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Acetylation of Vb with pyridineacetic anhydride afforded 
the diacetate (Vc) (Reichstein’s Compound D diacetate), 
m.p. 217-220”; recrystallized from chloroform-ether, m.p. 
219-222’, [ a ] ~  f72’ (dioxane) (lit.6 m.p. 223-224’, [a] 
72.3 f 2’ (dioxane)); infrared spectrum, acetate, 5.72 p,  
carbonyl, 5.80-5.82 p,  and hydroxyl, 2.9 p. 

Anal. Calcd. for C2sH3e07: C, 66.94; H, 8.09. Found: 
C, 67.17; H ,  8.88. 

Monosemicarbazone of 5a-Pregnane-3@,17a,21-triol-ll,- 
20-dione.--Ba-Pregnane-3@, 17a,2l-triol-ll,2O-dione (2.2 g.) 
reacted a t  room temperature with 1.48 g. of semicarba- 
zide hydrochloride and 0.84 g. of anhydrous sodium acetate 
in 66 cc. of purified methanol. The initial reaction mixture 
is a suspension which after some time dissolves and then re- 
precipitates. After 48 hours, 0.79 g. of anhydrous sodium 
acetate and 40 cc. of water were added to  the cooled reac- 
tion mixture. The product was filtered and washed wit? 
water until free of chloride ion; yield 2.2 g., m.p. 302-303 ; 
infrared spectrum, hydroxyl, amide 2.9-3.2 p and carbonyl 
5.84, 6.02 p.  

Anal. Calcd. for C~gHas05N~: N, 9.95. Found: N, 9.57. 
Monosemicarbazone of Sa-Pregnane-3@, 11@,17a,21-tetrol- 

20-one.-The monosemicarbazone of Va (2.2 g.) was dis- 
solved in 500 cc. of refluxing, purified methanol. Reduction 
was carried out at the reflux point under an atmosphere of 
N2 with 50 cc. of sodium borohydride solution (3 g. of Na- 
BH,, 0.69 g. of NaOH, 54 cc. of H20) added dropwise to 
the refluxing solution. Refluxing was continued 0.5 hour 
after addition of the borohydride solution was complete a t  
which time a second 50-cc. portion of sodium borohydride 
solution was added dropwise and rduxing was maintained 
1.5 hours after the sodium borohydride solution was com- 
plete. The cooled solution was diluted with 164 cc. of 
water containing 8.3 cc. of glacial acetic acid. The reac- 
tion mixture was concentrated in vacuo in absence of air to 
approximately 200 cc. The product was filtered and 
washed with water; yield 1.87 g., m.p. 299-301’; infrared 

spectrum, 2.9 p,  3.05 p hydroxyl and amide; 6.00 p, 6.30 
NH; no ketonic carbonyl. 
Sa-Pregnane-3@,11@,17a,20-tetrol-2O-one (VI).-The re- 

duced semicarbazone I11 (1.87 g.) was stirred as a suspension 
in 13.4 cc. of glacial acetic acid, 7 cc. of water and 2 CC. of 
pyruvic acid. After approximately 6 hours, solution was 
complete. Reprecipitation took place shortly thereafter. 
After a total reaction time of 23 hours the reaction mixture 
was transferred to a separatory funnel with 250 cc. of ethyl 
acetate. Sodium bicarbonate (21 g. )  and 25 cc. of water 
was added and the mixture shaken; an additional 25 CC. of 
water was added and, after shaking, the aqueous layer was 
removed. The ethyl acetate was then washed with 50 CC. 
of saturated sodium bicarbonate solution followed by 75 CC. 
of saturated sodium chloride solution. The combined 
washes were extracted three times with 50 cc. of ethyl ace- 
tate. The combined ethyl acetate solutions were dried by 
shaking with granular drierite and the solvent removed in 
the absence of air on the oil-pump. The residue was taken 
up in 80% methanol and concentrated again to the point of 
crystallization. After standing overnight in the ice-b:x 
the product was filtered; yield 0.88 g., m.p. 218-223 , 
[a] 2 4 ~  +52O (dioxane). 

A sample recrystallized from methanol-water, m.p. 
221-224’; from dioxane-water, m.p. 233-235”, [a]14D 
+55’ (dioxane), lit., m.p. 220-225’, [ a ] ~  $52’ (dioxane); 
infrared spectrum, 2.94-3.0 p hydroxyl, 5.85 p carbonyl; 
sulfuric acid chromogen spectrum A,,, 333, 417, 510 mp; 
lit.” Amax 285, 330, 415 mp; 510 mp. 

Anal. The compound crystallizes from dioxane-water 
with 1 mole of dioxane of crystallization which is lost cply 
on prolonged drying (24 hours) a t  a temperature of 103 . 

Anal. Calcd. for CzlH3aOj.C4HsO2: C, 66.04; H, 9.31. 
Found: C, 66.50; H, 8.82. Calcd. for C H H ~ O ~ :  C, 
68.82? H, 9.35. Found: C, 69.14; H, 9.05. 

RAHWAY, N. J. 
(11) A. Zaffaroni and R. B. Burton, J .  Biol. Chern., 183,749 (1951). 
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The complexity of the stereochemistry of the E and F rings of the steroidal sapogenins is considerably greater than was 
originally realized. Assuming identical configurations at  C-16 and (2-17, the asymmetric centers a t  C-20, C-22 and C-25 
permit the existence of eight diastereoisomers for each nuclear type; four of these are now known. Studies of the reactions 
of these isomers, together with assumptions of mechanisms for their formation and interconversion, have permitted assign- 
ment of absolute configurations which appear to be consistent with all established experimental facts. 

The stereochemistry of the nucleus in the various 
steroidal sapogenins2 has for the most part been 
well delineated.a However, the stereochemistry 
of the E and F rings is much less well known. 
The asymmetric centers a t  C-20, C-22 and C-25 
permit the existence of a maximum of eight side- 
chain diastereoisomers, even assuming that all 
sapogenins have the same configurations a t  C-16 
and C-17. 

