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NOTE  

The oonui&ration of the hydrogen atoms at the ring junctions 

will be 5a 9 8099 and 14c, unless otherwise seci1ied. 

In the diagrams the configurations are shown as follows: 

• solid line indicates a -configuration 

• broken line indicates . *-configuration 

• wavy line indicates an unknown configuration or a 

mixture of isomers. 

A dotted line indicates a partially formed bond. 

The nomenclature, adopted by 31adon and cMeeken 6  for exooyclic 

steroid epoxidss has been followed. 

The exocdolic carboii at 0-3 will be narieu ti'e 3' vo6ition, 

is  



Summary 

The steraochemioal results of the epoxidation with dimethyl-

oxosulhonium methylide and dime thy lsulphonium metbylide of 5a-

oholestan-3-one, 2o-me thy l-50-aholestan-3-one, 2, 2-dime thy l-5c.-

obolestan-3-one, 50-cholestan-2-one and 5c-androatan-17-one and the 

epoxidation with peracids and the alkaline hydrogen peroxide-benzo-

nitrile system of the methylene-derivatives of these five ketones 

have been studied. 	Dimethyloxosuiphonium methylide with the A-ring- 

ketones gave mainly eoxidee resulting from euttorial attack, while 

its reaction with the 17-ketone involved attack from the a-side. 

Attack of 5c-cholestan-3-one and 2 ,2-dimethyl-5c-oholestan-3-one 

with dime thy laulhonium methylide Was mainly axial, whilst the 

epoxidaLion of 2c-me thy l-50-cholestn-3-ofle and 50-oholestan-2-one 

with the same reagent involved drincipally euGtorial attack. The 

reaction of 5a-androstan-17-one with dime thy lsulhonium metiiylide 

gave the 17 9 20-epoxide. 	Peracid attack of the 3-rnethylene-steroids 

was mainly axial, while that of 2-methylene-50-cholestan and 17- 

methylene-5c-androstane was predominantly from the a-side. 	Lpoxi- 

dation of the A-ring-meth.ylene-steroids with the alkaline hydrogen 

peroxide-benzonitrile system involved predominantly equ4torial 

attack, whilst 17-methylene-5a-androstane with this reagent gave 

the 17o,20-epoxide. 	The addition of h.ypohalous acids to 3-methylene- 

50-oholestane has been studied. 	The epoxidation of A-nor-5c- 

cholestan-2-one with dime thyloxosulphonium meth 1ylide and the peracid 

epoxidation of 2-methylene-A-nor-50-cholestafle and 3-iaethylene-4 9 4-

dimethyl-oholest-5-ene have been carried out. 

The reactions of methylene-epoxides under basic conditions 



involved attack at the exocyolic carbon atom, while with acids or 

reagents involving coordination to the epoxide oxygen as the first 

stage attack took place at the more heavily substituted steroid-

ring carbon atom. 

The stereochemistry of the intermediate amino-alcohols produced 

in the Tiffeneau reactions of 50-oholeatan-3-one, 2a-methyl-5c-

obolestan-3-.one and 2 9 2-dimethyl-50-oholeatan-3-one has been deduced 

from the corresponding 3-methylene-epoxides by cleavage with 

followed by reduction of the 3-azidomethyl-3-aloohols. 

The epoxidation of oholest-4-en-3-one with dime thy lsul 1ihonium 

methlide was unsuccessful, alumina ohroxaatograhy of the crude 

Product allowing for the isolation of an o-unsaturated-50-oholestan-

3-aldehyde. 	The synthesis of 3-methyl-3c ,3 '-eoxy-5ct-oholestan-2- 

one from 2 9 2-ethylenodioxy-5c-oholestan-3-one has been carried out. 

2.'Meth.ylene-5a-eholeatan-3-01 was prepared from 2-N-pi LJeridino- 

me thy lene-50-oholestan-3-one and the peracid epoxidation of the 

2-meth4lene-33-01 and its 3P-acetate was carried out, followed by 

modifications of the 0-3 functional groups of the epoxidea. 	The 

reactions of these 3-oxygenated-2-methylene-epoxides with acidic 

reagents involved cleavage of the bond between the epoxide oxygen 

atom and the exocyolic carbon atom. 

The epoxidation of the 3-ethylidene-50-oholestanes and 3-

isoproplidene-50-crioleetane with peracid involved predominantly 

axial attack, whilst epoxidation of these compounds with the alkaline 

hydrogen peroxide-benzonitrile system showed a preference for 

equ6.torial attack to take place. 	ihe epoxide derivatives of the 

3-ethylidene-5c-cholestanes all gave 3-acetyl-5c-oholeatane on 



rearrangement with 813, the -e&oxides also diving some 3c-methyl-

5a-oholestan-3-a1dehyde. 	The B.F3 catalysed rearrangements of the 

two 3-ieopro.y1idane-epoxidea have been carried out. 	The a- 

epozide gave 4,4-dime thy l-A-hoxno-5a-oholestart-3-one and 3-methyl-

3cL-.acetyl-5a--oholestane, while the -epoxide gave 3a-methy1-3-

aoety1-5c-oho1estane. As part of the proof of the structure of 

the ring enlargement product from the cL-epoxide, the inethylation 

of A-hoino-5a-oholestan-4-one was carried out. 

The synthesis and the BF3-catalysed rearrangements of the 

epoxides of 2-iaopropylidene-A-nor-5a-oholestane have been carried 

out. 

The a- .nd f3-epoxides of 2,3-diznethyl-5ci-oholestane have been 

prepared and treated with 1313, the a-epoxide giving 2-rnethyl-2c.-

ace tyl.-A-nor-5a-OhOleetafle and the -epoxide the corresponding 2a-

me thy 1-2 3-aoe ty ]-compo und. 

Finally the reaction of 2o,3o-eI?oxy-50-eholestane with methyl 

magnesium iodide was found to involve rearrangement to 5c-oholestan-

3-one. 
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The chemistry OX the eeoxide group in steroid systems has 

been extensively investigated. 	The methods of synthesis and 

ring-opening reactions of particular steroid eoxidee illustrate 

the influence that steno, electronic, and conformational factors 

can have U&Qfl  the chemical reactions of the epoxide system. 	In 

the work presented in this the sis the synthesis and reactions of 

some ex000lic and tetreaubstituted steroid epoxidee are reported. 

zamplee were chosen in order to illustrate three aspects of 

epoxide chemistry; stereochemistry of epoxidetion, nuoleophilic 

substitution reactions of epoxides, i.,nd Lewis acid oatalsed 

rearraneent reactions OX epoxides. 

A literature review of the available information relevant 

to these three aspects of epoxide chemistry has been made. 
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tereochemistry of cpoxidation 

Ox the many methods available for epoxide synthesis the 

most frequently used are peracid (1)1  and alkaline hydrogen 

peroxide (2)1  oxidation of olefins, cjolodehydrohalogenation of 

haloh1drins with a1k1i (39 X = halogen), 1  and cyolisations which 

involve other leaving groups than ha1oen such as the base treat-

ment of monoelkyl- or monoarylsu1aoriate esters of 1,2-diols 

(3, X = O02R). 	To these methods can be added two recently 

reported 1 rooedures which oiler interesting and useful routes to 

•poxide. 	The first method consists of the treatment of olefins 

with benzonitrile and hydrogen peroxide in methanol at a pH oa.8. 2 ' 

Here the peroxide and benzonitrile co-react to give the reactive 

peroxybeazimidic acid (4) which in the absence of an olefin will 

oxidise the hydrogen peroxide itself to oxygen 
(4)•2  The mechanism 

br eoxidation by this reagent has not yet been rioroiis1y 

established but has been assumed to be similar to the Bartlett 

mechanism for peracid epoxidations (l). 	The second of the newer 

methods involves the reaction of aldehydes and ketones with 

certain sulphur 4lides 94 ' 5 " Of the ylides that have been used 

for epoxide synthesis, dinet'loXOsulphoflium methylide (5*) and 

dimethylsulphoniuifl methylide (5b) have so far been the most 

prominent. 39495 It has been found that thee two ylidee differ 

both in their reactivity and in their reactions. 4  For while the 

less reactive oxosuiphonium ylids interacts with the carbonyl 

grop of aromatic and nonconjugated aldehydes and ketones to form 

epoxides and with o-unsaturated ketones to form cyolopropyl 
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Ketones (6), the sulphoni&zm ylide is extremely labile with a hail-

life of a few minutes at room tenerature and Aves only epoxides 

even from cL,-unsaturated ketones. 

(a) .poxidee from olefins 

Turning now to the ster.00hemioal aspects of epoxidation, it 

is a general rule that the attacking species, be it peracid or 

halonium ion, will tend to approach the site of the reaction from 

the less hindered side of the molecule. 	This directive influence 

is clearly seen in the peraoid epoxidation of steroid olefins, 

In A/B-trans steroids, for example, the screening of the 0-face of 

the molecule by the angular 0-19 and c-18 methyl groups causes attack 

by peraoid predominantly from the lees hindered c-faoe resulting in 

the formation of cL-epoxides. 	Thus 5a-oholest-1-ene 9 7  5c-oholest-2-  

sue t  8  and 5o.-cbolest-3-erAe 9  all give exclusively o-epoxides on 

treatment with peroids. With oholest-5-ene, however, some oa.27% 

of the -epoxide is formed on peracid epoxidation. 0 The formation 

of the -epoxide is attributed to the effect which the 5,6-double 

bond has upon the conformation of rings A and 3. 	rje trigonal 

Caton atoms at C-5 and C-6 cause the 19-methyl group to become 

pseudoaxial thereby reducing the screening effect on the incoming 

reagent. 	71owever it must be noted that ohoiest-4-ene in which the 
11 

methyl group at 0-10 is also pseudoaxial gives only the a-epoxide. 

The results from the peracid epoxidation of several rigid 

me thy lens oyolohexafle s1stema have recently been published. 3 ' 12 ' 13  

Vith relatively unhindered compounds such as 4_t-outy1-meth lone O1Ol( 
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hezane (79 X = ICH2) and trans10aetny1-2-me thy 1ene-deoahdro-

naphthalene (10, I = CM2) peraoid attack is predominantly axial to 

give the two epoxidea (8) and (11), while e4toria1 attack is 

observed with the more hindered trans-9-meth4-2-methylene-deca-

h.ydronaphthalene (13, X = CM2) giving the epoxid• (15). 3 &xplana-

tions similar to those used to elucidate the etereooheniistry of the 

metal hydride reduction of cyolohexanones have been put forward to 

exjilain these epoxide formations since the results obtained from the 

eaoxidations of the methylene-oompounds when compared with the 

reduction products of the oorreaonding ketones (7 9  10 9  13, 1 = 0) 

are found to be stereoohemioally very similar. 3  There ave been two 

explanations put forward in order to account for the stereochemistry 

of metal hydride reduction of gyoiohexanones 915916  The first14  

involves two factors, "steno aproaoh control" and "product develop-

ment control." Here eutorial approach is assuaied to involve 

approach from the less hindered side, and is found in relatively 

hindered colohaxanones where there is substantial steno inter-

ference between a -axial substituent and the attacking species in 

the transition state, with the less stable axial alcohol resulting. 

ith unhindered oyclohexanoiies, on the other hand, the stable 

etonial alcohols are predominantly formed, and it is assumed that 

the relative stability of the product is reflected in the transition 

state with formation of the more stable product. 	Thus while the 

resalt of the epoxidation of the more hindered olefin (13 9  X = 0H2) 

in which there is one 1 9 3-interaction with hydrogen and one 1,3-

interaction with the angular methyl group is presumably due to 
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steno approach control" the other me thylene-o,y olonexane a would 

apear to give products resulting from "product development control" 

indicating that the epoxides are more stable with their mettilene 

groups "euitonial." 

In the second explanation 15916 it is suggested that unhindered 

oyclohexanonea are not symmetrical above and below the plane of the 

oarbonyl group and that while euitoria1 aubstituenta on the carbons 

a to the oarbonyl group are more or less in the plane of the carbonyl 

group thereby giving little steno interference to attacking reagents 

the axial aubstituenta on the same a-carbon atoms are perpendicular 

to the plane of the oarbonl group and will tend to interfere with 

the close approach of a reagent from the equitonial side. 	If the 

transition state for the reotion is reached at some distance from 

the carbonyl group, however, the axial hydrogens on the 0-carbons 

will become storically more important resulting in a decrease in 

axial attack. Applying this hypothesis to the peraoid epoxidation 

results would therefore indicate that the peraoid must closely 

approach the double bond in the transition state. 

From the epoxidatiofl reactions with the unhindered methylene-

0yolohexanes 3  it was found that the amount of axial attack is some-

what solvent dependent, the use of methylene chloride and chloroform 

giving the least amount of axial attack. 	This is ascribed to a 

tighter solvation of the transition state which will consequently 

increase the balk of the reagent making a sterioally controlled 

pooess more importailt. 

Steno factors are not, however, the only iniluencea on the 
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stereochemistry of peracid epoxidation. 	With o,- or -unsatirated 

alcohols peraoid attack produces an epoxide in which the epoxide 

oxygen usually assumes a position on the same aide of the molecule 

as the hy 	
, ,

droxdl group (ea. (17a)). 	This can naturally give an 

epoxide oxygen on either the more or less hindered side of the 

molecule, depending on the position of the hydroxyl group. 	This 

has been explained in terms of hydrogen bonding between the peracid 

and the hydroxyl group (18) 9  which holds the reagent on the same side 

as the hydroxl group with the result that finally a ois-epoxy-

alcohol is produced. 	one of the beat steroid examples of this is 

the epoxidation with rbenzoic acid of 5c-oholeat-1-en-3f-01 (199 

R = R) in vkiioh the l,2-epoxide (20a) is formed, whereas 3-

aoetoxy-50-oholest-1-efle (19 9  R Ac ) yields the corresponding 

lc.,2o-epoxide (20b). 18d This type of reaction has been found in some 

oases to be solvent controlled, 17  for while epoxidatiort of oyolo-

pentenol (le.) gives high yields oi cis-epoxide (17a) in oyolopentane 

or acetonitrile as solvent, more trns-oompound (17b) is produced in 

ether or methanol. 	Tais is probably due to the hydroxyl group 

hydrogen bonding with the oxygenated solvents rather than the peracic 

Long range directive effects have also been observed in olefin 

epoxidatiofl. 17  Thus the alkaline hydrogen peroxide of 17-substitute 

t 4 3-iceto-steroids (21) gives 100% -epoxide (23) as the normal 

product except where the 17-subatitueflt is a hydroxy- or acetoxy-

group when, because of polar effects, up to 30% of the product is 

the o-epoxide (22). 

So far only one stereooheiOalii significant epoxidation with 
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the alkaline hydrogen peroxide-banzonitrile system has been carried 

out. 3  Epoxidation with this reagent of the same rigid methylene-. 

oc1ohexanes used in the study of perucid epoxidation (p.3)  in all 

ce 	ives jredominantl euttorial oxygen transfer. 	These 

results can be explained by assuming that the reagent has considerable 

steno bulk thus attacking the double bonds by a Bterioally controlled 

process and/or that the transition state for the addition is formed 

at a distance from the doable bond such that the r.-axial hydrogens 

become sterioall.y important. 

There are three well established methods for the synthesis of 

the intermediate halohydnina (24) n-essary in the oyolodehydro-

halogenation technique; the addition of a hypohalous acid to an 

olefin (25),  reduction of ...halo-oarbonyl compounds (26) and addition 

of organo-metallic reagents to o-halo-carbonyl compounds (27).l In 

all oases the hydrogen atom and hydroxyl-group must be trans to one 

another ior c,clisation to an epoxide to take place, the reaction 

being particularly favoured when the groues are trans diaxial to one 

another.' This necessity for trans arrangement of groups also 

applies for those oolisationa involving leaving groups other than 

halo 

The stereochemistry of eoxidation starting from o-h10-oarbonyl 

ooaiounds de 1 ends on the configuration of the hilogen atom in the 

starting material (and need not be considered farther). 	ith the 

addition of a aoha1ous acid to an olefin the principle of attack 

from the lea hindered aide again predominates, 1  attack of the 

balonluin ion producing a balohydnin with the oxygen atom on the more 
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hindered aide of the molecule. 	This therefore results in the 

formation of epoxides isomeric in configuration to those obtained 

by peracid epoxidation of the same olefin. For example hypobromoue 

acid generated from N-bromoaucciniwide and perohloric acid with 

5-choleat-2-ene (28) gives 3ct-.bromo-5a-oholeatan-20-ol (29)t 19 

which on treatment with alkali produces 2 4 93-.epoxy-5c-choleatane 

(30)20 while as has already been mentioned peraoid attack of this 

olefin gives the -epoxide (3])•8 Also well illustrated in this 

example is the stereochemistry of the addition to the 2,3-double 

bond, the trans dia.xial bromohydrin and not the diequtorial compound 

being produced, 	L, ndoojalio olefina in general give trans diaxial 

addition compounds, the unsymmetrically substituted 9911-steroids 

(32) give, for example, the 9a-bromo, 110-aloohols (33),21  This 

is in marked contrast to addition of hypohalous acids to unaymraetri-

cally substituted ao 1yolic olefins where arkovnikov's rule is 

usually obeyed to give a compound with the halogen atom on the less 

substituted carbon atom. 22  Again of particular relevence to this 

work is the addition of hypohalous acids to nie thy lenecycloalkanes. 23  

Mere ring size has an influence for while hypobromous acid gives only 

l-bromo-oyoloalkylmethanols (34), hypoohiorous acid gives mixtures 

of ohlorohydrins. The l-ohloro-compounds predominate for four- 

and six-membered rings and the ohloromethylcyoloalkanola predominating 

with the five- and seven-membered rings (35). 
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(b) rpoxide8 from ketones 

The stereoohemioal results br the epoxidation of the carbonyl 

groups of aldehydes and ketones with dime thy loxosulphoniam meth.ylide 

and dimethylaulhonium methylide are interesting. 	It has been 

shown that in this respect a real difference exists between these 

two ylidia. 	For while the oxosulphonium ylide on addition to 

cyolohexanonee reacts by e-torial attack the sulptionium ylide shows 

a preference for axial attack. 4  Examples include tne reaction with 

4-t-biaty Joy clohexaflofle which with the oxoau].phoniva ylide gives 90% 

yield of the epoxide (9), while with the aulphonium ylide a mixture 

oi the two epoxides (8) and (9) is produced in which the epoxide 

with cia t-butyl and epoxide oxygen atom (8) predominates (ratio of 

cis: trans 87:13). 	Transfer of methylene to 3 9 3 9 5-trimethyloyolo- 

hexanone with the oxosulpbonium ylide is also stereospecif ic with 

only epoxide (36) being formed. 	The same starting material on 

reaction with the sulphonium ylide gives a mixture of epoxidea with 

the axial methylene epoxide comprising 55 of the mixture. 

Several non-conjugated steroid ketones have been treated with 

these reagents as a means of producing exooyolio steroid epoxides. 5  

With -steroid-3-ketones single epoxidee seem to be produced on 

treatment with diaethy1oxosulphOflium methylide. 	Unfortunately, 
51 

however, the configuration of these epoxides bi.0 not been established. 

Dihydroteatoaterofle (37) on the other hand with the oxosuiphoniwi 

ylide gives a 79, yield of the o-epoxide (39) while the sulphonium 

ylide reacts with the ketone to dive a 90;'S' yield of the ,-epoxide 

(8)•5f The explanation for these rejultS is based upon the assumptioi 

thai initial attack on the carbonyl group by the ylides will take 
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place from the a-side to give interediateu (40a) and (40b) iith 

the intermediate formed from the more reactive suiphonium ylide 

less likely to revert to starting materials than (40b) which 18 

formed from the relatively stable oxosulpnonitain ylide. 	Then since 

epoxide generation from (40a) or (40b) involves 3N2  backside 

displacement of aul)honium group by oxyanion a trans coplanar 

arrangement of oxygen and sulphur is required. 	ith intermediates 

(40a) and (40b) severe non-bonded interactions between the groups 

attached to sulphur and the la- and 5c.-.hydrogens will occur and will 

be more severe with (40b). -However, an intermediate of the form 

(41) will be relatively free of non-bonded interactions and thus 

while the same intermediates (40a) and (40b) are initially formed 

from either ylide only (40a) goes to a product. 	The other 

intermediate (40b) partioiptes In an equilibrium among starting 

materials, (40b), and (41b), only the later going to products. 

ith 17-keto-steroids (42) ylide attack takes place to give 

17,20-.epoxides (43)5aboPde  but even here there is a difference 

between the ylidea, the suiphonium methylide is almost 1007 

stereospecific whilst the oxosulphonium inethylide always gives a 

little of the c-epoxide (44). 5a, ,c,e 
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,ijoxide L icleophilic ubati tution Reactions 

Ring opening reactions of epoxides involve nuc1eoihilic attack 

on one of the epoxide carbons with displacement of the epoxide 

oxygen and are therefore nucleophilic substitution reactions. 

Moat of these reactions take place with inversion of configuration 

at the site under attack although some examples with retention of 

configuration are known. 1924 

It is iost convenient to consider separately ring opening reao-

tin hhict-t -Vk 	].ao under busjo or neutral conditions from those 

carried out under acidic conditions. 	In the former case simple 

nucleophilic attack at one of the epoxide carbons with subsequent 

ring opening is the most likely procedure whilst under acidic con-

ditions epoxide oxygen protonation will first -take place with a 

resultant weakening of both carbon-oxygen bonds. Thus bond breaking 

i8 relatively easy under acidic conditions and with backside push by 

the attacking nuoleophile ring opening is a fairly rapid process. 

Orientation studies or nuoleophilic substitution reactions of 

unsymmetrically substituted acyolic epoxides show in fact that there 

is a difference in the mechanisms of substitution under basin or 

neutr1 conditions and under acidic conditions, 24 For example 

treatment of 2,3-epoxy-2-rnethylbutane (45) with sodium methoxide 

gives 3-methoxy-2-methyl-2-butanol (46) whilst the addition of 

methanol, oatalysed by sulphuric acid or boron trifluoride, to the 

same epoxide gives chieflj 3-methoxy-3-methyl-2-butanol (476). 25 

With the basic reagent steno hindrance will inhibit attack at the 

more highly substituted carbon whilst the different product resulting 

from reaction under acidic conditions indicates that the transition 
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state here must involve some degree of positive charge on the more 

highl, alkylated carbon which can be stabilised by the electron 

releasing effects of the two methyl gros. 	Oinoe inversion takes 

place, a fully developed oarbonium ion is unlikely, and thus both 

reactions can be regarded as involving 5N2  type mechanisms. 

With exocyclic epoxides a similar orientation distinction can 

be made between neutral or basic and acidic reaction conditions. 

With lithium aluminium hydride reduction of xethy1eneoyo1oa1kane 

epoxidea gives tertiary alcohols (47)26  whilst cleavage of the 

same type of epoxittea with hydrogen halides produces mainly 1-

halocycloalkanemethanols (48) 23 

In nuoleophilio sibstittation reactions of steroid epoxidea 

oonormational effects are usually more important than primary 

steno, or electronic effects. 	This Is also true for other 

endocyolic epoxides. 	Of the very many examples of this effect in 

steroid eoxides one which beat illustrates the difference between 

substitution reactions with acyclic and alicyclic epoxidea is the 

cleavage of 50 9 6-.epoxy- and 5G,6Q-epoxy-steroids (49) and (50) 

with hydrogen chloride to the trans diaxial ohiorohydrins (51) and 

(52) respectively. 27 Indeed, there are very few examples where 

diaxial cleavage Is not observed for steroid epoxidee in which 

there are no strong polar group influence-­ . 	One exception, 

however, to the diaxial opening rule exists in the case of acid 

cleavage of 4,4-dImethyl-2,3-epoxy-sieroidS (53) where the trans 

diequitorial derivatives (54) are formed, this being due to the 28 

original epoxictes existing in preferred half-boat conformations. 

The orientation during the ring-opening of unsymmetrically 
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substituted epoxidee is greatly influenced b adjacent polar 

groups. An electron withdrawing group tends to inhibit attack at 

the epoxide carbon next to it. 	ir example with epioblorokiydrin 

(55) the electronegativity ol ie chlorine atom overcomes the 

normal tendency for attack to take place at the more highly alkylated 

carbon atoig under acidic conditions ana with various alcohols gives 

the same products (56) as with the correBponding sodium alkoxiaes. 9  

Sinilarlj 61., cidol (57) has been converted into 1-etb.oxy-2,3-

propandiol (55) on treatment with either sodium ethoxide or ethanol 

in the presence of an acid. 30  

Such a general rule cannot however be applied to steroid epoxide 

with an adjacent electron withdrawing group. 	Here factors other 

than electronic can influence the course of the reaction. A survey 

of some examples can illustrate this point taking acid-catalysed 

ring-opening reactions of o,-epox-etonea as the first examples. 

The 	 (59) gives a broaioh.ydrin 

(60) on treatment with hydrogen bromide in which there is a 

dieuatorial orientation of bromine and hydroxyl group and the 

corresponding -epoxide (ol) cleaves to give a product (62), with 

the same reaent, in which the hi.roxl group is also a to the 

ketone. 31  The exooyclio epoxide (63) similarly gives the bromob 4ydrin 

in which the bromine is on the exooyclio carbon atom (64).32  However, 

3aoetoxy_16a,17_epoXy_l6_eOet1-5-arOStan110ne (65) with 

htrogen bromide in acetic acid gives a bromohydrin (6) with the 

hydroxl grou. 	to the oarbonyl group. 33  Again, epoxide (67) 

cleaves with hydrogen bromide to give the 17cL-brozno-16-alcobol (68) 

3  in which the substitLLenta are quasi-axial. 	Obviously for these 
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last two examples steno Lind oonformat1onl factors are of 

importance. 	This type of behaviour 18 not confined to cyclo- 

pentane epoxidea, however, for the a- and -epoxy-derivatives of 

testosterone (69) both give on treatment with hydrogen halides, 

the 4-halo-compounds (70). 35 

Several o-h,,drox- (&.nd a-aoetoxy-) steroid epoxides have lao 

been subjected to acid oatalysed nuoleophilio substitution reac-

tions. 3 ' 37  Again results cannot solely be explained in terms of 

the inductive (-I) effect of the ),ydroxyl-(aoetoxyl-) group. 

Ijydrobromic acid cleavage of 4o- and 40aoetox,-5c,6o-ePoXide8 

(71) and (73) gives the expected 5an.ydroxy-6p-bromO-OOmPOtLfld8 (72) 

and (74) 9  and the 4Paoetoxj-513,6-eAoXide (75) similarly gives the 

expected trcn8-ie s aatonial broinohydnin (76). 	However, 4c-aoetoxy- 

50,6..epoxy-0bO1e8tafle (77) gives with hyirobromlo acid a mixture 

of the trans-diaxial 5abromo-6p-alOohOl (78) and the trans-

die&torial 6_broo_6_hydrOXydenivatiVe (79). 	The same eoxids 

(77) on treatment with methanol and toltzens-p-sulphoflic acid gives 

only the 5a-metbozj-6-01 (80). 	The reagent used for epoxide 

cleavage seems to be of considerable importance since the acid 

catalysed addition of methanol to the 40_ace'toxy-50,6p-ePDXid0 

gives oholest-5-en-4-one (81). 

At the same time the reactions of the four isomeric 4,5-epoxy-

6h.yc1roxy-chole8tafl88 under acidic conditions were investigated. 37 

With the exception of the 4,53.-epoXy-63-01 (82) the epoxidea with 

methanol and toluene L UlPhOniO acid yield products resulting 

irom 0-4-0 bond cleavage. 	The ois.epoxy-alcohol (82) does 	show 
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some O-4-oxygen cleavage (83) but this rothict i3 aocomnied by 

some choleat-4-en-6-one (84). 	This can only be explained by 0-5- 

oxygen bond cleavage concerted with hydride migration from 0-4. 

A similar mechanism to this is also proposed for formation of 

oholest-5-en-4--one from 5,6.-epoxy-4-hydroxy-oholestane. 	In 

both cases a boat conformation is required [ring A for the 5,-

epoxide, ring B for the 4.5-epoxide3 for a trans antiparallel 

arrangement of the 4cL- or6a-hydrogen and the 0-5-oxygen bond. 

The prebenoe of conjugated groups favours attack at the 

adjacent carbon both under acidic and basic or neutral conditions. 24 

Under acidic conditions the positive charge (or partial positive 

charge) is stabilised by conjugative electron release from a 

T-orbital or atomic p-orbital. 	In some cases there is good 

evidence for a high degree of carbonium ion development and a two 

step reaction, bokside attack by the nuo1eohi1e not being part 

of the driving force for the reaction. 	3-Pheny1-2o,3o-epoxy-5c- 

oholeetane (87) which reacts with lithium aluminium hydride in the 

normal fashion to give 3phenyl-50-oho1estarA-3Oh-0l (88) undergoes 

an abnormal reaction with dilute perohlorio acid in aqueous acetone, 

the main product being 3f_phenyl-5c.-OhOle8tafl-2C,3-diOl (9Q),38 

The proposed mechanism requires cleavage to the C-3 oarboniuxi ion 

followed by the nucleophile thsn'attaoking in the zaain from the 

less hindered Bide of the molecule. 	This is one of the few steroid 

epoxides giving retention of oonfiuratiofl on nuoleophilia sub- 

stitution. 	In fact cis ring opening is frequently observed with 

aryl subetituted epoxides when the reaction is carried out under 
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acidic oonditions. 24 ' 3 his has been interpreted us being due to 

the formation of an ion pair by the protonated epoxide and acid 

anion (91) which is enclosed in a "cage" of solvent 6ith consequent 

nucleophilio attack by the anion taking place from the only 

available direction, i.e. from the same side as tue epoxide oxygen 
~ 4t3g 

jowever, this olearld should be possible with any acid catalysed 

epoxide nuoleophillo substitution reaction. 	Since, cis opening has 

so far only been observed for epoxides carrying unsaturated sub-

stituents such as aryl groups or double bonds this would tend to 

indicate that the transition state must have considerable carbonium 

ion character and could thus be represented as (92' 
39) which would 

account very well for cis opening to a product with overall retention 

(93). 	i, good example is the opening of trans-ati1bene epoxide 

with hydrogen chloride in oalorolorm to give only three oriloro-

hydrin40  (complete retention). 	It is interesting, however, that 

cis-stilbene eoxide 6ivas up to 8o inversion under the same 

conditions. 	Her_-, if a transition state of te (92) were involved, 

there would be a Lair degree of eclipsing between the two aryl 

groups and rotation around the carbon-carbon bond to the more 

stable trans form might take place prior to ohiorohydrin formation.  39  

Another steroid epoxide giving retention of ring opening is 

the ring B epoxide (94) . 

41 94)41 Aoii catalysed reaction with benzoio 

acid in benzene gives mainly the 6 0-ester (95) and it is supposed 

that the presence of the 7,8-double bond leads to considerable 

orboniwu ion development at 0-6 with the direction of attack of 

the nuoleophile due either to attack preferentially occurring from 



- 17 - 

the loss hindered aide or to a partial bond intermediate. 	It is 

interesting to note that cleavage of the corresponding 3.-aoetoxy-

eoxide (96) with boiling water yields mainli the diol (97) 

accompanied by a little -aloohol (95 with C-3 acetate, 0-6-OH). 

Compound (97) is the result of a SN2 te reaction with inversion 

at  (1 _w - ..4 	. 
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'c.XIDi 	RARiItNG::iT 	iACTl i 

A convenient method br the rearraneraent of an epoxide to 

its isomeric ketonic products is to treat the epoxide in a suitable 

solvent with a Lewis acid such as boron Lrifluoride (98). 	The 

first step in this type of reaction involves co-ordination of the 

Lewis acid with the epoxide oxygen bringing about polarisation of 

the carbon-oxygen bonds with consequent migration of one of the 

eubstituents to an electron diffioient centre. 	Which bond breaks 

and which group migrates depends on steno, electronic, and con- 

formational factors. 	Clearly these rearrangements can .lso involve 

either a transition state with bond polarisation and concerted 

group migration or a two step reaction in which full carboniu.m ion 

development first takes place. 	The nature of the eubstituents on 

the epoxide have a bearing on the degree to which a carbonium ion 

is involved, it being most favoured in eoxides with adjacent 

conjugative substituonts and least favoured where a positive 

ohrge at a secondary centre would be involved. 

products from epoxide rearrangement reactions can often only 

be explained in a satisfactory manner by attributing their formation 

to a two-step carbonium ion mechanism. 	Goldsmith, 42  for example, 

found that reaction of Geraniolerie monoepoxide (99) with boron tn-

fluoride in benzene as solvent gives the three products, (100), (101), 

and (102). 	Compound (101) results from a transition state with 

full development of a positive charge. 

This example 42  also illustrates well two other points which 

can often be observed in boron trifluoride catalysed epoxide 
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rearrangement reactions. 	When ether is substituted for benzene 

as the reaction solvent the overall reaction is much slower than 

that for benzene. 	After fifteen minutes some 17 of the starting 

material remains unchanged with ether whilst in benzene total 

conversion to products occurs in this tine. 	Other workers 
43  have 

explained this solvent dependence of re&otion rate in terms of the 

equilibrium shown in (103) making it obvious that the concentration 

of boron trifluoride-epoxide com,lex will be increased by the use 

of an inert solvent. 	Again using ether as solvent the reaction 

products are different, 
42  for as well as some starting material 

and compounds (101) and (102) the iluorohydrin (104) is also 

produced. 	The rate of fluorohydrin formation is much faster than 

that of ketone formation when roughly equivalent amounts of epoxide 

and catalyst are used. 	Preferential fluorohydrin formation on 

treating epoxides with boron trilluoride has been found in many 

instances 10944945,59,UK.'71 and is usually solvent-dependent* 10 ' 44 ' 45  

For example the epoxy-ketone (105 )45 with a limited amount of boron 

triiluoride-etherate in ether leads to fluorohydrin formation (106) 

whilst in benzene the dicarbonyl compound (107) is formed. 

In many oases treatment of these fluoroh1ydrins with a further 

quantity of boron trifluoride leads to the same Ketonic products 

that are formed during boron trifluoride treatment of the original 

epoxide in benzene. 	With f1uoroh,drin (104) for example treatment 

with boron trifluoride-etherate in ether gives (1O1).42 With 

benzene, the iluorohydrin on treatment with more boron trifluoride 

undergoes fragmentation to volatile products. 	Usually, however, 



J 

0 
(its) 14 

(114.) 

	

0 	

0 

	

CH3 	 00 
 -  0- 

0-coc" 3 cIIIIIx 
c)- 

( 2.) 

c 

C43  

to 

OH 

M 

014 	 (ub) 

(so) 



- 20 - 

either solvent gives the same results for this type of secondary 

transformation. 	Further details of preferential fluorohydrin 

formation ind mechanisms for their subsequent conversion to ketonic 

products will be given when the effect of polar groups on epoxide 

rearrangement is discussed. 

In trisubstituted steroid epoxides, without a polar eubstituent 

in the vicinity of the epoxide group, ketone formation results from 

a h'dride shift. 	Moreover migration of hydrogen is atereospecific, 

with the 9,11-epoxides for example, the ketone with a n-hydrogen 

at 0.9 (110) 18 formed from the c-epoxide (108) while the -epoxide 

(109) gives the oorresonding 9o-compouzid (111). 10946  It is 

interesting that whereas the reaction with the -epoxide is complete 

in five minutes the o-epoxide requires seventy live hours for 

complete isomerisation. 	This long reaction time for the c-epoxide 

is probably due to the 9-oonfiguration of the product requiring 

that either ring 3 or ring C is in a. boat conformation. 

Competition between alkyl migration and hydrogen shift is only 

observable outside the steroid field. 	Thus 1-methyl-1 9 2-epoxy- 

oyolohexane with magnesium bromide gives either aoetyloyolopentane 

or a mixture of acetylcyolopeiltafle and 2-me thy lcyolohexaflOfle 

depending on the reaction conditions (112). 47 

On treatment with zinc chloride epoxide derivatives of 

etkiylidenecyoloalkafles rearrange to acet y l compounds (113) with no 

4  evidence of competing methyl migration or ring enlargement. 

With disubstituted epoxidea there is a chance of two competing 

hydride migrations. 	xoludiug exooyolic methylene epoxides there 
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re two examples of rearrangement of steroid epoxides of this 

type. 49950 Addition of methyl magnesium iodide to the 11,12-

epozide (114) results drinaipally in rearrangement to a C-nor-11-

..ydroxyetkx.y1-oonpound (115), in which C-11-oxgin bond cleavage 

and 12,13-bond migration are both involved. 
49 
 2,3-Epoxy-5c-

oholeatane (30) with methyl magnesium iodide 50  gives ring con- 

traction products (116) and the Grinard derivative of 5ochoiestafl-

2-one (117) whiøh can only come from 0-3-oxygen bond cleavage. 

Rearrangement with Lewis acids of simple exo-methylene epoxides 

such as rnethlefleCJO1OheXafle epoxide, 51 -pinene epoxide, 53  and 

eamphene epoxide 53  results in formation of aldehydes as the only 

products. 

The rearrangement of similar epoxidea in the steroid system 

has been the subject of two recent reports. 54 ' 55  17aa,18-poXy-C-

nor_D_homo8pirO8tafl (118) on treatment with either boron tn-

fluoride or perohlorio acid gives mainly an l8o-a1dehyde (120) 9  

since it does not eiriiarise with base. 	In both os minor products 

are isolated, two of unknown structure vUth boron trilluoride and 

the 18_hydroXy_A 13 ( 17 _O1efi1 (122) with perohlonio acid. 	The

54 
17a,18-epoxide (119) 	with boron trifluoride in benzene gives 

three products identified as a c1ciio ether (121), a fluoro-aloohOl 

whose probable structure is given as the 17aa_fiuoro-OOlflPOUnd (123), 

and the 18-hydroxy- L 3( 17a)...o iejin  (122). 	The same reaotiOA 

carried out in ether gives a iiixture of cyclic ether (121) and the 

18hyciroxy-o].efin (122), while perohloric acid converts the epoxide 

into the 18hydroxy-o1euifl (122). 
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Formation of the 18-aldehyde from the 17aa,18-eoxide is a 

concerted process as shown in (124). 	The simultaneous formation 

of the 18-hydroxy-olefin requires a oi8-elilnination and is presumed 

to involve full oarboniwn development at C-17a. 	The cyclic ether 

is thought to involve a two step process involving a four-membered 

ring as an unstable intermediate (125)9 this intermediate can also 

give the 18-bydroxy-olefin by 13o-proton loss. 

The same workers 55  have investigated the boron 'trifluoride 

and perohioric acid reactions of the 12,12 1 -epoxy-derlVativea ((127) 

and (128)) of 12methy1enetigogenin (126). 	The 12,12 1 -epoxide 

(128) with 3F3 in benzene gives after chromatography the C-nor-D- 

homO_A13(17a)_Olefin (122) 9  followed by the 12-a1dehyde (129) 

and an unknown unsaturated alcohol. Replacing the solvent by 

ether gives the same major products along with an unknown diol. 

Treatment of the epoxide (128) with aqueous perohioric acid gives 

the olefin (122) plus a minor product tentatively assigned as the 

cyclic ether (133). 	The c-epoxide (127) with boron trifluoride 

in benzene also produces a mixture of products from which the 

12o-aldehyde (130) is obtained directly by crystallisation. 

Chromatography of the residue which from n.m.r. contains both 

aldehydes gives 
the i 13(17a)_olefjfl (122) and the 12-aldehyde 

(129). 	The same produots,but in different yields )are obtained 

using ether as the solvent. Reaction of the compound (127) with 

perohioric acid gives 65 of the cyclic ether (131), JVI. aldehyde 

(129), and a new unknown unsaturated compound. 
l3(17a) 

The formation of the C-nor-D-homO- t 	-o lefin from both 
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epoxideB is envisaged55  as involving C12-0 bond cleavage and 

migration of the electron pair of the 013-014  bond to give the 

intermediate (132), fragmentation with 1088 of formaldehyde then 

produces the olefin. 	Both in this instance and for the formation 

of the 120-aldehyde  the electron shifts involved can be concerted 

with 012-0  bond cleavage only for the 12,12 1 -epoxide. 	Formation 

of the 12-aldehyde and the 	13(17a)_olefjfl  from the 12c,12'- 

epoxide requires a 0-12 carbonium ion intermediate since the 

atereoohemioal requirements for a concerted rearrangement are not 

possible in this case. 	Only the less stable 12c-aldehyde results 

from a concerted mechanism with the 12o,12 1 -epoxide. 	Thus it 

appears that a two step carbonium ion reaction pathway can compete 

effectively with the concerted rearrangement when the latter leads 

to the 1e32 stable ioiner. 	The possible mode of formation of the 

cyclic ether from the perohioric acid reactions is given in fig. 

(133) for the c-epoxide. 	Formation of the ether (131) from the 

-epoxide is thought to involve a C-12-oarbonium ion intermediate. 
With tetrastabstituted epoxides rearrangement in theory could 

involve migration by any one of the four substituent group, and 

in fact complex product mixtures have been obtained from reactions 

of this type. 54,57958959 Kirk and Hartshorn 56  have put forward a 

scheme to help rationalise such results. 	In it transition states 

involving some degree of positive charge are proposed arising from 

either "axial" or "eu,torial" cleavage (134) (this need not involve 

full development of a positive charge and can be concerted with 

substituent migration). 	The ring assumes the "chair" conformation 
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closest to the conformation of the eoxy-oo.iapound, 80 that non-

bonded interactions are minimised, rotation of groLz L 8 about the 

1,2-bond during this initial step determining which groups will 

migrate. 	Axial cleavage permits trans-attack by 0-3 9  while 

e46toria1 cleavage favours trans-migration of group R1, although 

ois-attack is possible if migration of Rj is unfavourable (134). 

These principles were then applied to the results from the 

rearrangement of 4 ,5-epox-4-n&ethyl-' 8  and 5.6-epoxy-6-methyl-

steroids. 59  ..keleta1 rearrangements are involved in the 1313-

oatal1ysed rearrangements of 4o,5epoxy-40-meth.y1-5C-Oh01e8tafle 

(135a) 8  and 	 (136a) 59  giving 

(137) and (138) respectively. 	Both can be explained as proceeding 

via axial cleavage to give the 0-4 or 0-6 oarbonium ion with 

rotation about the appropriate bond to allow concerted trans-attack 

by the 10 9 5-bond. 	lwLtorial cleavage would af lord a 0-5 oarbonium 

ion for each of these epoxidee, rotation about 0-4 or 110-6 placing 

the 4- or 63-methyl group in position for trans-attack upon 

This results in 5-methi1 ketones (139) and (140) which 

are in fact the ultimate ketonic products of thermodfliOal1y con-

trolled rearrangements from either the o-epoxides or the honio-nor 

ketonea. 58 ' 59  

(135b) gives the 5-methyl- 

4-ketone (141) 46 t-ie racin droduot, the result of meth,l group 

miration,58  while the 5,63-epoxide (136b) gives as the ajor 

ketonic product 5_aoet y 1_Bflor-Oh0 lea tans (142) 9  a ring contraction 

product. 59 In both cases epoxide cleavage at 0-5 18 involved* 56 
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The reactions for the two epoxides proceed through similar tran-

sition states and the marked difference in products is attributed 

to the two extreme conformations for the 0-5 carbonium ions (1350) 

and (135d). 	(1350) permits ring B to exist in a strain-free 

conformation wile (135d) involves unfavourable interactions which 

include a partial eclipsing about the 7,8-bond, and twisting of 

the 9,10-bond, which forces the 0-19 angular methyl group towards 

C-li. 	In structure (1350) the 6,5-bond is suitably placed for 

ring contraction in the case of the 5,6-epoxide (136b), while 

the same structure for the 4,5-epoxide (135b) places the methyl 

group in a suitable position for trans-attack on the 0-5 carbonium 

ion. 

Both epoxides dive minor ketonia products. 	\ith the 50,60- 

ekoxide (136b) 59  a 50-methyl-6-ketone (143a) is formed and with 

the 4,5-epoxide (135b) 8  ring contraction to (143b) takes place. 

Both reuire structure (135d) for suitable arrangeeat of the 

migrating subetituents. 56  

So far apart from fluoroh.ydrin formation this review of 

epoxide rearrangement reactions has only dealt with ketonic product 

formation. However in many instances polar and non-polar 

material has been isolated from Bf3-oatalysed epoxide rearrange- 

ment reactions, in some oases in large yields. 	In most eases 

such roducts have not been fully identified. 	One exception, 

however, exists in the case of the 4,5oxide (135b) where 4- 

zneth.yl-oholesta-3,5-di$fle (1430) is formed in large yield. 58 In 

fact this is OnI4  one of several examples of elimination reactions 
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in 4395-eioxide adstenla. 56 ' 57  

Jpoxide aubatituenta which carry a dolur ro have a marked 

effect on the rearrangement of the epoxides. Rearrangements of 

epoxidea in which the polar group is c or 0 to one of the epoxide 

carbon atoms will be considered. for example, whereas it was 

found that 5o,6o-epoxy- and 5,6...epoxy-oholestanes (144, R = H) 

and (147 9 Lj = H) isonierise to '-Iceto-steroids (145, R = H) and 

(148) on treatment with boron trifluoride, the 3-aoetoxy derivatives 

(144, R = -cH3002) and (147, R = p-0M3CO2) give the 6-ilaoro-50-

h'Uroxj-, (146), and5aIluoro-60-hidroxr-, (149), -compounds 

instead of the expected ketones. 109,44 In the oae of the c-epoxide 

(144, ii = p-CH 3 o2 ) this has been attributed 44  to a. reduction of 

the Eiartial ioniation of the C-5-oxygen bond bi the long-range 

inductive (-I) effect of the 3F3 co-ordinated C-3 acetoxy group 

together with the unfavoured interactions that the acetate group 

ou1d suffer in the A/B-cis product. 	Thus the alternative diaxial 

opening with 1 takes place in preference. With the 5,6-

epoxide (1479 R = -UH3Cu2) both i1uorohrdrin formation and hydride 

shift to an A/3-trans ketone would be expeotsU to derive asistanoe 

from change ox acetate conformation from axial to ed.toria1 and 

hence it is suggested that the difficulty in C5-oxygen bond 

ionisation fleOeaBarl for ketone production is the decisive effect. 

The same workers 44  found that 3c_aoetox_5o,6a_ePDXI0hO lea tans 

(144, II 	cii3CO2) gives the ketone (1459 R = a-C13cO2) as the 

main product; since the electronic and conformational factors are 

in opposition it is assumed that the gain in energy resulting from 
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the axial acetate group assuming an eu&torial conformation on 

Acetone formation, and the unfavourable 1,3 (3o,5o)-diaxial inter-

action which ou1d result if iluorohydrin formation occurred are 

more important than the -I effect of the aoetoxy group. 

Very recently reinvestigations of the BI'3  catalysed reactions 

of 3-acetoxy-5,6o-epoxy-5c-oho1e8tane (144 9  R = -OH3Co2) and 

3oacetox5,6c-epoxy-5a-chOle8tafle (144 9  fl = o-0H3002) have been 

carried out. 60961 With the u-epoxide (144, R = -0a 3eo2 ) fluoro-

hydrin formation again takes place along with a minor hydroxy 

compound mentioned by the first group of workers44  which is now 

shown to be the dimer (150a) resulting from a 'backbone' rearrange-

ment (150b) with 0-19 attack on the 0-5 carbonium ion. 6U Larger 

yields of this dimer are produced when the reaction is carried out 

with carefully purified BF 3- 	"Backbone rearrangements have been 

shown to occur frequently with 4,5- and 5,6-epoxyoholestafles where 

cleuvago to a 0-5 earbonium ion can take place.'j 1965969 

The re-examination of the reaction of the 3L-aaetozy-5o,00-

epoxide (144, ii = o-0113002) with 3F3 was carried out to see if an 

°1  intermediate iluorobycirin was involved in final product formation.  

With a reaction time of 25 seconds, in comparison with the 14 hrs., 

and 5 minutes of the first workers 9 44  a crude product containing 

at least six compounds is obtained. 	This consisted of small yields 

of the fluorohjdrin (151) and 6-ketone (145 9  R = u-0H3002)9 the 

bulk of the remainder being backbone rearranged compounds (152) 

and (153). 	A transition state involving C_5oxygen bond cleavage 

accompanied oj conformational changes leading to a carbonium ion 
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in which ring B adopts a skew form is suggested for this 

rearrangement. 61 

1ith 3-keto-5o 9 6c-epoxy-aonipoande (154) the conformational 

effects present with 3-acetates are absent, and the electron-

withdrawing influence of the carbonyl causes the 0-5-0 bond to 

be firm and xluorohydrin (155) formation takes place. 62 

Interesting results have been obtained in the boron tn-

fluoride oata1sed reactions of 3,3-ethylenediox,y-5,6-e k oxides. 

The 5o,6o-epoxide (156) undergoes 06-0 cleavage with formation of 

the 5ahydroxy-6-f1uoro-der1vatiVe (157), the -I effect stabiliz-

ing the 05-0 epoxide bond. 62  In the reaction of the 5,6-epoxide 

(158) with boron tnifluoride in benzene as solvent five compounds 

were isolated by chromatography. 63  The major product is the 

ketal-ketone (159) and its formation can be ascribed to the 

shielding of the c-face of the molecule by the ketal group prevent-

ing attack by F at 0-5 even though the -I effect of the ketal 

opposes ketone formation. 	Minor products are due to removal of 

the ietal group giving the 3,6-dione, cleavage of ring A (160), 

backbone rearrangement (161), 
60

and diene formation. 

Two other 5 9 6-steroid epoxides with keto-groups at 0-3 have 

been treated with boron trifluoricie. 	5u,6c-poxy-4,4-dimethY1- 

oholestan-3-one (162a) gives as the sole product the spiro-steroid 

(162b) 64965 whilst the 3-epoxide (163) gives a backbone rearrange-

ment compound as the major product (164).65 In neither case is a 

concerted migration involved. 64965 The reaction of B?3 with 3- 

aoetox 1y-5a,6a-epoxy-4 ,4-diniethyloholeatane also gives three 
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"backbone" rearrangement products. 
65 

Rearrangements with boron trifluoride of 5,_e9oxy-6-znetbdl-

oholestanes substituted ut C-3 have been carried 	
59963  3-  

Ace toxy_5,_ep O Xy__ma thy l_5_0h0le8t 51  (165) gives an 85 

yield of 

(166) on treatment with BY3 in benzene for 25 minutes. 59  The 

corresponding 5,6epoxy_6cLmethYl-COmPOufld (167) 	gives the 

Iluorohydrin (168) after 2 minutes in benzene, but the same reac-

tion for 20 minutes gives a mixture of compounds which contains 

the fluorohydrin (168) and 3_acetoxy_5_methyl_A_hOm0'9fl0r5 

oholostan-4a-OflG (166) and 3p-aoetoxy-5-methyl-5a-cholestan-u-one  

(169). 	After 1 hr. in benzene the same ketonic 
products are 

produced along with a trace of fluorohydrin, and when (168) itself 

is treated with boron trifluoride-etherate in benene the com- 

pounds (166) and (169) are produced. 	This tends to suggest 	that 

the fliLorohydrin (168) could be an intermediate in the reaction to 

ketonic products. As has already been mentioned this type of 

secondary transformation 18 very common and clearly in some cases 

cannot involve simply rearrangement of the fluorohydrin or elimina-

tion of hydrogen f1uort c1e. 1042444559  In this example 59 an 

explanation is given to account for this type of reaction; 

abstraction of the 50-fluoride ion with a molecule of boron 

trifluoride to give a '914 ion is assisted by participation of the 

6-h.ydroxy group (possibly as 	as shown (170) giving a 

structure equivalent to the original epoxide-boron trifluoride 

complex which then undergoes rearrangement to ketonic products by 
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C5-.O or 06-0 cleavage. 

