INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and continuing
from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, MI 48106-1346 USA
800-521-0600






RS Gk

METHYLATION OF STEROIDAL CB—KETONES -

A CONFORMATIONAL ANALYSIS

by
Hymen Stollar

A thesls submitted in partial fulfillment
of the reéuirements for the degree of
Master of Scilence
in the
Departmént of Chemistry
University of Cttaws

Ottawa, Canzada

September, 1669

%\\ tR S/){
S i
SC\ENT\AE

Candidate Supervisor
H, Stollear Professor 2. Morsnd

™



UMI Number: EC52313

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform EC52313
Copyright 2007 by ProQuest LLC
All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



——a iy s

To My
Motner

T PEYRE

SR sl B diaied satio

R R A T T I PR ST s copory ey rres




S i A W e % ek B o i B G R 7 vl S R g ezt st o L s e e

STELE s

PREFACE

The fact that conformational deformations pro-
duced by substituents in a molecule may be transmitted
to remote reaction sites and caen thereby influence the
course of the reaction wvas first recognized by D.H.R.
Barton in the rates of benzylidene formation in a
number of 3-keto steroids, triterpenes, and decalins,
The methylation of 3-keto steroids is also subject
to conformational transmission effects as shown by
the variation of the methylation site (at C, or Cy)
with different remotely situated substituents. The
2in of this thesis is to describe the results of
methylation of 538-cholest-7-en-3-one (47) and to

explain the course of the reaction,
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ABSTRACT

The synthesis of 58-cholest-7-en-3-one (47) 1is
described. Methylation of this compound results in
2a8~methyl-538-cholest-7-en-3-one (62) and 2,2-dimethyl-
58-cholest-7-en-3-one (63). The structure of (€2) was
proven by its conversion to the known 23-methyl-5p8-
cholestan-3-one (66). An explanstion is offered for
the uncharacteristic mass spectrum exhibited by the
ethylene ketal of (62). The structure of (63) was
proven primarily from the mass spectrum of 1its ethylene
ketal. The opticel rotatory dispersion curves of the
ebove compounds are reported and discussed. The fact
that methylation of (47) occurs at C, rather then C,
is explainad by invoking conformztional transmission
effectes in the enolate anion formation step in the
reaction. Use is mede of Pucourt's rules of dihedral
angle changes in descriting the conlormationsl trans-
mission effects. Enol acetylation of (47) results in
a large predonminance of the C2, C3 unsaturated enol

acetate,

g
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INTRODUCTION

Conformation end Conformation=al Anslvsls

It 1s both a stimulating challenge and a fascination
fbr therrganic chemlist to account for the physical pro-
perties of organic compounds and to explain the manner in
which chemical reactions proceed. In order to help him in
these pursuits, increasingly detailed and subtle concepts
have been postulated to describe the spatial arrangement
of the atoms that comprise a molecule. The study of the

relative positions of the atoms in 2 molecule is called

stereochemistry and a very importsnt aspect of stéreo-

chemlstry is that of conformstion.

The conformations of 2 molecule are the different
arrangements in space of the atoms of a2 molecules that can
arlse by the rotation or twisting (but not breaking) of
bonds in the molecule. Conformations may be considered
as "rotational isomers",

It is important to differcntiate between conformation
and configuration, the laztter designatiné the etereochemistry
at an asymmetric centre in the molecule; To transform one
configuration of a2 molecule into another, it is necessary
to breaX bvonds wnereas in the case of conformations, a
rotetion or twleting of bonds is reqguired,

Those investigations which desl with the deterain-
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ation of the conformations of molecules and the effects
that different conformations exert on the rate and
direction of chemical reactions, are included in the

concept of conformationsl anzlysis. The basic idea of

conforrational analysis is that chemical and physical
properties of organic compounds are related to preferred
conformations. This principle, applied to cyclohexane
derivatives, was first clearly stated by Bartond in 1950
and wes later elaborated upon2 in 1953, Two books3’Lp end a
review? dezling with conformational analysis have recently
appeared in which the basic principles are expounded.

Conformation of the Cyclohexane Molecule

It is currently believed that the cyclohexane ring
may exigt in two basic forms, a2 rigid form commonly
called the chair form (1), and =a moBile.one wnich can
be easily distorted into & number of shapes, one of which

resembles a boat (2), the others having & twisted

conformation, e.g. (3).

P
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In describing the conformations that result from
rotation or twisting about a single bond, it is usefﬁl
to consider the dihedral angles in a molecule. The
dihedral angle Cl‘C2”CB‘04 in the chair form (1) of

cyclohexezne is shown in (4).

There are six egual dihedral angles of 60° ezch in
the chelr conformztion of cyclohexane and steric inter-
actions within the nmolecule are thereby reduced to a
minimum, The boat form has two dinedral angles of 0° and
four of 60°. This results in two peirs of eclipsed inter-

o

ections at C,, Cg and C3, C5 respectively (see (?2) ) and a

C1, C, "bou~gtern" interactlion thereby neking the boat form

12
lese stadle thzn the chailr form., The twist- or slew-bont



form is slightly more stable than the bbet form beczuse

the highly energetic eclipsed interactions in the latter

are partially relieved in the former conformation.
It can be seen from (1) that two types of carbon-

hydrogen bonds exist in the chair form of cyclohexane;

- .
0 2 e e e s s it L b et e T

those which lie perpendicular to the plane of the ring,

called axial (a2) bonds, and those that 1lie essentially
in the plane of the ring, designzted egustorisl (e) bonds.
Among the non-btonded interactions in the chair form, the

1,3 - interactions between axisl substituents and 1,2 -

2

interactions between equatorial substituents are especially
importent,

Conformation of Cyclohezene end Encourt's Rules of Dihedral

i§ Anagle Cheances

: The introduction of unsaturstion into the cyclohexane
ring, as in cyclohexene, causes the normal chair conformation
to be distorted to that of & “half-cheir" (5) in.which

Cl’ 02, C3, and C, are coblanar.

. 5 6
5l ' 1
\ ~ \
\
\ ' 4 1
:4 3\ 2 1 £
) .
H A
\ ~ 2
' \ 3 .
: \ &y denotes opening and
Y———— denotes closing of the
(= dihedrsl angle indicated,

D 6

Bt 2t et mt - m 4 e e s
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By means of vectorial calculations, Bucourt6’7’8 studied
the effects of chenges in dihedral angles on the geometry of
the cyclohexsne ring. He found thet when the dihedral angle
Cl'CQ'CB"Cb (%) in cyclohexane (1) is decreased to Oo in form-
ing cyclchexene (5), chenges occur in the other dihedral
ahgles in the ring. Thus, the‘"gggg" dihedrzal angle
Cu'CS'Cé"Cl (6) 1= opened or increased to 700, an incresasse
of 10° 2bove the iwalue found in cyclohexene, whnile the "meta"
dihedral engle Cp-Cy~Cg-Cg is closed or decressed by 10°
from the normsl value of 6o° in cyclohexane, as shown in Table I.

Changes in the dinedrsl angles in cyclohexzne are assoc-
ieted with changes in the distances between sxial substituents
on the ring ard = resulfnnt altefation of steric interactions.
Thus the axial substituents Aq, A3 end Az, A4 (7) on the
carton atoms foruine the dihedrsal asngle Cl~C2-C3-04 a2pproacn
one anotﬁer wnen the engle ie opened anq move aeway from each
other wnen the angle 1s closed. These relationships are
shorm in Table IJ. In addition, the same relaticns hold
between changes in the dihedrsl ansgle Cl~CZ-C3nC4 and changes
in steric interactions betwsen A5 and A3 and Aq, although
these interasction éhangcs are smeller than the ones deccribed

above,
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Table I The Direction of Change in the Dihedral Angles
in Going from Cyclohexane to Cyclohexene (6).

