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11 -Methoxy-7,12-dimethylbenz[ alanthracene (22). The same 
method as above was applied to 100 mg of 14, substituting 30 min of 
reflux for the 30 min that the MeMgI was allowed to react with the 
dione. Column chromatography of the final product mixture yielded 
a yellow oil, which crystallized from benzene-ethanol to yield 5 mg 
(5%) of 22: mp 121-123 "C (lit.4 mp 123-124 "C); MS mle  286 
(M+). 
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The hydroxylation of a,@-unsaturated nitriles or a,B-unsaturated esters in various steroid systems using stoichio- 
metric amclunts of osmium tetroxide furnished a-hydroxy ketones/aldehydes and a,p-dihydroxy esters in moderate 
yield. The absence of a C-21 acetoxy group in 17(20)-pregnene-20-carbonitriles or 5,17(20)-pregnadiene-%0-cai-bo- 
nitriles precluded using potassium permanganate to introduce the 1 7 ~ h y d r o x y  20-ketone synthon. However, the 
stoichiometric osmium tetroxide oxidation of various 17(20)-pregnene-20-carbonitriles furnished the lia-hydroxy 
PO-ketones in moderate yield. a,@-Unsaturated nitriles derived from %ketones and 20-ketones were also hydroxyl- 
ated to give a-hydroxy ketones and aldehydes in moderate yield. No regioselectivity for the 117~20-double bond in 
5,17(2O)-pregnadiene-20-carbonitriles was observed using osmium tetroxide. A catalytic osmium tetroxide-potassi- 
um chlorate oxidation of 17(20)-pregnene-20-carbonitriles required zinc nitrate to sequester cyanide ion liberated 
in the course of the hydroxylation. A brief investigation of osmium tetroxide oxidation of 5,17(20)-pregnadienes 
bearing withdrawing groups a t  C-20 other than the nitrile disclosed an interesting hydroxylation of a 17(2O)-unsat- 
urated ester in the presence of a nonconjugated 15-double bond. 

Sarett' employed the hydroxylation of an a$-unsatu- 
rated nitrile using osmium tetroxide in order to introduce the 
170-hydroxy-20-keto synthon found in cortico steroids. 
Tishler2 and others3s4 later modified this procedure by sub- 
stituting potassium permanganate for osmium tetroxide and 
recorded regioselective hydroxylation of the 117~20-double 
bond even in the presence of a nonconjugated double bond 
elsewhere in the steroid as the following example4 shows (eq 
1). In connection with various synthetic interests, we needed 
to determine: (1) the compatibility of these procedures with 
other functional groups; ( 2 )  the suitability of these procedures 

r-OAc ~ O A C  

for the synthesis of a-hydroxy aldehydes as well as a-hydroxy 
ketones; and ( 3 )  the feasibility of using catalytic procedures 
to render this reaction economical in the case of osmium te- 
troxide. In addition, we sought to assess the regioselectivity 
of attack a t  the 17(20)-double bond in 5,17(20)-pregnadienes 
which: (1) lacked a C-21 acetoxy group; and (2) possessed an 
electron-withdrawing group a t  C-20 other than a nitrile. 

Results and Discussion 
The a,P-unsaturated nitriles 2 and esters 3 used in this 

study were prepared from various steroidal ketones 1 using 
the phosphonate Wittig reaction.5 We have confined our study 
to the +unsaturated nitriles 2 derived from the condensa- 
tion of ketones 1 with either diethylphosphonoacetonitrile6 
(4) or 2-(diethylphosphono)propionitrile7 ( 5 ) .  As indicated 
in the Experimental Section, the yields of 2 were moderate to 
good starting with the sterically hindered C-17 and C-20 ke- 
tones. No effort was made to separate the E l 2  isomers. In two 
cases involving the condensation of 5 with 3P-hydroxy-5a- 
androstan-17-one tetrahydropyranyl ether or 5-androstene- 
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3,l’i-dione 3-el hylene ketal, the  yields were poor for reasons 
which remain obscure. The  ti,$-unsaturated esters 3 were 
prepared from C-17 ketones using ethyl diethylphospho- 
noacetate (6).8 

Because of the expense and toxicit,y of osmium tetroxide, 
we initially attempted to convert 17(20)-pregnene-20-car- 
bonitriles into 1 7tu-hydroxypregnan-20-ones using potassium 
permanganate. As shown in Table I, we examined the per- 
manganate oxidation of 3/j-tert-butoxy-5n-pregn-17(20)- 
ene-20-carbonitrile (2c),  3-methoxy-19-norpregna- 
1,3,5(10),17(20~-tetraene-20-carbonitrile9 (2d), and 3 P - h ~ -  
droxy-50-pregn-17(20)-ene-20-carbonitrile acetate (2i) under 
Tishler’s carefully defined conditions,2 but we isolated the 
corresponding (y-hydroxy ketones 7c ,  7d, and 7i in only 5 ,  3, 
and 7% yields. respectively. The isolation of substantial 
amounts of unreacted starting material (89,94, and 8796, re- 
spectively) excluded the possibility that  the low yield of the 
17a-hydroxy 20-ketones was the result of some undesired side 
reaction consuming the product. These disappoint,ing results 
then led us to survey a variety of permanganate oxidation 
procedures. Using 2d, for example, we were unable to prepare 
the 170-hydroxy 20-ketone 7d in acceptable yield despite 
extensive variations in experimental conditions. In our best 
attempt, a combination of potassium permanganate and di- 
cyclohexyl-18-crown-6 in henzene furnished t,he 17cu -hydroxy 
20-ketone 7d in only l6% yield. 

These results were somewhat puzzling particularly in view 
of the regioselective permanganate oxidation shown in eq 1, 
which afforded the de5ired product in high yields4 To  gain a 
better understanding of this problem, we examined the oxi- 
dation of various 5,17(20)-pregnadiene-20-carbonitriles. A 
compilation of our results and those of others is shown in 
Table I. I t  is immediately apparent that  the 21-acetoxy group 
and possibly the C-11 carbonyl group exert a dramatic effect 
on the regioselt>ct,ive hydroxylation of these systems. In ad-  
dition, it appea’s that even in the presence of the C-21 acetoxy 
group, this regioselectivity is lost unless the enone function- 
ality in the A ring is protected in some fashion. 

Exposure of ,Jariout; tr,S-unsaturated nitriles 2 to  stoichio- 
metric amount!; of osmium tetroxide in pyridine followed by 
sodium bisulfite provided the @-hydroxy ketones and al- 
dehydes 7 shown in Table I. In general, this procedure was 
compatible with ethers, aromatic rings, and i-cyclopropyl 
ethers, but, as expected, would not accommodate the presence 
of other carbon-carbon double bonds which are electron-rich 
relative to  the a,@-unsaturated nitrile. For example, the 
osmylation of 2h9 furnished the a-keto1 7h in only 10% yield 
and the product of attack on the 15-double bond, Bo-tert- 
butoxy-5n,6a-dihydroxypregn- 1 7 (  20)-ene-20-carbonitrile, 
in 22% yield. 

In an  effort to render this hydroxylation procedure eco- 
nomical, we examined the catalytic osmium tetroxide oxida- 
tions of 17(20)-pregnene-20-carbonitriIes. Heer and Miescher3 
noted without comment that  such oxidations proved unsuc- 
cessful. Initially, our experience was similar in that the oxi- 

L R” 
1 

3 

dation of 2d (structure in Table I) using 0.3,0.2, and 0.1 equiv 
of osmium tetroxide in combination with potassium chlorate10 
furnished the a-hydroxy ketone 7d in 60, 43, and 7% yield, 
respectively, as shown in ‘Table 11. The  use of hydrogen per- 
oxide,” tert-butyl hydroperoxide,I2 N-methylmorpholine 
oxide,l3 or N-methylmorpholine oxide-hydrogen peroxide14 
proved even less effective than potassium chlorate in this 
connection. 

We also found that  the addition of 1 equiv of potassium 
cyanide to  an  osmium tetroxide catalyzed experiment com- 
pletely forestalled the reaction (entry 2 c‘s. entry 1 in Table 
11). This suggested that the low yield in those experiments 
using only 0.1 equiv of osmium tetroxide resulted from the 
fragmentation of the osmate ester 8 and subsequent trapping 
of regenerated osmium tetroxide or some lower valent osmium 
species by cyanide ion1” to give an insoluble, unreactive 
complex 9. To circumvent this difficulty, we have explored the 

8 

complex 9 

low KClO valent -----A OsO, 
Os species 

addition of various transition metal ions which would compete 
effectively with osmium tetroxide for any cyanide ions. Using 
a table of solubility products as a guide, we explored the use 
of silver, zinc, and mercury salts and have recorded a moderate 
degree of success in this regard as shown in Table 11. 

