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C H A P T E R  I

I N T R O D U C T I O N

RECENT PROGRESS  IN S E S Q U I T E R P E N E  CHEMISTRY



Modern physical methods of isolation and 
structure determination, coupled with a better uader- 
standing of biogmetic and organic cheaical mechanistic 
basis that is available today, have almost revolutionised 
the study of the chenistry of natural products. One of 
the important fields in which the impact has been rather 
astounding is the field of sesquiterpenoids, A-bout a 
decade and a half ago, the structures of barely a few 
members were known in complete detail and only ten types 
of different skeletons had been reported. However today

*no less than fortyfour basic types (Chart I) have been 
recorded and even now new systems are being discovered; 
the mirnber of compounds for which complete structures 
(including absolute stereochemistry) have been reported 
run into well over hundred. Even a cursory survey of all 
the various types of sesquiterpenes known todate, is not 
possible in a reasonable space, and consequently this 
introductory chapter will very briefly cover some of the 
newer types described recently. The choice has bo®i 
arbitrary bwt an attenpt has been made to cover twentyfive 
types (the structures indicated by the * in Chart I) 
v*.ich appear to be interesting from biogenetic standpoint.

This survey covers literature available in this Laboratory upto T- ebruary 1984.
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MOHQCYCLIC

Saia<2on£:
Calacone (1) is an interesting type recently 

isolated from sweet flag oil (Acorus calams L.) by 3orm 
and co~workers^. The basic carbon framework which cannot 
follow from the coiling of the farnesol chain, was con­
firmed by synthesis. The biogenesis may be considered

Xlc 1.5170 
[od^ + .9°

(1)
as a result of secondary alkylation of a parara^hane 
skeleton with another isoprene unit.

Huabei’tiol i
2Humbertiol (2), isolated from iliisibertia 

madagascarieasis, gave cadalene and (£) as dehydrogena* 
tion products. 3t2nicture (2) is supported by spectral 
data and degradation results.

■OH

(2)

b.p. SoV.03 nan
(3)



n
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Farneslf eraae;
Farneslferol B (4) and G (5), isolated from

Asafoetlia, belong to a new type biogeaetically closely
3related to iresane type v;hlch are discussed later.

HO

(4)
m.p. 113.5 - 114.5^ 
[oc]q +10°

CHg-O

,0
X '

(5)
m.p. 84 - 85̂  ̂

-29.6°

Gorroacrane:
The establishment of nine- and eleveo-in©nbered 

carbocyclic rings in caryophyllene and humulene started 
an interesting chapter in terpenoids, viz, the occiirrence 
of raediura-ring terpenoids in Jature. 3o whea in 1957,

4Barton and de I^yo presented evidence for the occurrence 
of a ten-membered cycle in pyretlirosin, a crystalline 
component of Ghrysanthanum cinerarieofolium, the gap had 
been closed. It was soon found that gerraacrone, ^2̂ 5^2 2 *̂ 
isolated from Bilgarian zdravets” oil (Qeranlum 
macrorhizum L.) oorm and co-workers^ in 1957 was the
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simplest mê nber of the ten*^en;bered sesqulterpenoids.
The establishment of structures of these terpenoids was 
followed by the isolation and structure deterrai^iatioa of 
a rxiimber of other raeiibers of this group. Chart II and 
Table I summarise the present position in this area.

Table I - Ten~taembered sesquiterpenes

Compound ra.p. fief.

1 Germacrone 56-57° 0 5
2 Pyrettirosin 198-200® -31° 4
3 Costunolide 107° +128° 6,7
4 Hydroxy costunolide 

(isolated as acetyl 
derivative). 98° -37.4° 8

5 Parthenolide 116.5-117° -31.4° 9

6 Balchaaolide 150° +183° 10
7 Isobalchanolide 143° +122° 10
8 Acetylbalchanolide 125-126° -21.4"̂ 11
9 Hydroxybalchanolide 163° +99° 10
10 Arctiopicrin 115® +133° 12
11 Cnicin 143° +158° 13
12 Scabiolide 120° +101° 14
13 llipatoriopicrin 157-161° +95° 15
14 Aristolactone 110-111° -156° 16
15 G^'afinin 110° -16.1° 17
16 Linderane 190-191° +183.3° 18
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An important chemical feature of this group 
of compounds is the facility with which these undergo 
transarinular reactions and sometimes exhibit anomalous 
spectral characteristics, a characteristic of the medium 
ring chemistry. Thus pyrethrosin (6) under acidic con­
dition undergoes cyclisation to cyclopyrethrosin acetate'*’‘'(7)

OAc

19.

(6) (7)

Dihydrocostunolide (8) on hydrogenation is converted into 
santonolide^ C (3) whereas it yields saussrea lactone^^(lO) 
on pyrolysis.

(10) (8) O )

The high end absorption shown by germacrone and 
costunolide in the UV region is attributed to the geometry 
of the ten-membered ring in permitting the electron de- 
localisation between adjacent but non-conjugated double



G

bonds^^’̂ ^.

The biogexiesis of tea«^®iibered sesquiterpenoids
23has been discussed by Hendrickson . According to him

trans-farnesol (11) cyclises to form a ten-^enbered ring
which is the precursor for germacrone (12) and germacro-

24lides. As a matter of fact, Ruzicka in 1953 vrhile

CHgOH

(11 ) (12)
discussing the biog©iesis of sesquiterpenoids invoked

4intermediates of gerraacrane type. The work of Barton
25and Sorm supports the hypothesis that systems of 

selinane- and guaiane-types arise from further cyclisation 
of the ten-member ed intermediates*

BICICLIG

Occidol:
(■^)-Occidol, isolated from Thu.ta Occidentalis L. 

has been shown to possess a modified esidesnane skeleton
(IS) by degradative results, which is further supported



7
by an unambiguous synthesis26

ra.p. 69-70 
[c(]q +1o3.7^

(13)

Valerane;
Valeranone, a saturated bicyclic ketone isolated

from Valeriana officinalis, v/as shown to be identical with 
27jataraansone , Investigation carried out by one set of

28workers led to the formlation of valeranone as (15),
while another group of workers working independently
arrived at two possible alternatives (14) and (15), and
later succeeded in presenting unequivocal evidence in

29favour of structure (14)

(14) (15)
1.4944 

£=<3b -43°

The determination of the absolute ste^eoch^istry 
of valeranone has reached an interesting situation now.
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V/hile the Czech viorkers have adduced evidence, including 
an X-ray structure determination of a valeranone deri­
vative that valeranone has the absolute structure (16), 
another set of workers'^ present data in favour of the 
structure (17) which \irotild appear to be more correct.

CH2OH

(16) (17) (18)
m.p. 53-54°

-71.0"̂

Another member of this type, namely hydroxy- 
valeranone (18), has been isolated along with its acetate 
independently by two groups of workers*^^*^^.

Iresane:
It has been suggested at one time that coiling

of the polyisoprenoid chain in a maiiner that is characteristic
of di- and tri-terpenoids may> as well be unlikely in the

S4 24case of farnesol * . 3o v^ea in 1954, Djerassi and
G5 *̂9co-vrorkers isolated iresin and adduced evidence in

favour of (19), it was stated that the "missing link" has 
been discovered! Till today fifteen members of this family
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have been discovered and these have been summarised in

HO

CHgOH

(19)
Chart III and Table II.

,36The compound fames if erol A, preseiit in
Asafoe tida as an ether derived from an alcohol of iresin
type and umbelliferone, is shown to be (20). Farnesiferol
A (20), B (4) and C (5) can be considered to be formed

37by oxidative cyclisation of urabelliprenine (21) v/hich 
has been cliaracterized twenty years back.

(21)

It is interesting to note tliat v/hereas iresin, 
isoiresin and farnesiferol possess the absolute stereo- 
che:aistry at rings A and B v;hich is opposite to that 
cornmonly encountered in the triterpenoids, the remaining 
members Taiiiich lack the hydroxyl group at Cg, possess the
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Table II - Iresane type sesquiterpeaes

10

Compound m.p. Ref.

1 Ires in 140-142^ +21° 38
2 Dihydroiresin

(Isolated as acetyl 
derivative) 212-213° 40

S Dlhydroiresone 215-219® +62° 40
4 Isoiresin

(isolated as di- 
acetate) 166-168° -70° 40

5 Farnesiferol A 155-155.5° -55° 36
6 Drimenol 97-98° -18° 41
7 DrimeJiin 133° -42° 42
8 Isodr imeain 131-132° +87° 42
9 Confertifolin 152° +72° 42
10 Valdivlolide 177-178° +111° 43
11 Fuegin 170-172° +76° 43
12 Winter in 158° +109° 43
IS Putronolide 215-217° 43
14 Polygodial 57° -131° 44
15 Tadeonal 50° -210° 45
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ring fusion typical of triterpeaoids.

The biogenesis of sesquiterpenoids of this 
group, evidently, m s t  follow the scheae of cyclisation 
so well established for di- and tri-terpexioids. In tliis 
connection, it is interesting to note that trans farnesyl- 
acetate (22) on selective oxidation, followed by acid cata-

4,« 47lysed cyclisation led to C+^-drimenol (23) *

CHgOAc

(22)

[0]
CHgOAc

BF,

(23)

Ilelminthosporane;
.48Hecently P. de Ilayo and co-workers reported tiiat 

the toxin helrainthosporal produced by the fungus 
HelminthosporiuEi sativum is a modified sesquiterpene containing
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two aldehyde functions. On silver oxide oxidation, 
a raonocarboxylic acid (26) was obtained which on treatment 
with sodiumborohydride underweat an allylic rearrangenent 
resulting in (26). The lactone (26) was degraded to phthalic 
anhydride (27) whose identity was proved by synthesis.

\^CHO Ag-O--£-- >
"CHO

(24) 
m p. 56-59 C-

Se

(27)
These results together with the preseace of a quaternary 
methyl (iiJ4R) point to structure (24) for helminthosporal. 
This has been confirmed by an elegant total synthesis of 
helminthosporal by Corey and -fozoe .

50It has been suggested by P. de I4ayo that the 
biogenesis of helminthosporal follows a pathway similar 
to that proposed for longifolene (cf. Cho-ti-mw) and is 
depicted below. This has been confirmed by degradation 
experiments on labelled helminthosporal.



CiS-FARNESOL
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Recently a closely related alcohol (28) has been
51isolated l̂y Japanese v/orkers

chO

(28)
Heliainthosporol 
m.p. 98°, M q -28.7°

Acorane:
Acorone (29), a bicyclic diketone obtainable from 

sweet flag oil (Acorus calamus L.), is the first natural 
product vrith a spirane skeleton . As expected, dehydro­
genation of acordieiie (SO) gave both cadalene (31) and the 
isomeric 1,7-dimethyl-4-isopropylnaphthalene (32). Other

(29) (30 (31 ) (32)

Acorone 

m.pJOI° [c<]|^+l44‘

Isoacorone

m.p.97° M  -90° -"D
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Cry ptoacorone 

m.p.l07- 108° oL D + 97-7
n

b p- 161 / 10 mm 

1-5039 [«:]p-22-3°D

53members of this family include isoacorone, cryptoacorone ,
54acorenone Heceatly evidence has been preseiited in

favour of the absolute stereochemistry depicted above for
55acorone and its stereoisomers

The biogenesis of these spiroterpenes has been 
discussed later.

Cuparane;
Cuparene (SS) and the related acid (S4) w ^ e  first

reported by Enzell and Erdtman in 1958. Cuparene has been
57synthesised recently by Kapha el and co-v/or iters' Two

58more aerabers of this series, narnely and o-cuparenones 
(25,36) have been added to this group of sesquiterpenoids.

(S3) HsCHg, Cuparene 
b.p. 1380/19 m m , M ^  +65°
(£4) ii=COOII, Cuparenic acid 
m.p. 158-160 [c<],'D +63

(35) c<-Cuparenone (36) -Cupar enone 
m.p. 62-53^ b.p. 114-1150/.8 n

M j j  +48^
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Bergamotaae:
Bergamoteae was first isolated W  3orm and 

co-vrarkers^^*^ from bergamot oil. Though no data per­
taining to its structure determination has appareiitly 
been published, the following structure (37) has been 
reported for this compound in the "Collection of IH 
spectra”^ .  Sometime back, the saine compound has been

(37)

ap 1.4904 

Ulj, -44.1°

(38)
b.p. 120-130^1 nim
27n^ 1.4949, [c<]̂  +35.8"

isolated from the essential oil of Lansium a:inaaalayanma Bedd,^ 
a study of its spectrum supported the abov^'nentioned 
structure (37) for bergamotene

An isoiaer of bergaaotene termed (1-bergamotene has 
been recently isolated froa the oil of Valeriaiia wallichi
and has beei shown to possess the structure (38)Q2

The biogmesis of these compounds which, in a sense 
is related to that of acorone, will be discussed later.
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Partheaane;
This class of compounds is, in practice, a sub-group 

of the important family of sesquiterpene lactones called 
guaianolides*^^ (for e.g. 39).

Pai'theain, isolated from Parthenium
hysterophorus L., was first thought to possess the

64structure (39) based on the usual degradation studies,
especially its deliydrogenation to art^azulene (40).
However, a critical evaluation of the iMiL spectrum of
parthenin necessitated a renewal of the above structure

65to (41). This structure was confirmed by the isolation 
of S-(+)-®<“niethylglutaric acid on potassium permanganate 
oxidation of nor-parthenone (^). The structure is bio-

0

(42)
genetically interesting as it involves an extra step of
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isomerization (methyl migration) of normal guaianolide 
skeleton at the final stage. This work dictated a re- 
investigation of several of the earlier guaianolide 
structures and surprisingly it was found that a number of 
co-npounds originally assigned the normal guaianolide 
skeleton, in fact, possessed a rearranged skeleton. These 
compounds which constitute fifty percent of .ruaiaaolides 
knov/n todate have been shown in Chart V and physical pro­
perties collected in Table III.

A nor-compound, Mexicanin^ apparently belonging 
to this series has been isolated from Helenium mexicanum
H.B.K. and assigned the structure (43).

mp. 100-5- 101-5



0
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Table III - Parthenaao type sesquiterpenes.

Compound Ql.p . Ref.

1 Parthenln 163-166° +7.02° 65
2 Ambrosin 146° -154.5° 66
3 Damsine 111° -72° 67
4 Coroiiopilin 177-178° -30.2° 68
5 Teaulln inclefiiiite 

up to 215°
-20^to 
-24°

69

6 Isoteriulia 160-161° +4 to +8° 70
7 Helenalin 169-172° -102° 71
8 Isoheleiialin 260-262° - 72
9 Aromatin 159-160° -6° 73
10 Aromatlcln 232-234° +18° 73
11 Mexicaniii A 138-140° -27° 74
12 Mexica lin B 212-214° +39° 74
IS Mexlcani-i C 251-252° -80° 74
14 Mexicanin I 257-260° +42,5° 75
15 lalduilln 231-232° +57° 76
16 Pulchellln 165-168° -36.2° 77
17 Geir:erinin 202-203° -10.7° 78
18 Llnifolin A 195-198° +33° 70
19 Linifolln B 149-151° - 70



Zierooe:
Zierone is a bicyclic unsaturated ketone which on

dehydrogenation itirnished a new azulerie, termed zierazulene,
whose structure was confirmed by synthesis as (44), Based

81on this, structure (45) was proposed for zierone . However,

10

82
o 9 ^  r  n  a

b-p l38/IOmm,n^^ 1-5117, [qO^-ISO  

Barton and Gupta""^ found that this structure must be modi­
fied as the NliE spectrum of zierone did not display any 
olefinic proton, further work by this group led to the

QOrevised structure (46) . It lias been proposed that zierone,
which does not possess the usual cyclized farnesol skeleton, 
may originate as follovis:

( 4 6 )
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TRICYCLIC

ilaallatie;
84I-Iaaliol , a saturated tricyclic sesquiterpene 

alcohol, has been isolated from Maali resin (Ganarlum 
samonense). Ddiydrogenation yielded eudalene mainly, with 
little of vetivalene (48). The presence of a cyclopropane 
ring was shown by spectroscopic data and confirmed by 
chemical evidence. All these led to the establishmetit of

(48)

mp. 103-104  ̂ -'D + 15-1 oL ̂ -“D -  135-2

structure (47) for maaliol if^ich has been confirmed by
synthesis'85 p-J4aaliene (49) has also been isolated from

86Chinese Spikenard oil [̂ ardostachys jatamansi (Roxb) DC] 

Calarane:
Calarene, isolated from Chinese Spikenard oil

[Nardostachys jatamansi (Hoxb) DC] on treatment with formic 
acid gave a diene (51) which was identified as the product 
of acid catalysed dehydration of maaliol (47). This result 
taken in conjunction with spectroscopic data and biogenetic 
consideration led to the structure (50) or 3,10-double bond
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isomer (52) for Salarene. The Identificatioa of aristolene,
87prepared from aristolone (53)  ̂as structure (52), confirmed

86 88 the above structure (50) for calareae . 3orm and co-workera
and Ourlsson and co-workers have isolated the s^ae hydro­
carbon (under the name -gur junene) independently and arrived at 
the structure (50), Tiie name calareae has been retained 
for this hydrocarbon (50) as suggested by Pesnelle and 
Airisson . Aristolene (52) has been isolated as a minor 
product from i^ardostachys jatamansi (Roxb)

,20
D ■5051

I5t)

.20 ■5047 m.p.100-101

Thu .iop sane:
Thujopsene (54) and hinokiic acid (55) were isolated 

froT the oil of Japanese Iliba tree (Thujopsis dolabrata (L.f.) 
Sieb^ et lucc.,). The presence of a cyclopropane riiig in 
conjugation with double bond was established froa molecular
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refractivity, catalytic hydrogexiation (conjugate addition),

(54) R = CH3, b.p. 120°C/10 mm

R

1.5031
[«]q -110°

(55) a = coon m.p. 169-170^
-€6°

91 32IR aiid studies * . ^'stenatic degradation e^qperi-
meats led to the establishment of structure (54) for

33thujopsene. Recently a total synthesis of tlmjopsene 
is reported which establishes the stereochemistry as shown 
in (56),

Widdrane:

(57)
m-p-98°, M n + ' 0 5 °  m-p. 156-157° [odjp-6

Thujopseiie oa treatmeat with aqueous oxalic acid 
yielded a sesquiterpene alcohol ra.p. identified as

94 9 3widdrol * (57) j a constitumt of South African Widdringtoxiia
species. The structure of I'/iddrol'̂ ® lias been confirmed isy
a total synthesis 
from the sane oil.

96 Widdrol epoxide (58)^^ has been isolated



The biogenesis of these compounds, apparently, 
is related to ttiat of cupareae and this has been discussed 
lat er.

Lindereae;
Linderene, the crystalline component of Lindera 

strychinifolla Vill. has been shorn to possess the structure 
(59) . The structural derivation is based maixily on the
spectroscopic data and its conversion to the 'mo\m hexahydro* 
atractylone (60).

(59)
m-p. 143-145° [ĉ ]̂ + 1514°

<x~Loni;ipinenei
cC-Longipinene (61) isolated fror.i Swe^dish sulphate

toturpentine was assigned a pinene like structure' from its

bp l02-106/l0mm- 1-4924

iĵ JD + 36-9° '

Cl'
(62)

spectral properties as well as its conversion to longibornyl
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chloride (^) exclusively, on hydi'ochlorinatioii. It iias
99also been isolated from Indian turpentine oil recently . 

Copane:
Copaene, the well knov/n tricyclic unsaturated 

hydrocarbon, which has long been thought to possess the 
structure (S3) has recently been shown by two different 
groups of w o r k e r t o  possess structure (64) instead.

(64) (65)

b p. 114-115/ lOmm 

n30 1.4864, [oC\ - 6-3D

101

b.p. 128-129°/ Imm

J-Ristakone , an c(p-unsaturated ketone, isolated 
from Cyperus rotundus Linn, has been shown to possess the 
copane skeleton and assigned structure (65).

Patchouli alcohol:
Patchouli alcohol isolated from Pogosteraon patchouli 

Pellet, was assigned the structure (66)^^^ on the basis of 
degradation studies carried out on c<,n and f-patchoulenes, 
hydrocarbon products of dehydration. The above structure was 
apparently confirraed by an elegant synthesis of c<-patchoulene103
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and its conversion to patchouli alcohol. However, recent
X-ray analysis^^*^ showed that patchouli alcohol is represented

OH !

m.p. 55-56°, Mp-I29°

by a new structure (67). The pyrolysis of patchouli acetate 
to c<* and Y-patchoulenes is accompanied Ijy a rearraxigement, 
which takes place in exactly reverse direction on treatment 
of o<-patchoulene (68) with peracetic acid during the con­
version of c(-patchoulcne to patchouli alcohol.

