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Characterization of 17-0xosteroids 

Derivatives formed in the Zimmermann 
Reaction 

DURING a study of 17 -oxosteroid levels in blood 
plasma it was found that the amount of individual 
compounds available was frequently too small to 
permit determination and also identification by paper 
chromatography. After the determination of isolated 
17-oxosteroids by Zimmermann reaction it is possible 
to recover these compounds as derivatives which 
can be used for characterizing the compounds 
measured. 

The solution from the colorimeter cell was diluted 
with eight volumes of water and one volume of con
centrated hydrochloric acid added. The acidified 
solution, which is colourless, was extracted with 
benzene (3 x ½ vol.) and the combined benzene 
extracts washed with water until neutral. When 
the Zimmermann reaction was repeated on the 
material extracted by benzene, the extinction 
corresponded to 60-95 per cent recovery of steroid ; 
the colour appeared immediately with alkali alone 
and maximum intensity was obtained under Zimmer
mann conditions in 20 min. 

When the recovered Zimmermann complexes of 
the separated 17-oxosteroids (approximately 5 µgm.) 
were chromatographed on No. 2 Whatman paper in a 
hydrocarbon/aqueous methanol system• spots could 
be located as dark areas by viewing in ultra-violet 
light of maximum intensity in the 240 mµ region 
(Hanovia OX7 filter). These areas were also revealed 
as purple spots by dipping in ethanolic potassium 
hydroxide (10 per cent w/v). The immediate appear
ance of the purple colour together with the absorption 
of ultra-violet light suggests that the m-dinitrobenzene 
is combined with the steroid on the paper chromato
gram. These complexes appear to be very stable as 
they were not destroyed by hot acid hydrolysis ( l O per 
cent hydrochloric acid v/v at 100° for 15 min.) or 
by the subsequent washing of benzene extracts by 
alkali. 

Table 1, which gives the Rp values of the free 
17 -oxosteroids and of their derivatives when run in 
Bush partition systems, shows that whereas in the 
A system the free compounds run faster than their 
derivatives, in the B 1 system they run more slowly. 
This diverse behaviour appears to be associated with 
the partition system used and not with the C 11 -

oxygen function, for the 11-oxo-aetiocholanolone 
derivative runs in the A system more slowly than 
the corresponding free compound. 

Table 1. Rp VALUES OF STEROIDS AND DERIVATIVES ON WHATMAN 
.NO. 2 l'APER 

(Equilibration time, 3 hr.; running time, 4 hr.; temperatnre, 37°) 

Free steroid Derivative 

Bush A system 
Dehydroisoandrosterone 0·32 0·23 
isoAndrosterone 0·37 0·31 
Aetiocholanolone 0·43 0·33 
Androsterone 0·56 0·46 
11-0xo-aetiocholanolone 0·064 0·042 

Modified Bush B 1 system 
11-Hydroxy-aetiocholanolone 0·40 0·70 
11-Hydroxy-androsterone 0·50 0 ·78 
11-0xo-aetiocholanolone 0·64 0·83 
11-0xo-androsterone 0·70 0·88 

Bush A system : 80-100° petroleum ether (10), methanol (8). water (2). 
Modified BUBh B, system: 80-100° petroleum ether (5), benzene (5), 
methanol (7), water (3). 
R,, values calculated against sudan IV, which was used for indicating 
the solvent front approximately. 

The Zimmermann complexes formod from 5c.c
androst-3 : 17-dione, 5(3-androst-3 : 17-dione, androst-
4-ene-3 : 17-dione and androst-4-ene-3 : 11 : 17-trione 
did not move from the origin in Bush A, B, or B 5 
systems. 

This technique has enabled us to obtain further 
evidence of identity of steroids isolated from blood 
plasma by chromatography on alumina. 

We wish to express our thanks to Dr. T. F. 
Gallagher, Sloan Kettering Institute, New York, and 
to Dr. \V. Klyne, Hammersmith Postgraduate 
Medical School, for the gift of reference steroids, and 
to Sir Charles Dodds for his interest in this work. 
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An Asymmetric Catalyst 
ASYMMETRIC synthesis has hitherto succeeded 

only by using reagents or solvents having the 
asymmetric configuration. 

