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ABSTRACT

A STUDY OF KETOSTEROIDS IN SULPHURIC ACID

Steroids produce an intense ultraviolet and visible absorp-
tion spectrum when dissolved in sulphuric acid. This property has
proved to be a most useful tool in their detection and assay in
minute quantities, Hence it is desirable to have a good under-
staﬁding of the reactions that occur and of the species that give
rise to the spectra. A family of steroids, emphasizing the 03 keto
group, was studied by -its- ultraviolet absorption in concentrated
commercial sulphuric acid, 100% acid, and fuming sulphuric acid,
The abéorption spectra were simple curves with a single maximum,
The optical density of the maximum increased with time, both at
room temperature and at 100°C. The magnitude of the absorption
peak, and the rate at which the equilibrium value was attained,
were found to be affected by the group at the Cl? position, and/or
the présence of unsaturation in the steroid nucleus. The results
are attributed to protonation of the C3 keto oxygen in 98% and 100%
acid, and the removal of the 03 keto group in fuming acid.

Cryoscopic measurements, and tests for the detection of
802, a product of oxidation; were also carried out. The cryo-
scopic data gave no conclusive evidence as to the number of par-
ticles present in 100% HZSOA’ due to the solution of a steroid.

A very large number were fdund. This was attributed to the ability
of the large steroid molecule to disrupt the structure of the
solvent surrounding it, rather than to the solvent's ability to

fragmentize the steroid. The tests for 50, indicated its absence




ABSTRACT cont'd.

in the steroid solutions of all three acids,
It is concluded that the abéorption spectra arise from
protonation of the 03 keto group, and that no fragmentation of

the steroid molecule occurs in sulphuric acid.
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INTRODUCTICN

fe

"The generic term 'steroid! is employed to indicate all those
substances that are structurally related to the sterols and bile acids,
to the extent of rossessing the characteristic perhydro 1, 2, cyclopen-

tano phenanthrene ring system® (1). The steroid nucleus plays a major

o
s
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5
{_.
[

role in a large number of processes, Many of the essential mat

>

N

both plants and animals have this ring as the fundemental structure,
These compounds, many of walch have been isolated and synthesized, dif-

FAN)

er in their functions as a result of the different groups ~apnended to

Hy

various positiéns on the nucleus. Not all the steroids arerbiologi—
cally activee. Often the only diffe:ence between an active and inactive
form lies in the steric configuration of a single hydrogen atom,

Despite the vast amount of research that has been done in all
phases of steroid chemistry --- desradation, synthesis, stereochenistry,
biolozical activity ---- no theory has been advanced as to the basic
functicn of the‘dbviously essential perhygdrocyclopentanophenanthrene

ring. No theory elucidabes the reiation between confisuration and acti-

vity. At the present time, many empirica qata are . being collect-
ed, and it is hoped that the near future Wl‘l see a solution of this
rroblem,

When treated with strong acids, steréids often give a display
of varied colours, This has proved to be an excellent method for their
detection in microscopic quantities. Particularly intensively studied

e

is the reactilon with sulphuric acid., Characteristic absorntion spectra
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can be produced under different conditions at both ultraviolet and

oresent

visible wavelengths. This reaction forms the basis of the 1

3

investigation which is,in essence, the examination of a series of keto

5

steroids in sulphuric acids of wvaried strengths with a view to deriving

'

a better wnderstanding of the reaction occuz rring, of the role o

=
C"

be

steroid nucleus, and of

Because anhydrous sulphuric acid has such a convenient freegis

it was decided, prior to examining the keto steroids spectroscopically,

to observe their cryoscoric effedts in the acid. From the freezing
point depression, the number of particles present in solubion can be

N

fact
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calculated. A knowled:s

¥

weips dmmeasurably in postulating

o

a reactlion mechahism, Section A is devoted to this phase of the work,

4

In section B, a series of keto steroids was examined in sulphuric

acid of three strengths —-- Analar which is aprroximately 98% HQSOA by
by welght, 100% HQSOA, and 15% fuming sulphuric acid., In a given acid,
there was & striking similarity in the spectra of all the steroids

shift of peak in fuming sulvhuric acid.

inalar and 100% acid the absorpbtion

bee

ted here, that in

the protonated C, ketone groupn. The shift in neak

L - [a iy ES

8]

_in funing acid is due to & nucleovhilic attack on the C3 by HSZO§ ion

resulting in an irreversible disvlacement reaction, which involves the
loss of water. In all three acids, the optical density increased with
Lo a tife—deO(n'enu rrotonation reaction.

To support

sredse of protonation, another strong protonating

zent, 70% perchloric acid was used., Here also, those steroids




tested, gave spectra which were identical in share and pesk position

with the Analar spectre

)

i

Since the HZSOA is known to oxidize many organic compourds,
it was suggested that this possibility be examined. Cne of the Pro-

ducts of oxidation will be 802. Grant (2) describes a very sensitive
test for this compound --- the limit of detection being l}agn%ml. No
S0 was found in the acid solution of the steroids; therefore it is not
likely that oxidation is occurring,

In zeneral it has bheen shown that
(a) steroids do not lend themselves to accurate cryoscopic study in
HZSO4 and é reason for this has been advanced.

(b) the ultraviolet spectra give a quantitative measure of the extent of

reaction, and for different acids, - the nature of the reaction cceurring,
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concentration of the solute 1f this does not dissociate.

The Clapeyron Clausius equation states that

——e 4
-t
Hod
-

]

(1) where ﬁﬁ%am = heat of vavourization of pure solvent.
R = the gas constant
This equation holds true because P and P, are on the
same vapour pressure curve, D,

Similarly 1n PS = /;*ﬂ% (Ts«”?‘i (2) where f‘aHS is the heat

S S

of sublimation of the pure solid solvent.

from (1) and (2) In P = ”zxﬁ%ng; (3)
s Po LT
where 53%; = heat of fusion of solvent.

(3) relates the vapour pressure of pure solid solvent, and pure liguid

A

solvent at temperature | . However from the diagram it can be seen

that at temperature i, » the vaprour pressure of the solution equals
that of the solid and hence equation (3) must also relate the vapour
pressure of the solution to that of pure solvent at the temperature T

If Raoult's law is applicable then

£ = Ny =1 - N, where Ny , Ny = mole fractions of

o
solvent and solute respectively

'im (1-0N,)= —

R
where Ny is small, In (1 - NZ) approximately eguals - N, and

m & 2
I, T = %
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-y = aHe @T?
RT
. - A
AT, = KBy
) AH%‘, 2

finally expressing in molalities

- I
& !’{: = K lo vn
AH, 1000
N 5

m = molality of solute
1000 = refers to 1000 gms. solvent
M$ = molecular weight of the solvent

RTo?

i

vThe Quantity is called the cryoscopic constant of the
solvent and is designated by Kf.y It is characteristic of the
solvent only. ’Kf,is equal to the observed freezing point de-
pressioh fgsulting from the solution of 1 mole of an ideal
solute in the solvent.

Not all solutes are ideal. A measure of the departure
. from ideality is given by the ratio of the effect produced by a
concentration m of non-ideal solute to the effect produced by

an equal concentration of ideal solute. This ratio is desig-
g

nated by the letter i and is called the van't Hoff factor.

i= observed = lip
ideal solute M experimental
where Mp = molecular weight of the solute calculated from the formula

o
=
!

= experimentally.observed
molecular weight of solute
The definition of the van't Hoff factor reguires that i be

the measure of all deviations from non-ideality, no matter what the
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origin., Yet, for a long time following Arrhenius, i was generally
accepted as equal to the number of kinetically separate particles in
solution whether existing as molecules or ions, The error of this
interpretation was indicated by Lewis and Randall (3), Today, it is
generally accepted that i is the result of the total deviation from
ideality, arising from both the number of different particles, and
the forces they exert., The difficulty of resolving 1 into these
components;, has required a separate method of calculating the actual
number of particles present in solution. This number is called the;)
factor. Though there is a fundamental theoretical difference between
i and V ,» the numerical difference becomes of consequence only in

very accurate calculations, Where high accur is not demanded, i.e.

in a case where it is desired to distinguish whether a high molecular
welght solube breaks up into 2 or 3 particles, the van't Hoff factor
is a sufficiently good guide.

xillespia et al (L) hawe developed an equation for calculating

}5— the number of particles in sclution in sulphuric acid.

v

A8 IaKel i - w5 €+ ‘g}"”‘“’“ R T L T
Aty - Y5, M,
where m; = solvent m, = solute A m3 = gsolute B

82 = number of molecules of solvent which react with 1 molecule of A
to zive total of 2 particles,
83 = number of molecules of solvent which react with 1 molecule of B

to give total of 2”}3 particles.

m values refer to molal quantities,
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—£3- = mean freezing point depression
E?il = mean molality of the solute A
Vig = cryoscoplc constant of sulphuric acid
“£§§?.= is the equation for the small but finite change in
28 vy

the freezing point depression caused by a small but
finite change 4\ m, in the molality of solute A,

Where high accuracy is not required

)il — L frven Mrormula
Méxperimental

THE SOLVENT - SULPHURIC ACID

As early as 1907, Hantzsh published research investigaﬁions
related to the cryoscopic properties of sulphuric acid. The freezing
point of sulphuric¢ acid, is, in his opinion, the best criterion of
its purity. More recently, Gillespie, Ingold and Hughes (L) re-
viewed much of the earlier work, redetermined and published new
values for the freezing point of HpS0; (10.36°C. and the cryo-
scopic constant 5.98° /mole) developed a good theoretical dis-
cussion, and experimental support, for many reactions in sulphuric
acid.

