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Sesquiterpencids of a novel spiro{4.5)decane .catbon
skeleton (the "spiroaxanes”) have recently been isolated and
charactgrizéd from marine (e.g. .axisomitrile~3) as well (as

terredtrial (glehnol) sources. In this study a number of

approaches to the total synthesis of the spiroaxane

derivatives has been investigated using optically active
a-formyl menthone (166) and a-cyanomenthone  (168) as

starting materials.

B}

All str¥tegies tried for the spi;openéaanelation using

a-cyanomenthone asAthe starting point were unsuccessful on

,aécount of the difficulty encountered in converting the

cyano group to an aidehyde group, a result which has been

attributed to the sterically encumbered nature of the cyano
)

group in the derivatiyes. Aspects of "the . alkylation

reactions of o-cyanomenthone and a-formyl menthone are

discussed.
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24 X = NSC (axisonitrile-3)
‘ 25 "X = N=C=$ (axisotitiogv;l;atf;-ﬂ)
26 X - NHCHO '(aéamided)t
32 X = 0H. (qlehnol) E ,
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Two approaches to the spiropentannelaticn employing

.

a-formyl menthone as’  the starting peint were suc¢essful.

: ;
However, both the spiro[4.5]aecane systems pfoduc\iéa/}(gad the A
stereochémistry at the spf’récarbon which was epin{ggic to: ',’
that' in the. naturai splroaxanes. One of ' the appr\gaches
‘Ainvolved the reactibn. c;f the spd'ium' salt of _}__S_G:‘I\With‘ .,.’
l-carbethoxytriphenylphosphonium tetrafluoroborate \e}___s_ﬁ_) ..

4 . .
angd generated the spi roester 2008.. The other approach which

invelved the Micﬁ'ael r.eaction of methyl” wvinyl ketone with
the enolate of 1686, followed by aldcel cy_g:l'iiation to a
spirocyclohe;canone derivative and s';ubsequent . ring
centraction and appropria\te‘ functicnal grou? tran,sform_ations
led to the epimeric alcchels 202. ) One o"f. these .epimers:
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(2028) has been _shown to be identical to the alcohol

' ‘obtained via the 'rea/c’tion involving the phosphoqnium ) salt

[

stereochemistry at C-5 in 201B has been assigned

-

133. The

as epimeric to that in glehnol. These results showed that

4

in the reaction of both_ thé phosphonium salt .133 and methyl

vinyl ketone exclusive "alxial alkylation” of the most stable

»

con-f'qrm‘er of the enolate of a—-formyl menthone had occured.

The stereochemical aspects of these reactions as well as the

3 1 r

configurational assignments of the hydroxyl groups in the

spiroderivatives, based on their IR .and . NMR spectra are
described. : . ]
“J ! o
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~ INTRODUCTION
4 ' ~
. It cannot be denied that some of the major édvances in

\

organic chemistry have stemmed from work in the .field of

chemistry of natural products. Such fundamental concepts as

conformational analysis and the principle of conservation of
‘ ¥

N
orbital symmetry are but two examples of such major advances
«

within the last three decades, evolving from synthetic

'studies in natural products, not to mention ' significant

contributions to the advancement of spectroscopic tech-
nigques, mechanistic insighas, and synthetic methodolbdies.
One of the most inte}esting groups of natural compounds
which continues to fascinate organic chemists, and where

much vigorous activity still continues, is that of the

, terpenes and terpenoids.l

-

4

Following the first perceptive observation of Wallacha2
that terpenoids are formally constituted &f branched five-
carbon units (isoprene units), Ruzicka and Stoll3 hypothe-
gigs@ythat the terpenoids are also biosynthesized from these
five carbon modules. .This hypothesis had a far-reaching ef-.
fect on the understanding and the devglopment of the cheﬁ-
istry of teypenes and terpenoids. According to the current-
ly accepted view of terpene biogeqesis,4 the true universal
precursor of all terpenoids is mevalonic acid (3,5-dihydro-
x9-3-methy1pentanoic acid; R-enantiomgr){ yhich was isolated

from nature only in 1956, and which in turn is derived from

-

1

.

VAL T

MR Y T i S S




/7

S et e LA £, 4 SATINEMMPTIIOLT 0

~ r

L ke

Y

1

acetyl. coenzyme A ("active" acetate). These biosyn{hetic

pathways of the terpenes are outlined in ScHeme 1. The

monoterpenes (Clo) are derived from geranyl.pyrophosbﬂate'

.

(geranyl PP), the sesquit;?pg?es (Cls) from farnesyl PP, the
diterpenes (CZO) © from gerényl\kggxaqyl PP, ' the 'sester-
terpenes (C25) from geranyl farnesyl PP, and the €%iterpenes
(C30) from farnesyl farnesyl PP, | v
. ‘ p )

The biogeneg}s‘ of sesquiterggnes has been the subject
of.a recent review.5 Alkhough com;aining only 15 carbons,
the 'sesquiterpenes provide an amazing variety of carbon
skeletons that can be derived from rational chemical trans-—
formations of farnesol. 1In 1953 RuziEka postulated that the

biosynthesis of cedrene from farnesol might proceed through

-

the intermediacy of the cation 1 having the spiro{4.5]}decane
carbon skeleton,6 as shown in Scheme 2. The. actual oc-

currence of natural sesguiterpenes having the spiro([4.5]}dec-

\

ane system has been established in 1956 by the work of Sorm
(
and coworkers.7:9 Since then a large number of naturally oc-—

curring spiro[4.5]degéne sesquiterpenes has come to light,

10°

and a review of the chemistry of these compounds appeared

%n 1974. At the time of this review three different classes.

of these spiranes were kﬁo@n, the classification being based
on the location of the alkyl substituents on the spiro-

[4.5]decane system.

The Efirst and-the largest of these class of naturally
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. (Acorus calamus L.).
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farnesol cedrene

.l'

Scheme 2
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rone (2), isoacorone (3), cryptoacorone (4), acorenone
o

and acoronene (6), which are constituents of sweet flag

7,9,11 Acoronene (§_) which differs

occurring spirodecanes are the acoranes, exeﬁpliéied by aco-

(3),
oil

from

wa———
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wJ}kers. 2
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Spiranes with the absolute stereochemistiy of natural
(—)—a-qedre‘e, and therefore related enantiomerically to

acoranes have also been 1isolated from conifer essential

e

o%ls. These iranes are referred to as alaskanes, and are

exemplified by o-acoradiene (7), $-acoradiene (8), and a-

acorenol (9) 1isplated from the conifer ®#uniperus rigi-

i - ~
} 91,13’14 a cedrépe—producinq species. From a related coni-

. LN
fer Chamaecyparis\nootké&gnsis a-alaskene (y-acoradiene,l0)
. \ ' -

and B-alaskene (l1) were isolated.lS"16 in both the aco=

.

r;nes and the alaskanes the five-memberdd ring of the

-
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‘taining bromine.

. , 6 v,

-

spirodecane system Qgcommodates the branched three-carbon
by .

sﬁbstituept as well as a methyl group.

~

’

A second clags of spiro(4.5]decane sesquiterpenoid . was

isolated from the marine alga Laurencia glandulifera Kut-

zing and has been named spirolaurenone.17 Based on spectral

anaiysis, and chemical degradation its structure was assign-

-

ad
e

.
Br
12

\ |2 - ’ S

ed as 12. This is tHe only member of this class of spirane

4 . 'Y
known so far, and one of the few known natural products con-

A third class of spiro{4.5]decanes where the placement

of the alkyl substituents differs from that of the two types

mentioned above, is the spirovetivanes whicp have been iso-

1

lated from a.variety oéﬂplant sources, The first of theée, -

agarospirol (13), has beén isolated from the oil of fungus-

infected agarwood (Aquillaria agollocha Roxb.).18 Although

this'sesquiterpenoid was the first reported example having
this carbon skeleton, another member, g-vetivone (14), iso-

lated from the essential "oil of the Indian grass Vetiveria

zizanipides was the first member of this clasé to come under

e

N—— e it n i
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4
éxtensive chemical scrutiny.10 On account of an undetected

skeletalf>reafrangement during degradative studies the hy-

droazulene structure lg_wag wrongly assigned in 1940 to this
¢

19

‘That B-vetivone did actually have the spiro-

{4.5]}decane structure 14 was established only in 1967 by the

20,21 qpis prompted ' the revision of anothet

1622

work of Marshall.
‘ \

member of this class of spiranes, hinesol, to

S——

from

©1.21,23,24 ' -

Other spirfvetivanes isolated from vetiver oil

| . N
M .

[RSURSRNY

PR

<
.

, Ut ) Y
are O-vetispirene (18) and B-vetispirene (;9).25

«

Snratr.

v

26,27

More recently, anhydro-g-rotunol (20), solavetiv~

26,27 28-30

one (21), lubimin (22), and oxylubimin (23)28/31




24

oo 13

,'w"r S

have been isolated as stress metabolites from potato tubers

-

|
0
20 21 ‘ 22, R=1H

—

T 23, R =0H

infested wi;h the- blight fungusy Phytophoria infestans.
Lubimin (22), and oxylubimin (gl)'h)&p also been 1isolated
from eqgg plants infested with various fungi.28’29'3l The
steFeochemical assignments of these stress metabolites have
beén made solely on the basis of NMR ddta. It has been

shown that lubimin (22) has antifungal activity and it has

_been suggested that this as well as other spirovetivanes

. isothiocynate functional group in the six-membered ring.

produced by the potatoes may be invokved in the defence

mechanism of the potato against various pathogens.32

Spiro[4.5)decane sesquiterpencids of yet another carbon
skeleton (the fourth class so far identified) have been iso-
lated recently from marine as well as terrestrial sources.

From the marine sponge Axinella cannabina, Italian workers33

N

have isolated, among other products, spiranes belonging to

this new carbon skeleton with isonitrile, or formamido, or

The authors have designated the new carbon skeleton "spiro-

AN



N
axane" ,33 which differs from the other spirodecanes in! hav-—

ing the isopropyl group in the six-membered ring rather than

in the five-membered one, Based on chemical and spectral
data, and single crystal x-ray Erystallography the iso-

nitrile derivative, called axisonitrile-3 (mp 101-103°,

O~ radt

[a]D+68.44°), has been assigned the structure 24. The abso-

lute stereochemistry, however, has not been established.

This substance could be converted into the isothiocyanate

| e e e e

derivative, called axisoghiocyanate—3 (25) as well as the
formamido derivative, axamidé-3 (26). -‘These and other
transformations reported by the author533 are outlined in
Scheme 3.

. »

The co-occurrence in the same marine organism of the
isonitrile 24, the isothiocyanate 25, and the formamide 26
has been considered 'as evidence that the formamide is the
biosynthetic precursor of the isonitrile, and the isothio-
cyanate.33-36 It was also suggested by the authors33 that
the éation 31, postulated earlier by Japanese workers37 to

be  the precursor of cubenes, might be oneé of the intermedi-

ates in the biogenesis of aa@gonitrile—3 (24) .

Almost immediaéely after the report of the isolation of
the spiroaxanes from the marine source‘by the Italian work-
ers,3‘3 Soviet workers reported the isolation and characteri-
zation of a sesquiterpene alcohol having the ggme carbon

skeleton from a terrestrial source.>8

They named the sub- .

T A e e e e 58 SR
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gﬁgﬁce glehnol which was a very minor component of the oleo--

resin of the Sakhalin spruce Picea glehnii.39 By far the

L

(]
+
’
.

32 33

-

major components of the resin were a- and B-pinenes (90-93%)
with minor amBunts of other mono- and sesquite:ﬁenoihé.'

’ " A e }
_ Glehnol had \[a]ggloo (CHQ13), and gave a garanitrobengoatef,
mp 85°.

E

. b TN
Based on spectroscopic properties (IR,PMR and CMR) i’

"
X
o

of the alcohol itself, and on single crystal x-ra9 crystal-.

lography of -its eﬁbxide 33, glehnol was assigned the struc- T

ture 32. The absolute stereochemistry of the compound has
hot been established yet./ Apparently’ the Soviet workers

were not’aware of the report by the Itaiian’worker§q33 as no
: : \ L

reference to this I% given if their paper.38 ° 3
2 . N °
s -

- -

The newest and the fifth type of spirane sesquiterpendi

-y
) Fa

)
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id to join the expanding‘li%t of spiranes is (+)-vitrenal
jgii, which has been unveiled in 1980'by_Japanese'wprkers.4o‘
This substance was isélateﬁ‘ from the liverwort Legidozié

. . vitrea Steph., and has been shown to be R plant-growth in-

o

o . - -

Y .~
L
'
S,
A
.

34

.

hibitor. "Based on chemical and spectral evidénce, as well

I

as on x-ray cryéfallography, the compound was assigned the

v tricarbocyclic structure with the’ absolute configuration as

'shown in 34. The stfucture incorporates the spiro[4.5)dec~-

ane system with an additional gem dimethyl cyclopropyl group
‘bridéing C-6 and C-7. The carbon skeleton of this compound
is closely related to that of glehnol as well as the harine

sesquiterpenoids axisonitile-3 axisothlocyanate-3, and

axamide-3, Still newer types of spirane sesquiéerpenoids

are bound to ‘enter the arena in the Euture from both

v

terrestrial and marine sources,

¢

®

.

Althéugh‘ very modest in comparison to the number iso-
lated from terrestrial sources, the 'sesquiterpenoids still
constitute the 1largest number of terpenbias isolated from

marine sources. As in axisonitrile-=3 the .isonitrile func-

tionality is occasionallékencountéfed in terpenoids from'mayi

\ : .
A '

<>

8}
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- terrestrial compounds.

» ' 13
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35,41-44

rine organisms. One explanation ‘for the presence in

marine organisms of isofitriles (compounds which are gener-
ally associated with unpleasant odors) is that they are

35

utilized as defensive secretions against predators. Marine

natural product chemistry is still very young and the number

of terpenoids isolated from the marine environment is steadi-

ly increasing. When the extent of our knowledge og\Yhe ma-

rine-derived compounds reaches a level comparable to that of

the terrestrially derived ones, it will be interesting to

compare such aspects as the oxidation states and distribu-

tion patterns with a view to relaﬁing these to other aspects

- of the evolutionary theory. An intriqguing observation, in

this connection, has been that & number of marine

sesquiterpenes are enantiomers of- the corresponding
45
\

>

It is interesting to no£e that, iﬁ the nové& clags of

AN
spirane sesquiterpenoids recently come to light, the marine-
derjved spiroaxanes (24,25 and 26) and the terrestrially
derived  glehnol (32) have the identiéal'z,lo-dime';hyl—
7-isopropylspiro[4.5]deca-1~ene syxtem with a substituent in
the 6-position. As the absofyte s¥§}éochomistry of these

compounds are still undetermined, Qt is still unknown

L

whether the carbon.skeleton of glehnof\is enantiomerically

related to that(of the spiroaxanes. Thi( fore, to attempt a
total syﬁthesis of these compounds would

' . 7
challenging endeavor, ' !

. \

e a worthwh}le and
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gt




—— . e n t A e i~ -

14

OBJECTIVES OF PRESENT STUDY

~ I

The original pbjectibe aof the present stﬁdy' was  to
achieve-a'totai synthesis of opticaliy active axisonitrile-3

(24) withia view to establishing the absplute stereochemi-

N " stry of the marine natural product (+)-axisonitrile-3. Once

. the synthesis of* axisonitrile~3 is achieved it can be easily

( ,coﬁverted to its congeners axisoth;ocyanate-J (25) and
n - : » \"- l
i . axamide-3 (26) by known reactions, as has already been shown
3
i Y
5 ‘
t .
i G _2__‘_5, X = gj-__'é
25, X = N=C=$§
: * 26, X = NH-CHO
. 32, X =0H
o _3_-_5 &
by the workers who isolated these natural products.3;
' AN
At the outset it was supposed that in axisonitrile-3

the stereochemistry of the 6-membered ring at carbons carry-

ing the methyl and isopropyl substituents was identical to
. that of the cbrresponding carbons in (-)-menthone (35) .

; Takiﬁﬂ. advantage of the carbonyl functignality in 35, the
§ b plan was to examine various épproaches'to the‘ construc;io;
AN '\ ‘of the required methylcyclopentenyl spirocycle with the
proper orientation relative to the substituents 1In the

6-member ed ring. To this end several schemes. of spiro-

X

(e . , U,

[

Y

R COR PR 2+
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annelation were to be attempted.

well as

The spectral properties as

the sign and the maqnitudé of the opticai rotation

of the synthetic product were then to be compared with those

reported33

is identical to or enantiomeric-with the other.

While the
appeared a communication,
entirely different route)

of (-)-axisonitrile-~3,

present

synthetic material had the

absolute

»,

and x~ray structure

'

s

3

for the natural product to ascertain whether one

studies were in progress there

u&.‘

reporting a total synthesis (by an
determination
which seemed to establish that the

stereochemistry as

depicted®” in structure 24 indicating that the natural product-

had the enantiomeric structure.

4

6

However, there were still

small discrepancies between the NMR chemical shifts observed

for the methyl groups of the isoprépyl substituent ‘'of . the

synthetic material and those of natural product.
. ' ’

Soon after

the communication announcing the synthesis

of (-)-axisonitrile-3, a Soviet group reported the isolation

from a

o

terrestrial

source

of

a sesquiterpenoid, glehnol

(32) , and the structure determination by x-ray crystallogra-

phy:-. of its

epoxide

derivatiye.

38

stereochemistry of glehnol was not

study showed

that

Although the absolute

established,

the

X-ray-

it possessed the sam~ novel spiro(4.51-

decane system as in axisonitrile-3.

.z

N

The appearance of the two publications mentioned above

\

~
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s
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necessitated some modified perspectives of the objéctives
M

of the present study. It was interesting to note 'that the

published scheme?® involved the synthesis of the alcohol 36

(with the absolute stereochemjstry as shown), which was then

converEed ‘in four steps to 24 by known reactions. It seem;

ed, at this stage, Fhat one of the . logical objéctives now,

would be to achieve the total synthesis of the alcohol 36 by

independent pathways. Duriﬁg the course of the pfesentc
studies it alsol;eemed possible that the synthesis of gg and’
its C-6 epimer could be achieved. It should be pofntgd out
that the epimer of 36 is going to be identical to or
enantiomeric with glehnol (32).

The pursuit of the alcohol 36 and its epimer thus be-.

came all the more interesting. The synthesis of the .alcehol
~ k]

36 now will constitute a formal total synthesis of axisonit-

S ¢

‘rile-3 and will establish the stereochemistry of the natural
compound. Synthresis of the alcohol epimeric to that of 35
(i.e.,32) and comparison of its spectral propértggs as well

as the magnitude and sign of the specific rotation with

those reported for glehnol will .help to establish the

-

-
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?absordte stereochemistry of this natural product. Another
dividend expected out of the syntheses of these compounds
would‘be answering the curiosity whether or not the carbon
skeleton of the terrestrially occuring glehnol is the opti-

cal antipode of the marine derived axisonitrile and its de-

‘I
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DISCUSSION
-
A. APPROACHES USED BY OTHERS FOR SPIROPE{ITANNELATI(_)N.
A vafiety of synthetic methods are available for the
EOnstruction »of spirocycltc systems of various ring sizes,
and two rather extensive surveys of.this topic have appeared

47,48

recently. In both reviews only the spiroannelatien

routes wh'ich led to a free carbocyclic linkage'are surveyed,

A number of methods for constructing spiro[4.5)decane’

.

19,qf the . chemis-

N S

systems are discussed in Marshall's review

try of spiro[4.5)decane sesquiterpenoids, which covers the'

literature up to'l973., Nevertheless, it seems appropriate to
present here very briefly some selected approaches which led
specifically to spiropentannelation, as a prelude to the

discussion of the approaches used in the present study.

1. Non-Photochemical Approaches

Acorone (2) has been synthesized by using the sequence
/

outlinedjin Scheme 3.10'49

approach 1is the spiropentannelation by making use of an in-~
ternal Michael addition (40 —>.41). The major disadvantage

in this approach had been that the final alkylation step did
not give reproducible results.49A
» B

*

)]

Several syntheses empl&ying phenols appropriately sub-

¢

stituted in the 4-position ‘have been used for spiropentanne-

Jat&yﬂf/ The approach makes use of the principle of ™aryl

18

°

A notewofthy aspect of this.’
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37 as 32

N gt ‘
»

' OOEt _ : '
0 f \ ' ’
. d,e \ COOEt 4
~._’—.¢. — h . y
- - 0 0 O
. L N . N .
v _4—1 -

2. .

40

al LL1,NHgi b, CCHyOH),,H'i e, Meli; d. Et,COgNaH;
e. H30*; £. "bas¥.;g. "alkylation"; h. O4",-CO, | )
Scheme 4

\

1,5-participation” originally demonstrated by 'Wii).ste,in,so \

~

whereby electron participation from éhe phénolic oxygen via

»

‘the 4-carbon atom occurs in'a reaction at the d&-carbon atom

.

¢ “in the para-substituent producing a spiro(4.5]decane system
having a cross-conjugated cyclohexadienone moiety. §Scheme 5

illustrates this approach used independently by two groups

. ‘ in the synthesis ‘of cedrene and cedrol.Sl'52

Recently

Japanese workers have developed an effective spiroannelation
. ) ’
‘ ‘reaction starting with a phenol having a sui table a-diazo-

ketone substituent in the ara—-position.53' The same workers
have used a stereochemically controlled Birch reduction

following the spircannelation ¢to produce the spiranyl

e e e e R . SR AT

N BA s}
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ty
b,c
—_—t
- COOR ..
44 45
N ‘ ROOC”
a ) : :
i T & | , ! 46
Br - o )
HO ‘ - R P
. oo : - to cedrene
COOR -
. [ 4
. ‘ N '

43 R emt
. ;" .
. L, i ‘ '
8.- KOBu"; b. H,/Pd; o CHy=PPh g <~h KO§; e. HCL;
. £+ NaOMe ‘ , ’ '

Scheme S,

br’

L]

e \

4 Wwhich was a key inter_mediéte.in the

1.33

ketoalcohol 48
synthesis of t_xinesol and agarospiro Basé—éatal_yzed

spiroannelation of phenovl_i’c tosylates (49 —» 50) has been
B ™ ]

[

e m e




TPV U O SO

N -
T

(AN

30 (epimers)

. one of the crucial steps in the synthesis of spirovetivane

derivatives reported by another Japanese group.56

?
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A thermal cyclizgtion route to the spirol4.5]ldecane
systen has been developed' by Conia's qroup. [n one
approachsv'58 (Scheme 6) enones of the type 55 (obtained
from cyclohexanones of the type 51 and 52) were subjected to
temperatures above 300°C whereupon they cyclized to give

spiro{4.5]decanes 56 and 57. fhe same approach has also

been used for the synthesis of acorones (Scheme ’_I_).59

Another route to spiro{4.5)decanes is the chloroolefin

spiroanhelation developed byw[.ansbury,60 which {8 outlined

in Scheme 8. Here the cyclization is initiated by the cat-

ion produced upon the acid treatment of the cyclohexanol 58,
producing the spiro system 59" after hydrolysis. The stereo-
chemical aspects of such cyclizations have not been fully

el ;xcidated as yet.

Marshall's approach to the synthesis "of hineso1®1:62
063

e

(Scheme 9) started with a known tricyclic dienone
incorporating a subdued spiro(4.5]decane system, which |is
unleased at a later stage. The diol §4 was converted to its
monoinesylate thch was subjected to solvolytic fragmentation
in the presence of base to liberate the spiro{4.51decane
derivative 64 which was taken further to hinesol acetate.
, o
- What can be viewed as intramolecular’% alkylation

approaches to spiroannelation have been used recently by

several workers. A B-vetivone synthesis by Stork (Scheme

LA PP S e

.
v v
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(acorones)
HCOOEt ,NaH; b.

