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prezizanol iv.

. ABSTRACT { .

-

This thesis describes the preparation of the
cyclohexenone.diethef i from whl K/the b1cyc11c dlketowF

can 1in pr1nc1ple be formed The bldycllc diketone ii js I's

considered to be a potential precursor of prezizaene iii and

I S

In the route towards synthesis of the target

- . ' 3 -“ M " ’ . ) . . .
cyclohexenonerdiether i, treatment of a-pinene oxide v with

fused anhydrous,zine_;hloride afforded u-campholenic

: aldehyde’wi."Wittig ;eéction of aldehyde vi with a

(methoxymethylene)tr1phenylphosphorane gave the v1nyl ether
vii. Select1ve hydrogenatlon of .vii afforded the ether

viii. Photooxygena{lon ‘of the ether viii gave the enone ix. .

vTreatment of the’ enone 1x with sodium borohydrlde and cerous

chlor1de afforded the allyllc alcohol x._ Direct converslon

of ether viii to- the, allyllc alCohol xi was achleved when

viii was SUbjeCted td'pHotooXygenation followed-by reductlve

S

work—-up using sodlum borohydrlde. The allylic alcohelvx

underwent a clalsen rearrangement wlth trlethyl orthoacetate

AN a

to'giVe the\vﬂéaturated ester xii;"Treatment of ‘the ester

x11 w1th llthlum alumlnlum hydrlde resulfed 1n the formatlon

the alcohol Xiil._ Methylatlon of the alcohol x111 uqing

' _SOdl m hydrlde ‘and methyl iod1de, gave the d1ether x1v.
:fOzonolys1s of xiv followed by reduct1we work up u51ng

:trlphenylphosphlne gave the keto aldehyde xv whl;m wlthout

._/
~



purification, was subjected to intramolecular aldol

condensati8n with p-toluenesulfonic acid to form the target
L8 A . _

. . LA o
cyclohexenone diether i. ' ‘ )

“ .
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X = -COOLEL, etc.
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Vii

CH=CHOCH
3

-viii
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Xiii - o Xiv

| CHCH CHOCH ..
; -2 282 3 .
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CHAPTER I-



INTRODUCTTON

0il of vetiver as an essential oil is found in the

1

roots and rhizomes of the herbaceous plant Vetiveri:

zizanoides. This plant grows wild or is cultivated in East
Africa, Centrai America, Indonesia,” Ceylon and the
Phillipines. Vetiver oil contains sesquiterpenes of varied
structural types (1);

Among the intriguingfcompongnts of this complex oil are
zizaene (1) which is the parent‘hydrocarbnn of a small ygroup
of tricyclic sesquitﬁrpenes‘(Z) as well as a number of
additional compoundé of the tricxclovetivane (or‘ziﬁuuuﬁ
skele£0n~(g).. Thev are widely used as raw materials in the
perfume indusrry (3). l ' —_

2izaane carbon sketeton is of biosynthetic interest as

- 1
it,represents a novel sesquiterpene framework. One of the

first biogenetic hypotheses (4) (Scheme 1) proposéd in the

astudy of the biosynthesis of zizaéﬁ?’(l), assumed hinesol

»

v), a spirovetivene ‘sesquiterpene, ‘4s the intermediate.

It is formed figm‘farnesyi pyrophosphate (5) vig a series
AN . A

Y

of ring cloéuréé} Interaction of the double bond of hinesol
(6) with the tertiary hydroxyl group will lead to the

carbonium ion (7) which undergoes a rearrangement -to give

the tertiary carbonium ion (8) which, in turn, on

deprotonation affords zizaene (l); The feaéibil{Ey of this

rearrangement (7--8) occurring in vivo ‘was supported by the



solvolysis of the mesylate (9) in refiuxing pyridine/
Lrieﬁhylamine to give the ketone (10) possessing the
tricyclovetivane ring structure.(l).

Ande(son and co—workers,‘in the course of their‘
studies, had isolated additional members of the zizaane
(tricyclovetivane) class of‘sesquiterpeneé, which provided
an Qpexpected connection with,;he constituents of the
Alaska Yellow Cedar. -

The Alaska Cedar had provided the missing spirane
intermediates for two important cla;ses of tricyclic
sesquiterpenes: the cedranes and the tricycloveti{anes.
The‘biogenetié sequence to the tricyclovetivanes runs
" parallel to that of the cedranes, however, they requife
interéediates of differeht relagive and absolute
stereochemistry (5-10).

The biosynthesis of cedrene (13) (Scheme II) involves
formétion of the intermediate cation (11) from farnesyl
pyrophbsphate (5. The isopropenyl group in this cation
is cis relative to the double bond and this allows a facile
Markovnikov addition to form the éation gig) which én
deprotonatipn affords cedrene (13). The bidgénetié
sequence to zizaene (1) (Scheme III), howe?er, involves
formation of the cation (lﬁ)vwhich is a diastereomer of
(ll); and in which steric constraint favours anti-

) -

Markovnikov cyclization ‘to forgﬂcarbbcatidn (15)..
4 o v : , ‘



4

) 3
During the examination of this bingenetic scheme,
4

]

Afdersen and co-workers noted the previously unknown

" +skeleton of the carbocation (16). There was no reason to

gVétiyer oil and they set out to find these.

assume that other products such as the one formed as a
: . e .
result of direct deprotonation of (16) did not exist in

7 2

e In 1970, the exomethylenic isomer of carbocation (16)

was isolated in reasonable amounts as its dextrorotatory
v 17. ' - .
isomertand dcsignated prezizaene (3) ‘&1). The evidence for

the structure assignment was provided by spectral data and

4

optical properties. The discovery of prezizaene (3) was the

key observation that allowed a decision betweep alternative

biogenetic hypotheses for zizaane skeleton (gQ and further

éuppor%ed the'theory of the biosynthesis of zizaene (1} from

the cation (16) as shown in scheme III.

The alternative biosynthetic propogal (Scheme [) was

3

therefore dismissed since vetiver oil produces

sesquiterpenes enantiomeric to hinesol (6) (9).
. ’
Further evidence was supplied by 4 series of successful
chemical traﬁsformations mimicking the\biogenétic process
P : T : .
(12) (Scheme IV) carried out‘by Tomita and’co—wq{keré, who

succeeded in the conversion of g-acoradiene (ll) to

(-)-prezizaene (i),' Andefseniahd co-workers (2,9,11) also

. v .
carried out themical simulation studies involving acid

cétélyzed rearrangement of zizaene (1) and prezizaene (3)
4 . . . . : Sl . S

‘which Canirhed ﬁhe'tendency for prezizaene (g).to undérgo a

~ier



[i;Z] methyl.shift to give the é@&bon skeleton of zizaene
(e.g. 8). Therefore, whgnwpreziz;ene,gz) and Zizaene (1)
were individu;lly treated -with sixty percent formic acid in
tetrahydrofuran, each gave the same m}xture of products

possessing the zizaene skeleton. The same time course for

\

the development of each product serves to confirm their
strlictural and biogenetic relationship and, therefore, a

common intermediate species for 5brming both the natural

,

compounds in the biosynthetic process.

In 1976, Ghisalberti‘and co-workers (13) in an

extensipn of their work on thé coné;i&uentg of Eremophila
species presented evidence for the -structure of four major
components, all contalnlng the trtcy§lo[6 2,1 Ol 3]
uqdecane skeleton némely; (-)-prezizaene (4),
1,51_
u&decane (L§j, (—)—7vfhyd}oxy—3,6,6,8—tetramethy1triqylo—‘

[6.2.1.01'5] undecane (19), and 7.-hydroxy-(-)-prezizaene

(—)—7—oxo—2,6,6,8—tetramethy1tricyclo[6.2.1.0

(prezizahol) (20). The absolute sterochemistry of these
sesquiterpenes was found to be antipodal to that of the
zizaane sesquiterpenes found in vetiver otl. Since then,

prezizaene (3) has been isolated from Cugreséus

ékmugnwgréneS'énd CupfésSus dﬁﬁreziana (14).

Iné197§\\Ganguly and co-workers (15), .n their e

examlnat&on of Indian vetiver oil (Khus 011) from Woosanagar

area in TIndia, isolated 7 —hydroxy (+) pr6217aene (21), ai

‘new Certlary alcohol deSLgnated as (+)- allokhu3101 Thls



same alcohol was also isolated‘ih'1981.by Nakanishi and co-
workers (16) from Indonesian agarwood, Aquillaria sp., and

was named jinkohol.

