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' ‘ ABSTR:ACT
Reactions in whioh the steroidal'lOB—meth§i-oropp,

at the hydroxy or aldehy@e.oxidation stete, was ellmlnated

by the opening of a 5f6; or a 4,5—epox1de were 1nvest1gated

In cholestene and (in part) androetan~l7—one steroids, such

‘an elimination was observed in the reactions of 19- ~hydroxy-

58, 66 epoxides wmth boron trlfluorlde and, under certain

c1rcumstances, in the reactions of 19- Oxo 58 ,6B-epoxides with

L

base. Under comparable condltlons, the isomeric 50,6a-
epoxides underwent either intramolecular or 1ntermolecular
opening of the epoxlde by nucle0ph11es For the acid— or
base-catalyzed reactions of 19-0x0-4, 5-epoxy-androstane-
3,17-diones, compounds wﬁich have been postulated as
intermediates in the last stage of the biosynthesis of‘
estrogens, it was found that'epoxide rearrangement or K
nucleophilic opening of the epoxide riné predominated
although small ylelds of estrone were -obtained under acidic
condltlons. The attempts to prepare the product of a frag-
mentative elimination of the 108-substituent from 19-oxo-
48,5—epoxy~58—androstane-3,l?-dione by alternaée means are
described.

The resuits of incubation experiments”ineicated that
the aforementioned 4,5-epoxides are not intermediates in

the biosynthesis of estrogens. Other intermediates which

may be involved in this process were discussed.

-

xi ) ) \
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INTRODUCTION

The reactivity of' epox1des is attrtbuted1 to the straln
present in the_three—membered rlng Thls strain results from
the deformaticn of hond angles Eo & point that is cons:der—
ably less than the. normal tetrahedral angTe. Accordingly, -
orbitals of dlfferent hybridization-and somewhat higher
energy are employed to form the bonds between the ring
atoms. Like cvclopropane?, thess-bdnds are bent with the
reglons of highest electron density lving outside the ring.
They have a grs’ﬂer degree of p character and therefore ‘
there is less ¢ Overlap. As a result, the C-0 bond is
weaker than its- acyclic ether counterpart and this is

L

reflected by the ease with which the rlng is opened by
f’

nucleophiles in the presence of acid catalysts

In the absence of effective nucleophiles, Lewis acids
can promots heterolytic clesvage of the epoxide C-0 bona
and in this way initiate a variety of reactions which‘are
characteristic of carbocations. fhis éroperty of epssides
has bgsn the subject dffstudy b} chemists and also bio-
chemists since it has ;eeh shown ts be involved in ter-

penoid biosynthesis. These carbocatio reactions of

epoxides can be arranged in.three grolps.

-

(a) Addition to Unsaturated Hydr3tarbons

P

A carbocation:generated By the opening. of an epoxide

r

can react with an uhsaturated group to form a new carbo-

cation. If this occurs intraﬁslecglarly, a cyclic

.-

4,
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carbocaﬁ#on is formed. The most importan? example of this
“type 6i reaction is found in steroid biosynthesis and
involves the formation® of lanosterol (1) from squalene

oxide (2). Such epoxide-initiated polyene cyclizations

y . ' 7

HQ

-

(1)

have been used in a number of "biomimetic" syntheses. The
synthesis of the isceuphenol system (3) by van Tamelen"

an example of this approach.

-

H

SnClI
cadQF?[;] 2 Ho '

- CHaNO5

(3)
:35%@



(b) Rearrangement C y
.' »

'Heterolytic openlngfbf the” epoxlde canfinltlate a

A
variety of carbonlum'mogyrearrangements w1th1n the molecule.

These typically take the form (SCHEME l) of plnacol—llke
rearrangements (path a) or 1,2 shifts (path b). They
have been widely studied in steroid chemistryl!’S ang a '

s
more detailed discussion will be given in the subseque
.section.

-

L~ . -
o) Lewis 7 O—LA.,
o AC id R< u
R "b" a R

N (—)
R O +R O-—L.Ao
R R
R Hﬂ H. F#

(c) Elimination

The epoxide oxygen functions as a nucleofuge in the
heterolytic opening of an epoxide. TIf this reaction is

accompanied by the loss of an electrofuge, an allvlic



Ll
£

koo ' | . '
alcohol is produced. This is much like the situation

- encountered in 1,2 eliminations which give rise to olefins.

1

'In the latter case a wide spectrum of mechanistically

different processes® have b@én demonstrated. Altﬁough
thé elimination reactions of epoxides have.not bééh
studied in as much ﬁétail,/;ﬁéy would be.expected to
exhibit a similar diversity in their mechanisms. The
reactions that will be examined in this thesis proceed
in the presence of Lewis.acids and would therefore
involve some degree of cérbocation ion character. They

may be classified (SCHEME 2) according to the number of

fragments that are generated in the reaction.

SCHEME 2 : |
. ) . . '
2Q 0 s
(7~ — /\/ type a o
A ' |
| A+) |
0 . 9 |
c KKA _ -~ type b
. B=C c '
C
(EA/ ' ' +) '
| | A
A
)
9] -
" ——  p=g . typec<
| @) '
E;ELA: [3::(:



%imple cleaﬁage (two fragmentg, type a) is most
common ly e;cbuntered and generally involves a proton as
the elestrofugé?” The reactién of epq;ides with lithium‘
diethylamide’ to produce'allylic alcohols is representa-
tive of this'proéess.

The fragmentation reactions (three fragments, type b)
of epoxides may be considered to be Grob fragmen£ations8
(tyée ¢). They are relatively uncommon and only a few
ekamples have been reported. With_a hydroxy group in the
.electrofugal fragment, the gpoxidés {4) éna {5) undexgo
fragmentation to give, respectively, the aldehyde® (6) and
the ketonel®(7). with a ketone in the electrbfugél frag-
ment, fragméntation can occur via the ketal as,with (8)!!
and (9)12. The époxyacidal3 (10) undergoes a thermal

- decarboxyilation.

HO | H-_

(4) (6)

(5




- 6‘-
: \ . . [ )
C!:\ ) BF3Et,0
</ ‘ 2) aq. NaHCO4
(8)
B R ] = '
. H |
Q & | o H
L OH | i L B
(9) I

- (10)

H JaN H '
O + COo
toluene | 2




v

The fragmentation reactions of epoxides may be of

' ' 2 D1y .
importance in terpene biosynthesis. Arigonil¥ has postu~"

lated the intermediacy of the epoxy-alcohol (1l1) in the

conversién of (—)—lohgifolene (12) to (+)-secolongifolene .

(13) .

-

Both‘epoxide—initiated-cleavage and fragmentation

N

have been suggested!S to occur in the biosynthesis of

the novel secochamiyrane (14).

"

7,

a0



(14)

In this thesis, the rearrangement. and fragmentation
reactions of 19-substituted 4,5- and 5,6-epoxy sterodids
were examined.. The reactions of the34,5-epoxy-l9—alde—
hyéeé'(lS) and (16) were of particular interest since
they have been postulated!®/17 zg inté}mediates in

estrone biosynthesis.

. YO ,
(1) 48,5¢ | «“Hp0

(1) 4,5



RESULTS AND DISCUSSION

PART I

Baron Trifluoride—catalyzed Reactions of *19-Hydroxy- and
. =

l9—Acetoxy-S,6—epoxy-steroids

- -

The work describgg5in-this portion of the thesis arose

Sy

-from the'observationlﬁ that the lQ-hydroxy;SsJ65~eboxide
(l7llrearranged upon att'mbted reductr?n to give a producr
for,yhich the spiro structlyre (18) was suggested. . This
reacﬁ?bn was viewed as being rather novel sincé the cdn—
traction of the a rlng to give ‘a l(lO+5) EEEQ compound

such as (18) is rarely observed in the Lewis acid- -catalyzed
rearrangéments of 5,6-epoxy-steroids. The only reported!?s
instance where thig représentéd a major mode of rearrange-
meﬁt was with the 4,4-dimethyl-3-ketotsteroid {19). The
boron trifluoride*catalyzed{reaction of (17) was therefore

examined to see if this anomalous rearrangement would

similarly otcur with this reagent.

. | -
HO 7 LiAIHOMe)5 Ac G
| THF, A

| AcO ' _ 2 AcOAc/pyn AcO

(17) | H



1. Reactions with 38- Acetoxy-19- hydroxy-5,68- epoxy- 58—

cholestane (17) angd 3B-Acetoxy-19- hydroxy 5, 68 ~EpOXYy-
SB androstan-l7-cone (32) .

Ay
0

The boroen trifluoride-catalyzed rearfangements of
5,6- epoxy sterojds have been exten51vely examlnedl’s'20
and some representatlve examples are included in TABLE 1.
The common feature of these reactions is. that they proceed
lv1a the 1n1t1al heterolytlc cleavage of the epoxide at
the most substltuted carbon, namelymc~5 * The ensuing5‘
bond mlgratlon can either be concerted with the, opening of
the epox1de rlng or proceed after an open, carbocation has
formed. The concerted reaction occurs when the mlgratlnq
group is trans perlplanar with respect to the departlng
oxygen. If an open carbocation is involved, the only
stereochemical requirement on the oigrating group is that

it has to be periplanar with respect to the vacant orbital

of the carbocation. The transition"stete for a particular



SpPToxeys-Axodg—

i

976 Swos 30 suoTjoesy pazArejes

T TT9vL

£C '$od

OH



- 12 =




- 13 -

\\\\\\\

‘rearrangement is often considered to be product-like

. and therefore a reactlon would be considered unfavourable
if it leads to a conformation of high energy. However,

C it is,nore often the case that. the energy differences

" between competing reactions is small and a number of

-

. different products are obtained. This can make an analysis
" of the respon51ble factors difficult since these energy

- differences are often within the range of subtle confor-

mational and. -van dert%mls effects.

Tt cah be seen from TABLE 1 that the three major modes

-

of" rearrangement involve mlgratlon of. the C-10 methyl-

: substltuent the 6- hydrogen atom and the C(6)-C{(7) bond.
The mlgratlon of the C-10 methyl group is generally the
jpredomlnant mode of migration for both the 5a,6a—and

58, 68-epoxides ‘even thgﬁgh ln the latter case, the

lO—methyl substltuent is syn w1th respect to the epoxide

- group. The Westphalen" product (eg., (20)22) arises if

- the rearrangement terminates after the initial mlgratlon

of the C~10 group. Alternatively, if the rearrangement

proceeds further, a series of stepwise25],2- shifts leads

to "backbone" - rearranged material. (eg., (21)22),



e

In the case of the 38-hydroxy-5a, 6a-epoxide (22),
mixture of

a
\

"backbone" rearranged products were obtained?3

which were epimeric at C~6. They were thought to arise
o

H
via the equilibration of the initially formed carbo-

cations, either (23) or (24), with (25) or (26) respgc-

tively. This process would be much like a r&versibl

P
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Prins reaction and is a further. indication of the Stepwise
|

ature of the "backbone"

rearrangement.

HO
OH



Migration of the groups bonded to C-6 to give B-nor-
aldehyées-or 6-ketones proceed stereospecifically since the
58-6f-epoxides give material with a trans A/B ring jﬁnc—
tion and'the‘Su,Gu-epoxides, material with a gié A/B ring
junction. The Sa-ketone (27) which was obtained from the:
Sa,6a-epoxide (28) was simply an artifact?? of the iso-
lation procedure. These rearrangements most likely
proceed via an open C-5 carbocation since the\migré%ing
groups are essentially orthogonal with respect to the

epoxiderﬂ—o bond that is being broken. Furthermore,. the

(29) B':3

(-) . / G—)
-/g»

: HO~ = <;— 5
" H HO
(27)

-

carbécation would appear to possess some deégree of con-
formational mobility?®. For example, the carbocation (29)

which is initially formed from (28) would have the B ring
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in a boat form. It would then have to convert to the chair
’conformer (30) before the Gs—hydrogen is suitably situateq
for migration. |

It can also be'seen from TABLE 1 that the presence of
substituents at C-3 and c-17, which are fnductively elec—
tron—withdrawing, bring about a decrease in the amount of
rearrangement products obtained and favour fluorohydrin:
formation. The fluorohydrin‘arises from- the diaxial
opening of the epoxide by hydrogen fluoride?? which is
always present even if the boron trifluoride etherate
has been repeatedly distilled;w_The electron-withdrawing
substituents appear to make heterolytic cleavage of the
C-0 bond more difficult?8 and thereby allow nucleophlllc
attack by fluorlde 1on to compete more effectlvely

In most instances, the preferred mode of rearrangement
has been found to 1nvolve the migration of the C =10 methyl.
group. The effects of changlnq the nature of the C~-10
substituent has been examined but with somewhat inconclusive
results; With a C-10 ethenyl groupég, which exerts an :
inductive electron-withdrawing effect (31) gave a some-
what greater yield of fluorohydrln than its C-10 methyl
counterpart. It was de01ded to examine the boron tri-
fluoride-cathlyzed reaction of the C=10 hydroxymethyl
compound (17) to see whether a very different type of

- Tearrangement might be observed (cf.p. 9).



e

e

. M | |
The preliminary work3? was conducted by M. Kalapurakal
and L. Lompa-Krzymien. They found that the reactions of the

19-hydroxy-58,68-epoxides (17) and (32) with boron tri-

‘fluoride etherate gave complicated mixtures of‘products.

However, with boron trifluoride gas3f and benzene as.sol-
vent, a relatively.clean feaction occurred to:give two
major products, namely the dienes.(33) and (34) and the
methylenedioxy compounds (35) and  (36):° The dienes (33) .
and (34) both had ;imilar spectral properties, those;of
the cho;esterolaanalogue (34) &orrespondinngith the data
rep&rted32 for the same diene which had been obtained by
a different route. The structure of the methylenedioxy."‘
compounds (353) and (36) was based upon spegtrai evidence.
These reactions were repeated and it was found fhaf
the yields of the two compounds were dependent on the way
in which the borSa trifluoride was introduced. The pro-
cedure which appeared to work best involved the aadition

of a solution of benzene that had been saturafed with boron .

trifluoride gas to a solution of the’ epoxide in benzene.



~

+
AcO™
(17) R=H,CgHqy o (33)47%  (38) 9%.
(32) R=0. ©(34) 30%  (36) 16%

Thg compounds thus obtained had physiﬁal and spectral
.properties which wére similar télthdse reported in the
preliminary wb&k and they also gave satisfactory anqiyses..
The structure of the methyleneﬁioky compounds, (35) and
(36) could be inferred by analyéis of their !H n.m.r.
spectra. For the bholegterol analogue (35}, two methyl-
.ene quartets were observed for the 19-methylene group

-3:21, J 12 Hz) and the methylene ketal

(8 AB

A 3¢99, g

(GA 4.98, 63 4.59, JAB

(6 4.43, Japp. 2 Hz) for the equatorial.-6a-H, a multiplet

8 Hz) as well as an apparent triplet .

{6 5.25, W/2 ca. 18 ﬁz) for the pseudeoaxial 3«~H, andAa
br;adened singlet (6 5.71) for tﬂ:hblefinic 4-H.

The structure of (35) was confirmed by the following
synthésis (SCHEME 3). Trans diaxial opening of the
19-hydroxy-58,68-epoxide (17} with hydrobromic acid

followed by acetylation with acetic anhydride-perchloric
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acid gave thé triacetoxy—bréh%ﬁé (37). This was
dehydr;gélogenated by refluxing in pyridine to qffdrd
the A“—olefiﬁ‘(BB) which was hydrolyzed to afford the
triol (39y. , It was noticed that the tfiol was not verQ‘
stable in the presence ofhacid and, consequgntly, basic
conditions using a pﬁzée tgansfer catalyst33 were E
employed to prepare the methylenedioxy derivative (40).
This wés accomplished by allowing the triol (39) to
react with'methyiene chloride in the.presence bf agueous
potassium hydroxide -and benzyltriethylammonium chloride.
The selectlve formatlonhg% the 68, lQ—methylenedloxy com-
5pound (40) presumably arises V1a the initial formation of
a-19- chloromethyl ether which would be best disposed for
.attack by‘the axial GB—hydroxy group. . Acetylation of the
crude product afforded the ;B—acetate (35) which Qas-
identical with material that had beén previous}y cbtained.
The major products derivéd from the_SB—GB—épOxides
(17) and (32) were the dieneg (33) and (34) in which the
lbﬂ—hydroxymethyl group had been'eliminéﬁe& on epoxide
opening. This was viewed as being.som;whaf unusual since' -
~-the C-10 substituent is syn with respect to the epoxide
aqd a Grob-type fragmentation®, which this :eaction
strongly resembles, shows a strong p?eference for‘an

antiperiplanar arrangement between the electrofugal and

'nucleofugal fragments. Accordingly, some consideration was

—



HO

ACC).. 5

(17)

(40)

- 2] -

' SCHEME 3

© 1) 50% HBr
THF

d AcOAc
HCIOgq

\|

| CHzﬁt{
oo

v (+ (—)
 BCH,NEt5 C

50% KOH

AcO

AcO'

A

RO\
H

! :
B"Oxl\c
- 37)

Na 2CO3

1) pyridine J' 2) MeOH.

(38) R=Ac
(39) R=H

. given to the possible intermediacy of the fluorohydrin (41)

since it hés been shown that fluorohydrins {e.g., (42)) can

readily react with boron trifluoride?! to give products

identical with tHose obtained by the rearrangement of the

epoxide.
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To éee if indeed a fluorohydrin is involved, this
derivative (43) was prepared by treating a solution of £he
epoxide (17) in a mixture of beniéng and ether with boron
trifluoride etherate. The‘spectral dafa for (43) were
somewhat ambiguous although a satisfactory elemental
analysis was obtained. TIts identity was confirmed by
conv fting it to the epoxide’(44) with refluxing methanolic
sodium carbonate. The latter compound was identical with
material prepared by the saponificaf&on of the_.3g-acetate

(17). When the fluorohydrin (43) was trelted with boron
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trifluoride gas in benzene, 1t was recovered unchangegd *
thereby rullng out 1ts p0551ble 1ntermed1acy in the

reactlon of the epoxide (17).

HO - Ho
\LN°2CO/3 | S
“'MedH AcO 3
) . T .
(43) | (44) | ()

It would therefore appear that the products obtalned
from the epoxides (17) endJ(BZ) orlgln;le from the open
C-5 carbocation (45) (ééHEME 4). This could arise %C the
direct openiné‘of the e?bxide by eggoﬁ/%rifluoride or
through protonation by a boron‘tfifluoride compleked
19-hydroxy group. The latﬁer course seems likely since
the existence of a strong hydrogen bond between the 19~
hydrexy-group and the 58,6B8-epoxide-oxygen has been
demonstrated3“; .Once an open carbocation has formed, the
108~hydroxymethy1l group uld be suitably placed such Fhat
fragmentation with the loss of formeldehyde could occur.

The allylic alcohol (46) thus formed 'was not observed but

would be expected to readily undergo dehydration to the

[
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' SCHEME 4

AcO

(33)(39)

dienes (33) and . (34f under éhe reaction conditions. This
latter step has been demonstrated?3s ilth the AS(IO) —-68~
hydroxy steroid (48) which gave the 1(10),5-diene (49)
upon treatment with acid. It was found30(t.1l.c.) that ‘
the allylic alcohol (486) 51mllarly afforded the .diene (33)

upon exposure to boron trlfluorlde

e, gy
]
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aq. H(fl : \\

E‘tOH HO | -
VAN

OH -
(48) S (49)

~

The methylenedloxy compounds (35) and (386) presumably
arise through the loss of the-48—proton from (45) (SCHEME 4) .
The lel (47) thus formed reacts w1th formaldehyde present

to give (35) and (36).
~
2. Reactions with 38,19- -Diacetoxy-5, 68 epoXy-58-
cholestane (51) and 38,19- Diacetoxy-5,68- epoxy~58-—
androstan- l7-one(50)

~
Since fragmentation ‘was the major mode of reactiofy

for the 19 ~hydroxy compounds (17):and (32) the boron
trifluoride- —~catalyzed reactions of their 19~ ~acetoxy
analogues were examined next. It was thought that the
Presence of the 19~acetoxy substituent would prevent
fragmentation and that rearrangement to the spiro com-
pound (18) might ocdur. ) )
| The 38,lQ—diacetoxy—S,6B—epoxy—SB—androstan—l74one
(50), prepared by acetylating the corresponding lQ—alcohoi

(32), was examined first. When (50) was treeted with a



ine
[

ian lmpure form by column chromatography

"tamlnatlng matermal could not ‘be remi ed by crystalllzatlon,

saturated solutlon ‘of boron trlfluorlde in benzene, a slow

'reactlon ensued to glve, a51de from recovered\startlng

e

materlal (19%), two products The flrst compound (43%) . - =

!

was 1dent1f1ed as the fluorohydrln (52) on the ba51s of

spectral data, in partlcular, the mass spectrum (m/e 424

M+ ) whlch 1nd1cated that the molecule had undergone | . :

1ncorporatlon of hydrogen fluorlde._ The other compound
which appeared to be the 4—olef1n (55), was,dbtalned in

Slnce the con—

Vom—

——

- the mlxture was acetylated and chromatographed to obtaln

i

pure materlal Thls tr1acetate (56) had a 51m11ar 1H n.m.r.

'spectrum to that of the cholesterol analogue (38) and its

q [

structure -was verlfled by'synthe5121ng 1t from (50) u51ng

the same approach ((50)+(53)+(56)) that was employed 1n the :

_preparatlon of (38)

The reactlon of the 38 19 dlacetoxy 58 68 epox1de (50)

;was repeated, only thls tlme a greater quantlty of boron f

trlfluorlde was used. The gas was bubbled dlrectly lnto a N

solutlon of the epoxlde ln benzene and- a much more rapld

reactlon occurred. ThlS gave the fluorohydrln (52) (26%),
a mixture of oleflnlc materlal whlch was left unldentlfled\ ;

ﬂ(although thele n.m.r. dld lndlcate the presence of the'

4-ole£1n (55))}‘and a new ccmpound (16%) The'lH n. m. T.
Spectrum of the.latter compound was con51stent Wlth the

. . ,
o . A !

y
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(50) R=0 " ! = . (55) R=H, R=0

(51) R=H,Cghyy (56) R=Ac, R'=0

; S (38) R=Ac, R'=H, CgHy,
.. R PR :
AcO_ |-

i

N _R
AcO \

AcO : : AéO ‘
(52)X=F,R=H,R=0:"" = (82)R=0 ' . -, -

- (33)X=Br, R=Ac,R=0 = - (58) R=CgHj7 -
(54) X=F, R=H, R=CgH47 '

SB formyl B “nor - ‘structure (57) and further proof for thlS

aSSLgnment Wlll be presented subsequently

Slmllarly, when boron trlfluorlde gas was bubbled
1nto a solutlon of the 58 68—epoxy cholestane (51)
_ifluoronydrln (54)

.tHeJ
(36%), the aldehyde (58)

(2k%) and an.
unldentlfled mlxture of oleflnic materlal were obtalned

T
L) Lo

iy -



'The structure of the fluorohydrin (54) was confirned*by its-
conversion (refluxxng methanollc sodlum carbonate) to the

S5R,68- epoxrde (44).

. "With both of the aldehydes, (57) and (58), there was

scme amblgulty regagdlng the nature of the A/B ring junc-

tion since-"the H n.m.r. spectra of these compounds showed

a multiplet with a half band width of ca. 15.Hz for the 3a-
hydrogen. This value is somewhat larger than would‘

normally be expected for an equatorlal hydrogen although

it may 1nd1cate36 that there is some distortion of the

'A-rlng. The followrng chemlcal transformatlons of (58)

(SCHEME 5) were carried out to obtaln an unamblguous

'aSSLgnment. The aldehyde (58) was hydrolyzed with meth-

anolic sodtum carbonate to give a compound which existed

._ in the form of a lactol (59). The !H n.m.r. spectrum showed
.a‘singlet for the-lactol-methine proton (§ 4.96), a quartet . _
for the 19-methylene protons (8, 3.80, .8y 3.%3, Jpg 10 Hz) : \‘;////
and a multiblet for the 3a-H (6' 3. 96' W/2 ca. 16 Hz).

:0x1datlon of the lactol (59)" gave the 3—keto lactone (60

whose i. .T. spectrum showed absorptions at 1769 cm~! for ay -
lactone and 1725 cm -1 for the 3- ketone, and whosexlﬂ n.m.r.