Position of Dihedral Angle Change in Dihedral Angle
With Resepect to the Doutrle
Bond

meta closed

para opened

Table II The Helation Between Dihedral Angle Change and
Change in Steric Interactions Between Axial
Substituents on the Carbon Atoms Forming the
Dihedrasl Angle,

Chengce in Dihedral Anzle Chenge in Steric Intersctions
opened greater
closed smzllex

Takle III ZBucourt's Bules of Dihedral Angle Change
Interdependences in Fused Six-menbered Ring
Systems (sce (8) end (9) ).

Relationshiyv of Dihedrsl Direction of Chenge (Cpening
Ltngles , or Closing) in Cne Anzle ¥ith

Respect to Change in the Other

correeponding angles

about the comnuzon bond

in treng-fused ring

gystens opposite

corrcgponding anzles

about the common bond in
cls-Tuged ring systems sane
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Bucourt's calculations applied to fused six-membered
ring systems indicate that deformations produced in one
ring may be transmitted to adjecent rings in a specific
manner, In trens-fused systems, e.g. (8), if 2 deforn-
atlion occurs in the dilhedral angle about the bond common
to both rings, e.g. angle Cé—C5-ClOnC9 in ring B, then
the corresponding dihedrzl engle in ring A, angle
Cu—C5«C10-C1 undergoes a defornation of the same
magnitude but of ogpposite direction, In cls-fused ring
systems, e.g. (9), a sizmilar relation exists except that
the deformations of the dihedral ancles are of the geme
direction as well as maegnitude. These dihedral angle
change interdependences are swimarized in Table III and

they may be resdily seen using moleculsr models,

v em
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Conformation of the Steroid Nucleus

Since the chair form of cyclohexané 1s the most stable,
1t is assumed that the preferred conformation for the steroid
nucleus 1s the one in which the three six-membered rings are
all in the chzir form.9 The steroid-nucleus is therelfore a
rigid éystem end 1s one in which the conformation is fixed
or "frozen". Occasionally, one of the rings may assume the
boat form when particular substituents are present in the
steroid nucleus.,t0

Steroild numbering is as indicated in (10) end (11) and

'the rings ere designated by capital letters, In 5a~cholestane

(10), all the ring junctions are trans whereas in 53~cholestane

-

(11), the A/B ring junction is cis while the others are trans.
Subetituents pointing upwerd (so0lid lines) ere designated g

and those pointing dovnward (dashed lines) sre desipgnated "o,
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Conforrationsl Trensmission

In & series of pepers,ll’ 12, 15 Barton reported the
results of studies on the base-catzlyzed sldol condensation
of benzaldehyde with a wide range of variously substituted
3- keto triterpenes, steroids, and decalins to give
benzylidene derivatives at Co. The reaction may be

represented as follows:

H
be\(Lb
PhcHo
oH®

it ]

ke

@)
|\
2

. He found that the raté of condensgtion varied gquite
wldely and was markedly influenced by the presence of
unsaturated substituents st positions in the molecules
remote from the reaction site. Based on the condensation
rate, r, for 5a—1anost*8—en—3-6ne (L4) zrbitrarily

set at 100, the relative rates of scveral of the compounds

~studied by Earton13 are shovm in Filgure I. It can te secon

—
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Figure I. Some of the Compounds Whose Hates, r™ of
BenVylidcnf Formation at C2 were Studied
by Earton.1i3 '

I
i
Mo ; !
““*The relative rotes, 1, are based on that of Sa-lanost-5- . i

en-3-one (14) equaling 100, !
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that a change in the location of the double bond from the
8,9 position to the 7,8 position in 5a—érgost-7—en-3-one
(16) caused the rate to decrease by about half to 47
whlle the presence of =2 6,?—doub1e‘bpnd in 5a~cholest-

‘6-en-3-one (20) resulted in an increase in the rate

to 645, which is about fourteen times that for the
compound having & 7,8-double bond (16).

Throughout the various steroid series exemined, it

g
i

was found that the efflfect of any one substituent was

PR

consistent. For exanmple, & 7,8-~double bond alwsys
é diminished the condensation rste compsred with that of
f the analogous saturated compound, while a 6,7-double bond
; _ increased the rate,
.: Barton rejected the ides that the variation in the
g rates was caused by electrostatic or bond induction effects,

He concluded that the rate differences were ceused by con-
formational distortions in the molecule produced by
unsaturated substituents, the distortions being trans-
mitted through the molecule to the resction site by &

slight bending of dihedral angles and slterations of atonic

T A T 1 b i S TS S . 2 k] £

co-ordinates, although he did not go into detail on this

latter point., This c¢ffect was termed conformational

transmission by Barton.

——— oman e e

Ba

n

wn

ed on the work of Noyce and Reedlu and Stiles,

e L R RO S S RRIT- S P) Sty o

Wolf, and Hudsonl5,‘Earton formulated the mechani sm for

his bnse-catalyzed reanction as follows:

R A TRE A b s i s 28 Tmi i
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Cu (24, 26),

I R Y ey B F e S F 1+ A

Caem, A Eribg 3

%Mmu&.‘mwa;.’,ms,_»..us.».... Sl ok

&5
4+ OH

< PhCHO

“ H;0

< OH

end in a 3-keto steroid such se (22)

occur irn two directions,

- 12
O
&
~k
2
Ph
ko . &
\ k4 "
Ph
s> 1o tH
SR 9.
Ko s ﬂh
——i —— HO<=CH o
S Re | BT
[/ oc‘vncm
Ph
k ]
G CH ?
" 3
s Qe Lo

towards C2 (23, 25) and torards

<+ HZO

The first step is tne formation of an enolate enion

the erolization may

(1,11) %
(11i,1iv) ?
(vyvi) ;
(vii,viii) |
(ix)
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Bairton postulated that the chenge in rate of bengzylid.-
ene fornation at C2 caused by the introduction of an
uncaturated substituent at a site remote from the L-ring
in the steroid nucleus was a reflection of the abtility of
the uneaturated substituent to induce preferential
eriolization either towards 02 or CM’ A 7,8-double liond
ves sssumed to csure preferential enolization towords €
and wvhile it 1¢ reasonable to expect benzylidene fornation
at Ch in steroids contailning a 7,8-double bond, only the
C.~tsomer vas detected by EBorton. He explsined the

2

exclugive formatlon of C?-condensetion produet by supposing
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that the reverse aldol step (iv)

in the above mechanisn

1s more fevourable at 04 than at 02 because the Cy

poslition is subject to extrs steric hindrance by the

6-methylene group.

benzylidene derivative is, thus,

The nat rate for the formation of a L.

very low. Barton therefore

concluded that in stercids containing e 7,8-double bond

preferential enolization towzrds
benzylidene formation at c4 but,
rate of benzylidene formation at

a 6,7-double bond was assumed to

04 is not reflected in
rather, in a diminished
Coe On the other hand,

induce preferential

enolization towards Co, the recguired enolate enion for
benzylidene formation et Cry and this results in an
Increased condensation rate in steroids containing a
6,7~double bond,

With the ald of moleculer models, Robinson and
Whalley16 were able to account in a semiqusntitative
manner for the way in which conformstional deformations
cezused by unsaturated substituents in the steroid molecule
Bucourt wzs also able to

are transmitted to the A-ring.

confornational tranemissions using his

<

account for these
rules of dihedrel angle changes described above, and more

will be s2id about this loter.