Normal C-b cleavage of the 5c,bo-epoxide (165) is not opposed 

by the -I aubatituent at 0-3. 	In the ease of the 5,6-epoxide 

(167), however, the -I effect of the acetate opposes the normal 

C5-0 cleavage thus explaining the initial fluoroh.ydrin formation. 

The ketonic products are formed by euitorial cleavage (166) and 

axial cleavage (169). 	Aith eutorial cleavage both electronic 

and conformational factors make cis-bond migration the only pos-

sible migration with the h-hotno-B-nor product resulting. The 

small yield of 3p_aoetoxy-5methyl-5C-0?lO1e8tafl-6-Ofle results from 

axial cleavage. 	It was later found on re-exuaiinatiofl 56  that some 

50.-acet1 1-B-nor compound (171) was also produced from this epoxide 

(167) but in low yield. 	This type of compound is also formed 

from the corresponding 3-deoxy-5,6-epoXids (136b) where of the 

two ketonic products the acetyl-compound (142) is the major. 	This 

reversal of ratios is thought to be due to conformational effects  

of the acetate group* 56  

It has been shown63  that the reaction of 30-ethy1enediOXy-6-

inethyl_5,6o,_epOXy5o.OhO1e8tafle (171a) with 8F3 gives as the main 

product the ketal ketone (lllo), formed by the expected C6-0 

cleavage and rearrangement, with other minor products derived from 

it. 	The 3,3_ethyleflediOXI-6-mOtYl-5e,6 spoxide (171b) on the 

other hand 63 gives 6_niethy1chole8ta-4 9 6-diefl'30fl0 along with the 

diene-ester (hid). 	Formation of the diene-3-ketone is one of 
56,57,58 

several examples of such rearrangements from -.epoxidaa, 

while formation of the diene-eater (171b) can be attributed to a 
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reaction which involves participation of the ketal group as shown 

(171e). 

Polar ous a to oie eioxide carbon nave a very jireot affect 

on epoxide rearrangement reaotions, 	leotron releasing sub- 

stituents such as aryl or a].koxy groups facilitate bond breaking, 

the bond which breaks being the one between the epoxide oxygen and 

the carbon carrying the electron releasing groupo 24 Slectron with-

drawing groups have the opposite effect, opposing cleavage at the 

carbon carrying the electron attracting group. 24 In steroid 

examples, however, conformational factors as well as electronic 

factors can be of importance. 

In c-keto-e k oxilea as well as a tendency for cleavage at the 

adjacent carbon not to take place there is one other important 

factor, for it has been shown that with these epoxides aoy].-group 

migration is preferred to hydride or alkyl-migration when other 

steno complications are absent. 43  Thus 3_inethyl_2,3ePDXYOYOlOheX -

anone predominantly undergoes ring contraction (172) when treated 

with boron tnifluoride. 	This has been ex&lained43  in terms of 

sharing of the positive charge by the carbonyl group in the transi- 

tion state which can be resonance stabilized as shown (172). Acyl 

migration also leads to localisation of the positive charge on a 

carbon 0 to the original ketone which should be preferred to 

looalisation of positive charge o. to the ketone. 	3-Alkyl-2,3-  

epoxy oyolohexanoflea frequently rearrange to -diketofle8 on Lewis 

acid treatment. 	Here elimination of the 0-2 proton from the 

initial C-3 carbonium ion gives the enol of the a-diketofle. 
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good example of this is found in the 3F3-treatment of 4,5-epoxr-

3-keto-steroids (173) where preferential formation of 4-hydroxy-

A 4 -steroid.-3-ketonea (174) is observed. 66  With c-aostoxy-epoxides 

the -i effect of the aoetate oarboxVl group opposes participation 

OX the p-electrons on the other acetate oxygen in the type of 

resonance hybrid required for ring contraction. Here the -I 

elXeot of the aoetate group &ad its conformation in starting 

material and posuiula products are the important influences in 

the rearrangement reactions. 	some steroid examples of the in- 

fluence of various electron withdrawing groups, and the part 

coniormation plays will be given. 

Reactions over a short time of 3-aoetox4-4o , 5-epoxy-Sc-

oholestane (175) and 3c_acetoxy_4,5*epoxy5ChOleStafle (176) 

with 31 3  both involve attack of the acetate earbon1 to give the 

bridged structures (177) and (178). 	The orthoesters (e.g.179) 

then open giving the proauots (180) and (161). 
67968 Longer reac-

tion for (175) with BF3 gives a the major product 3-acetoxd-5f-

oholestan-4-one (182), the normal product from a 44,5-epoxide, 

together with a little 3_aoetoXy5u-ChO1eStafl-4-OZ1e derived from 

the A/B-ois ketone (182) on alumina chromatography, and some 4-

aoetoxy-31,5c-dio1. 68  Hers formation of the ketone involves 

cleavage at C-5 in contrast to the diol where formation requires 

that the C-4-oxygen bowl breaks. 	Thus formation of the 3,4- 

bridged structure (177) must be a reversible process since there 

is evidence that there is initial formation of it in the longer 

reaction. 	Longer reaction times for the 83 reaction of epoxide 

(176) gives only the diol (l81).' 
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A bridged intermediate is, however, not os'ible for 3-

aoetozy-4 9 5-epoxy-5-oholeatane (183). 	BF  treatment Cives the 

fliaorobydrin (184) as the only recognizable product irrespective 

of the length of the reaction time. 68  

The reaction of 3cacetoxj-4c,5-epoxy-5a-oho1eStafle (185) 

with 8F3  was not part of this original investigation68  but has 

recently been carried out by the same £X'oup; 09  when a re-examina-

tion of the reaction of this epoxide (185) with methyl magnesium 

iodide showed that the diol -(186) and the backbone rearranged 

product (187) are formed and not as previo'usl.y reported 70  the corn- 

pounds (188) and (189). 	ith B13 , epoxide (185) gives  the 

expected ketone (190) 9  25, together with backbone rearranged 

products (191), 58, and (192).69  There is evidence that (192) 

is formed from (191) on alumina chromatography. 69  

The BF 3
-catalysed reaotion8 of 3-acetoxy-tetrasubstituted 

epoxides of this type give products whose formation depends on 

the -I effect of the acetate and on the conformational preferences 

of the acetoxy group and ring A when cleavage to a 3-5 carbonium 

ion takes place. 56  The length of the reaction is also important. 

If the reaction is very short diola and I luorohydrins as well as 

starting materials are the only products from these epoxidea. 57  

xoet for epoide (193)69 longer reaction times give product 

mixtures containing ketonic products although in all oases these 

ketone account ior re1tive1y Little of the product, being at 

best 36. 	With the 3a_aoetox.y4o,5c.-epOXide (193) an unsaturated 

hydroxy-acetate shown to be the backbone rearranged product (194) 
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i s  formed, &11 roatez to ketones being ojoed by a combination of 

conformational and Inductive effects, 56#69 The corresponding 3f3-

aoetoxy-4o.,50-epoxide (195) gives two ketonea. 57  One of these 

ketones, the _ nor_3_homo_5_1fle thy 16ket0fle (196), involves 

•IxlormEtlfl axial cleavage even although this is opposed by the -I 

effect of the acetate. 56 The other ketone, 3-acetoxy-5-inethy1-

5-oho1estari-4-ofle (197) 9  Is a result of eu6torial cleavage and 

migration of the 0-4 methyl group. 56 With the two 4f,5-ejoxIde8 

elimination reactions teke place to a large extent the 30-eImer 

(198) giving the ,0_4f-alcohol (199) and the 3f-epimer (20) the 

s 395-enol acetate of 4-methylcholeet_4-sfl-3-•OflS (201).5657 with 

both thee epoxides ketone formation rea1ts from methyl migration, 

(202) Irom the 3c-aoetate (198) and (203) from epoxide (200). 

The yield of (202) is  29T  while that of the ketone from the 3-

acatoxy-compound is only 	This difference in yields Is 

50  
attributed to the oon±ormational effects of the two aoetoxygrOupS. 

Ring contraction (205) is observed in the boron trifluoride-

oata11 2ed rearrangement of 4,5_ epoxy_4o_Tfle thy l_5f_ 0h01e 8t_3..0h10  
(204) 	but is not dominant since oonforraatioflal factors are some- 

what against it, 56 formation of the transition state for carbonyl 

migration bringing about eclipsing of the 4-methyl and 06-methylene 

grouj.8 and the close aproaoh of the 4p-oxygen atom to the C-19 

angular methyl group. 	5_Methy1ObOl8Btafl0-3,4l0 	(206) is, 

therefore, also red,prssumably,fr0m a conformation with a strain 

free 3-ring which allows 4-methyl migration. 

Due to the -I effect of the oarbonyl group 4o,5-epox-4f- 
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eth,i1-50-oholestan-3-one (207) undergoes abnormal 0-5 cleavage 

with the 4,6-disnons (208) as the major iroduct. 	The two ketones 

(209) and (210) are formed as minor products.57  2oib1e explana-

tions for this in that aoy1 group migration to 0-5 needs the near 

eclipsing of the 4-xnethy1 group with 0-6 and also gives a strained 

tra.na junction between a 5-membered A ring and 6-membered S ring, 

while 4-methyl migration 1eath to a strained cia-product with an 

unfavourable skew interaction between the 5- and  19-methyl  groups. 56 

o1vent and reaction time are shown to be important in the BY3-

oatalyasd reactions of some 1,17c_epoxy_16_rrIet11yl_506pregflafl-

20-onea. 71  In dioxan treatment of 3-aoetoxy-16c,l7u-epOxy-lOP-

meth1l-5c-pregn-9-en-20-one (211) with BY3 gives mainly 3-toetoxy-

17c-hydroxj-17 ot41-lu-methy1ene-I)-hoino-5O-afldrQ st-9-en-17a- 

one (212), whereas with benzene as solvent a Dbomo-i1uorohidrin 

is formed, probably the 10-fluoride (213). 	Aonger reaction of 

(211) with BY3 in drier benzene gives a mixture of the epimeric 

3 P-ace toxy -16-ace tr 1-16-me thy 1-50-andro s t-9-en-17-one $ (214) and 

(215). 	The fluorokiydrin (213) when treated with boron trifltaoride 

gives one of the 16-acetyl compounds, (214). 

Formation of tr&e J)-hoao-Iluoroh.ydrifl (213) is thought to 

proceed via the 16-iluor0-lb-metkVl compound (216). 	Interaction 

of the 17o-05F2 group with the adjacent 20-carbonyl group creates 

positive charge at 0-20 (217) followed by migration of the 1,17 

bond (218). 	Hd drolyais of the complex (218) will then produce the 

i1uoroh4drin (213). 	Ring contraction (219) of the iluororiydrifl 

is thought to involve formation of a tetrafluoroborate intermediate 
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with trans 17,17a-boi1i migration to the resultine, dowitive charge 

at 0.-16 to dive the 10-aoety1 compound (214). 	Isolation of 

•pilfle.Ls (214) a1 (215) when drd benzene is.used is thought to 

involve equilibrium at -l6 (220) b4 reversible ionisation 01  the 

16.-tetrafliaoroboratea to dive a mixture of the two fluorohjdrins 

and hence the two uoety1oclopentanones. 71  

Finally there is one •XSJfl k lS of the rearrangement oi an - 

keto-termins]. epoxide. 	Isotoioally it has been shown that 

aorylophenone epoxide undergoes both benzoyl auigration and 1 9 2- 

hydride transfer when treaiec.t with boron trifluoride 	21). 
72 

The related -ethjl- und - en1acrjlophenoue ej.oxidea iuiaergo 

isoinerisation exolusivelj by a 1 9 2-hirie Q,aift (22).72 
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Object of Research 

xamples of work described in this thesis were oiosen to show 

what influences if any were present In the epoxidation of an un-

hindered steroid ketone and its alk1lidene derivatives (50-

oholestan-3-one, 3-methylene-50-choleatane, 3-ethylidene-5c-

oholeatane, and 3-iaoropi1idene-50-oholeatane), two methylated 

derivatives of 5a-oholestan-3-one and 3-methylene-5a-oholestane 

(2c.-methy1-50-cholestan-3-one and its 3-me thy lene-derivative and 

2 9  2-dimethyl-5c-oholestan-3-on. and its 3-methylene derivative), 

and the hindered 5c-oholestan-2-one and its 2-methylene derivative. 

Although the epoxidation of several eteroid-17-ketones and 17- 

alkylidene steroids has been reported it was felt desirable to carry 

out a study of the eoxidation of one such pair of 17-substituted 

steroids with dime thy loxoaulphonlum metbylid., dime thy lsulphoniuin 

methylide, peracid, and the alkaline hydrogen peroxide-benzonitrile 

system. 	To avoid the possibility of long range effects 5c-androstan- 

17-one and its 17-meth,ylene derivative were chosen for this atud. 

The ring opening reactions of the derived A-ring methylene 

epoxides tinder acidic and basic or neutral conditions were carried 

out. 	In particular it was hoped that opening of the 3-methylene 

epoxidea with a suitable reagent would give the amino-alcohol 

intermediates found in TiIfeneaa ring expansion reactions and 

thereby give information about the stereoohemistry 01 the addition 

of CN to the original  ketones. 

The rearrangement reactions of the epoxides derived from the 

3-alkylidenes and 2zne thy lone -50-ChO lea tafle were carried out with 
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boron trifluoride. 	It was planned to prepare methylene epoxidea 

with polar groups adjacent to the epoxide ring and to study the 

effect of tieee polar groups on eubseuent ring opening reactions. 

Finally the study of rearrangement reactions of tatrasubatituted 

epoxides was extended to include examples which did not possess a 

ring junction as one aubatituent. 	The examples chosen here were 

the two 2 ,3-epoxy--2  ,3-diaethj  l-5-cholestanes. 



EXPSRIMENTAL RESULTS 

AND DISCUSSION 
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The reparation and Reactions of 1,11'ethy1ene-oxides. 

(1) 4. tjoxides not adaoent to a polar group. 

Starting materials 

50-Cholestan-3-one 9 73974  2c-methyl-50-ohole8tan.-3-one, 75  and 

2,2_diIae th4 1_5o _oholestan_3_one7 6 77 were prepared by the standard 

prooed.ires, and 50-androstan-17-one was already available. 	50- 

Oholestan-2-one was obtained from 50-oholest-2-one by the addition 

of bypobroinotas acid to give 3c-brozno-5a-oholestan-2-ol 19 which on 

treatment with alumina gave 20,3-epoxy-5a-oho1estane. Reduction 

01 this epoxide  with lithium aluminium hydride in ether gave 5c-

oholestan-2-o1 which was oxidised with Jones' reent to the 2- 

ketone. 7(3 
 

yntkesis of the oorres)ondin.g methylene derivatives of these 

five ketones was carried out with methylenetriphenylphosphorane 

prepared by the method of Corey at a1. 	In all oases crude products 

were obtained which from their i.r. spectra contained aromatic bi- 

products. 	The pre exo-methylene-steroids were obtained by 

oromatograph.y on alumina. 	All the olefins exhibited characteristic 
80 

absorptions in the i.r. at aa.1650 and 890 omoo t  and likewise 
81 

characteristic n.m.r. peaks at  ca-5.4 

.poxidations of 5a-oholestan-3-one and 3-methylene-5o -chole stane. 

Dime thloxosulph0flium methylide was prepared by stirring 

together trimethiloxosulphonium iodide and sodium hydride in dry 

dinieth,yl suiphoxide under nitrogen until evolution of hdrogen 

ceased. 4  The ketone (223) in dimethyl sulphoxide and tetrahydro-

I uran was added to the ylide solution and stirring was continued 
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for 1 hour at room temperature and 1 hour at 500 •  Crystalline 

3-me thy 1-3c,3'-oxy-5o.-oholestafle (225) was obtained with a 

me1tirg point of 131-2 (from acetone), with 1.i'. peaks at 925 (a), 

790 (ii), and 698 (w) am. and a peak corresponding to 2 protons 

at 7.38t in the n.m.r. (half- band width 0.012 ppm). 	Chromato- 

graphy on alumina of the crude product from a second reaction of 

the oxosuiphonium ylide with the 3-ketone (223) gave two compounds. 

The first (eluted with petrol) was the o-epoxide (225), 977, and 

the second (also eluted with petrol) was 3o-methy1-3,3 1 -epoxy-5u- 

oholestane (226) 9  3%. 	The -epoxide (226) has a melting point of 

170_10  and i.r. veake at 935 (in), 840 (s, broad), and 723 (w) 

with a two proton n.m.r. peak at 7.44 1' (half band with 0.030 ppi). 

The otereoohemioal identity of these epoxidea was deduced by 

the reduction of each to its corresponding tertiary alcohol, 26 

followed by dehydration with phosphoryl chloride in pyridine . 82  

Lithium aluminium hydride reduction of the cL-epoxide (225) gave a 

product shown to be 3-meth.y1-5cL-oholeatafl-3cL-ol (227) 8 3 by its 

dehydration to 3-methyl--50-Oholest-2-eUe (229) 82  and by a nixed 

melting point and i.r. spectrum comparison with an authentic sample 

of the 3o-01 (229) prepared by the action of methyl magnesium 

iodide on 50 _oho lestan_3_one . 82  These experiments show that the 

epoxide (225) mu8t have a pseudoaxial C-3--oxygen bond. 	In a 

similar way the -epoxide (226) was reduced to 34-methyl-5o.-OhOle$tafl-

3-01 (228), identified by its dehydration to 3-rnethylene-50-

oholestane (224) and by a mixed melting point and spectral comparison 

with a sample of the 3-01 (228), also prepared by treatment of 5c- 
82 

oholestan-3-one with methyl magnesium iodide. 	Here the 
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reduction indicates that the epoxide (226) has a pseudo-euttorial 

C-i-oxygen bond. 

Additional evidence of the stereochemistry of the two epoxidea 

is given by a coraparison of the n.m.r. half band width of the 

eoxides (C.-o). 	The o-epoxide (225) has a half band width of 

0.012 ppm while the -eoxide (226) has a half band width of 

0.030 ppm. 	These results are in agreement with the findings of 

Carlson and I3ehn. 3  

Solutions of dime -thd].sulphonium methylide were prepared by 

addition of powdered trimethylsuiphonium iodide to a stirred solu-

tion of methylsulphiny1 carbanion in dimethyl sulphoxide and 

tetrahydrofuran under nitrogen at a temperature of oa._100.4  After 

stirring for ten seconds the steroid ketone (223) in dimethyl 

sulphoxide and tetrah'drofuran was added with stirring and stirring 

was continued for ten minutes at ca.-100  and for 1 hour while the 

temperature of the reaction was allowed to reach room temperature. 

A mixture of products was obtained which on chromatography on 

alumina gave the o-epoxide (225), 3l, and the -epoxide (226), 

69%. 

poxidation of 3-methylene-5a-.oholestano (224) with p-nitro-

perbenzoio aoid85  in ether as solvent guys on chromatography the 

o-epoxide (225)9 85, and the -epoxide (226), 15. 	Replacing 

the p-nitroperbenzoio acid by m-ohloroperbenzoio acid gave the 

same ratio of u- to -epoxide. 	hen the epoxidation with m- 

ohloroperbenzoic acid was carried out in methylene chloride the 

o.- to -epoxide ratio was 64 to 36. 
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The 3-xne thy 1ene-ooapound (224) in chloroform was added to a 

stirred mixture of benzonitrile, 30% hydrogen peroxide and potas-

sium bicarbonate in niethanol. 3  After stirring overnight a crude 

product was obtained which on chromatography on alumina gave 3-

iaethylene-50-oholestane, 16, the o-epoxide (225), 22% 9  and the 

-epoxide (22o), 62,. 	The ratio of - to c&-epoxide is ca .3 to I. 

3-Meth,y1ene-5-o]aolestane was stirred rapidlj for five minutes 

at room temperature with bleaching powder in ether and water, and 

acetic acid was added with stirring continuing for half-hour. 87  

A crude product was obtained which was chromato graphed on florisil 

diving three main fractions, two ox which were. erjatalline solids 

with the third a semi-solid. 	Analysis indicated that they all 

contained chlorine. 	The first product (eluted with petrol) showed 

i.r. bands at 770 and 730 cm. 	The n.rn.r. spectrum indicated the 

absence of olefinic protons but had a strong two proton peak at 
81 

6.26T probably due to an exo-methylene group (-CX). 	Elemental 

anal1sis showed it to be the dichloride (230). 	The second product 

(231) (eluted with petrol-benzene) could not be recr 1yatallieed, 

its i.r. spectrum had a band at 3560 am.(-0H) but no strong 

absorption in the region 1000-1100 cin. which would indicate that 

the alcohol was tertiary.. 80 In tact treatment of this alcohol with 

acetic anhydride and pyridine did not give an acetate. 	The last 

product (232) (eluted with ether) was a crystalline solid which 

from its i.r. spectrum was an ala ho1 (3550 om 1 ) 	A strong 

peak at 1050 cm. indicated that the alcohol was primary or 

secondary. 8o Acetylation of this compound with acetic anhydride 
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in pyridine gave a product containing an acetate (i.r. 1735 om.) and 

starting material even alter a reaction time of two days. However 

this is sufficient to classify the alcohol as a primary or secondary 

alcohol since a tertiary alcohol would be even less reactive with 

these reagents. 88 The same ohloro-compound (232)  was obtained by 

the cleavage of 3-me thy l-3,3'-epoxy-5a-cho lea tane oith hydrogen 

chloride. 	since it is known that addition of hypoohiorous acid 

to me thy lone oycloalkanea gives mixtures of 1-ohioro-cyoloalkane-

methano].a and chloromet4lcycloalkanols 23  while the oorresonding 

exocyclic methylene epoxidea are cleaved by hydrogen chloride to 

give only the 1-ohloro-oonipounds 23  it would appear that compound 

(231) is probably a 3-chloromethyl-3-01 and compound (232)  is a 

3-hydroxymethyl-3-Chloride. 	Here the primary alcohol is the 

major compound; "primary': tertiary" = oa.7:4. 	This is in agree- 

ment with the similar work on methyleneoyclohexanes. 
23 

Treatment of either alcohol, (231) or (232), with sodium 

hydroxide in methanol gave a product (233)  with i.r. bands at 3540 

and 1118 em. 4  This later absorption can be attributed to an other. 
8o  

The n.m.r. showed peaks at 6.75 and 6.66I. The peak at 6.66T 

accounting icr three protons can be attributed to the hydrogens on 

the methyl group of the ether grouping -0-CH3 , while the other peak 

had ap.jroximately a two proton intensity and is probably due to the 

methylene protons -C-QCH3 . 	Treatment of the ether (223) with 

acetic anhydride in pyridine did not give an acetate indicating that 

the ydroxy-group was attached to C-3. 	The same compound (223) 	was 

obtained by cleavage of 3o-wethy1-3,3 9 -epoxy-50-oholeatane with 
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sodium hydroxide in methanol. 	Since basic or neutral substitution 

of epoxides of this kind are known to involve attack at the exo-

cyclic carbon with retention of the epoxide oxygen configuration24  

this ether (233)  would be expected to be 3o-methoxymethyl-5c-

oho1estan-3-01 (233)  and this is confirmed b the tertiary nature 

of the hydroxy-group. The formation of this compound from both 

chlorides can only be explained by prior formation from them of 

the -epoxide (226), i.e. in both cases attack of the Cl ion was 

from the a-side giving 3ci-ch1oromethyl-5c-oholestan-3-o1 (231) 

and 3p-hydroxyinethyl-3a-chloro-5a-oholestane (232). 	In fact when 

either chloride was treated with potassium t-btztoxide each gave the 

-epoxide (226) in good yield. 

Treatment of 3-methylene-5a-cboleStane with HOBr generated 

from N-bromosuooinimide and prcalorio acid 
19  gave a gum which was 

chromato graphed on florisil. There were no early non-polar corn-

pounds and elation with benzene gave a product the i.r. of which 

indicated the presence of a hydrox'-group (3550 cm.) and exhibited 

a medium-strong band at 1035 om. 	A second gum was eluted with 

ether and had a very similar jr. spectrum to that of the first. 

Both compounds contained bromine. Chromatography of the first 

product on alumina gave on elution iith petrol an oil with no strong 

peaks in the i.... 	there was a moderate band at 925 ciri. 	and a 

strong peak at 8.76T was present in the n.m.r. both these spectra 

are similar to the corresponding spectra of 2a,3c-epoxy-3-methyl-5a- 

oholestane (234). 	This observation can be explained by assuming 

that the first fraction from the florisil column contained 3c-bromo- 
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3-methyl-50-cholestan-2-o1 (235) which would give 2 9 3-epoxy-

30-iaethyl-50-oholestane (236) on treatment with alumina. 	The 

methyl steroid (229) could result from a perohioric acid catalysed 

isomerieation8  of the methylene steroid (224) and subsequent 

addition of }IOBr to this compound leads to the product (235) in 

an analogous fashion to the HOBr addition to L 
911 steroids . 21  

The second fraction from the florisil column was further chromato-

graphed on alumina to give 3c-methyl-3f,3 1 -epoxy-5c-cholestane. 

The addition of H0r to the .3-methylene-compound (224) was 

repeated using less drastic conditions. 	The reaction was carried 

out in aqueous acetone with N-bromosuacinimide and acetic acid. 

lorisil chromatography of the reaction product gave two components, 

3-methylene-5c.-oholestane and an alcohol (i.r. 3540 and 1035 cin.). 

This alcohol (237) also contained bromine and with acetic anhydride 

in pyridine gave after two days a mixture of starting material and 

acetate, indicating that the compound was a primary or secondary 

alcohol. 	chromatography of this bronio-alcohol on alumina gave 

3o-meth.y1-3,3 1 -epoxy-5c.-oholestane in good yield, from which it 

could be regenerated by cleavage with hydrobromic acid. This 

indicates th-t the product (237) is 3hydroxy1neth1-3c-bromo-54-

oholestane. 

poxidation of 2c.-methyl-a--cho1estan-3-ofle and 3-aiethy1ene-2-

iae thy l-5c-choleatane. 

Treatment of 2o-.methyl-50-oho1estafl-3-one (238) with dimethv1-

oxosulphoniuia methylide gave two products which were separated by 

chromatography on alumina. The first compound (eluted with petrol) 

was 3-me thy l-3o,3'-epoxy-2c-me thy l_5c_oholestane (240), 97%, while 
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the second (also eluted with petrol) was 3o-uietnyl-3,3 1 -epoxy-2o-

methyl-5a-oholestane (241),  3. 	Marked similrities were found 

between the i.r. spectra of the a-epoxide (240) and the correspond- 

ing epoxide (225). 	This was also true for the two f-epoxides (241) 

and (226). 	The principle similarity was in the intensity of 

absorption rather than in band position. 	The c-epoxide (240) for 

•xarn4e showed a strong aoaortion at 942 and a medium one at 788 

0111.1 while the a-e 1,oxide (225) has a strong peak at 925 with a 

medium intensit, band at 795, both also had weak peaks at 691 and 

698 am.-  reapeotiveld. 	On the other hand the -epoxide (241) 

exhibited a medium band at 939  with a weak one at 690 along with a 

strong broad peak at 839 cm.- 1 The -epoxide (226) has corresponding 

absorptions at 840 (broad and strong) and at 935 and 723 am.- 1 (both 

weak). 	In the ease of the two eoxidos (240) and (241) the n.m.r. 

spectra could not be used as a means of identification by half band 

width determinations since the ct-epoxide (240) exhibited epoxide 

peaks at 7.15; 7.22; 7.52; 7.597 and the -epoxide (241) at 

7.18; 7.26; 7.58; 7.cu'r. 

Identification of the two epoxides of the 2a-methyl series was 

established using the lithium aluminium hydride reduction-phosphoryl 

chloride in pyridine dehydration technique. 	The a-epoxide (240) 

gave an alcohol (242) which lost a molecule of water to give an 

olefin. 	This olefin had no ui&iifioant peaks in the i.r. but the 

n.m.r. exhibited a strong six proton peak at 8.43T. 	This can be 

attriouted to two methyl groups attached to a double bond, which in 

this ease can only be accounted for by assuming that the olefin is 

2.3_ciimethy15c-OhO1e8t- 2-efl8  (244), and in fact the n.ra.r. of this 
90 

compound has been shown to have a six proton peak at 8.46T. 
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The melting point of the compound here also oorre3Jonds to that 

reported for 2 9 3-dimeth.yl-50-obolest.-2-ene. 90 ' 91  The alcohol (242) 

was also obtained by treatment of 2c.-methyl-5c-cholestan-3-one 

with methyl magnesium iodide where it aocoe.nted for 79 of the 

mixture of the two C-3 tertiary alcohols (242) and (243). 	The 

second alcohol (243) was as expected identioa1'to the compound 

produced by lithium aluminium hydride reduction of 3o-methyl-3,3'-

epoxy -2o-uie thy l-50-oho lea tans, and on dehydration gave 3-methylene-

2c..-methyl-5c-eholestane (239). 

The reaction of 2c-methyl-5c-cholestan-3-one (238) with the 

suiphonitam ylide gave a low yield of products. 	Chromatography on 

alumina gave the o.-epoxide (240) 9  75%, and the f-epoxide (241) 9  

25%. 	The yield of c-epoxide (240) from the reaction of 3-aethylene- 

2o-meth.yl-5c-cholestane with m-ohloroperbenzoio acid in ether was 

63% with the remainder -epoxide (241). 	Treatment of the olefin 

(239) with the alkaline hydrogen peroxide-benzonitrile system 

produced 3-methylene-5a-oholestafle, 163, the o-epoxide (240), 6%, 

and the -epoxide (241), 78o 

oxidation of 2, 2-dime thi 1-5a-c Aola stun-3-One  and 3-net&jlene-

2, 2-diinetiy l-5c.-cholestane. 

hen the epoxidation of the ketone (245) with imeth1oxo-

sulphoniva methylide was carried out the c-epoxide (247), 94%, was 

obtained with the remainder of the product the -epoxide (248). 

The o-epoxide (247) was identified from its i.r. spectrum which 

had a strong peak at 930 and a medium intensit 4  band at 780 

which was a very similar spectrum to those of the other two 
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c-epoxidee (225) and (240) previously mentioned. 	The i.r. spec- 

trum of the ...epoxide (248) had a strong and broad peak at 851 

(with a shoulder at 840) and a medium peak at 918 om. again 

similar to the spectra of the 3-epoxides (226) and (241). 	Supple- 

mentary structural evidence comes from the polarity on alumina of 

the two epoxides, the epoxide with a pseiadoaxial 0-3-0  bond would 

be expected to be and is less polar. Also by now it was apparent 

that the expected major product from treatment of a ojolohexanone 

with the oxoaulphonium ylide would involve etoria1 attack. 39495 

The n.m.r* spectrum of the o-epoxide (247) showed-0H2-0 (epoxide) 

peaks at 7.20; 7.28; 7.53; 7.60 while the corresponding 

spectrum of the -epoxide (248) had similar bands at 7.10; 7.18; 

7.55; 7.63 

Lithium aluminium h,dride treatment of the Q-epoxide (247) 

gave an alcohol (249) identical with the less polar of the two 

tertiary alcoholE produced in a 1:1 mixture from the reaction of 

methyl magnesium iodide with 2,2-dixaethyl-50-oholeetafl-3-ofte. 	The 

less polar alcohol must be 2,2,30-trimethyl-50-OhO 1eatafl-3 -01  

(249) and further indication that this was so was expected to follow 

from its dehydration with phosphoryl chloride in pyridine. 	However 

when this was oarried out a product was obtained whose i.r. and 

n.m.re seotra were identical to those of 3-meth.ylene-2 9 2-dimethyl-

50-oholeetane, except that the i.r. spectrum had one additional 

small peak at 830 cm.- I which cold be attributed to an endocolio 

olefin. 	however the n.m.r. spectrum showed no absor L.tions in the 

endo-ole±inio region. 	That the exocyolic olefin was not the more 
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stable of the two possible dehydration products 92  was seen by the 

conversion of the 3a-01 (249) into an endocyolic olefin i.r. 840 

am. - ') by treatment at 900  with acetic acid containing a few drops 

of perohioric acid. 	The endooyolio olefin is 2,2,3-triineth1-5a- 

oholest-3-ene (251) since its n.m.r. spectrum displays a three 

proton peak at 8.38'_U (cH3-c=) and a one proton peak at 4.5t 

(H-.à=ô-). 	Dehydration of the 3.-aloohol (250) gave almost 

entirely 3inethylene-2 9 2 9 -diinethyl-50-oho1estafle. 

The 2,2-dimethyl group is known to distort the normal chair 

conformation of the A-ring93  and this destroys the geometry for 

the trans-coplanar dehydrations into the A-ring observed with the 

simpler systems (227) and (242). 	Elimination of the eu&torial 

hydroxy-group of (250) with loss of a trans-coplanar proton of the 

0-3-methyl group to give the exooyolio methylene derivative is, 

however, still possible, and clearly such a mechanism could also 

operate for the 3o-hydroxy-group of compound (249). 

Treatment of the dimethyl-3-ketone (245) with the aulphonium 

methylide produced a mixture of the same two epoxides in which the 

.epoxide (248) was the major product, 60%. 	Treatment of 3- 

me thy lene-2,2-dimeth, 1-5c-eholestLne (246) with m-ohloroperbenzoic 

acid in ether gave the o-.epoxide (247), 82%, while the corresponding 

reaction with the alkaline hydrogen peroxide-benzonitrile system 

gave the .-epoxide (248) 9  b5,1. 

poxidation of 5-ciioleitn-'-one and 2-me thy lene-5c-cholestazle. 

A high yield of the -epoxide (254), 99, was obtained by 

rneth.jleue transfer to the oarbon.yl grotp of 5c-caolestan-2-ono (252) 
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with dime thy loxosuiphonium methy1ide, the o-epoxide (255) was also 

isolated, l. It was again possible to determine the stereo-

chemistry of these two epoxides on a spectral basis. 	The material 

with a paeudoaxtal 0-2-0 bond had a similar i.r. spectrum to those 

of the corresponding 0-3 series (225, 240, and 247) with a strong 

peak at 912 and a medium one at 795 om. 	It also had a peak in 

the n.m.r. at 7.54T with a half band width of 0.015 ppm. The a-

epoxide (255) showed now characteristic pseudoe.j&torial carbon-

oxygen epoxide absorptions; i.r. broad strong peak at 822 with a 

medium one at 942 cm.
-1  and an n.m.r. absorption at 7.37 -r with a 

half band width of 0.033 ppm. 	Cleavage of the -epoxide (24) with 

lithium aluminium hydride gave 2a-.moth.yl-5c-oholeatafl-20-Ol (256), 

identified by a mixed melting point and spectral comparison with 

an authentic sample of the 2-o1 (256).50 

Ulightly less of the -epoxide (254) was formed on reaction of 

the 2-ketone (252) with the sulphonium ylide, 75.5. 	Jpoxidation 

of the 2-me thy lene-oompoand (253) with m-ohloroperbeiizoio acid in 

ether gave a similar result with 82% of the product mixture being 

the c-epoxide (255) 9  while with the alkaline hydrogen peroxide-

benzonitrile system a 100% yield of the a-epoxide (255) was produced. 

oxidation of 5c-androstari-17-one and 17_me thy lene-SQ-androstafle. 

50-Androstan-17-one (257) with the oxosulphonium ylide gave 

the -epoxide (259), 83,, while only -epoxide (259) was formed 

when the corresponding reaction was carried out with dimethlsul-

phonium methjlide. 	The separation of the two epoxidea from the 

oxosuiphonium ylide reaction was carried out on alumina the a- 
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epoxide being eluted first, 	expected. 	Here identilication of 

the two e&oxidea  apart from polarity difierences was based upon 

results from similar reactions on other steroid-17-ketones. 	In 

all known Oases the -epoxide is the major (or only) product from 

these methylene transfer reactions a ' b ' c ' d 'e and thus the niajor 

product here was assigned the 17,20-oonfigurattoxi (259), which 

was confirmed by the epoxidations of the 17-methylene compound 

(258). 	Treatment with m-ohloroperbenzoio acid in ether gave the 

o-epoxide (260), 85%, which was identical to the minor product 

isolated from the oxoaulphonium ylide reaction. 	This result is 

in line with epoxidatione of other 17,20-olefina.. 94995  The reaction 

with the alkaline hydrogen peroxide-benzonitrile system gave an 

even larger yield of the c-epoxide (260), 98,. 

The same i.x. Identification procedure adopted with the A-ring 

exoc,clic epoxides was not po&sible here. 	The c-epoxide had 

medium ixitensit peaks at 939, 835, and 760 while the -epoxide had 

jr. bands (all medium intensity) at 919 9  861, and 786 am. -  In 

the same way the determination of the stereochemistry of these 

eøxidee from n.m.r. half band widths was not possible with the epox-

ide k rotoa absorptions not apearing as single signals. 

Finally two partial studies of the epoxidation of other steroid 

systems to exooclio methylene epoxides can be reported. 

poxidation of .-nor-5c-cholestan-2-one and 2-me thy lene-A-nor-5c-

oholestane. 

The two epoxides from 2methylefle-A-flOr-5a-OhO1eStafle were 

compounds required for the determination of the stereochemistry of 
\U V 
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the products from the 3P-oatc1.ysod isonierisation of the two 2,3-

epoxy-2 9 3-dimethyl-5a-obolestanes. 	A-nor-50-criolestan-2-one was 

prepared from 2 9 2-dixnethil-50-oho1estan-3-ol (261) by its con-

version to 2-iaopropdlidene-A-nor-5c-oAolestane (262) with phos-

phorus pentaokiloride followed by treatment of this olefin (262) 

with ozone. 90  The 2-meth.jlene-oompou.rid (2t4) was prepared from 

the A-nor-2-ketone (263) by treatment with met y1enetriphen1-

pho ephorarie. 

The A-nor-2-ketone (263) with dimethrloxosu1phonium methylide 

gave a product which was reorystallised from acetone to give the 

-epoxide (265)9 oa.100%. while reaction of the 2-methylene-compound 

(264) with zn-ohloroperbenzoio acid in ether gave after recrystal-

lisation froia acetone the c-epoxide (266), ca.80. 	Identification 

of the two epoxidea came from their reduction to the pair of 

epinieric alcohols (267) and (268). 	Compound (267) was also 

obtained from A-nor-5a-choleetafl-2-one on treatment with methyl 

magnesium iodide. 	Since ethyl magnesium iodide has been shown to 

attack the carbonyl group of the A-nor-5c-oholestafl-2-one to give 

the 20-alcohol (269)9 6  it was assumed that a similar stereochemistry 

of addition would apply for the methyl magnesium iodide reaction 

giving 2aaietiyl-A-nor-5e-oho1estafl-2P-Ol (267). 	This would mean 

that the epoxide from the ylide treatment of the .t.-nor-ketone 

(263) is 2a_niethyl_2,2 1 _epoxy_A_flor5-ObOleStafle (265) while the 

compound from the attack by peraoid must be the corresponding O 

epoxide (266). 	In fact vera recently Levisalleu and Tkatohenko 97  

have carried out and reported the same epoxidatiofla with similar 

results. 
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o.xidatiuns of 4,4-dimethl-cholest-5-en-3-ozie  and 3-nethylene-

4 , 4dimtnrl_oho1et_5_ene. 

nthesis of 4 9 4-dimethyl-oholest-5-en-3-one 99  from choleat-

4-en-3-one 8  was carried out and the 3-Iae'thilene derivative (271) 

was prep4red bj the re.ction of the ketone (250) with methylene-

trihenlboshorane. The i.c. apootrax of the diene (271) showed 

strong bands at 1230  and e60 om 	w.i1e the rk..r. spectrum 

eibited olefinic peaks centred at 5.25 (jC= 	) and 4.45T 

When the 4,4-dimethyl-5-en-3-one (270) was treated with 

dime tbi1su1phonium uet41ide a product was obtained which from its 

i.r. spectrum seemed to consist only of the 3-ketone (270). 

However ohromatog'aphy on alumina gave initial fraotions (less 

than 1;. of the total product) with no oarbony1 peak in the i .r., 

the remainder being the dimethyl-ketone (270). 	A similar result 

was observed when the ketone (270) was added to a solution of the 

oxosuiphonium me -thylide. 	In this case the ketone was extremely 

insoluble under the reaction conditions and this remained true 

even on the addition of considerable quantities of organic solvents. 

Since most of the cholestanes dealt with here have been observed to 

be very insoluble in dimethyl suiphoxide the reaction was repeated 

using dimethylformamide as the solvent for the generation of the 

1ide. 	However, the ketone again appeared to 0oine out of solution 

ai the z:1tii 	ioduct consisted of starting material with only 

trace 4aantitie oi nteria1 less polar than the ketone (270) being 

isolated by chromatography. 	Although these initial fractions 
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were probably epoxides no verification of this was possible because 

of the lack of material. 

Treatment of the diene (271) with one equivalent of m-

ohloroperbenzoio acid in ether gave a crude product which was 

ohromatographed on alumina. The first compound (eluted with 

petrol) was the diene (271) and this was quickly followed by a 

compound with an i.r. spectrum similar to that of the diene (271). 

The n.m.r. spectrum of this material indicated the presence of 

the 0-3 methylene group (5.21'r ) as well as an electronegative-

group at 0-6; protons at 7.88; 7.77r which are attributed to 

the 0-7 protons, along with a set of absorptions centred about 

6.9/7.0 -r which are attributed to a 5,6-epoxide. 	The elemental 

analysis also supported this type of compound. 

tpoxidation of 4,4-dimethyl-5-en-3-ones with peracids has 

been shown 4  to give mixtures of 5,6c- and 5,6-e 1)oxide8 

(o: P = 3:2) and on the face of it a similar result would be 

expected here, for purely steno reasons the 0-3 methylene group 

probably having the same effect as the 3-ketone. The configurations 

of the epoxides from the 3-keto-steroids were partly determined on 
100 

n.m.r. evidence. 	It has been shown that - and -epoxidea at 

C 5-C6 can be distinguished by the value of the 0-19 proton fre-

uency, on the magnitude of the coupling constant between the 

0-6 and 0-7 protons, or on the difference in chemical shifts of 

the 0-6 protons for each type of epoxide. 	In this case the 0-19 

proton frequency could not be distinguished from other methyl 

absorptions in the 9.0 -t-  region caused by the methyl groups at 
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(J-4. 	;sing the coupling constant and chemical ahift differences 

in this case would have required spectra of both the 5a,6c- and 

5 9 6-epoxides for an obvious distinction to be made. 	Thus the 

stereochemistry of this epoxide (272) remains unknown. 

The next compound on elution from the column did not contain 

a methylene group but from its n.in.r. spectrum cold be seen to 

contain an endoo d clic double bond 4.48 i  (1 proton H- 0  C) i.e. 

probably the 5,6-double bond. 	Peaks which could be aasined to 

protons on an epoxy group where also present (7.05; 7.14; 7.49; 

7.58T) and the compound was assumed to be a 3-methylene epoxide 

(273), and in tact this type of structure was confirmed by elemental 

anal.i. 	Idei-tification from its 1.r. 6pectrum in a similar w 

to tt 	ei to •itermi 	tfle streochemistry oi the 0th(-,r A-ring 

methylene epoxides was not possible in this case and lack of 

material did not permit a chemical investigation of its structure. 

The last compound from the column was a gum (oa.0.5% of the 

total product). 	The nxn.r. spectrum indicated that it did not 

contain any protons attached to double bonds while a multitude of 

peaks about 7.0 led to the assumption that it was a bi-epoxide 

(274). 

Thus in this case only the positions of peracid attack of the 

diene (271) are known with both the 5,6-eoxide(s) Lnd 3-methylene 

epoxide(s) being produced. The ratio of the two sets of epoxides 

was almost exactly 1:1. 



Table I 	Epoxide formation 

Percent axial attack 

Ketone (Ci3)230CH2 (cii3 ) 2s0a2  

5Q-oholestan-3-one 3 69 

2c-methyl-5a-oholeatan-3-one 3 25 

2, 2-dirnethyl-50-oholeatan-3-one 6 60 

5a-.chole8tan-2-one 1 24.5 

5c-androstan-17-one 83 100 

A-nor-5c.-oholeetan-2-One Ca. 100 - 

Percent axial attack 

Olefin Peracid 
ThON, H202 

KHCO3 

3-methylene-50-oho1eetane 85 26 

3-me th' 1ene2o-methdl-5a-oholestane 63 7 

3-me thy lene-2 , 2-dimethy l-5c-cho lee- 
t ane  

82 35 

2-methylene-50-oholestane 18 0 

17-ineth 1jlene-50-androstafle 85 98 

12-methylene-A-nor-5c-oholostane Ca. 100 - 
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Discussion 

The results of the various ekoxidationa 

methylene-compounds are listed in Table I in 

axial attack. Table II consists of re1ts 

Grinard reagents to steroid ketones. 

In order to discuss the significance of 

of the ketones and 

terms of percentage 

from the addition of 

the eoxidations 

carried out here it is necesaar first to establish three points; 

the mechanism by which each epoxidation takes 4aoe, the size and 

shape of the attacking species, and the spacial geometry of the 

steroids at the moment of attack. 

The mechanism at present in favour icr the non-acid catalsed 

perioid epoxidation of a double bond is that devised by 3artlett 

(1) in which the eleotrophilic peracid oxygen attacks the double 

bond rather than one of the olefinic carbons. Narkownikov's rule 

would then lead to greater bond development to the exocyclic carbon 

of the double bond in the rate determining stage. 	uince this last 

stage is unlikely to involve any great steno influences it is the 

approach of the peracid to the olefin which must be the stereo- 

chemically important step. 	The Bartlett mechanism has also been 
3 

proposed for double bond attack by peroxybenzimidic acid. 	This 

type of peroxy acid has been shown to be different from other 

peracids in its attack of substituted olefins, for while 2-methyl-

2-butene is epoxidised by peraoetio acid at a rate 290 times that 

of 1-hexene, the rate of disaearance of hydrogen peroxide in a 

mixture of acetonitrile, hydrogen peroxide and olefins is essentially 

independent of olefin structure. 	Thus formation of the peroxy 



Table II 	 Addition of Grignard reagents 

Ketone 2eroent axial attack 

50-chole8tan-3-one 43 - 4082983 

2o-me thd 1-50-cho le stan-3-one 20 

4c-methyl-5c-cholestan-3-one 30101  

4 n-me thy 1-5a-oho le stan-3-one 50101  

2 9 2-dime thy 1-50-oholestan-3-one 49 

5-oholestan-2-one o50 9 144 

Steroid-17-ketones 152 

A-nor-50-oholestan-2-one ca. 10096 
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carboximidic acid intermediate is the slow step in these reactions 

with rapid reaction with and available reducing agent then taking 

place. 2a 

The mechanism for the ylide reactions is likely to involve 

attack by the ylide oarbanion on the carbon of the carbonyl group 

in a similar way to that of addition of Wittig reagents to oarbonyl 

groups. 	ith the sulphonitam ylides the second step will involve 

attack 01 oxyanion on the carbon of the suiphonium group (Bee pp.9, 
5f 	 5f 

10). 	The first stage is also thought to be reversible. 	A 

similar mechanism has been proposed by Johnson 6 ' 	for the reaction 

of the butdljde (275) with benzaldehydes. 	In these reactions it 

was noted that only one stereo isoiier, the trans-atilbene oxides, 

was produced, and since it was found that cis-stilbene oxide was 

stable to the reaction and work-up conditions it was concluded that 

the reaotions between the ylide (275) and the benzaldehydee were 

stereospecific. 	This stereochemistry was accounted for by assuming 

that the step involving ylide attack is reversible and could result 

in formation of both the erythro- and threo-betaines. The necessary 

transition states for epoxide formation would then require conforma-

tions (276) and (277) and clearly for (277) this is an unfavourable 

conformation involving the three bulkiest groups being gauche to 

one another. Thus with the first step reversible mainly the erythro 

form is converted into the epoxide the threo form reverting to ylide 

and curbon.yl compound. 

If betaine formation were not reversible the stereochemistry 

of the reaction would be determined in the first step und this 
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would mean that there must be a considerable energy difference 

between the two transition states for betaine formation. 	The most 

likely transition states for ylide addition are thought to be (278) 

and (279) due to ion-dipole interactions between the carbonyl com- 

pound and the ylide grouping. 	In this case the threo form has the 

lower energy which would imply ultimate formation of the cis-

epoxide in preference to epoxide formation from the erythro form 

in which the two phenyl groups are eclipsed. 	However this is in 

complete disagreement with the observed results. 

The influence that the size and shape of the attacking species 

can have on the stereochemistry of nuoleopiilic attack of cyclic 

ketones is well documented. 52  As has been indicated the reduction 

of unhindered o,olohexanonea usually involves axial attack by the 

hydride ion while similar results are observed with the addition of 

Cli or aoet].ene to the same type oi ketoriese 	here the attacking 
41 

species is either quite small (H) or has a rod-like shape (ON, 

aCCH) so that axial attack will give transition states in which 

there is little non-bonded 1,3-interaction with the axial sub-

atituents. 	u4torial attack as has been pointed out can be 

explained as unlikely either on the basis of product development 

control or because of steric interference with the axial alpha sub- 

stituents. 	Attack by Grignard reagents to unhindered ketones 

takes place to a large etent with eatorial methyl attack and 

this can be attributed to the severe interactions tht the hydrogens 

on the methyl groue in the axial position will have with the beta 

axial aubstituents. 
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Tiese observations on the effect of email nuoleophiles with 

unhindered cyolohexanones also depend on the shapes of the cyclic 

ketones. 	While the A-ring of moat A-ring steroid-oyolohexanones 

can be regarded as existing to a major extent in the chair form, 

the A-ring of 2,2-. and 4,4-dimet4yl-3-keto-ateroids has been shown 

to exist as a flattened chair (280). 

The results from the epoxidation of 5a-oholestan-3-one with 

dime thy loxosulphonium methy].ide and dimethylsulphonium methylide 

can be compared with those obtained from the similar epoxidations 

of dihydrotestoaterone. 	With the oxosuiphonium ylide both the 

3-ketones give overwhelmingly o-epoxides, the result of ei&torial 

attack. 	Clearly the mechanism proposed by Cook et al. (pp.9 9 10) 

involving reversibility of oxosuiphonium ylide attack can also be 

used to explain the result from 5c-oholostan-3-one. 	The non- 

reversibility of attack by the labile dime thy lsuiphonium methylide 

which waa used as an ex4anationfor  the stereospecificity of the 

reaction of that ylide with dihydroteatoBterone cannot on the face 

of it be used with 5a-choleetan-3-one. 	However, since the aul- 

pkxoniuin ylide is indeed very reactive and because of the good 

yields of epoxides obtained from its reaction with 5a-oholeatan-

3..one it is difficult to imagine that the ylide is not "locked" 

into position after attack of the oarbonl group carbon. 	This 

would then mean that attack of the ylide did not take place only 

from the a-side initially but that some e&torial attack did 

occur. 	In fact other examples of attack by dimethlsulphonium 

methlide of oolohexanones to give a fair amount of ettorial 

attack have been reported. For example reaction of trans-2- 
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decalone with this ylide gives a inixtiare of epoxidee with that 

resulting from axial attack accounting for 55% of the mixture. 3  

Such a storeochenilcal situation has been observed for the addition 

of Grignard reagents to 5a-oholeatan-3-one (Table II). 	Since the 

1ylida oarbanion differs from the methyl group from the Grignard 

reagent in that it rias one much larger grouping attached to the 

attacking carbon atom it is difficult to see why the sulphonium 

ylide should not initially attack to a greater degree from the 

ecjuitorial side. 	This could be due to shielding by the axial 

hydrogens at 0-2 and 0-4 if the reagent has to closely pproaoh the 

ocrbonyl group in the transition state, or to shielding due to the 

0-19 angular methyl group. 