Isopatchoulane:
Skeleton originally assigned to patchouli alcohol

has been found to constitute an -unsaturated ketone,
lo6patchoulenone (70)  ̂ isolated recently from Oyperus rotundus

Linn, A hydrocarbon possessing the structure (71) and
106identified as cyperene 

same oil.
has also been isolated from the
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(70) 
m.p. 52 5°

-97-1° 

TETRACYCLIC
Longicyclene:

107

(71)
1-5058
-20

Lotigicyclene , '̂i5^o4 » Oiily example of tetra­
cyclic sesquiterpene, has been isolated from Indian turpentine 
oil (Plnus lon-^ifolla). Its structure (72) has been arrived at 
from a study of its spectral properties taken together with 
its conversion to longifolene (73).

at:
(72) 

b p- 82 / 2 mm 
I- 4888D

'O C

(73)

M  +33.6'
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The simplest starting material for all isoprenoids 
is accfcic acid^^^ as is shown clearly in the case of 
cholesterol. Acetic acid in the form of "active acetate” 
[acetic acid thiol ester of Co-enzyme A (74)] unite to 
give p-hy dr 0X5' -methyl glut aryl Co ̂enzyrae A (75) which on
enzyraatiq reduction tiives mevalonic acid (76)l la

CHj -
.0

+ CH3  -

.0

s .  CoA CoA

(74)

P
CH,-/- CHo-

.0
+ Co ASH

S- CoA

CH3 -C//
\

P

CH2 - C
.0 + CH3  - c

\
SCoA

\
S. CoA

OH

C=0 COOH 

S.CoA 

(75)

:00H

OH

CHgOH 

(76)
Mevalonic acid is phosphorylated to mevalonic acid pyro- 
phosphate^^^ [MV.\PP (77)] with the help of adenosine tri­
phosphate (ATP). MVaPP (77) undergoes decarboxylation and 
dehydration in the presence of ATP forming isopenteiiyl pyro-
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phoaphate^^"^ [isPP (73)] wliiah isoraerises to dimethylallyl 
pyrophosphate [OinalPP (7;?)].

OH

CH2OH COOH

(76)

ATP OH

CH2OP COOH

CH2OPP

(79)

ATP

CH2OPP

(78)

OH
COOH

CHgOPP

(77)

In the presence of the enzyme farnesyl pyrophosphate 
synthetase, IsPP (78) reacts with j^nalPP (73) to give geranyi 
pyrophosphate [GoPP (80)] which then condenses with a second 
molecule of IsPP (78) to give farnesyl pyrophosphate [FaPP (81)] 
By secondary transformation namely cyclisation, rearrangement 
and oxidation^the different monoterpenes are formed from 
geranyl pyrophosphate, the sesquiterpenes, triterpenes and 
sterols from farnesyl pyrophosphate and finally diterpenes 
and carotenoids from geranylgeranyl pyrophosphate.

115

OPP
OPP

-H

ISPP
OPP OPP

(SI) (80)
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Initial suggestions about the possible modes of 
cyclisation of farnesol to yield sesqaiterpenoids were 
made by Ruzicka"' and has recently been extended by 
Hendrickson . The farnesol formed from IsPP probably 
has a trans central double bond and the ailylic double 
bond can assume cis or trans eoafiguration by anionotropic 
interCOaversions. No oxidation occurs during cyclisations 
so that the most coaaon oxidation state of cyo*lic sesqui­
terpenes is that of farnesol.

The cyclisation of farnesol criaia may be divided 
into those starting from cis-farnesol (82) and those 
originating from trans-farnesol (11) and these have been 
summarised in Chart ¥I according to ilendrickson.

It is the purpose of the following schematic 
correlations to bring out how a single cationic species 
is capable of leading to a variety of structures depending 
0 1, what may be termed as, the contour of the enzyme surface,



(82)

Trans- FARNESOL  

( 1 1 )

(87)

\\
(88)

CHART  YT - CYCLIZATION OF C IS - A N D  TRANS  - FARNESOL



GROUP A ; B I S A B O L E N E ,  C A D IN EN E  , BE RGAMOTENE  , SA N T A L E N  E S  , A C O R O N E ,  C E D R E N E ,  

C U P A R E N E  , T H U J O P S E N E  A N D  WlDDROL®^

CUPARENE

ACORONE

! <-

CADINENES

© 

(83)

/ ®

BERGAMOTEN ES

>

©

a:-s a n t a l e n e

^-SANTALENE CHART 3D
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GROUP B ; C A R Y O P H Y L L E N E ,  H IM A C H A L E N E ,  L O N G IF O L E N E  

L O N G IC Y C L E N E  A N D  L O N G I P I N E N E

1,3 shift

HIMACHALENES

a t
LONGIFOLENE

CHART -Zm .



GROUP C : GERM AC RA N E .EU D ESM O L .ELEM O L  AND 6UA1ANE TY P E S  , CYPE REN E AND
PATCHOULI  a l c o h o l "^

GERMACRANE TYPE

OH ■

PATCHOULI ALCOHOL
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Poona (December 1963).

33 H. Hikino, Y. Hikino and T. Takemoto, Chem. Pharm. Bull*
(Japan), 11, 1210 (1963).

34 C.K. Ingold, Aim, Reports,21., 102 (1924).
35 C. DJerassi, W. Rittel, A.L. Mussbaum, F.W. Donovan and

J. Herran, J. Araer. Chera. 3oc., 76^ 6410 (1954).
36 L. Caglioti, H. Naef, D. Arigoni and 0. Jeger, Helv. Chim. 

Acta, 2278 (1958).
37 E. Spath and F. Vierhapper, Her., 71, 1667 (1938).
38 C. Djerassi, P. Sengupta, J. Herran and F. Walls, J. x\mer.

Chem. 3oc., 76, 2966 (1954),



1 i

S3 C. Djerassi and 3. Barsteixi, Tetrahedron 7, 37 (1359).
40 P. Grabbe, 3. Bursteiii and C. DJerassi, Bull. Soc. Chini. 

beiges, 67 , 632 (1358).
41 H.-'I. Appel. C.J.W. Brooks and K.H. Overton, J. Chem. Soc,,

3322 (1959).
42 H.H. Appel, J. D. Coniiolly, K.H, Overton and (in part)

R.P.M. Bond, J. Chem. 3oc., 4685 vl360),
43 li.n, Appel, H.P.M. Bond and Overton, Tetrahedron ^9,

SS5 (1363),
44 C.3. B̂ irnes a-id J. /. Loder, Austral. J. Jhem,, 322 (1962).
45 X, Ohsuka, J. Chem. Soc. Japan, 757 (1362), Ghem.Abs. 59.

6444 e (13G3).
E.L. van Taraelen, A. Storni, E.J. Hessler and M, Schwartz,
J. Omer. Chem. Soc,, 3295 (1363).

47 A,iischeamosu, D, Fellx^ d. Gut, J. Meier and P. Stadler,
'Biosynthesis of terpeaes and Sterols’ Giba Fouadation 
Symposium, 1353, J and A Churchill, London, p.217.

48 P. de Mayo, E.V. Spcncor and R.i;. VJhite, J. Amer. Chem. Soc,,
§4, 434 (1362); Canad. J. Chem,, 41, 2936 (1363).

49 E.J. Corey and T. Nozoe, J. Amet*. ChG-m. Soc., 85. 3527 (1363).
50 P. de I-layo, J,R. Robinson, E.Y.Spencer and H.W. .'hite,

Experieiatia, IB, 359 (1362),
51 S. Tamra, A.Salairai, K, Kainurna and II. Takai, Agr. Biol,

Chera., 2Z) 70S (1963).
52 V, Sylcora, V. Her out, J. Pliva and F. Sorm, Ch^. and Ind,,

1231 (1356),
53 J. Vrkoc, « , Ilerout and F. Sorm, Coll. Czech. Chem, Comra,, 

aZ, 2709 (1362).
54 J. Vrkoc, V. Herout and F. Sorm, ibid., 26, 3183 (1961).
55 J, Vrisoc, J. Jonas, V. Ilerout and F. Sorm, ibid., 539 (1964).
56 C. aizell and iirdtiia i, Tetrahedron, 4, 361 (1958).
57 ¥. Parker, E. Rainage and K.A. Raphael, J. Qieja. Soc., 1558 (1962).
58 G.L. Chetty and 3ul(ii Dev, Tetrahedron Letters, 73 (1964),



59 V. Herout, V, Huzicka, Yraay and F. 3orm, Coll. Czech,
Chera. Coinra,, 37S C1950).

60 ’Terpens spectren', J. Pliva% M. Horak, V. Herout and F.Sorm, 
A'^admle Verlag, Berlin (I960).

61 3, Krishnappa and Sukl:i Dev, private coraraunicatlon.
62 K.S. ICulkarni, S.K. Paknlkar, A.3. Vaidya, li.R. Kelkar,

R.l, Bates and 3.C, Bhattacharyya, Setraiiedron Letters, 506 
(1963).

6o P. de Mayo, Pei’fuiaery Essent. Oil Kecord, 68 (1957),
64 W. Ilerz and II. VJatanabe, J. Amer. Giiem. 3oc,, 60S3 (1959),
65 >i. Ilerz, H. VJatanabe, M* iliyazalii and Y. Klshlda, J- Amer.

Ohm. 3oc., 2601 (1962).
66 H. Ate-jhady and T.O. Soine, J. JlmGr. Pharm. Assoc.,

287 (195£).
67 M. Suchy, 7. Herout and F. Sorm, Coll. Czech. Chera. Comm.,

2g., 2257 (1963),
68 W. Herz and G, Hogenauer, J. Or^. Caea., 5011 (1961).
69 D.H.ii. Barton and P. de l%yo, J. Cliesn. 3oc., 142 (1956).
70 W. Herz, J. -)rg. diem., aZ> 4045 (1362).
71 H. Adams and W, Herz, J. Amer. Chem. 3oc., 71, 2546 (1949).
72 G. Buchi and D. Rosenthal, J. Amer. Jhtsu. 3oc., 2§.» 3860 (1956)
73 J. Romo, P-Joseph-:Jathan and F. Diaz, Chem. and Ind., 1839

(1963); Tetrahedron 79 (1964).
74 A. iiomo de Vivar and J. Homo, Chera. and Ind., 882 (1959).
75 E. Dominguez and J. Homo, Tetrahedron ^9, 1415 (1963).
76 W, Herz, R.3, Mtra and P. Jayaraman, J. Araer. Chen. Soc.,

§1, 6061 (1959).
77 W. Herz, K. Ueda and 3. Inayama, Tetrahedron 19, 483 (1963).
78 J.P. de Villiers, J. Chem. ioc., 2412 (1959).
79 J.P. de Villiers and iC. Pachler, J. Chem. 3oc., 4989 (1963).



:v-i
80 A. Homo de Vivar and J. Romo, J. Amer. Chem, 3oc,,

2326 (1961)J J. Romo, A. Roao de Vivar and W. Ilerz,
Tetrahedron 19, 2317 (19SS).

81 R.P. Hildebraad and M.i). Sutherland, Austral. J. CJhem,, 
is., 436 (1353).

82 D.H,R. Barton and G,3. Gupta, J. Chem. 3oc., 1962 (1961).
83 A.J. Birch, D.J. Collins. A.R. Penfold and J.P. Turnbull,

J. Chem. 3oc., 792 (1962).
84 G, Biichi, M. Sohach, V. Wittenau and D.M, W}iite, J. Amer.

Chem. 3oc., 81, 1968 (1959).
85 R.B. Bates, G. Buchi, T, Matsuura and R.R. Shaffer, J. Amer. 

Chem. Soc., Sg., 2327 (1960),
86 G. ^chi, F. Greuter and T, Tokoroyaina, Tetrahedron Letters, 

827 (1962).
87 3. Furul?awa and M. Soma, J. Piiarm. Soc. Japan, Si., 559, 565 

(1961).
88 J. Vrkoc, J. Krepins’̂y, V. Herout and F. Sorm, Tetrahedron 

Letters, 225 (1963).
89 J. Streith, P.Peanelle and G. Ourisson, Bull. Soc. chim. Fr., 

518 (1963).
90 P. Pesnelle and G. Ourisson, Bull. Soc. chira. Fr., 913 (1963).
91 T. Norin, Acta Chaa. Scand., i5, 1676 (1961)j i2, 738 (1963).
92 S. Forsen and T. Horin, ibid., i5, 592 <1961).
93 VJ.B. Dauben and A.C. Ashcraft, J. Amer. Chosi. Soc., §5,

3673 (1963).
94 3. Nagaharaa, Bull. Cheat. Soc., Japan, 1467 (1960).
95 C.Enzell, Acta Chem. Scand., i§, 1553 (1962).
96 C.Enzell, Tetranedron Letters, 185 (1962).
97 K. Takeda and M. Ikuta, Tetrahedron Letters 277 (1964).
98 H. irdtinan and L. V/estfelt, Acta dieia. Scand., 3*2, 2351 (1963)
99 S.C. Bisarya, U.H. Nayak and Sukii. Dev, private communication.
100 G. I^chi, S.H. Feairheller, P. de Mayo and R.E.Williams,

Proc. Ohm. Soc., 214 (1963).
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C H A P T E R  n  . 

I S O L A T I O N  OF H I M A C H A L E N E S



The Tree
Gedrus deodara (Roxb) Loud, or Himalayan Cedar is 

a horizontal branched tree, growing to a hei,;ht of 200 ft. 
vrith a girth of about 30 ft. in the Himalayan regions (4000 - 
10,000 ft. high). The bar-c is brown vrith a whitish lustre.
The leaves are long acicular in shape, grovm on the branches 
in tufts 20 to 60 in numbers. Male catlcins are more or less 
cylindrical and stamens are sub-cylindrical bilocular. Female 
cones are velvety and pea-green in colour and deliciously 
fragrant when youiig and become brown later. Seeds are unequal 
and somev/hat wedge-shaped^. The tree is loiown as Deodara in 
Sanskrit, Deodar in Hindi and Devataram in Ifelayalam. The 
tree yields valuable timber which is extensively used in making 
railway sleepers and door frames. Lfcarlnj the process, a lot 
of waste wood is produced which in view of its high oil content 
is usefully onployed for obtaining the oil by *listillation^.

THE E3SKITL1L OIL 
Past work:

2Li 191G, Roberts made a preliminary studi-- of the oil.
He examiaed two samples of the oil which had the constants re­
corded in Table I. On fractionation of the oil, four main
fractions were collected, one of which was identified as

3p-*.nethyl- a -tetrahydro acetophenone as its sonicarbazone. The 
presence of a phenol was proved but its identity v/as not 
established due to its presence in low percentage. The main 
constituent (50 - 10%) of the oil was shov/n to be a sesquiterpene
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fractioi, for v;hich he could not prepare a solid derivative.
He could,ho\-/ever, isolate from the oil,hexoic, heptoic and 
stearic acids by hydrolysis.

In 1922, Simonsen and Ran confirmed the main work 
of Roberts, Tnqy did not find anĵ  phenol in the oil, but 
reported the presence of a viscid yellow sesquiterpene alcohol 
and some esters of fatty acids. In 1934, Pfau and Plattner 
examined a sample of the essential oil from the v/ood of the 
Himalayan Deodar and found that the higher boiling fraction 
of the oil also contained two isomeric ketones, namely and P' 
atlantones (1 and 2.’ respectively).

0

II) (2 )

QIn 1944, iluzicka and co-workers isolated a hydrocarbon 
fraction from the leaf oil of Gedrus atlantica, which formed an 
optically active crystalline dihydrocliloride and monohydrochloride.

V/ork of Krishna Rao and 3ukh Dev:
7In 1952, ICrishna ilao and ^ k h  Dev examined the oil more 

syst enatically.
They obtained the Deodar wood from Kangra in East Punjab 

and on steam distillation of the cliipped wood, obtained the 
volatile oil in a yield of 10 - lljl. The oil was coloured yellow



and had the characteristic odour of the wood.

On careful fractioaatioa of the oil through a packed 
column, five major fractions were collected. The first 
fraction contained a small percentage of allcali soluble 
portion (0.022^; benzoate,m.p. 74 - 75°C, copper salt,m.p. 
1S2®C) but its identity was not proved due to lack of suffi­
cient quantity of material. The bulk of fractions I and II 
was identified as a mixture of p-methyl acetophenone and

3p«methyl tetrahydro-^ -acetophenone. The presence of
3p-methyl tetraiiydro- -acetophenone was confirmed by the

oxidative regeneration of acetophenone from its semicarbazone
by treatment with sulphuric acid (75^). The major portion
of the oil (Fractions III and IV) was shown to consist of
sesquiterpenes, named by these authors as c(-himachalene
Clevo-rotatory) and p-himachalene (dextro-rotatory). Both
these hydrocarbons yielded the same crystalline dihydrochloride

0with same melting point as that of Huzicka’s compound .
Himachalene dihydrochloride could be readily converted into a 
monohydrochloride having a melting point same as that reported 
by Ruzicka. However himactialene derivatives were found to be 
optically inactive. The last fraction was shown to consist 
essentially of a tertiary alcohol, termed, himachalolj traces 
of the atlantones were also identified in this fraction. The 
relationship of himachalol to the himaclialenes was established 
by the preparation of the same dihydrochloride.
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HIHACHALME3

Preliminary investigatioxi by .^isima Rao and c5akh Dev 
on himaclialenes had indicated that these hydrocarbons 
represent a new type in sesquiterpenes and the present work 
was undertaken to throw farther light on the problem.

The essential oil obtained earlier by Krishna ilao
and oukh Dev v;as available for further investigation. On
careful fractionation under reduced pressure, the oil yielded

and15^ of c<-hiniachalene, of ,^-himachalene. The essential 
oil was cut into 35 fractions, the optical rotation and boiling 
point of each fraction being determined and those having 
identical properties being mixed up. A typical fractioriation 
data is given in Table II (graphically represented in Fig,I).

In order to further purify these hydrocarbons,the 
respective c<- and hiraachalene fractions (vide experimental) 
were again subjected to precise refractionation at a high 
reflux ratio, the optical rotation of each fraction being 
determined to gauge the course of the fractionation. The 
cuts with almost identical properties were mixed up.

The purity of these hydrocarbons was further checked 
by gas-liquid chromatography (GLG) and found to give a single 
peak under a variety of experimental conditions.

'TU. IG(5:2.
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EXPEalME.iTAL

Fractloaatloi of the easeitlal oil:
Gedrus cleodara oil (1760 grris; was fractionated 

carefully through a glaas-helics packed column*, carrying 
a total~coride;i3atlon type still-head, A reflux ratio of
1 : 15 was raaintaiaed. The course of fractionation was followed 
toy deterniaiag the optical rotatioa of eacti cut. Cuts havi^lg 
almost sanie physical properties were mixed up and thus finally 
five fractions resultea (vide lable II). uiven in Table II 
are the fractlonatio.i data for a typical experiaient.

TABLE II
Practlonatio 1 of Cedx'us deodara oil

B’raction
ilo.

Wt.
(g)

,b.p. /rarn [<]D Hemarks.

22.75 85/5 - 106.5/5

;̂ .S7 106/4

-26.5 Lot I, lower 
terpenes.

-67
contd.

Supplied by Emil Greiner and Co., New Yor’cj the estimated 
nuiiiber of theoretical plates uxider the above working 
conditions is thirty.
Here the boiling points are somewhat lower (-^8°) than 
those actually determined in the conveitional apparatus 
for vacuum distillation, apparently because the location 
of the manometer in Fmil Ureiner assembly is such that 
the pressure recorded is nearer to the correct values.
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TABLE II - continued.

taction
Ho.

Wt. b.p ./mm M d

3 10.08 110/5 -71.8
4 8.65 108 - 109/5 -75.6
5 10.89 109/4 -81.6
6 12.35 107 - 108/4 -72.8
7 10.34 106/3 -59.4
8 9.01 109/4 -52.1
9 9.25 105/3 -40.0 ^

10 10.25 105/3 -24.32
11 9.47 106/3 -8.46
12 9.26 106.5/4 -7.16
13 10.22 110/4 +25.5
14 15.54 112 - 112.5/4 +58.68
15 9.82 112 - 11V 4 +92.74
16 17.79 112 - 114/4 +118.54
17 8.81 110/3 -
18 9.26 113/4 +133.52
19 10.17 113/4 +144.9
20 10.8 111 - 112/4 +151.8
21 11.18 111/4 +162.8
22 12.29 110/3.5 +170.8
23 12.52 110/3.5 +179.9
24 13.93 110/4 +1S6.8
25 12.55 110/4 +192.8

Hemarlcs.

)
) lot II 
) mainly 
) =<-hiraac 
)
)
)
)
)
)
)

)
)
;
) lot III 
) mixture of 
) =(- and p- 
) himachalenes. 
)
)

lot IV,
mainly
'’-himaciialene.
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Fraction
Ho.

Wt . 
( g . )

b.p./mm Remarks.

2 3 1 3 . 6 5 1 1 3  -  1 1 3 . 5 / 4 1 9 7 . 1 )
\

2 7 1 3 . 6 2 1 1 ^ 4 + 2 0 2 . 7
J
)

2 8 1 3 . ^ 1 1 1 / 4 + 2 0 7 . 8
/
I lot BT

2 9 1 3 . 4 6 1 1 2 / 4 + 2 0 2 . 8 ■ ina.inLy 
i p-himachalene.

