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TABLE I 
NITROPYRROLE-2-CARBOXALDEHYDE DERIVATIVES 
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0 . 9  
1.1 
1 . 4  
1.1 

0 . 2  

0 . 3  

0 .9  
0 . 4  
0 . 3  
0 1  
0 .0  

0 . 0  

0 . 0 
0 .2  
0 .  0 
0 . 2  
0 . 0  

0 .0  

4 . 6  
1 . 0  

160 mg/kg 

0 . 2  

0 . 1  
0 . 6  
0 . 1  

1 .4  

0 .  1 
0 . 1  
0 .7  
1 .0  
2 . 1  
0 .9  

0 .8  

1 . 3  
1 .2  ( l /5 )  
1 . 3  
1 . 4  
1 . 1  

0 . 2  

0 . 3  

1.1 
0 . 4 
0 . 3 
0 . 3  
0 . 0  

0 . 0  

0 .0  
0.2 
0 .0  
0 . 2  
0.2 

0 .2  

10. 0 
2 . 0 

640 mg/kg 

0.2 

0 .1  
1 . 8  
0 .  1 

1.8 

0 . 3  
0 . 1  
O . i  
. . . ( 5 / 5 )  
. . . (5/3) 
1 . 7  ( l /5)  

1 .0  

. . . (5/5) 

. . . ( 5 / 5 )  
1 . d 
1 . 8  
2 .5  

0.6 

0 .3  

1 . 2  ( l / 5 )  
0 . 4  
0 . 5  
0 . 5  
0 . 4  

0 .0  

0 . 0  
0.2 
0 . 0 
. . . ( 5 / 5 )  
0 . 2  

0 . 2  

. . . (5/3) 
3 . 4 

a Where analyses are indicated oiily by symbols of the elements, analytical results obtained for these elements were within +0 .45  
of the theoretical values. * l l ice were treated 3 days postinfection with a single subcutaneous drug dose of 40, 160, and 640 mg/kg: 
the therapeutic criterioii ib the prolongation of s.rirvival time of treated animals over controls. Drug 
toxicity is considered the cause of death when treated mice die before controls and fractions in parentheses represent toxicity deaths 
over total mice in treated group. Known com- 
pounds.15 

Controls normally live 6-i days. 

See also T. S. Osdene, P. B. Iiussell, and L. Rane, J. J lec l .  Chew., 10, 431 (1967). 

fections in mice,16 as part of the Walter Reed Army 
Institute of Research malaria program. The anti- 
malarial screening results are presented in Table I. 
Chloroquine and quinine are included for comparison 
purposes. The majority of the compounds were es- 
sentially without a positive effect. Derivatives 7, 12, 
and 19 prolonged survival times of treated mice by 
about 2 days at  the higher doses, but this must be 
regarded as marginal protection at  best. Insofar as 
generalizations can be made on the basis of the border- 
line activity found, it mould appear that either u 4- 
or 5-nitro group is acceptable and that a small sub- 
stitucnt (hydrogen or methyl) on the 1 position is 

desirable. Compounds containing the phenyl, iso- 
amyl, and benzyl substituents in the 1 position were 
uniformly without any effect. Little specificity as to 
favorable carbonyl derivatives is apparent. 

Some of the nitropyrroles prepared in this study were 
also assayed in vitl.0 against a few other microorganisms. 
Both a paper disk-agar plate diffusion method and a 
tube dilution method were employed. Sone of the 
compounds was appreciably inhibitory to Staphylococcus 
albus, Escherichia coli, Serratia mawescens,  Klebsiella 
aerobacter, Sacchavoitiyces cerevisiae, Penici l l ium notatuna, 
or Sporoboloniyces salmoncolor in the diffusion test. 
Against these same organihms in the tube dilution test, 
however, some compounds did display lo\v-level broad 
spectrum activity. Compounds 20 and 27, for ex- 





lack of growth. The yeast and fungus tube-dilutiori assays were 
performed by incorporating the compound and iiioculuni into 
sensitivity agar imtead of broth. Viiible inhibition of growth 011 

the surface of the agar after 24 llr 
in these cases. results. 

A&nowledgment.--The authors are grateful to Dr. 
Institute David p. Jacobus of the jvalter Reed 

the of activity of Research for providing the antimalarial screening 
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The sytithesis of several 3- arid 20-1iitro-5a-androstane and -pregnciie derivatives was undertake11 by oxi- 
dation of the corresponding oximes. Improved conditions (irradiat,ioii and oxygenation) were developed for 
this technique. Biological evalimtioii of t'he final derivatives for anabolic aiid progestational activit'ies indicated 
that the replacement of a carbonyl oxygen by a nitro group in these compounds leads to weakly active or inactive 
products. 

All steroid hormones except estradiol and testosterone 
possess a carbonyl group a t  C-20 and all but estradiol 
have a keto group at  C-3. In  work directed a t  defining 
the function of this moiety in eliciting biological 
responses, we speculat'ed that a combination of high 
electron density and hydrogen-bond acceptance might 
be key factors in the importance of these ketones. I n  
the present work, we have examined this possibility 
by determining if a nitro group can be substituted in 
the region of a carbonyl function with retention of 
activit'y. 

Nitro st'eroids have been prepared by nitration of 
unsaturated steroids with nitric acid3&+ or nitrogen 
tetroxide,3d by condensation of steroidal aldehydes with 
~ i i t romethane ,~~ by nitration of by oxidation 
of oximes with a ~ e r a c i d , ~ g  from reactions of steroids 
wit'h nitrosyl chloride, 3h and by displacement of alkyl 
~i i t ra tes ,~ '  but these methods appeared too drastic or 
otherwise unsuitable for unsaturated steroids. ht- 
tempts to  displace steroidal 3-tosylates with sodium 
nitrite4 failed. Finally we employed and modified the 
mild oxidation of oximes5 which had been used for the 
preparation of 17-nitro steroids.6 

Treatment of 1 with S-bromosuccinimide (KBS) in 
dioxane-water solution, followed by stirring and ex- 
posure to air for 4s hr arid final SaBH4 reduction gave 
a mixture of the nitro compound 4 (27%) and andro- 
stane-3p,17P-diol (Scheme I). It was thus apparent 
that  two competing reaction sequences occur during 
the KBS reaction: (a) formation of a yem-bromonitroso 
compound followed by air oxidation to  a gei,z-bromo- 
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1 ,R=OH 
2, R=CH(B-OH)CHB 

4,3p, R = OH 

6 ,3& R = COCH, 
5, R = CH(B-OH)CH, 
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nitro compound, and (b) hydrolysis of the oxinie to the 
parent kctoric, arid subsequent reduction to  the corrc- 
sponding alcohol by the borohydride. It mas clear 
that  b could be minimized by acceleratirig the steps in 
a. This ITas done by bubbling oxygen through the 
mixture rather than relying on atmospheric air, and by 
irradiating with ultraviolet light. We reasoned that  
the irradiation would generate bromine radicals, thus 
facilitating the bromination and, second, would con- 
vert molecular oxygen, a sluggish oxidizing agent, to 
atomic oxygen, a much better oxidizing agent. As a 
result of these modifications, the yield was increased to  
about 50%. The assignment of the configuration of the 
nitro group in 4 was based on the broad multiplet ex- 
hibited in the nmr spectrum of the 3a-proton; this is 
due to  axial-axial splittings and is compatible only with 
nri axial proton at C-3. 

In extending the method t o  C-20 oximes, a complex 
mixture of epimeric C-20 nitro compounds and alcohols 
was obtained, as shown by glpc. Therefore, the inter- 
incdiate bromonitro compouiid 7 wab isolated and freed 


