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Photosensitized oxygenation of cholest-4-ene with hernatoporphyrin in pyridine folloned 
by reduction of the derived hydroperoxides gave five allylic alcohols in these relative amoulits: 
cholest-4-en-3a-ol (Va, 37%); cholest-4-en-3p-ol (IVa, 7.5%); 5,-cholest-3-en-5-01 (VIIlrl, 
29%); 5P-cholest-3-en-5-01 (VIa, 2y0); arld chclest-5-en-4P-cl ( X u ,  8.5y0). A by-product 
from brealtdown of the hydroperoxides was cholest-4-en-3-one (111, 6.5y0). The Ac-stenols 
are not primary products from the photosensitized process but arose by gradual isorner~zation 
of the initially derived 5-hydroperoxycholest-3-enes. IVhen the original hydroperoxide mixture 
was allowed to stand in chloroform, the rearrangement went to completion and no isolable 
amounts of the A3-stenols remained. After rearrangement, V a  and IVa were present in a 
ratio of about 8:1, and this sequerlce affords a converlient new route to cholest-4-ell-3a-01. The 
photooxidation products and their relative proportions are readily understood if oxygen can 
attack both half-chair conformations of ring A in cholest-4-ene and car1 cyclically abstract a 
quasi-axial (or an  axial) allylic hydrogen. Conclusions are drawn on the importance of steric 
hindrance and of ring inversion on the photosensitized oxygenation reactloll. 

INTRODUCTION 

Photosensitized oxygenation of monoolefins gives allylic hydroperoxides with a re- 
arranged double bond (1). Work with steroids showed that the bonds formed and broken 
(C-0 and C-1-1 respectively) are cis to each other and led to the suggestion of a cyclic 
mechanism, with no implication about the timing of the events or the extent of partici- 
pation by the sensitizer (2, 3).  Geometric considerations indicate that in a half-chair 
cyclohexenoid ring a quasi-axial (a') hydrogen is better suited than a quasi-equatorial 

I 1/ O p ,  hv + = C = C - C /  1 REQUCTloN. \ C = c - A <  >c-c=c\ 
/ SENSITIZER \ \  / \ 

a P y  a P Y 

(el) hydrogen for cyclic abstraction. All results so far are interpretable on this basis and 
no definitive examples have been found of e' hydrogen abstraction in a rigid ring system. 

'For Part I I  see ref. 15a. 
?Taken from the PIL.D. Dissertalion of PV. L. Mendelson, Johns ITopkins University, 1963. 
3Alfred P. Sloan Fol~ndalion Fcllow, 1957-61. 
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In those cases where the preferred ring conformation is different for the starting olefin 
and product, ring inversion or distortion must occur a t  some stage, but  in one test case 
studied ($3-cholest-kne) it \\.as S~IO\VII that  this factor by itself xvas insufficient to  
stop the reaction, though it may have slowed it (4). Results \\-ith steroids and simpler 
oleiins indicate that  the reaction is subject to steric J~indrance. In particular, an axial 
alkyl group in a 1,3-relationship both to the developing C-0 bond and to  the allylic 
C-1-1 bond inhibits thc oxygenation markedly (2-5).4 Which of these two l,:3-inter- 
actions is the Inore import:ant emerges fro111 the present study and from \\;orl< to  be 
described elsexvhere (4, 5). 

Althougl~ several nionocyclic olefins have been photooxyge~lated with sensitizers ( I ) ,  
the only studies involving complete product analysis have been by ICenney and Fisher 
(6, 7) ancl by Schenck et al. (8). The  former workers examined (+)-carvonienthene, and 
the latter group investigated (+)-carvomentheiie and (+)-limonene. Both research 
groups satisfactorily accounted for their products on the basis of the cyclic cis mecha- 
nism."~ find out the effect of conformational flexibility in a condensed ring system we 
examined the photosensitized oxygenation of cholest-4-ene (I) .  'The double-bond environ- 
ment in this substrate is similar to that in A"-steroids (part of structure 11) but ,  unlike 
these ring B olefins, cholest-4-ene can exist in two interco~lvertible half-chair conforma- 
tions; hence, it \\-as of interest to learn ii products could be derived from each. Further- 
Inore, the b-havior of the cholest-4-ene system would help assess other steric features 
of the reaction. 

Cholest--L-ene was prepared from cholest-il--e11-3p-ol acetate (or benzoate) and also 
from cholest-4-en-3-one (111) by  reported methods (9, 10). T o  facilitate identification 
and assay of oxygenation products we separately synthesized the five allylic alcohols 
I ITn,  \in, lT Ia ,  IIIIIa,  and Xu, and some of their esters as follows. 

