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The study of natural products isolated from the
vegetable sources constitutes a very fascinating sspeet of
orgenie chemistry. The plant kingdom yields a very large
number of compounds imcluding some plessantly smelling oils
and solids, e.g. camphor, which by virute of their sweet
fragrance, sttracted the attention of mankind from the
eariiest times,

The teram 'essentiel oil' according to present day
terminology, includes, besides the steam distilled oils of
volatile mature, the solvent extracts of roots, barks, flowers,
leaves ete. Essentisl oils are found to be rich sources of
the well-known group of natural products viz, terpencids.
Besides essential oils, terpemoids have been found to oceur
in several other sources such as rosin, which is a complex
mixture of resin acids having molecular formula Cyoloq.CO0H.
These substances find amazingly wvide and varied applications
in many industries for the scesting snd flavouring all kinds
of consumer finished products. HMany of these products are
used in medicinal preparations, Indian 'Materia Medica'
describes innumerable drug preparations, their botanieal
origin, composition and medicinal properties.

The importance of the study of mnatural products in
India can hapdly be over emphasised especially in view of the
fact that India possesses & wealth of most abundant and



diversified flora, Ihis 1s but naturel as this sudb-
continent is fortunate in having & variety of climetic and
soil conditions, suiteble for healthy growth of plaats,
herbs, gresses etc.

Historically, terpencid chemistry has seen three
brotd pheses. First, a phase, in which structures of simple
bieyelic monoterpencids such as csmphor, =-pinene,

R-cerene, camphene, followed by fev sesquiterpenes were.
estadblished mainly through the efforts of lmllach, Semmler
aad several others. The structure elucldation of these
substances posed serious problems becsuse the molecular
rearrangeasents teking place during » chemicsl resction were
not resliged, These substances thea attricted the atteation
of ezinent orgeanic chemists beceuse of the diversified carbon
su skeletons and the ease with which they undergo molecular
roarrengements. The seccnd phese vas doasinated by the
ploneering researches of Rusicke, Sir John Simonsen,

D.H.R, Bartom, Prelog and cthers, during which the presently
accepted idees of ‘biogenetic isoprene rule' and
conformationsl enslysis were developed, These can be
regarded 28 outstending echievements of this century. During
this ;hase, structures a very large number of momo, sesqui-di
and triterpsnes were establishad,

Lastly, the most recent phase or the third phase, in
which more refined ideas of storeochemistry and reaction
mechsni sm, stereospecific synthetic reactions have been
developed., During this phsse, highly effective separation



techniques such as snalytical and preparative GIC, thin

and preparative thick layer chromatography and instrumental
methods of analysis such as infrered, nuclear megnetic
resonance, opticel rotatory dispersion, mass spectroscopy,
X-ray analysis were developed, Although mass spectroscopy
and X-ray snalysis have beem known for many years, thelir
applicationf to structural problems in natural product

cheni stry are of much regent origin and hence their inclusion
in the recent phase is justified, iue to the avajilability
of these techniques and a better understanding of resction
mechenisms, biogenetic concepts spd stereochemical aspeets,
an enormous samount of research has been carried out inm the
field of natural product chemistry. And the research work is
being continued with more vigour.

We have also developed keen interest in the study of
terpenoids and releted compoumnds. As a part of this
programme, the candidete has carried out some research work
at the ¥ational Chemical Laboratory, foona aad the results are
incorporated im the preseat thesis.



EUNNARX

The catalytic hydrogenstion products of cyperene
have been studied. The two saturated dihydroderivetives
(cul“) have been isolsted im pure form for the first time.
Contrary to the earlier reports, cnly the minor product was
found to be identical with isopatchoulane. Structure
(including stereochemistry) has been assigned to the major
produet of hpges hydrogematlion. During this 3tudy, & new
sesquiterpene, walch always accompanies cyparane has been
isolated im pure fork. A tentative sirusture has been assigned
to this new hydrocarbon. Hotundene, has been isolated from
the hydrocarbon fractica, The results are ianvorporated in
Chapter I,

A systematiec chemical investigstion of the sesquiterpene
hydroesrbon fraction of Simgapors patehouli o1l (fogosteson
gablin Eeath) hes been carried out., A careful combimation
of column sad thin layer chromatogrephy over slumine, silice
gel sud silice gel lmpregnated with silver-altrate, has led
to the isclatiom of three pure sesquiterpeme hydroesrbomns,
f-patchoulene, «-gurjunene and seychelleme., [Ietroleum-ether
eluzte slso contsins capyophyllene conteminsted with traces
of feelenenad,

The steam dlstilled oil of gurjun balsam contains meinly
two sesquiterpene hydroesrbons, 7hese hsve been identified
es caryophyllene and husuleme. The results are ineluded in
Chapter II.



vy

In order to support the assigned structure to
the condensation product of ecitral, f-maphthylamine and
pyruvie seld, we undertook a further study of condensation
of eitral with other emines in presence of pyruvie scid,
The Chepter III conteins the results of this iavestigation.
The detatls of en attempted synthesis of hydrocsrbons
having bieyele (3,2,0) heptene skeleton have been described.



b
SEBERAL BENARKS

All m.ps and b.ps are uncorrected., Pet.ether refers
to the fraction b.p. 60-80°, All solvent extracts were fimally
washed with brige, before drying over anhydrous u.aaq‘. Uptieal
rotations were measured in CHCly unless otherwise stated,

IR spectra wvere messured as liquid filams (neat) or
nujol mulls (sclids) on a Perkin-Elmer Infracord, model 1878,
ENR spectra were recorded ss 10 to 20% solution in CCl, (unless
othervise stated) with TIN5 as the internal standard on & Varian
4-60 spectrometer and Varisn T-60, model; signals recorded on
'8' units. HKass spectra wers taken on Mass spectrometer 21-1108,
model CEC, 4nslytical GLC was run on Griffin and George
apparatus, Hi-IlA or Aerograph, model A-3508,

Micro-snalyses were carried out in the micro-snalytical
section of NCL,

Heutral alumine used for chromstography was prepared
according to Lvans and Shoppe snd graded sccording to Erockmen.

Silics gel (100-150 mesh) used for chromstography was
activated Dy heating at 120° for 4-5 hrs., &ilver nitrate
impregneted silica-gel was prepsred sccording to the literature
procedure with different pevcentsges of silver nitrste.

The numbers given to the structures and charts snd also
the numbers given to the figures in each chapter of the thesis
refer to that particular chapter ouly,



Chapter-I1

Hydrocarbon Fraction of Lyperus
Scariosus Bil.



Easential O11 of Cvperus Scarlogus B.Br.

Syperus scariosusg is one of the most important species
of the genus cyperus (Fsms Cyperacese). (. scariosus H.Br.
(Sanskrit-Ssgarsusts; Hindi and Bengali- Nagarmothaj
Harathi - h-unl|7'l| a delicate, slender sedge with small
compound umbel, short leaves, scanty involuecre and can be eassily
distinguished from other members of the gemus. The plant
produces deep brown or black tubers. The sedge is found in
damp places in BSengal, Uttar Pradesh, emstern and southern
parts of Imndis,

The tubers which find extsnsive use in indigenous
medicinel are rich in arometic odour., The essentisl o112
(0.,08%)obteined from these tubers i1s dark amber coloured
viscous liquid reseambling the odour of cauphor. HRhizomes
are used for certein dye preparations to lmpart perfume to
the fabric. Perfumers use it as 2 fixative for heavy cdour
blends. It 1s & substitute for patehoull oil in scap
preparsticn and also is used in agarbatti preparations,

Shemical Compeosition

In 1964, Naves® isolated <-cyperene snd an
“yf-unsatursted ketone (2,4,0.,8,P.H,, m.p., 288-99) and
reported the preseance of trieyclic (40%) and bleyelie (32%)
sesquiterpenes in the essential oil of €.sgariosus.

Recently, the essential oil of €.scariosus (Indlan origin
has been examined -yctc.ntleally“'b. Ihe hydroe
carbon fraction which constitutes sbout 40f of the total oil,



contains cyperene (I) as a overwhelming constituent. The
hydrocarbon fraction also contains another sesquiterpene

hydroearbon, rotundono5

of unestablished structure*.

The structure of cyperene including stereochemical
details as indicated in (I) has been established by Czeeh®
and Japanese workers’., The assigned structure is fully
supported by an unambiguous oynthuha. Several oxygenated
derivatives of cyperene, such as cyperotundone (II),
patchoulenone (III), scariodione (IV) cyperemcl (V) and
other related allylic alcohols have been isolated and
characterised from Cyperus gcariosus. Since compounds (II - V)
have been direetly related to cypereme (I) it would be
appropriate to discuss briefly the structure of cyperene.
Structure of Cvperene

Cyperene, Ciglipy was first isolated by Naves et a1§
and later by Nigam from C.scariosus®®, Trivedi et a1
isolated this hydrocarbon from the oil of C.rotundus of
Chinese origin. Its Kaman spectrum showed a band at 1605 cm-l
characteristic of a tetrasubstituted olefinic linkage. It
gave a saturated dihydroderivative having molecular formula
cl&“zc and hence must be tricyclic. The IR spectrum of the
saturated hydrocarbon (dihydrocyperene) was found to be
identical with isopatchoulane (VI) prepared from patehouli
alcohol (VII) via «- or Y-patchoulene (VIII, IX),

Structure (I) was, therefore, assigned to cyperene.

