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they aid in resolving the sequence of microbial 
degradation. Several methods have been used to 
study these intermediate transformations: (a) a 
genetic mutant which has a metabolic block is 
employed; (b) the nutrition of the organism is 
carefully studied in order to limit a particular 
factor required for a metabolic process during deg
radation; (c) the environment (pH, temperature, 
aeration) is changed. 

The present communication deals with an al
ternate method using a metabolic inhibitor. Since 
the organism can oxidize an organic compound to 
carbon dioxide and water, it was thought that by 
slowing down the electron transport system of 
the organism, the rate of oxidative processes would 
also be decreased with the possible accumulation 
of new intermediate compounds. Evidence for 
this mode of inhibition was obtained by the fol
lowing observations: 

Cells of a Nocardia sp. were grown in a medium 
previously described.1 After 48 hours of growth, 
progesterone (I) dissolved in dimethylformamide 
was added to the fermentation medium to give a 
concentration of 500 X/ml. of medium; a total of 
one gram was fermented. After six hours, the 
culture broth was filtered, and the filtrate (2500 
ml.) extracted three times with 500 ml. portions 
of chloroform. The combined chloroform ex
tracts were concentrated to dryness. An aliquot 
of the extract was chromatographed on Whatman 
No. 1 paper and developed in a toluene-propylene 
glycol system2 for 3 hours. A major product 
was observed having a Ri of 0.90 of progesterone 
which corresponds to the mobility of 1-dehydro-
progesterone (II). By fractional crystallization, 
200 mg. of a compound with the constants m.p. 
150-151°, XlI0J1 244 mp. (e = 16,500), was obtained. 
The infrared spectrum in Nujol was identical to 
that of an authentic sample of 1-dehydroprogester-
one. 

CH3 CH3 

C=O C=O 

When the steroid was left in contact with the 
organism for 24 hours, the substrate completely 
disappeared without any apparent detectable 
products. When potassium cyanide at a 1O-8M 
concentration was added at the time of steroid 
addition, however, a new product (30% yield), 
having a mobility of 0.55 of progesterone in the 
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toluene-propylene glycol system, was observed. 
It is important that the cyanide be added at the 
same time as the steroid or no conversion takes 
place. Also, the inhibitor must be added to a 
culture that is about 48 to 72 hours old. 

A 1-g. preparative fermentation was carried 
out under the conditions described above. The 
product was isolated by chromatographing a por
tion of the steroid mixture on a cellulose powder 
column (1.5 X 12 cm.) using propylene glycol as 
the stationary phase; the mobile phase consisted 
of a gradient system of methylcyclohexane and 
toluene. Three and one-half milliliter fractions 
were collected every three minutes. Fractions 
8-55 were combined and the solvent removed 
in vacuo. The residue was taken up in 100 ml. of 
chloroform and washed twice with 50-ml. portions 
of water to remove any propylene glycol. The 
chloroform solution was dried over sodium sulfate, 
concentrated to dryness, and the residue recrystal-
lized from acetone-hexane yielding 149 mg. of 
9a-hydroxyprogesterone3 (III), m.p. 190-191°, 
[a]D +188° (chloroform), A££H 242 nui (e = 
15,100), X£aio12.97 ix, 5.88//, 6.10 ,u, 6.22/*. 

One might suspect that cyanide ion inhibits the 
1-dehydrogenation reaction. Using partially puri
fied A^dehydrogenase4 from this organism, how
ever, we observed no inhibition by cyanide. A 
more plausible explanation is that, under normal 
conditions, the organism carries out both of the 
reactions required for degradation of the steroid, 
but the 1-dehydrogenation reaction operates at a 
faster rate than the hydroxylation reaction. On 
addition of cyanide, a known inhibitor of hematin 
cytochrome oxidases, the terminal electron trans
port systems are slowed down so that more reduced 
pyridine nucleotide, which is essential for hy
droxylation reactions,6 is available. Thus, in the 
presence of cyanide, the hydroxylation reaction 
proceeds at a faster rate than the 1-dehydrogena
tion reaction with the accumulation of 9cv-hy-
droxyprogesterone. 
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A NEW SYNTHESIS OF CHLOROPURINE 
RIBONUCLEOSIDES1 

Sir: 
Chloropurine nucleosides have served as valuable 

synthetic intermediates for the preparation of a 
number of important purine nucleoside deriva
tives.2-9 
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In each instance the synthesis of the requisite 
chloropurine nucleoside has been accomplished 
by introduction of the chlorine into the purine 
ring prior to a t tachment of the sugar. The high 
reactivity of the chlorine a tom has led to a number 
of experimental difficulties. The removal of 
various blocking groups on the sugar moiety has in 
certain cases been impossible without concomitant 
replacement of the chlorine atom.10 '11 Thus, it 
would be advantageous to be able to introduce the 
chlorine a tom into the purine nucleus a t the final 
stage of synthesis. 

