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Catalytic hydrogenation of PSa and PSm diace-
tates followed by alkaline hydrolysis yielded the
known DPSa and DPSm!? which were found to be
identical to D20-iSa and D20-iSm, respectively.

Mild oxidation of 20-iSa and 20-iSm with CrOs-
pyridine!® gave the respective 3 keto derivatives;
3 keto-20-iSa (m.p. 151°, [«]®D +20°, strong ke-
tonic band at 1714 kr.; Caled. for CyHgO;3: C,
78.21; H, 10.21. Found: C, 78.24; H, 10.04);
3 keto-20-iSm (m.p. 162°, [a]®D —55°; ketonic
band at 1714 kr.; Caled. for CoyHpO3: C, 78.21;
H, 10.21. Found: C, 78.14; H, 10.18). Reflux
with alcoholic HCI resulted in formation of the
known 3 keto-Sa (sarsasapogenone), m.p. 223° and
3 keto-Sm (smilagenone), m.p. 188° identical with
the products of CrO;—pyridine oxidation of Sa and
Sm.

Mild oxidation of 20-iSa and 20-iSm with CrO;—
acetic acid yielded amorphous acids which on treat-
ment with KOH in #-butyl alcohol were smoothly
cleaved to the known 16-pregnen-3,20-dione, (m.p.
200-201°, [a]®*D +69.3°%, Amax. 239 my, log € 3.98).
Similar treatment of D20-iSa and D20-iSm also
resulted in formation of 16-pregnen-3,20-dione.
Under similar oxidative conditions the linkage be-
tween Cy and Cy in Sa, Sm, DSa, DSm is not af-
fected.

The data presented permit a reasonably certain
assignment of configuration of steroidal sapogenins
at Cy. Molecular models constructed for the two
possible geometrical isomers show that I is under
relatively little strain whereas in II the methyl
groups attached to carbons 13 and 20 put a tre-
mendous strain on ring E. The configuration II is
assigned to 20-isosapogenins. It is in accord with
the facile oxidative cleavage of such compounds and
their dihydro analogs, and with the formation of
pseudosapogenins on refluxing with acetic anhy-
dride. Configuration I is assigned to the more sta-
ble naturally occurring steroidal sapogenins. For-
mation of 20-isosapogenins is not confined to sarsasa-
pogenin and smilagenin but has been observed with
diosgenin, tigogenin and hecogenin indicating it is a
general reaction.

The configuration of cholesterol and related ster-
ols and bile acids at Cy is still unsettled. Fieser
and Fieser assigned the non-relative designations
20-a or 20-b to differentiate the side chains of such
steroids.* Based largely on optical rotation dif-
ferences, they later assigned (in terms of their Cy
convention) the relative configuration 20-beta to
the side chains of cholesterol and bile acids.!1¢
Klyne!” deduced from the X-ray studies of Carlisle
and Crowfoot!8 that the cholesterol side chain has
the 20-alpha configuration.

There is now available direct chemical evidence

(12) R. E. Marker and E. Rohrmann, THIS JoUurNAL, 63, 521
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(13) G. 1. Poos, G. E. Arth, R, E, Beylen and L. H, Sarett, ¢bid., T5.
422 (1953).

(14) L. F. Fieser and M. Fieser, ““Natural Products Related to
Phenanthrene,** 3rd ed., Reinhold Publ. Corp., New York, N. Y., 1949,
pp. vi-viii.

(15) L. F. Fieser and M. Fieser, ref, 14, pp. 412-419,

(16) L. F. Fieser and M. Fieser, Experientia, 4, 285 (1948).

(17) W. Klyne, Chemisiry and Industry, 426 (1951).