The results for the peracid epoxidation of 3-methylene-5c-

aholestane can be explained in terms 01 the different shielding 

properties of the u and p faces of the molecule. 	If the transition 

states for epoxidation by peraoid are taken as at the critical point 

resembling the final epoxides with the only difference being th.-t 

the bulk of the peracid is still attached to the eleotrophilio 

oxygen atom then the epoxide oxygen can be taken as a reference 

point from which to measure the shielding to reagent approach from 

both sides of the molecule. 	It can be seen that the axial hdrogens 

on 0-2 and 0-4 are nearer the epoxide oxygen than are those on C-i, 

and c-5. 	Tb.ie the attack by peraoid of the 3-methylene compound 

from the c.-aide on steno grounds seems reasonable. 	The reduction 

in axial attack with methylene chloride as solvent is likely to be 

due to an increase in the reagent bulk due to tighter solvation of 
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the transition state, 12917  the differences in shielding of the a. 

and 0 faces now being less important. 

It is difficult to see why peroxybenzimidic acid should be 80 

different from the other peracids if it operates by the Bartlett 

mechanism. 	On the face of it it is difficult to believe that its 

size is so great that e dtoria1 attack becomes preferred to such 

a great degree. 	(+)-ieroyoampborio acid for example gives high 

yields of the epoxide resulting from axial attack of 4-t-butyl-1-

insthyleneoolohexane. 12  Another mechanism for this reaction seems 

a more 11ke4 answer. 	The observed preference for axial attack is 

observed with h1poo!iloroue and h.ypobromous acid attack of 3-methy-. 

lene-5c-.cholestane. 

The presence of a methyl group alpha to the 3-ketone can be 

seen to alter in a marked way all the epoxidation reactions of the 

2a.-methil-steroiis as well as the addition of Grignard reagent to 

2-me thy l-5a.-cho1estan-3-one (and 4a-methyl-50-oholestan-3-one 101 ). 

In all oases there is a reduction in axial attack compared with 

the same reactions on the parent 3-ketone (223) or 3-methylene com-

pound (224). 	Such observations have also been reported for simple 

a.mety1-cdc1or 	
52

eXaflOneS. 	The Grignard reaction with 2-methyl- 

cclohexanones takes place with 75 percent of euitoria1 attack. 

..,xauiination of the molecular model of 2-meth 1 lcyclohex.none showed 

that the methyl group in the eâtorial position will be more stable 

in the case where the hydrogen atoms are in a skew position with 

respect to the eubstituents at 0-2 (28l).52 In this case the dis- 

tance of one of the hydrogens on the methyl group from the 0-1 
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carbon will be the same as that for the axial beta hydrogen atoms, 

i.e. there are now three axial beta hydrogens causing additional 

steno hindrance. 	Applying this observation to the 2a-methyl- 

steroids would therefore mean that the three interactions with 

axial beta hydrogens will push the reaction in each case towards 

more eattorial attack taking place. 

The eoxidations of the 2,2-dirnethyl-steroids and the addition 

of Gnigard reagent to the dime thy l-ketone (245) show results 

similar in the main to those of the parent series (223)  and (224). 

These results will depend on the shapes of the A-rind of the 

dimethyl-ketone (245) and its methylene derivative (246). 	Examina- 

tion of the molecular models of the two dimethyl compounds in the 

half-chair A-ring form in fact indicates that the 0-face Is now 

qUte rteavily shielded by axial eubstituente and even with several 

axial or pseuioaxial hydrogens bringing about non bonded interactions 

with reagent approach from the a-side this direation of approach is 

now favoured over top-aide approach. 

Axial attack of 50-oholestan-2-one and its methylene derivative 

involves a 1,3-interaction with the C-lO methyl group and thus all 

the reagents tend to attack in the main from the e4torial side. 

Attack to some extent from the eutorial aide has In fact also 

been observed for email nuoleophiles such as hydride. 
52 

The reactions of the to sets of c,clopentane-steroide indicate 

in all oases high shielding of the -face of the molecules. 	This 

is doubtless due to the reltive nearness of the angular methyl 

groups. 
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Reactions 

Boron trifluoride 

Boron trifluoride-etherate (1 dro per 1U0 ing. steroid) was 

added to a solution of 3-me thy l-3c,3'-epoxy-5c-oho lea tane in dry 

benzene. 	The reaction was terminated after 2 minutes and a crude 

product was obtained which on chromatography on alumina gave the 

-epoxide (225), 20, followed by an aldehyde, 26(, (i.r. bands at 

2715 and 1725 ozn.) and an alcohol, 545, (i.r. bands at 3350 and 

1057 om. 1 ). 	Tue aldehyde was also characterised b its n.Lri.r. 

spectrum which had present a one proton peak at 0,39T• Attempts 

to reorystallise the aldehyde from petrol led to a crystalline 

product Whose i.r# spectrum was different from that of the alde-

hyde with bands at 340u to 2450 (broad) and 1o95 (s) cm-7 1  

characteristic of a carboxylic acid. 
80 This acid reuoted with 

ethereal cliazoinethane to give a product identifiable as a methyl 

ester bj its i.r. u.,jeotrum which had present peaks at 1730 and 

1160 am. -180  The melting points of these two compounds were similar 

to those reported for 5cLobo1eatan-30-carboxyli0 acid (284) and its 

meth 1 l ester (285) 
102 and from this evidence the petrol-reorystal- 

used material was assigned the 3p-oarboxylio acid structure (284). 

The n.m.r. spectrum of the alcohol from the 3F 3  reaction of 

the ci-epoxide (225) had peaks at 6.62 and 6.3rprobably attributable 

to a deshielded methylene group. 	It was found to contain fluorine 

and on treatment with acetic anhydride in pyridine it gave a mono-

acetate (i.r. bands at 1740, 1242 9  and 1052 cm.,-1  and a three proton 

absorption at 7.9t in the n.ni.r. with other downfield peaks at 
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6. 09 and 5.76T). 	Assuming epoxide oxygen co-ordination with 8F3 

prior to ring opening to the fluorohydrin an analogous reaction to 

those observed with the -epoxide (226) and hydrogen chloride and 

hydrogen bromide (pp.42-45) would be expected, i.e. opening to 

the 3a-hydroxymethl-3f-fluoro-compound  (286) 9  and this is justi-

fied by the acetate formation (287). 

When the fluoro-alcohol (286) was treated with a further 

quantity of boron trifluoride-etherate in benzene conversion to the 

3-aldehyde took place, and this was also the observed result when 

excess boron trifluoride-etherate was added to the c-epoxide (225) 

in benzene. 	The n.m.r. spectrum of the crude product from this 

last reaction had present two aldehydic proton absorptions. The 

major, 0.39T, corresponded to that observed for the 3-aldehyde 

isolated by alumina chromatography with the other at 0.29T. 	It 

has been shown that pairs of epimeric aldehydes can be distinguished 

by differences in chemical shifts. 103 utorial aldehydes show a 

peak at a slightly higher field. 	Aiplying this concept here 

would imply tht the aldehyde corresponding to the band at 0.39 

had an eu&torial configuration and this is borne out by the fact 

that the aldehde mixture when run through a column of alumina or 

when treated with base epiineriaes to a single aldehide with a peak 

in the n,m.r. at 0.39T, i.e. the more stable eu&torial form. 

When the reaction was carried out in ether as solvent it was 

found that little or no reaction occurred with reaction times of 

2 to 60 minutes. Therefore the reaction was allowed to continue 

for 2 hours before being terminated. When this was done a crude 

product was obtained the n.m.r. spectrum of which showed the 
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resenoe of fl.uorohydrin (6.62, 6.3 t ) nd the two aldebjdee (0.39 

and 0.28T ). 	On this 000aion the intensities oi the two aide- 

hydio signals were approximately equal. Chromatography of the 

crude product on alumina gave the 3-aideh4de and the fitiorohydrin. 

The same reactions were carried out with the -epoxide (226). 

Here with benzene as solvent the n.m.r. of the crude product showed 

the two aidehydic A rotone with that or the e4torial aldehyde 

again the major. 	Fluoroh1ydrin formation was not observed in this 

case. With ether as solvent and a reaction time of 2 hours the 

only absorption band present in the n.m.r. of the crude reaction 

product was that of the 3-aldehyde proton (0.39T). Again only 

3-aldehyde could be isolated for both crude products by alumina 

chromatography. 

When the reaction between 2-methyl-20 9 2 1 -eioxy-50-oho1estane 

(254) and excess boron trifluoride-etherate was carried out in 

benzene as solvent a product was obtained which again had two 

aldehyde peaks, 0.41 and 0.241, in the n.m.r. 	By using the 

chemical skiift distinction method the band at 0.41 must belong 

to the hydrogen of the 2a-aldehyde (288) 0  and in fact ohromatoraphy 

on alumina of the crude product gave a single aldehyde with a peak 

in the n.m.r. at 0.41T which must be due to an aldehyde in the 

stable e.torial configuration. 	No fluoronydrin formation was 

observed with this reaction. 	with ether as the solvent and a 

reaction time of 2 hours the crude product oo1d be seen to contain 

only the two aldehydes from its n.m.r. 6,jectram, with the two peaks 

having approximately equal inte 1 itiee. 	The single 2o-aldehde 

was isolated by chromatography on aUmina. It was found that the 
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2a-.aldehyde could be reorystallised from petrol with apparently 

no conversion to a carboxyllo acid. 

The reactions of 2-methyl-2c,2'.epoxy-5c-oholestane (255) 

with boron triflizoride-ethorate were carried out in a similar way 

to those of the c-epoxide (254). 	With benzene as a solvent 

almost equal amounts of the two aldehydes were formed (n.m.r. 

0.41 and O,24 -r) while the use of ether as solvent gave principally 

the 2a-aldehyde. Again alumina chromatography allowed for the 

isolation of only the 2e-aldehyde. 

By using these n.m.r. techniques it was hoped that some 

information about the use of ether and benzene as solvents in 

boron trifluoride epoxide isonierisations could be obtained. 	As 

has been already mentioned in the Introduction (p.18) the work of 

Goldsmith 42  indicated a greater tendency to these types of reac-

tions taking place by a oarbonium ion mechanism with benzene as a 

solvent than with ether as solvent. 

In all oases the use of benzene as a solvent led to mixtures 

of aldehydes and this can only be explained by the reactions to 

some extent going through a two step carbonium ion mechanism. 

The eu4toria1 aldehydes would result b a concerted proces only 

for epoxides (226) and (255). 	From the observation that the stable 

ectortal aldehydes are in all oases the major products (for 

epoxide (255) oa.l:l) it could be assumed that reaction pathways 

involving carbonivai ion intermediates are more important than 

concerted mechanisms for epoxideB (225) and (254). 	However it 18 

equally likely that both concerted and oarbontum ion mechanisms 
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are favoured for the 3F3-oatal1sed reactions, the fast reactions 

in benzene allowing for sufxicient time for partial epimerisation 

of the axial aldehydes to the more stable eqtorial ones under 

the reaction conditions. 

On the other hand there does seem to be a difference between 

the epoxide isomerisations with ether as the solvent. 	The two 

axial-oxygen epoxidee give almost equal amounts of the two alde-

hydes which must mean at least 50 percent of the reactions go by 

concerted Ljrocesses. 	The observation of almost complete conversion 

of the eutorial-oxygefl epoxides to the euitorial aldehydes could 

also be explained by a greater degree of concerted epoxide 

rearrangement with ether as a solvent. 

The reactions of the two -epoxides of 3-methylene-2o-methyl-

and 3._me thy lene_2,2_dime thy l5uOhOleStane with boron trifluoride-

etherate in benzene were also sttzdie. 	The i.r. spectra of the 

products from both reactions with excess 3F3 and a reaction time of 

2 minutes had present no readily identifiable absorption bands and 

the n.rn.r. spectra of both crude reaction products indicated that 

aldehydic protons were not present. 	Neither crude product could 

be fractionated on alumina. A second reaction with the o-epoxide 

of the 2,2-dimethl-8eries in benzene with a small amount of boron 

trifluoride-etharate (1 drop/150 mg. steroid) for half-minute also 

gave unrecognisable material. 



\: 

(2io) 	 2A 1) 

4OWC.  _.4IIIIIIIfIII 
OL

I I 
I  I 

- 

(232.) (-r) 

HOW 	 0 

OH 
0 

0 	
HO 

C. 

A.o 	 N 0 

C.0b4 	 0Ac. 



- 68 - 

FLdrogen chloride and hjjdrogen bromide 

The OorrebiQflding reactiona to those alredd mentioned for 

the fE-epoxide (226), (pp.44,45), were carried out for the c-epoxide 

(225) with hydrogen chloride in chloroform and with hydrobroinic 

acid. 	In both oases roducts were obtained with similar i.r. 

seotra to the o_halo-conipound8 (232) and (237). 	The product from 

the o-epoxide with 10l had peaks at 3560 and 1075 while the product 

from the same epoxide with tiBr showed absorption bands at 3540 and 

1010 cni. 	These products on the basis of the results from the - 

epoxide would be expected to be 3hydroxymethyl-3-Oh1OrO5 

oholeatane (290) and 3_hy droxyme thy 1_3_brOmO_5 0 _0h0 l02ta (291), 

and in fact both were converted into mixtures of acetates and 

starting materials on treatment with acetic anhydride in pyridine 

overnight. 	Also the c-epoxide (225) was regenerated from both 

the compounds (290) and (291) on treatment with base (potassium 

t-butoxide in the case of the 30ch1orO-CQmpOUfld (290) and chromato- 

graphy on alumina for the 3f-bromide (291)). 

Alumina (hCtiVitd II 

Cleavage ci epoxides to 1,2-diolu is usually accomplished under 

aoiic conditionsi130  Ilowever it has recently been shown that treat-

ment of 3_rnethy1_3,3_ePDXd50_0h0le8th10 with 60 perchioric acid 

gives a complicated mixture of products °5  Thus in this case a 

suitable method for cleavage to hydroxyaTdrOXymethdl compounds 

under basic conditions was investigated. 	The beat method for 

attacks of this nature is by treatment with base in a high boiling 

131 
solvent such as dimethy]. sulphoxide. 	However the methylene- 
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epoxides were all ver4 insoluble in that solvent, but cleavage to 

diole was accomplished b treatment of the epoxy-compounds with 

alumina of activity II. 	The a- and -epoxides (225) and (226) 

when treated in this way overnight gave on elution with chloroform 

the required diols. 	The material from the c-epoxide gave a mono- 

tos4ylate (293)  with toluene-p-sulphonyl chloride in pyridine. 	The 

i.r. spectrum had peaks at 3600 (hydroxyl) and 1180 9  1190 

(Characteristic of a tosylate 104 ), while the n.m.r. showed a peak 

at t 7.54 (3 protons, aryl methyl group). 	Treatment of this 

tosylato with base regenerated the a-epoxide (225) while with 

lithium aluminium hydride 3-moth.y1-54-oholestan-3o-ol was produced 

(mixed melting point and i.r. spectra comparison). 	This indicates 

that the diol id 3- ydro inthy1-5a-cho1estan-3-ol (292) formed 

bi nuoleophilio attack at C-3'. 	The tosylate of the dial from 

tie 3-epoxide was also prepared (295) (i.r. 3580, 1190, and 1180 

am, -') and was treated witb potassium t-butoxide to give the - 

epoxide, thus also showing that epoxide cleavage had occurred with 

nucleopziilio attack at the exooyclio carbon atom. 

Acetic acid 

The oeto1ysis of 3-methy1-3c.,3'-epoXj-5a-OholeStafle has been 

shown to give a mixture of diaoetate and o-aoetoxy-alcohols. 105 

However when this reaction was repeated using dried and redistilled 

acetic acid a single compound was obtained whose i,f. spectrum 

indicated that both acetate and hydroxy groups were present. 	The 

n.m.r. spectrum had a three proton absorption band at -r 7.87 

(acetate) with peaks corresponding to two protons at T 5.86 and 
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6.07, which can be attributed to the methylene group -0-0H. 

Treatment of this compound with lithium aluminium hydride gave the 

3c-hydroxjmeth11-3-01 (294), wnile a diacetate was formed with 

acetic anhydride in yridine thus showing the aoetolisia Product 

to be 3-hydroxymethyl-3-.aoetoxy-5a-obolestane (296). 

The -epoxide (226) with purified acetic acid gave after heat-

ing at 900  for 2 hours a product which contained both aoetoxy and 

hydroxy groups (i.r.) zAd whose n.in.r* spectrum was very similar to 

that of the acetOlyBis comound (29). With lithium aluminium 

hydride it was converted into the 3-h1ydroxyme thy ].-3a-ol compound 

(292) and thus it was assigned the 3roxylmethy1-3c-aoetat. 

structure (297). 

Liethanolio potassiam hydroxide and acid oatalysed addition of 

me trianol 

The c-epoxide (22) was cleaved with potassium hydroxide in 

methanol to give a crystalline product (298) with an i.r. spectrum 

(35b0 anal.118 cni.) similar to that of the 3o-tnethoxymethyl-

compound (233) formed b4 cleavage of the -epoxide (226) under the 

same conditions (p.44). 	The n.rn.r. spectrum of the compound (298) 

had a three proton peak at -r 6.62 (-0-011 3 ) and a peak at T 6.84 

corresponding to two protons (-0H 2-0C113 ). 	As expected no acetate 

was formed when the compound was treated with acetic anhydride in 

pyridine, and it is, therefore, 3-methoxymethl-5c.-oholestaz1-3o-o1 

(298). 

When either of the 3-methoxymethyl-3-018 were treated with acetic 
132 

anhctride in the presence of boron trifliaoride, crude products, 
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aiiowin, etoxd signals in the i.r., were obtained which after 

treatment *ith lithium alaminium hjdriie gave on chromatography 

from alumina the  3-nydroxyme thy l-3-ols  in moderate yields (the 3c-

ci from the .-metho met1-oornpound and the 3-01 from the c-

methoxymethyl-compound). 

The o.-epoxide (225) on tretment with methanol in the presence 

of either perohlorio or toluene-p-sulphonic acid gave a orsta11ine 

product which from its i.r. seotrum appeared to be an alcohol. 

A mono-acetate was formed on treatment with acetic anhydride in 

pyridine and the n.m.r. spectrum of the alcohol had absorptions at 

t6.75, 3 protons, (-0-CM3 ) and T 6.37 0  2 protons, (-Cj-0U). 

The compound must therefore be 3c-hydroxyme thy 1-3-methOXy-5a-

oholestane (299). 	Similar reactions for the ç-epoxide with methanol 

in the presence of perohlorio or toluene-p--sulphonio acid gave a 

orystz.11ine product which from spectra could be seen to be a methoxy-

alcohol (i.r. 3550 and 1075 cm.71  n.m.r.T 6.82, 3 protons, (-0-OH3) 

and.T 6.58 9  2 protons (-CH2-OH)). 	On the basis of the cleavage of 

the Q-epoxide this later compound must be 3-hydroxymethyl-3c-

methoxy-5u-oholeatane (300). 

hethdl lagneaium Iodide 

The c-eoxide (25) in ether was added to an ethereal solution 

of meth1l magnesium iodide L4nd the mixture was refluxed lor 5 hours 

to give a product containing a hydrox,-group (i.r.) with a strong 

peak t 1010 cal. 	suggesting a pz'imad or aocondar, alcohol* 	hen 

this product was ohroiaatogz'aphed on alumina 100 percent conversion 

to the o-epoxide took place unless the chromatogram, was oom4leted 
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within minutes of its start when a sure sample of the alcohol could 

be obtained. 	This wo1d suggest that the reaction product was 3o- 

ydroxyme thy 1-3-iodo-5c-oho lee tans (301) and in fact elemental 

analysis oonsistant with this structure were obtained. 	.he same 

product was obtained when the -.epoxide was cleaved with hydriodic 

acid. 

The -epoxide (226) likewise gave an alcohol (302) with methyl 

magnesium iodide which on alumina gave back the -epoxide. 	The 

i.r. spectrum indicated a primary or secondary alcohol (3550, 1030 

and on standing for several weeks the product started to 

brown around the edges of the crystals and after a longer period of 

time a purple gum was obtained which did not give interpretable 

spectral evidence as to its structure. 	The product from the - 

epoxide with HI was also non-crystalline and again spectral inorma-

tion did not lead to a conclusion as to its structure. 	The observed 

instability of the product from the -epoxide is almost certainly 

due to a 3a-axial iodine in the molecule, with iodine both large 

and a good leaving group it will be easily eliminated and thus the 

structure of the alcohol from the Grrignard reaction is 3I-hydroxy-

methdl_3c_iodo_50-choleStSfle (302). 

eridine 

30th epoxides (225) and (226) when refluxed with piperidine 

gave nitrogen containing products. 	The i.r, spectra had bands in 

the region about 3500 (-01) but neither had primar or secondary 

alcohol peaks in the region 1100-1000 CM- -1 as would be expected 

with epoxide-cleavage uader basic conditions. 	The elemental 
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analysis indicated that the products 

30-01 (303) (front the ct-epoxide) and 

(304) (from the -epoxide). 

It can be concluded, therefore, 

0-3' took place with nucleophilio su 

two 3-methylene epoxides under basis 

were the 3.piperidinometh1- 

the 3c-iperidinomethyl-3f-01 

that the expected attack at 

stitution reactions of the 

conditions. 	With acids or 

reagents involving co-ordination to the epoxide oxygen as the first 

stae (BF 31 
 MeMgI) attack took place at the more heavily sub-

stituted 
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The Jtereochernistrd of Tiileneau Reactions 

The hoixiologation of several it-ring steroid ketones including 

50-oholestan-3-one, 2o.-me thi l-5c-oho lestan-3-one cnd 2,2-dime tti 1-

50-okioiestan-3-one has recently been carried out using the Tiffeneau 

ring enlargement technique 105  (305, with 5c-oholestan-3-one as an 

example). 	The preparation of the intermediate amino-alcohols was 

achieved by addition of 0N to the 3-ketones followed by reduction 

of the cyanohydrin acetates to the required compounds. 	On treatment 

with nitrous acid A-homo-ketones were obtained along with in each 

case a 3-methylene-epoxide as a bi-product. 	It was recognised that 

these epoxides presented a clue he to the stereochemistry of the 

addition of CN to the original ketones since from that stage onwards 

the exocyclic carbon atom remains in the same configuration. The 

two epoxides from 5-0holestan-3-one and 2,2dimethy1-5ci-chole8tafl-

3-one were identified105  as a-eioxides, which was taken to mean that 

attack by CN on the oarbonyl groups of these 3-ketones was equ4tori&1 

The epoxide from 2o-me thy l-50.-chOleetafl-3-One ws assumed to be also 

an o1-etoxide on the bais that the 2c-methyl group would be sterically 

105 neutral. 	Comparison now of this epoxide with the two known 2c.- 

methl-3-meth.y1efle epoxidea showed it, aowever, to be 3c-meth41-3,3'-

eoxi_2_meth.y1-5o.-ChOle2tafle. 	It is interesting also to note that 

the epoxide bi-produot from 4c_me thy l-5-oho1eatafl-3-One in the 

Tiifeneau reaction can now be shown to be a -epoxide from its i.r. 

spectrum which has a broad absorption band at 830 with a medium one 

at 930 om 	On this basis it would seem that attack by C! to the 

oarbon.yl group of these omononiethyl-3-ketofle 5  is axial. 
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The stereoohemietrj of the ma intermediates can also 

be determined by a comparison of the awino-aloohole produced on 

reduction of the canohydrin acetates with each of the epimerio to 

pair of such amino-alcohols produced by an unambiguous route. 	The 

cleavage of the o-epoxide (225) directly with lithamide, eodaxnide 

and potaseamide has been shown not to be possible 105  and therefore 

a lees direct route involving reactions of known stereochemistry on 

the pairs of methylene epoxidea seemed a reasonable proposition. 

The method chosen was nuoleophilio attack of the epoxides by N 3  

followed by reduction of the azido-aloohola to the amino-alcohols. 

In fact such a route has been described 13  for the mixture of epo- 

xides derived from peraoid attack of 4-t-butyl-methyleneoyclohexane, 

with as expected attack by N taking place at the exocyclic carbon 

atom. 	The conditions used on applying this technique to the series 

of steroid methylene epoxides was cleavage by refluxing with lithium 

azide in methanol overnight, followed by reduction with either 

lithium aluminium hydride or Raney nickel/iydrazine hydrate 	When 

this technique was applied to the o-epoxide (225) a crystalline 

product was obtained with var, strong azide bands in the i.r. at 

2200-2050 om1106 along with a peak at 3560 om (-OH), there 

were no strong peaks in the region 1100-1000 cm.and the n.m.r. 

showed peaks at T 6.83 and 6.78 (-0H2N3). 	The product was homo- 

geneous on alumina chromatography. Reduction OX this azio-

alcohol (306) gave with either reducing agent a white solid which 

could be recognised as an amino-alcohol from its i.r. spectrum 

3600 (hydroxyl) and 3200 (amino) cm. 	The direct oomariorL of 

this compound with the amino-alcohol from the Til'Ieneau reactions 
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of the 3-ketone 105 was not possible as the 3-aminoniethyl-3-01 in 

the later case was not iolatab1e in a pure form. 	It was noted 

there, however, that purification of this amino-alcohol could be 

accomplished by conversion into Its aoetonlde (307) and this was 

attempted here by refluxing the amino-alcohol with acetone followed 

by slow distillation of the acetone. 	In this case, however, a 

crystalline roduct could not be obtained, nevertheless the I.r. 

of this crude compound (308) was not the same as that of the aceto-

nide from the 3-ketone. 	The whole drocess was then repeated for 

the -epoxide (226) with crystalline products formed at every stage, 

and in this case the acetonide waa Identical to that • roduoed from 

the 3-ketone (307), (mixed m.p., i.r. and n.ra.r.). 	On the face of 

it this would seem an iniossible situation as the c-epoxide cannot 

be formed from 3c-aminofte thy l-5cL-cholestafl-3-ol. 	However it was 

noticed that a-epoxide formation was only observed 105  when nitrous 

aoid treatment of the crude amino-alcohol mixture was carried out, 

the aoetonide (307) in a similar reaction giving a 90%  yield of 

A-homo-4-one with no epoxide-bi-product. 	Thus it would apear that 

the o-epoxide was only formed from a mixture of the two epinteric 

0-3 minomethy1-alcohols with only the 3-.aminomethyl-3o-Ql going 

to the epoxide and in the case of the acetonide reaction preliminary 

purification to the -alcohol was achieved by its selective reaction 

with acetone. 	Such a conclusion Is justifiable from the work of 

Favrs and Gravel13  who found that while the trans 4-t-butyl-amino-

methyl-cyolohexaflol gave oa.20 of an epoxide bi-product the cis 

amino-alcohol gave a ver small yield of epoxide. 	Obviously a 
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trans-coplanar ieaznination of the 3c-aminomet&yl-3f-01 (309) to 

the -epoxide would involve strong interactions with the C-i and 

0-5 axial hydrogens. 	Since the acetonide (307) from the 3-ketone 

was formed in 6$ yield triis must mean that axial attack occurred 

to a greater extent than eudtorial attack. 

Reduction of the azido-aloohol8 (identified by i.r.) formed 

from the 3-methylene epoxidea of the 2a-methyl series (240) and 

(241) gave white solids identifiable as amino-alcohols from their 

i.r. spectra. 	The 3.-*minomethyl-3c-ol (310) on heating with 

acetone gave a crstal1ine acetonide different from that produced 

via ON-  attack of 2amethyl-50-chole8tafl-3-Ofle. 	The acetonide from 

the 3-aminomethyl-3-01 (311) could not unfortunately be isolated 

in a crystalline form. 	Neveft1eless its seotra (i.r. and n.rn.r.) 

were identical with those of the acetonide for the Tiffeneau reac- 

tions. 	Thus again it would appear that attack by 0N on the ketone 

was to some extent eu6.torial (in fact the yield of acetonide from 

the ojanohydrin acetate was 67). 

There was insufficient 3o.-methy1-3,3 '-epoxy-2,2-dimethYl-50-

oholestane to carry out a cleavage with N3 and thus only the o-

epoxide (247) was subjected to that reaction. 	The azido-alcohol 

(i.r. 3560 and 2250-2100 ozn. 1 ) so produced was reduced to give a 

white solid which on ref luxing with acetone gave after removal of 

the solvent a glass with peaks in the n.m.r. which could be attributed 

to an acetonide (T 8.55 [gemlnal methyl protons, 0-3' methylene 

protons centred at oa.7.0). 	The i.r. spectrum wlaz different from 

that of the crude acetonide foed in the Tiffeaeau reaction.Z thus 
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giving "negative" evidence indicating again e&utorial attack by 

CN on the dimethyl-ketone. 

Tie eoxides from 2-me thy lene-50-oholestane were also cleaved 

with R 3  to give orsta11ine azido-alcohols (i.r. and n.ai.r.). 	The 

2-azidomethyl-2-ol (312) was reduced to give the aminoaieth,yl-

alcohol (i.r. 3600 and 3200 cn.) which with acetone again gave a 

crude drodact, identifiable as the aoetonide (313) (i.r. 620 

Treatment of this acetonide with nitrous acid gave a product the 

i.r. spectrum of which indicated only partial conversion to eroducts. 

Ciromagograhy on alamina ad elution with petrol-benzene (1:1) 

yielded a ketonic product which from g.l.c. evidence could be seen 

to be a mixture of 5o.-cho1etan-2-one and an A-hoino-ketone. 	This 

identification wa bed on the retention times Iound for a series 

of A-homo-ketones 105 ' 107  (and, for 5c-oholestanonea). 	The retention 

time for the A-houio-ketone in this case was different from that for 

A-homo-50-oholeatan-3-one and thus formation of the ring enlargement 

product here must have resulted from 2,3-bond migration. 	iearation 

of the two products b 4  reohromatography on alumina or crystallisation 

was not possible. 
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(2) poxides adjacent to a polar gro a,,d  

The epoxidation of oholest-4-en-3-one with dime thy lsuiphonium 

Ins tn his. 

Tne isolation 01 epoxides from the reaction or oholest-4-en-

3-one with dime thy lsuiphonium methylide has been reported4  with one 

of the epoxidea obtained from the mixture of methylene epoxides by 

repeated recryatallisation. 	However when this epoxidation was 

repeated, a crude product was obtained which showed similar i.r. 

absorptions to those reported for the reorystallised epoxide 

(1720(w), 1685(w), 940(s), 880(w), lit. 4  1724(w), 1689(m) cm.). 

The n.m.r. spectrum was also consistent with an epoxide product 

(T7.23, hydrogens on C.-3'). 	However it was not found possible 

to reorystalhise the material and in most cases evaporation of the 

solvent gave gums whose i.r. spectra had lost most of the epoxide 

absorption bands with broad hydroxl peaks now present. 	This 

would indicate partial epoxide cleavage on recrta11isatiofl. 	The 

metilene transfer to the enone was th.eri'ra reited and the crude 

product was chromatographed on alumina. The first fractions were 

eluted ,vita petrol-benzefle and their i.r. spectra corresponded to 

a single ,-unsaturated aldehyde (i.r. 2680, 1660 and 1660 cm. -9  

u.v. mx .235 if+ (6 
13, 100) 109 ). 	A second non-crystalline 

unsaturated aldehyde was next eluted. 	'lere only the £ingerpoint 

region of the i.r. was different from the corresponding spectrum 

of the first aldehyde. 	Treatment with base did not lead to its 

epimerisation. 	Several minor fractions were next eluted wiose 

i.r. spectra all contained carbonyl groups. 	Identification of 



OH C 



- 80 - 

tie i11inJr ,roducto w 	not oible. 	kinall elation with 

ohloLoIorn-methanol (95:5) gave te bulk of tre produot which could 

iot be recjatallised. 	The i.r. spectrum indicated the presence 

of a hdroxy group. 	Other attempts at separation of the methylene 

e)oxidea from oholest-4-en-3-one were all equalli unsuccessful. 

Ohromatograthy on deactivated neutral alumina again gave mainly 

hydroxy-material while no aem.ration was observed with Florisil 

or silica gel. 

It is obvious from the above that these eox-derivtiVeS of 

oholest-4-en-3-one are redili cleaved. 	The or1tailine a1dehde 

indicates that epoxide isoinerisation takes place to some extent with 

hjdrogen migration. 	The double bond must then move to either 

C2-C3 or 03-o4 (314). 	The position of the double bond has not been 

determined. 
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rtsis of t}e eoxideB of 3-rne thy lone- 5-cho lea tan- 2-one 

The obvious method for the synthesis of the 3-methylene epoxide 

derivatives of 5c.-oholestan-2-one would be Llkaline hydrogen pero-

xide oxidation of 3-me thy lene-5c-cholestan-2-one, however such a 

route seemed impracticable Auoe a-keto-methylene compounds (without 

an adjacent endoo 1 o1ic double bond) 	ear to be somewhat labile. 

For example oxidation of 2-meth1 1ene-17c-metn1androatan-3, 17-o1 

with onromium trioxide-pyridine gives a dimer which is presumed to 

reu1t from original formation of the 2-methylene-3-one, 122  and 

other experiuentb involving the 2-methylene-5c-3-one sstem have also 

indicated its easj conversion into dixneric compounds. 110A poeeible 

alternative route to cL-keto-methylene-epoxides throu ylide tret-

merit (sulphonium metkiylide or methy lone triphenylhophorane followed 

by peracid) of an -acetox-ketone is aluo not rcticab1e since the 

basic ylide reactiun conditions would undoubtecti lo--, .d to o-nydroxy-

ketones which can rearrange to other -hydrox,-ke lone 8 or mixtures 

of c-hydroxy-ketones. 11  

For epoxide synthesis in this case, therefore, an indirect 

synthetic route was followed. 	2,3-]oxy-5u-ono1e8tane (315) was 

cleaved with rediutilled and dried acetic acid to give a high jield 

of 3o-aoetoxy-5c-oholestafl-2-ol (316) which was converted into the 

3-aoetox1-2-one (317) on treatment with Jones' reagent. 112 ' 113 he 

next step was the protection of the 2-ketozie by formation of the 

2-ketal (318). 	ilowever, tae usual ketalisation procedure of 

ethylene glycol, triethy 1 orthoformate and toluene-p-sulphonic 

acid 114  gave oa14  starting material and so u oecoiu iiethod br 
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titi 	.xLined. 	Tue 	e of ethylene 1oo1 ri boron 

trifluoride in aoetio acid with -aoetoxi-ke tone s has been shown 115 

to 2roduoe h11i yields of c-aoetoxy-ketals and this .thod w 

tried here. 	The -aoetoxy.-ketone (317) in dr acetic acid at 600  

was treated with ethylene gld ccl and cooled to 4Q0  boron trifluoride-

etherate was added and the mixtitre was allowed to stand for 9 hours, 

daring which time a solid preoiiitated out. 	Recristallisation of 

this product give a compound which from spectra oold be identified 

as an acetoxy-ketal (i.r. 1738, 1247, 1053 	n.rn.r. t  7.92 

(acetate) and 6.06 (_0_C_0_0_) 133). 	The ketal group was assumed 

to be at 1-10-2 on the basis of the following observations. 	It has 

been shown that the -acetox-ketonea (317) and (320) on treatment 

wit 113z' or i1umina 2 ' 3  give 30-aoetox-5c.-ohole8tan-2-one (319) 

and so i would seem reasonable to assume that (317) under the 

ketalisution conditions reoted as the 2-ketona. 	The configuration 

of the txoetoxy group might also be expected to be equitoriol but 

this has not been oonfirmeL 	The yield from the ketalisation was 

48 and it is of interest to note that treatment of 3c-acetoxy-5c-

oholestan-2-one with iBr does at best give a yield of 50 of the 

etorial acetate (319).h13 

The 3-acetoxy-2-Icetal (318) was refluxed with sodium hydroxide 

in methanol to give a product containing a hydroxy group (i.r.). 

This was abbitmed to be 2,2ethjlenedioiç-5c-OhO1e$tafl-3-01 (321). 

Oxidation ci this cootound with onromium trioxide pyridine com1ex
116  

gave the ket1-ketone (322) (i.r. 1720 om.7 1  n.a.r. 	6.03 (etaylene 

ketal h.trogens)), and cunvrbiun to the 3-ety1en- 7 -ket1 (323) 
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(i.r. 1650, 915, 910 om. -9 n.m.r.T 6.09,  6.06 (ketal), 5.29 9  5901 

(exooyclio methylene hydrogens)), was achieved with methylenetri-

pnenyliosphorane. 

The reaction of the ketal-ketone (322) with dime thy 1oxosu1ho-

nium methylide gave on reorystallisation from acetone a compound 

identical to that formed by rn-ohloroperbenzoio acid attack of (323) 

(after recrystallisation). 	The i.r. seotrum of this compound had 

bands at 1170, lOóO, 982, 950, 838, 750 ctn.7 while present in the 

n.m.r. were absorptions at 	7.44, 7.37 9  7.07, 6.99 (epoxide hydrogens 

at C-3'), 6.09, 6.Q, o (ethylene Icetal hydrogens). 	On this basi3 the 

compound was aumed to be a 3-methylene epoxide and by analogy with 

oxosulhoniwn ineth.ylide epoxidation of 51i-oholeatan-3-one and 2,-  

dime thy l-50-cholestan-3-one and the deraoid attack of 3-methylene-5c-

oholestane and 3_me thy 1ene.2,2-di!neth1-5c-chO1eStafle it was also 

assumed to be the -epoxide (324). 

The last state for the reparatin of 3_thy1-34,3 1 -e2or-5a-

oholestan-2-one was the rriova1 of the kta1 group. 	This type of 

reotion is uua11y achieved by acid treatment 117 and in this case 

IThr was used since the reagent used for do-ketalisation would al3o 

have to in this case convert the acid labile epoxy-group into a 

compound(s) from which it could easily be regenerated at a later 

stage. 	1149r gas was bubbled through a solution of the epoxy-ketal 

(324) in o:lorotorm and a gum was obtained with a ctrbony1 group 

(1715 am. -l ) and a hydroxy group (3500 am. -l ). 	The yield was low 

and indicated probab14 that the conditions of cleavage had been 

rather drastic. 	The product on chromatography on alumina gave on 



elution with etrol a crstailine product with peaks in the i.r. 

at 3050 9  1718 9  940 and 835 	The n.ni.r. showed an absorption 

band at T 7.20 which can be attributed to epoxide protons (c-o). 

This product was therefore assumed to be 3-methyl-3o.93'-epoxy-50-

choleStan-.2-one ( 325). 

From this first attempted synthesis it was obvious that apart 

from ketalisation and the final removal of the ketal group the 

route was a protical one each of t intermediate steps giving 

high yields of products. 	The main problem was the regeneration 

finally 01 the 2-ketone and doubtless the use of milder acidic 

conditions could improve the 1yields from this stage. 	However the 

report 121  of the preparation of 3_oxygenated-2-methylefle-ePDXY-

steroids suggested th.t these types of epoxides would be easy to 

prepare, thus giving sufficient material for a study of the reao-

tions of o-oxyenated-methylene epoxides. 
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The synthesis and reactions of 3-oxygenated-2-me thy lene epoxides 

The preparation of 2-methylene-5-cho1eetan-3-ol ( 326)  was 

carried out in a similar way to that reported for the synthesis of 

a number of 2-methylene-3-018 in other steroid systeins) 22  Reflaxing 

2-hjdroxyme thy lene-50-oholestan-3-one 75  with piperidine in benzene 123 

gave a product identifiable by elemental analysis and spectra123  

as 2-N-piperidlnome thy lene-5c-oholestan-3-one (327) (i.r. 1655 em-7 1  

U.V. 334 mi ( 22,800)). 	Treatment of this compound (327) with 

excess sodium borohydride in methanol at 0 0  gave a preciitate 

which was recrystallised from acetone. 	The i.r. spectrum of this 

compound exhibited absorption bands at 3560 (hydroxyl), 1645, 895 

(cw,=-) em 1  while the n.m.r. spectrum had present peaks at T 

5.00 and 5.28 (ca2=-). 	Treatment of this compound with acetic 

anhydride in pyridine gave a mono-acetate (329) (i,r. 1738, 1650, 

12389 10399 895 cm-T n.m.r. T 7.89 (3 protons, aoetate), 5.17 and 

5.29 (2 protons, exocyolic methylene group)). 	All this indicates 

that the borohydride reduction product was 2-me thy lene-5u-oholestafl-

3-ol (328). 

The epoxidation of (328) and  (329)  and the subsequent alteration 

of the functional groups at C-3 were carried out in similar ways to 

those described by Klinistra. 121  There It ws found that epoxidation 

of the 2-methylene compounds cont4ning a 3-kiydroxy group gave 

epoxides in which the epoxide oxygen assumed a position on the 

same side of the steroid ring as the 3-substituent, i.e. 2, while 

with the 3-subetituent an aoetoxj group the eoxide oxyn on 

spoxidation assumed the 2o position. 
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Treatment of 2-me thy lene-5c-cholestan-3-ol (328) with an 

excess of m-ohloroperbenzoio acid in either ether or benzene-

chloroform ar. solvent gave a product, m.p. 162_1640,  i.r. bands 

at 940, 8359 700 am.; and n.m.r. peaks at'T 7.49, 7.41, 6.88 9  

6.80 (attributed to the C-2' protons of a 2,2 1 -epoxide). 	On the 

basis of Klimatra's work121  and because in all casee121718134 

at least some cis-epoxide is formed on perccid attack of 

unsaturated-alcohols, this oomound was assumed to be the 2-

epoxide (330). 	Treatment of this compound (330) with acetic 

anhydride in pyridine gave a compound; m.p. 153-155 °  with i.r. 

bands at 1640 9  1230 (acetate), 942, 905 9  835 cm. 	and n.m.r. 

peaks at t 8.00 (3 protons, acetate); 7.53; 7.44; 6.99; 6.90 

(0-2' hydrogens). 	This compound was asmed to be the 3p-acetate 

(331). 	Oxidation of 2c.-methyl-2,2 1 -epox-5G-oho1estan-3-o1 

(330) with Jones' reagent gave a ketone, assumed to be the 2 9 2 1 - 

epoxy -3-ketone (332); m.p. 164_1 o0 9  i.r. bands at 1720 and 830 

n.m.r. peaks at Y 7.36, 7.26, 7.22, 7.12 (exocc1io epoxide 

protons). 

When 2-methylene-5a-cho1eatan-3-ol acetate (329) was treated 

wit.-, excess m-chloroperbenzoio acid in ether a product w&j obtained 

which after recrystallisation from acetone melted over a 100  range 

(120_1300 ). 	This melting point was not improved on after repeated 

reorystallisation. 	The i.r. spectrum was similar to that of the 

2,2 1 -epoxide (331); 1640, 1230, 905, 835 am7. 1  with the peak at 

905 am much broader in this case. 	The n.m.r. spectrum was also 

ver, similar; IC 8.00 (acetate), 7.54, 7.45, 7.10, 6.91 (epoxide). 
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There would seem, therefore, to be a difference between the 

result here and those liatented l2l  for the androstanes. 	It would 

seem verj unlikely that peracid attack of the 2,2 1 -double bond 

should occur to a marked extent from the0-face (18% axial attack 

by eraoid for 2methylene-5a-oholestar1e, page 50). 	However steno 

and/or electronic effects of the 3ç-aoetate mai give slightly more 

0-epoxide here and this oouled with a greater loss of the more 

polar 2*,2 1 -eoxide on crystallisation could well give a roduot 

containing a fair roortion of the -eoxide (331) (total epoxide 

product was obtained in a 69%  yield after crystallisation). 	Since 

the mixed m. 1 . of the product here with the 2,2 1 -eoxy-3-aoetate 

(331) was 122-149°  it was assumed that the droduct isolated from 

peracid attack of the 2-meth].ene-3-acetate (329) contained a sub- 

stantial amount of the 2a,2 1 -epoxide (333). 	Removal of the acetate 

of this product with potassium carbonate in warm aqueous methanol 

gave an alcohol, m.p. 1261500  (mostly 127-134 0 ) 9 
 with an i.r. 

aeotrum similar to that of the 20,2 1 -epoxy-3-01 (330) with the 

addition of a peak of medium intensity at 900 cm7 and an n.in.r. 

s)eotrun1 identical to the -eoxide (330). 	Oxidation of this 

compound, which was assumed to contain (330) and the 2o 9 2 1 -epoxy-

313-0 1  (334), with Jones' reagent gave a ketone which after crystal- 

lisation from oetone had a m.p. 164-1660 . 	The i.r. and n.m.r. 

spectra of this ketone were similar to those of the 213,2'-epoxy-3-

ketone (332) 0  and the mixed melting point of this oxidation product 

with the 213,2 1 epOXy-3-Ofle (332) was 16l_60. 	Thus it would appear 

that progressive Loss through reorystallisatiOn of the 2c2'-epoxide8 
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on going from the 3-aoetate via the alcohol to the 3-ketone had 

given in the end 2c-methl-2 9 2'-epoxr-5e.-oho1estan-.3-.one. 

The -epoxide (330)  when treated with HEr gave in nigh yield 

a crystalline product which contained bromine. 	chromatography of 

this product on alumina gave back the epoxide (330), and when the 

bromohdrin was treated with acetic anhydride in pyridine it gave 

a product containing hjdroxr and acetoxy groups (i.r.) and which 

from its n.m.r. sectru.m appeared o be a mono-acetate (T 7.94 

oa.3 protons). 	This acetate was not wholly crystalline but 

attempts to further aoetyla -te it with acetic anhydride in pyridine 

over 2 days did not alter its composition (n.rn.r., i.r.), and thus 

the parent bromo-compound was assumed to have onlj one secondary 

alcohol group (at C-3)  and was thus assigned the 2c-bromomethyl-

2,3-diol structure (335). 

It is interesting that neither the n.m.r. spectrum of the 

bromohidrin (335) nor the corresponding spectrum of the crude 

acetate contained methyl signals downfield from 9.09. 	It has 

been noticed124  with other 2-substituted compounds that tie osi-

tion of the C-19 methyl group absorption is shifted downfield. 

However not all 23-oompouzida dealt with in this work have shown 

downfield shifts. 	The diacetate of 5a-oholestan-2,3c-diol, for 

example, showed only peaks attributable to the two acetates down-

field from T 9.1. 

The a-keto-epoxide (332)  was also treated with HEr and gave a 

bromohydrin (336) from which the parent epoxide (332)  could be 

regenerated on alumina chromatography. 	This bromoh.ydrin (336) 
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did not form an acetate on trei-.tnient witi acetic anhydride in 

prridine overnight and thus it was asu.ied to be the 2c-bromomethdl-

compound (336). 	In this case the n.m.r. spectrum of (336) showed 

niethà,1 signals at t 9.34, 9.19 9  9.09, and 8.87, the last of which 

can be attributed to the 0-19 methyl group. 

Treatment of 2omethy1-2,2 1 -epOx.y-5e-OhOleStafl-3-Ofle with 

boron trifluoride-etherate in benzene gave after 5 minutes a crude 

product from which it was not possible to isolate crytlline 

material. 	Chromtograhy on alumina gave on elution with solvent 

systems from petrol to chloroform gums accounting for little of the 

product. 	The remaining bulk of the product could not be eluted 

using chloroform plus 1O methanol. 	The experiment was repeated 

using twice redistilled boron trifluoride-etherate and redistilled 

benzene and gave on work up after a reaction time of 5 minutes only 

starting material. With this purified boron trifluoride-etberate 

in fact no conversion of the epoxide was observed with reaction 

times up to 5 hours and so the reaction was allowed to proceed over-

night after which time a crystalline product with a sharp m.p. was 

obtained which had strong peaks in the i.x'. at 1058 and 1630 (enone) 

with a medium peak at 1710 am-. 1 No information on other than the 

methyl signals was possible from the n.xn.r. spectrum. 	The elemental 

ana1sis indicated the formation of a product isomeric with the 

starting epoxide. 	The obvious possible rearrangement products in 

this case would be 2_hydroxyme thy lefle_5cL-chOleetan-30ne or A-homo- 

5c-cholestan-2 9 4-diOfle. The first could be ruled out by spectra 

and mixed melting point. The compound exhibited a peak at 279 m,a 
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in the ia.v. (ethanol) which shifted to 318 ma with 0.01N AaOH in 

ethanol-water (9:1) as solvent. 	This is characteristic of a - 

diketone+ 25  On treatment with oa.2 moles of bromine a crude product 

was obtained with no absorptions in the i.r. in the region 1690-. 

1600 om but with peaks at 1700 and 1720 om 	There were no 

strong abaortions in the u.v. and thus It was assumed that the 

bromine atoms had attached themselves at C-3,  between the two keto-

groups of A-homo-5o.-oholeetan-2,4-dione (337). 
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thy1idene poxides 

The synthesis and reactions of the eoxides of 3-ethylidene-5c-

cholestane 

The reaction of 5a-oholestan-3-one with ethylidenetri Liheflyl-

phos,horane has been reorted to give a eroduot in which one of the 

3-eth1idene-ooaipoundo predominates and from which this major olefin 

can be isolated by reorystallisation) 26  This was repeated here, 

using methy1sulhinyl carbanion as the base, 799127  and a jroduct 

was obtained which could not be wholly purified by recrystallisatiofl 

(m.p. 51-50 , 
lit, for the major olefin from the Wittig reaction 126 

56-70 ). 	
Hydration of the 3-ethylidene-OompotLfld isolated here (I) 

witr'i diborane generated from sodium borokiydride and boron trifluoride-

etherate in tetrahydrofuran (a modification of the in situ diborane 

generation method of 	rn ondheier et al. 
128),  followed by oxidation 

of the resulting organoborane with alkaline hydrogen peroxide 128 

gave an alcohol which after chromatography and orysta1list..tion from 

ace -tone melted over a 100  range. 	Oxidation of this ooinound with 

Jones' reient gave a high yield of 3f-aoetyl-5c-Cholestane (338) 

(identified by a comparison of its melting point with that reported 

for 30aoety1-50-Chole8tafle 129  and from its i.r. and n.m.r. spectra). 

This mdi 	s that hydration of the olelin had in fact vroduced a 

hydroxy group at C-3' (secondary). 	The wide melting point range 

for the hydration product probably indicates that the 3-ethylidefle-

5c-oholestane used in the h,iroboratiOfl procedure consisted of the 

two geometrical isomers and/or tht initial attack of diborane was 

not stereospecifically alpha. Dehydration of the alcohol with 
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phospkioryl chloride in pyridine gave a product (II) identical in 

spectra with the 3-ethylidene-5a-choleatane produced by the Wittig 

reaction (I). 	It Was again difficult to reorystallise (m.p. 42-6 ° , 

mixed m.p. with (I) 42-520 ). 	This would indicate that the 3- 

ethylidene derivative formed in the Wittig reaction was not the 

major product here and that a trans-coplanar dehydration had taken 

place. 	It also probably confirms that the product isolated from 

the Wittig reaction (I) (after recrystallisation) was not a single 

olefin. 

The 3-ethylidene-50-oholestane from the ,ittig reaction (I) 

on treatment with excess m-chloroperbenzoic acid in ether gave a 

product which on chromatography on alumina and elution with petrol 

gave two fractions. 	The first fraction was the major product, 86%, 

and on recrystallisation from acetone had a sharp melting point 

(103-1050 ) probably signifying a single compound. 	The i.r. spec- 

tram had peaks at 980, 879 and 687 om7 while the n.m.r. spectrum 

exhibited absorption intensities at T 8.79, 8.70 (0-3' methyl group), 

7.21 9  7.12 (0-3' hydrogen). 	On the basis of polarity and from the 

results of the peracid epoxidation of the 3-methylene-oholestanea 

(pp. 41-49) this compound was assumed to be the c-epoxide (339). 

