometer. Nmr spectra were recorded at ambient tem-
perature on a Varian A-60 spectrometer or a Hitachi Perkin-
Elmer R20-B spectrometer and chemical shifts are reported as
parts per million (6 scale) from tetramethylsilane as an in-
ternai standard. Mass spectra were determined using an Atlas
CH~4 mass spectrometer with a direct solid inlet systenm.
High resolution mass spectra were determined using an AEI-

MS-209 mass spectrometer. Only the molecular ion is report-

fu

ed. Microanalvses were preiformed by Ilse Beetz Microanaly-
tical Laboratories, Kronach, West Germany.

Whenever needed, chromatographic procedures wvere em-
ployed for separation and purification of products. Micro-
analytical, air-dried, thin-layered chromatography plates
were prepared by immersion coating of microscope slides in a
chloroform slurry of Merck silica gel H obtained from Merck
Distributors, Brinkmann Instruments, Incorporated, Westbury,
New York. Column chromatography was performed on Baker

analyzed silica gel (60-200 mesh). Elution solvents were es-

tablished by microanalytical thin-layer chromatography, and
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column elution wvas followed by thin-layer examination of

consecutive effluent aliquots.

Preparation of Compounds

2,3-Dimethyl-1,4-benzoquinone_(77)

A. The procedure of Smith and Austin (82) was modified
slightly. A mixture of 115 g (0.60 mol) of sulfanrilic acid
and 31.75 g (0.30 mol) of anhydrous sodium carbonéte was
slowly dissolved in 600 ml of water. The solution was cooled
to 159 and 44.3 g (0.64 mol) of sodium nitrite in 125 ml of
water was added. The resulting mixture was poured at once
into 127 ml of concentrated hydrochloric acid (specific
gravity, 1.18) and 600 g of ice contained in a 2-1 beaker.
The solution, from which the p-benzenediazonium sulfonate
separates upon stirring, was allowed to stand in an ice bath
18-2%

mIn Nur
L 2 - . an

je

fcr ng this time a solution of Z.3-dimethyi-
phenol, described below, was prepared.

In a 4-1 Erlenmeyer flask, 56 g (0.46 mol) of 2,3-di-
methylphenol (Aldrich Chemical Co.) was dissolved in 300 ml
of water containing 75 g (1.88 mol) of sodium hydroxide. The
cold suspension of the diazonium salt was slowly stirred into
the cooled phenol solution. After standing at room tempera-
ture for 1 hr, the blood-red solution was heated with
stirring to 45-50° and one-tenth of 250 g (1.44 mol) of sodi-

um hydrosulfite was cautiously added until the frothing

subsided. The remainder of the reducing agent was then added
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in one portion. Heating was continued to about 70° when the
aminophenol, a floculant yellow solid, began to crystallize.
The flask was cooled to room temperature, and the aminophenol
was filtered, washed with cold water, and dissolved by
varming it with 1 1 of water containing 60 ml of concentrated
sul furic acid (specific gravity, 1.84). The resulting solu-
tion was clarified with Norite, affording a pink solution.

In an apparatus arranged for steam distillation was
placed 250 g (0.621 mol) of ferric sulfate, 30 ml of concen-
trated sulfuric acid (specific gravity, 1.84) and 200 ml of
water. Under subdued light, the warm aminophenol solution
vas added dropwise over a 2-hr period to the boiling
oxidizing agent. The quinone formed steam-distilled at the
rate the phenolic solution was added. The distillate was
cooled and the quinone filtered affording >4.2 g of yellow
crystals. The aqueous filtrate was saturated with solid so-
dium chloride and extracted with four 20-ml portions of
ether. The combined ether=2al extracts were washed with
brine, dried (NazS0.;), and the solvent was removed at reduced
nressure. The residuval red oil., when crystallized from
petroleum ether (bp 60-70°), gave an additional 0.52 g of the
quinope. Combining the solid material recovered gave 34.72 g
(0.255 mol - S5.4%) of 2,3-dimethyl-1,4-benzoquinone (77) as
a yellow solid: mp S54-55° [1lit. (133) mp 559]); nar (CCl,)

6.64 (s, 2H, aromatic), 1.99 (s,'GH, -CH,;) ppm. Slightly
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better yields (70-75%) were obtained when the aminophenol so-
lution was added in 100-ml portions, and the oxidizing agent
replaced after each addition.

B. According to the procedure of Strickson and Leigh
(83) developed for a similar system, a 500-ml, three-necked,
round-bottomed flask was fitted with a gas-inlet tube,
mechanical stirrer, and pressure-equalizing addition funnel.
The system was repeatedly evacuated, flame-dried, and filled
with prepurified nitrogen. The apparatus was charged with
25.4 g (0.164 mol) of chromyl chloride and 135 ml of carbon
tetrachloride. To this vigorously stirred oxidant was added
10 g (0.082) of 2,3-dimethylphenol (76) dissolved in 90 nl of
carbon tetrachloride over a 30 min period. The reaction mix-
ture was stirred for an additional 60 min at room tempera-
ture. The solid which formed was washed with three 50 ml of
portions of dry carbon tetrachloride to remove excess chronyl
chloride, and dried at room temperature under reduced
pressure. The solid was hydrolyzed with 500 a2l of cold
water, and the solution was then extracted with ethyl ether.
Evaporation of the solvent left a dark red cil., Crystalli-
zation of this o0il from hexane gave 1.5 g (0.011 mol -~ 13,4X)
of 2,3-dimethyl-1,4-benzoquinone (77) as an orange solid: amp

45-559; nar identical to that described above.
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2,3-Dimethylhydroquinone_(78)

According to the general procedure of Emerson and Smith
(86), a 250-ml, one-necked, round-bottomed flask was fitted
with a gas-inlet tube and a reflux condenser. The apparatus
vas evacuated, filled with prepurified nitrogen, and charged
with a solution of 8.3 g (0.061 mol) of 2,3-dimethyl-1,4-
benzoquinone (77) dissolved in 50 ml of glacial acetic acid,
To this was added 25 ml of water and 8.3 g (0.13 mol) of
granular zinc (20 mesh) and the mixture was heated to reflux.
The reduction proceeded rapidly and the solution becanme
colorless in approximately 30 min. Boiiing water (50 ml) was
added to the hot solution, which wvas then immediately
decanted from the zinc. The zinc was boiled with additional
vater (50 ml) and again decanted. On cooling the combined
agueous solutions deposited 7.9 g (0.057 mol - 96.1%) of
2,3-dimethylhydroquinone (78) as light tan crystals: mp
219-221° [1it. (128) ap 221°]; nar (ds—-DHSO) 6 8.31 (s, 24,
-OH), 6.48 (s, 2H, aromatic), 2.05 (s, 6H, -CHa) ppm.

2,3-Dimethyl-1,4-cyclohexanediol (80)

A 1000-ml packless autoclave was charged with a solution
of 24.0 g (0.173 mol) of 2,3-dimethylhydroquinone (78)
dissolved in 600 ml of anhydrous methanol which contained 3 g
of W-2 Raney nickel catalyst (85). The reaction mixture was
stirred under a constant pressure of 2000 psi of hydrogen at

1709 for 96 hr. The catalyst was removed by filtration
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through Celite and the methanol was removed under reduced
pressure. Distillation gave 22.8 g (0.158 mol - 91%) of
2,3-dimethyl-1,4-cyclohexanediol (80) as a clear, very
viscous oil: bp 114-115° (0.06mm); ir (film) 3398 (OH), 2928
(CH) , 1449, 1017, 948 cm—!; nmr (4d;-DMSO) § 4.28 (bm, 2H,
-0H), 3.52 (m, 2H, -CHOH), 0.60 - 1.15 (m, 6H, -CHz) ppm.
Anal. Calcd for CgH,40, : C, 66.63; H, 11.18. Found:

C' 66-61: H' 11.01.

4 »Benzoyloxy=-2,3-dimethylcvclohexanol (82)

According to the procedure of Jones and Sanheimer (89),
a 100-ml1, three-necked, round-bottomed flask was fitted with
a magnetic stirrer, pressure-equalizing dropping funnel, and
a gas—-inlet tube. The apparatus was evacuated, flame-dried,
and filled with prepurified nitrogen. The reaction vessel
was then charged with a solution of 8.0 g (0.056 mol) of
2,3-dimethyl-1,4-cyclohexanediol (80) dissolved in 45 ml of
alcohol-free chloroform and 15 mi of dry pyridine. This so-
lution was cooled to an internal temperature of 0° with an
ice bath, and treated witk 7.9 g (0.056 mol) of benzoyl
chloride over a 1 hr period. Following complete addition,
the solution was held at 0?2 for an additonal four hours, and
was then allowed to warm to room temperature overnight. The
chloroform solution was freed from pyridine by extractiom
with two 20-ml portions of water, foilowed by extraction with

three 20-ml portions of a 3% aqueous sulfuric acid solution.
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The organic phase was then washed with two 20-ml portions of
a saturated sodium bicarbonate solution, water, brine, and
dried (MgSO.). The solvent was removed under reduced
pressure and the residue distilled affording 8.68 g (0.035
mol - 62.5%) of 4-benzoyloxy-2,3~dimethylcyclohexanoi (82)
as a clear, colorless liquid: bp 150-151 (0.7mm); ir (film)
3430 (OH), 2950 (CH), 1720 (C=0), 1449, 1255 (C-0), 1108
ca—1; nmr (CCl,) 6 7.99 (m, 2H, aromatic), 7.48 (m, 3H,
aromatic), 0.80-1.2% (=»,68H, —-CH.) pbm; mass spectrum (70 ev)
M+ 248.

4-Benzvloxy-2,3-dimethylcyclohexancl_{83)

A. Conditions described in this preparation were based
on those described by Prins and Reichstein (134) for a simi-
lar system. A 250-ml, three-necked, round-bottomed flask
fitted with a mechanical stirrer, pressure-equalizing
dropping funnel, reflux condenser, and gas-inlet tube was
evacuated, flame-dried, and filled with prepurified nitrogen.
Sodium hydride, 4.69 g {0.111 mol, as a 56.8% dispersion in
mineral o0il), was added to the apparatus and the mimeral oil
removed by three successive washings with 25-ml portions of
pentane. The clean sodium hydride was covered with 20 ml of
anhydrous dioxane and a solution of 16.0 g (0.111 mol) of
2,3-dimethyl-1,4~cyclohexanediol (80) in 60 ml of dry dioxane
was added over a 30 min period. The mixture was stirred and

heated to reflux for 6 hr and was allowed to cool to room
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temperature ofer a 1 hr period. A solution of 17.1 g (0.100
mol) of benzyl bromide (Aldrich Chemical Co.) in S50 ml of
anhydrous dioxane was added dropwise over a 15 min period to
the stirred solution. The mixture was then heated to reflux
for 16 hr. After allowing the reaction mixture to cool to
room temperature, 1 ml of a 10% solution of acetic acid in
ethyl ether was added to decompose any residual sodium
hydride. The nmixture was diluted with 100 ml of acetone, the
scdium bromide precipitate was removed by filtration, and the
solvent was removed under reduced pressure. The residue was
taken up in ether and washed with five 50-ml portions of
water, brine, and dried (MgSO4). The solvent was removed
under vacuum and the residue distilled affording 15.5 g

(0. 066 mol - 59.6%) of 4-benzyloxy-2,3~dimethylcyclohexanol
(83) as a clear colorless liquid: bp 125-126° (0.15mm); ir
(€11lm) 3355 (OH), 2850 (CH), 1447, 1352 cm—!; nmr (CCl,) §
7.18 (s, 5H, aromatic), 4.33 (m, 28, PhCH20-), 0.60-1.10 (m,
64, -CH;) ppn.

Anal. Calcd for CygHz202: C, 76.88; H, 9.46. Found:

B. A procedure for the conversion of diol 80 to
benzyloxy alcohol 83 utilizing n-butyllithium as a base wvas
also investigated. A 250-ml, three—-necked, round-bottomed
flask was fitted with a gas-inlet tube, mechanical stirrer,

thermometer, pressure-equalizing addition funnel, and reflux
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condenser. The apparatus was evacuated, flame-dried, filled
with prepurified nitrogen, and charged with a solution of
4.75 g (0.04 mol) of 2,3-dimethyl-1,4-cyclohexanediol (80)
dissolved in 100 ml of dry dioxane. The reaction mixture was
cooled to 109 in am ice bath, and treated, dropwise and with
stirring, with 31.6 @l (0.04 mol) of n-butyllithium (Foote
Mineral Co.; 1.3M) over a 50 min period. Following éomplete
addition of the n-butyllithium, the reaction mixture was al-'
lowed toc varm to room temperature and treated with 6.8 g
(0.04 mol) of benzyl bromide dissolved in 25 ml of dry
dioxane, over a ten minute period. The reaction mixture was
then heated to reflux and held at that temperature for 19 hr.
The solution was cooled to room temperature, diluted with 50
ml of acetone, and filtered to remove the inorganic salt.

