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~A3ntroduction



IMTROONCTION

India is rich in nediolnal plfintR" . The
bistory of aedlolnc In India enn be trao«d to the rpimote
paat betvteen 4500 and 1600 B.C. raentioned in th© "Rigveda",
porhaps the oldest repository of human knowledge, tn
eAyurveda®, the properties of various dr*igs have been des-

cribed iIn details.

The indigenous system of medicine has been des-
crlbed extensively in Slateria Medlcazo Out of 2000 items
recorded in Indian nediolnal literature, less than two
hundred are of mineral and anlnal origin, the rest are

derivetl from vegetable sources.

Most of the drugs used in indigenous nediolne
are supposed to be specific for particular diseases- One
of the difficulties confronting research work 1is tbe
paucity of authentic information on the identity, habitat,

conditions of collection and use of these medicinal plant<i:.

The flowers, leaves, barks and roots of many
plants contain volatile, odoriferou? substances known as
essential oils. Essential oils are, thus, the odoriferous
principles of an oily nature obtained exclusively from
vegetable sources. They are liquids at ordinary tempera-
ture and volatile without deloottpositlon®™™ One of the aost
cnmmon esstntial oils, oil oif tuerpentino, was known to

the Ancient Greeks. The function of these oils In th®



pInnt is not definitely known, but. It was thought that
the essential oils nided the natural selection by attrao-
tinff or repelling certain inacots iIn flowerr axl helped
to k»"@p the parasites away froa roots, steaa aiti leaves.
The oleoresins exuded froa the tree trunks noted as a seal

against the loss of sap and as a protection against disease.

The isolation of odoriforous principles froa
plants has developed iIn Modem times into a large industry.
Certain perfumery principles are also found i1n animal
sources. The nanes of misk, castoriuffl and anber;;ris may

be cited as exaaples.

Essential oils are composed mainly of terpenoids
twith a fe”™ exceptions such as oils of mustard, onion and
garlic witich contain sulphur compounds and some oils from
flowers which have benzenoid compounds. Our knowledge of
terpone chesaistry is due to the pioneering, research by
Wallach, Seramler and Simonson. Wallach in 18R7, proposed

the T"isopreno* rule for terpenoids.

CYPEHACEAE FAMILY

The plants of oyperaceae fTamily contain efssential
oils. They are grass or rush-like (marshy plants) and
perennial, mostly with rhizomes in the form of partially

thickened knobs.

g A _
The oyperftoeae tnmily has boon divided into

three sub-families and six tribes by Lemee .



One of the laportant genera of the oyperaoefle
family Is oyperufi (the nnclent Greek nnne), «hioh 1b
composed of 700 sp"Toies widely distributed throughout the

\$orld. About 60 species ~ * “ oocar In India.

Cyperaceae plants arc said to have an antipathy
for fertilizers. Certain plants ar¥ fo ind to respond
well to mineral fertilizer, enpeol.illy to nitrogen, whlcn
increases the yields of the orop™. These plants are
common pests12 on irrigate”” islands and the problen of eradi-
cating the weeds has been subject of detailed study iIn nany
countries. Previously fTaxners used to eradicate i1t by
repeated tillage of the soil, but now many herbicides have

come up which solectivoly affect the pest.

The most conmercially inportant species r¥re,
rotiuidus, scarlofius, artloulatus and esculentus, which are
generally used in indigenous nedloine3 and perfumery.
Cyperus rotundas has been studied for its antibacterial13
nnd estrogenic14 activity. Cvperus esculontua contains
starch™ and sucrose nnd is used iIn preparation of cold
drinklﬁl It also yields a flavoured edible oiIIT. Other
spooles like Corymbosus, Malacansls, Papyrus, Longus,
Alopoouloides, Organum, (lexangularc, Spaluoatua and Textilis
are used iIn «at and paper Manufacture; some of them are

18

used as fodder ", and some yield tuberous rhisomes used

as famine food e.g., Cyperns bulbosus™M*/",



The ohenlonl nnalyslB awi uses of Cyperr”~oeae
fanlly have been descrlbr™d In the Lynn—lndex21 and ohemo-

_ n i 22
texonomionl discussion by Ila™hauer

CLASSIPICATrON OF CYPKRUS SCAR10SOSAA"AA

According to Benthan ami [llookor, the plant

Cypcrua soarlosua H.Br. Is olasalfied as follows:

Division -- SpermatopUyta or Siphonogann
(Phanerogamla)

Subdivision o Monoootyledoneae

Order - Gluuslflorae

Family .. Cyporaoeae

Genua .- Cyperua

Species oo Soariosus R.Br.

Cyperus soarlosus R»>r, /“Sanskrit - Naj”armusta; illIndl

and Bengali - NIfgarmotha; Kannada - Konuarigadde; Marathi -
Lawnla; Tasiil - Siuttah K*oh (KoralkFcllanga); Bcniiles -
Vononniu; Arab - Soadekafi; Pers - MuahkizaaonJd7 la a deli-
oBtOf slender sedge with small coapound umbel, short slender
lenvoa™, scanty involouro and can be easily distinguished
frort other members of the genus. The plant produces deep
brown or black tubers. The sedge i1s found iIn damp places
in Bengal, Uttar Pradesh, Eastern and Southern parts of
India, conmon iIn Sund«rhan<i and Ceylon. It 1s often
confused with Cyperus esculentus, bulbosns, sclrpus,

gross tivar and kysnn.



The tubers are Bald to be diaph<~rctlo luid
astringent. In InfUgenou* nodlclne they are given for
disorders of the stoaaoh and Irritation of the howela. In
the form of decoction it iIs «ised In RonorrJioen and in
syphlllitio affections (Dr. Peroook in Watt*s Dio.). The

3

root Is ijiven along with valerian iIn case of epilepsy

It 1s also used in dysentery and other diseases.

Tubers are rich iIn aronatio odour. The essential
oiI20 (0.08") obtained from these tubnrs Is dark amber
coloured viscous liquid resembling the odour of camphor.
Rhizomes are used for oortain dye preparations to Impart
perfuse to the fabric. Perfumers use it as a fixative
for heavy odour blonds. It 1s a substitute for patchouli
oil 1In soaps and i1s used in the pr<?paration of agarbattis.

It is also used as a good tonic for hairzo*

TFUPI.yiC COMSTITULN"TS OF CYPRUS

20,2830

The physlco-oheialoal properties of the

essential oil from the rhlzoaics of Cyperus sonriosug (n.8r«)
have been detorained (Table 1). In 1954, Naves30 Isolated
o(-Cyperone and an o(-” unsaturated Ketone (2,4 dnp, a.p.
228-9®; dlhydro product 2,4 dnp. n.p. 196®) and noted the
presence of tricyclic (40") and bicyllc (3311) sosquiter-

penes iIn the essential oil of Cyperus acarioaus.

The essential oils of Cyperus rotund is ,
(Indian, Chinese and Japanese origin) and Cyperus articu~

lotus (West Africa) have been exarained for their oheraical
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constituents mid only c(-oaryophyploiie aiti oadanene liore

been reported™® from Cyi>eru» mioroan of Japanoie origin.



Chart 1 and Chnrt 11 show th© terpenlo onnntl-

tw<nt8 lAolate<™ from Cyporus rotundtia nnd Cyperus nrtloulRtus

rrspeotlvely*
CSINNHT 1
Sr. STHDCTUnfc*
No . SOURCK AND NAME PROPERTIES REF
Csrperus rntundus.L
(Chineac A Indian
origin)
1. 31,32
2.
®10"“16
Linonen«

p-Cymene



Sr.
T-io.

CHART 1 (Contd.)

STRRCTURK
SOURCE ANO NAME PROPERTIES HKF

Cyperus rntundus.L
(Chinese & Indinn

origin)
®io»ia 32
ro< i b 4e.»8*
31
_ IT~ JvT 72,44
/3- pinone
31
fa.p. 51-2
Z~0o(
N157M4
JNu+40.7®
/«—Sellnene
CigilggO 35
H 1 5-118®

e(-Cyperone



CHART 1 (Contd.)

Sr, STRUCTURK
NG SOURCF AND PTttOPEUPIES RIP

Cyporus rotundus.L
(Chinese & Indian

origin)
9.
®15«22« 36
/ufl(_7,13390
/3-Cyperone
10.
NLEA*22N 37
Mll
Mufltnkone
11. Iso-Cyperol
(blcycllo belongs C.-l11-.0 32
to eudalene group)
12, Gyperus rotun>lus. L 39
Chinese orlp™In
( P r«(j 7,,-20-
Cyperene
13.
=15"22*

m_p.sa.s-ss**

_7,-9T»



Sr.
No.

14.

15.

16.

17.

CHIAHT 1 (Contd.)

STRUCTUKT:

SourC, AND NAML

PROPERTIES

Cyperus rotundus.L Selinotriene C.-l1Uo
(Chines®© origin)

N157724®
HO" m.p-41-42
Cyperelone
®15**2413,,
B.n,221-222®
Sugetriol
Cyperol “@1T sV

r<iJ & 29.37

0

11

REF

31,34

38

41



CiIURT 11

TIRPENIC CONSTITUK: ;TS op CVPFHIJS AHTICFMLATUS

Sr. 3TRUCTURF
NO. SOURCE AND NAMK
Cyperun artioulntufl
West Africa
( ) CHO
18.
(-) Myrtenal
19.
(-) Myrtenol
20«
Copaone
1.

224

PROPEBTIFS

«10">16""

r<(

N5A*22°
r*< J™"n-2G.6®

N6**24®

REP

42

42

42

42

42

12
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PaESL'NT WOLC

Tho essential oil TfTro® Cvfiorus aonrlosns (u.”r,),
(indinn Origin) has not been examined for Its ohcaioal
oonstltuents. A systenatlo ohealoal examination of the
oil of Cyperus soarlos is (R,Br,) has boon undertaken In this
loboriitTry. Besides knonn compounds such ns n( Cyporono (I),
Cyperene (11) and patohoulenone (ill), the following six
new uoapounde have been isolated and ohnraotorised;
Botundene (1V), IsoitatcSmuienone (V), Sonrlodlone (VI),

Cyperenol™*~(VI1), Pfttcfioulenol™(VIII) mfl Rotundenol (IK).

ew)
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The thosla embodies the results of the systematic
ohetaioal exnmination of the oil of Cyoerus aoariostia (R,Dr.)

obtained from the tubora.

In the Tirst Chapter of the thesis, the physion-
ohemioal properties nml isolation of various sesquitrruenio
constituents from Cyperus soariosus (R.Dr.) oil 1is described.
With the help of column chronatography followed by 6LC and
TLC analysis, the oil has been shown to contain at least
twenty one compounds; of these, nine compounds hare been
characterised os two hydrocarbons, four ketones and three
alcohols. An extensive use of spectroscopy and chroisato-
graphy have been made during isolation and characterisation

of the coQipoands.

The Chapter 11 deals with the characterisation

of the sesquiterpene hydrocarbons namely Cyperene Cjgflg™ (11)

and a new hydrocarbon Rotundene ®15«24 <*")e

In the Chapter 111 of the thesis, the results
of structural investigation of the new sesquiterpene ketones
Isopatchoulenone Cjgll220 (V) and Scariodione ®15**20"2
are described* This Chapter also describes the identifi-

cation of Patchoulenone (ill) nod d[-Cyperone Cjjjtl.», (D)

T?ie Chapter 1V describes the structure elacida-
tion of new crystalline sesquiterpene alcohols,
Cyper~nol C~glig™O (VIl), a primary alcohol, Patchoulenol

CigSI1g™0, (vtll) a secondary alcohol ?ind a liquid secondary
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aloohol, Rotundimol ®

One striking feature of Cyp<~rus soarlosua (R.Rr.)
oil Is the occurrence of a large number of tricyclic
BO9(iuiterponold8 aa in Patchouli oil. This is also of

obvious biogenetic signiflcmioe,

Any general introduction to the Chemistry of
terpenic compounds has been avoided for the snfca of brevity
and espcoinlly» since a large namber of recent monographs

and reviews are already available*



Chapter |

3 delation o} i17edquiterpemd 3}rom tke

0'd o] (“yperud ~caric*>ud ( “r.)



22

SUMMARY

Isolation of different oonstltuents of the
essential oil, obtained from thp rtiiasones of Cyjtorud
aoprlogiis R.Br. employing OIflborafce column chromato”™ropliy
on oluraina, siliocai®el, siliongel Impr(GgnAtofi with
silver nltrat« and prepnrntiv®O thin layer oiiromntography,
has been desorlbert in t) Is chapter. By 6LO and TLC nna-
lyais, the oil has been ahonn to b© a oonplox mixture of
at leai?t twentyone compounds. Out of these, two aesqulo
terpene hydrocarbons, four acaqulterpene ketones and fchree
aogquitorpone alcohola havr been Isolated In the pure

fom and their physical propertiea have been described.
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G«nuino oil (Cyperus sooriosiis, R.Rr.) was
procured from SUree Muiifiun Lai Rarannroln, Kanud ~U.P.).
The crude oil wns brown in colour and h«d plonsant arona.
The physlcooohemioel properties of the oil are described

below

Cyj>eru8 scMriosus (R.Br.) Oil

b.p. 90-156®(bath)/1.2 am.
-9.77 (C,5.D)

» T 1.5110

Ai? 0.9766

Acid nu”iber 6.2

Ester number 13.07

Kster number after acetylation 34.37

Carbonyl contenta 40H

u,V, absorption 238 A 210

The Infrared Sf>otrufli (Pig.l) of the oil
indicates the presence of compounds containing hydroxyl

and carbonyl groups.

ISOLATION OF DIFFERENT CONSTITEI?RNT3 OF T>1E OIL

The free acids present in the oil wore removed
by treatment with aqueous sodlueri)l-carbonate. The neutral
oil was separated Into three najor fruotlons by eol*mn
chromatography (Table 1), eluting with petroleum ether
(Fraction A), benzene (Fraction B) nnd ether (Fraction C)

respectively.
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FRACTIOM A ; llydroonrbons, b.p. 88-90"(bath)/1 owi,;

13.98®; (IR Fi«.2; GLC Flg.SA).

FRACTIOM B : Ketone», b.p. 120-133®(bath)/0.8 ma. ;

r »«92®; (in PIlg.3; GLC Flg.SB).

FRACTION C j Rich In Alcohols; Carbonyl ooapounds arc
also present b.p. 145-155® (bath)/0,8 mm.

(IR Fig.4; OLC Ptg.SC).

Tho procedure adopted for the isolation of the
differont constituents from these fraotlona 1iIs indicated
in Chart 1. The course of separntion woa monitored by
GLC and TLC on flillcagel nnd AgNO” inprefl:nate(1 niliCQfel
pintefi. Based on these data and IR spcctra, suitable

fractions were taken for the isolation of the ooapounds.

wWith the help of column ohroMatography followed
by GLC (Fig.5A,B,C) and TLC analysis the oil has been
found to consist of a complex mixture of about twenty one
compounds. IhirinK the course of this work, two sesquiter-
pene hydrocarbons, Tour sesiiuiterpene ketones and three
sesquiterpene alcohols hare been isolated in the pure

forms from fractions A,B and C.

ISOLATION OF {Y2UQC \H8ONS

Petroleum ether eluted fraction (Fraction A,
Table 1; Chart I) amounts to 40" of the oil and IR spec-
trum (Fig.2) showed the absence of Ketones and alcohols.

The GLC (Fig-SA) analysis revpoled the presence of three
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h)rr}rooiirbon8 in 85:10:5 ratio with clotte retention tIMCFL.
Two sesquiterpene hydrocarbons wore olitainod in the pure
fora by repeated cFiroantography on alumina of different

grades and on impregnated sllicagel column*

ol YDHOCAGBON I»Cj51124

The lenvorotatory Fraction A, was chromntographed
(TaDlo Nos.I1 and 111) on neutral alumina (©Or. 1), The
combined fraction (2 and 3 Table I11l1) was further ohroaa-
to~raphed over silicagel impregnated with AgNOg and frow
the niddle fraction (Fraction 3, Table 1V), a sesquiter-
pene hydrocarbon (GLC and TLC pure) was Isolated, The hydro-
carbon following properties, b.p.93-94®

(bnth)/1 am.; c ~ " 21.070(C,4).

la bands at jITOl, 138<, 1360, 1070 and 988 cm"".

Hydrocarbon 1 corresponds to GLC peak 1 (Pig-SA).

aVDROCARPON 11

Petroleura ethor frsictlon (Fr»ctlon No.4, Table 1V)
was rficiiiroMatographe* (Table V) on silicagel Impregnated
with 15~ AgNOg, when a hydrocarbon (Fraction No,2, Table V)
was obtained. The hydrocarbon was further purified by
careful diatillatlon over metallic sodiura under reduced

pressure. It has the following properties:

Hydrocarbon 11, b.p. 118™(bath)/1.5 mm, ;

/"0( 15.63*'; (C,5.28); n™® 1.5004.
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IK bands nt: 2778, 1G98, 1385, 1362, 1020,

825 anil 770 oc=a™\.

" Jydrocfirboa Il corresponds to 6LC peak 2 (Piji.SA).
HyilrooBrbon 1 has bfen Idenfelfieil as oypereno”™ m<l hydro-
carbon 1l i« a new hydrocarbon, Rr»tundeno* The structures

of these two hydrocarbons arc deacribed In Chapter I1I.

