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tion presently available, we suggest the following 
structures for I and 111. 

C. C. 

I 111 
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MICROBIOLOGICAL TRANSFORMATIONS OF 
STEROIDS. X1V.l THE PREPARATION OF 

A TERTIARY HYDROXY-STEROID, 10:-HYDROXY- 
19-NORTESTOSTERONE 

Sir: 
Numerous studies have been done in these labora- 

tories investigating the relationship between ster- 
oids of varying structures and the enzymes elabo- 
rated by Rhizopus nigricans (ALT.C.C.6 227b). 
Previous results of such studies2 showed that the 
major hydroxylation proceeded in the 11 a-position, 
while hydroxylation in the 6P- and 68, I 1 u-positions 
occurred only to a minor extent. hlthough no ter- 
tiary hydroxylations had been reported in these 
earlier studies with R. nigricans, other molds were 
shown to introduce tertiary hydroxyl groups. 3,4,5~6,7 

itre now wish to report the preparation of a 10- 
hydroxy-steroid, namely, lOE-hydroxy-19-nortes- 
tosterone by the microbiological action of R. nigr i -  
cans on 19-nortestosterone. This mold has thus 
been found to produce an enzyme which can also 
hydroxylate a steroid in a tertiary position. 

The new steroids were obtained by fermentation 
and extraction methods previously described8 using 

(1) Paper XIII, D H. Peterson, P. D. Meister, A. Weintraub, I.. M. 
Reineke, S. H. Eppstein, H. C. Murray and H. Xf. L. Osborn, TAIS 
J O U R N A L ,  7 7 ,  4428 (1955). 
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L. M. Reinke, A.  Weieintraub, R .  C. Meeks and  1%. M. L. Oshorn, work 
reviewed by D. H. Peterson, "Pers2ectives and Horizons of Micro- 
biology," Chapter 9, Rutgers University Press, New Brunswick, N J., 
19.55. 
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123rd Sleeting of American Chemical Society, Los Angeles, California, 
March 15-19, 1953, p. 5 - C .  
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( 5 )  G. hl Shull, D. A .  Kita and J .  W. Dnvisson, U. S. Patent 2,702,-  
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and Carl Djerassi, TEIS JOUKSAL, 7 7 ,  392G (1955). 

( 7 )  E. J Agnello, B. L. Bloom and G. D. Laubach, ibid., 7 7 ,  4684 
(195.7) 

(81 D. I1 Peterson, I I  C.  Murray .  S. H .  Eppstein, L. M. Reineke, 
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19-nortestosterone ( I )9  as the substrate and R. 
nigricuns as the microorganism. 
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-4fter 25 g. of 19-nortestosterone had been sub- 

jected to the action of R. nigricans, it was possible to 
isolate from the methylene chloride extract 4.1 g. 
of 6b-hydroxy- 19-nortestosterone (I I I) by direct 
crystallization. Chromatography of the liquors 
over Florisil then afforded, besides small amounts 
of starting material, three major fractions.lo 

The first of these (from lOy0 acetone in petroleum 
ether) gave 0.32 g. of 11, m.p. 199-205'; [ Q ] D  +7Go 
(methanol) ; A ~ ~ ~ , n o I  237 mu (15,025) ; v::.F* 330.5, 
1656, 1622 ern.-'; (Anal. Calcd. for C18H&: C, 
74.44; H, 9.03. Found: C, 74.43, 74.52; H, 
9.21, 8.77). Tertiary character was indicated for 
the new hydroxyl group by formation of a li-mono- 
acetate, m.p. 184-1Sjo, v,":?' 3375, 1707, 16S4, 
1625 cm.', (Anal. Calcd. for C ~ O H ? ~ O ~ :  C, 72.26;  
H, 8.49. Found: C, 72.27, 72.81; H, S.70, 5.63) 
and by oxidation to a hydroxydiketone (VI), 1n.p. 

cm.-'. Its location near the chromophore in ring 
-4 was suggested by the hypsochromic shift in the 
ultravioletll and by acid-catalyzed dehydration of 
I1 to estradiol. The structure was confirmed by 
chemical synthesis. Treatment of l$&hydroxy- 
5(10)-estren-3-oneg with osmium tetroxide fol- 
lowed by sodium sulfite afforded 10-hytlrosy-19- 
nortestosterone (11) identical to that obtainetl by 
the microbiological procedure. 

