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A seriex of 4- or H-nitropyrrole-2-carboxaldehydes, either ansubstitnted or bearing alkyl or phenyl substiment<

i the 1 poxition, have been synthesized by straightforward merhods.
prepared from them was evaluated ax antimalarial aud antibacterial agenrs.

noted in either rype of assuy.

"The assoetation of useful chemotherapeutie properties
with five-membered heterocyclic rings bearing a nitro
group began with the discovery of the antibaeterial
properties  of S-nitrofurfural derivatives in  1944.7
Since that time, mwestigations of this and various re-
lated nitro heterocyelie systems have revealed valuable
inhibitory activities against many pathogenie orga-
nisms infeeting man and animals.  The nitrofurans, for
example, possess ot only antibacterial action but also
antifungal properties and are effective against various
protozoan parasites such as coccidin and trichomonads.?
Various derivatives of 2-amino-d-nitrothiazole are nsed
for treatiient of the protozoan discase of turkevs, en-
terohepatitis,* as is a S-uitrointidazole (dimetndazole).”
Another 2-amino-d-nitrothiazole derivative hus been
recently found highly efficacious itn the treatment
of human schistosomiaxis® and ameblasis®  Nletro-
nidazole, a nitrotinidazole, 1s the drug of choiee for the
cure of human  trichonrontasi=®  In experimental
antmal systems or ¢n wtro. other nitro-hearing hetero-
cvelie rings such ax pyrrole (tmono!'™1? or dinitro'®) and
thiophene!* ! have demonstrated interesting antibac-
tertal, antitrichomonal, or anthelmintic activities.

Ax part of a systematie survey of new types of five-
mamnbered nitroheterocyeles, we ave prepared a sertes
of 4- aud H-nitropyrrole-2-carboxaldehyde dertvatives
(1) for evaluation as aptimalarial agents.  In addition.
the on witro antibacterial properties of some of these
compounds seeined desivable beeause of the isosterte
relationship of S-nitropyirole-2-carboxaldeliyde with
S-nitrofurfural and beeause abp additional structural
paranteter, the N-substituent, s available for manipula-
tionr m the pyrrole ring. The structueal =mmilarity of
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A seriex of ximiple carbouyt derivatives
Ouly n <light positive effect wax

this  =eries to  I-hydroxyethyl-5-nitropyrrole-2-¢ar-
boxantide (2), 2 compound reported during the conrse
of this study to possess @n e antitrichomonal e-
tivity !t provided further interest in the series.

N E Loex

: ON II\
R CH.CH.OH
1 2

CONH,

Chemistry. - The compounds prepared and tested iv
this series are listed in Table 1. 4-Nitro- aud 5-nitro-
pyrrole-2-carboxaldehyde, required for the synthesis
of many of the structures, were prepared from pyrrole-
2-carboxaldehyde by a minor variation of the procedure
of Fournari and Tirouflet.'  The N-methyl derivatives
of these aldehydes (e.g., 15) were obtainied by a modifi-
cation of the alkylation procedure of these same au-
thors.?  AMore vigorous conditions were required for
the synthesis of the N-1soamyl and N-benzyl analogs.
Prolonged heating of S-nitropyrrole-2-carboxaldehyde
sodium salt with isoamnyl bromide or benzyl ehloride
i dimethylformamide solution was necessary to pro-
vide these compounds.

Preparation of the 1-phenyl derivatives in this seriex
was only partially =uccesstul.  The 4-nitro isomer,
L-phenyl-4-nitropyirole-2-carboxaldehyde, was obtained
v moderate vield by the direct nitration of 1-phenyl-
pyrrole-2-carboxaldehyvde. A number of approaches
10 the corresponding 5-nitro =ystem were unsuccessful;
the direet mtration procedure gave tone of this isonter.
Nitration of I-phenyl 2-methylpyrrole, potentially ca-
pable of conversion 1o a pyrrole-2-aldebvde, gave av
iseparable niixtire of at least three different nitro
womers accordiby to pmr spectroscopy.  Formylatiop
ol 1-phenyl-2-nitropyrrole did not occur even under fore-
mg conditions.

