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INTRODUCTION 

Historical review and abject of the investigation. 

The steroids are a widely occuring group of natural 

products. They are colourless, crystalline solids and 

structurally related to the tetracyclic 

cyclopentanoperhydrophenanthrene. This important class of 

compounds has been the subject of extensive reviews and 
1 2 3 those by Fieser and Fieser , Shoppee and Klyne are sorne of 

the recent ones. 

The interest in the chemistry of steroids has 

remained undiminished since the discovery of cholesterol 

by I~~ichel Eugène Chevreul in 18154. Early interest in this 

field was largely confined to elucidation of skeletal 

structure and the interrelationship of various steroids. The 

discovery of sex hormones and adrenal cortical hormones 

during the period 1929-1938 focussed attention on physiological 

activity and chemical structure. The next phase of research 

was concerned with the elucidation of the stereochemistry of 

steroids. The application of Hassel's concept5 of equatorial 

and axial bonds6 to carbocyclic compounds by Barton?-9 led to 

the studies in conformational analysis of steroids. Since a 

steroid has a "rigid structure", it provides an excellent 

field for studies of the influences of steric and stereoelectronic 
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factors in reaction mechanisms9a, 10a and rates9b, 10a, in 

infrared9c,lOb,la and ultravio1et9c,lOb,lb spectroscopy, 

· 1 d' · 11 1 1 · 1 · h' le opt1ca rotatory 1spers1on , mo ecu ar rotat1on re at1ons 1ps 

and nuclear magnetic resonance techniques12• A sizeable amount 

of research in steroids is directed on the above subjects 

nowadays. 

In view of the current interest in steroid hormone 

analogues of high biological activity, an investigation to 

synthesise 3,11,20-trioxygenated-18-nor-12-methy1steroida1 

compounds with a double bond at 12,13-, 13,14-, or 13,17-

positions (1), which would afford a route to 18-nor-12-methyl 

and 18-nor-12-methyl-13-substituted steroids hormones, was 

undertaken. 

x 
H 

OH OAc 
{1 )X=O, <H , <H ( 2 ) X =Br, 0 T s , OMs . 

R 

( 3) (4) ( 5) 
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Solvolysis of 11-ketosteroids with a good 121)(­

leaving group (11) would be expected to yield the desired 

11-keto-18-nor-12-methyl compounds (13), (14), (15} and (16) 

as products of \>1/agner-:r..Ieerwein type rearrangement. The main 

competing reaction would be SN2 type substitution at C12 by 

the solvent molecule. This competing reaction could be 

suppressed by using a solvent of high ionising power13a, and 

the conditions for the VJagner-JYieerwein type rearrangement made 

more favourable by using an e1ectrophilic catalyst13b. An 

alternative route to the structure of the type (1) would be 

solvolytic rearrangement of steroidal compounds with a good 

leaving group at c12 (2) to 18-nor-12-methyl structure (4) 

and subsequent introduction of an oxygen function at C11 (5). 

The latter approach did not seem to be promising, since 

solvolysis of steroids containing a good 12 ~- leaving group (2) 

under basic conditions gives the starting material, with minor 

amounts of A "- compound ( 3 ) 14• In the former a pproach the 

formation of ~tt- compound is not possible. Furthermore, 

little work has been done on the behaviour of carbonium ion 

generated adjacent to a carbonyl group, and solvolysis of 

11-keto steroids v:ith a good 1eaving group at C12 {11) would 

throw light on the chemistry of such systems. 
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Beaton et al. have reported the conversion of 

4-bromo-friedelin {6) to a mixture of alnusenone (7) and 

alnus-5 (10) en-3-one (8) by solvolysis in acetic acid in 

the preseLce of an electrophilic catalyst, silver acetate15 • 

A few months ago, Edwards reported the results of a model study 

0 

Br 
(6) ( 7) ( 8) 

of a carbonium ion generated o( to a carbonyl group. Nitrous 

acid deamination of 2-amino-6,6-dimethylcyclohexanone (9) gave 

as one of the products the cyclopentenone derivative (10) 16• 

0 

~ 
( 9 ) (1 0) 

In the proposed investigation of the solvolysis of 

11-ketosteroids containing a good 12 ~- leaving group (11), 

the Wagner-f·1eerwein type rearrangement products ( 13), ( 14), 

(15} and (16) would be obtained if the reaction followed a 
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concerted mechanism. Hirschmann et al. have shown solvolysis 

under basic conditions of 12~-mesylate (20) affords minor 

amounts of elimination product (21). Under similar reaction 

conditions, the 12P-mesylate (22) undergoes aC/Dring 

contraction-expansion rearrangement (23)·reaction17. It is 

evident from the former reaction that the geometry of the 

molecule is not favourably disposed for a rearrangement 

reaction8a. On the basis of this evidence, solvolysis of 

11-ketosteroids possessing a good 12~- leaving group under 

forcing reaction conditions might yield C/D ring contraction­

expansion type rearrangement products (17), (18) and (19) if 

the reaction fo1lows a non-concerted mechanism, in addition 

to the Wagner-Meerwein type rearrangement products (13), (14), 

(15) and (16) obtained by a concerted mechanism. 

Of the various isomerie products mentioned above, 

(13), (14), (17) and (18) are ~~~ -unsaturated ketones, and 

these isomers should be thermodynamically more stable than 

the non-conjugated ketones (15), (16) and (19). Thus, if the 

solvolysis reaction product contained appreciable amounts of 

the non-conjugated ketones (15), (16) and (19), on equilibration 

under acid conditions the latter would be transformed to the 

more stable conjugated ketones (13), (14), (17) and (18); a 

step which would simplify the detection and separation of the 

reaction products. 



Aco··· 
H 
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x 
!AcQ--+--t-1 

(11) X= Br, OTs 

(12) 

(12b) (12c) 

(12a) (13) {14) 

(15) (16) 

(17) (18) 

(19) 
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Wagner-Iv1eerwein type methyl shifts of the angular 

methyl group at cl3 to cl7 to give 18-nor-17-methylsteroids18, 19 

and C14 to afford 18-nor-14-methylsteroids20 have been reported. 

But sol volysis of steroids wi th a good 12 oc- leaving group 

(20) X=OTs,OMs. (2 1 ) (22) (23) 

did not afford 18-nor-12-methylsteroids but only minor amounts 

of .d"- compound. It seemed interesting to investigate as 

to why such a methyl shift of the angular methyl group at 

cl3 to cl2 does not take place, and so the present work 

was initiated. 

} 
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CHAPTER I 

Sol vo1ysis of 12 o( -brome-3 o<. , 20fo -diacetoxypregnan-11-one. 

An easi1y accessible 11-ketosteroid with a good 

1eaving group at 012 (11) for our solvo1ysis experiments was 

12 o<. -bromo-3 o<. , 20/!J -diacetoxypregnan-11-one ( 26). It was 

prepared as fo11ows: Partial reduction of the readi1y availab1e 

3 o<. -acetoxypregnan-11, 20-dione ( 24) K wi th hydrogen and Adam' s 

catalyst at the 20-position afforded a good yield of the 20p -

hydroxy-11-ketone (25}, which on acetylation gave the 

corresponding acetate (25a) 21 • Bromination of this ketone 

{25a) gave the 12(:1(.-bromo-11-ketone (26) 22 • 

A cO··· 

(24) (25) R=H 
(25a) R=Ac 

A co··· 

(26) 

vie are thankfu1 to Dr. John M. Chemerda of Ivierck, Sharp 
and Dohme Research Laboratories, Rahway, New Jersey, U.S.A. 
for donating this materia1. 



- 9 -

A e,eneral exploratory surVE:.''J of the solvolysis of 

the bromo ketone ( 26) und er variou::: rE~action candi ti ons ( see 

experimental p. 51} sho'l·'ed that t.Le conditions for' .ct \JaE:ner-

bromo ketone ( 26) v·:,':\::.> t1eat.ed <1t reflux terr:pers.ture v,rit1l formic 

é1 

since formlc acid, possess . . . 13a ld lODlZlDf:: pOVJer , Vi0\1 '· 

snppre ss t cor:1petin:; SN2 rea ct ion. 'J'he s il ver acetate be ing 

an e ctrophilic catalyst.l3b would enhance tlte conditions 

for a ":iagner-::eervJein type rearrar:gF:rrtent.. The prodnct of 

solvolys Or 't-Jr··o~,,"!O '1ret.onr.• .. (?c~l nye1~ ~fter ex•enSl~Ve 
"'- ' " " - ' i ç -1 0 " L> ' - -

chromat.ogr~tphic purification on r:lu:J.i!la afforded or:ly an oil. 
., 

The product shov;Ed stro absorption bands at 1675 ~n-~ i~ 

the infrared E:nd at 2511 mr- in t ultraviolet, indicative 

of the presence of an o(,8-unsa turated ketone function. Of 

the severc=:tl isorners whi.cb cou.l::1 be obtained from solvolysis 

of bromo ketone (26), only (lJ), (14), (17) and (lS) have 

an ()(.fo -unsaturated ketone funct n --. 3 isomers (17) 

and ( 18) are r;(,f -uns.s. tu rn. ted cyclopentenones end should have 

abs rrDtl'·n b~n'~ a·•,-.. ""'00'-'t 171'). -l' t' ' f , 2)a t' o. o_! d. •J:::; ~< '·' .-~ cm ln n"'-:> ln rarect , ,nese 

structurt;s could be ruled out. The six membered ~~-unsaturated 

l:etones (13) and (14) v1ould h.:::ve ahsorption be.nds in the range 

1684-167 4 cm-1 in the infrared 23 b. Hov;ever, by a~.)plication 
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of Woodward ru1es for the calculation of ~ max for 

conjugated ketones24, 18-nor-12-methy1-3 o<, 20 P -dihydroxy-

12-pregnene-11-one diacetate (13) should have an absorption 

band at about 254 mr, and its A 12 (l2a) isomer (14) at 

230 mf'. Thus the exo location of the double bond (14) could 

be exc1uded and the reaction product shou1d have the 11-keto-
12 

~ - structure (13). Other procedures commonly used to 

effect dehydrohalogenations 25, 26 did not give any appreciable 

amounts of rearranged product. 

As a next step, the structure of the bromo ketone 

{26) was modified in order to make it more amenable to a 

Viagner-r,!eerwein type reaction. The presence of a carbonyl 

function at the 20-position would render the 17 o<.-hydrogen 

labile. Furthermore, in the bromo ketone (27a), the 12~­

bromine, 13 ~ -angular methyl group and 17 o< -hydrogen are 

trans axial to one another (17~ -hydrogen is quasi-axial}, 

and so the stereochemistry is favourab1y disposed for a 

methy1 shift from C1 a to 012 to give the ~-unsaturated ketone (28). 

(27a) (28) 
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The desired bromo ketone (27) incorporating the 

structural features discussed above, was readily prepared 

by a two step procedure from the previously described bromo 

ketone (26) as follows: The bromo ketone (26) was hydrolysed 

with methanol and perchloric acid in nitrogen atmosphere 27 to 

give the hydroxy ketone (26a), which on oxidation with 

chromium trioxide gave the bromo trione (27) 28 • Solvolysis 

(26)R =COCH3 . 

(26a) R=H. 

0 

(27) 

Br • • . 

of the bromo trione (27) would be expected to yield the ~.f -
unsaturated ketone (28). The double bond in ~-unsaturated 

ketone (28) may isomerise to the 12,13- or 12,12a- positions, 

depending upon which location of the double bond is most stable. 

In all these cases the double bond is in conjugation with the 
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11-carbony1 function. However, the product of solvolysis 

of the bromo trione (27) with formic acid and silver acetate 

did not show any absorption bands in the infrared or ultraviolet, 

characteristic of ~f-unsaturated ketones. Thus it is evident 

that the product of so1vo1ysis of bromo trione (27) did not 

contain any appreciable amounts of rearranged products. 
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CHAPTER II 

The influence of 12-substituents in lithium aluminium hydride 

reduction of 20-ketones. 

Since solvolysis of the 12 o< -bromo-11-ketone ( 26) 

and the 12o{-bromo-3,12,20-trione {27) failed to give any 

appreciable amounts of rearranged products, it seemed logical 

to undertake solvolysis experiments of 12f -methyl-11-ketones 

containing a good 12 rÂ- leaving group ( 29) as the next ste p. 

The intermediate carbonium ion forraed (30) in the latter case 

would be tertiary, and so it should be more stable. 

(30) 

(29)X= OAc ,Br. 

Engel and Huculak have reported the preparation 

of 3 o<. , 20(3 -dihydroxypregnane-12-one bis-me thyl succinate 

(36b) 29, from the readily available bile acid derivative, 
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3 o<, 12~ -diacetoxypregnane-20-one* ( 3la )3°, through the 

reaction sequence (3la) --. (32} --. (32b} __. (36b) (see 

p. 19 ) • A Grignard reaction on the 12-pregnanones {36b) or 

(36a) would lead to the introduction of a 12-methyl substituent, 

and this Grignard adduct could be converted by suitable methods 

( see p. 36 ) to 12 (5 -methyl-11-ketones containing a good 12t'(.­

leaving group (29). 

Lithium aluminium hydride reduction of 

3 tJ( , 12 ()(. -diacetoxypregnane-20-one ( 3la) gave predominantly 

pregnane-3o<, 12()(, 20(3-trio1 (32) and a smal1 amount of 

another material which Engel and Hucu1ak29 had tentatively 

formulated as pregnane-3 "' , 12 ()(., 20 o< -triol (33). However, 

when the 20-keto diol (31)3° was reduced with lithium 

aluminium hydride, interestingly enough, the major product 

was not the 20f3-triol (32), but its epimer, the 20P<.-trio1 

(33). Chromium trioxide oxidation of the 20~-triol (33) 

afforded 3,12,20-pregnanetrione (34)3 1 confirming the 

assignment of structure. Furthermore, in accordance with the 

findings of Sarett~ 2 the difference in the increment of 

mo1ecu1ar rotation due to the acety1ation of the 20~- and 

the 20 ci -hydroxy group was of the order of 200 o. 

