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The opening of an epoxide r ing with organometal l ic  compounds (Grignard reagents  or organoli thium compounds) is 
is a well-known synthetic method for obtaining ~ -a lky l  substi tuted alcohols [1]. 

Thus, the opening of the epoxide r ing of pregnane der ivat ives  leads to the format ion of 17a-hydroxy-16/3-methyl  
der ivat ives  [2, 3] and may be a p romis ing  route for the synthesis  of 16fi-substi tuted analogs of coticosteroid hormones  
(for example, be tasone-16 /3 -methy l -9a - f luoropredn i so lone) .  However, there a re  cases  where such react ions  proceed 
anomalously [1 ,4 ,5] .  

We studied the effect of methyl l i thium on the 3, 20-diketal  of 16a, 17~-epoxy-/xS--pregnene-3, 20-dione (I), 
descr ibed  in a previous paper [6] as well as on the 3-acetate  of the 20:ketal  of 16a, 17a, epoxy-AS-pregnene-3/3-ol-20 - 
one (II) [7, 8], 

It was found that the products of the normal  opening of the epoxy r ing with methyl l i thium, i . e . ,  17a-hydroxy-  
16f i -methyl-subst i tu ted pregnenes,  were not p resen t  in the react ion mixture .  

When compound (I) was used, the 3, 20-diketal of 16-methyl-AS#6-pregnadiene-3,20-dione (III) and the 3 ,20-  
diketal of ~5jS-pregnadiene-17(~-ol -3 ,20-dione (IV) were found, which on deketalization, yielded 16-methyl-A 4,16- 
pregnadiene-  3, 20- dione (V) and/x ~'15 pregnadiene_ 17 (~- ol- 3,20- dione ( VIII). 

When compound (II) was used, 16-methyl-A 5, t6-pregnadiene-3f i -o l -20-one  (VI) and A 5,15-pregnadiene-3fl, 17a-  
diol-20-one (IX) were isolated from the react ion mixture  after  deketalization.  

The s t ruc ture  of these compounds was established on the bas is  of e lementary  analys is  and the IR and NMRspectra 
spectra .  Thus, in the NMR spectra  of compounds (III) and (V)-(VII) one observes  singlets  with in tensi t ies  
corresponding to 3 proton units with chemical shifts of 1.8 ppm (HI), 1.99 ppm (V), 2.01 ppm (VI), and 2.03 ppm (VII), 
which indicates the p resence  of a methyl group on a double bond in each molecule (table). Absorpt ion bands at 
1660-1655 and 1600-1620 cm -1, which are  charac te r i s t ic  for  a con juga t ed - -C- -~C- -C=O system,  a re  presen t  in the 
IR spectra  of compounds (V)-(VII) .  

Com- Chemical shifts, ppm** 

pound ttc: ~ HC, 5 HC2 t HCt s HC~., HOH HCHjCO 

II1 
lV 

V 
VI 

Vll 
VIII 

IX* 

I 

1.8 
6.02 

doublet 
1.99 
2.01 
2.03 
6,23 

doublet 
6.06 

doublet 

555 
quartet. 

6~3 
quartet 
6.31 

q u a r t e t  

1.47 0.89 
1.35 0.90 

2.24 0.95 
2.26 0.91 
2.29 0.% 
2.20 0.75 

2.37 0.82 

1.04 
1 . 0 3  

1.15 
0.98 
1 . 0 3  
1.15 

1.00 

HC~ HC, 

5.30 - 
5.35 

- -  5 . 6 8  

5.35 
5.38 570 

5.31 

HC~ HC 2 

- -  3.9 
3.9 

3~48 
4.59 

3.71 

i - -  

2.59_ 2~03 

4.85 - -  

*NMR spectrum taken in deuteropyridine. 
**L. A. Alekseeva and Professor Yu. N. Sheinker participated in the discussion of the NMR spectra. 

Absorption f requencies  in the 3600 cm -1 and 1700-1600 cm -1 regions a re  completely absent in the IR spectrum 
of diketal (III). Consequently, compounds (III) and (V)-(VII) have the s t ruc ture  of the 16-methyl-AlS-dehydro 
der ivat ives  of the corresponding s teroids .  
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It is well known that 16-methyl-~,lG-dehydrosteroids are  readi ly  converted into the corresponding 16-methylene-  
17a- hydroxy derivat ive s [ 10]. Compound (VI) was therefore converted into 16-methyl-  16ol, 17~- ep oxy-~ 5-pregnene- 
3f l -ol-20-one,  f rom which the 3fi, 17~-diacetate  of 16-methylene-AS-pregnene-3f i ,  17o~-diol-20-one was obtained. 

