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The  ultraviolet spectra were taken on a Cary 118 spectrophotometer, 
using ether as  a solvent. Mass spectra were recorded on Varian MAT 
7:ll high-resolution ma 

Ozonation of Cholestan-3/3-01 Aceta te  ( I ) .  A solution of the title 
compound (6.0 g)  in pentane (100 mL) was mixed with chromato- 
graphic grade silica gel (400 g). The  solvent was evaporated in a ro- 
tatory evaporatctr. the dry powder was ozonated for 2 h a t  -78 "C, and 
the reaction mixture was extracted with ethyl acetate (500 mL).  
Chromatography on silica gel (500 g) using ether-methylene chloride 
18:92) gave the  starting material (1.3 g )  and cholestane-3/3,25-diol 
:{-acetate (2)2h (0.285 g): m p  126-127 "C; NMR d 0.67 (s, 3 H, C-181, 
0.87 i s ,  3 H ,  C- lS) ,  1.22 I S ,  6 H ,  C-26.27), 2.03 (s, 3 H,  0 A c ) ; M S  m l e  
-146 (M+) .  T h e  remaining more polar products were not  separated. 

Ozonat ion of Cholestane-3/3,5a-diol 3-Acetate  (3). The title 
compound (1.0 i:) dissolved in methylene chloride (100 mL)  was ad-  
sorhed on silica gel (75 g1 as described above and ozonated a t  -78 "C 
for :i h. After being warmed to room temperature, the organic material 
was eluted with methanol (200 mL).  The  residue, after evaporation 
ot 'the solvent. h a s  chromatographed on a column of silica gel (100 g) 
with a mixture of ether-methylene chloride (93:7J to give the starting 
material (0.14 g and cholestane-3d,5ru,25-triol 3-acetate (4Izb (0.093 
a ) :  m p  180-182 'C; N M R  Ci 0.67 (s, 3 H, C-18), 0.9 (d ,  J = 5 Hz, 3 H, 
C-21 ).1.00 (s .  3 13, C-19). 1.20 (s, 6 H. C-26,27). 2.02 (s, 3 H,  OAcj; MS 
mi(' -162 ( M + ) .  'The remaining more polar products were not sepa- 
rated. 

Ozonation of 5,6-Dibromocholestan-3/3-01 Acetate  ( 6 ) .  The title 
compound ( 2  g )  dissolved in methylene chloride (100 mL) was ad-  
sorhed on silica gel (100 g )  as  described above and ozonated a t  -78 
"C for :3 h, and the material was eluted with ethyl acetate (500 mL).  
The  solvent was evaporated, and the residue was dissolved in ether 
(50  mL). treated with zinc powder (0.5 gJ and acetic acid (2  mL), and 
stirred at  room temperature for 3 h. The reaction mixture was treated 
with ether (200 mL) and water (100 m L )  and decanted, and the zinc 
was washed wit t  ether (50 mL).  The  ether extracts were washed with 
Ivater and dilute hydrochloric acid and evaporated to  dryness to give 
an oily residue 1 I .18 g ) .  Chromatography on silica gel (100 g )  using 
methylene chloride-ether 1955) gave the starting material (0.38 g) 
and 25-hydroxvc.holesterol acetate' (5; 0.12 g): m p  138-139 "C; NMR 
i, 0.68 ( 5 .  3 H. C-181, 1.02 (s .  4 H. C-19), 1.20 (s, 3 H, C-26.27),2.03 (s, 

H. OAc). 
P r e p a r a t i o n  of 6~,7a-Dibromocholestan-3/3-01 Acetate .  ( a )  

7-0xocholest-5-en-3P-ol Aceta te  ( 14).R Cholesterol acetate ( 5  g)  
dissolved in anhvdrous tPrt-butyl alcohol (500 mL) was treated with 
mercuric dibromide i5 g j  and anhydrous sodium acetate ( 2 . 5  g). The  
mixture was irradiated with an external light source (Rayonet) of 254 
nm a t  room temperature in an open quartz vessel for 10 h. The  solu- 
tion was filtered, and the filtrate was diluted with hexane (500 mL) ,  
extracted five times with water (100 m L J ,  and then evaporated to  
dryness. The  residue was chromatographed on silica gel (500 g) with 
hexane-ether (9:l ), resulting in 5e,6n-epoxy cholestan-3P-ol acetate 
(0.3 g) .  Elution with hexane-ether i4: l )  gave the  title compound (3  
g ) ,  m p  156-158 " C .  identical with a n  authentic sample. 