*The structure elucidation is in progress. On the basis of
the spectral and chemical data collected so far, rotundene
belongs to a new tricyclic sesquiterpene skeleton
(br.8.K., Pakniker, Personal communication).
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Further chemical proof was obtainmed by ozonolysis
studies. Cyperene, on ozonolysis gave the solid
diketone (X). The presence of a2 methyl ketone and a five
membered ring ketone was confirmed from spectral studies
and further degradative work, The NMR spectrum of cyperene
showed the presence of three satursted methyls (2, >C-CHgs
1 - CH = CHg) and one vinyl methyl («C=C-CHg) group. It
did not show any abscrption above 2.56 and therefore the
olefinic linkage must be fully substituted,
Sterecchemistry of Cyperene

The stereostructure (I) was assigned mainly on the
ORD studies on monoketone (XI), a degradation product of
cyperene and NMR otudlol7 on the parent hydrocarbon
(cyperene). These conclusions have been verified by a
direct ayuthostla.
Eresent Study

The hydrogenation of cyperene (I) is reported to
proceed smoothly in acetic acid with Adam's ecatalyst to
afford ilopatehou.hnoe (vi), BSimilarly «- and Y=
patchoulenes (VIII & IX) are reported to yleld
isopateholane (VI) on catalytie hydrogomtlon’. Moreover
all the three isopatchoulanes from these three different
hydrocarbons show exactly the same infrared spectrum. On
the contrary, the completely hydrogenated cyperene,
although hed superimposable infrared spectrum was reported

to be 2 mixture of two components (in the ratio 7:13) on a
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GLC columnl®, In view of lack of spectral data on pure
saturated hydrocarbons, it was of interest to resolve the
mixture into individual components and record the spectral

data,

Previous luvostigatorc"‘b

have also reported that
cyperene on ozonolysis gives a mixture of diketo compounds.
This mixture on further prot¢essing yields a sclid diketone,
clsu,‘og, DePoe 77° and a colourless viscous liquid diketonme.
Both the diketones can be characterised by preparation of
crystalline semicarbazones,

7 Stereochemically pure ssmple of cyperene (I) should
give only one diketone. Secondly, it has been observed
previously that the retention time of one of the compoments
of dihydrocyperene mixture was identicel with dihydro-
rotundene®. The above observations suggested that eyperene
used in previous investigations may not be analytically pure.

Inspite of the apparent homogeneity of cyperene
(TLC/GLC), 1t was considered essential to study the
reactions more carefully.

Cyperene used in this investigation was obtained
from €yperus scarjosus oil as previously described? (see
experimental). Its IR spectrum is reproduced in Figure 1.
Catalytic hycrogenation of cyperene in acetic acid over

Adam's catalyst proceeded smoothly to yleld the corresponding

*Rotundene has a different carbon skeleton and hence the
identity of retention time on a GLC column may just be a
coincidence.
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dihydroderivative., The specific rotation and the IR
spectrum (Fig. 2) of dihydrocyperene so obtained asgreed
well with the product previously prepared, However, the

GLC amalysis indicated the presence of three components

(two major and one minor). Separation of the individual
components could not be achieved by column/thin layer
chromatography or by combination of both., Individual
components (major) were then isolated in pure form by
preparative GLC on a carbowax column? The third minor
constituent could not be collected. The purity of the
separated components was checked by GLC on two colummns. The
two components which were separated by GLC were present in the
ratio, approximately 1:3,

In the following discussion, the minor component is
designated as dihydrocyperene-I and the major one as dihydro-
eyperene-II, While the IR and NMR spectra of dihydrocyperene
I snd II are strikingly similar, the mass spectra showed
some chfsracteristic differences. Thus, the mass spectral
data on dihydrocyperene I and II can be used to distinguish
them,

The IR, NMR and mass spectra of dihydrocyperenes I and II
are reproduced in Figures 3,4,5,6,7 and 8 respectively., The
wass spectrum of dihydrocypereme-I (Fig. 5) was proved to
be identical with that of isopatchoulane (VI, Fig, 9) prepared

*Je are thankful to Dr. G, Ohloff and Dr. F. Gautsehi
for the GLC analysis.
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from « and Y-p-tehoulonou. Thus, if above conclusions

are correct, the stereochemistry of dihydrocyperene-l is
automatically established as shown in (VI), Since the
assigned stereochemistry at C4 and Cg of « and Yepatchoulenes
is established beyond doubt, it will not be unsafe to assume
that the addition of hydrogenStook place from the «-face
(side opposite of the gem-dimethyl bridge). This observation
was contrary to our expectation as dihydrocyperene-I is the
minor product of hydrogenation. Consequently, the major
product of hydrogenation, i.e, dihydrocyperene-II must be
represented by structure (XII). To explain the formation of
(XII) as a major produet of hydrogenation, it is concluded
that the addition of hydrogen took place from the p-face
(from the same side of gem-dimethyl bridge)., The reasons for
the preferential attack from the f-face are immediately not
clear, Examination of molecular models indicate that there is
no appreciable steric hinderance from the B-face. It is
therefore desirable to prepare (VI) and (XII) by different
routes to confirm the above conclusions.

It should be pointed out that hydrogemation of «- and
Y-patchoulenes also takes place from the same side as the
gem~dimethyl bridge.



It vas mentioned earlier that the GLC analysis of
the hydrogenated cyperene indicated the presence of three
components, The mass spectroscopic molecular weight
determination of the hydrogenated mixture indicated the
presence of a substance having molecular formula
CysHge (M* 204, F1g.10). Since the hydrogenation of cypereme
proceeds smoothly in ecetic scid over platinum oxide catalyst,
presence of an impurity which resists hydrogenation was
considered. Unfortunstely, this minor constituent could not
be isclated by preparative GLC, A close examination of the
GIC date on various cyperene fractions indicated the presence
of & trece constituent, now designated as €,scariosus
hydrocarbon-A (CSHY-A) eluting eerlier than cyperene on a
polyester column, It was considered that this hydrocarbon
may be resistant to hydrogenation snd hence responsible for
the m/e 204 in the mass spectrum of the hydrogenated product
(Fig., 10)., Attempts were then msde to isolate this substance
(C8HY~A) by extensive chromatography over AghOg impregnated
silica gel, Its isolation was finally attained by this
procedure, though the yield wes extremely small., Its IR
and mass Spectra are reproduced in Figures ll and 12,
Comparison of the mass spectra of pure C8HY-A and hydrogenated
cyperene clearly substantiated our earlier assumption that
eyperene is contaminated with a trace impurity which is
resistant to catalytic hydrogenation. This is reminiscent
of pP-patchoulene (x111)9 and patchouli hydrocarbon 'E'
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of unknown structure®, It seemed likely that CSHY-A might

be identical with PR-patchoulene (XIII) or patchouli-
hydrocarbon 'E' of Tsubaki et ll.9 Their non-identity was,
however, evident on the basis of spectral data (IR, NMR, mass)®.
The NMR spectrum of CSHY-A (Fig., 13) showed the
presence of two -CH-CHg and two 59-033 groups and absence
of any vinyl proton. In fact, there was no absorption above
1.56. Due to the paucity of material further structural
studies were not possible but the formation of the solid
diketone (X) and liquid dlketone*”® on ozonolysis of cyperene
can now be explained. BSolld diketone (X) is the only
ozonolysis cleavage product of cyperene and the liquid
diketone must be resulting from the ozonolysis of CSHY-A,
The liquid diketone gives a erystalline semicarbazone
mep. 206-207° and shows in its NMR spectrum (Fig. 14) absence
of ~g.caa grouping. This conclusion was further supported by
the negative haloform reaction, (,scariosus hydrocarbon-A
must therefore contain a tetrasubstituted double bond. On
the basis of spectral and chemical dats discussed above and
its co-occurrence with cyperene and rotundene a tricyeclie
structure (XIV) looks very attractive for this hydrocarbon.
However, it should be mentioned that this is only
e tentative agsignment and further work is highly desirable,

*We are thankful to br. Y, Hirose for sn?plying us with the
spectral data on patchouli hydrocarbon ‘'E',

**T™his esperiment was repeated and both the diketones were
obtained,
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It 1s of interest to note that while the natural
oceurrence of aromadendrene!® (Xv) and ﬂ-gurjunonol‘ (xvI)
is well established, there is no information about the
natural existence of (XIV).

During the course of this investigation, rotundene
could be obtained in pure form, Its IR and NMR spectra are
reproduced in figures 15 and 18 respectively. Identity was
established by direct comparison with an authentic sample.
Catalytic hydrogenation gave a saturated dihydro derivative.
The SLC retention time of dihydrorotundene was found to be
identical with one of the components of dihydroeyperene.
This was in complete agreement with earlier observations.
However, this was just due to coincidence and not due to

structural i1dentity.
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EXPERIMBNTAL

The essential oil (100 g) from Cyperus
gcariosus R.Br., dissclved in petroleum ether (500 ml),
was washed with sodiumbicarbonate solution (10%). The
petroleum-ether layer was washed with brine (2 x 50 ml)
and dried over anhydrous sodium sulphate. The neutral oil
(96 g) was obtained after removal of solvent by distillation.
Separstion of hvdrocerbons, ketones snd elcohels by colusn
shromatogrephy

The neutral oil was separated into three major
fractions by column chromatography Table 1), eluting with
petroleum-ether (Fraction 4), benzene (Fraction B) and ether
(Fraction C) respectively. 7The procedure adopted for the
isolation of the different constituents from these fractions
is indicated im Chart 1.
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CHART 1
Cyperus scariosus oil
[ o
Free Neutral oil
acids Column chromatography
alumine grace II
1:30 ratio
r | L
Fraction A Fraction B Fraction C
pet.ether bengzene ether
eluate eluate eluate
Column chromstography
alumine grade I and
silica gel impregnated
with silver nitrate (18%)
[ | 1
Hydrocarbon 1A Hydrocarbon I Hydrocarbon I1I
CSRY A Cpgfioq Cyperene Cgliy, Rotundene C,gHy,

XN



The acid free oil was chrometographed over neutral
alumina (Gr, II) snd the details of the chromatography are
described below:

ZTable.l
Welight of Neutral oil - 80 g
Weight of Heutral slumins Gr.II 1500 g

S,No, Eluent Vol. of Weight of
Eluent (ml) Fractions (g)

l. Pet., ether A 2000 23,7020
2. Benzene B 1000 15,3200
3, Bther C 1000 8.5520
47.6440

Recovery 92%

dsclation of Hydrogarbons Fraction 4

The petroleum ether fraction from the column
chromstography (Chart 1 and Table I) contained only hydroearbons
\Uie analysis) and was rechromsiographed over neutral alumina,
Several fractions were colleé¢ted by eluting with petroleum
ether,

Zable lI

Weight of Fraction A 20 g.
Weight of alumine Gr, I 1000 g.



