
Title of 'fllesis 

'flle Synthesis of IDa-Cholesterol 

or 

'flle Synthesis of IO-alpha-Cholesterol 

by 

Nelson Ernest LaVTson 



[ 'l'BI SYN'l'HBSIS OF lOo(-aI)LBSTBIOL) 

by 

~ 
Nelson B~ w..w.lOn. B. Sc. 

!MeGill University) 

A thesis submitted to the Faculty of Graduate 

studies and Research in partial fulfilment of 

the requirements for the degree 

of Doctor of Philosophy 

Department of Olemistry, 

MeGill University, May 1967 

Montreal. 

o Nelson E. Lawson ' 1968 



ABSTRACT 

The Synthesis .of lOa-Cholesterol 

Nelson Lawson 
Ph.D. Thesis 

Department of Chemistry 

The first epimer of natural cholesterol, lOa-

cholesterol, was produced oy an eleven-step synthesis. 

Ring A of cholesterol was removed by a sequence of five 

reactions to give the tricyclic BCD intermediate, des-A-

cholest-9-en-5-one. Conformational and steroelectronic 

principles were applied to this compound to predict the 

position and direction of the subsequent methyl vinyl 

ketone alkylation. By this means a 37% yield of the 

product, lOa-cholest-9(11)-en-5a-ol-3-one could be 

obtained. This was easily separable from the lO~-by-

product which eliminated water under the conditions of 

the reaction to give cholesta-4,9(11)-dien-3-one. The 

9,11- double bond of the lOa-intermediate was hyèrogenated, 

and L~e resulting saturated ketol converted to a mixture 

of lOa-cholest-4-en-3-one and lOa-cholest-5-en-3-one. 

From this mixture the enol acetate could be formed, and 

reduc·cion of this by sodium borohydride in aqueous 

methanol resulted in lOa-cholesterol. The overall yiéld 

was 6.4%. 

In an appe;,dix to this thesis the Bamford-Stevens 

react l on of equi lenin methyl ether tosylhydrazone is 

àescr~ ":ied. 
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FORWORD 

In this thesis, ordinary Arabic numerala will 

refer tO"formulae, and the numerals in superscrlpt 

will indicate the appropriate references. ~e de­

tailed synthetic scheme ia incorporat.d in a on.­

page fold-out section at the end of this volume. 

lhis scheme Includes formulae 1-21 and shou1d be 

consulted when reading thia thesis. 
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The Synthesis of 10~-Cholesterol 

Introduction 

Since the time when man first appeared on the face of the 

earth, his life has been shortened and made miserable by disease. In 

highly developed eoeieties tOday, the chief cause of death is athero­

sClerosisl , a disease in which the large and medium arterles gradually 

become narrowed by an accumulation of fatty, fibrous deposits, leading 

to lesions, thrombii, and high blood pressure with its attendant strain 

on the heart. Since 1847 it has been known2,8,9, that cholesterol, its 

esters, and transformation products form a large part of these deposits 

(called plaques), and that high levels of cholesterol in the body 

3 10 usually lead to atherosclerosis' • 

Although aIl nucleated mammalian cells can synthesize 

cholesterol, the chief site of endogenous production is the llver14 • 

The sterol (both free and esterified) is transported throughout the 

body in the blood plasma in the form of lipoprotein complexes14,15, 

and may be filtered out of the blood through the intima (lining) of 

the artery, thus accumulating into atherosclerotic plaques16• Although 

a fat-free, cholesterol-free diet will reduce the plasma cholesterol 

level and hence the possibility of atherogenesis4,9, lowering only the 

exogenous cholesterol intake will result in increased body production, 

f 
5,9,11 

possibly from acetic acid from the degradation of at • 

A high plasma cholesterol level is not the sole cause of ath-

erosclerosis, however, since it has been found that this level was not 



2 

appreclably hlgher for atherosclerotic patients than for normal persons17• 

12 18 
Other factors such as hormones ,and enzymes have a profound effect 

upon the development of this disease. 