BHB; e. Cro0

3

”~

-Scheme 7
_ cl
4=
—_— —
-
38
: 3
Scheme 8
>

--C(MgBr)=CH2;
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a. Me,Culi; b. Nali; e. NaH,PO,; d.
f. HyCrOy, AcOH, Ac,0; g. HCl, "EtOH;
1. LIALCOBu®) H; . RCOgH; k.  MsCl;

n. POCl,; o. Cro

3 3
1
H
‘ 9;5
A
, "KOBu®
v -
Ms0— '
LI
. Scheme 9
- \

67 5
LAH; e. Acz0
h. Hy, Pd/C
1. koBu® ; m. MeLiy
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p vetivone
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68
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a. LiN(Prl),; b, GCH,CHCCHRCL)=CHep; 0. HeMgl;

A\ 2

+*- - ’ o
d. H,H,0 . . T - 3

Scheme 10

i{eSoc:HZNa
-————-n—é.

~

OTs

f vetivone

Scheme 11 -

i

-

11; only final step shown)65 employs this route. An appro\ach.
similar to that of Johnson was used by McCurry (scheme _1_2_)66

in the cycligptfon of the allylic alcohol 73. 1In this -.case

— ,
- ?
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Scheme 12
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lo-épi-q-vétivone was the sole‘producg. Preférential axial

ilkylafion from conformations 72a and 74a has been postu-
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.latedlo as the reason. for the stereochemical outcome of the

reactions shown in Scheme 11 and Scheme 12, as well as those
. T — \ e —————

\ of Scheme 10. A more recent addition to the same épproach
67

:

7z

ié that used by the Japanese group
Y

where the "~ intermediate

Me0 COOH
18
;.
to
spirovetivanes

3.4 PhgP=CH-OMe; b. (CHp-0H),,H*i,c. LiAH; d. Hy0"s

, e. Hm.uzo.nm-:; f. LAH
54 ( !\\‘

AN
N

. \. -y i
75 was cyclized to 76 and 77 as shown in Scheme 13.

”

.

what can be considered as a vihylogoué aldol condensa-
tion has been the key step in the spirocyclization employ-
ed by thé Yamada group68 in the synthesis of §pirovetivanes
(Scheme 14). The noteworthy aspect of this annelation is
that, . because of' the reversibility of the aldol condensa-

tion, the stereochemistry.of the product is governed by the

-

" . s
: , N &
“y
.
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\\ e Scheme 14 . .
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product stability rather than the conformati¥nal stability

of the reacting species, 4 : -

-

’
L]

Enamine routes to spiroannelation have also been used

-

recently, For example, Martin,and co—worker569 have employ~-

d this route in their syntheses of acoranes (Scheme 15a and

! = . ScReme 15b). The xiéld‘ £ the spiroproddct 85 in $cheme 15a
¥ o I
S
. : 1 N [
+ CN "(':H P(O)(OE!:)2 -
Li R
s 82~ 8 - N }
’\ . ¢
i 4 . . -
| SR
[ ! B Z . , )
. ' r - ' N R
, j\/“ o H,50,
0 o ' 0
- (i - ~
! .
- 84 85
X F’ ;
) ) : Scheme l5a
{
[ \ a 4
. ' . was'only 43% while that of (89) in Schemé 15b was 648, It
must be mentioned that McCutrilo had earlier used an enamine

teute to spircannelation in his synthesis of splrovétivanes.
K

-
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' i
s . ™
CHO ) ‘
. ClL .
. Ji:>> h __to
. bye, Lo die, .
g ' acorones .
' +
86. 87 88 - 89" o

— — - a"

a. pyrrolidine,TsOH,PhH; b. i-cna-cu(01)=cH2, CH4CN;

‘e, H20 d, Hg(OAc)Z,?FB,Etzo,ACOQ: e. KOH

Scheme 15b ' . N

In the total synthesis éf hinesol and epihinesol
71472 ysed a different
approach for 'constructing the spirodecanel system (Scheme
16) . The novel aspect of this synthesis is the use of an
ihtramoleeular carbene insergtion reaction }22 —> 93) which
p;oduced a tricyclic' derivative possessing an a-keto-
cycaopropyl system from which the spiro{4.5)decane system is
liberated by 'acid—catalysed cleavage of a c&clopropyl

»

o-bond.

Base-catalysed rearrangement of a tricarbocyclic system

which incorporates a spiro(4.5]decane as well as a

- ki

. cyclopropanol system has been the basis of the synthesis of

spirovetivane intermediates 1in the approach used by Reusch

73,75

and coworkers. As outlined in Sché@g 17 the bicyclic

e ——

ketone 98 gave the tricyclic cyclopropanol 99, which on

t?@atment with sodium hydride followed by methanol gave a

*

. L e e et e e
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) 0 0
a,b,¢ d,Qif,B,h 1 .

!' :

COOBt . H-Nz }
90
tD‘

epihinesol

to

—
hinesol

y i
. +, . +

a. (CHZ_-OH)Z'H ’ bo LAH. G. H3
e. HY; f.» (cuéoa)z.n*; g§. =--->acid chloride; h. 'cnzua

0=C(OMe), ,NaH; k. NaBH,: 1. HCl,MeOH: m.

i. Cu; J.
"Aczo, PyH; n. Buto?{.ButOK;o. THF ,HC1 N
Scheme 16 .

B e gt e et e s 2

0 ; d. CHZ(COOEt)z.NaOEt;
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¢ . <l x
' Li/NH 1.NaH, NaH, Ph
2 2 MeOH
0
L'98 99 100 -
T a,R=H . '
b. R = Me -
‘ Scheme 17 . .
good -yield of spirodiketone 100, a potentially useful
N intermediate in‘spirovetfvane synthesis. . .
!
Spiropentannelation involving a different kind of
cyclopropyl system has been developed by Piers.’® The note-
worthy aspect of this methodology is the -thermal rearrange-
ment of suitable a-(cyclopropylmethylene)cycloalkanones
o o OH
a,b
101 ~ 102
Me3§1
V e,f
14 1052 105
a. MeMgI,Cul; b,[>CHO; c. TsOH,PhH, ;
d. LDA,MeySiCL,EtN; e. 380°C/argoni f. HCL,MeOH
- ' 4
Scheme .18 /
¢
Il

[
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(Scheme 18). The enone 103 was converted into the silyl

enol ether 104 by standard methodoldgy. Thermolysis of the

latter at 380°C followed by hydrolysis gave the epimeric
[ 3

spiroenones 105a "and 105b ‘which wer'e further converted to

intermediates suitable for the synthesis of spirovetivanes.

~

An intrameclecular aldol condensation of keto aldehydes

a HO( . v
— X
R R 0
0
106 :

107 _

of the type 106 to spiroehones of the typé 107 has been the
key step in several methodologies recently developed by
Corey's ‘érodp.. Synthesis of the required ketoaldehyde haé
been achieved by employing several ‘ﬁethodologies. Oﬁe of
these is based on the chemistry of benzothiazoles, and
several types of spiro and fuseg 5- and 6-membered rings
have'been generaied using tﬁis method,77 an example of which

is outlined in Scheme 19a. The required ketoaldéﬁydg fﬁr

—
&

,,.H
SO (I—‘
108 109 . ' 110 111

= 11

a. MelLi,THF-HMPT; b. Br-CH,-C=CH,; c. BT —> CHO;

d. H,50,,Hg*", e. NaOH/EtOH ,

»

Scheme 19a°

————
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k)
spiroannelation has also been obtained by another route as
. . » W
. 0"
. 0 )
o 4 (- CHO
a b, o d
R R R R
113 R 1ms - 116

a. CH3—CO—CH2-P(O)(OEtQZ.NaOH; b. Cul,CH,=CH-MgBr;
c. Osou,Nanu.PyH; ‘d. NaOH,MeOH ,

Scheme 49b

illustrated in Corey's synthesis of an intermediate 11

D

' (Scheme 19b) for the synthesis of gibberellic acid.’8

4

In another approach used 'by Trost and coworkers, a

spirdtetrannelatign using cyclopropyl sulfide derivatives on
cycloalkanones followed by ring expansion to a five~-membered

ring (Scheme 202) 8% or a six-membered ring (§Eﬂﬂﬂ5h299)79

a L1, b H*: ¢ (Me N) CHOBut' d‘ Ts-S-(CH,).,-STs
¥ spnr P v G 2"’2 v G 2737918,
KOA¢c; e. MelLi; f. NaOMe; g. Mel; h. NaOH

Scheme 20a

- v AN oSS i R




34

» has been used for the construction of spirocycles.

i
. f
120
\ 0
\ i
R
\ !
4
| . H - o i
| , a. 'S (en)2 BF, i b. NaH,HCOOEt,PhH,Me0H: i
i ]
c. TSOH,PhH,H,0; d. DIBAL-Hi e. Cr04,H,50,; f. Meli
g. (fls-cuz)z,aFB,ether; h. PyH.S05,DHSO,Et N;
i. HECl,,MeCN,H,0, ; j. KOH,MeOH ) {
. A : {
. Scheme 20b S
- 81

The methodology employed: by Ramage and coworkers
; involves a spiroannelation followed by ring contraction for

the production of 5-carbon spirocycles. rhis  approach 718

il

outlined 1in -Scheme 21. fhe ¢y<lohexane derivative 129b is

cleaved by ozone to producz the Ketoéldehyde 130 ' which was

subjected to aldol cyclization, followed by other steps to

produce the spiro[4.5]decane derivative L31. . |

———
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Yet another approach to spiropentannelation is that

32

abveloped recently by Dauben and Hart™“ where the reaction

' between sodium enolates of a-formylcycloakanones and 1-carb-

',.../’f\\

ethoxycyclopropyltriphenylphosphonium te;rafluoroborate

(133);has been found to produce moderate yields of spiranyl'

vinylogs of B-ketoesters (e.g. 135). Scheme 22 illustrates .

this approach starting with a-formyl cyclohexanone, A

Me0OC COOMe

R 41 TPt

¢

o
-
nN
o

131 13 ‘ 2230

to(-)agarospirol
and (-)B-vativone

a. base,HCODEt; b. PhNHMe; c¢. Triton B,CH=CH,CN; d. OH™;

2
e, esterification; f£f. Na,PhH; g. Li,HZO; h. Ph3P=CH2: i.

1 +
CCH0H), B s J. 055 k. Me,

o3 P+ HC1,DME

S: 1. KOH; m. H,,Pd/Ci n.

BrZ.OH i o. CH2N

Scheme 21

/

———

variety of substituted a-fo;&ylcycloalkanones have been

B =T TR T
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Q¢ ¢
" o
[}

employed in this work to produce functionalized spirocyclo- C
pentenyl. “syst;ﬁs. The reactlon is presumed to proceed via

an .ylid of the type 134 whigh undergoes a regiospecific:

intramoleculwr Wittig reaction to produce spiroderivatives

of the type 135. 1In addi, on to the spiroderivatives the
reaction is usually aJEompanied by small amounts of the

dihydrofuran 136 and deformylated starting material.32

!
1

A related method where the alkylation of enolate anions j

using suitable stabilized phosphonium ylides followed by - ~
i - 7
. spontaneous intramolecular Wittig reaction has also been

L 9

- .( O0Et Y o/ .
| ‘ ” PPh, 14 :
CoNL S
COOEt _ ciio — ,
‘ ’ BF, ——> ! | — ‘ :
' Ph, 0 >
3 i I
\ | , ;
S 132 133 - 134 '
00Et
' ;coom: '
' o + \ o \ |
1 o . g
: o v N i
N }
. 135 - 136 o : M

Scheme 22 -

recently reported (Scheme gg).az In addition to spirocyclo-

- pentanones of the type, 139, fused cyclopentanones have also ‘

L L T vy
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been prepared by this method. However, the reported vyields
of the annelation products were low. In this connection it

must also be mentioned that, recently Piers®3 nas employed

an annelation procedure using a phosphonate c¢arbanion rather ’

than a phosphorane to annelate fused cyclopentenone systems.

0
HO
P _
Br /\TA PPh3
o .
137 . 138 . - , 139
Scheme 23
\ .
/ ]

e

This approach involves treatment of the phosphonate ester
’ .
140 with ‘enolates of cycloalkanones followed by

intramolecular Horner—Emmons rga&tion to produce the fused.

OEt 0 -
R NG NG2 [C N

140

'cyclopentenones. Although the reagent 140 has noé yet been

used for spiropentannelation thefé seems to be no reason why
it cannot be used with suitably chosen enolates of cyclic

compounds,

[}
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2. Photochemical Approaches. : \
Ed ' o
The photochemical rearrangements of. cross-conjugated
cyclohexadienones have been intensivel studied, and an

excellent review of tke topic has been prbvid;% by Kropp.84

‘Irradiation of cross-conjygated cyclohexa ienones produces a

spirocyclopentenone moiety fused to a yclopropyl system
such that the keto group is in conjuqat\on with a C=C bond

’ |
on one side and the cyclopropyl group on the . other. Such

ketones are known to undergo acid-catalyzed cleavage of the™

-

cyclopropyl ring liberating a spirocyclopeﬁtenone system.85

'S ‘ . ’

The landmark s&nthesis of B-vetivone ;y Marsha1186/87
employed this photochemical;ﬁgarrangement (Egﬁeme'gi). The
irradiation oﬁ the known diketone 141 led to the cyclopropyl
ketone 142 which underwent cleavage-in st;ong acid to the
isomeric spirodienone li;. The establis?ed §tereoghemistry
of iiiss ;é well as the established~relat%onships in the

related santonin-lumisantonin rearrangement?gl

-

were the basis

for. the assignment-"of the stereochemistry of 142. The
- , I

e

to
— 8 vetivone

a. hv,dioxane; b. 'H,50,-AcOH-Ac,0" '

Scheme 24

SR s e Attt St b

b e Ao £




i

‘

4

|

|

f
b
[
!

?

|

i

i
¥
i

¢

{s

39

MeO ~_
hy
AcOH,H O
O z

cyélopenténone in their synthesﬁs of a-vetispirene

25), and anhydro-8-rotunol (20; Schema-ZS).gL

- :

R » . “+
‘\\ )
.
» .
il M -
. . .

90

<
»

o : MeO
& i
L44
Scheme 25
of transformations.80 .
!
Caine and coworkers employed variations of the
. ( i . .
above-mentioned photochemical rearrangement route to spiygo~:
.'JL 0.
hv
o~ dioxane
146
>
- /. ’ ,
/ / ¢ o e - “ *‘.
// 'Scheme 26 S

(Schene
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/ .
used. recently by piers?? {(Scheme 27). ﬁHpre . the
. spirovetivane skeleton was produced by the “reductive

“ hv \ | "
0 \

F Y

AN

. . ) Scheme 27 /(

@
cleavage ofl;he conjugated cyclopropyl ketone 142. Dauben

and coworker593' had shown earlier that this reductive
X cleaQage of éonjugated cyclopropyl ketones which is part of
a bicyclo[3.1.0}hexane or bicyclo[4.1.0]heptane \qystem

proceeds in a_ stefeospecific manner, apd that the
. . cyClopro;ane bqnd which'clea;gs is the one‘possessinggr%fter
overlap‘.with .the }Tsystem of the carbonyl group. ‘An
additional notéworthiﬁ facet of Piers' work has beeb the

* - &

e}ucidation‘of the stereochemical fate of the B-carbon .aton.

" J b R . v
3 Under the reaction conditions the dissolving metal reduction

N . ¢ &
o o of 149 occurred with a high degree of inveésion at the
B-carbon atom (cf.150). | ) ! .

. e »

" Another variation of the photochemical approach was
; . K n

P———
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Later work by Caine

46 has shown that in some

triEyclodedf;ones possessing conjugated cyclopropyl ketoﬁés
the reductive cleavage occurs with fﬁO%' inver;iog. in
additiaon, it was also demonstrated that it is'notl only the
carbonyl—cgnjuqated 'cyqlogpopaneé that undergo such a’
reductive cleavage to spirodyclppgntyl systems, but also the
rélated vinyl cyclopropanes as well, “This approach to
spiropentannelation has alsé been used by cained® in his
recent synthesis of (-)-axisonitrile-3 (vide ‘infra).

‘ €
B. APPROACHES US“ED BY OTHERS IN THE SYNTHESIS OF
SPIROAXANES.

l. .Total Synthesis _O_L (-)-Axisonitrile-3

As mentioned earlier, while tht present studies were
L46

~

well wunder way, Caine and Deutsc reported a total
synthesis"~ of (-)—axisanit}ile—3 using a photochemical

EN
approach which also involved the application of the

‘reductive ring opening of a vinylcyclopropane (Scheme 28).

-
;

-

The known ketol 1539495 Las obtained f:‘sb% yield b{

anpelation with methyl vinyl ketone. Treatmert of 153 wit

acetic anhydride containing . catalytic amdunts of sul%uric
4 -
acid gaQe the dienol acetate 154 (80%) whichS was reaq&sd

A

with meta-chloroperbenzoic acid in isopropanol-~water
"y

yielding 42% of enone 155 and Sﬁgkof a 6:1 mixture of 156A

-and its 6-B-epimer. The hydroxyenone 156 A was isolated by

chromatography on Florisil and was converted into its,
”~ . . /

-

.o

N\
\
/
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pro;;ection.of OH; f., PhSe-elimination:~,g. hv, dioxane;

b‘give 157 (B5%).

—— N y
a2 -
a,b - :
———
0 s O ;
OH )
152 153 R 5\

A . A Y

a. MVK; b. H,,cat; c, -Aczo.H*; d. MCPBA; e. MIP=y

. ) ‘ >
h. Hzlcat:' i‘CH2=CPPh3; Je -Li.EtNHZ: k. TsCl; 1, KN3 ‘

m, LAH; n. NH,~==z> NC ‘ ~ , . ’

9
Scheme _2_8_

.

”

methoxyisopropylidine96 (MIP) derivative. Introduction of

the 1,2-double bond was then achieved by the
97 to -

’ ‘phenyl selenylation-selenoxide ‘elimination prlocedure,
i

.
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Irradiation of ‘157 . in anhydrous dioxane gave the

= .
tricyclodecenone as the sole product, which upon hydro-

genation yiélded the hydroxyketone 158 (52%). Treatment of
this 'hatgrial with tripheny%ﬁethylenephosphorane in DMSO
yielded the corresponding exo-methylene compound 159 (92%5,
the controlled reductive cleavage of which with lithium in

ethyﬁamine gave the alcohol 36 (92%). Conversion of this

alcohol to its tosylate (60%) followed by Sy2 displacemert

of the tosyl group by azide using potassidﬁ’azide in benzene

containing 18~crown-6 - wgave’ the corrfspondﬁng R—-azide.
{

Reduction of the azide by LiAl'H4 gave the corresponding.

L} “
aminoderivative, the NH, group of which was converted to the

oD

:iéonitrile function to yiel@ (-)-axisonitrile-3 (24; 8?}).

\

In the’communication by caine?®

gp'yas pointed out that
the cyclopropane ring of simpleg?}pylcyclopropanes is not
cleaved by metal in liquid ammonia énd that conversion of
159 to 36 represented the first exapple of reductive
cleavage ;f a vimyglcyclopropane with lithium in ethylaminz.
Another point which has been emphasized also was that in the
reductive cleav?ge of 159 there ,was no .iO—B-epimer of i&w

detectable, which showed that there was complete inversion

of configuration at the carbon carrying the methyl group.

That the synthetic material had indeed the S&tructure
. »

4 was demonstrated by x—raf’crystal study. The

——

shown in

- synthetic material had mp 97-98°C and [u]g5 of -71°:  The'

- v r
oo l’j . ° / .

o
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n;tural‘ compound whose, st/qctdre was also.Hetermined by
xX-ray crystalloqraphy had mp 101-103°C and [a]D of +68.4°.
Caine and . Deutsch46 concluded that, "these physical
properties generally agreed with tﬁ€;;> repo%ted for

£

(+)—axisoqitri1e~3, the enantiomer of &4, except for the
s}gh of the optical rotation®. ﬁowever, fhére were still
some discrepéncies between the observed NMR chemical shifts,
. . :
particularly for the methyl groups of the isopropyl group,
and those reported by the 1Italian workers., 'A d%rect
comparison of the synthetic materiél with thg natural

product was not possible due to the unavailability of pure

authentic sample as well as copies of oriéinal spectral data.

2. ©Synthesis of a Spiroaxane Intermediate

The spiroannelation route of Dauben and Hart employi g,,
the reaction of enolates of a—formyldyclqalkanones'with
ca}bethoxycyclopropyltriphenylphosphonium tetrafluoroborate
(133) ‘has aléo been used for the éynthesis ofha’comgound

having the carbon skeleton of spiroaxane‘s.32

In this approach (=-)-menthone (35) was converted to the

a-formyl = ketone 160 wusing a straightforward bromination-

dehydrobromination-formylation sequence. Successivé\k
treatment of this product with sodium hydride and 133 \
afforded 61 as the sole spiroproduct (20%). The} sc}ucture -/ ;
assignment of 161 was based on spectral data as well as the A\

known stereospecificity of the reaction of 133 with formyl

! '

© ey e e e e e
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b .. OHC .
a,b - c,d
—_— e
: > .
I ) .
' 0

(,\

'
H

35 . 160 161

a. brominatigm-debromination; b. férmylai.ipn: c. NaH;
d,_133
Scheme 29

enones of the type 159.

v
bl

The remarkable stereospecificity in the conversion of
160 to 161 has been attributed-by Dauben and Hart to the

conformational preference imposeéi " by the j-uxtaposition of

the alk‘enyl, formyl ana the Keto groups in the enolate of

LS -,

160. This enolate can adopt conformations where the methyl .
group is oriented ei‘ther. a'x\.ally as in“}_ﬁ_z_g or, egqguatorially
as in 162b. ‘Conforr'nation 162a is therrhody,namically more .
stable than 162b, beca}uge ‘in the -latter the methyl group and
the formyl hydrogen lie almost in the same plane causing an

\ \

interaction approximating a conver;ti'onal 1,3 diaxial

N et
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interaction. This type of interaction, termed "allylic

e

l,3-ihtetaction" or "Al'3 strain", was first recognized by

98 99

Johnson,”” who also reviewed the topid¢ later.

Thus, during

the reaction of 133 with the énolate of 160, the

- electrophilic cycldpropyl group is expected to approach the

more stable conformation 162a from the face opbd’svite the

formation

L

axially Aisposed methyl group. If the Dbond

- happens in an irreversible manner, and if the-free energy of

activation of this mode of attack is equal to of less than

CO®Et , COOEt

’

o

that for the other possible mpdes of attack, then the

formation of 161 necessarily results.

o
\ \
. . s

It must be pointed out that the intermediate 161 may

not be the most suitable precdrsor to glehnol or
axisonitrile~3 or its derivatives, Even though the relative
stéreochemistr).( at C-5 and C-10 in 161 is that of the known
spircaxanes, selective hydrogenation of the double bond in

the 6-membered ring may well be a thorny problen. Indeed,

'it would be easier to hydrogenate the doubie bond in the

five membered ring as has been demonstrated by Dauben and
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Hart32

in the case of a similar spirodienone 163, which
underwent catalytic hydrogenation in a regiospecific as well

as a stereospecific manner to give 164.

C. APPROACHES USED IN THE PRESENT STUDY

The structures of axisonitrile-3 (24)' and glehnol (32),

~3 .

-

bo th determinea: by x-ray crystal-lography,- show" \the Same
spiro[4.5])decane c\:arbon ske-lxeton for thése compou;d's. The
positions as well as the relative orientations of the "alkyl
substituents are also tgle same.~ One cannot fail to
recognize the'fagt that, but for the appendage of the
Spirocycle at C~5, ' either molecule is a neomenthyl
derivative. This molécula_r feature greatly simplifies the
design of the schemes for the tot'al.synt'hesis of either

As a sta‘ting material one of the choices is

(—)menthdl- (165) wﬁich is readily availablg and

el

24, X =R=C
32 X = OH HO
\ 165
' v (-)-menthol

|
'whqs% absolute stereochemistry is well established.

