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A&d-Isolation and ~I~~CIUIC elucidation of onidohimachalcnc. a minor constituent of rhc essential oil of Crdrur 
deodara Loud.. is described. A hiomime&c.lype conversion of B-himachalenc into oxidohimachalenc cmploymg 
photochemical hydroxylation or “copper perox&” oxygcnauon IS rcporlcd. 

In continuation’ of our investigations on the chemical 
composition of the essential oil from the wood of CedrucJ 
dtoduru Loud., we describe the isolation of a novel B- 

himachalene-based ether, to which we assign the structure 

1 and name it oxidohimucholene. The compound has been 
isolated from fractions’ of the essential oil. immediately 

following himachalenes. With respect lo /3-himachalenc 
(2) its G1.C RRT is 3: I. (column: llUlx0.6cm. SC/c 

dicthyleneglycol polysuccinate on 60-M mesh 
Chromosorb W; 140”) and RR, is 0.37 (solvent: C,H,: 3V). 

II is present to the extent of -0.1% in the essential oil. 
Structure I is based on spectroscopic data. biogenetic 
considerations, and key chemical transformations. A 

biomimetic-type synthesis from fi-himachalene (2) has 

also been accomplished. 

I la 

Oxidohimachaknc (C,,H#; M’. m/e 218) is clearly an 

ether from its IR spectrum, which displays no OH or C=O 
bands and, shows a number of strong absorptions in the 
!20&105Ocm ’ region. where cyclic ethers (higher than 
oxirane) usually absorb.’ Its PYR spectrum shows the 

following structural features: two -C-Me (3H. s. 

I 
0.6Xppm; 3H. s. 1.09ppm). two -C=C-Me (3H, s, 

I I 
168ppm; 3H. d. 1.72ppm. J = I Hz). -C-O-CM (IH, 

I I 

unresolved m. 4.26 ppm. W,, 7 6.5 Hz), -C=CH-CH?- 

I 
(IH. unrcsolvcd m, 5.43ppm. W,, = 5 Hz). From these 
structural features and its molecular formula, it is obvious 
that the new compound must be tricyclic-two carbocyclic 
rings and one ether ring. 

+Abstractcd. in part. from the Ph.D Thesis. Poona University 
f 1976) of R Shankaranarayan. 
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The chemical shifts of the Me protons of the new ether 

are reminiscent of Me signals of fl -himachalenc (0.73.0.97. 
1.73. 1.73 ppm),’ which is the major constituent of the 

Cedrus deoduru essential oil and which could conceivably 
bc the biogenetic precursor’ of the new oxide. With this 

working hypothesis and noting (from PMK results) that 
one terminus of the ether bridge must be a quaternary C. 

and the only such position available on @-himachalcnc 
nucleus being C,. one can write the partial structure 3: 
conceivably, the other end of the oxide bridge can bc any of 

the carbon atoms C,. C,. Cr. C, or C,,. 
To gather evidence in favour (or against!) of the above 

working hypothesis and IO possibly narrow down the 

alternatives inherent in 3, the new ether was subjected lo 

the action of Li in liquid NH,. with the hope of reductive 
cleavage& of the ether terminus at C,. which is allylic 

according to 3. In practice, exposure of the oxide to Li in 
liquid KH, yielded a number of products in which a 
hydrocarbon ( - IS%) and an alcohol ( - 30%) predomi- 

nated. From cvinjection and PMR spectrum, the 
hydrocarbon was identified as fi-himachakne. This 
observation not only confirms the part structure 3, hut 

also requires that the second terminus of the ether must 

also be allylic. Thus. structures with second terminus of the 
ether bridge at C, or C,O stand ruled out. The second major 
product of the Li-NH, reaction is an alcohol, m.p. X2-(13”. 

C,,H,,O(M’. m/e 220). IR: OH 3320. IMM cm ‘. PM: two 

-C-Me (3H. s.0.72 ppm; 3H, s, l.OOppm). two -C=C-Me 
I I 

l6H. bs. 1.75ppm). HOyH_(:H:- (IH. t. 3.98ppm. 

J = H Hr.) -C=CH- (IH. illrcsolvcd m, 5.35 ppm). From 

I 
these characteristics and the co-formation of @- 

himachalcnc it is ckar that this alcohol has /3-himachalcnc 

base with a secondary OH function at C,, C, or C,, arising 
from the anticipated reductive cleavage of (one of the 
allylic Ca bond. From all this it is evident that the new 
ether is 1, 4 or 5. 

