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guinea pig kidney. Decarboxylation of 5-hydroxy-
tryptophan was followed by measuring the produc
tion of 5-hydroxytryptamine by a procedure de
veloped in this laboratory. The sample was ad
justed to pH 10, saturated with NaCl, and extracted 
with 4 volumes of «-butanol. The w-butanol layer 
was then washed three times with equal volumes of 
pB. 10 borate buffer saturated with NaCl, to remove 
5-hydroxytryptophan and normally occurring in
terfering substances. The 5-hydroxytryptamine 
was then returned to an aqueous phase by adding 
an equal volume of heptane to the K-butanol and 
shaking the mixture with a small volume of 0.1 N 
HCl. The optical density of the acid solution was 
measured at 275 m/u. The material measured by 
this procedure after incubation of 5-hydroxytrypto
phan with the enzyme preparation was identified 
as 5-hydroxytryptamine by its ultraviolet absorp
tion spectrum and by its chromatographic proper
ties on paper. The kidney extract did not decar-
boxylate tryptophan, 7-hydroxytryptophan, or ty
rosine (Table I). 

TABLE I 

SUBSTRATE SPECIFICITY OF 5-HYDROXYTRYPTOPHAN D E 

CARBOXYLASE 

Each amino acid was incubated with guinea pig kidney ace
tone powder extract for 2 hours in an atmosphere of nitrogen 

at pll 0.7 and 37° 
f<M of 

amine found 
Substrate /iM added after incubation13 

5-Hydroxy-D,L-tryptophan 4.54 1.8I ' 
7-Hydroxy-D,L-tryptophan6 4.54 < 0 . 0 2 
L-Tryptophan6 5.00 .0(1 
L-Tyrosine1 5.00 < .05 

" The amines, 5-hydroxytryptamine, 7-hydroxytrypt-
arnine, tryptatnine and tyramine, were found to be per
fectly stable when incubated with the enzyme preparation. 
b Chromatographic analysis showed that the bulk of the 
amino acid remained after incubation. ' Represents about 
8 0 % of the theoretical value assuming that only 5-hydroxy-
L-tryptophan is decarboxylated. 

The presence of an enzyme which specifically 
catalyzes the decarboxylation of 5-hydroxytrypto
phan suggests that this amino acid is an intermedi
ate in the biosynthesis of 5-hydroxytryptamine. 
Failure to find tryptophan decarboxylase activity 
in tissues makes it unlikely that the alternative 
pathway B is involved in 5-hydroxytryptamine 
formation. 

Investigations with the tropical toad, Bufo mari-
nus, lend further support to the existence of path
way A. Previous work has shown that the venom 
glands of Bufo marinus contain considerable 
amounts of 5-hydroxytryptamine2 and its N-methyl 
analogs.3 Experiments in progress show that the 
venom contains no tryptamine but does contain an 
indole compound which is chromatographically 
indistinguishable from 5-hydroxytryptophan. 
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(2) S. Utlenfrienrf, C. T. Clark and E. Titus, Experientia, 8, 379 
(19.52). 

{?,) H. Jenseu ami K. K. Chen, J. Biol. Chcm., 116, 87 (1936). 

CHEMICAL STUDIES WITH 11-OXYGENATED STER
OIDS. I. 17o:-HYDROXYCORTICOSTERONE 

Sir: 
VVe wish to report a novel synthesis of 17a-

hydroxycorticosterone.* 3a, 11 a, 17a-Trihydroxy-
pregnane-20-one (I),2 now readily available from 
lla-hydroxyprogesterone, was simultaneously oxi
dized and chlorinated with /-butyl hypochlorite to 
give 4-chloro- 11a, 17a-dihydroxypregnane-3,20-di-
one (II), m.p. 183-185° after melting at 160-165° 
then resolidifying (melting points are uncorrected); 
[a]23D +48° (acetone). This compound was 
highly solvated and was difficult to dry for analysis. 
Oxidation of (II) with chromic acid gave 4-chloro-
17a-hydroxypregnane-3,ll,20-trione (III), m.p. 
239.5-242°, [a]24D +103° (acetone); (Anal. 
Calcd. for C21H29ClO4: C, 66.16; H, 7.67; Cl, 
9.31. Found: C, 66.10; H, 7.83; Cl, 9.30). 