It has been recognized that certain naturally 
occurring pairs of sapogenins exist, one member 
(“normal” series) of each pair being convertible to 
the other member (“iso” series) by vigorous treat- 

(1) Paper I is 8 Communication to the Editor of THIS JOURNAL, 76, 
3865 (1954). 

(2) The term ‘‘sapogenin” will hereafter be used to mean “steroidal 
sapogenin.” 
(3) L. F. Fieser and M. Fieser, “Natural Products Related to 

Phenanthrene.” 3rd Ed., Reinhold Publ. Corp., New York, N. Y., 1949, 
Chapt. VIII .  

ment with mineral Evidence derived 
from degradative studies indicated that the seat 
of this isomerism lay in the side chain, and the as- 
sumption was made that the actual locus was the 
C-22 or spiro position; reportssa,8 of the identity of 
the pseudo and dihydro derivatives of, for example, 
sarsasapogenin (“normal” series) and smilagenin 
(“iso” series) were consistent with this hypothesis. 
It would appear that for some time the other asym- 

(4) Early evidence for these transformations was not convincing. 
Only recently have they been established by infrared spectroscopy’*’*,*1 
and by degradation.14 

(5) (a) R. E. Marker and E. Rohrmann, THIS JOURNAL, 61, 846 
(1939); (b) G. A. R .  Kon, H. R. Soper and A.  M. Woolman, J. Chcm. 
Soc., 1201 (1939). 

(6) R.  E. Marker, R. B. Wagner, P .  R. Ulshafer, E. L. Wittbecker. 
D. P. J. Goldsmith, and C .  H. Ruof, THIS JOURNAL, 69, 2185 (1947). 
(7) M. E. Wall, C.  R. Eddy, S. Serota and R.  F. Mininger, ibid. ,  76, 

4437 (1953). 
(8) R. E. Marker, E. Rohrmann and E. M. Jones, ib id . .  62, 648 

(1940). 
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metric centers in the side chain were not seriously 
considered as possibly playing a role (see, however, 
a very early paper by Farmer and Kong). Very 
recently there has been a remarkable resurgence of 
interest in this topic, which has a t  long last drawn 
attention to the importance of the asymmetric cen- 
ters a t  C-20 and C-25, in addition to that a t  C-22. 
The first publication in this recent series was that 
of Wall, et al.,’ dealing with the newly-isolated 
markogenin (“normal” series) and its side-chain 
isomer samogenin (“iso” series). They showed 
that the respective pseudo compounds were not 
identical; although these authors did not mention 
a configurational difference a t  C-25, one may be 
deduced from this fact. This paper was followed 
closely by that of Scheer, et al.,10 who demonstrated 
the non-identity of the pseudo compounds of sarsa- 
sapogenin and smilagenin through careful deter- 
mination of physical constants and through an ele- 
gant oxidative degradation of these substances to 
give (+)-a-methylglutaric acid and the levorota- 
tory isomer, respectively, as remnants of the side 
chain containing carbon atoms 22 through 27 in- 
clusive. This clear demonstration of the C-25 
isomerism of sarsasapogenin and smilagenin obvi- 
ated the necessity for assumption of C-22 isomerism 
to explain the non-identity of these substances, but 
did not eliminate the possibility that such isomer- 
ism might also exist. Shortly thereafter, Jamesll 
extended this type of degradative attack to dios- 
genin and hecogenin and showed that these sapo- 
genins had the same configuration a t  C-25 as smila- 
genin. Furthermore, he deduced that these three 
sapogenins had the D-configuration a t  C-25 relative 
to D-glyceraldehyde; it followed, therefore, that 
sarsasapogenin had the L-configuration. 

The next development was the appearance in 
rapid succession of communications12-16 from sev- 
eral laboratories all reporting the preparation of 
sapogenins isomeric with the usual naturally-oc- 
curring types by very mild acid treatment of the cor- 
responding pseudosapogenins. Recent authors have 
variously designated this “abnormal” class as 20- 
i s o s a p ~ g e n i n s , ~ ~ , ~ ~  ana sapogenin^'^ and neosapo- 
g e n i n ~ l ~ * l ~ * ~ ’  and have shown that representatives 
may be synthesized from sapogenins of both 
“normal” and ‘%o” series; i t  seems reasonably 
certain that every naturally-occurring sapogenin 
will be shown to have its “neo” analog. Marker 
and Lopezlg were probably the first to obtain ex- 

(9) S .  N. Farmer and G .  A. R. Kon, J. Chem. SOC., 414 (1937). 
(10) 1. Scheer, R. Kostic and E. Mosettig, THIS JOURNAL, 7S, 4871 

(1953). 
(11) V. H. T.  James, Chemisfry and Indusfry,  1388 (1953). 
(12) M. E. Wall, C. R. Eddy and S .  Serota, THIS JOURNAL, 76,  2849 

(1954). 
(13) M. E. Wall and S. Serota, ibid., 76, 2850 (1954). 
(14) R. K. Callow and V. H. T. James, Chcmisfry a n d  Industry ,  691 

(1954). 
(15) D. H. W. Dickson, J. Elks, R. hl. Evans, A.  G. Long, J. F. 

Oughton and J. E. Page, ib id . ,  692 (1954). 
(16) J. B. Ziegler, W. E. Rosen and A. C. Shabica, TAIS JOUR- 

NAL, 76, 3865 (1954). 
(17) The naturally-occumng neotigogenin of Noller.18 which is a 

typical “normal” series sapogenin analogous to sarsasapogenin, should 
not be confused with these highly acid-sensitive compounds. 
(18) L. H. Goodson and C. R. Noller. THIS JOURNAL, 61, 2420 

(1938). 
(19) K .  E. IIarker and J. Lopez, ibid., 69, 2373 (1947). 

amples of this class, although they failed to realize 
their full significance. 

