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~-Photo&em&l fearrPngQnent of dnitrocholcstuyl aatatc in ethanol is shown to give 
as the major product 3-oximinocholcst4cn-64nc. The same oximc is obtained from 3/?-chloro-& 
nitrochokst-kne but not from dnitrocholcstcrol on irradiation in ethanol. The photochanically- 
induced rearrangement of dnitrochokstcryl acctatc in cyclohcxane is also reported. 

/?-NITROSTYRIXB are known to undergo dimerization,* addition to olefins,a and 
rearrangement3 under the influence of UV light. It was considered of interest to 
study the photochemistry of an a&unsaturated nitro group in which this function 
was not further conjugated with an aromatic system. 

6-Nitrocholesteryl acetate’ (Ia) and some of its derivatives are readily available, 
and these have been investigated. Two preliminary accouaW6 of the photwhemistry 
of 6-nitrocholesteryl acetate have recently been published. The results in this paper 
are substantially different from those previously reported and show these lrans- 
formations to be sensitive to the solvent employed and to the nature of the substituent 

on C(a). 
The photolysis of 6-nitrocholesteryl acetate was studied in ethanol using light 

from a medium-pressure mercury arc; the major product was 3-oximinocholest-4 
en&one (II) obtained in 38% yield and not 3/?-acetoxy-6_nitrocholest&ne (IIIa) 
as previously rcported5+6 in other solvents when light of wavelength greater than 
290 rnp was employed. The same oximc has been isolated in lower yield (22%) on 
irradiation in acetone, where its formation has been attributed to the ability of acetone 
to act as a sensitiser.O The yield of oxime obtained on irradiation in ethanol is not 

reduced by the ux of a Pyrex filter, indicating that the nature of the solvent rather 
than the wavelength of light is the determining factor in the formation of loximino- 
cholest4en-6-one. Furthermore, the presence of a sensitiser is not essential for the 
formation of the oxime II, and the role assigned to acetone in the photolysis of 
6nitr~holesteryl acetate is therefore questionable, 

The structure of this oxime was established by an unambiguous synthesis from the 
known 6-ethoxycholcsta-4,6dien-3-one’ (IV); this was converted into the oxime V, 
which on selective acid hydrolysis of the enol ether gave the oxime II. Treatment of 

l Present ad&: University Chemical Laboratory. University of Kent at Canterbury. 

1 For Part 1, see S. T. Reid and G. Sub-. Chem. Comm. 245 (1966). 
’ R. I). Campbell and R. F. Ofstead. PIOE. fowo Acud. Scl. 71, 197 (1964). 
* 0. L. Chapman, A. A. Griswold, E. Hoganson. G. Lenz and J. Reasoner, PUM Md Appl. C&m. 9, 

585 (1964). 
* C. E. Anagnostopoulos and L. F. Fiescr. J. Amer. C&m. Sot. 76,532 (1954). 
b J. T. Pinhcy and E. Rizzardo. Chcm. Comm. 362 (1965). 
* 0. L. Chapman, P. G. Cleveland and E. D. Hoganaon, Chcm. Comm. 101 (1966). 
’ W. C. J. Ross, 1. Chcm. SC. 737 (1946). 
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cholesM-enc-3,6dione with hydroxylamine hydrochloride also gave the oxime II 
which is the product expected by analogy with the known relative rates of oxime 
formation in 3- and 6-oxo-ster0ids.a The oxime II was reconverted to cholest4 
ene-3,6dioae in good yield by the action of pyruvic acid in acetic acid. 

6-Nitrocholesta-3,5diene (VI) was also isolated from the irradiation of bnitro- 
cholesteryl acetate in ethanol, and separated in low yield by chromatography on 
silica gel. An authentic sample of this diene was prepared from 3@chloro&ritro- 
cholest-5-enee by elimination in quinoline. The same nitrodiene was previously 
isolated from the photolysis of Bnitrocholesteryl acetate in hexane or aqueous dioxan, 
where it was postulated lo to be an intermediate in the formation of the oxime 
II. Later work6 demonstrated that this nitrodiene VI is photochemically transformed 
to the oxime II in acetone, and we have found that the same conversion takes place 
in good yield in ethanol. This result affords further support for the role of 6-nitro- 
cholesta3,5diene as an intermediate in the conversion of 6-nitrocholesteryl acetate 
into 3-oximinocholest4er&one (II). 