K Kind1y supp1ied by Canada Packers Ltd., Toronto 9, Canada. 



H 

(31) R= R.1 =H . 

R O·"" 
' 

OR . . . . 

OR 

(33a)R =R1 =Ac . 
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OR 

0 

(34) 

A detailed investigation of lithium aluninium 

hydride reduction of the 20-keto diacetate (3la) and 20-keto 

diol (31) revealed that the yields of the epimeric triols 

(32) and (33), depended mainly on the nature of the functional 
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group at 12-position, and to sorne extent on the solvent used 

in the reaction (see Table I). Thus the 20-keto diacetate 

(3la) with an acetate group at position 12, gave predominantly 

the 20~-triol, while the 20-keto diol (31), having a 12-

hydroxy function, afforded 20~-triol as the major product. 

Furthermore, in both cases when tetrahydrofuran was used as 

the solvent, the yield of the 20P -isomer was greater. 

TABLE I 

Lithium aluminium hydride reduction of 20-pregnanones 

Compound reduced Solvent used Yield of 20 g~.._ Yield of 20fo -
triol(33) in % triol{32) • ci 

~n '() 

1. Diol (31) Tetrahydrofuran 5S.5 27.0 

2. Diol (31) Diethyl ether 65.8 10.2 

3. Diacetate (3la) Tetrahydrofuran 9.2 69.7K 

4. Diacetate {3la) Tetrahydrofuran 5.8 Sl.o29 

5. Diacetate (3la) Diethyl ether 37 46.8 

The reduction of 20-keto diacetate (3la) to the 20fo­

triol {32} as the major product is in accordance ~~th the Cram's 

rule of steric control of asymmetric induction33 (35a). The 

reduction of the 20-keto diol { 31) to predominantly the 20 rJ(.- triol 

* This work was done by r~uss Pearl 'V-Joo and her help appreciated. 
No attempt was made to obtain the maximum yield of 20 fo -triol (32). 
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(33), can be explained if one assumes the formation of a 

7-membered ring in the transition state, and subsequently 

the attack of a hydride ion on the carbonyl group from the 

0 ', 
H 

.... 

(35a)R,=O,R2=CH3 

(35h) R
1
=0, R1 =CH3 

...... Al 

1 \ 
(35b) 

OR 

H 

(35a) 

least hindered side (35b). The Meerwein-Ponndorf reduction 

of dehydrochloroamphenicol and its o-acetate to threo- and 

erythro-chloroamphenicol respectively, has been explained 

by Sicher et al. by a similar cyclic mechanism34. 
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The coordination of aluminium hydride alcoholate 

by the carbonyl group competes with solvation35 , either by 

diethyl ether or tetrahydrofuran, according to the nature 

of the solvent used in the lithium aluminium hydride reduction. 

As tetrahydrofuran is more basic than ether36, one would 

expect less coordination of the 20-carbonyl oxygen with 

aluminium hydride alcoholate and hence more of 20fo-triol (32) 

would be formed when the latter is used as the solvent in the 

reduction reaction. This is in agreement with the results 

obtained (see Table I, columns 1 and 2). 

The solvent effect in the reduction of 20-keto 

diacetate (Jla} could be explained in a sirnilar fashion, 

provided the 20-carbonyl function is reduced at a similar 

rate as the 12-acetate function. There is sorne justification 

in making such an assumption, for the hindered nature of the 

20-carbonyl group37 has been proved by preferential 

reductions of steroidal ketones with sodium borohydride. Thus, 

the selective reduction at C3 of pregnane-3,20-diones has 

been reported3 8• 

The 12-keto disuccinate (36b) described by Engel 

and Huculak29, gave on alkaline hydrolysis the hydroxy ketone 
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(36), which on acetylation afforded the 12-keto diacetate (36a). 

Since a large quantity of 20 o( -triol (33) was available from 

R o·-~ 
1 H 

(32) R=R
1 
= H 

(32a) R=R 1 =COCH3 

( 32 b) R=H, R 1 =CO(CHz~COOCH3 

(36)R=H 

(36a) R =COCH3 

(36b) R =COCHt2COOCH9 

OR . . . • 

(33)R=R
1
=H 

(33a)R=R1=COCH3 

(33b)R=H,R,=C0CHz>z.C00CH3 

(37)R=H 

(37~R =COCH3 

(37b)R =CO(CH2.)2COOCH3 



- 20 -

the lithium aluminium hydride reduction of 20-keto diol (31), 

the corresponding reaction sequence (33) --- (33b) --- (37b)__. 

(37) ~ (37a) was carried out. The preparation of the 

12-keto diols (36) and (37) and their corresponding diacetates 

(36a) and (37a) in the 20(3- and 20o<- series was undertaken, 

because their rnolecular rotation measurements enabled to 

confirrn the assignment of configuration at C20 of the epimeric 

triols (32) and (33). 
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CHAPTER III 

The stereochemistry of the addition of Grignard reagents to 

12-ketosteroids. 

A. Syntheses of 12-methylsteroids: 

As pointed out in Chapter I~ the 12-keto disuccinate 

(36b) seemed to be a suitable compound for the introduction 

of a methyl group at the 12-position. But even after 

pro1onged treatment of the 12-keto disuccinate with methyl 

magnesium iodide the reaction product contained sizeable 

amounts of starting material. However, the corresponding 

12-keto diacetate (36a) was converted in 73% yield to the 

desired 12-methylpregnane-3 o<. , 12 o<, 20(3 -triol (38), when reacted 

with methyl magnesium iodide. Reaction of the keto diacetate 

HO HO 

( 36a)R =COCH3 (38)R = H 
(39) 

( 36b)R =CO(CH
2

)
1
COOCH

3 
(38a) R =COC H3 
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(36a) with methyl lithium gave only a 45% yield of the triol 

(38). The triol (38) formed a diacetate (38a) and on 

oxidation wi th chromium trioxide gave 12 (3-methyl-12 ex.­

hydroxypregnane-3,20-dione (39), thus establishing the tertiary 

nature of the 12-hydroxy group. 

From the exploratory reactions carried out for the 

introduction of a methyl group at C1. 2 in the 20fo- series, it 

seemed that the most favourable condition for the formation 

of the triol {38) was when the 12-keto diacetate (36a) was 

reacted with methyl magnesium iodide. Hence, the corresponding 

12-keto diacetate (37a) of the 200(- series was treated with 

excess of methyl magnesium iodide. The product was acetylated 

and chromatographie separation of the epimeric triols as their 

diacetates {40b) and (4la) proved unsuccessful. The epimeric 

diacetate mixture on alkaline hydrolysis and fractional 

crystallisation afforded the epimeric 12-methyl-12-hydroxy 

triols (40) and (41). The mono-, di-, and triacetates 

{40a-c) in the 12 p -methyl-12 ()( -hydroxy series, and the 

epimeric 12 fJ( -methylpregnane-3 o<., 12(J , 20 D<. -triol 3, 20-

diacetate (4la) were prepared and interrelated (see experimental 

p.72-4). Sin ce the separation of the epimeric triols ( 40) and 

(41) by crystallisation was tedious and incomplete, the mother 

liquors of the crystallisation of the Grignard reaction product 
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H 

(40) R=R.=H 

(40a) R=R,=COCH3 

(40b) R=COCH3 , R.= H 

C40c) R41, R.=cocH3 

(41)R=H 

(41a) R= coc~ 

RO 

(39) R=H 

(39a,) R =COCH3 

OH 

(42) 

containing the epimeric triols (40) and (41) were oxidised with 

chromium trioxide. The oxidation product was chromatographed 
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on alumina, and 12 (3 -methyl-12 eX. -hydroxypregnane-3, 20-dione (3 9) 

and its 12o<. -methyl-12J3 -hydroxy epimer (42) were obtained. The 

hydroxy ketone ( 39) was identical with 12 (J -methyl-121)(­

hydroxypregnane-3,20-dione, obtained previously by oxidation 

of the triol (38), which was the only product of the corresponding 

Grignard reaction in the 20 (3 - series. The yields of the Grignard 

adducts (40} and (41) were 61% and 25% respectively. 

An alternative route to the synthesis of 12-methylsteroids 

was also investigated. Partial succinylation of 

3 u< ,12o<-dihydroxypregnane-20-one {31) at the 3-position29,39, 

and nethylation with diazomethane afforded the methyl succinate 

(3lb). Ketalisation of the methyl succinate (3lb) at the 20-

position, followed by oxidation of the ketal (43) with chromium 

trioxide in pyridine afforded 3 ()( -hydroxy-12, 20-pregnandione 

20-ethylene ketal methyl succinate {44). This was a suitable 

intermediate for the introduction of a methyl group at C12 , and 

accordingly the 12-ketone (44) was reacted with methyl magnesium 

iodide. The Grignard reaction product was treated with p­

toluene sulphonic acid and acetone, and then with methanolic 

potassium hydroxide to hydrolyse the ketal and methyl succinate 

groups respectively. The hydrolysed product was oxidised with 

chromium trioxide and chromatographie separation on alumina 
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OR OH 

Ro··· 

(31) R=R,= H (43)R=CO(CH2.~COOCH3 (44)R=CO(CH:z.'2.COOCH3 

(31a)R=R,=COCH3 

( 31b) R=H, R,=CO(CH2)z.COOCH3 

H 

(34) (39) 

HO 

H 

(42) 

OH 

afforded the epimeric 12-methyl-12-hydroxypregnane-3,20-diones 

(39) and (42). In the above reaction sequence the yields in 

the ketalisation and Grignard reaction were not satisfactory. 
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B. Assignment of configuration at C12 of the epimeric tertiary 

alcoho1s: 

The infrared spectrum of 12 (3 -methyl-12 ot-.-hydroxypregnane-

3,20-dione (39) showed absorption bands at 3680 cm-1 (free 

hydroxy group) and 1713 crn-1 (3,20-dione), while its 12el{-methy1-

12 f3-hydroxy epimer ( 42) sho,<Yed absorption bands at 3450 cm-1 

(LiF prism, change in concentration did not shift the frequency 

of absorption, intramolecu1ar bonded hydroxyl), 1716 cm-1 

(3-ketone) and 1695 cm-1 (hydrogen bonded 20-ketone)* (see 

infrared spectra). The presence of an intramo1ecu1ar hydrogen 

bond between a hydroxy group and a carbonyl group in one epimer 

is evident. Inspection of models indicated that only a 12 /&­

hydroxy1 group could form an interna! hydrogen bond with the 

20-carbonyl function (minimal distance ~ 2A}~ This 

spectroscopie data made possible an unambigous assignment of 

configuration for the epimeric hydroxy ketones (39) and (42) and 

proved that the attack of methyl magnesium iodide on 12-

pregnanones proceeded mainly from the p- side of the steroid 

molecule, contrary in this case, to the well known "rule of rear­

attack" in steroids40,4l. 

* We wish to thank Dr. c. Sandorfy, Université de I-Iontréal for 
taking the infrared spectrum using LiF prisrn. The spectra were 
taken in carbon tetrachloride solution. 

** Wall and Serota42 have recently reported a similar case of 
intramolecu1ar hydrogen bond between 12 13 -hydroxyl and 20-
carbonyl functions in 3/3 -acetoxy-12 p -hydroxy-12"' -methoxy, 
5o< , 16-pregnene-20-one and 3 p -acetoxy-12 p -hydroxy-12t)l( -methoxy-
5,16-pregnandiene-20-one. 
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The validity of assignment of configuration at the 

12-position was confirmed as follows: The tertiary alcohol 

(39) on treatment with acetic acid, acetic anhydride and p­

toluene sulphonic acid43 gave a 53% yield of the olefin (45)*. 

This olefin (45) was also obtained in 53% yield when the epimeric 

tertiary alcohol (42) was treated with acetic acid, acetic 

anhydride and p-toluene sulphonic acid. Both these dehydration 

reactions afforded minor amounts of the 12c(-acetate (39a). The 

infrared spectrum of the olefin (45) showed absorption bands at 

OH 

} } 

(42) (45) 

RO OH CH20R 
\ 

} ) 

( 39)R=H (46)R=H 
(39a)R=Ac (46a)R=Ts 

* The olefin (45) behaved erratically on crystallisation, 
probably due to polymorphism (see experimental p. 81 ). 
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3080 cm-1 , 1645 cm-1 and 885 cm-1 , characteristic for a 

vinylidene group23c. The olefin on treatment with osmium 

tetroxide gave the diol (46), which when reacted with p-toluene 

sulphonyl chloride and pyridine gave the tosylate (46a}. 

Lithium aluminiun1 hydride reduction of the tosylate (46a), 

followed by chromium trioxide oxidation gave the tertiary alcohol 

(39), identified by its m.p., mixed m.p. and superimposability 

of infrared spectra. This result is compatible only on the 

basis of the hypothesis that the nucleophilic attack of the 

Grignard reagent on a 12-keto group and the electrophilic 

addition of osmium tetroxide to a 12-methylene group occurs from 

opposite sides of the steroid molecule. Since the spectroscopie 

data proved that the attack of methyl magnesium iodide on 12-

carbonyl group proceeded mainly from the ~-side, the addition 

of osmium tetroxide to a 12-methylene group should occur from 

the o<- side of the molecule. 

Ruzicka et al.44 have reported the conversion of 

D. 5 - 3(3 -acetoxy-l?a-D-homoandrosterone (47) to ..6.5 - 17af3-

methyl-3 f3, l?a o<.-D-homoandrostenediol (48) by the action of 

methyl magnesium bromide. The Grignard adduct (48) was 

dehydrated to the olefin (50), which on treatment with perbenzoic 

acid afforded the epoxide (49). Reduction of the epoxide with 

lithium aluminium hydride gave the original Grignard product {48). 



- 30 -

Thus the attack by the Grignard reagent and the peracid must 

0 OH 

have proceeded from opposite sides of the steroid molecule. The 

Grignard adduct (48) was physiologically inactive and the 

l?a rJ.. -methyl-17a (3 -hydroxy epimer was expected to show androgenic 

activity*. Hence Ruzicka and co-workers assumed that the methyl 

magnesium bromide attacked the carbonyl function from the P- side, 

and that the peracid attacked the double bond from the ~ - side 

of the steroid molecule, and assigned the 17a ~ -methyl-17a-< -

hydroxy structure to the Grignard adduct (48). 