AS a class, the neosapogenins are distinguished 
by an unusual degree of chemical reactivity. Thus, 
(1) they are converted to the sapogenins by rela- 
tively mild treatment with alcoholic hydrochloric 

chromic acid-acetic acid to 21-carbon A16-20-one 
compounds whereas the sapogenins are unaffected 
by this treatment (the dihydrosapogenins behave in 
the same way as their corresponding sapogenins) I 2  ; 
(3) they are converted readily to  pseudosapogenin 
diacetates by refluxing with acetic anhydride, in 
contrast to the more vigorous conditions required 
for conversion of the sapogenins. 12,1*,15*31 Since 
the neosapogenin-sapogenin interconversion has 
been established for compounds of both “normal” 
(25-L) and “iso” (25-D) series, it is clear that con- 
figurational changes a t  C-20 and/or C-22 must be 
involved in this interconversion. Various interpre- 
tations of the data have been made, in connection 
with configurations a t  C-20 and C-22. With regard 
to C-20, two British g r o ~ p s ~ ~ . ~ ~  take the view, 
based on examination of models, that since 
excessive hindrance would exist between C-18 
and C-21 if the C-21 methyl group were in the P- 
orientation, only a-orientation is possible; there- 
fore, they suggest that the sapogenins and neosapo- 
genins are alike a t  C-20 and differ only at  C-22 (no 
definite configurations were assigned), This con- 
cept suffers from the disadvantage that i t  affords 
no ready explanation for the great difference in 
reactivity between the two classes. On the other 
hand, Wall, et al., l2 as well as ourselves, l6 have con- 
cluded that the sapogenins have the a-C-21-methyl 
and the neosapogenins have the P-C-21-methyl; 
the difference between the degree of C-18-methyl- 
C-21-methyl interaction thus parallels the differ- 
ence in chemical reactivity between the two series. 

With regard to C-22, Wall, et al.,13 hold that the 
sapogenins and the corresponding neosapogenins 
have the same configuration. This accommodates 
their conviction that configuration a t  C-22 changes 
during conversion from the “normal” to the “iso” 
series (e.g., sarsasapogenin + smilagenin). Ad- 
herence to this classical concept leads to consider- 
able difficulty when the attempt is made to formu- 
late a rational and consistent mechanism for the 
formation and interconversion of the sapogenins 
and the corresponding neosapogenins, and for the 
conversion from the “normal” to the “iso” series. 
Furthermore, despite claimsl3 to the contrary, 
there is no unequivocal evidence pointing to a con- 
figurational difference a t  C-22 between sarsasapo- 
genin and smilagenin. Evidence cited13 for such a 
difference includes (I) infrared data, (2) conver- 
sion of “normal” series to “iso” series sapogenins, 
and (3) reported differences in behavior between 
‘‘normal” and “iso” series sapogenins on bromina- 
tion. Neither of the first two points is decisive, 
since other a t  least equally acceptable interpreta- 
tions of the experimental data are possible. With 
regard to the third point it has been statedl3sZ0 that 
sarsasapogenin acetate forms a 23,23-dibromo de- 

303 (I9.51). 

acid12,14 -16,31. , (2) they are readily oxidized by 

(20) C. Djerassi, H. Martinez and G. Rmenkranz, J .  Org Chrrn , 16, 
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rivative under proper con- HCl-EtOH, A 

HC1-diox., low temp. 

HC1-EtOH, rm. temp. r HCl-EtOH, A 

ditions, whereas the ace- 
tates of various sapogenins 
of the “iso” series13J0 and, 

form only 23-monobromo 
derivatives. This evidence 
formed the major basis for 

in particular smilagenin,13 

AcnO Diosgenin the assignment by Wall, N e ~ ~ ~ ~ ~ ~ i n  -> Pseudodiosgenin +?% 
tions a t  C-22 to sarsasapo- 

acetate et al.,13 of specific configura- diacetate 200 
HCl-AciO, A 

genin (ring Oxygen 
smilagenin (ring F oxygen 
a). However, the structure 

and Fig. 1.-Dashed arrows represent previously reported conversions; solid arrows, new 
conversions. 

. .  
of the dibromosarsasapogenin has never been proven 
and therefore the formation of this substance does 
not necessarily bear on C-22 configuration. Further- 
more, in contrast to the earlier report,13 we have now 
found that smilagenin acetate also forms  a dibromo 
derivative under conditions similar to those used in 
preparing dibromosarsasapogenin acetate. Treat- 
ment with zinc dust in hot acetic acid regenerates 
the original sapogenin acetate, as is the case with the 
dibromosarsasapogenin acetate. In  consequence, 
the question of C-22 isomerism between these two 
sapogenins is completely open, insofar as direct 
experimental evidence is concerned. 

The authors’ conclusionslB with regard to configu- 
ration a t  C-20 and C-22 were based also on stud- 
ies of neosapogenin-type compounds, but whereas 
Wall, et aZ.,l3 asserted that neosapogenins differed 
from sapogenins only a t  C-20, and Callow and 
James14 assigned the difference solely to C-22, we 
felt that mechanistic requirements as well as con- 
sistency required a difference a t  both C-20 and 
(2-22. 

It was o b ~ e r v e d ~ ~ , ~ ~  that neodiosgenin separated 
immediately from an ethanolic or methanolic solu- 
tion of pseudodiosgenin on addition of a few drops 
of hydrochloric acid. When the mild acid treat- 
ment of pseudodiosgenin was carried out in dioxane, 
wherein the first-formed neodiosgenin remained in 
solution, diosgenin was the resultant product. 
Neodiosgenin was converted also into diosgenin by 
short reflux of an ethanolic acid solution. The 
acetylation reactions of neodiosgenin were particu- 
larly interesting. Acetic anhydride in excess pyri- 
dine afforded neodiosgenin acetate; acetic anhy- 
dride reflux in the absence of pyridine gave pseudo- 
diosgenin diacetate; acetic anhydride with a trace 
of mineral acid converted neodiosgenin to diosgenin 
acetate. A flow sheet of the conversions in the dios- 
genin series is given in Fig. 1. 