ISOLATION or KtrrOwKS

Uensene eluted leavorotatory fraction (Fraction B,
Table 1) anounts to 40™ of the oil “yd IR spectrum
(Fig-3) indicated the presence of cnrbonyl oospotinds. This
Traction conaiated of seven compounds (GLC Fig-SB). Out
of these four have been isolated by oolumn chrofflatography
(Table VI-VII1) followed by preparative thin layer chroran-
tography. The ketones are present in the ratio of

G0:4t20:3 (GLC Plg.SB, Peak Nos.8,6,7 and 10 respectlvi#»ly),

KLTONF. 1: C~gilggO

Fraction B, wais chronatographed (Table VI) over
alunina (Gr.11) and eluted with petether, 1;1 petether;
benzene mixture; benzene; 1:1 benzene:ether mixture and
ether respectively. The solid obtained from the ether
eluents, on crystallisation from pet ether gave colourlcss
crystals, «.p. 48®; 17 * (C,3.1)) U.V,absorp-

tion A 243 »

"max
IR bands at: 1706, 1667, 1418, 1389, 1377,1330

1282, 1066, 1044, 993 and 892 ci|i-.
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Kotone 1 oorresponils to GLC penk 8 (Flr . 5B)

KKTONK H » CjgH~gO

Fraotion 1 (2,5 g. Table VI) was treated with
semioorbasifle hydrochloride and aodiun noetatt?, and was
allowed to stand orernlght. As no crystalline dorlvntivo
separated, the product was diluted with water, extriioted
with ether and ether extract dried. The residue after
removal of ether was chronatographed (Table VII) over nlnmlna
(Gr 11) and eluted with petether, benzene, ether nnd eth.nnol.

The ethanol fraction on oonoontratlon g«ve cry-

re

stalllne senloorbaKone, which on~nrystnlllsation afforded

pure senlcarbazone m.p* 216°.

The ketone regenerated from the senlcarbazone
(r«.p.216®) dtstllleU at b.p, 108®(bath)/l bw.;/'o( J7"®+120”
(C,3.9). It corresponds to GLC peak 6 (Flg.5B).IR bands

at 1665, 1610, 890

KITONI. 111

The benzene fraction (Table VIl) was further
chrowatogr«i>Ued on alualna (Or Il) and was eluted with
petcther, petethor: benasene mixture and ether; the middle
fraction eluted with petether: benzene (Fraction 4,
Table VIIl) gave a solid which on crystallisation from
petcther gave colourless crystalline ketone 111, ia.p.53®;

b.p.123® (bath)/ 1 mm. 3 (C,2.86); U.V.

absorption X nax TA*
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IR bnnds at: 1712, 1664, 138<», 1368, 1238,
1207, 1064 and 1020 oa’~.

Ketone 111 corresponds to GhC penk 7 (Pig.50).

KKTONE 1V

Ketone IV was obtaloed by preparative thin layer
oliromatography of fractions (S «nd 6 Table VIII); colour-
less crystals, m.p. 45°; 107.50(C, 4.2); H.V.

absorption 267 b /U,

IR bands at : 1709, 1607, 1412, 1389, 1376, 1202,
1174, 940 and 823 Ofir®,

Ketone 1V corresponds to GLC peak 10 (Pig. SB),
Ketone 1 and 1V arc new crystalline sesqutterpeuo ketones

2 .
Isopatohoulenone and scarlodione; ketone Il and 111 have

n - 3 i
been identified as r(-cyperone and patchoulenonej-
The structure elucidations of these K"tonea are

described in Chapter III.

ISOLATION OF ALCOQOLS

Ether eluted fraction ( Fraction C, Table 1) 1is
dextrorot-"toiyand amounts to 20" of the oil. Its Itk spec-
trm3 (Fig.4) indicated the presence of alcohols and
carbonyl compounds, GLC (Fig. 5.C) analysis showed that

the fraction C is a complex mixture of eleven conpounds.

Three major components corresponding to GLC
peaks 11, 12 and 17 (Flg.5,C) were isolated and characte-

rised as netf sesquiterpene alcohols.
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Frnctlon 0 w«s otiroaatngrapher) over flllionitcl
(Table 1XJ, when a broad separation of primary and secon-
dary alooholH offected Bnnzene frnotions (Fraction
Nos. 4-23, Table 1X) contained aeoontiary alcohols and

lator fractions (24 onvards) contained only priaary alcohols.

ALGO IOL 1

Benzene eluted fraction (Fraction 24» Table 1X)
was concentrated and the concentrate dissolved in petro-
leum ether and was kept in refrigerator. The separated
Bolid was filtered and crystallised from ethanol, when

Alcohol-1 was obtained, v.p. 94®; b.p.125~(bath) / 0,05 nn.;

(C, 4.3); U.V.absorption A .ajf 210 o"i.

IR bands at: 3333, 1078, 1408, 1370, 13Gl1, 1018
and 980 cm“*.

Alcohol I corres;»onds to CLC peak 17 (Fig.5,C).

ALCO.i0L 11 Cjgllg™0

Fractions (Fractions 1-12, Table IX) were
combined and rechromatographed on silicagel inpregnated
with 1521 AgMOg and eluted with petether, petetlier:benzene
and ether* Fractions 2 and 3 (Table X) were combined.
This fraction was dissolved in alcohol, alloived to crys-
tallise, when alcohol 11 was obtained as colourless
crystals, m.p. 74; ~o( _J/"™"-54,23** (C,3.8) U.V. absorption
A*ax BV Al

IR bands at: 3333, 1692, 1379, 1361, 1190, 1099,
1064, 1053 and 1020 cm” .
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AXooliol Il oorroa londs to GLC pe«k 11 (Plg.5,C).

ACOI0L 111
On trontmAiit with 3:5 dInltrnbonzoylohlorlde in
Pyridine, the benzene frnotions 13-23 (Table IX) gave 3:5

dInitrobenzoatG derivative.

On repented orystalllBatlons from ethanol, the
315 dinitrobenzoate derivative was obtained a« colourless
fine crystals, w.p. 139-140"; 32.10 (C, 4.1).
The 3;5 dinitrobrnzoate derivative analysed for
On alkaline hyt*rolysls, it yielded a liquid aloohol,
b.p. 139-140* (bath)/0.2 mm; 59.350 (C, 3.4),

Ag® 1.5205; U.V. absorption 210 aya.

IR bands atj 3509, 3106, 1661. 1418, 1395, 1042,

1020, 990 and 910 cra™.

Alcohol 111 corresponds to GLC peak 12 (Fig.5,C).
Alcohols 1, 1l and 11l are new sesquiterpene alcohols,
Cyperenol®, Patchoulenol® and Rotandenol and the stnic

of these three alcohols are described in Chapter IV.
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EXPERIMTNTAL

TI»xc oH (Cypcrus sonrlosus R.nr.) was dried over
anhydrous sodium sulphate, Tha last traces of moisture
nos removed by heating under reduced pressure. A small
fraction (10 g.) was distilled under Taouum and the physloo-
ohemioal propertios of the distilled oil were determined

as follows:

b.p. <Q0-.155" (bath)/1.2 min. (C.5.1);
9A OA
Hp 1.5110; d 0.9766; Ester nufiber 13.07; Gster number
after aoetylatlon 34.37; carbonyl content 407; Acid number

6.2; U.V. absorption 238 and 210 ran .

IR bands (Flg.l, liquid film) at: 3509, 1715,

1669, 1374, 1058, 1020 and 992 cm™™.

GLC (Fig.5, A,B,C) analysis showed the presence

of twenty one coispounds.

The essential oil (200 g.), dissolved In petroleum>
ether (400 ml.), was washod with NatlOO™ solution (105().The
petroleuR ether layer was washed with brine (3 x 40 ml.),
and dried over anhydrous sodium sulphate. The solvent was
removed by distillation, when neutral oil (196 g.) was

obtained.

SEPARATION OF fmxtOCAUUOXS. KETONKS AMD ALCOItOLS BY
COLUMN CHROMATOGWAPIIY

The aoid free oil was chromatographed over neutral
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alumina (Qr.11) and the dotails of tho chromatography are

dcaorlbcd below.

TABLt 1

VoiiL"ht of oil

Weight of neutral almina Gr.l1lI
Sr. Volume Wt. of

No. Eluent of frac-
Kluent tion.

Pet-etlier 70 lit. 400 g.

2. Bonzcne 70 lit. 400 g.

3. Ether 60 lit. 185 g.

ISOLATION OF infUROCAItBONS
PRACTION A
b.p. 83-90® (bath)/I

OLC Fig. 5A; U.V. absorption 7~

(Fifr.2, liquid film) at : 1639,

890 cm".

-13.98®

210 ayu,

.1 i®. (in 5 ba

30 Kg.(in 5 batches)

26

0.ft63C 1,5026

- 9.920 1.009 1.5093

¢ >.410 0.9972 1.5100

Recovery 98.5%

** 13.98@,

IH bands

1381, 1306, 0I0TO, 9S6 and

The petroleum ether frnctlon from the column

chromatography (vide chort 1 and Table 1) of the oil

contains only throe hvdrocarbons (OLC PIg.SA) and was

reohromatographed over neutral

nlZimina.

Sevornl fractions

vrere collected by eluting with potroleum other. The

details of chromatography are shown bolow.



TAHILK 11

V«lght of fraction A

Weight of aluminn Or, |1

Sr.

No . Eluent
1. Pot-other
2. «

3, n

4. L

5. m

6. n

7. m

8.

0.

Volume of
eluent

(ml.)

200 ml.

n

n

«

1000 ml.

Weight of
fraction

@
.5250
9070
- 4690
0994
.2670

.3692

w o o0 N g o N

. 7834

.9778

v A = v v\ AN\

0.5406

39

<0 g.
2 Kp.

OLC of ifydrooarbons

1 i 1

55 : 45
n 20
N

10

RxJ00very 98,66%

Prnotionj* 3 and 4 (12.5684 g. Table 11) were

mixe<® and ohromatographed ov«r alumina.
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TAULL 111
Wolght of the fraction 10
of alualiiA Or. 1 720 g.
Sr Voluae we. of . CLC
> Clnent of frnotion J76 fljrdrooarbons
No. Kliient
{ml.) (9) 1 s 11
1. Pet-ether 100 ml 0.8T08 - 13.2" 70 t 30
2 " 4.8016 - 16.23*
90 J 10
3. « 1.3666 - 17.5"
4 *> « 0.5038
S | 0.5478  _ 10.3- 20 80
6. 0.2070
7. 1000 ml. 0.S603 ;
n
8. 2000 ml. 0.4334 - I

Hooovcry 95.88%

i FYUHOCARBON 1
Tho frnotions (2 and 3 Table 111 ) -wore rooliro-
MatoRraphod orer slllicngel Imprf<matdd with silver nltrato

(15™) ns follows!
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T\RLE 1V

Weight of the fraotion .- ... 609,

Weight of the silioDiiel Imprej™nated with 15t AgNOg.,.150 g,

Sr Volume Weight GLC
NO . Eluent of of r<<j f Hydrocarbons
Eluent fractions
Gal.) @ 1 J 1
1. Pnt-ether 70 nl. 1.4214 - 16.93** Mixture
2. ff 50 ml. 0.3411 - 19.31" 95 : 5
3. w 100 nl. 2.1051 - 21.07” 1004
4. n 400 ml. 2.0850 - 13.86*" 10 : 90
Ucoovery 99<
The nydroearbon 1 (2.1 g.) eorreaponding

to GLC peak 1 (fig. 5A); was distilled over flodlum under
reduced pressure and tlie distilled product showed the

following properties:-

b.p. 93-94®(hath)/1 nu,; n,,® 1.>030;"d[ 21.07®(C,4.0)

ANALYSIS

Pound ! C, 88.31; K, 11.91
Calculated for t C, 88.16; 1il, 11.84lt
IR bands (0.05 ms. oell) at: 1701, 1389, 1366, 1333, 1316,
1269, 1260, 1222, 1205, 1181, 1163, 1J41, 1070, 1037, 998,
934, 892, 877, 845 and 832 di“/.

.nfDROCARBON 11

Fraction 4 (Table 1V) was further chromatographed



on sllicagel

Woigtit of the fraction

Weight of sllioagel

VolUIBP
Sr. Eluent of
Ho. eluent
(al.)
1. Pet-other 50 ol.
2 ': »
3. n 25 «
4. n &
5 . n n
6. n 100"
7. L 200

Inprognated with

TAHLE V

iliprej™nated with

Weight of
fractions

@
-3403
.3121
.5250 )
.0248
.0146
- 1470

o O O o O O p

— \O/ A —

.0087

Fraction 2 (Table V)

\2

151t AgNOg.

2 g.
AgKO™ .= 50
GLC
fyfrocarbons
I t 1l
- 13.04® 5 85
* 15.63® too™*
- 14.87® 7 93

Rfioovery 95 %

distlllort over sodiun

under rodiicer! pressure nhen hydrocarbon TX (0.3121 pY was

obtained. It showed the following properties, TLC single
spot, OLC single peak corresponding to peak 2 (Flg.5A).
b.p. 118® (bath) / 1.5 mn. 15.63° (C, 5.28);
n™® 1.5004.
A>STALYSIS
Pound C, 88.20; #f, 11.9

Calculated for : C, 88,16; «, li1.&u~

IR bands at: 2778, 1698, 1385, 1362, 1320, 1205,
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1190, 1155, 1100, 1020, 1000, 980, 970, 935, 910, 895,

885, 825, 795 and 770 cra".

ISOLATION OF XrTONES
FIUCTION n

Tho benzene fraction from tlio ool<imn chromato-
graphy (Chart 1 nm! Table 1) of tho oil was a mixture of
Revcn compounds (OLC Fig. 5B; IR FIs*3). It had the
following properties:
b.p, 120-135®(bath) / 0.8 mm,; 9,92” (C, 3.3);

n"® 1.5093; 1.0090.

IR bands (Fig. 3, liquid film) at: 1727 , 1706,

1370, 1321, 1274, 1176, 1053 and 892 om~”".

Fraotlon B was ohronatographed over alumina to

isolate the carbonyl constituents iIn the pur©®© foria.
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KETONE |
TABLK VI
Weight of tl»e fraction 8 40
Weight of alumina Or* 11 2 Kg
Ratio Volume Wt. of GLC
Sr. Eluent by of Ketones
No . volume eluent ctions
m.) ©@
1, Pet-ether 1:1 2000 2.5 - 30° SO”NKetoae 111
benzone

2. " " 600 3.0
3 « 5.0 -44._.44% 704

)
4. T 3.0 )
3 Benzene 1000 3.6 ) Ketone

+13,95 I u HI

6. n 3.0 1 50 : 50
7, « 5.01 +24,40 65 - 35
g. « 3000 5,12 )

) +36,6”
9, Benscenc- 1:1 1000 3,20 )

other

10, Ether w 3,80 ) Ketone |

) +30,9® 100<
11, 2000 2,60 )

Roooyery 09,5*

rraotion 10 and 11(Table VI) were found to be
fairly pure (GLC). The combined fraction orystalliaed
fro« petroleuKi ether (40-60®), irhen ketone 1 was obtained

as a colourless crystalline conipond.
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Kotonc |1, single spot, GLC tsingle
peak corresponding to penk 8, ~"Ig. SB) Uad the following
properties:

a.p.480; b.p.10S” (both)/0.2 m».; /7« 39.90(C,3.1).

AVALYSIS

Found : C, 82.G4; H, 10.20
Calculated for CjgllggO ; C, 82.51; :, i0.16%1"
IR bands at : 1706, 1667, 1418, 138f», 1377, 1330, 1283,

1183, 1056, 1044, 003, 978, 944, 905, 892, 837 nnd 698 oa*"*

KI TONL. n

Fraction 1 (2.5 g. Table VI) was dlssolrcd In
etbanol (10 ml.) and treated with sciaicarbazide hydrochloride
(1.5 g.) and sodium acetate (0,5 g.) In water (2 ml.). The
mixture was heated on a water bath till the solution was
clear and kept for 48 hours at room temperature with occa-
slonel shaking. Ethanol was removed by distillation.
The residue was diluted with water and extracted with pet-
roleum ethor. Petroleum other extract was washed with
water, dried over anhydrous sodium sulphate and concentrated.
The product (3.1 g.) was chromatographed on neutral nlunina

©r. tI).



TAOLE VII

Weight of the product 3 0,
Weight of alumina (Gr. 1I1) 100 g,

Volume wt. of
Sr Eluent of frac- _ Ketgr%ecs
No. eluent tions

(«K) @
1. Pet-»"ther 500 - - -
2. Benzene 2.0310 -3S.7 75~ Ketone HI
3. Ether T - - -
4. Ethanol 0.6144 - (Sealcarbazone
m.p. 216™)

Recovery 89.2ft
The otlionol eluted fraction (0.614 g.) wa« repea-
tedly oryHtalllsed trfm ethanol when a pure somloarbaaione

was obtained n.p. 216*.

On regeneration from the seraloarbazone by
treating rvith oxalic acid, an c(-y© unsaturaterl ketone 1l

correspon<linr to 6LC peak O (Fig* 5,B): b.p. 108®(bath)/1l aa.,

/“d, + 120® (C, 3,9) was obtained.
ANALYSIS

Pound - C, 82.68; U, 10.31
Calculated for J C, 82.31; N, 10.16G«

IR bands at: 1665, 1610 and 890 cn‘“~.

KETONE 111
Benzene fraction (fraction 2, Table VII; 2 g.)

was chromatographed as follows:
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TAHLF VI

Weight of tho fraotiou 2 K

Weiicht of aliinina (Gr.11) 100 g.

