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Synthesis of (&)-Campherenone, (*)-Epicampherenone, (*)-P-Santa- 
lene, (*)-epi-P-Santalene, (+a-Santalene, (+Ylangocamphor, (*)- 
Copacamphor, and (&)-Sativene 
By Gordon L. Hodgson, D. F. MacSweeney, and Thomas Money,' Department of Chemistry, University of 

The completion of part of a general synthetic route to sesquiterpene analogues of camphor, bornan-2-01, camphene 
and tricyclene is illustrated by an alternative total synthesis of carnpherenone and epicarnpherenone [the 
epimeric 1,7-dimethyl-7-(4-methylpent-3-enyl) norbornan-2-ones1, P-santalene and epi-P-santalene [2-rnethyl-3- 
met h y I e ne - 2 - (4 - rn et h y I pe n t -  3 - en y I ) no rbo r n a nes] , cc - sa n ta I e n e { 1.7 - d i rn et h y I - 7 - (4 - met h y I pe n t -  3 -en y I ) t r  i cycl o - 
[2.2.1 .02*s] heptane}, and the perhydro-I ,4-methanoindene derivatives copacamphor, ylangocarnphor, and sativene. 

British Columbia, Vancouver 8, British Columbia, Canada 

As indicated in the preceding paper we have considered 
an alternative biosynthetic route to bicyclic mono- 
terpenes such as camphor (l), bornan-2-01 (2) , camphene 
(3), and tricyclene (4). The extension of these ideas to 
the sesquiterpene area leads naturally to a structural 
analysis in which appropriate sesquiterpenes are con- 

~~ ~ 

veniently classified in a series of ' structural quartets 

cyclic enol ester, enol ether, or enamine (6 or 7 ;  2 = 
biological leaving group) and its derivation could involve 
processes similar to  those suggested for the analogous 
monoterpene intermediate.2 Cyclisation of structures 
(6) and (7) could produce four possible compounds 
(8a -d )  which may be regarded as sesquiterpene 
analogues of camphor. In addition, these compounds 

z ( 8 c )  
(7)  

SCHEME 1 

(see Schemes 2 4 ) .  The members of each quartet have 
the same structural (and presumably biosynthetic) 
relationship to each other as camphor, bornan-2-01, 
camphene, and tricyclene. The key intermediate be- 
tween farnesyl pyrophosphate ( 5 ;  R = P,O,H,) and 
the structural quartets could be an appropriate mono- 

7 Campherenone (8c) and campherenol (9c) were originally 
assigned configurations enantiomeric to those shown. Thus we 
were compelled t o  conclude that these compounds and the 
santalenes (a- and p-) belonged to  different structural quartets 
and that in spite of their co-occurrence a biosynthetic relation- 
ship did not exist between them. This anomalous situation and 
related studies in our laboratory prompted a reinvestigation of 
the absolute configuration of (-)-campherenone and (-)- 
campherenol. The result of this study was a reassignment of 
absolute configuration to  these compounds.4 

can also be considered as parent ketones of four 
structural quartets (Scheme 2) and their conversion into 
other members of the quartet would involve reduction, 
dehydration, and rearrangement processes which have 
analogy in monoterpene chemistry. One of the struc- 
tural quartets consists entirely of known sesquiterpenes, 
i.e. (-)-campherenone (8c),t (-)-camphereno1 (Sc),? 

Preliminary communications, G. L. Hogdson, D. F. Mac- 
Sweeney, and T. Money, Chem. Comm., 1971, 766; Tetrahedron 
Letters, 1972, 3683. 

J.  C .  Fairlie, G. L. Hodgson, and T. Money, preceding paper. 
H. Hikino, N. Suzuki, and T. Takemoto, Chem. and Phavm. 

Bull. (Japan) ,  1971, 19, 87. 
G. L. Hodgson, D. F. MacSweeney, R. W. Mills, and T. 

Money, J.C.S.  Chem. Comm., 1973, 235. 
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( 1 O C l  

( 8 d )  I (9d 1 
SCHEME 2 
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SCHEME 3 

(23a1 
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I 
(22b)*  

SCHEME 4 

( 2 3 b ) *  

* 
t 

campherenol 

R -santalene 

a- santulene 

I 
I 
I 
I 
I 

bornan- 2 -  ol*  * 
* c amphene 

t r i c  y clene 

t 
y 1 an goborneo I 

c yclosativene 

t - sativene - - -  

ylangocamphor 

* 
- - - - copacamphene 

c opab orneol 

c y cl ocopacamphene 

camphor * 
f * 

, /  I campherenone c opacamphor 

\ 
\ 

\ 
\ 

Y 

* c 
* 

Iongi b orneol 

- - -  - longifolene 
* 
* 

longicyclene 

P -  menth - 8-en-2-one. I 

1 ong i c am ph or 

epi campher enone 
I 
I 

t 
epicampherenone * 
epi -6- santalene* 
Q - santalene" 

SCHEME 5 (*denotes naturally occurring compound) 
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2116 J.C.S. Perkin I 
(-)-p-santalene ( ~ O C ) ,  and (+)-a-santalene ( l lb )  ; these 
compounds co-occur in Cinnamomuin camphora Siebold 
(Lauraceae) .3 (+)-Epi-P-santalene (lob), which co- 
occurs with (-)-9-santalene and (+)-a-santalene in 
Santalum may be placed in a quartet along with 
(+)-epicampherenone (8b) (unknown in nature), or i t  
could be derived from (+)-a-santalene (1 lb)  by cleavage 
of the cyclopropane ring. The remainder of the com- 
pounds in these sets are at present unknown in nature." 

More complex quartets containing tricyclic and tetra- 
cyclic structures can be constructed by extending the 
basic cyclisation process to  an appropriate enol derivative 
of (-)-campherenone. In  this way three tricyclic 
ketones, (+)-copacamphor (12a), (+)-ylangocamphor 
(16a) ,' and (-)-longicamphor (20a) could theoretically 
be produced and these may be regarded as the parent 
ketones of three structural quartets (Scheme 3) which 
include the naturally occurring compounds (+)-copa- 
borneol ( 13a),9 (-)-sativene ( 18a),1° (-)-longiborneol 
(21a),11 and (-)-longifolene (22a).11 Moreover, if one 
includes the enantiomeric series three additional quartets 
may be constructed (Scheme 4) which contain naturally 
occurring sesquiterpenes : (+)-cyclocopacamphene 
(15b),6912 (+)-sativene (18b),13 (+)-cyclosativene 
( 19b),13J4 (+)-longiborneol (2lb) ,15 (+)-longifolene 
(22b) , 1 3 9 1 6  and (+)-longicyclene (23b) . 1 3 9 1 7  Thus fifteen 
of the bicyclic, tricyclic, and tetracyclic structures 
indicated by asterisks in Schemes 2-4 represent 
naturally occurring sesquiterpenes ; one might expect 

* The exo-alcohol derived from epicampherenone has been 
isolated recently from Verbesina rupestris (Professor W. R. Chan, 
University of West Indies, personal communication). 

t Many derivatives of the structures shown are known 
natural products and will be considered in later papers in this 
series. These compounds include ( +)-or-santalol,1s-20 (-)-!; 
~an ta lo l , ' ~  epi-p-~antalol,~ p-santalic acid,ls tricycloekasantalal, 
cyclocopacan~phenols,22 cyclocopacamphenic longifol- 
7( 15)-en-5P-01,~~ longifolan 3a,7a-o~ide,~4 c ~ l r n o r i n , ~ ~  helmin- 
thosporal,26 and the p i c r o t ~ x a n e s . ~ ~  

$ The biosynthetic scheme described in this paper provides 
an alternative to previously published proposals 28 which involve 
cyclisation of farnesyl pyrophosphate to  ten- and eleven-mem- 
bered ring intermediates. The latter are considered to  undergo- 
1,3-hydride shifts before cyclising to the tricyclic and tetracyclic 
compounds listed in Schemes 2 and 3. Of course the biosyn- 
thetic route to  the bicyclo[2.2. llheptane systems represented in 
Schemes 1-4 could be derived by rearrangement of bicyclo- 
[3.1. llheptane derivatives formed directly from farnesyl pyro- 
phosphate. 

8 Preliminary investigations indicated that the ethylenedioxy 
protecting group was labile under these conditions. A similar 
instability of this group to  alkyl-lithium reagents has been 
reported previously.30 

V. Herout, V. Jarolim, and J. Pliva, Coll. Czech. Chem. 
Conzm., 1957, 22, 773; E. J. Corey, R. Hartmann, and P. A. 
Vatakencherry, J .  Amer .  Chem. SOC., 1962,84,2611 and references 
cited therein. 

6 E. Piers, R. W. Britton, R. J. Keziere, and R. D. Smillie, 
Canad. .J .  Claem., 1971, 49,2620, 2623, and references cited therein. 

Cf.  E. Piers, M. B. Geraghty, F. Kido, and Rl .  Soucy, 
Synth. Comm., 1972, 3, 39. 

D. H. R. Barton and N. H. Werstiuk, J .  Chem. SOC. ( C ) ,  
1968, 148. 

M. Kolbe-Haugwitz and L. Westfelt, Acta Chew. Scand., 
1970, 24, 1623 and references cited therein. 

lo P. de hlayo and R. E. Williams, J .  Amer.  Chem. SOC., 1965, 
87, 3275. 

l1 S. Huneck and E. Klein, Phytochemistry, 1967, 6, 383. 

the discovery of missing members in the natural source 
from which other members of the same quartet have 
been derived. 

In  any event, and irrespective of the validity of these 
biosyizthetic ideas,$ the structural analysis and presumed 
biosynthetic relationships just outlined can provide us 
with a general synthetic strategy for the sesquiterpene 
structures included within its scope. In  essence the 
synthetic plan (Scheme 5) involves the sequential con- 
version of monocyclic into bicyclic and tricyclic ketones 
and the subsequent conversion of each of these ' parent ' 
ketones to sesquiterpene analogues of bornan-2-01, 
camphene, and tricyclene. The latter transformations 
are analogous to  the known conversion 29 of camphor (1) 
into bornan-2-01 (2), camphene (3), and tricyclene (4). 
Thus, with the exception of epi-P-santalene all the 
compounds in our general synthetic scheme can be 
derived, in theory, from campherenone and, appro- 
priately, the total synthesis of this compound was the 
primary objective of our synthetic investigations. Our 
initial approaches to  campherenone were modelled on 
our successful synthesis of camphor, and the appropriate 
monocyclic ketone (30) was synthesised in two ways. 
The first synthetic route (Scheme 6), although efficient, 
was superseded by a shorter sequence (Scheme 7)  
involving alkylation of dihydrocarvone 2,2-dimethyl- 
trimethylene acetal (31) 4 with l-chloro-3-methylbut- 

l2 F. Kido, R. Sakuma, H. Uda, and A. Yoshikoshi, Teira- 
hedron Letters, 1969, 3169; N. H.  Anderson, ibid., 1970, 1755, 
4651. 

l3 L. A. Smedman, E. Zavarin, and R. Teranishi, Phyto- 
chemistry, 1969, 1457. 

l4 L. A. Smedman and E. Zavarin, Tetrahedron Letters, 1968, 
3833; T. Norin, Phytochemistvy, 1972, 11, 1231. 

l5 S. C. Bisarya and S. Dev, Tetrahedvon Letters, 1964, 3551; 
S .  Akiyoshi, H. Erdtmann, and T. Kubota, Tetvahedron, 1960, 9, 
237. 

l6 G. Ourisson, Bull. Soc. chim. France, 1955, 22, 895; Proc. 
Chem. SOC., 1964, 274. 

l7 V. R. Nayak and S. Dev, Tetrahedron Letters, 1963, 243. 
l 8  J .  L. Simonsen and D. H. R. Barton, ' T h e  Terpenes,' 

vol. 111, Cambridge University Press, 1952. 
H. C. Kretschniar and W. I;. Erman, Tetrahedron Lettevs, 

1970, 41. 
20 E. J .  Corey and H. Yamamoto, J .  Anzer. Chem. SOC., 19i0, 

92, 226; E. J .  Corey, H. A. Kirst, and J. A. Katzenellenbogen, 
ibid., p. 6314; R. G. Lewis, D. H.  Gustafson, and W. F. Brman, 
Tetrahedrole Letters, 1967, 401. 

21 H. C. Kretschmar, 2. S. Barneis, and W. F. Erman, Tetrn- 
hedron Letters, 1970, 37. 

22 A. Homma, M. Kato, M. Wu, and A. Yoshikoshi, Tetra- 
hedron Letters, 1970, 231; N. H. Anderson, ibid., p. 1755. 

23 F. Kido, R. Sakuma, H. Uda, and A. Yoshikoshi, Tefva- 
hedron Letters, 1969, 3 169. 

24 K. Doi, T. Shibuya, T. Matsuo, and S. Miki, Tetvahedroiz 
Letters, 1971, 4003. 

25 Ref. 8 and B. W. Roberts, M. S. Poonian, and S. C. Welch, 
J .  Amer.  Chem. SOC., 1969, 91, 3400. 

26 P. de Mayo, R. Robinson, E. Y .  Spencer, and R. W. White, 
Canad. J .  Chem., 1963, 41, 2996; P. de Mayo, R.  E. Williams, 
and E. Y. Spencer, ibid., 1966, 43, 1357. 