Only recently has it been recognized that atherosclerosis is 

6 
not an Inevitable product of aging and that the disease can actually 

7 13 be reversed' • Current research on chemotherapeutic agents, based 

on the above premises, has been most often directed at interfering with 

19 20 
endogenous syntnesis of the sterol ' • Fe. ~ncouraging results have 

21 been obtained, however, since inhibition of one step of the biosynthesis 

20 
usually results ln accumulation of some atherosclerotic precursor 

As atherosclerosls ls at least partly due to an alteration of chol­

esterol metabolism2 it would be desirable to know more about the de-

gradatIon of this sterol ln the body. 

One general method of accomplishing this is to vary the 

structure of the parent compound, and then to investlgate what the 

org~nlsm will do with it. Fbr the special case of steroids, one can 

either change the positions and types of the functional groups attached 

to the perhydrocyclopentenophenanthrene skeleton, or one can change 

the shape of the skeleton itself. In some cases the physiolog!csl 

results upon varying the latter are remarkable; therefore, it was 

declded that the epimer at 0-10 would be synthesized, as the first 

variation on the cholesterol skeleton. 

Previous Synthesis of 100(-Steroids 

Prior to the commencement of this work only two research 
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groups had concerned themse1ves w1th the synthes1s of 10at-stero1ds. 

'lbe d1scovery of the dramatic cl1n1ca1 effects of 9(3, 10o(:-(lretro") 

22 23 
stero1ds ' put greater emphasis upon the synthes1s of the 10c(-epimers, 

and new1y deve10ped synthet1c methods enab1ed severa1 workers to fashion 

e1egant schemes for their product1on. 

Pyroca1cifero1 (100<. -ergostero1) (23) 

HO HO 

22 23 

'Ibis isomer of ergostero1 was known as far back as 1932, 

24 when it was produced by the pyro1ysis of v1tamin D2 (22). Decent 

25 work by Jones et al astab11shed that the stereochemistry or1g1na11y 

assl.gned 9(J, 100<:, Was actually 90(., 100(. 

10~-T9stosterone (26) 

26 
'Ibis compound was first synthesized by photochem1cal trans-

formation of the conjugated d1enone ~ into the 2-oxo-l~-l,5-cyc1o-

steroid 25. 'Ibis was converted to 10o(-testosterone by rupture of the 

cyc1opropane ring, and subsequent transferra1 of the oxygen functlon to 



C-3 by a novel reaction sequence involving lead tetra-acetate. 

26 

24 

OAC 

O~Ct; ---.... 
~ 

25 

Zn/HOAc AC on; 
~ 

1. H2 
2. BF3/Al:tJ 0 a 3. Hydrolys1s ~ : -------4. 

• 

OA 

IPb(OAcl
4 

In a simpler synthesis, Ginsig and Croes27 treated 27 

(which is easily available from Birch reduction of estrone) with the 

4 

Simmons-Smi th reagent to form the 5 Cl, 10C(. -methylene bridge. Oxidation 

and bridge rupture by base led to 10QC.-testosterone (26) • 

• 
HO·· HO··· 

27 26 

Dihydro-lOcc.-testosterone (29) has also been produced by 1,4-

Grignard addition to the conjugated ketone 28 and subsequent ketone 



28 
isomerization to 0-3 via the lead tetra-aeetate method 

Où U 
1. 

Pb (OAc) 2 d MeMgI 2. HI 

• • 
Cu (OAc) 2 W : 

A 1 H H 

28 29 

100c'-Cholest-5-en-2-01 (31) 

5 

This positional isomer of 10ol-cholesterol was also produeed 

29 by photolysis ,this time of eholestenone (~. Aeid eleavage of the 

eyelosteroid 30 and reduetion gave the produet (31). Potentially this 

represents the easiest route to 10 Clt-cholesterol, sinee the only 

further requirement is a transposition of the oxygen funetion to C-3. 

2 

o~ 
----------------.t ~ 

30 

Nallf4 
HO ... 