The  addition of zinc nitrate (20 equiv) to an  aqueous ter t -  
butyl alcohol solution of osmium tetroxide (0.1 equiv) and 
potassium chlorate (2.5 equiv) provided a reasonably eco- 
nomical alternative to the use of stoichiometric amounts of 

10, R = CHO 
11, R = C0,E t  

HO r 
C0,Et 

0 
13 14 

C0,Et 
H I 

12 

H 
I 

15 16 
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Table I. A Survey of the Effect of Various Substituents on the Hydroxylation of 17(20)-Pregnene-20-carbonitriles and 
5,17(20)-Pregnadiene-20-carbonitriles 

oxidant 
cu,d-unsatu- a-hydroxy Os04 

rated ketone KMn04, (stoichiometric), 
nitrile 2 7 % yield O h  yield 

i" 

a cie;" _..._ 

c&:H H 

t-BuO 

.A# Ll@ A 

CHO 

54 

43 

67 

69 

69 

66 

10 

52 

0 
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Table I (continued) 

a$-unsatu- 
rated 

nitrile 2 

a-hydroxy 
ketone 

7 

oxidant 

KMnOd, (stoichiometric), 
% yield 

os04 

90 yield 

CHO 

ACO &-OH 

L O  

1 

10d  

2 a  

8 

45-50h 

[eer and K. Miescher, Helv. Chim. Acta, 

79-89C 

6 b  

1.359 (1951). G. 

19 

19 

26 

Poos,R. M. LL..~s, G. Isolated as 17whydroxyprogesterone. 
E. Arth, and L. H. Sarett, J. Am. Chem. Soc., 76,5031 (1954); the yield of d product was 79% and dl  product was 89%. d R. Tull, R. 
E. Jones, S. A. Robinson, and M. Tishler, abrd., 77, 196 (1955). e This product was accompanied by another product of uncertain 
structure. 

osmium tetroxide. Four cases contrasting the catalytic and 
stoichiometric osmium tetroxide oxidations of 17(20)-preg- 
nene-20-carbonitriles are shown in Table 111. The catalytic 
procedure provides the a-hydroxy ketones in comparable yield 
and if recovered starting material is taken into account in 
superior yield to the stoichiometric oxidations where only 
trace amounts of starting material could be recovered. I t  is 
interesting that the conditions for the catalytic osmium te- 
troxide oxidation were sufficiently mild to accommodate the 
3P-acetoxy group in 2i and the i-cyclopropyl ether in 2a. 

We did not expect that the substitution of other electron- 
withdrawing groups for the nitrile group in 5,17(20)-pregna- 
diene-20-carbonitriles would have any effect on regioselec- 

tivity. Like the nitrile 2j (st,ructure in Table I), the reaction 
of the aldehyde 10 with osmium tetroxide led to a complex 
mixture of products. The hydroxylation of the ester 11, how- 
ever, provided the 17a,20@-dihydroxy esters 12 in 60% yield, 
which was further characterized as the enone 13. The enone 
ester 14 derived from 11 and the dienone ester 15 again ex- 
hibited no regioselectivity in their reactions with osmium 
tetroxide to give 13 and 16, respectively. 

In summary, the absence of a C-21 acetoxy group in 
17(20)-pregnene-20-carbonitriles or 5,17(20)-pregnadiene- 
20-carbonitriles precluded using potassium permanganate to 
introduce the 17a-hydroxy 20-ketone synthon. However, the 
stoichiometric osmium tetroxide oxidation of various 
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T a b l e  11. C a t a l y t i c  Osmyla t ions  of a,p-Unsaturated 
Nitrile 2d Using Osmium T e t r o x i d e  and Potass ium 

C h l o r a t e  

% isolated 
0sO4, KC10:3, added salt,  conditions, yields 
equiv equiv (equiv) h , " C  7d 2d 

0.3 1.34 none 120,65 60 8 
0.3 1.34 KC'N 11) 120,65 0 
0.2 1.34 none 120,60 43 20 
0.1 1.94 none 100,50 7 68 
0.1 1.33 AglN0:jI (10) 140,65 49 30 
0.1 1.34 HgC12 (10) 140,65 50 11 
0.1 1.33 ZnClr (10) 140,65 42 43 
0.1 1 . 3  ZniOAc)? (10) 140,65 26 51 

G.l  2.50 %niNOi).r (20) 140, 65 52 3:3 

__ ___ 

____I-__ __-- 

0.1 1.:3;4 Z I L ( N O ~ ) ~  (10) 140, 65 4'7 49 

T a b l e  111. C o n t r a s t  between the Catalytic and 
Sto ich iometr ic  O s m i u m  T e t r o x i d e  Oxida t ions  of Selec ted  

1 7(20)-Pregnene-20-carbonitriles 
- . . -. ... .. _. _. . . . 

% yield of 
tu-hydroxy ketone 

CY ,$- unsat- 
iirated os04 os04 
nitrile pr iduc t  {stoich- Os04 (catalytic) 

7 iometric) (catalytic) (corrected)R _____-- 2 

?a 7a 4 50 65 
2c i(' 67 52 81 
2 d 7d 69 52 78 
2i l i  52 61 74 

n 

r. 

Yield correct rtl for  recovered starting material. 

1 '7(20)-pregneni~-PO-carbonitriles furnished the 17a-hydroxy 
20-ketones in  moderate  yield. a ,$-Unsaturated nitriles derived 
f rom %ketones and 20-ketones were also hydroxylated to  give 
ck-hydroxy ke tones  and a ldehydes  in  modera te  yield. No reg- 
ioselectivity for t h e  .lL7,20-double b o n d  i n  5 ,17(20)-pregna-  
diene-20-carbonitriles was observed using osmium tetroxide. 
A catalyt ic  o smium tetroxide-potassium chlorate oxidat ion 
of 17(20)-pregnenc-20-carbonitriles requi red  zinc nitrate to 
seques te r  cyanide  ion l iberated in  the course of the hydrox-  
ylation. A brief invest igat ion of o smium te t roxide  oxidat ion 
of 5.1'7(20)-pregnadienes bearing withdrawing groups at C-20 
o t h e r  t h a n  the nitrile disclosed a n  interest ing hydroxylat ion 
of a 17(20)-unsa tura ted  ester  in  the presence of a nonconju-  
ga ted  .ki-double b o n d  

E x p e r i m e n t a l  Section 
Infrared spectra were determined on a Perkin-Elmer infracord 

spectrophotometer. The abbreviation T F  denotes thin film. NMR 
spectra were deterniinea on a Varian EM390 spectrometer. Mass 
spectra were determined on a Varian MAT CH5 mass spectrometer. 
Melting points were determined using a Thomas-Hoover apparatus 
and are uncorrected. Elemental analyses were performed by Atlantic 
Microlabs, Atlanta, Ga. Osmium tetroxide was purchased in 250-mg 
ampules from Alfa inorganics or Stevens Metallurgical Corporation. 
Anhydrous pyridine was prepared by distillation from calcium hy- 
dride. Diethylphosphonoacetonitrile was purchased from Aldrich and 
distilled prior to use. The following steroids were obtained from G. 
D. Searle: 38-hydroxy-5-~mdrosten-li-one, 4-androstene-3,17-dione, 
1,4-androstadien-3,1i-one, 3L?-hydroxy-5a-androstan-17-one, 17a- 
hydroxyprogesterone, 17a-hydroxypregnenolone, and estrone 3- 
methyl ether. The remaining 17- or 20-keto steroids used in this study 
were prepared according to literature procedures and, in the case of 
new compounds, were fully characterized. 
36- tert-Butoxy-5a-androstan-17-one (IC). The procedure of 

Beyerman and Heiszwolf16 was modified as follows. To 100 mL of 
isobutylene in a 500-mL Parr bottle a t  -78 " C  was added 10 g of 
0~-hydroxy-5a-androstam-17-one (Searle) in 100 mL of dichloro- 
methane at 0 "C. To this white suspension was cautiously added 2 mL 
of concentrated sulfuric acid. The heterogeneous mixture was shaken 

on a Parr shaker for 48 h to obtain a homogeneous solution. The excess 
isobutylene was allowed to evaporate, and the mixture was diluted 
with 1 L of ether, washed successively with two 200-mL portions of 
water and 200 mL of a saturated sodium chloride solution, and dried 
over anhydrous magnesium sulfate. The crude product was purified 
by column (5-cm diameter) chromatography on 250 g of Merck silica 
gel 60 using an ether-hexane progression (0-50% in 10% steps) and 
finally by recrystallization from 1:9 dichloromethane-ether to  furnish 
5.1 g (43%) of IC: IR (KBr) 5.79 pm (C-0); NMR (CDC13, 6 0.82 and 
0.85 (twos, 6, C-18 and C-19 angular CH3). 1.13 (s, 9. C(CH3)3), and 
3.15-3.5 (m, 1, CHO-t-Bu); mash spectrum (70 eV] m!e (re1 intensity) 
346 (14), 331 (43), 273 (1001, 255 (37), and 233 (301. 

