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Abstract

The following original contributions to the

chemistry of oestrone are described in this thesis:

(1) The elabowation of model compounds to test the
amide photolysis method for functionalization at
carbon-18 of oestrone and related compounds.

(2) The synthesis of a suitable ring A protected
ocestrone derivative, namely 17fcarbamoyl-ocestra-
~-3-mesylate and its conversion into 1l8~hydroxy
cestrone.,

(3) The discovery of a novel fragmentation of diphenyl

carbinols by a photolytic method.
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Introduction

The Functionalization of Non-Activated Carbon Atoms

The need for methods of functionalizing the
angular methyl groups of sterocids was stimulated by
the discovery of the structure of a salt retaining

hormone, aldosterone (1) in 1954 1 .

Success was first reported 2 by use of the old
Hofmann-Loffler-Freitag reaction 5 but the first
4

convenient method was described by Barton who also
clearly stated the requirements for this type of

reaction.



It was postulated that a radical species, for
example an alkoxyl radical, (3) generated by bond
howmolysis of a suitable percursor, as (2) could
abstract a suitably placed hydrogen atom through a six
membered transition state, as (4), to yield a carbon

radical (5) quenchable to some functionalized species (6).

The importance of the six membered transition
state was pointed out and suitable groups X were

suggested 4 .

6



T.

In general these latter were those groups, for
example NO, Cl, Br, I, which by some activation step,
either thermal or photochemical, could yield the required
alkoxyl radical.

This process, when X = NO, is known as the Barton

> and is achieved by photolysis of the nitrite

reaction
ester (2, X = NO). The mechanistic data presently available
is compatible with homolysis of the oxygen-nitrogen bond and
intramolecular abstraction as represented by the pathway
(2 to 5). Apparently the NO radical so released has sufficient
freedom to pass away from the immediate neighbourhood of the
reaction site, since experiments 6 with 14 N labelled
nitrite esters have demonstrated the complete scrambling of
nitrogen isotope in the products, and furthermore the carbon
radical formed (5) may be preferentially quenched by some
other external species present in excess, such as iodine 7.
The normal product from the Barton reaction is the
nitroso-derivative (6,Y = NO) which easily dimerises to the
nitroso-dimer (8), the latter being generally converted by

mild acidic hydrolysis to the oxime (9) and when convenient

t0 the hydroxy-aldehyde (10).



Accordingly, aldosterone (1) was elegantly
synthesisged 4 from the readily available corticosterone
acetate by photolysis of the 11j -nitrite (11).

Examples of this general process when X = Cl and I,
have been described by a number of workers and revie'ad5’ 9’10,
the pathway being identical to that described for nitrite
esters, although the last product (6) may not be isolable

11,12

in some cases due to facile displacement of X yielding

the tetrahydrofuran ring (7).

Identical reactions occurred when the oxygen radical

13 14

was formed by photolysis or thermolysis of an oxygen~-



-lead bond[2, X = Pb (OAC)3]’ or by thermolysis of
nitrate esters in presence of one electron oxidants

15

such as cuprit or ferric salts™’, and it is presumed
that all of these similarly proceed via the alkoxy

radical (3).




10.

Stereochemistry of Abstractions

It apﬁ%ars from numerous examples in the
literature tﬁat the dominant stereochemical require-
ments for thés process is access to a relatively strain
free six-membered transition state (12) such as is
provided by the 1, 3 diaxial substituents in

cyclohexanes16 (13).

A study of the Barton reaction in phenyl aliphatic
alcohols17 is particularly revealing in this respect.

In this work it was demonstrated that the 3-phenyl-
-l-propylnitrite (14) does not give intramolecular attack

even though the especially weak benzylic hydrogen was



abstractable through a five-membered pransition state (15).

Similarly the higher homologue (16) only gave

abstraction through the six-membered transition state (17).

11.



12.

'I-- -

9

In both cases the bond energ:‘r.es:Le would have
strongly favoured the abstraction of the benzylic hydrogen
atoms by some 16 kcal/mol.

The dominant influence of stereochemistry is

thereby clearly demonstrated.

Some cases of the same process within seven-membered
transition states are knovml9 to give low yields of sbatrection.
However this is only possible when-configuration is such that

the two atoms are in close proximity.

Reactions of epimeric 20-nitrites in the pregnanes
also revealed the powerful influence of stereochemistry. It
was foundzo that the 20 a-nitrite gives much higher yields

of an 18-functionalized compound than the 20 f -epimer. The



results of the hypoiodite21 reactions were also in agre-

ement with these findings.

IH—-_O

If the two transition states (18) and (19), 20 a
and 20 B respectively, are considered, it is clear thet
the 20 -epimer (19) involves a 1,3-diaxial like repulsiam
between the 2l-methyl and the l2-methylene 3'1:*0\11:5 + Thus the
relatively higher population ’of the less hindered 20 a -
-conformation is reflected in the relative yields of
products.

Studies in straight chain aliphatiec hydrgcarbons also
revealed that, whenever a six-membered strain free transition

state was possible, the Barton reactien prevailed9 over sany

13.



other rearrangements of the radical formed.

It was also found that secondary or tertiary
nitrites possessing adequate side chains behave caoaparsbly
to the primary nitrites and that the yield of abstraction
is higher for a benzylic or tertiary hydrogen, lower for
a secondary, and the n-butyl nitrite (primary hydrogen)
gave only poor yield of abstraction productl7. These
results which are in accord with early findings for the
photoinduced tert-alkoxy radical promoted chlorination
of hydrocarbons22 are reversed in the case of isolated
hethyls in the perhydrophenanthrene skeleton because of
the rigidly defined stereochemistry of these compounds.
In these cases high yields are obtained with primary
hidrogens and, not surprisingly, the reaction has found
most application in the steroid field for the functiona
lization of methyl carbons 18 and 19.0f the steroid

nucleous.

14.



Abstraction has been observed at both these methyl
groups according with the above geometrical relatimship
(20) from oxygen radicals in carbons 2, 4, 6, 11 and
209’10. |

It was found in these rigid systems that the
availability of a six-membered transition state is not
always sufficient for an intramolecular abstraction. The
distance between the oxygen radical and the carbon bering
the abstractable hydrogen also must be less than a
certain critical limit,.

The oxygen radical in the 11 jg-position is equally

distant from carbon 18 and 19 and, as expected abstraction

in both methyl takes place, by photolysis of the acrrespading

15.
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23

nitrite .

However, when the 11 ﬁ-nitrite‘ of compounds
containing a doubly conjugated ketone in ring A, as (21)
or (22), were photolysed only abstraction at carbon 18

24

was observed .

This may be due to distortion of rings A and B

causing the methyl-19 to lie away from the 11 8 -alcohol
and suggests, that in rigid systems there is a critical
distance between the oxygen radical and the hydrogen to
be abstracted above which no reaction take place.

A more striking example is provided by the reastim
of the cyclic ether (23) where by photolysis of the

11 §-hypoiodite only abstraction at the 18-methyl ocooumxed>



17.

although the 19-position would have been energetically

favoured.

Since the distance beiween the oxygen and the
carbon measured in models is in this case 2.9 L for
carbon-19 and 2.65 A for carbon-18, it is acceptable
to assume that the critical limit lies between these two

values.



18.

Photolysis of Hypohalites

The postulate put forward by Barton in the first

4, that a halogen-oxygen

paper on photolysis of nitrites
bond could be cleaved homolytically and so.generate an
oxygen radical with sufficient energy to abstract a proton

from the 5-position, was later substantiated by the same

author and others who observed that decomposition of

aliphatic tert-hypochlorites gave rise to 3-clfllorol;d:r::imzs’27
and showed that functionalization of carbon-1817’28 and

carbon-l929 of steroids could be achieved by photolysis of

20~ and 6 pB-hypochlorites respectively.

The success of this type of reaction was, however,
related to the use of hypoiodites in presence of excess
iodine. These can be easily prepared in situ by direct

50

action of lead tetracetate” , mercuric oxide, or tert-butyi
hypochloriteBl, and iodine on the alcohols, the photdalysis
being generally carried out in presence of an excess of
oxidant.

In these reactions, and especially when hypoiodites
were used, the normal product was the tetrahydrofuran
ring (7) obtained by internal displacement of the halogen
by the regenerated alecohol as, for instance, when the carbon-B

of steroids is functionalized from a 6 ﬁ-hypohalitez9’32.



19.

However, in some cases, particularly when the
carbon-18 in steroids is functionalizéd from an
hypoiodite at carbon-2033 or at carbon-ll54 and also
during functionalization of carbon-l19 from the pmsition
2 or 455, it was observed that further oxidation takes
place and the reaction product is either a}x-iodo-tetrg
hydrofuran (24) or a hemiacetal (25) resulting from

hydrolysis of the former. The hemiacetals can be easily

oxidized to the P-lactones (26).

U(H 0040 U//O
© - ® O,



These results are a direct consequence of the use
of excess oxidant and are rationalized by assuming that
under these conditions the alcohol (6) regenerated after

'
abstraction of the & -hydrogen may be further converted
to hypoiodite which then yields a new cleavage and
another abstraction.

The lack of displacement to the tetrahydrofuran (7)
in these systems was rationalized in the following way.
It was assumed that in such rigid structures the iocdo -
-methyl group formed after the first abstraction is
reatricted to a fixed conformation, as represented in
the following projections from the p -face (27 and 28) ,

with the bulky iodine atom maintained in the least

hindered space.

20,



Thus the relative position of the first iodine atom
and the regenerated alcohol is the main factor determining
the fate of the reaction.

If the three atoms are in line (29) displacement
takes place before the alcohol is further oxidized and a
tetrahydrofuran ring is obtained.

This is the case for 6 $-alcohols as well as for all
systems in which the iodo-methyl group is not restricted.

If however the three centres are such that the
regenerated alcohol lies closer to an hydrogen atom (30)
then, displacement being disfavoured, further oxidation

takes place and with it a new abstraction of the closer

21,
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hydrogen atom generating a new carbon radical (31), which
nay be quenched or oxidized by another iodine atom to give
a diiodo derivative (32) or a carbonium ion (33) both

favouring formation of the a -icdo~tetrahydrofuran.




23,

These pathways are observed during functionalization
of 19-methyl from the ll-hydroxyl and also the l8-methyl
from 20=hydroxyl.

Finally, if the relative position is such that the
regenerated alcohol lies closer to the iodine as represented
in (34), it is postulated’’ that the aleohol can be further
oxidized and that an interaction between the iodine and the
alkoxyl takes place in which the latter is oxidized by the
former with assistance of iodiné from the environment |,

yielding an iodotetrahydrofuran directly.



@

This is observed during functionalization of
19-methyl from 2-hydroxyl and 18-methyl from the ll-hydrexyl.

Sometimes mixtures of products resulting from single
and double functionalization are obtained in yields that

36

vary relative to each other for no obvious reason” .

24.
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Photolysis of li-Iodoamides

The commonly observed natural occurrence of
sesquiterpenoid lactones of the general types (35) and

(36)y in which hydroxylation is found only in position

C OOH

()

6 or 8 led Barton57 to postulate that conceivably some

COOH

biogenetic process of oxidation involving the carboxyl
group and requiring a six-membered transition state as
discussed above might be involved in their formation.
The generation of acyloxy~radicals by irradiation
of the acyl hypoiodites was known to provoke a rapid
decarboxylation 38. Little or no indication was found

for the formation of V-~iodo acids or V-lactones.



26.

However, tne carbamoyl radicals [formed by irradiation
of the N-iodoamides showed a much greater stability towards

decarboxylation and provided an excellent way to prepare

39

&

V¥ =lactones
It was postulated4o that a N-iodoamide (28), formed

by direct action of lead tetracetate and iodine on the
amide (37) would suffer photolytical homolysis to give a
radical (39) with enough energy to abstract a hydrogen
from the V-position giving a carbon radical (40) ,
quenchable by the iodine to the V-iodoamide (44) which
would cyclize to the iminolactone (42) and subsequently

hydrolized to a )-hydroxyacid or V-lactone (43).



