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INTRODUCTION

Historical review and object 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
those by Fieser and Fieserl, Shoppee2 and Klyne3 are some of

the recent ones,

The interest in the chemistry of steroids has
remained undiminished since the discovery of cholesterol
by Michel Eugéne 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

6 to carbocyclic compounds by Barton’~” led to

and axial bonds
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’loa and ratesgb’loa, in

infraredgc’lOb’la and ultravioletgc’lOb’lb spectroscopy,

ll, molecular rotation relationships1c

. . 2 .
and nuclear magnetic resonance technlquesl . A sizeable amount

optical rotatory dispersion

of research in steroids is directed on the above subjects

nowadays,

In view of the current interest in steroid hormone
analogues of high bioclogical activity, an investigation to
synthesise 3,11,20-trioxygenated-18-nor-l2-methylsteroidal
compounds with a double bond at 12,13-, 13,14~, or 13,17~
positions (1), which would afford a route to 18-nor-l2-methyl
and 18-nor-lZ-methyl-l3-substituted steroids hormones, was

undertaken,

OAC (2)x:Br‘,OTS,OMS.

- OH
(Mx=0, <} <{

L0 L0

(3) (4) (8)
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Solvolysis of ll-ketosteroids with a good 124 -
leaving group (1l1l) would be expected to yield the desired
1l-keto-18-nor-12-methyl compounds (13), (14), (15) and (16)
as products of Wagner-Meerwein type rearrangement, The main
competing reaction would be SNZ type substitution at Cyz by
the solvent molecule, This competing reaction could be
suppressed by using a solvent of high ionising powerlBa, and
the conditions for the Wagner-Meerwein type rearrangement made
more favourable by using an electrophilic catalystle. An
alternative route to the structure of the type (1) would be
solvolytic rearrangement of steroidal compounds with a good
leaving group at Cip (2) to 1l8-nor-12-methyl structure (4)
and subsequent introduction of an oxygen function at Ciy (5).
The latter approach did not seem to be promising, since
solvolysis of steroids containing a good 12 X~ leaving group (2)
under basic conditions gives the starting material, with minor
amounts of A "- compound (B)lh. In the former approach the
formation of A"- 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

ll-keto steroids with a good leaving group at Cy, (1l1) would

throw light on the chenmistry of such systems,
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Beaton et al, have reported the conversion of
L-bromo-friedelin (6) to a mixture of alnusenone (7) and
alnus-5 (10) en=-3-one (8) by solvolysis in acetic acid in

15

the preserce of an electrophilic catalyst, silver acetate 7,

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

(6) (7) (8)

of a carbonium ion generated « 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 0
NH,

O

(9) (10)

In the proposed investigation of the solvolysis of
ll-ketosteroids containing a good 12K~ leaving group (11),
the Wagner-Meerwein 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 £L-mesylate (20) affords minor
amounts of elimination product (21), Under similar reaction
conditions, the 12 B -mesylate (22) undergoes a C/D ring
contraction-expansion rearrangement (23)'reactionl7. It is
evident from the former reaction that the geometry of the
molecule is not favourably disposed for a rearrangement
reactionga. On the basis of this evidence, solvolysis of
ll-ketosteroids possessing a good 12 K- leaving group under
forcing reaction conditions might yield C/D ring contraction-
expansion type rearrangement products (17), (18) and (19) if
the reaction follows 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 isomeric products mentioned above,
(13), (14), (17) and (18) are B -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.



X
AcO-T1H AcO AcO-—rH
@) o o
4 RN " AN

(171 X=Br,OTs (12a) (13 (14)

\; \f \j

(12 ) (16)

H 4 OAC oAC O oA
(12b) (12¢) (17) (18)
®) QOAC
H

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

methyl group at Cisz to Cy, to give lS-nor-l?-methylsteroidsl8’19

20

and Cy, to afford 18-nor-li-methylsteroids have been reported,

But solvolysis of steroids with a good 12 £~ leaving group

Ss¥esicallee:

(20)X=0Ts,OMs. (2 1) 22) (23)

did not afford l8-nor-l2-methylsteroids but only minor amounts
of A"- compound., It seemed interesting to investigate as

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

Ciz to Cy2 does not take place, and so the present work

was initiated,
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CHAPTER I

Solvolysis of 12 & -bromo-3 x , 208 -diacetoxypregnan-ll-one,

An easily accessible ll-ketosteroid with a good
leaving group at Ciz (1l) for our solvolysis experiments was
12 « -bromo-3 o« , 208 -diacetoxypregnan-ll-one (26), It was
prepared as follows: Partial reduction of the readily available
3 X ~acetoxypregnan~1ll, 20-dione (24)* with hydrogen and Adam's
catalyst at the 20-position afforded a good yield of the 208 -
hydroxy-ll-ketone (25), which on acetylation gave the

21

corresponding acetate (25a)“", Bromination of this ketone

(25a) gave the 12 & ~bromo~ll-ketone (26)22.

Br
o RO t ACO
@) (@) (@)
AcO-~ e e
H RO H ACO H
(24) (25 ) R=H (26)
(25a) R=AC

® We are thankful to Dr, John M, Chemerda of Merck, Sharp

and Dohme Research Laboratories, Rahway, New Jersey, U.S.A,
for donating this material,
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A general exploratorv survey of the solvolysis of
the bromo ketone (26) under varicus reaction conditions (see
experimental p, 51) showed that the conditions for a Uagner-
Ueerwein type rearrangement were most favourable when the

bromo ketone (20) was heated at reflux temperature with formic

acid and silver acetate for L days, This result was expected
. . . ) e e v e e e 13a
since formic acid, possessing hizh ionlging power , would

suppress the competing 3 2 reaction, The silver acetate being

T

N

13b o C s
an electrophilic catalyst would enhance the conditions
for a wagner-leerwein type rearrangement, The product of

solvolysis of bromo ketone (20) even after extensive

chromatographic purification on slumina afforded only an oil,

4 | 0

The product showed strong absorption bands at 1675 can™ in

the infrared and at 254 m p in the ultraviolet, indicative

of the presence of an o, f-unsaturated ketone function, OfF
the several isomers whichh could be oblained {rom solvolysis
of the bromo ketone (20), only (13), (i4), (17) and (18) have
an xﬁ -unsaturated ketone function, Since the isomers (17)

L}

and (18) are <« B -unsaturated cyclopentenones end should have

Ve ~ e P » £ —l . B . K 238. N
absorption bands at about 1710 em — in the infrared , these
structures could be ruled out, The six membered &VG—unsaturated

ketones (13) and (14) would hsve absorption bands in the ranse

~1 . 230 . . .
1684-167L em™L in the infrared”, However, by application
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of Woodward rules for the calculation of X max for
conjugated ketoneszh, 18-nor-12-methyl-3 «, 20 -dihydroxy-
l2-pregnene-l1l-one diacetate (13) should have an absorption

£512(123) isomer (14) at

band at about 254 m g, and its
230 mu, Thus the exo location of the double bond (14) could

be excluded and the reaction product should have the ll-keto-

12 .
PAN - structure (13)., Other procedures commonly used to

25,26

effect dehydrohalogenations 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
Wagner-Meerwein type reaction, The presence of a carbonyl
function at the 20-position would render the 17 ~hydrogen
labile, Furthermore, in the bromo ketone (27a), the 12« -
bromine, 13 -angular methyl group and 17« -hydrogen are
trans axial to one another (17« -hydrogen is quasi-axial),
and so the stereochemistry is favourably disposed for a

methyl shift from Cis to Cyz to give the aQB—unsaturated ketone (28),

(28)



- 11 -

The desired bromo ketone (27) incorporating the
structural features discussed above, was readily prepared
by & 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 atmosphere27 0

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

)28

chromium trioxide gave the bromo trione (27 . Solvolysis

B.r

H

(26)R=COCH; 27)
(263) R=H.

of the bromo trione (27) would be expected to yield the #f -
unsaturated ketone (28), The double bond in ¢v3-unsaturated
ketone (28) may isomerise to the 12,13- or 12,12a- positious,
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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ll-carbonyl 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 oga-unsaturated ketones, Thus it is evident
that the product of solvolysis of bromo trione (27) did not

contain any appreciable amounts of rearranged products.
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CHAPTER IT

The influence of l2-substituents in lithium aluminium hydride

reduction of 20-ketones,

Since solvolysis of the 12 £~bromo-ll-ketone (26)
and the 12« -bromo-3,12,20-trione (27) failed to give any
appreciable amounts of rearranged products, it seemed logical
to undertake solvolysis experiments of lZ/S—methyl-ll-ketones
containing a good 12 &~ leaving group (29) as the next step.
The intermediate carbonium ion formed (30) in the latter case

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

AcO H

AcO””

H

(29 X= OAC ,Br.