The freezing point curve of sulphuric acid is quali-

tatively indicated below.
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The freezing point curve of sulphuric acid should be discussed in
three parts, since in effect, there exist three distinct regions in

it (a) the H?O branch (b) the central part (c) the SOBbranch.

TH WATER BRANCH

Beyond a concentration.05 molal the water branch of the
curve is linear, indicating the existence of a vproportional relation
between temperature decrease and increasing concentration. The

reaction occurring is

Tﬂv value of the crgoscowlc constant would indicate that
the slope should be 11.96, In fact, Gillespie (L) measured it to
be li,21. The discrepancy is attributed to the incomplete ability of
all water molecules to aécept a ovroton from H2304’ or its incomplete

As the concentration of watLer

transformation into the conj

decreases further, it is expected that the slope rise to its maximum

4

alls to zero. This is due to two reachions

=N
ct

possible value, Instead
which the solvent undersoes when it is in a nearly pure state (a) auto

protolysis (b) self dehvdration.

I‘.LJ" C’II\} i *l,u.r .LJL-\.PT

The central part of the freezing point curve is well rounded
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and at one point its slope is zero, It is generally accepted that

the rounded part of the curve is due to the following two reactions

(1) autoprotolysis
. N Iy L . . ,""4 ES , X
& HasSCy = Hss z@ + H3C4 Ko = WTKIC evipon / RGP
(2) self dehydretion
awH&Sf%- = H’a&a@"i’ + @;:{G_
- . P ¢ &‘fn 0 §se -
HaSa 07 + HaB04 == He S04 +HSu04

oo + HaS0s = Waot + Hsoq™

Summary ;’Q . H:&S&% = Ha( ”:“ Hf’;w@ 7 Kid

Vg, 4
= A0 Gl ﬁ
From these reactions it is obvious why both HQO and SO3 cause a round-

g off, Water gives rise to this reaction

HiC + Hasea = Wt He04™

The ions produced revpress both

n

dissociation reactions, decreasing

the number of particles present, and raising the freezing point. This

rise, however, is offset by the fact that foreign species are being
instroduced, causing & lowerinz bf the freezing point. What is observed,

is a balance between the two opposing effects,

Similarly for SO, solute =—-

D B
Ha:Sa07+ H.;SC&@ = |[{=S047 +H&uC
These ions also suppress both dissociation processes, The
rounding off on the SO, side

3

balance between the decrease

of the cryoscopic peak is here

again a

in particles due to renression of the dis

[eRBE

sociative reactions, and the increase in particles due to the presence
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of the solute 303'

Gillespie et al (h) have calculated the value of the freezing
roint of theoretically pure, undissociated sulphuric acid --- 10.62°C.
Their best experimental value is 10.36°C. From the difference between
the two, the actuwal concentration of ions rresent in 100% sulphuric acid,
has been calculated, It is ,043 molal, This corresponds Lo a concentration

0215 molal of univalent ions.

It is to be emphasized thaot this is the minimum ionic concen-

N

hat will be present in sulphuric acid.

o+
I}
e
o
1.
]
]
s

SO3 dissclves in H2SO/_‘r 3 reaction occurs:
i ",‘ X ; T enmmamieel Lg E< (:-,

34 sd f;v{_/,j B (a2} §z,} o7

Bven for very concemtrated solutions this reaction is almost

complete. {4) Hence it is expected that this would be all the nore so,
in relatively dilute solutions. Disulphuric acid is a somewhat weak

L . . - . . . ' : X
acid in sulphuric acid. Its ionization constant is %Kg{ﬁiggggﬁ = 026

, i

: al , - .
e&ﬁ%%m";ﬁ&ﬂﬁ s and the reaction is

Ha%2 0y + Has(0s = ﬁug‘g? + W07
_fha partial ionization results in a slope of 7..0 deg.gm,- molflkg.
In dilute solutions the slope should rise to the Timiting ﬁalué of |
111,96 des. gm. mol"l kg, However this expected rise is offset by the increased
self-dissociative processes of the solvent. The observed slope near
the maximum is a balance between these two reactions., No 'true! theore-
tical character can be attributed to its numerical value.

o
L

In discussing the nature of the reaction of a compound with
sulphuric acid one must consider the nature of the sulphuric acid. If

the reaction is dependent on the ioniec species present, then the results
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will be affected substantially when the reactant, sulphuric acid, is

varied from fuming to analar or 98% acid.

A CRYOSCOPIC STUDY OF SCLLs STERCIDS IN SULPHURIC ACID

Introduction

REPORTS TaAaT

Jo. H. Linford (5) ibhe reaction between hZS ), and a steroid
containing hydroxyl or ketonic groups, and/or double bonds is either pro-

tonation, or dehydration, with consequent carbonium ion formation.

4 H5Q

+  HSC4

+ Hﬁc
He0 + HiS0 = W0t 4+ Hseo

Total(b} '. 4+ 2 H qu Qt + }gg@i’*’ “ o %“SG,;

He "N

7 (X S
- ‘//,"
() Oi + HSC B

I~
Hﬁ@4
A study of the freezing point depressions caused by steroids

dissolved in approximately 100% H SO should reveal the number of

Ly
The

particles present in the solution. cryoscoric work was guided by

o

the earlier research of Gillespie, et al (L), A part of their experi-
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ments was repeated in order to ascertain the accuracy of the present
technigue and apparatus.. The value of the cryoscopic constant used
in the present calculations was that determined by Gillespie —mw-
5.98%/mole,

The eguations used for the calculation of the number of part-

icles is the simple formula

M -
eXD. 2SR
* (& AT
M rormile = no. of particles =

M exp.

-~ cryoscopic constant for sulphuric acid
- welght in grams of solute

in grams of solvent

Di ) o n
]
1
8
,_J
Q
[y
T

-- Tfreezing point depression
Mformula -- Tformula molecular weight

Méxperimﬁntal -~ experimal molecular weight.

The much more elaborételformula used by Glllespie was not
employed here since it was only desired to know the experimental mole-
cular weight approximately -- within 10 or 159, The lérge value of
the formula welght would easily reveal whetier ii was 2, 3, L or 5,

[

Avparatus and Chemicals

Two separate sets of apparatus were used --- Fig, 1 -- for
the preparation of the approximately 100% H280 ,» Fig. 2 == for the
determination of the depression of the freezing point of the solvent

occasioned by the presence of the solute.




Apparatus T

Burette

Beckman

Gloss Wool Plug

Ground Glass jo/nt

[ce Both , 7

Ajézfcyry Mognetic Stirrer{

Motor

Apparatus I

Beckrmor

Gloss Wool Plug

Ground Glass Joint——%-

Jce Both
Air Both

Z

Sol/utiorn

E—

Gloss Wool Plug
Silica Desijccant

&

Stirrer with Arms
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i N1 ; O TR
98% by weight acid, henceforth referred as AnalaR sulphuric, and

fuming (15%) sulphuric acid were acquired from British Drug Houses.

The titrant for the fuming acid was 37% H SOA prepared by adding 150 ccs.
Analar to 68 ccs. double distilled water and diluting the resultant

to twice its velume, Ethanol was purchased from Commercial Alcohols

Limited and distilled once in an &ll slass apparatus., Sulphuryl chloride

o

was obtained from British Drug Houses and used directly. Ammonium sul-

1

phate used was tha

ci

from Baker Chemicals, and was dried to constant

weight. Cholesterol came from British Drug Houses, cholestanol from

Delta Chemical Works, N.Y., cholic acid from the HMatheson Company In-

corporated, Joliet Ill, All the steroids were recrystallized twice
were

from ethanol, or a suitable alcohol-water mixture., Theypdried to con-

stant weight by heating for 15 hours under the reduced pressure of a

Vacuui Pulip,

Preparation of appnroximately 100% acid

100% B SOh was taken as that acid which gave the maximum freezing
point on the Beckman thermometer.

Approximately 150 ml. of fuming HZSOh were pubt into the erlemmeyer
of Fig. 1. 37% HZSOh was added from a burette, 0.5 ml, were added at
a time and the freezing point determined, Toward the end, or maximum,
5 drops were added at é time, When the maximum had been reached,0.3 ml,

37% was added in excess, This was to insure that the acid was now

)

e}

ty

of a composition which would give a freezing depression proportional to

the concentration of the solute., Free

zing of the acid, in those in-
stances wiere 1t was not spontaneous, was initiated by touching the
sides of the erlenmeyer with dry ice. 4n air bath was not used because

the large quantity of acid required too much time to cool in an air bath.




-1 -

The acid thus prepared, was then transferred to a stock bottle, with
a double ground glass top, and kept in a silica desiccator.
Procedures

. of
Prevarations and freezing voint deferminationsasolutions

of ethanol, sulvhuryl chloride, and ammonium sulphate.

