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Summary: The additions of thlophenol to alkenylldenecyclopropanes 

(e.g. 3,141 are found to be highly regloselectlve and stereoselectlve 

leading to endo- (or cls-_) vinyl sulphlde adducts (e.g. 4,151 resulting 

from addltlons to the 1,4-double bonds In the starting materials. 

Thiophenol addition to (1) leads to a mixture of the vinyl sulphldes 

(16) and (1 7 ) which undergo Cope rearrangement producing the cyclo- 

heptadlene 18); hydrolysis of (18) then gives karahanaenone (19) an 

odoriferous constituent of Japanese hop and Cypress oil. 

In previous studies we have shown that C1o- alkenylldenecyclopropanes, 

derived from the addition of 3,3-dlmethylallene carbene to appropriate 

alkenes b.g. (11, from lsoprene], provide useful substrates for the synthesis 

of novel acyclic monoterpenes through acid- and base-catalysed rearrangements 

e.g. (1) + (21.l We have now extended these studies to an Investigation of the 

selectivity of thiophenol additions to substrates of the type (l1.2 In this 

Letter, we summarlse the outcome of this investigation, and the development 

of the flndlngs into a novel and facile synthesis of the 7-ring monoterpene 

karahanaenone (191, an odoriferous constituent of Japanese hop and Cypress 

oil Cupressus sempervirens." 

Treatment of the alkenylldenecyclopropane (3) with thiophenol (1 equlv; 

benzene, 25", 4 h.) resulted in highly regloselectlve and stereoselective 

addition to the 1,4-double bond in (3) leading to the endo-sulphide (4; 80%) 

(9:l endo:%), b.p. lOO-105"/O.lmm., 6H 0.84 -1.96 (m,llH), 1.99 (CMe2). 

6.95-7.3 (m,5H); 6c O.Od, 14.9d,20.6t, 22.2t, 22.5, 23.1, 23.5, 123.7, 

124.6d, 127.4d, 128.5d, 138.3, 145.3p.p.m.4 The structure of the adduct 

followed from these spectral data, and also from the observation that ozonisa- 

tlon led to the expected thloester (51, vmax1710cm-1. The data are not 

consistent with the structure (6) put forward by Gompper and Lath for the 

adduct. In some experiments we were able to isolate the minor products 

(7 ; ~1%) and (8 ;~l%) by chromatography, but no evidence for the co-formation 

of (6) was obtained. Reductive cleavage of the vinyl sulphide (41, using 
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lithium in ammonia, 6 led to the vinyl cyclopropane (9) as a 9:l mixture of 

endo-[ 65.0 (d,J6)] and exo-B4.6 (d,J8)] isomers, showing identical _ 

chromatographic and closely similar spectral data to those of the authentic 

endo-vinylcyclopropane obtained by catalytic semi-hydrogenation of (3) .? 

In a similar manner, the alkenylidenecyclopropanes (10) and (11) produced 

from reaction of 3,3_dimethylallene carbene with cyclopentene and a-pinene 

respectively, led to the corresponding vinyl sulphide adducts (12) (79%) 

4:l endo:exo) and (13) (66%), Reaction between -- on treatment with thiophenol. 

thiophenol and the acetylenic alkenylidenecyclopropane (14) also proceeded in 

a regioselective manner, producing the vinyl sulphide (15; 46%) (3:l cis:trans), -- 
6H1.14 (Me, trans), 1.34 (Me,*), 1.84 (iCH_, trans), 1.89 (I CH,=); 6c 18.7q 