Sr Ratio Vollire Weight

7 Remarks
by of of rn J |
Mo. tluent volime eluont fraction
(ml.) ()

1. Pet-ether mm 500 - - -
2. Eet‘ether 9 -1 200 0.1464 1

enzene y -30.1@  Liquids
3. H « 100 0.3704 )
4, n w n 0.3070 -96.3® Solid m.p.53®

Ketone 111
5. n * n 0.2146 )
-87.7® Thick ligwld

C. n * n 0.2246 3
7. ft « 300 0.4674 -11.8® Mixtures
8. Ether N 400 0.39S8 4-200

Rocovery 96.5F(
The 4th fraction (Table VI11) was oryt“tallised
from petroleuo ether to yield n orystalliiie ketone 111,
m.p.53®; b.p. 136®(bath)/ 1 bib.; 96.3®(C,2.86)
It oorr4>9))Onds to GLC peak 7 (Fig. 5 B).
ANALYSIS

Found 1 C, 82.45; if, 10.11
Calculated for t C, 82,51; H, io0o.ioIn
IR bands at : 1712, 1664, 1389, 1368, 1287, 1258, 1238,

1207, 1183, 1143, 1098, 1064, 1020, 995, 983, 975, 940,



894, 885, 373, 833, 806 and 785 cm".

K1E TOKK 1V

Praotlons 5 and 6 (Table VIIl) were found to
oontoln tno ooaponents In almost equal quantity. It nas
not possible to separate the oonponont» by coliunn cliromn-
tography. The components, however, could be separated on

preparative ttiln layer ohronatography,

PHKPANUAT/AON OF PHtiIPARATIVF: TitIN LAYER PLATLS

- Preparative thin layer plates of homogeneous
thlctness were prepared by spreading silloagel (20 g, of
200 mesh) on 20 x 20 cm. size glass plates. The plate was
dried in air for 2 hours, nnd was activated at 120® for
4 hours. It was kept in the dessioator for half an hour

before use.

SEPARATION OF INDIVIDUAL C(»n*ONINTS

The material (100 mg.)combined fraction 5 and 6
Table VIII) was injocted 2 cm. apart from the side of the
glass plate nith the help of a smooth capillary. The
plate was saturated by solvent vapour In the chromatography
chamber for 5 minutes, and was dipped into the solvent
(Benzene : ethylacetate 65 t 15). The solvent layer was
kept well below the point of injection. Solvent front
was run for a distance of 15 era. from the point of injec-
tion. The plate was developed by spraying the sides with

50" ethanolic sulphuric acid and heating only the edges of
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the plInte with burner* Th« bonds were separately out,
th« fflaterinl was rpcovpred by fainting with dry ether. The
ketone 1V (2 x 65 mg.) was orystallised froM 40-60® pet-
ether, colourless crystnls, m.p.45®; t07.5®

(C, 4.2). The Ringlo spot, GLC single pook corresponding
to peak 10 (Fig.5B).

ANALYSIS
Poand : C, 77.63; H, 8.81
Calculated for 77.55; d, 8.68"
IR bands at: 1709, 1667, 1412, 1389, 1376, 1307, 1266,
1235, 1202, 1194, 1174, 1099, 1058, 1040, 1018, 998, 975,

940, 895, 863, 823, 797, and 768 om”/.

The other kotone obtained by preparative thin
layer oUroanto{;raphy was found to be Ildentical with

Ketone 1 described before.

ISOLATION OF ALCOHOLS
PHACTION C

The etiler fraction obtained on colttmn chromato-
graphy (Chart 1, Table 1) of the oil wa« shown to b® a
mixture of eleven conponcnts (GLC Kig.SC). IR spectrun

(Fig. 4) showed the presence of alcohols along with carbonyl

coiP._pGunds. The fraction had the following properties?
b.p.14r>-155" (bath)/1.5 mm.; C » * 9.41 (C, 4.5);
n~™1.5100; d™ 0.9972; U.V. absorption 210 m~ .

IB bands ( Fig.4 ) ats 344B, 1695, 1661, 1374,



1370, 1017 nnd 892 cm'~.

Fraction C was ohromntographcd over silicagel

in order to aeparato the individual ooaponents.

ALCOHOL 1

TAtILL IX
Weight of th« fraction C

Weight of silioagel

Volume Wt.of
of
eluent

o W) @
I i ZHL

1. Pet-cther 5000

Sr.
Eluent
N

2. Pet-ether;

Benzene

3 -1 5000
3. 'Y -15000
4. Benzene 1000 )
5- (A} (A} ))
6. « )
7- 4.6920
8. .

A

0.
10. &
11 .
2 to " 1.880
23.

30

-52.8

+50.13

20 0.

12009

6 LC
Alcohols

-
I_

Alcohol 11
& 111 are

mnjor .

Alcohol 111

is lagjor

50
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TAOLE IX (Contd»)

(@D @) (€©)) @ ®) ©
24_. Benzene 6000 0.6056 -12.1® Pure alcohol
ra.p,94
25. n 3000 )
0.5556 Mixtire
26. n 3000 3
27. Ether 2000 ) 9.2784 Mixture of
) +30.82 other
28. Ether 4000 ) 1.9120 alcohols

Recovery 94.6 it
Freiotton 24 on knepiniB; ijnve a solid Trhleh, when
crystallised fmra ethanol yielded colourless crystalline
product ra.p. 94”7 ; b.p. 125*(I»Bth) / 0,05 mra. /*~K 12,1®
(C, 4.3); I11.V. absorption 210 mMu. It corresponds to
OLC peak 17 (Flr, 5C),

Analysis
Found - C, 81,49; u, 11.1
Calculated for CNgIIlg™ 0 : C, 81.76; 11, 10.98"t
I» bonds at: 3333, 1678, 1379, 1361, 1328, 1302, 1266,
1238, 1220, 1183, 1152, 1139, 1067, 1042, 1018, 980, 935,

913, 897, 875 and 847 ot/

AF.COzi0L 11
The froctlonH from 4 to 12 (Table IX, two spots
on TLC, and two peaks on TfilLC) wore mixed nnd rroliroaato-

~rapltef? over sllicagel Impregnated with 15~ AgNOA.
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TABLE X
Velght of fraction .-- .- i g,
Weight of silioagel 1imprognnted with 15 AgMOg ... 120 g,
Sr. Voluiie Wt of GLC
Eluent of fractions _7d
NO eluent Alcohols
] (sal.) @
1. Pot-ether 4000 - - -
2. Pet-ether; 50 )
Benzene ) Pure alcohol 11
3tl ) 1l.3400 -54.23”

) m.p. 74
3. P )
4 o o\
5« m n 1

0.8624 -40.3® 80'4 of alcohol

6. ff n \

\
7. ft 300 1
8. Ether 600 1.3884 - Mixture

Recovory 80,77
The fractions 2 and 3 wore crystalllsofl from

etiinnol when acolourlesscrystalline product was obtained.

54.23® (C,3.8). It corresponds to GLC

peak 11 (Pig» 5C). U.V.absorption \ 210 m n*
ANALYSIS

Fouml ; C,81.C9; il, 11.06
Calculated for ; C,81.76; H, 10,98".

IR bands at: 3333, 1692, 1379, 1361, 1304, 1280,
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1227, 1190, 1156, OIHhil, 1099, 10G4, 1053, 1020, 1007, 980,

900, 875, 810 nnd 770 cm™/".

ALCO IQL 11
Fractionsfroa 13-22 (1*8 g. Table 1X) oontainlng
one Mftjor alcohiol, were trentnd with 3:5 dInltrobonaoyl-
ohlorlde (1 g,) In pyridine (15 ml.) and heated on « boil-
ing water b«th till the solution was clear ( 4-5 hours).
Hxoess of pyridine wna removed by distillation* The residue
was diluted with water and extracted with ether, ether layer
washed with water, dried over anhydrous sodium sulphate
and oonoentrated to yield a solid product. The product was
crystallised repeatedly from ethanol, when pure orv«italllne
3:5 dinitrobenzoate derivative was obtained, m.p.139-140@-

<< _70™- 32.1® (C, 4.17). U.V* absorption 210 rayu*

ANALYSIS
Found Jj C, «3.92; N, 6.42
Calculated for N227™26R67N2 * 63.75; H, 6.32"
IR bands at: 1709, 1G26, 1546, 1374, 1342, 1282, 1170, 1073,

962, 943, 917, 730 nnd 720 car'™.

3;5-dInitrobenzoate derivative (2 g.) was dis-
solved in 5% ethanollo TfOiIl (25 nl.) and was refluxed
for 2 hours. The excess of ethanol was dlstllleri under
reduced pressure and the residue diluted with water. The
hydrolysed product extracted with other, washed with water,
dried over anhydrous NSgSO”™ and solvent distilled whfn

Alcohol 111, corresponding to GLC peak 12 (Fig. 50), was
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obtained. Its physical properties are as follovrs:-
b.p. 139-140® (bath) / 0.2 mia.; ¢ 55.350(C, 3.4);

np®1.5205; U.V. absorption?210 «yn.

ANALYSIS
Fount! - C, 81.86; «, 11.18

Calculated for CNjjH24®@ -~ 10.9871

IK bands att 3509, 3100, 181S, 1661, 1418, 1385,
1316, 1250, 1190, 116S, 1085, 1043, 1020, 990, 065, 910 and

805 ae
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Chapter 11

~ructureA o} V-t\jdrocarboné6



SH

SmiJIARY

Uy elnborate column ohromatography of tho hy<lro-
oarbon fraction of the oil of Cynerus acnrloaua. (R.Br,),
Hydrocnrbons 1 and Il hnve I>een isolate®™. On tho basis
of spectral studlen and oh«™Biloal dot:rndQtlon Hydrocarbon |

has been shown to be Ildonticol with Cypcrcne (I).

ilydrocnrbon Il appears to be Ildrntioal with
Rot<mdene Isolatot™® cnrlier from the oil of Cyperua rotandus
(Chinese origin). A -irovisional structure 11 has been

assif™nod to the hydrocarbon IT.
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CYPERLNE

This Chapter deols with structure elnoidation

of Ilydrocnrbons 1 anti 11.

;lydroo»rbon 1, (Dt l«olate»l frna pet-
etfier eluted fraction of Cyperga sooriosus (H.Br.) oil,
/~b.p. 78® (batU)/0.2 sus.; nj® 1.5028; Z“o(JI7y~-21.07®
(C,4.0) TLC single spot, GLC aingle peak; mol.i»t.:?04 (Mass
spoc.) J™ has been identified as Cypcrone”™(VIll), The
infrared spootrwn (Pifl.l) of this
hydrocarbon was devoid of any ohnrao-
teristic absorption for unsaturation.

iyit) However, It showed n weak absorption

at 1701 o«~", due to "/C=C” stretching
frequency. It gives positive tetranltromethnne test. It
did not show any characteristic absorrition 11 the ultra-
violet region indlcntins the absence of conjuj”™ation. The
NJIR spectrum (Fig.2) did not shov! any signal below 7T,
indicating the absence of olefinic hydrogen, but a signal
at 8.38 “olearly Indloatod the preMence of a nethyl group
on a double bond. The presence of three methyl groups was
also shown by singlets at 9.25 and 9.05T(3H, each),

doublet at Q.IG"TCS*!, J « Gcps) in the NMR spectrun.

Catalytic hydrogenation of tUu" hydrocarbon | with
platinum oxide In acetic acid furnished a dihydroproduct,

®15 *26» 87-88° (bath)/1 -7d®*“50,7® (C,3.7);
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1.4055. The dlhyflrnproduot shons two ponks In the
GLC In 7:3 rotlo, corresponding two stereo iaoracrs fortaed
during hydrogonntlon. Its IR spectrum (Fig,3) showed the
absence of band at 1701 an'™*. Thus hydrocarbon 1 is a
tricyclic sesquiterpene containlnK one tetrnsubstituted

double bond.

The physical properties of Ilvdrocarbon 1 are
similar to Cyporone 1 isolated by Scnlch2 froia Cynerug
rotundas (Indian origin) nnd Csrperone isolated by Sorra et al”
fron Cyperus rotmdufl (Chinese origin). The corapnrative

physical properties ar<® shonn in the following Table 1,

TABLE 1
ydro-
cariion |1
1524 °15«26 115«24 CI5*>*24
np® 1.5028 np®1,4955 n~"®1.5058 nN"®1.4975 n~"" 1.5006

Senich iIn 1959 reported the isolation of Cypercno |
(tricyclic) and Cyperene 11 (blcycllc). These compounds
wore also isolated by Sorra”et al, who assigned the struc-
ture | and naned i1t a» Cyperene to avoid confusion between

Cyperene 1 and 11, Cyperene Il was identified as/5-Selinene(ll)
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Sorm et nl established the structure of

Cyperene (1) aa follows:

Haman speotr<ui of Cypnrone (1) nhoired a band at
1695 OB'1 , oharaoterlstlo for the tetrasubstltuteri elcfin.
Its dlhydro derivative was oonpletely saturated and
shoved that the oompound was trlcyello* As tMs oomnound
was ldentical with the saturated hydrocarbon (lit) dorlved
from Patchouli alcohol (1V), the collected data was suffi-

cient to define structure 1 for Cyperene. On Osniiira

tetroxide oxidation, it yielded diol (V) a.p. 147,5®@.

The N>R speotrun of Cyperene confirnie<’ the
absence of any olefinic protons, but exhibited n singlet
at "}.25 T (©O>, gendimethyls), a doublet at 9.15 T (3U,JaGops,

secondnry nethyl) and nn allyllc nethyl at ~,38 T ,

Further confima “"ton of stricture of Hydrocarbon 1

as Cypprene was obtained by ozonolysis of hydrocarbon 1 to
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a crystalline dlltetone (VI), ra > 78®; /*“df 35.3®
(C,3.1)«x IR speotrua (Plg.i0, Chapter ril ) infUontetl
presence of CJg-CO-; -CO-Crlg- anfl fivo «ett)r»rpd ring ketone
(1368, 141U and 1724 om"”~ roapootlvoly). N>IH spectruBi
(Plg.li, Chapter 111) sUotred signhals at 9,nsT (Clg- ),
9.00 T (C.1g-C~ ), 0.84 ~(Ciljj-C™ ), and 7.H3™ (Cilg-CO- ),
S.oe"t (-Ctlg-CO0-). Tills diketone van 1identloal with the
dlketnne (V1) obtained from Cyporone (1) by Sorm et nl~.
Cyperene on catalytic hydrogenation also shows two peaks 1in
the GLC in the ratio of JiS. as obsprvod for hydrocarbon 1,

corresponding to two stereo Isomers.

Thus hydrocarbon 1 (isopatchoulxi-ene) was estab-

lished to be Cyperene (I).

The absolute stereooheBlstry of Cyperene has bcf>n
established by the Japanese workers”, as shown In the
structure (VII1). The details of this work is described

In Chapter III.

ijn)
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ROTUNDENE

tlydrocarbon 11, Cjgil2~ (VI11) had the following
propi~rtlos: mol. wt. 204 (Masn sppo.) 6LC singlo pnakf TLC

single spot; b.p. 1187 (bath)/1.5 nun.; nj® 1.5004;/n(J"p®-ir»,e3®
(C, 5.28). It is a new 8ea<iultorpono hyrtrooarbon; n provl-

Blotial structure VIIlI has been ansigned to the* hydrocarbon.
The Infrared spGectrtitn

(Fig.4) BhotieU bands at 1675 and 825 om™ 1

(a trilsubstit*Uod double bond o)

The ultraviolet absorption showed o;]y end

abaorptlon.

The NMR spectrum (PIg*5) showed rilgnals at O0.I1St
(3Jl, doublet, J » 7 cps) due to a sooondary aethyl group,
9.01 TC 32, singlet) arising fro« a quartnrnary oethyl
groip and s.3f(3.1, broad signal) attrlbutible to a raethyl
group on an ethylenlo linkage. The prc™*tenoe of a vinyl

proton was revealed by a signal at ~.55T ( @r, unresolved

quartet).

On hydrogenation in aoetio acid using Adams
catalyst, hydrocarbon 11 afforded a saturated Ilhydroderl-
vativo (IX). 71.37® (C,4.2); np®t.4050;

.p- 130 - 1357 (bath) / 3.5 n>. Disappearance of infrared
absorption (Pig.6) bands at: 825 and 1675 on*** in"licated

complete saturation.

NMR spectruB (Pin.7) of dlhydrohydrooarbon
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clearly accounts for three aetliyl groups (signals at 9.17,
9.13 and 0.02 (. 9 U).

TUus,hydrocarbon 11 Is a trloycllo sesqultprpene
hydrocarbon with a trilsnbstltutod double bond and part

structure (A),

The physical properties of Uydrooarbon 11 coapare
well with the trilcyello hydrocarbon (ftotundnnc>*18olated
from Cypcrus rotundus (Chinese origin) by Sorm et al*®*,The

comparative physical properties aro shown In the followlnf!

Table.
TABLE 11
Ilyilrooarbon 11 Dlhydro- Itotundone Dlhyd roro tundene
product
2n
Dp® 1.S004 n®®1.4950 n* 1.5035 nj”™ 1.4980

2L IF1I5(3R -71.370 ~16.3° ~65.80

On epoxldntlon followed by Isomerlsntlon with BFg
etherate®, 1ilydrocarbon 11 (VII1) afforded a ketone (XI),
NI5**24N” 47.24® (C,2.8); b.p. 13s” (bnfch)/1 aw.

