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1.47, 1.70; inflections 364, 358, 340, 315 my, log e 0.97,
1.17,1.60, 1.78; from Syntex, S.A. R.D.(Fig.5): ‘max.”
la)uies + 3786°; ¢ = 0.10; temp. 23-24°.1
Pregnane-38-ol-20-one (XVII), m.p. 144-146°; Apax 238—
291 myu, log e 1.53; supplied by Syntex, S.A. R.D.
(Fig. 5): [al:o0 + 55°, [a)ss +85°, [a)w; +601°, ‘max.”
[e]a2.5 + 2393°; ¢ = 0.10; temp. 25°.1
Etiocholane-3¢,178-diol-11-one (XVIII), m.p. 261-262°;

. FoLtz AND CARL DJERASSI

Vol. 77

Amax 302-303 mu, log e 1.51, shoulders 311-313, 292-294
myu, log € 1.46, 1.46; inflections 320, 325 myu, log ¢ 1.28,
1.16; supplied by Dr. E. B. Hershberg and Dr. H. L.
Herzog, Schering Corp. R.D. (Fig. 5): [a]ws +39°
+590, [a]soo +53°, “max.”’ [a]327,5 +6790,
temp. 24°.11

589

, o]
¢ = 0.10;

DEeTROIT, MICHIGAN

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY OF WAYNE UNIVERSITY])

Optical Rotatory Dispersion Studies.

III.! The Cholestane Series?

By A. E. LippmaN, ELEANOR W. FoLTz AND CARL DJERASSI
RECEIVED MARCH 16, 1955

The rotatory dispersion curves of various isomeric cholestenols and ketones of the cholestanc series are reported and dis-
cussed. Some of the mathematical implications are also presented.

Cholesterol (V) is one of the very few steroids,
the rotatory dispersion of which has been examined
prior to our own investigations!®in this field and
mitial measurements with this substance in the vis-
ible region have been carried out as early as 1863.42
We now have measured the rotatory dispersion of
various members of the cholestane series and in par-
ticular of various double bond isomers of choles-
terol. These substances, lacking strong chromo-
phores such as carbonyl groups, should show “nor-
mal’" dispersion curves and hence should be more
amenable to mathematical treatment. We also
have included several ketones of the cholestane se-
ries in order to complement the earlier studies!? of
the rotatory dispersion of carbonyl-containing ster-
oids.

The dispersion curves of the ketones studied in
this series are shown in Fig. 2 and the results fully
confirm the earlier conclusions.!® Cholestan-3-
one (IX) is very similar to androstan-3-one, dis-
cussed previously,?® in that it shows the positive ro-
tation peak at 315 mu ascribed to a weakly asymmet-
ric chromophore associated with the carbonyl func-
tion at C-3; furthermore, this substance shows the
negligible effect that the cholestane side chain ap-
pears to have on the rotation of the molecule.

Considering the region 350-400 my, so important
for unsaturated ketones,!? A*-cholesten-3-one (VII)
exhibits a "'maximum’’® at 360 mu and “minima’’ at
365 and 350 myu, corresponding to an optically ac-
tive absorption band at 355 mpu (mean of positive
peak at 360 mu and negative peak at 350 ).
While the position of this band (and the peaks defin-
ing it) is in accord with that of other A¢-3-keto ster-
oids,* it is noteworthy that these two peaks occur
at u negative rotation. The only other A*3-ke-
toie exhibiting such a behavior is testosterone! and
these two compounds are the only Al-3-keto ster-

‘t: Paper II, E. W. Foltz, A. E. Lippman and C. Djerassi, THuis
Jorxxav, 77, 4359 (1053).

(2) Supported by a grant from the National Science Foundation.

(3) C. Djerassi, E. W. Foltz and A. E. Lippman, TH1s JourNaL, 77,
4354 (1853).

