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Abstract  Two sesquiterpene carbozybc acsds, 212an0e¢ and eprzizanox acds, were nolated from the
cssential vl of vetiver and were asugned the structures 1a and 2s on the basis of chemical degradation
Although khuumol and 2izaene (tncyclovetivene) had been asugned structures previously, the current
work revealed that these sesquiterpenosds alw belong to the 21zaane group and that the formulae

should be revised as Ib and l¢, respectvely

INTRODUCTION

Although the acidkc constituents of vetiver oils
have been reported.’ their compositions and chemi-
cal structures have not been fully examined. We
have also 1solated an acidic portion from the essen-
tial ol of Vetveria uzanioides of Java ongin and
have found it to be amixture of se veral sesquiterpene
carboxyhc acwds. From Indian vetiver, Zuchi and
Sadgopal® have 1solated a carboxylik acxd named
khusenic acwd. Since the authentic sample of
khusenic acid was not available, we could not com-
pare our carboxylic acids with khusenic acd. To
the pnncipal carboxylic acid, therefore, a new
name. zizanoic acxd, was given, and the structure
was clucwdated by chemical degradation € The re-
sults revealed that zzanoke acyd belongs 1o a novel
group of sesquiterpenords. The structure of zizanox
actd and the related vetiver sesquiterpenoids
assigned by the present work have been unambigu
ously venfied by the total synthesis of zizanox
ackd’ and by the X-ray crystallography of khusimy!
-bromobenzoate. !

In this paper we report details of the degradative
clucidation of the structure of zizanoc acd (la)
and closely related constituents, 1 ¢ eprzizanox
acid (2a), khusimol (1b), and 21zene (Incyclovel:
vene)(le) ¢

iPresent address Yoshitomi Pharmaceutkcal (o,
Yoshitomicho, Chikupo-gun, Fukvoka Thin author s
manly concerned 1n eprzizanow acxd

* Thus author 1s manly concerned in 212aene

* Address correspondence to this author

TThe name khusenk acwd has been succeeded by
Komae and Nigam and assigned to a carboxylx acd
1olated from Angola vetiver ml, whach was wdentscal with
212an0rc asd as will he mentioned later Ref Sa

tAs other members of the z1zaane group 1solated
hitherto, 212an0l (3-hydrosyzizaene? and isokhuumol’
havc been reported

945

H
R
] 2
a R-COH s R - COH
b R =CH,OH bR -CO,Mc
¢ R~ Me ¢ R — Me
d R - COMe

RESULTS AND DESCUSSION

The carboxyhc acids were extracted from vetiver
otl with Na, (O, aq and estenfied with diazo-
methane. (51.C showed the product consisting of a
main component and seven MINOT components
(Fig 1. The pnncipal constituent, methyl zizanoate
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Fig 1 Gas chromatogram of the veuiver carboxylc
acuds estenfied with dizomethane (a) Methyl cycloco-
pacamphenate.'’ (b) methy! epscyclocopacamphenate.'’
(<) methy! isokhusenate (159), (d) methyl z1zanoate (14),
(¢) uadentified. () methyl cpuzizanoate (3¢). (g) methyl
sovalencenate.’? (h) umdentified Column 20% PEG
20M. 3 m, operated at 180" Carner gas He. 66 mlimuin
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(1d). could be separated from the mixture by frac-
tional distillatiron  Upon hydrolysis of 1d, zizanoic
acid (1a), ', H,;,0),. was obtained as crystals * The
spectra of 1s and 1d demonstrated the presence of
an exocychc double bond. two tertiary Me groups,
and an a-hydrogen of carboxylic (or methoxy
carbonyl) group.

Exhaustive hydrogenation (P1-EtOH) of methyl
n1zanoate (1d) yiclded methyl dihydrozizanoate (3),
demonstrating a tncychic structure of zizanose acid.
1.AH reduction of methyl zizanoate afforded the
corresponding akcohol (1b). The spectra and other
physical properties of the latter were found to be
in agreement with the published data of khusimol,* *
a scsquiterpenc alcohol isolated first from South
Indian vetiver. Tosylation of khusimol followed by
1.AH reduction gave an olefin, zizaene (Ic), which
was identical with tncyclovetivene as will be men-
tioned later ¢ Attempts to obtan naphthalenic or
azulenic compounds by dehydrogenation of
methyl zizanoate. z1zanoic acwd, or zizaene were
fruitless.

In order to investigate the carboxyl group of
2nzanowe acd, dihydrozizanok acid obtained from
methyl dihydrozizanoate (3) was treated with
methylbthium. The resulting methylketones were
submitted to peracid oxidation followed by hy

*lnstially we reported zizanosc acxd as an ol.'* while
Kicin obtanced the acud as crystaly - personal communica:
on, e alwo Ref 9

* The dentificatron was made on the basis of the spec:
tral companson of both khusimol itself and the methyl
ester of the Jones oxsdabion product of khuumol, i e .
methyl z1zancate We thank [Dr K K Chakravaru for
providing authentxc sampics of these compounds

1 The correlation between zizanos acxd. khusimol, and
tncyclovetivene has aho been reported by other authors,
Refs 35 and S¢
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drolysis to give a mixture of epimeni alcohols (ds).
from which one of the epimers crystallized. Chro-
mic acid oxidation of the mixture of the akohols
yielded a single ketone (8b), whose IR spectrum
(v 1735cm ) indicated a S-membered cyclic
ketone. Treatment of the ketone (4b) with peracd
gave a 8-lactone (5) (b4, 1732cm ). Since the
NMR spectrum of $ showed no signal in the mag-
netic field lower than 3 ppm. it was obvious that
the ether oxygen of $1s bound to a ¢ atom beanng
no hydrogen. Reported values for the degradation
products (4a, 4b, and $)™ of khusimo! were also in
good agreement with those of our compounds.