SO 1 3 . 1 1 1 2  -  1 1 3 / 4 + 1 8 8 .2 )
£ 1 9 . 0 7 1 1 3 / 4 + 1 7 0

}
)

3 2 1 1 . 8 4 1 1 2 / 3 . 5  -  1 1 3 / 3 + 1 1 2 . 7
J
)

S 3
3 4

3 6 . 6 7
1 1 . 4 5

1 1 3  -  1 3 ? ^ S  
1 3 4  -  1 4 1 / 3

+ 3 7 . 9  ) 
)

+ 1 3 . 3  )
lot ?, mainly 
himachalol.

Hesidue 2 8  g m s .

C u t s  ( 2  t o  8 )  h a v i n g  a  maxiroum  n e g a t i v e  r o t a t i o n  w e r e  
m ix e d  a n d  w e r e  r e f r a c t i o n a t e d  f o r  c < ^ i i a a c h a l e i i e .  S i M l a r l y  
l o t  n u m b er  I ?  ( f r a c t i o n s  1 6  -  S 3 )  h a v i n g  m axim um  p o s i t i v e  
r o t a t i o n  w a s  m ix e d  a n d  r e f r a c t i o n a t e d  f o r  p u r e  f l - h i m a c h a l e n e .

-H lm a  c h a l  e n  &;
T h e  o ( - h i m a c h a l e n e  f r a c t i o n  ( l o t  J o . I I ,  2 5 6  g . )  w a s  

r e f r a c t i o n a t e d  tl^ iro u g h  t h e  sa m e  c o lu m n  m a i n t a i n i n g  a  h i g h e r  
r e f l u x  r a t i o  ( 1  t 2 2 ) .
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TABLE I I I

Refractioriatlon of c(»himachalene

F r a c t i o n
i o .

w t . C g . ) b . p . / a m C'<3£,

1 0 . 7 7 9 2 / 5 -
2 1 2 , 6 9 9 3  -  9 6 / 6 + 3 0 . 8
3 1 2 . 6 9 6 . 5  -  9 8 / 5 - 4 2 . 1
4 I S . 3 9 7  -  9 8 / 4 - 3 2 . 1
5 lc > .0 5 9 9 / 5 - 1 2 8 . 1
6 1 0 . 7 5 1 0 0 / 5 -1 4 1 < ,3
7 1 5 . 2 5 1 0 0 / 4 . 5 - 1 6 1 . 8
8 3 . 1 3 9 8 / 4
9 1 2 . 0 0 9 8 / 4 - 1 6 8 . 5

1 0 1 1 . 8 1 9 9 / 4 . 5 - 1 7 0 . 0
1 1 1 6 . 4 0 1 0 0 / 5 . 5 - 1 7 1 . 8 5
1 2 1 . 6 7 9 9 / 5
I S 1 3 . 5 3 9 9 / 5 - 1 7 1 . 3
1 4 1 2 . 9 6 9 9 / 5 - 1 7 2 . 9
1 5 1 2 . 1 8 9 8 / 5 - 1 7 0
1 6 1 6 . 8 4 9 9  -  1 0 0 / 5 - 1 5 9 . 8
1 7 1 2 . 4 2 1 0 0  -  1 0 2 / 5 - 1 1 2 . 1
1 8 9 . 7 7 1 0 2  -  1 0 : ^ 5 - 2 3
1 3 1 5 . 4 2 1 0 3  -  1 0 4 / 5 + 4 4 . 5
2 0 1 6 . 0 6 1 0 4  -  1 0 5 / 5 + 1 2 3 . 4
2 1 1 3 . 4 7 1 0 5  -  1 0 6 / 5 + 2 0 6 . 5



The fractions having almost identical properties 
were mixed up to get four batches of <3c-himachalene with 
different grades of purity (see Fig.II). They were dis­
tilled over sodium and stored in dark bottles in a refri­
gerator. Batch No.Ill, after distillation over sodium 
represents the purest «<-hiraachalene and its properties are 
recorded in Table IV". It is a colourless, mobile liquid 
with a pronounced odour of the wood. [Found: C, 88.22;
H, 11.77; requires: C, 88.16; H, 11.84^].

TABLE IV
Physical properties of himachalenes

Properties o<-himaci:ialene p-himachalene

b.p. 93.5®C/2 mm 121 - 122°C/4 mm
Density d|® 0.9206 OKd^ 0.9SS0
Refractive index n^® 1.50825 1.5130
Optical rotation 
(pure liquid).

-172.7° +225.8

Optical rotation 
(in ciiloroforra)

-192.3° 
(conc. 4.162^)

+224.7
(4.76f.)

Molar refractivity 65.85 65.71

^■flimaclialene:
!The '^-himachalene fractions[(lot No,IV) 782 g.] was sub­

jected to precise refractionation exactly as was done for the 
o<-isomer.





TABLE V
Refractionation of p-hlmachaleae

Fraction
No,

Wt.(g) b.p./mm M D

1
2
3
4

5
6

7
8

9
10

11

12

13
14
15
16
17
18
19
20

5.9
11.66

8.5
12.47

1S.33
10.15 
12.02 

16.1

11.62
12.15 
12.44 
16.57
2.65

16.82
13.92
14.85
13.74
15.55
15.98
13.05

100 - 101.5/4
103.5/4
103.5/4
103.5/4 - 
104/3.5
104/'3.5
104/3.5
103/3.5
103/3.5 - 
103.5/3.5
102/3.5
104/4
1 0 V 4
105/4

104/3,5
106/3.5
106/3.5
106.5/4
106.5/4
105/3.5
105/3

+25.5
+49
+69.5

+83.4
+90
+94.4
+98.6

+96.7
+107.2
+117.1
+123.2

+136.4
+140.2
+146.5
+151.4
+156.6
+164.4
+167.1

.contd.



d.7

Fraction Wt.(g) b.p./ram

21 8.55 105/3 +169,9
22 14.38 107/3.5 +162.5
23 14.15 « +166
24 16.05 tt +176.7
25 18.36 fl +182.2
26 14,25 It +181.6
27 13.49 « +186,4
28 16.53 it +191.6
29 15.05 108/3.5 +192.7
30 16.00 t« +198.9
31 15.76 ft +203.0
32 16.13 tt +207.3
33 11.2 tt +210.7
34 15 tt +205.7
35 17.45 109/3.5 +211.8
36 17.3 tl +217.86
37 16.7 M +221.4
38 14.85 11 +224
39 8.27 It +223.8
40 14.55 It +217
41 13.55 It +224
42 10.5 107/3.5 +224.4
43 16.20 ft +225.2



1̂5

Fraction
- f o .

Wt.(g) b.p./mra

44 14.77 108/4 +225.8
45 14.87 M +221.8
46 16.65 103/4 + 2 2 1

47 15.95 ft +218.5
48 9,53 111/4 +212.8
43 14.37 112/4 +193.2
50 15.9 113/4 +173
51 15.05 n +142.4
52 6.35 114/4 +112.4
53

(Residue)
47 103 - 125/1 +59.4

The fractions having alnost idexitical properties 
were mixed up to get seven batches of p-liiiaachaleiie with 
different grades of purity (see Fig.Ill), They were dis­
tilled over sodium and stored ia dark bottles at ^ 5°C. 
Batch after distillation over sodium represeiits the
purest 8 -himachaleae and its properties are recorded in 
Table IV. It is a colourless mobile liquid, with an odour 
very similar to that of the c(-isonier. [Pound: C, 88.20j
H, ll,79j C, 88.16; H, 11,84^3.
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GaS"llquld Chromatograpliy

Gas-liquid c iromatography of the sesquiterpenes 
was carried out on a Per^tia-Elmer Vapour Fractocieter Model 
154-D using different types of coluims namely column K 
(polyethyleneglycol on diatoraaceous earth), column P (succi­
nic polyester of diethyleneglycol on celite) and column 3DW 
(succinic polyester of diethyleneglycol on Chromosorb W). 
Hydrogen was used as the carrier gas. A typical analysis 
along with experimental conditions is shown in Figs. IV and V,

Pure 'X- aad ■-himachalenes x̂ rer̂  isolated ’qy careful 
fractionation oi' the essc.itial oil of lli ialayan deodar v/ood.
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DETERMINATION  OF THE STRUCTURE  

OF H I M A C H A L E N E S
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The esseitlal oil fron ilinialayan deodar (Cedrus 
doodara i Loud) is to contain tv;o new sesq’-̂ iiterpenold
hydro car-30ns, namely °<- and '’-hiniachaleaes. From pre­
liminary wore reported earlier, it xms guijgested that 
these closely related hydrocar’3oas represent a new
type i;i sesquiterpenoids, and the present vrark which des-

Q-cribcs the strac^ire elucidation of these compounds, con­
firms our previous contention.

the application of gas-liquid dironiatography (GLC) 
it was found that the previously reported hydrocarbons 
were somewhat contaminated with each other. Table I records 
the physico-chemical characteristics of thoroughly purified 
samples.

Table I. Physico-cheiaical characteristics of 
and B-himachale'nes. ' '

b.p./mni .,25
%

,25
^4 M%

c<-Himachal ene 
p -iiimac>ialene

JS-4®/a 
la 1-2^4

1.5082
1.5130

0.9206 
0 .9S30

65.85
65.71

-192.3°
0

+224.7

Relationship of and "^-himachalenes
'ioth hydrocarbons analysed for ^^5̂ 124 their 

molecular refractivity (Table I) suggested these to be 
bicyclic containing tv/o ethylenic linkages. Though the 
observed molecular refractivity is lower than the calculated



r 9«j

value (66.13), their bicyclic nature was confirmed by 
estiroating the au-ibor of olcfinic linliages. Both quanti­
tative catalytic hydrogeaatioa aad percaraphoric acid 
epo>:idatlon revealed the presence of two double bonds in 
each of the hydrocarbons.

Both the hydrocarbons on treat ment with gaseous 
hydrosexi ĉ ilo -idc i i acetic acid yielded the samo crystal­
line dihydro chloride (m.p. 118-119®C), \'#hich readily passed 
into a raonohydrodiloride (m.p. SI-SS'̂ C) on mere recrystal­
lization from met'ianol. Tiis instability of the dihydro- 
chloride was reflected in the measurorients of optical rota­
tion vjhich is clearly dependent on time, and the tvue value 
of optical rotation of the hydrochloride could bo obtained
o-ily by extrapolation to zero time (Fig.I;.

Ihe infra-red spectra of tetraliydro-o(- and tetrahydro- 
p-hiraachalenes(Fi:i.II), though quite siaiilar, showed signi­
ficant dif ,’erences in the Inteiisities of several bands in 
the fingerprint region. Kiis is readily explainable on the 
basis of formation of differing amounts of stereo-isomers 
during hydrOi^enation. The GLC of the products (Figs.Ill and IV) 
disclosed in each case atleast two components; the component 
with lower retention time bcixxg present to the extent of 66^ 
in the case of -isomer an̂  ̂ 15^ la the P-isomer. The infrared 
spectra â id physical constants differed from those recorded 
for several laiown perhydro bicyclic sesquiterpene systems 
and thus himaclialenes belong to a newer type. It is also
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clear from the above that c<- and ^-hiiaachaleaes differ
from each other Oi.ily in the position of aa ethylenic liakage(s)

■atruetural featlires
In the infrared (B’ig.V) c<-himachaleae displayed bands

as3ig2iable to >C = CH^ (SOSO, 1770, 1625 , 885 cm"^) and
♦ «-T>C = C<| (1665, 865 cm ). These assignments were fully

Though the spectrum of cK-hiaachalene shows a band
at 820 cm'^, which is well withiii the range for out-of-
plane beiiding of a trisubstituted ethylenic lin^iage ••1 5(800-840 cm ) , it has not been assigned to this mode 
of vibration because in p-himachalene which also con­
tains the same linkage (vide subsequent discussion) 
this absorption is very imich reduced while the absorption 
at 858 cm“̂  is quite strong. Moreover dihydro-<x-hima- 
ciialene in which the asymraetric disubstituted double 
bond has been reduced txit which still contains the tri­
substituted double bond,a peak can be observed only 
at 862 cm"^.

From the present work which unequivocally esta­
blishes the structure of himachalenes, it becomes clear

that in these compounds the out-of- 
plane bending vibration of the hydro­
gen on a trisubstituted double bond
lies at abnormally at higher fre-Q
quencies. Another similar case 
reported is that of 6 -cadinol (i) 

where the band occurs at 873 cm”̂ .
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supported by the spectra of 'X-hlmachalene (Fig,VI) 
aiid dihydro-»<-hiraachalene (Fig,VII; readily obtainable 
by hydroge£iatio:i irx ethaiiolic solution). On the lower 
field-stre-igth side, ^(-himachaleae showed a peak (2ii, 
almost a singlet) at 283 ops and aaother at 222 cps (IH,

7broad siiiglet) assignable to protons on an asyrmietric 
disubstituted double bond and a trisubstituted ethylenic 
linkage respectively. In accordance with these assign­
ments di.iiydro--<-himac'iale.io saowed absorption only for a 
trisubstituted olefinic linkage [ffi (Figi’III); 1657,
862 cm~^| Hi'iH (Fig.VII): 111, broad sin-̂ 'let at ifeiS cps].

-Iliinachalcnc showed absorption due to one tri- 
Tibstituted olefinic linkage only [IH (Pig.L\); 1665,
857 cia~̂ ; (Flg.X)i IH, partly split signal at 319 cps]. 
In view of our previous data theri, the other olefinic 
lin’cage 'Tust be tetrasubstituted. Hoi'/ever, in order to 
rule out the remote possibility of '̂ -hinaclialene having

*a cyclopropane ring rather than another olefinic linkage,

*This \/as thought desirable especially in view of
higher discrepancy of molecular refractivity of
himaclialene, and also keeping in laind that the formation
of dihydrochloride and tetraliydroderivative could cilso
arise from the rupture of a three-menbered ring. Per-
acid titration has also been found to be abnormal in

8sone cases .



PPM (6 )
FIG’ VI- NMR SPECTRUM OF cC - HIMACHALENE

PPM (S)
FIG- VII NMR SPECTRUM OF 01 H Y D R O - - H IM AC H A LEN E
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the end-absorptioa'^*^'^*^^ in the ultra-violet of 
c<-hiniachalene, dihy<iro-<x-hlraachalei:ie and ^-himachaleae 
have been measured and are collected in Table II along 
with limiting values for trisubstituted and tetrasubsti* 
tuted ethyle lie linltages.

Table II. End-absorption.

^*210 ^215 ^*220 ^ 2 5

oC-Himachalene 8704 3636 948.4 627.5
n-Himachal ene 7836 6952 4S27 2869
Dihydro -«(-hima chal ene 231B 1271 695 373.6
Trisubstituted double 1400- 600- 240-

bond^ 4700 3500 1800
Tetrasubstituted double 4400- 3900- 3400-9bond 10000 9200 6700

The JMR spectrui?! of oC-himachaleae (Fig.VI) clearly 
revealed the preseace of two quater nary methyls (sharp,partly 
overlapping SH signals at 6 8, 60 cps) and one methyl on an 
oleiinic linkage (311 signal at 108 cps). These assignme its are 
borne out from the M r  spectrum of dihydi*o-<<-himachalene 
[(Fig,VII), 3H signals at 55 and 59 cps; SH doublet centered 
at 55 cps - mostly submerged under the quaternary methyl 
signal - J = 6 cps, assignable to - GH^~C = C signal
at 100 cps], p-Hiraachalene (Fig.X) displayed sigiials for 
two quateriiary methyls (44 and 58 cps) and two methyls on a



f5(J

double bond (3H absorption at 104 cps).

The total number of methyl groups in himachalene
Ip IQ 14were also edtiroatcd by infrared measureaents ’ and

the results are in accord with three methyls in -himacha­
lene and four in p-himachal©ie.

Determination of the carbou skeleton
LoTo gaiii in3i,3ht in^the carbon frame-\irork of 

himachalenes,the dehydrogenation of these hydrocarbons 
was investigated. Pure -himachalene or pure p-himacha­
lene on sel -liun dehydrogenation 7/ielded an identical re­
action product (GLC), In view of this, large scale experi­
ments were carried out on a mixture of these hydrocarbons 
(-^1 :1 ) which was more easily available.

Himachalenes on 3e-dehydrogenation (S05-S10'^C/
48 hrs) yielded three main products in the ratio of 39(A), 
28(B) and 30(G) per cent. However on sulphur dehydro- 
genation (210-215V2 hrs) the product consisted essentially 
of A (Fig.XI, 56%) and B (3S^),Oiily traces of C (<5̂ 5) being 
formed. Fractional distillation of selenium dehydrogena­
tion product yielded A and C more or less in a pure state. 
The first component A, was readily identified as 2 -^ethyl- 
6 -(^-tolyl)-heptane (1 ) by comparison (physical constants, 
UV and IR) v/ith an authentic sample; likewise component C 
was easily recognised as cadalene (2). For the characteri­
zation of compound B sulphur dehydrogenation product was
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(2 )

fractionated when aa approximately 1:1 mixture of A a.ad B 
was obtained. This on oxidation with nitric acid yielded 
terephthalic acid and trimellitic acid in approximately equal 
amounts, honce it was suspected that compound B must be a
1,2,4-trisubstituted benzene. This was clearly borne out 
from its infrared absorption in the 1650-1950 cm*"̂  region^
A comparison of this pattern (Fig.XII) with those for Cl)and
2 -raethyl benzosuberane (3) (Fig.XII) clearly revesiled that 
the first absorption pattera is a sufiiraation of absorption 
patterns due to(l)and 2 -methyl b^zosuberane.

(3)
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From the above data it was argued that hiraachalenes 
have a carbon skeleton capable of scission^ to an intermediate

Though cyelization of a monocyclic sesquiterpene of 
the type corresponding to (1 ), naaely zingiberene (ii), 
to cadalene during dehydrogonation is Iciown, the reverse 
case i.e. the formation of (1 ) from a bicyclic sesqui-

15 IS 17terpene of cadalene type, has not been reported so far * *
and appears unlikely.

H

(ii) (iii) (iv)
In connection with the above remarks it may be

18 19noted that thujopse^ie (iii) and widdrol (v) on sele­
nium dehydrogenation give 1,7-dimethyl-4-isopropyl naph- 
tlialeiie (iv).

It may also be pointed out that the formation of 
cadalene should not be taken as an infallible proof for 
the carbon skeleton of a bicyclic sesquiterpenoid. It is 
conceivable tiiat sone sesquiterpenes might have beeii 
assigned a cadaleaic structure though, in fact, they ra^ 
belong to some other type. Attention is drawn in this 
connection to hydrocarbon (vi) which from published data^^ 
would appear to be a suspect.



that can, later, give rise to both 2 -methyl-(6 -p-tolyl)- 
heptane (1) and cadalene (2) aad componcait B, may as well 
represent the original carbon frame-wor': of himachalenes.

Takimg into consideration the above experimental 
results It becomes apparent that himachalenes have a 
car bon-skeleton (4) v;ith carbon 1 attached to a position 
on the other part of the kioIgcuIg. Noting the fact that
0-hlmachalGne has a tetrasubstituted ethyleiiic linkage and, 
further, bearing in mind the nature of tlxe methyl groups, 
the linlcage in (4) m s t  be between and structure (5)
stands ruled out as it v/ould have one terminus of the tetra-

(4) ( 6 )

substituted ethylenic linkage at the bridge-head and this
2 Xis sterically prohibited . Thus the carbon frame-work 

of himachalenes may be provisionally represeited as (6 ).

In order to gain clear experimental support for 
the presence of a goninal dimethyl group in himachalenes, 
and thus adduce evide ice in favour of linlcage,
nitric acid oxidation of himachalenes was Investigated,
The acids produced in oxidation were converted into methyl



GO

esters and their composition established 1:̂  GLC (Fig.XIII). 
The various components were isolated by a combination of 
fractionation and partition chromatography and characterised 
by comparison v;ith authe.itic samples. In this way,the pro­
ducts of nitric acid oxidation were established as «

dimethyl malonic acid (4^)
c<,o(-dimethyl succinic acid {20%)

c<,c<-dimethyl glutaric acid (o8jS)
c(,c<-dimethyl adipic acid (13^)
succinic acid (26^)

These results clearly establish the cartx>a frame-work of hima* 
chalenes as (6 ).