(1) (a) O. Lindenniayer, J. prakt. Chem., [1] 90, 323 (1863); (b) L.
Tschugaeff, Z. physik, Chem., T6, 469 (1911). (¢) Cholesterol has
bieen megsiured over the range 260-750 mu by B, Brand, E. Wash-
tane, W19 Torlaager, B Kllenbogen, J. Daniel, ¥, Lippmann aud M.
S, Turts JerrNaL, T6, 5037 (10545,
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oids in our series'® which do not have an additional
saturated carbonyl group elsewhere in the mole-
cule. Another typical property of these two unsat-
urated ketones is that the "minimum’’ at 365 mu oc-
curs at a more positive rotation than the ''mini-
mum’’ at 350 mu and both these features can be
considered as the true characteristics of the A%-3-
keto dispersion curve. In all the other A*-3-keto-
steroids,!? this order is reversed and this clearly is
due to the fact that in those instances the A-3-keto
band is coming under the influence of the very much
stronger and highly positive band (in the 320 mu
region) corresponding to the additional saturated
carbonyl group (at C-11, 17 or 20) which tends to
“pull up” this part of the curve to more positive
rotation values. It should be emphasized, how-
ever, that this does not interfere with the recogni-
tion of the A*-3-keto moiety through its rotatory
dispersion band, but rather offers a further refine-
ment of this method through a cousideration of both
position and relative intensity of “maxima’ and
“minia,’’
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The “maxima’’ and “minima” for Al-cholesten-
3-one (VIII) corresponding to an optically active
absorption band at 377 mu are in excellent agree-
ment with the values noted for Al-androstene-3,17-
dione,? the only difference being the pull to positive
rotation values in the latter compound due to the
strongly positive C-17 keto band. Again, it should
be noted that one of the characteristic features of
the A!-3-keto (unaccompanied by other carbonyl
groups) curve in the 350400 mu region is the nega-
tive rotation.

Another important region, noticeable in these
two unsaturated ketones, is that below 320 my,
which in all preceding cases’? (with the exception
of testosterone!) was completely overshadowed by
the sharp peaks due to the additional unconjugated
carbonyl substituents. In the present instance, this
region is characterized by distinctly flat peaks of
rotation, both the position and intensity differing
greatly between the two types (VII and VIII).
Whether or not this is due to passage of the disper-
sion curve through an optically active absorption
band cannot be decided until experimental meas-
urements can be extended further into the ultra-
violet. The relative flatness of the peaks would
tend to indicate that this is not the case even though
no reasonable alternative explanation can be of-
fered at the present time. It is clear that this peak
must somehow be associated with the presence
of the conjugated system in the molecule since it
hardly could be ascribed to the isolated A% and Al-
double bonds in the light of our results (see below)
with various double bond isomers of cholesterol.
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Fig. 1.—Rotatory dispersion curves of: cholestan-38-ol
(I), cholestan-38-o1 acetate (II), A3(#_cholesten-38-ol
acetate (III), A"-cholestan-38-ol acetate (IV), cholesterol {V)
and AS-cholesten-38-ol acetate (VI).

Examination of the dispersion curves (Fig. 1) of
the four isomeric cholesten-3-ols and/or acetates
(IIT-VI) would indicate that the A8-(VI), AS-(V),
AT-(IV) and A%C4-(IIT) double bonds are responsi-
ble for a negative rotation contribution (decreasing
in that order) when compared with the saturated
cholestan-38-ol (I). In the case of Af-cholesten-33-
ol acetate (VI) this is in agreement with our results
on 6-dehydroestradiol,! though in that example the
C-17 hydroxyl group also may have contributed to
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the negative rotation.® It appears possible that
the introduction of such a double bond gives rise to
a new, optically active absorption band situated
further in the ultraviolet and which causes negative
rotation at its long wave length side. This would ac-
count for the increasing negative rotation with de-
creasing wave length observed with the A%-(V),
AS-(VI) and A’-(IV) but not A319-(III) cholesten-
3B-ols. Acetylation does not seem to modify to an
appreciable extent the shape of the dispersion
curve, as demonstrated by the curves of cholestan-
38-0l (I) and its acetate (II), other than causing a
slight shift toward the negative.