Cholest-l-en-3~-0l (IVa) was obtained by reduction of I11 xvith lithiunl aluminiun~ 
I~ydride and then separation of the epimers with digitonin. 111 a simplified route sodiunl 
borohgrdride reduction produced the 3p-01 in such preponderance tha t  this epinler could 
be isolated directly by crystallizatio~~ xvithout resort to digitonide formation. Reduction 
of 111 xvith aluminium isopropoxide (11) gave the 1 : l  complex of the epimers I l ia  and 
\la. After re~noval of the 3/3-epimer \\:it11 digitonin we obtained cholest-4-en-301-01 (Va). 
An improved route to Va arose fro111 the photooxygenation of I and \\.ill be described in 
the sequel. The  reduction of -Ip,:i-epoxy-5P-cholestan-3-one with hydrazine gave us 
5~-cl1olest-3-en-S-ol (Via) as reported (24), and we applied the same reduction to  
4a,S-epox):-;Sa-c1~olestnn-3-one (VII) and obtained the new allylic alcohol :icu-c11olest-3- 
en-5-01 (1,'IIIa). .qs expected (12) the ~uolecular rotation increment of \'IIIa relative to  
501-cholest-3-ene for introduction of the 01-1 group a t  C-.5 is strongly negative. The  
synthesis of -I.@-acetoxycholest-5-ene (Xc) by a reported nlethod proved unsuitable; he~lce, 
we developed a two-step procedure \vhich involved conversion of cllolest-4-ene to the 
diol nlonoacetate I X  by treatment ~vi th  hydrogen peroxide in acetic acid -acetic an- 
hydride, followed by dehyclration to Xc. 

We photooxygenated cholest-4-ene (I) in dilute pyridine solution (ca. 0.03 :TI) a t  

' T l ~ e  fomrrrtio7z of relatively Iitlle cis-ca~veol (57;) c ~ n ~ o t r ~  t l ~ e  plrotosensitired oxyge~zat~iotr prodllcts of (f )- 
liino7retre call be rntiot~nlieed 072 n sirtrilnr basis,  altho?!.~I~ alter7iate e r j ~ l a n c ~ t i o ~ z s  (Lie possible (8).  

G K e ) l f ~ c j ~  r r ~ z r l  Fislrer o ~ i r i ) l n l l y  i (~vored (L co71certed process .for tlre cyclic ?1teriln7zisuz ( G )  but I~ave re i t~ top ie t ed  
their res l~l ts  (7)  i t 1  t e i? t~s  of Schewck's slepwise tt1.echa1tis17~ (1 )  ilz which C-0 b o d  fort1lntio7~ crectles n?z ,itrtey- 
?rrcdinle dirndlcr~l and precedes C-1-1 clenvnge. 
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about 35-40' with h e m a t o p o r p h ~ ~ r i ~ ~  (ca. 2 X lop4 -16) as sensitizer. In a t3,pical run it 
i~nderlvent about 90yo conversion in 25 h,%and the crude product (after correction for 
unc11:wged olefin) cont:ainecl 6.5% ccholest-4-en-3-one (111, assayed by its ultraviolet 
absorption a t  240 mP) and 83% mixed hydroperoxides (assayed by quantitative hydro- 
gellatioil of an aliquot). The total procluct was reduced with soclii~m iodide and chromat- 
ographecl on alumina. 111 addition to starting olefin (ca. 1170) and cholest-4-en-5-011e 
(111) we iclentified five allylic alcohols IVa, \'a, \;la, \iTTIa, and S a .  Table I lists the 
alcohols, in order of elutio~i, and their approximate relative yields after correction for 
recovered olefin. The compounds \\-ere iclcntifiecl bj- infrared spectroscopic comparison 
and, except for \:Ia, also by appropriate melting point ancl mixture mclting point coin- 
parisoils of the alcohol (or one of its esters) \\;it11 the genuine samplcs froin synthesis. 111 
a co~ltrol photoox~lgenation conducted in tlie s:ume \I-ay except that the sensitizer was 
omitted, no detectable hydroperoxidic material was produced and the starting olcfin \\;as 
recovered entirely. When a free-radical initiator (t-but>,l hydroperoxide) was aclcled in 
nearly equiv:tlent amoimt, a control run in the absence of sensitizer gave about 5% 
oxidation. These results reasonably excluclc a radical-chain path\va~. as a significant 
source of oxj~gellation products. 

7L"LlBLE I"  
-~ 

Relative 9; 
- ~p 

5cu-Cliolest-:3-er~-5-oI (\'I I Ia )  29 
Cllolest-5-cn-40-oI ( S a )  8.5  
56-Cholest-:$-en-5-ol ( V I a )  2 
Cholcst-4-cn-:3n-ol ( V a )  37 
Cholest-4-en-96-01 ( IL 'a )  7 . 5  

*The total  recovery from c l ~ r o ~ i i a t o p r a ~ ~ l ~ y  V:IS 95%. m l ~ i c l ~  
iricluclerl about  9.5% of ~~nir lcnt i t ied rnistures. 

