
CHAPTER - II

SYNTHESES OF SANTALENES, SANTALOLS & ALLIED PRODUCTS
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INTRODUCTION

Most of the characteristic fragrance of the valued East

Indian sandalwood (Santalum album Linn.)oil is traditionally

attributed to its high o<-santalol and p-santalol contents

(~-9($). The minor constituents include sesquiterpene hydrocarbons

( o<-santalene, p-santalene, epi- £-santalene, =<-curcumene ,

P-curcumene, and possibly jB-farnesene) as well as minute amounts
1 1of relatively volatile substances: these are santene ,borneol ,

"1and is ovaler aldehyde . Other minor constituents of the oil 

are tricyclo-eka-santalal , exo-norbicyclo-ekasantalal ,and 
11-methyl-7-oxa-tetracyclo[6.3.1.0^O^’^J dodecane^. E.Demole 

et allf isolated and characterized 36 new constituents including

4- novel substances, viz.,santalone,4-methylcyclohexa-1,3-dien- 

1-yl methyl ketone, 5>6-dimethyl-5*-norbornen-exo-2-ol, and (E)-

5- (2,3-dimethyl-3-nortricyclyl)-pent-3-en-2one. The other 
constituents identified** were 1-furfurylpyrrole and 10 phenols 

accompanied by 17 mono-and sesquiterpene derivatives. Some
if.

of these new constituents were also synthesized .

In view of the increasing and continued importance of 

o<- and e~santalols in the realm of odour, our objective was 

to evolve a commercially viable syntheses of these compounds.

9-Hydroxymethyl camphene(IX), prepared earlier by Vaughan'
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according to schemes given in Fig.1,appeared a suitable starting

•CNCHeOAc

+

IV

hch2oh CHCHO

'O
Or

V

Reagents? (a) (CH20)3 + Ac^O+AeOH (b) KOH/EtOH

(c) 8N Cr03 in H,,S04-H20 (d) Air (e) HCO H or 

CF3c°2H or H2S04

Fig*1(a): LACTONIZATION OF CAMPHENE-8-CARB0XYLIC AC ID (II)

material for our syntheses of^s-and *-santalols and related 

compounds for (a) IX can be readily and cheaply prepared from 

abundantly available camphene and (b) 3X is suitably functiona­

lized for further elaboration to either 9-cyanomethyl camphene(X)

Reagents, (a) LAH/ether (b) Ac20/pyridine (c) SOClj/pyridine 

(d) KOH/EtOH

Fig.1(b): DEGRADATION OF THE EXO-LACTONE(V)



or 9-formyl camphene(XIII). 9-Cyanomethyl camphene (X) has
6heen converted by Willis in his stereospecific synthesis 

to ( + )~ 0-santalol and its hydrogenated analogues, whereas 

the tricyclic analogue(XI) of 9-cyano compound(X) has been 

stereospecifically converted via.,, the corresponding alde- 
hyde(XII) into (,+ )- ©c-santalol by Corey'*'.

In the light of above, if cyano compounds (X) and (XI) 

can successfully be synthesized (which In fact have been 

synthesized by us and form the subject matter of this Chapter) 

then, this would complete the syntheses of P- and c<-santalols .

Besides this, another successful approach that has been 

followed by us for the synthesis of jB-santalens(XVH) and 

its double bond isomer includes the addition of a C^+C^ chain 

(derived from acetone and CH^I, respectively) to the C^ block 

(9-hydroxymethyl camphene,IX) as depicted in Fig.2. In above 

approach, it was thought that 9-hydroxymethyl camphene(IX)
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XVI XVII XVIII

FIG.2: SYNTHESIS OF jB-SANTAIENE(XVII)

8would undergo aldol condensation with acetone to give of, 

unsaturated ketone(XIV) as a result of concomitant dehydration, 

which(XIV) then would he converted into a tertiary alcohol(XVI) 

(as shown in Fig.2). Dehydration of alcohol(XVI) would give 

j8 «santalene(XVIl) and also, possibly, other double bond isomer 

(XVIII). In practice, this indeed was found to be the case.

In another possible approach, it was thought that if 

an allylic alcohol(XIX) can be obtained from 9"f°rE>yl camphene, 
then, by using one of the known methods^for allylic 

deoxygenation,it should be possible to synthesize P-santalene.
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However? in an attempt to make the allylic alcohol(XIX) by

CHO
OH

XH1 XIX XX XXI

carrying out Grignard reaction on 9-formyl camphene, we only 

isolated a tertiary alcohol(XX) and its dehydration product

(XXI).

Kow, we describe the details of steps of our syntheses 

under the subheads which represent the final product of that 

step.



8-FORMYL CAMPHENE (I)
Vaughan prepared^ 8-formylcamphene in three steps(vide 

supra) in a k-7% overall yield- We first aimed at (i) improving 
the yield of 8-formyl camphene and also (ii) cutting down the 

number of steps, if possible. The Vilsmeier formylation CV 
reaction10 is well known for its simplicity, efficiency, and 

also excellent yields, hence we decided to apply the same 

on camphene.

On careful literature survey it was found that Jutz and 
Muller, in 1967, reacted11 camphene with the Vilsmeier reagent 

(DMF+POCl^) and isolated 8-formylcamphene in 81# yield. When 

this reaction was carried out under the reaction conditions in 
which N,N-dimethylaniline had been formylatedcf the

yield could be improved to 88#. The product from its spectral
characteristics (IR,tIV,PMEl) was identical with those of Jutz

11 ^ and Mul3.er and Vaughan et__al .

CAMPHENE-8-CARB OX YLIC ACID(II)

Camphene-8-carboxylic acid(II) was prepared-" by Vaughan 

by exposure of 8-formylcamphene to air. Essentially the same
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procedure was followed by us for preparingCII) in ~90$ crude
yield. However, we have found that 8-formyl camphene(I)
undergoes this oxidation much faster when its ethereal
solution is exposed than when it is exposed as suchCwith no
solvent). The product was recrystallized from n-hexane(m.p.
122-124°; lit.^ mp.122-124°, yield). The product from its
IB spectrum(1645, 1680 and 2500-2700 cm"1), U.V absorption
spectrum( /\E'fc0H 235 nm, e. =1.12 x 10^) and PMR spectrum(viz. 

ma.xabsence of aldehydic signal at~9.7 ppm) was, once again, 
identical with that of Vaughan et al .

LACT ONIZAT ION OF CAMPHBME-8-CARB0XYLIG AO 3D
When camphene-8-carboxylic acid(II) is treated^" with an 

acid, a lactone mixture consisting of III, IV and V is produced.
The structures to these lactones have been delineated by 
Vaughan et al^ by spectral and chemical degradation experiments.