Absorption bands charac ter i s t ic  for OH groups (3535-3380 cm -1) and specific narrow bands at 3080 cm -1 (v 
C~--=-C--H), which unambiguously indicate the appearance of an additional double bond in the molecule [11], were 
observed in the IR spectra  of compounds (IV}, (VIII}, and (IX} (previously e r roneous ly  assigned the s t ruc ture  of 
16fi-methyl-/X~-pregnene-3fi,  I7o~-diol-20-one [9]). The posit ion of this double bond can be judged f rom the NMR 
spectra .  Two groups of signals in the vinyl proton region,  each with intensi ty  of I proton unit, a re  observed in the 
spectra  of compounds (IV), (VIII), and (IX}. The split t ing of these signals is in good agreement  with their  ass ignment  
to the protons on the CI~-Ct6 double bond. Thus,  for example, a doublet at 6.06 ppm with J = 7 Hz (proton on Ct6, 
spli t t ing due to in teract ion with the proton on Ct5 } and a quartet  at 6.31 ppm with J = 7 Hz and J = 4 Hz (proton on CI5, 
splitt ing due to in teract ion with the protons on C~G and C14 ) a re  found for compound (IX). It should also be added that 
the f reshly formed hydroxy group in compounds (IV), (VIII), and (IX) is not acetylated under mild conditions.  Thus, 
compounds (IV), (VIII}, and (IX) are  the 17~-hydroxy-A15-dehydro der ivat ives  of the corresponding s teroids .  After 
we had completed our investigation,  a communicat ion regarding the synthesis  of 17~-hydroxy-/XtS-dehydro der ivat ives  
of s teroids appeared.  The constants we obtained for compounds (VIII) and (IX) completely agreed with those descr ibed 
in this paper  [12]. 

The occurrence  of two competing react ions  (opening of the epoxide r ing with introduction of a methyl group into 
the steroid molecule and in t ramolecu la r  i somer iza t ion  of the epoxide to form an allyl alcohol) with no nucleophilic 
addition of methyl l i thium to the epoxide r ing is due to the fact that methyl l i thium is a s t rong base and a weak 
nucleophilic agent. 

The opening of the epoxide r ing of acyclic and al icyclic  epoxides by the action of organoli thium compounds was 
recent ly  studied by Cope and co-workers  [13, ]4] and Crandal l  and co-workers  [15-18].  Two mechanisms  for the 
i somer iza t ion  were proposed, each of which is rea l ized as a function of the nature  of the epoxide taken for  the 
react ion (the proofs were based on the use of deu te r ium-labe led  compounds) [13, 14]. According to their  data, two 
react ion mechanisms  can be proposed for our case:  in the f i r s t ,  it is assumed that a proton is removed from C15 under 
the action of a s trong base with subsequent opening of the epoxide r ing by the carbanion formed (carbanion mechanism 
or f i -e l iminat ion);  in the second, it is assumed that a proton is removed from the epoxide r ing (a-e l iminat ion} 
resul t ing  in a carbene with a subsequent 1 ,2-hydr ide  shift [15, 16] (carbenoid mechanism or a -e l imina t ion)  ]. 

As fa r  as the formation of 16-methyl-~lG-dehydro der ivat ives  of s teroids  is concerned,  it is not possible  to 
assume the i r  format ion from the corresponding 17a-hydroxy-16f i -methyl  der ivat ives ,  s ince the la t ter  are r e s i s t an t  
to dehydration under the react ion conditions [19]. According to Crandal l  [17, 18], s imi la r  compounds are  obtained 
through a - e l i m i n a t i o n  of a proton f rom Ct6 to form a carbene,  the addition of a second molecule of methyl l i thium, and 
subsequent splitt ing out of a l i thium oxide molecule.  One cannot exclude the carbenoid mechanism which leads to the 
formation of 16-oxo derivat ives  through react ion of the ketone with methyll i thium and dehydration to the 16-methyl-  
A16-dehydro derivat ive []7]. We cannot judge the react ion mechanisms  with confidence since we do not have the 
exper imental  data at our disposal.  

The opening of the epoxide r ing makes it possible to obtain 16-methyl-&~6-dehydro der ivat ives  of pregnane 
[19,20] by a comparat ively  simple route,  in which, by regulat ing the exper imental  conditions,  we can inc rease  the 
yield of these compounds. Thus, ca r ry ing  out the react ion in te t rahydrofuran with the addition of the epoxides (I) and 
(II) to a methyl l i thium solution enables one to direct  the react ion toward the predominant  format ion of compounds (V) 
and (VI). In addition, A1Kunsaturated der ivat ives  of the 17~-hydroxypregnane ser ies  can be synthesized by this 
method [12]. 

E X P E R I M E N T A L  

The ins t ruments  and conditions for the spect ra l  and chromatographic analys is  are  descr ibed in [6]. The 
analyt ical  resu l t s  for al l  the compounds were in good agreement  with the calculated values.  