The second fraction, 14% 9  had a melting point 80-830  and absorptions 

in the i.r. at 1000 9  928 9  872 9  770 9  720, 710 cm with peaks in the 

n.zn.r. at T 8.77, 8.67 (0-3' methyl group), 7.26 9  7.16 (C-3' proton), 

and was assumed to be the -epoxide (340). 	This epoxide (340) was 

the major product, 52%, resulting from the reaction of the 3-

etkiylidene compound (I) with the alkaline hdrogen peroxi:ie-

benzoflitrile sstezn 	The ct-epoxide (339) was also isolated from 



- 93 - 

this reaction, 21%, as was a little starting material, 27%. 	The 

ratio of the - to a-eoxide is 72:28. 

These two eoxidation reactions were also carried out with 

the 3-eta1ylidene compound (II) resulting from the hydration-

dehidration reaction sequence. 	m-Chloroperbenzoio acid in ether 

gave epoxides identical in their spectra to those formed in the 

peraoid epoxidation of the Wittig 3-e thy lidene-50-cbolestane (I). 

The major product (4-epoxide) was formed in 83% with 17",'.'-of the 

f3-epoxide. 	Treatment of this 3-ethylidene-50-oholeatane (II) with 

the alkaline hydrogen peroxide-benzonitrile system also gave the 

c-epoxide, 23%, and the -epoxide, 57% 9  along with some starting 

material 20%. 	The ratio of -. to a-epoxide is 71:29. 	The m.p, 

of the o-epoxide (341) from the hjdration-dehydration olefin (II) 

was 98-1070  (mixed m.p. of the two o-epoxides 94-105 0 ) with that 

of the -epoxide (342) 110-1200  (mixed m.p. of the two -epoxides 

70-900 ). 	This would indicate that the epoxides from the 3-ethyli- 

dane (II) were not single compounds with in both oases contamination 

by the corresponding epoxides of the other 3-ethylidene system (I). 

The ci-eoxide (339) when treated with excess boron trifluoride 

in benzene gave a product which from spectra appeared to be an 

acet1 l-oompound (i.r. 1705 and 1355 oin.71  n.m.r. T  9.34, 9.23, 9.20, 

9.09 and 7.88 (cj3-C=O). 	Chromatography on alumina gave a single 

comound identified as 3-acetyl-50-oholeatane by its spectra and 

by a mixed m.p. 	The n.m.r. here was identical to that for the 

crude product indicating that a high or total yield of the eiá.torial 

aoet1l oomound was isolated on work up. The rearrangement was  

repeated using ether as solvent, with a reaction time of 2 hours, 
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and again the n.m.r. spectra of the crude and alumina purified 

products were the same and indicated formation of 3-acetdl-5a-

oholestane. 	Thus there is in this case no information from saeotra 

as to whether the reotion pathway involved a concerted mechanism or 

a carbonium ion intermediate. 

The -epoxide (340) was also treated with excess boron tn-

fluoride in benzene and the n.m.r. spectrum of the crude product 

was run. This showed a three proton peak at —L 7.88 (Ci 3-c-) and 

a one roton peak at y  0.61 (-CHQ). 	The crude product was chroma- 

tographed on alumina to hive two fractions. 	The first, 24%,  was 

the aldehyde (i.r. 2670, 1720 cm. 1 ). 	Its n.m.r. spectrum showed 

the one proton peak at T 0.61 and there were also peaks present at 

T 8.73 and 8.87 which could be attributed to a methyl group adjacent 

to the aldehyde function (OHC--cH 3 ). 	The product was assigned the 

3a-methyl-3-aldehyde (343) structure from the spectral evidence and 

because this is the aldehyde which would be formed from the 3- 

epoxide (340) by a concerted process. 	A concerted mechanism for 

the formation of the a1dehde was thought to be a reasonable 

assumption since the transition state for a carbonium ion mechanism 

for both the a.- and -epoxides would be expected to be the same (344) 

and thus formation of the aldehyde from both epoxides would be 

expected to result. 	It also seems reasonable to explain the non- 

formation 01 aldehde from the a.-epoxide on the basis of a concerted 

mechanism taking place with then an ,iitorial hydride shift being 

preferred for steno reasons to an e.torial methyl migration. 

The second fraction from the rearrangeent of the -epoxide (340) 

was 30aoet,r1-5a-chole8tane, 76>. 	The reaction of the -epoxide 



- 95 - 

(340) with boron trifluoride in ether also gave a mixture of alde-

hyde (343), 26e.. and 3-aoetyl-5a-o}iolestane, 70. 	There is thus 

little difference in the yields of the aldehyde (343) with the two 

solvents and thus it is not possible to tell to what degree the 

reaction is concerted in ether or benzene. 42 

The rearrangement reactions were also carried out with the a-

and -epoxides from the hydration-dehydration 3-ethy1idene-5-

cholestane (II). 	The o-epoxide (341) with boron triflizoride in 

either benzene or ether as solvent gave as the only recognisable 

product 3p-aoetyl-50-oholeatane while the -epoxide (342), again in 

either benzene or ether as solvent gave mixtures of the aldehyde 

(343) and 3-oetyl-50-cholestane; 25% aldehyde and 75% 33-acetyl 

in benzene and 27% aldehyde and 73%  3-acetyl in ether. 
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Isoro.jlidene ..poxides 

The synthesis and reactions of the epoxides of 3-ieopro1idene-

5c-ohole stane 

The &rearatton of 3_isopropylidene-5c,-Oho1e8tcfle (345) from 

50-oholestan-3-one and ioproylidenetriphenylphoePhorafle has been 

reorte&.126 The reaction was repeated here with either potassium 

t-butoxide or methlsulphinyl oarbanion79  as base, with disappoint-

ing results. 	0n11 on a few occasions could ylide solutions be 

prepared, although no fault in the adopted procedures ws obvious 

with all reagents being carefully purified and dried prior to their 

use. 	As a result only a limited amount of the 3-isopropylidene- 

compound (345) was available for subsequent reactions. 	An alter- 

native route for the preparation of the isoprop 1ylidene steroid was 

unsuccessful, the dehydration with phosphorl chloride in pyridine 

or thionyl chloride in p,ridine of the tertiari alcohol (346) 

derived by the addition of excess methyl magnesium iodide to the 

3-metnoxyoarbonyl-oompOar1d (347) giving the 3-isopropenyl derivative 

(348) (i.r. 30509 1640 9  895 om.71  n.m.r. 	8.36, 8.30 (methyl group 

on the double bond), 5.34 (cj=c-). 	This does in fact seem to be 

the usual route for the dehydration of such hydroxyisopropyl- 

derivatives of six-membered rings. 135  

Treatment of the isopropylidene compound (345) with excess 

m-ohloroperbeilzoio acid In ether gave after alumina chromatography 

and elution with petrol two compounds. 	The first and major, 87, 

product had peaks in the i.r. at 1215 and 870 cm7 and a strong 

absorption at r  8.71 in the n.m.r. which can be attributed to the 
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CH. 
two methyl groups adjacent to the epoxide oxygen ( 	c-O-). 

Thus on polarity, spectra, and from the observed preference for 

axial attack by peraoid found in this work for other 3-alkylidene-

5o.-oho1estanes the product here was assigned the a-epoxide structure 

(349). 	The second product, 13%,  on similar reasoning was assumed 

to be the -epoxide (350). 	It had i.r. peaks at 1235 and 875 cm 

and a strong methyl group absorption in the n.m.r. atT 8.67 

CIh 
The reaction of 3-isopropjliderie-50-oholestane with 

IHj 	
3 the alkaline hydrogen peroxide-benzonitrile system gave the same 

two epoxides (349) and (350). 	On this occasion the -epoxide (350) 

was only just the major of the two epoxides, 54%. 	An alternative 

attempt at synthesis of the -epoxide (350) from the olefin (345) 

was not successful. 	Addition of liOCi generated from bleaching 

ovvder and acetic acid gave a single product showing no hydroxy 

absorptions in the i.r. 	There wai however a strong peak at 908 

with a medium one at 1635 cm 	(cM2=-) and the n.m.r. showed peaks 

at T 4.94, 5.12 (c=c—) and atT 8.06 (c-=CH2). 	The compound 

also contained chlorine and with the assumption of initial attack 

by C1 from the ci-face this product was assigned the 3-isopropenyl-

3a-ohloro-structure (351), and probabli results from acid dehydration 

of the initially formed 3-hydroxyisopropy1 compound (352). 

The o-epoxide (349) with boron trifluoride in benzene gave 

after alumina chromatography two rearrangements products. 	The first 

product, eluted with petrol-benzene (95:5)9 was a ketone showing 

methyl signals in the n.m.r. at -C 8.97 and 8.93. 	The second and 

minor, 7% 9  product (eluted with petrol-benzene (9:1)) was also a 
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ketone and from its spectra appeared to be an aoet1-compound (i.r. 

1699 and 1350 cm. -;l n.m.r. T 8.84 (cH3-0-c-) and T 7.87 (three 

protons, CH3-C-). 	The -.epoxide (350) with 373  in benzene gave a 

single product identifiable as a methyl ketone by its spectra (i.r. 

1699, 1350 om.4 n.zn.r. T 8.83 (0H3-C-C-) and T 7.89 (three protons, 

CH3-01-). 	 The methyl-ketones from the - and -epoxides were dif- 

ferent and on assuming concerted procebses for their formation from 

the epoxidee then the one from the c-epoxide should be the 30-methyl 

compound (353) with the 3a-methyl product (354) resulting from the 

rearrangement of the -epoxide. 	Because of the limited amount of 

the ketone from the c-epoxide a proof of the stereochemistry of the 

two aoetyl compounds on a chemical basis was only possible from the 

ketone from the -epoxide. 	Here the methyl ketone (354) was treated 

with excess m-oiiloroperbenzoio acid in chloroform uid left at room 

temperature for eight days. 	On work up a etude jjroduct was obtained 

which appeared to be a mixture of acetox4 and ketonic products 

(jr.). 	Chromatography on alumina gave starting material and 

acette, lithium aluminium hydride treatment of the acetate giving 

3a-methy1-50-oho1estan-3-01 showing that a concerted mechanism for 

rearrangement of the -epoxide had taken place. 

The major ketonic product from the rearrangement of the c—

epoxide (349) was thought to be an A-horno-ketone, this being the 

only other obvious rearrangement product for the epoxide. 	The methyl 

signals at T  8.97 and 8.93 in the n.m.r. for this compound can be 

attributed to methil groups adjacent to a oarboriyl group. 	The 

g.l.o. retention time with respect to A-hoIno-5a-cholestafl-4-one was 

1.11 which is similar in magnitude to the retention times found for 
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a number of 	e thy late d-A-hoao-ke tone s. 105  The rearrangement of 

(349) can result in formation of either 3,3-dixne thy l-A-homo-5o.-

cholestan-4-one (355) from a 2,3-bond shift to te ezooc1io oar-

bonium ion or 4,4-imethy1-A-ho.mo-5c-oho1estan-3-one (356), the 

result of 3,4-bond migration. 	In order to rove which was in fact 

the roduct formed, the rearrangement product was 

moles of bromine to give a product )-' 1718 and 

gel chromatography afforded a oristalline oompoun 
-1 and an oil, i) 	 cm., which appeared from 

treated with 1.05 

1699 ax7 Silica 

V max. 17 1e cm7. 1  

the "fiagerprint" 

region of its i.r. spectrum to be maini..>' starting material. 

Attempted dehydrobromination of either fraction with lithium bromide 

and lithium carbonate in ref luxing dimethylformamide gave crude 

products which could not be fractionated on a1umi. 	It was not 

entirely clear from the u.v. spectra of these crude LJroduots ae to 

whether enone formation had or had not taken place, a1thou,h the 

product from the ketone with V 	1718 cm-. 1 did ShOW a shoulder at 

oa.230 fiji. 

Thus, owing to a limited amount of the rearrangement product, 

a 1988 direct proof of ito otructu.re was required. 	Addition of  

diazornethane in the prebence of potassium hydroxide to 50-oholestan-

3-one was carried out us described, 107 ' 136  and a crude product was 

obtained which was adsorbed onto alumina. Uution with petrol gave 

3-methy1-3a,3 1 -epoxy-5c-oho1estane (225) 9  4, which was followed, 

on elution with petro1-benzene (:2) 9  b, A-bomo-5c-obolestan-3-one 

(357), 6%. 	Finally elution with petro1-benzene (8:2) and benzene 

gave A-homo-5-oho1estan-4-one (358)9 90%. 	The A-homo-ketones were 

07913  ° 	 136  and identified from their melting points 	i.r. spectra,  
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g.1.c. retention tinies) 07  The isolation of the 3Q,3 1 -exide (225) 

from this reaction has not hitherto been reported and must imply 

some 	torial attack by the nuleophile 107  on the carbonyl group 

at 0-3. 

Since the purpose of these ex 1.,eriments was the preparation of 

o-dimethl-A-hoino-ketones, the aethylation of A-homo-5c-choiestan-

4-one was carried out with methyl iodide and otaaiuin t-butoxide 

uider iu.ilr conditions to those reported for the synthesis of 2,2-

dine thy l-50-chole8tan-3-one from 50-oholest"-3-one. 76977  Under these 

reaction conditions the A.-ilomo-ketone (358) gave 	crude product 

which was adsorbed onto alumina (activity II). 	1tion with etrol- 

benzene mixtures raning from 1% to 30 benzene gave a series of 

fractions most of hioh were non-crstal1ine while elution with 

petrol-benzene (o;4) and benzene gave A-homo-5-oholestan-4-one, 

35;. 	These first fractions were assimed to contain methylated A- 

bomo-4-etones. 	An indication of the degree of methylation of each 

fraction from their g.1.o. retention times by oomparison with the 

retention times reported for a number of methjlated-A-homo-ketones 

w 	not 	ccsfil, all the fru a tions here giving broad jeaks at 

Ca.l.l *it4 respect to -ho.o-50-oho1estan-4-one. 	Tiis nevertheless 

indicates the formation of material with higher molecular weights to 

A-hoaio-50-oholestan-4-one. 

The presence of at let one uneubstituted iet1ene grOUv at 

0-2 or 0-4 in steroid 3-ketones has ben 	
137 

3:iown 	to be associated 

wit2 an i.r. absorption at oa.1420 cm., 1  wiioh is attributed to the 

bending vibration 01 the a-methylene groups perturbed from 1451 ora. 

the normal position for a six-membered ring, by the effect of the 
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orbonyl rou. 	In a sijailar wai  5-androatan-17-one shows a peak 

at 1410 am7. 1  It was therefore thought worthwhile to see whether 

this effect was lo observable for the seven-membered riag ketones 

from the methylation reaction. 	The i.r. spectra of a representative 

number of the fractions from the alumina (aotivit ii) column were 

therefore run in carbon tetrachloride bOlUtiOflS. 	TThe early frac- 

tions from the column showed no abBortiozA3 in the region 1450-1380 

om7. 1 while the later fractions showed peaks at 1412 am.7 1  as did 

A-homo-5u-oholeStan-4-one and A-homo-5c-oholestan-3-one. It would 

thereiore seem probable that monomethl- and/or dime thy1-A-hoino-4- 

Ones had been isolated from this inetn1ation experiment. 	It was 

also apparent !oweVe.c that farther mthy1atioa of these td;es  of 

oomounds w 	ite readil 	ievc ud: the strong conditions 

used. 	The experiment w'v 	therefore repeated using methyl oiiloride 

in the presence of potasiuzi t-butoxide 3  With these conditions a 

crude .'oduct, Lound to consist mainly of starting material, 56,, 

was isolated, with fro -tionation of the remainder of the product on 

alumina (activity II) not wnollj successful. 	When the methi1ation 

of A-horno-50-oholeatan-4-one was carried out using methyl iodide and 

3 euivalenta of potassium t-butoxide a procitiot was obtained which 

was somewhat easier to fractionate on alumina (activity II). 	As 

well as a high proportion of non-crystalline rn4terial, three crystal-

line fractions, the last being A-homo-5a-oio1estafl-4-one, 40;', were 

uluted. 	The iirst, eluted with petrol-benzene (9:1) was as'jmed 

from itt. i.r. seectram. to be a tn- or tetra-me thy l-A-homo-4-one 
107 

ad with isopropenl acetate and ovnoentrated sulphuric acid 	gave 

a product containing both acetate and ketone absorptions in the i.r. 
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The ketone was the major product and was inostl separated from the 

acetate on silica gel chromatography. 	This ketone had an i.r. 

spectrum very similar to th...t of the ketone prior to the enol-

acetylation, and was recovered unchanged when similarly treated 

with isopropenyl acetate and concentrated sulphuric acid. 	The 

acetate and ketone mixed fraction showed peaks in the n.m.r. at 

t 7.86 (acetate) and 8.36 (methyl group on the double bond). Thus 

this first cry 	line fraction must contain 3,3,4a,4o-tetraznethyl- 

A-homo-5ct-oholestan-4-one (359)  slightlj contaminated, by trimethyl- 

ated material. 	The seeord 'ry$tiiiine fraction, eluted iti 

Petrol-benzene (7:3), had 	peak 	the i.r. at 1412 	3nd a 

9.1.0. retention time with respect to A-homo-5c-oholestan-4-one of 

1.12. 	It gave, after treatment with ieopropenyl acetate and 

concentrated sulphuric acid, an enol-acetate with a peak atT' 7.86 

(acetate) In the n.m.r. but with no other methyl peaks downfield 

from 1  8.70, thus ahowing, in confirmation to the I.r. evidence, 

the presence of an unsubetituted methylene group alpha to the 

oarbony]. group. 

An attempt at the formation of 3-methy1-A-homo-5a-cholest-in-4-

one from 3-hjdroxyme thy lene-A-homo-5c-choleatan-4-one (360),136  by 

hydrogeno1sis with palladium on charcoal catalyst75  gave alter 

chromatography on alumina (activity II) and elution with petrol-

benzene (1:1) a moderate yield of ketonic material with a retention 

time of 1.11 with respect to A-homo- 5ft-cho le stan-4 -one, which would 

indicate that formation of the  3-methyl-A-homo-4-one  (361)  had taken 

place. 	The second crystalline fraction from th lest methilation 

of A-hono-50--cholestan-4-one was dillerent from this monomethyl- 
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compound (301)  and was also different from the known 4aa.-inethy1-A-

homo-50-okioleetan-4-one (362) 	which left only two possibilities 

for Its structure; 3,3-dimethjl-A-horno-5c-oholestan-4-one (355) or 

4a,4a-dimethy1-A-homo-5c-oholestan-4-one (363). 	In order to find 

out which the metbylation material was treated witi approximately 1 

mole of bromine to give a crude brorno-ketone which on treatment with 

lithium bromide and lIthit&m carbonate in boiling dime thy lformamide 

gave an oil with a 'k 	237 mja (c oa.8000) which can be taken 

as indicating the presence of a ring junction double bond in the 

molecule 139  (A-homo-50-ohole3t-2.-en-4-one has been shown 107  to have 

a ' 	at 229 m)a). 	The methylation product must therefore be the 

30-dimetbyl-ooiapound (355) and because it is different from the 

ring expansion product formed by the action of 3F on the u-epoxide 

(349) this must imply formation of the 4,4 -dime thy l-A-homo-3-ketone 

(356) in the later case. 

The 3F3-oatalysed rearrangements of the a- and -epoxides of 

3-isopropylidene-5c-oholestafle therefore show real differences in 

their reaction pathways. 	The -epoxide (350) cleaves the 0-3-0 

bond with a concerted shift of the methyl group to the partially 

formed oarbonium ion at 0-3 from the relatively unhindered a-side. 

The correspoflding reaction for the a-epoxide takes place only to a 

email extent and doubt1es tiis is due to the fact that the methyl 

siift here would involve etorIa1 attack which would be expected 

for steno reasons to be an unfavoured process. 	Thus a ring expan- 

sion rearrangement is preferred for the a-epoxide. 	It is not 

altogether clear why a similar reaction does not occur at all for 

the -epoxide, since one might expect a positive charge or partial 
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ositiva charge to be better aeco o;i o: 	e exooiclio carbon 

than on the six-membered rin 40  but this rtlaj  be due to the nature 

of the possible products formed or tie avoidance of having two 

balky groups attached at -3  in the transition state. 	It is also 

not clear why the rind einion of the c.-epoxide involves a 3,4-

bond aAiit since the ooaraoie diazomethane an TiUereau rind 

expansions of 5-oholestan-3-one involve overwheliiri1 ioration 

of A-hoo-50-oholestan-4-one, due to a 2,3-bond miru.ti3n. 	Again 

it can Ofllj  be assurned that it is The niure of tiie £inl poa8ible 

roduots which is the directive force iii the 3k 3-cttLjed re-

arrangement. 

The meiLillation ox the A- 	o-Leboe 38) seea to .e a 3028- 

what complicated reaction. 	4nce it has been shown that base 

catalysed condezisationa occur at Position 3 for the A-hoino-ketone 

(358) it is probably safe to assume that nononettilatin also occurs 

at this position. 	Further aethjlation, however, takes laoe rapidly 

and it is not osaible to judge from the major methj Lition roduots 

which are the favoured Vositions of at -tack. 	It i inteY!e L; ti_r1j to 

note in fact that enol-acet1 latiun of 3-meh--houo-50-cholestan-

4-one with isopropeiijl acetate and ooncentcated sulphuric acid kives 

a product in which double-bond formation towardo -4a takes place, 

there being no downfield meth1l signals in the n.rn.r. of this corn-

wouid attributable to a ethl &rouv attached to a double-bond. 
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synthesis and reactions oi the epoxidee of 3-ieopropylidene-A-nor-

5c-croletane 

3-Ieopropilidene-A-nor-5o -Cho lea tane w 	treted with rn-oiloro- 

perbenzoic acid in ether to give a product which was cr4st11ised 

from acetone. 	The i.r. s,ectrum of this compound had bands at 

920, 850 	•;1 while the n.in.r. spectrum possessed a strong peak 
CH 

at -r 8.74 ( 'C-0, epoxide). 	This compound was assumed to be 
Cli3 

the epoxide resulting from a-attack, (365), by analogy with the 

epoxidations carried out on the other steroid a1kylidene-oo1opentane 

(pp.50-52). 	HOBr, generated from N-bromoauodfliinide and acetic acid, 

was added to the isopropylidene steroid (364) to dive a crude alcohol 

which was adsorbed onto alumina. 	r1ution with petrol gave a 

product with peaks in the i.r. at 1700 (carbonyl) and 850 OM7.  

Repeated chromatography on alumina failed to fractionate what was 

obvioue1 a mixture of ketone and epoxide. 	By using neutral 

alumina (activity III) a little epoxide (850 cm.) was isolated 

free from the ketone. 	This was assumed to be the -epoxide (366), 

resulting from initial attack by Br +  on the double bond from the 

a-side. 	The mixed fraction of epoxide and ketone on gas liquid 

chromatography showed retention times with respect to 5o.-cholestane 

at 2.21 and 1.38. 	The first is exactly the same as was found for 

2,-dimethyl-50-cholestari-3-one9 and with the absence of methjl 

ketone absorptions in the i.r. it was assumed that addition of 

HQBr to the 2,2 1 -double bond involved attack by 0H on 0-2 with 

some ring exasion to a iiznethyl-ketone then taking place on 

treatment witri alkali. 

The a-epoxide (305) was treated with boron trifliaoride in 



- 106 - 

benzene to give Lt ketonic product. 	This product showed g.1.o. 

retention time with resect to 50-oholestane at 2.21, 2.03 (small 

peak), and 1.85. 	Alumina chromatography and orystallisation from 

acetone allowed for the isolation of two of these compounds. 	The 

first compound from the column had a retention time with respect 

to 50-cholestane at 1.85 on g.1.c. and possessed peaks in the i.r. 

at 1700 and 1355 CM7. (methyl ketone). 	The n.m.r. spectrum showed 

peaks at T8.67 (CH3---=0), 7.86 (c-=o), and it was therefore 

assumed to be a 2-methyi-2-acetyl-A-nor-compound (367), resulting 

probablj from a concerted mechanism for the rearrangement. The 

second compound from the ooluin, after or 1 stallisation, had a g.l.o. 

retention time with respect to 5-oho1eatane at 2.21. 	Since it 

did not have a sharp melting point, it was assumed to be a mixture 

of the two diinethyl ketones (368) and (369)  resulting from a 1,2-

and 2,3-bond  shift. 

A small amount (50 mg,) of the -epoxide (366) was treated with 

boron trifluoride in benzene to give a product which contained a 

methyl ketone (i.r. 1700, 1355 cm). On g.1.c. two peaks were 

obtained, the major having a retention time with respect to 5a-

oholestane at 1.85, which, being identical to the retention time 

for the 2a-acetyl oompou.nd (367), was assumed to be due to the 

methyl-ketone. 	The minor g.1.o. peak had a retention time with 

respect to 5-cholestane at 2.06 (oa.10 of the product). 	Alumina 

ohromatogrpy by not bringing about a separation of these compounds 

and repeated crystallisation from acetone gave a compound which 

melted over 100  (83-930). 
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The 3.nthesis and Reactions of 2,3-iox-5c-Cho1estanes 

The sintnesis and reactions of ,3-dimeth.1-2,3-epoxy-5c-cholastanes 

2,3-Dimethyl-5c-cholest-2-one was prepared by the addition of 

methyl magnesium iodide to 2c.-me thy l-Sci.-oholeetan-3-one, followed by 

dehydration of the mixture of tertiary alcohols with acetic acid 

containing a few drops of percnloric acid. 	Treatment of this 

olefin with excess m-chloroperbenzoio acid in ether gave a single 

compound identified as the i-epoxide (370). 	The i.r. spectrum of 

the epoxide had bands at 1162, 8709 850 om7. 1 while the n.m.r. 

spectrum exhibited a strong methyl signal atT 8.71, corresponding 

to the methyl groups at 0-2 and 0-3 in (370). 	Cleavage of the 

e 1)oxide with lithium aluminium hydride gave the known 2o,30-dirnethy 1- 

50-cholestan-3o-ol (371). 	Two routes were employed to synthesise 

the -epoxide (372). 	The first was the most direct and consisted 

of the addition of HOBr generated from N-bromosuccinimide and acetic 

acid to the dimetnyl-2-ene (373). 	A gum was obtained which con- 

tained bromine and a hydroxy-group (i.r.). Treatment of this 

product with alumina gave, on elution with petrol, in moderate 

yield, a non-polar compound identified as the -epoxide (372). The 

i.r. spectrum contained absorptions at 1130 and 855 cm 	while 

strong methyl signals atT 8.76 and 8.73 were present in the n.n.r. 

which can doubtless be attributed to the meth'1 groups at 0-2 and 

0-3 of the epoxide (372). 	Cleavage with litiium aluminium hydride 

gave an alcohol identical to that formed by addition of methyl 

magnesium iodide to 30methy1-5c-obole8tafl-2-Ofle (see below), which 

is most likely to involve e4toria1 methyl attack by analogy with 
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Grignard reaent additions to 5c-cho1estan-2-one°' 144  The first 

step in the second route to the -epoxide (372) ws the synthesis 

of 3-methr1-5ci-cholestan-2-orie. 	The preparation of this oompoind 

from the 3F3-catalysed rearrangement of 3-me  thy 1-2c,3c-epoxi-5c.-

oholestane (374) has been described 145  and this was repeated here. 

ipoxidation of 3-methyl-5a-oao1est-2-ene with m-ohloroperbenzoio 

acid gave the -epoxide (374) (M.P. 131-1320 9  lit 45  1350 ) which 

was then treated with boron trifluoride-etherate in benzene. A 

crude liroduct was obtained which showed aldehyde and ketone peaks 

in the i.r. (2670, 1715 and 1705 cm). 	Chromatography on alumina 

gave first the aldehyde, 28; i.r. 2670 and 1715 om+ n.m.r. 

8.77 (C23--=0);T 0.59 (aldehyde). 	This would indicate formation 

of a 2-methyl-A-nor-2-aldehyde and in fact later work showed it to 

be 2-methy1-A-nor-50-cno1estan-2o-a1dehyde (375). 	The second 

fraction on chromatography consisted of 3-me thy l-50-oho1estan-2- 

one, 72, (m.p. 1451480,  lit 45  147-1490 ). 	Thus formation of 

both rearrangement products involves epoxide cleavage to the ter-

tiar1y carbonium ion (or partially formed carbonium ion) at 0-3 9  

with then competition between hydride and 1,2-bond shift. 

The 3-methyl-2-ketone (376) was treated with approximately 1 

equivalent of t-butyl hyp 	
146ochiorite 	in warm acetic acid. 	When 

this was carried out on a small scale a high melting crystalline 

solid was precipitated from the reaction mixture. 	This product 

contained chlorine and analysed for a 3-meth1-3-chloro-50-oholestan-

2-one. 	It possessed a V max  at 1715 cm) and a'l max . ( 0.) 

at 308 rn). 	These figures indicate the formation of an axial 
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chloride, the shifts relative to the parent 3-ketone (376) (i) 

1705 om2' max0.i.D.)29l mz) being within the observed limits 

for an axial halogen adjacent to a carbonyl group 479148  Treatment 

of the chloro-ooinpound with !i3r in acetic acid did not bring about 

epimerisation. 	Thus formation of 3c-ohloro-3-methyl-5c-.cholestau- 

2-one (377) iiad taken place. 	When the 3f-methyl-2-ketone (376) 

was treated with t-butyl hypochlorite in acetic acid on a larger 

scale a mixture of starting material and the 3a-oriloride (377) 

precipitated out. 	Chromatography on silica gel led to the separa- 

tion of the two compounds, the 3a-chloride (377) being elated first. 

This chioro-compound (377) was then treated with an ethereal solu-

tion of methyl lithium149and the crude product so obtained was 

filtered through alumina with petrol to give the -epoxide (372). 

When 2,3-dimethyl-2o,3o-epoxy-50-oholestane (370) was treated 

with boron trifluoride a single compound (378), identical to the 

major product isolated by alumina chromatography from the reaction 

of the o.-epoxide of 3-isopropylidene-A-nor-5a-oholestane (365) with 

3F3 9  was obtained. 	The -epoxide (372) likewise gave an acetyl- 

compound (379) on treatment with boron trifltaoride in benzene (i.r. 

16999 1355 om2 n.m.r. T 7.87 (CH 3-0--0). 	These two aoetyl-oom- 

pounds (378) and (379) were then treated with an excess of in-

chloroperbenzoio acid and after 8 days both were worked up to give 

mixture ol strting material and acetate, separated by chromato- 

graphy oig silica gel. 	In neither case was the crude acetate 

purified, but was iinniediatelj treated with base to give hidroxy- 

compounds. 	The alcohol resulting from these reactions on (379) 

was found to be identical (mixed melting point and i.r. spectra 
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examination) with 	 (380) while 

the alcohol formed from (378) was similarly found to be 2-meth.y1-

A-nor-5o.-okioleetan-2o-ol (381). 	This means that the product 

formed by boron triuluoride treatment of (370) and (365) must be 

2-methj1-2Q-aoet1yl-A-nor-50-cho1estane (378) and that the product 

from the rearrangement of (372) zntaat similarly be 2c-nieth11-2-

aoetyl-A-nor-5o.-Oholestane (379). 

The aldehyde (375) w.a treated with netbyl magnesium iodide 

to give a product identifiable as the two secondary alcohols (382) 

by i.r, and n.m.r. spectra (i.r. 3650, 1110, 1090 cm7i n.:u.r.T 

meth1 groups at 8.60, 8.86 9  8.96). 	Treatnert of this product with 

Jones' reagent then gave 2p-me thy l-2c-aoetyl-A-nor-5c-oholestafle, 

showing that formation of the 2cL_aldenyde had in fact taken place. 

The rearrangement of the t- and -epoxidee (370) and (372) 

therefore both involve "axial" cleavage with concerted bond 

migration to the electron-deficient centre, and are thus unborn-

ilicated examples of the tetrasubetituted-epoxids hypothesis of 

aartBborn and Kirk ?6  
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The reaction of 2c,3o-epoxy-5o ,-oho1estane it( ueth1 aa gne 8ium 

iodide 

2,3-pox-50-oholestane (383) hL,3 been ahOW11
50  to react vv ith 

methyl magnesium iodide to give, as the main roduct, 2o-(l'-hydroxy-

ethyl)-A-nor-50-cholestane (384) (isolated a the two ea)imeric 

alcohols) along v4ita a little 2c-me thy l-2.-hydroxy-5c-cholestune 

(385). 	This was repeated here with similar results and the 

mixture of hidroxye thy 1-A-nor-contpoundo (384) was oxidised with 

Jones' reagent to 2c-ao9tl-A-nor-5c-oholestane (386) to give a 

comparison compound for the two 2-aoetyl-A-nor-compoundo (378) and 

(379) derived from the BF  reactions on the two 2,3-dimethyl-2,3-

epoxy-5c--oholestanes (370) and (372). 	That only the 2a-acetyl- 

compound (386) had been isolated from the oxidation of (384), and 

not an equilibrium mixture of the 2a, (386), and 2-, (387), -acetyl-

compounds, 151  was confirmed by the melting point of the oxidation 

product, 73_500,  (1it 51  M.P. for (386) 777809  and for the 

equilibrium mixture 67050,151  ), and from its n.zn.r. speotrwn,T 

9.339 9.27 9  9.18, 9.09 (0-18 9  0-19 and side chain methyl groups) 

(lit.151 value for the 0-19 methyl group for (386) -U 9.27 and for 

(387) 	9.42). 

The reaction 01 methyl magnesium iodide with (383) doubtless 

involves epoxide rearrangement under the influence of magnesium 

iodide 150  to give a mixture of aldehyde and ketone which then reacts 

in the normal wa' with Laethdl magnesium iodide. 	It was therefore 

decided to orry out a similar reaction with 2c,3-epoxv-5c.-ohol- 

estane (388). 	Accordingly the u-epoxide (388) was prepared from 

5o.-cholest-2-one on reaction with m-chloroperbenzoio acid in ether 



- 112 - 

and was treated with methyl magnesium iodide in ether. A crude 

product was obtained which was ohroinatograhed on alumina. 

Elation with petrol-benzene (1:1) gave 3-methy1--5c-cho1estan-3-

01 (389) 9  37,, identified by a mixed melting point, i.r. 8)eotrum 

and dehydration with phoshoryl chloride in pyridine to 3-methyl- 

5c-cho1est-2-ene. 	Further elation with the same solvent gave 5ci- 

oho1estan-3-01 (390), 11, identified by a mixed melting point, 

i.r. spectrum and oxidation with Jones' reagent to 50-cholestan-3- 

one. 	Elution with benzene-ether (9:1) gave 3cL-methy1-5-oho1eetan- 

3-o1 (391), 34, identified b1 u mixed melting point, i.r. spectrum 

and dehdration with dhosphoryl chloride in Lj4ridine to 3-methi1ene-

50-eho1estane. 	The last product from the column, eluted with 

chloroform, was shown to be 50-cholestan-2,3c-diol (392), 17, 

by a comparison with a sample of that compound (392) formed by the 

treatment of the c.-epoxide (388) with dilute su1hurio acid+52  and 

by the zormation, from both samp1ei of the diol (392), of the 2,3a-

diol diacetate (393) by treatment with acetic anhydride in pyridine. 

The 3a-alcohol (390)  and  23,3o-dio1 (392) can be assumed to be 

derived directly from the eoxide by cleavage; the alcohol (390) 

by reduction, since a little magnesium 3remained after the forma-

tion of the Grignard reaent, and the diol (392)  by hydrolysis, 

indicating the presence of a trace of moisture in the reaction 

mixture. 	The two tertiary alcohols, however, must result from 

magnesium iodide rearrangement of the ?,3o.-epoxide (388) to give 

5a-oholestan-3-one (394), and this will involve 0-2-0 cleavage, i.e. 

"axial" cleavage 56  and a hydride shift to 0-2. 	The remaining step 

in the reaction will then involve addition of methyl magnesium 

iodide to the 3-ketone (394). 
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General Notes on Sx Ljerimental Section 

Melting points were determined on a Kofler block and are 

corrected. Optical rotations at 589 ini were measured at room 

temperature on a Perkin E lmer 141 Polarimeter, for chloroform 

solutions in a 1 din. cell. The concentration value quoted in 

brackets after each rotation is in g./100 ml. 	Infra-red spectra 

were recorded for orbon disulpiide (unless otherwise stated) on 

either a Unioam SP200 apeotrophotometer or a Perkin Elmer 237 

speotrophotometer. 	Ultra violet spectra were recorded for ethanol 

solutions on a Unlearn sP800 speotrophotometer. 	Nuclear magnetic 

resonance spectra were recorded for deuteroohloroiorfli solutions 

using tetriniethy1silane as un internal standard on a Perkin Elmer 

R10 (O xac/s) seotronieter. 	Rotatory dispersion measurements were 

recorded for chloroform solutions (unless otherwise stated), of 

concentration lxng./nil., on a Bendix Ericsson Polarmatic 62 speotro- 

polarimeter. 	G.L.C. analysis was carried out on either a Perkin 

Elmer model 801 gas chromatograph or a Perkin Elmer model P11 gas 

chroinatograph (flame ionisation). 	For the Perkin Elmer 801 a 

column (6 ft. x 1/16 in.) of S.E. 30/pon on A.\V.-D..C.S. Chrom G 

(80-100 mesh) or 3301 on 	 Chrom G (80-100 mesh) at 

temperatures of 240-2550 9  with an inlet heater at oa.2700  and inlet 

pressures of nitrogen of 35 lb./sq.in., was used. 	Per the Perkin 

Elmer P11 a column of E301 on A.V.-D.M.C.S. Chrom G (80-100 mesh) 

at a temperature of 250° , carrier gas  N2, was used. 

Column chromatography was carried out by the method of 

Reichetein and Shoppee 84  and the activity of the alumina used was 

defined by the method of Brockmann and Schodder~ 08  Alumina 
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(activity II) infers Peter Spence type 'H' alumina, activity II. 

'Alumina' infers Spence type 'H' alumina treated with 5% (by volume) 

Of 10 acetic acid, and was activity III. 

m-Chloroerbenzoio acid was obtain•d as a gift from FMC 

International of New York. Epoxides rearrangements were carried 

out in dry benzene, using freshly distilled boron trifluoride-

etherate. 	,uantities in brackets after 'sodium hydride' refer to 

the hydride free from mineral oil. 	Solutions were dried over 

magnesium sulphate. 	The petrol used had b.p. 60_80 0 . 

Microanalyses were determined by Drs. Weiller and Strauss of 

Oxford. 
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The Preparation of Metnylene- oxides 

(1) poxides not adjacent to a polar group 

5a-Cholestan-3 0-01
73 

 

ho1esterol (120 g.) in ethyl acetate, was reduced b 1  catalytic 

hydrogenation over 10% palladium on charcoal catalyst, at 3Q0  and 

1 atnios. pressure. 	2erchloric acid (8 drops) was added as promoter. 

The acid was neiatralised with sodium hydroxide, and the catalyst 

filtered off. 	The volume of solvent was reduced to give crystalline 

5.-oho1estan-3-01 (91.2 g.)  m.p. 141-20  (lit. 142 0 ). 

5c.-Cho le stan-3-one74  

5-Cholestan-30-01 (30 g.) in acetone (2 1.) was oxidised with 

8N chronic acid (Jones' reagent) (60 ml.). 	The reaction was allowed 

to proceed lor 4 minutes and excess reagent was decomposed with 

methanol (200 ml.). 	Water (200 ml.) was added, the acetone removed 

under reduced pressure and the steroid extracted into ether. 	The 

ethereal solution was washed with dilute hydrochloric acid, with 

water, until the washings were neutral, and with saturated sodium 

chloride solution. 	The solution was dried and the solvent removed 

under reduced pressure to give 5c-choleatan-3-one, which was re-

crystallised from acetone (28.5 g.), m.p. 128-129 0  (lit. 1290 ), 

+ 440 (a 0.11) (lit. +43.50 ). 

2o-ie thy l-5c-cho lestan-3-one 75  

50-Cholestan-3-one (8.2 g.) in dry benzene (100 ml.) was added 

over 1 hour to a stirred suspension of sodium methoxide (1.5 g.) in 
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dry benzene (80 ml.) and ethyl formate (11 nil.). 	After adding 

additional sodium inethoxide (0.5 g.) and stirring for four hours 

the mixture was filtered and the slid washed with benzene and dried. 

The bright yellow salt so obtained was stirred 1 hour with a mixture 

of concentrated hydrochloric acid (8.5 ml.), water (5 nil.) and 

ethanol (20 nil.), filtered and washed with water until the washings 

were neutral to give 2hydroxyme thy lens -5c.-ChOle8tafl-3-Ofle (7.9 g.) 

m.p. 166-168 0  (lit. 164-166 0 ). 

2ydroxyniethylene-5c.-oho1estan-3-Ofl8 (4 g.) in benzene (50 nil.) 

was added to 10% palladium on charcoal catalyst (2 g.) in ethanol (50 

ml.) and the mixture was shaken in an atmosphere o hydrogen for two 

days. 	The oataldst was removed and the solvent evaporated to give a 

product which was ohroznatographed on alumina (activity II) (150 g.) 

to give on elution with petrol-ben.zone (1:1) 2c-xne thy l-5-oho1eStafl-

3-one (2.2 g.) mn.p. 119_120 0  (lit. 1210 ). 

2, 2-Dime thyl-50-oho lestan-3-0ne 76 ' 77  

Potassium (12 g.) in t-butanol (300 nil.) was added to a boiling 

solution of 5o,-oholestan-3-one (12 g.) in dry benzene (300 nil.) and 

t-butanol (150 ml.). Methyl iodide (90 ml.) in dry benzene (300 rnl. 

was added and the mixture refluxed for 1 hour. 	Ice and water were 

added and the steroid was extracted into ether which was washed with 

water, dried and evaporated to give a mixture of methylated ketones. 

Chromatography on alumina (activity II) (1000 g.) and elution with 

petrol-benzene (7:3) gave 2.2_dimethyl_5a_OhOleStafl-3 -OnB (8.2 g.) 

m.p. 99-101 (lit. 111-113). 
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5a-Cho1estan-3-ol Tosylate 104  

50-Cho1eatan-3-o1 (20 g.) was dissolved in iyridine (250 ml.) 

and cooled to 00 . This solution was added to a solution, also at 

00, of to1uene-p-sulhonil chloride (20 g.) in vyridine (100 ml.), 

and the mixture was left at 00  for 48 hours. water (500 ml.) was 

added and the steroid was filtered oft and washed well with water, 

dried, and reorystallised from ethanol to give 5a-oholestan-3-01 

tosylate (21 g.) m.p. 140-142°  ( lit.1350 ), max.189 and 1176 

5c&-Cio le st-2-ene 
104 

5a-Cho1eetan-3-o1 tosylate (20 g.) was diso1ved in etro1 

(100 ml.) and adsorbed on alumina (activity II) (800 g.). After 

48 hours elution with petrol (2 1.) gave on crdstallisation from 

acetone 5c-oholest-2-ene (10.6 g.) m.p. 74-750 , ( lit. 750 ), D max. 

3010 9  1655, 785, and 675 oni. 1 n.m.r.T 9.33 (0-18 methyl), 9.23, 

9.18, 9.09 (c-19 and side chain aethyls), 4.34 (shoulder at 4.39) 

(H-c= c-). Chloroform-methanol (99:1) afforded 50-oholestan-3c-

ol (0.3 g.) m.. 185-6 0  (lit.1820 ). 

2 • 3 -ipoxy-50-oho1e stane 

N-E3ronosuocinimide (13.5 g.) in dioxan (150 nil.) and N per-

chiorlo acid (13.5 nil.) were added in succession to a solution of 

5-cholest-2-ene (27 g.) in 5% - aq. t-butanol (600 ml.) and dioxan 

(300 ml.) at room temperature. Alter keeping at room temperature 

overnight, the solution was concentrated in vaouo below 
450  to remove 

most of the solvent, water was added and the steroid extracted with 

ether. 	The ether extract was washed with water, potassium iodide 



solution, sodium bisuiphite solution, and water, dried and evaporated 

to give crude 3o,.-bromo-5c--oho1astan-20--ol (21.6 g.) which ws 

ohroxnatographed on alumina (500 g.) to give on elution with petrol 

2,3-epoxy-5-cho1estane (16.2 g.) m.p. 90-91 (lit. 8  89-910 ),i) 

825 and 818 om 	n.m.r. T 9.36 (c-18 methyl group), 9.18, 9.15, 

9.09 (side chain and 0-19 methyl groups) and 6.87 (center) (epoxide 

protons). 

5a-Cho1estan-2-ol a 

2,33-poxy-5c-cholestafle (5.0 g.) in dry ether (50 ml.) was 

added to lithium aluminium hydride (3  g.) in dry ether (100 ml.) and 

the solution refl.uxed for 2 hours, Ethyl acetate was added, followed 

by dilute hydrochloric acid. The ethereal solution was washed with 

water, dried and evaporated to give a white sDlid which on crystallisa. 

tiun from acetone gave 5u-oho1estan-2-o1 (4.8 g.) m.p. 152-155 (lit. 

1  153-50 ) maz.3560 and 1015 cm.  

5Q-Cho lestan_2_onel8b 

50-Cho1estafl-2-Ol (10 g.) was dissolved in acetone (600 ml.) 

and 8N.ohromio acid (20 ml.) added with stirring. 	Stirring was con- 

tinued for 4 minutes and methanol (50 mi.) added, followed by water. 

The organic solvents were distilled off and the steroid was extracted 

into ether. 	The ether solution was washed with dilute hydrochorio 

- acid and water until the washings were neutral, dried and evaorated 

to give on crsta11isation from acetone 5a-oholestan-2-one (8.9 g.) 

m.p. 129-131 0  (lit. 131 0 )
9

)) max ,1710 OLu. 
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• 	 118 ethi 	 bromide 

Tri,.theny1,hosphine (100 g.) in benzene (500 ml.) was cooled to 

Ca.-100  with a salt-toe bath and methyl bromide (50 g.) was added. 

The LAxtare ws allowed to stand at room temperatLtre and after two 

days the preci.Ijitate was filtered off, washed with benzene and dried 

to dive methy1iriphenj1,hosphoniva bromide (105 g.)  ta.p. 227-229 

(lit. 227-2290 ). 

General i1ethod for the e thy  lenetrihend1 A hosphorane Reaction79  

3odiwu hydride (7.8 nino1es) (50,:' dispersion in oil) was washed 

three times with dry petrol and then blown dry with nitrogen. Dry 

dimethyl suiphoxide (20 ml.) was added and the mixture was heated 

with stirring under nitrogen at 70-75°  until evolution of hydrogen 

ceased (oa.45 mm.). 	The resulting solution of niethyleulphinyl 

oarbanion war6 cooled and equal volumes (10 ml.) of tetrahydrofuran 

(distilled from calcium hydride) and dry dimethyl suiphoxide were 

added. 	To this solution at 00  was added, under nitrogen, methyl- 

triphen.ylphosphoniwn bromide (7.8 inmoles), rapid stirring producing 

a deep yellow solution of methylenetriphenylphosphorane. 	The 

appro 1 .riate steroid ketone (2.6 mmolea) in dry tetrahydrofuran (10 

ml.) was added to the ylide solution and stirring was continued for 

12 hours at 600 . 
	 Water was then added and the steroid was extracted 

with ether. 	The ether solution was washed with water, dried and 

evaorated to give a crude product which was ohromato graphed on 

alumina (activity II) (100 g.) to give on elution with petrol the 

methylene-steroid which was crystallised from acetone. By this 

method was prepared: 
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3-Methylene-5u-oholestane 119 from 5c-cholestan-3-one (10 g.) 

(9.1 g.) m.p. 65-660 , []D  +220  (c.0.2) (lit., m.p. 64-650 , 

[a)D + 240 ), ) ma.C3070' 1650, 888 cm.L n.m.r.T 9.34 (0-18 methyl), 

9.18, 9.16 9  9.1 (side chain and 0-19 methyl groups), 5.43 (CH2=-) 

3-Me thy lene-2a-me thy l-50-cho lea tane from 2a-methyl-5c-choleetan-3-

one (1.0 g.). 

Yield of 3-methylene-2c.-methyl-5a-cholestane (0.86 g.) M.P. 

68700  [a)D  +170  (o. 0.23), - m3060' 1645, 890 om.71  n.m.r.T 

9.33 (c-lB methyl grotip), 9.18, 9.10 9  9905 9  8.93 (0-19, 0-2, and 

side chain methyl groups), 5.36, 5.47 (exocyclic methylene group) 

(Found: 0, 87.6; H, 12.5. 	0291150 requirec 0, 8.4; H, 12.6fl. 

3Methj1ene-2,2-dime thy 1-5c-cho1e8tafle from  2, ?-dime  thy 1-5o.-Cho  lestan- 

3-one (1.0 £.). 

Yield of 3methy1ene-2,2-din1ethy1-5a-oho1eStafle (0.79 g.) m.p. 

79-800  (0)D  +530  (c.0.20) 9  d max3060'  1640 9  885 	n.m.r. 

9.35 (0-18 methyl group), 9.18, 9.09 (8id oha.th iiethyl groups), 

9.04 9  8.93 9  8.90 (0-19 and 0-2 methjl groups), 5.37 (exooyclio 

methylene grota). 	(Found: C, 86.9; H, 12.3. 	C30 H52 requires 

0 9  87.3; H, 12.7). 

2-iethy1ene-5c-oho 1estafle 	from 5Q-cholestan-2-one (1.0 g.). 

(0.83 g.) m.p. 65-t7°  (lit. 65-67 0 ), 0  max.3040' 16459 895 am. -, 1  

n.m.r. t 9.33 (shoulder 9.35), 9.19, 9.10, 8.76 (methyl si,n1s), 

5.41 (centre) (exoojolio methylene group). 

17-Methylene-5a-androstane from 5-androstan-17-one (1.0 g. 

(0.74 g.) m.p. 67-68 0 , [O)D +80  (c.0.15), 
L) 

m360' 16509 

1  882 am,-, n.m.r. 	9.24, 9.21 (0-18 and C-19 methyl groups), 5.36 



- 121 - 

(center) (exoodclic methylene group). 	(Found: 0, 88.2; 	, 11.6. 

020H32 requires C. 88.2; H, 11.80. 

Trimethyloxosuiphoniuni iodide. 4  

A solution of dimethyl su1hoxide (32 g.) and methd]. iodide 

(60 ml.) were ref luxed br 3 dads during which time a solid preoii-

tated. 	The solid was filtered off, washed with chloroform and 

dried to give trimeth1oxosulphonium iodide (50 g.), m.j. 2370 . 

Trimetlsu1honi.im iodide 4  

Dixaethyl sulphide (30 g.) and methyl iodide (75 g.) were mixed 

together and allowed to stand at room temperature overnight. The 

resulting salt was washed well with chloroform and dried, yield 

(100 g.). 

-Nitroerbenzoic Acid85  

A slurry of p-nitrobenzoio acid (40 g.) in mothanesulphonio 

acid (116 g.) was stirred at 00  while hydrogen peroxide (87, 35 ml) 

was added over 10 minutes. The temperature rose to 350 during the 

addition, and the slurry was stirred at 400  for 3 hours. Ice was 

then added, and water before the mixture was filtered and the solid 

material washed with water. The peracid was dried over phosphorus 

pentoxide to constant weight, (40.2 g.). 

The purity of this peracid was determined by reacting a known 

weiht (0.25 g.) of acid with sodium iodide in acetic acid-chloroform 

(3:2). 	iater was added and the liberated iodine titrated with 

standard sodium thiosuiphate solution (O.1N). 	The product was 

found to contain 97% peracid. 
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General Method for the Dime thy  oxosu1honium :e thy lide Reaction4  

Sodium hydride (6 inmoles) (50 diersi3n ii oil) was washed 

three times with dry petrol and then blown dry with nitrogen. 

