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ABSTRACT 

The photol)"sis of 3-alko.xycholesta-3,5-dienes in an alcohol 

bas been round to result in a stereospecitic addition or the alcohol 

to the d -double bond with formation of 13, X -unsaturated ketals. On 

silica gel, the non-cyclic 13, ~-unsaturated ketals gave cholest-5-en-3-

one. 

The }ilotol)"sis of 3-metho.x:ycholesta-3,5-diene in ethanol-d 

reaulted in a 1:1 mixture of 4a.- and 413-deuterio-313-ethoJQ"-3a.-aethoxy­

cholest-5-ene. A stereospecific synthesis or 413-deuterio-3a,5-C)"Clo­

cholestan-613-ol is described. 

Irradiation of 3-uetho.x:y-6-substituted cholesta-3, 5-dienes 

in an a.lcohol gave 13, ~ -unsa.turated ketals. The photol)"sis of other 

3-substituted cholesta.-3,5-dienes genera.ll1 gave intra.ctable mixtures. 

Mechanistic interpretations or these photo-induced reactions 

are discussed. 

The che.aical shitts of C-4 and C-6 protons in the n.m.r. 

spectra of !ourteen cholesta-3,5-dienes a.re described. 3-Deuterio­

cholesta.-315-diene has been synthesized. 



INTRODUCTION 

Organic chemical reactions induced by ultraviolet ligb.t have 

been known tor a long time (1), but it wa.s not until recently that the 

availabilit7 or high-pressure mercury arc lamps, the chromatographie 

m.ethods tor separation of complex reaction mixtures, and the spectro­

scopie tools tor routine determination of unusua.l structures have 

permitted thorough and rapid investigation of these interesting 

reactions {see, i.e. 2131 41 5,6). In man7 cases (7,8,9), the products 

ot pb.otol7sis reactions are high energr systems or are compounds wb.ich 

'NOuld be ditticult to prepare by other processes. Barton, tor instance, 

has used pb.otochemical reactions to tunctionalize the C-18 and C-19 

groups or steroids by pb.otol7sis or a suitably oriented nitrite (10) 

or hnx>halite (ll) group. 

The mechanistic pa.ths b;y wb.ich ph.otol.7ses occur are largel.y 

unknown, although J11&117 attempts are being made to interpret pb.otochemical 

transformations (3,51 12,13). 

At the present time, a great ma.jority or the known pb.otolytic 

reactions involve ketones (4) and homoannular dienes, auch as ergosterol 

(4,141 15) as substrates. 

In 1958, the tirst example or a photolysis or a heteroannular 

diene was published. Dauben, Boss and Willey (16,17) reported that 

irradiation of cholesta-3,5-diene (I) in pentane gave 3J),5;4a.,6a-bicyclo-

5J)-cholestane (VI), which wa.s converted to ethers II and III b;y the action 
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of etha.~ol in the dark. 

~~ 
. ' 

I II 

PENiÂNE Er OH 

The t~~ ethers were obtained in identical yields by irradiation of diene 

I in ethanol (16,17). 

At about the same time, Cbdtfredsen and Vangedal (18) repJrted 

on the photo-induced reaction summarized on the following flowsheet. 

) 

ErO ErO 
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Just and DiTullio (19) irradiated 3-metbTlcholesta-3, 5-diene 

(V), in order to determine the effect of substitution on the J:botol.J'sis 

ot heteroannular dienes. Irradiation of 3-œetbTlcholesta-3, 5-diene (V) 

in ethanol gave ethers VII and VIII and diene IX. Photol7sis of V in 

pentane gave 3-methyl-3~, 5;4a.,6a-bicyclo-513-cholestane (VI), which on 

treatment with ethanol in the dark gave 2!!!z ether VII. Obviousl.J', there 

are at least two competing reaction pathways in the photol79is ot 

3-methy-lcholesta-3, 5-diene (V) in ethanol. The bicy-clobutane inter­

mediate VI, which is tormed through one reaction pathwa.7, gave, on the 

addition of ethanol, only the CJ'Clopropa.ne ether (VII). Ether VIII 

must bence be formed through other reaction modes. V. DiTullio (20) 

p>stulated the formation of a homoallJ'lic carbonium ion (X) (21, 22), 

derived from proton abstraction by the C-4 position of an excited state 

(A*) of V, wbich adds ethanol to give ether VIII (see following flow­

sheet). 

The substitution of an electron-donating metb7l group for 

h7drogen at C-3 seemed to fa'rour the formation of a ho!IIDallJ'lic carbonium 

ion. Since alkoX7 groups exhibit a much bigher electron-dona.ting ef.f'ect 

than the meth7l group (23), it was believed that irradiation of 3-alkoXT­

cholesta-3, 5-dienes would give products wholl7 derived from hoJII)allylic 

carbonium ions. 
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RESULTS 

CHAPTER I 

The Photolysis of 3-Alko.xycholesta.-3, 5-dienes 

A study of the pboto-induced reactions of heteroa.nnula.r dienes 

wa..s initia.ted by irradia. ting some 3-a.lko:xycholesta.-3, 5-dienes in various 

sol vents (24). An ethanolic solution of 3-etho:xycholesta-3, 5-diene 

(XIII) (25) vas irradiated with a high-pressure mercury lamp. The 

reaction was rapid as evidenced by the disappearance of the chroœ-

phore at 239 Dlf.l.· Purification by chromatogra:Pl;r on alumina gave in 

60% yield a crystalline compound (XIV), c31H
54

o2, m. p. 49-50°. 

Treatment with acid resulted in the formation of cholest-4-en-3-one 

(lX). Chromatography of' nv on silica. gel gave cholest-5-en-3-one 

(XVI). The infra.red (Fig. 5A) and nuclear magnetic resonance (n.m.r.) 

data (Table I) provided substantial proof that the photo-product was 

3,3-diethoxycholest-5-ene (XIV). Specitica.lly, the n.m.r. spectrum. 

{Fig. l) of XIV showed t'WC overlapping quartets centered at 3.33 p.p.m. 

and 3.40
5 

p.p.m. cha.racteristic of ethoxy groups and a peak a.t 5.25 

p.p.m. due to a vinyl proton. The proposed structure (XIV) was 

further confirm.ed by synthesis in which cholest-5-en-3-one (XVI) (26a.) 

was reacted with absolute ethanol in the presence of malonie a.cid (27). 
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Similarly', photolysis of 3-methox;rcholesta-3, 5-diene (XVII) 

in methanol gave 3,3-dimethox;rcholest-5-ene (XVIII) in 50-60% yield1 

identical in all respects with a sam.ple prepared synthetically (27). 

When 31 3-diethoqcholest-5-ene (XIV) was recrystalllzed from. 

methanol, a new comp:»und (XV), c
3

cJ152o2, m..p. 105-106•, was obtained. 

The intrared spectrum. (Fig. 50) showed strong absorption in the ether 

region and the n.m.r. spectrum (Fig. 3) showed the presence of one 

m.ethoXT group, a singlet, and or one ethOJQ' group, a quartet (Table I)., 

as well as an olefinic proton. The methylene protons at the C-4 

position of these ketals gave a broad peak at 2.25 p.p.m. 

In comparison, 3,3-dimethoJcyeholest-5-ene (XVIII) gives two 

distinct, unsplit signala for the two m.ethoxy groups (Fig. 2) and hence 

it seem.s reasonable that comp:»und XV is a 3-ethoxy-3-metho.'Q'cholest-5-

ene, m which one ethoxy group has been stereospecitically' exchanged 

for one m.ethoxy group. 

It is a well-known tact (28,29,30) that in solvoly'tic reactions 

of cholesteryl derivatives, the ~5-double bond participates to give a 

homoallylic carbonium ion and that the incoming group attaches itselt 

at the 3f3-p:>sition in a stereospecifie manner. It bence seem.s reasonable 

to assuma that in this exchange reaction, the ~5-double bond assista 

preferentially' the departure of the 3f3-substituent and that the resulting 

dialko.Jcy' eom.p:»und is 3a.-ethox;r-3f3-methoxycholest-5-ene (XV). 

Pyrolysis of 3a-ethoxy-3f3-m.ethoXJ'Cholest-5-ene (XV) in vacuo at 



TABLE I 

Nu.clear Magnetic Resonance Data ot Photolysis Products XIV, XV, XVIII, and XIX 

(T .M.S. • 0, chem.ical shitts in p.p.m.) 

Methylene 3a-Et0 3{3-Eto Vi.nyl proton 
CompoWld group at C-4 3a-Me0 3P-Me0 Quart et Quartet at C-6 

Single peak. Sin&= et Sin!! et center center Single peak 

3,3-Diethoxycholest-5-ene 2.25 - - 3.405 3.33 5.25 

31 3-Dimetboxycbolest-5-ene 2.23 3.125 3.045 - - 5.25 

1 

<» 
3a-Ethoxy-3p~etboxycholest-5-ene 2.25 - 3.055 3.44 - 5.25 

3P-Ethoxy-3~ethoxycholest-5-ene 2.25 3.15 - - 3.33 5.25 
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190• yielded a mixture o! 3-ethox:y and 3-metho:x:ycholesta-3,5-dienes. 

Further attempts to eliminate one alkoxy group stereospecitically b7 

acid-cataly'zed reactions (see experimental) resulted only in hJd,rolysis 

to cholest-4-en-3-one and cholest-5-en-3-one. 

It was !ortuitous tbat ketal (XV) was obtained in a p.1re state 

since a mre detaUed investigation o! the excbange reactions o! 3,3-

diethoxy and 313-dimethoxycholest-5-enes in methanol and ethanol 

respectively' revealed that the 3a-alkoxy group is also exchanged. The 

rate ot exchange or the 3~-alkoXT group was onl.y tvice that of the 3a­

alkoJQ" group. The exchange reactions were !ollowed b7 n.m.r. spectro­

scow b7 measuring the rate of increase or decrease of the unsplit 

methoxy peaks in samples obtained from the reaction mixture at regular 

tim.e intervals. 

In ord.er to complete this sequence o! reactions, 3-methoxy­

cholesta-315-diene (XVII) was irradiated in absolute ethanol. The 

main product (XIX) ot the reaction, obtained in 6~ yield, was isomerie 

vith ketal XV, obtained b7 the methanolysis of XIV. The n.m.r. spectrum. 

(Fig. 4) showed the presence or one ethoxy and one methoxy- group. The 

chemical shitts of the ethoxy and methoxy- groups coincide vith one of 

the ethoxy and methOXJ" groups in ketals XIV and XVIII, as shown in 

Table I. On silica gel, XIX gave cholest-5-en-3-one (XVI) and cholest-

4-en-3-one (XI). Its intrared spectrum (Fig. 5D) shows strong ether 

absorption and f'urther supp:>rts the formulation ot XIX as 3~-ethoxy--3a­

methoxycholest-5-ene. 
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When .3-etho.Jcycholesta.-3,, 5-cliene (XIII) was photol;rzed in 

DIBtha.nol, .313-d.imethoqcholest-5-ene (XVIII) was obtained. Obviousl.y, 

the ethoq group a.t C-3 was excha.nged b7 methanol. When the reaction 

wa.s repea.ted in the presence of a few drops of wridine, 3a.-ethoxy-3~­

methoJcy'ChOlest-5-ene (XV) was obtained. The product wa.s identica.l with 

the methanolysis product of 313-clietho.xycholest-5-ene (XIV). The 

n.m..r. spectrum of the crude photolTsis product revealed that the 

reaction wa.s not completely stereospeci:tic, but tha.t 5-l~ of the 

isomerie mixed ketal (XIX) was present. 

It should be noted that n.m..r. and intrared spectra were taken 

on all crude photol78is products, in order to ensure that no isomerizat­

ions occurred during chroma.togra.]it7 a.nd c17Sta.llization. The n.m.r. and 

in:trared spectra were very cha.racteristic for photol7sis products XIV, 

XV, XVIII, and XIX and resulted in una.mbiguous identification (see Table 

I and Figs. 1-5). 

If the a.ssignJDents of stereochemistey of the epimeric mixed 

ketals, XV and XIX, are correct, then the chemica.l shi:tts of the .3a.­

and J~-methoq groups of 31 3-dimetho.xycholest-5-ene (XVIII) are 3.12
5 

and 3.04 p.p.m. respectively and the chemica.l shitts of the Ja.- and 

3P-ethoXT groups of 313-diethox,ycholest-5-ene (XIV) are .3.405 a.nd 3.33 

p.p.m. respectively. 

The photolyses of .3-alko.xycholesta-3 1 5-dienes in a.lcohols a.re 

accompa.nied by substa.ntial hyà.rolysis, which does not occur in the 

absence of l~t. An intra.red spectrum of the photol.ysis mixture showed 
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h'V 
) + 

R10H R'O 
RO RO 0 

XTil R=R'= C2H5 

XJl. R =C2H5. R
1
=CH3 

XVIII R=R 1=CH3 

XIX R=CH3, R1=C2H5 

0 

0 

K:5Zl 
1 _,_ 
• 

xx 
+ 

OH 

XXI 

the presence of cholest-5-en-3-one (XVI), cholest-4-en-3-one (XX), and 

cholest-4-en-6~-ol-3-one (lXI). Chromatography on alumina, however, 

yielded 20-30% of cholest-4-en-3-one (XX) and 5-10% of cholest-4-en-6~-ol-

3-one (XXI). Clearly, the cholest-5-en-3-one (XVI) has been isomerized 

to cholest-4-en-3-one (XX) on alu.m:ina. 