(b) Cholest-f;-en-3/3-01 A c e t a t e  ( 15L4 Diborane was passed 
through a solution of the  enone (3  gJ in diethylene glycol dimethyl 
ether (60 mLJ for an hour a t  room temperature. The  reaction mixture 
Fvas stirred for 4Cl min and then treated with acetic anhydride (30 mL) 
and heated under reflux for 1 h. The solution was concentrated under 
vacuum, and the  residue was extracted with ether and washed with 
water and a solution of 10% sodium hydroxide. Evaporation led to  a 
residue which w : ~  chromatographed on neutral alumina (activity 1) 
with hexane to :ive the title compound (2.25 g) ,  m p  100-105 "C. 
identical with arl authentic  ample:^ NMR d 0.68 (s, 3 H ,  C- l8) ,  0.90 
{ s ,  :i H. C-19). 2.03 i s .  :3 11. OACJ, 5.21, 5.61 (AB, J = 10 Hz,  2 H.  C- 
6.7) .  

( c )  6P,7a-Dibromocholestan-3/?-ol Aceta te  (8). T o  a cold and 
stirred solution (-5 "C) of cholest-6-en-3P-ol acetate (1 g) in dry 
hexane (25 m L )  was added iodobenzene dibromide in hexane (pre- 
pared by addition of bromine (4.8 gJ to  a solution of iodobenzene (7 
g)  in dry hexane (10 mLJ at  room temperature) dropwise. T h e  light 
yellow reaction mixture was filtered and evaporated to  dryness. T h e  
residue was chromatographed on silica gel (100 g) with hexane-ether 
(4:1) to give the  title compound (1.2 g): m p  76-77 " C ;  N M R  6 0.72 (s, 
3 H. C-18). 0.86 ( d . J  = 6 Hz, 6 H,  C-26,27), 1.11 (s, 3 H, C-lgA),  2.03 
(s. 3 H ,  OAc), 4 5 5  ( m .  2 H, C-6.7); MS mle 588.1989 (M+);  calculated 
f o r  C P Q H ~ ~ O ~ ' ~ B  r2. 588.2000. 

Ozonat ion of 6/3,7a-Dibromocholestan-3~-01 Aceta te  (9). The 
title compound (1 g) was dissolved in hexane (100 mL) ,  adsorbed on 
silica gel (100 g), and ozonated at  -65 "C for 4 h. The  excess of ozone 
was driven off b> argon, and the material was eluted with a mixture 
of ethyl acetate-methanol (4:l). Chromatography on silica gel (100 

g) using methylene chloride-ether (4:l) gave the starting material (0.5 
g) and 0.16 g of G~,7n-dibromocholestane-~3~,25-diol :{-acetate (9): 
m p  84-85 "C; NMR d 0.73 (s, 3 H, C-18). 1.12 (s, 3 H,  C-19),1.21 (s  6 
H,  C-26,27), 2.03 (s, 3 H, OAc), 4.55 (m,  2 H ,  C-6,7);  MS m l e  584.1910 
(M+ - H20); calculated for C~9H4602~~Br2 ,  584.1864. T h e  remaining 
more polar products were not separated. 
25-Hydroxycholesta-5,7-dien-3/3-01 A c e t a t e  ( 10). 25-Hydroxy 

derivative 9 (14 mg) was dissolved in trifluoroacetic anhydride (1 mL) 
and left a t  room temperature for 4 h. T h e  solution was evaporated to 
dryness under vacuum as  the residue was dissolved in hexamethyl- 
phosphoramide (10 mL) to which triethylmethylammonium dimethyl 
phosphate (0.5 mg) was added. The  reaction mixture was heated a t  
135 "C for 2 h under nitrogen. Extraction with ether followed by 
washing with water and drying of the  ether extract with MgS04 re- 
sulted in the title compound 10 ( 5  mg):9 UV A,,, 262, 272, 282, 281 
nm. This  compound was converted without purification to 25-hy- 
droxyvitamin DB by irradiation in ether solution followed by heating 
for 1 h a t  7 5  " C  in isooctane.10 

