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"Hie costus pif^ot, aiaM3sure>a la ana ^I^rkg 

(composltae family) Is >» vqlugble Tndl»m r«w 

fsfit«rlsi grown extengtv^ly In «"Unj»b ®nd Kashmir 

fit high altituaes^. In India H  known unuer 

various n«nies^»^ such "S iluth, Kut, Ksshmlr^*! «tc. 

The roots of th« pl»nt r^put*?;! for saealcln'’ ! 

properties »»nd hava been r®»cr1bed In inatpsnous 

syste*  ̂ of E a e u S c l a s  n ratneciy «f?;fl1n'»t v«rlou^ 

allaonts such as cough, ^̂ sthnis, fever, ulcsr*?, 

turners, skin dlse'^sea »tc. Th<“ root's fire known to 

cont'»ln a frsfr«nt principle ^ Îso «nci u?t»d to b«? 

exportsa to China ©net Jflpsn In larfte auantltlos 

for burning as Incence In Budihlst te;!jpl€s8̂ . "ĥ  ̂

essential oil eontRln^^a 1 n the roots Is used In 

high gra .© perfuai»?ry preoar*?tlons.

The cora'3i*rcial raethod for extr»tctlng th» oil 

Is stesra ulstlll?!tlon®»'^»® though 9olv<»nt 

extraction®*^ h«?s been usea for the isolation of 

the oil from roots, mostly for exp^»rla<»ntf»l 

urposes. The oil Is known to be rich In In atonic 

constituents sonae of which »?re thertnol?bll*» snd 

denature or polymerise on heating »?round 60-70° or 

aore auickly Rt hlpher teTnper*»tures. The e'^rller
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workers, however, dla not pive acle'iunte 

attention for the control of t-^mp'ratur« during 

extraction or subjected this thernolobll« oil 

to vacuua dlstlllntloo nt f?lev**teJ terap»r«tures 

'‘or the Isolation of fjonstltuents^*'^’ ^^'^^. 

n rr'sult the yl»la of the oil obt-fried by them 

Is poor nna many of the theraol«b11«» constltupnts 

w»re lost aue to can’̂ turlnf or polya rls»tlon *»nd 

Artefacts nlso foraea,

we®3iî »r ?ina relosteln^^ wi-r» the first to 

study the cheaslstry of coitus root oil (coanercl?*!). 

They subject d It to vfjcuum dl^tllletton «t II nara 

nnd collecteu vnrlous frfletlons boiling within a 

raritB of iO - 15° (bftw«en ?50®-210®), -y examining 

these fr*tctlon3 they reported th«* presence of th« 

following compounds In the oil. C«nph*»n», 

phellfindrene, t<-cost0ne, P-costeoe, «plot»x?»ne, 

costol, costus ncla ^^1 5 *̂ 22^2 ^’ coatus l*ictone

dlhyarocostus l!?cton0 , They

were unable, how«v«»r, to Isol'^t^ *?ny solid Inctone, 

Uklte'^, in l*>3̂  extrj^ct^d costus root oil 

with p(»t. ether, distilled the oil undpr vacuum, 

b.p, l75-'^0°/6 ®ffl nnd lsol” t?Ki, In low yield, a 

crystnlllne Incton?*,

Creblon^^^ Isol'ited prob>bly the s?»rae lactone from 

the oil after s* v r«l years standing. This l*?cton?»
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Is prt‘suafibly iaentic^^l with dehycirocostus

l?>ctone, 1 sol ted In low ,/lelci (O.iiSf), by

Naves® by vacuum distillation of the oil nt 2 nsm,

recently iiora nnd co-wori<<?rŝ *̂ hnve

carrlea out 1nvestigatlons on the ch»r»cterlsstlon

of the constituents of the cotamercial coitus root

oil ana have ex«raln?*d some of theta sy^t‘̂ fa*»tlc'»lly

and eluclcistsu their ftructures. They «lso

Isolated, In 5.811 ylela, the s»<a« d#»hyarocostus

l»cton» of Naves by vocuura olstHl'Jtlon of the oil

and estBbll!»h»d Its constitution as a

guaianollde ( I ) ,  "part frora dehydrocostus lactone

they hr̂ ve re-orted the presence of the follovfln?

co'ar'ounds In thp oil viz p~cynsene, myrc«ne,

humulene, p-elemf»ne, caryophyllen®, ceur«ne,

aplotaxene, ceurol, coatol * nu palaltlc «scld.

TaKln?- Into account the thermolabile n«»^ure

of the constituf?nts of the oil, it app#»»’rf?d n#»c#*sssry

to use a mlla extraction procedure to enable Isolation

of the oil in the forra in which It exl?!ts In the

roots, free from polyni^rls"tlon and denaturlnp. iiuch

a procedure was subse'?uently developed In National
o

Cheralc’ l Laboratory, using pet, ether (40-60 ) as

the solvent and worklni? under controlled tempf»r̂ i'tare 

17
conaltlons .



The procedure a high of the

oil i .e . about 6 $  from roots of ilfjshmlr origin

pnd about 4< frou th» roots of Punjab origin.

The oil which Is fr-̂ e from >?r.y polyweri sation snd

denaturing differs considerably froro the oil of

com.Tjerce. It Is v e r v  rich in loo tonic constituents

a n a  the solid Iscton^^s c^n be isolated In th« form

of ft mixture by st<»g9-wls« coolinr of th«

P0t, «»th»r solution of th« oil 9t 0° nnd - 18°,

The oil hHS b«en critically exstsin^d for its

constituents nnd the results h^ve b?*en publi shed^'^'*^®,

The rsixtur# of Inctones a^ntlonsd »>bove

nraounts to the extent of nbcut 50> of the oil.

It consists of dehydroco'tus Isctone (I , 70%)

«nd costunollde (I I ,  3 0 ^ ) ,

Costunolide, has b*»9n isolated

^or the first time In our lnbor»?tory nnd Its

structure and stereochetni stT»y h^ve been est*^bli3h»d

21 26
1 ndep^ndsntly by 3hatt*ich«ryyfl i»t al, *«nd Sor® .

It is s parent conjpound of the series of sneUlu® 

sized ring Inctones cont'^lning a t<“n-?9e’abered 

carbocyclic rinp sy’stem, such f i s pyrethrosln , 

parthenollde'^® arctiopicrln^ etc* Costunolide 

has a unique distribution of the trlsubstltut d 

aouble bonds and Is capable of umterpoinf numerous
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lnt«rwstirjp trsn«for'a»»tlon*«. Its conver‘?ton 

Into «nd type cospoun s

by ster^osp^clf 1 c OH'S like thflrasl

re«rrnngea#*nt we1d~e t^lysgd tr ’̂ ns-ftninnilar 

cyeilsatlons has b«»«n ext«>n3lwel/ stuuiea In our 

labor‘dtory. Th« th^ranl renrr*!nr®?3ent of 

dlhycirocostunolldw ( I I I ) ,  for «3C«api«, lea to the 

foraintlon of saussuren Isctone^® (IV) th« gtruc'ar*« 

ana stfi‘r»och«mlstry of which h«¥e ^stnbUsh<»d

J>Q
in this laborTJtory by degrndstive ?>nd giynths'tic 

me thou s, ulhyarocostunolloe gives a nslxture of

OO
«<(- snd 0-cyclod1 hydrocoatunolldes (V ana '/I 

rsspectlvely) on »c1u efltaly<3ed cy-^llsetlon. Th© 

fortaatlon of /I h*iS l#^d to th» synth<»3l s of 

a^-juo«^noI^*^ (V II), n saconoary alcohol, ! sol”?ted 

frosa jun^!>«r oil by C2<»<3h workers^^ who had 

established its structure only. Its synthesis In 

thl,«s Inborstory h«s not only established 

stereocheral S t  r*y o^ d-Junenol st «ll «*sŷ :5c5}9tri c 

centres, but slso th«t of l-junenol (VIII) an 

©nttpOuPl compound Isolated from ?lorth Indi»’n
y

vetlver oil. Tĥ flfe «re, however, very few examples 

of the conversion of n ten-fn̂ ^mbareu c'^rbocycllc 

system into gu^lPne type compounds except for the 

forantlon of IX from perthenollde by iiFg-CRt*» lysed 

cycllsatlon^^.
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lo the Part I nnd II of th5 s thesis,

Is aescrlbed the work in connection vlth th« 

transforfflntlon of cojtunollae Into conjpounds of 

the guolsne sŷ t̂ers vis the therwl rearrangeraent 

of the compounds (X, XI and XII) cont»lnlnp a 

eyclod«cn 1j6 dlen»» systeas, obt^^lnnble from !t.

The structures of the rearrang«a products 

(X III, XIV nna X'/) have b«en rigorously 

est5?bllshed by converting th«m Into the parent 

hyaroc«rbon, n«iraely cu9l%ne, ^zuXftnes *in4 also 

obtaining « cyclopent*?non« derlvstlve by 

degraaatlve experiments. The presoncs of cyclo- 

pent*»none hr'S been shown by IR spectrum of the latter 

cosnpounu* The ^'ustsne st"uctur«s for th» 

rearranged prociucts ar» further oonf1r!aed by 

converting one of thens, nsaely the ester (XIII) 

into a dlhydrogualol (XVI) nnd showlnr its 

identity through conspsrlson of Its IR spectrum 

with those of known dlhydrogualols^. In Addition, 

the compounds (XVII «?nd XVIII) which «?re 

3tructurf‘lly related to bulnesol' *>nd its 

exocycllc double bond 1 soaer hf’ve nlso been 

synthesi sed,

Pflrt III de«9l9 with the work done on 

dehydrocostus X«ctone with n view to lend support 

to the structure proposea for it by N>ives and Sor-3,



0

on the bssls of IR spectmm »?nd qn»5n.tt t«tlve 

ozonolysls. However It n«etiedl further support

based on the chemlopl r«»*ict!ons to est*ibl1sh th<»

“IP
structure. This has been now done by preparing 

(1) the basic hydrocarbon fuolane (11) by 

obtaining higher yields of azulenes ( 1 1 1 )  by 

showing unnablguously thst the l«?ctone "ttechjaent 

Is S t  Cg- C^* Adaltlonal evidence In support of 

gualane structure of dehyarocostuslactone Is 

obtained by preparing a cyclopent^none derivative 

froaj it* Further some interesting reactions of 

the Iflctol (XIX), obt'iln’̂ ble from dehyarocostus 

Lectone, have been studied and the resulting 

products have been chsrscterlsed.

Part I/A of the thesis de«ls with the 

preparation and ch'^recterls«»tlon of some Mlch«»el

addition products obt»?ln<»d frofa debydrooostus l*»ctone
an

»?nd costunollde, both oont<s1 nlng/^^-f^-unssturpted- 

V-l^^ctone grouping by sadltlon of sltapl<’ prlra^ry 

and secondary amines. Those products h^v© be«n 

prepared with s view to explore their phy^^lolof^c«l 

activity.

Pert denis with the stereoch»m1 stry of
the

lii-Biethoxy dlhydrocostunollde (XX) position.

The methoxy lactone, Initially lsoI»ted^^ from
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th« oil Is not a prlamry const!tu*»nt, but 1? nn 

artef®ict, foraea from oo tunolide by the »»ctlon 

of methanol under alia basic conditions. Its 

synthesis from coatunollue has rf»ve'iled its 

9ter«»ochemistry at Cg ana Cy. However, there is 

no experiment*?! proof «s r« ards to Its stsrao- 

chea3lstr*y n t  The stuay of tha ozonolysis

prooucts of the two methyl ethers (XXI »»nd XXII) 

prepnr«<i from dlhyuroco^tunollde (II I )  snd 

12-methoxy dlhydrocostunollde lndicpt«B th^t the 

two ethfsrs XXI end XXII are different which njê na 

thnt the -CHg-QCHg group in 12-faethoxy dlhydro- 

costunoliae Is ^-oriented.

uurlng the course of th«se !nv«stlgst1ons 

liberinil use of moaern techniques such ss Infrared, 

ultraviolet spectroscopy, nuclear magnetic resonance, 

gas liquid chromatography, thin Inyer chroma to r r?? phy 

etc. have been mnde.

For the sake of brevity ft fener**l Introduction 

to terpenes h»s b«!©n avoided in this thf*sis. The 

subject h>3S already been covered sdeiufiteVb/ ^ 

number of well-known publlcntions, of which speci*tl 

mention ta«y be mpde of the following?:.

I. Terpenes by J .L . Stnsonsen «nd Co'vorko'rs 
Vol I - V (Dnlversity Press, Cambrldfe)



1 1

2. Chemistry of carbon compounds 
(Edited by B.H. Rood), Vol. IIB,
1953 edition (Elsevier Publishing Co.)

3. Mono and sesquiterpenoias by P.de Mayo 
(Interscience Publishers, N .Y ,).

4. Progress in the Chemistry of 
Natural Products, Zechmeister,
Vol XII (Sprlnger-Vienna).

5. The Essential Oils (6 Volumes) 
by E, Guenther
D. Van Nostrand Co. Inc ., N.Y,

I gratefully acknowledge the help I 

received from these publications, during the 

course of the investigations.
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1. All maltlns? points and boiling points «r« 
uncorrect'Bd.

All terapersitures are racorcied on the 
Centigravie sc>le.

3. Unless others^!se stated, all rotations were 
taken in chloroform solutions. Concentrations 
are expressed in g/100 ml. of the solution.

4. The ultrovlolat sp-ctr« vere recor4ea in 
sthf’nol solution on « Beckra^n DK-II r^tlo 
recording speetr0 ,.h0t0!»eter.

5 . The Infrared spectra were recorded on *>.
Perkln-Eloaer Inf record spectrophotometer.
Model l?7B ^nd Model 221, with sodium chloride 
optics,

6. The NMR spectre were tnk«n In c^^rbon-tetra 
chlorlue solution, unless oth»r^/lse mentioned, 
uslni? tetr^raethylsll“n« »9 the Internal refpr^ nee 
on » A-60 MC Varlan Instrument and the ehefnlc^l 
shifts were measured In 7 units.

7 . Acid w«3hed flctiv!^teci nlumln« stnndRralt^ed ><s 
par Brockmanri* s procedure was eiaployf=»d for 
column chromatography.

B. Gas liquid chrorastographlc analyses ('/PC) were 
carrier! out on a Grifftn and George VPG gpp^r’̂ tus 
Mii IIA with polyester column employlnp hydrogen 
as carrier gas.

9. TliC enslyses were carried out on rl^ss plntes 
coJ^ted rflth 8 ralxture of silicic ^cld snd plqster 
of Farts (a5il5; 200"? mesh) '*nd sctlv»?ted nt 
120® for 3 hr. Solvent systems used were pet.^ther, 
benzene, ethylacetnte snd pcetone or ** suitable 
mixture of t w  or more of these solvents, 
depending upon the nature of the compounds. The 
plqt«»a were developed by keeping In *>n iodine 
chamber or by spraying with ^2 ^0^ .

10. "umbers given to charts, figures nnd structures 
In ewch Psrt of the thesis r'^fer to th>?t 
psrticul'r part only,

11. The list of references pert*ilnlnir to p».ch Pert 
hfis been given nt the end of th«t ?«rt.



PART I

TRA!fSF05'-MA?X0N PHODUCTS QP Q O B T M O l l D K s  

THfiiHAL HfcARHASOHM̂ flT OF CYCLO OECA 1*6 DIESES 

TO A OOAIANK SYSTEM 

***
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^  U M A it  y

The (ll«theno1ci monocyclic alcohol (XXIII), 

contslnlnp a cycloaec« 1*6 dlene system, 

prepsred from dlhydroco^tunollde resrrwnpes

on heating in dlethylene glycol snd slJcall 

at high temperatures. The r«»rrsnp«a product- 

h«s b??<?n shown to possess th<» f̂ u-iinne 

structure (L) on the basis of spectr*»l dstB nnu 

charaical r^qctions. The st?reoch«»ml stry of the 

re^rrBnped alcohol (L) end clos«ly t*elated 

prouucts (XuIX «nd U  ) h;»s been disct^ased.



Costunoilde, (I) C._H 0 , Is a
JLO c

crystf^llins monocyclic s * *3q ulterpenlc l»ctonf».

It was lsolat«d^ for th« first time In our

Inbontorv from costus root (Sau-̂ sureii? L-̂ppb . (^Inrke)

oil, obtainea by *i low te?nper9ture solvent

extr>?ctlon prooeuure^ using pet. f»ther (40-60°).

It occurs to the ext«»nt of about 15^ of the

total extractive. It is rather nn-t»»ble rat room

teojperature anu readily polymerises on he^itlng

ebove 50°. For this reason the f*nrlier workers'^*®,

who used high temperatures during oxtrsctlon of

the oil snd isolation of its constituents, f*>iled

to Isolate this Inctone.

The structure of costunoilde h«?s been

rigoiously estnbllshed by Bhattacharyyft et sl.^

3
end qlso t>y the Czech workers who Isol'itea It from

Artimlslft^alchnnorum, a worm-wood species from

Russian Central Asia, The stereocheai?itrv of

this lactone ot Cg and hns b̂ >en definitely

1
proved * by its conversion Into 3flnt-3-enolide 

(«-cyelo-dihvarocostunollde) ('/), snntsnollde ‘ c* 

(VII) find th« Iqctone dlcarboxylic ad d  (IX ), all 

of known stereochemistry.

On account of the unique disposition of 

the two trisubstituted aouble bonds, costunoilde
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Is cj=peble of undergoing « number of lnter'=>stlng

transform'*tlons sotae of which h^ve been studied
and

In our laboratory find elsewhere/gre aescrlbea 

below In brief.

CoD«*s Hearrangement

Germ^crone (X.XX/, R = 0 ) , s cryst»illlne 

“‘-p-un3«turfttea sesqulterp«?nlc ketone, (l«5ol*>ted 

from Bulgarian o f i d T B v s V s  o il), containing s 

ten-membsreo carboeyclie ring system, on tht»rmel 

rearrangement, gives P-eleraenone^^.

3 e.1 e Tone ■no’ne , R:= o

i^ihydroeostunollue ( I I ) ,  like germ«»crone 

(XaX /) , contelns the sflni© cyclodecn li6 dlene 

system end, therefore, undergoes thermsl 

rearrnngeaent to give ssussures l*«ctone (XI*/), 

an elem«ne type compound, The ??trtJcture ind 

stereochenlstry of this I=»ctone hnveb<»en ,
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established^ In our laboratory, and has been

conflrmea by Its synthesis
6»

b— CO

X-LV.

Similarly, the 12-methoxy dlhyaro- 

costunollde (XII) and the raonol (X III), obtalnnble 

from coatunoliae (I) «nu ^Iso oontelnlnj? cyclo- 

deca 1:5 alene syr.tem, have been rearr«nged to

the eletaane type products XV and XVI respectively

2. Xira,R3::?,ml2.L^Sl.dL ^■a§,S -̂LjSYSlUa:Ui.2SS

Costunollde and Its derivative's undergo 

field cfltaly'jed trsns-anrmlar cycllsotlon to give 

sellnenlc tvp® of compounds. This reaction l3 

stsreoapeclfic sad Invnrlably Isolds to tr^ns-rlng 

juncture. Thus solid aihydrocoatunollde (T I), on 

treQtnent with *.c«tlc anhv-rioe^ or pcetlc scld-

7-8

10 o f
perchloric Rctd, gives n mlxtur?*/-<- nnd ’̂-cvclo-

Q
dlhydrocostunolldes (V find VI) of which the 

/ •-̂ -Isomer (V), contalnlnfr n trt-sub»titutf»d double



bonu, has previously from

‘̂ -santonin (X), The other Isoraer ( ’/ I ) ,  cont^lnlnp

a = GH grouping, hT̂ci b»»«n prep-^r^d for the lb

H©

O --------C O

N/

- -CO -— C O

V v~

flr^t tlrae nnti its fitructure s?nd stereo-ch*?mtstry

9
Bre proved by catalytic hyaroF'an^tlon wh©n It p1ves



‘̂ .4

ssntanollde *a* (si^III), « rsf^renee cogjpound 

of known st-^reocheraistrv* Further the 

R-Isomer (V I), on controlled L.AH reduction 

followea by Huang-Mlnlon reduction nffords 

i5-junenol (XX), fro'n whi ch the stereoch^'jj! ^try
Q

O f  tha latter follows , Costunolide Itsel^, with 

noetic '^cid-perchloric *?cld 0 °, g^Torda a 

mixture of !?nd p-c'/clocostunolldAs (III !̂ nd TV) 

of which only th® isomer h«s besn Isol^’tad In 

j.ure condition^®, b ’ all^rly 12-methoxy-dihyaro- 

costunoilue (XII) and the monol XITI plve tha 

correspond!ni? sellnanlc compounds (XVII), (XVIII)

a
and (XIX), (XX) respectlvsly .

3. Me.tgj.,-|iiaiag X.1^ .̂acU.ffTLlll..Ln, ,̂JLqgtynglrlMe, ..afrlfig

Solid dlhydrocostunollce ( I I ) ,  which 

possesses a potentl^?l nllyllc hyuroxyl |?roup In 

the l«ctone laolety, on metal-^mlne (Ll/NHg) 

reauctlon, rl’̂ ®s the acid (XXI) in about S5-90Ŝ  yleld^^, 

by hydrogenolysls followed by mlsrstlon of the 

allylie double bona - Cg to Gg - The •

methyl ester (XXII) on LAH reduction rurnlsh'*s the 

alcohol (XXIII) which on subsequent tosylatlon 

ana reduction with UAH nffords the hydrocprbon
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(X.AIV), The ester (XXII) on ozon l7s!s,

followed by e‘?tsrlflection of the resulting

alxture of «cid5, gives, as o n ^  of the nroiUf'ts,

5 - (*.) -*<-3-tnyl glut^rlc ^cld dlmethvl

ester (XXV), n compound of fcnown nb^olutf?

conflgurfltlon. The other proouct of ozonol^rsis,

(-)-2-aethyl-5-(3'-oxo) butyl succinic ^cld

aiia>=»thyl ester (XXVI) glv»a on aesulfurls'^tion

of Its thloketRl (R=^ney-?ll), (-)-23-njethyl-

3i»-butyl succinic ad d  dliasthyl ester (XX'/II).

rh*se flnalngs^^ establish •'he position of the

Qouble bond *Jt Cg - «nd th® stereochenjl stry

st tlift centres C. and C of the ester (XXTI)
 ̂ Xi

snd 3ubfseQUf»ntlv confirm the «'̂ «or.slgnrnant of the
(II)

?n«thvl ^roup st In dlhydrocostunoIldeAnd 

»^-snntonln (X).