The formation of neodiosgenin and its conversion 
to diosgenin can be interpreted as an example of 
the initial formation of a kinetically favored but 
thermodynamically unfavored product (neodios- 
genin) which, when permitted to reach equilib- 
rium, goes over to the thermodynamically favored 
product, diosgenin. Isolation of pseudodiosgenin 
diacetate from acetic anhydride reflux of neodios- 
genin suggests that acetic acid is sufficiently strong 
to  establish the equilibrium between neodiosgenin 
and pseudodiosgenin, but not to effect cyclization 
to diosgenin; mineral acid apparently catalyzes 
not only the opening of the neodiosgenin ring F, 

but also the rapid cyclization of pseudodiosgenin 
to the stable diosgenin system. 

There is growing evidence that ionic addition re- 
actions in general involve atoms or groups (here H 
and OR) situated in the trans relationship to  each 
other.21 The acid-catalyzed cyclization reactions 
under consideration are conceived to be polar in na- 
ture, with trans addition occurring across the C-20, 
C-22 double bondz2 of the pseudosapogenin. In  the 
initial cyclization of pseudodiosgenin to  neodios- 
genin, it would appear that attack of a solvated pro- 
ton a t  C-20 from the less hindered rear face of the 
molecule is kinetically favored and leads to struc- 
ture 11. However, on prolonged treatment with 
acid, a process of equilibration leads to the thermo- 
dynamically more stable 111; the driving force for 
the conversion of neodisogenin (11) to diosgenin 
(111) is furnished mainly by hindrance between the 
(2-18 and C-21 methyl groups and secondarily by 
the less stable axial c o n f o r m a t i ~ n ~ ~ - ~ ~  of the C-27 
methyl group in structure 11. All of these consider- 
ations apply also to the interconversion of iso- 
m e r ~ ~ ~ ~ ~ ~  in the smilagenin series (VII, VIII, IX) 
and also, no doubt, to other “iso” series sapogenins. 

The  conversion^^^^^^ of pseudosarsasapogenin(1V) 
to neosarsasapogenin (V) by mild acid treatment, 
and either IV or V to sarsasapogenin (VI) by more 
vigorousethanolic acid treatment are unquestionably 
similar to the corresponding reactions in the dios- 
genin and smilagenin series. Neosarsasapogenin, 
however, is rendered less stable only by the hin- 
drance between C-18 and C-21, since the methyl 
group a t  C-25 is equatorial. Conversion to sarsa- 
sapogenin under equilibrating conditions relieves the 
great strain of C-18, C-21 interaction, but requires 
that the methyl group a t  C-25 assume the less stable 
axial conformation. On the basis of conforma- 
tional concepts, therefore, the ultimate conversion 
of sarsasapogenin (axial methyl group) to smila- 
genin (equatorial methyl group) by long acid treat- 

(21) See for example P. D. Bartlett in Gilman. “Organic Chemis- 
try,” Vol. 111, John Wiley and Sons, Inc., New York, N. Y., 1953, p. 51. 

(22) The C-20, C-22 double bond requires the cis fusion of rings D 
and E on steric grounds, presumably in the &configuration“ (see also 
ref. 3, p. 666). 

(23) The axial conformation of the methyl group at C-25 coincides 
with hindrance between the C-18 and C-21 methyl groups only if the 
absolute configuration of the steroid nucleus is as drawn; evidence 
that the steroid nucleus actually is drawn correctly in an absolute 
sense is presented later in this paper. 

(24) D. H. R. Barton, J .  Chcm. Soc., 1027 (1953). 
(25) Conformational analysis of six-membered rings containing 

oxygen seems to be on firm ground: (a) 0. Hassel and B. Hottar, 
A d o  Cficm. Scand. ,  1, 929 (1947); (b) J. A. Mills, Chcmisfry and Indus- 
try, 633 (1954). 
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Pseudodiosgenin ( I )  

H 
Neodiosgenin (11) 

H 

+ 
f- 

r 
Neosarsasapogenin (V) Pseudosarsasapogenin ( IV)  

CHI 

--+ + 
t 

/- /-- 
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ment is understandable. This transformation was 
iirst reported by Marker6 and recently claimed by 
WaIll3 to have been confirmed. We also have con- 
firmed this reaction and feel that although the driv- 
ing force for the reaction is apparent from the 
greater energy of the axial methyl group at  C-25, 
the mechanism is most subtle.26 

Absolute Co&guration.-This work, together 
with previous studies, makes possible the assign- 
ment of absolute configuration to the steroid 
nucleus, Two have determined the 
absolute configuration of sterols a t  C-20 by correla- 
tion through citronellal with D-glyceraldehyde. 
The configurations a t  C-20 of cholesterol and 
diosgenin have been shown to be the same.28 The 
present work has clearly established the con- 
figuration of the steroid nucleus in the sapogenins 
relative to C-20, and therefore the absolute con- 

(26) J. W. Cornforth, A n n .  Repl. on Progr .  Chcm. (Chcm. SOC. 
London) 60, 219 (1954), in noting the work of Scheer, Kostic and 
Mosettiglo on differences at C-25 between sarsasapogenin and smila- 
genin stated that if VI is convertible to VI1 by acid, and if VI and VI1 
differ only at C-25, and if the C-27 methyl group were axial a proton 
attached to the oxygen atom of ring F "would be rather well placed to 
initiate a displacement reaction with inversion of configuration at 
c-25." 

(27) (a) B. Riniker, D. Arigoni and 0. Jeger, Hela. Chim. Acta, 37,546 
(1954); (b) J. W. Cornforth, I. Youhotsky and G. PopjPk, Nafurc,  
173, 536 (1954). 

(28) R. E. Marker end D. L. Turner, Tar3 JOURNAL, 68,767 (1941). 

N:v  
Ho H 

Sarsasapogenin (VI)  

H 
.1 

/- 
Smilagenin ( V I I )  

figuration of the nucleus (formulas I through IX). 
Formulas 111, VI and VI1 depict the absolute con- 
figuration a t  C-20 as determined by the two groups 
~ i t e d ~ ' ~ , ~  above, while 11, V and IX have the oppo- 
site configuration a t  this point. 