Mecthyl z12anoate (1d) was ozonized to give keto-
ester (6m). A hydroxyester obtauned from the latter
upon NaBH, reduction was dehydrated with
POC’l, 1o an unsaturated ester (7s). The IR and
NMR spectra of 7a showed the presence of a tn
substituted double bond, and the pattem of the
olefin proton, a narrow multiplet (W,, 4 Ha),
demonstrated that the sphitting of the signal was
due to long-range coupling only. The corresponding
olefin (Tb) was denved from the ester (Ta) via ako-
bol Tc. The ketoester (6a) was treated with .AH to
afford a diol (8) Selective tosylation of 8 followed
by treatment with .AH gave an akohol, whose
Jones oxidation gave a ketone (6b). The ketone was
also obtained by hydroboration-oxidation of the
olefin Th. Base catalysed deuteration of b gave a
monodeuterated product These facts demonstrated
that one of the carbons flanked with the exomethyl.
enc 1n Z1izanow ackd possesses an H atom and that
another bears no hydrogen or nonenolizable hydro.
gen as seen 1n the bndgehead position.

To oblain B-seco denvatives, the oxidative cleav-
age of the C(5)-C(6) bond was examined. Although
the ketoester (6a) resisted Bacyer-Villiger oxida-
tion, the olefin (Td) was oxdized with Os0, to give
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an a-glycol (98) in good yield. Interestingly, the
hydroxy proton and the a-proton of the sec. O
group of 9a were observed as a pair of doublets in
the NMR spectrum at 2 65 and 328 ppm, respec
tively By the addition of 1,0 the former doublet
disappeared, and the latter collapsed into a singlet.
This may be explained by an intramolecular H-
bonding between these groups and the resuluing
fixation of the proton of the OH group. Treatment
of 98 with P(OAc), followed by (rQ), yrckded a
seco-ackd (10w), which involves a S-membered
ketone as shown by its IR spectrum (s, 1732
cm ‘). The methyl ester (10b) of the seco acd
showed a fragment ion (mie 102) due to [Me,C- - (-
(OHYOMe]l" 1n the mass spectrum as the base
peak. while no 10n due to (CH,(CMe,(CO,Me)"*
was observed at mje 11¢ This implied the pres-
ence of the grouping >CHCMe,CO,Me 1n the
ester. Denvatives (% and 10¢) corresponding to 9s
and 108 were also prepared from the unsaturated
ester (78) in a uimilar fashion (Expenmental).

The bocation of the gem. dimethyl group pre-
sumed by the mass spectrum of 10b was confirmed
further as follows: the seco-acid (18¢) was treated
with POAc), and 1.1C1 1n benzene to undergo
decarboxylative chlonination'® and gave a chloro-
ester (11, whose gem dimethyl group was shown
at 1'SSppm 1n the NMR spectrum as a 6-proton
singlet On the other hand. an aldchyde obtained
from the ketoester (6a) upon irtadiation was oxi-
dized with (r(),, and the resulting carboxylic acid
(12) was shown to have an isopropeny| group by its
spectra.

/]
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°F or the fragmentatson of 1d and Ic 1n the mass spectra.
see Expenmental

! We are indebted to Professor V Herout for the denti-
fic atron
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The common feature of fragmentation in the
mass spectra of methyi zizanoate (id). zizaene (ic).
and the olefin (Tb) appears to be the initial loss of an
allyic Me group and subsequent elimination of
cthylene as indicated by the observed metastable
10ns. This fragmentation may be expressed for the
olefin (Tb) by the following scheme. producing
stable allylic ion (13).*

All of the results descnbed support the gross
formula of la as the most probable structure of
212an0ic acid and revised the structures 14a or 14d
previously proposed for khusimol*™ to the gross
formula of 1b.

13
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From Angola vetiver Komace and Nigam also
isolated two carboxylic acids, khusenic and 1s0-
khusenic acids.** They independently gave the
wentical structure (18) and an isomenc structure
(1Se) to khusenic and 1sokhusenic acids, respec-
tvely. without stercochemical assignment. We
also found isokhusenic acid in our essential oil.

L &

C N,UM ¢ H ()H ( O,R
4 18
aR-H
b R - Me

While the study on zizanoic acid was 1n pro-
gress, an olefin was isolated from the hydrocarbon
fractions of the vetiver oil. By companson of the
IR spectra. the olefin was identified as tncycloveti-
vene.t to which the structure 16 was assigned by
Chiurdoglu and Tullen.'' Since the NMR spectrum
of the olefin was incompatible with the proposed
structure (16). we re-examined the structure.

The NMR spectrum of tricyclovetivene showed
the presence of a sec Me and two tertiary Me
groups, and an exocyclic methylene group. Al
though Chiurdoglu and Tullen'' have reported the
formation of vetivazulene (17) and eudalene (18) on
dehydrogenation of tricyclovetivene, numerous
atltempts to obtain these aromatic compounds only
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gave nse to the formation of an intractable pro-
duct. Os0, oxidation of tncyclovetivene gave a
crystaline glycol (19) in good yield, and oxsdative
cleavage of 19 by PO Ac), afforded a single nor-
ketone (6b). On the other hand. ozonization of the
olefin and treatment of the resulting ozonide with
Nal i1n acetic acid yielded the same norketone (6b)
as a mixture of the epimers. The IR spectra of both
the norketones were not supenmposable with that
of the norketone obtained by Chiurdoglu and
Tullen”! upon ozonization of their olefin. Finally,
we found that tncyclovetivene was sdentical with
nzacne (Ic) denved from zizanosc acid. Reported
formation of vetivazulene (17) and cudalene (18) on
dehydrogenation and nonidentity of their norketone
with our compound in the IR spectra would be
responsible for contamination with other olefins in
their tncyclovetivene.

D O

CH,OH
2\

l !

18 19

The stereochemistry of zizanoic acid was inves-
tigated by companng the ORD of appropnate
ketones with those of model compounds. The §-
membered ketone (48 see 28) showed a negative
Cotton effect (molecular amplitude, - 104) com-
parable to that of androstan- 1 7-one (21) (molecular
amplitude, + 140).'* although we coukd not find
more suitable model compounds. A trans A/B nng
fusion and the absolute stereochemistry as depicted
in 20 were concluded for the ketone.® supposing
that the C(1)-C(10) bond corresponding to the
C(18)-methyl of androstan-17-one (21) consttutes
a S-membered ring (ring (') to give an insignificant
effect to the conformation of nng A.