We have been able to synthesize optically active 
amines and amino-acids by using an asymmetric 
catalyst, based on the fact that the optical activity 
of the biological substances originates in the asym
metric structure of the enzyme proteins. 

The asymmetric catalyst was obtained by reduction 
of protein-palladium complex which was prepared 
by adsorption of palladium chloride on silk fibroin 
fibre. 

Optically active glutamic acid, phenylalanine and 
diphenylethylenediamine were formed by hydro
genating their precursors, diethyl c.c-acetoximino
glutarate, ethyl c.c-acetoximinophenyl-propionate, 4-
benzilidene-2-methyloxazol-5-one and c.c-benzildiox
ime, respectively, in the presence of this catalyst. 

Preparation of catalyst. 100 mgm. of palladium 
chloride was adsorbed on 300 mgm. of silk fibroin 
fibre, and the complex was reduced with hydrogen 
in 50 ml. methanol at 50° C., 80 kgm./cm. 2 for 1 hr. 

Hydrogenation of diethyl c.c-acetoximinoglutarate. 
10 gm. of diethyl c.c-acetoximinoglutarate was hydro
genated with the catalyst in 50 ml. methanol at 
50° C., 80 kgm./cm. 2• The reaction mixture was 
filtered, evaporated in vacuo, hydrolysed for l hr., 
precipitated with hydrochloric acid, and extracted 
with acetone to remove organic acids. Then the 
product was recrystallized four times. Glutamic acid 
was obtained in a yield of 39 per cent. [c.c]; = 
+ 2 ·25° (c., 7 per cent in 2N HCl). Analysis: calcu
lated for C5H 100 4NCl: N, 7 ·63; found: N, 7 ·36. 
This compound was identified by paper chromato
graphy and infra-red spectroscopy. The manometri~ 
analysis (by glutamic acid decarboxylase of E. coli) 
showed the same value of L( +) content. 

Hydrogenation of ethyl-ix-acetoximinophenyl-pro
pionate. 6 gm. of ethyl-c.c-~cetoximinophenyl
propionate was hydrogenated -with the catalyst m 
50 ml. methanol at 70° C., 90 kgm./cm. 2

• The reaction 
mixture was filtered, evaporated in vacuo, hydro-
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lysed for 4 hr. with 30 ml. 10 per cent hydrochloric 
acid and evaporated in vacuo again. The residue 
was dissolved in 10 ml. water, decolorized, evapor
ated to half volume of the solution in vacuo, diluted 
with 5 ml. methanol, and adjusted to pH 7 ·O with 
aqueous ammonia. After standing overnight, l ·5 gm. 
of phenylalanine was obtained ; m.p. 261 •5° C. 
[ex]~ = + 9 ·25° (c., 9 per cent in water). Analysis: 

calculated for C0H 110 2N : N, 8 ·48 ; found, N, 8 ·23. 
This compound had the same Rp value as the 
standard phenylalanine. 

Hydrogenation of 4-benzylidene-2-methyloxazol-5-one. 
5 gm. of 4-benzylidene-2-methyloxazol-5-one was 
hydrogenated with the same catalyst in 50 ml. 
methanol at 75° C., 90 kgm./cm. 2• The reaction 
mixture was filtered, evaporated in vacuo, hydro
lysed for 4 hr. with 30 ml. 10 per cent hydrochloric 
acid. The acid solution was extracted with ether, 
and the water layer was evaporated in vacuo. The 
residue was dissolved in 10 ml. water, decolorized, 
concentrated to 3 ml., diluted with 3 ml. methanol, 
adjusted to pH 7 with aqueous ammonia. After 
standing overnight, 0 ·7 gm. of phenylalanine was 

obtained; m.p. 280° C. [ex]; = + 12•5 (c., 9 per 

cent in water). Analysis: calculated for C9H 110 2N: 
N, 8·48; found, N, 8·23. This compound was 
identified by paper chromatography. 