27 K. W. Turnbull, W. Acklin, D. Arigoni, A. Corbella, 
P. Gariboldi, and G. Jommi, J .C.S .  Chem. Comm.,  1972, 598 
and references cited therein. 

28 W. Parker, J. S. Roberts, and R. Ramage, Quavt. Rev., 
1967, 21, 331. 

2g J. L. Simonsen and L. N. Owen, ' The Terpenes,' vol. IT, 
Cambridge University Press, 1949. 

30 C. H. Heathcock, J. E. Ellis, and R. A. Badger, J .  Hetevo- 
cyclic Chem., 1969, 6, 139. 
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1973 2117 
2-ene * in the presence of n-butyl-lithium and tetra- 
methylethylenediamine.? Hydrolysis of the reaction 
product (32) provided the ketone (30) in 70% overall 
yield. Reaction of (30) with isopropenyl acetate and 
t oluene-9-sulphonic acid provided the isomeric enol 
acetates (33) and (34) (ratio 4 : 1), which were separated 

(241 ( 2 5 1  

(281 (271 

t 

(29) (301 
SCHEME 6 Reagents: i, Zn-KOH; ii, (a) (CH,OH),-H+, 

(b) 03, (c) Me,S; iii, KOCl; iv, (a) (COCI),, (b) Me,C:CH*- 
[CH,],MgBr-CuCI ; v, Ph3P:CH,; vi, H+-Me,CO 

by preparative g.1.c. Treatment of (33) in methylene 
chloride with boron trifluoride2 yielded a mixture of 
bicyclic and tricyclic ketones. Three components 
(A-C) of the reaction mixture were isolated by chro- 
matography (silica) and separated by preparative g.1.c. 
(relative abundance of A-C was ca. 5 : 8 : 1). Com- 
pound A was assigned structure (37a) on the basis of its 
spectral characteristics but was later shown to be a 
mixture of diastereoisomers (37a and b). These were 
separated as their enol acetates (40a and b), and com- 
pound (37b) was converted into the corresponding 
crystalline oxime (41) (Scheme 8) whose structure was 
confirmed by X-ray crystallographic analysi~.~, Struc- 
tural assignments to components B (38) and C (39a and 
b) are based on spectral characteristics and, in the case 
of C, must be regarded as highly speculative. The 

* The original report31 described the C-10 alkylation of 
limonene with l-bromo-3-methylbut-2-ene. This gave the 
desired product (p-bisabolene) and an isomeric compound in the 
ratio 4 : 1. We have found, inadvertently, that the use of the 
corresponding chloro-compound in the alkylation process pro- 
vides p-bisabolene and no trace of the isomeric compound. 

t These conditions were identical with those used for the 
alkylation of limonene.31 We thank Dr. Crawford for advice 
on experimental details prior to  publication. 

formation of compounds (37a and b)-(39a and b) from 
the enol acetate (33) can be accounted for in terms of 
1,5-diene cyclisation to form an intermediate bicyclic 
enol acetate (36) (Scheme 7), which can be hydrolysed to 
the enone B (38) or can cyclise to A (37a and b) or C 
(39a and b). The formation of the latter can be rational- 
ised by invoking methyl migration in (36) prior to 
cyclisation. Some support for these speculative mechan- 
istic suggestions comes from the fact that the ketone 
(30), on treatment with boron trifluoride, is efficiently 
converted (85% yield) into the bicyclic ketone (35) in 
5 min at  room temperature. Conversion of (35) into the 
enol acetate (36) followed by cyclisation with boron 
trifluoride in wet methylene chloride gave compounds 
(37a and b), (38), and (39a and b) in the ratio 5 : 1 : 3. 

The recognition that the failure of the enol acetate 
(33) to provide campherenone or epicampherenone was 
associated with the presence of 1,5-diene functionality in 
(33) prompted us to devise a variation in our general 
synthetic approach. A variety of enol acetates (43; 
R = Me, CO,Me, CH2*CH,*C02Rle, [CH2],*OCH2Ph, 
CH,*CH,Br, or CH,-CH,Cl) were synthesised and sub- 
jected to the usual cyclisation conditions (BF,-CH,Cl,) ; 
it was found that our objectives could be most con- 
veniently achieved by using the bicyclic chloro-ketones 
(48a and b) as synthetic precursors of campherenone and 
epicampherenone. The chloro-ketones (48a and b), 
were synthesised by two distinct reaction sequences 
(Schemes 8 and 9) which are now described. 

Conversion of (+)-dihydrocarvone (25) into 5-acetyl- 
2-methylcyclohexanone ethylene acetal (26) (Scheme 6) 
followed by treatment with 3-tetrahydropyran-2-yloxy- 
propyltriphenylphosphonium iodide 1 in the presence of 
sodium methylsulphonylmethanide yielded compound 
(45). Treatment of (45) in benzene with ethylene glycol 
in the presence of oxalic acid gave the hydroxy-acetal 
(46; X = OH) which was converted into the correspond- 
ing chloride (46; X = C1) in 78% yield by heating with 
carbon tetrachloride and tri-n-octylpho~phine.~~ Sub- 
sequent hydrolysis yielded the chloro-ketone (42; R = 
CH,*CH,Cl), which was converted into a mixture of enol 
acetates (43; R = CH2*CH,C1) and (44; R = CH,*CH,Cl) 
(relative yields 5 : 1) by treatment with isopropenyl 
acetate and toluene-9-sulphonic acid. Separation and 
purification of (43; R = CH,*CH,Cl) by preparative g.1.c. 
followed by cyclisation with boron trifluoride in wet 
methylene chloride gave 8-( 2-chloroethyl) camphor 
(48a) $ and 9-(2-chloroethyl)camphor (48b) (55-60% 
yield) and the monocyclic enone (47) (ca. 3 0 4 0 %  yield). 

$ We thank Dr. J .  R. Cannon, University of Western Australia, 
for providing us with experimental details for the synthesis of 
a similar compound, (4-benzyloxybutyl)triphcnylphosphonium 
iodide. 

9 The racemic nature of (48a) and (48b) was expected by 
analogy with our previous results in the monoterpene series.2 

31 R. Crawford, W. F. Erman, and C. D. Broaddus, J .  Amer. 
Chem. SOC., 1972, 94, 4298. 

32  J. Trotter and S. J .  Rettig, to be published. 
33 J. Hooz and S. S. H. Gilani, Canad. J .  Chem., 1968, 48, 

86; cf. I. M. Downie, J. B. Holmes, and J .  B. Lee, Chem. and 
Ind.,  1966, 900. 
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2118 J.C.S. Perkin I 
Later studies (Scheme 9) provided a more efficient route migration of the acyclic double bond had also occurred, 
to  (48a and b). Treatment of dihydrocarvone 2,2- Subsequent treatment of the total reaction product 
dimethyltrimethylene acetal (31) with n-butyl-lithium- under the usual cyclisation conditions gave the bicyclic 
tetramethylethylenediamine followed by ethylene oxide chloroketones (48a and b) in 55-60y0 yield. Conversion 
afforded the alcohol (49; X = OH) in 91% yield. Con- of (48a and b) into the corresponding ethylene acetals 
version of (49; X = OH) into the corresponding chloro- followed by treatment with sodium iodide in acetone 
derivative (49; X = Cl) was achieved in 84% yield by yielded the iodo-acetals (53a and b; X = I). The 

(37b1 1 

go ..... 

/ (35) 

0 

(381 

r' I 

P a  R; ..' -.. 

(361 / 
J 

(331 (341 
@ 

(39aI (39bI 
SCHEME 7 

refluxing with tri-n-octylphosphine in carbon tetra- triphenylphosphonium salts derived from (53a and b ; 
chloride,33 and hydrolysis of (49; X = Cl) provided the X = I) reacted with acetone in the presence of sodium 
chloro-ketone (50). Treatment of (50) with toluene-$- inethylsulphonylmethanide to provide a mixture of 
sulphonic acid-isopropenyl acetate provided the enol campherenone ethylene acetal (54) and the correspond- 
acetates (51) and (52) (relative yields 1 : 3), which were ing epicampherenone derivative (55) in 84% overall yield 
separated and purified by preparative g.1.c." Cyclis- from the iodo-acetals (53a and b). Subsequent separ- 
ation of (52) as already described provided the bicyclic ation of (54) and (55) by preparative g.1.c. followed by 
chloro-ketones (48a and b) (ca. 55% yield) and the hydrolytic removal of acetal groups afforded (&)- 
monocyclic enone (47). It was shown later that enol campherenone (56) and (&)-epicampherenone (57), with 
acetylation of (50) with acetic anhydride-perchloric spectral properties, analytical figures, and reactions (see 

substituted enol acetate (52), although there was spectral mixture of enol acetates (51) and (52) (see Experimental section). 
evidence for the presence of compounds in which 34 B. E.  Edwards and P. N. Rao, J .  Org. Chem., 1966, 31, 324. 

%O Qo 

acid 34 produced a higher ~ r o ~ o r t i o n  (cam 90%) of tetra- * In  large scale cyclisations i t  was convenient to  use a 
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(45 1 

+g N-OH 

X 

(46 k 147 I 
SCHENE. 8 

(L8aI (L8b I 

axxyj$ (53a l (53bl  (56) [z( 8a and cl ] 
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2120 J.C.S. Perkin I 
later) in agreement with the assigned structures. A spectively. In  a similar fashion (&)-epicampherenone 
distinction between (&)-campherenone (56) and (&)- (57) was converted into the corresponding alcohols (61 ; 
epicampherenone (57) was made possible by a comparison R1 = H, R2 = OH) and (61 ; R1 = OH, R2 = H). 
of their n.m.r. spectra with that of camphor 35 (solutions Comparative n.m.r. data for compounds (58), (61), and 
in carbon tetrachloride and benzene; Table 1). Addi- the bornan-2-01s are shown in Table 2. 
tional support for the structure of our synthetic product In accordance with our general synthetic scheme (cf. 

T A B L E  1 

h4.m.r. signals of bicyclic ketones * 

8 12 14 14 hop 15 15 0 

C a m p h o r  C a m p h e r e n o n e  Epi c a m p h e r  e n o n e  

Solvent 8-H 9-H 10-H 12-H 14-, 15-H 
Camphor CCI, 9-19 9.07 9.18 

9.40 9.35 9.11 
Campherenone cc1, 9-03( 9-04) 9- 14( 9.15) 4-95 (4.97) 8*35(8*36), 8.39(8*41) 

C6H6 9.30(9-33) 9.07(9*10) 4*97(5*02) 8-35(8*38), 8*48(8*51) 
Epicampherenone cc1, 9.13 9.13 4-89 8.32, 8.38 

C6H6 9.35 9.06 4.83 8.28, 8.41 

C6H6 

* Literature values for campherenone are shown in parentheses. 

TABLE 2 

N.m.r. signals of bicyclic alcohols (in CC1,) * 

OH 

Born an-2ec- 01 

6 or n a n  -2 p-0 1 

w4 OH 

Campherenol 

9 8 12 14 

Isocampherenol 

E p i c a m p h e r e n o l  

14 

Epi-isocampherenol 

2-H 8-H 9-H 1 O-H 12-H 14-, 15-H 
Bornan-2a-ol 6-08 9.14 9.14 9.17 

Campherenol 6*00(6.03) 9.1 1 9.17 4.94 8.34, 8.41 
Isocampherenol 6.46 (6.94) 9-18 9-12 4.92 8.36, 8-31) 
Epicampherenol 6.06 9-13 9.18 4.92 8.33, 8.40 
Iso-epicampherenol 6.47 8.96 9-12 4.93 8.33, 9.39 

Bornan-2P-01 6-49 8.98 9.17 9.1 1 

* Literature values 3 for campherenol and isocampherenol are shown in parentheses. 

(56) was obtained when reduction with sodium-propan-l- 
01 36 and with lithium hydridotrimethoxyaluminate 37 

yielded (-+)-camphereno1 (58; R1 = H, R2 = OH) and 
(-j-)-isocampherenol (58;  R1 = OH, R2 = H),* re- 

* This compound was originally named ' epicampherenol '.3 
However, in view of the nature of epicampherenone and by 
anology with monoterpene nomenclature we proposed ' iso- 
campherenol ' as a more appropriate name. 

S cheine 5 )  we regarded campherenone and epicam- 
pherenone as parent ketones of a series of structural 
quartets. Two of these sets include a-santalene (63), 

35 J.  D. Connolly and R. McCrindle, Chem. and Ind., 1965, 
379; J .  Chem. SOC. ( C ) ,  1966, 1613. 

36 D. H. R. Barton and N. H. Werstuik, J .  Chem. SOC. ( C ) ,  
1968, 148. 

37 H. C.  Brown and H. R. Deck, J .  Amev.  Chem. SOG., 1965, 
87, 5620. 
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p-santalene (62), and epi-8-santalene (64) * and the 
synthetic results just described enabled us to proceed 
with alternative synthetic routes to these compounds.? 
Thus (&)-isocampherenol (58; R1 = OH, R2 = H), on 
heating with pyridine and toluene-9-sulphonyl chloride, 
provided (&)-p-santalene (62) $ in 80% yield. In a 
similar fashion (-j-)-isoepicampherenol (61 ; R1 = OH, 
R2 = H) yielded (-j-)-epi-p-santalene (64). The syn- 
thesis of (*)-a-santalene (63) was accomplished in 65% 

enabled us to evaluate its use as a key intermediate in 
the projected synthesis of the tricyclic and tetracyclic 
sesquiterpenes included within the scope of our general 
scheme (Scheme 5). Our initial approach was based on 
our previous successful use of enol acetate intermediates 
in cyclisation reactions and the favourable geometric 
disposition of potentially reactive functional groups in 
campherenone enol acetate (65) led us to  expect that this 
intermediate would cyclise to ylangocamphor, copa- 

156) 

(58) 

w N*NH;! 