In 1980, Vettel and Coapes‘car{ied_out a4 total

L]
synthesis of prezizaene (4) and brezizanol (20). The
) : . J AN .
eighteen-step synthesis (17) (Scheme V) from (+)—puleg6ne

(22) gave the levoratatory isomer of prezizaene (ﬁ).” The

intramolecula('ring expansion of the diazoethyl intermediate

24 to.the isomeric methanoperhydroazulenones 25 and 26,

- ) . . ‘ .
formed in the ratio of 1:1.2 respectively, is considered tq
be the key step in this synthesis. Of the two isomers, only k”i
N . s .{r '

J

26 possesses rthe required tricycio[ﬁ.Z.l.Ol' -undecane

v

skeleton necessary “for the subsequent conversion to

£

prezizaene (4). The overall yield of the synthesis from the

)

keto ééter 23 was three percent.

A continuous iqterest in the zizaane family of
sesqﬁitérpenes at tﬁis laboratory, resulted in the Fotal ’
synéhesis of (+)~zizanoi; acid (27), (—)—epizizanbic uridﬁ
(28), and (—).—khusi‘mone (29) by Chan (18) in 1979, and in .
l§§2, Naleway (1?) carried out the sypthesis of three |
cyclohexenone derivatives (30), (31) and (l&), in an sg}\
a%froagh to thé syqpﬁesis of the 5fcyc}ﬂf’diketbne'(§}) 

which is considered as. one of the potential precursors of

prezizaene (4) and prezizanol (20). o « o

-



In our studies, we undertook the synthesis of the

cyclohexenone diether (41) from a-pinene epoxide (34). The
' of

cyclohexenone diether (41) can in principle be converted o (

.

the bicyclic diketone (42) whﬁch can act as a. key
!
intermediate towards the tetal synthesis of (-)-prezizaene

(4) and prezizanol (20).

/ . | R
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a = Br_:, F.tz(); b = NaOkt, F.tz(); c = ()3; d = MVK, P‘t,‘N;
¢ = Pyrrolidinec, HOAC, H,0] f = H,, Pd/C; g = (CH, 0T, nt
= i/ 1 i = ) ) St NG j o= va ON NCY ;.
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RESULTS AND DISCUSSION

In our studies directed tpwards the total synthesis of
prezizaene (4), we focussed on U synthasis of the
cyclohexenone diether (41). The diether (41) can in
principle be used in order }o synthesize the bicyclie
diketono derivative (42) which is an appropriate potential
prerursor 0f prezizaene ( ) and pre717anol (29):

From the retrosynthetic analysis (Scheme VI), it was
recognized that a viable synthetic intermediate to thé
cyclohexenone diether (41) v%uld be the cyclopentene, e.g.
35, of the campholenic family. This compound possesses not
only the gem-dimethyl group-and the correct stereochemistry
at c#rbon adjacent to the geminal methyf groups similar to
that found in the cyciohexenone diether (41), but also

functionalities suitable for fdrther modification. For

example, after a Wittig reaction on the aldehyde

functionality (35 — é_) and a suitable activation of the
vinylic methyl group (37 — 38), followed by reduction (38 —

39) and the introduction of two carbon units via a
rearfangemént process (39 ~+4C) the cyclohexenone diether
(41) could be formed by a subsequent ozonolysis followed by
an intra- molecular aldol condensatlon ( ﬁ_) The,
.potentzal of a- p1nene oxide (34) as a good‘source of the

required starting material (}é) was therefore recognized;{}

Y



Towards the preparation of o-campholéﬁic aldehyde
(35), the commercially available -X—pinéﬁ; oxide (34)
underwent’an acid catafysed ring openihg (20,21) with
freshly fused 7inc chloride in refluxing benzene to give
aldehyde (35) in 8U% yield. The ir spg{trum showed
characteristic absorption bands for an aldehyde at 2720 and

(\\}727 cm_l and for olefin at 1650 cm_l. The nmr spectrum .
«displayed a triplet (J=2 Hz) at ¢9.82 corresponding to the
aldehydic proton and a broad syngle; at §5.26 ior the
vinvlic proton. The protons of the vinyli& methyl group
displayed a multiplet at ¢1.62 and those of the gem-
dimethyl group showed sharp singlets at 61;0 and 60.79.;
The molecular ion peak in the masg spectrum at 152.1204 as

well as elemental analysis, verified the CIOHIOO molecular

formula.
The®extension of the side ch;in”of aldehyde (zé)wPiwono
. -
carbon unit can conceivably be achieved by a Wittié r?agtion
Ld.fo;m the vinyl ether (360). Towards this end, the <
aldehyde. (35) was treated with (methoxymétﬁyl)?
Lriphehylphosphonium chloride and sodium hydride in a
soJution of dimethyl sulfoxide and benzene4(22,23),l The
resulting vinyl %thef (gg),'fofmed'in 932 yie1d, u?éi.
‘purifieﬁ by distilléfion and'flash'chrbﬁétégraﬁhy. %he nmr
spectfum indicated the presence of both‘£hg £l§:andlilgg§‘
‘isomers of the vinyl‘ether (36) in a 1:1 ratio,,'The vinylic
hydrégen adjaﬁenx to the‘methoxj gfoup”gppeared és-a'doﬁble;:'

4 ' . o ‘ - . -



-V.“was formed in 97Z y1e1d The 1r spectrum of 37 dlsplayed

T

Q

at #6.30 (J=13 Hz)band as a doublet of triojets at 65.88

3

(J=6 Hz, J;lé Hz) corresponding to the trans and cis isomers
respectively, and integrating for a-total of one. hydrogen. "
The other vinylic proton'of the: side chain appéared as a
muitiplet at 64.72 and as @ doublet. of doublets at 64.36
(J=13 Hz, J=6 Hz), integrating forva‘total.of one- hydrogen.
The methoxy group appeared a’s twonsharp singlets at 4§3.58
and 3.50, intégrating;for a total of three hydrogens for the
two isomers. The mass spectrum displayed a molecplar don
peak at '180.1510' in agreement with the molecglar formpia

. | : ,;’. . ]
12 20 ‘ ' c : e .

%

We then took ~advantage of the expected dlfference in 1

C

reactlylty of the two double bonds ip‘vinyl ether:(ég)
‘towards catalytic hydrogenatioh} The side thain double bond-
is’ expected to be hydrogenated selectlvely, formlng a stable

5

methyl ether m01ety wh'ch should not 1nterfere with further

mod;fncatlons of t rlngjsystem : Towards this end vinyi

ether (36) was s jected to hydrogenatlon w1th 5% palladlum

on carbon in ethyl- acetate (24) at room temperature and
.atmospherrc Pressure.' The reaction. was carr1ed"out=1n the~
presence of- one equ1va1ent of pot3531um acetate, u51ng_

glassware prewashed w1th ammonlum hydrox1de,71n order to

ffav01d formatlon of the byproduct, e. g. 32; resultlng from the

f

‘fhydroly31s of the v1ny1 ether (36) and subsequent

\

[T

"‘cycllzatlon.' Under these ﬁondltlons, the desired ether (37)



characteristic absorption bands for an olefin (1650 cm_l)

and an ether (1120 cm_]). The nmr spectrum displayed a.
broad singlet at  *5.28 corresponding to the vinylic proton
a;d a triplet (J=8 Hz) at "#3.44 for the two hydrogens
adjacent to the methoxy group. A sharp singlet at :3.40
was displéyed corresponding to the three hydrogens of the
methoxy group and the three hydrogens of the vinylic methyl
group displayed a broad singlet at '1.62. The geminal
~methyl groups were evident as singlets at 1.0 and 0.80.
The'masé spectrum displayed a molecular ion peak at
182. 1672 céonsistent with the molecular formula of C12 22O

Having obtained the ether (37), we then turned our’
‘attention towards a suitable activation of the vinylic
methyl group, the result of which would enable us to carry‘
out the néc?ssary rearrangement reac;ion in order to
introduce two carbon units#as in.dievﬁer (40).

A

Towards this end, the ether (37) was subjected to
photooxygenation (25) using dlmethylamlnopyrldlne ‘and aCPtIC
-anhydrlde‘along with pyridine and also tetraphenylporphlne
as the sensitizer. The réaction was carried out in

methylene chloride as the solvent. Under these conditions,

'the enone (38) was formed in 502 y1e1d The ir'sﬁectrum
i * ) ! .
‘showed the characterlstlc absorpt1on bands for .a carbonyl e

at 1730 cm l’and for'olefln at 1635 cm 1, The nmr spectrum 

dlsplayed two doublets (J=1 Hz), ‘one at ‘5 97 and the other
v

-at 65;20, each 1n;egrat1ng for one of_the two y;nyliq
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&+ ,
protons. A triplet (J®7 Hz) at 73.44 integrating for two

<

hydru&ene was, dsslgned for the two protons adJacent to the

M

'methoxy'group o£ the side chain. The hydrogens of ‘the

o metﬂoxﬁ‘gruup appeared as a eigélet al\\13.38. The two
‘hydrogens on the carbon ad jacent to the corbenyl group of
the ring each appeared as a doublet of doublets, one at/
2.54 (J=18 Hz, j:ll Hz) and the other at ¢2.07 (J=l8>Hz,
J=7 Hz). Tﬁe gebieel methyls appeared as two sharp
singlets-at ¢1.23 and 1.0. The maes spectrum showed a

mo]eCUlar ion peak at 196. 1471 in agreement with the

mo%ecular formula of C12 20 2

Y

\ ,
functionality of the cohjugated enone (38) to the

.Our next goal was to selectively reduce the carbonyl

corresponding allyiic alcohol (39).  Towards this end, the

enone (}§) was treated with cerous chloride and sodium
o~ . )

borohydride (26) in‘methanol at room temperature. Tbe

/fre5u1ting allylic alcohol (39) wés’formed in 98% yield. In

o

( the ir spectruym, charaeteristic absorption bands wer e '&

) Qbserveq\at 3420 (alcohol), 3080, 166D (olefln) and .