The solvent was removed at reduced pressure and the residue
taken up in ether. The organic phase was washed with five
30-ml portions of water, brine, and dried (MgSO4). The
solvent was removed under vacuum and the residue distilled
affording 3.0 g (0.013 mol - 31.2%) of benzyloxy alcohol 83
as a colorless liguid: bp 138-140° (0.22mm): ir and nmr es-
sentially identical to those described in part A.

4-Benzyloxy-2,3-dimethylcyclobexanone_{84)

The procedure of Finnegan and 3Bachman (135) was fol-
loved. A 2-1, three-necked, round-bottomed flask was fitted

with a gas-inlet tube, mechanical stirrer, and a pressure-
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equalizing dropping funmel. The apparatus was evacuated,
flame~dried, and filled vith’prepurified nitrogen. Thé reac-
tion vessel was charged with a solution of 133.3 g (0.57 mol)
of 4-benzyloxy-2,3-dimethylcyclohexanol (83) dissolved in 800v
ml of ether. The solution was cooled to 3° with an external
ice bath and treated with a precooled (0°) oxidizing solution
vhich cousisted of 62.6 g (0.21 mol) of sodium dichromate
dihydrate and 78.4 g (0.80 mol) of concentrated sulfuric acid
dissolved in 250 m1 of water. The oxidizing solution was
added dropwise, with rapid stirring, over a 95 min period.
Following complete addition, the dark green solution was
stirred for 4 hr at room temperature and the phases were then
separated. The agueous phase was saturated with solid sodium
chloride and extracted with five 100-ml portions of ether.
The combined ethereal phases were washed thoroughly with a
saturated sodium bicarbonate solution, followed by brine, and
dried (MgSO,). The solvent was removed under vacuum and the
residue distilled to afford 108.4 g (0.467 mol - 81.9%) of

4-benzyloxy-2,3-dimethylcyclohexanone (84) as a clear,

ralarlace 1ianide hP 122-12230

A Va e TlD aaqaatae -~

PLY

0.24mm) ; ir {film) 2940 (CH)

1708 (C=0), 1453, 12C4 (C-0), 1027 cm—1; nmr (CCly) & 7.22
(s, S5H, aromatic), 4.47 (m, 2H, PhCH,0-), 3.45 (m, 1H,
-0CH-), 0.60-1.10 (m, 6H, -CH;) ppm; mass spectrum (70 ev) H+
232. |
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Anal. Calcd for C,sH,,0,: C, 77.55; H, 8.68. Found:
C, 77.39; H, 8.62.

Attempted alkylation of 4-benzyloxy-2,3-dimethylcyclohexanone

(84) with methyl vinyl ketone

A. Followving the general procedure of Ross and Levine
(72), a 50~ml, three-necked, round-bottomed flask was fitted
with a gas~inlet tube, mechanical stirrer, and a pressure-
equalizing addition funnel. The apparatus was evacuated,
filled with prepurified nitrogen, and charged with 2.5 g
(C.011 mol) of 4-benzyloxy-2,3-dimethylcyclohexancane (84), 1
ml of ethanolic potassium hydroxide (0.11 g in 1 ml of abso-
lute ethanol), and 15 ml of anhydrous ether. The reaction
mixture was cooled to 0° and treated with 0.77 g 0.9011 mol)
of methyl vinyl ketone in 10 ml of anhydrous ether, dropwise,
over a 30 minute period. After ~omplete addition, stirring
was continued an zdditiomal 2 hr. The reaction mix‘ure was
poured into 15 ml of water and the excess hydroxide was
neutralized with 10% hydrochloric acid. The phases were sep-
arated and the aqueous phase was extracted three times with
ether. The combined organic extracts were washed with brine
and dried (MgSO.). Removing the solvent under reduced
pressure afforded 2.0 g of a yellow o0il consisting mainly of
benzyloxyketone 84 and other unidentifiable materidals.

The alkylation was also attempted using anhydrous

benzene, tetrahydrofuran, and dioxane as solvents. 1In each
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case, no more than a trace of alkylated product was observed
even after extended reaction periods.

B. According to a procedure described by Scanio and
Starrett (91) for a similar system, a 100-ml, three-necked,
round-bottomed flask was fitted with a gas-inlet tube, mag-
netic stirrer, pressure-equalizing addition funnel, and
reflux condenser, The apparatus wvas evacuated, flame-dried,
filled withk prepurified mitrogen, and charged with 1.27 g of
a 57% sodium hydride-mimeral oil dispersion (0.72 g - 0.03
mol active hydride). The sodium hydride was covered with 50
ml of anhydrous pentane, stirred briefly, and the solvent
removed through a sintered glass gas dispersion tube attached
to a water aspirator. This process was repeated two more
times. The clean sodium hydride was covered with 50 ml of
anhydrous dimethylsulfoxide. To this suspension was added
3.36 g (0.03 mol) of 4-benzyloxy-2,3-dimethylcyclohexanone
(84), dropwise and with rapid stirring over a 15 min period.
The resulting heterogeneous slurry was stirred at room tem-~
perature for 3 hr, during which time hydrogen evolution began
and continued until a completelvy homogeneous solution was ob-
tained. The resulting solution was treated with 2.1 g (0.03
mol) of methyl vinyl ketone, dropwise and with vigorous
stirring, over a 30 min period. Following complete addition
of the unsaturated ketone, the reaction mixture was stirred

for 3 hr at room temperature, diluted with 50 ml of water,
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and acidified by the dropwise additiom of a 10% acetic acid
in ether solution. The resulting phases were separated and
the aqueous phase extracted with three 25-ml portions of
ether. The combined ethereal phases were washed with three
20-ml1 portions of a saturated sodium bicarbonate solution,
brine, and dried (MgSO.). Removal of the solvent under
vacuun afforded 4.4 g of a viscous liquid, identified as
starting benzyloxy ketone 84. No vinyl proton was seen in
the nnmr,

Employment of 2-methylcyclohexanone and methyl vinyl
ketone, in order to refine reaction conditions, gave only a
25% yield of octalone 61.

Repetition of the above experiment using anhydrous
dimethylformamide and dioxane as solvents, for extended reac-
tion times as well as at elevated temperatures, were also
unsuccessful.

4-Chloromethyl-3,5-dimethvlisoxazole (85)

The procedure of Kochetkov et al_  (136) was followed. A
250-m1, three-necked, Morton flask was fitted with a gas-
inlet tube, mechanical stirrer, pressure-egualizing addition
funnel, thermometer, and reflux condenser. The apparatus was
flushed with nitrogen and charged with a suspension of 20 g
(0.21 mol) of 3,5-dimethylisoxazole, 8.0 g (0.27 mol) of
paraformaldehyde, and 10 g (0.07 mol) of anhydrous zinc

chloride in 50 ml of dichloroethane. The reaction mixture
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was heated to 50-55°, and was subjected to a fast stream of
HCl, wvia a gas dispersion tube, for a period of two hours.
The mixture was then refluxed for an additional three hr,
cooled to room temperature, and poured into 70 ml of water.
The organic phase was separated and the agueous layer was
neutralized with a 10% agqueous potassium carbonate solution.
The zinc hydroxide was removed by filtration and the aqueous
layer vas extracted with three 30-ml portions of chlorofornm.
The combined organic extracts vere washed with two 50-ml por-
tions of a saturated sodium bicarbonate solution, water,
brine, and dried over anhydrous calcium chloride followed by
anhydrous magnesium sulfate. The solvent was removed under
vacuum and the residue distilled giving 7.7 g (0.053 mol -
25.2%) of the chloroisoxazole 85 as a yellow liquid: bp
101-102° (8am): [1lit, (136) bp 88-90° (7mm) ]; nmr (CCl,) §
4.41 (s, 2H, ClCH,-), 2.33 (s, 3H, -CHy), 2.21 (s, 3H, -CH,)
PPR.

Attempted alkylation of U-benzyloxy-2,3-dimethylcyclohexanone

A, A 100-ml1, three-necked. round-bottomed flask was
fitted with a gas-inlet tube, mechanical stirrer, pressure-
equalizing addition funnel, and reflux condenser. The appa-
ratus was evacuated, flame-dried, filled with prepurified ni-
trogen, and charged with 0.55 g (0.013 mol) of a 57% sodium

hydride-mineral oil dispersion. The sodium hydride was
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washed with three 50-ml portions of pentane, removing the
pentane through a sintered glass gas dispersion tube attached
to a water aspirator. The clean sodium hydride was covered
with 35 ml of anhydrous 1,2-dimethoxyethane, dropwise and
with stirring over a 10 min period. Hydrogen evolution ap-
peared to be very slow and consequently the reaction aixture
vas heated to reflux for 5 hr. The solution was then cooled
to room temperature and treated with 1.9 g (0.013 mol) of
4-chloromethyl-3,5-dimethylisoxazole (85) dissolved in 10 ml
of 1,2-dimethoxyethane, over a five minute period. The reac-
tion mixture was heated to reflux for an additional 4 hr.

The solution was then cooled, acidified by the additon of a
few drops of glacial acetic acid, and taken up in 100 ml of
ether. The ethereal solution was washed with 20 ml of vater,
three 20-ml portions of a saturated sodium bicarbonate solu-
tion, brine, and dried (MgSO.). Removal of the solvent at
reduced pressure gave a viscous yellow liquid, which upon ex-
amination by nmr and mass spectrometry, indicated the
presence of mono- and di-alkylated ketone 84 at the C-6 posi-
tion.

B. U4-Benzyloxy-2,3-dimethylcyclohexanone (84) wvas pro-
tected with an iso-propoxymethylene blocking group according
to the procedure of Johnson and Posvic (94). Alkylation
under conditions identical to those described above resulted

only in the recovery of starting material.
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4-Benzyloxy-6-hydroxymethylene-2,3-dimethylcyclohexanone (86)
The general procedure of Johnson and Posvic (94) wvas
followed with minor modifications. A 100-ml, three-necked,
round-bottomed flask, fitted with a gas-inlet tube, magnetic
stirrer, and pressure-equalizing addition funnel was
evacuated, flame-dried, filled with prepurified nitrogen, and
charged with 21.60 g (0.40 mol) of sodium methoxide and 50 ml
of anhydrous benzene. The reaction aixture was cooled to 0°
uwith an external ice bath, and 10.5 g (0.045 mol) of
4-benzyloxy-2,3~dimethylcyclohexanone (84) in 16.76 g (0.23
mol) of ethyl formate was added dropwise to the stirred
methoxide suspension over a 1 hr period. The mixture was al-
lowed to stand at room temperature for 15 hr. The white
slurry was cooled to 5° and 20 ml of cold vater was added.
The mixture was diluted with ether and was thoroughly
extracted with four 30-ml portions of a cold, 5% agqueous so-
dium hydroxide solution. The combined aqueous layers were
vashed once vwith 50 ml of ether and then acidified with cold,
10% aqueous sodium hydroxide solution. The resulting oily
susrengion wag saturated with solid sodium chloride and
extracted vith five 50-ml portions of ether. The coabined
ethereal extracts were washed with three 50-ml portions of
water, brine and dried (MgSO4). Removing the solvent under
reduced pressure afforded a yellow, viscous o0il which, upon

distillation, gave 8.87 g (0.034 mol - 75.3%) of
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4-benzyloxy-6-hydroxymethylene-2,3-dimethylcyclohexanone (86)
as a light yellow liquid: bp 137 - 1389 (0.15mm); ir (film)
3390 (OH), 2945 (CH), 1700 (conj. C=0), 1450, 1201 cm~1; nmr
(ccl,) 6 14.77 (bs, 14, HOCH=C-), 8.33 (m, 1H, HOCH=C-), 7.22
(s, SH, aromatic), 4.47 (m, 2H, PhCH,0-), 3.48 (m, 1H,
-0CH-), 0.65 - 1.25 (m, 6H, -CH3) ppa.