-~

Other Exomvles of Longs Hone-e Lfiects

7 e

. A : 1
Baker and Hude&' found a psrzllel between the rote

of zcetolysls (27, 28) of steroidul 3-tosylates contsinin-

L,
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unszturated substituents remote from the A-ring, and the
rate of 2-benzylidene formation in the enalogously

substituted 3-keto steroids, observed b Parton. Thus
9 9

Cghisz CgHi-

27 | 28 -

o

the introduction of a 7,8-double bond into (27) lowered

-

the acetolysis rate by about 605 whereas the presence of a

-

6,7-,8,9-, or 8,1lh4-double bond in (27) caused

n inceroacse

)

=

in the raste relative to that of the compround with a 78
double bond, in a monner sinilar to thet observsad by arion,

The suthors 1ink the incressed acetolysies rates ith

presence of substituents that open the-Cl—Cg—CB—Cq ¢ihedrsl

stitucnte thot close this ancle,

to 2ccount fou the chenpge in rate with chonges in

dihedrsl anglo,

A long range effect aprarently coueed by difrerent

C etde chelng b vecently boen reported,  The

17




- 16 -

diazomethane homologation of 3-keto steroids may give two

i someric products as follows:

Lover. )
O
X
)

Z
1%}
v()

I\
'
oy —

_F
4
—

Jones and Zonderl® observed that with R=H, OH, or OAc,
the ratio of (30):(31) was about Lo:60. However,.with
i=Cglyp, the ratio became 86:20. In the 58-series the
ratio was 50:50 with R=0H, but with R308H17, the ratio
became 20:80, & reversal of the result in the Sa-series.
The suthors were unzble to explain this long range effect
ip terms of polar or conformational transmission effects,
It is of interest to note that Parton did not observe any
effects due to different side cnalis,

Another exanple of the directive effect of C17 side
chzing has recently been reported. The epoxidation of
4, 5-unsaturated 3-keto sterolds (32) may result in both the
a-(33) and 5-(34) epoxides. Henbest and Jeoksonlg ot sarved
that no a~epoxide was obtalined with non-polar side chalns

but up to 605 of w-epoxlde nay be obtained with polar
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substituents, For example, with R=f-H or 8-Cgiyns 1O (33)

was obtained but a 30% yield of (33) was achieved with
R =a-OCH. With X :a-coézz 60% of (33) was obtained. A
similar directing effect was also noted for polar groups
at Cy3. The results were explained as being due to intra-
moleculer electrostatic interactions by the polar sub-
stituents, which favour the formation of the a-epoxides,
Other examples of remote substituents affecting
reactions occurring at the A-~ring of steroids ere the rate
of formetlon and hydrolysis of thiosemicarbazones of 4,5-
unsaturated 3-keto steroidézo and the dissociation rate
of the cyanohydrins of 3-keto steroidSZI.

Several examples of reactlons occurring at the

D-ring of steroids, in which the effects of remote

‘substituents are invoked, have been reported. HMathieu,

et 51.22 reported a varlation of the solvolysis rate of

178-tosylates with the degree of unsaturation in ring A,

US|
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They observed that, in general, the grester the unsaturstion
in ring A, the smaller the rate of solvolysis of the 17p-
tosylate,

The reactlon may be represented as follows:

OTs

— + OT® |
35 38

Formation of the trigonzl cerbon in (36) involves overw
coming a strain because the trigonzl carbton ceuses the -
ring to become flattened, _The authors suggest that
additionzl strain resulting from unssturetion in rirg A
1s trensmitted to the D-ring by conformstional trenemicsion,
The increased setrain in ring D results in a reluctence to
forre the trigonal carbon et Cl? which 1z reflected in lower
solvolyeis rates,

A similar effect was noted by Fishmen and Guzik23
wno obtalned greatly decreacsed yields of enol acetates of
16- and 17-keto steroids, a recction (38) which involves
trigonal cerbon foramstion, in compounds contalning

unsaturated L -rincs,
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Using information obtained from x-ray crystallography

24
Geise, et al. have found that the all trans steroid

b

nucleus (10) is somevwhat bent convex towards the g-side and

is not flat ac one might be led to believe by considering
the stéroid nucleus as beingz built up of cyclohexane
building blocks. However, it 1s necessary to take into
account interasctions present in the steroid nﬁcleus but
which are not present in the cyclohexane unit. The reason
provosed for the bending oi the sterold nucleus is that
this is the result of interactions between the axizl
methyl groups at ClO and 013 and the axlal hydrogens
sttached to Cq end Cy.

An interesting point which the authors do not male
jg that moleculsr models do not take into account the bent

nature of the steroid nucleus and they are therefore

fundamentally slightly ircccurate when representing steroide,
a-tiethyvlation of 3-Keto Steroids
25,26
The mechsnlsm 35 for the base-catalyzed nethylatlon

of ketones moy be represented as follows:

O
1] © K \ (G i )
mcHszus “? B Y—l'iz"a;—-‘ G‘C}-;n)Ca <_________) ._,C,‘:: C“_ & E’:H (\ . 1)
i1
O
O

i

wCH=Cor - CHgX L O LN ~CHesles )53 (x
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Since the first step in this reaction is the formaticn
of an enolate anion, as 1s also the case in benzylidene ;
formation, it may be expected that the alkylation of 3-leto
steroiqs should be subject to similsar conformetional trans-
missiqn effects that Barton detected in his benzaldehyde'
condensation reactions, This seems to be the case. For
example, while the methylation of S50~cholestan-3-one (39)
results in the 2-methyl derivative (4o), 55-cholestan-3-one
(41) gives the 4-methyl derivative (42)2?. Tne presence
of a 7,8-double bord in 5a-cholest-7-en-3-one (43) causes
methylation to occur at C4 also, resulting in compound
(MU)28929 while in 5a-cholest-6-~en~3-one (L45) the 2-nethyl
isoner (46) i= rormea 0.

Whereas the benzaldehyde condensation reaction resulte
in the exclusive formetion of the 2-benzylidene preduct, in
the methylation of 3-keto steroids both 2-methyl end L-methyl
products are formed, depending on the ketone. The difference
between the two reactionsg may be explained by the fact that
the carbon-carbon bond formation step in the benzaldehyde
reaction, (i1ii), is reversible and the reaction can there-
fore equilib~ate torards the nore stéble Co~-product even
in compounds where enolization is preferentislly towards

c In this reaction, the rate of forwmation of 2-beni-

q.
zylidene product reflccts the direction of rreferrcd
enolizetion. In the methylation reaction, the carbon-

caerbon bond foruntion step, (x1i), is irvreversible and
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the position of the methyl group in the product reflects
the direction of preferential enolization in the reactant,

It appears that in the methylation reaction in the
qholestan—B-one series two different structural festures
have the same effect in directing the site of methylation,
The presence of either a S5pg~hydrogen as in (41) or a
7,8-double bond as in (L43) causes methylation to occur at
Cy whereas in the 5a saturated compound (39), methylation
occurs at C,. It therefore was of interest to us to
synthesize the comround in which both of these M-methylation'
directing structurzl features are present, namely 5p-cholest-
7-en-3-one (47), a2nd to methylate it in order to determine
whether these two structural features would exert parallel
effects in such & system &nd cause methylation to occur at
Cpe