When 3-etho.xycholesta-3.,5-diene (XIV) wa.s irradiated in spectro-

grade isopropyl alcohol, an oily mixture was obtained. Chromatography 

over alumina gave in 50% yield in the he.xane .tractions an oily product 

which appeared to be a 1:1 mixture of 3a-etho.xy-3~-isopropo.xycholest-5-
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ene (XXII) and 3~-ethoxy-3a-isopropoxycholest-5-ene (XXIII). Its n.m.r. 

spectrum (Fig. 6) showed a signal for an olefinic proton at 5.39 p.p.m. 

and a signal for a C 4 methylene group at 2.35 p.p.m. The signals in the 

ether region were complex but could be interpreted as consisting of two 

overlapping quartets centered around 3.53 p.p.m. and two overlapping 

septets centered at 4.13 p.p.m. This interpretation \\lOuld be fully 

consistent with a 1:1 mixture of XXII and XXIII. 

:xm 

hv 

(CH3)2HCO ~ 
ErO; 

..t-P~t.OH 

ETO 
~ 

(CH3)2HC0
1 

+ 

XXIJI 

Since pure crystalline compounds could not be obtained, :f'urther irradiat-

ions in isopropyl alcohol were not attempted. 

Irradiation of 3-ethoxycholesta-3,5-diene (nv) in diethyl ether 

gave an inseparable mixture. The n.m.r. spectrum of the crude photolyzate 
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showed only broad absorption bands. 

When the 3-alkoxycholesta-3,5-dienes were Ji:lotol.y'zed in spectro­

grade pentane 1 a mixture was obtained làlich showed onl7 ver-r broad 

absorption in the n.m.r. spectrum. Specitically' no alkoxy absorption 

could be detected in the n.m.r. spectrum of the photolysis product. 
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FIG. 1 

The nuclea.r ma.gnetic resonance spectrum of 

31 3-diethoxycholest-5-ene (XIV) 
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FIG. 2 

The nuclear magnetic resonance spectrwn of 

3,3-dimethoxycholest-5-ene (XVIII) 
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FIG. 3 

The nuclear magnetic resonance spectrum of 

3a-ethoxy-3p-œathoxycholest-5-ene {XV) 
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FIG.Jt 

The nuelear magnetie resonance speetrum of 

J~-etho.xy-Ja.-methoxyeholest-.5-ene (XIX) 
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FIG. 5 

The intrared spectra o:r 

A. 3,3-diethoxycholest-5-ene (XIV) 

B. 3,3-ditaethoxycholest-5-ene (XVIII) 

C. 3a.-ethoxy-3~-methoxycholest-5-ene (XV) 

D. 3~-ethoxy-3a.-methoxycholest-5-ene (XIX) 
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FIG. 6 

The nuc1ear magnetic resonance spectrum or a 1:1 mixture of 

3a-ethoxy-3~-isopropoxycho1est-5-ene (XIII) and 

3~-ethoxy-3a.-isopropoxycho1est-5-ene (XXIII) 
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CHAPTER II 

The Stereochemistey of the Photo-induced Ethanol 

Addition to 3-Methoxycholesta-3, 5-diene 

In Cha.pter I it has been shown that the photo-induced addition 

of alcohols to 3-alkoxycholesta-3, 5-dienes gave in reasonabl.7 good 

yield 31 3-dialkoxycholest-5-enes (.24) (e.g. nii -> nv). The 

addition of the alkoxy moiet7 seemed to be quite stereospecific (3p). 

In this chapter the stereochemistey or protonation or the diene system 

will be described (31). 

The geminal protons at C-4 are clearly shifted awa.y- from most 

other sit;nals in the n.m.r. spectrum or 31 3-dialko.xycholest-5-enes (24), 

but appear to be equivalent and bence give rise to a single two-proton 

peak. In order to detemine the stereochemistr7 or the proton addition 

at C-41 it wa.s necessaey to devise a means of ma.k~ the two protons at 

C-4 non-equivalent. In principle, this can be achieved b7 incorporatl.n.! 

them into a C7Clopropane rio&. The C-4 deuterated product could then 

be compared by n.m.r. spectroscop;r to 4t3-deuterio-3a.,5-c;rclocholestan-

6p-ol (xni), stereospecificallT synthesized by an independant route. 

Cholest-4-en-3t3-Yl acetate (XXV) {32) wa.s treated with monoper­

phthalic acid (33) in ether and the resulting 4a1 5a.-epo:xycholestan-3a-;rl 

acetate (nvi) (34) reduced with lithium aluminum deuteride to give 4t3-

deuteriocholestan-3t315a-diol (XXVII). These reductions are known to 

result in a trans-diaxial opening of oxide rings (34,35,36). Monoacet;rl-
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ation and dehydration with thionyl chloride gave 4f3-deuteriocholesteryl 

acetate (XXVIII). Hyd.rolysis of the acetate (XXVIII) gave 4~-deuterio­

cholesterol (XXVIIIa) (37) which was shown to have 94% isotopie purity 

by :ma.ss spectroscopy. Tosylation of XXVIII& gave 4f3-deuteriocholesteryl 

tosylate (XXIVb). The n.m.r. spectrum (Fig. 8) in benzene showed a. one­

proton signal at 2.45 p.p.m. (doublet, J = 4.5 c.p.s.) corresponding to 

the C-4a. proton (38). Pure cholesteryl tosyla.te shows a two-proton signal 

in the n.m.r. spectrum (Fig. 7) at 2.45 p.p.m. (doublet, J = 8.8 c.p.s.) 

due to the C-4 protons. Solvolysis of XXIVb yielded 4e-deuterio-3a., 5-

cyclocholesta.n-é$-ol (XXIX) (39). Wherea.s 3a., 5-cyolocholestan-6~-ol 

(XXIXb) shows complex signala between 0.2 and O. 7 p.p.m. in its n.m.r. 

apectrum (Fig. 9) due to the cyclopropa.ne protons, its 4~-deuterio 

analog showed in the n.m.r. spectrum (Fig. 10) a signal for one proton 

at 0.23 p.p.m. (doublet, J = 8.5 c.p.s.) only. The C-4a. hydrogen is 

coupled with the hydrogen at C-3 and the coupling constant is that 

expected for cis hydrogena on a cyclopropa.ne ring (38,401 41). The 

photolysis of 3-alkoxycholesta-.3, 5-dienes in methanol or ethanol 

proceeded without any difficulty (24)1 but this was not the case for the 

corresponding reaction in deuterioethanol, prepared by the decomposition 

of diethyl sulphite in heavy wa.ter (42). It seems that in spite of ali 

precautions taken in its preparation, a. s:ma.ll a.moWlt of acidic material 

was present in the deuterated solvent and this material hydrolyzed the 

31 3-dialkoxycholest-5-ene as soon as it tormed. The Jhotolysis of .3-

methoxycholesta-3, 5-diene (XVII) was bence carried out in deuterio­

ethanol containing a small amount of p,yridine. Mono-4-deuterio-3~-ethoxy-

3a.-methoxycholest-5-ene (XIXa., XIXb) (31) was isolated in approxi:ma.tely 

5Ql: yield by chromatograJ*ly. 
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Its n.m.r. spectrum (Fig. 11) showed a one-proton peak at 2.56 p.p.m. 

(benzene), indicating that one deuterium atom had been taken up per 

molecule of diene. The ketal (XIIa, XI.Ib) was hydrolyzed with 

malonie acid in acetone to 4-deuteriocholest-5-en-3~ne (XVIa, XVIb), 

which showed in the n.m.r. spectrum (Fig. 12) a signal at 2.80 p.p.m. 

(benzene) due to one proton at C-4. No exchange with solvent could 

have taken place at this stage, since any resulting non-deuterated 

cholest-5-en-3~ne would have given (vide infra) mn-deuterated 

3a,5-cyclocbolestan-6p~l (39), which bas a ver.r characteristic n.m.r. 

spectrum in the 0.2 - o. 7 p.p.m. region {Fig. 9). Lithium aluminum 

hyd.ride reduction ot (XVIa, .XVIb) and trea.tment ot the resulting 

aloohol with p-toluenesulphonyl chloride in pyridine overnigbt yielded 

4-deuteriocholesteryl tosylate {XXIVb, IXIVc). Its n.m.r. spectrum 

(Fig. 13) showed sign.a.ls tor the C-4 protons, equivalent to one proton, 

centered at 2.45 p.p.m. Since the n.m.r. spectrum was taken on a 

small a.mount ot material which contained two epi.mers, the splitting 

constants could not be accurately evaluated (see Fig. 13). Solvolysis 

ot (XXIVb, XXIVc) in buffered aqueous acetone gave 4-deuterio-3a,5-

cyclocholestan-6f3~l (XXIX, XXIXa). Its n.m.r. spectrum {Fig. 14) 

showed two si.gnals {approximately' 0.5 protons each) in the region 

characteristic of cyclopropane protons. The signal at 0.23 p.p.m. 

(doublet, J • 8.5 c.p.s.) wa.s identical to that of 4f3-deuterio-3a,5-

cyclocholestan-6p-ol (XXIX) (see Figs. 9 and 10). The low field signal 

centered at 0.48 p.p.m., showed up as a triplet. There is little d.oubt 

that this signal can be assigned to the 4f3-hydrogen, and that this 

proton is spin-spin coupled wi.th the hydrogen at C-3. In addition, som.e 
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long-range coupling s:iJDilar to that observed in 3-methyl-3a,5-cyclo­

cbolestane (19), mnst also be present. 

The resulta can only be interpreted by assuming that the 

deuteration at C-4 was non-specifie and that an approximately 1:1 

mixture of 4a.- and 4J)-deuterio-3a-ethoXY"-3a-m.ethox;ycholest-5-ene 

(XIXa, XIIb) was obtained in the photo-induced reaction. 
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FIG. 7 

The nuelear magnetic resonance spectrum of 

cholester.yl tos7late 

in benzene 
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FIG. 8 

The nuclear magnetic resonance spectrum of 

4P-deuteriocholesteryl tosylate (XXIVb) 

in benzene 
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FIG. 9 

The nuclear ma.gnetic resonance spectrum o:t 

3a,5-cyclo-5a-cholestan-6~-ol (XXIXb) 
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FIG. 10 

The nuclear magnetic resonance spectrum ot 

4$-deuterio-3a1 5-cyclo-5a-cholestan-6~-ol 

(.mx) 
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FIG. 11 

The nuelear ma.gnetie resonance speetrum. of 

4-deuterio-Jp-ethoxy-Ja-msthoxycholest-5-ene 

{XIX.a, XIX.b) in benzene 



0 0 
1- Lù 

U.J :E 

<D 
l() 

• 
C\J 
--

.--
::r: Il) 

0 

-o 

.. 

• a.. 
• 

a.. 



- .30-

FIG. 12 

The nuclear ma.gnetic resonance spectrum. of 

4-deuteriocholest-5-en-.3-one (.XVIa, XVIb) 

in benzene 
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FIG. JJ 

The nuc1ear magnetic resonance spectrum of a 1:1 mixture of 

4a.- and 413-deuteriocho1esteryl tos;rlate (XIIVc, XX!Vb) 

in benzene 
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FIG. 14 

The nuc1ear ma.gnetic resonance spectrum. ot a 1: 1 mixture ot 

~- and 4«-deuterio-3a,5-cyelo-5a-cho1estan-6~-o1 

(XXIX, XXIIa) 
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CHAPl'ER III 

The Photolysis ot 3~ethoxy-6-substituted 

Cholesta-3,5-dienes in Methanol 

By a selection of suitable electron-donating and withdrawing 

substituent& at the C-6 position of 3~ethoxycholesta-3,5-diene (XVII), 

it was hoped to pin some further insight into the photochemica.l 

reaction of 3-methoxycholesta-3,5-diene in methanol. 

The methyl, fluoro, nitro and methoxy çoups were chosen as 

substituents. The 3~ethoxy-Hethyl (XXXI), 6-fluoro-3-m.ethoxy (XI.Xla), 

and 3-metho:xy-6-nitrocholesta-3,5-dienes (XXIlb) were prepa.red from 

6a-methyl (XII) (431 44), 6et-tluoro (XXXa) (45), and 6a-nitrocholest-4-

en-3-ones (XXIb) (46) respectively by reaction with trimethylortho­

formate. Reaction of 6~-methoxycholest-4-en-3-one (47) with trimethyl­

orthoforma.te did not give pure 3,6-dim.ethoxycholesta-31 5-diene and 

similar treatment ot cholestan-3,6-dione gave oil7 ma.terial {see 

experimental). 

