
0.5 rnl. of 0.1 iY ethanolic potassium hydroxidc. The soh-  
tion was mixed and the optical density at 550 m p  measured 
in a Coleman Model 11 Universal Spectrophotometer. The 
extent of conversion of the pyridine to the pyridinium coni- 
pound was calculated with the aid of the molar extinction co- 
cfficient determined by measurements made in the same way 
on pure 4-(,~-nitrohenzyl!-S-jl-dibenzylaminoethyl py- 
ridiriium chloride. analyses. 
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Steroidal Sapogenins. XX. la Synthesis and Reactions of the Epimeric A5-22-Isospiro- 
sten-3 @,7-di0ls'~ 

BY HOWARD J.  RINGOLD, G. ROSENKRXNZ .IND CARL DJERASSI~ 
RECEIVED JANUARY 17, 195% 

Alkaline hydrolysis with aluniiiia of ia-bro1i1o-Aj-22-isospirosten-3P-ol acetate ( la) produced Ab-22-isospirosten-3 p,ia-diol 
3-monoacetate ( I Ia) ,  which upon chromium trioxide oxidation afforded A5-22-isospirosten-3~-ol-7-one &acetate ( I I Ia) .  
The latter could also be obtained by oxidation of Ia  or most advantageously from A5-22-isospirosten-3 p-01 acetate (diosgenin 
acetate) by  N-bromosuccinimide bromination-alumina hydrolysis-chromium trioxide oxidation without purification of 
intermediates. The 
configuration of the  epimeric diols I1 and IV u-as established by a comparison of the molecular rotation differences with 
analogous derivatives in the cholesterol series and by the course of pyrolysis experiments of the respective dibenzoates. 
The 3B.7a-dibenzoate I Id  led predominantly to A2~~~6-22-isospirostatrie~ie (VI) ,  while the epimeric 3/3,7P-dibenzoate 11% 
afforded A6~7-22-isospirostadien-3 /3-01 benzoate ( V  ). 

Lithium aluminum hydride reduction of the 7-ketone IIIa led to  AS-22-isospirosten-3/3,7/3-diol (IVa). 

Two methods have been recorded's3 for the syn- 
thesis of A6~7-22-isospirostadien-3/3-ol (i-dehydro- 
diosgenin) (V) . Since this substance represents 
the starting material in the synthesis4S5 of the ad- 
renal hormone cortisone from the plant sapogenin 
diosgenin i t  appeared of interest to study the 
applicability of the classical Windaus 7-dehydro- 
cholesterol synthesis6 to the sapogenin series and 
to characterize the intermediates. 
A6-22-Isospirosten-3/3-ol-'?-one acetate (IIIaj ,  

the key intermediate in such a synthesis has pre- 
viously been prepared7 in poor yield by direct 
chromium trioxide oxidation of A5-22-isospiro- 
sten-30-01 acetate or its 23-bromo derivative. In 
the present work i t  has been possible to increase the 
yield in this reaction to over 40%* by employing 
two alternate procedures. In  either instance, the 
starting material was 7cu-bromo-A5-22-isospirosten- 
3p-01 acetate (Iaj3 which without purification could 
be oxidized directly to IIIa with chromium tri- 
oxide in aqueous acetic acid. Alternately, the 
bromo derivative Ia was hydrolyzed in carbon 
tetrachloride solution (directly from the Wohl- 
Ziegler bromination3) with aluminum oxide to 
yield in ca. 50% over-all yield (based on A5-22-iso- 

(1  a) Paper XIX, H. J .  Ringold, G. Rosenkranz and C. Djerazsi, THIS 
J O U R N A L ,  74, 3441 (19.52). 

( l h j  Presentxi o n  the  program of the Division of Organic Clien- 
! \ try,  ?.. C. S. meeting, Milwaukee, Wis., April, 1952 

( 2 )  Department of Chemistry. Vl'ayne IJniversity, Uetrsil  1, LIich- 
xan. 