Structure of H-hlmachalene
Based on the above considerations,B-himachaleae may 

be represented by (7) or (3). Of these structures (7) is

preferred because of the isolation of significant amount of 
succinic acid during nitric acid oxidation. Unequivocal evi­
dence supporting the structure (7) for ,R-himachalene came from 
the resl^lt3 of oxidative ozonolysis. The acidic portion was 
esterified and its GLC (Fig.XIV) showed the presence of atleast 
three components in the ratio of 36, 43 and 20%, These were
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separated by fractionation axid preparative GLC. The 
lowest boiling componeat i26%) was readily Identified as 
methyl lexnilinate. The next component (43^) was also a 
keto-ester and was identified as methyl geroxiate (3) by 
comparison of its s^icarbazone with that from an authentic 
sample [prepared from '’-ionone^^(lO) ], The highest boiling

(9) (10) (II)
component (20;.) was also a methyl ketone (positive iodoform
test; If 1720). On mechanistic considerations (Fig.XV),
this component was thought to be methyl homogeroxiate (1 1 )
( m e t h y l-e-acetyl“dimethyl capyoate), a conclusion which
was confirmed by comparison with authentic sample synthesised

The preparation of i'-acetyl-^jP-dimethyl caproic acid 
from tetrahydroeucarvone by potassium perraanganate oxidation23has been described by Baeyer and Villiger . The following 
procedure proved to be far superior. Tetrahydroeucarvone 
(vii) was subjected to base catalysed ethylnitrite-ketone24fission and the intermediate oxaminoester (viii) was 
directly converted into methyl horaogeronate (1 1 ) with for­
malin and hydrochloric acid.

(vii)

(fl)
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froa tetrahydrocsicarvoae (vii).

Since the neutral portion was bound to contain 
polyketones and cycllzed products, it was further treated 
with base to isolate identifiable products. Thus after 
al’̂ali treatment two pure products could be isolated. The
lower boiling ketone was isolated as its s©nicarbazone,

m/-i
m.p, 2 1 5 - 2 1 7 ® , 257/, (Q 26240) and v/as expected on mecha­
nistic grounds to be 1-acetyl-4,4-diraethyl cyclohexene (12). 
This was confii’raed by comparison with an authentic sample

V
f ]

( 12)

The formation of 1-acetyl-4,4-diinethyl cyclohexene (12)
25was reported by Henbest as a by-product of the acid 

catalysed cyoliiiation of citral anil. He synthesized it 
starting from p-cresol via 4,4-dimethyl cyclohexanone (ix) 
as shown belows

OH

C H = C H

u
A

CHCI2

HO C =  CH

u
A
X
(ix)

(12)

> <
(X)



(Vo

The second \msaturated ketone was also isolated 
through its semi car ba^aone aad this analysed for ^i4 r̂,Q0 .
The UV spectrum (Fig.X¥I) shovred a peat at 317 mt (C 18,200) 
indicating it to be an c<:p, "it S doubly unsaturated ketone. 
In the infrared (Fig, XVII), it showed bands at 1647 (05=0) 
and 1531 cm"^ (C=C)*. The iMH spectrum of this compound 
(Fig. XVIII) showed the presence of two quaternary methyls 
(6H, sharp singlet at 52 cps), one olei'inic methyl and one 
Glî -GO (611, singlet at 123 cps). There was no signal in the

An authentic sample of (12) could be prepared according 
to Henbest’s scheme, but in poor yields. A better pro­
cedure was as follows: Base catalysed addition of methyl
vinyl ketone to isobut^raldeiiyde gave 4,4-dimethyl cyclo-oghexene-2 -one (xi) which was quantitatively hydrogenated 
to (ix). F.thynylation in the presence of potassium ter­
tiary amyloxide yielded (x) which rearrangca vo (1 2 ) in 
excellent yield by heating in aqueous acetic acid with 
mercury treated resin.

0

CH,

CHO
+ CH - CO - CH3 w

( xi)
+This was IdLadly prepared by Ilr.K.C, 
Srivastava.
♦Though this value is rather low for 
C=C stretching vibration, it is not 
considered unlikely since similar 
values are reported by ^irk and co-
worker ŝ *̂  for (xii) 1534 cm'-̂ l-1 '
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G4

vinyl proton region. This data Is in full accord with the 
structure (13) expected on mechanistic considerations.

%

X
113)

The isolation and complete characterization of the 
abcv e products, the genesis of x̂ iiich is readily rationalized 
on the basis of structure (7) for R-hirnaciialeae (Fig. XV) 
fully confirms the structure of p-himachalene which raust be 
represented as (7),

Structure of «(»himachalene
On the basis of the carbon skeleton deduced for 

himachaleaes, o(-hiraacliale-ie could have the following three 
gross structures (14), (16) and (16). Of these structure (14)

is to be preferred on biogenetic consideration discussed later 
(Chapter VI). Support for this forriiula for -=(-himachalene was 
gathered as follows. Dihydro <^-himachalene (17) on epoxidation 
yielded the oxide (18) which as expected showed in the



spectrum (Fig. XEl) signals for (SH, doublet
J = 5 cps centered at 57 cps) and two quaternary methyls 
(611, siiiglet at 65 c,.js) , methyl on carbon attached to 
oxygen (311, singlet at 76 cps) and a proton on a 1,2- 
epoxide ring (IH signal at 165 cps, essentially a singlet). 
The oxide on brief treatment vjith borontrifluoride etherate 
at >-10° smoothly passed into a ketone ( ^  1697 cm”̂ )
v/hich in the infrared (Fig.XX) did not show any absorption 
around 1410 cm’̂  (scissoring frequency of a methylene group

5adjacent to a carbonyl group) . The formation of such a 
■cetone (19) is possible only on the basis of structure (14).

(17) (18) (19)

f'urther support for this v;as obtained by the sodium dichro- 
mate-acotic acid oxidation of dlhydro-<^<»himachale;ie when an 
o(*3-unsaturated ketone (20) [ 244 e, 15880; IH
(Fig.XXI) j 2̂  1630; MMH; one vinyl H at 339 cps] was
obtained which on reduction yielded the corresponding satu­
rated ketone (21) [III (Fig.XICII): 2̂  1720 cia”̂ J and this,
as expected, shovred a cleav absorption peak at 1406 cm ^ in



H
I

PPM ( b )

FIG. XIX. NMR SPECTRUM OF Dl H YDRO-O::-H 1 M A C H A LEN E EPOXIDE
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the Di (presence of a methyleac group aext to a carbonyl).

The above results clearly define the structure 
of oc-hiraachalene as (14)*





All m.ps. and b.ps. are uncorrected. Pet. ether 
refers to the fraction b.p. 40-60'^. /U1 solvent extracts
were finally washed with brine, before drying (Na2 ‘̂0 4) • 
Rotations were talcea in c i.lorofor=i. For tetranitromethane 
(TNM) tests, equal amounts of undiluted compound and lOfo 
solution of the reagent in CHCl^ were mixed,

UV spectra were measured on a Bectoian DU Spectro­
photometer or Bec’oian DX-2 recording Spectrophotometer.
IH spectra were taken on a Perlcin-iliner liifracord, model 
1S7E, as smears; maxiaa are reported in cm*’̂ . All 
spectra were taken in ̂  solution in GCl^ Vrdth tetra- 
raethylsilane as he inter lal standard on a Varian A-oO 
Spectrometer; peaks are reported in cps from tetrametiiyl- 
silane peak.

Hydrochlorides

Himachalene dihydrocl'iloride^: An ice-cooled solution of
the hydrocarbon (4 g, mixture of and p-hiraachalenes) in 
glacial acetic acid (8 ml) was saturated with dry HGl gas 
(S hr) and the product left overnight. The iihydrochloride 
(crude yield 1.6 g, 27%) after one crystallization from 
benzene-pet. ether mixture (1:4) cume out in fine long white 
needles (1.2 g),m.p. 118-119® with decomposition. The 
specific rotation of the dihydrochloride (c, 10%) was de­
pendent 0X1 the age of the solution (rig. I):

SvPERll4MTAL



2 ime O jc)

1/2 +5.6^
.1.

1 -1/a 28.2°
2 SO.8®
2 -1/2 32.1°
3 32.5̂ ^
4 32.0°
6 32.0°
8 31,8°

Himachalene .’nonohydrochlorIde; A solution of the dihydro­
chloride (0,7 g) in dry methanol (4 i-d), on keeping in 
refrigerator for two days deposited white needles (0.4 g) 
which after two recrystallization from methanol gave white 
shining needles (0.2 g), m.p. 51-52°. The specific rotation 
of the raonohydrociiloride (c, 2 .1;;) was not dependent on time, 
as shown below:

Time (hr)
1/2 +123.0
1-1/2 123.8
3-1/2 123.0
5-3/4 123.0
8 128.6
24 129.1
80 136.1



Peracid oxidation
a?:;— I'fl v,ar.-,r;"ii{;'.v .r, .'iiaaa

To a Iciov/n quaatity of c<-liijaaclialene (0,4577 g, 
0.00^3244 mole), or B-hiiaachalene (0.4595 g, 0.00225 mole;, 
an excess of percamphoric a d d  solution in GllClg (0.2581N,
75 D i l ,  i.e. 0.00J38 mole) vjaa added and well shaken. At 
definite intervals, 2 ml of the reaction mixture was 
withdrawn aid excess of peracid deterrained by iodometric

I

titration. Table III gives|the progress of the oxidation 
against time. In about two hours the oxidation v;.s complete 
and the number of double bonds was found to be two in both 
cases.

TABLE III 
Peracid consumption of himachalenes

■■To Time Double lx>nd equivalent 
of acid consumed be/' 
c<-hiraachalene.

Double bond equi 
valent of acid 
consumed by fi- 
himachalene.

1 Jtart 1.184 1.301
2 10 min 1.3^ 1.544
3 30 « 1.640 1.755
4 1 hr 1.823 1.367
5 2 " l.:)14 2.028
6 4 '• 2.004 1.382
7 24 *' 1.359 1.931
8 52 » 1.359 1.331

The resulting solutio.i was filtered and the filtrate 
worlced up by washing with 5̂ ' JallGO^ solution (15 ml x 4) andO



/U

drylns. The solvent was renoved uader water-pump suction 
at room te iperature. q(-liiraacnalene diepoxide was obtained 
as white flakes (75 mg) which was crystallized from pet.ether 
m.p. 125-126®, [o<]̂  ̂ -144® (c, O.aSji). (Found: G, 76.*40}
H, 10.40. ^5i^24P‘‘i C, 76,22; li, 10.24^). fi-
Himachalene yielded a liquid epoxide (0.S4 g): b.p. 126-130°/^ nim

1.4939, ̂-87° (c, 2^). (Fouad: C, 75.91; H, 10.12.
^15‘̂ 24^2 C, 73.22; H, 10,24^').

T etr ahydrohiiaachal enes
i) From e<-himachaleae; ■^-Himachalene (0.4808 g) in acetic 
acid (50 rrO.) over prereduced Adam's Pt catalyst (50 rag) 
absorbed 140 rnl (2.148 mole) Hg during 2 hr at 24®/69S nm, 
when absorption of Hg stopped. The experiment was repeated 
after adding fresh c<-hii3achaleiie (0.701 g) vihea it consumed 
194 ml (2.03 mole) of ^2 in S lir. The product v/as filtered, 
diluted to 250 sd (water) and extracted with pet, ether
(50 ml X 4). The extract was washed neutral.dried and solvent 
removed. The product on distillation gave a colourless 
liquid (0.J5 g): b.p. 1S2®/14 nim, n§^ 1.4362, d|^ 0.8986,
Mq 33.48 (calc: 67.07), -8.252® (c, 8.48^); T.m test,
negative. (Found: G, 86.57; H, 13.39. requires*
G, 86.46; U, 13.54?').

ii) From 3-himachalene: B“ilimaciialeiie (0.585 g) in acetic
acid (‘40 rnl) over prereduced Adam’s Pt catalyst (85 mg) 
absorbed 167 ral (2.15 mole) during 8 hr at 27^V708 rnm.



7:

The hydrogeriatioa was quite sluggish and Iti a aumber of 
experiiaeats the time takea for the cormjietion of hydrogenation 
was 7-8 hr. On working up, a saturate^ hydrocarbon (0.44 g) 
was obtained: b.p. lia-lll®/S mm, n^^*^ 1,4876, d|^*® 0.8997,
M q  0 0 . 6 5  (calc: 67.07), -ai.OS® (c, 4.285̂ :); T O  test
negative. (Found: G, 86.58} II, 13.3^. requires:
C, 86.46; il, 13,54^),

(1 '̂)
c(-Himacialene (0.38S8 g) in et laaol (50 jtiI; distilled 

over H.x-iey nickel) over prereduced Adairi* s Pt catalyst (50 rag) 
absorbed 50 ie1 (1 mole) during 1 hr at 22^/693 2311a when 
absorpl ioa of 11̂ CiU'ie to a close. The usual work up gave a 
product (O.SS g) . b.p. 98-100^/1 mrn, n^^ 1.4972, 0.9105,

66.24 (calc: 60.63), C«jg4 +59.17*'(c, 3.4̂ )̂; TJM test, 
yellow colour. (Found: C, 37.40; H, 12.58. requires:
C, 87.30; PI, 12.70‘v).

3elenlufli-dehydroge-iatlon of pure c<»himachalene lOid pure 
-himachalene; =<-nimaehalG.ie (1 g) and seleniu.;i ;1.5 g) were 

mixed and heated at 275° (15 hr) and finally at 325° (36 hr).
The product (0.5 g) was isolated by distillation and redistilled 
over sodium, b.p. 100-108°/^ :ia, n^^ 1.5279; GLG (Fig.>JtIII) 
showed the product to consist of A, B and C in the ratio 38.6 : 
28.5 : 29.G. The experiuieit was repeated under identical con­
ditions for ■ “hiriachalene (1 g) aiid the product (0.55 g): b.p. 
98-107^2 mm, n^^ 1.5340, consisted of A, B and C in the ratio
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41.8 : 30.7 ; 24.2 (GLC).

delealum-dehydrogeaation of hlmacrial^ie mixture: On pre­
parative scale, the hydrocarbon (J g, ^  1;1 mixture of c<- 
aad P-hiiiachalenes) and selenium (14 g) were mixed and heated 
at 305-310° for 48 hr. The product froiu two experlraents (11,4 g) 
was fractionated (6” Vigreax colu'ii:i):

Fraction lo. va.(g> b.p./rara

i £.16 126-1S0°/10 1.4311
ii 1.42 1£3-140°/10 1.5038

iii 1.30 143-153°/10 1.5353
iv 1.88 128°/2 1.5720

2 -Methyl-G-(p-tolyl)-heptaiie (1, fraction i, compound A); 
Fraction i ou passing through a colUTiin of tmsic aluaina (grade I, 
80 Zi X 2.5 cm) readily gave pure 2-raethyl-S-(p-tolyl)- 
heptane (2.67 g )  using pet. ether as eluent (25 ml x 4) : b.p. 
125-126^/11 1.4887, d|^ 0.8678, 67.87 (calc; 67.87),
[cC]̂  ̂+2.54® (c, 7.9f̂ ); 260 (c 226.8), 265 (C 297.2),
273 (£ 278.1); IR spectrura was superimposable on that of
an authentic sample (see below). (Found: C, 88.21; H, 11.77. 
CisHg^ requires; G, 88.16; H, 11.84^^;.

Fraction i (97 rag) was mixed with aq. nitric acid 
(1.2 ml of conc. iii 2.5 tal of water) and heated in a
Garius tube at 135 + 5^/16 hr. The product was evaporated 
to dryness and raade free from M O 3 by repeated evaporation 
with water. The residue (56 mg, m.p. >340°) was collected



i ‘ ^

and was’ied with v/ater. The methyl ester was obtained by 
the action of diazometliane in ether solution: la.p. 128-140®; 
mixed m.p. with dirnethylterephthalate (m.p. 140°) was 138-139'^.

Bisabolene was isolated from Ghigadisari oil by frac-
28tioaation aad purified via its trihydrochloride . The tri- 

hydroeiiloride ( ; g) oa refluxing with aoiiydrous sodiua acetate 
and glacial acetic acid^^, followed by the usual vjork up yielded 
pure bisabolene (.3.6 g) : b.p. Ic4-108®/l^^ n^^ 1.4928.
bisabolene (S.o g) was heated with seleaiura at 260-280®/30 
and distilled. The product (2.3 g) on redistillation over 
sodium gave a fraction (l.S g), b.p. 128-123^15 mm, which 
was shaken with (95̂ ., 5 r-a), in pet. ether (SO na).
The pet. ether layer was separated, washed neutral (aq.NaHCOj^) 
and v;orked up to give pure -methyl-6-(p-tolyl)-heptane ?.1.4 g), 
b.p. 133-136^/16 mm, n|^ 1.4868; ^60 (£* 401.8), 265
(e 504.8), 273 mil (t; 545.6). (Found: G, 88.30; II, 12.00.
ClgHp4 requires: C, 88.16; H, 11,84^).

Cadale.ie (2, fraction iv, compound G): Fraction iv (1.88 g)
was v/armed with trinitrobenzene (1 g) in alcohol (15 ml) and 
allowed to crystallize. The crude derivative (1.5 g) m.p. 
10^-109° after recrystallization fro ; alcohol yielded yellow 
needles a.p. 108-109®; mixed m.p. vrith an authentic sample 
(m.p. 112-113®) of trinitrobenzene complex of cadaleae was 
108-109®. The tr^nitrobenzene derivative (1 g) was passed 
through a colû nn of basic alumina (grade I, 30 g, 21 x 1 era) 
and eluted v;ith pet. ether v/he.i pure cadalene (0.49 g) was



obtained, b.p. 117^1.3 mm; 232 (log G 4.772),
290 (log e 3.8j, 325 mi U o g  t* 2.8445).

The percentage of cadalene in the 3e-dehydrogeiiation 
product of <=(- and P-himachale:ies was checked bjr observing 
the e max at 325 Ignoring the absorption of (1) at 325 m ,
the percentage of cadalene was calculated,

TABLE IV
Estlraat on of cadale xe by UY spectra

74

f max at
325

Percentage of 
cadalene

Cadalene 399
2-Methyl-6 -(p-tolyl) -heptane 23.55
o(-Himachalene dehydrogena- 

tion product.
226.4 32.3

n -ilimachal ene dehydrog ena - 
tion product.

218.4 31.2

3-Jehydrogenation product 20.62 2.94

These values are in accord with the QLC data.

Sulphuc-dehydrogenation of hlmacj^ialenes (compound B); The 
hydrocarbon (15 g,fv» 1:1 mixture of =<- and B-hiraachalenes) 
and sulphur (7.5 g) were heated together at 210-215^/250 mai 
for 2 hr ana aistilled. The yellow distillate (7.5 g) was 
redistilled over sodium. Since the product was found to be 
contaminated with starting iiydrocarbon (Br solution decolourised),



it was diluted with pet. ether (SO ill) and shaken with 
Hg304 {35%f 10 ml) for 1 hr. The pet. ether layer separated 
and shake-1 agaia with fresh (10 uil) for aaother hour.
The organic layer separated and worked up to yield a product 
(3.55 g), b.p. 11S-119®/6 m i, 1.5044; Tir solution not
decolourised. Its GLC is s'iov/i in Fig. XI.

TVie 3-dehydrogenation product (j.195 g) was oxidised 
as above in a Garius tube and the product (0.179 g) was 
extracted with water. !i‘he residue (49 rag) left was identi­
fied as terepht lalic acid as above. The aq. extract on eva- 
poration to dryness gave a solid (0.110 g) ra.p. 180-190°, 
which after crystallization from benaene-acetone (2;1, 3 ml) 
gave a crystalline product, m.p. 202-208^j mixed m.p, with 
an authentic sample of trimellitic acid (m.p. 208-213.5®, 
prepared by niJ03 oxidation of 2-methyl-p-cymene) was 203-212°.

The acid on heating at 250-260° for 1 hr followed 
by its sublimation at reauced pressure (a.6 mrii) yielded the 
ai:ili.y.dride (35 mg, m.p. 153-157°) which was purified by re- 
sublimation, ra.p. 130-162°; mixed i.i.p. vdth an authentic 
sample of trimellitic anhydride (m.p. 160-164°) was 160-162.5°, 
(Fouad: C, 55.6; II, 2.6. requires: C, 55.26; H, 2.1^).

A mixture of IL'IOg (400 ml, d, 1.31) and vanadium 
petoxide (0.4 g) was heated to 100° with stirring and the 
hydrocarbon (13 g, 1:1 mixture of and B-hiriJachalenes)



was added slowly (20 mia) .iifnert the evolution of the oxides 
of aitroge I was over (1,5 hr), the oroduct was refluxed 
(145-150*^) with stirring for C hr and theu evaporated to 
dryness on a water bath. To this residue conc. (£0 ?;il)
was added and a^ain evaporated to dryness. The product 
was diluted vlth water a'ld evaporated and the process re­
peated till the product was free fro:a HiiOg. It was esteri-^ 
fied by reflujd.ng (water bath) with absolute methanol (15 ml), 
benzene (TO ml) and conc, 11 3̂0̂  (S ml) for 13 hr. The ben­
zene layuj' 9<̂ arrt<-¥id o.nd the aq. 3fayer extracted v/ith ether 
(SO ml X 3) after dilutixi^ it to 160 wl vrith water. The 
combined organic layers were washed free of acid (aq. HaHCOg) 
and dried. a«noval of the solveit, followed by distillation, 
gave a low boiling fraction (2.2 g), b.p. 87-102^/25 im.

