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THE REDUCTION OF SOME STEROIDAL NITRO-COMPOUNDS 
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Abstract-The reduction by chromous chloride of 6-nitrocholesteryl acetate and some 5a-chloro-6p- 

nitro-steroids to 5cr-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.2 The addition of hydrogen donors to the 
reduction of steroidal bromohydrins has been shown3 to favour the formation of 
the corresponding alcohol. Reduction of halogen can occur selectively in the presence 
of carbonyl and olefinic functions. up-Epoxy-ketones are reduced to the corres- 
ponding P-hydroxy-ketone or @unsaturated-ketone by these reagents.4 Mechanistic 
studies of the reduction of alkyl halides have demonstrated2. 3. 5 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 Passarge6 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’. * 

1 J. R. Hanson and E. Premuzic. Tetrahedron Letters 5441 (1966). 
’ W. C. Kray and C. E. Castro, J. Am. Chem. Sot. 86,4603 (1964); and subsequent papers. L.\H. Slaugh 

and J. H. Riley, Tetrahedron 20, 1005 (1964); J. K. Kochi and P. E. Mocado, J. Org. Chem. 30, 

1134 (1965). 

3 D. H. R. Barton, N. K. Basu, R. H. Hesse, F. S. Morehouse and M. M. Pechet, J. Am. Chem. Sot. 
88,3016 (1966); C. H. Robinson, 0. Gnoj, E. P. Oliveto and D. H. R. Barton, J. Org. Chem. 31.2749 (1966). 

4 W. Cole and P. L. Julian, J. Org. Chem. 19, 131 (1954). 

’ J. K. Kochi and D. D. Davis, J. Am. Chem. Sot. 86.5264 (1964); J. K. Kochi and D. Buchanan. J. Am. 
Chem. Sot. 87, 853 (1965). 

6 W. Traube and W. Passarge. Ber. Dtsch. Chem. Ges. 49. 1692 (1916). 

’ C. A. Anagnostopoulos and L. F. Fieser. J. Am. Chem. Sot. 76. 532 (1954). 
a W. A. Harrison, Sir E. R. H. Jones, G. D. Meakins and P. A. Wilkinson. J. Chem. Sot. 3210 (1964). 
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or minor variations. Thus 3P.Sr-dichloro-bS_nitrochokstanc was prepared by the 
addition of nitrosyl chloride to cholesteryl chloride in ether containing potassium 
acetate. 

In a preliminary communication we reported* the reduction of dnitrochofcsteryl 
acetate (I) with 0*1;\; chromous chloride in rcfluxing tetrahydrofuran to give the 
oxime II of 3p-acetoxy-Sa-hydroxycholestan-h-one in 80”; yield. The identity of the 
product was confirmed by preparation of the oxime from 3B_acetoxy-5cr-hydroxy- 
cholestan-6-one, During this correlation a discrepancy was noted in the physical 
constants recorded in the literature.9 It was found that use of the standard pyridine- 
hydroxylamine hydrochloride procedure brought about some hydrolysis of the 
3fl-acetate to give a mixture of the 3p-hydroxy and 3p-acetoxy derivatives. 
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When 5x-chloro-6B-nitrocholestan-3B_ol (111). 5r-chloro-6B_nitrocholestan-3-one 
(IV) and 3p,5a-dichloro-6p-nitrocholestane (V) as representative examples of poly- 
functional steroidal nitro-compounds, were treated with acidic @lN chromous 
chloride in relluxing tetrahydrofuran. the corresponding Sr-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 5a-OH group. Their identities in the cases of the 3P_hydroxy 
and 3@zhloro compounds were confirmed by an unambiguous preparation of the 
oximes. Thus hydroxylation lo of cholesteryl chloride with hydrogen proxide :formic 
acid gave the 5r:6bdiol. Oxidation with chromium trioxide gave the 6-ketone from 
which the oximc was prepared by the standard procedure without displacing the 
3lSchlorine atom. In the reduction of the dichloro-compound only the Sr-chlorinc 
was displaced. 3P-Chlorocholcst-5-ene was stable to reduction under these conditions. 

It seemed that the first stage in the reduction might involve the reductive elimination 
of hydrogen chloride Hence by analogy with the reduction of bromohydrins3 
addition of a hydrogen donor such as butan- I-thiol might alter the course of the 
reaction. However, addition of excess butan-1-thiol to the reaction of Sr-chloro- 
blSnitrocholestan-3P-ol completely inhibited reduction. The same result was obtained 
with 3l3.5r-dichloro-6j3-nitrocholcstane and 6-nitrocholesteryl acetate. In the presence 
of a small amount of butan-l-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 cr-hydroxy-oximes. 