Several procedures for the direct introduction of a
l-aryl group into S-nitropyrrole-2-carboxaldehyvde were
alo investigated without suceess.  Reaction ol the
=odium =alt of d-nitropyrrole-2-carboxaldchyde with
diphenyliodovinm todide, vartous “benzyne’ reagents,
and 4-fluoronitrobenzene provided no  L-arylpyrroles.
Attempts to obtain this system e aromatization of 1-
evelohexyl derivatives ave also failed to give the de-
sired 1-aryl commponnd.

Carbouyl derivatives were prepared by standard
techniques or according to references given in the
ixperimental Section.

Biological Activity. --These compounds were assayed
neaipst lethal, blood-indneed, Plasmodiwin berghed -

15 P Vainrau and AL FPironlled, Bedis Soes Chva Fraoer, 181 (14635
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le CH=X
R
Antimalarial act.?
—_— Survival time, T/C, at:
Nitro Yield, 40
No. isomer R X Mp, °C % Analyses® mg/kg 160 mg/keg 640 mg/kg
3 4 H =x.\'Yo 266 dec 50 C,H,N 0.2 0.2 0.2
0
4 4 CH; =NNHCH,CONH, 139-153 21 C,H, N 0.1 0.1 0.1
5 4 CH; =NNHCOCH; 266 69 C, H,N 0.6 0.6 1.8
6 4 CH;, =NNHCO(CH.);CH; 152-155 66 C, H,N 0.1 0.1 0.1
|
7 4 CH; =NNYO 248 95 C,H, N 1.0 1.4 1.8
O
8 4 Cell; =NNHCONH, 247-250 88 C,H N 0.1 0.1 0.3
9 4 Cel; =NNHCOCH; 202-254 73 C, H, N 0.1 0.1 0.1
10 4 CeH; =NNHCO(CH.);CHs 155-158 67 C, H, N 0.5 0.7 0.7 _
11 5 H =0e 1.0 1.0 L (B5)
12 3 H =NNHCOCH; 248 dec 83 C, HN 0.5 2.1 . (B/5)
13 5 H =NNHCO(CH,);CHs 170-171 37 C H,N 0.7 0.9 1.7(1/5)
.
14 5 H =NNY() 228 dec 85 C, H, N 0.8 0.8 1.0
0]
15 5 CH; =0° 0.9 1.3 _ ((:)/-))
16 5 CH, =NOHc° _ A 0.9 1.2(1/5) ... (3/3)
17 5} CH; =NNHCONH, 235 dec 07 C, H, N 1.1 1.3 1.5
18 5 CH; =NNHCOCH; 201-202 97 C, H,N 1.4 1.4 1.8
19 5 CH; =NNHCO(CH,)sCHjs 160-162 77 C, H N 1.1 1.1 2.5
20 5 CH, =.\‘—Q) 233-235 64 C, H,N 0.2 0.2 0.6
8]
21 5 CH;, =NNHCH,COXNH, 190-192 dec 77 C, H, N 0.3 0.3 0.3
(]:OCHs
22 3 CH;, =NNCH,CONH, 230-234 37 C, H N 0.9 1.1 1.2(1/5)
23 5 CH,CH,CH(CH;), =NOH 100-104 66 C,H, N 0.4 0.4 0.4
24 5 CH,CH,CH(CH;), =NNHCONH, 205-210 85 C H XN 0.3 0.3 0.5
25 5 CH,CH,CH(CH,), =NNHCOCH; 136-137 91 C, H, N 0.1 0.3 0.5
26 5 CH,CH,CH(CH;), =NNHCO(CH.);CHs 118-120 31 C, HN 0.0 0.0 0.4
]
27 5! CH,CH,CH(CHj;). =V—NY() 01.5-92 64 C,H,N 0.0 0.0 0.0
O
28 S5 CH,C:H; = 40-42 70 C, HN 0.0 0.0 0.0
29 ) CH,C¢H; =NOH 140-145 39 C, H,N 0.2 0.2 0.2
30 5} CH.C:H; =NNHCONH, 186-190 a8 C,H,N 0.0 0.0 0.0
31 5  CHCeHs —NNHCOCH, 157138 &7 CHXN 02 02 . (5/3)
32 D CH,C¢H; =NNHCO(CH):CHj; 123-128 54 C,H,N 0.0 0.2 0.2
33 5 CH.C¢H; =NNY() 157-162 45 C, H,N 0.0 0.2 0.2
O
Chloroquine 4.6 10.0 L (0/D)
Quinine 1.0 2.0 5.4

@ Where aunalyses are iudicated only by symbols of the elements, analytical results obtained for these elements were within £0.49

of the theoretical vahies.

b Mice were treated 3 days postinfection with a single subentaneous drug dose of 40, 160, and 640 mg/kg;
the therapeutie eriterion is the prolougation of survival time of treated animalx over controls.