The acid (XXI) on treatment with ncetlc 

aclci perchloric scld, untiergo^s tr^ns-wnnular 

cycll<sntlon, giving rise to ssntanollde 'c ' (VII) 

ana a blcyclic pcla^^ (xx‘/I I I ,  R = H). The 

‘ oroi^tlon of s.intanollde 'c ' supports the 

3-orlent»tlon of the C^-aethyl group mentioned 

above «nd the course of the r»’;«ctlon heis be«»n



explained ns followsJ

io.c4oni'5a4ion

CO

San-fanoiicie ' c ‘

Qlogenetlc sitralflounce of co^tunollde

rtecently a series of sesqult^^rpenlc l'’Ctone'S, 

with fl ten-manabered c«.rbocycllc ring 

their b»islc c«rDon skeleton, hove bef»n Isol^^t^a 

from n">tur«l sourc^^s, Pyretbronsln^^ (XATX),

rctioplcrin^® (XaX), cnlcln (XXXI), sc*?blol1ae
1« 17 

(XaXTI) ,  «JUDfitcrloDlcrln ' <aaX I I I )  pnrthenollue

(xxxrv)  f*na snloni tenolla*^ (;vXXIV*%)^^ «rt» some

of fn#? Inctones belorjflnfr to this series. Co^'tunollde



31

PYRETHROSIN

XXiX

CHgOH

H OHgC
■CO

ARCTIOPfCRIN

XXX

CNICIN

XXX I

COOCH3

SCABIOLIDE
XXXI I

XXXll l

R =-CO-C-CH^OHII 2
CH-CHgOH

^UPATORiOPICRIN

XXXV  

R = 0 ,  R= -OH

XXXIV

PARTHENOLIDE

0

XXX l Va

SALONITENOLIDE



I 3 the alrspl st «mongst th-se m9v be

regarded «s ths» psrent l^jctone of th» series.

It is probably s blog*?netlc j:reoursor of the

mono- «nd blcyclic ses-julterpenlc Ij?^tones

such *»s d^hyurooostus iRctone (XI) and santonin.

18
Juch a view Is baseu on the present belief th^t 

a *en-ra#fabered carbocvcllc ring sy;t«'n ôr?!3'»a

ecycllc precursor of the f ^ r n ^ s ^ n p  tvp% is 

Intermedlflite gt«p in the biogenesis of c©rt< l̂n 

aono and blcyclic sesquiterpenes belonging to 

eleraone (aXX/II) sellnane (XXXVIII), cfidlnnne 

(XAXIX), guslan® (aL) «nd v8tlv?Jne (XLI) series.

The feasibility such a view is experlm^nt'?lly 

illustrated by conversion of costunollde (I) Into 

( I I I ,  I V ,  XIV)®*^ (which hf?s b̂ ^̂ en «lr#ady dlscu^•sed), 

pyrethrosln XXIX into (XXXVI)^^ and 

geraacrone (XXXV, R « 0 )  Into XXXV^II f̂ nd XXJIVII 

by checBlcî l ‘ind thermal r«®?>rr8ngernents.

The fBCt th«t such cofflpounda (contnlnlnp 

8 ten-ffleraber d cflrbocycli ? rin? sv ’tera) could »»lso 

ba transformed Into compounds of tĥ » euRlane 

series h»is been lndlc*?t»d In certain reactions 

like vie-dehydrogenntion of pyrethrosln^*^ (XXlX) 

giving some asulenes »»nd parthpnollde^"^ (XXXIV)





producing chsranzul«ne(xLII) curing the renetion.

G«rra3crol (XaXV, H - OH) nnd Its d#r}v«tlv®5

are sltallarly known to produce S-fuslazuleoeCXLITI)

I la
during sulphur dehyarog^natlon •

o f
The forsa«tlon/aaul@n»<3, frota compounds

which do not contain s oerhydroazulene skeleton,

can ba ex-lainea only by ^ssufnlnp Initial

rearmngement to auah »» system. In support of

■juch a view pqrthenollde (X.iAl/) hss baan «?ctu«>lly

reported to be converted into  ̂ gu*»1anollde (XL7)

17h
by BFg^catalysed-tr'ins-annular cycll^-Htlon .

Thus, '*lt is possible by ‘»st'3bllshlng

Ql :'f sr^nt bonds ?5Ccross th© ten-«9'nb<?ri»di e»^rbocvel1c

ring 37st<»sB to construct the c*?rbon skeletons of

1 4
taost of the blcycllc s^squltsrpenes” •



! i

PHESE\’T ,- :OHA

In this port of the thesis Is descrlbea 

the formation of eofopounds of th» gunlne serl<»5, 

by therms I r®8rr*«ngem9nt of cvclodecs li6 

dlenen*s^3, (XXII, XXIII and XXIV) obtslnable from 

costunollde (I) n s  described earlier.

The thermal r^arr^ngeaent of *jcvcI ! c-l:6-

alene sy;=5te3is fit high t<?tnp«ratur»s viz, 400-500°

to give cyclopentsne aer1v«tlves h«s been reported

by H, Hines et al,^^ It Is observed^® that

3*7 dimethyl oct«-li6 dlene (XLVI) rearranges 9t

400-500® to g i v e  both l-trgna-2-d1 methvl. c l  8 - 3 -

Isopropenyl cyclopentsne (XLVII) *»nd l-ci3-2-

airaethyl g I s - 3  Isopropenyl cyclopentene (XLVITI).

The mechanism of such s rearrsngensent, vh1ch was

initially presumed to tske pl»»ce throuph » free

radical, was later corrected by Huntsmonn snd 

B1
Curry . They explained the formation of the 

cyclopentsne compounds as due to an 1ntranoleoular 

rearrangement Involving hydrogen trnn*!fer. Such 

ft rearrangement Is assumed to tî ke pl»ce through 

ft cyclic transition st^ite. The Cope renrrpngeraent 

ana the Clslsen rearrangement of sllyllc ethers 

are exsmples of reactions belonging to this category.
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Thp therarai rflarrsng*=‘me»nt of cycLo-clscfJ 

is6 Gl8ne systems was first studied In our 

Lp.borratorv by Bhstt'*chnryyg et al,® they carried 

out the resrr©n^eTi«nt of the j?lcohol (XXTTT) 

ana the hydrocarbon (XXI/) st S20-240° In 

vacuum find obtftin*?d in low vi»ld a nalxtur* of 

coapounds in which the presence of elemcne tvne 

of corapouna was Inferred on the bRsl«i of IH spectr*?. 

However, due to paucitv of nj»t©rlnl, no further 

proof W8 3 given In support of this view.

The th?r®«l-renrrfingeraent of such 

compounds (aXIII, XXl?) has b*»f9n now studied coore 

critic.'ily and the results definitely Indicate that 

they rearrange, In ‘"set, to cyclopentane 

aerlv??tiv93 (gualene sy=5tefB In the present cnse) 

as expected In analogy with pcycllc 1:6 dlene 

systems.

Since the thermal rearrsngement of the 

alcohol (XXIII), at 220° under vncuun, did not 

proceed sraoothly , different experimental conditions 

were tried to 'Chleve this objective. It w»s found 

thPt by heating (XXIII) In dlethylene plycol 

mealum containing 5 %  mlkall (pot?i«is1uffi*li''diroxlde)

In en atmosphere of nitrogen at 250° for five 

hours, « saono-ethenold blcycllc i^lcohol Is obtained

f
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tn 85 to 90f yield. On chrotn«topraphy ov^r 

alumina followed by distillation n t  reduced 

pressure, It was obtained in pure state (G[iC/?[#C) 

and shown to be (L) on the following grounds:

It showed In Its IR spectrum (Fig. 4)

bonds St 3300, 1026 due to n primary hydroxyl

function, snd st 1626, 8:i5 cm*^ due to * CH^

group. The NMR spectrutn (Fig. 5) of the slcohol

showed si,:n8ls st 9.04 , 9 .07, 9.1 ana P .21 7 (6 H)

due to the s'?cond»ry auethyl ^^roups st ^nd

around 6.54 7 (2 H) due to the two protons of

the •  CH^OH group at and at 5.34 7 (2 H) due

to two oleflnlc protons at C,
14

Though for a coapound containing an

exocycllc double bona two separate signals are

usually observed In the NIMH spectrum, as In the 

22
c«se of nardol (t*VI), there are also exarapl«s

83
like •A-hlmechalene (LVII), where only one signal 

Is observed. The position of * CHg group in 

both the alcohol (L) and nardol (LV*I) Is the

'  2 3 4 3
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4 3

the difference In th^lp psttern m??y, 

thf^refore, be cue to certain sterio ^actors.

"^usntlt1 VA ?«tslytlc hydroff»n'>tlon 

of (L) in glcohol m dlum using 

f f i v 9  S8tur»^ted d lh '/ d r o d s r ? v a t l ’̂ 'e ( L I I T )  

inolentlnj: the presence of only one double bond.

The alcohol (L) w*>s converted to the

corresponding hydrocarbon (I.I) vis the Î AH 

reduction of Its tosyl«te. The hyaroc*5rbon 

after purification by chroma to ĝ raphy ov»r 

filualns and alstlllntlon under vacuum showed In 

its I h  spectrum (Fig, 6) bands at 1626, 8 8 5  cra“  ̂

au0 to ^J  = grouping. The *IMft spectrum (F1j?,7)

shoved signals »*t 9.04, 9.13 ??nd 9,20 7 { 9  H)

aue to the three csethyl groups at nnd ?»na

at 5,3a 7 (2 H) due to the two olefinlc protons

^14*
Sulphur dehyarog^natlon of ('-.I) f«ve 

S-gufltazulene (XLIII) In 7r- yield, ch??rncterl sed 

through Its TUB eoduct r^.p. 150^-151®. Mlxea

a .p . with sn suthantlc S-guslasulens sdduct w<̂3 

undepressed. Selenium dehydrogen?»tlon of the 

hydrocJirbon (LI) produced « mixture of qnd 

Se-guelezulanes In 8^ yield, the latter 

predominating. The mixture of azulen‘=?'5 g n v e  en
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1h

ftdduct with S-TH3, m.p, 147-148°, and mixed 

m.p, with authentic S®-gufl1 s2ulene 

XNB-adduct wna unaepr»i?sed.

Cutslytlc hydrogen?itlon of the 

hyurocarbon ( .1) in acetic ;^cld roedluajuslng 

t'tOg cetwlystjgave a saturated (nejratlve tetra- 

nltroraethone t»st) dlhydroderlvotive, iaentlflad 

as gualane (AL) by cotapariaon of Its la spectrum

(Fig, d) with those of gualanes prepared from

25 o£>
gunlol (LV), nsrdol (uVI) «nd dehydro-

2 4
co5tus lactone (X I). These experiments 

suggested s gualsne skeleton for the alcohol <L).

The exact location of the double bond 

In (L) W8 3 then decided by ozonolysls of the 

hydrocarbon which r̂eve a keton^ ( M I ) ,

niong with formnldehyde (characterised 

Pi3 Its dlmedone rierlvstlvo). The ketone (LIT) 

furnlshea n se?r.1csrba2one, m.p. 175°. The IR 

spectrum (Fig. 9) of the ketone showed c*»rbonyl 

absorption at l y r y n  consistent with ^ cvclo-

heptsnone system. Its MHR spectrum showed 

signals, at d.96, 3 .0 , 9.06 and 9.1 7 (9 H) cue 

to the methyls «t end Cĵ ĵ  and a aultlplet 

around 7.7ii 7  (3 H) due to the protons nt 

end



1 7

similarly the »^lcohoL (u), on ozonolvsls, 

produced the keto^lcohoL (L.I7) and formsIdehyde.

The IB spectrum of the ketoalcohol showed csrbonyl 

absorption at 1700 csa”^. The ?'ormntIon of 

foraglaehyae froia (L) and (LI) cleRrlv ^ndlc'’tecl 

the presence of /CH = CH^ grouplnjin these 

compounds.

Borae Rdaltlon^l proof for th«» guslane 

skeleton of the f*Icohol ( rJ w«s obtained In the 

following' vsy. The ketone (all) on .'seyer-VHlifer 

oxldBtlon gave « l>?ctone (L7IIT), which on 

hydrolysis ana ©sterl f1 "**• tlon furnished the hvdroxy 

estpr, (LIX). The l*9tter was converted

to the keto aster, ^i5^^26^3* Jones' chromic

acla oxidation. The NMH spectrum (Fig. 11) of 

the ketoester showed signals at 8.?>, '^.04, ^.08, 

9 .15, 9 , Id 1  (9 H) aue to ®sthyls at and 

at 7,75 and 7.86 7 (3 H) due to protons nt Cg and 

Cg nnu at 6.36 7 (3 H) due to thra ester methyl

Jlncep.the IH spectrum (FI p. 10) of the 

keto-ester ( .X) carbonyl absorptions of thp keto 

anc the ester ^rouplnf-s were merging' no definite 

assignments coula be Bi«de. The keto-ester 

therefore, converted Into Its ethylene ketnl (LXT),
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Watch on r e d u c t i o n  w i th  LAH s f< 'o rded  the k e t s l -  

s l c o h o l  ( L X I I ) ,  The k e t o - a l c o h o l  ( L X I I T )  

r e g e n e r a t e d  from ( L X I I )  showed In  I t s  IR spectrum 

( F i g ,  12 )  CRTbonyl ' i b s o rp t l o n  *it 1740 cm*^, 

c l e o r l y  I n d i c a t i n g  the  p re sen ce  o f  cycIopentTnona  

system i n  ( l i X I I I )  qnd (I*X) *!nd cy c lo p en tan e  r i n g  

i n  corapounas L I I ,  U I ,  L e t c .  These r e s u l t s  

su p p o r te d  the gu stane  s k e le t o n  fo r  the  rt^nrranged 

a l c o h o l  ( L ) .

In  o r d e r  to  'sscert^i ln whether t h i s  th e rm n l -  

rearranpernant I s  due to  slsaple hea t  o r  I s  du«» to  

chets lcpl  e f f e c t  o f  d l e t h y l e n e  g l y c o l  and/o r  s l k a l l ,  

we s u b j e c t e u  the a l c o h o l  ( X X I I I )  ns  w e l l  a 3 the  

hydrocnrbon  (XXIV )  and the e s t e r  (X X T I )  to s im p le  

therm al  t r e a tm e n t .  The hydroca rbon  (X X I/ )  was 

heated  s t  2 5 0 ° -2 6 0 °  I n  an !»tmo3ph<?re o f  n lt rop®n  

f o r  f i v e  h o u r s .  I t  w»s  obs«»rved th?9t I t  r e a r r an p es  

to the  hydro^'nrbon (1*1) In  abou t  9 0 f  y i e l d .  The

IR and NMH sp e c t r a  a s  w e l l  as  the  GfX/TLC^of t h i s  

h yd roca rbon  were  In  com plete  agreement w ith  tho^e



n, rV3

o f  (1.1) pr®p??rea f r o a  ( L ) ,  I n  con^ ' irmatlon  

o f  i t s  s t r u c t u r e ,  s u lp h u r  dahyUrogenn t lon  

prociucea S - g u a i a z u l e n e  chs?r«cter l  s«<i through  

I t s  9-TN;^ aaou c t  ana o a o n o ly s l s  produced

fo r a n l a e h y a e  and the a sae  ketone  ( L I I ) ,  the
o- o

l a t t e r  g l v l o j ? . 5 ® a lc a rb a^ o n e ,  m.o,  ana ta.aj.p, 175 . 
A

This  c o n c l u s i v e l y  p roved  thpt the hydrocarbon  

o b t a l n e a  by d i r e c t  therms I rearrangerai?»nt 

o f  <AXr/)  «n a  the one I 'roa ( L )  were th#

S i m i l a r l y  the  e s t e r  ( X X I I ) ,  on hunting  

n t  25 0 -26 0 °  f o r  f l v «  hours  I n  an ^traosohera o f  

n i t r o g e n ,  r e a r r sn g ( »d  to  the “ jster (X L IX )  In  about  

90% y i e l d .  I t s  IR s p s c t r u a  ( F i r ,  13 )  showed b^nas

X X  11

" t  1730 cra"^ aue to  the e s t e r  c a r b o n y l  » n d  a t  

1626 snd ^85 cra’ ^ due to  the >C -  g rou p in g .  

The NMR spectrum ( F i g .  14)  shoved s l p n a l a ,  >̂t 

^ . 0 1 ,  0 . 0 7 ,  ?^. l l  ( 6  H) due to  th e  methyls

and a t  6 .3 8  7 ( 3  H) due to  the e s t e r  methyl
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find at 5,34 7 (2 H) due to th# olefinic protons

at The ester (XLIX), on LAH reduction gave

the alcohol which was identlc*il In its IR spectrum

and physic©! constants with the alcohol (L),

obtained by the theraal rearrsngeaent of (XXIII).

This «lcohol was convertsd to the hydrocarbon (LI)

vie LAH reduction of Its toaylnte. The hydroc»?rbon,

on ozonolysis, pave the s«rae ketone (L II),

chsrBcterised through Its sentcsrb«zone a.p. and 

o
la.m.p. 175 .

When the thermal rearrnn^ieoent of the 

nlcohol (XXIII) w«s CBrr ied out directly by 

heating at 250®-260*  ̂ in an atmosphere of nitrogen, 

apart from (L) other proaucts were also formed 

(«s Indicated by GLC analysis) froa which it w«g 

difficult to Isolate (L) In pure condition.

When the thermal rearr«ingement of (XXIII) 

was carried out In dlethylene glycol alone (without 

alkali) 8 product was formed, which dla not show 

any absorption 1« due to » CHg grouo In Its 

IR spectrum. Further Investig«tlon of this 

aspect Is In progress in our Isbomtory.



Althoui^h w® could not obtain any

aeftnlte proof for the stereocheralatry of the

thermally rearranged products (X-.IX, L  «nd LI)

Bt the five asyniTietrlc centres viz, C,» C , C_,1 4  5
find some enjperlcRl deauctlcns can be m*?de

based on analogy vlth o^rtaln observed facts.

The stereochemistry of (XXII and XXTII)

at C^, 9nd and of (XXIV) at and Is

aeflnitely known. The methyl group 9t and the

Isopropyl group at C j  are both p->orlented and the

aethyl group at is ‘̂ -oriented. It is reasonable

to nssuiae, th>̂ t the same stereocheraistry -’ s In the

original compounds «t these centres would be

retained in (XLIX, L snu LI), since these optical

centres «re not involved In the rearrangement.

The conver?iion of dihydrocostunolide (TI) Into

€
anussures l*?ctone (XI?) and c»»ryophvllene (LXVII)

86
into (LXVIII) by thermal rearrangement .^re some 

of the ^ x f i m p X e s  which lend support to such an 

assumption, Furth r the P-orientetion of na»thyl 

find C j  Isopropyl groups in th«se reorrnnped 

products appenr to be more fit^^le in gue1n» series

S TEREQChTMl CA L COHS IDPhA TI 01̂3





fllso than the corresponding epitnerle arrange­

ments. In this connection it ts worthwhile 

raentlonlnr th«t tha P-ori«nt«tlon of th«» m<athyl 

at ana the isopropyl n t  are the most

CQOiaon In nsturslly occurring gualan® type

27 f 28
compounas like aro'nedenirene (LXIX) gualol (L'Z),

29
ana buinesol (LXX) (containing both and 

P“ 3Ubstltuents) «nd the gualanollctes lllce 

globlein^® (LXXI) arboreseln^^ (LXKII) (for

C p-oriented substituent.Y
Th® rearr?<nged ester (XLIX), the alcohol (L) 

and the hydrocarbon (LI) asy, therefore, be 

represenied by partial stereostruetures LXIV,

L a V and LXî I respectively.



1)1
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The aster Xitll, th>:J j^lcohol XXIIt f̂ nd 

the hydrocarbon aaIV wer^ pre^;ared from (I) by 

essentially the same procedure rs i^r^vlously 

reoortea^^ ana were further purified by 

chroma top ri^phy over s»luraln«? dlstlllstlon 

unuer reduced pressure*. Thev showed the following 

propertiesi

The Ester XXII, b ,p ,, l20-l25°(bsth)/0.3 mm

1.4:»70t - 97° (e, 2.6). Ir̂  spectrum, F l p .  1.

The Alcohol AXIII, b.p. l20-130°{b«?th)/0.1 rata;

za o
’ 1 . ‘5039; ■ 1^4 (c, ? .2) ih  spectrum, Fig.2

The riyctrocarbon XAlV, b.p. 100-105°(b'»th)/0.‘i mfa; 

n^® 1,4940; - 106,8® (c, 2 ,81). IR spectrum PMg.3

rherii«l ..r9ngr?.?.£9Jg.̂ t-'j.C ^h?.?j,cqn?  ̂ M H ,, %,2Ji

The »»lcohoI (10 g) was dlssolveu In 

alethylene-jtrlycol (100 sil) cont*i1-nlng pot*»«s1unj 

hyaroxlde (0.5 p) -̂na was hasted *st 250*° for five 

hours In sn at-nosph^re of nlcrogen. The proouct, 

aft^^r coolln#^, vns diluted vlth water *»nd extr*icted 

*flth ether. The ether l»i!yer m s  wnshed with 

a il , HOI (1>), water ^na wns drlea (Nw^SO^). T̂ ie 

product obtalnea on eworatlon of ether was



■Hh, Hi

chromatoijmph^ci on alumina (O r .II, 250 g) and 

elutea with pet. ether, pet. ether-benzene 

mixture (1 :1) nnd benzene. The fractions ‘slut‘»di 

with pet.Qther-benzenf! and b#nzene ?̂?ve L 

(GuC/TLC pure), (7,?> c), having the following 

constants:

b.p. 150-160°(bath)/1 lans; 1,5040;

2oO*  3 2 ' '  (c, 2 ,« ) ,

The Xu spectrum (Fig. 4 ) of the »?lcohol (L) ahon/ed 

banas at* 3300, 3012, 2857, 1754, 1623, 1433, 1361, 

1111, 1075, 1026, f»70, aaS cm”^.

MaAzslss

Founas C, 30.54; H, I I ,80^

C^gHj^gO requires* C, 81,02; H, ll,79f

Hydrof enatlon ot _the_3lgQhQi _a ) to. ( LIIU.

The filcohol (3.34 g) wss hydroff?natecl in 

ethenol using Adsos cat«?lyst, Th© volu’ue of 

hydrogen absorbed (340 ml ^t ?«TP) corresponded to 

one aouble bond. The residue, after fllt€‘rf^tlon 

of the catalyst »nd evaporation of the solvent, 

gave (Ltll) with the followlnp propertlesi

b.p. l40-150®<bath)/0.7 ram, 1,4«>20,

(uc)  ̂ 35° (c, 2 .8 ) .



Tha IR j^ceetrum showed b^nds sti 3440 , 2?»90,

1470, 11388, 1040, POO cta“^.

MaJUsJU*

Founai C, 80,00; H, 1 2 .1 ^  *

Cĵ gHĵ gO requlr9s:C, 80.29; H, 12,58*1 ,

The hvciroG><rbon 1,1 fr"?m the alcohol [»

a ) Tosvlstlon of If

The alcohol (4 g) was alssolved In 

pyridine (30 al) ' na wns trent^ with toluens-p- 

sulphonyl chloride (4 g). The r'»«ction mixture was 

kept Ht room t«mp9”»tu’"a for 43 hr. It w«s diluted 

with water !=sod -?xtr<»ct€?d vtth f»ther, Eth»r Inyer 

w«3 w'̂ sheti with dll, HCl (5^), jmter nnd 

cried (NagSO^), BvaporRtlon of ether g«ve the 

cruae tosylate <5,1 g).

b) LAH reduction of the toavlote

To an Ice-cold solution of uAH (0,75 p) 

in dry-ether (100 âl) wss Tdded dropwise a solution 

of the above tosylste in dry "ther (50 ml). The 

reaction asixture wns stlrrea at room tenperature 

for 12 hr, i’xcess of L.AH was c'^refully decomposed 

by aading moist eth^r followed by w«?tpr. The 

product w<5S filcerea sna the organic l>>yf»r 3ep*!r*»ted,



wash«^d with dll. HCL (l^ ), *»nd dried

(Na oO .). The Drouuct C2.9 g) obtnlneu onA *
evapo atloo of ether showed two p-f?ks 

{9pproxla*3tely In th- proportion of 4:1) In C-uC 

anal'/sls. It ^ n s  chroaf’tographed over alutnln*? 