Infrared Absorption Spectra,-Examination of 
infrared spectra of the sapogenins and neosapo- 
genins thus far available reveals few general corre- 
lations between particular spectral features and 
specific configurations and/or conformations in the 
side chain. On the basis of the structural assign- 
ments made in this paper, previous  correlation^^^.^^ 
of the relative intensities of the bands near 920 and 
900 cm.-l with configurations a t  C-22 in the sapo- 
genins cannot hold. All of the relatively acid-stable, 
naturally-occurring sapogenins (e.g., 111, VI, VII) are 
formulated as having the same configuration a t  C-22, 
but sarsasapogenin ("normal" series, 26-L) has the 
band near 900 cm.-' much weaker than that near 
920 cm.-', while the relative order of magnitude of 
the corresponding bands in smilagenin and dios- 
genin (both "iso" series, 25-D) is reversed. Fur- 
thermore, in passing from neodiosgenin (11) to dios- 
geninZ9J0 (111) or from neosmilagenin (IX, Fig. 2) 

(29) C. R. Eddy, M. E. Wall and M. K. Scott, Anal.  Chcm., 36,266 

(30) R. N. Jones, E. Katzenellenbogen and K. Dobrioer, Tars 
(1953). 

JOURNAL, 76, 168 (1863). 
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Fig. 2.-Infrared absorption spectrum of neosmilagenin: 
1% in CS2, l-mm. cell. 

to ~rnilagenin~9~~0 (VII), configuration a t  C-22 is 
inverted but the relative order of magnitude of the 
bands near 920 cm.-’ and 900 cm.-l remains the 
same; in these neosapogenins, however, the rela- 
tive intensities of these bands are more nearly equal. 
On the other hand, in passing from neosarsasapo- 
genin (V, Fig. 3) to s a r s a s a p ~ g e n i n ~ ~ ~ ~ ~  (VI), the 
relative order of magnitude of these bands is re- 
versed as configuration a t  C-22 is inverted. Ac- 
tually, i t  would appear that within the class of or- 
dinary, relatively acid-stable sapogenins, the rela- 
tive intensity of these bands may instead be corre- 
lated with the conformation of the C-27 methyl 
group (axial in “normal” sapogenins; equatorial 
in “iso” sapogenins). This cannot be extended to 
include the neosapogenins, however. 

There are two points of uncertain significance in 
connection with the fingerprint region of the avail- 
able neosapogenin spectra which are worthy of 
mention. Firstly, i t  seems that there is a charac- 
teristic difference between the spectra of the ordi- 
nary sapogenins of the “iso” series and their neosap- 
ogenin analogs in the vicinity of 970-985 cm.-’. 
All ordinary sapogenins have strong bands in the 
vicinity of 980-985 cm.-1.29~30 However, the spec- 
tra of neodiosgenin31 (11) , n e ~ s m i l a g e n i n ~ ~ , ~ ~  (IX, Fig. 
2), neotigogenin,15.17 1 l-ketoneotigogenin16 and neo- 
hecogeninl4,l5 are characterized by the strong reduc- 
tion or absence of this band and the appearance of a 
band of medium intensity near 974 cm. -l. It may 
be noted that the E and F rings of these neosapo- 
genins are under maximum strain owing to con- 
figuration a t  C-20 and conformation a t  C-25. On 
the other hand, s a r s a s a p ~ g e n i n ~ ~ ~ ~ ~  (VI) (“normal” 
series) and n e o s a r s a s a p ~ g e n i n ~ ~ ~ ~ ~  (V, Fig. 3) both 
have the usual strong band near 985 cm.-’; neo- 

(31) See Experimental section. 
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Fig. 3.-Infrared absorption spectrum of neosarsasapogenin: 
1% in C&, l-mm. cell. 

sarsasapogenin has only the single element of ring 
strain involving configuration a t  C-20. Secondly, 
neosarsasapogenin displays a pronounced shift of 
the 900 cm.-l band from 895 to 905 cm.-’. 

Of especial interest are comparisons between the 
spectra of d i o ~ g e n i n ~ ~ * ~ ~  (111),   mi lag en in^^^^^ (VII) 
and s a r s a s a p ~ g e n i n ~ ~ ~ ~ ~  (VI) and their neosapo- 
genin analogs (respectively: 11, IX, Fig. 2, and V, 
Fig. 3) in the “methyl” region near 1360-1380 
cm.-’. Bands in this region in steroids have been 
a s ~ i g n e d ~ ~ - ~ ~  to C-H bending vibrations of methyl 
groups. All of these sapogenins show a strong 
band near 1380 cm.-l; Jones, et ~ l . , ~ ”  have assigned 
this band in the steroidal sapogenins to the “unper- 
turbed” C-18, C-19 and C-21 methyl groups. In  
addition to this band, the neosapogenins show a 
strong band, quite well resolved, near 1358-1364 
crn.-’. This same band is observed in the spectra of 
all sapogenin 3-acetates studied; in this instance, i t  
has been a s ~ i g n e d ~ ~ ~ ~ ~  to the acetate group. How- 
ever, its appearance in spectra of sapogenin 3-alco- 
hols appears to be confined to the neosapogenins, 
and the suggestion is made that it may be due to in- 
teraction between the C-18 and C-21 methyl groups 
in these substances. 

Use of 0.5% solutions in carbon tetrachloride is 
especially suitable for a detailed study of this re- 
gion of the spectrum. 
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Experimenta133 
Pseudodiosgenin Diacetate from Pseudodiosgenin.-A 

sample of pseudodiosgeninS4Js prepared in this Laboratory 
had m.p. 165-168' and [ a ] % ~  -39'. 

Anal. Calcd. for CnHdzOa (414.61): C, 78.21; H, 10.21. 
Found: C, 78.26; H, 9.91. 

The infrared absorption spectrum (1% in chf.) showed 
a medium bandaS a t  1694 cm.-1. 

A suspension of 1.0 g. of pseudodiosgenin in 9 mi. of acetic 
anhydride containing 3 drops of pyridine was heated on the 
steam-bath for one hour. The clear solution was concen- 
trated to dryness in wcuo and the residue was crystallized 
from :ethanol, yielding 1.03 g. of white platelets, m.p. 
98-100 . Recrystallization from isopropyl alcohol gave 
0.79 g. of white Platelets, m.D. 98-100". -39". 