The composition of the lactone mixture depends^ upon the particular 
acid used, the reaction temperature, and also the reaction time 
(TABLE 1 ).
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TABES 1

LACTONES FROM CAMPHBNE~8~CARB0:KJLIC ACID

CONDITIONS THE LACTONE 
III, $

LACTONE 
IF, $

LACTONE
V,$

1 hour 28.2 18.8

2 " 31 .1 25.2

90$ HCOOH, 100°C 6 " 20.5 41.9 ?

4 days 09.9 73.1 ?

10 " 06.5 81 .0 2

l4 H 84.5 15.5

2 hour 09.0

6 11 12.3 01.7

cf3cooh, 25°C 16 " 23.8 03.2

2 days 50.0 09.4

6 " 46.4 42.8

15 " 26.4 73.6

25 " 100.0 Trace

CF3C02H, 72°C 3»5 " 79.4 21 .6

0.5 hour 92.0 09.0

10$ HgSO^ in HCOOH 3.0 ” 57.0 43.0

6.5 " 37.0 63.0

50$ HgSO^, 150°C 0.5 " 47.0 53.0

2.0 " 25.6 74.4

0°C 6.095% ii 11 .0 89.0
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Examination of Table 1 demonstrates that camphene-8- 

carboxylic aoid(II) is first converted into lactone III, which 
is then transformed into the lactone IV with passage o,f time, 
lactone V appears much later In the reaction sequence and is 
the only important product when sulphuric acid is present. 
Control experiments confirm^ the reaction sequence 11+III-*I?*?. 

Protonation of acid II is a rate-determining step, which triggers 
the Wagner-Meerweih rearrangement and accompanying 6,2-hydride 
shift, which culminate in the formation of lactone III.

IACTIQNIZATI OH-RE ARRANGE MS M'S

STEPS i a, protonation and bridging; b* 2,6-bydr: de shift (+a-*-A)j
c, ring closure and deprotonution (A—*I11)| df exo-netnyl anift 
(A-*B); e, rJn- closure and deprotonation (B-»IV); f, 2,6-hydrido 
shift g, ring closure and depro nation (0->V)



Since, only racemic products(lactones) are obtained, and 
since rate control appears to be vested in protonation of II, 
it is assumed that reaction b is a relatively rapid one, 
reaction c being slower than b but faster than a, i.e., that 
lactone III is the primary, kinetically controlled product.

Lactone IV can be formed from II or from III and so it 
is postulated^ that, under the reaction conditions used, IV 

is thermodynamically more stable than III, while the energy 
barrier in reactions d and e is higher than that in reaction 
a-c. Otherwise, IV would have formed more readily than III.

Since V does not revert into other members of the series, 
it is assumed'* that, under conditions leading to its formation, 
V is the most stable lactone and that the energy barrier in 
reactions f and g is still higher than that in reactions d 
and e, i.e., the thermodynamic stabilities of the ae.id(II) and

Vthe lactones (III-V) are in the order II (HI < 1V<and the 
energy barriers for the conversions are in the order II-5III

Vlhen we repeated this work to make the lactones(IV and V), 
our observations were at variance with those of Vaughan et aly. 
Though these authors^ do not specify the concentration of 

sulphuric acid in terms of w/w or w/v, we found that when the 
reaction is carried out at 0° for 6 hours using 9S$Cw/v) 
sulphuric acid the ratio of endo- to exo- lactone is 113>
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whereas with 9!?^(w/w) this changes to 1:12; the

reported'* ratio of endo— to exo- lactone under unspecified

concentration is 1:8. It was further observed that when 

the reaction is continued for 10 hours, endo- to exo- lactone 

ratio is 1:16. On further increase in the reaction time, this 

ratio does not change.

CLEAVAGE OF EXO-LACT 0NE(V )

Now, with an objective to transform the exo-lactone(V) 

into 9-hydroxymethyl campbene and also cutting down the number
C?

of steps in Vaughan’s degradation procedure5, we first sought
12to open the lactone ring with diethylene glycol-sodium hydroxide 

because of its dehydrative cleavage action. The product, after 

being esterified with diazomethane and purified by column chromato- 

graphy(Si02/II, eluted with benzene, tic monitoring), analyzed 
for G12El802 (M+= m/e 194). Its IR spectrum (Fig.3) (174-0 cm 1, 

G02Me; 3070, 1660 and 888 cm"1, characteristic of exomethylene 

grouping) and PMR spectrum (Fig.4) ( >G=CH2:2s,2H, 4,70 and 

4.44 ppm; C02Jfe: s, 3H, 3*56 ppm; a quaternary methyl: s, 3H,

1.13 ppm) showed it to be the desired compound (XXII)•

V XXII
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Because the overall yield of the above process (V—»XXII) 

was only k0%, this procedure of cleaving the lactone was 

abandoned. p-Toluenesulphonic acid and alcohol in benzene at 
reflux temperature is known6’1^ to cleave S-lactones. We 

have tried this on our the Y"laotone(V) but with no success. 

This failure could probably be due to the very strong thermo­

dynamic stability of Y-lactones. We finally followed Vaughan's 
lithium aluminum hydride cleavage method^ to get (VI).

V
^sr0B

V!

We carried out LAH reduction in THF instead of ether'.

The reaction mixture was worked up bj destroying the excess 

of LAH with THF aqueous (1:1, 15 ml being used for 1 g of 

LAH used) followed by diluting with water and extracting with 

chloroform. The product,crystallized from n-hexane(m.p. 

98-101°; lit^ m.p. 97-100°C),was, from its 3R spectrum(3240 cm~ 

OH), PMR spectrum (CHgOH: m, 2H, 3-68 ppm) and mass spectrum 

(M+=m/e 184), identical with the diol obtained by Vaughan 

et al^.

To keep the 9-hydroxymethyl group intact during the next 

step of dehydration, it is important to protect this hydroxyl 

function. This was accomplished by acetylation given below:
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THE MONOAGETATE (VII)

The diol, which has a primary and a tertiary hydroxyl 

group, was next converted into a monoacetate(?II) using 

acetic anhydride-pyridine in 98% yield. The monoacetate was, 
from its IR spectrum(35l 0 cm”1, OH; 1725 cm"1, OCOCH^ and 

PMR spectrum (Cff^OAc: m, 2H, ^.05 ppm; OCOCH^rs, 3H,1-96 ppm), 

readily characterized as VII.

THE OLEFIN-ASETATE (V III)

Though number of reagents are known for dehydration of a
tertiary alcoholCe .g.alumina1 boric acid1^, ,

N-bromoacetamide-pyridine-SOg1^, diketene1®,DMS01^, florisil^®,

21 22FeCl^ on SiOg , HBr ,mesylchloride-SOg , naphthalene-p-sulphonic 
acid2^, oxa2ic acid2l+, phenylisoeyanate2^, POCl^-pyridine2^,

SOClg-pyridine2^, KHSC^2®, p-toluene sulphonic acid2^ and p~tosyl-

o ochloride-3 ) but in our case acidic reagents cannot be used as 

these may lead to rearrangement products arising from a 

carbonium ion of the type depicted below?