(61)  
SCHEME 10 

overall yield when a methanolic solution of the hydra- 
zones (59) and (60) (Scheme 10) was heated with mercuric 
o ~ i d e . ~ ~ , ~  The synthetic samples of p-santalene, epi-p- 
santalene, and a-santalene exhibited the same g.1.c. and 
spectral characteristics as authentic specimens of these 
compounds isolated from sandalwood oil.§ 

The successful synthesis of campherenone (56) also 

* Synthetic routes t o  p-santalene,3*-40 epi-P-santalene,381 39941 

and a-santalene 41-43 have been reported. 
t The structures chosen to  represent ( *)-campherenone, 

(A)-campherenol, ( j-)-a-santalene, (f )-P-santalene, and (A)- 
epi-P-santalene do not necessarily depict the absolute con- 
figuration 4 of the naturally occurring enantiomers (Scheme 2). 

$ The conversion of natural campherenone into p-santalene 
(specific rotation not recorded) has been described previ~usly.~ 

5 We are grateful to  Fritzsche, Dodge, and Olcott, Inc., 
New York, and Norda Essential Oil and Chemical Co., Inc., 
New York, for generous samples of Mysore sandalwood oil. 

camphor, and longicamphor (Scheme 5 )  under appro- 
priate conditions. However, in spite of numerous 
attempts, we were unable to achieve this objective; 
therefore alternative cyclisation processes were in- 
vestigated. We eventually achieved an efficient cyclis- 
ation of campherenone epoxide in basic solution. 

38 E. J. Corey, R. Hartmann, and P. A. Vatakencherry, 
J .  Amer. Chem. SOC., 1962, 84, 2611. 

39 G. Brieger, Tetrahedron Letters, 1963, 1949. 
40 J. Wolinsky, R. L. Marhenke, and R. Lau, Synthrtic 

41 E. J. Corey and M. F. Semmelhack, J .  A m w .  Chenz. SOC., 

42 E. J. Corey, S. W. Chow, and R. A. Scherrer, J .  Amev. Chenz. 

43 E. Y.  Kamat, K. K. Chakravarti, and S. C. Bhattacharyya, 

44 Cf. H. Meerwein and K. Van Emster, Bey., 1920, 53, 1815; 

Communications, 1972, 2, 165. 

1967, 89, 2755. 

SOC., 1957, 79, 5773. 

Tetrahedron, 1967, 23, 4487. 

J. W. Powell and M. C. Whiting, Tetrahedron, 1959, 7 ,  305. 
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J.C.S. Perkin I 2122 
Treatment of (&)-campherenone epoxide (66) with the keto-alcohol (68) with thionyl chloride and pyridine 

potassium t-butoxide in refluxing t-butyl alcohol pro- yielded a mixture (7 : 3) of tricyclic alkenes (70) and 
vided a mixture (ca. 1 : 1) of tricyclic alcohols (67) and (71), separated by preparative g.1.c. Catalytic re- 
(68) (ca. 80% yield), which were separated by preparative duction (Pt-H,) * of the terminal olefinic bond in (71) 
g.1.c. The structural assignments were initially based provided (-J-)-copacamphor (73) ; reduction of the 
on i.r. data since the expected presence of intramolecular tetrasubstituted alkene (70) provided a mixture (5 : 1) of 

[75) 
SCHEME 11 

hydrogen bonding in (67) could be shown by dilution (&)-ylangocamphor (72) and (-J-)-copacamphor (73). 
studies. In contrast the isomeric alcohol (68) exhibited In the isomeric series the tricyclic alcohol (67) behaved 
absorption bands at 3620 and 3440 cm-1 and, on dilution, 
a relative increase in the intensity of the bond at 3620 * When Pd-C was used as catalyst isomerisation of the double 
cm-l was noted, ~h~~~ assignments were by bond to the tetrasubstituted position occurred. Subsequent 

reduction then produced a mixture (5 : 1) of ylangocamphor and 
the following chemical transformation. Dehydration of copacamphor. 
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analogously and an identical sequence of reactions 
provided the terminal alkene (69), which was hydrogen- 
ated to (-J-)-ylangocamphor (72). The g.1.c. and 
spectral characteristics of synthetic copacamphor (73) 
were identical with those of the authentic c o m p o ~ n d , 4 ~ * ~ ~  
and the spectral data for synthetic ylangocamphor (72) 
were identical with those for ylangocamphor prepared 
by an alternative synthetic route.45 Subsequent in- 
vestigations have shown that it is unnecessary to  
separate mixtures of isomers at various stages in our 
synthetic route (Scheme 11) and this has made large- 
scale synthetic work more convenient. In effect, this 
simplification in procedure has allowed us to synthesise 
ylangocamphor (72) and copacamphor (73) from (&)- 
campherenone (56) * in 84% overall yield and removes 
the need for preparative g.1.c. or column chromatography 
until the final mixture of products has been obtained. 

In our general synthetic scheme (Scheme 5) copa- 
camphor (73) and ylangocamphor (72) are depicted as 
key intermediates in the synthesis of related compounds. 
In the case of copacamphor conversion into copaborneol 
(74; R1 = H, R2 = Pri, OH endo), copaisoborneol (74; 
R1= H, R2 = Pri), and copacamphene (75; R1 = H, 
R2 = Pri) has been described previously 46 and therefore 
the synthesis of copacamphor constitutes a total syn- 
thesis of these compounds. The conversion of copa- 
camphor (73) into cyclocopacamphene (76; R1 = H, 
R2 = Pri) remains to  be accomplished in this series and 
this, together with the related conversion of ylango- 
camphor (72) into cyclosativene (76; R1 = Pri, R2 = H), 
is being investigated (cf. conversion of campherenone 
into a-santalene already described). 

In the ylangocamphor series treatment of the parent 
ketone (72) with lithium aluminum hydride provided 
(&)-isoylangoborneol (74; R1 = Pri, R2 = H) which, 
according to our general synthetic plan, was considered 
to  be an ideal synthetic precursor of (&)-sativene. 
However, isoylangoborneol (74; R1 = Pri, R2 = H) 
proved to be stable to the usual dehydration-rearrange- 
ment conditions (toluene-P-sulphonyl chloride-pyridine) 
and, after the event, this was explained in terms of steric 
hindrance around the hydroxy-function. By using less 
sterically demanding conditions (methanesulphonyl 
chloride-pyridine) ( j-)-isoylangoborneol was converted 
into (-J-)-sativene (75; R1 = Pri, R2 = H) 47 in 53% 
yield). 

Our strategy has now provided us with a general and 
reasonably efficient synthetic route to  a variety of 
sesquiterpenes. Part of our present investigation is 

* If a mixture of campherenone and epicampherenone is used 
the alcohol(s) formed from epicampherenone epoxide during the 
cyclisation reaction can be removed from tricyclic alcohols (67) 
and (68) by distillation. 

45 We thank Professor E. Piers of this department for providing 
us with an authentic sample and g.1.c. and spectral characteristics 
of copacamphor (E. Piers, R. W. Britton, R. J. Keziere, and 
R. D. Smillie, Canad. J .  Chem., 1971, 49, 2620) and for spectral 
data for synthetic ylangocamphor prior to  publication (E. Piers, 
M. B. Geraghty, F. Kido, and M. Soucy, Synfh. Comm., 1972, 3, 
39). 

concerned with placing this scheme on an absolute 
configurational basis4 

EXPERIMENTAL 

General experimental conditions are described in the 
preceding paper. The following g.1.c. columns were used 

Column Dimensions phase Support Mesh 
Stationary 

A 3% SE 30 Varoport 30 100-120 
60-80 
60-80 

Chromosorb W 60-80 
45-60 
46-60 

l3} l o f t  
x 1/4 in  10% Carbowax 

D 
E 20 f t  30% SE 30 
F) x3 /8  in 30% QF 1 

p-Menth-8-en-%one Ethylene A~etaZ.~a-A mixture of 
p-rnenth-S-en-2-one (25) (15.0 g, 0.986 mol), ethylene 
glycol (25 ml), and oxalic acid (500 mg) in benzene (300 ml) 
was refluxed in a Dean-Stark apparatus for 20 h, with 
Drierite in the side arm to aid in water removal. The 
mixture was cooled, the solvent removed under reduced 
pressure, and the residue extracted with petroleum. Wash- 
ing of the extract with saturated aqueous sodium hydrogen 
carbonate and saturated aqueous sodium chloride followed 
by drying (Na,SO,) and solvent removal provided an oil. 
Distillation gave the acetal (18.8 g, 97%), b.p. 52" a t  0.25 
mmHg; nDZ5 1.4749; -7.5' (G 10.2 in CHCl,) (lit.,48 
b.p. 69-71' at 1.0 mmHg; nD22 1-4737; [aID24 -6.1" (c 
3.3 in CHCl,)); v,, (neat) 3100, 1650, 1170, 1090, and 
889 cm-l; 'c (CCl,) 9.18 (3H, d, J 5-5 Hz), 8.30 (3H, m), 
6.15 (2H, s), 6.12 (ZH, s), and 5-33br (ZH, s). 

5-Acetyl-2-methylcyclolaexanone Ethylene Acetal (26) .-A 
solution of the foregoing acetal (15 g, 0.076 mol) in methanol 
(400 ml) was saturated with ozone a t  -70". The excess of 
ozone was removed by passing nitrogen through the 
solution, and work-up was effected by addition of dimethyl 
sulphide (15 ml). After 16 h a t  room temperature the 
excess of dimethyl sulphide was removed by bubbling 
nitrogen through the solution and the solvent was removed 
under reduced pressure. The residue was diluted with 
petroleum, washed with water and saturated aqueous 
sodium chloride, and dried (Na2S0,) . Solvent removal 
and vacuum distillation afforded the metal (26) (14.7 g, 
97%) as an oil, b.p. 78" a t  0.2 mmHg; nD25 1.4708; 
-18.0° (c 12.5 in CHC1,); A,-, 280 nm (E 34); vmaE (neat) 
1710, 1170, and 1090 cm-l; 'c (CCl,) 9-18 (3H, d, J 6 Hz), 
7-92 (3H, s), and 6-07br (4H, s);  m/e 198 (3.6%, &I+), 155 
(loo), 113 (27.2), 99 (16-8), 55 (13-2), and 43 (19.8) (Found: 
C, 66-75; H, 9.25. CllH18O3 requires C, 66-65; H, 9.15%). 

2,2-Ethylenedioxy-4-methylcyclohexane~arboxy1ic Acid (27). 
-Calcium hypochlorite (30 g) (Fisher Certified; 72.7% 
available chlorine) was dissolved in warm water (120 ml) 
and a solution of potassium carbonate (21 g) and potassium 
hydroxide (6 g) in water (60 ml) was added to give a slurry 
of calcium carbonate in potassium hypochlorite solution. 
Suction filtration followed by washing of the precipitate 
with water (25 ml) provided a clear solution of potassium 
hypocblorite. The acetal (26) (12.0 g, 6.06 mol) was added 
with vigorous stirring at such a rate as to maintain the 
reaction temperature between 55 and 60". Stirring was 
continued for 3 h at room temperature, after which the 

46 M. Kolbe-Haugwitz and L. Westfelt, Acta Chem. Scand., 
1970, 24, 1623. 

47 Spectral data in agreement with published values: P. de 
Mayo and R. E. Williams, J .  Amer. Chem. SOC., 1966, 87, 3276. 

48 A. R. Pinder and R. A. Williams, J .  Chem. SOC., 1963, 2773. 
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excess of hypochlorite was destroyed by addition of aqueous 
20% sodium disulphite (ca. 20 ml) (starch-iodide test). 
After washing the petroleum layer and cooling to 5" in an 
ice-bath, the solution of crude acid salt was acidified to pH 
6 by dropwise addition of l2N-hydrochloric acid. The 
precipitated acid was filtered off (7.0 g) ; crystallisation 
from petroleum-ether (9 : 1) yielded the acid (27) (6.3 g, 
52%), 1n.p. 71-74'. Recrystallisation from petroleum 
provided pure acid ( 2 T ) ,  m.p. 73-75-5"; -31.1" (c 
9.43 in CHCI,) ; A,,,. 212 nm (E 75) ; vmK (CCl,) 3300, 3000, 
2650, 1700, 1170, and 1090 cm-l; T (CCl,) 9.08br (3H, d, 
J 6 Hz), 6.05 (4H, s), and - 1.09br ( lH ,  s); yn/e 200 (22-1%, 
M+) ,  155 (loo), 113 ( 7 7 ~ 4 ) ~  69 (36-8), 55 (47-9), and 41 
(62.9) (Found: C, 60.15; H, 7.9. C1,HI6O4 requires C, 
60.0; HI  8~05'3'~). 