The IR (Pig.8) bands at 1709 on*’ suggested that the carbonyl
oxygen must be oa a saturated six or seven menbered ring.
The tricyclic hydrocarbon described In

reference No.5, has Ireen naned as Uotundf"ne by Prof.P.Sorm
(personal conaunlcatlon).
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Tho IR 8p»?otnii3 o Indicator®™ the al>sonoe nf mothyleno
(rroups ndjaoont to tiio kctono as It flid not sUow any b«n<d
at 1490 Tho ketono dI<? not form nny onrbonyl
derivative and «as rceovere<’ uno<tange<l on on attemi>tod

Vol ff-K/i9hnOr reduction.

PBft

ex)

Tho identity of liydrocarbon 11 was oata ilishoJd by
a dtroot comparison (GLC.IH) with Hotundene £~(i ;
the kotone (XI1), prepared from ftot"mdene via
hydroboration, oxidntion wn”™ also i<lcnttoal (IR) with the
ketone (XI) 47 .24® prepared from hydrocarbon |11

via epoxidotion followed by HPg etherate treatment.

Tho hydrocarbon 11 occurs alomn!; with Cyperene.

The NMR (fig-2) of Cyperene shows the preannce of four

** Our thanks are duo tT Prof*F.3ona and Ur.O.Motl for
kindly siipu-lying a sample of Uot mdone and IR npcctruni of
ketone (XI) prepared by hydroboration and oxidation of
Uotundene.
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methyl groups (one gomdImothyl, one sooondary methyl oxl
one methyl on double bond), «heren& Rotundnne shoirs the
presence of only throe methyl groups (one secondary, one
raethyl on a double bond and one quertomary methyl group)
in NMR spectrum (Flg.5). It is possible thnt a nethyl
group of Cyporene might be involved In the rin]? formation
in Uotiindene. It is, therefore, proposed to ansign a
provisional structure (VII1) for Hotundeno on biogenotio
oonsiderations. The biogonetio path way leading to
Rotundene 1is described in Chapter 1V, nhile discussing the
structure of Rotundenol which nppeqra to havo the same

carbocyolio systerfl.
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EXPERIMKNTA L

Cyitl*.\VE (1) (ilydrocarbon 1, Isolatlnn Chapter 1)

had the following properties:

b*p. 93-94n (bath)/1 mmezZ“<{ -7d® - 21.07®(C,4.0);
iﬁ?1_5030; Mol. “Wwt. 204 (Mass spec.).

ANALYSIS

Pound j G, B8.31; i, 11,91.
Calculated for : C, 85.16; 1, It.84n
U.V. absorption Anax ®sr**

IR bands (Flg.l, 0.05 am. cell) at; 1701, 1389,
1366, 1333, 1316, 1269, 1250, 1222, 1205, 1181, 1163, 1141,

1070, 1037, 988, 934, 892, 877, 845 and 832 oa ™

NMR apeotrua (Pl«.2), 9.25T(61!'; CUg-sJ-CHg),

9.05 and 9.167(311, Clg-C:£-) nnd 8.38T(J = 1 ops -Cilg-teC-).

DtirfDROCYIMRENK (HI)Cjgll2(G.
Hydrogenation of Cyperone (I)

Cyperene (350 rag.) diIs8olvo<5 In placlal noetic
acid (20 ml.) was stirred In an atmosphere of hydrogen with
pro-reduced Adima PtOg catalyst (60 mg.). The equivalent
of 0.98 aolc of hydrogen wa« absorbed In 25-30 nlnutes.

The catalyst was TfTiltered and solvent was removed In vacuum
to furnish dihydroproduct (314 mg»), which on chromatography
over 100 fold alumina (Gr.l, 4 g.) followed by vacuum

distillation gave dlhydrooyperene having the following
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properties,
b,p. 85-38® (both) / 1 mis. “ 59.7® (C, 3.7);

i%ﬁ 1.4955. ULC two peaks in 7:3 ratio (stereoisomers of

dlhydrocypercno).
A>VALYSIS

Found : C,87.5; N, 12.78
Calculated for : C,87.3; A1, 12.m™

XR bands (FiK«3, 0.05 ma. cell) at: 1387, 1306,
1342, 1312, 1294, 1251, 1205, 1178, 1139, 1114, 1076, 995,

982, 965, 948, 930, 921, 893, 880 and 852 atr‘”.

DIKETONK (V1), C~gilg™Og
Ozonolysls of Cyperene (I)

Ozone was passed In to an ethylaoetato (60 ml.)
solution of Cyperene (980 n™.) at 0.5®. At the end of
reaction (after 1/2 hour), the solution ttimed yellow.
Etiirylacetate wasreoovedunder reduoe*™ pressure. After
adding water (25 ml.) i1t was refluxed for 4hours and
extracted with ether (4 x 50 ml.). The combined ether
extract was washed with 5% sodliiia hydroxide solution to
remove any acid formed during ozonolysis. Neutral portion
was dried (NagSO”™ anhydrous). Evaporation of solvent
yielded a colourless crystalline compound (675 mg.). It

was crystallised from petroleum ether ra.p. 78®"<J7™M+3*5.3®

C, 3.1).
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ANALYSIS
Pound : C, 76.54; H, 10.3
Caloulnted for - C, 76,22; », 10,24™M,
IR bandfi (Fig,10, nujol, Chapter I111) nt: 1724,
1412, 1379, 1300, 1245, 1224, 1190, 1171, 1157, 1105, 1075,

1058, 1031, 980, 972, 943, 920, 890, 840 and 790 o**“~.

NMR speotrua (Fig.1ll1, Chapter 111); doublet at:

9,281"(3tl J = 6 opa, Cilg- ), singlet at 9.06 M (S"1.cng-c™),

singlet at: 8,84T(3H, Ciij~-C"), *?Inglet at 7,93T(3T,Cllg-C0-),

8,0CT(25t, -CFlg-CO-).

ROTm: mJX (VII1) (Uydroofirbon 11, isolation Citapter 1)

N5**24 T ep* (bath) /7 1,5 15,63® (C,5.28);
2
8 1,5004; mol, wt, 204 (Mass spec.) wm*_.V,a»)sorptlon

210 myu,

ANALYSIS

Found ; C, B8.2> U, 11,9

Calculated for CJJ.H24: C, 88.16; il, 11.84?(.
IR bands (Fig.4, 0.05 mm, cell) at: 2778, 1698,
1385, 130r», 1320, 1205, 1190, 1155, [IOn, 1020, 21000, 980,

970, 935, 895, S85, 825, 795 and 770 om“~,

NMR spectrum (Fig, 5): 2, 15'r(.ll, Cil™-0n );

/ |
9.01~ B(t, CJL~-Ca ), 8,3 F( 31, CFAgC—™> C- ), t.55T(>"=C?l-).

ni 'IYDROROTIIND?NE (1X) lgg
itydroRenation of Rotundcne (VIII)

Rotiindene (130 ar*) was hydrogenated in ethyl-



alooltol (6 ffll.)) with PtOg (40 mp.) at room temporatiire.
After the uptake of 1 »ole 1ilg, the solutlnn wns TfTiltered
and filtrate was evaporntort to give the product (120 m|f.)
»iilch on dlatlllatlon over aetalllo aodium afforded dlhydro-
rotundene as colourless mobile liquid, b.p. 130-136*"

(both) 7/ 3,5 = 2 71.37® (C, 4.2); nj® 1.4950.

ANALYSIS
Found j C, 87.54; H, 12.88
Calculated for : C, 87.3; H, 12.uat
IR bands (Fig. G, 0.05 bim, cell) at: 1380, 1320,
1370, 1195, 1160, 1130, 1110, 1023, 070, 940, 925, 900,
855, 800, 770 and 750 cm” .

mn, spectrum (FIf.7); singlet at 9.17 77311, H c-CM),

doublet centered at 9.12°T (3U, J= 6 ope, rg,.C—CNH) and doublet

centered at 9,02 ~@3il, J = G cpa, fgC—CI\I).

KirroNE (X1) CjgdggO
Lpoxidation of Uotundcno (VII1I)

Q) ftotundene (150 mg.) In dry ohl*>roform (5 ml.)
was nixed with a solution of perbonaiolc acid In o> loro form
(20 ml. 1.0 N) and the aixture was kept at O®C. fTor 24 hra.
The epoxide wa”™ 1aolater™ i1In the usual manner. The crude
epoxide (143 lag.), showed woak y 3560 and 1713 c«'™N,
indicating the presence of hydroxyl and ketonio impurities.

Chroaatography over alumina (Gr.Xl, 13.0 g.) and elution
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witU pet-Pther gave the epoxide (110 mp.) 1in the middle
froctions {9B% pure by GLC), IR 901 on"~ (epoxide),
(b.p. 120”7 (bnth) / 1 rara.)-

ANALYSIS
Pound : C, 80.71; N, 11,77.

Cnloulated for Cib5«J24® * 81.08; M, I11.717t

BFg EtHerote rearrongeaent

(@) To the epoxide (100 mg.) indry benzene (20 ml.),
BFjj ethorate (0,2 ol.) wos addedwith cooling nnd the
product left at roo« temperaturefor 1 hour. The light
brown coloured solutions was washed with NngCO”™ solution
and water and dried over HagSO”™ (anhydrous). After removal
of benzene, the product waa ohroaatographed over alumina
(Gr. IT, ".5 g.) and on distillation i1t gave ketone (XI),
as a light green coloured liquid (TLC, OLC pure) b.p.ias**

(bath) /7 1 mra. 47.24® (C, 2.8).

ANALYSIS
Found j C, 81.16; I, 11.73
Calculated for C™gilgg0 t C, 81.08; H, 11.71%
IR bands (Fig-8; liquid film) at: 1709, 1379,
1342, 1328, 1287, 1266, 1195, 1170, 1143, 1114, 1087,

1047, 1010, 995, 961, 926, 870, 805and 773 cm””.
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NMR speotrua (Plg.15, Chapter 1V); singlet (3H)
»t g.0 Ifi CHg-ql), two tloublots (BH. eooh) centrod at

9.13 and 8.9T (@ » 5.5 6..Wospectiv«ly )_cir—cflé, )-
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From the cnrbonyl frnctlor of the oil of
Gyi>eriia-aonrio8»8, Patohoulenone (1), n(-CyperGne (11) anil
two now oryatalllne ketoncB, loopntohoulenone (til) and
Soarioillone (1V), have been isOIntO"\ Isopatchoulenone
ax! ScHrlodione have been shown to poasesa aterenntruoturea

111 and 1V reapoctlvely.
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ISOPATCriOl ILEHONE*

Ketone | 1« a new orystnlllne soaquitorpenc

Ketone (TLC ond OLC pure), m.p. 4fl, molecular
weight 319 (mass sneo.); C ~ ~ 39.9° (C, 3.t), (posi-
tive totrnnltromethanc test). On the hasls of a|[»eotral

dflta nnd ohenicnl erldenoos ketone 1 "Nos been assltrned the
structure and absolute configuration repreaenteM by | > It
has been named Isopatohoulenone,because of its strictural
sinilarity to (latchoulenone (11) 1isolated from Cyoer la-

rotundus (Chinese origin).

IH spectruffl (Pig, 1) of Isopa”™ohoulenone sJsowed
two bands of alaost equal iIntensity at 1663 and 1706 o«“ /.
The ultraviolet ab«ori>tion 243 r a , t,14,*135)

showed the presence of oonjugatioi).

IR data along with the IT.V. absorption naxlna
suggested the presence of n five meabrred o O unsaturated
ketone"is 4 the double bond being fully substituted5-

IR bands at 1418 on™" accounted for a methylene group

adjacent to carbonyl group. Xet<me 1 foras n crystalline 24

dinltrophenyl hydrozone derivative (ia,p-228") which
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exUibitefl U.V_abBorptlon nt 392 (log™ 4.39) indtoating

the prewenoe of n totrnsubstitutefi double bond.

On catalytic hydrogenation (Pt / acetic acid)
Isopatclioiilenone absorbed one wole of hydrogen, giving
orystalllne, dlhydroderlvatire (I11) 74°;

28*3® (C, 3.3), ( 2,4 d.n.;». las™). The dlhydro
ooispounOi had no oharacterlatlc tJ.V. absorption nn¥ d<l not
give any colouration with totranltromethane. It displayed
IH absorption (Fig.3) bands at: 1742, 1422 cb**~, Indicat-
ing the carbonyl group on a five nembered rlgjc. It is
therefore, aono-olefinic, tricvclic ses uilterpene »»ovins
on  -yS unsaturatert carbonyl froup on a five memberod

rinp.

The NMII apectrus of Isopntcho<ilenone (1A) (PIj;-.2)
showed the presence of a secondary methyl @.f, d, 9.36 77;
J » 7 ops), two tertiary methyls (6U"s, 9.2 and 8,R7 f ),
and methyl on an ethylenlc linkage (@71, a, p-32 7, o - to
carbonyl group) and Multiplat at 8.03"Jrnpreaents the two
o( -protons to the carbonyl group. It also indicated the
absence of any vinyl proton. Thus,the apectral data (IH,
U.V. and Nmi) suggested a part structure (A) for Isopatc -
oiilenone.
Wol ff-Kiahner reduction of
dihydroisopatc™ miilenone (ill) gave
a saturated hydrocarbon (1V) jC*gllgg;
76'"°(C, 4.1), wMch
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aooordlng to its infrnrod speotrun (Fig.4, intense bands
at: 1124, 975, 930 and 648 onT”™) was found to be Ildentloal
with n stereolsomor of i1aopatohoulnne (IVA) prepared by
the reduction of o(-pntohoulane obtained via dehydration
And reddotlon of patohoulialoohol (V). It Has also beon
observe*™ that oyperene on hydroprenation yields two atere-
Isomers In 7:3 ratio and the stereo Isomers are represented

by structures IVB and IVA. IVB represents Isopatchoulane.

Heduotlon of Isopatchoulenone (1A) with LAIl gave
the oorrespondine alcohol (VI) CAgil”™0; a.p, 1400
(C, 2.0) (TLC and OLC pure). IR bond 3250 oia™” (-0U),
The alcohol (V1) on catalytic hydrogenation In ethanol
(Adaas catalyst), consiused nearly two aoles of hydrogen
giving a saturated hydrocarbons (IV, stereoisomers In 7:3
ratio OLC) Cjgligg; "«( 62.37® (C, 3.4) Indicating
the allylic nattre of the hydroxyl group. The saturated
hydrocarbon (1V) was Ildentical (GLC retention time) with
dihydrooyperenes (1V) Z*o(_7™®- 59.7® (C, 3.7)j

prepared by the hydrogenation of cypcrooe (VII).

On reduction with LAU-AICI”™, isopatchoulenone (1A)
gave an unsaturQted hydrocarbon (VI1) 1identical In all
respects (NVMH, GLC and 18 Pig.5) with an authentic sanple
of cyperene™. On ozonolysls i1t gave a dlketone (VII1I)
m.p. 78®, which was identified as the dlone”®;

~ 37.20 (C, 2.8) obtained from cyperene. The

above results provider” unaoblgous evidence that
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Isopatolioulenone hax« the enme carbon skeleton aa oypercne (VU).

On the basis of this data.iRopntohoulGnonc onn

be represented by the two j~osslblo atr“tctures (IA) and (ID).

(Invever, SKrm et alC have assiftned structure (Il) for a

ketone, ra r>.r.r<,5"; 9 7 . isolated from
CypnriH rotundtia (Chinese
origin) and noietl it as
Patohoulnnone (II).
Isopntohoulenone is

therefore, a new 1isoneric ketone repreiteuted by (1A).



Further chemical evidonoe for th© oonfirnntion
of the struotijre of isopntohoulenone (IA) was obtained by
the oxidation of Cypereno (VIl), - 21®, (C,4.0),
(TLC and GLC pure) Isolated fron the proRont oll» ffith
t-butyl orironate43 to Isopatohoulcnone (IA). Among the
products of oxidation (TLC4»spot9), isopatchoulenone (l1A)
was found to be present by a ooMparative TLC study with
the natural leopatohoulenone. The oxidation product
reduced with LAH to afford the crystnlllne alcohol, iden-
tical with Iflopatchoulenol (VI, m.p, and nixed m.p. 1400),
Oxidation of this crystalline alcohol with Jones reagent
gave a ketone m.p. and mixed m.p, 48®; ¢ 380,
identical In all rcspcots vtlth the natural laopatohou-
lenone™ (IA). In a later experiment, oxidation of cypercne
with chronic aoid In acetic acid gave Inopatchoulenone in

a better yield.

Aa our work was 1In progress, the Japanese group
of workers12 published in 1965 the isolation and charac-
terisation of a ketone, cyperotundone (IB) from Cyperus
rotundus (Japanese origin). DIroct comparison13 of
iflopatchoulenone and its 2:4 dinitrophenyl hydrozone with
cyperotundone and its derlvatiyo established the identity
of both the ketones. At the same time, Nigam13 also
reported the isolation and oharaoterisation of a new ketone

cyperenone (IA) from Cynerts scnrlosus (Indian origin).

This ketone and I1ts derivatives are also identical with
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laopatohoulenone. T;.U8 Isopatonoulenone, eyperotundone
nml oyporcnone ar© the aiffercnt nnaes of the bbmg com-

pound (Iflopatohoul-4en-3-one).

Table 1 gives a comparative finta of p’17sloal
and spootral properties of isopatohoulenone, oyperenone

and oypernt mdone.