Controls normally live 6-7 days. Drug

toxicity is considered the canse of death when treated mice die before controls and fractions in parentheses represent toxicity deaths

over total mice in treated group.
pounds,

fections in mice,® as part of the Walter Reed Army
Institute of Research malaria program. The anti-
malarial screening results are presented in Table I.
Chlioroquine 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 ean be made on the basis of the border-
line activity found, it would appear that either a 4-
or 5-nitro group is acceptable and that a small sub-
stituent (hydrogen or methyl) on the 1 position is

(16) Performed by Dr. Leo Rane of tlee University of Miand, Miami, I'la.

See also T. S. Osdene, P. B. Russell, and L. Rane, J. Med. Chem., 10, 431 (1967).

¢ Known com-

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 vitio against a few other microorganisms.
Both a paper disk-agar plate diffusion method and a
tube dilution method were employed. None of the
compounds was appreciably inhibitory to Staphylococcus
albus, Escherichia coli, Serratia marcescens, Klebsiella
aerobacter, Saccharomyces cerevisiae, Penictllium notatum,
or Sporobolomyces salmoncolor in the diffusion test.
Against these same organisms in the tube dilution test,
however, some ecompounds did display low-level broad
spectrum activity. Compounds 20 and 27, for ex-
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ample, were ithibitory at the 1000- or 100-gg/ml level
against all of them.

Experimental Section

Puir spectra were obrained on n Varian Model A-6( <pectrom-
cler.  Melting point< are uncorrected.  Where analyses are
indicated ouly by =ymbols of the elements, analytical resulix
ob(ained for those elemients were within 40.3% of the theoreiical
valaes.

5-Nitropyrrole-2-carboxaldehyde and 4-nitropyrrole-2-carbox-
aldehyde were prepared using a convenient modification of the
procedure of Foarnari and Tiroaflet,® ¢.¢., the nitration reagent
ased was that of Bordwell'™ and it was added at 0° to the re-
defion at =30 Somewhar improved yields of each isomer
Cea. 2005 were rouatinely obtained; ir spectra, ANuwiol 6.0 (C=0)
for the 4-NOy componnd, 5.91 ¢ (C==0) for the 5-NO, componnd:
thin Inver chiromatugraphy (silica gel, CHCL), R 0.15 (4-NOy),
B¢ 127 (5-NOy).

1-Methyl-5-nitropyrrole-2-carboxaldehyde and 1-methyl-4-
nitropyrrole-2-carboxaldehyde were prepared in considerably
higher vielkd by modification of the procedure of Founrnari.!s
The uitropyrrole-2-carboxaldehyde (0.0321 miole) was dissolved,
under Ny, i1 150 ml of dry THF. Sodium ethoxide solution,
prepared fromn the reaction of 0.034 g-atomn of Na in 25 ml of
EYOIH, was added all at once to the stirred pyrrole sohition at
room remperature.  After 15 min, Me,RO4 (0,035 mole) in 100 ml
of TIHI was added over 10 min, and the resnltant reaction
mixture was refluxed for 4 hr.  The cooled solution was acidie
to Htmns paper.  The solveni was removed in wacwo. The
resubtant solid wax crnshed thoroughly in the presence of H,0,
filtered, and washed with additional H,0. Thix procedure vielded
4297 of pure 4-nitro isorner: mp 156-158° (lit. mp 158°}: thin
ver chromatography (silien gel F, CHCL), Rf 0.4 ir speetram,
ANwi 6.0 (C==0, sirong); pmr spectrnm (CDClLy), = 0.37
(singlet, ¥ I, CHO, 2.84 (broad singlet, 1 H ArH), 2.62 (doubler,
tH, = 2 eps, ArH), 6.01 (singlet, 3 T, CH.).

