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Continuing inves t igat ions  on the synthes is  of 16c~-methyl-subst i tuted pregnanes  [1], we have studied 
the reduction of the 3-oxo group of 11~-hydroxy-16~-methy l -5 f l -p regnane-3 ,20-d ione  (I) under the action 
of NaBH 4. 

I t  i s  known [2] that the s t e r eochemica l  d i rec t iv i ty  of the reduction of unhindered 3-oxo s te ro ids  by 
complex me ta l  hydr ides  is  de te rmined  by the s t ruc tu re  of the product  formed;  the reac t ion  genera l ly  leads 
to a predominat ing  amount of the s t ab le r  alcohol with the equator ia l  a r r a n g e m e n t  of the hydroxy group. 
This alcohol will belong to the 3~ or  the 3~ s e r i e s  according  to the l inkage of r ings  A and B. 

In accordance  with this rule,  in the reduction of ketone (I) by NaBH 4 we obse rved  the format ion  of 
3a ,  11c~-dihydroxy-16~-methyl -5f l -pregnan-20-one  flI) as  the sole react ion  product .  

The p r e s e n c e  of two equator ia l  hydroxy groups in the molecule  of the diol (II} obtained enabled the i r  
r e la t ive  s t e r i c  hindrance to be studied. I t  can be seen f rom a considera t ion of a mo lecu l a r  model  of the 
diol GI) (Fig. 1) that  although both hydroxyls  a r e  equatorial ,  one of them (11~) is  hindered to a somewhat  
g r e a t e r  extent because of the c is  l inkage of r ings A and B. This  hypothesis  has  not been put fo rward  be-  
fore,  but previous  exper imenta l  r e su l t s  [3] do not cont rad ic t  it. 

* F o r  Communicat ion XLIV, see Khim. Pr i rodn .  Soedin., 7_, 509 (1971). 

Fig. 1. Molecular  model  of 3 %  11~-d ihyd roxy -16~-me thy l -  
5f l -pregnan-20-one (II). View f rom the r e a r  direct ion.  
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Fig. 2. IR spectrum 3~,11c~-diacetoxy-16~-methyl-  
5fl-pregnan-20-one (III). 

Fig. 3. PNIR spectra  of: a) 3~ , l l c~-d iace toxy-16a-  
methyl-5fl-pregnan-20-one (HI); b) l l a -ace toxy-3c~-  
hydr oxy- 16 c~-methyl-5fl-pregnan-20-one (IV). 

When the diol (II) was t reated with acetic anhydride in pyridine at room temperature ,  the acetylation 
of the two hydroxy groups apparently took place at s imi lar  ra tes ,  since the p rocess  led to the formation of 
the diacetate (III) (TLC). 

Thus, we observed no difference in the spatial acessibi l i ty  of the 3a  and the l l a - h y d r o x y  groups. 
However, such a difference was observed in the deacetylation of the acetate (HI). It was found that when 
the latter was t reated with a solution of KOH in aqueous ethanol at room tempera ture  the l l -monoace ta te  
of (II) was formed in admixture with a small  amount of the diol (II). 

On alkaline hydrolysis ,  less blocked acetoxy groups are  saponified more  easi ly [4]. The hindrance 
to the hydrolysis  of the 11~-aeetoxy group shows that it is  spatially blocked to a g rea te r  extent than the 
3c~-aeetoxy group. 
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The s t ruc tures  of the products corresponded to their  spectral  charac te r i s t i cs .  

Thus, in the IR spectrum (solution in CS 2) of the diacetate (HI) at 1240 cm -1 there is the strong sin-  
glet absorption band charac te r i s t ic  [5] of 3c~-acetoxy-5fl-steroids (Fig. 2). 

In the PMR spectrum (Fig. 3) of the diaeetate (III) there are  two signals f rom protons at C 3 (6=4.74 
ppm) and Cll (8 =5.0 ppm) (geminal acetoxy groups). 
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TABLE 1. Chemical  
Shifts of the P ro tons  of the 
Angular  Methyl Groups 

Com- 
pound 

The as s ignment  of the s ignals  was made  on the basis  of the i r  dif-  
fe ren t  mul t ip l ic i t ies ,  de te rmined  by the number  and orientat ion of the 
vicinal  protons .  The signal of the proton at  Cll (sextet) i s  due to a x i a l -  

Chemical shift, axial  coupling with the protons  at  C 9 and Cl2 (Jaa = 10.5 Hz) and to a x i a l -  
19-H IS:H Pm equator ia l  coupling with the proton at C12 ( Jae=5  Hz). The signal of the 

proton at C3 is  a mul t ip le t  which appea red  because of coupling with the 
found calc. fouttd I calc. tWO axial  and tWo equator ia l  protons  a t  C 2 and C 4. a 

The monoaceta te  (IV) a r i s ing  on pa r t i a l  hydro lys i s  gave the signal 
of a pro ton  at  Cll (6 =5.06 ppm, geminal  acetoxy group) and of one a t  C 3 
(6=3.67 ppm, geminal  hydroxy group) with retent ion of the nature  of the 
spli t t ing of the s ignals:  the upfield shift  of the signal in the spec t rum 
(multiplet) i s  in ha rmony  with the occu r rence  of hydro lys i s  at  C3 [6]. 

