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An extension of the calorimetric studies reported 
by Gutfreund and Sturtevant3 has revealed that at 
low pK bovine serum albumin (BSA) and bovine 
serum mercaptalbumin (ESMA) may undergo an 
exothermic reaction in addition to the previously 
reported endothermic reaction. In an effort to 
find the cause of the exothermic reaction, the calori­
metric work was complemented by sedimentation 
studies of BSA and BSMA in 0.1 M ionic strength 
HCl-NaCl solutions. 

In agreement with published results, we have 
found that aggregates are formed4'6 at low pH 
and that the sedimentation constants of the un­
aggregated6 and aggregated species decrease with 
pK. The nature of the aggregation phenomenon 
is under investigation and will not be discussed 
further here. A detailed study has been made, 
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Fig. 1.—Sedimentation curves of BSA and aggregate; 
0.1 M ionic strength HCl-NaCl solutions: G, Armour and 
Pentex bovine serum albumin; O, bovine serum mercaptal­
bumin; ffi, B.S.A. after exposure to £H 3.1. 
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however, of the sedimentation constants as a func­
tion of pH. in solutions approximately 1% in protein 
(Fig. 1). Several features may be noted. In the 
range of pK 3.8 to 2.8 the sedimentation constants 
show an inflection; at higher pH, the slopes of the 
sedimentation curves do not appear to decrease to 
zero near the isoelectric point; the changes in the 
sedimentation constants are reversible; and the 
behavior of BSA and BSMA are indistinguishable. 

There are at least three factors which might be 
involved in the decrease in sedimentation constants: 
a decrease in molecular weight; the presence of 
electric potentials during sedimentation of charged 
particles; and configurational changes in the mole­
cule which produce an increased f rictional coefficient. 
The first of these is unlikely since the unaggregated 
and aggregated species behave in a parallel manner. 
The contribution of the second factor may be 
evaluated, as shown by Pedersen.7 At pK 3.0 
the charge correction amounts to less than 1% 
of the isoelectric sedimentation constant. The 
difference between the isoelectric sedimentation 
constant (corrected for the charge effects at various 
pTL levels) and the observed values at lower £>H, 
together with the pronounced inflection in the 
curve of Fig. 1, therefore provide additional evi­
dence for the occurrence of a reversible configura­
tional change in the BSA molecule in acid solu­
tion.8-15 It is interesting that the aggregate ap­
pears to undergo a similar change. 

In order to investigate the nature and magnitude 
of this configurational change, sedimentation 
constants extrapolated to infinite dilution should 
properly be determined. If the observed and 
isoelectric sedimentation constants in 1% solutions 
are compared, the magnitudes of the average 
changes so calculated will most likely be too large. 
Assuming that the molecule "swells" isotropically 
in acid solution, and using the model of the hydro-
dynamically equivalent sphere for the BSA mole­
cule, in conjunction with Stokes' law, we find16 
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that at pH 3.0, for example, the radius of the 
equivalent sphere is not more than 28% greater 
than its value at the isoelectric point. The esti­
mated changes are smaller than those calculated by 
Tanfords from his titration data; he found a radial 
"swelling" of approximately 50% at ^H 3.0. 

Although unequivocal correlations cannot be 
made as yet between the calorimetric and sedi­
mentation behavior of BSA in acid solutions, the 
endothermic reaction of BSA has been tentatively 
associated with the reversible configurational 
changes. The correlation between the exothermic 
reaction and the aggregation phenomenon is under 
investigation. 
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In spite of the fact that androsterone (II) was 
the first male sex hormone to be isolated and pos­
sesses a relatively simple structure, no short syn­
thesis has been available for this steroid.2 This in 
turn has prevented extensive clinical experiments 
with this substance, which many endocrinologists 
feel merits more attention. In connection with 
Raney nickel desulfurization experiments under 
way in this Laboratory, we have made certain an­
cillary observations which indicate that a facile 
synthesis of androsterone should be possible and 
these are being reported in the present note. 

