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INTRODUCTION

The primary aim of this work has been the correlation of eleotric
dipole mement and structure for two general types of organic molecules,
sone derivatives of azobenzene and 2 group of steroids, Im both series
the electric moment was calculated from dielsctric constant and demsity
data for dilute solutions of the substances in non-pclar solventsz., Howe
ever, interpretation of the data required the application of quite differ-
ent concepis, which are discussed below,

The azobenzene molecule

OWE

has a number of conjugated double bonds, a situation conducive to the
existence of resonance., This phenomenon can be simply illustrated in the

case of bensene for which several structures can be written, the two

O O

This method of representation does not imply independent existence of the

most important being

forms which can possibly be written. These formes are intellectual econ-
structions while the molecule behaves like a composite of these forms,
rather than like any single one which can be drawn. In the language of
quantun mechanics, upon which the theory of resonance is based,

YWeig b+ ko, .



The wave funotion, 171/ s & mathematical funetion of time and coordin-

ates for all the particles constituting the system, represents a
stationary state of the molecule. In theory Y/ can be obtained as a
solution of the Schrodinger wave equation but the complications involved
nake an aspproximation method more feasible. One can assumey, as above,
that Y 1s a linear combination of lnown functions ¢y and b g. The
ecloseness with which ’l}l approximates the solution of the wave equation for
the molecule depends upon the number of functions, CP.,, s and the judgment
exercised in choosing them, When $3, $p ... &, can be correlated
with certain structures of the molesule under consideration, the mole-
cule can be said to resonate among these structures, In the case of
bengene ihe equivalence of the two major structures means that neither

¢ 1 nor q) 2 alone is a good approximation to the eigenfunction desiredj
rather a function intermedliate between them is used., As long as undue
physical significance is not attached to these resonating struectures,
they are quite useful, and were used here,

When polar groups are substituted on the benzene nuecleus, it is often
possible to find evidence for resonance from the properties of the resulte
ing molecule, Thus pherol is a stronger acid than aliphatic alcohols and
also tends to direct many second substituents entering the ring to the
ortho and para positions, Both effeets are understaendable in light of

the resonance structures,



The positive charge on the oxygen repels the proton increasing the
acldic character while the ascumulation of negstive charge in the ortho
and para positions seems to account for the directive effects.

Mach dipole moment evidence for rescnance is based in general on
changes in moments for compounds containing a given polar group as one
goes from aliphatic to benzenold character, In this work comparison was
made between analogous benzene and azobenzene compourndds. Incidental to
this work, the group moment snd angle of the dimethylamine group was
determined in both series of compounds studied,

By way of conbrast to the azo compounds, there is no eopportunity
for resonance in the saturated steroids, having the common ring system

They often have two or more polar groups in various positions on the
carbon skeleton or side chains, Their simllarity causes difficulty in
isolation of naturally oscurring stercids or gynthesis from less complex
starting nmaterials, On the other hand, relatively slight changes in
the molscule often have large effeects on the properties therseof, Thus
the reactivity of epimers may differ greatly, epimers being chemically
identical but differing in the position of one group with respect to the
methyl group at le' This group 1s assigned the position above the plane
of the ring, Therefore, groups on the same side are /4 -oriented, those
on the opposite side, of =-oriented., The reason for 4ifferences in re-
actions of epimers has been ageribed to steric hindrance, especially at

cu. Measurement of angles between polar groups in a molecular model,
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THEORY

When a chemical bond is formed between two atoms differing in
electronegativity, the more electronegative atom tends to accumulate
negative charge, leaving the other abom more positive., Such a bond
constitutes an electric dipole, two equal charges of oppeosite sign
separated by some distance, r, Labeling the charges +q and =g, the
electric dipole moment is qr by definition.’ This electric moment M)
is a vector having both magnitude and directlon. Since the electronic
charge is of the order L.,8 x 10~10 esu and internuclear distances are
usually listed in Xngstrom units (18 = 1 x 10“8 em,)} most dipole
moments have a magnitude of about 10™18 egu or one Debye unit. For
polyatemic molecules with several such dipoless the resultant moment
may be considered the vector sum of the individual bond moments, This
sum is what one observes experimentally and is useful in discussing the
geometry of molecules and character of wvalence bonds,

The theoretical basis for the evaluation of electric moments is
the concept of polarization of dielectrics. From classical electrosgtatics
the electric field in a parallel-plate capacitor, with plates of area
large compared with the distance between them, is

E=LTTCO (1)
where O is the density of charge per unit area. Now jin vacuo this
condenser has a capacitance C,, while experiment shows that the intro=

duction of a dielectric between the plates increases the capacitance



by a factor€. Thus

C = ECo (2)
where ¢ and Co are capacitances with and without dielectric, respect-
ively, snd the proportionality constant € is the dielectric constant.
Since the electric field, E, is inversely proportional to the capaci-
tance, the field must be correspondingly reduced by & from the value

in vacuo upon substitution of the dielectric substance,

E » ..E.a?. (3)

The molecular theory of dielectric polarization leads t¢ a reasone
able explanation for this lowering of the field strength, Application
of an electric field to a dielectric results in a tendency of molecules
with permanent dipoles to align themsklves in the field ﬁirection,
this erientation effect being opposed by thermal agitation of the
molecules. The field also induces dipoles in the molecules of the
dielectric in a direction opposing the inducing field, Both effegcis
will lower the strength of the applied field.? By a consideration of
Gauss' Law for dielectrics, one finds the fleld therein to be

E=D~LUP (L)
where D is the electric displacement and P is the polarization (electric
moment per unit volume).

The polarization of a dielestric will be the sum of polarizations
dus to the induced separation of charge (distortion) and to the aligne
ment tendency of the permanent dipoles (orientation). For isotropic

substances the induced moment, m, is proportional to the _local fisld
intensity, F, the equation being



nexF (5)
where the constant of proportionality is of , the polarizability or
induced moment per unit field strength., The local field intensity
F differs from the iwpressed value E by

p=E* 2.“;‘9. (6)
where Pp is the distortion polarization,

If permanent dipoles are momentarily disregarded, one finde that

Pp = mm (7
where n is the number of molecules per cc. and m is the average moment
induced. It follows from (5) and (6) that

Pmu n"‘(ﬁ + bW ).

(8)
Use of (4) and the relation, D = € E gives the equation
LT(Py = E (€ -1) (9)
which, when solved for Pp and inserted in (8), leads to
€1
T - Mgee (20)

or multiplying both sides by M/d, ratio of molecular weight to density,
€-1 M_ LUN«

£ & 3 11)
where the right hand side is the molar polarization,

Any thermal collision which disturbs the position of a non-polar
molecule has no lasting effect, since the field immediately induces the
dipole again., However, for permanent dipoles, random thermal cellisions
oppose the tendency for them to align with the field. Thus the average

component of the permanent dipole in the field direction as a function



of temperature must be computed.’ If there is no field, all orien-
tations are equally probable and the number of dipoles directed
within the confines of a given solid angle, dfl,is AdfQ, where A is
a constant depending on the nuwber of molecules considered, If a
dipole with a moment, M, is oriented at an angle @ with a field of
strength ¥, its potential energy is
V®-4F cos © (12)

and according to Boltzmann's Law the nuwber of dipoles orilented in
the solid angle is

A exp (~V/kT)dn= A exp (MF cos §/kT)dn (13)
where k is the Boltzmann eonstant and T is absclute temperature, The
average moment for one melecule in the field direction is

- MF cog @ A cog @
m = A exp (MF cos 6 dn (U

Letting AF/KT = x, cos 6. = y, and noting that dN » 2 T sin 640 =
2Tdy, (i) beconmes

e () vy fas/ex
= = — (15)

:émzp(xy)dy J s

=]

Evaluating the denominator
(eF-e~X)

2. Tx (16)
and numerator, dz/dx, and combining
/‘?‘ = (coth x = ) = L(x) (17)

where L(x) is the Langevin function., Expansion of the terms of this
function in power serles gives, for small x values,



L(x)e= ? - ﬁ (18)
ie 4T (29)
This is the contribution of the permanent dipoles to the total

polarizability and when added to the distortion polarizability,of,
leads to a total polarization

Py = Aﬂ%ﬁ (o » M2/3x1). (20)

But by (11), we can obtain a value of Py experimentally by measuring
dlelectric constants over a range of temperatures. Then a plot of Py
against 1/T permits simultaneous evaluation of u and o from slope
and intercept.

In the absence of permanent dipoles there are two contributions to
the total polarization to consider. These are the atomic (P,) and
electronic (Pg) polarizations caused by displacement of nuclei and
electrons by the impressed field., To use (20) in calculating the dipole
moment, we must either eliminate or svaluate these quantities, This is
done in practice by measuring the dielectric constant in an alternating
field of frequency sufficiently high to cause the atomic polarization
to disappear, For polar molecules the orientation polarization will
alsc disappear at such freguencies. These facts are the basis for one
common experimental method for measuring dipole moments, the refractiv-
ity method, described below.l

At long wave lengths in the infrared the Maxwell relation

€ = n? (21)



holds and the total polarization can be expressed by

"'1 l(
P! ™ Ez:; l% (22)

which is seen to be equal to the molar refraction as defined by the Lorens-
Lorents equation.

Now the molar refraction 1s essentially constant since there is no
ordentation term involved. Thus, by determination of the total polariszation
from dielectric constant and density values, and of molar refraction from
the refractive index in a portion of the infrared region where no sbsorption
occurg, one can get the orientation polarimation by difference, Experimental
difficulties make it more expedient to use the sodium D line for refractive

index measurements and to take the resultant molar refraction to be P, + Pp,

The P, term is usually small and either neglected or estimated to be about

ten percent of Pg. Since the orientation polarization term is gﬂ' N g_ 2
9kT

we see that PpeMB » 9—-—-—-—-—-—- {23)

or in terms of M and known constante

M @ 0.0128 ¥ (Pgemry)T, (2L}
The preceding discussion applies to gases or wvapors. Since many compounds
are not obtainable as such, dilute solutions of polar solutes in non-polar
solvents are used and give much useful information. This entails some modi=-
fication of the .lasulus«Mosotti relation. Thus, the molar polarization

£ lgwl Mafzapﬂlf
Py, = “F 2 i, (25)

for the solution is




where: subscriptis 1, 2, and 12 refer to solvent, solute, and solution
respectively, and £ is mole fraction, How

Pip = Pify ¢ Bpfy (26)
80 mlvingferl’g and using the fact thatfl-lqtﬂ, one finds that

L. 5—35'33'» - Py» (27

2

is the molar polarization of the solute in terms of molar polarizations
of mlvmt. and golution and mole fraction of solute, By using a series of
solutdons containing low concentrations of solute, the corresponding P,
values are obtained, plotted graphically as a function of concentration and
the best line through the points extrspolated to zero concentration te give
the true polarization F?, of the sclute in the absence of solvent effects.
Substitution of n? for £ in (25) gives the molar refraction of the solue
tion. Then

- - N *
Ty TR T Moyt (28)
MBy
£
and the best line through the points on themgz - goncentration graph is
extrapolated to infinite dilution giving the molar refraction of the sclutes

Then the difference (F°, - m"nz) is used in (24) to compute the dipole

moment.,



EXPERIMENTAL
Densities

The density values were determined at 25°C, using a modified
Ostwald pycnometer.® a1 welghts were corrected for the buoyant effect
arising when welghing in air with brass weights.