The selection of (—~)menthol as the point of departure
‘was ’made for several reasons. First, the six membered ring

%
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system of the spiroaxane is already in menthol with the
methyl ‘and isopropyl groups in the required positions and
with the proper stereochemical relationship. Further, the
secondary alcocholic gro;Jp could be-easily converted to a
keto group by the standard chromic acid ox ida!:ion procedure

to give (—)-menthone.100

By taking advantage of this keto
group one could attempt the construction of ~-the
spirocyclopentenyl system alpha to it as well as the methyl
group. Several other molecular features of the spiroaxanes

now need to be attended to. In glehnol as well as in

axisonitrile-3 and its congeners the spirocyclopentenyl

system has the C-1 in a c¢is relationship with the C-10

methyl group. The C-6 substituent has the beta orientation,
Ideally, one must strive for the appropriate stereochemistry

in the transformations that will put on the required

appendages, or, failing this, one must be able to .separate
the epimers which might be produced. If the transformations
at those carbon atoms in chiral mér:;g;n—é which wodld’become
C-5 and C-6 in the target molecule are such that the
required substituents are attached with the proper
stereochemistry, then one will have achieved the total
synthesis Iof the natural product or its enantiomer. In
either case the absolute st':ereochemistry of the natural

product will be established.

n

In order to.have a suitably activated functionality in

menthone such that the above mentioned strategies can be set



-

NS

+ s e F

[

49

in motion, the following preliminary scheme (Scheme 30) was

? .
OHC
b e
H" -0 | No °
¥ / 3 . .
165 35 166 167
N N
d .
m—
0
168

———

a. HyCroy; b, NaH,HCOOQEt; ¢. HONH,HC1,NaOAe; d. NaOMe

Scheme 30

¢
utilized. Jones' oxidation of (-)-menthol gave (-)-menthone

in 89% yield. Formylation of the latter was achieved using

32

ethyl formate and sodium hydride”“.to yield formyl menthone

(166) in 86% yield. The IR spectrum of a CCl4 solution of

this material did not reveél any significant hydroxyl bands
indicating that it is mostly in the aldehyde form. The
aldehyde group is probably in the thermodynamically . more
stable equatorial oriefxtatio'n; however‘, this point is of nb
significant concern, because all further reactions starting
with this compound are to be on its enolate, Beiny an
a—ketoaldehydé it was easy'lx

convert 166 to the isoxazole

derivative 167 (77%) by treatment with hydroxylamine

1




I IRRT I Y Vil s or e e

o e ot A ey A ap—

50

101

hydrochloride and sodium acetate. In accordance with the

<
well known cleavage of such isoxazoles to a—ketonitriles,ml

treatment of 167 with sodium methoxide and subsequent

102

acidification afforded the cyanomenthone 16 in 67%

yield. The NMR spectrum of the product revealed two
one—proton “-doublets at &6 3.35 and 6§ 3.87 (in a 4 : 3 ratio

for their integrated intensities) with coupling constants of

10 Hz and 4.5 Hz rédspectively. From this it was concluded

that 168 was a mixture of epimers with respect to the-

nitrile group in an eqiatorial : axial ratio of 4:3.

With the introduction of the formyl or cyano group

alpha to the carbonyl group in menthone one now has doubly

activated this position in 166 and 168. Subsequent

peohe

Ly

reactions via the carbanions of these derivatives will thus

be directed towards this alpha' position, rather than to the

-

carbon carrying the isopropyl group. One is cognizant also
of .the fact that the.nitrile group in 168 can, at a later
stage in any synthetic scheme, be canv‘ert\ed to a‘n aldehyde
group by the action of DIBAL-H.103 One thus has at this
stage two potentially wuseful intermediates és starting

points for the synthesis of. spiroaxane derivatives. The

many approaches which were attempted in the present study

had one or the other of these two key intermediates as the

point of departure. These approaches are discussed in tHe

-
4

remainder of this section.




- OH

¥ by s e e e+

Sl

one plan vhich was tried out at the early stages of
"
this project had formyl menthone (166) as the starting point

' NP SN OHi
n-Bu-§ X b n-Bu-57, ) ('\
a e B e >
(v} — o ,'N
v HO H
> 2
- 66 169 - 170 171 :

o amm aamy e

Fae e g

e v—— LM 77

a. n-BuSH,p-TsOl,Benzene, b, HONHZ,NaOAc;

Scheme 3} l

[

(Scheme 31). It was thought that if the formyl group was

suitably protected, then perhaps oximation of the keto grou

could be achieved., It would be a relatively simple matte:\
to convert the oximino group to an amino group which could |

then be converted to.an isonitrile group. Deprotection of ‘ ‘
the formyl éroup would allow one to elaborate the required i
spirocyclic system b’y any one of several possible
met&odologies. Accordingly, the formyl group in 166 was

conver ted 'tc} the thiol ether in B3% field by the action of

butanethioll®4 in the presence of catalytic amount of

para-toluenesulfonic acid 1in benzene. The TLC of the
4]

product 169 exhibited two spots, and small qua\ntities of the
two components were separated by flash chromatography and

the spectral properties of these indicated that they are the

two possible geometrical isomers of 169. No attempt was

made to separate the stereoisomers -for the

t step as this

B
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was not crucial to the scheme. Attempted oximation of 169
under the standard conditions Busing droxylamine
hydrochloride and sodium acetate yielded a multi-component
mixture. Column chromatography of the product yieldea, as
identifiaﬁle products, much unreacted starting material and
some Of the isaoxazole derivative 167. No other attempts at
oximation was done and the proposed 'scheme had to be
abandoned at this stage. The reluctance of’igg_ to undergo
oximation ishpossibly/due to the fact that the keto group is
/in a particularly hindered location.

\\ | -

The protection pf the formyl group in 166 was attempted

using ethylene glycol and para-toluenesulfonic acid. This

-  resulted in a mixture of products and the starting material,

énd all attempts to separate the mixture into its.gomponents
were unsuccessful. It was thought that berhaps the keto
group in lgg could be reduced to a hydroxyl group, following
which the formfl gr&up could be liberated, and then a way
could' be soughﬁ to elaborate this functionality into the
required spirocyclic system. Treatment of 169 with 1lithium
aluminum hydride reduced the keto group as determined by the
IR spectrum of the product. However, the TLC of the product
indicated 'two spots of very close Rf values (corresponding
possiBly to the two diastereomers of the alcohol), and it
was. not__possible to _effect a separation of the components.

The products also 'seemed to be labile, as it was observed

that the IR spectra of the material obtained at various

-

/
—
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intervals revealed carbonyl - absorption bands of
progressively increasing intensities. It was not poséible
to es&ablish the identities of the products, and no further
work on the thioether derivative 169 was done beyond this
stage. |

-

Another approach éttehpted is given {n Scheme 32,
b . - | ===

Fbrm}l menthone was converted .into the enol et?ff/derivative .

- Lo . A 175

a. 'NaH,EtBh: ?. CH3CH200CH2Q2

Scheme 32

. 172 as a distillable oil in 91% yield by "treatifg it with

sodium hydride in HMPT, followed by reaqtibn with ethyl -

bromide. It was possible to obtain small quantities of the

e v o i——— et by~
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.two diastereomers of 172 by flgsh chromatdgraphy. e plan
s D

was to convert this enol ether into a cyclopropane

~derivative 173 . by an 1ntermolecu1ar insertion of !an

algha~ketocarbene into the enol ether double bond. It was
hoped that such a cyclopropyl derivative would undergo base-

induced cleavage to. a 1,4-dicarbonyl derivative 174 which

-

could bq made - to cyclize to the spiroderivative 175. The

105

idea was-prompted by the recent reports by McMurry, and

106 L here .similar strategies were

employed in making the cycloproﬁane derivatives which were

cleaved to 1l,4fdiketones and then cyclized to cyclopentene

\

derivatives. Accordingly9_172 was treated wﬁth diazomethyl

ethyl ketone 1iIn the presence of cuproys acetylacetonafélo5

)

. - 4
An ether. There was an exothermic reaction, and  workup of

i}

the reaction mixture'_yielded a product from which was
isolated the unreadted starting material and another product

identified .as oct-4 -ene-3,6- d1one, "the latter undoubtedly

H

‘arising from the d1mer1zaz}on of the expec ted

alpharketocarbené from diazome Hyl ethyl ketone. ' There was

no evidence of any of the cyclopropyl derivative in the

’

"~ reaction product. -

In the matter of~ wlaborating the }equir

spitocyclopentenyl system at the site ‘carrying the formyll

grbup in 166 several other possibilities were Lr1ed It was

hoped that the alkylation of the enplate of 166 with

L 4 ' )
propargyl bromjde would produce the alkyne derivati,g&l?ﬁu
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179

ty—

~

a. NaH; b. H—CEC-CHZBr

>

which could be converted to th

i

L.

Schehe gg

» .

e Ketoaldehyde 177, and thence

to the spirocyclopentanone derivative "178 by standagd

ways of arriving

hopes were crushed at the outset when it was-

isolated (86% vYield) after

hydride in" HMPT followed by pr

at

the target molecule.

4
treatment of

166 with

However, theSe

" alkylation step‘ did not proceed as expected. The product

sodium

oqitgyl bromide turned out to

e 631 of the O-alkylated derivative 179 and 19% of the

expected C-~alkylated product 176, as detegﬁined by IR and .

NMR speg¢troscopy, ng scheme was aH:tdoned'due to the f;w

B e T T o T e it )
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i

.yield of the C-alkylated product.

v

T
The alkylation of 166 was:talso attempted using allyl

bromide in the hope that the transformations depicted in

Scheme 34 might lead to potential intermediates for thé

182 180

. . ;
a. NaH,HMPT; b. allyl bromide; c. 210°C.15min (sealed

Y]

tube) A - .
Scheme Ty,
. | — 7& ; \
. N "
n

target molecule, Here 65% of O—alkyiated product 182 and

22% of C-alfylated product 180 were obtained. This product

ta

" 182 is an allyl ether suitable !6r Claisen rearrangement

-«
which, if successful, 'would produce the C-alkylated product

180. - Accordingly,. wlien it was heated in a sealed tube at™

215°C5£or 15 min the transformation to the gxpected products

i

&

N \
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took place ag indicated by the IR and NMR spectta of  the

product. However, TLC of the product revealed three spots

with close Re values. Two of these are probably the two

.epimers %f 180. The third product, which is not the

starting material, remains unknown. Since this step

'prédgped a mixture of products which yeré diffiqgit to

separfte, the scheme was abandonede.

- ’ r

£
A further attempt was made for the elaboration of the

spirocyclic system according to a plan outlined in
:> HCO |

: 0 5 (cf. Scheme 37)
07
. <

183 174

Vgr AT

a. NaH,THF-HMPT; b. D>\ .

!

Scheme 35

r

Scheme 35. It was thought that the anion of 166 might react

with 1,2-epoxybutane to give the derivative 183 which could
O -

P T

be converted to 174 and thence the plan of Scheme 32 could

be pursued. When the anion of 166 was treated with

—————

l,2-epoxybutane there was no evidence for the formation of

-

183, and the - starting material was recovered in near

e e Som—— s
-

quantitave.yield. °
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As another variation the fupbtionalizatioﬁ‘bf the keto
group in igg was tried 1in an attempt td obtain a stable
grouping which could then be converted t; ‘the isonitrile
group, prior to the construction of the spirocyclic moiety.

To this end a strategy was planned as depicted in Scheme 36.

- ‘

! S i s
a vl ' N
LN\ N —
0

166

4

—_— etc.

187 188
a. CHZ(CHZ—STs)Z/N§0Ac' o

Scheme 36 ~

Following the ’procedure of Marshall and RoebkelO7 formyl
menthone was converted to the dithioketal derivative 184 in
53% vyield. The plan then was to convert it to it; oxime
185, and thence, by followiftg the methodology of Corey and
Boger,lo8 to the benzothiazole derivaiive;lﬁl and further to
the spiroketone iﬁﬂ: However, all attempts to oximate 184

”

were unsuccessful. The failuce of 184 to underjo oximation

4 e v b amv s
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may be attributable to the sterically encumbered nature of

. the keto group.

Hy s
The suitability of cyanomenthone (168) as a starting

point for the synthesis of spiroaxane Qerivatives was then .

explored. One of the approaches planned is outlined in

- A H\ N
o W - N
z A NP v
NS 4 0 .
a,b | L etc
0 0
168 - 189 . . 190 191
A = c-CN A = -0l
B = 3-CN B = 3-OH

a. NaH /THF—HﬁPT; b. propargyl bromide 3
c. HgSOu,Tﬂﬁ.HZSOu,H2O
Scheme 37

F * '
Scheme 37. The anion of 68 was prepared in the mixed

solvent s&stem THF-HMPT, and then treated with propargyl
bromide. Unllike the case of the alkylation of formyl

menthone (166); here there was exclusive C-alkylation

producing the cyanoderivative 189 as a mixture of the two.

\ s
possible stereoisomers. ([t was possible to separate the two

isomers by flash chromatography over silica gel. The major
i

component (67%) had mp 92-94°C, and the minor (13%) had mp

54-55°C. The major product was assumed to be the

thermodynamically more stable oné, and therefore to have the

N A erioah v Wkl ik B b s s e \» e pre g . .
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structure“189A. The mercuric’ ion-catalysed hydration of

%
this material according to the procedure of McCrae and

1894 1904
Hese
NaBH Hg++/H)504
—
HO
192 e '

A = oC-0H . 193
B = QPOH

Dolbyl09 gave 190A in 67% yield. The sodium _borohydride

reduction of 189A resulted in the alcohols 192, the major

component being a solid mp 77+79°C (83%) and the minor

component an oil (16%). It was assumed ﬁhét the major
product is the thermodynamically more stable one with the'OH
group in the eguatorial position (192A). This 1is
substantiated by the NMR spectrum of the product which shows

a doublet at 4.27 (J = €Hz) for the carbinyl proton.

Hydration of the acetylenic group iny 192A now yielded a

single crystalline product (88%) having a mp 98-100°C, and

éts IR spectrum showed no carbonyl absorption band, but did

show nitrile and hydroxyl absofptions. Based on further

'
a

e ey
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evidence from elemental analysis, NMR and mass spectra the

product was assigned the hemiketal structure 193. 1If the™

assignment of stereochemistry in 192A is correct, then 193

is expected to have the structure with a trans ring
jﬁnction. The stereochemistry of the carbon atom carrying
the methyl and hydroxyl groups in the five-membered ring ‘is

.
o

uncertain.

‘ In retrospect, the formation of 193 from 192A 1is+ not
gurprisingi Hydroxy aldehydes and ketones are known to

exist mostly in the cyclic hemiketal or hemiasetai\kjorm,
o

particularly when the ring 1is:- five- or six-member .110
Indeed, when five-~ or six-membered rings are possible the
éyclization is so facile that it is reported to occur even

under neutral conditions. Thus, in the acid-catalyzed

{
\ CN

194 193

4 ¢

hydration of 192A the expected iéto alcohoi‘lgi was indeed
produced, but under the copditions of the reaction did
undergo cyclization to 193. The cyclization is considered
to be an equilibrium procesé, with a small amount of the
open  hydroxy " carbonyl form in equilibrium with the

ring-closed prpduct.110 Thé attempt to protect the /hydroxyl

‘ "“Bw:wm«#w«.ﬂ,ﬂ,.m,,.,‘p.. P
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group in 192A was totally unsuccessful. This is attributed

to the fact that this group is In a rather sterically

encumbered position in the molecule.

"
~

) _Other alkylation reactions of cyanomenthone (168) were

also attempted 'us§ng l-bromo-2~butanone aéd 2-bromo~
methyl-1-butene. In both cases the producﬁ' consisted
predominantly of the corresponding O-alkylated products.
O L
To circumvent the problem of the cyclic hemiketal

formation mentioned earlier (cf. 193), another strategy was

(s

1904 195 196 191
A = -OH l
. B = 5-OH
to target

a. (HS=CH,),, TsOH,AcOH; bs NaBH,

MR Scheme 38

N

attempted using the éyanomenthode approech (Scheme 38), The

\

keto group in the side chain of 190A was selectively

alll

protecte as the thioketal 195 (47%'yield). Sodium

borohydridé reduction of this product gave the alcohol lgﬁ

. s -
s et o o et

[
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eésentially ag a single produgt whose stereochemistry Is as
yet undetermined. The plan at this stage was to convert the
nitrile function in 196 to the aldehyde function and then to
liberate the carbonyl group from the thioketal masking group
to give 191A which was to be cyclized .to a spiro-
cyclopentenone derivative for further transformation to the
target molecule. . However, the attempteé _reaction of the

112 yas totally unsuccesful. This

nitrile 196 with DIBAL-H
result may be attributed to the highly hindered nature of

the nitrile group in 196.
P - ] Sr——

A variation of the Scheme 38 was then attempted as

‘illustrated in Scheme 39. Alkylation of the anion of

cyanomenthohe was achieved via a Michael reaction with

»

methyl vinyl ketone according to the method of Corey and

cow0rkers.113

There was no evidence of any O-alkylated
product being produced under the conditions wused, and the
C-alkylated cyanoketone 197B was isolated in 73% yield as a
single product when the reaction was carried out at -20°c.
However, when the reaction was performed at 0°C two products
were obtained, the major product being a liquid 197A (64%),
and the minor 197B (30%) a solid mp 77-79°C.  After
selectively protecting the keto group in the substituent of
197A as the dithioketal derivative 198 (89% &ield) the ring

keto group was reduced using sodium borohydride giving a

solid product with a mp 89-91°C. Based on its IR 'and NMR

rspectra this product was assigned the structure 199. The

e s
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199¢C 199

Q N .
a. DBU-Na2C03, | 0°C; b. MVK; c. NaBHu, |

d. (HS—CHZ)Z.TSOH.ACOH

Scheme EET\ | ‘ e

3

plan then was to conver%jthe nitrile group of each of the
epimeric alc;hols to the aldehyde group. However, Eurther
plans had to abandoned when it was found that the cyano
group did not undergo reduction to the aldehyde group wWFn
treated with DIBAL-H. The recalcitrance of the nitrile
group to DIBAL-H reduction is probably' ascribable to its

b
hindered environment. Sterically-hindered estérﬁﬁunctiqns

are also known to be inert to DIBAL-11, 113

i N
As mentioned earlier, while the present study was

under way, Dauben and’ Hart32 gemonstrated thé utility of

[ SN
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l-carbetHoxycyclopropyltriphenylphosbhonium tetrafluoro-
borate (133) 1in the synthesis of spiroaxane derivatives.

For example, the spirocyclic compound 161 was obtained in

o

stereochemical course of the reaction between 133 and formyl

/ .
enones of the type 160 they have concluded that the relative

HCQ

e —E

S a——————

160 161

steréochemistry at C-5 and C-10 should be as-shown in le6l,
and this relative stereochemistry‘ is encountered in the
natural products glehnol and other spiroaxanes. ié should
. be noted that in these natural products there |is gno

_ unsaturation in the six-membered ring, and that eatalytic

7

hydrogenation of spirodienones of the type 161 saturates the
five—memberéd ring rather than the six membered one. 32 Thus,
the intermediate 161 isfﬁot well suited as a key product in
the sxnthesis of glehnol or other spiroaxanes. Dauben”™ and
Hart did not pursue this problem further, their objective
having been the demonstration of  the feasibility of the
reagent 133 for a hngly stereoselective spiroannelatioh of
a-formyl cycloalkanones having an endocyclic double bond in

conjugation with the keto group. ~In fact, the double bond

in conjugation with the keto group is essential in formyl

17% yield from formyl menthone 160. From their study of fhe’

e s e o« bl
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cycNohexanones to give the indicated relative

stereochemistry at C-% and C-10 (cf. 161).

Lo —y
-

As the paper of Dauben and Hart did not explicitly
report any reaction of the reagent 133 with formyl menthone
(166) itself it was decided to study this reaction, and a

plan for the syntﬂesis of glehnol (and thence other

© HCO _A

0~

166 200 201 202
R = COOEt A = -OH A,= -OH
B = B-CH B = B-OH

. +
ca. Nawsmmpr, DXEEBI pEy; b, NaBHg: c. LAH:; d. Hno

e. (HS—CH2)2,T50H.ACOH ;f. Raney nickel

Scheme 40

spiroaxanes) was conceived as outlined in Scheme 40. Accord-
ingly,‘anion of formyl menthone was treated with propagyl
bromidé in HMPT and worked up according to the procedure of
Dauben and Hart. .The oily product (which revealed several
Spots on fLC) was chromatographed over silica gel. which
yielded as a non—phosphorus—containing/ material a product
(7%) which had IR and NMR spectra consistent with the
structure 200. Reduction of this product with sodium

borohydride accomplished the conversion of the keto group to

b
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hydroxyl group. The epimeric alcohols were separated by
chromatography. By treating the major eﬁimer with excess
lithium tetrahydroaluminate followed by oxidation with
manganese dioxidefis it was possible to selectively oxidize

the primary allylic alcohol function to the corresponding

aldehyde function yielding the alcohol 201B (29%). The

hydroxyl group in the epimer 1is assigned the axial,

orientation (201B) based on IR and NMR data. (A detailed
discussion of the assignments of the OH group of the
six-membered ring as axial or equatorial in this and several

related derivatives 1is given 1in Section D, p‘79). Thg

aldehyde group 1in 201B was converted to a cyclic

dithioacetal (90% vyield) which was desulfurized using
"deactivated" Raney nickel giving 202B as a liquid, [a]D
+30.23°, This alcohol failed to yield ?he corresponding
tosylate when treated with tosyl chloridé: in pyfidine.46
Since the OH group in 202B is axially disposed, and since
the relative stereochemical relationships of the methyl and

isopropyl groups in the six-membered ring are those that

exist in menthol the alcokol should be identical to or

enantiomeric with glehnol, if the stereochemistry at C—S‘inrw
/

2028 i; what would be expected from the work of Dauben and
Hart:32 However, comparison éf the available NMR data for
glehnol38 and NMR data of 202B showed that they were not the
same.

\

The chemical shift of the vinylic proton in glehnol js
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A=

'reporqéh to be at 6 5.06 whereas that in 2028 is at § 5.64;

The wvalue for the chemical shift of the~methy1 group on the
, - w A

w

double bond is & 1.76 in .glehnol while that in 2028 is at

.1 77. he carbinyl ptoton &pAFars as a singj%t (wl/z’ MHz)’

at 6 3 57 in 2028, and no value for the correqundinq proton
is available for qlehnol. The Engliﬁp translation of the
two papers of Kur&yékqv et al. 1lists opposite §igns for the
"specific rotation of glehnol (;g). one38 report; it as -10°
and  the bther39 as  +10°, No value for the rotation is

jiven in the Chermical Abstracts listing. Incidently, the

Chemical Abstracts entry refers to the compound as "gleenol®
Since the relative stereochemistries at C-6, C-7 and C 10 in
202b are the same as those of glehno%} the difference

LY . M d .
between thé two mays be ‘attributed to difference gin the

. | . S .
stereochemistry at C-5r Thus, 2428 is assignednthégabsdiute

S
-

gteféochemistri as shown below, which makes it 5-epiglehnol.

. e . -
T L4
A , e
L
.

“this Juncture, a compariSOn df “the proton NMR

spectrum o£ 2028 waﬁ made with that of the alcohel 36 of

Caine and Dcu;sch (klndly supplied by Professor D. Caine .




e ——

e e g — -

69
A

of Georgia Iné&itute of Technology) . The vinyl proton of 36
appears as a bryad singlet at § 5.15, the carbinyl proton as
a broadened djublet at 6 2.98 . (J = 9Hz), and the methyl
gfoup J%t géd to the double bond at § 1.81 as a singlet.
The nonidentity of 202B wlth 36 is thus clear, and coupled
ﬁith the considerations mentioned in éhe{preéeding paragraph
it is reasonablé‘to conclude that the stereochémis;ry at C-5
and C-6 in 202B are epimeric to those in 36. |
- \

"The structure of 202B illustrates that in the formation
of 'ﬁég spiroproduct 200 (cf. Scheme 403 the stereochemical
course\\f the reaction is such that the péaduct is that

which results from the "axial approach®™ of the bulky

}

pﬁx;lapfqul group to the. thermodynamically most stable’

conformation of the enolate ion of formyl menthone. This
stereochemical outcome of Ehe reaction has been pointed out

in the work of Dauben and Hart.32 The streochemical course

of several Robinson annelation reactionsﬁ has also been -

explained on the badis of such "axial alkylation™ of the

most stable enolate fons. 17
9%
ratYonalized the major product in the methylation of an

a-formyl cyclohexanone derivative 203,118

by using this
approach. In e present study only one Spiroannelated

product 200 has been isolated. It will be recalled thjt the

-

opposite stereochemistry results in the same spiroannelation
reaction when there is a double bond_ in conjugation with the

keto group in formyl mengpone.‘ S ~

‘ ‘ ( ¥

-

Daubgn and Hart have also

o i ———p —

o
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203 204 - I 208
) {557.) (18%) (277%)

Some other facets of the syntheéic sequence outlined in
Scheme 40 are also worthy of comment. Dauben and Hart "have
found that the reaction between the sodium !‘1t of a-fofmyl
cycloalkanones artd the phosphonium salt 133 produces; 18}
addition to a'modeja;e yield of the spiro keto esters of thgg
type 135 and igg, small amounts of the starting }ormyl

ketones as well as their deformylation products and some

" 4~-carbethoxy=-2,3-dihydrofuran (136; cf. Scheme 22, p 36).