Anal. Calcdl for CalH46Os (498.68):' C,'74.66; H, 9.30. 
Found: C, 74.94; H, 9.33. 

The infrared spectrum showed a medium banda6 a t  1692 
em.-' on the shoulder of the strong acetate carbonyl band a t  
1732 cm.-1. 

Neodiosgenin (11) from Pseudodiosgenin (I) .-Three 
drops (approximately 0.1 ml.) of concentrated hydrochloric 
acid was added to a room temperature solution of 10.00 g. 
of pseudodiosgenin in 300 ml. of absolute ethanol, causing 
a white precipitate to form in about 30 seconds. After the 
mixture had stood overnight, the white powder was col- 
lected, washed once with ethanol and dried, giving 8.35 g. 
(83.5%) of product, m.p. 188-193'. Crystallization fro? 
ethanol raised the melting point to 199-202', la1 28.0 - 122 . 

Anal. Calcd. for C27HdzOa (414.61): C, 78.2i; H, 10.21. 
Found: C, 77.82; H, 10.15. -~ 

The infrared absorption spectrum differed significantly 
from that of diosgenin; the 982 cm.+ band was reduced to 
a shoulder, a medium band appeared a t  973 cm.-l, and the 
960 cm.-l band was intensified. 

Similar treatment of pseudodiosgenin dipropionate, m.p. 
84.5-85.5', gave only a 55% recovery of starting material. 

Diosgenin (111) from Neodiosgenin @).-A solution of 
0.60 g. of neodiosgenin in 60 ml. of absolute ethanol contain- 
ing 3 ml. of concentrated hydrochloric acid was refluxed for 
two hours, diluted with 120 ml. of water, and allowed to  
stand in the refrigerator overnight. The white solid was 
collected and dried giving a quantitative yield of material, 
m.p. 196-206'. The product depressed the melting point 
of neodiosgenin loo, gave no depression of melting point 
with authentic diosgenin, and had an infrared spectrum su- 
perimposable with that of authentic diosgenin. One crys- 
tall$ation from ethyl acetate raised the melting point to 206- 
211 . 

Diosgenin (111) from Pseudodiosgenin (I).-A solution 
of 0.60 g. of pseudodiosgenin in 60 ml. of absolute ethanol 
was treated with 3 ml. of concentrated hydrochloric acid. 
A heavy precipitate formed which disappeared on heating to 
the boiling point. The solution was refluxed for 2.5 hours 
and excess water was added. After chilling, the white 

(33) The diosgenin was commercial material obtained from the 
Treemond Company, New York, N. Y. Srnilagenin (as acetate) was 
obtained from Nutritional Biochemicals Corporation, Cleveland, Ohio, 
and was stated by them to have been isolated from species of Stnilas. 
Sursasapogenin and pseudosarsasapogenin were obtained from Dr. 
M. E. Wall of the Agricultural Research Service of the United States 
Department of Agriculture, Eastern Regional Research Laboratory, 
Philadelphia, Penna. Infrared absorption spectra were determined on 
a double-beam Perkin-Elmer model 21 infrared spectrophotometer 
using a sodium chloride prism. 1% solutions in carbon disulfide were 
used. Melting points were taken on an electrically-heated aluminum 
block by the capillary tube method and are uncorrected. All rotations 
were taken in 1% chloroform solution. 

(34) R. E. Marker, T. Tsukamoto and D .  L. Turner, THIS JOURNAL, 
6% 2525 (1940). 

(86) D. H. Gould, H. Staeudle and E. B. Hershberg, ibid. ,  74, 
3685 (1962). 

(36) A. L. Hayden, P. B. Smelzer and I. Scheer, Anal.  Chcm., 26, 
550 (1954). 

solid was collected, washed with water and dried. The 
product weighed 0.57 g., m.p. 199-203'. Recrystalliza- 
tion from ethyl acetate yielded 0.42 g. of crystalline mate- 
rial, m.p. 200-208'. A second recrystallization from the 
same solvent gave 0.30 g., m.p. 208-211'. This material 
did not depress the melting point of authentic diosgenin, 
and the infrared spectra were identical. 

Diosgenin (111) from Pseudodiosgenin (I) by Mild Acid 
Treatment.-To a solution of 0.20 g. of pseudodiosgenin in 
10 ml. of dioxane was added three drops of concentrated 
hydrochloric acid. The white precipitate which formed 
went back into solution almost completely after standing a t  
room temperature for 30 minutes and in the refrigerator for 
30 minutes. Dilution with water precipitated 0.18 g. of 
white solid, m.p.  184-204'; one crystallization from eth- 
anol improved the melting point to 190-199". A mixture 
with diosgenin (m.p. 206-211') melted a t  197-206', whereas 
with neodiosgenin (m.p. 199-201') there was a depression 
to 184-190". An infrared spectrum established the product 
unambiguously as diosgenin. 

Neodiosgenin Acetate from Neodiosgenin (II).-A clear 
colorless solution of 0.50 g. of neodiosgenin in 20 ml. of dry 
pyridine and 15 ml. of acetic anhydride was heated on the 
steam-bath under a calcium chloride drying tube for one 
hour; the solution acquired a light yellow color. Solvent 
was removed at  reduced pressure and the yellow residue 
was charcoaled and crystallized from ethanol, affording 
0.33 g. (60%) of white crystals shrinking at  188" and melt- 
ing a t  192-195'. One recrystallization from methanol 
gave 0.28 g. of long prisms, shrinking a t  191' and melting 
a t  194-196.5' [a mixture melting point with diosgeni; JCC- 

tate (m.p. 198") depressed to 185-190'1, [ C Y ~ ~ ~ D  -119 . 
Anal. Calcd. for C29H4,O4 (456.64): C, '76.27; H, 9.71. 

Found: C, 76.52; H, 9.47. 
The infrared spectrum was clearly different from diosgenin 

acetate and similar to neodiosgenin (e.g., a shoulder a t  980 
cm.-l, a medium band a t  973 cm.-', and a strong band at  
960 cm.-l). 

A second crop of 0.10 g. (18%) of neodiosgenin acetate, 
m.p. 185-188", was obtained from the ethanol mother 
liquors, raising the total crude yield to 78%. 