This work is a repeat of that done by Gillespie., (4) It
was used to determine the 1limit of accuracy of the oresent apparatus
T s
I§

and method. Gillespie showed that the compounds produced the follow-

ing number of particles
ethanol @;Hgﬂ?‘i %H ‘Sﬁ; Ly H ‘ S ’}+H5{“ +HSQ; -~ 3 particles

ammonium sulvhate

NHé 3&@4 + Hallq > QNHQ + 2 \‘%3&( -~ L, particles
sulphuryl chloride

SC;C1 +H;‘504_ =7 @ PépcTion -~ 1 particle

Since all these solutes dissolve readily in HZSOA’ solu-
tion could be effected and the consequent depression measured immediate-
ly. The weight of the soivent, and that of the solutes CZH5OH and
502 012 was calculated from the density and the volumes used.,

The solvent was put into apparatus of fig. 2., Its freezing

point was determined thus: the ice bath cooled the air bath, this

ci

caused the temperature of the acid to fall.Wwen it was believed that

]

the acid was super-ccoled, it was

B

the sides touched with dry .iceto initiate crystallization. It was

ifted slightly from the air bath, and

]_]

immédiately put back into the air bath. The temperature when freezing
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takes place rises -- that value which after this rise, remains con-
.stant for 2 minutes is taken as the freezing point, The Beckman is
tapped before each reading to remove the possibility of the mercury
sticking to the glass., The freezing point is determined three times —-
the second and third times the amount of supercooling is made a mini-
mun by touching the dry ice to the tube imuediately aftef‘the tempera=-
ture has fallen below the freezing point observed the first time,
Throughout the whole determinaticn, the solvent is vigorously - hand-
stirred,

After the freezing point of the solvent was determined, the
épparatus was opened at the ground glass joint and the solute quickly
added. The apparétus was immediately closed again., Ethanol and sul-
phuryl chloride were dropred in from a pipette,iammonium sulphate from
a tared bottle, Vigorous sbirring insured the complete solution and
uniform concentration. The freeszing point was then determined in the
same manner as that for the solvent. Here also three determinations
of each freezing point were made., Three additions of solute were
usually made in one experiment,

A Dblank was conducted to determine the depression arising
from moisture enbering the apparatus during the addition of solute.
Lxactly the same procedure was used as in the determination for solute,
This correction -- ,04°C -~ arises every time the apparatus is opened.
freezing point of the acid in the apparatus changed .08%°/hour. It takes

approximately one howr to run an experiment,
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The data for these experiments are tabulated in Table I

e moisture entering

IS
&

the freezing point depre svons are corrected for ©
the apparatus when it is cvened. They are not corrscted for the temcerauure

droo In the solvent itself durifns the time of theé experiment,

Svaluation of Results

Since we are only atiempting to distinguish between whole
numbers of particles, rather than measurin ng an exact guantity like
the cryosconic constant, or the dissociation consbtant of the solute in

the solvent, the accuracy and reproducibility achieved here, though

cl"

o tha

inferior b obteined by Gillesrvie, nevertheless distinguishes well
between 1, 2, 3, and 4 particles. Hence for our purposé it is satis-
factory, |

Preparation and Freezing Point Determination for Steroids

Since the solubility of the steroids in sulphuric acid is

low, it was deemed best to effect solution during a time veriod of
2 & &

approximately two hours. The stercid was wei ighed into small ground
glass stoppered bottles and a known quantity of solvent added., The
: a

bottles were kept during the two hour veriod ingsilica dessicator.

The solution was then transferred to the freezing apparatué of Fig, 2,
Thevfreezing pocint was determined in the same manner as for the solvent
described in the wnrevious section.,

For the initial pure solvent value, a blank was carried throus zh
exactly the same procedure as the solutions, and its freezing point

was used,

One isolated nent was conducted using benzene as the

solvent, It has a freezin peint near that of H2304 - 5,51° and a

O

. A, -1 -
cryoscopic censtant of 4.90°gm.mo1, ™ kg.l'Refer Table II line 7.



DEPRESSION OF F

REEZING POINT OF H2804 BY SIMPLE SOLUTES

Weight . Weight Observed Experimental Number lec. Exp, Formula,
te solvent in solute in Lemp. Eﬁo}ecular of Mglgcular Heioht
gms, gms. change wWeight Particles Weight ©
50, | 366 gms. | L4557 2,250 33.2 k 132.8
29.3 gms. 0817 55 30,4 L 121.6
Average 127.7 132
VDH LT.5 0873 838 13.3 3 39.9
40,26 0873 .95 13.6 3 40,8
L5.38 .1310 1,16 1hody 3 L322
L5.38 .2183 1.98 14.5 3 L3.5
Average 39.9 L6
112 L2.09 1443 1.76 119.2 1 119.2
| 12,09 48 .57 122.8 1 122.8
42,09 1.115 1.29 122.8 1 122.8
L2,09 N 026 134.3 1 134.3
Lverage 124.9 134




DEPRESSIONS OF FREEZING POINT OF HQSOZ;i%CéHé BY STEROIDS

Weight Weight Temp Experimental | Number A x Exp, | Formula
>id solvent in | solute in e Molecular of Molecular - Weight
change . . . . <
\ £ms , gms., Weight Particles | Weight
A
ssterol 36,60 .0291 120 11.33 35 = L5 385 - 495
36,60 0158 023 9.26 n 315 - L4O5
13,92 0195 .36 S48 n 280 - 360
54.90 .0308 0328 10,23 i 350 - 450
50,,90 OLLE L 10,89 " 385 - 495
snzene 17.58 ,0673 OL5 L12 1 L12
386,61
.C J'{Cid l{‘0026 ool.].56 o/+5 15005 25 - 35 375 - 525
1445975 00212 015 18.01-!- n Z{,EO had 650
L5,.75 .0333 : 27 12.4 " 300 ~ 420
L26,58
sstancl 45,38 0064 .0l 17.47 25 = 35 L25 = 595
36.60 0155 o 2L 10.67 n 250 - 350
54690 .0326 e 23 15.7 n 375 - 525
5L.90 0373 «R29 1.1 n 250 - 490
388,6L
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The cyroscopic data for the steroids is tabulated in

n

Table II, In the case of the benszene solvent the presence of one
particle is indicated, 1 ric acid, the data sugzest: the

presence of a very large

]

etween 35 and L5,

In attemptine an explanation of these phenomena, these
a g

possibilities were considered,

]

[

¢ depression is due not to Lhe steroid bub to occluded ethanol,

1

his possibility was rejected because
(2) the steroid was dried to' constant weight,

N\

(b) a calculation reveals that if

Ity

indeed the depression

were coused by occluded sclvent, then 100% of the solute
dissolved would have to be solvent in order to produce
the observed derression.

() the isolated case of cholesterol in benzene, which gives

The depression is due to an impurity in the soWute other than sol-

sterolds are very difficult to

vent, This may be p
get in pure form, Howeve 2, the steroids sold by the given companies
S 1,

are of the highest purity attainable in their laboratories, and if

e

an impurity remains, it must be difficult Lo separ

,_,.L

we., This suggests
that very possibly it is a molecule wh 10se structure and nature is
similar to that of the steroid. Hence it would have a high molecular
welght, -- yet only an Impurity of low molecular welght, and only

a substantial amount of it, would account for the observed results,
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Iv

The depression is due to contamination from the outside, This
possibility was rejected due to the results observed on ethanol,
sulphuryl chlbride, and ammonium sulvhate, Since the experimeﬁtal
molecular weights.obtained for these compounds agree within 10% of
the formula ﬁalue -- 1t would indicate that there is litile con-
tamination from the outside.,

Sulphonation occurs

If sulphonation were to occur, it would have to occur
at several carbon atoms in order to produce the large number of
particles, During sulphonation of one carbon atom -- three parti-

cles are produced

Hao + HaS0« — ?4\30* -+ HS;;

+ AHaS0g —> C1 + MO+ HS04
ao ' o3

For a molecule like cholesterol which has 10H group and 1 double

bond sulphonation at 15 carbons gives 31 particles
the OH groups gives rise to 2 particies
the double bond gives " 1 particle

This would account for 3.4 particles, However it seems highly
unlikely that such a reaction occurs.,

Fragmentation occurs

If sulphuric acid were to rupture the steroid molecule,

one of the products of the oxidation would be sulphur dioxide. In




section B, it is shown that no 802 is present in the sulphuric acid

solutions of steroids. Further, if fragmentation were to occur, it is hig

unlikely that the resulting spectra of the steroid in acid, should

1

be simple, with a single peak, Yet suc

v

A Possible Explanation that was arrived at is this:

Since there is no evidence that any reactions besides

1 is the nature of the spectra,

protonation and double bond addition occur, one must conclude, that

the abnormal cryoscovic behaviour of steroids in sulvhuric acid

must

be due to a change in the nature of the solvent. Sulphuric acid is

known to have pronounced = structure in the liguid state., The vapour

pressure curve represents an equilibrium between this liguid and

vapour, at various temperatures. If the sbtructure of the liquid were

i._.l
|

.
partia

disrupted,

J or completely, the varour pressure curve would be

raisedto an extent reflecting the amount of disruption in structure.
(]

Consider Fiz, III,

i
:
¢
i.
% %

I n . . .
G H* -~ vapour pressure curve of solid sulphuric acid

AB -— vVapour pressure curve of 'normal! liguid sulphurié acid
CcD —-= possible vapour pressure curve of liquid sulphuric acid whose

structure has been partiallv disrupted.
o o g

EF T~ vapour pressure curve of a solution of steroid in su

nuric acid



The concentrations of steroid used, should, through normal
cryoscoplc behaviour, have occasioned no freezing point devression
of the solvent. %¥et a substantial drop was observed. This drop is
aﬁtributed to the ability of steroids to disrupt the internal struc-
ture of the solvent. The steroids are very large molecules. when,
they become charged, through protonation, they are very soluble in
sulphuric acid. Their size, plus their solubility, may be expected
to disrupt the structure of the surrounding solvent, The- cryoscovic
effect can be seen from the diagranm,