An analytical sample was prepared by three recrystal1izatii)ns from 
dichloromethane, mp 182-184.5 "C. Anal. (C":jH3802! C ,  H. 
~~-Methoxy-3a,5a-cyclopregn-17(20)-ene-20-carbonitrile 

(2a). To 4.18 g (99.3 mmol. 5.0 equiv) of ,5700 sodium hydride (washed 
with anhydrous hexane to remove mineral oil) in 150 mL, of anhydruus 
T H F  under a nitrogen atmosphere was added 18.96 g (99.3 mmol, 5.0 
equiv) of 2-(diethylphosphono)propionitrile7 (5) in 60 mL of anhy- 
drous THF. The addition was accompanied by vigorous gas evolution 
and formation of a white precipitate of the sodium salt of 5 .  The 
mixture was refluxed for 1.5 h. T o  the mixture was added 6.0 g (19.9 
mmol) of 6B-methoxy-~n,5a-cycloandrostan-l 7-oiie17 in 75 n L  of 
anhydrous THF.  The mixture was refluxed for. fi days. during which 
time the sodium salt of 5 gradually dissolved. The brown solution was 
cooled, diluted with 300 mL of ether, washed successively with two 
:100-mL portions of cold water and 200 mL of brine, and dried over 
anhydrous niagnesium sulfate. The crude product (1  I .3 gi \vas puri- 
fied by column (5-cm diameter) chromatography on :360 g of Merck 
silica gel 60 using ether-hexane solvent progression (0-4590 in 15"~0 
steps) to afford 4.2 g (63%) of 2a as a viscous oil which could not he 
induced to crystallize: 1R (TF) 4.51 (C-N', and 6.10 urn (C=C); NMR 
(CDC13) 6 0.93 and 1.00 (twos, 6, C-18 and C-19 angular CH:I), 1.78 
(s, 3, (2-21 vinyl CH3), and 3.30 (s, 3, OCH3): ma 
m/e (re1 intensity) 339 ( 2 2 ) ,  324 (311, 308 (100 
(41) .  

An analytical sample was prepared hy chromatography of 450 mg 
of 2a on a preparative silica gel plate in 1:l ether-hexane and removing 
the center of the hand. Anal. (C23H3:iNO! C, 11. 
5a-Pregn- 17(20)-ene-20-carbonitrile (2b). The procedure de- 

scribed for the preparation of 2a was repeated using 1.75 g (72.9 mmol, 
5.0 equiv) of sodium hydride, 13.9 g (72.9 mmol. 5.0 equiv) of 2-(di- 
ethylphosphono)propionitrile7 (5) ,  and 4.0 g ( 14.6 nimol) of :(?-an. 
drostan-17-one1s in 175 mL of THF (reflux, 7 days) to afford. after 
column (5-cm diameter) chromatography on 250 g of' Merck silica gel 
60 using 1:5 ether-hexane, 2.2 g (49%) of 2b: 1R ( K  
and 6.12 pm (C=C); NMR (CDCI;j) 6 0.78 and 0.87 ( t  
C-19 angular CH,j): mass spectrum (70 eV)  m/c. (rt.1 intensity) :ill (501, 
217 (171, 135 (12), 121 (13). and 105 (100). 

An analytical sample was prepared by three recrystailizations from 
ether, mp 134.5-135 "C. Anal. (C2.;H::+I) C, H .  

3)- tert-Butoxy-5a-pregn-17(20)-ene-20-carbonitrile (Ec).  The 
procedure described for the preparation of 2a was repeated using 1.27 
g (52.8 mmol. 5.0 equiv) of sodium hydride, 10.1 p (52.8 mmol. 5.0 
equiv) of 2-(diethylphosphono)propicinitrile7 (5) ,  and 3.7 g (10.7 
niniol) of 35-tert-butoxy-5u-androstan-17-oiie (IC) in 170 mL, of :io0 

HMPA-THF (reflux, 5 days) to afford, after column (5-cm diameter) 
chromatography on 300 g of Merck silica gel 60 using an ether-hexane 
progression (0-12% in 496 steps) and finally after recrystallization from 
ether, 2.4 g (59%) of 2c: IR (KBr) 4.52 (C=N) and 6.12 pm (C=C): 
NMR (CDC13) 6 0.80 and 0.83 (twos, 6, C-7 8 and C-19 angular CH3) 
and 1.17 (s, 9, C(CH3)3); mass spectrum (70 eVi m/e ire1 intensity) 
383 (6), 346 (14), 331 (411, 273 (loo), 255 (421, aiid 23.7 137). 

An analytical sample was prepared by three recrystallizations from 
ether, mp 170.5-172.5 " C .  Anal. ( C Z ~ H ~ ~ N O )  C.  H. 
3-Methoxy-19-norpregna-1,3,5( 10),17(20)-tetraene-20-car- 

bonitrile (2d). The procedure of Watt et al.9 was repeated. 
3-(I'-Cyanoethylidene)-5a-~holestane (2e). The procedure 

described in the preparation of 2a was repeated using 1.56 g (65 mmol, 
5.0 equiv) of sodium hydride, 12.4 g (65 mmol, 5.0 equiv) of 2-(di- 
ethylphosphono)propionitrile7 (51, and 5.0 g (13.0 mmol) of 5a-Cho- 
lestan-3-one (Sigma) in 225 mL of T H F  (reflux, 3 days) to afford, after 
recrystallization from hexane, 3.8 g (69%, first crop) of 2e: IR (KBr) 
4.53 (CEN) and 6.13 l m  (C=C); NMR (CDC13) 6 0.66 and 0.82 (two 
s, 6, (2-18 and C-19 angular CH3) and 1.86 (br s. 3, vinyl CH3); mass 
spectrum (70 eV) m/e (re1 intensity) 423 (loo), 409 (621, 310 (22), 287 
(28), 270 (46), and 268 (86). 

An analytical sample was prepared by three recrystallizations from 
hexane, mp 120-122 "C. Anal. ( C S ~ H ~ ~ N )  C, H. 
20,21-Dimethyl-3-methoxy-19-norpregna-l,3,5( 10),20-tetra- 
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ene-21-carbonitrile (2f). The procedure described in the prepara- 
tion of 2a was repeated using 1.53 g (64.1 mmol, 5.0 equiv) of sodium 
hydride, 12.2 g (64.1 mmol, 5.0 equiv) of 2-(diethylphosphono)pro- 
pionitrile7 (5), and 4.0 g (12.8 mmol) of 3-methoxy-19-norpregna- 
1 13,5(10)-trien-20-one'S in 330 mL of 3% HMPA--THF (reflux, 4 days) 
to afford, after a combination of column and preparative layer chro- 
matography on silica gel in dichloromethane, 1.26 g (2896) of 2f: Rf  
0.50; IR (KBr) 4.55 ( C r N )  and 6.21 pm (C=C); NMK (CDCls) 6 0.70 
i s ,  3, C-18pgular  CH3), 1.80 and 1.93 (two br s, 6, C-20 and C-21 vinyl 
CH3), 3.76 (s, 3, OCHs), and 6.9-7.2 (m, 3, aromatic H); mass spectrum 
(70 e\') m/e (re1 intensity) 349 (27) ,  227 (82), 202 (23), 158 (211, 145 
(24), and 104 (60) 

An analytical sample &as prepared by four recrystallizations from 
hexane-ethyl acetate, mp 170--173 "C. Anal. (C24H31NO) C, H. 

3-Methoxy-20-methyl- 19-norpregna- 1,3,5( 10),20-tetraene- 
21-carbonitrile (2g). To 60 mg ( 2 . 5  mmol, 2.5 equiv) of sodium hy- 
dride in 1 mL of anhydrciiis T H F  under a nitrogen atmosphere was 
added 443 mg ( 2 . 5  mmol, 2.5 equiv) of diethylphosphonoacetonitrile 
( 3 )  (Aldrich) in 2 r n L  of T H F  dropwise. The solution was refluxed for 
1 h, at which time hydrogen gas evolution had ceased. To this solution 
was added 312 mg (1.0 mmol) of 3-methoxy-19-norpregna- 
1,3,5(10)-trien-20-one1s in 2 mL of THF.  The solution was refluxed 
for 16 h, cooled. diliited with 50 mL of ethyl acetate. washed succes- 
sively with three '!%TIL portions of water and 25 niL of brine, and 
dried over anhydrous magnesium sulfate. Evaporation of the solvents 
afforded 452 mg of' crude product which was chromatographed on two 
20 X 20 cm prepariitive layer (2-mm thick) Merck silica gel F254 plates 
in dichloromethane t o  furnish 258 mg (77%) of 2g: R f  0.38; IR (KBr) 
4.52 (C-N) and 5.21 pni ( C - C ) ;  NMR (CDC13) I? 0.57 (s, 3, C-18 
angular CHs), 2.08 (s, 3 ,  C-20 vinyl CHB), 3.72 (s, 3, OCH3), and 5.12 
(s, 1. C-21 vinyl Hi: masii spectrum (70 e!') m/e (re1 intensity) 335 
(100). 227 (loo),  175 126i, 1 7 1  (301, and 147 ( 2 6 ) .  