The only complicating feature of any androster­
one synthesis is the formation of a 3a-alcohol of the 
5a-series, which usually requires conditions (e.g., 
platinum-catalyzed hydrogenation in an acid me­
dium)3 which also would reduce the 17-keto group 
unless protected.2 I t now has been observed that 
while androstane-3,l7-dione (I) is reduced to a 
mixture of diols when refluxed with fresh W-2 
Raney nickel4 in ethanol solution, the 17-keto 
group is not affected by non-pyrophoric (old) 
Raney nickel catalyst. This same non-pyrophoric 
catalyst, however, was quite effective in reducing a 
saturated 3-keto function as demonstrated by the 
conversion of cholestan-3-one to a 2:1 mixture of 
cholestan-3a-ol and cholestan-3/3-ol. A noteworthy 
feature of this reduction is the relatively high pro­
portion of 3a-epimer formed, which suggested that 
a one-step conversion of androstane-3,17-dione (I), 
a commercial intermediate in the manufacture of 
estrone, to androsterone (II) should be feasible. 

Indeed, when androstane-3,17-dione (I) was re-
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mendation of the Committee on Growth of the National Research 
Council for a research grant. 

(2) For the most recent synthesis and leading references see J. 
Iriarte, G. Rosenkranz and F. Sondheimer, J. Org. Ckem., 20, 542 
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fluxed with non-pyrophoric Raney nickel catalyst, 
i.e., W-2 catalyst which had been stored for a pe­
riod of one to three months, nearly 50% of andro­
sterone (II) was formed, together with 34% of the 
epimeric epiandrosterone (III). The two isomers 
could, of course, be separated quantitatively by 
means of digitonin, but chromatographic separation 
also proved feasible. No attempt was made to de­
termine the optimum conditions for the synthesis of 
androsterone, but it was noted that "hydrogen-
free" Raney nickel catalyst6 was equally effective. 
In view of the fact that cholestan-3-one is not re­
ducible6 by fresh W-2 Raney nickel in benzene 
or acetone solution and yields chiefly cholestan-3/3-
ol when heated in ethanol solution, it appears that 
the formation of large amounts of the 3a-epimer 
with non-pyrophoric or hydrogen-free catalyst in 
ethanol must proceed by a different mechanism. 
A possible explanation is that the latter reduction 
involves a hydrogen transfer from ethanol to the 
ketone, in spite of the fact that this does not ap­
pear to be operative7 in Raney nickel desulfuriza-
tions. 
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Experimental8 

Reduction of Cholestan-3-one with Non-pyrophoric W-2 
Raney Nickel.—A solution of 600 mg. of cholestan-3-one in 
75 cc. of absolute ethanol was refluxed with ca. 6 g. of W-2 
Raney nickel4 (1 month old) for 5 hours. After filtering 
and evaporating to dryness, 588 mg. of colorless solid was 
obtained, which by infrared spectroscopy (no infrared car-
bonyl band) was shown to consist of a mixture of the epimeric 
cholestan-3-ols. Chromatography on 24 g. of alumina and 
elution with benzene-ether (4:1) yielded 390 mg. of choles-
tan-3a-ol; after recrystallization from ethyl acetate, it ex­
hibited m.p. 185-186°, [a]20D + 2 6 ° (CHCIs), X™°" 10.0 
n; acetate, m.p . 94-96°, [<*]%> + 4 2 ° (EtOH). Further 
elution with the same solvent furnished 200 mg. of cholestan-
33-ol, m.p . 140-141°, X™01' 9.68 ft. Identity was estab­
lished in each case by mixture melting point and infrared 
comparison with authentic samples. 

When the reaction was repeated with fresh (one day old) 
W-2 catalyst, 8 3 % of cholestan-3/3-ol was formed. 

Reduction of Androstane-3,17-dione with Non-pyro­
phoric W-2 Raney Nickel.—A solution of 500 mg. of andro-
stane-3,17-dione was refluxed in 50 cc. of absolute ethanol 
with 5.0 g. of W-2 Raney nickel (identical results were ob­
tained with catalyst of 1 and 3 months age) and the total 
reduction product passed through 18 g. of alumina. The 
bulk was eluted with benzene-ether (9:1) while 57 mg., 
representing a diol mixture (x£?°' ' 2.8-3.0, 9.62 and 10.0 
fi) was eluted with ether-methanol (9:1). The pooled 
benzene-ether eluates consisted of a mixture of androsterone 
(II) and epiandrosterone ( I I I ) as demonstrated by infrared 
examination (X™£l! 5.76 (17-ketone), 9.62 (epiandroster­
one) and 10.0 n (androsterone)). Separation was achieved 
by means of digitonin,9 the material being dissolved in 60 
cc. of 90% ethanol and added to a solution of 2.28 g. of digi­
tonin in 140 cc. of 90% ethanol. After 2 hours, the pre­
cipitate was filtered, washed with ethanol and ether and the 
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