»

.spectrum showed an AB quartet (4 4.29, &, 4.01, Jap 10 Hz)

A B
for the lQ—methylene protons. This would establish the cis B
‘nature of the A/B ring junction in (58) and also, by analogy,

the androstan—l7—one (57).
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SCHEME 5

(58) EE G . (60)

For the lS—acetoxy 58 6g-epoxides, (50) and 651), it ,
‘was found that the 194!‘etate group prevented fragmentatlon
‘1nv01V1ng the C~10 substituent. The 1nduct1ve electron—
W1thdraW1ng effect of "this group was found to favour 3
fluorohydrln formatlon at the exnense of epoxide
.rearrangement. The only products of the latter process
that were . observed were the aldehydes (57) and (58)
These would arise via mlgratlon of the C(G) C(?) bond
-talong the - face of the 1n1t1ally formed C- 5 carbocatlon
E L (61) (SCHEME 6). The p0551b111ty that these A-nor-alde-
hydes were derlved from a fluorohydrln precursor was ruled.
out by the observat;on that, when the fluorohydrln (52} .
was treated with boron trifluoride, only the 68,1940xide
{62) (25%) and starting material (58%) were obtained.
Evidently, the 38- and l9-acetate groups suff1c1ently
suppress 1onlzatlon such that only ‘the boron trlfluorlde—

catalyzed dlsplacement of the 1%-acetate group occurs,



vty

L= 30 -

(50) (51) . (e

ACOL L l_ ~
| \ . BFB (QGS)-‘ ’\\

+ SM.

| ‘benzene —"A_c i
OH . | . . F
- (&)

The relativé yiélds and nature of the p#oducts_which
were obtained fxom the 38,lQ-diacetoxy—S;68—epoxy—5B~'
androstan—l?—on:\\GO) with the twd different methods of
introducingpfhe boron'trifluoride appear to reflect thé
fact thét epoxide rearfangements can follow different
paths ﬁfth different reageﬂt'systeﬁs37.. In this casé, the

variable appears to be the concentration of Lewis acid

" present. When a éaturated'solution Of boron trifluoride in

\



{benzene is added to a sol tlon of the epoxide, less of

the reagent is present Under these condltlons ‘a good

.portlon of the boron trlfluorlde could be complexed w1th -

.

- the other funct10nal groups present Accordlngly, ltS
1overall react1v1ty is dlmlnlShEd ‘as sﬁown by the amount

~ of fluorohydrfh and unreacted startlng materlal that were;

obtained. Wlth the dlrect 1ntroductlon of boron trl—
fluorlde gas, an excess of the reagent is present and. .
thls allows for the dlrect 1nteractlon of the epoxlde

~

with uncomplexed Lewis ac1d ThlS would appeéar to‘

account for the appearance of the A- nor-aldehyde (57)

under these condltlons but not the former

3. Preparation of BB—AcetoxyelQ-hydroky—S ba-epoxy~5a-
' cholestane (68) and 38-Acetoxy-19-hydroxy- 5,60~
epoxy—Sa androstan -17-one (70)

It was decided to examine_theireactions of the
corresponding 5a,6a~epoxides to see if the epoxide con-
figuration was a factor. Hoﬁever, 19~hydroxy-5a,6a-~
epox1des are not that readlly avallable ow1ng to the
directive influence exerted by the 19~ hydroxy group38
upon the course of the peracmd epox1dat10n of the As—bond
At best, with the less stereoselective monoperphthallc-
acid, a 14% yield!® of the S5u,6a-epoxide (gg) was obtained

from (63). When the 19-hydroxy group had.been converted



to an acetate (64) gave18 a ca. 3:2 mlxture of Sa, 6a—-",
and 56 68 epox1des w1th m—chIoroperbenzoic~acid However,_‘
subsequent attempts39 at selectlvely hydroly21ng the 19-

f\\,

o
acetate group were unsuccessful.

N ‘ R“HQR?CBHﬁ?
2 C, (64) R:AC‘E' HC H17
Jo (65) R=H, R=0

The epox;datlon of the 19- ~t- butyldlmethy151lyl ether

(66) was examlned since ubsequent selective removal39
of the 51lyl group was' a p0551b111ty Treatment of (66)
with m—chloroperben201c ac1d followed by desmlylatlon
with tetrabutylammonlum fluorlde afforded a ca. 2:1
mixture of 5a,6a- and 58,68—epox1dee.t The androst—d—en-
l7—one derivative (67) was found to behaue‘simiiarly'
"The only unusual feature encountered was the much slower
rate at Whlch the 58, GB epoxides {69) and (71) underwent
deSLlylatlon and thlS allowed for the isolation of some of
this materlal _ It was also noted: that, ‘51nce the reaction
mlxture becomes alkallne as the de51lylatlon proceeds,

tranSacetylatlon between the 38~ acetate group and the

/

$£\JJ 19 hydroxy group does not appear to occur in this system.



(66) R=H,CgHy
(67) R=0

1) MCPBA
2) FNBuy

O

(68) 63% +  (17) 16°l;“+ (69) 17% T R~ -H, C8H17

-

(70) 40% | (32) 13% + (71) 6% + SM 6°lo R=O |

4. 'Reactlons Wlth 36 Acetoxy 19 hydroxy '5,6a-epoxy-5e~

cholestane (68) and 38,19- Dlacetoxy 5,6a-epoxy- Sa—
cholestane (74) !

The reactlons of the 19 hydroxy Sa, 6o epox1de (68)
and its 19- acetate derlvatlve (74) with bpron trlfluorlde
proved to be somewhat disappointing since they were both
fouﬁd to give products_in which the-lQ—funéfion.partici—
pated in the é>peaningl+0 of the epoxide. The 19-hydroxy

ﬂ‘.ﬂ : ' | " f

\
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/
group 1n (68) effected dlax1al opening of the epox1de to - -
give the 68,19~ oxlde (72) in a 64% yield. This is much
llke the react:mn‘*1 ofi the 19-methyl ether (73) with.
protic acids. The 19-acetate (74) cleanly gave the
diequatorial alcohol (76) upon treatment with boron

trifluoride. The’ 1ntermed1ate acetoxonlum 1on (75) hae ‘
“been previocusly pc>stulatec1‘*2 to account for 51;11ar
.results which were‘obtalned from the protlc acid cata-
lyzed reactlons\of 19 acetoxy- 5a 6o— epoxldes

In summary, aside from those reactions anOlVlng
‘nelghbourlng group participation or fragmentatlon, the
only,epox1de rearrangement that was observed ‘was the
contraction of thelB—ringjin the lQ%acetoxy-SB,68—ep0xides-'
(50) and (51). The other possible modes of rearrangement,
especially that'leading to 1(10+5)-abeo compounds, were not
seen. In those 1nstances where the boron trlfluorlde-
‘catalyzed reactions were conducted with both the cholestane .
-and androstan-17-one epoxides, it is difficult to assign
the observed variation in vields to the induetive effect
of the C—l7‘substituent since the concentration of the
‘boron triflnoride is undoubtedly a factor and was not
rigorously controlled. o

The originally described rearrangement of the 19-
hydrexy—SB,GB-epoxide (17) to the spiro compound (18) was
" not reexamined since the'fragmentative‘elimination of the

10-substituent was in itself an interesting reaction and
‘ —

' suggested some further studies.






PART IT

an -~ e
Base-catalyzed Fragmentatlon of 38 Hydroxy 5 6B -epoxy-
5~cholestan~19- al (77) '

.Durihg the' course of' work directed at. the introduction
of functional groups at C-19, Barton and Akhtar®3 noted-
that the 19-aldehyde (77) underwent deﬁormjlation‘iﬂ the,

presence of base to give the allylic alcéhol (78).d This

unspecified
yiel_d '

reaction is somewhat unusual smnce a deformylatlon pro-
 ceeding via a carbanlon intermediate seems unlikely in
‘light of other base- catalyzed deformylatlons““ whlch
requlre electron-w1thdraW1ng groups o to the formyl

group, e.g., a EEEEQ Claisen reactlon or the deform§l~
atlon of chloral hydrate " As well, a carbocatlon
mechanism seems unllkely since an effective Lew1s acid

is not present. - The only other examples of‘base catalyzed

fragmentatlons of B,y~epoxy carbonyl compounds that could'

1



be found in the'llterature‘Were those reported by Trost'*5
for the cyclobutanone epoxmdes (79) The reactlons of
the latter compounds oossess some 1nterest1ng feathres
which can be best understood:hy con51der1ng the"work of

Stirling, ‘ _ . -

—
3.
L
P2

'>‘<‘——Y\) — X——Y\)

80) - - | (81)

Stirling“ has classified reactions of the type (80)-(81)

- as nucleophilic eliminative ring'fissions. .For three-~ and

four~membered rings, there 15 a large amount of straln
energy present. If- thls strain energy is reledsed in the
tran51tlon state of the. ellmlnatlon, the actlvatlon energy
will be’ 51gn1f1cantly lower As a result large raté-
enhancements are found relatlve to what is observed in

comparable acyclic systems. .

%
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3ﬁ tlon whlch would 1nd1cate that the ellmlnatlon is either

-Isstraln energy avallable " a conV1nc1ng demonstrat:.on"5 of

' reactlon of the sulfone-epoxlde 82) Wlth ‘that of the

;methyl ether (83) The epoxlde (82) undergoes: ellmlnatlon

Jr E

For a nudleophrllc ellm;natlve rlng f15510n 1nvolv1ng

an epoxlde-group, there would be approx1mately 27 kcal of .-

the resultlng rate enhancement was shown by comparlng the-

"

s“‘
L

at -a rate 20 X 105 fastér than that of the ether (83) . For T

the epoxlde, the rate determlnlng step is proton abstrac—

I o
concerted w1th déprotonatlon or’ occurs readlly thereafter ';c P

In the case of the methyl ether (83)" the rate determlnlng

~.

"step 1nvolves cleavage of the C-=0 bond_1n~the conjugate

. -

L
base (84) . The more rapld cleavage of, the epox1de C= O bond

rziwas attrlbuted to the release of straln enerqy in’ the

\ellmlnatlon step

{(—}

.OMe
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In the case. of Trost s. epoxycyclobutanones“s(79) there

is a total of 55 kcal of straln energy present in both |

the . epoxide and the cyclobutanone rlng. Thls can signifi-
'cantly lower the.actlvatlon energy of the base—catalyzed

.fragmentatlon reactlon 1f a’ concerted mechanism is followed

In view 'of the ease w1th whlch the reactlon occurred and the

absence of side” products, thls was indeed: thought to be the

case. - T f.\T

|'g~

'The stereochemlstry of the fragmentatlon reactlon of

‘zthe epoxycyclobutanones (79) was also lnterestlng Wlth

ﬁsodlum methoxide, the dlastereomerlc epoxldes (85) and’ (86)

-

;;gave exclu51vely oleflns that resulted from anti fragmen—

tation. However, when the nature of the solvent and the

.;‘: base were changed to favour chelatlon (e g. : as in (87)),

uproducts arising from both syn and antl fragmentatlon

were observed. The loss of stereospec1f1c1ty was not

" thought to result from competltlon w1th a carbonlum ion
mechanlsm 51nce epox1de solvoly51s products were not

;observed Instead 1t1was felt that both concerted antl

A,

T and syn fragmentatlons were 1nvolved the latter proceedlng

via a chelated 1ntermed1ate . '
. m ’ A
For the epoxycyclobutanones (79), fragmentatlon

'

occurs readlly because cleavage of the electrofugal and

?nucleofugal fragments 1s assmsted by the strain energy

'that 1s\present ln ‘the respectlve rlngs. However, for the
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"58 6R- epoxy aldehyde (77) there is no apparent actlvatlon
for the cleavage of the electrofugal fragment Therefore,"_
in: order to. get a better 1dea of the factors that may be

' lnvolved the reactlon of (77) was reexamined ahd compared

with that of the 1somer1c 5a, Su epoxy aldehyde (89)

\

1. Preparatlon of 3&-Hydroxy 5., 68 epoxy SB cholestan- 19--
- al (77) and 38~ Hydroxy 5, 6o —epoxy-5a- cholestan ~-19-al (89)

‘The~ 19 alcohols (17) and (68) were oxndlzed (SCHEME 7)
_to the 19- aldehydes (87) and (88) whlch were then carefully
. hydrolyzed to - the '3g-alcohols (77) and (89).. At this pornt
jdlfflculty was encountered in obtarnlng physlcal constants
for' the known“3 S8, 68 epox1de (77) which were consrstent
'w1th those reported The material, whlch was obtalned
.after column chromatography and crystalllzatlon, 1nvar1ably.'
melted oyer_a considerable range and exhlblted a change:ln
- specific rotation with respect to time.'-similarly,“the C e
ly n.m.r. spectrum (FIGURE 2) was anomalous 1n v1ew of the
functlonallty present and also changed w1th reSpect to
tlme Thase results were considered to lndrcate the oc—
currence of a,slow equilibrium between the hydroxyrw
_'gldehyde (7@§/and the“hemiacetal (90). It would appear.
that the mater1a1 obtained by crystalllzatlon from metha-l"“
nol eXisted predomlnantly in the form of the hydroxy _
aldehyde (77). The 'H n.m.r. spectrum of this compound
_.wonld be expected (FIGURE 1) to con51st cf: a multlplet
(63. I‘y for'the 60-H, a broad multlplet (63. 7) for the. |

ax1al §a—H and & singlet (69.73) for the aldehyde proton.
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“SCHEME 7

ghr7
CrO3-pyr-' HC] X
NaOAc
o | CHCly o
(17) 5p68 - (87) Bp,68
cd. L - '
~ (68) 5 6x squiv. (88) 56«
| | | aq NaOH, " MeOH -
. - ‘ N> ) R.T.
- Q H o
| (77) - | 89
m.p. 119-132° - mp125-137°
- [ (initial) -39 _ | [“]o(initial)‘ff"’fo
(] (after 24n)-18° - . [« fafter 24n)-46°

lit.(ref.43) mp.138-14¢0°
7 [o‘]b_.]ej? . .
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" FIGURE 1. 60 Mg Hz 'H N.M.g. Spectrum of 38-Hydroxy- °

5, 68-epoxy—SB—cholestan—lQ—al (77)

5 h o o I | ‘ca.5min’

i _ Q * b diesf: g

_J o 07:09: 15 :1
Al  (total 41R)

20h
a : btcidies : g
04:11: 15 :1
(total 40H)

after Dzo addition
a:b: die: g
y 03:05: 12 : 1

S b d ‘e g (total 31H)
T 302Hz .y -
©73 - - (803 (419 (ca37) (317)
_Lf Sl : ,‘l' ot :‘::
L ) ALY I . I L
V0" 90680 - B0 40 30ppm
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Upon being dissoived in_deuterochldroform, an equilibrium’
is slowly established (ca. L:1, (77):(90) after 20h) with
the hemiacetal'(QO)‘ .The 'H n.m.r. - Spectrum of the
hemlacetal (90) would be expected (FIGURE 1) to con31st
of a multlplet (&83. 17) for the 6a-H a multlplet (84.19)
for the pseudo-equaterial 3a-H and an AR quartet (SA 5;05

6 4.72, J__' 12 Hz) for the spin system comprised of the

AB .
19—H and the hydroxy proton The addltlon of deuterium’
oxide caused the AB quartet to collapse to a singlet

(§5.03) for the non-exchangeable 19 -H. The appearance

-fof*thls AB quartet indicates the presence of a strong

hydrogen bond to the epoxide oxygen 51mllar lo that
observed:“+ in the case of the 19- hydroxy SB GB—epox1de

(17) Furthermore, since the magnltude of the vicinal

ABC Spin System (CDCI3)

sHiy JAR=M5H
Jac=0.1Hz, g=80°
JBe =105Hz, '8=160°

AB Spin'System (CDCl)
JAB = 12 He, = 180°



v

H-C-0-H coupling- constant is related in a "Karplus" fashion
with the dihedral angle, Ehe observed 12 Hz coupling constant
- would indicate a dihedral‘ahgle of ca. 180°. This %nfOr—
"mation allows for a raﬁher intéfesting‘observation abou;
tﬂe conformation of the hemiacetal (96); namely,-that
the six-membered ring, £formed in 'part by the hydrogen
bond,'closely approximates the chair conformation of
cyglohexane. The possible significance of this feature
in the reactions of this compound will be discussed
subsequen£ly. o .

Since good analytical results were ébtained for (77),
as well as a reas;nable explanation for - the obsefved _
anomalies, no furthér attempt was made at obtaining
material which had physical constants in agreement with
those reported. |

The isomeric 38-hydroxy-5a,6a-epoxide (89) exhiBbited
somewhat similar properties, namely a wide melting range
and a Specific rotation and 'H n.m.r; épectfum which
changed with respect to time. The material crystallizeé
from methanol again consisted predominantly 6f the hydroxy
aldehyde (89) but in solution (deuterochloroform) slowly
‘changed until an ‘equilibrium (ca. 4:1, (89):(91), 18h) was
estaplishqd (FIGURE 2). In this case, the hydroxy proton
was no longer observed in the downfield regiqn 6f ﬁhe 1y

1

n.m.r. spectrum. The mass spectrum (m/e 416, M+).waé‘in



. Jagreement with this .structure; however, the analytlcal

results 1ndlcated that it had been obtalned as a hydrate

RS

 FIGURE 2. 60 Mg Hz 1H N.M.R. Spectrum of 3B—Hydroxy—5 ba=—
: epoxy-5a- cholestan 19-al (89) :

lntegr'atuon
(after 18h)
Q b ced: e {
0702 1 1

)},_ . ‘total : 294
(980) Aca.:ea)-lj . @x3® (30
00 90 = 850 40 30
pom.
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2. Reactlons of 5, 6~ﬂp0xy—19 aldehydes w1th Base )
P ]\ ‘ .

The base-catalyzed reactlons of these epoxides were

then examined. They were conducted at reflux temperature -
under a nitrogen etmosphere and their pProgress was moni-
tored by t.l.c. - . | '

As had been reported“3, the 5g,6p-epoxide (77) was
found to react in the presence_of 20 per cent aqueous
potassium hydroxide to give\the allylic alcohol (78),
although the reaction was found to be somewhat slower
than suggested. The reactions of the 58,6R-epoxide (77)-
were also examinedftoth different bases and the resulte
are included in TABLE 2. | .

In order to assess the importance of an intra-
‘malecular hemiacetal (e.g., (90)) in this fragmentation,
the reactlons of the 38—methoxy 58,68-epoxide’ (95) were
smmllarly examlned (TABLE 2).. The latter compound was
prepared ih an unambiguous fashion (SCHEME 8) from the”
© t-butyldimethylsilyl ether (69). |
) The 5¢,6a-epoxide (89) was found to react rapidly
in the presence of 20 percént equeous potassium-hydroxide
to give a complicated mixture of products. When the
reectionlwas repeated using a methanolic solution or

potassium hydroxide,: it was found to be much cleaner and

the major component was - isolated by .column chromatography.
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k e 'SCHEME 8
1 agq.NdOH
: MeOH

)
AMel .
+ -

. PCHoNEtS CI
- 50% dg. KOH

CH-Clo

-

Q> <8

(95) 77% (94) 62%

e

This was found to éonsist of one major compoupd'accompahied
by some other material which.had a similar Rf vaiue.
Repeated crystallization affo;ded the major compeound in a
pure form. Its !H n.m.r. spectrum showed a singlet’
(63.32,3H) which indicated that methoxide had opened the

epoxide ring. The two multiplets observed for the equatorial

, ’ ‘ N\



. 6a-H (8 3.15, W/2-ca. 5 Hz) and the axial 3u-H (5 3.98, W2

ca. 26 Hz) suggested that the compound. possessed a trans A/B

'rlng junctlon as in structure (97). This was conflrmed _ “y,
by acetylatlng a sample of this materlal : The resultlng

monoacetate (98) showed a downfleld shift for the axial

3a=H (6§ 5.11, W/2 ca. 26 Hz) whlle -the equatorlal 6a-H

remalned essentlally unchanged This would indicase
that the 5q, 6o- epox1de (89) had orlglnally unde gone
‘dlax1al openlng Wlth methox1de and that the tran
ring -junction was malntalned in the major product hio
had been isolated. The latter feature deserved congider-
ation since the S5-position is, in principle”7, ebime izable
via the S,lo—segg-intermediate (99) which could arise via
a Egtzé—aldol reaction | -

From these rather qualltatlve and llmlted observatlons,
some 1n31ght into the features of the base —catalyzed
fragmentatlon reaction can be obtalned. First of all, the
fragmentation observed with the 58,68- epoxide (77) would
appear to be somewhat unique since the opening of the J
epoxide by the solvent, as was observed in the case of the
5a,6a—epoxidek(89L would be expected to‘ocour more readily.
However, with the 58,6B-epoxide (77), diaxial openlng by a .
mucleophlle would lnvolve attack at the tertiary S-position

and as this would be unfavourable“7, the slower fragmentation \“/k\e

process can occur. - ) /////
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(97)
AcOAC lpyndlne

(98)

'\/H

\

In the fragmentation of , the 5B,6B8- epoxides,u(77) and

(95), the two mostkiTBQfEEEE factors appear to be lntra—"

‘molecular hemlacetal formatlon (e.g., under comparable

condltlons the 3B- hydroxy compound (77) reacts more

'readlly than the  3B-methoxy analogue (95)) and chelatlon

(e.g., with approxlmately 51mllar concentrations of the

(

y
3

L
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-ﬁcatioﬁ, magnesmum methoxlde 15 dramatlcally more effectlve
in promotlng the fragmentatlon .0f the’ 33 hydroxy compound
(77) than sodlum methoxide. * It. is suggested that thlS re-
actlon follows the mechanlsm shown in SCHEME 9 where'an
equlllbrlum between the aldehyde and- the hemlacetal,g‘

‘ elther (100) or (101), 1S\followed by a rate determlnang
concerted fragmentatlon of the hemlacetal i The results
would 1ndlcate that latter steplproceeds most readmly !

through a chelated -1ntramolecular, hemlacetal (102)

“which’ may resemble the prev1ously descrlbed hydrogen—

. bonded hemlacetal (90) : Such an- 1ntermedrate would allow

'. L

for a synchronous fragmentatlon process to occur via a

perlcycllc transition state (103) whlch would beneflt

[

' from -the epox1de s strain: energy ThlS would be 31m11ar

to other chalr -like tran51tlon states Wthh have been

‘postulated for reactlon5¢that lnvolve chelated inter-

medlates. Two notable examples are the oleavage of

::epox1des by organoalumlnum spec1es“? ((105)+(106)) and

the aldol reactlonso ((108)+(107))

Thefgreater react1v1ty assoc1ated with the 1ntra-

molecular hemlacetal 1ntermed1ate (lOl) could bhe attrlbuted

‘to the ease w1th Wthh it lS formed (1n deuterochloroform,
50% of the 38- hydroxy 19-aldehyde (77) ex1sts as a.

,hemlacetal), the fact that the hemlacetal (lOl) already

v

possesses the necessary geometrrc featurés of a llgand for

.

~
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the cation, and that the chelatéd 1ntermed1ate (102) would:.:

' closely resemble that'of the postulated tran51tlon state

N Theée features'maY-be;more dlfflcglt to attain in the

Y

intermolecular %ers?o%-of the reaction. This would then
allow for a'cdmpetingfreaction,_such as the reduction of the
lQ—aldehyde‘gtouo that was observed in the reaction of tHe
38-methoxy compound (?5) with magnesium‘@ethoﬁide,,to'

occur. ' The latter reaction, presumably of the Meerwein-

- Ponndorf-Verley type, 1S more commonly associated with the

.use of aluminum alkoxides but can be effectedS!, albeit

less efficiently, by hagnesiuo and sodium alkoxides:

In“summafy,:it was fouhd‘that the base—catalyzed
prm—Ty .
fragmentatlon of .38- hydroxy 5,68 epoxy SBﬁdholestan 19 -al

{77) results from a rather fortuitous comblnatlon of
-C1rcumstances. The most lmportant of‘these is the fac1le
'formatlon of an 1ntermed1ate (102) whlch possesses a .
conformatton\that is. ldeal for a catlon—medlated perlcycllc

reactlon. ‘This feat e lmposes a syncllnal conflguratlon*

between the electrofugal and- nucleofugal fragments Wthh
differs from the perlplanar arrangement that is normally
favouredS? in a Grob fragmentation. , It is 1nterest1ng to
note that in this 'reaction ((102)+(104)) the C~0 bond of

the epox1de and the C -0 bond in the retro aldol reactlon'

((107)*(108))'share similar roles. This is much like the:

similarity that lHas often been noted? between the :eactions-'.

