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and extracted three times with 75-ml. volumes of ether. 
The combined ether-benzene solution was washed with 
dilute potassium carbonate solution, water and dried over 
sodium sulfate. Evaporation of the solvent yielded 2.10 g. 
of semi-crystalline residue which was crystallized from 
methylene chloride-Skellysolve B; yield 1.80 g. (77%), 
m.p . 151-1W0 . The analytical sample melted at 153-154°, 
[a]i3D + 8 9 ° (CHCl8). 

Anal. Calcd. for CnH26O8: C, 79.68; H , 9.15. Found: 
C, 79.93; H, 9.10. 

9(11)-Dehydrotestosterone Propionate (lib).—A solution 
of 0.3 g. of 9(ll)-dehydrotestosterone in 2 ml. of dry pyri
dine was treated with 2 ml. of propionic anhydride and 
allowed to stand at 26° for 22 hours when it was poured into 
25 ml. of water and the mixture stirred for 2 hours at room 
temperature. The crystalline product was recovered by 
filtration, washed with water and dried; yield 0.34 g., m .p . 
112°. The analytical sample prepared by recrystallization 
from dilute methanol melted at 114°, [a]nn + 6 3 ° (CHCl3). 

Anal. Calcd. for C22H30O3: C, 77.14; H , 8.83. Found: 
C, 77.22; H, 8.93. 

9(11)-Dehydrotestosterone Benzoate (lie).—A solution 
of 250 mg. of 9(ll)-dehydrotestosterone in 30 ml. of benzene 
was distilled to remove 18 ml. of benzene and cooled to 26°. 
The dry benzene solution of steroid was treated with 0.32 
ml. of dry pyridine and 0.32 ml. of benzoyl chloride and 
allowed to stand at 26° for 5 hours during which time pyri
dine hydrochloride separated from the solution. The mix
ture was stirred with 25 ml. of water and extracted with 
ether. After washing the extract with dilute hydrochloric 
acid, dilute sodium hydroxide solution and water, the solu
tion was dried over sodium sulfate and the solvent evapo
rated in vacuo. The residue was recrystallized from absolute 
methanol to vield 270 mg. of benzoate, m.p . 175-177°, 
[a]"D +113"(CHCl 3 ) . 

Anal. Calcd. for C26H30O,: C, 79.96; H , 7.74. Found: 
C, 79.73; H, 7.63. 

9(ll)-Dehydrotestosterone 0-cyclopentylpropionate (lid) 
was prepared from 250 mg. of 9(ll)-dehydrotestosterone 
and /3-cyclopentylpropionyl chloride by the procedure de
scribed above for the benzoate. The product was obtained 
by crystallizing from dilute methanol; m.p . 96°, yield 255 
mg., [a]"D +58° (CHCl3). 

Anal. Calcd. for C27H38O8: C, 78.98; H , 9.33. Found: 
C, 78.94; H , 9.21. 

4,9(ll)-Androstadiene-3,17-dione (IV) by the trans-
Elimination of the Elements of Water.—ll/3-Hydroxy-4-
androstene-3,17-dione (III) (5.0 g.) suspended in 500 ml. 
of benzene and 200 ml. of ether was treated with 100 ml. 
of water and 200 ml. of concentrated hydrochloric acid. 
The two-phase mixture was stirred vigorously and heated 
at reflux for 18 hours, the layers separated, and the aqueous 
portion extracted three times with 100-ml. portions of a 
50:50 mixture of ether-benzene. The combined ether-
benzene solution was washed with water, dilute sodium 
carbonate, water and the solvent evaporated to yield 
4.33 g. of crystalline residue, m.p . 190-200°. Re-
crystallization from methylene chloride-Skellysolve B 
mixture gave 4.06 g. (87%) of 4,9(ll)-androstadiene-3,17-
dione, m.p . 202-204°, [<*]«D +221° (CHCl3), X ^ 1 240 mM 
(E 16,925). * 

Anal. Calcd. for Ci9H21O2: C, 80.24; H , 8.51. Found: 
C, 80.34; H , 8.41. 