From the second fraction (15uc acetone) w a s  ob- 
tained an additional 0.75 g. of 63-hydroxy-19-nor- 
testosterone (III), m.p. 21i-21!I3, [cy111 -63" 
(methanol), XgshOl 23s mp (13,SiS), v ~ ~ ~ ~ '  3320, 
1654, 1620 cm.-l, (Anal. Calcd. for C18H2603: C ,  
74.44; 13, 9.03. Found: C, i4.64; €1, 9.30). I t  
readily formed a diacetate (!TI), imp. 13i-13S0, 

lG30, 1240 cm. -l. On oxidation, 4-estrene-3,6,17- 
trione (VIII) ,  m.p. I%-5i0, 234 mp (9,550), 

195-201°, X ~ & n " '  235.5 (14,025); Y ~ ~ ~ '  3410, 1718 

Aethanol max, 236 mp (13,550), X::?' 1731, l i 24 ,  1691, 

(9) R. E Marker and E. Rohrmann, i b i d . ,  62, 7 3  (1940). 
( I O )  R'e are grateful to  J. hlejeur, H .  Triemstra, J. R .  Henld, G. 

Staffen and H. Woitersom for technical assistance, to  W. A.  Struck 
and his group for microanalyses and rotations, and to  Dr .  1. L Johnson 
and his group for infrared and ultraviolet memirements.  

( 1 1 )  Similar chnnaes have been notPr1 Tor G,'~hydroxy- and  6?- 
ucetuxy j~-3-kCtubtCrc1:db, 1. I),,I i i i t d n  C h f , i ~  K c :  5 0 ,  47 (l!l,>?j). 
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v=,U$' 1734, 1688, 1664, 1600 ern.-', (Anal. 
Calcd. for C18H2203: C, 75.49; H, 7.75. Found: 
C, 75.22; H, 7.74) was obtained. 

Alkaline rearrangementI2 of I11 afforded a 176- 
hydroxyestrane-3,6-dione (IX), m.p. 145-146', 
[ a ] D  -114' (methanol), ~2::' 3290, 1715, 1704 
ern.-', (Anal. Calcd. for C18H2603: C, 74.44; H, 
9.03. 

From the third fraction (20% acetone) was ob- 
tained 1.1 g. of 1 la-hydroxy-19-nortestosterone 

mar. 242 mp (15,475), ~2::' 3345, 1650, 1610 
cm.-', (Anal. Calcd. for C18H2603: C, 74.44; H, 
9.03. Found: C, 74.37; H, 8.95). On acetyla- 
tion it gave a diacetate (X), m.p. 190.5-191.5', 
[a]= -39.6' (chloroform). Oxidation afforded 19- 
noradrenosterone (XI), m.p. 213.5-215', [ a ] ~  
+145' (methanol), X:z:O' 240 mp (14,600), vztp 
1732, 1698, 1665, 1612 cm.-l, (Anal. Calcd. for 
C18H2203: C, 75.49; H,  7.75. Found: C, 75.09; 
H, 7.81). 

The structure assignment for 11 a-hydroxy-19- 
nortestosterone is based upon (1) molecular rota- 
tion data, (2) infrared, ultraviolet and chemical 
properties of IV  and its derivatives, and (3) a con- 
sideration of the microbiological data obtained 
from fermentation of a large number of steroids 
with Rhizopus nigricans. l4 

Found: C, 75.12; H, 9.23). 

(IV), m.p. 167-168°,13 [ a ] ~  -46' (chloroform), 
XalcohoI 

(12) E. Ellis and V.  A. Petrow, J. Chem. Soc., 1078 (1939). 
(13) A higher melting polymorph, m.p. 185-187', was subsequently 

obtained. 
(1.1) Since the preparation of this M.S., F.  B. Colton (U. S. Patent 

2,729,654) has described the preparation of epimeric lO-hydroxy-19- 
nortestosterone v i a  the epoxide derived from 17@-hydroxy-5(10)- 
estren-3-one Although distinguishing constants for the 10-17 diols 
are not given, one of the 10-hydroxy-10,17-ketones he describes corre- 
sponds reasonably well with that derived from the 10.17-diol produced 
microbiologically. 
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ATP' FORMATION ACCOMPANYING FORMIMINO- 
GLYCINE UTILIZATION 

Sir : 
Formiminoglycine (FIG) is formed from 4- 

aminoimidazole or xanthine by extracts of Clos- 
tridium cylindrosporum. Washed cell suspensions 
of Clostridum acidi-urici convert FIG to acetic 
acid and carbon dioxide.3 Extracts of this organ- 
ism or of C. cylindrosporum have now been obtained 
which carry out the partial reaction in which FIG 
is converted to glycine, formic acid, and ammonia. 
When the extracts of C. acidi-urici are treated with 

(1) The following abbreviations have been used: ATP,  adenosine 
triphosphate; ADP,  adenosine diphosphate; CDP. cytidine diphos- 
phate; IDP, inosine diphosphate; GDP. guanosine diphosphate; 
UDP, uridine diphosphate; G-6-P, glucose 6-phosphate. 