'When 3-metho:JQ"-6-Jaethylcholesta-3, 5-diene (XXII) { characterized 

by its u.v., infrared (Fig. 15.A), and n.m.r. {Fig. 16) spectra) was 

irradiated in methanol, a new compound (XXIII), c
3

c:JI52o2, m.p. llS-119• 

was obtained in 75% yield by direct crystallization from the reaction 

.m.ix.ture. Its n.m.r. spectrua (Fig. 17) showed the presence of t110 

methoxy groups at 3.12
5 

and 3.23 p.p.m. and a methyl group attached to 

a double bond (1.66 p.p.m.). The infrared spectrum (Fig. 15B) showed 
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absorption in the ether region practica11y identica1 with that of 3,3-

dimetho.xycholest-5-ene (XVIII) and further supported the presence of 

methoxy groups. Hydrolysis of XXXII with malonie acid in aqueous 

acetone for three days gave a mixture of 6-methy1cholest-5-en-3-one 

('Y 1720 cm-1) and 6-methylcho1est-4-en-3-one ('J 1685 cm-1) as 

indicated by an infrared spectrum of the reaction product. Evap:>ration 

ot the filtrate from the photolysis reaction product (XXXII) gave an 

oi1 whosa infrared spectrum showed the presence of 31 3-dimethoxy-6-

methylcho1ast-5-ene (XXXII), 6-methy1cholest-5-en-3-one1 and 6-methyl-

cholest-4-en-3-one. It seems that in this photolysis, hydro1ysis 

products account for only 5 - 15% of the total products, compared to 

40% !or the 6-unsubstituted methoxy diene XVIII (see Chapter I). 
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Similarl.J", 6-tluoro-3-m.ethoxycholesta-3, 5-di.ene (XXX!a) 

(charaeterized by its u.v., intrared (Fig. 18A), and n.m.r. (Fig. 19) 

spectra) was photolyzed in methanol and a new compound (IXXIIa), C2rj1
49

o2F, 

m.p. 104-104.5•, was obtained in 85% yield by direct crystallization. Its 

n.m.r. spectrum (Fig. 20) shows signala at 3.07 p.p.a. and at 3.16 p.p.m. 

corresponding to the two methoxy groups. The intrared spectrum (Fig. 

18B) showed strong absorption between 1000 and 1200 em-1 due to the C-0 

and C-F stretching frequencies (48). Eva.p>ration of a solution of 

XXXIIa in carbon tetrachloride on the steam bath (24) resulted in 

hydrolysis of IXXI.Ia. The infrared spectrum. of the oil showed the 

presence of an a.1 ~-unsaturated ketone ('/ 1695 cm-1) and a saturated 

ketone (~ 1725 cm -l). These peaks no doubt arise from the hydrolysis 

products of 31 3-dimethoq-6-fluorocholest-5-ene (XIIIIa), i.e. 

6-fluorocholest-5-en-.3-one and 6-tluorocholest-4-en-3-one. 

Evaporation of the JŒ)ther liquors from x:mia gave an oil 

'Whose intrared spectrum showed the presence of 31 3-dimethoxy-6-.fluoro­

cholest-5-ene (x:mia), a saturated ketone {V 1725 cm-1) and an a.,(3-

unsaturated ketone (~ 1695 cm-1). Thus in this photolysis reaction, 

hydrolysis has accounted for only 5 - 10% of the total reaction products. 
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FIG. 15 

The infrared spectra of 

A. 3-methoxy-6-aethylcholesta-3, 5-d.iene {XXXI) 

B. 3,3-d:im.ethoxy-6-m.ethylcholest-5-ene (XXIII) 
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FIG. 16 

The nuclear magnetic resonance spectrua of 

3-metho:JCT-6-m.ethylcholesta-311 5-diene (XXXI) 
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FIG. 17 

The nuclear magnetic resonance spectrum of 

3#3-dimethoxy-6~thylcholest-5-ene (XXXII) 
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FIG. 18 

The intrared spectra of 

A. 6-fluoro-3-methoJQ"cholesta-31 5-diene (XXXIa) 

B. 31 3-dimethoJQ"-6-fluorocholest-5-ene (xxnia) 



3 
100 l=+~=+===+==r--=~:+ 

~ 
w 

~ 
l= 
~ 

~ 

lOO l=f=:+:P:==+==+ 

. ~80 
lw ... u 
~ ~ 60 - -+-' 

w 

~ 
<( 

t= 40 
~ 
z 
<( 
~ 20 1---c-+__:_-+-~ 

--0 ·i-

400o 3500 3000 2500 

WAVELENGTH 1MICRONS) 
6 7 

1500 
(CM') 

W A VELENGTH ;MICRONS) 
6 7 

1200 1100 1000 

2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 
FREQUENCY (CM') 

TI11CKNt~S----~- -·-

1 

2~---
:j ____ _ 

DATE 
OftAATOi 

RtM.AJI:f';S . 

fNTUCHANOf ---·-

SUT l'llO GRAM~. __ _ 

CAIN. 

ATHNUATOR S"EED_ __ 

·' 
NO 221 1604 

NÛ 211-lô().l 



- 40-

FIG. 19 

The nuclear magnetic resonance spectrum of 

6-fluoro-J~ethoxycholesta-3,5-diene 

(xma) 
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FIG. 20 

The nuclear ma.gnetic resonance spectrum. of 

3 1 3-dim.ethoxy-6-fluorocholest-5-ene (XXXII&) 
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In order to synthesize 3-methoxy-6-nitrocholesta-3,5-diene 

(.x:x:xib), the reaction sequence of Bowers et al. (46) \•>as follo1·red. 

The product of nitration of cholesteryl acetate, 3~-acetoxy-6-nitro­

cholest-5-ene (XXXIII) (49), was saponified and the solution acidified 

with acetic acid to give 6~-nitrocholest-4-en-3~-ol (XXXIV). 

> 
Ac.O 0 

XXXIII XXXIV xxxv 

) 

0 

Its n.m.r. spectrum (Fig. 21) gave signals at 5.725 p.p.m., 4.50 p.p.m., 

4.04 p.p.m., and 3.31 p.p.m. due to the olefinic, the C-6a, the C-3a, 

and the hydroxy protons respectively. The position of the hydroxy 

proton was proved unequivocally by exchanging the proton with heavy 

water and ex.amining the effect of this procedure on the n.m.r. spectrum. 

Its I.R. spectrum (Fig. 25A) showed the presence of the nitro and 

hydroxy groups. 
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Oxidation of XXXIV with Jones reagent (50, 51, 52) gave 6p­

nitrocholest-4-en-3-one (XXXV). Its n.m.r. spectrum. (Fig. 22) showed 

absorption bands at 6.02 p.p.m. and 4.83 p.p.m. corresponding to the 

C-4 olefinic and the C-6a protons respectively. Its I.R. spectrum. 

(Fig. 26A) showed the presence of a nitro group at 1540 cm-l and 

an a,p-unsaturated ketone at 1670 cm-1• Isomerization of lXXV 

with base gave 6a-nitrocholest-4-en-3-one (XIXb). Its n.m.r. spectrum 

(Fig. 23) gave signala at 5.3S p.p.m. (doublet, J = 1.8 c.p.s.) and 

at 5.14 p.p.m. (multiplet) corresponding to the C-4 olefinic and C-6~ 

protons respectively. The C-4 proton which appears as a doublet is 

apparently coupled with the C-6P hydrogen (53). The infrared spectrum. 

(Fig. 26B) of XXXb showed the typical nitro absorption at 154.3 cm-1 

6 -1 and an a, P-unsaturated ketone peak at 1 72 cm • Treatm.ent of XXIb 

with trimethylorthoformate gave J~thoxy-6-nitrocholesta-.3,5-diene 

(XXIlb). Its u.v., infrared (Fig. 25B), and n.m.r. (Fig. 24) spectra 

were tully consistent with the assigned structure. 

A methamlic solution of J~thoxy-6-nitrocholesta-3, 5-diene 

(x:x:x:Ib) was irradiated until the absorption maximum at 233 Jll.f.' decreased 

to 5% of its original absorption (10 minutes). Evap:>ration of the 

solvent gave an oil. The n.m.r. spectrum of the photolyzate showed 

onl.y broad absorption bands and indicated the fomation of a mixture. 
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FIG. 21 

The nuolear magnetio resonance speotrum ot 

6~-nitrooholest-4-en-3~-ol (XXXIV) 



N 

0 
I 

N 

0 
z 

• ('()-----

~ 
0 

• --
..q 0 

L() __ _ 

• 
~ 

U') 

N----
,....._ 

• 

-0 

.. 

• 
CL 

• 
a.. 



- 45 -

FIG. 22 

The nuclear magnetic resonance spectrwa of 

613-nitrocholest-4-en-J-one (XXXV) 
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FIG. 2J 

The nuclear ma.gnetic resonance spectru.m. of 

6a.-ni.trocholest-4-en-.3-one (XIXb) 
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FIG. 24 

The nuclear magnetic resonance spectrum of 

3-methoXT-6-nitrocholesta-3,5-diene (IIXIb) 
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FIG. 25 

The infrared spectra of 

A. 6p-nitrocholest-4-en-3P-ol (XXXIV) in chloroform 

B. 3-m.ethoxy-6-nitrocholesta-31 5-diene (XIXIb) in chloro:torm; 

(dotted line) in carbon disulphide 
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FIG. 26 

The infrared spectra. o:f 

A. 6fi-nitrocholest-4-en-3-one (XXXV) in chloroform. 

B. oo-nitrocholest-4-en-3-one (XIXb) in chloroform. 
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CHAPTER IV 

The Photolysis of Some 3-Bubstituted-cholesta-3,5-dienes 

As shown in previous chapters, the photolyses of .3-alko::x:y­

cholesta-3,5-dienes proceeded to give primar!ly one product, but 

irradiation of J~ethylcholesta-.3,5-diene in ethanol gave three products 

(19). It wa.s thus hoped that irradiation of other .3-substituted cholesta­

.3, 5-dienes 1110uld give useful information about the effect of different 

substituents on the }ilotolysi.s of cholesta-3,5-dienes (54). 

A 0.2% ethanolic solution of 3-chlorocholesta-.3,5-diene 

(XXXVI) (55,56) was irradiated for four hours until the absorption 

maximum of the solution had dropped to less than 5% of the original 

absorption. When the solvent was eva}:Orated and a n.m.r. spectrum 

of the crude photolysis mixture taken, the presence of cyclopropyl 

protons was detected at 0.25 p.p.m. and a.t 0.5 p.p.m. Chromatogra.phy 

on silica. gel or a.luminum. oxide gave in the he.xa.ne fraction about 5o,;g 

of oi.ly crystals from which was obtained by successive crystalliza.tions 

.3 - 4% of impure XXXVII, m. p. lll-113 •. Since no pure product could 

be obtained by a combina.tion of column chromatography and crysta.llizations, 

the crude photolyzate was purified by thin-layer chromatogra.phy (TLC). 

TLC revealed the presence of eighteen products, seven of them in trace 

SJOOunts. 

Fractions l-6 {designated according to decreasing Rr values) 

yielded non-chlorinated hydrocarbons, except for fraction .3, m. p. 67-71•, 
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whose analysis and n.m..r. spectrum (Fig. 27) were identical to 3P­

chlorocholest-5-ene (26c). 

Fraction 9 yielded a saturated chloro ether XXXVII, m..p. 131-

13301 as indicated by its infrared spectrum. (Fig. 29). The assignm.ent 

was corroborated by its n.m.r. spectrum (Fig. 28) which showed signala 

at 0.25 p.p.m.. (one proton, J = 4.0 c.p.s.) and 0.5 p.p.m.. (shoulder) 

characteristic o:t gem.inal protons attached to a cyclopropane ring (401 

41), and a complex, poorly' resolved signal between 3.20 and 3.80 p.p.m. 

due to the three protons alpha to the oxygen :tuncti.on. The latter 

absorption was virtua!ly identical to that observed :tor 6p-ethoxy-3P15-

cyclocholestane (II) (16) and its 3-m.ethyl analog (VII) (19) and 

provides substantial evidence for the formulation of XXXVII as 3-ch1oro-

6p-ethoxy-3P15-cyclocholestane. 

The infrared spectra of fractions 15-18 indicated that they 

were mixtures of saturated ketones, a.,p-unsatura.ted ketones, and hydro:x:y 

ketones. 

Photol.y'sis of XXXVI in spectrograde pentane yielded an insepar­

able mixture. 

When a 0.2% solution of 3-acetoxycholesta.-3, 5-diene (XXXVIa) 

(57) wa.s }ilotolyzed in ethanol, methanol or pentane, the absorption 

maximum. at 234 mjJ. decreased rapidly (1 hour). The only' product which 

could be isolated from the complex reaction mixture in approximately 

10% yield wa.s cholest-4-en-3-on-6p-ol (xn), identi:tied by compa.rison 

with an authentic sample (26b). 
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0 

OH 

XXXVII 

The irradiation of a 0.1% ethanolic solution of 3-phenyl­

cholesta-3,5-diene (XXXVIb) (58) for twenty-four hours gave a mixture, 

inseparable by column chromatography. 

Similarly, the ~~otolysis of 3-(p-ethoxyphenyl)cholesta-3,5-

diene (XXXVIc) in ethawl or pentane-acetic acid for seven hours gave 

mixtures which could not be resolved by column or thin-layer chromato­

graphy. The n.m.r. spectrum (Fig. 30) of XXXVIc showed signala at 6.84 

p.p.m. (a quartet, corresponding to the four aromatic protons); 6.10 

p.p.m. (sharp singlet, attributed to the C-4 proton); 5.35 p.p.m. (broad 

peak due to the C-6 proton); and 3.84 p.p.m. (a quartet, due to the 

CH
3

-CH2-0 protons). 
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Irradiation of 3-ethylthiocholesta-3,5-diene (XXXVId) (59) 

in methanol or ethanol containing pyridine for one hour resulted in 

the formation of a dark brown oil which could not be sepa.rated into its 

comp:ments by column chromatograj:by. 