In supprt 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 stcreo- 
chemical arrangement of the hydroxyl and oxime-OH. Although it is rather a weak 
correlation anti-benzaldoxirne 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. 

lo L F FKSC~ and S. Rqagopolan. J. Am Chcm Sot. 71. 3938 (194Y) 
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Two related reactions are pertinent to these observations. Firstly zinc and arctic 
acid reduction of 4-methyl-2-nirropent-2-ene gave rise to. inter ah. the oxime of 
3-hydroxy+methylpentan-2-one. I’ Secondly reduction of 6-nitrocholestcryl chloride 
with zinc and acetic acid gave a 209;; yield of the oxime of 3p_chloro-5zcholestan- 
&one possibly through the intervention of an alkenyl-hydroxylamine. l 2 The for- 
mation of r-hydroxy-oximes contrasts with the formation of a 4:6-isoxa21ole on 
irradiation” of 6nitrochoJestoryl acetate. 

We have found that the oxime chromophore shows a Cotton effect in its ORD 
curve and a corresponding CD absorption. The first cxtrcmum lies near 236 rnp 
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-n+ absorption 
of the nitro group at 280 rnp.lJ 

LXPERIMENTAL 

UV spcclra were dclcrmmod on a Umcam SP.800 spcc~romcrcr IR spccrrd were dclermincd as nujol 

mulls on a Unlcatn SP.200 s~tromctcr Roratlons were dercrmined. unless otherwise slated. in CHCI, 

soln on a Pcrkm-Elmer 141 polarimcrcr. ORD and CD was measured on a JASCO ORD UV 5 

spccrromcter. Mass spectra were determined on a AEI MS 9 mass s~rrometcr Mps WCIT dctermmcd 

on a Koflcr hot-stage and arc uncorrecrcd Microanalyses wert carried OUI by Dr A Rernhardr. Mulhelm. 

Germany. 

C’hromous chlorldc (@IN) was prepared” by the rcductlon of chromic chlonde (14.7 g 1) wrth 2n 

and standardlzcd potcntlomctrlcally agamsr CuSO, IO give solns which were @IN + 002 with mpccr 

IO Cr’ . All opcrarlons wtth this reagent wcrc carried out in a N, atmosphere. 

Yrepctrutbn 4 nifro .srttoi& 6Nltrocholcssrcryl acetate had m p. 103 104 . [aJo - 78’ (c. 1.1, II~ .’ 

104’. [r),, -. 80 ) Sa-Chloro-6B-nitrocholcsran-3gol had m.p. 94.5 97’. [=I0 - 84 (c. 5 3; Irl..’ 96 100’. 

[a], - tS3 ‘I. 5u-Chl oro+nlrrucholcstan-3-one had m p I38 139’. [%I0 -87 Ic. 1.9; d III..’ 153 155‘. 

bJr, -M ) 
3&5cz-f1~ hloro~-nirrochr~l~sl~~. (V). h’rtrosyl chlnrb (2.75 g) in ether (I 5 ml) was added in the oold 

to a soln of 3~-chlorocholcss1.5-cnc (5 g) and anhyd A&K II 5 8) In ether (50 ml) and the mixture 

allow4 to stand at - 10 for 8 days The soln WZG pourad Into ice waler and extracted with ether. The 

extract was washed with NaHCO,aq. drlcd and evaporated. 3B.53-Dichluro-6gnirroc~~es~~ (46 g) 

crysrallvrd from aatone-M&H as prisms. m.p. 107 ,109’ ; [zlo - A3 5- (c. 0 5). (Found. C, 66.8; H, 9.2; 

N. 2X; Cl, 14.8. C1,H,,NOICll requires: C. 664; H. 9.6; N, 29: Cl. 146”,) Y,, 1552 INO,) and 
760 (Cl) cm -’ m Q 487. ORD (380 310 rnk c. 0.2; 310 250 mp c, OXM in CH,Cl,); [#JlaO - 1705; [&I,,,, 

--3789; [#J,on --8653; [&, 0; [#llv +59X; I&o + 7704. CD (410 336 m+~ c. 1.02; 336 314 c. 

02; 314-W c. 004 rnCH,Cll); [S],,,, +25; [Q)jro +69; [8],,,, 0; [0),,0 -4703; [0]116 - 14738; 

VL - 7839 

C’hrtmous chloridr reducbons 
(i) 6-Nirrork~l~sc~~l uccrurc (I). bNirrochoksleryl eatale (3 g) In THF (200 ml) was Ire&cd under N, 

with 01 N chromous chlorldt (485 ml) for 3 hr under rcflux The svln was cooled. conccnrralcd and 

extracted wlfh CHCI, Tk cxtrart was washod with NaHCO, aq. drta! and evaporated IO gve the oximr 

of II which cr!\raltlrcd from Mc<)ll H,O t:ir\c (7.2:11 a\ nccdtti (I! 5 8). m,p t2K 131 [%I,, -406. 