The 8treocdit?mi8try of oyperotnndono (lIsopatcli-

oulenone) ha; been establiahnd by tiic Japanese workers

TUe absolute oonflguratton of patotiouli aloohol was conol »
sively established as shown In str icture™ © V), >'lkiIno
et al assifmert the/"-confli®uratlon to the C-It carbon
bri<®Re of Isopatohoulenone (1A) as la present In patotioull
alcohol (V), This wan furt er confirme<l by the fact thnt
the monoketone (I1X) obtained from the diketone (VIIl) sMowed
in ORU curves a positive cotton effect o = +60 1In a’jroe*ent

with that expected for the postiilate<® absolute configuration.

The aethyl was shown to have the r(-stereo-
chcmistry on the following considerations. Tn the raolechile,
due to anisotropy of the unaaturated svstea, o and 4}
methyls on or cannot be equlvalont axl a Y0 nethyl
iIs expected to be fTairly desliielded while an o(-methyl

should be shielded, Kxperimentolly the (i.o. and



COOYLNNE LDOGA
A
¥ 50 ovoede

o >0p ¥ 2&080

So (1)

ocfr =
—
"We St oy =vacm g

BVOLVOLO
eﬂﬁ; X0 0VOTP sz

EMNgo QVOC & L A

nBsm

CO.G«
5%

0oEALOTFNO I wIOc
GF¥yise oofpos

0 OO Vo

VGEY¥S WwoETdy SudBoxg

P

8
oy 3B o

[}

X o

s&F

NE E

o4 =
o0yg .. U

S A

S'n co z

o or Bs

©

0o Rd-owco £,

G&G>

Vo @ g 0=

zzomaxdb

.MS O.{*» mb,ﬁu

.&Ahc oa.a

0 vdmou FO vosaH

SoVno

cCO §s5oCacd



\3

'T 000

woL

v AB oo §

g

<d *

©CO XOcL>



®13 ~ N «ethyl protons have thelr resonanoc posi

tionB at B.83 and 9.255”rG8pi*otlvely wh<*rea8 the methyl
appeara at 9.393", the high field of the reaonnnce indlontes
tSnt it Is In (<~oonf I"firation. ttenoe, the 8ter<»o»truoturo

for oyperotundone (Isopstohoulenone) is pmsentod a« (in).

In oonflraatlon, the nethyl protons in o
/:j-oonflguration were fTound to be strongly deshielded ooour-
Ing at 8.85 , in iIntermefllate (X), prepared during synthnsls

of patcliouli alcohol.

I-~olatlon of on o(-/l unsaturatcd ketone
2,4 dnp m.p. 228-9*" froa the essential oil of Cyperua

gcarlo™uH was roftorted earlier by Naves nnd Ardizi016.

Pindcr et al 17 reported the isolation of a ketone-artioulone,
whose 2,4 dnp (n. ). 231-232") was 1identical with 2,4 dnp

of the A(-Nunsaturnttd ketone reported by Naves and Ardizio.
Pinder et al had assi™e"" the str icture XI to artioulone,
but recently the Japanese workers 19 nnd Nigan et al 13 have
demonstrate™ that the o”™” unsaturatcd ketone of Naves et al

and Articulone of Pinder et nl have the same structure as

1sopatchoulenone (I).



1)5

ilikino et al hnvw< also observed that oatalytio
tiytlrngonatlnn of deoxooypGrotundono givostwo products.
Tho major conpound was Idf ntioal ulth IsopatohoulanG (1Vn)
obtained from patoUoull alooUol (V) (ii.NMR and retention
time) and the minor product was 1identical with a storao-
isomor of isopatolioulane (IVA) w: 1oh has b?en obtnlnod
by flikino et al by i1volff-Kishner reduction of dihydrocy-

protundone (ill).

Unlike Cynerus rotundus. L Hpecies of Japanese
and Chinese origin, Sukh Dev et nI2 described tho isolatirtn
of a tricyclic o(-/D un8aturate<i ketone Muotnkone XII)
from Cyperus rotundus. L of Indian ori™in and formulated
its str~cturr, based on spectral nnd photoo”.oraicnl «itiidiea

and correlation with (-) copaene (XI1l1) as shown Selow.



c(-CYP KRONE

The ketono 11, (laolation Chaptor 1.) regenornted
from seaioBrbazono (m.p, 2tG") haU the follotvint; projier
tieej CjgflggO, b.p.108** (bath)/I 120” (C,3.9);
U.V.absnrptlon at 24i ma(lojK™ 4.2)
has been I™Mlentiflod aa r(-Cypcrone (XIV).
The infrared spootrun shotted
bands at 1665 and 890 o«"~ and Indicated
tVte presonoo of a six meabered ring
ketnnc and unsyamctrically dlsnUstltutod

double bond.

The physioo-oheaica] oonstants of ketone H were
fotind to be Idcntio”™l with that of bioyollo unaaturated
ketone, o(-Cyperone”™* (X1V) isolated by ilegde and Uao*™"
whioh is the raaln constituent of C/porus rotundus oil (Indian
origin). The stmotiiral foi“Bula of Cyperone ((XI1V), a
sesquiterpene ki“tone was Tirst suj”gested by Hradfield21 and
Sinonsen <  Synthf"sls of /JCyperones have been
achieved and aany inter oonxrersions2 -T in this scries hare
also been described. The i1dentity of ketone 11 with
n(-Cypcrone was confirmed by the dircot comparison of IR
spectrua, Gas liquid chroaatograa and i-.p, and alxed pm, >,216”
of the seaicnrbnzone with an authentic sample of K-Cyperone?®
obtained froa Cyperus rotundus (Indian origin).

*A saaplo of fI(-Cyperone was kindly aupplied by
Dr.Sukh Dev.



IMTCMIOULLNOME

Kotone HI1, C/gilng0; «.p. 53@;
(C, 2.86), molROular tielght 219 (nass «peo.); was isnlatc”
froiB the benzene eluate by the procedure dosorlbed in

Chapter I, and identified as Patohoulenone (Tl B).

IH Bpeotrura (Fip.0) showed tTio sbBorp-
tlnn bandHi of equal Intensity at 1664
and 1712 ca“\ but was devoid of any
charaoteristlo frequency for the double
bond In tie region 70M-900 of~". It
displayed IT.V.maxima at 264 ( 9,000)
charaoteristlo of a highly strained™®” (<-/lunsat iratod

oarbonyl system.

IR data 1664 nnd 1712 along with the U.V.
absorption maxlna suggested the location of a oarbonyl
group ona fiveMenbnred ring In oonjugatlnn with a tetra-
substltuted double bond. The ketone 111 frtiled to give any

carbonyl derivative {*,4 dnp or a "laionrbazonc-.

NMH speotrua (Pig.7) showed absence of vinyl
protons, but exhibited two singlets at 9.0 nnd O.1Y
(tettiar>"“methyls), a doublet at 9.15%(jJ « 6 ops)® and a
broad signal at 7.90Tassignable to a™-methyl group of

an o(-" unsaturatet- ketone.

A comparison of the spectral data and physical

constants showed that ketone 111 wag identical with
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Patohoulenoneo (11A), n trloyolio unsaturated kr>ione

isolated by Som et ol froB Cypcrua rotmdus of Chinoae

orifsin. Tho strioturo of Patchmilonnno (HA) h.TS been
osta’ilished by Sorii et al nnd It 1is
based raotstly on ootapl=friaon of thu skol#?-

tons of isomerlsed pntohouli aloofiol (V),

Patohoulenone (11A) has {Kat
o(>/0 unsaturatod oisroao ilioro 264 .
logh T.<r>5). The 1B spectnwi showed
two bands of equal iI*»ienslty at 1663 and 1713 cn””, attri-
butable to a olBold ohromo jhore, TUo absence of rmy oleflnio
protons In the NMit spec trim eatablishe” that a double bond
was tetrasubstltilted. Further, JMH spjTtr th showed two
quarternnry methyls (9.0 and 9, 1X singlets), one secondary
methyl (§,15T,J = 6 ops) and one allyllo methyl (7.0f),
Aa the dihydrooonpound showed band ats 1735 In the
Infrarod spectrura, the carbonyl group must be In a five

aenbered ring.

Tula ketone (11A) coul"l be converted (Scheme 1)
to a trilcvcllo saturated hydrocarbon (1V), Ildentical with
the 1aopatohoulane (1V) obtained by reduction of the lehy"ra-
tlon product of patchouli alcohol (V). This leads to
structure (11A) for patohoulenone. The alternate struc-
ture (1), which does not contain the claold orran™ement
co Id be riled out by deuterium oxchnnge on the dlI?iydro

compound (XV) in which only one hydrogen (and not three)



™08 substltute®l (KV1), Reoei.tly illkino et nl affsigned

stereo formula for

Uilb)

Pntchoulonone (HR) alon™ with Cyixor(?e and Cypcrotnn™lon®©

(Is»opatchoul«nono) ().

w\



SC*"VRIODIONE

Froia @ e carbonyl rrnotion, a leavorotntory

cryntnllIne ketone 1V, ecnrtodlono, Rioleoul»r
ttelgtit 232 (mass spco.); a.p. 45@; 1>7,5@; «".V,
absorption 267 «yb, (fj,900), has

been Isolateil in pure state (GLC ~nd
TLC) and chnraot risod ne n new see Jul-
terpene dlone, Soarindione (XIX). The
Infrared speotrun (Pig,8) sho™fed absor-
n ption bands ntt™"1J0O0 (\o««0), 166T(~CaC\),
1412 ( -C-CI-- ), 1389 and 13T6 ( C—6I'g ) c®"'~. The intensity
of onrbonyl absoriJtion suggested the pres nee of two suoh

groupinies in the scnrinllone,

Ttie KMR spcotrun (Pig.9) of scariodione displayed
a doublet at >.32T7 (J a 6 ops) assljrnnble to secondary
methyl group and singlet at 0.12 ond 8.S3cf ascribable to
two quarternnry methyls and singlet nt <.00yfor vinyl
methyl being ~-to an o(unset irnted cnrbonyl function,
thus pr<’senoe of totrasubstltatecl double bond was also
oonfirmed. A signal at 7.77T”oould bo assigned to laethylene
group adjacent to the carbonyl function, as this signal
appeared as a sharp singlet, it indicated tliat adjacent

carbon is fully substituted.

Thus scariodione is tricyclic with

tetrasubstitutcd double bond.
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Tricyolio keton(>B Isnpntohoiilenono (1) (Cypero-
tundone, Cyperenonc), Patctioulenone (Il1) oxl dlkctone (vrti)

obtained from ozonf*lysis of trlo/ollo iitydrocftrhon oyt r<?Ye.

showed the similar range of speotral properties with Son-

rlodlonc (XIX) as follows:

TABLE
Properties Frcaent Isopntch- Patohou- Ulkctnno
obser- oulenone lenone
vatlon Q200D
>lol formula “]ge o= ~15 220 N15A4 N2
\ Ktort
/\eeX 267 mja 243 264 mjA
IR in OM~" 1709 1705-"6 171273 1724-35
16G7 166 1GO3M -
1412 1412<—< - 141 ;»-
in -f
9.34 9.3GoN, ".39 0.1 9.2B
CM, ,-C» 9.12 t,un>, B .0 0.06
Clg-I1f- S. 83 -. .7 o.tr> 8.831~8.8
'00 8.31- .31 7.9 -

1
CliIn-Ca0 7.77 8.03 - ?.08



|OH

ThGBe In oon.jugntlon with biogcnetlo
consi<le-atinns olenrly sup,gestef* stricture (XIX) for this
one»llono. All tfic spootral ?2nd phynionil properties arc
consistent with the proposed striioturo XVv: for Isopatch-

oul-4en-r.,6 dlone.

CONVERSIOW OF PATOIIQULENONt TO SCAUIONiONK

On oxidation with ohronlum trioxide in Rcotic
»oid p«<>tohoulcnone (I1) of known stpreoformula afforded in
good yield on enedione, m,p.45®; t05.S3®; direct
comp."irison with the natural product (Matabliahod their

identity.

So"iriodlone should therefore lie represented by

the stereoHtrnoture (XIX).

HIOGIINESIS OF ISOFATC IOtfLANE COMPOUKMS

3> 3 _
Recently Parser et al gave a hiogcnetical rela-

tion to this nen group of compounds Isopatchoulane, which
can be foraed by nucleophlllc attack of the double bond on
the cation derived from enlsuiiiol. The revised structure
of Patc/iOuli alcohol (V) is ex”™ained in terms of wanner-
Meorwoln mi ration witli ooncoaitnnt solvent attack in a

cation readily derivo*;le fron b ilnesol.



1117

o]
Cyperen® P»toiioulenono Isopatohoulonone Scnrinrllone
he,
Cyporonol Patohmilenol

Patchouli olcohnl
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SOML DEGRADATION PItODIICTS OF CYPKRENE (VID)
1i1OPATC .:0i.LENONK (D)

Ojionolysls of Cyperene (VIl) ?avo a
orystnllInc dlketone (VIII) .p- 7S®; I1t» Infrn-
rctl speotrim (Pig. 10) indicated th«* pr?aonoo of n Ffive
Bif'mbered ring k»?tone (1724 on"”~) and nethyl ketone group
(1412 nnd 1360 The NSIR Hpcotriira (Fig- 11) olenrly
revoalod a throe proton sin/rlet at T.OS"TasHlpunblo to a
netUyl of the -CO-Cilg grotiii. It al«o s”™owod two ftinglcts
at ~*83 and 0*06 "/mf! a do iblet oentrorl at 0,28 F(J a 6 cpa)
attributable t " the two quartcriiary aothyls 9nd one secon-
lary methyl. It IR nigniflonnt to note that the removal of
the double bond resulted in shielding of the secondary
aethyl by 0,08T, tjhercaii one of the nethyl groups »as been
considerably deshioldcd by It also shows the presence
of wetl.yleno grofjp K-to the ketone as a triplet centred at
7.857" (3 a 4 o;je). This triplet can be a?signer» to the
riethylene proup o”to the methyl ketone function. A promi-
nent signal at S.oei”can be assigne®™® to a methyl"ne group

o(-to the ring ketone.

The diketone (VIIl) was subjectef* to oxidation
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with ohronium trioxido™M*™ iIn noetic aoid. Tho »>ro<luct

* ®P» 177®, wi|s shown by IR (FIr.1?) Rpectruia
to coutnin n five aembored rinp, ketone (1730 gnd an
aci™ function (1709, 2630 axl 925 on””~.)* The IWR ap«*o-
thira (Pig. 13) of mothyloster indioated the pr*»«onoe of
raofiyl "loublot at :j,197°(J = 7 ops) nnd ix=0 methyl singlets
nt 0,04 nnd Tho cnrbomethoxy aethyl was soon as a

singlet at r» 47T

Wolff-KI»Imer reduction of the fteto acid,
(XX), gave a prodtict, *e>*e  203-204®, whose
XR sppctniM (Fiff. 14) indiontort the absence of any nold
function as well as fTive membered ketone, the only carbonyl

obsorptlon appeared at 1G75 ("C-msO of -CO-NSi-\"""C=s»M-),

Hooc

cAm rj) n2.

and the oharnoteristio band at: 3175 c

suggested that the eyclisation of the Uydrnzone ocourred
to yield a seron mrnberert nitrogen derivntive (KXI), auoh
cyclisaMons Uave been roportc®1™ " to oco ir dtirinf

Hol ff-Kishner reduction of r) and / koto noids.

The NAVR spfictrum (Pig. 15) of the conpound showed
two methyl singlets at "5.07 and 8.07T". The raotViyl doublet

centred at m.1™"™(J a G cps) could be assi”™ed to secondary
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11H

Bethyl group. The spectrum showed no absorption Dolo\xt 7,2:T,
Ozonolyals or isopfltof>o1il™nf>ne () furni-
8he<i a kcto acid (XXI11). The aeth "loster of this

acid oxhibite-1 I bands (Fis.16) at 1709, nnd ITH4 om*“*

(five meBljored ring kttone and ester).

NMOR spectrum (PI/~. 17) of the rapthylestf~r (X XI1)
showed the pr«»sonoe of only three aethyls. The m<?thyl
doublet oppearf? * nt The gen dimethyls appeared as
widely se.finrated slngleti9 at 0,05 nnd 8.73T. The only
lowflold sii>imal was 3 proton ~Inglot at 0.37*7"asslgnnble
to oarbosjnthoxy function. These spoctral data toget-;er
ultdi the mode of formation was consistent with str-icture
XX11).

volff-Klshner re*i«ctlon of tbis keto acl 1 (XXI11),

afforded a product XX1Il1 whose aethylester » In

its IR spectrum (FI/?. 18) revealed the prosenco of only

a single carbonyl frofiuency at 1733 o=’
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EXPr 11 IMLNTAL

Isopatohniilf»nono (1) Cjg{il220 (Ketone 1, Iflolation

Chapter 1) had the fnllowlni properties, m.p. 48®, b.p. 103®

(bath) / 0,2 DO Z-o( + 39,9% (c, 3,1); raoleculnr
weight 218 (mass spec.) 11.V. o>>8orj.tioii 243 m~(log”™ 3,9)
ANALYSIS

Pound ;C, 82,64; -, 10,7’.
Calculated for 82,51; 10,162(.
IH bands (Fig.l, nujol) at: 1706, 1663, 1416, 1380, 1377,
1330, 1304, 1282, 1183, 1163, 1056, 1044, 993, 978, 944,

905, 892, 937 and 098 crrr,

>IMR spectruH (Pig.2); douhlet (31f) at 9,367
(J a 7 ops; CHj-cll ), singlet @Gfl) at 9,2 T(CIF3—<I ),
singlet (3BH) at 8,87 (Cu~-C;~ ), triplet "3H) at 8.32r

(CHg-Oa-f/ , broad sl”~al (@fi) at 8,01 T"(-C-Cil2).