‘s =0 =0 N
NS
NHo NHo :o: SNH5

04[
J
C

It was demonstrated that when N-iodoamides were
photolyzed in the absence of excess oxidant the yields
were less than 50% and all the iodine present appeared
as molecular iodine (measured by U.V.); this was
rationalized by proposing that the hydriodic acid so
formed would reduce the still unchanged N-iodoamide ,
regenerating the starting amide and jodine according to

the following scheme,

27.



N—1

N—-I
)
TR /\u/l
R R co- SNH g '
I+

" \/NH2
—_— ’ j + & + I
R o N NH .

-

Mmiodine monochloride complex of the postulated
iminolactone was isolated in two cases and }-iodoamides
prepared by another route were seen to spontaneously
¢cyclize and hydrolyze to lactones.

further proof of the proposed mechanism and in
particular the involvement of a free carbon radical was
provided by the lactonization of an optical active amide

(49) containing a chiral center in the p-position which

28,



on transformation gave racemized p-lactone (50).

N+

/7

As expected the yields of lactonization in presence
of an excess oxidant were higher than 50% and dependent on
the strength of the carbon-~hydrogen bond to be cleaved by

abstraction in the same way as previously discussed, i.e.

tert. > sec. > primary.

Substitution of the amide such as N-methyl ,
N-methoxyl, N~methylhydroxyl and N-phenyl amides showed
that only the latter substituent gave iactonization in a
moderate yield.

However, when N-bromo or N-chloro-tert-butyl amides

were photolyzed, the yield of lactonization was increased

29.
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and N-substituted iminolactones (51) were easily isolated

giving further proof of the proposed. mechanism.

Surprisingly no abstraction in the tert-butyl
group in accord with the transition state represented
in (52) was observed when the alkyl chain had a

¥V ~hydrogen but abstraction of this type was in
evidence when N-chloro-N-tert-butyl-acetamide was

irradiated.



31.

In this case the oxazoline (53) was identified
(G.L.C.) in 37% yield together with N-tert-butylacetamide
(48%) .

(s3)

N~chloroimides (54) have been shown?? to produce

upon irradiation the same type of reaction, giving after



324

hydrolysis the same V -lactones.

During the course of our work a report appeared

describing the application of these new reactions te

steroids43



33

References

Sehe Simpson, J.7. Tait, A.Wettstein, N.Neher,

O.3chindler and T.Reichstein, Experientia, 1954, 10,

1%2; idem, Helvet.Chim.Acta, 1954, 37, 1200

E.J. Corey and W.R. Hertler, J. Am.Chem.Soc., 1958,

80, 29033 ibid, 1959, 81, 5209; P. Buchscorche ,

J. Kalvoda, D. Arigoni and 0. Jeger, J.Am.Chem.S50C.,

1958, 80, 2905.

AW, Hofman, Chem.ber., 1883, 16, 338; K.Loffler and

C. Freytag, Chem. Ber., 1909, 42, 3427.

D.H.R. Barton, J.M.Beaton, L.E.Geller and M.M.Pechet,

J.Am.Chem.Soc., 1960, 82, 2640; ibid, 1961, 83, 4076.

A.L. Nussbaum and C.H. Robinson, Tetrahedron,1961, 17,

35.
M.Akhtar and IQ-I\'IoPQChet, J.Am.Chem.SOC., 1964,_8__6_,265'

M. Akhtar, D.H.R. Barton and P.G. Sammes, J.Am.Chem.S0C.,

1965, 87, 4601.

D.H.R. Barton and J.M. Beaton, J.Am.Chem.Soc.,1960, 82,

2641.



34.

9. M.Akhtar, Advances in Photochemistry, Vol.2, 263

(Interscience, New York, 1964).

10. K. Heusler and J. Kalvada, Mg"ChﬁnoInt oEd., 19“,

82, 525.

11, M.Akhtar and D.H.R. Barton, JOAnOQth'SO‘Q,' 1961, 22,

2213,

12. Ch. Meystre, K. Heusler, J. Kalvoda, P.Wieland, G.hmer

and A. Wettstein, Experientia, 1961, 17, 475.

13. J. Kalvoda and K. Heusler, Chem.Ind. (Londem), 1963,

1431.

14. A.Bowers, R. Villotti, J.A. Edwards, E. Denot amd

0. Halpern, J.Am.Chem.Soc.,1962, 84, 3204.

15. J.S. Mills, J.Chem.Soc., 1966, 2261.

16. D.d.R. Barton and R.C. Cookson, Quart.Review, 1956,

10, 44.

17. P. Kabasakalian, E.R. Townley and M.D. Yudis, J.Am.Chem.So0.,

1962, 84, 2716.
18, P. Gray and A. Williams, Chem, Rev., 1959, 59, 239.

19. D.H.R. Barton and J.R. Hanson, Chem. Comm,, 1965’ 117.




35.

20. A.L.Nussbaum, F.E. Carlon, E.P. Oliveto, E:Townley,

P. Kabasakalian and D.H.R. Barton, Tetrahedron, 1962,

18y 373.

21. L. Velluz, G. Muller, R. Bardoneschi and A.Poittevin,

Compt.RenduS., 1960, 725.

22, C. Walling and B.B. Jacknow, J.Am.Chem.Soc., 1962, 88,

6108.

2%, D,H.R. Barton and J.M, Beaton, J.Am.,Chem,Soc.,1960, 82,

2641.

24. Unpublished work reported under ref. 9.

25. Unpublished work reported under ref. 10.

26, F.D. Greene, M.L. Sanitz, H.H. Law, F.D.Osterheltz and

W.N. Smith, J.Am.Chem.Soc., 1961, 83, 2196.

27+ C. Walting and A. Padwa, J.Am.Chem.Soc., 1961, 83, 2207.

28+ JoSe Mills and V. Petrow, Chem.Ind.(London), 1961,p. 946.

29. E.L. Jenner, J.0rg.Chem., 1962, 27, 103.

30. Chs Meystre, K. Heusler, J. Kalvoda, P. Wieland, G. Anner

and A. Wettstein, Experientia, 1961, 17, 475.




31.

32,

33

34.

26,

37

38'

39.

36.

M., Akhtar and D.H.R. Barton, J.Am.Chem.Soc., 1964,

86, 1528,

K, Heusler, J., Kalvoda, C. Meystre, V. Uberwasser,
P. Wieland, G. Anner and A. Wetitstein, Experientisa,

1962, 18, 464.

C. Meystre, K. Heusler, J Kalvoda, P. Wieland,

G. Anner and A. Wettstein, Helv.Chim.Acta,1962, 45,

1317.

J. Kalvoda, K. Heusler, G. Anner and A.Wettstein

Helv.Chim,Acta, 1963, 46, Q8.

K. Heusler, J. Kalvoda, P. Wieland, G. Anner and

A+ Wettstein, Helv.Chim.Acta, 1962, 45, 2575.

C.We Shoppee, N.W. Hughes and R.E.Lack, J.Chem.Soc.,

1966, 2359.

DJHW.R. Barton, JeTe Pinhey and KeJo. Wells, Jochemosoc”

1964, 2518.

D.H.R. Barton and E.P. Serebryakow, Proc.Chem.Soc.,

1962, 309.

D.H+R+ Barton and A.L.J. Beckwith, Proc.Chem.Soc.,

1963, 335.



37.

40. D.H.R. Barton, A.L.G. Beckwith and A. Goosen ,

Je.Chem,.Soc., 1965, 181.

41+ ReS. Neale, N.L. Marcus and R.G. Sdepus, J+Am.Chem.S0C «

1966, 88, 3051.

424 R.5_  Peterson and A. Wambsgaus, J.Am.Chem.S0c., 1964,

86, 1648.

4%, J. Hora and V. Cerny, Coll.Czech.Chem.Com., 1965, 30,

1169.



384

DISCUSSION

During their extensive investigations on the

constituents of hydrolyzed human pregnancy urine, Marrian

1-7 o number of hydroxylated

oestrons derivatives. One of these was idéntified6 as

and his colleagues isolated

18~hydroxyoestrone (55) by its ready conversion with alksli
to formaldehyde and a noroestrone (56) shown to be

identical with one of the 18~noroestrone isomers

HO

HO HO O‘

O,

synthethised by W.S.Johnson and his colleagues”. The

b
.—O

s

fact that Barton8 had shown that primary p-ketols such as



methyl hederagonate and icterogenine (57) lose farmaldshyde
on treatment with alkali at room temﬁerature to give

the nor compound (58), through a retro-aldol condensation
coupled with the findings that the same hydroxylated

compound could be obtained by incubation of l1l8<hydroxy

OH
D
57 |

androsta-4-ene~3,17~dione with human placental tissue and
by hydroxylation of oestrone with adrenal tissue preperations
457510411 supported the proposed structure.

The synthesis of such a compound (55) would present
to the chemist a challenge similar to the one previously

given by aldosterone and since it had been isolated in

small amounts no biological properties were known.,Maeover



the recently discovered functionalization of isolated
carbon atoms in the steroid nucleous‘discuasad in the
previous chapter provided a possible route for synthesis.
Starting from pregnenolone acetate, for example, &
serie of reactions (scheme I) already known12 or with

well founded precedents could be visualized in which a

photochemical process would be advantageously used te

aromatize ring A and functionalize the 1l8-carbon atom.

45,



4l.

(SCHEME I)



The aromatization of ring A would probably be
best achieved after introduction of the 1,2 double bond
with selenium dioxide as indicated (65> 66) as this
would create a reasonable path for the elimination
of carbon-19.

Such a scheme was considered at thé beginning of
our work when the functionalization of carbon-19 of
cholesterol and pregnenolone acetates was carried out
from the respective 5,6 bromohydrines (60) in presence
of tert-butylhypochlorite~iocdine and lead tetracetate-
~iodine in repetition of the work previously described
13, 33.

However the ready availability of oestrone (69)
and its relationship to the discovered 1l8-hydroxylated

compound suggested it to be a more ()convenient gtarting

i
H

HO

42.



material and no further studies were ¢tarried out

cholesterol or pregnenolone precursors.

on

43.
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Elaboration of the C-17 side chain

The required six member transition state for the
discussed functionalization reactions made it essential
that a two atom fragment in the f position be attached at
carbon-17 in order to achieve the configurational
relationship between the carbon-l8-methyl and the functionalizing

radical, as in (70).

The selection of fragment X—Y was governed by two
requirements: first that atom Y, as a radical, should
abstract hydrogen in the manner described and secondly
that X-=Y be removable under mild conditions to regenerate

the 1l7-ketone.



It was clear that the carbamoyl radical (71) was
the method of choice since it was both easy to introduce
(via the 1l7-cyanohydrin) and it had recently been amply
demonstrated in our laboratory to be an active radical
in the abstraction processl4’ 15 .

Its introduction by hydrolysis of the appropriate

cyanohydrin would further provide a 17 o -hydroxyl ,

Z2—1I

o

---R

I—-—

RO

(71, R = OH), which after photolysis would give an
@ -hydroxy lactone (72) from which the regeneration of
the 17~ketone could be achieved in one step under mild

acidicl6 or neutral17 conditions thus preventing the



46,

elimination of the 1l8-carbon atom and yielding directly

the 18~hydroxy compound (73).

O

-~
j -

Teow-
Te=-

2)
2 ©,

Under the photolytical conditions the l7a-hydroxyl
group would be oxidized to an oxygen radical and althaigh
its configuration would prevent any intramolecular
abstraction it could be foreseen that the carbamoyl group
would probably collapse to regenerate the 1l7-ketone
liberating cyanic acid (74e>75) in preference to the

desired abstraction of the 18-methyl proton.



47,

+ HN=C=0

Therefore the 17 a-hy&roxyl would require protection
and to this end the tetrahydropyranyl groupl8 wag thought
to be most appropriate.

At this stage some model studies were undertaken to
find out separately whether all those considerations ceuld

have a practical confirmation.

