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Carbon 2 of guanine and the methylene carbon of
glycine are incorporated equally into nucleic acid
adenine and into histidine (Exp. 3, 6, 9), suggesting
that they enter a pool fromn which 1-carbon units
are drawn for the biosynthesis of the precursors of
purines and of histidine.”

This assumption gains support from the results
obtained in mutant HP-1, a strain with an unusu-
ally high guanine requirement which is spared by
histidine. Here carbon 2 of guanine is incorporated
into adenine and into the amidine carbon of histi-
dine without dilution (Exp. 10-12), indicating that
it is the only available source of the 1-carbon units
required for the formation of these compounds; it
would seem that in this mutant the guanine require-
ment reflects a genetic block which prevents the
production of these 1-carbon units from other
sources.

The experiments presented here suggest that the
conversion of guanine to adenine occurs through
the replacement of the amino-substituted carbon 2
of guanine by a single carbon unit. An alternative
possibility, the reduction of carbon 2 of guanine by
a pathway not involving reactions (1) and (2) fol-
lowed by interchange with single carbon units, is
not rigorously excluded but appears less likely be-
cause it would not account for the equal incorpora-
tion of carbon 2 of guanine into adenine and histi-
dine.

(7) The transfer of carbon 2 of guanine to the amidine carbon of his.

tidine has recently been observed in Lacfobacillus casei; C. Mitoma
and E, E. Snell, Proc. Nat. Acad. Sci., 41, 891 (1955).
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AN INVESTIGATION OF THE CHLOROCARBON,
C1Cy2, M.P. 485° AND THE KETONE, C,,Cl;cO, M.P. 349°

Sir;

A chlorocarbon, CyClye (I), m.p. 485°, has been
obtained from the reaction of 1,1,2,3,3,4,5,5-octa-
chloropentene and aluminum chloride' and directly
from hexachlorocyclopentadiene (II) by reaction
with aluminum chloride in boiling methylene chlo-
ride or carbon tetrachloride.!2® When II was
treated with sulfur trioxide, and the product
hydrolyzed, a ketonic material, CCl 0 (II1),
m.p. 349°,% resulted. Compound III was originally
thought to be perchloro-3a,4,7,7a-tetraliydro-4,7-
methanoindene. When compound IIT was treated
with phosphorus pentachloride, compound I was
obtained.® It was initially thought that compound
1 was perchloro-3a,4,7,7a-tetrahydro-4,7-methano-
indene (IV), the “Diels—Alder” dimer of comnpound
II. Recently however, the Diels—Alder dimer
(IV) of II has been prepared*; thus the compound
described as compound I, m.p. 485°, is not the
Diels—Alder dimer. The high m.p. of I contrasts
sharply with that of IV, m.p. 221° and with 1,2,3,-

(1) H. J. Prins, Rec. trav. chim., 65, 455 (1946).

(2) J. 8. Newcomer and E. T. McBee, Turs Journar, 71, 952
(1949).

(3) E. E. Gilbert and S. L. Giolito, U. 8. Patent 2,616,028 (1932},

(4) E.T.McBee, J. D. Idol, Jr., and C. W. Roberts, Tins Jouxr~ar.,
77, 4375 (1955).
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3a,4,5,6,7,7a,8-decachloro-3a,4,7,7a-tetrahydro-4,7-
methanoindene (V), m.p. 215°, both of which give
good yields of their respective monomers on thermual
degradation. In contrast, the chlorocarbon (I)
undergoes pyrolysis only at very high tempera-
tures (500° or above) giving largely carbonaceous
material and chlorine with only a small amount of
II. Compound IV can be isomerized to I by
aluminum chloride. Neither I nor III contain a
carbon-carbon double bond. No, addition of
chlorine, bromine, or other reactive species has
been noted. The infrared spectra of I and III,
in contrast to the spectra of IV and V, showed no
absorption in the 6-7 u region where the carbon-—
carbon double bond is known to absorb unless a
selection rule is in operation because of the presence
of certain elements of symmetry in the molecule.®
Ultraviolet absorption spectra are not subject to
such selection rules. The ultraviolet spectrum of I
contrasts sharply with the spectra of IV, 1,2,3,-
4,5,6,7,7-octachlorobicyclo[2.2.1 Jhept-2-ene and
octachlorocyclopentene which absorb in the region
above 210 my, a characteristic of highly chlorinated
cyclic monoenes and dienes.® The ketone III
shows a maximum of 307 mu which is ascribed to an
unconjugated carbonyl group,” but no axima
in the ‘“‘double bond’ region. This is in contrast
to the spectrum of octachloro-3a,4,7,7a-tetrahydro-
7,7-methanoindene-1,8-cione, the structure of which
has been established.”