Reaction of methyl l i thium with the 3 ,20-diketa l  of 16(~, 17~-epoxy-&5-pregnene-3,  20-dione [1]. A solution of 
methyl l i thium prepared  from 1.1 g of metal l ic  l i thium, 4.4 ml (10 g) of methyl iodide, and 70 ml of dry ether [21] was 
added to a solution of 0.84 g of (I) in 50 ml of dry benzene.  The react ion mixture  was heated to boiling, the solvent was 
dist i l led off until  the t empera ture  of the react ion mixture  reached 70 ° C, and the mixture  was boiled at this 

32 



t empera tu re  for 12 hr.  The mixture  was then cooled to 0 ° C, 30 ml  of water  was added, the benzene layer  was 
removed,  and the product was extracted f rom the aqueous layer  with benzene.  The combined benzene extracts  were 
washed with water ,  dried,  and evaporated to dryness .  Acetone (70 ml) was added to 0.8 g of the c rys ta l l ine  res idue ,  
the suspension was boiled, and the insoluble res idue was f i l te red  off and washed with acetone. The 3, 20-diketal of 
As ' IS-pregnadiene-17~-ol -3 ,  20-dione (IV) (0.3 g) was obtained with mp 246-248 ° C (decomp.,  f rom benzene), [a]D 
-101  ° (chloroform), and Rf  0.65. 

The mother - l iquor  was evaporated,  and the res idue  was dissolved in benzene and chromatographed on a layer  of 
s i l ica  gel (d = 3 cm, h = 4 cm). Benzene eluted 0.32 g of a substance which, after  r ec rys ta l l i za t ion  f rom acetone, gave 
0.21 g of the 3,20-diketal  of 16-methyl -AS,~-pregnadiene-3 ,20-dione  (II1) with mp 207-210 ° C (from acetone), [~]D - 6 4 °  
(chloroform), and Rf 0.83. Methylene chloride eluted 0.16 g of (I) with nap 178-180 ° C. The sample  did not depres s the  
mel t inKpoin t  of an authentic sample.  

Reaction of methyl l i thium with the 3-acetate  of the 20-ketal  of 16a, 17a-epoxy-AS-pregnene-3f l -o l -20-one  (II). 
A solution of 4.5 g of II in 145 ml  of dry te t rahydrofuran  was added during 15 min  with s t i r r i ng  under  ni t rogen to an 
e ther  solution of methyl l i thium prepared  from 7.5 g of meta l l ic  l i thium and 35 ml  of methyl iodide in 180 ml  of 
absolute ether .  The react ion mixture  was boiled for 30 rain, cooled to 0 ° C, and 200 ml  of water was added. The 
e the r - t e t rahydrofuran  layer  was removed,  and the product was extracted f rom the aqueous layer  with ether.  The 
combined extracts  were washed with water ,  dried,  and evaporated to dryness .  The dry res idue (4.05 g) was dissolved 
in 117 ml  of methanol and added to a solution of 24 ml of 1 N H2SO4, and the mixture  was boiled for 0.5 hr.  The react ion 
mix ture  was cooled to 0 ° C, and the precipi ta te  was f i l te red  off and washed with water to give 3.16 g of (VI) (89%) [22] 
with mp 195-197 ° C (from methanol),  [~]D - 89° (ethanol) and Rf 0.53. The acetate of (VI) [compound (VII)] had mp 
176-177 ° C, [a]D - 85°+(ethan°l), and Rf  0.85. 

The steroid was extracted with methylene chloride f rom the wa te r -me thano l  mother  l iquor af ter  removal  of (VI) 
and the extract  was evaporated to dryness  to give 0.12 g of an oil which was t rea ted with methylene chloride.  The 
methy lene-ch lor ide- inso lub le  substance was rec rys ta l l i zed  f rom ethyl acetate to give (IX) [12] with mp 263-264 ° C, 
[~]D --168° ( tetrahydrofuran),  and R f  0.36. 

16-Methyl-~4,1~-pregnadiene-3, 20-dione (V) [23]° Compound III, 0.67 g, was boiled with 20 ml  of 80% aqueous 
acetic acid for  10 min.  The solvent was dis t i l led off to dryness  and the res idue was rec rys ta l l i zed  f rom aqueous 
acetone and aqueous methanol to give (V) with mp 164-166 ° C, [~]D +92° (chloroform), and t~. ~0.55. 

A4 '~ -P regnad i ene -17~-o l -3 ,  20-dione (VIII) [12]. Compound IV, 0.48 g, was boiled for 10 min  with 20 ml  of 85% 
aqueous acetic acid. The solvent was dis t i l led off to dryness  and the res idue  was rec rys ta l l i zed  f rom ethyl acetate 
and 70% aqueous alcohol to give 0.2 g of (VIII) with mp 222-226 ° C (decomp.) and Rf  0.32. 

C O N C L U S I O N S  

The opening of the epoxide r ing of the 3 ,20-diketa l  of 16~, 17~-epoxy-&5-pregnene-3,20-dione and of the acetate 
of the 20-ketal  of 16~, 17~-epoxy-~5-pregnene-3f i -o l -20-one  with methyl l i thium has been studied. It was found that no 
products  of the nucleophilic addition of methyl l i thium to the epoxide r ing are  formed,  and af ter  deketalization,  16- 
methyl-A 4'~6-pregnadiene-3, 20-dione, ~4 ,tS_pregnadiene_17~_ol - 3, 20-dione, 16-methyl -A~ ' t6-pregnadiene-3~-ol -20-  
one, and AS,lS-pregnadiene-3p, 17~-diol -20-one  were isolated.  The format ion of the la t ter  is due to a lka l i -ca ta lyzed 
opening of the epoxide r ing in the p resence  of the strong base,  that methyl l i thium is. 
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