Dielectric constants were measured using the heterodyne beat method,
in which the {requencies of two oscillating circuits are made identieal.
One circuit containg known elements of resistance, capacitance and in=-
ductance, while the other contains the experimental cell with the solu=
tion, The oscillations from the two circuits are fed into a mixer tube
(6SAT), the emerging frequency being the difference between the two im-
pressed frequenocies,

This signal, when smplified, can be heard through a spesker, the pitch
decreasing to a null point when the frequencies are matched. For sharper,
‘more sengitive detection of this conditlon, a visual method employing a
“Nagic Eye™ indicator tube (6BE5) was used,

The circuit used was essentially that described by Chien’. It had a
two-hundred kilocycle quarts crystal as a control element in the fixed
frequency oscillator, The experimental cell, s callbrated variable pre-
cision condenser {General Radio, Type 722D}, and an inductance are con-
nectsd in parallel in one of the tuned circuits of the variable frequency
oscillator. The frequency of this sescond ecircuit is
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Figure 2. The exverimental cell used in dielectric
constant measurements.




Vaei2 Vi,
where 1 is inductance and C is capacitance, s0 changes in the cell
capacitance must be matched by a compensating change in the precision
condenger setling for the mull condition to be retained, Figure 1 is a
block diagram of the circuit used in the dielectiric constant measurements,
The experimental dieleetric conatant cell consists of three concentriec,

brass cylinders which are separated by glass spacers. The
middle cylinder is at high potentiel and shorter than the outer and iwmmer
eylinders, which are grounded, (see Figure 2). This geometry helps to
eliminate the edge effect which causes inhomogeneity in the elsctric field
between the platos.m The cell and glass envelope require fifty milli-
liters of solution Ifor measurement.

The temperature was maintained at 25,00 # 0,01°C. by using a thyratron-
controlled thermoregulator device in conjunction with a knife heater, and a
motor-driven stirrer o minimize temperature gradicnts within the bath, The
General Radio condensexr was calibrated by the Nationgl Bureau of Standards
and the corrections indicated by their calibration chart were applied to
sach capacitance reading. In a typical experiment, six dilute solufions
ranging in coneentration from 0,0001 to 0,001 mole fraction were prepared,
The measurerents on any set of six were completed in a single day to assure
reasonably eonstant conditions,

Most of the compounds used were prepared by Dr, T.,W. Campbell, the
exceéptions being noted under the sectlion entitled *Preparation of Compounds®,
They were recrystallized from acetone, ethyl alcohol, or isopropyl alecohol,
or any two of these which proved satisfactory, until the melting points
after two consecutive recrystallisations were identical, All melting points

are corrected,



The non-polar solvent used was benzene, purified by freezing a
major portion of some C.P. thiophene~free material, filtering, remelting
the s0lid residue, and repeating the process. The solvent obtained in
this mammer was then distilled and stored over sodium. It was found to

have a refractive index of 1.4980 and density of 0,873L43, both measured
at 25.(}0

Preparation of Compounds

prAminoazcbenzene. This compound was an Eastman Kodak Company
product which was purified to give & melting point of 124°C. The liter-
ature value for the melting point is 126°C,

pritroazobenzene. This was prepared by condensation of p-nitraniline
with nitrosobenzenell»12 i; concentrated aleohol solution containing a drop
of acetic acid. The compound melted at 134°C. The literature value for
the melting point is 13L°C.

p=p'!~Dinitroazobenzene. This was prepared by reducing p-dinitro-
benzene with glucose in an aleohol solution made alkaline by two grams of
sodium hydroxide: The product was allowed to stand twenty«four hours in
t'he reaction mediumg then iaalated,ls the melting point being 223-24°C,

Tetramethylepephenylenediamine. This compound was also Eastman
.Kodak Company White Label material which had a melting point; on purifica-
tion, of 49°C,; the meltihg point in the literature being 50°C.

p=nt-Tetramethyldiamincagobenzene. This could not be isolated by

methods suggested in the literamre,lB 8o 1t was prepared by the action
of lithium aluminum hydride on an ether solution of pe-nitrodimethylaniline

16



and extracted with hydrochloric acid from which the free amine was re-
covered by neutralization with ammonia. The crude produet was extracted
with diexane and reprecipitated by water. A4 melting point of 260-61°C
was observed,

p-Benzalaminoagobenzene, This was the product resulting from the
condensation of benzaldehyde with p-aminoazobenzene.l’* It melted at
128°C; the value reported in the literature was 129°C.

p-Tolualaminoazobenzene, This compound was obtained from the reaction

between p-aminocazobenzene and pe~tolualdehyde in boiling alcohol containing
a drop of acetic acid. The melting point was 117°C, and in the literature
was 120°C.

g:jg; Dimethxlmﬁnobenzalamina )=azobenzene, This campound was pre-
pared by mixing concentrated aleohollic solutions of p-aminoazobenzene
md p-dimethylaminobenzaldehyde. The melting point was 176°C3; the liter-
ature value is 176°C.

17



CALCULATIONS

Following a suggestion by Halverstadt and Kmler,5 the method of
calc¢ulating the total polarization discussed above was revised in an
effort to eliminate accumulation of error. These workers have shown
that both dislectric constant and specific volume (1/d4) are linear
functions of weight fraction of solute in a majority of cases, the re-
lation being of the form

512 " 510 O(Wa

Vip = Vy+BWo
where the subscripts have the same meaning as before while o¢ and /3
are the slopes of the lines obtained when &€ 5, and V1o respectively
are plotted against weight fraction, Wy; also £ and vy are the cor~
responding intercepts at infinite dilution.

Substitution of these values of 63:2 and vyp in the expression for
the specific solute polarization, P35, where

- -1
12~ (&,+2) a
gives, in terms of mole fraction, instead of weight fraction,
3 TyH 'y Ege
P v XM+ (v iy p) £yl
2" @) 1 = (30)

This equation was used in all calculations reported here,

The extrapolated values of & 12 and vy5 should agree fairly well
with those found for the pure solvent, Often, however, deviations not

attributable to experimental error are noted., It has been asserted that
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discrspancies indicate sbusorption of water by the solutions in the handling
process and that these values should be used in lieu of the experimental
data for the pure solvent. This viewpoint has been contested and some
mrkm6 advocate inclusion of accepted values of the pure solvent as points
on the &, -f, and ¥y,~f, graphs. We have chosen Lo use the extrapolated
values, with the acceplted values used as a guide in plotting,

In the ealenlation of molar refraction using refractive index data
the relation € = p? is assumed to be valid, However, thls is subject to
several reatrictions, one of which is that the molecule must not sbsorb near
the wave length used for the measurement. The compounds used here were all
colored, and aince the Abbe refractometer available is useful only for sodium
D line, refractive index data seemed to be of doubtful value. Instead, the
additivity of bond refractions was assumed and literature values’ of these
used to arrive at a figure for the wmolar refraction,

Before measuring the dielectric constant, it is necessary to get the
cell constant for the experimental cell, This is done by measuring the
capaclitance of the cell at 25°C, with air, theu benzene, as dislecirics,
Then

Cair = ,cbs

Cell Constant = -éw;—:—i—- Where E'hu - 2,2725,

With this cell constant and capacitance readings for air and a solution of
given concentration, the dlelectric constant is

€  .Cair - Csolmn) + cell Const.
i2 Cell Const.

The density of each solution was determined at 25°C, Then plots



of € 12 ad vy, agalnst £, produced two sets of peints lying along

straight lines, within experimental error. The slopes of the best

’ [
straight lines axre < and (3 respectively and are used in the
equation of Halverstedt and Kumler for computing molar polarization,
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RESULTS

The experimentally determined dielectric constants (512) and
specific volumes ( V35) of the benzene solutions at 25°C are compiled
in Table I. The graphical plots of dielectriec constant and specific
volume versus mole fraction (fa) are shown in Figures 3-1l, The slopes
A * and /3 '» and the intercepts at infinite dilution el ad v,
of the straight lines so obtained are listed in Table II along with
values of the molar polarization of the solute at infinite dilution (F°,)
calculated using Equatiorn 30, The molar refractions (m%z ) ealeulated
from empirical constants and the dipole mements ( 4) cbtained using
Equation 2 sre also listed in Table II,



RESULTS

TABLE 1

DIELECTRIC CONSTANTS AND SPECIFIC VOLUMES OF THE

BENZENE SOLUTIONS AT 25°C

#

i’

p=~Aminoazobenzene

£ €12 Y12
0,002008 2,2928 1.11:338
»001510 2.2886 1.14372
,001126 2.2847 1414405
+000645 2.2799 1,140
»000L62 2.2778 1.2Lk6k
000214 2.2751 1.14k469

p~Nitroazobenzene

fa €32 V12
| 0,00200 2,3306 1.14282
001738 2,3232 1.14296
001517 2.317h 1.14325
001336 2,3089 1.14352
4001234 2.3077 1,14360
000803 2,2957 114397
2000554 2,289 1.14423
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TABLE I continued

Tetraemethyl-p=-phenylene diamine

£2 €10 V12
0.002186 2,279k R
001617 2.2781 1,156
001098 2,2767 1,15473
000632 2.2762 1.3478
2000360 2,2750 1.14463

p»Nitroascbenzene

P €12 V12
0.002272 2.3348 1.14292
001887 2.3236 1.14333
«001572 2.3151 114375
;cmml 2.3047 1.14502
000787 2.2925 1,103
000352 2,2802 1,14482

pyp'~Dinitroazobenzene

2 €2 Y12
0.001292 2.2775 1.14299
000990 22770 1.14337
000836 2,276 1.14365
000611 2,276k 1.143%
000377 2,2760 134433
.000219 2.2763 1.1Lh62

23
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TABLE I continued

P sp'~Tetramethyldiamino azobenzene

£ 83_2 V12
0.001555 2.2847 | 1.2s343
«001003 2.281) 1.14396
000565 2.278% 1.14439
«000L 35, 2.2762 1.14452
«0C0280 2,2764 1.14468
000152 2.2751 1.1h475

p-ﬁmzalamiﬁaazobanzene

£a 512 vi2
0.001316 22829 L.14352
«0006h; 2,2792 1,1h422
000304 2.2756 "Lo1hk6h
000098 2.,2735 1.24471
.001126 2.2798 1,14385
«00091L 2,2788 1.14402
+000L95 2.2763 1,1hihg
000247 2.27h9 14471

2L



TABLE I Continued

p~(p~Dimethylaminobenzalamino ) azobenzene

E

5 12 V12
0.000977 2.3038 1,14369
000876 2.2983 1.14379
000710 2,2950 1.14397
+000529 2.2892 1.24428
.000353 2,2847 1.1LhsL
000169 2,2802 1.1L475

p~(p=Toulualamino)~azobenzene

2 : »e 12 V12
0.001228 2.2845 1.14362
«001013 2.2824 1.14385
000555 2,2786 1.14433
.000365 2.275h 1.24457
000165 2,270 1.,1hh81