Thfe experiaeiit was repeated several times to collect 
a total of 16,2 g of the above material which was carefully

*fractionated using a spinning band column . The following 
fractions (Table V) were obtained.

*PIH03-GL0VEH spiining band micro still assembly 
supplied by H.i. liar tin axid Co.



TABLE V
Fractionatlo I of HNOg oxldatloa product

Fraction 
*Io.

>̂ t.(g) b.p,/lG mm „2B Result Oi’ uLG 
analysis

1 0.3654 68® 1.4121 ♦Pure a
2 1.2847 74® 1.4160 asb 41:59
3 2.4114 78® 1.4190 b:c s: 48:47
4 3,305 87-89® 1.4^10 b:c :: 42:58
5 3.883 96-101® 1.4241 b:c:d :: 12:24:64
6 3.238a 107-109® 1.4260 d:e:: 82:18
7 0.9596 113-116® 1,4;̂ 80 d:e :: 27:73

♦The letters a,b,c,d and e stand for dimethyl esters of 
dimethyl :ialonic acid, succinic acid, a(,c<-diraetliyl succinic 
acid, c<,c<-dimethyl glutaric acid and o(,o(-dimethyl adipic acid respectively.

Dimethylmalonic acid: Fraction Jo.l (S3 mg) was heated on a
vfater bath for lv5 hr \;ith cone. HGl (1 inl), gl. Ac OH (0.6 rnl) 
and Water (0»4 nil) and the product evaporated to dryness. It 
v/as diluted with water several times and evaporated to dryness 
till it was free from acetic acid; yield 58 mg, m.p. 130-150°. 
Thla was once crystallized from water, follox^ed hy recrystal­
lization fron beazeae-methanol raixture(2 :1 , 3 ml) to give 
colourless cubes, m.p. 186-187® (Lit. m.p. 192-193®) mixed m.p. 
with an authentic saiaple of dimethyl malonic acid (m.p. 131-193®) 
v/as 186-187®. [Found: C, 45.20; fl, 6.10. CgllgO^ requires: 0,46.45;
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ii, 3.10^; neutralisation equivaleut 67.7 (calc. 66.06)].

duccinlc and c(«o{’-dimethyl succiaic aeldg: Fraction iTo.4
(0.5 g> was hydrolysed aad the cinide acid (0.330 g, a.p. 
116-145°) was once crystallized froa acetone-benzene (1:1,
6 ml); the product (0.103 g, in.p. 172-175°) was recrystal- 
lizei froia water (1 ml) to get pure succinic acid (40 rag), 
in,p. 184.5 - 185.5°j mixed ra.p. v/it:i a i autlientic saniple 
(ffl,p. 185.5 - 180.5°; was undepressed.

The mother liquor iro !i the above crystallization was
evaporated to diynoss to yield a product (0,155 g, is.p. 95 -

o ^104 ) whicj'. was subjected to partition chromatography on a
colu.;ui (ii0,5 X ii.2 cm) prepared from silica gel (35 g), chloro* 
form (SO !xL) and water (21 ml). It was eluted with CHCI3 con­
taining increasing amounts of n-batanol and the following frac* 
tions were collected.

ChaOMATOGiU2-i I

F r a c t i o n
:Jo .

% o f  
JliCTLg % o fliuOH

V o l . ( m l )  o f  
e l u p i i t .

V jt. (mgs) 
o f  e l i t t e

1 1 0 0 0 5 0 0
2 0 5 5 5 0 0
3 m 1 0 5 0 5
4 8 0 2 0 5 0  X 4 1 0 9
5 6 0 4 0 5 0  X 4 12
6 6 0 40 5 0  X 2 0

*In all partition chroinatography experiments, silica gel 
(BJ;I silica gel Tor chraaata^r^phy) dan heated tj 150-160°/20 hr 
before use. Chloroform refers to CHCl̂ , saturated with water. The 
co!npouad was dissolved in GHCljj-n-TjaOri'̂ vl ial,<Ml:i) and placed on 
the ojlunin v/'iich was then eluted with solvent fixtures.
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The major fractijii (0.103 g, ra. .. 75-85 ), on repeated 
crystallizatioa froa benzeac yielded pure otj-x-dimethyl 
succinic acid rn.p. 13)-140‘̂ (Lit. m.p. 141°); mixed in.p. 
with an authentic sample (m.p. 140-141 ; was undepressed.

o(.c<-Dimethyl t^lutarlc acidi Fraction io.6 (0.5 g) was 
hydrolysed to obtain the crude acid (0.410 g, m.p, 45?«-62°).
A portion of it (98 mg) was subjected to partition chroraato-
graphy on a silica gel column (35 g, 20 X 2.2 cm) as detailed
above and the followinsj fractions were collected.

CimOMATOQHAI^ II

Fraction % of % of Vol.(ral) Vjt. (mgs)
.io. CIIGI3 I3u0H of eluent. of elifte

1 100 - 16 X 3 26.4
2 80 20 16 X 4 62.4
3 80 20 16 5.5
4 80 20 16 0

The major fraction (62 mg, m.p. 60-66°) v;as crystallized 
from pet. ether-ethor mixture (2sl, 1.5 ral); yield 19 rag,
m.p. 81-82°. Mixed m.p. with an authentic sample of t̂ joc-

♦ o -GOdimethyl glutaric acid (m.p. 81-82 , Lit. m.p. 85 ) was
80.5 - 81.5°. The acid was converted into its anhydride

The authentic samples of °(,o(-dimethyl glutaric acid, 
c<,o<-dimethyl adipic acid and c<jc<-dimethyl cyclopentanone were 
kindly prepare by ^ ,J.H.Prahlad following the procedure of 
’■’ilcox and Mesirov.^
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by refluxing with acetic anhydride (0.5 «a) for 3 hr which 
as expected showed pea-is at 1802, 1761 cm“̂  ia the IR spectrum 
for glutaric anhydride.

-Dimethyl adipic acid: .Taction Jo.7 (0,592 g) was hydro-
lysed to yield crude acid (0.516 g, m.p, 60-67®). A part of 
it (0.210 g) was subjected to partition chromatography on 
silica gel column (50 g, 20 x 2.6 cm; when a major fraction 
(83 mg, m,p. 73-76°) was eluted by GHClg (100^, 100 ml) which 
was crystallized from pet. ether-ether mixture (3:1, 4 ml); 
yield 37 mg, m.p. 87.5-89°. Mixed m.p. (88-89°) with an authen­
tic sample of °(,c<-dimethyl adipic acid (m.p. 88-89°, Lit. ra.p.

30
89-90° ) was undepressed. (Foundi G, 54.70; H, 7.67. ^0^1 4^4,

requires: C, 55.16; rl, 8.10^).

The crude acid (0.100 g) from fraction No.7 was 
thoroughly mixed with iron powder (0.100 g) and barium hydroxide 
(20 mg) and dry distilled. Tlrie residue left was steam dis­
tilled and the total distillate was extracted v/ith ether (15 ml x 
3) and dried. After solvent removal, the product ( 1728 cm”̂ )
was converted into 2,4-dinitrophenylhydrazone (HCl method). A 
recrystallized sa:aple (EtOH), orange glistening needles, m.p,
137-8°,had a mixed m.p. of 133-140° with 2,4-dinitrophenyl-
hydrazone of oc,-x-dimethyl cyclopentanone (m.p. 141-142°, Lit.^30
m.p. 144° ).

A solution of R-hlmachalene (2.26 g) in chloroform
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(60 ml) was ozoaised at -10° by tubbling ozonised oxygen 
( ^ 160 mg/lir) till it was no longer absorbed ( 5.5 hr,
KI solution test). The solvent was re;aoved under water-pump 
suction ( ^ 50 -nm) at room tenp. and the ozonidc was de­
composed by warrain̂ ; gently with hydrogen peroxide (30^, 5 lal), 
water i2Q ni) and sodium carbonate (1 g), first at 60° (1 hr) 
and finally at 100° (2 hr). The product was cooled and 
extracted with ef-her (20 ml x 4) and the ether extracts washed 
with aq. ^ 10^, 15 ml x S), then with brine and
dried. On solvent removal, a viscous product (1.16 g, nmitral) 
was obtained.

The aq. altalifie layer was acidified (H^PO^) and con­
tinuously (60 hr) extracted with ether after saturating with 
a:monium sulphate. Tiie ether extract was washed with brine, 
dried and ether re;aoved. The crude acidic product (1 g) was 
esterified (diazomethane) to yield a mixture of methyl esters 
(GLC, Fig. XIV).

Acidic products
The ester mixture ( 3.5 g), collected fro a three

experiments was carefully fractionated to give the following 
fractions:

0*7Fraction vt.(g) b.p./mm n^

i 0.437 86-88°/l5 1.4261
ii 0.S91 120-120°/15 1.4410

iii 1.051 112/0.2 1.4675



tiethyl 1evulInat e (Fractloa 1): Fractio i 1 (0.25 g) was
treated with seinicarbazide hydrochloride (0,2 g) in water 
(O.S ml) eontaining pyrldiiie (0.2 ml), followed by raetha.iol 
to make the s^lutioa homogeneous. After several hours, the 
separated product (0.276 g, a.p. 125-127°) was collected 
which after repeated recrystailizatioa from methanol, was 
obtained as fine white needles, m.p. 142-143°; mixed m.p. 
(142-143°) with sgnicarbazoae of aeth.yl levulinate (m.p. 
142-143°) was uadepressed.

Fraction i (60 mg) was mixed witri ,4-dinitrophenyl 
hydrazine (0.100 g) in rnethan)l (4 inl) containiog conc. HCl 
(0,05 ml; and warmed on a water bath. The derivative which 
was collected after several hours, was recrystallized from 
methanol to ^ive a yellow solid m.p. 140-140.5°; mixed m.p. 
with an authentic sample oi 2,4-dialtrophenylhydrazone of 
methyl levulinate (m.p, 140.5 - 141°) was 140-141°.

Methyl geronate (Fraction ii): Fraction ii (0.S91 g) was 
treated with semicarbazide hydrochloride (0.4 g) in water 
(2 ml) containing pyridine (0.4 il), followed by methanol to 
make the solution homogeneous. The product was collected and 
recrystallized repeatedly to give white microprisms m.p. 
156-157°; mixed m.p. vrith an authentic sample of the seiidL- 
carbazone of methyl geroiiate (m.p. 158-159°, see p. ?«̂ ) was 
not depressed. (Found: C, 55.10; H, 8,82; 17.33.
requires: G, 54.30; H, 8.70; I, 17.27^*).

A better aialytical result could not be obtained, even 
with an authentic sample.
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Meti'iyl ho:?io^eronatei The third ester was best Isolated by 
preparative GLC. A total of 0.C75 g of the total ester mixture 
was injected on colu :n P (succinic polyester of diethylene- 
glycol on Ghromosorb u, 1/2 inch x 2 meters) in four equal 
lots, at 160° using (15 Ibs/sq.iu.) as carrier gas. Three 
fractions corresponding to each peak (Fig.XlV̂ ; were collected 
in separate receivers icept at -10°. Fraction i (74.4 rag) and 
fraction ii (oJ.4 mg) were identified as methyl levulinate 
aiid metl-iyl geronate respectively by the preparation of their 
semicarbazone,

A portion of fraction iii (total 43,8 mg) was con­
verted into se’nicarbaaone (pyridine method) which after re­
crystallization from methanol yielded white shining flakes, 
m.p, 114-113°j mixed m.p. with an authentic sample of semi- 
caroaaone of methyl homogeroxiate (m.p, 115-116°, see p. ) 
ua.3 undepressed. (Found: J, 55.30; I, 8.60. requires:
G, 56.01; U,

The reifiaining portion of fraction iii was converted 
into its y ,4-dinitroplie i^^lhydrazone (H^SO^ method) which after 
recrystallization (MeOH) gave light yellow needles, m,p, 94-95°, 
mixed m.p. vrith an authentic sample of 2^4-dlnitrophenylhydrazone 
of methyl hoaogeronate (m.p, J2-03°) was 92-93°. (Found: C, 
53.90; II, d.30. ;, 53.67; H, 6.36^).

Neutral products
The? neutral portion (crude, 4 g) obtained from ozonolysis



of p.-hirfiachalene (three experimeats) was refluxed with 
aq. Ôll (5f’j '^0 cil) and etha iol (53 ml) for 3 hr 
The product was extracted with ether (SO al x 4) after satu­
rating with a monij-ra sulphate, washed with brine and dried.
The solveat was flashed off and the proauct fractionated to 
give the following fractions;

29Fract ion wt • (g) h.pn/im

A 0.281 87-94^4 1.4.)09 5962
B 0.946 130-1S6°/2 1,5892 6889

1-Acetyl-4,4'-dimethyl cyclohexene (12, Fraction A); Fraction A 
(0.281 g) was converted into semicarbazone (pyridine method) 
m.p. 205-7®, v/hich after crystallization from ethanol yielded 
white shining flakes, m.p. 216-217°, 257 m  (e 26,240);luaJC
mixed ra.p. with a-i authentic sample of the sanicarbazone of
1 -acetyl-4^4-diaethyl cyclohexene (see p. 93 )(m,p. 214-216*^) 
was 214-215®.[Found: C, 62.70; d, 9.10; 19.JO,
requires: C, 6S.12; H, 3,15; I, 20.08^; M. ,t. 221 (calc,209.29) ].

The above setJiicarbazone (30 mg) was heated with 2,4-
dinitrophenylhydrazine reagent (SO rag mixed with rNj 0,05 ml of
conc, HgSO^ and 5 nil of ethanol) and after several hours, the
crystalline derivative (44 mg) m.p. 181-183® was collected. It
was recrystallized (etha.iol) to yield red glistening needles
m.p. 183-184®, 254 (c 16,740), 385 m  (c 27,550); mixednuiX
m.p. with an autheatic sa-iple of 2t4-dlnitrophe!nylhydrazone of 
1-acetyl-4,4-dimethyl-cyclohexene (n.p. 182-183®) was 182-182.5®,
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(Found: C, 58.30; H, 6.10. requires; C, 57.82;

II, 6.07^).

Ketoiie (131 I ractloa 3): Fractioa 3 (0.M3 g) was converted 
Irito its senicarbazone (pyridine method) and repeatedly re- 
cr stallized from ethaaol and etiianol-benzene (1:J) mixture 
to give a pale yellow solid, m.p. 20^-210°. (Found; C, 68.90; 
f!, 8.50; f, 15.70. G, 68.93; H, 8.67j
if, 16.08^,0.

Pure seaicarbazone (0.150 g), oxalic acid (0.310 g) 
in water (2.5 ml) and n-heptane (10 ml) were mixed and re­
fluxed under stirring till a clear solution was obtained (0.5 hr; 
The orga lie layer was separated and the aq. layer extracted 
with pet, ether i25 ■''d x 2) and the combined organic layers 
washed neutral (aq. i'JaHCOg) and dried. After solvent removal, 
the product was distilled to give pure ketone as a yellow vis­
cous liquid (76 mg;, b.p. lS6°/2 mm (bath temp.), 1.5310; 
(Pound; C, 82.90; H, 10.30. requires: G, 82.30; H, 9.87%)

Tho semicarbazone was converted into the S ,4-diiiitro- 
phei^lhydrazone as above which after recrystallization (ethanol) 
gave dark red micro-crystals m.p. 188-189'^. (Found: C, 62.26;
H, O.50. requires: C, 62-48; ii, 6,29%),

Dihydro■c(»himacl:ialene epoxide (18).
Dihydro-c<-^iimachalene (6.9 g, 0.0335 mole) was mixed 

slowly vith excess of a chloroform solution of perbenzoic acid 
(0.6304 .J, 120 ml i.e. 0.0378 mole/ at rxj 0°. After 72 hrs, the
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product was washed free of acid (10% aq. dried.
The solvent was removed and the product (6.879 g, 93^) distilled, 
b.p. IIO-II5V 2 mm, nj^ 1,4881. An analytical sample was pre­
pared by passing the epoxide (1.08 g) through a column of neutral 
alumina (grade II, 33 g, 16 x 1,6 cm) when major portion (0.65 g) 
was eluted by pet. ether (50 ml x 8), b.p. 115-117°/2.5 mm, 
n^^ 1.4873, [°<]̂ ° +20.61°(c, 7.51^)j IH spectrum: C-^G 880, 875,
810 cm“̂ . (Found: C, 81,51; H, 11.92. requires: G, 81.02;
H, 11.79^;.
Isomerization of epoxide (18) to ketone (19)

A solution of the epoxide (5,88 g) in toluene (170 ml) 
was concentrated (130 ) to 150 ml to remove traces of moisture*" . 
This solution was cooled to -10*̂  and mixed with freshly distilled 
BFg etherate (4.5 ml). After two hours at -lo'̂ , pyridine (10 ml) 
was added and the product was washed with dil. HCl (-^SN, 20 ml), 
brine and dried. After solvent removal, the product was distilled; 
yield 4.86 g b.p. 108-112^/2.5 mm, 1.4920. GLG showed the 
product to be essentially a mixture of desired ketone and the un­
changed epoxide.

In an attempt to purify the product,it (4.86 g) was sub­
jected to column chromatography using neutral alumina (grade II,
23 X 3.1 cm, 130 g) and the different fractions collected were 
shown to be mixtures by GLC. Consequeatly these fractions were

*mixed and finally separated by preparative GLC. The product 
(6 X 0.5 ml, i.e. 3.22 g> was injected on column P (succinic poly­
ester of diethylene glycol on Ohromosorb W, 2.5 cm x 3 meters)

*GLC showed that the product now consisted of the epoxide
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at 200° using Ng (15 Ibs/sq.in) as carrier gas. Three frac­
tions corresoondiag to three peaks in CrLG were collected sepa­
rately in receivers cooled at -10°, Fraction i (0.532 g) was 
identified as starting epoxide; fraction ii (0.352 g) as ketone-II. 
Fraction iii (0,958 g) was a solid and crystallised from pet.ether 
to give colourless cubes, m.p. 42-43°, -93.56°(c, 3.42^) j
IR spectrum: Fig,}lX. (Found: C, 80.80; H, 11,90. 1̂̂ 5^26^ requires:
G, 81.02; H, 11.79^).

io semicarbazone or 2 ,4-dinitrophenylhydrazone could be 
prepared from this ketone.
Oxidation of dihydro-oC-himachalene to unsaturated ketone (20): 

Dihydro-c<-himachalene (0.95 g) was heated (66-72°) with 
sodium diciiroaate (S g) in gl. AcOH (45 ml) under stirring for 8 hr. 
Ethaiol (2 ml) was added to the product, followed by water (30 ml) 
and extracted with benzene (20 ml x 5), washed neutral (aq.Na2C0g) 
and dried. The solvent was removed and the product distilled; b.p. 
118-121°/0.8 mm; yield 0.75 g, n^^ 1.5036.

The product was converted into semicarbazone (pyridine 
method) which after recrystallisation (Ethanol) gave shining white 
micro needles, m.p. 208-209°, 271 (e 34,570). (Found*olHX
î, 15.00. requires: il, 15.15^D.

Pure semicarbazone (1.05 g) on refluxing with aq.oxalic 
acid regenerated pure unsaturated ketone (0.8 g) which on

(26^), ketone-I (4S%) and a new ketone (ketone-II, 18^) 
and their retention time are 0.6, 2.8 and 1.9 minutes res­
pectively using column P at 200° and H2/25 lbs. per sq.in. 
as carrier gas. The forniation of ketone-II is not altogether 
unexpected taking into consideration the known behaviour of 
ketone-I to undergo epimerization on alumina column (see 
Chapter IV).
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crystallization from pet. ether gave colourless cubes, 
m.p. 50-51®, +93.04 (c, 4.17^:), 244 mt/, (e 15
NilH: 64,71 cps (SH each, singlets, quater lary methyls), a
doublet ce itered at 53 cps (SH, J = 6 cps, — CH - CH^). 94 cps, 
broad peax (oH doublet asaii'iiable to superimposed
ou other slgoals) and rS9 cps (IH, siu^let, vli-^l proton on 
aa ethyleaic lin'iage conjugated with a carbonyl group). (Found: 
G, 81.75; II, 10. )0. requires: C, 81.76; H, 10.98^).