Engel and Huculak have reported the preparation
of 3, 20/3-dihydroxypregnane-l2—one bis-methyl succinate

(36b)29, from the readily available bile acid derivative,
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3K, 12K -diacetoxypregnane-20-one™ (Bla)BO, through the
reaction sequence (3la) — (32) — (32b) — (36b) (see

p. 19 ). A Grignard reaction on the l2-pregnanones (36b) or
(36a) would lead to the introduction of a 1l2-methyl substituent,
and this Grignard adduct could be converted by suitable methods
(see p, 356 ) to 12 B-methyl-ll-ketones containing a good 12&K -

leaving group (29).

Lithium aluminium hydride reduction of
3K, 12X -diacetoxypregnane-20-one (3la) gave predominantly
pregnane-3« , 12« , 20 -triol (32) and a small amount of
another material which Engel and Huculak29 had tentatively
formulated as pregnane-3«, 12 X, 20« -triol (33), However,
when the 20-keto diol (31)39 was reduced with lithium
aluminium hydride, interestingly enough, the major product
was not the 208 -triol (32), but its epimer, the 20X -triol
(33)., Chromium trioxide oxidation of the 20X -triol (33)
afforded 3,1%2,20-pregnanetrione (31;)31 confirming the
assignment of structure, Furthermore, in accordance with the
findings of Sarett?2 the difference in the increment of
molecular rotation due to the acetylation of the 20/ - and

the 20X -hydroxy group was of the order of 200°.

* Kindly supplied by Canada Packers Ltd,, Toronto 9, Canada.
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OR
i RyO —=H
RO K
(3D R=R;=H. (B32)R=R,=H .
(31A)R=Ry=Ac . (323)R =R, =Ac .
OR
! H-TOR; 0] 0]
RO O
H H
(33 R=R,=H . (34)

(33a)R=R, =AC.

A detailed investigation of lithium aluminium
hydride reduction of the 20-keto diacetate (31la) 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 l2-position, and to some extent on the solvent used

in the reaction (see Table I).

Thus the 20~keto diacetate

(31la) 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 X-triol as the major product.

Furthermore, in both cases when tetrahydrofuran was used as

the solvent, the yield of the 20f3 -isomer was greater.

TABLE T

Lithium aluminium hydride reduction of 20-pregnanones

Compound reduced

Solvent used

Yield of 20 -
triol(33) in %

Yield of 208 -

triol(32) in

210'“

. Diol (31)
. Diol (31)

1
2
3. Diacetate (31a)
L, Diacetate (31la)
5

. Diacetate (31a)

Tetrahydrofuran
Diethyl ether

Tetrahydrofuran
Tetrahydrofuran

Diethyl ether

58.5

65.8
9.2
5.8
37

27.0
10,2

69, 7*

81,0
46,8

29

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

triol (32) as the major product is in accordance with the Cram's

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

reduction of the 20-keto diol (31) to predominantly the 20« - triol

The

* This work was done by Miss Pearl Woo and her help a
No attempt was made to obtain the maximum yield of

2

preciated,
Op-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

CH,

CHs
Cis

(350)R=0,R,=CHg
(35L)R =0, R,=CHg

least hindered side (35b). The Meerwein-Ponndorf reduction
of dehydrochloroamphenicol and its U-acetate to threo- and
erythro~chloroamphenicol respectively, has been explained

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

35, either by

by the carbonyl group competes with solvation
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 20 -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 (3la) could be explained in a similar fashion,
provided the 20-carbonyl function is reduced at a similar
rate as the l2-acetate function, There is some 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 Cz; of pregnane-3,20-diones has

been reported38,

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

and Huculakzg, gave on alkaline hydrolysis the hydroxy ketone
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(36), which on acetylation afforded the l2-keto diacetate (36a),

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

OR

' RO—H
R.O-"
! H
(32) R=R,=H (33R=R =H
(32a) R=R, =COCHj,4 (332)R=R,=COCHs
(32b) R=H, R, =COCH,};COOCH, (33b)R=H,R,=COEH,),COOCH,
O RO—+H O H—OR
RO’
H RO H
(36)R=H (37)R=H
(36a)R=COCHj (372)R=COCH,

(36b)R=COCH,),COOCHg (37B)R =CO(CH,),COOCH,
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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 208 - and 20X - series was undertaken,
because their molecular rotation measurements enabled to

confirm the assignment of configuration at Cpo 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 l2-methylsteroids:

As pointed out in Chapter II the 1l2-keto disuccinate
(36b) seemed to be a suitable compound for the introduction
of a methyl group at the lZ2-position, But even after
prolonged treatment of the 1lZ2-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« ,12 £,208 -triol (38), when reacted

with methyl magnesium iodide., Reaction of the keto diacetate

O RO-H /RO

RO~ ~H RO*

(36a)R=COCH;,4 (38)R=H
(36DBR=COC H,),COOCH, (38a)R=COCH,
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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 with chromium trioxide gave 12 3-methyl-12e -
hydroxypregnane-3,20-dione (39), thus establishing the tertiary

nature of the lZ2-hydroxy group.

From the exploratory reactions carried out for the
introduction of a methyl group at Cy, in the 205 -~ series, it
seemed that the most favourable condition for the formation
of the triol (38) was when the 1l2-keto diacetate (36a) was
reacted with methyl magnesium iodide, Hence, the corresponding
l2-keto diacetate (37a) of the 20X -~ series was treated with
excess of methyl magnesium iodide, The product was acetylated
-and chromatographic 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 l2-methyl-lZ2-hydroxy
triols (40) and (41), The mono-, di-, and triacetates
(40a-c) in the 12 B -methyl-12 X -hydroxy series, and the
epimeric 12 £ -methylpregnane-3 £, 123, 20K -triol 3, 20-
diacetate (4la) were prepared and interrelated (see experimental
p.72-4), Since 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 (39) R=H

(402) R=R,=COCH, (392 R=COCH,
(40b) R=COCHy, R,=H

(40¢)RH,R =COCH,

O H~+OR

RO- H

(373) R=COC H3

(4N R=H
(412 R=COCH;

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 X ~hydroxypregnane-3,20-dione (39)
and its 12K -methyl-12f -hydroxy epimer (42) were obtained. The
hydroxy ketone (39) was identical with 128 -methyl-12&X -
hydroxypregnane-3,20-dione, obtained previously by oxidation

of the triol (38), which was the only product of the corresponding
Grignard reaction in the 20f3 - series, The yields of the Grignard

adducts (40) and (41) were 61% and 25% respectively,

An alternative route to the synthesis of l2-methylsteroids

was also investigated. Partial succinylation of

29,39

’

3,12« -dihydroxypregnane-20-one (31) at the 3-position
and nmnethylation with diazomethane afforded the methyl succinate
(31b). Ketalisation of the methyl succinate (31b) 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 Ci., and
accordingly the l2-ketone (L44) 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 chromatographic separation on alumina
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H H

(31 R=R=H (43)R=CO(CH,),COOCHg (44)R=CO(CH,,COOCH3
(318)R=R,=COCH,
(31b)R=H,R,=CO(CH,),COOCH;

H H

(34) (39 (42

afforded the epimeric 12-methyl-l2-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 C;, of the epimeric tertiary

alcohols:

The infrared spectrum of 12 @ -methyl-12ot-hydroxypregnane-
3,20-dione (39) showed absorption bands at 3680 em™L (free
hydroxy group) and 1713 em™1 (3,20~dione), while its 12 X -methyl-
12 B-hydroxy epimer (42) showed absorption bands at 3450 cm~1
(LiF prism, change in concentration did not shift the frequency
of absorption, intramolecular bonded hydroxyl), 1716 cm"l
(3-ketone) and 1695 cm™L (hydrogen bonded 20-ketone)™ (see
infrared spectra)., The presence of an intramolecular hydrogen
bond between a hydroxy group and a carbonyl group in one epimer
is evident, Inspection of models indicated that only a 12 f3-
hydroxyl group could form an internal hydrogen bond with the

20-carbonyl function (minimal distance A'ZR)fx This

spectroscopic 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 3 - side of the steroid
molecule, contrary in this case, to the well known "rule of rear-

attack" in steroidsho’hl,

* We wish to thank Dr, C, Sandorfy, Université de Montréal for
taking the infrared spectrum using LiF prism, The spectra were
taken in carbon tetrachloride solution,

¥ Wall and Serota®? have recently reported a similar case of
intramolecular hydrogen bond between 12 B-hydroxyl and 20-
carbonyl functions in 3B -acetoxy-12 A -hydroxy-12« -methoxy,
5o ,16-pregnene-20-one and 38 -acetoxy-12 # -hydroxy-12« -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 acigh3 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 1l2e&£-acetate (39a), The

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

N

(45)

OH CH,OR

(39)R=H (46)R=H
(39a)R=Ac (462)R=Ts

* The olefin (45) behaved erratically on crystallisation,
probably due to polymorphism (see experimental p., 81 ).
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3080 Cm-l, 1645 cm™t and 885 cm'l, 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 (Lba),

Lithium aluminium hydride reduction of the tosylate (Ahba),
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 reage;t on a 1l2-keto group and the electrophilic
addition of osmium tetroxide to a l2-methylene group occurs from
opposite sides of the steroid molecule, Since the spectroscopic
data proved that the attack of methyl magnesium iodide on 12-
carbonyl group proceeded mainly from the (3 -side, the addition

of osmium tetroxide to a lZ2-methylene group should occur from

the &K~ side of the molecule.

Ruzicka et al.h4 have reported the conversion of
£>5 - 3 -acetoxy-1l7a-D-homoandrosterone (47) to A0 - 17af3 -
methyl-3 8, 17a X -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 (L48),
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Thus the attack by the Grignard reagent and the peracid must

(47) (48)

N

(50)

have proceeded from opposite sides of the steroid molecule, The
Grignard adduct (48) was physiologically inactive and the
l?ao(—methyl-l?a/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 B - side,
and that the peracid attacked the double bond from the « - side
of the steroid molecule, and assigned the l7a/3—methyl-l7ao(-

hydroxy structure to the Grignard adduct (48).

®  The 17a £ -methyl-17af -hydroxz epimer was later prepared and it
exhibited androgenic activity 5, thus confirming the assignment
of structure,
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46 submitted the

Recently, Bladon and McMeekin
tetrahydropyranyl ether of hecogenin (51} to the action of
methyl lithium, The tertiary alcohol thus obtained was assigned
the 12 & ~methyl-12 8 ~-hydroxy configuration (52), The evidence
for the assignment of configuration at the 1l2-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 McMeekin assumed that the
attack of methyl lithium on the l2-carbonyl function proceeded
from the & - side, and the peracid from the B- 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
MclHeekin's assignment were arbitary, we suggest that they be

reversed,

(50R=H
(G6a)R=TS
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Levine and Wallh7 have also recently reported the
reaction of hecogenin acetate (51) with methyl magnesium
bromide, to 12 & -methyl-12 B-hydroxytigogenin (52), Their
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.hh,
Bladon and McMeekinL*6 and ourselves, the two products obtained
by Grignard 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,
NMR data® showed that the two compounds are distinctly different.
The conflicting results of Levine and Wwall and Bladon and Mclleekin

can be clarified only by further experimental work,

C., Dehydration of l2-methyl-l2-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 both cases, a 53% yield of

®
Private communication from Dr, S. Levine,
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the 12-methylene compound (45) as the only product of

(45)

42)

dehydration, Bladon and McMeekinhé have reported that
dehydration of 1l2-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 1l2-methylene compound (55),
Levine and Wall%’ have successfully dehydrated the tertiary
alcohol (52) to a mixture of the isomeric 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

\\ H

(52 (55) (57)

a view to determine which of these isomeric 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 only 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

8 49

hydrogenationh and spectroscopic data™ reveals the low

stability of the 1l,l12-double bond, but the corresponding data
for the isomeric 12, 1l2a- double bond is lacking, It is of
interest to note that dehydration of 1ll«£ -methyl-1lp -hydroxysteroids

have been reported to give a mixture of ll-methylene- and

9(11)

JAN - compounds, and equilibration experiments showed that
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the exo location of the double bond is favoured50, though it
has been established that l-alkylcyclohexenes (endo) are
thermodynamically more stable than alkylidenecyclohexanes (exo)sl.
On the basis of the above considerations, it could be

tentatively concluded that the exo location of the double

bond at 1lZ2-position is more stable.

It was our intention to introduce the methyl group
at the l2-position by reaction of 1l2-pregnanones (58) with
methyl Grignard reagent. It was further proposed to dehydrate
the resulting Grignard adduct (59) to the endo (60) and exo (61)
olefins, and to convert the endo olefin (60) to 128 -methyl-1l-

ketones with a good 12 &~ leaving group (62) for solvolytic

OH }
o)

} } T 0

©2)

\\ \\l } X=Br,0Ac,OCOCF,

(58) (59
\'\ (67

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 fashion’%173 would give the ll-hydroxy-12-
methyl compound (63), which on oxidation with chromium

trioxide would afford the ll-keto-12-
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methyl compound (64), Bromination at l2-position would yield
the 1ll-keto-12 f -methyl-12« ~bromo compound (62a),

(b) Alternatively, the endo olefin (60) on treatment with

Qr

60)

(62BR=COCH,
(62c)R=COCF,

(65) (©66)

osmium tetroxide®’ 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 acidl*3 would afford
the acetate (62b), and with trifluoroacetic anhydride and
pyridine5h'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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CHAPTSR TV

The stereochemistry of the addition of organo-metallic complexes

to steroidal ketones,

Th

]

addition of methyl magnesium iodide to 12-

R SELE S PN T

pregnanones contrary to the "rule of rear attac
the survey of reactions ol methyl magnesium halide or methyl

lithiunm with steroidal ketones., Such a study revealed the

renarxavle fact, that in all cases the major product is the
; . 5~58 50,59-61
xial alcohol, In the case of 6—5‘ 2 and 11-""" ketones
the product obtained is the expected 3 -axial isomer, but the

62,6 . .

3= 2y 3, 12- and 17a- bl ketones would be expected to give
the ﬂ -equatorial epiner according to the "rule of rear attack",
Furthernore, since the analogy between the addition reactions

vdride to ketones

of Grignard reagent and lithium aluminiwa h
has been well authenticatedoh, & comparison of the results
obtained in these Lwo reactions for steroidal ketones seemed

appropriate,

Barton sumiarised the results of hydride reduction of
steroidal ketones known at that time with the generalisation
that hydride reduction affords the ecquatorial epimer if the

ketone is not hindered and the axial epimer if the ketone is
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3h

-

Dauben et al, suggested that in

-1

hindered or very hindered
tle hydride reduction of alkylcyclohexanones two effects
determine the stereochemistry of alcohol composition: (i) the
ease of formation of the initial metsallo-organic complex