The vapour pressure curve CD is thit of a theoretical  pure

hat in the pre-

, . o a . . \ s e md
sence of steroid. The freezing point of this solvent would be I3

sulphuric acid with the same amount of structure as

1

The observed devression by steroid solute would be A T, and not

}_J

the normal expected & Tl. The value of é& T%will be a complex func-
tion of the concentration of steroid preéent.r Ty will decrease with
increasing concentration. However T% will alsolchange. At first,

it may be expected to rise, bub it must level of . The magnitude of the
resulting depression - rill be difficuit tovpredict, In view of the
small concentration of steroid, the magnitude of this depréssion is

rather surprising.
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CONCLUSION

The present work indicates that cryoscopic studies of

sterolds in sulphuric acic cannot  nroduce conclusive evidence of the

nature of thi

0]

reaction occurring. The reason for this hes been at-

tributed to the ability of the large steroid molecule

my

structure of the solvent. The disruption of the internal struchure
of the sulphuric acid could be a "dis-association! caused by the field
teroid, which acts as a large "electron cloud", This suggests
the existeace of an exciting field of stddy --- what is the minimum

size of moleccule which can produce this effect? Gold and Tyre (6)

TVO5=

mention that anthracene in sulphuric acid cannot be studied ¢
copically, In isolated experiments conducted here, it was found that
both anthracene, and tetrahydronaphthalene gave unusually large dep-

ressions., However this line of research was not followed further,
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THE ABSORPTION OF ULTRAVIOLET AND VISIBLE LIGHT

BY ORGANIC COMPOUNLS

No attempts to relate the colour of an organic com-
pound to its chemical constitution were made until Perkin in
1856, synthesized the dye known as Perkin's mauve. Graebe and
Liegerman associated the colour of'organic compounds with the
presence of double bonds., Witt, in 1876, introduced the concept
that formed the basls of all subsequent colour theories. He pos-
tulated the requirements of two conditions as prerequisites to the
existence of colour: (a) -the molecule must possess a potentiality
for colour and (b) there must be present a salt-forming group to
develop the colour potentiality. These two conditions are in fact
the precursors of our modern chromophoric and auxochromic groups.
No further theoretical advances were made until 1926 when Schroe-
dinger published his historic paper, and quantum mechanics was born.
A theory was sought that would relate colour to the energy levels.
Bury, in 1934, suggested that the basis of the colour of an organic
compound may lie in the qﬁantum mechanical resonance phenomenon,
The importance of the excited state of a molecule dﬁring the light
absorption process was realized by A. L. Sklar, who proceeded,
upon this basis, to calculate the absorption bands of a number of
unsaturated hydrocarbons. Linus Pauling, by outlining a method of
attack on the quantum mechanical problem of the colour of dyes,
contributed greatly to our knowledge of the problem relating colour

and constitution.
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THHEORY

"Absorption spectroscopy involves the dispersion of
the incident or transmitted light, and the measurement of wave-
lengths. The simplest means of effecting this,bis to place the
absorbing substance in the optical path of a spectroscope il-
lumined by a constant source of light, and to observe the
resulting absorption spectrum, in which regions of absorption
appear as dark lines or bands." (7)

Whé% a molecule absorbs, its energy is momentarily
increaséd by an amount egual in energy to that of the inpinging

photon. Mathematically, this may be expressed as

AE = h Yo E”"i < where V

frequency
AE = increase in energy
b

& = velocity of light

Planck!s constant

A = wave-length

The increase in energy is distributed through rotational,
vibrational, and electronlc energy levels. Relatively little

energy is required to excite the first two. However only photons
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of energy in ultraviolet region will, usually, excite the elec-
tronic levels. Thus, the region from 1000 -- 8000 A° represéhts
electronic spectra,

The intensity of absorption is expressed by the Beer-
Lambert Law

log EQ = kcl

I

where I, = intensity of incident light

I = intensity of emitted light
log Eg = optical density D
i = path length of absorption cell
c = concentration of solution in grams per liter.
k = specific extinction coefficient

v -

When 1 = 1.00cm., and ¢ = 1 molar, then K = & = moiecular extine-
tion. The coefficient € is a measure of the number of absorbing -
fragments, rather than of the differences in energy between the
normal and excited states., It is a function of (a) the size of
the molecule énd (b) the probability of transition. For tran-
sition to-occur, two processes must take place simultaneously:

(1) the photon must strike the molecule (ii) the molecule must

exist in a configuration that will permit excitation.,
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The latter brings in thé factor of the probability of transition -- P,
The maximum value that P may have is 1, High intensity absorition
bands, are believed to have transifions of high probability -- such
transitions are called 'allowed transitions'!., Low intensity bands,
2 . )

less than 10, arise from transitions of low probability, When
P = .0l or less, the transitions are called forbidden. P may also
be called the transition moment,

For gimple molecules s the curve relating /\ , and &
consists of narrow sroups of pe akg, each of which corresponds to a
transition from a particular combination of vibrational and rotational
levels in the &round stgte to a particular combination in the excited state.
Since the vibrational level corresponding to the equilibrium distance

between nuclei is rost ropulated, the transition from this level

o

gives the most intense peak, On each side there will be smaller peaks
[) X

arising from other less proba

@

For complex molecules, the existence of very larze number
of vibrational levels causes the individual peaks to accumulate under
an envelope and these envelores are. observcd as absorption bands. This
effect 1s very proncunced in solution, where the fine structure character
of a band, is seldom seern, |

Several paths lie open to the excited molecule (a) the extr
enersy may-be dissipated through vibration or rotation, and the molecule
may return to the ground state (b) if before the molecule rcan dissipate

its energy as in (a) it undergoes a downward elechtronic transition, the

excess energy will be emitted as light -~ the light will usually have




a frequency lower than that of the exciting light -- this phenomenon
is known as fluorescence, (c) the rmolecule may disinte:; grate, either
through photodissociation into free radicals, or throush photo-
ilonization into ions,

AbSofption in the ultraviolst or visible region invariably

he

ct

involves valency electrons., Since these are closely related to
chemical properties of a compound, the ultraviolet spectra provide
basic information. It is proper that in dealing with the spectral

properties of organic compounds in this resion, the

of possible
valency clectrons be classified: (notation from molecular orbital

theory)

i. © electrons ~-- forming single bonds
2o T electrons --- forming multiple bonds

3e i electrons --- unshared electron pairs
Eh

Le 'odd' electreons

5. chér:e electrons - pPresent injidns.
Saturated hydrocarbons contain only‘S"e‘e trons. Such compounds as
methane and ethane exﬁibit abscrotion spectra in the far ultraviolet
‘only, Their intense bands arise from two types of tfansition:
I N-——=>7V transition. This involves a partial transfer of the
electron forming a carbon-hydrogen, or a carbon-carbon bond, to one

of the constituent atoms, and hence momentarily increasingz the ionic

character. Thus
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II N -—3R transition. This is often called a Rydberg tran-
sition and represents the progressive removal of a § electron
away from both constituents, culminating in the complete ejection
of the electron from the molecule with formation of a positive

ion.

+ +
-~ —> —C-C—or ~C~H —> -CoH

When in saturated compounds there are present elements other
than carbon and hydrogen, i.e. nitrogen or oxygen, there are
available p as well as & electrons. The p electrons,
because they do not form bonds, are held lessifirmly than &
electrons and consequently suffer Rydberg transitions at longer
wavelengths,

Unsaturated, or ! electron-containing compounds, undergo
the same type of transition as o electrons. However, owing to
the less 'bonding'! character of the' W electrons and the con-
centration of the‘electron density laterally to the axis,
rather than in the axis of the bond, the displacement of
electrons occurs more readily than that of the & electrons.
The characteristic absorption of multiple bonds therefore lies
at longer wavelengths than that of single bonds. Thus the
carbon-carbon double bond in ethylene and the carbon-oxygen
double bond in formaldehyde give rise to
() W —> R transition at 1200 - 1800 A°
(b) N -——>V transition at 1800 A°, Both (a) and (b) have
large € values.

(¢) weak bands in the near ulbtraviolet whose meaning is not too
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clear., However, it is believed.that they may be due to forbidden
transitions N —> T for the carbon-carbon multiple bond; the band
at 2800 A° for aldehydes and ketones has been ascribed to a for-
bidden transition in which 1 p electron is transferred from the
oxygen to an antibonding orbital. )

CHROMOPHORES AND AUXOCHROMES

The electronic spectra due to individual groups are modified
by interaction with other groups present in the molecule. This inter-
action may be of three kinds --- vibration, electronic, or steric.
The electronic interaction is the only one which results in marked
displacements. These are very strong in those cases where the ad-
Jacent groups contain highly polarizable Tl or p electrons. The
classical term for an arrangement of multiple bonds in adjacent
positions i.e. separated by a single bond, and the consequent elec-
tronic interaction is "conjugation". In fact, it would more apt that
it be termed --=TT =TT conjugation. Besides this, there is®W -p con~
Jugation which is very strong, and T-6 conjugation which is weak,
Fach type of conjugation results in a closing up of the ground and
excited levels -- in fact, a decrease in transition energy and a
resulting band displacement to longer wavelengfhs. Most organic
compounds showing selective absorption in the accessible ultra-
violet and visible region contain either T~ orfi-p conjugation.