The semicarbazone (0.20 g) was converted into
2,4-dinitrop’ienylhydrazOiie (11^30^ method) which after three 
recrystallizatioas (Ethaml) gave red shiniag needles la.p. 
155-156°, 257 (e 20,120), 386 Ei'? (e £2,880). (Found:
N, 14.00. '̂2jl-̂2B"̂ 4'̂ 4 requires: rJ, 13.99;:?),

Hydrog' nation of the unsaturated ketone (20) to saturated 
ketone (21):

The uasaturated ketone (0.486 g) in ethanol (30 ml) 
over pre-reduced Pd on calcium carbonate (1.25̂ j, 0.75 g) 
absorbed 80.8 ml (1,33 mole) at 2Hp/6&5 mm during 6 hr.
The product was worked up in the usual manner and distilled 
to sive a colourless liquid (0.48 g), b.p. 116Vl»2 mm. An 
analytical sa-nple of t/ie saturate! ketone was prepared via 
its semicarbazone (see below) by oxalic acid treatment, b.p. 
114°/1 SHa, 1.4970, 0.9828, 66.13 (calc. 67.09),
[c<]̂  +52.2® (c, 1.533^); 289 Wi (€ 23.92); IR
spectrum; Fig, XXII. (Found: C, 81.12, H, 11.73. ^^5^2 6 ^



requires: C, 81.02; H, 11.73f).

TVie hydrogeiiation product (0.48 g) was converted 
into its seaicarbaao'-ie (pyridine mcthou) which after recrystal­
lization (E to n ) gave white powder m.p. 185-186*^. (Found: i i ,
15,17; requires: *i, 15,04^),

A part of the saturated Icetoae (80 mg) was converted 
into ,4-dinitrophexiylhydra;.^one which \was crystallized (î t JH; 
tlirice to give yellow rnicro needles, m.p, 130-lS^®,
362 Wt’ (t* 23,130), (Found: 14.13. requires:

13.92^').
22Methyl f̂ ero-iatc from r-ionone

Oxidative ozoaolysis of T-iono ie (4,69 g) ixi chloroform 
(60 ml, contaijiiag 1^ pyridine) was carried out as described 
earlier for -hinachalene aid the acidic portion (*^1 g) obtained 
was esterified (dlazomethane). The product was fractionated 
and the fraction of b.p. 110-120°/10 v\:3. (0.482 g), n ^ 1.4490 
was collected separately. Tliis was converted iito the seoii- 
carbazone (pyridine method). Repeated recrystallization (aie- 
thaiol) gave an authentic sanjple ox the seraicarbazoxie of methyl 
geronate, m.p. 158-159^. (Found: G, 54.94; H, 9.10; 17.97.
^ll'^21^S C, 54.30; H, 8.70; i, 17.27^).

l-4.ethyl hoiaogeronate fro i tetrahydroeucarvone
To a cooled solution (-10°) of sodium methoxide in 

methanol (from 0.3 g of sodium in 30 ml of Me0:i), tetrahydro-
♦ r>oeucarvone (1.855 g) was added, followed by ethylnitrite (2 ml)

^I^indly sujplied by Mr.a.G. Paiidey.
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and stirred for 1 hr. The product was kept at 0-2° for 24 hr. 
Through the yellow solution 00,. v/as bubbled till no more pre-
clpitate of appeared (? hr) whca it was filtered. The
filtrate was concentrated and treated v/itli formaldehyde (40^,
2 ml) and aq. HCl (2̂ !, 0,5 rnl) and warmed on a water bath with 
svirling. It was cooled, diluted witli water ^50 nil) and ex­
tracted vrith ether (25 ?nl y 4); the etier extract was washed
neutral vr:'t'i aq. JJaHCOj, and dried. Solvent was renioved and
the residue distilled: the hij^her boiling fraction (l.:.i97 g, 

yield), b.p. 116-118V‘’>«5 mm, 1.4L70 was the required
methyl homoseronate and was shown to be 37% pure by GLC. (Found: 
C, 65.60J H, 10,33. C, 65.97; il, 10.07^^).

A part of this (O.Ii? z) was converted into semlcarbazone 
(p'ridine method), m,p. 108-111'^, which after two recrystalliza­
tions from methanol yielded seirticarbagoue of methyl homogeronate. 
n.p. 115-116°.

Another portion (0.20 3 ) of the above keto ester was 
converted Into 2,4-diaitr phe.iylhydrazone (H2 3O4 method). m,p. 
78-80®, which was tv.dce recrystallized from methanol to yield 
an authentic sâ 'iple or 3 ,4-dinitropheaylhydrazone of methyl- 
horaogero-iate, m.p. (iounds C, 54.08; H, 6.50.
Ci7i3 ^ ^ '^^4 requires.* C, 53.67; II, o.S6"f).
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4,4>Dimethyl cyclohexene-a-oae (xl) : To a mi:^ture of
methyl vinyl ketone (17.5 g, 0.4 mole) and isotutyraldehyde 
(IS g, 0,4 mole) i:a metha lol (75 ml), sodium raethoxlde (IN,
75 ml) was added slowly with occasional swirling and the temp, 
rose to <^60°. After 1 hr, the product \/as neutralized 
i50f AcOll), diluted with water (100 ml) and extracted with 
ether (75 ml x 3). Trie organic layer was dried and ether 
renoved. On fractionatioa, fractioii (10.6 g) boiling between 
72 - 80 /15 ram, 1.4628 was separated and further puri­
fied via semicarbazone ^m.p. 198°, 9.35 g) to get pure 4,4- 
dimethyl cyclohexene-2 -one (4.5 g), b.p. 72 - 73®/l5 nn.

A portion (o.20 g) was converted into 2,4-dinitro- 
phenyl hydrazone in the usual rnaarier, which after recrystal­
lization (EtOii; gave a crystalline product, m.p, 137 - 138°

26
(Lit. ra.p. 142 ).

4,4-dl.aothylcyclohexanone (ix) i The unsaturated ketone 
(xi, 2 g) in ethanol (20 ml) over prereduced Pd on calcium 
carbonate (2Jj, 2 g) absorbed 485 ml of H2 (1.09 mole) during
S hr. The usual wor.ii up gave the sat'u*ated ketone (1.843 g),

o 0^3ra.p. 38 - 40 (Lit. m.p. 38 - 40 ) : IR spectru.ni; C=0 1712,
1362, 1383 cm'^.

A portion (0.20 g) was converted into semicarbazone

Ttiis preparation was xiadly carried out by Mr. i<i. C, 
irivastava.



0

ŵ 'ilch after recrystallization gave white prisms m.p. 136 - 138*̂  
o3S

(Lit. m.p. 202 ).

4.4-DiTaetUyl-l-etiiynyl eyclohexanol (x) : A solution of the
ketone (ix, 2 g) in dry ether (30 rol) and a solution of
potassium (2 g) dissolved in tertiary â nyl alcohol (SO ml)

34were added to a saturated sol tion of acetylene in ether 
(150 ml) at -16° over a period of 2 hr. Acetylene was con­
tinued to bubble for 1 hr and finally at a reduced rate for
5 more hr. Tlie reaction mixture was decomposed with ammonium 
chloride solution and ether layer separated. ether was
flashed off and the crude product was directly used for the 
next step.

1-acetyl-4,4-dimethyl cyclohexene (12): The resia[(ll g),
Amberlite lit-i;̂ 0, supplied by L.Light and Co.] was suspended 
in dil. HgSO^ (400 ml), followed by washing it mâ c' times with 
water. It was added to a solution (100 ml) containing mercuric 
oxide (0.1 g) in dil. H^JO^ . It was v;ashed with water many 
times, dried in air and fiucilly in a vacuum desiccator.

A stirred mixture of (x), acetic acid (12 ml), water
(1 ml) and the ilg-resin (2 g) was heated u n d ^  reflux for 1 hr.
The catalyst vras filtered on cooling, the filtrate diluted
with water (50 ml) and made slightly allcaline by 40̂ ? i'faOH
solution. The organic product was extracted viith ether
(50 ;nl X 3), dried and ether was reiaoved. On distillation,
1-acetyl-4,4-dimethyl cyciohexene (1.8 g, 79̂ o) was obtained
as a colourless liquid: b.p. 80 - 83^8 mm; 232 (e 11,400),nicix



303 mt>. (£ 46.5;; IH spectruins C=0 1656, 1692 (shoulder),
C=C 1631 crr^; I’JiiR: 58 (611, singlet, two >C - CHo), 134

0
(SH, sliiglet, -C-CIU^, 409 cps (IH, quintuplet, >C=C<jj).

The 2,4-dinitropheriyl hydra2;one, m.p. 182 - 183°
25 Q

(Lit. la.p, 185.5 - 186 ) and seniicai’bazone, ra.p. 214 - 216
25

(Lit. m.p. 216 - 218 ) were prepared as described earlier,

Tl̂ie estiaatioi of the number oi' methyl groups lit;

A solution of known concentration of tetrahydro- 
R-himachalene in CCl^ was prepared and the Infrared spectruis 
of this solution was taken in the region 1410 to 1360 cm"^ 
ixi a sodium cliloride cell of thickness 0.02 mia using calcium 
fluoride prisL-i, in a Grubb Parsons double pass, double beam 
spectrophotometer at a tesaperature of 29°G. A slit constant 
of 0.5 mm and a gain of 9 were einployed.

The integrated molecular absorption was then 
calculated in arbitrary units by counting the number of 
squares under the peaks.

The same procedure was repeated with <=<-himachalene 
and R-himachalene under identical conditions and the number 
of methyl groups in himachalenes was calculated by assuming 
the number of methyl groups in tetraiiydro-B-himachalene to 
be four.

The spectrophotometer used plots percentage absorp­
tion against wave-length: Since Beer’s law is not applicable
to percentage absorption, the percentage transmission was

J o



calculated by substracting the area under the peaks from 
the total integrated area enclosed between the wave nuaibers 
1410 and 1S60 cm”̂ . The spectra are shown in Fig.jjciv and 
calculations are given below:

Concentration of tetrahydro- / 
p-himachalene in CCl^ /

Total integrated area
Area under the peak
I = Fraction of light transmitted 
lo
O.D. = log X- *=< log 632.3 

lo 702.8
O.D, for one g. mol/litre << Q.Q816

0.1848
Specific absorption coefficient /  

per methyl group /
Concentration of =<-hiraac?ialene in 

CCI4
Total integrated area
Area under the curve
Absorption area under the curve °(

0.1848 g.molVlitre

762.8
130.5

o< 632.3
752.8

0.0816

0.4416

4416 = 0.1104
4

0.307 g.mol/litre

S19.8
"39
169

Transmission c< (total area -■ area under the curve) 650.8
Fraction of light transmitted = JL. 650.8

lo 819.8
Optical deasity = log ^  «=( log 813.8

I 650.8
0.1003

Optical density for one g. mol. c< o.l jp3 = 0.3257
0.307

.iumber of methyl grouos = 0.3257 = 2.959
).1104 ”
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Total integrated area = 817,7
Area under the cirve = 148,25
O.D, = log lo o( 317.7 = 0.0869

I 669.46
O.D, for one g. mol/litre 0.Q869 = 0.3938

0.2207
Number of methyl :rr.")UT)S = 0.3938 = 3.567

0,1104
Gas-liquid Chromatography

ilnalytical GLG was carried out either on Perkin-Elmer 
Vapour Fractometer model 154G or model 154D, For preparative 
GLG, the latter was used. GLG of tetraliyiro-x- and tetrahydro-

*p-himachalenes v/ere determined using a capillary column 
[polyethyle.ie gl.vcol iionostearate oi silicone treated
Ctiromosorb V/ (60/80 mesh)]. Various e:<.periraental conditions 
of the aiialysis have been included in the respective figures,

auMiiAiiy
p-con a study of spectral data and deliydrog nation 

results, structures (14) and (7) have been arrived at for <<- 
and R-hlraachalenes respectively. Ozonolysls results of p- 
hijnachaleie confirraed the above structure (7) vrhereas oxida­
tion studies proved <=(-himachalene structure as (14) beyond 
doubt.

Conceitration of p-himachalene in CCl^ = 0.2207 g. mol/litre

■e are lha:ik:ftil to Van ;\iacrlngen - iiaeblcr Inc., 
Union Beach, il,J. for the GLG.
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C H A P T E R  T Z

ABSOLUTE  ST E RE OCH EM IS TR Y  OF 

H I M A C H A L E N E S



In the previous Chapter we have described the 
evidence v/hich led to the establishment of the structures 
of hiraachaleaes. The worlc, described in this Chapter, 
enables us to assign the absolute stereo-structures (1 ) and 
(2 ) to o(- and p-himachalene respectively.

(I) (2 )

i^ature of ring-fusion; A wortViwhile approach to the 
solution of this problem appeared to be the preparation 
of 7- or 2 -oxohimachalane and a study of its equilibration. 
This, of course, is based on the assumption that the 
relative stabilities of the himachalenes v/ith cis- and trans- 
ring-junction are deducible, as discussed below, from the 
principles of conformational analysis.

It has beexi experimentally established that in 
both o(B-tetraraethylene cycloheptanone (3)^ and <=<p-peata-

Omethylenecyclohexanone (4) , the trans-isomers are favoured 
by a large factor at equilibration. Unlike decalins, cis-

(S): 100^ trans after equilibration using NaOMe for 0.5 hr.
(4); 87 + 2.5^ trans after equilibration using ifaOMe for 20 hr.
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and trans- perhydrobeazosubarane cau assume a large number

(3)

of conformations. A study of models (Jrelding) and an
estimation of the interaetion energy difference between the

3+various conformers according to the method of Turner showed 
that a reasonable estimate of energy barrier between the 
energetically most favourable conforiiier (5) of trans- 
perhydrobenzosuberane and the correspondin,; conformer (3) 
of the els- isomer would be of the order of 2-Z Kcal/mole, 
a value which would guarantee almost complete epiraerization 
of the els- to the trans-lie tone at equilibration as has 
actually bee i observed experimentally. A similar analysis

of the himacl'ialanes (cis- and trans - ring junction) reveals

For details, see Appendix to this Qiapter.
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that the preseace of the genidimethyl grouping at ^11 
(himachalane numbering) accentuates the energy difference 
(estimated to be 4 Kcal/mole ) between the els- and trans~ 
isomers, such tliat the trans-ketones (2 - or 7-oxohimachalanes) 
would be favoured at equilibrium,

Ozonolysis of c<-himachalene under carefully con­
trolled conditions (ethyl acetate containing 1^ pyridine 
and 1 mole of ozone at -70'̂ ) was investigated with the hope 
that the vinylideae linJiage would be attacked preferentially 
to furnish the required ketone (7) suitable for equilibration 
studies. However, surprisingly, it was found that it is the 
trisubstituted ethylenic linkage ^ich was preferentially 
attacked. Though this result could not have been predicted 
a priori for a cis-ring-fusion of the rings in o(-himachale«e, 
a study of the models Indicates that only if the ring junction 
is cis« a preferential attack on the trisubstituted double bond 
could possibly be rationalized.

(7) ( 8 )

See Appendix to this Chapter.
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The oiily alteriiative available v;as to study 
the equillbratioii of ketone (8) described iii the previous 
Chapter, though the ketone (8) is xiot ideally suitable 
for equilibration studies as results could be complicated 
because of an additional site for epiinerization (G^)* 
Hovrever, clearcut evidence in favour of els-.junction in 
c^-himachalene could be obtained from this study.

The ketone (S, henceforth referred to as ketone-I) 
obtained by borontrifiuoride-induced isomeriiiation of 
dihydro-<<-hiniachalene epoxide was found to be quite labile. 
By mere adsorption from its pet. ether solution of ketone-I 
on a colunin o* alumina (,;rade Il/neutral), ketone-I 
underwent epimerizatioii to an isomer (ketone-II) to the 
extent of 8%. When pure ketone-I or ketone-II or their 
mixtures were treated vrith potassium tertiary butoxide 
in tertiary butanol, the product consisted of four ketones 
(Fig,I) in which the major componexit (55j.) vas a nev; ketone 
(ketone-IV), vjhile ketone-II and ketone-I were formed to 
the extent of 30̂  ̂and 5̂  ̂respectively. It has been possible 
to separate these components v/ith the exception of the 
other minor ketonc-III. Table I surrjiiarises the properties 
of these isomeric ketones; their Hi spectra are siiown in 
Figs. XX (Chapter III), II and III.

In connection with the structure of himachalene 
monohydrochloride, the trans-ketone corresponding; to (7) has 
been prepared and found to be stable to epimerizing conditions 
(vide Chapter V),
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Propertleg of isomeric ketones
TABLE I

Ketone-I Ketone-II iCetone-rV

in«p. 42 - 43° - -

b.p. - 128°(bath)/ 
1.5 mm

128-130°(bath 
2 ram

1.4885 1.4888
-93.56° -1 0 ,6° +79.6°

Y  c=o 1697 cm‘̂ 1705 cm‘̂ 1700 cm”̂

Only 83% pure by GLG, the contamineat being 
ketone-I (8^) aad ketone-II (6fJ).

t ra n s - c i s

(9) (10)

(ID (12)



Four stereo-structures (9-12) are possible for the 
ketone (8 ) . Since ketone-I is present oxily to a very small 
exte*it at equilibrium, this ioust represent the thermodyna­
mically Inast stable isomer while ketone-IV which is greatly 
favoured at equilibration, should conform to the thermodyna­
mically most stable structure. In view of the known behaviour 
of ketone (4) and a consideration of interaction energies 
discussed earlier, it follows that ketone-I be represexited 
by (3) while stereo-structure (1 1 ) should be assignable 
to ketoae-IV. It follows from this that in o(-himachalene 
the rings must be cis-i'used. On the basis of this formulation 
for o(-himachalene, a closer look at the result of equilibration 
of the ketones can be made.

The epoxidatioa of dihydro-c<-hiraachalene should quite 
reasonably occur from the less hindered o(-face of the molecule 
when dihydro-<-<-himachalene epoxide can be written as (IS).
The HFg-induced isomerization of the epoxide is visualised

4as a one-step concerted process leading to the stereostructure(9)

(13) (9)

The stereoche .listry at Cg and Cr; will remain unchanged 
during eplrafsrization.
An examination of models (Jreiding) shows that in the
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for the ketOiie-I. Of the several conformers possible 
for (9), the confor>;iiatioa (14) appears to be most likely 
from a study of its spectrum (Fig. IV). Ketone-I 
displayed its quaternary methyls at 45 and 73 cps while 
the reoaininj methyls occurred as doublets centered at 
58 and 59 cps. It is clearly seen that one of the quaternary 
methyls has suffered considerable paramagnetic shift which

(14)

hydrogeiiation of °<-hlmachalene, the attack on the 
semicyclic olefinic linkage could occur as to give 
(i) or (ii) depending on the conformation of the 
seven-m©3ibered ring in <X-himachalene. However, in

dihydro o(-himachalene it is only the °(-face which 
is less hindered for attack on the trisubstituted 
ethylenic linkage (in the six-membered ring) by the 
per acid.

Eight well-defined conformations (see cis- perhydro' 
benzosuberane system in the Appendix).
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FIG’ IV- NMR SPECTRUM OF KETONE- I-
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could be explaiaed oiay due to the anisotropy of C=0 
linkage, and for this to be effective o.ay conforaiatlon (14) 
is tenable as is clear from Fig.V. Similar cases of deshielding

H
Me

Fig. V

have been recorded in literature . It must be pointed out 
that one consequence oi this preferred conformation for ketone-I

From a consideration of interaction energy it is 
hard to see why this conformation should be preferred 
over (iii). However the "flip over" conforuiation in 
which the C^-methyl and Cg-C., bond would become equa­
torial, \iTouId appear to b§ less likely as in these the 
Gn-C,, becomes axial and this carries a geoidimethyl 
group, thus greatly increasing the interaction energy.

(iii)



v/ould be that the coafiguratloa of the methyl at 
should be as shown in (14), as,in the alternative con­
formation, the Interaction between the -methyl and 
"-methyl at would be prohibitive.

The above conclusions about the stereochemistry 
of ketone-I are supported by circular dichroism (CD) 
measuretnents (Fig.VI). .'in application of the octant rule 
(Fig.VII) would predict a negative Cotton effect for the 
conformation (14) of ketoae-I a«d as can be seen from 
Fig.VI, it is experimentally borne out.

The preferred conformation of ketone-IV would 
appear to be (15) and this is in accord w'th the I'lI'CR 
spectrum (Fig.VIII); quaternary methyl signals at 55 and 
58 cps. Octant rule (Fig.VII) xTOUld predict a positive 
sign for the Cotton effect for this conformation, as has 
been experimentally observed (Fig.VI),

Two alternative stereo structures (10,12) could be 
assigned to ketone-II, However a decision in favour of (10) 
can be arrived at on the basis of the fact that epimeri- 
zation at in ketone-I (14) v/ould necessarily take place 
through the "flip over" conformation as the tran's-locking 
of the rings is possible only through the diet^atorial 
bonds. This would mean that epimerization at would 
directly result in the most stable structure (ketone-IV). 
However, since this is not observed experimentally as 
partial epimerization of ketone-I over alumina did not produce

1 Hi
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( 14 ) PREDICTION : NEGATIVE

( 16)
PREDICTION : WEAK NEGATIVE

(15) PREDI CTION POSITIVE

FIG- VII. OCTANT DIAGRAMS OF KETONES - I (14),- n{l6)AND-rZ(l5).
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FIG- vm NMR SPECTRUM OF KETONE  - IV

PPM ( S)

FIG' IX. NMR SPECTRUM OF K E T O N E -



1 ̂ ^7

ketone-rv, txit mostly -cetone-II, it X'̂ ould mean 
that in this reactioa only eplraerizatlon at Cg has 
taken place and consequently ketone-II may be re­
presented by (10). The preferred confor lation for 
this would appear to be (16) which is consistent 
vrith its (rig. IX) and Ci) measuromeats (Figs.VI,VII).