Because photosensitizecl oxygenation is invariably accompanied by a shift of tlie double 
bond ( I ) ,  the llydroperoxides IVb and \rb (corresponding to the alcohols Ilia. ancl \'a) 

GLoizger reacliori l i~ i ies  e~ico~~rcrped brecrkdonvls of //re hydro/>erosides, c i s  eoidenced fro111 cEi~iiiilislicd i~ijiclred 
i n l e m 4 i e s  iti tlie 01-1 regiols and i ~ i o e a s e d  i71le7lsities iis the ctrrboliyl regiox. 
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cannot be priillary products of the sensitized process. That  they can arise by subsequent 
allylic rearrangement of the expected 5-hydroperoxycholest-3-enes in the original solution 
or during the iodide reduction \vas indicated when a chloroforin solution of the crude 
hydroperoxidic illixture nras found to mutarotate during polariinetric readings. When 
rearrangement in the chloforo~n solution was allowed to go to colnpletion (48 h), the 
nlixture uras reduced with sodium iodide and chromatographed as before. The two 
cholest-3-en-5-01s (VIa and VIIIa) were no longer present, and the epinleric cholest-4- 
en-3-01s (Va and IVa) were obtained in higher yields and in a ratio greater than 8 : l  (cf. 
original ratio of 5: l  froin Table 1). These allylic rearrangements of tertiary hydroper- 
oxides to secondary hydroperoxides have a n a l ~ g y , ~  and, because of the favorable final 
proportion of the a-epimer Va, we recommend photosensitized oxygenation of cholest- 
4-ene followed by allylic rearrangement of the hydroperoxidic mixture in chloroforln a s  
a convenient route to cholest-4-en-3a-01 (Va). From the cis stereochemistry required 
both for the oxygenation step (2, 3) and for the subsequent allylic rearrangement of the 
tertiary hydroperoxides (13, 14) i t  follows that the conlbined yield (6670) of Va and 
VIIIa represents the total abstraction of the a-hydrogen a t  C-3; similarly, the coillbined 
yield (9.5y0) of IVa and VIa represents the net abstraction of the P-hydrogen a t  C-3. 
The fifth alcohol Xa  (obtained in 8.5y0 yield) arises from removal of the P-hydrogen a t  
C-6. These are the first cases where P-attack has been observed in photosensitized oxy- 
genation of a steroid monoolefin. The relative ease of hydrogen abstraction for 3a/3P/GP 
lies between 8.5/1.1/1 and 7.8/1.9/1.8 The following conformational analysis satis- 
factorily accounts for these results and leads to  some new concl~~sions about the oxy- 
genation reaction. 

In cholest-4-ene, ring A can adopt two half-chair conforinations depicted in X I  and 
XII .  We shall first consider attack by oxygeng a t  C-5 and abstraction of hydrogen 
from C-3. In half-chair XI ,  a-attack by oxygen ~neets  no serious steric hindrance and 
the 3a-hydrogen is quasi-axial (a'). Consequently, circuinstances are favorable for pro- 
duction of hydroperoxide XI11 by a cyclic mechanism. Importantly, this hydroperoxide 
can adopt oilly one half-chair conformation (shown in XII I )  and no ring inversion is 
involved when the double bond shifts froin A4 (in XI)  to A3 (in XII I ) .  The C-0 bond 
in XI11 is a' and therefore well disposed sterically and stereoelectronically for intra- 
molecular allylic rearrangelllent to XV, ~vhich can ultimately equilibrate with its alternate 
half-chair conformation, XVII. 

Beta attacli by oxygen cannot be consunlillated from half-chair X I  because the 30- 
hydrogen is quasi-equatorial (8') and therefore relatively inaccessible for cyclic transfer.1° 
The situation changes in half-chair XII ,  because now the C-1-1 bonds in ring A have 
reversed their confornlational character. The 3a-hydrogen is e' and precludes hydro- 
peroxidation from the a-side.ll On the other hand, the 3P-hydrogen is a' and the overall 
steric situation for P-attack is now sinlilar to that noted above for a-attack on half-chair 

7Scl1eizck et al. ( I S )  and Lythgoe and Trippett ( I d )  first obseroed this type of isoinerization rvith 6-hydro- 
perory-5a-clzolest-6-e1~-S~-ol, zuAic11. rearranged to 7a-lzydroperoxyclzolest-5-en-Sg-ol. Sclzenck's 1izechanistic stz~dies 
showed that the isonzerbation i s  both intranzolecz~lar and stereospeci$cally cis. 

8The uncertainty i n  these ratios arises becaz~se a portioit of the Sa- and 30-hydroperorides b ~ e a k s  dozvn to 
cholest-4-eit-S-o?re, and presently we have no way to estifizate how mzrclz oJ the ketone is derived froiiz each hydro- 
peroxide. The first set of jigzlres applies if the ketone (6.6y0) arose e.vcl.usively froin Vb; the second set applies 
i f  the ketone came entirely from IVb .  The  true figures probably lie betweex these extre,iies. 

T h e  photochenzical aspects of sensitized reactions have been discussed elsewhere (see refs. 1 ,  3 ,  and I 5  for 
leading references). 

1QNote also that the angz~lar methyl group at C-10 zuoztld present ail alnzost eclipsed 1,2-iizteraction to a n  
incipient beta C-0 bond at C-5 and nzight further impede 0-attack. 

" A n  added feature that cozlld ivzpede a-attack on X I I  i s  the CB-CIQ bond, which would eclipse a C-0 bond 
being created at C-5. 
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CH, H O O  

- - 
H O O  

XI .  On this basis, hydroperoxide XIV should arise froin half-chair XI1 about as readily 
as XI11 did from half-chair XI .  Once formed, XIV has its hydroperoxy group suitably 
poised (a' to  ring A) for allylic rearrangement to XVI. Ring inversion plays no role in 
the forination of XIV or in its isomerization to XVI but enters only in the final equili- 
bration of XVI with its alternate half-chair form XVIII.  The yields in Table I reveal 
that the fraction of XIV that  rearranged (0.83 F 0.04)8 is higher than that (0.58 + 
0.02)8 of XIII .  The A/B cis ring fusion in XIV is probably less stable than the A/B 
trurzs fusion in XI I I ,  and the drive to release strain may be correspondingly greater in 
the fornler system. 