4,9(ll)-Androstadiene-3,17-dione (IV) by Chromic Acid 
Oxidation of 9(ll)-Dehydrotestosterone.—A solution of 
280 mg. of 9(ll)-dehydrotestosterone (Ha) in 10 ml. of 
glacial acetic acid was treated with a mixture of 0.14 g. 
of chromium trioxide, 0.3 ml. of water and 10 ml. of glacial 

(4) ADDED IN PFOOP.—These data are in close agreement with those 
reported by S. Bernstein, ei al., ref. 3. This compound has now been 
treated with pyrrolidine to yield 3-(N-pyrrolidyI)-3,5,9(l l)-androsta-
trien-17-one, m.p. dec. above 157°, I a ) n - 1 3 9 ° (CHCIj); calcd. for 
C S J H J I N O : C, 81.85; H, 9.26; N, 4.15. Found: C, 82.30; H, 9.36; 
N1 4,33. Treatment of this Ci-pyrrolidine derivative with lithium 
aluminum hydride, as previeusly described for the reduction of 3-(N-
pyrrolidyl)-3,o-androstadiene-ll,17-dione, ref. 1. and subsequent hy
drolysis gave a 90% yield of 9(ll)-dehydrot.estosterone, m.p. 151-
152°; admixture with the compound Ha prepared as described above 
Kave no m.p. depressions. 

acetic acid a t room temperature for two hours. Excess 
oxidant was destroyed by the addition of 4 ml. of methanol 
after which the reaction mixture was poured into 50 ml. of 
water. The product was extracted several times with a 
50-50 mixture of ether-benzene, the solution washed with 
water, dilute sodium hydroxide solution, water and dried 
over sodium sulfate. Evaporation of the solvent left a 
white solid residue of 250 mg. which was crystallized from 
methylene chloride-Skellysolve B to yield 180 mg. (64%) 
of 4,9(ll)-androstadiene-3,17-dione, m.p . 203-205°, iden
tical with the product prepared as described above. 

3-(N-Morpholinyl)-3,5-androstadiene-ll,17-dione (VI).— 
Three grams of adrenosterone (V), 40 ml. of Skellysolve C, 
6.96 ml. (8 ea.uivalents) of dry morpholine and 40 mg. of 
^-toluenesulfonic acid was stirred and heated at reflux for 
3.5 hours. The water of reaction was removed continuously 
during this period by means of a water trap placed between 
the reaction flask and the condenser. The mixture was 
concentrated to dryness in vacuo and the residue crystallized 
from acetone in prisms; m.p . dec. above 230°, [a]o + 2 6 ° 
(CHCl3), X ^ " 269 my, (E 21,300). 

Anal. Calcd. for C23H31NO3: C, 74.75; H, 8.46; N, 
3.79. Found: C, 74.86; H , 8.50; N , 4.12. 

The infrared spectrum in Nujol showed absorption for 
17-ketone, 1730 cm. - 1 ; 11-ketone, 1692 cm. - 1 . 
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The use of cellulose for the purification of cortico
tropin was reported first by Payne, Raben and 
Astwood.1 These workers achieved a tenfold con
centration of a crude extract of hog anterior pitui
tary powder. Subsequently a cellulose derivative, 
oxycellulose, was found2 to be superior to cellulose 
yielding a forty-fold purification by a batchwise 
adsorption technique. This adsorbent has been 
used subsequently by other workers3-6 for the puri
fication of hog and sheep pituitary extracts with 
similar results. In our laboratory experiments 
with other cellulose derivatives containing an 
acidic functional group such as cellulose acid 
citrate and sodium cellulose acid phosphate have 
shown that these cellulose derivatives also are 
effective adsorbents for beef corticotropin. Car-
boxymethyl cellulose appeared less effective. These 
findings support the view2 that the cation-exchange 
properties are important in the fractionation of 
corticotropin by oxycellulose. However, the re
markable specificity of these substances for cortico
tropin when compared with common ion exchange 
materials as well as the use of exchange groups with 
markedly different dissociation constants indicates 
that other properties of the substituted cellulose 
derivatives are important for this fractionation. 
One possible explanation for this specificity may be 
the spatial arrangement of exchange groups of 
each substance such that the formation of a complex 

(1) R. W. Payne, M. S. Rabed and E. B. Astwood, / . Biol. Chem., 
187, 719 (1950). 

(2) E. B. Astwood, M. S. Raben, R. W. Payne and A. B. Grady, 
T H I S JOURNAL, 73, 2969 (1951). 

(3) N. G. Brink, F. A. Kuehl, Jr., J. W. Richter, A. W. Bazemore, 
M. A. Meisinger, D. E. Ayer and K. Folkers, ibid., 74, 2120 (1952). 

