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Dipole Moments of Some Sex Hormones, Sterols and Isophorone

By W. D. KuMLER AND GEORGE M. FOHLEN

This is the second paper of a series on the dipole
moments and stereostructure of the steroids.
The first paper! dealt with the bile acids and in
this communication the dipole moments of eight
androstane derivatives, four sterols and isopho-
rone are reported. Evidence is presented that
some of the hydroxyl groups in the steroids do
not have freedom of rotation.

Results

The symbols used in the equations and tables
are those given previously.? The equations used
in calculating tlie moments are?

_ 3047/‘1 € — 1
Dy = [ + @+ 8 )
Py = paM:

= 0.0127 vV (on - PEzo)T
The Py values are obtained by the method of

TaBLE I
MEASUREMENTS IN DIOXANE AT 25°

w1z Lt} V12 w12 €12 712
Cholestanediol-38,7a Af-Androstenediol-38.178

0.004040 2.2234 0.97395 0.003077 2.2249 0.97394
.006953 2.2283  .97405 .006400 2.2350 .97362
.008772 2.2334 .97413 .008725 2.2410 .97344
.013767 2.2403  .97425 .011763 2.2516  .97324

Cholestanediol-38,78 At-Androstenol-38-one-17

.003955 2.2206  .97407 .002108 2.2210 .97385
.006859 2.2275  .97413 .003949 2.2263 .97372
.009771 2.2337  ,97420 .005526 2.2326  .97361
.013933 2.2413  .97430 .007703 2.2395 .97346
Cholestanol-38-one-7 Testosterone
.003647 2.2243  ,97402 .003151 2.2350 .97382
.005122 2,2288  .97404 .005550 2.2529 97362
.008918 2.2392  .97408 .008898 2.2762  ,97333
.012527 2.2947  .97413 .011468 2,2958  .97313

At-Cholestenol-38-one-7 cis-Testosterone

.003917 2.2319 e .003256 2.2503 .97375
.006736 2.2456 97387 .006097 2.2820 .97353
.009412 2.2599 e .008705 2.3143  ,97334
.014456 2.2865  .97387 .011042 2.3413  .97316
Androsterone At-Androstenedione-3,17
.003819 2.2376  .97380 .003732 2.2357 .97369
.005969 2.2508  .97367 .005789 2.2489  .97358
.007907 2.2630 .97362 .009029 2.2701  .97324
.011462 2.2841  .97340 .011112 2.2843  .97306
B8-Androsterone Isophorone
.003065 2.2230  .97387 .003532 2.2628  .97441
.005853 2.2355  .97371 .005945 2.2988  .97468
.008778 2.2440  .97353 .009708 2.3523 .97506
.010708 2.2526  .97349 .014222 2.4157  .97562

A%-Androstenediol-38.17a a7 0,91852  n2p 1.47411

.003323 2.2254  .97382
.005964 2.2360 .97355
.008967 2.2463  .97344
.010812 2.2540  .97331

(1) Kumler and Halvefstadt, Tais JoUrRNAL, 64, 1941 (1942).
(2) Halverstadt and Kumler, ibid., 64, 2988 (1942),

Halverstadt and Kumler using the graphical
modification.? PF; values were calculated from
the group refractions given by Smyth.? In the
case of isophorone PE; also was obtained from
the measured refractive index of the pure liquid.
The data are given in Tables I and II.

Discussion

The graphs of the dielectric constant-concen-
tration curves presented in Figs. 1, 2 and 3 are
linear, indicating that no molecular association is
present in these solutions at the concentrations
used. There is also no evidence of lack of orienta-
tion of the large molecules at the frequency of 680
kilocycles which was employed. In both respects
the behavior of the sex hormones and sterols
parallels that of the bile acids.! In Fig. 4 the
structures of the compounds are given.
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Fig. 1.—0O. Cholestanediol-38.7«; @.
38.78: . cholestanol-38-one-7;
one-7.

cholestanediol-
©, AS-cholestenol-38-

Restricted Rotation of the Hydroxyl Groups.—
By taking the measured moments of compounds
that have only a hydroxyl group or a ketone
group attached to a saturated six membered
ring, we have calculated the limits within which
the moments of steroids, that have two hydroxyl