.4n analytical sample was prepared by recrystallization from ether, 
rnp 166-167 "C.  Anal. (C'2:jH2eNO) C. H. 

36- tert-Butoxy-.i,l7(,20)-pregnadiene-20-carbonitrile (2h). 
The procedure of LVatt et al.9 was repeated. 

3b-Hydroxy-5a-pregn- 17(20)-ene-20-carbonitrile Acetate (2i). 
The procedure of O t t ,  Rlurr and PedersonZ0 was repeated using 
20.0 g of 33-hydroxy-5~1-and tan-17-one (Searle), 29 g of dihydro- 
pyran, and 10 drops of concentrated hydrochloric acid to afford, after 
recrystallization irom ether-dichloromethane, 22.3 g (86%) of 38- 
hydroxv-jn-androjtan-17-one tetrahydropyranyl ether: IK (KBr) 5.78 
pm (C=O); NhlR (CDCI:l 6 0.85 (s. 6, coincident C-18 and C-19 an- 
gular CHs). 3.4-4.2 !m, :i. CH2OCHOCH). and 4.77 (m. 1, CH20- 
CHOCH); mass spectrum (70 eVj m/tl (re1 intensity) 374 ( 3 ) ,  312 ( l l ) ,  
283 (18). 273 (24). 255 (221, 1'72 ( I O ) ,  and 84 (100). 

An analytical sample was prepared by recrystallization from 
ether-dichloromethane, .rip 186-191 "C. Anal. (C21H:j803) C, H. 

The procedure descrihed in the preparation of 2a was repeated 
using 120 mg (5.0 mmol, 2.5  equiv) of $odium hydride, 955 mg (5.0 
mmol. 2.5 equiv) of 2-ldit:th~lphosphono)propionitrile7 ( 5 ) :  and 744 
mg (2.0 mmol) of l~-hydro:iy-5ct -androstan-17-one tetrahydropyranyl 
ether in 14 mL of 5% Hb+lP:l-THF (reflux, 5 days) to  afford, after 
chromatography on three :20 X 20 cm preparative layer ( 2  mm thick) 
Merck silica gel F2,54 piates in 1:l ether-hexane, 214 mg (26%) of 
:~3-hvdroxy-5n-pregn-I;12131-ene-2O-carbonitrile tetrahydropyranyl 
ether: R/ 0.65: IR (KBr) 4.53 ( C s N )  and 6.11 pm (C=C); NMR 
(CDC1:I) 6 0.80 and 0.88 (t\vo s. 6, C-18 and C-19 angular CH3), 1.80 
(br s, 3, (2-21 vinyl CH3). ;1.35-1.1 (m, 3. CHzOCHOCH), and 4.70 (m, 
1, CHrOCHOCH); mass spectrum (70 eV) mle (re1 intensity) 411 (8), 
323 (25), 310 (1001, and E'?9 ( 3 3 ) .  

An analytical sample \vas prepared by four recrystallizations from 
hexane: mp 143--145 "C. Anal. (CZiH41N02j C, H.  

Methanolysis of 33-hydroxy-5u-pregn-l7(2O)-ene-20-carbonitrile 
tetrahydropyrankl ether (methanol, p-toluenesulfonic acid mono- 
hydrate, reflux 24 h )  and acetylation (acetic anhydride, pyridine, 25 
"C, 24 h) afforded after recrystallization from ether, 2i: IR (KBr) 4.53 
(C=N), 5.76 (C=O),  an@. 6.10 pm (C=C); NMR (CDCla) 6 0.83 and 
0.90 (two s, 6, (2-18 and C-19 angular CHs), 1.82 (br s, 3, C-21 vinyl 
CHJ), 2.00 (s, 3, GCOCH?). ind 4.69 (m,  1, CHOAc); mass spectrum 
(70 e\') m/e (re1 intensity) 369 (581, 309 ( loo) ,  295 (23), and 215 
(59). 

An analytical sample was prepared by two recrystallizations from 
ether, mp 190-19.l.S "C. Anal. (CzdHajN02) C, H. 
3-0xopregna-5,17(20)-diene-21-nitrile Ethylene Ketal  (2j). 

The procedure described for the preparation of 2g was repeated using 
60 mg (2.5 mmol, 2.5 equiv) of sodium hydride, 443 mg (2.5 mmol, 2.5 
equiv) of diethplphosphonoacetonitrile (4) (Aldrich), and 330 mg (1.0 
mmol) of 5-androstene-3,17-dione 3-ethylene ketalz1 in 7 mL of 7% 
HMPA-THF (reflux, 33 h) to afford, after chromatography on two 

20 X 20 cm preparative layer (2 mm thick) Merck silica gel F254 plates 
in 1:9 ethyl acetate-dichloromethane, 237 mg (67%) of 2j: Rf  0.63; IR 
(KBr) 4.51 (CEN) and 6.11 pm (C=C); NMR (CDC13) 6 0.83 and 1.04 
(two s, 6, C-18 and C-19 angular CHs), 3.95 (s, 4, OCHZCH~O),  5.00 
(m, 1, C-20 vinyl H),  and 5.32 (m, 1, C-6 vinyl H);  mass spectrum (70 
eV) m/e (re1 intensity) 353 (16), 178 (61, 133 (7), 119 ( 7 ) ,  and 99 
(100). 

An analytical sample was prepared by four recrystallizations from 
ethanol, mp 177.5-181.5 "C. Anal. (Cz3H31N02) C, H. 
3~-Hydroxypregna-5,17(2O)-diene-21-nitrile Acetate (2k). The 

procedure described for the preparation of 2g was repeated using 1.62 
g (67.5 mmol, 2.5 equiv) of sodium hydride, 11.95 g (67.5 mmol, 2.5 
equiv) of diethylphosphonoacetonitrile (4) (Aldrich), and 10.0 g (27.0 
mmol) of 3P-hydroxy-5-androsten-17-one tetrahydropyranyl etherz0 
in 400 mL of T H F  (reflux, 5 days) to afford, after column (5-cm di- 
ameter) Chromatography on 400 g of Merck silica gel 60 using 1:l 
ether-hexane, 7.8 g (74%) of 3P-hydroxypregna-5,17(20)-diene-21- 
nitrile tetrahydropyranyl ether as a mixture of diastereomers: IR 
iKBr) 4.52 (C=N) and 6.li pm (C=C); NMR iCDC13) 6 4.75 (m, 1, 
CHzOCHOCH), 5.05 (m, 1, C-20 vinyl H) ,  and 5.39 (m, 1, C-6 vinyl 
H);  mass spectrum (70 eV) m/P (re1 intensity) 293 (891,278 (42), 226 
(18) and 84 (100). 

Analytical sample was prepared by two recrystallizations from di- 
chloromethane-ether, mp  185-199 "C. Anal. (Cz:H39NOz) C, H. 

3~-Hydroxypregna-5,17(20)-diene-2l-nitrile tetrahydropyranyl 
ether (7.6 g) was subjected to methanolysis (50 mL of methanol, 100 
mg of p-toluenesulfonic acid monohydrate. reflux, 29 h) and acety- 
lation (10 mL of acetic anhydride, 50 mL of pyridine, 25 "C, 28 h) to 
afford, after recrystallization from ether-dichloromethane, 3.57 g 
(53%) of 2k: IR (KBr) 4.52 (C-N), 5.78 (C=O). and 6.11 pm (C=C); 
NMR (CDC13) 6 0.87 and 1.03 (two s, 6, C-18 and C-19 angular CH3), 
2.02 (s, 3,OCOCH3), 4.58 (m, 1, CHOAc), 5.00 (m, 1, C-20vinyl H) and 
5.39 (m, 1, C-6 vinyl H); mass spectrum (70 eV) m/e (re1 intensity) 294 
1100, M+ - OAc), 278 (23), 145 (18), 121 (25). and 107 (21). 