Compound I is unaffected by the following:
zinc dust and hydrochloric acid, acetic acid, or

methanol; silver nitrate and ethanol for long
periods; alkaline reagents such as potassium
hydroxide in methanol or lithium aluminum

hydride in ether; oxidizing agents such as ozone,
potassium permanganate, chromic acid, sulfur tri-
oxide, sulfuric acid, nitric acid or nitric acid with
selenium. Compound III does not undergo the
haloform reaction which would be expected for a
dichloromethylene group adjacent to a carbonyl
group. The presence of a bridged carbonyl is ex-
cluded by the fact that III does not lose carbon
monoxide on heating to 200°. Compound II1 fails
to exhibit olefinic properties. The presence of a
reactive carbonyl group is demonstrated by the
preparation of several hemi-ketals, thiochemniketals,
and amine adducts. However, III fails to react
with Caro’s acid or hydrazoic acid. To meet the
requirements of the formula C,Clp» and, excluding
the carbonyl double bond, CyClyeO, the structures
must contain six rings and/or double bond. Pre-
liminary X-ray diffraction studies on I indicate a
highly symmetrical molecule crystullizing in the
cubic systeni or in an arrangement closely approxi-
mating the cubic systemn.

From the preceding evidence, aromatic systenis,
aliphatic olefins and acctvlenes and alicylic olefins
seem to be excluded. The only remaining possi-
bility is a ‘‘caged” structure possessing a total of
six saturated rings. Os1 the basis of the informa-

(3) F. A. Miller in Gilman, "Organic Chemistry, An Advanced
Treatise,” Vol. I1I, John Wiley and Sons, New VYork, N. Y., p. 122 ff.

(6) J. D. ldol, Jr., C. W. Roberts and E. T. McBee, J. Org. Chemn.,
20, 1743 (1955).

(7) E. T. McBee, D. K. Smith and H. II. Ungnade, T'ms JOURNAL,
77, 559 (1955).
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tion presently available, we suggest the following
structures for I and III.
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MICROBIOLOGICAL TRANSFORMATIONS OF
STEROIDS. XIV.! 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 (A.T.C.C.6 227b).
Previous results of such studies® showed that the
major hydroxylation proceeded in the 11a-position,
while hydroxylation in the 63- and 68,11 «-positions
occurred only to a minor extent. Although no ter-
tiary hydroxylations had been reported in these
earlier studies with R. nigricans, other molds were
shown to introduce tertiary hydroxyl groups.® %87

We now wish to report the preparation of a 10-
hydroxy-steroid, namely, 10&-hydroxy-19-nortes-
tosterone by the microbiological action of R. nigr:-
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 described® using

(1) Paper XIII, D. H. Peterson, P. D. Meister, A. Weintraub, L, M.
Reineke, S. H. Eppstein, H. C. Murray and H. M. L, Osborn, THIs
JoUrNaAL, 77, 4428 (1953).

(2) D. H. Peterson, S. H. Eppstein, P. D. Meister, H. C. Murray,
L. M. Reinke, A. Weintraub, R, C. Meeks and H. M. L. Osborn, work
reviewed by D. H. Peterson, ’Perspectives and Horizons of Mjcro-
biology.”” Chapter 9, Rutgers University Press, New Brunswick, N. J.,
1955.