Use of lass Snectrometry to Anslyze Hethylstion Frcducts

It has been found that very subtle structurzl chenges

may redicslly a@lter the mess spectral fragmentation
» in gn unpredictable mannen
patterns of steroidal ketones,/\Therefore, a correlation
between cracking pattern and structure is not generally
22

feasible“o. The introduction of such functional groups
&s dimethylamino, ethylene thiocketals, and ethylene ketals,
which contain hetero atoms, results in sinplified srectra

which 2re more easily interpvreted. This is due to the

ability of the hetero atoms to stabilize positive charse,
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which results from electron bomberdment in the mass
spectrometer, and thereby to direct fragmentstion in a
predictable manner, Thus, the mass spectra of the
ethylene ketzls of 3-keto steroids exhibit three main
peaks at m/e 99, 112, and 125°+* 32, Tne presence of
methyl substituents at Cy and 04 alters the relative
abundence of thesc three peaks in a characteristic nmanner,
In this way 1t hazs been possible32 to distingulish betvieen
2-methyl-and ld-methyl-3-keto steroids and we expected

to make use of this technique in our investigation of the

methylation of 5:~cholest-7-cn~3-one (47),

SN
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DISCUSSION

The Synthesls of 58-Cholest-7-en-3-one (47)

Synthesis of the desired compound, 53-cholest-7~en-
one (47), was achieved in two steps from the commercially
avallable cholesta-5,7-diene-33-01 (7—dehydrocholesterol,
48), as shown in Figure II. Oppenauer oxidation of the
latter compound, according to the procedure of Cohen
et 91.33, gave the known cholesta-4,7-diene-3-one (49)
which was catalytically hydrogenated over palladium on
charcoal following the procedure34’35 used for the hydrog-~
enation of cholest-4-en-3-one (50) to 53-cholestan-3-one (41).
Under thése conditions the 7,8-double bond is not hydrog-
enated, however, it is prone to migrate to the 8,14-
position36. The desired 53-cholest-7-en-3-one (47) was

obtained in 50% yield by chromatography of the crude

CgHy7

N

m(o-ird,, (jijﬁﬂg_,
"o o? ~ Pd/CCf

i 48 49

: Fipgure I1, The Synthecls of 53-Chuleste7-en-R-cns (&
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CgHy7

50 4 39

hydrogenation product on silica gel using a large ratio of
adsorbant to product (750 g/g) but even with such a large
ratio, the separation wes incomplete., The catalytic

hydrogenation of (50) is ¥nown3’ to produce about a 25%

yield of the 5a-epimer (39), however, none of the corres-

ponding Sa—epimer (L3) was isolated due to the incomplete

i

separation,
Evidence for structure (47) was as follows.

Confirmation of the moleculary welght was obtained by

the eppearance of a parent mclecular ion (p.m.i.) peak

S

et m/e 384 in the mass spectrum, The presence of &

3T

K
M ketone function was indiceted by an infrared (i.r.)

3 -1 ,

p: abecorption at 1715 cm ag well as the fact tnat (47)

3

3 forned en ethylene ketal., The presence of the 7,8-doubls
E

5 borid was shorn by & broad nuclesr masnetic resconeonce

38

3 (n.m,r.) penl at 5.136° and the double rond was confirmed

AT

. ~1 .
i by an i.r, absorption peak ot 1665 cm ~. An §,14-

doubtle bond, which migsht have been formed durlna the
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hydrogenation, would show no olefin absorption in the
n.m.r. spectrum since it would be tetrasubstituted,

The 53-stereochemistry of (47) stems from the fact that
1ts m.p. and specific rotation differed from those of
the known 5a-epimer (43), Furthermore,-the optical
rotatory dispersion (o.r.d.) curve of (47), ﬁigure 111,
showed a negative Cotton effect as does 58-cholestan-
3-one (41) whereas anszlogous 5a-steroids, such as
5a-ergost-7-en-3-one (16) and 5a-cholesten-3-one (39)
show strong positive Cotton effects as shown in Table IV.
Indeed, the o.r.d. curve of the S5a-epimer (43) chows a
strong positive Cotton effect (see Table IV).

Methylstion of 58-Cholest-7-en-3-one (L7)

29

The procedure of Mazur a2nd Sondheimer wazs used
for the methylation of (47). Two methylation products
were isolated by chromestography on alumina, a2 mnore mobile
one obtzined s an o1l in 24% yield and a less mobile
crystelline product obtained in 53% yield, teking into
account recovered stazrting materiel.

A masg spectrum of the oily product showed a p.m.i.
&t m/e 412 indicating a dimethyl derivative., The i.r,

spectrum hed a carbonyl absorption at 1700 cm'l, a

decrezcse of 15 cm"1 compared with thnt of the unmethyl-
. 2
ated compound, FMazur and Sondheimer observed 7 a

similsr lowezring of the carbonyl stretching frequency



- 27 -
Optical rotatory dispersion curves of 53-
cholest-7-en-3-one (47), 2,2-dimethyl-
5B-cholest-7-en~3-one (63), 23-methyl-
58-cholest-7-en-3-one (62), a2nd 23-

methyl-538~cholestan-~

Figure III,

3-one (66),
CgHiz
o", 6 3
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Table IV Optical Rotatory Dispersion lMolecular Amplitudes,
2, For Some 3-Keto Steroids

Compound ' Molecular Reference
' : Amplitude,
g, (degrees)

53-cholest-7-en-3-cne (47) ~-54
58-cholesten-3-one (41) - - -25 41
5a-ergost-7-en-3-one (16) 52 42
5a-cholgstan53—one (39) +65 43
Sa-cholest-7-en-3-one (43) +63 Ll
2a-methyl-Sa-cholestan-3-cne (40) +63 L2
23-methyl-50-cholestan-3-one (67) 73 42
L L_dimethyl-5a-cholestan-3-one
(61) ~11 42
L, h.dimethyl-5s-cholesten-3-one
(68) -27 bs
2,2-dimethyl-53~cholest-7-en-3-
one (63) -65
23-methyl-53-cholest-7-en-3-one
(62) -4l

¥
23~methyl-5g—-cholestan-3-one (66) - - 8f -9.8#: L2

¥ For e definition of moleculer amplitude, 2z, see P. Crabdbté,
“"Opticel Hotatory Dispersion eand Circular Dichroisn in
Organic Chemistry", Holden-Iay, San fFrancisco, 1905, p. 17.

%3 This value was obteined in this laboratory, (see Figure III).

75 The o.r.d. curve for this compound, reported in reference
L2, terminzted just before the peak et 280 mM was reached,
Hence the value for a 1s slightly more negative than here
indicated,
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for C,- and Cu- gem dimethyl derivatives in the saturated

2
Sa~cholestan-3-one series, The 7,8-double bond was
unaffected by the methylation reaction as shown by a
broad signal =zt 55&36 in the n.n.r. specfrum.