(steric approach control) and (ii) the relative energetics

o the formation of the products once the complex is Tornmed

| . b 65,66 m-1 ,L‘ il
(product development control) . The greater proportion oi
Lh:e unstable axial alcohol obtained by sodiwn borohydride

reduction in comparison to lithiwn aluninium hydride reduction

was expla . by the above authors on the basis of greater

size of tre borolydride species due to solvation., Wheeler and

Huffman have postulated that the difference in the alcohol

i

ot

composition is due to two different mechanism operative in

67

lithniun aluainium hydride and sodiu boronydride reductions™ ',

It nhas been suggested that the addition of Grignard
: . . . 58,69
reazent to kKetones involves two molecules of the reagent 7,
. . . * . .
The first molecule of Grignsrd reczent”™ behaves a: a Lewis acid /O
and complexes with the carbonyl group to forn the Grignard-

carbonyl complex (63), The second molecule of RigX adds on to

this complex -in & nucleophilic manner, The change in hybridisation

® . . 5 . .
The deslgnat%on of Grignard reagent as "RMgX" is not entirely
. 1 o
satisfactory'™, Furthermore, IlgBry has been shown to complex
better with carbonyl groups than Grignard reagent
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state from sp2 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

(69) OMgX 7o ©OH
{ { R
o) 6()-1\/l1g‘9
©7) 68 >'<
ﬁOMgX %
70 R 0y b

of the nucleophile RMgX, 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
hydride 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

72 73

that postulated by Corey and Zimmerman ©, 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 ketones of the 5K - series could be divided
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 L - hydrogensat C; and Cs 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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where the size of tie nucleophile is suall, 91, of tre equatorial

ey 75

alcohol is obtained whereas with nmethyl Grignard reagent,

there the size of the nucleophile is large, only 42% of the
equatorial alcohol is obtained®? (Table II), Type B comprises

of 1-, 2-, 7-, and 12~ steroidal ketones, In this case the
iindrance due to 1,3-diaxial type interaction could be considered
as "mediun",., These ketones on recduction uith lithiws aluminiun
hydride yield aprroxinately equal cuantities of both epimers
whereas with methvl Grisnerd recgent thevy —ive about 75,5 of the
axial alcohol, (In the l7a-D-horo stercidal ketone tlree
1,3-diaxial hydrogens contribute to tihe hindraice to axial approach
and it can be incluced in type 3). Type ¢ includes L4-, O- and
ll-ketones where tine hindrance due to l,3-diaxisal type interaction

to axial approach could be considerea as "large", In tnis case,

A

¥

both with lithiun aluminium hydrice and metayl Grignard reagent,
irrespective of the size of tne nucleophile, tne product is the

axial alconol in near cuantitative yield,

o

In thie cacse of 11- and lZ-ketones results of lithium
aluninium hydrice reduction and Grignard reaction of the 5B -
series nave also been included in this survey (Table II), since
it héas been shown that tie confizuration at T has little or no
influence on the composition of the product wiien the ll-ketone

is reacted with metnvl Grignard reofents’ Instances wiere



TABLE 11

Lithium aluminium hydride reduction and Grignard reaction of steroidal ketones

Pasition of Groups contributing ser N . T
the carbonyl to 1,3-diaxial non- Type Llcniumrucliﬂt?é:m hydride MeligX or MeLi reaction
group bonded interaction €
Tield of alcohol Tield of aleohol ) erences
in % N in 4%
Hydrogen Methyl Series Series
axial | equatorial axial |equatorial
B
3 2 A Set 10 90 5« 56 42 b2, 63
36 11 Th, 75
7 3 5 o 50 50 75, 77
12 3* 5 5¢ 50 58 75 23 17, 45, 47
B
2 1 1 5ot 52 37 b
1 3 5 o 65 35 A
17a 3 a’b 76 4L
4 2 1 5« 90 7 75
6 2 1 ¢ S« 9% 6 5 90 55 - 5%
79, %
1n 1 2 5panda’ | 90 5 swand 58 | 85 57, 59 - 51
81
_
*

17 -hydrogen is quasi-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 shown
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

Th,75

gives 91% - and 4% - alcohols and cholest-5-en-3-one

yields 90% B~ and 5% ok - alcohols7h, cholest-4-ene-3-one
affords approximately 75% /8 - and 25% ok - alcohols®?, It

is of interest to note that rate of reduction with sodium
borohydride differs and the following order of reactivity
established83: A5 -3-keto > 3-keto {A/B trans) al -3-keto,
Furthermore, while 7-ketocholestanyl acetate gives approximately

equal quantities of the epimeric cholestane-3/3, 7-diols, 7~

ketocholesteryl acetate affords 60% of 7f3— 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 ASA -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
does not seem to be essential for the activityga. The
discovery that the incorporation of the following additional

features: 11, 12- double bond®%, 17 -methy18®, 17« -acetoxy®’

91 enhances the

and 17 X-halo®®, 6« -methy189:90 and 6 «-halo
potency of the hormone marks the various stages of & sustained
and patient effort of the search for progesterone analogues of

higher activity.

Ehrenstein degraded strophanthidin to crude 19-

92 and reported its high activity93, but isolated

norprogesterone
it in the pure form much later?® and identified as 19-nor-14 3,17« -

progesterone95' In the meantime, the introduction of metal-ammonia
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96

reduction by Birch and coworkers”’” opened up a simple route for
the synthesis of 19-nor steroids by reduction of the aromatic

ring A in estrogens9z 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 lOO’ 6 89’90, 7 lOl,
16 90,102 44 1786 have been prepared and active work in this
field is in progress, In view of this interest some 1l2-substituted
progesterone derivatives were prepared, The hydroxy ketone (39)
was brominated at the L4-position, The bromo ketone (73) was
dehydrobrominated to the semicarbarzone (74) according to the
method of McGuckin and KendalllOB. The latter on treatment with
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 A" - dehydroprogesterone exhibits high
progestational activity, the effect of the incorporation of

12,12a- double bond on the activity of the parent hormone seemed
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R '®) R
0] @)
H H
Br
_.-OH __-OH
(39)R= \CHQ , (73)R= \CHQ
.--CHg .--CHs
(42R= < (7380R= <,
R O R
H,NOCHNN o
..-OH _.-OH
‘,‘CHg .- OAC
(7a8R= < o (758R= <,

..--CHa
(75bR= \OH

(75QR= ==CH,
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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 0il and it showed
infrared absorption bands characteristic of acetate groups.
Since the hydroxy ketone (39) on treatment with acetic acid,
acetic anhydride and p-tcluene sulphonic acid gave the exo
olefin (45) and the 12X -acetate (39a), by analogy, the minor
product (75a) was tentatively assigned the 12 B-methyl-12«&-
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 propertiesx.

® We wish to thank Dr. C.I. Chappel and Dr. Clara Revesz of
Messers, Ayerst, lMcKenna and Harrison, lontreal for carrying
out the biological tests,



(a)
(b)
(c)

EXPERIMENTAL

All melting points were corrected,
Only the best yields obtained were reported.

The commercially available aluminium oxide (Woelm) was
used for chromatography,

The infrared spectra were taken using a Perkin-Elmer lModel 21
double beam spectrophotometer, equipped with sodium chloride
prism,

The ultraviolet spectra were taken using a Beckman Model Dii-1
spectrophotometer,

The micro analyses were carried out by Dr. A, Bernhardt,
Milheim, Germany and Dr, C. Daesslé, 5757 Decelles St.,
Montreal,

Biological tests were carried out by Dr., C.I. Chappel and
Dr, Clara Revesz, lMessrs, Ayerst, McKenna and Harrison, Ltd.,
Montreal,
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CHAPTER I

12K -Bromo-3« , 208 -Diacetoxypregnan-1l-one (26).

A solution of 35 g, of the ketone (24) in acetic acid
was selectively reduced with hydrogen using platinum oxide
monohydrate (Adam's catalyst) as catalyst, Ether extraction
afforded 35,606 g; of crude product, which on crystallisation
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 203 -alcohol with
pyridine and acetic anhydride afforded on crystallisation from
ether-hexane 29,3 g, of the diacetate (25a)21, m,p. 159-60°
(yield 98%).