Anal. cCalcd for C,gHz003: C, 73.82; H, 7.74. Pound:
c, 73.71; H, 7.72.
6~-Benzvloxy-4a,5,6,7-tetrahydro-4a,5-dimethylhydrocouparin

(31)

According to the procedure of Ireland and Marshall (96),
a 250-al, one-necked, round-bottomed flask, fitted with a
Dean-Stark water trap, reflux condenser, and gas-inlet tube
was repeatedly evacuated, flame-dried, and filled with
prepurified nitrogen. The apparatus was charged wvith 6.24 g
(0.024 mol) of 4-benzyloxy-6-hydroxymethylene-2,3-dimethyl-
cyclohexanone (86) dissolved in 150 mi of anhydrous benzene.
To this solution was added 3.24 g (0.036 mol) of
1-butanethiol and 80 mg of p-toluenesulfonic acid. The re-
sulting mixture was heated slowly to reflux and held at that
temperature for 4 hr, during which time 0.5 ml of water wvas
removed from the system. The Dean-Stark trap was replaced by
a Soxlet extractor containing 4A molecular sieves, and the
reaction mixture was allowed to reflux through the sieves for

10 hr. PFollowing this treatment, the benzene solution was
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cooled, diluted with 100 ml of ether, and washed with three
50-ml portions of saturated sodium bicarbonate solution,
brine, and dried (MgSO4). The solvent was removed under
reduced pressure affording 7.46 g (0.023 mol - 95.6%) of
crude 4-benzyloxy-6-n-butylthiomethylene-2,3-dinethylcyc-
lohexanone (87) as a yellow liquid: ir (film) 2910 (CH),
1657 (conij. C=0), 1545, 1453, 1174 cm—1; nmr (CClg) & 7.40
(m, 18, -SCH=C-), 7.24 (s, SH, aromatic), 4.52 (m, 2H, PhCHo-
0-) ppm. This material was alkylated without further
purification.

The lactone 91 was prepared according to a procedure de-
veloped by Piers and his cowvorkers (77). A 250-ml, three-
necked, round-bottomed flask was fitted with a gas-inlet
tube, reflux condenser, magnetic stirrer, and pressure-
equalizing addition funnel. The apparatus was evacuated,
flame—-dried, filled with prepurified aitrogean aad carefully
charged with 2.97 ¢ (0.076 mol) of potassium in 100 ml of ¢t-
butyl alcokcl. The mixtuare was allowed to stir at room tenm-
perature for 4 hr at vhich time a homogeneous solution re-
sulted. To the reaction mixture was added 7.46 g (0.022 mol)
of 4-bemzyloxy-6-n-butylthiomethylene-2,3-dimethylcyclo-~
hexanone (87) and the resulting solution was stirred for 10
min. The reaction mixture wvas then treated with 13.4 g
{0.074 mol) of ethyl 3-bromopropanoate (Aldrich Chemical Co.)

which was added dropwise over a 1 hr period. Stirring was



120

continued for an additional 30 min at which time most of the
solvent was removed at reduced pressure, and the residue was
diluted with water. The aqueous layer was extracted with six
50-ml portions of ether. The combined ethereal extracts were
washed with three 50-ml portions of water, brine, and dried
(8gSO4). Removal of the solvent at reduced pressure gave a
dark yvellow liquid. By-products resulting from the reaction
of potassium t-butoxide with ethyl 3-bromopropanoate were
removed by distilling the ligquid at 75° (0.30mm). The
distillate was discarded and 9.0 g (0.021 mol - 92%) of the
crude, dark-red, 6 -keto ester 89 was recovered from the
distillation flask. .

A 250-ml, one-necked, round-bottomed flask which had
been fitted with a reflux condenser, gas-inlet tube, and mag-
petic stirrer vas repeatedly evacuated, flame-dried, and
filled with prepurified nitrogen. The apparatus was charged
with a solution of 9.0 g (0.21 mol) of the crude 6-keto ester
89, in 70 ml of 1,2-ethanediol and 70 ml of a 25% aqueous
potassium hydroxide solution. The reaction mixture was
heated to reflnx and maintained at that temperature for 18
hr. The crude product was cooled, diluted with water, and
extracted with two 30-ml portions of ether to remove all non-
acidic materials. The basic aqueous layer was acidified with
10% aqueous hydrochloric acid solution, saturated with solid

sodiua chloride, and extracted with four 50-ml portions of
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ether. The combined organic extracts were washed vith three
20-ml1 portions of water, brine, and dried (MgSO4). The
solvent was removed under reduced pressure affording 5.45 g
(0.018 mol - 86.1%) of the § -keto acid, 90, (mixture of
isomers) as a crude, yellow o0il: 1ir (film) 3340-2410 (CO=H,
CH), 1715 (COzF), 1697 (C=0) cm—1; nmr (CCl,) § 13.7 (s, 1H,
-CO-H, exchange with D;0), 7.26 (s, 5H, aromatic), 1.13 (s,
34, angular -CH;) ppm. No attempt was made to further purify
this compound, and it was immediately converted to the
lactone, 91.

A 250~-ml, one-necked, round-bottomed flask was fitted
vith a reflux condenser, gas-inlet tube, and magnetic
stirrer. The apparatus was evacuated, flame-dried, filled
with prepurified nitrogen, and charged with a solution of
5.45 g (0.018 mol) of crude -keto acid 90, in 80 ml of
acetic anhydride. To the stirred mixture was added 780 mg
(9.5 mmol) of sodium acetate and the solution was heated to
reflux for 2 hr. The reaction mixture was cooled, the acetic
anhydride was reamoved under reduced pressure, and the resi-
dual material was diluted with water. The aqueous phase was
extracted with five 30-porticns of ether. The combined
organic phases were washed with three 40-ml portions of cold,
saturated, sodium bicarbonate solution, water, brine, and
dried (MgS04). The solvent was removed and the residue dis-

tilled affording 3.83 g (0.013 mol - 60%, based on ketone 84)
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of 6-benzyloxy-4a,5,6,7-tetrahydro-%4a,5-dimethylhydrocoumarin
(91) as a light yellow liquid: bp 173-176° (0.15mm). This
material, as judged by its nor spectrum, consisted of a mix-
ture of isomeric enol lactones. Crystallization of this mix-
ture from n-hexane gave 2.03 g (7.1 mmol - 32.7%, based on
ketone 84) of a solid material (presumably one of the isomers
of 91) as white, needle-like crystals: mp 99-100°; ir (KBr)
2860 (CH), 1652 (Cc=0), 1678 (Cc=C), 1450, 1329, 1197 (C-0),
1025 cm—%; nmr (CCl.) § 7.23 (s, S5H, aromatic), S.11 (m, 1H,
-CH=C-), 4.49 (q, 2H, J=11 Hz, PhCH,O0-), 3.35 (», 1H, -OCH-),
1.02 (s, 3H, angular -CH;), 0.97 (d, 3H, J=7 Hz, -CHCH3) ppm;
high resolution mass spectrum M+ obs: 286.1561; calcd:
286.1568.

No substantiating analytical data could be obtained for
lactone 91 due to its extreame sensitivity to air and
moisture.

Alkylation of 4-benzyloxy-6-n-butylthiomethylene-2,3-

dimethylcyclohexanone (87) with acrylonitrile

A 50-ml, three-necked, round-bottomed flask equipped
with a gas-inlet tnbe,; magnetic stirrer, and reflux condenser
was evacuated, flame-dried, and filled with prepurified ni-
trogen. The flask was charged with 0.345 g of a S57% sodium
hydride~-mineral oil dispersion (0.197 g - 8.2 amol active
hydride). The mineral oil wvas removed by washing the hydride

with 20 ml of pentane under a nitrogen sveep and withdrawing
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the pentane through a sintered glass gas dispersion tube
attached to a vater aspirator. The clean hydride ias covered
with 15 ml of anhydrous 1,2-dimethoxyethane, and them treated
with 2.7 g (8.2 mmol) of blocked ketone 87. The reaction
mixture was heated, vith stirring, to reflux, whereupon hy-
drogen evolution began and continued for approximately 30
min. Following evolation of the hydrogen, the reaction mix-
ture vas maintained at the reflux temperature for 30 min, and
was then cooled to 0°9. The cooled solution was treated with
0.652 g (12.3 mmol) of acrylonitrile, dropwise and with rapid
stirring, over a 10 min period. The reaction mixture was
stirred for 2 hr at 0°, and warmed to room temperature over
an additional hour. Several drops of acetic acid were added
to neutralize any excess base, and the solution was poured
into 50 ml of water amd thoroughly extracted with ether. The
combined ethereal layers were washed with two 15-ml portioms
of a saturated sodium bicarbonate solution, brime, and dried
(MgS0,.). Removal of the solvent under vacuum afforded a dark
oil which was purified by column chromatography on silica
gel. Eluting with a mixture of 20% ethyl acetate in hexane
gave 0.32 g (0.83 amol- 10.1%) of a yellovw oil, nitrile 88:
ir (film) 2850 (CH), 2042 (CN), 1697 (C=0), 1655 (C=C), 1543,
1450, 1171 cm—?!; nmr (CCl,) &6 7.40 (s, 1H, -ScH=C-), 7.28 (s,
SH, aromatic), 4.52 (m, 2H, PhCH>0-) ppm; mass spectrum (70
ev) M+ 385,
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4,8a,5,6,7,8-Hexahydro-%a,5-dimethyl-2(3H) ~-naphthalenone (63)

- from _ketal 93

A procedure originally developed by Gilman and Van Ess
(100) and more recently elaborated by House and Bare (137)
wvas followed. A 25-ml, three-necked, round-bhottomed flask
wvas filled with prepurified nitrogen, and charged with a so-
lution of 0.62 g (2.6 mmol) of acetal 93 dissolved in 5 ml of
anhydrous ether. The ethereal solutiom was cooled to 0°_vith
an exterpal ice bath and treated with 0.29 g (13.0 mmol) of
methyllithium in ether (Poote Mineral Co.; 1.64M), dropwvise,
with vigorous stirring, over a 15 min period. The reaction
mixture was allowed to warm to room temperature, and wvas
stirred at that temperature for 3 hr. Following this, the
reaction mixture was added, dropwise and with rapid stirring,
to 50 ml of an ice-cold 10% hydrochloric acid solution. The
aqueous solution was saturated with sodium chloride and
thorougqhly extracted with ether. The combined ethereal ex-
tracts vere washed with three 20-ml portions of a saturated
sodium bicarbonate solution, brine, and dried {MgSO;). The
solvent was removed under reduced pressure to afford an oily
residue. This viscous liquid was treated with 2.5 ml of a
10% aqueous hydrochloric acid solution and 5 ml of acetone
for a period of ten minutes on a steam bath. The yellow
residue was diluted with 20 ml of water and extracted with

ether. The combined ethereal extracts were washed once with
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brine and the solvent removed in vacuo. The resulting crude
di-ketone was treated with potassium hydroxide (0.3 g)
dissolved in 3 ml of water and 50 ml of methanol, at reflux
for 4 hr. The methanol was removed under vacuum to give an
orange liquid which was diluted with 30 ml of wvater and was
thoroughly extracted with ether. The combined ethereal ex-
tracts were washed with three 20-ml portions of a saturated
sodium bicarbonate solution, brine, and dried (MgSO.). The
soivent was removed under vacuuz tc afford 0.35 g of a
viscous oil which was chromatographed on silica gel. Elution
with 10% ethyl acetate in hexane gave 98 mg (0.53 mmol -
21.1%) of 4,4a,5,6,7,8-hexahydro-4a,5-dimethyl-2(3H) -naph-
thalenone (63) as a light yellow oil: 1ir (film) 2915 (CH),
1672 (c=0), 1616, 1354, 1195 (C-0) cm—1; nmr (CCl,) 6 5.67
(t, 1#, J=1 Hz, -C=CH), 1.10 (s, 3H, angular -CH,), 0.91 (m,
3H, —-CHCHz) ppm; mass spectrum (70 ev) N+ 178.