=2 |
-3

Sr.No. Eluent Vol, of Wt, of ULl of
eluent fractions Hydroecarbons
(ml) (g) ia 1 11
1., Pet.ether 100 ml £.3180 40 60 3 20
g. N " 6.7900 105 60 30
3. N - 4.5320 60 3 40
" ™ N i
4, 2.0870 \ 60 40
5. N " 1.8560 |
6. " . 0.6400 2
7 . - 0.4380 | 30 70
[
8. - 1000 1 0.9800 1}

19,6370 Recovery 98,5%

Aydrocerbon I4 and Hydrocarbog I
The Petroleum ether fractions (No.l and 2, Table II)
were mixed and rechromstographed over silica gel impregnated

with silvernitrate (18%).
ZIable 111

Weight of Fraction 8 g

Welight of silica gel impregnated 400 g,
with AghOg (Ls;)
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sle Flaent :::::: of ::;e:{on :::b::lhn”-
(ml) (g) Ia L 11
1, Pet,ether 50 0.08650 100%
e, " 50 1,3200 10 ¢+ °0
3. N 100 3.1080 100
4. " 100 2,0680 10 ¢+ 90
6. - 100 1.3200 10s 90
7.8780
Recovery 99%

The frections No,l end No.,3 (Teble III) were

separately distilled over sodium under reduced pressure
and hydrogarbon 1A and hydrogarbon I were obtainmed

Hdydrocarbon 11

The petroleum ether fraction No.4 (Table III) was

chromatographed over silice gel impregnated with silver-
nitrate (16%),

lable 1V

Weight of Fraction

Welight of silica gel

2 g.

impregnated with AgNOg(15%) 100 g.



S,lNo. Eluent vol, of Wt, of GLC of
eluent fraction hydrocarbon
(ml) (g) I II
1. FPet, ether 28 0.5083 5 25
2. " 25 0.8902 100
" ]
3. 28 0.2030 3 2 08
4, " 50 0.0800 i
5, . 80 0.,0800
S " 100 0.2500
1,9588

Recovery o8k

The fraction No.2 (Table IV) wes distilled over
sodium under reduced pressure when jJydrogcsrbon II was
obtained,
lvdrocarbon I C,gligy (eyperene) T

The hydrocarbon I had the following properties snd was
shown to be identicsl with eyperene (I)

bep. 95-96°(bath)/2 am

(«)8® - 19.20° (e, 4.0)

Mol, wt. - 204 (Mass spectrum)
dnalysis

Founds C, 88.30; H, 11.80%

Calculated for CgHo, + C, 88,16; H, 11.84%



ib pend (Fig. 1, liquid film) 1609, 1389, 1366, 1333,
1816, 1269, 1250, 1222, 1205, 1181, 1163, 1141, 1070,
1037, 988, 984, 892, 877 and 832 em~l,
Hydrogenation of cyperene

Cyperene (600 mg) dissolved in glecial acetic acid
(30 ml) was stirred in an atmosphere of hydrogen with
Adam's pletinum oxide catalyst (60 mg). The equivalent of
one mole of hydrogen was absorbed in 30 minutes, The
catalyst was filtered end the sclvent was removed under
vacuum, The hydrogenated product was taken up in ether and
washed with water to remove traces of acetic scid, The
ether extract wes dried over anhydrcus sodium sulphate
and solvent was removed under vacuum, The product on
chromatography over alumins Gr, I followed by vecuum
distillation gdve dihydrocyperene having the following
properties,

bepe 93-24° (bath)/2 ms, ()o° - 50,79
(ey 8.7), GLC*, 1Two pesks in 133 ratio. Mol. weight 206
(mass spectrum Fig. 10).
doalvsls
Found: C, 87.403 H, 12.68

Caleulated for C gHoe ¢ C, 87.30y H, 12,70%
iR pends (Fig, 2, llquid film) 1460, 1387, 1260, 1342, 1312,
1204, 1281, 1206, 1178, 1139, 1114, 1076, 995, 988, 065,
943. 830, 921, 893, 830 and 852 em”l,
‘Or, Ohloff snd Dr. F, Gsutschi have confirmed the presence

of three components (two major and ome minor by Yis from
hydrogenated cyperene from our ssmple.




The dihydrocyperene stereoiscmers (GLC two peaks
in 1:3 ratio) could not be separated by columm
chromatography. The two pes isomers were separated by
preperastive GLC®, The two stereoiscmers (dihydrocyperene I
and dihydrocyperene II) showed the following properties,
lbvirocyperane I  CygHpa YL

Mol, weight 206 (mass spectrum Fig, 5)
il psnds (Fig, 3 liquid film) 1475, 1460, 1385, 1360, 1330,
1290, 1205, 1170, 1148, 1110, 1064, 1025, 975, 930, 860,
and 780 em-l,
NMR spectrum (Fig., 4)

§ 0.71 snd § 0.82 (2 Chy - c\{

cH
§ 0.91 and § 0,95 (68, *>< )
ol

kihvdrecrperens 11 Cygi, g XIU

Mol, weight 206 (mass spectrum, Fig, 8)
IR bands (Fig. 6, liquid film) 1475, 1460, 1385, 1360,
1330, 1200, 1208, 1170, 1148, 1110, 1064, 1025, 975, 930,
860 and 780 em~l,
N4B _spectrug (Fig. 7)

§ 0.71 and § 0.32 (6H acna-c\{ )
(9471
§ 0.91 and § 0.99 (6H, ’\c<

CH‘/

Czonolysis of gvpareng solid diketone C18tp40¢

A stream of dry ozone was passed into a solution of
cyperene (1 g) in ethyl acetate (50 ml) cooled to 0°C., The
solution turned yellow after 30 minutes, Ethyl acetate was

removed under reduced pressure and the ozonide was decomposed
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by refluxing with distilled water (25 ml) for four hours
and extracted with ether (4 x 50 ml). The combined ether
extract was washed with sodium hycroxide solution (5%) to
remove any acid formed during ozonalysis. The neutral
portion was dried and evaporation of solvent ylelded a
colourless crystslline compound (860 mg), It was
recrystallised from pet. ether, m.p. 77°. The filtrate was
preserved for isolation of liquid diketone.
dnalvsls

Found: C, 76,903 H, ©.84%
Calculated for CygHo0p + C, 76.84; H, 10.30%.
Solid diketone

iR gpectrum (nujol) 1724, l4l2, 1320, 1300, 1245,
lz24, 1190, 1171, 1187, 11056, 1075, 1088, 1031, 980, 972,
943, 840 and 790 ca”t,

NHR spectrum (in CClg)

6 0.72 (34, 5 = 6 cps CHy - ¢ H), § 0.94
(3, CBg- @< ). § 1,16 (30 CRy - <), § 2.07 (3H, Cg-CO-)
and § 1.94 (2H, -CHy-CO-),
Sealcarbeazone derivative of solid diketone (Cyqlia 0 8g)

4 solution of semicarbazide hydrochlori.e (500 mg)
end sodium acetate (700 mg) in distilled water was added to
s solution of solid diketome (200 mg) in petrcleum ether,

The mixture was turbid an¢ alechol was added till
solution was clear. The solution was shaken and warmed

on water bath and allowed to cool in ice bath. Solid



erystals of semicarbezone derivative (380 mg) was
separated, It was crystallised from petroleum ether,
a.p. 2119,
Adnalvsis

Found: N, 23,.88%
Calculated for 017ﬂaooale = N, £3,98%,
kiguid diketone ¢,gH,,0,

The filtrate from the crystallisation of solid
diketone gave a gum which was chrometographed over silics gel
ané eluted with pet.ether, benzene ethyl acetate and ether
respectively.

The details of chromatography are showan below:

Welight of ligquid gum 125 mg.
Weight of silica gel 100 g.
8,80, Eluent Volume of Wt., of TLC
Eluent #»)) rraction(g)
l. Pet. ether 200 -
2, Pet,ether benszene (50:50) 200 -
3, Benszene 200
4, benzene-etnylacetate (80:20) 200 0.0426 two spot
8. Senzene-ethylacstate (50:160) 200 0.0210 single spot
6. Benzene ethyl acetate (20:80)200 -
7. Ethyl acetate 200 -~

8. Ether 200 0,086




The 1liquic diketone obtsined from the fraction No,.S
after removal of solvent showed simgle spot on ILC,
Anelysis

Founds C, 75,603 H, 9,70%
Caleulated for CygHy 0, C, 76.84; H, 10.3%
IR band (liquid film) 2050, 1720, 1470, 1420, 1400, 1360,
1340, 1290, 1240, 1165, 1100, 1075, 1030, 1010, 990, ©60
and 830 ca~l,

Al _spcctrum (Flg, 14)
/7
£ 0.94 and § 1,08 (35. ssch 2 Cﬂa - cq’

68 l.42 (6H, cn{a ‘0(). The signal for methyl ketome

(- g - CHy was absent,
Seulcarbezons derdvative of liouid diketone (C)oHagOgN,)

A soclution of semicsrbazide hydroechloricde (200 mg),
sodiumacetate (500 mg) 1n distilled weter (10 ml) wes added
to the solution of liquid diketone in bensene., The solution
was turbld snd eleohol wes added to make the sclution clear,
The solution was shaken snd warmed on water-bsth and sllowed
to cool in 1ce bath, Scolid erystalline semicsrbazone
derivative separated, It was recrystallised “vom pet.ether
m.p. 206-207°,

Azalyals
Found: N, 22,.80%
Calculated for CypliggO.Ng N, 23.98%



Hydrooerbon I8 CygH,, (Csdva) X1V

A new sesquiterpene hydrocarbon isolated from the
€éyperus sesriosus oil (Table III Fraction No.l) was distilled
over sodium., It showed the following properties:

bepe 104-106° (bath)/2 mm
Mol.weight - 204 (mass spectrum, Fig. 12)
Analysis
Foumds C, 83,80, H, 11.80%
Celeulated for Cpgilg, ' C, 88.16, H, 1l1.84%
dydrogenstiocn of CSHY-4

Hydroearbon CSHY.A (20 mg) dissolved in glacial
acetic scid (20 ml), was stirred in on atmosphere of
hycdrogen with Adam's pletinum oxide (30 mg) catalyst for
30 minutes., It was observed that there was no uptake of
bydrogen. The catalyst was filtered and solvent was removed
under vacuum, The product wss taken up in ether snd ether
extract was washed with weter and driec over sanhydrous
sodium sulphate, After removal of solvent, the product
(18 mg) was found to be the starting material, Lydroearbon
CSHY-A, resist oatalytie hyirogenation.
dvdrocazben II ¢ 4d;, (Rotundens)

A sesquiterpane hydroearbon isolated from eyperus
scariosus ol (Table IV fraction No.,2) was distilled over
sodiua, It shovwed the following properties

bupe 122°(26th)/2 wm
Mol, weight 204 (mass spectrum)