31 
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lOO(-Progesterone (34) 

Ooincidently with the work described in this thesis, this 

compound was synthesized30 by a route similar to the one chosen by us 

to produce lOO(-cholesterol. However, details are lacking in the 

preliminary note in which this work was reported. 

o 

HOO 
________ ··O~----M-e-t~:~~~!o~!~!~n-Y-l~ 

OH 
32 

--....... ~Ol 
OH 34 

Pyrolysis of 32 in sodium phenyl acetate combined a retro-

Michael reaction, an elimination, and a shift of the resultant double 

bond into conjugation with the C-5 ketone group to give the tricyclic 

intermediate ~ in one step. This was treated with methyl vinyl ketone, 

and the product hydrogenated. Elimination of water then yielded the 

product (34). 
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J.00(-Pregna-4, 9(1l)-diene-3, 2O-dione (36) 

'Ibis schema used a 9 p, 100( - ("retro ft) -steroid (35) as 

starting material, and thus suffers from the lack of a readily avail-

31 able precursor • 

36 

19-Hydroxyl-lOc(-testosterone (38) 

Although this 19-substituted steroid falle somewhat outside 

the scope of this thesis, it is included here since it was the first 

32 
10 «-steroid epimer to be intentionally synthesized • 1he scheme 

started from 19-nortestosterone (3~, and involved partial degradation 

of the A-ring and its re-formation via methyl vinyl ketone alkylation. 

37 

OH 

__ 1_._O_3 ___ C_H_3_0_0-+~ ...• ~ 
O~ 

HOH2<;: 

--------------~. o~ 
38 

o 
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General Description of the RBaction Sche.e 

From the point of view of convenience ani cost, natural 

cholesterol «!) in figure 1) was the obvious choice for the starting 

materia1. The ganeral reaction scheme ShOWD in figure 1 invo1ved 

remova1 of ring A by first splitting it to give ~, and then rdmoving 

the side chain thus formed to give the tricyclic compound~. At this 

point a side chain was to be re-attachad to ~ but in the opposite direc­

tion so as to leave the C-IO methy1 group in the of. -position (pointing 

üownwaràs), and the side chain then cyc1ized to give the 100(-steroid 

skeleton!. Although soma experlmentatlon was requlred to find suitable 

reagents for this sche .. , it was fo11owad through to the conclusion. 

FIGURE 1 

G&~era1 Reaction Schema for the Synthesis of IOc(-Cho1estero1 

R = CH 
8 17 

a 

e 

R 

b 

R 

d 

(Functiona1 groups have been omitted for simplicity). 

R 
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Depadation of Ring A 

the first objective was to build up a supply of the tricyclic 

intermediate, ~-A-cholestan-5-one (~, commonly called lnhoffen's 

33 
ketone. this compound has been produced in different ways by Inhoffen , 

Robinson34, JUlia35, and Hartshorn and Jones
36

, but 1t was the latter 

method which was fiually used. 

Cholesterol (1) was convGrtG~ te cholest-4-en-3-one (~ in 

85' yield by means of an Oppenauer oxidation37, during wh1ch the 5,6-

double bond shifted into the conjugateq 4,5-position. Ring A was then 

38 cleaved by permanganate-periodate reagent as described by Edward et. !!. 

to give Windaus keto-acid (!> in 74' yield. 

1he remainder of ring A was next removed in a retro-Michael 

reaction by pyrolyzing the sodium salt of keto-acid 3 in a mixture of 

sodium pheny1acetate and ASbestos fibres under a pressure of 0.05 mm. 

of Mercury. the oi1 which dist111ed over was purifled to give white 

crysta1s of ~ m.p. 610 -620
, in 69% yield. Although Hartshorn and Jones 

36 
also obtained lnhoffen's ketone by thls reaction , they gave tuw exper-

imental details, and it proved impossible to reach thelr quoted yield 

of 79'. 

Molecular models of lnhoffen's ketone clearly indicata that 

the C-lO methyl ls more stable in EU1 equatoria1 <X-configuration (see 

figure2), and shou1d therefore epimerize to this configuration under 

the strong1y basic conditions of the pyrolysis. 1hat this ls so, was 

36 
demonstrated by Hartshorn and Jones • 
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FIGURE 2 

IIolecular Model of Iaoffent s Ketone (9 

H 

Conformational Analysis of Polycyclic Systems 

It would he out.ide the scope of this thesis to attempt a 

detailed coverage of the conformational analysis of polycyclic r1ng 

systems; yet it is necessary to discuss some of the basic principles if 

one 1~ te understand their applicatlon to the steroid intermediates 

39-41 
dlscussed ln this texte Several papers have appeared on thls topic 

42-44 
especlally by Bacourt to which the reader lS referred for a more 

detailed exposltion of the ideas involvea. 