This has now been achieved successfully and is 
the subject of the present communication. The 
recently reported12 preparation of 6-chloropurine 
from 6-methylthiopurine prompted us to investi
gate the preparation of 6-chloro-9-/3-D-ribofurano-
sylpurine (I) from the readily available 9-/3-D-
ribofuranosylpurine-6-thiol (II).1 3 

Chlorine gas was bubbled slowly into a suspen
sion of five grams of I I in methanol a t —10°. 
During the reaction, 9-/°-D-ribofuranosylpurine-6-
thiol gradually went into solution. Methanolic 
ammonia then was added carefully to neutralize 
the excess acid, and 6-chloro-9-/3-D-ribofuranosyl-
purine (I) was isolated from the reaction mixture 
in above 8 0 % yield. Trea tment of 6-methylthio-
9-/3-D-ribofuranosylpuiine ( I I I ) 1 3 (10 g.) in a simi
lar manner gave I in 90% yield. 

The present clinical interest in 6-chloropurine 
in cancer chemotherapy1 4 has increased the need 
for large quantities of 6-chloro-9-/3-D-ribofuranosyl-
purine (I) for preclinical evaluation. This prepa
ration of I was found to be readily adaptable to 
large-scale synthesis since 125 g. of I I gave 60.0 g. 
of I after recrystallization from methanol-water . 
This product decomposed at 168-170°16 and was 
chromatographically pure. The ultraviolet ab
sorption spectrum was identical with t ha t previ
ously recorded.11 The product (I) was found to 
exhibit an infrared spectrum identical with t ha t of 
an authentic synthetic sample.15 '16 The specific 
rotation was found to be [a] 28D - 4 5 . 2 (0.796% 
in water) which is the same as t ha t previously 
recorded.11 Anal. Calcd. for Ci0H1IClN4O4: C, 
41.9; H, 3.87; N, 19.5; Cl, 12.4. Found: C, 
41.9; H, 3.82; N, 19.5; Cl, 12.4. 
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The recently reported synthesis of 2-amino-6-
chloropurine17 from 2-amino-6-methylthiopurine 
suggested the synthesis of the previously unre
ported 2-amino-6-chloro-9-/3-D-ribofuranosylpurine 
(IV). This synthesis proceeded readily from 2-
amino-6-methylthio-9-/3-D-ribofuranosylpurine18 (10 
g.) and chlorine gas in methanol at —10°. The 
product was isolated after carefully adjusting 
the pH to 9 with methanolic ammonia so t ha t the 
internal temperature was maintained below —10°. 
After recrystallization first from water and then 
twice from absolute methanol, IV was obtained in 
5 1 % yield. When heated rapidly from room 
temperature, IV melted with decomposition a t 
171-172°. 2-Amino-6-chloro-9-/3-D-ribofurano-
sylpurine (IV) in the ultraviolet exhibited: X&« : 

310, 246, 221 van, e 7,450, 7,300, 24,600; X^n
 : 

267, 236 rati, t 1,450, 6,500, X ^ u 308, 246 rm*, 
e 7,950, 8,250; XS1V

1 267, 235 mM, t 1,860, 7,150. 
The specific rotation was found to be [a] 26D 
- 2 7 . 7 (0.614% in water). Anal. Calcd. for Ci0-
H^ClN6O4 : C, 39.9; H, 4.0; N, 23.2; Cl, 11.8. 
Found: C, 39.7; H, 4.0; N, 23.5; Cl, 11.8. 

This relatively mild method of introduction of 
a halogen atom into a nitrogen heterocyclic system 
is presently under further investigation. 
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Sir: 

I would like to report the synthesis and solvoly-
sis rate constants of compounds Ia,b,c. 
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