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BIOGENET IC-TYPE SYNTHESIS AdD COAVERSIONS
IN THE SESQUITERPENE SERIES

LNTRONCT 104

Efforts directed toward the syathesis of naturally
oceurring compounds have followed two kinds of pathways.
The first and for many years the major road travelled was
that of total synthosial’4. The alternate approach less
explored until receat years has been the path of biogeanetic-

type syntbosiss’s.

The preseat introduction attempts to
deseribe developments ia the latter direction in the

sesquiterpene area which have beea reported.

Blogenetic~type qynthc:is7 was defined as an organic
synthesis designed to follow in at least its major aspects,
biogenetic pathways proved or presumed to be used in the
natural coastruction of the end product. The term blogeanetic
type is meant to refer to a synthesis which includes reactions
patterned after those which occur in enzymetic systems but
employiag non-biological substrate and often vastly differeat
reaction conditions from biological ones.

general charscteristics of the biogenetic-type syathesis

[ d

(&) The biosyanthetic route which serves as a model for

the laboratory syathesis may be sither experimentally
based or hypothetical. In the latter instance a
working knowledge of sound biochemical prineciples
is presupposed, usually a single pathway will evolve



a8 the most loglecal.

(b) At least one reaction ian the model blosyanthesis
will be outstanding i.e. the step is the focal point

in the laboratory version.

(e) The intermedlate required for the executioan of the
eritical step is usually prepared by syathetic
operations. The key intermediate may possess the

exact structure proposed in the blosynthetic scheme.

(d) In the laboratory duplication of the key biological
step, any conditions or reagents may be used.
Cholce ia these matters are dictated by the purely
chemical demands of the system: in some cases, mild
conditions approximating the environment in the
living cell will suffice; ia others for want of
enzyme influences, rather more drastic means wiil be
employed. In the entire raage of examples avallable,
laboratory ylelds vary from anearly gquanatitative on
the one hand to ocaly a few perceat on the other hand,
in whieh cases practical coasiderations become

secondary to theoretical success.

(@) The key synthetic operations very likely fall near
the end of the laboratory route, and if necessary

routine means are employed to complete the synthesis.

Biogenetlic~type syntheses often are neater, shorter,

and more efficieat than normal routes in whiech no atteation is



paid to natural processes. The Fobinson tropinone syathesis
is an early, but still aa excelleat case in point; i.e.

CHO CHZOH -
. % +2C Og + 2H0
[ + NHCH; —> c o o 2

CHO C/ H;C OzH
TROPINONE
A direct method of coastructing the complex strychnine skeletoa
summarised ia the followliag scheze is another illustration.

(@]
o , 74
N NH
" one e
) H
CHO

CH
3
CHy

OHC STRYCHNINE

Bio si 8-14

Over the years, the terpenolids have provided a host
of challenging problems for the organic chemists. The
resultant wide range of acyclic, monocyclic and fused ring
structures was brilliantly rationalised in terms of the
Biogenetic Isoprene 3ules. Hondricluonl7 in 1959 applied

the principies embodied ia this rule to a biogenetic correlation
of certain sesquiterpenes.

The focal point of sesquiterpene biogenesis is the
naturally occurring compound farnesol (1) whose formation
from acetyl CoA (II), yis mevaloalce acidn (III) has found
experimental verification 19-21 (panle 1).
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For the sake of simplieity, the faranesyl unit is
usually considered as having a traas~- ceatral double bond
with either a gig or traas terminal double boad. The
latter presumption is permissible in the view of the
co-occurrence of farnespl and nerolidol®? (Iv). The use
of & farnesyl precursor coataining a central gig-double
bond may be necessary to explain stereochemical features.
The carbon skeletons of virtually all the sesquiterpenes
can now be derived by a suitable cyelisatioan of either
gig~farnesyl pyrophospl;ato (V) or trags-farnesyl pyrophosphate
(VI). 7The initial step in these cyclisations is envisaged
(Fig.l) as removal of the pyrophosphate anion accompanied
by participation of either the central or terminal double
bonds leading to the cations (X) ~ (AV) through the
iatermediacy of the non-classical éations (VII) - (IX). It
must, of course, be stressed that such represeatation of a
formal charge, either on a particular carbon atom or
digtributed over a number of atoms, 1s only a convenieat
symbolism and should not be taken, at preseat, as a
representation of enzymic processes involved. In certain
cases, the enzyme systesms may well produce these complex
sesquiterpenes from the pyrophosphate precursor by a partially
or evean fully concerted process. Hevertheless, the utility
of this scheme in supplying a satisfactory classification of
sesquiterpenes cannot be denied.

The cyelic cations (VII) - (XV) (Fig.l) can afford
most of the sesquiterpenes by processes such as 1,2 or 1,3
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hydride shift, electroaically aand sterically coatrolled
ecyelisations with the two remaining double bonds {("Markownikoff”
and "anti-Markownlikoff cyclisations"), Wagner-Meerwein
rearrangements and l,2-methyl shifts. Considerable
significance attaches to the biogenetic formation of
diastereosisomers and eaantiomers. It should however be noted
that many hypotheses regarding the biosyanthesis of sesqui-
terpenes that are based on structure, stereochemistry and
reactivity still require experimental proof in '1'.10,14.
Proposed biogenetic iater-relatioaships between the sesqui-
terpene skeletoas are displayed in #¥ig.3-5. The basic
skeletons are geaerally shown without multiple bonds.

Reviews have appeared on the blogenesis of these conpoundsa"“.

SI0GENETIC SCATHONG
Blogeanetic-type syathesis of sesguiterpenes reported
in the literature will be discussed uander four different

classes for coanvenlence aand brevity.

(a) Cyellsation of faranesol and related molecules

The acld-catalysed cyeclisation of farnesol (I) and
nerolidol (IV) has been investigated and the results indicate
that a complex mixture coasisting of isomeric bisabolenes
(WI) and cadinenes (WII) is obtained®®2%, e blosynthesis
of a number of sesquiterpenes is considered to iavolve
Y-bisabolene (XVIII) or its biological eguivaleat as
mnrnedhtol‘. The formation of this structural type (e.Z.
bisabolol (iX) from nerolidyl dipheayl phosphate (XIX) has
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beea demonstrat (Pig.2).

(1) oriman (bicvelofaraesol) tyoe: The blogeaetically
patterned cyeclisation of acyclic terpene epoxide has provided
an elegant synthetic route to sesquiterpenes of the bicyclo-

farnesol cla:azs’zs.

Treatment of trauns, trang-faraesyl acetate
monoepoxide (XXi) with borontriflouride etherate ylelded

a 631 ratio of bicyclic acetates (iXIIl) and (XXIII) which

vere ;uaily converted into drimenol (JXIV) and epi~drimenol
(XXV) rospoctivoly37. Methyl trans~truns farnesate-
monoepoxide (AXVI) behaved similarly and yielded esters

(XXVII) and (XXVIILZ® (p1g.6).

A straightforward synthesis of (+) drimenol and
(+) cpi-driqcnol frozmethyl faraesate (AAilX) yig
N-bromosuccinimide cyelisation and LAH roductioﬂ has been
deseribed by van Tamelen 1&_.;,28. The most attractive
iaterpretation of the eyelisation course would involve (. XIX)
ring formatiocn of an initially produced terminal bdbromonium
ioan (XXX) which can now cyclise in an esseantially syachronous
process to bieyelle products (XXil). The above sequence
of reaction has been describved in Fig.6.

A biogenetic-type syathesis of drimenin (XXXVIII)
from monocyclofarnesic acid (3AXII) has beea roportodzg.
Leld~catalysed cyelisation of (XAXII) ylelded drimenic aecid
(JXXI11) and the rearranged bicyclic acid (XXXiV). Photo~-
oxidation (Hose Bengal seansitiser) of the methyl
ester of (XXXII) yleld a mixture of esters (XXiV -

XXXVII). sSubsequeat hydrolysis of (XiiV) resulted in

11
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concomitant lactonisation and the formatioan of a mixture
of (&) drimenin (XXXVIILL) and (+)-isodrimenin (XXAIX).
This has been depicted in Fig.7.

Because of propitious structural relationship between
farnesol and the aasturaliy occurring coumarins farnesiferol
A and C (XLVILI and XLVI respectively), the blogenetic-type
laboratory conversion of the former, simple and avallable
acyclic terpene into the latter wvas attempted using synthetic
methods by van Tamelen 3;_;;.30. trans, trangg-Umbelliprenin
(XLII) was subjected to terminal epoxidation with i~bromo-
suceinimide which oa boroatriflouride rearrangemeat gave
farnesiferol C besides a mixture of monocyclic aleohols
(XLIV) and some rearranged cyclic ketone (iLV). The mechanism
of (XLVI) formation and its syanthesis have been depicted
in Fig.8.

Similarly trans-cig-umbelliprenin terminal epoxide
(XLVII) was subjecte-d to the reaction conditions approximately
those deseribed above for the eyclisation of (ALIII). After
column chromatography and TLC isolation and purification
(+)farnesiferol A>° was obtained in 2§ yleld vhereas (XLIII)
does not give (XLVIII) even in trace amouats (Fig.8).

Another route to bicyclic sesquiterpenes is provided
by the free radical oxidative cyclisation of farnesyl acetate
(XLIX) to bieyclic product (L) carried out by Breslow et al.°rt.
This reaction is structurally and stereochemically selective
and would seem to offer considerable promise for the synthesis
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ef fused alicyelic systems.

OAc

N (Phco,),,
NS cu(,c Ph)27

cucl PPdel

XLt X L

(b) Eurther cyclisation of ten-membered compouads
(1) Cadineae and Jermacrane-type: From a biogeaetiec poiat

of view the synthesis of germacrane type compounds was

att.lpt.daa from monocyellc sesquiterpenes, shyobunone (LI),
epl-shyobunone (LII) and iso-sayobunone (LIII) as well as
isocalamendiol (LiIV). when heated in a sealed tube uader
various conditions, shyobunone afforded three important
compounds (LV - LVII), one of which could be assigned as
calamenene (LV). Similar was the behaviour of (L1l) and
(LILL); only the rel-ative ratio of the products varied.

The plausible mechanism for the formation of these compounds
(LV, LVI and LVII) has been depicted in Pig.9. Conversion
of isocalamendiol iato a new germacrone type compouand (LVIII)
has also been achieved as shown ian Fig.3d,

(1i) Bourbonenes. Hirose u.sa have observed that
germacrene D (LIX) on treatment with silica gel was eatirely
isomerized aand afforded & mixture of hydrocarbons from which
(#)=y -muurolene (LX), (-)-<-amorphene (LXI), «—nmroiuu
(LXII), (+)-J ~cadinene (LXIII) and (+)ey~cadinene (LXIV),

were isolated as main products. The authors wish to stress
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LXV
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the meaning of this compound as & key intermediate in

the genetic course for cadinene group compounds. At least
Y~isomers of cadinene, muurolene and amorphene as well as

« and f-bourbonenes (LAV and LXVI) originated solely from
germacrene U in the plaat materials in very high possibility.
The above sequence of . products has been dcpxctod in F1g.10.

(111) Juaenol. A new approach towards the eudesmane skeleton
has been described by sechwartz u.:’ﬂ which lead to the

first total synthesis of (&) junenol (LXVII). The geaerally
accepted biogenesis of eudesmane sesquiterpenes ianvolves

first eyelisatioan of farnesyl pyrophosphate to a cyclodecadiene
\germacrane class) followed by further cationic cyelisatica

to the required skeleton (scheme, path'a'). The authors

used a differeat approach to the sudesmane skeleton as
outlined ia path 'b' (Fig.ll) as they could not duplicate

the path 'a'.

(1v) (+)-Ogeideatalol snd 7-epi-(-)occidentalol®®. The

observation that thermally ianduced cyclisation of cyelo-
decatriene LAVIII generated by photolysis of (LXI.) affords
els-fused diene (LXX) provided the experimental basis for
the hypothetical biosynthetic scheme for ocecidentalol (LiXI)
The above synthetic scheme has been depicted in Fig.l2.

(e) yurther cyelisation of bisabolane type

Money gm.ae have proposed an alternative hypothesis
yor the syanthesis of a group of bicyeclie, tricyclic and
tetracyclic sesquiterpenes. 7The basic feature of the postulate
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is that certain bicyelie and tricyelie sesquiterpenes
could be coastructed by eyelisation of an appropriate
enol phosphate intermediate or a monoeyelic enol aster,
enol ether or enamine (LAXII and LAXIII; Z-biological
leaving group) and its derivative could iavolve processes
similar to those suggested for the analogous monoterpene

7

int.nodiatoa « Cyelisation of structures (LXXII) and

(LAXIII) eould produce four possible compounds (LXXIV“_d)
(Fig.13) which may be regarded as sesquiterpene analogues
of camphor and the expectation that they could de precursors
of p-santalene (LIXXII), «-santalene (LIXXIV) and epi-f-

santalene (LIXXV) is supported by receat syathetie vorkaa.

A further exteasion of the theme to include a
group of trieyelic and tetracyclic sesquiterpenes can be
made. Thus, campherenone enol phosphate (LiXV) is envisaged
as a reasonable intermediate in the blosynthesis of copa-
Camphor (LXOUVIII), epi-copacamphor or (ylangocamphor)
(LAXXIX) aand longicamphor.

Sy known methods the above tricyclic ketones (LIXVI -
LIXVIII) could be transformed further iato a group of related
sesquiterpenes (Fig.l4). similarly the epi-campherenone enol
phosphate (LAXIi) will give epi-campherenone (LXXIV,), epi-
fi-santalene and «-santalene (Fig.l4). Cyelisations aand
interconversions analogous to those postulated above have been
carried out by Moaey u.a‘ from camphereanone (Lxxxvc) and
epi-campherencne (x.nxv,,). These two compounds were syathesised
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via bicyelic chloroketoaes (L;&X)’;&) and (LiXiy). The
chloroketones were s ynthesised by two distinet reactioa
sequences as depicted in (Fig.l5).

deductions of (&)-campherencne with lithium
aluminium hydride yielded (1) iso-campherenol (LAXXI)
which was subsequently hested with pyridine and p-toluene
sulphoayl chloride to provide (&) aountalcno‘%. The
synthesis of (&)~-«-santalene was accomplished when a
methanolie solution of hydrazoae (LAXAIIIl) was heated
with merecuric oxide. In the epi-campherenone series analogous
reactions ylelded (1)-epl-n-santalene°® and (+)-<-saataleae.
Similarly the syanthesis of (¢) -copacamphor, (+)-ylangocamphor
and (+) sativene™® (XC) was achieved through campherenone
epoxide (LXAXVI) in basiec sclution. These transformations
are summarised in Fig.l6.

{d) Further cyelisation of spiro-intermediates

(1) (&) *'Cwﬂﬂta- One of the possible biogenetic

pathways from farnesol to chamizrene (iCI) might be the
eyelisation of eis-monocyclofaraesol (XCIIa and b) as shown
ia Fig.l7, without speeifying the gis, irang-isomerisation
stage of the alechols that are iavolved. Lraas-Monocyelice-
farsenie acid (ACIII) was converted to tragg-farnesol (xcub)
which on heating with iodine and benzene gave 25% of the
chamigrene besides two other hydrocarboas as byproducts.

(11) Cedrene. several biogenetic-type syatheses of
cedrene (iCV) have been reported. Ia one of the Corey's
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40, it was presumed that the cation (XCVI, Y = +)

syntheses
as generated for example from the correspoading alcohol
(ACVI, Y = 0H), 1is poteantially capable of cyeclisation yia
cations (XCVII) and (XCVIII) to cedrene. The acid-catalysed
eyclisation of (XCVI) gave trace amounts of cedrene (GLC).
Therefore a study was made on the generatioa and behaviour
of the cation (ACVII). The spirdbicyclic skeleton corres-

ponding to (XCVII) was constructed as shown in Fig.l8.

A similar approach was employed by Lawton wﬂ
who exposed the unsaturated aleohol (XCIX) to formic aeid
and obtained an approximately 80% yield of cedrene. The
preparation of (XCIX) has been summarised in Fig.l9.

Recently « simple and an eclegant syathesis of
(x)~-cedrene (C) and (r)-cedrol (CI) using a syachronous double
aanulation process, has beean reported by Corey 3_;_;1_‘42
which has been outlined in Fig.20.

In a closely related bilogenetic-type tunstomtion‘a,
naturally occurring bicyclic sesquiterpenes scoradiene (CII)
and acorenol (CIII) have been coaverted into (=) «-cedreae
(CLV) which is outlined ia Fig.21l. In earlier syanthesis of
cedrene, syathetic acorane type of alcohol was used aad
treated with an acid.

Jne pot synthuh“ ol «-cedrene can be accomplished
by treating a pentaane solution of nerolidol pyrophosphate {(CV)
first with formic acid aand then trifluorsacetic acid. It
gives «-cedrene in 20% yield in less than two hours. The key
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feature is that acoranes (CVI) (aad acorane derived
tricyclics such as prezlzaene (CVil)etec. ) and § and «-
alaskanes (CVIII and CIX) and cedrene arise yig two distinct
eyclisations of anerolidol pyrophosphate (CV) with stereo=-
chemical iategrity due to assisted hydride shifts. Ion (e)
represents an asymmetrically solvated or bouad (+)-bisabolyl
ion or bisabolol. The hypothetical pathways is as
depicted in Fig.z22.

SUMMARY

This Chapter surveys the work reported in literature
on the various biogenetice-type approaches made towards the

syathesis of sesquiterpenes.
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CHAPTER |l

P - HIMACHALENE OXIDE, ITS REACTIONS AND
STEREOCHEMISTRY




p-HIMACHALEAE OXIVE, IT3 REACTIONS AND
STEREOCHEMIST X

f-iimachalene (1)l on cpoxidation2 gives a mono-
oxide, which has been shown to possess a gross structure IIl.

It has been suggested that this oxide has a
stereocheaistry III, esseatially on the basis that the
per acid will approach the hydrocarboa melecule from the
less hindered (concave) £-face. This, of course, presupposes
& preferred conformation for na~himachaleue, which was

considered to be Ila.

HI

I Ta 11

A careful analysis of the various coaformations
which the molecule of n-himachalene (1) can adopt, shows
that the conformation Ia, may not be unique in terms of
energy content. This reopens up the guestion of the stereo-

chemistry of the oxide.

In this Chapter we have sought to answer this guestion

and describe some of its reactions. These are briefly
discussed below.




Opeaing of oxirane riags by a hydride attack
has been extensively miutigatoda. Various reageants which
have been employed are:

1. Lithium-aluminium hydride

2. Mixed hydrides?

3. D:lboraxu‘5
4. Lithium-triethyl borohydride®
S. Lithium-liquid ammonia’

8

8. Lithium~ethylanine  aad

7. Lithium-ethylene diamine’ etec.

By td, the most predominaat mode of ring cleavage
’10, though, some cases
of m-oponmzn have been observed. The transition states

has beean found to be m—opmings

required for the two modes of opeaing are depicted in Fig.l.

An answer to the guestion of stereothemistry of the
p-himachalene oxide, could coaceivably be obtalned by studying
the product(s) of hydride cleavage of thls oxide. Fig.2
depicts the products possible from cleavage of the epoxide
ring.

A perusal of Fig.2 will show that, depeading upon
the stereochemistry of the oxide ring, a unigue compound is
possible in each case: f-oxide (IV) giviag rise to himachalol
(v)}2 by trang-opeaing®'l?, while «-oxide (III) ean lead
to epi-~-himachalol (V)13 by m-cluvagou. These compounds
have been specially picked out for this discussion as both
of these are known and have well-established stereochemistry.
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3ince lithium-ethylenediamine combination is
kaown’ to result in both gig- and tramg- hydride additions,
actlon of this reageat on p-himachalene oxide was investigated.
The product of this reaction was shown by GLC (Fig.3) to
consist of at least eleven componeints, the important oues
being the compounds with RRT of 1 (10.2%), 1.12 (12.7%),
5.6 (14.8%), 6.56 (27.8%) and 7.62 (27.3%) respectively.
This product was separated ianto a hydrocarbon mixture
[TLC; solveats: 15% Etode in Cgligs RRf™ 1] aad three
dcohols with RAf of 0.71, 0.85 and 0.58 respectively.

Aloohol-l (MRS Q.58; RAT 5.6) (analyses for C, i, 0;

K’, m/e = 222), is an unsaturated aleohol. IR spectrum (P1g.4):
0H 3300, 1017 em"}; ~¢=CH= 1640, 910 and 864 em™l. It

gives yellow colour with tetranitromethane (THM). 1Its

PMR spectrum (Fig.5) shows signals assiguable to two quaternary
Me's (two J3H, s, 0.97 and 1.10 ppm); Cﬂa.ca (8H, d, 0.97 ppm;

J = 7 Ha); cﬂa’g’w (84, s, 1.13 ppm) and ~CH-CH=G~ (1H, d,
5.46 ppmy J = 8 Hz). These data suffice for the

formulation of the compound VII. The formation of

this compound is readily rationalised as arising from
himachalol (VI), by isomerisatioa of the cz -3 olefinie linkage.
It may be pointed out that the dinolut;on of 1lithium in
ethylenediamine will generate the strong base Li* ;u.caz.cuz.uaz

*3Re = Relative Rf value.
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Al

thoh is an excellent catalyst for base catalysed

1somorisation1“

A - ' = 7 y was readily
identified as himachalol (VI) from its mixed GLC, IR and
PHR spectral characteristics.