Mass Spectral Proof of the Structure of the Dimethyl Product

It has been mentioned that the mass spectra of the
ethylene ketals of 3-keto steroids show three main peaks
et m/e 99, 112, and 125. The origin of these peaks are
explainedué es shown in Figure IV, A rupture of the

C,=C; bond in (51),the “A split”,results in the m/e 99

3
pesk (53). The "B split" in (51) results in an intermediate,
(55), which cazn further split in three ways, a, 3, and ¥

to give peaks at m/e 99, 112, and 125 respectively, &as
jllustrated by the ethylene ketals of compounds (39) and

(4L1) in Table V., The presence of a methyl group at C,

wlll favour the B split since a positive charge resulting
from electron bombardment will be more stabdble at the
tertiary 02 carbon than at the secondary Cy carbon atom,
Thus, with the ethylene ketal of 2a-methyl-S5a-cholesten-
3-one (L0) the reletive abﬁndance of the peaks at n/e

112 and 125, resulting from the B split, have increased
sharply with respect to those of the ethylene ketal of

(39), the norn-methylated compound, as shown in Table v,

The A eplit, now indicated by the peak at m/e 113, 1is

slightly diminished. In the case of 2,2-dinethyl
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substituted compounds such as the ethylene ketel of (59),
the A split cannot occur éince there is no hydrogen
avallable a2t C2 to be abstracted and therefore, the
formation of a resonance stabilized conjugated dimethyl
species analogous to (53) is impossible. In 2n znalogous
manner, ethylene ketals of compounds with 4-methyl
substituents such 2s (60) preferentially undergo the

A split with & resulting diminution in the relative
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abundance of the B split peaks and with 4,4-dimethyl

éompounds such as the ethylene ketal of (61), only the

A split occurs since the B split is now impossible as

may be. seen from the relative abundsnces showm in Table V,
The mass spectrum (Figure V and Table V)of the

ethylene ketal of the dimethylated compound (63) obtained

from methylation of (47) shows relative abundances of

60% end 31% at m/e 112 and 125 respectively and 39% at

m/e 99. This information is compatible only with

a 2,2-dimethyl structure. In a 2,4-dimethyl structure,

peaks resulting from the B split would appear at m/e

113, 126, and 139 while the A split would show a peak

at m/e 113, Such pezks sre of very low intensity in

the mass spectrum of the ethylene ketal of (63). 1In o

h,b-dimethyl structure, the B split would be suppressed

and peaks at m/e 112 and 125 would be very small while

the A split would be enhanced, resulting in a very strong

peak 2t m/e 99, This is not the case with the ethylene

ketal of (63). Therefore, the structure of (63) must be

as formulated, -

The Product of MNonomethylation of (47)

It has been shown by Beton et 31.4/ that in the

monomethylation of 3-keto steroids, the isomer in which
the methyl group is axial is formed first and that this

lsomer 1s isomerized to the thermodynanmically more stable
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equatorisl isomer with potassium tert-butoxide in
tert-butanol, the reaction medium used in the
methylation of (47),

The mass spectrum of the crystalline product obtained
from the methylation of (47) showed a p.m.i., at m/e 398
indicating & monomethyl derivative. The ketone and
7,8-double bond functions were intact as indicated by

an i,r., absorption at 1710 en™t and a brosd n.m,r. peak

at 5.11 § respectively. Based on the work of Beton et g;.47
it 1s reasonable to assume that the monomethyl isomer
obtained was the more stable equatorial (23-methyl or
43-methyl) one. A mass spectrum (Figure VI and Table V)
of the etnylene ketal of the monomethyl product (62)
showed smzll peaks at m/e 99, 112, and 113. The m/e 99
peak may be accounted for as arising from elther an

A split in a L-substituted compound or a B split
followed by zna split (Figure IV)in a 2-substituted
compound. The peak at m/e 113 may be considered the
resulﬁ of elther sn A split in & 2-substituted compound
or 2 B split followed by &n a split in a L-substituted
compound, The pesk at m/e 112, of relative abundance
11%, could only erise from a B split followed bty 2 3
gplit in & 2-substituted compound, however, the low

intensity of this pealt does not 21lloir the assignument of
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the methyl group to the 2-position to be made with much

certainty. Ve thus nad a compound which did not undergo
the usual fragmentations associated with the ethylene

ketals of 2- or L4-methyl substituted 3-keto steroids.

The assignmnent of the methyl group to the 2- or 4-position

based on mass spectral dats could not be made with
certainty and the o.,r.d. spectrum, about which more
will be szid later, did not resolve this problem.

Sinrce all the ususl spectroscopic methods had been used
without success, we therefore had to resort to a
chemical proof for the structure of the monomethyl
product, which is outlined in Figure VII.

The monomethyl product was catalytically hydrog-
enated over platinum using perchloric ecid catalyst
according to the procedure of Fudles and Bloch48. The
mixture of saturated azlcohols obtained, (64) end (65),
was not separated but woas oxidized with Jornes' reagent
to give & compound identicel with 23-methyl-55-cholestan-
3-one (6%), previously reported in the literature.27
The mass spectrum (Figure VIII and Table V) of the
ethylene ketal of (66) showed an intense peak at
m/e 125 and a weak one at m/e 112 both of which are

compatible only with a 2-methyl structure,
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The anomolous fragmentation pattern observed for the
ethylene ketal of (62) is most likely due to the presence
of the 7,8-double bond. Among the three secondary
fragmentations, a, 3, or ¥ of the B split( Figure IV)
the ¥ fragmentation is the most favoured in the saturated
ethylene ketals. This may be seen with compounds (39),
(40), (B1), (59) and (66) in Table V where the relative
abundances of the ¥ fragmentation ions are greater than
those of the o or 3 fragmentations. Therefore any process
which prevents the ¥ split will thereby suppress the
B split since the most favoured pathway of the B split
will then be blocked. The 7,8-double bénd in the ethylene
ketal of (62) prevents the ¥ split and this results in a
suppressed B split. Furthermore, the 2-methyl group
suppresses the A split., Thus, in the ethylene ketal of (62)
both the A and B splits are suppressed znd this accounts for
the small peaks observed for the charzcteristic ions at n/e
99, 112 a2nd 113, which makes a mass speciral interpretation
of the methylation site uncertain. In the case of the
ethylene ketal of the 2,2-dimethyl derivative (63)
the 4 split is not possible, as explained previously, and
therefore all of the characteristic ethylene ketal
fragmentation must proceed through the ¥ split. The
presence of the peak at m/e 125 in the mass spectrum of

the ethylene ketel of (63),resulting from a ¥ split,
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may be explained by assuming that the 7,8-double bond

1s shifted to another position, possibly to 8,14, thereby
allowing the ¥ split to occur. The relative atundance
resulting from this ¥ split ie half that of the 3 split,
see Table V, Therefore the ¥ split is not a favourable one
in this case and it occurs only becsuse the A split is
entirely suppressed,

Apvlication of O.R.D. to the Structursl Determinztion of

the Methylstion Products

The octant rule, epplied to 5a-3-keto steroidsug
predicts that a bulky substituent such as methyl in the
axlial position at C2 w11l cause the Cotton effect to
become more positive and a bulky axizal substituent at
Ch will make the Cotton effect more negative with respect
to that of the unsubstituted ketone, as shown in the
octant diagram, Figure IX. Substituents in the equatorial
positions at Co 2nd C4 wlll have 1little influence on the
Cotton effect. These relétionships are 1llustrated ith
some examples from Table IV. While 5a-cholestan-3-cne (39)
has a molecular sanplitude, g=-565°, its 23-methyl (axiasl)
derivative (67) has a= ¢?3°, en increase of 8%, whereas
its 2a-methyl (equatorial) derivative, (40)yhas

a= $63%, nearly the same as the unsubstituted ketone, (39),
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.'..14,3-'.

L,4-Dimethyl-5a-choléstan-3-one (61), however, containing !
an axial 43-methyl group, has a= ~11°, a significantly
large negative difference resulting in a change of the
éign of the Cotton effect compzred with the unsubstituted

compound,

C8H17

O >S5
= K

68

Whereas in 5a-sterolds the 23~ and 4s-positions
are axial and the a-positions are equatorial, in
5g-steroids the reverse is true and the 2a- and %4q-
positions are now axial. This causes a reversal of the
octant rule predictions fbr axisal substituents In therse
positions, as sho'm in Figure IX. Thus in 5z-3-keto
sterolds 2 bulky axial substituent at C, will cause the
Cotton effect to become more negative and such a
substituent at Cp 1111 make the Cotton effect more

positive with respect to that of the unsubstituted ketone,
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Few 5g-3-keto steroids having axial substituents at

C2 or Cy have been reported so thet these predictions
have not yet been thoroughly tested, One such example
is 4,4-dimethyl-53-cholestan-3-one (68) which has

= -279, a value nearly the same as that of the

unsubstituted analogue (41) with a= -25o (Table IV)
whereas the octant rule would predict a more positive
value, The fact that the octant rule did not apply here
was attributedhu to a flattened A~ring in which the
methyl groups at 04 are equivalent with respect to the
ketone group.