Regis t ry  No.-I, 1255-88-5; 2, 2550-91-6; 3, 1256-33-3; 4,52092- 
66-7; 6 ,  514-50-1; 8, 69707-03-5; 9, 69707-04-6: 10, 24281-78-5; 14, 
809-51-8; 15, 987-53-1; 25-hydroxycholesterol acetate, 10525-22-1; 
cholesterol acetate, 604-35-3; 5cu,6n-epoxycholestan-3~-01 acetate, 
4092-57-3; 25-hydroxyvitamin DP, 19356-17-3. 
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Uranediol ( 17a-methyl-D-homo-5cr-androstane-38,17a~- 
diol) is a homosteroid hormone with androgenic and anabolic 
properties isolated from the urine of pregnant mares1 T h e  
structure of the compound has been determined2 and the 
synthesis a c ~ o m p l i s h e d . ~  

During our investigations on the reactions of sterols and 
epoxysteroids with P d ( P h c N ) & l ~ , ~  we have found that  the 
complex promotes the direct conversion of 5a-pregnane- 
3/!?,20/!?-diol(l) into uranediol(2). The  reaction occurs in ni- 

yy 
no-cn OH 

, , m ,  -& P d l P h C N l l C l i  

2 
no - 1 no 
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trobenzene a t  85 "C (75% yield in 30 min). In toluene as sol- 
vent. IIO reaction occurred a t  80 "C. At 100 "C, the formation 
of a mixture of' products was ascertained, but the uranediol 
yield was only 209;. 

The product [mp 209-211 "C ( l i t 2  m p  211-213 "C); [ a ] ~  
:i..io (CHCl:!) (lit.5 [(.]I, 3.S0)] has been unequivocally identi- 
fied through its derivatives 3 and 4. T h e  former [mp 158-160 

0 

& ap  
k 0  AC 0 

s_ 3 - 
"C (lit." mp 16C "Cj] shows the same NMR spectrum reported 
in the literature" (see Experimental Section). Compound 4 
[ m p  169-171 "(1 (lit.h mp 171 "C); [ a ] ~  -36' (lit.6 [ D I D  -38Oj] 
\vas obtained through the oxidation of 2 with CrOa, selective 
reduction with iVaBHi a t  C-3, and acetylation of the corre- 
sponding alcohol. 

The  improvement of the above synthesis as compared t o  
the previous procedure is relevant. The  latter involved the  
formation of ,ku-pregnane-?p,20$-diol3-acetate 20-tosylate 
and rearrangement in formic acid a t  23 "C to  yield uranediol 
3-acetate lSa-formate and uranedio1."sfi 

.4 relevant feature of the reported synthesis is tha t  
Pd(PhCN$J2 reacts more rapidly a t  the C-20 alcoholic group 
than a t  C-3, although the C-3 position has been shown t o  be 
chlorinated by the complex.; This  selectivity, necessary for 
the successful c:ourse of the reaction, is qualitatively shown 
t)y the reactior time for the uranediol synthesis (30 min) as 
compared to  the formation time of the 3-chlorocholestanes 
(180 min) .  

In contrast, when Pd(PhCN)PC12 was made t o  react in the 
same experimental conditions with 5a-pregnane-3/3,20a-diol 
and with its :i-acetate derivative, 17P-methyl-18-nor- 
,5ti,l 7tr-pregn- 13-en-33-ol (or its 3-acetate derivative) was 
isolated in 909- yield. together with a small amount of 5a- 
pregn-17-en-3~j-ol (5%). The  difference in the course of the 
reactions of the  two pregnane epimers and the relationship 
of the products structure to  the C-20 configuration of the 
starting compound is completely similar to  the results ob- 
tained by Hirschmann et  al. in the formolysis of 3P-acetoxy- 
5wpregnan-20ct -y1 tosylate and of its 20-epimer.8 This  
analogy suggesi,s that in the D -homoannulation promoted by 
the complex, the preliminary coordination of the C-20 hy- 
droxyl group to I'd(I1) occurs with the formation o f a  complex 
such as Pd(PhCN)(ROH)C12. In the  next steps, the complex 
anion Pd(PhCN(OH)Cl?-  probably behaves as a good leaving 
group, just as the tosylate group in the Hirschmann synthesis 
does.'',h 

Experimental Section 
Uranediol  (2). 3tu-PreKnane-:3~,200ij'-diol (1, 200 mgj was dissolved 

in nitrobenzene ( 5  mL)  and Pd(PhCNjZC12 (240 mg) was added. The  
yellow-brown solution was warmed a t  80 "C for 30 min with stirring. 
After the solution was cooled, diethyl ether was added and then water. 
The  ethereal extracts were evaporated and the residue was chroma- 
ti)graphed on a silica gel column by eluting with benzene-ether 7:3. 
A I'irst band of unidentified products was obtained, then 140 mg of 
uranediol was recovered. The  crystallization from CHC12-hexane 
afforded needles: mp 209-211 "C (lit.2 mp 211-213 " C ) ;    CY]^) +3.5 (lit." 