The dihydrofuran was isolated from most reactions in ylelds |,

of no greater tHan 5%, and it was established that this

product arose from a reaction between the phosphonium salt -

and sodium formate which was the other deformylation

4

product.116 Although it has :not been stated how éodium¥

formate arose in these reactions, judging from the yields of .

the dihydrofuran, it .is probable that the hydroxide ion

required for the elimination of the formyl gfoup as the

formate {on originated as an impurity in the sodium hyd:ide'
\

used.” The $ﬁe£§s of the spiro keto esters in ‘these

reactions ranged only from 10-44%, and it was stated that

" these ’spiro\ derivatives were the "major isolable

A}
V4
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non-phosphorus~-containing coapounds.'32 The nature of other

products formed in the reaction has not been delineated.

In the present study of the reaction of the phosphonium
salt 133 and the sodium salt of formyl menthone, a new type
of product, which has not been reported by ‘Dauben and
Bart,32 has been isolated. After the workup of the reaction
mixture acco;ding to the :reported proéedure ‘the product
mixture was chromatographed over silica gel. After the
elution of the spiro keto ester 200, final clutypn with
esther gave a very viscous pale yellow oil (which was
difficult to crystallize) as a' major phosphorus-cdh;aining

product (81%). Based on the IR and NMR spectra this product

. PP 2 o | ,
- Et ' .
’ 0 Bt 0 -
3 :
: 208

207

is assigned the structure 207. This stabilized phosphonium
ylid . 207 can be cons%dered as the deformylation product of
the phosphonéne 208 which :rst have been formed ,as the

intermediate | | the formation of the spiro keto ester 200.

Albqrnatively, 207 could also have arisen by an' independent

»

4

'As the spiropentannelation procedure o* Dauben and Hart

/
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on férmyl menthone gave the spiro product witﬁ the unwanted
stereochemistry, another‘plan starting with formyl menthone
was explored. The essential features of the plan involved
the construction of a spirocyclohexenone moiety using the
formyl group, and then . a ting contraction to a
spirocyclopentenyl s&étem by transﬁormations analogous to

81

those used by Ramage and coworkers. Scheme 41 summarizes

the sequence of reactiopé employed in this synthesis. The
Michael reaction between formyl menthone and methyl vinyl
ketone was achieved at 0°C using the procedure of Corey and

113

coworkers, yiglding 85% of the diketo aldehyde 209 as a

single product. ' The aldol spirocyclization of this material

119

using the method of de Groot produced the spiroderivative

210 as a solid (mp 41-43°C) in 63% yield.

In order to remove the carbonyl group in the
cyclohexenone moiety of 210 it was decided to convert it to

a cyclic dithioketal derivative and to cleave off the

" thioketal function by one of the standard methodologies.

Several procedures were tried for the thioketalization. fn
ohe, 210 was treated with propane-l,3-dithiol 1in the

11? ,for 6h at . room

presence of boron trifluoride etherate !
A

temperature. Workup of the reaction qhve a product whose
TLC and NMR spectrum indicated that it wgg accompanied by an
unidentified imé;rity wh{éh was difficult éo rémov;. ln
ﬁnQFher experiment t?e\silicon derivative (M235{-5-CH,y), was
used in the presence of zinc iodidé in ether.120 rhere was

s
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no evidence of the formation of the expected thioketal.

Only wunreacted starting material was recovered. When 210

was treated with ethanedithiol in acetic acid with catalytic

amounts of p-toluenesulfonic acid,111 the thioketalization

proceeded withaout incident, and a 973 yield of the

dithioketal 212 was obtained. Reduction of this product

with lithium aluminum hydride gave a 94X yield of a mnixture

of the epimeric alcohols 215 (A:B = 23:71), the separation

f}
of which was achieved by flash chromatography. Early

aﬁtempts at desulfurization of these alcohols were plagued

by unwanted reactions. The procedure involving ,lithium in

121

~» ammonia in the presence of tetgahydrofuran resulted in a

multi-component mixture (including the starting material)

which was difficult to separate. Another attempt was made

122

using the ZnClz-CuC12—1AH procedure giving a product

" (684%) which scemed to be the expected alcohol 213. Howaver,

TLC revealed that it was mixed with another product of very

value. This method of

close Rf was

desulfurization
therefore deemed unsuitable for.the strategy envisioned. So
the procedure of using Raney nickell?3 as the desulfurizing

agent was tried. Howevar, close examination of the product

!
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(LR, NMR, mass spectra and elemental analysis) revealed that .

it was the saturated product 214. Many attempts were made

using both epimers of the alcohol 213, but each time it was

found that, concomitaﬁt with the desulfurization, the

olefinic’ bond underwent saturation to yield th; derivative

214 in 70-75% yields. The literature contains many examples
J :

of such unwanted si@e reactions, and use of Raney nickel

partly deactivated by subjecting it to the action of boiling

"acetone has been found to avoid these side reactions in some

case.s.123 However , in the present study this expedientﬁwas

not found satisfactory in alleviating the problem of the
reduction of the olefinic bond alpha to the thiéketal

function.

As attempts to desul furize the reduction prdduct of 212
were frustrated by the formation of the unwanted saturated
product 214, it was deemed prudent to put this schéme at
abeyance, ahd the feasibility of other strategies were
explored which have already been described in ﬁhis document,

The 1lack' of success of the other approaches 1led t6 a

're—examination of the Raney nickel reaction, and one last

attempt was made using a sample of the catalyst which had
been madel24 9 months ga?lierL It was a welcome surprise

this time to see that not only did the thioketal function

cleave off but also that the double bond was preserved.

This prompted the idea of looking for other means to

*deactivate”. the catalyst prior to use in such

Jren——

LN Ot s ua' e A 1




:
¥
]
H
i
-

76

desulfurizations. It was found that when the freshly
prepared catalyst was stirred briefly with an alkene such as
cyclohexene followed by washing with methanol, and then used
in the desulfprization reaction, cleavage of the thioketal
function went smoothly without affecting the double bond.
Thereafter, all desul furizations of thioketals having
alpha-olefinic linkages were carried out without incident by

use of the "deactivated™ Raney nickel.

As indicated in scheﬁe 41 the‘alcohols 213 wvere also
obtained by the sequence invelving lithium aluminum hydride
reduction of 210 followed by manganese 'dioxide oxidation.
Lithium aluminum hydride converted both carbonyl groups to
the secondary alcoholic functions without saturétion of the
olefinic bond. Selective oxidation of the allylic secondary
alcohol function gave an epimeric mixture of the
spiroalcohols 211 in an Qverall yield of 77% from 210 (A:B =
4:7). The separation of the epimers was achieved by " flash
chromatographyM over 'silicé gel. fhe UV spectra of the two
epimers were ery siﬁ?lar; T —> n* maximum of 2113 appeared
at 227nm (e = 10300), that of giig at 233 pm (e = 5329), and
the n —> n* makima were at 200 nm and 203 nm  respectively.
The epimerick glcohoﬁs .were thgoketalized, and then

desulfurized using the "deactivated" Raney nickel to the

')co:responding alcohols 213A and 213B in 70% and 84% yields

respectively. It was found that this route was superior to
- . €

the ,sequence 210 6 —> leira 213 £6r the prepa;ation bﬁ

S s
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\ .
these epimers. The thioketal of 211B (215B) underwent clean

desulfurization with Raney nickel giving a single product
2138, in 84% yield. However, the epimeric thioketal 215A
gave two pL;oducts upon deshlfurization. The major component
(213A) mp 70-72°% (70%) had an NMR spectrum similar to that
of 213B. The carbinyl proton in 213A appeared as a doublet
at 63‘- 37 (J,;c= 9HZ) and the vinylic protons appeared as a
complex multiplet between § 5.30 andl § 6.10, and the
corresponding signals in 213B ware at §3.63 (wl/f 6Hz) and

between 5 5.50 and & 6.20. A noteworthy aspect of the. IR

spectra (CCl‘1 solutions) of 213A and 213B was that neither”™

showed . any appreciable C=C st;«etching band in the 1600-1660

cm"1 ~regiorf. The minor component (213C; mp 89-91°c;

létyield) had an IR spectrum which revealed a band of

1 and strong bands at 655 and

moderate intensity at 1655cm
1045 cm™!, which were absent in the spectrum of _2_}_}_5_ The
NMR spectrum of 213C had a ©broadened singlet at § 3.37
(carbinyl proton) and a multiplet at & 5.50 (2H). The
structure of 'g;}_c_ remainsg“to be established.

;
e}

Having obtained both epimers of 213 attention was

.directed to methods of ring contraction of the cyclohexenyl

moiety. The strategy was to cleave the double bond in 213
so that the dialdehyde 216 could be generated which"’will be
well suited for aldol cyclization to the spirocyclopentenyl
aldehyde ‘gﬂ. _One met;h'odology tried initially on 213A was

the osmium tetroxide~sodium periedate .procedute.lzs wbtkup

m s e * e S b w7 4 e e < Moo




PEp——

R B T . ey e b

18

HCO
4 1]
: HCO
o
HO HO
‘/
213 216

k__...

~

of the reaction mixture gave a low yield of a severe mix-

‘ture containiny some starting material as well. Conseguent-

ly it was decided to use the other standard methodology, viz

ozonolysis. The alcohol 213 was dissolved in methanol and

excess ozonized o;cygen was\'" passed jnto it at -75°C, followed
by treatment with dimethyl ssulfi.c'l.e,m6 and after workup a
62% vyield of ‘the expected dialdehyde derivative 216 was
isolated as confirmed by IR and NMR'spectra. After further
purification by chromatography this derivative was subjected

to the aldol cyclization usiné pyrrolidine acetatellg‘

in
methanol giving the spirocyclic hydroxy alcohol 20lA in 72%
yield. Without further purification of the aldehyde, it was

converted to the corresponding cyclic dithioketal 217A,

oL SN

mp 68-70°C in 963 yield. Desulfurization using  deactivated

Raney nickel catalyst gave the expected alcohol 202A in 81l%

yield (mp 68-70°C [4]1°+14.92°). Following an - identical

sequence the epimer 213B was also transformed via 2178 to
the spiro product 2028 in 39% yield [a1§5+3o.2'3°. This

product had IR" and NMR spectra identical to those for the
. v &
202B obtained in Scheme 40.

R



™ I 3 P ks 2 e e o

79

The identity of 2028 of Scheme 41 and that obtained

according to Scheme 40 points to the £act that {in the
Michael reaction of methyl vinyl k;ztone and the enolate of
formyl menthone (35) ,,f(the pro'éiuct was exclusively that which
resulted from theé axial alkylationi7/118 ¢ formyl
menthone. As mentioned earlier 2028 is 5-epiglehnol or its
enantiomgr. Ine spiro altohol 201A must be the S-epimer of
the alcohol 36 obtained by Caine and Deutsczh.4® The relevant
compounds in Scheme 41 may, therefore, now be assigned ~ the
absolute stereochemistries as shown below. The

stereochemical assignments of the hydroxyl groups of the

various alcohols were made from their IR and NMR data as

described in Section D.

k]

D. CONFIGURATIONAL ASSIGNMENT OF HYDROXYL GROUP.

’ . %
In the area of conformational analysis organic chemists

“

have always relied heavily on various physical methods. Two

'

of the  most commorly used physical techniques - for

conformational studies have been IR anci NMR - spec~

114,127 ( '

troscopies. For the conformational assignment of - the

hydroxy\l‘\ group IR spectrascopic correlations of the C-0

) .
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stretching frequencie5128 as well as O-H stretching
frequencies129 have been examined. Since both possible

epimers of several new cyclohexanol derivatives have been
synthesized in the present’ study it was considered
interesting and important to attempt such spectroscopic

analyses for the conformational assignments of the hydroxyl

group. /

It is known that, in geqeral, an equatorial C-0
stretching vibration has a higher frequency than the
corresponding axial one, and this has been ascribed to the
fact that the equatorial C-0 stretching motion has a higher

114

force constant. However, many exceptions to this have been

observed even in simple systems.129'130 It has been observed

127

for several cyclohexanols of known stereochemistry, that

the equétorial C-0 stretchings were in the region 1037-1044
cm"l, while the axial C-0 stretchings were in the yegion
996-1036 cm'l.. Examination of the IR spectra in the region
950-1050 em™ L of the several pairs of epimeric alcohols
encountered in the present study showed . that Ithe C—b
stretching frequency correlation 1is . unreliable as both
epimers of several alcohols had sharp, medium intensity
bands in the vegion’w{thout ény.trend in their positions.

An alternative correlation, and a seemingly —-neglected

one, has been based on the the position of the maxima of the

- fundamental free O-H g;retching frequencies. It has ‘béen'

.-4,
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observed that an axial hydroxyl group has a fundamental free
0-H stretching absorption about 5-10 em ™t higher than tbat

of its equatorial epimer,131

the situation here being the
reverse of that of the‘ C-0 stretchings. Cole and
coworkers13? have suggested that this is the result of an
increase in the force c;nstant of the O-H -stretching
vibration due td the “steric opposition" of the axial
hydrogens. in the present study the IR §peétra of dilute
carbon tetrachloride solutions (<0.02M) of the epimeric sets
of alcohols were measured in the 3000-4000 cm™ ¥ region using
a slow écan and an g;panded abcissa (20 cm_l/cm). The free
0~d stretching frequencies are listed in the Table.
Examination of the band positions revealed that one epimer
in each pair has a consistently higher frequency than /the
other. The OH group in these epimers has been assigned the
axial orientation.

o

A third approach sometimes used in the conformational

.assignment of the hydroxyl group has been the band shape of

the fundamentalhfree 0-H stretching absorption. According

133-

to Aaron and Rader, "direct conformational assignment of

i

the hydroxyl éroup may be made on the basis of 1its band
shape, a syﬁmetrical band for an axial, and an unsy&metrical
band for an equatorial hydroxyl group". For qhantitative
charactgfizatiop they‘ have expressed the. symmetry of the

band as .the ratio Yy = a/B which, results from the

measurements of the segmaents of the half bangwith (Avl/z) on
. | .
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Figure). The authors have studied a nupber of epiméric

-

. -
« palcohols of various types”of known)conformat ons, and bhave - v
l

] » ’

observed that a symmetrﬁ ratio 'wﬁich.departs'from unity by
‘ // .
<\\~_ less than 10% would appear to be a firm indication of . an 4

k\\\ p axial ‘hydfoxylv conformation. The authors did also caution
thag\kgis simple correlation might not hold "id’the case of

" . a vicinally substituted axial alcohol", citing the case of ¢

~ neomenthol which gives a doublet fﬂf the free O—H\ftretching

-1 1

and 3632 cm

at 3628 cm of near equal intensities. The

btrict application of the -method for the characterization of

N -
the band symmetry gave an equatorial assignment (Y = 0.60)

to this kndbn axial hy%roxyl group. When an instrument of

i lower resolving pow2r was used, neomenthol gave the

symmetrical free O-H stretching- band expected for dts = -

. \ +~ h W . -‘ i’
. f . . ‘
. i 3 . i
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/ﬁﬁ this

excgptionsl34'l35 Eﬂé free '0-H band shape analysiS'éis
P i

In spite and

several ,other

believéd to be an 'impoidsnt “technique for direct
3

s . 13 .
configurational assignments. . .

\
po)

-

In the preseq} study the band shape‘apprgach was also

Using a Perkin Elmer 5998 @graﬁing spectro-

' photometer,” spectra in the regi%ﬁ of 3000-4000 cm™ ! of

dilute éCl4 solutions of the epimeric alcoh015rwere’redorded
M ' 7
in .an absorbance mode. The free O-H stretching band of each

compound was very slowly scanned on an expanded abscissa

{20cm=-1/cm) the symmetry

133

and' values jy was calculated as

and are given in the Table. AS be
oF s

symmetry ratios close to unity have been obtained even for

described can seen

some equatorial OH gropps. It must be noted that allgﬁ%he
1 . s

.
compounds 1listed in the Table are vicinally substituted

i ‘ .
cyclohexanols, and therefore, the band shape approach may,

not be wvalid. However,-hhqt is clear is that the position

1 \

of the vmax for the free

OH frequericies is consistently

higher in one of éagh pair of ‘epimers in the Table. It
seems, therefore, that when the IR spectra o¢f both  iscmers
of an epimeric pair are available, that epimer which shows

thefﬁiqher v for the free stretching can be considered to

\

max
have ‘the .-OH -group axially aisposgd.

It is interesting to note that the IR spgctrajof two of

l/:* . *
thHe compounds, 1908 pnd 2184 exhibit two peaks for the free

od stretch}ng. In 1908 t?e doublets are Eairly( well
1 ' ‘ y N .
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C v (el Y § (ppa) ¥ (Hz)
v Y max : : pa
. . \,,/
A 3636 . 0.97 4,27 6
B 3642,3501° . 0u99,1.04 T .
LY -
’ Vs
N \ P
150 ~
. A 3628, 0.98 3.77 9
- ' §
B 3642 1.10 3.67 3.8
g
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‘; °
% A 3598 . 0.78 3.47 8
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. T?LE* (Cont'd).
» y - / .
. R * \ +
7 v max Y § J
N & '
;' A 3640,3605 - 3.57 8.5
’ B 3640 1.11 3.58 g
/)
A 3609 1.90 3.67 9
'B 3640 1.12 3.57 45
/ I
A 3592 0.64 3.58 9,
B 3640 . ©1.40 - 3.48 g}
L S ﬂ)'
G
\
A 3584 0.77 3k7. 9
B 3641 0.88 . 3.45 9
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* TABLE (Cont'd). -

-

-~

* . chemical shift of carbinyl proton

’

"t wvicinal coupling constant of t?e carbinyl proton.
(approximate) | T T T T

. € wunresolved.

§ widgh at half height
¢ impure sample

2 equal intensities

b higher intensity

¢. highest iﬁtensity _
A a-0H

B E-OH - {

86

Vopax Y. v 8 'd
OH | ,
LT Heo a® - 3612,3584° o0.68°  3.97 9
N 3536 '
~ HO™ B~ .3588 1.10 ¢ 4.17 4°
215 -
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resolved (364?.cm"}1 and 3591cm"1,_ the inteqratcg.int_ensi/ty of
the latter. being about’ twice that of the former), and
therefore vy ~values ‘Eor both bands are included. 1In the
spactrum of 218A the {f:verlap of the doublets (of n;aar "equal
intensi.ties) vas enguqh to make the half band wl‘dths
uncertain. The origin of the two separate t?ands is not
clear at present. As noted beforfe, a similar phenomenon was

encountered by Aaron and Rader in the <case of the axial

hydroxy compound neom enthol. 133

NMR spectroscopy has also been recognized as a. powerful ”‘

114,127,136

tool for conformational assignments. Confirmatory
{

spectral 'correlations was therefore sought in the -NMR §

spectra of the same set of epimeric alcohols. Two aspects

«

of the NMR spectrum which help to distinguish between axial
and equatorial isomers of rigid cyclohexyl systems of chair

Y

conformation are the values of the chemical shiftr (§) ah“d

»

the coupling constant of an alpha proton. Such facters as

the inductive effect.of the substituents, anisotropy of the
adjacent chemical bonds, and steric interactions, affect the

chemical shift, but by ‘and Jdlarge, an axial alpha proton’ is

observed to have a lower ¢ value than the corresponding -

equatorial proton. However,many exceptions are known, and

caution has been advised in the use of chemical shift values

136

for conformational assignments. Examination: of the

chemic_a} shift values listed ir the.Table shows that they do'

p

"¢

“Wi., . t.“\.

a
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" of the alpha protbn;

88

"
not show any clear-cut trend. Some B-epimers in fact exhibit

a

larger valu,esm/ﬁhan the corresponding A-isomers.

/n

-

Perhaps a. more important NMR parameter which is useful
in distinguishing ‘between axial (a)} and egquaterial (e)

protons is the value of the vicinal coupling constant (J
' 136,137

vic)
Although various factors such as

3

C-C-H angles, and bond iengths are known to affect the

coupling _constant, the dih"edrall .angle dependance as

¥ B

Yt v p i

originally enunciated by Kérplus,l38has been the most
commonly used criterion. by organic  chemists for
eonforma:ti*o*rrerlfassignménts. According to this approach, in

' 'six-membered rings with.. a chair. conformation, the alpha

proton can be distinguished by the coupling constants, since

-

Ja'a(8-13 Hz) differs substantially from J (2-6 Hz) and

Je e {(1-5 Hz). In instances where coupling constants cannot
’ , .

be resolved the width at .half height of the signal (W 1,)

has been recommendecl,136 since it 1is generally 1larger than

~—

15 Hz for -an axial proton, and smaller than—12 Hz for any

equatorial proton. * - ' ’

In the present study atjention was therefore focussed
on\'i‘ ’ the signal due to the carbinyl proton (alpha prnot,on with
respect to the OH group) of thé epimeric set‘s. of a4altohols,
and. the relevant NMR parameters are given in the Table. In

the A-isomers (i.e. a-0OH epimers) the carbinyl proton must

; o

the dihedral ‘angle, electronegat'}‘yity of the substituents, '

peye st e o+
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be axially dispoéed and is coupled to the methine proton

(also axially disposed) oh the carbon cai:tyir;g the isébro,‘pyl

group. ‘Consequent_ly, the A-isomers are ‘expected to show
. ' , /o
larger 'c:‘oupling‘. constants (Ja,a) for the alpha proton than

the corresponding B-isomer where the vicinal protons are in

an ej}ato.rial-axial (Je a) relationship. As can be seen
1

frqm/' e J-values listed in the Table the A-epimer of each

pair consistently exhibit larger .coupling constants than the
corresponding B-epimer. It is-clear that the ‘IR correlation

based on,the position of the v{" o'% the free OH stretching

frequency, and the NMR correlation base'd\ on the coupling
constant. values of the alpha proton are consistent with each
other, and thus the conformational assignments of the
hyldroxyll functions of the alcchols listed are considered

reliable.
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SUMMARY AND CONC.LUSIONS

The original objective of the present study was' the
total synthesis of optically active axisonitrile-3 which, on
account of the isolation and structux:e elucidation of
glehnol and a synthesis of the enantiomer of axisonitrile-3,:

has been revised to comprise of the total synthesis of

glehnol and its 6-epimer. This task was approached from

several directions, and a number of strategies were
explored, using as a starting point formyl menthone (166} or
cyanomenthone (168), both of which were prepared from the

readily available (-)-menthol. 2

In one‘of the 'ép\proaches starting from Eormyl menthoneé
the protection of the Eorinyl-qroup as the q-butyl tihioether
derivative was achieved relatively easily, and the product
consisted of t".he two possible geometrical isomers. The

oximation o this mixture was totally unsucce_i;sful,

presumably due to the hindered nature of the carbonyl group.

Lithiun { aluninium hydride treatment produced a wmixture of |

isomeriq alcohols which were found to be labile, qgiving rise
gradually to compounds exhibiting carbonyl absorption in the
'infrar d. The nature of the transformation has not been
established. An Aattempt to produce a spirocyclopropyl
derivative 173 by an alpha-ketocarbene 1insertion reaction

into the enol ether derivative 172 was unsuccessful.

The alkylation of the enolate of the formyl menthone

90
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using propargyl bromide (Scheme 33) gave mainly the

tr

corresponding O-élkylation product; while the alkyl‘ation
using allyl bromide gave a mixture of the 7611y1ated (65%) .
wand C-allylated (22%) products. The 0-alKylated product in
each case was a mi);ture of the( two possible g.eometrica.l
isomers wh;éh were difficult to separate. The 0-’alky1‘
der'ivative (182) was subjected i:o the,ClaSisen rearrangement
yieldﬁing a mixture consisting"of botg stereoisomers of the
expecteduc-—alkylated product and a third product of
undeternf‘iiiéd structure, Due to the difficulty in separating
the components the scheme had to be abandoned.