The S-uiiro isomer was obtained in 849 vield: mp 70-71°
tht 5 mp 70°): ir speetrntn, AN@GL6,0 u (C==0), weak): pmr <pec-
i (CDCL), 7 0.35 (siuglet, 1 1, CHO), 2.95 (doublet, 1 M,
J o= 5 ceps, ArH), 3.20 (doubler, 1 1T, J = 3 epx, ArH), 578
tsinglet 3 H, CHy).

1-(3-Methylbutyl)-5-nitropyrrole-2-carboxaldehyvde.—'T'he
sodimn salt of S-nitropyrrole-2-carboxaldehyde was prepared
from (L1173 mole of NaOFEt (from 1.68 g of Na and 75 ml of EtOM)
and 1 g ((LOTES mole) of S-nitropyrrole-2-carboxaldehvde in
125 ml of dry THE. The reaction was allowed to proceed for 20
min o room temperatnre, and the dryv sodium =ah was i=olated
by removal of ihe solvent at 65° n wacvo. Tt wus dissolved in
175 ml of DMT and treated at roown tewperature with 12.1 g
(.08 mole) of isoamyt bromide dissolved in 30 ml of DAMF,
The resuliing mixtnure was heated under Ny 1o 80-4(1° for 40 hr,
The reactione mixinre was cooled and poured inio 600 ml of
1,0, The resnlting oil was extracted into two 10(-ml portions
of CHCL and the combined extracts were filtered and washed
twice (11,0). The CHCL; solution was dried (Na.80O,) nud the
CHCL was removed in vacuo to yvield 13.9 g of erade produa
(dark oil).  Puorificalion wnas effected by chromatography on a
14 X T em colimm of silien gel nsing CHOL elution. A sinall
amonnt of rapidly elnted material was disenrded, and the pure
prodier was collected n the next liter of elnare ax a clear vellow
oil, 6.1 g (4190). Anal. (CyITuN.0 C, 1, N, Thin layver
chromatography showed ouly obe component, £2¢ 1158 (silien gel
I, CHCL): ir spectrany, ANed 501 » (C==0): pimr speclirnmnt
(CDHCL), 7 .42 tringler, 1 H, CHO), 2,43 (doablet, 1 H, J = 5
eps, ArH), 3.22 (donblet, 1 H, J = 5 ¢px, ArH), 5.28 (iriplet,
2, = S eps, NCHY), 838 (ualtiplet, 3 H, CH.CH), 9.04
(donbler, 6 1T, CH.).

1-Benzyl-5-nitropyrrole-2-carboxaldehyde (28).~-Sodimn =alt
of S-nitropyrrole-2-carboxaldehyvde wus prepared as< with I-
(3-methyltbutyl)-3-nitropyrrole-2-carboxaldehyvde. The =alt
(0.0143 mole) in 35 ml of DMT wag treated rapidly with 2.03 g
(0.016 mole) of benzyl chloride in 10 ml of DMF. The mixture
was heated ander N for 21 hr at 99°, NaCl started to precipitate
from the reanerion niixture afrer abont | hir. The reaction mixtinre

A7 1 Mordwell and Yo Gachisel, S0 A Chem. Sure., 82 3588 (1060),
O8) Yo Vonwrnan, Baull, See. Chime, Pranee, 488 (1963),

Vol T

witx cooled and ponred into 200 ml of 0. The ernde prodne
€530 g, dark oil) wis isolated by CHCls extraetion. This material
decomposed apon aitempted distillation and it was necessary
to purily the prodact by chromatography. The oil was clno-
pratographed o a 17 X 4.5 cm cohunn of siliea gel nsing CHCL
chiion. The st 720 mb of eliale contained small quantities of
byv-produeis: ihe prodaer (2.4 g, 705 1 was colleeted in the next
liter of elunte, Tr was pure by thin layer chrmmatography, /¢y
(L42-0.57 (CTICL, silica gel F): irspectrim, ANOsL 5480 5 (OO0
pir spectrin (CDCLY, 7 030 (sivgler, 1T H, CHO), 2.7-5.2
dnalispler, 7 H, ArH), 3.93 Ginglet, 2 T, CHy. Tooa later yeep-
aration, the chromatographically pure material crvstallized.
The original analyiieal sunple winx =ceded 1o indnee erysiallizn-
tion: ii melied a1 40-42° Recrystallization from ether -pentie
did noi alter the meliing point.