The spectral properties of this material compared favor-
ably with an authentic sample of octalone 63 prepared by an

independent route (138).

thalenone (92)

A. Following the procedure of Barkley and his coworkers
(99), a 25-ml1l, thres-necked, round-bottomed flask was fitted
with a gas-inlet tube, magnetic stirrer, pressure-equalizing

addition funnel and thermometer. The apparatus was
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evacuated, flame-dried, filled with prepurified nitrogen, and
charged with 376 mq (1.3 mmol) of crystalline 6-benzyloxy-ia,
5,6, 7-tetrahydro-4a,5-dimethylhydrocoumarin (91) dissolved in
3 ml of anhvdrous benzene and 13 ml of anhydrous ether. The
reaction mixture was cooled to an internal temperature of
-S0° with a Dry Ice - alcohol bath. To the stirred solution
was added dropwise 0.8 ml (2 mnmol) of 2.5 M methylmagnesium
bromide (101) in 2 ml of anhydrous ether. Stirring was con-
tinged at -50° for 1.5 hr and them 5 ml of acetone was added
to decompose any residual Grignard reagent. The reaction
mixture was then poured into 30 ml of cold, vigorously
stirred, 10% aqueous hydrochloric acid solution. The two
phases were separated, and the agueous layer saturated with
solid sodium chloride and extracted with three 20-ml portions
of ether. The combined ethereal extracts were washed with
three 25-ml portions of water, brine, and dried (MgS0Os). Re-
moval of the solvent under reduced pressure afforded a white
solid believed to be the intermediate keto alcohol, 85: 1ir
(film) 3390 (O0H), 2910 (CH), 1752 (C=0), 1448, 1025 cm—1; nmr

, 98B, aromatic), 4. 37 (g, 2H.

1%

=11 Hz. PhCHo-
0-), 1.28 (s, 3H, -C(OH)CHz), 0.97 (4, 3H, J=7 Hz, -CHCH3),
0.96 (s, 3H, angular -CH;) ppm. Comparable results vwere ob-
tained when unpurified, oily lactone 391 vas employed.

A 50-ml, one-necked, round-bottomed flask, vas fitted

with a gas—-inlet tube, reflux condenser, magnetic stirrer,
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and vas filled with prepurified nitrogen. The apparatus was
charged with a solution of 400 mg (1.3 mmol) of crude keto
alcohol 95 dissolved in 30 ml of anhydrous methanol contain-
ing a solution of potassium hydroxide (200 mg) in 1.4 ml of
wvater. The solution was heated to reflux for 2 hr with
stirring. The methanol was removed under reduced pressure,
the residue diluted with water, and neutral products vere
isolated by extraction witn five 3C-ml portions of ether.
The cczbined ethereal extracts were washed with three 20-ml
portions of water, brine, and dried (MgSO4). Removal of the
solvent under reduced pressure gave 360 mg of a light yellow
oil which was chromatographed on 20 g of silica gel. Elution
with 8% ethyl acetate in hexane gave 284 mg (1 m@ol - 77.0%,
based on lactone 91) of 6-Benzyloxy-4,4a,5,6,7,8-hexahydro-
4a,5-dimethyl-2(3H)- naphthalenone (92) as a white solid.
The analytical sample, obtained after two crystallizations
from n-hexane, melts at 107-108°: ir (KBr) 2910 (CH), 1677
(conj. C=0), 1499, 1452, 1362, 1198 (C-0), 878 cn;l: nar
(CCly) &6 7.20 (s, S5H, aromatic), 5.57 (t, 1H, J=4 HzZ,

-
-C"\- l—‘ uo !:5

trias AP 24, J=12 Hz

{5, v , 3.25 (£d,; 18, J=4

Hz, PhCH>0CH-), 1.04 (s, 3H, angular -CHs), 0.96 (4, 34, J=7
Hz, -CHCH3) ppm; mass spectrunm (70 ev) M*+ 284,

Found: €, 80.24; H, 8.55; 0, 11.33.
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The basic agueous layer from the above extractiqn vas
acidified with concentrated hydrochloric acid and the acidic
product was isolated by extraction with three 20-ml portions
of ether. The combined ethereal extracts vwere washed with
brine and dried (Na,SO,). Removal of the solvent under
vacuum provided 40 mg (10%) of carboxylic acid 90 which had
identical spectral properties as those described earlier.

Repetition of the above experiment on a larger scale in-
volved the use of distillation as a means for purification.
Thus, 24.76 g (0.086 mol) of lactone 91, dissolved in 240 ml
of benzene and 1 1 of anhydrous ether, was treated with 56.5
nl (0.13 mol) of 2.3M methylmagnesium bromide at -509. The
keto alcohol 95 obtained upon work-up was subjected to
potassium hydroxide (18 g) dissolved in 180 ml of water and
1500 m1 of methanol. This reaction mixture was refluxed for
1.5 hr under nitrogen and worked-up as described above. The
residue was distilled affording 20.7 g {(0.073 mol - 84.4%) of
6-Benzyloxy-4,4a,5,6,7,8-hexahydro-4a,5-dimethyl-2(3H)-

naphthalenone (92) as a colorless liquid, bp 179-185 (0.45

wvh

b

mm), ch golidified

[}
Q

non cooling. All spectral properties

for this liquid octalone 92 were identical to those described

above.
B. Following the general procedure outlined by Piers
and his coworkers (77), a 50-ml, three-necked, round-bottomed

flask was eguipped with a magnetic stirrer, gas-inlet tube,
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and pressure-equalizing dropping funnel. The apparatus wvas
evacuated, flame-dried, and filled with prepurified nitrogen.
The flask was charged with 2.0 g (7.0 mmol) of 6-benzyloxy-
4a,5,6,7-tetrahydro-4a,5-dimethylhydrocoumarin (91) dissolved
in 15 ml of anhydrous tetrahydrofuran. The resulfing suspen-
sion was cooled to -25° by means of an external carbon
tetrachloride-dry Ice slush bath, and was treated with 4.8 ml
(8 mmol) of methyllithium in ether (Foote Mineral Co.;
1.56M), drcpvise, and vith vigorous stirring, over a five nin
period. The resulting solution was allowed to stir for an
additional 1.5 hr at -25°. The reaction mixture was poured
into dilute hydrochloric acid and the product thoroughly
extracted with ether. The ether was washed with brine and
dried (Na>S04). Removal of the solvent in vacuo afforded a
clear residue. To the crude, oily product thus obtained, was
added a solution of potassium hydroxide (1 g) in 7.6 ml of
water and 60 ml of methanol, and the solution was refluxed
under an atmosphere of nitrogen for 1.5 hr. The methanol was

removed at reduced pressure, the residue was diluted with 50
=2l cf water, and the neutral prcduct uas isclated by
extraction with three 30-ml portions of ether. The combined
ethereal layers were washed with brine and dried (Nax>SO4).
Removal of the solvent under vacuum afforded 1.5 g of a
yellov oil which was chromatographed on silica gel. Elution

with 10% ethyl acetate in hexane gave 0.5 g (1.76 mmol -
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25. 1%) of 6-Benzyloxy-4,4%a,5,6,7,8-hexahydro-4a,5-
dimethyl-2 (3H)- naphthalenone (92) as a light yellow oil with
ir and nar identical to those described in part A.

C. A procedure of general utility published by Henrick
et al. (97) was followed. A 100-ml, three-necked, round-
bottomed flask was fitted with a gas-inlet tube, mechanical
stirrer, pressure-equalizing addition funhel, and reflux
condenser. The apparatus was evacuated, flame~-dried, filled
with prepurified nitrogen and charged with an ethereal solu-
tion of 5.7 ml (9.1 mmol) of n-butyllithium (Foote Mineral
Co.; 1.58M) and 40 ml of anhydrous tetrahydrofuram. To the
vigorously stirring solution was added 3.75 g (9.1 mmol) of
triphenylmethylphosphonium bromide over a 5 min period. The
reaction mixture was allowed to stir for 18 hr at room tem-
perature whereupon the solution turned light yellow in color.
To this resultant methylene-triphenylphosphorane was added
2.57 g (9.1 mmol) of 6-benzyloxy-4a,5,6,7-tetrahydro-4a,5-di-
methylhydrocoumarin (91) dissolved in 10 ml of anhydrous

tetrahydrofuran. The reaction mixture wvas allowed to stir at

—————— b owm -

fo0m temperatuare for 18 kL

r, and was then
of ice water and was thoroughly extracted with ether. The
ether was washed with two 30-ml portions of water, brine, and
dried (MgSO4). Removal of the solvent under vacuum afforded

an orange residue. To this crude, oily product was added a

solution of potassium hydroxide (0.8g) in 6 ml of water and
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100 ml of methanol, and the solution was stirred under an at-
mosphere of nitrogen for 24 hr at room temperature. The
methanol was removed at reduced pressure, the residue was
diluted with 50 ml of water, and the neutral product was iso-
lated by extraction with three 40-mrl portions of ether. The
combined ethereal layers vwere washed with brine and dried
(MgSO.). The solvent was removed in vacuo affording 1.12 g

of an orange o0il which was chromatographed on silica gel.

3

Elution with 10% ethyl a2cetate in hexane gave 0.67 g (2.4
mmol - 26.1%) of 6-Benzyloxy-4,4a,5,6,7,8-hexahydro-4a,5-
dimethyl-2 (3H) -naphthalenone (92) as a light yellow o1l with
ir and nmr essentially identical to those described earlier.

6,6-Ethylenedioxy-1,2,3,5,6,7,8,8a-octahydro-1,8a-dimethyl-

2-naphthol {98)

A 2-1, one-necked, round-bottomed flask, was fitted with
a Dean-Stark water trap, reflux condenser, and gas-inlet
tube. The apparatus was repeatedly evacuated, flame-dried,
filled with prepurified nitrogen, and charged with a solution
of 32.5 g (0.114 mol) of 6-benzyloxy-4,4a,5,6,7,8-hexahydro-

4 L oee s

%5,5-3imethyl-2{3H} -naphthalencne {82) dissclved in 700 =1 of

s

| T

anhydrous benzene. To this solution was added 70.7 g (1.14
mol) of 1,2-ethanediol and 500 mg of p-toluenesulfonic acid.
The resulting suspension was heated slowly to reflux (859°)
and held at that temperature for 12 hr, during which time 2.0

ml of water vas removed from the system. The Dean-Stark trap
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was replaced by a Soxlet extractor containing 4R molecular
sieves, and the reaction mixture was alloved to percolate
through the sieves for 12 hr. The thimble was recharged with
molecular sieves and refluxing was continued for an addition-
al 9 hr. Following this treatment, the benzene solution was
cooled, diluted with 300 ml of ether, and washed with three
100-m1 portions of a saturated sodium bicarhénate solution,
brine, and dried (NazS0:). Removal of the solvent at reduced
pressure afforded 37.1 ¢ (0.113 mol - 99.1%) of the benzyloxy
acetal, 97, as a yellow oil: ir (film) 2865 (CH), 1668
(C=C), 1449 cm—}; nmar (CCl,) &6 7.14 (s, 54, aromatic), 5.55
(m, 1H, vinyl proton of 92), 5.05 (m, 1H, vinyl proton of
acetal 97), 3.79 (s, 4H, -0CH-CH-0-) ppm.

A 2-1, three-necked, round-bottomed flask was fitted
with a gas-inlet tube, Dry Ice condenser, pressure-equalizing
addition funnel, mechanical stirrer, and gas-outlet tube
leading to a one-way mercury valve. The apparatus vas flame-
dried, briefly flushed with nitrogem, and charged with 1000
ml of liguid ammonia (distilled through a potassium |
hydrcoxide drying touwer). 13 solution of 37.1 g (0.113 mol) of
crude benzyloxy acetal, 97, dissolved in 250 ml of absolute
ethanol was then added dropwise over a 45 min period to the
stirred ammonia. Small pieces of sodium (15 g, 0.625 mol)
vere added to the reaction mixture at a rate such as to main-

tain a persistent blue color. After 1.5 hr, the blue reac-
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tion mixture was treated with excess ethanol and the ammonia
vas allowed to evaporate through a mercary bubbier, over a 9
hr period. Ether was added to replace the evaporated
ammonia. The crude mixture was diluted with 400 ml ocf vater,
the phases were separated, and the aqueous phase was saturat-
ed with solid sodium chloride followed by extraction with
four 50-ml portions of ether. The combined organic extracts
were washed with brine and dried (NazSO0;). Removal of the
sclvent under reduced pressure gave 26.4 g (0.111 mol - 97.4%
based on ketone 92) of 6,6—-ethylenedioxy-1,2,3,5,6,
7,8,8a-octahydro-1,8a-dimethyl-2-naphthol (98) as a light
yellow oil wvhich, despite repeated attempts failed to
crystallize: ir (film) 3380 (0H), 2860 (CH), 1354, 1259
cm—1; amr (CCl,) & 4.97 (m, 1H, -CH=C-), 3.70 (s, 4H, -0CH>-
CH-0-), 1.06 (s, 3H, angular -CHs), 0.90 (4, 3H, J=4 Hz,
-CHCH;) ppm; high resolution mass spectrum M+ obs: 238.1564;

calcd: 238.1568.

