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APPLICATIONS OF CHROMOUS CHLORIDE—II'
THE REDUCTION OF SOME STEROIDAL NITRO-COMPOUNDS
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Abstract—The reduction by chromous chloride of 6-nitrocholesteryl acetate and some Sa-chloro-68-
nitro-steroids to Sx-hydroxy-6-oximino steroids is described.

IN RECENT years chromous salts have been shown to be versatile reducing agents
possessing a selectivity which complements that of other reducing agents. Thus the
reduction of alkyl halides can lead to replacement by hydrogen, to elimination or
to dimerization dependent upon the environment of the halogen, the anion associated
with the chromous ion and the solvent.? The addition of hydrogen donors to the
reduction of steroidal bromohydrins has been shown?® to favour the formation of
the corresponding alcohol. Reduction of halogen can occur selectively in the presence
of carbonyl and olefinic functions. aff-Epoxy-ketones are reduced to the corres-
ponding B-hydroxy-ketone or af-unsaturated-ketone by these reagents.* Mechanistic
studies of the reduction of alkyl halides have demonstrated? 3* the intervention of
a free-radical followed by the formation of an alkyl-chromium derivative which
subsequently undergoes protonolysis, elimination, or reacts with a further molecule
of alkyl halide to give dimeric products. In their initial studies on the reducing
ability of chromous salts, Traube and Passarge® noted that alkaline solutions of
chromous chloride reduced inorganic nitrates to ammonia. However, the reduction
of organic nitro compounds by chromous chloride has not been explored in detail.
It is the purpose of this paper to describe the reduction of some steroidal nitro
compounds. By embodying the nitro group in a relatively rigid aliphatic environment,
it was hoped to clarify the stereochemical consequences of the reaction. We have
shown that the reaction follows a different course in an aromatic environment.
These results will be described later.

The nitro compounds required for this study were prepared by literature methods’-®
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or minor variations. Thus 3B.5a-dichloro-6B-nitrocholestanc was prepared by the
addition of nitrosyl chloride to cholesteryl chloride in cther containing potassium

acetate.

In a preliminary communication we reported’ the reduction of 6-nitrocholestery!
acctate (I) with O-IN chromous chloride in refluxing tetrahydrofuran 1o give the
oxime II of 3B-acetoxy-5a-hydroxycholestan-6-one in 80°, yield. The identity of the
product was confirmed by preparation of the oxime from 3B-acetoxy-Sa-hydroxy-
cholestan-6-onc. During this correlation a discrepancy was noted in the physical
constants recorded in the literature.® It was found that use of the standard pyridine-
hydroxylamine hydrochloride procedure brought about some hydrolysis of the
3B-acetate to give a mixture of the 3-hydroxy and 3B-acetoxy derivatives.
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When Sa-chloro-6B-nitrocholestan-3p-ol (111). 52-chloro-6B-nitrocholestan-3-one
{1V) and 3f.5a-dichloro-6B-nitrocholestane (V) as representative examples of poly-
functional steroidal nitro-compounds, were treated with acidic 0-1N chromous
chlonde in refluxing tetrahydrofuran, the corresponding 5x-hydroxy-6-oximes were
obtained in good yield. In the absence of chromous chloride the compounds did not
undergo elimination of hydrogen chloride. Furthermore the hydroxy-oximes which
were obtained possess a Sa-OH group. Their identities in the cases of the 3B-hydroxy
and 3B-chloro compounds were confirmed by an unambiguous preparation of the
oximes. Thus hydroxylation'® of cholesteryl chloride with hydrogen peroxide :formic
acid gave the 5a:6p-diol. Oxidation with chromium trioxide gave the 6-ketonc from
which the oxime was prepared by the standard procedure without displacing the
3B-chlorine atom. In the reduction of the dichloro-compound only the 5x-chlorine
was displaced. 38-Chlorocholest-S-ene was stable to reduction under these conditions.

It scemed that the first stage in the reduction might involve the reductive ehimination
of hydrogen chloride. Hence by analogy with the reduction of bromohydrins,®
addition of a hydrogen donor such as butan-1-thiol might alter the course of the
reaction. However, addition of excess butan-1-thiol 10 the reaction of Sx-chloro-
6B-nitrocholestan-3f-ol completely inhibited reduction. The same result was obtained
with 3f.52-dichloro-6B-nitrocholestane and 6-nitrocholesteryl acetate. In the presence
of a small amount of butan-1-thiol and a large excess of chromous chloride the
Sa-hydroxy-6-oxime formed the sole product.