We now ttu11 our attention to oxygenation a t  C-4 accompanied by hydrogen abstraction 
fro111 C-G. Alpha attack is not fruitful froin either half-chair X I  or half-chair X I I ,  because 
the Gcr-hydrogen is equatorial (e) to ring B and unsuitably oriented with respect to the 
olefinic bond. Beta attack on X I  is sterically blocked by the methyl group a t  C-10, which 
is axial to ring B and quasi-axial to ring A and which presents diaxial-type l:3-interactions 
to a developing C-0 bond a t  C-4 and also to the GP-hydrogen. Other examples that  attest 
to the difficulty of hydroperoxidation in illolecules with comparable steric situations are 
available (2-8). In half-chair XI1 the offending methyl group is e' to  ring A and no longer 
confronts an incipient beta C-0 bond a t  C-4 with serious hindrance. Consequently, the 
cholest-5-en-4P-01 (Xu) is most reasonably derived from half-chair XI1 and, concomitant 
with the double-bond shift from AQo As, ring A illust either undergo conformational 
inversioil or develop initially into a twist boat form. Another example where the ring-in- 
version factor has failed to block oxygenation has been observed with 5p-cholest-3-ene (4). 

Half-chair XI1 contains a geometric feature not exeinplified so far. The angular methyl 
group is quasi-equatorial to  ring A but is axial to ring B and presents a diaxial l:3-inter- 
action to the GP-hydrogen but not to a developing beta C-0 bond a t  C-4. Therefore, 
unless Xu is formed by sonle abilorillal mechanism, this case illustrates that a diaxial 1:3- 
relationship between an alkyl group and an allylic hydrogen is insufficient by itself to block 
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the reaction. Insofar as these hinclrance effects can be separately evaluated, steric interac- 
tions ~v i th  the dcvcloping C-0 bond rather than with the allylic hydrogen appear to  be of 
greater importance. The formation of Xn from cholest--1-ene is of additional interest, 
because the clouble boild is initially exo to  ring B ancl finall>. exo to ring A. Schuller and 
Lawrence have implied tha t  a structural change of this t )ye  \\-ould involve a prohibiti\re 
amount of strain as  the transition s ta te  is approached and \\-ould lead to nonrcactivity (16). 

ESPEIiI&IES'T.-\L 
General 

Melting points are corrected. Optical rotations refcr to thc s o d i ~ ~ m  Ll-linc and \\-cre talccn a t  room t a n -  
p c r a t ~ ~ r e  in chloroform. liltraviolct spectra werc talccn in 05% ethanol on a Beclcmann DI<-2 or a Car); 
model 11 M rccorcling instrument. lnfrarcd spectra wcrc talccn in carbon disulfdc solution with a Pcrlcin- 
Elmcr model 21 double-bca~n spcctrophotometcr. In color tests for hydroperoxide 1 drop of a satumtcd 
solution of sodium iodide in isopropyl alcohol was aclded to  the unIc~~o\\~n (0.002-0.00:3 g) dissolvccl in 
glacial acctic acid. Authentic steroid l~yclroperoxidcs \vcre used as controls. 

'To assay for total h\~droperoxide in a crudc product we uscd quantitative l~yclroyenation with Ranc); 
niclxl catalyst (IT), in pyridinc (13, IS). The hydrogcn uptalie was ~ ~ s u a l l y  complete within 20-30 mill 
with prc-blanlcecl catalyst and \\,as reproduced in a cluplicate run to  within 3-4%. For the determinations 
we used 0.015-0.0'30 g of the hydroperoxide and ca. 0.5 g of the ethanol-moistened Rane); niclcel. 

lieductions of hydropcroxidcs with sodium iodide wcrc conducted as so011 as possible after \\.orl;-up of 
thc oxygenation. In a typical reduction, s o d i ~ ~ m  iodicle (ca. 0.6 g) \\,as clissolved in a soluLion contailling 
the crude hydroperoxide (0.15 g) i n  absolute n~ethanol (10 ml), anhyclrous ether (2 ml), ancl glacial acctic 
acid (3-4 drops). .~\fter 12 h most of thc solvcnt \\,as removed, an  excess of ether was added, and the 
solution was \\-ashed wit11 soclium thiosulfate (until the ether \\,as clear) and then \\,it11 water. The ether 
\\,as dried over sodium sulfate, \vhich was the drying agent t h ro~~ghou t  this \vorl;, and e\iaporatio11 gave 
the allylic alcohol. 