* The 17a Il( -methyl-l?a (J -hydroxy epimer was later prepared and it 
exhibited androgenic activity45, thus confirming the assignment 
of structure. 
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Recently, Bladon and Mclvlf,ekin46 submitted the 

tetrahydropyranyl ether of hecogenin {51) to the action of 

methyl lithium. The tertiary alcohol thus obtained was assigned 

the 12 o( -methyl-12p -hydroxy configuration (52). The evidence 

for the assignment of configuration at the 12-position was 

as follows: Dehydration of the tertiary alcohol {52) to the 

olefin (55), followed by epoxidation and reduction of the 

epoxide (54) with lithium aluminium hydride afforded the original 

tertiary alcohol {52). Bladon and Mc?-'Ieekin assumed that the 

attack of methyl lithium on the 12-carbonyl function proceeded 

from the tJ(- side, and the peracid from the P- side of the 

double bond in the steroid molecule. Since it is extremely 

unlikely that the nucleophilic and electrophilic additions in 

hecogenin derivatives proceed differently from the corresponding 

addition reactions in the pregnane series, and since Bladon and 

Mcl'!leekin' s assignment were arbitary, we suggest that they be 

reversed. 

1 
0 

(55) 

1 
0 

OH 

o' 

(56)R=H 
(56a)R=Ts 

1 
0 
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Levine and Wall47 have also recently reported the 

reaction of hecogenin acetate (51) with methyl magnesium 

bromide, to 12 Dl.. -methyl-12 {l-hydroxytigogenin {52). The ir 

proof for the assignment of configuration was based on the 

reaction sequence (51) - (52) --.. (55} ---. {56) - {56a) _...,. 

(53). Contrary to the results obtained by Ruzicka et al.44, 

Bladon and IvicMeekin46 and ourselves, the two products obtained 

by GrignRrd reaction and osmium tetroxide addition were not 

identical, but epimeric. Though the melting points, mixed 

melting point and optical rotations of the "two epimers" of 

Levine and Wall seem to indicate that they are identical, 

m~ data* showed that the two compounds are distinctly different. 

The conflicting results of Levine and \iiall and Bladon and McNeekin 

can be clarified only by further experimental work. 

c. Dehydration of 12-methyl-12-hydroxysteroids: 

Dehydration of the epimeric hydroxy ketones (39) 

and (42) with phosphorus oxychloride or thionyl chloride in 

pyridine were unsuccessful. However, treatment of the epimeric 

hydroxy ketones (39) and (42) with acetic acid, acetic anhydride 

and p-toluene sulphonic acid gave, in bath cases, a 53% yield of 

Private corr~unication from Dr. s. Levine. 
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the 12-methylene compound (45) as the only product of 

HO 

(39) 

OH 

(45) 

(42) 

dehydra tion. Bladon and Mci,'Ieekin46 have reported that 

dehydration of 12-methyl-12-hydroxytitogenin acetate (52) with 

phosphorus oxychloride or thionyl chloride in pyridine were 

unsuccessful. However, on treatment with ethanol and hydrochloric 

acid they obtained minor amounts of the 12-methxlene compound (55). 

Levine and Wall47 have successfully dehydrated the tertiary 

alcohol (52) to a mixture of the isomerie exo and endo olefins 

{55) and (57) with thionyl chloride and pyridine. The yields of 
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the exo (55) and endo (57) were 20% and 11% respectively. With 

HO 

1 
0 

a view to determine which of these isomerie olefins would 

predominate under acid equilibrating conditions, the above 

authors treated the exo (55) and endo (57) olefins, independantly, 

with methanol and hydrogen chloride, but the results were 

inconclusive. The fact that on1y the exo olefins (45) and (55) 

were obtained by dehydration under acid conditions of the 

tertiary alcohols {39} and (42} of the pregnane series and 

(52) of the sapogenin series respectively, shows that probably 

the exo location of the double bond is stable. The heat of 

hydrogenation4S and spectroscopie data49 reveals the 1ow 

stability of the 11,12-double bond, but the corresponding data 

for the isomerie 12, 12a- double bond is lacking. It is of 

interest to note that dehydration of 11~-methyl-llp -hydroxysteroids 

have been reported to give a mixture of 11-methylene- and 
9(11) 

~ - compounds, and equilibration experiments showed that 
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the exo location of the double bond is favoured5°, though it 

has been established that 1-alkylcyclohexenes {endo) are 

thermodynamically more stable than alkylidenecyclohexanes (exo)51 • 

On the basis of the above considerations, it could be 

tentatively concluded that the exo location of the double 

bond at 12-position is more stable. 

It was our intention to introduce the methyl group 

at the 12-position by reaction of 12-pregnanones (58) with 

methyl Grignard reagent. It was further proposed to dehydrate 

the resulting Grignard adduct (59) to the endo (60) and exo (61) 

ole fins, and to convert the endo olefin ( 60} to 12 f3 -methyl-11-

ketones with a good 12 ~- leaving group (62} for solvolytic 

OH } } 
0 

} } 
} 

X=Br,OAc,OCOC~ 

(58) (59) 

experiments (see p. 13) by one of the following methods: 

(a) Hydration of the double bond of the endo olefin (60) in an 

anti-Markownikoff fashion5 2 ,53 would give the 11-hydroxy-12-

methyl compound (63), which on oxidation with chromium 

trioxide \vould afford the 11-keto-12-
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methyl compound {64). Bromination at 12-position would yield 

the 11-keto-12 p -methyl-12 "- -bromo compound ( 62a). 

(b) Alternatively, the endo olefin (60) on treatment \dth 

HO 

} 

(63) 

} 
OH 

(60) 
HO·. .. 

} 
0 

(65) 

0 

(64) 

OH 

} 
0 

(66) 

Br 

(62a) 

OR 

} 
(62b)R=COCH3 

(62c)R=COCF3 

osmium tetroxide47 would afford the diol (65). Chromium 

trioxide oxidation of the diol {65) would yield the hydroxy 

ketone (66). This hydroxy ketone (66) on treatment with acetic 

acid, acetic anhydride and p-toluene sulphonic acid43 would afford 

the acetate (62b), and with trifluoroacetic anhydride and 

pyridine54 the trifluoroacetate (62c). However, we were unable 

to proceed with this part of our project, since dehydration of 

the epimeric tertiary alcohols (39) and (42) afforded only the 

exo olefin (45) and not the desired endo olefin {60). 
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CHAP'l'ER IV 

The stereochemistry of the add' ti on of orF;ano-met,allic complexes 

to steroidal ketones. 

The addition of methyl ma siUin ioclide to 12-

pre,snanones contrary to ttrule of rear attackn40,4l, led to 

the :::mrvey of reactions oî methyl magnesium halide or methyl 

lithium with steroidal ketones. Such a study revealed the 

rsoarkable fact, that in all cases the major product is the 

5S 5o 50 59-61 ax:L8.1. alcohol. In the case of 6- ~- u and 11- ' ketone::;; 

the product obt.ained is the expected f3 -axial isomer, but the 

3- 62 , 63, 12- and 17a- 44 ketones vJould be expected to give 

the fo -equatorial epimer accordinc to the ttrule of rear attack". 

Furtherr:wre, since the analor;y between the addition reactions 

of Grignard reagent anc1 lithium alurninimn hydride to ketones 

has bee n v.re E1nthentica tect64, &. corrrparison of t.he results 

obtained in these L1N') reaetions for steroidal ketones seemed 

appropriate. 

Barton Sll'''ilarised the results of hydride reduction of 

steroidal ketones kno\vn at that time \·Tith the generalisation 

tnat hydride reduction affords tLe equatorial epj_mer if the 

ketone is not hindered and the axial epimer if the ketone is 
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'""'' ' . 1 l b . "'d p -cl 
0 0 rn.ncerec or very llth ,.rt-:: , . Dauben et al. sue;~ested that in 

determine thP ster~et•cllemistry of alcohol cor,tpos ion: ( i) the 

ease of for:nation of the init.ia1 met,alJ o-orgmüc cotnplex 

( st:.er i c a 1)proach control) and (ii) the re la ti ve energet.ic s 

0 J:' the formation of the pr!)dUCtS 011::-!e the CO!•!plex is rtled 

6" 66 ( product developrnent control) J' • The great er pro pOI'tion of 

tLe unst8ble axi alcohol obtAinwJ by sod:i.mn borohydride 

rt?duction in corn pa sun trJ li thiur:~ alur::inil.lJrJ hyd ri de reduction 

\vas expl;:J.inecl by the ab,)ve authors on tLe basis of gre::tt;er 

s.Lze of tf•e borohydri•'le spPcies due to solvation. VIheeler and 

Huffman have post'.llated t.hat tlH~ difference in the ::tlcohol 

composition is due to t-v.-o difFerent raechanis::1 opera t.:L ve in 

l:Ltrtiurn alu,Jiniu:n hyd:r·ide nnd sodi1111 b~Jrol~:l-dric1e reductions
67. 

It. has b(~en su steel tl:at the addition of Gri 

rea gent t,0 ketones involves tv;o 
/' cJ. 6q "~ ()O 

.mo le cules of tne rea,;ent ' · • 

The first moleculr: of Gri rd reJ. * 7(' •1t bp1·1~•rcr a~ ~ ~P'~J.·R ac~d· J 1 ; -,.. (_,._ v ~;;; •) ._ c.t J..J .... Y v "' _._ 

and complexes t.he ca:rbonyl un to foru t!:J.e Grif!'narrl-
Â ~ 

cr::œbonyl co:r,plex ( 63). The second molecule of R}'i~g.,"C adds on to 

tl1Ls complex ·in a. nueJeophilic manne:r. The change in hybridisation 

The designation of Gri.s;nard reagent as nn.r~IgXtT is not entirely 

satisfactory
71 

Furthermore, l'-IgBr2 has b~en shovm to complex 
be tt.€ r wi th carbonyl groups than Grignard reasent ?O 
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2 state from sp of the carbonyl function in the ketone (67) to 

sp3 of the Grignard adduct {69) or (71) could take place in 

two ways {a} by equatorial approach or (b) the axial approach 

{ {~R 
1 • • • • ' • 

(69) Ofv1gX (70) OH 

{~ {~R 
o eo-Jge 

(67) (68) 1 
x 

{ { 

OMgX 
• • • . 

(71) • 1 

R (72) • R 

of the nucleophile ru~gX. The former mode of addition would give 

the axial alcohol while the latter would give the equatorial 

alcohol. The mode of approach will in turn be determined by 

two factors (a) hindrance to axial approach due to 1,3-diaxial 

type non-bonded interaction (b) the size of the attacking 

nucleophile. When the 1,3-diaxial type non-bonded interaction 

is not considerable, and the size of the attacking nucleophilic 
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species small, the axial approach seems to be favoured, and 

consequently the equatorial alcohol is obtained in major yield. 

This result could be explained because when lithium aluminium 

hydriàe or RMgX coordinates with the carbonyl group the oxygen 

becomes the bulkiest group33 and so orients in the equatorial 

position to yield the equatorial alcohol. Alternatively, the 

axial attack of the nucleophile could be explained on the basis 

of a mechanism involving stereoelectronic control, similar to 

that postulated by Corey72 and Zimmerman73 • If either the 1,3-

diaxial type non-bonded atom interaction is considerable and/or 

the size of the attacking nucleophile is large, the axial 

approach should be unfavourable on steric grounds, and depending 

on the degree of these steric interferences the yield of the 

axial alcohol would increase. 

The steroidal keton€6 of the 5 r:l..- series could be di vided 

into three types A, B and C, according to the degree of hindrance 

of the nucleophile to axial approach due to 1,3-diaxial type 

interaction, type A being "unhindered" and type C being "highly 

hindered" (see Table II). The only example of type A are the 

3-ketones. Two ~- hydrogensat c1 and c6 contribute to the 

hindrance to axial approach, and it can be considered as "small". 

Thus, in lithium aluminium hydride reduction of cholestan-3-one, 
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\vhere tl:e size of t!ce nucleophile is s:.:all, 91~; of t~·-e equatorial 

alcohol is obtained 7 4 ' 75 , w1:ereas v.rith metl:yl Grignard re 

vrhere t::.e size of nu cleo is large, only 427~ of the 

equatorial alcohol is obtainect62 (Table II). Type B comprises 

of 1-, 2-, 7-, 12- steroidal In s c.scse 

l1indrance due ta 1,3-diaxial type interaction could be considered 

as 11 r1ediumn. These ketones on reduction :ith lithiur:î. nium 

yield equc:.l ities of both 

y ::;ive about 7 5i; of t 

alcohol. (In 17a-D-homo stero ketone three 

1, 3-d ia:~ial hydra ·-~ co nt ri bute t o h:~ndrance to approach 

and it can be inclucied in tj' 3). Type C includes 4-, 6-

nee due to 1,3-diaxial type interaction 

• In til case, to approach could considereci as 11 12 tl 

both v;i th li t~üu::l almüniur:1 metllyl Grignard rea nt, 

irres r)e ct th.e size of tHe nucleophile, ti·le proc!.u.ct is the 

axial cohol in near quantitative 

tLe case of 11- 12-ketones results litlüum 

alm:liniun hydricie reduct rci reaction of the 513 -

series have also been included in this survev (Table II), e 

it hc..s been shovm that tiie configuration at C6 has little :-Jr no 

influence on the composit n of n the ll-l~etone 

is reacted ~ith uethyl Grignard reage 59 
• Instances v:here 



Lithium aluminium hydride reduction and Grl~nard reaction of steroidal ketones 

1 P~sition of ~roups contributjn~ Lithium aluminium hydride MellgX. or ~:eLi reaction the carbonyl to l,J-diaxial non- Type reduction group b•>nde,J interaction 

Yield of olcohol Yield of alcohol 
in %> in ;, References 

Hydroeen ~:Pthyl Series Series 
axial equatorial axial equatorial 

J 2 A 5• 10 90 1 5.t 56 42 &2, 63 
Jb 11 74, 75 

7 J 50( 50 50 70, 77 
12 J" s .. 50 5;' 5p 75 25 17, 46. 47 

B 
2 1 1 s .. 52 J7 00 

l J 5o< 65 J5 71 

l?a J ,c,5 76 4:. 