25
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TABLE IX

DIELECTRIC CONSTANTS, SPECIFIC VOLUMES, MOLECULAR REFRACTIONS,
AND DIPOLE MOMENTS IN BENZENE AT 25°C

p~Aminoazobenzene
2,2735 9.65 1.2L487 0,755 191.5 65.42 2.48
p-l\Iif;.roazebenmene
2.2721 27.62 125518 =0.,9780  L60.8h 67.54 1,38
2.2737 27,60 ) 1..1!&!&78 | =0, 9706 460,26 67.54 L.38
p=p!=Dinitroazobenzens
2,2755  Lk67  1.1hk9l “1.1486 79.9 73.03  0(0.78)
) Tetramethylwp-phenylenediamine
2,27h2 2,477  1.Lhok =0, 2406 86.8 52.57 1.29
pep!~Tetramethyldiaminocazobenzene
p~Benzalamincazobenzene
2,2729 7.217  1.1hLh8k -=0,913 182.1 97.8 2.03
p~(p=Tolualamine ) =azobenzene
2,2725% 9.7h 1.14498 «1,111 208.9 102,42 2.47
p~({ p~Dimethylaminobenzalamino)-azobenzene
2.2736 30,19 1.15497 -1.320 527.5 110,93 h.51
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The theory of resonsnce’ has greatly facilitated the interpreta-
tion of electric moment data for certain types of complex organic molecules,
The observed moment is compared with that caleulated from vond or group
moments by vector methods, assuming free rotation ebout single bonds,’'*0
Any sppreciable deviation from the calculated value is taken to indicate
that steric factors or contributions from resonance structures or a ciire
bination of these are important.,

These principles have been used in the present work, the study of
the electric moments of some derdivatives of ascbenzens and related come
pounds substitnted in one or both para positions, Azobenzene itself
exists in eis snd trans forms having electric moments of 3.0 D¥ and gero?®
respectively. However, the ¢is isamer is relatively unstsble, being pro-
duced from trans-azobenzene by'zhe action of ultraviolet light. It has
been assumed that the azobenzene derivatives used here had the trans con-
figuration, precauntions having been taken to shield the compounds from
light except for the duration of the measurements.

Some eleectric moments have been reported for various simple para-
substituted derivatives of azobame;ms.al’zz The values noted were close
to thosse for analogous benzene derivatives with several exceptions:
p~sminoasobenzene and p~dimethylaminoazobengene had moments much larger
than aniline and dimethylaniline, respectively. These facts led to an
investigation of some derivatives of dimeihylaminoazobenszene substituted
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in the p'~position,?3 1t was found that an emhancement of rescnance
occurred when groups such as 1392,. SCK or haiogens which are strong
electron acceptors were para to the direilylaminoc group.

Enhancement of resonance 1s observed m certain benzenc derivatives,
a common example of which 1# p-nitroaniline. In this compound the amino
ad nitro group moments are not collinear since the former group is not
axial., Thus, one would expect the moment of pepitroaniline to be less
than the sum of the moments of aniline and nitrobengeme, which are 1,53 D
and 3,95 D, respectively, when measured in benzene mlution.zh VYalues
reported for this substance in the vapor and in various solvents are in
the range 6,0-7.0 9,25’26 greater than the c¢alculated sum (5.L8 D)., The
amino group, which tends to repel electrons toward the ring, and the
nitro group, which is electrop-attracting, reinforce one another and a
fairly large contribution from the structure,

* + 0
H1N=©: \/ -
0
is indicated. A similar situstion exists for p-nitrodimethylaniline,7

-

and for comparable gzobenzene cor

ds the effect should be more pro-
nounced since the charge sepaeration in the corresponding resonance forms
would be over twice as great. This can be illustrated by structures pro-
posed to explain the high values of the electric moments of p-~thiocyano-
p~dimethylaninoagebenzene (I} and pw=nitroe~p*-dimethylaminoazobenzene
(11).23
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NG5 ) N-N=®=§ (CHy,
I

_0,N=®’:N-N=®=N(CH3),.
II
In the compounds studied here there is further evidence for this
exaltation of the dipole moment. Thus the moment of nitrobenzene is
3.96 p?? in benzene solution, an increase of about Oy D over the

aliphatic nitro compound, nitromethane. This is due to the large moments
of the relatively unstable structures, (III, IV and V).

\ *10~ .""0 - & ",0-
(N - N ¢ ONC
111 * oy v 0
in which a large charge separation occurs. In the aliphatic series

there is no possiblility of resonance structures of {this sort and only
nitre group resonance and inductive effects contribute to the electric
moment.

The substance p-nitroazobenzene investigated here has another ring
and two more nitrogen atoms over which the charge may be distributed.
This leads to structures in which the charge separation is even larger

and the observed moment of 4,38 D is larger than nitrobenzene, (VvI, VII, VIII).
+

o= N*@Nfg_ +©=N—N=C>=ﬁ:g:
VI VII

* -
@-N—N=©:N(0_

VIII
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There are also equivalent stracturss in which the charge is at the
orthe positions of either ring, IX being one example,

+ -

=N

‘ 0
ped
A mentioned above, aniline has an electric memsnt of 1.53 0,28 witn
structures sush as X, XX, XII, eonteibubing,

- @:NH,. @:NHm @-_-N Hz

b 4 ) &4 X1
Por the corresponding azo ccmpound a value of 2,48 D was found in this work
Mimtiag stabilisation of the moleouls by resonanve involving the phemflazo

group, a8 in XIIT snd XIV, ‘
- ©=N'N =©:K|.H,~
X131

- +
OO,
xiv
group, which can best be studied by anslogy with the bensalaniline series of
WMI&.

The dipole noments of bensalaniline and some of its derivatives have
been investigated?® and bensalaniline has besn reported to have a moment
(1.55D) essentislly equal o that of aniline (1.53 D). Contributions fyem
structures mich a5 XV, XVI, and XVIX




O DEn-0O-
Ol

XVII.
where the charge separation iz not ..uuably d__ifi‘orent from that in aniline
itself, could explain this agreement.2’

Evidence indicating that the above compounds have the trans configura-
tion about the «C«N bond is found in the moment of p-chlorobengylidene p=-
chloraniline, (1.56 D).Bﬁ which is the same a- benzalaniline, The phenylago
derivatives of these compounds, which were studied here, have been assumed
to have the trans configuration,

Benzalaminoagobenzene has a moment of 2.03 D, as found in this work,
this being larger than that of benzalaniline by 0.48 D, This increment is
only half as large as the incorement observed for aminocazobenzene over aniline
and may be traced to the replacement of amino hydrogen atoms by the bengal
group, This group may participate in resonance through such structures as
XVIII and XIX.

+ COEN-C)-Nn- (O
v

IVIII
D inOmn-O-
H
XIX

a contribution from a structure placing a negative charge on the benzal
carbon atom (XX) also being possible,

ho



Opn-Om-O-

The last structure would not be as significant as the others since the
electronegativity of nitrogen is greater than that of carbon. However, it
could contribute enough to account for the observed difference in increment
since it produces a moment in opposition to those noted in other polar
structures, Other structures can be written which tend to place a negative

charge on this carbon, e.g.,

- +
Qe
H
XI1
these would imply an exial symmetry3l through the adjacent double bonds and
this is not found by an X=ray invesgtigation of agobenzene 32 Sueh structures
evidently make no contribution to the ground state of the molecule.
In p=(p-tolualamino)-agobenzene the cbserved moment, 2.147 D, is larger

than that calculated for p~-tolualaniline {about 1.95 D), indicating that
gtructures such as

OO -
" XXII

e te e
H

XIIT |
which are analogous to those postulated for benzaleminoazobenzene itself,
contribute appreciably to. the ground state of the molecule.



Since the moment observed is higher than that for benzalamino
azobenzene by O.4 D, the moment assumed for the methyl group, the
structure in which the carbon assumes positive character must make a
more significant contribution.

The substance pw(p~dimethylaminobenzalamine)eazobenzene has &
moment (L.S1 D) which is larger than that of pedimethylaminobenzale
aniline (3,60 D).28 1nis reflects the increased ability of bensalaniline
to accept eleectrons as a result of its conjugation with the phenylazo
group. Struetures with large charge separations would account for the

(CH, ,N= @:ﬁ-N:QW-N;@ _
(C H,)‘Kk@:gN: @;N-ﬁ_Q

increment of 0,9 D over the benzalaniline compound,

The compound p,p'edinitroaszcbenzene was studied to obtaln evidence
that these substances were really in the trans form. Since the nitro
groups are coplanar with the ring, the resultant moment should be zero,
There are probably several reasons that the value observed, 0,78 D, should
be gonsidered not i‘undamentany different from sero. As noted in the
theoretical section, the molar refraction should be measured in the infra-
red region of the spectrum, When aod_ium D line is used, one assumes the
molar refraction to equal the sum of electronic and atomic polarizations,
This causes no serious difficulty until the moment is below 1,0 D, in which
case the latter quantity can be significant., Many workers, especially
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in England, assume that the atomic polarization is ten percent of the
valus found for the molar refraction. Since we used molar refractions cal-
culated from bond refractions instead of refractive index values, and the
mowent is less than 1.0 D, this latter correetion should be applied. The
result is avdlue of 7.3 cc. for the atomic polarization, This is quite close
to the value for the difference between molar polarization and molar refrac-
tion, 6.9 cc.y used to get the final dipole moment, On this basis the
electric moment of p,pt«dinitroazobenzene is indistinguishable from zero,
The fact that the nitrobenzene itself has a reported atomie polarization of
3.8 %..33 and 1,3,5, trinitrobenzene a value of 12,0 w.,% makes the figure
of 73 ¢c. for the dinitroazobenzene compound appear not an unreasonable ons,

In addition to such considerations, the low solubility of the substance
in benszene made the experimental error greater than normsl. The solutions
were all saturated soclutions and the concentration may have been altered by
alight precipitation of soluts during the measurements, although this eould
not be detected,

In such solutions the bensene solvent msy associate with dinitroaszobenzene
to form a moleculsr compound. Then interaction of the nitre groups with the

1T electrons of the benzene ring could disturb the symmetry of the azo com~

pound and give the small moment noted, Unfortunately, the magnitnde of such
an effect is hard to determine quantitatively, while the atomic pelarization
econtribution estimated from the molar refraction has some foundation in experi-
mental work and is to be preferred in explalning the discrepancy.

One aim of electric moment studies is the computation of the moments
due to individual groups or bonds in different environments, Such data,



vhen available, assist in the caleulation of mements to be expected
for molecules, containing the group or groups in question. The moment
of pspt~tetramethyldiemincazobenzene (1,95) was used in conjunction with
that found for dimethylaminoazobenzens®? (3,22) to calculate the moment
of the dimethylamino group in azobenzene compounds,

The procedure involves application of the Law of Cosines for vectors

to the group moments and resultant total moments in each compound. Assum-
ing free rotation the equation

/42 *mla *aza * 2mmy €08 O 208 $y eeaqiz is obtained,
Where M = total moment, my and m, are bond or group moments, O is the
angle between the axes about which free rotation cccurs and ¢ and ¢,
the angles which the rotating vectors make with the axes of rotation,
For p-p'+«tetramethyldiamincazobenzene, this equation becomes

(1.95)% = 3,80 = 2n°v2n? cos® %
while for pept-dimethylanminoavobenzene the equation becowesn

(3.22)% = 10,40 = (0.5)% + 2°~0.8m cos ¢
since the moment of the C-H bond 15 estimated $o be 0.k D3 with & =
o® {the negative end of the dipole being toward the ring).