71,7-Ethylenedioxy-4,4a,5,6,7,8-hexahydro-4,4a-dimethyl-

3(28) -naphthalone (99)

The procedure of Charch et al (74) was followed. A
500-ml, three-necked, round-bottomed flask was fitted with a
gas—-inlet tube, a magnetic stirrer, and a pressure-equalizing
addition funnel. The apparatus was evacuated, flame-dried,

filled with prepurified nitrogen, and charged with a solution

of 26.4 g (0.111 mol) of 6,6-ethylenedioxy-1,2,3,5,6,7,8,8a-
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octahydro—-1,8a~dinethyl-2-naphthol (98) dissolved imn 200 ml
of acetone. The reaction mixture was cooled to 5 - 99 and
the light yellov¥ solation was treated with 27.8 ml (0.111
mol - equiv) of Jones reagent (75) over a 8 min period. The
mixture was stirred for an additional 20 min, isopropyl
alcohol was added to destrcy any excess oxidizing agent, and
the blue-green aixture was poured into 600 ml of brine. The
layers were separated and agqueous portion was extracted with
five 100-ml portions of ether. The combined ethereal ex-
tracts were washed with three 70-ml portions of a saturated
sodium bicarbonate solution, brine, and dried (Na=S04). Re-
moval of the solvent under reduced pressure afforded 21.4 g
(0.091 mol - 82.0%) of a crude, yellow, semi-solid, keto
acetal 99: ir (film) 2880 (CH), 1703 (C=0) cm—1; nmr (CCls)d

5.13 (m, 1H, -CH=C-), 3.75 (s, 4H, -OCH.CH.0-), 0.91 (d, 3H,

~ .o

=6 #Hez, —~CHCHg), V.83 (s, 3d, anguiar -Ci pp®; Ligh TresSoli-

&
’-J
Q.

tion mass spectrum M+ obs: 286.1403; calc

Q

: 236.1412,

Attempted epimerization of 7,7-ethylenedioxy-4,4a3,5,6,7,8~

hexahydro-4,4a-dimethyl-3(2H) ~naphthalone (399)

A. A 50-ml, three-necked, round-bottomed flask was
fitted with a gas—-inlet tube and a magnetic stirrer. The ap-
paratus wvas evacuated, flame-dried, filled with prepurified
nitrogen, and charged with 80 mg (0.33 mmol) of 7,7-ethylene-
dioxy-4,4a,5,6,7,8-hexahydro-4,4a-dimethyl-3 (2H)-naph-

thalone (39) and 25 ml of a 1% solution of potassium
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hydroxide in ethanol. This reaction aixture was allowed to
stir at room temperature for 12 hr. The ethanol wvas removed
at reduced pressure and tke residue diluted with water. The
aqueous layer was thoroughly extracted with ether. The com-
bined ethereal extracts were washed with twvo 10-al portionms
of a saturated sodium bicarbonate solution, brine, and dried
(NazS0;). The solvent was removed at reduced pressure and
the residue chromatographed on silica gel. Elution with 20%
ethyl acetate in hexane gave 30 mg of a viscous liquid: ir
(film) 2905 (cH), 1699 (8,y- C=0), 1667 (&,8- C=0), 1600
co—!; nar (CCl,) 6 S5.62 (s, 1H, -CH=C), 5.13 and 4.91 (m, 2H,
—-CH=CH-) ppn.

B. The above reaction was repeated utilizing potassium
t-butoxide in t-butanol as well as an aqueous solution of
0.5% potassium hydroxide. In both cases a mixture of B8,y -

and 2, - ketones were observed.

Semicarbazoae 100 was prepared fro= 4,%a,5,6,7,8-hexa-
hydro-4a-methyl-2 (3HH)-naphthalenone (61) in a 70% yield fol-
loving the general procedure outlined by FPieser (134). A
500-ml, three-necked, round-bottomed flask was fitted with a
gas—inlet tudbe, Dry Ice condenser, mechanical stirrer, and
gas—-outlet tube leading to a one-way mercury valve. The ap-
paratus was flame-dried, briefly flushed with nitrogen, and

charged with 200 ml of liquid ammomia (distilled through a
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potassium hydroxide drying tower). Following collection of
the liquid ammonia, 0.125 g (0.018 mol) of 1lithium wire was
added in small pieces. A solution of 1.6 g (7.2 mmol) of
semicarbazone 100, dissolved in 75 ml of anhydrous
tetrahydrofuran, was then added dropwise, over a 30 min
period, to the stirred, blue solution. The reaction mixture
vas stirred for an additional 1 hr and then treated with
excess ammonium chloride. The aamonia was allowed to
evaporate over a 1 hr period through a amercury bubbler. The
crude product was diluted witk 200 ml of brime, and the
aqueous phase was thoroughly extracted with ether. The com-
bined organic phases were washed with brine and dried
(§a5S0,). Removal of the solvent under reduced pressure gave
a semi-solid which was recrystallized from ethanol to give
1.23 g of a white solid: mp 197-200° [1lit. (65) mp
200-202°7. All spectral properties were identical to those
of the starting material, semicarbazone 100, indicating that

this compound was not altered when treated with lithium in

ammonia.

on_charcoal

A S50-ml, three-necked, round-bottomed flask was fitted
with a gas-inlet tube, gas—-outlet tube, and magretic stirrer.
The apparatus was evacuated, flame—-dried, filled with

prepurified nitrogen, and flushed four times with hydrogen.
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The flask was charged with 0.5 g of 10X palladium chloride on
activated charcoal and 20 ml of absolute methanol. The
catalyst was hydrogenatgd for a period of four hours at which
time the hydrogen uptakéuééased. The reaction mixture was
treated vith 0.4 g (2.1 mnol) of semicarbazone 104. The mix-
ture was stirred under 1 atm of hydrogen for 2 hr during
which time 50 ml of hydrogen (52 ml required) was taken up.
The catalyst was removed by filtration through Celite and the
filtrate was concentrated under reduced pressure, affording
0.45 g of a viscous oil which could be crystallized from
ethanol: mp 2329; nmr (dg-DMSO) no vinyl proton indicated-
while mcst of the benzyl ether remained; mass spectrum (70
ev) M* 253.

Repetition of the preparation attempted above using
octalone 92, gave the decalone as the major product. Under

all conditions employed, the rate of double bond reduction

vas seen to be faster than cleavage of the benzyl ether.

t-6-hydroxy-r-4a,c-5S-dimethyl-2 (3d) -naphthalenone}

A 1-1, thres-necked. round-bottomed flask was fitted
with a gas-inlet tube, Dry Ice condenser, mechanical stirrer,
and gas-outlet tube leading to a one-way mercury valve. The
apparatus was flape-~dried, briefly flushed with nitrogen, and
charged with 1000 21 of liquid ammonia (distilled through a

potassium hydroxide drying tower). Following collectioa of
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the liquid ammonia, 1.39 g (0.2 mol) of lithium wire was
added in small pieces. A solution of 21.4 g (0.091 mol) of
keto acetal 99, dissolved in 200 ml of anhydrous ether was
then added dropwise, over a 45 min period, to the stirred,
blue solution. The reaction mixture was stirred for an addi-
tional 1.5 hr and then treated with excess etkanol. The
ammonia was allowed to evaporate over a 12 hr period through
a mercury bubbler. Ether was added to replace the evaporated
ammonia. The crude product mixture was diluted with 600 ml
of brine, the two phases were separated, and agueous phase
was extracted with five 100-ml portions of ether. The conm-
bined organic phases were washed with brine and dried
(Na>S0.). Removal of the solvent under reduced pressure gave
20.1 g (0.084 mol - 92.3%) of the hydroxy acetal 105, as a
viscous yellow oil: 1ir (film) 3360 (OH), 2885 (CH), 1353,
1270 ca—1; nmr (CCly) 6 4.96 (m, 1H, -CH=C-), 3.71 (s, u4H,
-0CH-CH-0-), 0.89 (s, 3H, angular -CHz;) ppm; high resolution
mass spectrum M¥* obs: 238.1579; calcd: 238.1569,

A 2-1, three-necked, round-bottomed flask was fitted
with a gas—-inlet tube, magnetic stirrer, and reflux
condenser. The apparatus was evacuated, filled with
prepurified nitrogen, and charged with a solution of 20.1 g
(0.084 mol) of crude hydroxy acetal 105 dissolved in 1000 ml
of acetone. This stirring solution was treated with 1.0 g of

p-toluenesulfonic acid and 20 ml of water, and heated to
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reflux temperature for 2 hr. The reaction mixture was cooled
to room temperature, the majority of the solvent was removed
at reduced pressure, and the residue was taken up in ether.
The ethereal layer was washed with three 70-ml portions of a
saturated sodium bicarbonate solution, brine, and dried (Na>-
SO4). Removal of the solvent under vacuui followved by
distillation of the residue afforded 5.9 g (0.03 mol - 33.4%
based on keto acetal 99) of des-isopropylidenepetasol (13) as
a clear liquid which crystailiized upom cooling. The analyti-
cal sample, obtained after two crystallizations from a 10%
solution of ethyl acetate in n-hexane, melts at 91-929: ir
(KBr) 3490 (OH), 2885 and 2852 (CH), 1656 (Cc=0), 1239, 1168,
1041, 944, 891, 774 cma—?!; nmr (CDClz) & 5.74 (s, 3H, -CH=C-),
3.55 (m, 1H, -CHOH), 1.12 (s, 3H, angular -CHz), 1.00 (4, 3H,
J=2 Hz, -CHCHs) ppam.

Apnal. Calcd for C,.H; 505z C, 74.19; H, 9.34. Found:
C, 74.12; H, 9.28.

cis-3,4,8a2,5,6,7,8,8a-0ctahydro-t-6-hydroxy~-r-4a,c-5-

dimethyl-2(1H) -naphthalone_(107)

A 25~ml. three-necked. round-bottomed flask was fitted
with a gas-inlet tube, gas-outlet tube and magnetic stirrer.
The apparatus wvas evacuated, flame-dried, filled with
prepurified nitrogen, and flushed four times with hydrogen.
The flask was charged with a solution of 83.6 mg (0.43 mmol)

of des-isopropylidenepetasol (15) dissolved in 5 al of abso-
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lute ethanol , and 22 ag of 10% palladium chloride on
activated charcoal. The mixture was stirred under 1 atm of
hydrogen for 3.5 hr during which time 10 ml of hydrogen (9.6
Bl required) wvas taken up. The catalyst was removed by
filtration through Celite and the filtrate was concentrated
under reduced pressure affording 80 mg of a yellow oil which
vas chromatographed on 20 g of silica gel. The column vas
eluted with 50% ethyl acetate in hexane giving 66 mg of a
sinqle, solid coaponent. Three crystallizations of this ma-
terial from n-heptane afforded 41 mg (0.21 mmol - 48.8%) of
gig—B,Q,&a,S,é,?,8,8a-octahydro-g—é—hydroxy-g-ua,g-S-
dimethyl-2(1H) -naphthalone (107) as a white solid: wmp 91 -
929 [1lit. (74) mp 92 - 93°; mmp 92 - 939]; ir (KBr) 3490
(0H) , 2910 and 2845 (CH), 1696 (C=0), 1377, 1034 cm—1,

The richly detailed ir spectrum of this material was

identical with the ir spectrum of an authentic sample (74).

4,43,5,6,7,8-Hexahydro-r-4a,c-5-dimethyl-2(3H) -naphtha-

lenone_(63c)

A. According to the procedure described by K. Naya et

Jv

1 _(uu)y . a 25-ml. one-necked, round-bottomed flask was fitted
with a gas-inlet tube. The apparatus was evacuated, flame-
dried, filled with prepurified nitrogen, and charged with a
solution of 170 mg (0.71 mmol) of crude 6,6-ethylenedioxy-
,2,3,5,6,7,8,8a-octahydro-r-1,c-8a-dimethyl-t-2-naphthol

(105) dissolved in 1.5 ml of dry pyridine. The reaction mix-
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ture was cooled to an internal temperature of 0° with an ice
bath and 400 mg (2.1 mmol) of p-toluenesulfonyl chloride was
added. The reaction mixture was allowed to stand at room
temperature for 3 days. The reaction mixture was then poured
into 30 ml of ice-water, the aqueous solution was extracted
with five 10-ml portions of ether, and the combined ethereal
fractions were washed with a cold agueous solutiomn of 2%
sulfuric acid, a cold solution of dilute sodium bicarbonate,
brine, and dried (Na>SO,). Removal of the solvent afforded
crude tosyloxy acetal 106: ir (film) 2910 (CH), 1356
(tosylate), 1170 (tosylate), 1029 cm—!; nmr (CCls) 6 7.05 -
7.6 {(m, 4H, aromatic), 3.74 (s, G4H, -0CH-CH-0-), 2.28 (s, 3H,
CH,—-aromatic) ppm.