A solution of 27,27 g. of the ll-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

2
afforded 20,47 g. of the bromo ketone {(26) 2

H m'p' 176-70 . The
mother liquors were acetylated with pyridine and acetic anhydride
and on crystallisation afforded 5.47 g. of the bromo ketone (26),

m,p. 176-7° (yield 80%).
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Solvolysis of 12X -Bromo-3« , 20 -Diacetoxypregnan-ll-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 em™1 and 1167 em™L

23d

due to the formylation 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 hour827, 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 o0il, 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'l, 1230 em™t
(acetate), 1712 em™t (ll-carbonyl of unreacted material) and

1675 em~t ( ¢@ -unsaturated ketone). The impure «3 -unsaturated
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ketone (67 mg.,) was rechromatographed on 3 g. of alumina (4.5%
water)., The hexane-benzene (4:1, 1:1) eluates (12 mg,) contained
about 50% of the o R-unsaturated ketone (13), which showed
infrared absorption bands at 1712 cn™t and 1675 cm™L. The
presence of the «,A-unsaturated ketone (13) was confirmed by

U.V. spectrum, A EtOH 254 mm (€ 6,300),
max

The bromo ketone (26) was heated at reflux temperature

4

with (a) formic acid aad sodium foruate for 5 days, (b) acetic

15

acid and silver acetate, ” for 3 days, (c¢) acetic acid and silver

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

trichloroacetic acid and sodium acetate for 20 hours

» days, In all

o

(e} dimethylformamide and silver acetate for
these cases, infrared analyses of the reaction products showed

absence of d¢3-unsaturated ketone,

Dehvdrohalozenation reactions.

The familiar dehydrohalogenation reactions did not
give «%6-unsaturated ketone, The bromo ketone (26} was
subjected to the following reaction conditions (a)
dimethylformamide and lithium bromide?? at reflux temperature

N

for one day (b) dimethylformamide and lithium nerchlorate at

reflux temperature for 4 days (c) semicarbazide hydrochloride,

6
26 at reflux temperature for 4

sodiumn acetate and &acetic acid
days (d) quinoline aud silver acetate at reflux temperature

for 4 days,
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12 £ -Bromo-3 &, 208 -Dihvdroxypregnan~ll-one (206a).

A solution of 2 g. of the bromo ketone (26) in 75 ml,
of methanol containing 1.3 ml. of 70/ verchloric acid was heated
in a nitrogen atmosphere at reflux temperature for 3 hour527.
The usual extraction procedure afforded the bromo ketone (26a),
which crystallised from methanol as needles, 1,16 g,, m.p. 228=30°

(decompn, )., Crystallisation of mother liquors afforded 0,10 g.,

m,n, 220-7° (yield 7065).

A portion of the bromo ketone was recrystallised twice

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

(¢ 0.71 in CHClz. A few drops of ethanol was added to bring

the bromo ketone (26a) into solutionld),
Caled, for Co1HzaxCzBr : C 60,99 H 8,04 Br 19.33
Found : C 60.80 H 8.13 Br 16,34

12 L-Bromopregnane-3,11,20-trione (2Zl2&

To a solution of 1.17 g£. of the bromo ketone (20a)
in 60 ml, of acetic acid was added with stirring a solution of
0.625 g, of chromiun trioxide in 7 ml. of 9U% acetic acid, and
left at room temperature for 23 hours, The reaction wixiture

was worked up in the usual manner, and when the ethereal extract
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was evaporated to about 20 ml,, 695 mg, of the bromo trione (27)
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°,

Caled, for CziHs50aBr @ C 61.60 H 7.14 Br 19,52
Found : C 61.49 H 7.12 Br 19,67

Solvolysis of 12 A -Bromopregnane-3,11,20-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 MJB-unsaturated ketone,

28
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CHAPTER II

Reduction of 3 «, 12X -Diacetoxypregnan-20-one (3la) in ether,

A solution of the diacetate (31a)°° (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 20K -alcohol (33), (8.902 g., 37.0%), m.p. 225-6°,
ﬁ(] 39 46° (c 0.59 in CHCls). The substance was slightly
hygroscopic. Crystallisation from acetone gave cubic crystals
of 20« -alcohol (33), but there was no change in the melting

point.

Caled. for C, HzeOs : C 74.98 H 10.78
Found : C 74.94 H 10,66
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Crystallisation of the mother liquors from acetone gave needles
of the 20 -alcohol (32)%7, (11.260 g., 46.8%), m.p. 236-8°,
[#] 2 35° (c 0.78 in GHCLs).

Calcd, for Cleaeoa H C 7[4-,98 H 10.78
Found : C 74,84 H 10.61

Reduction of 3 K, 12X -Diacetoxypregnan-20-one(3la) in
29

tetrahydrofuran -,

A solution of the diacetate (3la) (30.9 g., 0.0739 mole,
m,p, 122-3°) in absolute tetrahydrofuran (200 ml,) was reduced
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 20X -triol
(33), m.p. 221-4° (9.5% yield), and 17.3 g, of the 20 -triol

(32), m.p. 231-3° (69.7% yield).

Reduction of 3K, 12X -Dihydroxypregnan-20-one (31) in ether,

& solution of the diol (31)>° [1.414 g., 0.00423 mole,
m,p. 168-72°; crude product obtained by alkaline hydrolysis of
the diacetate (Bla)] , in absolute ether (200 ml,) was added

with stirring to a solution of lithium 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 £ -alcohol (33),
m,p, 225-6° and of 203 -alcohol (32), m.p. 236-8°, was 65,5%
and 10,5% respectively, The alcohols were identified by mixed

m,p. and comparison of I.,K., spectra,

Reduction of 3&, 12K =Dihydroxypregnan-20-one (31) in

tetrahydrofuran,

A solution of the diol (31) [2.635 g., 0.00789 mole,
m,p. 168-72°, crude product obtained by alkaline hydrolysis of
the diacetate (31a)] 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 the 20 K -alcohol (33), m,p. 225-6°, and of 20/ -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,

1
Pregnane-3,12,20-trione (31;,)3

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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crystallisation gave in each case an 80-90% yield of the
trione (3#)31, m,p. 203-5, The identity of the samples in
both cases was confirmed by mixed m,p, and superimposability

of I.R, spectra,

3 &, 124, 20X -Triacetoxypregnane (33a).

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

crystals, m,p, 147-8°, px] 38 95° (¢ 0,73 in CHCls).

Calcd, for CanH,20e : ¢ 70,09 H 9.15
Found : C 70.27 H 9,20,

3 &, 12K, 208 -Triacetoxypregnane (32a)29,

Triol (32) (130 mg,, m,p., 236-8°) was treated as
described above., The triacetate (32a)<? crystallised from
ether~hexane as colourless needles, m.p., 201-2°, E&]Sg 127°
(c 0,81 in CHCls). The m,p., was not depressed upon admixture

with an authentic sample™ and the I.R. spectra were identical,

x Kindly supplied by Prof, Ch. R. Engel, Department of Chemistry,
Laval University, Quebec,
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29

3K, 12X, 20 -Trihydroxypregnane 3, 20-bis-methyl succinate (32b)

To a solution of 4,38 g, of the triol (32) in pyridine

(40 ml.), succinic anhydride (10,2 g.,) was added, Thne 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 magnesium
sulphate, Upon evaporation of the solvent 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,po, to 190-1°

(m,p, 182-4° has been previously reportedzg).
Calcd. for CpoHea0s : C 64.91 H 8.26
Found : c 64,79 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°, [b(]gg 67° (c 0.97
in CHCls). Crystallisation of the mother liquors gave 0,257 g,
of (32b), m,p, 94-5° (yield 84%).
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3, 20 B -Dihydroxypregnan-l2-one bis-methyl succinate (36b)%7,

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-methyl succinate (36b)29, m,p, 112-3

’

[«] ?? 110° (c 0.91 in CHCLa).
D

3 L, 20 B-Dihydroxypregnan-12-one (36).

To a solution of 10.0 g, of the keto bis-methyl
succinate (36b) in methanol (700 ml,) and water (100 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 2,868 g, of hydroxy ketone (36) crystallised from
acetone-hexane, m,p. 221-2°, The I.R, spectrum of the mother
liquors showed that the hydrolysis was not complete. The mother
liquors were further hydrolysed with 5% methanolic potassium
hydroxide for 8 hours at reflux temperature and worked up as
usual, The hydroxy ketone (36) (3.04L4 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°,

[e¢] ;9 132° (c 0.95 in CHCls).