It ls weil known that a chain of four carbon atoms can ex1st 

in various conformations wh1ch can be described by the dihedra1 angle. 

('lbis 18 the angle whlch the plane COllpOsed of C-I, C-2, and C-3 makes 

wi th the plane composed of C-2, C-3, and C-4). '!he potential energy 

or strain of such a system is a functlon of this dlhedral angle (see 

flgure 3). 

Dihedral angles of 1800 ("anti "-conforJllation) and 600 (ngauche"· 

conforaatlon) represent energy minima. 
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FIGURE 3 

Dihedral }~gle and Strain of the Var10us Conformations of Butane~5 

DIHEDRAL 
ANGLE 

l 
>­
C> 
a::: 
w z 
w 
-' « 
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Z 
w 
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o a. 

o 60 120 180 

DIHEDRAL ANGLE 

H 

240 300 360 
(DEGREES) 

The cyclohexane ring can be thought of as a cyclic combination of these 

butane units, each contributiug its OVlIl conformational problem. 

'!he most stable conformation of the cyclohexane ring 15 the 
o chair forme This is because aIl dihedral angles are 60 (onergy mini-

mum) and non-bonded interactions are minimized. It can be seon in 

figure 4 that the other conformations, the twist and the boat, are hand-

lcapped in this regard. 
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FIGURE 4 

Collfol'llatioDS of Cyclohexaue 

CHAIR 
o 

TWIST BOAT 
Ht 1·58 'H 

STRAIN • 
In the chalr form the BOst slgnlficant non-bonded interactions 

are the 1,3-cliaxial and the 1,2-c:liequatorial interactions. Slight 

changes in the distance between 1,3-diaxial hydrogens have llttle effect 

on the stabillty of the system, but this ls DOt 80 for larger groups 

such as methyl. For example, the straiD causec:l by 1,3-cliaxlal methyl-

methyl interactlon ls estimated to be 5.5 k. cal./mole greater than 

40 
if the methyls lIere diequatorlal • Naturally the cyclohexane ring 

w11l tend to minlmi ze repulsions such as the se. and lf 1 t is part of a 

rigld system, it will do so by movlng the lnteractlng groups somewnat 

o 
apart, thus dlstorting the dlhedral angle from its nOl'llal 60. Thls 

leads to changes ln the other dlhedral angles of the ring. Conversely, 

changes in the dihedral angles which cause Increased 1,3-repulslons 
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will not he favoured, whereas thON whlch relleve straill wl11 be IIOre 

11ke1y to occur. It has been fOUlld42
-44 that iIlereaslnl th. dlhedra1 

angle ln the cye10hexane rlng from Its noraa1 value of 600 1eads to 

11lereased l,3-dlaxla1 Interactions, whereas the opposite ls the case 

+ for a decrease ln the dlhedra1 angle (aee flgure 5) • 

FIGURB 5 

Effcaets of O1anging the D1hedra1 Angle ln a Cyc10hexane Ring 

INCREASE \ DECREASE 
R3 

............. ;.'. . .................... : ... . 

R~ 
2 

11. approaches ~ ~ IIOWS away froll R:! 

R
2 

approaches R4 

'lbe effect Is greatest if a bu1ky substltuent 18 located on one of the 

carbon atollS whlch form the "vertex" of the dlhedra1 angle (ie e sub-

sU tuents ~ and R3 ln figure 5). 

+ 'lbls can be seen moet easl1y froll mo1ecu1ar mode1e. 
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From a study of moleculRr modela and from theoretical cons id­

erations42-44. 1t can be ahon that changes in one dihedral a~gle in a 

cyclOhexane ring affect the other dihedral angles in a definite way. 

Specifieally. increaaing a dihedral angle causes the dihedral angle 

directly across the ring ("para") to decreaae. and the dihedral angle 

indirectly acroas the ring ("meta '') to increase. Decreasing the di-

hec:lral angle causecl the opposite *ffects (see figure 6). 