The formation of the oxime from the nitrodiene is believed to take place via the 
intermediate nitrite VII. Similar transformations are postulated to occur in both 
nitroanthractnes and in nitrostyreness A possible mechanism leading to the oxime 
would involve cleavage of the intermediate VII to give the NO radical followed by 
attack of this radical at Co, and subsequent rearrangement of the product. 

A further product of this irradiation is 3&acetoxycholest4en_6_one (VlIIa), also 
isolated in low yield (6%) by chromatography on silica gel. Undoubtedly the first 
step in the formation of this product is the conversion of 6nitrocholestetyl acetate 
to the nitrite IXa; cleavage of this intermediate could be expected to result in attack 
by the NO radical at Cfb, but such a transformation was not observed and must 
therefore be assumed to be unfavourable .u The alternative, more favourable process, 
resulting in the formation of 3/&etoxycholest4er&one would appear to involve 
cleavage of the nitrite IXa accompanied by loss of hydrogen at Co,. 

In all irradiations of 6nitrocholesteryl acetate in ethanol, we were unable to 
obtain any product arising from double bond migration from Co, to Ct.), although 
3/3-acetoxyd-nitrocholest4ene (IIIa) was the major product of all previously 
reported studies in other solvents. 

We have also studied the photolysis of 6-nitrocholesteryl acetate in cyclohexane 
and here, although there was conclusive evidence for the formation of some 38_ 
acetoxy-6-nitrocholest4ene (Ma), it was not possible to obtain this product in a 
crystalline form. This product may well be a mixture of the 6a- and 6B_nitro isomers 
as reported in the photolysis of 6nitrocholesteryl acetate in acetone.’ 

The major product of the irradiation in cyclohexane is, however, 3@-aatoxycholest- 
4-en-6-one (VIIIa). This is obtained in 40% yield, and constitutes a useful simple 
synthesis of VIIIa which is generally obtained from dnitrocholesteryl acetate by 
chemical methodsis The much increased yield of this product compared with the 

8 J. Dkombc, R. Jaquumain and J. Rabinovitch, Bull. 5%. Claim. Fr 447 (1948). 
@ K. Reisqnd B. Raymann, Gem. Ikr. 12,224 (1879). 

10 Pcnmal communication from J. T. Finhey. University of Sydney, Australia. 
11 A transformation of ti type has ban rcpoftcd” in the convasion of &mcthy@-nitrostyXne into 

I-phcnyl-I-oximinopropan-2-01~ on irradiation in acetone. 
** I. M. Heilbroo, E. R. H. Jones and F. S. Spring, L Ckm. Sot. 801 (1937); I. M. Heilbron, H. 

Jackson, E. R. H. Jones and F. S. Spring. Ibid. 102 0938). 



Phot- tml9forxnuion9-II 1343 

VIII&R-AC 
VII&R-H 

OEI OEI 

\ IV 



1344 G. E A. Coove~q J. M. GRADY and S. T. Rue 

yield reported from the irradiation in hexane is most likely a consequence of the use 
of light of a different wavelength .19 A’-6-Oxo-steroids are also obtained by photolysis 
of 3,5zcyclo-6-oxo-stcroids.14~1* 

The influence of the Co, substituent upon the formation of the oxime II by photoly- 
sis of the 6-nitrocholest-5-ene system has also been studied. The oxime II was obtained 
by photolyses in ethanol of both 3,Schloro-6-nitrocholest-5-ene and of the trifluoro- 
acetate of 6-nitrocholestcrol in yields of the same order as that obtained by the 
irradiation of 6-nitrocholesteryl acetate in ethanol. We believe that the nitrodiene VI 
is again an intermediate in these transformations. 