Calcd, for C,iHz4.05 : C 75,41 H 10.24
Found : C 75,20 H 10.06.

34X, 20/ -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 crystallisation of the ketone (36a) from ether-

hexane did not raise the m,p., [o(] §9 179° (¢ 1.09 in CHClas),.

CaICd. for CgsHaaOs M C 71. 73 H 9.15

Found C 71.91 H 9.25

(3]

3R, 12X, 20X ~Trihydroxypregnane 3,20-bis-methyl succinate (33Db).

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 L 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 ethereal
layer was washed with water, cold 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 leaflets, m,p, 109-10°, Repeated
crystallisations 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., [o<]§9 43° (¢ 1,02 in CHCls).

Calcd, for CaiHyg0e C 65,92 H 8,57
Found : cC 66,09 H 8.,1.

3 K, 20 L-Dihydroxypregnan-12-one bis-methyl succinate (37b).

A solution of chromium trioxide (1,19 g.) in 90%
acetic acid (12 ml,) was added to a solution of 6,088 g, of
the bis-methyl succinate (33b) in acetic acid (210 ml,) and
left at room temperature for 16 hours, IMethanol (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% sodium bicarbonate solution and then with

water until the washings were neutral. The organic layer was
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dried over magnesium sulphate, Evaporation of the solvent
afforded 6,071 g. of the crude keto bis-methyl succinate (37b),
m.p. 65-6° 3

Two crystallisations from ether-hexane raised the
m.p. of the keto bis-methyl succinate (37b) to 65,5-6,5°,
2 ,
clusters of leaflets, {p(]Dg 87° (¢ 0,84 in CHCla).

Calcd, for 051H4309 M C 66,16 H 8.2]4,
Found : C 65.94 H 8,04,

3 &, 20X -Dihydroxypregnan-l12-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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Two crystallisations of the hyvdroxy ketone (

from methanol gave broad needles, m,p, 260-1°, &1339 120°
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Found : B 12,1k,

3K, 20X -Diacetoxyvresnan-12-one (37a).

Absolute pyridine (30 ml,) and acetic anhydride
(25 ml,) were added to 3,4 gz, of the hydroxy ketone (37),
ana tne nmixture was neated at reflux temperature for 10 minutes

ntil the crvstals discolved, The reaction wixbure was lelt

at. 93° for 12 hours, then 1t i:as cooled, &and poured intc 500 nl,
of weter, The ususl extraction procedure gave 23 ¢, of
the crude ketone (373), m,n, 210-2°, The ketone (37a)
crvstallised from Acetones-hexane as plates, L.082 £., n,p, 211-2°,
Crystallisation of rmother liquors gave 0,127 g., m,p. 211-2°,

The overall vield for tlie reaction secuence (23b) —> (37b) —=

(37) — (37a) was 995,
Two crvstellisations of t ketone (37a) from acetone-
o . A
hexane raised the u.p. to 212-2,5°, (] 27 103° (e 1,25 in CHCle),
Calcd, for C_aFazsls c 71.73 H 9.15
Found : C 71.5L E 5,97,
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CHAPTER ITII

12 f-Methylpregnane-3 &£, 12X, 208 -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 with stirring a solution of 575 mg.
of the ketone (36a) dissolved in 200 ml. of absolute ether,

The reaction nmixture was refluxed for 20 hours, A solution

of ammonium 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. R13-4°, 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°, leaflets
&X]Sg 39° (¢ 0,88 in CHCls).

Calcd, for CssHasOs ¢ C 75,37 H 10,92
Found : C 75,21 H 10,92,

The mother liguors were acetylated and the resulting

0il (435 mg.) chromatographed on 14 g, of alumina (4,5% water).
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The hexane-benzene (L4:1) eluates consisted mainly of the
unreacted ketone (36a). Hexane-benzene (1l:1) fractions were
collected and on crystallisation from hexane gave 73 mg, of
the diacetate (38a), m.p. 119-21°., The mother liquors on

Py

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

Two recrystallisations of the diacetate (38a) from

hexane for analysis raised the m,p. to 122-4°, needles, {yﬁ] ;9
79° (¢ 1.01 in CHClas).

Calcd, for CogHe20s ¢ C 71.86 H G.74
Found s+ C 71,66 H 9.99.

The mother liquors of the hexane-benzene (1:1)
eluates and the remainder of the fractions of the chromatogram
afforded upon alkaline hydrolysis and crystallisation from
ether-hexane 71 mg, of the triol (38), m,p. 208-10° (overall
yield 73%).

Reaction of the ketone (36a) with 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 3 -Methyl-12 & -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°, Crystallisztion of mother liquors afforded 15 mg.,
m,p. 186-7° (yield 92%).

A portion of the hydroxy ketone (39) was crystallised

twice from acetone-hexane for analysis, m.p., 187-8° BKJ 39 10z2°

(¢ 1,05 in CHCls), » CCl¢ 1713 cu™t (3,20-dione), 3680 cm-1
max

(C12 - hydroxyl).

Caled. for CasHssOs : C 76,25 H 9,89

Found : C 76,10 H 9,87,

12 B-Methylpregnan-3o¢ , 12 ¢, 204 -triol (4L0) and 12« -

Methylpregnan-3 «, 128 , 20c -triol (41).

To 300 ml, of an etiiereal 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 ammonium 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 was chromatographed on 350 g. of
alumina (4,5% water). The hexane-benzene (3:1) eluates
crystallised from ether-hexane and there was obtained 520 ng.

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

Recrystallisation from ether-hexane raised the m.,p. to 172-3°,
28

BK]D 90° (¢ 1,11 in CHCls).
Calcd., for CogHu0e : C  70.57 H 9.32
Found : C 70,57 H 9.21.

The hexane~-benzene (1:1) and benzene eluates (4.485 g.)
on hydrolysis with 5% methanolic potassium hydroxide gave
3.587 g. of crystals, m,p. 208-16°, Repeated crystallisation
from methanol afforded 3.216 g. of triol (40), m.p. 240-1°,

[«] ;8 70° (c 0,97 in CHClg),

Caled., for CzzHzal0sz ¢ C 75,37 H 10,92
Found ¢ G 75,33 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., [of] ;2 38° (c 1,07 in CHClgs).

CalCd. for ngHana M C 75.37 H 10.92
Found : C 75,50 H 10,96,

An ether solution of the mother liquors of the
hexane-benzene (3:1) fractions and the hexane-benzene (9:1 and
L: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 usual extraction procedure
afforded 2.85 g, of a pale-brown semi-crystalline product,

which was chromatographed on 80 g, of alumina (4.5% water),
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The hexane-benzene (A4:1) eluates (170 mg.), on
crystallisation from acetone-hexane, gave 80 mg, of pregnane-

31

3,12,20-trione”’~, m,p. 198-200°, identified by mixed m,Dp.

and comparison of I,R, spectra with an authentic sample,

Hexane-benzene (3:1, 2:1, 1:1) and benzene eluates
(950 mg,) crystallised as needles from ether-hexane and there
was obtained 741 mg., of the hydroxy ketone (42), m,p, 125-6°,
The mother liquors were combined with the benzene-ether (95:5)
fractions and crystallisation from ether-hexane gave 113 mg., of

(42), m.p. 122-3°,

A portion of the hydroxy ketone (42) was crystallised

from ether-hexane for analysis, m,p., 125-6°, BXJ 28 30° (¢ 0.90
D
CCl,

{ max
(C20=0 +++ H - 0 - Cas -).

in CHCls), Y 1716 cm™t (3-ketone), 1695 cm~l and 3480 cm™t

Calcd, for CpaHze0s ¢ C 76,25 H 9.89
C 76.16 H 9.900

Found

The rest of the benzene-ether and ether-methanol
eluates on crystallisation from acetone-hexane afforded 465 mg.
of the hydroxy ketone (39), m.,p. 187-8° (also obtained via the
Grignard reaction in 20f -series), Crystallisation of mother

liquors 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 8 -methylpregnane-3 x, 12« , 20X ~-triol and
12 X -methylpregnane-3 < , 128 , 20 X~-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 1l2-methyl-l2-hydroxy pregane

derivatives from lZ2-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

Iithium in ether at reflux temperature for 14 hours,

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

magnesium iodide in ether at reflux temperature for 15 hours,

Infrared spectra analyses of the reaction products
showed that in all the above cases there were appreciable

amounts of starting material,
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12 B ~Methyl-12« -hydroxypregnan~3,20-dione (39) from 12 A -Methyl-

pregnane-3 ol ,12¢,20X =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°, C(rystallisation
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,

12K -Methyl-12 8 -hydroxypregnan-3,20-dione (42) from 12« -Methyl=

pregnane-3« ,12 8, 200t -triol (41).