A pentane solution of 3-N-pyrollidinylcholesta-3,5-diene 

(XXXVIe) ( 60, 61) was irradiated for six hours under helium and the 

solvant evap:>rated at room temperature. The n.m.r. spectrum. of the 

}ilotolyza.te showed verr broad absorption peaks indica.ting that a 

mixture bad been obtained. 
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FIG. 27 

The nuclear magnetic resonance spectrum of a benzene solution 

of 3P-chlorocholest-5-ene, obtained in the photolysis of 

3-chlorocholesta-3,5-diene 
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FIG. 28 

The nuclear magnetic resonance spectrum of 

3-chloro-6~-ethoxy-3~,5-cyclo-5P-cholestane 

(XXXVII) in benzene 
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FIG. 29 

The intrared spectrum. of 

3-chloro-6~-ethoxy-3~,5-cyclo-5~-cholestane 

(XXIV II) 
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FIG. JO 

The nuclear magnetic resonance spectrwn of 

3-(p-etboxyphenyl)cholesta-3,5-diene (XXXV!c) 

in carbon disulphide 



-0 

l'-
co ·-CV) 

• 
:2 

• 
Cl. 

LO • 
rf) 0.. 

• --
lf) 

0 
----• 

0 <D 
(Y) 

~ ---co 
\!) • 

0 <D 
LJ.. 1-

w 



-58-

CHAPTERV 

Miscellaneous Reactions Required for Mechanistic Interpretations 

In order to obtain more inf'ormation about the mechanism of 

the photolysis of 3-alkoJcy'Cholesta-3,5-dienes, a solution of 3-etho:x:y­

cholesta-3,5-diene in absolute alcohol, saturated with oxygen, was 

irradiated !or one hour. 31 3-Dietbox:ycbolest-5-ene was obtained in 

a yield identical to that obtained in the absence of oxygen. 

The effect of benzophenone on the J:botolysis was investigated. 

Using a 11 pyre:x11 fllter to filter out light below 330 Illf.l, 3-ethox:ycbolesta-

3, 5-diene was irradiated in ethanol, containing benzophenone, for 2. 5 

hours. Chromatography of the resulting oil on alumina gave 20;( of 

starting material, SOit of cholest-4-en-6~-ol-3-one {XXI), and some 

cholest-4-en-3-one. No ketal {nv) could be detected in the reaction 

mixture. 

Wh.en 3-ethox:ycholesta-.3,5-diene was irradiated {using a 11 pyrex11 

filter) !or 2.5 hours in ethanol in the absence of benzophenone, no 

reaction occurred. Thus benzophenone sensitized the photo-reaction. 

In many cases, thermal and photo-induced reactions yield 

identical products {62). To test this, .3-ethox:ycbolesta-.3,5-diene was 

reacted with a sui table high boiling alcohol. 3-Ethox:ycbolesta-31 5-

diene was refluxed in dry ethylene glycol, containing pyridine, for 

four hours and after the work-up { see experimental, Chapter V) cholest-

5-en-3-one ethylene ketal {XXXVIII) was !orm.ed. Cbolest-4-en-.3-one (XI) 
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was reacted with ethylene glycol under the same conditions and no 

reaction occurred. Thus the ethylene glycol reacted directly with the 

alkoxydiene to give a ketal. 

When J-ethoxycholesta-3 1 5-diene (XIII) was reacted vrith ethanol, 

containing pyridine, in a sealed tube at 175• for six hours, only starting 

.ma.terial and some hydrolysis product, cholest-4-en-3-one {XX) was obtained. 

The latter product was probably :for.med due to the presence of some water 

in the ethanol. 

CH2.0 
1 
CHzO 

H+ 

xm 

~ > [rr~] 

) ) 

+ ErOH 

XXXVIII 
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CHAPTER VI 

N.M.R. Data. for Cholesta-3,5-dienes 

In the course of investiga.ting the }ilotolyses of cholesta-

3,5-dienes, it was observed that the chemi.cal shi:tts of the C-4 proton 

o:t the cholesta-31 5-dienes varied by as muchas 2 p.p.m. In order 

to compare them it wa.s necessary to pro vide a standard. The n.m. r. 

spectrum of cholesta-3,5-diene exhibits unresolved peaks between 5.20 

and 5.90 p.p.m. By introducing deuterium at C-3, it wa.s hoped to 

simplif;r the n.m.r. spectru.m. of this compound. 

Cholest-4-en-3-one was reacted with lithium aluminum 

deuteride, and the resulting 3-deuteriocholest-4-en-3-ol, wa.s dehydrated 

directly by refluxing with hydrochloric acid in ethanol to give 

3-deuteriocholesta.-3, 5-diene. The 3-deuteriocholesta-3, 5-diene showed 

signala at 5. 79 and 5.22 p.p.m. due to the C-4 and C-6 protons 

respectively. The C-4 proton appears in all 3-substituted cholesta-3,5-

dienes as a singlet, and the C-6 proton as a broad signal due to 

coupling with the C-7 protons. 

The chemical shi:tts of the C-4 and C-6 protons of fourteen 

cholesta-3,5-dienes are recorded in Table I. 
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TJl.BL:2: I 

Nuclear magnetic resonance data of some 
cholesta-31 5-dienes 

(T~.s. ~ 01 chemical shifts in p.p.m.) 

R2 C-H 
!± 

H 4.53 
H 5.13 
H 5.26 

CH3 5.28 
F 5.39 
H 5.61 
H 5.66c 

H 5.67 
H 5.7Sa,b 

H 5. 79b 
H 6.06 
H 6.10 
H 6.24 
N02 6.26 

a. Doublet, J = 10 c.p.s. (64a). 

CçH 

4.79 

5.25 
5.37 

5.315 
5.25 c 

5.20 
5.22b 
5.22b 

5.40 
5.35 
5.40 

b. These values are the average values of five n.m.r. scans 
and are a.ccurate to .:!:. 0.05 p.p.m. 

c. V. DiTullio (private communication). 
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Deshielding due to a negative inductive effect cannot be 

important except, perhaps1 for 3-chlorocholesta-.31 5-diene (63), in 

which the C-4 proton is deshielded compared to cholesta-3,5-diene 

by 0.28 p. p.m. The deshielding of the C-4 protons in 3-phenyl and 

3-(p-etboxyphenyl)cholesta-3,5-dienes can be attributed to the para­

magnetic effect of the benzene rings, which are probabl;y coplanar 

with the diene system (64b). 

When an o~gen or nitrogen atom is attached at C-.31 the C-4 

proton is strongl;y shielded. This shielding is more likel;y due to 

the interaction of the lone-pair electronsof the OX1'gen or nitrogen 

atoms with the diene system, rather than a long-range magnetic aniso­

tropy e!fect of the oxygen or nitrogen atoms (65,66,67). The inter­

action of the p-electrons reduces the olefinic character of the diene 

system, especiall;y at C-4 and ma.kes the ~gen at C-4 appear mre 

alka.ne-like. 

The large deshielding effect ot the 6-nitro group (1.13 p.p.m.) 

is not unusual {68) and overrides the shieldin& eftect ot the metho~ 

group in 3-methoxy-6-nitrocholesta-31 5-diene. 

The chemical shitts of the C-6 protons of cholesta-3, 5-dienes 

are only slightly affected by the substituent at C-3. 
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FIG. 31 

The nuelear ma.gnetie resonance spectrum of 

cholesta-3,5-diene 



• 
0 

N 
N 

• 
1.()---

~<===--__;;~ 
...., 

. 
a. 

• a. 



- 64-

FIG. 32 

The nuclear magnetic resonance spectrum. ot 

3-deuteriocholesta-3,5-diene 
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DISCUSSION' 

The photolysis of 3-alkoxycholesta-3, 5-dienes in a.lcohols 

results in the addition of alcohol across the .0 3 -double bond to give 

3,3-dia.lkoxycholest-5-enes (24). 

It has been shown that the a.cidic hydrogen of the alcohol 

is abstracted by the C-4 position of the diene system to give a 1:1 

mixture of 4a- and 443-protonated species ( see Chapter II). On the 

other hand, the alkoxy moiety of the alcohol adds at C-3 of the diene 

system in a stereospecific manner (3~) (see Chapter I). 

Molecular orbital calculations for the diane system of 

3-alkoxycholesta-3,5-dienes have recently been carried out by Wa.rkentin 

and Lam (69). Using simple Hllckel molecular orbital calculations (701 

71), and putting a
0 

= ac + 2~ for the Coulomb integral of oxygen and 

~co = ~cc' the charge densities at the atoms indicated were calculated. 

Molecular orbital calculations indicate that for the ground state 

RO 
-0.672 -0.~55 -0.116 
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electronic configurations~ the C-4 position of the diene system is 

the most basic. However~ the electronic distribution in any excited 

state induced by irradiation is most likely not to be the same as 

that in the ground state. 

It is likely that protonation of the diene system at C-4 

is a primary step in the photolysis of 3-alkoxycholesta-3~5-dienes. 

The alkoxy moiety then reacts with the resulting carbonium ion to 

give ketals. 

MeO 

xy11 

B' R'=o. R=H 

h'Y 
ErOD) 

ETO 

MeO 

A R'= H, R = D 

Al 1 R=D.R=H 

R' R 

XIX a., R'= 0, R = H 
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It is difficult to say how rouch the A 5 -double bond of carbonium ions, 

A and A•, participate to give homoallylic carbonium ions o:f the type 

B and Bt, but the tact that the alkoxy moiety adds preterentially at 

the C-Jp position indicates that some participation does occur. The 

exchange reactions of the 3 1 3-dialkoxycholest-5-enes (XIII, XVII) (see 

Chapter I) also showed that the 3{3 substituent is exchanged more 

rapidly than the 3a substituent and that this difference is most likely 

due to participation o:f the A 5 -double bond. 

A general mechanism tor the photolysis of 3-alkox:ycholesta-31 

5-dienes can be written. 

RO 

... __ """''"'v"--~ 

+ 
c 

> R'o 

RO 

PROTONATION 

AT C-4 
) 
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A detailed examination of the primar,y processes leading to the 

formation of an excited intermediate, such as [I*] 1 and a description 

of the excited state itsell is an extremely difficult problem (2). 

1• Most organic molecules have even numbers of electrons which1 

in the ground state., are ali spin-paired. Such states possess no net 

spin angular momentum and are called singlets; !ohe ground singlet is 

labelled 5
0

• Absorption of light promotes an electron to a vacant 

orbital; two electrons become orbitally unpaired. Unless the electrons 

remain spin-paired., the transition is higÏÙ.1' forbidden and can occur 

onl.y with very low intensity. Nearly ali absorption bands observed 

in ordinary absorption spectroscopy are the result of singlet-singlet 

transitions. Since the Pauli principle does not demand that the spins 

of the electrons remain paired in most excited configurations., spin 

inversion may take place., forming a second excited state., a triplet. 

With rare exceptions., emission of light occurs from only the 

lowest-lying excited sing1et., s1., and the lowest-lying triplet., Tr 

The fom.er process is known as fluorescence., and the latter is called 

phosphorescence. Fluorescence lifetimes are of the order of 10-? to 

10-8 seconds. Since most substances do not fluoresce in solution, nonrad-

iative degradation to the ground state must actuall.y shorten the lifetime 

of excited singlet states. Phosphorescence litetimes range upward from 

10-4 second. The slowness of these radiative processes is associated 

with the tact that spin inversion is involved. The same factor contrives 

1. Abstracted from reference 2. 
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to slow down the nonradiative degradative processes which deactivate 

triplets. The .following schema.tic diagram shows that although the 

singlet state has the higher energy, the triplet state is o.ften the 

only state that retains electronic excitation long enough to undergo 

chemical reaction. Collision times of molecules in solution are of 

the order of 10-12 second (72), and hence reaction through singlet 

states do occur in many systems. 

VIBRATIONAL LEVELS 

So ___.! ____ _ 

In the photolysis o.f cholesta-3,5-diene (I) (17) (see Intro­

duction), Dauoen and Willey suggested the formation of a bicyclobutane 

intermediate. Irradiation of 3-methylcholesta-3,5-diene (V) (19) in 

pentane also gave an intermediate bicyclobutane VI. 3-i"'iethylbicyclo­

butane VI, however, on reaction with ethanol in the dark gave only one 
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product, 6~-ethoxy-3-methyl-3~1 5-cyclo-5~-cholestane (VII), while 

irradiation of 3-methylcholesta-31 5-diene (V) in ethanol gave VII and 

3f3-ethoxy-3a.-methylcholest-5-ene (VIII). It thus seems reasonable 

to assume that in the photolysis of 3-methylcholesta-3,5-diene (V), 

two mechanisms are competing. Ether VII is derived from a bicycle-

butane intermediate and ether VIII is probably derived from an excited 

singlet state (20). 

The 31 3-dialkoxycholest-5-enes, obtained in the photolysis of 

3-alk:oxycholesta-3,5-dienes, are structurally similar to the postulated 

singlet product, 3f3-ethoxy-3a.-methylcholesta-31 5-diene (VIII), obtained 

in the photolysis of 3-methylcholesta-3,5-diene (V) (19). Thus,it 

might be suspected that the dialk:o:xy dienes are also obtained by 

reaction of an excited singlet state of a 3-alko:xycholesta-31 5-diene. 

It is possible, however, that the same products could be obtained by 

reaction of a postulated 3-alko.x:ybicyclobuta.ne (F) intermediate with 

ethanol. 

RO 

+ 
RO 

RO 

R'o 
R 0 

F 
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Although the above mechanism is very plausible and closely corresponds to 

the reaction pathwa.y proposed in the photolyses of cholesta-3,5-diene 

(I) (17), the experimental evidence does not ravour this interpretation. 