Electron-impact-induced fragmentation of ox- 
idohimachalenc gcneratcc base peak at m/e I61 and this is 
best rationaliscd in terms of structure 1 (see 8). Clear 
support for structure I was obtained as follows. 

Though, from the above considerations. structure I 
appeared most plausible, it was felt that it would be 
desirable to obtain more concrete evidence for the 
methine-terminus of the ether bridge. This could bc 
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unexpectedly obtained as follows. While studying the 

hydrogenation of oxidohimachalene. it was found that 
over 5% Rh-C‘, the major product is an aromatic (IR: 

1610. IO40 and 875 cm ‘. PMR: Ar-Me. 3H. s. 2.3 ppm: 2 
Ar-ij, A-B quartet. 6.97 ppm. J = R H7: I Ar-H. s. 

7.07ppm) secondary alcohol (JR (liq): OH .363(X 3440, 
IO cm ‘. PYR: IH, m, 3.42 ppm). which on the basis of 

previous considerations can only be 6. This transforma- 
tion is readily understood in terms of hydrogenolysis (12a) 

to I2b. followed by isomerisation to 12c. which is all-set 
for facile dehydrogenation to 6. 

To further consolidate these results. alcohol 6 has been 

synthesised from /3-himachalene. This was first converted 
IO dehydro-or-himachalene (7). The most efficient proce- 
dure involved the action of two molar equivalents of 

chloranil on b-himachalene. when 7 was formed in yields 
of t&70%. other products obtained during this reaction 
were or-himachalene (9; 1%)’ and bis-dehydro-or- 

himachalenc (IO; I?%).’ This transformation (2 + 7) 

apparently proceeds via the triene II’. as ar-himachalene 
failed IO give significant quantities of 7. on being exposed 
IO chloranil in a variety of refluxing solvents (toluene. 
xylene. dioxane-t-HuOH”). Hydroboration of 7. followed 
by oxidation yielded 6 identical (IR. PMR) with the 
product obtained from oxidohimachalene during attemp 

IO 

ted hydrogenation over Rh-C. This correlation. then. 

clearly settles the structure of oxidohimachalene as I. An 
examination of molecular models shows that structure I 
can have very few low-energy conformations and of these 

la has least non-bonded interactions; conformation la is 
consistent with the observed shielding of one of the 

geminal methyls in its PYR spectrum. 

Cowersion o//3 -himochalene into oridohimachalene and 

its ohsolute stereochemistp 
II is reasonable to assume that oxidohimachalenc (I) 

arises from /3-himachalenc by some sort of biological 

allylic oxygenation.” Hence. it appeared of interest to 
subject /3-himachalene to oxidation reagents with propen- 
sity for allylic attack. Of course, it is realiscd that 
selectivity would be poor as only species such as I3 are 

expected to lead to the ether-bridge formation.” 
Metal ion-catalysed decomposition of organic peresters 

in the presence of olefinic substrates has been exploited 
for allylic substitution.” When B-himachalene was 
subjected IO the action of t-hutylperbenroate in presence 
of cuprous bromide. oxidohimachalene (I) could be 
isolated in a yield of -2’S, based on unrecovered 
B-himachalene. 

It was thought that “copper-peroxide”” might, like- 

h C 

12 



Studier in usqulterpenes--I.IV 1209 

13 

wise, lead to some onidohimachalcne. Heating /3- 

himachalenc with copper peroxide yielded, besides 
unchanged himachalene (70%). an oxygenated product 

(30%). which was shown by programmed G1.C (by 
co-injection) to contain -8% oxidohimachalcnc (1) and 

-. 16% mono-epoxide 14. Similarly, action of Ag:CO,- 
celitc” led to -5% oxygenated product. containing 
(GLC) .- 21% of I and -19% of 14. 

Similar conversions were ohtained by the action of 905 

H,O, in the presence of UV light. Hydrogen peroxide is 
known” to dissociate into hydroxyl radicals on irradiation 
with UV light. We have used such a system fur the 

hydroxylation of cycloalkanes and alkcnes.” When 
B-himachalcne in EtOAc containing 90% H,O, aq was 

irradiated. - 12% oxygenated products were formed. This 
material contained (G1.C) oxidohimachalene (1) to the 

extent of -. 13%. The required compound was isolated hy 

column chromatography and identified (IK. PMR. Mass) 
as oxidohimachalene. This represents a yield of -13%. 

based on unrecovered p-himachalcnc. The product is 
partly optically active. [a],,- 7.4 (natural product has 