_//O » 4.0
NHo NH2

The photolytic reaction was first studied in models



similar to the natural occurring sesquiterpencid

19

lactones y i.e., cyclohexyl and cycloheptyl acetamides

(76 and 77, respectively) which were synthetised by kmown
processes 20, 21, 22, 23 from the available cyclohexyl
bromide and cycloheptanone.

The N-iodo amides were prepared in situ with excess

14,15 the photolysis being

tert butylhypochlorite-iodine
carried out in the same usual manner (see experimental),
The crude products obtained were always treated with a
base, either sodium bicarbonate or sodium hydroxide, and
separated into two phases: acidic and neutral fractions .
The former were essentially V-lactones due to 1,4
abstraction and the neutrals contained in general a small
percentage of the starting amide., The reactions were
followed by the disappearance of the amide band in the
infrared spectrum.

The yields obtained for the crude acidic fractions
were 60% for the cyclohexylacetamide and 95% for the
cycloheptylacetamide.

In systems such as this where the relevant groups

are . not forced to a fixed geometrical relationship and

bearing in mind that these photolytic reactions were

48.

carried out in presence of excess oxidant several products

different from the expected y-lactones (78) could be



assumed to be formed, These could result from further
oxidation at the apositions as in (79), (80) or (81L) ,
including the cis and trans isomers of each hydroxyl

function. However no evidence was obtained for any of
O

= 20
on OH ~g ©OH
/\
78 |
)
OH o)
|l
=9 0O
N OH N OH
O o

these secundary products. The infrared of the crude
products did not reveal the presence of any ketone band
and the only isolated substances were the starting amides
in the neutrals and VY -lactones which were characterized
through their benzylamides derivatives for the gyclohexane
system and hydrazides for the cycloheptane system, both
having been previously described23' 244 36.

The elaboration of the 17- S-~carbamoyl fragment was

studied with oestrone-3-methylether and the cyanohydrin

49.
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was first prepared by exchange with fresh prepared

5

acetone cyanonyd”in2 in presence of a catalytic amount
of triethylamine.

The producrt isolated had svpectra and properties in
accord with its formulation as the 17-¢yanohydrin ,
analysed correctly and had a specific rotation of +72¢
with a wide melting zone 153% - 175¢.

Molecular rotational differences calculated from
the androstane analogues {Table 1) suggested it to be a
mixture of two isomers at tne 17 position with a higher
percentage of the 17- f -hydroxy-l1l7 o -=cyanc=derivative.

This mixture could not be separated by selective
~rystallization or chromatography.

It was reported26 that two similar isomers could be
separated after selective acetylation with acetic anhydride
in pyridine or by selective crystallization of the

corresponding tetrahydropyranyl derivativesls.

TABLE I
17 B Cyan a Hyvdroxyl M D= 301 [a]D=+ 106
17 « Cyan B Hydroxyl M D= 62 [a]D=+ 22

Calculated from values obtained26 for 5 o androstanolone and

A 5 androstenolone.
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However our mixture did acetyléte/completely
without any difference in rate (TLC) and although
separation of the two isomers was accomplished by
chromatography on alumina of the tetrahydrepyranyl
derivatives, the separate acidic hydrolysis of the
tetrahydropyranyl group in the separate isomers gave
back identical mixtures of the cyanohydrin isomers.
The isomer isolated in higher yield (67%) had the
higher rotation (see experimental) suggesting it teo
be the desired 17- S~cyano~l7~a- tetrahydropyranyloxy
compound albeit the protective group introduces as

well a new asymmetric center (82).

C=N

O




The preparation of the same cyanohydrin by direct
action of cyanhydric acid prepared in~situ by dropwise
addition of acetic acid to an alcoholic suspension of

potassium cya.nide27’28

sy gave in nearly quantitative yield
a substance identical with the previous mixture and with
a specific rotation, [a] p=+ 202 which by the Molecular
Rotation Differences calculation would correspond to
nearly 100% of the 17- @ -cyano-17- 5 ~hydroxy isomer.
Before going further in the characterization of
these products their applicability fer the photolytie
process was ascertained. In particular it was necessary
to find out how the protective group would stand up to
the process and to this end model experiments were
undertaken with 2-tetrahydropyranyloxy-n~octanamide (86).
This compound was prepared from heptaldehyde (83)
in 30% overall yield through the oyamohydrinZ® (84) |,
formation of the tetrahydropyraniloxy derivative (85)

and hydrolysis of the cyano-group, as outlined in

scheme III.

52,
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Photolysis of this compound (86) in presence of

NHo

. ’—_\l
(o)

(Scheme III)

lead tetracetate~iodine failed to give abstraction in the
carbon chain, the only product isolated after alkaline
hydrolysis being the o ~hydroxy-acid which was claracterized
after acetylation of the hydroxyl and methylation of the
acid function by G.L.C. against an authentic seﬁarately
gsynthetized from the correspondent amide. These resultis
can be rationalized by assuming that the methine hydrogen
in the tetrahydropyranyl group is in a stereochemically

and energetically favourable position to be preferentially
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abstracted by the carbamoyl radical (87).

The -tetrahydropyranyl group being apparently
unsuitable for the process and given the difficulties
in obtainning the hydroxyamide with desired configuration
at C-17, a more classical route (scheme IV) was considered
in which the cyanohydrin (88) was dehydrated29 to give
the 16,17-double bond (89) and later hydrogenated in

3oto give the nitrile

presence of an heterogeneous catalyst
with the p-configuration (90) from which the amide (91)

could be obtained by hydrolysis.

O
I
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CaN
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(Seheme 1V)
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HO

However before starting this preparation it was
confirmed that the carbamoyl radical in the desired
conformation would abstract a proton from the 18-methyl
group. Thus 3 B =-acetoxy aetianic acid amide (97) was
chosen as model and prepared from 3- f -acetoxy
pregnenolone (92) which was oxidized with sodium

hypobromite25 to aetienic acid (93), acetylated with



5T+

acetic anhydride-pyridine, and then methylated with excess
diazomethane to give aetienic acid meth&l ester 3% acetate
(94). This comovound was then hydrogenated at normal

pressure in acetic acid with Adam's catalystBl to give the
5= a -3-p-acetoxy aetienic acid methyl ester(95), isolated

in 76% yield after recrystallization from chioroform-diethyl
ether. The hydrolysis of the methyl ester with dilute sodium
hydroxide in dioxane gave after reacetylation the aetienic
acid~%-acetate which was not epimerised at C-17. The final
amide (97) was prepared through the acid chloride 2 (thionyl

chloride) which was precipitated into ammonia hydroxide.
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Photolysis of this amide in venzene in presence of

excess lead tetracetate-iodine led to a crude acidic product

which upon hydrolysis showed bands at 1840 and 1780 cm-l in

the infrared and no absorption for the 1l8-methyl group in
nmr. After reduction of this product with excess lithium |
aluminium hydride in THZ followed by chromatography on
alumina the 3,18,20-trihydroxy oetiane (98) was isolated
and characterized. When the crude product was shaken

with zinc in acetic acid and lead salts cautiously removed
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before evaporation, a yellowish oil was obtained which
crystallized from diethyl ether as the 18,20~-dicarboxyliec
acid anhydride (99) in 21% yield. The isolation of these

compounds proved that the carbamoyl radical was able to

%2
functionalize the 1l8-methyl group as désired. Phe fact that
it went further to give more than one abstraction was not
altogether unexpected due to stereochemical strain of the
l8-iodomethyl intermediate, as discussed in the previous
chapter. However only two electron oxidation products
(aldehydes or hemiacetals) had been previously obtained.

At this point without making further investigations

to explain this result which due to absence of the -
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19~methyl group may not occur in the oestrone series, it

only remained to elaborate in these compounds the carbamoyl
group with the correct configuration. This was done by the
pathway shown in scheme IV, from the 1l7-cyanohydrin previously
vrepared having the phenolic hydroxyl group protected with a
methyl ether function, However when the corresponding amide
was submitted to photolysis it became clear that the phenolic
nucleus was sensitive to the reaction conditions and would

require protection.

The protection of the phenolic residue

A scheme for evaluation of protecting groups was devised.
Qestrone and its different 3-derivatives were submitted to
exactly the same photolylic conditions for egqual periods of
time. After identical work up the mixtures obtained were
compared by TLC with the starting materials and, whenever
posegible, these were isoiated. The results are summarized on

the following table:

3-derivatives Product (TLC)

3-0H No starting material

(very complex mixture)

2 =QMe "
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(Cont.)

3-derivatives Product {TLCZ
3-benzoyloxyl No starting material
3=-benzenosulphonyloxyl "
3-tosyloxyl 40% atarting'mate¥i31
3-mesyloxyl 60% starting material

It was evident that the more strongiy electron-
~withdrawing groups were the more able to provide the
desired protection. When the mixture obtained from
the photolysis of oestrone methyl ether was dehalogenated
by zine in acetic acid before work up and then carefully
chromatographed a2 crystalline mixture was obtained which
showed U.V. A max 268 mp (9,000) and nmr 7 3,85 (013013)
(multiplet) spectral properties compatible'with a mixture

of the 9,11 and 8,9 dehydroestrone 3 methyl ethers

(100 and 101 respectively).

~

100 ‘II'



It therefore appeared that the carbon-9 methine
hydrogen was gensitive to the reaction conditions. There
is ample evidence in the literature that carbon radicals
adjacent to oxygen are especially stabilized; for example
the ready autoxidation of ethers is well known and this
has been ascribed to a special stabilization of the
carbon radical in the manner of (102) which could in our

case be relayed through the aromatic ring to give a

(102"
\' .

stabilization in the manner of (103%).

A
H
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The presence of an electron withdrawing substituent
in oxygen would therefore make the abstraction of the
carbon~9~hydrogen less facile which was supported by the

above results.

Photolysis of oestrone 17 carbamoyl

The same reactions as outlined in scheme 4 were
carried out on cestrone~3-methanesulphonate and the
amide (104) was obtained and submitted to the photolytic

conditions, using lead tetracetate-iodine in benzene .

CH3 5040

After the lead salts formed during the work up were

removed and the neutrals separated in the usual way ,
an 0il remained which could be crystallized from acetyl

chloride and then from benzene to give the 18,20 -



-dicarboxylic acid anhydride (105).

CH350,0

In the introduction a rationalization for further
oxidation of carbon atoms was presented, based on the
restricted rotation around the single bond between the

carbon bearing iodine and the adjacent atom. , this sterdio

64.



impediment was attributed to the bulky iodine atom and
to the C-19 methyl. From the results dbtained in  the
oyclohexane and cycloheptane acetamides, (76) and (77)

- respectively, as well as from other knmown results and
from the absence of C-19 methyl in our series, it was
hopefully expected that no further oxidation would
occur and the reaction product would be the l8«hydroxy-
-20-acid lactone (106). In this case the 1l8-alcohol

could be easily protected by acetylation,the free acid

CH3S0,0

65,

decarboxylated, and the ketone at C-17 easily regenerated

to give the desired l8-acetoxyocestrone.

The discussion given in the introduction allows for

the formation of a two electron oxidation by postulating
that the iodomethyl compound (107) is forced into such a

configuration that the functionalizing species being



regenerated by the excess oxidant would be in position
to abstract a second hydrogen from the iodomethyl group

as in projection (108).

I H  CONHy
H
- -H
L]
D
H
<E§;\ 108
/

S0 the formation of an aldehyde fumction at C-18"
would not be surprising. However it is @ifficult to
understand how such a process could allow for further
oxidation to the carbonic acid level.