4leohol =111 (RAL 0.70; RAT = $.58) (analyses for Cy sfiz69)

(x", m/e = 222), 1s an uasaturated alcohol (TiM test), IA
spectrum (Fig.6): OH 3400, 1020 emt. 1ts P spectrum
(F1g.7) shows signals assignable to two gquaternary Me's

(two 3H, s, 0.87 and 0.97 ppm); CHg.CH(EH, d, 1.05 ppm,

J = 6 Ha)j Cllg-C=cH (3H, d, 1.2 ppm, J = 2 Hz) and CHg-C=CH
(11, bs, 5.37 ppm). From these spectral char.cteristics
this alechol 1s elearly VIII (Fig.2).

Qvdrocarbon mixture (RAL = 1.00). 7his fraction was shown

by GLC (Fig.8) to comsist of at least rive components, two
of which predominated [IX (38.5§) and X (52.50%) ia the
order of increasing reteation time]. The mass spectrum of
this mixture shows M' ions at m/e 206 and 208 (relative
inteasity m/e 206:208, 2:1). Froam this it was suspected that
these products are essentially the hydrogenolysis products,
arlsing from migration of the Cz.a olefinic bond, followed
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by rupture of the C-Jd linkuge (rig.?). It must be pointed ou:

‘f : E(OH ][

ISOMER|§¢T_|QN> ;‘ j >
Vil
| L
HYDRGENOLYS) ¢ - REDUCTION )
1 \ )
/
1 X X

71g.9 Possible mechanism for the formation of
himachalane (X)

that the isomerisation of an olefianic linkage, hydrogenolysis
of allylic aleochols and reduction of olefins by lithiume
ethylenediamine system has been observed earlier%®i15

The presence of himachalane (X; the componeat with the
higher reteation time) was confirmed by a mixed GLC, with

an authentie spoehcn«.

The formation of himachalol in this reaction is
conzistentonly with the p=configuration IV for s<himachalene
oxide. As mdiutod earlier (Fig.2) trang hydride attaeck
occurs, resulting ia oxirane opening to himachalol (VIi;.

In order to determine the conformation of p-himachal ene~



peoxide ( IV) a detailed study, iavolving PMR lanthanide
shifts, was undertaken. In receat years, complexes of
lanthanide metals [e.g.: Ea (0PH) 4.2 Py] with suitable
1,3-diketones have been used to induce paramagneticy
diamagnetic shifts of protoas. [t was not uantil 1969 that
iinexley’® initiated a systematic developmeat of this
aspect of MR spectroscopy. This technique has since
become an important tool for structure and conformational
studio¢l7 of compounds which can co-ordinate with the
lanthanide atoms. The mMethod has been 5poclally useful
in the study of alooholsl7, kotonosl7, esters, quinonosls,

aldohydolls, lactonolzc, ethers”l and acetals®? ete.

The oxygen atom of the oxirane ring can also
conceivadbly co-ordinate with europium and heace it should
be possible to extract coafigurational/conformational
information from such a study. However a survey of the
pertineat literature shows that till todate only three
cases have beea examined.

The eoafiguration of the three epoxy lnlocticid‘laa,
eadrin (Xi), dieldrin (XII), and phttodieldrin (XI1i), have
been fixed using the lanthaanide induced shifts (LIS) produced

“is a matter of fact wh is work was started, only
23
two cases had been examinedsS,<4,
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by tris-(2,2,6,6)~tetramethyl-3,5-heptanedione europium
(sa(oPi) ) (Fig.10). willeot gt al.** used mi(opi)y as a
shift reagent to coafirm the stereochemistry of the
eyclo-octatetraene dimer-f-oxide (X1V) (Fig.10). The

LI3 data, coupled with PMil and duclear Overhauser effect

(NOE) studies have been used very receatly by Willeot gt al.>>
to fix the configuration and conformation of 7-chloro-l,é~-
dibromo~3,7-dimethyl ~38,4~epoxy~L-octene (iV), usiag Y—b(.‘PM)a
as a shift reagent (Fig.l0).

In the above mentioned examples, lm(i)i’u):3 was
used for induecing downfield shifts while Y-b(uPM)a was used
for causing shifts to the higher field. In the laathanide
substrate co-picx, the interaction between paramagnetic
metal ion and the nucleli of the substrate cause chauges in
the chemical shift of the nuclei. These shifts, which are
considered to arise from a dipolar (pseudo contact) lochaniuas
are dependent on the distaance (r), between the lanthaalde
ion nucleus and the speecific proton and the aangle (9)
subteated by the laanthanide ion and lanthanide ion substrate

27228

(Fig.11l). 3Several formula have been advanced to

ey
\ e

Fig.ll Geometrical varlables which coatrol the
magnitude of the Induced 3hifts.
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calculate the magnitude of the shift. For our preseant
purpose we have selected the McCoanell-iobertson omuonzg.

A8= x (8co$°0  «1)  yhere 08 y 13 the
r3
magnitude of the pseudocoatact shift. Assumiag the

interaction of the lanthanide complexes is predominantly
pswdbeontaetze, the magnitude of the LIS of the i1 nucleus
is inversely proportional to the cube of the average distance

from the metal ion i.e.

Ad= b/r 3
where b, i3 assumed as a constant.
The angle term is freguently coasidered to be reasonably
constant in many substrates and if free rotation ocfurred
about the metalion-heteroatom bond of the labile complex,
the angle term may be averaged out.

It is obvious from the above, that if oane can fix
the position of the laathanide ion with respect to the oxirgne
oxygen, one should be la a position to say something definite
about the geometry of the substrate by observing the shifts
of the various protons. In order to ascertain that this is
indeed so, the shifts for some terpene epoxides of well-
established stereochemistry were studied. For this purpose,
LI3 were examined for 3«,4«-epoxycarane (X}II):’O, 38 48 -epoxy -
carane (XVID®! and 2«,3«-epoxypinane (WvI1I)%2,

For this study we selected tris<l,1,1,2,2,3,3-hepta~
flouro-7,7-dimethyl octane-4,6-dlonato europium [Eu(fod) ],
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because rirstly, it has higher solubility in 0014 and
secondly, since it is a much stronger Lewis acid, it should
induce more pronounced shifts of the epoxides, which are

weaker bases.

A known weight of the &l(tod)a was added to each
of these epoxides (0.0001 mole ia 0.25 ml of dry CCly) and
spectra were recorded for four different mole ratios (~ 0.25
mele to one mole) of m(rod)ylpoxido. The shifts produced
for all these epoxides (XVI - WIIIl) are givea in Tables 1-S.

In trying to seek a correlation between the
experimental LIS results and the calculated values, we have
assumed the following:

1. The Eu~) bond has been taken to be 2.35°Al7°’:".

2. Of the two possible lobes on oxygen with which the
metal ion ecould co-ordinate, we have selected the lobe whieh
is away from the bulk of the molecule. This is reasomable

on steric considerations.

2, 4(-Epoxycargne. From a consideration of models, it

becomes obvious that there are three possible conformation

of low energy, which must be considered. These conformations,
Ay B and C, are shown in Fig.l2. 3y fixing the position of
the fu at a distance of 2.35 A° froz the oxygean atom so as

to avoid steriec interactions, distances were measured for

the readily identifiable signals (fw tertiary methyls,
epoxy-methyl and epoxy hydrogen) for all the three confor-
mations A, B and C (Fig.l2). A graph was plotted for tfu



o~~~

Lo

(mdd ¢QvV)

peonpuT

g8°0 gg°0 $T°0 2g*0 AITUS xvy
Lvee L1 2 4 § ée e a1°0
8e°e L9°1 e1'1 0€*0 goT*0
08 9% T 80°T a8°0 ¥60°0
88°2 ge'1 g0°1 8L°0 180°0
29°2 LT T co0°T oL*e 00*0

% & €5 ®

- - - - A-.ﬂo...u

(mdd) (udd) (wdd) (mdd) peppw

T Axody BF Axody BV PTOTIUMOD B pretydnm jue Feey

Jo ucCTiITEOd Jo uocylyEcd Jo ucyiTeod JO UOT}TsOd 3ITUS

ARVUVOXYOJA->P >2 - T qTEVLI



51

(wdd ¢ Qv )
peanpuy
9g°0 ™0 oT*0 81°0 AITUS “XEH

ge'e 00°T 20° T Tt 010

pg'e 8T vo*1 90°1 €4L0°0

80°2 W1 20* T 20°1 $50°0

g6'2 et 86°0 86°0 9800

a8z gz 1 96°0 £6°0 00°0

: :

, ¥o 0 % % (oTowm W)
(udd) (mdd) (udd) (mdd) L
¥~ Axody oF Axodr 3% prejjumop oK ProTsdn ouuwmum
Jo ucy3Isod Jo uorlgsod Jo uoyaysed Jo uogjysod ;

APVHVORYO - 6P o2 - 2 #TaVy



52

(mdd ¢ QV)

- . - . 3085

w'e ¥8° T ey eT°1 01*0
gs e 2.°1 ™1 art $40°0
ge'e 65T 88°1 Wt 8%0°0
s1'e 1 2 ¢ eI T0°1 ge0*o
es*e 82°1 82°1 ge*o 00°C

NU 4 3 wc €,

- - - - (eTom m)
_(mdd) (mdd) (mdd) (mdd) peppv

E-Axody off ALxcdi of pretsuMcp ol pretydn Jusfesy

Jo ueriyscy JO ucT3TsOd Jo uoT4ysod Jo uor3yeod 3ITUE

ANVNI dAXOdH=22»2 - € HTeVy



FIG.-12 CONFORMATIONS OF 3K 4L-EPOXYCARANE

FIG.-16 CONFORMATION OF 2,3 &~ EPOXYPINANE

) |



maximuz induced shifts (28) agalast r™° aad « straight line
was obtalaed galy for the conformation C. As OxpoctodfG

oaly the poiat due to the epoxy hydrogea did not fall on

the straight unc. (Fig.13A). It was presumed (models)

that the Cg metayl will experience more induced shift as
compared to the C, methyl because of its prox imity to the
epoxide and heace to the shift reageat. c8 methyl is in fact
shifted by 0.08 ppm more as compared to the Cy methyl (Table 1).

The above conclusion is in full accord with the
findings of Brown and Suzuki“®, whe, by taking into
consideration the anisotropy of gho three membered rincss
(Fig.14)/oxirane (F1g.14), have come to the same conclusion.

Fig.14 Anisotropic effects of the cyclopropane cnd
epoxide rings.

A similar case has earlier been reported by Keith%°.
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30,42 -Epoxygarane. From a consideration of models, AV II

can have three possible coaformations of low energy and
these are A, B and C as shown ia Fig.l5. As before the
position of the europium was fixed from the oxygen atonm,
and distances were measured for the readily ideantifiable
signals, for all the three conformations 4, B aad Co A
best fit for the graph of A8 Vs r~° was obtained Qaly
for the conformation. 4 of XVII. Qaly the poiat due to the
epoxy hydrogen did not fall on the straight line as observed
earlier (Fig.l3). 4Again the Cg methyl experiences 0.08 ppm
more shift as compared to the c9 methyl because of its
proximity to the epexide and heace to the europium.

30 one can assign the preferred conformation of XVII,
from the consideration of LI3 data. Instead, Brown and
‘mmuao,as have assigned the most preferred conformation
C of XVII, in order to account for the anisotropic effects
of the eyelopropane and epoxide rings on the gem-dimethyl

groups in the PMR of this epoxide.

On the basis of the LI3 study together with con-
sideration of non-bonded interactions in differeant conformatioas

we prelfer conformation A over ¢ (Fig.l5).

W‘. It 15 a very rigid molecule and has
been nssign.daa the conformation A as showa in Filg.l6, from a

-

The reasonable assumptioa that the per acid attacks
«=pinene from the side opposite to 59. quateranary dimethyl
bridge, has beea receatly confirmed*’ by a stereospecific
synthesis of XVIII.
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study of its hydrogenolysis products, using Ranoy aickel

in preseace of alkali. Again by fixing the positioa of the
europium {rom the oxirane oxygea, and measuring the distunces
for easily ideatifiable protons as carried out earller, a
straight line was obtained for a plot of O3 vs r o, s
expected, only the poiat due to the epoxy hydrogen d\id not
fall on the straizht line (see Fig.l3C).

Hence it is clear that the results obtained from
the LI3 data are consistent with the previous finding™2,

a-Hi - ide. After obtaining a successful linear
correlation between the maximum induced shifts and the
calculated distances for easily ideatifiable protons, for
the avove known terpene epoxides (AVI - XVILI), we extended
the LI3 study for determining the conformations of
p~himachalene-s~oxide. The LI3 shifts produced for xv'

are recorded ia Table 4.

In order to calculate the distances between protons
and the shift reagent molecular models for three differeat
conformations A, B and C of f-himachalene-f-epoxide were
constructed as shown in Pig.l17. These conlormations were

chosea on the basis of minimum non-bonded iateractions.

As before the position of the europium was fixed
at a distance of 2.35 1 from one of tho. lone pairs of oxygean
and the distances for easily identifiadble protons were
measured for all the three coanformations of 2-himachalene-c-

oxide. 7he best fit for the plot of ASvs x-'3 gives a
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1G.17 CONFORMATIONS OF /3 - HIMACHALE NE . /3 — OXIDE



o

straight line galy for the coaformation {, whereus the
consideration of other coaformations gave a considerably
poorer correlatioa between the maximur induced shifts
and the lateratomic distances, as shown by the point; on
the graph depicted in Fig.l8.

From this study, therefore it appears that a-himachalene-
A-gpoxide exists in conformation C (Fig.17).

Solvolysis of ?-Himachalene Oxide

Solvolysis of n-himachalene oxide appeared to be
of interest as it can lead to several sikeletons depeading
upon the coaformation(s) of the reacting molecule. These
possibilities are shown in Fig.l3.

0f the possibilities listed in Fig.lJ, the one leading
to allohimachalone (XXIII)®® and other one iavolving
homoallylie partielpation39 appeared particularly interesting.
wWhereas, rearrangement to allohimachalone would constitute
a blogeatic-type synthesis of allohinnchalolaa skeleton,
the homoallylic participation would become possible only if
the oxide reaects through a coaformation such as A (Fig.20),
in which the six-mexbered ring has a twist boat conformation,
as oaly such a conformaticn permits overlap of the we-electrons
with the vacant orbital at Cs (see Fig.20).

In actual practice, it was found that the nature of
the products depeaded heavily on the typs ol the reageat
used. Thus sulphurie acid (0.16;)40 in agueous acetone at
~29%, for 24 hrs under H,, resulted esseatially in a mixture
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1l9 POSSIBLE SKELETONS FROM SOLVOLYSIS OF B -HIMACHALENE OXIDE

..20 HOMOALLYLIC PARTICIPATION BY OVERLAP OF 7T - ORBITALS OF
2 - HIMACHALENE /3 -OXIDE



of hydroearboas, which were aot iavestigated further.

Perchloric acid (0.70%) ia ethyl methyl kotono4l

at-»29°,

for 5 minutes under xz, furaisned & complex mixture of

tetones [TLC, sprayed by DiP reagent; see footnote at the

end of this section]. Perchloric acid (2.8%) ia aqueous
dioxane at 26-33°, for 34 hrs under i,, oa the other hand,
furnighed esseatially a mixture of aleohols (IR) aand this

was investigated in detail. 7This mixture (TLC, Fig.21) was
separated into a hydrocarboa mixture TLCj; solveant: 15%

EtQ4e¢ in ceﬂs; RRf, 1.00) and four alcohols with RRf of

0.73, 0.84, 0.29 an d 0.09 respectively, besides the uareacted

oxide (~ 1.5%).

dydrocardon mixture, (QUf = 1.90). This fraction wus shown
by TLC on AgdOg-silica gel®® (solveat: 1:l Cgiy ia pet. etner)
to coasist of three compounds having Rif of 1.00, 0.71 and
0.25 respectively. The compounds having Rif of 1.00 and 0.71
could be separated by inverted dry column chro-stogrqphy43
(I2CC) over Agﬂoa—silicu gel (solveat: 1:1 Cgliy in pet. ether)
and were readily ldentified from spectral characteristics

(IR, PMR and mass) as the knowa ar-himachaleae (xXxIV)** aaa
nimachala=2,5,7-triene (XxV)® (r1g.22). The compound
correspoading to Rif of 0.25 could not be isolated pure.

Aleohol=I (RAf, 0.78) was readily recogalsed as the kaown">
allylic tertiary aleohol (XXVI) from its IR and PMR spectral

characteristics.

Alcohol-II (iif, 0.64) (analyses for C; g, 0; K, m/e = 220)

62
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THIN LAYER CHROMATOGHAPHY OF MIXTURE FROM 3 -
HIMACHALENE EPOXIDE AND AQ. DIOXANE / PERCHLORIC ACID
(Si0p PLATE. SOLVENT SYSTEM 1596 ELtOAc/ CgHg O

1) B —HIMACHALENE EPOXIDE C(2) REACTION MIXTURE

3 ) HYDROCARBON MIXTURE (4) B -HIMACHALENE EPOXIDE
S) ALCOHOL -1 ¢ XXVI ) (6) ALCOHOL -ITCXXVIl D

7)) DIOL =L CXXVII ) (8) DIOL -II C XXX )



XXV XXV XXVI

XXVII XXVIil, R=H XXX, REH L .
XXIX, R=COM XXXI, R=COH

XXXI XXX XXXIV XXXV

FIG. =28




i3 an unsaturated alchhol (THM test: gives an orange yellow
colour). IR spectrum (Fig.23): Od 3350, 1106; —?tcﬂz 1625,
880 em”l. Its PMR spectrum (Fig.24) shows signals assignable
to two quateraary He's (two 3i, s, 0.95 and 1.02 ppm);
\.ﬁsoéoou (84, s, 1.28 ppm); one cyclopropane proton (1H, d,
0. 53 Ppay J = 4.5 Hz) and -¢=Ci, (2H, s, 4.75 ppm). ¥rom
these spectral data,; this alcohol i3 clearly assigned
structure fXVII. 7This is further supported by its UV

absorption‘sa appe. }‘::.x‘ﬁ 223 am (€, 2480).

2dol=[ (4RL, 0.29) (analyses for C, g, 0,3 M, m/e = 238) is
a tertlary alcohol, having a cyclopropane ring (7Ti¥M, faiat

but distinet yellow colour)“. IR spectrum (Fig.25): 0d 3890,
1047 cn'l, ‘no olefinie absorption. From its PMX spectrum
(Fig.26; Table 5) this diol 1is formulated as AXVIII (vide
infra). The preseace of two groups of the type cna-é-oa

was coanfirmed by tomhtion”

; the PMR spectrum (Fig.27;
Table 5) of the derived diformate (AXIX; two 1H, s, 7.71 aad
7.78 ppm, assignable  to O0CJO§ protons) shows the expected
dnhielding‘v of the two methyl groups, which now resonate
at 1.26 and 1.58 ppm respectively.

2i01-11 (RRL 0.03) (analyses for Cy 5603 H*, m/e = 238)

is a tertlary aleohol, huving a cyclopropane riag (THM, faiant
distinet yellow eolour)®, [R spectrum (rig.28) 04 3400,
1047 em™! and ao double bond absorption. From its PMA
spectTum (¥1g.29, Table 5) this diol is clearly assigned

structure XXX/XXVIII. Agaia, the presence of two groups of
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C

the type Cﬂa-c-:)ﬂ was corroborated by romlutlon ; the

C
PMR spectrum (Fig.30, Table 5) of the diformate (iXXIj; two

1H, 8, 7.73 aad 7.8l ppm, assignable to OCO{ protons)
displays the expected duhloldm“? of the two methyl groups
which now appear at 1.25 and 1.50 ppm respectively.

From the above spectral data, it becomes clsar, that
these diols represeat the C-3 epimeric pair arising from the
carbonium ion XXII (Fig.l9). The mass spectral fragmeatation
of these two compounds XAVIII and XX is essentially identical,
as might be expected, from the fact that epimeric compounds
generally geaerate similar lp“tta‘g. 0a the basis of
iaformation galaned above it is difficult to decide which
compound represents which coafiguration. A clogely related
epimeric pair, cubebol (iXXII)/epi-cubedol (JUXAIII; Fig.22)
aad their configurations are well secured®. In their
PMR spectra, the compound (XXXIII; 1.53 ppm)*®® which has
a C~-4 methyl on the same side as the cyclopropane riag shows
a downfield shift for its concerned methyl ia comparison
with the same signal for its epimer (XXXII; 1.27 ppl)“

If oae can extend this observation® to the preseat case, one
might suggest that the diol (RRf = 0.29) has the configuratioa
assigned in structure XXVIII whereas the epimeric diol

(ARf = 0.09) probably has the coafiguration as shown in

structure XiX (Fig.22).