In contrast to the alkylation of the anio;\ of formyl
menthone the alkylation of the anion of cyanomenthone with
propargyl bromide gave exclusively the C-alkylated products
(Scheme 37). The ) two sterecisomers of the C-alkylated
product were solids and'were separated by chromatography.
’l‘hé~ major product . (67%) was assumed to have the
thermodyn‘amically more stable conformation in which the

propargyl and methyl groups are trans with respect to each

other (cf. 189A)'. The murcuric ion-catalyzed hydration of.

this product yielded the expected diketo derivative 190A.
It was possible to reduce the carbonyl group “in 189A with
sodium borohydride giving a mixture of the two epimeric
alcohols which were separated and characterized. The major

epimer was a solid which when subjected to the mercuric

ion-catalyzed hydration yielded a single <crystalline

}

et




-~ o TV

92 S

compound identifie’q as a cyclic hemiketal 193. This result
is ascribable to the fact that the initial hydration product
is a & -kKetoalcohol which readhy' formed a 5-uﬂ\embered cyclic
hemiket.al. The attempt to protect the hydroxyl group prior
to the hydration reaction was unsuccessful .

0
<

As a variationdof the strategy, the keto group in 190A -

‘

was protected as-3 cyclic dithioketal and then the ring
cabonyl group was reduced using sc:dium borohydride.
However , aff.er this step it was not possible to convert ‘the
cyano group to the aldehyde group' by treatment with DIBAL-H.

The anion of cyanomenthone was also subjected to the Michael

reaction with methyl vinyl ketone (Schege 39) to give the
¥

rcyanoketone 197. After\m\asking thevketo gfoup. of the side

chain’ as the dithioketal the ring keto grdup was reduced
with sodium b'orohydride to, the alcohol 199. Subsequent
treatment with DIBAL-H fa}led to convert the nitrile to the
aldehyde group. . The indolence of the nitrile function to
DIBAL-H reduction ir; both c;as'es mentioned above is
attributed to the highly crowded environment of this group.

Two of the schemes used in the present study have been
successfql in producing spiropentannela;ed ptoducts, and
each had ~formyl menthone as the starting point. In one the
sodium 'sallt of formyl menthone was reacted with
l—carbethoxytti.phenylphosphonium tetrafluoroborate {133)

according to the procedure‘ by Dauben and Hart yielding a

[
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spiropentannelatéd ester 200 (Scheme 40) as one of the pro-

-

ducts., Theé lithium aluminunm hydridaqsedudtion of this €fol-

. . lowed bQ’ manjanase dioxide oxidation gaye a mixture of the

epimeric h§droxyaldehydes 201 from which “the major bsomer
was isolated in the pure form (2018). The hydroxyl group of
this producﬁ was shown to be axially oriented by use of ' IR
and NMR spectroscopy Thioketalization of the aldehyde
followed by Raney nickel desulfurization yielded the alcohol
2028. In addition to: the SS

has been isnlated from the reaction and this constituted the

major product of this reaction. Based on spectroscopic

' evidence, a stable phosphoniun ylid structure 207 has been

proposed for this product.

/ ) ‘ § .
In another approach the Michael reaction of the anion

of ﬁorm}l menthone with methyl vinyl keEBNf gave the keto

aldehyde 209 (gcheme 41) which was cyclized to the
X T

spirocyclohexenone derivative 210 in good yield., Lithium
aluminum hydride reduction followed by manganese dioxide
oxidation gave a 'mixture of epimeric alcohols 211. After
separation of the epimers each was 'subjected to
thioketalization and subsequent desulfurization yielding the

-

spiro alcohols 213A and 213B. Each alcohol was subjected to

ozonolysis and the resulting dialdehydes were cyclized to
the corresponding spirocyclopentenyl aldehydes 201A and

201B. . Conversion of the aldehyde group to the methyl group

was achieved by thioketalization followed by Raney nickel

iroester Zo&ja non-spzrocompound
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desul furization yielding the“spiro alcohols 202A and 2028B.

- .

»Neither of these was identical to glehnol. The spiroalcohol
\

202A is considered to be th®t S-epimer of thz spiro alcohol 36

obtained by Caine ana Deutsch?® en route to their synthesis
of (-)-axisonitrile-3, while 2028 is considered to be
5-#piglehnol or its enantiomer.

, RN

Elucidation of the structures of 202A and  202B

indicated that the Michael reaction of methyl vinyl ketone

t

.as well as’ spirocyclization reaction of l-carbethox?f
£

triphenylphosphonium tetraflhoroborate with the anion
formyl menthone took place stereospecifically resulting in
the / "axial alkylation"” of the most stable conformation of

the enolate. T -

' It was found in the present study that  the

thioketalization of a ,B-unsatua'rated cyci} ketones was

%etter done using ethane di;hlol than propane-1l,3-dithiol,

the latter tending to produce more often the corresponding
( L

impure thioKetals. Another noteworthy finding has been that .

2
. T
the desplfurization of the cyclic ketals having o B -

unsaturation using fr'eshely prepared Raney nickel causes
the double bond to undergo .saturatlon as well. . It was

found that a partly deactlvated Raney nickel was necessary

: . B
"for' desulfurization with the preservation of the q,g-double

bond. A convenient method for partial deactivation of the

4

catalyst has been developed during the course of the present
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The conformatiénal assignment of the hydroxyl group in

the many cyclohexanol derivativﬂs encountoged in the p{,sent

-study was made by IR and NMR spectroscgpic studies. ’Of the

L

‘three parameters generally used\in the IR for distinguishing

L] B

betwean axial and equatorial OH groups, viz, the position of

'the' *free OH" stretohing'frequencyf and the position of the

hczo’stretching freequency, an& the symmetfy of the "free OH"

adsotption band, only the v

Vmax of the free OH was: found to

be a reliable criterion when both epimers are available, In
»

a1l éases examined in the present study_ the "free QH"

stretching band of the axial epimer had a higher frequency

£
than that of the corresponding ~equatoria1 epimer (cf.

h ]

Table). The chemical shi value  of the alfha protons

(carbinyl protons) Mp ‘“the alcohols did not reveal any

. clear-cut trend; however,ﬂ the vicinal coupling constant

correlation was found to be quite reliable, the magnitude of

the coupling being greater for J than for J

a,a or J

a,e e,e*
The conclusions from the IR and NMR analysis were consistent

-

with each other. ' . o

' S
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b SUGGESTIONQ FOR FURTHER STUDY

LY

,Several facéts of the present study are worthy of
further investigation. One of -the successful methods of
: o

spiropentannelation of formyl menthone (166) was b? the use

of i—carbeth&xytpiphenylphosphonium tetrafluoroborate (133)

' acéording to the procedure of Dauben and Hart, 32 This

. approach (cf. Scheme 40) Eesulted in producing the S-epimer

of glehnol (or ith epimer) which poihted to the fact .that in

the formation of the spirocyclopentenyl system the anion of

the formyl menthone underwent "axial alkylatipp%zwitﬁ the
cycloprdpyl reagent. The spirocycliiation using this
redgent gaJe only a :poor yield of the product. ! 1t is

worthwhile invéstigating thi; reactiop further so as to find
tH; optimum reaction conditions for improving the yield of

the spirocyclic product, and perhaps even for reversing the

direction of the alkylation step.

-

o .

. A more significant observation redarding the reaction

of 133 with the anion of formyl menthone was the fact that

the major product was a phosphorus-containing product, a

( .

L TP

13

thick pale yellow oil which was difficult to crystallize and’

purify, and whose IR and NMR spectra indicated that it .did

not contain an ormyl - group, but- did possess COOEt,
Y X

s

;‘.\ . ~
- __ménthone moiety, and C=PPh3 group. Based on these
considerations the product was tentatively: assigned the
.'L .

stable phosphonium ylide structure 207. 1In view of the fact

. .

that Dauben and Hart did not characterize in their study32

96




of the reaction of 133 with. varigns formyl cycloalkanones
any phosphonium ylide of this type, it 1is  worthwhile
investigatind this product further,soithgt mork insight inéé
Eﬁe mechanism of the reactjon c;n be gained.’ If the prqduc£
is indeed tﬁe phosphorane 207, it should wundergo reactions
characté;istic‘ of such phtsphoranes, and idedtifing the
products of these ° reactions will be ﬂélpful in

; " '
characterizing it. One should also be able te achieve an

,‘indépendent unequivocal synthesis cof \QQZ . by a series of

straightforwérd transformations.

v -

3

Another aspect worthy of fgrther attepti&n is the
feasibility of the ébproacﬁ outlined in Scheme 42 for the
production of the spirocyclohexenonf derivative 219. The
difference between glg'and 211 is that the chirality of the
spirocarbon in.the former i§ opposite to that iﬁ\fhe latter.
Thé reaction of the anion o£ formyl menthone (166) with
methyl wvinyl ketone resulted in "axial alkylation," and
consequently subsequent ;}ansformations resqlted in 211 (cf.

o
Scheme 41.). + The work of Dauben and Hart32 demonstrated

- that when a double bond is present in conjugation with the

ring  keto group the direction of alkylation is reversed.

Therefore, the reaction ¢f the anion of formyl menthenone

(160) with methyl vin&l ketone is expected to produce 219

———

s

—

where the formyl group/and the ring methyl ¢group are cCis

with _respect to each other. At this stage a method has to

be found for saturating the olefinic bond of the enone to

S e
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221
A =00 °
B = B-OH

Scheme ig.

the diketo aldehyde 220. This can probably be achieved by
Bydrogenation'using a catalyst such as palladium on ., c&rbon.
If catalytic hydrogenétion is nét feasible one hag to
lexplore the possibility of bring;ng about a chemical
reduction of the enone system by g%propriatély protecting
the other carbonyl groups. Conversion of 220 to 221 and 222
can be achieved -by ‘the same sequeﬁce of reactions as were
used to obtain gli and 213 (cf. Scheme 41). Once 222;
isomers are produced, reaction sequences identical to‘those

performed on 213 in Scheme 41 should produce the epimeric

alcohols 32  (glehnol or its . enantiomer) and 36

(G-epigleﬁnql).

R Tgp— S
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An alternative route by which. 221' could be obtained

e :
would be by the sequence outlined in Scheme 43, The idea is

/

13 - .
to transpose the double bond in the spiro cylohexenone

'system of eacﬁ of the epimers of 211 obtained via Scheme 41.

One of the ways this could be achieved is by cenverting 211

Pty

to 23 where R°= SPh or SePh gfoupinq such that at a lat%r'

stage this ' grouping can be oxidized to R' and then

eliminated to ¢produce a new a,Bf-double bond. As shown in

Scheme 43, a way has to be found to reduce the olefinic bond

L L

in 223 and then to oxidize R to R' so that the subsequent

' . _2.2._3_. 224 ’ A. 221
' s 0 0
‘ : 4 4+
) R < SPh or SePh R' = SPh or SePh q
' * Scheme 43

E

elimination step can be brought about to produce 221.

Methodolé@ies are’ avallable for introducing a doublé bond

b oo
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o, B to a carbonyl group by éhe use of a phenyl sulfidel39

97

or
a phenyl, selenide group alpha to a carbonyl group. Once

22]1 is thus produced it can be further converted to 32 and

a

iﬁ by ‘the- transformation suggested in the previous
paragraph. o .
a ‘. / N

.Dauben and Hart32 have shown that the anion of formyl

menthenone (160) reacted with the ‘phosphonium salt 133
oY . ; =2

stereospecifically to produce the spiro ester 161 which has

‘
v
.

HCO

160 L 225

o Scheme %4

the same relative stereochemistry at [C-5 and C-10 as that

which existg in the spiroaxanes. It wa ﬁ%ntioned. earlier

that selective catalytic& hydrogenatiipn of this praduct to

223 1is not ‘feasible because the work of Dauben and Hart has

uch as 161 it is the

\

demonstrated that in spiro cempounds

double bond in the five-membered ring that undergoes ready'

catalytic hydrogenation. H&wever, i't might be possible to

convert 1617 to 223 by a chemical reduction (Scheme 44).

Recently Ganem140 has discdqvered that certain

: ! ‘
~ o,f~unsatuarated cyclohexenones hich are unsubstituted at

] '

the beta-vinylic carbon undergo d&clusive l,4-reduction in

et W ot et T
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the presencé of . potassium  tri-sec-butyl borohydride
)

(K-—selectride,TM Aldrich Chemical fompény) to pr?duce the .

corresponding saturated ketones 1in nearly quantitative
yieids. dther conjugated fupctional . groups stch as
a,B-unsaturated esters seem ‘to. be wunaffected by this
reagent under the conditions u§edﬁ as has beén shown by the
fact that ethyl crotonate was recovered unqhanged.140
Therefore,.it would seem that this reagent could bring about
the selective reduction of 161 to 225. Onée 225 is obtained

it can be converted to 32 and 36 by transformations

identical to those perfonﬁaion 200 (whicn is' the Sﬂipimer of

$225) in Scheme 40 (cf. p. 66).

/ y
, j

Another point which deserves some further attention

conderns the desulfurization of the thioketal g;éi. It wvas

found that the Raney nickel desulfurization of gigﬁ resulted

in two products 213A and 213C, and the identity of the

laﬁter is as yet undetermined. Since 213C is not the epimer

-

of 213A and since the thioketal 2158 (epimer of 215A) did
produce only the expected desulfurization product 2138 it
would .be an interesting problem to investigate the

desulfurization of 215A further and to establish the nature

of 213C.

e
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" TECHNICAL NOTES:

3

] o EXPERIMENTAL . ¢

- A

< General: Detailed procedurés are given only for those”®,
rgéctigns wﬁich gave identifiable prp@ucts. Solvent removal
from worked up reaction mixtures was effected by using a
Buchi rotary evaporator wunder aspirator Vacpum at room
temperature (u;less,ptherwise stated) . Workup refers to the
extraction with ether or other suitable sol&ent follgwed by ’

concentration of the sodium sulfate~-dried organic extract by

rotary evaporation. . Unless stated otherwise - column

. chromatography implies the tecﬂnique of flash chromatography‘

ﬁescribed below. Al solvents for reaction, prystailizationv

‘8
ahd chromatography were dried and distilled priog to their

)

~

use.

»
o

ot

‘ Elemental Analysis: Theseq were petrformed by Galbraith
Labéggtories, Inc., Knoxville, Tennessee. -

Flash Column Chromatography: This was accomplished by
141

using silica gel

the teckfique described by Still et al.
A

50 as the\idsorbedt. Frpctiéns were gollected and monitored

by TLC. X -
AN o |
Thin Layer Chromatography(TLC): Analytical TLC was

*

accomplished dn standard glass microscope slides coated in

s

this laboratdry ,with Baker aluminum oxide 9F (1-0541) or

102
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* *

E. Merck silica'gel 60GF,c.,. Components were detected by
using MINERALIGHT model SL~-2537 UV lamp with a short wave-

length filter, supplied by Ultra-Violet Products 1Inc., San
Gabriel, California, by wuse of iodine vapor, or by use of

conc. sulfuric acid spray followed by heating the slide on a

hot p}g;dﬁ ' : -

’ -

Melting Points and Boiling Points: All melting pdints

and boiling points reported are uncorrected. Melting points

were measured using a Gallenkamp MF-370 instrument,

IR Spectra: These were routinely recorded using a
Perkin Elmer Model 5598 Infrared\\Spgctrophot&heter, using'
chloroform or carbon tetrachloride as solvent. Most spectra

were recorded using a matched set of sodium chloride cells

having path lengths of 0.1 mm. Wavenumbers quoted within -

the experimentél section are deemed accurate to Scm~ L.
‘&

Details concerning the measurement of spectra for studies

related to the conformational -assignment of the hydroxyl.

groups in some cyclohexanol derivatives are given in the

Discussion.seqtion (¥ection D; p 79).

Mass Spectra: These wére determined on a DuPont 21-492B

double focusing wunit at 70eV utilizing direct insertion of

sample into a heateg probe.

NMR Spectra: These were obtained using a Varian A-60A

s
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'Spectrometef}\gg\f Varian T-60 Spectrometer, on non-degassed

samples (aé 5—10§-§21utions in CDC13, CC14)7 Spectra at
400 MHz were recoraed on a Bruker WH 400 on non-degassed
samples (as 0.4-0.1% solutions in CDC13). All chemical
shifts ‘ (6) are expressed in ppm relative to
tetramethylsilan? used as an internal standard. The peaks

are designated 4as s (singlet), d (doublet), bs (broad

singlet), g (quartet), and m (multiplet).

Ultraviolet Spectra: These were obtained on a Perkin

6 .
Elmer 552 Visible-Ultraviolaet spectrophotometer.

2

-

Optical Rotation Measurement: These were performed.on

Perkin Elmer 241 polarimeter.

it

™

Ozonizations: Ozonized oxygen for this purpose was

prepared by using a Welsbach T-816 séries 920 ozonator.
% u
M

Reagents and Chemicals: All specialty chemicals used in

the present study were obtained from commercial Sources as
4 ! L

-listed ‘below, and were purified prior to their use when

deemed necessary. ’ -

.

Aldrich Chemical Co., inc.: Allyl bromide;
l-butanethiol; chlorotrimethyl silane; 1,5-diazabicyclo-
(5.4.0]Jundec~-5-¢ene; dihydropyran; diisobutyl . aluminum

hydride (1M solution in hexane) » 1, 2-epoxybutane;

‘ SR _CV>

—
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—d.e2-ethanedithiol; hexamethylphosphoramide; lithium aluminum
hydride; manganese(iv) oxide (activated);

ketoné; osmium tetroxide; 2,4-pentanedione;

-

propargyl bromide; propionyl chloride; urea.

methyl

vinyl

propanedithiol;

Allied Chemicals Canada, Ltd.: Glacial acetic Scid.

!

Alfa Inorganics: Sodium hydride (50%, oil dispersion)

1

Anachemia Ltd.: 2Zinc chloride (anhydrous); cup}ic

sulfate.

BDH Chemicals: Silica gel 60GF254; silica gel 60.

Eastman Kodak Co.: Boron trifluoride etherate; ethyl
formate; methylamine hydrochloride; p&rroliﬁine;
ériethylamine. |

-

Fisher Scientific /Qg.: Chromium trioxide; 'mercuric

sulfate; methylamine hydrochloride;

- tetrahydrofuran; p-toluenesulfonic acid;

W. R. Grace & Co.: Raney nickel alloy powder,

Mallinckrodt Chemical Works:

chloride.

o

Hydroxylamine

sodium

metal;

hydro-

'
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Pfaltz and Bauer, Inc.: 1,3-dibromopropane.

-

N

Ventron Metal Hydride Division: Sodium borqhydride.

s
©

l-Carbethoxycyclopropyltriphenyl phosphonium \ tetra-

fluoroborate,142 cuprous acetylacetonate,143

144 Raney nickel (w-2),124 and

trimethyldithiotosylate145 were prepared according to the

literature methods.

Preparation of lfMenthone(ég).loo To a solution of

26.04 g (0.17 mol) of l-menthol(l65) in 125 mL of acetone

. cooled externally by an ice bath was added, with magnetic

stirring, 45 mL of standard chromic acid solution146 at such
a rate that £he tem%erature of the reaction mixture did not
exceed 10°cC. 'Stirring was continued for another 15min. The
reaction mixture was then poured into water and eitracted
with ether. The ether'layers were washed * with 10% sodium
bicarbonate, brine and dried over sodium sulfate. After
removal of ether uddg?Qreduced pressure 22.92 g (89%) of
l-menthone (35) was obtained as a colorless oil: bp 66-68°C
at 3-4 mm; [@]2°-26.91 (¢ = 10, Et,0) {1it.}% (0] 23-25.3);
IR(CC14) cm-l 2945, 2920, 2850, 2835, 1710, 1450, 1440,
1365, 1195; NMR(CCIQ) 6§ 0.85 (4, 34, 3 = 6 Hz), 0.92 (d,
38,3 =6Hz), 1.03 (4, 3H, J =6 Hz), 1.37 (m, 1 H), 1.53
(m, 1 H), 1.63-2.50 (m, 7 H): ;

L]
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Preparation of @-Formyl-l-menthone (166) . The

proceduté used was a modification of that of Dauben and
Hart.32 To a magnetically stirred éuspension of 3,95 g
(0.165 mol) of SOdiﬁm"%ydridglin 300 mL'of.anhydrous ether
th add¥&d d;opwisg at 0°C, duripq 45 min, a mixture of
23.14 g (0:15 mol) of l-menthone (35), 0.75 mL of absolute
ethanol and 18.9 g (O.2é‘mmol)of ethyl formate in 25 mL of

ether under a nitrogen atmosphere. The reaction mixture was

then refluxed for 60 min and was then kegt stirring for 12 h

at room temperature. The mixtur® wa hen treated with
75 mL of water and stirring was contirfyed for another
10 min. The ether layer was decanted, and the aqueous layer
was washed twice‘with'loo'dL portions of ether' ;nd then
acidified wish SN HC1 solution and extracted with ether.
The combined ther extracts were washed. with)’water,v and
brine and concentrated using é rotary evéporétor to give a
crude oil which upon vacua; distillation yieldeq 23.62 g
(868) of a-formyl-l-menthone T (166) "as a colorless oil:
bp 69-72°C at 0.17 mm; IR (cc14$ em™ ! 2955, 2025,° 2865,
1630 (br),~ 1580 (br), 1452, £387, 1367, 1340, 1525,'1200,
1160; NMR (CCl,) & 0.80 (d, 3 #, J = 7 Hz), 0,93 (d, 3 H,
J=7Hz), 1.07 (m, 3H, J=17Hz), 14.78 (4, 1 H, J =

3 dz); (@)23453.59 (c = 10, EroH). N

Preparation of Isoxazole Derivative (167). This was

102

accomplished by the procedure of Kuehne, with minor

modifications. Into a solution- of 0.765 g . (11 mmol)  of

- 2
e N ) .
H
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~ hydroxylamine hydrochloride in 4 mL of water was added
¢

0.905 g (11 mmol) of sodium acetate. When 4&dll the sodihm

. ! . e e
acetate had been .dissolved 1.823 g (10 mmol) of a-formyl-

l-menthone (166) was added and the mixture. was brought ‘into

one phase by adding a. minimal amounts of methanol..

Affer heating at feflug for 1 h on a steam bath the reaction
mixture was cooled and diluted with 100 -mL of wgte? and
extraqted'with‘two 25 mL portions of ether. The ether
extracts were dried over sodium sulfate and concentrated at
reduced pressure. Upon'flash chromatography' of ' the crude
produgt usfng 20% ether in hexéne as the eluent %.37 g (77%)
of the isoxazole lgf?was obtained as a clear: liquid: bp

1 2960, 2935, 2880, 1640,

75-76°C at 0.2 mm; IR (CCl,) om”
1470, 1455, 1390, 1370, 1230, 1165, 1150, 940, 880, 850; NMR
(CCl,) 6 .0.89°(d, 3H, J =7 Hz), 0.95( (d, 3 H, J = 7 Hz),
1.12 (d, 3 H, J =7 Hz), 1.13-2.23 (m, 5 H), 2.3352.97 (m,
Q_H),\’7.87’ (s, 1 H); MS m/z 179 (M¥) 164, 137 (base peak),
122, M09, 108, 94, 81, 55, 43; k1]§5-1;£§,: o123
[algis—l.os, [a]i§6+o.77, [a]§25+6.41 (c = 10, EtOH). Anal.
Caled for qllﬂl7N0:. ¢, 73.7Q; H, 9.56; N, 7.8, Found:
C,73.45; H, 9.57; N, 7361, _ o '

-y » ,
Preparation - of " n-Butyl \ Thioether . Derivative of

Hydroxymethylene-l-menthone (169)._ A modification of the
T . ; -

z,

procedure reported by I(Flénd et al.'%% yas used for this
LY

purpose. A solution of 12.76 g (70 mmol) of -a-formyl-

. 1-menthone " (l66), 6.76 g (75 q@ol) of n—-butylmercaptan, and

4
)
>
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14 mg of p-toluenesulfonic .acid monohydrate in 55 mL of
benzene was réflbxed uging a Dean—Starg trap under a

"(CC14) cm

nitrogen atmosphere for 5.5 h. At the end of ' this perd od

approximately water

1.2 mL '166 mmol) of was“collected.

b

After the removal of benzene at reduced

pressure the
i1

o

residual oil was chroﬁatographed wover 200 g of alumina
la ! . " 0 -
(neutral, activity III) using benzene as the eluent to give
- K
yellaw. oil:
¢

thioenol ether _as .a

(&

13.8 g (83%) of _the:
%
bpP®137-139°%¢C at 0.39 mm.