1120 cm—1 (ether) The nmr spectrum dlsplayed a doublet
, C(n
(J=2 Hz) at ¢5.11 and .another doublet (J=23 Hz). at 64 98

A

«each'ihtegratlng for one of the two v1ny11c protons, LA

trlpﬂgi (J 61 Hz) at’ 63.4, integratlng for two mgdrogens,
was 3551gned for the two protons adJacent to the methoxy

group'pf‘the side cha;n. The hydrogens~of the methoxy

mgfoup were displéyed as a sharp singlet at §3.36,




integrating for three protons and finally the two geminal
methvls were each disélayed as a sharp singlet at ¢ 1.6 and
0.92. The mass spectrﬁm displayed a moleCUI?r.ion peak at
198.1610 consistent with Lﬂe molecular/}6fm;la C]2H2£02.

The two step reaction sequence involving épridation o f
the oiefinic bond of compound 37 followed b¥ the base- ©
induced ring—opeﬁing of the resulting epoxide (44) was also
examined. Epdxidation of the compound zz using
p—chloroperbenzoic acid in dichloromethane afforded the
epo;ide>(ii) in 92% yielé. The nmr spectrum displayed a
goublet of triplets (J=6} Hz, _{:2% Hz) at :3.37, integrating
for two protons aqd correspohding to the two hydrogens
ad jacent to the methoxy group of the side chain. The )
methoxy protons appeared as a sharp singlet at -3.34,
integr;ting for tﬁree hydrogens. A broad singlet at ‘3.24,
integrating for one proton was assigned to'the hydrogen of

the epoxide ring. The hydrogens of the methyl group on the

carbon bearing the epoxide ring appeared as a singlet at

1.32, integrating for three protons. The hiilzgyns of the
geminal methyl groups were displayed as two “s1 glets, one at

1.0 and the other at 0.76. . Although, the molecular ion peak

was absent in the mass specdtrum, thé presence of a peak at
m/e 183.1385 corregsponding to the loss of a methyl group
supported the assigned molecular formula of C12H2202;

Unfortﬁnately; when the epoxide (44) was treated with
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e ,
lithium diisopropylamide ¥n tetrahydrofuran, no allylic

alcohol was formed but instead the starting material was
/
,/’/

recovered in each attempt.
The alternétive approach of fo;ﬁing the allylic alcohol
(39) directly by phqtooxygehation was also examined.
Towards this end, the compound (éﬂﬁ'wés subjected to
photooxygenation in methanol usiqg methylene blue (27) as
the sensitizer. This was follow%d by reduction of the
resulting hydroperoxide with sodium borohydride. The .
reaction afforded the allylic alcohol (45) in 372 vield
along with the formation of a substantial amount éf'an
unidentifiable complex mixture. The ir spectrum of compound
45 showed characteristic absorption bands at 3420 (alcohol),
3095 (olefin) and 1125 cm—] (ether). The nmr spectrum
displayed two doublets, one at 35.12 (J=2 Hz) and the other
at £4.97 (J=2 Hz), both integrating for a total of two
protons and~corresponding to the two vinylic protons. A
multiplet at 64.52, integréting for one proton, was éssigned
to the single ailylic proton. The methoxy protons»ap?eared
as a singlet.at ¢3.32, integrating fﬁr three protons and
rfiﬁally‘two singlets *ere,dbseryed, one at 61.13 and the
. other at ¢&0.81, éach’integrating for three protons and
cof}esponding t§ the geminal methyl.gréupé. The low yield
of'tﬁe conversion of 37 to ﬁé, as wéll q§v§he'long,reaqtibn
time, pfompted aﬁ’inbest@gation of‘t;e one;pot copversion of

‘the compund 21 to the enone §§ (25) asAexpléiﬁed before.



Ip has been established that allylie pivalates underyo
effi(ient coupling with magnesium organocopper reagents (2K)
resulting in the predominant formation of.an "Snj " - type
product. This could enable us to in{roduce, on the vinylic
carbon of (the allylic alcohol (39), the two carbon units
needed.

Towards this end, the allylic alcohol (39) was treated

.with trimethylacet}l chloride and pyridine (29) in ether to
‘form the allyl;c pivalate (46) in 927 yield. The ir
Spectrua of 46 displayed characteristic abserption bands for
a carbonyl (1735 cm‘l) and for an olefin (1660vcm_1). The
SNmr o spectrum displayed a doublet of doublets of doublets of
doublets (J=8%;e8, 234, 2 Hz} at £5.48, integeating for the
one allylic proebn.' A double@ (J=2 Hz) was shown at 5,02,
\
integrating for &ne hydrogen and :corresponding to one of the
vinyiic protons, ‘Jhe other vinylic proton was also

a

displayed as a doublet (J=2%4 Hz) at %-..98, integrating for
. \ .

+

one hydrogen. - The ﬁwo protons adjacent to the methoxy group

of the side chain apéeared as a triplet {J=6 Hz) at 63.39"
N "
integrating for two hxdrogens. The methoxy hydrogens were
. ‘ v b
displayed as a sharp sﬁngle; at #3.34 integrating for three

. ) S\ —_
‘h)drogens A sharp si&glet at ¢1.20 and integrating for

nine protons was 3551gn\d to the methyls of the p1valy1
group The hydrogens o:\the two geminal methyls appeared as

sharp 51nglets one at 61 QB and the other at 60, 94 The

massvspectrum dispIayed a %olecular ion peak at 28232200 in
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agreement with the molecular forﬁula Ci7H3003;

Having formed the pivalate (46), we theﬁ attempted the
sugpested coupling reaction (28), using a 2:1 mixture of
vinylmagnesium bromide and cuprous iodide in
teirah&drofuran. Unfortunately, none of the desired
coupling RLOdUCt (47) was formea‘and the reaction led only
to the recovery of the starting material.

It has also been long established that a number of
allylic esters undergo [3,3]) sigmatropic Claisen
rearrangement as their silylketeneacetals to produce vy, ¢-
unsafurated acids in reasonably good yields (30).
Subsequently, we proceeded to form the corresponding acgty}
ester Qerivative (i§)'of the aliylic alcohol (22) as »
expléined below. | |

. The allylic alcoholv(ég) was ;reated with eridine and
acetic énhydride in ether‘tq\%orm thé corresponding allylic

ester (48) in 96X yield. The if spectrum showed

characteristic absorption banﬁs for a carbonyl (1730 cm—;)

.

and for an olefin (1655 cm-l) as well as an ether

l). ‘In the nmr spectrum, there appeared a doublet

(1120 cm”™
of ?oubleté of doublets of doublets (J=8%, 8, 2%,.2‘Hz) at &
5.50, integraf;ng-for ;he one allylic proton.. A doublet'
(J=2 Hz) w;s disp}ayed at § [06,'in£eg;ating.f6rvoﬁe |
h&drbgen éﬁd correspohding to one of the Vinylicfpfqtbns.