Chromium trioxide oxidation of 200 mg, of the triol
(41) as described above, gave 199 mg. of an oil, which on
chromatography 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 A -Methylpregnane~3 &, 12« , 20K -triol 12-acetate (4LOc).

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 oil,
Fractional crystallisation from ether-hexane afforded 56 mg, of
the monoacetate (40c), m.p, 183-4° (yield 34%), 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°, leaflets, [x] ;8 90°

(¢ 1,07 in CHCls).

Caled, for Co4Huo04p + C 73,40 H 10.27
Found : C 73,23 H 10.20.

Y2 A -lMethyl-12 o ~acetoxypregnane-3,20-dione (39a).

To a solution of the monoacetate (4Oc) [ 165 ng.,
crude product obtained by alkaline hydrolysis of 170 mg, of
the triacetate (hOa)] 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 0il, 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 16 mg., m.p, 174~5° (yield 49%). Two
crystallisations of the ketone (39a) from ether-hexane raised

the m.p, to 175.5-6°, [«] *?102fc 1,04 in CHCls).
D

Caled. for Cg.HaeOs : C 74,18 H 9.34
C 74.31 H 9.37.

oo

Found

12/3 -Methylpresnane-3 o, 12 X, 20X ~triol 3,20-diacetate (LOD).

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, 186-8°
(yield 98%).

Recrystallisation of the diacetate (40b) from
ether~hexane for analysis did not raise the m,p., QK]:§8 80°
(c 0,98 in CHCls).

Caled. for CzeHgz0s : € 71,86 H 9.74

Found C 71,69 H 9,67.
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12 £ -Methylpregnane-3 &, 12 8, 20K ~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
(41la), 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 (4Ob) showed a

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

from ether-hexane for analysis did not raise the m,p., (] 28 56°
(¢ 0.99 in CHCls).
Calcd, for CpeHez0s ¢ C 71,86 H 9.74
Found : C 71,91 H 9,67.
3, 12X -Dihydroxypregnan-20-one 3-methyl succinate (Q;b)zg

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 (31a)] 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 (31b)29, m,p, 125-7° (yield
8Lh) .
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3o, 12X -Dihydroxy-20-pregnanone ethylene ketal 3-methyl

succinate {(43).

To a solution of 8,99 g. of the methyl succinate
(31b) 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°, {§<]§7 57° (¢ 1.01 in CHCla).

Caled., for CpgHe,O0r : C 68,26 H 9.00
Found : C 68,40 H 9.07.

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

{hh).

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.)

)th

in pyridine (32 ml, 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 with iced 2N hydrochloric acid, 5% 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

to it, the ketone (L4) 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., I}{}27 96° (¢ 0,78 in CHCls),
D

Calcd. for CgzgHges0, ¢ C 68,55 H 8,63

C 68,64 H 8,65,

X3

Found

Reaction of methyl magnesium iodide with 3o -Hydroxy-1l2,20-

pregnandione 20-ethylene ketal 3-methyl succinate (LL).

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 (L)

in benzene, and the resulting mixture was heated at reflux
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temperature for 18 hours, A solution of ammonium 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
sulphonic acid and left at room temperature for 22 hoursél.

Ether extraction afforded 884 mg. of oil, An infrared spectrum
analysis of the oil showed strong absorption band at 1707 cm~1t
(Czo-ketone), and weak absorption band at 1725 cm~1 (Cs - methyl

succinate).

A solution of this o0il in 25 ml. of 5% methanolic
potassium hydroxide was heated at reflux temperature for L5
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 half of the benzene fractions on
crystallisation from ether-hexane afforded 67 mg. of the hydroxy

ketone (42), m,p. 123-4°,

The rest of the benzene eluates and the benzene-ether
(9:1, 4:1) fractions on crystallisation from acetone-hexane
afforded 80 mg. of the hydroxy ketone (39), m,p. 187-8°,

Crystallisation of mother liquors gave 29 mg,, m,p., 184-7°,

The ether-methanol (9:1) eluates on crystallisation
from acetone-hexane afforded 34 mg, of needles of 3K, 12X~
dihydroxy~12 8 -methylpregnan-20-one, m.,p. 225-9°,

Recrystallisation from acetone-hexane raised the m,p, to 228-30°,

(] ;7 106°(c  0.74 in CHCla).
Caled, for CaoHzas0s ¢ C 75,80 H 10.41
Found : C 75.96 H 10,07,

Chromium trioxide oxidation of 3« , 12K -dihydroxy-12/2 -
methylpregnan-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 (L4i)
[ isolated as the trione (3h)] , the yields of 12« -~ alcohol

and 123 - alcohol were 25% and 12% respectively,

12-Methylene pregnane-3,20-dione (45) from thX-Methyl—12/3-

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 monohydratel*'3 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 o0il, which showed

1 1

absorption bands in the infrared at 3080 cm” , 890 c:m":L

)23c

, 1645 cm™
(CCc=CH, ; 1755 em~1, 1218 em~l (& 17(20)-enol acetate)lOS;
1713 cm"l (3-ketone), Under the above reaction conditions the
FAN l7(20)—enol acetate is known to be formed106, The enol
acetate (390 mg, of o0il) was converted to the Cyg-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

1 and 1218 cm"'1 characteristic of

showing no bands at 1750 cm™
enol acetates and it was chromatographed on 10 g, of alumina
(4.5% water). The hexane-benzene (4:1, 1l:1) eluates containing
the olefin (45) crystallised from ether-hexane as needles,

134 mg., m.p. 89-90°, Crystallisation of mother liquors afforded
33 mgo, m‘po 89-900 (yield 53.4%)0

A portion of the olefin (45) was recrystallised from
ether-hexane for analysis, m,p. 89-90°, BX]i§7 133° (¢ 1,02 in
CHCls), v %2 3075 cem™l, 1645 cm™l, 888 cm~l (3C=CHa); 1713 cm~1

max
(3,20~ dionei,

Caled., for CapHaz0z : C  80.41 H 9,82
Found : 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 hydrolysis

of the triacetate (40a) to the monoacetate (4Oc), and subsequent

oxidation).

12-Methylene pregnane-3,20-dione (45) from 12 B-Methyl-12 X -

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 0il) was chromatographed on 15 g, of alumina

(L.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-#°;E&];2 139°

CS,
max
(:C=CH2); 1713 em™t (3,20-dione),

(¢ 1.0 in CHCls); V 3080 cm™t, 1645 cm~t, 885 cm-l

Calecd. for CazHaze0p, ¢ C 80,41 H 9.82
Found : C 80.02 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, 100-1°%

(yield 13%). One crystallisation from hexane for analysis

% A mixed m.p, of the two forms of olefin (L45) melting at 73-4°
and 89-90° on a lofler 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, 1In
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°; T[] ;1o (¢ 0.95 in CHClas);

Y G52 3080 cm‘l, 1645 cm'l, 885 em™t (SC=CHz); 1713 em~t
max 7

(3,20-dione).

Calcd., for CgpoHaz0z : C 80.41 H 9.82
Found : C 80,19 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 l2-methylene pregnane-3,20-dione (45) to 12 /3~

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 daysh7.
It was then heated at reflux temperature for 30 minutes with

100 ml, of an 80% 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
vinylidere 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. 196-9°,

(] sz 22° (c 0,88 in CHCls).

Caled, for CppHzs0, : C 72,88 H 9.45
Found : C 72.81 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 18 hours,
Ether extraction afforded 195 mg. of the tosylate (46a) as oil,
which showed absorption bands at 1375 cm'l, 1193 em™L and 1190 em™L

in the infrared region, characteristic of tosyl groupszBe.