(Or. l», 300 g) nna elut*?d ps followsJ

tr.No. Solvent '/olume
(ml)

Weight
Cg)

1 Het.ether 100 I,40«'

2 II II 0.670

3 n 150 0.308

4 Ik 400 0.^42

fractions 1 and 2, on evstporation* ’’vo the oure 

(GLC/TLC) hydrocarbon (LI) with the following 

procartlesi

b.p. I00-U0°(hath)/1 ara; n^® 1.4870,

(« )^  <■ 42“. (C ,  l -q)

-he I;{ spectrum (Fig. 6 ) showed bnnds fits P0?0, 

‘d S m ,  1S26, 1451, 1439, 1374, 1279, 11S6, 1030, 

^61, 885 cra" .̂

Founds C, 36.88! h, 12.75"

1̂5̂ 2̂6 12.70’̂ .



H4

Selgnim  dehyarog^natlon of tba hYdrQcarbQn (L I)

The hydrocarbon (I g)  w*i3 h«=>st0d with 

selenium powasr (I g) In an >'traosphpr** of 

nltroien for 8 hr «t 2B0°-310°, The product as 

t îcen in pet. ether and vss chroai?»topr»ph«d on 

8lu®lns (Gr, I , 50 g), and the bluf» coloured 

fraction eluted with pet* »ther was separated 

Into azulenlc *5nd non-azulenJc ports by trê straent 

with phosphoric 'cla (SO5I), The azulenlo p«ft, 

regenaratea froo the phosphoric ncld extract on

treatment «rlth gave a solid d«*rlwt1ve which

o
was e r ^ s t » » l l l + " r o a i  ethsnol, m.p. 147-148 , 

It was Identl'^'led *!is s-TNB wdduct of 3e-gu8l»3ul<»n0 

by alx0d m.p, with an t?uthentlc safsple,

3.^9.tola

Found: C, 61.67; H, 4 ,30 ; 1 0 , 2 ? \

^21^21^3^6 5 ,13 ; N, 10.21** .̂

The non-8 2ulenlc part did not show *jny wftxlma 

chsrscterlstlc of naohthalenlc compounds In Its 

Uv spectrum,

Su L ph ur _d enyupQg enB_tl_QB_ thg . hy4gQC..ai;bm ._y.

The reaction was cnrrlsd out r»s mentioned 

above by hsstlnr the hyaroc-'rbon ( 1 g) at 

210-220° with sulphur (2 g) when s-|iu«l*»2ulene



was obtalnsa In 1/ .  yield. It g«ve g-THB adcluct 

ta.p, 150-151°; nilxea a.p. vlth n n  RUthentlc 

a-gu8l.a25ulene, TNB sduuct wrs unclepressaa.

Anslysla:

Founai N, 10.34^ 

requires* N, I0,2l5l.

AW.
Th© hyaroc«>rbon <0,5 g) w«s hydrogenated 

In scetic acid aaedluiB using Aasros c^tslyqt. The 

volume of hydrogen absorbed (57 sal st N’TP) 

corresponaea to one double bond. The product m s  

fllter«Q, dllutea vlth water and extracted with 

ether. The ether l-'̂ yer wes wssh«d fre© of *?cld 

with NagCOg solution ( , 5 % ) ^  WRt*»r «nd w»?s dried.

The proauat obtained sft-r evpporrtlon of 9th*r 

was p«jssed through a column of slllcs gel (25 f) 

and W83 eluted with pat. eth^^r, which on 

evaporation '’urnlshad pure { O U C / T h C )  

gualane (Xu, 0.45 g) hsvlnp th# followlnj? properties: 

b.p, 90-100°(bath)/! am; 1.4735;

(^)^   ̂ 44° (c, 2 .7 ) ,

fhe IH spectrum (Fig.8^ showed bnnas *iti 1380,

1345, 1310, 12B0, 1210, 1170, 1105, 1070, 1050,

1020, 1000, «75, P50, 940, 920, 395, 372, 347,

805 ca” ^.



Founaj C, 86,26? H, 13.I0«

^ l 6 ^ 2 o  *-* 36.46; H, 13.54^.

Ozonolysls of the hydrocarbon bit For’a’̂ itlon of '̂ TI 

Rad fora>^luehvue

A s t r  Bin of ozonised Og passed through 

fin Ice-cold solution of (LI, O.P g) In 

chloroform (25 ?al>, till th? absorption w s  

complete. Soivsnt wns f̂»*aovad under suction 

40° and the resultlni? oaonlUe w?»s! d0coapo?>ed bv 

heating -’1 th watar for 3 hr. In n fl*»sk with 

trap-srrang9ffl«nt to collect forrsfiidefbyde. The 

t rep-water, on tr«»f t̂m«nt with dim'̂ ?don9 , ,.Rve 8 

solid derivative which was iaentlfl*»d h s  

foraaldlmeaone, ®.p. *Jnd m.a.p, 187-188^. The 

non-volatile portion was extracted with ^»th«r,

Ft her I ’̂ yer w«s washed with N«gCOg solution 

water and dried (HSgSO^). The cruoe pro uct 

obtslned on evapor*ttlon of 'Sth^r was p«?s9ed through 

alumina (Gr, I I I ,  85 g) *ind wrs elutea with 

pet. ether which on evaporation stffordeo the 

pure (GLC/TIiC) katon© ull (0 .S 1 6  f )  with th«? 

following proiD€>rtles:

b.p. 120-l25°(beth)/0.5 nun? 1.4826,

> 38.5° (c, 1 ,3 ).



The IR ap°ctru?a (Fig. 9) showed b«nds st: 2 9 1 5 ,  

1700, 144? ,̂ 1439, 13^P, 1370, 1266, 1226, 1205, 

1176, 1156, 1184, 1106, 1020, 9«>7, ?»75, <>17,

<i33 cm"^,

Anslvsl 8 1

Founui C, 80.66; H, U.67J^

^14‘̂ a4® requires : C, 80,71; H, 11.51?^,

.s/ith seulcsrbszlde hyurochlorlde and codlu^ 

8 C0tat-.e ta %a^aAhwntrl, the Ketone f'»jve n senl- 

csrbnzone m.p. 175°.

AnaIvsi 8 :

Found* N, 15,36^

C1 5 K2 7 N3O requires: S, 15.35S

Oaonolysls of the qlcofaol Lt Foragtion of U J ' i  

ana forraglaehyue

The alcohol <1 g) w«s ozonised rmd worked 

up abovf* to give formaldehyde (Identified by 

ulmedon-r- uf^rlv^tlve) 'inu the keto «lcohol LIV, 

b.p. l40-150°(bHth)/0,5 rata.

I-̂ spectruia showea bands ati 3500, 1696, 1404 

»3na 1031 ca“^,

f'oundi C, 74,66; H, 10,61^

^14^4^2  reiulres: C, 74.^6; H, 10.78*?



B8 Qyer»yiiliger oxlaatlon of the ketone I I I  t o

A njlxture of th« k«i‘ton9 (1 .5  g) 

perb^nzolc scla (2,5  g) tn chloroform (2*5 ul) 

ana toluen«-p-3ulphonlc add  (10 m p )  was stirred 

fit room temp rsture for 43 hr. The product was 

washed with NagCOg solution ( 1 ^) »na v’̂ ter p,nd 

wfis dried (NagSO^), Chloroform w b s  evaporat«»d 

to five cruae l«cton« LVIII, which without 

further puri‘'Icatlon, w*»s hydrolysea by heating 

\inaer reflux with 1 N me^thanolic K.OH (25 ml) '"or

4 hr. The acidic portion (1.3 g), obtained by 

working up in the usual way, was tre*-it*»a in cold 

with an excess of a dry solution of dlazoraeth^ine 

in ather. Kv poration of ether g«ve the desired 

hydroxy ester (LIX; 1.32 g). It was puT*ifled by 

passing through nlumlna (Gr, I I I ,  30 g) and 

eluting with b€»n2 <5ne and by al«tlllatlon under 

reduced pressure. It had the followlne prooertles: 

b.p. l60-L65°(bath)/0.2 ont + 20.33*^ (c, 3 .9 ).

IH spectrum 3howea banas at: 3500, 2959, l?.*̂ ?*,

1460, 1439, 1370, 1258, 1176, 1005 and 3^5 cm“^. 

Analysis:
Found: C, 70.59; K, 11.43t'

‘̂ 15^*2d®3 reiulres:C, 70.27; H, 11.01!?



Oxlugtlon of the hvciroxv est‘»r MX to the 

iceto ester LX

The hyaroxy ester (O.S p) wns dissolved 

In acetone (25 ml) «na Jones' rengent wns ndciea 

aropwlse with shaking: till brawn colour persisted. 

The r action product wns kept »*t roota tf»nBper«̂ !ture 

for 45 minutes, a1 luted with wst *̂r nnd ©xtrqcted 

with 9th*^r. The eth«r Igy^r w«s wnshed vith 

Nâ ^COg solution (5-) followed by wnt^r dripd 

(Na^oO^), The neutrsl râ t̂erl??! (0.570 g), obrplnsd 

after »?VRporfltlon of eth«r, v«9S chrom” togr^pheci 

on alualna (Gr, II I , 12 g) J>nd eiutea with 

pet. ether-benzene alxture (Is l), which on 

evapor*!tlon af^'orded the keto-ester (LX, 0,55 p)

(TLC slnple spot) with the follovlnr prop'~rt1 ■̂sj

b.p. 150-l55°(bPth)/0.1 ram; i ^ ) . ^  - 6.9°{c , 1.3) 

IB spectrum (Fig. 10) showea bands *>t: 2050,

1739, 1724, 1515, 1447, l40d, 1370, 1250, 1195,

1170, 1130, 1015, 9 2 5 ,  900 ^na B47 cm’ ^.

MalzsJU*
Founa* C, 70.8a; H, ^ , 75 i i .

^15^26^3 70.83; H, 10.3^.

Conversion of the keto ester UX to the 

ket/o-alcohol LaIII

a) ForaBtlon of the ethylene ketnl m

A ralxture of the keto est-̂ r (0 .4  g),



7li

ethylenp glycol (0 . 6  g; freshly alstilled), dry 

benzene (?0  ml) ond toluene-p-sulphonlc field 

(5 mjj) wns hestea uri' er r<?flux with stlrrtnp for 

lid hr with qn arrnngeaent tc ;iepnr-''te the wgter

forraea In tne reaction by qz-^otroplc dlntl ll*?tlon.

The reaction proauct, nft^r coolinr^ wnsh«»d 

with solution (5-) snd wnter »nd dried

(NagSO^), 1.’vapors tl on of benzena furnl ?heu the

ket^l (La I,*Ci 430 g),

Converaion of the ketal LXI to the keto^lfyphol LKITI 

To ??n Ice-ccld solution of (0.25 p )  in 

ury ether (50 m l )  the above ^etsl In drv-eth^r 

(i;6 al) WBS aujeu slowly f̂lth -tlT-rlnp, The 

res'Ctlon mixture was further stirred nt room 

tesnperature for 8 hr. naa worked up usu^tl. The 

resulting: raat̂ arlBl (0.3?^ g, shows no cprbcnyl 

absorption in its IFi spectrum), th?> ketal Icohol 

uaII w«3 refluxed with concentrated rICl ( 2  ml), 

w?̂ ter (2 ml) Tnd ethanol (5 rsl) for 2  hr. The 

recotlon prouuct ^ n s  diluted with w??ter ^nd extracted 

rflth eth«r. The ether l-̂ ysr **ns wpshed with 

NfflgCOg solution (5 ), wnter ŝna drl«*d (-lagSO^),

The eth“r w*>s ev^porJ^teci the crude proauct 

obf^lned aft«r Duri flc?»tlon bv chroo'itopr'^phy over 

«lumln« «nd dlstlll??tlon unuer reduced pressure
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gave the pure (GLC/TLC) keto alcohol (LXIMj

0,35 g) with the following const■^nts*

b.p. 160-165°(b«th)/0.2 tnm? - 3,85° (c, 3.25)

IH 3pectruffl (Fic, 1^) showed bands at: S475 (ĥ J'ciroxyl) 

294i, 1740 (cyolopentanone), 1464, 1408 (-CO-CHg-), 

1379, 1333, 1316, 1266, 1156, 1053, P90, ^52 ^ n a  

892 cm“^.

1‘oundi C, 74.66; H, II.2>

C|4 d^6 ® 2  renulresiC, 74.28; H, 11.58^.

I ,...raarra«gaaan̂ ,.,.pf. M\.9,
ester XLIa

The ester (I g) wns heated at 240-260° for

5 hr in an staosphepe of nitrogen. The resultln^r 

product m s  chromTto/jraphea over aluralna 

(Gr. II , 30 g) and eluted with pet. ether and 

pet. ether benzene (3*1) mixture. The f^act^ons 

on evaporation furnished the pure (0[»C/TLC) e^ter 

XulX, 0.77 g with the followlnj? properties:
_ OQ

h.p. lJ20.130°(b*»th)/0.2 ram; n ^  1.4860;

*  47° (c, 3 .7 ) .

The IR speetruta (Fig. 13) of the e«?ter showed b^nas

St* 3032, i>882, 1730, 1626, 143̂ >, 1362, 1335, 1245,

1190, L053, 970, 8^5 and 8 .5  cnj"^.

in a ln lii
Found* C, 76.54; !i, 10.41^

CjL6̂ iĵ 6̂ 2 C, 76.75; H, 10.47t,



5 iit

Conversion of th^ ester XLIX to the alcohol I,

The ?3ter (I g) was r duced, by solution

of UAH (0,2 g) in d r v  ether (100 ral) under 

stirring f'or lii hr. «t room t<aapp>rflture. The 

reaction proauct work«»a as usunl to furnish 

the eicohol (L; O.dOO g) with the following 

properties*

b.p. 125-135°(bath)/0.2 rata; n^° 1.6030;
ij

(^v)  ̂ + PS.6° (c, 2 , 5 ) ,

The IR *(nci MMft -pectra of th? ^Icohol 1.den*-lcal 

with those of (L) pr9p»red from XXIIT.

Founa: C, 3l*if3; H, ll,62<

Gj^H^gO requires : C, 81,02; H, ll.79?f.

hyuroQ?)rbon (ul)

The olcohol (pr<=>p*3revi from th® rearrengeti 

ester XLIX) (O.a g) was ulssolvf*d In pyrldlnp (25 ml) 

nnii toluene-p-sulphonyl-chlorlde (I g) w*9S sdded 

slowly with shflklng «?nd cooling. The re'ictlon 

ffllxtur?? w«3 kept at rooa temp^rnture for 48 hr 

anu worked ° 8  usual. The p-toluene sulphon^ite 

(1 .3  p) obtained wj?s reduced by «n “therea.l solution 

of LAH (0.250 g in 100 ral of dry »th»r). The
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r e s u l t i n g  hydrocarbon (0.840 g) fjfte r  purlfloRticn 

by chroiB’?tography ovr-r alumina <?nu d l•rt ll l»» t lon  

under reaueea p re ssu re  showea the fo l lo w in g  

c o n s ta n t s :

b .p . 100 -10 8 ° (b sth )/0 .8  - I  mm\ I‘48^75,

(^ ),  40.4° (c ,  2 .7 )

The Ift nnd HHR spectra  o f  t h i s  hyuro-inrbon w??re 

found to be i n  complete npreement w ith tho-^is o f  

( L I )  prepared froai ( L ) .  

u a o n o ly s i s  o f  thi? hvdrocorbon (1.1)

O z o n o ly s ls  o f  the hydrocfiraon (prepared from 

the rearranpsd  e s te r  ^ L IX )  (0 .5  g )  ns d e scr ibed  

p r e v io u s ly  fu rn lsh a d  foriasIdehyde (dlmedooe 

d e r iv a t i v e  *a.p. 189°) rand a ketone, Id e n t l e s l  

with LII, In  I t s  p ro p e r t ie s*

b.p. 120 -130° (beth )/0 .5  mia; 1.43S0?

(‘Oi^ > 37® (c ,  1 .9 ) .

AgalHlai
Founa: C, 80.85; H, 11.^^^

^14^24^ re n u ire s sC ,  80.71; H, 11.61'?.

The k<?tone fu rn ish e d  th« sentcf^r‘c-«zone 

( seffll c-'^rb'szlde h y d ro c h lo r id e  N’a -« oe ts te  method) 

oa.p. 175-176°. Mixed ' i .p .  with an ?suthent1c 

sample w s und0 pr*»ssed.
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Analysis!

Founas C, 68.20? H, 10.03; N, 1*5.70^ 

requlres:C, 67.S8; H, 10.26; N, 15.331^.

rhernif-l reerr^ngement of the hvdrocfirbon XXlVt 

±LUi£hur 4ehyqrQii?netlon ana ozonolvgls of tbe

..to.̂ r.Q.aar=̂ 9,n M

a) jiMr.g.s I .Eg a rra HK, ^

The hydrocarbon (2  g )  w«s h^'^ted *ft 

250-Ji60° for 5 hr In an atmosohere of nitrogen.

The prouuct vns passed through «lumln^ (Gr. I , 100 g )  

snd eluted with pet. ether to furnish pure ( G L : / T L C )  

hyarocarbon (1,7  g) with th» following om'stsnts:

b.p. 105-1X0°(bath)/l m ;  n^^ 4860;

 ̂ 39.5® (c, 4 .42).

The IR i^nd MMR spectre o f  t h i s  h7<*f'OCf>rbon 

were found to bs In aoaplete Agreement w1 tho«e 

of (L»I) prep«ir'.*d from the rearranged nlcohol (^ ).

The hydrocsrbon (0.5 g )  wp . s heated with 

sulphur (I g) St 200-220® for B hr In fttmosph«re 

of nltropen. The procuct (0.025 g), obrnlned by 

wording uo fls d»scr5b«d before, s-TNS ??riauct,

!a.p. 14??-150°. Mixed m.p. with n n  ^ath*»ntlc 

sfiosple o f  S-TN9 »»ciQUCt o f  S - g u n I a z u l e n e  was 

undepressed.



The nbove hydrocarbon (0.5 p) wĵ s 

ozonlsea as tiescrlb^^d previously. It *'urnl'!h?d 

formslaehyue (dimeaon© cerlvRtlve m.p. 187®) 'nd 

the ketone (LII) (0 , 1 8 0  g), 3eai earbszone

a .p . 174-176°, I41x@d m,p, with the authentic 

saaple of semlcfirt^axone undepressed.

Analysis:

Found: C, 80.89; H, ll,85«. 

requires* C, 80.71; H, ll.Gl'ii:.

Thermal rearrangement of the alcohol XKIII

The alcohol (1 g) w«s h-:*«ted qt 24ft'260°

In *in fstmosphere of nltrofr̂ ^n for 5 hr. f'Lc »»nal7 3 ls 

of the proauct showed It to be » mixture of three 

cofflpounos. From the mixture we could Isolate CL) 

(0.215 g), of about 80^ purity (O^C), by rspe^t«d 

chro®^tography over nlumlna. It showed the 

following consfsinta:

b.p. 120-130®(bnth)/0.2 ram; (‘O ^   ̂ 25° (c, 2 .4 ) .

The IR spectrum of this procitJiet '=:howed bsinds

at: 3490, 162S, 1030, 8B5 cro" .̂

Analysis:

Found: G, 31.40; H, H .9 0 f

Cj^gHggO requires i G, Bl.Ok?;; H, 11.79#.

; f M
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SYNTHESES OF CuMPOU!?i)S STHUCTa.HALW HSLATRD 

TO DIHYDROtJUAIOLS AHD BOLHSSOL
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a  U  M  M A  R  1  

t

Compound!? structur^ily rels^twd to 

ulhy<ipoguelols (III «nd IV) and bulnesol (II) 

hftve been synthesised storting from the 

ester (XXIXa) obtainable from costunollde (XX^II) 

via the thermsl reRprsnge»apnt of XXVIII»?.



Hi

G u a lo l

GuflioL, (I) Is n ervst^lllne

blcycllc 3os^ulterpenlc t«trtlsry «ilcohol, 

;,ossesslnfr fi f?u»?lf?ne skeleton. It constitutes 

one of the m??jor con'jonents of pu«i«c wood oil^ 

froai which ^t was 1 sol*?ted ror the fir^t tlm<? by 

flattner *>nu co-workers^* It occurs In other 

essentlnl oils ?»IsOj juch «s the oil of 

C>iilitrls glnucB,

The structure of ^ualol was ‘‘stnbllsh^a

p
by hlattn^r ^nd co-*rork'?rs , On hydrotren?^tlon 

It furnished two Isotns'rlc dlhydrogufilols. The 

ievorotatory Isomer (II I), which was l 9ol°t<»d In 

pur<* conditionals ^ crystplllne solid m.o* 7 4 - 7 H  

The aextro-rotatory Isoser ( I / )  Is a liquid which 

has not been, so f«r, Isolated In pure condition.

The absolute conflpurntlon of pu»?iol (I) 

was elucldrtea ss follows*

vlgnflgurntlon a t  ana (Chsrt lA and 1 0

4
*^jer*^ssl pnd co-workers convertf»d the 

(♦•) dlhyarogufjlol (IV ), bv ra series of reactions 

(Chart lA) Into bl -honio-nepetallnlc >̂ cld (VI). 

The S93ie 5 cla was also obtained from nepetallnic 

acid (711) of ecnown absolute configuration by

o
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I OH
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• i .

r e a c t i o n s  which do not  I n v o l v e  any S D la e r l  t l o n .  

Thus I t  f o l l o w s  th a t  the wbso lu t©  c o n f l p u r s t l o n  

8 t  the cfirbon ^^toias I ,  4 «na  5 In  ( * )  t i lh yd ro -  

g u a t o l  ( l i / )  shou ld  be the sHrne s s  In  n e p e t n l l n l c  

a c l a  ( / I I )  (C h a r t  l A ) .

On the b s s l s  o f  these r e s u l t s  «na assuming  

the c l s - a d d l t io n  o f  h/cirogen to  th* aouble bond 

I n  g u a lo l  ( I ) ,  th« ab so lu te  c o n f lf -u ra t io n  a t  

^1* ^4 ^6 l« v o r o t s t o r y  c r / '^ t a l l ln e  d lh y d ro -

g u a io l  was In fe r re d  as  I n  I I I .  7h# raethyl 

group  was t e n t a t i v e ly  a s s ig n e d  p -o r le n ta t lo n ,  on 

the b«»sla o f  the OhD d»ta o f  the Indanone  

a e r iv a t l v e  V I I I ,  o b t s ln sd  from 71, However, 

subsequently  I t  has been shown to be «<-orlented  

ns g iven  below*
8

Sorm and co~worker9 a u r ln g  th e i r  work 

on b u ln e so l  ( I I ) ,  a aoub le  bond Isoiaer o f  g u a lo l ,  

observj^d the I d e n t i t y  between d lh y i r o b u ln e s o l  *<nd 

( - )  d lh yc irogua lo l ( I I I )  and In fe r re d  the  

c o n f i g u r a t io n  s t  C ĵ q a s  In  I I I  (Chwrt lA )  i . e .  

the methyl to  be o(-orlent@d, on tĥ » b a s i s  o f  

c l s -»addltlcn o f  hydrogen to  the double  bond In  

b u ln e so l  ( I I ) .