Two 3,5-cyclo-steroids (X, XI), available in this
Laboratory, also were included in this study (Fig.
2). The negative rotation peak at 317.5 my exhib-
ited by 3,5-cyclocholestan-6-one (X), is almost ex-
actly symmetrical about the wave length axis with
the corresponding feature in cholestan-3-one. This
undoubtedly represents the passage of the disper-
sion curve through an optically active absorption
band associated with the carbonyl function at C-6,
which thus differs from that at C-3 only by causing
a negative rotation on its long wave length side.
This was confirmed recently (to be published) when
as part of a detailed study of the effect of isolated
carbonyl groups in the steroid series, cholestan-33-
ol-6-one was measured and its dispersion spectrum
proved to have a shape very similar to that of the
ketone X.

i il L 1 " | \
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WAVE LENGTH (mu).
Fig. 2.—Rotatory dispersion curves of: Af-cholesten-3-
one (VII), Al-cholesten-3-one (VIII), cholestan-3-one (IX),
3,5-cvclocholestan-6-one (X) and 3,5-cyclo-AS-cholestene
(XI).

(6) The slight negative contribution of the A?-double bond was not
observed with equilin (ref. 1) because there it was obviously obscured
by the large positive effect of the 17-keto function.



4366 A. E. LirpmaN, ELEANOR W

Mathematical Results

Our original purpose in computing Drude equa-
tions for all compounds was twofold. (a) It was
hoped to correlate the calculated values of Ay with
the position of the absorption bands in the ultra-
violet. (b) It was expected that the constant K7
would lend itself better to the calculation of molec-
ular rotation differences than values obtained
from rotations measured at the sodium b line. As
shown in the preceding two papers’? and i the
discussion following imniediately below, it has been
possible to a certain extent to correlate A, values
with absorption bands, but we do not consider the
values obtained for the other two constants of the
Drude equations sufficiently unambiguous to make
them the basis for calculations of molecular rota-
tion differences. In the light of these considera-
tions we have decided to limit ourselves in future
work to accurate determinations of the shapes of ro-
tatory dispersion curves without attempting to fit
equations to our results.

Of the eleven compouuds in this series, only the
results for A'-cholesten-3-one (VIII) could not be
fitted to a Drude equation, but the equation for the
A*-isomer (VII) hardly can be credited with much
significance because of the abnormally low A, value
(173 mu) calculated from it. In the light of our
current ideas!? about the optical activity of the
intense band due to the conjugated keto group, this
o value should fall near 240 mgu. It should be
noted that this equation does not express the ex-
perimental results satisfactorily at wave lengths be-
low 475 mu. The Xy value of 311 my calculated
for cholestan-3-one (IX) 1s i1 excellent agreement
with that (314 mu) obtained for androstan-3-omne?
and falls near the observed absorption region (284
292 mu) for saturated 3-ketosteroids.

Cholestan-38-01 (I) is another substance'® to
which both a oune-termt and two-term equation
could be fitted. The increase in the Ay value from
167 miu (or 189 myu depending upon the equation) to
220 my 1n passing to the acetate (IT) might suggest
that the latter grouping gives rise to an optically
active absorption band i that region. The equa-
tion, however, does not fit bevond 420 myu, which
presumably limits its significance. The A, values for
cholesterol (V) (197 mu) and Af-cholestenol ace-
tate (VI) (203 mu) are in agreement with expecta-
tion, while the corresponding values for the A™-(I'V)
and ASUY_(III) isomers are abnormally high (265
and 336 my, respectively) and no explanation can
be offered for this observation.

General Procedure for Obtaining Drude Equations®

For tlie purpose of obtaining the best possible Drude
equations to fit the experimmental values use was made of the
Uuitized Digital Electronic Computer (UDEC) of the
Wayne University Computation Laboratory. For each
set of results botl one-term and two-term Drude equations
were tried, by the following methods:

One-term Equations.——Such equations are of the formn
[M] = K/(3 — A}) and involve two constauts, which 1nor-

(7) The constant X in a one-term Diude equation is in effect the rota-
tion (referred to as "*absolute rotatory power' by T. M. Lowry and
T. W. Dickson, J. Chewr. Sisc., 103, 1067 (1913)) at 1 g in the near
infrared and it has been used for such a purpose in the past (M. Betti,
Tyans. Faraday Soc., 26, 337 (1930)).