Powdered trimethyloxosulphoniwn iodide (5.5 zninoles) and dry diniethyl 

suiphoxide (20 nil.) were then added and the mixture was stirred 

ra4dly. 	Vigorous evolution of hydrogen ensued which ceased after 

oa.30 minutes to give a milky-white reaction mixture. 	The steroid 

ketone (2.6 mznoles) in dry tetrahydrofuran (10 ml.) and dry dimethy]. 

sul 1 hoxide (5 ml.) was added with stirring and etirr.rLg was continued 

for 1 hour at room temperature and for 1 hour at 50° . 	The reaction 

mixture was cooled, water added and the steroid extracted into ether. 

The ether solution was washed well with water, dried and evaporated 

to give the mixture of methylene epoxides which was then either 

reory8tallised to give the major epoxide or chroniatographed on 

alumina (50 g.) to give both epoxides followed by crystallisation 

of each epoxide from acetone. 

R eaction with 5Q-oholeatan-3-one (1-0 -g-) 

The product was reorstal1ised from acetone to give 33-methy1-

3a,3'-eoxd-5o.-oholestane (0.761 g.) m..p. 131-20 [°')D +20 (c.0.21) 9  

(w), 925 (a), 790 (in), 698 (w) am., n.m.r. 	9.33 

(c-18 methyl group), 9.17, 9.16, 9.09 (c-19 and side chain methyl 

grou 1is), and 7.38 (half band width 0.012 ppm.) (epoxideprotons) 

(Found: C, 83.8; H, 11.8. 	028H480 requires C o  83.9; N, 12.]4). 

The product on chromatography gave 3-rnethyl-3,3 1 -epoy-5a-

cholestane (0.760 g.) m.p. and m.m.p. 130-1 ° , lollowed by 3a-rnethyl-

,3 1 -epoxy-5c-oho1estane (0.027 g.) m.p. 170:-l °  [c)D  +200  (o.0.15) 
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i) 	3010 (w), 935 (in), 840 (s, broad), 723 (w) cm. 	n.m.r.r 

9.34 (o-18 iietny1 group), 9.20, 9.14 9  9.09 (C-19 and side chain 

met'iyls), 7.44 (half band width 0.03 ppm.) (epoxide protons). 

(Yo and: C, 83.8; H, 11.9. 	C28H480 requires 0, 83.9; H, 12 .1%). 

Reaction with 2o-znethyl-54-cholestan-3-one (0.90 g.) 

Chromatography gave 3f-Lnethy1-3Q,3 '-eoxy-?c-rnethyl-5u-oho 1estane 

(0.736 g.) xn.p. 111-112 0  [o]D  +270  (c.u.2) 	max3020 (w), 942 

788 (in), 698 (w) orn., 1  n.in.r. T 9,34 (o-18 methyl group), 9.38, 9.26 9  

9.18, 9.15, 9.10 (c-19, 0-2, and side chain methyl groups), 7.59, 

7.52, 7.22 9  7.15 (epoxide protons). (Found: 	0, 83.9; 	H, 12.5. 

029H500 requires C, 84.0; H, 12 .2%), and 3ci1-xnety 1-3 ,3 1 -epoxy-2a-  

meiyl-5a-cho lee tane (0.021 g.) m.p. 81-82 0 
 

IQID  +3 °  (c.0.20) 9  

max03020 (w), 939 (in),  839 (e, broad), 6 90 (w) ca., n.m.r.t 

9.33 (c-18 methyl group), 9.38, 9.25, 9.18, 9.09 (0-19, 0-2, and side 

chain methyl groups), 7.66, 7.58 9  7.26, 7.18 (epoxide protons). 

(Found: 0, 84.1; H, 12.0. 	029H500 requires C. 84.0; if, 12 . 2%). 

Reaction with 2,2-d1mth1-5e-choietan- -oxie (0.80 .) 

The compounds eluted were 3-met}ijl-3e ,3'_eoxj-:,2-dimethy1-

5ci-oho1estane (0.495 g.) M.P. 94-95 [aiD +55 0  (o..17) 9  J) 

(w), 930 (s), 780 (in) am.; n.m.r.T 9.34  (0-18 methjl group), 

9.30, 9.18, 9.09, 9.07, 8.89 (0-19, C-2 and side chain metftyls), 

7.60, 7.539 7.28, 7.20 (epoxide protons). 	(Found: C, 83.8; 

H, 12.0. 	03011520 requires 0, 84.0; 	1, l2.2;) , and 3c-methyl-3f3,3 1 - 

epoxy-2,2-dimethyl-5a-cholestafle (0.036 g.) m.p. 78-80 0  [aID  +390  

(c.0.21) 9  J 	3020 (w), 918 (in), 851 (s, broad, with a shoulder 

at 840) am. 	n.m.r. T 9.34 (c-18 methyl group), 9.319 9.19, 9.099 
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9.05 9  8.89 (0-19, 0-2, and Bide chain methyla), 7.63, 7.55 9  7.18 9  

7.10 (epoxide protons). 	(Found: C, 84.0; H, 12.1. 	C30H520 

requires C, 84.0; H, 12 .2%). 

Reaction with 5o.-cho1estcn-2-one (0.910 g.) 

The product on chromatography gave 2o.-niethy1-2f,2'-epoxy-50- 

cholestane (0.717 g.) rn.p. 96960 [C)D +240  (c.Q.19), 3 	3020 (w) 

912 (a), 795 (in)  om-7  n.in.r. 	9.35 (0-18 methyl grou), 9.199 9.09 9  

9.07 (0-19 and aide chain methyl groups), 7.54 (half band width 

0.015 ppm.) (epoxide protons). 	(Found: 0, 84.1; H, 12.3. 

C28H480 requires C. 83.9; H, 12.1,), and 2-methy1-2o,2'-epoXy-5c.-

oholestane (0.010 a.) zn.p. 105-1060  ta)D +200  (c,0.066) 9  .) 

3015 (w), 942 (ni), 822 (a, broad) cni. 1  n.m.r. -r 9.35 (c-18 methyl 

group), 9.19, 9.14 9  9.09 (0-19 and aide chain methyl groups), 7.37 

(half band width 0.033 PPM.) (epoxide protons). 	(Found: 0, 83.9; 

H, 11.9. 	028H 480 requires a, 83.9; H, 12.1L). 

Reaction with o-androstan-17-ofle (0.770 a.) 

Chromatograph gave 17c,20-epoxy-5c-androstafle (0.121 g.) in.p. 

88-890 [°]D  90  (o.0.06) i max, 3020 9  939, 835 9  760 om.7 n.m.r.T 

9.19 (c-18 and 0-19 methyl groups), 7.39 9  7.309 7.29 9  7.20 (epoxide 

protons). 	(Found: 0, 83.1; H, 11.0. 	C20H320 requires C, 83.3; 

H, 11.2), and 17,20-epoxy-5-androstafle (0.585 g.) m.p. 160-4°  

tD +5
0  (o.0.21), ) m3010' 919, 861, 786 om.7 n.m.r. 

9.22 9  9.14 (c-18 and 0-19 methyl groups) 7.47, 7.38, 7.15, 706 

(epoxide protons). 	(Found: C. 83.0; H, 11.1. 	02011320 requires 

C9 63.3, H, 11.2k). 
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General Method for the Dimethylsulphonium Methylide Reaction  

Sodium hydride (6 nlmole8) (50, dispersion in oil) was washed 

three times with dry petrol and blown dry with nitrogen. Dry 

dimethyl eulphoxide (15 mi.) was added and the mixture was heated 

with stirring under nitrogen at oa.70 0  until evolution of hydrogen 

ceased (oa.45 ruin.). 	Dry tetrahydrofuran (15 ml.) was added and 

the mixture was cooled to oa.-l0°  (salt-joe bath) and powdered 

trimethylsulphonium iodide (5.8 mmoles) was added with stirring 

quickly and stirring was continued for 10 seconds and then the 

steroid ketone (2.6 mnmoiea) in dimethyl suiphoxide (5 ml.) and 

tetrahydrofuran (10 ml.) was added with stirring and stirring was 

continued for 10 minutes at l00  and for 1 hour with the salt-joe 

bath removed. water was added and the steroid was extracted with 

ether. 	The ethereal solution was washed well with water, dried and 

the ether evaporated to give the methylene epoxides (except for 5-

axidrostan-17-one) which were separated by chromatography on alumina 

(o g.) with petrol as solvent. 	The epoxidea were then crystallised 

from acetone and identified by infrared examination and mixed m.p. 

Reaction with 5a-oholeetan-3-one (1.07 g.) 

iuted first was 30_methy13c,3 1 -eoXy-5o.-OhOle 8tafle (0.311 g.), 

m.p. and mixed m.. 129-131 ° , and this was followed by 3c-methyl-3,3' 

eoxy_5c-oho lea tune (0.686 g.), m.p. and mixed m.p. 170_10. 

Reaction with 2-me thy l-50-oholestan-3-one  (1.0 g.) 

Isolated were 3-methyl-30,3 1 -epoxj- 2 o.-rnethy1-5c-oholestane 

(0.31 g.) mixed m.p. 111-112 0 0  and 

° 5c.-cholestane (0.101 g.)  mixed m.p. 80-2. 
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Reaction with 2,2-dimethyl-5o.-cholestan-3-one (1.01 g.) 

The oomponcis in order of elution were -methy1-3o,3 1 -epox-

2,2-dimethy1-5c-cho1eetane (0.53 g.) mixed m.. 91-4 9  and 3c-methyl-

3,3'-eioxy-2,2-dime thy l-5c-choiestane (0.35 g.) mixed m.p. 78_800. 

Reaction with 5a.-oholestan-2-one (0.9 g.) 

Elated were 2c-me thy l-2,2'-eoxy-50-oho1estafle (0.514 g.) m.p. 

and mixed m.p. 96_980, and 2-inethy1-2c,2 1 -epoxy-5o.-cho1estafle (0.166 

g.) m.i..  and mixed m.p. 103_1060. 

Reaction with 5c-undrostan-17-one (0.22 g.) 

cry8t11ised wa 17,20-eoxy.-5a-androstane (0.17C g,) mixed 

m.p. 160-163° . 

oAidation with -Nitro.jerbenzoic acid 

To 3-methylene-50-cholestane (1.0 g.)  in dry ether (20 ml.) was 

added p-nitroperbenzoio acid (0.9 g.) in dry ether (20 ml.). 	The 

ethereal solution was allowed to stand overnight at room temperature 

and then excess peracid was destroyed with Zer.oua sulphate solution. 

The ether layer was then washed with water, sodium bicarbonate solu-

tion, and water, dried and the solvent evaorated to give the crude 

epoxides. 	Chromatography on alumina (50 g.) gave on elution with 

petrol 3_methy1-3a,3 1 -epoXy-50-chO 1eStafle (0.74 g.) mixed rn.p. 1301 

(acetone) and 3ameth1-3p,3 1 -eoXj-5ct-OhOleStfle (0.13 g.) mixed 

m.p. 19_1710 (acetone). 

poxidation with za-Chloroperbenzoic Acid 

o tne aroprite olefin (2.6 nuaoles) in drj ether (20 ml.) was 

added m-ohloroperbenzoio acid (5  minoles) in dry ether (20 ml.). 
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After standing overnight at room temperature the reaction mixed 

was worked up with ferrous sulphate solution, water, and sodium 

bicarbonate solution as above. The mixtures of epoxides were 

chroznatographed on alumina (60 g.) with petrol as solvent. 	The 

epoxidee were orystallised from acetone and identified by mixed 

m.p. and i.r. examination. 

A similar procedure was used for the spoxidation in inethjlene 

chloride. 

gpoxidtion of 3-methylene-5o.-cholestane 

In ether (4.5 g. steroid). 	Chromatography gave 3-methj1-3c,3 1 - 

eoxd-5c-ohole2tane (3.41 g.) mixed m.p. 129-130 and 3o-methyl-

3,3 1 -epoxy-5o.-oholestane (0.60 a.) mixed m.p. 170-30 . 

In methylene chloride (1.0 g. steroid). 	Eluted first was 

methyl-3c,3 1 -epoxy-50-choleStafle (0.427 g.) mixed in.p. 129_131 0 9  and 

this was jollowed by 3c_methyl_3,3'-epoxy-5O-ChOleStafle (0.241 a.) 

mixed m.. 170_40. 

Epoxidtion of 3_methylene_2e_meth.yl-50-OhOlestafle (0.25 g.) 

The yield of 3-methyl-3c,3 '_eox2_methy1-5a-OhOleStafle was 

(0.108 g.), mixed xn.p. 110-112 and that of 3o.-methy1-3,3'-e.OXY-2G-

methyl-5c-oholestafle (0.064 g.) mixed m.p. 80-82
0 . 

poxidation of 3 -me thylene_2,2_dime thy  1-5a-ChO lea tune (0.70 gj 

luted were 3-methyl-3o ,3 1 -ejoxj-2 ,2-dimethy1-5-oho1eStafle 

(0.40 a.) mixed m.p. 91-94, a fraction consisting of both epoxides 

(i.r.) (0.026 g.) and 3_ me thy 1_3 9 31_epoxy_2 1 2_dimethy15Q_0h0le8 

° tans (0.090 g.) mixed m.p. 78-80. 
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poxidation of 2-methylene-5G-o1o1estane (0.70 p.) 

Eluted were 2t-me thy 1-2,2'-epoxy-5c-oho1estane (0.104 p.) 

mixed m.p. 95-97, and 2f-metby1-20. 9 2'-epoxy-5c-cho1estane (0.461 

€.) mixed m.p. 104-1050 . 

poxidation of 17-methylene-50-androstane (0.24 p.) 

Qhromatoprah.y pave 17,2Q-eoxy.-5a-anarostans (0.136 p.) mixed 

m.p. 68-89 0 , and 173,20-eoxy-5G-androstane (0.024 p.) mixed 

15b-lbOo . 

joxidation with Alkaline Tcro e 2 n croxide-3enzonitrile 3  

The apropriate olefin (1.3 mmoles) in chloroform (5 nil.) was 

added to methanol (5 ml.), benzonitrile (0.35 a,.), potaakiium bicar-

bonate (0.075 a.), and. hron peroxide (30, 0.4 ml.) and the 

:ILixtUre w stirred t room tarature for 24 hours. 	ther and 

water were then added and the ether solution was wa3hed with ferrous 

su1hate solution, water, sodium bicarbonate solution, and water, 

dried and the ether removed to give a crude product which was 

ohromatopaphed on alumina (40 p.) with petrol as solvent. 	The 

compounds so eluted were crystallised from acetone and identified 

from their jr. spectra and by a mixed m.p. 

ipoxidation of 3-methylene-5o .-oholestane (0.9 p.) 

0hroaiatography pave 3-methylene-5-oho1eatane (0.103 p.) mixed 

m.p. 64-65 
0 , 3-me thy l-3o,3'-eox.j-5-oho1estane  (0.137 p.) mixed 

m.p. 129_1300 9  arid 3c-methy1-3$3,31-eoxd-5-oho1estane  (0.391 .) 

° mixed m.. 17u-174. 
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oxidation of 3-methjlene-2o-m hdl-50-cbolestane (1.54 g.) 

1ution ve 3-methy1ene-2-methj1-5c-oho1estane (0.218 g.) 

mixed m.p. 69_710, 

(0.086 g.)  mixed zu.p. 111-112 0 , 3o-aiethy1-3,3'-eoxy-2a-rno thy 1-50-

oholestane (1.09 g.) mixed m.p. 79-810 . 

OXIdA.ti3n of 3-nethr1ene-2 1 2-dimejhy1-5c.-cho1estane (0.52 g.) 

0ratogrih produced 3-ine thy  lene-2,2  -dime thy l-50.-oho lea tans 

(0.14 g.) mixed a.p. 79800 , 3-me thy 1-3,3'-eoxy-2,2-dimethy1-5cL-

oholestane (0.088 g.) mixed m.d. 92-95 and 3o-methy1-3,3-eoxr-

2,2-dimethy1-50-oho1estane (0.163 g.)  mixed m.. 76-79. 

E k oxidtion of 2-methy1ene-5c-oho1etaie (0.89 g) 

lution gave 2-methy1ene-5-cho1estane (0.228 g.) mixed m.. 

65-67 and 2-me thy 1-2c,2'-eoxj-5c-oholestane (0.322  g.) mixed m.p. 

105-lOu0 . 

ioxidaion of 17-methylene-50-androstane (0.23 g.) 

Chromatography gave 17-methylene-50-androstane (0.076 g.) mixed 

m.. 67680, 17,20-epoxy-50-androstans (0.092 g.)  mixed m.. 88-89 0  

and 17,20-e.oxy-50-androstans (0.002 g.) mixed m.p. 160-4 0 . 

General Method for Reaction with Metb:y1 Ma&nesium Iodide 

The steroid ketone (1 g.) in drd ether (50 ml.) was added to 

meth1 magnesium iodide in ether (100 ml.) (from magnesium (2 g.)) 

and the mixture waa heated under ref lax for 4 hours. 	Excess reagent 

was decomposed with ammonium chloride solution and the steroid was 

extracted with ether. 	The ether solution WB washed with water, 

dried and the ether evaporated to give a solid which was adsorbed 
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from ..atrol on alumina (60 g.). 	The alcohols were eluted with 

suitable solvents and were criatai1ied from acetone. 

Iteaotion with 50-cho1estan-3-one (5 
g)82 

1ution with petrol-benzene (1:1) and benzene gave 3-methyl- 

5a-eholestan-3c-ol (2.75 g.) m.. 125-120-  (lit.126-1270 ). 	1ution 

wit et.er save 	 (2.09 g.) a.. 146-148 0  

( lit. l47-9 ) 

..ieaetion with 2c-methyl-5-ctioie8tan-3-one (0.9 g. 

.1ution with etro1-benzene (1:1) and benzene gave 2a,3-

dimeth'l-5c.-cholestan-3c-ol (0.530 g.) flL.e 147-148° 	+27.50  

(e.o.25) 	
1 (1bouzid: 	09 83.7; H, 12.4. 

029H520 requires 0, 83.6; ri, 12.). 	2lution with benzene-ether 

(99:1) gave 2, -dime thy 1-5o..-oho1estan-3-o1 (0.135 g.) m.p. 158-160°  

t°D +19 (o.0.11) ) 2360' 938 om. (Found: 0 9 83.4;  1, 12.4. 

C29H520 reqiree 0, 83.6,; H, 12.6). 

Reaction with 2,2-dimethj1-5--oho1eatan-3-one (2.0 g. 

1tation with bezizene-ether (99:1) gave 2,2,3-trimeth 1 1--5-

cholestan-3a--ol (0.851 g.) m.. 105-106 0  13D  +480  (0.0.19) 	max. 

3590, 940 9  925, 918, and 845 am. -1 	(Found: C, 83 8; H, 12.2. 

3H540 requires 0, 83.7; 11 9  12.6%). 	Elution with ether-methanol 

(99:1) gave 2,2 ,3ct-trimethy1-5c-chole8tan-3-01 (0.825 g.) 

139-140° 1°1D 	(o.0.21) 	wax.358' 935, and 920 cm. 

(Found: C, 83.7; H, 12.4. 	030H540 requires C, 83.7; !, 12.6%). 



- 131 - 

General Liethod for J,jtiu 1inium Hiide jeUuction of the 

Methylene ioxide 

The eoxide (0.1 .) in dry ether (10 al.) was added to lithium 

aluminium hydride (0.1 .) in dry ether (10 ml.) and the solution 

refluxed for 2 hours. 	ithdl acetate was added, followed by dilute 

hydrochloric acid. 	The ether solution was washed with water, dried 

and evaporated to give the alcohol which was crystallised from 

acetone and identified by i.r. and a mixed m.. 

Reduction of 3methy1-3o,3 1 -epoxy-5-cholestaZ1e (0.1 g.) 

Produced 36-methyl-5a-cholestafl-3c-01 (0.08 g.) M.P. and mixed 

m.. 126-1270 . 

Reduction of 3a_nethj1_3r,3 1 _eoxy_Ohole 8 tafle (0.1 g.) 

roduced 3-ethy1-50-cho1etafl-3-Ol (0.091 g.) m.. and mixed 

rfl.?. 14-1490
. 

ieduotion of 3_met?i.yl_3J'_eoxj_2a-methJ1-5c-OhOleStafle (0.11 g.) 

Gave 2u,3-dimeth.yl-50-Oho 1e$tan-3O.-Ol (0.073 g.) m.. and 

mixed m.p. 147-1480 . 

Reduction of 	 (0.07 g.) 

Gave 2Q,3cdimethyl-5c-cho1e3tafl-3f-01 (0.063 .) M.P. and 

:aixed m.. 158-1600 . 

hedjotion of 3_me 	 (0.067 

Produced 2.2,3f_trimethy1-5c-ChOleStan -3a-Ol (0.054 g.) zn.p. and 

mixed m.. 104-1060. 
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Reduction of 2cL-1nethyl-2,2 1 -ejoxy-5o.-cholestafle (0.324 g.) 

Gave 2a-methi1-5c.-cho1e3tan-2-o1 (0.297 g.) m.. and mixed 

m.p. 1471480. 

General method for Dehdration with 2hos dhoryl Chloride in Pyridine 

The steroid alcohol (0.08 .) in pyridine (4 ml.) waL heated 

under refitix with phoshorl chloride (0.8 ml.) for 30 minutes. 

Deoom.k osition of the exces reaent with water and extraction with 

ether gave, after washing the ether solution with water and drying, 

a solid wUch waj adsorbed from petrol on alumina (activity II) 

(20 s.). 	i1ution wilh petrol gave the olefin which vas crystallised 

from acetone. 

Dehydration oX 3-methyl-5c-cholestafl -3a -01  (0.08 g.) 
82 

(,ve 3-etiiy1-5-oholest-2-efle (0.051 g.) m.d. 8283 0  (lit. 

82_630 )
9 
 p 	70 crrt. 	(o.ti 	o.id). 

Dehydration of 	 (0.o8 .) 

Gave 3me thy lene-5c-cholestafle (0.048 €.) m.. and mixed m.p. 

64-b 5. 

Dehjdrtion of 2a,3 0 dimethl- -ohc1estn-3o-ol (1.0 g.) 

Gave 2,3-ciimtAd1-5Q-cho1est-2-efl8 (0.823 .) m.d. 83-850  (lit 
?0 

86.5-880 ) n.m,r.T 9.34 (J-18 meth]. roiap), 9.32, 9.18, 9.1 (0-19 

and side chain methyl groups) , 8.43 (0-2 and 0-3 aethyls). 

Dehydration 01 2o,3dimeth1-5cL-chc1estafl-3Ol (0.15  &.) 

Gave 	 (0.098 g.) m.p. and 

mixed iu.p.  68-710. 
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Dehddratin of 2,2,3-rimeth'1-5-cholesian-3c-o1 (0.2 g.) 

Gave a product a14164C, 8859 83 cm--1  n.t.r. 9.34 (0-18 

methyl £roup), 9.20 9  9.1 9  9.05 9  9.01, 8.95, 8.90 (methyl signals), 

5.46 (exoc4 c1io methylene groLz). The melting point on repeated 

cr 1ystallisation from acetone, 60_750 . 

Deration of 2,2,3-trimethl-5&-cho1e 3tan-3-o 1  (0.2 g.) 

Gave 3methjr1ene-2,2dimeth'1-5a -Cho 1eatafle (0.154 g.) m.p. and 

mixed 	78_800. 

, 2, 3-Triinetrj 1-ci-cbo1eat-3-ene. 

2,2,30rrimethj1-5a-ohoiestan-3-o1 (0.2 g.) in acetic acid (30 

nil.) plus perchioric acid (3 drops) was heated at 900  for 2 hours. 

Most of the solvent was removed under reduced pressure and water was 

added. 	The steroid was extracted with ether and the ether solution 

was washed with water, dried and the ether removed to give 2,2,3-

trimet7.,ij1-5o.-ctio 1est-3-ene (0.133 .) m.p. 99_102 0  (acetone) C)D +150 

-'840 (bri) 	oiu.7 1  n.m.r.T 9.33 (0-18 methyl group), 

9.21, 9.18, 9.099 9.05, 8.98 (methyls at 0-19, 0-2 9  and in the side 

chain), 8.38 (C-3 meth.-,, l), 4.5 (0-4 proton). 	(Found: C, 87.2; 

H, 13.. 	a31152 reirc c, 87.3; H, 12.7). 

Addition of hjochlorous acid to 3meth.y1ene-5o.-choiestafle 87  

3-2ethylene-50-oho1estafle (1 g.) in ether (50 a1.) and water 

(60 ml.) was stirred strongly at room temperature with bleaching 

powder (1 g.) for 5 minutes. Then acetic acid (0.7 nil.) was added 

and the mixture was stirred ±or frter 25 minutes. 	tether (200 

ml.) was added and the ether layer wa3 washed with water, potassiiaa 
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iodide solution, sodium biau1hite solution and water, dried and 

the ether removed to give the product which was adsorbed from 

petrol on florisil (100 g.). 	Elation with petrol gave 3-ohioro- 

xnethyl-3-ohloro-5c-oholestone (0.31 g.) M.P.  108-90  (acetone) 

tOlD +270  (o.0.16), 	770 and 730 	n.m.r.r 9.33  (c-18 methyl 

group), 9.22, 9.18, 9.15, 9.09 (0-19 and side chain methyls), 6.26 

(-c.c1). (Found: 0, 	74.1; H, 	10.3; 01, 	15.4. C28H48C12  

requires 0, 73.8; 	H, 10.6; 	Cl, 15.6%) 1ution with petrol- 

benzene (1:1) gave 3o-oh1oromethy1-5a-cholestan-3-o1 (semi-solid) 

(0.17 g.) )) max.3560' 759 9  740 cm. 	and elution with ether gave 

(0.300 g.) m.p. 128-131 0  

11D +260  (o.0.16) ' mai3560' 1050, 770, 740 om. 	(Found: C, 

76.6; H, 11.0; Cl, 8.4. 	0 28H49001 requires C, 77.0; H, 11.3; 

ci, 8.]'). 

34-Ch1oromethy1-5-oho1e8tafl-3-01 (0.05 g.) was treated with 

acetic anhydride (0.3 ml.) in pyridine (5  ml.) and allowed to stand 

t room te1iercture for 24 hours. 	The solution was poured into 

water anci te steroid extracted into ether. 	The ether solution 

was washed well witi water and the solution dried and evaporated to 

give 3c-ohlorome thy 1-50-cho1e$tafl-3-Ol (0.046 g.), identified by 

i.r. spectra examination. 

3P_Hydroxyn1ethy13aoh1oro-5c-chOle 8tafle (0.05 g.) was treated 

with acetic anhydride (0.3 ml.) in pyridine (5 ml.) and allowed to 

stand at room temperature for 2 days before being worked up as 

above to give a product consisting of an acetate -'1740 and

11 
1235 om 	afld starting material (not fully ser&ted by o'iromato- 
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gx'aphy on silica gel and elution with benzene). 

C1eavae of 3o-metyl-3,3'-eox-5c-cholestane  with hydrogen 

chloride 

3o-Methy1-3,3'-eoxy-5a-oho1estane (0.08 g.) in dry ohioro-

form (25 nil.) was treated with a stream of hydrogen chloride gas 

at room temperature for 5 minutes, and allowed to stand for 10 

minutes. 	The chloroform solution was washed with water, sodium 

carbonate solution and water, d riea and evaporated to give 3- 

hydrox 1yme thy l-3a-ohloro-5c-oholeatane  (0.06 g.), m.p. and mixed m.p. 

128-130 (acetone). 

Reactions of the chloro-compounds with sodium hydroxide in methanol 

3c-Ch1oroaethy1-5a-cholestan-3f-ol (0.05 g.) was ref luxed for 

six hours with sodium hydroxide (0.1 g.) in methanol (25 ml.). 

The solution was poured into water and the suspension obtained 

extracted into ether. 	The ether layer was washed with water, dried 

and the solvent removed to give on crystallisation from acetone 

3o-methoxymethy1-50-oholestan-3 -ol (0.03 g.) in.p. 96-97 0  [e]D +270 

(c.0.07) 	3540 and1118 om.71  n.m.r.Y 9.38 (0-18 methyl group), 

9.21 9  9.09 (c-19 and side chain methyl groups), 6.75 (2 protons, 

20Me) and 6.6 (3  protons, methoxy methyl group). 	(Found: C, 

80.2; H, 12.0. 	C29H5202 reL1ire8 C. 80.5; H, 12.1%). 	When 

3-hydroxyme thy 1-3o-oh1oro-5c-ohole8tafle (0.1  g.)  was similarly 

treated with sodium hydroxide (0.5 g.) in methanol (ba ni.) it 

gave 3a-methoxyxnethyl-50-cholestafl-3-01 (0.073 g.) tn.p. --nd rnix3d 

ni.p. 96-97 (acetone). 	Attempted acetylation of 3a-rnethoxyinethyl- 
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5Q-oho1estan-3-ol with pyridine-acetic anhydride at room temperature 

overnight gave back 3c-methoxymethy1-5c-oho1eetan-3-01, identified 

by an i.r. spectra examination. 

Cleavage of 3o-metn1-3,3'-ejoxy-5a-oho1e8tane  with sodium 

hJdroxide in methanol 

3o-Meth1-3,3'-epoxy-5c--oholestane (0.5 g.) witri sodium hydro-

xide (2 g.) in methanol (100 ml.) was refiuxed for 5 hours. 	The 

solution was poured into water and worked up as above to give 3-

methome thy 1-50-oholeatan-3f-o1 (0.464 g.) M.P. and mixed m.p. 

96-90.50  (acetone). 

Treatment of the chioro-compounds with potassium t-butoxide 

3o.-Ch1oromethy1.-50-cho1estan-3-o1 (0.015 g.) in t-butanol (5 

ml.) was added to potassium t-butoxide (0.02 g.) in t-butanol (5 ml.) 

and the mixture was heated at 600  for 2 hours and left overnight at 

room temperature. 	Water was added and the steroid extracted into 

ether. 	The ether layer was washed with water till neutral, dried 

and evaporated to give 3o,methyl-3,3 1 -epoxy-5c-oholestane (0.01 g.) 

identified by i.r. spectra. 	A similar reaction with 3.-hydroxy- 

methd13a-chloro-5a-oholestane (0.02 g.) also gave 30-methy1-3,3 1
-

e,oxy-5a-oholestane (0.01 g.), again identified by i.r. spectra 

examination. 

Treatment of 3-irie thy lene-50-oholestane with N-bromosuccinimide and 

perohloric acid 

3-LIetiylene-5c-cholestafle (1.0 g.) in 5% aq. t-batanol (40 ml.) 

and dioxan (10 ml.) was treated with N-bromosuocinimide (1.0 g.) in 
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dioxan (20 ml.) and N perohioric acid (0.4 ml.) at room temperature 

and after keeping at room temperature overnight the solution was 

concentrated in vacuo below 450, water was added and the steroid 

extracted with ether. 	The ether extract was washed with water, 

iodide ,o1utjOi, so diam biulhite solution, and water, 

dried and the ether evaporated to Live the product which was 

adsorbed on florisil (100 g.). 	Zlution with benzene gave a gum, 

(0.41 	), 	max.3550 and 1035 cin which was adsorbed from petrol 

on alumina (50 g.), and gave on elution with petrol an oil with 

max.925 cm 	
n.ui.r.T 9.34 (c-18 methyl group), 9.18, 9.16, 9.09 

(c-19 and side chain methyl groups), 8.76 (0H 3 -O-0, epoxide), 6.7 

(a-2). 	Elution from the florisil column with ether gave a gum 

(0.21 g.) i-) 3550 and 1035 cm 1  which was adsorbed from petrol 

on alumina (50 g.) to give on elution with petrol 3a-methyl-3,3'-

epox,-5a-cho1estarAe identified by 1.r. spectra examination. 

Treatment of 3_metn1ene5-OhO1e8tane with N-bromosucciflixuide and 

acetic acid 

3_Meth1].efle_5C._OhOlestafle (1 g.) in acetone (15 ml.) was added 

to a solution of N-brornosucciflilzlide (1 g.) and acetic acid (0.8 ml.) 

in acetone (30 ml.) and water (10 ml.). 	Alter leaving at room 

temperature for 8 hours ether and water were added and the ether 

layer was washed with water, potassium iodide solution, sodium 

bisuiphite solution and water, dried and the solvent removed to give 

a product which was adsorbed on to florisil (50 g.). 	slation with 

petrol gave 3_ethylene_5OOhO 18 8 taAe (0.231 g.) m.p. and mixed m.p. 

4_50 while elution with ether gave 3_lijdrox.yrflethd1_3br0m0-50- 
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cholestane (0.444 g.) m.p. 110-113 0  laiD +240  (c.0.16) 	max)540 

and 1035 cm7 1  (Found: C, 69.6; H, 9.8; 9r, 16.5. 	C98H4903r 

requires C, 69.8; H 10.2; Br, 16.8%). 	Aoetylatiofl of this 

compound (0.1 g.) with pyridine-acetic anhydride at room tempera-

turM fcr 2 days save a mixture of acetate (1740 and 1230 cm71 ) and 

alcohol (3560 om 1 ). 	Separation on silica gel (10 g.) on elution 

with petrol-benzene mixtures was not possible. 

Adsorption of 30_h.ydroxymeth.y13e_brOmO-5G-ChO1e8tafle (0.09 g.) 

on alumina (10 g.) and elution with petrol gave 3o-methy1-3f,3'-  

epoxy- 5a-oholestane (0.05 g.) M.P. and mixed m.p. 172_30  (acetone). 

Cleavage of 3o-meth1-3c.31-e2OX -50-cholestane with hydrobromic 

acid 

34_Meth1yl_3,3'_epOX-5COhOie2tafle (0.2 g.) in acetone (50 ml.) 

was treated with 48% hydrobromic acid (10 drops) and the solution was 

left at room teerature for 2 hours. Water was added and the 

steroid extracted with ether to give after washing well with water, 

drying and solvent evaporation 3f3_hdroxyaethi1_3C_brOmO_5OOh0 1e 3 tafle 

(0.171 g.) mixed m.p. 110-112 (acetone). 

2, 2_Dimethj1-5c-ChO1eStafl-3-01 90  

2.2_Di1nethyl-5cL-Oho1eStafl-3-Ofle (3 g.) in dry ether (50 ml.) 

was added to lithium aluminium hydride (2 g.) in dry ether (100 ml.) 

and the mixture wasi , efluxed for 2 hours* 	Ethyl acetate and dilute 

hydrochloric acid were added and the steroid was extracted into ether. 

The ether layer was washed with water till neutral dried and the 

solvent removed to give a product which on crystallisation from 



- 139 - 

acetone afforded 2,2-.dimethy1-50-cholestaIA-3-Ol (2.9 g.) rn.p. 145-. 

14601 [)D +270  (c.0.76) (lit? 0  m.p. 146-70, (°)D +280). 

2_ sopro y 1id ene_A_nor_5L_0hO1eStafle9 0  

2,2-.Dimeth.y1-50-0hO1eStafl-3-Ol (1.0 g.) in dry petrol (500 ml.) 

at 00  was treated with freshly prepared phosphorus pentachioride (2 

g.) and the mixture was stirred at 00  for 30 minutes and for 1 hour, 

while warming up to room temperature. Vater was added and the 

organic layer was washed with sodium carbonate solution and water, 

dried and evaporated to give an oil which was filtered through 

alumina (ctivitd II) with petrol as solvent to give after crystal-

lisation from acetone 2_isopro,.ylidefle_A_UOr_5aOhO1e8tafle (0.79 g.) 

m.p. 70-72 11D  +380  (0.0.18) (lit. 90m.p. 71.5-7309 [)D +460 

(0.0.9)); n.m.r. T 9.36  (0-18 methyl group), 9.199 9.12 9  9.09 

(o-19 and side chain methyl groups), 8.40 (C-2' methyl groups). 

A-nor- 5-cho le $tan-2-orAe90  

2_Isopropjlidene_A_flOr-.5C-.Cholestane (2.6 g.) in methylene 

chloride (40 n1.) and methanol (40 ml.) was treated at oa.-70 0  (dry 

ice-acetone bath) with a stream of ozone for 1 hour (solution devel-

oped a blue colour), and then at a temperature of oa.0 0  acetic acid 

(10 ml.) and zinc (2.5 g.) were added and the mixture was stirred 

for 1 dour. 	The reaction mixture was then filtered and the 

filtrate washed ell with water, sodium carbonate solution and water, 

dried and the solvent removed to give a gum which was dissolved in 

benzene and passed through a column of alumina (100 g.) with more 

benzene to give after or 1ystallisatiofl from acetone -nor-5c- 
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oholestan-2-one (1.5 g.) m.. 103-4, f°)D +1490  (0.0.09) (lit. 90  

m.p. 10340, [)D +1430141), 	max 1740 OnI 

2-: r e t 1ij lerte-A-nor-5o.-oholestarle 

odium hj1ride (0.5 g.) (50 dispersion in oil) was washed 

three times with dry iietrol. and then blown dry with nitrogen. 	Dry 

dimethyl sulrioxide (25 ml.) was added and the mixture was heated 

with stirring under nitrogen at 70-75 °  until evolution of hydrogen 

ceased (oa.30 minutes). 	The resulting solution of methylsuiphinyl 

carbanion was cooled and tetrahydrofuran (15 nil.) was added. 	To 

this solution at 00  was added, under nitrogen, inethy1trihenylphoa-

phoniwn bromide (5 g.) ra4d stirring giving the yellow ylide solu- 

tion. 	A-nor-5-cho1estari-2-one (1.0 g.) in tetrahydrofuran (10 ml.) 

was added and the mixture was stirred at 550  overnight. Water was 

added and the steroid was extracted with ether. Work up in the 

usual manner gave a crude product which was filtered through alumina 

(activity II) (150 g.) with patrol to give 2-xne thy lene-A-nor-Sc- 

oholestane (0.68 g.)  m.p. 62-640  E)D +640  (o.0.2), 	max.3020' 150, 

885 am.; n.m.r. - t 9.33, 9.29, 9.19, 9.099 9.07 (0-18 9  0-19 and side 

chain methyl groups), 5.12 (0-2' hydrogens). 	(sound: 0 9  87.3; 

H, 12.3. 	C27H46 requires 0, 87.5; H, 12.5,1. 

2c-We thy l-2, 2 '-epoxj-A-nor-5c- Cho lee taX1e 

-nor-5a-oholeatan-2-one (0.2 g.) in tetrah.ydrofuran (10 ml.) 

was added to a solution of dime thy loxosulphoniwfl meth1lide in diinethyl 

suiphoxide (15 ni.), prepared from trimethyloxosulphofliufli iodide 

(0.6 g.) in the usual manner (p.122). 	ork up with ether and water 

gave a product which was crystallised from acetone to give 2c-methyl- 
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2,2 1 _eoxy-A_nor-5a-Oho 1eStaI1e (0.14 g.) m,p. 71-72 	) aX3020 

921 cm. 9 1 n.mn.r.T  9.34 (c-18 methyl group), 9.19, 9.18 9  9.10, 9.09 

(0-19 and side chain meth1 groups), 7.3, 7.25 (C-2' hydrogens). 

2 -ie thy 1-2c., 2 '-eoxy-A-nor-5-c1o1e8tafle 

2-iiethyiene-A-nor-50-OhO1e8tafl8 (0.4 g.) in ether (20 all.) was 

treated with mn.-ckiloroperbenzoio acid (80, 0.4 g.). 	After atnding 

overnight at room temperature the mixture was worked up as usual 

(p.127) to give on cryat11iaation from acetone 2-niethy1-2,2 1 -

eoxj-A-nor-50-oao1eStafle (0.29 g.) m. 1 . 81-840; [)D +ló° (c.0.085); 

3020 '  940, 925 ozn.7 n.m.r. 	9.34 (0-18 methyl group), 9.19, 

9.18 9  9.099 9.07 (0-19 and side chain methyl grous), 7.20 (0-2' 

hydrogens). 	(Found: 0 9  63.4; H, 11.9. 	027h460 reaires C O  

83.9; 	f-i, 12.0). 

Cleavage of 2_meth1_?P 1 2 1 _epOX.r_A_flOr5c&_OhQ1eStafle with 1it'iiu 

aluminium hydride 

2_Methy1_2,2 1 _eAOXy_A-flOr-5O-OhOleSte (0.067 g.) in dry ether 

(10 ml.) was treated with lithium aluminium hydride (0.05 g.) in dry 

ether (10 ml.) and the mixture was refluxed for 2 hours. 	After 

work Uk in the usual manner (131 ), cryatallisation from acetone 

gave 2c_methy1_A_flor_5cChO1etafl- 2 0-Ol (0.06 a.), m.. 138-1390 , 

+270  (o.0.1); ) 	 3560 9  932 om 	(Found: C o  83.0; H, 

C 27 H 480 requires 0, 83.4; H, 12.4). 

leave of 2-metnyl-2o ,2_eoxy_A_nor_5_OhO1e8tafle with 1it'iiii 

aluminium hydride 

0.05 	.) ...n 	ather 
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(10 ml.) was treated with lithium aluminium hydride (0.05 €.) in 

dry ether (10 ml.) under the conditions outlined above and worked 

up to give 2-methyl-A-nor-5a-cho1estan-2a-0 1  (0.05 €.), A.P. 115-

1160; IcLID +200 (0.0.23); j) maX3570' 920 om 	(Found: C, 83.8; 

H, 12.3. 	027H450 requires 0 9  83.4; H, 12.4%). 

2c-iie thy l-A-nor-50-c o le i tan- 2 f3-0 1 

A-14or-5-oholestfl-2-Ofle (0.1 g.) in dr, ether (25 ml.) was 

added to methyl magnesiwn iodide (from magnesium (0.1 g.)) in dry 

ether (25 ml.) and the mixture was refluxed for five hours. 	On 

cooling dilute ammonium chloride solution was added and the ether 

layer was washed well with water, dried and the solvent removed to 

give on crystallisation from acetone 2c-methyl-A-nor-5c.--OhOle8tafl-

2-o1 (0.099 g.) m.p. and mixed m.p. 137-139. 

Chole st-4-en--3-one 8  

Jholest-4-en-3-one was wreared from cholesterol (153 g.) using 

the procedure described in "Organic Synthesis." This yield was 

(99 g.) with m.p. 80-810[°.)D + 880  (c.0.20), ' max. 	mu ( 16,400), 

(1it 8  m.p. 81-82° , t)D +880). 

4, 4 -Di meth1-cio1eSt-5-efl-3-Ofle 99  

Cholest-4-en-3-one (12 g.) was methylated with methyl iodide 

(12 Lai.) in the presence of potassium t-buto1de (from potassium 

(4 g. ))to give on oryatallisation from acetone 4,4-dimethyl-aholeat-

5-en-3-one (5.7 g.) M.P. 176-1780  (lit. 99  1770 ); J) max .1705 om1 
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3-Me th.ylene-4 , 4-diui thy 1-cholest--5-ene 

(from meth41tipheflho3Phoflium 

bromide (6 g.)) 	repared as described on page 119 and to it was 

added 4,4-dinieth41-cho1est-5-efl-3-Ofle (1.5  .) in tetrahedrofuran 

(35 ml.) and the mixture was ref1axed overnight under N2. 	After 

work ud in the usual manner a crude product was obtained which was 

adsorbed on alumina (activity II) (200 g.), elution with petrol 

and crystallisation from acetone giving 3-methz1ene-4 9 4-dirflethYl-

cho1et-5-ene (1.32 g.) M.P. 92-93; [)D -280  (o.0.21); -' 

3040 9  1630, 890 	n.ra.r.T .32 (0-18 methyl group), 9.18, 9.09, 

9.07 9  8997, 8978 9  8.72 (0-19 9  0-4 and side chain methyl groups), 

7.6 (broad, centre), 5.25 (centre) (0-3' hydrogens), 4.45 (centre) 

(0-6 hydrogen). 	(Found: C, 87.8; H, 12.2. 	0301150 requires 

0 Ri 7. 	 9 \ 
'Jl.I 	£ u J  1 

CJdI 

eactio1 4,4_diineth.y1_OhOleSt-5-an-3-Ofle with dime, thy lsul2iboflium 

methy lid. 

A solution of dimethdlsulphOflium methylide in aiznethjl 3ulphOxidE 

(15 ml.) was prepared in the usual way (methy1su1hifly1 carbanion fro 

sodium hydride (0.3 g.) and trimethylsuiphOnium iodide (1.6 g.)) and 

to it at ca.-100  was added 4,4diaethyl-OhO1e8t5Ofl3-O (1.0 .) 

in tetrahydrol'.iran (15 ml.). 	The mixture was stirred at ca.-10 °  

for 10 minutes and for 1 hour while the temperatare of the reaction 

rose to room temperature. 	The mixture was worked up with ether to 

give a crude product, Lj max . 1705 cin. 7 	 which was adsorbed on 

alumina (100 g.). 	Elation with petrol gave a product (0.025 g.), 

I)  ax.3020' 9859 965, 925, 890 9  8o5 cm7 	 .1ution ith b.uxzi1e save 
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4.4_dimethyl-oholest-5-efl-3-Ofle (0.79 g,) m.p. and mixed m.p. 

176-1780  (acetone). 

Reaction of 4,4_dime thy l-cholest-5-efl-3-Ofle with dime t1oxos'l-

hoiiira methyliae in dimeth.1 3ulj)Joxide 

Dime thIloxosu1 2 tiOr1ium. ineth11ie (from trime thy 1oxosu1p!ioniuJfl 

iodide (5 s.)) was prepared in the usual manner (p.122) and to it, 

in tetrahedral uran (30 ml.), was added 4,4 -dime thyl-Oholest-5-efl-

3-one (1.1 g.). 	A white precipitate was immediately formed which 

wo1d not go into solution on adding tetrahedrofuran (25 ml.) and 

stirring. 	The mixture was trius heated at 600  under nitrogen for 

2 hoirs and worked up as usual to give a product (msx  1705 om.) 

which was adsorbed on alumina (180 g.). 	slution with pqtrol gave 

a kroduat (0.07 g.), 	maze 960 9  920, 885, 850 om. 1  (all weak to 

medium). 	flwtion with benzene gave 4,4_dimethd1ohOlest-5-efl3 

one (0.91 g.) m.W. tzad mixed m.. iTh-178 0  (acetone). 

Reaction of 4,4  -dime th. y l_OhOleSt-5-efl-3-One with dime thjloxo3tllphOflium 

nievi 1'lide in 1irnet1i'orniuide 

Dime  tj1oXou11.1ofliUm  metnylide was prepared from trimethiloxo-

su1 k honium iodide (5 g.) in dime thylformanhide (35 nil.) using the 

experimental conditions outlined on pee 122. 	4,4_Diineth].-ChO1e8t- 

5-en-3-one (0.9 g.) in tetrahydrofuran (35 ml.) was added preoiitat- 

ing a white solid. 	Additional tetrahyux'ofurafl (25 i1..) Was added 

and the mixture was heated at 500  for 2 hours. The crude product. 

isolated by means of ether, had 	1705 om7. 1 It was adsorbed 

onto alumina (200 g'). 	Elution with petrol gave a product (0.06 g.) 

identical in i.r. with the petrol eluted material of the previous 
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experiment; 	maX960' 920 9  85, 850 am. 	1ution with benzene 

gave 4,4-dtmethyl-c?loleLt-5-en-3-ofle (0.86  g.) m.p. and mixed m.p. 

176-178 0  (acetone). 

ieaction of 3—metr le tie -4 ,4-din1ethd1-cho1e t-5-ene vita ni-chioro-

jerbenzoic LIcid 

3-Metiiy1ene-4,4-dimethy1-chO1et-5-efle (1.0 g.) in dry ether 

(100 ml.) ws added to 31-chloroperbenzoic acid (80) (0.53 g.) in 

drr ether (100 nil.) and the mixture vaa allowed to stand overnight 

at room ten1.L)erature before being worked u Lj as described on page 127 

The crude product was adsorbed onto alumina (100 g.) and elution with 

petrol gave 3-methylene-4 ,4-dmmethy1-oholest-5-ene (0.252 g.) m.d. 

and mixed ni.p. 92-93 (acetone). 	Further elution with ietro1 and 

crystallisation from acetone gave 5,6_eox_3me thy 1ene-4,4-dime thy l- 

oietane (0.267 g.) m.p. 89-920, 11D +210  (c.o.11), 	max3050' 

lo4L 1 	389, 705 Cui., 1  n.i.r. r •39, 9.389 9.29, 9.27, 9-lo, 

9.07, 8.91, 8.89, 8.73 (c-18, 0-19, 0-4 and side chain methyl groups), 

7.77 0  7.68 (0-7 protons), 7.02 9  6.90 (C-o protons). 	(Found: 0, 

83.9; {, 12.2. 	C 30H520 requires C, 84.0; H, 12.2). 	Elution 

with petrol-benzene (99:1) and crysta11iation from acetone gave 

(0.254 g.), in.p. 

90940 () -360  (o.0.12); LI, 
m 304U 3o5, 930, 922 am. -, n.tn.r. 

T 9.31,  9.18 1  9.08, 9.01, 8.86 (0-18, 0-19, 0-4 and aide chain 

methyl groups), 7.58, 7.49, 7.14, 7.05 (0-3' h.ydrogena), 4.48 (0-6 

hydrogen). 	(Found: 0, 84.1; H, 12.0. 	030 F1520 requires 0 9  84.0; 

H, 12.2). 	Finally elution with petrol-benzene (98:') gave the 

diepoxide (gum, 0.020 g.) 	3040, 97, 93 	.a.r. 
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T 9.36 	-18 ethyl €ro), 9.26, 9.18 9  9.099 8.96, 8.85, 8.77 (C- 

19, C-4 and side chain methyl groups), h'drogens (0-7, —6 9  and 

0-3') at 7.50 9  7.51 9  7.46, 7.38 9  7.32, 7.10 9  7.03, 6.92. 
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Reactions of £ethy1ene-oxidea 

(1) 	oxides not a1jcent to a polar group 

Reaction of 3-n1etkii1-30 

in benzene 

(1.0 g.) in dry benzene 

(100 zzil.) was treated with boron trifLioride-etherate (10 drops). 

AZ tz two minutes the solution was &oured into a solution of sodium 

acetate and ether was added. 	The ether solution was washed with 

water, dried and the ether evaporated to give a product which was 

chrotographed on alumina (60 g.). 	Elution with petrol gave 

strtiraztarial (0.158 g.) identified b i.r. spectra examination. 

1ution with petrol-benzene (9:1) gave 5acho1estan-3-a1dehde 

(0.205 .)-mostly at 94-60  (not recr.sta11ised); tc)D +28.5° 

)' m2715' 1725 cn 	n.m.r. 	9.35 (018 methyl group), 

9.21 2  9.1, 9.09 (0-19 and side chain methyl groups), 0.39 (a1dehde), 

Reory8tallisatiofl from petrol of this aldehyde (0.2 g.) gave 5c.- 

oho1estan-3-carboxyliO acid (0.191 .) M.P. 206-208 0  (lit 02  206- 

2Q ° ), 2) ma1 3400_2 45 0  1695 oin 	Treatment of the 3-oarboxy1ic 

acid (.11 	 et 	dioietharte (prepared from potassium 

hroiie 	 0i LAitro atj1urea 	(1.0 g.) in ether (100 

ml.)) 	ve after allowing to stand 4 bour3 at 18 0  and isolation with 

ether 3p..zziethoxjoarbonl-5C-ChO1eetaXte (0.862 g.) rn... 66-68 0  

(acetone) (1it 02  54-560/690) ) mx1733, 1160 cm-. 1 .lution with 

ether gave after ortaiiiaatiofl from acetone 

0.427 .) m.Li. 13-1ä4° ; 	c] +29 (0.0.11); 

max.35509 1057 oxn.f n.m.r. 	9.33 (c-18 methyl group), 9.?3, 918 
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9.09 (c-19 and side chain methjlgroups), 6.62, 6.30 (-3' hjdrena). 