Anal. Calcd f o r  C';.,H,j60?: C ,  78.70; H ,  11.32. Found: C, 78.75; H ,  
11.2:. 

Uranedio l  Diace ta te  ( 3 ) .  By acetylation with AcnO-piridine, 2 
gave the diacetyl derivative 4: m p  158-160 " C  (from MeOH-CHzC12) 
(lit.6 m p  160 " C ) :   CY]^) 28.0' (lit.6 [ a ] ~  30"). T h e  NMR spectrum of 
3 is as  follows: 0.85 (s, lX-H), 0.79 (s, 19-H), 0.75 (d, 17-CHB), 2.00 and 
2.05 Is, 3-OAc, I;'a-OAc), 4.33 id, l i a - H ) .  

Anal. Calcd for ('i.jH400j: C,  74.20; H, 9.97. Found: C,  74.35; H. 
10.02. 

Uranol-17a-one Aceta te  (4 ) .  2 (100 mg) dissolved in acetone (10 

+ [n] i ,  +:3.:1. 

mL, distilled on KMn04) was treated for 2 min with stirring with 0.46 
mL of an aqueous solution of HnCr04 (8 N). After 5 min, the excess 
oxidant was destroyed with methanol. After addition of water and 
extraction with ether, the  ethereal phase was washed with aqueous 
NaHC0:j and then with water to neutrality. After evaporation of the 
solvent, the residue was chromatographed on a Si02 column by eluting 
with hexane-ether 4:l; 95 mg of the diketone was obtained. The  di- 
ketone was selectively reduced with NaBH4 (11 mg) in 14 mL of a 
mixture of CHZOH-dioxane (1:l) (room temperature, 15 min). After 
hydrolysis and extraction with ether, the residue was chromato- 
graphed on a Si02 column by eluting with benzene-ether (4: l ) .  T h e  
reaction product (30 mg) was acetylated by standard procedure to  4. 
Crystals (from hexane-ether): m p  169-171 "C m p  171 " C ) ;  [ t y ] ~  

-36" (in CHC1:lj (lit.6 [ @ I D  - 3 2 " ) .  
17~-Methyl-t8-nor-5c,l7a-pregn-13-en-:3/3-01 (5). 5tu-Preg- 

nane-3/3.20a-diol 3-acetate (100 mg) was dissolved in nitrobenzene 
(1.5 mL) and Pd(PhCN)ZClZ (104 mg) was added. The  yellow-brown 
solution was warmed a t  85 " C  for 2 h with stirring. After the solution 
was cooled, diethyl ether was added and then water. The residue from 
the ethereal extracts was chromatographed on a silica gel column by 
eluting with ether-hexane (5:l). T h e  first band was the  3-acetate of 
.i ( 2 5  mg); the second contained trans-38-acetoxp-Bn-pregn-17-ene 
( 6 ) .  After eluting the residue with ether-hexane ( 3 : 7 ) ,  a third yellow 
hand was eluted, which afforded after evaporation a yellow-brown 
product. I t  was probably a complex between Pd(I1) and the alkene 
.i (as %acetate), since by treatment with LiAlHl5 was quantitatively 
ubtained. 5 was identified by mp [130-133 " C  ( l i tx  m p  128.5-131 " C ) ] .  
the NMRX and IRa spectra, and the catalytic hydrogenation to  
1713-methyl-18-nor-5c,13.$,14~,17u-pregnan-3~-o1 Imp 119-121 " C  
trom hexane; l i t 8  m p  122-123.5 O C ) ] .  Crystals of 6 (from methanol) 
melted at  122-125 " C  ( l i t . 9  m p  120-121.5 " C ) .  

LVhen 5~1-pregnane-3/3,20n-diol was submitted to the same reac- 
tion, the  course was just the  same. 5a-Pregn-l;-en-3P-o1 was identi- 
tied by its mp,  135-136 O C  (from methanol) (lit.9 136-137 " C ) .  
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Electrophilic substitutions of the pyrroles' and five-mem- 
bered heterocycles as  a group2 have been recently reviewed. 
We now report briefly two further aspects of the  nitration of 
pyrrole derivatives. 

A. Formation of Polynitropyrrole Derivatives. T h e  
formation of polyhalogenopyrroles upon electrophilic halo- 
genation is well known1 and is favored by the fact that  the 
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