]n]r, + 20). This rcquircs partial retention of configura- 

tion” during oxygenation and since, the sign of [a ]r, is the 
same as that of natural oxidohimachalenc. the absolute 
stereochemistry of (-)-oxidohimachalenc should be as 

depicted in 1. since the absolute stereochemistry of 
(-)-B-himachalene has been shown” to be 2. This 

conclusion is in line with the Absolute Stereochemistry 
Biogenetic Rule.’ as in biological hydroxylations the 
incoming OH is known.‘O to have the same stereochemis- 
try as the C-H bond substituted. and thus. (- )-fi- 

himachalene (2) (accepting it as the immediate biological 
precursor of oxidohimachalene) should lead to 1. The 
cleavage alcohol arising from Ii-KH, reduction of 

oxidohimachalenc. then, has structure IS. with configura- 
tion at C,. still undefined. 

ExPERLwEsrAt. 

For General Remarks. KC Part I.111 of the Scrie%. 

Isolaru)n cd oxidohimarhalrnr 
A rccfification cut’ collected after B-himachaknc. but srill 

conlaining -64% fl~himachakne contains I!% ox. 
idohimachakne. Thus material. hp. ll3-123*/J 5 mm. n,,” l..(lSO. 
[n Jr, * X5. was subjected IO pcrparatr\c ti1.C (IO x I ml injections: 
2.7 m x 2.5 cm column. packed with 20% drcthykneglycol 

polysuccinak on Chromosorb W. 6o-xo mesh. IgO’; h’:) IO get 
0 8g of oxidohimachaknc. bcsidcs fl-himachalcnc t 4g) and 
other CUIS. The required compound was rcdistilkd h.p IOI- 
103’:2.’ mm nr,m l.‘lOl. fn],,- 20.7 ((‘HCI,. c. I 1%). IR fliq)- 
1460. 1390. i370. 117X. 1130. III% 1020.995.97s. 940.918. X50. 
X3Ocm ’ Mass. rn;< 218 (M’. X(G). 161 rICKI%). I47 (?rE$). I!! 
(7%). 119(13%‘r). IOC (ICGJ. 91 II?%).79 (%).?7 (7%). h9(6%), CC 

(4%). (Found- C. lQ.30; H. IO 29 C,.H:,O requues C. X2.51. H. 
IO.lh%). 

Iirhium-ammonia ndurrion of o.xidohtmachalmr 
1.1 t 1.0~). GUI in small pieces. ITI% added In 101s IO liq. NH, 

(60 ml) durmg 20 mm. under sturinp and anhyd conditions After 
stirring for an additional 20 mm period. the .rhovc oxide (0 4 g). 
drssolvcd us dry ether (7 ml t 3 ml - 3 ml) was added, dropwrre 
t2U mm). with strrrrng. After strrrrng for another I hr. soM h’H.t’I 

I4 IS 

fO.CgJ was added and NH, allowed IO cbaporate. To the rcslduc. 
water (35 ml) was added and the product taken up in ether 
fI!mlx 3). The combined cxlracl was washed with HIO 

(IO ml x 4). hrinc (IO ml x 2) and drkd fSa..SO.). Solvent was 

stripped off to yield a product (361 mg). which partly solid&cd. 
This maIerial on TLC (solvcnf. i% EfOAc in C.H,) showed IU-o 

major spols. besides some unchanged oxidohimachakne (relative 

to 1. these products had R, 0 79 and 1.33). ‘Iheu products were 

separated by mvcned-dry columnchromatography” tS10:- 

gellllB. 25cm x !.Ocm: solscnt. 7% EtOAc tn C&I. 
Producr (IOOmg) wrth RR, 1.33 was a hydrocarbon mixture. 

with fl-himachaknc (co-inyction of authentic sample. PMR) as 

the major component tGl.0. 
Producr (135 mg) with RR, 0 79 was crystalliscd from CH,CN 

aq. IO give colorless needler tX2 mg) of IS: m p X2-X3’. In I,, - 32.0 
(CHCI,; c-. 3 2%) IR (KRr): 3320. IJcrR. IUs. 13X8. 1360. IIX!. 
1170. II%. IO!!. 100X. 9gO. 870. X.50. Xl!cm I Mass. mir 220 

(M’.2%).!02(1ovz). lXif24%,, 1.(9(%%). I46(!7%), I31 (46%). 
I21 (IX%,. IO5 (30%). 91 (4X%). 77 (33%). ‘5 tSO%J (Found f‘. 
X1.43: H. II 06 C,,H,.O requires. C. X1.76; H. 10.9X%J. 