(18) C. H, Carlisle and D. Crowfoot., Proc. Roy. Soc. (London), 184A,
64 (1945),
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which completely substantiates Klyne’s formulation
for cholesterol. Marker and Turner?® converted
diosgenin to cholesterol by a route which could not
affect the acid stable Cy configuration (I) found in
all natural steroidal sapogenins. Marker and co-
workers®?! also showed that diosgenin, tigogenin
and smilagenin all have the same side chain, a fact
also confirmed by infrared studies.®® Conse-
quently the side chain configurations of cholesterol
and smilagenin at Cy are identical. We have shown
that the Cy configuration of smilagenin is 20-alpha.
Hence cholesterol and most other natural sterols
and bile acids which have been related to it have
the 20-alpha configuration with respect to the rest
of the molecule.

These findings confirm by an independent route
the previous conclusions of Wieland and Miescher.??
These workers showed that A%-33-acetoxy-bisnor-
cholenic acid could be converted to Ab-pregnen-34,-
20a-diol as a result of the action of perbenzoic acid.
Turner? later showed that this type of reaction
proceeds with retention of configuration. Hence
the bisnor-cholenic acid and the longer chain bile
acids from which it can be derived have the 20-
alpha configuration.

(19) R. E. Marker and D, L, Turner, THIS JOURNAL, 63, 767 (1941).

(20) R. E. Marker, T. Tsukamoto and D. L. Turner, sbid., 62, 2525
(1940).

(21) R. E. Marker, E, Rohrmann and E. M. Jones, ibid., 62, 1162
(1940).

(22) P. Wieland and K. Miescher, Helv. Chim. Acta, 32, 1922 (1949).
(23) R. B. Turner, THIS JoUrNAL, T2, 878 (1950).
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STEROIDAL SAPOGENINS. XX. CONFIGURATION
OF SPIROKETAL SIDE CHAIN AT CARBON 22!

Sir:

In a recent communication Scheer, Kostic and
Mosettig? state that Sa? and Sm are not isomeric at
both C,» and Cy as previously believed* but differ
only at Cy. We feel this view is incorrect. Not
only is there excellent evidence available to show
that Sa and Sm are isomeric at Cgs, but in view of
the establishment of the configuration of steroidal
sapogenins at Cg! it is now possible for the first
time to designate the actual configuration of Sa and
Sm at C22.

The evidence that Sa and Sm are isomeric at Cos
is convincing: (a) Sa and Sm have different infra-
red spectra in the region 850-1350 K.5¢ These are
believed to be due to the vibrations of the -C-0-C~-
O—C- spiroketal system constrained by the two E
and F rings. When this system is disrupted, as in

(1) Paper XIX. M. E. Wall, C, R. Eddy and S. Serota, THIS JOUR~
NAL, T6. 2840 (1954).

(2) I. Scheer, R. B. Kostic and E. Mosettig, THIS JoURNAL, T8,
4871 (1953).

(3) Abbreviations used in this paper: Sa = garsasapogenin, Sm =
similagenin, P = pseudo, D = dihydro, 20-i = 20-iso. Thus D20-
iSa = dihydro 20-isosarsasapogenin.

(4) R. E. Marker and E. Rohrmann, TaIS JOURNAL, 61, 848 (1939).

(5) M, E. Wall, C. R. Eddy, M. L. McClennan and M, E. Klumpp,
Anal. Chem.. 24. 1337 (1952).

(8) R. N. Jones, E. Katzenellenbogen and K., Dobriner, Tm1a
JOURNAL, 78, 158 (1953).
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formation of dihydrosapogenins, these characteris-
tic bands disappear.®® As we have shown previ-
ously,! Sa and Sm are identical at Cyy and isomerism
at Cy has no effect on infrared spectra. There-
fore the spectral differences between Sa and Sm
must be due to isomerism at C,.. (b) Prolonged
refluxing of 22b-spirostanes, such as Sa or its dihy-
droxy analog, with alcoholic hydrochloric acid
converts them to the isomeric 22a series.*™® This
can be possible only if Sa and Sm were isomeric at
Ca. (c) Djerassi, Martinez, and Rosenkranz®
have shown that Sa under proper conditions forms
a 23-dibromide whereas Sm and other 22a-spiro-
stanes form only 23-monobromides. We have con-
firmed this. Again this difference is possible only if
Sa and Sm are ¢someric at Cas.

