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Abstract:  Potassium t-butoxide-induced Ramberg-Backlund rearrangement o f  chlorosulfones 
formed from a cyclopregnane-20-thiomethanol derivative has been shown to give A22-unsaturated 
steroids with high trans stereoselectivity. 

A huge number of  exotic sterols 1 have been characterised in plants and animals over the past thirty years. 2 

Whatever their origin, these modified steroids are structurally characterised by the appendage of a dehydrogenated 

and/or hydroxylated androstane skeleton to a so-called modified side-chain. A few of  the more common structures 

are shown. 

R X R 

a (or fl)-R= CH 3, C2H 5 ix (or fl)-R= H, CH 3, C2H4OH 
X= H, OH X= H, OH 

type a type b 

The structural complexity of  these sterols, combined with their scarcity and their interesting biological -inter 

alia antibiotic, phytohormonal, antifeedant- properties, has induced a thriving synthetic activity. 2a, 3 

A useful strategy for preparing steroids bearing a side-chain of  type a is based on the use of  stigmasterol 1, a 

readily available sterol of  vegetal origin. Protection of  the ring unsaturation in 1 by performing a homoallylic 

rearrangement, followed by cleavage of the residual carbon-carbon double bond affords the aldehyde 2, which can 

be converted into type a derivatives by means of appropriate olefination reagents. 4 

HO 
OMe OMe 

1 2 3 

Complications can rise occasionally however, resulting essentially from the sensitivity of  aldehyde 2 and, in a 

lesser extent, from the incomplete stereoselectivity of  the used reagents. 4f  
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As part of our ongoing work on the synthesis of polyhydroxylated steroids,5 we needed to prepare compounds 

related to 3b. Having prepared 2 from stigmasterol as described, 4a we noted that some epimerisation took place 

effectively at C-20, in the aldehyde 2, either during its purification by chromatography (silica gel) or on attempted 

condensation with a lithiosulfone. 6 This prompted us to study the following scheme in order to avoid the 

aforementioned difficulties. 

R XI X2 R 

, ,, , > f / " x  i % 

St 

3a, R=H 9a-b, n=0; X1,X2=H 4, X=OH 8a-b 
3b, R=C2H5 10a, n=2; X 1,X2=H 5, X=I 

l la-b,  n=0; X t(or X2)=H; X2(or XI)=CI 6, X=SC(O)CH3 
12a-b, n=2; X t(or X2)=H; X2(or XI)=CI 7, X=SH 

St=( 3~,5~)-cyclo-(6~)-methoxy-pregnane 

Ozonolysis of compound 3b under improved conditions was immediately followed by LAH reduction. 7 The 

resulting alcohol 4 was converted into the iodide 5 (87%). Treatment of 5 by sodium thioacetate in acetone 8 gave 

the thioacetate 6 (90%), which, by reduction (LAH, THF), furnished the pure thiol 7 (96%). Stereochemical 

integrity at C-20 could be ascertained for each step of the sequence by NMR spectroscopy, indeed an accurate 

diagnostic presently. Condensation of the sodium salt of 7 with the iodides 8a-b (Nail, DMF; r.t., overnight) gave 

the sulfides 9a (85%) and 9b (87%), respectively. Sulfide 9a was eventually oxidised (MCPBA, NaHCO3) into the 

corresponding sulfone I0a. 

First attempt to convert directly the sulfone 10a into the corresponding olefin by using improved modifications 

of the Ramberg-B~icklund rearrangement (RBR) 9 proved disappointing. Subsequent efforts to chlorinate 9a, in 

order to obtain l l a  (hence 12a, after MCPBA oxidation), by using recommended reagents 9d, I0 were also 

ineffective: complex mixtures resulted. Consequently, our quest of suitable conditions was pursued with a simpler, 

more accessible model substrate, 13a. 11 a 

After much experimental work, it appeared that, according to a procedure described by Paquette, 12a addition of 

the sulfide 13a to a preheated (90°C; bath) solution of NCS (1 eq.) in CC14, followed by filtration of the formed 

succinimide after a few minutes and treatment of the filtrate by MCPBA (1 eq.) in the presence of NaHCO3 (1.5 

eq.) resulted in the clean formation of the chlorosulfone 13b in good yield (83%; overall). Treating this 

chlorosulfone with t-BuOK (2eq.), a base known for promoting the E selectivity in relevant cases, 12b in THF, for 2 

hours at room temperature, resulted in the formation of a less polar compound, which proved (NMR) to be the 

pure trans RBR product E-15,1 lb accompanied by the cis episulfone C-14,1 lc we confused initially with the 

starting chlorosulfone 13b (about the same Rf in TLC). The apparent stability of this episulfone was confirmed 

independently by heating a CDCI 3 solution of C-14 in a NMR-tube: the cis olefin Z-15 was not formed at an 

appreciable rate before the temperature reached 80°C (bath). 

Taking advantage of earlier Bordwell's results, 12b,c we then treated the episulfone C-14 by an excess of base 

(3.5 eq.; in THF) for a longer time (4 h), still at room temperature, with the hope that C-14 would be epimerised 

into the trans suifone T-14, leading thus to the desired trans compound E-15. This occurred effectively and 

subsequent treatment of a THF solution of chlorosulfone 13b by t-BuOK (3.5 eq.; 4 hours at room temperature) 

resulted in the isolation of pure g.15 (87%; 73% overall, from 13a). 
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On the whole, this stereoselective olefination process is likely to occur as outlined below. 

Oxxs4'O~ ODPTBS r . t .  E / ~ I 5 0 D P T B S  
D P T B S O ~ T . 1 4  ~ DPTBSO 

X , ~  / x  t-BuOK (3.5 eq.), t t  

Y O s,,O ,.,. D so oo,   
13a, n=0; X= H DPTBSO ODPTBS 
13b, n=2; X= C1 Z-15 

C-14 

Applying these chlorination/oxidation conditions to sulfides 9a and 9b gave, respectively, the chlorosulfones 

12a and 12b, as mixture of isomers. Finally, reaction of these chlorosulfones with excess t-BuOK gave in high 

yield the corresponding unsaturated steroids 3a and 3b, which were identified either by subsequent 

transformation 4a into the known acetate 16 (3a) or by comparison with an authentic sample (3b).l 3 

R 

, 2  " st 3 

9a-b 3a (73%, overall) 
3b (70%, overall) 

Reagents and conditions: 1- NCS (1 eq.), CC14; 90°C, 15 mn; then, 
MCPBA (1 eq.), NaHCO3 (1.5 eq.); r.t., 3 hrs; 2- t-BuOK (3.5 eq.), THF; 
r.t., 3-4 hrs; 3- Zn(OAc)2 (8 eq.), AcOH, reflux, 2hrs. 

~cO " " ~  

16 (89%), m.p. 120-121 °C(MeOH); 
[~]D -61, c=1.5 (CH2C12) 

In conclusion, in proper conditions, the Ramberg-B~icktund reaction is highly efficient for preparing 

stereoselectively (E)-A22-steroids from alcohol 4, a stable product easily available from stigmasterol. 
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