‘IR vands (liquid film, Fig. 11) 2860, 1465, 1385, 1270 end 1070 em~l,
MR spectrus (Fig. 13) § 0.77 and § 0.9 (68, °H3 ¢ )
s 1.28 (‘.. 8‘38'- CH )



AL
inalvsis

Founds C, 58,063 H, 11,95
Calculated for Cyghg, ¢ C, 88,103 H, 11.84%

IK band (Fig. 15 liquid film) 2860, 1630, 1460, 1440, 1340,
1320, 1208, 1190, 1185, 1070, 1020, 965, 880 snd 816 em~l,
NMR speetrum (Fig. 16)

6 0.86 (3, Cig- ¢f ) 5 0.90 (38 Cilg - ¢<
6 1.7 (88 CHg - CH = CH-) § 6,46 C = CH.)
Eibydrorotundene (C5d. o)

Rotundene (50 mg) vas hydrogensted in ethyl alcohol
(10 ml) with plstinue oxide (40 mg) as catalyst at room
tempersture, After the uptake of one mole hydrogen (1/2 hour),
the solution was filtered¢ and the filtrate was evaporeted to
give dihydro product (49 mg). The product was chromatographed
over alumina (Gr, I) when dihydrorotundene ves obtalined,
sdualyals

Founds C, 87.24; H, 12.8%

Caleulated for Cyghoe ¢ C, 87.2; H, 12,78
IR bends (liquid f1lm) 1330, 1320, 1270, 1165, 116Q, 1130,
1110, 1020, &85, 800, 770 an¢ 750 em~l,
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Chapter-II

Isolation & Lharacterization of
Hydeocarbons From

a ] Singapore Patchouli Bil
b ] Burjun Balsam Bil



Sesquiterpene hvdrocarbons of Singavore patchould oil
Commercial patchouli oil is mainly obtained from the

leaves of Pogostemon cablin Benth (Syn. P, patchouli Pallet

yar _suavic Book)1 belonging to the family labiateae. The oil

is one of the most important raw material for composition of

fancy perfumes. The oil contains a large percentage of

2 vis, p-patchoulene (I), «-guaiene (II),

“«-bulnesene (III) and patechouli aleohol (IV), Recently, a

detajiled analytical study of patchouli oil has been carried

cuts. The chemical composition and biogenetic relationship

sesquiterpene compounds

of patchouli oilconstituents are shown in Charts I and II
respectively, Besides the already known constituents?15+6

(I to IV), p-elemene (V), caryophyllene (VI), «-patchouleme (VII),
alloaromadendrene (VIII), «.gurjunene (IX) and two new
hydrocarbons patchouli HC-E and patehoull HC-G have been
characterised. A newv sesquiterpene hydrocarbon, seychellene (X)
has been isolated by Ourisson and co-workers’ and shown to be
identical with patchouli HC-G of Tsubaki et al, Among
sesquiterpene alcohols, besides the well-known constituent

of patchouli oil, patehouli alechol (IV), a bicyeclie tertiary
alcohol, pogostol (XI) has been isclated by Hikino et al?
Very recently Henderson et al.’ have described techniques for
the microanalysis of free volatile sesquiterpenes by direct
loading GLC,
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Eresent Study

Isolation of rotundene and rotundenol having an
unknown skeleton was reported from this llborntorylo. On
the basis of the chemical and spectral data collected so far,
it was considered that the above sesquiterpenes could be
correlated with pogostol (XI), After screening few commercially
available samples of patchouli oil, it vas found that
Singapore patchouli oil contains the desired substance.
Singapore patchoull oil (Pogostemon cablin Benth) was therefore
processed by the usual techniques, DLuring this study a
complete analysis of the hydrocarbon fraction has been carried
out and the details are presented in this chapter, The
chromatographic tail fractions contains pogostol (XI), which
1s being processed further®
lsclation of hvdrocarbons

Singapore patchouli oil was procured from a local dealer
(Amrut Industrial Products), Bombay. IR spectrum of the oil
(Fig. 1) shows the presence of hydroxyl and carbonyl groups.
The oil was freed from acidic components by standard procedure
and the neutral oil was resolved into three main fractions
(fractions A,B,C) by column chromatography over alumina
(activity III). The IR spectra of fractions A,B and C are

*The correlation of pogostol with rotundene is in progress.
This work is being carried out by another research worker
and hence omitted in the following discussion.



reproduced in figures 2,3,4 respectively. The petroleum-
ether eluted fraction 'A' was further subjected to
repeated chromatography over alumine and silica gel
impregnated with silvernitrate.

The procedure adopted for the isolatiom of individual
components of fraction 'A' is outlined in Chart III
(see experimentel), The course of separation was moni tored
by GLC and TLC on silice gel and silvernitrate impregnated
silica gel plates.

During the present study, seychellene (X),
“egur junene (IX), P-patchoulene (I) have been isclated in
pure form and identified by direct comparison of spectral
data (IR, UV, NMR, Mass) and physical constents with
authentic samples,

¥hile the presence of the above hydrocarbons in
Singapore patchouli oil could be established beyond doubt,
presence of caryophyllene (VI), P-elemene (V), «-guaiene (II),
“-bulnesene (III) is suggested on the basis of spectral
date on certain chromatographic fractions and TLC/GLC
comparison with reference ssmples. However, it has not
been possible to isoclate them in pure form. The results
which are recorded below are in agreement with literature.

The GLC of the petroleum ether eluate (Fig, 5) showed
it to be 2 mixture of several hydrocarbons., By careful
combination of column and preparative TIC following
hydroearbons, designated at Pat-HC-I, II, III and IV were
isolated.
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Pat-HC-1

The initiel chromatographic fractions ylelded a
sesquiterpene hydroearbon, C)gH,, (Pat-HC-I, M* 204) in
pure form, The IR spectrum (Fig. 6) did not show any
characteristic bands for -C=C— stretehing frequency, In
further support of the above conclusion the HMR spectrum
(Fig. 7) showed the absence of any vinyl proton signal.
Moreover, all the methyl groups are attached to saturated
carbon atoms. Pat-HC-l was resistant to catalytic
hydrogenation. This information suggested its identity
with p-patchoulene (I). An authentic ssmple of B-patchoulene,
prepared from patchouli alcohol by the literature procedurell
exhibited identical spectral date and TLC/GLC behaviour.
It wvas therefore confirmed that Pat-HC.I is P-patchoulene (I).
Eagefic-11

This hydrocarbon having molecular formula °15"24
(M* 204), (%), = 197.2° gave a saturated dihydroderivative.
Pat-HC-I1 must therefore be tricyclie.

Its NMR spectrum (Fig. ©) shows two tertiary methyl
singlets (8 0.84; 3H and ¢ 0.88; 3H), a secondary methyl
doublet (5 1.08; 3H; J = 6.5 Hz), a broad singlet due to ﬁ
vinylic methyl (6 1.64) and no vinyl protoms, Its IR
spectrum is reproduced in (Fig. 8).

Considering the physical constants and the speetral
data mentioned above, the above sesquiterpene appeared to be
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“-gurjunene (IX), previously reported by Ourisson and
co-workers from gurjun balsam ou“. Infrared spectrum
of Pat-HC-Il was superimposable on that of authentic
“.gurjunene kindly supplied by Prof, Ourisson®. Identity
was further established by comparative GLC and formation
of a mixture of secondary and tertiary alecohols on hydroe-
borstion oxidationl®,
Pat=BC-LIL

Later petroleum-ether fractions on rechromatography
ylelded an apparently pure (TIC) sesquiterpene hydrocarbon.
However, the NMR spectrum (Fig., 10) showed it to be
contaminated with an impurity having a -CH = CHy group. The
ma jor component appears to be caryophyllene (VI), Caryo-
phyllene has been shown to be a minor constituent of
patchoull oi1®, It is likely that caryophyllene is
accompanied by traces of f-elemene (V) as the later is 2lso
a minor constituent of patehoull ot1®.
EatoHC-1V

Further chromatographie fractions on processing gave
a pure hydrocarbon, Cygig, (M* 204) having following physical
constants (x)p - 72% b.p. 101/1 mm,

The IR spectrum (Fig. 12) exhibited bends characteristic
of terminal methylene group (1640 and 880 em"l), The WMR
spectrum (Fig, 13) confirmed the presence of >C= CHp group

*Thanks are due to Prof. Ourisson for the samples of
«-gurjunene and seychellene.
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6%

(5 4.63; 1H, and § 4.98; 1H), two tertiary methyl singlets
(s 0.85; 3H, ¢ 0.98; 3H) and a secondsry methyl doublet

(8 0,765 383 J = 6 Hz), Pat-HC-IV gave a saturated dihydro-
derivative and hence must be triecyelic.

The physical constants and the spectral date showed
striking similarity to those of seychellene (X), @
sesquiterpene hydrocarbon reported by 0uril|on7 and patchouli
hydrocarbon-G isolated by Tsubaki et ll? birect coumparison
of the IR and NMR spectra of Pat-HC-IV with an authentiec
sample of seychellene confirmed that these compounds are
identical, TLC and GLC behaviour of Pat-HC-IV and seychellene
also confirmed their identity.

The spectral data (NMR) obteined on certain individual
chromatographic subfractions (Fig. 14) suggested the presence of
“-guaiene and «-bulnesene previously reported from other
patchoull ofils., However, this could not be varified so far.
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il of Guriun Balsan

Gurjun balsam is the pMathological exudation,
caused by incision or scorching with fire, of the wood
of several species of Wn (Fam: Dipterocar-
paceae). There are nearly fifty species of this genus,
tall and besutiful trees which grow wild im the mountain
forests of India, Burme end Indo-china, A fully grown tree
yields nearly 180 liters of balsam during a summer, The
balsam is obtained like gum turpentine.

There are two types of gurjun balsam which are
common to India and Burma viz, the 'Kanyin 0il' (from
Digterocarpus turbinatus Gasertn'®) and 'In 011' (from
Dipterocarpus tuberculatus Roxb*3) 'Kanyan 011' is regarded

as true balsam,

On steam distillation, gurjun balsam ylelds @
volatile oil in good yleld (60 to 76%). Gurjun balsam oil
conteins mainly sesquiterpenes of which « and f-gurjunenes

(IX, XII) are principal eonstituonta“.