In contrast to these obxrvations, the oximc II is not formed from 6-nitrocholesterol 
(Ib) on irradiation in ethanol. The failure of this substance to yield oxime II is thought 
to be a direct result of the greater difficulty of elimination of the 3&hydroxyl group 
as compared with the acetoxyl group. Without prior formation of &nitrocholesta- 
3,5diene (VI), the formation of oxime II is excluded, and other photochemical 
prccesses therefore predominate. In fact, 3/3-hydroxycholesM-en-done (VIIIb) is 
obtained in good yield (37%) from the irradiation of 6-nitrocholesterol in ethanol, 
and separated by chromatography on neutral alumina. In addition, a crystalline 
substance is also obtained from the column which on repeated crystallisation affords 
pure 3B_hydroxy-6p-nitrocholest4ene (IIIb), identical with an authentic sample.1d 
The nature of the other constituent contaminating this crystalline material was not 
discovered, but the possibility of it being the 6r-nitro isomer could not be excluded 
by infra-red evidence. 

Consideration of the results pr&ented in this paper suggests that there are three 
distinct pathways available to the photochemically excited molecule. These are; 

(i) Elimination of the 3/?-substituent to give the nitrodiene VI, followed by 
rearrangement of the diene to the oxime II. This process is favoured in ethanol or 
acetone,O and when the Ccs, group is easily eliminated. 

(ii) Photolysis to the nitrite IX followed by cleavage of the nitrite and rearrangc- 
ment to the unsaturated ketone VIII. In our studies, this process is the preferred 
one in the absence of oxime formation. 

(iii) Double bond migration to give the corresponding AQteroid. Rearrangement 
of this type is known to occur readily in the photolysis of a&unsaturated ketones.” 
The possibility that 3&acetoxy-6-nitrocholest4ene (III) might be an intermediate in 
the formation of the nitrodiene VI and thus the oxime II was investigated; 3/?- 
acetoxy-6&nitrocholest4enes decomposed slowly under the influence of UV light, 
but no oximc II was obtained. 

The cxtcnt to which any one of these processes is prcfcrrcd over the other two 
appears to depend on the solvent employed in the irradiation, the Co, substituent, 
and possibly the wavelength of the radiation employed. 

*I A quartz photochcmical reactor was used in our work, whcrcas a pyrex filter was anploycd in Ihe 
previously reported irradiation in hcxartc’ in which a n + n* transition is bclicvcd to bc responsible 
for the transformations. 

I4 C. H. Robinson, 0. Gnoj and F. E. Carlon. Tetrahedron 21, 2509 (l%5). 
Is R. Bcugclmans. Bull. Sot. Chim. Fr 3087 (1%5X 
I0 W. A. Harrison, Sir E. R. H. Jones, G. D. Mcakinsand P. A. Wilkinson,/. Chem. Sot. 3210(1%4); 

M. Davis, Ibid. 2830 (1964). 
I’ See, for example, R. Y. L_cvina, V. N. Kostin and P. A. Gembitskii. J. GUI. Chcm. U.S.S.R. 29, 

2421 (1959); H. Wehrli, R. Wcngcr. K. Schaffncr and 0. Jcgcr, Helc. Chim. Acfo 46,678 (1963). 
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EXPERIMENTAL 

Irrdiationprocedurt. The irradiations wcrc car&d out in soln in a N otmoaphcrc at a conccntra- 
tion of 3 mglml or less. A quartz Hanovia photo&a&al reactor fitted with a odium prus Hg arc 
was cmploycd. Adequate cooling was provided to maintain the soln at room temp. Tba reaction 
was followed by IR spectra, and the crude product isolated by the ranoval of the solvent urxkr 
rcduad press. 