The other vinylic proton was a1so shown as a doublet

(J=2% Hz) atv65.02y integra£ing for one proton.n A triplet

- . o,



(J=6 Hz) at ¢3.39 was assigned to the two protons adjacent
to the methoxy group. The methoxy hydrogens appeared as a
sharp singlet at $3.34, followed by three more singlets,
one at £2.08 corfesponding to the three hydrogens of the
acetyl group and the other two at ¢1.08 and ¢0.94 for the
geminal methyls. Although, the molecular ion peak was
absent in the mass spectrum, the presence of a peak at m/e
180.1508 corresponding to the loss of an acetic acid
molecule supported the assigned molecular formula of

C1alpu05-

~

. The allylic ester (48) waé them/{;ééted'with lithium i

: o
diisopropylamide and quenched\ﬁith/trfmgthylsilyl chloride.
After‘refluxing the resulting mixture in tetrahydrofuran,
none of the defjred product (49) was formed and instead a
substantial améunt.of starting Qaterial was recovered.
w;tRDno success in‘tbe previous two attempts in forming

the desired rearranged comﬁounds (47) or (iﬁ). we then
turned our attention towards a simple version of the Claisen
rearranéement develoﬁed by‘Johnsoa and co-workers (31). and
to this end, the allylic alcohol (39) was treated with an
excess of triethyl orthoacetate in,the'presénce-of a trace
amount of propionic écid." The.mixture was refluxed in;
xylgnel_-The resulting hnsatufatéd éster (50) wasifbrmed in .
96% yield. . The ir sﬁectrum displayéd chéréttéristi#
absorption bands fér anvéster carbonyl (1730 cm_lj and for

ar L 1
).

an olefin (1640 Cm—?) as well as for an ether .(1120 cm



e

In the nmr spectrum a broad singlet was shown at 5.26,
integrating for the single vinylic proton of the ring. The
two hydrogens on/tﬁe carbon adjacent to the.éxygen of the
ester functionality appeared as a quartet (J=8 Hz) at
4.15, infegrating for 'two protons. A triplet (J=8 Hz) at
3.42, inteprAating for two protons was assigned for the two
hydrogens adjacent to the methoxy group. The three méthéxy
hydrogens appeared as a sh;rp sing1e£ at “3.37. The three
hydrogens of the methyl group of the escer functionality
were displayed as a triplet (J=8 Hz) at #1i.25. Two sharp
singlets corresponding to the geminal méthyls appeare@‘at
.1.1 and 0.88 each integrating forlthree protons. The mass
spectrum showed a molecular ion peak at 268.2037 and -
_elemental analygis confirmed the moﬁecular formula C16H2803'
In order to form the'cyclohexenone ring system, the
unsaturated ester (50) was subjectéd to ozonolysis. The
expected product, keto aldehyde (51), could then underéo
selective aldol condensation to give the cyclohexenone
derivative (52). - ) ' . - ~
Héwever, upon 6zonolysis of (29)\f% methanol followed
by reductive work up, using methyl sulfide (52,33), the -
qyclég:ke;o aicohol (22) was fofmeq#in'752 yield. - The ir
spectrdm—;;}played chafdcteristic absofptighAbandékfortan )

, _ - | | ,
‘alcohol (3420 cm—l) and for an ester carbonyln(17301—1

) as
wgll as thevketqne cafBonYl (1705 Cmbl). .In the nmr
spectrdh,fa quartet (j=7 Hz) was displayed at ¢&4.14,"

-

33.
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integrating for two protons, corresponding to the two
_hydrogens on the carbon adjacent to the oxygen of the ester
functionality. The ‘methoxy protons of thé\qzde chaiﬁ
appeared as a singlet at ‘3u31; integrating f&ﬁ three
protong. A triplet (J=7 Hz) at ¢1.26, in%}g{;£ing for
three hydjyogens was assigned to the methf& protons of the
ester functionality and finally the two égminal'methyl
grdup% appeéred as two close singlefs, oné\§t3ﬁ~l.10 and
the other at 1.06, each integrating for three protons. The
molecular ion peak at 300.1973, in the mass spectrum was
consistent with the molecular formula C16H2805’

“In an.attempt to induce dehydration, the cyclic keto
alcohol (53) was treated wfth d—lO—camphorsuiphonic acid in
refluxing benzene with\congiXuous removal of water.
Unfortuhately, the reaction yieldgd none of the desired
cyclohe*enoné derivative (52),-but instead a complex mixture
of unidentifiable compotinds wés formed.

In a separate experiment, when the unsaturated ester
~(29) was subjected to ozonolysis in methanol—dichlqromethane
(1:1) as the solvent system, followed by'reduc£ion,with
triphenylphosphine (34), the reaction afforded‘mainly
compound (54). 1Its stru;turé was assigned 6ﬁ thé ﬁésis of
thé‘folldw;ng,daté; The“nmr'spéctrum dispiayéd a multiplet
1at 64.43,Iintegrating,fof-ohé broton and corréSpqnding to
the singléuprotbn §n the ééfbon-bearing the two methoxy

grdubs. A quartet (J=8 Hz) at ¢4.15, integnating for Fwo



protons was observed anq was assigned to the two hydrogens
on the carbon adjacent to the oxygen of the ester
functionality. A broad singlet appeared at £%3.35,
integrating for eleven protons corresponding to the nine
methoxy hydrogens as well as the two hydrogens on the carbon
bearing the @;Lhoxy group of the side chaiﬁ. A triplet (J=8,
Hz) at ¢1.25, integrating for three hydrogens was assigned
to the methyl protons of the ester functionality. The
hydrogens of the geminal methyl groups appeared as two sharp
singlets, one at *1.08 and the other at *1.06. Although
the molecular ion peak was absent in the magx_spectrum, the
presence of a peak at m/e 316.2213 corresponding to the loss
of a formaldehyde molecule supported the assigned molecular

\
formula of C18H3AO In the chemical ionization spectrum, a

6"
péak at m/e 364 corresponding to M + NH;, fur;her supparted
the molecular formula of C18H3406'

The formation of the compound (54), clearly indicated
that methanol ;%s responsible for its formation at some
‘stage dUring‘thg course of the reaction. In light of this
observation, the unsaturated ester . (50) was thereforé
'subjected to oéonolysis using dichloromethane as the only
soIQent of the geacpion. .Reduction of the resulting ozonide

using triphenylphosphine afforded a mixture'of the keto

'/aldehyde (51) and cyclic keto alcohol (53) in" 70% yield. ~No

'“;ttemﬁt was made to separate these two compounds since our

next step would 1nv01ve‘the;intramoleéular’aldol



condensation in the presence of an acid in order to form the
A
desired cyclohexenonesderivative (52). The ir spectrum of

this mixture showed a characteristic absorption band for

alcohol at 3420 cmgl. The nmr spectrum displayed a broad

singlet at ¢ 9.89, integrating for the one aldehydic proton.

A quartet (J=8 Hz) at 4,14, integrating for a total of
four protons, was assigned to each of the two hydrogens on
the carbon adjacent to the oxygen of the ester

, \ N
functionalities in the two compounds. Two close singlats at
1 3.34, integrating }or a total of six protons were assigned
to the six hydrogens of the‘two methoxy groups. A triplet
(j=8 Hz) at -1.28 integrating for a total of siy hydrogens
and cor}esponding to the methyl hydrogens of thjiester
functionalities and finally the geminal methfl groups
appeared as four singlets at ¢1.15, 1.12, 1.1 and 1.0%,

o

‘integrating for a total of twelve ﬁrotons. The molecular
ion peak at-m/e 300.1936 in the mass spectrum Qas consistent
with the assigned molecular formulé of C16H2805' The - g
hixture of the keto aldehyde (51) and the cyclic keto
alcohol'(éé),wasvthen treéted with d-lO—camphorsulphonic’

acid in refluxing‘benzené. The reaction yielded a -

substantial amount of unidentifiable complex mixture as well

rd

as two products in a very low yield, one of which 'was the
»

‘desired cyclohexenone derivative (52) and the other &

by;product (55), formed:iﬁ an approximate ratio of 1:2

respectively. . Their structures were éssigned on the basis

36,



of the nmr spectrum, displaying for compound (52), a broad

singlet at 6.70, integrating for the one vinylic proton.
A quartet (J=8 Hz) at : &4.14, integrating for a total of two

protons was assigned to the two hydrogens on the carbon
o '
ad jacent to the oxygen of the ester functionality. A

% .

singlet at -3.733 was displayed, integrating for the three

methoxy hydrogens. The three methyl hydrogens of the ester
£if

/

functionality appeared as a triplet (j=8 Hz) at -1.23 and
the two geminal methyl groups appeared at *1.16 and 0.98.
The nmr spectrum of compound (55) displayed a doublet of

,'j=3 Hz) at #46.42, integrating for one
'-)“:g‘-.

proton and corr{,niﬁding to the vinylic proton * to the )

doublets (J=9.5 Hz

carbonyl group of the lactone ring. The vinylic proton  to
the carbonyl group also appeared -as a doublet of doublets
(J=9.5 Hz, J=2 Hz) at *6.16. A doublet (J=1 Hz) at :‘;5'.'73,
integrating for one hydrogen was assigned to the vinylic
proton ::to the carbonyl group.‘ The single allylic proton
Lét the ring junction appeared as a doublet (J=1 Hz) at *

4.67, The two hydrogens on the carbon bearing the methoxy
group appeared as a triplet‘(J=6 Hz) at *3.43 and the /
Metho*y protons appeared as a singlet at #3.36 and finally
the.two‘geminal'metbyl groups appeared as singlefs at ¢&1.26
~and 0.54. € |
| In an attempt to-examine the reproducibility of the
'o;dnolysis réactioﬁ and to further examine different
_approachés. or' the cyéligAtioﬁ of the prodqéts, thus

®
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obtained, to the desired cyclohexenone derivative (52), the