2-Methyl- 5- (5-unethylhex-4-enoyl) cyclolzexnnone Ethylene 
Acetal (28).""The acid (27) (6.00 g, 0.03 mol) in benzene 
(10 ml) was treated with oxalyl chloride (6  ml; 0-07 mol) 
and refluxed for 30 min. The excess of oxalyl chloride was 
removed under reduced pressure and the crude acid chloride 
was used without further purification; v,?. (neat) 1790, 
1170, and 1090 cm-1. A solution of the Grignard reagent 
prepared from 5-bromo-2-methylpent-2-ene 50 (5.9 g, 0.036 
mol) was added dropwise to a cooled (0-5") solution of the 
crude acid chloride in anhydrous ether (25 ml) and in the 
presence of copper(r) chloride (200 mg). The mixture was 
stirred for 16 h a t  room temperature and the organic layer 
was separated and treated in the usual way. Solvent 
removal and distillation of the residue (7.7 g) provided the 
ketone (28) (6.15 g, 77%), b.p. 103-104" a t  0-03 mmHg; 
?iD20 1.4852 (lit.,49 b.p. 180-185" a t  7 mmHg; nD30 1.4682) ; 
[r]D25 -13-9" (c 10.6 in CHCl,); A,, 285 nm (z 58); vmK 
(neat) 1705, 1170, 1090, and 835 cm-l; z (CCl,) 9-18 (3H, 
d, J 6 Hz), 8.35 (6H, m), 6-09 (4H, s), and 4.98 ( lH,  m) ;  
Ju/e 266 (42.8%, Mf), 155 (97.4), 69 (84.2), 55 (loo), 43 
(92-3), and 42 (81.3) (Found: C, 72.2; H, 9.95. Calc. for 

2-Metlzyl-5- (!+methyl- l-unethylenehex-4-enyl) cyclohexanone 
Ethylene Acetal (29) .-Sodium hydride (50% oil dispersion ; 
0.806 g, 0.0168 mol) in a flame-dried flask (dry nitrogen 
atmosphere) was washed with a small portion of anhydrous 
ether and then heated with dry dimethyl sulphoxide (5 ml) 
in an oil-bath (70") until liberation of hydrogen ceased. 
The resulting solution of sodium methylsulphonylmethanide 
was cooled in an ice-bath and methyltriphenylphosphoniuni 
bromide (6.00 g, 0-0168 mol) in dimethyl sulphoxide (10 ml) 
was added slowly. After warming to room temperature the 
keto-acetal (28) (3.01 g, 0.0113 mol) in dry tetrahydrofuran 
(10 ml) was added, and the solution was stirred for 24 h. 
The mixture was extracted with petroleum (3 x 70 ml) 
and the dimethyl sulphoxide layers were combined, diluted 
with water, and extracted with more petroleum (70 ml). 
The combined extracts were dried, concentrated, and 
chromatographed over alumina (20 g). Elution with 
petroleum provided the diene acetal (29) (2.45 g, 82%), 
homogeneous by g.1.c. (column A; 200") ; vmX. (neat) 3090, 
1645, 1170, 1090, 890, and 830 cm-l; T (CC1,) 9.17br (3H, d, 
J 6 Hz), 8-38-8-32 (6H), 4.10 (4H, s), 5.33br (ZH, s), and 
4.94 ( lH ,  m). 

2-Methyl-5- (5-ynethy l- 1 -methyZenehex-4-enyl) cyclohexanone 
(30).-The acetal (29) (2.16 g) was dissolved in acetone 
(100 m1) and treated with G~-hydrochloric acid (3 ml). 
The reaction was quenched after 4 h by addition of saturated 

49 0. P. Vig, J. M. Sehgal, Nl. RI. Mahajan, and S. D. Sharma, 
J .  Indian Chem. SOC., 1969, 46, 887. 

C,,H,,O,: C, 72-15; H, 9.85%). 

aqueous sodium hydrogen carbonate, solvent was removed, 
and the residue was dissolved in petroleum and washed with 
water. Evaporation provided an oil (2.14 g) which, on 
distillation, provided the ketone (30) C1.82 g; 82% overall 
yield from (SS)], b.p. 80-82" a t  0.04 mmHg (lit.,49 135- 
138" a t  5 mmHg) ; vmae (neat) 1710, 1650,892, and 835 cm-1; 
T (CCl,) 9.03 (3H, d, J 6.0 Hz), 8.40 and 8.32 (6H, two 
singlets), 5.23 (ZH, s), and 4.94 (lH, m). 

p-Menth-8-en-Z-one 2,2-Diunet~iyltrimet?iylene Acetal (3 1). 
-(+)-p-Menth-8-en-Z-one (25) (120 g, 0.79 mol; [aID29 

f18.3" (CHCI,)) was refluxed with a mixture of 2,2-di- 
methylpropane-l,3-diol (90 g) and oxalic acid (3 g) in 
benzene (150 ml) in a Dean-Stark apparatus for 4 days. 
G.1.c. analysis (column A; 160") of the mixture indicated 
93% product and 7% starting material; longer reaction 
times did not improve the yield of product. The mixture 
was washed with saturated aqueous sodium hydrogen 
carbonate and twice with saturated aqueous sodium 
chloride and dried (Na,SO,). Solvent removal and dis- 
tillation afforded the acetal (31) (155 g, 82%) and a mixture 
(22 g) of starting material and product which, on re- 
distillation, provided a further amount (16 g) of (31) (overall 
yield 91yo), b.p. 50" at 0.025 mmHg; nDzo 1-4748; [&24 

-9.4" (c 10.3 in CHCl,); v,,,. (neat) 3100, 1650, 1150, 1100, 
and 88 cm-l (Found: C, 75.6; H, 11.15. C,,H,,O, requires 
C, 75.6; H, 11.0%). 

The n.m.r. spectrum of the acetal (31) was complex; 5 1  

analysis by g.1.c. (column D;  100") indicated the presence 
of two components of relative retention times ( t ~ )  70 and 
79 min (ratio 3 : 1). Samples of each component were 
collected and the component of tR 70 min was assigned the 
trans-structure (31; P-Me), -20" (c 4.05 in CHCl,); 
T (CCl,; 100 MHz) 9.33 (3H, s), 9-05 (3H, m), 8-88 (3H, s), 
8.33 (3H, m), 7-32 (lH, m, major coupling J 13 Hz),  6.79 
(2H, m, major coupling J 11 Hz),  6.46 and 6-30 (2H, two 
doublets, J 11 Hz), and 5-38 (ZH, m); yn/e 238 (24-7%, 

43 (83.9), and 41 (83.3). 
The component having tR 79 min was assigned the cis- 

structure (31 ; cc-Me), + 23' (c 0-90 in CHCl,) ; T (CCl, ; 
100 MHz) 9.12 (3H, s), 9.10 (3H, d, J 7 Hz), 9.09 (3H, s), 
8.31 (3H, m), 6.63 (4H, m, IVi 4 Hz),  and 5.37 (ZH, m) ;  
m/e 238 (3.4%, Aft), 181 (53-5), 155 (50.4), 69 (loo), 55 
51.6), and 41 (67.5). 

Alternative Synthesis of the Ketone (30) .-A solution of 
n-butyl-lithium-tetramethylethylenediamine ( 1 : 1 complex) 
was prepared by slow addition of the diamine (15 ml, 
0-1 mol) to n-butyl-lithium ( 2 . 3 5 ~ ;  43 ml, 0.1 mol) in 
hexane under dry nitrogen. To the resultant yellow 
solution was added the acetal (31) (19.5 g, 0.082 mol). 
After stirring for 18 h the deep red solution was cooled to  
- 50" and treated slowly with l-chloro-3-methylbut-2-ene 
(10-5 g, 0.1 mol). After warming to room temperature, 
water was added cautiously and the mixture was extracted 
with ether and washed with 3~-hydrochloric acid. Re- 
moval of the acetal function (~N-HC~-M~,CO) followed by 
distillation afforded 9-menth-8-en-2-one (3 g, 40%) and 
dihydrocryptomerion (30) (9.5 g, 85% based on consumed 
starting material), [0llDl9 +8-26 (c 4.7 in CHCI,), b.p. 100- 
103" at 0.04 mmHg, identical (g.l.c., i.r., n.m.r.) with 
material prepared by the former route. 

Mt), 155 (69*2), 95 (69*4), 69 (100)' 56 (85*3), 55 (89*2), 

50 M. Julia, S. Julia, and R. Guegan, Bull. SOC. chim. France, 

61 Cf. K. Pihlaja, G. M. Kellie, and F. G. Riddell, J.C.S .  
1960, 26, 1072. 

Pevkin 11, 1972, 252. 
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2-A cetoxy- 1-methy 1-4- (5-methyl- 1 -ntethyZenehex-4-enyl) - 
cyclohexene (33).-A mixture of the ketone (30) (1.2 g, 5.5 
mmol) and toluene-9-sulphonic acid monohydrate (60 mg) in 
isopropenyl acetate (20 nil) was heated for 24 h with slow 
distillation of volatile materials. After washing with 
saturated aqueous sodium hydrogen carbonate and drying 
(Na,SO,) the crude product was chromatographed over 
alumina (35 g) affording a mixture (1.3 g) of two compounds. 
Pure samples of each were obtained by preparative g.1.c. 
(column E; 250'; tR 58 and 66 min, respectively; ratio 
1 : 3) followed by distillation. 

1-Acetoxy-3-( 5-methyl- l-methylenehex-4-enyl)-6-metliyl- 
cyclohexene (34), tR 58 min, showed vmax. (neat) 2950, 1755, 
1680, 1645, 1210, 915, and 895 cm-l; c (CCl,) 9.10 (3H, d, 
J 7 Hz), 8-46 and 8.39 (GH, two singlets), 7.96 (3H, s), 
5.23br (2H, d) ,  and 4.90 (2H, m) ;  m/e 262 (0.6%, M+) ,  220 
(96.9), 151 (99.9), 109 (614), 107 (6.13), and 69 (100). 

The triene (33), tR 66 min, showed Y,, (neat) 2950, 1750, 
1710, 1645, 1220, 1210, 890, and 830 cm-l; ?: (CCl,) 8-55, 
844, and 8.34 (9H, three singlets), 7-96 (3H, s ) ,  5-26br (2H, 
d), and 4-93 ( lH ,  m) ;  m/e 262 (20.1y0, M+) ,  220 (loo), 202 
(68-8), 151 (70-7), 135 (65.0), and 109 (69.4) (Found: C, 
78.0; H, 10.1. C17H,,02 requires C, 77.8; H,  10.0%). 

Cyclisation of the Acetoxy-triene (33) .-To wet methylene 
chloride (1500 ml) saturated with boron trifluoride gas was 
added a solution of the enol acetate (33) (5.4 g, 0.02 mol) in 
methylene chloride (500 ml) during 30 min. The mixture 
was stirred vigorously and a slow stream of boron trifluoride 
was maintained for 2 h. Neutralisation with saturated 
aqueous sodium hydrogen carbonate and work-up in the 
usual way afforded the crude product (4.4 g), which was 
chromatographed over silica gel and distilled. G.1.c. 
analysis (column B; 155') indicated that the distillate 
contained three main components (A-C), tR 3.8, 5.6, and 
7.5 min, respectively. Preparative g.1.c. (column E; 240') 
afforded pure samples. 

Component A (37a and b) (25-30%) showed vmX. (neat) 
1740 and 1410 cm-l; z (CCl,) 9.21 (3H, s ) ,  and 9.10, 9.05, 
9.00, and 8.94 (6H, four singlets); nz/e 220 (22-5y0), 105 
(68.4), 77 (loo), 69 (31.6), 53 (34.9), and 43 (34.6); com- 
ponent B (39a and b) (5%) showed urnax. (neat) 1715 and 
1404 cm-l; z (CCl,) 9.22 (3H, d, J 5 Hz), 9-07 (3H, s), 9.03 
(3H, s ) ,  and 8.55br (6 or 7H, s, W& 7 H z ) ;  m/e 220 (22-5%), 
111 (68.9), 110 (loo), 109 (94-1), 69 (81.3), and 43 (67-3); 
and component C (38) (40-45%) showed A,,, 237 nm 
(z 15,000); vmX. (neat), 1670, 1625, 1210, and 880 cm-l; 
7 (CCl,) 9-03 (6H, s ) ,  8.93 (3H, d, J 6.5 Hz), and 4.25 ( lH,  
s); m/e 220 (64.6%, Mt), 178 (59-8), 163 (66.6), 95 (93.5), 
79 (58-0),  and 41 (100) (Found: C, 81-85; H, 10.95. Calc. 
for C,,H,,O: C, 81.75; H ,  11.0%). 

5-( 3,3-DimethylcycZohexenyZ)-2-~nethyZcycZohexanone (35) .- 
The ketone (30) (500 mg) in methylene chloride (100 ml) was 
added rapidly to wet methylene chloride (350 ml) pre- 
saturated with boron trifluoride. During the addition 
boron trifluoride gas was passed through the solution and 
after 5 min the mixture was worked up by adding saturated 
aqueous sodium hydrogen carbonate, removing the excess 
of boron trifluoride with a stream of nitrogen, and washing 
the methylene chloride extracts with water. Removal of 
the solvent provided an oil which was shown by g.1.c. 
(column C; 200") to consist of starting material (12%) and 
product (88%). Preparative g.1.c. of the product yielded 
the cydohexenylcyclohexanone (35) as an oil, v,,,. 17 10 cm-l ; 
T (CCl,) 9-08 (9H, s), and 4.60 (lH, m), M C  220 (Found: C, 
81.0; H, 11.2. C,,H,,O requires C, 81.75; H, l l - O ~ o ) .  

