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A SYNTHRTIC APPLICATION TO THIASTEROIDI 

T. Terasawa and T. Okada 

Shionogi Research Laboratory, Shionogi & Co., Ltd., Fukushima-ku, Osaka 553, Japan 

Summary: A new annelation method involving cationic olefin cyclization reaction via neighbor- 
lng sulfur participation, which proceeds in an entirely stereospecific manner, isdemonstrated 
on a thiasteroid synthesis. 

Thus far, numerous examples of cationic olefin cyclization and its synthetic utility have 

been reported.' Little is known, however, about cyclization of the type 1+2 which involves NW 

intramolecular attack upon a secondary ring cation by an adjacent endocyclic double bond. Our 

recent interest has been directed toward the cyclization 1-G. (X = S) as a new annelation NN 
method. This was realized, based on the idea that a neighboring sulfur atom which is capable 

of participating in stabilization of an incipient carbocation would, if present, assist nucle- 

ophilic trapping of the ion by an internal double bond. Now we report herein our successful 

results with secosteroid diol derivatives 4-7 which are summarized in Table I. 

The substrates3'4 

N ,) 

were readily prepared from the previously reported epimeric secoketols5 

;? and stereorhemically confirmed by their spectral data. 

Initially, we observed that acetoxy mesylates 4a, 5a, &I, and 1% on acetolysis (60-80%) 

undergo facile cytlization with perfect stereospecificity to give exclusively tetracyclic 

products6 Sa, 22 , $5, and Al% (M-70%), respectively. The cyclizatiou undoubtedly occurred 

with migration of the double bond to result in the six-membered ring formation. The existence 

of a tetrasubstituted styryl double bond in the product was clearly indicated by the charac- 

teristic Uv absorptions coupled with disappearance of the vinylic hydrogen in the NMR signals. 

The stereochemical interrelations were clarified in the following manner. The corresponding 

alcohols, 
6 
obtained upon alkaline hydrolysis, were oxidized by the Oppenauer procedure or with 

Fetizan's reagent ~Ag*C~~/Celite).7 Thus, g& and $I& both furnished the same e-fused ketone 

lf-& whereas s and Ll were converted into the w-fused isomer 17. The C/D ring configura- 

tion was first deduced from the mass spectral data of both ketones on the basis of the find- 

ings of Wulfscn et al. 
8 It was ultimately established by X-ray crystallographic analysis9 of 

%. This result revealed that the cyclization occurs with retention of configuration at the 

C-14 ring juncture. In a parallel study, we ascertained that the carbocyclic analog of h& 

under the analogous solvolytic conditions affords no cyclized product. 
10 

We therefore believe 

that the facile cyclization proceeds via an episulfonium ion initially formed by intramoleeu- 

1ar SR2 displacement of the departing mesykte group, assuming an equatorial orientation, by 

the ring sulfur atom. Successive nucleophilic attack toward the cationic center by the in- 

ternal double bond completes the ring closure with a double-inversion mode of substitution at 



& 148, 17aa 

b 14a, 17a$ 

& 148, 17af3 

h 140, 17aa 

a, R=Ac; b,R=H 

R'=R2=H c, 

d, R'=d=Ac 

c-14. Contrary to expectation, the mesylate derivatives of ketols 2 gave no satisfactory 

results, presumably because of prior sensitivity of the carbonyl group to acid cyclization. 

Similar acetolysis of dimesylates 4b hJ >~YJ, and @, which yielded again 8&, &, and Ll and 

JZ, respectively, was accompanied by solvolytic displacement of the addltional mesylate to 

form the ring-contracted 12, l&, and J&a_ and & as by-products. 11 The formation of the 

latter products may be also rationalized by the intermediacy of episulfonium ions originating 

from incipient C-17a cations. Equilibration experiments(HC~RH, lOO"C, 3 h)l' confirmed that 

each pair of the corresponding alcohols obtained on saponification is indeed interconvertible. 

Unequivocal proof of the structure of 15a was obtained by X-ray anal.ysis. 9,13 -,.. 

Strikingly, analogous ring closure was realized in direct solvolysis of the corresponding 

dials and diacetates under slightly more vigorous conditions. The best results were obtained 

with dial 4c and diacetate 22. When k was treated with acetic acid at 55-60% for 2-3 h in 

the presence of methanesulfonic acid (MsOH), C/D-cis 8a was predominantly formed (72%). On - _ 

the other hand, cyclization of 22 was effected during acetolysis at a higher reaction tem- 

perature (lOO"C), preferentially leading to C/D-trans 9a (70%). In both cases, the major -- 

products favorably separated as crystals immediately from the respective reaction mixtures, 

thereby minimizing the formation of the by-products. Formic acid, trifluoroacetic acid, and 

acetone-HC104 were less effective, while use of Lewis acids such as BFs and SnC14 proved 

abortive. As anticipated, solvolysis of the trans substrates $ and ;! led to a somewhat com- _._. 

plex mixture of products owing to two different directions for the initiation of cyclization 

compared to the cis materials. 

This methodology appears widely applicable to the construction of sulfur-containing fused 

ring systems other than thiasteroids. 



Table I. Solvolytic Cyclization of Secodiol Derivativesa 

Conditions Products (Yield, X)" 

HOAc, 60°C, 1.5 h g (70.6) 

HOAc, 60°C, 3 h & (61.9), 17.a (2.0) -N 
HOAc, MsO@ 5ScC, 2.5 h & (72.4), A& (6.1) 

HCOOH, 60°C, 2 hC 2 (30.8), ~~ (23.3) 

Ar1-HCl04,~ 70°C, 3 h j$ (42.9), Eb (9.7) 

HOAc, MsOH$ lOO"C, 5 h & (30,4), 12a (30.0) -N 
HOAc, 8O*C, 0.5 h 2 (72.6) 

HOAc, SO='C, 3 h z (%~l),~ & (1.8+ 

HCOOH, 60°C, 2 hs zb (23.8), A+H (29.l)g 

An-HC104,f 70°C, 3 h 21 (x2.1), A+B (43.7)g 

HOAc, MsOH$ lOV=C, 3 h ~2 (69.5), 23 (2.4) 

HOAc, 8O"C, 3 h 10a (43.0) 

HOAc, BO'C, 3 hc ;& (6.2), a (8.8), j.4. (2.8), i5& (z-6) 

HCOOH, 60aC, 3 hC llb (21.11, & (12.3), A+S (lO.O)H ___ 

HOAc, MsOH$ 100aC, 14 h loa (13.4), 11% (28.9), $js (5.4)' YYU 

NOAc, 8O*C, 2 h lla (49.9)h - 

a All the mesglates 
14 

, prepared from the parent alcohols with Et3N and MsCl in 
b 

dichloromethane, were used without purification for the solvolyses. - Isolated. 

2 Followed by alkaline hydrolysis. d 1.2 Equiv. e 60% Aqueous acetone-35% 

aqueous HC104. f 80% Aqueous acetone-35% aqueous HC104. g A = 9,11-saturated 3; 

B = II ring-contracted & (presumed); also see ref. 15. h The NMR spectra in- 

dicated a slight contamination by the 9,11-unsaturated isomer. 
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