Firstly, irradiation of 3-alkoxycholesta-31 5-dienes in 

pentane under a helium. at.msphere did not give a 3-alk:ox;ybicyclobutane 

(F). Specificall;y the n.m.r. spectrum. of the reaction product did not 

show the presence of an alkoq substituent (24). 

It is a well known fact that oxygen reacts with triplets (73, 

74). The presence of oxygen in the photolysis of 3-ethoxycholesta-3, 5-

diene (llii) did not elimi.nate or reduce the yield of 313-diethoq­

cholest-5-ene (llV) (see Cbapter V) and hence nv could not be derived 

from the triplet state. It should be noted, however, that in some 

cases, oxygen is not an efficient quencher of triplets (75). Irrad­

iation of 3-methylcholesta-3, 5-d.iene (V) in ethanol saturated with 

oxygen resulted in a decreased yield of 6~-ethox;r-3-methyl-3~,5-cyclo-

5~-cholestane (VII) (76), which is derived from the 3-methylbicyclo­

butane VI. Thus, it is indicated that the bicyclobutane intermediates 

are derived from triplet states (74,77). 

When the 3-methylbicyclobutane intermediate VI was reacted 

with deuterioethanol, the deuterium. was incorporated at the C-4 position 

in a stereospecific manner (4$) (20), but irradiation of 3-methoq­

cholesta-3,5-diene (XVII) in deuterioethanol resulted in a random 

incorporation of deuterium at C-4 (31). It is conceivable, but not 

very likely, that a proposed 3-alkoxybicyclobutane (F) is sufficientl;y 
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different from the 3~ethylbicyclobutane VI to account for the 

difference in protonation patterns. 

Transfer of electronic excitation from one molecule to another 

is an important photochemical process. 

A hY -------> A* 

A* + B ------> A + B* 

It is known that benzophenone, under excitation, undergoes spin 

inversion s1 - T1 with high efficiency (7S, 79) and it is now well 

established that absorption of light by benzophenone can ultimately 

effect the photochemical transformation of butadiene (SO) as well as 

other systems (SI). Reaction of 3-etho.x.ycholesta-3,5-diene (XIII) 

in the presence of benzophenone resulted in the complete inhibition of 

ketal formation (see Chapter V). Although the formation of 3,3-dietho.x.y­

cholest-5-ene (XIV) by this sensitized reaction would have strongly 

indicated the inter.mediacy of a triplet state, its lack of formation 

does not, however, rule out the formation of a triplet state, as 

benzophenone does not always transfer its excitation energy with high 

efficiency (82). 

It seems quite evident that the intermediacy of a bicycle-

butane precursor cannot be involved in the formation of 3,3-dialkox:y­

cholest-5-enes by irradiation of 3-alkox:ycholesta-3, 5-dienes in alcohols. 

Since the photolysis reaction probably does not proceed through 

the triplet state, the reaction through a singlet state may be responsible 
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for the formation of the J,J-dia.lko:x:.ycholest-5-enes. 

Sriniva.san, however, ha.s p>stula.ted tha.t the photolysis of 

buta.diene to give bicyclobuta.ne occurs through a. high-level vibration­

ally excited ground state (77), which is formed presuma.bly by demotion 

of a.n electron from the first excited singlet sta.te. Franck and Sponer 

(62) have also correlated photolysis and thermal reactions a.s occurring 

through excited ground state vibra.tional levels, the photolysis occurring 

through demotion of a first excited singlet electron and the thermal 

reaction occurring through promotion of a ground sta.te electron to a. 

high vibrational level. 

It ha.s been shown (see Cha.pter V) tha.t a thermal reaction of 

J-ethoxyeholesta.-J,5-diene (nii) with ethylene glycol readily occurs 

to give cholest-5-en-J-one ethylene keta.l (XXXVIII). An attempted 

thermal reaction of J-ethoxycholesta-3, 5-diene (nll) w.i.th ethanol, 

however, gave only cholest-4-en-J-one (XX) and sta.rting ma.terial (see 

Cha.pter V). Recovery of starting material could be explained sim.ply 

as a la.ck of rea.ctivity or may be due to the tact that pyrolysis of 

3,:3-diethoxycholest-5-ene (nv) to give 3-ethoxycholesta-31 5-diene 

(XIII) readily occurs at 190• (see Chapter I). In the reaction w.i.th 

ethylene glycol, however, the pyrolysis of the ethylene keta.l is 

unlikely due to its stability. 

These experimenta sucgest that the }ilotolysis of .3-a.lk:oxy­

cholesta-315-dienes can occur via a high-level vibrationally excited 

ground state, but in no way precludes the possibility of reaction 
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occurring through the first excited singlet state. 

It has been shown that a 3-alkoJcybicyclobutane (F) is not 

resp:msible for the formation of 3,3-dialkoxycholest-5-enes. The 

main photolysis product, however, accounts for only 6($ of the reaction 

mixture. About 10% of the remain.ing material consisted of cholest-4-en-

613-ol-3-one (XII) and the other 30% of cholest-4-en-.3-one (XX). This 

latter ~duct could arise through the photoaddition of water to the 

3-alkoxycholesta-3, 5-dienes. Since hyd.rolysis of 3-alkoxycholesta-3, 5-

dienes in alcohols occurs only very slowly in the absence of ultraviolet 

irradiation, it seems likely that a photo-induced hyd.rolysis bas taken 

place. The photo-induced hydrolysis may occur through a triplet state 

or the 3-a.l.koxycholesta-3,5-dienes. One supp:>rting piece of evidence 

for this is the fact that irradiation of 3-ethoxycholesta-3,5-diene 

(XIII) in the presence of benzophenone gave cholest-4-en-6j3-ol-3-one 

(XXI) in about 50% yield, compared to a 10% yield of XXI up:m direct 

irradiation of XIII in ethanol in the absence of benzophenone. Thus, 

it is not improbable that cholest-4-en-6j3-ol-3-one (XXI) arises from 

a triplet state of 3-ethoxycholesta-31 5-diene (XIII). Fu.rthermore, 

the rema.ining 50% of the reaction mixture consisted mstly of cholest-4-

en-3-one (XX) and cholest-5-en-3-one (XVI). 

In the photolysis of 3-methoxy-6-methylcholesta-31 5-diene 

(XXXI) and 6-fluoro-3-methoxycholesta-31 5-diene (XXXIa), the hyd.rolysis 

products only accounted for 5 - 15% of the total reaction mixture, 

compared to 40% in the irradiation of 3-methoxycholesta-3, 5-diene (XVII). 

It wuld be difficult at this time to account for this difference in 
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in terms of inter.mediate excited states. 

Summarizing, it may be stated that irradiation of 3-alko.xy­

cholesta-315-dienes in alcohols to give 3,3-dialkoxycholest-5-enes does 

not proceed through a bicyclobutane intermediate. Since it was shown 

that the bicyclobutane intermediate VI probably arises from the triplet 

state (76) 1 the reactive intermediate in the photolysis of 3-a.lko.xy­

cholesta-315-dienes is most likely not derived from a triplet state. 

A differentiation of mechanisms between an excited singlet state and 

a high-level vibrationall;y excited ground state seems premature at 

this time. 
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1. The m.elting p>ints were deter.mined on a. Kofler microscope 

hot-stage and are corrected. 

~ 

2. The analyses were carried out by Dr. C. Da.essle, Montreal; 
lt 

A. Bernhardt, Mulheim., Germany; and Schwarzkopf Microana.lytica.l 

Laboratories, WOodside 77, N.Y. 

3. The infrared spectra were determined on a Perkin-Elm.er 421 

grating spectrophotom.eter using one millim.eter sodium. chloride cells 

and carbon disulphide as solvant, unless otherwise stated. 

4. The ultraviolet absorption spectra were m.easured by m.eans of 

a Beckman recording spectrophotometer Model DKl. 

5. Nuclear ma.gnetic resonance spectra were recorded on a. Varian 

H.R. 60 instrument using carbon tetrachloride as solvant and tetramethyl-

silane (0 p.p.m.) as an intemal standard. 

6. Optical Rotations were pertorm.ed with a Carl Zeiss automa.tic 

p:>larimeter using a 0.5 dm. tube. 

7. Ail irradiations were perfo:rmed with a Hanovia 450 watt lam.p 

in a standard water-cooled immersion apparatus. 

S. Woelm alumina, activity II-III, and Davidson No. 923 silica. 

gel were used for column chroma.togra}ily. 

9. Merck A.G. silica gel was used for thin-layer chroma.tography (TLC). 
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CHAPTER I 

Irradiation of 3-Etho.xycholesta-3, 5-d.iene (nU) in Ethanol 

. \ EtOH A solut~on of 3.0 g. of nii, 1\ max 1 239 Dij.L (€ 17,900), was 

irradiated until no absorption oould be deteeted in the ultraviolet 

(1.5 hours). A.fter evap:>ration, one-halt of the erude ma.terial was 

chroma.tographed on silica gel. Elution with hexane, hexane-benzene, 

and benzene-ether gave 0.5 g. of crude cholest-5-en-3-one (IYI), m.p. 

llS-120°. Reerystallization from cyclohexane afforded 0.1 g. of XVI, 

m. p. ll9-l25°. The melting p:>int was not depressed up:>n admixture of 

authentic XVI (26a). The infrared speetra were superimposible. 

The other half of the erude photolysis product wa.s chromato­

graphed on alumina. Elution with pentane gave impure 31 3-diethox:y­

cholest-5-ene (XIV) in 6(1/, yield. Several crystallizations from 

ethanol gave nv, m.p. 49-50°1 [a.J 0 -28.4° (c, 1.06 in ehlorofom). 

Cale. for c31a54
o2: C, 81.16; H, ll.87%. 

Found: C, 81.26; H, ll.96%. 

Further elution with benzene gave 2(1/, of eholest-4-en-3-one 

(XX), m.p. 81-82°, not depressed up:>n admixture of authentic XX. 

Infrared and ultraviolet spectroseopy further proved the identity of 

the two products. 

Further elution with ether gave 25 mg. of cholest-4-en-6f}-ol-

3-one (XXI) (26b), m.p. 181-182°1 À ::_a, 237 Dij.L (€ 12,800), 'J CHCl 
3 
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3570 cm1 (free O-H)1 3380 cm-l (hydrogen bonded 0 H) 1 1685 cm-1 

(a.1 f3-unsaturated ketone). The m.e1ting point was not depressed on 

admixture with authentic XXI. 

3,3-Diethoxzcho1est-5-ene (XIV) and 3,)-Dimethoxzcbo1est-5-ene (XVIII) 

Following the procedure described by Ueberwasser et al. (27)1 

a solution of cholest-5-en-3-one (XVI) (1.0 g.) and 0.5 g. of malonie 

acid in 60 ml. absolute ethanol was stirred for 20 hours at 20-25 °. The 

solution was worked up as described and the result:ing oil chroma.tographed 

on alumina. Elution wi.th pentane yielded 0.38 g. of pure 31 3-diethoxy­

cholest-5-ene (XIV), m.p. 48-49°1 in 32% yield, identical (infrared, 

m.p. and m.ixed m.p.) wi.th that obtained by photolysis. 

Similarly, the reaction of cholest-5-en-3-one, 1.0 g. and 

0.5 g. of malonie acid in 60 ml. of absolute methanol yielded 0.685 g. 

of pure 31 3-dimethoxycholest-5-ene (XVIII), m.p. 96°1 identica1 (infra­

red, m..p. and m.ixed m.p.) with that obta:ined by JX!otolysis. 

J~ethoXlPholesta-),5-diene (XVII) 

To cholest-4-en-3-one (10 g.) and 10 ml. of trimethylortho­

forma.te in 50 ml. of dioxa.ne, was added t\tiO drops of ooncentrated 

sulphuric acid in 1. 5 ml. of dioxa.ne and the mixture ref1uxed for o. 5 

hours. Pyrid:ine (0.25 ml.) was then a.dded and the solution evapora.ted 

to an oil which wa.s oovered wi.th methanol and allowed to crysta1lize. 

Recrysta.1lization from ether-methanol yie1ded 5.8 g. of pure XVII, m.p. 
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67-68•, [a]D -97.1° (e, 1.12 in pyridine), À= 239 DlJ.I. (E 19,900). 

Cale. for c28a46o: C, 84.35; H, ll.63%. 

Found: C, 84.19; H, ll. 97%. 

Irradiation of ,3-Methoxzeholesta.-3, 5-diene (XVII) in Methanol 

Irradiation of 0.5 g. of MI in 1800 ml. o:t a.bsolute methanol 

for 30 minutes yielded, a.fter evaporation, 0.6 g. o:t an oil. Chromato­

gra.phy on alumina. and elution with pentane gave 200 mg. of 3,3-dimethoJcy"­

eholest-5-ene (XVIII) 1 m. p. 93 •. Reerysta.llization :t:rom a.eetonitrile­

ether gave pure XVlli, m.p. 95.7-96.0°1 [a.JD -35.5° (c, 1.07 in chloro­

form), identica.l (in:tra.red, m. p. and mixed m. p.) with tha.t described 

a.bove. 

Cale. :tor c2~50o2 : C, 80.87; H, ll. 7(]/,. 

Found: C, 81.19; H, 11.82%. 