2125 
CycZisation of 2-Acetoxy-4-( 3,3-dimethyZcycZohexenyl)- 1- 

nzethylcyclohexene (36) .-A mixture of 5- (3,3-dimethylcyclo- 
hexenyl) -2-methylcyclohexanone (35) (240 mg) , isopropenyl 
acetate ( 15 ml), and toluene-p-sulphonic acid (20 mg) was 
heated for 2 days with slow removal of volatile material by 
distillation. The residue was worked up in the usual way 
and the product (240 mg, 84%) was shown by n.m.r. and 
g.1.c. (column A ;  160O) to be a mixture of enol acetates 
from which the major component (36) (80%) was isolated by 
preparative g.1.c. (column E);  vmx. 1760, 1710, 1220, and 
1210 cm-l; z (CCI,) 9-13 (6H, s ) ,  8-56 (3H, s), 7.98 (3H, s), 
and 4-64br ( lH,  s); M+ 262 (Found: C, 78-05; H, 10.0. 
C17H2,02 requires C, 77.8; H, 10.Oyo). 

Treatment of compound (36) with boron trifluoride for 
20 min as already described provided a mixture with three 
major components. These were shown by g.1.c. (column B; 
155') and spectral comparison to be (37a and b), (38), and 
(39a and b) (ratio 5 : 1 : 3). 

Separation of the Tricyclic Ketones (37a and b) and Form- 
ation of 7-(3,3-DimethyZcycZohexyl) - 1-methylnorbornan-2-one 
Oxime (41).-To a solution of the tricyclic ketones (37a and 
b) (350 mg) in dry tetrahydrofuran (3 ml) containing a 
trace of triphenylmethane as indicator was added sufficient 
butyl-lithium to give the red colour of triphenylmethanide 
anion. The solution was cooled to -50" and pure acetic 
anhydride (0-35 ml) was added. After warming to room 
temperature the mixture was extracted with ether and the 
extracts were washed with saturated aqueous sodium 
hydrogen carbonate and water. Removal of the solvent 
provided an oil which, on column chromatography over 
silica (petroleum-benzene, 1 : l ) ,  gave a mixture of enol 
acetates (40a and b) (280 mg, 77y0), separated by pre- 
parative g.1.c. (column A; 225'). The enol acetate (40b) 
(25 mg) [z (CCl,) 9-20, 9-17, and 9-10 (9H, three singlets), 
7-98 (3H, s ) ,  and 4.50 ( lH,  d, J 4 Hz)] with shorter retention 
time was dissolved in acetone (3 ml) and treated with 
N-hydrochloric acid (3 drops). After 24 h a t  room tem- 
perature the ether was removed and the residue was 
extracted with ether. Work-up in the usual way provided 
a low-melting solid which on sublimation gave the tricyclic 
ketone (37b), m.p. 62-65'; vmX. (Nujol) 1740 and 1410 
cm-l; z (CCl,) 9.24, 9.12, 9.10, and 9.03 (9H, four singlets). 
Treatment of (37b) (15 mg) with hydroxylamine hydro- 
chloride (25 mg), pyridine (1 ml), and ethanol-water 
(10 : 1; 1 ml) provided a product which, after column 
chromatography over silica (elution with ethyl acetate- 
benzene, 1 : 9), provided the oxime (41) as a white crystalline 
solid, m.p. 165-168'. The X-ray crystallographic analysis 
which confirmed the structure of this compound was carried 
out by Drs. J. Trotter and S. J. Rettig of this department 
and will be published in the near future. 

3- (Tetrahydro~yran-2-yloxy)~o~yZtri~henyl~hos~honium 
Iodide.-Sodium iodide (100 g, 0.667 mol) was added to 
3-chloropropan-1-01 (30.0 g, 0.317 mol) in acetone (500 ml) 
and the solution was refluxed under nitrogen for 48 h. 
The solvent was removed and the residue was dissolved in 
ether and washed with aqueous sodium disulphite and 
water. Evaporation provided an oil (57.6 g) which, on 
distillation, yielded 3-iodopropan-1-01 (55.2 g, 93y0), b.p. 
97-99 at 15 mmHg; nnlj 1.5520; v,,,, (neat) 3350 and 
1040 cm-1; z (CCI,) 7-93 (2H, quintet, J 6 Hz),  6-67 (2H, t, 
J 6 Hz), 6-29 (2H, t, J 6 Hz), and 5.97 ( lH,  s ) .  

Treatment of 3-iodopropan-1-01 (37.2 g, 0.2 mol) with 
dihydropyran (50 ml) and 12~-hydrochloric acid (1 drop) a t  
room temperature for 16 h followed by removal of excess of 
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2126 J.C.S. Perkin I 
dihydropyran under reduced pressure provided 1-iodo-3- 
(tetrahydropyran-2-yloxy) propane. A mixture of the crude 
iodide and triphenylphosphine (53 g, 0.2 mol) in dry benzene 
(240 ml) was refluxed for 85 h and after filtration the solvent 
was removed to yield 3- (tetrahydropyran-2-yloxy) propyltri- 
phenylphosphonium iodide, m.p. 162-164 (98 g, 92%) which 
was dried over P,O, for 8 h before further use. 

5- (4-Hydroxy- l-methylbut- l-enyl) -2-methylcyclohexanone 
Ethylene Acetal (46; X = OH).-A solution of sodium 
methylsulphonylmethanide [from sodium hydride (50% oil 
dispersion; 8.00 g, 0.167 mol) and dimethyl sulphoxide 
(50 ml)] was cooled in an ice-bath and mixed with a solution 
of 3- (tetrahydropyran-2-yloxy) propyltriphenylphosphonium 
iodide (88 g, 0.165 mol) in dimethyl sulphoxide (150 nil). 
After 10 min, 5-acetyl-2-methylcyclohexanone ethylene 
acetal (26) (25-0 g, 0-126 mol) was added to the deep red 
solution and the mixture was stirred for 43 h a t  room 
temperature. Work-up was effected by several extractions 
with petroleum and washing each extract with dimethyl 
sulphoxide and then water. The extracts were concen- 
trated and dried by sequential addition and evaporation of 
several portions of benzene. The crude product (ca. 50 g) 
exhibited i.r. peaks a t  1160, 1080, and 835 cm-l and no 
hydroxyl or carbonyl absorption. Without further purific- 
ation selective removal of the tetrahydropyranyl group was 
performed by refluxing the crude product with ethylene 
glycol (106 ml), oxalic acid (1 g), and benzene (200 ml) for 
48 h in a Dean-Stark apparatus. The cooled mixture was 
washed with saturated aqueous sodium hydrogen carbonate 
and water, the solvent was removed, and the residue was 
distilled to provide the hydroxy-acetal (46; X = OH), b.p. 
100-102 a t  0.02 mmHg (17.3 g, 57%). Hydrolysis of the 
residues under the conditions already described followed by 
distillation afforded a further amount (4 g) of (46; X = 
OH), b.p. 100-102" a t  0.02 mmHg; [,IDz4 +20.4" (c 10.9 in 
CHC1,); v,,,. (neat) 3450, 1165, 1080, and 835 cm-1; 
T (CC1,) 9.18 (3H, d, J 5.5 Hz), 8.41 (3H, d, J 1.5 Hz), 7.00 
( lH,  s), 6.52 (2H, t, J 7 Hz), 6-11 (4H, s), and 4.95 (ZH, t, 
J 7 Hz); m/e 240 (65-3%, M'), 183 (loo), 113 (loo), 87 
(72-6), 86 (62.1), and 41 (81.0) (Found: C, 70.15; H, 9.9. 
C14H2P03 requires C, 69.95; H, 10.05%). 

Ethylene Acetal (46; X = C1).-A solution of the hydroxy- 
acetal (46; X = OH) (21-5 g, 0.0892 mol) in carbon tetra- 
chloride (150 ml) (dried over CaCl,) was treated with tri-n- 
octylphosphine (37.0 g, 0.0997 mol). The mildly exothermic 
reaction was moderated during the addition with a cold 
water bath and rapid stirring. Stirring was continued for 
1 h at  room temperature and the solvent was removed under 
reduced pressure. Distillation of the residue afforded the 
chloro-acetal (46; X = C1) (17.8 g, 78y0), b.p. 109-111" a t  
0.02 mmHg; nDZ0 1.4960; [ E ] ~ ~ ~  +17.8' (c 10.8 in CHCl,); 
v,, (neat) 1168, 1090, and 835 cm-l; z (CCl,) 9.18 (3H, d, 
J 5.5 Hz), 8.38 (3H, m), 7.48 (2H, m), 6.57 (2H, t ,  J 7 Hz), 
6.10 (2H, s), and 4.92 ( lH,  sextet, J 7 and 1-5 Hz); m / e  

201 (loo), 113 (76.4), and 86 (62.6) (Found: C, 64.8; H, 
8.85; C1, 13.55. C1,H,,C1O2 requires C, 65.0; H, 8.95; 
C1, 13.7%). 

5- (4-Chloro-l-methylbut- l-enyl)-2-methylcyclohexanone (42 ; 
R = CH,*CH,Cl).-The chloro-acetal (46; X = C1) (12.0 g, 
0.463 mol) in acetone (125 ml) was treated with 6~-hydro- 
chloric acid (0.5 ml) and after 16 h the reaction was quenched 
with saturated aqueous sodium hydrogen carbonate (15 ml) . 
The crude product (10 g) was distilled to yield the chloro- 

5- (4-Chloro- l-methylbut- l-enyl) -2-unethylcyclohexanone 

260 (25.7%, M'), 258 (63.2, M'), 203 (86-2), 292 (54.0), 

ketone (42; R = CH,*CH,Cl) (8.48 g, 85%), b.p. 80-85" 
a t  0.02 mmHg); vmaX (neat) 1710, 1660, 850, and 835 cm-l; 
T (CCl,) 8-97 (3H, d, J 6 Hz), 8.23 (3H, d, J 1.5 Hz), 6.51 
(2H, t, J 7 Hz), and 4-86 (lH, m). 

2-A cetoxy-4-(4-chloro- l-methylbut- 1-eny1)- l-methylcyclo- 
hexene (43; R = CH,*CH,Cl).-The chloro-ketone (42; 
R = CH,*CH,Cl) (8.90 g, 0.414 mol) was treated with iso- 
propenyl acetate (15 ml) and toluene-p-sulphonic acid 
monohydrate (100 mg) for 48 h under slow distillation 
conditions (head temperature 50-70'). The mixture was 
cooled to room temperature, diluted with petroleum, 
washed with saturated aqueous sodium hydrogen carbonate 
and then water, and dried (Na,SO,). Solvent removal 
provided a crude mixture which was distilled at reduced 
pressure yielding a mixture of isomeric enol acetates (9.61 g, 
goyo), b.p. 89-92' a t  0.02 mmHg; two main components 
by g.1.c. analysis (column A, 175') in the ratio 5.5 : 1.0 for 
(43; R = CH,*CH,Cl) and its isomer (44; R = CH,*CH,Cl) 
respectively (tR 5.1 and 4.2 min). Pure enol acetate (43; 
R = CH,*CH,Cl) was obtained by preparative g.1.c. 
(column E;  225'); vmx (neat) 1750, 1710, 1210, and 850 
cm-l; z (CCl,) 8.50 (3H, s), 8-34 (3H, d, J 1.5 Hz), 7.95 (3H, 
s), 6.58 (2H, t, J 7 Hz), and 4.87 (lH, m). 

5-( 4-Hydroxy- l-methylbut- l-enyl)-2-methylcycloolzexanone 
2,2-Dimethyltrimethylene Acetal (49; X = OH) .-To n- 
butyl-lithium (135 ml, 0.322 mol; 2.38111 in hexane) in a dry 
nitrogen atmosphere was added tetramethylethylene- 
diamine (48.0 ml, 0.414 mol) followed by p-menth-8-en-2-0ne 
2,2-dimethyltrimethylene acetal (31) (75-7 g, 0.317 mol). 
The mixture was kept under nitrogen a t  room temperature 
for 32 h during which time a deep red colour developed. 
Ethylene oxide gas in a carrier stream of nitrogen was 
passed rapidly through the solution (cooled in an ice-bath) 
until the red colour had disappeared (ca. 15 min) . Residual 
traces of ethylene oxide were removed by passing nitrogen 
through the solution at room temperature. Crushed ice 
was added carefully until the initially formed inorganic 
precipitate had redissolved, and the organic phase was 
separated, washed twice with water, and then neutralised 
by shaking with dilute sodium hydrogen sulphate. After 
drying (Na,SO,) the combined organic extracts were con- 
centrated and distilled under reduced pressure to provide 
starting material (36-2 g, 48%) and the hydroxy-metal (49; 
X = OH) (42.6 g, 48%) (91% yield based on consumed 
starting material) as a viscous liquid, b.p. 120" a t  0.02 
mmHg; nD20 1.4901; -16.5' (e 6.05 in CHCl,); v,, 
(neat) 3420, 1645, 1148, 1098, and 890 cm-l; T (CCl,) 9.0 
(9H, m), 8.22br (lH), 6.5 (6H, m), and 5.27 (2H, s); 
m/e 282 (16.6%, M+),  225 (41*9), 155 (73.2), 69 (loo), 55 
(36-5), and 41 (43.4) (Found: C, 72.0; H, 10.55. C,7H,o0, 
requires C, 72.3; H, 10.7%). 