(2) J. C. Rabinowitz and W. R .  Pricer, Jr., in preparation. 
(3) J. C. Rabinowitz and W E Pricer, Jr., Federation Proc., 16, in 

press (1956). 

Dowex-1 chloride, the activity of the enzyme is 
dependent on the addition of a boiled extract of the 
organism; this can be replaced by a number of 
folic acid derivatives (Table I). Sagers, et al.,' 
using a similar preparation, have also reported the 
activation of this reaction by tetrahydrofolic acid. 

TABLE I 
STIMULATION OF FORMIMINOGLYCINE DEGRADATION BY 

PTERIDINE DERIVATIVES 
Ptetidine,a 

Compound pmoles/ml. Activityb 

No addition 0 1 . 6  
Boiled extract' 0.024 3 . 8  

.24 8.4 
Folic acid .4  3.0 

Teropt erin" . 3  6 . 2  
N-10-Formylfolic acid' . I 4  2 .9  
N-5-Formyltetrahydrofolic acido .06 7 . 1  
Diglutamyl-N-IO-formylfolic acidh .04 6 . 8  

a Calculated from the molar extinction coefficient a t  the 
absorption maximum in 0.1 N KOH. This was assumed to  
be 26,000 a t  260 mp for the boiled extract, which on this 
basis contained 2.4 pmoles per ml. * @Moles of FIG 
utilized in 20 min. a t  37" in a system containing 10 pmoles 
of FIG, 50 pmoles of potassiun phosphate, PH 7.0, 0.5 pmole 
of NalS, 2 pmoles of ferrous sulfate, 0.4 ml. of enzyme, and 
the additions shown, in 1 ml. FIG was determined colori- 
metrically as described elsewhere.* The enzyme was an 
alumina-ground extract of C. acidi-urici treated with 
Dowex-1 chloride a t  0' for 15 min. This preparation con- 
tained 21 mg. of protein per ml. e Prepared by heating 2.5 
g. of lyophilized cells of C. acidiurici in 50 ml. of 0.01 M 
KPOd, PH 7, 0.02 M cysteine in a boiling water-bath for 5 
min. Prepared by Dr. T. Miles from purified folic acid 
by catalytic reduction.' Gift of Dr. H. P. Broquist, 
Lederle Laboratories, purified by Dr. B. E. Wright. f A 
sample obtained from the Lederle Laboratories and purified 
as previously described.6 This was provided by Dr. M. 
Silverman. 0 A gift of Leucovorin from Dr. H. P. Broquist. 

A sample isolated from C. cylindrosporum by Dr. B. E. 
Wright.E 

Dowex treated extracts prepared from lyo- 
philized cells of C. cylindrosporum which had been 
stored for over 2 years a t  - 10' show an additional 
requirement for ADP and orthophosphate (Table 
11). UDP, CDP, IDP,  and GDP (tested a t  2 

TABLE I1 
REQUIREMENTS OF FORMIMINOGLYCINE UTILIZATION 

Tetrahydrofolic acidd .9 5 . 5  

FIG utilized, 
irmoles/ml. 

Complete systema 6 . 1  

Omit ADP 1 . 7  
Omit pi" 1 . 6  

Omit N-5-formyltetrahydrofolic acid 1 . 9  

., The complete system contained, per ml., 50 pmoles of 
potassium phosphate, p H  7.0, 10 pmoles of FIG, 1 pmole of 
ferrous sulfate, 0.5 pmole of 2-mercaptoethanol. 0.2 pmole 
of N-5formyltetrahydrofolic acid, 5 pmoles of ADP, an 
extract of lyophilized cells of C. cyl indrosporum equivalent 
to  6 mg. of protein, prepared in maleate buffer and treated 
with Dowex-1 chloride. Tubes were incubated a t  37" for 
30 min. * T h e  phosphate was replaced by 25 pmoles of 
maleate buffer, p H  6.8, which showed no inhibition. 

(4) H. P. Broquist, M. J. Fahrenbach. J. A. Brockman, Jr. .  E. I.. R. 

(5) M. Silverman, J. C. Keresztesy and G. J. Koval, J .  B i d .  Chcm., 

(6) B. E. Wright, i b id . ,  in press. 
(7) R .  D. Sagers, J. V. Beck, W. Gruber and I. C. Gunsalus, TEIS 

Stokstad and T. H. Jukes, THIS JOURNAL, 73, 3535 (1951). 
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