H lnnto  nnd co -w o rk s rs®  a r r i v e d  9t  the some 

c o n c lu s i o n  f o l l o w s t  An In t e rm e d in te  p roduct  XT,



CONFIGURATION OF GUAIOL AT C 4  AND C Q̂

o
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obtained frota guelol during the syntheses of

ilnderaxulene® (XVII), vas convert''<l by s series

of reactions Into ( -̂j-'̂ -racthyl flutnrlc acid (X/)

and (-)-Y-aethyl-butyrolactone (XVI), Since X/

M B S  correlated with R-(-)-lnctlc acid by

A, Fredga^^ and XVI xikscx *#lth S-(*) iRctlc ncld 

20
by ?,A. Lavene « bofeh the «nd the methyl 

proupa In gu«ioI should posg^'ss f-<-ccn^igurPtlon 

ss In I (Chart lA ^nd IB),

The confl^-uratlon at C.̂  (Chart 2 )

The confljcuratlon of the C y  hyaroxy 

isopropyl group in guslol v«s estwbllahed by

7
i-ilnsto as follows.

The dlhydrogualen® (XIX), obtained by 

uehyaration of guaiol (I) follow«d by hydrogen^^tion 

of the resulting gualene (XVIII), was converted by 

8 series of reactions, which Involved no 

epimerlaatlon. Into levo-rotatory-^-1aoprooyl-Y- 

aceto butyric acid (XXV). This on oxloRtlon 

furnished S-(-)-«<-lsopropyl glutarlc *cld (XXVI),

It thus ollows that, the C j  hydroxy Isopropyl 

group in ^̂ 'ualol should be ‘̂ -oriented ns In (T) 

(Chart 2 ),
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Bulnesol, C,_H 0 ( I I ) ,  I s  anoth<=r io eo
crystalline, sesqulterpenlc, tertiary nlcohol 

which accompanies gualol (I) In gualn* wood oil 

»»nd, W8 S isolnted by Czech worker^. On hydro­

genation, It gava « solla dthydrocierlvntlve, 

whl;ih w«3 Identlfleu as (-) dlhydroEunlol (III)  

by a,p . and talxed ?a,p. On this b«sls »s well as
o

by other degraaatlon stuales it was Assigned 

the structure II .

r>uInesol

Kecently, th? conversion of bulnesol (IT) 

to gunlol ( I ) ,  by the action of acetic scld- 

sulphurlc acid, hss b#>en reported by R.B, Botes 

et al.^

In the last few years, epart from gunlol 

and bulnesol, numerous othpr sesqulterpenolds of



gualane series hove b«en Isolated fro?a 

various natural sources. Although the 

structures of these conipounas h«ve been 

uetermined by unamblpuous ra<=thods, the st»reo- 

chernlaal knowlea^e In niJajortty of these 

coapounus Is still taeRgre, H@ncf», gualol ( I ) ,  

bulnesol (II )  «nd the sompounas derived from 

them viz, the dlhyarogufllols (IIT & I / ) ,  all 

with known sbsolut<» confl?ur»?tlon, ^re useful 

In stereocheraloral deductions of corarounaa 

belonging to the fusl*»ne series.
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pr"sh:mt work

The conversion of costunollde (XX\fII)

into coiapounas XXIXg^^j ^ of gualane

vl» the thermal rearrangernent of conjpounds

XX'/III. V «  ̂ respectlv€>Iy h*?s b«»en described 8 ,0  and c

In Pert I of the thesis. Further In »n*«logy 

with certain observea cases, the configuration 

fit C4  and In the rearranged products

(XXlXj  ̂ q ) h«s been assua d to be the sRrae,

S3 In the origins! compounds (XXVIIIg^p q )  

since these optlc^jl centres are not Involved in 

the rearrangement.

X-X Vll R -  cooc+lo, . 

b  j  R ,  - C H a O H  

^ j R, rz

£5x 1 X
R̂ CoocHj 

b , R =
c ,  R^C4-l,

The work described in this pqrt of the thesis 

desls with the conversions of the rearranged



CH3 L, C6H5CO3H

COCH 3

XXXI I I XX X I V

OCOCH-

KOH CrOi

XXXV XXXVI

CHjMgl

XXXV I I XXXVI I I

CHART-3

SYNTHESIS  OF DIH Y D R O - E U  DE SMOL



ester XXlA^ Into compounds XvCX, XXXT «nd XXXTI 

which structurfilly related to dlhydrogu*»1 ola 

(II I  and IV) end bulneaol (II )  respectively.

XXX X X X I ><. XX u

The alrn In carrying out th«s9 conversions was to 

gain raors insight Into the stereochemical «f?pec 

of the rearranp?»d products XKIXj^^^

Conversion of the ester XxIXp into the ??Icohol XKX

Stsrtlnfc' froTj tetrshyarooost!c »̂ cld (XXKTIT) 

ulhyaroeudesniol (AXXi^III) was synthesised by 

ivelksr et as outlined In Ch>irt 3 ,  Following

the S9T19 sequence of reactions, we h»?ve been able 

to convert the ester (XAlX^^) Into the desired 

alcohol (XXX) as aescrlbeu below.

The ester (XXIXj^) was hyarogennted 

( e ' t O / R t O H )  to the s'iturot.ed dlhydroderlvRtl ve 

( aXa IX) (see Chsrt 4), The corresponding acid (XL)
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on treftaient with msthyl-Ll, ^urnlsheet the 

C2̂6 ” '^®thyl ketone (aLT) along with some 

tertiary alcohol (XLII). The two compounds 

were sepsratea by chromfttography over alusiin*},

Thf ketone (XLI) wss char'^cterlsed through Its 

semlcarbazone, a,p. 190-191°. Itt spectrum (Fig. 1) 

of the ketone Inalcnted carbonyl absorption at 

1704 cm"^. The NMH spectrum (Pig* 2) showed 

signals St 3 .9 , 9,12 7 (9 H) due to methyl

groups 8t Cĵ Q and «9nd e slgnnl at 

7,94 7 (3 H) due to the sasthyl ketone group nt 

Baeyer-Vllllgar oxidation of the 

Icetone (XLI) with perbenzolc f'cld gave the 

»»C9t«?te (XLIII) which on saponification furnlsheo 

the crystalline aeconaary alcohol (XLIV)

(IR spectrum, Fig, 3 ), This slcohol (XLIV) on 

oxluatlon by Jones^ chromic *»cld reag-ent gsve the 

Cĵ 4 -raethyl ketone (XLV) (IR spectrum, F5g, 4)

( semicarbozone, oi,p, 124-125°). The ketone (XL7) 

on treatment with methyl laegnesluffl lodlae furnished 

the tertiary nlcohol (liquid) (XXX) In good yields.

The IB spectrum (Fig, 5) of the tertlery alcohol (XXX) 

was Identlcfil with the IR spectra^ (flf« 5) of 

solid and liquid dlhydroguelols (IIT î nd I'/).

However, the optical rotation value of the synthetic
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product W83 different from those reported 

for (I I I )  end (I\T). Hence, It Is stsrecheraicnlly 

different frona the two dihydroguslols. This 

tffts also supported by GLC analysis in which 

it alfferad from the two dlhydroguaiols In Its 

retention tine.

Conversion of the ester Into the alcohol XXKI

An Iffiportfint part of the synthesis is the 

conversion of the ester (XaIX^), without sfrectlng 

Its double bond. Into the Cj^^-methyl ketone (LVI), 

which would plve the aeslrea product (XXXI) on 

treatment with methyl megneslum iodide.

C OOCH 5

X X I X ct uvi X X  X  I

The procedure (Chart 4) employed for the 

preporfJtlon of the setureteu ketone (XL7), an 

intermediate in the synthesis of XXX from XXIX 

could not be usea here, since It Involves

a
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b©eyer-Vllllger oxidation by PBA, which i^ould 

flffect the double bone ss well. An alternate 

proceaure wbs, therefor©, essenti»l.

Th® procsdure Involving the I’orm^itlon 

of «n enamlne followed b y  Its oxidation by 

sodiufflalchromat® hsa been conveniently e^nploy^d 

In the synthesis of many nor-ketones. For exaaple,

CHO +  HNC" --- -> V-CH-N

NaxC-T̂ o
■>/

1

y - o

In th9 synthesls^^ of progestaron© (XLIX)

(Chnrt 5) froa ergosterol 3-keto-V>1s-

nor-4 -chol9nfildehyd« (XL^II) obtained («5s fihown

In Chart 6 ), was converted Into Its plperialne

enamlne (Xa/III) by modified Herr ^nd Heyl

proceaure^^. The oruae enaiilne on oxlciatlon

with soalufnul chromete-benzene-qc^tlc ecld <?ystem

furnished progesterone (XLIX).

Proceeding «long slallsr lines, prepnsne-3,

1 ^
20 ulon!? was also synthesised fron 3 tH’mnst#»rol 

end ergosterol. In our laboratory the procedure 

has been used in the synthesis of khusitone (LTTT)
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from khusol (L)^^ (Chnrt 5).

F o l l o w in g  the  same p ro ced u re  ( s e e  C h a r t  6 ) ,  

we h«?ve been a b l e  \,o co n ve r t  the a l c o h o l  (XXTX^,) 

prep»3recl from XXIX^^ i n t o  the  C j^^ -ae thy l  

k e to n e  ( I . 7 I )  b 3 d e s c r i b e d  be low .

The a l c o h o l  (XXIXj^^) was o x i d i s e d  a t  0 °  

w ith  J on es -ch ro m ic  a c i d  r e a g e n t  to  f u r n i s h  

the  ^Idehjrde LIV ( IR  a p e c t ru n ,  F i g ,  6 )  I n  about  

40% 3r i e l d .  The laldehyae was conve r ted  I n t o  i t s  

p ip e r d in e  enamine ( L i l t ) ,  by m o d i f i e d  Herr  «nd  

H e y l  p ro c e d u re .  The c rude  snamine on o x i d a t i o n  

8 t  0 °  w i th  sodium u i c h r o n a t e - b e n a e n e - a c e t i c  s c i d  

s y i t e a  a f f o r d e d  the a«-slr«sd Cj^^-taethyl ketone  ( L V I ) ,  

i n  about  30^ y i e l d *  The ke tone  was s e p s r a te d  froai 

the  r«^8ctlon m ix tu re  by  r e p e a te d  chrorantography  

o v e r  a l u a i n n .  I t  was ob t ' i in ed  i n  pure  c o n d i t i o n  

(uLC/TuC) by r e g e n e r a t i n g  i t  from I t s  semlcnrbnzone  

( iB .p,  1?54-196®) and by d i s t i l l f i t l o n  under  r»»duc»d  

p r e s s u r e .

The IR spectruffl ( F i g .  7 )  o f  the ketone  ( L V I )

showed bands « t  1709 ( ^ C O ) ,  1639 <?nd 890 crn""-
s c e c t r u a

-  C Hg ) .  I t s  NMK^(?ig ,  8 )  showed s lgn '^ la  

a t  8 .9 5  y  ( 3  H) due to  the methyl  ^^roup fit 

and St 7 .9 5  ( 3  H) due to  the  rae thy l -ke tone  group
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at Cy. It also showed algnfels around 5.24 1  (2  K) 

duo to the oleflnlc protons of the exocvcllc 

oouble bond at C|̂ q.

The ketone (L»VI), on trMtsaftnt with 

methyl a^gnesiua loaid© In dr? ather, sforded 

the tertiary alcohol XXĴ I (liquid). It was 

obtfilnsci In pure c o n i i l t i G n  (GI«C/TLC) by 

chromato>r;raphy. Its IR spectrum (Fig. 9) Indicated 

bands «t3400  (- OH), 1639 <9nd 390 cn"^ ( >C * CH^).

The NMh spectrum of the alcohol (X.XXI) 

showed signs I s  «t ^ .06 , 5> (3 H) uue to the

methyl a tC ^ . 8 . 9 7  (6 H) cue to the a^'thyl s-roups 

at and at 5.35 7 (2 H) du© to th« oleflnlc 

protons of the exocycllc double bond «t '^^o*

Conversion of the ester (KXIXn) to thp 5̂ lcohol (XKXIT) 

CChQrt 7)

An importrant step In this? convsralon Is 

the transfornjAtlon of the aster XXIXg, with «n 

exocycllc double bond, Into Its oorrespondlnp 

Isomer LXI with a tetrasubatitut^d double bond.

The l«jtter c??n be converted to the tertiary 

alcohol XXXII by employing the snme sequence of 

reeotlons (Chart 6 ) which have been used for the 

synthesis of XXXI.
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>< X IX a U X 1

^  X 11

The lso?a<?ri sq tlon of an exoeyell c

double bond to etthe*' trlsubstituted

or tetrssubstituted double bond, by the>

action of formic ncld, h^s been ob«terved In

raany cases via. B-cedrene LVII with *»n

exocycllc aouble bond was found to ?»frorQ

Its corresponding «<-lsonj«»r (LVIIT) with a

trlsubstltuted double bond on tre«tlnfi with

formic (f̂ cld. Slmllnrly, khuslraol *ind

17
Its aerlv«tlves LIX^ ^ were converted 

to their corresDondlntr Isomsrs gyjjj g)



 ̂ r  1 1 1

ctlon Of for-nlc ncld.

> --- -

H H

uvi L V I

/

R

L I  X CL, R.

b, K - M

c , R - C00CH5

^  ̂  Q. , R - c M2.0H 
b , R c H 

c, R = C00CH5

When the ester XJtlX  ̂ (Chsrt 7) 

tre>?ted with formic Rcld (P3-100??) fo r  12 hours 

et roo?n tpsuppr^ture It re*jrT*nnp^>d to the 

eorresDondlne l 3onsi*r LXI, in «bout 80^ yie ld .

It could b® obtnlned in about purity (GUC) 

by chroa«tography nnd dlstill” tlon. The IR
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spectruiD (Fig. 10) of* the ester did not show 

any '‘ bsorptlon uue to ]>C = CHg group. Tho 

NMH spectrum (F!f. 11) of the c?st»»r (LXI)

Inuicuteii the presence of n methyl prouo on 

a tetr^substituted aouble bond (slgnsl ?»t 3.39 7 ,

(3 H) Rnu no signals In the olsflnic region) thus 

excludlnp the possibility of s trlsubstituted 

aouble bond as in It also showed signals

et 9 ,19, 9.06 9 , 0 3  (3 H) aue to the methyl at

C^» at 8 .96, d.S3 7 (3 H) due to the methyl n t  

*ind at 6.38 7 due to the ester methyl ?roup.

The <?3 ter (uaI) on LAH reduction gave the 

corresponding alcohol (LXII) which on controlled 

oxldstlon with Jones chromic *?cld ’st 0° furnished 

the aldehyde (LXIII). The nldehyoe convertf»a 

Into Its plrerciine enamlne (LXIV). The crude 

enaalne on oxidation with sodlum-dlchroisnte- 

benzene-ftcetlc ncld system g a v &  the Cj^^-methyl 

katone (LXV), whl-ih was Isolated In pure condition 

(GLG/TLC) In sbout SOf yield, by chroma tor rnphy 

ov«r <?luain>9 snd distillation at reauceu pres^>ure. 

The IR spectrufa of the ketcne Is shown In (Fig. 12). 

The NMR soectrua of the ketone Indlc^ited slgn??l3 , 

at 9.01, 8.97 7 (3 H) due to the methyl group nt
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C^, at 8,36 *T O  H) due to methyl group on 

f) double bond and i*Jt 7 * ^  7 (3 H) uue to the 

methyl ketone group at C-̂ .

The k'=?tone (r.'/I) with nn exocycllc aouble 

bona on traatraent with foroic acid for I hr, gave 

** product, the GI^C/TuC snalypls of which 

Indicated It to be a mixture of i3t le«3 t four 

proaucts almost In e^ual proportion. Although 

the coajpar«tlve  ̂UI/TLC analysis 1 ncilcatcH3 the 

presence of the ketone (LXV) In the reaction 

product, It coula not be lsol«ted in pure conc;ltlon 

even *}'tar elabori?te column chro!n«tOi?rnphy, It 

was also ob'jerv«d th^t the complexcl t ' o^ the 

reaction product Increased by lncr*^5?s1 ng t:he 

reaction period above one hour.

The ketone ([*XV), obtslned by the enfl'slne 

procedure, on tre«toent with methyl-nagneslum 

iodlae afforded a llaulu tertiary slcohol (aXXTT) 

(GLC single peak, TLC single ;?pot). Its IR 

spectru'3 is shown In (Fig. 13)*• NMR spectrum 

of the alcohol showed signals at 8 .9 , 3.^^4, 9.03,

*The IR spectrum (Fig. 13) of the svnth^'lc 
product (XXXII) resembles closely with thi=»t ^  
bu ln eso l  (II )  reported by Sorts nnd co-worker^. An 
exact compelrl son between the two was, however, not 
p o s s i b l e  Bs the spectre were recorded on alfferent 
instruments .  Our *»ttempt to obta in  en «9Uth«ntic 
seraple of bu ln eso l  from Sorra «nd co -work^rs  wrs 
not f r u i t f u l .
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9.07 *T (f» H) due to methyl groups f i t  pna

C7 ftn'i f»t a.4 7 (3 H) due to thp jn*»tbyl rtoud

on s double bona.

The olcohol ghowed rotation of

- 11.4° (c, 4 .4) while th?t rerortea for

bulnesol Is 3®. *̂ 0 it nDpeers» tĥ it the

synthetic prouutt Is R stereol30ia'=*r of

bulnesol ( I I ) .

The prlmar/ nlcohol (LXII), on Intfirmedlate

prouuct In the ftbove synthesis, w«s oon^fprted to

the corresponding hydrocarbon LX'/I by uAM

rsuuction of Its tosvl«te. Th® TH nnd the

Hy,n spectra (Fig. 14 »nd Fig, 15 respectively) of

this hydrocarbon closely reseabled with the Irt

tind NMfi spectra of a similar hyQroc*’rbon (UXVT^) 

la
obtained from dehydro-costus lactone (LX /II). 

However, the two hyaroii«rbons differed in thflr 

optic*?L rotation.

^tereochenilgtry

Jlo definite conclusions could be dr^wn 

«bout the stereochemistry of the svnthetlc 

proaucts { l U i A  end XXXII) since they were found 

to be 8tereoch«mlci?lly dlff‘»r‘=‘nt from dlhydro- 

guaiols (III  find I'/) «nd bulnesol (IT) respectively,



r^.k:

horfever, some tentative Inferences c^n be 

drawn.

It has been stated th«t the C^-

Tiethyl anci C^-iaopropyl groups In XXIX^ "nny be 

os3Uo®a to b*4 n-oriented. The same stereochersl stry 

would be r-»taln«a tn XXX, XXXI and XXXII at these 

centres. Since the nsethyl at «na the Isopropyl 

St C y  in bulnesol «re also f*-orlen*-ed, the optlc«l 

rotational difference between this compouna snd 

the synthetic product XaXII could be only 

attrlbut*'d to their ster«?ocheial8 l differ nc« n t  

Cg. Hcnce the probable stereostructure for XXXII 

would be (LXVIII) and that for XXIX̂  ̂ vould be 

uXlX or LXX.

l _ x  1 X

L  X K



The star XAlXa was prep?ireu froffl

co3tunollcle (XX/II) «s described In Part I

of the thesis. It showed the following 

properties*

b.p, l20-130°(bHth)/0,2 rara 

l.4a60; ♦ 47° (c, 3 .7)

Hyarog»nation of th? ester XaIXr

The est«r (3 g) w^s hydrogen*)t«cL with 

Adnas catalyst (0,150 g) In absolute eth«nol 

( 10 0  ml) when the absorption of hydropen w*̂ s 

complete, the prouuct was filtered to r»»move the 

catalyst, alcohol was renovea uncier «uotlon s?na

the proauct w»js dlstilled to obtsin pu»*e (GmC /? X )

dlhyaroproauot (XX.XIX) with the following 

properties, b.p. 120-130°(bnth)/0,2 aim; 

ng® 1.4792* (- )̂  ̂ 3d.7° (c, 3 .5 ) .

Ih spectrum showed bands at* 2915, 1730, 1447, 

1370, 1344, 1262, 1L<^, 1156, 1075, 1053, f»87,

943, S4a and 76S cn*'^.

Found* C, 76.32? H, 11.74^

^16^28^2 76.14? H, II .S 8^

S A P S H l M u - N T A L
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Oonverglon of th9 ester (XXXIX) Into tht

The ester (2 g) was saponified by 

r^-fluxlnf with ajethfnollc -KOH (10^', 25 fal) 

for 3 hr. The product w»s dllut«»d with w«ter *?nd 

extra tea with ether. The squeous portion wsg 

sicldlfieu with all. HCl (5^), extracted with 

ether, washed with water and arled (NsgBO^).

The acid (X[«), 1,5 g, obtained by ev«por«tlon 

of «ther WHS taken in ary ether (20 ml) n n d  wss 

saded at 0®, to s solution of MeLl (pr-^p^red from

1 g of 111 ana 10 g Mel) In dry ether during 6 rain. 

The rei?ctlon mixture w^s stirred at 0® for 5 rain, 

after the fi<:(litlon snd excess of the ren<?ent wf>s 

carefully destroyed by addition of moist ether

• ollowed by water. The organic layer was separated, 

washed with 1̂ 82^0^ solution (5^), dll. HCl (5f), 

wster fina dried (NagSO^). Evaporation of ether 

rave a lliuld product (1 .3  g) which was 

chrometographea on alufalna (Gr. Ill , 35 g) «nd 

elut^^d with pet. ether to furnish the ketone (Xul) 

(0 .92 g). It showed the following orooertles: 

b.p. 130-L35®(bsth)/0.l mm; n§^ 1.4810?

(‘̂ ),. + 52.44° (c, 2 .a).



Jh« III spectrum (Fig. 1) showed bands n t t  

2907, 1704, L370, 1 3 4 2 ,  1316, 1290, 1229,

1198, 1158, 1099, 952, 8 9 2  

Analysis

Found* C, 81.70? H, 11.99??

C^gH^^O r s q u l r a s *  C, 3 1 .2 9 ;  H, 11.94'g,

The ketone (XLI) t?eve a serilcsrbazone (Na Rcetete

o
method) ni.p. 190-191 .