Sterols wcre acetylated and benzoylated by conventional proced~~res  (3). 
Photosensitized oxygenations were conducted in a vertical pyres tubc (30 cm) irradiated along its length 

by two stantlard fluorescent desk lamps (each containing two 15-I\: fluorescent tubes, each about 17 inches 
long) mountecl about 1 inch away. r\ long glass tube with a fritted glass platc a t  the encl was ~~sec l  to admit 
oxygen a t  the bottom of thc sol~rtion, slo\vly and without interruption. The lamps Icept the t empera t~~re  
of the solution bet\vecn 3-5-40". I-Iematoporphyrin (Mann Research Laboratories) and rcagcllt grade 
pyridine \\rere t~setl in all of the photoscnsitizecl oxygenations. :\ typical work-up procedure for a 20-1111 
aliquot \\,as as follows. After e\,aporation of the sol\rent under rcclucccl pressurc a t  35-45', ;lnhydrous 
ether (15 ml) and charcoal (ca. 0.02 g) werc aclded; thc mixture was warmed briefly and filtered, :uid the 
filtrate was evaporated undcr vacuum a t  a teniperaturc not cxcecding 40". 

Cltolesl-d-e?t-3-o?1e (111) 
This compouncl, prcparcd as dcscribed (19), had m.p. i!)-Sl0, [a] +!)Oo, X 2-11 (e 16 600). Rcportcd 

n1.p. 79.5-80.5" (19), X 2-10.5 (e IS 000) (20). 

Cltolesl-d-e?t-3p-o ( I  Va.) 
(i) By Redrlct io?t wit12 L,itlti~~?,r rllz~?17 i?ziz~~?t I$ydride 
Reduction of cholest-4-en-3-one (111) with lithium aluminium hydridc yielded a \vhite solid, usual 

m.p. 125-127". The optical rotations (three runs) rangcd from +55" to + G o ,  \\lliich intlic;tted about a 4:L 
ratio of cholesL--1-cn-3p-01 to cholcst-4-en-3a-ol (Ira). Iiccrystallization from aqueous ethanol or methanol- 
acetonc raiscd thc m.p. to 1'1.9-130'. I n  contrast to a literature report (2 la) ,  the I :I molecular compound 
of IVa zund Va (m.p. 141°, [a] +S5') could not be obtained by us this way (cf. 21b). I-Io\\re\rer, we obtained 
pure IVa (m.p. 132-133", [a] +4Go) by treatment of thc rcaction product with digitonin as reportccl (21). 
\\re could not isolate cholest-4-en-3a-01 (Va) from thc digitonide mother liquors, presumably because it 
was prcsent only in small amounts. 

(ii) By Red~~ctio~i. zoith Sodil~r?r Borolrydiide 
)\ suspension of sodium borohydridc (1.2 g) in a small ~rolurne of mcthanol was added to the enonc (4.1 

g) i n  methanol (300 ml) and the mixture \\?as stirred a t  room tcmperatllre for 21 h ,  was poured into water 
(300 ml), and was cxtractecl with ethcr, \vhich was dried and evaporated. The product was crystallized 
once from ethyl acetate- methanol, m.p. 126-127" (3.5 g),  [a] +51°. l'urc cholest--1-cn-38-01 (IVa, m.p. 
130-13Z0, [a] +.IBo) was obtained b y  one or two further recr)~stallizations (ca. 757; recovery) fro111 cLIiy-1 
acetate - methanol or from aqueous ethanol. Rcported m.p. 131-132", [a] +4-1" in benzcne (21). 

Acctylation of I\"a gave cliolest--1.-cn-3p-ol acetate 11'6, m.p. 8-L-SGo, [a] +Go. Reported 1n.p. 87-88', 
[a] +So (22). Benzoylation of IVa gave cholcst-4-cn-3~-ol benzoate, 1u.p. 125-1Xo, [a] + lo .  Iicported 
m.p. 125-12So, [a] +OD (9). 
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C / l ~ ~ ~ e ~ ! - . ~ - C l l - ~ a - i ~ ~  ( L7(l) 
l<cductio~~ of enonc 1 1 1  with a l u n l i ~ ~ i i ~ ~ n  isopropoxidc (11) gn1.e us the I :  1 complcx of I\;a and \.n with 

111.p. 1-11-142°, [a] +FA0.  Scparatio~l of this complex with digitonin (2La) gave cliolcst-4-en-3a-ol (\'a) as ;I 

hardelled oil ([a] +121°). 'l'ivo crystallizations from acetorle-\\.ater gave solid \\;it11 n1.p. 78-82". Iccported 
m.p. S-Lo, I N ]  +120.S0 ill benzene (21). 

Acctylation of V ~ L  (oil) ga\.c cliolcst--I-c11-:3a-~)l acetate I'c, m.p. 83-84", [a] + 176". Ilcported n1.p. S2- 
S3", [a] + 177" ('2%). 