4 2 1 5o< 90 7 79 
6 2 1 c 5o< 94 6 5.<. 90 55 - 5~ 

T-t, ~(., 

11 l 2 sp and .o.5 90 5 5P. and sp 85 s:, 5'1 - .Jl 
81 

1711( -hydrogen is q .. asi-axial. 
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groups or double bonds which could conceivably influence the 

composition of the product due to its close proximity to the 

carbonyl group have been carefully avoided, since in such 

cases the new steric or stereoelectronic effects might have 

to be taken into consideration. Shoppee and Summers have sho~<m 

that the presence of a double bond could influence the 

stereochemical course of lithium aluminium hydride reduction of 

steroidal ketones. Thus, while cholestan-3-one on reduction 

gives 91% (l- and 4% o(- alcohols 74 ,75 and cholest-5-en-3-one 

yields 90% {3- and 5% o(- alcohols 74 , cholest-4-ene-3-one 

affords approximately 75% j3 - and 25;\a ""-- alcohols82 • It 

is of interest to note that rate of reduction with sodium 

borohydride differs and the following order of reactivity 

established83 : ~ 5 -3-keto > 3-keto (A/B trans)> 64 -3-keto. 

Furthermore, while 7-ketocholestanyl acetate gives approximately 

equal quantities of the epimeric cholestane-3 fo, 7-diols; 7-

ketocholesteryl acetate affords 60% of 7p- and 5% of 7~ -alcohols76 • 
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CHAPTER V 

12-substituted progesterones 

The search for progesterone analogues of higher 

potency is particularly important because this hormone is 

effective only at high doses when compared with other sex 

hormones. 

The ~4 -3-keto function seems to be essential for 

progestational activity, since the saturated ketone and the 

3-hydroxy derivatives are inactive. The 20-carbonyl function 

àoes not seem to be essential for the activity84. The 

discovery that the incorporation of the following additional 

features: 11, 12- double bond85, 17o<-methyl86 , l?o<:-acetox/~7 

and 17D{-halo88 , 6o<-methyl89,90 and 6o<:-halo91 enhances the 

potency of the hormone marks the various stages of a sustained 

and patient effort of the search for progesterone analogues of 

higher activity. 

Ehrenstein degraded strophanthidin to crude l9-

norprogesterone92 and reported its high activity93 , but isolated 

i t in the pure form much later94 and identified as 19-nor-14 (3, 17o<­

progesterone95. In the meantime, the introduction of metal-ammonia 
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reduction by Birch and coworkers96 opened up a simple route for 

the synthesis of 19-nor steroids by reduction of the aromatic 

ring A in estrogens9~ Djerassi et al. synthesised 19-

norprogesterone98 and reported its high potency. These researches 

stirred interest in the physiological properties of 18, 19-

bisnorprogesterone, which was synthesised, but it was found to be 

inactive99. 

There is considerable current interest in alkyl steroid 

hormones. This is revealed by the fact that progesterone 

homologues bearing methyl groups at positions 1 100 , 6 89,9°, 7 lOl 

16 90,1°2 and 1786 have been prepared and active work in this 

field is in progress. In view of this interest sorne 12-substituted 

progesterone derivatives were prepared. The hydroxy ketone (39) 

was brominated at the 4-position. The bromo ketone (73) was 

dehydrobrominated to the semicarbarzone (74) according to the 

method of rkGuckin and Kendall103. The latter on treatment wi th 

aqueous acetic acid and pyruvic acid afforded the progesterone 

analogue (75). Similarly, the epimeric hydroxy ketone (42) was 

transformed to the progesterone derivative (75b). 

Since the ~" - dehydroprogesterone exhibits high 

progestational activity, the effect of the incorporation of 

12,12a- double bond on the activity of the parent hormone seemed 



0 

,-OH 
(39)R= <::.__C H3 

,_.,cH3 
(42)R= ~OH 

_.oH 
( 74)R= <..._CHl 

.. 'CH3 
(74éVR= "-oH 
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0 

0 

Br 

_..,oH 
(73)R= ~CH3 

,.-CH3 
(73a)R= ~OH 

•• OH 
(75) R = <__CH3 

,.QAc 
(75a)R= ~CH3 

.-·CH3 
(75Q)R= ~OH 

(75c)R= =CH2 
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a worthwhile investigation. Consequently, the progesterone 

analogue (75) was dehydrated with acetic acid, acetic anhydride 

and p-toluene sulphonic acid to 12-methylene progesterone (75c). 

A minor product (75a) was obtained as an oil and it showed 

infrared absorption bands characteristic of acetate groups. 

Since the hydroxy ketone (39) on treatment with acetic acid, 

acetic anhydride and p-toluene sulphonic acid gave the exo 

olefin (45) and the 12o<-acetate (39a), by analogy, the minor 

product { 75a) was te nt a ti v ely assigned the 12 p -methyl-12 o<­

acetoxyprogesterone structure. Preliminary biological tests of 

all the four progesterone analogues (75),(75a), (75b) and (75c) 

did not exhibit any notable progestational, androgenic, diuretic, 

hypotensive or anabolic properties*. 

* We wish to thank Dr. G.I. Chappel and Dr. Clara Revesz of 
Messers. Ayerst, McKenna and Harrison, lvlontreal for carrying 
out the biological tests. 



- 48 -

EXPERI!v'lENTAL 

(a) All melting points were corrected. 

(b) Only the best yields obtained were reported. 

( c) The commercially available aluminium oxide (~ioelm) vias 
used for chromatography. 

(d) The infrared spectra were taken using a Perkin-Elmer Nodel 21 
double bearn spectrophotometer, equipped with sodium chloride 
prism. 

(e) The ultraviolet spectra were taken us 
spectrophotometer. 

a Beckman Iv!odel DK-1 

(f) The micro analyses were carried out by Dr. A. Bernhardt, 
r-1Ulheim, Germany and Dr. C. Daesslé, 5757 De celles St., 
Ivi:ontreal. 

(g) Biological tests were carried out by Dr. C.I. Chappel and 
Dr. Clara Revesz, I>ï:essrs. Ayerst, McKenna and Harrison, Ltd., 
Montreal. 
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CHAPTER I 

12 o<. -Bromo-3 o( , 20 fo -Diacetoxypregnan-11-one ( 26). 

A solution of 35 g. of the ketone (24) in acetic acid 

was selective1y reduced with hydrogen using platinum oxide 

monohydrate (Adam's cata1yst) as catalyst. Ether extraction 

afforded 35.606 g. of crude product, which on crysta1lisation 

from ether-hexane afforded 28.3 g. of the 20~ -alcohol (25) 21 , 

m.p. 204-5° (yield 80%). 

Acetylation of 27.1 g. of the 20 (3 -a1cohol wi th 

pyridine and acetic anhydride afforded on crystallisation from 

ether-hexane 29.3 g. of the diacetate {25a) 21 , m.p. 159-60° 

( yield 9B7o) • 

A solution of 27.27 g. of the 11-ketone (25a) in 

270 ml. of acetic acid, containing 15 drops of 50)~ (w/v) 

hydrobromic acid in acetic acid, was brominated in dark, at 50°, 

in nitrogen atmosphere with 11.45 g. of bromine in 15 ml. of 

acetic acid for 15 minutes. Crystallisation from methanol 

afforded 20.47 g. of the bromo ketone (26)
22

, m.p. 176-7°. The 

mother liquors were acetylated with pyridine and acetic anhydride 

and on crysta11isation afforded 5.47 g. of the bromo ketone (26), 

m.p. 176-7° (yield 80%). 
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Solvolysis of 12 o< -Bromo-3 o< , 20 f!> -Diacetoxypregnan-11-one ( 26). 

A solution of 300 mg. of bromo ketone (26) in 50 ml. 

of formic acid containing 600 mg. of silver acetate was heated 

at reflux temperature for 4 days. Ether extraction afforded 

235 mg. of a brown semi-crystalline material. Its infrared 

spectrum showed strong absorption bands at 1722 cm-1 and 1167 cm-1 

due to the formylation23 d of acetate groups and weak absorption 

band at 1675 cm-1 showing presence of small quantities of ~ -

unsaturated ketone. 

The formate groups were hydrolysed by heating a 

solution of the crude product (235 mg.) in 10 ml. of methanol 

containing 0.5 ml. of 70% perchloric acid, in nitrogen atmosphere, 

at reflux temperature for 3 hours 27. The usual extraction 

procedure afforded 216 mg. of an oil, which showed no absorption 

bands in the infrared characteristic of formate groups. 

Acetylation of the product (216 mg.) afforded 237 mg. 

of brown oil, which was chromatographed on 9 g. of alumina 

(4.5% water). The hexane-benzene (4:1, 1:1) eluates (67 mg.} 

showed absorption bands in the infrared at 1727 cm-1 , 1230 cm-1 

(acetate), 1712 cm-1 (11-carbonyl of unreacted material) and 

1675 cm-1 { o<,(d -unsaturated ketone). The impure oC.,f3 -unsaturated 
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ketone (67 mg.) was rechromatographed on 3 g. of alumina (4. 57~ 

water). The hexane-benzene (4:1, 1:1) eluates (12 mg.) cont.ained 

about 50~:a of the o(,p-unsaturat,ed ketone { 13}, which showed 

infrared absorption bands at 1712 cm-1 and 1675 ~n-1 • The 

presence of the Q(,f -unsatura ted ketone ( 13) was confirmed by 

u.v. spectrum, À Et.OH 254 mr ( é 6,.300). 
max 

The bromo ketone (26) uas heated at reflux temperature 

"'Tith (a) formic ac and sodium for;aate for 5 da ys, ( b) ace tic 

acid and silver acetate, 15 for 3 days, (c) acetic acid and si1ver 

acetate at 170-180° under pressure for 2 days (d) 

trichloroacetic acid and sodium acetate for 20 hours 

( e) dimethylforrnamidf:; and silver acetate for 6 da ys. In all 

these cases, infrared analyses of the reaction products shoHed 

absence of .:<,f-un sa turated ketone. 

DehvdrohaloEenation reactions. 

The familiar dehydroha1ogenation reactions did not 

e;i ve o<'l-unsaturated ketone. The brorno keto:1e ( 26) vvas 

subjected to the followin[; reaction conditions (a) 

dimethylformamide and lithium bronide 25 at reflux temperature 

for one day (b) di;T,et.hylformamide 2nd lithiurn perchlorate at 

reflux temperature for 4 da.ys ( c) senücarbazide hydrochl.oride, 

sodium acetate and acetic a cid 26 at, reflux temperature for 4 

days (d) quinoline and silver acetate at reflux temperature 

for 4 days. 
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12 o( -Bromo-3 P<. , 20 (3 -Dihyd roxypregnan-11-one ( 26a). 

A solution of 2 s. of the bromo ketone (26) in 75 ml. 

of methanol containing 1.3 ml. of 70~'o percllloric acid was heated 

in a nitrogen atmosphere at reflux temperature for 3 hours 27. 

The usual extraction procedure afforded the bromo ketone (26a), 

which c:cystallised from rnet11anol as needles, 1.16 g., m.p. 228-30° 

(decompn.). Crystallisation of mother liquors afforded 0.10 g., 

m.p. 226-7° (yielrt 76~). 

A portion of the bromo ketone was recrystallised twice 

from methanol for analysis, m. p. 229-30° (decompn.), [<X] 27 - 17° 
D 

( c 0. 71 in CHC1 3 • A fe\'1' drops of ethanol was added to bring 

tr1e bromo ketone ( 26a) into solution1d). 

Found 

c 60.99 

c 60.80 H 8.13 

Br 19.33 

Br 19.34 

28 12 o<.-BroGlopregnane-3, 11, 20-trione ( 27) 

To a so1ution of 1.17 g. of the brorno ketone (26a) 

in 60 ml. of acetic acid was added with stirrin[ a solution of 

0.625 g. of chromiun trioxide in 7 ml. of 9ü:;o acetic acid, and 

left at roor:1 ter:1perature for 2•J hours. The reaction tHixt.ure 

was -..wrked up in the usual oanner, and v.'hen the ethereal extract 
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was evaporated to about 20 ml., 695 mg. of the bromo trione (27)
28 

crystallised as plates, m.p. 186-7°. The mother liquors were 

crystallised from acetone-hexane, 222 mg., m.p. 182-4°, (yield 

79%). 

The bromo trione (27) was recrystallised from acetone­

hexane for analysis, m.p. 186-7°. 

Calcd. for C 2 ~H 2 g03Br 

Found 

G 61.60 

c 61.49 

H 7.14 

H 7.12 

Br 19.52 

Br 19.67 

Solvolysis of 12o<-Bromopregn~ne-3,ll,20-trione_ (27). 

The bromo trione (27) was heated at reflux temperature 

with formic acid and silver acetate for 3 days. An infrared 

spectrum analysis showed absence of any ~~ -unsaturated ketone. 
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CHAPTER II 

Reduction of 3 o<., 12 o<. -Diacetoxypregnan-20-one (Jla) in ether. 

A solution of the diacetate (3la)30 (30.0 g., 0.0717 mole, 

m.p. 122-3°) in absolute ether (500 ml.) was added with stirring 

to a solution of lithium aluminium hydride (33.0 g.) in absolute 

ether (1500 ml.). The reaction mixture was heated at reflux 

temperature for one hour and left at room temperature for 18 

hours. The excess lithium aluminium hydride was destroyed by 

adding ethyl acetate (175 ml.) and then 2N sulfuric acid (450 ml.). 

The solvents were removed by distillation and the reaction 

mixture extracted with chloroform. The chloroform layer was 

washed with 5% sodium bicarbonate solution, water, saturated 

sodium chloride solution, and dried over magnesium sulphate. 