Analysis

Found: H, 13.88^

^17^35®^3 N, 14.325S

i3aeyer-Vl 111 ger oxlaetlon of the ketone (XLI)

.sapoaixji.ga^f9n ap^ta.ta.J4y.J-U

The ketone (0.35 g) was dissolved In 

chloroform (20 ml) and 1.2 N perbenzolc acia 

(10 al) sna toluenf-p-sulphonl e »>cld (0.15 g) 

were naded. The mixture was stirred raechflnlcislly 

fit room temperature for 48 hr. The chloroform 

solution was then washed with HSgCOg solution (5^), 

water and dried (NagSO^). The acetate (XLIII),

0.790 g, obtained on evaporation of chloroform 

was saponified by refluxlng with I N methonolic 

KOH solution (25 ml) for 3 hr. The reaction 

product was worked up as usual and the neutral



materiel (0.75 g ) obtained wbs chromatographed 

on alumina (Gr. Ill, 25 g) find ©luted with 

pet. ether ^nd benzene. Benzene fr*?ctlon on 

evaporation sffordeU a solla (0.51 g), which 

on crystallisation from pet. ?»thf»r furnished the 

crvstsililnp «lcohol (XLIV) (T^jG, single spot), 

m.p. aa-83°, »• 30.4° (c, 0 .23 ).

IR 353ectruB (Fig. 3) of the alcohol (XLI7) 

showed bands at* 3.400, 2915, 1453, 1447, 1370, 

1339, 1328, 1302, 1274, 1250, 1200, 1144, 1111, 

1081, 1053, 1042, 1010 , 995 , 970, 948 , 935, ^»18, 

893, ^70, 856, 345, 812 cra"^.

Founds C, 79.58; H, 12.43$

Cj^^HggO renulresiC, 79.93; H, 12.46^

ChroOTlc scld oxidation of the ?^lcohol XLI'/

To tie alcohol (0 .4  g) In ac<^tone (25 ral), 

Jones reagent w«s «dd«d dropvlse till 9 brown 

colour persisted. The rejictlon mixture wss kept 

at room temper??ture for 45 win. It w»3 diluted 

with water nnd extracted with ether. The ether 

l9fer washed with NSgCOg aq. (5f), weter ^nd 

dried (MOgSO^). The product (0.38 g) obtained on 

evapors^tlon of ether wns chrom<?tographed on 

alumina (Gr. I I ,  10 g) on<i eluted with pet.ether
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to give the pure (GLC/TLC) ketone (XL/) which 

showed the following properties*

b.p. 120-125°(bath)/0.5 tarn; 1.4789?

- <4. 7 °  (c, 2 . 3 5 ). 

i’he IH sDectruaa (Fig. 4) of the ketone (XL?) 

shoved bands at* 2964, 1709, 144??, 1370, 1346,

1266, 1220, 1163, 965, 895 cia"^.

Found I C, 80.60? H, 11.73^

requires* G, 80.71; H, 11.61:1

The ketone ^eve a semie«rb3 zone (Ns-fic«t!%te aethod)

a,p . 124-125^.

iaaixsjls
Founa: N, 15.91^

^15^a7 ‘̂̂ 3 IS*7^
.̂9.oygI.«i.oP̂ O|ie ketgM̂ Ij£i,ia,.4jtlâ  

elcohol a u )

The ketone (0.25 g) dissolved In dry 

i?ther (iJO ml) was added under stirring to «n 

ice-cold solution of MeMgl (prepared from 0.25 g 

of Mg, wi '̂e and 4 g of Mel) In dry ether. The 

reaction mixture wns stirred «t 0°  for t hr, snd

at room temper^jture for enother 2 hrs. It v/f s

then poured into en ioe-cold satur^t^d solution
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of sraajonlura chloride. Tho organic layer wns

sep^ratea. The aiueous l«yer #̂as extracted 
organic Iqyer with the 

with stber. The/coobln-sa^th«»r -^xtra^t w«s

urlea (NagSO^) ana the eth«r evapor*Jted, Th»

proauct (0,24 g ), wss chroffl*?togrnphed on p.luoln«i

(Ur, I I I ,  6 g) and eluted vrtth pet. »ther snd

ether. The pet. ether fraction geve the unre^cted

ketone (XL/; 0.040 g). The ether frsetlon

urnlshed the pure (GLC/TLC) tertiary alcohol

(XXX) (0.180 g ), «flth the following const^^nts*

b.p. 120-125®(bath)/0.08 nsm? n^® 1.4850

+ 34.93° (c, 2 .4 ) .

IE scQctrua (Fig. 8 ) of the alcohol (XXX) showed

bsnds at* 3400, 2 9 U , 1460, 3474, 1391, 1271,

1205, 1124, 1047, 970, 950, 935, 890, 845 cm*^.

Analysis

Found; C, 80.27; H, 12.63^'

Cj^gHg^O requires* C, 80.29; H, I2.58?l

Chrcale a d d  oxiaatlon. of the aloohol (xmxi;)!

To fin Ice-cold solution of the alcohol (8 g)

In acetone (10 0  al) Jon^s jhrooalc acla re»?gent was

adaed dropwlse till e brown colour persisted. The

o
reaction ralxture was kept «t 0 for 2  hr ., dllut^^d 

with wster and extracted with ether. Ether Isyer



tfss washed with Na^CO. aq,, water *ind dried
^ 3

(Na2S0^), fhe neutral material (6.5 g) 

obtained on evaporation of ether was 

chromatograph¥»d on sluralna (Gr, I I ,  200 g) and 

eluted with pet. ether and ether. The pet.ether 

fraction which consisted of mostly the nidehyde 

(LIV) was further purified by r<?chroastOfraphy 

end distlil^itlon to obtnin the pure (OLC/TuC) 

aldehyae {.IV, (2 ,4  g) with the following 

properties* 

b.p. l20-lS0°(bath)/0,i. ee; I.5l45|

 ̂ 42 .2° (c, 3 .07 ).

IR gpeotrua (Fig. 6 ) showed bends ats 3058, 2«»4l, 

2703, 1724, 1639, 1449, 1397, 1372, 1143, 945,

892 cm’ ^.

Found: C, 81.58? H, 11.24??

^15^24^ requires: C, 81.76| H, 10.98??

ihe e m m l m  (LV) froa the aldehyde (C.iy>

To a solution of the ?sldehyde (2.2  g) In 

dry benzene (45 sal) w;i»s *?dded plpendine (1.02 g) 

and toluene-p-sulphonl0! ?icld (7 rag), ihe reaction 

ralxture was heated under brisk reflux in nitrogen 

atmosphere for 10  hr. using a water separ-^tor to
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reaove the water formed uurlng the re«?ct1 on.

Benzene w9S removed under vacuo to ??fford the

cruae enanilne (LV) (2 .7  g), b,p. 160-170®(b«th)/0,1 mta.

6 o < i i m  gjchroaate Qxla>^tton of the ( U )

The oxidising reagent wrs prepared by 

J9v.dlng gradually powdered sodlu® dlchrom?^te 

alhyurat© (5 g) to glacis! acetic acid (25 ml) t^ken In 

a 2 -neciced flssk equipped with an efficient 

stirrer and s dropping funnel. After the addition 

of alchrom?ste salt complete, dry benzene (15 ml) 

was added through dropping funnel and the r^sultlnf 

solution WB3 cooled to 0 - 5° by me«ns of Ice-salt 

mixture. A solution of the enaralne (2 .6  g) in 

benzene (26  ml) wns then added a period of

1 hr. k*?«plng the teraperfsture below 5 °. The dnrk 

reaction mixture wes stirrf»d for additional 2  hrs. 

find w»3is diluted with water snd the organic layer 

wns separated. The dsrk-brown aqueous layer w*»s 

extracted with banzane. This extract and the 

original benzene solution were combined ana the 

resulting solution was ws'shed siuccesaively with 

water, cold NaOH soln. (10^), waiter, dll HGl (10^) 

ana water and dried. Removal of benzene gave a 

liquid product ( 1 .?̂  g) which wbs chroaatographed
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on fllualna (Or. I I , 60 g) sna eluted with 

pet. eth»r to furnish the Jcetone (LVI)

(GLC, about 96^) (0.650 g). It was obtained 

In pure conaltlon (GLC/TLC) by regeneri?ting It 

from Its 3e:nlc«rba2one, m.p. 194-195®).

The ketone Inaicsted the following properties* 

b.p, 120-125°{b«th)/0,2 maf - 3 .48° (c, 3.16)

|R spectrun (Fig. 7) of the ketone (LV^I) showed 

banas «t* 3067, 2941, 1709, 1639, 1449, 1370,

1351, 1279, 1247, 1170, 1081, 1057, 1042, 958 

and B90 cm*^.

Ana I ygla

Found t C, 81.47; H, 10.81^^

Cj^^HggO requires* C, 81.50; H, 10,7516

Analysis of the sefnioarbazone

Found* C, 68.255 H, 8 .8 8 ; N, 15.92!!  ̂

CigH^gONs requires* C, 68.4; H, 9 .57; N, 15.96^

Conversiion of the ketons (L'/I) into the tertiary 

aicohoX JiUI

The Ketone (0 .4 )0  g) vsis diasolvpd in

ary ether (50 ml) *̂ aa wns «aaed to nn ice-cold

solution of MeMgl (prepsred from 1.20 g of Hig

wire and 6 g of Mel) in dry ether. The r#*i9Ction

mixture wbs stirred at 0°  for I hr and ^ t  room



temperature for 6 hr. Excess of the rpepent

was aestroyed carefully by adding s»?turated

solution of a^monlua chloride# The orgsnlc

layer wss separated and the aqueous l«y®r wns
organic Isyer with the 

extracted with ether. Tht»/combined/ether

extract was washed with water nnd dried (i^SgSO^).

rvapor!?tlon of ether gave b thick liquid (0 . 3B0 g)

which was chroa^^tographed on alumina (Gr. Ill , 12 g)

^nd eluted with pet. ether, benzene and eth»r.

The pet. ether freotlon on ev^^porstlon gnve the

unrer.^tf^d kptone (L/I| 0,11 g). Benzene «nd

ether fractions g n v e  the slcohol XXXI (TLC single

spot) with the followlnj* properties*

b.p. Iii5-I30°(bnth)/0.1 mm\ ng6 1 .50001

(‘A)^ ♦ 32® (c, 2 ,09 ).

IH spectrum (Fig, 9) showea bands ati 3400,

2900, 1637, 1449, 1370, 1280, 1163, 1130, 1037,

975, 940, 890, 846, 822 ca"^.

Found* C, 80.63| H, 11,64^.

C^HggO requires* C, 81.02| H, 11,79$?,

|g, .Hiit
addea

To the ester (10 g) was forulc

acid (98-100^; 100 ml), «nd the mixture w»s kept
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for 1 2  hr ■'̂t room t»'nperature with occpslonnl

sh^iicing. It was alluteu with water and

extrsctea with »thsr. ther l ^ y e r  vf^s wash«?d

wIU j water, water nnd

uri$d (NSgSO ), Bvsporfition of ethf»r gave
^  was

a product (?^.7 g) whlch/chrotj^Jtorraphed on

alumina (Gr, II , 300 g) and eluted with pet.ether

to furnish Lxr (7 .3  g) (GLC, nbout 9 5 t )  with the

following properties*

b.p. 120-125®<beth)/0.2 mm\ n^®*® 1,6065

(«<)  ̂  ̂ 16.46° (C, 4 .26).

IR spqctrum (Fig. 10) showed bands ats 2?>4l,

1746, 1460, 1379, 1361, 1260, 1199, 1169, 1064,

936, 910, 848 cm*^.

Analysla

Foundi C, 76.70| H, 10.63'1^

^16^26^2 requires* C, 76.76; H, 10.47^1

Conversion of the ester LXI into the gLcohol LXII 

The eater (6 g) in dry ether (50 ral) was 

added to nn Ice-cold solution of LAH (0.3 g) In 

dry ether (10 0  ml), i'he reaction mixture w«*s 

stirred at rooa t^mp?r^ture for 1 2  hr, and worked 

up in the usunl way to furnish th« »ilcohol 

LXII (4 .3  g), which showed the following prooerties: 

b.p. l26-135®(bath)/0.l - 0 .2  mm; 1.6012

*  3.93° (c, 2 .6 ) .



IR SDOctrua of th® alcohol showed bands fit*

3400, 2941, 144^», 1379, 1036, <?10 

.̂B2lysi.s,
Found* C, d0,83; H, ll.67;t 

C^gHggO requires! C, 81.02| H, 11,79^

Jhroalc acid oxidation of t h e  slcphol (u r iJ

To Ice-cold solution of the nlcohol 

(10 g) In aceton® (123 ml) Jonas chromic ;^cid 

raseent was saded till a brovn colour persisted.

Tha reaction .vas k«pt at 0^ for 2  hr. and

worked up ?n that usu«l vsy to ^urnlsh a neutral 

product (8 . 2  g) which w*»s chromatogrsDhed on 

alumina (Or. I I , J?40 g) and eluted with p«t. ether 

and “̂ thor. Froas the sthor fraction, ?<lcohol 

(LXII, 4 g) W9S recovered. Pet. ether fri^ctlon 

sfforded the sldehyde UIXt (4.1 g) (GLC gbout 90^) 

b .p . 120-125®(taath)/0.2 («)^ ♦ 7 .2 ° (c, 1 .7 ).

IR spectrua of the aldehyde sV̂ owed b^nds n t i  

2 9 0 0 ,  2 7 0 0 ,  1724, 1449, 1370, 1176, 1149, 990,

920.

Anailysis

Found* C, 81.13? H, 11.68!?

Cj^gH^^O requires* C, 81.76| H, 10.98*?



To fl solution of the aldehyde (3,5  g)

In ury benzene (70 al) was «idided piperidine 

(1 .7  g) and toluene-p-sulphonlc acid (0,012 g). 

The refaction mixture Trf?=)s refluxed In nitrogen 

atmosphere for 1 2  hr. with an arrsngtment to 

separate the water formed In the renctlon by 

azeotrople dlr.tlllf»tlon, Frora th<? reaction 

product benzene wss removed unuer vscuo sna the 

cruae ©nsfllne (LXI^) {3,6 g) obtnlned w>is used 

for further reaction, without purification.

doaluBalchromate 03cld>3tl0n of the en»alne LXiy

The above enamlne (3,6 g) was oxidised by 

sodium alchroaifite-acetlc ncld-benzene system 

ea described previously and worked up In the 

usui^l wsy to furnish the ketone (LX’Z, 0,350 g) 

with the following properties*

b,p.l26-136°(bsth)/0,8 mm; 1.4935 

(«<)  ̂ - 31,15° (c, 1 .74).

IR speetrum (Fig. 12) of the ketone showea bands

at* 1718, 1453, 1379, 1344, 1282, 1176, 953, ^15

895 and 330 cei"^.

Found* C, 82.13J H, 11.055?

^14^^22^ requires* C, 31*50; H, 10,75?



22,̂  ̂Y,̂ ii3JLaa., ,qf, .Xli?. ■̂g.tona.„.(, 1},, iaw..„l;.hy Ĵ ?,r.M.Q l£
alcohol (XXa II)

A solution of the ketone (0.360 g) In 

ury eth«»r (25 al) w»s aadect to an Ice-cold 

aojLUtlon of MeHgl (prep‘«rf»d from l.iiS g of Mg 

wire ?in6 6 ,2  g of Mel) In dry ether. The 

re ctlon mixture was stlrrea «it 0° for 1 hr »nd 

Rt 30® for 6 hr. After aestroylng excess of the 

reagent with s«tur«ted solution of ^amonlua

chloride, the orgsn^c Uyer was sepsrated, Rnd the
organic l?)yer

aqueous Inyer extriJcted with ether? the/ccmbln*»d th the

ether extract was dried (HSgSO^) and ether 

evaporated. The thick liquid (O.Sr^S p) obtained 

was chrooatogrHphed on alu'alna (Gr. Ill , 10 g) snd 

elutea with hexane and ether. Fronj the hexane 

fr: r>tlon the unre«^cted ;«etone (LXV, 0,13 g) was 

recovered. The ether fraction afforded the 

tertiary alcohol (XXXIT; 0,180 g) (TUC, single spot)

which showeu the following propertiesi

o *?2
b.p. 120-128 (bath)ZO.l mmt 1.4^70,

(■ )̂  ̂ - 11.14° (c, 4 .04 ).

The IH speetruffl (Fig. 13) showed bands at» 3P40,

H900, 1450, 1375, 1280, 1170, 1140, <̂ 30, '^15,

900 cm” ^.



Founa* C, a0.72t H, I I .96^

^15*^26^ requires: G, 31.02; K, 11,79%

^9a^4srslan fil 
hyarooorbon ( LX/I)

a) T g i y j f ^ t ^ J t o , ,̂9.4» alcohol ( 1 g)

U1 saolveci in pyrlalne (15 ml) w'̂ s tre^tsd with 

tolu«?ne-p-suIfonyl chloride (I g) and the reaction 

mixture was kept st room tofBp^r”tur« ^or 43 hr.

It W83 dl lut-:>a tfi ch water «nct extracted with eth?r. 

The ether l*iyer was wssh«ci with w^itsr, 

dll, HGl (5J?), water and dried (NagSO^). Evaporation 

of «ther furnl3hf»d the crude tosylnte (1,45 g) 

(IR-spectrum showed absence of hydroxyl group),

b) LAH reduction of tbe t03ylqte» T h ^  ^bove 

tosyl*ste (1,45 g). In dry ethar (25 r̂ l) w»?s redded 

to an ice-cold solution of I>AH (0,403 p) nnd the 

reaction mixture stirred at room teiap rnture for

12 hr. The re»>otlon product w*is worked up ns usu^l 

to afford tbe hydrocarbon (LAVT; 700 mp). It vns 

purified by passing through is column of alutolna 

(Gr, I , 40 g) and eluting with hex»n3 (SO-70^).

The hydroC'^rbon (GLC, showed the

Analyal 8

following pronertlesi 

LO
('=<), a - 1,5° ( g, 3 ,1 ) ,

b.p, 100-105°(b«th )/0 ,8 to I mm; n^*^ 1.4B35



IR sppctrmc (Fie. 14) showed b»nds fits 2?^33, 

1460, 1370, 1325, 1258, 1176, 1112, 1000,

975, 955, 915, 895, 833 cm"^.

Pound* C, 37.02; H, 12,86^

^15*^26 87,30; H, 12,70^
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U U M K A R Y

The ketocsrboxyllc obt*^lned

durlnp^ the chromic pclxi oxld®tlon of the 

aonol (X^?), hna boen shown to possess the 

(Structure (XX) on the basis of spectr??l data 

And chemicfll reactions.

The cryst*il l lne l*»ctol (XXXI) 

obt5ln??ble froa (III) , on Huang-Mlnlon 

reduction ' t̂ 1??5-140° gives n nixtur© of  two 

sionola (XXXni nnd aXX^III) the structures o f  

which h«ve been est-b l lahed by physlcRl i«na 

oheaicnl methods.
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iieh /c iroeostU3 If ic to n e  I I I ,  ^15^18^2*

I s  a c r y s t n l i i n e  g u a lf in o lld e  which co n -s t ltu te s

one o f  the m a jo r components o f  c o s tu s  ro o t o i l .

The p re sence  o f  t h i s  la c to n e  In  the  o i l  w*̂ s f i r s t

re p o rte d  by U k lta^  In  1^3^, He is o la t e d  the

Iqcton©  In  low  y ie ld  by vac\3um d l s t l l l s t l o n  o f

th e  o i l ,  o b ta in ed  by e x t r s c t ln g  the ro o t s  »?lth
2

p e t . e t h e r . C rsb a lo n a  l a t e r  on o b ta in ed  p ro b ab ly

the  same la c to n e  from  the o i l  a f t e r  s e v e r ‘d;I y e n rs

«-f s ta n d in g . ^Subsequently I t  was Isolst^^d by
2

Naves In  ? v e ry  low  ^ le ld  (0 .1 2 5 ^ ) by vmcuun 

o l s t l l l a t l o n  o f  the  o i l  « t  8 mm, Thoufh Nsves 

re c o rd s  t h s t  th e  la c to n e  ^ som erlses a t  6 6 ° , the 

aethod c f  I s o l a t io n  sdopted by him in v o lv e d  

a r s s t l c  te ff lp e rs tu re  tre a tm en t and a s a r e s u l t  

m a jo r p o r t io n  o f th e  la c to n e  must have b^en 

a e n a tu re a .

the  so n -^ tltu t lo n  o f  d eh yd ro co stu s la c to n e  

w»5s i n i t i a l l y  s tu d ie d  by N sve s , On thf  ̂ b ^ s ls  o f 

Its 'lURntltfltlve o z o n o ly s ls  »js w e l l  a s  the r e s u l t s  

o f 3e -d eh yd ro g en s tlo n  o f  I t s  s a tu rn te d  d e r iv a  t i v e  

w h ich  fu rn is h e d  a m ix tu re  o f S - and S e -g u a lz u le n e s , 

he noncluded th a t  th e  Ip c to n e  con t-s ln s two 

e x o c y c l lc  doub le  bonds ?nd p o sse s se s  h gua lane  

s k e le to n .
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louring the  co u rse  o f  the  In v e s t ig a t io n s

o f  the c o n s t i t u e n t s  o f co® ta«re ia l eo s tu s  ro o t o i l

4
a o r s  e t  a l .  were a b le  to  I s o l ' i t e  th e  sflase 

d sh yd ro co s tu s  la c to n e  o f Naves In  5 .8S ' y ie ld  by 

vacuuffl a l s t l l l a t l o n  o f the  o i l  a t  one s tag e  

(I40-I43V0.5 ms) fo llo w ed  by subsequent 

o r y s t a i l i s s t i o n  o f  th e  p a r t i c u l a r  f r s c t l o n .  They 

repeetw u the c z o n o ly s ls  axp^^rlment o f Naves «nd 

came to the c o n c iu a io u  tihat I t  c o n ta in s  th re e  

e j io c y c l ic  doub la bonds und no t two t»s p re v io u s ly  

p ep o rtad . E x a a in -s t io n  o f  th e  IR  spaetruas® o f  

a e h yu ro co s tu s  la c to n e  show«d the p re sence  o f  o n ly  

e xooa th y l^ ne  doub lfj bonds (8 9 0 , 1640 'snd

no <5bsorptlon due to  -CHg bending v ib r a t io n s  ground 

1380 c a “ ^̂  in c ilo o t in g  the absence o f  sn y  m ethy l groups 

in  th e  m o le cu le . The pres^nca o f  an « -P  un s ’̂ tu rnted 

«<-3® thylens, Y - l« c to n e  v a s  in d ic a te d  by th e  IR  

(p e s k s  S t  1760 , 1400 and 815 ca**^) and UV (h ig h  

end a b so rp t lc n  r t  210 w  )  s p e c t r a . A com parison 

c f  th e  IH spectrum  o f  the  coBSD lete ly s*tur^^ted 

Ip c to n e  v i z ,  h e xsh yu ro d eh yd ro co stu s l? !c to ne  ( VT )  

w ith  th a t o f  d lh yd rod eo xy  c s rp e s ia  In c to n e  o b ta in ed  

form  c e rp e is  la e to n e  ( I I )  in d ic a te d  th « t  th e  two 

coapouncia a re  id e n t l c i j l  in  t h e i r  carbon s k e le to n .
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Se-aehydrogen«tlon of heKshyarodehyvirocostus 

isutone (VI) ¥f?s reported to give n lalxture of 

four azuXenes, In low vleld, Identified by p»per 

chrora?>togp=5phy to consist of >- nnd oe-eti??l*3sulenes 

end 3- and Se-charaazulenes, On th# b^sls of thf*se 

results, the structure of dehydrocostus l**-’tone 

w/>s repreaentea by them «s I I I .