2.4-DINITROPir NYLIinfDRAZONE OF ISOPATCHOWLtiKONE (I)

To a solution of isopatchoulenone (I, 100 jap,)
In ethanol (t »1,) was added a solution of ,4-dInitro-
phenyl hydrf*zlne in sulphuric aold solution. Xhe mixture
was heated at 50® for 25-30 mIn., allowed to stand over-
night at room temperature. The separntod solid was cr-s-

tallised to red needles frora et"innol, a.p, 30.
ANALYSIS
Fouxid : C, 63,58; WM, ,41; M, 14.5

Calculated for 021**2674 63.3; 1N, 0,58; N.14.0G!;
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01 tFYI>UO«ISOPATCi IOPLKNONE (ill)
"iydrogenatlon of Isooatohoulenone (1)

A snlution of isnpatohoulcnone (1, 480 »g.) in
aoetio acid (10 nhl.) was iiy»lrogonntofi In presence of pro-
reduoed Adams catalyst (43 Mg.), 1ilydrogen absorbed (60 ble
at 30 and TOO am. 5 hours) oorr«>8ponded to 1 roolc. The
catalyst \;2s filtered off and the ncetic acid rewoverl in
vyacuo on a steaa bath. The ri”sldue was chromatographed
over alumina (Gr.11l1, 10 g.) and eluted vith petethcr-

benzene (1:1, 1SO ml.) to yield pure (TLC «nd OLC) dlhydro-

isopatchoulenone (111) (450 rag.), n.p. 74® 28,4®
(C, 3.3).
ANALYSIS
Pound : C, 81.56; H, 10.82
Calculated for C~gllg™0 : C, 81.76; H, 10.98?J

IR bands (Fig.3, mijol) at: 1742, 14(i4,1422, 1380, 1366,
1280, 1179, 985, 885, 853 and 815 cm“",

UIUYPUO C PrJtiNL (1V)

Wolff-Kigtmer reduction of dihydro-iBopatchoulonone (l111)
A mixture of dlhydrolsopatchoulenone (I111)

(254 ng.) diethylene glycol (10 r1.), potasslun hydroxide

pellets (anproxiaately 500 mg.) and hydrazin hydrate (1 nl.

85") was hooted to 100® for 4 hours in an atnosphere of

nitrogen. Water from the reaction mixture was rr'mowvofl by

raising the tompernttire gradually to 195-200® and then

heatinr continued for 4 hours at 200®. It was diluted with



wnter ond mnde neutral

layer dried and evaporated.

purified by filtering through nlunlna (Gr.X,

elution irlth pet-ethor afforded,

™ort.4i»*opstchoul«ne (IV4), b.p.

then extracted

103~ (bath) 7/

with tether. Ether

The product (173 tag.) was

12 ff,) and on
colourless mobile prodnot S5Hsio

1.3 mhb./*o(_77)276.86""

(C, <4.13).
ANALYSIS
Found ; C, 87.0; U, 12,61

Calculated for C"g™lgg C, 87,3; N, 12,71t
I1.R. bands (Fig.4, 0.05 mm. cell) ats 1449, 1383, 1369,
1302, 1282, 1211, 1163, 113i>, 1124, 1099, 1062, 1020, 975,
928 and 847 cm
ISOPATCAOULANE (1V)
Uydrofonatlon of Cyuoreno (VII)

A solution of cyporone (VIl, 300 mf.) iIn acetic

acid (15 ml.) was hydrogenate<™ iIn the pre~sence of pre-

reduced Adams catalyst (30 mg.). It abaorbed only one mole
of hsrdrogen and on usual workintc; up afforded dihydro-

cyperenos (iVj~Stisopatchoulane), b.p. 105®(batch) / 1.5 n i

50.7® (C, 2.4).
ANALYSIS
Founds C, 87.43; «, 12.82
Calculated for ¢, 87,3; H, 12.7»
IR bands (0.05 aui. coll) at: 1453, 138S, 1366, 1342, 1312,
1294, 1251, 1205, 1178, 1139, 1114, 1076, 995, 982, 905,
930, 921, 893, 880 and 852 ada‘.

948,
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ISOPATCaOULANE (1V) FROM PATCHIONLI-AI_.CO'10L (V)

To a solution of patchouli aloohol (250 lag.) In
pyrildino (5 al.), frenbly dlattiled phosphorus oxyohlorlde
(5 nl.) was added slotrly and the total mixture nos refliuced
for 6 hours. The purple coloured solution was poured on
crushed loe and extracted with ether, ether extract wis
washed with hydrochloric acid 55, then with NallCOg, water,
and finally dried over anhydrous NagSO~, After removal of
the solvent, the residue was distilled under reduced pres>
sure over sodium to afford a aixture of o(-/ ~patchoulanes
as colourless oil. It was then hydrogenated in ethyl
acetate (15 ml.) over Pd.C (250 ng.). After working up in
the usual procedure i1t furnished colourless oil, 1i1sopat-

choulane (1V), h.p. 98® ( bath ) / 0.8 mm./“o(_7p®- 50.08®

(C, 3.28).
ANALYSIS

Pound : C, 37.60; I, 12.61
Calculated for i C, 87.3} H, 12.7%

IR bands (liquid film) atj 1385, 1368, 1344, 1312, 1294,
1208, 1180, 1139, 1114, 1075, 997, 984, 965, 946, 930,
918, 890, 879 and 849 ca’”.

ISOPArCiIOULENOL (V1)

LA>1 Reduction of Isopatohoulenone (I)

A solution of i«opat«houlenone (250 mg.) in d?y
other (10 QI.) was added dropwlse to a stirred suspension
of LAIl (60 ng.) 1i1n dry ether (25 nl.). The mixture was

stirrer’ under reflux for 4 hours and tlien the excess of
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retigent man doonnposed by nddltion of laoist ether followed
by oold dilute I1ICI. Ether layer vtaB wDShed free nf acid
nnd oonoentrated. The solid thus obtained was oryfltalllsed

fro» pet-ether (235 rag.), m.p.140®; (C,2 ).

ANALYSIS

Pound : C, 81,70; H, 11.01.
Caloulnted for Cgllg™0 s C, S1.T6; U, 10.994
IR bands (nujol) att 3226, 1695, 1380, 1368, 1272, 1218,

1180, 1109, 1092, 1051, 1012, 998, 97S, 900 nnd 873 oni—,

ISOPATC COULANi. (IV)
1lydrogenatlon of Isopatchoalenol (VI)

iHopatohoulenol (V1) (200 mR.) was hydmge-
nated over pre-reduoed PtOg ontnlyst (25 mg.) in ethanol
(8 ml.) at 28” and 709 isn. ilydrngenatlnn was completed
(2 hr.) after the absorption of 1.8 mole IV\. The product
after the usual nork up was oliroaiatographed over aliiiaina
(Gr.11, 8 g.) and eluteti with pnr-other to yield isopat-
ohoulane>:(1V) b.p. lio" (bath) /7 1.5

€, 4.1).
ANALYSIS

Found ! C, 87.50; H, 12.78
Caloulated for J C, 87.3; «, 12.71t

Il bands (0.05 mst. cell) at* 1453, 1388, 1366, 1342,1294,
1250, 1178, 1139, 1124, 975, 930 nnd 848 om". Super-

imposable on dlhydrooyperencs.
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CYp>;RE?N: (vii)

Roduotlon of Isopatohoulcnone with LAH and AIM,

Isopnbchoulenono (I, 300 ai™.) iIn dry ether
(15 ral.), was adde<i dropwlse into a slurry of LAH (270 nig,)
in ether (20 m!_.). The mixture was reflated for 1/2 hour
and then cooled in i1ce and a solution of aluminitm-ohloride
(360 uig.) 1In ether (30 ml.) was added. After rofluxing
for 45 minutes, olefin was isolated iIn the usual way. On
distillation over sodium under reduced pressure, colourless

mobile liquid, oyperene was obtained, b.p. 110® (bath)/2,5 rm,

GLC single peak Z~o( 20.17*~ (C, 2).
ANALVrilS

Found : C, 88.31; I, 11.91
Calculated for : C, 38.16; H, 11*84%

Il bonds (Fig.5, 0.05 am. cell) at: 1701, 1389, 1366, 1333,
1316, 1269, 1280, 1222, 1205, 1181, 1163, 1141, 1070, 1037,

9S8, 934, 892, 877, 845 and 832 om“~.

This olefin on ozonolymls gave a diketone (VIII)
a.p. and mixed m.p. vsith an authentic aample obtained from

Cyperene. m.p. 7S; 35.60 (C, 2.9).

AMALY™ 1S

Found ; C, 75.94; U, 10.03
Calculated for : C, 70.22; H, 10.24*4
IR bandn (nujol) atjy 1724, 1413, 1379, 1300, 1245, 1224,
1190, 1170, 1147, 1105, 1075, 1058, 103i, 980, 972, 943,
920, 890, 840 and 790 ct*™.
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1SOPArc:iouu NONr (1)

() Oxidation of Cynorone ivIix) ulth fe-butyl ohroaate

A solution of oyporen® (2 g.) In oarbontetra-
ohloride (10 ml*) was heated to 8* with stirring awl
tortl»»ry biityl-chroaato (30 «1.), glacial noetic acid (5 nl.)
and aootlcanhydrlde (2 al.) were added dropwlse over a
period of 1 hour. The mixture was stirred at 80® for 10
hours. After cooling to room te«perat-.ire, oxalic acid (3 g.)
In water (30 ml.) was added slowly In 45 alnutes. A further
quantity of oxallo acid (2 g.) was added and stirring oon-
tlnaed for 2 hours. The organic layer was separated”™nade
neutral and dried. The concentrate was purified by passing
through alutalna (Cr. II, 50 g.) and eluting with pet-ether
benzene (50:50). The product (1.8 g.) sitowed 4 spots on a
TLC plate and presence of Isopatchoulonone was ascertained

by a conparatlTe TLC study with the natural product.

The oxidation product (I g.) in dry ether (G nl.)
added dropwlse to a stirred suspensl*™n of lithium alunl-
nlurahydride (400 wg.) in dry ether (25 nl.). The mixture
was refluxed for 5 hours. After working In the usual way,
alcohol corrcspondinjz to i1sopatohoulenol (400 ng.) was
orystolllzed from the mixture with pet-other, w.p. 1400;

7~0( 33.850 (C, 3.5).

AXALYSIS
Found ; C, 81.00; H, 10.81

Calculated for Cygllg0 : C, 81.7G; H, 10.987t.
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IU brm<I8 (nujol) nt; 3209, 166)0, 1380, 1306, 1275, 1220,

1183, 1110, 1095, 1053, 1015, 1005, 980, 900 and 875

The solution of nloohol (VI, 300 mg.) 1in acetone
(30 ml.) W09 treated «ith ohronio acid solution In acetone
(1.5 nl.). It xt¢B8 fillowed to stand ot room temperature for

1/2 hour. After the usual working up, thR product obtained
was chromatographed or<r aliinina (Cr.1l, 20 g,)-. The benzene
oluate gave a solid wlsich was crystallised with pet ether

m.p. and mixed MHlp. 48*7; * 38 (C, 2.1).

IR bands (Flg.-t, nujol) at: 1706, 1663, 1410, 1388,
1375, 1323, 1399, 1274, 1235, 1202, 1176, 1139, 1109, 1081,

1053, 980, 970, 938, 885, 833 and 694 cm"/.

(11) Oxidation of cypcrene (VII; with ohromiuB trioxide
Cyperene (700 »g.) in glsiolal acetic acid (12 ml.)

was mixed with a solution of chronic zid (1 g.) iIn water,

(2 nl.) and glacial acetic acid (10 ml.). After keeping

at roott temperature for 30 hours, the mixture was heated

on a boiling \?ater-bath for 1 hour. The cold reaction

mixture was diluted with water, saturated with NnCt and

extracted 1™ith ether. The ethereal cxtrnct was washed with

saturated brine, followed by water and dried over Na,,SO.

(anhydrous). Concentration of solvent a crude product,

which on distillation Jinder reduced pressure afforded

light preen coloured li<)uid (550 mg.), which solidified

on cooling and crystallized from pet-ether to colourless
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crystals, b.p, 125® (both) / 1 rala. m.p. 48®; [/ “«(J7p*"™-»-38.480;

(C, 2.4). (GLC and TLC pure).

ANALYSIS
Found ; C, 82.34; «, 10.05
Calculated for C"g£l220 - C, 82.51; i, 10.16*~
Il bands (Flg-t, nujol) at: 1706, 1063, 1416, 138, 1375,
1299, 1202, 1109, 1081, 980, 938, 833, and G94 cm"”~, sjper-

Impnsable ivlth naturnl I18opatchoul<«nonf*.

d -.CYPKKONE (XIV)

Ketone 11 (Isolation Chapter 1) pavo a scnlcarba-
zone derlvntlvo tvhloh was purifier» by repeated orystalll-
satlons from etlianol (m.p.216®). o -Cyperone was
regenerated front the above sealoarbazone by the usual laethod.
It has the following properties, b.p. 108° (both) / 1 mn.

¢ 120° (C, 3.9). U.V.absorption 244 m~(log”™ 4.2).

ANALYSIS
Found { C, 82.68; H,10.31

Calculated for Cj5i422n * 82.51; H, 10.161t
IR bands (liquid filia) at: 1665, 1610, 890 ora™.

PATO {QiJLKMONF: (11) CAgrt~go
Bonssene fraction, on further chromatography
(Isolation Chapter 1), gave Patchoiilenone (11) which on
crystallisation from pet-ether yielded colourless solid
m.p. 53°; b.p. 125° (bath) / 1 »a. Z27’< (C,2.86).
Molecular weight 218 (oass spec.) GLC and TLC pure
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11.V. absorpfclmi 204 ay (£,9,000).
ANALYSIS
PouiKi : C, 82.45; 10.11
Calculated for * C, 8?.r»l; i, 10,16"=%
IR bands nujol) at: 1712, 1664, 138), 1368, 1287,

1271, 125f1, 1238, 1207, 1183, 1113, 1098, 106 “, 10:0, 995,

983, 973, 940, 894, 885, 873, 833, 806 and 785 om~".

t
TfWR Spectrum (Ftp.7) singlet @if) at 9,1 " (CHg-p-)-

doublet (31, J = G ops) at 9,15 "(CUg-C» >, slInrrlet (311)

Eo

at 9,07"( Cil .—R—), broa<l signal (3H) at 7.97’\(CiL3Jk—C«sC\’\).
>.

SCAMIODIOME (XIX)

Sonrlodlone (X1X) Isolote<™ from lattor fractions
of bonznne fraction by prOparatlv<3 thin layer chromatography
(Isolation Chapter - 1), was cryatalllset™ from pet-tther
to™oolourless pr~>duot, m.p. 15@; 107,5™ (C, 4,?7-);

molnoular weight 232 (raaas spec,), HLC a™l TLG pure; U.V”~aax
267 lyy (log™ 3.9),
ANALYSIS

Found : C,77.63; U, 8.81
Calculated for ; C,77.55; 1if, 8.69*4
IK bands(FliJ. 8, nujol) at? 1709, 16C7, 1412, 13S9, 1376,
1307, 1:6C, 1235, ir02, 1174, 1191, 10)9, 1058, 1040, 1018,

998, 975, 940, 895, 863, -23, 797 m.J 768 cw'/.

NMR spectrum (Fig, 9) singlet @Gfl) at 9.12T"

(CII-—C\’\), doublet (34, J = 6 cps) at 9.32T*(C I..-(4 ), \
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singlet (311) at 8 . 8 3 CKj-Cn), singlet (3U) at S.ONT"
g C J g

(Ctlg-0a«u?7), a sifyial at 7.777C211, -C-Cllg- ).

SCARIODIONI:  (XIX)
Qxldatloa of Patohoiilenonc (11) with CUroBle sold
Patohoulenone (250 ng.) iIn aoetio aoid (25 ml.)
was mixed with ohromlc aoid (230 mg.) at 15® and kept at
rooffl temperature  for 36hours. It was dlluteci withwater
and extrnoted with ether. The ether layer waawashed with
water, aqueous Na2CO”™ and finally with water and dried,
solvent was reaovcd and the product (203 Big.) was Tiltered
through alumina colutnn (Or.1l. 6 ~.), the benzene eliiate
gave a dlone which was crystallized from pet.other (OLC
and TLC pure) ra.p. 45@ undepressed with«ie natural product

- 105.83® (C, 2.1).

ANALYS-IS
Found - C,77.87; A, 8.73
Calculated for : C,77.55; =, 8,68"
IR bands (Pi1g.8, nujol) at; 1709, 1667, 1412, 1389, 1376,
1307, 1266, 1235, 1202, 1174, 1194, 1090, 1058, 1040, 1018,

008, 975, 940, 895, 863, 823, 797 and 768 ora™.