Repeated crystallisations from chloroform gave fluffy 

needles of the 20~-alcohol (33), (8.902 g., 37.0%), m.p. 225-6°, 

ro<.] 29 460 v (c 0.59 in CHC13). The substance was slightly 
D 

hygroscopie. Crystallisation from acetone gave cubic crystals 

of 20 o< -alcohol (33}, but there was no change in the mel ting 

point. 

Calcd. for C:;n. H3eOa 

Found 

c 74.98 

c 74.94 

H 10.78 

H 10.66 



- 55 -

Crystallisation of the mother liquors from acetone gave needles 

of the 20{3-alcohol (32) 29, (11.260 g., 46.8%), m.p. 236-8°, 

[~] 29 35° (c 0.78 in CHCla). 
D 

c 74.98 

c 74.84 

H 10.78 

H 10.61 

Reduction of 3 Cl(, 12t?<-Diacetoxypregnan-20-one(3la) in 

tetrahydrofuran29 • 

A solution of the diacetate (3la} (30.9 g., 0.0739 mole, 

m.p. 122-3°) in absolute tetrahydrofuran (200 ml.) was reduceà 

with lithium aluminium hydride (36.0 g.) in 1500 ml. of 

absolute tetrahydrofuran29. Chloroform extraction afforded 

21.1 g. (85% yield) of the crude product. Separation of the 

triols, as described above, afforded 2. 40 g. of the 20 fJ( -triol 

(33), m.p. 221-4° (9.5% yield), and 17.3 g. of the 20(J -triol 

(32), m.p. 231-3° (69.7% yielà). 

Reduction of 3o<. 12o<-Dihydroxypregnan-20-one (31) in ether. 

A solution of the diol {31)3° [ 1.414 g., 0.00423 mole, 

m.p. 168-72°; crude product obtained by alkaline hydrolysis of 

the diacetate (3la) J, in absolute ether (200 ml.) was added 

with stirring to a solution of lithilli~ aluminium hydride (1.5 g.) 
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in absolute ether {100 ml.). The reaction mixture was worked 

up as described previously. The yield of 20 o< -alcohol (.33), 

m.p. 225-6° and of 20~-alcohol (32), m.p. 236-8°, was 65.5% 

and 10. 5jô respecti vely. The alcohols were identified by mixed 

m.p. and comparison of I.R. spectra. 

Reduction of 3 (./.., l2p( -Dihydroxypregnan-20-one (31) in 

tetrahydrofuran. 

A solution of the diol {31) [2.635 g., 0.007$9 mole, 

m.p. 168-72° 1 crude product obtained by alkaline hydrolysis of 

the diacetate (3la)] in absolute tetrahydrofuran (200 ml.) was 

added dropwise with stirring to a solution of lithium aluminium 

hydride (3.0 g.) in absolute tetrahydrofuran (250 ml.). The 

reaction mixture was worked up as described previously. The 

yield of tlle 2011\-alcohol (33), m.p. 225-6°, and of 20P-alcohol 

(32), m.p. 236-8°, was 58.5% and 27.2% respectively. The identity 

of the alcohols were confirmed by mixed m.p. and superimposability 

of I.R. spectra. 

Pregnane-3,12,20-trione (34)
31 

In parallel runs, a solution of triol (32) and of 

triol (33) (300 mg.) in acetic acid (15 ml.) was treated with a 

solution of chromium trioxide (300 mg.) in 3 ml. of 90% acetic 

acid at room temperature for 20 hours. Extraction and 
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crysta11isation gave in each case an 80-90% yie1d of the 

trione (34)31 , m.p. 203-5. The identity of the samples in 

both cases was confirmed by mixed m.p. and superimposabi1ity 

of I.R. spectra. 

2 o<., 12o<., 20o<-Triacetoxypregnane {3Ja). 

Triol (33) (130 mg., m.p. 225-6°) was heated at 

reflux temperature for one hour in pyridine (3 ml.) and acetic 

anhydride (1 ml.). The reaction mixture was worked upas usual. 

The triacetate (33a) crystallised from ether-hexane as cubic 

crystals, m.p. 147-8°, [~1 ~8 95° (c 0.73 in CHCl~}. 

Found . . 
c 70.09 

c 70.27 

H 9.15 

H 9.20 • 

3 ~, 12 o< , 20 {J -Triacetoxypregnane ( 3 2a) 29. 

Triol (32) (130 mg., m.p. 236-8°) was treated as 

described above. The triacetate (32a) 29 crystallised from 

ether-hexane as colour1ess needles, m.p. 201-2°, [~) ~$ 127° 

(c 0.81 in CHCl~). The m.p. was not depressed upon amnixture 

with an authentic sample* and the I.R. spectra were identica1. 

* Kindly supplied by Prof. Ch. R. Enge1, Department of Chemistry, 
Laval University, Quebec. 
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Jo<, 12o<, 20fo-Trihydroxypregnane 3, 20-bis-methyl succinate (32b) 29 • 

To a solution of 4.38 g. of the triol (32) in pyridine 

(40 ml.), succinic anhydride (10.2 g.) was added. Tne reaction 

mixture was heated at 90° on a water-bath for 4 hours, and left 

at room temperature for 16 hours. It was diluted with ice-cold 

water {1500 ml.) and left for one hour. The solution was 

extracted with ether, washed with 2N sulphuric acid, and twice 

with water. The ethereal extract was dried over magnesiQm 

sulphate. Upon evaporation of the sol vent to 250 ml., 4.054 g. 

of the needles of bis-hemisuccinate, m.p. 188-9°, crystallised. 

Crystallisation of mother liquors from acetone-hexane afforded 

2.192 g. of the bis-hemisuccinate, m.p. 188-9°. 

Recrystallisation for analysis raised the m.p. to 190-1° 

{m.p. 182-4° has been previously reportect 29 ). 

Calcd. for C2 aH440a 

Found 

c 64.91 

c 64.79 

H 8.26 

H 8.35. 

A solution of the bis-hemisuccinate (6.152 g.} in 

ether {1500 ml.} was methylated with an excess of diazomethane 

in ether. The bis-methyl succinate (32b) 29 (5.855 g.) crystallised 

from ether-hexane as broad needles, m.p. 96-7°, [o<] 29 67° (c 0.97 
D 

in CHC13 }. Crysta1lisation of the mother liquors gave 0.257 g. 

of (32b), m.p. 94-5° (yield 84%). 
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3 o<, 20 (3 -Dihydroxypregnan-12-one bis-methyl succinate (36b) 29. 

Oxidation with chromium trioxide in acetic acid of 

6.025 g. of the bis-methyl succinate (32b) afforded 5.971 g. 

of needles of the keto bis-nethyl succinate (36b) 29, m.p. 112-3°, 

[o<] 29 110° (c 0.91 in CHCl3). 
1) 

3 r/.., 20 /3-Dihydroxypregnan-12-one (36). 

To a solution of 10.0 g. of the keto bis-methyl 

succinate (36b) in methanol (700 ml.) and water (lOO ml.), was 

added potassium carbonate (12.5 g.) and the reaction mixture 

was heated at reflux temperature for 17 hours. The major part 

of the methanol was distilled off in vacuo. The reaction mixture 

was poured into one litre of water, extracted with ether, the 

ethereal layer washed twice with saturated sodium chloride 

solution and dried over magnesium sulphate. The solvent was 

evaporated and 2.$6$ g. of hydroxy ketone (36) crystallised from 

acetone-hexane, m.p. 221-2°. The I.H.. spectrum of the mother 

liquors showed that the hydrolysis was not complete. The mother 

liquors were further hydrolysed with 5% methanolic potassium 

hydroxide for $ hours at reflux temperature and worked up as 

usual. The hydroxy ketone (36) (3.044 g.) crystallised from 

acetone-hexane as needles, m.p. 220-2° (yield 96%). 
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Two crystallisations of the hydroxy ketone (36) 

from acetone-hexane for analysis raised the m.p. to 222-3°, 

[ot:] 29 132° (c 0.95 in CHCl3). 
D 

Calcd. for C2 1H3 4 03 

Found 

c 75.41 

c 75.20 

H 10.24 

H 10.06. 

3 ()(, 20/3 -Diacetoxypregnan-12-one (36a). 

A solution of 400 mg. of the hydroxy ketone (36) in 

pyridine {10 ml.) and acetic anhydride {10 ml.) was heated at 

90° for 16 hours. Ether extraction gave 511 mg. of crude product. 

The ketone (36a) (416 mg.) crystallised from ether-hexane as 

needles, m.p. 136-7°. Crystallisation of the mother liquors 

afforded 53 mg. of (36a), m.p. 135-6° (yield 93%). 

Two crysta1lisation of the ketone (36a) from ether­

hexane did not raise the m.p., ~1 ~9 179° (c 1.09 in CHC13 ). 

Calcd. for C2sH3aOs C 71.73 

Found : C 71.91 

H 9.15 

H 9.25 

3 eX, 12 P< , 20 ()( -Trihydroxypregnane 3, 20-bis-methyl suce ina te ( 33b). 

A solution of 7.0 g. of the triol (33) and succinic 

anhydride (12.0 g.) in absolute pyridine (40 ml.) was heated at 
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90° for 4 hours, and left at room temperature for 15 hours. 

The reaction mixture was poured into one litre of ice water, 

and after one hour it was extracted with ether. The etherea1 

layer was washed with water, co1d 2N hydrochloric acid and 

water. The organic solution was dried over magnesium sulphate, 

filtered and treated with excess ethereal diazomethane 

solution. The bis-methyl succinate {33b) (10.10 g.) crystallised 

from acetone-hexane as leaf1ets, rn.p. 109-10°. Repeated 

crysta1lisations of the mother liquors from acetone-hexane gave 

0.571 g. of (33b}, m.p. 109-10° (yield 91%). Recrystallisation 

did not raise the m.p., [ot.] 29 43° (c 1.02 in CHC13 ). 
D 

Calcd. for C31H 4 aOs: C 65.92 H 8.57 

Found C 66.09 H 8.41. 

3 ~. 20~-Dihydroxxpregnan-12-one bis-methxl succinate (37b). 

A solution of chromium trioxide {1.19 g.) in 90~b 

acetic acià (12 ml.) was aàded to a solution of 6.088 g. of 

the bis-methy1 succinate (33b) in acetic acid (210 ml.) and 

left at room temperature for 16 hours. I'flethanol ( 5 ml.) was 

added to the reaction mixture, which was then poured into two 

litres of water and extracted with ether. The ethereal layer 

was washed with 5% sodiu.'11 bicarbonate solution and then with 

itlater until the washings were neutra1. The organic layer was 
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dried over magnesiun1 sulphate. Evaporation of the solvent 

afforded 6.071 g. of the crude keto bis-methyl succinate (37b), 

m.p. 65-6°. 

Two crystallisations from ether-hexane raised the 

m.p. of the keto bis-methyl succinate (37b) to 65.5-6.5°, 

clusters of leaflets, LoZ] 29 
87° (c 0.84 in CHC13). 

D 

Found 

• . c 66.16 

c 65.94 

H 

H 

8.24 

8.04. 

3 ~. 20o(-Dihydroxypregnan-12-one (37). 

A solution of the keto bis-methyl succinate (37b) 

(6.004 g., crude product obtained from the above reaction) in 

5% methanolic potassium hydroxide (500 ml.) was heated at 

reflux temperature for four hours. The methanol was removed by 

distillation until the volume of the reaction mixture was about 

150 ml. After cooling, it was poured into one litre of water 

with stirring. The hydroxy ketone (37), which separated out, 

was filtered, washed with water and dried in vacuo (3.49 g., 

m.p. 260-1°). The filtrate was extracted with ether and the 

ethereal solution was washed with saturated sodium chloride 

solution. Evaporation of the solvent afforded 0.077 g. of (37}, 
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m. p. 250-60 o. 

T·Ho crys t..::~1lisa tiom~; of the hyd roxy ketone (3 7) 

from met.hanol gave hr')Piè need1.t?s, m. p. 260-1 o, ~] 29 120° 
D 

(c 0.56 ir: C~!Cl~. A d r~t.)ps o:f ethanol 'ld2S 3.dcled to brin[: 

the hyrlroxy ket,one (37) into so1utio:n1d). 

75.hl H 1.0.2h 

Found c 75.70 

Jo<. , 20 o< -D·i acetoxyprer,nan-12-one ( 37a) • 

Ahsolute pyridine (JO ml.) and acetic anhydride 

tone (37), 

Bnd t!~e rüxture v,ras heateci. at reflux temperatur'e for 10 minut.es 

nn~~i1 the crystals dis:-Jl The rea ctior.. uixture W<:t.s le ft 

0 r 12 hours, thfm it ï:a::: cool , ;:;nd poured in.to 5GO 

of viE tE.~r. The u:::uAl extraction procedure ve 4. 2~.3 e. of 

t?!e crude ketonc' ( 3 7;;1), :~:. ). 210-2°. Th'~ kt:·tone (37a) 

cr;rst.a1liseci frorn P:ceton~-bexane as pJateS, ly.082 [.., m. p. 211-2° • 

Cryst.<:lllis.s.tiO!l of r:oth'=>"' lig_;wr·s ve 0.127 g., m.p. 211-2°. 

'I'ht:! overa11 yieJ.r:1 for t.; e reectlo:l sec1uence (3Jb) -+ (1'7b) -.. , 1 

{37) ----... (37a} 

Two crysta11lsRtions of 

hexçme rais 

Fou nd 

c 71.73 

c 71.54 

tonP (J7a) froM acetone-

[o<:] ~9 103° (c 1.25 in CHCJ~). 

H 9.15 

E S. 97. 
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CHAPTER III 

12 P -Methylpregnane-3 o<, 12o<, 20/S -triol (38). 

To 200 ml. of an ethereal solution of methyl 

magnesium iodide (from 270 mg. of magnesium and 0.7 ml. of 

methyl iodide) was added v,rith stirring a solution of 575 mg. 

of the ketone (36a) dissolved in 200 ml. of absolute ether. 