N\
\

. ‘ s \ .
indtcated it to be a mixtdre of the two geometrical isomers.
Flash chromatography of 0.500 g of the mixture,

X

ether - in hexane as the:eluent gave 0.326 g (Rg0.199) of the?

Using 6%

majorlcomboﬁent and 0.156 g (Rf0.143) of the minor compénent

as yellowish 1liquids. The major- isémer had the following®

2 e ! 1660,

—

2960, 2925, 2870,

characteristios: IR (CC
1540, 1460, 1450,-1295, 1160, 1140, 1100; NMR (CCl,) 6 0.80

(d, 3 14, J\= 7 Hz),, 0.93 (d, 3 H, J =7 Hz); 1.10 (4, 3 H,

-

J = 7 HzZ), 1.33-3.20 (m, 13 d), 7.23 (s, 1 4); [algs 155
25 25 V25 R
015757164, [0)gqq-T%, lalg3g-a21.5, [6)365-421-2 (c ='L.6,

3 ' @
Et,0). L.

o

The mingr isomer had the following characteristics: IR

L 2960, 2925, 2870, 1662, 1540, 1450, 1300, .1070,

¥

1170; "1195; NMR (CC1,) 6 0.75 (d, 3 ¥, J =7 Hz), 0.88 (d,

<

&

3H,J=Hz), 1,08 (d, 3 H, J = Hz), 1.17-2.97 (m,

-~

13 H});
7,09 (s, 1#); [alfP-327.s,  (e1l) 1385.3,  (a]%)c-404.8,

25 - .
(ally3-843.3 (c = 0.6»‘Et20?.

A T, - .

The NMR. spectrum) of ‘the . product 3

Y

ot

o . o B P




% ———

- - 110

Lithium Aluminum Hydride Reduction of 169.197 A mixture

of 4.06 g (16 mmol) of 169 and 0.67 g (17.6 mmol) of lithium
aluminum hydride in 50 mL of ether was stirred for 1 h at
room temperature under a nitrogen atmosphere.* Upon workup
3.8 g {(93%) of ége crude product was obtained. Thin layer
chromaﬁography of this prpduét on alumina using CHCl3 as the
eluent showed 2 clssely spaced spots: IR (CCl,) ‘cm_l 3400,
1608 (C=C), 1460, 1382, 1065. No attemh’\ was made to
separate the mi#ture. quiodic. examination of the IR
spectra of the product which was storgd for a prolonged
period‘in the refrigerator revealed ‘the‘ appearance and

1

enhancement of a peak at 1685 cm” " indicating the.gradual

generation of a C=0 group. ¢

Attempted Synthesis of 183 fr LQ_.147 A solution of

1.21'g (6.6 mmol) of 166 in 5 mL of THF and 3 mL of HMPT was

stirred for 1 h with 160 mg (3.7 mmol) of sodium hydride at

y 7 .

room temperature under a nitrogen atmosphere. Into the
reaction mixture was then added dropwise 1 mL (11.6 mmolL‘df
1, 2=epoxybutane. The reaction mixture was stirred for

~

another 5 h, poured into excess of watér, acidified with

4

conc. HC1 and then extracteﬁ\ ith ether. Concentration of

~
the ether extracts led to the recayery of 1.18 g (97%) of
PPN .

P
L4

the starting material.

-
.

(3

\‘/(“ ] L3 s [
Attembted,y&xnthes1s of the Oxime Dejffivative of 169. A

-

¥

solution‘of 2.403 g (34 mmol) ‘of hydrgx(Lamine hydrochloride

¥ .
1
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and '2.664 g (32 mmol) of sodium acetate in 6 mL of water was
mixed with a solution of 2.060 g {8 mmol) of 169 in 15 mL of
ethanol. The mixture was refluxed on a steam bath for 13 h,
Then the mixture was cooled to room temperature, diluted

with water, extracted with ethér, and worked up to yiefd

1.80 g of the crude product, the TLC of which showed 4 main

spots. Column 'chromatography off the crude product on
neutral alumina (activity III) using benzene as the eluent
gave 1,35 g (66%) of‘the starting material and 123 mg (8%)
of the isoxazole 167 as the ident&fjable p;oducts.

L]

Preparation of 184. 1In a modification of the proceduré

07 a solution of 1.82 g (10 mmol) of

“of Marshali and‘Roebke,1
o-formyl-l-menthone ' (166), 6.33 g (15 mmol) of trimethylene

dithiotosylateiqb and 8.25 g (84 mmol) of potassium acetate

in 110 ﬁL ;f‘absolute éthapol.was refluxed for 11 h. The
cooled reaction mixture was pgured into 500 mL of brine.
The workup of the ether extract gave a crude "~ oily éroduct
which was chromatographed over 150 g of alumina (neutral,
activity III) using beniene as %he elﬁent ‘to give 1.35 g
(53%) of an oil 184: bp 140°C at 0.5mm; IR (CCl,) cm ' 2960,
2925, 2870, 2830, 1700, 1450, 1430, 1422, 14}22 1380, 1375,
1275, 1080, 900, 700; NMR (CCl,) & 0.82 (d, 3 H, J'= 6 Hz),

0.89 (d, 3 H, J = 7 Hz), 1.03 (d, 3 H,J = 7 Hz), _1.17-3.90

25
13 (025420078, [wdlgea1is6,  lalgagt27.49,

25 25
[a]436+76~ 53! [0-] 365+263.6 (C = 1.7, EtZO)' Anal. Calcd

for C13H22820: ¢, 60.41, H, 8.58. Found: C, 60.34; H, B.62.

»

~
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Attempted Oximation of 184. To a solution of 5.2 g (75

\\ - " mmol) of-hYdroxylamine hydrochloride and 6.15 .9 (75 mmol) of
sodium acetate in 24 mL of. water ‘was added 1.28 gl(QO mmol)
of 184 in Zg'mL of ethanol and the mixtur? was refluxed for
24 nh on a steam bath. The cooled reaction mixture was
poured into 200 mL of water and extracted with three 50 aL

\ portions of ether. Workup of the ether extract gave 1.22 g

( 100%) of the unreacted starting mate}ial. (Confirmed by

NMR, IR, TLC).

Preparation of Enol Ether of a-Formyl-l-menthone (172).

A modification of the procedure of Dauben and Hart32 was

v

used for this purpose. Into a magnetically stirred
suspension of 0.66 g (28 mmol) of sodium hydride .in 125\hL
of HMPT was added under nitrogen 4.55 g. (25 mmol) of
" _ a¢-formyl-l-menthone (166). When the reaction mixture became
clear (gé. 0.5 h) it was treat;d with 2.75 g (25 mmol) of
ethyl bromide and the stirring was continued for another
. 10 h.. Then the reaction mixture was poured'iato ice-cold
water and extracted with four 50 mL portions of hexane. The

combined organic extracts were worked up to give a crude

product which upon distillation gave 4.82 an oil
(172): bp 90-92° at 0.5 mm, The product was shiwn to
consist of two compbnents. Upon flash cﬂromatography using,

20% ether in hexane as the eluent, 0.630 g of the mixture

L]

gave 0.570 d (83%) of the major component (Rf0.26) and

. 0.055 g (8%) of the minor component fRf0.43). The maior,

\

[T k ’ A PR
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™1.90-3.33 (m, 3 H), 4.48 (q, 2 H, J = 7 Hz), 7.16 (s, 1 H);

%M,mm,< .
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component had the following properties: IR (CC14) ent
2935, 2875, 1675, 1590, 1450, 1382, 1317, 1300, 1210, 1195,
£140, 1115, 1100, 1085 1040, 1020, 910; NMR (CC14) §'0.78
(d, 3H, J =7 Hz), 0.92 (d, 3 H, J =7 Hz), 1.05 (d, 3 H,

J =7Hz), 1.37 (¢, 3H, J= 7Hz), 1.57-1.90 (m, 4 H)

25 25 25 25 -
[a]D -23.58, [u]578-25.04{ [a]436-42.78, [a]365-47.74 (c
2, EtOH). The minor component gave: IR (CC14) cm-1 2960,
2925,.2870,_1670, 1620, 1386, 1210, 1167, 1150, 1100, 1030.

- ’

Reaction of Diazomethyl Ethyl Ketone With Ethyl Ether

ofr Hydroxymethylene-l-menthone (172)., Following the method

described by Arndt, %%  using 10.3 g (100 mmol)  of

‘N-nitrosomethyl ure&j’ls g (270 mmol) of potassium hydroxide
/

in 15 mL ‘of water, and 100 mL of ether, a ;olution of
qiazomethane\ in ether was made. To this was added a
solution of 2.8 g (30 mmol) of freshly distilled propionyl
chloride in 10 WL of ether at 0%, 150
at room temperature the mixture was diluted with 30 mL °§
c?clohexane and the ether was removed under, reduced

pressure. The resulting solution was added dropwise into a

.mixture of 3.9 g (19 mmol) of 172 and ‘0.1 g (615 mmol) of

at 0°C. After the addition was
- ~
complete the external ice bath was removed and an exothermic

Y 105
cuprous acetylacetohate

\ Vi No L e

reaction was observed. Stirring was continued for anothér
12 h at room temperature. Workup followed by column

chromatography on silica gel. using 20% ether 1in hexane

2960,

After stirring for 1 h

[P

[

PRI

i rn ] il
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[4

ylelded 3.78 g (97%) of the starting material and 0.200 g of

a light yellawish solid, mp 50-53°C, which was identified as

149

oct-4-ene-3,6-dione. NMR (CCl,) & 1.15 (t, 6 H, J =

8 Hz), 2.73 (g, 4 H, J = 7 Hz), 7.02 (s, 2 H).

!

-

2y

ﬁeaction of Propargyl Bromide with Sodium Salt of

a-Formyl-1l-menthone (166). Into a Magnetically stirred

suspension of 68 mg (2.83 mmol) of sodium hydride in 1 mL of
HMPT and 2.5 mL of THF was added 500 mg (2.74 mmol) of
a-formyl-l-menthone (166) under nitrogen atmosphere.  When
the mixture be;;§€:>a&ear (10 min) 257 uL (2.88 mmol) of
proparé?l\ggomide Qas,gégfa\and the stirring was continued
for ano;ber 40 min. After ;;ding 25 mL‘of water the mixture
was extracted twice with 20 mL portions 'of ether. Workup of
the ether extract gave 517.6 mg (908%) of crude'produét which

upon f£lash chromatography using 15% ether in hexane gave

383.4 mg (66%) of the pure o—alkyléted isomer ( llngas*fﬁg\\x‘

major product and 115.2 mg (20%8) of the pure C-alkylated
isomer as the minor product (176) as colorless liquids. Tha-
minor component (176) had the following characteristics: IR
(CCl4) cm-1 3320, 296Q, 2940, 2875, 2120, 1730, 1710, 1460,
1380, 1370, 1110, 925, 642; NMR (CC14),5 0.78-1.33 (m, 9°H),

1.44-2,61 (m, 8 H), 2.64-2,91 (m, 2 H), 11.58 (s, 1 H); '

25 25 25 : 25
[a]D +29.62, .[01578+30.20, [a]546+34.55 [a]436+54.23,

[u]§25+46.60 (c = 1.3, Ether). Spectral data for\tﬁe major
component (179): IR (CCl,) ocm-1 3320, 2970, 2940, ' 2880,

4 ‘
2122, 1680, 1600, 1152, 1370, 1270, 1170, 1148, 1120, 1085,
] .

-

~—

-
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1040, 1018, 980,.930, 680, 632; NMR (CC1\4') é§ 0.77 (4, 3 H,

115

J - 7 HZ), 0.90 \(d' 3 H, J = 8 HZ) F 1003 ﬁ?’3'ﬂ]JJ = SHZ) ?

1.5-2007 (m’ 5 H)'2.2-307 (m' '3 H)' 4.58 (m, 2 H)' 1.12 (m'

25
1 #); 013 -35.32, [alg7g-36.78,

@] 25

; Reaction” of Allyl Bromide

365'-112.73‘. . (C = 1-9' Btzo)-

with Sodium

25

25

Salt g_f_»

a-Formyl-l-menthone (166).

solution of 500 mg (2.7 mmol)
in 1 mL of HMPT and 2.5
(2.83 mmol) of sodium hydride

another 15 min. Then the: homogeneous reaction mixture was

Into a magnetically stirred

of a-formyl-I~menthone"-{166)
R o
mL of THF was added- 68 mg

and stirring was continued for

treated with 260 UL (3 mmol) of allyl bromide and stirring

was continued for another 15 min. The reaction mixture was

poured into water and extracted with 30 mL of ether.

of the ether extract gave 590 mg (97%) of crude product,

which upon flash chromatography using 16% ether, in hexane as

-

the eluent gave 399 mg (65%) of O-alkylated isomer (182;

R

g0.22) as a colorless oil: IR (CCl,) cm”

1

3080, 2960, 2940,

2875, 1680, 1590, 1280, 1185, 1120, 1085, 980; NMR (CC14) s

0.78 (d, 34, § =7 Hz), 0.93 (d, 3 4, J =7 Hz), 1.08 \fd'

34, J =7 Hz), 1.50-2.10 (m, S H), 2.13-3.77 (m, 2 H), 4.52

(m, 2 H), 5.08-6.33 (m, 3 H), 7.13 (m; } H); (a127-51.25,

25 25

As a second fraction 133 mg

‘ (180; Rf0.44) was obtained
-1 ’

3080, 2960, 2875, 1720, 1700, 1640, 1460,

-

(22%) of C-alkylated proddct

o

as a colorless oil: IR (CC14)

1380, 1368,

Workup

[T e e

e i St

@ et
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1
1142, 1 920; NMR (coGl 5,

0.91 (4, 3 H, J = 7 Hz), 1.00 (d, 34, J =7 Hz), 1.62 (m,

400 MHz) § 0.90 (d, 3 H, J = 7 Hz) ,

ARt b M I AU WA it bt S

.1 H), 2.17 (m, 2 H), 2,31 (m, 2 H), 2.65 (m, 1 8), 2.78 (m,

1 H), 5.09 (m, l.H), 5,50 (m, 1 H), 10.11 (s, 1l H);

25 . 25 25 25 :
[Ol]D +3§.94, fa] 578+40’6!S' [41]5464-46.83, [01436+86.l§,

25 :
[a]365+83.50 (c = 1.2, Btzo). . !

)

¥

Another 20 mg of a com'pound (Rfo.él) was isolated. The -

-XR " spectrum of this product in CCl4 showed peaks at 3080,

;N
AY

/ . 2960, 2875, 1668, 1620, 1462, 1385, 1370, 1260, 1240, 1210y~

1

1150, 1100, 1002, 970, 930 cm. — But the sample proved to be

+ /\‘.
unstable d no further characterization of the material was
possible.

P Claisen Rearrengement of _l_§_2__.151 Th{ crude product

B Tkl

(182) was s.ta*aled.~ in a qlasé tube and placed in an o0il bath

- maintained at 270°C. After 10 min the tube was removed from

B ks e

.o the bath and was allowed to come to room temperature and was :
. ‘V ' g

- / H

cut open. TLC of the crude preduct showed-3 spots with- ——-7-
close Rf val‘des. The NMR spectrum of the c;ude product
showed aldehyde proton peaks at & 10.30 and 10.03 (with 2 : 1
ratio) and disappearance of the peaks at §7.13 indicating
o that complete. rearrengement of the allyl ether had taken
place. The product was not examined Ffurther due to the
difficulty qf separating the components.

Preparation of a-Cyamo-~l-menthone (168). An adaptation-

Ly by 4497 ‘
-+ L . ( v
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102

of a procedure described by Kuehne was used. A mixture

_of “7.13 g (89 mmol) _ of sodium in 98 mL of methanol and

b

15,11 g (84 mmol) of the isoxazole (167) in 143 mL of

benzene was stirred under nitrogen for 3 h, and then poured

" into ice-water and extracted with eight 80 mL portions of

cold 3% sodium hydroxide solution. The combined extracts
were acidified with conc, HC1l and extracted with three

150 mL portions of ether. Ether extracts were washed with

two 50 mL portions of water and finally with brine. Workup .

of the ether extract afforded 10.15 g (67%) of pure

a-cyanomenthone (168) as a colorless oil: bp 88-90°%Cc at

0.20/{nm; IR (CClA) cm_l 2955, 2920, 2862, 2238, 1722, 1450,

11382, 1365, 1108, 1050; NMR (CC14) 6§ 0.77-1.3¢ (m, 9 H),

1 4

1.63-2.40 (m, 7 H), twa overlapping doublets centered at ¢

2
3.56; [a1205+34.9o, [a1§§’8+37.zo, [a]526+45.05, [a]§§6+112.05,

25 =
[a]365+311.20 (c =2, EtOH)

I

Reaction of Pf&Eéfg}fl Bromide with the Sodium Salt of

N ",
g—Czano—_l_—menthone (166). A magnetically stirred mixture of

500 mg (2.79 mmol) ofwa-cyano—l'—menthone in 1 mL of HMPT and

2.5 mL of THF was treated with 68 mg (2.83 mmol) of sodium

hydride . After the reaction mixture became homogeneouéﬂ :

(10 min) it was treated with 257 UL (2.88 mmol) of propargyl

bromide and stirring was continued for another 1 h. Then
the mix ture was poured into 20 mL of water .and extracted
with 30 mL of ether. The ether layer was successively washed

with 10 mL portions of 3% NaOH, water, and brine and dried

/ P

T "“"\

USSP,

ot
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1
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over sodium sulfate prior to concentration by rota{ry
3 'evaporation §t.:educed pressure. Flash ‘chrom‘atography of
the crude product using 20% ether in hexane as the eluent
yielded 409 mg (67%) of a C-alkylated product as the major
component (189A; R£0.39) An analytical sample was prepared
by recrystallization from hexane: mp.of 92-§'4°C; IR (CCl,)
cm—l 3320, 2970, 2940, 2880, 2238, 2115, 1740, 1460, 1422,
1390, 1370,1110, 655, 630; NMR (CCl,) & 0.92 (4,3 H, J =
7H2z), 0.98 (4, 3IH, I = 7Hz), 1.23 (4, 3 H, J = 6 Hz),
1.57-2.33 (m, 6 H), 2.63-3.43 (m, 4 H); - [01_135—181.7,
(a]é;8-170.8, (a] 526-200.7, [01536-427.9, ’[a]§2571020.'7 (c =

6.6, EtOH) . Anal. Calcd for C gNO: C, 77.38; "H, . 8.81,

14y
Found: C, 77.41; H, 8.66.

Another 82 mg ‘(13%) of a C-alkylated ptodﬁct was
isolated as the nminor component (1898 ; Re0.23).
Crystallization of this material from hexane afforded an
analytical‘ly pure sample as white needles: mp 54-55°C; IR
{ccly) em ™! 3300, 2960, 2920, 2860, 2220, 2115, 1720, 1455,
650, 625; NMR (CCl,) ¢ 0.93 (m, 4 W), 1.15 (d, 3H, J=
7 4z), 1.67-2.60 (m, 8 H), 2.73-3.20 (m, 2 H); la]Z>+54.50,
la] 34457, 91, [a]§2;+66.42, (a]f§6+159.o, [a1§25+414.2 (c =
0.8, EtOH). Anal. Calcd for C;,H;gNO: C, 77.38; H, 8.8l.

Found: C, 77.58; H, 9.02.

- L

¢

Mercuric lon-—-Catalyzed _lﬂdratipn of 189A.1>9 To a

stirred mixture of 450 mg (1.5 mmol) of mercuric s‘qlfate and

R o SR WL SRR R
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150 mg of conc. !~12504 was added 1.087 g (5 mmol) of 189A in
30 mL of THF and 6 mL of water, and stirring was continued
for 1 h. After dilution with 50 mL of water the mixture was
extracted with five 10 mL portions of CH,Cl,. Combined
organic extracts were washed twice with 20 .mL portions of
water . The dried (Na2804) solution was concentrated by
rotary evaporation to yield a crude product which upon flash
chromatography wusing 10% ether in c‘hloroform (Rf0.51)
afforded 780 mg (67%) of 190A as a colorless solid as' the
only isolable product. An aﬁaly;ical sample was prepared by
recrystallization of this‘ solid from hexane giving pure

white needles: mp 49-51°C; IR (CC1l,) cm™' 3965, 3940, 3880,

2230, 1730, 1460, 1385, 1160, 1170, 960; NMR (CCl,) § 0.93

(d, 3 H, J = 7 Hz), 0.97 (d, 3H, J =7 Hz), 1.18 (d, 2 H,
J =5 Hz) 1.07-3.28 (m, 7 H), 2.24 (s, 3 H), 2.92 (s, 2 H);
(0135-73.56,  (al18§g-77.40, (a1336-90.63, (0]53¢-190.4,
[0)325-438.7 (c = 0.4 EtoH). Anal. Calcd for Cy,H, NO,: C,
71.45; H, 9.00. Found: C, 71.61; H, 8.86.

!

Thioketalization of the Unhindered Keto Group in 190A.

In an adaptation of the known pmc:edme,]']"1 a mixture of

215 mg  (0.914 mmol) of 190A, 93 puL (1.1 mmol) of ethane
dithigel and §0 mg (0.047 mmol) of p-toluenesulfonic acid
monohydrate in 5 mL of glacial acetic acid was stirred for
48 h'under a nitrogen atmosphere. The reaction mixt.;ure waé
then poured into 50 mL of water and extracted with two 20 mL

portions of ether. The ether layers were washed twice with

e i
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10 mL portions of 5% NaOH solution, following which the

ether layer was worked up in the, usual manner to givE -
q °oe ) N

o/

'crude product, which upon £flash‘chromatography ﬁsing 1:1}

ether-hexane as the eluent gave 132.8 mg (47%) of the
protected compound .};2_5_ (Rf 0.64)- as a colorless oily IR
(CC14) cm—l 2960, 2935, 2875, 2220, 1725 d(C=0), 1455, 1445,
1385, 1375, 1230, 1200, 1110, 1120, 940, 920; NMR (CCl,) &
0.89 (d, 6 H, J = THz) 1.20 (d, 3H, J= 6 Hz), 1.2 (s,

‘L H), 1,672.33 (m, 6 H), 1.88 (s, 3 H), 2.68-3.5 (m, 6 H).

Anal){; Calcd for C16H25N052’ C, 61.69,-—'H, 8.09, Found: C,
61.39; H, 8.03. Further elution gave 112 mg (52%) of the

. * - ‘
starting material 190A (Rf0.32) .

\

Sodium Borohydride Reduction of 195. To a solution of

120 mg (0.53 mmol) of ‘_12_5_ in 5 mL of methanol was added
20 mg of sodium borohydride and the resulting mixture was
stirred at room temperature for 3 h. The reaction mixture

was poured into water and worked up in the usual manner to

-

yield 138 mg (B4%) of 196 as a white solid. An analytical

sample was'prepared by recrystallization from carbon

1

tetrachloride: mp 70-72°C; IR (CCl,) cm™*"3450, 2960, 2930,
. 4 \ I

+ 2875, 2220, 1385, 1367, 12;75, 1070, 1050. NMR (CCl4) § 0.77

(d, 3 H, J =7 Hz), 0.90 (d, 3 H, J = 7 Hz), 1.80 (s, 3 H),

2.45 (s, 2'H), 2.83 (d, 1 H, J = 6 Hz), 3.28 (s, 4 H)

Attempted Protection of Hydroxyl Group in 192A, Usin

152

at 'general procedure, a solution of 355 mg (1.6 mmol) o

o ke s e

e 14 s 7
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192A and 80 mg (0.32 mmol) of pyridinium=-p-tol uentsul fonate
in 14 mL of methylene chloride was stirred with 300 uL

3.?9 mnol) of dihydropyran under a nitrogen atmosphere for

12 h. Upon the workup followed by flash chromatography of
the re'sulting crude product over silicé gel using ¢hloroform

as the eluent 350 mg (98%) of th; starting material was

recovered.