The o.r.d., spectrum of 2,2-dimethyl-55-choclest-7~
en-3-one (63), Figure III, has a molecular amplitude
11° more negative than the value (Table IV) for the
unmethylated compound (47). This is consistent with the
octant rule predicticn that the axial methyl group at C2
in (63) would exert s negative influence on the Cotton
effect (see Figure IX). With the monomethyl product
(62), hovever, the o.r.d. spectrun, Figure III, has a
molecular emplitude which is 1()O more positive than the
value (Table IV) for the unsubstituted compound (47).
This is inconsistent with the octant rule which predicts
little change in molecular amplitude due to the equstorial

23-methyl group-in (62)., A similer inconsistancy was
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observed in the o.r.d. spectrum, Figure III, of the
eanalogous saturated compound, (66), whose molecular
amplitude value of -80, which has previously been reported
as slightly less than -9.8°, is 17° more positive than the
value (Table IV) for the unsubstituted compound, (41).
Some examples have been reported of 5a-3-keto

sterolds containing axial substituents =zt C2 in which

it was suggested that ring A exists in a2 boat conform-

10’500r e flattened conformation intermedizte

51

vetween the chair and boat forms” . These conclusions

ation

were arrived at, in part, from the o.,r.d. curves of

these compounds which differed from the octant rule
predictions assuming a chair conformation. The non-
chair conformation for ring A was attributed to large
steric interactions inherent in & norma2l cheir conform-
ation between e2xial substituents at C2 and the axial Clo
methyl group. In the case of compounds (62) and (66),
such interactions are very smaell because of the bent
nature of the A4/B ¢ig sterold molecule (cf. C, in (10)
and (11) ). It ic therefore unlikely that the
inconsistencies with the octznt rule predictions obsgerved
for the o.r.d. curves of (62) and (66) are dus to ma jor
conformational distortions of the normal chair form of
the A-ring but, rather, are due to more subtle conformational

changes in the molecules,

[

sl mezn 2w
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Application of Bucourt's Rules in the Methylation of

3-Keto Steroids

In Table VI it may be seen that while methylation
of 5a-éholestanﬁ}ona(39) results in 2-methyl derivatives,
the analogous compounds containing either a 53-hydrogen,
(41), or a 7,8-double bond, (43), form the 4-methyl
derivatives, With a 6,7-doub1e bond in the analogous
S5a-compound, (45), methylation occurs at C,. We have
now shown that methylation of the analogous compound
containing both a 58-hydrogen and a 7,8-double bond,
(47), results in 2-methyl derivatives. It is therefore
apparent that changes occurring in the B-ring have a
great influence on the site of methylation of 3-keto
sterolds and that the type of A/B-ring junction is also
an important factor in the reaction. These two factors

13

support Barton's idea that conformational deformations
produced by unsaturation in the B-ring of steroids are
trensmitted across the A/B-ring junction and influence
reactions occurring in the A-ring. The methylation of
3-keto steroids may therefore serve as a useful means
of studying conformational transmission effects.

The results of the methylation reactions in the
various ketones mentioned above may be explained by

using Bucourt's rules of dihedral angle changes, which

are summarized in Tables I, II, and III. In the case
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Table VI The Site of Methylation in Some 3-Keto Steroids
- 4
O“ R3
Compound Rq Ro R3 Ryl Site of | reference
llethyl-
ation
Sa~cholestan-3-one (39) 5a0-H} H H H 2 27
58-cholestan-~3-one (41) 53-Hl H H H 4 27
S5a~cholest-7-en-3-one (43)] 5a-H{ H Double 4 28,29
Bond
5a-cholest-6-en-~3-one (45)| 5a-H|Double
Bond H 2 10
53-cholest-7-en-3-one (47)|53~-H|Hd Double
Bond 2

R
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of S5a-~cholestan-3-one (39), formation of the 2,3-doutle

bond in the enolate anion, (69), causes the para

Cetz

NPT

Pebe

FH

o 1)
0

S 70

)
O
o

diredral angle CU—C5—C to open and since the rings

0-C1°
are trans fused, the dihedral angle Cg~Cc-C is closed.

57%0"%%

Closure of the latter dinedral angle causecs the distance

to lncrease between the axial methyl gioup at C10 and the

axial hydrosens at 06 and C8’ thereby decreasing the

steric Interactions between these groups. Formztion of
the 3,4-docuble btond in (70) causes the meta dihedral sngle
-C - - 5 -C = - to open with s
C5 C10 Cl to close and angle C6 C5 Clo C9 L
resultent increase in the C Cé and ClO’ CS 2xlal substit-

10°?
vent interactions, Therefore fermation of the 2,3-enolate
enion (69) is fzvoured over (70) and methvlation occurs at
C2. Similar considerations in the case of 58-choleston-3-

one (41), shown in Table VII, indicate the formstion of
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the 3,4-enolate enion 1s favoured here and this accounts
for the fact that methylation of (41) takes place at 04.
| Let us now consider the ring B unsaturated steroids.
The presence of the 6,7-double bond in 5a-cholest-6-
en-3-one (45) causes the meta dihedrgl angle C6-C5-Clo-c9
to close with respect to that of the saturated compound.
Closure of this dihedrasl angle cesuses the dihedral egnsgle
CU"CS'CIO’CI to open since the rings are trans fused,

Formation of the 2,3-enoclate anion (71) would result in

71 72

T
®

an opening of the para dinedral angle C4'CS"C10"01 wnich
would be compatible with the effect on this angle exerted
by the 6,7-double tond, whereas formation of the
3,4-enolste gnion (72) would close the meta angle
CU"CS"CIO'Cl wnich would be incompatible wilth the effect
of the 6,7-double bond on this angle. Therefore, (45)
preferentiazlly forms an enolate anion with a 2,3-double

bond (71) and umethylation occurs &at Cz.

TR YS P TP g
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Similar considerations, outlined in Table VIII, for
5a~cholest-7-en-3—ohe (43) and the compound studied in
this report, 53-cholest-7-en-3-one (47), may account for
the slite of methylation in these compounds. The difference
in the methylation sites in these two compounds may be
sttributed to the different manner 1ﬁ which deformations
in the B-ring are transmitted to ring A in A/B trans =znd
A/B cis steroids.