H =

-
The structures of these hydroesrbons have been

established beyond doudbt mainly through the efforts of
French u'oupi'8 («-gurjunene) and Csochulovnku and

American invntizators“ (p-gurjunene),



Exesent Study

The present investigation was undertaken with a
view to meke an authentic sample of %-gurjunene (IX)
available for comparison purposes, Secondly, in comnection
uth'othor work, «-gurjunene was required in large quantity.
It was therefore considered worthwhile to isolate this
substence from the steam distilled oil of gurjun balsam®,

The steam distilled oil used in the present
investigation is a pale yellow coloured mobile liquid.
Chromatographic (column) behaviour on different grades of
alumina, coupled with GLC/TLC indicated that it contains
mainly two hydrocarbons. Chromatography of the oil over
alumina (activity I) resulted in about 80F% recovery by
elution with petroleum ether (60-80°). GLC enalysis showed

71

the presence of mainly two components, These two hydroearbons

could be obtained in pure form by careful combination of
column chromatography over alumina and sgilvernitrate
impregnated silica gel. The course of separation was
monitered by GLC and TIC on silica gel and silvernitrate
impregnated silica gel plates,

The individual hydrocarboms (hydrocarbon-I and
hydrocarbon-Il) have been obtained in the pure form.

On the basis of physical constants, spectral data

and direet comparison with authentic samples, hydrocarbons I

“The o1l was obtained by steam distillation of gurjun
balsam resin sometimwe during 1963.



and II have been identified as caryophyllene (VI) and
huaulene (XIII)17,

4 X1

Surprisingly, presence of = or P-gurjunene could not
be detected. It appears, therefore, that the oleoresin used
for steam distilletion may not be genuine gurjun balsam®.

It 1s of interest to note thst the steam distilled oil
obtained from copaibe balsam is a rich source of caryophyllene
and humulenel®, It seems likely that the commercially
supplied sample of gurjun balsam may actually be copaiba
balsam or closely related oleoresin.

It has been mentioned sarlier that the asuthenticity
of commercially supplied sample of '‘gurjun balsam' is
doubtful, A further 1iterature survey indicates that the
volatile ofil obteined from the olec-resin of Dipterocerpus
gilogug is a rich source of caryophyllene and hu-nlono’o.
Pesides these two hydrocsrbons, 9,10 epoxyhummlene has been
isclated from this aourcoal. It appears, therefore, that
the commercially supplied sample is of 'gurjun dalsam' from
D.2llogsus and not Q.tubsrculatus or D. turbinatus,

*0n the basis of the results described above, we have

developed some doubt regarding the asuthenticity of the
commercially supplied sample of gurjun balsam,
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77
EXPERIMENTAL

The free acids present in the patchoul! oil
(Singapore) were removed by trestment with aqueous
sodium bicarbonate (10%)., The neutral oil was washed
with brine and wvater and dried over anhydrous sodium
sulphate. The oil was frectionsted under reduced pressure

when three major fractions were oftem obteined,

lable 1
Ecacticnal Pistillation of Patchoull oil
bepe Wt, of fraction
Fatehouli oil 1 110°/10 am 70 g
100 ¢ 2, 1159/10 mm 10 ¢

3. 120-130°/10 mm 8 g.
The IR spectrum (Fig. 1) of the first fraction showed
the presence of hydroxyl and carbonyl groups.
IK bands (liquid film) 3450, 2080, 1720, 1640, 1540, 1460,
1360, 1120, 1070, 1085, 1005, 980, 935 and 890 em-l,

Segaration of hydrogarbons ketones and alcohols by
solumn _chromatogranhy

The fraction Ko, 1 (Table I) of patchouli oil wss
separated into three major fractions by colummn chromatography,
eluting with pet.ether (Fraction A), benzene (Fractiom B),
snd ether (Fraction C) respectively., The procedure adopted
for the isolation of the different components from these
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fractions is indiceted in Chart III

Jadle 11
Wt. of distilled fraction No,l1 28 g

Wt. of neutral alumina Gr. III 800 g.

S.No. Eluent Vol, of Wt, of fraction
eluent (ml) (g)
A Pet.ether 1000 14,3088
B Benzene 1000 5,2200
C [Ether 1000 23,2488
Hecovery 96%
£raction A Gydrocarbons

IR spectrum (Fig, 2) 2900, 1640, 1450, 1380, 1220,
1180, 985 end 890 cam-l,

The IR spectrum of the pet. ether fractiom (Fig, 2,
Table Il Fraction A) showed the absence of hydroxy and
carbonyl groups. The GLC analysis (Fig. 5) showed the
presence of four componeants.
Eraction B Setones

IR spectrum (Flg, 3) 3460, 2850, 1925, 1710, 1630,
1440, 1360, 1290, 1240, 1040 and 890 em"l,

The IR spectrum of benzene fraction (Fig. 3)
(Teble II, Fraction B) shoved the presence of alcoholic and
carbonyl bands,



QN
Exaction € Alcohol
IR spectrum (Pig. 4) 3400, 2890, 19030, 1690, 1640,
1440, 1360, 1170, 1120, 1070, 1020, 930, 860 snd 540 cm™l,
The IR spectrum of ether fraction (Fig. 4, Table II
Fraction C) showed the presence of alcoholic bands., The
ether fraction contsined pogostol® and patechouli aleohel.
dselation of hvdrocarbons
The IR spectrum (Fig. 2) of the fraction A (Table II)
showed the presence of hydrocerbons (GLC analysis Fig. §).
On chromatography over alumina Gr, I, several fractions were
collected eluting with pet, ether.
Zable 111
Wt, of fraction A 20 g.
Wt, of neutral alumina Gr, I 800 g.

S.N0, Eluent Vol,of wt, of GLC of hydrocarbons
eluent fractions
(ml) (g) 1 11 111 Iv
1, Pet.ether 100 1.4560 60 20 5 3 15
2. ® 100 6.3200 53 60 ] 30
3. N 100 5.500 80 : 40
4, - 250 3.8400 60 : 40
s, N 250 0.5930 50 : 80
8. » 250 1.2890 80 ¢t 50
18,9980
Recovery 95%

“The correlation of pogostol with rotendene is inm progress,
the work being carried out by another research worker.



fydrocarbon 1

Fractions No.,l and No, 2 (Table III) were mixed
and rechromatographed over silice gel impregnated with
silver nitrate (15%).

shown in Table IV,

Zable 1V
Weight of fraction

We. of silicagel impregnated

vith AghOg (15%)

78 ¢

350‘.

The details of chromatography are

81

S.Mo. BEluent ;g:;n:t F::;t::n GLC of hydroecsrbons
(ml) (g) 1 1I 111 Iv
1. Pet.ether 25 0.4379 100%
2, " &5 3.8700 803 5 15
3. by 25 1.2300 9013 10
4, " 80 1.0787 601 40
8. " 50 0.8580 203 80
6. " 100 0.3100 203 80
7.2846

Recovery 98%

The fraction No.l (Table IV) was distilled over sodium

under reduced pressure when hydrocsrbon I was obtained in pure

form.

Hydrocarbon 1L

Fractions No,2 and No.3 (Table IV) were mixed and

rechromatographed over silica gel impregnated with silver

nitrate (16%),



dable ¥

Weight of fraction 4.5 g.

Wt, of silicagel impregnated 200 g.
with AghOg (18%)

S.No, Eluent Vol of wt, of GLC of hydroesrbons
i A 4 St 111 Iv
1, Pet,ether 25 1.0431 100%
2. » 28 0.9302 40 5 58
3. " 25 0.8579 10 3 5§ 1 85
4. " 25 0.8500 8 85
8. " 50 0.4280 5 1 85
8. N 100 0.3270
4.2422

Recovery 983

The pet.ether fraction Ho.l (Teble V) gave hydroe-rbomn ¥
when distilled over sodium render reduced pressure.
dydrogarbon IV

The fractions No.4 snd 5 (Table V) were mixed and
rechromatographed over silica gel impregnated with silver
nitrete (15%)

Zadle VI
Weight of fraction 0.8 g

::;ho:‘=%;tg;g;% {mpregnated
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SeNoe. Eluent Vol, of Wt, of GLC of hydrocsrbons
eluent fraction
(ml) (g) 111 1v v
1 Pet.ether 20 0.0490 20
2. had 20 0.4090 100%
3e i 20 0.2030 20 3 10
4. " 80 0.0850 80%

Hydrocarbon IV was obtalned after distillation of the
fraction No.,2 (Table V1) with sodiuam under reduced pressure,
Lgerogsrbon [ Cisigq (Pat HC 1 p-patchoulene) Y

Hydrocesrbon I (Table IV fraction No.l) had the following
properties and was shown to be identicéal with f-patchoulene

bep. 99°(bath)/2 nm

Hol. weight 204 mass spectrum
4dnalysis

Found: C, 87.94; H, 12,08%
Calculated for C)ghy, : G, 88.163 H, 11.84%
18 _bonds (Fg. 6) 2050, 1460, 1395, 1380, 1360, 1315, 1200,
1130, 1030, 890 and 780 cm~l,
88 _spectrum (Fig. 7)
6 0.94 and § 0.99 (6K, 2 Clig- C{ )

Clig
s 1.0z (68 >¢)
Cly

f-Zatglioulsns Lroa patohould alcolol
A solution of patchouli alcohol, m.p. 56° (50 mg) in
ether (30 ml) was refluxed with sulphurie scid (1 ml) for



30 minutes on water bath, At the end of the reaction the
ajixture was poured into water and the ether layer separated
and washed with water, dilute sodium bicerbonate solution
and water and éried over anhydrous sodium sulphate, The
ether was removed and the resulting product was chromatographed
over silicagel impregnated with silver nitrate (15%), The
first petroleum ether fraction contain R-patchoulene (28 mg),

f-Patchoulene and Pet, HC I exhidited 1dentical spectral
and TLC/GLC behaviour,
dvcrogenatiocn of hydrogarbon I °u"“ (Pat, HC I)

Hydroearbon 1 (30 mg) dissolved in ethamcl (20 ml)
vas stirred in an stmosphere of Lydirogen with Acdam's platinum
oxide (20 mg) catalyst for half an hour. It was observed
that there was uc uptake of hydrogen. The catalyst was
filtered and solvent was removed under vecuum. The reaction
product was found to be starting hydrocarbon (18 mg) after
chromatography.
dvdrogerbon Il CygH,, (Pat. iC L1 <egurjnene) JY