Though structure III for aehydrocostus 

Isctone qpp^^ars reesonBblia thf?re are sorae points 

which naea further evidence In support of It,

( i )  low yl«»lds of azulenes ss cbt^lnsd by Nnvea, 

uorra <sina also by us® do not lena sJeiu^^te support 

for the gualane skeleton especially when s^ny 

t«5rpenolas such «s pyrethrosin VII nnd 

par)[<^thenollae (V III), which do not posse s a 

perhydros?aulen» skeleton «re «l3o known to yield 

coaipnreble saounts of ©zulenss on dehyUropenptlon. 

(11) An «ltern*Jtlve structure ('̂ ') with the Inctone 

fitt»»chment «t C7  - for tne corapounu could not 

be rulea out^«s aost of thf* <ieuuctlons via. 

forraatlon of azulenss, ozonolysls results. 

Interpretation of IR ^nd OV uata will rIso hold 

good for structure ( ’/) «s well.

The only eviaence given in fjivour of 

structure III is b«sea on the conjp^rlson of the



IB spectrum of hexahyarodehydrocostus l?»ctone, 

n non-hotaopenous rnsterl>̂ l (GLC 4 p«̂ »3ks), tftth 

that of cllhyarodeoxy carpeslf? lactone*

It wss, therefor*-?, thought desirsbl® to 

collect dat-3 to confirm the structure *?ssigneci 

to uehfdroeostus Isctone.

The low tetaperfifure solvent extraction 

proceaure for extracting costus root oil rurnl‘=>hed 

a alxtur» of two cr/stsLllne Ipctones In about
5

2 ^ 3 %  yield , This consl'stea of (1) cojjtunollcie I? 

3 0 %  and (ii) dehyarocostus Iflctone 7 0 % ,

The availability of aahydrocostus In-'tone 

in high yield enabled u-̂ to unaertske a detailed 

investigation of its structure.

For the sake of convenience it is assumed 

thflt dehydrocostus I«ctone is represented by the 

structure ( I I I ) .

Preylous work done in our labor^^tory

with the ultimate object of petting 

prouuct rel''ted to nepetallnlc «?cld (iC) vl« the 

intermedlnte ketocsrboxylic acid IX, hexRhyaro- 

aehyjrocoatus l*»ctone, obt>ilned by atrect 

hyarogftnfJtlon of uehydrocostus l«?ctone, was 

oxialsed ^ith chroialc «cld in •'^cetic i^cid. But 

lnf?t8au of the desired ketocf^rboxyllo ncld, the





i n i

product obtslnau w n s  s l«ctone-osrboxyllc 

«cla possibly represented by XI or X II, or 

« ralxture of both. Much of the VI wss recovered 

unchangea.

subsequently VI was reacted with phenyl- 

jnagneslum-brotaliie *jnd the product dehydr^Jted to 

yield, presura«»bly, the dlene XIII, But contrary 

to expectfitlon its oxlG*>tlon did not le^a to 

any conclusive resultst

Our approach townrcis solving thp structure 

of dehyorocostus Inctone Is b*»sed on the **ollowlng 

consider?* tlons:

1) Conversion of dehyorocostus iJictone Into 

the bflslc hydrocarbon gual«ne (I ) .

2) Obt^lnlnc higher yields of sizulenes frora 

suitable uerlvatlves of dehydrocostus Inctone

3) Sstsbllshlnir the presence of cyclopentsne ring 

In the ssoiecule.

4) Showing th?=»t the Inctone attachment Iss «t 

Cg - C .̂

The rast^rlnls used In this lnv«>stlpotion 

were of eatabllshea purity,

I .  r.ortĝ  tlm.Q.C,„

Hexahydrodehydrocoatus l<5Ctone (VI) was
7

reaucea bv LAH unu«r controlled conditions ana the

*Thls work wss carried out by D, Slraonovlc ??nd
A.S. hao
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resulting hyuroxyflldehyda (XIV) vr«s subjected 

to Huong-Minion reduction to furnish in good 

/ield , the pur© (GLC/TfjC) cryst*?lline 'Tjonol 

Ca V) m.p, 54°. Dehyur'>tion of the

mono! by R.HSO  ̂ gave a taixture (GLC) of two 

unsaturfJteu hyuroc^rbons (aVI), both*0 450
containing »  tr5aU /i tea double bond (IH ^nd NMH 

evidences). Hydrogenation of this fixture (XVI) 

gsve H saturated hydrocarbon, C,_H , (G!‘jC, twolO <io
isom ’̂rs 80 j20), identified ns guaiane (I) by

coaperison of its IR spectrum with that of

13
aecahyaro S-guaiazulene «nd physical constantr^. 

Formation of guaiane from I I I ,  therefore, supports 

the guaianollde structure for dehydrocostus lactone.

 ̂orsaation of nzulenes

bulphur dehyurogenntion of the monol (XV) 

fifforded o-guaiaaulene i n  yield. It wns 

chnrsctp>ri8ed through its TNB adduct. Dihydro- 

aehyurocostus Isictone obtained by NsBH^ reduction 

of ( I I I ) ,  on hew ting with alkali in diethylene 

glycol at high temperaturaa furnished chara«aulene XVIII 

in about 7-8^ yield

*More recently a a»?thod has b»en developed in our 
laboratory to produce asulenes from dehydrocostus 
If^ctone wherein the yield of azulenes Is >iigh 
as 2 0 % ,
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Previous work; The monol (XV) on oxidation

with Jones' chromic scid raap nt furnished

o
s cryst'**lllne ketone, m.p. 54-55 (XIX).

Along with the normal oxld)?tlon product (XIX),

It h I s o  g»?ve n ketocorboxyllc acid, 

characterised through Its toethyl est^r.

The k-?tone (XIX) showed in I t s  IR spectrum 

CHrbonyl nbsorptlon « t  1706 cm*"  ̂ eonsl3t«nt with 

n cycloheptraaOne system. It ala not show «ny 

absorption around 1420 cm“  ̂ chi?r«ct??rlstic of  

-CO-CHg- grouping* The ketone fsllea to give 

any seaiic«rb»2on» «nd 2t4-dlnltrophenyl hydrazone. 

It oifis also res latsnt to reduction by N«3H^ and 

LAH. The Oiiu curve o f  thlg Ketone showed 

posit ive  cotton e f fec t  (a ,  + 64 units )  which did 

not a l t e r  much on addition o f  hydrochloric ^cld 

In a lc 't in g  thereby that the cnrbonyl I s  In a 

hlnaered position.

These obaervstlons clearly su.rpest th«t 

the cnrtaonyl group In the ketone* Is st Cg Rnd 

not at Cg and hence the Inctone ntt^chraent In 

aehydrocostus lactone la at Gq - C^. A chemlcBl 

proof In this connection Ig niso *sv9ll>^ble «nd 

described In the sequel.







The IR and NMH spectra of the keto 9??ter 

mentioned above suggesteu that It could be 

represented by either of the fllt®rn>9tive 

struetur^=^s XX or XXI. It wns not poislble, from 

the IH spectrum (Fig, 2 ), to decide wh#»th??r the 

keto-group la locMted in the alde-chaln rs In X\I 

or In the cyclopentane ring aa In XX, since the 

carbonyl absorptions due to the keto-group «5nd the 

ester group were merging. However, the absence of 

any absorption around 1420 cra'  ̂ charf oterlstic 

of -CO-CHg- grouping In the IR spectruo of the 

keto-sster suggests thst XX Is asore likely to be 

Its structure.

Vilth a view to decide the structure of the 

ketocarboxyllc acid its raethyl ester w«s

8
broralnatea with excess of N-broraosucclnlffllde when

a trlbromo (broralne estimation) compound was obtained,

Xhls on dehydrobroolnation by refluxinp with

pyridine afforded srsong other products s

crystalline solid, Cj^gHgg0 3 , m.p. 95-96°. The

IR speotruro of this compound showea pe^ks at

1705 (ester carbonyl) 1672 («=t-P-unsaturQted keto

group) and 1639 and 1629 cni“  ̂ (-C = C - stretchlni?).

Since the peaks at 1672, 1639 and 1629 c®“  ̂ were

12«>X3
not much differing In intensity » It is quite
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probable th?«t one of th« chromophores pr sent 

in the molecule !s a clsold '̂ (-P-unsa turn ted ketone. 

The UV spectnin of the product showed

^*aax No definite conclusion,

however, could be arawn from these datf» regarding the 

exact location of the k©to-group.

The NMH spectrum of the product, however, 

clesrly inuicated the «)bsence of any methyl proups 

on satur«t-d carbon Rtoms (no signals shove ?>.0 J )

«nd shov#ed that all the four methyl groups present 

in the molecule are Jitu«ted on carbon Atoms 

carrying uouble bonds ( - C * C - CHg type; signals 

at 6 .29, 8 ,24 , 3.03 and 7.92 1 \  12 H). It slso 

showed signel fit 6.32 7 (3 H) due to an ester 

methyl group and «t 3.02 1  (1 H) due to anj 

olefinic proton on a conjugp.ted trisubstituted 

double bond. This NMFi detn cannot be explained by 

the structure XXI ^or the origins! keto acid, n s  it 

would have fiven a compound aont?ilning least 

one methyl group on q saturated carbon 3 torn »snd 

more than one olefinic proton ss in XXIII «nd XXI/ 

on broain*3tion end dehydrobroain?^tion. Thus frosi 

the NMH spectrum it nppeers obvious th«t the keto 

acid c??nnot be represented by XXI and h«s, 

therefore, to be represented by XX.



R = C H , R=CH,

R = CH:

XXVI X X V I I

XXVIII XXI X
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i'^resent worK; A/ith a view to confirm the

structure XX for the ksto-»eld It vss fait

cieslrable to show the preaonce of cyclopents^nonfi

systenj In it, which woula ultimately prove the

presence of s cycXopentane rlnp In dehydrocoatus l^^ctone

also.

To aohl©v«? this obje^tiv© the keto 

ester (XX) w^s converted Into the ethyien® ketal- 

ester XXV by reacting it with athyleneglycol.

The k e t a l  ester (XX/) on reauctlon with LAH 

gave the corresponding ketsl-slcohol (XXVI) frota 

which the ketopslcohol XXVII wes generated by 

trestment with sold.

The kotoslcchol (XXVII) showea in its 

IR spectru® bands at 1 7 3 0  qbj"  ̂ (cyclopentsnone) 

pnd 3436 cra”  ̂ (hydroxyl). It did not show any 

ubsorption around 1420 crs"  ̂ cherscterl stlc of

- CO - CHg grouping thus eliainstln? the 

structure (XXI) which contfilns such a moiety.

The carbonyl absorption at 1730 though

reasonably sstisfr?ctory for cyclopent??none  ̂ Isjjves 

so®e doubt, open chain kstones^^ are also 

capable of giving absorptions upto 1725 cm”^.

The some¥h*9t low value for th« cyclopent«notie 

absorption in the IH spectrum of the ketol XXVII 

may possibly be due to hydrogen bonding with the
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prlriptry hydroxyl function. It ther«»fore 

aecldpci to convert the CHgOH Into CH^ and then 

exfi'Tilne the IH of the resulting product.

The ketol (XXyil) was converted Into Its 

tosylfite «nd the latter reduced by LAii to s

mixture of t w o  Cg epltaerlc tionols(XX’/I I I ) ,  

chromic acid oxidation of which furnished the 

ketone (XXIX).

The ketone In its IR spectrum (Fig. 3 )showed 

carbonyl absorption «t 1736 ca”^, flrnaly 

establishing th« pre<?ence of cyclopentfinone nnd 

ultimately confirming structure (XX) for the keto 

ficiti.

The NMR spectrum of the ketone XXIX Is in 

agreement with the structure esslgneci to 1 1  

^flve secondary methyl groups, signals «?ti 3.??1,

8.98, 9.03, 9.11, 9.17 and 9 , 2 4  1 (15 H)_7.

These findings clearly Indicate thst during 

the formation of the keto ncid from XV initial 

hydroxylstlon (oxidation) takes plf»ce at Cg end 

not at C.7 .

4. 0.6 ffy
...UMD, ,

Previous work: Following the method of the 

Japanese workers® dehydrocostus l«ctone w s  converted



X X X X X X

XXXII XXXII I X X X I V

I ' d.
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to the crystalline Irictol XXXI by prolonged 

reduction with Na3H^. The Isctol on oxldstlon 

with chronslc acid afforded pur» (OuC/TLC) 

alhydrodeh/arocostus I'^ctone XXX (our previous 

attempts to obtain th» same ^n ep1 to«rlcally 

pure conultlon by reduction of III with 

Na-alcohol snd Na- llq, aramonls had filled).

The dlhyaroaerlvatlve (XXX) could also be obtained 

In 3 0 %  purity by direct reJuetlon of III with 

NaBH^. It was qlso observed by us that the 

cryst»’ lllne l^ictol (XXXI) could be obtained more 

conveniently on prep«r«tlve scnle by controlled 

reauctlon of XXXI (30^) with LAH.

Huang-Mlnlon reduction of XXXI fit 170° 

Afforded along with other products, the pure (TLC) 

hetero-annular dlenlc raonol (XXXII) in which both 

the original raethylenlc double bonds have migrated 

Inslue the rings. The IR spectrum of XXXII did 

not show the presence of exoraethylene double bonds, 

The NMH spectrum lncilcnt<>d the presence of two 

methyl groups on double bonds (signals »?t 8.41 snd 

d.13 1 ,  6 H) end did not show any signals due to 

trlalkyl^ted protons. In conflrial ty with this, 

it showed chars^cteristic UV nbsorptlon «t 252 m r
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Atqong thff o the r  products o f  Huong-M inion  

re d u c t io n  o f  X X X I,  S-^usl?izu lene(chnrnct«ri sea **s 

I t s  rWB pdduot) was I s o la t e d  In  *ibout 2^ y ie ld .

J x ld a t lo n  o f  the itionol X ) U I I  with Jones  

chroralc a c id  re sge n t  w e ll  s s  w ith  o ther  

o x i d i s i n g  3 ?ont*i: l i k e  C rO g -p y r ld ln e  *ind n c t lvn te d  

MnOg, however, f a l l e a  to g iv e  the expect<=>a 

con jugatea  aienone JUKI 1 1  I n  pure c o n d it io n ,  

a lthough  In d ic a t i o n  o f  i t s  f o r a a t lo n  r s  one o f  

the products  wss observed I n  the UV spectrum o f

the o x iU n t lo n  product (>jnax *^niax

o f  the monol X X X I l  remalnftd unnffectf»d even w îen 

the re a c t io n  was C flrr led  out fo r  a lo n f^ r  p e r lo a ,  

su g g e s t in g  th a t  the a l c o h o l i c  group I s  i n  «

h indered  p o s i t io n .  The in d i c a t i o n  o f  the
of

fc r f f la t lo n /X X X I I I  from the d le n ic  aono l X X X II

su^Tge3 tea thi^t *0H’ group In  the l a t t e r  i s  «t Cg»

T h i s  was fu r th e r  confirmed In  the fo l lo w in g  wsyj

-Vhen the d le n ic  mono I  X X X I I  was subjected  to 

m etslam lne (Na o r  lii/l.l«^;^Hg) reductlon^^ , s 

hyarocj»rbon XXXV was formed s?lonp with tr ' ice s  o f  

the hyaroc»^rbon XXXI'/. Tne s t ru c tu re  o f  the  

hyarocftrbon XXXV i s  supportea by i t s  N'MH spectrum  

^ s i g n a l s  S t  ?^.13, 9 .07, 8.97, 8 .9  7 (9 H) 

aue to  three ssjturat'^d methyl group<3 *̂>t 8.38 1 (3 H) 

due to  n e th y l  on a double bond. The hydroci»rbon
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XKXV cnust h^ve been formed by further reduction 

of the conjugs^ted hydrocnrbon XXXIV obtained ns 

8 primary product of hydrogenolyals. The 

possibility of «ny nllyllc migration of the 

jouble bond lending to the formation of XXXVI 

during the metsla'alne reduction Is not likely, as o .  

heteroannular dlenlc sy=3ter?j Is expected to be more 

stf^bie. The forroatlon of the hydrocarbon (XXXV) 

vie the lntermedl«ite XXXIV can only be eDtplal n'=?-d 

if the position of the hydroxyl group is »?t Cg 

in XXXII and hence nttschment of Isctone moiety 

in III is at Cg.

Present work: In order to siscertaln whether raore 

proof In favour of the structur<» III could be 

obtained, some tran‘?form’? tions of dehydrocostus 

Iwctone w«ro carried out. Since the Huang-Mlnlon 

reauatlon of the l«?ctol (XXXI) at 170° «na 

higher temperatures fave rise to the nonol (XXXII), 

with both the double bonds mli^rated inside the 

rin..s Blong with 3 -gual»5:^ulene, the reaction w?is 

tried at lower temper*?tures with a view to 

ascertain whether the norm'll reduction product 

(XXXVII), with both the exocyclic double bonus 

intact, ?5S also the monols with one of the double 

bonds migrated Inslae the ring, could be obt»?ined.



When the reaction carried out at 135-140® a

mixture of two 'nonols wbs obtained In good yield.

These were sep?jr«t©a by reoeat^d chrotantogrnphy

over qlumln??. The raonol (XXX7II), C,-H 0,
•*■0 24

(GLC/TLG pure) elut»>a In earlier fractions of the 

chromato:rsphy showed the presence of exoaethylene 

Qoubie bonds in its IR spectrum (Fig. 4 ), The NMR 

spectrum (Fig. 5) of the raonol showed signal?? at 

9 .3 , 9 ,13, 9,04 7 (6 H) due to th« methyls of the 

isopropyl {jroup at Cy. In the oleflnic region tt 

showed signals st 5 ,?4 , 5.23 nnd 4 ,9  1 (4 H) due to 

the protons on the exooethylen® double bonds Qt

and Cĵ q; b triplet at 7.11, 6.95 ^ n d  6.82 7 (1 H> 

was qlso observea which is due to the proton et C^.

The NKR spectrum Is, thus. In agreement with 

structure XXXVII. Ozonolysi s of the Tjonol gave a 

dlketo fslcohol (XLIII), In the IH spectruja of this 

product (aLIII), s brosd csrbonyl ‘ibsorption was 

observed, from which It was not possi blp^ however^ to 

conclude the presence of c/olopentftnon= 3/stem.

From the middle fractions of the chromstopr«phy, 

Another pure (GL<C/rLC) monol XXX7III, Cj^gH^^O, wos 

isolated. Its IH spectrum (Fig. 4) clearly indlc<?ted 

the presence of exoni»’ thylene group (1639, 385 cm"^). 

Its NMR spectrum (Fig, 5 ) , however, indicated the
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presence of only one exomethyiene group

(sigiiAls at 5,45 , 5,35 7 ; 2 H) «nd s methyl group

on fi double bond (algnnl at 8,35 7 ; 3 H), The

spectrum did not show «h/ signal due to proton

on trlalkyl^ted double bond. It la, therefore,
■iht

obvious, that one of^two origins! exotat*thylene 

doubI<9 bonds In XXXT has nlgr^Jted inside the 

ring during the reaction. The *»bov*» spectral 

datn would suggest thct the J“Ieohol r*ould be 

represented by either of th-» ?t^ucturf*s XXXVIII 

or XXXIX, Preferential hydrogenation of the 

exomethylene group with Sjl Pd on chflrconl In 

alcohol mealum, follo^red by chi'omlc «cld oxlamtlon 

of the rraultlng dlhydrosaonol <XL or XLI) afforded 

a number of products frois vhleh a fraction rich 

In fcetona was obtalneoi by chroas^tofraphy. Ilie 

IP. (Fig, 4) «nd OV spectra of this fraction 

Indlented the pre*tence of n non-conjugRted ketone 

In It , aecesssriiy representea »»s (XLII), The 

origlnfil 3onoi should be, therefot*®, repreaentad 

by XXXVIII snd Its dlhydro derlvf»tlve by the 

structure (XL) (IH spectra Fig, 4 ),

The ochar product<s of chroml-? «cld oxidation 

of the 3Sonoi XXXV’tll include s?n oxldo-ketone, 

'̂ 1 5 ^2 4 '̂ 2 » ®*P* 'Kflth B keto group loc*^ted In
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8 seven merabered ring (IR sp^ctrura band st

1705 co”^). This oxldo-ketone Is possibly formed
an

from n n  Intermedlnte keto-alcohol contalnlnp/• OH' 

group, #lthpr *?t Cg or ©t formed by further 

oxidation of the ketone (XLiII), So the oxldo- 

ketone may be represented by any of the four 

structures viz, (XLIV and XLIVjj) or (XL'/ *»nd XLV*»). 

The NKR spectrum of the oxido-ketone showed 

signals at 9.13, 3.12, ?^.08, 9 .01, 8.97 7 (9 H)

QUfe to the three methyl groups at and 

it also showed a slgasl at 8 . 6B (3 K) due to the 

m^'thyl group at C^q which Is carrying the oxygen 

bridge. The NMR spectrum thus suggests the 

structure XLIV’ or XLIVa for the oxldo-ketone.

In view of the form»?tion of the keto-ncld 

Xa (R = H) from the monol XV In which the 

oxidation hss t?»ken place at Cg It Is v*ry

probable that the oxidation of the monol XL also
place

should h»»ve taken^at Cg. In view of these 

conslder»itions the structure XLI7 appears to be 

more probable for the oxldo-ketone.

Another product of the oxidation of the 

monol XL was a 11 quia keto-lactone showing 

IH bands at 1773, 1706 and 1408 cm“  ̂ indicating 

the presence of a Y-lactone, a keto-group end a
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CQ-CHg grouping. Th# IH data suggest th»t 

this Is foraed by oxlantlon of the monol XL 

nt C j  to glv« «n Int-rraecii.'ste d i d  which on 

further oxidntion gives rise to « k«to-lsctone 

by rupture of the bond followed by

lactone ring closure of the resulting 

P~t unssturated acid. Thus !t mny be representea 

by the structure XLVI.

The dihydromonol (XL) on dehydration with 

Bluaina-pyridine st 18 0-200® in an Rtaosphere of 

nitrogen afforded a mi-ture of hydrocarbons,

^16^24 XLVIII; GLC, 70i30) in about

60-65$ yield. The hydrocarbon mixture wns 

chromatographed and a ^rnction rich In XLtfll 

(GLC, about 8 6-<K)?C; 242| 20,000)*

WQS obtained, which showed in its NMR spectrum 

3ign»^l3 at 3 .94, 9 .03 , 9.15, 9.26 and P .38 7 (3 H) 

clue to aothyls at and nnd st 8»3 (3 H) due

to methyl on a double bond *it Cĵq . It psI so showed 

signals at 4 .4  ond 4.63 7 (1 H) due to a proton nt Cg.

*Siiaple cycloheptadine system without any 
substituent on chrornophore absorbs ^t 248 m i \  and 
the compouna in question though contsining 
3-substituents on the chroaophore fjbsorbs at a 
lower VRlue (242 o<'‘). Reference compounds In this 
series were not available for comparison purposes.
The structure XLVII, however, is conflrmea by 
consideration of Its NMR spectrum.
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The hydrocarbon (XL^II) on ozonolysls 

would give the keto«pcld (XjIX) which on 

subsequent oxidation would furnish •-i-lsopronyl 

glutarlc acid (£i). This coranound i 3 exp<»ctf?d 

to yield valu.'^ble IrTforniatlon sbout the stereo- 

chealstry at In dehyurocostus l*5Ctone ( I I I ) .