Cl~ole,sl-/,-e~ie ( I )  
lllell~od i l  
'l'liis n~ethod i~l\.ol\.cd the litl1i~1m-etliyl;1111i11c r educ t io~~  of the allylic acetate (IVc) (or benzoate) as  

reported (9). The prod~cct was purilied 1)): chromatography 011 alun~ina alld then by one crystall izatio~~ 
from ethyl acetate- n~cthanol, m.p. 81-8"", [a] +7:3". 1:eportcd m.p. S2-83.5", [a] +iGO, for o l e l i ~ ~  purilied 
through tlie dibroniidc ('20). The  infrared spectruln (potass i~~m bromide disc) of our product had bands 
a t  1 6 5 5  and 810 cm-I ill a g r c c ~ i ~ e ~ l t  with those reported b), 13lacIo11 el 1~1. ('20). The  reduction proceeded 
cclually well (),ields 35-405,;;) \\,it11 cither the acetate or be~~zoa te .  111 one run \ve carried out the reaction 
011 a rn ix t~~rc  (ca. I:?) of cholest--k-c11-3a-ol a ~ ~ d  -30-01 acetates and ol)tained cholest-.l-cnc of the s a n ~ c  
purity. 

dIc!tlzorl B 
This method was ~ ~ s c f ~ ~ l  for larger- scale prepara t io~~s of the olclil~ ('2.5 g ) ;  howevcl-, the product \\;as not 

as  pure as that f ron~  neth hod r\. 'l'liis procedure ill\.olvcd treatlncnt of an ether solution of the cholest-'-en- 
3-ol1e ( I l l )  with a l u n ~ i l ~ i ~ ~ n ~  chloride atid lithiunl a l u u ~ i ~ ~ i n m  h1,dride as reported by \Yhcclcr and Matcos 
(10). 'They reported m.p. G o ,  [a] +5G0, for material obtail~ed aftcr chromatography of the crude product 
and illdicated that the product \iras a nlixture of cholest--k-e~~e (SOYo) and cholestane (?OC%). Our product, 
aftcr chromatography, had m.p. 65-70", [a] +5G0. .l'\\?o crystallizations f ro~n  cth) I acetate - methanol 
gave cholcst-4-cne (25r/b, m.p. 78-80", [a] +TOo), \vhosc i~~f ra red  spcctruln (potilssiurn bro~nicle) was 
identical ill all essential respects with that  of tlie olclin procluccd by method r\. 

~P,5-Epoxy-6p-cl~olesti~?z-3-owe 
, . I his sy~lthcsis was carried out by n~odilication of the procedure of P l a t t ~ ~ e r  el al. ("3). 11 s o l u t i o ~ ~  of 

cholest-4-en-3-one (2.0 g) in 9 . 5 ' ~ ~  ethanol (500 ml, a t  room tempcra t~~rc )  \\.as treated sim~~ltaneously 
and dropn~ise \vith 30% hydrogen pcroside (1'2 1111) a l ~ d  5 N sodiun~ hydroxide (I:! nil). After the solution 
had stood a t  0" for 23: h ,  water (100 ml) was added ancl nlost of the solvent was remo\led ill a rotary eva- 
porator. The resulting pasty solution \\.as extracted \vith mcthylc~ie chloride, and the org:u~ic layer was 
\vashecl several tinlcs with water arld dried over s o d i ~ ~ m  sulfate. Evaporation of tlie solvent gave a solid, 
ivhich crystallized in needles fro111 acetone-methanol, 1.3 g, m.p. 118-110", [a] +I'tSo. Rcportcd 111.p. 
l lG- l l io ,  [a] +13G0 (23). 

6~-Cl1.olest-3-ert-6-o1 ( Via) 
, . lhis compound \\.as obtainccl by treatment of 4p,5-cpoxy-5p-cl1olestan-3-one with hydrazine hydrate 

as rcportccl (2-J). The crude procl~~ct (oil, 0.25 g) \\as chronlatographed on alumina (9 g). Elution with 
benzene- petroleum ether yielded a clear oil (0.15 g, [a] +No) which l~ardcncd to a semisolid. Reported 
111.p. 03-94.5", [a] +9S0. Thc infrared spectrun~ of our product had bands a t  3 600, 3 550, 1 016, 1 000, 
975, 925, 7-10, '7'20, and 625 CIII-~. 

~a,6-Epo.vy-5e-~:I~oIcsf i~n-3-o?~e ( VII) 
This epoxyketone was preparecl by the photosensitizccl oxygenation of cholcst-4-en-38-01 1Va as reported 

prei:iousl>. (1511). After chromatography on deacti\atcd alumina ancl cr).stallization, it had m.p. 121-122", 
[el -30'. Reported m.p. 120-121°, [a] -42.5" (26). 

5a-Cl~ole~st-3-e~1.-6-o1 ( VIIIa) 
'l'liis new allylic alcohol \vas prcparcd by treatment of :le,5-cpoxy-5a-cI1olest;~n-3-o~1e (\Il l)  ivith hydrazine 

hydrate (2-1) folloi\red by chromatography on alumina. Elution \vith be~~zel le  - pctroleull~ ethcr (1:l)  gave 
a solid, m.p. 72-74", with infrzlrcd bancls a t  3 600, !)J5, $130, !)IS, 8!)6, 726, and 688 cm-1. One cr).stnlliza- 
tion from met-hanol gai.c cr).stalr, m.p. 7-1-75°, [el - 14". (For analpis ,  the material from the oxygenation 
of cliolest-4-ene was purilicd (see below).) 