Witt's original nomenclature has been modified so that today,
chromophore, and auxochrbme,-refer to T electron and p electron
groups respectively.

In TT=TT conjugation, two chromophoric groups often produce
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intense bands around 2300 A®. This is due to N——xV transitions
of this kind, - C=C - C=0 ¢—s 0 -0=0-0 and the
resulting absorption bands are called K bands, (K for Konjugation).
There are also present weak bands at longer wavelengths. These
are probably due to the weak bands of the single chromophores,
and are called R bands (R - for Radikal). The longer:the.con-
Jugated system, the longer will be the wavelength at which the K
and R bands appear. Burawoy (&) states that the addition of an
acid molecule to the group will destroy the R band in all cases.
However thé K bands will upon addition of an acid molecule, be
displaced towards longer wavelengths. The dielectric constant of
the solvent also affects the K and R bands -- the K band will be
displaced towards longer wavelengths, whereas the R band will be
unaffecteéd; or moved slightly towards shorter wavelengths. Since
the R 1s not affected to any extent, it would seem, that it is
the rotation levels of the excited stéte which are affected. The
¥ band displacement would then mean that a particular rotation

level is favoured.

e

it - p conjugation has been relatively recently recognized.
The magnitude of the auxochromic effects depend upon the avail-
ability of the p electrons, and upon the position of the key atom
in the periodic system. However it has been shown that there exists
no relation between the latter and basicity, ionization potential or
other simple parameters. G. N. Lewis and H. Calvin (9) describe an
auxochrome, as a group which provides, through resonance, entirely
new electronic paths, and hence, may not only shift -old bands,

but create new ones. |

L. e . .
The absorption bands of pTil conjugation are analogous to

the K bands ascribed to N-—3» V transition _ +
...G-'C",N_Rzé"‘? —G‘—C:NRZ
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Evidence that the p electrons are involved, exists in the fact that
the auxochromic effect is almost completely absent in quatérnary
derivatives of the group V elements, where the p electron is used in
bond formation. The effect of an auxochrome is considerably dependent
upon the chromophoric system to which it is attached. Carbonyl groups
behave very differently from ethylenic and benzénoid systems. In
carboxylic acids, esters, and amides, no K bands due to 0 Z € - OR

or 0 20 - NR, appear above 2000 AO, and at the same time the weak R
bands of € = O near 2600 A° disappear. Thése effects closely parallel
the modification in the chemical properties of the carbonylfgroup, and
the disappearance of ketonic character.

In general, the absorption due to isolated chromophores, i.e.
separated by at least two CH2 groups, is additive. This absorption,
resulting from JT6 conjugation, has in a few isolated instances shown,
however, that there may be appreciaﬁle spectral interaction between T
or p electrons even across 2 or 3 single bonds. t is not known to
what extent this efféct can be attributed to induction or hypercon-
Jugation.

The introduction of a permanent charge into a chromophoric
system, effects a profound change in the absorption spectra. The
charge may change a nonabsorbing species into an absorbing;pne~— i.e.

colourless (CQH%)_:) CH and coloured QC% Hs“)a ¢
The absorption of the latter is said to be due to the transition, in
which the distribution of the resonating charge between the several
available positions becomes momentarily altered under the influence of
the light field. Such spectra are termed charge resonance spectra, and
are dissimilar to the charge transfer spectra arising from N —= ¥

transitions. The effect of auxochromes in such systems are large since
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they provide seats for the resonating charge.

The solvent may have a marked effect on the absorption. Brode
(10) divides solvents into two categories -- (a) nonpolar - which
includes inactive compounds such as the saturated paraffins and (b)
polar sqlvents which very often take part in an actual chemical
combination with the absorbing molecule. In the latter cases, the
molecule formed may have a charge, and now being a polar molecule,
may give rise to a new sharp spectrum, such as i1s found in a non-
polar solvent. Woodward (11), notes that a more polar séivent than
alecohol will shift the strong absorption bands at 236 %%{of dfé
unsgturated ketones to lower wavelengths. .

The position of the absorption peak in a nonpolar solvent is
also dependent upon substitution at atoms which are part of the
resonating system. Woodward (12) tabulated the empirical values
ﬁhat substituents on alicyclic dienes have upon the position of the
absorption peak. These values were consequently used by Fieser
(13) to calculéte the peak position in alcohol of certain suitable
sferoids. The effects of steﬁ%chemistry‘on ultraviolet absorption
spectrahame'ﬁeeﬁ ve;y apbly reviewed by E. A. Braude (k). In
general, steric effects cause small shifts-in the peak position
due to steric interference of resonance. Seldom are sharp differ-
ences in position or the shape of the band observed.

This has been a brief summary attempting to elucidate why
organic compounds absorb, the types of absorption spectra, andlthe

main factors that affect absorption.
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THE INSTRUHZNT

The two basic laws which govern quantitative absorption
spectrometry are:
I TLambert's Law which states that the fraction of light which is
absorbed by a substance is independent of the intensity of the in-
cident light %3

I=1.10

where]% and;E are the incident and emitted light respectively,
1 is the thickness of the cell, in centimeters and k, a constant
called the extinction coefficient. K is the reciprocal of the
thickness, measured in centimeters, through which the light must
travel to reduce the intensity of the light to 1/10 its initial
value,
II Beer's Law -- this states that the fraction of light which is
absorbed is directly proportional to the number of absorbing mole-

cules through which the light passes,
&lc

jf = TE:£ o B

wherefgjz;, 1 are the same as above,c. is the molar concentration
and € is the molecular extinction coefficient. € is the value of
logggé when the concentration of the solution is 1 molar, and the
cell leﬁgth is 1 cﬁ. |

The term, optical density D, is used to designate

o=

It is the logarithm of the ratio of the intensities of the in-

log7

cident to emitted light; In determining an absorption spectrum one

measures the optical densities of the solution at various wavelengths.
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For a given 1, D is proportional to the concentration of the
solution. A linear relation between ¢ and D exists for most com-
pounds at low concentrations -- absence of linearity is usually
attributed to a change in the molecular species present.

For a known concentration of solute ¢, and a given length 1,
the optical densities measured over a range of wavelengths describe
a curve characteristic of the solute. This curve, its shape and
maximun intensity, is a constant of the solute, and is known as
its absorption curwe.

The instrument used is a Hilger Quartz Honochromator, of the
constant deviation type. Fig. I gives a schematic diagram of the
optics of the system; Fig. II that of the electric circuit of the
photoelectric cells. The electric circuit was developed by E.
Cartwright of the Manitoba Cancer Foundation. The slit widths
were 3 x 1073 inches. This allows the resolution of mercury lines
differing by 6 A° at 3200 4° (31,250 cm™'). The wave numbers are
set by a calibrated drum, each wave number being focussed by
lenses Ly and L.

The instrument's calibration was checked by measuring a
standard solution of potassium chromate, The peak positions, and
the respective extinction coefficients were compared with those
published by T. R. Hogness (15). The small difference of 3%

.may attributed to our-use.of a quartz plate compensator,
| The procedure for measuring the optical density is this:

With the nicol prisms set to maximum transmission, the light through
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a cell of pure solvent, is balanced with the polaroid.
A cell containing the solute 1s then substituted. Balance is
restored by turning nicol prism N2. The angle through which
the prism is turned gives a measure of the decrease in in-
tensity caused by the absorbance of the solution., The relation

between the angle and the light intensities :La and L for

i

-

use in the equation D = iog ke is found as follows:

H

By balancing the solvent with the polaroid, :E; has been
made egual to 1.
I = cos £
wher¢’€9 is the angle of rotation

then

D= Eoci 3;215 z ‘63 ! = 4 ic,3 sec &

4 coste

The procedure is repeated at regular small intervals of

wave numbers over the whole range t0 be investigated. This is
from 48000 em™l to 20000 em™t, At least twenty points are used

to describe an absorption curve.
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The ketosteroids used for spectroscopy were donated by’the Ciﬁa
Foundation and the Medical Research Council, England, Steroid Reference
Collection. They were used as received without further purification,
Their absorption spectra in ethanol agreed with literature values
‘which attested their. purity.

The sulphuric acids, Analar, fuming, and 100% are the same as
those used in Section A. The 70% perchloric reagent was purchased
from British Drug Houses.

The.reagent used in testing for SO, was prepared and used
according to the method of Grant (2).

5.5 ml, Analar sulphuric acld were added to 117 ml, of dis-
tilled water. To this were added 2 ml. of a 4% solution of fuchsine
(from British Drug Houses) in ethanol. /4 -ml.. of this reagent are
used with lml, of test solution in a determination.

tock solutions of ketosteroids of known concentrations,
ranging from.lOO/ﬁpgms. -- 200 ugms. per millileter were made up by
y
dissolving a weighed quantity of steroid in 100 ml, ethanol. The
solutions were kept in ground glass‘stoppered volumetric flasks.

To prepére the steroid for solution in acid, a quantity of ethanol
solution was measured intc a test tube with an 0,2 ml. pipette and
dried in a boiling water bath for one hour. To ascertain that no
steroid is lost in this process, two tests were performed:

(a) The alcohol solution was dried in an oven at 50°C over a
period of two days. The optical densities of the spectra of the steroid,

dissolved in Analar under identical conditions, but dried in the two
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different ways, were ldentical.