A possible explanation for the formation of the
diacid product (105) is as follows. If a second
iodination of C-18 occurred, due to the steric factors
mentioned above, this would lead to the formation of
species (109), in which one iodine is sterdoally

gituated for an internal SN2 displacement, see arrows,
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providing the imino-ether (110, R=H). Iodination at
nitrogen of this intermediate to an N-iodo derivative

(110, R=I) followed by elimination provides an intermediate
acyl iodide (111l). Exchange of the iodide in this species

by acetate vpresent in the reaction followed by ring clsure

O O 2NP HO O c¢=N

-k e~
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would yield the isomide (112, R=H). Exchange of iodide,
without ring closure would provide the nitrile (113) .
Evidence for the first of these intermediates (112) was
obtained by carrying out a non-reductive work up which
gave an 0il, whose analytical composition and spectral
properties were in accord with the formulation (112,R=I).
FPurther, it was observed that by taking aliquots from the
reaction it was possible to show by infrared the presence
of a nitrile absorption, consistent with species such as

(111) or (113).

Degradation of the side chain

We were confronted now with the problem of removing
the side chain and reducing the carbonyl at C=18 in the
product (105). The different steric environment of the
carbonyls at C=-20 and C=18 made it acceptable that the
former could be nreferentially attacked by Grignard reagents.
In fact when the anhydride (105) was allowed to react with
an excess of phenyl lithium or phenyl magnesium bromide
in tetrahydrofuran the diphenylcarbinol (114) was formed

and dehydrated with acetic anhydride to the lactone (115).



The loss of the 3-methylsulphomyl group during the
reaction with phenyl lithium probably is the result of

attack of the base on the methyl sulphonyl group, as

€9.



exemplified in the following scheme (116).

o) [em—sorlb—n
H

o

BH -
CH,=80, R-—O0O

The lactone (115) was reduced with lithium
aluminium hydride in tetrahydrofuran to the triol (117)

which again was isolated HO HO @ as the

3,18-diacetate (118) after acetylation with acetic

anhydride~pyridine,

T0.
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118

Having succeeded in differentiating between (C-18
and C~-20, and further having protected C-18 by
acetylation it remained now to remove the diphenylcarbinol
at C=17 in such a way that the C-17 ketone could be
reformed. It was thought that if an oxygen radical, as
(119), was formed at a carbon bearing two aromatic rings

cleavage of the carbon-carbon bond to benzophenone and a
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new carbon radical (120) might occur.

We proposed therefore to use the photolysis of the
nitrite (121) 4o obtain the oxime (124), by way of the

intermediate radicals (122) and (123).

O=w
A.O o &
== ~H
<

1

|

H

121 122

AcO

e LR



That the oxime could be easily removed was found when we
showed that oestrone oxime upon treatment with nitrous
acid gave oestrone in near gquantitative yield.

This new carbon-carbon bond cleavage was therefore
studied first in model compounds. Diphenylisopropyl

carbinol (125) was prepared by action of an excess phenyl

I

A.O OH

I N
7

C

0

@

magnesium bromide on the methyl ester of isobutyric acid.
The corresponding nitrite was prepared and photolysed in
benzene where a very ¢lean and nearly quantitative reaction
was seen to occur in less than 15 minutes. Benzophenone and
acetone isolated and characterized through the dinitro -~
phenylhydrazones, were formed, the later having been

previously regenerated from the oxime with nitrous acid,



We next converted pregnenolone acetate (126) to
the 20 @ and j isomer: carbinols, which were separated

vy crystallization of the 3-acetates (127) and (128).

74.
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Photolysis of the mixture of isomeric nitrites
carried out on a small scale did not show in TLC any spot
corresponding to acetophenone and so a better model was
prepared from aetienic acid methyl ester (94) which was
reacted with an excess of phenyl magnesium bromide to

yield, after acetylation, the diphemylecarbinol (129).
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The crude product from photolys;s of the corresponding
nitrite did show on TLC six different spots all different
from the expected benzophenone and the nmr carried out oa
a crude sample showed the absence of the l8-methyl signal.
Clearly the abstraction of one or more hydrogens from the
18~methyl group was preferred to the expeo£ed cleavage ,
the steric configuration of the centers appareatly was a
major factor against the cleavage. This earbom-carbon
cleavage thus proved to be useless in our problem and =so
another and more classical way was attempted, which
involved the dehydration of the carbinol (119) te the
ethylene (130). The latter would hopefully be ozonised e

the 17-ketone (131).

A.O AcO
! 1% . //9
! .

(2

I=--



17

It was again convenient to study this reaction first
on a model compound and in this case the nitrile (90) was
hydrolysed to the corresponding acid and then treated

with diazomethane to yield the methylester (132).

CH3S80,0

Treatment of this compound with excess of
phenylmagnesium bromide proceeded to the 20-diphemylcartinol

(133) which was isolated after acctylation. This compeund
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@

was dehydrated with thionyl chlorife in pyridine to

yield the olefine (134) and this could be ozonised to

benzophenone and oestrone.

B
b

A-O

®

Repetition of this sequence on the carbinol (118)
proceeded smoothly to the diacetate (135) of l8-lydroxycesirone

and we were left with the problem of hydrolysis of this



derivative. It had been previously noted by Ma.rrian3 that
in alkaline media the C-18 carbon atom was lost by retroaldol

reaction (136) to (137).

Por this reason we first studied the hydrolysis ef

icterogenine acetate (138)8.

&)
A P | Y

I_..-
I.—-

=)



We found that by hydrolysis with dilute sodium
hydroxide in methanol at room temperature it was
possible to remove the acetyl residue without retroaldel
reaction. However this hydrolysis was more easily carried
out in acidie conditions, using hydroohlor;o acid in
methanol.’Application of this latter procedure to  the
ester (135) gave the desired 18~hydroxyoestrone (139) ,

in good yield.

HO
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EXPERIMENTAL

Melting points are uncorrected and were determined
on the Kofler hot stage unless otherwise specified. Infrared
spectra were recorded on a Unicam SP200 in chloreform except
where specified. NMR spectrg were recorded on & Variam A 60
instrument in deuterochloroform or carbon tetrachloride as
specified, using tetramethylsilane as internal reference .
Rotations were measured in chloroform and U.V. spectra in
ethanol. Light petroleum refers to the fraction beiling
between 60 and 80¢ . Column chromatography was carried with
acid washed alumina standardized to grade III or silica gel
MFC grade (Hopkins and Williams). Lead tetracetate was
dried under reduced pressure in presence of sodium hydrexide
and phosphorus pentoxide.

Some special reagents were prepared as follows:

N-Bromoacetamide - E. P. Oliveto and C. Gerold, Organic

Synthesis (1963) Coll. Vol. 4, 104. Yield 25%. This was stered

at 02 C in the dark. When necessary it could be recrystallised

from diethylether.

tert-Butylhypochlorite - H.M. Teeter and E.W.Bell Organiec

Synthesis (1952) 32 203 C.P.C.Bradshaw and A. Nechvatal

Proc.Chem.Soc. (1963) 213. The solution was titrated by



iodometry and kept 1in a stoppered flask at 0%, No

purification was necessary.

Cyclohepiylbromide was prepared from cycloheptanone by

reduction to cycloheptanol with lithium aluminium hydride
in diethyl ether and conversion to the bromide by slow
distillation from a mixture with hydrobromic acid
according to O., Grummitt Org.Synt. (1939) 19 88; E.E.Reid,
J.R. Ruhoff and R.E. Burnett Org.Synt. (1935) 15 24. B.p.

15 mHg, 80-83¢

Acetone granohydrine was prepared by reaction of potassiunm

cyanide with the sodium bisulphite adduct of acetone as
described by R.F.B. Cox and R.T.Stormont Organic Synt . (1935)

15 1., It was not stored more than two days.

I) 5 a-Bromo=-6 3 ~hydroxycholesteryl acetate

In a 250 ml three neck flask, protected from light ,
N-Bromoacetamide (l.6g, 2.3 mmol) was added in- small portims
to a stirred solution of cholesteryl acetate (2g) and
perchloric acid (1 ml of 0.5 M aqueous sol.) in dioxane
(30ml) and water (10 ml) at room temperature. The reaction
was followed by TLC and, after completion, the excess of
N-bromoacetamide was destroyed by a few drops of an aqueous
solution of sodium thiosulphate. Water (100ml) was added

and the product extracted with dichloromethane.



Evaporation under reduced pressure, followed by
crystallization from chloroform-light  petroleum, gave
crystals (62% yield) m.p. 162-662, Recrystallization
from the same solvent pair gave a sample with m.p.

177-79¢ , Lal = =372 (g, 0.1 CHCL,) > .

I1I) 5 a-Bromo-3 f 6 § ~dihydroxypregna-20-oné-3-acetate

The procedure described in the previous example
was repeated with pregnenolone acetate (2g) and crystal
lization from the same solvent pair gave 80% of TLC
homogeneous crystals, M.p.l66=672 C[a]D- + T.7 ¢
(Co.1 CHClB) values in agreement with the previous

reports (ﬂop0165~679,[a]D= + 6'5)130

III) 5 @ -Bromo=-6,19-oxidocholest-3yl-acetate

A) Lead tetracetate

A 250 ml three neck round bottom flask equipped
with stirrer, reflux condenser, ané a charging funnel
with nitrogen inlet was immersed in water. Through a
lead coil surrounding the flask running tap water was
passed continuously during the reaction to prevent the
temperature inside the flask rising above room temperature.
The whole assembly was suspended over a 125 w high presaure
mercury lamp and completely surrounded by thin aluminium

foil.

83.
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To the flask a solution of the 5 a -Brome-6 B =~
-hydroxy cholesteryl-3 j ~acetate (2g) in benzene (250ml)
was added, followed by dry lead tetraﬁetate (10g). Iodine
(6g) in benzene (100ml) was placed in the charging funnel
and one third was added at once. The light was turned on
and at one hour intervals the remaining iodine solution
(3 additions) was added. The reaction was followed by the
disappearance of the hydroxyl band in the infrared spectra
carried out on small samples separately worked up and was
seen to be complete after ten hours.

The precipitated lead salts formed were filtered
through celite 500 and the solution shaken with aqueous
sodium metabisulphite seolution to remove excess iodine.
Evaporation under reduced pressure gave a residue which ,
after chromatography on alumina, could be crystallised
from methanol, (l.4g) (70%)crystals m.p .134-4290[01D-+ 70,

A recrystallized sample had m.p.151-53°,[a]D-+ 4.0
(C0.1) v max 913 cm™Y, (Found C 66.7%, E 9.15%, B 15.22%;

0291{47131-03 requires C 66.53%, E 9.05%, Br 15.25%).

B) tert-Butylhypochlorite

Using the same assembly as above 1l.6g of Sa-tromo-6p-
~hydroxyeholesteryl acetate in benzene (100 ml)was photolysed
in the presence of tert-butylhypochlorite (10 ml) which was

added in three different potions (50%; 30%; 20%) over one



baur intervals. The residue obtained showed many different
spots on TLC and after careful chromatography on slumina
gave 44% yield of the 6,19-oxide, m.p.l50-51¢2,[a] > B

infrared identical with the previous sample.,

1V) 50=Bromo-6,19-oxido~-pregna-20-one-3yl-acetate

The same agsembly as above used to photolyse the
Sa=bromo-6fS=-hydroxypregna-20~-one -3yl-acetate (lg) in
benzene (100ml) and iodine (4g) to which tert butyl
hypochlorite (10mls) were added in three different portims
as described. The reaction proceeded for one hour after
the last addition of fert-butylhypochlorite and was warked
up by shaking the benzene solution with an agueow solution
of sodium metabisulphite, to eliminate excess iodine .,
Chromatography of ithe residue on neutral alumina gave ,
after crystallization from dichloromethane~light petrolsum
(0.250g) mep. 145-489,[a1D: 572 (¢ 0.1), v max 920 cm"l.,

values in accordance with those previously reportedla.

V) Cyclohexylacetamide

Mettalic sodium (6g) was dissolved in freshly dried
ethyl alcohol (100 ml). Diethyl malonate (30 g) and
cyclohexylbromide (32 g) were added and the solution
refluxed with stirring for 24 hours®®, Water (300 ml) was

added, the alcohol removed by evaporation and the oily

850
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layer taken with diethyl ether and distilled to give
2-cyclohexylmalonic acid diethyl ester (25 g), b«D.