~~- i l ce to . vy -c / to / e s l -6 -e11~  ( X b )  
, . I hc follo\ving proceclurc was founcl to  bc superior to a reportcd method (25). ;\ solution of cholest-4-ene 

(0.5 g) in benzene (1 ml) was treated with acetic anhydride (3 ml) ancl acetic acid (8 ml). The  reaction 
mixture \\.as stirred rapiclly a t  40-45' while 307; l~).drogcn peroxide (3 ml) \\;:IS added o\.er a 2.5-h period. 
Stirring was cor~tinued for 14 h a t  40-50°, after which several ~nillilitcrs of the solution was distilled. When 
the solution \\'as cool, an excess of ether was added, and the solution was ivashed succcssi\;ely \\.it11 \\.ater, 
with .5%> soclium bicarbonate (until thc \\;nshings \\,ere neutral), and \\,it11 saturated sodil1111 chloride, and 
tlicn clriccl. Reruoval of the ethcr under rccl~lced prcssilre gave a n  oil, which \ir:ls dissol\vxl in hcsane and 
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chromatographed on alumina (15 g). Elution with benzene-hexane (1:l) gave 4/3-acetoxy-5a-cholestan-5-ol 
(IX) as a crystalline solid. Crystallization from methanol gave plates, m.p. 177-178". Reported m.p. 175- 
17G0, [a] +3S0 (25). This diol monoacetate was converted to  4/3-acetoxy-cholest-5-ene (Xc) by a published 
method (reported m.p. 10S0, [a] -70" (25)). After chromatography and crystallization from acetone- 
methanol, we obtained Xc with m.p. 11l.S112", [a] -71" ('20-2570 overall yield from cholest-4-ene). 

Plzotoseltsitized Oxygenation of Clzolest-4-ene (I) 
Exploratory oxygenations revealed that  conversion was largely co~nplete after 24 h. Longer reaction 

(e.g. 48 h, 72 h) led to  diminution of hydroperoxidic infrared bands and gradual increase in the intensities 
of bands attributable to  ketonic breakdown products (e.g. 1 710, 1 660 cm-I); consequently, shorter reaction 
times were chosen for the definitive runs described below. 

Run 1 
A solution of cholest-4-ene (1.00 g, m.p. 77-79") and hematoporphyrin (0.008 g) in pyridine (75 ml) 

was oxygenated and irradiated for 25 h. After normal work-up, the product contained 6% a$-unsaturated 
ketone (ultraviolet intensity a t  240 mp), and quantitative hydrogenation of an  aliquot indicated a hydro- 
peroxide content of 74% (based on a molecular weight of 402). The specific rotation (+2S0) of another 
aliquot in chloroform gradually increased with time and reached +64" after 48 h, with no further change 
after an  additional 12 h. A portion of the original crude product (0.70 g) was reduced with sodium iodide 
and the resulting oil ([a] +4S0) was dissolved in hexane and chromatographed on alumina (25 g). Elution 
with benzene-hexane (1:lO) gave a clear oil (0.114 g) whose infrared spectrum indicated it was largely 
(at  least two-thirds) cholest-4-ene, with some contamination by unidentified material having bands a t  
1 095, 1 080, 895, and 710 cm-I. 

Elution with benzene-hexane (1:4) gave crystalline fractions (0.167 g, m.p. 65-74") shown to  be 5a- 
cholest-3-en-5-01 (VIIIa) from the infrared spectra. Crystallization from n~ethanol gave n1.p. 72-74" ([a] 
-15") which was not depressed by VIIIa (m.p. 74-75") prepared as described earlier. The analytical 
sample (m.p. 75-76") was obtained by rechromatography on a lu~nina  and elution with hexane. Thin-layer 
chromatography on silica gel gave only one spot. 

Anal. Calcd. for C27H460 (386.64): C, 83.87; H ,  11.99. Found: C, 83.87; H, 11.74. 
Benzene-hexane (1:2) eluted a pasty solid (0.068 g) whose infrared spectrum indicated it was a mixture 

of VIIIa and cholest-5-en-4/3-01 (Xa), roughly in the ratio 1:4, along with a small amount of ketonic material. 
A separate photooxygenation (see run 3) was conducted to isolate and identify Xa. Continued elution 
gave fractions (0.014 g) identified as 5/3-cholest-3-en-5-ol (VIa) by infrared comparison with authentic 
material, followed by fractions of a clear oil (0.231 g), which was largely cholest-4-en-3a-ol (Va) according 
t o  its infrared spectrum. For confirn~ation, a portion of the clear oil was acetylated and the acetate was 
crystallized from acetone-methanol, m.p. 82-83", [a] +170°. The melting point was not depressed by 
the  authentic acetate Vc. A second portion of the clear oil was treated with Girard's reagent (37) to  remove 
ketonic impurity and, after chromatography on alumina, gave Va whose infrared spectrum was the same 
as that  of authentic material. 

Methylene chloride containing increasing proportions of acetone eluted crude crystalline cholest-4-en-3/3-01 
(IVa, 0.046 g, n1.p. 113-120") identified by infrared comparison. A portion was benzoylated and gave, after 
crystallization from methanol, pure 6holest-4-en-3/3-ol benzoate identical in all respects (melting point, 
mixture melting point, and infrared spectrum) with an  authentic sample. 