The reaction mixture was refluxed for 20 hours. A solution 

of aminonium chloride ( 10 g. ) in water ( 200 ml.) was added to 

the reaction mixture and extracted with ether. The ethereal 

extract was washed with water until the washings were neutral 

and dried over magnesium sulphate. On evaporating the ether 

to about 15 ml., the triol (38) crystallised as cubes, 110 mg., 

m.p. 213-4°. Crystallisation of the mother liquors from ether­

hexane afforded 98 mg., m.p. 210-3°. 

Recrystallisations of the triol (38) from aqueous 

methanol and methanol raised the m.p. to 213-5°, leaf1ets 

[od 29 39o ( c o. 88 in CHCla). 
D 

Calcd. for C22Haa0a 

Found 

c 75.37 

c 75.21 

H 10.92 

H 10.92. 

The mother liquors were acetylated and the resulting 

oil (435 mg.) chromatographed on 14 g. of alumina (4.5% water). 
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The hexane-benzene (4:1) e1uates consisted main1y of the 

unreacted ketone (36a). Hexane-benzene {1:1) fractions were 

collected and on crystallisation from hexane gave 73 mg. of 

the diacetate (38a}, m.p. 119-21°. The mother liquors on 

crystallisation from hexane afforded 15 mg., m.p. 119-21°. 

Two recrystallisations of the diacetate (38a) from 

hexane for analysis raised the rn.p. to 122-4°, need1es, [o(1 

79° (c 1.01 in CHC13 ). 

Ca1cd. for C2 eH 4 :aOs c 71.86 H 9.74 

Found c 71.66 H 9.99. 

29 
D 

The mother 1iquors of the hexane-benzene (1:1) 

e1uates and the remainder of the fractions of the chromatogram 

afforded upon alka1ine hydro1ysis and crysta1lisation from 

ether-hexane 71 mg. of the triol (38), m.p. 208-10° {overall 

yield 73"fo) • 

Reaction of the ketone (36a) v.rith eight-fold excess 

of methyl lithium in ethereal solution at reflux temperature 

for twenty hours, afforded a 45% yield of the triol (38). An 

infrared spectrum analysis of the mother liquors showed that it 

contained mainly the unreacted ketone {36a). 
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12 f3 -:rvîethyl-120( -hydroxypregnan-3, 20-dione (39) 

Chromium trioxide (490 mg.) in 90% acetic acid 

{5 ml.} was added with stirring to a solution of 750 mg. of 

the triol (38) in acetic acid (50 ml.) and left at room 

temperature for 15 hours. Ether extraction afforded 723 mg. 

of crude hydroxy ketone (39), m.p. 184-6°. The hydroxy ketone 

(39} crystallised from acetone-hexane as needles, 663 mg., 

m.p. 187-8°. Crystallis&tion of mother liquors afforded 15 mg., 

m. p. 186-7° { yie1d 92~:1). 

A portion of the hydroxy ketone (39) was crysta11ised 

twice from acetone-hexane for ana1ysis, m. p. 187-8°, [q(] 29 102° 

{c 1.05 in CHC13), )) 0014 1713 cm-1 {3,20-dione), 36~0 cm-1 

(C12- hydroxyl). 

Calcd. for C2 2H3403 

Found 

max 

c 76.25 

c 76.10 

H 9.89 

H 9.87. 

12JS-Methylpregnan-3o<:, 12P'(, 20e><.-triol {40) and 12o<­

Methylpregnan-3 o<, 12,8 , 20o<. -triol { 41 )_. 

To 300 ml. of an et:1ereal solution of methyl 

magnesium iodide (from 4.984 g. of magnesium and 13.0 ml. of 

methyl iodide) was added with stirring a solution of 10.68 g. 

of the ketone (37a) in two litres of absolute ether. The 
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reaction mixture was heated at reflux temperature for 16 hours, 

cooled, and a solution of amr:1onium chloride (50 g.) in water 

(1 litre) was added. Ether extraction afforded 10.28 g. of 

the Grignard adduct melting between 194° and 202°, which was 

acetylated with 65 ml. of pyridine and 55 ml. of acetic anhydride 

at 90° for 14 hours. The usual extraction procedure afforded 

12.25 g. of a foam, which \'Jas chromatographed on 350 g. of 

alumina (4.5% vJater). The hexane-benzene (3:1) eluates 

crystallised from ether-hexane and there was obtained 520 mg. 

of fine needles of the triacetate (40a), m.p. 171-2°. 

Recrystallisation from ether-hexane raised the rn.p. to 172-3°, 

r~/J 28 ( ) ~ 90° c 1.11 in CHC13 • 
D 

Calcd. for C2 aH 440e 

Found 

c 70.57 

c 70.57 

H 9.32 

H 9. 21. 

The hexane-benzene (1:1) and benzene eluates (4.485 g.) 

on hydrolysis with 5% rnethanolic potassium hydroxide gave 

3.587 g. of crystals, rn.p. 208-16°. Repeated crystallisation 

from methanol afforded 3.216 g. of triol {40), m.p. 240-1°, 

r:/] 28 ( L~ 70° c 0.97 in CHC1 3 ). 
D 

Found 

c 75.37 

c 75.33 

H 10.92 

H 10.83. 
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The benzene-ether and ether-methanol eluates (4.273 g.) 

were hydrolysed with 5% methanolic potassium hydroxide and 

there was obtained 3.604 g. of a mixture of epimeric triols (40) 

and (41), m.p. 204-16°. Fractional crystallisation from 

methanol afforded 1.22 g. of the triol (40), m.p. 240-1°, and 

1.376 g. of the triol (41), m.p. 201-3°. Recrystallisation 

of triol (41) from acetone afforded needles and did not raise 

the m. p., [o(] 22 
38° (c 1.07 in CHCl3). 

D 

Calcd. for C22Haa0a 

Found 

c 75.37 

c 75.50 

H 10.92 

H 10.96. 

An ether solution of the mother liquors of the 

hexane-benzene (3:1) fractions and the hexane-benzene (9:1 and 

4:1) eluates were deacetylated with lithium aluminium hydride, 

and the triol mixture thus obtained was combined with the 

mother liquors of crystallisation of triols (40) and (41). To 

a solution of this combined triol mixture (3.181 g.) in acetic 

acid ( 150 ml.) was added a solution of chromium trioxide ( 2.13 g.) 

in 90% acetic acid (25 ml.) and the mixture was left at room 

temperature for 16 hours. The usua1 extraction procedure 

afforded 2.85 g. of a pale-brown semi-crystal1ine product, 

which was chromatographed on 80 g. of alumina (4.5% water). 
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The hexane-benzene (4:1) e1uates (170 mg.), on 

crysta11isation from acetone-hexane, gave 80 mg. of pregnane-

3,12,20-trione31, m.p. 198-200°, identified by mixed m.p. 

and comparison of I.R. spectra with an authentic samp1e. 

Hexane-benzene (3:1, 2:1, 1:1) and benzene e1uates 

(950 mg.) crysta1lised as need1es from ether-hexane and there 

\vas obtained 741 mg. of the hydroxy ketone ( 42), m. p. 125-6°. 

The mother 1iquors were combined with the benzene-ether (95:5) 

fractions and crysta11isation from ether-hexane gave 113 mg. of 

(42), m.p. 122-3°. 

A portion of the hydroxy ketone {42) was crysta11ised 

from ether-hexane for ana1ysis, m.p. 125-6°, ~J 28 30° (c 0.90 
D 

in CHC1a), ~ 0014 1716 cm-1 (3-ketone), 1695 cm-1 and 3480 cm-1 
1 max 1 

(0 20:0 ••• H- 0- 012 -). 
1 1 

Ca1cd. for C22Ha40a 

Found 

c 76.25 

c 76.16 

H 9.89 

H 9.90. 

The rest of the benzene-ether and ether-methanol 

eluates on crysta11isation from acetone-hexane afforded 465 mg. 

of the hydroxy ketone (39), m.p. 187-8° (a1so obtained via the 

Grignard reaction in 20 ~-series). Crysta11isation of mother 

1iquors gave 121 mg. of (39), m.p. 184-6°. 
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Taking into consideration the isolation at different 

stages in the above experiment of the triacetate (40a) by 

chromatography, the triols (40) and (41) by crystallisations 

and the hydroxy ketones (39) and (42} by chromatography, the 

overall yields of 12 (3 -methylpregnane-3 ()( , 12o< , 20 ()(.-triol and 

12 o< -methylpregnane-3 u< , 12 (3 , 20 Cl<. -triol were 61% and 25% 

respectively. 

The following reactions were also undertaken as part 

of the exploratory survey to determine the best reaction 

conditions for the formation of 12-methyl-12-hydroxy pregane 

derivatives from 12-keto pregnane compounds: 

a} the ketone (37a) with an eight-fold excess of methyl 

lithium in tetrahydrofuran at reflux temperature for 16 hours. 

b} the ketone (37a) with an eight-fold excess of methyl 

lithium in ether at reflux temperature for 14 hours. 

c) the ketone (37b) with an eight-fold excess of methyl 

magnesiQm iodide in ether at reflux temperature for 15 hours. 

Infrared spectra analyses of the reaction products 

shov~ed that in all the above cases there were appreciable 

amounts of starting material. 
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12 fo -fv1ethyl-l2o'. -hydroxypregnan-3, 20-dione (39) from 12 ~ -IVJ:ethyl­

pregnane-3 o{ ,12c:X ,20oC. -triol (40). 

To a solution of 200 mg. of the triol (40} in 5 ml. 

of acetic acid was added with stirring 130 mg. of chromium 

trioxide dissolved in 2.5 ml. of 90% acetic acid and the 

reaction mixture left at room temperature for 18 hours. Ether 

extraction and crystallisation from acetone-hexane afforded 

156 mg. of the hydroxy ketone (39), m. p. 188-9". Crystallisation 

of mother liquors afforded 5 mg., m.p. 187-8° (yield 87%). The 

identity of this compound with the hydroxy ketone (39) was 

proved by a comparison of I.R. spectra and mixed m.p. 

12 o( -Methyl-12 ~ -hydroxypregnan-3, 20-dione ( 42) from 12 o< -Netbyl­

.Qregnane-3ot: ,12 ,6, 20c:>L -triol {41). 

Chromium trioxide oxidation of 200 mg. of the triol 

(41) as described above, gave 199 mg. of an oil, which on 

chrornatography on 6 g. of alumina and crystallisation from 

ether-hexane afforded 83 mg. of the hydroxy ketone (42) as 

needles, m.p. 124-5°. Crystallisation of mother liquors gave 

51 mg., m. p. 123-4° (yield 68%). Mixed m. p. of the hydroxy 

ketone {42) obtained by this experiment, with the hydroxy 

ketone (42) obtained by chromatography of the epimeric hydroxy 

ketone mixture ( see p. 69 ) , showed no depression. 
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12!1-Methy1pregnane-3o<, 12c(, 20o(-triol 12-acetate {40c). 

A solution of 200 mg. of the triacetate (40a) in 

25 ml. of 5% methanolic potassium hydroxide was heated at reflux 

temperature for 10 hours. Ether extraction gave 194 mg. of oi1. 

Fractional crystallisation from ether-hexane afforded 56 mg. of 

the monoacetate (40c), m. p. 183-4° (yield 341b), and 10 mg. of 

the triol (40), m.p. 240-1°. The latter was identified by 

comparison of I.R. spectra and mixed m.p. with an authentic 

sample of the triol (40). 

Recrystallisation of the monoacetate (40c) from 

ether-hexane raised the m.p. to 184-5°, leaf1ets, r~J 28 90° 
D 

(c 1.07 in CHC13 }. 

Ca1cd. for C24H4o0 4 

Found . 
• 

c 73.40 

c 73.23 

H 10.27 

H 10.20. 

1:2 ~ -Iviethyl-12 ot-acetox;ypregnane-3, 20-dione {39a). 

To a solution of the monoacetate (40c) ( 165 mg., 

eructe product obtained by alkaline hydro1ysis of 170 mg. of 

the triacetate (40a)] in 5 ml. of acetic acid, was added 

with stirring a solution of 112 mg. of chromium trioxide in 

2.5 ml. of 90% acetic acid, and the reaction mixture left at 

room temperature for 14 hours. Ether extraction afforded 140 mg. 
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of oil, which was chromatographed on 5 g. of alumina {4.5% 

water). The hexane-benzene (1:1) and benzene eluates 

crystallised from ether-hexane, and there was obtained 52 mg. 

of leaflets of the ketone (39a), m.p. 175-6°, Crystallisation 

of mother liquors gave lô mg., m.p. 174-5° (yield 49%). Two 

crystallisations of the ketone {39a} from ether-hexane raised 

the m.p. to 175.5-6°, [~] 22102fc 1.04 in CHC13 }. 

D 

Found 

c 74.18 

c 74.31 

H 9.34 

H 9.37. 

12 f3 -Methylpregnane-3 o{ , 12 o{, 20tX. -triol 3, 20-diaceta te ( 40b). 

A solution of 150 mg. of the triol (40) in 5 ml. of 

pyridine and 5 ml. of acetic anhydride was left at room 

temperature for 16 hours. The usual extraction procedure 

afforded 190 mg. of the diacetate (40b), which crystallised 

from ether-hexane as needles, 175 mg., m.p. 188-9°. 

Crystallisation of mother liquors gave 7 mg. of (40b), m.p. 186-ào 

( yield 98%). 

Recrystallisation of the diacetate (40b) from 

et.her-hexane for analysis did not raise the m. p., [pt.]~$ 80° 

(c 0.98 in CHC13 ). 

Ca1cd. for C2 eH 4 20s 

Found 

• • c 71.86 

c 71.69 

H 9.74 

H 9.67. 
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12 o( -Methylpregnane-3 o<.., 12 P., , 20 (i{ -triol 3, 20-diacetate ( 4la). 