DIKKTONE (VI11) Cjgllg™Og
Ozonolysis of Cyperene (VII)

A solution of Cyperene (1.2 g.) iIn ethylaoetate
(25 ml.) was ozonised at 0O® for 2 hours. Ethyl ncetatc
was removed under vaocaunt and the residual ozonide was

heated with water (20 ml.) for 2 ~ours and extrnoted with
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ether. The ether extract waa serinrated Into acldlo nnd
neutral portions by treatment ith Nngo,g- The neutral
part was purified by c® rnmatogmphy on gmrte Il alumina
elutlns with petether j benzene (1:1), The pure (TLC nxl
GLC) diket*™ne (VI1I) was oryatnlllsed tvfloe with pet-.othor

to a oolourle«3 tiolid m, , 78®; /~o( _7F" 35,30, 3.1).

ANALYSIS
Found =: C, 75.81; "I, 10.08
Calculated for 10.24F«
VI bands (Fig. 10, nujol) at* 1724, 1412, 138"), 136S, 1300,
1249, 1224, 1190, 1171, 1147, 1105, 1075, 105"*, 1031, 980,

97", 943, 920, 890, 840 and 790 ore“".

NMR speotrtui (7;; .11) doublet (311) at 9,28 "f
(A a 0 ops; C<Q,;C\if), aln." let (3H) at =.0"2( CIL)J;CV),
singlet (3H) at 8.84 T][C 1jJC;, singlet (XI> at 7.93 7"
(Cr1jj-Co-).

KKTOACin (XX) CNj.112203
Oxidation of Dikotone (VII1) with Chroiai im frloxlde

A solution of curoraium trioxlde (3 g.) in glacial
acetic acid (25 si.) was slooly added with stirring to a
"olution of diketone (VIIlI) (3 g.) in glacial acotln acid
(8 jol,). The ronction mixture was left for 75 hours? at
rooia temperature, diluted with water, and extracted with
ether, extract treated with NafCO™ to facilitate separation
of unreacted dlketone and keto acid. Aqueous layer aci-

diflod, extracted with ether, dried over sodiunt sulphate
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(anhydrous). On removal of solvent, soltal obtained wns

crystallised twioo with ethanol, n. . 177®,
ANALYtVIS

Found : C, 70.23; il, 9,25
Cflloulated for 70,55; <, 9.317t

IR bands (nujol) atj 3125, 1724, 1376, 1366, 1078, 1053,

925 and 862 cm”*\

iCeto acid (XX) thus obtained was netliylatod with

the
dlazonethane by/usual nethod. b.p.140"(bath)/0,7 tm,
IB.p.-63® C,4.49).
ANALYSIS
Found ; C, 71.68; N,0.52
Calculated for t C, 71,39; H, 9,59

Itt bands(Fig,12, IlI<iuid Ffilm) at: 1724, 1456, 1431, 1412,
1389, 1370, 1342, 1316, 1280, 1242, 1163, 1142,1111, 1079,

1046, 1010, 980 and 851 cm“™*.

NMR speotrun (Fig,13): two singlets (3H each)
at 9,04 and 8.9A(C\§§QN’); doublot (Gfl) at 9,197
(J a7 ops, Cij-CU ); singlet @Il at 6.4"3°(-CO0CU3).

CYCLISED PHODITCT (XXI) C~A"MIggON~
Wol ff-KIB™mer Reduction of Ketoaoid

Th« keto acid (XX 700 rag.) in diethylene ?lyool
(10 ml.) was treated with liydrassiM0 hydrate (1 ml.) and

potasslun hydroxide (I g,)- The solution was heated first
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at 120 for 3 hours and thon the temperature was raiaod
to 200® nnd heating was continued for further 2 hours.
The reaction was,<iowever, carried out In the nltroiujen
attaosphore. The reaction product was cooled and diluted
with water (10 ml.) acidified and extracted with ether,
washed with water, dried (NagS0™), and ether distilled
leaving a ooilonrlesa solid product (XICI) which was crys-

tallised with pet-etlier m.p.20n-204*".

ANALYSIS

Found - C, 71.55; d<1.52;
Calculated for t C, 71.70; h, 0.46; N,i11.064
IR bands (Pig-i4, nujol) atj 3175, 3058, 1675; 1658, 1460,
1324, 1351, 1304, 12S7, 1272, 1229, 1183, till, 1060, 1005,

990, 931, 913, 852, 833, 800 and 752 cm"*.

NM« Bpectruta (Fig, 15)j Two singlets (Gtl each)
at 0.07 and 8.973%( ); one doublet (G£l) centred at
9,1 ~(J = 6 op» ca’\-o{i),

KLCo acid (XXII)
Ozonolysis of the laopatcaoulenone

Tsopatchoulenone (1.3 g.) was ozonised at O
in chlorofona (20 mI”~ for 1 hour. The ozonide, after
removing the solvent, was decoMposed by boiling with water
for 2 hours. The resulllng product was treated witli sodium
bicarbonate and extracted with ether (2 x 35 si.). The

aqueous layer was acidified then extrnctod with other, and

12.:
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acid was converted Into aothylpster, =>p. 115-120®(both)/0.2rai.

2*"N08; 1.4630.
AMALY3IS
Found : C, 70,38; 1, 9.62
Calculate*” for Cj”™MggOg : C, 70.fi5; 1, 9.31*

Il bandH (Fig,16, liquid fllar) at: 1739, 1724,
1370, 1361, 1299, 1758, 1198, 1130, 1081, 1031, 1019,1000,
980, 893, 855, and 813 on”*.

NMR spootruM {Fi|s,17); doublet @If) nt 0,06 T
("CH-C"Ig); t> singlets (B8H, eooh) at .05 and 8.73:N0-0113),
sInfilet @) at 0.37"f( -CO0CJ3).

ACID (XX111) 073112202
Wolff-Klalmer Reduction of Keto Aold

Tfie keto acid (I g.) dissolved In freshly dis-
tilled diothylene glycol (10 al.) liydrazinohydrBte (2 ml,)
and KOIl pellets (I g.) were heated at 14*>-150®0 for 3 Jiours
under nitrogen atmosphere and then at 185-190® for another
3 hours. It was coolod, diluted with water, extracted with
ether. The aqueous layer was acidified and extracted with
ether, washed and dried. On reaoval of the solvent, the
acid obtained was converted into i1ts laethyl ester by
diazoaethane method, b,p. 88-90®(bath) / 0,2 «

83.33® (C, 2,9), n™® 1,4550.
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ANALYSIS

Foanr<l ; C, 74.7B; I, 11.03
Calculnted for » C, 74.95; N, 10.787&
IR bands (Plir.tS, liquid film) at t 2011, 173.1, 1456, 1429,
1385, 13«1, 1304, 1250, 1209, 1190, 1159, 1124, 085, 1070,

1053, 1020, 1010, 985, 900, 885, 845, 803 and 775 cm"*.
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sumMm r\VRY

From the ether Oluted fraction of the oil of
Cypcrtia goartoauB. three new see piltcrpene alcohols hnv©O
been isolated in pure state. On the basis of ohesloal
and spGctrnl studies:, the two oryatnlllsie alcohols Cyperen”l
and Pntchoulenol have been nsslimofl structures 1 and 11
respectively. The third ses™ui terpene alcohol, Untttndenol,

las hf'en assi<"n®"” a provisional structure 1II.

<13)
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CYPFRINOL
AlOAirI0l 1 Molecular volght 220 ( aass
apeo.) oolourloss crystals, m.p, A4**, I-«1”

(C,4.3) (iRolntion described in Chapter 1) is a new alcohol

and has been named cyperonol (V1), It exhibited only end-
ab?orptlon (ni0O m a, t.10,500) i1n the
U.V, region Indioatlng the absrnce of
any conjugated chromophoro. Tho infra-
red spectrum displayed Absorption
bands at: *)333, 1018 cm ~ ( riaary

-) hydroxyl) and 1379, 13C1 on"™ (gemdl-

methyl group). Cyperenol gave coloura-

tion iflth tetranltroNethane.

The magnitude of the value, together with tho
absence of any absorption due to the c;™ stretciiing
vibrations suggested the fully substituted nature of the

ethylonic linkage.

NVFI spectrum (Pif";.2) of cyperenol (1) does not
show any signals due to the pre*ence of vinyl protons, thus
the only double bond present intlje alcohol 1is tetrasubsti-
tated. It further exhibited luisplit methyl signals at 9,2
and 9.05°T (G Chjj - CM~ Cel™ ), and nethyl doublet cmt* red
at 9.17°!' @d, J a 6 ops, CH~-C»N ), The broad signal at

91 T(il) can be assigned to the methylene group of the

primary alcohol: 1its down field position and sinjclet nature
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Indlontod tkat the -CSIgOH group is attached to n double
bond which carries no hydrf>gen. The Binislot at T.69"T

could be assigned to the proton of the hydroxyl prroup Bn
it disappeared on deuteriuiB exchange. There is no signnl

nttributoble to « methyl on a double bond.

The spectral properties along with Its molecular
fomrila sug?re8t»>d that C>T>erenol is a aonoethenoid

tricyclic 8osquiterj»ene primary alcohol.

On oxidation with Jones reagent™ Cyperenol (1)
gave and unsaturated acid (IT), 51N 2/2*
230 my(U,€,2340) and IH (1704 c«“”™) confiming the presence

of an allyllc priiaary alcohol.

On hydrogenation Cyperonol afforded only a
saturated hydrocarbon due to hydrogenolysis. This satura-
ted hydrocarbon (ill) Id«ntlcal iIn every
respect (IR, GLO, rotati"™n) with dihydro-oyperenes
(Isopatchoulanes) (HI). These experinentSTt therefore,

suggested the structure (1) for Cyperenol,

The tosyl derivative of Cyperenol on reduction
with LAH afforded an unsaturatcd hydrocarbon (tV) (IB Fig.3),
©15 %24 (bath) / 0.2 »in,; 1.5017;

~ 19.73® in low yield. This hydrocarbon has been

0
identified as cyperene (1V) (CLC, rotation and l« spectrfaia).
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The stereochemistry of cjrperene represented by
structure (V) hos been estnblished by the Japanese workers”.
On the basis of these evidences the stereoformula vi repre-
sents the structure and steroocheailstry of cyperenol3

(Isopatchoul-4en-14-ol)e-

c 21
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PATCUOULEMOL

Alonhnl 11, Cjgilg™0; m.p. 74®; Z"K - 54.23®
(C, 3,8) (isolation <IOcrlbe<} In Chapter 1), In also n
ne« nlcolinl and hns been named mm
Patctioulenol (ixX)«x It showod abaor-
ptlon bands at: 3333, 1053, (secondary
hydroxyl) 1379, 1361 (gera<Umethyl
group) ati 1064, 1020 cm””™ In the
Infrared «paotr:m (Fig.4)* 1Its O.v.
CI1S) apeotriiHi dl"jplayod absorption at 210 nyh

("40,500) ImUoative of end absor:»tlon.

NMR spectrum (Fig. 5) of Patohoulcnol (VII)
in‘lioated the abs™""noe of any 9liB;ral due to the pre™enoce of
olefInlo protons. It further”"showed a quartet between
0.0? and 9.32 Tcorreapondlng to 0 protons (one KomdImethyl
group and one aecondnry nethyl group), A singlet at b.277
accounted for a aetbyl on a double bond, *0, tho
only double bond iIn the alcohol la tetraaubatitute<”. Another
singlet at M.45”" reprcGcnt9 the proton of the hydroxyl
group as it disappears on D20 exchange. A sinrlet at
5.08 T accounts for one proton on an nsyv»«otrlo carbon atoia
carrying hydroxyl group nnd it also indionted the secondory

nature of the alcohol.

On hydrogenation with ftOg a1l ethanol, Patch-
oulenol (VIl) afforded sterooisoners of dihydrocypcrene

(111 A & B) ULC, IR) through hydrogenolysls, confirming
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tho allvllc nature of the aloofiol.

Reduction of Patoliouleriol (VII) with LAIl and
AlIClg gave an unsaturntert fTiyfJrooarbon (VCII),
Z~Ff<_70n- 21", Hy® 1.5020. This hyrfrncnrbon nna fo.mtl to
be identical with oyperone (VIITf) (QLC, rotatinn, I

spectrum).

On oxidfitlon with Jones roogont, Patohoulenol (VII1)
gave an o(-/1 unsntur >texrl ketone(IX), ~N15%22@*
Z7« (=70 03.73®@ (C, a.")! ~63 and IR
spcjctrum (Fig.6) bands at 1712 om”” in~lionting tho ollylio
natures of the aeoondsry alcohol. The comparison of tlie
properties of tlie ketone (I1X) with Patohoulenone”™ cstnh-

lishcd their id»»ntity (@GriC, IR, m.p. a®® mixetl m.p. Totstion).

Patchoulenol (I»opfltohoul~4ca-.6-ol) whs , therefore,

asMlgnod Htructure VII.
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The correlation with (-) Cypcrono (VIIl) and
(-) Petchoulonono (IX) of known absolute stereoohomlstry
doterralned the sttreoohnialstry of patclioulnnol (VII) at
all the centres of asymmetry except oarbon (Cg) onrrying

hydroxyl group.

Stercooheraistry of the Siyiroxyl group was doter-
minerl from the N.U« spectriimi in wliioh the proton on the
as>"7etrlc o*>rbon atoa (C") carrying hydroxyl group 8™>pc8rs

to be Bxial as it shows o singlet at 5,68f

The dihedral ani>;los bettvcen and from aodels
is approximately 100 decrees wiiloh would result in amall
ooupling* In the opposite orientation (f(-hydroxyl) the
dihedral angle between Cg and CA» woul™M be approximately 20~
and this would have res ilted In oouplin! of the order of
<4/ ops. The NMR Bpectrun thrrefore indicntea the hydroxyl
?"roup to be yfi—oriented7- Patohoulenoi 1is therefore

ropresontcii by the stcrpoforraula (1X).
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TttOTL"NDFNOL

Aloofml 111, 220
(mass spec. ) Z~"~dinltrobonzoote, oiL,p-
130-140® (IU P1/N9,J7;"®-32,i”) isolation Chapter 1 3
has been nnmed uotunrleaol (X) booniise of It» structtirM)!
sinilnrlity with ilotundonw (Uydrooorbon 11, Chnpter 11), It
showed nbsorptlon bnnds at 3509 (chnraoteriatie of a hyflroxyl
proup) 3ir>G, 1818, 1661, 010 (teralnal methylene group) o™
in tlio IR apeotrua (Fig.7), It
gnve intense colouration with
totranitrnm<®"thflne shnt»ofl end
absorption in MO b
("Y.) f,3,100.
NMR speotrum (Pip,8)
of rot undenol (X) showe®l the presenoo of two aethyl *Yoiips,
one tertiftry (3 % singlet ;i1i.171) axl the other secondary
@B.C, dordblet 0.1 T J g 7 cpa), an exocyollo methylene
group (2.1, doublet 5,01Ff ). The signal at «i.I6T(IU) is
obviously due to the CHOA methlne proton, and 8,7°T" si<™M&l
oould be nssltined to the hytJroxyl *roton as it disappeared

on dfuterlum exohnngo.

»fyd o?ienf»tlon of rotandenol with pl«l«tinuin oxide
in othylaloohol gave a orystalllnt* dihydroprodnot (XX)
Cigugg0 {u* 222 & 223 after UgO exchnnge, raasa speo.)
n.p. 95-96®, Z~o(_7y®~ 31.5® IR speotrua (Pig-12) snowed

absence of bands at 3106, 1661, 010 om"”~ due to the
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terminnl aothylene group.

NMR apeotrum (PI™.1S) of tho dlhydronloohol (XI)
showed the presence of two secondory methyls oontered at
9.12 and 8.05T (U * 0 ops» eaoh) and ono quarternary raothyl
at 9.177/. TFIO sipial at 8.27T"oould be assigned to the
hydroxyl proton as it disappeared after DgO exohange.

Si aal of the secondary hydrogen of the aloohnl wng shifted
up fi. Id by 0»rsT and appeared aa a doublet at 6.697"

(J » 5.5 0OpS)-

Thus, Rotundenol (X) is a trioyolio sesquiterpene
secondary alcohol having an exocycllc »ethylene, a tertiary

and secondary methyl grou >s,

the
Rotundenol readily furnlsheri”™monoacetate

b.p. 115~ (bath) / 0.1 air;.; "e( _7"®- 11.44® (C, 1.3);
nZQ 1.4965. U.V. absorption® ) log 3.5 and dis-
played IR bands (PI™. 10) at 1730, 1235 ( acetoxyl ), 1630,

909 ( )c =* crig) om*“ ™.

The NMR speotrwa (Fig. 11) of the acetate was
essentially aiailar to that of Uotimdonol, the major
difference bein/j a downfield shift of the hydrogen ott/iohed
to the carbon carrying the hydroxyl group by 1.5371 and

appeared as a narrow signal at 4.63T.

Jones oxidation of rotundenol gave an c¢(-/3 un-

satfirated ketone (XI11), IR speotru* (Pig. 16) displayed
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absorption bands at 1695 (onnjugatod ketone) tmd 1645,

1013 and 944 (olofInlo linkage) The absorption band
at 944 cib””™ was assiirned to the unsymsietrically dlsubsti-
tuted double bond, frequency of which is known to be shifted
to 030-945 oa*™, when it iIs oonjugated with carbonyl
function < It also gave an <(-/3 an»aturated acid, probably
formed by aHylic rearrangement and oxidation as in the

case of oxidation of linalcol® -

Jones oxidation of the dihydro alcohol (XI)
resulted in the formation of a saturated kttono (XIII)
®15MME» 47.24®; IR spectrum (Fig.14) did not
show any absorption due to the methylene 12rou;i adjacent to
the carbonyl group and band at 1709 o™ suggested that the
koto group Must be on a saturated six menbered (or larger)
ring ketone. The ketone (XI1l1) did not form any carbonyl

derivotive and resisted reduction by Wolff-Kis*lner aethod.