Thus the use of Bucourt's rules of dihedral angle
changes can account for the course of methylation in
the steroidal CBnketones mentioned ebove,

The Erol Acetvlation of 3-Keto Steroids

It hes been shown52 that the perchlceric acid cetalyced
acetic anhydride enol acetylation is thermodynamicelly
controlled whereas the sulphuric acld catalyzed
isopropnenyl acetate enol acetylation is kinetically
controlled. TCauben et 21.53 found that the isopropenyl
acetzte enol acetyletion of S5o-cholestan-3-one (39)
resulted in the 2,3-unsaturated enol acetate (73) while

S5&-cholesten-3-once (41) gove the 3,b4-unsaturated enol

acetate (75). Using gas chrometography to anclyze products,
L .
Favre and Eaczynskij repested the latter reaction sand

~

they detected both the 3,4-(75) and 2,3-(74) enol ecetutes

in the ratio of sbout 71:29, Using the sone analytleanl
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techniques, Liston55 observed that the perchloric acid
catelyzed acetic anhydride enol scetylation of
173-acetoxy~53~-androstan-3-one (75) resulted in 94% of
the 3,4-unsaturated enol scetate (78) and 6% of the
2,3-unsaturated isomer (77). With isopropenyl zcetate
and sulphuric acid, the ratio of (78) to (77) was 71:29.
A sample of 53-cholest-7-en-3-one (47) was submitted to
Dr. A.J. Liston, who prepsred the enol acetates (79) and
(80) under the conditions of thermodynamic and kinetic
control describel zbove, Under kinetic control, the
ratio of (79) to (80) obtained wuas 87.5:12,5 while the
thermodynamically controlled reasction resulted in

%,

se results

[0}

90.5:9.5 &s the ratio of (79)‘to (80)
shovr thet the preferred direction of acid catalyzed enol
acetylation (towards 02 or Cy) in 3-keto steroids is the
same as that for enolste anion formstion in alkeline

medium, s reflected in the egite of methylation of

steroidsl CB-ketoneS.

o
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EXPERIMNENTAL

General

Melting points were taken on a Thnomas-Hoover Uni-melt
apparatus and are uncorrected, Infrared (i.r.) spectra
were recorded on Beckman IR-8 or Beckman IR-20 instruments
in chloroform solution, unless otherwise indicated.
Nuclear magnetic resonance (n.m.r.) spectra were taken on
Varian T-60 or HA-100 spectrometers in chloroform-d with
tetramethylsilane as internal standard., liass spectra were
determined on a Hitachi Perkin-Elmer R.M.U. 6D mass
spectrometer at an 1onization potential of 70 e,V.
Optical rotatory dispersion (o.r.d.) curves were obtained
in dloxane solution on a Durrum-Jasco Model ORD/UV-5
spectropoiarimeter. Optical rotations were measured at
room temperature (23°) in chloroform solution on =

Perliin-Elmer 141 photoelectric pol%iimeter. In recording

0.,r.d, data &nd optical rotations, the concentrations are
expressed in g /100 ml. of solution., Microzsnalyses were
determined in the Eicroanélytical ILzboratory of Dr. A.

Bernhardt, Eltach uber Engelckirchen, West Germany.

Ultraviolet (u.v.,) spectra were recorded on a Perkin-
Elmer 202 recording spectrophotometer. SilicaR
(200~300 mesh) and neutral alumins (Joelm) were used s

A
apsorbants for column chromatography. Silica gel G
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(according to Stahl) was used as e%sorbant for thin
layer chromztography (t.l.c.) and sulphuric acid wes
used ss spreying agent. Petroleum ether boiling in the
range 30_600 was used. Reactlons were followed by t.l.c.
and, in column chromatography, an L.K.B.- 3400 automatic
fraction collector vas used and fractions with similar
t.l.c., flow rates were combined, unless otherwise
specified,

Cnolesta-U,7-diene-3-one (49) .~

]
i

This compound was prepared by Oppenauer oxidation o
cholesta-5,7-dlene-33~01 (asf*: eccording to the procedure
of Cohen, et g&{i A;1th the following modifications;
four times the amount of silica gel was used for
chromatography 2nd benzene was used as eluant instead
of hexane., Yield, €035, M. p. 8?-890; u.v. max (hexane),
230 np (€15,200). Lit.gg\;.p. 87-890; u.v., max (hexane),
230 mp (€ 17,400).

Catelytic Hyvdrorenation of Cholesta-lt,7-diene-3-one (49).

To & solution of 2.00 g (5.24 mii) of choleste-L,7-
diene-3-one (49) in 100 ml of anhydrous ether was added

200 mg- of finely powdered 10% Pd on charcozl, The

¥
7 Thie conpound wvas purchased from Nutritional Eiochsermical

Corporatlion.

i
;

.
PSR |
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resulting siurry was hydrogenatéd for 2.5 hm at
atmospheric pressure and roonm temperature with constant
agitation, The‘slurry vas then filtered through a pad
of celite on a sintered glass funnel and the filtrate
was evaporated to dryneés leaving a residue of 2,03 g-
of colourless oil., This was chromatographed on a column
containing 1,5 kg of SilicaR and petroleum ether was used
as eluent. The first materials eluted were solids with
m.p.'s between 80 and 860 which were combined to give
1.0 g. Recrystallization from methsnol gave 778 mg- of
53-cholest-7-en-3-one (4#%7), m.p. 86-870. Concentration
of mother liquors gave an additional 72 Mgey M Do 85—87O,total
yield, b42.5%, HRecrystzllization of one of the early
frections three times from mathanol gave an analytical
sample, m.p. 8?—8803 EQID'?65.40 (c,0.57); i.r. (Nujol),
1715 (ketone), 1665 (double bond) cm?l; n.n.r. § 5.13
(s, 7-H); o.r.d. (g, 0.24) [§],, #325% (§], +520°
$35y4 -781° (8D, +u620°, [¢3235+3o5o°, a -54%;
mass spectrum, m/e (relative intensity) 384(100),
351(55), 313(37), 119(38), 105(74).

Anal, Caled. for C27H4k03 C, 84,31; H, 11.53/
Found: C, 84.41; H, 11.52.

Reporteduo %or 5a—cholest-?-en—3-one.(h3), m.p,

146-1480; Ei)D'?Qh.?O. Subsequent fractions were



- 58 -

partielly crystalline oils showing one spot on t.l.c.
corresponding to that of 53-cholest-7-en-3-one (47).
These were combined (850 mg) and rechromatographed to
obtain more of compound (47),

Methylation of 53-Cholest-7-en-3-one (&é}.'“"

A solution of 137 mg of potassium metal (3.5 mM)
1nﬁ§\m1,of I-butanol was added to a boiling solution
of 889 mg (2.31 mM) of 53-cholest-7-en-3-one (5?). The
solution was refluxed for one minute and a solution of
0.8 ml. of Mel (excess) in 4 ml of benzene was added and
refluxing was continued for an additional 35 minutes,
After cooling the reaction vessel, water was added and
the resulting mixture was extracted with three ether

portions. The combined etheresgl extract was dried

(anhydrous‘NaZSOa) and the solvent was evaporated giving

965 mg. of yellow oil. Chromatography on a column contair-

ing 1‘kg of alumina (grade III) using petroleum ether as
eluant gave four products. The first was 52 mg. of a

colourless oil assumed to be tri- or tetramethylated

specles but was not characterized. The second was 162 nmg.