Acetylation of 100 mg. of the triol (41) at room 

temperature as described above, gave 124 mg. of crude diacetate 

{4la), which crystallised from ether-hexane as clusters of 

needles, 117 mg., m.p. 189-90° (yield 94%). Mixed m.p. of 

the diacetate (4la) with the diacetate (40b) showed a 

depression in m.p. • Recrystallisation of the diacetate (4la) 

from ether-hexane for analysis did not raise the m.p., ~] 28 56° 
D 

{c 0.99 in CHC13 ). 

Calcd. for C2 eH 4 20e 

Found 

c 71.86 

c 71.91 

H 9.74 

H 9.67. 

3 tX., 12 o( -Dihydroxypregnan-20-one 3-methyl suce ina te (31b) 29 

To a solution of the diol (31) [ 12.2 g., m.p. 164-7°; 

crude product obtained by alkaline hydrolysis of 15.0 g. of the 

diacetate (3la)J in pyridine (125 ml.), succinic anhydride 

(32.5 g.) was added and the resulting solution was heated at 

90° for 2 hours and left at room temperature for 12 hours. The 

reaction mixture was extracted with ether. The organic layer 

was washed with 2N hydrochloric acid, water and then dried over 

magnesium sulphate. The ethereal solution was methylated with 

diazomethane. Crystallisation from acetone-hexane afforded 

13.427 g. of the methyl succinate (3lb) 29, m.p. 125-7° (yield 

84%). 
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3 (){, 121)( -Dihydroxy-20-pregnanone ethylene ketal 3-methyl 

suce ina te ( 43). 

To a solution of 8.99 g. of the methyl succinate 

(3lb) in absolute benzene (200 ml.) was added ethylene glycol 

{20 ml.) and p-toluene sulphonic acid (100 mg.), and heated 

at reflux temperature for 12 hours. The water formed during 

the reaction was continously removed. The reaction mixture 

was extracted with ether, the ethereal layer washed with sodium 

bicarbonate solution and with water, until the washings were 

neutral, and dried over magnesium sulphate. Repeated 

crystallisations from ether-hexane afforded 3.92 g. of broad 

needles of the ketal (43), m.p. 181-4° (yield 40%). 

Two crystallisations from ether-hexane raised the 

m.p. of {43) to 182-4°, [o<.J 27 57° (c 1.01 in CHCla). 

Calcd. for C2aH44Ü7 

Found 

D 

c 68.26 

C 6S.40 

H 9.00 

H 9.07. 

3~-Hydroxy-12,20-pregnandione 20-ethylene ketal 3-methyl succinate 

A solution of 3.2 g. of the ketal (43) in pyridine 

(36 ml.) was added to a slurry of chromium trioxide (3.2 g.) 

in pyridine {32 ml.) 104 with stirring and left at room temperature 
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for 16 hours. The reaction mixture was poured into 500 ml. 

of water and extracted with chloroform. The organic layer 

was washed wi th iced 2N hydro chloric a cid, 57o sodium bicarbonate 

solution and water, until the washings were neutral. The 

chloroform solution was dried over magnesium sulphate and 

evaporated to about 40 ml. On addition of 20 ml. of hexane 

toit, the ketone (44) crystallised as needles, 2.404 g., 

m.p. 239-40°. The mother liquors on crystallisation from 

methylene chloride-hexane afforded 0.364 g., m.p. 237-9° 

( yield 98%) • 

Recrystallisation of the ketone {44) for analysis did 

not raise the m. p., [!<] 27 96° (c O. 78 in CHC13 ). 

D 

c 68.55 H 8.63 

Fou nd c 68.64 H 8.65. 

Reaction of methrl magnesium iodide with 3~ -Hydroxy-12,20-

pregnandione 20-ethylene ketal 3-methrl succinate (44). 

To 300 ml. of an ethereal solution of methyl magnesium 

iodide (from 700 mg. of magnesium and 2.0 ml. of methyl iodide) 

was added with stirring a solution of 1.0 g. of the ketone (44} 

in benzene, and the resulting mixture was heated at reflux 
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temperature for 18 hours. A solution of a~~onium chloride 

{20 g.) in water {500 ml.) was added to the reaction mixture. 

The usual extraction procedure afforded 930 mg. of oil. 

To a solution of the Grignard adduct {930 mg. of oil) 

in 50 ml. of acetone was added with stirring, 75 mg. of p-toluene 
61 

sulphonic acid and left at room temperature for 22 hours • 

Ether extraction afforded 884 mg. of oil. An infrared spectrum 

analysis of the oil showed strong absorption band at 1707 cm-1 

(C 2 o-ketone), and weak absorption band at 1725 cm-1 (Ca- methyl 

succinate). 

A solution of this oil in 25 ml. of 5% methanolic 

potassium hydroxide was heated at reflux temperature for 45 

minutes. The usual extraction procedure afforded 735 mg. of 

foam, which was dissolved in 10 ml. of acetic acid, and to it 

was added with stirring a solution of 250 mg. of chromium 

trioxide in 3 ml. of 90% acetic acid. The reaction mixture 

was left at room temperature for 12 hours. Ether extraction 

afforded 740 mg. of oil, and it was chromatographed on 23 g. 

of alumina {4.5% water). 

The hexane-benzene (1:1) eluates on crystallisation 

from acetone-hexane afforded 106 mg. of the trione {34), 
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m.p. 197-9°, identified by mixed m.p. and comparison of I.R. 

spectra with an authentic sample. Crystallisation of mother 

liquors from acetone-hexane gave 21 mg., m.p. 192-7°. 

The first ha1f of the benzene fractions on 

crysta11isation from ether-hexane afforded 67 mg. of the hydroxy 

ketone (42), m.p. 123-4°. 

The rest of the benzene e1uates and the benzene-ether 

(9:1, 4:1) fractions on crysta11isation from acetone-hexane 

afforded So mg. of the hydroxy ketone (39), m. p. 187-8°. 

Crysta11isation of mother 1iquors gave 29 mg., m.p. 184-7°. 

The ether-methanol (9:1) eluates on crysta11isation 

from acetone-hexane a fforded 34 mg. of need1es of 3 ~, 12 ()(_ 

dihydroxy-12 f3 -methy1pregnan-20-one, m. p. 225-9°. 

Recrysta11isation from acetone-hexane raised the m.p. to 228-30°, 

[pc:.'] 27 106°(C 
D 

0.74 in CHC13). 

Ca1cd. for C:a 2 H3a03 c 75.80 H 10.41 

Found c 75.96 H 10.07. 

Chromium trioxide oxidation of 3 ç(.. , 12o<.. -dihydroxy-12 ($­

methy1pregnan-20-one (10 mg.) afforded 3 mg. of the hydroxy ketone 

(39), m.p. 186-8°, identified by mixed m.p. and comparison of 
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I.R. spectra with an authentic sample. 

Taking into consideration the unreacted ketone {44) 

[ isolated as the trione {34)] , the yields of 12 fC- alcohol 

and 12~- alcohol were 25% and 12% respectively. 

12-Iwlethylene pregnane-3, 20-dione ( 45) from 12 rX -Methyl-12 fi­

hydroxypregnan-3,20-dione (42). 

To a solution of 330 mg. of the hydroxy ketone (42) 

in 25 ml. of acetic acid were added 5 ml. of acetic anhydride 

and 330 mg. of p-toluene sulphonic acid monohydrate43 and the 

suspension was stirred until the solid dissolved. The reaction 

mixture was left at room temperature for 4 hours, then poured 

into 500 ml. of iced water. After 30 minutes, the usual 

extraction procedure afforded 390 mg. of an oil, which showed 

absorption bands in the infrared at 3080 cm-1 , 1645 cm-1 , 890 cm-1 

(;c=CH2) 23 c; 1755 cm-1, 121$ cm-1 ( ~ 17( 20)_enol acetate) 105; 

1713 cm-1 {3-ketone). Under the above reaction conditions the 

17(20) 106 
~ -enol acetate is known to be formed • The enol 

acetate (390 mg. of oil) was converted to the C20-ketone by 

heating a solution of it in 30 ml. of methanol and 700 mg. of 

potassium carbonate in 10 ml. of water at reflux temperature 
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for two hours. Ether extraction afforded 360 mg. of product 

showing no bands at 1750 cm-1 and 1218 cm-1 characteristic of 

eno1 acetates and it was chromatographed on 10 g. of a1mnina 

(4.5% water). The hexane-benzene (4:1, 1:1) e1uates containing 

the o1efin (45) crysta11ised from ether-hexane as need1es, 

134 mg., m.p. 89-90°. Crysta11isation of mother liquors afforded 

33 mg., m.p. 89-90° (yie1d 53.4%). 

o1efin (45) was recrystallised from 

ether-hexane for ana1ysis, m. p. 89-90°, [oc] ~7 133° (c 1.02 in 

CHC1~), ).) CS a 3075 cm-1 , 1645 cm-1 , 888 crn-1 ( ,;c=CH 2 ) ; 1713 cm-1 
max 

A portion of the 

(3, 20- dio ne). 

c 80.41 H 9.82 

Fou nd c 80.18 H 9.84. 

The benzene and benzene-ether eluates on crystallisation 

from acetone-hexane afforded 56 mg. of leaflets of (39a), 

m.p. 175-6° (yield 15.1%). (Also obtained by partial hydro1ysis 

of the triacetate (40a} to the monoacetate (40c}, and subsequent 

oxidation). 

12-Methylene pregnane-3, 20-dione (45) from 12 f3 -Methyl-12 0(­

hydroxypregnan-3,20-dione (39). 

The hydroxy ketone {39) (500 mg.) was transformed to 
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the olefin (45) as described as before. The crude olefin {45) 

(555 mg. of oil) was chromatographed on 15 g. of alumina 

(4.5% water) and the hexane and hexane-benzene eluates on 

crystallisation from hexane afforded 145 mg. of feathery needles 

of the olefin (45), m.p. 72-3°.* A portion of it was 

recrystallised from hexane for analysis, m.p. 73-4°; [~] 22 

D 

CSa 3080 cm-1 , 1645 cm-1 , 885 cm-1 (c 1.0 in CHC13 ); )1 
max 

(;c=CH 2 }; 1713 cm-1 (3,20-dione). 

Found 

c 80.41 

c 80.02 

H 9.82 

H 9.66. 

Recrystallisation of mother liquors gave 45 mg. of needles, 

m.p. 71-3° (yield 40%}. 

The mother liquors were dissolved in 5 ml. of hexane 

and left in a refrigerator. After one week, 80 mg. of 

crystalline olefin (45) was obtained. Repeated crystallisation 

afforded 63 mg. of fine needles of the olefin (45}, m.p. 100-lo* 

{yield 13%}. One crystallisation from hexane for analysis 

*A mixed m.p. of the two forms of olefin (45) melting at 73-4° 
and 89-90° on a l:of'ler block, showed the form melting at 72-3°, 
melted at that latter temperature, but crystallised on further 
raising the temperature and the whole mass melted at 89-90°. 
The two forms of olefin melting at 89-90° and 101-2° were melted 
side by side, and the molten mass was seeded with a crystal of 
the form melting at 89-90°, and cooled. The whole mass melted 
at 89-90°. Furthermore, the I.R. spectra and the rotations of 
the three forms were identical within experimental error. In 
view of the above evidence, it is presumed that this is a case 
of polymorphism. 
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22 
raised the m.p. to 101-2°; ~J 130° {c 0.95 in CHC13 ); 

CS D 
~ 2 3080 cm-1 , 1645 cm-1 , 885 cm-1 (;c=CH 2); 1713 cm-1 

max 
(3,20-dione). 

Calcd. for C2 2H32Ü2 C 80.41 

Found : C 80.19 

H 9.82 

H 9.86. 

The benzene eluates of the chromatogram on 

crystallisation from acetone-hexane afforded 76 mg. of (39a), 

m.p. 175-6° (yield 12%). {Also obtained by partial hydrolysis 

of the triacetate (40a) to the monoacetate {40c), and subsequent 

oxidation). 

The later fractions consisted mainly of the starting 

material {39), as identified by infrared spectra. No attempt 

was made to recover it. 

Attempts of dehydration of epimeric hydroxy ketones 

(39) and (42) with phosphorus oxychloride and thionyl chloride 

did not yield any olefinic material. 

Conversion of 12-methylene pregnane-3,20-dione (45) to 12P­

methyl-12~-hydroxypregnane-3,20-dione (39). 

To a solution of 175 mg. of the olefin (45} (m.p. 71-3°) 

in 20 ml. of absolute ether containing 0.2 ml. of pyridine was 
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added 150 mg. of osmium tetroxide (1.1 mole equivalent} and 

the reaction mixture was left at room temperature for two days47. 

It was then heated at reflux temperature for 30 minutes with 

100 ml. of an àO% solution of ethanolic sodium sulphite. After 

cooling, the reaction mixture was filtered through celite, and 

the usual extraction procedure afforded 208 mg. of an oil. Its 

infrared spectrum showed no characteristic bands due to a 

vinylideœ group. Crystallisation from acetone-hexane afforded 

36 mg. of crystalline diol (46). Two recrystallisations from 

acetone gave 13 mg. of fine needles of the diol (46}, m.p. 196-9o, 

[-~] 22 ( . d ) ~ 22° c 0,8o in CHC13 • 
D 

Found c 72.81 

H 9.45 

H 9.42. 

The crude diol (46) (the mother liquors containing 

170 mg. as oil) was tosylated with 170 mg. of p-toluenesulphonyl 

chloride and 5 ml. of pyridine at room temperature for là hours. 

Ether extraction afforded 195 mg. of the tosylate (46a) as oil, 

which showed absorption bands at 1375 cm-1 , 1193 cm-1 and 1190 cm-1 

in the infrared region, characteristic of tosyl groups23e. 

A solution of the tosylate {195 mg. of oil) in 20 ml. 

of absolute tetrahydrofuran was heated at reflux temperature for 

16 hours with 200 mg. of lithium aluminium hydride. The reduction 
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product was worked up in the usual fashion, and there was 

obtained 155 mg. of semi-crystalline compound. Its infrared 

spectrum indicated the absence of tosyl groups. 