R

unsaturated ester was subjected to ozonolysis in
dichloromethane followed by reductivgvvork-Qp &sing
triphenvlphosphine (34). The réaction resulted in the
formation of the pure keto aldehyde (51) in 79% yield. The
ir spectrum displayed characteristig absorption bands for an
ester carbonyl (1733 cm_l) and for the ketone and aldehyde
carbonyls (1705 cm—]). The nmr spectrum displaved a triplet
(J=1% Hz) at *9.78 for the one algehyzic pr@ton and a
quartet (J=7 Hz) at :4.13, integrating for the two protons
on' the carbon adjacent to the oxygen of the ester function-
ality. A singlet at -3.32 was assigned to the'thrge protons
of the methoxy group. A triplet (J=7 Hz) at #1.26,
integrating for three methyl hydrogens of tﬁe é;ter func-
tionality as well as two sharp singlets, each,igiegrating
for three protons, at *1.14 and 1.08 carresponding to the
geminal methyls were observed. The mass spectrum displaged

a molecular ion peak at m/e 300.1942 in agreement with the

assigned molecular formula. of C16H2895'

>

A further attempt to induce cyclization of the keto
aldehyde (51) to tﬁe cyclohexenong derivative (52) using thoA
same procedure, namely, tfeatmeﬂt with ﬁfIOJLamphoréﬁlphohic'
~§cid in réfluxing bénzene agéinAled to tge_formation éf a
erry small amount éf the mixture of_Eompaund (52) and-tho
by-product (55) as well as formation of a Suﬁstantial amount

of unidentifiable complex mixture. Othef»approaches.such as

-



treatment with camphorSUIphonic acid in dichloromethane in

the presence of SOQQBT sulphate as drying agent at room

temperature pro\@d unoupcessful. Treatment of the keto
aldehyde (51) with benzoic acid in the presence of
triethylamine in refluxing xylene also led to the formation
of an unidentifiable complex mixture. Treatment of the
keto aldehyde (51) with sodium hydride in
1,2-dimethoxyethane also did not lead to the formation of
the desired product. Suf£ice it ta say\thaf in all of the
above approaches for cyclization, a éubstaotial loss of the

starting material occurred aloﬁg with-the hydrolysis of the
A

ester functionality to the corregpondlhg\carboxyllc acid.
In short, the transformation Qf the cyclopentene rlng,

present in compound (50), to a cyclohexenone ring system
-_ \ .-
\

proved to be dlfflC\lt presumably'dué‘to th@‘presence‘of
the ester functionality in compound (50) Mod%{ication of

this labile functional group to'form an e(her,‘via the
\ \
N\
corresponding alcohol, was deemed appropriate and towards
, ; N

. . A \
this end, the unsaturated ester (50) was treated with
: ‘ y
lithium alumlnlum hydride in ether, resulting in the
\

formation of the corresponding alcohol (56) in 97Z yleld

- The ir spectrum. dlsplayed charac&%ngstlc absorptlon bands
| -1

for an alcohol (3420 cm ) and for ‘an olefln (1640 cm )“és

a

well as an ether (1130 cm l). In the nmr spectrum, \broad

51nglet at ¢ 5 32 was observed for the 51ng1e vinyllcé

proton. A. trlplet (J= 6 Hz) atf?.3,71, integrating for_one'

-
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proton was assigned to the hydroxyl-hgégééen.u At 3,44,
integrating for two protons, appeared a iriplet (J=7 Hz)
corresponding to the two hydrogens on the cgrboﬁ bearing the
methoxy group. The three methoxy protons appeared as a

singlet at ¢ 3.38 and finally the geminal methyl groups

appeared as, sharp singiets at - 1.0 and U.79, each

/

integraping for three protons. The molecular ion.peak in
the mas§(§;g2{fum at 226.1935 as well as elementél énal}bjs,
verifled;the C14H26O2 molecular formula. |
Methylation of the alcohol (56), using sodium hydride
andimeLhyl iodide in 1,2-dimethoxyethane afforded the ;hof
(40) in 987 yield. The ir spectrum showed cﬁaracte idtic
absorption béﬁqs for an olefin (1645lcm-1) and for ether
(1140 cm_l). The nmr spectrum displayed a broad singlet at
55;28, corresponding to“the one vifiylic proton:"A quartet

(J=6»ﬁz) at ¢ 3.42, integrating for a total of four protons,

. N ' : .
..was assigned to the hydrogens on the carbons bearing the

~.

métbpx;ﬁgroups of the two side chains. . The hydrogens of
7 ‘

the ﬁ@d methoxy groups appeared as a broad singlet at
N ) .
$3.38, fﬁnggrating for a total of .six protons and finally

the geminal metﬁ?l~g[oups were displayed ‘as two singlets,
one at *1.0 and the‘other af'0.78, each integratiné for

three protons. The molecular ion peak in the mass spectrum

'was displayed at m/e 240.2093 consistent with‘molécular

forﬁula of‘ClsHQBOz,bwhichLWas'fufther:verified by'eiemenga]_

analysis..-

0.
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Jevorotatory a-pinene 0xide.*'Compound_(ﬁl)'can in %

" The ether (40) wathhen'subjatted to ozonolysis inl
dichloromethane followed by reductive work up withe
frgphenylphosphine to give the keto aldehyde (58). This
compound, without'purification,.waé-subjected fo
eyclizatior using d—leeamphorsuiphodic acid in refluxing

=)

benzene to give thé desired cyclohexenone diether (41) in

297% yield from ether (40). 1In an attempt to improve the

"yield of formation of the desiped}product (41), the crude

‘

keto aldehyde (58) was. subjected to cyclization using
p- toluenesulphonlc acid in reflux1ng benzene. The desired

cyclohexenone. dlether (AI) was formed in 407 yield from

‘ether (40). The ir spectrum displayed characteristic

e

absorption bands for a ketone carbon§1 (1670 cm—l)'and for

ether¢(1120}cm;]). In the nmr spectrum, a broad multiplet

was obser&ed,at §6.30, integrating for the single vinylic
proton. The hydrogens of the'two méthoxy groups were

dlspla\ed as - two 51ng1ets, one at £3.34 and the other at :
3.30_ each 1ntegratkng for three protons and finally the

.

o

'gehinal methyl,groups appeared as singlets at 61.15 and

O

O 95, each 1ntegratang for three protons. The molecular

“ion peak at- 254. 1871 in the mass ‘spectrum as well as the

elemental ana1y51s ver1f1ed the ass1gned molecular formula-

of Cl) 26O3 o _— SR
‘¥ conc1u51on the‘preparation of the target

'cycloheXEhbne derivatiVe (41) hae been achieved from the

41.



principle be transformed into the bicyclic diketone (42),
which is considered to be a potential synthetic precursor
of (-)-prezizaene (4) and (-)-prezizanol (20). Towards
thelformalion of thi; projected key intermed{ate, compound
(41) cen in principle be converted to the corresponding
diol which®upon oxidation to the diacid followed by
esterification aﬁd subsequent cyclization could afford the
compound (42). -

Further studies are %eing carried out in this
laboratory leading to the férmation of the bicyclic

diketone intermediate (42) on the way towards the total

synthesis of prezizaene (4) "and prezizanol (20). ¥
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EXPERIMENTAL

General

Infrared (ir) spectra were obtained by using the
Perkin-Elmer Médel 457 spectrophotometer. Ir samples were
run as thin films. Proton nuclear magnetic resonance (nmr)
spectra were recorded on a8 Bruker W-200 or Bruker W-400
spectrometer using deuterated chloroform as solvent and
tetramethvlsilane as internal standard. The following
abbreviations are used in the text: S = singlet,
d = doublet, t = triplet, q = quartet, m = muitiplet and
br = brovad. Mass spectra (MS) were recorded using A_E. T,
model MS50 mass spectrométer. Elemental analyses were
performed by the microanalytical laboratory of this

department,

Materials
Benzene, diethyl ether (ether), 1,2-dimethoxyethane

(DME) and xylene were freshly disgilled over lithium

aluminium hydride. Methanol was Tefluxed over magnesium

furnings for 2—34hf$ ana aistilledfr Dichlofémethahe,‘ephyl

acetate, dimétﬁyl.sulfoxihe'(DMSO) and pyridine Qeré freshly
f;g@;ggilied over calcium hydriae. q;véinene5epoxide‘was
i‘;btajned from Aldrich Chemical Compahy. Ozone was éenerafed

-Qith‘a Welsbach ozonator. Argon was purified by bassing4



through a train of gas wash bottles containing sequentially,
Fieser's solution (35), concentrated sulfuric acid and
potassium hydroxide pellets. Silica gel, 0.040-0.063 mm
particle size, 230-400 mééh ASTM was used as adsorbent for
flash chromatograghy (36), and<§ilica gel 60-120 mesh was
used as adsorbent for column chromatography. Thin layer
chrématography was carriedfdut using Merck Art 5554 DC-

alufolien TLC plates as well as Merck silica gel G.