Hydrogenation of ex-benzildioxime. 5 gm. of 
ex-benzildioxime was hydrogenated in 10 per cent 
ammoniacal methanol at 80° C., 80 kgm./cm. 2, with 
the same catalyst, and the product was recrystallized 
from n-butanol. Diphenylethylenediamine (2·5 gm.) 
was obtained. Analysis: calculated for C 14H 16N 2 : 

C, 79·21; H, 7·60; N, 13·20; found: C, 78·05; 
15 

H, 7·20; N, 12·12. [ex]D = + 8·75 (800 mgm./ 
16 

100 ml. of ether) ; [ex[D = + 431 ·0 (29 ·6 mgm./ 

100 ml. of ether). (In this experiment, we observed 
the wide variation of [ex]D of diphenylethylenediamine 
with the concentration of the substance in diethyl
ether.) 

It appeared that the palladium adsorbed on the 
supporter having the asymmetric configuration was 
capable of catalysing the asymmetric reduction. 
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A New Reagent for the Determination of 
Thorium 

SEVERAL organic acids1
-• have been used for the 

quantitative precipitation of thorium. By a careful 
control of the pH value, thorium may be separated 
from the rare earths. The precipitate in most 
cases is rather of indefinite composition, and for a 
quantitative determination, it has to be ignited to 
thorium oxide and weighed. We have been engaged 
in investigating derivatives of cinnamic acid to see 
if they possess any advantages over other acids which 
have been employed hitherto. 

It was found that m-nitro cinnamic acid not only 
gives a clear-cut separation of thorium from other 
trivalent rare-earth ions, but also gives a thorium 
precipitate of definite composition. The precipitated 
thorium salt is the tetra-m-nitro cinnamate and is 
one of the very few examples of precipitation of 
thorium as the tetravalent salt. 

An alcoholic solution of m-nitro cinnamic acid was 
added to a solution of thorium salt at pH 2 ·0 or less 
and this was carefully adjusted to 3 ·8-4. The higher 
pH value is specially necessary when sulphate ions 
are present. Thorium came down as a granular pre
cipitate. The precipitate was filtered, washed with 
hot alcohol and weighed as thorium tetra-m-nitro 
cinnamate. It was then ignited and weighed 
as thorium oxide. The following are typical 
results. 

Weight of thorium tetra-m-nltro cinnamate (gm.) 0 ·1135 
Weight of ThO, (by calculation) (gm.) o ·02997 
Weight of ThO, (by Ignition) (gm.) 0 ·0299 

Thorium may therefore be determined by a direct 
weighing of the precipitate instead of by igniting, 
as has been done hitherto. 

The same experimental procedure may be followed 
for separation of thorium from trivalent rare earths ; 
if, however, the proportion of the rare earths is pre
ponderantly high, a double precipitation may be 
followed. 

Tetravalent ions like titanium, zirconium, cerium 
(ic), etc., are also precipitated by this reagent and 
would thus interfere. 

Further details will be published elsewhere. 
M. R. VERMA 
K. C. AGRAWAL 
s. D. PAUL 

National Physical Laboratory of India, 
Hillside Road, 

New Delhi. 
April 28. 
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Recording Differential Thermogravimetric 
Balances 

IN recent years, interest has been revived in the 
application of the thermogravimetric technique for 
the characterization of inorganic and organic com
pounds, and for studies concerning their thermal 
decomposition procesf:!. Several types of automatic 
balances have been developed-some of them now 
being commercially available--to give recorded 
curves of the cumulative weight-loss, with time or 
temperature, of a sample decomposing thermally 
under controlled conditions. It is often necessary to 
prepare, from this record, a curve of the rate of 
weight-loss as a function of time or temperature, by 
the somewhat tedious and relatively inaccurate pro
cess of graphical differentiation. 

In order to assist our investigations on the thermal 
decomposition process of coal and related compounds, 
two types of thermogravimetric balances were de
vised to give automatically precise and continuous 
records of the differential weight-loss, together with 
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