Hence, we looked for only those reagents which are used in 

neutral or slightly basic conditions.
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The monoacetate (VII), on refluxing with POCl^-pyridine 
for 5 hours,gave, after usual work up, a crude product from 
which only ~b0% material could be distilled(rest was a residue 
which was not investigated further). The distillate, however, 
was, from its PMH, exclusively the required olefin acetate(VIII).

1 LlThe monoaeetate, when adsorbed on alumina impregnated 
with pyridine(2%) followed by slow vacuum distillation 
(in bulb-^), yielded a distillate which consisted of ~30$ of 

the desired olefin acetate(VIII) and 0$ of an unidentified 
product.

21Dehydration with FeGl^/SiOg gave, as expected, a 
complex mixture of rearrangement products(tlc,pmr), along 
with little of the required 9-acetoxymethy1 camphene(VIII).

27Dehydration with thionyl chloride-pyridine at temperatures 
of 25°> 0°, and ~5°C was unsatisfactory in view of the complexity 
of the product mixture (tic). Because the product mixture gave 
a +ve Beilstein test for chlorine containing components, it was 
thought reasonable to go for still lower temperatures and also 
to use excess of pyridine. Finally, with a large excess of 
pyridine and at temperatures of -20° to -15° for the first two 
hours and then at~30° for ~16 hours, this reagent worked 
satisfactorily. The product was purified by column chromato­
graphy (Si0^/II, eluted with benzene, tic monitoring) and was, 
thus, obtained in~8C$ yield.



-OAc

Vli VIII

The structure (VIII) for the ole fin-acetate was confirmed
-|

from its IR spectrum (3060,1660 and 880 cm”—characteristic of

exocyclic methylene grouping) and PMR spectrumO >0=0112^ 2s,2H,

4.71*- and 4.47 ppm).

THE 0hSFIM-ALG0H0L( IX ) :

Treatment of the ole fin-acetate (VIII) with 10$ KOH in 

ethanol gave 9-hydroxy me thy lcamphene (IX') in almost quantitative 

yield. The product was characterized as (IX) from its HR. spectrum 
(3630 cm"1,OH; 3075*1660 and 885 cmTl—exocyclic methylene group), 

PMR spectrum ( >0=0^: 2s, 2H, *+.70 and 4.44 ppm; -C^CHgOH: 

t, 2H, 3.60 ppm) and Mass spectrum (M+= m/e 166).

vm IX



After removing ethanol from the r eaction mixture, it 

is necessary to neutralize it,, very carefully,; with dilute 

HC1 in order to avoid complications arising from the carhonium 
ionCvide supra) resulting from protonation of the exo-eyclic 

double bond at lower pH values. In fact, in one of our 
experiments, when the reaction mixture was acidified to pH-5, 
only rearrangement products(not investigated) were obtained.

Having prepared the 9-hydroxymethyl camphene, the problem 
of converting it into 9-cyanomethyl camphene(X) and its 
tricyclic analogue(XI) was taken up first. Also, having earlier 

faced the problem of rearrangement under acidic conditions, we 
were always on a look out for either neutral or basic reaction 
conditions.

9 -CYAMOMBTHYL CAMPHENE (X)

9-Cyanomethyl camphene was readily prepared from 9-hydroxy 
methyl camphene (IX) by treating-5 the tosylate(XXII) from IX 
with NaCN in dimethyl formamide at 100°G for ~ 5 hours in 95% 

overall yield. The product from its IR spectrum (Fig.5)

IX XXII A X

(2250 cm"1, ~C=~N; 3070, 1660 and 885 cm~1 , >C=CH2), PMR 

spectrum (Fig 6) ( >C=CH2: 2s,2H, 4.80 and 4.48 ppm; -CHgG^CN:
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t, 2H, 2.28 ppm) and Mass spectrum (M+= m/e 175) was readily 

characterized as (X).

The nitrile (X) could also he prepared by treating 

9-hroraomethyl camphene with NaCN in DKSO at ~1Q0° for 

5 hours. 9-Bromomethyl camphene was readily obtainable 
from the tosylate (XXrA by reacting it with NaBr in either 

2-butanone or DMSO in ~85 and -^95^ yields respectively.

The bromide (XXIII) could readily be identified from its

OTs •Br N

XXilA XXIII X

PMR spectrum (Fig /) (-CHgCHgBr:t, 2H, 3-33 ppm) and 

Mass spectrum (M+ = m/e 229).

THE TRICYCLIC NICRIIE(XI)

The nitrile(X) on treatment with H^PO^-dioxantdetails 

given in the following chapter) at reflux temperature for 

30 hours yields a mixture comprising 3 components having re­
tention times (in seconds) 186(19.35$>)j 228(34.4$) and 

247(46.2%) in its gas chromatogram.
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SO

The compound having retention time 247 seconds was easily 

characterized as the starting nitrile(X) by (a) coinjection of 

starting olefin nitrile(X) and the reaction mixture in glc and 

(b) comparing the PMR spectra of mixture and the starting 

material.

The compound of retention time 186 seconds was readily 

isolated in a state of purity by chromatography on AgNO^ 

impregnated Si02/II(eluted with benzene) and characterized 

as the desired nitrile(XI) from its 3R spectrum (Fig. 8) 

(absence of 880 cm"1 hand and appearance of strong absorption 

at 2250 cm”1 due to -CN group) and PMR spectrum (Fig.9) 

(disappearance of exocyclic methylene protons at 4.80 and 

4.48 ppm and also emergence of a quaternary methyl signal 

at 0.87 ppm).

The third component of retention time 228 seconds, in its 

Pm spectrum displayed a quaternary methyl signal at 1.11 ppm; 

this value is 0.04 ppm higher than that for quaternary methyl 

in olefin nitrile (X). The fact that no skeletal rearrangement 

has taken place is revealed by its PMR spectrum (Fig 10) in 

which the bridge head protons at 2.70 and 2.10 ppm and the 

exocyclic methylene protons at *+.76 and 4.50 ppm remain 

unchanged. Because exomethyls appear 0.03 ppm down filed as 

compared to endo methyls (compare ^-santalene and epi~£- 

santaleneP^, this compound must be as depicted in (XXIV).

XXIV
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A mechanism leading to the formation of (XXIV) from (X)

has "been proposed in the following chapter.

& -SAHTALENE AMD ICS D PUB IE BOM) ISOMER

Now, the objective was to synthesize J3 -santalene on the 

lines depicted in Fig.2>. The additional 4 carbon chain has 

been added in a (3+1 ) manner onto the unit of 9-hydroxy­

methyl camphene. Here, the unit is derived from acetone 

and the unit from methyl iodide.