/

.of cyclopropanes and olefins.

N
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":3‘?f Rearrangements of 38 Hydroxy 5,68~ epoxy 58 cholestan-

19-al’ @7y e

It was noted that if the base catalyzed fragmentatlon
of the BB—hydroxy 58 GB epoxide (37) proceeded in an 1ntra:
molecular fashlon, the 1n1tla1 product would have been the
33 formate (104) Thls compound was not observed since ‘it

would readily undergo saponrflcatlon under the reactlon

conditions.; However, it was’ obtalned in the thermal. .

;~rearrangement of the 58, SB—eﬁoxide'(77)’and this would
. prov1de direct evidence for the 1nvolvement of an 1ntra—‘

.molecular hemlacetal under these condltlons _The -

v \

':,locatlon of the formate ester an (104) was verlfled by

K

OdelZlng 1t to the enone (llO) and subsequently hydrolyzmng L

the latter compound to obtain the known53 3B alcohol (lll)
Under ac1d1c condltlons, the allyllc alcohol (104)

was elmllarly formed but underwent dehydratidn to the diene

(109) and hence was not obtalned ‘ The diene (109) had

51mllar spectral propertles, notably an absorptlon max1mum‘

. . 3

at 239 nm, as were reported32 for the 3B<acetoxy analogue (33).
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PART III

—— . . -

Acid- and Base-catalyzed Reactions of 19-0xo-48>5-epoxy;_

58-androstane-3,l7-dione (15) and 19—0x0—4a,5—epoxy—5a-

.androstane-3, 17-dione (16)

\\_\E\\The work descrlbed in. the previous sections showed

'that the openlng of a $B8,6B8-epoxide tould be accompanled

by a fragmentation reactlon in whlch the C-10 substituent
is eliminated. This led to Some speculation about the
..Possible involvement of an epoxide in the latter stages
ot estrone biosynthesis It was suggested that the
4B,SB~epox1de {15) may be the~penult1mate 1ntermed1ate
.in this enzymatic’ process since it seemed reasonablel617

to expect (SCHEME 10) that {18) could undergo fragmen-

tation to give an- aflylic spec1es, either (112) or (113),

Wthh in turn underwent dehydratlon to give estrone (114).

~

Further details regarding the blosynthe51s of estrone as

well as.other mechanisms which have been put forth will .
- -4

be discussed subsequently (PART V). In this section, the

preparatlon of the 48,58~ epoxide (15) as well as the iso~

meric 4a Sa- ~epoxide (16) ‘is descrlbed together with the
results of experiments that were conducted to see if the
reactlons outlined in SCHEME 10 could be effected

chemlcally
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SCHEME 10

HOX.._OH

=H

(112) R

=CHO

(M3) R

(114)
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l. Preparation of 1%-0xo-48, S—epogy;SB—androstane—B 17-
o dione (15)- and 19-0x0-4u,5-epoxy- 5u-androstane 3, 17-
dlone (16)

LI
Although the stereochemistry of the reaction of
steroidal A“-3-ketones with alkaline hydrogen perox;de
has been shown to be influenced by substltuent effects,
it has generally been found that formation of the 48, SB—
epoxide will predomlnate. This feature has been found{
to extend to 19~substituted 4*-3-ketones, e.q. (115)5‘”55

and (116) 58, which exhibit an overwhelmlng preference‘

for the formation of this isomer.

(115)

- (116)

In order to prepare the lQ—substituted‘4a,5a—ep6xides
which were of interest in Fhis study, the 19-t=butyldimethyl-
silyl ether (119) was used (SCHEME 11). Thls compound was

found to react relatlvely slowly with alkaline hy\gbgen

Fe
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SCHEME 11~

)t-BuSiMe oCl
|m|dazole DMF |

& (20 34°/h | ) 26% .

|0 .{dl | nlal
|2 FNBU4 2) FNBuy

P

%b

(122) R= Sl(t-Bu)Me2 (124) R= Sl(t-Bu)Me2
(123) R=H _ : (125). R= H

A e

‘ | o
15) 48,58 (126)
(16) 4o, 500 :



pPeroxide to give a.]1,3:1 (4a, 5a:48, SB)zmixtdre of epoxides. ™
The reaction was stopped prior to completion (t l.c.) since”
it was noteq that, if- left for longér perlods of time, | )
product decomp051t10n became 51gn1f1cant The 1somer1c
epoxides (120) and (121) were separated by column chroma—l
tography, oxldlze to the l?—ketones, (122) and (124) ,=and
then de51lylated to\the 19-alcohols (123) and (125). The

. 1dent1ty of (125), and hence (123}, was established by . .
the observatlon that the former of the two was ldé%tlcal '
w1th the 48 SB8-epoxide (125) which was preparedl® py
treatlng the 19-hydroxy-A“-3-ketone (126) with alkaline
hydrogen peroxide..—The 19-hydroxy compounds (123) and
(125) were then. oxidized to givé the 19~ aldehydes (16)
and (15). ; o ‘
L .

2. Acid~- catalyzed Reactlons of 19:0xo0- -4g, SSEpoxy =58-
. -androstane-~3,17-dione (15) and 19-Oxo- ~4a,5- epogy
Sa- androstane 3 17-dione (16)

‘Most of the studles conducted on the acid- cataiyzed
'reactlons of 4 5- epoxy 3 -ketones have been performed on
‘ster01ds whlch have a lOB—methyl substltuent Some
'.aspects of thlS work w1ll be dlscussed briefly to

1llustrate the propertles of thls system,
‘ For those reactlons conducted in the absence of
nucleophlles, the results cbtained56 from the boron

trifluorideécatalyzed rearrangements of the 4,5-epoxy-
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'cholestan-3—ones‘(121) and (128) appear to be typical.

With both isomers, the reaction is initiated by the

{ ' cleavage of 'the €(5)-0 bond. 1In the case of the 48,58-

o . epoxide (127), the initially formed carbocatlon (131)-
(SCHEME 12) can undergo mlgratlon of the 4a—hydrogen atom
(or its direct 10ss57) to give the dlosphenol -(129) .
Alternatlvelv, it may undergo mlgratlon of the C(3)-Cc(4)
bond to C-5 to give the A- -nor- aldehyde (132). This" latter
spec1es is not observed since it apparently undergoes a
jfac11e deformylatlon under the reaction conditions to give

'the A—nor compound (130) _ A smmllar sequence would be

1nvolved in the. reactlon of the 1somer1c 4o, Su epoxide (128).

T N
-

(127) 4p.55 — > (129) 36% (130) 3%
(128) 4o,50 =y 30% . 259,

SCHEME 12
—

H : | | |
Ve =@

(129)
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In the presencelof nucleophlles, three dlfferent modes
of epoxlde opening have been observed~® and these are
lllustrated in SCHEME 13. HowSEEEZ it remains difficult
to understand the'féctars that are responsible for these
differences since they "seem to,include not only the
nature of the epoxide:but also that of the solvent and
the acid employed. <

Generally lt would appear .that the 4«,5a-~ ~epoxide
undergoes an-a mode of ring opening as was observed5®
for (133) w1th-aqueous hydrochloric acid. The diosphencl®?
(137), obtalned from {134) with aqueous sulphurlc acid,
may have smmllarly 4risen via dehydration of the initially
.formed diol (135) (a mode).: However, in this case, the
intermediaéy;ofLﬁheZdibl (136) (8 mode) cannot be ruled

’

out.




19N HCI

-CHCI:EtOH
9:1

- (133)

-

'25¥%:Pt25(l4
acetone
A 35h

With the 4B,gs—e§oxi5es, it appears that both « and o
modes of ring opening can occur es has been observed5® with
(138). It has been suggested®? that the o' mode éroceeds
via an enol (e.gq., (139)). However, the initial ‘configur-
ation of the 2—eubstituent, and hence the stereochemistry
of this reac§ion, remain uncertain since the observed 2q
configuration is more stable than the 28 and may therefore .

result from eplmerlzatlon

— product
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In sdhmery, it would appear that in the absence of

nucleophiles, epox1de 0pen1ng to give a C-5 carbocatlon is

N

preferred. However, in the presence of nucleophlles,

. epoxlde opening occurs via attack at the pOSlthhS a to the

v
]

carbonyl group. This indicates that the nucleophile .
'actlvely part1c1pates in the openlng of the epoxide as this
would appear to represent a more favourable’eequence than
the lnltlal formation of a high energy C-5 carbocatlon
-‘lntermedlate which is subsequently solvated.
There ate a few reports on acid-catalyzed reactions of .
19- substltuted 4,5-epoxy- 3-ketones. With aqueous sulphurlc
ac1d51, the 19-hydrbxy-4g,5g -epoxide. (126) was converted -

(a' mode of ring openlng) to the 2a-hydroxy compound (140) . \

."The other products .of this reactlon were not reported.

. y ;_L
25% H2S04, HO, N
acetone

: :’3 . ' .
(og = T 3days (140) 20%

The reactlon of the 19-alcohol (141) and the 19-alde-
i hyde (142) with dlmethyl sulfoxide in the presence of an
acid catalyst has been descr1bed55. These are condltions
which would normally effect$2 the conversion of an epoxide

(145) to a a-hydroxy ketone (146). The major product (144),
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(141)

(142)
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_obtalned from both (141) and (142), was suggested to arise

via the 1n1t1al ac1d catalyzed openlng (o _model of the

epox1de by dlmethyl sulfox1de ﬁ However} lt‘can‘be seen

that 1n both instances, 51gn1flcant amounts of 178 acetoxy-

C3- hydroxy estra-l 3, 5(10)—tr1ene (143) were also formed

and this would 1ndlcate that the elimination of the C-10
substltuent may occur -on epox1de opening.

- The ac1d—catalyzed reactlonsof the lQ—substituted—
4,5€epo£yjketonesﬁwere examined;with attention being
fecused on the léfaldehydeé (lS)teﬁd (16) since thevy
were considered tO'Ee of greatest interest. Howe(*' the
reactlon of the 19-~alcohol (126) with aqueous sulphuric

acid was repeated and estrone was found to be a product.

e
-

T

acetone

129&) (1?“3)d
( o 239

Preliminary studies conducted with the 19-aldehydes
(15) and (16) in the,presenee of perchloric acid in
tetrahydrofuran indicated that e_humbef of different

products were being formed,whose.relative yields'eppeared
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to depend upon the amount of water present.' The reactlons,‘;'

o

: -that were conducted Wlth concentrated perchlorlc ac1d and- A

-;aqueous perchlorlc ac1d (20%) are representatlva of the

dlfferences that were encountered and the results are f‘ﬁ "

' presented in TABLE 3‘3'The structural a351gnments were
‘based upon the follow1ng observatlons th :” :f
: by . .

_'pyrldlne) and the resultlng 3- acetyl derlvatlve was found '

: Estrone (114) was acetylated (acetlc anhydrlde-

to be 1dent1ca1 (t l c. and 1H n.m.r. ) w1th authentlc

-

. spectrum whlch wouid be consqstent Wlt the~s¢{:;ture' » f.?l”
'a551gnedf ‘As well the lH n.m. r. spectr showed singlets’

Cg- hydroxy proton (5 6 45).

materlal - ' . - j7 - K

-

1n the . v. spectrum and 1670 and 1640 om "1 in the i.r.

i

for the l9~aldehyde proton (6 lO 13) and the exchangeable .

‘-

For the- A—nor 19- aldehyde (148), the lH n.m.r. spec— -

Atrum only showed a 51nglet'for the l9—aldehyde proton

(6 9 78) The olecular 1on (m/e 288) observed in the'_.

‘mass spectrumgwas 1n agreement W1th\the analytlcal data

Al

(C18 24 3)/‘“’1’1"fl lndlcate‘i that the epoxlde, (15) or (16,

had, in effect" undergone a decarbonylatlon. The cis A/B-
\ .
ring, junctlon 1s suggested by analogy w1th“lh¢ A—nor—'

L ' ..
. cholestan-3 Oﬁé\{i?O) Whlch had been obtaln ase by the

boron trlfluorlde catalyzed reactlon of the 4 5—epoxy-‘

¢

The dlosphenol (147) exhlblted absorptlons at 278 hm

\\\\\\
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'cholestan—Bvones, (127) and (128), ana also the fact ! at -

-

- 1= hydrlndanones preferentlally adopt63 a cis ring

junctgon.

The hemlacetal (149) was homogeneous on the basis of i

t.l.c.; however, the 1y n.m.r. spectrum 1nd1cated that”
it. had been obtained as a mlxture of epimers. The major

eplmer (ca. 80%) showed singlets (acetone—d ) at § 2. 75

‘for- the do- H and § 5. 25 for the 19 H whereas the mlnor_

eplmer (ca. 20%) showed 51nglets at 6 2.04 for the 4u—H

. v \ .
_and 6 4 .90 'for the 19-H. Ox1datlon of this mlxture of

eplmers ‘afforded. the Y- lactone (lSl) whlch exhibited

an absorptroh at 1790 .em” 1 ih the i.r. spectrum and

'showed a 51nglet (6-4. 07) for. the da- hydrogen in the

'H n.m.r. spectrum This is consrstent with.an epimeric
centre at C 19 for the y-hemlacetals postulated. Wwhen
the mlxtdre of epimers was heated at reflux in methanol
in the presence of a catalytic amount of hydrochloric |
acid, two epimeric acetals (152) and (153) were obtained
and these were separated by column chromatography. It
was assumed that the ratio in which these two products
: <7

were formed reflected their relatlve thermodynamlc sta—
bllltles and furthermore that the latter quantlty was
largely determlned_by the magnitude of the steric inter-

action between ‘the 19-methoxy group and the axial hYdrogen

atoms in the A and B rings. On this basis, the 19-Rr f

v
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conflgeratlon was assigned to the minor 1somer (153) (24%)
as there would be jwo, approx1mately equal interactions
between the 19- methoxy group and the ax1al 88-and 68-
hydrogen atoms. The major isomer (152) (51%) was aSSLgned

the 19-85 conflguratlon since there was only one interaction

of thls type {(approximately equal to one of the interactions

in the 19- -R isomer) between the 19- methoxy group and the 28~

hydrogen atom.
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The‘last compound that was obtalned from the acid-
-catalyzed reactlons was ‘the 2¢- hydroxy compound (150)
This materlal exhibited spectral properties that ‘were
'similar with those reported61 although it was found that
the phy51cal propertles (m.p. 2L7-219 ,[QID ‘+302 ) |
diffe‘ted tlli.t;Bl,-m.p.- 2’05—209 [a]D +242) However,
‘ the data reportedv&me for the hydrate whereas the_
analytlcal results obtained in thls‘work did not 1nd1—
cate the eXlstence of a;hydrate. Material identical
Qith;(lsoj wae'also obtained, albeit in low vield, JPY
the selectlve ox1dat10n51 of the 2a,19-dihydroxy

©
compound (140) '*: : .

CrOz-pyr-HCI
NN CHaCla  #
- (40 NaGAc - (150)

~
Looking at the yields obtained (TABLE 3) w1th aqueous

perchloric ac1d it can be seen that the major products are
afgflved from the acid- catalyzed openlng of the epoxide rlng
by water. Normally, 1nformat10n regarding the position of

attack (¢ mode vs. B8 mode) by water is not obtainable since

——
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the subsequent aoidfcatalyze dehydration would:give theru
same diosphehol However, in thlS case 1t would appear
that epoxide opening to glve ‘the 48,5a-diocl (158) (SCHEME 14)
results in the formation of a hemiacetal (149) which is
stable under the reaction conditions. This was ‘confirmed 'i\
by the observation that the hemiacetal was xecovered
Aunchanged when subjected to the conditions of the reaction.
‘This stablllty would appear to result from the fact that
the .hemiacetal does not allow the 45- hydroxy group to
fundergo eplmerlzatlon. As thlS would prevent the 4a-
{hydrogen from becoming axlal, stereoelectronlc reqguire-
.ment55“ will not allow the 3-keto group to a551st in an
acid-catalyzed dehydration. _

The other possible éroduct of epoxiée open;ng, the

N . : .
(157) is formed, but readily undergoes imerization to

4,58 diol (157), was not observed. Tt is uggested that
égﬂfs
the 45,_5é—‘di_ol' (159) and that this is followed by dehydra-
tion to -‘q_*;ive the .diosphenol (147). The possibility that
the diosphenol (147} was derived via rearrangement of the
epoxide seems unllkely since. the other acid- catalyzed -
rearrangement product, the A-nor compound.(l48), was not
observed under, these conditions: _
This intetoretation,of the results obtained-leads'one

to conclude that the B mode of epoxide openlng ppedomlnates

for both. ‘the epox1des " In the case of’ the 48,58~ epoxlde (15),

A
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- this is eSSehtieily the only mode of ring opening that is
,;observed 5123e the hemlacetal (149) was obtalned in an
80% yield. The possibility that the hemlacetal (149)
could be derived from the dlosphenol_(147).by hydratloh

Wwae ruled out by the observation that”(i47)‘wesireeovered‘

ot . W

(147)

-enchanged when subjected to the reaction condltlons. With
the 4q¢,5c-epoxide (16) the ratmo of « mode rlng openlng
vetsus the'tho&e ‘is ea 1:3. In this case, the 8 mode
ﬁteeominetesleven though the p0551b111ty of an 1ntra-
molecular version of the o« mode of epoxlee opening exists
L ((16)+(149)) . | -

These results contrast those obtainedS® with hydrogen

halides where the o and o' modes o} epoxiée opening were
obserged.J'However, it would, be difflcult to explain this
diffe}ence since the nature of the ;El ent, the'nucleophile,
Atge acid, as well as electronic effec (i.e., the 19-51¢¢-

hyde function) may be responsible.



I
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N

Some idea of. the importance of the nature of the sol-

vent and the'acia can be seen by comparing the results
4

-

just discussea with those obtaineﬁ using aqueous sulphuric
acid in acetone'(TABiE 3). Whereas fhe 48,58-epoxide (16)
was‘almost exclusively converted (8 mode) to thélhemiaéetal
(149) under the fg;mer conditions, with aqueous sulphuric
égid a significant amount of the‘2a—h§droxy compound (150)
(a' mode) was obtained together with (149). This would be
in agreement with previous obsérvations55 thatythe o' mode
Occurs more readily in the pfesence of a weaker acidg.

. Wheén concentrated perchloric acidfin tetrahydrofuran
was-ﬁsed, epoxide rearrangeﬁent products were alsojobserved.
The A-nor-compound (148) gnd some portion o%;the diosphenol'

(147) would appear to be derived from the C—S.carbocatiqn

(155) "(SCHEME 14). However, nucleophilic opening of the

" epoxide is still occurring as would be indicated by the
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isolation of relatively large amounts of the hemiacetal (149)

"and- this would suggest that some porfién'of“the'diosbhenol
arises via the dghydra£ibn'of the initially formed diol
(157) .. ‘A‘greate; yield of  the A-nor compound (148) from
the 4a¢,5c-epoxide (lS)_is similar to what was observeé b§
Collins®® with 4,S—epoxy—cholestan—3;ones}

_Under: the conditions'ekamined;-es£roﬁé was found to

* bé a minor product in all of the reactions although the

4o0,5c~epoxide consistently afforded a greater yield of

this ‘material. However, the origin of this compound |

remains unclear since most Of the products obtained are

stable under thé reaction conditions and hence not pre-

cursors of it. It seems unlikely that the 2a~hydroxy com-

pound (150) is the intermediate which leads to estrone

since it was not observed in the reaction mixtures of the

4a,5a;epox1de (16}. The pOSSlblllty that the 28~ eplmerabf

-

(150), a much less stable compoundel, was being formed .
ﬁfom the 4u,5a-epoxide and-subsequently-reacting to give
estrone also seems unlikely since there have been no
reports of 4a,5a-epoxy-ketones undergoing the o' mode of
fing opening. It would appear that estrone is being

formed via some unstable intermediate, perhaps (112),

which ‘could not be isolated under these .reaction conditions.
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\ .
" Some alternatlve route to (112) were examlned and w1ll be -
N
. descrlbed in. the subsequent sectlon ) £
lﬂ‘\l ) ’
. " H .

(112)

3. “The Base-catalyzed ReactioMs of 19—Ox0—4B,5—epoxy—56—
androstane-3,17-dione (15) and 19-0x0-4a,5-epoxy~5¢-
androstane-3,17-dione (16)

a

" The epoxy-aldehydes (iS} and (16) were found to react
in the presence of refluxing methanoliec potassium“hydroxide
to g%ve relatively cémplicated mixtures of preducts. The
sole product'that was isolatedlfrom the reaction mixture
of the 4B,SB—epoxide (15% was the 4-methoxy compound (160).
The structure*proposed for the latter compound was cen51s—
tent with the absorptions observed in its u.v,. spectgﬁg
(A max 255 nm)'agd its i.r. spectrum (1675 ang 1610 cm™ 1y,

Three productk\were obtaineq from the da,5a-epoxide
(16) . Two of them had similar R; values and this 2

fact only allowed for the isolation of a portion of one of



" OH OH

(160) 8% (153 % | (152) 20%

Y

2 equiv. KOH
MeOH A

\ (Y
®

o Apsp e
 " - (“SC» 50%

4

‘these two products in a pure form. The material thus iso-

N

lated was found tobe identical At.l.c. and 'H n.m.xr.) with
: ’ 3

the 4—methoxy'compound (160) . The remainder of this mix-
ture consisted (t.l.c. and*lg n.m.r.) of the 4-methoxy
: s

compound (160) and the 19-R acetal* (153). {The third product,

which was isolated in a pure form, was the 19-8 acetal* }152).

*The material obtained was identical‘(t.l.c. and !H n.m.r.)
with that which had been obtained previously and for which
the assignments of the configuration at C-19 were based.

on thermodynamic considerations.

+ .

Y
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The results obtained indicate that the méjor mode in-
wh" the «, B-epoxy ketoneé react involve the opening of
/z;i£:;ox1de ring by nucleophlllc attack at the « p051t10n55
In the case of the 48,5B-epoxide (15), the intermediate
(161) thus formgd (SCHEME 15) undergoes a Eggg:béﬁalyggg
elimination of water to éive the enone‘(162). This then.
undergoéé a vinylogous retro-Claisen reaction to give the ‘
4—ﬁéthoxy compound'(IGOD. The latter compound is presum-
ably formed in a simi%ar manner from the 4a,S5c-epoxide -
(16). However, in this case,.intramole?hlar af%ack at
the 4-position by the conjugate base of the hemiacetals
(163) and (kg4) dan also occur. The preference for the
formation of the 19-S isomer (152) under basic conditions
may result from there beiﬁg less of an’inte;action between
the l9-methqu group and the axial hydrogens in the path
leading to this isomer (SCHEME 16).
It can be seén that a base-catalyzed fragmentatio% as
ﬁas found“*3 with BSdﬁydroxy—S,6B-epoxy—SB-choléstan—lQ—al
(77), daes not occur with the+4,5-epoxy-3-ketones (15) and

(16).



& o

(160)

(153) .

J-
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PART IV

Attempts at Preparing 4—HYdroxy-estr—5(lO)—éne-3,l?—dione (112)

In the preceding section, it was shown that estrone was
" formed, aipeit in low yields, in the acidjcatalyéeé reéc—
tions of.th 19-substituted époxidés (i26), {15) and (16)..'
In éhis'section, the at£empts at preparing.the possible
" intermediate, .the allylib alcohdl (112), and some of its
derivatives,_ (165) and (113), are déécribed. Also inclu-
ded are the results of soﬁe investigations _into the
chemistry of the cémpounds éhat were obtained.

-

(M2 R= H .
(18D R =Ac
(113) R =CH

)

1. The Thermal-Deca:boxylation.of'48,5~Epoxy-58-
androstane-3,17-dion-19~0ic Acid (166)

¢

The reportr13 that B8,y-epoxy-acids can be made to
undergé thermal decarboxylative elimination under rela-
tively mild conditions (refluxing toluene) suggest that a
similar reactién conducted'gith the acid (166) may allow for

the isolation of the allylic alcohol (112).