An analytical sample was prepared by two additional recrystalli- 
zations from dichloromethane-ether. mp 9 - 2 3 4 . 5  "C. Anal. 
( C Z ~ H ~ ~ N O Z )  C ,  H. 
3&Hydroxypregna-5,17(20)-diene-20-carbonitrile Acetate  

(21). 3iJ-Hydroxypregna-5,17(20)-diene-20-carbonitriie tetrahydro- 
pyranyl ether' (7.0 g) was subjected to  methanolysis (200 mL of 
methanol, 250 mg ofp-toluenesulfonic acid monohydrate, reflux, 16 
h )  and acetylation (15 mL of acetic anhydride, 75 mL of pyridine, 5 
"C, 24 h) to afford after recrystallization from ether-dichloromethane, 
2.9 g (46%) of 21: IR (KBr) 4.52 (C-N), 5.75 tC=O), and 6.09 pm 
(C=C); NMR (CDC1:3) 6 0.93 and 1.03 (two s, 6, C-18 and C-19 angular 
CHs), 1.80 (m, 3, C-21 vinyl CH3), 2.00 (s. 3, OCOCH3), 4.60 (m, 1, 
CHOAc), and 5.36 (m, 1, C-6 vinyl H); mass spectrum (70 e\') mle (re1 
intensity) 308 (100, M+ - OAc), 293 129), 213 (201, 159 (12), 145 (251, 
121 (111, and 105 (18). 

An analytical sample was prepared by two retrystallizations from 
ether-dichloromethane, mp 209-214.5 " C .  Anal. (C24H;j:jN02) C, 
H. 
3-0xopregna-5,17(20)-diene-20-carbonitrile Ethylene Ketal  

(2n). The procedure described in the preparation of 2a was repeated 
using 120 mg (5.0 mmol, 2.5 equiv) of sodium hydride, 955 mg (5.0 
mmol, 2.5 equiv) of 2-(diethylphosphono)propionitrile7 ( 5 ) ,  and 660 
mg of 5-androstene-3,17-dione 3-ethylene ketal?' in 14 mL of 5% 
HMPA-THF (reflux, 3 days) to afford, after chromatography on three 
20 X 20 cm preparative layer i2-mm thick) Merck silica gel F254 plates 
in 1:9 ethyl acetate-dichloromethane ( R f  0.77) followed by a second 
chromatography on two plates in dichloromethane (Ri  0.26),150 mg 
(21%) of 2n: IR (KBr) 4.54 ( C z N )  and 6.11 pin (C=C); NMR (CDC13) 
6 0.93 and 1.03 (twos, 6, '2-18 and C-19 angular CWs). 1.82 (br s, 3, (2-21 
vinyl CH3), 3.94 (s, 4, OCH2CH20), and 5.35 (m, 1 C-6 vinyl H); mass 
spectrum (70 eV) m/e (re1 intensity) 367 (41, 146 (l), and 99 (100). 

An analytical sample was prepared by two recrystallizations from 
absolute ethanol, mp  222.5-226 "C. Anal. (C24H33K02) C, H. 
3-0xopregna-4,17(20)-diene-20-carbonitrile (20). 36-Hy- 

droxypregna-5,17(20)-diene-20-carbonitrile tetrahydropyranyl ether' 
(3.4 g) was subjected to methanolysis (75 mL of methanol, -100 mg 
of p-toluenesulfonic acid monohydrate, reflux, 18 h)  and oxidation 
(2.55 g of aluminum triisopropoxide, 20 mL of 4-methyl-l-piperidone, 
100 mL of toluene, reflux, 12 h) to afford, after chromatography on 
six 20 X 20 cm preparative layer (2-mm thick) Merck silica gel F254 
plates in 1:3 ethyl acetate-dichloromethane. 1.5 g (56Oh) of 20: R f  0.6; 
IR (KBr) 4.53 ( C z N ) ,  5.94 (C=O), 6.09 (C=C), and 6.18 pm (C=C); 
NMR (CDC13) 6 0.97 and 1.20 (twos, 6, C-18 and C-19 angular CHs), 
1.82 (br s, 3, C-21 vinyl CHs), and 5.72 (m, 1, C-4 vinyl H);  mass 
spectrum (70 eV) m/e (re1 intensity) 323 (771,229 (loo), 211 (101, and 
124 (13). 
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.4n analytical sample was prepared hy two recrystallizations from 
ether-dichloromethane. mp 203-204.5 "C. Anal. (C22H29NO) C, H.  

The following is a typical experimental procedure for the prepa- 
ration of (>-hydroxy aldehydes and <?-hydroxy ketones 7 using osmium 
tetroxide. All experiments were performed on a 1-mmol scale and the 
products were purified by preparative layer chromatography (2-mm 
thick) on Merck silica gel F254. The elution solvent and R f  values are 
recorded with the summary of spectral data  found below. 

6@-Methoxy- 17a-hydroxy-3a,5a-cyclopregnan-2O-one (7a). 
To 339 mg (1.0 mmol) ( ~ f  6~~-methoxy-3tr,5tr-cyclopregn-l7(20)-ene- 
20-carbonitrile i2a) in 2.5  mL of anhydrous pyridine was added 250 
mg of osmium tetroxide in 3 mL of pyridine. The mixture was stirred 
at 2,5 " C  for :I days ana quenched by stirring with 0.75 g of sodium 
bisulfite in 7 mL of water for 18 h. The solution was extracted with 
three 25-mI, pclrtions of dichloromethane. The combined organic 
solutions were washed successively with two 25-mL portions of 2 M 
hydrochloric acid. two :25-mL, portions of water, and 25 mL of brine. 
arid dried over anhydrous magnesium sulfate. The crude product was 
chroniatographl?d on two 20 X 20 cm preparative layer (2-mm thick) 
Merck silica gel E'2$54 plates in 1:9 ethyl acetate-dichloromethane to 
afford 185 nig i i j 4 O / o )  of 7a: R, 0.S2; IR (KBr) 2.97 (OH) and 5.89 pm 
(C==O): NMR (C1)CI:J (5 0.76 and 1.02 (twos, 6, C-18 and C-19 angular 
Ct<,+), 2.27 i s .  3 ,  ('OC":,,, :3.3:3 (s, 3 ,  OCH:<); mass spectrum (70 e y )  
ni/c (re1 intensity) ;\46 Gli ,  :3%1 I l O O i ,  :j14 (321. 271 (84), 227 (491, and 
213 ( 7 2 ) .  

An analytical sample was prepared hy three recrystallizations from 
dichloromethane. mp >!lo-213 "C. Anal. (C22H:jdOa) C, H.  

Spec t ra l  D a t a  for  a-Hydroxy Aldehydes a n d  a-Hydroxy Ke- 
tones: 17a-Hydroxy-3a-pregnan-2O-one ( ib) :  R/ 0.52 in 1:9 ethyl 
acetate-dichloromethane; mp 170-171 "C; IR (KBrj 2.97 (OH) and 
h.91 pm (C=O): NMR iCL)Cl,jI d 0.68 and 0.78 (twos, C-18 and C-19 
angular CH:jj, 2.27 i s ,  3 ,  COCH,,,. and 2.7'3 (s, 1, OH, exchanges with 

/I, ire1 intensity) 318 (100),275 (45 ) .  

y-5a-pregnan-ZO-one (7c): Rf  0.40 
in 1:9 ethyl acetate-dichloroniethane; IR ( K R r )  2.94 (OH) and 0.87 
l m  l('==O~: NhIII ! ( ' I>~ l ,~ l  6 0.70 and 0.80 ( twos,  6, C-18 and C-19 
angular CH.3). 1.1; ( s . 9  CiCH;3i::),2.26 (s, :3, COCH,j),and 3.2-3.5 Im. 
1. ("0-t-Hui; mass spectrum ( 7 0  eV) m/p (re1 intensity) 390 (65). 
,316 (lli. 273 (5.iI. 2% 48), 229 (12), and 135 (21) .  

An analytical sample was prepared by three recrystallizations from 
anhydrous ether. mp 203-204 "C. Anal. (C2sH.IzO:j) C, H.  

17a-Hydrox~~-:3-methoxy-19-norpregna-1,3,5( lO)-trien-ZO-one 
( i d ) :  Ri 0.39 in 1:9 ethyl acetate-dichloromethane; IR (KBrj 2.89 
IOH) and 5.90 itm iC==O); NhlR (CDC13) 6 0.75 (s, 3, C-18 angular 

m/e ire1 intensity) 328 (loo), 285 (62), 267 

An analytical sample was prepared by three recrystallizations from 
ether-dichlorornethane. mp 155-156 "C. Anal. (C21H2803) C, H. 

3@-Acetyl-3tr-hydroxy-ja-cholestane (7e): Rj 0.30 in 1:; ethyl 
acetate-dichloromethane: IR (KBr)  2.92 (OH) and 5.89 pni (C=O); 
NMR (CDCI,{) 6 2.21 (s. 3, COCH:3) and 2.29 Is, 1, OH); mass spectrum 
170 eV) m / p  (re1 intensity) 388 (100) and 370 (7). 

An analytical sampl: was prepared by recrystallization from di- 
chloromethane, mp 17:5-176 "C. Anal. (C29H5002) C ,  H. 
20-Acetyl-2(~-hydroxy-3-methoxy-19-norpregna- 1,3,5( 10)- 

t r iene  (7f) .  The diastereomers at C-20 were separable by chroma- 
tography in 1:30 ethyl ,xetate-dichloromethane. 