The ORD of the ketoester (6a) showed a strong
positive Cotton effect (moleculas amplitude, + 133).
Molecular models predicted a positive or a negative
Cotton effect depending upon trans A/B (23) or cis
A/B fusion (24) of the ketoester, respectively (Fig
2). The observed positive Cotton effect afforded
addittonal evidence to the trans A/B ning fusion of

*Andersen has alwo resched the same stereochemxcal
conctunion as to the A/B nng fuson by the examination of
the ORD of }-ketozizacne and 1ts 2-epumer. Ref 6b.

N HANAYAMA ¢! al.
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zizanoic acid. The configuration of the carboxyl
group was established by the formation of the y-
lactone (22) from dihydroxycarboxylic acid (%¢).
obtained by mild hydrotysis of the corresponding
ester (99). on treatment with dicyclohexylkcarbo-
diimude. Since the oxadizing agent would attack
preferentially from the less hindered exo-face (8)
of the moiety of bicyclo{3 2.1]) octane nng system
of the olefinic ester (7a). the carboxyl group of
21zanoic ackd was considered to have a g-onenta-
tion.

Thus the stereochemistry of zizanosc acid,
khusimol, and zizaene (tncyclovetivene) could be
represented as 1s<. respectively.

From a mixture of the methyl esters, an ester,
which showed a mass spectrum resembling to that
of methyl z1zanoate (1d), was isolated by extensive

silica gel column chromatography or by preparative
GL.C. Epizizanoic acid (2a), C,Hi, 0, was ob-

H
N .
fe()y( “~ ¢
A B . /,\‘c
0 <.
H : Me
B
}’(),Mc
o H
Mce —_—t
- ﬁ'-——()
Me
u

Fg 2. (Octant prosectson for the trans A/B (upper) and

<13 A/B fusion (lower) of ketoester (6a).
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tained as crystals from the above methyl ester on
hydrolysis with NaOH in DMSO at room temp.
The IR and NMR spectna of epizizanoc acid (2a)
and the methyl ester (2b) demonstrated, like ziza-
notc acid, the presence of an exocyclic double
bond. two tertiary Me groups. and an a-hydrogen
of the carboxyl (or methoxycarbonyl) group.
Methyl dihydroepizizanoate (25) and 2-epizizaene
(2) were derived from methyl epizizanoate (2b)
by the same procedure as descnibed for methyl
zizanocate. The physical charactenistics of these
denvatives, especially fragmentation pattems in
the mass spectra. were strikingly simular to those
of the corresponding denvatives of zizanowc acud.
This implied that epizizanoic acyd may be anepimer
of 212anoic acid.

Since there are two epimenzable centers -2 and
C-$ 1n the zizaane skeleton. epizizanoic acsd must
be an epimer regarding to cither center. (30,
oxwdation of 2b followed by treatmcnt with Pb-
(OAc), gave the ketoester (26) which was not
wdentical with the ketoester (6a) obtained from
methyl zizanoate. Equilibration of 26 with NaOMe
under mild conditions formed the (-6 epimer. and

%/ ‘:\{J-\
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the latter. however, was also not identical with 6a.
Methyl zizanoate (1d) was then heated with NaOMe
in methanol, and an epimer was isolated from the
resulting mixture. This ester was identical with
methyl epmunoue in every respect. It was thus
evidenced that epizizanoic acid is the epimer of
zizanoic acxd at C-2.

SN~

COMe COMe
28 ")

With regard 1o the biogencsis of the zizaanc
sesquiterpenoids a pathway, where an intermediate
of zuzaent genesis is also biogenctically related to
cedrenes, was proposed initially.'*-* When the
relative and absolute stereochemistry of zizaenc
were established later.” it was found that zizacne
is produced tia a biogenetic pathway stereochemi-
cally different from that of cedrenes (Scheme 2).
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Formation of the enantromer of prezizacne from H# acoradiene
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Recently, Andersen and Fakone found a new tn-
cyclic hydrocarbon prezizaene (27) in vetiver oil,
and the discovery has given strong support to the
biogenetic route shown in Scheme 2.'* ¢ Interest-
ingly, Tomita has found that the solvolysis of the
p-bromobenzenesulfonate of allo-cedrol (29). ob-
tained from g-acoradiene (28) upon formolysis fol-
lowed by alkaline hydrolysis, gave the enantiomer
(3) of prezizaene (Scheme 3).'* Ramage ¢! al have
proposed another biogenetic pathway where hine-
sol has been rcgardcd as the pmutwf of zizaenc,'

Uul Ull! nu o!xn umuscu 12e rww uuu
(2a) would be a biogenetic epimenzation product
of zizanoc acid (1a).¢

EXPERIMENTAL

M.ps and b.ps are uncorrected IR spectra were taken
on a Hitachi EPL-S2 or a (i-2 spectrophotometer. NMR
spectra of (L, soins (unless otherwise stated) contaning
TMS (8 — Oppm) as internal standard were taken on a
Vanan A.60 spectrometer and coupling constants were
pven in Hz. Mass spectra were obtaned using a Hitach:
RMU.-6D spectrometer

Isolation of methyl sizanoate (14)

An cthereal wlin of vetiver ol (Java ongin) was ex-
tracted with 10% Na, ('O, aq. and the combined cxtracts
were acsdified with dil HOL Laberated acxds were col-
lected 1n ether The cther extracts were washed and dned.
and removal of the solvent ieft an oty muxture of the acads
1n about $% yeld based upon the essential onl

An cthereal soln of the acxds was estenfied with
cthereal duzomethanc, and the resuling muxture of
methyl esters was distilled in vacwo through a shont
column to separate the noavolatile products GL.C (20°%
PEG-20M column, Y mm x 3 m, column temp, 180", He
flow, 66 ml/mun) showed at keast exght peaks as shown in
Fig 1 GLC mass spectrometry § indicated that these
peaks may be assigned to methy] esten of cyclocopacam:
phenxc, ‘epicyclocopacamphenic.'” 1sokhusenc (150).*
nzanoxc (1a), an umdentified compound, eprzizanos (28).
and novalencenx acyds. ! and an umdentfied compound
1n order of elution umes, respectively

A maxture of the methyl esters was fractionally dns-
tlked 1n tacwo through a spinrung band column (80 theo
retical plates), and a fraction bodling at 120-121%71-8 mm
Hg was taken as methyl zaizanoate G 1.C showed that the
{ractron 1y practcally homogeneous