“The main cause of differeace in the chemical shift of the
methyl group under discussion in the qhoric pairs i3 not clear.
Magnetlc aalsotropy of the cyclopropane ringd5 algo does not
appear to be the deciding fagaor sinee in the epimeric aleohols,
%qubimno hydrate (ZiX1V)"W and frang-sabinene hydrate

(Fig.22); the methyl gssup at C~2, shows the same chemical
shift and resonates at 1.30 ppm
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) 13CU3SI0N
From the above results it becomes obvious that
homoallylic participation during oxirane cleavage under
the above reaction conditions is an energetically favoured
process. This, as stated earlier, requires that the cyclo-
hexene riag in himachalene-epoxide should be in twist boat
conformation. Though, several examples of double boad
participation ia 1,2-epoxide ring opening are on rocordu,
very few cases of homoallylic wticipatidn during oxirane
ring openinz appeared to have been recorded. McKervey and
wrightsa have found that 1,2~-husulene epoxide (L XiVi) on
reaction with sulphuric acid in acetoae, gives the tricyclic
humladiol (XXXVII). The same tricyeliecdiol (XXAVII) has
also been obtained by the action of NB83 in aq. acetone
on humulene (XXxvIID)3® (rig.s1).

It is quite concelvable that cubebols (AXXII/XXXIII)
arise in nature from the precursor )/(xx Ixm XL-XLI by
homoallylic participation of the type observed in the case
of himachalene oxide ring cleavage (Fig.52). It should be
of interest to examine the behaviour of cadinene oxide (XLIII)

under these conditions.

*The rearrangement of p-himachalene oxide with boron-
trifluoride etherate has been studied ia this Laboratory by
Mr. . Shankarnarayan, in coanection with the partial synt.hul,
of ketoane (XXI), isolated from the esseatial oil of Cedrus
deodara. 3y compariang the PMH spectrum of his product with
that of the total product obtained upoa the treatment of
renimachalene oxide ian ethyl methyl ketone aad perchlorie acid,
we find that the major ketone of that reaction is indeed the
compound (XXI).
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EXPERIMENTAL

All m.ps. and b.ps are uancorrected. Light
petroleum refers to the fraction of b.p. 40-60°. ALl
solveat extracts were finally washed with brine before
drying over anhydrous ruzso‘. Optical rotations were
measured in cacxs sola. (unless specified) on a Perkia-
Elmer (Model 14l) automatic polarimeter and Schlidﬁ-
Haensch Electronic Polarimeter model Polatronic 1.

The silica gel for columan chromatography (100-200
mesh) was washed with hot distilled water till sulphate-
free, dried and activated at 125-130° (6-8 hr) and thea
standar(nsod“. Azuoa-l.lpro;xutod silica gel was made

4 .nd activated at 100-110°

by the method of Gupta and Dev
(4 hr). TLC were carried out on silica gel, silica gel~
Agd0, (15¢), containing 15§ gypsum. Af values of the

componeats though quoted, should not be takea as staandard
because of thelr considerable depeandence on' the thickness

of the layorss.

The following instruments were used for spectral
data: Perkin-Elmer spectrometer, model 350 (UV); Perkin-
Elmer Iafracord model 187E (IR); Varian Associates A-60
and T-80 spectrometer (PMR), TMS as ianternal standard;
shift reageat study of epoxides was carried on Perkin-Elmer
model R 32 (90 Miz) AMR spectrometer; while eiting PMR data
following abbreviations have been used: s (singlet), d (doublet),
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t (triplet), q (quartet), m (multiplet) and b (broad);

the chemical shift position given is that of the ceatre

of signal. CiC Mass spectrometer, model 21-1108 (Mass;

70 eV, direct inlet system). while summarising mass

spectral data, besides the molecular ion, tea most abuandant
ions (above m/e 40) are given with their relative inteasities.

Chromatographic separations were monitored by TLC.
Spectral data (IR, UV, PMR and mass) for new compounds
reported in this chapteriave not been included here but
are conveaiently discussed at the appropriate places in

the subsequent chapters.

GLC were carried out on 'lerograph', model A-350-B
using a 300 em x 0.8 em column (packed with 20% diethylene
glyeol polysuccinate on 60-80 mesh Chromosorb-W) for analytical
chromatography, unless otherwise stated; H2 was used as

the carrier gas.

& 100 ml three-necked flask fitted with a septum inlet,

magnetic bar, under N, was added f-himachalene epoxide

(5.5 g, 0.025 mole) and dry ethylenediazine (30 ml). Lithium
metal (4 g, 0.57 mole) was added slowly with vigorous
stirring, till the blue colour persisted (~ 2 hr) while

the temperature was kept at 55°. At the eand reaction
nixturo' was cooled and crushed ice was added to destroy
excess reageat. The aqueous layer was saturated with §HaCl

and extracted with Et 0 (100 ml x 4), ether layer was washed
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with H,0 (20 m1 x 5), brine (25 ml x 2), dried and
distilled to remove the solveat, furnishiag 5.50 g of
the reduced mixture. GLC (programming, Fig.3) iandicated
the presence of five major components having 337 of 1(10.2%),
1.12 (12.7%), 5.6 (14.8%), 6.56 (27.8%) aad 7.6 (27.3%)
respectively.
BHOAD JEPARATION

The reduced mixture (5.5 g) was chromatographed on
Al.aoa (500 g, grade III; 100 Xx 2.5 em) with TLC and GLC

monitoring:
TABLE 6
Fr.No. Eluent Vol. wt. Remarks
collected.

1 Pet. ether 200 ml - -

2 - 200 ml x2 0.4011 g Hydrocarbon
mixture

. 200 ml x2 - -
15¢ Cgilg 1in 200 ml x10 2.4542 g Correspoands to
‘ compounds having
pet. ether. RRT of 6.56 =

and 7.6.

) 208 " e 200 ml x8 Corresponds
to compounds

) 0% " ot 100 ml x5 2.5035 g having [T
of 7.62 and

? 0% " . 100 ml x5 5.6.

8 B "t =8 200 ml x3 Corresponds

0.2087 g to compounds
> Csﬂe 200 ml x2 with RET of

5.6 + tailings
of 7.6.
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iydrocarboa mixture (RRC = 1.0)s Er.2 (Table 6, 0.40ll g)
was distilled in a small bulb, b.p. 100°(bath)/0.7 mm.

This fractiona was shown by GLC (/1g.8) to consist of two
major componeats haviag ARl of 1.0 (36.5f) and 1.18 (53.58).
The compound with higher reteation time, was identified

by mixed GLC as himachalane’® (X). 7The compound with RiT
1.0 was suspected to be I[X. The mass spectrum of this
mixture shows M' ions at m/e 206 and 208 (relative iatensity
n/e 2063208, 2:1), corresponding to the mol. weights of
compounds IX and X. PMR of the mixture (C;ll‘)x shows
signals assignable to two cga.cu (two 34, d, 0.83 and 0.88 ppm;
J = 8 and 6 Hz respectively) aand peaks at 1.5 and 1.7 ppa,
the latter corresponding to a Me-C=C.

- = o olof = e
ene (VIII); Er.4 (Table 6, 2.4542 g). GLC [temp. 180°%;

gas flow 60 ml/min.] showed it to be a mixture of two
components having ARRT of 6.58 and 7.6 and its TLC (solveat:

15¢ EtOWCsﬂe), indicated it to be a mixture of two

eompounds corresponding to Rif of 0.71 and 0.65 respectively.
The component having :uu' Of 0.71 was isolated pure by
chromatography of the mixture on Al,0, (2285 g, Grade III,

110 em x 2 em; solvent: 10§ CGKS in pet. ether), to furaish
VIII (0.6506 g); b.p. 130° (bath)/0.5 mm; [«]) +52.01°

(e, 2.48%). IR spectrum (Fig.3). PMR spectrum (Fig.7).

Mass spectrum: m/e 222 (X', 47%), 119 (100%), 82 (73%), 55(69%),
109 (62%), 69 (58%), 95 (49%), 204 (47%), 111 (473) and

93 (41%). (Found: C, 80.71; H, 12.27. C, gllog? requires: C,



82

81.02; H, 11.79%).

EXaS = Fr.7 (Table 6, 2.3035 g), GLC [temp. 180°; gas

flow 60 ml/min] showed it to be a mixture of two componeats
having RiT of 5.6 and 7.62 and TLC also (solvent: 15%
‘stOAq/CGHG), indicated it to be mixture of two compouads
correspoading to RRf of 0.58 and 0.65 respectively. It
was chromatographed oa "1203 (250 g, Grade I1I, 100 em x

2 em) with TLC monitoring (solvent: 18§ EtOAec in csﬂs).

TABLE 7
Fr.do. Elueat Vol. Wt. Remarks
collected
1 Pet. ether 200 ml1 x5 - -
2 20% csﬂ‘ in 200 ml x3 negligivle -~
pet.ether
3 . re 150 ml x8 0.5045 g Corresponds
to ARf =
0.65
E 288 “* 150 ml x8 0.4694 g mixture
5 308 " 100 ml x4
6 508 " 100 ml x5 0.9944 mixture
7 Celg 100 ml x3
-l = H

EL.3 (Table 7, 0.5045 g) wasrebrystallised from MeCHN (-10%),

mep. 67-68° and identified as himachalol by mixed GLC and

PMR spectrum (0014): two gquaternary Me's (two 3H, s, 0.8l and
0.96 ppm); cge-{:-on (8, s, 1.18 ppm); Cly=C=CH (3H, bs, 1.65 pp=)



and CH,-C=CH (1H, m, 5.5 ppm) [Lit.12 m.p. 67-68°, pua).

- i - - H
£re5 = Fr.7 (Table 7, 0.9944 g). TLC showed major compound
with RRf 0.58 and traces of compounds having RAf 0.85.

This mixture was resolved by iaverted dry columna chromato-
graphy (IDCC)‘a on Sioz-gol (250 g, grade II, 25 em x 4 cm;
solvent: 10% EtOAe in csﬂs) iato a pure compound, having
RAf of 0.58 and this was ideatified as VII, from its
spectral charaeteristics. (0.423 g) was distilled, b.p.
140° (bath)/0.7 mm; (<], +8.172° (e, 2.57%). Ii spectrum
(Fig.4). PMR spectrum (Fig.5). Mass spectrum: m/e 222

(4", 10%), 48 (100%), 95 (92%), 137 (855), 41 (735), 10D (77%),
127 (685), 55 (49%), 69 (457), 84 (44%) and 110 (44%).
(Found: C, 80.60; H, 11.99. clsuaco requires: C, 81.02;

Hy, 11.79%).

The terpene epoxides, 3«,4<-epoxy carane
(w1)%132 ) 35 4g-gpoxy-carane (XVII)®! uad 2, 3x-epoxy
pinane ()WIII)G'"32 used for shift reageat study were
prepared according to the reported procedures.

f-iimachalene epoxide (IV) In a 500 ml three ndeked,

rouad bottomed flask equipped with a mechanical stirrer,

a reflux condenser and a thermometer, EtOH (500 ml),
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.standsrd reaction conditions for its preparation were
ikiadly supplied by Dr. 3. Krishaappa of this Laboratory.



n-himachalene (20.4 g, 0.10 mole), Z20% H,0, (30 ml),

0.1M Ha,dPO, aq. (5 ml), and 0.54 NaOH aq. (8 ml) were

added. The mixture was stirred at 55° for 4 hr while

0.5§ HaOH ag. (32 ml) was added gradually. The mixture

was cooled to room temperature and diluted with 1,0 (200 ml)

and extracted with t::&l3 (50 m1l x 3). The combined

extract after washiag with 1120 (15ml x 2), brine (15 ml x 2)

and drying was distilled to furnish 10 ~ 12§ of the

unreacted er-himachalene, b.p. 93-2670.6 ma, followed by

16.5 g (85%) of p~himachalene epoxide, based on the

f-himachalene consumed b.p. 100-102°%/0.6 mm. PMR (CCl,):

two quateraary Me's (two 3H, s, 0.85 aad 0.95 ppu);

c-%-go (8Hy 8y 1.28 ppm); cga-c-ca- (éH, d, 1.75 ppm, J= 1 Hz)
)

and CHg.CaCH~ (1H, b hump, 5.33 ppm, Wy = 9 Ha). [Lit.28,

b.p. 150%/9 mm, PHR].
dolvelvsis of s-himachalene epoxide (IV)

(a) Aqueous acetone and sulphuric acid®. p-Aimschalene
epoxide (0.540 g, 0.0025 mole), acetone (l.1 m=ml), 1,0 (1.1 ml)
and cone. H,30, acid (0.0160 g, 0.16%) were shaken together
at ~ 29° for 24 hr under N,. TLC (solveat: 10§ EtOAe in
0686) indicated the formation of a hydroc&hn, which was not
investigated further.

(b) Ethyl methvl ketone and Perchloric acld™. To the epoxide
(0.1150 g, 0.0005 mole) taken in (1.8 ml) of ethyl methyl
ketone was added perchloric acid (1.58, 0.09 ml; of 60%).

After stirring for 5 minutes, the reaction mixture was worked up,



to furnish a product which was distilled, b.p. 130-135°
(bath)/0.1 mm. TLC (solvent: 10% EtOAec in Csﬂs; UNP
sprayed) indicated it to be a complex mixture of ketones.
Major ketone was identified as XXI, from the PMR spectra
of the mixture, by comparison with autheatic PMR" and its
spectral data are reported here. IR: C=0 1700 em™t. PR
(C.ly) s three quaternary Me's (three 3H, s, 0.75, 0.98 and
1.15 ppm); CH,-C=CH (24, s, 1.80 ppm) and cxa.c-cg (1H, =,
5.53 ppm) .

(e) Agueous dioxane and perchloric acld. p-iHimachalene
epoxide (18 g, 0.078 mole), purified dioxane (53.5ml),
1,0 (12 ml) and perchloric acid (80%; 0.4700 g, 4.7%) were
mixed together at 0° (lce/H,0) and then left aside at

room temperature (~33°) for 34 hrs. The mixture was
shaken from time to time and in the end the mixture became
homogeneous. The reaction mixture was poured in H,0 (300 ml1)
and extracted with Et,0 (100 ml x 4), the ether extract
was washed with H,0 (50 ml x 4), NaHCO; aq. (15 ml x 2),
aao, brine, dried and distilled to remove the solveat
furnishing 16 g of the crude product. TLC (solvent: 15§
BtQde in csuc) indicated the presence of five compouads,
with RRf of 1.00, 0.73, 0.64, 0.29 and 0.09 respectively,
besides the uareacted oxide. (Fig.21).

'300 foot-note at the ead of the 'Discussion' of
this Chapter.



8b

The ecrude product (~ 16 g) was chromatographed

on Alaoa (grade III, 170D g; 164 em x 4.7 em) with TLC

mondtoring (solveat: 15-20% EtOAc in Cgllg)

TABLE 8
Fr.do. Elueat Vol. wt. Aemarks
collected
1  Pet. ether 200 ml - -
2 . 600 ml x4 '3.249 g Corresponds
to RRf = 1.00
3 " 800 ml - -
4 - = 800 ml x5 0.5849 g mixture
5 " 600 ml x7 0.2627 g »
6 . 600 ml x6 - Unreacted
0.1536 g
7 25% Cglg 1a 600 ml x5 ﬁ oxlde.
pet.ether,
8 508 "¢ 600 ml x7 0.3711 g Corresponds
to RRL = 0.7C
9 o 600 ml x6 % 05068 g mixture of
10 75% 800 =l x2 m“", 0.72
. and 0.64
11 - e 600 ml x13 0.74323 g Corresponds
to RRf = 0.64
12 Ct-’é{6 600 ml x2 - -
13 " 600 ml x22
14 5§ RtOAe in C.H 600 ml x8 Correspoads
A to HRf = 0.22
15 10§ » ¢ 600 ml x3 ; 3.85®@ g *° .
16 15 =~ - 600 ml x2
17 ° . N 600 ml x4 |
1l 28¢ " - 800 ml x21 }
2 " . . 600 ml x5 3.1149 g Correspoads
+5§ MeOH to RRL 0.09
21 HMelH 600 ml x2 1.6 g -junk-
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u:ﬁmm' ane (XXIV) and Almachela-2,5,7-triene (JiV):

ir.2 (Table 8, 3.249 g) was shown by TLC on 15§ AgN O, -
silica gel/IiA (solveat: 1:l Cailg in pet. ether) to
econsist of three compounds haviag ARL of 1.0U, 0.7l and
0.25 respectively. This mixture was subjected to I»)CC43
(xsx-mos-smz gel/1In, 500 g, 25 em x 6.8; solveat:

l:1 CGH‘ in pet. ether). The compound with REf of 1.0

( 0.3768 g) was distilled, b.p. 125-130° (bath)/2 mm and
identified as XXIV, by comparison (IR, PMR) with an

authentice 89.01!014.4

The compound with ARf of 0.71 ( 0.6468 g) was
distilled, b.p. 140° (bath)/2 mm and identified as XXX
by eomparison (IR, PMR and mass) with the roportodz‘ spectral
data.

The compound with RRf 0.25 got changed into XXIV
and XXV during IOCC.

Er.8 (Table 8, 0.3711 g) was distilled, b.p. 150-140° (bath)/
0.8 mm. TR (smear): OH 3420, 1075 em™t. pia (CCly): two

quaternary Me's (two 3il, s, 0.67 and 0.96 ppm)} cua—:::-ou
(8H, s, 1.12 ppm); Ci,~C=CH (34, bs, 1.78 ppm); 886-cg=(':-
(14, qy 6.21 ppm, J;= 3 and J, = 2 Hz); Ciy-C=CH- (1, m,
5.53 ppm); -g-ca-cug-c-c- (24, ille-resoclved m, 2.5l ppm) and
X
-(2.055 (1H, b hump, 3.80 ppm, disappears on 0,0 qxchango).
From IR and PMi, it was identified as known® allylic tertiary
aleohol [L1t.2®; b.p. 150° (bath)/3 mm, IR and PMR].
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cyelohimachalane ((XVID):s [Er.ll (Table 8, 0.7433 g) was
distilled to give pure XXVII, b.p. 135° (bath)/0.7 mm,

I:odD +110.3 (gy 1.43§); xﬁzﬂ 215 nm (¢ 456). IR spedtrum
(Fig.23). PHR spectrum (Fig.24). Hass spectrum: m/e 220
(4", 445), 206 (100%), 41 (74%), 178 (685), 43 (66%),

83 (58%), 92 (553), 163 (44%), 122 (89%) and 106 (37%).
(Found: >, 81.83; H, 10.76. C15540 requires: C, 81.76;

Hy 10.38%).
GAVIIL)s Er.13-16 (Table 8, 3.8549 g), were pooled aad
erystallised irom pet. ether to furnish flakes, m.p. 106-107° H
[adD +8.3 (g, 0.74%). IR spectrum (Fig.25). PHR spectrum
(F1g.28). Mass spectrum: m/e 238 (', 1%), 109 (100%),

97 (44%), 125 (39%), 29 (33%), 124 (26¢), 48 (22%) and

4 (17¢). (Found: ¢, 75.58; H, 11.39. Cy 6560 requires:

C, 75.58; H, 11.00%).

Formate of (UAVIII). The above alcohol (0.1430 g) on
treatment with aceticeformic anhydiride®® (1.8 ml) at 30°/16 hr

after removal of excess of reagent under vacuum, followed

by usual work up, furnished iXIX, b.p. 130-140° (bath)/0.2 mm.
PHR spectruam (Fig.27) (found: ¢, 632.00; H, 9.5, 017112604
requires: C, 69.36; H, 8.9%).

(Za%): Er.20 (Table 8, 3.1149 g) was erystallised from
acetonitrile, =.p. 78-80%, [«], +102.7° (g, 0.85%). Ix
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spectrum (Fig.28). PMR spectrum (Fig.29). Mass
spectrum: m/e 238 (M', 0.13%), 109 (100%), 97 (46%),

124 (23%), 99 (28%), 48 (195) and 41 (14g). (Fouad: C,
74.82; H, 11.08. 01532602 requires: C, 75.88; H, 11.00%).

Lormate of (AXX). (0.1450 g) of the compound, XXX was
treated with acetic-formic anhyiride ® (2 ml) at 30%/20 hr

and alter removal of excess of the reageant uander vacuum,
followed by usual work up, it furnished the required formate
ester (0.1597 g), m.p. 79-81°C. pPHMR spectrum (P1g.30).
(FPound: C, 69.05; H, 9.0S. Cysilpg04 requires: C, 62.36;

Hy 8.9¢).
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SUMMARY

The stereochemistry of the oxirane ring in
r~himachalene epoxide is shown to possess a a~-configuration.
Lanthanide shift study has been used to assign the
preferred conformations of known terpene epoxides. Products
resulting from the homoallylie participation of double
bond in the solvolysis of p-himachalene-= -oxido‘aro
described.
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HYDROBORAT Iud OF p-HIMACHALENE AND SOLVOLYSIS
OF HIMACHALOL p-3ITROBENZOATE

3olvolysis of allohimachalol tosylate (I)
1 to furaish a mixture of «<-himachaleae

has been shown
(11)2, n-himachaleae (III)?, himachalol (III)° and
Fig.l.

allohimachalol (V)J‘/ It was thought of interest to study
the solvolysis of a suitable derivative of himachalol (1V)
and epihimachalol (V I)". It was eavisaged that himachalol
derivative (XIV) on solvolysis might give allohimachalol
as one of the products which will coanstitute a biogenetic-
type syathesis of allohimachalol (Fig.2). Oa the other
hand epi-himachalol derivative can possibly lead to
longiborune/longifolane skeletons® (Fig.3). Ia the

first ianstance, we thought of preparing epi-himachalol
from ¢-himachalene. 1Ia the first part of this chapter,
are described the attempts directed towards the syanthesis
of epi-himachalol while in the second part we describe
the sclvolysis of himachalol pe-aitrobeazoate.