.4
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The acid (166) was prepared by Jones oxidation of the

"alcohol (126). It was found to be stable in refluxing

toluene and xylene but, in decalin, it reacted to give

. two products. The minor product’(9%) was estrone and the

major product (79%), although tautomeric (m/e 288, M%)
with the desired allylic alcohol (112), exhibited absorp-

tions (i.r., 1655 and 1619 cm™!; u.v., 247 nm) indicative

.of an o,f-unsaturated. ketone, namely (167). The ¥ n.m.x. -

showed only an apparent quartet for the 3-H, but the

(126) R=CH,0H "~ L

13c; nom.x. spectrum [ the more readily assignable downfield
signals were: 219.92 (C-17), 182.23 and 181.58 (C-4),
159.31 and 158.26 (C-10), 129.67 (C-5), 71.91 and 71.83
(C-3}1] inéicated that it ha&’béen obtained as a mixture of
epiﬁers.

It is likei§ that the allylic alcohol (112) was

initially formed but isomerized to the o,B-unsaturated

_ ketone (167) under the reaction conditions. The estrone

4

~
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. formed may have arisen- by the dehydration of" the inteyx-

.

mediate allylic alcohol 51nce (167) was found to be stable

-to further reflux in decalln

Since this 3- hydroxy—A5(1°)—4 -ketone systemiis novel

in steroid chemistry, we briefly examined some ofllts

!

propeftieél With base, (167) was found to isomerize to.

the diosphencol tl??): This compound exhibited,abeqrptiohs
in the u.v. at 276 nm and in the i;f.atIG%Q and 1650 cm™!
which would be consistent with this structure. . | .

Under‘acidiC'cohditions (70% perchloric acid-tetra-"
hydrofuran), {1L67) was found to undergo dehydratlon to |
give a compound,(mlg 270, M*) whose i. r. spectrum 1nd1cated
the presence of an uB,yG~uhsaturated ﬁftone (1655, 1605,
1590 'cm~!). Since the !H n.m.r. spectrum showed a single
olefinic proton {¢ 6. 18) Wthh was coupled with an

adjacent centre, it was a551gned structure (170) Although

the Amax(289 nm) was somewhat lower than may be expected66

(306 nm), the chromophore is spread over three rings of

the steroid and thlS may account for the observed deviation.

The relatively large extinction coefficient (23,000) 1is

'consistent with a heterocannular diene system.

The acid- or base-catalyzed reactions of (167) would
be expected to proceed via the enols (or enolates) &orres-
ponding to (168), (171) oxr (173) (SCHEME 17). Under basic

conditions, isomerization to the.didséhenol (172) proceeds
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via the enolate corresponding to (171)}. However, under
acidic cohditions,'iﬁ appears that the s-trans dienol (168) 7 -

predominafés or at least that the subsequent acid-catalyzed

/
. E I . i ‘
- SCHEME 17

L

ae8) - (e - (170)




: i vy
dehydration [(%68)+1169?+(1f0)J{épfﬁs.a£y1p655iblgiequi-‘
.iibfiajwitﬁ the-dther enols, (1?1;Eor (173), in tﬁis
direction. This would mean.thaﬁ the enol (l#Li,-if-forﬁed, -
igomerizes back to (167)imore rapidly”than prdton;tion'at |
Cc-10 sinéé‘thé diosphenol (172) was fouﬁa to be stable.
under these reaction condie}éﬁgf’ |

L]

The proposed dehydrafion sequence draws some.support

-

from the observation®? that the enol ether (175) undergoes

-

NGIRTG <
. A< SN Hp0 AN
Ac " —HOAC —

(175)

;he ipss of.the allylic 3—substituent in preference to
protonation at C-5 when treated with acid.

unfortunately, it is not possible to make a comparison
of the reactions observed for (167) with thOSe-of another
system containing this arrangement. of functionality sinée
their properéies have not been similarly-examined. For
example, the related 2a—hydroxy—a“—3—ketone (177) would
appearlto be stable under basic.conditions since it can be

obtained®8 by the alkaline hydrolysis of the acetate (176). .

Y

-

However, whether this reflects a thermodynamic preference



for (177) over (1 8) of‘(l?QY.er juét the fact that en

‘equlllbrlum w1th the latter-compounds was not establlshed

remains unceetain. . . B o - o : e

" (179)

 Two other features of (i675-Were also examieed. It
was noted that in the absenée eﬁ a nitrogen atmospﬁere,
an alkaline solution of (lé?) rapidly developed a red -
edlouration which disappear on acidificat%on. This was
taken to indicate an air qk%dationsg.and coﬁ;equently the
reaction of (167) in the'presence of methanolic sodium
methoxide and trimethyl phogbhite under an oxygen’atmos—
phere was eﬁaminedf Thie'afforded a yellow oil whose
spectral data suggested that a qulnone, possibly (180)

or (181), had been optalned. It ‘would seem reasonable

to assume that the 4—hydroxy—estrone (182) was. lnltlally



formed 51oce thls would be analogous Wlth the formation of
the dlenone (183) under comparable condltlons. Thee
furtheEHoxrdetlon of (182) would not bhe unexpected in
view of the instability of 2- hydroxv estroneSg in alkallne

medla. WHowever,\due to a lack of”startlng materlal,

this reaction was not further studied.

02 ; F’(OMe)3 O%}

HOw. - \ base HO
" air

(183)
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‘It was noted that if the s-cis dienol (173) (SCHEME 17)_
. had\undergone aéhydfation under acidic conditions, éhe |
- - . ' .
| 4-hydroxy isomer of estroné (174) would have been obtéiped.
An éttempt‘at preparing this compound by heating the
3-acetate (194) in‘refiuxing decalin was unsuccessful since
the compound prgﬁed to be‘stablg‘under these gonditions.
However, the B-mesylétg (185) Qés found to undergo elim-
ihatibnlin refiﬂxinq 2,4,6-collidine to give the somewhat
obscure’? 4-hydroxy-estra-1,3,5(10)-trien-17-one (174).
which was isolated as its.4-acetate (186). The 13¢ n.m.x.
assignments of the dliphatic porti?n of this compound were .'
made by coméarison~with-thoée of the 3-a¢etyl_derivative

i _ of estrone’! (TABLE 4). The only major difference found

3

(184) R=Ac (174 R=H
. (185) R=SOpMe  (1B6) R=Ac

was an upfield shift of ca. 6 ppm for C-6. This shielding

would be expectea to arise from the ortho interaction??2

of C-6 with the C-4 substituent. The 3-acetate (186) was



TABLE 4.

Position (].8-7)‘3-l

W o~ e W

e R e N =
T S VR O R

l?

18

GH3
G

a solvent, dioxone; ref. 71
b solvent, dioxone;
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13¢ N.M.R. Chemical Shifts of 4-Hydroxy-

Estra-1,3,5(10)-trien-17-one (174) and Analogues

127.1

119.7
149.9
122.4
138.3

30.0 -

27.1
38.9
45.1
139.0

26.5

32.5
48.2
50.0

22.1

35.9

13.8
20.7

(186)P
123.48
126.59
120.00
149.89
129.34
23.87
(26.36)
36.10
45.18
142.54
7(26.27)
32.30
- 47.94
50.85
21.90
35.66
223.12
13.62
20127
168.87

e

(174)P

117.26
126.35
112.05
155.04
123.84
23.93
(26.74)
38.32
45.31
142.09.
(26.44)
32.36
47.98
50.98
21.95
35.73

223,13,

13.68

.122.
125.
112.7
.3
122.3

153

137.

3
8

values in parenthesis ma

-

00 Q% O

-(188)°¢

§(186)-6(174)

5.22
0.24
7.95
- =5.15
5.50

y bé interchanged

c solvent, CDCl;; ref: 74; steroid numbering used
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hydrolyzed to thélknown 4-alcohol (174).‘ The u.v. spec-~
trum of (174) had a Ay, (at 275 nm (e 1,900) which is
"similar to that observedjé for 2,3—dime£ﬁyl phenol (188)
(Amax 276 nm, ¢ 1,800). The aliphatic portion of (174)‘
exhibited similar 3¢ n.m.r. chemical shifts as its
4-acetate deriva#ive (186). The assignments for the
arométic carbon atoms, were made by comparison wit£ those
~ of 2,3-dimethyl phenol’* (188) (TABLE 4) and from.the
\L/;acetylation_shifts75 (downfield for the ortho and para.'

carbons; upfield for the acetate bearing carbon).

2. Attempted Fragmentation of (19R)-19-t-Butyldimethyl-
' .silyloxy=-5-hydroxy-48,19-oxido-5a-androstane~3,17-
dione (191). '

It was originally'suggested17 that (149) mav undergo
a fragmentation reaction to;giye the formate (113).
AlthoughAthis would now appear unlikely in view of the :
stability of (149) under acidic conditions, the reaction
may occur if the 5§—hydroxy group were épnver}éd to a
good leaving -group such as a sulfonate ester. Furthermorg,
if the reaction proceeded under sdfficientiy mild condi-
tions,.?t may be_pqssible'to is?iate'the farmate (113).

It-was thought that a good substrate with which to

examine the: feasibility of this approach would be the

sulfonate ester (191) . This compound was prepared by the

L



‘ 19-epimers(lH n.m.r.) was obtained and this was presum-
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13

' )‘following sequence of reactions. The hemiacetal (149)

* . was converted, un@gr somewhat forcing conditions, to the

I « ‘ .
lQ—t—butYl@imethylEilyl ether (189). Only one of the

. [
ably the 19-R diastereomer. Thé tertiary alcohol (1895
was then allowed to react’® with phenylsulfinyl chloride
}n pyridine.to give the sulfinate ester (190). Thé

H n.m.r. spect;um of tﬁis compound, a aoublet (é 3.98
and 4.12) for the  4e-hydrogen atom and a singlet (6 5.80)
for the 19-hydrogen atom, indicated thatlthis introddétion-
of a new asymmetric centre had’p;oduced a mixture ‘of
diastereomers. Oxidation of'(190) affordéd the sulfOnate.
esfer (191) whose !H n.m.r. spectrum only showed singlets
férlﬁhé 4a-hydrogen atom (§-4.35) and the lQ-hydrogeﬂ

atom (6 5.70).
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-|—$io' H

t-BuMesSICl -
) imidazole a B ‘
OH DMF OH .
(149) - 40°,1week (189)
'- , @
N @DSCI,pyr:
' 2MCPBA

(190) R= S0P
(191) R=S0,@

- ' (\ .

The fragmentation of (191) was then attempted by
allowing'it éo react @ith teffabuﬁylémmonium fluoride.
Unfortunately;'tﬁé rapid reaction Which gnsued siﬁply
gave the 48,58-epoxy-aldehyde (15). Evidently, the
hemiacetal which is initiallyAﬁormhd is in equilibrium
Qiﬁh ﬁhe.hyaroﬁy-aldehyde (192) and the latter rapidly-

undergoes epoxide formation.’

< | - ' T



£ K
OSOP OSOsp o
aen . s (15)

‘A fragmentation initiated by the solvolysis of the

-
]

sulfonate ester (191) was then examined. It was found to
react very slowly (ca. 54 h) when heated at reflux kemper-
ature in acetic acid containing sodium-agetate. The major
component of the reaction mixture was }solatéd but was
found to consist (!H n.m.r.) of a Gzllmixtuie of the
‘A-hor-aldehyde (148) and the 5a-alcohol (189). Since B
they both had tﬁé.same Rf.value,lthe mixture was treated
th@ tetrabutylamménium fluoride to convert the silyl
ethér (189) to the hemiacetal (149) . Chromatqgraphy
aliowed for the isclation of the A—ﬁor compound {(148) in,
a 36% yield.

Since the epoxide (15) w%é not obse£3ed_(t.l.c.)
durihg fhe course of the reaction, its involvement can be
ruled out. It would therefore appear that the ionization

of the C(5)-0 bond occurs prior to the 'loss of the silyl

- : . /
group. ‘This may, in part, account for the difficulty
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N

encountered'in eringing this reaction about since the

. acetal bridge would impart a certe%n degree.offrigidity to
the A and B rings which wou}d make it dlfflcult to accommo-
date an sp? hybrldlzed centre at C- 5. However, once formed,
the carbocatlon (193) may adopt a conformatlon where the B
rlng is boat- llke and the C(3)-C(4) bond is well dlsposed
for migration. This then leads to contraction of the A
ringhand ultimately to the A—nor—aldehYde (148). It is
not-readily apparent why cleavage of ﬁhe C(19)-C(10) bond

does not occur during ‘the ionization process or aftéer the
A

carbocation has formed. )

~

4si

(181
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3. Reaction of Estr-5(10)-ene-3,17-dione (198) with
‘Lead Tetraacetate '

Fieser’? has reported that the B,y-unsaturated ketone
(194} reacted with lead tetraacetate to give the unconju-
gated acetoxy compound (196). This reaction probably

proceeds’® via the lead englate (195) which may react in

K

an intramolecular fashion to give (196).

hep
e
N

13 pooacy, |
HOAc | &

/ benzene O
'(\}94) L (&DAC);Q\_

< (199)

When this reaction was examined with estr-25(10) —ene-
3,17-dione (198}, it was found to produce a very complicated
mixture of products. However, when conducted under a nitrogen
atmosphere with an excess of lead tetraacetate, it was
found to be much cleaner. The attempts to isolate the major
qomponent by column chroﬁétography were complicated by the
fact that estrone, although not present (t.l.&.) in the ‘

reaction mixture after workup, eluted together with this



i i
compound. This indicated that some compound. in the
reacdtion mixture was undergoing decomposition on the
silica gel column to give estrone. The origin of the

- o

estrone was deduced by spotting the reaction mikture'on
3 t,l.c; plate and warming Et for a short period of time
prior to its deVé%opment with the appropriate solvent.
In this waxé it Qas found that estrone wag'being formed
.ét the expense of the ﬁajor component of the reaction.
ThoSe“fractions 0% this component which were least

<

contamlnated with esttone were combined and examined.

The mass spectrum (m/e 330 M*) of this component
indicated that the substltu;lon_oﬁ an acetoxy group for
a hydrogen atom had occurred and its i.r. spectrum
(1730 ;m*l) dembnstrafed.the absence of a Fonjugated
ketone. fhe'lH n.m.r. spectrum (FIGURE 3) showed two
multiplets (6 5.49 , 0.4 H, W/2 ca. 6 Hz and § 5.81, G.S H,
W/2 ca. 6_Hz).' This would indicaée that the acetate (199)
had been obtained as a mixture of epimers at C-4 and that

the hydrogen atom at this centre was undergoing long range

coupling* with the hydrogen atoms at C-1 and C-2. It was

*For examgle if the A ring in (199) assumed a 28-sofa con-.
formation (197), a ca. 6 Hz half band width would not be
unreasonable for the 4f-epimer from a con51deratlon of the.
5-bond H,H couplings®® and the 4-bond H,H coupling®

$ (L8-H)=150°0 s .
4 (18-H)=270° < 18-H, 4?"1 Hz
6 (48-1)=120° Bay, _y 4 /yd Hz

o0

L ' =
J2c¢-—-H, 4a-H 1 Hz
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. conducted under nitrogen, monitored by

-

aiso notéd that the broad singlet (§ 2.77, ca. 2H), which

was preseht in the starting material (FIGURE 4) and is’

presumably due to the C-4 hydrogen atoms, was absent/4n

3.

“the 4-acetoxy compound (199) obtained. A C-2 substituted

derivative (200), although unlikely in. view of the mild
. : . ‘ ,\ . ,
conditions employed®?, would be ruled out by this

observation. :

\ Pb(OAc)4

. 5

“198)

J

The reactions of (199) under acidic and basic coﬁdi-
tions as well as its thermal stability were gxaminéd and
the results are presented in TABLE 5. These reactions
were conducted with crude material which contained some

estrone (t.l.c.). Howevér, since estrone was not observed

in the !H n.m.r. sp®étrum of this material, 7it probably

represents less than 5% of the mixture. The reactions were

.c. and' the

-

Al

estrone which was obtained was isolated and identified as

its 3-acetate dérivative. _

g

e
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TABLE 5.°

(202

- 101 - .

Aromatization of 45 Acetoxyﬂestr—S(lo) ene—3 17-

dione (199) and Some Analogues

~

.decalin "
25h A

HCIO4/ THE -
3h,RT.

NaOMe/ MeOH
15min,R.T.

21M phosphate buffer
pH /75, 101'*( RT

- HCIO4/ EtOH
48h,RT.

* NaOH/MeOH
3h,RT.

tetralin |

3h, A

NaOAc/ HOAC
15h, A

KOH/MeOH
10Omin, A

L .

74%o (uxﬁated as
the 3-acetate)

46°% -
65% il

74%0 I

790/, (obtained as the
3-ethyl ether,ref.83)

98°% (ref, 83)

71% ('rfe'f. 84)

80°/, (ref. 68)

. 09, (saponification of
the acetate, ref.86)
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"It cah be seen from TABLE 5 thet uhdeé 511 the cqheif‘/\
tions. examlned the major product of the:igactlon was P\\
est;one. Although it was initially hoped that under
sufficiently mild conditions 1t-may be possible to
sabonify the 4-acetate group, it:was found that aroma-
tization occurred with a phosphate buffer at pH 7.5. @

The %reactions of (199) are somewhat‘simflar to,
those that have been observed (TABLE 5) with the 108-
acetoxy‘compeund (261)1 In the latter case, it was sug-
gested®3 that the eliminat}oﬁ of acetic' acdd eccurred
after (201) had -undergone enollzatlon to. (203) For the
4~acetoxy compound (199) it would be reasonable to assume
that the elimination pioeeeds via a similar enol, namely
(205) (SCHEME 18). The thermal reaction of. (199) wéuld
certainly bear a shrohg resemblance to the facile 1,4
elimination which occurs®® in the initiaiiy formed ﬁiels
- Alder adduct (204). However, the enol (205) would only
be present in ﬁery small concentrations since it weuld
be expected to be both thermodynamically and kinetically
less favoured than the alternate enol (?06). Further-
more, since (206) can rearrange to the diosphe ol (207)
or to the 25€10) —4-ketone (208), both of which are not
estrone precursors, the elimination of acetic acid from

205) must occur at a significantly greater rate than the

‘.
z/‘
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WA \ '\S
—_ ‘HOAC
& ‘-_HO O ——ﬁm
_ o (203)

-HOAC OoMe -
—
OoMe
Pey
o
S

1 -
Hd%} o o%:} > RO‘g}

(208 (207 (208)
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isomerization of (206) It is difficult to.suggést a

~ reason why this ellenatlon should be so facile since it
is undoubtedly follow1ng mechanlstlcally dlfferent path—
~ways depending on the reactlon cpnd;tlons used. However,
it is noted that iﬁftﬁose instayces.where the reaction
may;be concerted, séme deéree of aromatic charaéter may
alréady be realized in tke transition state of.thg:elim-’
ination process and this{nay significantly lower its‘\
activation energy.
~ An observatlon can be made regarding the ease w1th
which the base-catalyzed elimination proceeds. From the
results in TABLE 5, it can be seen that (199) is more
reactive thén {201) whereas (202) simplyfdndergoeS'

-

saponification of the acetéte group. It would be of
o

interest to seé where (209) and (210) would fit into such X
' {

el i@t} o &

(199) (20 (202) (209) (210)

a sequence. sinde, as will be shown in the next section,
such species may be involved in the last stages of estrone

biosynthesis.
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-aldehydes (15) and (16).still remains ah.épen qpeétion.'h
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o

The possihle intermediaéy-of the allylic alcghol (112)

in the formation of estrone from the da,5a- and JB,SB—epoxy

Although the allylic acetate (165) does\readily undergo
elimination to give estrone, the allylic alcohol (112)

may possess quite different propgftieé.

o
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" PART V

-

The Iptermediacj of 19—Oxo-4,S—epoxy?androstane—B.174diones

;%:ftfiiightrone Biosynthesis

The conversion®® of androgens (211) to estrogens (212)

-

1s effected by a complex of mlcrosomal enzymes referred to
as aromatase. This transformation has been showh to involve
the loss of the C-10 methyl group as formic acid as well as

the stereospecific loss of the 18- and 28-hydrogen atoms.

‘The cofactors required are oxygen and NADPH in the ratio of

3 moles for each mole of eetrogen broduced.‘ The latter
observatlon 1nd1cated Rhat the androgen undergoes 3 OXi-
dations QB produce the penultlmate precursor of estrone.
The ﬁlrst oxidation (SCHEME 19), a hydroxylatlon, produces
the 10g-hydroxymethyl compound (213). The eecond oxidation
involves the stereospecific replacement off the lQ-Eig—R

hydrogen atom by a hydroxy group to give the acetal (214).

The nature and site of the last oxidation remains unknown,

although it has been the subject of much speculation. The

different proposals which have been suggested for this
sfep will be briefly discussed.

~Fishman®lr86 has proposed that the last oxidation is

- a hydroxylation which produces the 2g-hydroxy compound (216).

The laﬁter was synthesize’d61 and found to be surprisingly

reactive; e.g. a solution of (216) in a phosbhate buffer



i - o 7-1071.-

5 | - scHEME o

o R . =

" . aromatase C—mHg

' 0 ‘ \(213)
. 2 - A

. (2m rR=0"
- R = H,OH

-

/

(pH 7) readily uﬁderwent aromatizat;on (ti 90 sec., 370Q)_
to give estrone. This would indicate that if the ZB—hydréxy
éompound were the penultimate estrone precursor, iﬁs con-
version to estroné would be nonenzymatic. Support for the

formation of this intermediate was obtained by incubating8®
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-.label%ed androst—4 ene—3 17- dlone (215) w1th the aromatase *

system at a lower than optlmal pH [condltlons under Wthh
the 28- hydroxy compound (216) would be more stable] The.
products 1solated were reduced and the labelled tetrol

(217) was indeed obtained, albeit in a very low yield.

' (216)
| NaB(CNH3
H

(217) 0A3%

"The results obtained by Akhtar87 were taken to indicate
fhe‘invelvement of a perdxide. It was found that.when the
aldehyde (219}, generated in situ from the 3g-hydroxy-19-
aldehyde (218); was incubated with the enzyme system in the
presence of oxygen containing excess 1802} the formic acid
expelled contained excess !80. It was suggested (SCHEME 20)
that a peroxide reacts witﬁ the aldehyde group to give the
hypothetical intermediate (2%0). This species could either

rearrange directly (Peth a) to estrone or proceed in this

direction (Path b) via a Baeyer-Villiger intermediate (221).
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'j? Another mech%nism (SCHEME 21, anOlVlng 18- hydroxy-
ilatlon to give (252), has be n‘suggested37 since it is. the

18- hydrogen atom Wthh is e/i:nlnateda8 1n estrone blosynthe51s.
. -~ .Morand gE_§£ have postulated16'17 ‘that the last oxi-

datlon may 1nvolve the formatlon of a 4B 58 epox1de (15). The -

mechanlsm that was proposed for the .conversion of (15) to

av
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P  SCHEME 21

estrone was outlined previously (cf. page 58). Support for

the' involvement of this.intermediate came from the obser-
vation!® that the 19-hydroxy-48,5a- epoxmde (126) was

converted to estradiol by the aromatase system
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It was shown-preﬁiously (Part 11T of thiis tﬁesis)'thaf
only'smﬁ;l yields of estrone could be obtained| from the
48 ,58-epoxide (15) py‘chemical means. Theref , Lf (15)
were indeed an intermédiate in estrone Bi05yhthesis, its
conversion to the i&tter would ﬁave to be effected enzym-
. atically. To see if this was indeed the case, the 48;58-
epoxide (15), .as weli as its 40,50 isomer were inciubated89
with the aromatase system contained ip plaéental microsomes. -
To our disapgpintment, it was found that neither of tﬁeﬁe |
coﬁpounds was converted to phenoﬂic prodﬁcts. As well, for
reasons unknown, it was no longer possible to obtain the
rélatively high yields of estradiol that had been previously
observgd with the 19-hydroxy-48,58-epoxide (126). Studies
in.which the incubation conditiong were systematically varied
did not provide a solution to this puzzling discrepancy.
‘'Therefore, on the bas}s Qf the experiments performed fo;date,
it must be concluded that an epoxide is not an obligatory
intermediate in the bidsynthesis of estrogens.