THE QLBFIN-AIDE5IDE(XIII)
Though a number of reagents (e.g.,Sarret reagent^,

Cornforth reagent^? CrCL-dimethyl formamide^8, and dimethyl
3

sulphoxide^) are known for oxidizing a primary alcohol to the 

corresponding aldehyde, we have been interested particularly 
in using pyridinium chlorochrornate^8 in view of (i) its easy 

preparation^8 in quantitative yield, (ii) its neutral behaviour 

and (iii). the excellent yields of the products. Pyridinium 

chlorochromate oxidation of 9-hydroxymethyl camphene in 

dichloromethane at ~30°C for 2 hours furnished a product in 

~97% yield, which was, from its IE spectrum (Fig.11)(1730 cm , 

-GH0) and PMR spectrum (Fig.12X-CHgCHOtt,1H,9*68 ppm), the
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desired aldehyde(XIII).

THE o<~. fl-UHSATHRATED KETOKE(XIV)

A Idol condensation8 of aldehydes with hetcnes is a generally 

low yielding and somewhat complex reaction. Under the alkaline 

conditions in which it is carried out, it gives rise to some 

side products. Under suitable conditions, the extent of the 

side products can be minimised8 and the yield of the desired 

product increased.

When the aldehyde(XXIX) was added in several portions over

a period of 2,5~3 hours to a mixture of acetone and UaOH maintained

at 50~52OC, a product, obtained after chromatography over SiOg/H

(eluted with benzene, tic monitoring) in ~70% yield, was, from
its XR spectrum (Fig 13)0675 cm"1, characteristic of p-un-

Et OHsaturated acyclic ketones ) ,U.V .absorption spectrum( 228 nm,

6 1.34-2 x 1(A), PMR spectrum (Fig.l4)(-C0CH^:s,3H, 2.16 ppm;

-CEb,-CH=CH-C0: m, 1H,6.68 ppm; -GHgCHcGHCO-ttd, 1H,5-96 ppm), 

and Mass spectrum (M+=m/e 204), the desired o<.-,£- 

unsaturated ketone(XIV).
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CHO

XIII Xiv

THE SAT PRATED RETQHE(XV )
19 t M-0Though several reagents(e .g. ,Zn-AcOHjy, IAH-Cuglp > an6 

Li-liquid NH^1 ) are known for this type of reduction, we 

preferred to use Li-NH^ for its (i) simplicity, (ii)bsLng cheapest 
of the reagents, and (iii) products obtained in almost quantitative 
yields. Li-liquid ammonia reduction of (XIV) was carried out 
in the usual fashion1’'2(at -35°C for 2 hours; work-up by NH^Cl*2). 

The product obtained after distillation was, from its IR spectrum 
(Pig.15) (1725 em”1,-COCH3; 3075,1660 and 885 cm"1, a characteri­

stic of the exo-methylene grouping). PMR spectrum (Fig. 16) 
(-GOCH^rs, 3H, 2.03 ppm; -CEgCHgCOCH^: t,2H,2.3 ppm) and Mass 
spectrum (M+=m/e 206), readily characterized as the saturated 
ketone (XV).

XIV XV
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&-SAKTADENE(XVII) AMD ITS DOUBLE BOND IBOMER(XVIII)

The saturated ketone(XV) via the tertiary earbinol(XVl) 

can be converted into 0-santalene and its double bond isomer 

by its dehydration.

The tertiary carbinol(XVI) can be prepared from the 

saturated ketone(XV) by reaction using either MeLi or MeMgX 

(X=Cl,Br,I). For economic reasons,we preferred Grignard reaction. 

Treatment of (XV) with MeMgl and the usual work up furnished 

the product (tic pure) in yield. Spectral data, e.g.,
M spectrum (Fig.17) (3620 cm"1, OH) and PMR spectrum (Fig.18) 

(Me^G-OHJs, 6H, 1.10 ppm), confirmed that this was the desired 

carbinol(XVI).

Though number of reagents are available for dehydration 

of tertiary alcohols (these are listed under 11OLEF IN -ACETATE -V III” 

of this chapter) we carried out dehydration using SoGlg/pyridine 

where the rearrangements are minimal. Dehydration under the 

conditons as reported earlier(for olefin-acetate-VIII in this 

chapter) furnished a mixture of two compounds(glc,10$ carbowax,

12*, 170°C). One having retention time 84- seconds(b6%), by (a) 

coinjection technique in glc and (b) comparison of PI© of the 

mixture with authentic sample, was characterized as targetted 

p-santalene(XVII). The other compound having retention time 

78 seconds( was, by elimination of signals due to ^-santalene

in the PMR spectrum of the mixture, suspected to be the double

ci
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"bond isomer(X?Hi) of (XVII).

THE ALGOHOL(XX)
We next turned to synthesize the aforementioned 

allylie tertiary alcohol(XX), a material having potential 
of becoming a very good substitute for sandalwood oil.

The aldehyde(XIII) was treated with 0.2 molar excess 
of 0, p -dimethyl vinyl magnesium bromide ^ in tetrahjrdrofuran. 
Excess of the Grignard reagent was decomposed with calculated 
amount of saturated NH^Cl aqueous solution. The product was 
shown by glc(Fig.19> to be a mixture of at least 6 components, 
viz. compound corresponding to peak 1(6.06$). 2(14.90$), 3(44.84$), 
4(10.14$), 5(12.30$), and 6(11.7$). Compounds corresponding to 
peaks 3 and 4 were isolated in a state of purity by preparative 
glc(20$ SE-30, 12', 170°).

Compound corresponding to peak no.3, from its TR spectrum 
(Fig. 20)(3060,16571885 cnT1 for exo-cyclic methylene grouping 
and 1605 cm’""'- a characteristic of 1,3-diene system), U.V. 
absorption spectrum ( A^E 2.32 nm, £1.4544 x 104, again a
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characteristic of 1,3-diene system) and PMR spectrum (Fig.21)
( >C=:®2:2s, 2H, 4.74 and 4.45 ppm; -CH=CH-C(Me)=CH2: s,2H, 
4®8B ppm;-CH=GH-G(fe)=CH2: d, 1H,6.08 ppm;-CHcCH-C(Me)=CH2; 

m,1H, 5*6 ppm; C=C-C(Me)sG:s, 3H, 1.82 ppm), was characterized 
as the 1,3-diene (XXI).

Compound corresponding to peak No.4 was, from its IR 
spectrum(Fig.22) (3620 cm"1,OH) and PM spectrum (Fig.23)

( >C-CE2:2s, 2H, 4.73 and 4.43 ppm; -CMe20His, 6H,1.27 ppm; 
-C(H)=C(H)-G: m, 2H, 5*58 ppm), readily identified as the 

allylic tertiary alcohol(XX).