Hydroearbon 1I isolated (Table V Fracticn No,I) had
the following properties,

bepe 99-100°(bath)/2 am
F® - 107.2 (e, 4.0
Mol, weight 204 (mass spectrum)
Avalvals
Founds C, 88,62; i, 11,485

Caleulated for Cygio, s+ C, 88,165 H, 11,845



IR bands (Fig, 8 liquid filam) 2080, 1640, 1460, 1360,
1286, 1220, 1180, 1125, 1100, 960, 936 and 870 em~l,
HME_Spectrum (Fig. 9)

6 0.84 (3H), § 0.87 (3H) (2 CHg - CH ),
s 1,08 (38, J, 6,5 Hs)
a secondary methyl, ¢ 1.64 (3H) (vinylic methyl)

Hydrogarbon III G gH,, (Pat. HC IIT earvophvilene) YT~
fHydroeerbon III (Table VI Fraction No.l) &=

accompanied by traces of f-elemene was distilled over sodium,
IR bands (Fig, 10) (liquid film) 29040, 1710, 1650,

1455, 1380, 1280, 1190 and 890 cm-1,

NMR spectrum (Fig. 11)

CHg. /
§ 1.08 (6H, cn?c\ )y § 1.8 (31 CHy = CB ),

§ 1.7 (28, cy = ¢c< )
& 4.6 (1H, vinyl proton)
lvdrocorbon IV Cpghg, (Pat. HC IV £s seychellens) X_
Hydroearbon IV (Table VI, Fraction No.2) had the
following propertiess
bep. 101%(bath/2 mm
<~>?;° 72° (e, 4.0)
Mol, weight 204 (mass spectrum)
Aoalysls
Found: C, 88.10; H, 11.90%
Calculated for CgHy, C, 58,163 H, 11.84%



44 pands (Fig. 12) (liquid film) 2860, 1640, 1480, 1365,
1260, 1108, 1025, 1000 snd 880 cm~l,
HME _spegtrum (Fig. 13)

§ 0.85 and 6 0.98 (2 zci-f‘ﬁ )

s 0.76 (“‘ J = 8Hg) 6 4.63 snd § 4.98

(28,)C = Ciy)
dselation of hvdrogarbous from oll of guriun belsem

The guj gurjum balssm (steam distilled) oil was

dried over anhydrous scdium sulphate snd traces of moisture

was removed by heating umder reduced pressure. The oil (28 g)

was sepasreted intc three major fractions by column chromestography

eluting with pet.ether (Prpction A), benzene (Fraction B) snd

ether (Fraction C) respectively,

chromstography ere shown belows:

The details of

Zable I
Wt, of gurjum balsam 25 g
wt, of alumina Gr, 11 500 €
S.N0. Eluent vol, of Wt, of fractions (g)
eluant (ml)
A Pet, ether 500 17.6280
B Benzfene 500 3,5630
¢  HKther 500 £2.8750
24, 061

Recovery 96%
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Eraction 4

IR band (Fig. 15 liquid film) 2000, 1640, 1480,
1370, 1365, 1280, 1178, 1100, 1015, 985, 880, 870, 840
and 830 cm”l,

IR spectrum (Fig, i8) of pet. ether fraction (Table I
fraetion Ho.A) showed the absence of alechelic and carbonyl
groups. GLC analysis showed the presence of two hydroecarbons.

iselaticn of hvdrocarbons

The pet.ether fraction A4 (Table I) was rechromatographed

over alumina Gr. I snd several fractions were colleected.

dable 11
Weight of fraction A 15 g
weight of alumina Gr, I 300 g.
S.80, Eluent Vol. of HWt, of GLC of hydrocarbons
eluvent (ml) frections (g) 1 11
1. Pet,ether 100 2,7200 60 : % 40
2. . 100 3.2500 60 1@ 40
3. N 100 3.,2600 60 40
4. - 100 2,9800 50 50
S. " 100 1,8400 80 50
14.7200

dselakicn of hyvdrocarbon ¥ and Hydrocerbon 11

Fractions No,I and II (Tadble II) were mixed snd
rechromatographed over silieca gel impregnated with silvernitrate



(20%).
Wt., of fraction 5¢g
Wt, of silice gel impregnated
with Aghog (zo;) 200 g
S.8p0., Eluent Vol.of Wt, of GLC -f hydrocarbons
eluent fractions(g) 1 11
(ml)
1, Pet.ether 50 0.7790 96
2. » 80 1.0810 100%
3. " 50 0.8200 80 20
4. » 80 0.6190 30 70
5, . 50 0.5490 10 20
6. " 50 0.5320 100
7. " 100 0.2780 : 98
4,6280
Reecovery 875

The fractions No.2 and No.6 (Table III) were distilled
separately over sodium under reduced pressure,
dxdrogarbon I C)gligy (Caryophyllene) V7
Hydroesrbon 1 obtalned from the fraction No.2 (Table III)
had the following properties b.p. 87-88° (bath)/2 mm
IR bands (Fig. 16, liquid film) 2900, 1640, 1450, 1330,
1278, 1250, 1100, 960, 890, 860 snd 830 os”}.
H&4 gpectrum (Fig. 17)
6 0.99 (8H, dimethyl) § 1.38 (3# vinyl methyl
Cg - C = C) § 2.1 (2d, exomethylene) 4.9 (H, vinyl proton)



8Y

Hydrogarbon 1L Cgligy (humulene) XL

Hydroesrbon II, The fraction No.6 had following
properties b.p. 90°(bath)/2 mm.
IR band (Fig, 18 liquid file) 2000, 1650, 1380, 1385, 1280,
1210, 1180, 1090, 970, 885 and 825 em=1.
“ki spectrum

€ 1.1 (6l dimethyl) & 1.2 (3H, secondary methyl

6 1.66 (24 exomethylene)
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Chapter-IIX

a) Substituted Ruinolines from
Liteal, Pyruvic RAcid & Aromatic

Amines

b) Attempted Preparation of
2- Methylene, 6,6- Dimethyl,
Bicyclo [3.2.0] Heptane.



o)
| )

substituted ouinclines (rom citral, nvruvic acid and
arcmstic amines

Hitrogen heterocycles form an important group of compounds
in the field of medicinel chemistry. Quinoline and substituted
quinelines belong to this groupl. The quinoline nucleus is
contained in seversl groups of slkaloids e.g. quinine, in
s number of syanthetic materisls with important physioclogical
properties, such as antimalerisls plasmoquin (I) snd Chloro-
quin (II), in the cyanin dye pinscyanol (III) snd in the
anelytical reagent 8-hydroxyquinmoline (IV),

Ra Ry .
*‘T cuscu-cum

CaHg
I I cahis

I.Rl-ﬂ.hg-o%.h,-'“iﬂ(cﬂgiaﬂtg
<
11, "1'“2““2’3“‘2"25"‘3"
g

Rx

IV, & = Ry = H, Ry = OH

Sxnthetic Nethods
Ihe nucleus is formed in one of the two wayss
C\~ 2 3
(a) c Skraup®, Loebner-vom Miller®,
Cl Doebner (using pyruvic acid)*
N
(b) Friedlsender® and 6
" Pfitsinger synthesis
C
|
C
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1. Ine Skraup svathesls

In the simplest case, aniline, glycercl, nitrobenszene,
ferrous sulfate snd sulfurie acid are mixed and geatly
heated., A vigorous exothermic reaction occurs which is
completed by further heeting. The reaction imvolves dehydration
of glyecercl to acrolein, Michsel-type addition of sniline %o
serolein, scid catalysed cyclisation and dehydrogenation by
nitrobensene. Ferrous sulfate acts to moderste the reaction.
The mechanism involved is indicated below,
Svathetic applications

The aniline may contain nuclear substituents e.g.
o snd p substituted anilines give 8 and 6 substituted gquinolines
respectively and meta substituted anilines give a mixture of
6 and 7 substituted quinolines, the latter predominating with
activsting substituents such &s methoxyl snd the former
predominating with deactiveting substituents such as nitro
group, Acrolein may be replaced by crotonaldehyde or methyl
vinyl ketone, giving 2 and 4 methyl substituted quinolines
respectively,
2. Ine Doebmer- vou Miller Svathesis

The differs from the Skraup method only im the followlng
way, The three carbon fragment is formed ig _sity by en
acid-catalysed aldol condensation without addition of &
dehydrogenating agent, It is considered that the reaction
involves a hydride transfer to the Schiff base which is
formed by reaction between aniline and the sldehyde or
ketone, €.g.
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2 CHCHO L CHgeCH = CH = CHO
- Hgd

3. Leebner's Fyruvic acid svathesls

This modification of the above method employs the
condensation of aniline with equimolecular mixture of pyruvic
acid and acetaldehyde, The resulting product is 2-methyl,
4-carboxy quinoline, Doebner showed that this resction in
this particular instance can be accounted for, by partial
conversion of pyruvie acid to scetaldehyde by loss of carbon-
dioxide, Subsequently, Doebner extended this method by
replacing scetaldehyde by a varicty of aldehydes, both aromstic
and aliphatic, In later years, considerable attention has been
given to this synthesis of cinchoninic acid and the scope of
this reaction nov been extended further., Although the ylelds
of substituted quinolines are frequeantly not very high, the
simplicity of the experimental details and the easy accessibility
of the starting materials commend this procedure as a coanvenient
source of substituted quinoline 4-carboxylic acids,
Mechsnistic considerations

Several mechanistic pathways have been put forward for
the formation of substituted ecinchoninie acids by the above
procedure, The presently accepted and hence most plsusible
mechanism involves addition of pyruvic acid to a Schiff base,
which in turn is formed between aniline and the aldehyde used,
followed by ring closure, dehydration end dehydrogenstion. This
is further supported by the fact that addition of pyruvie acid
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to a preheated mixture of aniline and aldehyde results
in the formation of similarly substituted quinoline
derivative.