Of the other mechanisms which were propo;ed, oﬁly that
of Akhtar87 is consistent with all of the known features of
this process. The fact thaf the oxygen atom, introduced in

|
the last enzymatic oxid#tion, is found in the C(19)~dﬁiig9é/}
formate fragment would appear to rule out a 28 hydroxyli;ién

. 86 ol )
as was proposed by Fishman®®., However, the latter mechahism
involving the non-enzymatic aromatization of the 2g-hydro
compound (212) is rather unusual and does deserve further

consideration. -

g
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Fishman®! postulated that this aromatization (SCHEME 22)
1 ‘ . .

involved the elimination of water from the 2§4hydroxy com-

pound‘(iimy‘gb‘give the dienone (223) which then undefﬁent
deformyflatich to estrone. While it was found fhat (gis)

. readiYy aromatized in neutral or slightly alkaline‘meéia,

" the is erig 2a-hydroxy compound (150} was stable under

these conditions. This difference in behaviour was attributed

. SCHEME 22

tof different conformations of the A ring in these two

compeunds, On the basis of !H n.m.r. data, the 28-hydroxy

compound (2 was thought to possess a guasi-cis A/B ring



jundtioh*; In this conformation,.the lﬂ-hydrogén would be
pseudo éxial. It was suggested that this‘ofientation of' the
le—hydrogeh atom was ideally suiteﬁ foria facile elipination
of water since "anchimeric" assistance by the conjugéﬁe basé
of the hemiacetal was possibie. _The 2a—hydioxy compound

(150) had a gquasi-trans A/B ring junctionﬁ;where the 18-

*The I'H n.m.r. data that were reported for (216) would be more

" consistent with a "half boat" conformation, e.g., (255)%9,
for the A ring rather than the 2a-sofa conformation of the
A ring in a compound possessing a guasi-cis A/B ring junction
e.g., (224)5%. However, for 2f8-substituted 4-en-3-ones,
recent work®? has shown that there is at most only a small
preference for a quasi-cis conformation and therefore it
would seem that generalizations regarding the conformation
in different solvent systems (i.e. extrapolating results
obtained in deuterochloroform to agueous ethanol) should be
made with caution. The 2a-hydroxy compound (150) exhibited
couplings that were comparable to those observed in other
systems possessing a quasi-trans A/B ring junction, e.g.,

(226)5°9,
H
HQ

- HO» S 2g-H coupling

J :{5,13 Hz
(150)

H )
Jop 1u=136Hz
(226)

quasi-trans




A

" hydrogen atom woﬁld be in a pseudo equétorial position.

Sincé this would\remoVe the lg-hydroegen atom from the
"proximity of the. 1l0-function, “anchimeric" aséistance was
no longer possible and hence this coﬁpdund did not ungergo
the elimination of wate;.

This exélanation is rather questionable and the refer-
ence cited, studies by Grob®! on the intramolecular E2
reactioh of y-chloroamines, is notuvery supportive. Recent
work by Danishefsky?? on the attempted synthesis of.the
dienone (227) would indicate that a facile elimination is

_‘possible in a related system. However, in the latter case,
this is not surprising.sinée a-ketoselenoxides nb;mally
undergo eliminaﬁion93 at or below room temperature. It
remains difficult to accept éhaf'the 28-hydroxy conpound

(216) may possess a compérable reéctivity.

TMS
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'fldi} It.is suggested that the differences observed in the
reactivity of the 28- and 2a-hydroxy compounds, {216) and

(150) , may possiﬁly'arise'from the ability of 2g-isomer¥
.(216) to undergo an intramoleculdr-deformylation (SCHEME 23)

as was observed?®* with the corticosteroid (230).. Although

 SCHEME 23

NaOH
—_—

MeOH
39 . REomin
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the spectral data that were reported for (216) did not
indicate the existence of the hemiacetal (228), the
presence of an équilibrium with this species is suggested
iay the fact that oxidation of the 2g,19-diol (231).

resulted in the formation of the y-lactone (232). :The

28-formate (229) which would arisé,gig an intramolecular
deformylation may be capable of undergoing a rapid elimin-
ation of formic acid as was obsefved previously (Part IV,
Section 3) with the 4—ace£bxy-A5(IO)—en—B—one (199).. .
In such a mechanism, the 28-hydfoxy group would be lost asj
formic acid-and this would be consistent with the obser-
vations of Akhtar87 regarding the fate of the last oxygen

atom tﬂat was’ introduced. Similarly, thg l1g-hydroxy com-
_pound 87(222) may be capable of undergoing an intramg;eculéf
deformylation and spbseéuent aromatization. If thege compéunds

did indeed react in such a manner, it would then be difficﬁlt

to distinguish between these mechanisms on the basig of the
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.

known facts Qur}oﬁhding the breakdown of the last inter- .
mediate in estrone biosynthesis. However, the éffect'df‘
incubating ‘quantities of the fiﬂal intefﬁediate along with
androst-4-éh—3;qpe (215) on the yields of the lQ—oxygenatéd

intermediates, (213) and (214), may provide an answer.*

*Fishman®® did find that the 2g-hydroxy compound (216)
inhibited the production of (213) and (214).

e
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EXPERIMENTAL

General

Mgltingfpoints were determined on a Hoover Uni—ﬁelt
apparatus and are.uncorrected. "Optical rotations are
" for chloroform solutions using a Perkin-Elmer 141 polar-
imeter. I.r. spectra were recorded on a Beckman IR-8
spectrophotometer'uging chloroform solutions. U.v. spectra
were obtadined on a Baﬁsch and Lomb Spectrdnic‘GOO instéu—
-ment.'le n;m.r. spectra were'obtained on' a Varian T-60
or H-100 instrument using deutorchloroform as solvent and
tetrémethylsylsilane‘as an internal standardu\ 1§t n.m.r.

spéctra were obtained on a Vatrian FT-80 instrument with' .

ca. 0.2M solutions of the steroid in dioxane using an
internal coaxially placed deuterium oxide loék. The
chemical shifts are relativie to the internal standard,
tetrémethylsilane. Mass spectra were obtained oﬁ an AEL _\\\\\
MS9025 spectrometer. The]light petroleum used was of the
boiling range 30-60°. " Thin layer chromatography was pers
formed on Merck pre-coated silica gel 60 F-254 plates.
Microanalyses were carried out by galbraith Laboratories, |
Knoxville, Ténn., U.S.A;

For brevity, the following general procedures have

been omitted from the experimental. -
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. A v
Workup 1nvolved pouring the reactlon mixture into
water, extractlng w1th methylene chloride and washing the
extracts with water. They were thenjdrqed witl anhydrous
sodidm-sulphate‘and the solvent remdbed on a {Ztary

evaporator.

Chromatography refers to column chromatography using
N '

ilica gel (Baker 60-200 mesh) where gg. 15 g of adsor-

was employed for every 100 mg of material that was
separated. The column was pfepared using a mixture
1 acetatefhexane‘with which the least polar compon-
c.) would have a negliqible Rf value. The
material. to be separated was 1ntroduced onto the column
as a solutlon in methylene chloride. Elution proceeded
- ue;ng the ;rlglnal ethyl acetate-hexane mixture followed
by mixtures in which the amount of ethyl acetate was
increased dn increments of 5%, ' .

Two procedures were used Xor the oxidation of alcchols.

The first procedure (Method A) nvolved the addition of a

solution of the alcohol in dry jethylene chloride to a
solutioe.of a chromium trioxi e—pyridide complex®5 (6
equiv., 0.6 M, methylene chloride) and the resulting sus-
pension was stirred for the specified period of time.
Anhydrous diethyl ether was then added and the suspension
was filtered through a short column of florisil (Baker
60-100 mesh). The residual se@isolid was triturated_with.
diethyl ether and the washings were also_¥Ti%ered through
the column. The solvents were then removed under reduced

pressure. -The second procedufe (Method B) involved the
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addition of a solution of thé alcbﬁol in dry methylene
chiéride to a stirred suspension of pyridinium chloro-
chromate?®® (3 éQuivuf and sodium acetate (0.6 equiv.) in
dry methylene chloriae. After the specified period of
time, it was worked ﬁp'as above. .

Two procedures were also used for the boron_trifiuo—'
fide-capalyzed reactibns of the eéoxide. The first pro-
cedufe'(Method A) involved the addition of a solut36; of.
dry ben%ene {25 ml), wh;ch‘had been saturated gyég}boron
trifluoride gas, to a solution.of the epoxid?/kl g) in
~dry benzene (50 mlf. This was stirreé-for 10 min. after -
,wﬁich the - reaction was stopped by the addition of an
aquéoqs solution of sodiﬁm bicarbonate (50 ml, 5%). The
organic laye; was diluted with diethyl ether (75 ml) and
then separated. It was washed with water,'briﬁe, and thé£
dried (ahhydrous sodium sulfaée). The solVénts were
removed under reduced pressure; In the second procedure
{Method B); boron trifluoﬁide gas was bubbled directly
into a so;utiﬁn of the epoxide (1 g) in dry benzene {100
lml)'until a brownish gel, indicative of the epoxide-
boron trifluoride complex, was formed. In those instanées
where .such a gel was not formed, the gas was bubbled into
the solution for '2 min. The reaction was stopped.after

5 min. and worked up as ébove.

e
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PART 1 v

Boron Trifluoride-catalyzed Reactions of 19—H§droxy-and

19-Acetoxy-5,6-epoxy-steroids

1. Reactions with 36—Acetoxyf5,6B—epoky-Sé—cholestan$l9—‘

"ol (17) and BB—Aceéoxy—IQ-hydroxy-S,GB—epoxy-SB-
- androstan-17-one (32)

(i) Reaction of 3B~Acetoxy—5,Gs;epoxy—SB—choiéétan-
- g ,' 1; . -
i9-01 (17) with Boron Trifluoride - The 58,68-epoxide’"

(17)f(2.0 g) was treated with boron trifluoride (Method A). .

Chromatography afforded 38-acetoxy—19-nor—choiesta—l(10),5—

diene (33) (840 mg, 47%), m.p. 74-76°Cc. (prisms from metha-
: Y {

1it.32, m.p. 74-75%C, 240 nm)

: 233 nm
< max

nolfether),kmak

. C28H4402 requires C, 81.49; H,

“methylenedioxy-cholest-4-ene

(Found:C, 81.35; H, 10.

10.73%) and 38-acetoxy-68,1

(35) (193 mg, 9%), m.p. 12171220C (needles from methanol-
ether); v__ 1735 cm !’ (acetate co); & 2.05 (s, 3H, OAc),

3.60 (q, 2H, §, 3.99, & 3.21, Jpg 12 Hz, 19-CH,), 4.43

(t, 18, J ca. 2Hz, 6a-H), 4.79 (q, 2H, §,4.98, 834.59,

3., 8 Hz, -OCH,0-), 5.25 (m, 1H, W/2 ca. 18 Hz, 3u-H)), and

“AB _
5.71 (s, 1H, 4-H); m/e 412 (M*-HOA¢) (Found:C, 76.68; H,

10.45. €30H48Cﬁ requlresJC, 76.23; H, 10.24%).

(ii) Reaction of 3B-Acetoxy~19-hydroxy-5,6B8-epoxy~58~

androstan-17-one (32) with Boron Trifludride - The 58,68~

ePOﬁEiele (32) (1.0 g) was treated with boron trifluoride

(Method n). “Chromatography afforded 3B-acetoxy-19-nor-

androsta-1(10)-5-dien-17-one (34) (260 mg, 30%), m.p. 115°C"

Tl
a1
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{(prisms from benzene ether)f Amax 240 nm; v 1735 cm™ |

" (acetate CO and 17-CO); 6 0.89 (s, 3H, 18-Me), 2.02 (s,
. - . . 5

34, OAc), 5.0l (m, 1H, W/2 ca. 18 Hz, 3e-H), and 5.31 -
5.58 (m, 2H, er-and.G%H) (Found:C, 76.45; H, 8.30. -

C20H2603 requires C, 76.40; H, 8.34%) and 3B-acetox?—68,
l9—methy}enedio§y—andrgst—ﬁ—en—l7;one (36i (143 mg, 16%,

LY

m.p. lGO—lGlOC (prisms'from methaﬁdl){-umax 1740 cm—?
(acetatey&OJand_l?-CQI; § 0.97 (s, 3H, 18-Me), 2.08 (s,

IaB 12 Hz, 19-

CH,), 4.50 (m, 1H, W/2 ca. & Hz, 6a-H), 4.81 (q, 2H,$,
- d

5.00; 8y 4.62, Jpp

18 Hz, 3a-H), and 5.76 (s; 1H, 4-H) (Found:C, 70.70; H,

3H, OAc), 3.64 (q; 2H, 6§, 4.00, & 3.28, J
7 Hz,-OCH,0), 5.12 (m, 1H, W/2 ca.

8.20. 352H3005 requires C, 70.56; H, 8.08%). .

o

(iii) Synthesis of 3g-Acetoxy-68,19-methylenedioxy-

cholest-4-ene (35) - Hydrobromic acid (0.43 ml, 50%) was

added tﬁ an ice-cooled solution of 38—acetoﬁy—5,68—epoxy—
58=cholestan-19-o0l (17) (l.zylg)\and this was stirred for ™7
.15 min. Acetic-anhngide (10 ml)-followed by perchloric
aéld (3 drops, 70%) were added and the solution was left

for 1 h. Water was then addg@ and 5-bromo-38,68,19-tri-
acetoxy-SBjcholestane (37) {(1.25 g) separated as an oily
precipitate; 62.02, 2.0&, and 2.13 (9H, 3 X OAc), 4.57

(s, 2H, 19—CH2), 5.33 (m, W/2 ca. 8 Hz, ﬁa:H), andIS.%T

(m, W/2 ca. 24 Hz, 3a-H). The crude bromide (37) {1.25 9)

was taken up in pyridine (10 ml) and the solution was heated

o
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at reflux for 6 h;i‘Water was added.and'3B;66,l9-triaceQ
toxycholest-4-ene (38) (870 mg, 56%) separated, 'm.p.

o
-

138-139°C (needles from acetgne-wéte;);‘p 1730 ™1

max
(acetate-CQ): § 1.99 (s, 3H, OAc), 2.07 (s, 6H, 2 X OAc),

A 4.48, §B 4,19, JAB

(m, 2H, 3a-H, 6a-H). and 5.80.(d, 1H, J 2 Hz, 4-H) (Found:C,

4.50 (q, 2H, & 11 Hz, 19-CH,), 5,23

72.55; H, 9,65. 'C3335296 requlfes c, 72.76,_H{ %}&2%). A
suspension of the triacetate (38) (750 mg) an&’ggdium car-
bonate (700 mg) in methanol (50 ml)} was refluxed for 7 h.

Workup afforded choiest-4—ene—36,63119—£riol (39) . (424 mg,

74%), m.p. 209-211°C (needles from ethyl acetate); m/e 400 -

_M*-H,0) (Found:C, 77.58; H, 11.10. C,H, 0, Tequires C,

' 77.47; H, 11.08%). A solution of the triol (39) (183 mg)
and benzyltriethylammonium chiofiae (50 mg) in methylene

chloride (20 ml) was added to a solution of botassium'

hydroxide (15 ml, 50%) and the mixture refluxed for 2 h.
Wc:kup ﬁnd chromatography afforded 66,19—m§thy;enedioxy—-
A ‘1:007'-'

§5°3.15, :T,p 12 Hzfj;g-cn2)ﬁﬂ4;23_(m, 3a-H) 4.46 (m, 6o~H),

4.79 (q, 2H,86

. cholest-4-en-38-01 (40) as an oil, & 3.61 (q, 2H, 8

a 4-93,85 4.65, 7

ap 8 HZ,~OCH,09, and 5,80f(sﬁ

1H,' 4-H) which was‘takeﬁ'direcﬁly and:acet§Iated'(acetic‘ LJ‘E :

‘anhydride~pyridine) to give the acetate (35) (53 mg, 26%),
mfp.{llﬁ;lzooc,'m;xed m.p. llB—lZlQCﬁ identical (t.l.c. and
I nim.r.) with that obtained previously.

]



s i s e I

. R S - 124 -

4
A
!

«p

(iv) Preparatlon of BB—Acetoxy-S -fluoro-5a- cholestane—

63 l9-d101 (43) - Boron trlfluorlde dlethyl ether complex,‘

(2 5 ml) was-added to a solutlon of 3g-acetoxy-5,68- epoxy—
58 cholestan 19-0l (17) (2.5 g) in a benzane—dlethyl ether
mlxture (250 ml, 1:1). This was left for'l5 min. and
wor%ed‘up,in the usﬁal manner;“.Chfomatoéraphy afforded

the fluorohydrin (43) (820 mg) contaminated with a small

samount of unidentified material.' Repeated crystallizations
from methylene chloride—light-petroleum gave pure material,

‘m-p. 148-149°C; v__ 3340 (OH) and 1730 cm™! (acetate CO);

§ 2.02 (s, 3H, OAc), 3.55 - 4.62 (m, 3H, 19-CH, and 6a-H),

2
and 5.15 (m, lH, W/2.ca. 24 Hz, 3a-H); m/e 476* 462 (M+—H20),

and 420 (M*-HOAc) - (Found:C, 72135;;H*\10.49 C, o440,
requlres C, 72'48- H, 10.28%). The identity 6f the fluoro=
" hydrln (43) was conflrmed by 1ts cgnver51on (reflux1ng
. methanollc sodlum carbonate, 12 h) to 5,682 epoxy 58~ choles—

tane- 5, 19-diol (44),;y. 177-178%C (gther- llght petroleum),nf.
3.07

v___ 3520 cm™ ! (OH);

max (e, lH; GQfH), 3.72 (m, lH,iW/Z

ca. 24 Hz, 3a-H), 3.35*§q, 2H, &, 4.15, 8§, 3.55, J,q 12 Hz,
- 19- CH ); m/e 400 (M+ H O) The_latter material was identical
R w1th that obtalned by saponlflcatlon (methanol, sodium car-

bonate) of the 3B—acetoxy—58,68-ep0x1de (l?).

-~

17

*The peak at highest m/e was 476 although the fragmentation
did not. appear to originate.from this ion. The peaks corres-
panding to the loss of water ,and acetic acid appear to be
derived from the molecular ion-.{(m/e 480) even though the lat-
ter was not observed. It is suggested that the peak at 476

- originates from some recombination sequence, in the mass
spectrometer, ) L _ R

b
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(v) Reactlon of 3B Acetoxy 5-fluoro- 5a cholestane GB 19-

diol (43) w1th Boron Trlfluorlde - The fluorohydrin (43) was

treated w1th boron trlfluorlde {Method B) . After -work-up,
analysis of the product (t.l.c. and 14 n.m.r.) revealed only

the presence of unreacted starting material.

2. Reactions with 38,l9-Diacetoxy—5,GB-epry—SB-cholestane

{51) end 38,194Diacetoxy—5,6B—epoxy-SB-androstan—17—one

(50),

(i) Preparation of 38,lQ-Diacetoxy—S,GB—epbxyess—

androstan-17-one (50) - 3B-Acetoxyfl9;hydrdxy—5;68—epoxy—
5g-androstan-17-one (32) was acetylated-iacetic anhydride-

pyridine) to give the dlacetate (50), m.p. 133-134°¢ (prisms

(e}

from light petroleum); [a], -+26 (C 5.7}; v 1735 cm™!

max
(acetate CO and.17-CO); 60.87 (s, 3H, 18—CH3),-2.00 and 2.08

(6H, 2 x OAc), 3.07 (s, 1H, Ga-&), 4:33 (q, 2H, 6§, 4.58,

GB %'09'.JAB 12 H=z, 19-CH2), and 4.67 (m, 1H, W/? ca.

24 Hz, 3a-H); m/e (M*) (Found:C, 68.35; H, 7.85.
C23H3206 requires C, 68 29; H,.7. 98%).
(ii) Reactlon of 38, 19 Diacetoxy-5,68- epoxy 5-

androstan-17-one (50) Wlth Boron Trlfluorlde - The epoxide

{50) (l.4‘g) was reacted with boron trifluoride (Method Ay, -
buE in this case, the reaction was ailowed-to proceed for -
4% min. before workup. Chromatography afforded starting

material (266 mg, 19%) [identical (t.l.c. and 1§ n.m.x.)
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‘ether—light petroléumf; [a]D- +27° (C 8.1); v
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with authentic haterial]; 3B,19-diacetoxy-5—fluoroQSa—andro-_ ‘
-

stan-17-one (52) (g33 mg, 43%); m.p.1109—}llqc_(priSms from
.. 3500 (OH)

max =,

and 1735 em~! (acetate CO and 17-CO); 50.88 (s, 3H, 18~CH,) ,

2.02 and 2.08 (6H, 2 x QAc), 3.72 (m, 1H, W/2 ca 8 Hz, 6o-H),

4.52 (g, 2H, GA 4.40, 6. 4.64, J 14 Hz, 19~CH2) and 5.03

B AB

- (m, 1H, W/2 ca. 22 Hz, 3a-H); m/e 424 (M*) (Found:C, 64.85;

H, 7.55. C23H33F06 requéres C, 65.07; H, 7.84%), and a

white solid (308 mg) which consisted predominantly of 38,

l9-diacetoxy-68-hydroxy-androst-4-en-17-one (55); § 0.91
(s, 3H, 18-CH,), 2.08 and 2.05 (6H, 2 x OAc), 4.29 (t, 3H,
J app. 3 Hz, 6u-H), 4.50 (qf 2H, 8, 4.56, 85 4.44, Jup A

11 Hz, 19-CH5), 5.23 (m, ;1&,%/2 ca.20Hz, 3o~H), and 5.69

(d, 1H, J ca. 2 Hz, 4-H). The latter component was acety-

iated'(acetic anhydride—pyrigihe) and réchromatographed to

give 38,6B;l9-triacetdxy—androst—4-en—i7—o;e (56}, m;p;

132-133°C (needles from ether-light petroleum); v___ 1735

- ecm™! (acetate CO and 17-Cc0y; & 0.95 (s, 3H, 18—CH3), 2.02

(s, 3H, OAc), 2.08 (s, 6H, 2 x OAc), 4.36 (q, 2H, &, 4.42,

A

§. 4,30, J.. 12 Hz, 19-CH,), 5.20 (m, 2H, 3a- and 6a-H),

B AB
5.88 (s, 1H, 4-H), m/e 386 (M*-HOAc) (Found:C, 67.4; H,

7.76. C25H3407 requlrgs C, 67.24; H, 7.68B%).

(1ii) Synthesis of 38,68,19-Triacetoxy-androst-4-en-

l7-one (56) —'USiﬂg the same procedure that was employed for the
preparation of the cholestane'analogue (38) (cf. page 122),

Jo—

~
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3B4acétoxy~i9—hydfoxy—5,6B—epoxyfsB-androstan~l7~oﬁe (32f
.. . "\‘ . . - ..~
was converted to 5-bromo-38,68,l9<triacetoxy-5e-androstan- -

'L7-one (53), § 0.90 (s, 3H, 18-CHy), 2.03,°2.10, 2.17 |

n 4:69, 85 4.53, J,. 13 Hz,

19-CH,), 5.33 (m, W/2 ca. 8 Hz, 6a-H), 5.43 (m, W/2 ca. 24

(9H, 3 x OAc), 4.61 (g, 2H, ¢

Hz, 3a-H), glg_§25/527 (M%), which was then dehydrobromin-
ated to the 4-o0lefin 156). The»lafter.compouﬁd was -. |
identical (t.l.c. and 'H A.m.r.) with that which had been
obtained previously.

(iv) Reaction of 38,19-Diacetoxy=-5,68-epoxy—-58-

androstan-17-one (50) with Boron Trifluoride (Method B) -

The 5B ,68-epoxide (50) (250 mg) was treated with boron

trifluoride (Method B). Workup followed by chromatdgraphy

afforded 3B,l9-diacetoxy-5-formyl-B-nor-5g-androstan-17-one

© (c. 20.5), v

(57) (41 mg, 16%) as an oil, [u]D + 60 max

1735 (acetate CO, 17-CO; and -CHO); §70.88 (s, 3H, 18-CH,),
2.05 (s, 6H, 2 x OAc), 4.07 (s, 2H, 19-CH,), 5.08 (m, 1lH,
W/2 ca. 15 Hz, 3a-H), 9.70 (s, 1H, -CHO); m/e 404 (M%)
{(Found:C, 68;34;:H, g.11. C23H3206 requires €, 68.27; H,
7.98%), 3BR,l9-diacetoxy-5-fluoro-6g-hydroxy-58-androstan-
17-one (52) (69 mg, 26%) which was identical (t.l.c. and
1y n:m.r.) with that.obtained'previously, and a mixture
_(52 mg) of olefinic material. The latter was left uniden-

tified although the !H n.m.r. spectrum of the mixture was

consistent with the presence of the 4-olefin (55) .