The bromination data in conjunction with the
established configuration at Cy?! permits, for the
first time, assignment of configuration at C,.
Molecular models corresponding to IA and IIA in
Fig. 1 were constructed. On account of the hin-
drance of the methyl group attached to Cs it isim-
possible to construct a 23-dibromide of IA. There-
fore it is Sm. A 23-dibromide can easily be con-
structed from ITA. Therefore it is Sa. By anal-
ogy we assign configurations IB and IIB to 20-iSm
and 20-iSa, respectively.! In this case 20-iSm
should form a dibromide and experiments to confirm
this will be reported at a later date.

R
R /" .
/ Bre I-A  Smilagenin
U+ N z\;* R = Ig‘I R; = CH;
2
Oj I.B  20-Isosmilagenin
0 R=CH;, Rie=H
II-A  Sarsasapogenin

R =H, R, =CH,

II-B  20-Isosarsasapogenin

R=CH. Ri=H

Fig. 1.—Configurations of sarsasapogenin and smilagenin and
their 20-isoanalogs at carbons 20 and 22.

Scheer, Kostic and Mosettig? converted Sa and
Sm to identical 16,22-epoxycoprostan-38-ol deriv-
atives via catalytic hydrogenation, selective tosyla-
tion at Cy, followed by LiAlH, reduction. Using a
somewhat modified procedure involving catalytic
hydrogenation of the 3-acetates, tosylation at Cas,
replacement of tosyl with iodine, followed by zinc—
acetic acid reduction, hydrolysis, and formation of
the nicely crystalline 3-3,5-dinitrobenzoates, we
confirmed these workers’ findings: 16,22-epoxy-
coprostan-33-0l-3[3,5-dinitrobenzoate, m.p. 236-
237°, [a]p® +6.2°. Calculated for CyHyN:Or:
C, 68.51; H,&8.12. Found: C, 68.38; H, 8.20].

This, however, does not prove that Sa and Sm are
identical at Cs. This would be true only if DSa

(7) M. E. Wall, C. R. Eddy, S. Serota and R. F, Miuninger. ibid., 78.
4437 (1953).

(8) We have confirmed Marker's findings in regard to the conversion
of Sa to Sm¢ and have found the spectral differences associated with
22b- and 22a-spirostanes.$.$

(9) C. Djerassi, H. Martinez and G, Rosenkranz, J. Org, Chem., 16.
303 (1951),
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and DSm retain configuration at Cy during hy-
drogenation. We wish to present evidence that
during catalytic hydrogenation the configuration of
DSm at Cs probably is changed from that of Sm
and becomes identical to that of DSa, whereas DSa
does not change configuration.

On catalytic hydrogenation 20-iSa and 20-iSm
give dihydro derivatives D20-iSa and D20-iSm
identical to those obtained from similar hydrogen-
ation of PSa and PSm diacetates.! Therefore, the
location of the hydrogen atom at Cy in dihydro-
pseudosapogenins is known, z.e., it is identical to
that of 20-isosapogenins as in IB and IIB.? Since
catalytic hydrogenation of an olefinic bond usually
results in a cis configuration,!! we assign formula-
tions IITA and IIIB, Fig. 2, to D20-iSm = PDSm
and D20iSa = PDSa. Entrance of the hydrogen
atoms on the rear faces of Cy and Cy is in complete
accord with the structures of PSa and PSm in
which the front faces of Cy-Cy are almost com-
pletely shielded by methyl groups attached to Cis
and Cgo.