Metha.nolY5is of J,J-Dietho~holest-5-ene (XIV) 

The erude irradiation produet of 1. 65 g. of 3-etho:xycholesta.-

3, 5-d.iene (nii) in ethanol was chromatogra.phed on alumina.. The oily 

hexa.ne eluate (o. 90 g.) was covered 'With methanol. After a. few da.ys, 

0.36 g. of 3a.-etho:xy-3f)-metho:xyeholest-5-ene (XV), m. p. 88-91 •, was 

obta.ined. Two reerysta.lliza.tions from methanol ra.ised the m.p. to 105-

106°. 

Found: C, 80.70; H, 12.05%. 
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In a second run, 100 mg. of pure .31 .3-dietho:.x:ycholest-5-ene 

(XIV) wa.s heated for 12 hours in methanol on a steam bath &nd the solvent 

allowed to eva.p::>rate. Cryst&lliza.tion of the reaction product from 

methanol ga.ve 40 mg. of XV, m. p. 96-9S•. The very cha.racteristic 

infrared and n.m.r. spectra of the products, m.p. 96-9S•, and m.p. 105-

106•, were indistinguish&ble. 

Cholest-4-en-.3-one (XX) from ,3Cl-Ethoxy-J@-metho:qcholest-5-ene (XV) 

When a 90 mg. sample of XV in carbon tetrachloride was t&ken 

to dryness on the steam bath, an oily mixture wa.s recovered. Chroma.to­

graphy on aluminum. o.xide and elution with hexane-benzene mixtures gave 

cholest-4-en-,3-one {XX), m. p. Sl-S2•. The melting p::>int wa.s not 

depressed on adm.ixture of authentic XX. Comparison of the infrared 

spectra confirmed the identity of the tl«> compounds. 

Further elution with ether ga.ve 25 mg. of a crystalline 

material, which melted at 182-18.3 • atter recryst&llization from hexane. 

The melting p::>int was not depressed on admixture with the materi&l 

obtained in the chroma.togram of the photolysis product of XIII in 

ethanol and XVII in methanol. 

Rate of Alcoholp!is of the ,3,,3-Dialkox;ycholest-5-enes 

Ketals XVIII and XIV were heated under reflux with ethanol 

and methanol respectively. Aliquots were withdrawn periodically and 

their n.m.r. spectra recorded. 
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In the methanol;ysis of' nv the .313-etho.xy group was replaced 

at a rate twi.ce as fast as the .3a-ethoxy group. The 313-etho.xy group 

disappeared in the n.m.r. spectrum af'ter 10 hours, the 3a group atter 

20 hours. 

When 31 .3-dietho.x:ycholest-5-ene (XIV) in 55 ml. of' methanol 

plus two drops of' pyridine was ref'luxed overnight, 3,.3-dimetho.x:ycholest-

5-ene was obtained. 

Irradiation of' ,3-Metho:xycholesta-3,5-diene (XVII) in Ethanol 

Irradiation of' 2.0 g. ot XVII in 1800 ml. of' absolute ethanol 

tor 3 hours gave 2.3 g. of product 'Which, on chromatogra.phy on alumina, 

yielded 1.1 g. of 313-ethoxy-3a-methoxycholest-5-ene (XIX). The n.m.r. 

spectrum of this material indicated the presence of' some epimeric .3a­

etho.xy-313-methoxycholest-5-ene (IV) in sma.ll amounts. Recrystallization 

from ethanol gave pure XIX, m.p. 98-99•, [a]D -.32.3• (c, 1.26 in chloro­

f'orm). 

Found: C, 81.43; H, 12.07%. 

Etf'ect of Silica Gel on f3, l -Unsaturated Ketals 

313-Etho.xy-.3a-metho.xycholest-5-ene (70 mg.) was chromatographed 

on 20 g. of silica gel. A mixture of cholest-4-en-3-one (XX) and 

cholest-5-en-.3-one (XVI) wa.s obtained as indicated by the infrared 

spectrum of the eluate, 'V 1735 cm-l (saturated ketone), 1690 cm-l (a,~-
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unsaturat~d ketone). 

Chroma.tography of pure cyelic diethylene ketal of cholest-5-

en-3-one (83) on silica gel resulted in complete recovecy of starting 

mate rial. 

Irradiation of 3-Ethox.ycholesta-32 5-diene (XIII) in Methanol with Pyridine 

Irradiation of 0.8 g. of llll in 1500 ml. of methanol and 0.25 

ml. of pyridine for 30 minutes gave by direct crystallization on 

evaporation of most or the solvent 0.25 g. of pure 3a.-ethoxy-3j3-metho.:x;y­

cholest-5-ene (XV), m.p. 110-112°. Recrysta.lliza.tion from ether-methanol 

gave pure XV, m.p. 112-11..3°1 [a]D -30.1° (e, 1.13 in chlorofom.). The 

intrared and n.m.r. spectra further proved the identity of this ma.terial. 

Ketal XVIII (lOO mg.) was distilled in vacuo (1 mm Hg) at 

190° tor tour hours. The distilla te (25 mg.) was shown to be 3-m.etho.:x::r­

cholesta-3,, 5-diene (XVII) by its m. p. mixed m. p., and intrared spectrum. 

When ketal XV was distilled in vacuo at 190°1 a mixture of 

3-ethoxy and 3-m.ethoxyeholesta-3, 5-dienes wa.s obtained. The mixture 

melted at 70-71 o and showed a green fiuoreseence on eooling from 80-72°. 

the cold melt then flu.oresces a dull blue. Pure 3-ethoxycholesta-3, 5-

diene, m. p. 8.3-84 •, f'luoresces royal blue on eooling from 97-92°. Pure 

3-methoxycholesta-3,5-diene fluoresees dull blue and dull red on cooling 
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from 65-50°. An artiticially prepa.red mixture of .3-ethoxy and .3-

metho:x:ycholesta-.3,5-dienes, m.p. 70-72°1 fluoresces green on cooling 

from 80-72°1 in the same manner as the mixture of dienes obtained by 

pyrolysis. 

Some Acid-catalyzed Reactions of .3,.3-Dimetho:qcholest-5-ene (XVIII) 

A solution of 50 mg. of XVIII in 10 ml. anhyd.rous ether 

containing tl«> drops of sulphuric acid was stirred for tl«> minutes. 

M'ter neutralization with pyridine, the solution wa.s washed with water, 

dried over magnesium sulpha.te and evaporated to give an oU whose 

infrared spsctrum showed prima.rily saturated and a, 13-unsaturated 

ketones. 

To a solution of 50 mg. of XVIII in 10 ml. of hexane was added 

a few drops of boron tritluoride etherate. M'ter stirring for one 

minute, 0.25 ml. of pyridine wa.s added and the solution e:xtracted with 

ether, wa.shed with wa.ter, and evaporated to dryness. An infrared 

spectrum of the resulting oU showed the presence of saturated and 

a,p-unsaturated ketones. 

When XVIII (50 mg.) in 10 ml. hexane and 10 drops of acetic 

anhydride was refluxed ovemight, no reaction occurred. 

Irradiation of .3-Ethoxyçholesta-.3, 5-d.iene (nii) in Isopropyl Alcohol 

Irradiation of 2.0 g. of nil in 1500 ml. of spectrograde 
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isopropyl alcohol .for 1.5 hours, gave 2.3 g. o.f product, which on 

chromatography on alumina yielded 1.0 g. o.f a 1:1 mixture of 3a.-ethox:y-

3(3-isopropo:x:ycholest-5-ene (xni) and 3(3-ethoxy-3a.-isopropoxycholest-5-

ene (see Fig. 4). 

Irradiation of 3-Etho:xycholesta-,3, 5-diene (XIII) in Ether 

A solution o.f 2.0 g. of XIII in 1800 ml. of ether wa.s 

irradiated for 1.33 hours. Chromatography on alumina yielded some 

starting ma.terial ( 0.3 g.) and a complex mixture of compounds. 

Photolysis of o. 5 g. of either XIII or XVII in 525 ml. pentane 

.for 1.5 hours gave a complex mixture which could not be separated on 

column chroma.tography. 



- 85 -

œAPrER II 

Jp-Acetoxz-;a,5~xidocholestane ~XXVIl 

To a solution of XIV (32) (7.5 g.) in 40 ml. ether was added 

lOO ml. of an ether solution of .uw:moper}il.thalic acid (0.081 g./ml.). The 

mixture was allowed to stand at room temperature (20°) for 18 hours. 

A further p>rt.ion of 50 ml. of ether solution of monoperphthalic acid 

was added and the solution allowed to stand for a further 18 hours. 

After washing with a saturated solution of sodium. bicarbonate and 

water, the ether solution vas dried over sodium. sulphate and evaporated 

to dr;yness. Crystalliza.tion from acetone-methanol yielded 6.0 g. of 

XXVI, m. p. 104-107 • (Lit. m. p. 114-115 • (34)). 

48-Deuteriocholestan-JP15~l JB-acetate (XXVIIa) 

To 0.30 g. of lithium. alum.inum. deuteride in 20 ml. of anhydrous 

ether vas added 2.0 g. of solid XXVI. .Anh.ydrous ether (20 ml.) was 

then added and the mixture stirred for two hours. After careful addition 

of water, the solution was washed neutral, dried over sodium sulphate 

and evaporated to dryness to give 1.9 g. of crystals, m.p. 198-218•. 

Recrystallization from ethyl acetate gave 1.2 g. of 4B-deuteriocholestan-

3P15«-diol (XXVII), m.p. 221• (Lit. m.p. 224.5-225.5• (84)). 

About 1.2 g. of XXVII in 40 ml. or pyridine and 15 ml. of 

a.cetic anhydride was left standing overnigbt a.t room temperature. After 

the usual work-up, recr15tallization from acetone-methanol gave 1.2 g. 
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of 4~-deut.eriocho1estan-3j3,5a.-diol .3~-a.cetate (XI.VIIa), m.p. 184-185° 

(Lit. m.p. 184.6-185.6° (85)). 

4~-Deuteriocholesteql Acetate ~XXVIII) 

To a solution of 1.15 g. of XI.VIIa in 20 ml. of pyridine at 

o•, 3 ml. of thionyl chloride 'Wa.S added and the solution stirred for 

20 minutes. lee water was added and after the usua.l work up, the 

oily crystals were crysta11ized twice from acetone~ethano1 to give 

500 mg. of XXVIII, m.p. 105-109•. 

4~-Deuterio-3a.,2-cyclocholestan-6e-ol (XXIX) 

About 425 mg. of XXVIII wa.s hydrolyzed (34) and 300 mg. of 

4J3-deuteriocholesterol (XXVIIIa), m.p. 146-148°1 was obtained after 

crystallization from acetone~ethanol. 

Tosylation of 260 mg. of XXVIIIa gave 290 mg. of 4J3-deuterio­

cho1esteryl tosyla.te (XXIVb), m.p. 131-132° (39). 

A solution of XIIVb (238 mg.) in 12 ml. of acetone and 3 ml. 

of wa.ter was refluxed with 200 mg. of sodium acetate for 15 hours. 

Ether extraction, and chromatogra}ily of the resulting oil on 4 g. of 

alumina gave 60 mg. of crysta1s1 e1uted by hexane-benzene mixtures. 

Recrystalliza.tion from acetone a.fforded 50 mg. ot xnx, m. p. 61-63. 

(identified by m.p. and mixed m.p. with an authentic samp1e (39)). 
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Irradiation of 3-Methogcholesta-3,2-diene XVII in Ethanol-d 

A solution of 2.1 g. ot XVII in 475 ml. of dry pentane, 55 ml. 

of ethanol-d (Ctf50D), and 0.25 ml. of pyridine was irradiated tor 3.5 

hours until little absorption could be detected in the ultraviolet. 

Atter evaporation, the crude photol;ysis product was chro.matographed 

on alumina.. Elution with hexane gave 1.1 g. of oily" 4-deuterio-3P­

etho1Q"-3«-~~ethox,ycholest-5-ene (XIXa, IIXb). Cr;rstallization trom 

ethaiX>l gave 500 mg. of (XIIa., IIXb), m.p. 92-93° (24). 

fi.-Deuteriocholest-5-en-;-one (XVIa1 XVIb) 

A solution of 500 mg. of 4-deuterio-3p-ethox,y-3ct-methox,y­

cholest-5-ene (XIXa, XIIb) in 30 ml. acetone and 3 ml. of water 

containing 100 mg. of malonie acid wa.s allowed to evaporate slowly" 

at room temperature. Atter 66 hours, 350 mg. of 4-deuteriocholest-5-

en-3-one (XVIa, XVIb), m. p. 127-128°, wa.s obtained by filtration. Its 

m. p. was not depressed upon admixture of cholest-5-en-3-one (26&). 

4-Deuterio-3a., 2-Cf!?locholestan-§a-ol 1xnx, lXIXa.) 

To 350 mg. of lithium alurninurn hydride in 25 ml. ot ether was 

added 350 mg. of the 3-ketone (XVIa, XVIb) obtained above. Atter stirring 

tor tli!O hours, the reaction mixture was li!Orked up and 355 mg. of clj"Stals 

were obtained. Recr;ystallization from acetone-methanol gave 210 mg. of 

4-deuteriocholesterol (XXIV, IDVa), m. p. 138-140°. Its m.p. was not 

depressed upon admixture of cholesterol. 
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Tosylation (39) of 4-deuteriocholesterol obtained above gave 

230 m.g. of 4-d.euteriocholesteryl tosylate (XXIVb, XXIVc). 