Condensation of eniline, benzaldehyde and pyruvie
acid gives cinchophen. The probable mechanism {s presented
in the following page. C =) )

4. Ihe Friedlsender Synthesls
An o-sminobensaldehyde 13 treated with an aldehyde or
ketone; formetion of a Schiff base is followed by dehydirative

eyclisation,
R'
@(L @E,E
filO
R'
N R

The main drawback of this method is that c-amino-
benzaldehydes are very uanstadble, resdily undergoing self
condensation, It is advantageous to start with o-nitro-
benzaldehyde, acid or base catalysed condensation gives an
intermediate, which cyelizes spontaneously on reduction,

5. Ine Efitsinger Svathesls

This is a modification of Friedlaender's method, Isatin
is employed in place of o-aminobenzaldehyde, Reaction with
base gives o-aminobensoyl formate ion, which condenses with
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an aldehyde or ketone to give a 4-carboxyquinoline from
which the urboxyl group can be removed thermally, coo

|
-

-2 H,0 | R COCH,R'

COOH

QX = o

The formation of six membered rings by acid catalysed

cyclisstion of 1l,5-dienes 1s & well-known resction which has
been observed to occur frequently with terpencids., A typiesl
example is given below,

The gtructural requirements for such eyelisations have
been discussed by Hibbit and iinstead?, Special mention
may be uade of the cyclisation of ~ionome (V) to « and
p-ionones® (VI and VII respectively), geranic aeid (VIII) to
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f-cyelogeranic 2c1d® (IX), lavandulic seid (X) to P-cyelo-
lavandulie acidl® (xI).

Doebner reported that condensation of citral with
p-naphthylamine in presence of pyruvie acid gives a
erystalline product, m.p. 199-200°, Both citral ‘a’ and 'b'
give the ssme product having structurell (XII),

On the basis of reported cyclisation of 1,5-dienes under
ascidic conditions, an alternstive structure (XIII) seemed
equally probable, The correctness or otherwise of the new
structure cam be infered by NMR date, which, however, was not
available in the literature. In order to learn whether the
cyclisation of the l,5-diene system is taking place or not,
the condensation product reported by Doebner has been prepared
by the literature procedure and studied by present-day
standerds, In the studies recorded below, thm ve offer
evidence in support of the structure (XII), We algo describe
the results obtained by replacing f-naphthylsmine by m and
p~ani sidines.

By following Loebner's procedure, & mixture of eitral
and Penaphthylemine in absolute alechol was sdded to freshly
distilled pyruviec acid in sbsolute alechol, and the countents
were refluxed for three hours on & water-bath. Usual vork
up gave s solid, m.p. 190-96°, The crude product om
recrystallisation from absolute ethanol gave yellow leaflets
®W.p. 201-8°, The substance is undoubtedly the eitrylenaphtho-
cinchoninic acid reported by Doebmerll, It analysed for
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c”a“oax. This elemental compesition was also clesr from
i1ts mase spectrum (m/e 3458, M*), The methyl ester obtained
by esterification with diszomethane also showed s molecular
weight 359 (mess spectrum). The IR spectrum of citryl-
naphthocinchoninic acid (ﬂ.g. 1), though not much informative,
com be used for identificstion purposes. Its KMR spectrus in
CFgCO0H (Fig. 8) revesled the presecce of three methyl groups
attached to unsrturated carbons (6 1.72, 6H, 2,203 3H)., These
features, in conjunction with the already sccepted mechenisa
for Uoebmer's pyruvic scid synthesis of cinchoninic acids, are
only explicable by the Doebmer's formulell (XII), Tis only
observation, clearly indiestes that no eyelisation of the
1,5-d1ene system of the side-chain has taken place, Citryl-
naphthocinchonidnic acid must therefore be represented by
structure (XII).

Doabner recommended the preparation of the above
derivative for characterization of citral, In view of the
high cost and the non-availability of f-naphthylsmine, ve
considered that prepsration of other derivatives by replacing
f-naphthylazine by other aromatic amines such as m and p-
anisidinss would be useful.

Under identical experimental conditions (vide supra),
m-anisidine, oitral end pyruvic neid gave » crysteslline
product mu,p. 181° to which ve assign structure (XIV R = H).
Its IR spectrum is reproduced in Fig, 3. The 7-methoxy
citryl-cinchoninic secid thus obteined wes converted into its
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methyl ester (XIV, R = Cig). ThelMA spectrum of

(XIV, R = CHy, Fig. 4) demonstrated the presence of three
vinyl methyl groups (§ 1.67; 6H, 2,27y 3H) snd suggested that,
in this case also no cyclisstion of 1,5 diene system has taken
place, In sddition, the NMR spectrum showed the vinyl
hydrogen signals at € 6.1 and 6.26 p.p.n. (side-chein olefinic
hydrogens). The methoxy group is placed st C, on the basis of
orientation effeet and presence of a peri hydrogen signal

8t 6§ 7.5 p.pem.

In snother experiment, condemsation of p-anisidine,
eitral and pyruvie scid was carried out. In this cese hoveveer,
the reasction product was sticky and could not be induced to
80li1d1fy, even after preparation of the methyl ester and
further processing. Chrometogrephy also did not lead to any
poesitive results,

Preparation of chloro substituted citryl-cinchoninie
ncids 1s highly desirable, Similarly, these citrylecinchoninie
ecids should be tested for sntimalerial sctivity,
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Atteanted preparation of g-gethvlene, 6,6 dimethvl, biovele
£3.2.0) hegtage)

Twenty or so years 8ago, the suggestion of an epoxide
group as a structural feature im a natural product would have
provoked immediate scepticism, It was a rarity to ssy the least.
Since then many terpencids have been found in nature which
possesses this feature. One such monoterpens, “-carene-5,6
&ps epoxide (AV) was prsp reported to occur im the Australian plant
4iris saitbil’ € (Fami Futscese). Commenting on the reactioms of
8-cnuno-6.e epoxide, Bhnehardu ecorrectly reformulated as
shown in (AVI), and suggested its identity with chrysanthenone.
Subsequently, the validity of this interesting suggestion wes
confirmed by Bates et ll}‘ These investigators have established
thet Simonsen's sample of &-urm-ﬁ,c epoxide was 8 mixture of
chrystanthenone (XVI, 70%), cyeclobutancme® (XVII, 20%) end
linalool (AVIII, 10%).

This observation was followsd by 1solaticm of (=) fili.
folone (XIX), an optiesl antipode of (xv11)14, Tnis wes the first

report of the natural cecurrence of a bieyelo-(3.2.0) heptane
skeleton among monoterpenes,

Eresent atudy

Although the matural occurreace of (Xi) and/or (XXI) is
not reported so fer we anticipate such hydroecarbons on blogemetie
considerctions., We, therefore, considered it worthwhile to
synthesise (XX) snd (XXI), We were particularly interested im (XX),
because, the spectral dsta on the synthetic sample would either
support or reject the structure (XX1l) llﬁl(ﬂ'dls to one of the
photo-products of f-farnesena®”

The four membersd ring having a gemedimethyl group, a
characteristic feature in c.ryophyll‘onola (AXIII) led us to
consider 1t as a lt.rtigg material for the synthesis of title

“The recemic product was obtained eariler by Seereboomid
by eyelisation of geranic acld,

**Fhoto-f-farnesens h!; now been shown to be identical with
trans--bergarotens
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hydrocarbons having & biecyclo (3.2.0) heptame skeleton.

The synthetic scheme which is outlined in Chart I, consists
of conversion of homocaryophyllenic scidl® (XXIV, R = COOH),
the dimethylester of which on Dieckmenn cyeclisation

followed by hydrolysis and decarboxylation would give (XXVI),
This five membered ring ketome (XXVI), ought to be resdily
converted to the hydrocarbons (XX) snd (XXI) by the reported
proomn‘o of the resction with methyl lithium, followed

by dshydration of the resultant tertiery alcohol with thionyl
chloride~-pyridine, flydroecardbomn {XX) cean =lso be obtained
direotly from the ketone by reaction with methylene triphenyl-
phosphoreane~dimethyl sulphoxide according to the literature
procedure®l,

Caryophylleme (XXIII), the starting material used in
the present investigation was available from the laboratory
stoek, It was purified by chromatography snd distillatiom,
bepe 108-10%/6 ma, 030 1.4070, (<)) - 10°% The purified
sample appeared homcgeneous by TLC/GLC behaviour. Homocaryo-
phylleniec acid (XXIV, R = COOH) was prepared by the hypo-
bromi te oxidation of the diketo acid, c“nuo‘. an ouoolnic
produet® of caryophyllene, as described by Jarolim et -1?'
The dibesic acié thus obteimed (XXIV, R = COOH) was
charscterized by its dianilide derivative m.p., 182°, However,
ia our hends this route provded to be iaprectiesl, since

*In several experiments, 1t was observed that only the
trisubstituted double bond gets cleaved preferentially,
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relatively large quantities of homocaryophyllenic acid

could not be obtained, Besides, the ylelds were poor, and
purification also offered many difficulties. The infrared
spectrum (Fig. 85) shoved the presence of carboxyl group
(broad absorpticn between 8300-2700 em~l). Its EMR spectrum
(Fig. 6) shoved a =iz six proton singlet (8§ 1,.00) due to
twvo tertiary methyls and & two proton singlet (8 10,83)
sssignable to -COOf hydrogems.

With ethereal diasomethane, homocaryophylleniec acid gave
a dimethyl ester (XXIV, R = COOCHg), whose IR spectrum showed
carbonyl absorption at 1780 es~l, The NMNR spectrum indiecated
a diester (S 3.68 s, 6H) and s gem-dimethyl group (8 1.10 s,
3d, 1.07 s, 3H).

The desired diester, although available in smal}
quantity, was used for the next step, visz, Dieckmann
condensation.

In view of a very small amount of the diester
(XXIV, R = COOCHy) aveilable for further reactions amd different
experimental conditions that cam be used for Dieckmenn
eyclisations, it vas decided to carry out this reaction on a
model compound. While diethyl adipate gave a satisfactory
yield of the desired product (Na spd dry xyleme, reflux)®3,
the dimethyl ester of homocsryophyllenie ascid, under identical
experimental conditions failed to give the keto-ester (XxV)
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in vorkable quantity. The crude reaction produet, without
further purification was subjected to alkeline hydrolysis and
decarboxylation, but all efforts to isolate the ketone

(IR, Fig, 7) via its semicarbazone have so far been
unsuccessful, In our opinion, this was mainly due to
fasufficient amount of the diester (XXIV, R = COOCHg) whiech
was available to us.

Ao slternative route to obtain the ketome (XXVI) is the
px pyrolysis of the barium salt of homocaryophyllemic aecid.
Our studies wax are continuing in sn effort to obtain large
quantities of (XXIV, R = coocl,).