IITA, DgiSm = DPSm. R = CH;. R, = Ry = H, R, =

H
—(CH, )»—C—CH,0H
CH,

IIIB, DyiSa = DPSa. R = CH;, Ry = R, = H, R; =

CH;
—(CH,),—C—CH,0H
H
IVA, DSm, Ry = CH;, R = Ry = H, R; =

H
—(CH,),—C—CH,0H
C

H;

IVB., DSa, Ry = CH;, R = Ry = H. R;

—(CH,),—C—CH,0H
H

Fig. 2.—Configuration of dihydro and dihydro 20-iso-analogs
of sarsasapogenin and smilagenin,

From a consideration of the formulations in Figs.
1 and 2, it is seen that catalytic hydrogenation of
20-iSm (IB) to form D20-iSm (IIIA) involves a
change in Cy configuration to that identical with
D20-1Sa (IIIB). Formation of IIIB from 20-iSa
(IIB) does not involve a change in C,; configura-
tion. Hence D20-iSm and D20-iSa are now iso-
meric only at Cy. It is most probable that hydro-
genation of Sm (IA) and Sa (IIA) to DSm (IVA)
and DSa (IVB), respectively, involves a similar
mechanism. Accordingly, the formation of the
same 16,22-epoxy-coprostan-33-ol from Sm and Sa

(10) Hydrogenation of sapogenins does not affect the configuration
at Cas. For example Sa, which is stable to CrOs oxidation. hydro-
genates to DSa likewise stable, 20-iSa unstable to CrO; oxidation, hy-
drogenates to D20-iSa which is equally unstable,

(11) G. W, Wheland, “Advanced Organic Chemistry.” 2nd ed..
John Wiley and Sons. Inc.. New York, N. Y., 1949, pp, 297-298,
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is not incompatible with Ca isomerism of these sapo-
genins.
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THE SYNTHESIS OF LANOSTENOL
Sir:
We wish to record the conversion of cholesterol
into the naturally occurring tetracyclic triterpene
lanostenol (dihydrolanosterol)(I). These results

NN
N /'\\

/\ /\\ N
|
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I

constitute the first total synthesis! of a tetracyclic
triterpene, and provide rigorous confirmation in
detail of the remarkable structural and stereochem-
ical relationships, between the lanostane group
and the steroids, which have been brought to light
in recent years through degradative,® deductive,?
biochemical,* and physical® studies.

Direct methylation of either A% or A’-choles-
tenone-3% in dry tert-butanol with potassium teri-
butoxide (3 moles) and methyl iodide (6 moles)
gave 4,4-dimethyl-A’-cholestenone-3 (1I) (639),
m.p. 176-177°, [a]p +1 (¢ 2.07)" (Anal. Calcd.
for CyHyiO: C, 84.40; H, 11.72. Found: C,
84.14; H, 11.91), which was reduced by lithium

aluminum hydride to 4,4-dimethylcholesterol
NN NN
VAVAN /\L/\
i * |
NSNS /\'/\/ T
‘ ‘ l
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(1) Yor total synthesis of cholesterol, see R. B. Woodward, ¥.
Sondheimer and D. Taub, THIs JourxaL, 73. 3548 (1951); R. B.
Woodward, F. Sondheimer, D. Taub, K. Heusler and W. M. Mec-
Lamore, tbid., T4, 4223 (1952); H. M. E. Cardwell, J. W. Cornforth,
S. R. Duff, H. Holtermann and R. Robinson, J. Chem. Soc., 361
(1953).

(2) W. Voser, M. V. Mijovie, H. Heusser, O. Jeger and L. Ruzicka,
Hely., Chim. Acta, 86, 2414 (1952), and many earlier papers; C. S.
Barnes, D, H. R. Barton, A. R. H. Cole, J. S. Fawcett, and B. R.
Thomas, J. Chem. Soc., 571 (1953), and earlier papers.

(3) W. Klyne, J. Chem. Soc., 2916 (1952): C. S. Barnes, D. H. R.
Barton, J. S. Fawcett and B, R. Thomas, #bid.. 576 (1953).

(4) E. Kyburz, B. Riniker, H. R. Schenk, H. Heusser and O. Jeger.
Helyv, Chim. Acta, 36, 1891 (1953); R. B. Woodward and K. Bloch,
THIS JoURNAL, T6, 2023 (1953).

(5) R. G. Curtis, J. Fridrichsons and A, McL. Mathieson, Nalure,
170, 321 (1952):
Soc.. 2159 (1953).