The major band ( R ,  0.83) afforded 198 mg (56%) of the 20R-dia- 
stereomer:** IR 1 KBri 2.89 (OH), 5.90 iC=O), and 6.19 Mm (aromatic); 
S h l R  iCDCl,3j i i  0.90 (E., 3, C-18 angular CH3), 1.43 (s, 3, (2-21 CHs), 
2.18 (s. 3, COCII:?), 3.72 (s, 3, OCH3). 3.91 (s, 1, OH, exchanges with 
DzOj, and 6.5-7,3 (m. 3, aromatic HJ; mass spectrum (70 e\') m/e (re1 
intensity) 356 (221,31d :28), 314 (100). 296 (221,269 (121,174 (54), and 
147 (56). 

A n  analytical sample was prepared by two recrystallizations from 
hexane, mp 132-133 " C .  Anal. (C2:iH3203) C, H. 

The minor bend ( R j  0.77) afforded 48.0 mg (13%) of the 20s-dia- 
stereomer:22 IR IKBr) 2.89 (OH), 5.90 (C=O), and 6.19pm (aromatic); 
NMR (CDC1;d i t  0.73 (E',  3, C-18 angular C H d ,  1.32 (s, 3, C-21 CHs), 
2.30 (s, 3, COCI-M, l3.75 (s, 3, OCHd, and 6.55-7.2 (m, 3, aromatic H); 
mass spectrum (70 e v )  rn/e (re1 intensity) 356 (301,313 (loa), 296 (261, 
269 (121, 174 (44). and 147 (50). 

An analytical sample was prepared by four recrystallizations from 
absolute ethanc.1, mp 168-169 "C. Anal. (C23H3203) C, H. 

20-Hydroxy-3-methoxy- 19-norpregna-1,3,5( 10 j-triene-20- 
carboxaldehyde (7g). In this case, the crude product of the osmy- 
lation reaction consisted largely of the cyanohydrin, 20,21-dihy- 

-rnetho,:v-20-n-icthvl-19-norpregna-l,3,5( lOj-triene-21-car- 

CH.3,. 2.29 is, 3. COCH .76 is .  3. 0CH:jj and 6.5-7.3 (m, 3, aromatic 

bonitrile. The propensity of this material to lose hydrogen cyanide 
precluded complete characterization. To the crude cyanohydrin in 
30 mL of THF was added 10 mL of 1 M sodium hydroxide. The ho- 
mogeneous solution was stirred at 25 "C for 16 h, diluted with 30 mL 
of ethyl acetate, washed successively with two 25-mL portions of water 
and 25 mL of brine, and dried over anhydrous magnesium sulfate. 
Evaporation of solvent afforded 364 mg of crude aldehyde, which was 
chromatographed on two 20 X 20 cm preparative layer (2-mm thick) 
Merck silica gel F254 plates in 1:10 ethyl acetate-dichloromethane 
to furnish 226 mg (66%) of 7g: Rj 0.61; IR (KBr) 2.88 (OH) and 5.81 
p m  (C=O); NMR (CDC13) 6 0.73 (s, 3, C-18 angular CHs), 1.29 (s, 3, 
C-21 CH:{), 3.10 (br s, 1, OH, exchanges with D20j ,  3.77 (s, 3, OCH:I), 
6.6-7.2 (m, 3, aromatic H),  and 9.67 (s, 1, CHO); mass spectrum (70 
e\') m/e ire1 intensity) 342 (100),313 (851,173 (891, and 147 (89). 

An analytical sample was prepared by recrystallization from ether, 
mp 150.5-152 "C. Anal. (C22H3003) C. H. 

30- ter t -Butoxy-  17a-hydroxypregn-5-en-20-one (7h): Rj 0.54 
in 1:9 ethyl acetate-dichloromethane; IR (KBrl 2.95 (OH) and 5.87 
pm (C=O); NMR (CDC13) 6 0.73 and 1.00 ( twos,  6. C-18 and C-19 
angular CHS), 1.18 (s, 9, C(CH;jj:?), 2.26 (s, 3, COCHs), and 5.20-5.35 
im. 1, vinyl H); mass spectrum (70 el') mle (re1 intensity) 388 (92). 
289 (31), 271 (loo), 253 (581, and 213 (35). 

An analytical sample was prepared by recrystallization from ether, 

An additional product was also isolated from this osmylation ex- 
periment and was identified as 38- tert-butoxy-5a,6a-dihydroxy- 
pregn-17(20)-ene-2O-carbonitrile: Rj 0.13 in 1:9 ethyl acetate- 
dichloromethane, R f  0.54 in ether; IR (KBr)  2.90 (OH),  4.53 (C=N), 
and 6.10 pm (C=Cj; NMR (CDCI:{) ?I 0.89 and 0.95 (twos, & C-18 and 
C-19 angular CH:j), 1.18 (s, 9, CiCH:{);lJ: mass spectrum (70 eV) mle 
(re1 intensity) 41t5 (31, 359 140). 323 (100). 306 1331. 229 117i, and 146 
(28). 

An analytical sample was prepared by recrystallization from ether, 
mp 227-228 "C. Anal. (C26HrlNO:j) C, H.  
3@,17a-Dihydroxy-5a-pregnan-2O-one %acetate (7i): R f  0.69 

in 1:3 ethyl acetate-dichloromethane; 1R (KBri 2.98 (OH),  5.76 
(C=Oi, and 5.91 pm (C=Oi; NMR iCDCI:j) 6 0.67 and 0.82 (twos, 6, 
C-18 and C-19 angular CH:{), 1.98 and 2.21 (twos, 6. COCH:j), 2.97 (m, 
1. OH, exchanges with D2O). and 4 m. 1, CHOAc); mass spectrum 
(70 e V i  m/e (re1 intensity) 576 (19 2 (341,254 (100,. 228 (43) ,  215 
(:33i, and 107 (44).  

An analytical sample was prepared by two recrystallizations from 
ether, mp 189.51191 "C. Anal. (C2:+H:je04) C, H. 
3@,17a-Dihydroxyandrost-S-ene- 17@-carboxaldehyde 3-ace- 

ta te  (7k): R/ 0.07 in 1:3 ethyl acetate-dichloromethane; IR (KBrj 2.90 
(OH) and 5.83 pm (C=Oi; IiMR (CDC1:j) 6 0.97 (br s, 6, C-18 and (2-19 
angular CHs). 2.04 (s ,  3. OCOCH~J ,  and 9.87 ( s ,  1, CHO). 
3@,17a-Dihydroxypregn-5-en-2O-one 3-Acetate (71). The pro- 

cedure described in the preparation of 7a was repeated using 367 mg 
(1.0 mmol) of 21 and 250 mg (1.0 mmol, 1.0 equiv) of osmium tetroxide 
to afford, after chromatography on two 20 X 20 cm preparative layer 
(2-mm thick) Merck silica gel F254 plates in l:7 ethyl acetate-di- 
chloromethane. 72 mg (1990) of 71 ( R f  0.45) which was identical with 
a sample of 71 prepared by acetylation of 17whydroxypregnenolone 
(Searle). In addition, we recovered 107 mg (29%) of unreacted 21 ( R f  
0.83) and isolated 175 mg (14%) of material tentatively identified as 
33,5~t,6n-trihydroxy-17(20j-pregnene-20-carbonitrile 3-acetate (R/  
-0.2). 

17a-Hydroxyprogesterone ( 7 0 ) .  A. Hydroxylation of 3-Oxo- 
4,17(20j-pregnadiene-20-carbonitrile (20). The procedure de-  
scribed in the preparation of 7a was repeated using 323 mg (1.0 mmol) 
of 20 and 250 mg (1.0 mmol, 1.0 equiv) of osmium tetroxide to afford, 
after chromatog aphy on two 20 X 20 cm preparative layer (2  mm 
thick) Merck sibca gel F254 plates in 1:3 ethyl acetate-dichloro- 
methane, 6 mg (2%) of 17whydroxyprogesterone which was identical 
with an authentic sample. 

B. Hydroxylation of 3-0~0-5,17(2Oj-pregnadiene-2O-car- 
bonitrile Ethylene Ketal (%n), The above procedure was repeated 
using 2n and the crude product was hydrolyzed in aqueous acid to  
furnish a 26% yield of 17-hydroxyprogesterone, which was identical 
with an authentic sample. 