(10 mmHg) 126~1282, This compound without further
purification was hydrolized by refluxing in ethyl alcohol
(50 m1) with 50% potassium hydroxide (40 ml) for one
hour. Neutralization with hydrochloriec acid followed by
removal of the alcohol by evaporation precipitated +the
eyclohexylmalonic acid (17.6g) m.p.187-9%. Decarboxylation
under nitrogen at 200% provided the cyclohexylacetic acid
as an o0il, which on distillation b.p. (10 mm/Hg)l22-24%,
solidified to m.p. 282, (11.3 g).

The acid (11 g) was treated with neat thionyl
chloride (10 ml) at reflux for one hour and then added
dropwise to a cooled and well stirred concentrated ammonia
solution. The precipitated solid was collected, washed
with cold water and crystallized from water (1l g) ,
M.P.165-689, yield 42%. A small sample was sublimed giving,
m.p+169-T70¢2 34,1:max 1585316703 340033500 cm'l, Found
C 67. 78%, H 10.88%, N 10.04%, Cglly 5O requires C 68.04%,

H 10.71%, ¥ 9.92%.

VI) Cycloheptylacetamide

This compound was prepared from cycloheptylbromide

via the malonic ester condensation as above, to give first
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the cyvcloheptyl diethyl malonic ester, isolated by
distillation (b.p.l mm/Hg 130-29,76¢% yield). This ester
was8 hydrolysed and the diacid decarboxylated under
nitrogen. The cycloheptylacetic acid thus obtained was
transformed into the corresponding chloridely refluxing
with excess thionyl chloride and then added dropwise to

a stirred and cooled agueous ammonia solution. The
crystals formed were separated by filtration, dried and
crystallised from ethyl acetate to give needles,m.p.147-508
r max. 1590,1675,3400,3%500, cm:} in agreement with values

previously reported22 N

VII) Photolysis of cyclohexylacetamide

The same assembly as described above in III was used.
Cyclohexylacetamide (lg) in benzene (135 ml)and chloroform
(15 ml) was irradiated for 6 hours in presence of iodine
(7.3 g) and tert-butylhypochlorite (1.7 ml) which was
added in portions during the first three hours of the reactim
as has been describedu’;ls.

The excess iodine was removed by shaking with excess
sodium metabisulphite (30g) in water (150ml) and the organic

layer separated and evaporated to dryness under reduced

pressure., The residue was extracted with a 10% solution of
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sodium bicarbonate 150 ml) and the neutrals extracted
from this solution with dichlorometnane.

Evavoration ot the dicnlorometnane solution gave a
residue, which, on crystallization from water, afforded
tne starting amide (200 mg), m.pP.168=692,

The sodium bicarbonate and sodium metabisulphite
2plutions were combined, acidified with hydrochloride acid,
saturated with sodium chloride and continuously extracted
with diethyl ether overnight. The ether was dried over
sodium sulphate and evaporated to dryness do yield an

1 which did not crystallize.

0il (620 mg), rmax 17003 1760 cm”
The o0il (100 mg) waQ treated at reflux with benzyla mine
(2 m1) in presence of ammonium chloride36 during one hour ,
cooled, poured into water, acidified with hydrochloric acid,
extracted with diethyl ether, evaporated to dryness and the
residue chromatographied in alumina grade V to yield two
different benzyvlamido-derivates. The first (15mg) had
m.p. 132=-349C and was identical with the benzylamino-derivative
of cyclohexane acetic prepared separately by the same process.
No depression on the mixed melting point and identical infrared
vmax (Nujol) 15603 1640; 3300 en™L,

The second (100 mg) was the benzylamido-derivative of

the 2-hydroxycyclohexylacetic acid and was obtained in needles



from chloroform-light petroleum, m.p. 97-98.5%, r max
(Hujol) 1540,1640,2250cm™>.,(Found C 72.52%, H 8.62% ,
requires C 72.71%, H 8.72%, N 5.65%).

N 5.72%, NO

C15H21507
The same m.pP. Was reported36 for the cis-isomer

whereas the trans-isomer had m.p. 141-292,

VIII) Photolysis of cycloheptyl acetamide

The photolysis of this compound (500 mg) was
carried out in the same manner as described in the previous
example. After work up, the neutrals showed almost no
starting amide and the acidic fraction accounted for 475 mg
of an o0il, showing acid and lactone bands in the infrared,

r hax 1770 and 1700 cm-l, respectively. This compound was
characterized through the acid hydrazide derivative which
was directly crystallized from chloroform-benzene to give
m.p.123%-8¢, vmax 16303;1670;3380;3480 cn™t (Found C 58.25% ,

H 9.58%, C,H,.N,0, requires C 58.0%, H 9.79%). The same
97187272
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compound was previously reported23 to have m.p. 129-302 (cis)

and 131-322 (trans).

IX) Qestrone-3-methylether

Oestrone (2 g) was dissolved by heating in 30% potassium

hydroxide (400 ml). The solution was cooled and dimethyl

sulphate (10 ml) added dropwise with stirring. After

one hour, the precipitated solid filtered, washed with water
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in the filter and dried under reduced pressure, Weight
1.98 g, m.p. 169-719,[a]D3+ 167 (¢ 0.1); r max (Nujol)1€L0,
173% cm_l, A max 282 mu (€=9,600 evnanol); nmr(C 014 )
T 9,12 (singlet 3H), 7.2 (multiplet 3H), 6.3

(singlet 3H), %.,51 .singlet 1H). Reported values37 DeDe

169-70 [a]D +169.

X) 3-Methoxyl-17-Cyano-17-Hydroxyoestra-1,3%,5 (10)~-triene

A) Acetone cyanohydrin exchange

Qestrone-3-methyl etner (1 g) was dissolved by
warming in absolute ethanol (50 ml) triethylamine (2 drops)
and recently prepared and dried acetone cyanohydrine (10m1)
wag added. The solution was refluxed until the ketone band
in infrared (1735 cm-l.) was seen to remain constant. After
evaporation of the alcohol under reduced pressure the reaidue
was taken with dichloromethane and precipitated with
ligt petroleum to yield 390 mg of a solid with m.p.l53-75%,
[cx]D=+729 (¢ 1.5). The mother liquours treated again with
acetone cyanohydrin afforded another crop (270 mg)m.pdsH-809,
[<¥]D=+6O. The combined crops were purified by crystallization
from light petroleum to give m.p. 169-2059,[a]D=+75 (c 0.8);

b max 2250,3400,3%600 cm L. (Found C 7732%, H 8.11%,N 4.4%%.

NO, requires C 77.13%, H 8.09%, N 4.50%).

2

Acetylation with acetic anhydride in pyridine 26 was

C2OH25

seen to proceed to completion without any discontinuity in



rate (TLC control).

The tetrahydropyranyl derivative was prepared by
refluxing the cyanohydrin (lg) in dihydropyran (4ml)
for 1.5 hours in presence of one drop of phosphorus
oxychloride18 and the crude product was chromatographed
on alumina to yield two different compounds with infrared
spectra consistent with formulation as tetiahydrogynuwi
derivatives having respectively m.p.ll7-249,[aln=+909
(¢ 0.7) and m.p.l23-309,[a]D= 0 (¢ 1.2). The separate
hydrolysis in refluxing acetic acid of these two
substances afforded cyanohydrins with identical infrared
having respectively m.p.168-952,[ ] =+73 (c1,4) and
m.p. 150-95¢,[ & ]Dz+ 56 (¢ 1.2).

A sample of the first tetrahydropyranyl derivative
was purified by recrystallization from light petroleunm
to give m.p.l23~259,[a]D=+96 (¢ 1.4) vmax 990, 1610 ,
2250 cm™S, nmrt 9.0 (singlet 1H), 8.3 (multiplet), 7.2
(multiplet 2H), 6.3 (singlet 3H), 5.04 (singlet 1lH),
(Found C 76.17%,H 8.31%, N 3.55%; Co5Hz3N05 Tequires
C 76.30%, H T.94%, N 3.56%).

Hydrolysis in acetic acid gave again a cyanohydrin

with[a]D=+72 (¢ 1.2).

9l.
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B) Potassium cyanide

Qestrone 3-methyl ether (200 g) was dissolved in
absolute ethanol (200 ml) and powderedvpotassium cyanide (6g)
was added., With vigorous stirring acetic écid (7 ml) was
added dropwise during half an hour and the suspension gtirred
for two hours. Addition to water (500 ml) precipitated a
solid which, after filtration, was dried an& crystallised
from chloroform-light petroleum to afford 180 mg,m.p.l55-659,
[a],=+20 (c 0.8), v max (Nujol) 1570,1610,2250,3400 om™™ .
The molecular rotation differences ca;oulation (see Table I

in discussion) suggested for the 17~ @-cyano-1l7- B -hydroxy

isomer a rotation in the wvicinity of + 229,

XI) 2-Tetrahydropyranyloxy-n-octanamide

A suspension of finely powdered potassium cyanide (12.7g)
in a solution of heptanal (17 ml) in diethyl ether (70 ml)
was vigorously stirred and cooled to 0°C (ice bath) while
concentrated hydrochloric - acid (13.5 ml) was added dropwise
during %0 minutes. The resulting mixture was stirred for one
hour at room temperature, the ether layer separated, washed
with water and shaken for one hour with concentrated sodium
metabisulphate 801ution38, washed again with water, dried
and evaporated to an oil (1lg) v max 22003 3450 en”t,

The oil (11 g) was dissolved in dihydropyran (45 ml) ,

conc. hydrochloric acid (0.2 ml) added and the solution
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refluxed for 90 minutes. The resulting solution was taken
into diethyl ether, washed with sodium bicarbonate and
distilled to remove the excess dihydropyran. The remaining
0il (16 g), showing no hydroxyl band in infrared spectrum,
was taken into acetone (75 ml), 20% sodium hydroxide sohition
(75 m1) and 30% hydrogen peroxide (20 ml) added and the
39,40

solution kept at 40¢C for two hours » The acetone was
evaporated under reduced pressure and the remaining aqueous
solution neutralized with hydrochloric acid, extracted with
dichloromethane, washed with sodium bicardonate, water
dried and evaporated. Chromatography on alumina to eliminate
dihydropyran polymers afforded 10 g (30%) of crystals., A
sample purified by recrystallization from light petroleum
and sublimation showed m.p. 57-58¢, vmax 995, 1570, 1680 ,
3400, 3500 cm -, (Found C 63.9%, E 10.1%, N 6.1%, ¢ 5 B5 N0
requires G 64.2%, B 10.4%, N 5.8%).