A 25~-ml, three-necked, round-bottomed flask was fitted
with a gas—-inlet tube, reflux condenser, magnetic stirrer,
and pressure-egualizing addition funnel. The apparatus was
evacuated, flame-dried, filled with prepurified nitrogen, and
charged with 79 mg (2.1 mmol) of lithium aluminum hydride in
5 ml of anhydrous ether. To the stirred solution was added
251 mg (0.64 mmol) of crude tosylate, 106 dissolved in 10 ml
of anhydrous ether. The reaction mixture was stirred at
reflux temperature for 24 hr. After cooling the solution to
roon temperature, the excess hydride was decomposed with
moist ether followed by water and 10% aqueous hydrochloric

acid solution. The aqueous layer was extracted with four
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10-ml portions of ether and the combined ethereal extracts
vere washed with three 20-ml portions of dilute sodiam
bicarbonate solution, water, and brine. The solvent was
removed at reduced pressure affording a yellow oil.

The crude yellow acetal was dissolved in 4 ml of
acetone. To this solution was added 2 ml of a 10X agqueous
hydrochloric acid solution and the mixture was warmed for 10
min on a steam bath. The acetone was evaporated in an air
stream, 25 ml of saturated salt solution was added, and the
ketone was isolated by extraction with three 10-ml portions
of ether. The combined organic layers were washed with three
10-ml portions of saturated sodium bicarbonate solution,
water, brine, and dried (MgSO,). Removal of the solvent
under reduced pressure afforded a viscous yellow o0il, which
¥as chromatographed on 15 g of silica gel. Elution with 7%
ethyl acetate in hexane gave 50 mg (0.28 mmol - 39.6% based
on hydroxyl acetal 105) of 4,4a,5,6,7,8-hexahydro-c-4a,c-5-
dimethyl-2(3H) -naphthalenone (63¢c) as a clear liquid: ir
(film) 2920 and 2850 (CH)}, 1667 ({conj. C=0), 1612 (conj.
c=C). 1346, 1232, 1182, 874, 853 cm—!; anmr (CCl,) 6 5.64 (s,
14, -CH=C-), 1.12 (s, 3H, angular -CHgz), 0.91 (m, 3H, -CHCHg3)
ppm. The octalone so obtained was further characterized by
the identity of its ner and ir spectra with those of an
authentic sample (73a), (77) independently synthesized in

these laboratories (138).
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B. #4,%a,5,6,7,8-Hexahydro-r-4a,c-5-dimethyl-2(3H) -naph-
thalenone (63c) could also be prepared by proceeding through
a mesylate precursor. Thus, following the general procedure
of Tadanier (140), a 25-ml, three-necked, round-bottonmed
flask vas fitted with a gas-inlet tube, thermometer, rubber
septum, and magnetic stirrer. The apparatus was evacuated,
flame-dried, filled with prepurified nitrogen and charged
with 165 mg (0.70 mmol) of the hydroxy acetal of 15x
dissclved irn 2.5 ml of dry pyrdine. The reaction mixture was
cooled to an internal temperature of 0° with an externmal ice
bath and treated with 148 mg (1.3 mmol) of methanesulfeornyl
chloride, dropvwise and with stirring, over a 5 min period.
The reaction mixture was stirred at 0° for 0.5 hr ard then
was allowed to stand at room temperature for 15 hr. The so-
lution was then poured into 50 ml of ice water and thoroughly
extracted with chloroform. The combined chloroform extracts
were washed with two 20-ml portions of cold, 2% aqueous
sulfuric acid, tvo 20-ml portions of cold, dilute sodium

bicarbonate solution, brine, and dried (Na,SO,). Removal of

ct

he sclvent afforded the crunde mesylate of 15x: ir (film)
2918 (CH), 1335 (mesylate), 1155 (mesylate), 1010 cm—1; nmr
(CCl,) 6§ 3.74 (s, 4H, -OCH>CH20-), 2.97 (s, 3H, -SO02CHs) ppm.
The mesylate was displaced withilithium aluminum hydride
as described in part A. The resulting acetal was cleaved in

acetone and a 10% aqueous solution of hydrochloric acid as
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outlined above. Usual work-up afforded a viscous oil which
wvas chromatographed on silica gel. Elution with 10% ethyl
acetate in hexane gave 35.4 mg (0.20 mmol - 28.6% based on
tke hydroxy acetal of 15x) of 4,4a,5,6,7,8-hexahydro-r-4a,
c-5-dimethyl~2(3H) -naphthalenone (63c). All spectral proper-
ties for octalone 63¢c vere identical to those described in
part A.

Attempted preparation of 3-bromo-4,4a,5,6,7,8-hexahydro-

4a-methyl-2 (3H) ~-naphthalenone_ (118)

A. Pollowing the briefly outlined procedure of Avang
and Holfe (108), a 100-ml, three-necked, round-bottomed flask
was fitted with a gas-inlet tube, pressure-equalizing addi-
tion funnel, and magnetic stirrer. The apparatus vas
evacuated, flame-dried, filled with prepurified nitrogen, and
charged with a solution of 1.0 g (6.1 mmol) of 4,4a,5,6,7,8-
hexahydro-4a-methyl-2(3H)-naphthalenone (61) dissolved in 25
ml of dry tetrahydrofuran cooled to 20°. A solution of 3.0 g
(6.1 mmcl) of pyrrolidone hydrotribromide in 25 ﬁl of dry
tetrahydrofuran wvas added dropwise and with stirring over a
30 min period. After the addition was complete, stirring was
continued for an additional 1.5 hr. The white solid of
pyrrolidore hydrobromide was filtered and the filtrate was
concentrated at reduced pressure. Water was added and the
aqueous phase was extracted three times with ether. The com-

bined ethereal extracts were washed with water, a saturated
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solution of sodium bicarbonate, brine and dried (MgSO4). The
solvent was removed at reduced pressure to yield a mixture of
mono-, di-, and tri-bromoketones, plus other unidentified
products: nmr (CCl,) 6 6.11, 5.71, S.48 (singiets, vinyl
protons), 4.89 (m, -CHBr), 1.57 and 1.29 (s, angular -CH3's)
PPR.

Purification by column chromatography resulted in the
isolation of seven components, none of which were homoge-
necus, Slow decombosition of these fractions occurred at room
temperature.

B. Use of the brominating agents trimethylphenyl-
ammonium perbromide (110), (111) and pyridiniuﬁ hydro-
tribromide (112) gave nearly identical results to those found
in part A. Buffering the reaction mixture with sodiunm
acetate also proved to be unsuccessful.

Attempted preparation of bromoacetal 124b followed by treat-

ment with lithium diisopropenyl cuprate
Pollowing a modification of the procedure suggested by

Keith (111), a 250-mi, three-necked, round-bottomed flask was

fitted with 2 gas-

s

nlet

+

oh

(1

and a magnetic stirrer. The ap-
paratus was evacuated, flame-dried, filled with nitrogen, and
charged with a solution of 3.2 g (0.0154 mol) of acetal 128a

dissolved in 100 ml of dry tetrahydrofuran. To the stirring

solution was added 4.9 g (0.0154 mol) of pyridinium hydro-

tribromide. TImmediately a white precipitate of pyridine
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hydrobromide formed. The solution was stirred at room tem-
perature for one hour, poured into 100 ml of water, and
thoroughly extracted with ether. The combined ethereal frac-
tions were washed with a saturated sodium bicarbonate solu-
tion, brine, and dried {(Na=S0O;). Removal of the solvent
afforded an a-bromoacetal which appeared to be extremely
labile and thus was alkylated immediately with lithiaum
diisopropenyl cuprate.

A modification of Starrett!s (141) procedure vas em-
ployed. A 500-al, three-necked, round-bottomed flask was
equipped with a Hershberg wire stirrer, gas-inlet tube,
reflux condenser, and pressure-equalizing addition funnel.
The bottom of the flask was equipped with a stopcock and a
24740 inner joint containing glass wool to facilitate
filtering the isopropenyl lithium under inert gas conditioms.
The apparatus was evacuated several times, filled with
prepurified argon, charged with 2.7 g (0.39 mol) of finely
divided lithium ribbon (Foote Mineral Co.; 1% sodium con-
tent), and 125 ml of anhydrous ether. The lithium suspension
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Yy and 24,2 g 0.2 mol) of freshly dis-
tilled isopropenyl bromide dissolved in 20 ml of ether was
added dropwise at a rate sufficient to maintain the ether at
reflux temperature. After stirring for 1 hr, the grey solu-
tion was filtered under an argon atmosphere, through glass

wool into a 500-ml, round-bottomed, three-necked flask fitted
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with a mechanical stirrer, thermometer, gas-inlet tube, and
the aforementioned glass wool filter. The flask had previ-
ously been charqed with 21.0 g (0.11 mol) of amhydrous
cuprous iodide suspended in 100 nl of dry tetrahydrofuran and
cooled to -10% in an ice-salt bath.

The lithium diisopropenyl cuprate wvas coapletely formed
after stirring at -10° for 45 min as evidenced by the lack of
color when an aliquot was added to Michler's ketone (Gilman
ccleor test #1) (142). To the lithium diisopropenyl cuprate
slurry was added, dropwise, over a 15 min period, 3.2 g
(0.011 mol) of bromoacetal 124b dissolved in 20 ml of
anyhdrous tetrahydrofuran. The reaction mixture was stirred
for 4 hr at 09, The resulting dark solution was poured into
an agqueous solution of ammonium chlcride and ammoniam
hydroxide at pH 8. The aqueous phase was extracted three
times with ether. The combined ethereal extracts were washed
with brine and dried (MgSO4). Removal of the solvent in
vacuo gave a viscous oil: amr (CCly) 6 4.5 - 6.1 (vinyl pro-
tons; all broad multiplets), only a trace of the acetal pro-
tons were present; ir (film) noa ;8-unsaturated carbonyl. nc
isopropenyl functionality. Bromoacetal 124bL was quite
insoluble under the reaction conditions employed above, and
perhaps a heterogeneous solution is the cause of the non-

reactivity.

Treatment of 3-carbomethoxy-4,4%a,5,6,7,8-hexahydro-4a-
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methyl-2(3H)-naphthalenone (130) with lithium hydride and

methyllithiunn

A 100-m1, three-necked, round-bottomed flask was fitted
with a gas-inlet tube, magnetic stirrer, constant-pressure
addition funnel, and reflux condenser. The apparatus vas
evacuated, flame-dried, flushed with nitrogen, and charged
with 28 mg (3.5 mmol) of lithium hydride and 20 ml of
anhydrous ether. To this suspension was added a solution of
0.5 g {2.3 mmol) of B-keto ester 130 dissolved in 10 ml of
anhydrous ether, dropwise and with stirring over a 10 min
period. The reaction mixture was heated to reflux for 7 hr,
and was then cooled to room temperature. To the resulting
heterogeneous solution was added 14.0 al (23 mmol) of
methyllithium (Foote Mineral Co.; 1.%54M), dropwise, over a 15
min period. The reaction mixture was then heated to reflux
for 2 hr, cooled to roor temperature, and quenched with 5 ml
of acetone. The ethereal solution was added dropwise to a
rapidly stirring solution of cooled, 25% ammonium chloride in
water., The layers vere separated, and the aqueous portion
ughly extracted with eother. The conbined ethereal ex-
tracts were washed with a saturated solution of sodium
bicarbonate, brine, and dried (Na5SO,). Removal of the
solvent afforded a viscous yellow o0il which was
chromatographed on silica gel. Elution with 10% ethyl

acetate in hexane afforded an olefinic material identified as
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triene 132: ir (fila) no carbonyi or hydroxyl; amr (CCls) 6
5.1, 4.5, 3.8, 2.1, 1.09 ppm; mass spectrua (70ev) M+ 190.

Employing sodium hydride in place of lithium hydride
gave similar results to those above.

Attempted cleavage of acetal_ 134

A. Treatment of 134 with p-toluenesulfonic acid,
acetone, and vater under reflux gave octalone 136.

B. Treatment of 134 with 10% HCl in acetone at stean
bath tezmperatures gave coctalone 136.

C. Treatment of 134 with thionyl chloride in pyridine
(115) (116), followed by reflux with 2% sulfuric acid and

acetone gave intractable material.