1-Phenyl-4-nitropyrrole-2-carboxaldehyde,—I-Pheaylpyrrole-
2-carboxaldehyde’® was nitrared according to the uilration pro-
cedure ased for pyrrole-2-carboxaldehyde. The Dry Iee-aceione
barh wux kept between —10 and —20° dnring the addition of
the HNOx-Ae:O mixture. A solid began t» form when half huad
been added. At the end of the addition, the reaction mixture wus
pottred on ice avd The gnmmy solid which formed was filtered off.
Crystallization from EtOH gave a 2097 vield of a xiugle ixomer,
wp 169-174°.  Anal, {C,(HN03) C, T, N, Investigation of the
filirnte and rewetion mixture (by chromaography, thin laver
chromatography, awed meliing poin€) did not show the presence
of nther ixomers.

The prodact wax idemified as the 4-uitro ixomer by the splitting
of the pyrrole ring protons in (be pmr spectrum.  Thix and previ-
o= -sibstitnred 4-nitro isonters have 3,5 proton splirtings of e,
2-3 eps. The l-substituted S-nitropyrrole-2-carboxaldehydex
display 3,4 proton =plittings of 5 evcles: ir spectrnm, A¥erd
345 g (Ca=0); puir spectrnm (CDCL), = (504 (singlet, 1 L
CHOY, 1.54 ‘doublet, 1T, 7 = 2 eps, ArH ), 2.6 (denblet, 1 11,
J o= 2 epx, ArH Y, 250 (singletr, 5 H, CoH).

2-(1-Methyl-5-nitro-2-pyrrylmethylidenehydrazino)acetamide
(21).~-The procednre atilized was identical with that given by
Ebetino, ¢f al., for a nitrofaran analog® The produet wux ob-
tained nx an orange =olid: mp 192-194° dec: 7777 vield: ir
specivim, ANoeL 3.0, 3.1 {NHy), 6.0 (C-==0), 6.25 u (C==N),

2-11-Acetyl-2-(1-methyl-5-nitro-2-pyrrylmethylidene Jhydra-
zinolacetamide (22). --A mixture of 25 ml of A0 and 2.82 g
(0.0125 mole) of 2-( l-methyl-5-nitro-2-pyrryvlmethylidenehydra-
zino)acetmnide was heated o reflux for 2 hr. Solid wies present
1hrough the resction, but the color changed from orange o vel-
low. indicating conversion of starting material to prodnet,  The
remction mixtnre was cooled to room temperatnre and the pre-
cipitated solid was collected by filtration and washed with IStd)
to vield 1.27 g {(389Y of producr ax yellow crystals: mp 250
234° {xnblimation a1 ~220°) v spectrin, AN« 24950 345
(N, 5,85, 5,02 (0O h 615 (Co=ND,

Additional solids recovered from the reaction mixtire proved
10 be n mixture of stwrting material, produet, and tmainly) a
dincetvinted produer anp 215-225°)

d-Amino-2-oxazolidinone, methyl hydrazinoacetate hydro-
chloride,?* and n-valerhydrazide®® were prepared nccording to the
cited procedures.

I'n Vitro Antimicrobial Assays.,~-The agar plale diffusion assiy
eployed 6.0-mm paper disks impregnated with 0.5 mg of fex
componnd and pressed onto sensitivity agar plates strenked with
dilnte enltares of lest organism. A ring of inhibited growth
aroand the dizk after n 24-hr ineubation indicated antimicrobinl
aetivity

For bacterin, in 1the tibe dilition assay, o schition of test
compound in an inert organic solvent wies injected into a seriex
of 2-ml portions of xenxitivity broih =0 as to give coucenirationx
runging from 1000 to L1 pg/ml and differing by factors of 11
The test =ohitions were inoenlared with test organism and in-
cabated for 24 hr. A vellow eolor upon adding a drop of brom
thymol bhie solaiion indicated bacrerial growth, a blue color,

YY) N, Elming and N, Nass, Arta Chem. Scand., 6, 867 (2952).