(8) For further details, see Ph.D. thesis of E. W. Foltz, Wayne Uni-
versity, 19553,
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mally have to be calculated from two sets of experimental
values. An equation thus obtained then 1must be checked
agaiust the reinaining values, and if the fit is not satisfactory
a different set of constants then can be calculated from two
other sets of experimental values, and so on until a satisfac-
tory fit (if any) is obtained. This method is laborious, even
with the help of a coinputing inachine, and the uiethod of
Jeast squares therefore was adopted to obtain directly the
best equation. In this method the differences between the
squares of the computed values from an arbitrary equation
and experimental values are minimized, and the equation
correspotiding to the new set of values is obtajned. Using
the electronic computer, this methiod was applied routinely
first to the first six sets of experimental values, then to the
first seven, eight and so on, the equation last obtained takiug
innto account all of the experimental values outside the opti-
cally active absorption band, ¢.¢., the region wlere 1 Drude
equation can be expected to be operative. Different values
for the constants K and XAy thus obtained were tabulated by
the machine; iuspection then showed whether these
values remained constant as additional experimental data
were included. If this was so, a one-term equation with
these constant values for K and )y would be expected to fit
the experiniental results, while if the values shiowed a con-
stant drift to larger or smaller numbers, it was indicated
that a one-term equation could not bhe applied to that ex-
ample.

Two-term Equations.—Such equations are norinally of
the form [M] = Ki/(A2 — A) + Ko/(A*? — A} the first
term expressing tlie rotatory couitribution of a chromophore
with an ahsorption peak at Aj and the second termn expressing
the contribution of another cliromophore with a peak at N
which is situated farther in the ultraviolet. It follows that
A1, which is sinaller than )¢, will be even sinaller compared
to A, so that A} can be neglected (in comparison witli A2?)
without a serious loss 111 accuracy and with the considerable
shnplification that only tliree constauts are involved in the
equation whicli then becomes [M] = Kj/(A2 — A\}) + K./
A2

In obtaining such equations, the method of least squares
caused difficulties and was, therefore, discarded. Instead,
groups of three experinental sets of values were used to cal-
culate, with the aid of the electronic computer, sets of con-
stants (K, Ka» and Aq¢). These were tabulated, inspected
and if wide variations were ohserved, this was taken to mean
that a two-term equation was not applicable. However, if
all or a significant portion of the tabulated values for the
constants (K7, Kp and \¢) did not vary unduly, their arith-
mnetic nican was taken and the resulting set of these three
constants was used to set up an equation whieh then was
tested agaiust the experimental values. In later work,
twenty-six sets of values for K, Ks and Ao usually were com-
puted through thie machinze and cmploved in this manner.

Experimental Results®

Cholestan-33-01 (I), m.p. 146-147°. R.D. (Fig. 1):
la)e +17.0°, ladws -F23.8°, [als -+130.5% ¢ = 1.00;
temp. 23-25°. Drude equation: Oue-terin, [M] = 29.6/
(A2 — 0.0279); N 167 mpu; 7 deviation Ml — [Meaton
+1.07,, 6530-310 mu. Fwo-term, [M] = 22.7/(\* —
0.0356) + 7T.07/2% A 189 mw; ‘o deviation [Mgea —

[M]wpon: #£1.6%, 650-380 mp.

Cholestan-33-ol-acetate (II), ui.p. 113-114°. R.D.
(Fig. 1): lalw + 9.2° lals + 13.3°, [a)x + 81.0°%; ¢
= 1.00; temp. 28-25°. Drudc equation: [M] = 17.5/(\2

— 0.0486); N 220 miu: ¢ deviation [Mlgnsi — [Meutal:
+2.3%, 700-420 1nu.
A8 Cholesten-33-ol-acetate (III), n.p. 75-77°, fur-

nislied by Dr. O. Wintersteiner, E. R. Squibb & Sous.
R. D. (Fig. 1): Ta)se -+ 6.8°, [alme -+ 9.2, le)amy + 17.2°,
slight “'max.'" [alse + 21.53°%; ¢ = 1.00; temp. 24-25°.
Drude cquation: [M! = —0.112/(A2 — 0.113) 4+ 14.9/xr2;
No 336 mu; O deviation [Mlowst -~ [Mleata: £2.39,
650-390 my; +£3.297, 650-380 mu.