HO
OH HO +

xm XIX xx XXI

As one would expect,(XIX) is the primary product of 

the reaction which upon hydrolytic work-up undergoes allylic 

rearrangement to furnish the tertiary carbinol(XX).
The 1,3-diene (XXI) could arise from this earbinol(XX) by 
dehydration under the work-up conditions.
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EXPERIMENTAL

GENERAL REMARKS: All mps and beps are uncorrected.

Petroleum ether refers to the fraction, b»p® 60-80 , 

unless otherwise stated® All solvent extracts were 

finally washed with saturated brine solution before 

drying over anhydrous NagSQ^® Optical rotations were 

measured in absolute EtOH on a Schmidt-Haensch electronic 

polarimeter model polatronic 1.

The silica gel for column chromatography was 100-200 

mesh, was activated at 120-125°(8-10 hours) and then 

standardized [RaHernandez» R®Hernandez Jr and L®R®Axelrod, 

Analvt. Chenu . ^2 370 (1961)] • The alumina for column 

chromatography was 100-200 mesh, was activated at 400°( 6 hrs) 

and then standardized [_H®Brockmann and H®Schodder, Chenu 

Ber. 7j 73 (1940 1 ®T1C was carried out on silica gel or 

silica gel-AgN0^(l5^) layers mm) containing 15$

plaster of Paris and activated at 120-125° for an hour; 

Concentrated HgSO^ used as the visualization agent® Chromato­

graphic separations were monitored by TIC.

IR spectra were recorded as smears (liquids) or 

nujol mulls(solids) or in CHCl^ or CCl^ on Perkin-Elmer 

IR spectrophotometer, model 267. U.V.spectra were taken 

on a Perkin-Elmer UV-VIS spectrophotometer, model 402 in 

95$ ethanol solution. PMR spectra were taken with 10-20$

. solution in CCl^/CBCl^ with TMS as the internal standard 

on Perkin-Hmer fiMR spectrometer model R-32(90 MHz);
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signals are recorded in ppm( S ) relative to IMS as zero.

While citing PKR data, following abbreviations have been 

used: s, singlet; d, doublet; t,triplet;q,quartet;m,multiplet; 

b,broad etc. Mass spectra were recorded on a Varian Mat 

CH-7 mass spectrometer using an ionizing energy of 76 eV 

and a direct inlet system.

GLC were run on Hewlett-Packard gas chromatograph, model 

5712A, using a 360/180 cm x 0.6 cm aluminum column packed 

with 10/ carbowax 20 M/ SE-30 on 60-80 mesh Chromosorb W for 

analytical purposes and model 7624A, using a 360 cm x 0.9 cm 

aluminum column packed with 20/ carbowax 20 M/SE-30 on 45-60 

mesh Chromosorb W for preparative use; H2(60 ml/min) was used 

as carrier gas.

8-FQRMYL CAMP HE HE (I)

Freshly distilled phosphoryl chloride(4.3 ml) b.p.106~ 

107°C) was dropwise added to cold DMF(14®5 ml) '*”'6 to -8 C, 

.ice-salt bath) under stirring. After the addition was over 

(30 minutes), stirring,under cooling, was contimied for an 

additional 30 minutes. Nov;, a solution of campheneC5.80 g) 

in DMF (5 ml) was added at such a rate that the temperature 

never exceeded 10°C (30 minutes). The reaction mixture was 

allowed to come to room temperature(30°C) and the stirring
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at this temperature (30°C) continued for 4 hours. It was 

next refluxed for 8 hours when it set to a solid mass.

Crushed ice(l5 g) was added and the contents brought to 

pH 6 by adding saturated NaOAc aqueous solution. It was 

extracted with ether (1? ml x 3) and the combined extract 

washed with brine (15 ml x 2). Drying and solvent removal 

gave the crude product (7.1 g)j which on distillation 

■furnished 8-formyl camphene(6.8 g,~88$ yield, b.p. 128-130 /

12 torr). GLC: 98/S pure (10$ carbowax, 12', 200°C).

C AMPHEME-8-CARS OX XLIC ACID(II)

8—Formyl camphene (16.4 g, 100 tn moles) in ether (4-0 ml) 

was exposed to air for 4 days when the semi-solid mass was 

dissolved in ether (40 ml) and extracted with 10$ NaOH aqueous 

(1 5 ml x 3). The alkaline extract was washed with ether 

(20 ml x 2) to remove any neutral material and then acidified 

with dilute HC1 when the acid separated. It was taken up 

in ether (40 ml) and washed with water (10 ml x2) and brine 

(10 ml x1). Drying and solvent removal gave crude camphene- 
8-carboxylic acid (16.2 g, m.p.118-120°C) which was crystallized 

from n-hexane(25 ml) 0 5-2 g}~85$ yield, ra.p. 122-124% 

lit'* m.p. 122-124°C).
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M SPECTRUM: 164-5, 1680, and 2500-2700 cm ( >C=C-C02H),
W.ABSORPTION SPECTRUM: 235 nm, £1.12 x 10^. PMR

SPECTRUM: >C=C(H)-C02B(s, 1H, 5*36 ppm), >C(H)-C=(bs ,1H,

3.97 ppm) and two quaternary methyls(s,6H, 1.07 ppm).

THE ENDQ- AND EXO- LACTONES CM AND V)

Camphene-8-carboxylic acid (1.8 g, 10 m moles) was added 

to ice-cold 95$ HgSO^ aq(w/w, 10 ml) and shaken till the acid 

dissolved (30 minutes). After keeping it at 0°C for 10 hours, 

it was poured onto crushed ice(30 g) and extracted with ether 

(10 ml x 2). The combined extract was washed with weter(7ml x2) 

and brine (7 ml x 1). Drying and solvent removal gave a white 

crystalline residue (1.79 g,~99$ yield, glc: Q_ndp-/exa=: ratio 

_ -] ; 16) which was re crystallized from n~hexane(5 ml)(l.65 g, 

~92$ yield, endo-/ exo- ratio = 1:22, m.p. 15°-152°C). Two 

more recrystallizations from n-hexane made the above ratio 

(1:22) reach 1:107(1*4- g,~78$ yield, m.p.1 55-158°C, lit m.p. 

157-161°C).

3R SPECTRUM : 1765 cm”1 (a y-lactone). PMR SPECTRUM: 

>C(Me)-CH2C0(s,3H, 1.0 ppm), >C(M§.)-0C0-(s,3H,1 .2 ppm), and 

-GH2COO(s, 2H, 2.04 ppm).

The above endo-exo-(=1:16) lactones' mixture (1g) was 

chromatographed over silica gel/IIA(100 g, 60 cm x2 cm) and



eluted with pet-ether containing increasing proportions of 

benzene when a pure sample of the endo-lact one(IV, 30 mg) 

was obtained.