(Found: 0, 80.1; i, 11.5. 	C28H490J retairea 3, 79.7; H, 11.7). 

A solution of the f1u:o-al0001 (Q.)5 g.) in pdri 1ine (6 ml.) 

and acetic anhdride (0.3  ml.) were kept at room temerature for 

16 hours. 	Isolation with etier and crystallisation from acetone 

save 3-acetoymeth1- -i1uoro-5i-coiestane (0.041 g.) i.p. 98- 

1000 	
max. 174j, 1242 9  1052 om 	n.ra.r.r 9.33, 9.23, 9.18 0  9.09 

(-16, 0-199  nd side chain methjl groups), 7.9 (acetate), 6.09, 

5.76 (0-3' hydrogens). 	Both the h,droxyiaethyl and acetoxymethyl 

oopoun.as save pouitive te8t8 for iluorine. 

zivalitative test for Fluorine143  
Alizarin fluorine blue (0.0385 €.) was dissolved in 3o1iUJfl 

hydroxide solution (0.514; 20 ml.) and the solution diluted to 150 

MI. with water. 	Sodium acetate (0.02 g.) was added and the solution 

brought to pM 5 with dilute hydrochloric acid. 	A solution of sodium 

acetate (2.5 €.) and acetic acid (2.5 ml.) in water (30 ml.) was then 

added and the whole solution made up to 200 ml. 

Jerous nitrate (0.0217 .) was dissolved in water (200 ml.) 

and dilute nitric acid (1 drop) and hydroxylamine hydrochloride 

(0.1 g.) added. 

o. Tribenz,ylamine (0.1 	was dissolved in warm n-erAtano1-2eo- 

butanol mixture (3:1 ; 35 ml.), the solution cooled and diluted to 

100 ml. with the same mixture. 

A small amount 01 steroid (less than 1 mg.) wai combusted in a flask 

filled with oxygen, and the residue dissolved in water (1 ml.). 

Five drops of this solution were placed in a small tube and the 
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alizarin fluorine blue solution (a) (2 drops) added and the con-

tents mixed. 	Ceros nitrate solution (b) (2 drops) was then added 

and mixed. 	A change to blue within 1 minute indicated fluorine 

present. 	The extraction solution (a) (10 drops) was added and the 

blue colour was absorbed into the organic laver. 

£.eacjou oi 3-& dro.x.ymeth 1-3-E1uoro-50-cho1esta'ie with !3F3  in 

benzene 

(0.1 g.) in dry 

benzene (10 Li.) ws allowed to react with 3F 3-etherate (0.1 ml.) 

for 9u minutes. 	The solution was than po.ared into sodium bicar- 

uonate solution, ether ws added and the ether layer was washed with 

water, dried and the ether evporated to give a product which was 

filtered trougA alumina (10 g.), eliri with petrol-benzene 

(95:5) giving 5u-oho1esta-3-a1aehjde (0.081 g.), identified from 

its i.r. and n.ia.r. spectra. 

enction of 	 with excess 1513- 

etherte in benzene 

3Methy13c,31-epoxy-5a-OhO1e$tafle (1 g.) in dry benzene (100 

ml.) was treated with boron trifluoride-etherate (1 mi.). 	After 

2-minutes the benzene solution was poured into water and ether was 

added. 	The ether layer was washed well with water, dried and 

evaporated to give a product, n.m.r. 1  0.39 (3-00), 0.29 (3c-00) 

(:a oa.4:1). 	Chromatography of this product on alumina (60 g.) 

and elution with petrol-benzene (9:1) gave the 3f.-a1dehyde (0.731 g.), 

identified by nm.r. spectra, ( -r 0.39). 
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Tre treatment W, f t.e mixture of 3-al1ehj1es with ;.otassiun hydroxide 

in Ethanol 

The reaction of 3.1ne thy 1_3o,3'_ej'xj_5c_Oho 1eStafle (0.1 .) 

with boron trifluorUe-etherate (0.1 n1.) In dry benzene (10 ml.) 

was carried out exactly as in the previous experiment, and the crude 

product (n.m.r.1 0.39, 0.29), (0.09 g. ) , was kept at room tempera-

ture with KOH (0.15 g.) in aqueo18 ethanol (90 0  20 ml.) for eiit 

hour. 	7ork up with ether and water fave a product, with only one 

aldehyde peak in the nm.r. (r 0.39), Identifiable as 5c-cholestan-

3-a1dehyde (0.065 g.). 

Reaction of 	 with 3 3-etherate 

in ether 

A solution of the *,-epoxide (0.5 .) in dz'j ether (50 al.) was 

treatad with boron -trilluorile-etherate (0.5 ml.) at room temperature 

for 2 hours and was then poured into water. 	iAher was added and 

the ether layer washed with water, dried and evaporated to givo a 

product, n.i41.r.1 b. 6 2 9  6.3 (±luorohydrin), 0.39 (3-9O), 3.29 

(3o,-CliO) (ratio of aldehydes from the two bands, 0a.1:1). 	Ohroiaato- 

raphy of this product on alumina (50 .) gave on elution with 

Petrol-benzene (9:1) the 3p-aldehyde (0.221 g.) ag&.in identified 

by n.zu.r. spectra. 	Elution with ether gave 3o-iroXymethIl-3 

tluoro-5c,-cholestane (0.174 .) M.P. and mixed m.p. 163-164 (acetone) 

Reaction 1 3a-;nethj i-3ç',3'-eox-5c-ohlostafle with boron _tri Lil2oridE 

iri Uelizaile 

(0-5 	, 	in Jr, ',mnze. 	(30 

ml.) was treated with boron trifluoride-etherate (0.5 ml.) at room 
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temperature for 5 minutes. 	The reaction was terminated by pouring 

the benzene solution into water and ether was added. 	The ether 

solution was w&ed wIt'i water, dried and the ether evaporated to 

give the crude aldehydes, n.rn.r. It 0.39, 0.29 (ratio of aldehydes 

from peaks; 	:o. o&.4:l). 	The aldehyde mixture (0.5 g.) was 

adsorbed onto alumina (35 g.) and elution with petrol-benzene gave 

the 3.-aldehycte, n.m.r.V 0.39. 

ioicn ol r_ -Liu 	1-3 C, '-eo.t -5c -cho1eine with L3F 3-etflerate 

.n 

A dolution ui the -eoxide (0.5 .) in dry ether (60 ml.) was 

treated with boron trifluoride-etherate (0.5 ml.) at room tea?erature 

ior 2 Lloars. 	I vork uu with 	wid water gave a product with only 

one ieh,je uiu. in 	 (I" 0.39, euitorial aldede). The 

product (0.4 	.) was then cleaved L41j by tiltring through a column 

o a :LJ.rA (4 	.) with etiol-benone (91) ivtn. a 2uro 	1jie 

o  the 3-a1dehde (0.40 g.), n.m.r.T 0.39. 

Reaction of 2a-rne thy l22'-eoxi-5achole8tane with boron trifluoride 

in benzene 

2o-Methy1-2,2 0 -epoxy-5o.-cholestane (0.2 g.) In dry benzene (20 

ml.) was treated for 5 minutes at room temperature with boron tn-

fluonide-etherate (0.2 ml.). 	Work ap with other and water gave a 

product (0.191 g.) containing the 2o.-aldenrde (n.m.r.T 0.41) and 

2f-aldehyde (n.m,r.T 0.24), the ratio of the o-:-aldehyde being 

oa.4:1. 	The crude product was adsorbed onto alumi-na (20 g.) and 

elution with petrol-benzene (9:1) gave 5c-oholestan-2o.-aldeIe 

(0.183 a.), m.p. 95-96 (etrol), t)D +22 0  (o.0.12) v m.2700' 
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1725 cm. 9 n.j.r. 1 9.35 (-18 methyl grou), 9.19, 9.10 (0-19, 

side criin methyl 	roAp), 	0.41 (2Q-..CHO). (Found: 	C. 83.9; 

H, 	11.9. C281480 	requires 0, 83.9; 	T, 

ection of 	 witri boron tn- 

i1ori1e-etherte in ether 

The f3-epoxide (0.11 g.) in dry ether (10 nil.) was treated with 

boron tniflionide-etherate (0.11 ml.) and kept at room temerattare 

for 2 iours. 	The crude product, isolated by means of ether, 

contained both aldehydes (n.ni.r.i 0.41 (2-aldehyde), 0.24 (2- 

aldeh1de))in an aroxiniate1 1:1 ratio. 	Chromatography of the 

crude product (0.107 g.) on alumina (10 g.) gave on elation with 

petrol-benzene (9:1) the 2c-a1dehde (0.1 g.) m.p. and mixed m.p. 

94-960  (petrol). 

Reaction of 2-methj1-2ct,2 '-epoxi-5c-eho1estfle with 3F3-etherate 

in benzene 

A solution of 2-methyl-2a,2 1 -epoxy-5a-ChO1eStafle (0.1 g.) in 

dry benzene (10 ml.) was treated with boron trifluoride-etherate 

(0.1 ml.) and kept at room temperature for 5 minutes. 	The crude 

product, isolated by means of ether, contained, in a ratio of ca.1:1 9  

the two aldehydes (n.m.r.). 	Alumina (10 g.) chromatography with 

elution by petrol-benzene (9:1) gave 5a-choleatan-2c-aldehyde 

(0.073 g.) m.p. and mixed m.p. 94-960  (from petrol). 

Reaction of 	 with BFI in ether 

A solution of the 2o.,2 1 -epoxide (0.05 g.) in dry ether (10 ml.) 

was treated with boron trifluoride etherate (0.05 ml.) at room 



- 153 - 

temerature for 2 hours. 	The crude product, isolated by means of 

ether, contained, from n.m.r. evidence ' 0.41 9  0.24 (approximate 

ratio of the signals 95:5), the two aldehydes. 	Chromatography on 

alumina (10 g.) gave on elution with petrol-benzene (9:1) and 

crystallisation from petrol 5a_oholestan-2a-a1dehyde (0.041 g.) 

m.p. and mixed m.p. 94_960. 

Reaction of 3_meth1_3c,31_epOXY_2O_methi1_500h0le2h1e with 

boron trilluoride in benzene 

A solution of the 3 o ,3_epoxy_2G_meth4lChO1e8tafle (0.5 g.) in 

dri benzene (40 ml.) was treated with boron trifluoride (0.5 ml.) 

and kept at room temperature for 2 minutes. 	The crude product, 

(0.471 g.), isolated by means of ether, showed no assignable 

absorptions in the i.r. or n.m.r. (t 9 - -2). 	Fractionation on 

alumina (60 g.) was not possible. 

Reaction ox 	 with 

BFI in benzene 

The epoxide (0.50 g.) in dr j  benzene (40 ml.) was treated with 

boron trifluoride-etherate (0.5 ml.) at room temperature for 2 

minutes. 	The crude product (0.411 g.), isolated by means of ether, 

w 	unidentifiable from its spectra (i.r., n.m.r.) and could not be 

fractionated b' chromatography on alumina (60 g.). 

The epoxide (0.404 g.) in dry benzene (10 ml.) was treated with 

boron trifluoride-etherate (2 drops) at room temperature for 0.5 

minutes. 	The crude product (0.4 g.), isolated bj means of ether, 

could not be identified from its i.r. or n.mn.r. spectra. 	Product 
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searation on alumina (60 g.)  was not jossib1e. 

Reaction of 3-me thy 1-3cL,3'-eoxy-50-oho1estane with hydrogen 

chloride 

The o-epoxide (0.4 g.) in dry chloroform (25 ml.) was treated 

with a stream of hydrogen onloride gas at room temperature for 10 

minutes and allowed to stand for 30 minutes. 	The chloroform 

solution was washed with water, sodium carbonate solution and 

water, dried and evaporated to give after oryatallisation from 

acetonei.zdroxnethy1-3-oh1oro-5a-cho1estane (0.33 g.) n.p. 

142-1440, ()D  +260  (o.0.19), 	 1075 cm. -1 (Found: 

C, 77.1; H, 11.30. 	C28H490C1 reuires C, 77.0; H, 11 .3%). 

Treatment of this compound (0.07 g.) in pyridine (5 nil.) with 

acetic anhydride (0.5 ml.) gave after a reaction time of 20 hours 

a crude product containing a hydroxj-grouj) ( 	3560 cm.) 	and 

an acetate (ci.17409 1235 om.). 	Chromatography of this 

product on silica gel (10 g.) with elution with etro1-benzene 

(7:3) gave a mixture of alcohol and acetate (i.r.) while elution 

with ether gave 3a-hc&roxymethy1-33-chloro-5c-onolestane (0.011  g.) 

(i.r.). 

When 3u-h1droxymethl-3-oh1oro-5a-oholestane (0.102 g.) in 

t-outaxxol (15 nil.) was treated with potassium t-butoxide (0.1 g.) 

in t-butanol (5  till.) and the mixture ref luxed 1 hour and allowed 

to stand overnight at room temperature a product (0.051 g.) was 

obtained which could be identified as 3-meth'l-3o,3 1 -epoxy-5a-

oholeatane bi i.r. spectra examination. 
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Reaction of 	methy1-3c,3 1 -eoXy--5ci.-ChOleStafle with hydrogen 

bromide 

A solution of 3met 1-3o.,3'-epoxy-5c-OhOlestafle (0.253 g.) 

in acetone (30 ml.) and tetrah1drofuran (10 ml.) was treated with 

48% hydrobromic acid (12 drops) and was kept at room temperature 

for 2 hours. 	Water was added and the steroid extracted with ether. 

The ether layer was washed free of acid with water, dried and the 

ether evaporated to give on crystallisation from acetone 3c-hjdroxy-

znethl3-broaLo-5a-chole3tafle (0.223 g.) m.p. 122-1240 9  [ci]i +220  

(o.0.14)9 	ina.3540' 1010 am. -'(Found: C, 70.0; H, 10.3; Cl, 

16080 	C28 49Q3r requires C, 69.8; Ii, 10.2; C1.lb.6L). 

Treatment of this compound (0.104 g.) with acetic anhydride 

(2 ;Ll.) in pyridine (8 ml.) for 18 hours at room temperature afforded 

a mixture of acetate (i.r. 1740, 1235 am.- 1) and alcohol (3540 cm.). 

Chromatography of this product on silica gel (25 g.) and elution 

with petrol-benzene mixtures gave fractions, all containing the 

acetate and alcohol, while elution with benzene-ether (9:1) gave 

3o,_hydroxymethyl_3p_brOrAO-5cL-ChOleetane, (0.010 g.) identified by 

i.r. spectra. 

_jjdroxylmeth),l_3_brOmO5Q-Ohole 8tafle (0.021 g.) was adsorbed 

onto alumina (10 g.) and left for 15 minutes. 	Elution with petrol 

gave 3_methy1_3a93'_epOXy5a-OhOle8tane (0.017 g.) identified by 

i.r. spectra comparison. 

Cleavage of 3p_nethyl_3c,31_epOXd_5O-OhOle8tafl0 on alumina (activity  

II-)- 
 
- 

The c-epoxide (1.0 g.) was adsorbed from petrol onto alumina 
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(aotivit II) (150 g.)  and the column stoppered and left overnight. 

Elution with petrol gave starting materi1 (0.124 g.) and elution 

with chloroform gave 3-hdroxrmethl-50-cho1eatan-3c-o1 (0.431 g.) 

m.p. 181-183 0  (acetone) [] D  +220  (c.0.15) ' max.(011013) 3550 0  

3500-3300 =7 	 (Found: C, 80.0; H, 11.8. 	028115002  requires 

Co 80.3; 	i, 12.0). 

The dial (0.210 g.) in pyridine (10 ml.) was treated at 0 0  

with toluene p-sulphonyl chloride (0.18 g.) and the mixture was 

kept at 00  for 24 hours. Isolation with ether and water gave the 

crude tosylate (0.217 g.) ( 	max 3000, 1190, 1180 OrU 	
) 

taminated with a small amount of starting material (3500-3300 cm) 

Repeated recryatallisation from acetone gave a small sample (0.01 

g.) m.p. 130-134 0 , ' mx360' 1190, 1180 am7. 1 	The n.m.r. of the 

second crop (0.107 g., m.p. 126-131 ° ) had peaks att 9.35 (0-18 

methyl group), 9.29, 9.18, 9.17, 9.1 (side chain and 0-19 methyl 

groups), 7.54 (aryl methyl group), absorptions at oa.6.5 (impurity), 
621 (0-3' hydrogens), 2.72, 2.58, 2.26 9  2.14 (aromatic protons). 

Impure tosylate (m.p. 126-131 0 ) ( 0.035 g.) was treated with 

potassium t-butoxide (0.035 g.) in t-butanol (25 ml.) and the 

mixture was refluxed. for 1 hour and allowed to stand overnight at 

room temperature. 	The crude product, isolated by means of ether, 

was adsorbed on alumina (10 g.), elution with petrol giving 30- 

methyl-34,3 1 -eox-5a-oholeetane (0.022 .) identified from ita 

i.r. spectrum. 

The tos1ate (m.p. 126-131 0 ) ( 0.041 g.) in dr4 ether (20 ml.) 

was added to lithium aluminium h,dride (0.05 g.) in dr ether (20 

ml.) and the mixture was reflu.xed for 2 hours. Eth1 acetate and 
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dilute hydrochloric acid were added, and the crude product was 

isolated *ith ether. 	Orlstallisatio;A from acetone gAve an impure 

sample of 3-h roxymethyl-5c-obolestan-3c-Ol (0.012  g.), identified 

by its i.r. spectrum (Cud 3 ). 	The second crop (acetone) was 3- 

metb.jl-50-oholestan-3u--ol (0.016 g.) n.p. and mixed Isp.  126-1270, 

'max,36009 965, 960 1  900 

Cleavage of 3a-.methyl-3,3 1 -epoxy-5c-ChO 1e 8tafle on alumina (activity  

II) 

The -epoxide (0.5 g.) was adsorbed from petrol onto alumina 

(aotivit II) (100 g.) and the column was stoppered and left over-

nigIt. 	Elation with chloroform gave 3c_h.troxyrnethyl-50.-OhOleStafl- 

3-01 (0.221 g.) m.p. 180-182 0  (acetone), mixed xn.p. with 3-hjdroxy- 

iue thy l-5c-oholeatan-3c-01 169-1810 , 
( c)D  +320  (c.0.11); 	max (CRC13) 

3560 9  3500-3300 cm7 	 (Found: CO  80 1; H, 12.3. 	028H5 002 requires 

C, 80.3; 	H. 12.0). 

The diol (0.140 g.) in pyridine (25 ml.) was treated at 00  with 

toluene p-sulphonyl chloride (0.10 g.) und the mixture was kept at 

00  for 24 hours. 	Isolation with ether gave the crude tosylate 

(0.141 g.), mp. 155-1611 	.X,3600' 1190, 1180 cm 	A ortion 

of this impure tos1ate (0.110 g.) was treated with potassium t-

butoxide (0.110 g.) in t-butanol (40 ml.) under the conditions 

described on page 156, and the crude product, isolated by means of 

ether, was adsorbed on alumina (5 g.). 	Elution with petrol gave 

3a_meth41_3,31_epOxJ-5a-OhO1e8taX1e (0.038 g.), identified by its 

i.r. seotrum and elution with onlorojorm gave the 3o-htroxy1flethyl-

3p-0 1  (0.022 g.), identified by its i.r. spectrum. 
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reatnent of 3p-rethd1-3,3 1 -eLoxd-5-oho 1 esta.ae with acetic acid 

3-Methjl-3a,3'-eoxy-5a-oholestane (1.0 g.) was heated at go 0 

with dried and redistilled acetic acid (14 ml.) for 2 hours. 	The 

acetic oid was removed under reduced pressure giving on crystal-

lisation froxi acetone -hdroxymeth 1-3-aoetoxy--cholestane 

(0.699 g.) m.. 121-124 0 9 kID  +260  (c.0.16) ) m3570' 1740 3, 12359 

1050 cm. 	n. in.r.Th 9.34 (0-18 methdl group), 9.24, 9.18 9  9.09 (C- 

19 and side chain methyl groups), 7.87 (acetate), 6.07, 5.86 (0-3' 

hdrogens) (Found: 0 9  78.3; H, 11.4. 	030H5203 reuiree 0, 78.2; 

H, 11.4). 

The 3c-hydroxymethy1-3-aaetate (0.2 g.) was treated in the 

usual way with acetic anhydriee (4 ml.) and pyridine (8 ml.) over-

night at room temperature to give on orstal1ieat1ofl from acetone 

3aaoetoxymethyl-3-aoetoxy-50-oho lea tune (0.192 g.) m.p. 13-1370 9 

i)  max.1740' 1235, 1050 am-7 1  n.m.r. "C" 9.34 (0-18 methyl group), 

9.24 9  9.19 9  9.08 (0-19 and side chain methyl groups), 7.94 (6 protons, 

acetates). 

30_Aoetoxy-3a-hydroxymethy1-5a-OhO1e8tafle (0.2 g.) and lithium 

aluminium hdride (0.2 g.) in dry ether (25 ml.) were ref Lixad for 

2 hours. 	The excess lithium aluminium hydride was destroyed and 

the ether solution was washed with dilute hydrochloric acid and 

water, dried and the ether evaporated to give on crystallisation from 

acetone 3Q-hdroxymethy1-50-oho1eStafl-3-o 1  (0.132 g.) m.p. ind 

° mixed m.p. 180-183. 
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Treatment of 3c_inethyl-3r,3 1 -eoxy-5c-cho1eetane with acetic ucid 

(0.5 g.) wts heated with 

dried and redistilled acetic acid (9 ml.) for 2 hours at 900 . 	The 

acetic acid was removed under reduced dressare to give on crystal- 

libation fro.i acetone 	 tc.ne 

(0.447 g.) m.p. 124-1250  (mixed n.. with 3c-hdroxymethy1-3- 

aoetoxy-5c-oholestane 117-1250). 	IcLID +280  (0.0.1) 9  Lj inax08' 

1740, 1230, 1050 oin.7 n.m.r. 1 9.34 (c-18 methyl group), 9.24, 

9.18 9  9.16 9  9.09 (C-19 and side chain methyl gro1)8), 7.88 (acetate), 

b.07 9  5.85 (0-3'  hydrogens). 	(Found: C. 78.0; FL, 11.1 

C30H5203 requires C o  78.2; H, 11.). 

3_F1,ydroxe thy 1-3-acetoXy-5a-OhO1e8tafle (0.2 g.) and lithium 

aluminium i,dride (0.2 g.) in dry ether (25 ml.) were ref luxed for 

2 hours. 	The excess lithium aLuminium h1dride was destroyed and 

the ether solution was washed with dilute hydrochloric acid and 

water, dried Claid the ether evaorated to give on crata11isation 

from acetone 3c-h roxymethj1-5-oho1e3tan-3i-Ol (0.126 g.) M.P. 

and mixed m.d. 181-183
0 

. 

Cleavage of 30-znethl-3c.,3 '-ej.oxy-5c-cholestane with sodium hydroxide 

in methanol 

The a.-epoxide (0.52 g.) was reflaxed with a mixture of sodium 

hydroxide (2 g.) and methanol (50 ml.) for 5 hours. 	The solution 

was oured into water and the steroid extracted with ether. The 

ether layer was washed with water, dried and the ether evaporated 

to give 30_metnoxymethy1-50-OhO1e5t3.fl-3ft-Ol (0.491 g.) m.p. 87-88 
0 

[ 0 )D +25.50  (c.0.2) -'3560, 1118  Om--1n.m.r.1  9.35 (c-18 
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meth.yl group), 9.25, 9.18, 9.09 (-19 and side chain methyl groups), 

6.84 (0-3' hy dro gene), 6.06 2 (ins thox1 me th1 1 gro u)). 	(Found: 

C, 80.8; H, 12.0. 	O29i5202 reuiras , 80.5; 	1, 12.1%). 	Only 

starting material was isolated when this roct (0.08 g.) was 

treated with acetic anhydride (1 iii.,) and pridine (4 ml.) over-

night at room temperature. 

ioety1ation with acetic anh ydride and BFI-etherate 132 

The 3-methoxymethy1-3o-o1 (0.1 g.) in acetic anhydride (5 ml.), 

boron trifluoride etherate (0.6 ml.) and dr ay ether (10 ml.) at 0 

was allowed to stand at this temperature for 20 hours. 	The solu- 

tion waa then poured into ice-water and after 3 hours ether was 

added and the mixture stirred. 	The ether layer was washed with 

potassium bicarbonate solution and water, dried and evaporated to 

give a gain (0.1g.) '3600, 1740, 1235 am7. 	 This gum (0.09 g.) 

in dry ether (20 ml.) was added to lithium aluminium hydride (0.1 

g.) in dry ether (20 ml.) and the mixture was refluxed for 5 hours. 

After addition of ethyl acetate and dilute hydrochloric acid the 

steroid was extracted into ether which was washed well with water, 

dried and evahorated to give a roduct ( '' max3590 am- -l ) which on 

chromatography on alumina and elution with chloroform-methanol 

(99:1) gave 3-hydroxynie thy l-5c-oho1estafl-3o-o1 (0.037 g.) m.p. and 

mixed m.p. 179-182. 

A similar reaction it the 	 .) 

acetic anhydride (2 ml.), boron trifluoride etrierate (0.2 ml.) in 

drd ether (5 ml.) at 00  for 20 hours gave on work ad a non-crystal-

line product (0.03 g.) (3600 9  1740 9  1235 am. -'). 	Treatment of 
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tijis roduct with excess lithium aluminium hdride in dry ether 

in the usual manner gave 3-hydroxymethyl-5-oho1estan-3-01 (0.01 

g.) m.p. and mixed m.p. 178_1810. 

ioxide cleavage wita methanol in the resenoe of an acid 

To a niethanolic solution (0.50 ml.) of 3-raethyl-3,3 1 -epoxy--

50-oFtolestane (50 ml.) was added perohioric acid (70%, 0.3 nil.) and 

the mixture was allowed to stand for four hours. 	'Water a.d ether 

were added and the ether las er was washed with sodium bicarbonate 

solution and water, dried and the ether evaporated to give on 

crystallisation from acetone 

tane (0.427 g.) m.p. 124-125 0  [o.)D + 260  (c.o.22) 	- , 3550, 1050, 

1062 9  1085 cm-T n.m.r.Th  9.34 (c-lB methyl group), 9.18, 9.09 

(0-19 and aide chain methyl groups), 6.75 (methoxy methyl group), 

6.37 (0-3' hydrogens). 	(Found: 0 9  80.7; i, 12.0. 	0295202 

requires C. 80.5; H, 12.1). 

A methanolic solution (50 ml.) of 3-meth.y1-3cL,3'-epoxy-5c-cho1e8-

tans (u.51 g.)  was heated under reilux for 1 hour in the eresenoe 

of toluene-p-sulphonic acid (0.051 g.). 	The solution was cooled 

and excess acid neutralised with addition of sodium bicarbonate 

solution prior to solvent removal. 	The residue was extracted with 

ether which was washed with water, dried and evaporated to give on 

cr ettliisation from acetone 3o-hydrox rae tii1-3 -niethox -5a-cho is 8-

tane (0.458 g.) M.P.  and mixed m.p. 1241250. 

3c-çdroxyme thy l-3-methoxy-5-CholeStafle (0.100 g.) was treated 

with acetic anhydride (2 ml.) and p)ridine (8 ml.) and the mixture 

was kept at room temperature overnight. Vork up in the usual way  
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with ether gave the acetate, 	m 1738 1235, 11059 1045 om 

(homogeneous on chromatography on florisil (30 g.) .nd elution 

with ,etro1-benzene mixtures). 

3-Methy1-3,3'-eoxy-50-oho1estaae (0.211 a.) was cleaved 

under the conditions outlined for a. to give a semi-solid (0.199 a.) 

which was filtered through alumina with ether to Live on crystal-

lisation from acetone 3-h, droxymethy1-3o-methoxj - 5cL-choie 8 tafle 

(0.178 g.)  m.p. 90-910  kiD +29.50  (o.o.09) 'max3550 1075 om 

n.m.r. Th 9.35 (c-18 methyl group), 9.25, 9.16, 9.09 (C-19 and side 

chain methyl gros), 6.62 (inethox metnyl), o.00 (-OH), 6.58 (o-3' 

hydrogens). 	(Found: 0, 80.9; U, 12.3. 	C205202 requires 

C, 80.5; 	II,  

3u_ethy1_3e,3 0 _eoxy5a-Ohole 8 tafle (0.2 .) was cleaved with 

methanol (25 ml.) and toluene-p-sulphonio acid (0.020 g.) under the 

reaction conditions outlined in o. 	Tne crude product isolated by 

means of ether, was oryatallised from acetone to give 30-hydroxy-

methyl3o-rnethox,y-5a-cholestafl9 (0.168 a.) zn.p. and mixed m.p. 90910
. 

The reaction of 3_me thy 1-3,3'-e)0Xd-5c  -Cho lestafl8 with methj], 

znanesiuxn iodide 

The a-eoxide (1.0 g.) in dry ether (20 ml.) was added to an 

ethereal solution (50 ml.) of meth y l magnesium iodide (from magnesium 

(1 a.)) and the mixture was ref ltaxed for 5 hours. 	Ammonium chloride 

solution was added drowise and the ether layer was then washed 

well with water, dried and the ether evaorated to give 3-hdroxy-

rneth1_3iodo-50-Oho1e8tafle (0.897 g.) m.. 134-136 0 9  [0)D +200  

C1_ )-' 	56O. 1190. 1010 ozn 	n.in.r. 1 9.34 (c-18 methyl. 
- 0 - 	 U4* 0 - - - 	 - - . 	 - 
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group), 9.25, 9.18 9  9.09 (c-19 and side chain methyl groups), 6.71 

(c-3' hydrogens). 	(Found: C o  63.8; Ii, 9.3; Is  23.6. 	0 28M4901 

requires C. 63.5; Fl, 9.3; I, 24.0%). 

3cL-iidroxyff1ethy1-3-iodo-50-Ohole3tane (0.4 g.) was absorbed 

onto alumina (40 g.). 	Immediate elution with atro1-benzene (1:1) 

gave the 3k.-iodide  (0.389 g.) m o p. and mixed mop. 134-136°  (acetone). 

The above experiment was repeated (c-epoxide (0.12 g.), 

alumina (20 g.)) except that 2 minutes were allowed to elapse before 

elution. 	Elation with petrol then gave 3-methy1-3c,3 1 -epoXy-5o.- 

oholeetane (0.087 g.) ideutiIied by i.r, spectra examination. 

1eavage of 3_me thy 1_3a,3'-e.koXy-5a--OhO 1eStafle with hydriodio acid 

To 3zne thy 1-3o.,3'-epoXy-5-ChO19Stafle (0.1 .) in dry ether 

(30 nil.) was added 	driodio acid (sp.gr. 1.94, 2 ml.). 	After 

stirring at room temperature 2 hours the solution was poured into 

water and the ether layer was washed with water, uodium bisuiphite 

solution, and water, dried and the ether evaporated to give a 

sli&itly impure sample of 3u._hydroxyme thy 1-3iodo-50-OhOleStafle 

(0.11 s.), identified by i.r. examination. 	Crystallisation from 

aoet.oie 6uve a sample ni.. and mixed mop* 132_1350. 

The reaction of 3o-methyl-3r,3' -epoxy -50-ohoiestafle with rethl 

mL3sirn iodide 

The p-epoxide (0.5 g.) in dry ether (20 ml.) was added to an 

ethereal solution (50 ml.) of meth y l magnesium iodide (from magnesium 

(1 g.)) azd the mixture was ref luxeä. for 5 hours. 	..or up witn 

aimoniun chloride solution and water in the usual w 	V2 after 

orstal1isation from acetone 3 f_hydroxymethy1_3ciodO-5O-OhO1e8tane 
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(0.496 g.)  m.p. 115-1160 , P 	 3550 1185, 1030 cm 	n.m.r.i 

9.35 (0-18 methyl group), 9.18, 9.09 (0-19 and side chain methyl 

groups), 6.43 (c-3' hydrogens). 	After standing for several weeks 

the crsta1line sample began to brown around the edges of the 

crystals and after six months a Oar ple gum was obtained with no 

specific functional group abeoritions in the i.r. 

A pure sample of 3.-hydroxyinethyl-3-iodo-5cL-oho1sstafle (0.09 

g.) was adsorbed onto alumina (20 g.). 	After 2 minutes elution 

with petrol gave 3oaety1-3,3'-eox-50-oho1estafle (0.061 g.) 

identified by i.r. spectra examination. 

The reaction of 	 with hydriodic 

acid 

he -eoxiue (0.1 .) in 	ether (10 nil.) WB treated with 

hydriodio acid (ep • gr • 1.94; 2 ml.) in the same way as for the u-

e&oxide. A crude product was isolated (0.095 g.) which could not 

be identified bi eectra examination. 

Boxide o1evae with iefidirIe 

3_ethy1-3c,3 1 -eoxy-5c-OhO1eStafle (0.25 g.) was ref luxed for 

2 hours with i&eridine  (10 ml.). 	Water was added and the steroid 

extracted with ether. The ether la .~ er was wahei with water, dried 

and the solvent evaoratad to 'ive 3F_ieridinometh 1-5c -CO 1eEtafl-

3o-01 (0.241 g.) m.. 140-1410  (acetone) [ct)D  +24.50  

1) m 35009 3450-3300 oa (Found: 0, 	81.7; 	N, 	12.0; 	N, 	3.0. 

C33 H 59 O1 	reuires C, 81.6; i, 	12.2; N, 	2.9). 

3c_:thy1_3,3 1 _eox1_5c_Ok101eStafle (0.05 g.) in piper4Ldine 
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(4 ml.) was refliixed for 2 hours and the mixture was worked ip as 

above to give 	 (0.047 .) M.P. 

171-1740, tQJD  +28° (0.0.05)9 	m3500' 3450-3300 	(Found: 

C, 82.0; 	i, 12.1. 	033ii590N retires C, 81.5; ii, 12.2). 
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T -i 	torsoohernistrj of Tiffeneau Reactions 

.i.1ithi'un azide in methanol 

Lithium chloride (8.5  g.) was dissolved in analar methanol 

(200 ml.) and powdered sodium azide (15 g.)  was added. 	The mixture 

was heated under retlux for 5 hours, cooled and kept at 00  for 4 

hours after which time it was filtered to give methanolic lithium 

azjde solution. 

General method for epoxide cleavage with metianol1a lit.iium azide 

The epoxide  (1 .) in chloroform (25 ml.) was added to lithium 

azide in methanol (100 ml.) and ii necessary more methanol was added 

to obtain a rioogeneous solution. 	This solution was then refluxed 

overnight (oa.20 hours) and then most of the solvent was removed 

before the addition of water and ether. 	The ether layer was washed 

with water, dried and evaorated to give either the crude azido-

alcohol, which was orsta1lised from acetone, or a mixture of azide-

alcohol and starting material, separation of the products being 

achieved by chroma'~ographi on alumina with subsequent orystallisation 

of the azido-alcohol from acetone. 

3-Aidomethyl-5c..-oho1estafl-3ci-o1 

By the above method 	 (1 g.) 

gave 313-ahi  dome  thi1-5a-oholestan-3-ol (0.923 g.) n.p. 120-1210 9  

EO]D +240  (o.O.11), mx3560'  2200-2050 (azide) om 	n.m.r.1' 9.35 

(C-18 methyl grou p ), 9.25 9  9.18 9  9.09 (0-19 and side chain methyl 

groups), 6.83, 	6.78 (0-3' h,drogens). (Found: C o  75.6; 	H, 11.4; 

N o 	901. C28Ii490N3 requires 0, 75.8; H, 	11.1; No 9.5%). The 
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a.ide was hoo&erLeos jj j  comtograh.y on 1uaiina (60 g.) with 

solvents ranging from benzene to ether. 

-Azidome t}iy 1-c-oho 1estan-3f-o1 

(1.1 g.) gave with these 

reaction conditions 3oazidometh.y1-50-OhO1eStafl-3-0 1  (0.936 g.) 

10250 , (a)B  +310  (O.0e17), 	3580 9  2200-2050 OIfl 	fl.Ut.X. 

Th 9.34 (0-18 methyl group), 9.17, 9.09 (0-19 and side chain methyl 

groups), 6.56 (0-3' hydrogens). (Found: 	C, 75.8; H, 	10.9; 	N, 

9.3. 	028H490N3 requires 0, 75.8; 11, 	11.1; N, 	9.5). 

3-zt dome th. 1-2-me thy  1-50-Oho1estafl-30-Ol 

(0.25 g.) gave 

3 f _azidometh1_2c-methy1-5c-OhOletafl-3c -Ol (0.226 g.) m.. 96-98 0 , 

k)D +19 0  (0.0.13), J-'  Ma  3570, 2200-2080 CmTl 	Pound: C, 76.1; 

H, 11.3; N, 9.7. 	029H510N3 requireFi a t  76.1; H, 11.2; !s, 9.2). 

3o-Azidouieth 1-2c-methr 1-5c-oho1estan-3 - 

(0.2 g.) gave 

(0.188 .) m.p. 9799 0 9  

ICJD +32 (o.0.23), 	 2220-2080 cm 	(Found: C O  76.2; 

H, 11.4; N, 88. 	029H510N3 requires 0, 76.1; Fl, 11.2; l, 9.2). 

3ç-zidocaethY1-2 , 2_dirnetj1-5c-OhO1etaflOOl 

(0.5 g.) gave 

3_ahidometr1y1_2 1 2_diUAetaY1-500h01e9t3C0l (0.474 g.) m.. 112- 

1150 9 1c)D +42 (o.0.21) 	-'35b0, 2250-2100 om 	(Found: 

7b.7; ii, 11 .4. 	030H5301{3 requires C, 76.4; 	-1, 11.3%). 
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2o-Azidomethy 1-5a-oho lestan-3 .-o1 

2c-Mety1-2,2 1 -e.ox,-5a-cho1estane (0.5 g.) gave 2c-azido-

methi1-5c-cho1estan-2-ol (0.420 g.) m.p. 125-1260, [°] D  +200  (o, 

0.13), P35509 2200-2050 om+ n.m.r. ' 9.35 (0-18 methyl group), 

9.18, 9.09 (side chain methyl groups), 8.99 (0-19 methyl group), 

6.84 (0-3' hydroens). 	(Found: C, 75.9; 1 9  1008; N o  9690 

0281493 requires 0, 75.8; H, 11.1; N, 9.5). 

2-Azidomethy1-50-oho1etan-2-ol 

2_Methdi-2,2'-soxJ-5-ohole8tane (Q.2 g.) gave after 

chromatography on alumina (30 g.) the 2c. 9 2 1 -eoxide (0.103 g.)  on 

elution with etro1, and a low melting product (0.071 g.) on elution 

with ether. 	This last compound could not be crystallised from 

aoeto but was observed to be homogeneous by its reohromatography 

on"lamina (20 g.) with careful elution with solvents ranging from 

benzene-ether (1:1) to ohiorolorm. 	y its spectra it was identi- 

fied aLi 2-azidor thy l.-5-oho1estan-2o-o1, 'rna3550 22002080 

(azide) onf 	a-m-r- It 9.34 (C-lB methyl group), 9.19, 9.09, 9.07 

(0-19 and side chain methyl groups), 6.59 (c-3' hydro s-ens). 

Genera l methods for reduction of azido-alcohols 

(a). 	The azido-aloohol (0.1 g.) in drj ether (10 ml.) was added 

to lithium aluminium hrdrie (0.1 g.) in dry ether (10 ml.) and the 

solution was ref luxed for 2 hours. 	Ethyl acetate and 10% sodium 

hydroxide solution were added and the ether layer washed with water, 

dried and the ether was removed to give the a-amino-alcohol which 

*as eitier crystallised from ethanol or was converted into its 

aoetonide by dissolving it in acetone followed by slow distillation 
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of the acetone. 

(b). 	The azido-alcohol (0.5 g.) in ethanol (20 nil.) was treated 

with rijdrazirie hydrate (1 nil..) and a spatula tip of Raney nickel, 

and the aiixture was heated under ref lux !or 20 minutes. 	The 

catalyst was liltered off and water was added. 	The steroid was 

extracted witn ether and the ether solution was washed with water, 

dried and the etaer evaporated to give the -amino-alcohol thich 

was either crystallised or converted into its acetonide as detailed 

above. 

3-kLninometh1 1-5c-oholestari-3c-ol 

liectuation of 3-azidomethl-5c.-cholestan-3o-o1 (0.5 g.) with 

lithium alwitiniun hydride gave 	-aminome thy l-5c-oho1estan-3o-ol 

(0.217 g.)  m.p. 1411450 9  'max.ibQQ, 32) OM7.
1 n.n.r.l 9.36 (0-18 

methyl group), 9.26, 9.18 0  9.09 (0-19 9  side chain methyl groups), 

there were no signals detectable in the region' 7.0-6.0. 	(Found: 

0, 80.5; H, 12.1; No 3.4. 	0 28H510N requires C o  80.5; H, 12.3; 

N o  3.4). 

Reduction of 3-azidomethyl-5-oho1estafl-3c-o1 (0.5 g.) with 

hydrazine hydrate and Raney nickel gave 3-aminoaiethyl-5u-oholeatafl-

3o.-01 (0.318 g.), identified from its i.r. spectrum. 

3f_Anitnoniethy1_500ho1estafl-30.-01 (0.2 g.) was dissolved in 

acetone and the acetone slowly distilled oif until only 5 ml. remained 

No material crystallised out and the remaining acetone was removed 

to give the crude acetonide (0.19 a.)  AM * 825 orn 	n.m.r.' 4.34 

(0-18 methyl group), 9.25, 9.19, 9.09 (0-19 and side chain methyl 

groups), 8.64 (geminal methyl groups of aoetonide), 7.13 (0-3' 
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rotons a1ha to iiaino). 

3-2inoineth 1-5--cho  lestan-3 L-01 

(a). 	Reduction vvit.i lithium aluminiurn :iydiie of  3o-aidomethy1- 

5u-cholestan-3-01 (0.5 g.) gave 3a-inomett1-5a-cho1estaxL-3-o1 

(0.263 .) M.P. 199-202 0 9 '-)
max.36out3200 cm 	n.m.r. T 9.34 

(0-18 methyl group), 9.18, 9.17, 9.09 (side chain and -19 methyl 

groups), no detectable signals downfield from t 7.0. 

(b), 	Reduction of ti.e 3c.-aminomethy1-3-01 (0.1 g.)  with hydrazine 

hydrate and Raney nickel gave 3c-am1nomettyl-5a-cho1estan-3f-o1 

(0.062 g.), identified from its i.r. spectrum. 

3-Aminozne thy 1-5c-cbo1eatan-3-o1 (0.15 g.) was ciissolved in 

acetone and the acetone alowli diti11ed off uztil oi..5 ml. remained. 

The aoetonide ort.l1ised out or4 cooling: mzt.p. 143_6 0  (mixed m.p* 

with the aoetonide from the Tiff eneau reactions on 5c-cho1ebtri-3-

one, 105143-60 ) ( lit. 136 145-6 0 ), 	 8309 810 cm7 l, n.m.r.' 	.35 

(c-18 methyl group), 9.19, 9.09 (side chain and 0-19 methyl group), 

8.63 (geminal methyl groups of cetonide), 7.00 (0-3' hydrogens). 

3 -Aininome thy 1-2c -inc th.y 1- 5 a-Cho le stan-30-o 1 

(a). 	Reduction with lithium aluminium hydride of 3-azidomet41- 

2o-methyl-5c-cho1estan-3 0 -01 (0.114  .) gave 3.-amixioiiothj1-2c-

methyl-50-choiestan-3c-ol (0.063 a.), L l 	3600-3230 cm-. 1 Treat- 

sent with acetone in the usual way gave the acetonide (0.041 g.) 

m.p. 9 5_970 ,  J 	818 om 	n.m.r.' 9.34 (0-18 methyl group), 

9.19, 9.09 (o-19 and side chain methyl groups), 8.63 (geminal methyl 

groups), 6.80, 7.00, 7.19 9  7.29 (0-3' protons). 
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3c-inomethyl-2a-ineth 1-5c-chc1estan-3r-o1 

(a). 	Reduction with lithium aluminium hydride of 3a-azidomethyl- 

2-methyl-5c-orolestan-3-01 (0.121 a.) gave 3c-aminomethy1-2c-

nieth 1y1-50-cho1eeta11-3-o1 (0.059 a.) 	3600 9  3400-3200 

Treatment with acetone in the usual way gave the acetonide (0.050 

g.) (not crysti1ine - robab1' due to the presence of a little 3c-

aninotnethy1-3-ol (i.r. slight ahor;tion ca.360C-3200 om. - )). 

'atax,825 om7 f  n.in.r. " 9.34 (C-iC methyl group), 9.19, 9.09 

(C-19 and aide chain methyl groups). 8.63 (geininl methjI groups), 

Protons attributable to 0-3 1  hydrogens at 6.90, 7.10 but other 

peaks obscured, (lit) 05 ' .70, r.90, 7.09 9  7.29). 

3.-Arninome thy l-2, 2-izneth.y1.-5o.-oho1eatafl-3c.-9. 

(a). 	ieduction of 3 P-' -&z i dome tJl-2 ,2-irne thy 1-5a-ono lea tan-3a-.ol 

(0.212 g.) with lithium aluminium hjdride gave 3-aminomethy1-2,2-  

dime thy l-5c-choiestan-3ct-01 (0.1o8 g.) -, 1 3600, 3200 

koetonide 1orLnatin in the usual m.nner gave a glass (0.093 a.), 

0 max.620 cm.7 1  n.m.r. 't-  9.34 (0-18 methyl group), 9.19, 9.12 9  9.09 9  

8.99, 8.92, 8.72 (C-19 and side chain methyl groups plus also 

possibly acetonide methyl groups), 8.55 (acetonide methyl groups), 

C-3' protons at oa.7.0 (pattern not clear). 

2c-irninoaiethy l-5-ch1estan-2-O]. 

(a). 	eduction oi 2aaz1dornethyl-5a-Ohole8tafl2Ol (0.25 g.) with 

litiium aluminium hydride gave 2c6_aaiinomethy1-5c.-Oho1estafl- 2-0 l 

(.170 g•) -' 	 320u cm 	ielluxing Aitn acetone, followed 

b1  olo iltii1t1oi ott Of t.e ;oetone gave a glass (0.140 g.) 

identifiable as tae aoetonid, 'maX820 Ø•l 
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Thfa oi.wie bcetoniie frorlL the 2cL-auiuofne thy 1-2-o1 (0.1 .) 

was dissolved in 4acial acetic acid (10 ml.) and ether (4 ml.) 

arid cooled to c.-10 0 . 	A solution of aodiam nitrite (0.5 g.) in 

water (4 ml.) w added over 2j hours, so that the temperature did 

not exoed _50  daring this time. 	The solution was poured into 

water and the steroids extracted into ether. 	The ether layer was 

washed with sodium carbonate solution and water, dried and the 

ether evaporated to give & pale brown oil (0.08 .) with i.r. 

absorptiona at 3600, 3200, 1695 am-.'The oil was adsorbed onto 

alumina (10 g.) and elation with jetrol-benzene (1:1) gave a ketonic 

product (0.012 g.), 	1695 om 1  which showed two peaks on &.1.o. 

(Perkin ....liaer Eli - lull details are given in the introduction to 

the 	rinentcl.,ection). 	One iad a retention time with respect 

to 5o.-oIiolestan-3-one at 1.25, with the other having a retention 

time 1.4u with eect to 5c-3holestan-3-one. 	SiLlce on the same 

instrj.aent 	-o1-an-2-one 	1und to have a retention time 

with respect to 5c--oholestan-3-one of 1.26 the first peak of the 

product was assumed to be 5c-oholestan-2-one. 	The second retention 

time of V-.Le nitrous acid experiment rouot was similar to that for 

A-hoino-5c.-oholestszi-4-one (1.4 with respect to 5Q-oholestan-3-one) 

but different from that of A-homo-5c-oholestan-3-one (1.35 with 

respect to 5G-oho1estan-3-orLe) and thus the second peak was assumed 

to belong to A-homo-5c-oholestan-2-one. 	Separation of these two 

compounds by chromatography on alumina (10 g.) with elution with 

solvents from petrol-benzene (9:1) to benzene was not possible. 

3imi1ar1d  no separation waa possible on crystallisation from acetone 

(ni.p. 85-1030). 
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The Pre paration and ileactions of !ethylene Epoxides 

(2) zoxides adjacent to a polar rou.p 

The epoxidation of cholest-4-en-3-one with dime thy 1su1jthoniwn 

methylide4  

Dimethylsuiphonium methylide was prepared from trimeth,ylsul-

phonium iodide (8 g. ) and meth1su1pkiiny1 carbanion (from sodium 

hydride (1.5 g.)) in diuietnyl su1hox1de (70 ml.) by the method 

outlined on page 125. 	Cholest-4-en-3-one (5.0 g.) in tetrahddro- 

furan (35 ml.) was uiok1y added and the mixture was stirred at 

ca.-100  for five minutes and for one hour as the reaction temperature 

rose to room temperature. 	The crude product (4.7 .), isolated by 

means of ether, had i.r. absorptions at 3050, 1730 (m), 1695 (m), 

940 (s), 880 om 	and n.m.r. peaks atk 9.31  (c..-18 methyl group), 

9.19 9  9.09, 9.07, 8.90 (C-19 and side chain methyl groups), 7.23 

(0_3' hydrogens of methylene epoxide). 	Attempts to reorsta11ise 

the crude product from acetone failed, evaporation of the solvent 

giving an oil (i.r. 3500-3200 om). 

The experiment was then repeated with trimethylsuiphonium 

iodide (8 g.) and oholest-4-en-3-one (5 g.) in the usual manner, 

isolation by means of ether, giving a crude product (4.42 g. with 

an i.r. spectrum identical to that of the crude product from the 

first attempted epoxidation of cholest-4-en-3-one. 	This second 

crude epoxide mixture was adsorbed onto alumina (500 g.) and elu-

tiori with petrol-benzene (99:1) gave, on crystallisation from 

acetone, an ,_unsaturated_5 c;_chole8tan-3-&ldehde (0.321 €.) ra.p. 

110-1129 ' max.235 mja (c- 139100), V m2680 1680, 1660 am-.19  
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n.m.r. ' 9.33 (0-18 methyl group), 9.18, 9.09 (side chain methyl 

groups), 8.95 (0-19 met'iyl group), 3.43 (proton on -oarbon of the 

a.0-unsaturated aldehyde system), 0.49 (aldehyde). 	(Found: C, 

84.1; H, 11.8. 	C2&1480 requires 0, 83.9; Fl, 12 . 1%). 

Elution with petrol-benzene (9':2) gave a second c,-unsaturated-

3-aldehyde, as a gum, (0.062 g.): 	niax. 235  fr' 0
max. 26809 16809 

1660 om 	n.ni.r. Th  9.32 (0-18 methyl group), 9.27, 9.18 9  9.09 

8.73 (0-19 and side chain methyl groups), 3.56 (double bond hdro- 

gen), 0.57 (aldehyde). 	This compound (0.023 g.) in aqueous 

ethanol (90, 10 nil.) containing KOR (0.040 g.) was kept at room 

temperature for 18 hours. 	work up with ether gave a crude aldehyde 

(0.013 g.), identical in spectra with the starting materiul. 

i1ution of the column with solvent systems varying from benzene 

to ether gave lraotion3, (total 0.911  g.), whose i.r. spectra con-

tamed ketonic absorptions, none of wich could be rrdsta1lised 

from acetone nor identified. 

11ution with chloroform-methanol (95:5) gave hydroxy-material 

(2.871 .) ( 	niax34003200 cm.- 1 ), as an oil. 	Crystallisation 

from acetone or ethanol was not possible, and the material was not 

oharacterised. 