A’-Cholesten-33-ol-acetate (IV), m.p. (104°) 1089-110°,
supplied by Dr. O. Wintersteler, E. R. Squibb & Sons.
R. D. (Fig. 1): [alm +6.5°%, [alss + 8.0°, [a)w — 40.4;
gradual “‘max.”” [a)pi-e0 + 11.2°; ¢ = 1.00; teinp. 23~
25°. Drude equation: [M] = —0.14/(\2 — 0.070) -+
23.6/2% Ap 265 mu; G deviation (Mo — [Mlewna:
+2.49;, 650-360 niu.

A3-Cholesten-38-ol (V), m.p. 152.5-154°, supplied by Dr.
L. . Fieser, Harvard Universitv. R. D. (Fig. 1): [alm
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— 26.6°, [alm — 37.2°, [a]me — 250.4°; ¢ = 1.00; temp.
24-25°. Drude equation: [M] = —48.2/(\2 — 0.0387) +
4.37/0%; A 197 mu; % deviation [Mlobsa — [Mlealeal
+0.9%, 620-310 mu; =*=1.69%, 650-300 mu.

AS-Cholesten-33-ol-acetate (VI), m.p. 106-108°, furnished
by Dr. O. Wintersteiner, E. R. Squibb & Sons. R. D.
(Fig. 1): lalwe —64.8°, [alsm —88.4°, [als —642.6°;

= 1.00; temp. 24-25°. Drude equation: [M] = —170/
(A2 — 0.0414) 4 58.1/A%; X 203 mu; 9, deviation [M]opsa
— [Mleatea: £0.8%, 620-310 mu; =£=1.5%, 620-300 mu;
+2.5%,, 650-300 mu.

A4-Cholesten-3-one (VII), m.p. 80-81°; Xmax. 320-323,
327-332 mu, log € 2.00, 2.00, shoulder 349 my, log ¢ 1.81;
inflections 357, 367 mu, log € 1.62, 1.49. R. D. (Fig. 2):
[a)so + 60°, [alss + 82°, [alwse + 1900°, “max.”” [a]sm
4+ 161, “min.”’ [a)ss — 123°, “max.”’ [a) — 80°, “‘min.”’
[also — 164°, “max.”” [a]ss 290 +2006°; ¢ = 0.10; temp.
24-25°. R. D.: [a]mo +56.90, [a]asg +82.20, [a]sgo +
127.2°, “max.” [a)as-a0 +152.4°; ¢ = 1.00; temp. 24—
25°, Drude equation: [M] = 101/(A? — 0.0301), from ¢
= 1.00 data; Xy 173 mu; 9% deviation [M]obsq — [Mealed:
+1.19, 700-525 mu; =£=1.99%, 700-500 mu; =+2.8%,
700-475 mu.

Al-Cholesten-3-one (VIII), m.p. 93.5-95°; Amax., 316-326

mu, log € 1.93; inflections 343, 357, log € 1.83, 1.67. R. D.
(Fig. 2): [alwe +44.2°, [alss +59.6°, [alwy —+1097°,
"max.” [elae +84°, “min.” [alg.s —212°, “‘max.”’
[a)sromgra.s —78°%, "min.” [alss —110°, "max.” [elns +

1205°; ¢ = 0.10; temp. 24°,

Cholestan-3-one (IX), m.p. 129-130°; Amax. 284-292 my,
log € 1.46. R. D. (Fig. 2): [a]w +29.3°, [als + 40.2°,
[a)egs —466°, “max.”’ [a)ais +692°; ¢ = 1.00 from 700-310
mu, ¢ = 0.10 from 360-285 my; temp. 23-24°. Drude
equation: [M] = 17.4/(x2 —0.0970) + 29.6/A2; X, 311 my;
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% deviation [Mlobsd =~ [Mlealea: =*=1.4%, 650-350 mu.