(200 1. Udhetno, W, Carev, and 13, Stevenson, J. Med. Chem., 6, 633
(14G3Y,

(21 Narwieh Phormoerd Coo, Bridele Pateat 733,169 1H935) Clen
Aiestr., 50, T87ly (103G,

22y AL Parapsky and AL Prabbakor, Cleon, Ber., 45, 1660 {1012,

2% N. Makbpenko and T, Sviaoeva, Zhe ekl Kiim., 320 449 (19500
Chem, dhstr., 83 13084¢ (1459,


Ahs.tr

March 1968

lack of growth. The yeast and fungus tube-dilution assays were
performed by incorporating the compound and inoculum into
sensitivity agar iustead of broth. Visible inhibition of growth on
the surface of the agar after 24 hr was the criterion of activity
in these cases.
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The synthesis of several 3- and 20-nitro-5a-androstane and -pregnene derivatives was undertaken by oxi-

dation of the corresponding oximes.
this techuigne.

Improved conditions (irradiation and oxygenation) were developed for
Biological evaluation of the final derivatives for anabolic and progestational activities indicated

that the replacement of a carbonyl oxygen by a uitro group in these compounds leads to weakly active or inactive

products.

All steroid hormones except estradiol and testosterone
possess a carbonyl group at C-20 and all but estradiol
have a keto group at C-3. In work directed at defining
the function of this moiety in eliciting biological
responses,? we speculated that a combination of high
electron density and hydrogen-bond acceptance might
be key factors in the importance of these ketones. In
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
activity.

Nitro steroids have been prepared by nitration of
unsaturated steroids with nitric acid®—¢ or nitrogen
tetroxide,?? by condensation of steroidal aldehydes with
uitromethane,®® by nitration of oximes,3f by oxidation
of oximes with a peracid,®* from reactions of steroids
with nitrosyl chloride,®® and by displacement of alkyl
nitrates,® but these methods appeared too drastic or
otherwise unsuitable for unsaturated steroids. At-
tempts to displace steroidal 3-tosylates with sodium
nitrite! failed. Finally we employed and modified the
mild oxidation of oximes® which had been used for the
preparation of 17-nitro steroids.®

Treatment of 1 with N-bromosuceinimide (NBS) in
dioxane—water solution, followed by stirring and ex-
posure to air for 48 hr and final NaBH, reduction gave
a mixture of the nitro compound 4 (279) and andro-
stane-38,178-diol (Scheme I). It was thus apparent
that two competing reaction sequences occur during
the NBS reaction: (a) formation of a gesn-bromonitroso
compound followed by air oxidation to a gem-bromo-

(1) This investigation was supported in part by a PHS research grant
(AM-05016) from the National Institute of Arthritis and Metabolic Diseases,
U. 8. Public Health Service.

(2) M. E. Wolff W. Ho, and M. Honjoh, J. Med. Chem., 9, 682 (1966).

(3) (a) A, Windaus. Ber.. 86, 3752 (1903): (b) A. Windaus and C.
HBrunken, Z. Physiol. Chem., 140, 52 (1924); (c) J. Mauthner and W. Suida,
Monatsch., 24, 648 (1903); (d) C. Anagnostopoulos and L. F. Fieser, J. Am.
Chem, Soc., 76, 332 (1954): (e) A. Bowers and H. J. Ringold, ¢bid., 81,
3710 (1959): (f) J. F. Bell, E. R. H. Jones, and G. D, Meakins, J. Chem.
Soc., 2601 (1965): (g) C. H. Robinson, L. Milewich, and P. Hofer, J. Org.
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nitro compound, and (b) hydrolysis of the oxime to the
parent ketone, and subsequent reduction to the corre-
sponding aleohol by the borohydride. It was clear
that b could be minimized by uccelerating the steps in
a. This was 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 radieals, 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 509,. 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
an axial proton at C-3.

In extending the method to C-20 oximes, a complex
mixture of epimeric C-20 nitro compounds and alcohols
was obtained, as shown by glpe. Therefore, the inter-
mediate bromonitro compound 7 was isolated and freed