(3) G. Rosenkranz, J. Romo and J.  Berlin, J .  Org ( ' h e m . ,  16, 290 
(1951). 

(4) J. M .  Chemerda, E. M. Chamberlain. E. H. Wilson and h l .  Tish- 
ler, THIS JOURNAL, 73, 4052 (1951). 

(5)  G. Rosenkranz, J. Pataki and C. Djerassi, i b i d . ,  73, 40>> (1951). 
(6) For leading references on t h e  original procedure and subsequent 

improvements see I,. F Fieser, 11. Fieser and R.  N. Chakravarti. ibid. ,  
'71, 2226 (1949). 

(7) K. E. Marker,  K. H. Wagner, 1'. K Ulshafer, 13. I,, \\'ittbecker, 
D. 1'. J.  Goldsmith and C. H. Ruof, i b i d . ,  69, 2178 (l!I%!l l ,  I<. I , .  
Lfarker and D. IV. Turner,  i b i d . ,  63, 767 (1941). 

1.5) The best yield reyvrtcrl i t i  the clidcstcrol ierieh (rei .  61, i 

spirosten-30-01 acetate) pure A5-22-isospirosten- 
3/3,7cu-diol3-monoacetate (IIa) which could then be 
oxidized to the ketone IIIa.  A similar reaction 
sequence could be carried out with the 3-benzoate 
leading to A5-22-isospirosten-3~,7cu-diol 3-mono- 
benzoate (IIc) ; for further characterization the 
free diol I Ib  and the dibenzoate IId were prepared. 

small amount of the '?@-hydroxy epimer (IV) 
was also produced in the hydrolysis reaction. 

In agreement with the observation of Fieser, 
et in the cholesterol and stigmasterol series 
lithium aluminum hydride reduction of the 7-keto 
derivative IIIa  afforded predominantly the 7p- 
hydroxy isomer IVa, further characterized by its 
3,7-dibenzoate IVb. The molecular rotation differ- 
ences (Table I) both with respect to the differences 
between the two pairs of epimers ( A M D  epimers) 
or the C-'7 unsubstituted parent compound (AM0 
parent compound) are in excellent agreement with 
the corresponding cholesterol derivatives. This 
coincidence in the rotation measurements auto- 
matically correlates the configuration of the 
presently described epimeric A5-22-isospirosten-3p,- 
7-diols (11, IV) with the A5-cholestene-3~,7-diols. 
The present assignments of configurations are based 
on the conclusions of Fieser and F i e ~ e r , ~ , ~  and 
of Bartonlo in the cholesterol series employing as 
additional chemical evidence the now generally 
accepted concept of thermal cis-elimination, l o  

rather than on the proposed revision of configura- 
tional assignments made by Schaltegger and 
Miil1ner.l1 Thus in agreement with the results in 

(9) I.. 1'. Fieser and M. Fieser, "Natural Products Related t o  Phen- 
anthrene,' ' Reinhold Publishing Corp., New York, N. Y.. 1949, p. 181. 

(10) D. H. R. Barton, J .  Chem. Soc., 2174 (1949). 
(11) 1%. Schaltegger and F. X. hldllner, Hcln. C h i m .  Acta,  34, 1096 

(1961 1 'l'hesc authors revise the confiyitratio~i o f  t h e  epimeric 7 -  
li?.(lrux).cli~~lesterolb o n  quite in:,ullicient evidence u i thout  taking intu 
accrrunt the thermal elimination da ta  of the dibenzoates (refs. 6 9,  I O ) .  
The  incorrectness of their view has been established recently by €I  
I1cyni:inn . i t id  I, 1; Ficser, i b id  , 35, 031 (1932). 
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RO'vv OR' l<O'v\/ Br 
Ila,  R = Ac, R'  = I3 

c, R = Bz; R '  = H 
d, R = R' = Bz 

1'1, R = Ac 
I I), R = Bc 

i-T(-->- 

1 b , R = R ' = H  

/ \ A , O  O- 
I 

IIIa,  R = Ac 
b, R = Bz 

the cholesterol ~ e r i e s , ~ ~ ~ ~ ' "  thermal treatment of the 
3@,7a-dibenzoate IId led to A2~4~6-2%-isospirosta- 
triene (VI)'* while similar treatment of the 3p,i@- 
dibenzoate IVb afforded the known3 A5,7-22-iso- 
spirostadien-3@-01 benzoate (V). 