(v) Reactlon of 36 19- i ‘etoxy 5, GB epoxxfss—

cholestane (51) with Boron Trlfluprlde - The 58, 6& epox1de

- N

(51} (627 mg) was treatrd ‘with boron trlfluorlde (Method ‘B).
\

,Chromatography afforded .a mixture of oleflnlc maten;al

(67 mg) which ‘was left unldentlfled 35 19 diacetoxy 5~
~ formyl-B- nor SB cholestane {58) (132 mg, 21%} as an oil, -

. é ,
Vnax 1730 cm™! (acetate 'CO and ~CHO); ' & 0.66 (s, 34, 18-CHgy).,

2.03 (s, 6H, 2 % OAc), 4.02 (s, 2H, 19-CH,), 5.04 (m, 1H,
W/2 ca. 15 Hz, 3a-H), 9.62 (s, 1H, ~CHO); m/e 502 mt), and
38-19- dlacetoxy 5- fluoro 50— cholestan 6p-ol. (54) (234 mg,

36%) as an oil, [a]y-3° (C 12.5); V- 1735 (acetate CO); .

36 0.67 (s*'3H leCH3) 2.01 and 2.06 (6H; 2 X OAc), 3.71

(m, 1iH, W/Z ca. 8 Hz), 4.46 (qf 2H,-.6A 4,5?, GB 4;34,'JAB.

lS,HZ,'l9—CH ),.5.02 (m, 1H, W/2 ca 23 Hz, 3a~H); m/e 522

mt) (Found C 71.10; H, 9.98. F reouires C,

31 51 5

‘_71.20; H, 9. g4} . The 1dent1ty of the fluorohydrln (54)

was conflrmed by its conver51on (refluxlng methanollc sodium
carbonate, 12 h) to the 58, 68- epox1de (44) .

(vi) Convereion of 38, 19-Diacetoxy-5-formyl-B-nor-56-

cholestane (58) +o B-nor-5g- cholestan -3-one-58,19- carbo~

lactone (60) - The=aldehyde (58) !44 mg) was hydrolyzedﬁ
(methanol, sodlum carbonate) Workup and chromatography
afforded ‘the 19, 5- hemlacetal of 38 5~ dlhydroxy B- nor 5g-
cholestanel9fal (59) (21 mg, 57%) as a white solid, v

max

3400 cm™! (OH); & 0.67 (s, 3H, 18-CHj), 3.72 (q, 2H, ‘6, 3.80,

rf\/“
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159) (lS'mg) was diasolved'in methylene chloride (1 ml) and

R
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Sy 3.62, J,5 10 Hz, 19-CH,), 3.96 (m, 13,'W/2*§3; ;e-nz; . -

h . A
3¢-H), 4.96 (s, 1H, -OCHRO-); m/e 400 (M* - 18). The lactol 7

';thls solutlon was added to a solution of chromium trioxide-

1

pyrldlne complex (l ml, 0. 02 M 'methylene chlorlde) and left

‘for 10.min. Workup followed by chromatography afforded the

_lactohe (601 (VY mg, 47%), m.p. 140 141& (needles from

acetone—water); Uma& 1769 (Yalactone),.lj25 em™1 (3 CO),. ) -

'§,0.67 (s, 3H, 18-CH,), 2.64 (g, 2H, §, 2.8L, & 2.47,

A . B

16 Hz, 4-CH 4.16 (g, 2H, 8, 4.29, &5 -4.01, Jy, 10

AB 2l |
Hz, l9—CH2); m/e 414 M%) (Found:Cc, 77.72; H, 10.16.

' C..H,.0. requires C, 78.21; H, 10.21%) .

2774273
(v11) Reactlon of 38 19- Dlacetoxy -5- fluoro 6R~— hydroxy—

S5a- androstan-l? -one (52) with, Boron Trlfluorlde - The

.fluorohydrln (52) (242 mg) was treated w1th_boron trifluor-

ide (Method B). Chromatography_afforded_3B—acetoxy—5-

.fluor0—68,19~oxido—5a;androstan—l7*ohe (62) (52 mg, 25%),

m.p. 186-187° (plates from acetonetwater); v . 1740 cm~ 1

(acetate CO and 17-C0); & 0.83 (s, 3H, 18-CH 1.92 (s,

3)
3H, OAc), 3.78 (s, 2H, 19-CH,), 4.90 (m, 1H, W/2 ca. 24 Hz,

-H) ; + :C, : .
3a-H); m/& 364 (M*) (Found:C,'66.12; H, 7.80. C21H2904F

‘ requires C, 69.22; H, 8.02%), ahd unreacted fluorohydrin

(140 mg, 58%).
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3. Ereparatlon of 3B Acetoxy 5 Ga-epoxy Sa-cholestan- 19—
..ol (68) and 38= :Acetoxy—-19- hydroxy ~5, 6oa~epoxy=-5a-

androstan-17- one {70)

- -,

(i) Preparation of 3B—Acetoxf—5,Ga-epoxy—Sa-cholestan—

19-01 (68) -'A solution of 3B—acétoxy-l9-hydroxy*choiest—s-~-
_ene?7 (63) (i2 q) in dimethylformamide (50 ﬁl) containing’
t-butyldimethylsilyl chloride -¢4.82 g, 1.2 equiv.) and
imidazole (4.60 g, 3.5 equiv.) wés_stirred at room temper-
~ature for 20 h. Workup followednﬁy chfomatography afforded
38- acetoxy 19 t- butyldlmethy151lyoxy cholest 5-e (66) -

[

(13.87 9. 93%) as a white solid, v 1735 em™! cetate CO);

max
. ‘ : / .
§ ca. 0 (s, Mezsi), 0.82 (s, t-Busi), 1.97 (s, 3H,.OAc),_

3.64 (q, 2H, §; 3.71, 85 3.57, J,p

(m, 18, W/2 ca. 22 Hz, 3a-H), 5.56 (m, lH, 6-H), m/e 498

11 Hz, 19-CH,), 4.58

(M4"-¢H0Ac). The silyl ether (66) (13.64 g) was dissolyed

in methylene chloride (50 ml) and tfeatéd with a solution

of gfchloroperbénzoic acid (5.5 g, 1.1 equiv., 85%) in
me£hylene chioride_(GO ml). After standing at room tem-
peratgre for 1 h%, the reaction Qas worked up. The crude
mixture of epoxides (14.7 é) was taken up in tetrahydrofuran
(15 ml) and a solution of tetrabutylammonium fluoride (47 ml,
ca. 2 quivw, l'M‘in tetrahydrofuran) was added. After 3 h,

the reaction was worked up and the residual semisolid chro-

matographed. This afforded 3B-acetoxy-19-t-butyldimethyl-

silyloxy-5,68-epoxy—~58-cholestane (69) -(2.48 g, 17%), m.p-
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97~98°‘:(needlesﬂfrom acetone), Ynax 1730 cm‘f (acetate CO);

6 0.10 (s, 6H, Me,9i), 0.92 (s, t-BuSi), 2.00 (s, 3H, OAC), .

2.92 (s, 1H, 6a-H), 3.72 \s, 2H, 19-CH,), 4.82 (m, lH, W/2

ca. 24 Hz, 3a-H) (Found:c; 73.32; H, 10.77. C35H64O4Sl |

requires C, 73.11; H,'10.87%) [a sample of this compound on

. treatﬁent with tetr;butylammonium fluoride for 43 h gave:

Jmaterlal which was identical (t.l.c. and !H n.m.r. ) w1th the

19~ hydroxy-SS  6B~epoxide (17)], 3B- acetoxy 5 6B—epoxy- 58—

cholestan-19-ol (17) (1.74 g, 16%), and 3g-acetoxy-5,6a-
epoxy-Sa-cholestan-19-01 (68) (6.78 g, 63%), m.p. 186-188,

‘ [al, - 470_ (Lit.!8, m.p. 184-186°, [a], - 57°). |

(ii) Preparation of3B—Acetoxy—lg—hydroxy-s,6a—epoxy—

S5a~androstan-l17-one (70) - Similarly, teatment of 3R-

ac,eté:xy—l9—hydroxy—androst_—S—en-l?—one98 (65) (2.75 g) with
t-butyldimethylsilyl chloride (1.49 g, 1.2 equiv.) and
imidazole (1.35 g, 2.5 eguiv.) afforded the crude 19-t-
butyldimethylsilyloxy derivative (67) (3.60~q) afterAwofkup.
A sample which was purified had: m.p. 111-112° .(needles
from'ethanol—water); Ynax 1735 cm~! (acétate CO and 17-CO);
§ 0.03 ts, SiMez)f 0:8§ (s, 5%H, t-Busi and lB—CHi){ 2.00
(s, 3H, OAC), 3.68 (g, 2H, &, 3.59, Sy 3:78, Jpp 11 Hz,
19-CH,), 4.62 (m, 1H, W/2 ca. 24 Hz, 3e-H}, 5.58 (m, 1H, W/2
ca. 8 Hz, 6-H); m/e 400 (M+ - HOAc). Treatment of the crude
'5-olefi£ (67) -(3.50 g) with m-chloroperbenzoic acid (1.7 g,

1.1 equiv., 85%) followed by workup afforded a mixture of
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époxides which were then allowed to react with‘EetrabutYl—
ammonium'fluoride (17 ml, ca. 2 equiv., 1 M ih'tetrahydro—
furan) for 40 h; ‘Workup followed by chromatograﬁhy gave: %
‘3B-acetoxy—194E—bufyldimethyls;Lyloxy—s,Gs-epoxy-SB-andfo—
-stan-lj—one‘(Tl) (220 mg, 6%):55 a éolid, 8‘93. 0 (s,

Me,Si), 0.73 is,‘lB~CH3); 0.80 (s, t-BuSi), 1.83 (s, DAC), s
2.93 (m, 1H, W/2 ca. 4 'Hz, 6a-H), 3.67 (s, 21, 19-CH,) , |
4;73‘(m, lH; W/2 ca. 22 HQ; 3a=-H), 3B—acetoxy519—hya;oxy~‘ 2f‘
andrbst—S—eh—l?—oné (65) (155 mg, 6%) (idéntical, t.lﬂc.j
and 'H n.m.r. with~aﬁthentic material), 3B~acetoxy—19—a‘l .

hydroxy-S,GB—epoxy—SBQandrostan~l7—one (32) (365 mg,. 13%)

(identical, t.l.c. and 'H n.m.r., with authentic material),

" and js—acetoxy-IS—hydroxy—S,Ga—epoxy;Sa-androstah:l7—§né\\x
(70), mlp. 204-205° {needles from méthénol);;bmax 3500 (OH)
and 1740 cm‘l'(acetatg ?O and 17-CO); ¢ O.éS (s, Bﬁ,‘}B-CH;);
2.00 (s,. 38, 38-OAc), 3.07 (d, 1H, J ca. 3 Hz, 68-H), 4.16
(s, 2H, 19-CH,;), 5.07 (m, 1H, W/2 ca. 20 Hz, 3a-H) }égqnd:c,'

69.3§; H, 8.41.. C21H3005 reguires C, 69.59; H, 8.34%).

4. Reactions with 3R-Acetoxy-5,6a-epoxy-5e-cholestan-19-
ol (68) and 3B,19-Diacetoxy~5,6c—-epoxy-Sa-cholestane (74) -

v

- (1) Reaction of 3B-Acetoxy-5,6a—epoxy-5a-cholestan—19-

cl (68) with Boron Trifluoride - The Sa,6a-epoxide «(68)
{190 mg) was treated with boron trifluqride {(Method B).
Chromatogréphy afforded 3B-acetoxy-68,19-oxido-5a-cholestan-

5-ol (72) (122 mg, 64%), m.p. 160-161, [a], +4° (C 15.1)
*



(s, 2H, 19-CH, 2)r 4 98 (m, 1H, W{Z can 24 Hz,,aa H)A n/e

 CO): & 2.05 anfl §.2.09 (6H, 2 x OAC), 3.95 (q, 1K, J 12 and

(11t “1, m.p. b62F163 [a]D\ a®); & 0. 70 (s, \BHK\lB CH3),

C

2. 02 (s, 3H, OAc), 3.70 (m, 1lH, W/2 ca. 5 Hz, 6o- H), 3.80 .

460 (M ). R _\\.
\\ ~ N \“‘ .
(11) Reactlon of 38 19 Dlacetoxv 5,60—-epoxy-5a-— chol~‘

\‘\'

. \ )
N

estane’ (74) with Boron Trifluoride - The epox1de18 (74)

NN o
{250- mg) ‘was treated with boron trlfluorlde (Method B)

This afforded 38,19- dlacétoxy 5@ cholestane =5, 6a lel (76)
(249 mg) as. an amorphous SOlld (t l.c. pure), Ea]D +46
\C.16.1) (1it.9%9, +39%), uv__ . 3600 (OH), 1735 cm~l (acetate
= : ‘max. . &
6 Hz, 68-H), 4.33 (s, 2H, 19-CH,), 5.27 (m, 1H, W/2 ca 7 Hz,

30-H); m/e 502 M ). . . Lo
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PART II

-

Baée-catalxzed Fragmentation of 3B8-Hydroxy-5,6B8-epoxy-58-
cholestan-19-al (77) ; '

1. Preparation of 36~Hz§roxy—5,6B-epoxy-SB—cholestan—lQ—
al (77) and 3g-Hydroxy-5,6c—-epoxy-5a-cholestan-19-al (89)-

T(d) Preﬁaration of 3B-Hydroxy-5,6R-epoxy-58-cholestan-

19-al (77) = Oxidation (Méthod B, 1.5 h) of 3R-acetoxy-5,68-
epoxy¥58#choiestaﬁ-l9—ol (L7) (1.00 g) afforded; after
¢hromatogrépby, %B-écetoxy—S,ﬁB-epoxy—SB-cholestan—lQ—al (87)
(820 mg, 82%), m.p. 138-140° (needles from methanol) (lit.“3,
i N N N : . .
138-140%), uv___ 1725 cm~! (acetate CO and -CHO); & 1.95 (s,

_ . ma¥ y . B A
3H, OA¢), 3.15 (m, 1H, W/2 ca. 5 Hz, 6a<~H), 4.73 (m, 1H, W/2
ca. 22 Hz, 3a-H), 9.77 (s, 1H, 19-H) (Found:C, 76.06; H,

10.20. c29H4664 requires C, 75.94; H, 10.11%). Hydrolysis
.of the acetate (87i (525 mg) with aqueous sodium hydroxide
(2 ml, 1.0 M). in methanol (50 ml} under nitrogen at room

temperature (1 h) afforded, after workup and chromatography,

xide (77) (442 mg, 92%), m.p. 119°-132° (fine

O

methanol); [«], (initial) -397 (C 4.5) (after

o . o o
24 K, -187) (lit.*?, m.pn 138-140", [e]y - 107); v . 3600,
3460 (OH) and 1720 cm™! (-CHO) (Found:C, 77.73; H, 10.76.

C27H4404 requires C, 77.83; H, 10.65).

A

"
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(i1) Preparation of 3B—Hydroxv—5,Gaeepogy—sa-eholeseaﬁﬁ

" 19-al (89) - Oxidation (Method B, 1 h) of 3g-acetoxy-5,6u-
epoxy-S«-cholestan-19-o1 (68) (1.00 g) afforded, after

chromatography, BB-aCetoxy-Sf6a-epoxy—5u-cholestan-l9-al (88)_

{890 mg, 89%), m.p. 132-134%° (needles from methanol); vu
. . . g . . : max

1725 cm”! (acetate CO-and —CHO);*§ 1.97 (s, ‘3H,” OAc), 3.10
(app. 4, 1H, J ca. 4 Hz, 68-H), 4.90 (m, 1H, W/2 ca. 24 Hz,
| 3u—H),'é.sz (s, 1H, 19-H) (Found:C, 76.04; H, 10.03.
C29H4604 requires C, 75.94; H, 10.11%). Hydrolysis of the
':acetate {(88) (430 mg) with aqueous sodium hydroxide (L.5 ml,
'a 1.0 m) in methanol (60 ml) under nltrogen at room tempera—'
:ture afforded after workup and chromatography, the epoxide
(89) j352 mng, 90%), m,p;‘}254137°  (plates- from methaﬁold;
[2], ;iﬁitial) -540#10 5.3)_;after 24 b, —469)j;umaxn3600(‘
3460 (OH) and 1720 cm™! (=CHO) # m/e 416 (M%) (Found*:C, 76:59;

J

H, 10.72. c, 44o3 3H,0 requlres c, 76.17; H, 10.66):

2. Reactlons of 5,6- Epoxy 19 aldehydes w1th Base

(1) Reactlon of 38 Hydroxy 5, 6a— epoxnya—cholestan 19-al

(89) with Methanollc Pota551um Hydroxide - To the epoxide (89)

(100 mg) in.- methanol (10 ml) was added a methanollc.soiutlon
of pofassium hydroxide (2 ml, 3.8 M) and the solutign was
- heated at reflux for 1.5 h under nitrogen. Workup followed (

by chromatography‘gave the major component'(7l mg) which was

*The results of subsequent analyses were similar, i.e., C:76.41,
H:10.97; C:76.26, H:ll, 04 C 76.48, H:10.88%. '
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contaminated with some other materialw \cryetallization of ..

this compo?ent from methanol afforded pure j%,S—dihydroxy- |
68-methoxy- ~5q-cholestan-19-al (97), m. P- 197-199°; '
o]y +7

1690*cm~! (-CHO); & 3.15 (m, 1lH, W/2 ca.g5 Hz, 6u-H),_3.32

o) :
(g 1.0}); Umax.(KBr disc) 3620 3360 (QH), and

(s, 3H, -OMe), 3.98 (m, 1H, W/2 ca. 26 Hz, 3a-H), 10.2 (s,

1H, -CHO) (Found:C, 74.93; H, 10.94. requires C,

28 48 4
74.95;'H, 10.78%). Aoetylatlon (acetic anhydride- pyrldlne)
}of.a sample of this materlal:gave the 3a-acetate (98), 3600,
3420 (OH), 1720 cm™! (acetateloo'aﬁd ~cHO); § 1.97 (s, 3H,
OAC) 3;13 (m, 1H, W/z ca. 5 Hz;‘ﬁq—H), 3.30 (s, 3H, OMe)m___
5.11 (m, 1H, ﬁ/2‘caﬂ‘26{Hz,l3a;Hj, 10.2 (s, 1H, =-CHQO)}.

(ii) Preparation of 38 Methoxy 5 68— epoxy-SB-choles—

. tan-19-al (95) - A solutlon of BB—Acetoxy 19- t butyldl-i
methylsiiyloxy—S GB—epoxy—SB‘cholestane (69) (1.40 gq) in.
methanol {25 ml) contalnlng aqueous sodlum hydroxide (4.9
ml  .0 M) was heated at reflux for’ l h The crude alcchol
(93), which was obtalned after workup, was dissolved in
methylene chloride (20 ml) and an aqueous solutlon of
potassium hydroxide (10 ml, 20%) was-added. "This mixture

- .was stirred at rooﬁ'temperature and four addttions of
methyl iodide (0.23 ml, 1.5 equiv.) and benzyl triethyl-
ammonlum chlorlde (100 mg) were made over the perlod of

two‘days. Workup and chromatography afforded 19-t-

Tﬁe unusually low frequency observed for the aldehyde abhsorp-
_tion in (97)1is suggestlve of either an.intermolecular or an
" intramolecular ! 90 hydrogen bond to this group in the crys-
talllne state of this compound.

-

¢
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'30-H and 38-OMe), 3.70 (s;‘2H, i§4CH2)‘(Found:C,‘74.88;

'water){~Id]D {2;

'(700 mg) in tetrahydrofuran (4 ml) was added a solutlon of _;

the aldehyde (

jhi:,f

= i3ps

butyldlmethylsllyloxy 3B—methoxy—5 GB-epoxy SB-cholestane‘

(92) (736 mg, 65%), m. p 87—88 (needies from acetone- water),1

el 0° (C 4,5); & 0.07‘(5, Méésll, 0.90- (s, &-Busi), 2.90

(m, 1H, W/2 ca. 5'Hz, Ga—H), gg.:3i2'(mf and 3.30-(5)‘(43,

H, 11.55. C 0381 requires C, “74. 66; H, 11.40%) and

34 62 S
unreacted 19-t- butyldlmethy151lyloxy 5, 68 epoxy 58— cholestan-'

3R-0l (9§) (440 mg, 34%), m. p 73- 76 (needles from acetone— R

© (c 8. 9), 5 0. o8 (s, Me2

2 93 (m, th W/2 ca. 5\Hz,.6a-H),‘ 3 7 (m) and 3. 72 (s)

Sl); 0.90 (s, t- Bu51),_r

(3H 3a H and 19 CH ) (Found C 74 44 .H 11, 49. C33H6003SL3

requires C, 74. 33 H, ,Il 35%) To the. methyl ether (92) . 0

tetrabutylammonlum fluorlde (2.6 ml, lM tetrahydrofuran)

After three days, workup followed by chromatography afforded

"

unreacted startlng materlal (92) (98'mg, 14%) and 38—methoxy—

5,GB—epoxy-SB-cholestan-lQ-ol (94) (344 mg, 628), m.p.

. [&]
133-134" . (needles from methanol), [a]D -+l7 (g 1.5); Ynax .

3500 om'l (OH), § 3. 03 (m,.th“W/Z ga. 5 Hz,MGd—H),»Ea._3;2‘(m)

and 3.32 (s) (4H, 3o-§ ana¢3b-omé), 3.87 (q, 6, 4.17, GE‘3.57,

'12 Hz} 19—CH2).(F0und:C, 77.91; H, 1ll.02. C28H4803

requ1res c, 177.72; H, 11.18%). "0xidation (Method B, 1.5 h)

of the 19 alcohol (94) (300 mg) afforded, after chromatography,

.(236 mgr. 77%) , - m-,p. 102—..103 (needles f?\,J_/
80°Ac 1.8); uv_., 1720 cm™! (~CHO); § 2.47 .
= = max S 7 : . .

methanol),

¢




.';‘

,"3a—H)
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{m), EE.’B.Z‘(mb, aﬁd43L27 (s)&(SH ‘6a=~H, 3a-H andEBS—OMe)} N
9,75 gs,'lH, l9rH) fFound-c 78 29 H, 10,89a: C28H4603

i

N : @
requires c, 78.09; H, 10. 77%)

(iii) Reactlons of the. 58568~ epoxy- lq—aldehydes (77)

~and (95) with Base.' a) 20% Aqueous Pota551um Hydrox1de - To.

a solution of the epoxide (100 mg) in methanol (lO ml) under.

"nltrogen was added an aqueous solution of pota551um hydrox1de
d(2 ml 20%) and the mixture was heated at, reflux. This was

; followed by workup and column chromatography.

'The 38- hydroxy S5B,68- epoxlde (77) afforded (after 36 h

of reflux) 3&,63—drhyd’oxyﬂLQ-nor—cholest—S(lO)jene (78)
--.(73'mg,‘78%), m.p. 166-168° _(needlee_from'methanol):.:
l"{a]Dl4-1010 (C 2.2) (Lit.43, m.p. 166-168%, [a]y +98%);

, '3;78 (m) 1H, #/2 ca. 7 Hz, 6o~ H), 4. 07 (m,; 1H, W/2 ‘ca. 12 ‘Hz,

’

The‘éB—methoxy453,68-epoxide (95) afrorded (after'lOB h
of reflux) unreacted starting material“(30'mg, 30%) and 68—

hydroxy 3S—methoxy 19-nor-cholest-5(10) —ene’ (96) (46 mg, 49%),

m.p. 109-111° (needles from llght petroleum),[u]D-3+lO3
(c o 36 3420 cm™! (OH); & 3.33 (s, 38-OMe), 95.__
3.5 (m, 3a~H)3 78/Zh W/2 ca. 8 Hz, 60-H) (Found:C, 80.87;
H, 11.43.' C27H4602 equires C, 80.54 H, 11.52%).

b) Sodium Methoxide - A solution of,the 3B-hydroxy;58,66¥

- epoxide (77) (70 mgj in methanol (7 ml) containing sodium

methoxide (2‘ml, 0455 M, methanol) was heated at reflux for

142 h un'Fr nit en. The reaction mixture was worked up and
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cthmatoéraphed.“ The first cohpdnent was found'(lﬁwh;m.r.)
to consist of a mixtutre of starting material and an uniden-
_tified compoun&. The second'gomponent'(37 mg, 57%) was,

(¢.1.c. and 'H n.m.r.) the allylic alcohol.(78).

c) Magnesium‘MétHoxide - To a sdiufionrof tﬁé-epoxidéb
‘(70 mng) ig'méthanol (7 ml) under nitroéen was added a |
methanolic solution of magnesium, methoxide (2 ml, 0.4 M)
and the mixture was heated at reflux for thé specified time.‘
Wdrkup involved pouring the r?action mixture into a saﬁﬁr—
ated aqueous solution of amménium chioride, extradting with"
methylene chloride, washing the extractsshith‘watéf aﬁd then
drying them with gnhyd?ous sodium sulfate. This was fo}lowed
byléolumn chromatdgraphy. ‘

The 3g-hydroxy-56,68-epoxide (77) afforded (after 20
min.of reflux) th§ allylic.alcohol (78) (59 mg, 90%) whiéh
was identical (t.l.c. and 'H n.m.r.) with authentic material.