5-(4-Chloro- l-methylbut-l-enyl)-2-methylcyclohexanone 2,2- 
Dimethyltrimethylene Acetal (49 ; X = Cl) .-Tri-n-octyl- 
phosphine (113 g, 0.305 mol) was carefully added to a 
stirred, cooled solution of the hydroxy-acetal(49; X = OH) 
(81.3 g, 0.288 mol) in carbon tetrachloride (50 ml). The 
mixture was stirred for 1 h a t  room temperature, the solvent 
was removed, and the residue was distilled under reduced 
pressure to provide the chloro-metal (49; X = Cl) (72.2 g, 
84%), b.p. 110-112" at 0-07 mmHg; mD20 1.4910; [alD25 

- 10.6" (c 10.7 in CHCl,) : vmX. (neat) 1145, 1098, and 892 
cm-l; T (CCl,) 9.0 (9H, m), 6-5 (6H, m), and 5.21 (2H, m); 
m/e 302 (9-4%, M+),  300 (26-0, M'), 265 (43-1), 243 (69-9), 
155 (loo), 69 (60.2), and 55 (48.8) (Found: C, 68-15: H, 9.7; 
C1, 11.6. C,,H,,ClO, requires C, 67.85; H, 9.7; C1, 11.8%). 
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5-(4-Chloro- 1-inethylbut- 1-enyl) -2-methylcyclohexanone (50). 

-The chloro-acetal (49; X = C1) (55.2 g, 0.185 mol) was 
dissolved in acetone and treated with 6~-hydrochloric acid 
(5 ml) a t  room temperature. After 16 h the mixture was 
worked up in the usual way t o  provide an oil (52 g), which 
on distillation yielded the chloro-ketone (50) (36.0 g, 91%), 
b.p. 82" at 0.03 mmHg; +6.9" (c 2-31 in CHC1,); 
wD20 1.4946; A,, 284 nm (E 32); vmX. (neat) 1710, 1645, 
895, and 730 cm-l; T (CCl,) 9.05 and 8.98 (3H, 2 doublets, 
J 7 and 6 Hz), 6.08 (ZH, t ,  J 6 Hz), and 5.15 (ZH, m); m/e 
216 (19.2%, M'), 214 (86.0, M'), 137 (90-0), 109 (86.6), 95 
(86.6), 81 (96.6), 68 (86-6), and 55 (100) (Found: C, 67-05; 
H, 9-05; C1, 16.3. C12H1,C10 requires C, 67.1; H,  8-9; 
C1, 16.5%). 

2-A cetoxy-4- (4-chloro- 1-methylbut- 1-enyl) - 1-methylcyclo- 
hexene (52).-A mixture of the chloro-ketone (50) (30.7 g, 
0.143 mol) , isopropenyl acetate (76 ml) , and toluene-p- 
sulphonic acid monohydrate (500 mg) was heated for 4 days 
with slow removal of volatile materials by distillation. The 
mixture was cooled, diluted with petroleum, and washed 
with saturated aqueous sodium hydrogen Carbonate, water, 
and saturated aqueous sodium chloride. After drying 
(Na2S04) the solvent was removed and the residue was 
distilled under reduced pressure through a 12 cm Vigreux 
column to provide a mixture of the enol acetate (52) and 
its isomer (51) in the ratio 72 : 28 as judged by g.1.c. analysis 
(column A; 175"; t~ 5-2 and 4.2 min, respectively). Pure 
en02 acetate (52) obtained by redistillation had b.p. 95" a t  
0-03 mmHg; nD20 1.4948; [a],25 +56-2" (G 10.6 in CHC1,); 
v,,, (film) 3100, 1745, 1710, 1645, 1210, and 895 cm-l; 
T (CCl,) 8.50 (3H, s), 7-93 (3H, s), 6.51 (ZH, t, J 6 Hz), and 
5.17 (2H, m); m/e 258 (5.5%, M+), 256 (11.4, M+), 211 
(67-7), 132-5 (59-9), 104 (68.9), and 89 (100) (Found: C, 
65-35; H, 8.4; C1, 13.55. C,,H2,C102 requires C, 65.5; H, 

8- and 9-( 2-Chloroethy1)camphor (48a and b) .-(a) Cyclis- 
ation conditions and results were identical for the enol 
acetates (43; R = CH,*CH2C1) and (52). A three-necked 
flask (2 I) was fitted with two addition funnels, a gas inlet 
tube extending to the bottom of the flask, and a magnetic 
stirrer. A solution of the enol acetate (43 ; R = CH,-CH,Cl) 
or (52) (5.0 g, 0.0195 mol) in methylene chloride (1000 ml) 
was added in 200 ml portions a t  20 min intervals to a 
vigorously stirred mixture of methylene chloride (800 ml) 
and water (2 ml) (mixture was presaturated with boron 
trifluoride gas and a moderate flow of the gas was main- 
tained throughout the addition process). Water was added 
in 2 ml portions 5 min before each addition of enol acetate. 
The mixture was stirred for 2 h and then transferred to a 
separating funnel (2 1). The organic phase was washed 
with water, dilute aqueous sodium hydrogen carbonate, and 
saturated aqueous sodium chloride. Solvent removal 
afforded a pale yellow oil which was dissolved in petroleum 
and filtered through Celite (5 8). Removal of solvent 
afforded an oil (4 g, 95%) which was shown by g.1.c. 
(column A ; 160") to consist of 8-(2-chloroethyl)camphor 
(48a) and 9-(2-chloroethyl)camphor (48b) (55-60%), and 
the enone (47) ( 3 5 4 0 y 0 )  (tR 4.6 and 6.5 min, respectively). 
Two minor components (tR 3.1 and 3.6 min) were present to 
the extent of ca. 2 and 4%, respectively. 

The difficulty involved in separating large quantities of 
isomeric enol acetates [e.g. (52) and (51)] led to the use of 
the mixture of isomers in the cyclisation step. Cyclisation 
of a mixture (23 g) of enol acetates (52) and (51) (76 : 24), 
under the conditions already described, provided an oil 

8.25; C1, 13.8%). 

2127 

(18.4 g) which was distilled twice under reduced pressure 
to yield 8-(2-chloroethyl)camphor (48a) and 9-(2-chloro- 
ethy1)caniphor (48b) (6.7 g, 46%), (b.p. 64-65' at 0.03 
mmHg; [aIDz5 0" (c 10.0 in CHCI,); nDzO 1.4980; hmx. 
285 nm (G 44); vmx (film) 1740 and 1410 cm-l; T (CCl,) 
9-11 (3H, s), 9.16 and 9.03 (3H, two singlets), and 6.55 and 
6.48 (ZH, two overlapping triplets, J 6 Hz); T (C,H,) 9.52 
and 9.45 (3H, two singlets), 9.12 (3H, s), and 7.04 and 6.92 
(2H, two overlapping triplets, J 7 Hz); m/e 216 (33-6%, 
Mf), 214 (97.3, M+),  157 (92.6), 109 (loo), 81 (93.3), and 
69 (85.2) 1 and 3-(4-chloro-l-methylbutyl)-6-methylcyclohex-2- 
enone (47), b.p. 76' a t  0-05 mmHg; nD20 1.5032; [aIDa6 
+0.2" (c 10.0 in CHC1,); hx 234 (G 15,000) and 339 nm 
(E 58) ;  vmx. (film) 1670, 1210, and 883 cm-l; t (CCl,) 8.91 
(3H, d, J 6.5 Hz), 8-87 (3H, d, J 6-5 Hz), 6.52br (ZH, t, 
J 6 Hz), and 4.30 ( lH,  s); m/e 216 (33.0%, AXs), 214 (73.5, 
Mf), 172 (63-0), 137 (45-9), 109 (65.3), 96 (loo), and 96 
(67.0) (Found: C, 67.4; H, 8.85; C1, 16.3. C12Hl,C10 
requires C, 67-1; H,  8.9; C1, 16.5%). 

Samples of the two minor components from the cyclis- 
ation were isolated by preparative g.1.c. (column E). The 
component with tR 3-1 min showed Amx. 299 nm ( E  48); 
vmx. ( a m )  1760 cm-l; T (CCl,) 8.96 (3H, s), 8.77 (3H, s), 
7.37 (2H, s), and 6.54 (2H, m). That with tR 3.6 min 
showed vmx, (film) 1760 cm-l; T (CCl,) 8.96 (3H, s), 8.78 
(3H, s), 7.51 and 7-37 (ZH, two singlets), and 6.53 (2H, m). 

(b) The chloro-ketone (50) (10 g) in anhydrous ethyl 
acetate (100 ml) was treated a t  room temperature for 6 min 
with an ethyl acetate solution 1 . 0 6 ~  in acetic anhydride 
and 0 . 0 2 3 ~  in perchloric acid prepared by adding acetic 
anhydride (50 ml) and perchloric acid (1 ml) to anhydrous 
ethyl acetate (300 ml) and making the volume up to  500 ml. 
Vigorous stirring was maintained throughout and the re- 
action was terminated by adding solid sodium hydrogen 
carbonate (10 g) . Removal of solvent and acetic anhydride 
a t  40" and 1 mmHg provided an oil which on distillation 
yielded a mixture of enol acetates (7.1 g, 59y0), b.p. 94-97O 
a t  0.05 mmHg, and a fraction (3.1 g) containing starting 
material. Re-treatment of the latter with acetic an- 
hydride-perchloric acid afforded a further quantity (2.5 g) 
of the enol acetate mixture. The overall yield of enol 
acetate product was 80% and g.1.c. analysis (column A; 
1 60") indicated that tetrasubstituted and trisubstituted 
enol acetates [(52) and (51)] were present in the ratio 93 : 7. 
However, analysis of the n.m.r. spectrum (see before) 
demonstrated that migration of the acyclic double bond 
had occurred to some extent. In any event treatment of 
the total enol acetate mixture under the cyclisation con- 
ditions described provided bicyclic chloro-ketones (48a and 
b) in 55% yield. 

8- and 9-(2-Chloroethyl)camphor Ethylene Acetals (53a 
and b ;  X = Cl).-A mixture of 8- and 9-(2-chloroethyl)- 
camphor (48a and b) (6-50 g, 0.0303 mol) was refluxed with 
ethylene glycol (1 7 ml) , toluene-p-sulphonic acid mono- 
hydrate (600 mg), and benzene (30 ml) in a Dean-Stark 
apparatus for 4 days. The cooled mixture was washed 
with saturated aqueous sodium hydrogen carbonate, water, 
and saturated aqueous sodium chloride. After drying 
(Na,SO,) the solvent was removed and the residue distilled 
under reduced pressure yielding 8- and 9- (2-chloroethy1)- 
camphor ethylene acetals (53a and b ;  X = Cl) (7.43 g, 
95%), b.p. 73" at  0.04 mmHg; nD20 1.5010; [a]D2s 0" (c 10.4 
in CHCI,); vmax. (film) 1120 and 1044 cm-l; T (CCl,) 9.23 
(3H, s), 9.16 and 9.00 (3H, s, diastereoisomeric tertiary Me), 
6-57 and 6.53 (ZH, overlapping triplets, J 6 Hz),  and 6.23 
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(4H, m) ;  m/e  260 (41.3%, M+),  258 (55-5,  &I+), 69 (79.2), 
55 (93.0), 43 (loo), and 42 (90.4) (Found: C, 65.03; H, 8-8; 
C1, 13.5. Calc. for C14H2,C102: C, 64-95; H, 8.95; C1, 
13.7%). 

8- and 9-(2-Iodoethyl)camphor Ethylene Acetals (53a and b ;  
X = I).-A mixture of 8- and 9-(2-~hloroethyl)camphor 
ethylene acetals (53a and b; X = C1) (5-15 g, 0.02 niol), 
sodium iodide (7.50 g, 0.05 mol), anhydrous calcium 
carbonate (700 mg), and dry acetone (10 ml) was refluxed 
in a dry nitrogen atmosphere for 48 h. After cooling, the 
mixture was transferred under nitrogen to dry pentane 
(100 mi) and immediately filtered over Celite (10 g; oven- 
dried at 100" for 24 11). Removal of the solvent and 
distillation of the residue afforded 8- and 9-(2-iodoethyl)- 
camphor ethylene acetals (53a and b ;  X = I) (6.75 g, 
97%), b.p. 89-90" a t  0.02 mmHg; nDZo 1.5409; [ E ] , ~ ~  0" 
(c 2.09 in CHCl,); vmx* (film) 1116 and 1045 cm-l; T (CC1,) 
9-22 (3H, s), 9-15 and 8.98 (3H, two singlets, diastereo- 
isomeric tertiary Me), 6.84 (2H, t, J 6 Hz) ,  and 6.20 (4H, 
m) ;  m/e  350 (10-0%, M+) ,  223 (81-8), 125 (34-7), 113 (30.6), 
95 (loo), and 87 (32.7) (Found: C, 48.0; H,  6.5; I, 36-1. 
Calc. for C14H2310,: C, 48-05'; H, 6.6; I, 36.35%). 