Solvolysis of 230 mg. (see before) (39) of the tosylate (XXIVb, 

IXIVc) gave 130 mg. of XXIX, XII.Xa). Crystalliza.tion from acetone 

yielded 38 mg. of (XXIX, XII.Xa), m. p. 64-66•. Its m. p. wa.s not 

depressed up:>n a.dmix.ture of an a.uthentic sample (m.p. lit. 63-65• (39)). 
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CHAFTER III 

5«,6a-Oxidocholestan-JB-ol 

About 105 g. of cholesterol in 700 ml. of dr,y benzene was 

treated with 1200 ml. of monoperphtha.lic aeid (33) (0 .. 072 g./ml.) and 

allowed to stand for 72 hours. The ether solution was wasbed with a 

saturated solution of sodium. bicarbonate and with water, dried over 

sodium. sulphate and evaporated to dryness. Reerystallization from 

ethyl acetate yielded 50 g. of 5«,6«-oxidoebolestan-J~-ol, m.p. 138-

1.410 (Lit. m.p. 142-144• (86)). 

6a~ethyleholestan-}B,5«-diol 

To 10 g. of 5CL1 6a-oxidoebolestan-JP-ol in 150 ml. of dr,y 

benzene was added owr a 15-minute period a solution of :œ.ethyl magnesium. 

iodide (prepared from 8.0 g. of magnesium. and 20 ml. or aethyl iodide) 

in 100 ml. of dr,y ether. Part of the ether was driven off and a further 

100 ml. of dry benzene was added. Wb.en the temperature of the distillate 

reached 78•, the solution was refluxed for a further four hours. 

The exeess Grignard was destroyed by adding 200 ml. of ice 

wa.ter containing 0.04 moles of ammonium ehloride. The solution was 

extracted with ether and after the usual -work up gave 6.2 g. of 6~­

methyleholestan-Jp, 5a.-diol1 m. p. 178-179", in 6o,g yield (Lit. m. p. 

181-181.5° (44)). 
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6ê~ethylcbolestan-5a-ol-3-one 

To a mixture of 3.0 g. of 6(3-methylcbolestan-3f3,5a.-diol in 

60 ml. acetone at o•, Jones reagent (50, 51, 52) wa.s added drop by drop 

until the solution was pale-green. The solution was stirred at o• 

for 20 minutes. Water was added and the product filtered, washed with 

methanol until colourless and reerystallized from aeetone-methaml to 

give 2.0 g. of 6f3-methyleholestan-5a.-ol-3-one, m.p. 199-200° (Lit. m.p. 

215.5-216° (44)). 

6a.-Methyleholest-4-en-3-one (XXXl 

Into a solution of 2.0 g. of 6j3-methylcholestan-5a.-ol-3-one 

in 20 ml. of chloroform, anhydrous hyd.rochloric a.cid wa.s bubbled for 10 

minutes. Evap:>ra.tion of the solvant left an oil which was ehromato­

gra.phed on alumina. Elution with hexane-benzene mixtures gave 0.7 g. 

of XXX:, m.p. 122-123• (Lit. m.p. 127-128.5° (44)). The infrared 

spectrum of XXX confinned the structure. 

3~ethoxz-6-methzlcholesta-3,?-diene (XXXI) 

To o. 55 g. of XXI in 5 ml. of dioxa.ne and O. 5 ml. of tri­

methylorthoforma.te wa.s added one drop of concentrated sulphuric acid 

in 0.5 ml. of dioxa.ne and the solution wa.s refluxed for two minutes. 

Pyridine (0.25 ml.) wa.s added and the solvant was eva.p:>rated in va.cuo. 

The resulting oil was covered with methanol and allowed to crystallize 

overnight. Reccystallization from methanol gave 0.47 g. of XXXI, m.p. 
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89.5-91•, À =H 247 ID.J.t (E = 241 800) (c.f'. 87), 

in pyridine). 

C&lc. for C2c:J\8o: c, 84.40; H, 11.72%. 

Found: C, 84.24; H, 11.73%. 

Irradiation of ,3--Methog-6-m.ethzlcholesta-3, 5-diene {.xxn) in Methanol 

Irradiation of 0.4 g. of XXXI in 70 ml. of pentane and 450 

ml. of methanol for .30 minutes gave directly by concentration of the 

solution and filtration 0 • .32 g. of 3,3-dim.ethOJQ"-6-metbylcholest-5-ene 

(IXni), m.p. 118-119°1 in 75% yield. Recrysta11ization from ether­

methanol gave XXXII, m.p. 119-121°1 [a.]D -43.5° (c, 1.14 in chloroform.). 

Cale. for c3c1152o2: C, 81.02; H, 11. 791>. 

Found: C, 81.55; H, 11.82%. 

Evap:>ration of the œther liquors lett llO mg. of an oil 

whose infrared spectrum. indicated the presence of ketal XXXII, an a.1 f3-

unsaturated ketone, 'V 16S5 cm-1, and a saturated ketone,)) 1720 cm-1• 

A solution of 125 mg. of XXXII, 50 mg. of malonie acid, 10 

ml. of acetone and 1 ml. of wa.ter was allowed to stand for four days at 

room temperature. An infrared spectrum of the product, obtained after 

the usual work: up, showed that complete hyd.rolysis bad occurred to 

give an a.1 f3-unsaturated ketone, 'V 1685 cm-1, and a saturated ketone, 

)) 1720 cm.-1• 
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6ê-Fluorocholestan-3B.5a-diol 

Boron trifluoride ethe rate ( 5 ml.) was added to a solution 

of 5a, 6a-oxidocholestan-Jj3-ol ( 5. 0 g.) in a 1:1 mixture of anhydrous 

ether-benzene (500 ml.) and the solution was allowed to stand for three 

hours at room temperature. The solution was washed with 5% sodium 

bicarbonate solution, water dried over sodium. sulphate and evap>rated 

to dryness. The residue was dissolved in 150 ml. or benzene-ether 

(4:1) and adsorbed on alumina suspended in benzene as the initial 

solvent. Elution with benzene-ether (4:1) (450 ml.) gave an oil and 

further elution wi.th 1200 ml. of ether gave starting material. Elution 

with absolute ethanol gave 3.0 g. of impure 6B-rluorocholestan-3J31 5a­

diol (45), m.p. 185-200•. (Lit. crude m.p. 189-202°1 pure m.p. 219-

221 • (45)). This product was not further purified. 

6B-Fluorocholestan-5a-J-one 

A solution of crude 6j3-rluorocholestan-3J31 5a-diol (3.0 g.) 

in 150 ml. of acetone at o• was treated with an excess or Jones reagent 

(50,51,52). After standing for three minutes at o•, water was added 

and the precipitate was filtered to give 2.0 g. of 6j3-fluorocholestan-

5a-ol-3-one, m. p. 210-225• (Lit. crude m. p. 223-227°, pure m. p. 230-231° 

(45)). The precipitate was washed with methanol until colourless and 

the material was used directly in the next step. 
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6a-Fluorocholest-fr-en-3-one (IXXa) 

Into a solution of 1. 7 g. of 6f3-fluorocholesta.n-5a.-ol-3-one 

in 20 ml. of chloroform, a.nhydrous hydrogen chloride was bubbled :f'or 

15 minutes. Af'ter standing for one hour, the chloroform was evapora.ted 

and the oily" residue wa.s chromatographed on alumina.. Elution with 

hexa.ne-benzene (1:2) gave 650 mg. o:f' x:x:xa., m.p. 115-116• (Lit. m.p. 

116-118° (45)). Its infrared spectrum showed peaks for an a.,f3-

unsaturated ketone ()} 1695 cm -l) and !or carbon-fluorine stretching 

(V 1067 cm-1). 

6-Fluoro-)-methogcholesta-3, 5-diene (XXXIa) 

To a solution of 0.37 5 g. of x::xxa in 5 ml. o:f' dioxane and 

o. 5 ml. of tri.methylorthoforma.te was added one drop of concentrated 

sulphuric acid in 0.5 ml. of dioxane and the solution was re!lux.ed 

for tw minutes. Pyridine (0.25 ml.) was added and the solvant was 

evaporated in vacuo. The oil obtained was covered with methanol to 

induce cr.ystallization. Reerystallization from ether-methanol 

{containing one drop of pyridine) a.fforded 0.30 g. of XIXIa, m.p. 90.5-

91.501 [a.)D -107.5° (e, 0.93 in pyridine), À ;;:H, 239 Jlli.L (E 22,600). 

Gale. for c28H
45

oF: C, 80.71; H, 10.89; F, 4.56%. 

Found: C, 80.18; H, 10.26; F, 4.65%. 

Irradiation of 6-Fluoro-3-methogeholesta.-3, 5-diene (XXIIa.) in Methaœl 

Irradiation of 0.20 g. of .xma in 50 ml. of pentane and 475 
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ml. of methanol for 20 minutes gave directly by concentration of the 

solution and filtration 0.175 g. of 3,3-dim.ethoxy-6-fluorocholest-5-

ene {I.XXIIa) in 85% yield. Recrystallization from ether-methanol gave 

XXXIIa., m.p. 104-104.5•, [a.] 0 -31.4° {c, 1.0 in chloroform). 

Cale. for c29"49o2F: C, 77.63; H, 11.01; F, 4.23%. 

Found: C, 77.29; H, 10.78; F, 4.67%. 

Evaporation of the mother liquors gave 35 mg. of oil whose 

infrared spectrum indicated the presence of ketal XXXIIa, an a.,~­

unsaturated ketone (') 1695 cm-1), and a saturated ketone ('Y 1730 cm-1). 

A solution of 25 m&• of .IXXIIa in 5 ml. of carbon tetrachloride 

was evaporated in vacuo at so• on the steam bath. The resulting oil 

showed absorption in the infrared spectrum at 1730 cm-1 and 1695 cm-1 

indicating the formation of saturated and a.,~-unsaturated ketones 

respectively. 

6ê-Nitrocholest-4-en-J~-ol (XXXIV) (46) 

A solution of 3~-acetoxy-6-nitrocholest-5-ene (XXXIII) (5.0 

g.) (49) in 300 ml. of methanol, containing 3.0 g. of potassium hydroxide, 

was heated under reflux for 1.5 hours. Acidification with acetic acid, 

addition of water and filtration gave a product which was crystallized 

from aqueous methanol to yield 1.83 g. of XXXIV. Recrystallization from 

methanol gave xxnv, m.p. 141-142·, [a.Jo -98.9° (c, 0.89 in chloroform). 

Cale. for c27H45o3
N: C, 75.13; H, 10.51; N, 3.25%. 

Found: C, 75.01; H, 10.74; N, 3.70%. 
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6ê-Nitrocholest-4-en-3-one (XXXV) 

To a solution of 1.0 g. of xmv in 60 ml. of acetone at o• 

was added an excess of Jones reagent (50,51,52) and the solution was 

stirred for two minutes. Addition of water and filtration of the 

resulting precipitate gave 1.0 g. of XXXV. Recrystallization from 

ether-methanol gave 0.8 g. of XXXV, m.p. 118-119•, [a.]0 -9s.s•, (c, 

o.~ in chlorofo:nn), À=~ 233 ~ (E 12,600). 

Cale. for c27H43o3N: c, 75.48; H, 10.09; N, 3.26%. 

Found: C, 75.44; H, 10.47; N, 3.29%. 

6a.-Nitrocholest-4-en-,3-one (XXXb) 

A solution of 600 mg. of XXXV in 5 ml. of methanol, containing 

25 mg. of potassium hydroxide, was kept at room temperature tor two 

minutes. After acidification with aeatic acid, addition of water gave 

600 mg. of XXXb. Reerystallization from methanol gave pure XIXb, m.p. 

136-137•, [a.J0 +7a.o• (c, 0.91 in chlorofom), À=~ 232 ~ (€ 15,800). 

Cale. for c27H43o3N: C, 75.48; H1 10.09; N, 3.26%. 

Found: C, 75.55; H, 9.99; N, 2.47%. 

;-Methoy-6-nitroeholesta-;, 5-diene (XXXIb) 

To a solution of 350 mg. of XXXb in 5 ml. of diox.ana and 0.5 

ml. of trimethylorthoformate was added one drop of concentrated sulphuric 

a.eid in 0.5 ml. of dioxane and the solution was refluxed for two minutes. 

Pyridine ( 0.25 ml.) was a.dded and the sol vent renoved in va.cuo a.t 80°. 

The oil was covered with methanol and after standing in the cold over-
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night, 250 mg. of XXXIb, m.p. 135-136°, was obtained. Reerystallization 

from ether-methanol (eontaining one drop of pyridine) deereased the m.p. 

of xnib to l29-JJ6°, [a.] 0 -8.3° (c, 1.27 in pyridine), À =H 233 llijJ. 

(E 14,000). 

Cale. for c2ga
45

o
3
N: C, 75.80; H, 10.22; N, 3.16%. 

Found: C, 76.01; H, 10.20; N, 2.58%. 

Irradiation of 3-Methog-6-nitroeholesta-3, 5-diene (Imb) in Methanol 

Irradiation of 0.2 g. of XXXIb in 10 ml. of pentane and 515 ml. 

of methanol for 10 minutes gave up:>n evap:>ration of the solvent 0.23 g. 

of oil. Its n.m.r. speetrum showed broad absorption peaks indicative 

of a eomplex mixture of comp:>unds,. 