The following mechanism can account for the formation of the x-hydroxy-oximes.
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In support of this, the reaction was shown to require four equivalents of chromous
chloride. A mechanism of this kind would predict an anti rather than a syn stereo-
chemical arrangement of the hydroxyl and oxime-OH. Although it is rather a weak
correlation anti-benzaldoxime shows a C=N stretching frequency at 1650 cm ™'
whilst syn-benzaldoxime shows a signal at 1640 cm~!. The compounds prepared
in this investigation show a C=N stretching at 1650 cm ~'. No useful correlation
in this context could be found in the 3500 cm ™ ! region of the spectrum.

' L. F. Fieser and S. Rajagopolan, J. Am. Chem. Soc. 71. 3938 (1949).
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Two related reactions are pertinent to these observations. Firstly zinc and acetic
acid reduction of 4-methyl-2-nitropent-2-ene gave risc to, inter alia. the oxime of
3-hydroxy-4-methylpentan-2-one.'' Secondly reduction of 6-nitrocholesteryl chloride
with zinc and acetic acid gave a 20°;, yield of the oxime of 3B-chloro-5a-cholestan-
6-one possibly through the intervention of an alkenyl-hydroxylamine.'? The for-
mation of x-hydroxy-oximes contrasts with the formation of a 4:6-isoxazole on
irradiation'? of 6-nitrocholesteryl acetate.

We have found that the oxime chromophore shows a Cotton effect in its ORD
curve and a corresponding CD absorption. The first extremum lies near 236 mp
just within the measurable range. Although these results will be described elsewhere.
the measurement was used in these experiments as it forms a clear distinction from
the parent nitro-compounds which show a band corresponding to the n-z* absorption
of the nitro group at 280 mu.'*

EXPERIMENTAL

UV spectra were determined on a Unicam $P.800 spectrometer IR spectra were determined as nujol
mulls on a Unicam SP.200 spectrometer. Rotations were determined, unless otherwise stated, in CHCl,
soln on a Perkin-Elmer 141 polarimeter. ORD and CD was measured on a JASCO ORD UV $§
spectrometer. Mass spectra were determined on a AEl MS. 9 mass spectrometer. M.ps were determined
on a Kofler hot-stage and arc uncorrected. Microanalyses were carried out by Dr. A. Bernhardt, Mulheim.
Germany.

Chromous chloride (0-1 N} was prepared'® by the reduction of chromic chloride (147 g1) with Zn
and standardized potentiometrically against CuSO, 1o give solns which werc 0-1N + 002 with respect
to Cr?*_All operations with this reagent were carried out in a N, atmosphere.

Preparation of nitro steroids. 6-Nitrocholesteryl acetate had m.p. 103 1047, [a], — 78 (c. 1'); ht.”
104°, [a]p --80"). Sa-Chloro-6B-nitrocholestan-3p-ol had m.p. 94-5 97", [a], -84 (c. 5-3; lit.* 96-100°,
[a]o —83"). Sa-Chloro-6B-nitrocholestan-3-one had m.p. 138 139°. [2]p —87 (c. 19, cf. lit.* 153 1557,
[7), —86)

3B.52-Dichloro-6P-nitrocholestane. (V) Nitrosyl chloride (2-75 g) in cther (15 ml) was added in the cold
to a soln of 3p-chlorocholest-5-ene (5 g) and anhyd AcOK (1'5 g) in cther (50 ml) and the mixture
allowed to stand at — 10° for 8 days. The soln was poured into ice water and extracted with ether. The
extract was washed with NaHCQ;aq, dried and evaporated. 3B.5x-Dichloro-6p-nitrocholestane (46 g)
crystallized from acelone-MeOH as prisms. m.p. 107 :109°; [x], - 8357 (c. 0-5). (Found. C, 66:8; H, 9-2;
N. 28; Cl. 148. C,;.H,.NO,Cl, requires: C, 664; H, 96; N, 29; CL 146°,) v_,, 1552 (NO,) and
760 (Ch) cm ' m e 487. ORD (380 310 mp ¢. 0-2; 310 250 mp ¢, 004 in CH,C1;); [ ]340 — 1705 (@] 340
--3789; [d]30s —8653; [d):a3 0: [#]100 +5926; [P)s50 + 7704 CD (410 336 myu ¢, 102; 336- 314 ¢,
02; 314-264 ¢. 004 inCH,Cly); [8)a10 +25: [6)300 +69: [0)340 0: [0)5,0 —4703; [0)106 — 14738,
[0):6a — 7839