3,5-Cyclocholestan-6-one (X), m.p. 100-102°; Amax, 287—
289 My, 10g ¢ 1.65. R. D. (Fig 2) [a]mo + 35.4°, [a]ssg
+ 48.0°, [a)ws + 515°, “max.”’ [a)ge + 82.8°, “min.”’
[e]a7.5 — 664°; ¢ = 1.00 from 700-340 my, ¢ = 0.10 from
340-295 myu; temp. 24-25°. Drude equation: [M] =
—19.7/(72 — 0.149) + 67.4/22; X, 386 mu; 9 deviation
[M]onea — [Meatea: £0.3%, 650-440 mp.

3,5-Cyclo-AS-cholestene (XI), m.p. 69-70°; slight Amay.
265-267 mu, log € 2.04, shoulders 289, 277 mu, log ¢ 1.72,
1.86; inflection 285 my, log € 1.79. R. D. (Fig. 2): [a]w
— 25.8°, [alms — 36.4°, [alsw — 320°; ¢ = 1.00 from 700—
325 mu, ¢ = 0.10 from 330-300 mu; temp. 23-25°. Drude
equation: [M] = 288/(A2 — 0.0199) — 261/X2; A 141 my;
% deviation [Mlobsd — [Mleatea: =£0.7%, 520-350 mu;
+2.29%, 550-315 mu.
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Deacetoxylation of Steroid Ring C Ketol Acetates!

By R. S. RosENFELD AND T. F, GALLAGHER
RECEIVED MARCH 14, 1955

When methyl 3a,1lﬁidiacetoxy-12-}<etocholanate or methyl 3a,12a-diacetoxy-11-ketocholanate, which have the ring C
acetoxy group in the axial conformation, are refluxed with zinc in glacial acetic acid, methyl 3a-acetoxy-12-ketocholanate

and methyl 3a-acetoxy-11-ketocholanate, respectively, are obtained in good yields.

However, when methyl 3a,11a-

diacetoxy-12-ketocholanate and methyl 3«,128-diacetoxy-11-ketocholanate, ring C acetoxy groups equatorial, are subjected
to the same reaction conditions, the yield of the corresponding monoacetoxy keto cholanic ester is markedly diminished. A
similar deacetoxylation has been observed in the sapogenin series.

Several examples of the deacetoxylation of ketol
acetates by means of zinc and acetic acid have been
reported. Two types of ketol acetates have been
shown to undergo deacetoxylation under these
conditions: (1) 1,4-ketol acetates, where the func-
tional groups are separated by unsaturation?

T

—c—c=c—$~
and (2) 1,2-ketol acetates, in which the ketone is
part of an a,8-unsaturated system.?
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This investigation deals with deacetoxylation of
steroid ring C ketols with no unsaturation near the
reactive centers. The yield in the removal of the
acetoxy group depends on its conformation.

When methyl 3a,118-diacetoxy-12-ketocholanate
(I), with the C-11 substituent axial,* was refluxed in
glacial acetic acid with powdered zinc for 7 hours,
the only product isolated was methyl 3a-acetoxy-
12-ketocholanate (II) which crystallized directly
from the reaction mixture in 649, yield. The epi-
mer of I, methyl 3a,11a-diacetoxy-12-ketocholanate
(I1I), C-11 acetoxy equatorial, would not deacetox-
ylate under these conditions. However, when the
reflux time was extended to 24 hours, partial de-
acetoxylation of III took place yielding 289 of II
and the remainder was the starting ketol acetate
II1.

Comparable results were obtained with 11-keto-
12-acetoxy compounds. Thus, when methyl 3e,-
12a-diacetoxy-11-ketocholanate (IV), C-12-ace-
toxyl group axial, was refluxed with zinc in glacial
acetic acid for 24 hours, methyl 3a-acetoxy-11-
ketocholanate (V) was directly crystallized from
the reaction product in 449 yield. Examination of

(4) E. J. Corey, THIs JOURNAL, 76, 175 (1954).