(Me, trans),22.lq (Me, e), 91.O(CfCH,trans), 87.2 (C_fCH,e). No products 

resulting from the addition of thiophenol to the acetylenic group in (14) 

were found, 

The addition of thiophenol to the alkenylidenecyclopropane (1) produced 

from isoprene and dimethylallene carbene, led to a 2:l mixture of cis and trans- 

isomers of the vinyl sulphides (16) and (17) (ca. 25%). - Although the trans- 

isomer (17), 6HO.7 -1.15 (m,CH2), 1.04 (Me), 1.54 -1.86 (m,CH), 1.9 (:CMe), 

2.07 ( :cb&) , 4.75 -5.05 (m, :C$), 5.47 (dd,J14 and 9, gC:CHz), 7.1 (5H), could 

be separated by chromatography, the cis-isomer (16) instead underwent spontan- 

eous Cope rearrangement, in situ at 25", -- leading to the 1,4-cycloheptadiene 

(la), 6H 1.14 (CMen), 1.78 (:Ce), 2.23 (d,J7, CgzCH:), 2.81 (d,J6,:CHCQCMe), 

5.4 (t,g7,:CgCH2), 6.01 (t,J6,gc:CSPh), 7.04 -7.42 (m, 5H). The same 

1,4-cycloheptadiene was also produced (70%) when the trans-vinyl sulphide (17) 

was heated at 160" for 3h.in a sealed tube.' 

Hydrolysis of the vinyl sulphide moiety in (18) (HgClz-MeCN-H20, reflux 

12 h.) ,g followed by chromatography, then led to karahanaenone (19) (45%), a 

pleasant smelling oil, ~~~~1705crn-~,6~ 1.09 (CMez), 1.66 (:CMe), 2.25 (br, 4H), 

2.71 (br.t, ~"7, COCH2), 5.43 (br, :CH_), (semicarbazone, m-p. 164-168") 

showing spectral data closely similar to those reported for the natural 

product.1° 
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and Proprietary Perfumes Ltd. for financial support (C.A.S.E. award to P.M.C). 

References 

1. L. Crombie, P.J. Maddocks and G. Pattenden, Tetrahedron Letters, 1978, 
3479 and 3483. 

2. cf. - D.J. Pasto and M.F. Miles, J. Org. Chem., 1976, 41, 2068. 

3. Y. Naya and M. Kotake, Tetrahedron Letters, 1968, 1645; J. Garnero, P. Buil, 
R. Robertet, D. Joulain and R. Tabacchi, Perfum. Flavor 1978, 3, 3. 



1407 

+ 

/ 

(1) 

8, 
M 

MeOH 

d SPh 

(6) 

/ o++ H 

(9) 

p / 2 H 

(12) 

of A /* 

00) 

SPh 

- 
2 

(13) 



1408 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

I-4 \. \ Q 

(14) 

H 5 
5 PhS s .s- I.6 
(16) 

A 25” 
1 

Phs’ ’ P 

H b * - 
SPh 

(15) 

H 
Q .= 

P *s,zI _$ 
(17) 

0 
\ -(r 

(18) (19) 

Slmllar regiospecifrc and stereoselective additions of thiophenol to 

phenyl and methyl substituted alkenylidenecyclopropanes have recently 

been reported by Pasto and Miles (ref. 2). 

R. Gompper and D. Lath, Tetrahedron Letters, 1973, 2687. 

W.E. Truce and J.J. Brelter, J. Amer. Chem. Sot., 1962, 84, 1623. 

C.E.C. Lord, Ph.D. Thesis, Univ. Nottingham, 1978. 

For a related Cope rearrangement, of slloxydivinyl cyclopropanes, leading 

to karahanaeonone,see:P.A. Wender and M.P. Filosa, J. Org. Chem., 1976, 

41, 3490. 

E.J. Corey and J.I. Shulman, J. Org. Chem., 1970, 35, 777. - 

For other syntheses of karahanaenone see ref. 8, and E. Demole, and P. 

Enggist, Helv. Chim. Acta, 1971, 54, 456; S. Hashimoto, A. Itoh, 

Y. Kitayawa, Ii. Yamsmoto and H. Nozakl, J. Amer. Chem. Sot., 1977, 99, 

4192; R. Chidgey and H.M.R. Hoffmann, Tetrahedron Letters, 1977, 2633, 

N. Shlmlzu and Y. Tsuno, Chem. Letters, 1979, 103; H. Sakurai, 

A. Shirahata and A. Hosoml, Angew. Chem. Internat. Editn, 1979, Is, 163. 

(Received In UK 22 January 1982) 