Mcthyl nzancate (1d) was an oal, [a;, * 39 T (¢ 1 20
McOH), +.., (ncat) W00, 1730, 1638, and B90cm -,
3120and 1 2Y(3H, s each). 2 (1H.q./ —4and 7), 1 &0
(JH. ). and 4 Oand 4 O (1. 1. J — 1 S each), m-¢ 248

*Very recently, on the baus of their chemecal umulation
cxpenments, Andersen and Syrdal have proposed a
hypothetical brogenctic  pathway from (-) nerohdyl
pyrophosphate to prezizacnc, Ref 18

tAndersen has alw presumed wnularly
communx ation

TIhe vcuver was culuvated in Amamu, Japan. The
crvential il was gfted by courtesy of Ogawa Perfumen
(o

$The G L.C mass spectra were measured by courtesy of
H.avegawa Perfumery Co

Personal
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(M, 30%%), 233 (M* - 15, 67%, m* 218 9),and 205 (M*
18 28 20%. m* 180 5). (Found: ¢, 7798 H, 980
CoH O, requires: . 77 W4, M. 9 74%)

The spectra of methy! zizanoale were
with those of the methyl ester of a carboxylic acid ob-
tauned from khusimo! on Jones oxdation.

Zizanoc acid (1a)

Asolnofl VI0Omgof 1d1n 40l DMSO and Ymlof IN
NaOH was allowed to stand under N, at room temp. The
muxture was diluted with cold water and extracted with
clbtt ‘Ibc aq I.lyer was acidn&cd with &l HCl uei g

[P VPP B RPN R Ry Mmoo A
\ WWJ (W as “ malw llm‘lw ‘Il WaS COUTLWY

in ether. and the extracts were washed and dned Re-
moval of the ether left crystaliine residue. which was
recrystallized from McOH aq to gpve pure 1a, mp 80-81°,
Talfl = 218 ( 2950 CHCL). vay, (KBr) - 2600, 1700,
1630, and B90cm '. 3107 and 1 10 (3H,s). 2 64 (1M, q.
J—4and 7). and 4 8 and 473 (IH. t, J — 1 S each)
(Found' €, 7702, H. 92¢ C,,Ha0, requires. (', 76 &%,
H.9 &%)

Methsl dibvdroizanoate (3)

Methyl z1zancate 1d (6 2 g) 1n 90 ml F1OH was hydro-
genated over 100 mg of Adams catalyst al room temeg.
After H, abworpton ceased. the catalyst was fitered off.
and the solvent was evaporated The resadual o1l was dis-
tilled and a fraction bothing at 122-125%/1 8mm Hg was
taken as 3. »,,, (neat) 1730cm * (Found C, 76 80, H.
10 71 C.(H O, requires €, 76 7¢ H_ 10 47%)

1AH reduction of methyl 2zanoate (14)

To a suspennion of excess |.AH 1n dry ether M (200
mg) was added 1n the same solvent, and the mixture was
refluxed for 1| $hr wath sumng After quenchung with dil
HCL the mixture was extracted with ether The extracts
were washed with bnine and dned over MgS0O),. Evapors.
von of the solvent gave an akohol 1d, fa]l? * 26 6° (¢ 1-01n
MeOH), +.,, (necat) 3300, 1617, and 890 cm ' A (CIXCL,)
107and 1 09 (AH.seach). 3-99(1H.m). and 4 60 and 4-74
(1H. 1. J — 1 ¢ cach) The spectra demonstrated the ako-
hol to be wdentxcal with khusimol

The 3.8-dintrobenzoate mehed at 113" (Found C,
6101 H. 618 N, 64% C HLON, requires (.61 7S H,
632 N, 6 "6%)

Zitaene (1¢)

A 30in of 16 (2 2 g) and tosyl chlonde (2-86g) 1n 28 ml
of dry pyndine was allowed to stand at room temp over-
rught The muxture was poured mnto xe-water and ex-
tracted with cther. The extracts were combined and
washed with dil HCL, water. and then dbnne The solvent
was ¢cvaporated to leave an taly tosylate, which was re-
fluxed with an excess of | AH in dry ether for 24 hr.
Work-up as usual gave | $ g of an oul, which was distilled
at 120" (bath temp) ! 2 mm Hg to pve 1c. [al, = W E (¢
4910 CHCL). vo,, (ncat) 3100, 1640, and 890cm ' 8
09 (YH. 4./ - 7). 104 and | 06 (3H., + cach), and 4 3
and 4 6B (1H, 4, J — 1 Ccach), m ¢ 204 (M*) (Found (',
B8 44 H, 1211 C, H, requires (.88 16 H, 1] 84%).

Alcohol (4e)

Methyl dihydrozuzanoate 3 (1 00 g) was hydrolyzed by
refluxing 1in 20 ml 107% ethanobc KOH fore 3 hr. The mux-
ture was concentrated (n tacuo and diluted wmith water
After the soin was extracted with ether, di! HCO! was
added 1o acxdify The biberated acad was extracted with
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ether, and the extracts were washed and dned. Fvapors.
von of the cther left 840 mg of an ouly acxd

To a swoln of Mel i, prepared from 042g 1.1 and 4 26
Mel i1n dry ether, 0-7 g of the above-mentsoned carboxybc
acxd m 10 ml dry cther was added at room temp over 30
mun, and the maxture was refluxed for 9 hr. Water was
added. and the organc layer was separated. Work-up
afforded an ou (0 68 g), whach was then subnmutted to silica
gcl column chromatography Chloroform cluted 0 41 g of
amethylketone. v, (neat) 1710cm . 8202 (s, YH). whch
was a musture of the cpimers as shown by TL.O The
methylkctone (120 mg) was added to a chloroform soln
contauning 130 mg perbenzox: acxd  After the soin was
allowed to stand at room temp for ¢ days. the musture was
washed successively with Na, ('O, aq and bnne Work up
gave 120mg of an ody product, 30 mg of which was
heated with 10% ethanolhic KOH to yweld 28 mg of an ol
One of the epimen crystallized from the oil on standing
Recrystalization from Light petroleum gave crystah, mp
138-136°, 1,,, (KBr) 3300cm *, 8 VUS (IH. 4.7 - 9
(Found (', 8048 H. 11 %9 O H,O requires (', 80"
H. 11 61%)

S Membered hetone (8b)

A mxture of the epimers of 4a (10 mg) was dinsolved in
3 ml acctlone, and excess of Jones reagent was added wmith
cooling 10 an ice bath The quxture was vigorously shaken
for 3oun and dituted with water. The product was ex-
tracted with ether, and the combined extracts were
washed with Na, ('O, aq, water. and then bnne Removal
of the solvent keft 10 mg of 4. an O1l. v, (neat) 1733
cm ', ORD {d)n ¢ 52000 (peak) and (&), $200°
(trough) (¢ 0 0610 McOH).