(4) C. H. Li, ibid., 74, 2124 (1952). 
(5) A. W. Bazemore, J. W. Richter, D. E. Ayer, G. Finnerty, N. G. 

Brink and K. Folkers, ibid., 16, 1949 (1953). 
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which is stabilized further by hydrogen bonding and 
by van der Waals attractions is possible. The 
relatively low yield of purified product may be 
considered as further evidence for such a complex. 

This work was carried out with corticotropin of 
beef origin. Beef glands contain a much lower 
concentration of corticotropin than pork, and best 
results were obtained using methanol-acetic acid 
extraction of defatted glands6 for the preparation 
of the crude acid extract which was usually obtained 
at a potency of 0.8-1.2 U.S.P. units per mg. Rapid 
freezing of the glands after removal was necessary 
for good results. The yield and potency of cortico
tropin from various sources is shown in Table I. 

T A B L E I 

Y I E L D AND P O T E N C Y O F C O R T I C O T R O P I N F R O M 1 K G . O F 

F R E S H G L A N D S 
De

fatted Crude acid extract Oxycellulose purified 
gland, Potency, Potency, 

Source wt. (g.) Wt. (g.) /i/mg. Wt. (mg.) (./mg, Ref. 

Sheep . . . . 200 30 -50 4 

P o r k 150 18 2 - 3 450 84 5 

Beef 185 35 0 . 7 - 1 . 2 700 20 -30 

Although beef glands yield corticotropin of lower 
potency and in smaller quantity than either sheep 
or pork glands, the yield and potency are such that 
this source of corticotropin could be utilized if 
necessary. Although beef corticotropin purified 
by the oxycellulose procedure is undoubtedly 
different in some aspects from either sheep or pork 
corticotropin,4 the applicability and specificity 
of the cellulose procedures with corticotropin from 
these sources is evidence that basic groups of similar 
pK and spatial arrangement are present in each 

T A B L E II 

F R A C T I O N A T I O N O F B E E F CORTICOTROPIN" U S I N G C E L L U L O S E 

D E R I V A T I V E S 

Adsorbent 

Oxycellulose 
Cellulose acid 

citrate6 

Oxycellulose 
Oxycellulose 
Cellulose acid 

citrate 
Oxycellulose 
Cellulose acid 

phosphate6 

Oxycellulose 
Cellulose acid 

citrate 

Cellulose 
deriva

tive, 
mg. 

per g. of 
crude 

193 

250 
200 
161 

250 
114 

240 
250 

500 
Carboxymethyl 

cellulose7 50 

.Stirring 
time, 

hr. 

4 

4 
2 

24e 

3.5 
2 .5 

3.5 
5 

f, 

20'' 

Acid 
ex-

tract,a 

mg.6 

0.75 

.75 

.75 

. 75 

1.1 
1.1 

1.1 
0 .8 

.8 

. 75 

Puri
fied 

prod
uct, 
M/ 

mg. 
18 

20 
25 
20 

30 
30 

14 
15 

11 

19 

Activ
ity 

recov
ery, 
% 
52 

44 
46 
57 

46 
19 

20 

29 

5 

" T h e ace t ic acid e x t r a c t was p r e p a r e d b y t h e m e t h o d de
scr ibed in ref. 5 . b U . S . P . u n i t s , modif ied ascorb ic acid 
dep le t ion m e t h o d . 8 c N o T w e e n 20 a d d e d . d T h e sod ium 
sa l t was c o n v e r t e d t o t h e free ac id form pr io r t o u s e . T h e 
a c t i v i t y was e lu ted w i th a m m o n i u m h y d r o x i d e . 

(6) Kindly supplied by Tennessee Eastman Co. 
(7) Received from P. D. Welldon, Hercules Powder Co. The 

product was rendered insoluble in water by partial internal lactoniza-
lioii which was obtained by drying this material at 100° before use 

of these preparations. That these groups are 
identical and a requisite of activity is a further, but 
more speculative, conclusion. 

The experimental procedure consisted in slurrying 
a dilute solution of the crude acid extract with the 
cellulose derivative being studied for 2-4 hours in 
the presence of a surfactant. Using 0.1% of a 
non-ionic polyoxyethylene sorbitan derivative 
(Tween-20) the potency and yield of product was 
similar to that obtained by the published pro
cedures in which a slurry time of 24-40 hours is 
used. The results obtained with the various 
cellulose derivatives are shown in Table II. 