Pseudodiosgenin Diacetate from Neodiosgenin (111.- 
The suspended white solid slowly dissolved when 0.50 g. of 
neodiosgenin was refluxed in 50 mi. of acetic anhydride. 
After the solution had been refluxed for 1.5 hours and 
allowed to stand overnight a t  room temperature, it was 
evaporated to dryness a t  reduced pressure. The white 
solid residue waq charcoaled and crystallized from met:- 
anol, giving 0.32 g. (53%) of white plates, m.p. 98-99 : 
there was no depression in melting point on admixture with 
authentic pseudodiosgenin diacetate. One recrystallization 
from methanol afforded 0.27 g. of white plates, m.p. 99- 
looo, [CY] -41 '; the infrared spectrum was identical with 
the spectrum of authentic pseudodiosgenin diacetate. 

Pseudodiosgenin Diacetate from Neodiosgenin Acetate .- 
A solution of 93 mg. of neodiosgenin acetate in 10 ml. of 
acetic anhydride was refluxed for 1.5 hr. The acetic anhy- 
dride was removed a t  reduced pressure and the residue was 
charcoaled and crystallized from methanol. The 57 mg. 
(56%) of white plates which separated melted a t  97-99', 
and the melting point was not depressed on admixture with 
authentic pseudodiosgenin diacetate. 

Diosgenin Acetate from Neodiosgenin (II).-Five drops 
of concentrated hydrochloric acid was added to a suspension 
of 0.40 g. of neodiosgenin in 20 ml. of acetic anhydride, and 
the suspension was heated on the steam-bath for one hour; 
the white crystalline solid dissolved within ten minutes. 
The dark red solution was evaporated to dryness a t  reduced 
pressure, and the tan residue was taken up in ether-meth- 
anol, charcoaled, filtered, and concentrated to 10 ml. LVhen 
the solution cooled, 00.17 g. (39%) of white crystals sepa- 
rated, m.p. 189-192 . A mixture melting point with dios- 
genin acetate showed no depression, whereas a mixture 
melting point with neodiosgenin acetate (m.p. 194') de- 
pressed to 178-186". The infrared spectrum was identical 
with that of diosgenin acetate, confirming the melting point 
data. Chromatography of the evaporated mother liquors 
gave only oils or semi-solids. 

Neosarsasapogenin (V) from Pseudosarsasapogenin (IV). 
-A solution of 0.50 g. of pseudosarsasapogenin in 50 ml. 
of methanol was treated dropwise with 7 ml. of water with 
agitation. To the faintly hazy solution was added 5 drops 
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of concentrated hydrochloric acid with agitation. Scratch- 
ing induced crystallization after about one minute. After 
addition of 10 more drops of water, copious crystallization 
ensued. After chilling in the refrigerator overnight, the 
precipitate was collected, washed with 50% aqueous meth- 
anol and dried. There was obtained 0.42 g. of product 
which melted a t  a b y t  looo, resolidified a t  110' and re- 
melted a t  174-175 . Recrystallization from methanol 
afforded 0.34 g. of white plates which melted a t  175-179' 
after slight shrinking a t  100'. The melting point was de- 
pressed on admixture with sarsasapogenin. The analytical 
sample wasodried for two hours a t  65' in vacuo over P205; 

Anal.  Calcd. for C27H4403 (458.66): C, 77.83; H ,  10.65. 
Found: C, 78.07; H, 10.35. 

The infrared absorption spectrum of this material was dis- 
tinct from that of sarsasapogenin, especially in the vicinity 
of 900-920 an.-' (see Discussion). 

When this preparation was repeated without addition of 
water prior to addition of acid, no precipitation occurred. 
The product obtained by precipitation with water after one 
hour at room temperature apparently consisted of sarsasapo- 
genin contaminated with neosarsasapogenin and a trace of 
pseudosarsasapogenin, as judged by examination of the in- 
frared absorption spectrum. 

Sarsasapogenin (VI) from Neosarsasapogenin (VI.-A 
solution of 0.10 g. of neosarsasapogenin in 10 ml. of absolute 
ethanol was treated with 0.5 ml. of concentrated hydro- 
chloric acid and refluxed for 1.5 hours. Water was added 
until the hot solution became cloudy, and cooling induced 
crystallization. The mixture was chilled, and the crystals 
were collected, washed with water and dried. The product 
weighed 0.7 g., m.p. 195198'. A mixture with authentic 
sarsasapogenin (m.p. 194-198") melted a t  195-200'. The 
infrared absorption spectrum of the reaction product was 
identical with that of authentic sarsasapogenin. 

Neosmilagenin (E) from Pseudosmilagenin (VIII) .-A 
sample of pseudosmilagenin was prepared by a method simi- 
lar to the usual procedure of Marker.3' The crude product 
so obtained had m.p. 137-140", and the infrared absorption 
spectrum (1% in chf.) showed the usual band36 at  1694 ern.-'. 

To a solution of 2.00 g. of pseudosmilagenin in 200 ml. of 
methanol was added 45 ml. of water, gradually and with 
agitation. To the faintly cloudy solution a t  room tempera- 
ture was added 20 drops of concentrated hydrochloric acid 
with shaking; precipitation of an amorphous solid soon be- 
gan and, after about 15 minutes, the original solution had 
turned to a thick slurry. After standing a t  room tempera- 
ture for a total of 2.5 hours, the precipitate was collected 
and washed with water. Crystallization of the damp prod- 
uct from methanol yielded 1.08 g. of elongated prisms, 
m.p. 168-169". Recrystallization from methanol raised 
the melting point to  170.5-172'. A mixture of this suk- 
stance with smilagenin (m.p. 175-180') melted a t  154-156 . 
The analytical sample was dried for four hours a t  80' in vacuo 
over PzO~; [ c Y ] ~ ~ D  -72'. 

[ a I z 3 D  $37 . 

Anal.  Calcd. for Cz~H44Oa (458.66): C, 77.83; H, 
10.65. Found: C, 77.49: H, 10.61. . .  