& lLactone (5)

To a chloroform soln of 4 (30 mg). excess perbenzox
acid (chloroform wsoln) was added. The muxture was
allowed to react at room temp overmaght A crystalline
residue (26 mg) was obtained. Recrystallizatson from
hght petrolcum and subsequent vacuum sublimatson gave
the pure & lactonc $. mp 104 ¢ 10¢ < 4 (KBr) 1738
cm ' (Found. C, 79 33 H, 9 72 C,,H,0, requires. C,
TCHY H,99™%)

Aetoester (6m)

A wln of 4 (4 < g) n 100 ml AcOEL was ozomzed i an
e bath The resulung ozonsde soln was hydrogenated
over Pd  C The catalyst was filtered off, and the soln
was washed wvith NaHC(), aq. water. and then bnne, and
dned. Removal of the solvent left a senusobd ressdue,
from which crystals were separated by fikration Recrys.
talhization of the crystals from MeOH or hght petroleum
afforded 1:2 g of pure 6a. mp 102-103-5°, [a), « 129-8° (¢
1:0 10 GoXane). rey (CHCL) 1720 and 1705 cm *. 8099
and 1 16 (YH, s each), and 3-63 (3H. 3). ORD"® (dhn,

6100" (trough) and (@), + 7200" (peak) (¢ 0-04 1n
MeOH) (Found . 71 69 H, 8:68. C,,HguaO, requires:

7197, M, B-8%)

Unsaturated ester (Ta)

NaBH, (0 3g) 1n McOH was added to a methanodc
win of 6a (1 0g). and the muxture was allowed to react
at room temp for 24 he I HC1 was added and the pro-
duct was cxtracted with ether An oy alcohol (l 0l g)

*We thank ¥ H Minato (S‘tuooop lJboruoon) lot
the measurement

Yam (DCal) 3550 and 1720cm °, was obluned from the
extracts. The akcobol (110 mg). vnthou!punﬁutm.

refluxed with | ml of POCL, 1n $ mil dry pyndine for 6 S hr
The muxture was poured Into ce-water and extracted with
ether. Work -up gave 70 mg of a crystalhine product, whach
on recrystalhization from MeOH gave coloriess pnams,
mp 65-66", iy, (KBr) 1725 and 840 cm *, 8099 (6H. ),
160 (JH. 3). and 482 (1H, q. /- 2 and .l) (Found C,
76 59, H.9 41 C,H,0, requires .76 88 H, 9 4%)

Unsaturated alcohol (T¢)

The cster 7a (600 mg) was refluxed with 150 mg | AH
in dry cther for 2 hr and treated in a usual manner, pving
S20ME A 7C. 4 pee (DAt} 330 ANd B4Scm .80 92(6H. 3)
T4 (2H. m). and 4 77 (1IH. q. J — 2 and }) (Found (',
K191, H, 11090 C  H,0 requires ¢, K1 40, H, 10 7¢3%)

Olefin (TH)

A soin of Tc (480 mg) and 573 mg tosyl chlonde i $ ml
dry pyndine was allowed to stand at room temp over-
nght Work up as usual gave an orly tosylate, which was
then refluxed with 170 mg 1.AH 1n 10 m! dry ether foc
24hr The reacion was quenched by the addition of
water, yiekding 410 mg of an oly olefin, v, (ncat) 850
and B4Scm 'L 3093 (6H 1) . and 4 BI(1H.q.J —2and D),
me 190 (M, 21%), 178 (M*° 15, 100°¢, m*® 161 ), and
147 (M" 1% 2K 42%, m*® 123 9, was obtaned on
treatment 1 a customary manner (Found (', 88-07, H,
11 43.C, H,, requires (. 88 38 H, 11 65%)

Dol (B

To a suspenion of SO0 mg 1. AH i1n SO ml dry ether. a
soln of 6a (1:9g) in 20 ml dry ether was added dropwise
The musture was refluxed for 9 hr with stirnng Work -up
afforded | 19g of a crystalhine product. which was re
crystallized from McOH to pive 8 as coloriess pnums, mp
162 ¢ 164°, 4, (KBr) 3380cm ° (Found. (', "4 74, H.
10 8% ', H,, O, requares ¢, 74 9% M, 10 T8%).

ANetone (6B)

(a) From the olefin T To a soln of T (190 mg) and
140 mg of BF,-etherate in 7 ml dry ether, a suspension of
$7mg of LAH 1n 7 ml dry cther was added with stirmng
under N, The muxture was stirred foe 3 hr at room temp
A small amount of acetone and sat Na,S(), aq were
added, and then Na, SO, was added to separate the or-
ganx layer Evaporation of the ether gave a resinous rew.
due, which was stirved at 70° with 130 mg NaOH and
04ml of 20% H,(), in Sml FtOH Water was added to
the muxture, and the product was extracted with ether.
210 mg of reunous product obtancd from the extracts
was dissolved 1n ¢ ml acetone. and excess 8N Jones re.
agent was added at e bath temp Afler the nuxture was
shaken for B mun. a usual work-up afforded 108 mg of
crude 6 The pure ketone, v, (neat) 1 710cm . mie 206
(M*), was obtmned upon ulxa pgel column chromato-
gnphy using chloroflorm as the cluting solvent The
ketone showed two clowcly neighbonng spots in TL.C

to be a muxture of the epamens. (Found: (.
8196, H. 1097 C,,HnyO requires . 81 %0, H, 10 "$%)