(17%) of 2,2-dimethyl-53~-cholest-7-en-3-one (63) obtained
as & colourless oll which showed one spot on t.l.c.
Atteapts at crystallizing this product from different

solvents were unsuccessful., The oily product showed
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[i)D +20.5° (c, 1.12); 1.r. 1700 (ketone) cmTl; n.m.r, o

5.18 (s, 7-H); o.r.d. (¢, 0.36) -[¢]45O+630°, [4;]31?
-1320°, Up] A5ILO » [©] 56¢-L9oo°, g -65° mass spectrum,
m/e (relative intensity) 412(37), 379(59), 105(100),
91(65). A correct analysis was obtained‘oﬁ the crystalline
ethylene ketal of this compound. Thé third product was

344 mg. (37%) or EB-methyl-SB-choleqt-?-en-B—one (62)

which, after recrystallization from hexane, hagd m.p,

128 130 « A second Tecrystallization fronm hexane gave

the analyticel sample m.p. 131-132°; Gﬂl)+42.6° (c, ?.83);
i.r. (Nujol) 1710 (ketone), 1665 sh (double bond) cm. ™
n.m.r. § 5,11 (s,1, 7-H); o.r.d. (g, 0.38), [¢J -&’35 ’

[¢3317 ~1040°, [‘1)3272-3»33500, [¢324 +2050°, & _[,3 9°

Dass spectrum, m/e (reletive intensity) 398(10n),
365(79), 314(95), 126(30), 105(%0),

anal. Celed. for ChgHug03 €, 84,33; H, 11,62,
Found: C, 84,583 H, 11.68.,

“e

Finally, 270 ng. (30%) of unchso ‘nged 5g-cholest-7-
eén-3-one (47) woe eluted, m.p. 85-87° after recrystoll-
ization frcm methanol,

23—Methy1~Su—Ch01Gstnn~3—one (66)

To 2 solution of 211 mg. (0.53 mi) of Zp-methyl-
53-cholest—7-en~3-one (62) in 10 m1 orf glaelal scetic
€cid plus 2 nl. of ethyl zcetate way added one drop orf

48

7057 ggueour perchloric scid #nd 100 mg of Ptoz.

SN
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This mixture was hydrogenated for 48 hr et atmospheric
pressure and room terperature with constant megnetic

stirring., A second batch of 100 mg of PtO, Was then

edded and hydrogenation was continued for a2n additionsal

72 hr, After filtering the mixture and eveporating the
solvent under reduced vressure, 255 ng of & yellow oil was
obtained which was refluxed for 0.5 hr in 20 ml of a 15%

methanclic KOH solution. The methanolic solution was

diluted with wzter and extracted with three ether portions.

Drying (anhydrous Nazsoh) and evaporation of the combined
ethereal extrazcts geve 234 mg of yellow oily residue whose
n.n.r. spectrum showed lack 6f olefinic absorection.
Chromatogrerhy. using & column containing 200 g of Silicead
and benzene zs elusnt gave 34 mg. of oily materiel which
was not characterized, and 157 mg of more polex materiel
which,on recrystellizaticn from methanol/etherghad m,p.
60-70°. The product was assumed to be 2 mixture of the
elcohols . (64) end (65). The mixture of zlcohols was

4. 4
oxidized with 15 drops of Jones' reagents 7 in 20 nml of
acetone for 0.5 hr, Methanol was then added to destroy
excess reagent and the oxidized product was isolated :rith
ether in the usvel way to give 143 mg of 23-methyl-
53~cholestan-3-one (66) as a partlally crystzlline oil,
Filtration through charcoal in etherezl solution followed

by crystnllization from ether/methanol g=ve 40 myg of
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product m.p. 111-112°% [ #26.2° (g, 1.1); o.r.d.
° 216° 151°
(¢, 0.21) [4)]%0 +97", [@3325-? 16°, [¢3313.;. 51°,
($] 5, #1010°, [§],4, 4970°, 01,5, +1080°, & -8%. Lit.
m.p. 111-112% [d ,+30°. L1t.%% &, sligntly less then

27

-9.89, » 43-llethyl-53-cholestan-3-one hes m.p. 58-59%;
(o] D &340 27, |

Concentreation of mother liquors gave an additional
46 mg of product m.p. 105-110°. Total yield, 41%.
2p-liethvl~53-Cholest-7-en~3-one Ethylene Ketal.

A solution of 113 mg (0.29 ml) of 23-methyl-53-cholest-
7-en-3-one (52) in 25 ml of benzene containing 0.2 ml of
ethylene glycol (excess) and 8 mg. of E—toluene‘sulphuric
acid was refluxed for 6 hr in a 50 ml- one-necked flask fitted
with a Soxhlet extraction apparatus containing a tnimble af
caleium carbidess.D WYeter formed during the reaction was thus
continuously removed &s acetylene gas. The reaction solution
was then poured into a nixture of ether and 5% equeous NaHCOB
in a severstory funnel,. ‘The ether layer was washed with
water, dried (anhydrous Nazsoq), and evapocrated to dryness
to give 128 mg of ketal. Three recrystallirations from
ether/methanol contsining a trace of pyridine gave the
ananlytical sample.m,p. 118-119°; [ﬁ]b'?65o (¢, 1.37); t.r.
1080 (ether) cn™b; n.m.r. § 3.97 (s,4, -0-CE,CH,-0-), 5.10 6

(s,1, 7-H); mass spectrum, m/e (relative intensity)
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h42(66), 365(18), 314(100), 113(22), 87(30).

An&}- +-Caleds ’ﬁen~030 509s5 C» 81.39; H, 1l. 39,
Fotind:s Cy 83.233 H,s10.81«

The following ketals were similarly prepared;

23-Methyl-53-Cholestan- 3-one Athylene Xetal.

“lm.p. 104-105°; I.’a]D-s-z?.z (¢, 1.03); i.r. 1080
(ether) cmfl; n.m.r. & 3.95 (s,b, -O-CHchz-O-); mass
spectrum, m/e (relative intensity) uulL(26), 125(100),
113(70), 9?ﬂ12).

Anal,—Caled. for CggHgy0p3 C, 81.023 H, 11.79.
Found: C, 80,703 H, 11.69.
%2—Dimethyl—53-Chole:t-7-en»3-one Tthylene Ketzl

f.p. 103-106%5 (@) 5 +43.4° (g, 1.03)5 i.r. 1070
(ether) cm-l; n.m.r. & 3.93 (s,4, -0~ C:IZCH2 0-), 5.10

(s,1, 7-H)3; mass spectrum m/e (relative intensity

4s6(27), 379(24), 125(31), 112(60), 99(39), 55(100).

Anal,.  Calcd. for»CBlHSZOZ; ¢, 81.52;5 H, 11.48,

Found: C, 81,44; H, 11.49.
53-.Cholest-7-en-3-one Ethylene Ketal
mn.p. 46—480; ﬁi]D-@SO,bo (c, 1.8); 1.7, 1670

(douktle bond), 1105 (ether) cm—l; n.m.r. 6'3.93

(s,l, -O—CHZCHZ—O-), 5,13 (s,1, 7-H); mass spectrum
m/e (reletive intensity u28(18), 314(24), 105(20),

99(35), 73(111). A satisfactory C end H analysis was not

obtained for this compound which appesred as one spot on

t.1l.c.

§

et
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CLAIMS FOR ORIGINAL RESEARCH

The methylation of 53-cholest-7-en-3-one (47) has
bqen shown to occur at the 02 posltion despite the
fact that in 58-cholesten-3-one (41) and Sa-cholest-
7-en-3-one (43) methylation occurs at CU‘

The normal mess spectral fragmentation pattern assoc-
lated with the ethylene ketals of 2-methyl substituted
3=-keto steroids has been shown to be a2bsent in the case
of the ethylene ketal of 2g-methyl-55-cholest-7-en-3-
one (62). An explanation for this has been postulated
which assumes that the rupture of the C2,C3 bond,
which results in the normal fragmentation pattern,

1s suppressed here because of the presence of the
7,8-double bond.

The following new compounds were prepared and
characterized:

(2) 538-cholest-7-en-3-one (47)

(v) g-methyl-52~-cholest-7-en-3-one (62)

(c) 2,2-dimethyl-53-cholest-7-en-3-one (63)

(d) 53~cholest-7-en-3-one ethylene ketal

(e) 2p-methyl-53-cholestan-3-one ethylene ketal

(f) 2p-methyl-53~cholest-7-en-3-one ethylenes ketzal

(s) 2,2-dimethyl-53-cholest-7-en-3-one ethylene ketal.

s meemd
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