In the reaction of a~-himachalene with per acid,

it is k:lmm6

that fully substituted olefinic linkage is
attacked preferentially. It was hoped that the hydro-
boration of f-himachalene with limited amouant of diborane
would generate olefinic aleohols, of which there would be

at least some product development resulting from the
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SOLVOLYSIS PRODUCTS OF ALLOHIMACHALOL TOSYLATEC1)
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£ 2 POSSIBLE FORMATION OF ALLOHIMACHALOL FROM SOLVOLYSIS OF
HIMACHALOL DERIVATIVE

POSSIBLE PRODUCTS FROM SOLVOLSIS OF EPI-HIMACHALOL
DERIVATIVE.
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attack at the tetrasubstituted double bond. Thus
it was conceived that menohydroboration of r-himachalene
might possibly generate epihimachalol (Fig.4).

4ith the above objective monohydroboration’
of n-himachalene was carried out with diborane (dissolved
in TAF) at 0° (ice bath) and the resulting organoborane
was oxidised with alkaline hydrogen peroxide (30%), to
furnish a mixture of mono alecohols and diols (IR, TLC).
The total oxidised product was separated by chromatography
iato mono aleohols and diol cuts (TLC). The mono=
alcohol fraction was further separated by systematic
chromatography and three pure compounds were isolated.
These are discussed below. 7The diol fraction was not

investigated.

Alconol=l (RRf = 1.00),analyses for C)gH o0 (', w/e = 222)

is an unsaturated aleohol (THM test: yellow colour). IR
spectrum (Fig.8): OH 3300, 1030 em™l, Its PMR spectrum
(Fig.7) shows signals assignable to two quaternary Me's

(two 3H, s, 0.82 and 1.05 ppm); ch.C=CH (2, d, 1.66 ppm,

J = 1 Ha); CHy.CH (2, d, 1.08 ppm, J = 8 Ha); HOCH-CH-G=G-
(1H, 4, 2.3 ppm, J = 8 Hz) aad ~CH~CHOH-CH- (1H, t, 3.28 ppm,
Jy = 9 Hzj J, = 8 Haz). From spectral characteristics,

it appears this alcohol is clearly VII (fig.5). The
«=configuration of the hydroxyl group was established

from the fact that the proton on the carboa beariag the
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PREPARATION OF EPIFHIMACHALOL VIA HYDROBORATION OF
B - HIMACHALENE

1) Bsz

HO

" FIG.5 — MONOALCOHOLS FROM THE MONOHYDROBORATION OF 3 —
HIMACHAL ENE
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2) NaOH,
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secondary hydroxyl, is experleacing two diaxial

couplings as indicated by the magnitude of its coupling
coastant (J; = 9 Hz and J,; = 8 Hz) (Fig.7). This aleohol
(VILI) arises yilg the anti-Harkovaikov addition of diborane,
oan the trisubstituted double bond of p~himachalene.

Algohol IL (AL, 0.84), analyses for C) g0 (M', m/e = 222),
i3 an unsaturated alcohol (THM test: orange colour).

IR spectrum (Fig.8): OH 2500 and 1035 em™t

. Its PMR
spectrum (Fig.9) shows signals assignadle to two quaternary
Mets (two 34, 3, 1.00 and 1.10 ppm); two CQB.CH (two SH,

d, 1.05 aad 1.06 ppm, J = 7.5 and 6 Hz) and Ci,.CH-CHOH-CH, -
(14, d,d, 3.51 ppm, Jy = 8.5 Hz and J, = 3 Hz). From

the spectral charucteristies coupled with the magnitude

of the coupling constant for CHOH proton (J1 = 8 Hz and

Ja = 3 Hz; Fig.9), the most probable structure for this
alcohol is given as VIII (Fig.5). The secondary nature

of the hydroxyl group was coafirmed by its oxidation to
the corresponding ketone (IR, C=0 1705 emt). The doubdle
bond and the carbonyl group ia this ketone are not
conjugated as is clear from its UV absorption: ao high
intensity absorption around 220 nm. The preseace of CHOH
grouping was further corroborated by the PMR spectrum of
its formate which shows (1H, s, 7.98 ppm) assignable to
CHOCOQH proton.

It is obvious that the above structure can arise
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galy if s~himachalene undergoes isonoriution' to
olefin (X), during the hydroboration coanditions which
may again uadergo hydroboration followed by oxidation
to furnish aleohol (Fig.lo0).

4leohol =111 (RAL, 0.80), analyses for C) g, 0 (4, m/e
222), 1s an unsaturated alcohol (THM test), IR spectrum
(Pig.11)s OH 3268 em™t. Its PMR spectrum (Fig.l2) shows
signals assignable to two quaternary Me's (two 3H, S,
0.80 and 0.85 ppm); 0_43—5.-01! (31, s, 1.08 ppm) and

c

cua-é-og (1, bs, 0.95 ppm). From spectral characteristics
this aleohol was assigned structure IX (Fig.5), whieh
arises yig the Markovaikov addition of diborane, on the
trisubstituted double bond ian p-himachalene. Hydro-
boration is knovun7 to result in (4-6%) of Markovaikov

products.

From the above results, it is clear that mono=-
hydroboration of s~himachalene takes place oa the
trisubstituted double boad of f-himachalene instead of
its additlon on the tetrasubstituted double bond, which

*The observed isomerisation of original double
bonds in a-himachalene to X, remains ccountable.
Isomerisation of double bond is kn to take place
dnringolvdroboutioa oaly if the organoborane is heated
to 1807, before oxidation.
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was envisaged and heace no epihimachalol was obtained .
dolvolysis of Himachglol p-aitrobenzoate

Himachalel p-nitrobenzoate (XIV, X = cocsxi‘ﬁoz)
was prepared by treating lithium alkoxide of himachalol
with p-nitrobenzoyl chloride in petroleum ether. It was
found that some amouat of himachalol always remained
unreacted even though a large excess of n-BuLi and
p-nitrobenzoyl chloride were used, in order to complete
the reaction. This product was found to be labile and
hence the crude ester [IX (smear)s -COD 1720 em™ ; N0,
1528 and 1350 em™'; PMR (CCly): two quaternary Me's (6H,

“It was also attempted to prepare epihimachalol
by the oxymercuratioa-demercuration? of a-himachalene.
aly 10-12% of s-himachalene undergoes hydration ia above
Teaction conditions and Yhe result product was found
to be a very complex mixture by TLC (solveat: 10-15¢
EtOAe in ehgfﬂ y & streak is obtained). Epihimachalol
or hima of was not formed under these conditions
however, three products could be isolated with ;ru{
ditricu]’.ty and were identified as p-himachalene epoxide
(XI)8, a kaown® allylie aleohol (XII) and a trans-
aleohol (XIII). Ho attempt was made to identify the
other products formed.

X1

107
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s, 0.93 ppm); CHg=0COCgH 40, (3H, s, 1.73 ppm);
CHa-CtCH-CH, ill-defined d, 5.58 ppm, J = 4.5 Hz aad
=0C0 Cgil .50, (44, q, 8.24 ppm); these bonds have
been selected from the IR and PMR of the crude ester]
was subjected to solvolysis with 80f aq. acetone at
70-80°. This furnished a hydrocarbon mixture.

This hydrocarbon mixture was shown to consist
of galy two componeats (7.5 ; 32.5) by GLC; the componeats
were found to be g-himachaleae (II)? and a-himachalene
(III)ztron their reteation times, IR and PMR and this
was coafirmed by the study of specific rotation and IR
and comparing with those of a mixture of the same compo-
sition prepared from authentic samples of pure « and n-
himachalenes. Thus in this reaction, a simple elimination
rather than rearrangement took place, unlike the case
of allohimachalol tosylate (I).
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EXPERIMENTAL

For general remarks, see p. 78 . Analytical
GLC were recorded on Hewlet-Packard 5700A gas chromatograph
(column; 180 em x 3 mm; 3F carbowax on chromosorb W 60-80;

K.‘,. as carrier gas).

Monohvdroboratioa of a-himachalene (IID): In a dry flask
(250 ml), equipped with septum inlet, pressure equalizing
dropping fuanel and a magnetic stirrer, under a positive
i, pressure dry TiF (25 ml) and (10.2, 0.05 mole) of
a-himachalene were taken and cooled to 0° (ice-H,0 bath).
Hydroboration was achieved by the dropwise addition of

(29 ml, 0.4590 g; 0.0166 mole) of 1M solution of diboraae
in THF. The solution was stirred for 30 minutes at

0° and 15 hr at room temperature (~ 30%). (10 ml) of

H,0 was thea added very slowly and cautiously to destroy
excess of diborane, followed by (50 ml) of 1M NaOH and
(50 ml) of 30% 5202- and stirred for two hr. The reaction
nixture was poured into (300 ml) of nzo and saturated
with JaCl. The organic layer was separated from the
agqueous layer, the agueous layer extracted with Et,0

(100 m1 x 4), washed with H0 (30 ml x 3 ), brine (30 ml x 3),
dried and the solveat distilled off to give 12.7 g of

the hydroboration mixture. TLC (solveat: 15§ EtOAec in
6636) indiecated the presence of some very polar compouads
besides uareacted n~himachalene and mono=-aleohols.
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BHEQAY SEPARATION

The hydroboratioa mixture (11.78 g) was
chromatographed on alumina (grade III, 350 g; 4C em
X 3.5 em) with TLC (solveat: 15§ EtOAc inm Cgllg) monitoring.

TABLE 1
Fr.No. Eluent Vol. Wt. Hemarks
collected
1 Pet. ether 400 ml - -

2 o . 300ml x2 2,80 g f~himachalene

3 10 Cgig 1n 200mL x8 |
pet.ether 5.1840g Correspoads to

v mixture of
4 (.7666 400ml x8 mono-alcohols.
5 5% MeOH in 400ml x6 2.84858g Corresponds to

csﬂ6 mixture of

diols.

£r.2 (Table 1, 2.80 g), was distilled to give pure
f~himachalene (1.8434 g); b.p. 107°/1.5 mm and was further
identified by TLC and PMR [Lit.?; b.p. 121-122°/4 mm, PMR].

Ex.5 (Table 1, 2.8488 g), TLC (solveant 15§ EtOAc in csnc)
indicated the presence of most polar compounds, probably
diols which were not investigated further.

Chromstography of moao-alcohols. Er.3 - Er.4 (Table 1,

5.184 g),TLC (solveat 15§ EtOAe in Cgllg) indicated the
presence of three alcohols, correspoading to Rif of 1.00,
0.84 and 0.80 respectively. This mixture (5.00 g) was
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chromatozraphed on .\120:5 (grade III, 500 g; 109 cm x
2.5 em) with TLC monitoring.

TABLE 2
Fr.fo. Eluent Vol. wt. Remarks
collected
a~himachalene
2 10% <:6kl6 in 100ml x3 - -
pet. ether
3 ne ps 76m1 x3 0.1584 g Mixture
f~himachalene +
compound of
ARf = 1.00.
4 e e 100ml x14 0.8399 g Corresponds to
pure compound
of RRf = 1.00
5 108 csﬂs in 100ml x12 0.8609 g Mixture of
compounds with
pet. ether RRf = 1.00 and
0.84
) . e 100ml x5 0.3628 g Compound with
HRf = 0.84
7 e .. 100ml x5 0.5301 g Mixture of
compounds with
RAL = 0.84 and
0.80
e . 100ml x15 Major (0.80) +
1.1698 g traces of
9 158 == e» 100ml x7 compound
(REL = 0.84)
10 ccﬂs 100ml x2 - -

A -

&

-
.

Er.4 (Tadble 2, 0.8399 g), was distilled to give pure VII,
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b.pe 140° (bath)/0.4 =m which beeame solid on keeping,

[«1p +3.5%° (g, 2.028). IR spectrum (Fig.6). PMi spectrum
(Fige7). Mass spectrum: m/e 222 (K', 71%), 41(100%),

82 (87%), 185 (79%), 111 (64%), 55 (59%), 48 (58%),

109 (455), 95 (455) aad 93 (48%). (Found: ¢, 81.17;

Hy 11.82. c“a“o requires; C, 81.02; H, 11.79%).

&lcohol =11 [HRL, 0.84; 4-hydroxyhimachel-1(6)-ene (VIID)].
Ex.6 (Table 2, 0.3628 g), was distilled to give pure

VIII, b.p. 130-135° (bath)/0.7 mm; (<], -147.6 (g, 1.97%).
IR spectrum (Fig.8). PMR spectrum (Fig.9). Mass spectrum;
n/e 222 (", 86g), 41 (100%), 161 (955), 189 (78%), 55 (67%),
81 (64%), 155 (59%), 148 (48%) and 105 (44%). [Found:

C, 80.91; H, 11,73. C1spg? requires: C, 81.02; H, 11.79%].

dones oxidatlion of (VIIL): (0.2040 g) of this aleohol

was taken up in (25 ml) of dry ntge and treated with

(1.2 ml) of Jones roazcntlo [stoek solution: (:z-o8 (133 2),
cone. Hy30, (115 ml), Hy0 (385 ml)] at (0-5°C aad stirred
for 2.5 hrs. After usual work up (0.200 z) of the corres-
ponding ketone was obtained which was distilled; b.p.
120-135% (buth)/0.3 mm; THM test: +ve. UV absorption:

, EtoH

L inf 214 and 245 nm (¢ 180.7 and 110.85).

Eormate of (VIII): The above aleohol (0.190 g) on

treatmeat with acetie-formic anhydride'! (2 ml) at 0%/

12 hr (12), furaished (0.211 g) of the required formate,
after usual work up. b.p. 115°(bath)/0.5 mm. Mass speetrum:
/e 250 (M', 8%), 204 (1005), 176 (855), 55 (76%), 105 (755),
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31 (72%), 161 (68%), 43 (53%), 119 (48%) and 79 (48%).

£r.8 - Fr.9 (Table 2, 1.1698 g), TLC (solveant: 15¢
EtOAe in csﬂs) indicated it to be mixture of two compounds
with RRf of 0.84 (minor) and 0.80 (major). The major
compound was isolated pure by 1ﬁvorted dry column
chromatography'> on 510,-gel (250 g, 25 em x 4.7 om;
solvent: 15§ Etode in 0686).

- it - - J 13
The major compound, isolated from above [CC was
erystallised from MeCd to give silky crystals, m.p.
125-126°, [«]) +14.6° (g, 1.24%). IR spectrum (rig.l1).
PMR spectrum (Fig.l2). Mass spectrum: m/e 222 (K+, 48%),
135 (100%), 93 (83%), 4L (85%), 42 (52%), S5 (45¢), 79 (43%),
148 (42%), 122 (41%), 95 (38%) and 107 (35%). (Pound:
C, 80.37; H, 11.7. C, g, .0 requires: C, 81.02; H, 11.79%).

dimachelol p-altrobengoate (XIV, X = COC.H,.NJ)): Ia a

flame dried flask, flushed with “2' were taken dry pet.
ether (6 ml), himachalol (0.2386 g, 0.001 mole) and
(1.4 ml) of n-BuLI solution®® (0.096 g; 0.0015 mole) and
the mixture stirred at room temperature (29°) for 1 hr.
To thls solution was added an ethereal solutioa of _
p=aitrobeanzoyl chloride, through a septum and the mixture
stirred for 2 hr/29°. The solution was separated from
the precipitated lithium chloride and the crude product
(0.2630g), was recovered from the filtrate and used as
such for solvolysis.
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2olvolysis of himachalol p-nitrobenzoate: To the freshly
prepared crude himachalol p-nitrobenzoate (0.2630 g) ia

acetone (2 ml), H;0 (8 ml) vas added and the reaction
mixture was stirred uader N, at 70-80% for 42 hr. The
solid separated was filtered off and the ag. phase
extracted with pet. ether (25 ml x &). Pet. ether extract
was washed with laﬂCOs, nzo, brine, drhd and freed from
the solveat to give a product, which was identifled as

follows.

«~- and g-ilmachalene. The above product was found to be

a hydrocarbon (TLC) which was filtered through a& small
‘alumina column (Grade [I, 20 g; 20 em x 1 em) using pet.ether
for elution. (0.0910 g) of hydrocarbon was obtained and
distilled. b.p. 110-120° (bath)/1 mm, [«], +1566.8 (g, 0.38%).
GLC (temp. 130%; gas flow 60 ml/min] showed it to consist

of two components in the perceatages of 7.5 : 92.5 aad

having HRT l.1 and 1.3 respectively, and these were
identified (IR, PMR) as « and g~himachalenes respectively.



SUMMARY

Honohydroboration of p~himachalene has been
studied with a view to prepare epi-himachalol. Solvolysis
of himachalol p-aitrobenzoate gives « and g~ himachalenes.

11
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TOWARDS SYNTHESIS OF ALLOHIMACHALOL

Allohimachalol (I) is a sesquiterpene alcohol
which is preseat to the extent of 4§ ia the essential oil
of Jedrus deodara Loud. Its structure and stereochemistry
have been proposed on the basis of its spectroscopic and
degradative data and solvolytic reqetionsl. 3ome importaat
chemical evidence for the structure I is briefly given

below.

0a pyridine-chromic acid oxidation, allohimachalol
yields an unsaturated ketone, allohimachalone (II) and
its structure was established by its degradation to the

soLVOLYSIS
—_
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thiophene derivative (iV) wia (IlI). 3olvolysis of
allohimachalol tosylate (V) gives himachalol (VI), a
compound with utnhushodz absolute stereochemistry, as

one of the products of solvolysis. The absolute stereo~
chemistry of allohimachalol has been deduced from the
mechanistic requirements of this transformation. In
Wagner-Meervein rearrangemeat of this type, the migrating
bond and the leaving group have antiparallel geometry and
the rearrangemeal proceeds in a well-defined stereochemical
sense, inversion occurring both at the migration terminus
and at the migration origin. Based on these coasideratioas,
structure I has been considered most likely, for allohimachalol.

In this chapter are described various atteampts
directed towards the synthesis of allohimachalol. iHowever,
though a aumber of routes were investigated the targetted
compound could not be obtained as several unexpected
situations became operative. The various compounds obtained
during this study have been fully characterised.

foute One
Introduction: Photochemical eycloaddition reactions
of enones have been studied exteansively in recent yoarsa.
)f considerable interest is the photochemical (2 + 2) cyelo~-
addition of eaones to olefins and acetylenes’®, Photo-
chemical (2 + 2) cycloaddition of s-diketones to olefins
has been used to synthesise a number of natural products
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Qe caryophyllonos, bourbononue, 6-h1uchalen.7,
artisinoa and lon.lu.n9 etc.

Present dWork: A scheme iavolviag the photocheamical (2 + 2)
cyeloaddition of 1,3,3-trimethyl cyclohex-l-eae ® (VII)
and 1,3-eyclcpcntnd10uou (VIII, R = H) was planned as
depicted in Fig.l The reactioa of VII aand VIII could,

ia prineciple, lead to two modes of union, IX and X, aside
from the other stereochemical possibilities implied by
each of these structures. It was expected that the
hydroxy ketone (X) would dealdolize under mild alkaliae
eonditions to furaish 1l,5-diketone (XI) which eould
conceivably be converted into allohimachsalol.

Laila8-Trimethyl cvelohex-l-eue (VIL): Since no efficlent
method was available for the preparation of (VII) and

the rcportodlo'm procedures are leagthy and give poor
yields of VII, a new route for its synthesis (Fig.2)
involving the pyrolysis of 1,3,3~trimethyl cyeclohexyl-2~-
acetate (IV) was planned. 3iace pyrol.ysula of acetates
involve a six-membered transition state to give olefin , it
is important that the acetate group and the hydrogea on
adjacent c1 in XV should be gig-oriented. The compound

(XV) was prepared as follows.

1,3,8~Trimethyl cyclohexanone (XIlI) was prepared
by the methylation of 2-carboethoxy cyelohexanone ® (XI1)
as reported by Welaheimer gt al.'®. Reduction of XIII with
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sodium and isopropyl alcohol yielded the required
trang-aleohol}® * (XIv): CH-CH-OH (PMR: 1%, 4, 2.723 ppm,
Jaya = 9 Hz). Pyrolysis ol its acetate (JV) over heated
glass chips at 540° afforded the required olefin (VII).
IR (smear): >C=CH 830 em™ . PMR (CCLy: two quaternsry
Me's (8, s, 0.93 ppm), CH,~C=Ci (3H, bs, 1.60 ppm) and
-C=CH (1, my, 5.07 ppm. A number of lower boiling
compounds wvere also formed duriang the pyrolysis resulting
in low yield of the required olefin ; these side products
were not studied further.

l.3-Cyelopeatadione (VIID): was prepared by the aecid

cleavage of 2-acotyl—1,3-cyclopcntad10nol7

as reported
by Nilsson g;_.;.ll. Other methods roport.dls for its
preparatioan iavolve large number of steps giving poor ylelds

of VIII,

“ieduction of XIII using LAH, lithium-triethoxy
aluminium hydride, sodium borohydride as well as catalytic
reduction over Adam's catalyst furnished the same mixture
of gis- and frang- alecohols in various proportions. (These
experiments were carried out by Dr. Narayanaswami of this
Laboratory.