A solution of the tosylate (195 mg. of o0il) 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,
Chromatographic 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 fB-Methyl-12 X -hvdroxyprogesterone (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 10 ml,
of absolute chloroform 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 dissolvedloB.
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 semicarbagzone (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 was 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 o0il 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%), (] 59 182° (¢ 1.01 in CHCls), X PO

max
CCl,

-1 -1
max 1710 cm (20-ketone), 1680 cm

239 mu(€ 17,500), Y
1620 em~t (élh -3-ketone).

)

Calcd, for szHagOa H C 76,68 H 9-37

Found C 76.40 H 9,40,

12 X-Methyl-12 @ -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-water,

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,), VY CCls 1

1695 cm'l, 3480 cm~
max
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(920=0 oo H-O—?lz—), 1735 cm 1 (4 A -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 was 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 0il) 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,
chromatographic purification and crystallisation from ether-hexane
gave 276 mg, of thne hydroxy ketone (42), m,p. 124-5°, Taking
into consideration the recovery of the hLydroxy 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
KendallloB. The resulting oil was chromatographed on 9 g, of
alumina (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°, [ Sz 113°
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CCl,

(¢ 1.07 in GHCls), A EPOH 238 mu(e 18,600), v ~°~

max
- - { v
1695 cm L and 3480 cm™t | SCa0=0 eoo H-O—?lz-), 1680 cm~1 and

1622 em~1 (le*-B-ketone),

Calcd, for CyzpHzs0z ¢ C 76,68 H 9.37
Found : C 76,68 H 9.41.

12-Methylene progesterone (75c) and 12 3 -Methyl-12« -

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 liguors
(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 o0il, and it was dissolved in 25 ml, of methanocl, 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, which was chromatographed
on 15 g. of the alumina (4.5% water), The hexane-benzene (4:1,
1:1) and benzene eluates on crystallisation from ether-hexane
afforded 121 mg, of cubic crystals of 12-methylene progesterone
(75¢) m.p, 104=5°, (yield 27%). Two recrystallisations with
ether-hexane raised the m.p, to 105-6°x, EX] 27 189° (¢ 6.92 in

CHCla), A EPOH 240 ma (e 18,500), ¥ C%Cle 3070 em~1, 1643 em?,
max max

890 em~1 (30=CH,), 1707 em~l (20-ketone), 1675 cm™L, 1617 em™L
L

(A7 -3-ketone).
Caled, for CgzHap0s; ¢ C 80.91 H 9,25
Found : C 80,70 H 9,05.

The benzene-ether eluates afforded 210 mg, of an oil
which resisted crystallisation., Its infrared spectrum showed

1 (l2-acetate); 1705 cm™d (20-ketone);

absorption bands at 1727 cm”
1675 em™t and 1617 e~ (th -3-ketone), It was tentitatively
assigned the 12[3-methyl-12¢<—acetoxyprogesterone configuration

on the basis of its infrared spectrum, and from the analogous

3 .. . . i
The progesterone derivative (75c) was obtained in another
polymorphic modification as needles m,p., 135-6°,
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reaction that 12/3—methyl—lZp(—hydroxypregnan-B,20-dione with
acetic acid, acetic anhydride and p-toluene sulphonic acid gives
12/3—methyl—l2o<—acetoxypregnan-3,ZO-dione as the minor product

of the reaction (see p.82 ),
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Results of Biological Tests

12 # -Hydroxy-12& -methvlorosesterone {(75b):

clauberg Test

Daily dose/rabbit

0.1 mg.
5.0 mg,

route

S.C.
oral

a

Proliferation

@ +1 +1 +1
+1 +1 +1

The compound was inactive at the dose levels tes

12 B-llethvl-12 X -hvdroxyorogesterone (75):

Clauvbers Test

Daily dose/rabbit

0,1 mg,

route

S.C.

¢t

ed,

Proliferation

R A )

Androgenic~Anabolic Activity in Raets

no, of Compound Daily dose Ventral Semin, Lev, ani body weil;ht
rats mne., S,cC, Prost,mg, Ves,ms, me, Initial TFinal
L7 Ses, o0il 0.2 1, 8,9+%0,5 10,1%0,5 14.6x0.5 41%£0.9 606%1.2
12 (75) 0.1 mg., 10.2#C.5 9,3xC,3 14,3x0.6 41£1.1 062%2.7
Diuretic activity in Adrenalectonized Rets
Dose Urine Vol, sSodium Potassiunm Na/K ratio
ml, mg/vol, ng/vol,
Operated .
controuls 2.9 £ 0,2 3.1 £ 0.5 g€.9 £ 1.0 0.35
(75) 500y 2,3 £ 0.3 2,8 £ 0,7 7.8 % 1.4 0.36

The compound did not show any activity in the above tests.
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12 X-acetoxy-12 /3 methylprogesterone (75a) and l2-methylene

progesterone (75c).

Clauberg Test

Compound Dose mg/kg Route Proliferation
Sesame 0il 0,2 ml, S.C. gopy
Progesterone 0.1 s.cC. L HL o+ +)
(75a) 0.1 s.c. pop -+l
(75¢) 0.1 S.C. g P +1 +1
Results

(75a) and (75c) were inactive in the Clauberg test
when administered subcutaneously at daily doses of 0,1 mg; at
the same dose level progesterone gave a +4 proliferation,
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SURIZARY ArD CONTRIBUTIUN TC KKC..LEDGE

1. 3o0lvolysis of 12& -bromo-3 «, 203 -diacetoxypregnane-
ll-one in formic acid and silver acetate afforded the 1l:2-
methyl shifted compound 18-nor-l2-nethyl-3 «, 20/3-diacetoxy-
l12-pregnene-l1l-one in poor yield, The latter compound was
identified by spectroscopic data, FEowever, extensive

chromatographic purification and attempted crystallisation

failea to yield a pure sample of the l:iZ-methyl shifted compound,

{

2. An investigation of lithium aluminium hydride
reduction of 3 &K, 12X -dihydroxypregnane-20-one and 3 X, 12« -
diacetoxypregnane-20~one in diethyl ether and tetranydrofuran
led to the following conclusion: 3 X, 12K -dihydroxypregnane-
20~one with a 12-hydroxy function gave predominantly the
20(-alcohol, while 3 X, 124 -diacetoxypre; nane-20-one having
an acetate function &t the lZ-position afforded the 208 -alcohol
as the major product, Wwhen tetrahydrofuran was used as the
solvent in the reduction reaction the yield of 203 -alcohol
increased, A mechanism has been advanced to interoret the
effect of lZ2-substituent, and the solvent effect has been

explained in terms of its basicity.
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3. The reaction of lZ-ketopregnane derivatives with
methyl Grignard reagent gave preconinantly the 12 B-methyl-
12 A-hydroxy epimer, contrary in ti.is case, to the "rule of
rear-attack", This conclusion was vased on spectroscopic

and chenical evidence.

L. A tentative conclusion that in the 12-methyl steroids
the exo location of the double bond at the l2-position is
thermodynamically more stable than the endo has been drawn,

Evicdence, though not unambigous, has been presented to support

this conclusion,

"

5. A literature survey of lithium aluminiwn hydride
reduction and methvl Grignard or methyl lithium reaction of
steroidal ketones revealed that the composition of the epimeric

alcohols obtained, &re 1in soue cases contrary to tue "rule of

v

N

rear-attack, A theory bazsed on the steric influences of (a) th

1:3-diaexial non-bonded interactions and (b) the relative size

of tre organo-metallic complex to axial anproach oi the attacking

Py

nucleophile (eittner lithium alwiinium hydride, methyl Grignard
or riethyl lithium as the case mav ve) nas been advanced, Tihe

relevant experimentsl facts could be explained on the basis of

1

this nypothesis,
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6, Four new l2-substituted vrogesterone analogues
have been prepared, but the preliminary biological tests did
not exhibit any notable progestation&l, androgenic, diuretic,

hypotensive or anabolic oroperties,



