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The rate of bromination of some A,-unsaturated steroids was measured at 16° and 23° and the
approximate activation parameters were calculated from the data obtained. The values for free energy
of activation were found to be near constant.

Recently a number of -publications have appeared concerning the effect of -
substituents far from the reaction centre upon the rate of reaction [1—8]. These
long-range effects can readily be examined in such systems, not too flexible from .a
conformational point of view, as terpenoids [2, 3, 4] and steroids [1, 6]. As BARTON
and coworkers [3] stated the phenomenon can not be accounted for merely by polar
and conformative effects, though both participate. On examining the bromination
reaction of 4;-substituted steroids.SCcHWARZ and coworkers [6, 7, 8] found a relation-
ship between the pK, value of the acid esterifying the 3f-hydroxy group -and the -
Jogarithm of the rate constant of the reaction, which referred to the primary character
of polar effects.

In the course of the examinations reported so far the conclusions were drawn
mainly from experimental data obtained at a single temperature value only. In order
to study the effect of temperature factors the bromination reaction of some 4;-
unsaturated steroid derivatives, available in the authors’ laboratory, was studied
under conditions somewhat different of those applied by SCHWARZ [6]. The bro-
mination of the following steroid derivatives was studied: pregnenolone (II), 17a-
hydroxypregnenolone (la), 17a-hydroxypregnenolone .3-acetate (Ib), solasodine
(VIIIa), dehydroepiandrosterone . acetate (II[), O,N-diacetylsolasodine (VIIIb),
16a-cyanopregn-5-ene-34,208-diol  (IV), 16p-carboxy-17a-(iso)-pregn-5-ene-38-ol-
20-one (V), 16f-carboxypregn-5-ene-38,208-diol-16,20-lactone " 3-acetate (VI) and
cholesterol acetate (VII). The data ‘calculated from the experimental results are
enlisted in Table I. All reactions were followed until no formation of by-products-
could be detected by thin-layer chromatography (Merck, Kieselgel G adsorbent).

Table I includes relative rate constants, too, based on 17a-hydroxypregnenolone
3-acetate (Ib), which was taken as 100, both at 16° and 23°. The rate constant of
this compound (Ib) was measured at further two temperature values. As the table
shows, in case of two compounds (Ia and VIIIb) the rate of reaction was too h1gh
to be followed by the method applied.

3



Table I
. . s *

Compound | l/m]c:tlos_ec. oty l/mlc{)‘;fwsec. Krotgye kcl:ln/cr;:ol E:E';:o;fy kcai/c;l:ol
pregnenolone (LI) 29,5 1201 21;6 713 =15 -179,5 . 16,2 '
solasodine (Vl1IIa) ' 10,8 438 . '8,9 ' 295 —-4.5 ~70,9 16,5
O,N-diacetylsolasodine (VI1Ib) very fast reaction, unfollowable by the t;chnique applied
cholesterol acetate (VII) 9,6 390 6,5 215 =93 - 87,5 16,7
]7oc-hydroxypregnenoloné (Ia) very fast reaction, unfollowable by the technique applied
17a-hydroxypregnenolone 3-acetate (Ib)**- 2,5 ‘ 100 3,2 100 5,1 —38,7 16,9
dehydroepiandrosterone acetate (111) . 1,6 66 . 1,3 44 ‘ —44 -175,0 . 17,8
16ux~-cyanopregn-5-enc-34,205-diol(IV) 6,4 260 8,5 281 7,0 -323 16,5
16f8-carboxy-1 7oc-(is_o)—pregn-5-ene-3ﬂ-ol-20-one ) 1,2 - 50 34 L2 24,7 o257 17,3

HITANIM *d ANV SOWNTVH "W ‘QaVZS 'V '

16f-carboxypregn-5-ene-34,208-diol 16,20¥1actone 3-acefate
(VI)*** : i |

*'values calculated from two data
** ko 2,7 I/mol.sec., kg0 2,9 I/mol.sec.

*** measured at 23° only

1,7 56 -
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- . The changes in the rate constants vs. temperature are considerable and they
do not follow exactly the polarity of the respective groups. Changes in the 3-hydroxy
function exert particularly substantial effect upon the reaction rate.
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On the basis of the rate constants at the two different temperatures approximate
activation parameters were calculated. Of these, the calculated approximate free
energy of activation appears to be almost constant (cca. 16—17 kcal/mol) and it
is in good agreement with the observations of WALLISCH and DuBois [9].

: Experimental
Materials ' :

" Commercial chloroform was shaken successively with concd. sulphuric acid,
water, dilute Na,CO; solution and -water, dried over anhydrous CaCl, and dlS-
tilled from P,O;. The Ist and last 1/5 fractions were discarded. Commercial glacial
acetic acid was refluxed with chromic acid for. two hours and distilled, the Ist and -
last 1/5 fractions being agam discarded. Nelther of the two solvents was further
specified.

The physical constants and analytical data of the steroid derivatives were in
_good agreement with literary data : ‘
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Measurements

The reactions were carried out in an ultrathermostat, where the desired tempe-
rature. could be maintained with an accuracy of +0.1°. Twenty ml. of the standard
steroid solution in chloroform (containing cca. 60 mg. steroid) was mixed at the
given temperature with 0.05 N bromine in glacial acetic acid solution corresponding
to 50% excess of bromine. Subsequent to the reaction time aqueous KI solution
was added and the iodine content titrated with 0.05N Na,S,0, solution. Five
parallel measurements were carried out for each temperature and reaction period
values, respectively.

Calculations

The rate constants were calculated from the half-time of the reactions, the
latter - being determined graphically. In all cases the ratio of half and third periods
“corresponded to second-order reaction. The approximate actlvatlon parameters
were calculated in the usual way [10, 11].

.
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CTEPOUBI. XI
MN3YYEHUE EPOMI/IPOBAHI/II/I HEKOTOPBIX 4,-CTEPOMJOB

H. A. Cabo, M. Faavsmout u IT. Bunxaep
ABTOPBI H3MEPHUITH CKOPOCTb OPOMHDOBAHHH HEKOTOPBIX A;-CTEPOMAOB NPH TEMIEpaTypax

16 u 23 °C ¥ W3 3KCIEPHMEHTANBHEBIX NAaHHBIX MCYMCAHIIM aKTHBAUMOHHBIE mapameTpsl. JlaHHBbIE
AKTHBALMOHHBIX CBOOOMHBIX JHTANbNHH ObLIM MOYTH MOCTOSIHHBIE.