(b) From the diol 8 A voln of 8 (1 g) and | 02 g timyl
chlonde 1n 9 ml pyndine was allowed to react al room
temp overmight Work-up gave the crude monotosylate
The tosylate was refluxed with 0 4g L. AH in dry cther
for 24 hr and worked up to give 0 9 g of an ] An acetone
soin of the ol was treated with excess 8N Jones reagent
10 an xce bath for several min. Work.up gave 820 mg of b,
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which on companson of the IR spectra was identcal with
the ketone obtained from TS,

Deuteration of the ketone (6b)

The ketone 6 (GOmg) was added 10 a NaOOMe soln
prepared by dissolving 20 mg Na in 2 mi MeO D, and the
muxture was refluzed for 30 nun The solvent was re-
moved by ¢vaporation a tucuo. MeOI) (2 ml) was added
o the ressdue and refluxed for 30 min. 3,00 was added
and the product was extracted with dry cther 3 umes The
combined extracts were washed with [),0) and dned over
MgS0O, Removal of the cther gave 32 mg of the deuter-
ated ketone, whose molecular 1on was shown at m/e 207
(C,H,,0D) 1n the mass spectrum

a Gliveol (99)

Asolnof T (10g and 1 4g (30, 1n 12 ml pyndine
was allowed to stand 1n the dark for 91 he The resulting
osmate soln was treated with NaHS(), aq. and the mix
ture was extracted with ether (rystah were obtauned from
the extracts, and recrystallizabon from Light petrolcum
gave pure %a, mp 94°, 4., (KBr) 3400 cm °, 8 (CIXCL,)
087 (1H. d. 7 -6, 101 (6H.3).2 V(1H.s, OH). 2 6¢
(IH. d. J - S OH). and Y 2B(1H. d.J - 5) (Found (.
~4 80, H, 10 46 (., H,,0, requires: C, T4 9¢, H, 10 TE%)

Dikvdrozvester (90)

A soin of Ta (234 mg) and 280 mg ()sO),1n 7 ml pyndine
was treated as dewcnbed for 98 piving 246 mg crystals
Recrystallizaton from hgrown gave pure 9, mp 89 $ 90,
b as (KBr) 1400 and 1725¢m ', 3 (CDXCL) 1 02 (6H. ),
268 (1H, d. 7 - S, OH) 314 (IH. s, OH), VW (1H. d.
J—9%), and 365 (3H, s) (Found . 6741 . H. 878
CuH,,0, requires C. 67 13, H, 9 025%)

seco-Keto acid (10a)

PYOAC), (1 7 g) was dissolved in a soin of 9a (300 mg)
1n 20 ml dry benzene. and the mixture was stirred at room
temp for 20 hr. The muxture was filtered and washed with
NaHC O, aq and water, and dned The solvent was cva-
potated 10 keave an ol The ol was dmsolved 1n 7 ml ace-
tone. and excess Jones reagent was added After stimng
overrught. water was added, and the product was ex-
tracted with cther The combimned extracts were washed
with NaHCO, aq. and the aq layer was acxdified with dil
HC1 to pve crystalh Recrystalhzation from light petro-
leum afforded pure 10a, mp 72-73°, v, (CHCL) 2600,
1730, and 1700¢cm *, 3 (CDCKL)OWOBH. 4.7 —6).1 16
(6H. ). and C TO(1H, br s) (Found C, Kl 96, H, 1097
CiHp O requires C, 81 YO H, 10 7%%)

Mcthy! ester (100) was obtained from 16a on treatment
with duazomethane

seco Keto acsd (10¢)

Excers 8N Joner reagent was added to a sofn of %%
(134 mg) 1n 18 ml acetone, and the muxture was stirred at
room temp overmaght Sumulas treatment afforded a resin:
ous aud. which was chromatographed on a silica ge!
column CHCL, eluted 16, and recrystalization from
hght petroleum gave an analytxcal sample. mp BO-81°,
Vaas (CHCL) 2600, 1735, and 1700cm ‘', 8 (CIXCL,)
11T (6H. 1), 33 (3H, 3). and 11 2B (1H, brv) (Found
C.67 ¢ H 8 C L H,0, requires C. 6764 H . B 31%)

Chiloroester (11)
A muxture of 18c (30 mg), 640 mg P (Ac),. S2mg
LiCL and 3 ¢ mi dry benzene was stirmed at 83-86° for
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1 hr. The muxture was filtered and washed with NaHCQO,
aq. and then water Evaporation of the solvent left an ail.
which was punfied on a sibca gel column using chloro-
form as the cluting solvent 1o give 30 mg of 11, an oil.
Vs (DEal) 1730cm ' 8 (CIXCL) ! 4 (6H., ), and 3 0
t3H,s) (Found (.61 &8 H. 79 C, H,, 0,01 requires:

C.61 9. H, 7 TO%)

Unsaturated acid (12)

A soin of 6a (300 mg) 1n 400 ml dry cther was radiated
with a 400 W high pressure mercury lamp for | hr and
then washed with NaH (), aq and bnne. An oly ressdue
obtained from the cthereal soln showed IR abvorpuons
due (o formy! group at 2750cm ' The o was dnnsolved
1n 300 ml acctone. and excess BN Jones reagent was
added After stunng at room temp for S mun, work.up
gave 180 mg of an acsdxc product, which was chromato-
graphed on a ulxa gel column. Chlorofoem cluted 0 mg
of 12, an ol reqy, (CHCL) 2600, 1725, 1708, 1645,
and §90cm ', 3 1 &9 (3H, brs), Y 64 (3H, s), 4 65 2N,
brs) and 11 ¢7 (1H, br v) (Found €, 673V H, 800
CoHLO, requires (.67 63, H_ B 33%)

y-lactone (22)