TABLE I 
MOLECULAR ROTATIOX DIFFERENCES O F  THE EPIMERIC 
~5-22-ISOSPIROSTEN-3@,~-DIOLS AND A5-cHOLESTENE-3p,7- 

DIOLS 

Substances 

Cholesterol" 
A5-ChoIestene-3 P,7cu-diolcrd 
A5-Cholestene-3 P,7@-diolb 
As-22-Isospirosten-3 @-01 

9-22-Isospirosten-3@,im-diol 
A5-22-Isospirosten-3 p,i@-diol 
Cholesterol acetate" 
SCholestene-3 @,io(-diol 3- 

monoacet a t  e b s c  

9-22-Isospirosten-3 @-01 acetate 
~-22-Isospi ros ten-3~, im-dio l  3- 

Cholesterol benzoate" 
AL-Cholestene-3 B,io(-diol 3- 

As-Cholestene-3 8,'ioi-diol 

Ai-Cholestene-3 /3,7P-diol 

.Y-22-Isospirosten-3 0-01 bciizo;itc 
A'-22-Isospirosten-3 P,icu-diol 3- 

As-22-Isospirosten-3 P,7cu-diol 

S22-Isospirosten-3 p,'ip-diol 

(diosgenin) 

monoacet ate 

monobenzoateh 

dibenzoate" 

tlibenzoatc* 

monobenzoate 

dibenzoate 

dibenzoate 

AMD A M D  
(Parent (Epi- 

[MID compound) mers) 

- 154 
-334 -180 ; 
4-28 4-182 1 +362 

- 531 
-690 - l5fj  , 

- 188 

+ X i  
-;32:j +a11 J 

-374 -186 
- 578 

-755 -17; 
- 74 

-258 -184 

-642 -170 

-1068 -596'1 
} f1234 

+166 +638 J 
a D. 13. R. Barton, J .  Chem. Soc., 783 (1948). H. B. 

Henbest and E. R.  H. Jones, ibid., 1792, 1798 (1948). 
(. Reference 14. c1 0. U'iiitersteiiier and LV. I,. Ruigh, THIS 
TOURXAL, 64, 2453 (1942). 

(12) J .  Romu,  H. J. Ring,,lcl, G. Kosenkranz and C. Djerassi, J .  
O r g  Cke?,i., 16, 1853 (161:l). 

v 
f 

I\'a, R = H 
b, R = Bz 

In a recent patent Lowenbein13 claimed extremely 
high yields (86%) of 7-dehydrocholesterol by re- 
action of 7-bromocholesteryl acetate with calcium 
hydroxide in xylene-nitrobenzene solution. These 
results could not be confirmed by Schmutz, et aZ.,14 

and in spite of numerous attempts in this Labora- 
tory to apply low en be in'^'^ conditions (using 
calcium oxide, magnesium oxide, barium hydroxide 
or calcium hydroxide) to the 7-bromo derivatives 
(I) in the sapogenin series only discouraging results 
were realized; the best run is described in the 
Experimental section. 