The constants  found show the axial  posi t ion of the protons  a t  Cll and C3, i .e.  the equator ia l  posit ion 

Ill ] 1,01 [I,0310,6610,68 IV I,O0 I,Ol 0,65 0,68 

of the 3cz- and l l a - h y d r o x y  groups.  

Fo r  compounds (]:II) and (IV) the values  of the chemica l  shifts  of the protons  of the angular  methyl  
groups de te rmined  f r o m  the PMR spec t r a  do not agree  sa t i s fac to r i ly  with those calcula ted f rom the e m -  
p i r ica l  ru les  of addit ivity [7] (see Table  1); s imi l a r  d i sc repanc ies  have been obse rved  by Zue rche r  [7]. 

EXPERIMENTAL 

The IR spectra were obtained in paraffin oil, and the PMR spectra on a JlXqVI-4H-100 MHz instrument 
in CDCI 3 (with tetramethylsilane as internal standard). The C and H values found corresponded to the cal- 
culated figures. The reactions were monitored by thin-layer chromatography (TLC). 

3~,ll~-Dihydroxy-16~-methyl-5fl-pre[,,nan-20-one (~). With stirring at 20°C, a solution of 0.1565 g 
of NaBH 4 in 15 ml of anhydrous pyridine was added dropwise over 3 h to a solution of 1 g of the ketol (1) 
with mp 145-148°C and 0.355 ml of water in i0 ml of anhydrous pyridine. After ~ 12 h, the reaction mix- 
ture was poured into 31 ml of cone. HCI containing ice and stirred for 30 rain, the precipitate was filtered 
off, and the filtrate was extracted with methylene chloride three times. The precipitate and the product 
from the extract were recrystallized from ethyl acetate. This gave 0.74 g (yield 74%) of the diol (ID with 
mp 198-201°C (from ethyl acetate); Vma x 1690 cm -I (CO); 3370, 3430, and 3500 cm -I (OH). 

3~,ll~-Diacetoxy-16~-methyl-5fl-pregnan-20-one (HI). At N 20oc, 1 ml of acetic anhydride was 
added dropwise to a solution of 1.18 g of the diol (/I) in 35 ml of anhydrous pyridine. After N 12 h, the re- 
action mixture was poured into a mixture of 45 ml of cone. HCI and ice. It was extracted with chloroform, 
and the extract was washed with water and dried with NaaSO 4. The solvent was evaporated off in vacuum, 
and the residue (1.4 g) was transferred to a column of SiO~ and eluted with chloroform, the separation being 
monitored by the TLC method. The evaporation of the appropriate portions of the eluate gave 0.98 g (yield 
69%) of the diacetate (HI) with mp 182-185°C (from dilute ethanol); Vma x 1690 cm -I (CO), 1715 and 1740 
cm - I  ( e s t e r  CO). 

11~-Ace toxy -3~-hyd roxy -16~-me thy l -5 f l -p r egnan -20 -one  (IV). To a solution of 0.2 g of the diacetate  
(HI) in 57 ml  of ethanol was added a solution of 0.26 g of KOH in 0.5 ml  of water .  After  1 h (~ 20°C), using 
the TLC method,  the d i sappearance  of the diacetate  (TH) f rom the react ion  mix tu re  was found. Then 0.28 
ml  of acet ic  acid was added, the solvent  was evapora ted  off in vacuum, and the res idue  was t r ea t ed  with 
water .  Af ter  N 12 h (in the r e f r i ge r a to r ) ,  the p rec ip i ta te  was f i l te red  off (0.19 g) and t r a n s f e r r e d  to a co l -  
umn containing 15 g of SiO 2. Elution was p e r f o r m e d  with a mix tu re  of benzene and acetone (5 : i),  the s ep -  
ara t ion  being moni to red  by the TLC method.  The product  f rom the appropr ia t e  por t ions  of eluate was r e -  
c rys t a l l i zed  f rom dilute ethanol, giving 0.14 g (yield 77.4%) of the monoaceta te  (IV) with mp 166-167°C 
( f rom benzene -hexane ) ;  Vma x 1695 cm "i  (CO), 1730 cm - I  (es te r  CO), and 3360 and 3410 cm - i  (OH). 

SUMMARY 

1. The reduct ion of l l (~-hydroxy-16(~-methyl -Sf l -pregnane-3 ,20-dione  with NaBH 4 f o r m s  3 ( ~ , l l ~ -  
d ihydroxy-  16 G-methyl -5 ;3-pregnan-20-one .  

2. In 3G,11(~-dihydroxy-16(~-methyl-5f l -pregnan-20-one the l l (~ -hydroxygroup  suf fe rs  g r e a t e r  s te r ic  
hindrance than the 3G-hydroxy  group. 
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