The dihydroxyester (%) was hydrolyzed with $%
methanobc KOH by allowing to stand at room temp over-
night No epumenzation of the carboxy! group dunng the
hydrotyss was observed as indicated by the fact that the
hydrolyus product was estenfied with diazomethane to
yickd the onginal % A soin of $6 mg hydrolysis product
and 46 mg dicyclobexykarbodimde 1 2 $ ml dichloro-
cthane was stired at room temp for 4 hr and filtered
Evaporation of the solvent gave 72 mg of an ol, whxch
was chromatographed on a sibca gel column to give | B mg
of 22, mp 82T RV (recrystalized from hgrown). v,
(CHCL) 3¢S0 and 1780cm .81 08and 1 13 (M. scach),
and 162 (1H, v). (Found- C, 71 30, H, 8 11 (. ,H,0,
requires. (.71 16, H, & $3%)

Isolation of :aene (tricvclotetivene) (1€) from the
essential od

Veuver ol was distilled with a Wxdmer column, and a
fractson bothing 100-120°/S mm Hg was taken. The frac:
tion (100 g) was poured onto a column contaming 1-9 kg
active alununa and eluted with n-hexane to pve 72 S g of
a muxture of obefina The olefin mexture was carefully
fracionated through a spinnung-band columa (80 theo-
retcal plates), and a fraction boshng 115-117/3mm Hg
was obtained in 1 3% yield of the olefin muxture The frac:
Lon (400 mg) was submutted to inverted column chroma:
tography unng a column packed with 100 g of AgNQO,.
impregnated ubca gel A muxture of n hexane benzene
(16 1) was used for development The nuddic part of the
column contaned 193 mg of a pure olefin, which was ex
tracted with ether and dntilled 17 tacuo The obefin, (o),
s 40 4° (¢ ¢ 2an CHCL), showed a peak at the retention
time of 123mun in GLC (column, 29% PEG 20M,
Imm <2 ¢m. column temp. 169°. He flow. 71 mi/mun),
and the IR, NMR, and mass spectma were totally sdentical
with thowe of n12aene denved from zizanosc acxd On the
other hand. the IR spectra showed the olefin to be also
wentical with tncyclovetivene, mie 204 (M*, 107%). 189
(M® 14,20, m* 17¢0), and 161 (M" 14 -28, 20%,
m* 137 1) (Found C, 8784 H, 11 84 C,,H,, requires
C.8% 16, M, 11 84%)
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OO, Oudation of sizaene

A soln of 1c (200 mg) and 274 mg (), 1n Sml dry
pyndine was allowed to stand at room temp for 6 days An
aq soin of 3 g NaHSO, was added. and the muxture was
shirred for Shr The product was extracted with cther,
and the cxtracts were washed succesuvely with water,
dil HOL water. NaHC O, aq. and bnne Removal of the
swlvent gave 19 as crystals quantitatively An analytical
sample was obtained by recrystallization from light petro
lkeumn, mp R4-84 4 (CHCL) 3800¢m ' 6 090 (3H,
2091 (3H. 4.7 —-6%, 100 (3H. v), and V6% (2H. v)
(Found €, 746 M, 1066 (,H,,0, requires ¢, 8 <K,
H. 110

PO AC), Oudation of the ghveol (19)

A soln of 19 (S0 mg) and 142 mg POAC) in 2 ml dry
benzene was allowed to react at room temp for 20 hr
Water was added. and the organk layer was separated
and washed with NaHC O, aq and brine F vaporabon of
the solvent beft 41 mg of an oil, which was ditilled in
vacuo (bath temp, 90-11872mm Hg) to give &, 4,
(ncat) 1708¢cm ' A0 (YH. d.J — 71O (1IN, 3), and
117 03H. s ORD [ 990 (trough) and [S]ue
* 6100 (Peak) (¢ 006 10 McOH) The ketone showed a
singhe spotin THC (Found ¢ K123 H, 10 ¢ C H,,0
requires O, 81 O, H, 10 ~¢7)

O:om:ation of Lalaenr

Ozomzed air was passed through asolnof | 0g nizacne
n 20ml BtOACat W 0" VigNaln il ml AcOMH
was added to the oromde soin, and the mixture was
allowed to stand overmght After ncutrahizang with NaOH
aq. the muxture was cxtracted with FtOAc The extracts
were washed with Na$,0), aq. water, and then bnne. The
wlvent was removed to leave 830 mg of an ol The ol
way punficd by silica gel column chromatography. and
291 mg of the ketone was cluted with Lhight petroleum-
cther (20 1) The ketone. s, (ncal) 1709 cm ', showed
two neighbonng spots 1in T1 C. and the NMR spectrum
indikcated that the hetone 1s 2 muxture of 6 and its (. ¢
epimer

lolation of methvl epizianoate (2b)

A fraction (13 g) boihing at a temp higher than methy!
21zan0ate was redistilbed through a spinning - band column
(B0 theoretical plates) The distillate (10 g) bosling 1n the
range of 128-137:1 mm Hg was divided into 10 fractions
GLC showed that the ffth and uxth fractons contaned
2b as the mun component The Mth fraction (1 0g) was
poured onto a sibca gel column (60 g S1(),) and cluted with
n hexane chloroform (1 21 to mve 139 mg of pure methyl
cpzizanoate, an il .. (neat) 1736, 1640, and R9O
cm 5107 and 1 10(3H, s cach). 3 60 (YH, 3), and 4 ¢¢
and 4 TCUIH, . 1 Cand 2 exch) (Found O, " 64,
H.9 ¢ C H,,Orequires C,77 17 H, 9 T4%)

Preparative G C (PEG 20M cotumn) alswo provided
purc methyl cpzizanoate

Lpizizanow acrd (28)

A win of 110 mg of 28 1n a muxture of I ml IN NaOH
and 40 ml DMSO was allowed 1o stand under N, over:
mght [he muxture was poured onto k¢ -water and cx-

* The high resolutron mass spectrum was taken with a
JEOL IMS.01% ( mass spectrometer by courtesy of
Japan Flectron Optics | abotatory .
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tracted with cther The aq layer was acsdified (( ongo red)
with dil HCl and extracted with ether The combuned
extracts were washed and evaporated to leave 300 mg of
crude epuzrzanosc acxd. Recrystalhzation from aq MeOH
gave crystals, mp 109-110-¢° [all! 2 22 7S CHCp,
tase (KBr) 2600, 1700, 1640, and B90cm . 81 07 and
109 (AH. s cach). 4 S and 4 78 (1H, m cach). and 11 0
(1H.brs) (Found (., 7661 H, 94 C ,H,0, requires