Experimental'j 
~~-22-Isospirosten-3p-ol-7-one Acetate (IIIa) ( a )  From 

as-22-Isospirosten-3 P-01 Acetate without Isolation of Inter- 
mediates.-A6-22-Isospirosten-Y@-ol acetate (diosgenin ace- 
tate) (19.0 g.)  was brominated in carbon tetrachloride solu- 
tion (140 cc.)  with 8.8 g. of N-bromosuccinimide (Arapahoc 
Chemicals, Boulder, Col.) for 9 minutes in the previously 
described manner.3 The filtered solution was stirred for 
two hours a t  room temperature with 150 g. of ethyl acetate- 
washed alumina, filtered, the alumina stirred for 15 minutes 
with acetone and the combined carbon tetrachloride and 
acetone extracts were evaporated to dryness. The residue, 
dissolved in 520 cc. of acetic acid, was allowed to  stand a t  
room temperature for 3 days with a solution of 3.0 g. of 
chromium trioxide in 90 cc. of water and then poured into a 
large excess of water. The collected precipitate was re- 
crystallized twice from methanol affording 8.5 g. (43%) of 
the ketone IIIa  with m.p. 190-194', 234 mp, log E 

1.24. Further recrystallization produced the analytical 
sample with m.p.  197-198", [ ~ ] * O D  -163O, A:::" 234 nip, 
log e 4.28. Marker, ef d.,' obtained this substance in poor 
J k l d  and reported m.p L98'; no rotation or spectrum was 
given. 

.-Itid. Calcd. for Cz9HazOj: C, 74.01; H ,  9.00. Found: 
C. 71.19: H .  9 12. 

(b) From 7mu-Brorno-~%!2-isospirosten-3 p-01 Acetate (Ia). 
-A solution of 5.0 g. of the pure 7-bromo derivative Ia3 in a 
mixture of 67 cc. of acetic acid and 7.0 cc. of water was oxi- 
dized with 0.63 g. of chromium trioxide in 6.5 cc. of water 
for 3 days. After working up as in (a)  there was obtained 

(131 A. Lowenbein, U .  S. I'atenl 2,176,424 (July 19, 1949). 
(14) J. Schmutz, H. Schaltegger and M. Sanz, Hclu. Chim. Ac ta ,  34, 

(15) Melting points are uncorrected. W e  are indebted t o  Srta.  
I'aquita Revaque for determining the  optical rotations (chloroform 
solution) and ultraviolet absorption spectra (95% ethanol solution) 
Thanks are due to  Srta. Amparo Barba for the  microanalyses. 

1 1 1 1  (1951). 



2.1 g. (48%) of the 7-keto compound IIIa. The benzoate 
I I Ib  was isolated in essentially the same yield when the re- 
action was carried out with the 7-bromobenzoate Ib.3 

(c) From P-22-Isospirosten-3~,7a-diol 3-Monoacetate 
(IIa).-Twenty-one grams of the pure 7a-hydroxy com- 
pound I I a  in 500 cc. of acetic acid upon oxidation with 3.3 
g. of chromium trioxide in 100 cc. of water in the above de- 
scribed manner furnished 13.1 g. (say0) of the 7-ketoacetate 
I I Ia  wTith m.p. 195-198'. 

~~-22-Isospirosten-3~-01-7-one Benzoate (IIIb).-A solu- 
tion of 3 .O g. of As-22-isospiro5ten-3 p, i~-diol3-monobenzoate 
( I Ic)  in 50 cc. of acetic acid Wac, oxidized at room tempera- 
ture for 60 hours with 0.41 g. of chromium trioxide in 9 cc. of 
water. Dilution with water and recrystallization from chlo- 
roform-methanol afforded 2.26 g. (75%) of the 7-ketoben- 
zoate I I I b  with m.p.  230-232", [ a I z n ~  -111", 234, 
272 and 280 nip, log B 4.35,3.06, 2.81. 

.4nnZ. Calcd. for c3411&,: C, 76.65; H, 8.33. Found: 
C, 76.91 ; 11, 8.52. 

A6-22-Isospirosten-3 @ , 7 ~ d i o l  (11) and Derivatives.- .P- 
22-Isospirosten-3~-ol acetate (19.0 g.)  was brominated a n d  
hydrolyzed with alumina as described above in the prepara- 
tion of IIIa and the residue after evaporation of the pooled 
acetone and carbon tetrachloride eluates was recrystallizeti 
from hexane-benzene yielding 9.4 g. (48%) of A5-22-iso- 
spirosten-3 6,7a-diol 3-monoacetate (IIa) with i n  . p .  1 88- 
191°, [n]"D -153'. The analyticai sample was obtained 
from the solvent and showcd m.p. 195-196", [ a ] 2 n ~  - 160'. 

z4nal. Calcd. for Cz&14rOj: C, 73.69; I € ,  9.38. Found: 
C ,  73.87; H, 9.28. 