The addition of diieth1su1prionium nethylide (from trimeth1-

s.a1phoniva iodide (8 g.)) to oholeet-4-en-3-one (5 g.) was repeated, 

in the usual way, giving the required oride epoxidee (i.r.) (4.17 

g.) on ether work up. 	This product was divided into three approxl- 

matel eua1 portions. 	One portion (1.5 g.) was adsorbed onto 

neutral alumina (100 g.), deactivated b4 6haking ;itb water to 

activit III. 	Elution with petrol-benzene mixtures gave the two 
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c,-unsaturated aldehydes (0.037 g.) and (0.011 .) rea,eotive1j, 

and again unknown ketones (0.141 &.) were eluted with benzene-ether 

solvent mixtures. 	on-orista1lieable material (0.98 .) was 

elated with ohioroform-methanol (95:5) 9  . m.34003200 crai The 

other two portions of the epoxide mixture were ohroivatograpiied oa 

ilorisil (100 g.) and silica gel (150 i.). In both oaea neither 

epoxide separation nor alcohol formation was observed. 
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Synthesis of the ejoxides of 3-.methylene-5a-oholestan-2-one 

-ijdroxy-3a-aoetox-5t-oho1estane 113  

(4 g.) was heated on a water bath 

at oa,909  with redistilled and dried aoetio acid (56 ml.) for 3 

hours. 	The acetic acid was removed under reduced pressure, Living 

on crystallisation from acetone 2-hydroxy-3o-aoetoxy-50-oho1estane 
113 

(2.67 g.)  m.p. 137-139 0  (lit, 	for analytical sample 138.7-139.2 0 ). 

3a-Aoetoxy-5c-oholestan-2-one 1129113 

2-4droxi-3ft-acetoxy-5cL-oho1estane (3 g.) was dio1ved in 

acetone (200 ml.) and oxidised with 8N chromic acid (Jones' reagent) 

(6 ml.). 	The reaction was allowed to proceed for 4 minutes and 

excess reagent was decomposed with methanol (25 ml.). 	Water was 

added, the acetone removed tinder reduced pressure and the steroid 

extracted into ether. 	The ether solution was washed with water 

until the washings were neutral, dried and the ether evaporated to 

give 3o-aoetoxy-5c-cho1etan-2-one (2.66 g.)  m.p. 149_1500  (1it 3  

150.2-150.9°), 'm1742' 1720 9  1235, 1040 om1 n.rn.r.'r  9.34 

(0-18 methyl group), 9.22, 9.19, 9.09 (0-19 and side chain methyl 

groups), 8.89 (acetate). 

Attempted cetiJ.i satlon of 3c.-a0etoxj-50-oholestan-2-ofle 

3o-Aoetoxj-5a-oho1estau-2-one (1 g.) in triethyl ortnoformate 

(8 ml.) and ethylene g1col (1 ml.) was treated ith toluene-p- 

su1tionic acid (0.050 g.) and the mixture was ref 1u.xed for 10 minutes, 

followed b1 distillation. 	The mixture was then poured into sodium 

bicarbonate solution and the steroid extracted into ether. 	The 
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ether solution was washed with water, dried and the solvent was 

removed to give the 3o.-aoetoxy-2-one (0.86 g.)  m.p. and mixed rn.p. 

147-149 (acetone). 

3-toe toxj-2, 2-ethj1enedioxy-5-cho1eatane 

3c-.Aoetoxy-5cL-oholeataxl--2-ofle (1 g.) and eth1ene glool (5 ml.) 

were dissolved in hot acetic acid (25 ml.) and the solution was 

cooled to oa.400  and freshli distilled boron trifluoride etherate 

(4 ml,) was udded. 	After allowing the mixture to stand at room 

temperature br 9 hours, the resultant preci4tate ws collected 

and crystallised from acetone to give acetoxy-2,-e thy 1enedioxj- 

5c-cholestane (0.528 j.),  m.p. 122-1240 , 	 i247, 1053 om 

n.m.r. 	9.34 (c-iC methdl group), 9.18 0  9.09 (C-19 and side chain 

methyl groups), 7.92 (acetate), t.06 (-0-CN2-CH2-0-) 33  (Found: 

0, 76.1; ii, 10.7. 	U 315 204 requires C, 76.2; d, 10.7;). 

3....iydr22.y2,2ethy1enedioxy-5c-OhOle8tafle 

2,2-:t'y1enediox#-5o.-cho1estan-3-01 acetate (1.3 g.) was die-

solved in methanol (200 ml.) and was added to a solution of potassium 

hydroxide (3 g.) in 5 aqueous methanol (100 ml.). 	The mixture was 

re1uxed for 3 hours and then most of the methanol was removed under 

reduced ressure. 	Water was added and the steroid was extracted 

with ether. 	The ether solution was washed with water, dried and 

the ether evaporated to give 2,2ethylenedioXy-5*-0hO1eStafl-3-0 1  

(0.951 g.) n.p. 128-1290  (acetone). ' max.3530' 12459 1220, 1360 9  

1100 9  1090 9  1058, 9759 950 am-.1  
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2, 2-thlenedioz,-5c.-oholestan-3-one 

Chromium trioxide (2.5 g.)  was added with vigorous stirring 

to Pjridkae (35 nil.) at 00_5016  A yellow slurry of chromium tn- 

oxide-ridine oo&1ex was obtained and to it was added 2,2-ethylene-

diozi-5-orio1est_n-3-o1 (?.o g.) in djvridine (25 ml.). 	The mixture 

was stirred for 30 minutes and left at room temperature for 20 hours, 

before being poared into water. 	The steroid was extracted with 

ether and the ether solution was washed with water, dried and the 

ether evaporated to give, on crystallisation from acetone, 2,2-

ethylenedioxj-5c-cholestafl-3-Ofle (1.747 g.), m.p. 149-152 0 9  tc)D +510 

(0,0.13)9 '' max)720 O!fl 	n.m.r. 'I 9.34 (c-18 methyl group), 9.19, 

9.10, 8.92 (a-19, and side chain methyl groups), 6.03 (ethylene 

ketal). 	(Found: C, 78.0; H, 10.7. 	C29H4803 requires 0, 78.3; 

H, 10.9%). 

3-Methylene-2 1  2-eth lenedioxy-5c--oholestane 

iietny1au1ph1ny1 oarbaruion in dimeth.yl su1.oxide (30 ml.)(Irom 

sodium hydride (0.2 g.)) was prepared in the usual war, and from 

it was L?reared meth1enetripheny1hO8hOrafle by the addition of 

methy1tri9hen1A)hOShoflium bromide (2.5 g.). 	2,2-EthylenedioXi- 

50-oholeatan-3-ofle (0.35 g.) in tetrahydrofuran (20 ml.) was added 

and the mixture was heated at 500  for 13 hours. 	water was added 

and the steroid extracted with ether. 	The ether solution was 

washed with water, dried and the ether removed under reduced ?reasure 

to give a crude . roduct which was adsorbed onto alumina (activity 

II) (60 g.). 	11ution withpetrol-benzene (1:1) gave a crude product 

(tLromatia biroducts) which was crystallised from etier-zaetnanol to 
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give 3- iettyLie-2,2--eth1en ic;çJ-5c-c:o1eetLne (0,282 g.), m.p. 

101-102° , )' max.lOSO, 1190, 1120, 1080, 915, 910 9  840 cm7l, n.m.r. 

'iT 9.34 c-18 methyl group), 9.18, 9.09 (side chain methyl groups), 

8.99 (0-19 methyl group), 6.09, 6.06 (ethylene ketal), 5.29, 5.01 

(0-3' hydrogens). (Found: 0, 81.9; ri, £1.1. 	030115002  requires 

0 9  81.4; 	i-I, 11.4). 

3-Methyl-3c, 3' -epoxy-2, 2-ethlilenediox.y-5a-oholestane 

Dimethyloxosulphonium methylide (from trimethyloxostaiphonium 

iodide (0.4 g.)) was prepared as described on page 122, and to the 

ylide solution was added 2, 2  -e thy lenedioxy -5c~-Qb Ole stan-3-ons  (0.40 

g.) in tetrahydrofuran (10 ml.). 	The mixture was stirred for 40 

minutes at room temperature and then for 2 hours at 550,  cooled, 

and water adaed. 	The steroid was extracted into ether and the 

ether layer was washed with water, dried and the ether evaporated 

to give, alter or t.l1isation from acetone, 3-inethy1-a,3'-eoxj-

2,2_ethd1ened1oxy_5G-Oho 18tafle (0.289 g.) m.. 76800 , ', ax 1170 

1060 0  982 9  950, 838, 750 o& 	n.m.r.7 9.34 (c-18 methyl group), 

9.18, 9.09, 9.009 8.79, 8.76 (side chain and C-19 methyl groups), 

7.44, 7.37, 7.07 9  6.99 (0-3' hydrogens), 6.09, 6.00 (ethylene ketal). 

3_Me thy lene_2_e thy leAedioXy5aOhOleStafle (0.20 g.) in dry 

ether (20 ml.) was added to m-chloroperbenzoio acid (80, 0.20 g.) 

in dry ether (50 ml.) and the solution was allowed to stand at room 

temperature overnight. 	The ethereal solution was then washed with 

ferrous aulp.iate solution, water, sodium bicarbonate solution, and 

water, dried and the ether was removed to give on crystallisation 

from acetone 
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(0.163 g.) m.p. and mixed m.p. 75-79 0  

-Methj1-3c93 '-ejoxj-5c-oho1eatan-2-one 

Hjdrogen bromide gas ws passed through a oh].orofoa solution 

(50 nil.) of 3-methj1-3c,3 '-eiox 1 -2-eth.ylenedioxy-5c-oho1estane 

(0.170 g.) for 20 minutes at room temperature, and the solution 

was set aside for 90 minutes. 	The chloroform solution was ws±ied 

with water, sodium carbonate solution and water dried and the 

chloroform evaorated to give a crude .,roduot (0.152 g.)' m.3500' 

1715 9  938 om.which was adsorbed on alumina (40 g.). 	iluticn 

with petrol-benzene (1:1) gave a produot (0.051 g.) which was  

crystallised from acetone with difficulty to give 3-xnetry1-3,3'-

eoxd-5cL-or1o1estan-2-one (0.008 g.), m.. 144148 0 , ' max.  305u, 

1718, 940, 835 on 	n.La.r. '- 9.34 (C-16 methyl group), 9.19, 9.09 9  

9.059 8.73 (-19 and side 02ifl meth1yl groups), 7.20 (o-Q-, 

eoxide). 
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The synthesis ad re actions of 3-oxy;enated-2-methylene e)oxidea 

2-N-Li;eridinomethy1ene-50-cno1e stan-3-one 

2-iaroxyme thy 1ene-5c.-ctio1e8tan-3-orie  (10 g.) was dissolved 

in benzene (200 LILt.) and ,iperidine (10 ml.) and heated under reflux 

for 15 minutes. 	Removal of the benzene, filtration and crystallisa- 

tion from acetone gave 2-i4-ieridinone thy 1ene-5c-o'o1estan-3-one 

(10.1 g.) a.p. 127-13009 (°)D 214 0  (o.0.22)9 2.)  max.1655 

' max*334 (6 22,800), ii.m.r.' 9.34 (0-18 metby.i. rop), 9.19, 

9.J9 (side chain and 0-19 methr1 gro&), 6.57 (Ca. 4 protons - 

hydrogens adjacent to ii in pieridixie ring), 2,48 (0-2' hidrogeia). 

(Found: 0 9  82.5; H, 11.3; N, 3.0. 	033 i55oil requires C, 82.3; 

H, 11.5; 	N  2 .9>). 

2_L,ethr1ene-5c-&lo1e Stan- 3r-01 

sodium boroh'dride (5  g.) was added to a solution of 2-N- 

ieridinomathj1ene-5o.-cho1ewtafl-3-0rLe (5 g.) in methanol (320l.) 

at 00  (ice bath) and the reaction was left at this temperature for 

5 hoar,. 	During this time a precipitate formed .hich was collected 

z.nd orst1lised from ucatone to dive 2-msthy1ene-50-choletii-3- 

ci (3.371 g.), m.. 129-1310 , IO.]D -5 0  (o.0.14); 	-'.,356O, 3050 9  

1645, 895 om 	n.m.r. IL  9.34 (c-18 methyl group), 9.30, 9.199 

9.09 (0-19, and aide chain methyl groups), 5.26, 5.00 (0-2' hydrogens) 

(Found: C, 83.8; H, 12.0. 	02811480 requires 0,. 83.9; !T, 12.1). 

2-1?.ethj1ene-5-cho1estax1-3-01 ac e tate 

2-1,lethy1ene-5c-ohole2tafl-3-01 (2.0 g.) was aoetdlatea with 

acetic anhdride (10 nil.) and pyridine (10 ml.) at room temperature 
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overnight. 	ork u in the usual way, (p.134), and crystallisation 

from acetone gave 2-me 	1ene-5c-oho1estan-3-ol acetate (1.937 g.) 

m.p. 91-92 9  to)D -.30  (c.0.12)9 	uLax.3050' 1738 9  1650 9  1238, 1039, 

895 cm 	n.ai,r. 'i'-  9.34 (.-l8 methyl group), 9.29, 9.18 9  9.09 (C-19 9  

and side chain methyl groups), 7.89 (acetate), 5.29, 5.17 (0-2' 

hydrogens). 	(Found: Co 81.3; H, 11.4. 	030115002 requires C, 

81.4; H, 11 .4%). 

2c-eth1-20 ,2 '-epoxy-5c.-cho le stan-3 -o1 

2-Methylene-5u-oho1estan-3-o1 (2.5 g.) in dry ether (200 ml.) 

was added to an ether solution (100 ml.) of m-ohloroperbenzoio acid 

(80% 9  2.5 g.) and the mixture was allowed to stand at room tempera-

ture overnight. 	The ethereal solution was then washed with ferrous 

sulphate solution, water, sodium bicarbonate solution and water, 

dried and the ether evaporated to give on orystallisation from 

acetone 2a-met1-2,2'-epox- -oholetarL--3-o1 (2.066 g.) m.p. 

162-164 0 , t]D  +13 (c.o.15) V 	3550. 1095, 1380, 1065 9  940 9  

835, 700 =7- ,1 n.ni.r. - 9.34 (0-18 methyl group), 9.19, 9.15 9  9.09 

(0-19 and side chain methyl grouje), 7.49,  7.41, 6083 9  

eoxide protons). (Found: C o 	80.7; H, 11.6. 02834802  requires 

0 9  80.7; H, 11.6,). 

2-Methylene-5-oho1eatan-3--o1 (0.51 .) in beuzene-ohloroform 

(1:1) (50 ml.) was added to m-chloroerbenzoic acid (80 9  0.5 g.) 

in benzene-chloroform (1:1) (SQ ml.). 	The mixture was allowed to 

stand at room temperature overnight before being worked up as in the 

previous exaaple to ive 2c-meth' l-2f, 7 '-epox -5:-cho1estan-3.-o1 

(0.431 .) m.p. and mixed m.p. 162-164 0  (acetone). 



— 183 — 

2-1.1eth1-, 'e x -  -o.11 ta.ri-3-i acetate 

A mixture of 2-met 1-2,2'-epoxj-5o.-oho1estan-3-ol (0.25 

yridine (5 ml.) and acetic anh.,dride (2.5 ml.) was kit at 

room temperature overnight before being poured into water. 	The 

steroid was then extracted with ether and the ether solution Was 

washed with water, dried and the ether evaporated to give on crys-

tallisation from acetone 

acetate (0.264 .) m.p. 153-155° , tCID _70 (c.0.11); 	Omax. 1640 g, 

1230, 942 9  905, 835 cm--+ n.rn.r.' 9.34 (C-lB methyl group), 9.19, 

9.12, 9.09 (0-19 and side chain methylgroups), 8.00 (acetate), 

7.53 9  7.44, 1.99, 6.90 (0-2', epoxide hydrogens). 	(Pound: C, 

78.7; H, 11.0. 	C30H5003 requires 0, 78.6; H, 1100). 

2c-Me t?ir 1-2fi,2 '-epoxy-50-cno le etan-3-oxie 

(3.) .) in cetone 

(200 ial.) was oxid.issd with 8N chromlo acid (Jone 	re:..€rtt) (6 ml.). 

The reaction was allowed to proceed for 4 minutes and excess reagent 

was c1eoorgose,i with methanol (20 ml.). 	,ater was added, the 

acetone removed under reduced press.ire and the steroid extracted 

into ether. 	The ethereal solution was washed with water, dried 

and the ether evaported to give on orystallisation from acetone 

2o.-methy1_2,2 1 epoxj5a-oho1sstan-3-ofle (2.699 g.) m.p. 164-166 ° , 

+220  (c.0.20) 9  P max.  1720 9  830 om} n.m.r. 't9.33 (0-18 methyl 

group), 9.19, 9.09 (side chain methyl groups), 8.94 (0-19 inethil 

group), downfield protons (CO-1, 0-4) at 8.26, 8.14, 7.70, 7.58, and 

7.36 9  7.26, 7.22, 7.12 (exoo,clic epoxide rotona). 	(Found: 

c, 81.3; 	1 9  10.9. 	C28i4602 reires C, 81.1; 	, 11.2). 
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The eoxidation of 2-methylene-5c-cholestan--o1 acetate and the 

subsequent alterations of the C-3 functional groups 

2-Methylene-5c-oho1estan-3-01 (2.5 g.) in dr ether (50 ml.) 

was added to a solution of m-oh1oroerbenzoic acid (80%,  2.5 g.) in 

dry ether (So ml.). 	The mixture was allowed to stand at room 

temerature overnight before being worked up in the usual way with 

ferrous sulphate solution, sodium bicarbonate solution, and water. 

The crude droduct so obtained was orystallised from acetone to give 

the mixture of 2,2 9 -eoxy-5c-oholeatan-3-01 acetates (1.783 g.), 

m.p. 120-1300 . 	This material was recrsta1iised three times from 

acetone to give a m.p. 120-129; tC]D -60  (c.0.22); 	-) 

1230, 905 (broad), 835 cm.; n.m.r.' 9.35 (c-18 methyl group), 9.19, 

9.12, 9.09 (0-19 and side chain methyl groups), 8.00 (acetate), 7.54, 

7.45 9  7.10, 6.91 (epoxide). (Found: C, 78.6; H, 11.3. 030H5003 

requires C. 78.6; H, 11 .0%). 

To the 2,2 1 -epoxy-3-aoetoxy-produot (0.5 g.) in warm methanol 

(60 ml.) was added dropwise a solution of potassium carbonate (0.4 

g.) in water (5 ral. ). The resulting reaction mixture was allowed 

to stand for 1 sour during which time the temperature fell to room 

tempercture. Most of the methanol was then removed under reduced 

pressure and water and ether were added. 	The ether solution was 

washed with water, dried and the ether evaporated to give the mixture 

of 2_methy12 0 2 1 -epoxy-5c-O}1O1eStan-3-018 (0.359 g.) m.p. 126-150°  

(most melting 127-134 0 ) ( acetone), 141D 90 (o.0.18); P max.3550' 

10959 10809 10659  9409 900 9  835 am.; n.m.r. 1 9.34 (0-18 methyl 

group), 9.19, 9.15, 9.09 (0-19 and side chain methyl groups), 7.49, 

7.41 9  6.80, 6.88 (epoxide) (Found: 0, 80.3; H, 11.7. 	C28H4802 
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requires 0 9  80.7; H,  

The 2-aeth.y'1-2,2 1 -epozy-50-cho1eatan-3-01 product (m.p. 126-

1500) (0.30 g.) in acetone (30 ml.) was oxidised with 8N chromic 

acid (Jones' reagent) (0.70 ml.). 	The reaction was allowed to 

proceed for 4 minutes and excess reagent was decomposed with methanol 

(5 ml.). 	Water was added, the acetone removed under reduced pressure 

and the steroid extracted with ether. 	The ethereal solution was 

washed with water, dried and the ether evaporated to give on crys-

tallisation from acetone 2o.-methyl-2, 2 '-epoxy-50-.cholestan-3-one 

(0.239 g.) m.p. 164-166 0 , mixed m.p. 161-1660, kiD +250  (c.0.21). 

Treatment of 	 with EBr 

(0.418 g.) in acetone 

(40 ml.) and tetrah.ydrofuran (10 ml.) was treated with h1)rdrobrornio 

acid (48% 9  25 drops). 	After standing at room temperature for 1 

hour, the reaction mixture ws poured into water and the steroid 

was extracted with ether. 	The ether solution was washed with water 

until the washing were neutral, dried and the ether evaporated to give 

on orystallisation from acetone 2ubromometh.y1-5a-oho1estan-2,3- 

diol (0.446 g.) m.p. 202-2040 9  [C]D -20  (c.0.11); 	xnax.35809 1100 9  

10759 1050, 1020 om. 	n.m.r. ' 9.34 (c-18 methyl group), 9.19 9  9.09 

(0-19 and side chain methyl groups), signals at 6.18, 6.08 belonging 

to -C-Br. 	(Found: C o  67.5; H, 10.2; Br, 16.2. 	C28H4902Br 

requires C. 67.3; i, 9.9; Br,  

2a_8romomethy1-5c-cholestn-21,3-diO1 (0.112 g.) was adsorbed 

on alumina (25 g.). 	After 10 minutes elution with ether and 

cr stallisation from acetone gave 2o_methy1_2,2' -epoxy 5-OhOle8tafl- 
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3-01 (o.o81 g.) m.p. and mixed mop. 162-1640 . 

2c-Bromomethy1-5c-oho1estan-2 9 3-dio1 (0.10 g.) was treated 

ita acetic anhydride (2 ii1.) in 	ridine (4 ml.) and allowed to 

staxd at room ternerature o'vrnit. 	The crude product (0.10 g.), 

isolated by means of ether, possessed l) x  3560, 1740 9  12359 1030 

n.m.r. It 9.34 (c-18 methyl group), 9.19, 9.09 (side chain and 

C-19 methyl groups), 7.94 (3 protons, acetate), drotons at 7.65, 

7.41 9  6.32 (-CBr). 	This crude product (0.090 g.) was treated 

with acetic anhidride (5 ml,) in pyridine (10 ml.) and allowed to 

stand at room temperature for 2 das. 	The product (0.079 g.), 

isolated by means of ether, could not be oryatallised from acetone, 

and had spectra (i.r. and n.Lu.r.) identical to those of the starting 

material. 

Treatment of 2ametxyl2921-epOXy-5c-ChOleStafl-3-Ofle witfi HBr 

2a_Methy1-20.2'-epOXy-50-ObO1e9tafl-3-0fle (0.45 g.) in dry ether 

(10 ml.) and acetic acid (30 ml.) was treated with hydrogen bromide 

in acetic acid (40%,  0.6 ml.) at room temperature for 1 hour. 	The 

reaction mixture was then poured into water and the steroid extracted 

with ether. 	The ether solution was washed with sodium carbonate 

solution and with water, dried, and the solvent evaporated to give, 

on crystallisation from acetone 

3-one (0.484 g.) M.P. 174-1770 , ( a)0  +800  (o.0.1); )' max.3 480  1715, 

1265 9  1235, 11859 10359 935 om1 n.zu.r. ' 9.34 (c-18 methyl group), 

9.19, 9.09 (side chain methyl groups), 8.87 (0-19 methyl group), 

protons at 7.55, 7.30, and 6.48, 6.30 9  6.29 9  6.00 (ok-Br). (Found: 

C, 67.8; H, 9.7; Br, 16.9. 	C28347023r requires 0, 67.7; 0, 9.5; 
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Br, lb. 1,,I). 

2a._Broxno1nethyl20.hydroxd-5a-OhO1e8tan-3-Ofle (0.057 g.) was 

adsorbed on alumina (25 g.). 	After 15 minutes elution with ether 

gave 2ome thy 1-2,2'-epoxy-5o.-Ohole8tafl-3-Ofle (0.043 g.), identified 

by i.r. spectra examination. 

2a_Bromomethil-2p-hydrox.y-5a-QhO1e8tafl-3-Ofle (0.1 g.) was 

treated with acetic aniydride (4 ml.) in pjridine (8 ml.), and 

allowed to stand at room temperature overnight. Work up in the 

usual manner with ether and water gave 2-bromomethyl-2-hydroXy-

5c.-oholestan-3-ofle (0.091 g.), identified from its i.r. spectrum. 

Treatment of 2a_methd1_2,21_eoxy_5_chOle8tan-3-Ofle with 3F3 in 

benzene 

2c_Methyl_2,2 1 _epoxy_5c-Obo1e8tafl-3-Ofle (0.5 g.) in dry benzene 

(50 ml,) was allowed to react with boron triuluoride-etherate (0.5 

ml.) for 5 minutes. 	The product (0.5 g.), isolated by means of 

ether, could not be arystallised from acetone or methanol, and was 

adsorbed on alumina. 	tlution with solvent steins from ,etrol to 

chloroform gave gums (total 0.119 g.) which could not be oharao-

tensed from their i.r, spectra. 	Elution with oh1oroiorm-l0 

methanol gave an unknown trace quantity of material (0.011 g.). 

2_Me thy 1_2,2' -epoxy 5G-OhOlG8tan30fle (0.1 g.) in redistilled 

benzene (10 ml.) was treated with twice redistilled boron tn-

fluoride-etherate (0.1 ml.) and allowed to stand at room temperature 

for 5 minutes. 	Work ul, with ether and water gave after orystallisa- 

tion from acetone 2me thy l_2,21_ePDXd_5a_0h0le8t.3-0 	(0.080 g.) 

0  m.p. and mixed m.p. 161_105. 



- 188 - 

The above exeriment was reeated for the 2,2'-eoxide (0.1 

g.), in redistilled benzene (10 ml.), with twice redistilled boron 

trifluoride-etherate (0.1 ml.), and reaction times from 10 minutes 

to 5 hours. 	On ether-water work u, in each case only 2a-sneth1yl- 

2,2'-eoxd-5cL--cholestan-3-one was isolated (yields all in the 

range 0.085-0.96 i.), tie identification of the epoxide resulting 

from i.r. spectra. 

2o-e thy l-2,' -epoxy -5c-Oho1estafl-3-Ofle (0.253 .) in redis- 

tilled benzene (25 ml.) was treated with twice redistilled boron 

triiluoride-etherate (0.25 ml.) and allowed to stand at room 

temperature overnight. 	The product, isolated by means of ether, 

w 	cryst11ie 1roa acetone to give A-homo-5-oho1estan-2,4-dione 

(O.lto 6.
) AL •• 1ó2-165° , IC]D  +520  (c.0.08); 	max.1710 

1658 (a), 1630 (a) crnf '1 max.279 nyi (e 6 9 700) (ethanol), 318 n 

(6 ll,l)o) (0.01 N NaOH in ethanol-water (9:1)); n.m.r. 	9.34 

(c-18 methyl group), 9.24, 9.19, 9.09 (c-19 and side chain methyl 

groups). (Found: C, 80.9; H, 11.0. 	C28H4602  requires C, 81.1; 

H, 11.2'). 

Treatment of A-horno-5c-chole stan-2, 4-dioria with bromine 

i.jridinium h,drobromide perbrouiide (0.17 g.)  was added to a 

warm solution (oa.40° ) of A-homo-5c-eholestan-2 9 4-dione (0.091 g.) 

in acetic acid (5 ml.). After 1 hr. the mixture was poured into 

water and the steroid was extracted with methylene chloride. The 

organic layer was washed well with water, dried and the solvent 

evaporated to give a gum (0.082 g.); V max1720'  1700 om 
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thylidene Epoxides 

The synthesis and reactions of trie eoides of 3-ethy1idene-5c-

cho1estne 

£thyltxihen 1hoshonium iodide 127 

A solution of triheny1phosphine (58 g.) in ethyl iodide (150 

ml.) was heated under reflux for two days. 	The preoiitate was 

filtered, washed with benzene and dried to give eth.yltriheny1-

phos&ihonium iodide (94 g.) m.p. 163-165 °  (1it 27  m.p. 163-164.5° ). 

Reaction of 50-oho1estan-3-one with e thy 1idenetriher1thoshorane 

odium hydride (1.5 g.), obtained from a 50% dispersion in oil 

by washing three times with dry petrol and then blowing dry with 

nitrogen, was stirred with dry dimethyl su1pioxide (50 ml.) at 70-

75° , until evolution of hydrogen ceased (oa.45 mm.). 	The resulting 

solution of zziethylsulphin.yl carbanion was then cooled, and tetra- 

hyirofuran (50 al.) was added. 	To this solution at 00  was added, 

under nitrogen, e thy ltriphenylphosphonium iodide (20 g.), rapid 

stirring producing the deep red solution of ethylidenetriphenyl- 

phospborane. 	5a-Cholestan-3-one (3 g.), in tetrahydroiuran (20 ml.), 

was added to the ylide solution and the mixture was stirred, under 

nitrogen at 55-60 0 , overnight. 	1ater was then added and the steroid 

was extracted with ether. 	The ether solution was washed with water, 

dried and the ether evaorated to give a product which was ohrofll&to-

grahed on alumina (activity II) (400 g.) to give, on elution with 

petrol, the etb,1idene-compounds (2.564 g.). 	Crystallisation from 

methanol-ether gave 3_eth1idene-50-OhOle8tafle (I) (1.973 g.) t.p. 

5l-55 (lit 26  ci.p. for the major olefin from the 'ittig reaction 
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5b-570), 1°D +23 0  (0.0.19) (1it 26  for the inc.jor olefin from the 

iittig reaotioi + 150 ); ') max . 818 9  815 om.7 n.m.r. 	9.35 (0-18 

methyl group), 9.19, 9.17, 9.09 (0-19 and side chain methyl groups), 

8.539 8.40 (CH3-6=-), the 0-3' hydrogen apeared at about 4.85, 

but the absorption pattern was not clear. 

Hdration of 3-ethylidene-5a-cholestane jfl 

3-th1idene-5u-cho1eetane (I) (0.7 g.) was dissolved in tetra-

hrdrofaran (200 nil.) and owdered sodium borohydride (1 g.) was 

added. 	The mixture was cooled in an ice bath and boron trifluoride- 

etherate (5 ml.) in tetrahydrofuran (25 ml.) was added over 1 hour, 

and the mixture was stirred for a further hour at room temperature 

before the addition of water (25 ml.). 	Aqueous sodium hydroxide 

(50 ml., 10 solution) was then added and the solution was cooled in 

an ice-bath. 	Hydrogen peroxide (309 30 ml.) was added dropwise 

with stirring and continued cooling. 	The mixture was stirred for 

1 hour at 00 and diluted with water and ether. The ether solution 

was washed with sodium bisuiphite solution and water, dried and the 

solvent evaorated. 	The product was filtered through alumina 

(activity II) (150 g.) with ether and crystallised from acetone to 

give 3_(1 1 _hydroxyethyl)_50._Oholestafle (0.517 s.), ia.p. 106_1160, 

max3600 am-- 1 Found: C, 83.4; Ii 9  12.4. 	029H520 requires 

Co R 	. 	1T 	) 	'\ 

	

 _?.w, 	J 	 '2  

Oxidation of 3_(l'_hroxethy1)-5-OhO1eStane 

3_(l'_Hddroxyeth.y1)_5c_OholeStaflO (3.1 g.) in acetone (20 ml.) 

was oxidised with 8N chromic acid (Jones' reagent) (0.25 nil.). 	The 
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reaction was allowed to proceed for 4 minutes and excess reagent 

was decomposed with methanol (5 ml.). Water was added, the acetone 

removed under reduced pressure and the steroid extracted into ether. 

The ether solution was washed with dilute hydrochloric acid, with 

water, until the washings were neutral, dried and the ether evaorated 

to give, on crystallisation from acetone, 3-aoety1-5c-oho1estane 

(0.088 .) m.. 108-109 0  jo]D  +300  (o.o.lo) (lit 29  m.. 110-111 

k)D +29.5° ); 'l705, 1355 om.,1; R.D. [j4 	+2509 	1304 +10809 

267 +8, 111256, 
+ 14 0 ;  n,m.r. T 9,34 (c-18 methyl group), 9.239 

9.20, 9.10 (0-19 and side chain methylgroups), 7.88 (aoetyl). 

Dehydration of 3_(1 1 -hiroxyet4yl)-5c-OhO1eStafle 

3_(l'Hydroxyeth.y1)-5cL-choleStafle (1.6 g.) in yridine (80 ml.) 

was heated under reflux with phosphoryl chloride (16 ml.) for 0.5 

hours. 	After cooling in joe-water, the excess reagent was destroyed 

by careful addition of wter, and the steroid was extracted with 

ether. 	The ether solution was washed with water, dried and the 

ether eva?orated to give a Ljroduct, which was adsorbed onto alumina 

(activity II) (200 g.), elution with petrol followed by orystallisa-

tion from methanol-ether giving 3_ethylidene-5a-OhOlestafle II (1.037 

g.) m.p. 42-46 0  (mixed m.p. with 3_ethy1idene50-OhO1e8tafle I 42- 

52° ), 1c)D +270  (c.0.22), 0  max .818 t 815 om-7 n.m.r. 	9.34 (018 

methyl group), 9.19, 9.17 9  9.10 (C-19 and side chain methyl groups), 

8052, 8.40 (cH3-C=C-), the position of the 0-3' hydrogen again is 

not clear, but is centred about ca. 	4.85. 	(Pound: C, 87.0; 

H, 12.3. 	029M50 requires 0, 87.4; H, 12.7$). 
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ox1dtin o1 3-etj lid eie-5i-oiioletane I with m-c'i1oroerbenzoic 

acid 

3-Et4lidene-5c-oholestane I (1 g.) in dry ether (100 ml.) was 

added to an ethereal solution (100 ml.) of m-ohloroperbenzoio acid 

(1 g.). The solution was allowed to stand at room temperature over-

night and the excess peraoid was destroyed with ferrous sulhate 

30lLltiofl. 	Th ether layer was then washed with water, sodium 

bicarbonate sQ1Wt1oLA, 	water, dried and the ether evaorated to 

give a roduot which was adsorbed onto alumina (240 g.). 	S1ition 

with petrol and orsta1lisation from acetone gave 3-eth1-3,3'-

eox-5c-eiioletane (339) (0.769 .) m.p. 103_1050,  [c.] + 190 (c. 

0.19); 	niax.8' 879 and 687 oz.; 	'r  9.34 (c-18 methyl 

grou,), 9.18, 9.14, 9.09 9  9.07 (0-19 and side chain methyl groups), 

8.799 8.70 (0-3' methyl group), 7.21, 7.12 (0-3' hydrogen). 	(Found: 

C, 84.3; 11, 1i.9 	020500 requires 0, 84.0; ii, 12.1). 	rurther 

elution with petroi and orta11isation from acetone save 3cL-ethyl-

3,3'_e,ox.-5c.-ChO1eStafle (340) (0.124 g.) m.. 80-830 , [C]D i-22 0 
 

	

) mlOOUp 928, 872, 770, 720, 710 am. --' n.;a.r. 	9.34 

(0-18 methyl group), 9.19, 9.14 9  9.09 (0-19 and side chain methyl 

groups), 8.77 9  8.67 (0-3' methyl group), 7.26 9  7.16 (0-3' hydrogen). 

(Found: 0, 84.4; Fl, 12.2. 	02911500 requires C O  84.0; 11, 12.1%). 

£poxidatiofl of 3_etnjlidex1e - 5a-Oh01eStane I with alkaline hydrogen  

peroxide-benzoai true 

3_thy1idene-54-OhO1e8tafle I (2,5 g.) in o1oroform (50 ml.) 

was added to methanol (55 ml.), benmonitrile (3.5 g.),  Potassium 
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bicarbonate (1.25 i.),  and hydrogen peroxide (30 0%, 4 a]..) and the 

mixture was stirred at room temperature for 24 hours. Ether and 

water were then added and the ether solution was washed with ferrous 

sulphate solution, water, sodium bicarbonate solution, and water, 

dried and the ether removed to give a product which was adsorbed 

onto aljain.a (150 g.). 	Llation with &etrol gave 3-ethylidene-5o.- 

oho1etane I (.552 g.), identified by itz i.r. spectrum, and 

further e1tioxi with the same aolvent aiid orystallisation from 

acetone gave 3-ethyl-331-ep  j-5u-ohole3tine  (339) (0.437 g.) 

.p. and mixed m,. 102-105 0 . 	flution ,ith petrol and c:yatalliaa- 

tion from acetone then gave 	-ethl--3,3'-exy-3o-oholestaxie (340) 

(1.105 g.) m.p. and mixed m.p. 80-83 0 . 

poxidatton of 3-ethylideue-50-choleatane II with m-ohloroperbenzoio 

acid 

3-6thd1idene-5a-oho1estane II (0.5 g.) in dry ether (25 nil.) 

was added to m-ohloroperbenzoic acid (.5 g.) in ether (40 ml.) and 

the solution was allowed to stand overnight at room temperature. 

Work up with ferrous au1L.thate solution, sodium bicarbonate solution, 

and water in the usual way gave a product which was adsorbed onto 

alumina (60 g.). 	Elution with petrol and orystallisation from 

acetone gave -ethyl-3c,3'-epoxy-.5c-cho1estne  (341) (0.357 g.) 

n.p. 98-1070  (mixed m.p. with 3-ethyl-3c,3 1 -epox 1y-5a-cho1eetane 

(339) 94-105 0 )9 [O.)D +22 (o.0.20); v max.98'  879 9  687 om. 7, 1  n.m.r. 

't9.34 (c-18 methyl group), 9.18, 9.14, 9.09, 9.07 (0-19 and side 

chain methyl groups), 8.80, 8.70 (0-3' methyl group), 7.21, 7.11 

(0-3' hydrogen). 	Further elution with petrol and crystallisation 
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from acetone gave 	 (342) (0.073 

g.) m.p. 11U_1200  (mixed m.i. with 30-.th41-3,3 1 -e?ox -50-oho1ee- 

tans (340) 7.-90), [] .27 (o.0.21); ' max 

0 

1000, 928 9  872, 770 9  

720 9  ho om.j 1  n.m.r. -r 9.33 ( -18 aethi]. group), 9.18 9  9.14 9  9.09 

(0-19 and side chain methyl group.), 8.77 9  8.07 (0 -3' methyl grou), 

7.26, 7.15 (C-.3' hydrogen). 

i~qoxidation of 3-e thy liden,-5c-ohol.stan$ II with alkaline hirog.n 

jseroxici e-benzoni true 

3th.y1id.n.--Oho1sItafle II (0.450 g.) in chloroform (10 ml.) 

was added to methanol (15 ml.), benon,itriLe (0.63 g.), potassium 

bicarbonate (0.22 g.), and hydrogen peroxide (30%9 0.75 ml.) and the 

mixture was stirred at room temperature tor 24 hours. Worm u with 

ether, ferrous sulphate solution, sodium bicarbonate solution, and 

water in the usuiL way gave a product which was adsorbed on alumina 

(40 g.). 	zUution with petrol gave 3_.thy1idene5c.-oho1eat&fle II 

(0.082 g.), identified by ita i.r. spectrum, and further elution 

with petrol gave on orysta1lieation from acetone 3-etkiy1-3c,3'-

epOX2 -50-
cbo1estfle (341) (0.093 g.) a.p. and mixed m.. 96-lU60 . 

elution with 1,etrol and orystalli.mtiofl from acetone also gave 

ethyl3f,31eoxy-50-cho1e*tafle (342) (0.233 g.) m.p. and mixed s.p. 

98-115° . 

liebottOn of 3f_.thi1_3,3'_esoXj -5c -OhOle*tans (339) with _!!!i3.j 

benzene 

The v-epoxide (339) (0.120 g.) in dry benzene (15 ml.) was 

treated with ,oron trilluoride-etherate (0.12 .1.) at room tempera-

ture for 2 minutes. 	Isolation with ether gave a product; hr. 
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1705 and 1355 am., n.m.r.'r 3.34, 9.23, 9.20 1  9.10 (C-iS, 0-19 and 

side chain methyl grozpa), 7.88 (C-(zO). 	This product was 

adsorbed on alumina (10 g.), elution with petrol-.benzene (1:1) and 

crj3t11isation from acetone giving 3-aoety1-5a-oto1eatane (0.092 

g.) m., and -nixed in.p. 107_1090  (n.m.r. 	9.34 (0-18 methyl group), 

9.239 9.20 9  9.10 (0-19 and side chain methyl groups), 7.88 

eaotion of 	 (339) with 3F, in 

ether 

The Q-epoxide (339)  (0.136  g.)  in dry ether (20 ml.) was treated 

with boron triflizoride-etherate (0.14 n1.) at room temperature for 

2 hours. 	The crude product, isolated by means of ether, hd n.m.r. 

peaks at -r j.34, 9.23, 9.20, 9.10, and 7.88, and on chromatography 

on alumina (25 g.) and elution with petrol-benzene (1:1) gave 3- 

acetdl-5-oho1eatane (0.101 g.) m.p. and mixed m.p. 108_109 0  (acetone). 

ieaotion o 	 (340) with 3F3in 

benzene 

Te -epoxide (340) (0.5 e.) in dry benzene (50 ml.) was treated 

with boron trifluoride-etherate (0.5 ml.) and kept at room temerature 

for 2 minutes. 	The crude produot, i solated by means of ether, 

showed n.mr. peaks at -r9.34, 9.22 9  9.19 0  9.09 (0-18, 0-19 0  and side 

chain meth]. groups), 7.88 (cH3-=0), and 0.61 (-0110). 	The product 

was adsorbed on alumina (25 g.). 	Elation with petrol-benzene (8:2) 

gave 3-meti1-50-choie8tan-3-aldehyde (0.087 g.) m.p. 116-118 0  

(petrol), ()D  +260  (c.0.11); )m2670 1720 cm-11  n.zu.r. IC 9.34 

(c-18 methyl group), 9.21 9  9.19 9  9.09 (0-19 and side chain methyl 
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gz'ou), 3.67, 6.73 (C3-C-ki0), 0.61(-Cilo). 	(iond: C, 84.; 

ki, £2.2. C29 i500 requires C. 84.0; B, 12.$). Slution with 

petrol-benzens (1:1) gave 3-aoety1-50-oho1eatane (0.270 g.)  m.p. 

and mixed m.. 107-1O8 0  (acetone). 

Reaction of a-ethy1-3f3 1 -ejox-50-oho1estane (140) with 373 in 

ether 

The -e,oxide (340) (0.1 a.) in dri ether (10 ml.) was treated 

with boron trifluo ride -ethereto (0.1 ml.) and was kept at room 

temperature for 2 hours. 	The crude roduet, isolated by means of 

ether, was adsorbed on alumina (25 g.). 	,!lujion with petrol-benzene 

(8:2) gave 3o-methj1-5t-cholestan-3-aldehyde (0.022 g.)  m.p. and 

mixed m.p. 11_1180  (petrol). 	Elution with petrol-benzene (1:1) 

then gave 3_aoetyl-50-oholestans (0.064  g.)  ni.p. and mixed m.p. 

108-109°  (acetone). 

eaotion of 3-ethyl-3a23 9 -epoxy-o-cho1estane (341) with fF3iu 

be i one 

The c.-epoxide (341) (0.1 g.)  in dry benzene (10 ml.) was treated 

with boron trifluoride-etherate (0.1 ml.) and kept at room temperature 

for 2 minutes. 	The crude product, isolated by means 01 ether, had 

peaks in the n.m.r. at -r 9.34 9  9.239 9.20, 9.10 9  and 7.88 9  and was 

adsorbed on alumina (25 g.). 	Slution with petrol-benzene (1:1) 

and orystallisation from acetone gave 3-4oety1-5c-ckio1eetaze (0.068 

g.) m.p. and mixed m.. 108_1090. 
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ozin QI 3-eth.j1-3,3'-epoxj-5c-cho1estane (341) with BF3in 

ether 

The a-epoxide (341) (0.1 g.) in dry ether (10 mi.) waa treated 

with boron trifluoride-etnerate (0.1 ml.) at room temperature for 

2 hours, 	The crude product, isolated by means of ether, had n.m.r. 

peaks at t 9.34 0  9.23 9  9.20 9  9.10 and 7.88, and on chromatography 

on alumina (25 g.) and elution with petrol-benzene (11) gave 38- 

aoetyl-5c-oholestane (0.074 g.) m.p. and mixed m.p. 107_1090  (acetone) 

Reaction of 3-eth1-3,3 1 -epox-5c-oholestane (342) with BF in 

benzene 

The -oiide (342) (0.1 .) in dry benzene (10 m1.) 	treated 

with boron triuluoride-etherate (0.1 ml.) and the solution was 

allowed to stand at room temperature for 2 minutes. 	The crude 

,product, isolated by means of ether, was adsorbed on alumina (40 g.). 

Elution with petrol-benzene (9:1) gave 34-metby1-5c-oho1estan-3-

aldehyde (0.017 g.) m.p. and mixed m.p. 116-1180  (petrol), while 

elution with petrol-benzene (1:1) gave 38-aoet1-5-oho1e 8tane 

(0.054 g.) m.p. and mixed m.p. 107-1090  (acetone). 

Reaction of 	 (342) with BF-2 

ether 

The -epoxide (342) (0.110 g.) in dry ether (10 ml.) was treated 

with boron trfluoride-etherate (0.11 ml.) and the solution was 

allowed to stand at room temperature for 2 hours. 	The crude product, 

isolated by means of ether, was chromatogz'aphed on alumina (40 g.). 

1ution with petrol-benzene (9:1) gave 3o-methyl-5a-0holestan-3r- 
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a1dehãe (0.022 g,), m.d. and mixed m.p. 116-118 0  (petrol). 

Elution withpetrol-benzene (1:1) gave 3-aoety1-50-cholestane 

m.p. and mixed m.p. 108109 0  (acetone). 
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Isoroy lidene oxides 

The sy nthe s is &ad reactions of the eoxides 01 3-1soproylidene-

50-oholestaxie 

Isopropjltrien1ho8pnoniuftL bromide 154 

Isopropyl bromiie (12.4 g.) and triphen41prLosphine (26.4 g.) 

were neated together in a Carius tube at 1500  for 24 hours. 	The 

crystalline prodtot so obtained was crystallised from ethanol-ether 

to give isoproltriphen.ylphosphonium bromide (38 g.) m.p. 238-239 

(lit. 154238_239o), 

ReciQn o 	-oiolt.n-3-oLe wit;_ isopropyltrihanylphoaphorane 

a) sodium hride (.19 g.), obtained from a 50%  dispersion in 

oil, by washing three times with dry petrol and blowing dry with 

nitrogen, was stirred under nitrogen with dry diuLeth.yl suiphoxide 

(20 nil.) at 70 0  until evolution of hydrogen ceased (ca. 45 minutes). 

Dry tetrabydrofuran (10 ml.) was added, followed by, at 0, j.... 

propy1tri)hen1phospbonium bromide 0 g.), and stirring under nitrogen 

gave the deep-red ylide solution. 	50-Cholestan-3-one (1 g.) in 

drd tetrahydrofuran (10 ml.) was then added and stirring under 

nitrogen was continued for 1 hour at 300  and tor 12 hours at 60 0 . 

water was added, and the steroid was extracted with ethe. 	The 

ether solution was washed with water, dried and the ether evaorated 

to give a crude product which was chrornatographed on alumina (activity 

II) (40 g.) to give, on elution with petrol, 3-isoproy1idene-50-

oholestafle (0.738 g.) m.p. 95..-97 (acetone) (iit.12695-97°), ()D +270 

(o.0.15) (lit) 26+14° ); n.m.r. r 9.38 (c-18 methyl group), 9.21, 9.11 
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OH 	p 
(-19 and side chain methyl groups), 8.42 (6 protons, 

CH  3 
IsoIro'ltri)he•ny1phoaphon1um bromide (3  g.) was iisolved 

in dry dimethyl suiphoxide (20 ml.), under nitrogen, and to it was 

added potassium t-butoxido (0.9 g.) in dry dimethyl sulphoxide (10 

ml.). 	stirring gave the intense red ylide solution. 	5a-Chole8tarl- 

3-one (1 g.) in dry tetrahydrofuran (20 ml.) was then added, and the 

mixture was heated t 600  with stirring for 1 hour, and kept over- 

riit ucidr nitroei at 0 00 . 	Water was then added and the steroid 

extracted with ether. 	The ether solution was washed with water, 

dried and the ether evaporated to give a crude product which was 

adsorbed on alumina (activity II) (40 g.). 	Elution with petrol 

gave 3-isopropy1idene-5c-oholestane (0.727 g.) m.p. and mixed in.p. 

95-970  (acetone). 

Reaction of 3_methoxyoar6ofly1-5-OhOleStafle with methyl magneiu 

iodide 

3çsthoxyearbofl,y1-5c-OhOie8tafle (0.9 g.) in dry ether (25 au.) 

was added to an ethereal solution (150 ml.) of methyl magnesium 

iodide (from magnesium (1 g.)) and the solution was heated under 

reflux br 4 hours. 	On cooling, dilute a.imoniuin chloride solution 

ws si1ed it care, anJ -L'rtp. steroid was extracted with ether. 	The 

ether solution was whed with water, dried and the ether evaporated 

to give 3_(1 1 _hydroxy18oiroPyl)_5C-ChO1eStafle (0.684 g.) m.p. 145-

147°  (lit.129145146°), max.3580om.71 n.mn.r. T 9.34 (0-18 methyl 

group), 9.24 (o-19 methyl group), 9.19 9  9.09 (side chain methyl 

groups), 8.85 (methyl groups on 0-3'). 



- 201 - 

D:t,ion of_(1 1 -hIroxdisopropy1)-o-.orio1estane 

(0.402 g.) in pyridine 

(20 ml.) was heated under rflax with phoshoryl chloride (4 ml.) 

or 30 minutes. 	After cooling, the excess reagent was decomposed 

with water and the steroid was extracted with ether. The ether 

solition was washed with water, dried and the ether evaporated to 

give a crude product which was adsorbed on alumina (activity II) 

(40 g.). .1ution with petrol gave 3-isopropeny1-5c-oho1estafle 

(0.339 g.) m.p. 90-910  (acetone) [c)D  +260  (o.0.14); 	.-' max 305O, 

1b40 9  895 cm. 31 1  n.rn.r. It 9.34 (c-iS methyl group), 9.21, 9.19 9  9.17 9  

9.10 (side ohkin and 0-19 methyl groups), 8.36 9  8.30 (meth.yl group 

on the double bond), 5.34 (=ó-). 	(Found: 0, 87.5; H, 12.3. 

03 0:i52 re quires 0 9  87.3; H, 12 .7%). 

it solution of the h.ydroxyisopropyl-oompoUfld (0.080 g.) in 

pyridine (4 ml.) and thionyl chloride (0.2 ml.) was kept at oa.-200  

for 3 minutes. Water was added and the steroid was extracted with 

ether. 	The ether Qolution was washed with water, dried and the 

ether evaporated to give a crude product which was adsorbed on 

alugiina (activity II) (40 g.). 	Elution with petrol then gave 30- 

isopropenyl-5e-oholestafle (0.063 g.) m.p. and mixed m.p. 90_910  

(acetone). 