( &)-Campherenone [ 1,7-Dimethyl-7-(4-methylpent-3-enyl)- 
novbornan-2-oneI and ( f )-Epicampherenone Ethylene A cetals 
[(54) and (55)].-A mixture of the iodo-acetals (53a and b ;  
X = I) (6.00 g, 0-017 mol) was added to a solution of tri- 
phenylphosphine (4.6 g, 0.0176 mol) in dry benzene (10 nil) 
and the resulting mixture was refluxed for 38 h under 
nitrogen. The solvent was removed and the crude tri- 
phenylphosphonium salt was dissolved in dry dimethyl 
sulphoxide ( 5  ml) and added dropwise to a cooled (ice-bath) 
solution of sodium methylsulphonylmethanide [from sodium 
hydride (0.864 g, 0.018 mol)] in dimethyl sulphoxide (5  ml). 
The deep red solution was allowed to warm to room tem- 
perature and after 5 min dry acetone (1.5 ml, 0.02 mol) was 
added. The mixture was stirred for 70 h and then extracted 
with petroleum (3 x 70 ml). The extracts were washed 
with dimethyl sulphoxide, water, and saturated brine, 
solvent was removed, and the residue was distilled to 
provide a mixture of ethylene acetals of campherenone and 
epicampherenone, b.p. 75-76" a t  0.03 mmHg (3-83 g, 
84%). Separation by preparative g.1.c. (column E;  240") 
afforded two components, tR  42 and 47 min which were 
further purified by short-path distillation. The component 
with t R  42 min was campherenone ethylene acetal (54), 
nD20 1.4956; [ E ] ~ ~ ~  0" (c 1.31 in CHC1,); v,,, (film) 1120 
and 1050 cm-l; 7 (CCl,) 9.23 (3H, s), 9.13 (3H, s), 8.40 and 
8.33 (6H, two singlets), 6-22 (4H, m), and 4-90 (lH, m) ;  
nz/e 264 (59.7%, M+),  125 (loo), 95 (81-6), 87 (61.4), 69 
(75.7), and 41 (74.0) (Found: C, 76.95; H, 10.65. C1,H,,02 
requires C, 77.2; H, 10.65y0). The componclrt with tR  47 
min was epicampherenone ethylene acetal (55) ,  nD20 1.4965; 
[ E ] ~ ~ ~  0" (c 1-03 in CHCl,); v,,,. (film) 1115 and 1045 cm-l; 
T (CCl,) 9-23 (3H, s), 8.97 (3H, s), 8-40 and 8.33 (6H, two 
singlets), 6-22 (4H, m), and 4.92 ( lH ,  m) ;  m/e  264 (9.7y0, 
M') ,  109 (35-5), 95 (loo), 69 (51-6), 55 (32.2), and 41 (64.5) 
(Found: C, 77.0; H, 10.85y0). 

(&)-Campherenone (56) [ (8a and c)] .-Campherenone 
ethylene acetal (54) (491 mg, 1.86 mmol) in acetone (50 ml) 
was treated with 6~-hydrochloric acid (10 drops) for 24 h. 
Saturated aqueous sodium hydrogen carbonate was added 
(ca. 2 ml) and work-up in the usual way provided crude 
product which on distillation afforded ( &)-campherenone 
(56) (404 nig, 99%). The purity of the campherenone at 
this stage was dependent on the care taken earlier in the 

fractionation of chloro-ketones (48a and b) from the more 
volatile minor components of the cyclisation mixture. 
Typically, a small percentage of impurity was detectable 
by g.1.c. (column B; 175") with tR 2.0 min; cf. 2.8 min for 
campherenone (56). Pure campherenone, obtained by 
preparative g.1.c. (column E : 220") followed by short-path 
distillation (60" oil-bath ; 0.05 nimHg), or chromatography 
over neutral alumina (elution with petroleum-ether, 95 : 5 ) ,  
exhibited nDZ5 1.4888; [aID 0' (c 1-02 in CHCl,); v,,. (film) 
1738, 1415, and 830 cm-l; T (CC1,) 9.14 (3H, s), 9.03 (3H, 
s), 8-39 and 8.35 (6H, two broad singlets), and 4.95 ( lH ,  ni); 
7 (C,H,) 9.30 (3H, s), 9-07 (3H, s), 8.48 and 8.35 (6H, two 
broad singlets), and 4.97 ( lH ,  m ) ;  m/e 220 (82-2%, M+), 
135 (44.6), 109 (93*8), 95 (46*4), 81 (33*9), 69 (99*0), 55 
(47-2), and 41 (100) (Found: C, 82-0; H, 10.85. Cl,H,,O 
requires C, 81.75; H, 11.0%). 

(&)-Epicampherenone (57) [- (8b and d)].-Removal of 
the acetal function of (55) (934 mg, 3-54 mmol) as described 
for campherenone ethylene acetal (54) afforded epi- 
campherenone (57) (746 mg, 967',), nDZ5 1.4887; homogeneous 
by g.1.c. analysis (column B; 185'; t n  2.8 min); [0(]~20 0" 
(c 2-81 in CHCl,); vmK (film) 1738, 1415, and 835 an-'; 
T (CCl,) 9-13 (6H, s), 8.38 and 8-32 (6H, broad singlets), and 
4.89 (lH, m); z (C,H,) 9.35 (3H, s), 9.06 (3H, s), 8-41 and 
8-28 (3H, two broad singlets), and 4-83 ( lH ,  m); m/e  220 
(46*4%, M'), 135 (45-5), 109 (loo), 95 (92*7), 81 (52*7), 69 
(98-3), 67 (46.4), and 41 (87.3) (Found: C, 82.0; H, 10.95%). 

(&)-Camphereno1 (58 ;  R1 = H, R2 = OH).-Sodium 
(0-6 g )  was added in portions to  a solution of (&)-cam- 
pherenone (56) (35 mg) in dry propan-1-01 (12 ml). The 
mixture was refluxed for 2 h, the solvent was removed, and 
the residue was diluted with water and extracted with ether. 
Removal of ether provided a product (35 mg, 95%) whose 
spectral characteristics [v,,,. (film) 3400 and 835 cm-1; 
z (CCl,) 9.17 (3H, s), 9.11 (3H, s), 8-41 and 8.34 (6H, two 
broad singlets), 6.46 and 6-00 (lH, relative integrals 1 : 7), 
and 4.94 ( lH,  m) ;  7 (C5H,N) 9.06 (3H, s), 8.98 (3H, s), 6.13 
and 5.65 (lH, relative integrals 1 : 7)] indicated that i t  
consisted of a mixture of (&)-camphereno1 (58; R1 = H, 
R2 = OH) and (&)-isocampherenol (58; R1 = OH, R2 = 
H)  in relative yields of 7 : 1. Column chromatography over 
silica and elution with petroleum-benzene (5 : 1) provided 
pure ( f )-campherenol. 

(&)-Isocampherenol ( 5 8 ;  R1 = OH, R2 = H).-A mix- 
ture of (&)-campherenone (56) (100 mg) and lithium 
hydridotrimethoxyaluminate 37 (230 mg) in dry tetra- 
hydrofuran was stirred under nitrogen for 16 h. Addition 
of water and extraction with ether followed by solvent 
removal yielded a product which on chromatography over 
silica (5 g) provided (*)-isocampherenol (96 mg, 95y0), vmax. 
(film) 3400 and 835 cm-1; z (CCl,) 9.18 (3H, s ) ,  9.12 (3H, s), 
8.39 and 8.36 (6H, two doublets, J 1.5 and 2.0 Hz) ,  6.46 
(lH, t ,  J 6 Hz), and 4-92 (lH, m); z (C,H,N) 9-10 (3H, s), 
8.88 (3H, s ) ,  and 6.13 (lH, m). 

( -J)-p-Santalene [2-Methyl-3-methyZene-2- (4-methylpent-3- 
enyl)norbornane] (62) .-A mixture of ( &) -isocampherenol 
(58; R1 = OH, R2 = H) (45 mg), toluene-p-sulphonyl 
chloride (100 mg) and dry pyridine (4 ml) was heated a t  
95" for 22 h. Dilution with water, extraction with pentane, 
and work-up in the usual way provided a product which was 
chromatographed over silica. Elution with petroleum (b.p. 
40-60") provided (-J)-p-santalene (62) (32 mg, 800,/,), 
homogeneous by g.1.c. (column A;  110"; tR  17 min); 
vmax. (film) 3060, 1655, 880, and 835 cm-l; T (CCl,) 8.95 
(3H, s), 8.42 and 8-35 16H. two broad singlets), 7-36br ( lH,  
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s), 5.57 and 5-31 (2H, two singlets), and 4.96 (lH, m). 
These g.1.c. and spectral characteristics were identical with 
those of (-)-p-santalene {[aID2O -102" (c 5.01 in CHCl,)} 
isolated from Mysore sandalwood oil by fractional distil- 
lation and column chromatography (silica; elution with 
petroleum) followed by preparative g.1.c. (column E ; 170") 
and distillation. 

(f)-EpicanzpherenoZ (61; R1 = H, R2 = OH).-(&)- 
Epicampherenone (57) (40 mg) was reduced with sodium 
(0.7 g) in propan-1-01 (15 ml) according to the procedure 
already described. The product was a mixture (3 : 2) of 
(&)-epicamphereno1 (61; R1 = H, R2 = OH) and (j-)-iso- 
campherenol (61 ; R1 = OH, Ra = H), vmx. (film) 3400 and 
825 cm-l; z (CCl,) 9.18 (3H, s), 9-13 (3H, s), 8.40 and 8.33 
(6H, two singlets), 6-47 and 6-06 (lH, t and d, relative 
integrals 2 : 3), and 4-92 (lH, m); z (C,H,N) 9.07 (3H, s), 
8.97 (3H, s), and 6.18 and 5.73 (lH, relative integrals 2 : 3).  
Preparative t.1.c. [developing solvent petroleum-ethyl 
acetate (95 : 5)] of the mixture afforded pure (-J-)-epi- 
campherenol. 

( f ) - ~ s o e p i c a ~ ~ p h e r e n o Z  (61; R1 = OH, R2 = H).-Re- 
duction of ( &)-epicampherenone (57) with lithium hydrido- 
trimethoxyaluminate as already described provided ( &)- 
isoepicampherenol (61; R1 = OH, R2 = H),  vmX. (film) 
3440 and 838 cm-l; z (CCl,) 9.12 (3H, s), 8.96 (3H, s), 8-39 
and 8.33 (6H, two broad singlets), 6-47 ( lH,  t, J 5 Hz), and 
4-93 ( lH ,  m) ; z (C,H,N) 8-88 (3H, s), 8.65 (3H, s), and 6.18 
( lH,  t, J 5 Hz). 

( -J-)-Epi-p-SantaZene (64) .-Treatment of ( & )-isoepi- 
campherenol (61; R1 = OH, R2 = H) (140 mg) with 
toluene-@-sulphonyl chloride (500 mg) in dry pyridine 
(10 ml) for 19 h a t  90-92" and work-up as described for 
the synthesis of ( f)-p-santalene provided a product which 
on chromatography over silica (elution with petroleum) 
and/or preparative g.1.c. (column E; 160") provided 
( f)-epi-p-santalene (95 mg), homogeneous by g.1.c. (column 
A; 110"; tR  16 rnin); vmX. (film) 3060, 1655, and 880 cm-l; 
T (CCl,) 9.00 (3H, s), 8.40 and 8.35 (6H, broad singlets), 
7.35 (lH, s), 5.57 and 5.34 (2H, singlets), and 4.93 ( lH,  m) ;  
m/e  204 (9-6%, M+) ,  122 (55.9), 94 (loo), 93 (24-3), 79 (19.2), 
and 41 (39.0). These g.1.c. and spectral characteristics 
were identical with those of authentic (+ )-epi-P-santalene 
{[aIDzg $23.3" (c 4-12 in CHC1,)) isolated from Mysore 
sandalwood oil by fractional distillation, column chromato- 
graphy (silica; elution with petroleum), preparative @.c. 
(column E; 170°), and distillation. 

(&)-a-Santalene { 1,7-DinzethyZ-7-(4-methylpent-3-enyl)- 
tricycZ0[2.2.1.O~~~]heptane) (63).-A mixture (ca. 1 : 1) of 
(&)-campherenone (56) and (&)-epicampherenone (57) 
(35 mg, 0.16 mmol) was refluxed in a solution of hydrazine 
(60 mg) and acetic acid (0.1 ml) in absolute ethanol (2 ml) 
for 4 h. The solvent was removed and the residue was 
diluted with water and extracted with ether. The crude 
hydrazone obtained after solvent removal was dissolved in 
dry methanol (3 ml) and heated under reflux with red 
mercuric oxide (100 mg) for 16 h. The solution was 
filtered, the solid washed with pentane, and the filtrate 
evaporated to provide a product (30 mg) which was chro- 
matographed over silica gel. Elution with petroleum 
afforded (+)-cz-santalene (10 mg) (31%) and starting 
material (18 mg) (51%) (overall yield 65% based on con- 
sumed starting material). The product was homogeneous 
by g.1.c. analysis (column A; 140" and column C; 150"; 

52 Cf. G. C .  Joshi, W. D. Chambers, and E. W. Warnhoff, 
Tetrahedron Letters, 1967, 3613. 

t~ 4.2 and 3.5 min, respectively) ; vmX. (film) 3050, 855, and 
840 cm-l; T (CClJ 9-20 (s), 9-18 (3H, s), 9-00 (3H, s), 8.41 
and 8.34 (6H, broad singlets), and 4-92 (lH, m). The g.1.c. 
and spectral characteristics were identical with those of 
authentic (&)-a-santalene { [czID3O + 6.2" (c 1.3 in CHCl,) ] 
isolated from Mysore sandalwood oil by column chromato- 
graphy (silica ; elution with petroleum), fractional distil- 
lation, preparative g.1.c. (column E; 170°), and distillation. 