Chromatography of thc mother liquors followed by sa- 
ponification Kave 5-10% of the 36,7p-diol IVa, further 
characterized hy its dibenzoate (IVb). 

When the combined NBS bromination--alumina hydrolysis 
was applied to A5-22-isospirosten-3 8-01 bcnzoate, there 
was isolated in 59% yield ~P-22-isospirosten-3p,7a-diol 3- 
monobenzoate (IIc) with n1.p. 188-190", [ a ] %  -120", 
A,,,, 228, 272 and 280 inp, log B 4.22, 3.01, 2.90. 

Annl. Calcd. for CgH,,Oi: C, 76.37; 11, 8.67. Found: 
C,  76.33; H, 8.73. 

Alkaline saponification (90 minutes refluxing) of either I la  
or I Ic  produced in nearly quantitative yield S22-isospiro- 
sten-38,7a-diol (IIb), which after recrystallization from ace- 
tone possessed m.p. 223-224", [ C Y I ~ D  -159". 

A n d .  Calcd. for C27Ha204: C, 75.30; 11, 9.XB. Fouiid: 
C, 75.07; 1-1, 10.12. 

Bcnzo)-lation of either the diol I Ih  or the 3-nionobenzoatc 
I Ic  with pyridine-benzoyl chloride at 0" for 3 days followed 
by recrystallizatioii from hexane-benzene afforded in cn. 
80% J ield A~-22-isospirosten-3~,7~-diol dibenzoate (IId) 
with m.p. 196-198', [ a I z n ~  -167', A:::" 230, 272 aiiti 280 
inp, log e 4.63, 3.24, 3.19. 

Anal. CdlCd. for C d w ~ :  c ,  77.08; €1, 7.89. ~ ~ l l l l d :  
C, 76.95; Ei, 7.63. 

A5-22-Isospirosten-3p,78-diol (IVa).-To a mixture of I 
g. of lithium aluminum hydride in 125 cc. of dry ether w i h  
added dropwise a solution of 4.0 g. of A5-22-isospirosten-3P- 
01-7-one acetate ( I I I a )  in 175 cc. of ether. After refluxing 
for 2 hours acetone was added to  decompose the excess re- 
agent followed by addition of dilute sulfuric acid. The prod- 
uct was extracted with chloroform, washed with dilute bi- 
carbonate solutioti, water, dried and cvaporated. Kecrys- 
tallization from hcxaiie-acetone gave 3.85 g. of t he desired 
diol TVa which rctaincd solvent very ten:iciously. Aficr 
drying for 8 hours a t  100' i i i  :t high vacuuiii, thr 111.1). \va\ 

.4nnl. Calcd. for C21H4201: C, 75.30; 1 1 ,  D.X:I. 1;ouiitl: 
21fi-219n, [ a ] %  --.?so. 

C ,  75.37; 1-1, 10.06. 

The 3 8,76-dibenzoate IVb was prepared as described 
above for IId and after recrystallization from benzene- 
hexane it exhibited 1n.p. 252-233', [ a l a 0 D  + 26', A:::" 
230,272 and 280 mp, log e 4 65,3.25,3.18. 

Anal. Calcd. for C41Hj~OG: C, 77.08; H, 7.89. Found: 
C, 77.36; €1, 8.05. 