By eliminating ¢ between these equations and solving the resulting

expression

21,1222 + 101,72 = ©
for m, it was found that the roots were m = + 3,70 and m = + 2,73,
Negative values of the group moments were disregarded as lacking physicdl
meaning and the positive values wers used to calculate the angle ¢ .



This was 22%2¢ for m = 3,70 and 36°7' for m = 2,73,

In a similar msnner, the moments of tetramethylepephenylene-
dismine (1.29) and dimethylaniline (1.53)26 were used to get a value
for the dimethylamino group moment in benzenoid compounds, The values
obtained were m -»'}'1.92, P = 28971, end m = 1,28, q> - 1s%0,

The fact that the original set of simultaneous equations is satise
fied Ly two different group moments and their corresponding angles
poses a problem in that there is no sparent basis for choosing either
moment~angle palr as the desired one, However, in nelther azo nor benzenoid
type compounds is the group"mmmt along the direetion of the nitrogen to
aromatic carbon bond,; regardless of the moment and angle used., The failw
ure to cbtain a unigue solution of the equations may lie in the assumption
of complete freedom of rotation which determines the equations to be
solved for group moment and angle, Although molecular models give no indi-
eation of stiric hindrance in these substancesz, there may be relative
spatial positions of the dimethylamive groups which mlnimize the potential
energy of the gystem, In such a case the equation for the dipole moment
assuming free rotation would be altered in some unlmown manner, which
could glve two results instead of the single unambiguous sclution desired,
i.e,, one angle and moment for the dimethylamino group,

The estimation of an electric moment for p-tolualaniline, for subsew
quent comparison with p-(p-tolualamino)~azobenzene, presented a problem
singe benzslaniline can participate in resonance, A calculation of a group

moment for Ph-C = K= from two derivatives (pechlore snd penitrobensale
H

aniline, for example) is not feasible, Therefore, the p=tolual compound
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wan ssewmad o have & monent O D grester than thet of bensalaniline
{fp= 3.55)« Them the remiting wvalue of 1.95 D was ccmpared with
pe{p~tolunlsnion)~ancbensene (1= 2.47).

The data for prultresschenzane were used to determins the effect of
ohgurvational errors e the valuse found for molar polarisation and
slestric soment, The estimated srrors are ¥ 5.0 sc, for the melar polar-
Ssatian i * €06 B for the slsctric momemt (eee Appendix). Only »
Values obtained in the gas phase sre assumed $0 be best sinos the melscules
data are svallable for ihe same compound, ithe difference noted is fyom O
to Us3 D In a grest nuber of cases, The eoapounds used here conld not
be conveniautly studied a3 zases 20 it was aspumed thal the slectric moments
chssrved are correst to several tenths ¢f & Debye.. In reslity, the
sbaoints values are mwmmmuwwmmm
magnitude as compared with similar bemsencdd type substances.



APPERDIX

Using the data for penitroazobenzene the deviations of the experi-
mentel values of dielectric conatant versus concentration (Figure 9)
and specific volume versus concentration (Figure Li) from those on the
best straight line through these points was noted., From these figures the
average deviastion for a single reading was calculated, A summary of these
results is presented in Table III with the absolute values of the individ~
nal deviations used to get the avarage.

The effect of such errors in the final value for molar polarisation
is estimated by using the total differential form for expressing P as a -
fanction of £ and v,

OP de + OP gv
ar = "O¢ .
v
By ecembining equations (28) and (27) one sees that
- Eypml Mot oMy 8y Pyl

z ?121 Nt I

which, on partial differentiation, lecads to

5 , M2, My )
2 - (e 3:2)5 ry
€1, 12 2

Choosing from Table I values of a dielectric constant (2.3151) and

specific volume (1.14375) for a given intermesdiate solute concentration

{0.001572), it was found that

L7



TABLE III

BSERVED AND CALCULATED VALUES OF DIELECIRIC CONSTANT
ARD SPECIFIC VOLUME OF P-NITROAZOBENZENE
IN BENZENE AT 25°C

Dielectric Constant Specifie Volume

Observed Least Deviation Obaerved Least Deviation
} Squares Squares
2.3348 2.3346 <0002 1.34292 114297 00005
43236 «32h0 «+000L «11333 <1433k 00001
<3151 23152 ~0001 14375 ~114365 00010
<3047 «3047 0000 2243102 «Ugh02 00000
«2p25 294k Q019 «14ith3 «LlikhO «00003
.2802 2815 0013 <1hiki82 ~1bL82 00000
2.3306 2.3305 ~0001 1,14282 1,14278 ~00005
.3232 3221 0011 14296 «14307 .00011
a7 3160 000} ~14325 14328 00003
3089 3087 0002 JAN352 14347 +00005
3077 «3079 +0002 14360 +AU357 «00003
«2957 «2968 0009 4397 111398 00001
<2894 .2894 20000 k23 JUk25 00002
Average 0,0005 Average 0.,00005
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‘g%" 93100,

The dependence of molar pelarization on specific volume 4is found to be
E, -1 ;
g‘% ) Zi;z | Mfinm = 900,
Thens since d € = ,0005 and dv = ,00005,
dr, = 9100 (.0005) + 14900 (,00005) = 5,30 c.c.
The effect of such an error in molar polarivation on the final
moment 1s determined by considering the moment t¢ be a function of the
polarisation only, i.0.y

ap

Since

/'( - 0.0128 V (Pa"mnz)r 73

M = (,0128
7‘?; === y‘ﬁ':%;a. ”

vhich, on substitution, gives

5’%’;‘ = 0,0056,

Thiz in turn leads to an estimated error in dipole moment dus to une
certainty of the polarization value,
d 4= * 0.03 Debyes.
The molar refraction is also a polarisation term which does not
indlude the orientation effect and the equations for molar polariszation
and reffaction are of the same form as shown in the theory section,.

Ly



Thus, in the absence of refractive index data, it was necessary to
assume the molar refractions calculated by adding bond refractions

to be subject to the ssme error as the molar polarization, * 5.30 c.c.
This results in another 0,03 D error in electric moment if it is con-
sidered as a function of molar refraction alone. The over-all result is
a value of the electric moment with a probable deviation of ¢ 0,06 D,
for compounds with moments of about 4,50 D,
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This peclering is necegsary 1o relieve the stralin wilch would exist if
the mistalss were 3o De planars & in bemsenoid compounds, Thas a
badral angle of JO"25%, & tendency relloved Yy puokering,

sxyetal atudine® gnd studies of the delydregenation of sterels by Disis,?
mmwmmmm that the stervls ware esspon~
mumwmm Mﬁmﬂmmmw
wisien of the criginel structare of ¥islend and wWinfame




The description of steroids used here is that proposed by Fieser® and
extended by Reichstein and Shoppee.” This representation includes both
the number of the position and the position of groups above ( /3) or below
{ o|) the gemeral plane of the ring system,

How the perhydro=-l,2-cyclopentenophenanthrene system has six centers
of asymmetry associsted with the carbon atoms of the A/B, B/C, and C/D
ring fusions. The number of optical isomers is given by 2B, where n is
the mumber of asymmetric carbon atoms, there being a possibility of sixty-
four stersoisomers in this instance, Despite this potential source of
difficulty in separation and identifieation, nearly all naturally occure
ring stercids are related to one of two GS isomers, cholestane and coprostane,
c,l-i3 R

4 Cﬂ_? R

H
Cholestane Caprostane
Solid lines indicate that the atom involved is sbove (/8), dotted lines
that it is below (5 ), the plane of the ring system. The two series of
compounds exemplified by cholestane and coprostane are the allo and normal
series, respectively.



Isolation and study of products obtained in reactions or degradations
involving sterols led to the conclusion that the A/B, B/C, and G/D ring
fusions ars trans, trans, trans in the allo series and ois, trans, trans
in the normal series, respectively.® Optical and Xeray diffraction data
tend to confirm these configuraticnal restrictions which reduce the
musbey of possible isomers from sixty<four to eight, these evight forms
differing in the individual orientations of the three ring jundtions. The
stereochemistry of the nucleus requirss correlation of the asmymmetria
centers at Cg and 39 with those at 039 and Cylye In other words, the orienta=-
tions of the groups attached to these carbon atoms muast be determined,

The reference point for such a discussion is the Cyq methyl greup
which 1a assigned the /3 configuration., If androstane is taken as sn ex~
ample, there is a choice of four struoctures, shown below as I, II, III and
IV, each of which has a mirror image,
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Xoray diffvection yesults and sase of Sshydration of 1im /S ehydroxy
mumﬂmmmﬂmﬁ«mmﬁazwbm
sorveot sirustare for sndrostans.’

The geometry of sborods is largely dependent wpon the constituent
vings Lavelved, a0 & comslderation of the strusture of eyelohsxans ia
tmpartanty  Uyelobexane exists in dwe "strainless® ping forme, $he chalr
{(2) mnd boat (C)s Yhess sterecisomars ramids from the necessity for
mininining the stenin which wonld be preswnt in o plawer saturated ring
of this wive.

GFf the twe formsy the chaiy Lo the nore stable Yy some 5«30 kiloesl,/
mole.t his 18 ot surprising fn view of the wobual vepulsion of the
WMM%M&W%W@M

Ons Anteresiing festure of Leth forms of oyelohwcstws i the faot that
the Nydrogen atows fall fnts tws distinet ulesses, pelae and equatorial,”
The poler bonds ave siternately above aod below the plane of the ring and
r t6 Shde plane, Thes thers are thres such bonds on each side
Mmm The equstorisl boods lin eseedtially in the plane of tiw
Fing in all ofx coswss In the boat femmy the two bend types are distinguishe
able only whon scowrring as & stervschenically anasbiguous strucsture with
double lookings Levey whett Sncorporated in & tricyvide strustare, In soch
and the remsinder are verticel in the opposite sense, The transs O »
dewoalanes given below appear to be exsmplen,




Now in the cholestane, or alls, series of atercls, XI-ray
erystallography work indicstes that carbon atoms 25 3, S, 7, 8, and
10 2e in & plane separated by 0.778* fyom apother containing carbons 1,
$» 11y 13, and 3, This arrengement corvesponds to the androstune
stractupe discussed shove sand implies that rings A, 8y and ¢ all possess
the Sachgewdohr chair configuration,™ st least in the orystalline stats,
However, by thermsl busbardnenty ring A 0an pass ever %o the boat fomm
with ends &t Oy end Cyp by relative motSon of gy Cyp #nd O) without
disturbing the remetnder of the carbon skeleton.

In the A/Becis seriss the caly unsebigw
the wings wre chairs though the union is ois, This configoration is
Zavored by Bastisnsws sud Hasssdi? on the bagds ef thelr electron dife
Lxnotion reaults, It baw the disadvantege of predicting an Leshaped
molscule rather than m~mummm_mwn«1m Tngay
snalyuis,d3 However, Serton hae found that for the cis and trans decalins, 1

pus strustare 3@ one (b) in which

the stability sequense s adYbYe.
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Thts ¥ 39 agresmant with thermel dete™ and the above-mentioned
avpunen Lorm b the more stable in solation while intermelecular foress
sot 0 welkte form ¢ the fawored Asoner fn the solisd,

¥he Jow energy barrier inhibiting chairwbost interconversion in
e forms. To wupport of thisy 4t wes found that the ealoulsted slectris
momente of yelobhexsneel ivdione in 2 wnd © Lforme wre sero and L1 D
respestively, while the cbserved widus 48 1,2 B,3° Frem these date 1%
vas deduced thet the chsir form constitutes ninety percent of the equis
Ibriom sixtare, In sone stercls the A ring doudtless participates in
mch an equilibedum so the retic of the two forms should bLe detodtsble
by similar measurenents, wmmuwmmmmmmmrm
pair of compounds with the resuls thet ring A was found €0 be eightywsix
peresst % form.t!