However, due to paucity of the compound XL/IT 

this work could not b» etsrried -ut at present.

As such the examination of the NMh spectrum 

of dehyurocostus Isctone suggests thet the point 

of att&cbmsnt of the hyiroxyl oxy^^en atom of the 

lactone reclety is at Cg ^nd not at Cg as the 

spectrua shows a triplet at 5 .88 , 6,04 snd 5,17 7 (1 H) 

^nd not « quartet »s would hsve been expected 

if the attachment were fit Cg. Similar trlpl**ts 

are hI so observed in the HMH spectra of dlhydro- 

dehydrocostus lactone (XXX) ond the monols XXXVII, 

XKXniI find XL. This spectral dat«. coupled with 

the chemical evidence previously obtslned (form?5tlon 

of XXXIII snd XXXV froze XXXII) conclusively 

est^iblishes the position of the Iwctone att»?chtBent 

st Cg - iu dehyarocostus Inctone,



Hgx8hydrQdehycrQC05tU3 Iqctone (YI)

Dehyarocostus Uctone ( I I I ) ,  m.p, 60-61°,

(*<)^ - 13®, (50 g) uls30lv9d In sicohol (2o0 wi) 

was hydrogem*tsd unaer pressure (1000  Ibs/sq.in) 

using plHtlnum cntalygt Inltlnlly ?»t room 

te;ap8r*s cure (5 hr) and than n t  50° (fv hr), Alcohol 

was resioveci under auction, th<? rpfsliu-s cillutea with 

Mister înd <»xtract**ci ^ i t h  ether, Heraiov>?l of eth»r 

furnished q liquid, purl flea by dl stl lls^tlon, when 

It showed the foll^wlnir properties: b.p. 130-135°(b»th)/

0 .5  taiB, n^^ 1.4980, («*■). + 36° <c,4.2,i.V i)

4aslyal2
Founds C, ?6 . 6 8 ; H, 9 , B 9 *  

requires* C, 76.22; H, 10.24!^

Controllea UH  reauctlon of VI

The Incton© (VI, 27 g) was reouced by 

grsaufll aaaltlon of sn ethereal solution of LAH 

(75J2, 2 ,6  g; In 200 ml) una<?r coollnp *»t - 10°, The 

reoctlon mixture was stirrt?»d for 3  hr at - 10° *̂ nd 

for another 3  hr «t room tei!ip“r«ture. It was 

uecomposed by nlcohol snd wstpr «̂ nu worked up to 

irlve crude hydroxy nldehyde XIV (26 g:) contJ?lning 

sorae unre»>cted Inctone (IR spectrua).

1



flUPnKrHlnWa..rNt^,P.Ugn, ftf, .hYdrQ^^yeliietaBU
(iBCtol) (XIV)

A njlxture of the above h’/ rox 7 »ilci«hyie 

(26 g ) ,  a ie t h y ie n e - g ly c o l  (150 ml ) ,  KOH (27 g)  

ana hyaraz lne  hydrate  (26 m l),  was he*'t»»d at 

iOO-iiiiO® f o r  5 hr I n  an atTJOSphere of n it ro g e n .

Aftar cooling, It wys dilufced with *?Ptt»r and 

«xtracteu with eth«r. ^th»r Is/er w«s washed with 

uii, HCI (5jfe), W3tar and dried (M«g30^). vflporstlon 

of 6 th,jr furni 3had a liquid ( 2 1  g) whlw*h 

chroantographeu on alumina (Gr. I I ,  1100 g) and 

eluted »s follova;

Fr. i>io, ooiv«nt Vol. In ml Wt. In g
/

1 Pet.ether 600 6.155

2 Pat.ether + Benzene 4500 10.8
( 2 r l )

3 Pet.ether + Ben2ene 2000 0.8
( 1: 1)

4 Ether 500 1.5

Fraction 2  which solidlfiea wo3 crystallised

frora dilute ‘slcohol to « const. *a.p. to give V

(GuC/TLC, pure) a.p. 53-54°, («<)jj + 6 .3 ° (c, 2 .1 )

Ma.Ul,? ?
FoundJ C, 80.37; H, 12.58??

Cj^gHggO requires* C, 80.29; H, 12.58!^
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Chroaic p c I u  oxluatlon o f  che taonol ( X ¥ )

The taonol (1 g) w«?s dissolved In 

pcetone i 'd O  ml) mnd Jones' re?igent w«s Added 

aropwlse till n brown colour persisted. The 

proauf’t v f\s diluted with water nnd extracted with 

ether. The etht>r layer wns washed with w«ter Rnd 

extracted with KagCOg aq, (5^). The ^̂ *2^03  

extract w?9s acidified with dll, HgSO^ and 

extrBCted with ethf*r. The ncla obtslneo after 

reraovRl of ethsr (0,3 g) wss eatprlfied with 

dlaaomethene to gii»e R » CH3  CJLC pure), 

b.p. 150-155°(bfith)/0,6 ma, n|® 1.5200,

♦ 20° (c, 2 ,5 ). IR spectrum (Pif. 2 ),

Found* C, 71,60? H, 10.93^ 

wigHgyOg required* G, 71.60; H, 10.52%

The reslaual ether Isyer ?»fter NSgCOg extrnction 

furnished the ketone (XIX; 0.6 g),

Netellsation of XX (R = CHg)

A mixture of the keto-ester (0.3  g), 

dry benzene (80 ml) ethylene-glycol (5 ml) »nd 

toluene-p-sulphonlc «?cld (10 mg) w^s refluxf»d (24 hr) 

with stirring, with an Qrrnngement to 8ep«r»te 

azeotropically wnter foraied In the reaction. The 

reaction mixture wrs cooled »jnd w«shed with



wster qna dried {N%g30^)

Heooval of benzene gave the ketsl ester XXV 

(0.82 g).

LAH reduction of the ket^il-ester (XXy) and 

deketallsatlon of the resulting k*»tRl->^lcohol (XAVI)

The ket»3l-ester (0,82 g) In dry ether (30 ml)

was reducea by LAH (0,12 g In 50 nl of dry ether)

unuer stirring for 10 hr. The re»«ctlon product

workea up In the usual way to give the k«»tf»l

alcohol (XXVI) (0,936 g) which did not show any

carbonyl Absorption In the IB gpectruia. The k»tsl

alcohol w1 thout further purification wrs

dissolved In benzene (50 ml) »ind conc. HCl (2 ml)

VB3 «dded. The resulting alxture wss refluxea

''or (I hr). The benzene layer w«s sepsr^ted,

wftshed with water «nd dried (NsqSO ), H«movs?l of
4

solvent and purification of the resulting product 

by chroawtography and distillation the keto-

a I CO hoi (XXVII; 0,47 g ) ,  with the following 

properties* b,p, 146-160 (bath)/0,l ma,

1,4750, (oi)|j - 3° (c, 0 ,4 ) , IR spectrum showed 

car bony absorption at 1730 

Analysis

Found? C, 74,77; K, 11.71J?

CigHggOg requires* C, 74.95; H, 11.74^



I8l)

IgqiiaUw aL.Myu ana .-/VI 1U£
t03Yl8te

To the keto-alcohol XXVII, (0 .4  g) 

alssolved In pjrrldlne (10  ■nl) toluene-p-sulphonyl 

chlorlae (0.5 g) was n d a ^ a  and the repctton 

product kept at room temperature for 48 hr.

The product w«s worked up to <?tve the tosylste 

(0.52 g) ¥hich was reauced by an eth'^real solution 

of LAH (0.77 g In 100 fqI) unaer stirring ^or 10 hr

St room temperature. Axcess of LAH was decomposed

by sudltton of alcohol ana w«ter «nd the product 

worked up In the usual wny to furnish a mixture 

of eplmeric alcohols, (XXVIII, 0 .3  g) (TLC, 2  spots), 

with the following properties; 

b.p. l25-130®/0.2 tarn. I n ^  1.4640, (u)^ - 28®

(c, 0 .85 ).

Found: C, 79.43; H, 13.38J?

C^gH^O requires: C, 79.57; H, 13.26??

Chromic acid oxidation of the alcohoX (XXyilll

To the alcohol (0.215 g) In scetone ( "0  ml) 
chronalc *icld 

Jones'^lresgent v n s  »dded dropwlse till a brown

colour oerslsted, Aftf*r keepinjr for I hr. *?t room

tiiKipersture It workea up to clve a product

(0.155 g) purified by ohroiastofrrophy ^nd distillation



1^1

to give aXIX (GLC, 95^) with the following 

properties: b.p. 150-165® (b?=ith)/0,6 tarn.;

1.4900, (<x)  ̂ - 33° (c ,6 . 6 ). IR sppctmm,

Fl^, 3. It showed carbonyl Absorption fit 

1736 c®'^.

Analysis

Found: C, 80.41? H, 1 2 , 2 5 %

^16^*28^ rsquires: C, d0,29; a, 1 2 . 5B^

rî dLUGtlon of d»hydroco3tu» l-»atone (III)

To uehyarocostus l*?ctone (23 g) alssolv«d

In aathsnol (70 tnl) wss »a<lad NaBH. (I g) In

Instalments uurlng I hr., *3nd the resctlon mixture

kept at room tf»niperftture for 24 hr. After dilution

with water containing HCl it wna extracted with ether.

The etht^r l^yer was wfished with water «nd urled.

ftemoval of ether gave the cruue dlhyaro-aehyaro-

costus Iqctone (XaX) {22 g).

Controlled U H  reuuctioiL_Qf_^^

The Inctone (XXX, 22 g )  in dry ether (200 ml)

was reuuced by gri?duplaudition of **n ^>thereal solution

of LAH (75i; 1.6 g) under cooling (- 10°). The

o
reaction nsixture w b s  stirred for 3  hr at - 1 0

ana for another 3 hr st room temperature. It was
o

then worKea up to give « solid ( 2 1  g) m.p. 90-96 

which wqs crystallised from pet. ether to give the



1

pure Inctol XXXI (9 g), ra.p. 110-111*^,

- 32® (c, 3 .5 ) .

Found I C, 77.45; H, 9 . 7 7 f  

requires* G, 76.i^8; H, 9.46){

M uanK>M ^nL9Q ..r .g .d ,Hgt^9q  9f. k s t s l .  I M . U .

The ls»ctol (20 g) wejs dissolved In 

freshly aistllleci dicthylene-glycol (200 ial) 

anti hyarszlne hydrate (26 ml) ?»nd KOH (20 g) were 

aaued. The mixture wna heated «t 136°-140° f'or

5 hr. in an stmosph^^re of nitrogen. It wus diluted 

with water and extracted with ether to furnish 

a liquid (14 g) which wbs chroastoirrnphed on 

alumln*? (Gr. I I ,  420 g) nnd eluted es followsi

l-r.No, Solvent Vol. in sal -Vt. in g

1  pet. ether 600 2.5

2 pet.ether ♦ Benzene 1000 4.2
( 1: 1)

3 Benzene 500 3 .0

4 iither 500 0 .7

Fr. 1 was purified by rechroin’̂ togr^phy

over alumlniR ana distillation to give the monol -
o  f‘̂ )D -̂28.3”

XXX^II, b.p. 120-126 (bath)/0.5 mm; n ^  1.5090;^^, (c ,4 .4 )

Ih aoectrum (Fig. 4) showed bands at 3610, 2*^85,

1642, 1449, 1387, 1389, 1370, 1274, 1206, 1115,
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1053, 960, 890 cm"^.

Fractions k and 3 which contain essentlf?lly the 

uonol (AXX'/III) were mixed and purified by 

ulstlnation to give the pur^XXX III (GLC, TLC) 

with the ^ollowlnp properties:

b.p. 120-126°(bBth)/0.3 nra., n^*® 1.5126;

* 32° (0, 2.18).

IR spectrum (iflg. 4 ) showed bnnds at* 3425, 1639, 

1449, 1385, 1370, 1163, 1138, 1070, 1005,

find 886 cm”^.

Analysis

Founu* C, 81.08; H, 10.98JC

*^15^24® requires: C, 81.76; H, 10.98^

The taonol (1,63 g) absorbed 158 ml 

hyarogen fit aorresponding to one double bom. 

on hydrogenation in nlcohol aedlura using 5 %  Pd 

charcoal cnt'»lyst. The product was workea up in 

the usual manner and purified by dlstlllntlon, to 

yield (XL), b.p. 140-150°(bath)/0.5 ram; 

n|4 1.5000, 39.3° (c, 1 .9 ).

IR spectrum (Fig. 4) showed bsnds at: 3500, 3030, 

1667, 1471, 1389, 1050, 1005, 920, 800 cm’ ^.

AS.aJLZal.2
Found: 0, 81.02; H, 11.70^

Ci^gHggO requires: C, 81.12; H, 11.79^
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dhTQalc geld oxlaction of the taonol (XL)

The aonol (5 g) wrs alg9olv»d tn 

ncetone (50 ml) snd Jones* r0»?F'?nt wes sdded

till a brown colour persisted. It n/sg kept at

rooffl temperatur#? for 2,5 hr. nnd worked up to 

fe'lve s U  fuld (4,8 g) vhi ch wrs separated into

flcldlc and neutral parts by NeHCO^ The neutral
3 ‘

pert (4 g) rfes ehrorautoi.’raphed on ^lumlnw 

(Or, I I ,  200 g) anu eluted with pet. ether,

pet. ether-benzene, benzene and ether. The

pet. ether-benzene frectlcn (0 .6  g) was rechrom«to- 

graphea to give the ketone, XLII (O .IS  g) eluted 

with pet. eth?»r ana purified further by distillation 

(7056 by GLC), b.p. 120°(bnth)/0.6 nm. In the HV 

it did not show sny absorption in the region 

220-340 ffl/', indicating it to be 9 non-conjugated 

ketone,

IB spectrum (Fig. 4) of the icetone showed b«nds 

at: k:985, 170^, 1463, 1370, 1316, 1163, 1117, 1064, 

10^0, 1000, ^̂ 75 , 935 , 8^  »»nd 886 cm’ ^.

From the l*»ter fractions of the 

rechroaistography, a crystalline oxldo-ketone (XLI'Z) 

ffl.p, 96^» was Isolntja. It showed neg*»tive 

TNM test.

IM spectrum showed b?>nds st« 29P5, 1705,

1460, 1404, 1389, 1370, 1307, 1236, 1202, 1186,

1075, 1047, 10r<?,^52, 869, 818, 800 ^nd 735 cm“^.
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Analysis

Found J C, 76.49; H, 10.44JJ

<=16«,4°8 re^uiresj C, 76,22; H, 10.24?6

-iht
From ether fractions of the rechronistogrRphy 

was Isolated n keto-lrjctone possibly representeci 

by XLVI and having, b.p. 140-145°(bath)/0.8 am.,

 ̂ 8 ,7  (C, 2 .3 ) , The IR spectrua 3how«d 

bends st 1776 (Y-lncton«), 1710 cia"  ̂ (cnrbonyl group).

i^ehyarstlon of the moncl (XL)

The raonol (0.5 g) w«s mixed with slumlna 

(I g, made b*!slc by pyrlalne) »md heated at 

180-200° for 5 hr in an ataosphare of nitrogen.

The proauct was taken In pet. eth‘?r gnd p?»ssed 

through a column of alumina (Gr. I ,  25 g) >̂ nd fluted 

with pet. ethsr to give n mixture of hycirooarbons 

(aLII and XLVIIl; 70:30 by OLC) (0.2S g). It was 

rechroaisitogrfiphed sjnd a fraction (0.140 g) wns 

obtained by eluting ^ith pet, «th«=»r. (OLC, »jbout 

90^»^.lt shoved b.p. 110-115°(bQth)/2 mm.,

(c()^ - 21.10° (c, 2,56) n ^  1.5113; UV, 242,

20,000.

Found* C, 88.09; H, 1 1 , 4 3 %

^15^24 38,16; H, 11,84^,



1. T. Ukltfi, J. Ph îra.Soc, J«pan, 52» 231 (19.?9),

2. L. Crabalone, Bull,Soc.Chi®,Fr,, 357 (1P43).

3. !f.R. Nsves, Helv.Chlm.Act^. 21* '̂ 7̂2 (l?»48).

4. M, Romfinuk, V. Hsrout fjnd F, Sorm,
Gollec.Cisech.Chaai.Cofflis., 394 (1956).

6 , G,K, Kulkurni, A,S, 9swaek»ir, A.S, Hao,
G.H, Helkar ?incl S,C, Shetti»charyya,
Ferf. a  ??ss. Oil '503 (19S3).

6 , .4, Hlklno, K. Meguro, 0 , Kussno «nd T, Tî ke:Tjoto, 
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MCH^EL AUUITIOS PRO.'UCTS FROM 

i;8HVi)H0C:0S?Ua LAGTO?l̂ ‘ ftMD CO-TUNOf.lDF.



1 Hh

Mlchnel flcdltlon products h«?v« been

prepared from dehyarocostus l?jcton« and

an
costunollae both cont'ii nlng/<^-P-unsatup«ted

- of
Y-l*?cton*i grouping, by wddltlon£prlm«ry «*nd 

seconoary ^rainos. Th«» proanots h*»ve been 

characterised by their eL«a»ntf'l sni^lysis «nd 

spectral aatn. In m»5ny esses, auttnble 

crystalline derivatives have b«en prepared 

and ch«r>%cterl9©d.



The itfldie range of physiologlcsl nativity

1 2
exhiblteu by lactones Is well-knovirn ’ , In

particular, unsatur*5t«>d lr>cton‘»9 are nble to

Inhibit selectively both tissue growth «nd seed

geralnation nnd aany of thera possess antibiotic,

CRrdlnc, nnthelnjintlc, h- '̂norrhnglc qnd Insetlcldnl

nctlvlty^* Hpcently their ability to *?ct «»s

cnrclnogena h«s also b«en uenonstr^ted*".

L>ijirlng the extrasctlon of costus root oil

by loitf tenŝ ;0r' ture solvent extraction oroceaure,

the two sesquit<?rpenic lactones viz, uehydrocostus

lactone (I) ?̂ na costunolide (II) */**re Isolated In

subotantial quantities from the oil. As a part of

our research programme^on the utlllsntlon of l«<?ton1 c

constituents of the oll^we unuertook the prep«r*Jtlon

of s'̂ aine suaucts frDsa th»^e lactclhes, with a vi^w

to evaluate their physloLogicsl activity.

The Bduitlon of raethanol, ^̂ famonln, dnd

hyarocynnlc field to conjugated ketones nnd enters

4  S
is well-known * . tiuch type of re?»ctlons involving 

1:4 addition to the conjugated chroniophore ??re 

cl-.3 sifled under Michael addition renctions. The 

addition of methsnol to conJupat-5d «<-methylen®-

Y-lflCtones, studied In our laboratory initiated with

6
the isolstion of 12-raethoxy dlhyurocostunollde (XVI) 

from costus root oil. It w«s subseiuently shown®
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that (XVI) is not a prlffl«}r'/ constituent of the

oil but on artefact produced by the action of

ni'^thanol on coatunollde ( 1 1 ) unUer mild basic

conditions. The oethoxv lactone (XV'I) c*?n be

obtainad In good vl»ld frons oostunollde by the

*»ctlon of Methanol end traces of elkall at lower

t9mp‘̂ r^tures. oubsecjuently the ?n^thoxv 

7 3
Isctones IV^ and IX from dehyi rocostus l*Jctone (I) 

ana ‘̂ -cyclocostunollde (III)  respectively were 

prepared nna characterised.

With oacaonls in ‘alcoholic solution both (I) 

*»nu (II) gave bis *idauct3 (V)^ and ( VII )^® 

respectively which were charncterlsed through the 

picrstes.

Present worK

In this part of the thesis Is aescrlbed the 

preparation and chsrficterisation of some of the 

adducts obtainable from dehydrocostus l«cton«» i»nd 

costunollde by tĥ * action of simple prim^rv *?nd 

seconas^ry «mlnea such 'n^thyl gralne, dimethyl 

smlne etc.

The »dducts have been prepared by treating 

*'n filcohollc solution of the l^^ctone ( I mole) with 

the Rralne (0 fnol<“s) at 0° for 72 hr. The form*?tlon 

of the adduct was followed by IR spectri? of the 

euuucts. The pe^ks at 1400 - 1410^^ cm"^ ana
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12 *1
also at 815* cm which are charscterlstlc 

of conjugated c^-methylene Y-l*ictone3 Qisflppe«r 

In the IR sp«ctrs of aduucts.

with the exception of methyloralne which 

furnished a bis aaauct (VI), *?ll other primary 

îinlnes namely e-thyifjalne, n-propyl*»3 lne, Isopropyl- 

aalne end cyclohexvlamlne p->?ve 'aono-nduucts 

(XI, XIII, XIV finu respectively) on renctlng 

with aehyurocoatus l^ictone. Similarly In the 

cnse of costunoliae methylQ-alne furnished a M s 

aaauGt (\/III) while 1 sopropylaralne furnished a 

mono adauct (XVIII).

Some of these sdducts (VI, X, X I/, XVI, XVII and 

XVIII) are crystnlline sollus while the others «re 

liquids. All of them have been chflr^^cterlsed by 

their elements 1 '’n«lysis and by IR f»nd NMH spectra.

In certain cases sult!=?ble crystalline asrlv^jttves 

have also b en prepared and characterised.

The evaluation of biological activity of 

th se compounds is In progress.



A gami^i arg,ggaur.Q,.i:ar.-.ilag. j?regp/..2
the aaaucts

The Isctone (I mole) Is dls<?olved in 

qlcohol and the amine (3 moles) is *»dded.

The reaction mixture Is »jllowed to st«na nt 

0° for 72 hr. *»fter which It Is alluted with 

water -ana extracted with ether. The proauct 

obtfilned »»ft«r evaporation of ether is 

fflCtionflUy dl'ttllled to remov** exo»ss of aralne. 

The adnuct Is nurlfled bv dlssolvinp in dilute 

HCl (5l£) nnd regenerating it frora the solution. 

The ylelas of the >?dduct is 80-35'^ of the 

theoretlcfil.

The properties *?nd element?? 1 ^sn^lysis 

of the eduucts ere sunusrlaed In the following 

teble.
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The aethyl-ethf^r (X'/II) obtJ^lnnble fro'ti 

s o l l a  u lhyu rocostuno lid f?  ( I I )  on o z o n o ly s is  gave 

o ( * )  ‘̂ - t a e th y l-g lu te r lc  s c id  (K a I ,  H = H), a 

k e to -c a r b o x y l lc  a c id  ( X X I I I ,  R = H) snd » 

p a r t i a l l y  ozonised prouuct (XX IV , R = H). The 

methyl e s te r  ( A X I I I ,  R = CHg) o f  the k e to -  

c s r b o x y l l c  a c id  f s l l e a  to  fu rn ish  n s o l i d  se-^1 -  

carbazone in a ls f> t ln g  i t  to be d i f f e r e n t  from the 

one A X I I ,  R *  CH3  (se-nlcsrbezone m,p. 31-82°) 

obtaln*»u p re v io u s ly  by o z o n o ly s ls  o f  the raethyl-  

e th e r  (Xa) prepared from l 2 -a« thoxy  d lh y a ro -  

c o s tu n o l la e  ( I I I ) ,  Hence the stereochem l'Jtry o f  

the two a e th y l  e thers  ( X V I I  and XX) a t  I s  

u l f f e r e n t  find not the same ns concludea by p rev ious  

workers. T h is  I s  a l s o  suoportea by the "̂ MR study  

o f  the two p a r t i a l l y  ozon lsea  p roducts  (XX IV ,

R s CHg and XXV, H =* CH3 ).