(b) The steroid was dried in the boiling water bath and then
redissolved in the original volume of ethanol. The optical densities
of the initial and redissolved solutions were the same.

The reaction between sulphuric acld and the ketosteroids was
observed at two temperatures (a) room temperature 24° - 25°C,
and {b) the temperature of boiling water at atmoépheric pressure -
apprdximately 100°C. TFor the room temperature reactions, the steroids
were dissolved in the écid, kept for the reguired length of time; 10
minutes, 1, 2, 3,vh, 7 days in a silica desiccator, put into the
absorption cell, and the spectrum measured.

For the 100°C, reaction, the steroids were dissolved in the
acid, the solution immersed in a boiling water bath for the required
length of time, 3,.5, 10, 15 minutes, cooled in an ice bath, the absorp-
tion cells then filled, and the spectrum measured. The procedure was
identical fof all three acids - Analar, 100%, and fuming sulphuric acid.

Iﬁ the study of the reaction between 70% perchloric acid and’
steroid it was only desired to know the peak position of absorption
curve and not the equilibrium value of the optical density. Hence the
spectrum was run one half hour after solution at room teuperature.

To know whether the test developed by.Grant (2) for 502 would
be applicable in a medium as highly acidic as concentrated sulphuric
acid, tests were carried out to estimate the limit of detection of S50,.
Sulphuric dioxide, prepared by adding dilute HZSOAto NastB, was bubbled
into  water, Analar, 100% HpS0;,, and fuming Hy50, . The ultraviolet
spectrum of the solutlons was taken., From the molecular extinction

coefficients for S0, in these media, published by V. Gold (16) the



- Ji{’ TABLE SHOWING RELATION WITH TIME, AT TWO TEMPERATURES, OF THHE SPECTRAL POSITIONS AND OPTICAL DENSITIES OF THE
ABSORPTION MAXTMA WHEN KETOSTEROIDS ARE DISSOLVED IN SULPHURIC ACID SOLVENTS A, 98% (ANALAR); B, 100%;
STEROID CONCENTRATION 10 i GM. PER ML, OF ACID SOLVENT.

C, 15% OLEUM.

OPTICAL DENSITIES 24°C - 26°¢.

OPTICAL DENSITIES 98°C - 99°C,

Acid U HMax. 5 Time in Days . U, Max, Time in Min,
(e x107%) 0 1. 2 3 Iy 5 7 (enl x107% o0 3. 5 10 15
5 £ ANDROSTANE - 3, 17 dione
A 328 205 560 .556 L610 616 328 245 Lsub 552 628
B 330 JA22 658 678 695 T4 335 631 760,816
c 350 0L 706,926,926 .926 335 # 345 401 770 .88L 926
 ANDROSTANE - 3, 17 dione
A 328 230 520 527 L54LL 578 33 <230 506 .532  .578
B 328 R75 579 594 608 604 335 275 662,708,734
c 345 % 350 370,631 826 .878 872 355 370 JI5T  LT93 L7992
HANDROSTENE - 3, 17 dione
A 335 D73 904 .922 <921 335 573 956 972 932
B 335 642 1.008 1.032 1.077 1.091 335 642 1.081 1,042 1.011
C 335 .808 335 - .808
C 355 JT6L LT .82 826 358 856,908 .96}
TS TOS TERONE 3
A 335 836 915 934 966 335 .836 1.040 1,059 1,077
B 335 1.030 1.252 1,26k 1.161 335 1.031 1.145 1,104 1.024
C 335, 952 , 335 .952
350 ° 800  .862  .955 962 355 | 981 1,080 1,101
PREGNANEDIONE |
| L2U1 L3780 49
A 320 .00 020 . .055 .120 325 21,
. S48 411 450 325 | 525
g 320 050 312 5 L ' Y o | 6L 675
C 355 190 .891  .980  .968 1.008 | 355 L .190 .965 1,003 .998
PROGES TRRONE i
/ 648
L5 = 298 488 502 .568 620 335 298 589 596 638 Ok
g %zﬁ j%%é 130 .508  .590 610 .630 335 .130 726776770
C 345 =355 330 . OTh .68 701 358 330 .598 700 .800 202
DEHYDROCHOLIC ACID
2 .00 .010 .027 049 312 .00 258372 L4986
: s ‘0 097 166 265 381 | 325 »315 | .00 L0 887 .957
C 352 .391 10267 103/-;2 10333 ; 352 ' 0391 l./—{,lo lo/+l[!» 10)—+75

An arrow - indicates a progressive shift of the absorption mzximum during the period under study.




ABSORPTION CHARACTERISTICS IN ETHANOL &

TABLE ITT (b) . PERCHLORIC ACID AT ROOM TEMPLRATURL
Substance Conc'n. Solvent Peak Pos Density
iném/cc iny x 10
54 Androstanedione 209 Ethanol - -
‘Pgegnanedione 189 1" | - -
Progesterone 9.69 " L16 oLl
Testosterone 10 " 416 662
Progesterone. 11.6 Perchloric acid 345 561
5%2 Androstanedione 10,9 . o w307 .335

ABSORFTION CHARACTZERISTICS AT EQUILIBRIUM

TABLE TV IN 98% AGID AT 100°¢.
Optical
Substance Pealt Position Density
| iny X 10° 100%)/ml,
i@ Androstane 3, 17 dione A 328 6.75
sndrostanc 3, 17 dione B 325 » 328 6.12
A" Androstene 3, 17 dione C 335 10.05
Testosterone D 335 : 10.75
Progesterone E 335 6,36
Pregnanedione F 325 L75
Dehydrocholic Acid G 312 5,28

ABSORPTION CHARACTERISTICS AT BEQUILIBRIUM

TABLE ¥ IN FUMING ACID AT 100°C,
Optical
Substance ‘ Peak Position Density
) ' iny x 102 10@?&’m
fggAndrostane 3, 17 dione A 355 10,00 “
Androstane 3, 17 dione B 355 8.51
AY Androstene 3, 17 dione C 360 11.02
- Testosterone D 360 12,08
Progesterone E © 360 . 2.40
Pregnanedione F 355 10,40

Dehydrocholic Acid G : 350 15.31
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concentrations of our solutions were calculated. They were subse-
quently diluted, till they contained approximately l.Sf&»gms./ml. Then
to 1 ml. of the solution, sitting in an ice bath; was added 4 ml, of
the reagent, preparéd as above, After 5 minutes, the visible spectrum
was measured. In the presence of SO, the reagent turns deep red.
Sometimes, this red colour may be hidden from the human eye by the
yeilowish brown colour of the reagent. However the sensitive photo-
electric spectrophotometer can detect a concentration of O.5g; gm./cc.

All dataare tabulated in Table III.
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DISCUSSION

The absorption spectra of the ketosteroids shed considerable
vlight not only on the reaction occurring in solution but also on the
nature of the nucleus. By a systematic variation of structure in the
steroid, one can relate changes in the absorption spectrum in a given
solvent to the difference in structure. By a systematic change of the
sulphuric acid solvent one can relate the change in spectrum to the
ionic specles present.

The ketosteroids studied and their structures are shown in
Figurelll. They were so chosen that they had in common the following
features: (a) the steroid nucleus and (b) the C3 keto group, Since
the nucleus itself does not absorb in this region of the U.V. the
similarity between the ketosteroids must be attributed to the common
03 keto group. Any differences between the spectra in a given sul-
phuric acid will probably be due to structure differences i.e. the

occurrence of a double bond, and the group attached at the 017 position.

THE ATL.COHOL SPECTRA
FigurelV indicates the typical spectra of the ketosteroids in
alcohol. Testosterone is characteristic of the conjugated ketones,
pregnanedione, of the saturated ones,
The absorption peak at 416 x 1% em™t is probably a K band
resulting from the resonance.
e

A — NN

&
@ = @

The weak R band which Braude (7) suggests exists for conjugated
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ketones at 340 x 102 em™! has not been observed, possibly because of
the low'concentratioﬁ used.