'.Rocontly & modified progsduro for the preparation of
(VIII, R=H) has been reported*? and it lavolves the reduction
of 4-cyclopentene~l,3-dione using zinc and acetic acid.
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Photo-reaction: Irradiation of 1,8,8~trimethyl cyclohex-
l-ene and 1,8~-cyclopentadione was carried out in dloxane
using a pyrex filter. The dione was found to be insoluble
in dioxane but still irradiation was carried out with

the hope that as the photochemical cycloaddition will
proceed, it will go into solution. ZEven after 5 hrs of
irradiation, (VIII) remained insoluble. The irradiated
mixture was worked up and the product distilled uader

high vacuum through a short path still, in order to screea
if any desired product (X, R=H) was formed. lo trace of
the desired product (X, R=H) could be isolated as revealed
by its (IR, TLC).

Assuming that the above irradiation did not yield
the desired adduet (X, R=H) because of VIII being insoluble,
it was envisaged that this problem can be circumveated by
using 1,3-cyelopeatadions eaol acetate’ (VIII, R=ic) which
is readily soluble. However, enol acetate (VIII, R=iec)
was found to be easily hydrolysable and as an alternative
1,3-cyclopeatadione enol methyl ether”’ (VILI, R=Me), which
is also readily soluble under the reaction conditions, was

prepared and used for cycloaddition reaction.

Irradistion of (VII) and (VIII, R=Me) was carried
out in a mixture of cyclohexane aand dloxane, under the same
conditicas used earlier. The reaction was monitored by TLC
and the irradiaticn was continued for 37 hrs. After usual
work up, the crude product was chromatographed over silica gel,
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in order to isolate, any photochemical adiuct

(IX/X, R=Me), if formed. Besides, uareacted olefin (VII)
and enol methyl ether (VIII, R=Me), trace gquantities of
a polar compound was isolated which did not possess the
spectral characteristics expected of the photo-adduct

(X, R=Me).

The above results suggested that steric hindraace
may be playing a role. In all enone photom.latinnss,
the reactive species are triplets of cyclic enone having
energles ia the 70 X.cal/mole regioa. This triplet energy
ol the enone 1s gueanched on the olefin to furaish the
photochemieal adduct. This gueaching could not take place
presumably because the olefine (VII) may be sterically
hiadered for this type of reaction. Hence a modified
route was planned.

For this 2-acetyl-l,3,3-trimethyl ecyclohex-l-ene>Lt
(XVI) was chosen as the enone and cyelopeatene (XVII) as
the olefine. It was presumed that photochemical cyeclo~-
addition of XVI and AVII, will result in the formation of
AVIII, as one of the photo adducts. Baeyer-villiger
oxidatlon of the photo-adduet (XVIII) will furnish XIX
which ecould conceivably be coaverted into allohimachalol
via (XX = XXII) (F1g.8).

D - - - - ‘ 3 Was prepared
by the acid-catalysed hydration of 2=ethynyl-l,3,3~trimethyl
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cyclohcmolﬂ‘ as reported by xomnzl.

Cyclopeateae (WIl): was prepared by the pyrolysis of

the cyclopeatanol borate ester as reported by ;)cvzz.

Ehoto=reagtion. The use of low temperatures to carry out
a variety of photochemical (2+2) ayclo-additions®® have
been shown to offer a aumber of advantages. Among these
are higher quantum yields and fewer undesirable side
products which result from thermal reactions of the
photo-adduct.

30 the irradiation of 2=-acetyl-l,3,3-trimethyl
eyelohex-l~ene and cyclopeantene was carried out in peatane
using a pyrex filter at -70° (liquid 12/ EtOAc bath). The
reaétion was monitored by infrared spectroscopy uantil the
«,2-unsaturated ketone peak due to the enone (XVI) was
no longer uadergoing further change. Simultaneously two
aew peaks at 1725 (C=0) and 3400 ecm™) (0H) started appeariag
in IR. After 60 hrs of irradiation, the reaction mixture
was worked up. GLC of the irradiated mixture indicated
it to be a complex mixture in which the starting enone was
still present. Mass spectrum of the crude product did
not show the presence of any molecular ion peak correspoading
to the molecular formula of the photochemical adduct
(XVIII). The erude mixture was distilled into two broad
cuts. I8 and PHMR of the first cut revealed it to be

mostly uareacted enone (XVI) whereas the spectral data



(IR and PHR) of the second cut indicated the preseace
of compounds possessing a keto and hydroxyl groups
respectively.

The second cut was chromatographed over 3102-301,
in order to isolate any of the above compouads and the
photo-adduet (WIII), if formed. 3ystematic chromatography
furaished five TLC pure compounds but their PMR and IR
spectra revealed them to be mixtures of compounds possessing
a keto as well as hydroxyl groups. Mass spectra of these
compounds were devold of the molecular ion peak reguired
for (XVIII;. HNo further attempt was made to separate and
identify them.

Houte Two

Concurrent with the above route utilising XVI, a
non-photocnemical route involviag Michael gdd.itlon of
S-xutx-opom:«nol.--a-ccot.m:oz4 (XXIII) to XVI was also
investigated (Fig.4). It was envisaged that the Michael
adduet (AXIV) could be coaverted into its corresponding
aldehyde (XXV), its laternal Wittig reaction®> with the
bromide (XXVI) will lead to (XXVII), which could coaceivably
be elaborated to allohimachalol. '

S=iiitropeatancl ~3-acetate (WIIIL): was prepared from
S5-nitro-2-pentanone as reported by Zeldin M._a‘.

Michael addition. Reaction of XVI and XXIII was attempted

using potassium tert-butoxide as a base. The reaction was
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followed by TLC. Even after stirriag and keeping the
reaction mixture at room temperature (31°) for 100 hrs

not much change in the reactants vas observed. However,
the reaction was worked up and the crude mixture dist!iled.
IR and PMR of the distillate revealed it to be mixture

of XVI and XXIII only. No trace of the Michael adduct
(iXIV) was formed. This reaction might not have proceeded
since the enone (XVI) may be a bad Michael acceptor

because of steric ronlonnas.

Houte Three

In view of the difficulties eacountered in our
earlier syathetic routes, we planned a new route for the
synthesis of allohimachalol, keeping steric factors, as
far as possible under control. As the key reaction, we
chose intramolecular acylation of XXVIII to XXIX. This
product (AXIX) could conceivably be elaborated into T
(Fig.5). Analogous cyclisatloa has already beea achieved
successfully by Sobti and D¢v27, for the syathesis of

isolongifolene. 30 a route for the constructioa of a

model compound was planned and carried out (Fig.%).

The startingz material chosen was the clz—aldohydo
(XiX) previously prepared by Buchi ;1_;1;28. wittig
reaction of the cla-nldchydl with carbethoxy methylene
tripheaylphosphorane>> furnished the Wittig product
(XXXI) in 0% yleld. IR (Fig.7): «,p-unsaturated COOEt
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1708 em™}; c=C 1641 ew™! and ~CaCif, 1625 aad 903 em”l,

PM1 (Fig.8): three quaternary ‘e's (three 3i, s, 1.15,

1.20 and 1.20 ppm); =C0,.CH,.CH, (3H, t, 1.31 ppm; J = 7 Ha);
.coacge.cua (24, q, 4.05 ppm); -cnz-cascu (24, complex
multiplet ia the region 2 - 2.95 ppm); >=CH, (two 1H, s,
4.81 aad 5.00 ppm); ncacg.cqzat (14, d, 5.60 pp=m, J¢vans

15 Hz) and -CHz.CEpCB-anst (1H, m, 6.68 ppm). The

Wittig product formed has a Ltrgng~ double bond as revealed
by the large value of its coupling constant (J = 15 Hz).

Raney-nickel alloy“® and alkall effected both
hydrogeaation and saponification of the unsaturated ester
(XXXI) to furanish the requisite acid (AXAI1I, R=H) in 26%
yield. The acid was fully characterised as such and also
by the spectral data of its methyl ester (JUXIII, R-CBS).
Ii (Fig.9): COOMe 1753 em™l; >=CH, 1624 and 903 em™l,

PMH (Fig.1l0): three quateraary Me's (thf.o 3H, s, 1.06,
1.5¢ and 1.38 ppm); ~CH,.CO Me (3H, t, 2.2 ppm; J = 6 Ha);
CO0Cly (3, s, 2.61 ppm) and =C=Ci, (two 1H, s, 4.81 and
5.00 ppm).

Acld (XXXII, B=H) was smoothly coaverted into its
acid chloride (XXXIV) using oxalyl chloride aad pyridine
la Cglg. IR (erude product, smear)s; -COCL 1780 em™lj
~C=C, 1619 and 904 cm™’ and a0 COOH band. PMR (CCl):
three quaternary Me's (three 3H, s, 1.08, 1.10 and 1.10 ppm);

~CHy«COCL (2H, t, 2.81 ppm, J =6 Hz) and C=CH, (two i, s,
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4.81 and 5.03 ppm). Iatramolecular aeylation of XAXIV
proceeded well at -10° (ice/salt) ia carbon disulphide

in presence of stanalc chloridom giving three products
(TLC) corresponding to Rf values 0.45, 0.54 and 0.75
respectively. Two major ketoaic products (Rf 0.45 and
0.54) as vas revealed by TLC (solveat: 10% EtOAe in Cglig)s
sprayed with DNP solution), were separated by chromatography
of the reaction mixture over silica gel while the third
produet (Rf = 0.75) was isolated ia trace amouats. From
the spectral data (IR, PMR, Mass) it is clear that the

two major ketoaie products, corresponding to Af values

0.45 and 0.54 are XXXVII and XXXVI.

The compound (XXXVI) analyses for C, H,.0, K (m/e
= 206), and 1s clearly an unsaturated ketone, IR (Fig.ll):
C=9 1712 em™}; ~C=Cli- 1647, 838 and 818 emt). PMR (Fig.12):
three quateraary Me's (three 3i, s, 0.92, 0.92, 892 and
0.98 ppm) and ~c=C (1H, m, 5.38 ppm). UV: AtOR 211 om
(€ 1260).

The eompound (XXiVII) analyses for C, .0, M (mw/e
= 206), and is clearly an «,er-unsaturated ketone, [UV:
2504 248 nm (¢ 11460). IR (Fig.13): «,n-unsaturated
G=0 1658 em~},C=C 1618 em™>. PMR (Fig.l4): four quaternary
Me's (two 6, s, 0.86 and 1.01 ppm); four allylic protons

+ CH,.CO (8d, appear in the region 1.9 - 2.85 ppm)].

The compound correspoading to the minor spot (Rf = 0.75),
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was obtained as a gum. From its elemental analysis

(vide Experimeantal) and mass spectrums (H*. m/e = 448),

it would appear that the product has arisea by the
intermolecular condensation of the acid chloride (XXAIV)

to give & compound such as (MWXAVIII). IR (Fig.15):

G=0 1728 em™t and C=C 1642 em™ . The PMR spectrum of the
compound recorded (Fig.16) supports the teatative structure
assigned and its formation can be visualised as shown

in rig.l1l7.

The formation of XXXVI can de visualised by
1,2-methyl shift of the intermedlate catloa (JiXIX),
followed by deprotonation to give ixiVi. The compound
(AXAVII) could arise if protonatioa of the methylene group
in (XXXIV) takes place, followed by l,2-methyl shift
and deprotonation to furaish i which may further cyclise
1a & usual manner to yield XXXVII (Fig.l7). |

In view of this rearrangemeat, it was attempted
to trap XXXIX with a nucleophile, before it has a chance
to undergo rearrangement. Heance another cyclisatioa of
JXXIV was earried out in nitromethane using lithium chloride
as a nucleophile under the same conditions as used earlier.
This eyelisation again resulted in the formation of XXXVI and
JXXVII which were separated and ideatified as described

earlier.

The route three was thea modified (Fig.18). It was
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envisaged that the methyl ketone (XLI) could be easily
converted into (XLIiI), which on hydroborationaz could
conceivably lead to ALIV aand XLV as major and minor
products. The minor product (iILV) could conceivably be
elaborated to XLVII yia the internal wittig roactiogszr
(ALVI). Hence efforts were made to prepare ALIII (Fig.l18).

Treatmeat of the acid (XXXII) with methyl lithium
furaished the required methyl ketone (XLI), which analyses
for C, 5,40, M' (n/e = 222), IX (F1g.19): C=0 1711 em™};
.98082 1621 and 908 em™>, PMR (Pig.20): three gquaternary
Me's (three 3, s, 1.02, 1.05 and 1.05 ppm); CH, CO (ai,

s, 1.98 ppm); -CH,-CO (2#, t, 2.25 ppm, J = 5 Hz) and
-?=CH2 (two 1H, s, 4.73 and 4.95 ppm). LAH reduction of
the ketone furnished the required alecohol (XLII). [IR (cClg)s
OH 3303 and 1123 em™}; =C=CH, 1621 and 904 e,

PHR (CCly): three quaternary Me's (three 3H, s, 1.05, 1.11
and 1l.11 ppm); CH,.CH (2H, d, l.11, J = 7 Hz); ~CHOH (11,

m, 3.7 ppm); ~CHOH (1H, s, 1.33, disappears on D0 exchange)
and ~C=Cd, (two lH, s, 4.76 and 4.98 ppm)]. Hydroboration
of the acetate (XLIII), resulted in the formation of a
single product. It appears from the model of (XLILI)

that the sole product of hydroboration will most probably
be the trang- aleohol (ALIV), as the attack of diborane
rrom below 1s more accessible. 3ince no trace of the gig-
alconol (XLV) was obtained, the modified route three was
abandoned here.
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In another approach, it was eavisaged that the
irradiation®® of the methyl ketone (XLI) will lead to the .
formation of oxetanes®® (XLVIII) which eould concelvably
be converted iato L yig (XLIX) as showa ia Fig.21.

Irradiation of ALI was carried cut ia cyclohexane
through a Corex filter using a 450-W UV lamp. The reaction
was monitored by TLC and the irradiation was stopped after
8 hrs. After usual work up, TLC of the irradiated mixture
indicated the formatioa of two compounds besides the
uareacted ketone (ALI). However, its GLC revealed it to
be a complex mixture, which was subjected to Inverted Ory
Column Chro-stogupnys4 (IDCC) over silica gel from which
the Yang product®® (LI) could de isolated with great
difficulty. The Yang product [LL) was found to be a
mixture of two compounds, corresponding to Rf values 0.25 and
0+22, as revealed by its TLC over AgiUg-silica gel®.

These two compounds (Rf 0.25 and 0.22) were separated by

the IuCC54 of its mixture over Axﬂoaosilica gel and were
found to be stereoisomers from their spectral characteristiecs.
tlemental analysis of these stereoisomers could not be
recorded since these were isolated in very small amouats.

Aleohol~-I. The Yang product (LI), corresponding fo RE

value 0.25 shows in its IR (F1g.22): OH 3300 em™t; ~c=Cil,
1618 and 838 cu™l,
(three 8H, s, 1.11, 1.12 and 1.20 ppm); Cga-g-OH (sH, s,

PMR (F1g.23): three gquaternary Me's
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FIG. 21 MODIFIED ROUTE THREE FOR THE SYNTHESIS OF (L)
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e " _CHj

. ¢ /1% “ \L“OH
1031 pp.); cnaoq’og \ld’ 8, 2.34 pp.) Y ‘H
c H

(18, t, 2.75 ppm) and -¢=CH, (two 1li, s, 4.71 and 5.0 ppm).

Algohol-1I. The Yaag product (L), correspoading to Rf value
0.22 shows in its IR (Fig.24): OH 5300 em™ ; >=Cil, 1618 and
200 em”t. PR (P1g.25): three guaternary He's (three 2i,

s, 1.12, 1.15, 1.17 ppm); cga-g';-;‘a_a (s, s, 1.34 ppm);

' H CH 3
Ho-?-Qﬂ (1H, s, 1.88 ppm); /// l :OH
HH
(1H, t, 2.68 ppm) and -98082 (two 1H, 8, 5.08 and 5.11 ppm).

After characterising the Yang product, it was decided to
abandon this approach in favour of a new route four as
outlined below.
joute Four

In a fresh approach, our objective was to synthesise
the cyclopeatancne (LII) which by photo-renction33 was
expected to furnish the Yang productaa (LIII). The latter
appears to be ideally suited for elabofatiou into allo-
himachalone (Fig.26). Three methods for the synthesis
of the eyclopeatanone (LII) were investigated.

Method 1. It was plaasned to syathesise the cyclopentanone

(LII) yia the Wittig reaction of dihydrocyclo eitral®® (LIV)

and tripheayl-4-(l-carboethoxypeatyl)-phosphonium bromide

(LV), to furaish (LVI) which could conceivably be converted

to LII yig the lactone (LVII) and (LVIII) respectively (Fig.27)..

Dihydrocyeloecitral was prepared by the reported

catalytic hydrogenation of a-cyc].ocitrula6 over Pd and sacoa.
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FIG. 26 ROUTE FOUR FOR THE SYNTHESIS OF ALLOHIMACHA(L-

ONE
CHj3 COZEL
1 WITTIG HYD
CHO *PPh, —=
Br CH,
Liv LV LVvI
£ (o]
_— —_—3 LI
LVl
LV

COZH
A 9 2 (96 %)
1¢96 % ) e o
3 2100 %)
CO,H
LXI LXI LXIH

0
i 6
+ CH3'C(CHp)3- CO3EL. ———> LVII

CHZBr

LXV LXVI

REAGENTS. : : ; o )
1> CH30S80,H, CHyNO, ; (2) 5/0 Rh/C, Hy;
3) CHyN, (4) LiAlH4

FIG. 28 METHOD I FOR THE SYNTHESIS OF CYCLOPENTANONECLID
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The compound (LV) was prepared by heating tripheayl~
phosphine and ethyl-y-bromovalerate 37 in a sealed tube at
120° for 15-20 hrs. The phosphonium salt (LV) correctly
analysed with its formula. The attempted preparation of

LV in various solveats such as benzene, xylene, aitromethane,
acetonitrile and DMF failed to give any trace of the
phosphonium salt.

Wwittig reaction of LIV and LV was attempted using
bases such as sodium ethoxide, potassium~tert. butoxide,
sodium hydride and DM30°® and potassium-tert. butoxide in
pM30°%, and in all of them starting aldehyde was recovered.
We presume that failure of the wittig reaction may be due to
the intramolecular dooo-positioA%gf the phosphorane formed
in the reaction. Phosphoranes of the type (LIX) are known
to decompose yig iatramolecular reaction to furnish LX as

shown below.

c ¢ - c er - OEt - (CH,
i,-(Cly) ‘f;EF"‘9 Cﬁg\\\( 2)n
e> :
’ —= OGN PhP = C— C=0
n = 2,3,4
LIX LX

When phenyl lithium was used as a base, a yellowish
red colour was obtained which might have been due to the
phosphorane of (LV) and its reaction with dihydrocycloecitral



did not furaish the required product (LVI), as revealed
by IR and PMR of the reactlon product. o further attempt

vas made to characterise it.

Method II. In another approach (Fig.28), it was envisaged
that the Grignard reaction of dihydrocyclogeraayl bromide
(L) and dnyl levulinate (LAVI) will result ia the formaticn
of the lactone (LVII), which could conceivadly be converted
iato the eyclopentanone (LII) as described earlier.

Methods roportod‘l“'c for eyelisation of geraniec
acid®® (LXI) are cumbersome aad iavolve mixture of
inorganic acids. We have found that methane-sulphonic acid
ia nitromethane effects the cyclisation of geranic acid
at room temperature ani furnishes a mixture of «,f- and
allocyclogeranic acids (LXII) in almost guaatitative yleld.
As soon as the cyclisation is complete, LXII is thrown out
as a solid. Catalytic hydrogenation of LXII over 5% Rh/C
furnished gig-dihydrocyelogeranic acid®® (LXITI, R=H). LAl
reduction of the methyl ester (LAILI, R = CKS) yielded
oig-dinydrocyclogeraniol® (LiIV) which on reaction with
tripheayl phosphine and 833 furaished the required bromide
(LXV), which analyses for C;,H, g 3r. IR (smear): no OH bond.
PMR(CCly): two quaternary He's (6H, s, 1 ppm); Cll;.CH (31,
d, 0.97 ppmy J = 7 Hz) aad Cﬂnar (2H, my, 3.4 ppm). Various
other reagents (Table 1) used for converting aleohol (LXIV)
iato its corresponding bromide, either resulted in complete

loss of the material or rearranged products were formed.



fo attempt was made to identify the products formed.

TABLE 1
31.80. Compound Reagents used Results
used
1 LXIV PBra, EEP Loss of material
.. 44 "
2 Pirg,Cyighy Coflg
3 . HBr, H,30,°° polymerisation
oceurred.
. PhP, Bry, oure
. p.Tscl (5 Hl and Tosylate of LXIV.
Habr, nqzco, Mkxture of olefias
47 formed (PMR).
reflux ).
6 " i8S, phsv“’ Required bromide
( )

Attempted Grignard reaction of the bromide (LiV) and ethyl
levulinate did not take place presumably because magnesium
failed to react with the bromide (L.V) and to furaish the
corresponding Grignard reagent. This reaction was attempted
twice, without any success, by changing the solveat as well as
the temperature and ia both cases starting materials were
recovered.