Chromous chloride reductions

(i) 6-Nitrocholesteryl acetate (1). 6-Nitrocholesteryl acetate (3 g) in THF (200 ml) was treated under N,
with O-IN chromous chloride {485 ml) for 3 hr under reflux The soln was cooled. concentrated and
extracted with CHCl,. The extract was washed with NaHCQ, aq. dried and evaporated to give the oxime
of 11 which crastallized from MeOH H,0 F1Ac (7-2:1) as needles (25 gl mp 128 131 [x]p —406.
e 033 in McOH (Found: C. 707, H, 103: N, 33: 0. 155, C,oH,oNO,. H,0 requires: C. TU5; H,

'' J Wiemann and O. Convert. C.R. Acad. Sci., Paris 258, 4285 (1964).

12 1 A Kaye, U. Weiss and R. J. Highet. Steroids 1. No. 8. | (1966)

'3 J T. Pinhey and E. Rizzardo. Chem. Comm. 1, 362 (1965).

4 J R Bull. J. P Jennings. W. Klyne, G. ). Mcakins, P M. Scopes and G. Snatzke. J. Chem. Soc. 3152
(1965); G. Snatzke. Ibid. 5002 (1965).

'3 A 1 Vogel. Texthook of Inorganic Analysis p. 340. Longmans. London (1964)
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103; N, 28; 162°,) v, 3400 (OH) 1710 (acetate). 1650 (C=N) 1275 (acetate). 1160 (C -O) ¢m !
m e 475 ORD (570 270 mp ¢. 0-34: 270 230 mp ¢. 003 1n MeOH} [¢]-o 221 [D])s00 ~ 305: [é]400
—582; [@)yoo —1663; [¢)150 —2979: [@]136 —4157; [¢)230 —4019. CD (300-260 . 0034 280 236
c. 0017; path length 0-2 dm 272 236 in MeOH) [8),50 —3204; [6],20 — 10.157; [0) 100 — 8817, [8];46
—6407;(0])500 —13.729. [0]40 —21.967

(i1} 5x-Chloro-6B-nitrocholestan-3p-o! {111). The alcohol (500 mg} in THF (100 ml) was treated with
01N chromous chloride (126 ml) under reflux for 3 hr. The soln was cooled, concentrated and extracted
with CHCl,. The extract was washed with NaHCO,aq. dried and evaporated to give the oxime VI
400 mg which crystallized from moist McOH as finc needles. m p 227 229 (dec) {a)p — 347", . 017,
McOH. (Found: C, 74:6; H 108, N, 306 C,;,H,,NO, requires: C, 74:6; H. 108; N, 3:2° ) Repetition
of this experiment with exactly 4 equivs of chromous chlonde gave an 86 °, yicld of the oxime

(111} 5a-Chloro-6B-nitrocholestan-3-one (1V). The ketone {1 g) in THF (150 ml) was treated with O-IN
chromous chlonde (231 ml) under reflux for 3 hr. The soln was cooled, concentrated and extracted with
CHQ,. The extract was washed with NaHC(,aq, dried and evaporated to give the 6-oxime of VII
which crystallized from MecOH as necdles (08 gl mp 246 248 _[a]p —225 (. 0-18.mm CH,OH:CH,C1,
{1:1). (Found: C. 745, H. 10:4; N, 34 C;-H, NO, requires: C.751; H. 10:7; N, 32°_} v, 3350 (OH).
1700 (C=0). 1650 (C=N), 1160 (C -Oicm ' . me 431. ORD (388 294 mp c. 0-18; 294 230 my . 0028
n McOH) [$]1as - SB2: [$]1a0 —873: [¢]20 ~ 9460 [@)310  727. (@306 —679: [@]190 —1520:
(@)100 —3040; [@)i40 -4408; [$].3e -4560; [@]120 4256 €D (370-248 mp ¢, 0H18; 248 232 my
c. 0028 in MeOH) [8]y20 +416: (8]0 1 384. [0]4,0 +640; [0]14, + 2401 [0];4, 0. [0);4, —8910;
[8)136 —14.355,[0]2,4 —12.375