Thermal Treatment of ~j-22-Isospirosten-3~,7a-diol Di- 
benzoate (IId).-One-half gram of the dibenzoate I Id  was 
heated in a sublimation tube a t  200" and 0.01 mm. for 3 
hours, whereupon all but a small amount of oil had sub- 
limed. The entire sublimate was dissolved in ether, washed 
with sodium carbonate solution to remove the benzoic acid 
and cvaporated to yield a seinisolid with A:"a," 294 and 306 
nip, log t 3.96, 3.98, Crystallization from acetone gave 
0.13 g. (42%) of colorless crystals of A2,4,e-22-isospirosta- 
triene (VI) with m.p .  183-185', [ c x ] ~ ' ~ D  -104', A:::" 294 
and 306 nip, log e 4.23, 4.28; tlie infrared spectrum was ideri- 
tical with that of a i l  authentic ~pecinicti (rcported'2: m.p. 
18(j ~ 1 8 X o ,  / r u J %  - - 1 K 0 ) .  

\\~ICII 2.0 :: of ilic t1ibciizo:itc i l t l  \ vas  refluxed for 2.? 
l iour~ w i t h  2.i cc,  i i f  tIicth~l:~iiilinc, tlicrc \vas imlated after 
chroinatogr:ipli!. 0.42  g. (34% i of t h e  trirnc \ - I .  

Thermal Treatment of ~~-22-Isospirosten-3~,7p-diol Di- 
- A solution of 2.0 g. of the :38,76-tlibeiizo- 
, nf dietliyl~t~iiliric \vas refluyecl iii an atinos- 

phere of iiitrogeii for It i  hoiu-i ant1 the solveiit \v:t. theii I-r- 
inoved by  distillatioii with steam. The rcsultiiig I)l:tck 
residue w i t i  extracted ivith ether, washed with dilute hydro- 
chloric acid, sodium bicarbonate solution, water, dried anti 
evaporated leaving 1.7 g. of a black oil with A E Y i l l  230, 270, 
280,292 nip, 10g e4.14,4.09, 3.90, and 3.73.  Crystallizatioii 
from ethyl acetate afforded 0.565 g. (35%) of ~5.7-22-iso- 

-38-01 benzoate ( V )  with i1i.p. 208-210", [ a ] " ~  
' 280, 270, 282, 292 m p ,  log e 4.18, 4.11, 4.13, 

3.97; the substaiicc proved to he identical (mixed melting 
point, infrared spcctrum) \vith an authentic speciineii.3 

The loss of benzoic x i t l  to produce the k5,'-dien moiet!. 
appeared to  be nearly quantitative and the low yield of pure 
product scemed to be due to extensive decomposition of tlie 
side chain. A reduced reaction time or the subhtitution of 
dimethyl- for diethylaniline rcduced the yield to cn. %yo. 
Pyrolysis of the dibenzoate IVb by heating a t  225" and 0.01 
mm. gave as the only pure product 23% of the 15,7-dien- 
36-01 benzoate (V). 

Dehydrobromination of 7or-Bromo-A5-22-isospirosten-3p- 
01 Benzoate (Ib) with Calcium Hydroxide.-After trying a 
wide variety of experimental conditions with several alkaline 
earths oxides arid hydroxides in an  attempt to apply Loweri- 
1xiii'si3 conditions to the sapogenin series, the following con- 
ditions were found to give the best and most reproducible 
results : 

A mixture of 20 g. of calcium hydroxide, 50 cc. of xylcnc 
:tiid 15 ce. of nitrobenzene was stirred and heated to 125" 
atid a small amount of solvent was allowed to distil to re- 
iiiove moisture. After cooling, 5.0 g. of the 7-bromobenzo- 
ate Ib  \viis added in one portion and the mixture was stirred 
for 2 hours a t  125". The cooled solution was filtered, the 
precipitate was washed with hot benzene, 5.0 g. of sodium 
bicarbonate in 50 cc. of water was added and the volatile 
niatcrial was removed by steam distillation. The residue 
w s  extracted with ethyl acetate, washed with water, dried, 
concentrated and chilled; 0.86 g. of henzoate l' Tvith i1i.p. 
20.5 -207" rryst;illizrd. C1irom:~togr:lphy of the mother 
liquors fiirrii4ied ;in aridiiion;il 0.:3 g .  of \' of equal  purity 