(3) Smyth, “Dielectric Constants and Molecular Structure,”
Chemical Catalog Co., New York, N. V., 1931,
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Compound lixfxl'ap. Ex{x:ap. a 8 Fao PEze m
Cholestanediol-38,7« 2.2165 0.97385 1.728 0.0288 231.96 121.16 2.31
Cholestancdiol-338,78 2.2167 .97398 2.066 . 0467 256. 54 121.16 2.55
Cholestanol-33-once-7 32138 .97308 2.870 L0114 304 .42 119.65 2.98
A3-Cholestaucl-38-one-7 22115 97387 4.639 . 0000 418.35 119.18 3.79
Androsterone 22140 .07406 6.067 — .0559 366.79 81.48 3.70
B-Androsteronce 2.2122 97407 3.884 — .0570 262.17 81.48 2.95
As-Androstenediol-38,17 2.2132 .97405 3.774 — 0707 255.99 82.53 2.89
Ab-Androstencdiol-38,178 2.2127 .97405 3.298 — .0700 233.30 82.53 2.69
As-Androstenol-3g-one-17 2.2136 97400 3.377 - .0700 206. 55 81.02 2.46
Testosteronc 2.2127 947408 7.273 — .0830 419.27 81.02 4.32
cis-Testosterone 2.2127 07400 11.680 — .0764 637.68 81.02 5.17
A%-Androstenedione-3,17 2.2119 .97398 6.497 — .0811 380.20 80.71 3.32
Isophoroue 2.2131 .97396 14.271 .1193 368.15 41.112 3.97

42,293 3.96
@ From the 1neasured refractive index of tlie pure liquid.
groups, or a hydroxyl group and a ketone group, Tasig III
should fall assuming free rotation—i. e.. equal CALCULATED MOMENTS FOR FREE ROTATION
probability for all positions as the hydroxyl patax. seaia, Measured
group rotates about tlie carbon-oxygen bond. Compound =0 ¢ =180 moments 4
It is found that the measured moments of some Cholestanediol-38.7« 2.68 2.46 2.31°
steroids fall outside these limnits, indicating that Cholestanediol-38.78 2.68  2.46 2.55
for such compounds the hydroxyl groups do not Cholestanol-38-one-7 3.8 2.94 2.98
have frecdom of rotation. A5-Cholestenol-38-one-7 4,82  3.85 3.79
Androsterone 3.85 2.94 3.70
2.4500 B-Androsterone 3.85 2.94 2.95
A%-Androstenediol-38.17a¢  2.68 2.46 2.89*
Ab-Androstenediol-38.178 2.68 2.46 2.69
AS-Androstenol-38-one-17 3.85 2.94 2.46°
2.4000 - Testosterone 4.82 3.85 4.32
cis-Testosterone 4.82 3.85 5.17¢
A‘-Androstenedione-3.17 6.86 1.06 3.32
@ Measured moments outside the range for free rotation
by an amount considerably greater than the experimental
2.3500 F error. ® Measured moments which are outside the range
: for free rotation.
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Fig. 2.—0, cis-Testosterone; @, B-androsterone; @, testos-
terone; ©, androsterone.

In Table III are listed the measured and the
calculated maximum and minimum moments.
The fonmnulat used in calculating the moments is

pre. = Vit + pa? -+ 2uipy - COS 7 COS B; COS ¢y

(4) Kumler and Halverstadt, TaIs JOURNAL, 63, 2182 (1941).

where pg, is the resultant moment assuming free
rotation of the polar groups, u, and us are the
mements of the individual polar substituent
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Fig. 3.—Q, A%-Androstenediol-38,17«; @, AS-androstene-
diol-38.178; - ©, A-androstenol-38-one-17; @, A*andro-
stenedione-3,17.
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groups, ¢ is the angle between the axes of rotation
and ¢; and ¢, are the angles which the two mo-
ments make with their respective axes of rotation.
In the calculations the moment used for the hy-
droxyl group was that of cyclohexanol, 1.82, and
for the keto group, that of cyclohexanone, 2.90.%
In the case of a keto group conjugated with a
double bond the moment of isophorone, 3.96, was
used. The angle ¢or which the moment of the
hydroxyl group makes with its axis of rotation
was taken as 73° which is the value calculated by
Branch and Calvin® from. the moments of p-
chloroanisole, chlorobenzene and anisole, A simi-
lar calculation from the moments of diethyl ether
and ethanol gives an angle of 75°.7 Whether one
uses an angle of 73 or 75°, one comes to the same
conclusions in regard to the rotation of the hy-
droxyl groups.