In view of the above obstacle, it was envisaged to
prepare the triphenyl phosphonium salt of LIV and thea to
carry out its wittig reaction with ethyl levulinate which
will furaish (LVI) and this could conceivably be converted



into the cyclopentanone (LII) as shown in Fig.27. do
trace of the phosphonium salt of LXV could be obtained
under the varliety ol conditicns used. We presume that
failure of the above two reactions could be attributed

to the steric hindraance caused by the three (ring) methyls
of Li¥. The steric hindraneo ia this system is also
reflected by the failure of diaydrocyclogeraayl acid
chloride (LAIII, UR=Cl) to react with a small molecule such
as diazomethane . This reaction was attempted with the
aim to prepare homo~-dihydrocyclogeranic acid which eould
conceivably be used to prepare the cyclopeatanone (LII).
30 this method was abandoned in favour of a new approach
as outlined ia method III,

Method III. This approach was designed bearing in mind

157

that the six-membered ring of the cyclopeatanone (LII) should

be constructed at a later stage in the synthesis so that
steric problems encountered earlier are avoided. For
this reason geraniol was chosen as the starting material

and it could be elaborated to LII as shown in Fig.29.

Triphenyl geraayl phosphonium brouid.‘g (LXVII)
undergoes a smooth Wittig reaction with ethyl levulinate

"The acid chlorides of two hindered acids have beea
found to resist the action of disgomethane; these are the

acid chlorides of the acid ester of homocamphoric ac1a’®
in whieh the acid chloride group is attached to a tertiary

carbon atom and mesitoyl chloridoqs.
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LX Xt
T COzst
. |
CHz-s_» Pha ﬁ NN AN
LT O —C —(CH)-COEt L,
LXVI '
LXvin
LXVII

— >
LXX
LXIX
A\ A\
G
CHj B
LXXI Lvil LI
REAGENTS. 19 Bhujy €20, (20 CHEIDED,H » CH3NO, ;
3) KOH, MeOH (4) Cat. H,
s) PPA

FIG. 29 METHOD TL FOR THE SYNTHESIS OF CYCLOPEN-
TANONE C LII)



¥l
using pheayl lithium as a base to furaish the required
Wittig ester (LAVIII), as characterised by its spectral
data. UV AEYOH 246 am (¢ 2640). IR (F1g.30): COOEt
1730 em™l; C=Cil- 1612, 863 aad 813 em ™, PHR (Fig.31):
four vinylic Me's (four 3H, 8, 1.59, 1.85, 1.70 aad
2.32 ppm); =C0,.CH,.CH, (SH, t, 1.2l ppm); -CO,.CH,.CH,
(2H, q, 4.04 ppm); -gscn (1H, m, 5.01 ppm) and >=CH-CH=<
(24, s, 5.85 ppm). It is surprising to note that the
chemical shift of these two protons is same. It was
attempted to prepare LALII by PPA cyclisation of the
Wittig ester (LAVIII) which resulted in a very complex
mixture (TLC and GLC) of ketonic compounds as revealed
by the TLC of the product when sprayed with DNP solution.

“yelisation of the wittig ester (LXVIII) was
achieved successfully using methane sulphoaic aeid in
nitromethane, ian very high yilelds to furnish (LiIX). Its
structure is supported by its spectral data. UV: *ﬁ:ga
218 nm (¢ 5008). IR (F1g.32): CO,Et 1737 em™l; C=C 1645 eml.
PMR (Fig.338): two guaternary Me's (6H, s, 0.9 ppm); two
viaylic Me's (two 3H, s, 1.42 aad 1.48 ppm); =CO,.CHd,.CH,
(2d, t, 1.21 ppm); ~CO,.CH,.CH, (2H, q, 4.04 ppm) and

-cﬂPQ- (14, bs, 5.61 ppm) and a singlet at 0.235 assignable
CH
3
to allylic protoas (4i).
The cyclised ester (LAIX) on hydrolysis with
methanolic potassium hydroxide furnished the correspoading

acid (LiX), ideatified fully by its IR and PMi. The acid
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(LXX) smoothly undergoes lactonisation again by using

methane sulphonliec and nitromethane to furnish the corres-
ponding unsaturated lactone (LXXI). IR (smear): lactone

1770 and 1777 em™ . PMA (CCly): two quaternary Xe's (6H, s,
1.01 ppm); Me oa a carbon beariag the lactone (3H, s, 1.34 ppm);
CHg.C=C (3d, t, 1.62 ppmj J = 2 Hz) and some additionsl

peaks at 0.88 and 5.4l ppm, which may be due to the isomeric
trisubstituted double bond since the double bond present

in (LXXI) is not completely tetrasubstituted.

Farther work to convert the unsaturated lactone

(LZXI) into cyclopentanone (LII) is under progress.
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EXPERIMENTAL

For general remarks, see p. 78.
Analytical GLC were carried out on 'Aerograph' wmodel
A=350+-3 using a 300 em x 0.8 em column (packed with 30%
diethylene glyeol polysuccinate oa 30 - 80 mesh chromosorb W);

xiz waus used as the carrier gas.

The following lastrumeants were used for recordiag
spectral data of the compouads prepared 1la the route four:
Perkin~-Elmer model R 32 (30 Miz) NMi spectrometer, Perkin-rlmer
Infrure;i. spectrophotometer, model 267.

2=Carboethoxy cyclohexsaone'®: Cyelohexanone (98 g, 1 mole)
on condeasation with diethyl oxalate (146 g, 1 mole), using
HaOpt (prepared from 23 g of Na and (300 al) of BtOH),
furnished (91 g) of the glyoxalate, which oa pyrolysis with
(0.5 g) of soft glass and trace of iron, yielded 2-carbo-
ethoxy cyeclohexatone (78 g, 46%) b.p 142-144°/50-60 mm
(11t.2* b.p. 159-60%/100 mm].

2=Carboethoxy~l,.8,3~trimethyl cyecloh onolsx 2<Carbo~

ethoxycyeclohexanone (18.7 g, 0.1l mole), HaH (27 g, 50%
dispersion in oil), cuax (79 g) and dry ceae (70 ml) on
refluxing under H,, for 40 hrs furaished (12.12 g, 53%) of
2-carboethoxy«l,s,3-trimethylcyclohexanone b.p. 90°/7 mm
(Lit.2® b.p. 118-126°/15 ma].

Lady3-irimetnyl oyolonexanoge (JLI1): 2-Carboethoxy-l,&,o-



trimethyl cyclohexanone (12.12 g) was subjected to

hydrolysis and docarboxylationso

using a mixture of
AcOH (24 ml) and conec. HCl (60 ml) and refluxed the
tesulting mixture for 64 hrs. The solution was cooled,
diluted with 1120 (200 ml), extracted with pet. ether
(80 ml x 4), washed with WaiCO,, H,0, brine, dried and
distilled to furnish (10.3 g, 84.4%) of (XIII) b.p.
87°/13 mm. IR(smear): C=0 1700 em™ . PMR (CCl,): two
quateraary Me's (two 34, s, 1.0 mdlt.ls ppm) and

Cig.CH (3H, d, 0.95, J = 6 Hz) [Lit.D.p. 176.5 - 178°].

Lag,3-Trimethyl cvelohexanol (IIV): Ia a three necked
flask, ia (8.4 g) was covered with dry toluene (50 ml).

This was heated in an oil bath (120-130%) till the Na
melted and with vigorous stirring a mixture of (XIII) and
isopropyl aleohol (24 ml) was iatroduced duriag 15 minutes,
toluene (20 ml) was used to wash in the last traces of
ketone-alcohol mixture. The reaction zixture was stirred
and refluxed (Na) till all the Na disappeared (~ 2 hrs).
After usual work up and distillation furnished the reguired
product (15.2 g, 91%) b.p. 92-94°/35 mm. IK(smear): OH
3400 and X030 em”l,
oH, s, 0.86 and 0.97 ppm), Me.CH (3i, d, 0.96 ppm, J = 5.5 Hz);
~C-CHOH (1H, d, 2.723 ppm, J, , = 9 Hz) and -CHO§ (1H, m,

PMR (Ccl4)z two quaternary He's (two

1.78 ppm, disappears on D,0 exchange) [th.ms m.p. 54°].

La8,0-Trinethyl cyelohexyl acetate (JV): 1,3,3-trimethyl-
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eyelohexanol (15.2 g) was mixed with Aczo (18.1 ml) aad
pyridine (1.8 g) and left aside for 24 hrs at 30°C. The
mixture was poured on prushed ice (280 g) to decompose
excess of Aqao. 7"he aqueous solution was extracted with
pet. ether (100 ml x 3), washed with HC1l (1N, 20 ml x 3),
saturated HaﬂC03 (30 ml x 3), H,0 (20 ml x 3), brine

(50 ml x 8), dried and the solveat was stripped off and
distilled to give the acetate (17.6 g, 90%). b.p. 110-111%/
40 mm. IR (smear): AcO 1740 and 1240 em™ . PMR (CCly):
two quaternary Me's (two 8H, s, 0.85 and 0.91 ppm);

He-CH~- (3H, d, 0.8 ppm, J = 6.5 Hz); Me-CO0 (3H, s, 2.03 ppn)
and ~CH-CH-OAe (1H, d, 4.55 ppm; J, . = 10 Hz).

- -1- : A pyrex tube (45 cm,
ID 1.5 em) with a narrow end was [illed with broken glass
chips to a leagth of (35 em) and the packed portion of the
eolumn was heated by eoils wouad round an outer tube, the
required tesperature was regulated with a variae. The
acetate (XV, 16.5 g) was added dropwise (one drop/35 sec)
to the heated column (540°C) with an inert atmosphere (85)
belng maintained and uader a mild suetion (600 mm). The
acetate decomposed with a white cloud formation and the
resulting product was allowed to dripple into a recelver
(eontaining some glass wool), connected to two traps (cooled
to -10°c by ice/salt), containing pet. ether. After the
pyrolysis, the tube was allowed to cool to about 100°C and
pet. ether (50 ml) was let in as a chaser to remove last

traces of the material. The pet. ether solutions were combined
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washed with n-nccs (15 a1l x 3). 4,0 (20 m1 x 3), brine

(25 ml x 3) and dried. The solvent was distilled (eolumn)
and the residue (10.7 g) was subjected to spinning band
distillation, which furaighed (8.9 g) of the required olefin

(GLC pure), b.p. 138°/710 mm; [Lit.20: b.p. 137°/760 mm]. °

A aumber of lower boiling compounds were also
obtained which were rejected.

L.3-Crelopeatadione (VIIL R=H):
2=Acetyl-l,3-cyclopeatadiong' ': succiaic aanydride (10 g,
V.1 mole), isopropenyl acetate (10 g, 0.1 mole), anhyd.

AlCl3 (20.5 g, 0.2 mole) in dichlorosthane (100 ml), f{urnished
3.183 g (25() of 2=acetyl-l,i-cyclopentadione m.p. 720-71°.
(Founds ¢, 60.05; H, 5.88. C,ig0, requires: C, 60.00;

Hy, 5.8%). [L1t.17: m.p. 69-71°; analysis].

L,8-Cvelopgatadione (VIII, R=l): 2~Acetyl-l,3-cyelopeata~-
dione (0.5 g) on acld cleavage with HC1L (50M, 2M), furnished
0.28 g of (VIII, H=H), recrystallised from EtOAc, m.p.
152-154°C (Found: C, 61.87;H, 6.78. Cgilgd, requires: C, 61.22;
H, 6.12%). [Lit.}) m.p. 152-154%; analysis].

Ls@-Crelopentadione eqol acetate’ (VIII, B=ie): Into
l,2-cyclopentadlone (1 g) in 100 =1 of dry stzo, was passed
ketone gas which furnished 0.8085 g of (VIII, R = Ae) as

an oil. b.p. 112%/2 mm. IR (smear): 1750, 1702 and 1601 em™r.
PMR (CCly)s CHg.COO (3H, s, 2.26 ppm) and CH=C.OAe (i, t,
6.08 ppm, J = 1.5 #z). [Lit.”: IR, PMR].



t 20 i=Me)s 1,5~
Cyelopentadione (0.5 g) on reaction with diazomethane
solution furaished a solid (VIII, R = Me), m.p. 61-53%C.

I3 (CCly): 1710, 1695 and 1601 em™ . PMR (CCl,): CHyO

(ad, s, 3.86 ppm), Me=CH~C=0 (lH, uaresolved t, 5.26 ppm,

J = 1 Hz) and 2 allylic-cg2 (41, my 2.2 - 2.9 ppm).

Rhoto-reaction: 1,8,3-Trimethyl cyclohex-l-ene (0.62 g,
0.005 mole) and 1,3-cyclopeatadione (0.49 g, 0.005 mole)
were taken in dioxane and irradiated through a pyrex fillter
using a 2004 UV lamp and uander aitrogen bubbling to keep
the solution stirring. After 5 hrs of irradiation the
reaction was worked up. The excess of dioxane was distilled
of { while its last traces were removed under suction (50 mm).
The residual product was distilled in a short path still
and following two cuts were made.

1st cut, b.p. 46%/0.5 mm, (0.104 g)

2ad cut, b.p. 110-120%°(bath)/0.5 mm, (0.064 g)
IR and TLC of these cuts revealed the presence of 1l,8-diketone
(VILI, R = H) mostly. No trace of the adduct was formed.

Irradietion of (VII) aad l,3-cyclopentadione-eaol methyl
ether (VIII, R = Mg): (VII, 1.25 g; 0.001 mole) and (VIII,
i = Me; 1.12 g5 0.001 mole) were taken in a mixture of
cyclohexane and dioxane (30 ml, l:1) and was irradiated
through a pyrex filter using the same coanditicas as used
earlier. The reaction was monitored by TLC of the aliguot

withdrawn after every one hour. The reactioh mixture was
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worked up alter 37 hrs of irradiation. TLC (solveat:

5% EtOAe in csﬂs) indicated the preseace of a polar compound
pesides the unreacted (VIII, R=Me). The reaction product
was chromatographed on Siqz-‘cllllb (70 gy 4.4 cm x 1.5 em)
using increasing amouats of co"s in pet. ether and with

7LC moaitoring.

TABLE 2
¥r.io. Hluent Vol. Wt. Hemarks
collected
1 pet. ether 200 ml x2 0.572 Recover (VII)
2 - - 200 ml x8 0.712 g Recovered
(VIIL, R=Me)
3 105 Cgig in 200 ml x3 negligi- -~
pet.ether ble
4 50§ = o* 200 ml x3 - - .
c‘ae 200 ml x2 - -
8 10§ EtOAc in 200 ml x5 37 mg Polar spot
6633 (TLC)
4 20% EtOAc ** 200 ml x2 1 - rejected
50§ " 200 ml x2 -
HeOH - Juak

£r.6 (Table 2, 37 mg) - PHR and mass spectrum did not possess
the spectral characteristics expected of the photoadduct (X,
R=Me) .

- - -~ 3
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2=Ethvayl-1.3.3-trimethyl cyelohexanol® : 1,3,3-Trimethyl-
cyclohexanone (7 g, 0.05 mole) on reaction with sodium
acetylide (0.05 mole, prepared from Na (1.85 g, 0.05 mole)

and 200 ml of liquid Nﬂ3 and passing acetylene gas), furaished
7.4 g (87%) of 2~ethynyl~l,3,3-trimethyleyclohexanol.

b.p. 103-108°/25 mm. TR(smear): Od 2480 and 1030 em™t;

C=CH 3300 and 2100 em™ . PMR (CCl,): two quaternary Me's

(two 3H, s, 0.97, 1.06 ppm); C%.CH (an, 4, 1.03 ppm, J = 7 Hz);
-04 (1w, bs, 1.82 ppm, D,0 exchange) and C=CH (1H, s, 2.36 ppm).
(L1t.%; v.p. 93%/13-14 mm].

g-Acetyl-=l,3.,3-trimethyl cvelohex-l-ene: A stirrodvmixtu.re

of (20 g) of 2-ethynyl-l,3,3-trimethyleyclohexanol, AcOH

(80 ml), Hy0 (9 ml) and Dowex-50 (12 g) resin was held at
reflux for 30 minutes. Worked up as usual and distilled to
furaish 14.16 g (71%) of (XVI). b.p. 102-104°/25 mm, >’ 1.480.
IR (smear): «,p-unsaturated C=0 1695 en™l ana c=c 1650 cat.
PHR (CCly)s two quaternary Me's (6, s, 1.05 ppm); Cif,.C=C
(34, s, 1.56 ppm) and Ci,.CO (3H, s, 2.18 ppm). (Lit.%;

b.p. 110-111%/21 mm, IR).

Cyclopenteae (AVII): Cyclopeatanol borate ester (prepared
from cyclopeatanol (43 g, 0.5 mole) and boric aeid (81 g,

0.5 mole), toluene (50 ml) and removed 320 azeotropically)
on pyrolysis at 215-225°, furnished (30 g, 88f) of (WII).
b.p. 40-41%/710 =m.

-l = - Vi

aad cvelopentene (Wil). (WI; 4 g, 0.035 mole) and cyelo-
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pentene (23.4 g, 0.375 mole) were taken in 130 ml of
pentane. The quartz reactor was cooled to =70° (KtOie/
liq. LPVR Hzo and glyeol (1l:l) mixture was circulated
through the immersion well. The reaction mixture was
irradiated for (80 hrs) through a pyrex filter, using a
200 W UV lamp while the reaction was moaitored by IX.

The reaction was stopped when the enone band due to (XVI)
was not undergoing further change. After usual work up,
the reaction mixture was distilled into two broad cuts.
1st cut, b.p. 70-80°%1.5 um (3.0602 g) - consisted
of mostly starting materials as shown
by its TLC and IR and heace was discardod;
2ad cut, b.p. 81-106%1 mm (0.7202 g). TLC (solvent:
104 EtOAe in Cgilg) revealed it to be complex
mixture. The product (1.0874 g) from one
such experiment was chromatographed on
Siﬁb-gcllllb (70 gy 44 em x 1.5 en) with
TLC moanitoring.

TABLE 3
Fr.io. Elueat Vol. Wt. Remarks
. collected -
1 Pet. ether 100 ml x2 0.0568 g -
2 508 Cgllg in 150 ml 0.0323 g Recovered
pet.ether (XvI)
3 755 " w» 100 ml 0.2151 g TLC pure
- e . we 50 ml x4 0.0768 g o

L Icontd.
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TASLE 8 (Contd)

Fr.do. Fluent Yol. wte Remarks
collected
5 85 Cgllg in pet. 50 ml x5 0.1566 g TLC pure
ether
6 Cilg 5 ml x2 3
7 2% EtOAc in Cglgy SO ml x2 |  0.1329 g Complex
mixture (TLC)
8 4 " " = 50 ml x2 i
9 8% " ". 50 ml x2 J
10 1l0% " " . 50 ml x3 [
i 0.0862 g TLC pure
15¢ = LI 50 ml x1 f
mw =" v " Soml x4 { 0.0045 g  Rejected
12 208 " " e 60 ml x3 |
13 MeOH Junk.

Er.8 = gr.5 and Er.10 (Table 3): were found to be mixture of
compounds coataining a keto as well as hydroxyl zroups,. as
shown by their IR, PMR. 3o no further attempt was made to
ideatify them.

4t tanol-3-acetate CRXILD)
S=iitro-2-peataaone®*: Methyl viayl ketone (8.24 g, 0.1 mole),
nitromethane (61 g, 1.0 mole), Et20 (100 ml) on reaction with
benzyl trimethyl ammoaium hydroxide (Triton B, 0.7 ml),
furnished 6.9 (60%) of 5-nitro-2-pentanone b.p. 117-120°%/10 mm.
IR (smear): C=0 1710 ea™l; N0, 1552 ea™l. MR (cC1y): Clg.CO
(3H, s, 2.15 ppm) and ~CH,.N0, (2H, t, 4.37 ppm; J = 6 iz)

(Lit.2%; b.p. 117-120%/10 ma and IR].



S=iitro-g-Peatanol®®: S-iitro-z-peataacae (5.5 &

0.0565 mole) oan reduction with alaBi& (0.8820 g, 0.0174 mole)
in uao (17 ml) containing a drop of conc. Nadi, furnighed
Senitro-2-peatanol (2.2838 g, 58.2§), bep. 90-96°/1.5 mm.
IR (smear): OH 3400 cm™'; NQ, 1665 em™ . PMR (CCly):
Cidg.Cd (3d, d, 1.223 ppm, J = 7 Ha); caa.cnaﬁ (1H, q

3.82 ppm); CHOH (1H, s, 1.67 ppm, uadergoes D,0 exchange)
and CHy.Cli,.H0, (2, t, 4.4 ppm, J = 7 Ha). (Lit.%%: b.p.
87-88%/1 mm and IR].