Catalytic Osmylation of 3-Methoxy-iI)-norpregna-l,3,5( lo),- 
17(20)-tel,raene-20-carbonitrile (2d). T o  321 mg (1.0 mmol) of 2d 
and 5.95 g (20 mmol) of zinc nitrate hexahydrate dissolved in 25 mL 
of T H F  was added 305 mg (2.5 mmol) of potassium chlorate in 10 mL 
of water followed by 5 mL of 0.02 M (0.1 mmol, 0.1 equiv) osmium 
tetroxide in tert-butyl alcohoL23 The s,olution was stirred a t  65 "C for 
6 days. The mixture was filtered through a pad of Celite 545, and the 
Celite was washed with two 25-mL portions of dichloromethane. The 
filtrates were shaken with 50 mL of brine and the organic layer was 

1-224 "C. Anal. (CzsH,~~,O:~) C, H. 
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separated. The aqueous solution was extracted with three additional 
50-mL portions of dichloromethane. The combined organic solutions 
were washed successively with two 100-mL portions of water and 100 
mL of brine and dried over anhydrous magnesium sulfate. The crude 
product (336 mg) was chromatographed on a 20 X 20 cm preparative 
layer (2-mm thick) h4erck silica gel F254 plate in 1:20 ethyl acetate- 
dichloromethane to afford 170 mg (52%) of 7d (R /  0.26) and 106 mg 
(33%) of unreacted 2d (R,  0.62). The yield of 7d corrected for the re- 
covered starting rnaterial was 78%. 
3-0xopregna-5,17(20)-dien-21-al 3-Ethylene Ketal  (10). To 

2 mL (5 mmol, 2 equiv) of 2.5 M lithium aluminum hydride in THF 
under a nitrogen atmosphere at  0 "C was added 2.0 g of 11 in 15 mL 
of THF. The mixture was st,irred for 3 h at  0 "C and the product was 
isolated in the usual fashion. The 1:1 ratio of the integration of the 
vinyl region and -CH20H in the NMR spectrum of the crude product 
indicated that no reduction of the 17(20)-double bond had occurred. 
T o  the crude allylic alcohol in 50 mL of chloroform at  0 "C was added 
16 g of manganese dioxide. The mixture was stirred for 90 min at  0 
"C and the product was isolated in the usual way to afford, after 
chromatography .3n four 20 X 20 cm preparative layer (2-mm thick) 
Merck silica gel F254 plates in 1:9 ethyl acetate-dichloromethane, 
915 mg (52%) of 10: R, 0.36; IR (KBr) 5.95 (C=O) and 6.11 pm (sh) 
(C=C); NMR (CI)CI3) 6 0.87 and 1.08 (twos, 6, (2-18 and C-19 angular 
CH3). 3.93 (s,. 4, OCH2CH2O), 5.39 (m, 1, C-6 vinyl H ) ,  5.78 (m, 1, C-20 
vinyl H )  and 9.88 (d, J = 8 Hz, 1, CHO); mass spectrum (70 eV) m/e 
(re1 intensity) 356 (11) and 99 (100). 

Ethyl (E)-3-Oxopregna-5,17(20)-dien-2l-oate Ethylene Ketal  
(1 1). The procedure of Wicha, Bal, and Piekuta was repeated using 
2.58 g of 5-androstene-3,li-dione 3-ethylene ketal1* to afford, after 
recrystallization from absolute ethanol, 2.55 g (8290) of 11: mp 172-174 
"C; IR (KBr) 5.8-,' (C=O) and 6.08 pm (C=C); NMR (CDC13) 6 0.83 
and 1.04 (two s, 6, C-18 and C-19 angular CH:3), 1.29 (t,  J = 7 Hz, 3, 

C O ~ C H ~ C H J ) ,  5.36 (m. 1. C-6 vinyl H),  and 5.53 (m, 1, C-20 vinyl HI: 
mass spectrum (70 eV) m / e  (re1 intensity) 418 ( l l) ,  417 (39), 390 (12) ,  
389 (45), 213 (12).  and 99 (100). 

An analytical sample was prepared by two recrystallizations from 
absolute ethanol. mp 17'7-178.5 "C. Anal. (C2jH3604) C, H. 

Ethyl 17a,20/3-Dihydroxy-3-oxopregn-5-en-21-oate Ethylene 
Ketal  (12). The procedure described in the preparation of 7a was 
repeated using 400 mg (1.0 mmol) of 11 and 250 mg (1.0 mmol, 1.0 
equiv) of osmium tetroxide to afford, after chromatography on two 
20 X 20 cm preparative layer ( 2  mm thick) Merck silica gel F254 plates 
in 1:1 ethyl aceta1,e-dichtoromethane, 259 mg (60%) of 12: R/ 0.60; IR 
(KBr)  2.88 (OH) and 5.78 pm (C=O); NMR (CDC13) 6 0.88 and 1.03 
(two s, 6, C-18 and C-19 angular CHs), 1.30 ( t ,  J = 7 Hz, 3, 
C02CH2CH3), 2.36 (s, 1, C-17 OH, exchanges with D20),  3.48 (d,  J 
= 5 Hz, C-20 OH. exchanges with D20), 3.92 (s, 4, OCHZCH~O),  4.23 
(q,  J = 7 Hz, 2, C02CH2CH3), 4.30 (d, J = 5 Hz, 1, C-20 H )  and 5.31 
(m, 1. C-6 vinyl H ) ;  mass spectrum (70 e!') m/e (re1 intensity) 434 (71, 
221 ( l l) ,  220 (21 1 .  203 (%), and 99 (100). 

An analytical sample was prepared by recrystallization from ethyl 
acetate-hexane, mp 151.5-153 "C. Anal. (C~sH3806) C, H. 

Ethyl  17a,20~-Dihydroxy-3-oxopregn-4-en-21-oate (13). A. 
Hydrolysis of 12. T o  248 mg (0.57 mmol) of 12 dissolved in 3 mL of 
T H F  was added 2 mL of glacial acetic acid and 1 mL of 1 M hydro- 
chloric acid. The mixture was stirred at 25 "C for 3 h. The solution was 
diluted with 50 niL of brine and extracted with three 25-mL portions 
of dichloromethane. The' (combined extracts were washed with 50 mL 
of water, 60 mL of saturated sodium carbonate solution, and 50 mL 
of brine. The solution U'BS dried over anhydrous magnesium sulfate. 
The crude product (198 mg) was chromatographed on a 20 X 20 cm 
preparative layer (2-mm thick) Merck silica gel F254 plate in 1:l ethyl 
acetate-dichlorometharie to afford 187 mg (85%) of 13: R/ 0.47; IR 
(KBr) 2.90 (OH), 5.77 (C=O), 6.00 iC=O), and 6.20 pm (C=C); NMR 
(CDC13) 6 0.90 and 1.19 (two s. 6, C-18 and C-19 angular C H d ,  1.30 
( t ,  J = 7 Hz, 3, C02CH2CH3), 2.50 (s, 1, C-17 OH, exchanges with 
DzO), 3.33 (d, J := 5 Hz, 1, C-20 OH, exchanges with D20), 4.26 (4, J 
= 7 Hz, 2, C O Z C H ~ C H ~ ) ,  4.31 (d, J = 5 Hz, 1, (2-20 H),  and 5.72 i s ,  1, 
C-4 vinyl H); mass spectrum (70 eV) mle (re1 intensity) 390 (23), 372 
( lo) ,  354 (6), 299 (22),  287 (loo), 269 (36), and 229 (45). 

An analytical sample was prepared by two recrystallizations from 
absolute ethanol, mp 199-200 "C. Anal. (C23H340j) C, H. 

B. Hydroxylation of 14. The procedure described in the prepa- 
ration of 7a was repeated using 356 mg (1.0 mmol) of 14 and 250 mg 
(1.0 mmol. 1.0 equiv) of osmium tetroxide to afford, after chroma- 
tography on two 20 X 2'0 cm preparative layer (2-mm thick) Merck 
silica gel F254 plates in 1:l ethyl acetate-dichloromethane, 52 mg 
(13%) of unreacted 14 ()if 0.83) and 27 mg (7%) of 13 (Rf  0.44) which 
was identical to 13 obtained in procedure A described above. In ad- 

C02CH2CH3). 3 93 (s. 4. OCHzCHZO), 4.13 (q, J = 7 Hz, 2, 

dition, the following two products were isolated and tentatively 
identified: 193 mg (49%) of ethyl (E)-4o,5,,-dihydroxy-3-ox~pregn- 
17(20)-en-21-oate ( R f  0.68) and 49 mg ( 1 2 O / 0 )  of ethyl 3-oxo- 
4n,5ru,17tu,20/%tetrahydroxypregnan-21-oate (R ,  0.28). 