X-Hgdrory-ar-himacholtnr (6) 
fi) H,v s,whcsu /mm @-hrmachaknt. A mrxturc of 6. 

hinachalcnc (20.49, 0.1 mole). chloranil (4X Og) and dry tolucne 

(I 50 ml) was reflured fN,J for I! hr. The mrxturc was cookd. the 
hydroquinone (45 g) filtered off, washed wrth I@ petrol and. the 
combmcd filtrate and washings washed with I(yk KOH aq 
1200 ml x 2). 5% H,SO. aq (I00 ml x 2). water and dried fNaS0.J 

Solvent was flashed off and ~hc rcsduc distilled IO furnrsh a pale 

yellow hquid tl6.Og). b p. IO&lOC”;I.5 mm. ci1.c’ 13% Carbowax 
on Chromororh W. IIU) cm x 0.6 cm; lw. 60 ml Hz/mm) showed it 

IO consrsf of or-himachalene tRRT. 1.0; I?%). dehydro-ar- 
hrmachakne (RRT. I 13; 72%) and hirdchydro-ar-himachaknc 
(RRT. 2.1X; 134). Thus mixture could be used as such for the ncxl 

srcp. 
Drhoranc (NaRH.. 4 Og; 20 ml HF,-Et,O; drglyme)” was slowly 

mtroduccd (under slight N, pressure) info a soln of the above 

hydrocartnmmrxturefl5 Og)indryTHFf3OmlJatroomtcmp.t3(FJ 
under stirring during I hr. The mixture was next heated IO .C!-6@ 
and 35 SaOH aq (75 ml) was added followed by 3@Z H,O, aq 
(i! ml) introduced dropwise (30 min) with stirring. while maintain- 

ing the temp. al !5-6@. After stirrmg for an additional I hr. 0~ 

mixture was cookd. ~hc product taken up in ether (I?0 ml x 3). The 
combrncd extract was washed with ?h HCI aq (150 ml x I). water. 
dncd and freed of solvent The producl (14.0 gJ was chromalog- 
raphed over SrO,-gcl/llH (X0x 3 5 cm) with TI.C monitoring 
tsolvent: SQ EIOAc in C.H.). ustng C.H. and C.H. contauung 
increasing amounts of EIOAC as eluant % EtOAc us C.H. 
(200 ml x 3) cluted X.Og of the required product 16): m.p. XU-XI’ 

tCH,CNJ; A::‘:” (0: 219 (6677). 260 fsh. 251). 26X (362) and 
276.5 nm (347) IR fh’ujol): 3330. 1610.14UJ. MO. I375.135X. 1332. 
1300. IYO, 1210. IIf!. 1120. IO?. IOU). 1010.920. X90. w10. g4.c. 

I 
Rllcm ‘. PMR ft’t’l,)~ IWO -C-_Mc t3H. s. I U ppm: 3H. s. 

I 
1.42ppmJ. .CH-M4 t3H. d. 1.40. J = 7 HI). Ar y!c l!H. s. 

2.3ppmJ. Ar CM-Me (IH. m. 3 2ppmJ. CljOH (IH. m. 
I 

34 ppm). 2 Ar-H f2H. AR/q. 6 97 ppm. J - X Hz). I Ar-H (IH. s. 
7.07ppmJ. Mass: m!r 218 (M’. 100%). I87 (33%). I61 (43%). I57 
(5%). I49 (66%). 145 (49%). I31 (39%). 12X (36%). I I9 (43%). l0.c 
C3O%J. 91 (26%) fFound: t‘. R2.77; H. 9.75. C,.H,,O rcquircs- C. 
82 xl; H. 10.16%) 

(ii) Uv hydroRcno/,uic oj oxidohimarhaknnr Oxidohimachaknc 
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(18 mg) in EtOH (4 ml) was shaken over prercduced 5% Rh-C 

(ho mg) al room lemp. (3@) and pressure (745 mm) in presence of 

H,. There was practically no absorption of H, during 2 hr. Usual 

work-up gave a product (15 mg). which was chromatographcd over 
l@X- &SO,-silica gel (80 x 4 mm) using C.H,arnl. C.H.containirtg 

mcrcating propor(ions of EIOAC as eluant. ?4t EtOAc in C,H. 

clutcd a eum (8 mg). idcntfid (IR. PMR) as 6. 