(‘. o 343 In McOlI (I’ound C’. 707. 11. IO 3; N. 3.3: 0. t 5 5. CI,H,Oh’O, Ha0 raqulrcs: c 7b3; Ii. 

I’ J Wlemann and 0 Convcrl. C R A& Set , Yam u8.4285 (1964). 

’ 2 1 A Kayc, U. Wclss and R. J. Hlghet. Steroids 1. No. 8. I 11%6) 
*’ J T. Pinhcy and li, Rl;uardo. Chem C’omm. 1. 362 11965). 

” J. R Bull. J P Jcnning, W. Klync G D. Mcakms, P M. Sloper and G Snatzkc. I (‘hem. Sot 3152 

(1965). G. Snarzkc. Ihid. 5002 (1965). 
’ ’ A. I Vogel. 7cxrbo& o/Iwrgunic Andys~s p -340 Longmans. London ( I W) 
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103; N. 28; 162”“) v_, 34CU (OHI. 1710 lacerate). lb50 (C---h’). 1275 (acetatcl. 1160 (C’ -01 cm ’ 
m Y 475 ORD (570 270 mp c. 0 34: 270 2.32 mp c. 0034 In McOlI) [I$),-” ..221. [b]500 -.?oS, [f$],,, 
-582; [&o - 1663; (&o -2979; [d&,6 -4157; [&0 -4019 CD (3W260 c. OG34: 280 236 

r, 0017; parh length 02 dm 272 236 in MeOH) [Q],, -3204; [011,, - 10.157; [e),, -8817. [811,, 

-6407; [O),,, - 13.729; [0],,0 -2l.%7 

(11) 5~-Chlorubanatocho&~ru~*3~~ (111). The alcohol (WI mgl m THF (lo0 ml) was trcattd wjth 

01 I$ chromous chloride (I 26 ml) under rcflux for 3 hr. The soln was coolui. conccnrratcd ad extracted 

with CIKI,. The extract was washed with h’aHCO,aq. dried and evapratcd IO give the nxtm~ VI 

400 mg which crystalhzd from molsl M&H as fmc nccdks. m p 227 229‘ (dn-) [aID - W 7’. c. 0 17. 

M&H (Found’ C. 74.6; Ii, 10.R. N. 3% C,,li,,NO, rcqulrcs C. 74.6; 11. 10.8; N, 3 2”, 1 Rcpctlrlon 

of lhls cxperlmcnr with exactly 4 equ~s of chromous chlorrdc gave an 86 cl0 ylc)d of Ihe oxtme 

OII) 53-Chloto-6B-nirrocholcsfon-34~~ (IV) The kctanc i I g) In TIIF (I 50 ml) was treated mth 0.1 N 

chromous chlortdc (231 ml) under reflux for 3 hr. TIx soln wa cootcd. conccntratcd and cxtractcd with 

CHCl,. The extract WBS washed with NaHCO,aq. dried and evaporard IO g~vc the &orimu of VII 

which crysrallkd from M&H as nccdlcs (0 H gl m p 246 24X . [ ctlD - 22 5 [r. 0 lg. m C’H,OII :CHHCll 

(I :I) (Found: C. 74 5; H. 10.4, h’. 3.4 CI-H,,NO, requlrcs. C, 75 I; H. 107; N. 3.2”,.) v,,335o(OII). 

1700 (C=O). 1650 (C-N), I160 (c‘ -01 cm ‘. m t’ 431 ORD (3X8 294 rnp c. 0 18: 294 230 rnw c. 0.028 

In McC)HI [#lIB3 - 5g2. [+J,,,, -873; [4],/& -946. [&l,,0 727, [#JIOb -679: [41110 -15Ly), 

WLO -3040; [&]1r0 .-W8: [&b -45m; [&JO 4256 <‘D (37&248 m)l c. &IX; 24X 232 mp 

c. 028 III MeOH) [O)j:O +416; [O],,, ? 3K4, [0],,,0 +MO; [f&, t 2401; [&, 0, [0]1,, -11910, 

P1,,, - 14.355. [O),,, - 12.375 

(IV) 3&5a-DichfurodS-nrrtor~~~srarrP IV1 ‘lk dlchlorldc (I 5 @ In THF (Im ml) was haarcd with O.IN 

chromous chlorldc (3513 ml) under rcflux for 3 hr The soln wa5 cooled. conccnrtarcd and extracted wrth 

CHCI, The extract was washed with NaHCO,aq drlcd and cvaporatcd, 10 gi\;r: rht oximp VIII of 

3~chloro-5~-hydroxycholcstan-6-one (I g) which crystalhA from M&H as nccdlcs. m p IX5 lfi7’ 

(dcc) [& - 32 2 c. 019 in McOlI (Found: CT. 71-9; Il. Ic)I; I\;. 3.1; Cl. 8 I Czl~l,8h’OzCl rcquircss 