61;-Metho:xycholest-4-en-;-one (XXId) {47) 

A solution of 2.9 g. of eholest-4-en-3-one (26b), 4.46 g. 

of cupric bromide, 1.6 ml. of pyridine and 40 ml. of methanol was 

reflux.ed for 35 minutes. The solution was eooled and the inorganic 

preeipitate was filtered. The filtrate was evap:>rated and treated 

with ethyl acetate in order to precipitate all of the eupric bromide. 

Filtration gave an ethyl acetate solution, which was evap:>rated to an 

oil and treated with ether-methanol to effeet crystallization. About 

500 mg. of 613-methoxycholest-4-en-3-one (XXXd) were obtained in this 

manner. Chromatography of the roother liquors on alumina gave in the 

hexane-benzene (1:2) fractions a further 1.0 g. of XXXd, m.p. 107-108°. 

. , EtOH 
Reerystall~zation from methanol gave .XXX:d, m. p. 113-114 °1 A max 234 Jill.!. 



- 97 -

(V 14,400). Its infrared spectrum showed absorption peaks at 1690 cm-1 

-1 and at 1095 cm due to the a.,~-unsaturated ketone and the 6~-metho:x:y 

group respectively. 

It wa.s attempted to prepare 31 6-di.m.etho.x:ycholesta.-3,5-diene 

by treatment of XX.Xd with trimethylorthoforma.te (see before) but a 

mixture of dienes and ketones resulted as indicated by an infrared 

spectrum of the oily product. 

An attempt to prepare 31 6-dimetho:x:ycholesta-3,5-diene by 

similar treatment of cholestan-31 6-dione (26d) with trimethylortho-

formate also failed. 

Cholest-4-en-6-one (Nt) 

To a solution of 12 g. of .5a.,6a.-oxidocholestan-3~-ol in 200 

ml. of dry benzene was added a mixture of approximately 15 g. of anhyd.rous 

magnesium bromide in 50 ml. of diethyl ether (anhydrous magnesium 

bromide wa.s prepared by adding bromine dropwise with shaking over a 30-

minute period to 3.0 g. of magnesium in 10 ml. of ether). The solution 

wa.s distilled until the temperature of the distillate wa.s 78° and 100 

ml. of benzene wa.s added. The solution wa.s then refluxed for five 

hours. .After cooling, wa.ter wa.s added and the solution wa.s worked up 

as usual. Chroma.tography of the resulting oil on alumina gave in the 

hexane-benzene (1:1) fractions 1.0 g. of cholest-4-en-6-one. Recrystal­

liza.tion from methanol gave cholest-4-en-6-one, m.p. 107-108° (Lit. m.p. 

107-108° (44)). Its infrared spectrum showed the presence of an a.,~-
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An attempt to prepare 6-ethoxycho1esta-3,5-diene by treatment 

of cholest-4-en-6-one with triethylorthoformate was unsuccessful (see 

before). 
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CHAPI'ER IV 

Irradiation of 3-Chlorocholesta-;1 5-diene (XXXVI) in Ethanol 

A solution of l.S g. of XXXVI (55,56), À EtOH, 242 JllJ.I. (e 22,400), 
max 

250 {i) and 230 (i) Dlll (€ 20,400 and 15,300) in 450 ml. ethanol and 50 

ml. of pentane wa.s irradiated until no ultraviolet absorption could be 

detected (4 hours). After eva.p:>ra.tion of the sol vent, the Jhotolysis 

mixture was separated by TLC (silica. gel). Using hexane as eluant, t'ti!O 

fast (A and B) and two slow-moving bands (C and D) were evident. 

Desorption of bands A and B with ether gave 200 mg. of oil, which was 

separated by TI.C (hexane) into tour major and two minor bands. Fractions 

1, 2 and 6 conta.ined lesa than 0.5% chlorine. Their infrared spectra 

showed only bands ch.a.racteristic of hydroca.rbons. 

Fraction 3 (50 mg.), m. p. 55-65°, on recrystalliza.tion from 

methanol yielded 14 mg. of a compound, m.p. 67-71°1 whose n.m.r. and 

infra.red spectra were virtually identica.l with th.a.t of 3~-chlorocholest-

5-ene, m.p. 97• (26c). 

cale. for C27H45c1: C, 80.04; H, 11.19; Cl, 8.75%. 

Found: C, 79.21; H, 11.17; Cl, 9.Ja%. 

Desorption of band C with ether and rechroma.tography (TLC, 

hexa.ne-benzene 4:1) yielded fractions 7-l4. Fraction 9 gave 53 mg. or 

crystals, m. p. 125-129°. Recrystalliza.tion from he.xane gave 16 mg. of 

pure 3-chloro-6~-ethoxy-36,5-cyclocholestane (XXXVII), m.p. 131-133•, 

[a.] +6.s• (c, 1.5 in chlorofo:nn). 
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Cale. for C29H
49

oc1: C, 77.56; H, 11.00; Cl, 7.90%. 

Found: C, 77.54; H, 10.57; Cl, 8.01%. 

Fractions 7, 8, 10, 11, 12, 13, and 14 could not be suf'ficientl.y 

purified for structural studies. 

Band D, af'ter extraction with ether, was rechromatographed 

(Ttc, benzene-ether (19:1)}. Fractions 15-18, accounting for 65% of 

the photolysis products, were obtained but could not be characterized. 

Irradiation of ,3-Aceto.xzcholesta-J, 5-diene (XXX:V!a) 

A solution of 1.1 g. of X.XXV!a (57) À =H 234 J1ij.t (€ 16,000) 

in 1700 ml. of ethanol, methanol, or methanol containing a few drops of 

pyridine was irradiated until the absorption maximum had decreased to 

less than 5% of the original absorption (1 hour). Chrom.atography on 

alumina yielded in the ether fractions 100 m.g. of cholest-4-en-6~-ol-

3-one (XXI), m.p. 160-165°. Recrystallization from hexane gave XXI, m..p .. 

181-184 • (mixed m. p. with an authentic sample is 181-184 •). 

Irradiation of XXXVIa in pentane yielded intracta.ble mixtures. 

)-(P-Ethoxypbeprl)cholesta-3z2-diene (IXXVIc) 

p-Bromophenetole ( 9 ml.) in 40 ml. of anhydrous ether was 

added slowly to 2. 75 g. of magnesium, activated by a few cryatals of 

iodine. After completion of the reaction (3 hours), 10 g. of cholest-4-

en-3-one was added to the Grignard reagent and the reaction mixture was 
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stirred under reflux ovemight. A 20% solution of hydrochloric acid in 

ethanol was added slowly to the reaction mixture to destroy excess 

Grignard and the mixture was refluxed for four hours to ensure dehydration 

of the reaction product. 

About S.O g. of XXXVIc1 m,.p,. 120-121 •, À ;;:H, 2SS J1ll.l. (€ 25, 900)1 

À=~ 227 J1ll.l. (€ 10,300)1 234 m~-t (shoulder), was obtained in 63% yield. 

Cale. for c
35

H
52

o: C1 86.00; H1 10.72%. 

Found: C, 86.00; H, 10.38%. 

Irradiation of 1.2 g. of XXXVIc in either ethanol or pentane-

acetic acid for seven hours yielded intractable mixtures. 

Irradiation of 3-Phe&lcholesta-J, 5-diene (IXIVIb) in Ethanol 

Irradiation of 1.2 g. of XXXVIb (5S) in 1300 ml. of ethanol 

and 400 ml. of pentane for 24 hours gave 2.S g. of product. Chroma.to­

graphy on alumina gave a total of 1.6 g. of oily fractions. The 

n.m.r. spectrum of the major fraction indicated a mixture. 

Irradiation of 3-Ethzlthiocholesta-3,5-diene (IXXVId) in Ethanol 

Irradiation of 0.37 g. of XXXVId (59) in 425 ml. of ethanol, 

lOO ml. pentane and 0.25 ml. pyridine for 0.5 hours yielded 0.5 g. of 

a brown evil-smelling oil. Chroma.tography on alumina did not result 

in further purification. 
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Irradiation of J~-Pyrro1idiny1cho1esta-3,5-diene (XXXVIe) in Pentane 

Irradiation of 0.5 g. of XXXVIe (60,61) in 525 ml. of pentane 

for one hour gave O. 5 g. of a c1ear oi1 up>n evap>ra.tion of the pentane 

in vacuo at room temperature. The n.m.r. spectrum of the c1ear oi1 

showed very broad absorption characteristic of an intractab1e mixture. 
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CHAPTER V 

Irradiation of 3-Ethoxzcholesta-,3,5-diene (XIII) in EthanoJ. 
Saturated with Oxygen 

A solution of o. 8 g. of XIII in 565 ml. of ethanol, through 

which oxygen had been bubbling for 40 minutes 1 was irradiated un til the 

absorption maximum of XIII had decreased to 2% of its original intensity 

(1 hour). Chroma.togra}ily on alumina gave, in the hexane fractions, 525 

mg. of 31 3-diethoxycholest-5-ene, m.p. 48-49•. Its m.p. and infrared 

spectrum were identical with that of an authentic sample (24). Elution 

with ether yielded 75 mg. of cholest-4-en-6~-ol-3-one, m.p. 182-183°1 

identified by a mix.ed m.p. with an authentic sample (26b). Both 

products had been fo:rmed in similar yields when oxygen had been excluded 

from the photolysis reaction (24). 

Irradiation of 3-Ethoxycholesta-),5-diene ~XIII) in Ethanol Using 
Benzophenone as a Photosensitizer 

Irradiation (utilizing a 11 pyrex11 sleeve to absorb radiation 

below .330 Jnl.l) of 0.5 g. of XIII in ethanol (525 ml.), containing 0.5 g. 

of benzophenone, for 2.5 hours resulted in a decrease of the absorption 

maximum to less than 20% of the original absorbance. Evap::>ration of 

the solvent gave 0.2 g. of benzpinaool as crystals. The remaining oil 

(o. 6 g.) was chroma.tographed on alumina. Elution with hexane gave 90 

mg. of XIII. Fu.rther elution with hexane-benzene mixtures gave 

fractions which seemed to contain benzophenone, benzpinaool, and cholest-



- 104 -

4-en-3-one as indicated by their infrared spectra. Elution with ether 

gave 190 mg. of crude cholest-4-en-613-ol-3-one (XXI), from·which 60 mg. 

of XXI, m. p. 186-187°, was obtained by crystallization from hexa.ne. 

The same irradiation perfor.med in the absence of benzophenone 

showed no reaction after 2.5 hours. 

Therual Reaction of )-Ethogcholesta-3,5-diene 'XIII) in Dry Ethzlene 
Glycol and Pz;cidine 

A solution of 50 ml. of ethylene glycol and 200 ml. of benzene 

was distilled Wltil ail of the benzene was rell'l)ved. About o. 5 g. of 

XIII was added to the refluxing ethylene glycol and 1 ml. of pyridine 

was dropped into the mixture. After refluxing for four hours the 

solution was allowed to cool to room temperature. The solution was 

extracted with ether, washed eight times with water, dried over sodium 

sulphate and evaporated to dryness to give 0.3 g. of an oil, which 

crystallized on standing. Two recrystallizations from ether-isopropa.nol 

gave cholest-5-en-3-one ethylene ketal (XXXVIII), m. p. 1.30-131•. The 

infrared spectrum of the ketal and a mixed m.p. with authentic material 

(83) confinned the identity of the product. 

Reaction of 0.5 g. of cholest-4-en-3-one (XX), Wlder identical 

conditions as above resulted in complete recovery of starting material. 

Thermal Reaction of .3-Ethoxz:oholesta-3,5-diene (XIII), in Ethanol and 
Pyridine 

A solution of 0.1 g. of XIII, 8 ml. of ethanol, and 0.5 ml. of 
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pyridine was heated at 175° for six hours in a sealed tube. The 

solution was cooled to room temperature and the solvant evap:>rated 

in vacuo. An in.frared spectrum of the resulting oil did not show 

any bands characteristic of 3,3-diethoxycholest-5-ene (XIV) (24). 

On1y the presence of starting material and an a,p-unsaturated ketone 

( cholest-4-en-3-one from hydrolysis of XIII) were indicated by the 

infrared spectrum.. 
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CHAPTER VI 

~-Deuteriocholesta-3,5-diene 

To a mixture of 0.2 g. of lithium aluminum. deuteride in 20 

ml. of ether was added as a solid o. 5 g. of cholest-4-en-J-one and the 

solution was stirred for one hour. A solution of 2 ml. of concentrated 

hydrochloric acid in 10 ml. of ethanol was added, and the reaction 

mixture allowed to reflux for one hour. After the usual 'WOrk-up, 0.3 

g. of pure 3-deuteriocholesta-3,5-diene, m.p. 81°, was obtained. Its 

melting p:>int was not depressed on admix.ture of authentic cholesta-J, 5-

diene ( 26e) • 
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CLA.IMS TO ORIGINAL RESEARCH 

I. The photolysis of 3-alkoxycholesta-3,5-dienes was investigated. 

II. A simple procedure for preparing p, 't -Wlsaturated mixed ketals 

has been described. 

III. The photolyses or other 3-substituted cholesta-3, 5-dienes were 

described. 

IV. Mechanistic interpretations or the irradiations were suggested. 

V. N.m.r. data or fourteen cholesta-31 5-dienes were given. 

VI. 3-Deuteriocholesta-3,5-diene, 4l3-deuterio-3a1 5-cyclocholestan-

6l3-ol, 4P-deuteriocholesterol and other deuterated cholesteryl 

derivatives were stereospecitically synthesized. 
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