Likewise, 3a,17a-dihydroxypregnane-ll,20-di-
one3 was simultaneously oxidized and chlorinated 
with /-butyl hypochlorite to give 4-chloro-17a-
hydroxypregnane-3,ll,20-trione (III). The 3,20-
bis-(ethylene glycol ketal) (IV), m.p. 238-242°; 
H2 4D +55° (acetone); (Anal. Calcd. for C26H37-
ClO6: C, 64.02; H, 7.95; Cl, 7.56. Found: 
C, 64.57; H, 7.86; Cl, 7.55), was formed when 
III was treated with ethylene glycol in the pres
ence of an acid catalyst. Mild acidic hydrolysis of 
IV gave 4-chloro-17a-hydroxypregnane-3,ll,20-tri-
one 3-ethylene glycol ketal, m.p. 194-203°, [a]23D 
+83° (acetone); (Anal. Calcd. for C28Hs3ClO6: 
C, 65.00; H, 7.82; Cl, 8.34. Found: C, 65.16; 
H, 7.90; Cl, 8.37). Reduction of IV with lithium 
aluminum hydride gave 4-chloro-ll/3,17a-dihy-
droxypregnane-3,20-dione 3,20-bis-(ethylene glycol 
ketal) (V), m.p. 222-224°, [a}23D +41° (acetone); 
(Anal. Calcd. for C26H39ClO,: C, 63.74; H, 8.35; 
Cl, 7.53. Found: C1 63.80; H, 8.30; Cl, 7.53). 
Selective hydrolysis of the 20-ketal group with 
dilute acid in acetone gave the 3-monoketal (VI), 
m.p. 194-196°, [a]28D +82° (acetone); (Anal. 
CaICd^OrCj3H86ClO6: C, 64.70; H, 8.26. Found: 
C, 64.57; H, 8.13). Bromination of (VI) in chloro
form solution gave the 21-bromide (VII), m.p. 
199-201°; [«]2 2D +91° (acetone); (Anal. Calcd. 
for C23H34BrClO6: C, 54.50; H, 6.77; Br, 15.8. 
Found: C, 54.43; H, 7.01; Br, 15.3). When VII 
reacted with potassium acetate in acetone there 
was isolated 2 l-acetoxy-4-chloro-11/3,17a-dihy-
droxypregnane-3,20-dione 3-ethylene glycol ketal 
(VIII), m.p. 232-233°, [a]22D +96° (acetone); 
(Anal. Calcd. for C26H37ClO7: C, 61.91; H, 7.69; 
Cl, 7.31. Found: C, 62.17; H, 7.73; Cl, 7.16). 
When VIII was treated with 2,4-dinitrophenyl-
hydrazine or semicarbazide under acidic conditions 
followed by cleavage of the azone derivative by 
pyruvic acid there was obtained 17a-hydroxy-
corticosterone acetate (IX), m.p. 217-220°; X^~H 

242 m/x, E = 15,950. The infrared spectrum of 

(1) 17ce-Hydroxycorticosterone is also known as Reichstein's Com
pound M (T. Reichstein, HeIv. CMm. Acta, SO, 953 (1937)) and Ken
dall's Compound F (H. L. Mason, W. M. Hoehn, and E. C. Kendall, 
/ . Biol. Chcm., 134, 459 (1938)). 

(2) H. L. Herzog, E. P. Oliveto, M. A. Jevnifc and E. B. Hershberg, 
T H I S JOUKNAL, 74, 4471 (19S2); O. Manoera, et al., ibid., 74, 3711 
(1952); Kritchevsky, et al., ibid., 74, 483 (1952). 

(3) L. H. Sarett, ibid., 70, 1454 (1948). 
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(IX) is identical with that of a known sample of 
17a-hydroxycorticosterone acetate. !^Propane
diol may be substituted for ethylene glycol in the 
over-all process with success. Compound F acetate 
was prepared by this method in approximately 15% 
over-all yield from lla-hydroxyprogesterone, the 
synthesis of which by the bio-oxygenation of proges
terone was recently described in a communication 
from these laboratories.4 Similarly treatment of 
VI as given for VIII above, gave the hitherto un
reported 11/3,17a-dihydroxy-4-pregnene-3,20-dione 
(21-desoxy Compound F), m.p. 225-228°, [a]!4D 
+ 136° (acetone); X^a°

H 241 m/x, E = 15,500. 
{Anal. Calcd. for C2IH30O4: C, 72.80; H, 8.73. 
Found:• C, 72.72; H, 8.70). Further details of this 
work will be published shortly. 

The authors are indebted to V. R. Shellman, A. 
Koning, and G. Beyer for technical assistance; 
to L. M. Reineke and group for papergram an
alyses; to Dr. J. L. Johnson, J. E. Stafford, and 
Mrs. G. S. Fonken for infrared and ultraviolet 
absorption studies; and to W. A. Struck and group 
for microanalyses. 