/s

-

«-Campholenic aldehyde (35)

Anhydrous zinc ch}oridé (50 mg, 0.3676 mmole) was
melted in a 50 ml 3~neéked round-bottom.-flask under argon
gas, to which Qas,added-a solution éf a-pinene epoxide (957,
1.928 g, 0.012 mole) in benzene (lO»pl). The mixture was
refluxed for three hours. The solvent was removed and
molecular aistillatioh of the residue in a kugelrohr
apparatus (87°C/0.25 torr) gave the pure aldehyde 35 (1.54
g, 807 yield) with the following épectral data: ir 2720 and
1727'cm—] (aldehyde)band 1650 gmjl‘<ole£iﬁ); nmr

.6.9,82‘(t. 1, J=2 Hz, ;QHO),is.za_(br.s,Lln, gHC=); 1.62
(n, 3H, cn3cg),'1.ogks,'éﬂg -cﬂé); 0.79 (s, 3H, ~CHg); MS

10716

M* 152.1204 (calcd. for C..H,.0: 152.1201).
0: C, 78.88; H, 10.60; Lo

- fﬁal. Calcq.‘fpr C10H16.
Found: C, 78.71; H,10.38.



4-(3- Methoxy 2-propenyl)-1,5 5-trimethylcyclopentene (36)

A mixture of sodium hydride (4.53 g of 50% dispersion

in oil; 0.094 mole) in dlmeth)l sulfoxide (49 ml) and benzene

3

(80 ml) was refluxed for fifty minutes under Argon gas, to

produce the methylsulfinyl carbanion. After allowing the
: »
mixture to come to room temperature, (methoxymethyl)—

tripﬁenylphosphonium chloride (35g, 0.102 mole) was added
and the solution was stirred for ten minutes assuming th
deep red colour of methoxymethylenetriphenylphosphorane
solution. To this solution was added the aldehyde 35 (l0g,
0.065 mole) in benzene (20 ml). Aéééf\stirring for-fif; en
hours, the mixture was poured into ice—cold'water (3001m1)?
.and extracted yifh ether (4 x 100 ml). The orgewtc o
solution was washed with saturated sod&umvcﬁioride solution
and the comgined ofganic extract wa's dried (magﬁesium. -
sulpﬁaté), filtered and concent;ated. 'Molecula; g
.distillétion of the residue ﬁsing/kﬁggT?ﬂhx appar;tus

5(90 C/C 4 torr) was carried out.1n order to remove.
triphenylphosphine oxide. The distillate was purlfled by
fiash chromatography on siiiﬁa gel, using ZOZ‘ethyl,acetate
in petfdleum ether., .The'product 36'(10.99 g, 93%) was a

1 1 mixture of the cis and trans isomers. ‘which gave the

'following1spectra1 dapai ir 1656 (olefln) and 1208 cm: 1"“.

54

(vinyl ether); nmr a6'30- 5 88° (d, }H, J=13 Hz; dt, 5H,_J_= )

6 Hz,.J_é 1} Hz, -CH= cnocn ),' 4.727.%.36 (m, ¥H; dd, 40,
J=13 Hz, J=6 iz, -CH- ~CHOCH ),, ;58, 3.50 (both S, W

rd



31, -CH=CHOCH,), 1.62 (m, 3H, CH,C=), 1.0 (S, 3H, -Ci,),
and 0.80 (m, 3H, -CH,y); MS M* 180.1510 (calcd. for Cy,H, 0:

180.1519).

v

4-(3-Methoxypropyl?-1.5,5-trimethylcyclopentene (37)

Potassium acetate (0.33 g, 3.33 mmole) and 5%

palladium on carqon gﬁ%-mg) were added to a solution of the

vinyl ether 36 (5&2/;g, 3.3 ”xmole) in ethyl acetate (30

ml). The mixture was stirre‘ rooml‘temperature under an

atmosphere of hydrogén fOr‘téﬁ hours. Aftef-filtefing of f

[heécatalyst and removing the solvent, the c&?dé productiwas

purified by flash chromatographx'on silica géi, usingaS%

ether fn petroleum ethgr to give the pure ether 37 (585 mg,

977% yield#; ir ‘1650 (olefin) and 1120 cm™ 1 (ether); nﬁr

- 5.28 (%}.S;‘IH, -HC=), 3.44 (t, 2H, J=8 Hz,“;cnz-cgzocHB),
3.40 (S, 3H, -cnz-cuzocg3)} 1.62 (br.S, 3H, CH,C=), 1.0 (S,
" 34, -CHB), and 0.80 (S, 3H, —CH3); MS M+l182.1672 (calcq,‘

for C] H,,0: 182.16716).

Ay, o | o

'

4—(3—Mg£ﬁo&1propy1)—343—ddmethy1—2-methy1idinecyclabéﬁtanbne
: : = : T

(38) T )
"A solution of the ether'ézn(o.Sg, 2.74 mmdle), acetic
~anhydride (0.27 ml, 2.83 mmole), ‘pyridine (0.11. ml, 1.37

/
3

55.



mmole), tetraphenylporphine (20 mg, 0.03 mmole) and
dimethylaminopyridine, (10 mg, 0.08 smamole) in dichtgromvthénv
(AUAm]) was irradiated with two 200W tungsten light bulbs
for 37 hours. During this périod a gentle stream of oxygen

—t—

was bubbled through the reaction mixture., The solut%yn was
C
diluted with dichloromethane and extracted with saturated
sodium bicarbonate until basic (2 x 40 ml). The organic
layer was then washed with 1.0 N solution of hydrochloric
acid until it turned mint green and the aquéous washes were
acidic (2 x 30 ml). Fu}ther extractions with saturated

»

copper sulfate éolution (80 ml) and saturated sodium .
chloride solution (80 ml) followed by drying with éagnesium
sulfate, filtering and concentration gave the crude residue
which, on molecuiar distil}ation using kuglerohr apparatus
(73°C/0.12 torr) and further purification by column-
chromatogtaphy on, silica gel, using 207 ethyl acetate in
petroleum‘ether, afforded the enone 38 (268 mg, 50% yield)
géving the following,spectral.dataf ir 1730 (ketone ‘
carbonyl) and 1635 cm ! {oletin); nmr :5.97 (d, 1H, J=I
Hz,'=C§H), 5.20 (d, 1H, J=1 Hz, =CHH), 3.44 (t,léH, J=7 Hz,

_CHZ—CﬂZOCH3), 3.38 (S, 3H, -CH —CH20¢ﬂ3)f 2.54 (dd, J=118

2
Hz, J=11 Hz, 1H, -CO-CHH), 2.07 (dd, J=18 Hz, J=7 Hz, 1H,
- ZCO-CHH), 1.23 (S, 3H, ~CH,), and -1.0 (S, 3H, ~CH,)z MS M*

196.1471 Kcagydi foy F]ZHZOOZ; 196.1464).
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4-(3-Methoxypropyl)-3,3-dimethyl-2-methylidinecyclopentanol

(39)

A solution of the enone 38 (0.78 g, 4.0 mmole), cerous
chloride (l.Ad g, 6.04 mmole) in-methanol (35 ml) was
cooled to 10°C. Sodium borohydride (152 mg, 4.0 mmole) was
added to this so]utién. The temperatdre was raised to 25°C
and stirred for an additional two hours. The mixture was
then quénched with aqueous solution of ammonium chloride (19
ml) and 1.0 N hydrochloric acid (5 ml). Extraction with
dichloromethane (3.x 60 ml), drying, filtering and
subséquent concentration gave an oily residu7 which on flash
"chromatographic purification on silica gel, using 257 ethyl
acetate in petréleum ether, afforded thé pure allylic
alcohol 39 (6.78_g, 98% yield): ir 3420 (a%;ohol), 1660
(olefin) and 1120 cn™' (ether); nmr *5.12 (d, 1H, J=2 Hz,
=CHE), 4.97 (d, 1H, J=23% Hz, =CHH), 4.45 (m, 1H, ~éﬁOH).
‘3.40 (t, 2H, J=6% Hz, —QHz-CﬁzoCH3), 3.36 (S, 3H, —CH2—

CH,0CH,), 1.06 (S, 3H, -CH;), 0.93 (S, 3H, -CH,); MS M’

2272

N

198.1610 (caled. for CIEH 0,; 198.16206).

;42-Ep0§1}4—(3fméthogyproplll—24313—trimeth11c1c1opentané
(44) B | |

 To a solution of the ether 37 (0.127 g, 0.70 mmole) in
dichlorémethané,(s ml) was added a solutioﬁvof g—chldrb;

perbenzoic¢ acid (0.17 g, 0.99 mmolé)'in dichloromethane



(10 ml). The mixture was stirred at roum‘tvmperature for
fourteen hours. An aqueous solution-of 107 sodium sulfite
(10 ml) was added fo the rearfion mixture and extracted with
dichloromethane (3 x 20 ml). The orgdnic solution was
washed with an aqueous solution of 5% sodium bicarbonate (15
ml) and the aqueous solution extracted‘with dichloromethane
(3 x 20 ml). The combined organic extract was‘driod,
filtered and concentrated. The c¢rude product upon
purification by flash chrométbgraphy on silica gel, using
207 ethyl acetate in petrdleum ether gave the epoxide 44
(0.12 g, /925 yield): nmr - 3.37 (dt, J=6% Hz, J:Z% Hz, 2H,

~CH2CE OCH3),_3.34 (S, 3H, —CH2—CH20Cﬁ3), 3.24 fbr.Sh 14,

2

P . ‘
HOO—2C7 ), 1.32 (S, 3H, =C-CH,), 1.0 (S, 3H, -CH.,) and
| s 3 Oj
0.76 (S, 3H, —CH3}; MS m/e 183.1385 (M+—15; calcd. for

C, H,,0,; 195.16206).