Campherenone Enol Acetate (65) .-( &)-Campherenone 
(56) (120 mg, 0-55 mmol) in dry tetrahydrofuran (2 ml) was 
treated a t  room temperature with n-butyl-lithium (0.28 ml, 
0.65 mmol; 2.38~-solution in hexane) for 15 min. The 
enolate anion thus generated was cooled to -50" and 
treated with pure acetic anhydride (0.11 ml, 1.1 mmo1).52 
The mixture was allowed to warm slowly to  room tem- 
perature and after 30 min the excess of acetic anhydride 
was destroyed by stirring with saturated aqueous sodium 
hydrogen carbonate. Dilution with petroleum and work- 
up in the usual way provided a crude product which was 
shown by g.1.c. analysis (column A; 165") to  contain the 
en01 acetate (85%; tR 3.4 min) and campherenone (tn 
2-8 rnin). Purified enol acetate (65) exhibited v,, (film) 
1755, 1205, 835, and 810 cm-l; z (CC1,) 9-24 (3H, s), 9.10 
(3H, s), 8.44 and 8.36 (6H, two broad singlets), 7.90 (3H, s), 
7.57 ( lH,  t, J 1.5 Hz), 4.93 ( lH ,  m), and 4.85 (lH, d). 

Attempted Cyclisation of Campherenone Enol Acetate (65). 
-Campherenone enol acetate (65) was treated under the 
previously stated optimum cyclisation conditions 1 

[BF,-CH,Cl,-O.l yo (v/v) enol acetate]. G.1.c. analysis 
(columns A, C, and D ;  160') indicated a very small per- 
centage of volatile products. Peaks were present on all 
three g.1.c. traces which corresponded to  authentic longi- 
camphor 63 and c ~ p a c a m p h o r . ~ ~  Analysis on column B 
(1 60") however, failed to indicate a similar correspondence. 
In  view of the large percentage of involatile material 
encountered in this reaction (even when the reaction was 
performed at a concentration of 0.06 mg ml-l) other means 
were sought to obtain cyclisation of campherenone. How- 
ever the range of acids used in these cyclisation attempts 
[i.e. tin(1v) chloride, boron trifluoride-ether, perchloric acid, 
hydrochloric acid, silica gel, or phosphate buffer] led to 
partial or complete regeneration of starting ketone. 

Cyclisation of Campherenone Epoxides (66) .-Cam- 
pherenone (500 ing, 2-27 mmol) in dry benzene (5 ml) 
(cooled in an ice-bath) was treated with 85% m-chloro- 
perbenzoic acid (450 mg, 2.36 mmol) in dry benzene (15 ml) 
over a period of 1 h and the mixture was stirred for an  
additional 2 h. The organic layer was washed with 
saturated aqueous sodium hydrogen carbonate, sodium 
hydrogen sulphite, and saturated sodium chloride solution. 
Solvent removal provided a mixture of campherenone 
epoxides (66) (508 mg, 95%) which was used without 
purification: vmX. (film) 1240, 870, and 800 cm-l. The 
crude mixture (495 mg) was added directly to a solution of 
potassium t-butoxide [prepared by refluxing a mixture of 
potassium metal (390 mg) and dry t-butyl alcohol (8 nil)] 
and refluxed for 36 h under dry nitrogen. The mixture was 
poured into water and extracted with several portions of 
petroleum. Work-up in the usual way provided a product 
(488 mg) which was shown by g.1.c. analysis (column A;  
175") to consist of two main components (in the ratio 

53 We thank Professor Sir Derek Barton for an authentic 
sample of culmorin diketone dithioacetal, a convenient pre- 
cursor of (-)-longicamphor [D. H. R. Barton and N. H. Wer- 
stiuk, J .  Chem. SOC. ( C ) ,  1968, 1481. 
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45 : 55) with tR 5-4 and 6-6 min, respectively. Preparative 
g.1.c. (column E; 230") afforded pure samples of each 
component (tR 53 and 60 min). 

5-( l-Hydroxy- l-methylethyl)- 1,7a-dinzethylperhydro- 1,4- 
methanoinden-&one (67) ( t R  63 min) exhibited vmX. (CCl,) 
3620w, 3490s, 1734w, and 1728s cm-1 (relative strengths of 
bands a t  3620 and 3490 cm-l did not change upon dilution 
from 0 . 0 8 ~ -  to OeOlM-solution); T (CCl,; 100 MHz) 9-10 
(3H, s), 9.08 (3H, s ) ,  8-95 and 8-94 (3H, two overlapping 
singlets), 8-76 (3H, s), 7-57br ( lH,  s), and 7.26 (lH, W )  
12 Hz) ;  m/e 236 (ll.6y0, M+), 178 (60.5), 163 (54.2), 95 
(loo), 51 (60.0), and 41 (81.5) (Found: M+, 236.1782. 
C15H2,02 requires M, 236.1775). Its epimer (68) (tR 60 min) 
exhibited v,, (CCl,) 3620, 3440, and 1740 cm-l (dilution 
from 0 . 0 6 4 ~  to 0 . 0 1 ~  increased the intensity of the band 
a t  3620 relative to the 3440 cm-l absorption); T (CCl,; 
100 MHz) 9.12 (3H, s), 9.07 (3H, s), 8.87br (3H, s), 8.80br 
(3H, s), 7.80br (lH, s), 7-70br (lH, d), and 7-43br ( lH,  s, 
W+ 2 Hz);  m/e 236 (13.6%, M+), 95 (52-9), 93 (39.9), 59 
(loo), 51 (35.6), and 41 (44-8) (Found: M+, 236-1793). 
5 P-Isopropenyl- 1,7a-dimethyl~erhydro- 1,4-methanoinden-8- 

one (71) and its 5-Isopropylidene Isomer (70) .-The tricyclic 
alcohol (68) (44 mg, 0.19 mmol) in dry pyridine (1 ml) was 
treated with thionyl chloride (0-05 ml) for 30 min. The 
mixture was diluted with petroleum and worked up in the 
usual way. Solvent removal provided a crude product 
(37 mg) which was shown by g.1.c. analysis (column B; 
150") to consist of a mixture (7 : 3) of olefins (71) and (70) 
(tR 9.0 and 11.5 min, respectively). Preparative g.1.c. 
(column F; 150') afforded pure samples. The 5-iso- 
propenyl compound (71) exhibited vm, (film) 3100, 1740, 
1650, and 890 cm-l; T (CCl,) 9-12 (3H, s), 9.08 (3H, s), 8.27 
(3H, s), and 5.15 (2H, m); m/e 218 (51-5%, M+),  95 (99-5), 
79 (48.6), 69 (60-6), 55 (48-1), 43 (89.4), and 41 (100); the 
isomeric alkene (70) showed v,,, (film) 1740 cm-l; T (CCl,) 
9-07 (6H, s), 8.37 and 8.28 (6H, two singlets), and 7.06 

(&-)-Copacamphor (5-Isopropyl-l,7a-dimethyl~erhydro- 1,4- 
methanoinden-8-one) (73) .-Hydrogenation of the tricyclic 
alkenone (71) over platinum oxide in ethyl acetate-acetic 
acid (19 : 1) with sodium borohydride afforded (&-)-copa- 
camphor (73). A sample purified by preparative g.1.c. 
(column F ;  220") followed by evaporative distillation 
exhibited nDZ5 1.4898 and was homogeneous by g.1.c. 
analysis with retention times (co-injection) identical with 
those of authentic (+)-copacamphor 45 on four columns 
(A, 150"; B, 150"; C, 150"; D, 175"); v,, (film) 1735 cm-l; 

J 6.5 Hz),  9.06 (3H, s), and 7-84 ( lH,  m); m/e 220 (82.2%, 
fW'), 149 (36.6), 135 (40.5), 124 (loo), 95 (55-5), and 41 
(42.8) (Found: C, 81-65; H, 11-05. C15H24O requires C, 
81.5; H, 11.0%). 

5cr-Isopropenyl- 1,7a-dimethylperhydro- 1,4-methanoinden-8- 
one (69).-The ketol (67) (39 mg, 0.17 mmol) was de- 
hydrated as for (68) [pyridine (1 ml), thionyl chloride 
(0-05 ml), 30 min]. Work-up provided a 5 : 1 mixture 
(26 mg; 72%) of the 5-isopropenyl ketone (69) and the 
isomeric alkene (70) [tn 9-0 and 11.5 min, respectively 
(column B; 150°)]. Preparative g.1.c. (column F; 150") 
provided pure samples. The component with tR 11.5 min 
exhibited spectral characteristics (g.l.c., infrared, n.m.r.) 
identical with those of (70) (see before). The isopropenyl 
compound (69) showed v,, (film) 3100, 1740, 1650, and 
890 cm-l; T (CC1,) 9.12 (3H, s), 9-08 (3H, s), 8.26 (3H, s), 

( lH ,  s). 

T (CDCI,) 9.11 (3H, d, J 6-5 Hz), 9-10 (3H, s), 9.09 (3H, d, 

and 5.23br (2H, s); m/e 218 (96.5?&, M+) ,  124 (40.0), 123 
(49.4), 107 (47-l), 95 (loo), and 55 (37.4). 

(f)-Yla~gocamtphor (72) .-Hydrogenation of the alkenone 
(69) as for the preparation of copacamphor (73) afforded 
( j-)-ylangocamphor (72) ,45 nD25 1.4909, homogeneous by 
g.1.c. analysis on four columns (A, 150"; B, 150"; C, 150"; 
D, 150"); vmX. (film) 1730 cm-l; T (CDCl,) 9-20 (3H, d, 

and 7-77 ( lH ,  s); m/e 220 ( loo%, M+), 124 (73.1), 110 
(72.3), 95 (69.8), 93 (62.5), and 41 (78.0) (Found: C, 81.9; 
H, 10.85. C1&& requires C, 81-75; H, l l - O ~ o ) .  

Hydrogenation of the Isopropylidene Ketone (70) .-The 
ketone (70) was hydrogenated in glacial acetic acid over 
platinum for 24 h a t  atmospheric pressure. The product 
was a mixture (5:  1) of ylangocamphor (72) and copa- 
camphor (73) (g.1.c. analysis; column B, 150"; tR 6.5 and 
8.5 min, respectively). 1.r. and n.m.r. spectra were in 
accord with this assignment. 

Large-scale Synthesis of (j-)-Copacamnphor (73) and (A)- 
Ylangocainphor (72) .-For large-scale preparations of 
(f)-copacaniphor (73) and ( j-)-ylangocaniphor (72) it was 
found more convenient to employ a mixture of (&)- 
campherenone (56) and (&)-epicampherenone (57) as 
starting material. Epoxidation of a mixture (1 : 1 ; 4.8 g)  
of (56) and (57) as previously described followed by 
cyclisation in potassium t-butoxide [from potassium (4 g )  
and dry t-butyl alcohol (100 ml)] afforded a crude product 
(5.0 g) which on dehydration with thionyl chloride in 
pyridine, followed by distillation, afforded a mixture (2.03 g) 
of alkenones (69), (70), and (71). Hydrogenation of the 
alkenone mixture over platinum (700 mg) in ethyl acetate- 
acetic acid (9 : 1) provided a quantitative yield of (&)-  
copacamphor (73) and (f)-ylangocamphor (72) (ca. 84% 
overall based on campherenone) in the approximate ratio 
45 : 55, respectively. Preparative g.1.c. (column F; 220') 
or column chromatography (grade 4 neutral alumina ; 
eluted with pentane) followed by distillation afforded pure 
(f)-copacamphor (73) and (f)-ylangocamphor (72). 

( -J- ) -Sativene (7- Isopropyl-4-metJ~yl-8--methyle~aepev~~ydro- 
1,4-methanoindene) (75; R1 = Pri, R2 = H).-(f)-Ylango- 
camphor (72) (200 mg) was treated with lithium aluminum 
hydride (35 mg) in dry tetrahydrofuran for 16 h. Careful 
addition of water followed by extraction with ether and 
work-up in the usual way afforded impure alcohol which, on 
chromatography over silica gel, provided ( &- )-isoylango- 
borneol (74; Iil = Pri, R2 = H), m.p. 41-42" (180 mg, 
89%) ; vmX. (film) 3500 and 1095 cm-l; 7 (CCl,) 9.21 (3H, s), 
9.16 (3H, s), 9.08 (6H, d, J 7 Hz) ,  and 6-30 ( lH,  d, J 8 Hz); 
T (C,H,N) 9.13 (3H, s), 8.94 (3H, s), 8.94 (6H, d), and 5.97 

Treatment of (&-)-isoylangoborneol (150 mg) with 
methanesulphonyl chloride (0.1 ml) in dry pyridine (1 ml) 
at 105" for 16 h followed by the usual work-up [cf. synthesis 
of ( i- )-P-santalene] and column chromatography over silica 
provided (f)-sativene*' (73 mg, 53%), vmax (film) 3080, 
1660, and 875 cm-l; T (CC1,) 9-15 (3H, d,  J 3.5 Hz), 9.09 
(3H, d, J 3.5 Hz), 8-98 (3H, s), 7.40br (lH, s), and 5-59 and 
5.27 (2H, two singlets); m/e 204 (52-3%, M*) ,  161 (57.5), 
108 (loo), 105 (41.8), 91 (43.8), and 41 (44.4). 

J 6.5 Hz), 9.11 (3H, s), 9.10 (3H, s), 9.03 (3H, d, J 6.5 Hz), 

(1H, m). 
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