Photolysis of 2-tetrahydropyranyloxy-n-octanamide

The above purified amide (100 mg) was submitted to
photolysis in benzene (50 ml), iodine (0.34 g) and tert -
-butyl hypochlorite (1.08 ml) in the manner previously
described, The reaction was complete after two yonrs(iﬁrxmﬂ
control). The acidic fraction (53 mg) showed no lactone band

in the infrared and after acetylation in acetic anhydride
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oyridine, methylation with diazomethane, was shown to Dbe
identical and not sevarable from an authentic sample of
Zz-acetoxyl-n~octanoic acid methyl ester in mixed gas-liquid

~chromatographye

XII)3= B =Acetoxy-aetianic-acid-amide

Pregnenolone 3%-acetate was converted t0 3p-hydroxyaeti
-5=enic-acid-3~acetate by sodium hypobromit;e in dioxane water
as described41. After methylation with diazomethane and
subsequent hydrogenation in acetic acid in presence of Adam's
catalyst the predominant 5 a-isomer51 was isolated,hydrolysed,

reacetylated52 and crystallized from methanol, m.p.245=49¢ 32

Phis acid was dissolved in benzene, thionyl chloride
(3 mols) added and refluxed on the steam bath for one hour.
The excess thionyl chloride together with part of the benzene
were removed under reduced pressure and the remainder was
added t0 a cooled saturated solution of ammonia in diethyl
ether. The ether solution was washed with water, dried and
evaporated. The residue was crystallized from dichloromethane
-light petroleum and afforded 3~ } -acetoxyaetianicacidamide
in 36% yield from pregnenolone acetate, m.p.222-391@%f+6(cl.1L
v max 1590, 1675, 1715, 3420, 3520, 3520 cm %, nmr (cmc1,)
T 9.28 (singlet 3H), 9.17 (singlet 3H) 7.98 (singlet 3H)4-5.5

(broad absorption 2H) Found C 73.5%; H 9.4%, N 3.6% 022H35H03
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iieq . 07301(73;{{9 08%;N3 .90‘/{7) )

XIII) 3 B-Acetoxysetian-18,20-dicarboxylicacid anhydride

3 -Acetoxyaetianicacid amide (560 mg) in benzene
(200 ml) was irradiated for two hours in the presenee of
lead tetracetate (3.2 g) and iodine (800 mg) under the
same conditions as described in III. Work up as described
in VII gave in the acidic¢ fraction an oil sﬁowing-uzaxlﬂao,
1840 cn™%, and no 18-methyl signal in the nmr. This oil in
dry teirahydrofuran was reduced with lithium aluminium
hydride. After work up the residue was chromatographied on
alumins to afford 60 mg of 353,18,20~-triolaetiane which after
crystallization from chloroform showed m.p.102-69/172-69 ’
[a] =417 (¢ 0.5 methanol)s » max 3450 cm’l, (Found C 74.42%,

H 10.60%, C requires C 74.49%, H 10.63%).

2073403
The photolysis was repeated and the crude product fram
the reaction was submitted to reduction-with zine in acetic
acid to completely remove the iocdo-compounds before proceeding
to the normal work up. The acidic fraction (200 mg) afforded
the title compound which on crystallization from diethyl ether

had m.p. 209-112,[21 =436 (c 0.9), » max 1780, 1840 en~t(Pound

C 70.55%, H T.95%, 022H3905 requires C 70.55%, H 8.1%).

XIV) 3~Methoxy~l7-cyaneestra-1,3,5 (10)16-tetrasme

3=Methoxyl-1T-cyano-17hydroxyestra=1,3,5 (10) triene
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(2.5 g) was dissolved in dry pyridine (15 ml) and phosgrrus
oxychlorid928 (6 m1) added and the solution was refluxed
overnight and then added dropwise to a well stirred mixture
of ice and dilute hydrochloric acid. The stirring wag
continued for one hour and the precipitate was removed by
filtration, washed with water, boiled with charcoal in
acetic acid and crystallized fr?m this solvent to afford
1.8 g of the title compound having m.p.l71-3 J@HT*GS(cléQ.
» max (Nujol) 1590,1610,2250 cm™jnmr (C €1,) * 9+04(singlet 38)
7.2 {multiplet 3H) 6.3 (singlet 3H) 3.51 (singlet 2H) 3.2
(A/B System J=9 cps 2H);(Found C 81.70%,H 7.87%,N 4.76% ,

919H23n0 requires C 81.87%, H T.90%, X 4.77%).

XV) 3 Methoxy~-17-Carbamoyloestra~-1,3,5(10),16-tetraene
3 Methoxy-l7-cyanoestra-1,3,5(10),l6-tetraene(l g) was

dissolved in methanol (50 ml) and then 2N sodium hydrexide ( 5il)
and 30% hydrogen peroxide (3 ml) added., The solution was kept
at room temperature overnight, poured into water, extracted
with dichleromethane, washed with dilute hydreockloride acid ,
water, dried and evaporated to afford an oil (700 mg) which on
crystallization from methanol-water yielded 520 mg of the title
compound, m.p. 245-47%, »max 1580, 1600, 1665, 3450, 3550 om™ ;
n.m.re (C D 013)T 8.99 (singlet 3H) 7.15 (multiplet 3H) 6.21
(singlet 3H) 4.2-4.9 (broad absorption 2H) 3.52 (multiplet 1H)

3,37 (singlet 1H) 3.03 (A/B system J=9 eps 2H) (Found C T7.24%,
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8.11%, N 4.78%, Cy H, N0, requires C T7.1%%, H 8.09% ,

N 4.50%).

XVI) 3~Methoxy-17 B -Cyanoestra=l,3,5(10)~triene

3-Methoxy-17~Cyanoestra=1,3,5(10),16-tetraene (1 g)
was hydrogenated in acetic acid (150 ml) in presence of
10% Palladium-Charcoal catalyst at atmospheric pressure.
The uptake of hydrogen stopped after 1 mol was consumed ,
the catalyst was filtered off and the product was directly
crystallized by concentration under reduced pressure. Veight
700 mg, meD. 182-59,[&1D=+1019 (¢ 0.8), r max 1580, 1610 ,

2260 cm™t (Found C 81.7%, H 8,45%, N 4.64%; C NO requires

2025
C 81.31%, H 8.53%, N 4.74%).

XVII) %-Methoxy-l7~Carbamoyloestra-1,3,5(10)-triene

A) 3-Methoxy=-17-Carbamoyloestra-l,3,5(10),16~tetraene (200 ug)
was hydrogenated in acetic acid (30 ml) in presence of 10%
Palladium on charcoal. After 1 mol the hydrogen uptake was
stopped, the solution was filtered through celite, poured into
water, extracted with dichloromethane, washed with sodium
bicarbonate, water, dried and evaporated to dryness. The
residue on crystallization from chloroform-light petroleun
afforded 160 mg of crystals, m.p. 276-82, v max 1590, 1610 ,
1675, 3420, 3520 cm % .

B) 3-Methoxy-l7 /) ~Cyanoestra-1,3,5(10)-triene(500 mg) in

methanol (30 ml) and 2 N sodium hydroxide (2 ml) was treated
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with 30% hydrogen peroxide (5 ml) and kept at room temperabure
overnight. The solution was poured into water, the precipitate
formed remmoved by filtration, washed with water, dried and
crystallized from chloroform-light petroleum to afford 480 mg
of erystals having identical infrared and showing no depression
in the m.p. when mixed with the compound described in

method (A), preceding.

Photolysis of 3-Methoxy-17 B-Carbamoylestra-l,3,5 (10)-triene.

The title compound (200 mg) in chloroform (30 ml) and
benzene (20 ml) was irradiated for 5 hours in presence of
iodine (1.3 g) and tert-butyl hypochlorite (0.6 ml) added in
small portions during the first 3 hours. After work up in the
usual manner the acidic fraction (8 mg) showed no lactone or
anhydride band and the neutrals showed on TLC more than five

different compounds, all distinct from starting material.

XVIII) General procedure for the photolysis of Oestrone

derivatives.

Some oestrone derivatives were submitted to irradiation
under the following conditions:
A) With tert-butyl hypochlorite:

The substance (500 mg) and iodine (2.3 g) in dry benzene
(50 ml) was stirred under nitrogen and cooled by running water
in the assembly described in III above, and irradiated for

6 hours. tert-Butyl hypochlorite (1 ml) was added in four



99.

vortions during the first 4 nours. The reaction mixture was
waghed with sodium metabisulphite, the solution dried and
evaporated under reduced pressure. The residue was finally
reduced by stirring with zinc dust in acetic acid for
twelve hours at room temperature and the product recovered
by evaporation of the filtrate.The composition of the
mixture was then evaluated by thin layer chromatography m
Merck Silica Gel G, developed with sulphuric acid.

B) With lead tetracetate:

Exactly the same procedure was adopted as fr tert-buiyl
hypochlorite except that iodine (1.0 g) and lead tetracetate
(3.9 g) were added in one batch before starting the irradiatim.
The insoluble lead salts were removed by filtration after

Washing with sodium metabisulphite.

XIX) Test irradiation of Qestrone derivatives

i)Qestrone-methyl-ether

With tert-butyl hypochlorite there was recovered a
mixture showing 16 components, different from starting
material., Lead tetracetate provided a more tractable mixture
having three main components which on chromatography on
alumina afforded a crystalline mixture, m.p.210-46 2 ’
pmax (Wujol) 1605; 1610; 1730 cm™ ; Amax 268 mu( ¢ =9,000),

278 mu { €=9,000).



100.

ii) OQestrone benzdéte42

tert-Butyl hypochlorite afforded a mixture showing 10
components, different from starting material.

iii) Qestrone-o~toluencsulphonate

Prepared with p-toluenosulphonyl chloride in pyridine
and crystallized from methanol to give m.p. 141-39,EGD=+101
(¢ 0.5), v max (Nuiol) 1170,1370,1600,1720 cm™>. (Found CTL.10%,
T 6.62%3S T.67%:; 025328045 requires & T0.74%, H 6.65%, S TabT%)s
Photolysis in presence of tert-butyl hypochlorite afforded a
mixture of nine different components, one of them having Rf
identical to starting material. Chromatography on alumina gave
A crystalline mixture (25 mg) containing three different
components.

Irvadiation of the title compound in presence of lead
tetracetate afforded a more tractable mixture from which ,
after chromatography on alumina, 100 mg of starting material

were isolated. Identical infrared and no devnression in the

mirxed m.p. confirmed the assignment.

iv) Qestrone benzenesulphonate

Prepared from benzenesulphonyl chloride as described
in the previous experiment recrystallized from methanol
m.p.156~9¢, BﬂD=+lOOQ (e 1.%); vmax 1095,1%80,1585,1605 ,

1730 cm'l.,Jlmax 269 mu.( € =5,700)3 (Found C 70.26%,H 6.62%,
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S 8.0%;024H2604S requires C 70.22%, H 6.38%, S T+79%) .
This product when photolysed in the presence of
tert-butyl hypochlorite gave three maiﬁ components, one of

which had the same Rf as starting material, together with

nine minor ones.

v) Qestrone methylsulphonate

Prepared from methyl sulphonyl chloride in pyridine
at 0?2 overnight. Crystallization from methanol afforded
m.Pe 152-559;[a]D=* 12492 (¢ 1.2); v max 1380, 1580, 1605 ,
1725 en”t $ Amax 271 mp (e=8,500), (Found C 65.51%,H T.2¥b,
s‘9.29%, 019324043 requires C 65.49%, H 6.94%, S 9.20%).

This product when irradiated in the presence of
tert-butyl hypochlorite afforded a cleaner mixture +than
the previous ones, being mainly three components, the
najor one corresponding to starting material.

Irradiation in presence of lead tetracetate afforded
a clean mixture from which by direct crystallization from
methanol yielded 200 mg of product showing identical infra

-red and no depression in the m.p. of a mixture with staring

material.

XX) 17=-a-Cyano-17 B -hydroxyoestra=-1,3,5(10-triene

3vl-methanesulphonate

Oestrone methanesulphonate (2.6 g) in chloroform (20 ml)
and absolute ethanol (50 ml) was stirred with finely powdered
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potassium cyanide {13.5 g) at 0?2 and glacial acetic acid
(12 ml) was added dropwise during 45 min. The crystalline
slurry was diluted with ethanol (30 ml> and stirring was
continued for a further 2 hours at room temperature. The
mixture was diluted with water (200 ml) and the chloroform
layer separated, washed with water, dried and evaporated
under reduced pressure to give an o0il (3.2 g). This product
slowly crystallized from dichloromethane~carbon tetmchloride
to give the title compound (2.0 g), mep. 150-549;L25=+ 20
(e 1.3). After purification by recrystallization the pure
cyanohydrin had m.p. 151-549,[01D=+16 (c 1.94); v max 1490,
1580,1605,2250,3400,3450 cm™+; nm.r.(CDC1) T 9.12(singbt,38)
6.88(singlet,3H) 6,65(1H,removed by shaking with DZO).(thd:
C 63.7%3H6.T%sN 345045 8.5%; Cootlpsl0,S Tequires C 64.0%

H 6.7%y N 3.7%, S 8.5%).