4—§3¥Meghoxvpropv1)—3,3;dimeth1142—@ggiilidinégyc{qpentano]
(45) _ - - .

A solution of the ether 37 (0.21 g, 1.18 mm6le) and
methyléne blue (12 mg) in methanol (25 ml) was irradiated
with two ZOQW tqngéten light b;lbs fof five dAys; Durjng
this périod a moderatefSLream of‘oxygeﬁ was—bubbled'thf0ugh
Lﬁv solution. The solutjbn Qas cooled io 0°C aﬁd'sgdiuq

“ borohydride (0.0i g, O.Zé‘mmo]e) was addéd.v The resulting



i

mixture was stirred for one hour, poured into ice-cold '2N
aqueous hydrochloric acid solution (25 ml) and extracted
with dichloromethane (3 x 35 ml). Thevorganic solution was
dried, filtered.and concentrated to give the crude residue
which was chrooatographed on silica gel. Elution with 20%
ethyl acetate in petroleum ether afforded the allylic
Aalcoholo 45 (0.08 g, 37% yield): ir 3420 cn~ ! (alcohol), 3095
(olefin) and 1125 cm—l (ether); nmr *5.12 (d, 1H, J=2 Hz,
-CH=), 4.97 (d, 1H, J=2 Hz, -CH=), 4.52 (m, 1H, -HCOH-),

3.32 (S, 3H, —CHZ—CHZOCﬂ3), 1.13 (S, 3H, —CHB) and 0.81 (S,

i

o -

a7
2

1-Pivaloyloxy-4-(3-methoxypropyl)-3,3-dimethyl-2-~

methylidinecyclopentane (46)

To a mixture of theAallylio alcohol 39 (770 mg, 3.88
mnole) and. pyridine (1.87 ml, 23.19 mmole)iin‘ether (25 ml)
was added tfimethylacetyl chloride (1.92'm1, 15.58 mmole);
at 0°C under an argon atmosphere. .The mixtdre was etirred
at 0° C for 30 minutes and at room temperature for 42,hours
The solutlon was then washed with water (60 ml) and the
aqueous'solutlon.extracted with ether (3 X 50 ml). The
organlc solutlod was washed with an aqueous solution of
1.0 N h)drochlor1c ac1d (30 ml) followed by the extraction
of the aqueous SOIQtion-w1th ether (3 X SO‘ml), drylpg_wlth

a
'\\’\



Q1R

magnesium sulfate, filtering and concentration. Subsequent
flash chromatography, using 157 ethyl acetate in petroleum
ether, afforded an oily residue which on molecular
distillation using kugelrohr apparatus (45°C/0.3 torr) gave
‘the pure allylic piyalate 46 (998 mg, 91% yield): ir 1735

cm ! (pivalate C=0), l()()OncmA1 (olefin) and 1130 cm
(ether); nmr ¢ 5.48 (d,d,d,d, 1H, J=84, 8, 24, 2 Hz, -
CHOCO-CZ), 5.02 (d, 1H, J=2 Hz, -CH=), 4.98 (d, 1H, J=2}

“Hz, -CH=), 3.39 (t, 2H, J=6 Hz, -CH,-CH,OCH;), 3.34 (S, 3,

—CHZ—CHZOCE3), 1.20 (S, 9H, (CH COG- ), 1.08 (S, 3H, -

3>3 '
'CHB)' and 0.94 (S, 3Hy —CHB); MS Mt 282.2209 (calcd. for

: . ' O
C]7H3003, 282.2196).

+

l-Acetoxv-4-(3-methoxypropyl)-3,3- dlmethyl 2~

methylldlnecyclopentane (48)

To a mixture of the allylic alcehol 39 (267 mg, 1.35
mmole) ana pyridine (1.0 ml, '12.36 mmole) in‘ether (20 ml)
was added acetic anhydride (0.5 mi, 5.29 mmole) at 0°C undef.
~an argon atmospheret The mixture was stirred at 0°C for 30

dmlnutes and at room temperatere for 20 hours The solution
was then diluted with water (50 ml) and extracted wlth eth«r
(3 x AO ml). The organig salution was washed with an
aqueous solutlon of 1.0 N hydrochlorlc ac1d (20 ml) ‘and tho
;aqueoue solutlon extracted wlth ether (3 X 40 ml)

’Dryingg filtratlon, and concentratIOn,gave the crude-~f"'
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product which was subjected to flash chromatography.
Elution with 15% ethyl acetate in petroleum ether yielded

the pure allylic acetate 48 (312 mg, 967 yield): ir 1730
' -1

cm ! (acetate C=0), 1655 cm-l (olefin) and 1120Icm—
(ether); nmr -sfsb (dddd, 1H, J=8%, 8, 23, 2 Hz, —éﬁOCO‘
CH,)), 5.06 (d, 1H, Je2 Hz, _CH=), 5.02 (d, 1H, J=2} Hz, -
CH=), 3.39 (v, 2H, J=6 Hz, ~CH,~CH,0CH,), 3.34

(S, 3H, —CH2—CH OCEB), 2.08 (S, 3H, CH3—CO—); 1.08 (S, 3H,

2
_CHB)’ and 0.94 (S, 3H, -CH3); MS m/e 180.1508 (M+—60;

calcd. for C 0; 180.1515).

12120

1-(2-Carboethoxyethyl)-4-(3-methoxypropyl)-5,5-

dimethylcyclopentene (50)

A miqure of .the allylicvalcohol 39 (0.4g, 2.62
mmole), triethyl 6rthoacgkate‘(952, 1.84 ml,le.OS mmole),
propionic acid (0.015 ml, 0.202 mmole) in“xylehe (10‘m1)‘
was refluxed for three hours with continuous removal ofv
ethanol, usfng4a'Dean—Stark séparator.vahe mixture was
poured‘iﬁto water- (20 ml) and:extracted with aichloromethane
(34xﬁ50 ml). .The organic solution was drigd‘OQeL.magﬁeSiumT
SElfatE, filtered and cohcen;rated, The residue, on
,puirificaltionuby fl‘_aShi -chr.oma‘togrva'p‘hvy,A us‘i-‘hg ISZ?Iet‘hyl"
acéﬁate\in pétrpleum’ethéf,:affordéd the pure unéatufated

ester 50 (0.52 g, 96% yield): ir 1730 cm™ ' (ester . ..



- ..

ir 3420 cm-l (alcohoi), 1730 cmhl:(ester C=0),_andf}705

carbonyl), 1640 cmnl (olefin) and 1120 cm_1 (ether); nmr
5.25 (br.S, 1H, XCH=), 4.15 (g, 2H, J=8 Hz, CH,-CH,-0-),

3.42 (t, 2H, J=6 Hz, -CH —CﬁzOCH3), 3.37 (S, 3H,

2
—CHZ—CHZOCﬁB), 1.23 (t, 3H, J=8 Hz, Cﬂ3—CH20—), 1.1 (S, 3H,

~Ci,), and 0.88 (S, 3H, —CH3}; MS M* 268.2037 (calcd. for

0 268.2039).

Crefaglss
Anal. Calcq. for Cl6ﬁ2803; C, 71.58; H, 10.52;

Found: C, 71.47; H, 10.26,

2-Carboethoxymethyl-3-liydroxy-5-(3-methoxypropyl)-6,6-

dimekhylcyclohéxanone (53)

/ 'At -78°C, ogone (condition: E=80V. air inlet = 8 psi,
ozone outle; = 0.06 psi) was(allowed to pés§.thYough a
solution of the unsaturated ester 50 (AO’mg, 0.149 mmolé)
in methanol (12 ml) until a light blue célour was retained

(3 minufes). Dimethyl sulfide (0.2 ml, 2.72 mmo}e)ﬂwas

added to the‘solution under an argon atmosphere. The
. ! \

e
./

mixture was allowed to warm to 25°C and stirred for two.
hours. Removing of the soivent, followed,by flash
chrdmatography;‘using_30% é;hyl'acetate‘in petroleum ether,

afforded'the cYclic keto alcohol ég (33.5 mg, 75% yield):
. . Q . - - B - . N

cn”™! (ketone €C=0); nmr t4.14 (g, 2H, J=7 Hz, CH3’CEZ—OCQ-);

L4
-

3.31 (S, 3H, ;CHZ;CHZOCEB),}l.éb (t, 31, J=7 Hz,

v3
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Cﬁz—CHZ—OCU—), 1.10 (S, 3H, —CHB) and 1.07 (S, 3H, _CHB);

+

MS M 300.1937 (calcd. for C16H2805; 300.19374).