It will be seen from Table I that the measured
moments of six compounds fall outside the range
of the moments calculated for free rotation. Of
these, one is within the range of the experimental
error and another is close but the moments of four
of the compounds are greater or less than the maxi-

(5) Halverstadt and Kumler, THis JoURNAL, 64, 1982 (1942).

(8) Branch and Calvin, ‘“The Theory of Organic Chemistry,”
Prentice-Hall, New York, N. Y., 1941, p. 142,

(7) Halverstadt, Ph.D. Dissertation, University of California
Library, Berkeley, California, 1942,
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mum or minimum moments for free rotation by
amounts that are three to ten times the experi-
mental error. (This is based on an experimental
error of 0.05 unit which is a conservative estimate
and is probably too large.) This indicates that
some of the hydroxyl groups do not have free
rotation. In the case of cis-testosterone where
u is greater than pmax. by 0.35, the only polar
group other than the 178-hydroxyl is the keto
group which is fixed and has no possibility of ro-
tation, hence the hydroxyl group in the 178-
position must be restricted in its rotation. Like-
wise, for A¥-androstenol-383-one-17, where u is less
than pmia, by 0.48, the hydroxyl in the 38-position
must be restricted.

Since hydroxyl groups in the 33- and 178-
positions are not freely rotating they can be con-
sidered fixed and we, therefore, calculated the
maximum and minimum moments for the diols
assuming the other hydroxyl is freely rotating.
The values are 2.93max, and 2.244in. and the
measured moments for the diols all fall within this
range. We can thus draw no conclusions in re-
gard to the rotation of the other hydroxyl groups
in these compounds.

Whereas the observation that the measured
moment falls outside the limits for free rotation
indicates hindered rotation, the fact that the
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weasured moment falls within these limits does
not prove the existaiee of free rotation.  If the
groups arc hindered, the angle between them
could be anywhere from 0 to 1507, so the per-
missible range iu this case is frein 7ero to tlie sum
of the moments of the groups.

While our data give infarnation only in regard
to hindered rotation in the 38- and1 7g-positions it
seews likely from an examination of models that
the 3a- and 17a-pesitions are lindered  also.
Chenical evidence in regard 1o rates of reaction
of substituents in the 7-position compared with
the 3-position suggests that the 7-position may be
hindered as well. The proof of this from dipolc
utontent data will have to await the measurecnt
of suitable compounds. The hindered rotation
15 presumed to arise from the repulsion of ncigh-
boring hydrogen atoms.

Moment of a O=C-—C==C Group.-—Isopho-
ronie has been measured to obtain the moment of
keto groups conjugated with a ecarbou-carbon
double boud. The moment of isoplioroune, 3.96,
was found to be higher thau that of cycloliexanone,
2.90, by about 1 umt. This is probably duc to
resonance between the normal form and the form
witl a separation of charge.
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The question has been raised in regard to
whether isophorone is a tautomer.® Its high di-
pole mowent, 3.96, indicates that the olecule
under the conditions of measurement must be
chiefly in the conjugated keto form, for the mo-
uient of the other structures suggested, nanicly, an
cnol and a molecule coutaining a double bond not
conjugated with the keto group, would have nio-
ments considerably smmaller thau the observed
moment. The moment of the enol would be less
than 2 and that of the non-coujugated keto com-
pound about the same as a siniple keto group, 2.90.