C.76 88, H. 9 4%)

MHrdrogenation of methyvl epizizanoate (28)

Mcthyl eprazancate 2 (123 mg) in S ml E1OH was
hydrogenated over 20 mg of Adams catalyst Work up
garc an oil, which was dissolved 1n ether and washed with
water and bnne The solvent was removed to beave crys
tals  Recrystalization from MeOH gave an analytial
sample of 28, mp 797, 4 o, (CCL) 1730 ¢cm 7, as cokardess
needles (M, 2<0 1942 Cakd for O, H () M 20 19 *

Actoester (28)

A swoin of 2 (S0mg) and 1 2 mg (1O, 1n 2 S ml pyn
dine was allowed to stand for 12hr NaHSO), aq was
added 1o the resuling osmate soln. and the mitture was
sturred at room temp for $hr The muxture was diluted
with water and catracted with cther The extracts were
washed with dil HCOL water, and boine, and cvaporated to
afford S4mg of an ! The ol (%0 mg) was dinsolved 1n
dry benzenc. and an cxccss of PMOAC), was added After
stirnng at room temp overnight, the muxture was filtered
The filtrate was washed with dil HCL Na,C ), aq. and
water Removal of the solvent gave 34 mg of ¢ryslak,
which was recrystallized from MeOH to give 26, mp ™~ ¢
TR by (CCL) 1730 and 1710cm . 3 100 and 1 17
(AH. s cach), and V64 (3H. 3) (Found ., "2 08 H. R 46
€. H,0, requires ., "1 96 H X 8&7)

The hetoester (100 mg) was dissolved 1n a soln pre:
pared from 30 mg Na and 2 ml dry McOH. and the mux
ture was allowed (o stand at room temp overnight Work
up gave an o1l, whxch was shown to be a muxture of 26 and
the epimer in TLC and GL O The epimer, bowever. was
not identcal with 6o as indicated by T1 C and Gl C

Epizaene ()

Methyl epuzizancate (74 mg) was treated with excess
I AH in ether in a usual manner giving ¢~ mg of an akcohol,
b mas (NCA) 1300, 3060, 1640, and 890cm ° (Found (.
Bl 8, H, 109 C,,H,,0 requires C, K1 76, H, 10 S8%)
The akohol ($$ mg) was tnylated with 100 mg toayl
chlonde 1n pyndine on standing at room temp for 18 he
The crude tosylate (62 mg) was refluxed with 129 mg
LAH 1n ether for 18hr Work.up gave &, +.,, (necal)
3090, 1640, and 890cm ', A ORS (VM. 4./ 6) 108
6H. 3). and 4 3 and 4 TV (1H. q. / — 1 Cand ? ¢ cach)
(Found .87 % H. 1208 C ,H,, requires ¢ KR 16 H.
11 84%)

Base-catabvied equilibration of methvl 21zanoate (14)

Methyl zazancate 1d (100 mg) was refluxed for 24 hr in
a s0in obtauned by dnsolving O mg Nain ~ ml dry MeOH
The muxture was diluted with water and extracted with
ether Removal of the cther keft 90 mg of an ;). which
was shown (o be a mixture of 1dand 2 inthe rato of 2 1
The muzture was separated by preparative GLC, and both
components were Wdentificd on companson of the IR
spectira



934

REFERENCES
‘Prehminary reports *F. Kaxdo, H. Uda, and A Yoshu
koshi, Tetrahedron letiers 2818 (1967), *Ibd 1247
(1968). ‘R Sakuma and A Yoshikoshi, Chem Comm
41 (1968). N Hanayama. F Kido, R Sakuma, H Uda,
and A Yostukoshi, Tetrahedron ietiers 6099 (1968)
*l. Ruzxka, ¥ Capato. and H Huyser, Rec Trar
Chim 47,370 (1928).*N | Zuchi and Sadgopal, Per.
fumery Essent (Oil Record 68 33Y (1957), N F
Novotel'nova and R Ya Rafanova, Ahim Nauda o
Prom 3,839 (1988). Chem Abstr 83, 43361(19%9)
'V Kido, H Uda. and A Yorhukoshi, Chem Comm 198
(1969), 5 C S Perk 11785(1972). D F McSweeney
and R. Ramage, T etrahedron 27, 1481 (1971)
‘R M Coates. R F Famey, $. M Johmon, and J.
Paul. Chem (omm 999 (1969)
“H. Komac and | C Nigam.J Org Chem 33, 1771
(1968) and refs cited. *l C Nigam. H Komae, G A
Nevillke. ¢ Redecka. and S K Paknikar, Tetrahedron
letters 2497 (1968). 'l ¢ Nigam, (C Redecka, and H
Komae.J Pharm Sci §7.1029 (1968)
“A Homma M. Kato, M-[>) Wu, and A Yoshikoahi,
Tetrahedron Letters 231 (11970), N H Andersen, /bid
1744 (1970)

H HANAYAMA ¢! al

D C Umarani, K. G Gore, and K. K. Chakravart,
Perfumery Essent (il Record 68, 314 (1969).

D C. Umaramu, K G Gore, and K. K. Chakravaru,
Tetrahedron Letters 1288 (1968), *Perfumers Essent
O Record 68, 307 (1969).

*E Kiein, R Sewerdi, and W Rojaha, Dragoco Repi 3,
23(1969), Chem Abirr 71, 102045b (1969)

*) K Kochi, J Org Chem 38,3265 (1969%)

G Chiurdoglu and P Tullen, Bull Soc Chim Belges
%, 169(195T)

B Dyeraswm, R, Rinker, and B Riniker. J Am Chem
Soc 78.6177(19%6)

N M Andersen and M S Fakone, Chem Ind 62
(1971), *'N H Andersen and D D Syrdal, Terra
hedron Letters 899 (1972)

“B Tomita, !5th Svmposium on Terpenes. Essennal
Oils. and Aromatic Chemucals Osaka, October (1971)

"N H Andersen and ) D Syrdal, Tetrahedron Leticrs
2459 (1972)

D F McSweeney., R Ramage. and A Statter, Ibd
$$7(1970).

“F Kudo, R Sakuma. H Uda. and A Yoshikoshi, /bid
3169 (1969).