These f ln a in p s  in d lc R te  th a t  the raethoxy 

methylene group I n  1 2 -methoxy d lh y d ro c o s tu n o l ld e  < 3  

«<-orlented a s  In  ( I I I ) .

A ij  S T El A C ?
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During the investigations in our

laboratory, on the chemlc«?l composition of

costus root oil obt^lnsa by the low temperature

solvent extraction proceaure, 8 crystalline

methoxy lactone, ^16^24^3’ isolated^. On the

bfisls of cie{?radatlve studies qnd comp'?rlson with

analogous compounds It was shown^ to be 1 2 -ajethoxy-

alhydroco3tunollde represented by the stereo-

structure I l l s .  It w»s also shown that th«

aethoxy Isctone c^n b<? obtained from costunollde (I)

by the action of methanol in the presence of a

trace of bi^se. Since the *»bsolute conflpursflon

S Sa
of coatunollde h«is bsen estsbllshed ’ In ( I ) ,

it follows that the stereochemistry of 1 2 -aaethoxy- 

alhyarocostunollae at the centres nnd C y  should 

also be the same r s  In costunollde. There w a s ,  

however, no experlmentnl proof regarding the stereo­

chemistry of the methoxy-mf»thylene group st the Cĵ ĵ  

position. It was assumed to be P-or1 ented ( I l i a )  

in snnlogy with solid dihydrocostunollde in which 

the methyl group at the position w»s tnken, 

at thnt time, to be ’̂-oriented (lie ). Such en 

assignment of the stereochemistry for dlhydro- 

costunollde at was bnsed on the then accepted 

stereochemistry of (-) santonin »t Cĵ ĵ  ( IVa ) ,  since
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both santonin and dlhydrocoatunolide could be 

converted Into ssntanollde ' c* .

The recent crystallographlc study^ on 

( - )  santonin, however, indlc^sted that the methyl 

group at O il 1 s In f » c t  '^-oriented(as In IV) and 

not P (as In IVa) a s  was assumed previously. 

Consequently the methyl group In dlhydro- 

costunollvie Is  also >=<-orlentea and hence, In view 

o f these flndint’ s, the methoxy methylene group 

at in lii-methoxy-dihyurocostunollde should also 

be «-orlented  ( I I I ) .  Such a view is  supportea by 

the close s im ila rity  between alhvdrocostunollde ( I I )  

and Ici-methoxy-dlhydrocostunollde In their spectral 

and optica l rotation data.

L/urlng the course o f study, In our

laboratory, on the stereospeclflc pyrolytic

rearrangement®'® and the acid catalysed trans-

annular cycllsatlon  o f dlhydrocostunollde ( t t )  and
d1 2 -methoxydlhydrocostunollde two series o f Isctones 

were prepared v iz , ( 1 ) derived from ( I I )  and hence 

which contain an e^-orlented-methyl eroup at 

( 1 1 ) derived from l 2 -methoxy dlhydrocostunollde In 

which the orientation of the raethoxy-methylene 

group at is  assumed to be «<-orlented. The 

stereochemistry at C5 , Cg, Cy and In the two
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series of Isctones I s  Identical®"®, the only

alfference, If «ny, should be «t

A cofop.qrlson (Table 1) of the rotation

contribution of the v*?rlous mono- and blcycllc

lactones obtained from II viz V, VI, VII, VIII

snd IX with those of the corresponding compounds

prepsrad froffl liJ-oethoxjr dlhydrocc^tunollde 
XIII

viz. X, XI, Xll^and XIV also suggests that the

oethoxy-methylene group In la-a-^thoxy alhydro-

costunollcie and In related cofflpoundS(X, XI, XII,

XIII and XIV) should be «<-orlented as shown in

the formulae.

rtlth a view to obtain some convincing

cheaalcal evlaence for the “t-orlent»tlon of the

aethoxy-methylene group nt In l2 -methoxy-

dl hydro CO stunollde certsln re-’Ctlons were c«rrled^^

out In our laboratory. They are follows,

iflhydrocostunollde (II) wsa subjected to

raetsl-atalne (L1/NH_) reauctlon to furnish the
\  3

a d d  (XV, R s H), the structure sna Rtereochealstry

9
of which has been already established . The 

ficla was converted Into its njethyl-ester (XV,

R = CHg) which on LAH reduction furnished the 

known 'alcohol® X V I .  The alcohol (XVI) was 

methylated at 0® by di^zoraethnne^^ in presence
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Of tr^Jcss of BF etherst« to g i ve  the ether (JfVlI)
3

with •  133^. SlHw'e aethyl^ttlon by this

proceaure t'^kes pl’sc® wflth retention of

configuration'^®* the originil steroochemlgtry of

the ^^icohol (X /I) at Is nlso retained in the

fuothyl ether (XVII).

In another s6ri<?3 of rf>sctions^^ Ig-rsothoxy-

dihyarocostunollae wss subjected to met̂ »I amine

(Ll/I#lq,HHg) reduction when the sethoxy ;?cld

(XVIII, H » H) wsis cbtfilned «3  n aaajor product ^lons

vlth two other deaaithylatjci products ^ r « 3Uffl*ibly

6 plffl9rlc mlxt,ur« of acids (XV, R * H) at as

minor consticuonts. The acid convertea Into

its methyl ester (XVIII, R * COOCH ) which furoishJ^d3
tha jlcohol (XIX) by L.AH reauction. The l«>tt<?r geve 

the aethyi ethsr XX on LAH reauctlon of Its tosyl^tf*. 

The aethyl «ther showed 1*^)  ̂ - 133® and Its I*i and 

NMR spact'f’8 were iaentical with those of 

XVII; GIC/TLC analysis also showed that the two 

compounds vore identicfil.

Th« niathyl ether XX on ozonolysls furnished 

S (♦/ “t-asethyl glutnrlc acid (XXI, H » H) ana the

keto*arboxylic add  (XXII, a » 8 ). me keto-

csrboxylic odd methyl ester (XXII, R » CH^) pave

8 seraic*^rbasone m,p, 81-82°.

These rinding!^ inaicetoU that the two ?a»thoxy
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ethers (x n i  and XX) hwve the same stereo­

chemistry at C^» and Hence It was

conclucted^^ that the aethoxy-oethjrlene group 

at In l2 -methoxy dlhyuroco‘?tunolld® is 

P-orlented.

Present work

?hese conclusions Inalcatlng that the 

oethoxy-methylene group In 1 2 -oethoxydlhydro- 

costunollae Is P-oriented were, however, 

concradlctory to the assignraent arrived «t from

the coiOpRrison of the rotation contributions of 
fflono-

a number of^^snd bicycllc lactones es silready shown 

in table 1, In addition, the proof given for the 

P-orientntion by the previous workers^^ was based 

entirely on the comparison of properties of two 

liquid raat«rials* The same optical rotation 

value shown by the two ethers (XVII snd XX) is no 

doubt sn Ifflportsnt criterion for concluding their 

identity, but it Is quite possible that the two 

ethers which are likely to be eplmeric only at 

may not differ much In their rotation^ in case 

the contribution due to the centre Is not 

substantial. A coioparison of the optical 

rotations of costunollae (I) («)j^ 128° (with no



1 a

^11 centre) and dlhydroco'^tunollae (IT)

(ct)^ + 115° shows thnt th» rotation contribution 

due to C|̂ 2. centre Is not stgniflc»^nt. Similarly 

the ester (XY) - 116° snd the hydrocnrbon

(XVa, without asymmetric centre) («^)q - 103° 

also do not differ much.

It vss therefore felt de3lr>?ble to furnish 

further evlaence to shov the identity of the two 

ethers or otherwise, ly other methods.

We Initially tried to see If any suitable 

solid derivative could be obtained from both the 

ethers. Since the ether XX from ®thoxy lactone 

is reported, by previous workers, to give on 

oaonolysis S (-»-) «<-fflethyl-glut8ric ^cid and a keto- 

cerboxylic Rcid (XXII, R = H) the aethvl »ster 

(XXII, R s CHq) of which. .'Ives a solid senlc«rbazone 

m.p. 8l-82°» thJilc this letter was considered suitable 

for cofflparison purposes.

The ether XVII obtnined frora solid dihydro- 

costunolide was subjected to ozonolysis to give 

S (+) '-̂ -methyl glutfiric ncld Qnd a keto-cnrboxyllc 

acid (XXIII, R = H; characterised as the

methyl ester. The keto-ester (XXIII, R * CH^) which 

showed («a)^ - 2 ° ,  however, failed to give a solid 

semicarbazone. This inulcates that it is different



O 1

frota the one (XXIX, R = CH ) obtained fro?ao
lii-nsethoxyalhyarocostunollde which showea a 

rotHtion of *■ 6 ,8° .  The difference In optical 

rotation value Is not substantl»»I enough so as 

to leaa to any aeflnite conclusion.

The ozonolysls of Xi/II slso furnished a 

psrtlelly oaonlsea keto-scld (XXIV, R » H) 

chftracterlsed through Its methyl ‘ ster 

(XXJ/ R = CH3 ;  ̂ 18°). As

expected, the trlsubstltinted double bond In the 

ether (XVII) Is only ozonised, le*?vlng the 

q1substituted double bond intact. The IH spectrum 

of XXIS/, R = CHg» shows n strong b‘ind ^80 cm"^ 

aue to trans-dlsubstituted double bond. Its NMR 

spectrum (Fig, 3) showed signals nt 8 .?*6 , P .07,

9.17 7 (6 H) due to methyl groups st ^nd 

though for the methyl group a doublet is observed 

at 8 ,96, 9,07 1  the methyl doublet was not 

clearly alscernflble. It nm% also showed signals 

at 7.99 1  (3 H) aue to th^ (uethyl-keton-? group at 

6^79* S .84 , 6.94 7 (5 H) due to -CHgOCHg 

group at ^ (3 H) due to ester aethyl

group and st 4 ,8 , 4,86, 4,93 7 (2 H) due to protons 

on alsubstltuted double bond. The NKH spectrum Is 

in agreement with the structure XXIV, The compound
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aXIV fa i led  to give sny so lid  sealc«rbnzone 

or 2i4 *jNP derlvntive.

A sltnllar partially oaonlsed product w«s 

also obtained aurlnp the ozonolysls of the 

ether XX prep«r<^d from th?» •nethoxy lactone, 

whose methyl ester (XX/, R - CH^; ^^7 ^30^4  ̂

showed *  10* .̂ Its IH spectrum showed 0

strong band «t '^80 cra“  ̂ due to trana alsubst! tuted 

aouble bond. The IR sp“ ctr»» of the two corapounds 

(XaIV and aXV) were Tjostly iuentis'jl. The NMH 

(Fig. 4) spectrum of XX^ showed signals st 

9 .06  7 (3 H) aue to C^- CH^ end at 9.15, 9 . 2 3  J  

( 3  H) Que to CH^; the nnd Cĵ ĵ  CH^ «re

properly resolveu.In this case ^ch showing ra
^  s

sepnrste doublet.

fhls is In contrf?£t with the spectrum of 

XXI\̂  where the main signal due to Oii(.CHg 1 ,  

probably merging with the splitting slgnnl of the 

CH^. In aadltion the MMH spectrum of XXV showed 

signals Rt 7.98 7 (3 H) due to fflethyl-k#»tone group 

at Cg, at 5.77 , 6 .8 6  , 6.96|(j5 H) due to -CHg-OCHg 

group 9t 6.39 due t;o ester raethyl proup «nd

at 4.82, 4 .88, 4.^5 »nd 5.04 (2 H) due to protons 

on dlsubstituted double bond. In the NMH spectrum 

of XXIthy^ree distinct signals ^ere observea for 

the -GH2 -O-CH3  group whereas in c'ise of XXV thoujrh



 ̂7

the signal a t  6,77 7 w ^ s  cl««rly discernible

B 5  uentionpd above the oth«r two slgriRia were

not properly resolved.

These observations Inalcated that the

two partially ozonised aroducts are ulff«?rent »»na

this is possible only If they differ In their

stereochemistry at C ,, as the stereocheralstry *»t 
Is

In both^the same.

Hence the two ethers (XVII) nnd (XX) 

appear to be different though they do not alffer 

much In their opttcal rotation. This m̂ fins th«t 

the -CHg.OCHg group In the methoxy lactone 

is ‘i^-orlented as arrived at by consJdersMon of 

rotation contribution. However, a more rigorous 

proof showing non-laentlty of the two ethers 

preferably through mixed ra.p. determination of 

solid aerlvatlves obtnlnwble from both is e'ss^ntlal 

for making a flnsl assignment of the stereochenjl5try 

at the centre in lii-methoxydlhyarocostunollde.



f c X P E R l M E M T A L

YedtLcKcJA
, l̂ i/.VUt,NH3̂ pXia.to\rff<;Q?̂ \in?U;4g,. UU.

Lliuld STimonls (500 ml) w?5s dr??wn In n 

3-neclc®a flmsk fitted with s mercury senlfad 

mechanical stirrer, « arocplnp funn^^l n n a  « 

conuenssr. Lithium pieces (2  g) were addeo durlnp 

8 perloa of 10 njlnutes with st’ rrinp. Fornf»tlon 

of l»l-NHg complex wns indlo^ted by development of 

blue colour, Dlhydrocostunollae (II g) In dry 

ether (200 ml) v b s  added slowly through the aropplnf 

funnel and the reaction mixture stirred for 3  hr. 

Excess of «n3"ionl»? was allowed to evipor'^te and

excess of LI w*i3 decomposed by addition of alcohol.

It was then diluted with wster, >»cldlfleu with 

allute HCl ( . 5 % )  r>nd extracted with ether. Ether 

lioyer was washea with wnter «nd extrscted with 

^̂ BgCOg aq, (10^). The aq. l*?yer w^s

a cl ul fled with dll HCl (5‘W , and ©xtr^joted with

ether. ther l??yer pfter w^shln? with winter w*ts 

urled (Hs2^ 0^)» ^he ^cld { 9 , 2  g) obt'^lned on 

evaporation of ether w»3 esterlfled with di»»zometh$ne 

in usu^il ta«nner to furnish the ester (XV, R *

9 .3  g). It WAS purified by chrom*ito?rfiphy ?snd 

distillation under reduced pressure. It Indlc'^ted
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the following properties* 

b.p, 115-l20°(bath)/0.1 ma., 1.4892?

- 91.8° (c, 2 .3 ) .

The IH spectrum of the compound w«̂ s Identical 

with thnt of the authentic saaple.

Foundi C, 76.39; H, 10.52^^

^16^26^2 76.75; H, 10.475^

UH  redUQtlon of the ester (X7. R - CHg)

The ester (9 g) In ary ether (100 ml) w«s 

aaaed slowly with stirring to an Ice-cold 

suspension of LAH (1.6 g) In ary ether (100 nil).

The re»?ctlon ralxtur® wrs stirreu for 15 hr. Qt 

room temperature end worxea up In the usu^il way 

to furnish the alcohol (XVT, 7 .9  g) with the 

following properties«

b.p. 120-I30°(b«th)/0.1 ara; - 115° (c, 2 .8)

Found* C, 81.29; H, 11.32^

^16“26® requires* C, 81.02; H, 11.79^

Methylat^qa .ffif, S A U l

To B n  ice-cold solution of the plcohol (6 g) 

in dry ether (100  ml) cont-’lninp freshly distilled 

BFg-etherate (0.2  ml), an ethere»»l solution of 

alazoaethane wns *?dd©u slowly with shnklnp
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tlli fl yellow colour persisted, Th<i reaction 

mixture was sllo^^ea to 3t«na n t  room terapsrnture 

for half an hour, wiqsheti with NsgCOg aq, (5^), 

wattjr «nci urleu (NsgSO^). The proauct (5 ,9  g) 

obtained after ev^porntlon of ^ath«  ̂ w«s 

chronj*>tographed on alunilna (Gr. I , IdO g) ^nd 

eluted with pet. ether to furnish the aethyl 

ether aVII, (4,1 g; GLC, Tt#G pure). It shoved the 

following properties:

b.p, 116-l20°(bath)/0,5 mm; ng® l,4<?12,

(‘<)^ - 132,8® (c, <i,7), IR spectrura is shown 

In Fig, 2,

Found: C, 81.39; H, 12,05^8 

^16^28® requires: C, 81.29; H, 11.941?

Qgonolysis of the satthyl^fther _ ( x m i

The ether (4 g) was dlssolvea In 

chloroform (60 ml) and the solution cooled to

- 10° by ice-sBlt mixture. A stres?® of ozonlsea 

Og was psssec through the solution till the 

sibsorptlon was complete. Chloroform m s  removed 

et 40° under suction and the ozonlue w b s  decomposed 

by heating on a wster-bflth with water (20  ml) find
3 0 %  ,

HgOg (̂ ^0 ml). It W9S sepsrntea Into acidic nnd 

neutral ports by NsgCOg. The bcIgIc part (1 .9  g)
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was esterlfled with dl*»3omethane In th<» usu«l 

way *?nd the resulting mixture of esters was 

fr«ctlon»3teu In the foLloŵ nfc- wnv.

Fraction X (0 ,3  g), b.p. 95-100®(b «t h )/5 ^  ram 

Krgction 2  (0.51 g), b.p, 120-l2S°(b'?th)/0,5 -am 

>r>^ction 3 (0.67 g), b.p. 160-170°(b*>th)/0.l mm 

Kr^ictlon 1 showed the following propertless

,25
If

Analysl3

n̂ ® 1.4319? (<=<) 19.2° (c, 0,91).

Found* C, 54,35; H, 8,5^

requires: C, 55.16? H, 8.10^

It was Identified as dimethyl f*stpr of «<-niethyl

glutarlc fficld (XXI, R = CHg),

Fraction 2 (GLC 90^) was chromatographed on

alumina (Gr, I I ,  15 g) and eluted with pet.ether

and benzene. The benzene frsctlon g«ve the

keto-ester (aXIII, R = CH ? 0.38 g) (GLC, singleo
peak), n ^  1.4421, (c<)  ̂ - 2° (c, 4 .4 ) .

Found* C, 61.46; H, 9 , 7 2 %

^11^20^4 Q1.09; H, 9.32^

It fslled to frlve r solid se-alcnrbf^aone nnd 

2*4 i;NP derlvfitlve.

Fraction 3 (GLC, single peak) w«s Identified as 

XXIV by IR *?nd NMR (Fig. 3) spectra. It showed



the following propartlesi

ngO 1.4590; ♦ 18.11° (c, 2 .3 ) .

3.n8j>.yais

Found I C, 68.44; H, 10.07Jf 

^17^30^4 *-f 58.44? H, 1 0 , 0 7 % ,

It dla not give a solid semic«rbaizone with 

sealcarbazide hycirochlorlae and Na-ac«tnte or 

pyridine.

The rsethoxy IflCtone II I , (m.p. 125-126°;

*  115° 12 g) In dry ether (400 ini) wa s  

reaucea by LI (2 g) In lliuld pmmonla (800 nsl)

8 S per procedure described prf*vlously. I^e 

reaction product w-is worked up »3S ususl to furnish 

mixture of acids ( 1 0 . 2  g) which w*»s asterlfled 

with dls some thane. The resulting nsixture of 

esters (10.25 g) wfis chrom!9tographed on alumina 

(Or. I I ,  300 g) and eluted with pet. ether, 

pet.ether ♦ benzene (3 :1) snd benzene. The 

benzene fraction on ev*?porstion furnished the 

methoxy ester X»^III (7.1 g; GLC pure). It ahowea 

the following propertiesi

b.p. 140-I45°(bath)/0.1 rata; n^® 1.4^?16 

(c^)^ - 99.8° (c, 2 .93 ).



FoundJ C, 7a ,6 8 ? H, 9 , 8 2 $

Cj^yHggOg requires«C, 7i2.83? H, 10.06$,

k4H reauctlQn_ or the raethoxy ester _(K=/TIX^_ a = CHo)

The raethoxy eater (7 g) in dry ether (150 -nl) 

was reduced by r solution of LAH (1.5  g In 100 ml 

of eth^r). The renctlon mixture sft^r stirring 

for 15 hr, at 30° was worked up In the usu«l v n y  

t o  furnish the alcohol (XIX, 6 ,6  g ), b,p.I40-l45®(b” th)/

O.Oa m m . t  1.5047? - 105° (c, 2 .1 ) .

Analysis

Found! C, 7 6 .9 8 1  H, 11.32«

CigHggOg requlresjC, 76.14; H, 11.18^.

fosyi-^tlon of the ^loohol (XIX) f^na UH reduction 

of the tosyjflte

The Bicohol (6.5 g) dissolved In freshly 

aistillec ury pyrlalne (50 ml) was treated with 

toluene-p-sulphonylchlorlae (6.5 g). The reaction 

mixture was kept st room temperature for 4d hr, 

and workea up to furnish the tosylnte (8,3  g).

The crude tosyl«te (3 .3  g) In ary ether (100 ml) 

wfts reduced by LAH (2 g, in 100 ml of ary eth?r) to 

furnish the ether (XX; 4,8 g). The «»ther (XX) w*>s 

purified by passing through alutalnn (Gr,I, 150 g)

And eluting with pet. ether. It showed the 

following properties*

b.p, 120-125°(b^th)/0,4 fflja; 1.4911;

- 133.4° (c, 2.4).



Found I C, 81.19; H, liJ.CK)^

^16^^28® requires! C, 81.2^; H, 11.

0aonolysl3 of the ether (M )

The ether XX (4 g) w«s oxcnisea as 

aeacrlbed previously. The scluic fraction 

(1,73 g) w«s esterlflpU with alazomethone n̂ci the 

mixture of esters w?>3 frsctlonstea as follows:

fraction 1 (0,293 g) b.p, 95-100°(bath)/6  mm

h raotlon 2  (0,416 g) b.p, 110-115°(bnth)/0,5 am

r rection 3 (0,620 g) b.p, 160-170^/0,1 mn,

Fr,  1 showed th« following properties* 

n^^ 1,4321; ( < ^ ) ^  *  19,2° (c, 0 ,75 ),

Analysis

Founa; C, 54 ,9 ; fi, 8,50!^

'^8^i4°4 C, 56,16; H, 8,10?g.

It W8 S Identified es dimethyl ester of «<-njf>thyl 

glutsric *5cld (XXI R = CHg),

Fra a tl on 2 was Identified as (XXII, R ~ CH )O
by ai,p, «na ralxed a.p, (80-31®) of its semic«rbRzone 

with that of the authentic semple.

Fr. 3 (GLC. single peek) showed the following 

properties: n^^ 1.4595; ^ 10.66° (c, 1.96),



Found* C, 67.49; H, 10.66̂  

C17H30O4 requires: C, 67.98; H, 10.13%
5{5»c-Hto: .

Its IB «nd NMH (̂Flg. 4} lnalc«ted It to be 

(XXV, R a CHg)
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