IE SPECTRUM: 1760 cm"1 ( Y-lactone). PMR SPECTRUM: 

>C(|fe)CH2C0(s, 3H, 1.1V ppm) and >C(jMe )0C0-(s,3H,1 .28 ppm).

THE DIQL(VI)

A solution of the exo-lactone(V,2.50 g, 14 m moles) in 

THF (10 ml) was dropwise added to a stirred slurry of IAH 

(O.76 g, 20 m moles) in THF (10 ml) under nitrogen atmosphere. 

After the addition was over (30 minutes), the reaction mixture 

was refluxed for 7 hours. Excess of LAH was destroyed by 

using THF aqueous (1:1, 1 5 ml being used for 1 g of IAH used) 

and the solution decanted. The white mass in the flask was 

shaken with ehloroform(l0 ml x 2) and decanted to the original 

aqueous organic phase. It was diluted with water (40 ml) 

and extracted with chloroform (20 ml x 3)* The combined 

chloroform layer was washed with water 0 5 ml x 2) and brine 

(15 ml x 1 ). The residue (2.43 g, gum) left after drying and 

solvent evaporation was crystallized from n-hexane(5 ml) to 

give the white crystalline diol (VI, 2.3 g? 90%> yield, m.p. 

96-100°C, litm.p. 97-100°C)



IR SPECTRUM: 3240 cm"1 (OH). PMR SPECTRUM: >C(Me)~CH2- 

(s, 3H, 0.9 ppm), )C(Me)OH (s, 3H, 1.17 ppm) and “O^CHgOH 

(m, 2H, 3.68 ppm). Analyzes for C, 71*96#; H,10.57%. O^Rg^ 

requires: C, 71.74#; H, 10.87#-

ALCOHOL-ACETATE (VII)

DioKVI, 10.25 g) was dissolved in a solution of AcgO 

(20 ml) in dry pyridine(4-0 ml) and and kept at 25-30 C for 

18 hours. The reaction mixture was poured onto crushed ice(100g) 

and extracted with ether (30 ml x 4). The combined extract 

was washed successively with 5# H01 aqueous (30 ml x 3)? water 

(30 ml x 3) and brine (30 ml x 1)- Drying and solvent removal 

furnished a residue (13-3 g) which,on distIllation,furnished 

a colourless mobile liquid, the alcohol-acetate(¥11, 12.3g,

96# yield, b.p. 115°0/ 0.3 torr, n-p 1.1+877)*

IR SPECTRUM: 3510, 1365 and 1120 cm"1 (OH); 1725 cm 1(-0Ac). 

PMR SPECTRUM: -CHgOAc (m, 2H, 4,05 ppm), -0C0Me(s, gH, 1.96 ppm), 

>C(Mfe)-CH2(s,3H,0,86 ppm), and >C(Me)0H(s,3H,1.13 ppm)•

M&ss SPECTRUM: important ions at m/e 166(M+~6o), 1 51(10%),
138(26#), 123(71#), 98(79#),95(28#),67(29#),and 43(100#).

Found: C, 69-24; H,9*68. requires: 0,69-03; H,9*73*



THE OLEFIN-ACETATE (VIII)

A solution of thionyl chloride (0.595 g, 5 m moles) in 

dry pyridine (5 ml) was added to a solution of the mono-acetate 

(VII, 0,565 g, 2.5 m moles) in pyridine (5 ml) at -20° to -15°C 

during 50 minutes under s timing. Stirring was continued at 

this temperature (-20° to -15°C) for another 90 minutes and 

then left as such at room temperature (25-30°G) for 16 hours.

It \tfas poured into ice-water (4-0 ml) and extracted with ether 

(10 ml x 4-). The combined extract was washed successively with 

5^ HC1 aqueous (10 ml x 3), water (10 ml x 2), and brine (10 mlx1 ). 

Solvent was removed and the residue (O.51 g) chromatographed over 

Si02/IIB(6 g, 12x1 .1 cm) and eluted with benzene containing 

increasing proportions cf ethylacetate. 2# EtOAc in benzene 

(20 ml x 3) eluted the olefin-acetate(VIII, 0.4-2g, ~80# yield, 

b.p.82~83°/0.3 torr). GLC: >99# pure (10# SE-30, 6', 160°C).

3R SPECTRUM: 174-5 cm"^(QAc); 3060,1660 and 8§G ( >C=

CH2) PMi SPECTRUM: >C=CH2(2s, 2H, 4-.74- and 4-.47 ppm), -CHgOAc 

(t, 2H, 4-.05 ppm, J=7»5 Hz), -QC0Me(s, 3H, 1.96 ppm), and a 

quaternary methyl(s,3H,1.1 ppm).

THE OIEFIN-AICQHOLC IK)

Ethanolic K0H (10#, 15 ml) was added to the olefin-acetate 

(VIII,0.24-5 g, 1*18 m moles) and kept at room temperature (~ 3°°S) 

for 16 hours. Ethanol was removed under reduced pressured39mm)



and the residue diluted with water (10 ml). 5# HC1 aqueous 

was slowly added to this till neutral (pH-7). This was 

extracted with ether (5 ml x 3) and the combined extract 

washed successively with water (5 ml x 2) and brine (5 ml x 1 )• 

Drying and solvent removal gave a residue (0.21 g) which on 

distillation furnished the olefin-alcohol(IX, 0.196 g, >99$ 

yield, b.p. 93-96°/1 .5 torr, n^° 1.?007) 61X5: ~97$ pure 

(1096 SE-30, 6', 160°0).

3H SPECTRUM 3630 cm"1 (OH); 307?- 1660 and 88? cm"1 ( >C=CH2). 

PMR SPECTRUM: >C=CH2(2s, 2H, *+.70 and 4.44 ppm), -CHgCHgOHtt,

2H, 3.6 ppm, J = 7 Hz), and a quaternary methyKs,3H,1 .0? ppm). 

MA.SS SPECTRUM: important ions at m/e 166(M+), 122(49$),

121(28$), 94(100$), 93(38$), 79(29$), 67(11$),41 (11$) and 

31(6$). Found: 0,79-72; H,10.?2^ C1 ^qO requires: 0,79-52;

H, 10.84.

THE QIEFINHR ILE(X )

(a) p-Toluene sulphonyl chloride(3.82 g, 20 m moles) was 

added to a 3-5°G cooled solution of olefin-alcohol(IX,1.66 g,

10 m mols) in pyridine (10 ml) and kept at ~?°G for 20 hours.

The content was dumped in ice-water(40 ml) and extracted with 

ether(10 ml x 3). The combined extract was washed successively 

with cold ?$ HC1 aqueous (10 ml x 3), water (10 ml x 3) and 

brine (10 ml x 1). Drying and solvent removal gave the crude 

tosylate (XXIIA.3-1 g, ~ 97$ yield).
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PEE SPECTRUM: >C=CH2(2s, 2H, 4.75 and 4.42 ppm),

-CHgCffsCt, 2H, 4.05 PPm, J=7 Hz), aromatic protons(m,

4H, 7.28-7.37 and 7.7-7*3 ppm), Ar~|fe(s, 3H, 2.46 ppm) 

and a quaternary methyHs, 3H, 1.02 ppm).