2-Carboethoxymethyl-5-(3-methoxypropyl)-6,6-dimethyl-2-

cyclohexenone (52) and Lactone (55)

To a solution of the ketoaldehyde 51 and tﬁe alcohol 53
(40 mg, 0.133 mmole) in benzene (S5 ml) was added d-10-
camphorsulfonic acid (10 mg, 0.043 mmole). The mixture was
refluxed for nineteen hours unde£ an argon atmosphere wiah

- \
continuous removal of water using a Dean-Stark water

s@barator. The reaction m{*ture was diluted wigi water
(20'm1)“and extrécted with ether (3 x 20 ml). The organic
‘solution was washed with sathraéed aqueous solution of .
sodium bicarbonate (30 ml), dried, filtered and
concent:ated. Flash chromatograbh} of the residue, using
25%7 ethyl acetate in petroieum ether, afforded the
cyclohexenone‘derivative 32 (3 mg, SZ‘yield) and the
lactone by-product 55 (4.8 mg, 15% yield).

. The following Amr data were obtéined for compound 32:
16.70 (br.§, 1H, =CH-), 4.14 (q, 2H, J=8 HA. CH3—C§2;OCO—),

3.33 (S, 3H, -CH,-CH,-CH;), }.23 (t, 34, J=8 Hz, CHqy=CH,-

2 2
0C0-), 1.16°(S, 3H, —CH;), and 0.98 (S, 3H, -CH,).
Tﬁe {bllqwing'nmr-déta were obtained for compound 55:

$6.42 (dd, 1H,-J=9.5 Hz, J=3 Hz, =-CH=), 6.16 (dd,.1H,

J=9.5 Hz, J=2 Hz, =CH-CH-), 5.73 (d, 1H,s J=1 Hz, -COHC=),’



4.67 (d, 1H, J=1 Hz, SCH-0-), 3.43 (t, 2H, J=6 Hz, -CH, -CH.

-0CH,), 3.36 (S, 3H, -CH,-CH,-0CH4), 1.26 (S, 3H, -CH,) and

2
0,54 (S, 3H, -C}iB).

-

Ethyl 10-methoxy-5,5-dimethyl-4-0x0-7-(2-0x0ethyl)-

nonanoate (51)
At -78°C, ozone. (conditions: E=80V, air inlet=8 psi,
ozone outlet = 0.06 psi) was allowed to pass through a
.solution of the unsaturated ester 50 (54 mg, b.? mmole) in
dichloromethane (10 ml) until *a lighl blue colour was,
réetained (3.0 minutes). Triphénylphosphine (78 mg, 0.29
" mmole) was addeq to the solution under an argon atmosphere.

1 . )
The~mixture was allowed to warm to 25°C and stirred for

\

eighteen hours. Removal of the solvent and éubsequeng flash

chromatoéraphy, using 307 ethyl acetate in petroleum etgFr,
gave the pure keto aldehyde 51 (48 mg, 79% yield): ir 1735

cm—l (ester C=0), 1705 cm -1 (ketone and aldehyde C=0), and

1120 cm'l (ether); nmr *9.78 (t, 1H, J=1%4 Hz, -CHO), 4.13°

,0CH,),

1.26 (t, 31, J<7 Hz, CH,-CH,0C0-), 1.14 (S,. 3H, -CHy), and

(q, 2H, J=7. Hz, CHB—CEZOCO—), 3.32 (S, 3H, —CHZ—CH

1.08 (S, 31, -CH,); MS‘%‘ 300.1943‘B£alcd. for € oHyg0s:
| p | 16,

300.19374).

“

e

y



<

l

1-(3-Hydroxypropyl)-4-(3-methoxvpropyl)-5,5-dimethylcyclo-

pentene (56)

To a solution of the unsaturated ester 50 (279 mg, 1.04
mnole) in ether (15 ml) at -30°C, was added lithium
aluminium hydride (9957, 6~3 mg, 1.66 mmole). The fnixiure
‘;gg stirred for six houré under an ;rgon atmosphere. The
temperature was then b\rought to 0°C. Wa'te‘r (0.063 ml), 15%
aqueous snl’ution of sodium hydro;(ide (0.063 ml) and\a—g‘é"ﬁn.\,..,
water (O.lb ml) were added to the ethereal solution. The
mixture was then filtered;\dried with magnesium sulfate and
concentrated. Flash chrqmatography; using 30% ethyl
acetate in pet}oleum ether, yielded the pure alcoh 56
(227 ©g, 97% yield): ir 3410 cm™ ) (alcohol), 1640 {m™

, ’
(olefin) and 1130 cn™! (ether); nmr -5.32 (br.S, 1H, -HC=),
. \

3.71 (%, 1H, J=6 Hz, —CHzoﬂ), 3.44 (v, 2H, J=7 Hz, i}\

~CH2Cﬁ20CH3), 3.38 (S, BH) -CHZ—CHZOCE3), 1.0 (S, 3H, -CHB)’

- and 0.79° (S, 3H, -CH;); MS Mt 226.1935 (calcd. for

C14H2602: 226.19338).

Anal. Calcd. for C]4H2602: C, 74.27; H, 11.58;

Found: C, 73.90; H, 11.67.

lJA—Bis(3-methoxypropyi)—SJS—dimethquycloyentene.(ﬁQ)

To a solution of the alcohol 56 (217 mg, 0.963 mmole)
in I.Z—dimethOXyetEane (14 ml) were added sodium~hypride KBA

mg, 3.53 mmole) and methyl iodide (0.23 ml, 3.69 mmole),’



bt

The mixt8re was stirred at- 25°C for ten hours under an
argon atmosphere, followed by adagtion of water (20 ml) and
extraction with ether (3 x 50 ml). The organic solution
was washed with saturated aqueous solution of sodium
bicarbonate (50 ml) followed by extraction of the aqueocus
solution with ether (3 x 50 ml). The extracts were
combined, dried Jith magnesium sulfate, fidtered and
goncentrate&. Flash &hromatography, using 107 ethil
acetéte in petroleum ether, afforded the pure diether 40
(226 mg, 98% .yield): ir 1645 cm cm_l (olefin) and 1140 (m_]
(ether):; nmr -5.28 (br.S., 1H, —HC=), 3.42 (q. 4H, J=b6 Hz,
2 x —CHZ—CEZOCHB), 3.38 (2;15, 6H, 2 x —CHZ—CHEOCEB), 1.0~
(S, 3H, -CH ), and O.78.(S, 3H; —CH3);<MS M* 240.2093>

)
(calcdNfor C H, g0, '240.20904) . . -

. . ~
Anal. Calxd. for- C15 2802 C, 74793, H, 11.75;

Found: C, 74.87; H, 11.66.

~

2- §2 Methoxyethy §15L3 methogiprgpjl) 6,6- dlmethyl 2-

gyc]ohexenone (41) -
N

At -7 S/ ozone (condition: E=80V; air inlet = 8 psi,

ozone outl

0.0b,psﬁ) was allowed to pass thrOUgh.a
soclution” of the aﬁether‘AO (135‘mg, 0.56 mmoIé) in; @
dlchyoromethane (15 ml) untll a llght blue colour was

e, . -
retaine (5 minutes). Trlpheny}phosphlne Q. 7; g, 2,78

mmole) was. ad e sqlutlon under an _gon atmosphere.



The mixture was allowed to warm to 25°C and stirred for four
h0uf:. After removal of the solvent, the crude keto
aléehyde 58, without purification, was dissolved in benzene
(15 ml). Q;Tolhenesulfonic acid (215 mg, 1.24 mmole) was
added and the mixture refluxed for two hours with continuous
removal of watel using a Dean-Stark water separator. The
reaction mixturenwas diluted with water (50 ml) and
ext;a(tpd'wilh diethyl ether (4 x AO.mlj.- The organic
solution was washed with saturated aqueous solution of
sodium bicarbonate (40 ml), dfied with magnesium sulfate,
filtered and concentrated. Flash chromatography, using 20%
ethyl acetate in petroleum ether, afforded the pure enone
41 (58 mg, 40% yield): ir 1670 cm—l (ketone C=0) and

1120 cn™) (ether): nor 6.30 (br.m, 1H, -HC=), 3.34 (S, 3H,
~CH,-CH,0CH;), 1.15 (S, 3H, -CHj), and o.'9§v (S,‘BH‘,’ ~CH3);
MS M* 254.1871 (calcd. fgr C15H26O3: 256.18&28); ’
. Anal. Calcd. for CISHZEO‘B-: C, 70.81; H, 10.30; .

Found: C, 70.98; H, 10.15.
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