Absolute stereochemistry; The consistency in the 
observed sign of the Cotton effect and that predictable 
on the basis of octant rule for the ketones I, II and 
IV, as discussed above, v;ould require that these also 
represent the absolute stereocheraistry of the molecules. 
This has beeri further cJiecked by a direct chemical ccaf- 
relation of ^c-himachalene with a compound of known 
absolute stereocher.iistry.

Dihydro-t^-himac'aalene ;17) was converted to 
ketone (20) by follov;ing the procedure outlined in /ig.X.
It was anticipated that the product of the pyrolysis 
oC the dicarboxylic acid (19) would be thermodynaraically

7equilibrated . The product was purified through its 
semicarbazone and the IR spectrum of the compound is shown 
in Fig.7vl, This spectrum is almost superimposable on 
that of the crude product obtained after pyrolysis directly, 
which would mean that essentially a single ketone is 
produced in the JXLanc reaction. The ketone was expected 
to have the trans-ring fusion in view of the known beliaviour
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of the bicyclo-(5,?,0)-decane^ *. The NMR spectrum Is 
shown in Fig.XIV. It should be noted that one of the 
quateriiary methyl signals has considerably shifted 
dovmfield (70 ops) due to the anisotropy of C=0 function.

Ourisson and co-workers have carried out the 
degradation of longifolene (2 1 ), a compound of known 
absolute stereoche/fiistry^*^, to ketone (2 2 ) by the route 
outlined in Fig.XV. A direct comparison of the IE spectrum 
of this ketone (Fig.XII) with that of our material (Fig.XI) 
described above showed the two to be clearly different. 
However when these authors passed the ketone (22) through 
a column of basic alumina, equilibration took place to 
produce a material having its IR spectrum (Fig.XIII) almost

However compare the base catalysed equilibration of g 
hexahydrolactucin (iv) into iso-hexahydrolactucin (v)

OH9

( I V ) ( V )

VJe are grateful to Prof.Q. Ourisson for this information 
prior to its publication.
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ide.itical with that of our ketone. Since in this 
treatment epiraerization only at is possible, the 
equilibrated compound inust be represeiited by (23).

Fig,XVI depicts the CJ curves for these three 
ketones. It is at once apparent that ketones (20, 23)

*have the sarie sign and position of the CD maxima and 
consequently must have identical absolute stereochemistry. 
Thus c(-himachaleae niust have the same absolute stereo- 
che^iistry as longifolene and the absolute stereostructure (1 ) 
for >x-4iimachalene follows.

The difference in the inte isity of absorption could 
either be assigned to lesser purity of thfiirmaterial or 
ketones (20,23) might differ in the configuration at Qq > 
Similar behaviour, is shown by epimeric (at Cj ' tetra- 
hyiiTomexicanln (vi).
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Several coxiformations for °(-hlmac!ialene are 
possible assumiag that both the rings are occurring in

♦quasichair conformation. The conforination (24) would 
appear to account best for the observed spectrum 
wherein both the quater.iary methyl groups have similar 
chemical shift (58, 60 cps) and the vinylic proton on 
the trisubstituted double bond must raake a dihedral 
angle of ^  90° with the adjacent proton at the ring 
junction to account for its non-coupling,

£^^jHir^^hale^

Since c<- and P-hiniachalenesare related through 
the crystalline dihydrochloride during the forniation of 
which, the asymmetric centre at remains unaffected,

and -hlmachalene m s t  have the same absolute stereo-
13

chemistry at and consequently^ Mist be represented as (2 ). 
Conformation (25) would appear to fit best for fi-himachalene 
which will account for the observed shielding of one of 
the quaternary methyls and in this conformation, the mutual 
orientation of the olefinic linkage (Cg-Gy) and one of the 
methyls at =11 is such as to meet this requirement. The

This conformation should lead to dihydro-o(-himachalene 
wherein the methyl at Cy would be trans to the bridgdiead 
proton; this is opposite to vrhat has been deduced earlier 
in connection with the confor:riation of ketone-I. This 
could be rationalized on the reasonable assumption that 
the conforraation in x^hich the molecule gets adsorbed on 
the catalyst surface is different from this.



Hi
dihedral angle between the olefinic proton and the tertiary 
hydrogen at the ring junction is also in accord with the type 
of signal observed for the vinylic proton.

I )

2 )
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For ge.ieral remarks, please turn over to p. S'].
GLC reported herein were carried out on Aerograph, 
model A-350-B. The CD curves vreve taken in dioxane 
solution (2-3^) at the University of Strasbourg;, through 
the kind courtesy of Prof. G. (Durisson,

Qzonolysis of o(»himacaalene

A solution of e(-hiraachalene (1.117 g) in ethyl 
acetate (SO inl) containing pyridine (1^) was ozonised 
at -70® by tubbling ozonised oxygen (160 mg/hr, for 
lo o  minutes i.e. 1 mole). The solvent vras removed 
under water pump suction (^50 mrn) at room temp, and 
the ozonide was reduced by stirring with lithium aluminium 
hydride^^ (0,4 g) in ether (60 ml) for 2 hr under cooling 
and left overnight. A saturated solution of sodium 
potassium tart^rate (10 ml) was added to this solution 
under cooling and the product extracted with ether 
(26 ml X 4),washed and dried. After solvent removal, a 
gummy product (1,2 g) was obtained which was purified 
by passing through a column of nmtral alumina (gr.II,
18 X 1.6 cm, 38 g).

EKPERmE:iTAL



CHROMATOGRAM I

Fraction
No.

Eluent Volume
(ml)

Wt.(mgs) 
of eluate

1 Pet .ether 4 X  50 203
2 Benzene 7 X  50 55
3 Methanol + 

99^ benzene
8  X  50 580

4 ttI 5 X  50 80
5 5fo Methanol 4 X  50 8 6

The 3 -»di fractioxi after sublimation gave a yellow gum 
(0.55 g), b,p. 157° (bath)/l.6 mra, IR spectrum: H  3332

X: = GHg 833 cm -1 (Found: C, 75.68, H, 12.10. ^^5^24^2 
requires: G, 74.95; H, 11,74^^). Attempts to prepare 3,5- 
dlnitrobenzoate or pheayl arethane failed to give a solid 
derivative.

Lpiraerlzatlon of ketone-I
The preparation of ketone-I (m.p. 42-43'^) from 

dihydro-o(-himachalene has been described in the previous 
Chapter.
a) E&imerization over alumina; Pure ketone-I (0.103 g) 
in pet. ether solution (0.5 214.) was dropped on a column 
of neutral alumina (grade II, 27 x 0.7 cm, 5 g) and left 
for 40 hr. On olution aft-3r J:-is interval, wich pet.ether
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(50 ml X 2), a liquid product (95 rag), b.p. l25-8°(bath/
1 mm, - 87.2° (c, 3.33j:D [cald. for a mixture of
ketone-I and -II ixi the ratio 92:8 is -86.62°], was 
isolated. GLG of the product is shovm in Fig.I.

b) Equilibration ujlns; potassium tertiary butoxide; Pure 
Icetone-I (0.102 g) v/as refluxed v/ith potassium tertiary 
butoxide (0.20 g of potassium dissolved in 5 ml of tertiary 
butanol) for 9 lir under nitrogen. The product was acidified 
with dll. HGl (0.6 ml of conc. HCl diluted to 10 ml) and 
extracted with ether (15 ml x 4) after saturating with 
ammonium sulphate. The ether extract was washed, dried 
and distilled after solvent removal; yield 75 mg, b.p.
140-145"^(bath)/3 mra, n^^ 1.4905, +19.9° (c, 2.54^1).
GLC of this product is shown in Fig. I.

Ketone-II (42 mg, 83^ pure) on similar equilibration 
yielded a mixture (24 mg), +21.8° (c, 1.12^J), consisting
of ketones-II and -IV in the ratio 26:59 (GLC).

Isolation of ketone-II and ketone-IY; On preparative scale, 
a mixture of ketones-I and-II (75:15, 0.712 g) was refluxed 
(3 hr) with potassiuiii tertiary butoxide (1.5 g of potassium 
dissolved in 37.5 ml of tertiary tutanol) under nitrogen 
and worked up as detailed above; yield 0.624 g, b.p. 117-118°/
2 ram. The equilibrated product (0.460 g) was chromatographed 
on a column of neutral alumina (grade II, 24 x 1.7 cm, 46 g) 
and the following fractions were collected.



aiiHOMATOaHAM I I

Fraction
No.

liLuent Volume
(ml)

Wt.(mgs) 
of eluat e

Remarks.

1
2

3
4

Pet .ether

10  ̂ beiizeae 
100^ benzene
Benzene

5 X 20
3 X 20

8 X 20
12 X 40
4 X 40
2 X 30
8 X SO

42
72

86

185

Ketone-II 
(100 '̂ pure)
Mixture
Ketone-IV 
(75% pure)

Fraction 2 \̂ as distilled; yield 47 mg, b.p. I28°(bath>/1.5 mia, 
1.4880, M q -10.6® (c, 2.92^). (Found: C, 81.37; H, 11.72. 

^1^26^ requires: G, 81.01; H, ll,79ji).

Fraction 4 (0.160 g) rich in ketone-IV was rechromato- 
graphed on neutral alumina column (grade II, 1 x 27.5 cm, 20 g) 
Tiie .major portion v/as eluted with pet. ether (10 x 40 ml) and 
distilled; yield 70 mg, b.p. 128-130°(bath)/S mm, 1.4888, 
[°(]̂  +79.1° (c, 2,07%). GLG showed it to be 83,̂  rich in 
ketone-IV. (Found: C, 81.08; H, 12.12. requires:
C, 81.01;  n ,  11.79^:).

Qzonolysis of dihydro-c<-hlmaGhalene

A solution of dihydro-<<-himachalene (5.3 g) in
CHClg (60 ml) containing pyridine {!%) v;as ozonised at -1 0° 

b
by bubling ozonised oxygen ( 180 mg/hr) till it was no longer
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absorbed (ohr, XI solutioa test). The solvent was 
removed uxider water pump suction (-^50 ram; at room temp, 
and the ozonide was decomposed by warming gently with 
hydrogen peroxide (SOJo, 15 rnl), water (25 ralj and sodium 
carbonate (i3,5 g), first at 60̂  ̂ (1 hr) and finally at 
100° (2 hr). The product was cooled and extracted with
ether (20 ml x S) to yield a gum (1.5 g) which was not
examined further. The aqueous al caline layer was acidi­
fied (8 ml of H^l'O^) and extracted with ether (25 ml x 4) 
after saturating with ammonium sulphate. The extract was 
washed, dried and ether ronoved to yield crude acid (3.7 g),

A portion of the acid (0.310 g) was esterified
(diazomethane); yield O.SIO g, b.p, 105-107°/2 ram;
SO 1.4765. It readily formed a semicarbazone (pyridine 

method) vrhich after crystallisation was obtained in white 
crystals m.o. 193-195^0.

The above acid (2.77 g) was treated with semi- 
carbazide hydrochloride (1.6 g) dissolved in water (2 ml) 
and pyridine (l.S ml), followed by ethanol (10 ml) to
make the solutioa homogeneous. After 43 hr, the separated
product (3 g, m.p. 182-183®) was collected and crystallized 
from ethanol twice to yield white shining flalces; m.p, 
195-196°. (Found; J, 13,6. requires: J, 13.49^0.

The semicarbazone (1.2 g), oxalic acid (2.4 g) 
in water (17 ml) and toluene (20 ml) were mixed and refluxed
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under stirring till a clear solution was obtained 
(2 hr). The organic layer separated and the aqueous 
layer extracted with ether (15 ml x 3), and the combined 
organic layers washed with brine and dried. After 
solvent removal, the product (0.850 g) was used for 
the hypobromite oxidation. An analytical sample was 
obtained by distilling a small portion of the purified 
keto-acid; b.p. 165^(bath)/l.3. (Found: C, 71.27j H, 10,6J. 
CigllgQOg requires: G, 70.83; II, 10.30?!).

.>odiu:ri hypobromite oxidation

The purified keto-acid (1.25 g) in dioxane (21 ml) 
was treated with sodium hypobromite [1.2 ml of bromine 
dissolved in a solution of JaOH (2.7 g in 21 ml of water)] 
in the course of 55 minutes at 0° and with stirring. The 
product was stirred for 3 more hr and left overnight. To 
the above solution, sodium bisulphite (1.5 g) was added 
to destroy the excess of hypobromite and acidified with 
conc. HCl (25 ml). It was extracted with ether (20 ml x 5) 
after saturatixig v/ith aiimonium sulphate, washed, dried and 
solvent removedj yield 1.273 g.
Ketone (2P): The a’oove oxidation product (1.273 g) was 
mixed v/ith iron powder (1,2 g) and barium hydroxide (0.3 g) 
and dry distilled at 250 mm. The residue left was steam- 
distilled (1.5 ml) and the total distillate extracted with 
ether (3 ml x 4) and dried. After solvent removal, the 
product ^̂ as distilled; yield 0.612 g, b.p, 92-94°/l.5 mm,



1.4847. An analytical sample of the saturated ketone 
was prepared via its serai car Tjazone (see below^ by oxalic 
acid treatment; b.p. 89.5-90°/l.5 mm, 1.4820, +189.1°
(c, 2,6%), (Found: C, 80.54, H, 11.60. 2^0 requires:
C, 80.35; H, 11.41^).

The pyrolysis product was converted i.ito its 
semi car bazoie (pyridine saethodj as described earlier and 
after repeated recrystallization (benzeiie-MeOH) gave an 
aialytical sample m.p, 202-202.5° (Found: C, 67.3, H, 10.14. 
Cî Ĥ tjOi'fs requires: C, 66.89, H, 10.03%').

The semicarbazoae was converted into 2,4- 
dinitrophenyl hydrazone as described earlier, which after 
repeated crystallizations from ethanol gave shining yellow 
flakes, m.p. 174-175°C.

Iiiquilibration: Ptire ketone (20, 97 mg) was refluxed 
with potassium tertiary tutoxide (0.2 g potassium 
dissolved in 5 ml of tertiary butanol) for S hr under 
-litrogen and worked up as described earlier; yield 72 mg 
b.p. 89-90Vi.5 mmf 1.4793, [°(]̂  -»-173.8° (c, 2,75%),
The IR spectrum of the equilibrated product was super- 
imposable on that of starting ketone.

1:18



APPMDIX

It is generally agreed that the stable coafor-
13 14 9mation of cycloheptane is a deformed chair ’ * .

Cyclohexane chair can be fused on to a cycloheptane 
chair on anyone of the four bonds marked a, b, c and d 
without deforming the original conformations. Thus we 
have a total of four conformations possible for trans­
fusion (Fig.XVII) and eight for cis-fUsion (Fig,XVIII) 
ignoring of course the mirror images and considering 
only the chair-chair conformers. The interaction energy 
of these structures (see Tables III - V ) calculated by 
examining the models (Jreiding) for extra butane inter­
action, resulting on fusion of the two chairs and eva­
luating their energy content from the potential energy 
for n-butane (Table II) and the dihedral angles (accuracy 
of measurements + 5°) of the interaction.

It may also be pointed out that structures resulting 
from the fusion of cyclohexane chair at a or b are readily 
interconvertible by a slight manipulation of the carbon 9 
(in viii); other two structures are rigid, their entropy 
factor like the interaction energy (see below) would favour 
structures with fusion at a or b .

1 1 J

( vii)

See also Ref ,13a.



T R A N S - B l CY C L 0 - [ 5 , 4,Oj -UNDECANE,  CHAIR-CHAIR CONFORMAT I ONS

flexible ( a  E , 2 . I kcal/mol ) RIGID ( A  E , 4-7 kcal/mol )

I X

f l e x i b l e ( a  E , 21 kcal/moij RIGID ( A  E , 4-3 kcal/mol )

FIG • XVII



c i s - b i c y c l o - 5,4 ,o 1  -  UNDECANE,  CHAIR-CHAIR CONFORMATIONS

f l e x i b l e  (a  E,5-9 kcal)

FLEXIBLE ( A E  , 5-6 kcol )

RIGID ( A  E, 7'5 kcal)

FLE XI B LE (A  E , 5-7 kcal )
XVIII

RIGID ( A  E , 7- 3 kcal )

FLEXIBLE (A E , 5-9 kcal )
XIX

RIGID (A  E , 6.? kcal)



Values for dihedral angles derived from the
TABLE II

potential function for the rotation of n-butane
about its central bond

Dihedral Seal. Dihedral Kcal
angles angle

15° 4.5 85 1.5
20 4.4 90 1.7
25 3.9 95 2.0

30 3.6 100 2.6

40 2.8 110 2.9
45 1.6 120 S.5
50 1.05 130 3.0
55 0.9 140 2.6

60 0.9 150 1.65
70 1.05 160 0.75
75 1.05 170 0.30
80 1.20

♦Values are derived from the curve given on p,126 
of Ref.Sb.
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Interaction energy of different conformations 
of trans-blcyclo-(5«4,Q)-undecane.

TABLE III

Confor­
mation

Interaction Dihedral E Total
angle. (Kcal/mole) E

(iCcal/mole)

vlii

Ix

abjcd 145° 2.1

ab, ef 180° 0

cb,ax II II

cb, eh <1

he,fg tin n

fe,hj II n

ab, cd 180° 0

ab, ef n •1

cb, ax It

cb, eh II It

he, fg 145 2.10

fe, hj 180 0

ab, cd ISO 3.0
ab, ef 180 0

cb, ax « II

cb, eh tl n

he, fg 90 1.7
fe, hJ 180 0

2.1

2.10

4.7

... contd.



TABLE III (Gontd.)

Confor* 
mation 
R=H

Interaction Dihedral E Total
angle. (Kcal/mole) E

(Kcal/mole)

xi ab, cd 105 2.7
ab, ef 180 0
cb, ax ft 11
cb, eh #1 II

he, fg 150 1.65
fe, hj 180 0 4.35

After cancelling out the Interactions coimnon for 
all chait conformations (for e.g. cdyg in viii) 
there remains six interactions which are to be 
taken into account and these are:

1) ab, cd
2) ab, ef
3) cb, ax 
4> cb, eh 
5> he, fg
6) fe, hj



Interaction eaergy of different coaformatloas 
of ll,ll»dlmethyl trans~blcyclO"[5,4,o3-un(iecane.

Confor- Interaction* Dihedral E E for Total
mation angle. (Kcal/ confn.
RsCHg mole) R=H

vlii Ic, ba 20° 4.4 2.1 16.6

TABLE IV

ix Ic, ba 70 1.0 2.1 q.Or

Ic, ba 20° 4.4
Ic, be 140 2.6
Ic, dy 180 0
me, ba 95 2.0
me, be 20 4.4
me, dy 60 1.0

Ic, ba 70 1.0
Ic, be 180 0
Ic, dy 160 0.75
me, ba 70 1.0
me, be 70 1.0
me, dy 35 3.2

Ic, ba 15 4.5
Ic, be 140 2.6
Ic, dy 180 0.0
me. ba 20 4.4
me. be 90 1.7
me, dy 50 1.0

4.7 18.9



TABLE lY (Goatd.;

1^4

Confor• 
mation
R=GHo

Interaction Dihedral
angle. (Kcal/

mole)

Ic, ba 20 4.4
Ic, be 140 2.6
Ic, dy 150 1.65
me, ba IbO 1.65
me, be 95 2.0
me, dy 20 4.4

E E for Total,
confn.
R=H

xi 4.35 21.05

With the introduction of a gem dimethyl group
at C,, six additional interactions, lc,ba mcba

lc,be me be
1cdy mcdy

are introduced.
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Similarly, the interact on eaergy oi‘ the 
differeiit els- conforjriations of blcydo-[5,4,0]-undecane 
and its 11,11-dimethyl derivative has been calculated 
and summarised in Table V.

IABLE V
Interaction energy of different confor­

mation of cis- bicyclo-[5,4,0j-undecane and its
11,11-dimethyl derivative

E (kcal/raole)Confor-
nation

xii 5.9
xiii 5.6
xiv 7.6
X V 6.45
X V  i 5.7 12.95
xvii 5.9 16.75
xviii 7.S 17.85
xix 6.25 20.15

3UM1URY

•^-Himachalene has been shov/n to possess the absolute 
stereocheraistry represented in (24), on the basis of equilibra* 
tion studies and -D measure.^ents, carried out on ketone (j)* 
This is further supported by the correlation of <<-himachalene



1.3u

with longifoleae, through a co mori derivative (20j. 
The absolute stereochemistry .̂ 5) or B-hiniachaleae 
has beea deduced.
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C H A P T E R  3Z:

STRUCTURE OF HIMACHALENE MONO­

HYDROCHLORIDE AND THE PREPARATION 

OF T R A N S -  HIMACHALENES



It has been meationed in Chapter III that 
himachalene dlhydrocFilorlde on mere recrystallisation 
from methanol yields a monohydrochloride for which sdveral 
structures can be written. Moreover, since both c<- and 
R-himaciialeae yield the same dihydrochloride, the stereo­
chemistry at the ring junction may or may not be same as 
in c<-himachalene and in view of the reaction conditions 
employed in the preparation of the dihydrochloride, it is 
quite conceivable that the dihydrochloride may, in fact, 
be a product of ther>nodynaraic control. It was to settle 
these points that the work described la this Chapter was 
undertaken.