Treatment of 3i8oprop1idene-5c-OAOleste with m-ohloroperbeflzoio 

acid 

3Iaorop,1idene-50-ChO1e8tafle (1.517 g.) in dry ether (100 ml.) 

e added to ni-ohloroperbenZoiO acid (80%, 1.52 g.) in dry ether 

(100 ml.) and the solution was left at room temperature overnight. 
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cici v 	dr;tcocd .ith ferro.0 u1iiate solution, and 

the ether layer was washed with water, sodium bicarbonate solution, 

and water, dried and the ether evaporated o give a product which 

was adsorbed on alumina (80 g.). 	Elution witix petrol gave 

isoprop1-3,3 1 -epox-5cL-holeatafle (1.183 g.) m.p. 131-132 (acetone), 

t°]D +240  (a.Q.13); 'max1215' 870 cm.;1  n.m.r. 	9.34 (c-18 methyl 

group), 9.18, 9.09 (0-19 and aide chain methyl groups), 8.71 (0-3' 

epoxide methyl  groups). 	(Found: C, 83.8; H, 12.1. 

requires c, 84.0; 13, 12.2). 	Slation with petrol also gave 

(0.174 g.) n.p. 119-120 0  (acetone), 

+22 (0.0.11); 'maX1235' 875 cm- -1 1  n.m.r. t 9.33 (o-18 methyl 

group), 9.17, 9.10 9  9.09 (0-19 and side chain methyl groups), 8.67 

(-3' epoxide uAetnyl groups). 	(Found: 0, 83.7;; Ti, 12.1. 	C30H520 

requires 0, 84.0; H, 12.2). 

Treatment of 3-iopro . j1idene-50-Olio1estafle with alkaline hyurogen 

peroxide-benzoni true 

3_Isoprop1idene-5a-obo lea tans (1.0 g.) in chloroform (20 ml.) 

was added to methanol (25 ml.), benzonitrile (1.4 g.), otassiu.m 

bicarbonate (0.5 g.), and hydrogen peroxide (30%, 1.6 ml.), and the 

mixture waa stirred at room temperature br 24 hours. 	&ther and 

water were then added and the ether solution was washed witü ferrous 

sulphate solution, water, sodium bicarbonate solution, and water, 

dried and the ether evaporated to give a product which was adsorbed 

on alumina (80 g.). 	...1ution with petrol gave 3-iso2ropy1idene-50- 

oholestane (0.056 g.), m.p. and mixed m.p. 
95_970 (acetone). 	Further 

elution with petrol gave 3-isoro.j1-3o ,3 '_epOXd-5OChO1estafle 
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(0.328 g.) m.p. and mixed m.p. 131-1320  (acetone). 	Lastly, elution 

with the same solvent gave 30.-isopropyl-3,3'-eoxy-50-cho1eatane 

(0.390 g.) m.p. and mixed m.p. 119-120 (acetone). 

Treatment of 3-isopropylidene-50-choleStane with bleaching powder 

and acetic acid 

3-Isoprop.j1idene-5-oho1eatane (1.0 g.) in ether (250 ml.) and 

water (300 ml.) was stirred strongly at room temperature with bleach-

ing powder (0.7 g.) for 5 minutes. 	Then acetic acid (0.5  ml.) was 

added and the mixture was stirred for a further 25 minutes. Ether 

(200 ml.) was added and the ether layer was washed with water, 

potassium iodide solution, sodium thiosuiphate solution and water, 

dried and the ether evaporated to give 3iso9ropeny1-3c-chlOrO-5cL-

oholestane (0.774 g.) rn.. 126-1290  (acetone) [°)D  +360  (o.0.12); 

i 	16359 908 am. -;' n.m.r. t  9.34 (0-18 methyl group), 9.27 9  9.19 9  

9.10 9  9.08 (0-19 and side chain methyl groups), 8.389 8.30 9  8.06 

(double bond methyl group), 5.12 9  4.94 (c=-). 	(Found: C, 80.6; 

H, 11.5; 01, 7.9. 	C30H51C1 requires C, 80.5; H, 11.5; Cl, 7.9). 

Reaction of 3_i soprop y 1_3o,31_epOX y _5ct_Cho1e8tane with B?3 in benzene 

The c-epoxide (349) (0.368 g.) in dry benzene (25 ml.) was 

treated with boron trilluoride-etherate (0.37 ml.) at room temperature 

for 2 minutes. 	The product, isolated by means of ether, was adsorbed 

on alumina (loo g.). 	Ilution with petrol-benzene (95:5) gave 4,4-  

dime thy l-AhomO-5c-ChOle2tafl-3-One (0.251 g.) m.p. 169_1700 (acetone); 

max99 om.T1  n.rn.r. ' 9.35 (0-18 methyl group), 9.19, 9.10 (0-19 

and side chain methyl groups), 8.97, 8.93 (methyl groups on 0-4) 

(Found: 0, 83.9; H, 12.2. 	030H520 re quires 0, 80.0; H, 12.2). 
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The g.1.o. retention time with respect to -homo-5cL-oholestan-4-

one was 1.11. 	Elution with petrol benzene (9:1) gave 3.-niethyl- 

3c.-acetyl-50-oholestane (0.019 g.) m.p. 80-83 0  (acetone); -' 

1699 and 1350  onij 	.D. t]455 +17°, 	]333 +36°, t)3 	009 

11270 +98 w  n.ni.r. It 9.35 (c-18 methyl grou), 9.25, 9.19, 9.09 

(c-19 and side chain methyl groups), 8.84 (30-methyl grou), 7.87 

(acetyl). 	(Found: Co 83.8; H, 12.1. 	C30H520 requires C, 

84.0; H, 12.2%). 

Reaction of 	 with BF3in 

benzene 

The -epoxide (350) (0.15 g.) in dry benzene (15 ml.) was 

treated with boron trifluoride-etherate (0.15 nil.) at room tempera-

ture for 2 minutes. 	The product, isolated by means of ether, was 

crystallised from acetone to give 3c_methy1_3_aCetYl_5a-OhOleStafle 

(0.107 g.) in.. 94-95 (acetone); 	i699, 1350 oin.1 1  R.D. []455 

+300, 13304 9409 t1264 +4909 11263 +530 ; n.m.r. -t 9.34 (c—lB 

methyl group), 9.25, 9.18, 9.09 (0-19 and aide chain methyl groups), 

8.83 (c—ó—ô=o), 7.89 (a——). 	(Found: C, 83.8; 13, 12.0. 

C 3 0F15 20 re quires C o  84.0; H, 12.2%). 

Treatment of 3m_methy1_3_aOetYl_5C-ChO1e8tane with m-ohloroper-

benzoio acid 

3a_Methyl_313_a0etY15a-Oh01e8tane (0.05 g.) in chloroform (30 

ml.) was added to a solution of m-ohloroperbeflzoio acid (80%, 0.05 

g.) in chloroform (20 ml.), and the solution was kept at room 

temperature br 8 days. Ferrous sulphate solution was added and 

the chloroform layer was washed with water, sodium bicarbonate 
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solution, and water, dried and the c1oroi'orm evaporated to give 

a product (0.051 g.), 'max,17250 1699 cm-., which was adsorbed 

on alumina (30  g.). 	Elution with petrol-benzene (9:1) gave  3o.- 

methjl-3-acety1-5a-oholestane (0.011 g.),  identified from its i.r. 

spectrum, and elution with petrol-benzene gave the acetate (0.028 g.) 

1725 9  1250, 1240 cm7. 	 This acetate (0.02 g.)  in drj ether 

(10 nil.) was heated under reflux with lithium aluminium hydride 

(0.02 g.) for 2 hours. 	On cooling, ethyl acetate and dilute hydro- 

chloric acid were added and the ether layer was washed with water, 

dried and the ether evaporated to give 3a-methyl-50-oholestan-3-0l 

(0.013 g.)  m.p. and mixed m.p. 146-149 (acetone) (u.t. 82 1471490 ) 

C 'inax58' 1010 (in), 945 (a), 930 (in), 920 (in), identical with 

the i.r. spectrum of the sample of 3c-methy1-5a-oholestan-3f-019 

produced by addition of methyl magnesium iodide to 5c-choleetan-3-

one 2  The corresponding spectrum of 3-methyl-5c-oho1eetan-3a-ol 

has - max.  960 (in), 900 (s) om 

Treatment of 4,4-dime th 1-A-homo-5c-or10 le stn-3-one with bromine 

4,4-Dime thy l-A-hoiuo-50-oIloleatan-3-ofle (0.12 g.) in acetic acid 

(5 ml.) containing hydrogen bromide in acetic acid (40, 1 drop) 

was treated with bromine (0.052 g.) in acetic acid (2 ml.). 	After 

4 hours at room temperature water was added and the steroid was 

extracted with methylene chloride. 	The organic layer was washed 

with water till neutral, dried and the solvent evaporated to give 

the crude product (0.117 g•), 11 MaXO17189 1699 em7.1 which was 

adsorbed on silica gel (50 g.). 	Elution with petrol-benzene (9:1) 

gave a or1stalline compound (0.034 g.) m.p. 136-139 0  (acetone) max. 
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1718 om 	1tion with petrol-benzene (8:2) gave an oil (0.073 g.) 

ax61699 am. 

The crystalline material (max  1718 cm. -l) (0.025 g.) in dry 

dimethylformaaide (5 ml.) was heated under reflux With lithium 

bromide (0.1 g.) and lithium carbonate (0.1 g.) for 5 hours. 	After 

cooling, the inorganic material was filtered off, and dilute hydro- 

chloric acid was added. 	The steroid was extracted with ether and 

the ether layer was washed with water until the washings were 

neutral, dried and the ether evaporated to give an oil (0.013 g.) 

with no strong u.v. absortions, but with a slight shoulder at Ca. 

230 T. 
The oil from the bromination of 4,4_dimeth.yl_Ahomo-5c-OhO1eStafl-

3-one (0.070 g.) was similarly treated with lithium bromide (0.3 g.) 

and lithium carbonate (0.3 g.) in dime thy lformamide (10 ml.), and 

gave on workup an oil (0.052 g.) with no strong absorptions in the 

u.v. 

Ahozno-5a-oho1e8tafl-4-Ofle 107 

To 50-oholestan-3-one (13.2 g.) in dry ether (500 ml.) and 

methanol (850 ml') was added potassium hydroxide (28 g.). 	After 

the base had dissolved, the solution was cooled in ice-water to 0 0  

and N_nitrosomethylurea (20 a.) was added over 20 minutes with 

stirring. 	stirring was continued at 0 0  for an additional 5 hours 

and then cold dilute hydrochloric acid (300 ml.) was added. 	The 

insoluble salts were filtered and washed with ether, and the ether 

solution was washed with water till neutral, dried and the ether 

evaoratsd to give ketonic material (12.2 a.) which was adsorbed 
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on alumina (1000 g.). 	i1ution with petrol gave 3-methyl-3o,3'- 

epoy-50-oolestane (0.292 g.) m.p. and mixed m.p. 131-132 (acetone). 

Elution with petrol-benzene (8;2) gave A-homo-50-cholestan-3-one 

(0.434 .) m.p. 82-83 0  (acetone) (1it) 0782-830 ); Pma x,17°5' 14129 

1334 9  1315 om.7 1  g.1.o. retention time with respect to 54-cholestane 

2.70 (lit. 1052.70 with respect to 5u-oholestane). 	!1ution with 

petrol-benzene (82) and benzene gave A-homo-5c-oho1estan-4-one 

(6.55 g.) M.P. 86-870  (acetone) (lit. 10787-880 ); d m• 1705 1412 9  

1334 om. 	n.m.r. ' 9.33 (0-18 methyl group), 9.18, 9.12 9  9.09 (a- 

19 and side chain methyl groups). 	The g.l.o. retention time with 

respect to 5-oho1estane was 2. 80 0  (lit. 105value 2.80). 

Methylation of A-homo-50-oholestafl-4-one 

a) A solution of potassium (1 g.) in t-butanol (25 ml.) was added 

to a boiling solution of A-homo-50-OhO1e8tafl-4-one (1.1 g.) in dry 

benzene (25 ml.) and t-butanol (15 ml.). 	Methyl iodide (75 ml.) 

in dry benzene (25 ml.) was then added and the mixture was heated 

under reflux, cooled and ice added. 	The steroid was extracted with 

ether and the ether solution was washed with water, dried and the 

ether evaor.ted to give a crude product which was adsorbed on 

alumina (activity II) (100 g.). 	Elution with petrol-benzene 

mixtur.s ranging from 1% to 30% benzene gave 23 fractions (total 

weight 0.587 g.). 	Fractions 12 9  13 and 19-23  were crystalline. 

All 23 fractions had max.ca.1699 oni., with those from fraction 

16 onwards also having a peak at 1412 om 	The g.l.c. retention 

times of fractions 15,  16, 20, 21 and 23 with respect to A-homo-5c-

oholestari-4-one were, respectively, 1.12, 1.115, 1.12, 1.115, 1.113. 
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clution from the column with petrol-benzene (6:4) and benzene gave 

A-homo-5-oiolestan-4-one (0.346 .) m.. and mixed m.p. 85-870  

(acetone). 

A-homo-5c-oholestan-4-one (1.5 g,) was stirred with potassium 

t-btatoxide (from potassium (0.5 g.)) in t-butanol (30 ml.) and the 

solution was saturated with methyl chloride and allowed to stand 

for 2 hours. 	The solution was resaturated with methyl chloride for 

1 hour, and left to stand overnight. 	Ice and water were then added, 

and the steroid was extracted with ether. The ether solution was 

washed with water, dried and the ether evaporated to give a crude 

product (1.39 g.) which was adsorbed on alumina (activity II) (400 

g.). Ilution with petrol-benzene mixtures ranging from 1 0/ 1V to 30% 

benzene gave 72 fractions. 	Fractions 46-50 and 57-68 were crystal- 

line. 	The total weight of these early fractions was 0.411 g. 

Fractions 450 were combined and crystallised from acetone to give 

material m.. 73-81°  bl 	 . 	Fractions 57-68 were similarly combined and 

oryatallised to give material m.p. 80_87 0 . 	Elution with petrol- 

benzene (1:1) and benzene gave A-homo-5-cholestan-4-one (0.840 g.) 

m.d. and mixed m.p. 85_870  (acetone). 

A-hojao-50-oholeatan-4-one (2.0 g.) was added to a solution 

of potassium (0.59 g.) in t-butanol (30 ml.) and the mixture was 

stirred until a solution was achieved (ca.0.5 hr.). 	Methyl iodide 

(1.84 ml.) was added dropwise, and the mixture was stirred for 4 hours. 

Water was added, and the steroid extracted with ether. 	The ether 

solution was washed with dilute hydrochloric acid, and with water 

until -die washings were neutral, dried and the ether evaorated to 

give a crude product which was adsorbed on alumina (activity II) 
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(100 g.). 	i1ution with solvents ranging from petrol to benzene 

gave 24 fractions of total weight 2.068 g. 

Fractions 11 and 12, eluted with petrol-benzene (9:1) (combined 

weight 0.363  g.), were crystalline, io max .1699 om. 1  in both oases. 

The fractions were combined and crystallised from acetone to give 

material with a m.p. 75-84° . 	 This material (0.363 a.) in isopro- 

peny1 acetate 0 ml.) containing concentrated sulphuric acid (1 drop) 

was heated under ref Lax for 1 hour, and the solution was concentrated 

to ca. 2 ml. 	The mixture was warmed with fused sodium acetate (0.09 

g.) and chloroform (3 ml.), filtered, and evaporated under reduced 

pressure to give a semi solid (0.329 g.), 'znax?740' 16999 1210 9  

1060 9  1050 CM7. 	 This product was adsorbed on silica gel (60 a.). 

Elution with petrol-benzene (8:2) gave 3,3,4a,4a-tetrameth11-A-homo-

5a-oholestan-4-one (0.291 g.), m.p. 84-88 0  (acetone); '  max.199 cm 

n.m.r.'t 9.33, 9.30 9  9.19, 9.09, 8.89 (0-18, 3-19, C-3 9  0-4a, and 

side chain methyl groups). 	(Found; 0, 84.1; FL, 12.1. 	C32fl560 

requires C. 84.1; i, 12.4%). 	Treatment of this compound (0.108 g.) 

with isoproen,y1 acetate (2 ml.) and concentrated sulphuric acid (1 

drop) in the usual way gave only starting material (0.094 g.) on work 

up. 	Zlution with petrol-benzene (8:2) 9  of the silica gel column, 

gave a mixed fraction of the te trams thyl-ketone (359) and enol-acetate 

(0.020 g.) 'm.1740' 16999 1210, 1060 9  1050 om 	n.xn.r.Z 9.339 

9.30, 9.199 9.099 8.89 (0-18, 0-19 9  0-3, 0-4a, and side chain methyl 

groups), 8.36 (methyl group on double bond), 7.86 (acetate). 

Fractions 20 and 21 (from the alumina (activity II) column) were 

also crystalline ana were combined and orystallised from acetone to 

give 3,3_dime thy 1_A_homo-5c-OhO1e 3ta 4-one (0.374 a.) zn.j. 87-91; 
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-1 
max. (aiD +490 (c.o.l)' 	' 	199 1412, 955, 940 cm.; n.m.r. T9.35 

(0-18 methyl group), 9.22, 9.19, 9.10, 9.04, 8.91 (0-19 9  0-3 and 

side chain methyl groups), downfield protons in a "hump" between 

7.80 and 7.40. 	(round: C, 83.8; H, 12.2. 	03011520 requires 

C, 84.0; H, 12.2%). 	The g.1.o. retention time with respect to 

A-homo-5a-oholestan-4-one was 1.12. 	The 3,3-dimethyl-compound (355) 

(0.08 g.) in isopropenyl acetate (6 ml.) containing concentrated 

sulphuric acid (1 drop) was heated under ref lux for 1 hour, then 

concentrated to a volume of oa.3 ml. The mixture was warmed with 

fused sodium acetate (0.02 g.) and chloroform (4 ml.), filtered, 

evaporated under reduced pressure, and filtered through a column of 

silica gel (10 g.) with petrol-benzene (1:1) to give the enol-acetate 

(0.062 g.) (a semi-solid); V M  l745, 1220 cm7. n.m.r. 1 9.3  (c18 

methyl group), 9.16, 9.09 9  9.07, 8.97, 8.70 (c-19, 0-3, and side 

chain methyl groups), 7.86 (acetate). 

Fractions 23 and 24 (from the alumina (activity II) column) were 

combined and crystallised from acetone to give Ahozno-50-0h01eStafl-

4-one (0.266 g.) m.p. and mixed m.p. 87_880. 

Treatment of 3,3_dime thy 1_A_homo-5a-OhOleStafl-4 0 fl5  with bromine 

3,3Diniethy1-A-hom0-5a-Oh01eSt--fl-4-OflO (0.120 g.) in acetic 

acid (5 ml.) containing hydrogen bromide in acetic acid (40, 1 drop), 

was treated with bromine (0.050 g.) in acetic acid (1 ml.). 	After 

4 hours at room temperature the mixture was worked up in the usual 

wa to ive 	crude product which was adsorbed on silica gel (50 g.) 

and elutiiri i,, ith petrol-benzene (1:1) gave an oil (0.07 g.)td max" 
 

1705 
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This oil (0.05 €.) in drj  dime thy lIormamjde (5  ml.) was heated 

under reflux with lithium bromide (0.12 g.) and lithium oarbonate 

(0.12 g.), under nitrogen, for 5 hours. 	The inorganic material 

was filtered off, 4nd dilute hydrochloric acid was added. 	The 

steroid was extracted with ether, and the ether solution was washed 

with water until the washings were neutral, dried and the ether 

evaporated to give an oil (0.033 g.); 	ax1699' 1670 omf ' m°, 

237 mja (c- oa.8000). 

3-Hydroxyaie thy lene-A-homo-50-oholestan-4-one 107 

A-homo-5a-cholestan-4-one (3.15 g.) in dry benzene (38 ml.) was 

added over 1 hour to a stirred suspension of sodium methoxide (0.6 

g.) in dry benzene (30 ml.) and ethyl formate (4.2 ml.). 	Alter 

adding additional sodium nethoxide (0.3 g.) and stirring for four 

hours, the mixture was filtered and the solid washed with benzene 

and dried. 	The bright yellow salt so obtained was stirred 1 hoar 

with a mixture of concentrated hydrochloric acid (4.2 ml.), water 

(54 ml.) and ethanol (27 ml.), filtered and washed with water until 

the washings were neutral to give 3-hydroxyme thy lens -A-hOmo-50-

obolestan-4-one (2.917 g.) m.p. 99-100 (ethanol) (iit. 10799-1000 ) 

[°')D +18 0  (0.0.13) (lit. 107+130 ); w max. 1640 cm7. 1  

3-iieth 1-A-ho o-5c-cho1e tan-4-one 

(0.45 g.) in benzene 

(40 ml.) was added to 10% palladium on charcoal catalyst (0.2 g.) in 

ethanol (40 ml.) and the mixture was shaken in an atmosphere of 

hydrogen for 24 hours. 	The catalyst was removed and the solvent 

evaporated to give an oil which was adsorbed on alumina (activity II) 
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(0 g.) to give on elution with petrol-benzene (1:1) 3-methyl-A--

homo-c-choiestan-4-one (0.112 g.) m.p. 87_900  (acetone); [a]D  +250  

(0.0.12); 	' max)699 cm7i n.in.r. -r 9.34 c-lB methyl group), 9.19, 

9.09 9  8.99, 8.89, 8.80 0-19 9  0-3, and side chain methyl groups). 

(Found: C, 84.0; H, 11.9. 	029H500 requires C, 84.0; H, 12.1>). 

The g.1.c. retention time with respect to A-homo-50-cholestan-4-one 

was 1.11. 

A solution of the 3-methyl-A-homo-compound (361) (0.07 g.) in 

isopropenyl acetate (2 ml.) containing concentrated sulphuric acid 

(1 drop) was heated under ref lux for 1 hour, then concentrated to a 

volume of ca.l ml. 	The mixture was warmed with fused sodium acetate 

(0.1 g.) and chloroform (4 ml.), filtered, evaporated under reduced 

pressure, and the residue ohromatographed on silica gel (15 g.). 

Petrol-benzene (1:1) elution gave the eno].-acetate (semi-solid) 

(0.057 g.) 	max017459  1220 omj n.m.r. T 9.34 (C-lB methyl group), 

9.19 9  9.17 9  9.099 8.74 (0-19, 0-3 and side chain methyl groups), 

7.80 (acetate). 
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The synthesis and reactions of the eoxides of 3i3ojro.y1idenea-

nor-5c-cho is starie 

3P-Isoroyl-3 ,3 1 -eox-i-nor-5cL-cholest.ne 

3-Isoro1i1ene-A-nor-5c-cholestane (0.4 g.) in dry ether (20 

ml.) was added to a dry ethereal solution (50 ml.) of in-ohloroper-

benzoic acid (0.4 g.). 	After atanding at room temperature overnight, 

the excess peraoid was destroyed with ferrous sulphate solution, and 

the ether layer was washed with water, sodium bicarbonate solution, 

and water, dried and the ether evaporated to dive on orystallisation 

from acetone 	-isoroj71-3c,3 '-eoicj-t.-nor-50-oholestane (0.310 g.) 

m.p. 54.5-5609 [°]D +22 0  (c.0.14); '92O, 850 om 	n.m.r.r 9.34 

0-18 methyl group), 9.28 9  9.19 9  9.15, 9.09 (0-19 and aide chain 

methyl groups), 8.74 (0-3' methyl groups). 	(Found: a t  83.7; II, 

12.2. 	029M500 re.uires C. 84.0; H, 12.2%). 

Treatment of 3iso2ropy lid ene-A-nor-50-Oho1e8tafle with N-brozno-

suocinimide and acetic acid 

3-Isopropy1idene-A-nor-5-OhO1e8tafle (1 g.) in acetone (20 ml.) 

was added to 5 aqueous acetone (60 ml.) oontaining !-bromosucoini-

mide (2 g,). The mixture was stirred at room temperature to achieve 

solution, and acetic acid (0.8 ml.) was added with stirring. 	The 

mixture was stirred at room tejnerature for 3 hours, and part of 

the acetone was removed, under reduced pressure s  at a temperature 

of oa.409 . 	Ether and water were then added, and the ether layer 

was washed with potassium iodide solution, water, sodium thiosuiphate 

solution, and water, dried and the ether evaporated to 6ive a gum 

(0.878 g.), .v 	3500 cm which was adsorbed on alumina (80 g.). 
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:r 	hr 	i 	it 	trüi 	 'u1, 	7'C 

850 am-. 1  which was recromatographed three times on columns of 

alumina (100 g.), elation with petrol on each occasion giving 

material with max  1703 and 850 cf 1  This material (0.716 g.) 

was then adsorbed on neutral alumina (activity III) (100 g.). 

ii1ution with petrol gave 3e_isopro11_3,3 1 _eiioxj_-nor-5c-Cholestafl8 

(0.061 g.) m.p. 90-930  (acetone) (mixed m.p. with the r,-epoxide 

(365) 80-93 0 ), 	 cmT. 1 Elation with the same solvent gave amax 

semi-solid (0.51 g.), > 	1700, 850 cm-. 1 with g.1.o. retention 

times with reseot to 50-.oholeetane at 1.38 and 2.21. 

Reaction of 3-isopro 1-3c,3 '_e2oxA....nor-5-cho1e8tane with boron 

trifluoride in benzene 

The c-epoxide (365) (0.20 g.) in dry benzene (25 ml.) was 

treated with boron trifluoride-etherate (0.25 ml.), and the solution 

was kept at room temperature for 5 minutes. 	The crude product, 

isolated by means of ether, had a peak in the ir. at 1700 om and 

possessed g.l.o. retention times with respect to 50-oholestane at 

2.21 9  2.03, 1.85. 	The product was adsorbed on alumina (60 g.). 

Elution with petrol-benzene (99:1) gave, after orystallisation from 

acetone, 2pmethyl-2a-aoety1-A-nor-5a-ChO1e8t3fle (0.138 g.) m.p. 

93-96, 	max.1700 and 1355 om.f n.m.r.T 9.34 (c-18 methyl group), 

9.19, 9.16 9  9.09 (0-19 and aide chain methyl groups), 8.67 (0-3 

methyl group), 7.86 (c-3' methyl group). 	The g.1.c. retention time 

with respect to 5-cho1estane is 1.85. (Other details are given on 

P-221). 	1ution with petrol-benzene (99:1) and petrol-berizefle (9:1) 

gave a product (0.042 g.) m.p. 89-100 0  (acetone), v 	 1700 om 
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with 	.l.c. retention time vitb respect to 5Q-oholestne at 

Treatment of 	 '-epoxy-A-nor--a-cho1eatans with 3F3 

in benzene 

The -epoxide (366) (0.05 g.) in dry benzene (10 ml.) was treated 

with boron trifluoride-etherate (0.05 ml.), and the mixture was kept 

at room temperature for 5 minutes. 	The crude product (0.039 g.), 

isolated by means of ether, had Al max1700 and 1355 om2 and g.l.c. 

retention times with respect to 5c-cholestane at 1.85 and 2.06. 

The crude product waa adsorbed on alumina (20 g.), elution with 

petrol giving a compound (0.033 g.), with g.l.o. retention times 

at 1.85 and 2.06 with respect to 5c-obo1estane. 	Crystallisation 
0 

three times from acetone gave a compound with a n.p. 33_93• 
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2ne 4intaesis and reactions of 2,3-ejoxy-5cL-cao1estanei 

The e tieia nd reactions of 2,3-dimetl-2,3-ejox5ct-co1es tans s 

2,3-Dimeth.yl-5c-cholest-2-erie 

2a-Methyl-5-oho1eatan-3-one (5 g.) in dry ether (250 nil.) was 

added to an ethereal solution (200 nil.) of methyl magnesium iodide 

(from magnesium (5 g.)), and the mixture was refluxed for 5 hours. 

On cooling, dilute ammonium chloride solution was carefully added, 

and the mixture was worked up in the usual way to give the 2c,3-  

dime thyl-Sa-cholestari-3-ola (4.98 g.), which were dissolved In 

acetic acid (500 ml.). 	Perohlorlc acid (14 drops) was added and 

the mixture wab heated on a water bath (at oa.90 0 ) for two hours. 

Most of the solvent was removed under reduced pressure, and water 

was added. 	The steroid was extracted with methylene chloride, 

and the organic layer was washed with water, till the washings were 

neutral, dried and the solvent evaporated to give an oil, which 

was adsorbed from petrol on alumina (activity LI) (400 a.). 
Elution with petrol and crystallisation from acetone gave 2,3- 

0 
dime thy l-5c-oholest-2-ene (3.81 g.) m... and mixed m.p. 83-85 

23 ,3-1)imetrLi1-2c,  3c-epo-5c-oho1estarie 

20-Dimeth.yl-50-0ho1e3t-2-ene (3 .) in dry ether (250 nil.) 

was added to m-ob1oro&erbenoio acid (3 g.) in dry ether (100 ml.), 

and the solution was allowed to stand at room temperature overnight. 

E.xoese percid was decomposed with ferrous sulphate solution, and 

the ether layer was washed with water, sodium bicarbonate solution, 

and water, dried and the ether evaporated to give 2,3ç-dinieth1-

2c,3_e&oxj-5c-ChOlestcfle (2.61 a.) M.P. 121.5-123°  (acetone) 
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[cj +36 °  (0.0.21); 	' 	1162, 370, ?5, 	n.a .. r9.3 (.-l8 

methylgroup), 9.29, 9.17 9  9.09 (c-19 and side chain methyl groups), 

8.71 (0-2 and 0-3 methyl groups). 	(Found: 0, 83.9;  H, 12.2. 

029R5 00 re q uires 0, 84.C; H, 12.2). 

Treatment of 2,3-dimethy1-2c,3c-epoxy-5c-cho1eatane with lithium 

alumini um hydride 

The e-epoxide (370) (0.5 g.) in dr1 ether (25 au.) was added to 

an ethereal solution (50 ml.) of lithium aluminium hydride (0.5 g.), 

and the mixture was refluxed for 2 hours. 	After cooling, ethyl 

acetate and dilute hydrochloric acid were added, and the mixture 

was worked up in the usual way to give 2c,3e-dimethyl-5c-cho1estan-

3c-01 (0.471  g.)  in.p. and mixed m.p. 147-148 0  (acetone). 

Treatment of 2,3-dimethyl-5a-oholest-2-ene with N-bromoauccinimide 

and acetic acid 

2,3-Dimethjl-5o.-oholest-2-ene (0.25 g.) in acetone (20 ml.) was 

added to N-broinosuooiniznide (0.5 g.) in 5% aqueous acetone (80 ml.). 

With etirring, acetic acid (0.4 ml.) was added, and the mixture was 

allowed to stand at room temperature for 3 hours. 	Work up with 

ether, potaosiam. iodide solution, sodium thiosuiphate solution, and 

water gave a gum (0.140 g.), I> Ma 3600 om7. which was adsorbed on 

alumina (40 g.). 	After 0.5 hour elation with petrol and crystal- 

lisation from acetone gave 2c,3-dieth.1-2,3f-epoxy-5c-choleStafle 

(0.041 g.) m.p. 108-1090 I3D +610 (0.0.09); .0 max .1130, 855 

n.m.r. r 9.35 (0-18 methyl group), 9.17 9  9.09 9  9.07 (side chain and 

0-19 methyl groups), 8.76, 8.73 (0-2 und 0-3 methyl groups). (Found: 

C, 83.9; H, 11.9. 	02911500 reuire 0, 84.0; 119  
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2:atent of 2o,3c-dtme y1-23,3-epoxy-5a-oho1estane with lithium 

alzrujnii.i.n hydride 

The -epoxide (372) (0.021 g.) in dry ether (20 ml.) was added 

to an ethereal solution (20 nil,) of lithium aluminium hydride (0.02 

g.), and the mixture was ref luxed for 2 hours. On cooling, ethyl 

acetate and dilute hydrochloric acid were added and the mixture was 

worked up in the usual fashion to give 2o,3-dimethyl-5a-cholestan-

23-ol (0.019 g.) m.p. 158-159.50  (acetone), k]D +570  (o.0.1); 

3580 9  945, 850 cm71 	(Found: 0, 83.7; H, 12.. 	02911520 

reuires C, 83.6; N o  12.6). 

3 f -.e th 1-2c, 3c-eoxj-5a-oho1e stane 

3-rlethy1-5c-oho1est-2-ene (13.9 g.) in dry ether (150 ml.) was 

added to an ethereal solution (200 ml.) 01 in-ohloroperbenzoio acid 

(13.9 g.). 	The mixture was allowed to stand at room temperature 

overnight. 	.xcess peraoid was decomposed with ferrous sulphate 

solution, ic the ether layer was washed with water, sodium bicaz'bonat 

solution, and water, dried and the ether evaporated to give 3-methyl-

2c,34.-eoxy-5c.-oholeetane (13.7 g.) zn.p. 131-132 (acetone) (lit. 145 

135 0 ); 	885 9  820 9  810 9  705 om.1 2  n.in.r.T 9.37 (0-18 methyl 

groap), 9.29, 9.19 9  9.10 (0-19 and side chain methyl groups), 8.72 

(0-3 methyl group), 7.13, 7.04 (C-2 proton). 

Reaction of 3_met -ijl2o,31-epoxy-5c-oho1estafle with boron tn-

11'oride in b-nzene 

3_11et jl-2c,3a-epox/-5G-OhOleStafle (4.5 g.) In dry benzene (200 

ml.) was treated with boron tnifluoride-etherate (4.5 ml.). 	After 

standing at room temperature for 5 minutes the mixture was poured 
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into '.ater and ether was Ldded. 	The ether layer 	ved iit 

water until the washings were neutral, dried and the ether and 

benzene ev&orated to give a product (4.1 g.) ( -' 	2 6709 1715 

and 1705 em; - ) which was adsorbed from petrol on alumina (600 g.). 

Elution with petrol-benzene (9:1) save 2-inethy1-A-nor-5c-oho1estan-

2-1ciehjie (1.11u 6.)  m.p. 81-840  (petrol), [c] D  +24°  (c.0.12); 

2670 9  1715 cm7l n.m.r. t 9.34 (c-18 methyl group), 9.19, 

9.15 9  9.09 (0-19 and sicie chain methyl groups), 8.71 (0-2 methjl 

group), 0.59 (aldehyde). 	(Found: C, 83.7; II, 11.9. 	028H48 0  

requires 0, 83.9; H, 	 1ution vith petrol-benzene (8:2) 

gave 3f-me thy l-50-oho1estan-2-one (2.859 g.) m.p. 145-148 0  (acetone) 

(lit. 145 147-149); [JD 4 0  (c.0.15); 	max)705 em-.19R.D. 

1435 +120° 9  ()375+540 P  t1 2 69  5400, 111256 470; n.m.r. 

- 9.34 (c-18 atyl group), 9.25, 9.17, 9.09 (0-19 and side chain 

methyl €roups), 8.859 8.74 (0-3 methyl group). 

Treatment of 3-methy1-50-oho1e8tafl-2-ofle with aiet}y1 magnesium 

iodid e  

3-Methy1-5-oholestan-2-ofle (0.25 g.) in dry ether (100 nil.) 

was added to an ethereal solution (100 ml.) of methyl magnesium 

iodide (from magnesium (0.25 g.)), and the solution was heated under 

ref lux for 5 hours. 	After cooling, dilute ammonium chloride solu- 

tion was added and the ether layer was washed with water, dried and 

the ether evaporated to give, on crystallisation from acetone 2c,3- 

diuietriy1-50-chole3tan- 2 -o 1  (0.202 g.) m.p. and mixed m.p. 158-159.50 . 

146 t-342td1 h 

..odium 	 (C 	.) 	:LJved i 	te  and (50 ml.),  
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at 200  t-butanol (7.4 .) nd wcter (50 i.-J.) were sIded. 

homogeneous solution was formed through which chlorine gas was 

passed, with stirring. 	The temperature ws not allowed to exceed 

200. 	After 0.5 nour the upper layer was separated and was washed 

with --odium carbonate solution, till the washings were not acid 

to Congo-red, and with water, and dried over Cad2 to give t-butyl 

hypooblorite (7.9 g.). 

Treatment of 3-ieth'l-5c-oholestan-2-one with t-but y l hpoehlorite 

3-Methyl-50-choleetan-2-one (0.15 .) in acetic acid (8 ml.) 

at 650  was treated with t-.butyl h.ypochlorite (0.05 ml.) and the 

mixture was warmed on a steam bath for 1 hour, and llowed to stand 

overnight at room temperature. 	The precipitate formed was filtered 

off and orystallised from acetone to give 3-chloro-3-methyl-5c-

oro1estan-2-one (0.098 g.) m.p. 195-197 0  tcjD +152 0  (o.0.16); 

2' 
	 715 cm1 	i.D. (dioxan) 11455 +1700,  [)33l630° , 

13 1  284 -1588 0 , f1
256  -10200 . 	 ( Found: 0, 77.5; H, 10.7; C]., 7.9. 

28d470 Cl requires C. 77.3; H, 10.9; Cl, 

Treatment of 3u-ohloro-3-methy1-5c-cholestan-2-one (0.020 g.) 

in acetic acid (5 ml.) with hydrogen bromide in acetic acid (40%, 

1 drop) at room temperature for 39 hours gave on work up with meth 4y-

lene chloride and water 3u-ohloro-3-me thy l-5c-oho1estan-2-one (0.014 

3-iethil-5a-oho1estan-2-one (1.56 
.) 

in acetic acid (18 ml.) 

at u5°  wta treited with t-butyl hypooh].orite (0.48 ml.) and the 

mixture was warmed on a steam bath for 1 hour, and left to cool to 

room temperature overnight. 	The precipitate was filtered off and 
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ri 	 little ctc 	nI 	. 	 o: 

gel (L)i g,) a - d elation with .etrol-benzene (8:2) gave 3c-ohloro-

3-methy].-5c,-oholestan-2-ono (0.634 .) m.p. and mixed n.p. 195-

197 (acetone). 	1ution with petrol-benzene (3:2)  gave 3-methy1- 

50-oholeatan-2-one (0.882 g.) m,p. and mixed m.p. 145-147 0  (acetone). 

Treatment of 3o-chloro-3-meth1-5-choiestan-2-ona with ethereal 

xaetiy1 lithium 

3-Ch1oro-3-nieth.l-5c--oholestan-2-one (0.5 g.) in dry ether 

(lc 	1.) w 	added to uL, ethereal solution (100 ral.) of methyl 

lithium (from lithium (0.5 e.)) and the ;ixture was heated under 

reilu.x for 7 hour. 	After cooling, dilute ammonium chloride 

solution was added aad the ether layer was washed with water, dried 

and the ether evaporated to give a sticky product (0.5  

300 and 855 02C., 	which was adsorbed on alumina (103 g.). Aution 

with petrol zave 2c (0.212 g.) 

m.p. and mixed m.p. 18-1090  (aoetorie). 

ksaotiofl of 	 with boron 

trilluoride in benzene 

The -eoxide (370) (0.4 g,) in dry benzene (25 al.) ws treated 

with boron tri1uoride-etherate (0.4 n1.), and the mixture was kept 

at room temperature for 5 minutes. 	The product, isolated by means 

of ether, was crystallised from oetorie to give 2_methyl-2-acstyl-

A-rlor-o-ohole8tafle (0.23 g.) m.p. 9496.509  (o.) +17 0  (o.0.16); 

)) 	1700, 1355 omf 	1455+81 	1333+12 	i3305_1?9 

) 278 f74, ') 55+l03° ; n.rn.r. T 9.34 (c-18 methyl group), 9.19, 

9.16 9  9.09 0-19 and side chain methyl groups), 8.7 (0-3 methyl 
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rcip), 7.86 (C-3' 	tçl roup). 	(Found: 	', 83.7; U, 11.9. 

C 29H 500 requires C, 84.0; H, 12 . 2%). 

Reaction 01 2,3c-dime thy  1-2,3-epox-5c-ohoiestane  with boron 

trifluoricie in beuzene 

he f-epoxide (372) (0.14 g.) in an benzene (10 au.) was 

treated itki boron tri±liaoride-etherate (0.14 ml.), and the mixture 

was kept at room temperature for 5 minutes. 	The product, isolated 

b,y means of ether, was crystallised from acetone to give 2a-inethyl-

2f-acetd1--nor-5c-oholetane (0.118 g.) m.p. 114-117 ° , tc)D  +300 
 

16999 1355 cni 	R.. 	145+330 []312+220°, 

112799' 	]25b- 	n.m.r. r 9.46 (-19 methyl group), 9.35 

niethjl group), 9.19, 9.09 (side chain methjl groups), 8.78 

(C-2 methyl groip), 7.87 (aoet,1). (Found: C, 83.9; H, 12.0. 

029r1500 reLaires 0, 84.0; H, 12.2;). 

Treatment of the 2-methyl2-oetl-A-nor-compounds with ni-ohioro-

perbenzoio acid 

a) 20Methy1-2o.-aoety1-A.-nor-5c-cho1estane (0.15 g.) in chloroform 

(35 nil.) was treated with m-chloroperbenzoio acid (0.15 g.) and the 

mixture was left at room temperature for 8 day. 	.:ork tip in the 

usual wa with ferrous sulphate solutin, sodii bicarbonate solu-

tion, aad water gave a product (0.136 g.), J> m1730'  1700 9  1260 

and 1230 om which was adsorbed on silica cel (35 g.). 	Slation 

wit. petrol-benzene (9:1) gave 2-me thy 1-2-aoet1-A-nor-50-

cholestane (0.047 g.) m.p. and mixed ni.p. 94-96 (acetone). 

..1ution with petLol-benzene (3:2) gave the acetate (0.080 g.) 
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16> 	 1730, 126C, 1230 ciif thich was warred 'ith potassium hydroxide 

(0.2 €.) in 5X aqueous methanol (20 mi.) for 1 hour. 	Removal of 

the 801Veflt and ether extraction gave after whing the ether layer 

with water until neutral, drjing and ether evaporation 2-methy1-

A-nor-5c-cholttn-2a-o1 (0.049 g.) a.p. and mixed m.p. 115-116 0  

(acetone). 

b) 2c-Met41-2-aoety1-A-nor-50-cho1estane (0.09 g.)  in chloroform 

(20 au.) was treated with m-chloroperbenzolo acid (0.09 g.) for 8 

days. 	After the usual work up a product (0.079 g.) 	1730,MFI  

1700 am-. 1 was obtained which was adsorbed on silica gel (25 g.). 

Elution with petrol-benzene (8:2) gave 2c-xaethy1-2--aoetj1-A-nor-

50-oiolestane (0.022 g.) m.L. and mixed u.p. 114-116 0  (acetone). 

1ution witri etro1-benzene (7:3) gave the acetate (0.040 g.) 

1730 CM7.  vhich on treatment with potassium hydroxide (0.1 

g.) in 5 aqueous methanol (20 ml.) gave, on isolation bd means of 

ether, 2o-methyl-A-nor-5i-cho1estan-2-o1 (0.027 g.) tn.p. and mixed 

m.p. 137-1390  (acetone). 

Treatment ci 2 f-rae th 1-A-nor-5c-chole stan-2c.-a1dehde with met1 

magnesium iodide 

20Methl-.-nor-5-oho1eatafl-2a-a1dehyde (0.4 g.) in dry ether 
af 

(50 ml.) was added to an ethereal solution (100 nil.) of methyl 

magnesium iodide (from magnesium (0.4 g.)). 	The solution was re- 

fluxed for 5 hours. 	On cooling ammonium chloride solution was 

added dropwise and the steroid was extracted with ether. The ether 

layer was washed with water, dried and the ether evaporated to give 

tie 2a_(1I_hydroxjethy1)_2_nueth.yl_A_nOr-5a-01O1e3tafle 8  (0.386 g.) 
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(..Mrni-soli1); 	Llrax.3t5), 111 LJ, 1U90 	 T9.4 (-18 

nethjl rotzp), J.19, 9.10 (c-19 ad aide chain ethi £ro), 

8.80 9  8.86, 8.96 (C-2 nith'l group and methyl group on 0-2 1 ). 

Oxidation of 2o._C1 9 _hidroxyethyl)_ 2 methy 1-A_flor-5v -OhO 1eStar1e 

The alcohol mixture (382) (0.25 g.) in acetone (25 mi.) was 

oxidised with 814 chromic acid (Jones' reagent) (0.6 ml.). 	The 

reaction was allowed to proceed for 4 minutes and excess reagent 

was decomposed with methanol (5  ml.). 	':ater was added, the acetone 

removed under reduced pressure and the e:oid extracted with ether. 

The ether lajer was washed with wer, dried z.nd the ether evaporated 

to dive 2 P-ma th 1-2c-cotj1--no-5a-ChO1e 	as (0.212 g.) m.p. 

and mixed m.p. 93-960  (acetone). 



- 225 - 

2c ,3c-e/-5.-cku 	Ic. 	Urj1 	fleiw1 

dide  

ireatment of 2,3-eoxy-5G-oholeetane with methyl magnesium Iodide 50  

2f,3-Epoxy-50-cbolestane (1 g.)  in dry ether (50 ml.) was 

added to an ethereal solution (100 iiil.) of methyl magnesium iodide 

(from magnesium (1 g.)), and the mixture was ref luxed for 5 hours. 

On 000ling dilute ammonium chloride solution was added, and the 

steroid was extracted with ether. 	The ether layer was washed with 

water, driei ar.t the etr evaporated to give a product (1.002 g.) 

which was adsorbed. on aluaina (100 .). 	Aution with petrol- 

benzene (1:1 )  gave 2-methj1-2-hydrox-5c-cholestane (0.224 e.) 

m.p. 147-148 0  (acetone) (lit. 50  m.p. 148_1490) 1°D +290  (0.0.13) 

(lit. 5°+46° ); I) max. 356ut 916 9  855 oxrfSL 	1ution with benzene and 

benene-ether (96:2) gave 2o-(1'-hydroxye thy 1)-A-nor-5cL-oho1estane 

(0.761 .) (semi-solid); 	iaax.570 c1n 

Oxidation of 20-(1 1 -hydroxyethyl)-A-nor-50-cholestane 

The mixture of 	 (384) (0.0-  g.) in acetone 

(120 n1.) was oxitised witii 8N-chromic acid (Jones' reagent) (1.2 

mi.) in a maflner oii1r to that dsori'oed on 	115. The .k.rouct, 

isolated by means of ether, was crystallised from acetone to give 

2o-ac yi-A-nor-5c.-oboieatane (Q.527 .) m.p. 78_800  (1it 51m.. 

77-780 ); 	1705, 1360 OLE. 	t.J. 	1370+64, 	33045 .2300 9 

272 100 	tJ2564? n.m.r. T 9.33  (-18 methyl group), 9.27 

(0-19 methyl group), 9.18 9  9.09 (side onain methyl groua),  7.87 

(aoetyl mthyl group). 
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2o , 3o-Epox1-5c.-oholestane8  

5a-Cholest-2-ene (3.8 g.) in dr1 ether (50 ml.) WB added to 

an ethereal solution (50 ml.) of m-chloroperbenzoio acid (3.8 g.). 

After 36 hours the mixture was worked up with ferrous sulphate 

solution, sodium bicarbonate solution, and water to give 2c,3o-

epoxy-5a-oho lea tans (3.296  g.) m.p. 102-104 0  (acetone) (lit. 8  a.p. 

1050); jimax.8209 815 cm7l. n.ni.r. T 9.36 (0-18 methyl group), 

9.24 1  9.19 9  9.09 (0-19 and side chain methyl groups), 6.92, 6.85 

(0-2 9  0-3 protons). 

Treatment of 2a.,3o-epoxy-5c-0holestane with methyl magnesium iodide 

The o-epoxide (388) (1.70 g.) in dry ether (100 ml.) was added 

to an ethereal solution (200 ml.) of methyl magnesium iodide (from 

maneaiiain (1.7 g)) and the mixture was heated under ref lux for 5 

hours. 	On cooling, dilute ammonium chloride solution was added, 

and the steroid was extracted into ether. 	The ether layer was 

washed with water, dried and the ether evaporated to give a product 

(1.61 g.,) which was adsorbed on alumina (250 g.). 	3lution with 

petrol-benzene (1:1) gave 3-methyl-5o.-oholestafl-3a-01 (0.580 g.) m.p. 

and mixed m,p. 125-1260  (acetone), v  max.3600' 965, 960 9  900 

Dehydration with phosphoryl chloride in pyridine of this alcohol 

(0.1 g.) under the conditions outlined on page 132 gave 3-methyl-

5-choleat-2-ene (0.074 g.) m.p. and mixed m.p. 82-830  (acetone). 

Further elution with petrol-benzene (1:1) gave 50-cholestan-3c-oi 

(0.178 g.) m.p. and mixed m.p. 185-1860  (acetone), ) 	3570, 

1010 OM7.1  Oxidation of this alcohol (0.05 g.) with Jones' reagent 

(0.1 nil.) under conditions similar to those described on pagel15 
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344 	1.. and  

(acetone). 	SlLitioa with benzene-ether (9:1) g.ve 3G-meth1-50- 

cholestan-3-o1 (0.541 g.) 	 mixed a.;.  14-1480  (acetone); 

1r 8O, 1013, 945, 930, 920 	Dehjdration of this alcohol 

(0.1 .) w it,u 	 c1oride in pyridine under the conditions 

ow1ined on kage 132 gave 3-eti'1cne-5c-choleatane (0.079 .) M.P. 

and mixed m.p. 65-66 (acetone). 	!J.ution with chloroform gave 

5a-cho1eatan-2,3c-diol (0.271 g.) m.p. 1972000  (mixed M.P. with 

an authentic sauiple 152 (aee below) 197-200° ) (ethanol). 	Treatment 

of 50-ohoietan-2,3c-diol (0.1 g.) with acetic anhjride (10 ml.) 

in jridine (20 ii1.) at room temperature overnibt gave 5c..-oholestan-

2,3-aio1 diacetate (o.098 .) n.p. 13.-134 (riixe.. rn.p. with an 

authentic sample 152 (seebelow) 131-134 0 ) ( acetone). 

20,3-oxj-50-oho1e3tane (0.2 g.) in 5 aqueous acetone (50 

ml.) ws treated with dilute sulphuric aid (ic drops) at room 

teuerature br 48 hours. 	Ether was added and the ether layer was 

washed with odium carbonate solution and with water, dried and 

the ether evaporated to Live 5c-cho1estan-2 9 3c.-diol (0.193 a.) 

M.P. 199-2o1°  (ethanol) (lit. 152m.p. 200-2020 ). 	Acetylatiofl with 

acetic anhydride in diridine at room temperature overnight gave 

50-oholestan-23 9 3c-diol diaoetate, m.p. 131-134 0  (acetone) (lit. 152  

M.P. 133-135° ); 11 m1740' 12459 1235, 1035 om1 n.ni.r.t 9.36 

(c-lB me th' 3. group), 9.19 9  9.10 (c-19 and side chain methyl groups), 

7.96, 7.92 ( methyl groups of the acetates at 0-2 and 0-3). 
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etorial att"04 to take plaice. 	Tae eoide derivatives of the 
3-et.irlidene-50-oholeatanes all g..ve 3-cetdl-5c-oholestn9 on 
re*rrangement with ]1'3, the -epoxides also giving some 3c.-methyl-
5c-oho1eatan-3-1dehide. 	The 3F3 catalysed rearrangements of the 
two 3-iopro1idene-epoxjdes have been carried out. 	The c-epoxide 
gave 4,4-dimethdl-A-homo-5c-oioleStan3_one and 3-methyl-3c-oetl-
5c-onolestane, while the -eioxide gave 3ainethyl3L.aoetyl_5c_ohol_ 
estane. 	As part at the proof of the structure of the ring 
enlargement product from the -epoxide, the raethlation of A-homo-
5c-oholeatan-4-one was carried oAt. 

The synthesis and the -3F3-oataldsed rearrangement of the epoxide 
of 2-isopro lidene-4k-n3r-50-chojestane have been carried out. 

The c- and -epoxidea of 2 9 3-dimethil-5c-oholestane have been 
prepared and treated with 13F3, the c-epoxide giving ?-methl-2c-
acet,l-A-nor-5c-cholestajae and tae f-epoxide the corresponding 2o-
methy1-2...aoetdl-oomhouwI. 

'inallj the reaction of 2c,3c-epoxd-50-oholestane with methyl 
magnesium iodide was found to Involve rearrangement to 5a-oholestan-
3-one. 