N

Sodium  Berohydride Reduction of 189A. .To a

. g\agnetically stirred solution of 434¢mg (2 mmol) of ;__8__9__)‘_\_ in
io mL of methanol was added 90 mg (2.4 mmol) of sodium:
borohydride under nitrogen. The reaction mixture was
stirred for 2 h, poured into 50 mL of water ‘and extracted

,; - with three 20 mL portions of ether. ';'hc; ether layers were

' concentrated by rotary evaporation after drying over sodium

sul fate. TLC of the c;‘ude product (silica gel; 2% ether in

’

chloroform) éﬁowed 2 spots. The“components were separated
by £lash chromatography to give as,a. first fraction 365 mg
(83%) of the alcohol 1924 (R,0.41). An analytical sample
was prepared by crystallization from hexane: mp 77-79°C; IR,

-1
(CC14) cm

3635, 3500, 3320, 2965, 2935, 2880, 2235, 2120,
1475, 1460, 1390, 1140, 995, 940, 645, 635, NMR (CC1l,) §
. 0,83-1.15 (m, 9 H), 1.15-2.00 (n, 7 H), 2.00-2.33 (m, 2 H),
2,50-2.70 (m, 2H), 4.27 (4,1 H, J = 6 Hz). [a]§5+a.43,

0] 23 g+8.96, [a]§26+1o.19, [a1§§6+19.33, [a]§25+35.50 (c =

~ Found: C, 76.89; H, 9.80.

7
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The second fractien yielded 71 mg (16%) of 1998B.

(Rf0.20) as a colorless solid. An analytical sample was
. v “»

obtained by crystallization from hexane: mp 65-67°C; IR

(CCl,) em™! 3640, 3585, 3470, 3320, 2240, 2120, 1480, 1399,

1370, 1062 (C=C), 650, 625; NMR (CCl,) § 0.84 (d, 3H, J°=

1.27-2.78  (mg, 10 H), 3.09-3.67 (m, 3 H); [a12’+0.12,
2 25 .28 o .o 25

[0]gyg+0.12, [algyg+0.00, [alyye-1.40, [a]36?-3.02 (e 0.9

ECZO). Anal. Calcd for; 14H21N0» r C, 76.67; H, 9.65.

kS

Found: C, 76.79; H, 9.88.

' {

Mercuric Ion-Catalyzed axdratioﬁ of 192A. To a

magnetically stirred mixture of 18 mg (0.1 mmol) of mercufid

sulfate, 6. mg (0.1 mmol) of HZSO4, 240 mg (13.3 mmol) of Hz

and 1.2 mb of THF " was added: 219 mg (1 mmol) "’ of the t1t1e

compound under a nitrogen latmosphere. After 2 h the
reaction mixture 'was poured into 20, mL of water and

- extracted twice with 20 mL\portions of CHQCIZ% The combined

organic extracts were washed twice with 10 mL portions of

water, and dried over sodium sulfate prior to concentration

by rotary evaporation. The crude product was purified by

" £lash chromatography using 40% ether in hexane to yield
209 mg (88%) of 'pure cyanohemiketal 193. An analytical
sample prepared by crystallization from hexane: mp‘98—100°C:

IR (CC1l,) e

3600, 3455, 2975, 2880, 2240, 1450, 1390,
1150, 1070, 1000, 970, 940, 917; NMR (CCl,) & 0.87-1.13 (m,

9 H)' 1020"]:.90 (m' 7 H),,' 1.87‘(5' 3 H)’ 2‘0"2060 .(m," 3 H)'

. v
B v S ——




Qg arone

- .
ay
e

T

s
.J\

B

[a]365+232 5 (¢ = 4, Et 0). Anal. Calcd for C14H23N0 c,”
. 70.85; H, 9.77. Found: C, 70.55; H, 9.47.
)
Reaction of the 'Enolgté of a~-Formyl-l-menthofhe (166)
113 ' °

3.30 (bs, 1 HY, 4.47 (s, 1 H); HS m/z 237 My, 222, 219,

4

;209, 194, 176, 164, 149, 124, 55, 53, 43, 41, 39;

25 " 25 5
+80.29, [a]546+94 62, +155.2,

(a1 P+80.29,  (a] lal536

with Methyl Vinyl Ketone.

A mixture of 22.34 g

(0.123 mol) of a-formyl-l-mepthone (166), 2.598 g

(0.025 mmol) of ;qdium carbonate and 3.7 mL (0.025 mmol) of

1, S-diazabicyclo[s 4. Olundec-SFene in 120 mL of a. 1l:1

mixture of ‘THF-Bul6H was stirred at 0°C under a nitrogen |

atmosphere. To this was added ﬁ?bpwise 11 mL (0. 136 mL) of
freshly distilled MVK dhd the stzrr ng, was contipued for
another 2 h at 0 °c. Then the rea%tion mixture was poured

into 800 mL of water and extragted 3 times with 100 mL

- . '

' pprtiohs of ether. The combined ether. extracts were washed

'succeslvely with 50 mL portions of watér,\ 5% NaOH and

finally: with sat. NaCl soiutions. Concentration Jf the

)

T
dried (NaSO,) extract gave 26.35 g (85%) of 209 “as' a

-1

colorless oil, bp 120-122°C at 0.18 nm: IR (CCl,) om = 2965,

2900, 2880, 1725 (C=0), 1700 JC=O),$1465, lﬂSO, 1385, 1370,
. .

1165; NMR (CCl,) & 0.88 (d, 3 H, J = 7 Hz), 0.99 (d, 3 H,
J =747, L. 04 4d\_3 H, J = 8 Hz), 1.25-3.00 (m, 14.H),

9090 (s, 1 H)}; [a125+22.83, [01578+23 76, laligg+27.04,

{a]436+45 77, [u1525+24 88 (¢ = 2, Bt 0).‘

A
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Spirocyclization of 209. Following a modified version

119

of a prqcedurgkreported recently, a magnetically stirred

mixture of 25 g (0.1 mmol) of 209, 1.409 g (0.020 mmol) - of
pyrrolidine, and 1.428 g (0.024 mol) of glacial acetic acid

in 100 mL of methanol was refluxed fqg 1 h under a nitrogen

atmosphere. The reaction mixture was then poured into

500 mL of watei and extracted with three 125 mL portions of

ether. The combined ether extracts were washed with 100 mL

portions of watef; 10% NaHCO3, and brine and then it was

dried over sodium sulfate and concentrated by rotary
evaporation. The crude product ., was stored in the

refrigerator overnight and the solid separated at'this stage

was filtered and washed with hexane to give 9.5 g (41%) qu

-

210 as a white solid. The filtrate was concentrated by
rotary evaporation and the residue was further’ purified by

flash chromatography using 50% ether %n hexane as the eluent

to obtain another 5 g of 210: mp 41-43°C (hexane); IR (CC14)
cm--l 3030, 2960, 2925, 2875, 1710, 1690, 1380, 920; NMR
(CCi,) ¢ 0.70-1.10 (m, 9 H), 1.37-2.67 (m, 11 H), 5.88 (d,
1 H, 10 Hz), 7.0%5 (d, 1 H, J= 10 Hz); [a]§5+s4.19;
. .25 25 . 25
[a]578+57.48, [a]546+68.33, [a]436

2,}wEt20). Anal. Calcd fot C

25 .
+141.0, [Ot]36 +140.1 (c =

5

o C, 76.88; H, 9.46.

151220¢

Found: C, 77.06; H, 9.41.
;o
' A further fraction -(3 g) was eluted which turned out to

be a mixture of three components (one of which was 209) of

-

similar Re values, and was not investigated further. =

Lo T L e Sl s
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modified procedurel a mixture of 472 mg (2 mmol) of the

diketone 210, 185 uL (2.2 mmol) of ethahe-1,2-dithiol and

180 mg (0.9 mmol) of p-toluenesulfonic acid in 1) mL_of

(/~ﬂ "Then the -reaction mixture was poured into 100 mL of water
( .

! ' _~ and extracted with “three 30 mL portﬁons of ether. The

y' . combined ether layers were washed with water’, 5% sédium

o e mnte

hydroxide and brine and dried over sodium sul,fate before
concentration by rotary evaporation. The crude product was

purified by flash chromatography using 20% ether in hexane

~

| as the eiuent to obtain 606 mg (97%; Rf0.46) of 221 as a

white solid: mp 90-91°C (hexane); IR (CCl,) cm™ ' 3040, 2960,

1 2925, 2870, 1710 (C=0), 1380, 1270; NMR (CC1,) & 0.77-1.03

(m, 9 H), 1.23-2.83 (m, 11 H), 3.30 (s, 4 H), 5.82 (ABq,

’ v 25
2 H); [alp”+64.29, [a]§39+67.86, [a]§36+82.375 [al3¢+188.8,

[a152,+477.1 (c = 0.5, Et,0), Anal. Calod for C 5H,c05,: €,

65.75; 'H, 8.44. ‘Found: C, 66.33; H, 8.59.

Lithium Alumigum Hydride Reduction of 212. To a

; magneticallly stirred mixture of 15 mg (0.4 mmol) of lithium

\ﬁ aluminum hydride in 7 mL of ether was added at room
s EN P

' temperétﬁre and under a nitrogeéen atmosphere, 100 mg

(0.32 mmol) of the keto thioketal 212. The mixture was then
A ¢ .
r2fluxed for 3 h. Excess water was then cautiously added to

A

uthe reaction mixture and it was extracted with ether. Work-

e oty ey e L L

up of the ether layer in the usual/manner vyielded a crude

. /

<

~ } |
i ' glacial acetic acid was stirred under nitrogen for 1 h.
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mixtures, which was putif%éd by repeated flash chromatography
b\ ' using 15% ether in hexane, The first fraction .(Rfo.zq)
amounted to 71.3 mg (71%) of 215B as a white solid. An
analytical sample was 6btqined[ by recrystallization froa
(hexané: np 56-58°C ; IR (CC1,) en™) 3645 (OH, free), 3040,

’

2960, 2940, 2935, 2880, 1475, 1280, 1160, \1050, 980, 95&'

- NMR  (CC1,) 0.77¢2.93 (m, 21 H), 3.13<3.53 (n, 5 H), 5.9
B 25 25 25
(ABq, 2 H); (al7+3.54,  [olgpq+4.07, la] 5 q+4-42,

Lala+11.33, [61365+27.79.  (c = 0.6, Et,0). Anal. Calcd

‘ for Cl7H28082: C, 65.33; H, 9.03. Fqunde C, 65.55; H, 9,04.

The second fraction amounted to 23 mg (53%) of 215A as

a white solid (Rfo.lﬁ). An analytical‘sample was prepared
by recrystallization from hexane: mp 66—6%°C; IR (CCl4) cmhl

. 39?5 (OH free), 3020,.2960, 2935, 2880, 1470, 1280, 1050,
8704+ NMR (CCl,) & 0.73-1.53 (m, 14 H), 1/53-2.5 (m, 7 Hf,
3.13-3.57 (m, 5 H), 5.38 (d, 1 H, J = 10 Hz) , 5.97 (d, 1 H,
a'= 10 Ha)y lal2P-14.96, (@il 16001, ra8S -18.92,
[a1336—36.96, [alggs~76.18 (¢ = 1.6, ether). 'Anal. Calcd
for C17H28082: C, 65.33; H, 9.03. Found: C, 65748; H, 9.04.

" Preparation of the Ketoalcohols 211A and 211B. A

procedure similar to that used earlier for the reduction of

. a, B~unsaturated aldehydes153 was used for the 1dinitial

k]

reduction. To 'a magnetically stirred solution of 445 mg

(11.73 mmol) of 1lithium aluminum hydride in 80 mL of

b

-anhydrous ether was added a solution of 4.5 g (19.2 mmol) of
" :

0

0
it g ¢ ( PRSR
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the‘diketone 210 in 20 mL of ether dropwise, over 10 min,
under\ a nitrogen atmosphere. The mixture was stirred for
3 h and then treated with 1 mL of water and 5 mL of 10% NaOH
and the ether layer was decanted. The residue was washed
with 25 mL of ether. The combined ether layers were worked
up in the wusual manner to yield 4.2 g (92.5%) of a crude
product. Without further wpurification this product was
dissolved in 150 mL of CHC1, - and into this solution was

. ]
added 20 g of active manganese dioxide brown powder. The

115 Then the

mixture was stirred for 6 h at room temperature.
mixture was filtered_and_concentrated by rotary evaporation
to give the ctuQe propuct, which upon.flash chromatography
over silica gel using 15% ether in chloroform Qs the eluent

gave as a first fraction 2.23 g (49% from 210) of 211B as a

white solid (Rf0.32). An analytical sample was obtained by

crystallization from hexane: mp 141-143%; IR (CHC1,) em™ L

3630 (OH, free), 3465 (OH, hydrogen bonded), 3030, 3010,
2970, 2940, 2880, 1675 (C=0), 1610 (C=C), 1475, 1390, 1230;
NMR (CDC1,) 6 0.80-2.65 (m, 21 H), 3.67 (s, 1 H), \g-oo (4,

1°4, J= 10.5Hz), 7.47 (d, 1 H, J = 10.5 Hz); UV (MeOH)

nm (e) 318 (38), 233 (5320), 203 (4060); [a]§5+27.37,

Amqg
5

25 25 _
(al 574+28.-56, [al5,g+32.00, [aly3,+34.05 (c = 0.9, Et,0).

Anal. Caldd for C15H2402: C, 76.22; H, 10:24. Found: C,

»w

75.92; H, 10.44.

“

The second fraction consisted of 1.27 g (28% from 210)

of 211A as a white solid (Rg0.17). An analytical sample was

P
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‘prepared .by crystallization from hexane: mp 120-121°CLﬁIR

1

(CHC1;) cm = 3615 (0H, free), 3460 (OH hydrogen bonded),

3020, 3000, 2960, 2940, 2895, 2875, 1670 (C=0), 1610 (C=C),

)

1470, 1380, 1040, 870; NMR (CDC13) § 0.83 (d, 3 H, J=
7 Hz), 0.9 (d,- 3 H, J =7 Hz), 1.04 (d, 3 H, J =6 Hz),

1.17-2.67 (m, 12 H), 3.77 (d, 1 #,/ 1 =9 Hz), 5.98 (d, 1 H,

R

J = 10Hz), 6.85 (d, 1 H, J = 1Q Hz); A _ nm (g) 315 (30),
25

. ) )
227 (10345), 200 (4569); [G]D +6.42, [a]538+5.50,

[a}§§6+5.l4, [d]§§6—19.27, [aj§25F213.9. Anal. Calcd for

Cl4“2402: C, 76.22; N, 10.24., Found: C, 76.36; H, 10.41.

9

Preparation of Thioketal 215A from 211A., A mixture .of

472 mg (2 mmol) of the keto alcohpl, 185 uL (2.2 mmol) of
ethane-1,2-dithiol and 180 mg (0.9 mmol) of p~toluene-
sdlfonic acid in 10 mL of glacial acetic acid was stirred

h'lll

under nitrogen for 1 Then the reaction mixture was

poured into water and extracted with ether. Ether extracts
wefe washed with water, 5% NaOH, and brine,hand then wdrked
up td give crude product which was purified by passing

, b
through a short column of silica gel using 20% ether in

sJhexane as the eluent giving 580 mg (93%) Of 215aA. (cf. pl26).

Preparation of 2158 From 211B. Following the procedure

v 4
described for the preparation of 215A from 211A, from 472 mg
of 211B 608 mg (97%) of pure Zlée was obtained. (cf.
p 126)

it . s oo 5 oy
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Ketoalcohol 2115.154 Into a magnetically stirred hixture‘of

“ 129
Preparation of the Propanedithioketal of the

2

236 mg (1.0 mmol) of dithioketal 211B and 130 mg (1.2 mmol)

o

faitis e

of ‘propane-l,3-dithial in 5 mL of ether was added 62 yL ofs

. boron 'trifluoride etherate, at room temperature . under

nitrogen. After 8 h the reaction mixture was diluted with

s water and extracted with ether. The ether extracts were
. q '

washed successivelyowith wgter,‘S% NaQOH, water and brine and
then dried over Na2504, '§ubsequent concentration by rotary
evaporation gave 320 mg (98%) of the protected compound as a
'solid: mp 93-95°C, (hexane; IR (CCl,) em™l 3645 (OH, free),
3515 (OH, bonded), 3035, 2960, 2940, 2910, 2875, 2835, 1635
(C=C), 1425, 1280, 975; NMR (CC14; § 0.77-2.33 (my 23 H),

2.»63-'3-'00 (m’ ) 4 H) ’ 3. 30—3-‘60 (m, l H) ’ ‘5.\77 (d' 1 H'

J = 10Hz), 6.13 (d, 1 H, J = 10 Hz); [a]g5+1.57 (c 0.1,

P Et,0). Anal. Calcd for C,gH340S,: C, 66.20; H, 9.26.
Found: C, 66.64, H, 9.53.

-

g

Raney Nickel Desulfurization of Propanedithioketal of

the Ketoalcohol 211B. 1Into a solution of 1.983g (6.1 mmol)

of the thioketal 224A in 162 mL of ethanol and 18 mL of
water was added 60 mL ( 36 g) of W-2 Raney nickel

' catalyst124

suspension in ethanol. The mixture was ref}uxed
: under nitrogen for 1 h, following which it was cooled to
' room temperatur?f%nd filtered. The filtrate. was diluted
with water and extracted with ether. Workup of the ether

R extract gave 0.98 g of a colorless liquid, which gave only a

P
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N

single spot on TLC (silica gel). The préduc; was further

——

purified by flash chromatography over silica gel using 7.5%
ether in hexane to yield,f 0.96 g-{71%) of 214B as a colorleés

{
liquid: (R 0.32); IR (CCl,) cm~! 3650 (OH, free), 3520 (O,
H-bonded) , 2940, 2870, 1475, 1450, 1385, 980; NMR (CCl,) &

0.73-2.00 (m, 27 H), 3.5 (m, 1 H); (a12°-32. 40,

[}

25 25 25 ‘ 25
[a]578-33.80, [G]546—38.25, [a]436~63.77, [a]365‘97.97 {c
6.7, Et,0). Anal. Calcd for CygHyg0: C,‘80.29: H, 12.58,

Found: C, 80.13,; H, 12.33.

Desul furization gﬁ 2158 with W-2 Raney Nickel. 1Into a

solution of 1.906 g (61 mmol) of 2158 in 162 mL of ethanol
and 18 mL of water was added 60 mL ( 36 g) of W-2 Raney

nickel124 catalyst sugpension in ethanocl. The mixture was

‘refluxed under nitrogen for 1 h. The reaction mixture was

then cooled to room temperature and filtered through sodium

sulfate. The filtrate was diluted with water and extracted

’

with ether, Workup of the ether extract yielded the crude
product which upon flash chromatography on silica gel using

7.5% ether in hexane gave 1.144 g (84%) of pure 214B as a

A '

colorless liquid.

.

Preparation of Partially Deactivated Raney Nickel

Catalyst. A general procedure adopted for this is as
follows: The W-2 Raney nickel catalyst (30 g) prepared
according to the standard procedure124 was suspended in

150 mL of 95% ethanol (or methanol) and 5 mL of cyclohexene
: ,
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was agged. The mixture was stirred for 20 min following-
.« . which, the nickel catalyst was allowed to settle and the

solvent was decanted.

&

Reumai i d Shatadles SalE R Sl

. , - .
; '+ Desulfurization of 215A with "DeactiG%%gd" Raney

-MQ) Nickel. In a procedure adapted Erom that of Pinder and

154

Williams, a solution of 270 mg (0.87 mmol) of the ™

i thioketal derivative 215A in 22 mL of EtOH and 1.3 mL of Hzo'
! ' &

was trdated with 9 mL (ca. 2.7 g) of the "deactivated" Raney

\ , nickel dispersion in ethanol and was stirred for 20 min.
The mixture was then filtered and the 'residue was washed
with' ether. The filtrate collected was concentrated by
rotary evaporation. Tﬂe oily residue was mixed wi&h 20 mL
4of water and extracted with three 10 mL portions of ether.
Workup of the ether extract followed by flash chromatography
using 10% ' ether in hexane gave 135 mg (70%) of a white solid
213A (Rfo.3é) as a fraction mp 70-72°C; IR (CCl,) em™ ! 3595
(OH, freé), 3020 (C=C-H), 2965, 2940, 2830, 2845, 1650 (C=C,
v. weak), 1470, 1460, 1385, 1120, 1055, 880; WNMR (CCl,) §
0.75 (4, 3 44, 7 =17 Hziu‘0.92 (d, 3 4, J =7 Hz), 0.96 (d,
3, J =7 Hz), 1.18-1.43 (m, 4 H),‘ 1.43-2.43 (m, 10 W),
3.37 (4, 18, J= 11.5), 5.82 (m, 1); [a]22-36.8, _
[a1§$8—38,65, [a1526-44.66, [a]fgg—o.gjs, (a1§25—145.71 (c =
0.1, Et,0). Anal. Caled for Ci1gHgg0: <, 81.02; d, 11.78.
gound: Cc, 8L.,00; d, 1l.70.

o

)

The second fraction consisted of 31 mg (16%) of 213C
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with mp 89-91°C (R.0.25): IR (CC1,) cm™' 3645, 3620, 3500

(broad), 3025, 2960, 2930, 2875, 2845, 1650 (C=C), 1465,

1450, 1385, 1370, 1180, 1150, 1045, 980, 650; NMR (CC14) §

0.75 (d, 3 H, 3 =7 Hz), 0.85 (d, 3 H, J =8 Hz), 0.90 (4,

34, J.= 7 Hz), 1.08-2.30 (m, 17 H), 3.33 (bs, 1 H), 5.57
.25 25

(m, 2 H);. [a)§5-25.41, [0]575-26.63, [a]g5,6-30.69,

[ ] 2 5 b N N

3436 365

for C15H260: c, 81.02; H, 11.78. Found: C, 81.24; H, 11.71.

Desulfurization g£ 215B with "Deactivated" Raney

Nickel. Following the method described in the preceding
experiﬁeﬁt, from 827 mg (2.67 mmol) of the thioketal 2158
and 25 mL (ca. 15 g) of "deactivated" Raney nickel in 71 mL
of 95% ethanol and 4 mL of @ater, 528 mg (89%) of 213B was
obtained as a colorless 1liquid: IR (CC1,) cm-1 3640 (OH,
free), 3025 (C=C-H), 2960, 2930, 2870, 2840, 1640 (C=C,
v, wee}), 1470, 1450, 1380, 1375, 1365, 1140,1020, 980, 945,
840, 920, 690;.NMR (CC14) § 0.84 (d, 3 H, J = '7 Hz), 0.88
(d, 3 H, J =17 Hz), 1.06 (d, 3 H, J = 7 Hz), 1.40-2.27 (m,
14 H), 3.43 (s, 1 H, broad), 5.50-6.17 (m, 2 H); [012°-5. 92,
[a)igs—s.ls, [h]§25f4.49 (c = 0.2,
Et,0). Anal. Calcd fof C gH,.0: C, 81.02; H, 11.78. Found

25 - 25

C, 81.18; H, 11.66.