The infrared absorption spectrum of this substance was 
distinct from that of smilagenin, especially near 980 cm.-l 
(see Discussion). 

Smilagenin (VII) from Neosmilagenin (E).-A sample 
of 0.10 g. of neosmilagenin was treated with hydrochloric 
acid in ethanol as described above for the analogous reac- 
tion of neosarsasapogenin. The product weighed 0.09 g., 
m.p. 183-186". A mixture with authentic smilagenin 
(m.p. 177-181') melted a t  180-184". The infrared absorp- 
tion spectrum was identical with that of an authentic speci- 
men of smilagenin. 

Isosarsasapogenin (Smilagenin) (VII) from Sarsasapo- 
genin (VI).-The procedure used was essentially that of 
Marker and Rohrmann,68 except that the crude product 
was isolated by filtration after dilution with water. From 
1.5 g. of sarsasapogenin there was obtained 0.7 g. of crude 
isosarsasapogenin in the form of long, hair-like white needles, 
m.p. 145-160", after recrystallization from methanol. 
After successive recrystallizations from acetone and meth- 
anol, there remained 0.25 g. of needles, m.p. 174-180". 
A final recrystallization from methanol gave 0.21 g., m.p. 
176-180'. A mixture of this substance with sarsasapo- 

genin (m.p. 192-195') melted at 178.5-182' (c f .  Marker 
and Rohrmannsn). However, a mixture of the acetate (pre- 
pared in the customtry manner in pyridine-acetic anhy- 
dride), m.p. 149-151 , with sarsasapogenin acetate (map. 
144-145'), melted a t  114-116'. Also, a mixture of this 
isosarsasapogenin acetate (m.p. 149-151') with authentic 
smilagenin acetate (m.p. 152-153') melted a t  150-151'. 
The infrared absorption spectra of isosarsasapogenin and 
authentic smilagenin were identical, as were the spectra of 
the respective acetates. 

Dibromosarsasapogenin Acetate.-This substance was 
prepared essentially according to the procedure of Djerassi, 
et al.,% except that the reaction mixture was allowed to 
stand overnight a t  room temperature. From 5.00 g. of 
sarsasapogenin acetate there was obtained 4.5 g. of crude 
product, m.p. 231' dec. Crystallization from chloroform- 
methanol gave 3.67 g., m.p. 238' dec. After a second re- 
crystallization from the same solvent, the analytical sample 
was dried for 4 hours a t  80' in  vacuo over PzOS. 

Anal.  Calcd. for C Z ~ H ~ , O ~ B ~ *  (616.50): Br, 25.93. 
Found: Br, 25.33. 

The infrared absorption spectrum indicated the presence 
of the spiroketal ring system. 

This dibromo acetate, on refluxing for 19 hours in 5% 
methanolic potassium hydroxide, gave no ketonic material, 
but did yield the previously unreported dibromosarsasapo- 
genin, m.p. 213-215' dec., [(YIz4D -65'. 

Anal.  Calcd. for C~7H4203Br2 (574.47): C, 56.45; H, 
7.37; Br, 27.82. Found: C, 56.34; H, 7.57; Br, 26.71. 

Acetylation with acetic anhydride-pyridine (room tem- 
perature) gave dibromosarsasapogenin acetate, m.p. 237- 
238' dec. 

Sarsasapogenin Acetate from Dibromosarsasapogenin 
Acetate.-The debromination of 0.5 g. of the dibromo com- 
pound was carried out with zinc dust in glacial acetic acid 
according to the procedure of Djerassi, et al.* After re- 
crystallization from methanol the product had m.p. 145- 
146.5'; a mixture with authentic sa:sasapogenin acetate 
(m.p. 144-146') melted at  144-146.5 . The infrared ab- 
sorption spectrum of the product was identical with that of 
an authentic specimen of sarsasapogenin acetate. 

Dibromosmilagenin Acetate from Smilagenin Acetate.- 
To a solution of 1.00 g. (2.18 millimoles) of smilagenin ace- 
tate in 15 ml. of glacial acetic acid was added dropwise 1.03 
g. (0.35 ml., 6.4 millimoles) of bromine; the first molar 
equivalent of bromine (0.12 ml., 2.2 millimoles) was taken 
up immediately. The red-brown reaction mixture stood 
a t  room temperature for 18 hours, slowly darkening and 
evplving hydrogen bromide, and depositing long white 
prisms. The prisms were collected and washed with acetic 
acid and methanol to give 0.59 g. (44%) of product, m.p. 
217.5-219.5' (slight dec.). Dilution of the combined 
mother liquors and washings with water precipitated 0.76 g. 
of white powder which afforded an additional 0.47 g. (35%) 
of white prisms, m.p. 214-216' (slight dec.) on one crystalli- 
zation from ether-methanol. The same product was ob- 
tained in slightly lower yield when chloroform-acetic acid 
was used as reaction solvent. 

A samDle crvstallized from ether-methanol and meltincr 
a t  217-2i8.5' (sl. dec.) was dried under vacuum a t  65' ove; 

Anal. Calcd. for C~sH440,Brz (616.50): C, 56.49; H, 
Pzo6; [aIz1D -64'. 

7.19; Br, 25.93. Found: C, 56.47; H, 7.21; Br, 26.20. 
The infrared spectrum was clearly different from that of 

monobromosmilagenin acetate.68 
Smilagenin Acetate from Dibromosmilagenin Acetate.- 

A solution of 0.50 g. of dibromosmilagenin acetate in 15 ml. 
of glacial acetic acid was refluxed for one hour in the pres- 
ence of 3.0 g. of zinc dust. The zinc dust was removed by 
filtration and washed with 10 ml. of warm acetic acid. The 
combined colorless acetic acid solution was diluted with 100 
ml. of water and allowed to stand for one-half hour. The 
white crystalline product was collected, washed with water, 
and crystallized from methanol, giving 0.32 g. (87%) of 
white needles melting 149-150'; a mixture with authentic 
smilagenin acetate (m.p. 151-152') melted 150.5-151.5'. 
Infrared spectroscopy established its identity with smila- 
genin acetate. 
SUMMIT, NEW JERSEY 