The above crude tosylate (3-1 g , ~10 m moles) was 

heated with NaCN (0.98 g, 20 m moles) in DMF(10 ml) at 100°C 

for 5 hours, When it was dumped in water (30 ml) and extracted 

with ether (10 ml x 3). The combined extract was washed with 

water (10 ml x 1 ) and brine(10 ml x1 ). The residue (1 .62 g), 

left after solvent evaporation,furnished,on distill ation,the

ole fin-nit rile (X, 1.57 g, ~9 5$ yield, b.p. bath 90 /0.3 torr). 

GLC: 99% pure (10$ carbowax, 12', 190°C).

]R SPECTRUM: 2250 cm~1(-CN) and 3070, 1660 and 885 cm"1 

( >C=CH2). PMR SPECTRUM: >C=CH2(2s, 2H, 4.80 and 4.48 ppm),

>C(H)~C=(bs,1H,2.7 ppm), -CH2CH2N 2E’ 2,28 ppm» J=8Hz) 

and a quaternary methyl(s, 3H, 1.07 ppm). MASS SPECTRUM: 

important ions at m/e 1750i+,8$, 160(6$), 146(5$),121 (100$), 

105(17$), 93(76$), 79(^9$) and 67(18$).

(b) The tosylate (XXIIA,6.2 g, -20 m moles) was heated 

with NaBr (4.12 g, 40 m moles) in DMS0 (15 ml) at 100°C.

After the reaction was over ( 5 hours, tic monitoring), it was 

poured into ice,-wa.ter(50 ml) and extracted with ether(20 mlx3)*



The combined extract was washed with water (15 ml x 2) and 

brine (15 ml x 1). Drying and solvent removal gave the 

crude product (4-.34- g) which, when distilled, gave the olefin- 

bromide (XXIII, 4-.28 g,~96$ yield, b.p. 87-88°/0.5 torr, n^° 1.5167 

GLC: >98$ pure (10$ SE-30, 6’, 200°C).

3R SPECTRUM: 3070, 1660 and 890 cm"1 ( >C=CH2). Pffi 

SPECTRUM: >C=CH2(2s, 2H, 4-.77 and if. 4? ppm), -CHgCH^r(t,

2H, 3.33 ppm, J=8.5 Hz), >C(H)-C=(bs, 1H, 2.68 ppm), >C(H)-C-C
r

(bs, 1H, 2.1 ppm) and a quaternary methyl(s,3H, 1 .07 ppm).

MASS SPECTRUM: important ions at m/e 229 (M+), 14-9(3$) ,122(65$), 

121(100$), 105(13$), 94-09$), 93(74-$), 91(31$), 79(4-6$), and 

77(28$).

The olefin-bromide (XXIII, 1.15 g, 5 m moles) was treated 

with NaCN (0.5 g, 10 m moles) in DMF(10 ml) at 108 for 6 hours.

The reaction mixture was worked up as above . Distillation of 

the residue(0.9 g) gave the olefin-nitrile(X, O.83 g, ~95$ 

yield, b.p. bath 90°/0.3 torr).

Q-FCKMYL CAMPHBNE (XIII)

9-Hydroxymethyl camphene (IX, 166 mg, 1 m mole) in 

CH^ClgO ml) was added in one lot to a stirred suspension 

of pyridinium chloro-ehromate(324- mg, 1 .5 01 moles) and 

NaOAc (25 mg, 0.3 0 moles) in CHgCl^. After stirring for



2 hours at room temperature( ~30°C) 4- ml of dry ether was 

added and the supernatant liquid decanted from the black 

gum. The gum was washed with ether (3 ml x 3) whereupon 

it became a brown grannular solid. The combined organic 

solution was passed through a short pad (1-5 cm) of celije. 

Distillation of the residue left after solvent evaporation 

gave the olefin aldehyde (XIII, 132 mg, -93^ yield, b.p.bath 

110-115°/ 0.5 torr).

IR SPECTRUM 1730 cnT1 (-CB0) and 3080, 1665 and 895 cm 

>0=0^). FMR SPECTRUM: -CHgCgOCt ,1H, 9-68 ppm, J= 2.5 Hz), 

>C=CH2(2s, 2H, 4-.78 and *+.4-8 ppm), -CHgCHO (d,2H, 2.28 ppm,

J- 2.5 Hz) and quaternary methyl (s, 3H,1 .19 ppm).

THE o<- B-UNSATURATED KETOUE (XIV)

A solution of 9-formyl camphene(XIII, 0.108 g, 0.66 m moles) 

in acetone (1.5 ml) was added in several portions to a stirred 

solution of Na0H(0.0l5 g, 0.375 m moles) in acetone(l:1,

3 ml) at 50-52°C. After the addition was over (100 minutes), 

stirring at 50-52° was continued for an hour. Acetone was 

distilled off, the residue diluted with water (10 ml) and 

neutralized with calculated quantity of acetic acid (0.0225 g, 

0.375 m moles). It was extracted with ether(5 ml x3) and 

the combined extract washed with water (5 ml x 2) and brine



(5 ml x 1). The crude product (0.115 g), obtained after 

drying and solvent evaporation,was chromatographed over 

Si02/IIB(5+ g, 16 cm x 0.8 cm) and eluted with pet-ether 

containing increasing proportions of ethylacetate when 

the unsaturated ketone (XIV, 0.093 g, 70/ yield, b.p. bath 

120-125°/0.5 torr) GLC : 97/ pure (10/ carbowax, 12!, 200°C).

-'j

M SPECTRUM: 1675 cm"1 (-CssC-COCII^) and 3080 and 890 cm”

( >C=CB2). U.V ABSORPTION SPECTRUM: 228 nm, € =

1.34 x 10^. PMR SPECTRUM : -CH=CH-C0(m,1H,6.68 ppm), -CH=CH-C0 

(td, 1H, 5-96 ppm, J= 8 Hz), 50=0^(23,2H, 4.78 and 4.46 ppm) 

-C0CH^(s, 3H, 2.16 ppm) and a quaternary methyl (s,3H,

1.08 ppm). MASS SPECTRUM : important ions at m/e Q204(M+,9/),

176(4/), 161(7/), 121(100/), 105(19/), 93(72/), 91(34-/),

79(52/), 77(32/), 67(14/),and 43(49/). Found C, 82.50; H,10.05.

C14H20° requires: C, 82.35; H, 09-80.