To a solution of the above product (155 mg.) in 5 ml. 

of acetic acid was added with stirring a solution of 105 mg. 

of chromium trioxide in 2 ml. of 90% acetic acid and the reaction 

mixture was left at room temperature for 16 hours. The 

reaction mixture was worked up in the usual manner, and when 

the ethereal extract was evaporated to about 5 ml., there was 

obtained 58 mg. of needles) m.p. 188-9°. Admixture with an 

authentic sample of the hydroxy ketone (39) did not depress 

the m.p. and the infrared spectra were also identical. 

Chromatographie purification and crystallisation from acetone­

hexane of the mother liquors afforded an additional 27 mg. of 

(39), m.p. 181-6° (yield 57%). 
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CHAPTER V 

12 fJ -Methyl-12 of.. -hydroxyprogesterone ( 75). 

A solution of bromine (141 mg.) in acetic acid (9.4 ml.) 

was added with stirring to a solution of 300 mg. of the hydroxy 

ketone (39) in acetic acid (10 ml.) containing a drop of 50% 

(w/v) solution of hydrobromic acid. After five minutes when 

the colour of bromine had disappeared, the reaction mixture 

was poured into ice-water (500 ml.), and extracted with ether. 

The organic layer was washed with 5% sodium bicarbonate solution, 

water until the washings were neutral and dried over magnesium 

sulphate. There was obtained 395 mg. of an oil, which resisted 

crystallisation. 

The crude bromo ketone (73) was dissolved in lû ml. 

of absolute chloroforrn and 20 ml. of dry t-butanol. To this 

solution was added 150 mg. of semicarbazide (m.p. 95-6°) in 

carbon dioxide atmosphere, stirred until the base dissolvect103. 

The colour of the solution turned progressively bright yellow 

and then faded away. The reaction mixture was left at room 

temperature for 2 hours, and then the solvents removed in vacuo. 

The crude semicarbazone (74) was dissolved in 15 ml. of ethanol, 

and poured into 500 ml. of ice-water with stirring when the 

semicarbazone separated as a solid. It v-1as dissolved in 20 ml. 
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of acetic acid, 5 ml. of pyruric acid and 20 ml. of water. The 

reaction mixture was left at room temperature for 15 hours. 

Ether extraction afforded 240 mg. of oil which crystallised from 

ether-hexane and there was obtained 125 mg. of the progesterone 

analogue (75) as leaflets, m.p. 140-150°. Repeated 

crystallisations gave 97 mg. of analytically pure (75), m.p. 

152-3°, (yield 33%), [_cl...] 29 182° (c 1.01 in CHC13 ), À EtOH 
D max 

CCl4 1 1 
239 mJL{~ 17,500), ~ max 1710 cm- (20-ketone}, 1680 cm- , 

1620 cm-1 (~4 -3-ketone}. 

Calcd. for C22H:s2Ü3 

Fou nd . . 
c 6 68 7 • 

c 76.40 

H 9.37 

H 9.40. 

12 OC:-Methyl-12 f3 -hydroXYprogesterone ( 75b). 

A solution of bromine (306 mg.) in acetic acid (15.2 ml.) 

was added with stirring to a solution of 600 mg. of the hydroxy 

ketone (42) in acetic acid (5 ml.), containing a drop of 50% 

(w/v) solution of hydrobromic acid. The reaction mixture was 

stirred for five minutes and poured in 250 ml. of ice-v.rater. 

The bromo ketone (73a), which separated out as a solid was 

filtered, dried and it crystallised from ether-hexane as needles, 

332 mg., m.p. 172-3° (decompn.}, )) 0014 1695 cm-1, 3480 cm-1 
max 
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• • • 
1 -1 

H-O-rJ.2-), 1735 cm (4~-bromo-3-ketone). 

The filtrate was extracted with ether and combined 

with the mother liquors of the crystallisation of the bromo 

ketone ( 73a). Since recrystallisation vTas tedious and afforded 

only 114 mg. of the bromo ketone (73a), m.p. 168-9° (decompn.), 

the second crop and the mother liquors {533 mg. of oil} were 

reduced by heating with 550 mg. of zinc dust, 5.5 ml. of acetic 

acid and 0.5 ml. of water at 90° for one hour. Ether extraction, 

chromatographie purification and crystallisation from ether-hexane 

gave 276 mg. of the hydroxy ketone (l~2) , m. p. 124-5°. Taking 

into consideration the recovery of the L.ydroxy ketone (42) the 

yield of pure bromo ketone (73a) was 83%. 

The bromo ketone (73a) (330 mg., m.p. 172-3° decompn.) 

was dehydrobrominated according to the method of McGuckin and 

Kendall103. The resulting oil was chromatographed on 9 g. of 

almnina (4.5% water). The benzene, benzene-ether and ether 

eluates crystallised from ether-hexane as needles, and there 

was obtained 120 mg. of the progesterone derivative (75 b), 

m.p. 142-3°. The mother liquors on crystallisation afforded 19 mg. 

of (75b), m.p. 139-42° (yield 48%). The second crop was 

recrystallised and added to the first batch. Recrystallisation 

gave 126 mg. of analytically pure (75b}, m.p. 142-3°, [o<J~2 113° 
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( c 1. 07 in CHC121 ), À EtOH 23 8 m )A ( E 18, 600) , ).) 
max 

CC14 

max 

1695 

1622 

cm-l and 3480 cm-1 ( :::c:a0 =0 
1 

••• H-0-012-) 1680 cm-1 and 
1 ' 

cm-1 ( A 4 -3-ketone). 

Ca1cd. for C22 H:. 2 03 

Found 

c 76.68 

c 76.68 

H 9.37 

H 9.41. 

12-Methylene progesterone ( 75c) and 12 t3 -Nlethyl-12o<.-

acetoxyprogesterone (75a). 

According to the procedure previously described, 

900 mg. of the hydroxy ketone (39) was transformed to the 

progesterone analogue (75). Crystallisation from ether-hexane 

afforded 330 mg. of (75), m.p. 152-3°. The mother liquors 

(590 mg.) were chromatographed on 17 g. of alumina (4.5% water). 

The benzene and benzene-ether eluates on crystallisation from 

ether-hexane afforded 160 mg. of the progesterone analogue (75), 

m.p. 152-3°. Crystallisation of mother liquors afforded 51 mg., 

m.p. 135-42° (yield 61%). 

To a solution of the progesterone analogue {75) 

(475 mg., m.p. 152-3°) in 25 ml. of acetic acid and 5 ml. of 

acetic anhydride was added 475 mg. of p-toluene sulphonic acid 

and stirred until it dissolved. The reaction mixture was left 
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room temperature for 2 hours. Ether extraction afforded 540 mg. 

of an oil, and it was dissolved in 25 ml. of methanol. To the 

methanol solution was added 750 mg. of potassium carbonate 

dissolved in 10 ml. of water and the reaction mixture was 

heated at reflux temperature for 2 hours. The usual extraction 

procedure afforded 520 mg. of an oil, \vhich i."iaS chromatographed 

on 15 g. of the alumina ( 4. 5~~ water). The hexane-benzene ( 4:1, 

1:1) and benzene e1uates on crystallisation from ether-hexane 

afforded 121 mg. of cubic crystals of 12-methylene progesterone 

(75c) m.p. 104-5°, (yield 27%). Two recrystal1isations with 

ether-hexane raised the m. p. to 105-6°*, (ol.] 27 189° ( c o. 92 in 
D 

CHC1e), À EtOH 240 ffi)-t ( E là, 500), )} CCl4 3070 cm-1, 1643 cm-1 , 
max max 

890 cm-1 (~C=CH 2 ), 1707 cm-1 (20-ketone), 1675 cm-1, 1617 cm-1 

( .D. 
4 

- 3-ketone). 

Ca1cd. for C22Heo0z 

Found 

. • 

. 
• 

c 80.91 

c 80.70 

H 9.25 

H 9.05 • 

The benzene-ether e1uates afforded 210 mg. of an oil 

which resisted crystallisation. Its infrared spectrum showed 

absorption bands at 1727 cm-1 (12-acetate); 1705 cm-1 (20-ketone); 

1675 cm-1 and 1617 cm-1 (A4 -3-ketone). It was tentitatively 

assigned the 12 (J -methyl-12 "'-acetoxyprogesterone configuration 

on the basis of its infrared spectrum, and from the analogous 

K 
The progesterone derivative (75c) was obtained in another 
polymorphie modification as need1es m.p. 135-6°. 
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reaction that 12 p -methy1-12P< -hydroxypregnan-3, 20-dione with 

acetic acid, acetic anhydride and p-toluene sulphonic acid gives 

12 p -methy1-l2 o<. -acetoxypregnan-3, 20-dione as the minor product 

of the reaction (see p.82 ). 



no. of 
rats 

47 
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Results of Biological Tests 

12{3 -Hydroxy-l2o< -methylpror;:esterone (75b): 

ClauberR' Test 

Daily dose/rabbit 

0.1 mg. 
5.0 mg. 

route 

s.e. 
oral 

Proliferation 

Y' +1 +l +1 
+1 +1 +1 

The compound was inactive at the dose levels tested. 

12 f3-J.1ethyl-12 o<-hydroxyprogesterone (75): 

Glauber>~ Test 
Daily dose/rabbit route Proliferation 

0.1 mg. s.e. 

Androgenic-Anabolic Activity in Rats 

Compound Daily dose Ventral Semin. Lev. ani body 
mr;. SIC. Prost !mp:. Ves.mv. !1lF • Initial 

Ses. oi1 0.2 wl. 8.9±0.6 10.1±0.5 14.6±0.5 41±0.9 

(75) 0.1 rng. 10.2±0.5 9 • .3±0.3 14.3±0. 6 41±1.1 

Diuretic a cti vj_ tv in h.drenalectouized IlEts 

v,rei:_;ht 
Final 

66:t:1.2 

62±2.7 

Dose Urine Vol. 
nll. 

3odium 
mg/vol. 

Potassium 
mg/vol. 

N2/K ratio 

Operated 
contruls 2.9 ± 0.2 

2.3 ± 0.3 

3.1 ± 0.5 

2.8 ±O.? 

8.9 ± 1.0 

7.8 ± 1.4 

0.35 

0.36 (75) 500 y 

The compound did not sho1:.; any activity in the. above tests. 
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12 Cl( -acetoxy-12 (3 methy1progesterone ( 75a) and 12-methy1ene 

progesterone (75c). 

Clauberg Test 

Compound Dose mg/kg Route Proliferation 

Sesame oil o. 2 ml. s.e. y.1 y:1 ~ ~ 

Progesterone 0.1 s.e. +4 +4 +4 +4 

{75a) 0.1 s.e. y.1 ~ ~ +1 

(75c) 0.1 s.e. ~ ~ +1 +1 

Resu1ts 

(75a) and (75c) were inactive in the Clauberg test 
when adrninistered subcutaneously at daily doses of 0.1 mg.; at 
the same dose level progesterone gave a +4 proliferation. 
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1. Solvo1ysis of 12 4:1(. -bromo-3 o(, 20{6 -diacetoxypregnane-

11-one in fornic acid and silver acetate afforded the 1:2-

metrryl shifted corr.pound 18-nor-12-r:Jethy1-3 o(, 20(3 -diacetoxy-

12-pregnene-ll-one in poor yield:. The la1-.ter compound vias 

identified by spectroscopie data. However, extensive 

chromatog:raphic purificEJt.ion and at.tempted crystallisation 

failed to yie a pure salilple of ti.1e l: 2-r:;ethyl shifted compound. 

2. An investigation 'Jf lithium aluminiu~1 hydride 

redu.ction of 3 ()(., 12 ()(. -dihydroxyprt=~gnane-20-onE:: and 3 ()(, 12 K -

diacetozypresnane-20-one in d thyl ether and tetrahy·Jrofuran 

led to tLe followin[ conch:tsion: 3 K, 12 P<.-dihydroxypregnane-

20-one '1:\ith a 12-hydroxy funct:..on r;,ave predomincmtly tlle 

20oC-alcohol, \vhile 3 ()(., 12~<: -diacetoxypre ne-20-one havi 

an acetate function :.:,t t::e 12-IJOSition afforded the 20/!J -alcohol 

as the major prodt.lCt. ~ihen tetrahydrofuran \;&s use cl 0 a t 

sol vent in the reduction reaction the yie ld of 20 (3 -alcohol 

increased. A mechanisn has been advanced to interpret the 

effect of 12-substituent, anô the solvent effect has been 

explained in teros of its basicity. 
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3. The reaction of 12-ketoprelnane derivatives with 

nethyl Gri~nard re agent gave predo=.lir.'.écntly the 12 fS -me thyl-

12 o<.-hydroxy epimer, co ntr.stry in t!"is case, tu the If rule of 

rear-attac;<:n. This conclusion was basNl on spectroscopie 

and chemical evidence. 

L,.. A tentéttive conclusion tlwt in the 12-methyl steroids 

t!:1e exo location of t'he double bond at the 12-pos:Ltion is 

thf:rmo,~ynar:ücally more stab than the endo has been drawn. 

Evicle:1ce, though not unar:tbi[;ous, s been presented to support 

this conclusion. 

5. A li terature surve:' of l i.tllium al: . .J.nüniw:1 hydride 

reduction and rr:ethyl Gri L'd or me lithium reùction of 

steroidal ketone::; :cf,vealecl titC:.t the compositio:1 of t!'.ce epiraeric 

cohols obtained, é;re in so: te cases CO!ltrary to the 11 r·-Jle of 

on the st.~ric influences of (&) t:.e 

1:3-diaxial non-bond interactions f',ncl (b) the relative size 

of t organo-metallic complex to axiaJ 

nu.cleophile ( either lithium Alu::üniuu hydride, metî.1yl Gri r·d 

or r:1ethyl lithium as t [,e case nay be) ha s be en advanced. E::.e 

relevant experL1enV:l cts could be explained on the basis of 

this hypotLesis. 
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6. Four new 12-substituted pro sterone ana1ocues 

have been prepared, but t.he preliminary biological tests 

not exhibit any notable progestatio , androt:enic, diuretic, 

hypotensive or a lie properties. 