The steroids having a conjugated keto group
also have higher moments than those with an un-
conjugated group. Thus, A’-cholestenol-38-one-
7 whicli differs fromn cholestanol-33-o1e-7 ouly in
having a double boud conjugated with the keto
group. has a motent that is 081 lugher than the
woment of the latter commpound.  The difference
here is not so great as the difference between the
woment of isophorone and cyclohexanone prob-
ably due to the double bond changing the shape
of the nucleus thus altering the angle between the
keto and hydroxvl groups and lowering the mo-
ment of A’-cholestenol-33-one-7.

Both of the testosterones with conjugated keto
groups in the 3-position and hvdroxyl groups in
the 17-positions have higler moments than the
androsterones with a simple keto group in the 17-
positions and hvdroxyl in the 3-positions.

THars Joowrsat, 83, 2308 (10414
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The Effect of the Epimerism of the Hydroxyl
Groups.—This series of compounds contaiu four
epieric pairs which differ ouly by the a- or 3-
pusition of the hydroxyl groups.  The monient of
eacl member of a pair is different from that of the
othier member by an amount which varies amoug
the four puirs. The pairs for which the other
polar group in the molecule is a hiydroxyl lias a
smaller difference between the moment of niem-
bers af the pair than pairs for which the other
group is a ketone,  This can be accounted for on
the basis of the vector addition of two small nio-
ments compared with one simall and one large mo-
ment wlien the angles between them are changed
by an eqnal amount.

The lack of free rotation of some of the hy-
droxyl groups rules out the possibility of obtain-
ing information from dipole moments in regard to
the configuration of the nucleus from compounds
containing suclt groups, for if the groups are fixed,
there is at preseut no way of telling liow they are
oricnted.  Dipole studies of the nucleus will hiave
to be confined to compounds coutaining only keto
and halogen groups which have no possibility of
rotution and the direction of whose dipole is
known., The lack of free rotation also makes very
dubious the possibility of telling from dipole
woments whether an unknown compound is the
« or 3 isonier.

The difference between the moment of B-andros-
terong, 2.95, and that of A%-androstenol-33-oue-
17. 2.46, is interesting because these compounds
differ only by a double bond which is not con-
jugated. Furthermore, the moment of the com-
pound with the double bond is less thau that of
the otlier compound. Two explanatious appear
possible, Oue is that the presence of a double
boud chauges the shape of the nucleus, thus
changing the angle between the hydroxyl aud ke-
toue group by an appreciable ammnount.  The other
is that @ double boud in the AS-position in the
sterol mueleus alters thie moment of a hvdroxyl
group in the S-position.  There appears to be
some evidence for the latter interpretation from
the chemical hehavior of these compounds.®  The
question could be settled, perhaps. by measuring
the moment of a sterol that contained only a 3-
hydroxyl and a A double bond.

There appears to be no correlation between the
dipole moments of the sex hormoues and their
physiolagical activity,

Experimental

The apparatus and method of measurement was
the same as that previously described.!®

Materials

Dioxane.—Commercial dioxane was purified as before.®
Isophorone.—The commercial product of Carbide and
Carbon Chemicals Corporation was distilled once at atmos-
pheric pressure. The middle fraction boiling at about

(9) Personal cominnnication, Professor Byron Riegel, Northwest
ern University.,

13t Koomler add Uodtten, Tots jaobwxar, 64, 1044 (10420
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215° was then distilled several times under reduced pres-

sure. The final product had a boiling point of 69-69.5° at
¢« nim.,
Steroids.—
M. p.. °C.
1. Cholestanediol-38.7« 167-168
2, Cholestanediol-38.78 152-153
3. Cholestanol-38-one-7 164-165
4, AS.Cholestenol-38-one-7 168-169
5. Testosterone = A*androstenol-17a-
one-3 154-155
G. cis-Testosterone = A‘-androstenol-
178-one-3 220-221
7. AS-Androstenediol-38.17« 182-183
8. AS-Androstenediol-38,178 198.0-198.5
9. Androsterone = efio-allo-cholanol-
3a-one-17 182.5-183.5
10. B-Androsterone = elto-allo-cholanol-
3B-one-17 171.4-173
11. A*-Androstenedione-3,17 = A*-etio-
allo-cholene-dione-3,17 173-174
12. Dehydroandrosterone = Abf-andro-
stenol-38-one-17 135~-137

Compounds 1-4 were obtained fromm Dr. O. Winter-
steiner of the Squibb Institute for Medical Research. com-
pounds 5-11 from Dr. C. R. Scholz, of Ciba Pharmaceutical
Products. Inc., and compound 12 from Professor Byron
Riegel of Northwestern University.