XXI) 17-Cyanocestra-1,3,5(10)16~tetraene-3yl-methanesulphonate

The crude cyanohydrin from the previous reaction (4.6 g)
in pyridine (1% ml) was treated with phosphorus oxychloride
(3 ml) and the mixture refluxed overnight. The work up was
made as described for the cormresponding 3-methyl ether and
the product obtained was twice crystallized from methanol to
yield the title compound (3.5 g) m.p. 159~-602, A sample
purified by recrystallization had m.p. 162-39;[d]D=+529(c 0.9;

v max 1150, 1380, 1590, 1605, 2250 cm™1; n.m.r. (cDC15) 7 903
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{singlet, 3H) 6.88(singlet, 3H) 3.30 (triplet,J=2 cps 1H).
(found: C 67.16%, H 6.545%, S 8.99%, N 3.98%; Coplip 305 S

requires C 67.20%,H 6.48%, S 8.97%, N 3.92%).

XXII) 17p- Cyanoestra~1,3,5{(10)-triene-3yl

Methanesulphonate

The unsaturated nitrile mentioned above (1 g) was
hydrogenated in acetic acid (20 ml) in presence of 10%
Palladium-charcoal catalyst at normal pressure. After me
mole uptake of hydrogen the reaction was stopped,the catalyst
filtered off and the solution concentrated under reduced
pressure. The crystalline residue was purified by
crystallization from methanol affording 900 mg of the title
compound, m.p. 178-802, Recrystallization of a sample géve
MaPoe 182~39,[Q]D=+899 (e 1.1); vmax 1140,1380,1605,22900mﬂh
n.m.T. (CD013) 19.02 (singlet, 3H) 6.88 (singlet, 3H) 3.0
(singlet, 1H). (Found: C 66.74%, H 6.98%, N 3.90%, S 8.80%,

CZOstNOBS requires C 66.82%, H 7.01%, N 3.90%, S 8.92%) .

XXIII) 17 B -Carbamoyloestra~1l,3,5(10)-triene-3yl

Methanesulphonate

The saturated nitrile obtained in the previous experiment
( 3.5 g) in acetic acid (50 ml) was stirred under nitrogen
whilst concentrated sulphuric acid (10 ml) was added dropwise.
The solution was warmed on the steam bath for 2 hours, the

solution poured into a mixture of ice and water and the
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product taken up in chloroform. This solution was washed
with 0.1 N sodium hydroxide, water, and dried.Evaporation
gave an o0il which c¢crystallized <from methanolcarbon
tetrachloride to yield the solvated title compound(4.6g)
as needles m.p. 9%-949,[a]D=+419 (¢ 2.28); r max 1585 ,
1603, 1680, 3180, 3180, 3400, 3500 cm T, n.m.r.(CDCL5)
9.25 (singlet, 3H) 6.88 (singlet, 3H) 4.60-3.94 (broad
absorptions 2H, exchangeable with D20). (Found C 47.7% ,
NO,3CC1

207271045001,
C 47.6%, H 5.1%, C1 26.8%, N 2.65%; S 6.05%. Rcrystallization

H 5.2%, Cl 26.3%, N 2.%5%, S 6.0%: C requires

of the solvated amide from aqueous methanol gave needles

m.p.173-49;[a]D=+589 (¢ 0.92). (Found: C 63.4%, H T.15% ,

NO,S requires C 63.6%, H T.2%y N 3.Th

N 3.6%, S 8.5%3 Cootpq¥0,

S 845%) .
XXIV) Photolysis of 17-f-Carbamoyloestra-l,3,5(10)

triene~3yl Methanesulphonate

The amide (0.5 g) in dichloromethane (10 ml) was
added to an irradiated, stirred solution of lead tetracetate
(4.0 g) and iodine (1.0 g) in benzene (50 ml) and the reactim
continued under nitrogen for 3 hr. at room temperature. The
mixture was then shaken with saturated agueous sodium
metabisulphite (10 ml) until precipitation of yellow lead
iodide was complete. The solid remaining in the reaction flask
was washed out with 6N hydrochloric acid into the yellow

"slurry, the benzene layer separated, and the aqueous phase
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was extracted similarly with benzene (2 x 100 ml); with
ethyl acetate (50 ml) and then filtered (Celite). The lead
salts were washed with acetone (50 ml) and ethyl acetate
(50 ml) and the yellow washings were diluted with water
(200 ml) and then filtered (Celite). The combined organic
phases were washed with équeous metabisulphite, dried and
then evaporated under reduced pressure to give a yellow
gum (640 mg), v max 1600, 1650, 1700-1720, 1770, 1800 ,
1850, 2800, 3300 cm”%, n.m.r, no absorption corresponding
to the C-18-methyl group. The mixture (640 mg) was stirred
with zinc dust (1 g) in acetic acid (5 ml) for 15 hr. at
room temperature and the solution filtered and evaporated
under reduced pressure to leave a pale yellow oil, rmax
1600, 1700~1720, 1760, 1850, 2800-3300 em™, n.m.r.
absorptions at 9.05 and 9.25 (singlets, C l3-methylsigmpls
of the amide and nitrile)., This o0il in dioxan (5 ml) was
shaken with 4N-sodium hydroxide (5 ml) for 5 min. at room
temperature. Benzene (20 ml) was added, followed by water
(20 ml) and the aqueous layer removed and washed again
with benzene (20 ml). The combined benzene solutions 9
worked up in the usual manner, gave a pale yellow oil
(120 mg), v max 1500, 1580, 1602, 1605-1690, 1705-1740 ,
2250, 3400, 3500 cm-%, which contained the amide and
foregoing saturated nitrile. Acidification of the agueous

solution and extraction into chloroform gave the acid
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fraction {560 mg) as a yellow frota, vmax 1600,1700-1720,
1770, 1850, 2850-3500 cm-%, which crystallized from benzene
to give solvated 3-metnanesulphonyloxyoestra-1,3,5 (10)
triene~18,20-dicarboxylic acid (280 mg, 44%) as needles
m.p.160-64¢2, [a]D=+69e (¢ 1.9), rmax 1140, 1380, 1580,1602,
1690, 170%, 2800-3%200 cm_%, nmr absorptions at T 6.92 (s, 3H)
2,67 (singlet from venzene solvate) and - 1.75 (broad sihglet
24, exchangeable with DQO).

When dichloromethane was used as solvent in the photalysis
instead of benzene a similar yield of the diacid (isolated
as the dimethyl ester) was obtained.

gecrystallization of the diacid from a mixture of
benzene and chloroform gave needles, M.P. 170-29,L?5=+69 e
(¢ 1.2) (Found: C 62.5%, 4 5.95%, O 24.9%, § 6.85%
020H24O7S,0.5C6H6 requires C 61.8%, H 6.05%, 0 25.0%

S 7.15%). Another recrystallization from ethyl acetate gave
the diacid as large needles m.p. 193-79,[Q]D=+709 (c 1.05 )
(Found: C 57+%%, H 642%, O 25.9%, S Te45%. |

020324073,1120 requires C 57.6%, H 6.0%, O 28.8%, S T.7%).

XXV) 3-Methanesulphonyloxyoestra-1,3,5 (10)-triene-175 -

-18-dicarboxylic acid anhydride

The foregoing diacid (164 mg) was boiled with acetyl
chloride (10 ml) for 30 min. and the excess of chloride was
removed under reduced pressure. Recrystallization of the

residue from benzene gave the title compound (62 mg, 47% )
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as prisms m.p.187-9o,[cr]D=+699 (¢ 1.0), rmax 1582, 1602 ,
1770, 1850 cm-}, n.m,r. absorptions at 7 6.88 (singlet, 3H)

(Found C 61.6%, H 5.7%, O 24.5%, S 8.2%. C 0¢S requires

2OH22
C 61.5%, H 5.65%, O 24.5%, S 8.2%. The overall yield from
the amide via the diacid was 21%. Distillation of the
solvated diacid (148 mg) at 2502 5.10 %mmHg also gave the
anhydride (99 mg) which was recrystallized from benzene

light petroleum as prisms (69 mg, 5 %), m.p. 185=92% ,
[a]])=+63g ( (4] 009)0

XXVI) 3-Acetoxy-17-hydroxy diphenylmethyloestra-1,3,5(10)-

~triene-18,20-carboxylic acid lactone

The anhydride (200 mg) was added to a stirred solution
of phenyl-lithium (400 mg) in ether (10 ml) under nitrogen
and the stirring was continued for 10 min. After the
anhydride had dilsappeared (30 min. in all) saturated ammim
chloride (5 ml§ was added, the mixture was diluted with
water (20 ml) and the product extracted into ether. Removal
of the solvenf under reduced pressure and trituration of the
residue with light petroleum left the impure lactone which ,
after acetylation overnight at room temperature with pyridine
and acetic anhydride, gave the crude lactone acetate., This
crystallized from acetone as prisms (123 mg) m.p. 264-95%2 ,

v max 1702, 1750 en™! . The contaminant of vmax 1702 om™t

was removed by column chromatography of the product on

silica gel and the chloroform eluted material was recrystallizel
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from acetone to give the title compound (94 mg, 38%) as
small prisms m.p. 300-5¢ (decomp. after a phase change
above 2709),[af]D=+709(c 1.04), v max 1375, 1455, 1500 ,
1582, 1604, 1750 cm T, n.m.r. T 7.76 (singlet, 3H) 7.14
(multiplet, 2H) 6.66 (multiplet, 1H, bearing a
superimposed quartet with J=5 c¢ps) (Found: C 80.5%
d 645%, O 13.0%, 032H3304 requires C 80.4%, H 6.6% |,
0 13.0%).

The reaction between an excess of phenyl-magnesium

bromide and the anhydride in tetrshydrofuran solution

gave a larger yield (48%) of the lactone acetate.

¥XXVII) 3,18-Diacetoxyocestra~1,3,5(10)-triene-17p5 -

diphenylmethanol

The mentioned lactone acetate (100 mg) in
tetrahydrofuran (10 ml) was added to a stirred suspension
of lithium aluminium hydride (200 mg) in the same solvent
and stirring continued for 1 hr. After working up in the
usual way, extraction of the product into ether gave crude
3,18-dihydroxyoestra=-1,3,5(10)~triene-17 } ~diphenylmethanol
(210 mg) as an oil, v max 1500, 1580, 1605, 3380, 3600 cm r.
This was directly acetylated with acetic anhydride (1 ml )

"and pyridine (2 ml) at room temperature for 54 hr. to give
a pale yellow gum (178 mg). Purification of this gum by
preparative thin layer chromatography, followed by

crystallization from cérbon tetrachloride~ethanol, gave the



solvated title compound (124 mg, 57%) as large needles
m.P. 90-52 (deomp.). Dried in vacuo at 36° these had
m.p. 105-519,[a]D=+32 (¢c. 1.0), v max (0014) 1450,1500,
1600, 1750, 3007, 3505 cm S, nem.r.T 8,01, 7.77 (singlet,
1H, exchangeable wiih DZO) and 5.64 (AB quartet, 2H |,
J,5=12 ¢cps). Recrystallization from ethanol gave meedles
m.p. 126=-72 (after drying at 1102 in vacuo ;BﬂD=+36 2
(¢ 1.0) rmax (0014) 1600, 1750, 3505 em™ . ( Found

C 77.9%, H 6.9%, 035H3805 requires C 78.0%, H 7.05%).

XXVIII) Diphenyl isopropyl carbinol

Freshly distilled isobutyric acid (5 g) was dissalvel
in thionyl chloride (10 ml) and refluxed for 20 min..The
acid chloride formed was distilled and added dropwise to
cold an stirred methanol (10 ml) containing some pyridine
(0.5 ml), After dilution with water, extracted with
benzene, washing with sodium bicarbonate solution, water,
and then drying the benzene was evaporated. The residue
in diethyl ether (30 ml) was added dropwise under nitrogen
to a filtered solution of phenylmagnesium bromide (10 g)
in diethyl ether (50 ml). The reaction was monitored by
infra-red and seen to be complete after one hour. The
work up was done as described for the phenyl lithium
reaction above and the product distilled to yield the
title compound'15 (% g); v max 1600, 3500, 3510 om™t .
(Found: C 85.27%, H T.81%, C,¢H, g0 Tequires C 84.91%

H 8.02%).

