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REMARKABLE STEREOCONTROL OBSERVED IN THE RING FORMATION 

BY INTRAMOLECULAR HOSOMI-SAKURAI REACTIONl 

Takashi Tokoroyama,* Masamitsu Tsukamoto, and Hideo Iio 

Faculty of Science, Osaka City University, Sumiyoshi-ku, Osaka 558, Japan 

==F : The cyclization of 2-(3',4'-dimethyl-6'-trimethylsilyl-4'-hexenyl)-2- 
cyclo exenone with TiCl afforded stereospecifically 6a,7a-dimethyl-6F+vinyl- 
58H-1-decalone derivati e -8 and the two-fold diastereoselection involved is 
reasoned in terms of orientation control and folding strain control. 

Stereocontrol in ring formation is a key problem for the synthesis of 

cyclic natural- products. Aside from the Diels-Alder reaction, there are few 

methods, by which the stereoselectivity at severa1 asymmetric centers are 

secured at the same time. We delineate here a distinct diastereoselection at 

three contiguous carbon atoms (practically four, vide infra) in the cyclization 
--2 

by means of the intramolecular Hosomi-Sakurai reaction. 

In connection 

concerned with the 

58H-1-decalone and 

silane strateqy as 

at C-7 relative to 

with the synthetic studies on clerodane diterpenoids, 3r4 we 

stereospecific construction of 6cr,7cY-dimethyl-6B-substituted 

investigated the cyclization reaction based on an allyl- 

shown in Scheme 1. 
5 
We envisaged that the diastereocontrol 

C-5 miqht be possible to some degree in addition to that at 

C-6. Firstly the cyclization of 2-(4'-methyl-6'-trimethylsilyl-4'-hexenyl)-2- 

cyclohexenone I_ was examined in order to study the diastereoselectivity with 

respect to C-5 and C-6. The substrate allylsilane 1 was prepared as depicted 

in Scheme 2. 2-(4'-Oxopentyl)-2-cyclohexenone 8 obtained by the method of A. B. 

Smith, III6 was treated with 2-trimethylsilylethylidene triphenylphosphorane7 

to afford regioselectively 1 (E/Z = 3:2) in 40% yield with the intramolecular - -- 
Michael product 9 (30%). The reaction of 1 with TiCl in CH2C12 at -78 OC - 
proceeded smoothly giving two cyclized products 2 and 2 (3:2 ratio) 8 in 90% 

yield. Since 3 was converted quantitatively to 2 in equilibrium condition - 

lR=H 
zR=Me - 

2R=H 
5R=Me 

Scheme 1 
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(MeONa/MeOH), both compounds represent the isomers of the ring junction, cis 

and trans respectively, and the fact signify the diastereoselection with 

respect to C-5 and C-6 are essentially complete independent of the double bond 

geometry in the allylsilane chains. The relative configuration at C-5 and C-6 

was assigned as indicated from 13 C NMR chemical shift difference of ó-methyl 

carbon atoms 
9 

and a chemical conversion. 10 

\ i,v,iii 
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4 - 

Scheme 2: i, n-BuLi; ii, 1 - , HMPA; iii, H30+; iv, Ph3P%SiMe3; 

VI 1 

"i'rc 

, HMPA 

12 
SiMe 

- 

Encouraged by the promising preliminary result, we proceeded to the 

cyclization study of 2-(3' ,4'-dimethyl-6-trimethylsilyl-4'-hexenyl)-2-cyclo- 

hexenone 4. The synthesis of 4 in the same way as for 1 failed since treatment - - - 
of the diketone 10 with the Wittig reagent resulted in the exclusive formation - 
of 11. Eventually 4 (E/Z = 5:4) was synthesized by the combination of the - -- 
cyclohexenone moiety with the preformed allylsilane side chain 

11 in the same 

way as fi (Scheme 2). The cyclization of 4 in the same condition above afforded 
12 a mixture (3:l Q 4:l ratio) of trans and cis decalones 2 and 6 in 80% yield, 

the treatment of 6 with MeONa/MeOH at room temperature giving 2. The configu- 

ration of 2 as shown in the formula (desired for the synthesis of the natural 

products !) has been confirmed by the chemical correlation to the octalone 

derivative 13 with the established configuration. 4 Thus trans decalin 14 - - 
obtained by the Wolff-Kischner reduction of 5 was found to be identical with - 
the compound derived from 13 through consecutive reductions with Li/NH, and - 
the Wolff-Kischner procedure. Consequently it turns out that the splendid 

diastereocontrols are operative not only at C-5 and C-6 but also at C-7 during 

the cyclization. 

The two-fold diastereoselection achieved in the cyclization of 4 are 

rationalized by the consideration of two kinds of stereocontrol imposed in the 

transition state. First let us examine the cyclization of I, where a diastereo- 

meric C-C bond formation is involved. Provided that chair-like conformation 

of the emerging ring in the transition state is preferred to the boat-like one, 
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13 14 - 17 - - 

two types of ring formation, 15a and 15b are discriminated with respect to the - - 
orientation of the allylsilane group to the cyclohexenone ring (exo and endo). 

Of these the exo-attack 15a leading to the observed stereoselection would be - 
favored from the view of steric repulsion and/or stereoelectronic effect 

13 

(orientation control) and the situation would not be substantially changed by 

the geometry of the allylsilane double bond. Next in the cyclization of 4, two 

types of chair-exo transition state 16a and 16b are taken into account with - - 
referente to the conformation of 7-methyl group. When we take notice of the 
Al,3 interaction14 present in gb,15 the transition state 16a should be ener- - 
getically favored and the observed stereospecificity is aptly explained. Thus 

the second stereocontrol originated from the energy difference in the folding 

of the allylsilane side chain leading to the transition state and may be termed 

as folding strain control. 

15a R = - 
16a R = - 

The studies to 

cyclization as well 

described are being 

H 15b 16b - - 
Me 

explore the scope of the stereocontrol in the allylsilane 

as the synthesis of the natural product by the methodology 

under way. 
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