Acknowledgment.—The authors take pleasure
in acknowledging the codperation of Dr. O. Win-
tersteiner, Dr. C. R. Scholz and Professor Byron
Riegel in supplying the steroids which made this
study possible. They also wish to thank Dr.I. F,
Halverstadt, Dr. C. R. Scholz and Professor
Byron Riegel for their comments and discussions.

Summary

The dipole moments of eight androstane deriva-
tives, four sterols, and isophorone have been
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measured in dioxane solution.
the compounds are as follows: cholestanediol-
38,7, 2.31; cholestanediol-33,78, 2.55; cho-
lestanol-38-one-7, 2.98; Ab-cholestenol-38-one-7,
3.79; androsterone, 3.70; p-androsterone, 2.95;
AS-androstenediol-38,17«, 2.89; A$-androstene-
diol-38,178, 2.69; Af-androstenol-33-one-17, 2.46:
testosterone, 4.32; cis-testosterone, 3.17; A*-
androstenedione-3,17, 3.32; isophorone, 3.96.

The moments of four of these compounds fall
outside the range calculated for free rotation of
the hydroxyl groups, from which it is concluded
that the 38- and 178-hydroxyl groups do not have
freedom of rotation. ‘

A ketone group conjugated with a double bond
in a six-membered ring has a moment about 1
unit higher than a simple ketone.

The dipole moment of isophorone indicates that
the compound exists chiefly in a forimn with the
double bond conjugated with the ketone group.

A double bond in the sterol nucleus that is not
conjugated decreases the moment of the com-
pound by 0.49 unit in the one case studied. Two
explanations are discussed.

Sterols with two polar groups and differing only
in respect to the position of a hydroxyl group on
the same carbon atom have different moments.
The difference in moments of the members of any
epimeric pair depends somewhat on the moment
of the other polar group in the molecule.

There appears to be no correlation between the
dipole moments of the sex hormones and their
physiological activity.
SaN Francisco, CALIF.

The moments of
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Gel Formation in Addition Polymerization'

By CHEVES WALLING

When a polymerization is carried out in the
presence of a polyfunctional component which
permits the three-dimensional growth and cross-
linking of chains, there is, at some stage in the
reaction, a rather abrupt transition from the
liquid to the gel state. In 1931 Carothers pointed
out that such a gel is the result of the linking to-
gether of polymer molecules into a three-dimen-
sional network of indefinitely large size.? In 1941
Flory outlined a general method for determining
the extent of reaction at which such a network
becomes possible, and carried out the detailed
calculations for the case of polycondensation reac-
tions.® His results were in good agreement with
experiment, and he indicated that a similar

(1) Presented before the Physical and Inorganic Section at the
New York meeting of the American Chemical Society, September 12,
1944.

(2) W. H. Carothers, Chem. Rev., 8, 402 (1931).

{3) P. 1. Flory, TH1s JuuwrNaL, 6838, 3083 (1941).

method might be applied to addition polymeriza
tions. Recently, Stockmayer* has applied Flory's
procedure to a mixture of polyfunctional com-
ponents with a generalized distribution of fumc-
tionality and has obtained an expression which
should predict the gel-point in both vulcanization
reactions and addition polymerizations in which
all functions have equal reactivity.

In this paper, calculated and observed gel-
points are compared for the systems methyl
methacrylate—ethylene dimethacrylate and vinyl
acetate~divinyl adipate. Observed extents of
reaction at the gel-point are, in general, found to
be several times those calculated, particularly in
experiments in which very early gel-points are
anticipated. This discrepancy is discussed from
the point of view of the discontinuous nature of
dilute polymer solutions.

(4) W. H. Stockmayer. J. Chem. Phys., 12, 125 (1944).
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