Oxygenation o/ @-himachalennr 

(i) Wh I-bufylperbnroafe. A mixture of fl-himachalene (5.7 g) 

and CuBr (l.Og) was maintaiined at 85-w (h’,) and t-bury1 

pcrbcnr~le (5.2g) was added (30 min) under stirring. The blue 

mtxturc wa_s smed at what temp. for an additional 2 hr period. when 

practically all per ester had disappeared (IR: disappearance of 

I775 cm ’ absorption). The mixture was cooled (25’). diluted wvlth 

EIOAc (I00 ml). washed with Im NaHCO, aq (50 ml x 4). water 
and dried. Solvent was ltashed off and the residue passed through a 

column of silica gel/HA (75 x 3 cm). light petrol (1000 ml) elu~cd 

hydrocarbon (4.3~. essentially fi-himachalcnc). whik ElOAc 

(I000 ml) yielded a polar GUI (1 78). The polar fraction was 

saponifKd (1% KOH-MeOH. SO ml: rellux. 8 hr. N,) and rbe 

product (078g) chromatographcd on Im AgNO,-SiO, gel 

(75 x I.5 cm) with TLC monitoring (solvent: C.H.) of the fractions 

obtained with light petrol and, light petrol containing increasing 

quantifies of C.H. (5-m). 2m C.H. in Ii& petrol (80 ml x 2) 

elulcd 30mg of a liquid. identified (IR. PMR. Mass) as 

oxidohimachakne. 

(ii) With “ropprr peroxide”. To a cooled ( lo”) soln of 

Cu(NO& 3H,G (?.Og) in MeOH (20 ml) was added dropwisc an 

ether soln of H,O, (50 ml. 3ost H,O, aq extracted successively with 

ether. 20 ml x 3) under stirring and cooling. The brown ppl was 

filtered and washed successively with dry M&H (I00 ml) and dry 

ether (I00 ml). The ppt wasdricd in cacuo at room temp. for I5 min. 

yield 0.5 g (Caufion: dry reagent may explode on healing!) 

fl~Himachaknc (I.4 g) war stirred with ~hc above reagent (0.3 g) 

at m for I2 hr (N,). The mixture was cookd and worked up with 

ether and separated on a SiO,-gel column inlo hydrocarbon (I .O a) 

and oxygenated cuts (0.5 g). as above. Programmed GLC (column: 

MO x 0 6cm. 5% DEG polysuccinate on 6&&l mesh Chromosorb 

W; I50-2o(p. 6’lmin; 90ml H,/min) of the oxypna~ed material 

showed at leas1 20 components. in which I and 14 were major and 

were idcntifkd by co-injection technique. 
(Iii) With Ag,CO,-cdife. Freshly prepared” A&CO,<elitc 

(7.5 g). C.H. (100 ml) suspension was distilled to colkct 50 ml of 

C-H, (and some water). cooled, j?-himachaknc (2.04 g) added and 

the whok refluxed (24 hr. N,). The reaction mixture wa cooled. 

filtered IO remove the catalyst and the filtrate freed of solvent. The 

residue was processed as above. 

(iv) Wirh 90% H,O, and lkhr. To B-himachakm (102 g). a soln 

of m H,O: aq (20 ml) in ElOAc (300 ml) was added and the ckar 

soln vradlated with a ?S&W Hanovia high pressure Hg vapuur 

lamp in an immersion-type water-cooled XI-UP; the immersion 

well was of ckar quartz and a Corcx filter skcve was used. A 

steady. minute flow of N, (O,-free!) was maintained ~hmugh Ihe 

soln. After all the H:O, had been consumed t.30 hr). the reaction 

mixture was washed with IO?5 NaHCO, aq (300 ml x 3). water and 

dried The solvent was removed and the residue passed through a 

column of Al,O,/lll (Brockmann) (90 x 6cm). Light petrol 
(I000 ml x 5) elured unchanged himachakne (88 8). whik EIOAC 

~1OOOml x 5) clured a polar GUI (5 Ug). b.p IOO-I2U’/1.5 mm. 

The above polar product (I! g) was chromatographcd over 

SiO,-gcl/IlB (100x 6cm). usmg C.H. and, C.H. containing 
increasing quantities of EtOAc (IO-B%) as eluanl. After tk firs1 

C.H. CUIS (I.(0 ml x 14). the later fractions with the same solvent 

(IXlml x 18) gave a product (2.7~) rich m ~hc required oxide. 

EIOAC containing fractions yield a complex mixture of alcohols. 

which was nor examined further. The oxide-rich cut was purified 
further by chromatography over lost AgNO,-SiO,.gcl (110x 

3 cm) IO furnish the required oxide (I 2 8)’ b.p. I2&I?S”(bath)/2.5. 

[oh, + 7.44 (CHCI,; c. 0.43%). (Found: C. 82.02: H. 10.10. C,,H,,O 

requires: C. 82.51; H. 10.164). 
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