Attempted preparation of 3-acetyl-4,4a,5,6,7,8-hexahydro-

3-isopropenyl-4,4a-dimethyl-naphthalenone

The procedure of Zalkow and Ellis (117) was employed. 1A
25-ml, three-necked, round-bottomed flask was fitted with a
gas-inlet tube, magnetic stirrer, and reflux condemnser. The
apparatus was evacuated, flame-dried, flushed with nitrogen,
and charged with a solution of 0.331 g (1.52 mmol) of

cctalone 142 dissclved in 10 21 cof dry bkenzene. To the
stirring solution was added 0.75 g (1.7 mmol) of freshly pre-
pared lead tetraacetate. The reaction mixture was heated at
reflux temperature for 5 hr, cooled to room temperature, and
diluted with 20 ml of ether. The organic layer was washed

with eight 10-ml portions of water at vhich time the aqueous
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layer vas neutral to litmus. The organic extract was then
dried (NasSO.;). The solvent was removed under vacuum to
afford a viscous o0il which was chromatographed on silica gel.
Elution with 10X ethyl acetate in hexane gave 180 mg of an
0il whose spectral properties were very different from the
expected product or starting material.

Attempted preparation of the lithium enolate of 4,4a,5,6,7,8-

hexahydro~-da-methyl-3-isopropenyl-2(3H) ~naphthalenone (146)

Accerding to the general procedure developed by House
and Trostl(119), a 25-ml, three-necked, round-bottomed flask
was fitted with a gas—-inlet tube and magnetic stirrer. The
flask was evacuated, flame-dried, flushed with nitrogen, and
charged with 0.9 g (3.7 mmol) of triphenylmethane. To this
vas added 1.8 ml (3 mmol) of methyllithium in ether (Foote
Mineral Co.; 1.64M), dropwise, and with stirring, over a S
min period. Approximately 1 ml of dimethoxyethane was added
and the solution turned blood-red. The mixture was allowed
to stir for an additional 10 min and was then treated with 90
®g (0.44 mmol) of octalone 136 dissolved in 3 ml of

. .
-
s reaction mixtnr

e was alloved to stir

b

dizmethkoxyetkane. Tk
for 1 hr, and was then quenched with several drops of acetic
acid. The resulting solution was diluted with 20 ml of ether
and vashed with a dilute solution of sodium bicarbonate,
brine, and dried (Na>S0O4). Removal of the solvent in vacuum

afforded a viscous o0il. The spectral properties of this na-
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terial were indicative of a compound containing a B,Y-
carbonyl, ie. octalone 147.

Treatment of des-isopropylidenepetasol (15) with sodium

hydride and dimethylcarbonate

A 25-ml, three-necked, round-botfomed flask was equipped
with a gas—~inlet tube, magnetic stirrer, pressure-equalizing
addition funnel, and reflux condenser. The apparatus was
evacuated, flame-dried, flushed with nitrogen, and charged
with 0,11 g ¢cf a 57% scdium hydride-mineral oil dispersion
62 mg - 2.6 mmol active hydride). The mineral oil was
removed by washing the solid with three 10-ml portions of
pentane, under a continual sweep of nitrogen, followed by re-
moval of the pentane through a sintered glass gas dispersion
tube attached to water aspirator. The clean hydride was
covered with 10 ml of anhydrous benzene and 0.17 g (1.9 amol)
of freshly distilled diuethylcarbqnate. To this stirring
suspension was added a solution of 0.13 g (0.63 amol) of des-
isopropylidenepetasol {15) dissolved in 2 ml of benzene,
dropwise and with stirring, over a ten min period. The mix-

turs zas slo=l

turs 2lv hoated to reoefluxy and held there for 45 hr,

~g

The reaction nmixture was then cooled to 59, treated with
glacial acetic acid until the solution was acidic to litmus
paper, and poured into 50 ml of ice water. The resulting
phases were separated, the aqueous phase was saturated with

solid sodium chloride, and was extracted with three 20-ml
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portions of ether. The combined ethereal extracts wvere
washed with three 20-ml portions of a saturated sodium
bicarbonate solution, brine, amnd dried (Na5SO,). Removal of
the solvent afforded a yellow oil, believed to be carbonate
150, having the following spectral properties: 2860 (CH),
1725, 1661, 1613, 1438, 1192 cm—1; nmr (CCl;) 6 5.69 (s, 1H,
-C=CH~-), 4.6 (m, 1H, -O0CH-), 3.75 (s, 3H, -0C02CHs), 1.18 (s,
3H, angular -CHz) ppm; negative ferric chloride test; mass
spectram {708ev) M+ 252,

Treatment of carbonate 150 with three equivalents of so-
dium hydride, and tvwo equivalents of dimethylcarbonate gave
only starting material. The use of a benzene - dimethoxy-
ethane solvent mixture, in place of 100% benzene, caused car-
bonate 150 to form intractable material when treated with so-
dium hydride and dimethylcarbonate.

Tetrahydropyranyl ether of 4,4a,5,6,7,8-hexahydro-t-6-

hydroxy-r-4%4a,c-5-dimethyl-2 (3H) -naphthalenone_ {151)
A 25-ml, one-necked, round-bottomed flask was fitted
with a gas-inlet tube and magnetic stirrer. The apparatus

Fs
%¥as evacuated

¢ £lushed withkh nitrogen and charged with a solu-
tion of 2.04 g (10.6 mmol) of des-isopropylidenepetasol (15)
dissolved in 15 sl of methylene chloride. To the stirring
mixture was added 2.1 g (25 mmol) of freshly distilled

dihydropyran and 1 drop of concentrated hydrochloric acid.

The reaction mixture was allowed to stand under nitrogen for
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38 hr. The solution was diluted with 50 ml of ether and
extracted with four 20-ml portionrs of cold, dilute sodiunm
bicarbonate, brine, and dried (NasSO,). Removal of the
solvent afforded a light-yellow oil which was chromatographed
on silica gel. Elution of the column with 15% ethyl acetate
in hexane gave 2.26 g (8.13 mmol - 76.7%) of the tetrahydro-
pyranyl ether of 4,4a,5,6,7,8-hexahydro-t-6-hydroxy-r-da,

c-5-dimethyl-2 (3H) -naphthalenone (151) as a clear, colorless

3]

{€il1m) 2870 (CHY, 1668 (C=0)_, 908, 804 cm—1; nar

[ L)

oil:
(ccl.) 6 5.62 (s, 1H, -CH=C-), 4.6 - 4.75 (m, 1H, -0CHO-),
1.13 (s, 3H, angular -CH;) ppm; high resolution mass spectrun
M+ obs: 278.1880; calcd: 278.1881.

Anal. cCalcd for C, H, 5052 C, 73.34; H, 9.41. Found:
Cc, 73.18; H, 9.39.

3-Carbomethoxy-4,4a,5,6,7,8-hexahydro-4a,5-dimethyl-
2(3H) -naphthalenone (125) and 3-carbomethoxy-4,4a,5,6,7,8~
hexahydro-4a-methyl-2(3H) — napthalenone (130) were also pre-
pared in a manner identical to that outlined above,

Tetrahydropyranyl ether of 3-carboxmethoxy-4,4a,5,6,7,8-

hexakydro-t-S-hydroxy-r-Ua,c~-S5-dimethvl-2(3H)-naphthalenone
132)

A 50-ml, three-necked, round-bottomed flask was equipped
with a pressure equalizing additon funnel, gas-inlet tube,
magnetic stirrer, and reflux condenser. The apparatus was

evacuated, flame-dried, flushed with nitrogen, and charqéd
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with 1.02 g of a 57% sodium hydride-mineral oil dispersion
(0.58 g - 24.3 mmwol active hydride). The mineral oil was
removed by washing the solid with three 20-ml portions of
pentane under a static nitrogen pressure, followed by removal
of the pentane through a sintered glass gas dispersion tube
attached to a water aspirator. The clean hydride was covered
with 12 ml of anhydrous benzene which contained 1.83 g (20.3
mmol) of freshly distilled dimethylcarbonate. To this
stirring suspension mas added a soluotion of 2.25 g (8.1 mmol)
of octalone 151 dissolved in 4 ml of benzene, dropwvise and
with rapid stirring, over a 10 min period. The mixture was
slovly heated to reflux temperature and held there for 16 hr.
The crude product mixture was then cooled to 59, treated

with glacial acetic acid until the solution vasvacidic to
litmus paper, and poured into 50 ml of ice water. The re-
sulting phases were separated, the agqueous phase saturated
vith solid sodium chloride and extracted with three 15-ml
portions of ether. The combined organic extracts were washed
with three 20-ml portions of a saturated sodium bicarbonate

2d {NazSC4} . The sclvent was removed

poe

brine, 2and &ar

4]
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in vacuo to afford 3.12 g (8.1 mmol) of the crude tetrahydro-
pyranyl ether of 3-carbomethoxy-4,4a,5,6,7,8-hexahydro-t-6-
hydroxy-r-4a,c-5-dimethyl-2 (3H)-naphthalenone (152) as a
viscous oil: nmr (CCl,) § 12.91 (s, 1H, enolate), 5.67 (m,
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angular -CH3) ppm; positive ferric chloride test; high reso-
lution mass spectrum M+ obs: 336.1918; calcd: 336.1936.

This material was somevwhat labile and therefore was im-
mediately converted to acetal 153.

{2) -Isopetasol (14)

A 250-ml, one-necked, round-bottomed flask was fitted
with a gas-inlet tube, magnetic stirrer, Dien Stark trap, and
reflux condenser. The apparatus was evacuated, flushed with
pitrogen, and charged with a solution of 6.3 g (18.7 mmol) of
the tetrahydropyranyl ether of 3-carbomethoxy-4,4a,5,6,7,8-
hexahydro-t-6-hydroxy-r-4a,c-5-dimethyl-2(3H)-naphthalenone
(152) dissolved in 150 ml of benzene. To the stirring solu-
tion was added 150 mg of p-toluenesulfonic acid and 15 ml (27
mmol) of 1,2-ethanedicl. The reaction mixture was heated to
reflux for 18 hr with 0.3 ml of water being removed from the
system. The solution was then cooled, diluted with 150 ml of
ether, and extracted with three 50-ml portions of a saturated
sodium bicarbonate solution. The organic portion was washed

twice with brine and dried (Na,SO,). Removal of the solvent

under vacunm afforded 4.7 g of a2 mixture of octalones Nmr

indicated that approximately 80% of the material isolated was
no longer protected by the tetrahydropyranyl ether: nar
(ccl,) 6 5.2 (», 1H, -CH=C-), 3.86 (s, 4H, -0CH>CH20-), 3.63

(s, 34, -CO-CHz) ppn.
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Refluxing the above reaction mixture over 4A molecular
sieves resulted in partial decarbomethoxylaticn of acetal
153.

A 250-ml1, three-necked, round-bottomed flask was
equipped with a magnetic stirrer, gas-inlet tube, reflux
condenser, and pressure-equalizing addition funnel. The ap-
paratus was evacuated, flame-dried, fiushed with nitrogen,
and charged with a solution of 4.7 g (15.3 mmol) of acetal
153 dissclved in 60 ml of anhydrous ether. To the stirring
reaction mixture was added 91 ml (150 mmol) of methyllithium
(Foote Mineral Co.; 1.65M), dropwise, over a 30 min period.
The solution was then heated to reflux for 2 hr, cooled to
room temperature and added dropwise to 200 ml of cold, 30%
ammonium chloride. The resulting aqueous solution was
thoroughly extracted with five 40-ml portions of ether. The
combined ethereal extracts were washed with two 50-ml por-
tions of a saturated sodium bicarbonate solution, brime, and
dried (NayS0,). Removal of the solvent afforded 4.6 g of an
extremely viscous o0il which was immediately treated as de-

A 250-ml, one-necked, round-bottomed flask was fitted
with a gas-inlet tube, magnetic stirrer, and reflux
condenser. The apparatus was evacuated, flushed with nitro-
gen, and charged with 4.6 g (15.1 mmol) of hydroxyacetal 154

dissolved in 150 ml of acetone and 3 ml of water. To the so-
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lution was added 150 mg of p-toluenesulfonic acid, and the
reaction mixture was heated to reflux for 4 hr. The solution
vas cooled and most of the solvent removed at reduced
pressure. The dark residue was diluted with 50 ml of brine,
and thoroughly extracted wih five 30-ml portions of ether.
The combined ethereal fractions were washed with three 50-ml
portions of a saturated sodium bicarbonate solution, brine,
and dried (Na2S0s). Removal of the solvent afforded 3.1 g
(10 =sol) of the crude diol, 154. Complete dehydration of
the tertiary alcohol was assured by the treatment described
below.