The BB—methoxy—SB,GB*epogide:(95) afforded (after 97 h.
of reflux) starting material (24 mg, .35%) (t.l.c. and 'H n.mir.)
" and iQ-hydroxy—BB—methdxy—S,EB-epoxy-SB—cholestane (94)

(37 mg, 56%) (t.l.c. and !H n.m.r.).

3. Rearrangements’of 3g-Hydroxy-5,68-epoxy-58-cholestan-
S 19-al (77) ‘

(i) Thermal Rearrargement - A solution of the epoxide (77)

(375 mg) in xylene (10 mlj was heated at reflux for 11 h under

nitrogen.' Removal of the solvent followed by chromatography

-
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afforded.38,68-dihydroxy-19-nor-cholest=5 (10)ene 3-

O

formate (104).(287fmg, 77%) as an oil, [a]D + 997 (C 4.0);

umax'3605,,3440 {OH) , 1715_cm—f.(f0rmate'co);'6‘3.80 (m, lH,-
'W/2 g§.-7 Hz, 60-~-H), 5.20 (m, 1lH, W/2 ca. 13 Hz, 3«-H), 8.00
‘(s,.lH, -OCHO) (géuhd:c, 77.66; H, 10.83. C,7Hy405 requirég
c, 77.83; H, 10.65%). o |
Hydfolysis of a sampie of (104) (methancl, 1 ¥ aqueous
sodium hydroxide, 1 h) afforded the giéi fyej,-which was
identical (t.l.c. and 'H n.m.r.) with authentic material.
_Oxidation.(method‘B;~1.5 h) of the 3erforﬁa£e (105)
(96 mg) afforded crude 3BJhydron—l9—§g£—cholest;5(10)—en—'
6-one 3-formate ﬁllO) as an oil,luméx 1720 *(-OCHO)', 1660 ahd.ﬂ
1625 cm'l-(g,sjunsaturdted.ketone); & 5.30 (m, 1H} W/2 ca.
13 Hz, BQ—H), 8.07 {(s,:1lH, -OCHO)l} This wés taken up in
methaﬁol (4. ml} and treateh with an aqueoﬁs.solgtion of sodium
Hydroxidé-(l.ml, 1.0 M}. - After 1 h, the reaction mixture was
worked up aﬂdfchroma£bgraphed tb?give 33—hydroxy—19;gg£f
‘chélest—S(le;en—G-oneVfllL) (39 mg, 43%),\m.p. 145-146°
‘ (plates'from'ﬁethanoléwatér) (1it.%3, m.p. 147-148°) ;
:uma;'aego and 3460 (OH), 1660 and 1625 cm™! (a,g-unsatur-

ated ketone); 6 4.07 (m, W/2 ca. 14 Hz, 3a-H).

{ii) Acid-catalyzed .Rearrangement - Trifluoroé%etic

acid (0.05 ml) was added to arsolutipp,of the epoxide (77)
(70 mg) in dry methylene chloride (5 ﬁl) under nitrogen.

Afﬁer 15 min, the reaction was stopped by the addition of
. - ,
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‘a'satﬁrated aqueous solution of sodium bicarbonate: (5. ml).

Workup ﬁollowed by column chrpmétography gave 3B-hydroxy-

19—nor;¢holeété—l(ld),5+diene 3~-formate (109) (56 mg,

B0%) as a solid, m.p. 67-68°, Ama# 239 nm (e 15,000), vy
1720 em-! (-OCHO); & 4.9-5.3 (m, 3H, 1-H, 3a-H, 6-H), 7.98
(s, 1H, -0OCHO) (Found:C, 81f19; H, 10.74. C2734202 requires

c, 81.35; H, 10.62%).



PART IIX
H . ! ! . . | ' . ’ . ' Y
~ Acid- and Base-catalyzed Reactions of 19-0Oxo-48,5-epoxy-58-
EAd . ‘ ‘ ; " -
androstane-3,17-dione (15) and 19-0Oxo-4a,5-epoxy—-5a-
androstane-3,17-dione (16)

1., Preparation‘of lQ—Oxo-AB,5+epoxy-58—androstane-3,17—

dione (15) and 19-0xo-4a,5-epoxy-5a—-androstane-3,17-
dione (16) ' '

(1) Preparatlon of 19-t- Butyld1methylsmlyloxv 178—

hydroxy androst 4 -en-3-one "{119) - A solutlon of 178,19~

~ dihydroxy- androst—4—en—3vone 17- benzoate (117) (12.2 g),
t- butyldlmethylsllyl chloride (5 9 g, 1.2 equlv -) and
imldazole (5.5 g 2 5 equlv } in dlmethylformamlde {50 ml)
was left at R.T. for 24 h. Workup follwed by crystal—
lization from acetone water afforded 19-t- butyldlmethyl—
silyloxy—-178- hydroxy androst 4 en -3-one l7-benzoate (118),
'13.8 g (88%), m.p. 132-133° (needles); § 0.07 (s, Me,Si),
0.85 (s; 9H, t- Bu51), 1..00 ks, 3H, 18- CH y, 3.90 (s, 2H,
'19—CH2), 4.90 (m,‘lH,‘W/Z ca.20 Hz, 17«-H), 5. 70 (s, lH,
-4—H), 7.3-8.2.(m, 5H,'ar0m.). A solution of the benzoate
(118) (13.7 g) in methanol (400 ml) and agueous sodium
hydroxide (30 ml, 10%) was heated at reflux for 10-h.
‘Wdykup foliowed by crystallization from ether-ligRt petro-
leum afforded the l7—alcoholl(119)'(8.88 g, 81%),/m.p.

139-140° (prisms), [a], +111° (C 1.6), vy, 3460 (OH) ,



1660, 1620 om™ 1 (a; B-unsat ketone), 5 0.03 (s, Me,Si)
0.80 (s, 18~CH3), 0.83*(5, t Bu81), 3. 63 (m, 1H, l7u—H),

3.88 (s, ingHz)' 582 (s, 1H, 4-H), m/e 418 (M%) (Found

¢, T1.72; H, 10.57. C,gH),048i requlres c 71. 77 H, -

110.11%) . | o S

{ii) Epoxidation of 19—t—Bufyldimethylsilyloxy-l?Bv

hydroxy-androst-4-en-3-one (llé) - To ‘an ice-cooled solution i

'of the enone (119) (8. 80 g) and hfdrogen @erokide (60" 'ml,
30%) in methanol (400 ml) was added an aqueous solution of
sodlum hydroxide (20 ml, 108%) - After 12 h, 1t was worked
up and- the residual oil chromatographed 5111ca ‘gel (600 g);

‘elutlng with ethyl acetate hexane (1 19) Thls afforded

19-t- butyldxmethy;s;lyloxy 178- hydroxy 4a 5 epoxy Sa—

androstan—S—one (120) (3.21 g, 34%), m.p. 84- 85« (needles
from ether-petroleum ether), [a]D {C 4. 95 Vpay
3500'(0H), 1730 cm~! (3-CO); 3 ca. o (s, Me251) " 0.72
(s, 18-CH ), 0.80 (s, trBuSl) 3. 00 (s, 1H, 4B-H), 3.72
" (m, 3H, 17a-H and. 19-CH,); m/e 434 (M*) (Found c, 69.39;

Hy29

H, 10.00. C, 0,81 requlres C, 69. 08,\ .9.74%),
19~t-butyldimethyls1lyloxy¥l78—hydroxy-4B,5—epoxy—58—

androstan- 3-one (121) (2. so'g,“zs%j; m.pﬁ'156—157°

(needles from methanol), [a]D +112° (C 2. l), dma# 3500~

(OH), 1710 em~! +(3-cO); & 0.10 (s,’ Me sl), o 92 (s,
t—BuSi), 2.85% (s, lH, 4a-H); ca 3.7 (m, l?a—H), 3.85
(s, 19- CH,) . m/& 434 (M*) (Found: c, 69.48; H,- 10.24..

0. Sl requires C, 69.08” " 9. 84%), and startlng

25 42 4 |
material (119) (0.90 g, 10%).

AN
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(iii) Preparation of 19-0x0—4a,S—epoxv—Sa-aneréEane—

\3,17-dione (16) - The 17-alcohol (120) (l.61'g)‘wa§ oxidiied
(Method-A, iO min) to afford'crude 19—Efbuty1dimethyléily-
loxy-4,50~epoxy-5a-androstane-3,17-dione (l22i (1.59 g);-
Voax 1735 (17-CO), 1710.cm™! (3-CO); & 0.05 (s, Me,Si),

0.87 (s, t-BuSi and 18-CH,), 3.08 (s, lH, 4B—H),‘3.87;ké,
2H, 19-CH_). The crude dimethylsilyl ether (122) (1.50 g)
was taken up‘in tetrahydrofuran (5 ml) and a solution of

tetrabutylammonium fluoride (5 ml, 1M, tetrahydrofuran)

was added. After 4.5 h, the reaction was worked up.

Chromatography affordeﬁ‘l9—hydroxy—4a,5-epoxy—5a—andro—

~ stane-3,17-dione (123) (0.84 g, 74%), m.p. 228-230°
o |

(needles from methanol), [a], +28" (C 3.4); v . 3450

(OH), 1740 (17-CO), 1710 cm~! (3-CO}; & 0.89 (s, 3H,

18-CH3), 3.13 (s, 1H, 48-H), 3.98 (q, 2H, 6, 4.04, &; 3.90,

A B

J,p 11 Hz, 19-CH,): m/e 318 (M*) (Found:C, 71.68; H, 8.39.

_C19ﬁ25°4 requires C, 71.67; H, 8.23%). Oxidation (Method A, -

15 min) of the 19-alcohol (123) (2.12 g) afforded the

19-aldehyde (16) (1.34 g, 62%), m.p. 206-208° (plates

' i —16° Yy -1(3-
f;om methanql),‘[a]D 16 ‘g 2.2); v, 1720 em™!(3-CO,
17-co, 19-CO); -6 0.90 (s, 3H, 18-CH;), 3.17 (s, 1H, “4g-H),
9.98 (s, 1H, 19-H) (Found:C, 71.59; H, 7.56. C 4H,,0,
requireslc, 72.12; )

7.65%).



"A, 15 min) of the 19-alcohol (125) (3.48 g) afforded the.
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fiv).Preparation of 19—Oxo—48,54ép5xy*58—androstane—

3,17-dione (15) -'The 17-alcohol (121) (1.04 g) was oxi-

~dized (Method A, 10 min) to afford crude 19-t-butyldi-

methylsilyloxy~48,5—epoxy—58—androétane—3,l?—dione (124)

(1.00 g); v

1735 (17-CO), 1710 em~! (3-CO); § 0.10
Tmax ‘ ] -

(s, Me,Si), 0.92 (s, t-BuSi and 18-CH,), 2.90 (s, lH,

3.97, 53.3.79, J,5 10 Hz, 19-CH,).

A

4a-H),.3.88 (q, l?_H‘, K AB

" The érudgrdimethylsilyl éther {124)° (1.00 g) in tetra-

hydrofuran (4 ml) was‘treated-witﬁ tetrabu£§1ammonium
fluoride (4.8 ml, 1 M,_tetrahydrofunan) for 5 h. .Workup
followed by chromatographf afforded l9-hydroxy—48,5—ep6£y—
andorstane—3,l7-dione (125) (0.45 g, 59%) which was

identical with authentic‘material.[This was prepared by

+ adding. an aqueoﬁs solution of sodium hydroxide (8 ml,

10%) to an ice—dooled solution 6f androst-4-ene-3,17-

dion-19-0116 (126) (4.0 g) in methanol (120 ml) contain-

‘ing hydrogen peroxide (24 ml, 30%). After 2 h, the

reaction was worked up. Crystallization from methanol

(3l

-afforded the 48,58-epoxide (125) (3.51 g, 83%), m.p.

200-201° (1it.®!, m.p. 201-203°) .| oxidation (Method

19-aldehyde (15) (3.12 g, 90%), m.p. 196-197° .(prisms

‘from methanol), [o] 5 +222° (C 3.9), v . 1725 em™! (3-CO,

17-cO, 19-C0); §°0.93 (s, 3H, 18-CH,), 3.02 (s, 1H, 4a-H),

1972474

©9.83 (s, 1H, 19-H) (Found:C, 71.97; H, 7.55. C,.H,,0

requires C, 72.12; H, 7.65%).
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2. Ac1d cataiyzed Reactloneﬂgf 19 Oxo-48,5- epoxy 58+

androstane-3,17- dione. d{S) and 19 Oxo-4a,5- epoxv Su—
-androstane 3,17- dlone (16) :

(i)-Reactioh of lB-Hydroxy-4B S—epoxz:ss—androstane—

3,17- dlone (125) with Aqueous Sulphurlc Acid - A solution

of the 4B,Sﬁ-epox1de (125) (877 mg) in acetone (45 ml)
containino concentrated sulphuric acid'(0.9 ml) and water
(2.7 ﬁl)-was left at room temperature for 65 h. This was
diluté%:with;wafei and then extracted with ethyl ‘acetate.
The extracts Weredwashed with water and brine, dried
(sodium sulfate), and then the solvents were removed.
Chromatography afforded estrone (llA) {92 mg, 12%)
identified (t.l.c. and.lH n.m.r.) as its 3;acetate and

2a,19-dihydroxy-androst-4-ene-3,17-dione (140) (206 mg,

"23%), m.p. 195-197°, [o], +189° (C 3.5) (1it.5!, m.p.

1201-203%, [o], +177%): u__ 3500 (OH), 1740 (17-cO),

1670, 1720 cm™! (a,B~unsaturated ketone); & 0.90 is, 3H,

1H, J 6 and

r

18-CH,), 4.03 [br. s, 2H, 19-CH,), 4.66
13 Hz, 28-H),-5.93 (s, 1H," 4~H).

(11) Ac1d-cata1yzed Reactions of 19- Oxo 4B ,5-epoxy-—

%
5p-androstane-3,17-dione (15) and 19—Oxo—4a,5—epoxy-5a—

andfostane—3,174dione {(16): a) With Concentrated Per-

chloric Acid - Perchloric acid (0.6 ml, 70%) was added

dropwise to a cooled solution of the steroid (180 mg) in

tetrahydrofuran (6 ml). The reaction was left at room

o \.
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. water (3.6 ml). The reaction mixfuie was left at

o \\\ - 147 -

A .

;temperature for 24 h after which it was diluted with water

and tﬁén extracted with eth§1 acetate. The extracts were
washed with water, brlne, and then dried (sodium sulfate)
The solvents were removed and the residual material was
chromatographed. |

b) With Aqueous Perchloric Acid - Perchloric acid. (1.2

ml, 70%) was added dropwise to a cooiedfsolution of the

steroid (180-mg). in a mixture of tetrahydrofuran ml) and

temperature for 3 days after which it was worked up
above,

, ¢) With -Agqueous Sulphuric Acid - Sulphuric acid (

ml, conc.) was added dropwise to a cooled solution ﬁf
steroid (180 mg) in a mixture of acé;one (12 ml) and water
(3.6 ml).\ This was left for 3 days at room temperature -
after which it,was worked up as above.

- The yields of the prodiicts obtained from the above
experiments-afe-giﬁenrin-TABLE 3. ‘The propeftie§ which led
éo the identification of the compounds isolated were:,

estrone [when obtained in a yield >5%, it was identified as

its 3-acetate (t.l.c. and !H n.m.r.) otherwise it was

identified by t.l.c.]; 4-hydroxy-19-oxo-androst-4-en-3,17~

' '\..

.“\“
i
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~dione* (147), m.p. '188-189° tprisﬁé from methylene chloride-
light petroleum), [ ], *+320° (C Li7) ) Apay (methanol) |
278 nm (e 11,000); v__. 3420 (OH), 1730 (17-CO), 1670,
1640 cm™! (-CO-C(OH)=C); § 0.90 (s, 3H, 18-CHy), 6.45

‘ \

* . (2] . '
(s,'lH, exchangeable), 10.13 (s, 1H, 19-H); m/e 316 (M%)

. (Eopnd:@;-?%.64; H, 7. 67. C19H24O4 requires q} 72.12;
‘B, 7.65%); -19-oxo-A-h ;péa—androstaneHB,l7-dione* {148),

m.p. 145;1470 (needleé from ether-light petroleum), -

[e], —231° (c.2.9), v . 1735 em™! (3-CO, 17-CO and -CHO);

§ 0.97 (s, 3H, lS*CH3), 9.78 (s, lH, 19-H); m/e 288 (M%)

1872473
H,.8.39%); the 19,4-hemiacetal of 19-0xo 4B, S-dkhydroxy—

(Found:C;-?S.BS- H, ‘8.63. C,_H.,O requires C, 74.97;

5&-androstane-3,l7—d10ne** (149, m.p. 238- 240° (needles
.from methylene chloride-light ?etroleum; Uméx (KBx disc)
13440 (OH), 1725 em™! (3-CO and 17-CO); & (acetone-d.) 090
(s, 1H, lB—CHa){ 2.75 (s) ahd 2.04 (s) (ég. 5:1, 1H, 4a—H),
4.90° (s) -and 5.25 (s) (ca. 1:5, 1H, 19-H) (Found:C, 68.22;
H, 7.94. C19H2605 requires C, 68.24; H, 7.84%); 35: |
hydroxy-19-oxorandrost—4-ene~3,17-dione** (150), m.p.

217-219° (needles from methylene chloride-light petroleum),

*Tge diosphenol (147) and the A-nor-compound (148) were

und to elute together on a silica gel column. The fraction
contalnlng these two compounds was rechromatoggraphed on
basic dlumina (actlzéix/VT“‘The A-nor-compound (148) was
eluted with methylen chlorlde-hexane (1:1) and the dlo— '

'sphenol (147) with methylene chloride.

**The hemiacetal (149) and the 2a-~alcohol (150) were found to
elute together 'on a silica gel ¢olumn.. The fraction con-
taining these twc components was rechromatographed on
basic alumina (activity V). The 2a-alcohol (150) eluted
with methylene chloride and the lactol (149) with methy-
lene chloride: methanol (99:1). .

/ -
. l\\ '

[
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T = 149 -Q:F.: L
ERtes

el ,+3030 (C 0.9) (1it.61 q.p. 205-209°, [u] --+242 ),

« i . . e
N .

Yayx 3500 (OH], 173p (17-CO'and .-CHO), 1680, 1630 em~l

- (a, B-unsaturated ketone); § 0 90 (s, 3H 18-CH ), 4 13_

+

(Q, lH J 6 and 14 "Hz, 28= -H)", 6 02 (s, lH 4 -H), 10. 0

(s, 1H, 19- H) (Found c 71.91; H, 7'797 01932404

reqdires.c, 72.12; H, 7.65%);

(iidi) Sjgydroxy—Su;androstanerﬁ,l7-dione-i9,48—

s .¢3carbolactone {151) - The hemiacetal (148) (80 mg) was

oxidized (Method A: 10 min). Workup followed'by-crys-‘

tallization fron_methylene chloride-lightipetrolenm
afforded thellactone (151) (52 mg, 65%),:m.p£‘254-265°j- :
[d]D +23° (C 2. 4), Vinax 3450 (OH), 1790 (v- lactone),E ' -

Ksz (3~ CO and - l7 CO), § d. 00 (s,_3H lB—CH ), 4,07

L (s, 1H, 4o-H) (Found .C, 68. 4§ H, 7.41,- 019H2405
- \,_,.._-— " YN

: reguires C, 68 65; H, 7. 28%)

- L .

Ilv) Formatlon of the Mlxed L9—Acetals of the 19 g~

4
o

-

E

”Hemlacetal of 19-Oxo0-48,5- dlhydroxy 5a-éerostane 3 17—

if‘dlone (148) - A solut n of (148) (190-mg) 1n=methanol
fﬂf\\L (10 ml) contalnlng concentrated hydrochlorlc acid- (3 drops)
Swas heated at retlux for ll h.“ The solutlon was poured |
‘51nto water and*extracted w1th methylene chlorlde. The )
extracts were washed Wlth a- saturated aqueous soldtlon:
of sodlum b1carbonate, water,_and then drled (sodlum

,Tsulfate) Chromatography afforded (19R) S-hydroxy 19—

methoxy-48, 19 ox1do 5a—androstane-3,17- -dione (153)

-

. » ..
Ty H . . - . ~
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'kmethylene chlorlde ilght PEtr°1eum)'[“]D .%

requires c, 68.%1\‘15/9 10%) and the (195) 1somer “(152)
(102 mg, Sl%), m p. 52-255 qhecomp ) (needles from ‘

(48 ng, - 24%), m.p. 254- 257 (decomp ) (needles'from

°© (c.2'5)} .

Y 3420 (OH), 1730 cm™1 (3- cq‘and_lv—QO), 5 0: 50 (s,

ma
3H, 1a-cn3y, 3.43 (s, 38, 19-OMe), 3.75 (g, lH das H),

4.92 \(s, 1H, 19~ H) (Found‘C"GQ 07; H,_S 15 ' C2OH2805

\

methylene chlorlde llght petroleum),[a]D +lO4 (C 2.8); °
v, 3440 (OH), 1725 cm™! (3-CO and 17-CO); & 0.88 (s,

3H, 18-CHg), 3.50 @s,,sn, 19-0Me), 3.63 (s, 1H, 4a-H),
. X ( ’ . { : 4 -

5.27 (s, "8, 19-H) (Found:C, 69.10; H, 8.25. C20H2805

requlres cC, 68 94; H, 8. 10%.

(v} 0x1datlon of 2a, 19 Dlhydroggrandrost ~-4-ene- 3

.l?-dlone’(l40) - A solutlon of the diol (140) (145 mg) in
—ﬁﬁ————" .

dry methylene chloride (10 ml) ‘addeéd to a suspensj
- of pyrldlnlum chlorochromate (296 mg ,* 3 equlv } and /}Dn‘\\\\\

sodlum acetate (22 mg, 0. 6 mg) in methylene chlorlde (3 ml)

and the mixture was stlrred for 1:h. It was dlluted w1th

‘ ethyl acetate and washed with saturated aqueous sodium

‘ bicarbonate,'water, brine, and then*drled (sOdlum sulfate).

i d
Removal of the solvents followed by chnomatography afforded

Ii

the 19- aldehyde (150} (20 mg, 14%) whlch was ldentlcal

(t.1. c., i.r. and 1H n.m.r. ) wmth materlal previously

obtained, and starting materlal (L4”mg, 10%}
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iﬁ' ‘ C 3; : Base-catalyzed Reactlons of 19-Oxo-48, 5 epoxy ss_fh‘
 ' androstane—3 17 dieone (15) . and 19 Oxo- -4a, 5 epoxy- Sa—: '
L androstane 3 17-dione (16) . :

i
N .

(i) Reactione of the Epokides (1@ and (16) with -

‘Methanolic'PdtaSSium Hydroxide — To 'a solution of the‘

s epox1de (200 mg) in. methanol (30 ml) under nltrogen was
dded a methanolic solution of pota551um hydroxlde (4.5 ml,
§\28 M, 2 equiv.). The_mlxture_was ‘heated at ‘reflux for

! .
the specified period of - time after which it was worked up

and chromatographéﬁ§
The 4a,5a- epox de (16) (12 h of reflux) afforded 4-

L

‘methoxy—estr 4 -ane- 3 17- dlone (160) (24 mg,‘13%),'m.p.