A majer sbwye of the stysctural infermation concersing stercids
1 derived from studies of tholy resctions and degradation producty
sbtained, However, the methods of & physisal-shemical nature have aleo
been valuable end are becoming wore so, Thus Bernal's'? gryetelisgrephie
studies led to » sipgnilicsnt revision of strocturs whille electron 4if»
frastion resulis’® have contvibuted grestly to the bastc ideas concernw
ing the geometyry of the stercl nucleus, As entieipated in mslecules with
auysmetrie carbon atoms, optical rotaiiom has beon s» important funtor
in distinguishing between leomers, Indesd, 2 method based on molecular
votation differences has been useful in eluweldating the strustures of
sone unssturated wherols,®



In gterols with polyene, unsaturated ketone, dienone, and like
groupings, the position and intensity of the principal absorption
maximum in the uliraviolet region have been correlated with structural

features .19

However, the infrared spectrum has been the source of more
specific information of a different type, namely the association of
various absorption bands with motions of the substituents and the

positions of these groups in the moleaule.za

This technique is used as
a eriterion for the purity of sterols. These are prepared by reaction
sequences which almost inevitably produce contaminating impurities that
mst be removed from the desired compound, Completeness of such removal
is reflected in the infrared spectrum of the desired material.

The preceding physical methods all depend on optical properties,
in a sense. A somewhat different sort of measurement, that of electric
moments of gterols, has been used in recent years also. Thus, the electric
moments of several large groups of sterols and bile acids are recorded in
the 1iterature.”* These data and other work mentioned above*! made
electric moment studies of other such molecules appear to be a useful

method for learning more about the structures of the steroids.



EXPERIMENTAL
Densities

The density values were determined at 25°C, using a modified
Ostwald pycnometer. All weights were corrected for the buoyant effect
arising when weighing in air with brass weighta,

Dislsctric Constants

The dielectric constants were measured by the hetercdyne beat imthcd.
the details of which were discussed in the experimental section of Part
I of this thesis.
~ Since the weight of sterols obtainable was 0.5 grams in most ine
astances; emaller volumes of solutien were necessary to achieve a desirsble
range of concentrations for the measurements., Consequently, the fifty
milliliters required for dielectric constant measurements in available
cells was excessive, so that a new cell had to be constructed, It conw
sistes of three concentric nickel cylinders with the middle cylinder at
high potential and shorter in length than the two grounded cylinders. In
eontrast to the cell used previously, the outer nickel cylinder siso served
as the external wall, no glass envelope being required. The cell required
& volume of ten milliliters of solution for a measurement, As is evident
from Figure X, the solution was added from the top of the experimental
e¢sll which was evacuated before addition of the solution, This latter
precaution was found to result in more reproducible e¢ondenser readings,
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Figure 1. The exverimental cell used for dielectric
constant measurements.




probably by preventing air bubble formation. Since bubbles were un-
cbservable if formed, three condenser readings were taken on each solution,

The average of these values was taken to give the dieleciric constant of
the solution inwvolved,

The solvent used for these compounds was dioxane

obtained as practical
grade material and purified by the method of Fieser<® to give a produst
of density 1.0278 and refractive index 1,4200, both measured at 25°C. The
purification method involves acid hydrolysis under nitrogen for twenty-four
hours, followed by neutralization with potassium hydroxide pellets and
separstion of the resulting two layers., The dioxane layer was then refluxed
over sodium for twelve hours and stored over sodium in a dark bottle until
required. The affinity of dloxane for water msde frequent checks on the
density of this solvent mandatory.

The compounds were obtained from the Upjohn Company and General
Biochemicals Company. They were used without further purification, since
they had already been purified by chromatographic separation and the amount
of sample was too small to sustain the losses involved in any further treat-
ment of this csort. However, the melting points were checked on many of
the compounds and in.all cases were fouml to be quite clese to knoui
literature values, All melting points are uncorrested (Table IIX),



CAICULATIONS

As in Part Ope of this thesis, the calculations of molar
polarisations were made with the ald of Equation 30, The disleotrie
eonstant and density data required were cbtained from measurements
on five or six diaxane sclutions of the sterols in the concentration

range 0,0001 « 0,001 molar, all messurements on a given group being
taken on a single day.



RESULTS

The experimentally determined dielectric constants (£;,) and

specific volumes ("13) of the dioxane solutions at 25°C ars compiled in
Table I. The graphical plots of dielectric c¢onstant and speeific volume
versus mole fraction of solute (fz) are shown in Figures 2-31, The slopes

A' and 4 ¢ and the intercepts at infinite dilation £, and v, of the
straight lines so cbiained are listed in Table II along with the values of
molar polarization of solute at infinite dilntion (r"z) caleulated using
Equation (30). The molar refractions (m°n2) caleulated from empirical
constants and the electric momente obtained using Equation 2i; are also ligted
in Teble IX.



RESULYS

TAULE I

DIEIBCTRIC CONSTANTS AKD SPECIFIC VOLUMES OF THE

DICTANE SOLUTIONS AT 2%°C

s S o e ned
£2 €12 Y12
0.003226 2.2452 097208
002668 22405 07207

LM 589 22263, 97232
«001111 2.22)1 «97253
000672 22154 J7262
11 oA «liydroxyprogesterens
£, €32 V12
a,mgggg. \2.3773 0.97147
«£02321 2,262 7195
<O0ILTS 2.2462 97236
+O01061 2.230% | 97228
000521

2.222h

13



TABLIE I eontinmed

113 «Hydroxyprogesterone

z, 812 V4o
0.003651 2.,2781 0.97130
«002890 2.2731 «IT169
4001762 2.2496 97207
02036 202328 97286
« 000668 2,228} 97264
l-Ketoprogesterone
£, & v,
0.003177 2.2922 0.97434
«002605 2.27Th «97163
002040 2.2582 «97182
001770 242553 97150
001168 2.2376 97222
«00731 2.2271 97218
| 17 A <Hydroxyprogesterone
%5 €12 V32
0.003364 2.2701 0.97125
002617 2,2558 9716,
+O020L9 2.2437 STATT
001564 2.2364 97208
«0005LT 2.,2182 «97230




TABLE I continued

nd,

o

114

«97230
57233
97269
«97256
Fray




TABIE 1 contimed

25 | | Pmm-sg:,m .

‘ @twm 22621 097337
JORETE 2,253 «9TIL8
01978 2,238 JIT193
SHULEED 2,2330 JST22
+OO%060 2,2250 297235
#L00893 2.2184 » 97246

1A wiipdroxypregnanes3,20«dione
£ | £ 12 Vya
0u003 To.2553  0.T165
< e2h50 1177
2.2254 JT221
242218 +97235
2.200 +97251

16



TABIZ I continusd

£000758 2.2240 8 qat
«0001526 2,370 o <9722

17



SO01962 2,270 5707

001558 2,2558 57087

003115 2.2530 9732

<0007k 2,2296 S99

SO0kl 2«%@8 97215
V2

0.97225

91208

97226

.00151% 2,226 T18Y

000983 2,205 971249

«O00E59 L | 2'2118 | | 7242




TABLE 1 contissaed

Allopregnanan3ylly 20«tricne
Lo 612 A"
mm | Rﬁﬁét” 097155 |
SOO2IPE 2.,2579 97159
+OTL 2,2457 97204
~OOA3I56 2.2349 7203
~O00992 2,227 S22
;WB* | 2‘«3153 FT2h3
11 K «Hydroxyallopregnane=3,20~dione

L2 £ 32
0.003260 242543 0,972
002733 2.2h63 «FTI50
01985 2.2362 «ST292
~O0R1h2 242295 « T
#005L8 2,2230 «I7228
O00KI0 2.2162 «J71253

2

T 2,231 o,1228

2.2339 «J7206
2,2280 97230
2,224 #9T251
2,234 ~71276

19



TABLE T eontinued

2

097256

2e2h69 «I7263

«002331 2.238, 91257
SOURLTS 2.,2308 1276
~OO0P28 2,2232 97264
000506 2,2180 +97325

Pregaenclonew3«methyl ether
£y € 2
0.003059 © 2.2538 0.97215
~O02504 2.2448 +97280
002008 2.2388 97278
L0552 2,232 97202
L000931, 2.2211 <1293
<O00423 2,2175 97298
Pregnenolone acetale
% €2 2

0,002751 2,237 0.5720
002334 2.2323 97255
«001807 2.2267 97127
~002342 2.2224 97272
+000856 2,2183 «97283

»000397 2,2133 72

20



TABIE T comtinued

2l-Acetaxypregnenclone
2 €2 T
0.002679 2.2513 0.97183
2002530 2.2429 «Fi20k
«~O0LY9S 2,237 7225
«D0X323 2,2286 F1237
+000861 2,2206 7255
»000L91, 2.2168 JT27h
Al-Acetoxyprecnendlone acotate
£, €40 | " o
0,002288 2,2332 0.97211
«O01950 2.2293 97218
«001607 2.2255 97237
L0RLTh 2,222 97249
L0716 2.2177 «J7270
L00L52 2,2139 97293
| 16~B§Wapmgmmm
£, €4, Vap
0,0032%% 2.268  0.97208
002639 22539 o972h2
~002092 2,238 -97213
002649 2,2356 97276
»002107 2,2273 «9727h

«000600 2.,2317 # 37282




TABIE I comtinued

Desoxyeorticosterons
£, €y 2
0.003039 2,206 0,97175
«O02433 242308 7215
002008 2.,2276 57186
«OO2LL? 2.2254 972kl
»0O00884 2,2186 « 77264
+000475 2,206 97268
Eatrone
9. € 12 V12
0.003822 22777 0.97160
003137 2,268 «97228
+O02550 2.25h2 97213
001916 2,215 97253
#002283 242336 «97255
000517 2.2208 97296
o ~Estradiol
£ €12 "2
0,003737 2.2497 0,97172
002993 2,217 STl
L02k42) 2233 +I7220
- ¢O0RB22 22266 «J739
2001052 2,2188 97260
~O00572 242139 97293

22



TABIE I continued

2 €1 vi2
0,003529 2,292  0.97267
002889 2.2451 97268
L02332 2.2369 «J7236
OOUE65 2,226k S7278
£001046 2.2223 97260

L0052k 2.2159 27305

*2 he’ M2
ow02251 | 2.e222 0.97379
002801 2.2297 7362
«0OLLTY 2.2192 7375
001 2,2165 97354
L0642 2.2143 97303
00379 2,200 97300
+002305 2,2228 97333
«001658 2.2202 97301
«001330 2,2176 71323
<O0091) 2,2186 97327