(4) D. H. Peterson and H. C. Murray, T H I S JOURNAL, 74, 1871 
(1952); D. H. Peterson, H. C. Murray, S. H. Eppstein, L. M. Reineke, 
A. Weintraub, P. D. Meister and H. M. Leigh, ibid., 74, 5933 (1952); 
U. S. Patent 2,602,769, July 8, 1952. 
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ELECTRON DISTRIBUTION IN TRIPHENYLMETHYL:' 
HYPERFINE STRUCTURE OF THE PARAMAGNETIC 

RESONANCE ABSORPTION OF (C8H5)3C»* 
Sir: 

Hyperfine structure in the paramagnetic reso
nance absorption of free radicals is associated with 
interactions between electronic and nuclear mag
netic moments.2 From the magnitudes of the 
hyperfine splittings, deductions concerning the 
electronic distribution may be made. 

The abundant isotope of carbon, C12, has zero 
magnetic moment and leads to no hyperfine split
tings. C13, on the other hand, possesses spin V2 
and a magnetic moment of 0.7021 nuclear magne
ton. One C1S nucleus in a free radical molecule 
should split the paramagnetic resonance absorption 
spectrum into two components. The magnitude 
of tHe splitting is dependent on the average mag
netic field at the nucleus contributed by the spin 
and orbital motion of the electron.3 This field is 
determined in part by the average of the reciprocal 
of the cube of the distance between electron and 
nucleus. 

We have examined the paramagnetic resonance 
(1) Assisted by the joint program of O.N.R. and A.E.C. 
(2) G. E. Pake, J. Townsend and S. I. Weissman, Phys. Rev., 85, 

682 (1952); C. A. Hutchison, Jr., R. C. Pastor and A. G. Kowalsky, 
/ . Chem. Phys.. 20, 534 (1952). 

(3) In the case here considered the orbital contribution is unim
portant. 

absorption of triphenylmethyl containing C13 in 
the methyl position. The sample contained 53 
atom per cent, of C13 in this position. The spec
trum in dilute solution (10 - 3 M in hexaphenyleth-
ane) consists of three lines, equally spaced.4 The 
interval between the low field line and the high field 
line is 22 ± 5 oersteds. The central line arises 
from molecules containing C12 in the methyl posi
tion. The intensities are consistent with the iso-
topic abundance of the original sample. Tri
phenylmethyl prepared from materials of normal 
isotopic abundance by a procedure identical with 
the one used for the C13 containing compound gave 
a single line. 

The splitting which we have observed arises from 
an average field at the C13 nucleus of about 3 X 104 

oersteds.* This field corresponds to a separation 
of 0.7 angstrom units between the unpaired electron 
and the nucleus of the methyl carbon atom. This 
interpretation must be viewed with caution. Fur
ther work, now being pursued, on the anisotropics 
in the spectra of single crystals dilute in the free 
radical constituent, is essential for a more quanti
tative description of the electronic distribution. 

(4) The measurements were made at 9000 mc. in fields close to 3200 
oersteds. 

(5) This number may be compared with a field of 6 X 10* oersteds at 
the nitrogen nucleus in nitric oxide. 

DEPARTMENT OF CHEMISTRY 
WASHINGTON UNIVERSITY S. I. WEISSMAN 
ST. LOUIS 5, MISSOURI JOHN C. SOWDEN 

RECEIVED DECEMBER 20, 1952 

STUDIES ON ADRENOCORTICOTROPIC V. THE 
ISOLATION OF CORTICOTROPIN-A 

Sirs: 
By means of a 200-plate counter-current dis

tribution of a fraction derived from unhydrolyzed 
hog pituitary extract by means of an ion exchange 
column1 we have obtained a product which appears 
to be pure. 

In this work'we'have started with the slow-
moving fraction from Amberlite XE-97 columns, 
referred to as ID in a previous publication.1 The 
system s-butyl alcohol/0.2% trichloroacetic acid 
has been used for all the distribution studies 
reported here. 

A preliminary 24-plate run showed that fraction 
ID gave a single peak with a distribution co
efficient of about 1.7. Comparison with the 
theoretical curve suggested a purity of 80^85% 
with most of the impurities running slower than the 
main peak and imperfectly separated from it. On 
the basis of this information, a 200-plate run was 
made on a large batch of material. Because of the 
tendency of ACTH to give broad peaks in con
centrated solution, the 300-ing. sample was scat
tered over six tubes. As before, a single peak was 
obtained, broader than theoretical and with a 
distribution coefficient of about 1.75. Material 
from the center of this peak, falling well within the 
limits of the theoretical curve for k = 1.75 was 
recovered as the trichloracetate and used for the 
remainder of this study. 

Figure 1 shows a re-distribution of this material 
(1) W. F. White and W. L. Fierce, T H I S JOURNAL, 76, 245 (19.53). 