109.
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XXIX) Photolysis of the Diphemyl-isopropyl carbinol

nitrite |

The alcohol (350 mg) in dry benzéne (20 m1) and
pyridine (5 ml) was saturated with nitrosyl chloride
gas at -202. The reaction solution was poured onto ice
and the benzene layer separated, washed with water and
dried (Na2804). One third of the solvent was removed
under reduced pressure at room temperature and the
residual solution was irradiated in a Pyrex flask
using a high-pressure mercury arc lamp for 15 min .
(thin-layer control). Removal of the solvent under
reduced pressure and chromatography over silica gel gave
benzophenone (210 mg) and then, on methanol elution ,

acetone oxime identified by conversion to the 2,4 =~

-dinitrophenylhydrazone (80 mg).

XXX) 20-Hydroxy-20-phenylpregna-Sen-3yl-acetate

.Pregnenolone (1L g) in dry tetrahydrofuran (10 ml)
was added dropwise to a freshly prepared solution of
phenyl manesium bromide (2 g) in the same solvent (20ml).
The solution was refluxed for 30 min., cocled axd saturated
solution of ammonium chloride was added until a clear
geparation occurred (15 m1). The organic layer was taken
in diethyl ether washed with dilute hydrochlorie acid ,
water, dried and evaporated. The residue (1.2 g) was taken
in pyridine (20 ml) and treated with acetic anhydride

(3 ml) at room temperature per five hr. and then poured
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into cold dilute hydrochloric acid. The solids were
removed by filtration, washed with water, dried, taken

in light petroleum and crystallized tojgive 600 mg of
needles m.p. 188-2049, vmax 1720, 3550 em . showing

two close spots in thin layer chromatography. Separation

of the two isomers was achieved by chromatography in
silica gel followed by crystallization to c&nstant

rotation from ethyl acetate and light petroleunm
respectively to give 160 mg of isomer A,m.p. 211-13¢ ,
[a]D=-569(c 0.6)ynemers T 9.24 (singlet,3H) 9.08 (singlet,
3H) 8.5(singlet,3H) 8.0 (singlet,3H) 7.31 (multiplet, 1H,
exc. with DEO) 5.5, 4.65 (multiplet, 1H each) 2.7 (multiplet,
5H), (Found C 79.56%, H 9.18%, 029H4Oo3 requires C 79.7%
H 9.23%). Isomer B (60 mg) m.p.247—89,[a]D=—839 (¢ 1,2) ,
n.m.r.;'9.08 (singlet, 3H) 8.97 (singlet, 3H) 8.32 (singlet,
30) 7.97 (singlet, *H) 7.37 (multiplet, 1H, exc. with DZO)
5.5, 4.65 (multiplet, 1H each) 2.7 (multiplet, 5H) |,

(Found C 79.56%, H 9.18%, C requires C 79.7%, H 9.23%.

29"40%3

Analogy with the isomers of 3,20-dihydroxy-20-methyl
pregna=-5-ene whose absolute configuration at C-20 are known
44, 45, 46, 47 suggests that isomers A and B have respectively
the o and pJ configuration.

Photolysis - The 20-nitrite of the mnixture of the two

isomers (20 mg) was prepared as before and irradiated for
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20 min, under the wusual conditions. Thin layer
chromatography showed the presence of several spots but

none identical with the expected acetophénone.

XXXI) 17 f -Hydroxy divhenylmethyl-androsta-5-en-3 8 -

~yl-acetate

3 b-acetoxyaetianic acid methyl ester (1.2 g) in
dry tetrahydrofuran (50 ml) was treated with ﬁhenyl -
magnesium bromide (from 5 g of bromobenzene) at reflux
for 30 min. and worked up by addition of saturated
ammonium chloride solution and extraction with diethyl
ether as before. Acetylation with acetic anhydride in
pyridine followed by crystallization from  light
petroleum afforded the title compound (2 g) m.p.245-462,
[a]D=-ll59 (¢ 1.5), vmax 1600, 1710, %550 cm’l., n.Mm.r.
9.15 (singlet, %H) 9.06 (singlet, 3H) 8.02 (singlet, 3H)
7.71 (multiplet, 1lH, exc.with D20) 5.50, 4.65 (multiplet,
1H each) 2.8-2.5(multiplet, 10.H). (Found C 81.96%, H 8.21%,

C5484203 requires C 81.89%, H 8.49%).

Photolysis - The 20-nitrite of this compound (500 mg)
was prepared and irradiated in benzene for one hr. under
the conditions described above. The crude product obtained
after evaporation showed sgsix different spots on TLC, none

of them having R, identical with benzophenone, the title

£

compound or the respective nitrite. After chromatography
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»n alumina a fraciion (80 mg) showing mainly one spot
on TLC was isolated which had v max 1600, 1640, 1655,
1720, %450 em™t.. The n.m.r. of this substance showed
the vresence of the two aromatic rings hut absence of

the 3H gsinglet due to the l8-methvl group.

XXXII) 3-Methanesulphonyloxyoestra=-l,3,5(10)=-triene~-

17 B ~carboxylic acid methvl ester

The 17 p -cyanoestra-1,3,5(10)~triene~-3yl methane-
sulphonate (2 g) in acetic acid (50 ml) and water (20 ml)
was treated with cone. sulphuric acid (25 ml; at reflux
overnight. Addition to a stirred mixture of ice and
water separated a solid which was collected by filtration,
taken into dichloromethane, evaporated and treated with
excess diazomethane in ether=-tetrahydrofuran {to¢ yield ,
after crystallization, the title compound (1.5 g) m.Dp.
201'29'[“]D“+ 862 (s 0.9), v max 1380, 1432, 1502, 1595 ,
1605, 1723 om > ., nem.r. v 9.30 (singlet, 3H) 6.90 (singlet,
3H) 6.31 (singlet, 3H). (Found C 64.0%, H 7.15%, S 8.2% 3}
C21H28055 requires C 64.3%, H T.2%, S 8.2%).

XXXIII) 3-Acetoxyl-20-diphenyloestra-1,3,5(10),17(20)

tetraene
The ester prepared above (200 mg) in dry tetrahydrofuran
(5 m1) was added dropwise to a freshly prepared and filtered

solution of phenylmagnesium bromide (5 equivalents) in
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+etrahydrofuran (20 ml) and left for one hr. at room
temperature (thinfayer control). Saturated ammonium
chloride solution (5 ml) was added, the organic layer
separated, diluted with ether, and worked up in the
nsual way. The crude vroduct (400 mg) was triturated
with light petroleum to remove polvphenyls and then
acetvlated at room temperature with pyridine (5 ml)
and acetic anhydride (1 +1) (thin-layer control) .
Crystallization of the product from light petro%gum
gave the diphenylalcohol (70 mg), m.p. lBl-%Q,RﬂD=-539
(¢ 0.9), (Found C 82.0%, 9 7.9%, 033H5603 requires

C 82.5%, H 7.6%).

This alcohol (50 mg) in pyridine (5 ml) was
treated by thionyl chloride (0.5 ml) during 40 hr. at
room temperature, poured into water, acidified with
hyvdrochloric acid. extracted with dichloromethane s
dried and evavporated. The resultant title compound (48 mg),
recrystallized from light petroleum, had m.p.150-32 ,

[CY]D=-lOOQ (¢ 1.0), vmax 1600, 1760 cm—l,ylmax 235 mu
(€ =12,100) (Found C 85.6%, H 7.3%, M.W. (mass.spec.)

462 C%EHKAOZ requires C 85.7%, H 7.4%, MW., 462).



XXXIV) Ozonolysis of 3%-acetoxyl=-20~diphenyloestra

1,3,5(10), 17(20)-tetraene

The tetraene previously obtained (20 mg) in
ethanol free chloroferm (% ml) was ozonised at -202C
for two hours. After flushing with nitrogen triphenyl-
phosphine (10 mg) in chloroform (1 ml) was added at
-202 C and the solution left for two hours before
evaporation. Preparative TLC on alumina gave two
substances. The first (3.4 mg) was identified as
benzophenone by its spectra and 2,4-dinitrophenyl
hydrazone. The second (4 mg) was shown to be identical
by infra-red and mixed melting point with oestrone
acetate m.p., 125-692, [a]D=+1389 (¢ 1.2) in accordance

with reported values48 o

XXXV) 3,18-Diacetoxy-20~diphenyloestra-1,3%,5(10),17 (20)-

~tetraene

The diphenylmethanol (118) (61 mg) in pyridine (5 ml)

was treated with thionyl chloride (0.5 ml) at 02 for 54 hr.

Working up as above and crystallization from light

petroleum (b.p. 40-602) gave the title compound (37.8 mg)
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as plates, m.p. 160-22,[a]_=+91¢ (¢ 1.1), » max (CCl,) 1370,
D 4

144%,1500,1600,173%,1758,%007 e¢m L., n.m.r. v 7.91 (singlet,

3H) 7.80 (singlet, 3H) 7.20 {(multiplet, 2H) 5.89 (4 B martet,

2", J= 11 cps) (Found C 79. 8%, H 6.85%, O 13.1%, 035H3604;
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1/2 H,0 requires C 79.5%, H T+0%y O 13.6%).
A sample dried at 1102C under reduced pressure had m.p.

160~22, (Found C 80.6%, H T7.05%, O 12.5%; 035H3604

requires C B80.8%, H 6.9%, 0 12.3%).

XXXVI) 3,18=Dicetoxyoestrone

The tetraene (%0 mg) in dichloromethane (2 ml) was
treated with an 0.03 }M solution of ozone in the same
solvent (1% ml) at =-702C for 2 hr., After flushing for
20 min. with nitrogen, triphenylphosphine (15 mg) in
dichloromethane (2 ml) was added at =709C and the solution
was kept at room temperature for 15 hr. before evaporation
under reduced pressure. Separation of the products by TLC
gave two main fractions. The less polar one (1%.8 mg) was
identified as benzophenone. Recrystallization of the more
polar fraction (9.3 mg) from light petroleum gave the title
compound (5.7 mg) as needles m.p. 162-3¢, [a]D=+99° (¢ 0.26),

v max 910, 1150, 1375, 1495, 1730 cm t., n.m.r.7 7.97(singlet,
34) 7.72 (singlet, 3H) 5.71 (A B quartet, 2H,J=12 cps) (Found
C T1.%%, H 6.85%; CyyH,c05 Tequires C T1.3%, H 7.05%)
Recrystallization from methanol gaée large prisms, m.p., 166~8%,
[a1D=+869 (¢ 1.0) was kindly compared with the natural

diacetate by Dr.G.*. Marrian F.R.S. and shown to be identical.
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XXXVII) l8-Hydroxyoestrene

The diacetate (20 mg), m.p., 166-8%, in methanol
(0.5 ml) was treated with a 3% solution of hydrogen
chloride in methanol (0.5 ml) at room temperature for
12 hr. Evaporation of the solution under reduced pressure
at room temperature and separation -of the product from
18-noroestrone (less than 5% of the total) by TLC gave
needles (12.5 mg). Recrystallization from ethanol gave
title compound (9.7 mg), m.p. 215-23% (decomp.),265-70%
(decomp. after sintering above 2489C and darkening
above 2649C in a sealed evacuated ca,pillza,ry),[az]Daa«c-134Q
(c 0.37, ethanol), v max (Nujol) 1050,1600,1710,3400 cu -,
(Found C 75.3%, H T.66%, 0 17.0%;018}12203 requires C 75.5%
H T.7%s0 1648%). Lit © m.p. 255-72 C (sealed evacuated
tube), [a]D=+1469 (c 0.37, ethanol) vmax (KC1l disc) 1408,
1725 en~! for a sample of the natural product crystallized

from ethanol.
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