,0005k3 2.2134 97266

23



000536

2,850
2,2048
2.,2338
2.2256
2,218

24

7273
57262

W 97293
7267
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TABLE 1Y

DIRLECTRIC CUNSTANTS, SPECIFIC VOLUMIS, MOLECULAK REFRACTIONS,

AND DIPFVIE HOMERYS IN DIOXANE AT 25°C

ot m

i it .
— — e ———

- €2 ! N B’ P Wy, M
22087 L3k OSTRMh 02031 2UTIL 8993 2.77
2,2097 Eﬁ!»w 916  3.94
_2.2097 22,37 TS  3.92
2.208h 26,20 | 038 fi.0h 4,26
2,2077 18*% 0.97253 | «0 3704 ) 352;&6 ?W _3.57
11 of 417 X ~Dikydroxyprogegterons
2,2085 27.95 0,97252  ~0.,6095 h86,55 92,98  L.38
1) K ~heetoxyprogesterons
2.2078 13,38 0.9726) «0,4388 287.23 100,72 3.02
Pregnanes3,20-dione
2,2082 6,75 0,97296  =0,3082 179,25 9040 2,08
Pregnana«3,11,20-trione
2,2082 16,84 0.9728l  =0.455% 325,19 9641 3.2&
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?éﬂ?ﬁ_ | 15«99 M‘l’%‘i «a.% m.n:s 1.5k 3.20
3 of 3T o »Dibydroxy-2le=broncpregnane~1il,20-dione
2.2017 2?&6 0972k  -1.2019 515,19 :m.z;? ha50
30 AT -amam«wmmmm
&m 3149& mWM *Mlh? 532.32 muaa L.8S
wmwm A Wmms.u,m
2&08? 2&.:70 %mw -Mm Waﬁh 96,80 h.2
u‘-em»mamnm»m A wigpdroxypregnane=3,ily20etrione
2.207% 23.59 a.msa -&..Bﬂﬁ M.SS. 104,57 405 |
L Bromowl? of Wb&mmﬁ;u;m
a.u’w?é 30.h2 0,97260 -.m:w 539.?7 mm L.58
u-cmmw RyUroxyEleacotoxypregnane
2,2078 30,77 Q*W w00k 543.64 m.as | L6L
MWWEM
2.2083 6461 0, 97262 | 0,185 17954 $0.40 2&9
Alopregnanes3,1l,20=trions
2,208 2,45 097270 -0,3606 3,25 = 0.1 @ 3.85
Aydroxyallopregnane3,11,20«trione
2.2060 AL A6 ﬁ.méﬁ -0‘085& 300,62 .94 3.28
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TABIE II continued

1 1 o
2l-Acetoxyallopregnanedione

2,200 10,22 0.97288 00,2710 264.12 103,50 2.6}

' Pregnenolone

2,2087 15.08 0.97297 =0,1320 304,03 91.45 .22
Pregnenolone«3-methyl ether

2.2120 13.40 0.97302  -0,0883 280,18 96,18 3,00

Pregnenolone acetate
2.2095 10,00 0.97305 0,230 239,50 100,51 2.60
2l-icetoxypregnenclone
2.,2065 16,87 0,97293 =0, 14106 339._39 102,37 3.40
2Q~=Acetoxypregnenclone acetate
2.2088 10.57 0.97299 «~0.L0LT 266,96 113,26 2.7k
16~Dehydropregnenolone
2.2075 17.58 0.97311 «0,3185 331.315 91,01 3.43
1é«Dehydropregnenclone acetate
2.2100 12,53 0.97291 -0,2338 275.55 100,35 2.93
Desoxycorticosterone
2.,2100 10,15 0.97302  ~0.4133 229,22 89.73 2.61
Egtrone
2.2120 17.07 0.97320 ~0,4188 348.24 76.66 3.64
of ~Estradiol
2.2080 10,80 0.97307 =0,3628 223,60 78.17 2.66
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TABLE II continued

€y <’ ! ' P, =, M
Adrenosterone
2.2000 3714 0.97320  -0.5688 608,62  60.TL  5.09
Dehydroisoandrosterone
2,200 13,74 0.97288  -0.0635  29.36 82,21 2,86
Dehydroiscandrosterone acetate
2,2095 .56  0.97322 =0,2848 309.62 91.58  3.26
Stigmasteryl scetate
2,2227 L.798  0.57286 «0.5550 210,98 133.81  1.94
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 iting Foint  (°C)
Obmorved  literstars

lz8 128
1667 66T

A7 1725
175e6 175-7

220=3

200,5
10 Pregoane«3,11,20«trione 159-160 15860
11, Allopregaance3,1l,20-trions 213-21L 2115
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TABLE III eontinued

Melting Point (°*C)
Observed Iiterature

| 18, h-mﬁwl'fd wiydronypregnanes
3,11,20«tri0ne

pregnane«3,11,20-trione
20, Adrenogteronse 217-20
21, 2l-Acetoxyallopregnanedione 1956
22, oA -Ew;:radiol a7h 176=7
23, Pregnenclone 189w90 190
2. 16-Dehydropregnenclone 213-1) 2131)
25. 185«7 18L-85
26. 173-l 176
27. Pregnenclone acetate =5 IV
28. Pregnenolone-3-methyl ether 123l 12]pes
29. Desoxycorticosterone 137« 1 2=2
30, Estrone 2545 256
31, Dehydroiscandrosterone Ws-7 L8
32. Dehydroiscandrosterone acetate 166,5~167.5
313, Stigmasteryl acetate 138=9

3. 2l-fcetoxypregnenclone acetate

The compounds numbered 1«20 were obtained from the Upjohn Pharmaceutical
Companys the remaining stercls were procured from Genersl Bicchemicals

Company .
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DISCUSSION

Some general corclusions can be drasm concerniag ths strusture
of etarols from an sxuminstion of the vbserved slsciric moments. An
attenpt to use differerces in electric moment ss & criterion for identify-
gated here, Thus, the cbasrved moments of 13X =« and 11 /3 «~Hydroxy~

eH
% cheso C H;

nﬁ SO YNGR

61



M1 & Wird sedy the novmd. aod &

CHy e=o CH; C=O

R, cH

M- 258D Me20D
spatiad sreangenonts of the &4 rings in allo snd noymnl seriss, Froom the
groups sre fros So rotate In either cenfigaureiion slthough the 3 waplmer
night be hindersd by the nestty metiyl grouwps. Tids will be discussed
fostores is wvident fn the obove soapounds alsc. Delod
with & nopent 0,75 P preater than the saturated molesules.




66. C“; "." o

CH

11 « ~Hydroxypregnane-3,20-dione 11 « -Hydroxyprogesterone
M = 3.20D M= 394D
A comparison of the pregnane=~3,20=diones with progesterone indicates an
increase of 0,68 D, from 2,09 D to 2.77 D, resulting from the formation

of the A} double bond,

CHy
My oo cHy
. g iAo
c’ e N
o P
ol ] - L
¥ 0% = - -
Allopregnane=3,20«dione Progesterone
M=202D M = 2,77 D

Thms, a sterol with a double bond in the 4,5 position appears to have an
electric moment 0,7«0.8 D greater than the corresponding saturated molecule.
Although & slight change in the angular relationships of the polar
groups occurs upon introduction of the double bond, the increase in the
total moment is probably due principally to resonance in the A ring. Using
Progesterone (1) as an exampley the result is a structure in whick a charge



separation ceocurs (II), contributes to the ground state of the molecule,

CHy
CHyC:z0 £Hy

, o
T ) et d

o"/ e

b 4 n
Previous evidence for such a resonance effect is to be found in the
electric woments of cyelohexanone?lt gnd isophoronel

CH, CH,

O e
Cyclohexanone Iasophorons
M= 2,90 D M = 397D

where a similar, though slightly larger, increase was noted for the un~
saturated molecule.

Two pairs of sterols differ only in the presence of a double bond in
the D ring.

CH, ¢Hs
 Ghcee I Tanie
oo ! ; !
= C;f’-‘_. . P . %“’. A i
, i i
%ofi\,w Y \Ao 'L\ ~
Pregnenoclone 16~Dehydropregnenolone
Me3,22D M= 343D

6L



Pregnenoclone acetate
A = 2,60 D

The moments inerease by 0,21 D and 0.33 D respectively, upon insertion of

the Amdoublabcnd. This is doubtless a result of a change in the
angular relationship between the polar groups since the distortion of the
five-membered ring whenm the double bond is present changes the position of
the keto group with respect to the 3-acetoxy group.

The effect of introdueing an acetoxy group in the side chain of either

alls or normal pregnanes at Cpy may be egtimated from the momer

for the four compoundis,

cH
y 3

CH3C‘.=0

Allopregnane~3,20-dione
M= 2.09 D

CH4 OAc
T *
CHS C=0
CH |
0
H

2l=icetoxyallopregnane«3,20~dione
M 2,64 D



M =32 B - M whlD
herein Somrossss of Gu55 aad 049 D respectivaly, sre moted upon subsbi~
The slevteds moment of stignastayl acetatey l.9h Dy

i R

stadted here werw asetoxy derivativen. mmwmmm
polar group, T

expected for the prowsand angles involved should point wp uwusual styvetursl
fostares Iin the sterdds, This was carried out saing the group aswents

&b



AR R EERER




revordad in Tabls IV, along with angles measured on molecular ssdels of
refsranss 10 & soerdinate sywtem fixed in the model, The components of
the verisus group mements in Tsble IV on ths coerdinats mxes were estinsted
componsnts for sll fixed polar groups in & molscals produces a total mment
doss not apply where groups cspsble of rotatisn are present 50 Lthese com~
The components gy ny snd ng of the group moments, for the groups
snocustered bare, sre 1listed in Tshle V. The angles measursd for the J-keto
group were used with the moment of cysishexensne (2.9 D) to get the came
pensuts for the J«heto group., Using the moment of isophoroms (3,97 B)
these sams angles gave the compenents of the A“«Jekete grouping. For
ths hindered 17 S-coetyl group there are two good poaitions, charscterised
ring hydrogens, However, only ome of these positions predicts ressonsble
wvalaes for all of the eompounds in which the 17 4 -ascotyl group oeccurs,
Siniiarly, several positions were possible in some instances whers Iyrdroxyl
groups were restricted. Thas position glving the best agressent of caleulsted
of calculation of the moments; those im which &l the dipoles are fixed
snd thoss in whish free rotation should be posaidle. In both categories



TABIE ¥

GROUP MOMENTS FOR CARBONYL AND HYDROXYL GROUPS
IN VARIOUS POSITIONS IN STEROID MOIECULES

x 4 s
3-Eeto “2.47 0,00 ~1.5k
1l-Eeto «l.37 +1,87 *2423
17-Keto +2.1h +2,17 -0.47
3-Keto boat (Allo) 247 0,00 +1,54
3-Keto boat (Hormal) +2.47 0.00 «1.5h
A boygeto =3.38 0,00  ~2,12
17 ﬂ =Aceotyl +1.18 »1,09 *2.47
. 0.00 0,00 +2,00

0,00 «2,00 0,00

173 «Bydroxy =0,90 “LL8  -0.28
3 ﬁ «Hydroxy 0,00 «2,00 0,00
17 A «Hydroxy ~1.29 0,85 =115
3o =Acwtoxy ~1.34 +1.34 0,00
3 ﬂ ~Agetoxy +1.34 +1.34 0,00
114 «Acetoxy 0,00 +0.33 +1.80
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TAKE ¥V « dontinusd

ppropriste group seasnts (m) from Takls IV snd the angles formed by
these vastors with the soes of & set of coordinstes fixed in the
mlecular moded, Thus, the x component is

By * » oos O,
9'WWWWWMMWemmwQMW
wetor,

t 4 x

the paper. By this mesns my » O for eny wibstituent st Oy end slaplifies
The keto moments 1isted ere for the chair form unless otherwise stated,



electric momentes were calculated for sterols, for which dipole moments
have been reported in the literature- but no interpretation of the values
offered. These were considered in addition to the compounds listed in
Tsble III and provided s test of the method of calculation, as well as
being useful for interpretative purposes, The observed and calculated
monents, along with conclnsions, sre compiled in Tebles VI and VII.