A 100-ml, one-necked, round-bottomed flask was fitted
with a gas-inlet tube, magnetic stirrer, and reflux
condenser. The apparatus was evacuated, flame-dried, flushed
with nitrogen, and charged with a solution of 3.1 g (10 mmol)
of hydroxyacetal 154 dissolved in 50 ml of anhydrous
methanol. To the stirring solution was added 0.5 ml of con-
centrated hydrochloric acid, and the reaction mixture was
heated to reflux for 3 hr. The solution was cooled and most
of the solvent rempcved under redanced pressare. The residue
vas diluted with 50 =l of brire and extracted with four 30-ml
portioﬁs of ether. The combined ethereal extracts were
washed with three 30-ml portions of a saturated sodium
bicarbonate solution, brine, and dried (NasSO.). Removal of

the solvent afforded 2.1 g of a dark oil which was
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chromatographed on silica gel. Elution with 25% ethyl
acetate in hexane gave 200 mg of a light yellow oil.
Crystallization from ethyl acetate in hexane afforded 100 mg
(0.43 mmol - 3%) of isopetasol (14) as yellow crystals. The
analytical sample, obtained after two recrystallizations fron
a 10% solution of ethyl acetate in hexane, melts at 118 -
1199: ir (KBr) 3516 (OH), 2944 amd 2881 (CH), 1664 (C=0;,
1628 (c=C), 1308, 1231, 1041, 891, 693 cm—2; nmr (CDCl;) §
5.78 (s, 14, -CH=C-), 3.6 (=, 1H, -CHOH), 2.13 (s, 3H,
=C-CH-), 1.90 (s, 3H, =C-CH3), 1.03 (s, 3H, angular -CH3)
ppm.

Anal. Calcd for CisHz2202: C, 76.88; H, 9.46. Found:
Cc, 76.97; H, 9.55.

4,4a,5,6,7,8-Hexahydro-3-isopropylidene-4a-methyl-
2(3H)-naphthalenone (136) and 4,4a,5,6,7,8-hexahydro-3-
isopropylidene-4a,5-dimethyl-2(3H)-naphthalenone (142) were
prepared in a mannef similar to that described above.

Following the well defined procedure of Buckles and Mock
(120) a 250-ml., three-necked. round-bottomed flask was fitted
with a magnetic stirrer, calcium chloride drying tube,
pressure-equalizing addition funnel, and reflux condenser.
The apparatus was charged with 25 g (0.25 mol) of tiglic acid
(156) (Aldrich Chemical Co.) and 50 ml of dry carbom

tetrachloride. After stirring for 15 min, 40 g (0.25 mol) of
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bromine was added, dropwise and with stirring, over a 30 wmin
period. The reaction mixture was allowed to stand for 12 hr
and was then heated to reflux for 2 hr at which time the so-
lution turned light orange. The solvent was removed under
reduced pressure and the solid residue recrystallized fromn
petroleum ether (bp 60-709) to afford 55.4 g (0.21 mol -
85.3%) of a,B-dibrono-ct-methylbutyric acid: nmp 80-86° [1lit.
(143) mp 82-889]; nmr (CCl,) 6 12.04 (s, 1H, -COH), 4.81 (q,
1H; J=7 Hz, -CHBr), 1.90 (s and =, 6H, -CHs3) ppn.

A 500-ml, three-necked, round-bottomed flask was fitted
with a magnetic stirrer, gas—-inlet tube, pressure-equalizing
addition funnel, and reflux condemnser. The apparatus was
evacuated, flame-dried, flushed with nitrogen, and charged
with 55.4 g (0.21 mol) of &, B-dibromo-o.-methylbutyric acid
dissolved in 35 ml of methanol. To the reaction mixture was
added 300 ml of a 25% solution of potassium hydroxide in
methanol, dropwise and with stirring, over a 45 min period.
Anhydrous potassium carbonate (5.5 g) was added to depress
decarboxylation. The temperature of the reaction mixture was
raised to 55° where it was held for 2 hr. Excess potassiun
hydroxide was then removed by bubbling CO0-. gas through the
varm reaction mixture for 30 min. The suspension was
filtered while warm, and the filtered salt was washed with
200 ml1 of warm methanol. The filtrate was concentrated in

vacvo. The residue was dissolved in 100 ml of water, and
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acidified to Congo red with 6N hydrochloric acid. The prod-
uct was filtered, dried, and recrystallized from petroleun
ether (bp 60-70°) to yield 19.5 g (0.11 mol - 44X based on
156) of g-bromoangelic acid:z mp 93.5-95° [1lit. (143)
92-94.5°]; nar (CCl,) 6 12.31 (s, 1H, -CO=H), 2.77 (m, 3H,
-CH3), 2.10 (m, 3H, -CH3) ppn.

A 250-ml, three-necked, round-bottomed flask was fitted
with a gas-inlet tube, mechanical stirrer, and thermometer.
The flask was charged with 9.5 g (0.053 mol) of g-bromo-
angelic acid and 70 ml of water. The solution was cooled to
50 with an external ice bath. To the rapidly stirring solu-
tion was added in small pieces 210 g (0.83 mol of sodium) of
9% sodium amalgam over a 1 hr period maintaining a tempera-
ture of 5 - 109, The mixture was stirred slowly for an addi-
tional 48 hr at roos temperature. The aquecus layer was then
separated from the mercury, and the mercury was washed with
two 10-ml portions of water. The combined aqueous extracts
were acidified to Congo red with concentrated hydrochloric
acid. The precipitated product was filtered, dried, and
recrystallized from petroleun ether (bp 60-70°) to vield 2.4
g (0.024 mol - 18.1% based on 156) of angelic acid (155): nmp
Uy-46° [lit. (143) mp 45-46]; nmr (CCl,) 6 12.77 (s, 1H,

-C02H), 6.22 (q, 14, J=8 Hz, -C=CH-), 2.0 (m, 6H, -CHz) ppn.
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A 100-ml, three-necked, round-bottomed flask was
equipped with a gas-inlet tube and magnetic stirrer. The ap-
paratus was evacuated, flame-dried, flushed with nitrogen,
and charged with 0.15 g (1.3 mmol) of 2-methylcyclohexanol,
3.13 g (1.3 mamol) of tiglic acid, 0.27 g (1.3 mmol) of
dicyclohexylcarbodiimide, and 50 ml of anhydrous ether. The
solution was stirred at room temperature for 16.5 hr. The
solid which had formed was filtered and thoroughly washed
with acetone. Removal of the solvent under vacuum afforded a
white solid which was recrystallized from chloroform in
ether. This reaction afforded 180 mg of what is believed to
be amide 157: @mp 164-165°; nmr (CDClz) 6 6.80 (m, 1H, -HN-),
5.91 (q, 1H, J=10 Hz, —-CH=C-) ppm; mass spectrum (70 ev) M+
306.

The reaction of isopetasol (14) with angelic acid (155)
in the presence of DCC gave similar results. Octalone 14 was
recovered in virtually quantitative yield while the angelic
acid reacted with the DCC. Varying the reaction conditions
(temperature, time, and solvent) did not improve the results

of tae attempted esterification.
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Attempted preparation of the angelate ester_ of 2-methyl-

cyclohexanol using p-toluenesulfonic acid

A 25-ml, one-necked, round-bottomed flask was fitted
¥ith a gas—-inlet tube, magnetic stirrer, reflux condenser,
and Dean-Stark trap. The apparatus was evacuated, flushed
with nitrogen, and charged with 0.148 g (1.3 mmol) of
2-methylcyclohexanol, 0.13 g (1.3 mmol) of angelic acid
(155), and 20 mg of p-toluemesulfonic acid. These solids
were covered with 12 ml of dry benzene and heated to reflux
for 2 hr. The reaction mixture was cooled, washed with
brine, and dried (NasSO4 ). Removal of the solvent indicated
the presence of starting materials; identified by their spec-
tral properties.

Treatmeat of 53 mg (0.22 mmol) of isopetasol (14), 30 mg
(0.33 mmol) of angelic acid (155), and 15 mg of p-toluene-
sulfonic acid in 10 ml of benzene, under the same reaction
conditions as described above, gave cnly starting material.

Attempted preparation_of angeloyl chloride

A. Treatment of angelic acid with thionyl chloride ac-
cording to the proceduare of Bishop (129) gave tigloyl
chloride as the only isolable product.

B. Treatment of angelic acid with oxalyl chloride ac-
cording to the procedure of Engel and Just (130) gave tigloyl

chloride as the only isolable product.
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C. Treatment of angelic acid with thionyl chloride at
low teaperatures according to the procedure of Hocking (131)
gave an inseparable mixture of tigloyl chloride and angeloyl
chloride.

D. The sodium salt of angelic acid was treated with
refluxing phosphorous oxyckloride following the procedure of
Bupe (132). Distillation of the resulting mixture afforded
tigloyl chloride.

Angelov) chloride

Following the general procedure of Rupe (132), a 100-ml,
three-necked, round-bottomed flask was fitted with a gas-
inlet tube, magnetic stirrer, and reflux condeaser. The ap-
paratus was evacuated, flame-dried, flushed with nitrogen,
and charged with 1.70 g of a sodium hydride-mineral oil
dispersion (0.92 g - 0.04 mol active hydride). The sodiua
hydride was washed with three 50-ml portions of pentane. The
pentane was removed with a sintered glass, gas dispersion
tube attached to a water aspirator. The clean hydride was
covered with 50 ml of dry benzene. The reaction mixture was
cooled to 59 and carefully treated with 3.5 g (0.035 mol) of
angelic acid (155) over a 10 min period. The reaction mix-
ture vas warmed to room temperature and stirred for 1.5 hr.
To the stirring solution was then added 5.3 g (0.035 @mol) of
phosphorous oxychloride. The reaction mixture was stirred at

room temperature for 1.5 hr, filtered, and the solvent
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removed by distillation at reduced pressure at rooa tempera-
ture. A micro-distillation gave 0.5 g (4.1 z3mol - 11.7%) of
angeloyl chloride: bp 25-30° (7.0 ma); nmr {(CCls) 6 13.1
(trace of -CO.H), 6.2 (a, 1H, -HC=C-), 2.0 {(m, 6H, -CH3) ppms
hydrolysis with water followed by isolatiom of the acid gave
a homogeneous material having spectral properties identical
to angelic acid (155)-.
{1) -Isopetasin (39)

Following the general procedure of Kupchan et ai, (127),
a 50-al, one-necked, round-bottomed flask was fitted with a
gas-inlet tube and magnetic stirrer. The apparatus wvas
evacuated, flame-dried, flushed with nitrogemn, and charged
with 40 mg (0.17 mmoi) of (t)-isopetasol (14), 20 mg (0.17
mmol) of angeloyl chloride, 1 ml of dry pyridine, and 1 ml of
anhydrous benzene. The reaction mixture vas allowed to stir
at room temperature for 12 hr. The solvent was then removed
at reduced pressure an@ at room temperature. The residue was
taken up in 50 ml of ether and washed with three 20-al por-
tions of 3% aqueous sulfuric acid. The ethereal layer was
then washed with two 20-ml portions of a saturated sodium
bicarbonate solution, brine, and dried (Na=SC.). The solvent
vas removed under reduced pressure and the residue chromato-
graphed over silica gel. Elution with 10% ethyl acetate in
hexane gave 5 mg of a crude yellow oil identified as impure

isopetasin (39). Further elution with 25% ethyl acetate in
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hexane gave 30 mg of isopetasol (14). Attempted crystalliza-
tion of the crude isopetasin (32) was unsuccessful: nmr
(CDClz) 6 6.0 (angelate derivative), 5.83, 2.10, 1.95, 1.0
ppm; ir (film) 3430, 2960, 1720, 1670, 1240, ce—!; high reso-

lution mass spectrum M+ obs: 316.2065; calcd: 316.2038.



166

CONCLUSION

The culmination of this research was the praparation of
a material with spectral properties imdistinguishable froa
() ~isopetasin. The primary value of this synthetic effort,
however, oriqinafes in the synthetic methods which were de-
veloped or refined.

A procedure for the synthesis of des-isopropylidene-
petasol was developed. This material appears to be a
suitable precursor for numerous sesquiterpenoids.

Methylmagnesium bromide was shown to be an outstanding
alkylating agent for the conversion of hydrocoumarins to
octalones.

A general conversion of an &,B-unsaturated ketone to an
a~isopropylidene-&, B-unsaturated ketone was devised.

Finally, a method for the preparation of angelate esters

was develioped.
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