Irradiolion of 6nirrocholesreryl acctatc (I) in ethanol 

dNitrocholutayl aot(ptc (2Gg) in EtOH (6ooml) was irtadiatcd until the IR spccuum of a 
aampk no longer contained a max at 15lOar+ due to the unsaturated nitro group. The crude 
product was dissolved io pet. cthcr from which a white crystalline ppt was deposited. This was 
rccr@allixcd from EtOH to give 3-oximinochokst4-cn&o ne (@67 g, 38 YJ with m.p. 221-222”; 
k... 286 rnp (u 1.7 x l(r); rDIa= 3S80, 3290.1685. and 1600 cm-r. The IR spectrum was idcnucal 
to that of an authentic sample of 3oximinochokst4cn-6one; no deprusion in m.p. was obsuvcd 
on admixturc of the two samples. (Found C, 78.1; H, l@S; N, 3.5. C,,H,,NO, rcquircs: C, 78.4; 
H. 105; N. 3.4x.) 

The pctrokum raiducs were chromatographcd on silica gel. Elutioo with a 1: I mixture of 
pet. ether and benrtnc gave bnitrocl~ksta-3,S-dknc (OQ46g. 2.5’4 after razystallization from 
EtOH, m.p. 72-73.5” (Lit.,’ m.p. 72-73”). vpU 1500 and 162Sat+. (Found: C. 78.2; H. l@2. 
C,,H.,NO, roquircs: C. 78.4; H, 105yJ Elution with a 4:1 mixture of bcnzcne and chf gave 
3B_aatoxycholest4u&onc (O-130 g. 6.9%) after crystallization from EtOH, m.p. lO9”, identical 
with authentic material (Lit..” m.p. 110’). 

3-0xln&ocMe~f4en-6one (II) 

(a) A soln of 6-cthoxycholata4,6dkn-3-o& (1.30 g) in EtOH (SO ml) was bcatcd under rctlux 
for I hr with hydroxylamine hydrochloride (0.25 g) and AcONa (@30 @ in water (5 ml). After 
ranoval of EtOH at rcduccd press. water was added and the ppt filtcrcd off, washed. and drkd. 
Without further puri6cation. the detboxy-3-oximinocholssta-4,6diane thus obtained was heatat 
under rcflux for 5 min in 85% AcOH (10 ml). The crystall& ppt (cooling) was tlltcrcd OR; wasbad 
with wata. and raaystallizcd from EtOH to give 3 oximinochokst-t+n-6one (072 g, 57’4, 
m.p. 221222”. 

(b) Chokst-4ena3.6diom (29 g) in EtOH (40 ml) was herrted tmdcr rcflux for 45 min with 
hydroxykminc hydrochloride (036 g) and anhyd AcONa (070 g) in water (IO ml). After runoval 
of EtOH at rcduccd prc~, water was added and the ppt filtered OR, washed with water, and rcuys- 
tallizcd from EtOH to give 3-oximinochokst4cn-6-one (0% g, 44’4. m.p. 221-222”. 

3-OximinocholatQen-6on (@lS g) was heated under rcthrx for 9 hr in glacial A&H (8 ml) with 
AcONa (@06 g) and pyruvk acid (@2S ml) in water (2 ml). The crystalline ppt (cooling) was filtcrcd 
OtT and rccrystallizcd from McOH to give cholest4cn3.6dionc (0-l I g. 797& m.p. IU-125’. This 
mat&al was identical with an autbcntic sampk (Lit.,‘@ m.p. 124-125”). 

bNltrocholesta-3,5ne (VI) 

A soln of 3/?chloro-&nitrochokst-SetteD (0.300 g) in quinoline (IO ml) was hcatcd unda reflux 
for 15 min, poured into 4N HCl. and the product extracted with chf. The chf extract was washed 
with dil HCl. water. and then dried. The solvent was rcmovcd under ruluccd press. and the oily 
raiduc chromatographcd on silica gel. Elution with a 4: I rnixturc of bcnznc and pet. cthcr gave 
dnitrochoksta-3,Sdienc (OG72 g. 27’b which was rccrystallixcd from EtOH. m.p. 72-73”. 

Irrociiarbn of 6-nifrocholesta-3,Sdene (VI) In erhaml 

GNitrochoksta-3,Sdiene (@17 g) was irradiated in EtOH (400 ml) until the IR spa~tmm no 
longer contained a max at lSOOcm-l due to the unsattuatcd nitro group. The czude product we 
dissolved in pet. ether from which crystalline 3-oximinochokst4ut-6-o nc 
After rcaystallization from EtOH. the oximc had m.p. 221-222”. 