Although the fimal goal could not be achieved during
the preseant study, there is a good ground for the feeling
that the preparatiom of (XX) snd (XXI) should offer mo difficulty,
once the diester (XXIV, R = COOCHg) cam be made available in
sufficient amounts,
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EAPERIMENTAL

(A) substituted guineolines from citral pvruvie acld and
arcmatic aulnes
Cltryl-naphthocinghoninle acld Cpallpqa0ol (XII)

A solution of Renephthylamine (2 g) in =bs absolute
aleohol was added to @ solution of pyruviec acid (1.2 g) end
eitral (2 g ) in abscolute alechol (10 ml). The wmixture vas
refluxed for three hours on water bath, OUn cooling, citryl-
naphthocinchoninic acid separated in crystalline form. The
product was filtered snd washed with ether. The acld was
dissolved in ammonis and filtered; the filtrate was acldified
vith acetic acid where citryl-naphthocinchoninic acid precipitsted.
It wes crystallised from aleohol, yellow leaflets (0.89 g)
mep. 201° mol,wt., 345 Mass spectrum..
doalvsis

Founds C, 79,823 H, 6.90; N, 3.96%
Caleulated for CgallpgO N C, 79.97; H, 6.71; N, 4.06%,
IR spectrum (Fig. 1 in nujol) 3500, 2850, 2400, 2000, 1650,
1600, 1458, 1370, 1340, 1300, 1276, 1180, 1150, 1110, 990,
898, 875, 855, 825, 800, and 765 ea”l,
NMR spectrum (Fig. 2 in cracoou)

6 1.72 (6H ?)c =0l 6 2,29 and § 2.38
3

A

(a4, CHy - N ) 6§ 6.1 and § 6,256 vinyl protons
and § 7.5 aromatic hydrogen.
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dethvl ester of citryinaphtiocingboninic agld CoqlipgOoN
A solution of eitrylansphthoeinchoninic scid (0.4 g)
in absolute aleohol was added to an ethereal solutiom of
diazomethane until ges evolution cessed. The mixture wes
stirred for half an hour and wsshed with agueous potassium
hycroxide solution (5%) end water, X The ethereal solution
was dried over anhydrous sodium sulphate and removel of
solvent gave citrylanephthocinchoninic acid methyl ester (0.38 g).
The ester was purified by distillation b.p. 102°(bath)/2 an.
Mol, weight 860 mass spectrum,.
doalvsis
Founds C, 79.87; H, 7.10 N, 3,92
Caleulated for CplgogOolis C, 80.19§ H, 7.01; ¥, 3,00
Mel gpectrum
& 1.72 (6H a}c = C), 5 2,20 end § £.38

3, Cig - c{ ) ::?“ (38 c,och;"
Yo

§ 5.1 and 6.26 vinyl proton end § 7.5 aromatic hydrogen.

Zzllethoxyeitryl-gluchoninic acld Caoligg0ah
A solution of mesnisidine (1 g) in absolute alcohol

vas added to a solutiom of pyruvic scid (1,2 g) snd citral
(1 g) in absolute aleohol (10 ml), The mixture was refluxed
for three hours on water bath., OUn cooling 7 methoxy citryl-
cinchoninic acid separated in crystalline form. The scié was
filtered and vashed with ether and was purified by dissolving
in smmonia snd precipitating from the filtrate by acetic acid,
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The product was crystallised from alcohol yellow crystals
(0.6 g) m.p. 161°,
dnalvals

Founds C, 73.79, H, 7.30, N, 4.18%
Calculated for Cpoligg0 8  C, 73.82, H, 7.12, N, 4.30%
4B _apectrus (Fig. 3 im nujol) 2800, 2300, 2110, 1710, 1660,
1600, 1860, 1540, 1460, 1360, 1240, 1190, 1170, 1130, 1010,
890, 835 and 800 cam~l,
HH8 _spegtrum (in CF4C00H)

c i
& 1.67 (6, c:;\- € )y § 2.27 (3H CHg- & )

6 5.1 vinyl protons and € 7.5 aromatichydrogen,
dethyl ester of Z-ncthexy citrvl cinchoninic agid Cg) Hog0aH
A solution of 7-methoxy citryl einchoninie ascid (0.2 g)
in absolute alecohol was added to an ethereal solution of
diazomethane until gas evolution ceased. The mixture was
stirred for half an hour end ethereal solution was washed
wvith aqueocus potassium hycroxide (5%) and water. The ethereal
solution was dried over anhydrous sodium sulphate and removal
of solvent afforded 7-methoxy citryl cinchoninie methyl ester
which was purified by distillatiom, b.p. 110°(bath)/2 mm.
dnalvals
Found: C, 74.27; H, 7.49; N, 4.08%
Caleculated for Co1lgg0qi  C, 74.813 H, 7.42; N, 4.13%
4B _spectrum 2800, 2300, 2110, x%8 1750, 1650, 1800, &8 1560,
1540, 1460, 1360, 1240, 1190, 1170, 1180, 1010, 890, 835
and 800 em-l,
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BYE sgectrup (Fig. 4)

:::)c-c)sz.n(aa Claoci.)

6 1.67 (64,

6 5.1 and § 6.25 vinyl hydrogens & 7.5
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EAFERIMENTAL

(B) Attempted preparetion of Z-methvlens 6.6-digetbyl,
blevclo (3.2.0) Hepland
Sarveophvilene Cgho,

Caryophyllene obtained from the laborstory stock was
purified by chrometography and distillationm b.p.108-10°/6 mm
(«)p = 10 83 1.4970.
domocaryvophyllenic acld 01051‘0‘

(a) Qzonolysis of carvophvliiene C18fo4

Calculated amount of ozone (2 moles) was passed in
a solution of caryophylleme (10 g) in ethyl scetate (50 ml),
cooled to 0° The ozonide wes diluted with ethylacetate and
varmed on vater bath, BEthylacetate was removed under reduced
pressure and residue was refluxed with distilled water for
four hours to decompose the osonide. The produet was extracted
with ether (4 x 80 ml) and the combined ether extract was
extracted with sodium carbonate solution (10F and the aqueous
extract was neutralised with dilute hydrochlorie ascid and
extracted with ether (4 x 50 ml)., The ether layer was vashed
with water and dried over anhydrous sodium sulphate, On
evaporation of the solvent a mixture of momo (01181'08) and
diketo (cl‘l,,o‘) to caryophyllic mx acid wes obtaimed,
HM0_spectrus

6 1.0 (sd ::20). s 1.99 (3, ﬂ’ - g -)

& 10.838 (1H, COOH).



(v) Sxidation of mong ead dlketo acld
frecarstion of standerd sodiug hvpobromite soluticn

Sodium hydroxide (88 g 2.2 mole) dissolved in
distilled water (364 ml) and bromine (28 ml) was added with
stirring at 0° vhen 1.8 m sodius hypobronite solution was
obteined,

The mixture of mono and diketo ceryophyllic scid (8 g)
in ether was added to & stirred solution of sodium hypobromite
(80 ml) at 0° After two hours rapid stirring, the excess of
sodium hypobromite was destroyed by slow addition of sodium
bisulfite solution (10%). The resction product was extracted
with ether to remove unreacted ketone and the aquecus layer
vas acldified with come. HCl and extracted with ether (5 x 50 ml).
The combined ether extract was washed with water till free
from seid snd dried over anhydrous sodium sulphate, Evaporstion
of solvent ylelded homoearyophyllenic seid (1.278 g) which
was purified by distillation b.p. 112°(bath)/6 mm.
doalysis

Founds C, 60,333 H, 7.97%
Calculated for C)oH, o0, C, 59.98; H, 8.08%,
AB. apectrum (Fig. # 6) 2080, 1710, 1600, 1460, 1360, snd 1160 em~l,
BUB_spectrug (Fig. 6)
§ 1.00 (eH :::/c( ) and

8 10.83 (24, 2 COOH)
PMeanilide m.p, 188°,
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Founds C, 75,203 H, 7.44; N, 7.5%
Caleulsted for CgpliggOohy ¢ 75.403 H, 7.48; ¥, 7.008,
klmethyl eater of howmocarvopbvllenic ssdd C)gfon0,

Homoearyophyllenic acid (1.2 g) in ether was added to
an ethereal solution of diazomethane, cooled to 0°, The
sxte ethereal solution was stirred for ome hour and washed
with aqueous potassium hydroxide (10%) snd water end dried
over anhydrous sodium sulphste. Evaporation of sclveant gave
dimethyl ester of caryophylleanic acid (l.1 g) which was
purified by chromatography end distillation b.p.107°(bath)/6 am.
Apelvsls

Founds C, 63,10y H, 8.76%
Caleulsted for CjpHgn0,: C, 63.13; H, 8.83%
18 spectrum 2980, 1760, 1600, 1460, 1360 snd 1160 ca”l,
55 _spectrua
6 1.10 and § 1.07 (6H “’,\o() and
¢ 3.68 (6, 2 ClaO- c 'cg’
Srglopentancne Cgig0 (¥ke iieckmenn's reection)

Piethyl adipate (.8 g) vas added to scdium (.2 g)
suspended in xylene (50 ml) at 116-120° under vigorous stirring.
After refluxing for four hours the reaction mixture was cooled
and carefully treated with scetic scid (10%5). The xylene
layer was washed with water and dried over unhyirous sodium
sulphate. After removal of xylene the P-keto ester was
hydrolysed with alkali. The product after working up gave
eyclopentanone (.27 g) b.p. 132° semicarbazone/m.p. 200°.



P21

Atteapted cvcllsation of dimethvl ester of homegcarvophvilenic
agld

Vimethyl ester of homocaryophyllenic acid (.8 g) in
xylene was sdded to sodium (.18 g) suspended in xylene (40 mg)
at 116-120° under vigorous stirring., After refluxing for four
hours, the resction mixture was cooled and carefully treated
with acetic acid(10%). The xylene layer wes washed with
water and dried over snhydrous sodium sulphate, After removal
of the crude materisl (.3) was subjected to elkaline hydrolysis
for decarboxylation.

The expected ketone (IR, Fig, 7) did not form sny semi-
carbazone and could not be isolated im pure form,
L8 spectrum (Fig. 7) 2980, 1740, 1460 snd 1370 em~l,
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