(6) For a rapid and convenient preparation of these ketones from
cholesterol, see L. F. Fieser, THIS JoURNAL, T8, 5421 (1953).

(7) All rotations were measured in chloroform.

J. Fridrichsons and A, McL. Mathieson, J. Chem.

COMMUNICATIONS TO THE EDITOR

Vol. 76

(75%,), m.p. 150-151°, [a]p— 64° (¢ 1.16) (Anal.
Caled. for CoeHzO: C, 83.99; H, 12.15. Found:
C, 83.54; H, 11.98), and converted to the corre-
sponding acetate (II1), m.p. 136-137°, [a]lp —48°
(¢ 2.15) (Anal. Caled. for CuH;s0,: C, 81.52;
H, 11.48. Found: C, 81.21; H, 11.34). Treat-
ment of (III) in carbon tetrachloride with N-bro-
mosuccinimide, followed by collidine, gave 38-ace-
toxy-4,4-dimethyl-A%7-cholestadiene  (IV) (56—
58%,), m.p. 151-152° (vac.),® [a]JD —107° (¢ 1.27),
Mmax. 273 mu (€ 11,200), 282 myu (e 11,000)° (A nal.
Caled. for CyH;O,: C, 81.88; H, 11.08. Found:
C, 81.86; H, 11.00), which was converted by hy-
drogen chloride in chloroform (—40°), followed by

A N
/\\/ 5 | ‘
‘/\;/\/"J A
Aco” ><\/ 40"
v v

anhydrous ammonia in methanol (—~60°), to 35-
acetoxy-4,4-dimethyl-A”14.cholestadiene (V), m.p.
123-125° (vac.), [a]jp —140° (¢ 1.24), Amax. 244
my (e 11,000) (Anal. Caled. for CyHgOs: C,
81.88; H, 11.08. Found: C, 81.88; H, 11.05).
Oxidation of (V) by perphthalic acid in ether, fol-
lowed by hydrolysis with ethanolic potash, gave u
triol (759,), very probably (VI),?® m.p. 240-241°

SN NN Y
/\3/\ SN |
Aj/\/ = oLl i/\(\)\7" TN
HO” /><\/i NOH Ho ><\/
VI VIl

(vac.) (Anal. Caled. for CHjO;5: C, ¥7.97; H,
11.28), which with hydrogen chloride in ethanol
furnished 38-hydroxy-4,4-dimethyl-15-keto-A8U1%-
cholestene (VII) (309,), m.p. 161-162° (vac.),
[a]p +185° (¢ 1.44), Amax. 261 my (¢ 14,700), IR
(C=0, C=C) 5.89 u, 6.15 u (Anel. Calcd. for
C29H43022 C, 81.25; H, 11.29. Found: C, 8099,
H, 11.08). The bdenzoate of (VII), m.p. 154-155°
(vac.), [a]p +137° (¢ 1.56), Mmax. 232 mu (e
17,000), 260 mu (¢ 16,600), IR (OC=0 + C=0,
C=C) 5.84 + 5.88 yu, 6.15 u (Anal. Caled. for
CisHs:05: C, 81.15; H, 9.84. Found: C, 80.85;
H, 9.92) on direct methylation in dry tert-butanol
with potassium tert-butoxide (56 moles) and methyl
iodide (112 moles) gave 383-benzoyloxy-4,4,14-tri-
methyl-15-keto-A’-cholestene (IX) (679%,), m.p.
212-213° (vac.), [a]p +84° (¢ 1.42), NAmay. 229 mu
(e 15,200), 273 mu (e 1020), 281 my (e 800), IR

(8) Taken in a capillary sealed off at a pressure of 3 mm.

(9) Al ultraviolet spectra were measured in 95% ethanol.

(10) Cf. C. S. Barnes, D. H. R, Barton and G. F. Laws, Chemistry
and Industry, 616 (1953): D. H. R. Barton and G. F. Laws, J. Chem.
Soc., 52 (1954).