C’,71~5;~1.lU6.N.3l.CI.7H”,)v,, 3400 (OH), 1650 (<‘=NA 1160 (C’ 0) cm- ’ m Q 453 ORD (600- 

284 rnM c. O.lK5; 284 232 rnp r. @037 m MeOlI) [&lbO,, - 147; [&),oo -490. [#lJdo -906; [&lzpa 

- 1714; [L&,, - 2327; [+12,, -3307; [&l - 3185 CD (300 250 m+~ c. 0 I85 in M&H) [0]5,, 

-202; [O),,, - IKIlos; [O],,, - 1415 

(b_) 38-Chlorochol~sr-5-Ed The chlorldc (3 g) m THF (100 ml) was rreatcd with OlPi chromous chlorldc 

(I32 ml) under rcflux for 6 hr. Recovery gave ttK startmg matcrtal (2.95 g)_ m p 97 98 . [z],, - 27 (c. 7.5). 

(bi) 3P-~f~dm.r~-53-~h&~ro-bf~-nrrrocholcsrorv rn tk presrnce oj pxce,u rhiol. The alcohol (0.25 g OooO5 

mole) and buran-l-lhtol (0037 mole) m TtlF (IO0 ml) wcrc heated wrth 0 1N chromous chloride (21 ml; 

OW22 cquiv) under rcflux Recovery gave the startrng material (0 248 g, 96-3”~ mIxal m p. with slartrng 
malcrlal no depressron fR spectrum consistent wrth starting matcrlal. 

(vii1 ?p- H v&or\.- 53.~ hlr~rr~-b~-ni~rr~c-h~l~.~t~~ in tk presence qf rhiml und v.wexT chrtmwur chloride The 

alcohol (2 g OW? moles) and n-butane rhiol (4 ml, 0037 molt) In TtfF (400ml) wcrc hcaaled wwth 01h’ 

chromous chlondc (4K2 mt. OXI5 mole) for 3 hr. Rccovcry gave the ox~rnc of 3B.5%-dthydroxycholcstan- 
6crnc I I .! gr. m p 227 229 Idcntlbcd by IR. mass spccrrum ami mlxcd m.p 

iv1111 6-Nlrrtlc.holpster).lOrQlI1le UI rhu presence of exceu rhrol. 6-Nitrocholcsrcryl aatatc (I.5 gl and 
buran- I -throl (3 ml) m T}fF (101) ml) wcrc lreatod with 0.1s chromous chlortde (242 ml) under rcflux 

for 3 hr Recovery gave the slart,ng makrlal (I 3 g) ldcntlfitd by IR and rnixcd m p 

Preparation of rhe oximps 

(I) 3fI-aaloxy-5z-hydroxycholcstan&one (2 S, In EWH (50 ml) was trcatcd with hydroxylamme 
hydrcmzhlondc (@6 g) and pyridinc (0.7 ml) overnight The mixrurc ww poural into ~cc waler. extracted 

with ether The extract was washed. dried and evaporated IO g~vc a rcstduc whrch was sepatatal by 

prcpararrve TLC on silica in H)“, Ac0Er hght petroleum The oxlmc of 3P-aatoxy-k-hydroxycholcstan- 
6-one crystallrzed from mobs1 McOH as necdlcs m p. I46 130”. The slower running fraction was ~hc 

OXIIIW of 3B,h-drhydroxycholestan-&one which cryrrallizrd from maul McOH as fine necdlcs. m p 
227 229 

(II) Chokstcryl chloride (3 6 g) war stirred for 3 days with formic acid (20 ml): XI”, H,O1 (IO ml). 

The soln was made pst alkahnt to lrtmus with KOH aq. diluted wllh water (MO ml) and s~~rrod for 24 hr 

with ether Tk soln was extracted with ether. The extract was dnai and cvaporatcd WY give 3Pchloro- 

cholcstan-5z6~dlol which crystalk from M&)f ether as needles (2.5 gI. m p. 88 90 
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The alcohol (O-7 g) In acetone (25 ml) was sttrrcd with 83 00, (O-5 ml) fw 45 min The soln was 
diluted and extracted with ether. Evaporation of the solvent gave 3Bchloro-5z-hydroxychoIestan+one 

(0 45 g) which crystallizEd from aqueous McOH as needles. m.p. 179 180”. 

The chloro-ketone (50 mg) in EtOH (I 5 ml) was rreatad with hydroxylaminc hydrochlonde (100 mg) 

and pyndme (0.2 ml) at room temp for 24 hr The soln was pouraI mto water, filtered and the oxtme 

(.30 mg) crystalhzed from M&II as rmJlcs. m.p. 185 187’ ldentlcal to the oximc VIII obtained in the 
above reductron. 