Pregnanedione, being saturated, is not expected to produce a
K band and none is observed. The R band, despite the greater concen-
tration, and the fact that there is a Cco keto group also present,
sﬂill has not appeared. If at higher concentrations it were to appear,

it would be due to an N—>3 V transition such as;
_ P & }ﬂ +
0 F N\ 0~ NN

The experimental vélue for the optical density of 1ogﬂ7nym1.

testosterone in ethanol is 6.3L. The value published in the literature
is 5.94 (5). The difference may be attributed to the error in weighing
the 20 mgm. sample forthe stock solution, and use of a quartz compensator,

ACETIC ACID SPECTRA

It was thought desirable to measure the absorption spectra: of
the ketosﬁeroids in acetic acid. However, because of the considerable
absorption of this solvent beyond 400 x 102 em-i, it waslimpossible to
do so. No peaks existed for any steroids below 400 x 10% cm’l. This
indicates that, probably, the steroids in aleohol and in acetic acid
exist in the same form,

THE ANATAR SPECTRA

Extensive work has been conducted on the reactions of ketones
and sulphuric acid, (17), (18), (20), (21). It is generally accepted

that the interaction is one of simple protonation.
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;\ . R . . ’ "
_t=0 +'Hfg§>04%, e >c.,:_z;oH + RS0

Similarly,exhaustive study on the interaction of olefins with
sulphuric acid has been reviewed by Gillespie (17), and indicates that
the fundamental reaction is one of alkylbisulphate formation

‘ H e
N - AN v
e=¢ +H80, — —-C—cCc—
e AN v N L
HS0,

However there is no reference in the literature on the reactions

of policyclic non»éromatic conjugated ketones in sulphuric acid, nor

the products that are likely to be formed.. T‘e possibilities are these:

(a) simple protonation of the ketone

a/(\/]\ + H H_&/O/{-—&s _{_Q{a—yq “+ H%@A}

#Ho”

. /\ P
+ C + Hso,
m@,@\ H«QS 4 ""”} P o+ “,

.‘:\
(b) simple addition to the double - bond

(¢) addition to the double bond and protonation

+ HyS0, ~. s e
O: 1S, —» /Q\ Hélg:\ g U0+ s
ﬁSQ% HS@% fi HSQ%

(d) protonation and then addition to the double bond

+HS — [ { = 7+ vy
> W HsD,

% ””\ | HG/\/\

Yeweo OO

W
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(e) simultaneous addition to both

Since the 1iteraturelindicates so strongly that protonation
oceurs, it is unlikely that reaction (b) alone proceeds. Farther,
- since olefins are kﬁown to react quickly with'sulphuric acid, reaction
(2) may bé assumed not to proceed alone., This leaves mechanism (c),
(d), and (e); On basis of evidence in this work (c) is believed to be
the reaction scheme for unsaturated ketones. The saturated ketones are
simply protonafed.

Table IV indicates the peak positions and the'optiéal densities
(15 min. 100°C) calculated for a concentration of lOQ;&pyﬁl. Fig. V
and VI, Fig. VII and VIIRjrepresent typical spectra of saturated and
conjugated keténes. . . |

Considering peak position and intensity only, it is seen that;
1, A major shif£ of peak from the alcohol has-occurred.‘ This was
expected in view of the fact thaﬁ the absorbing species in now charged,
and the K band of the alcohol spectrum vanishes in the new charge
resonance spectrum. Brauqe 7 stétes that the introduétioﬁ of a
charge from outside will make a radical difference in the observed
spectrum. Dewar (19) remarks that solvents of high dielectric con-
étant will cause peaks to shift to lower wavelengths.
2. The saturated ketones absorb in the sulphuric aéid. This is due to
the protonated ketonic group. For compounds A and B, the optical

e . . for '
density is quite high, whereas;%ompounds F and G, it is low, -Since the
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molecule is so large, all the ketonic groups should be able to be
protonated. This would mean that G, with three ketonic groups should
have the highest optical density. The discrepancies observed must be
due to electronic effects, since protonation reactions are not steri-
cally hindered.

It is seen that the saturated ketones absorb at a lower
frequency than the conjugated ones. Since the only difference between
the two is the ethylenic bond, either as such or opened, i.e. HQSOA
having added on, the difference in peak must be attribﬁted to this,

Viewing the structures, these possibilities exist

T N Wonsg, " i sy
SUY
(b N . S N -
S e OEEOL - s
o }Q& H@/\v<p~ o H’¢\

R
Either (i) or (ii) would cause absorption at a higher fre-

guency because the HSOA group at 05, being polar, would attract
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clectrons to itself, and hinder resonance. (ili) would be expected

to give a substantially défferent absorption curve from either (i),
(ii), or that of the saturated ketones, because the absorbing centers
are different. Since no such difference is observed, possibilities (i)
and (ii) remain.

To distiﬁguish between the two, we examine the spectra of the
conjugated ketones. There is no indication that these had an initial
peak at 325 % 102 cm™ which gradually shifts to 335 x 102 em™t. There-
fore one must conclude that the reaction occurring at the double bond
is very rapid, and that at the ketone group, rate controlling. Thus
(1) must be the mechanism.

3. The conjugated ketones, C, D, E, have higher optical densities

than the corresponding saturated ones.We postulate that the increase in
optical density is-a measure of an increased number of absorbing mole-
cules. Since absorption at this frequency is attributed to the proto-~
nated keto group, it would seem that the presence of the HSOA ét C5

has enhanced the basicity of the 03 keto. This effect is not random
--- the ratio of the optical densities of the combounds C/y and E/p
are of the same order of magnitude, respectively 1.48 and 1.34 ---

and may be attributed to the electron-withdrawing power of the HSOA
group.

Within the conjugated series, C, D, and E, differences in
optical density occur. These molecules are identical in all respects

except the substituent group at C Disparities between the compounds

17°
are attributed to this. Compounds C and D, with small polar groups at
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917 hgve higher densities thap E which has the bigger COCH3 substi-
tuent. This difference in demsity due to the group attached at 017
is constant for both saturated, and conjugated ketones --ratio of
density A/F = 1.42 and.c/E = 1.50.

This optical density variation for both conjugated and satur-
ated ketones may be explained by two ﬁossibilities;
(1) Protonation occurs at all ketonic groups and the steroid nucleus
acts as an insulator for the charges. The ratios represent, in this
case, the relative extent of the protonation at the Cl? and Gy keto
groups. However it would be expected that dehydrocholic acid with 3
keto groups would have a much higher density than it‘has. The small
difference between C and D might be attributed to the greater ease

with which the OH is protonatedand is removed as water.

(2) The steroid nucleus is not an insulator, and reactions at given
positions exert electronic influence upon reactions at others., If a
resonance axls existé through the steroid nucleus, then it is easily
seen that (a) HS0), group attached at C5 and outside the resonant
system could cause a peak shift to the U.V, side (b) compounds A,: B,
C, and D, which have the second protonated group in the axis might
resonate and distribute the charge over the whole system, Compounds
& and ¥, which have the second protonated group; Cop, outside this
axis, cannot distribute this charge, and would not be protonated as

extensively. Compound G, with three keto groups, might be expected
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to have a very high density if all groups were protonated. However,
it is very unlikely that even a resonance axis in as large a molecule
as the steroid, could stabilize three positive charges. The observed
optical density reflects the extent of this protonation, and the effect
of greater proximity between the ketonic groups as compared to com-
pouhds with C3 and 017 or CZO ketones. |

Further evidence for the existence of such an axis is found
in the rateé of the reaction. Fig, VIII, and IX indicate the rates
with which equilibrium values of optical densities are established.
Since the peak positions at both room temperature and 100°C, are the
same, one may conclude that ﬁhe same reaction is occurring. It is
seen, Fig, VIII, that the conjugated ketones establish equilibrium
rapidly, the saturated ketones, A and B, Fig. IX (a), a little less
rapidly, and compounds F and G, Fig. IX (b), quite slowly. From
this one must deduce that when there is present on the steroid nucleus
two positions on which a charge may be deposited, and also an electron
withdrawing substituent at C5, the rate is very rapid. When the C5
substituent 1s absent, but there are still present the two keto groups
at 03 and 017, the rate is still quite rabid. When neither the 05’
nor the 017 are present, the rate is very slow. It is interesting to
note the compound F attains equilibrium at approximately the same rate
as A,

These arguments indicate that there must exist electronic
effects across the steroid nucleus. Dr. J. H. Linford (5) has pro-
posed the existence of an axis through which resonance effects can

act.
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THE SPECTRA IN FUHING SULPHURIC ACID

In section A of this work it was indicated that the ionic
species present in fuming sulphuric acid are
~+ e
2 HyS.0p === H3S0, + HS0y
Gillespie (4) has pointed out that H28207 in sulphuric acid is a

weak acid, its ionization constant

[?3804] {?S2O%] = ,020 Gm. molzkg'l
Estzo,?J@

Since the concentration of sterocid used is approximately 10™? molar,

the lonic concentration surrounding it is relatively large. The

reactions believed to occur with the ketosteroids are

- HLSG, — \i/ /\[\ F +~H30
NG " 9@%’% *ﬂ’% S
09(&\

N
. + He
a-ng;*’/gi‘ 2
Hg ;"

The initial reaction must be protonation.  This is indicated

in Fig. X where the peak position, and shape of the curve, measured
10 minutes after solution had been effected at room temperature, was

identical with that of Analar. The presence of the initial Analar




Optical Density

Feure X

Room Temperoture

1. 00
| S o——o—o [ Week'
AP R x—n—x 2 00OYS
| 28 N\ o-come [ QY |
'80\ | L 1A — o JOminutes
(0] 0O ,’/ ‘
A /4
‘ .
soh\y
\o 14
40
° \ X e
\ \..x/ e
.20— | S ‘&-.o/‘
’OO [ L i
440 380 320 260 . 200
i A D>

A * Androstene 317 dione 10.3pemfec

jo

Fum/'ng HZ 504




Fieure X

Room Temperature

/.00 / week
2 ®----- ----o 2 dOys
\\ Fo oo /O TuNIVtES
‘(\ \.\\ ' ‘ xm—x [ d o y
.
ok "\
| .8 \
- ;
v
g .60
A
o
0
w  40F
Q
®)

.20

0420 380 320 260 200
‘ crn™ Xi0™
Pregnanedione 0.1 xgm. /cc

Fuming H, S0,




Optical Density

.20

/.00

.80

.60}

;.'.40;_

ERSE—————

100°C

o——o———0 |5 minutes
< 0 minutes
o--—0----o 5 MiNUtes

X —— %

440

l ' J . " ."‘
380 320 260 200
em” x 0™

- Pregnanedione /0.1 ugm./cc
Fuming H,S0,



- L7 -

spectrum was observed for conjugated ketones only,

As may be expected, the nucleophilic displacement reaction
occurring at 03 is irreversible, This was shown by the slow addition
of water to the fuming acid solution. The only effect observed was
one of dilution -~ the optical density decreased in magnitude with
increased quantities of water, bul nelther the peak position nor the
shape of the curve reverted tec the Analar.