Sefiitropeatanol -3-acetate: S-iitro-2-pentancl (3 g) on
exposure to Aezi) (3.57 ml, and pyridine (0.357 ml) at

room temperature for 24 hrs, furnished 3.2949 (73.5f) of
the Senitropeatanol-2-acetate b.p. 111%/2.5 mm. IR(smear):
-0kc 1745 and 1250 em™’; WO, 1856 em™ . PMR (CClg): Cilg.Ci
(8H, dy 123 ppm, J = 7 H3)} ‘0"“;'3% (8H, s, 1.98 ppm),

Cﬂa.Cﬂ.')M (lﬂ. Qs 4083 PP‘) and -CEZ.CQB.NOZ (RH, t. 4.3 ppl.
7 = 6 Ha)e (Lit.2% b.p. 87-90°%1 mam, IR].

Michael Addition of (WD) aad (XXI): 4 solution of the
Kesalt of (XXIII) (from (JXIII), 820 mg, 0.0045 mole,
K-metal 80 mg) in t-BuldH (5 ml) was added to a solution of
the enone (XVI, 498 mg, 0.003 mole) in t-BulH (5 ml). The
reaction was allowed to stand at room temperature (31°)

for 100 hrs. The reaction was monitored by TLC (solveat:
10§ EtOAc in C‘ﬂe). TLC indicated not much change ian the
starting materials. The reaction was stopped and worked up.
The solution was neutralized with 10§ AecOH (2 ml) and excess
Hy0 was added, the organic material was taken up in Cu2012



175

(20U ml), washed with 10§ NIHCQS (10 m1), 1,0 (20 m1 x 3),
brine (25 ml x 2), dried and stripped off solveat to
furnish the crude product (0.8739 g) which was distilled,
Dep. 130-140° (bath)/1.5 mm. IR and PHMR of the reaction
product revealed the presence of peaks due to the unreacted
eaone (AVI) and (AXiI) and no trace of the required adduect
(iXIV) was obtained.

Wss’ass Citral anil (prepared from citral

(76 2y 0.5 mole) and aniline (46.5 g, 0.5 mole) on cycli-
sation®® with cone. H,30, acid (500 ml) at -20° (liq. H,/itOAe
bath), furaished a mixture of « and f-cyecloecitrals (57 g,

75£) b.pe. 80-108°/12 mm. 55 g of «= and "=-gyclocitrals were
isomerised using 8% X0H solution (200 ml) in 80% alecohol,

at -5% for 15 hr (4,) to give p-eyeloeitral (5L g, 93%),

bep. 92-93°%11 mm. [L1t.25%; b.p. 89-97°/9 =m or 93°/12 mm].

Waa *: n«Cyecloeitral (87 g, 0.53 mole) on
reduction with xm‘ in a mixture of EtOH and isopropyl aleohol
(150 ml, 1:1), furalshed p-eyclogeraniol (77 g, 91%), b.p.

*a<Cyclogeraniol 1is highly acid and heat seasitized
and decomposes to yleld 2,4,4-trimethyl ~-8-methylene cyelohex-
l-eae b.p. 529%8 mm; iden tifled by w'%lm_d pm.z‘m‘ tuﬂmiz -
T=C 1650, 1601 and 840 cm~l; -C=CH, 890 em-l, PMR (CCly)s

two quaternary Me's (6H, s, 1.65 ppm) § %.c-c (SHy t, 1.78 ppm,
J = 1.5 Ha); -C=CH, (2, d, 4.87 ppm) and® CH, -C<C- (14, m,

5.58). [L1t.5% b.p. 100-105%/100 :m; IR and PMa).
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100-102%/10 mm. IR (smear): O4 2300 em™ ; C=C 1650 em"l.
PHR (Ccl‘): two quaternary Me's (6H, s, 1.01 ppm); CH,,-C=C
(8Hy 8, 1.71 ppm), Ci,0H (24, s, 8.95 ppm) and CH,JOQ (1H,
8, 1.65 ppm, D,0 exchange) [L1t.?®: b.p. 101-102%/10 =m,
IR, PMR].

2=Cvelogeranyl viavl ether®®: s-Cyclogeraniol (28.6 g,
0.158% mole), Hg (Ode), (1.54 g, 0.0044 mole) and ethyl

vinyl ether (750 ml) on refluxiag for 34 hrs, furaished a
product, which on chromatographic separation over Alaoa/ III
(860 g, 100 em x 3.5 em), furaished (17 g, 49%) of the
f~cyelogeranyl vinyl ether, while (50%) of the g~cyelo-
geraniol was recovered. b.p. 86°%/6 mm. Ii (smear): 1650,
1620, 1320, 1200, 1050, 980 «nd 815 em™ . PHR (CCl,): two
quaternary Me's (6d, s, 0.96 ppm), CH C=C (&H, s, 1.61 ppm);
-CH =CH, (2H, m, 3.91 ppm); HC=Cid, (1d, q, 6.27 ppm) and
~<CHy-0 (2H, s, 5.96 ppm). (L1t.28; b.p. 99-102%/15 ma, Ix

aad PMr].
dadlad-Trinethyl -2-methyiene cvelohexvlacetaldenvde £XXX):
f=Cyelogeranyl viayl ether (10 g, 0.055 mole) was pyrolysed
at 336° (82) to furalsh 8.65 g (86f) of the reguired aldehyde
(XXX). b.p. 110-113°/11 mm. IR(smear): CHO 2700 and 1720 cm™L;
>= Cil, 3100, 1625 aad 908 em™ . PMR (CCly): three quaternary
Me's (three 3i, s, 1.18, 1.18 and 1.27 ppm); Cﬂa.CRO (21, d4,d,
2.6 ppm, J) = 3 and J, = 9 Hz); =Ci,.cdo (14, t, 9.63 ppm,

J = 3 Hz) and C=CH, (1, two s, 4.87 and 5.03 ppm). [L1t.28,
b.p. 111-116%13 mm, IR and PMi].
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grotonate (UXXI1): 1,3,5-Trimethyl-2-methylene eyclohexyl
acetaldehyde (18 g, 0.1 mole) and carboethoxy methylene
triphenyl phosphorm029 (88.3 g, O.l11 mole) were taken in
500 ml of dry Cgig and refluxed uader N, for 12 hrs on

steam bath (100°C). The reaction mixture was ecooled and
solvent was flashed off. PhaPO separated was filtered off
and washed with pet. ether (500 ml). The filterate after
washing with H,0, briae was dried and distilled into two
fractions. Fr.l (lower boiling) b.p. 50-110%/1 mm, 0.216 g,
was discarded. Fr2 b.p. 120-125%/1.2 am (22.5 g, 90%) was
the required product. IR (Fig.7). PMR (Fig.8). Mass
spectrum: important ions at m/e 250 (" 3%), 1387 (100%),

41 (985), 95 (20%), 81 (58%), 55 (43%), 91 (87%), 68 (345),
79 (29%), 77 (28%) and 67 (28§). (Fouad: ¢, 77.12; H, 10.55.
C1626% requires: C, 76.75; H, 10.47%).

-f - -

(OID): To 400 ce of H,0 was added pellets of NaOH (385 g)
in one lot and stirred for a minute to effect solution. The
uasaturated ester (XXXI, 20.9 g; 0.084 mole) was added,
followed by 5«10 cc of EtOH, used to \uih the last traces

of the ester. With vigorous stirring the Wi=-Al alloy™?
(20.9 g) was then added in small lots during 2 hrs. (there
should not be much foaming, the secoad addition of the alloy
was made only after the brisk rsaction due to the previous
lot had subsided). Finally the reaction mixture was heated



178

(50-35%) and stirred for 2 hrs aad after cooliag,

diluted with uzo (200 ml). The residual Hi (pyrophorie)

was removed by riltratica and washed with 1,0 (10u ml1).

The combined filtrate and washings were cautiocusly iantroduced
portioawise, with mixiag, iato warm dilute K£304 (150 ml),
(eone. H;30,4 (90 ml) +H50 (130 ml). The acidie solution

was diluted with 1 litre of 1,0 and the ag. solution
extracted with Et,0 (500 ml x 4), vashed with H,0 (50 ml x 4),
brine (100 ml x 2), dried and solveant stripped off to

furnish the crude acid which was distilled to (XXXII) in
96,57 yleld. b.p. 136°/0.5 mm. The acid solidified

on eooliag m.p. of the erystallised acid (Mecd) 76-77°.

IR (¥ujol): COOH 2670 and 1700 em™}; ~C=CH, 1621 and

204 em™t, P (CCl,) s three guaternary Me's (three &H, s,
1.06, 1.10 and 1.10 ppm). -CHZ-C&.COZH (22, t (1ll-defined)
2.26 ppm); -(.:SGR. (two 14, s, 4.8l and 5.0l ppm) and

-CO0H (14, m, 10.7 ppm). The acid formed was confirmed

by making its methyl ester (XXXITI).

Butanoate (JXIiI): The above acid (108 mg, 0.0005 mole)
was esterified with cazua in situ. After usual work up

and distillation, it furnished the methyl ester (XXIII).

b.p. 110-115° (bath)/0.5 mm. IR (¥ig.9). PHMR (Fig.l0).

Mass spectrum: importaat lons at m/e 238 (M' 2%), 138 (100%),
187 (81%), 123 (77%), 95 (62%), 41 (545), 81 (45¢), 55 (33%),
82 (25¢), 69 (245) and 67 (225). (Found: C, 76.42; i, 11.0.
Clsﬂzeoz requires: C, 75.58; H, 11.00%,.
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To a solution of aeid (UAXII, 1 g) in dry Ceilg

(15 m1) was added two dropj of pyridine solution (10 drops
of pyridine ia 1 ml of CgHg). This was cooled to 0° and

a caﬂe solution of oxallyl chloride (2 =1 4a 10 nml of csﬂe)
was added. These additions vere done in Hz atmosphere.
After 0.5 hr at O°, the reaction mixture was allowed to
stand at room temperature '\28°) for 8 hrs. It was next
gently warmed on a steam bath for 5 minutes and the solveat
removed uader suction (30 mm). The crude aeid chloride

thus obtained was identified by its IR and PHMi.

7he crude aecid chloride, thus obtained, was taken
up ia c3, (20 ml, dried over Py0g and distilled) and added
to & solution of 3aCl, ia c3, (0.12 ml of freshly distilled
3aCl, diluted with 10 ml of dry C3,) at =10° (lce-salt).
The reaction mixture was alloved to attain room temperature
(28%) during 17 hrs, after which (50 ml) H,0 vas added and
the organie phase taken up in Etzo 150 ml (50 ml x 3),
washed with 10% 4aHCO; (5 ml x 8), H,0 (10 ml x 3), briae
(10 ml x 3) and dried. Solvent was flashed off to give
a4 crude product 0.9533 g. Its TLC (solveant 10§ EtOZe ia
Cgilg) indicated two npot-s, (yellow and red) when sprayed
with ONP solution, correspoading to compounds (XXXVI) and
(XXXVII). when DiP sprayed plate was charred, one more
faint spot appeared at 0.75 Rf value.
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~he crude product was distilled to give (0.5878 g)
of the mixture and 0.569 g of the residue was left (rejected).
bep. 120-140° (bath)/0.2 mm, [GLC: 200°, flow rate 70 ml/min]
also indicated to be a mixture of two compounds.

Chromatography of the regction mixture: (0.567 g) of the
distilled mixture was chromatographed on Sioz-zol,/IIb (70 g,
60 em x 1.7 em) and monitored by TLC. The column was loaded
in ceﬁs and eluted with CGHO’

TASLE 4
Fr.8o. Eluent Vol. dt. Aemarks
collected
1 CCHB m -l - -
2 . 90 ml x2 0.032 g Corresponds
to compound
with Rf 0.75
(REAVIII)
3 N 50 ml x1 - -
- 25 ml x8 0.194 g Compound
(AXXVI)
5 . 30 ml x2 - Mixture of
compounds
(iXXVi) and
(XXXVII)
. 30 ml x2 Compound
0.246 g (VI
. 150 =l x5

Er.2 (Table 4, 0.032 g) was distilled in a small bulb b.p.
200-210° (bath)/0.1 mm. IR (Fig.15). PMR (Fi1g.18). Mass
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spectrum: important ioas at m/e 448 (6" 3%), 189 (100%),

223 (50%), 96 (38%), 6@ (37%), 55 (865), 161 (35%), 57 (&35,
25 (82%), 107 (26%), 91 (24%), 224 (23%). (Found: C, 72.71;
y 10406, Cygh,g0,C1 requires: C, 74.79; H, 10.04%,.

Er.4 (Table 4, 0.194 g) was distilled to furnish pure
(XXXVI), Depe 115-120° (bath)/0.2 mm., IR (Fig.ll). PMR
(Fig.12). Mass spectrum: important ions at m/e 208 (u*
100%), 150 (78%), 121 (745), 79 (54%), 41 (54%), 107 (483),
173 (454), 55 (89%), 122 (8535) and 96 (345). (Found: C,
80.83; H, 10.64. C; 1,0 requires: C, 81.50; H, 10.75%).
Er.6-7 (Table 4, 0.246 g) was distilled to give pure (JAXVII)
b.pe 110%(bath)/0.2 mm. IR (Fig.13). PMR (Fig.l4).
Mass spectrum: important ions at m/e 208 o 0%),
150 (100%), 185 (38%), 41 (358), 149 (34%), 162 (31%),
131 (50%), 107 (29%), 55 (24%) and 79 (21%). (Found: C,
80.65; H, 11.01. Cl‘ilzzo requires: C, 81.50; H, 10.75%).
1isatd ¢ CUIV) with 3aCk. ia ait . I
lithium chloride; 400 mg of the aeid (XAXI) vas converted
into its acid chloride as above and taken up in (8 ml) of
dry 083302 and added uader l2 to 12 ml of .’-m‘:].4 solution
(0.12 ml of 3aCly ia 10 ml of CHgNO,, 4 ml of this solution
+ 8 ml of Cil,.N0, vas used for the reaction) at -10°
(1ce/salt). LiCl (0.739 g, 10 moles excess) was also

added to the above solution. The reaction mixture was
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allowed to attaia room temperature ’;28°) duriag 18 hrs.
After usual work up, TLC (solveat: lUj EtOie ia Cgig) of
the crude product, revealed two spots (yellow and red)

when sprayed with DNP solution, which were separated and
identified as (XXXVI) and (XXXVII) from their spectral data.

- - - -2 - L1)s
To a stirred solutioan of the acid (AXXII, 10.95 g, 0.049 mole)
in dry ether (200 ml) was iantroduced slowly (15 min) an
ethereal solution of Meli (2.65 g, 0.12 mole of 0.9 solution).
Stirring was continued for another 1 hr uader (N;). Excess
of MeLi was destroyed by addiang (10 ml) of dry acetoae,
followed by (400 ml) of H,0. The aqueous solution was
extracted with Et 0. (100 m1 x 3), washed with Hy0 (26 m1 x 3),
brine (25 ml x 2), dried and solvent flashed off to yield
the erude produet (12 g). TLC (solveat: 10% EtOAe 1a Cgig),
indicated the presence of a polar impurity, besides the required
ketone (DHP). It was chromatographed over 3102—311/ IIb
(250 g, 110 cm x 25 cm) and eluted with iancreasing amounts
of 061{6 in pet. ether. A fraction (7.5 g) eluted with 15¢
Cgllg ia pet. ether was distilled to give pure (ALI), b.p.
104°/0.7 mm. IR (Fig.19). PMR (F1g.20). Mass spectrum:
important loas at m/e 222 o 2%), 43 (100%), 41 (S1%),
158 (28%), 29 (26%), 95 (25¢), 81 (22%), 123 (20%), 187 (1%)
and 55 (185). (Found: ¢, 81.08; H, 11.82. Cy stigg? requires:
C, 81.02; H, 11.79%).

” - -

a=Pentagol: 50% Cg4ily in pet. ether eluted the polar compound
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(2.5336 g) which was ideatified by its IR and PMH as
5(1-(1,3,3-trimethyl ~2-methylene cyclohexyl) ]-2-Methyl-2~
peatanol. [IR(smear): OH 3306 n'l; -t.:acuz 1619 and 905 em™t.
PMR (CCl,): three quaternary Me's (three 3i, s, 1.06, 1.13,
1.15 ppm); 2.cna-<::°-§na' (6, s, 1.15 ppm) sad -C=Cil, (two 1i,
s, 4.78, 5.0 ppm)].
5=[1-(1,8,3-Trinethyl -3-methyl eae cvclohexyl)l-Pentagol (LIL):
A solution eoantainiang (1 g, 0.0045 mole) of the methyl ketone
(XLI) and (0.209 g, 0.0055 mole) LAH in 10 ml of ether was
stirred at room temperature for 2 hrs. The solutlion was
processed in the standard manaer giving 0.982 g (95f) of the
required aleohol (XLII) b.p. 130~140° (bath)/0.8 mm. (Fouad:
C, 80.54; H, 12.41. ﬁu'za° requires: C, 80.29; H, 12.58%).

S[1=(1,3,3-Trinethyl-3-nethvlene evelohexvl)]-Pentane=
2-agetate (MLIIID): 800 mg of the above aleohol was added

to 6§ ml (1.2 m.mol) of dry Aczo coantaining 2 drops of dry
pyridine. The mixture was left aside for 24 hrs at room temp.
After usual worik up distillation ylelded the required acetate’
[(0.847 mg, (88%), b.p. 140-150%(bath)/0.4 mm]. IR(smear):
ACO 1740 aad 1240 cm™; -0=CH, 1620 and 902 em™". PUR (CCly):
three guaternary Me's (three 3H, s, 1.07, 1.13 and 1.13 ppm);
Clig.CH- (3H, d, 1.17 ppm, J = 7 Hz); -OCOCH, (2H, s, 1.97 ppa);
~Cli~0Ac (1H, m, 4.80 ppm, hidden under one of the peaks due
to -(':-CHZ) and -c.:acuz (two 1H, s, 4.8 and 5.08 ppm). (Found:
C, 77.00; H, 11.48. f:,_.,a:mo3 requires: C, 76.64; H, 11.38%).
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2-acetate (GV): 532 mg (0.002 mole) of (ALIII) was taken
up in (10 ml) of dry THF., Hydroboration was achieved by the
dropwise addition of 4 ml of 0.84M solution of diborane
(0.0025 mole) ia THF at 0°. The solution was stirred uander
(§y) for 30 minutes at 0° and for 30 miautes at room temperature
(28°). Excess of diborane was decomposed by adding (1 ml)

of MeOH. The organoborane was oxldised at (28°) by the
addition of 2M NaOH (2 ml), follawed by 2 ml (30§ ﬂg°z" The
reaction mixture was stirred at room temperature (28°) for

2 hrs and worked up to furnish the required alcohol, which
was distilled in a bulb b.p. 180° (bath)/0.5 mm.

2-methyleae cyclohexyl)l-gethyl cvelobutan-l-oll: Methyl
ketone (ALIL, (0.992 g, 0.0047 mole) was taken in cyclohexane
(50 ml) and irradiated through a Corex filter, with a 450 W
UV lamp, while xz gas was bubbled ia order to stir the solution.
The reaction was moaitored by TLC. The reaction mixture

was irradiated for 8 hrs and the solvent was removed through
a columa uader mild suetion (350 mm) at 50°, to furanish
0.981 g of the reaction product. 7LC (solveat: 10§ EtOAc

in csns) revealed it to be mixture of at least three major
compounds corresponding to Rf values of 0.65, 0.44 and 0.21
respectively.

£80 mg of the reaction mixture was resolved by
ec® (s10, gel; 226 g, 40 ea x 3.5 em; solveat: 10f Etode



in Ceﬂe) into four fractions as follows:

Fr.l (0.1584 g) - TLC correspoading to the compound with
Rf value 0.3l.

Pr.2 (0.1028 g) - TLC - mixture of compounds with Rf values
0.31 and 0.44.

fr.3 (0.1844 g) = TLC - mixture of compounds with Rf values
0.44 and 0.85.

Pr.4 (0.1865 g) ~ TLC - correspoads to compound with Rf value
0.65 [GLC: (178%, flow rate 70 ml/min.)
mixture of at least 6 components]. This

fraction was rejected.

irel (0.1684 g), was distilled b.p. 120-125° (bath)/0.3 mm.

TLC (s6lveat: 10§ EtoAe ia Cgllg) on AgNO,-310, gel®® revealed
it to be a mixture of two compounds, corresponding to Rf values
0.22 and 0.25. 190 mg of the mixture (22 mg obtained from earlier
ehromatography) was resolved by Incc®* (4gi0,-310,-gel, 75 g,
25 em x 2.5 cmj solveat: 10f BtOAe in Cgig) - of the two
compounds (Rf 0.25 and 0.22) isolated the faster moviang

[0.0454 g, Rf = 0.25; Aleohol-1 Yang product (LI)]: had

b.p. 126%°(bath)/0.5 mm. IR (Fig.22). PMR (Fig.28). Mass
spectrum: important lons at m/e 222 (M’ 4%), 48 (100%),

41 (83%), 149 (758), 96 (705), 128 (67%), 93 (50%), 81 (50%),
55 (45§), 107 (41%) aad 121 (38%).

sheohol=1l: 4=[l=(l,3,3-Trimethy] -2-nethviene cyglohexyl) i-1-
methyl cvelobutan-l-ol (LI1): The slower moving compound
[0.0418 g, Rf 0.22; Yang product (LI)]: had b.p. 125%(bath)/0.5 mm
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IR (Fig.24). PMR (Fig.25). Hass spectrum; importaat
ions at m/e 222 (M" 3%), 95 (100%), 41 (31%), 43 (87%),
123 (84%), 149 (81%), 81 (76%), 55 (763), 93 (8l%) aad
79 (61%).