Thus, the moments have been recorded for a pair of 3,17-dicnes

recently, 7

CH3 o)
CH
QO
O’/ o> i) !
Androgtane-3,17=~diocne Etiocholane~=3,17~dione
M= 3,10 D /“'305°D

Addition of the components determined above resulted in values of 2,95 D
for both of these, Since the boat conformation should be possible for
both molecules, calculations were made to ascertain the percent boat form
which might explain the observed differences. This was ealculated from

the equation
2 - X j + (1-1)/;52

whvre»/u is the observed mmnt,/ue, md/u p the 1ﬂm calculated for
chalr and boat forms respectively, and X the fraction of molecules in the
ehair configuration. The results indicate that the sllo compourd exists with

the A ring essentially all in the chair form while the A ring has sixteen
percent boat form in the normal compound,

7



TARIE VX

BSRAVED AND CALOULATED MNMEXTS OF THE STEROLS
WITH OKLY PYXED GROUPS

Aniventanes] i T=dime 3.30 2.98 e woat form
Btiochulaneed Lindione 350 295 164 vemd foxm
A Uasndvostense) sl edione 382 359 No beat form
Progoanten3 i), 20etedone 309 hett® o boat form
Alegregnanesd, 1l M0etetocs  JoB5  baB0 Fo boat form
2lXetoprogesterons bei6 20 Ho boat form
Progesterone 27 g 8% boat forn
Adparnutesone S8 b8l 164 Yot fora

e caloulated values were sbtained sssasing the moletuls 40 be An
the il chalyr form. The smounts of boat form ldipted in the last solvom
noments,




This figure is in fairly good agreement with the value of fourteen per-
cent computed by Nace and mx-nar,u for these sterols,

For A k-msbm-s, 17=dione

CH
37
CH

Ah-mamatma 217=dione

M = 3.32 D (cale'd = 3,59 D)
the valae cbserved by Eumler (3.32 D)2} g5 jower than calculated (3.59 D)
s0 no contribution from the highly polar boat form (6.23 D) was expected
or found,
For the pregnanedicnes

Chy 2:‘ ¢; CHy é::‘:s
ey | ] E?ﬁb
0" u o*
Pregnane=3,20=-dione Allopregnane=3,20=dione
= 2,08 D = 209D

the value calculated for the chair structure is 1,93 D in both cases, The
discrepancies can be attributed to five and two percent boat isomer in the
normsel snd allo substances,respectively.
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Hormal and allopregnane-3,)le20-trione both have a calculated valus
of 44,20 D, which is higher than cbserved for either.

Cr

o, CH -
CH,

Q- o

Pregnane=3,11,20~trione Allopregnane=3,11,20=trione
ﬂ'3539” /“3&553

The boat forms have calculated moments of 3,96 D (normal) and 6.82 B

(allo) both higher than chserved so these should not be a factor in explain-
ing the lower moments observed, Also, there is no apps
values observed to differ as they do., Other sets differing only in the

pent reasom  for the

orieniation of the A ring were rfound to have identical electric memembm
The ealculated value of 4,20 D is probably not too much in error since the

obeserved moment for ll-~ketoprogesterove
cH
CH

-
o\\ C=0O
CcH

o”

is },26 D, in good agreement with the former value. The reascn for the
iow observed values is not apparent s0 no ready explanation can be given

heres

Th



Although molecules with A b double bond do not have allo and
normal forms, the unsaturation limite the A ring to a sonfiguration
resembling that of an allo steroid, chair and boat forms being possible
therein. For these substances the moment of isophorene and the angles
determined for the boat 3~keto grouping were used to compute the compenents

necsasary for estimation of percent boat form present in the equilibrium
mixture.

Then for A h-amms.l?-dmmu and lleketoprogesterone

CH

30
cH
o= F
Ak-matemﬂ.l?-diom n-Kntobregoaurono
/4 b 3-82 D /Ll“ L.,26 D

caleulations, uging the calculated values listed in Table VI, predict no

boat form present. However, for progesterone and adrenosterone

CH
e, 453

Progesterone Adrenosterone
/4. 2.77T D /J"S.O?D

(2



oight and slnbeen perest boat forwy respestivaly, ere sudissted in the

A ving squilidrios sixtwre,

 Yeom the preceding discuselon it ie clear that the slectrie mowents
of steruls with snly flued end hindered substitucnte ean be Suterpreted o
torns of steusturel festures of the molesulss, In stercls comdaining fiwed
or grestly hindered substitusote or & Al acorie bood, or Doty the use
of & fwed porition for the kindered growp and the inclusien of 1he reswme
anas offect do the A ping (by ualng the moment of Saaphorons) gave values
bout form of the 4 wing, Tius, the effests considered in the calouletisn
of the alsotrin momombe are coryest in prioeiple snd of the right opder
o magnitude,

Botasans the Ou0 sxis and the group soment s ¢lose to ninety degrees; #c this
of the slesteis mommnt to addition of the sguares of the inmiividusl group
nomants preswity Leve, the oonine tem dissppenrs in the equatioas

plomtont s mm ens wepy cong
In Whis egiatisn the teraw have the seas mesning &8 thet given An Part I
of this thosis, This method wes applied to the aoments of sterols reported
in Tehle VI,




TABLE VXX

3 /3 427 of androstansdiod 2.9 249 Fres rotasten
A Serntromtendioley 5 ;27 209  2.69 Free mtetim
o Scntrostenedioled 5014 299 269  Fres rotstice

: 238 255 TPres rotation
255 2,55  Froe yotatien
266 260 Freo rotatien

3/" " P 2,78 2467 Free rotation
: " 346  Rescnses in A Riug

2.8 Restristion of yutation
by equatorisl Mpdrogwns

2.6h  Rostricted vetetion for
380 o the AL o whgndreayd

‘ rogey , £4x04
n/Wm 3.0 306 mnﬁ

: 06 Less restricted then
I M mu/qow

a8 1 repul
3.57 308  Rydrexyl repulssd by Oy

Pregnenolone 3.2 358 SMght)y himdered
PragaenolsnesJenethyl ether 300 3.4 Sightly hindered




TARIR VII » sontinued

2,60 3.4 Prodadly » combimation
2.93  3.62  of steris etfests and
3,26 3% resonanve,

he32  hohiS  Prie rotation

SA7 b6 27,4 ~hyirexyl restricted

1Y X «iathylisestosterons Lel?! LS AT~ vl hindered

Andvosterons 370  3,5¢ Fres rotation

/ eanaresterone 2.95 350 3 /4<hyirawl rewtrieted

Debpdroiscandrosterens 2,86 3,60 Partial fres fotatien
AS-anodestancle) 2 wonas? 3.79  hik  Some ossillstion probabls

3L 33-70( windrostanediol 2,29 2.9 Beswntially free rotatisa



SJA% 38 D (CaXetd, = LS B) M ® S37 D (Sale'ds @ 4a36 D)
Hon for the 11 of «hydrony groupe Such is not the vase for the 11 5 «isomer,
woere the OR group is mach mearer the meilyl group st the G/D ring Jumsturs,
Using one of two best possible fixed positions for this group, a value of
$.17 D was ealoulated, Such exast agreesant 1s fertuiteus but serwes 0
mmmmm&w&mammuaumwwm
repulsion,

For 17 wmethyitestosterons

A7 A =ilethyltestostarons
e 1,17 D (Caletds ® bakiS B)
the obsarved value would suggest o hindvenge of the aleohel group, une
dotestadle on sxsmination of the models, lLowsver, the sutual repulsion of
the twe bulky methyl groups could econceivebly distert the D ring enough



to cause interference of the hydrogen atoms with the alecohol group. The

models used lack the flexibility required for observation of such an effect
if it is important.

Androstercne and its ﬁ «igomer have equal calculated moments but
different experimental values were found

CH,(/O

‘w' ’:'I
Androsterone /3 uAn;lrostarnne
M = 3,70 D (Cale'd. = 3,50 D) 4= 2,95 D (Calctd. = 3.50 D)

For the former molecules the 3 X ~hydroxy group is essentially free to
rotate but the larger diserepancy in the ﬁ ~androsterone values implies
restriction of the /? «=hydroxy group. A galculation based on this assump-
tion gave a moment of 2.28 D, which is lower than the obgerved figure and
indicates thal restriction of rotation exists to some degrse.

Further evidence for restricted rotation in sterols was deduced from
the data for dehydroisoandrosterone and A 5acholestanole3 /-one-?

cH CH
‘ ° eN
,ﬂf’*ﬂ'ﬁ R
Wo" "i-\.\/!%/ Q‘ol N ’/\\o
Dehydroiscandrosterone A5~choleatanol~3 / =one=7

/U » 2,86 D (Calotd, = 3.60 D) /"‘ 3.79 D (Oalc'd. * L.l D)
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Uaing likely fixed positions for the alcohol groups at 03, values of 2,24 D

and 3.36 D respectively, were found., Since the figures obtained assuming

free rotation and assuming a fixed position bracket the observed moments,

the hydroxyl group is probably restricted to oscillation over a limited range.
Several pairs of diols were considered here also, the androstanediols

below having moments less or greater than calculated, when the 3«hydroxy

group 48 K = or ﬂ - oriented, respectively.

CHg,oH

o7 7
" H
3 o{s17 & =Androstanediol 3 /3 17 A=androstanediol
M= 2,29 (Cale'd. = 2,69 D) M® 2,99 D (Cale'd, = 2,69 D)

For the 3 (A epimer, the best fixed poeition of the hydroxyl group
gave a calculated Jmmmt of 105D = much too low to account for the
observed difference of Q. D noted above - g0 the groups are probably essen-
tially free to rotate, For the 3 / modification a calculated value,
assuming fixed hydroxyl goupsy is 3.40 D so there may be slight hindrance
at the 3 /4 position,

The structurally similar As-Androstomdiola had moments in good
sgreement with those calculated for the free rotation,

-
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AS*AMrostemdicl-B p 217 A Aswmatmediol-:i /9 #17 /9
/M = 2.89 D (calctd. » 2,69 D) M= 2.70D (2.69 D)
The calculated and observed moments for the c.olestanediols are alse

comparable in magnitude.

Cholestanediol~3 ,B o7 X Cholestunediol-3 B ,7 /3

M= 2,31 D (calctd. = 2,55 D) M= 2.55 D (caletd. = 2.55 D)

The values obtained for the 2\ S-epimers were interpreted as indicat-
ing free rotation, the unsaturation possibly altering the geometry of the

molecule encugh to permit freedom for the 33 ~hydroxyl group. The choles=
tanediols probably have unhindered hydroxyl groups, though the difference
noted for the 7¢{ -isomer might be interpreted as due to hindrance at the

(L~ =position,
From the preceding discussion it is evident thai the electric moments
of alcohols are often ambiguous, This is especlally true in a solvent like
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dioxane which, though mon«polar, can participate in hydrogen bonding with

the sterols of this type., The extent to which such association might occur

is difficult to assess in most instances. A comparison of the electric
woments of these polyhydrie sterols in dioxane and bensene might be of some
value but many sterols are difficnlily soluble in the latter solvent.
Lacking such information, it was necessary to neglect effects due to the
solvent.