Final elution with acetone gave unidentified oily mixtures (0.024 g) containing hydroxyl and carbonyl 
absorption in their infrared spectra. The total recovery froin the column was O.664g (9570). Cholest-4- 
en-3-one (111) mas not separately isolated in this run but its presence in several of the fractions was evident 
from the infrared spectra. 

Run 2 
This photooxygenation of cholest-4-ene (0.880 g) and hematoporphyrin (0.008 g) in pyridine (75 inl) 

was conducted for 24 h in a cold room that  maintained the solution a t  about 15". The crude hydroperoxidic 
product had an infrared spectrum similar t o  those from the other runs except that  carbonyl absorption 
was absent, an  indication that  the hydroperoxides underwent less breakdown a t  the lower temperature. 
However, when the product was reduced with sodium iodide, appreciable cholest-4-en-3-one was pro- 
duced (ultraviolet spectrum). We believe that  the inadvertent use of too much acetic acid in the reduction 
promoted decomposition of the hydroperoxides. Chromatography gave the same products a s  in run 1. In 
addition, cholest-4-en-3-one (111) mas identified (by infrared and ultraviolet spectra) in several of the 
fractions eluted with benzene-hexane (1:2). 

Run 3 
Identijcation of cholest-5-en-48-ol (Xa).-Cholest-4-ene (0.350 g) was pl~otooxygenated for 34 h as in 

run 1. The product was reduced with sodium iodide and then treated with Girard's reagent (27) to  remove 
ketonic material. Chromatography on alumina gave, in some of the fractions eluted with benzene-hexane, 
a white solid (0.027 g) whose infrared spectrum corresponded to  that  of authentic Xa. Acetylation gave 
cholest-5-en-4/3-01 acetate (Xc), with n1.p. 108" after recrystallization fro111 acetone-methanol. Mixture 
melting point and infrared detern~inations established its identity with authentic Xc. 
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Photoorygenatio?~ and rearra~tge?ne?~t of hydroperorides.-A solution of cholest-4-ene (1.0 g) and hema- 
toporphyrin (0.006 g) in pyridine was irradiated and oxygenated for 24 h. The crude product (0.050 g), 
which contained ca. 6% of enone (ultraviolet analysis), was dissolved in chloroform (100 rnl) and allowed 
to stand in the dark a t  room temperature until the optical rotation attained a constant value (48 11). The 
chloroform was removed with a rotary evaporator and the residue was reduced with sodium iodidc. 

A portion of the reduced product (0.350 g) was treated with Girard's reagent (27) to remove the l~etonic 
component, and the non-ketonic material was chro~natographed oil alumina (9 g). -qII fractions that con- 
tained cholest-4-en-3a-01 (Vn) and cholest-4-en-3p-ol (IVn) were combined (0.170 g, eluted \\.ith bcnzene- 
hexaile from 1:4 to 1: l ) .  Infrared inspection showed that the 3p-alcohol 1Va was only a minor component 
of the mixture. Neither of the cholest-3-en-5-01s (VIa or Vl l la)  was detected during thc chromatography. 

A second portion of the reduced product was acetylated and 0.242 g of the derived acetate was chro- 
matographed on alumina (12 g). Elution with petroleum ether gave 0.180 g of fractions containing only the 
two cholcst-4-en-3-01 acetates Vc and IVc. Semiquantitative assay of the epimeric ratio was obtained by 
comparison of the infrared spectrum with authentic ~ n i x t ~ ~ r c s  of the two acetates and indicated a Vc:IVc 
ratio greater than 8:l .  No 5a- or 5p-cholestan-3-en-5-01s were detected in the chro~natography. 

Attenzpted pltotooryge~tations witlzozlt sensitizer.-(A) A solution of cholest-4-ene (0.450 g, lll.p. 80.5-61.5") 
in pyridine (35 ml) was irradiated and oxygenated for 26 h in the absence of sensitizer. The olelin (rn.p. 
79-80") was recovered v i r t~~a l ly  quantitatively and its identity with starting 11lateriaI was confirmed by 
melting point, mixture melting point, and infrared inspection. (B) A solution of cholest-4-ene (202 mg, 
containing l.Gyo of cholesta-3,.5-diene based on ~iltraviolet absorption in isooctane a t  228, 235, and 244 mfi 
(28)) in pyridine (15 rill) was photooxygenated 25 h without sensitizer. During this period a solution of 
0.9 equivalent of t-butyl hydroperoxide in pyridine (1 ml) \\'as added portionwise (0.1 ml initially and 
every 2 hours, the remainder after 8 h). Normal work-up left a solid (quantitative yield), which gave a 
positive hydroperoxide test and whose infrarcd spectrum showed very weal; absorption a t  3 540 and 
1 680 till-', but which otherwise appeared identical with that of starting material. The ultraviolet absorp- 
tion (isooctane) a t  232 1 1 1 ~  indicated ca. 3.5y0 ccholest-4-en-3-one. The product was allowed to stand for 
2 days in chlorofornl and then was reduced with potassium iodide in the usual way. Finally, it \\-as oxidized 
with manganese dioxide, after which the enone content (A 232) was 4.3-G.Syo. The range arises because 
of thc diene, whose presence was indicated by an inflection a t  244 mfi but whose contribution to the 232-mfi 
peal; cannot be accurately evaluated. 
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