Tho NMH spectnin (Fig,15) of the ketone (XIII)
indicnted the presence of one quartemary methyl (singlet
at 9.04T7) and two aecnndary nethyls (T”o doublets at

9.13T, 1 85.5 ops; and 8.9T, J » 7 o0ps.).-

Rotundenol has, thorrfore, the following part

structure A.



The diliydro ketone (XI111) obtained from rotundon”™?
(X1V) (ilydrocarbon 11, Chapter 11), vis opnildntion ond
isomerlBoti®">n on trontiaeut with nr™ etherate was ldontloal
(M1, rotation CLG, NM«) with the ketone (XI11) oUtainPd

by Jones oxldfltlon of dehydronlooiiol (<I).

riydroCTrijon 11 (Rotundsne) ha« bei?n aaslpneri a
provisional stnioture (XIV), As fhr basic str<iotures of
rotandeno ond rotundenol or<» saap, UotundonoX has been

assigned a provlisloriol structure (X).

The presenC® of i1totundenc (irydrooarbon I1) and
Rotundenol along with cyporene and other trloyollc oorapo-
unds (Isopntohoulanes) In the oil of pyuerus soarlos is 1is
expected from biogenefclo oonslderations« A bio]i:<netlc
path way lending to rotundene and rotundenol can be derived

as follows: -
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lHlotiindnne

The famesyl cation cnul*l collnpso via the non-
olassloal ion 2 to afford the lon 3, on intenaodlnto in the
biogenesis of ordrone; t is 1on undergoes oyolisation to
frivo the ion 4, which by loss of a proton can yield the
hydrocnrlion 5, Acid catalysed oyolisation of this ion
would yield 6 which could afford three possible hydrocarbons
one of which is rotundene (XIV), Allylic oxidation of

8 co.ild provide itotundenol (X).



KXPERIMENTAL

Cyperenol V1), 715%24® (Alcohol I, isolntlon

Chnptor 1) hod the followinii; properties: m.p. 94| b.p*

125® (both) / 0.05 im. - Itt1® (C, 4.3); mle-
U

ciilar weight 220 (tanss spec.). U.V. nbsorptlon 210,

~,2,340.

ANALYSIS

Pouni} 1 C, 81.49; &8, 11,1
Caloulnted for 0¥5*340 s C, 81.7G; U, 10.98ft
IR brondfl (rig.l, nujol) at: 3333, 1678, 1408, 1379, 1361,
1328, 1302, 1266, 1238, 1220, 1183, 1153, 1139, 1007, 1042,

1018, 980, 913, 897, 875 and 842 0.I‘~.

N>tR spectrum (Fl1g.3): unflpllt methyl sif'nals
@611) nt 9.22 («id 9.05T(C«3 - CN- dig), doublet (3»,
J « 6 cpe) at 9.17~(C!l,,— C-H), broad glgnnl (@ri) at 5.91 T

(—C‘l-l,%p«) , singlet (iJFH) at 7.097 (—Cfu! -N0i0.

JOWDS OXIDATION OP C\TERrjfoL (D

Jones reagent (0.25 ral.) 7/ “ohromluratroxide
(2.67 g.) and concentrated sulphuric acid (2.3 nl.) In
water (10 ral.)” was added witl? stlrrIni? to a solution of
alcohol 1 (103 mg.) In acetone (6 ml.) at The reaction
mixture was TfTurther stirred for 15 mIn. at mnm temperature,
the mixture was poured Into Ice-water owl extracted with

ether. Kemoval of ether yielded acidic product (Il1) (74 mp.).



AVALYSIS
Pound : C, 76.65; U, 9.49
Caloulated for T76.88; H, 9.46"
IR bands ( nujol ) att 3125, 2G32, 1818, 1710,
1609, 1460, 1443, 1408, 1380, 1374, 1282, 1115, 1081, 1042,

980, 942, 910, 855, 823 and 760 oid‘".

DI IYONOCYPERF*}-. (HI)

mydrogonatlnn of Cypprenol (I)
Cyperonol (100 ag.) was hydro(cenated In ethanol

(15 ml.) with Adawf? platlnun oxide (20 mi?.); hydrogenation

was ooapleto In 4 houra.Tho catalyst waa roraoved by fil-

tration and tho filtratewas evaporated to glvo a oolour-

less mobile product dihydrooyporene (H1), b.p,93-96®@(bat!i)/I, ’ihi.
58.32@ (C, 2.3).

ANALYSIS
Pound : C,87.43; 1il, 12.9.
Cnloulatcd for : C,87.3; H, 12.7It.
IK bonds (0.06 mm. cell) at: 1453; 13RS, 1367,

1343, 1312, 1294, 1252, 1209, 1178, 1138, 1116, 1078, 998,
982, 065, 948, 930, 922, 893, 880 and 853 caT”™ (Super-

1aposeble with dlhydrooyperenc).

OYPERENE (1V)
() Tosvlation of Cypereaol (1)
Cyperenol (200 mg.) tfas dissolved in nnhytbrous

pyridine (2,& ml.) and addefi to a solution of freshly
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reorystellised p-toluono sulphonyl chloride (350 rag.) In
pyridine (4 ml,)» The red soluti*™n was kept at room tera-
porature for 24 hours, then poured in loe water (250 ail,).
The mixture was extracted with ohlorofora (25 x 3 ml.)»The
organic extracts were washed with water (2 x 25 ml.), 1(K
sulphuric acid (6 ml.) water (25 ml.) and saturatefi sodiun
chloride solution (30 ml.). The chloroforta extract dried
over anhydrous majsneslun sulphate, the crude tosylate was

obtained after removal of chloroform.

(11) LAT redaotion of the crude tosylate

The tosylate (130 mg.) was treated ovemiRht at
rooB teiaperature with LA(l (250 ng.) in other (40 ml.), The
mixture was then decomposed with saturater™ aqueous ammonium
chloride and extracted witli ether, and the extracts were
dried over magnesium sulphate and distilled when cyperene
(1V) (43 mg.) wa« obtained, b.p. 78®(bath) / 0.2 mm.

19.73®; n™® 1.5017.

AMALYSIS
Pound ; C, 88.23; 1, 11.96
Calculated for : C, 38.16; fl, 11,84%
IR bands (Pi;;.3, 7 iuid film) at: 1701, 1389,
1366, 1333, 1316, 1260, 1250, 1222, 1205, 1181, 1163, 1141,

1070, 1037, 988, 934, 892, 877, 845and 832 cm"/.
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PATCHOULENOL (VII) C~gJIgh0

Ethor eluted fraction on further ohro«»tography

(Table ; In Chapter 1), gave Patonoulcnol (VIl1) M.p, 74g:
54_.23~ (C, 3.8). U.V.abaorpt ton 210 a ,

(€.10,50M).

ANALYSIS

Pound - C, 81.69; H, 11.06
Calculated for C~giig™ : C, 81.76, »I, 10.09%
Il bamJe <FIf?.4, nujol) at; 3333, 1692, 1379,
1361, 1304, 1280, 1227, 1190, 115(i, 1111, 1099, 1064, 1083,
1020, 1007, 91S, 9tK), 875, 810 and 770 o«“*“,

NMR speotrum (Fig.5) doublet @fi, J = 6 opa) at
0,25~ (0113-0"D), alnRlet (311) at 9.09"5" (Cil-C™ ), alnglet
(3U) at ~".02T (CIFg-CM); singlet (3H) ot 8.22°T (CUg-C~C-),
broad signal (@tl) at n.68*fF (;~C-0;i), singlet (in) at b,45t
( -C-OH).

DIinfOROCYPIIRENF: (ill) C/gH”g
Hydrogenation of Fatohoulenol (VII)

Patohoulenol (140 dissolved in ethanol
(25 ml_.)jWas stirred in an atmosphore of hydrogen with
Adans cntalyst (30 mg.). It absorbed two moles of hydrogen
during 6 hours. The catalyst uas filtero-", ethanol removed
under aou™im to furnish an oily naterial Tihiah was extrao-
tod with ether, dried over anhydrous sodium sulphate and
evaporated to give a saturated olefin, <lhydrooyperene (HI)

b.p. 133® (bath) / 3 am, C J xi ~ ®.8® (C, 4.0).
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ANALYSIS
Found ; C, 87.23; H, 12,60
Calculated for CNqgIlg j C, 87,3; H, 12.7n
ZR bands (0.05 atn. cell) at: 1357, 1366, 1342,
1312, 1294, 1205, 1178, 1139, 1114, 1076, 095, 983, 965,
948, 930, 921, 893, 830 and 852

CYPKRKNE (V)

Keduotlon of Patohoulenol (VII) with LA([ and AICI™?

Th« reagent (LAM-AICI™) was prepared by tlio
addition of LA (250 ag*, 1.75 mole) to a solution of alunl-*>
nluin ohlorlde (470 mg., 3.5 mole), in ether (20 ml.}._After
the vigorous reaction had subsided Patohoulenol (22 ag.-l mole)
was added i1n other during 5-10 mIn. The total reaction ml:s:ture
was refluxed for 1 hr, and was further worked out in the
usual way with 200 Wea»val of ether ylelde<i the
crude product, which was purified by ooluiin chroaatography
when cyperene (Tl1l) was obtained, b.p.98~(bath) / 1.2 tg;

21®, (C, 4,3); ng® 1,5020.

analysis
Found s C, 87,98; H, 11,64.
Calculated for j C, 88,16; |If, 11,84"
IR bands (liquid fila) at: 1701, 1389, 1366, 1333,
1316, 1269, 1250, 1222, 1205, 1181, 1163, 1141, 1070, 1037,

988, 934, 892, 877, 845 aiti 832 omd™ .
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PATCHIOULENOKi ; (VIII) CrNjjil220
Jonea oxidation of Patohoulenol (VII)

To a solution of patohoalf*nol (VIl1) (5600 njr.)
In noetone (20 nl.) at was added 8N, ohronio aold
solatlon (10 ml. Jones reagent). After standing at for
1/2 hour, the nlxture has pour<)d into water (50 nl*). The
aqueous solution was extracted with ether (100 ml.). The
ether extract wns washed with water and dried. After
rewovol of ether the thick liquid was distilled and the
distillate was orystnllised froai pet other when colourless

solid was separated m.p.53"; (C, 3.5).

ANALYSIS
Found =: C, 82.33; I, 10.13.
Calculated for CMgHg™O t O, 82.5T; H, 10.095%5
IR hands (Pig.6, nujol) at: 1712, 1663, 1464,
1368, 1370, 1285, 1271, 1250, 1238, 1210, 1180, 1080, 1069,

1017, 990, 980, 932, 895, 860, 830, 805, 782 and 74G oni*.

ROTCIND. NOL (X) CJ5H24®

Rotundenol (alootiol 1, Isolation Chapter 1) had
the followInf( propertiesjy b.p. 1371400 (bath)/0,2 mn.,
55.35®@, (C, 3.4); np~1.5205; molecular weli;ht

220 (mass spec.) U.V. absorption 210 (log™ 3.5).
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ANALYSIS
Fouiul 1 C, 81.86; 1, 11,18
Oaloulntecl for C~gilg™0 ; C, 81, 76; I, 10.9811
IK bands (rig. 7, liquid film) at: 3509, 3106,
1818, 1061, 141~, 1385, 1316, 1250, 1190,1168, 1085, 1042,

1020, >90, 965, 963, 910 and 805 cm”*.

NMH spoctrum (Pi«,8); ". 1P (Ccfl«-Cc-), 9.1"°T
{-Ci , 8.7 (-OR), 6.16T(CUOIl), 5.1 and 4.92r(~0- ).

ROTOND NOT. 315 DINITUOBEN/.OATE C22»126®6"2

Rotundennl (450 rag.) was on water bath
with 3:5 diraltrobenzoylohlorlde (120raf;.) in pyridine (1 ml.)
and bonaene (6 nil.) for 3 iImiira. After two hours, the
solution was poured in loo, and extracted with et<er. The
ether extract vaahed with dilute aoid, water and dried over
anhydrous sodiua sulphate. After reraovnl of ether, the
crude product was crystallised from aethanol, when colourless
crystals of 3:5 dInltrobenzoate of rotundenol was obtained

a.p. 140®; Z“o( _7p~~ 32.10° (C, 4.17)."

ANALYSIS
Found : C, 63,92; H, 6.42
Calculated for 722MN*26"6N**  * 63.75; », 6,32™~
IH bands (Fi1g.9, nujol) at; 1709, 1626, 1546,
1374, 1342, 1282, 1170, 1073, 962, 943, 917, 730 and

720 oM.



175

DILiVIMIO-UOTUNPrkOL (X1) 07511240
ityflrogenatlon of Rotundennl (X)

A solution of rotundenol (X) (200 rag.) In ethonol
(25 ml.) was shaken with Adams cntalyst (70 mi;.) iIn a
hydrogen atraosph«re for 3,5 hours. The cntalyst traa Til-
tered off and tlio fll"rate was concentrated. The residue
obtained was crystallised fro* petroleum ether to afford
colourless crystalline product (XI) (183 Mg.) dlhydrorotun-
denol, Bi.p. 907 ; (C, 4.2) ; molecular weight

222 (mass spcc.) and 223 after D20 cxchonge (maBS spec.).

ANALYSIS
Found ; C,81.00; (, 1t.33
Calculated for t C, 81.02; *f, 11.79*4
IK bands (Pig.12, nujol) ats 3401, 1464, 1440,

1374, 1316, 1105, 1026, 995, 960, 920, 870, 848 and 795 cm*“*

NMR snectruB (Pig. 13): singlet @G!I) at 9.17IT
( "C-Cil«); two doublets (3H each) centered at 9.01 and 9, ‘T
(J a 7 and 6 ops. respectively) ( /CH-Cilg), doublet
(fl, J * 6 cps) at 6.697 (-CI-Oil), BlInglet ot 8.27T

(m, DgO exchangable, -Oil).

rtOTUWDEKOLACETATE 1"°g0g

Rotundenol (X), (100 mg.) was dissolved In dry
pyridine (4 ml.), ACgO (1.5 al.) was added and the solution
was allowed to stand at roow tenperature for 48 hours.
MeOH was added and after standing at room tewpernture for

2 fiil* the mixture was concentrnted under reduced pressure.
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diluted with wftter (10 ml.), made alknline by fdc addition
of solid KgCOg and «xtraotod with othor. The ethor extroct
was washed several tinos with water, dried over anhydrous
NagSO”™ and conoentrated, distilled to give ooloiirloHs mobile

liquid rotundenol acetate (110 ng.) b.p.115® (bath)/0.1 ran.

Z~<<-70® - 41.44” (C, 4.03); 1.4965. U.V.absorption
\ ax 3-5).
ANALYSIS

Found j C, 78.05; =« 10.13

Caloulate<™ for C™ilng0g { C, 77.82; 2, 0.99%
IR bands (Pig. 10, liquid film) at; 3012, 1730,
1639, 1460, 1360, 1235, 1020, 961, 909, 853 and 805 om-".

KMK spectrun (FI™. 11 : singlet @il at 9.3 T
(Ic-Cllg), doublet @tl, J = 6 ops) at 9.157'(cn-cag),
singlet (311) at 8.0T (-0COCilg), triplets (@I, J « 1.5 ops)
at 5.07 and 4.9 {)»;wCFflI2, aultiplet (iV) at 4.637"

(CilOAC),

KiTom: (XI1)
Jones oxidation of Rotundenol )

To 8 solution of rntundonol (210 mg.) 1in ac*"tone
(10 si.) was added dropwian a solution of Jones reapent
(2 ml.) during ¥»win. at 5. The aixture was kept for
further 20 min. at the snae temperature and was diluted with
water and oxtracte<! with other. The efcber layer was sepa-
rated into acidic and neutral parts by washinf. with sodium

bicarbonate.
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The neutral ethereal Injror was dried. After
removnl of ether, the produot was distilled, when ketone

(X11) (48 B«.) tiaa obtnined, U.p. 13B-140® (bnth)/0,8 nm,

ANALYSIS
Pound ; G, 82.7; H, 10.1
Coloulatod for - G, S2.51; H, 10,i16«4
IR bands (Fig. 16, liquid film) at: 18da, 1695,
1658, 1613, 1460, 13TO0, 1333, 1285, 1163, 1139, 1081, 1031,
1020 and 944 om“".

KErONE (Xm) C~gllig™0
Oxidation of dihydrorotjndenol (XI)

Dihydrorotundenol (220 ng.), dl«»olveH 1in
acetone (5 ail.) «as treated with Jones reaifent till a per-
aanent brown colour persisted. It was kept at the room
temperature for 1/2 hour and working It In the usual nanner

gave a ketone(lTO ng.) 1in the neutral portion, b.p.129°

(bath) /7 1.2 7n~-47.24® (C, 3.5).
AVALYSIS

Found 1 C, 81.89; a, 10.64.
Calculated for O/BN241N = H, 10.98"5

IR bands (Fig. 14, liquid film) ats 1709, 1460,
1379, 1342, 1328, 1287, 1266, 1195, tl170, 1143, 1114, 1087,
1047, 1010, 995, 901, 920, 870, 805 and 773 cm“".

NMR spectrum (Fig. 15) j singlet (311) at 9.041*
(}"—Ctlé); two doublets (B3H, each) centred at 9.13 and

8.9 * 5.5 and 6.5 ops rospoctively, ~CIT-ClIQ).
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