THE OLEFIN-KETONE(XV )

A solution of the o<-, JB-unsaturated ketone (XIV, 0.052g, 

0,25 m moles) in dry dioxan and ether (each 1 ml) was added 

dropwise to a stirred solution of lithium (0.012 g) 1.7 m moles) 

in liquid ammonia (10 ml). After the addition was over(20 

minutes), it was further stirred for 30 minutes. Solid 

NHlfCl(0.08 g, 1.5 in moles) was added and the ammonia allowed



to evaporate. Water(10 ml) was added to theg residue and 

extracted with ether(5 ml x 2). Drying and solvent evapo­

ration gave the product(0.052 g) which upon distillation 

furnished the desired olefin-ketone(XV, 0.048 g, ^93^yield, 

b.p. hath 125-130(0.5 torr). GLG: 98% pure (10/ 

carbowax, 12', 200°C).

m SPECTRUM: 1725 cm”1 ( >=0) and 3075, 1660 and 885 cm-1 

( >C=CH2). Pm SPECTRUM: >C=CH2(2s, 2H, 4.68 and 4.40 ppm), 

>C(H)-C=(bs, 1 PI, 2.64 ppm), -CHgCOMett,2H,2.3 PPm, 1=7 Hz), 

-COM3(s , 3H, 2.03 ppm) and a quaternary methyKs ,3H, 1.03 ppm), 

MkSS SPECTRUM : m/e 206(M+,7/), 191(2/), 122(1 00#),121 (94# ), 

120(15/), 107(12#), 105(14/), 93(82/), 85(36/) ,79 (43/) and 

67(7$). Found : C, 81.10; H,10.55- Calculated for O^H^O:

C, 81.55: H,10.68.

THE OlfiFlU-ALCOHOLCXV I)

A solution of the olefin-ketone(XV, 0.053 g, 0.25 m moles) 

in ether ( 5 ml) was added dropwise to a 0.2 molar excess of 

methyl magnesium iodide(prepared from 0.008 mg Mg and Mel) in 

ether under stirring at 3-5°C. After the addition was over 

(20 minutes), the reaction mixture was further stirred at the 
same temperature (3“5°C) 30 minutes and then at ~30°C

for an hour. Brine (2 ml) was added to the reaction mixture 

and the organic phase separated from the aqueous portion..,



IS

Drying and solvent evaporation gave the crude olefin- 

alcohol (XVI, 0.0552 g, 95% yield, tic pure).

3R SPECTRUM: 362O cm"1 (OH) and 3080,1660 and 

885 cm"1( >0= CH2). PMR SPECTRUM >C=GH2(2s, 2H, 4.64 and 

4.37 ppm), >C(H)-C=(bs, 1H, 2.59 ppm), -G(Me2)CH(s,6H,

1.1 ppm) and a quaternary methyl(s, 3HS O.96 ppm).

& -SANTALEI'CS (XVII)

A solution of thionyl chloride (0.04 ml) in pyridine 

(2 ml) was added dropwise to a stirred solution of the 

tertiary carbinol (XVI, 0.054 g, 0.25 m moles) in dry 

pyridine(3 ml) at -20° to -15°C. After the addition was 

over (20 minutes), the stirring was continuted at the 

same temperature(-20° to -15°C) for an hour and then left 

as suehat~30°C for 15 hours. It was poured into ice- 

water (15 g) and extracted with ether (7 ml x3). The 

combined extract was washed successively with cold 5% HC1 

aqueous (5 ml x 3), water (5 ml x 2) and brine (5 ml x 1 ). 

Drying and solvent evaporation yielded a material (0.05 g) 

which w as distilled (0,040 g, ^80 % yield, b .p .bath 130-^35 /°*5 

torr) and analyzed by glc. Mixed injection of this material 

and of g~santalene(natural, isolated from sandalwood oil) 

showed this product to consist of p-santalene ( ^46^) and 

one more component probably the double bond



isomer(XVIII). This analysis was supported by the mixture’s 

PI® spectrum also.

THE QLEFIM-ESTERCKXII)

NaOH(0.0085 g, 12-7 m moles) and diethylene glycol 

(5.1 ml) were heated to 170-180°(oil-bath temperature) when 

a part of it distilled out. The resulting thick slurry was 

equivalent to 2.3 m moles NaOH.

Lactone(V, 1.0 g, 5.56 m moles) and the above reagent 

2.3 m moles were heated first to 2^5±5°C for 2 hours and then 

to 210° for 6 hours under slow nitrogen flow. It was now 

allowed to cool to room temperature and then poured into water 

(25 ml). It was neutralized with dilute HC1 and extracted 

with ether (10 ml x 2). The combined extract was washed with 

water (7 ml x 2) and brine (7 ml x 1). Drying and solvent 

removal gave the crude product (1.4-24- g).

A portion of the above crude product(0.20 g) was 

esterified with diazomethane and the distilled product(0.072g, 

b.p. bath 100~110°/0.3 torr) was chromatographed over Si02/ 

IIA(7.5 g, 20 cm X 0.7 cm) when elution with benzene (60 ml) 

gave the pure olefin ester(XXiI, 0.061 g, overall,! yield =

-1+0#, b.p. bath 100-105°/0.3 torr) GLC: 96% pure (10#

carbowax, 12', 200°C.



THE ALCOHOL (XX) AND THE 1 . VDIBNE(XXJ)

A solution of the olefin aldehyde (XIII, 0.656 g, 

k m moles) in THF (5 ml) was added dropwise to 0.2 molar 

excess of the Grignard reagent from p,JS -dimethyl vinyl 

bromide (prepared by using 117 mg Mg and 550 mg p,£ -di­
methyl vinyl bromide) at 5-^0°C. After the addition was 

over (30 minutes), stirring at the same temperature (5-

10°C)was continued for an hour and was then gently refluxed
roomfor-30 minutes. This was allowed to cool to^temperature 

and decomposed with saturated NH^Cl aqueous solution(1 ml). 

'The organic layer was dried and the solvent removed under 

reduced pressure (150 torr). The crude product (0.9 g)?on 

distillation,furnished a material (0.72 g, b.p. bath 120- 

130°/0.3 torr) which when analyzed by glc(105> SE-30, 6', 

170°G) was found to be a mixture of at least 6 components. 

Compounds corresponding to peaks 3 and 4- (Fig IS ) were 

isolated pure by preparative glc(20% SE-30, 12', 170°) 

and identified as (XXI) and (XX), respectively.
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S n M M A B Y

9-Cyanomethyl camphene, which has earlier been converted 
into (+) 3-santalol by using a set of very straightforward and 
standardised reactions, has been prepared from 9-hydroxymethyl 
camphene in two/three steps. 9-Hydroxymethyl camphene has also 
been converted into an allylic tertiary carbinol which has a 
potential of becoming a good substitute for sandalwood oil.
P-Santalene along with its double bond isomer has been 
synthesised through a twelve step sequence using the readily 
available camphene as the starting material.