‘ 154-156 (needles from methylene chlorlde 11??ff§etroleum)}

[a]D +124° 7(9 6;0),1Amax (methanol) 255 nm (el4, 000),
>*~g§hx 1735. (17-c0), 1675, 1610 cm™! (-CO-C(OMe)= é),,a 0. 93
(s, 3H, 18-CHs), 3.60 (s, 3H, 4-OMe) (Founq:c,‘vs.og; ",
8.56. C19H2603 rqulres C, ?5.46; H, 8.64%), a mixture
(42 mg) whose g n.m.r. spectrum was consistent with a

1:3 mixture of the 4-methogy compgqndﬁ(lGO) (5%) and'the;

(19R) -acetal (153) (16%), and lastly, the (19S)-acetal o

(152) (63 mg, 29%) which was identical (t.l.c. and 'H n.m.r.

with material obtalned previously.

)

The 4B,SB—epr1de (16) (43 h of reflux) afforded the E

4?methoxy compound’ (160) (95 mg, 50%).

T .ll J

-
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o . Y% ¢ ... PART IV . v
oL e N T
Attempts at Preparing 4—Hydroxy~estrv5(l&lfene:3,l7-dione (112)
. T - T T
/‘ ——

o1 The Thermal Decarbogylatlon of 48 5-Epoxy—58 androstan— .

.3, 17-dion-19-oic Acrd (166) A

(i) Preparatlon of 48 5= Epoxy~58~androstane 3 17- dlon—

19 01c A01d (166) - To a cooled solutlon (ca 5 ) of the ;

\
© 19~ alcohol (126) (500 mg) in acetone (50 ml) was. added a‘
solutlon of Jones reagent (1. 75 ml) ' After 4 h methanol
|(2 nl) was added, and after an addltlonal 15 min, the
'solution was diluted with' water.(SO-ml). It was extraotedt
w1th ether and the extracts ‘washed Wlth water, brine, end
then ‘dried (sodlum sulfate) Removal of the solvents
followed by crystalllzatlon from ether-light petroleum:
;‘:afforded.the acid: (116) (541 mg, 79%), m.p. 184- ~186° .
(aeeomé.),[&]ﬁ;glsgo (C 8.9); v 3100 (OH), 1720 cnf}
(3-CO, 17-CO and 18-CO,H); & 0.97 (s, 3H, 18-CH;) 3.0
(s, 1H, 4a—H); m/e 322 (M%) (Found:C, 68.56; H, 7.31.
C19H24OS reqnireeic, 68.65; H,‘T,éS%z.

(11) Decarboxylatlon of the Acid (166) - A suspension

~U‘}of.the acld‘(lGG)‘(BOO.mg) in decalin (100 ml) was heated
Cat reflun underdnitrogen for 2.5.h g After coollng, the
.—4\%e’§élvent wes remobed'under reduded nressure. The residual
semlsolid wes chrometographed to afford estrone (53 mg, Q%l
{a sample converted to the 3 acetate was ldentlcal (t. 1 c.

and i1y L . r. ) w1th authentlc materlal) and 3£—hydroxy—

estr~5(10) ene—4 17— dlone (167) (541 mg, '79%), m.p.

i

B B T SR TR L L U S
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159-161", Amax (methonol) 247 nm (8“11’200);‘vmax 3460 (Og),.

A .
1735 (17-CO), 1655 and 1819 cm™! (a,B-unsafurated ketone);
§ 0.92 (s, 3H, 18-CH,), 4.09 (app. g, 1H, J 5 and 13 Hz);

/e 288 (M¥) (Eound:c, 74.78; H, 8.43. C. H 0., requires

C, 74.97; H,f8.39%).

.. - A‘. .

(111) Isomerlzatlon of (167) with Base - A solution of

:(167) (60 mg) in a methanollc sglutlon of sodlum Tethoxlde
(3 ml, 0.55 M) was heated at reflux for 2 h under nitrogen.
'The solution was then acidified with aqueois hydrochloric
ac1d (5%) and diluted with watgr This was extracted with

" with the ethyl a 1‘{"'etz:'lte and the extracts were washed with

| water, brine, and then dried {sodium sulfate). Chromatog-

raphy afforded -4- hydroxy-estr 4-ene-3,17-dione (172)'(42

' mg, 70%), m.p. 200-202° (prisms from acetone), [d]D +120°
(C 4.9), lmax (m?thﬂle) 276 nm {e 11,000); Umax 3460 {OH) ,
1740 (17-CO), 1670 and 1650 Cﬁfl (—CO—C(OH)=CR2); m/e 288
(M*) (Found:C, 75.03; H, 8.36. C18H24O3 requires C, 74.97;
H, 8.39%). s h

(1v) Ac1d~catalyzed Dehydratlon of (167} ~ A solution

of {167) (33 mg) in tetrahydrofuran containing perchloric
acid (0 5 ml, 70%) was allowed to stand for .3 days under

nltrogen. Workup followed by chromatography afforded

cotrad (10) ,9 (11)~diene-4,17-dione (170) (18 mg, 60%), m.p.

'[GID

+412° (C 1.5), A___ (methanol) 289 mm

. o
130-132. ax

4
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' . : - ’ -1
(e 23,000); Pmax 1740 (17-C0O3, 1655, 1605, 1590éyn

..(ag,yS-unsaturated ketone); & '0.92 (s, 3H, 18-CH;), 6.18 -

(m, 1H, W/2 ca. 6 Hz, 11=H); m/e 270 (M*) (Found:C, 79.79;

, .8.29. requires C, 79.96; H, 8.20%).

C1822%

\Sigigar treatment of the diosphenol (172) (30 mg)
afforded after workup and chromatography, unreacted starting
material (25 mg). .

(v) Oxidation of (167) - A solution of (167) (60 mg)

and trlmethylphosphlte (55 .mg, ca. 2 equmv ) in methanolic

sodium methox1de (3 ml, 0.55M) was stirred at room tempera-
ture under an oxygen atmosphere after 3 h, the deep
burgundy coloured solution was acidified with,acetic acid

whereupon it turned a pale yellow colour. Workup followed

. by chrometography (eluents coﬁ%ained~a trace of acetic acid

since the materlal was ﬁ;rongly adsorbed onto the 5111ca

gel} affordlng an 011 possibly (180) or (181), (18 mg);
f.

v, 3405 (OH), 1730 (17-CO), 1650 and 1600 cm~l: & 0.92 -

(s, 3H, 18- CH ), 5.95 (s, 1H); m/e 300, 282.

(vi) Conversion of (167) to 4- -Hydroxyr-estra-1, 3*5(10)—

trien-l?—one (174) a) Attempted Ellmlnatlon of Acetic Acid

-from 3i-Acetoxy-estra- 5(10) ene—4 17-dione (184) - A

solutlon of (167) (100 mg) in a mlxture of acetlc anhydride
(1 ml) and pyrldlne (2 ml) was left at room temperature for

12 h. The solvents‘we;e removed at reduced pressure to

e
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o

" leave the acetate (184) as.an 0ils; Voax 1740 (acetate CO

and 17-CO), 1680, 1625 cm™! (a,B-unsaturated ketone); & 0.90
(s, 3H, 18-CHj), 2.13 (s, 3§, OAc), 5.23 (m, lH, 3°H).

The oil was® dissolved in decalin (3 ml) and heated g% .

reflux for 24 h. T.l.c. analysfs of the reaction‘mixtufe

only indicated the presence of unreacted starting material.

b) Elimination of Methanesulfonic Acid from  3&-

Hydroxy=estra-5(10)-ene-4,17-dione 3-Methanesulfonate {185)

a .cooled solution (ca. 5°) of (167) (100 mg) in

pyridine 1) was added methanesulfonyl cﬁloridé (0.1 ml).
Aftef 2 h,the salution.was poured into water and expracted
withlmeth yde. The extracts ;ere washed with
aqueous hféfo acid (5%), agqueous sodium bicarbonate

(5%), water and were then dried (sodium sulfate). Removal
of the solvent afforded the crude mesylate (185) as an oil;
v, 1740 (17-CO), 1690, 1625 (a,B-unsaturated ketone), 1180
~cm™ ! (fOSOZMe); § 0.90 (s, éH, lB—CHB), 3.23 (s, 3H,
-0s0,Me) ,» 5.00 (m, 1H, 3-H5. Thg"ogl was taken up in 2,4,6-
collidine (3 ml) and heated at reflux for 20 h. After cool-
ing, it Qas poured into an aqueous solution of hydrochloric
acid (5%)'and this was extracted with ethyl acetateﬂ‘ The
extracts were washed with aqueous hydrochloric acid (5%),
équeous sodium bicarbonate (5%}, waﬁer, brine and were then
dried (sodium sulfate). After the solventlwas removed, the

crude material was acetylated (acetic anhydride-pyridine)

\
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and chromatographed. This afforded 4—acetoky4e2tra-l,3,

5(10)-trien-17-one (186) (65 mg, 60%), m.p. 173-174°
(needies‘from'ethanol-water) [ ] +145° (C 3.5): v__

= / max
1740 (acetate CO and l7 -CO), 1610, 1580 cm'l.(arom.);‘
8 (acetone—d ) 0.87 (s, 3H, 18—oH3), 2.24 (s,’ 3H, 'OAc),
6.7-7.2 (higher order multiplet, 3H, arom.)}; m/e 312 (M*)

:(Found:C, 76.99; H, 7.87. C20H24O3 reguires F, 76.89;

H, 7.74%). \
Hydroly51s [methanol, aqueous sodlum hydrox1de (10%),4 o

reflux (4hﬂ of the 4-acetate (186) afforded 4 hydroxy—

estra-1, 3, 5(10)—tr1en—l7-one (174) in ‘an essentlally

guantitative yield, m.p. 269—271 (needles f:om methanol),

. . o o o - S
(11t._,i, 270-2757), [ «], +152° (C 1.1), X . (dioxane) . T

275 nm (e 1,900). A

? ' | 1 S

2. Attempted Fragmen%ﬁ%ion of (19R)-19-t-Butyldimethyl-
silyloxy-5-hydroxy-48,19-oxido-5a—androstane-3,17-

dione (191)

~—

—

(i) Preparation of (lBRY-19—t—Butyldimethylsilyioxye

5-hydroxy-48,1l9-oxido-5a-androstan—-3,17~-dione (191) - A

solution of "the hemiacetal (149) (350 mg) inldimethyl-
formami.de (5 ml) containing t-butyldimethylsilyl chlorlde'
(760 mg) and 1m1dazole (716 mg) was maintained at 40 for
.1 week. Workup followed by chromatography afforded the

silyl ether (189) (305 mg, 65%), m.p. 233-235° (needles

) S
from methylene chloride-light petroleum), [a]D °+12§Q\



(€ 109y v 3440 (OH), 1725 cm™! (3-CO and 17-CO);-
8§ 0.17 (s, 6Hy Mezsil, 0.90 (s, lB—CH3), 0.93 (s, bk-BuSi), -

3.57 (s, 1H, 4a-H), 5.73 (s, 1H, 19-H) (Found:C, 66.88;

4

H, 8.85. Czsﬂ%oossi requires C, 86.917 H, 8.99%) and

nredcted starting material (48 mg, 14%). The silyl

ether'(lBQ)'(l39-ﬁg) was_ﬁdded to an ice-cooled solution

of benzenesulfinyl‘chloride* (75 mg) in pyridine (2 ml) .

This was allowed to come to room témperature and after 1 h

it was poﬁred into wéter. The mixture was extracted with
methylene chloride and the-extraczgjwere_washed with
;aqueous‘sodiﬁm bicarbonaté (5%); water and.then dried
;(sodiuﬁ sulfate).\ Removal of the so;vents undexr high

vacgab afforded the crude sﬁlfinéte esfer (190) as an oil;
Voayx 1725 (3-CO and 17— c0), 1130 cm‘l( -0S04) ; a 0. 15 (s,

6H, Mezsl),_O.QO (s, t—Bu81 and 18-CH ), 3.98 and 4,12 (4,
1H, 4a-H), 5.80 (s, 1H, 19-H), 7.4=7.9 (m, 5H, arom.). The
0il was taken up in ﬁethylene chloride (5 ml) and the
soiutiontwas cooled in an icé bath. To this wgs édéed a
solution O‘}" E—chlox'"bperbenzoic acid (69 mg, g) in,ﬁethyl-
ene chloride (4 ml) and the resultant mixture was allowed

to come to room temperature. after 5 h, the reaction was

worked up. Chromatography afforded the sulfonate ester .

(191) (148 mg, 81%), m.p. 200-201° (prisms from ether-light

*This was freshly prepared by the reaction!0l of diphenyl~
disulfide with chlorine gas in the presence of acetic
anhydride. |
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petroleum), v__ 1730 (17-€O and 3-CO), 1360 em~! (~0S04);
" . - “

5 0.15 (s, 6, Me,Si), 0.90 (s, 12H, t-BuSi and 18-CH,),
4.35 (s, 1H, 4a-H), 5.70 (s, 1H, 19 H), 7.6-8.1 (m, 5H,
~arom.) (Found:C, 63.19; H, 7.33. Cg3yH,,0, SiS requires
G, 63.23; H, 7.53%).

(11) De51lylatlod of (191) - To a solutlon of the -

silyl ether (191) (44 mg) in tetrahydrofuran (2 ‘ml) was
‘added a solution of te rabutylammoni um fluoride (0.15 ml,
1M, tetrahydrofuran). After 10 min, the reaction was Jé
~ worked up. Chromatography afforded ﬁhe 4g8,5p-epoxide (15)
(18 mg) 76%). |

' (iii) Solvolysis of (191) - A solution of the silyl

ether (191) (337 mg) in a solﬁtion of sodium acetate (3 ml,

O.lM,‘acetic acid) was heated at reflux under nitrogen for
54 h. It was thén;dilut;a wiig‘water 3pd extracted with
méthylene chloride. The extracts were washed with a
saturated agueous soiution of sodium bicarﬁonate,‘watef
and then dried (sodium gulfate). .hemoval of the.solvent
follo&ed-%y chfomatqgraphy allowéd for the isolation of a
solid‘(58 mgj which cbnsisted (1ﬁ n. ﬁ r.) of a 6:1 mixture
of the A—nor compound (148) and the 51lyl ether (189).

' The mlxture was taken up 1n tetrahydrofuran (2 ml) and ‘a-

 solut1on of tetrabutylammonlum fluorlde (0. 10 ml, lM,

“‘tetrahydrofuran) was ‘added. The solution was left under

7
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nitrogen for 4 h after which ‘it was worked up. Chroma-
AN

tography afforded the A-nor compound (148)'(26 mg, 36%),

identical (t.l.c¢., i.r., !H n.m.r.) with authentic

material.

3. Reaction of Estr-5{(10)-ene-3,l7-dione (198f wiﬁh

Lead Tetraacetate

(i) Preparation of 4t -Acetoxy-estr-5(10)-ene-3,17-

dione (199) —‘Lead_tetraacetéte (10 9. 90%, 5.5 equiv.) was
. F
added to a solution of estr-5(10)-ene-3,17-dione (198)

(L.0 q) in a mixture of benzene (10 ml) and acetic acid

(10 ml) ﬁnder‘nitregenf The mixture was stirred at room
temperature for 72 h after which it was poured’into an ice-
cooled aqueous solutlon of ‘sodium thlosulfate (100 ml,;

0%) This mlxture .wWas extracted with ether and the

extracts were washed with agqueous sodlum bicarbonate (5%),

‘water, brlne and then dried (sodium sulfate). After the

soivents were :emoVed,_the residual,oil was .chromatographed
to afford the crudeiacetaﬁe‘(lQSI (300 mg, ca. 25%) as an
0il which was contaminated Qith‘some estrone (t.l.c.). This’
mixture had the[following spectral properties; vﬁax 1730 cm"l.
(3-CO, 17-CO and acetate CO); 6§ 0.92 and 0.90 (3H, 18-CH.),
2.20 (s, 3H, OAc), 5.49 (m, ca. 0.4H, W/2 ca. 6 Hz, 4-H),
5.81 (m, ca. 0.6H, W/2 ca. 6 Hz, 4-H) ; m/e 330 (M*), 288

(M+-CH2co), 270 (M*-HOAC) .



(ii) Aromatization Reactions of 4E-Acetoxy-estr;5(10)—

ene-3,17-dione (199) a) Thermal Reaction - A soliition of the

acetate (159)'(50 mg) in decalin kS m%)‘was heated at reflux
for 2.5 ﬂ'under nitrogeh. The solvent was then removed under
high vacuum énd the reSiaaal Semiégiza?was_acetyiated (acetic
anhydride—pyfidine). 'Chroﬁatography aféorded the 3-acetyl
derivative of-estrone (35 mg, %4%}.

N b) With Acid - To a solution of the acetate (199)

(130 mg) in tétfahYdrofuran (5 ml) was added a solution of
concentrated perchloric acid (0.5 ml, 70%). After 3 h the
reaction was diluted with water and extracted with éxhyl

acetate. The extracts were washed with a saturated agueous

- solution of sodium bicarbonate, watery~brine and were then

dried (sodium sulfaté). Removal of the solvents left a
semisolid wﬂich was acetylated (acetic anhydride-pyridine).
Chromatography afforded the 3—;cetyl derivative éf.estrone '
(56 mg, 46%).

-

c) With Base —gA‘solution.of the écetate {199) (50 mg)
in methanol (3 ml) was added to a methanolie solution of -
sodium methoxide }2 ml, 0.55M) under nitrogen. After 15 min,
the reaction wés neutralized with agqueous hydrochloric acid
(5%). "It was Qiluted'witﬁ water and extracted with ethyl

acetate. The extracts were washed with water, brine and were

then dried (sodium sulfate). After removal of the solvents,

-

xthe‘crude.méterial.was acetylated'(acetic anhydride-pyridine).

Chromatography.affordedﬂthe,3—acetyl derivative of estrone

(31 mg, 65%).
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‘ A\ . '
d) With a Phosphate Buffer - To a solution bf the

acetate (199) 60 mg) in a mixture of efhanql (4 ml) énd
water (4 ml) under nitrogen was added an aqueous solﬁtipn
of .a phosphate buffer* (2 ml; 2.1M,.pH ca. 7.5). The
'ﬁesultiﬁg twb phase mixture was stirred at room temperature
for 10 h after which it was diluted with water. This was
£hén extracted with ethyl acetate and the extracts were
washed with water, brine‘and dried (sodium sulfate).. The
solvents:wére removed and the residual semiéolid was
acetylated (adetic anhy?rideupyridine)ﬂ \Chromatography

afforded the 3-acetyl-derivative'of estrone (42 mg, 74%).

h

[

*This was prepared‘'4 by adding an agqueous solution of sodium
hydroxide (50 ml, 5.0M) to an aquecus solution of potassium
dihydrogen phosphate (40.9 ml, 5.0M) and diluting the ‘
mixture to 100 ml with water.

”
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. CLAIMS TO ORIGINAL RESEARCH

1. The boron trifluqrideFéatalyzed reactions of 19-hydroxy-
and lQ—acetoxy-S 6—epoxy-steroids were examined.

2. The base-catalyzed reactlons .of 19-oxo-5,6~epoxy-
cholestanes were investigated and an explanatlon for
the novel fragmentative elimination observed with the
38-hydroxy-19-oxo-58,6B8-epoxide was suggested.

33. The 19-o0xo-4,5-epoxy- androstane—3 17-diones were pre-
pared and thelr acid- and base- catalyzed reactions
were examined. :

4. The thermal decarboxylatlon of 48, S—EPoxy-SB -androstane-
3,17-dion-19-o0ic acid is descrlbed together with the
chemlcal transformations of the derived product.

5. Thel¥% n.m.r. a§51gnments for A-hydroxy- and 4-acetoxy-
: estra-1,3,5(10)-trien-17-one werxe made

. 6. The solvolysis of (19 R)-19- t—butyldlmethy151lyloxy—

5-hydroky-48,19-oxido-5a- androstan-3,17-dione 5-benzene- .
sulfofiate was examined. )

7. The reaction of lead tetraacetate with estr-5(10)-ene-
3,17-dione was investigated togethexr with the aromatlz—.
atlon reactions of the derived product. ’

8. - The following new compounds were prepared and charac-
terized (including elemental analyses) :
ii)_BB—acetoxy;GB,lQ—methelenedioxy—cholest—4—ene*

2) 3g-acetoxy-19-nox-androsta-1(10)-5-dien-17-one*

3) 3p-acetoxy-6§,19- methylenedloxy—androst-4-en-
17-one*

4) 38,68,19-triacetoxycholest-4-ene

' 5) cholest—é-ene-3s;65,19—triol .

6) 3B—acetoxy-5—fluoro—Sa—éholestane—GB,lQ—diol

7) 38,19-diacetoxy-5,68-epoxy—-5-androstan-17-one

8) 38,19—diagetoxy¥5;fluoro—Sa—androstan-i?-one

9} 3B8,6R,l9-triacetoxyandrost-4-en-17-one
10)'38,19—diacetoxy—5-formyl—B—ggE—SB—aﬁdrostan-l?—one

*Previously prepared3® but only identified by spectral methods.

..
¥

5
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. 12)
- 13)

14)
15)
16}
17)
18)
19)
20)
21)
22)
'23)
24)
25)

26)
27)
28)
29)
30)
“31)
32)
33)

34)
33)

36).

. . 'r/-

-B—nor 58 choiestan 3 -one- SB 19— carbolaétone .

33—acetoxy -5-fluoro-68, 19 oxldo—Sa androstan—l?—one

38-acetoxy~19- t—butyldlmethy151lyloxy 5 68 epoxy- foe
5-cholestane .. . )
3g-acetoxy- 19- hydroxy—S Ga- epoxy~5a androg an—l7 one
3B~ acetoxy 5,64-epoxy-5a- cholestan—lQ -al .
38~hydroxy 5,6a-epoxy=- Sa- cholestan—lg -al lfﬁ‘
38,5~ dlhydroxy 6S—methoxy-Sa—cholestan-lQ al

19-t- butyldlmethy151lyloxy BB-methoxy 5, GB—epoxy— R
5g-cholestane

19-t- butyldlmethylsilyloxy-s 68— epoxy ‘58— cholestan— ’
3g—~0l .

Bﬁ—methoxy -5, 68 epoxy -58-cholestan- 19 ol
BB—methoxy-S,GB-epoxy 58— cholestan—l9 al .
68—hydroxy—BB-methoxy—19—§9£-cholest-S(10)—ene
36,68-dihydroxy-l9bggg-chblest*S(lO)jghe 3-fSrmate
3g-hydroxy- lgunor—cholésta—l(IO)‘S diéﬁe-B-forméte

19-t- butyldlmethy151lyloxy 17- hydroxy—androst-4 en-
3-one

19-t-butyldimethylsilyloxy- 178 hydroxyd4a 5 epoxy-—
Su-androstan-3-one

19-t-butyldimethylsilyloxy- 178 hydroxy-48,5- epoxy—
5g-androstan-3-one

+19- hydroxy 4a,5-epoxy- Sa—androstane-B 17~ dlone
19—0xo—4a,5—epoxy—5a—androstane.3,17 dione
19-oxo-48,5-epoxy-58-androstane-3,17-dione
Ba—hydroxy 19—0xo—androst—4—ene—3 17~ dlone*
19-oxo-A-npr-5Sa- androstane—3 17-dione

19, 4—hem1acetal of 19-oxo0-48,5- dlhydroxy 5¢-
andrOStane 3,17-dione |
5-hydroxy-5a- androstane—B 17-dione-19, 48 -carbolactone

(19 R)i- 5~hydr0xy 19 methoxy—48 19 oxido-5«—androstane-
3,17-dione

(19 s)-5 —hydroxy—19 methoxy- 43 19~ ox1do—5a—androstane—“

_3 17~ dlone

*Previously obtalnedbl-as a hydrate.



37)
y 38)
39)
40)
41)
42)
43)

44)

- 164 -

\

Awmethoxy-estr—ﬁ ene—3 17- dlone .

48 S—epoxy-SB androstane—3 17 dlonn19—01c acid
BE—hydroxy—estr 5(10)—ene 4 17- dlonei
4-hydroxy- -estr-4- ene-3, 17- dione j L
estra- 5(10) 9(11) -diene- 3 17- dione
4-acetoxy- -estra-1,3, 5(10)tr1en—l? one

(19 R)-19- t—butyldlmethylsllyloxy-s hydroxy-48 19-
oxido-~5a- ‘androstan-3, 17-dione *©

(19 R)- ~19-t-~ butyldlmethy151lyloxy 5~ hydroxy 48, 19~

"oxido-5a- androstan -3,17-dione 5- benzenesulfonate

-
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