(3) P. D. Meister, D. H. Peterson, S. H, Eppstein, H. C. Murray,
L. M. Reineke, A. Weintraub and H. M. L. Osborn, Abstracts of the
123rd Meeting of American Chemical Society, Los Angeles, California,
March 15-19, 1953, p. 5-C.

(4) J. Fried, R. W. Thoma, D. Perlman, J. E. Herz and A. Borman,
RECENT ProGREsS IN HorMoNE RESEARCH, 11, 137 (1935).

(5) G. M. Shull, D. A, Kita and J. W. Davisson, U. S. Patent 2,702,-
812 (1933).

(6) D. Stone, M. Hayano,R.I. Dorfman, O. Hechter, C. R. Robinson
and Carl Djerassi, THIS JoUurNaL, 77, 3926 (1953),

(7) E. J. Agnello, B. L. Bloom and G. D. Laubach, ibid., 77, 4684
(18553).

(8) D. H. Peterson, H. C. Murray, 3. H. Eppstein, L. M. Reineke,
A, Weintraub, P. D. Meister and H. M. Leigh, ibid., T4, 5933 (1932).
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19-nortestosterone (I)° as the substrate and R.
nigricans as the micro'(')rganism.
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After 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 683-hydroxy-19-nortestosterone (III) by direct
crystallization. Chromatography of the liquors
over Florisil then afforded, besides small amounts
of starting material, three major fractions.

The first of these (from 109, acetone in petroleuin

ether) gave 0.32 g. of II, m.p. 199-205°; [a]p +76°
(methanol); A&hanl 937 my (15,023); vai®! 3303,
1656, 1622 cm.—'; (Anal. Caled. for C;3HaO5: C,
74.44; H, 9.03 Found: C, 7445, 74.52; H,
9.21, 8.77), Tertiary character was indicated for

the new hydroxyl group by formation of a 17-mono-
acetate, m.p. 184-185°, »Nu°! 3375, 1707, 1684,
1625 cm.!, (Anal, Calcd. for CoHeOs: C, 72.26;
H, 849. Found: C, 72.27, 72.81; H, 870, 8.63)
and by oxidation to a hydroxydiketone (VI), m.p.
108-201°, acthamol 935 5 (14,025); vasle! 3410, 1718
cm.~L Its location near the chromophore in ring
A was suggested by the hypsochromic shift in the
ultraviolet!! and by acid-catalyzed dehydration of
II to estradiol. The structure was confirmed by
chemical synthesis. Treatment of 173-hydroxy-
5(10)-estren-3-one® with osmium tetroxide {fol-
lowed by sodium sulfite afforded 10-hydroxy-19-
nortestosterone (II) identical to that obtained by
the microbiological procedure.
From the second fraction (157 acetone) was ob-
tained an additional 0.75 g. of 63-hvdroxy-19-nor-

testosterone (III), m.p. 217-219°, [a]p —063°
(inethanol), A2lof°! 238 my (13,875), vaai® 3320,

1654, 1620 cm.™!, (dnal. Caled. for CysHasOs: C,
74.44; H, 9.03. Found: C, 74.64; H, 9.30). It
readily formed a diacetate (VII), m.p. 137-138°7,
Adthanol 938 my (13,550), AN 1731, 1724, 1694,
On oxidation, 4-estrene-3,6,17-

1630, 1240 cm.— L. ’
trione (VIII), m.p. 155-57°, 251 mu (9,330),

(9) R. E. Marker and E. Rohrmann, £bid., 63, 73 (1940).

(10) We are grateful to J. Mejeur, H. Triemstra, J. R. Heald, G.
Staffen and H. Woltersom for technical assistance, to W. A. Struck
and his group for microanalyses and rotations, and to Dr. J. L. Johnson
and his group for infrared and ultraviolet measurements.

(11) Similar changes have been noted for 63-hvdroxy- and 68-

ucctoxy A-3-ketosteroids, L. Dorfman, Chem. Rev., 50, 47 (1853).