3TaUCT[JHE OF HIMGIL'lLE.^E MONQHYDRQGIILQRIDE

In the IR (Fig.I),the monohydrochloride clearly 
showed the presence of a vinylidene linkage (^40, 1635 and 
887 cm”̂ ). Its PMR spectrum (Fig.II) showed the presence 
of two quateraary methyls at 48 and 54 cps, a quaternary 
methyl attached to a carbon carrying chlorine at 97 cps 
and a two proton signal (very slightly split) at 231 cps 
assignable to the two protons of the vinylidene linkage. 
These data help to restrict the number of structures 
possible for himachalene raonohydrochloride to (1) and (2).
The monohydrochloride on ozonolysis, followed by dehydro- 
halogenation yielded a mixture of two ketones (46:52,Fig.Ill) 
which were separated by preparative GLCj their properties
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FIG- II’ NMR SPECTRUM OF HIMACHALENE MONOHYDROCHLORIDE
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FIG- 111 • OZONOLYSIS PRODUCT FROM HIMACHALENE MONOHYDROCHLORIDE



1 2 ^ )

(I) (2 )

are summarised la Table I and their Ixi spectra are shown 
In Flg.IY and V, That both the ketones contain the grouping

Table i
Physical properties of ketones (4)

Ketone-I (4) Ketone-II (5)

Purity (CiLG) 97%* 93^*
b.p. 130°(bath)/l.5 mm 125-128°(bath)/l mm

-69.9° ->•199.4°
Y' c = o 1705 cm“̂ 1710 cm"^
Characteristic 
IR peaks.

1190, 1145, 890 
cm"i

1320, 1285, , 
1207, 787 cm

m.p, of the saai- 
carbazone.

210-211° 190-191°

The impurity consists of other ketone in each case.
Me H^C=»!C^ is clearly borne out from their JMR spectra c c
(Figs.VI and VII, proton signal at 314 and S17 cps respectively)} 
this is possible only if the himachaleae monohydrochloride has
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structure (1). Both the ketones were recovered 
unchaaged after treatment (3 hr) with potassium tertiary 
Ixitoxide in tertiary butanol and hence must possess 
the thermodynamically more stable ring fusion, which, as 
has been discussed in^previous Chapter, must be trans.
Thus during the preparation of himachalene dihydrocaloride 
from oC-himachalene either, an iiwertion at Cq takes place 
(via hydride shift) or else, prior isomerization to P- 
himachalene must have occurred. Stinicture (3) ca i now 
be written for himachalene monohydrochloride^ while each 
of ketone-I and -II must be represented by either of the 
two structures (4) or (5),

0

In an effort to fix configatation at C3, the IR spectra 
of himachalene mono- and di-hydrochlorides, and (-)-cadinene 
dihydrochloride (of known absolute stereochemistry^) have 
been studied. Though it has been reported that axial and „ 
equatorial G-Cl bonds can be distinguished by IR spectroscopy , 
the method could not be applied in the present instance, 
as even in the case of (-)-cadinene dihydrochloride in which 
C-Cl bonds are k^iown to be axial, there was no significant 
absorption in the expected region.

It is known that (-)-cadinene dihydrochloride on dehydro- 
halogenation gives essentially B-cadinene^ (i). ®iis is 
understandable as the halogen atoms are axially oriented.
Since in the dehydrohalogenation of the chloroketone, only 
ketone-I and -Hj both containing a trisubstituted double bond,



i : u
A study of the spectra of ketones-I and -II 

helps in the assigoment of their structures. Examination 
of models reveals that in structure (4), the dihedral
a-igle between the vinylic and the bridgehead protons

o 4is close to 90 , v/hence from Karplus equation one would
expect little coupling between them. On the other hand,
for structure (5), the vinyl proton is flanked by a methylene
group and hence, at least some broadening of the olefinic
signal must take place. Actually the half band width for

were formed one could possibly infer axial configuration 
for the halogen in himachaleae moaohydrochloride (ii).

It is not possible to deduce in a clear cut fashion 
the configuration of chlorine at Cr, in the dihydrochloride 
on the basis of the existing data.

Quasi-chair - twist chair conformations for the six-and 
seven-membered rings respectively.

'//hen coupling is not clear cut to give a distinct pattern, 
half band width of the signal has been used to check the 
extent of coupling^.
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the olefinic protons of Icetone-I and -II are 4 and 7 cps 
respectively and from these, one can assign structure (4) 
to ketone-I and consequently (5) to ketone-II. The octant 
rule (Fig.VIII) predicts a positive Cotton effect for the 
most li;cely conformations ( 6 )  and ( 7 ) ,  for the two ketones 
(4) and (5) respectively and this is in accordance with the 
CD curves shown in Fig.IX,

(6 ) p r e d i c t i o n : positive

FIG-VI I I -  OCTANT D I A G R A M S  OF K E T O N E S  (6) AND (7)
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FIG. IX. CD C U R V E S  OF K E T O N E S  (4) AND (5)
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The results described in the previous Chapter 
provide sufficient basis for the cis- fusion of the rings 
in c<-hiniachalene (8). This is further supported by the 
demonstration that ketone-I (4) and -II (5) are stable 
to epimerizing conditions as was anticipated for a trans- 
ring junction in the bicydo-system. The derivation of 
the structure of himachalene moaohydrochloride as (ii), 
provides a unique opportunity for the preparation of 
trans-=(-himachalene (9) which should be clearly different 
from the naturally occurring c<-himachalene (8). This 
has been experimentally verified.

(8 ) (9)

Dehydrohalogerxation of himachalene monohydrochloride 
under mild conditions resulted in a mixture (Fig.X) from 
which three more or less pure compounds could be obtained. 
Their properties are given in Table II.



FIG. X. THIN-LAYER CHROMATOGRAM.

SOLVENT SYSTEM: BENZENE-PET ETHER (1:9)
1 a 8, AZOBFNZENE.
2,PRODUCT OF DEHYDROHALOGENATION OF HIMACHALENE MONOHYDRO

-CHLORIDE.
3, TRANS-HIMACHALENE , COMPOUND-A.
4, TRANS-HIMACHALENE , COMPOUND~B.
5,TRANS-HIMACHALENE , COMPOUND-C-
6, iL- HIMACHALENE
7, - HIMACHALENE.
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TABLE II 
Properties of hlmachalen.es

Trans -himachalenes c< -himachal ene
A B C

Structure (10) (9) (11) (8)
Purity 100^ 91/̂ 100^ lOOfo

b.p. 1 2 0-124” 124-127° 
(bath)/3.5 (bath)/3.5

115-118°
(bath)/3

93-94°/2

1.5060 1.5038 1.5055 n^^ 1.5082

146.1° -39.55° -201.48° -192.3°
Position of 
the gem di­
methyl in 
NI4R spectrum 
(cps)

51, 53 43, 58 48, 59 58, 60

Corapound-A analysed for and showed in the
infrared (Fig,XI) the presence of a vinylidenic (1642,
885 cm and a trisubstituted (849 cm"^j double bonds.
The NMR spectrum (Fig,XIV) supported the above assignments:
>= CH2 (2H singlet at 278 cps), X! =  (IH signal centered
at 317 cps, half•band width 7,5 cps), two quaternary methyls 
(sharp 3H signals at 51, 53 cps) and a methyl on a double 
bond (3H signal at 98 cps),

Compound-B -39.55°. could be isolated in 31^
purity only. This hydrocarbon again showed an
exocyclic double bond [IR (Fig.XIII); 3070, 1650,880 cm’̂ ;
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(Fig.XII;; 2H signal, a doublet centered at 283 cps,
J = 4 cps], a trisubstituted double bond (IR: 820 cm 
Nr€l: IH doublet centered at 316 cps, half-band width 5 cps) 
two quaternary methyls (311 singlets at 43 and 58 cps) and 
a methyl on a double bond (3H signal at 100 cps).

The above hydrocarbons caii clearly be formulated 
as (10) and (9) which have properties, distinct from those 
of c<-himachalene and this provides an unequivocal proof for

(10) ' |i|/ ^  (II)

the cis-fusion in oc-himachalene. Of the two structures, 
compound-^ can be represented by (10), v^ile structure (9) 
could be assigned to^other hydrocarbon on the basis of 
half-band width of the trisubstituted olefinic proton signal. 
It should be further noted that the NMi spectra of these 
compounds have much similarity with the spectra of the 
corresponding ketones discussed earlier, rXirthermorej support 
for the assignment of these structures is forthcoming from 
a consideration of molecular rotational differences between 
the pair of ketones ( A  M^g^_^^^+549,4°) and the pair of 
hydrocarbons ( A  Wcl0)-(9) *378.7“).

The third hydrocarbon (compound-C) has clearly 
two trisubstituted ethylenic linkages with methyl groups 
(Fig.XV, 6H signal at 101 cps and 2H signal centered at 
324 cps) and can only be formulated as (11).
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FIG.XV-NMR SPECTRUM OF (11)
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For general remarks, please see p. &T . Thia- 
layer cliromatography analyses were carried out using 
silica gel-silver nitrate mixture, following the pro­
cedure of Gupta and 3ulch Dev*̂ .

Ozonolysis of hlmachalene monohydrochloride

A solution of himachalene monohydrochloride 
(6,8 g) in CJIGlg (62 ml) vms ozonised at -10° by tubbling 
ozonised oxygen ( 160 mg/hr) till it no longer absorbed
(17 hr, KI solution test). The solvent was removed Uider 
water pump suction ( '- 50 mm) at room temp, and the 
ozonide was decomposed by warming gently with water 
(60 ml), first at 60® (1 hr) and finally at - 100° (2 hr). 
The product was cooled and extracted with pet. ether 
(65 ml X 4) after saturating with aimaonium sulphate and 
the extract was washed with HaHGOg solution (20 ml x 2), 
then with brine, dried and the solvent distilled off; 
yield 6.7 g.

7Jehydrohalogenation ; A solution of the above product 
(6,7 g) in glacial acetic acid (23 ml) was heated on a 
water bath and treated with fused sodium acetate (7 g).
After 4 hr heating, the product was diluted to 100 ml with 
water and extracted with ether (SO ml x 4), The ether 
extracts were mixed, washed with HaliCOg solution (25 ml x 4), 
then with brine, dried and distilled after solvent removalj

EXPERIMENTAL



yield 4.36 g, b.p. 112-116°/2 mm.

The product (3.8 g) was separated by preparative 
GLC injecting (8 x 0.5 ml) on column P (succinic 
polyester of diethylene glycol on Chromosorb W, 2.5 cm x
3 meters) at 200° using (15 Ibs/sq. in) as carrier gas.
Two fractions corresponding to two peal^s, were collected 
at the 17th and 2Srd minute after ixijection, in receivers 
cooled at ~10°.

Ketone~I (4); Fraction 1 (1.016 g;, b.p. 130°/l*5 mm (bath),
SOn^ 1.5020 was converted into its semicarbazone (pyridine 

method) which after crystallization from ethanol gave white 
shining flakes, m.p. 210-211°.(Found: C, 68.23; H, 9.19. 

requires: C, 68.40} H, 9.57^0.

The above semicarbazone (0.8 g) on refluxing with 
aqueous solution of oxalic acid, as described earlier,
regenerated ketone-I (0,550 g), b.p. 95-97°/0.9 mm, 1.5032,

C c, o-?370
-63.93°. (Found: G, 81.7; H, 11.06. requires:

C, 82.06; H, 11.28^). GLC showed the product to be 97jj pure.

Equilibration: Ketone-I (50 mg) on equilibration using
potassium tertiary tutoxide (0.2 g of potassium dissolved in
5 ml of tertiary bataaol) and after usual work up yielded 
a product (21 mg),[c<]^ -70.1° (c, 0.97^). ffi spectrum and 
GLC were almost identical with those of the starting ketone.

Ketone-II (5); Fraction 2 (0.95 g, 85^) was converted into 
its semicarbazone (pyridine method) and recrystallised from

i:Vî
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etha.iol; n.p. 190~19l'^G. (Fou-d: G, 68,29; H, 9.56.
^l^'VsO^S G, 38.40; H, 9.57^),

The senicarbazoiie (0.2lî  g) on refluxlag with 
oxalic acid^rei'eierated ketone-II (0.110 g), b.p. 125-130®(bath;/
1.1 mm, 1.5041, +199.4° (c, 6.8^). (Fou id: G, 81.62;
H, 11,00. requires: C, 81.50; H, I0.75fy). GLG showed
the product to be ^3% pure.

Equilibratioa; i^etone-II (75 mg) on equilibration using 
potassiun tertiary butoxide as above, resulted in the recovery 
of the starting ketone (IR, CiLG); yield 34 mg, [c<]̂  +172.63°
(c, 1,31%),
Isonerisation; Ketone-I (90 mg) was refluxed with a solution 
of oxalic acid (0.5 g) ixi water (1 ml) and dioxane (4 ml) for
10 lir under The product was diluted to 30 ml and extracted
with pet. ether (15 ml x 3). The pet. ether extract was 
washed with brine, dried and distilled after solvent removal; 
yield 56 b.p. 120-122® (bath)/l ma, nj® 1.5037, [c<]^-S7.14° 
(c, 0,4Qf), GLG showed the product to consist of ketones-I 
and -II in the ratio 85:15.

a) Alumina method; Himachalene monohydrochloride (1 g) was 
absorbed on a column of basic alumina (grade I, 2 x 15 cm,
45 g) and eluted after 20 hr, v;ith pet, ether; yield 0.913 g, 
b.p. 100-l02°/2.5 nira, n|® 1.5054. TLG a lalysis of the 
product is shown in Fig.X.
Chromatography; Silica gel impregiiated v/ith silver nitrate 
v;as prepared as follo\'/s: A solution of silver nitrate (15 gj
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in aq. ethanol (15 ml of water and 250 al of ethaaol) 
was mixed with silica gel mesh, 100 g) and shaken
for 1 hr. The solveat vras removed under water ̂ suction 
and dried at 160-165°C for 6 hr.

A colu.ia of silica gel/AgNOg (28 x 2.6 cm, 53 g) 
was prepared and the hydrocarbon mixture (1.2 g) was placed 
on the top of the column and eluted as follows:

CHROMATOGRAM I

Fr . i'lo. Solvent Volume
(ml)

Weight
(mgs)

Remarks.

1 Pet. ether 3 X 50 98 I4ixture
2

ft 8 X 30 243 «

3 5% Benzene 3 X 30 40 tt

4 n 50 185 Compound-A 
(.95% pure)

5 n 4 X 35 163 Pure compound-A

6 1 0 % Benzene 4 X 50 110 Mixture
7 25^ 25 31 n

8 tl 2 X  25 80 Gompound-B 
(91^ pure)

9 If 2 X  35 25 Mixture
10 50^ Benzene 3 X  25 73 i^re compound-C
11 Benzene 6  X  50 37 i'-tlxture

Compound-A; Fraction 5 was distilled; yield 0.151 g, b.p. 
l20-124°(bath)/3.5 m’n, n^^ 1.5060, +146.1° (c, 2.234^).
(Found: G, 88.45; H, 11.88. ^^5^34 requires: C, 88.16; H, 11.84ji)
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Compou id-B: Fraction 8 vras distilled; yield 55.6 nig,

0̂b.p. 124-127''(bath)/3.5 ram, n f  1.5038, -33.55''
(c, 0.88,^).
Compound-C; Fractioa 10 vjas distilled; yield 31 mg, b.p.
115-118''(bath)/3 mj, n^® 1.5055, [-c]̂  -i>0l.48° (c, 1.626^D,
IR spectrum: 1665, 830 cm ^ ( >C=C<^ ). (Found; G, 88.41;
J, 11.92. requires: C, 88.16; H, 11.84̂ ,:).

b) Sodlun acetate method: To a solution of the monohydro-
chloride (3 g) in ^jlacial acetic acid (9 ml) at ^ lOo'', 
fused sodium acetate (3 g) was added in two lots at an inter­
val of 10 minutes. The product was heated on a water bath 
(3.5 hr), cooled and ailuted to 80 ml with v/ater. It was 
extracted with pet. ether (50 ml x 3) and the extract washed 
with i^aHCOg solution (10 :al x 2;, followed by brine and dried. 
After solvent removal, it was distilled; yield 1.93 g, b.p, 
100-102°/i3.5 mm, n^^ 1.5050. TLG of the product was very 
similar to the one obtained by the alumina method (Fig.X).

JUMMAHY
The structure of himac lalenc monohydrociiloride has 

bee 1 shown to be (3). The isolation of tliree trans- 
hiraachalenes, from the dehydrohaloge latioii product of 
himachale ie mo lohydrochloride is reported. One of them 
is Identified as truns-himachalene (9).
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BIOGEN ETIC CO N S IDERA T IO N S
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The biogenesis of sesquiterpenes has been very 
briefly dealt with in Chapter I wherein it has been indicated 
that ion (3) which has been considered by Hendrickson^ as 
the precursor for longibornyl cation, can stabilize itself 
to yield himachalenes (Fig.I), The species (S) should give

(4)

rise to o(-himachalene (4; with cis~ junction and this has 
actually been shown to be the case as discussed in Chapter IV, 
Thus the biogenesis of himachalenes and related compounds 
and that of longifolene and itsOD ngenersClongipinene and 
longicyclene) is intimately linked ^Fig.I), The botanical 
relationship between Pinus lomdfolla and Cedrus deodara 
is indicated in Fig,II and it is gratifying to note that 
the major sesquiterpene components of the two plants arise 
from a common species (S . The fact that in Cedrus deodara



CARYOPHYLLENE

1,3 shift

HIMACHALENES
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FIG ■ I ■ B lOGENESIS OF H i M ACH A LE N E S , LO NG1 FO L E N E , LO NGI PIN E N E , 
LONGICYCLENE AND CARYOPHYLLENE-
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*the blogeaetic sequence esseatially terminates at the 

ion (S) would raean that the enzymatic facility for the 
folding over of the cation iS) to a confor.iation suitable 
for transfor'aation to lon^ibor.iyl cation, is not available 
in Cedrus deodara and the products arise from the stabi­
lization of the species (3). It is worth noting that some 
of the usual pathways open for the stabilization of 
carJx>nium ion have indeed been followed in Cedrus deodara.

4Thus recent work in this Laboratory has shown the presence 
of hiraachalol (6), a product of stabilization by anion 
collapse and allohimachalol (7), a product of rearrangement

*In order to see if minor amounts of longifolene 
or longiborneol occur in Cedrus deodara and 
similarly if minor amounts of himachalenes could 
be detected in Pinus longifolia  ̂work in this 
direction lias been carried out in this Laboratory 
by 3,C.3isarya. These investigations reveal 
that the esseatial oil of Cedrus deodara contains 
siiall amount ( ~  5f.) of longiborneol (i), but 
himaciialenes are absent in Pinus longifolia.



substitution, in the essential oil of Cedrus d^dara 
besides himachaleaes.

(6 ) (7)

HiFKREJC E3

1 J.B. Headric'tson, Tetrahedron 7, 83 (1959).
2 M, Krdtraai in ’’Progress in Organic Chemistry”

J.V/.Goo\c ed., Vol. I, 3utterv;orths, London (1952), p.22.
S H. Erdtman, Pure and Appl. Chen., 6, 679 (1963).
4 o.C.Bisarya and Su’di Dev, Private coinaainication.



1 15

AGICJOWLEDGMEiJT

I wish to express my sincere tiiaaks to 
Dr..>UKll DEV, Ph.D., D.Jc., for suggesting this problem 
and for his able guidance and supervision,

I am indebted to Shri i.P. Jamodaran for his 
ungrudging help during the course of this v;ork.

ily thaaks are due to 3hri V.o.Paasare and his 
colleagues for the microaiialyses; to -̂iilla,
R.G. Bhandari, Gopiaath and V.K.Bhalerao for spectral 
measurejiieiits, Dr. V.G.Naik for GLC aialyses and to all 
ray colleagues for their ready co-operation.

I am also thanltful to Prof. G. Ourisson and 
Dr. uS. I’iunavalli for several CD measurements.

J
T. C. Joseph,


	01_title
	02_statement
	03_contents
	04_chapter 1
	05_chapter 2
	06_chapter 3
	07_chapter 4
	08_chapter 5
	09_chapter 6
	10_acknowledgement