Ozonolysis of 2i3A. A procedure described earliet126

was used for this purpose. Into a solution of 130 mg

(0.6 mmol) of 213A in 2 mL of methanol was passed a stream

-56.40, [0125 -95.54 (c = 0.9,/Et20). Anal. Calcd’

e b p————— ot M

e, B €
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of ozonized oxygeﬁ at =75°C until the mixture became 1light

‘persistent blue. At this point the solution was flushed

- with a stream of nitrogen, treated with 0.5 mL of dimethyl

sulfide am allowed to actqin room temperature gradually

(1 h). After stirring the mixture for another 14 h at room

temperature it was mixed with water . and extracted with

ether. Workup of the extract followed by flash
chromatography using 40% ether in hexane gave 95 mg (62%) of
the dialdehyde 216A.as a colorless liquid: IR (CCl,) em
3585 (OH, free), 2965, 2900, 2880, 2825, 2720, 1735 (C=0),
1720 (c=0), 1470, 1390, 1320, 1155, 1125, 1060, 875, 650;
NMR (CC14) § 0.78 (d, 3 H, J =7 Hz), 0.88 (overlapping 24,
6 H, J = 7 Hz), 1.08-1.53 (m, 12 H), 3.22 (s, 1 H), 3.92 (d,

1H, J=10Hz), 9.60 (m, 1 H), 9.70 (m, 1 H); [a]§5~25.89,-

y 25 25 25 25
[u]578-28'l7’ [a]54.6—32'481 [0-:]436"60.70, [a]365-l,20'17 (c =

2.3, Et,0). Anal. Calcd for C,.H,,0,: C, 70.83; H, 10.30.

1572673"

Found:|C, 70.90; H, 10.24.

Ozonolysis of 213B. Following the procedure- described
in the“preceding experiment, from BEmeg (1,62 mmol) of Ziég
was obtained 327 mg (80%) of the dialdehyde 216B as a
colorless liquid: IR (CCl,) em™! 3580 (0H, free), 2960,
2875, 2820, 2720, 1730, 1715, 1475, 1460, 1410, 1385, 1370,
1350, 1270, 1240, 1170, 1130, 1050, 1020, 660; NMR (CCl4) §
0.77-2.00 (m, 20 H), 2.87 (m, 1 H),/A.l7 (m, 1 H), 9.37 (s,
1H), 9.98 (m, 1 H); MS m/z 224(M"), 206, 197, 163, 149,

) 2
123; [a]05—18.89, [a]§29—19.64, [a]§26-22.04, [a]§§5-33.78,

e g =

PRI
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25 _ -

70.83; H, 10.30. Found:.C, 69.78; H, 10.48.

- Spirocyclization of 216A. Following the procedure of
119

a mixture of 230 mg (0.9 mmol) 216A
in 700 UL of methanol was treated with 7 uL of pyrrolidine
and 7 uL. of glacial acetia ac;d. The mixture was refluxed
for 1 h, following which it was poured into water and
extracted with ether. Ether extract was washed with 10%
sodium bicarbonate and brine. Workup of the ether extract
followed by flash chromatography yielded 152 mg (72%) of
201A as a colorless solid, the TLC of which indicated it" to

] .

be mixed with a small _amount of a minor impurity which was

/
difficult to remove: mp 152-156°C; IR (CCl,) cm™> 3605 (0H,
free), 3490 (OH, hydrogen bonded), 2960, 2880, 2810, 2708,
1680, 1620, 1460, 1385, 1370, 1290, 1260, 1180, 1075, 1040,
990, 890; NMR (CCl,) § 0.83 (4, J = 7 Hz, 3 H), 0.93 (d, J =
7 Hz, 38) ,1.03 (d, J = 7 Hz, 3H), 3.70 (d, J = 10 Hz), 6.27

(m, 1 H), 9.70 (s, 1 H).

SEirocyclizatién of 2168. Following'a procedure used
119

by de Groot and Jansen, a mixture of 225 mg (0.88 mmol)

of 2168, 10 yL (0.12 mmol) of pyrrolidine and 10 uL

—

(16 mmol) of glacial aceqic acid in 8 mL of absolute

' methanol was refluxed for 40 min, following which it was

~

poured into 40 mL of water and extracted with ether. The

organic extract was washed with 10 mL portions each of

»
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over Na,50,, and was

wvater, Dh% NaHCO3, and brine, and dr ed\

Ed
concentrated by rotary evaporation t yield a crude product,

which was Eu;ther purified by flash hromftogrgphy using 40%
hexane in etheg, as the eluent yi ldin§ 168.3 mg (81%) of
201B as a white solid. Kn analytica saméle was prepared by
tecrystélliza;ion from hexane: mp 64-66°C; IR (CClA) cm"l
3635 (OH, free), 3530 (oa,hydrogen\'bonded), 3055, 2960,
2935, 2870, 2800, 2705, 1675 (C=O),‘D620 {C=C, conj), 1470,

1450, 1380, 1365, 1350, 1260, 1190, 1170, 1150, 1130, 1020,

'1ooo, 940, 880; NMR (CCl,) § 0.88 (d, 3 H, J = 6 Hz), 0.95

’“d 3 H,Jd=7 Hz), 1.05-1.30 (m, 4 H), 1.37-1.93 (m, 8 H),

2.05 (s, 1 H), 2.47 (m, 2 d), 3.60 (s, l H), 7.12 (m, 1 H), .

9.70 (s, 1 H); [a]2’+75.07, (u1578+79.27, [a]546+92557,
f .
[a]436+186.94, [01365+181 25 (c = 1.7,‘Ft20). Anal. Calcd

for CygHyg04: C, 75.83; H, 10.30. Found: C, 75.65; H,
\

10.48. hd !
\

Preparation ,Qg the Thioketal. Derjivative of 216A. A

mixture of 35 ul (0.42 mmol) of ethane-h,z—dithiol, 34 mg
{0.18 mmol) p-toluenesuifonié acid _moJohydrate and 89 mg
(0.38 mmol) of 216A in 2 mL of acetic aé%d was stirred under
nitrogen, at room temperature, for ?.5 h. The reaction
mixture was boured into 20 mL of water #nd extracted: with
two 10 mL portions of ether. The ether layer was washed

twice with 3 mL portions of 5% NaOH in water. Workup of the

ether extract and subsequent flash colunn chromaLography

‘using 10% ether in carbon tetrachloride yielded 113 mg (96%)

»

R T ar ot ey %

<>

S rmnden . ke e




C

SRR o oo

‘-
%

4
-2

b,

b,

%

g

H

5

p

B

; ,

P

b

,; 1]

1
<
i

136
N /—-‘5

. q
of white crystallNne thioketal 217A. An analytical sample

was obtained by ctysghflization in hexane:h mp . 6847006; IR
(CCl,) cm™ 3580 (OH, free), 3025 (=C-H), 2955, 2920, 2870,
1640 (C=C v. weak), 1455, 1380, 1365, 1270, 1070, 1040,
990, 905, 885, 875,‘ 720; NMR (CCl,) & 0.83 (d, 3.H, J =
7 Hz), 0.90 (4, 3 H; J =17 Hz), 0.96 (d, 3 H, J= 7 Hz),

1.17-2.70  (m, 12 H), 3.27(s, 4 H), 3.58 (d, 'l H, J=

/

9.5 Hz), 5.27 (s, 1 H), 5.62 (s, 1 H); ,[a1§5+6.49;
2 25

Tal3g+6.49, [alf,c+8.44, (al25c+14.29, [alggs+22173 (c =

0.2,"Et,0). Anal. Calcd for Cy4H,g05,; C, ~ 65.33; H,9.03.

Found: C, 65.53; H, 9.31.
“ h

.t £

Preparation of Thioketal ‘Derivative of 216B. From

84.6 mg (0.36 mmol) of 201B, following the prdéedure
describéd in * the above experiment, 100.7 mg (90*{’ of
thioketal 217B was obtained as a colarless liquid: IR (CC14)

em™! 3630 (0H, free), 3500 (OH, bonded), 3040 (C=C-H), 2955,

2920, 2865, 1470,1450, 1380, 1375, 1770, 1¥30, 1020,9%40; NMR

(CCl,) & 0.77-1.17 (m, 9 #), 1.2-2000 (m, 10 H), 2.26-2.63
(m, 2 H), 3.2 (s, 4 H), 3.48 (bs, 1 H), 5.18 (s, 1 H),+ 5.93

L3

(s, = 18H); (a12%+33.20, (125,434,900, (w123, +40.50,

(a123 +78.50, (a1 2> +144.30, (c = 0.1 Et,0).
436 365 2

N
ey i

. . .
Raney Nickel Desulfurization of the Thioketal 217A. a

solution of 94 mg (0.29 mmol) of the thioketal 217A in 8 mL
of absolute ethanol and 1 mhL of water was' stirred with 3 mL

of ™“deactivated" Raney nickel .W-2 dispersion in absolute

)

4

R e

o

-
PIOPUIIS WS

L9

v

b%



I ot . et N - ——— W n - em— e - e e

137
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. ~ ethanol. When the mixture was stirred for 0.5 h all thé
starting materiél.had been consumed (TLC); Tﬁe q}xture was
fi{tered .and the residue was 'ﬁashed “with ether. The
;ombined ether extracts were concentrated 'by rotary
evzpo;ation tb. remove most of the ether. The residue was
miged with water, and extracted with ether. Workup of the
crystalline solid: mp 68-70°E; IR (CCl,) em ! 3560 (OH,
@ free) 3015 (;C-H), 2960,_29%0, 2?75, 2730!”1§60 (C=C) , 1465,

v

1455, 1445, 1380, 1376, 1290, 1260, 1080, 1040, 980, 870;
{ - C v

R (CDCl.,, 400 MHz) & 0.82 (d, 3 H, J =7 Hz), 0.91 (d, 3 H,

T I . 3’ L
. J = 7 dz), 0.96 (d, 3 H, J =7¥Hz), 1.76 (s, 3 H), 3.56 (d,
1 H, 3 =10 Hz), 5.21 (s, 1 H); MS m/z 222(M"); [a)2>+14.28,

" 25 2 25 25
o (ol g3g+14.92, [0]525+16.83,\(a]436+26.03/([al356+36.82, (c =

0.3, Et,0). Anal. Calcd for C 0: ¢, 81.02; ®°H, 11.79.

15126
Found: C,380.73; H, 11.59.

-

Raney Nickel Desulfurization of 2178. FrpmA 95 mg

"

(0,03 mmol) of 2178, following the  procedure described in

the .preceding experiment, 51 mg (67%) of 201B was obtained

. * 7 as a colorless liquid: IR (cCl,) cm™' 3640, 3040, 2960,
. p— ' P

. 2930, 2870, }655, 1605, 1470, 1452, 1382, 1378, 1368, 1225,

l . 1140, 1130, 1055, 1018, 940, 862; NMR (CDCl,, 400 MHz) §
B $

b vt
v

. 3 H, J=7.5Hz), 1.75 (s, 3 H), 3.54 (bs;, 1 H), 5.66 (s,

1w); ms m/z 222 () [a12%+30.23) [a]§78+3l.51,
' 25 .25 25 ) x
) \T\hm]546+36.65, laly36+70:74, [a]3.5+132.5 (c & 0.3, Et,0).
L% o > ' ‘g’

. : . ether layer gave 54 mg (B8l1%) of  pure. zogA as g white,

0.91 (d, 3 H, 3 =7 Hz), 0.92 (d, 3 4, J =7 Hz)y, 1.10 (4,

il
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Anal. Calcd for C15H§60: C, 81.02; H,11.79. Found: C,
79.57; H, 11.95. /

1/
g - o ‘ -
Reaction of o-Cyano-l-menthone ('168) with Methyl Vinyl

4

Ketone in the Presence of DBU. Following the procedure
' ' 113 :

described by Corey et al., to a solution of 9.72 g

(54 mmol) of 168 in 55 mL of a 1:1 mixture of THF -8uTOH
containing 1.64 nL (11 mmol) of l1,8-diazabicyclo-
[5.4.0}undec~-7-ene gnd 1.149 g (11 mmol) of anhydrous sodium
carbonate was added dropwise 4.8 mL (59 mmol) of freshly
distilled methyl vinyl ketone, undgr a nitrogen atmosphere,
at 220°C: Then the rea?tion mixture was poured’ into .500 mL
of water and extracted with three 100 mL portions of ether,
The ether layers were washed succesively with 50 mL portions
of 5% NaOH, wa:er and * brine and worked up. The crude
product was dissolved in 100 mL of hexane and refrigerated
ozernight yielding 9.90 g (73%) of 197B as white crystallire
solid. An analyticél sample was prepared by
recrystallization from hexane : ;p‘77—79°c; IR (CCl,) em”L
2970, 2905, 2880, 2240 (C=N), 1725 (C=0), 1465, 1420, 1390,
1370, 1170; NMR (CCl,) & 0.89 (d, 3 H, J‘t 7 Hz), 0.93[(d,
3 H, J =7 Hz), 1,15 (d, 3 H, J = 7 Hz), 1.50-2.87 (m,

b
‘ 25
1L H), 2.47 (s, 3 H); [a]§5 +66.08, [alc54+69.81,

(123 +82.26, [@123.+177.87, [alggs M3 (0= 2, EE).

Anal. Calcd for c15323uo£; C, 72.25; H, 9.30. Found: C,
72.39; H, 9.22.

4
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The reaction was also" repeated at room tempdrature.

‘ -
Starting from 346.7 mg (1.93 mmol) qf o~cyano-l-menthone was
isolated, by flash colﬁmn chromatography using 40% ether in

) hexane, 308 mg (64%) of 197B as the first fraction (Rf0.22)

i and 179 mg (30%) of iglﬁ (Rf0.39) as a second fraction: IR
E . (CC14) cm-1 2975, 2940, 2880, 2210 (C=N), 1730 (C=0), 1390,
. .. 1370, 1310, 11394/}120, 930; NMR (CCl,) & 0.90 (d, 3 H, J =
7'Hz), 0.93 (4, 3 H, J = THz), 1.22 (d, 34, J = 6 HzJ,
1.73-3.00 (ﬁ, 11 W), 213 (s, 3H); (01251369,

.3 =

Ha)g2g-144.2, [0157-168.6, [a1f3¢-347.4, (a1 28, -797.6 (c =

‘\\\ ‘ L3¢ Ety0).
.A (

Preparation of the Thioketal 198. Following _ the
¢

procedure described for the preparation of 217A, starting

~

- from 499 mg (2 mmol) of 197A, was isolated 579 mg . (89%) of
the thioketal 198 as a «colorless liquid: IR (CC14) em™t
2960, 2925, 2875,2225, 1725, 1445 ({(broad), IQBZ, 1372, 1273,

1200, - 1148, 940; NMR*(CC14) 0.88 (d, 3 H, J
. M 3

6 Hz), 0.94

(@, 34, J= 78, §3.25 (s, 4H): [a]§5—79.25,
" ] ,r;’
25 “ 14125 25 25
[21£76-83.64, ~ [0153.-97.94, (w1§3.-205.61, [01%53.-486.36

¢ (c = 1.9, EtZO), Anal. Ca{cd for C17H27ON52: c, 62.72; H,

8.36. Found: C, 62.%7; H, 8.43.

. .

_Attempted Tosylation of 202B. A solution of 200 mg

(0.9 mmol) of 2028 in 4 mL of pyridine was treated with

205 mg Y1.08 mmol) of p-toluenesulfonyl thloride at 0°c

! under nitrogen. After stirring the reaction mixture for

AN

o
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e
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96 h at 0%, it was poured into 25 mL of water and extracted
‘with etriez". The é&ther extracts were washed successively
with 1 o HCl, 10% NaHCO4, and’brine. The ether ;xtract was
worked up,'and the flash chromatography °°£ the crude produet
over silica gél afforded 188°mg of the starting material as

the only product.

- «

¢ Reaction gﬁ_ZlO with Progane—l,};dithiol.154 Into a

solution of 335 mg (1 mmol) of 210 and 120 uL (1.2 mm;;? of
propane-1,3-dithiol in 3 mL of ether was added dropwise
.62 UL of (borontrifuoride’ etherate. The.reaction mixture was
stirred under niFr?gen fof 6 H. Upon workup followed by
flash chromatogragp%ﬁusing 10% ether in hexane the reac&fon
mixture gave 158 mg of the protected COmpou;d wéose "TLC
showed Q,the presence of several impurities. Further
purification of this material was n&%*lttempted.

L“

Attempted Dethioketalization of 215. The procedure

described by Peters et al.?‘21 was used. Into 100 mL of

{
liquid ammonia was added 260 mg (0.83 mmol? of the epimeric

mixture of 215A and 2158 {p 6 mL of tetrahydrofuran. Into
"-
this magnetically stirred mixture was added 327 mg (47 mmol)

of 1lithium in small pieces. After a period of 1 h, 5 mL of
methanol was added to the reaction mixture and the ammonia,
Qas allowed to evaporate,. Upon 5¥orkup 156’mg of crude

s .
product was obtained. TLC of the product showed it to be a

multi-component wixture. This product was not investigated

»
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Attempted Protection of the Less Hindered Carbonyl

Groug in 210. -A modificatioan of the procedure described

1. 120

by Evans et al was used, To —a ry, nitrogen-purged,

25 mL flask was added 585,9 g (2.5 mmol) of 2104 2,5 mg of

. zinc 1od1de and 1.25 mL of anhydrous ether. To thls mixture

was added 653.8 mg (2.7 mmol) of propane-1,3-dithiobis-
(Grimethylsilane) via a syringe over a period of 2 min.
After 21 h the mixture was quenched "with'wateﬂzand’the
product was isolated by ether .extractidd, Upon the
c0ncentratdon of the ether extract followed by flash column

chromatography over alumina 580 mg (99%) of the starting

material was recovered.

Attempted Desulfurization of Thioketal 2158. A

procedure adapted ﬁrom that of Stutz and Stadlertyi was
used. Into a suspension of 134 mg (1 mmol) of anhydrous
cupric ch?oride155 and 272 mg (2 mmol) of §anhydrous zinc
chloride in 15 mL of THF was .added 304 mg (8 mmol) of
lithium aluminum hydride in small portions. The reaction

mixture was stirred for 45 min under a nitrogen atmosphere.

An exothermic reaction was observed and a black precipitate

was formed. Then 164 mg (0.5 mmol) of the thioketal 2158

was added in the powdered form. After refluxing for 1 h the
mixture was treated with 100 mL of water and filtered. The

reéid&g was washed thoroughly with ether and the filtrate

Pt

o
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was extracted with ether. Workup of the ether extract gave

a crude product which was chromatographed over silﬂca gel,
using 5% ether-in hexana yielding 84 mg (68%) of the crude

2138 whose TLC behavior indicated' the presence of

impurities. Further purification of the material was not
possible.‘” - o

\

Osmium Tetroxide Oxidation of 213B. In a procedure

125

adapted from recent 1iter$ture, ‘a mixture of 111 mg

(0.5 mmol) of 2158, 9 mg of osmium tetroxide and 320 mg

(1.5 mmol) of sodium metaperiodate in S mL of 2 : 1°

tOH—watet was stirred for at .0°C for 36 h. The reaction

Bu
mixture - was. then poured into 20 mL of 5% sodium bisulfite

solution and the resulting mixture was extracted with ether.

Workup of the ether extract afforded 80 mg of a crude

product whose TLC showed it to be a .multicomponent mixture,

which was not investigated further. ‘ , (

Attempted Conversion of the Cyano Group in 196 into the

-

Aldehyde Functionality. A procedure modified from that of

/
/
Marshall et al.112 was used. 1Into a suspension of 0:155 mg

(5 mmol) of igéé_in 5 mL of hexane was added dropwise 1:5 mL
(1.5 mﬁolk‘of 1 M solution of diiSOthyl algmingm hydride in
hexane g%ﬁzbc under é ’nftroéen atmosphere. The reacEion
mixture was stirred at room temper;ture for 30 min, and then
quenched with ' few drops of saturated ammonium chloride

solution followed by 5 mL of 5% sulfuric acid. Upon normal

i
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workup 150 mg of (98%) of starting material was recovered as

the only produst. )
«@ 4

Attempted Conversion of ,the Cyano Group in 199 to the

Aldehyde Functionality. In a procedure identical to that of
the preceding experiment, from 163.5 mg (6.5 mmol) of 199

160 mg (98%) of ‘it was recovered unchanged.

Sodium Borohydride Reduction of 198. A solution
° +

cqntaining 110 mg.(0.34 mmol) of 198 in 5 m-L of methanol was
stirred with 14 mg (0.37 mmol) of sodium borohydride. for
1 h. Workup of the reaction led to the isolation of 107 mg
(97%) of 199 as a white solid. An analytical sample " was
prepared by recrystallization from hexane: mp 89-91°c; IR
(ccl,) em™! 3600, 3475, 2950,.2918, 2860, 2220, 1442, 1380,
1370, 1270, 1140, 988; NMR (CC14) § 1.83-2.07 (m, 4 H), 3.3
(/s, 4 M), 3.93 (4, 1 H, J =6 Hz); la]>>-0.43, [a]zsgs—o.n,
[0125,-0.29, (alia.+1.00, (a125.46.86 (¢ = .\o.;/, Et,0).

Anal. Calcd for C ONS ., :

62.08; H, 8.65.

Reaction of the Sodium Salt of o-formyl-l-menthone 166)

with Phosphonium Salt 133. Using a procedure identical to

32 to a suspension. of 323 mg

that of Dauben and Hart,
(14 mmol) of sodium hydride in 70 mL of HMPT was added 2.6 g
(14 mmo}) of o-formyl-l-menthone (166.). The mixture was

stirred for 30 min and then 6.8 g (15 mmol) of solid 133 was

3 e setcer

o
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added. The solution was stirred under nitrogen for 24 h.
The reaction mixture was poured ‘'into water and exﬁracted
with ether. Upon concentration of ether. extract 7.11 g
of crude produc;: was obtained as a yellow oil. This preduct
was subjected to flash chromatography on silica gel using
20% ether in h\e'/xa%:;e as the éluent to give 55\0“mg (7%) " of
crude _Z_Q_g as a col;'rless liquid mixed with minor impurities:
IR (CCl,) et 2960, 22935, 2880, 1718 (broad, C=O),‘ 1632
(C=C, conj.), 1370, 1275, 1258, NMR (CCl,) 6 1.30 (t, CH

3'
J =7 Hz), 4.16 (q, CH2, J =7 Hz), 6.7 (s,H).

Then the column was washed with ether to obtain 6.12 g :

of a phosphorus~containing ~ compound: IR (CC14) cm_l 3060,

N

2960, 2935, 2875, 1670, 1630, 1600, 1585, 1440, 1100, 1090,

2, 69%; NMR fcc14) 8 1.12 (t, CHy, J = 7 Hz2), 35 (q,

2', J =7 Hz), 7.45 (m, aromatic H).
. A

@

&1] Sodium Borohydride Reduction of 200. A solution
] : . —

colg’\taining 500 mg (1.8 mmol) of 200 and 80 mg (2.1 mmol)
i

_ solium borohydride in 5 mL of methanol was refluxed for 1 h

1‘
irf;‘ a nitrogen atmosphere. Workup feollowed by flash

Eiy ,
ch\{‘omatography of the crude product using 30% ether in
hexane gave 300 mg (60%) of a liquid as the major component:

IR} (CC1,) en™! 3640, 3535 (broad), 2965, 2940, 2875,1717,

1630 (Cc=C, conj.), 1370, 1275,"\1212, 1100; NMR (CC14) §d1.24

A

'

(¢y 3 H, J =7 Hz), 3.52 (bs, 1/H), 4.10 (q, 2 H, J =17 Hz),
{ .
6.97 (S' l H)'

k3
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The minor component isolated amounted to 70 mg (14%) of
a colorless liquid: IR (CCl,) qm™ " 3638, 3600, 3510 (broad),
2960, 2930, 2875,1715, 1640 (C=C, conj.) 1465, 1."570, 1297,
1255, 1092; NMR (CC14) § 3.57 (d, 1 H, J ='9 Hz) , 4.08 (q,
2 H, J=.7 Hz), 6.13 (s, 1 H). ' o

Both components revealed minor impurities on TLC.

Preparation of 201B. Into a solution of 300 mg

(1.1 mmol) of the major product obtained from the preceeding
experiment in 5 mL of anhydrous ether was added 50 mg
(1.3 mmol) of lithium aluminum hydride. The mixture was
stirred under ’nitrogen for 2 h. Upon the usual workup
200 mg,of crude product was obtained, which was dissol.ved in_

3 mL . of <chloroform, and into thi‘s\wa's added 1 g of active

" manganese digxide and stirring was continued for 4 h. The

reaction - mixture was £iltered through a bed of sodium
sulfate kand 'concentraﬁe;d under reduced presa;sure. The crude
product thus obtained was purified by flash chromatography
using 50% ether in hexane .as the eluent to give 132 mg (49%‘,

2 steps) of a solid, identical in -all respects to 2018

obtained earlier (cf. p 134).
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