Ethyl  (E)-3-0xopregna-4,17(20)-dien-21-oate (14). To 800 mg 
(2.0 mmol) of 11 in 30 mL of T H F  were added 10 mL of glacial acetic 
acid and 5 mL of 1 M hydrochloric acid. The mixture was stirred at 
25 "C for 3.5 h. The solution was diluted with 50 mL of brine and ex- 
tracted with three 25-mL port ions of dichloromethane. The combined 
extracts were washed successively with two 50-mL portions of water, 
50 mL of saturated sodium carbonate solution, and 50 mL of brine. 
The solution was dried over anhydrous magnesium sulfate. The crude 
product (688 mg) was chromatographed on two 20 X 20 cm prepara- 
tive layer (2-mm thick) Merck silica gel F254 plates in 1:9 ethyl ace- 
tate-dichloromethane toafford 479 mg (67%) of 14: Rf0.44;  IR (KBr) 
5.86 (C=O), 5.99 (C=O), 6.08 (sh), and 6.20 pm (C=C); NMR 
(CDC13) 6 0.86 and 1.20 (two s, 6, C-18 and '2-19 angular CHs), 1.28 

(m, 1, C-20 vinyl H),  and 5.72 (s, 1, C-4 vinyl H); mass spectrum (io 
el') m/e (re1 intensity) 356 (loo), 283 (711,159 (:36), 108 (271,106 (29). 
and 99 (20).  

Ethyl  (E)-3-Oxopregna-1,4,17(20)-trien-21-oate (15). The 
procedure of Wicha, Bal, and Piekut8 was repeated using 8.52 g (0.03 
mol) of 1,4-androstadiene-3,17-dione (Searle) and 33.6 g (0.15 mol. 
5.0 equiv) of ethyl diethylphosphonoacetate ( 4 )  (Aldrich) to afford, 
after recrystallization from ether, 7.71 g (73%l of 15: IR (KBr) 5.87 
(C=O), 6.01 (C=O). 6.16 (C=C), and 6.24 pm (C=CI: NMR (CDCI,{) 
6 0.90 and 1.25 ( twos,  6, c -18  and C-19 angular CH,r), 1.25 ( t ,  J = 7 

1, C-20 vinyl H) ,  6.05 (br s. 1, C-4  vinyl H ) ,  6.37 (d of d .  J = 2 ,  10 Hz, 
1, C-2 vinyl HI, and 7.04 (d, J = 10 Hz, 1, C-1 vinyl HI: mass spectrum 
(70 e\') m/e  (re1 intensity) 354 (521,308 ( loo) ,  266 ( 1  1 i, 246 i 141,2333 
(161, and 155 (39). 

An analytical sample was prepared by three recrystallizations from 
ether, mp 151-154 "C. Anal. (C~:SH~"OJ)  C, H. 

Ethyl  17a,20~-Dihydroxy-3-oxopregna-l,4-dien-2l-oate (16). 
The procedure described in the preparation of 7a was repeated using 
354 mg (1.0 mmol) of 15 and 250 mg (1.0 mmol. 1.0 equivi of osmium 
tetroxide to afford, after chromatography on a 20 x 20 cni preparative 
layer (2  mm thick) Merck silica gel F254 plate in 1:3 ethyl acetate- 
dichloromethane, 107 mg ( 2 7 O h )  of 16: R f  0.20: IR (KRri  2.86 (sharp, 
OH), 2.96 (br, OH), 5.79 (C=O), 6.01 (C=O,, 6.18 (C=C), and 6.26 
pm (C-C); NMR iCDCl3) 6 0.93 is .  3, C-18 angular CH3). 1.2-1.5 (in. 
6, C-19 angular CH3 and OCH~CH:I) ,  3.50 (d.  J = 6 Hz. 1, C-20 OH),  
3.9-4.5 (m, 3, C-20 H and O C H Z C H ~ ) ,  6.06 (b r  s. 1, C-4 vinyl H). 6.29 
(d of d ,  J = 2, 10 Hz. 1, C-2 vinyl HI, and 7.06 (d. J = 10 Hz. 1. C-1  
vinyl H); mass spectrum (70 eV) m/e (re1 intensity) :188 i6), 269 (31), 
and 268 (100). 

An analytical sample was prepared by two recrystallizations from 
dichloromethane-ether, mp 214.5-216 "C. Anal. (C&j?Os) C. H. 
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(t, J = 7 Hz, 3, C02CH&H3), 4.15 (q, J = i Hz. 2, COZCHZCH;~). 5.52 

Hz, 3, O C H Z C H ~ ) ,  4.12 ( q , J  = 7 Hz, 2,  OCH2CH:jI, 5.53 ( t ,  J = 2 Hz. 

Regis t ry  No.-la, 14425-92-4; lb ,  963-71-6: IC, 18884-29-2: le ,  
566-88-1; If, 1624-73-3; l i ,  481-29-8; 1 j, 3754-63-0; lk ,  19637-35-5; 
2a, 68550-49-2; 2b, 68550-50-5; 2c, 68550-51-6; 2d, 60727-74-4; 2e, 
68550-52-7; 2f, 68550-53-8; 2g, 68550-54-9; Zh, 60727-73-3: 2i, 
31056-35-6; 2j, 68550-55-0; 2k, 2312-10-9; 21, 68628-65-1: 2m, 
68628-68-2; 2n, 68550-56-1; 20,68550-57-2; 4,2537-48-6; 5,29668-61-9; 
5 sodium salt, 68550-65-2; 7a, 68550-58-3; 7b, 2301-91-9; 7c, 68550- 
59-4; 7d, 1624-58-4; 7e, 68550-60-7; 7f isomer 1,68550-66-3; 7f isomer 
2, 68628-69-3; 7g, 68550-67-8; 7h, 68550-62-9; 7i, 5456-44-0; 7k, 
68550-73-0; 71,1863-39-4; 7m, 6084-00-0; 7n, 68550-64-1: 70,68-96-2; 
10, 68628-70-6; 11, 68628-71-7; 12, 68550-67-1; 13, 68550-68-5; 14, 
68679-86-7; 15,68550-69-6; 16, 68582-50-3; 3ij-hydroxy-5n-andros- 
tan-17-one tetrahydropyranyl ether, 1458-81-7; 3d-hydroxy-50- 
pregn-17(20)-ene-20-carhonitrile tetrahydropyranyl ether. 68550- 
70-9; (E)-3$-hydroxypregna-5,17(20)-diene-20-nitrile tetrahydro- 
pyranyl ether, 58449-03-9; (2)-3$-hydroxypregna-5,17(2O)-diene- 
20-nitrile tetrahydropyranyl ether, 58449-04-0; 20,21-dihydroxy-3- 
methoxy-20-methyl- 19-norpregna-l,3,5( lO)-triene-21-carbonitrile, 
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T h e  selectivity (monobromination/dibromination) of N-bromosuccinic imide (NBS) toward  15 meta-  and para- 
subst i tuted toluenes was evaluated b y  'H NMR integrat ion.  Except for t w o  substrates, selectivity a n d  hence max i -  
mum yield correlate w i t h  H a m m e t t  ut parameters. T h e  H a m m e t t  p value of t he  react ion XCGH4CH2Br - 
XCGHdCHBr? (d ibrominat ion) is -0.88. T h e  results demonstrate t h a t  in NBS side chain b rominat ion  substrate 
react iv i ty parallels selectivity. 

Benzylic and allylic bromination, since long achieved by 
use of NBS,2 is an important method to  functionalize hydro- 
carbon molecules in phane chemistry3 as well as in other fields. 
Although the reaction yields 67% benzylic bromide from tol- 
uene,4 it is, from the angle of phane chemistry, not quite sat- 
isfying for two reasons. 

(a) In multiple brominations, e.g., of xylenes or mesitylene, 
yields are reduced according to eq 1 (see Table I), where Yk 
is the yield of bromination of a benzene with k methyl groups 
and Y1 is the yield of brominatian of the corresponding tolu- 
ene.j Equation 1 applies to  benzenes where adhering methyl 
groups are both electronically and sterically independent of 
one another. As a rule, this condition is met in the case of meta 
and para substitution. 

(b) Electron-withdrawing substituents and heteroatoms 
affect both yield and reaction time9 to the worse. For example, 
1,3-dimethyl-2-nitrobenzene, which suffers from both re- 
strictions, is brominated to 22% 1,3-bis(bromomethyl)-2- 
nitrobenzene only.lo Hence, there is still profit in a general 
improvement of the preparative NBS side chain bromination 
method. 

0022-3263/79/1944-0710$01.00/0 
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Results a n d  Discussion 
In order to  enlighten the relevant factors, we investigated 

the NBS bromination of a series of meta- and para-substituted 
toluenes (la-q). 

Product  Analysis. In a nonpolar solvent like tetrachloro- 
methane, benzylic bromide 2 formed a t  first (eq 2) is further 
converted to  dibromide 3 (eq 3). In the lH NMR spectrum, 
the benzylic protons show up a t  -2.4 (11, -4.5 (2), and -6.6 
ppm (3). Ring bromination, which would shift these signals 
by -0.2 ppm downfield, was not detected. Substantial 
amounts of unconverted as well as dibrominated side products 
1 and 3 indicate that the ratio a = k l /kz  must be relatively low. 
For toluene itself (le),  Keefer et al." calculated a = 5.5 from 
competition experiments. We determined a by a more con- 
venient method. Each substrate was treated with various 
amounts of NBS in refluxing CC14. The product mixtures were 
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