(oG8O g. 47 %) scparatcd. 

ID L. F. Ficscr. J. Amer. Chcm. Sot. 75.4386 (1953). 
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Irradialion of ChitrocholesIcryl acetate (I) in cyc&hexane 

(a) dNitrochokstcryl pottatc (1Q g) in cyclobcxane (600 ml) was irradiated for 40 min when 
there was no evidence in the IR spectrum of any unsaturated nitro group. The product was chro- 
matographcd on neutral alumina (grade 4). Crystalline material (@410 g. 44 %) with Ye.= 1735,1690, 
1635 cm.,’ was cluted from the column with petroleum and had m.p. 109” after recrystallization froar 
MeOH; this material was identical with authentic 38_ecctoxychokst4cnbonc (lit..l’ m.p. 110’). 

Other compounds containing saturated and unsaturated nitro groups (v~.~ 1550, lSlOan-I) 
were shown to be present in the residues. 

(b) dNitrochokstcryl acetate (2.3 g) was again irradiated in cyclohcxane (950 ml), and the crude 
product chromptographcd on silica gel (45 g). A noncrystalline fraction (@45 g) was clutcd with a 
4: 1 mixture of benzene and petrokum, and had * ou at 1725, 1640 and 155Ocm-‘. This ma&rial 
is belkvul to be a mixture of the 6~nitro and 6B_nitro derivatives of 3jL~ctoxycholtst-5-cn. 

3B_Acetoxychokst&bne with m.p. 110” from MeOH (O-50 g. 24%) wu cluted from this 
column with chf. 

CNitrochoksterol(2~0 g) was dissolved in trifluoroacctic anhydride (10 ml) and the noln heated 
gently under reflux for 90 min. On addition of this soin to water, a white ppt of dnitrocholatcryl 
triIluoroaoct.atc was obtained (1~72g. 700/3 and razystallizd from EtOH, m.p. 117-118.5’; Ye,= 
1780, 1515, 1155an-‘. (Found: C, 664; H. 86. C,&,F,NO, requires: C, 664; H, 8.4x.) 

Irraa%zrfon of dnilrocholesleryl IripIIoroacetoIe in ethanol 

dNitrochokstcryl trifluoroacetatc (1 Xl g) was irradiated in EtOH (400 ml) as described for 
dnitrochoksteryl acetate. 3-Oximinochokst4cnbom (@31 g, 4Oyd, m.p. 220-222” was obtained 
by crystallization from pet. ether. 

Irradiation of 3gshlor~6-nitrocholesf-5~~ 

3/Khlor*bnitrochokst-5-ene (0.65 g) was irradiated in EtOH (6OOml) for 45 min. and the 
oily product chromatographed on silica gel. Elution with a mixture of 3: 1 chf and benzene gave 
3-oximinocholcst4cndonc (@13 g. 21%) which was recrystallized from EtOH, m.p. 221-222”. 

IrraaUion of 64trocholesrerol (lb) in ehanol 

CNitrochoksterol (24 g) in EtOH (650 ml) WBS indiated as described for dnitrochoksteryl 
aoztatc. The audc product was chromatographcd on silica gel (4Og). Crystalline material with 
voU 3590. 1545 cm- * in the IR spectrum WBJ clutcd from the column with a 1: 1 benzene and chf 
mixture. White needI= having m.p. 152. .153’ were separated by repeated rcczystalliition using 
MeOH, and proved to bc 6&nitrochokst-4-en-3&ol (Lit.,” m.p. 151-152’). There was no m.p. 
depression on admixture with an authentic sample, and the IR spectra of the two sampks were 
idmtical. 

Elution of the silica gel column with 4: 1 chf .McOH gave 3/Lhvdroxychokst4cnbne (Q47 g. 
37%) which had m.p. 151’ after recrystallization from MeOH. This was identified by comparison 
with an authentic sample (lit..” m.p. 151”). 