(iv) 3B-Sa- Dichloro-6-nitrocholestane (V). The dichlonde (1-5 g) in THF (100 ml) was heated with 0-IN
chromous chloride (358 ml) under reflux for 3 hr. The soln was cooled. concentrated and extracted with
CHCl,. The extract was washed with NaHCO,aq dried and evaporated, to give the oxime VIII of
3Bchloro-5a-hydroxycholestan-6-onc (1 g) which crystallized from MeQH as needles, mp. 185 187"
(dec) [2]p —322 . 019 in McOH. (Found: C, 719; H, 101 N, 31; CL 81 C;,HNO,Cl requires:
Co7M5, HO06, N3 CLT8%, ) v, 3400 (OHL 1650 (C==N) 1160 (C O)cm ™! m ¢ 453 ORD (600-
284 my . 0-185; 284 232 mp . 037 10 McOH) (@)oo — 147 [@]aco -490. [@ ]300 —906: [@]194
-1714; [@)300 - 2327: [$]2se —3307: [d];5; ~ 3185 CD (300 250 mp c. 0185 in McOH) [0],,,
—202; [8);~0 -BOR;[0];4, — L4LS.

{v} 3B-Chlorocholest-5-eme The chloride (3 g} in THF (100 m)) was treated with O-IN chromous chloride
(132 m) under reflux for 6 hr. Recovery gave the starting material (295 gL mp 97 98, [1)p —27 (c. 7-9).

(vi) 3B-Hydroxy-Sx-chloro-6P-nitrocholestane in the presence of excess thiol. The alcohol (0-25 g. 00005
mole) and butan-1-thiol (0037 mole) in THF (100 mi) were heated with 0 1N chromous chlonde (21 ml;
00022 equiv) under reflux. Recovery gave the starting material (0248 g. 96-3°_) mixed m p. with slarting
material no depression. [R spectrum consistent with starting material.

(v} 3p-Hvdroxy-S5x-chloro-6B-nitrocholestane in the presence of thiol and excess chromous chloride The
alcohol {2 g 00042 moles) and n-butanc thiol {4 ml, 0037 mole) in THF (400 ml) were healed with ¢-IN
chromous chloride (482 mt, 005 mole) for 3 hr. Recovery gave the oxime of 3B.Sx-dihydroxycholestan-
6-onc (1-:3 gl mp 227 229 idenufied by IR, mass specirum and mixed m.p

vy 6-Nitrocholesterylacetate in the presence of excess thiol. 6-Nitrocholesteryl acetate (1-5 g) and
butan-1-thiol (3 ml) in THF (100 ml) were treated with 0-1N chromous chioride (242 ml) under reflux
for 3 hr. Recovery gave the start.ng matenal (1-3 g) identified by 1R and mixed m.p.

Preparation of the oximes

(i) 3B-acetoxy-5x-hydroxycholestan-6-onc 2 g) in E1OH (50 ml) was treated with hydroxylamine
hydrochloride {(+6 g) and pyridine (0-7 ml} overnight. The mixture was poured into ice water, extracted
with ether. The extract was washed. dried and evaporated 10 give a residue which was separated by
preparative TLC on silica in 30°, AcOEt hight petroleum. The oxime of 3B-acetoxy-Sa-hydroxycholestan-
6-one crystallized from moist MeOH as needles, m.p. 146 150°. The slower running fraction was the
oxime of 3B,Sa-dihydroxycholestan-6-one which crystallized from moist MeOH as fine needles. mp
227 229°.

(1) Cholesteryl chloride (3-6 g) was stirred for 3 days with formic acid (20 ml}: 30°, H,0, (10 ml).
The soln was made just alkaline to litmus with KOH aq, diluted with water (200 ml) and stirred for 24 hr
with ether. The soln was extracted with ether. The extract was dnied and evaporated to give 3pchloro-
cholestan-5a2.6B-diol which crystallized from MeOH ether as needles (25 g}, m.p. B8 90°.
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The alcohol (0-7 g) in acetone (25 mi) was stirred with 8N CrO, (0-5 ml) for 45 min. The soln was
diluted and extracted with ether. Evaporation of the solvent gave 3Bchloro-Sa-hydroxycholestan-6-one
(0-45 g) which crystallized from aqueous McOH as necdles, mp. 179 180°.

The chloro-ketone (50 mg) in EtOH (15 ml) was treated with hydroxylamine hydrochlonde (100 mg)
and pynidine (0-2 ml) at room temp for 24 hr The soln was poured into water, filtered and the oxime
(30 mp) crystalhzed from MeOH as needles. m.p. 185 187" identical to the oxime VIII obtained in the
above reduction.