| Table 3L indicates the peak positions of the ketosteroids, and
their optical densities (15 min. 100°C) calculated for lOO/gn/ml fuming
HZSOA' Fig. X and XI, Fig., XII and XIII, represent the absorption
spectra for conjugated and saturated ketones respectively. It is
seen that:
(1) There has been a general shift towards the U.V. The new peak
position is attributed to the carbonium ion with the H8207 group
attached to it. Fieser (13) has stated that the U.V. absorption
positions of steroids are affected by substituent groups near or at
the absorbing center., The observed shift was not only expected bub
its direction could be predicted in view of the Analar results. Here
it was found that the presence of an opened double bond, with the
HSOh group 2 carbons away from the absorbing carbonium ion caused a
shift of peék towards the U,V., Hence, in fuming acild where the sub-
stituent is directly attached to the carbonium ion there should be an
even larger shift.
(2) A slight difference in peak position exists between conjugated
and saturated double bonds. This is attributed to the opened double

bond.
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(3) Steric effects are exhibited by the reaction. Compound B, whose
ring configuration is such as to hinder the approach of the entering
group has a lower density than A. Similarly compounds E and F show
that the presence of the substituent group at CS hinders the reaction,
(4) The presence of the initial Analar spectrum for the conjugated
ketones may be interpreted thus. It was shown that the conjugated
ketones attain equilibrium in Analar much more quickly than the
saturated ones. The same may be expected in fuming HZSOA . Hence
for conjugated ketones the rate controlling process is the nucleo-
philic attdck by‘H8207, while for the saturated it is the protona-
tion reaction,

(5) 1In general the reaction in fuming HzSOA is more complex than in
Analar. Since the first part of the reaction is the same as in Analar
.the electronic factors discussed for this will be applicable’here;
Superimposed upon these will be the new elecironic and steric effects
related io the nucleophilic attack. At this time 1t wbuld be quite

difficult to isolate these.
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THE SPECTRA TN 100% ACID

In 100% acid we have presented the four ionic species resulting

from the self dissociation of sulphuric acid.

+ -
JUUS,. S ¢
(1) 2,80, &= 380, + HSO,,

s

7

q‘.—
AY
(2) 20,50, &= H0 + NS0

The minimum ionic concentration that can be present in sulphuric acid
is .OL43 molal. The steroid concentrations are well below this, thus
they are the limiting factors of the reaction.

| Since all the ilons present in fuming acid and in Analar are
present in 100% acid, both parent reactions ﬁay be expected to pro-
ceed.

At room temperature, Fig. XIV, XV, and XVI indicate that it
is chiefly the Analar reaction which is occurring. However at 100°C
the fuming acid reaction must become consequential, This is best
seen in Fig. XVII, and in the decreasing magnitude of the 320 cm'l
peak of Fig. IX(b). That this is so for compound C of Fig. XV, can
be seen by the fact that the 335 cm—L peak value decreases with time,
The appearance of a small peak at 360 cm'l could be hidden by the curve.

An attempt to analyze the curves of Fig., XV, and Fig. XVII into
the two constituent curves of the Analar reaction and the fuming
reaction was unsuccessful. A possible reason for this may be that it

is not necessarily the 'pure' constituent curves that exist.
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Compounds (i) and (ii) would not necessarily have the same

sithker=thessame probability factor, or even the same absorption peak.
Similarly the reason for the increased density may be resolved into
two components:

(a) the presence of the four ions and their effect upon protonation.
(b) the extent of the fuming acid reaction and its effect upon the
density on the absorption curve.

Fig. IX(b) indicates that in 100% sulphuric acid, the rate of proto-
nation has been increased substantially over the Analar rate. This
may be due to the greater proton donating capacity of the HBSOA ion.,
The conjugated ketones evidence small differences in rate, showing
that (a) they are protonated equally easily by either HBSOL+ or HBO+
and (b) their reaction is more rapid than that of the non-conjugated
syster,

SUPPORTING EVIDENCE

I. To support the premise that protonation occurs, another strong
protonating reagent, 70% perchloric acid, was used. Fig. XVIII indi-
cates the spectra of a conjugated and non-conjugated ketone, after

being dissolved in the acid for 10 minutes at room temperature. The
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curve for the saturated ketone is similar in shape‘and peak position
to that in Analar. The curve for the conjugated ketoﬂe is similar in
shape but it is interesting to note that here the peak position has
shifted 10 wave numbers to the U.V. In view of the presence of the
double bond, and the probable reaction of the acid with it, a shift
in the observed direction may be expected.

The curves in general confirm the chief reaction to be pro-
tonation of the ketonic groups. If such were not the case, it is
highly unlikely that the spectra would be so similar.
1T There exists another possibility -- and this is that oxidation
occurs in sulphuric acid, and that the spectra we are measuring are
those of the fragments.

Only in the most fortuiltous of circumstances would the
spectrum of several fragments give an ultraviolet spectrum with a
single peak. If oxidation were to occur, one of the fragments would
probably be sulphur’ - dioxide. The presence of this compouhd was ine
vestigated through the use of the delicate test first proposed by
Steigman, and later modified by Grant (2). If 302 1s present in
solution, a deep red colour develops in the presence of the reagent.
Though Grant's work was done chiefly in mildly alkaline or acid
solutions, the test is sensitive even in very strong acids.

Fig, XIX . shows the U.V. curve of an 302 solution in 100%
sulphuric acid. The second curve is that of the reagent and a

solution of l.éagﬁ%ml. 505 in 100% acid. The peak at 285 x 102¢m-1
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is due to the reagent itself, that at 182 x 10° em™ to the 50,
present, It is evident that a concentration one half of that used
would produce a detectable peak,

Fig. XX(a) indicates the spectrum of the pure reagent, and
that of 100% acid in the reagent.

Fig., XX(b) indicates the spectrum of conjugated and saturated
ketones, boiled in sulphuric acid for ten minutes, and then adding
the reagent. Obviously there is no SO2 present, The boiling does
not eject any dissolved 802, since the spectra were identical whether
the steroid was dissolved at room teémperature or at iOOoC.

The test for 802 was performed both hot and cold, in Analar
and in fuming sulphuric acid. At no time was there any evidence that
802 was present.

The molal extinction coefficient of S0, in sulphuric acid,
whéther Analar or fuming, is of the order of 400, that of the steroids
is approximately 1 x 10%, It is seen that a substantial amount of
30, would be required to affect the absorption curve of the steroids.

The concentrations of steroid used were, approximately
3x 10—5 molar. The limit of sensitivity of the 802 test is 1 x 10—5

molar concentration of SO2. Thus if any oxidation, or fragmentation

of the steroid had occurred, it would have been detected.
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CONCLUSIONS

(1) The absorption spectra of the keto steroids examined in
sulphuric acid of various strengths have been recorded. An
explanation for the reactions occurring was advanced. This ex-
planation involves a rate controlling protonation reaction,
although in the casé of simple molecules, proton transfers from
one oxygen to another are usually so rapid that the rate cannot
be measured. However, this was the simplest mechanism and was
deduced from the following considerations:

(1) The absence of 802 indicates that the molecule is not
being oxidized. The spectrum with one simple peak suggests
that there is a single absorbing species, and no fragmentation
has occurred.

(i1 Under the conditions of the experiment, sulphonation
of the sterold is not a likely reaction. A saturated system
can be sulphonated only under quite drastic conditions.

(iii) Protonation in a strong acid is the most likely reaction.
The fact that both perchloric and Analar sulphuric acid give
similar spectra supports this. The simplest explanation for the
increase in optical density with time and temperature is a time-
dependent protonation reaction., There may be other possibilities
as well, i.e. a rapid protonation followed by a slow molecular
rearrangement reaction giving rise to a more stable carbonium
ion, a reaction involving the pentano ring, or a rate controlling
loss of water. Clearly a solution to the problem would be the
isolation of the products. An attempt was made here but was un-
successriul. However, it showed that the initial reactant cannot

be recovered by the simple process of neutralization with brine and
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extraction with an organic solvent. This leads to a highly un-
saturated compound whose presence was detected by a pungent odour

but which could not be isolated. There is no reason to believe that
this necessarily is the compound existing in concentrated acid.
Gillespie (17) indicates that the reaction between olefins and sul-
phuric acid though initially simple addition, with time and dilution,
becomes complex and leads to highly unsaturated compounds.

(2) Evidence has been advanced supporting the theory that a reso-
nance axis exists in the steroid nucleus. It would be highly desirable
to measure the spectra of a large number of ketosteroids with systema-
tically varied structures, and thus detect the points on the nucleus
which are most reactive. Such knowledge would be of inestimable
value in relating the ketosteroid structure to its biologic activity.
(3) The absorption spectra can be related to the observed cryo-
scopic behavior. The spectra indicate a single abéorbing specles,

The cryoscopic behavior was attributed to the ability of the steroid
to rupture the structure of the solvent. Such rupture would have a
marked effect on the infrared spectrum of the solvent, but little or

none on the ultraviolet. An investigation of the infrared region

would be profitable.
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