Two other diols which should be included with this group are o =
estradiol and 17-methyle AS-androstanediol-3 J,17:X

CH o\k cH CH
o O
A -Estradiol 17-Methyle AS-androstenediol~3 A A1

M ® 2,66 D (Caletd, = 2,62 D) M « 2,78 D (Cale'd, = 2,69 D)

Here again it is highly probable that the hydroxyl groups are free to rotate.
For estrone the data agree well justifying the use of the moment of

phenol in the calculation and suggesting resonance involving a charge

separation as shown in II.

cH
20 CH; 0
f J ~
-,,/1‘ - i
}l \] J -~ ~
R obr 7
I I
Estrone

/4 - 3,64 D (Calc'd. » 3,46 D)
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In the hydroxypregnane and progesterone molecules, the sppropriate
hydroxy group moment and the moment caloulated for the parent compounds
{progesterone and pregnune=3,20=dions) were used to calculate moments
assuming free rotation of the hydroxyl group. Application of this method
10 the 1) A ~hydroxypregnanediones led to estimated electric moments which

vwere identical for allo and normal isomers, although somewhat lower than

the obgerved figures,
CH
4 CH_ v I

0,‘ - 3620
CH]
.‘
O” "n
1 4 sHydroxypregnane=3,20«dione 11 of ~Hydroxyallopregnanee3,20-dione
/bl" 3,19 D (Caletd. = 2,64 D) /“ » 3,20 D (Caletd. = 2.64 D)

Choosing a fixed position fag;,,tha hydroxyl group in which the latter is as
far as possible from the interfering equatorial hydrogens and calculating
the moment for this configuration, a value of 3,50 D is obtained, This
indicates that there is mfr&ednm to ro't;,ata; the extent to which this
is posgible being the same for both series since the environments are essen-
tially the same for both and the obgerved moments are equal.

The molecules 11 & = and 11 A »w&rox?progesterom have ideniical
obgerved moments also.

5. cw, CH,

o ¢zo
11 ﬂ =Hydroxyprogesterone

ad /3 Ry uawing ps vees wiONe 11 A *Wg‘sbmm
4= 3.92D (Gelotd. = 3.06D) = 3.9 D (Caled. - 3.06 D)
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Iﬁ an effort to account for the higher figures obtained experimen~
tally, fixed positions were assumed and the moments recalculated. For the
Jdirected away from the large msthyl groups at Cjp and Cy3. The likely con-
directed away from the large msthyl groups at Gm and 613. The likely con-
clusion is that the ll/—" «hydroxy group is fixed in this general orientation.
The 11&{ ~hydroxy molecule was found to have a maximum calculated moment
of 3.40 D in a fixed conformation. It appears to be less restricted since
it is hindered by only nearby envetcrial hydrogen atoms which occupy less
space than the methyl groups inhibiting rotation of the 11/ -hydroxy-
progesterone.

For 170 ~-hydroxyprogesterone, the observed value is again greater than
that calculated 'assuming free rotation,.

17 & «~Hydroxyprogesterone
M= 3,57 D {eale'd, = 3.18 D)

The most probable fixed position led to a calculated moment of L.sO7 D
so some freedom of rotation is retained. The greatest interference comes
from the Cpg methyl group.

Pregnenolone had an observed electric moment of 3.22 Dy sbout 0.3D
less than calculated
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CH
VWO~

Pregnenolone
M= 3,22 D (Cale'd, = 3.52 D)
Calculations for two fixed positions gave values of 2.83 and 2.90 D s0
svidently there is some hindrance to free rotation of the 3 4 =hydroxy group.
Pregnenolone~3wmethyl ether and léedehydropregnenclone also have
slightly lower observed moments thsm those calculated assuming free rotation,

cu QP 3 CH
2,0 em, 813
CcH
2 A W’
Pregnenolone~3-methyl ether 1lé«~Dehydropregnenolone
M ® 3,00 D (Cale'd. = 3.14 D) 4= 3.3 D (Caletd, = 3,52 D)

If the hydroxyl group in pregnenclone is not entirely free to rotate, the
msthyl group of the 63 ether linkage must also be hindered but this eoculd
not be concluded from the mmall difference between observed and calculated

moments of the latter, The A léwpragmnolma might be considersd as
either freely rotating or slightly hindered. The slight difference between

observed and calculated moment would indicate free rotation of the hydroxyl
group. This difficulty was noted for many of the molecules in which two
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polar groups, neither of which are fixed, are present. BHvidence from
other compounds not having this feature would favor slight hindrance in
molecules like these pregnenolone derivatives.

An attempt was also made to relate electric moment to structure for
some acetoxy compounds, Foyr estera formed between saturated moncearboxylic
aclds and monohydric alcohols, the electric moments are found to lie in
the range 1.7-1.9 D?é This has baen interpreted as evidence that the
ester is held in a planar ¢onfiguration due to resonance between struetures

+*
RY~C=0uR RY=(Ce0-R
o o 0
Then the double bond character conferred on the ether linkage opposes
rotation about this bond and leads tc the narrow range of eleciric moments
obgerved for esters.

For sterols containing the acetoxy group, the resultant moment of the
ester group was assumed to lle along the carbonyl group. This seemed
justified since the difference between the keto and ether moments gives a
total moment of 1.6 D, typlecal of esters.

0
7} o
"

1.20 0
3.0D
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By assuming fixed positions for the acetoxy group, moments weve caleulsbed
for sterols eondaining his group,
The data for 11 «asetoxypregestercne wers in good agresment

%o H

M ® 3,02 b {osle'd, » 334 D)
probably because the group is hindered Ly seversl wijecent atoms and groups
Hovever, for pregnanclons sestate and the A Wuderivative

C.\‘\s
CHg - CH,
oo Hy C=o
CN.
BN
Yyognenolone acetate oelulgrdropregnenaions acetate
Me 2,60 D {calaid, = 3.62 B) Me 2,93 D (oale'd, » 3,62 D)

the agresment is not nearly & good, For delydroiscandrostarons scetste
the chasrved and caleulated values differed by about 0.5 D
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CH

o

\\h\

CH

Dehydreisoandrosterone acetate
M = 3426 D (Calo'd, = 3472 D)
The fact that the calculeted moment is greater than experimental
for the above sterols suggests tha.t the resonance structure

R'-c'z—of‘-»n
0 L ]

1s important and angments the keto group moment. This in turn argues
for a planar configuration of the acetoxy group. However, the steric and
resonance effects are 3o interdependent in this group that entirely
kunambigmua comlnaimis are hard to formulate.

In sterols with only fixed groups, the accuracy with which the
angles can be measured determines the degree to which the calculated
electiric momente are correct for a certaln assumed conformation. The
molecular models used were the best which were readily availsble but re=-
quired modification in the highly distorted D ring. Thus, the strain,
which ie probably abascrbed throughout the carbon skeleton in the molecule,
is localized in this five~membered ring. The actual precision of the angle
measurements was found to be ¢ 2* go the effect of such an error on the
calculated moment wae estimated using the data for androstane-3,17-
dions. It was assumed that the angles locating the 3~ksto group
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in the reference system were really 2.0° higher than observed, while the
17«keto angles were 2,0 less than found by measurement. Use of the angles

resulting from these assumptions led to the following componenta of the
two keto groupa,

e Ry n,
3-Keto ~2,40 0 e 111
17«Kete +2,20 +2,23 0,57

The electric moment caloulated using these data is 3,01 D, which is to be
campared with the 2,95 D actually obtained. Thue, one would conclude that
an error of * 0,06 D is assoclated with the measurement of angles on molecular
models of sterols with a total moment of sbout 3.0 D,

For stercls with freely rotating hydroxyl groups, the error involved
in neglecting the cosine term is a measure of the sccuracy of the calculated
eleotric moment, A value of 75° ig given in the literature for the angle
between the CwO bond and the group moment of the hydroxyl group.®* Noy
for 3 ﬁ s17A ~endrostanediol, the angle between the polar groups was 106°,
Then with ¢ 1= ¢2~ 75° and G » 106°, the equation

/uﬂn..mlg*mza*nmlma cos O cos <r1e004>2
48 used and gives a caleulated value of 2,72 D for the elecotric moment.
This compares quite favorably with the 2,69 D found assuming the angle
between the C«~0 bond 2"3 hydroxy group moment to be 90° and apparently justi-
fies the use or this ’lattsx: agssumption.



SUMMARY

The eleciric moments have been determined at 25°C for eight deriv-
atives of asobensene and thirty-four sterols using the refractivity method.
The experimental data were collected on dilute solutions of the compounds
in nonw=polar solvents; benzene was used for the ascbensene derivatives
and dioxane for the sterols. Dielectric constant and density values for
six different concentrations were plotted graphically and extrapolated to
zero concentration to obtain data for the pure solute. These data in turn
were used, along with calcoulated molar refractions, to compute the molar
erientation polarisations and electric moments of the solute molecules,

The final values so obtained were interpreted from the standpoint of
the theory of reaonance, qualitative ideas éé;mrm.ng steric hindrance or
some oombination of these, The asobenzene compounds were found to have
moments greater than thelr bensene analoguesy this effect was attributed
to resonanee structures involving;large charge separations. Extension of
the aso ring system by conjugation with a benszalamino group led to further
increases in moment presumsbly for the same reason.

Some of the data were used to calculate the moment and angle for the
dimethylemino group in both benzene and asobenzene compounds. The fast
that the electric moment of p,pt-dinitroazobensene was found to be essen-
tislly gero has been construed as evidence that the azo derivatives have
the trans eonfiguration.

The sterols were investigated with the intention of correlating
structural features with dipole moment. The angles between groups, from
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which the electric moments could be calculated, wers found for various
conformations of the sterol molecules by direct measurements on molecular
models, Comparison of the observed values with those calculated in this
way provided information concerning the restric¢tion of retation of groups
substituted in the various positions and the existence of chaireboat type
geometrical isomerism 3in the rings.

In the pregnane and progesur_om type sterols, it was necessary to
postulate that from two to aixteen inment of the molecules in solution
had the boat form of the A ring to explain the data obtained, Fer sterols
with groups capable of free rotation the ecaleulated values were often within
experimental error of the cbserved values and rarely differed from the
latter by more than 0,8 D, Where the electric moments calculated for free
rotation differed considerably from the cbasrved values it was cqnclnd.ad
that the groups were restricted. Further calculations, based on molecular
models, for various fixed positions of the groups indicate the source of
the hindrance for the various pesitions. The 11 of, 11 /@ s and 17 X
positions were presumsbly grsatly hindered since the large methyl substitu-
ents or hydrogens attached directly to the ring in known fixed positions
interfered physically with free rotation in théu positions, For ll =
hydroxyprogestercnes and pregnandiones the values calculated for fixed
positions of the hydroxyl groups were in best agreement with experimentally
determined moments, suggesting that the freedom of these groups to rotate
has been sariously imp@ired.
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