£r.3 and Fr.o (0.2867 g) were distilled, b.p. 110-130° (bath)/
0.7 mm. TLC (solveat: 10% EtOAe ia Cgilg) indicated it to

be mostly the startiang ketone. IR and PMR revealed it to

be mixture of compouads. 7TLC (solvent: 10§ EtOde 1a CgHg)

on Agcm‘-sioa-gcl, resolved it iato three compounds. Twice
it was attempted to separate the mixtu-+e by 1OCC (MGIO‘-
510,-ge1%, 150 g, 40 em x 2.5 em; solvent: 10§ EtdAc ia
Ceﬂe) without any success and finally this separation was
abandoned.

2ihydroevelocitral (LIV). s-Cyeloecitral (9 g, 0.08 mole) ia
tOH (150 ml) consumed (0.9 mole) of Hy at 27°/715 mm over
presaturated 5¢ H/Bacoa (1.78 g). Distillation of the
hydrogenated product furnished 7.2 g of (LIV) b.p. 81-84°-85°/
11-12 mm. IR(smear): CHO 2875, 2720 and 1724 em™. PMR
(CCly)s two gquaternary Me's (two 3H, s, 0.93 and 1.0l ppm);
CHg.CH (38, d, 0.91 ppm, J = 7 Ha) end ~CH.CH) (14, d,

2,76 ppm, J = 4 Hz, another doublet at 10.06 ppm, J = 5 Hz)
(L1t.%5: v.p. 81%/12 mm, 1R8],

Leioheavl-4(1-Carbethoxy peatyl)-phogehonium bromide (LV):
Lthyl-y-bromo valerate: (-Valerdolactone (15 g) in
absolute Et0od (28 ml) was cleaved by passing dry Hi3r ma"

[(generated from (60 g) of dry teralia aad liquid Bry, (2 ml)],
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at 0°C. This aleoholic solution, after keepiag at 0°C

for 24 hrs,furaished 10,2 g of the ethyl-y~bromo-valerate. '
b.p. 110-112%356 mm. IR(smear): COOEt 1730 em™ . PM (CCly):
CilgeCH (2, d, 1.76 ppm, J = 7 Ha), CHy.CHBr (1H, q, 4.09 ppm);
-COOCHZ.CH (2, qy 4.09 ppm) and —COOCH3 cga (sH, t, 1.26 ppm)
(11£.57; b.pe 104/22 mm, IR and PMR].

Zrioheayl=4(l=carbetioxy peatvl)-phosphonius bromide (LV):

(a) Pho? (0.181 g, 0.0005 mole) was dissolved in (10 ml) of
dry Cgllg, sthyley-bromo valerate®’ (0.110 g, 0.0005 mole) in

2 ml of Csﬂs was added slowly and stirred the reaction mixture
for 24 hrs. #§o solid separated even whea the mixture was
refluxed for 12 hrs. Ia aanother experimeat, c‘u‘ was replaced
by xylene, but no trace of salt was obtalned even when the
mixture was refluxed for 4 days. '

(b) Using iitromethane or DIF: Ph.P (0.131 g, 0.0005 mole)
and ethyl y-bromo valerate (0.110 g, 0.005 mole) were stirred
and refluxed ia dry OMF (10 ml) for 3 days. Ho salt was
formed. 3imilarly whea 083.802 was used lastead of DI,

no phosphonium salt was obtained.

(e) 2irect Heatiag in sealed tube: Ph.? (7.8 g, 0.031 mole)
and ethyle-y~bromo valerate (8.7 g, 0.031 mole) were heated
together 1n a sealed tube at 120-130° for 14-16 hrs. The
solid separated was washed with 31.20 and “6“5' to furnish
the required phosphonium salt (10.5 g, 78%). Orystallised
from EtOH and 5t,0 m.p. 186°. (Pound: ¢, 64.58; H, 5.15.

Cogilog0PBr requires: ¢, 63.7; i, 5.94%).
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{L¥): Various bases employed for wittig reaction are

listed ia the Table (5)s No further attempt was made

to identify the abnormal product if formed.

2ihydro cvelogeraayl bromide (LAV)
W‘u‘: Citral (40 g, 0.263 mole) on Agy0
(30 g, 0.4 mole) oxidation in (200 ml) of H,0, furaished
41.5 g (94%) of geranic acid b.p. 112-116°/0.7-0.8 mm.

IR (smear): 2730-2560 and 1760 em™t 1

} >C=CH 1660, and 860 em .
pHit (Clly): three viaylie He's (two 3H, s, 1.61, 1.68 and
3i, 4, 2.16 ppm, J = 1.5 Hz); Me~¢=CH- (11, m, 5.03 ppm);

He

~C=CH.CO,H (1H, s, 5.68 ppm) and COH (1H, bs, 11.26 ppm).
(pit. 84; v.p. 153°/13 um, PR®],

Czelogersaic acids (LXII). Geranie acid (30 g, 0.18 mole)

was taken up in dry caaxoa (75 ml). HoSOaB (3 g in 25 ml
cuauoz) acid solution was added slowly (0.5 hr) and the
mixture allowed to stir at room teuperature (28° for 5.5 hrs,
when solid cyclogeranic acid separated out. =Ixcess of
CHoHO, was flashed off, the coacentrate was takea up in

Etz) (100 ml), washed with H20 (10 ml x 3), brine (10 ml x 2)
dried and the solvent distilled off to furnish a crude
mixture of cyclogeranic acids (28.6 g, 96%) as revealed

by 1ts PMR. b.p. 85-26-98°/0.7 mm. IR (dujol): COOH 2640,
1760 ea™l; =Ci, 896 (w) em™}; >=CH 870 (w) em™>.

PMR (CCI.‘): quaternary de's (three 3, s, 0.96, 1.01, 1.15 ppm);
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Cﬁe.CSCH- (33’ Sy 1.71 ppﬂ)i C%QC’?' (3H’ 3, 2.0 Ppl) and
CHa-CBCQ (14, bs, 5.55 ppm) and traces of -—('Z'CHZ, weak,
peaks in the region 4.66 - 4.83 ppm).

glg-pihydroeyelogeranic seid™ (LXIII, eil): Hixture of
eyelogeranic acids (15.1 g) was hydrogenated in gl. AcOH
(120 ml), over presaturated 5§ Rd/C catalyst (1.5495 g)
which consumed 2.52 liters of H, at 28°/715 mm (v 1 equiv.)
during 12 hrs. Usual work up and distillation afforded the
required acid (14.57 g, (98%) b.p. 115°%/1.6 - 2 ma.
IR(Hujol)s COOH 2750, 2680 and 1780 (b) em™t.

PHR {CCl‘)a two quaternary Me's (two &H, s, 1.02 and 1.04 ppm);
Cge.(:ki- (84, dy 0.96 ppu, J = 7 Ha)}; -Cﬂ-Cﬂ.COaH. (1H, 4,
2.24 ppay I, o = 5 1z) and ¢o04 (14, bs, 10.58 ppm)

(Lit. %2 m.p. m-2°, 1259,

&Dihydrocyclogomlol (LXIV )“IB 3 Was prepared by the
reported LAH (12 g, 0.16 mole, 54§ active) reduction of

dihydro cyclo-methylgeranate (11.8 g, 0.8l mm) to the required
glg-aleohol (8.487 g, 88%) b.p. 62°/2.5 mm. IR (smear):

OH 5380 and 1020 cm™ . PMR (CCl,): two quaternary Me's

(6H, 3, 1.08 ppm); cﬂa.Cil- (cH, d, 0.96 ppn, J = 8 Hz);
-CH.CHBOH (2H, d, 8.6l ppm, J = 4 Hz) and -Ci%-og (14, s,
3.55 ppm, D,0 exchange) [L1t.*%: b.p. 100-2%11 ma, r).

ihydro cyelozeraayl bromide (LXV): Its preparation was
attempted using five differeant reageats, which did not yleld
the required product (LiV). Details of these experiments
won't be described and the literature methods were followed.
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Finally the required bromide (LXV) was obtained using

33 and Pgf.

(a) w@*—n‘eﬂ' pihydrocyclogeraniol (0.506 g,
0.003 mole) in (10 ml) of dry Et,0, cooled 0°C (ice bath)
and added & solution of PBry (0.864 g, 0.0052 mole, In

10 ml of xtaO) with stirring. The reaction mixture did
not show the presence of any noa-polar compound (TLC) even
whean the mixture was stirred for 16 hrs at room temperature
(28°%). After usual work up, the starting aleohol (LXIV)

was also not recovered.

(v) Usiag PBr., Cgli_and orridine*s Dihydroeyelogeraniol
(0.154 g, 0,001 mole) in (5 ml) of dry csn‘, & drop of
pyriiine was added and chilled in ice/salt bath. A solution
of Pnra (0.100 g, 0.00034 mole, in 2 ml of dry c‘n‘) was
added slowly (32) and with stirring. It was allowed to
attain room temperature (28°) and left for 10 hrs. TLC
(solvent csﬂg) revealed no non-polar compouand and heace the
reaction was abandoned without work up.

(e) Using 48¢ HBr, 1,30, ac1d*®: (0.480 g, 0.002 mole) of
the aleohol (LXIV) was added to a mixture of HBr (48%, 1.05 g,

0.006 mole) and (0.18 ml) of cone. H,30, acid and refluxed
the mixture for 1 hr. TLC (solveat: CgHy) indicated no
starting material. After usual work up, a dark colour
compound was obtalaed which could not be distilled.

45
{d) M*—W To a stirred solutioa of
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dihydro eyclogeraniel (0.1000 g, 0.00064 mole) in dry
DMP (2 ml), PhgP (0.198 g, 0.00075 mole) was added a
solution of 8rp (0.120 g, 0.0384 mole, in 1 ml of DHF)
under (ala), ao orange colour was formed so 0.08 ml of Br,
was added mln to get an orange tinge. The reaction
temperature was not allowed to inerease more than 585°.
After usual work up, the startiang aleohol (LXIV) was
recovered as indiecated by TLC.

(e) Yia tosviate and refluxing with LiBr gnd Me, %7,
(100 mg, 0.00064 mole) of the aleohol was converted inte

its tosylate, using (2 ml) of pyridine and (0.214 g,

0.00128 mole) of tosyl chloride. The tosylate was identified
by its PMR (CClg)s two quaternary Me's (two 3d, s, 0.90 «nd
0.96 ppm), cﬂg~03 (3H, dy 0.84 ppu, J = 7 Hz), %.6‘34

(81, 8, 2.46 ppm), -Ci,-0Ts (24, 4, 2.46 ppm, J = 4 Hz) and
CigsCglig~ (48, qy 6.81L ~ 7.70 ppm).

Tosylate (0.14 g) in (10 ml) of dry Me,CO, 1.2 §
of LiBr was refluxed on H,0 bath for 22hrs. After usual
work up, a black coloured product was obtalned whieh was
filtered through a small alumina (10 g) column and eluted
with pet. ether to give a non-polar compound which was found
to be a mixture of olefins as indicated by PMR. o attempt
was made to identify them.

(f) WLM“: To a mixture of (LXIV,

32 g, 0.1 mole),Ph? (36.2 g, 0.1 mole); (100 ml) of dry
06H6 in 250 ml three nicked flask, fitted with a reflux
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econdenser and a mechanieal stirrer was added (17.8 g, 0.1

mole) of HBS very slowly and with continuous stirring (2 hrs
for addition of NBS) uader Ny. After 2 hrs of refluxing
during the addition of N33, it was cooled and filtered.

Solvent was flashed off to furnish the crude bromide containing
some PhsPO. Tt was filtered through a 81021.1/ IIb (200 g)
eolumn and pet. ether eluted 1lg. of the required bromide,

b.p. 65-756°/2-5 mm, IR (smear) ao OH band. PMR (CClp):

two quaternary Me's (6H, s, 1.00 ppm); CHo~CH (3, d, 0.97 ppm,
J = 7 Hz) and cn-ng—Br (2H, complex multiplet centered at

3.4 ppm). Mass spectrum; m/e 220 (Found: C, 55.49; H, 8.128
and Br 37.30. cloﬂna" requires: C, 54.8; H, 8.58 and

Br, 36.53’).

Attempted Grignard reaction of gis- dihydroeyelogeranyl

bromide (LAV) and ethyl levulingte (LiVID): #g (.12 g,
0.005 mole) vas covered with (20 ml) of dry xtzo and a

erystal of iodine was added, followed by dihydre ecyclogeranyl
bromide (1.095 g, 0.005 mole) in 10 ml of dry nao. The
solution was stirred aad refluxed for 4 hrs (la). ¥o
Grignard reagent formation was observed. To the above
solution was added CGHG (dry, 30 ml) and the whole mix ture
was stirred aad refluxed for 356 hrs to effect the pre-
paration of Grignard reagent. The Grganard reageat was
traasferred uander (lz) into a dropping funnel although
some unreacted Mg was left. This was added to ethyl
levulinate (0.658 g, 0.0045 mole) in (15 ml) of dry caﬂs.
Cooled to =5 -~ 0% (ice/salt), in about one hour.
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The reaction mixture was stirred under (d,) for
2 hrs and then at room temperature (28°) for 16 hrs. The
Grignard complex was decomposed with dil. sto‘. The orgaaic
layer was separated and the agueous phase was extracted
with Et,0 (40 ml x 3), washed with 5% HaiCO;, H,0, briae
dried and solveat stripped off to furaish the erude product
(1.742 g). TLC (solvent: 10% EtOAe in Cgilg) revealed the
preseace of both the starting materials indicating that
no reaction had taken place. The product was chromatographed
over sioz-ch/IIb-(75 gy 50 em x 1.2 cm) recovering both the
startiang materials.

Attempts to prepare diagoiketone of (LXIII, &=H): Clg-dihydro-
eyclogeranic acid (1.5 g) was taken up ia (25 ml) of dry

Ceﬁs coantaining two drops of pyridine, cooled to 0° and
added (2 ml) of (COC].)2 taken in 15 ml of dry CGHB' The
reaction mixture was left at room temperature (32°) for

10 hrs and the solveat was flashed off to give ecrude acid
chloride (LXIII, R=Cl, 1.09 g). IR (smear); C=0 1790 em™t.
PHMR (CCly): two quaternary Me's (6H, s, 1.00 ppm); cga.ca-
(eH, 4, 0.96 ppm, J = 7 Hz) and no acid protoan.

To the above acld chloride, in (15 ml) of dry Et,0,
was added an ethereal solution of CHyi,, with swirling
at 0% (ice bath). After 3 hrs of stirring, a little sample
was withdrawn for checking its IR. Yo diazoketone band

at 2100 em™l was present, indicating that no reaction had
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taken place. Stirring was contiaued for 14 hrs more and
the solveat was flashed off under suetion (50 mm) at room
temperature to give reaction product. JI3 of the crude

. -

product (smear): -COCL 1790 em™l, no CH=d=§ band.

Iriohenyl geranvl phogphonium bromide (LAVII):

deraayl bromide: Geraniol (6.6244 g, 0.043 mole) in dry
Ety0 (25 ml) was cooled to -10° (ice/salt) and a solution
of freshly distilled PBr3 (1.5 ml, 0,045 mole) in 10 ml of
Et,0 was added in 0.5 hr. The reaction mixture was allowed
to stir at room temperature (33°C) for 45 minutes. The
product was poured on crushed ice, extracted with xtzo

(50 ml x 3), washed with 5; NaHCO, (5 ml x 3), H,0 (20 al x 3),
brine (4 ml x 2), dried and the solvent flashed off
to.furnish 9.33586 (~— 100%) of the geraayl bromide.

IR (erude product, smear): no OH band. PMi (CCly): three
Cliz.C=C (t'nro@ SHy 8, 1.61, 1.69 and 1.75 ppm); two,
CH,.C=C (4, 4, 2.06 ppm, J = 3 Ha); =C=Ci,,-Br (2H, 4,
3.95 ppu, J = 9 Hz), two, -(.:.Cﬂ-Cilz (2H, t, 5.51 ppm) and
~C=CH-CH,(1H, =, 5.06 ppm).

Iricheayl zeranyl phosehonius bromide (JXVII): Geranyl bromide

(erude product, 9.338 g, 0.043 mole) was added during 0.5 hr,
to PhgP (11.268 g, 0.043 mole) and allowed to stir at room
temperature (32°C) for 64 hrs. The solid preecipitated was
filtered, washed with Cgllgs pot. ether aad dried under vacuum
to furnish (LXII; 17 g) m.p. 170-3° [11t.% m.p. 171-73°].




sthyl 4,7.11-trimethyl dodeca-4,.6,10-trien-oate (LXVIID):

To a stirred suspeasion of triphenyl geraayl phosphonium
bromide (4.72 g, 0.0124 mole) 1a (80 ml) of dry Et,0 was
added (11 ml) of the ethereal solutioa of PhLi (1l.512 g, ‘
0.015 mole) through a septum. Blood red coloured phosphoraane
formed was stirred at 1ca-i120' bath for one hour. Ethyl
levulinate (1.696 g, 0.0124 mole) was added slowly under
(.‘:lz). Red colour due to the phosphorane disappeared in

10 minutes and the mixture was stirred for another 45 minutes.
Ph,PO-formed vas filtered off and washed with Et,0. The
total filtrate was washed with 1120 (10 mL x 3), brine

(15 ml x 8), dried and solvent stripped off, to furnish

the crude Wittig product (2.34 g). Distillation afforded
1.315 g of the pure Wittig product besides 0.18 g of the
lower boiling fraction. 3Jome residue was left in the
distillation flask. b.p. 123°%/1 mm. Analytical sample was
prepared by filtration of the Wittig product through a small
columa of nzoa (20 g) and eluting with pet. ether. IR
(Fig.80). PHR (F1g.31). Mass spectrum: important lons at
m/e 264 (& 8%), 99 (100%), 43 (385), 4 (0%), 154 (56%),

1 (55%), 107 (48%), 77 (458), 62 (40x), 149 (38z)

(Found: C, 77.82; H, 1010 . Cyptlagly requires: C, 77.223

Hy 10.67%).

agate (LiVIID). (3.4, 0.0184 mcle) of the Wittig product
(LXVIII) was taken in (10 ml) of dry 633502. To this a solution
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of 4e30g1 (0.400 g) in (5 ml) of CHgl0y, was added with
stirring at room temperature (32°). The dark coloured
solution was stirred for 1.5 hr. cnaxoz was {lashed ofr
and the coaceatrate was taken up in Et,0 (100 ml) washed
with 5% HaiCO4 (5 ml x 2), Hy0 (10 ml x 2), brine (10 ml x 2)
and dried. ztzo was stripped off and the concentrate
distilled to yield 2.8328 g of the cyclised product. b.p.
138%/1 mm. IR (Fig.32). PMR (F1g.33). Mass spectrum;
importaat ioas at m/e 264 (M' 65§), 208 .100%), 161 (54%),
208 (258), 175 (20%), 249 (208), 108 (14%), 209 (13%), 219
(13%) and 43 (12%). (Pound: C, 77.65; H, 10.64. C17t0g0s
requires: C, 77.22; H, 10.87%).
acid (LXX): (2.6287 g) of the eyeclised ester (LXIX) was
added to (6 g) of X0H dissolved in (30 ml) of EtOH. The
mixture was refluxed over steam bath for 2.5 hr under (N,).
The reaction mixture was cooled and acidified with 2§ HCl
to regenerate the acid. Aqueous solution was extracted
with mzo (30 ml x 3), washed with brine (10 ml x 2), dried
and the solveant flashed off to furaish 2.17 g of the acid
after distillation b.p. 160-165° (bath)/1 mm. IR(smear):
COOH 2680 and 1710 em™ . PMR (CCly): two quaternary Me's
(two 3H, s, 0.92 and 0.94 ppm); two caa-c-c (two 3H, s,

1.51 and 1.50 ppm); [ic=C- (1, m, 5.7 ppm); COOF (1lH, broad m,
9.7 ppm) and a broad singlet at 2.45 ppm (4d).

«=Cyclogeraayl-y-valergolactong (LAXL): 2 g of the uasaturated
acid (LXX) was takea up in (10 ml) of aitromethane and a
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solut ion methanesulphonic acid (1 g/5 ml of c“a'“z’ was
added slowly aand stirred under ('2) for 1.5 hr at room
temperature (32°). Rxcess of CHyi0, was distilled off and
the erude product taken up ia Et,0 (60 ml), washed with

5% HailCog (10 ml x 3), to recover the uareacted acid. The
aeutral Et,0 extract was washed with H,0 (10 ml x 23), briae
(15 ml x 2), dried and the solvent removed to give a crude
product which was distilled to furnish 1.48 g of the required
lactone (LXXI  b.p. 160-1685° (bath)/1 mm.
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SUMMARY

Four differeat routes towards the syathesis
of allohimachalol have been lavestigated. However,
allohimachalol could not be synthesised, instead abaormal
products vere obtained which were fully identified.
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