Experimental 
Preparation of Defat ted Gland T i s s u e . — F r o z e n beef 

p i t u i t a r y g l ands (1 kg . ) were p a r t i a l l y t h a w e d a n d g round 
us ing a H o b a r t m e a t g r inde r . T h e g round t i s sue was 
s lur r r ied w i th 4 1. of a c e t o n e . T h e s lu r ry was a l lowed t o 
se t t le a n d t h e u p p e r p h a s e d e c a n t e d . T h e solid res idue was 
s lur r ied a n d d e c a n t e d w i t h t w o a d d i t i o n a l 2-1. po r t i ons of 
ace tone followed b y t h r e e 2-1. p o r t i o n s of m e t h a n o l a n d finally 
filtered, washed wi th e t h e r a n d dr ied y ie ld ing 185 g. of de 
fa t t ed g land t i s sue . T h i s m a t e r i a l m a y be s to red a t r o o m 
t e m p e r a t u r e for r easonab le pe r iods w i th no d e t e c t a b l e loss 
of a c t i v i t y . 

Preparation of Crude Acid E x t r a c t . — D e f a t t e d beef g land 
t i ssue (100 g.) was s t i r red w i t h 900 m l . of m e t h a n o l and 
600 m l . of ace t ic acid a t reflux t e m p e r a t u r e for t w o hours 
in a closed a p p a r a t u s p r o t e c t e d from m o i s t u r e b y a d ry ing 
t u b e . A t t h e end of th i s t i m e t h e m i x t u r e was cent r i fuged 
a n d t h e d e c a n t a t e col lec ted . T h e res idue was washed 
wi th 4 0 % ace t ic a c i d - m e t h a n o l a n d t h e wash ings combined 
wi th t h e d e c a n t a t e . T h e c r u d e ac id e x t r a c t was ob ta ined 
b y a d d i n g a n equa l v o l u m e of a n h y d r o u s e t h y l e t h e r t o t h e 
d e c a n t a t e , filtering, wash ing wi th e t h e r a n d d r y i n g , w t . 35 
g. , p o t e n c y 0 . 7 - 1 . 2 u . per m g . 

Cellulose Puri f icat ion.—Crude co r t i co t rop in was dis
solved in sufficient w a t e r t o m a k e a 2 . 5 % so lu t ion . T w e e n -
20 (1 m g . per m l . ) was a d d e d a n d t h e m i x t u r e s lurr ied a t 
r o o m t e m p e r a t u r e w i t h t h e r e q u i r e d a m o u n t of cellulose 
d e r i v a t i v e (usua l ly 2 0 - 2 5 % of t h e we igh t of t h e c rude ) 
us ing a mechan ica l s t i r re r for 2 - 4 h o u r s . T h e mix tu re 
was filtered a n d washed wi th 0.1 N ace t i c acid un t i l t h e 
wash ings gave a nega t ive b iu re t t e s t t a k i n g care t o s lu r ry 
t h e m i x t u r e well wi th each w a s h . Usua l ly t h r e e or four 
washes of 10 m l . for each g r a m of cellulose d e r i v a t i v e were 
r equ i r ed . T h e washed a d s o r b a t e was s lur r ied for one-half 
h o u r w i t h t w o successive p o r t i o n s of 0.1 Ar hydroch lo r i c acid 
(10 m l . t o t a l pe r g. of a d s o r b a t e ) . T h e c o m b i n e d e lua te 
was neu t r a l i zed t o pH 3.0 b y s lu r ry ing w i t h s t r o n g base ion 
exchange resin ( such as I R A - 4 0 0 ) as t h e c a r b o n a t e a n d 
lyophi l ized . T h e dr ied p r o d u c t s are s t ab le a t r o o m t e m 
p e r a t u r e w h e n s to red u n d e r m o i s t u r e free cond i t i ons . 
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(8) N. G. Brink, F. A. Kuehl, Jr., M. A. P. Meisinger, M. N. 
Bishop and K. Folkers, T H I S JOURNAL, 74, 480 (1952). 
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In the course of preparing various glycosides 
of codeine1 for biological investigations, the con
sistently poor yields induced us to examine the 

(1) P. Casparis, E. Kiihni and K. Leinzinger. Pharm Ada HeIv., 24, 
145 (1949). 