FIGURE 6 

Erfects of Q1anging a Dihedral Angle 

INCRBASBS --z...... Q.....,.-.'pARA H DIICIIEASEB \Of..--z..-"pARA n 

DBCREASBS INCREASBS 

\\œTAIt \-\œTA" 
1 NCREASES DECRBASBS 

It has been estimated that introducing a double bond into 

the cyclohexane ring (which is. in effect. a reduction of the dihedral 
o 0 

angle to nearly 0 ). causes changes of +10 in the "para" dihedral 

o 42-44 
angle and -10 in the ''me ta " dihedral angle • 

If more than one ring is fused together (as in a steroid). 

distortions of the diheclral angles in one ring will cause distortions 

in the other rings; this is the phenomeDOn of conformational trans-

41 
mission • Bxamining the Newman projection at the ring junction of 
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two cie-fused rings clear1y shows that an increas6 .f the dibedral 

angle at the ring junction in one ring causes a simi1ar increase in the 

dib_ra1 angle at the junction in the other ring. and a decreas. in one 

causes a decrease in the other (see figure 7). 

FIGURE 7 

'lb. Effects of Dibedral Angle Olanges at Rlng Junct10ns 

CI8-FUSED RINGS TRANS-FUS BD RINGS - -
For the case of two trans-fused rings, a change in the di-

hedral angle at the ring junction causes an equal but opposite change 

in the corresponding dihedral angle of the second ring (see figure 7). 

If the under1ined postu1ates are kept in mind, then coDform-

ational analysis of the relative stabi1ities of polycyc1ic systems can 

be made with a remarkable degree of success. A few applications relative 

to the work in this thesis will "now be given. 
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6! -E.!!!.-octaUn (~; R = B) and ~ 3 
-!!:!!!!,-octal1n (!!.; R = B) 

with no substituents at 0-9 are almost equally stable, but a 0-9 sub-

st1tuent such as R = methyl changes th1s markedly. 

-M· 
3~' 

.. H 1 

R 

CD 
H 

39 40 
Introduction of a 2,3-double bond invOlves the decrea81ng of 

the dihedral angle batween carbon atoms l, 2, 3, and 4 (angle !J figure 8) 

o 
from the normal 60 , and this causes "E!!!"-dihedral angle ~ to increase. 

Therefore, the axial substituents on dihedral angle ~ will approach each 

otherj specifically there w1ll be increased interaction between the 

FIGURE 8 

Dihedral Angle <llanges in 6. 2 -trans-OCtaUn 

b 
(1ncrëases) 

a 
(decreases) 

c 
(decreases) 
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R-group and the 4 p -hydrogen (8ee figure 8). However, the ring8 are 

~-fu8ed, so increasing dihadra1 angle ~ will cause dihedra1 angle 

~ to decreasa, thus decreasing tha 1,3-diaxia1 interaction between R 

and the 5f3 -hydrogen. 'lhere w111 tberefore be no gain or 10ss of non­

bonded repu1sioDS. 

ln ~3-!!!!!-octalin8 decreasing the dihedra1 angle ~ by 

introduction of a 3,4-doub1a bond causes "!!!!"-ang1e ~ to decrease 

a180 (saa figure 9). 

FIGURE 9 

Dihedra1 Angle Clanges in Â 3 -trans-octalin 

b 
(decreases) 

3 

This introduces no favourab1e decrease in non-bonded interaction, since 

+ there i8 no 4 P -hydrogen to move away from R. However, dihedra1 

+ 111is remova1 of al, 3-diaxial interaction by 10ss of the 4fJ -hydrogen 
due to tho 3,4-doub1e bond has its countê~art in ~2-trans-octalin 
in the 10ss of the 2~ -hydrogen which a1so remaves a non:bOnded R-H 
interaction; therefore, there is no difference between the ~2_ and 
~3-octa1ins on this account. 
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angle ~ is increased since the rings are !!!!!-fused; hence the R group 

and the 5j9-hydrogen approach each other. 1hus a net increa.e in strain 

results relative to D. 2_!!:!!!.-Gctal1n. 'l'his is enougb. to lUlke the 6,.2_ 

iso_r .ore stable than the 6..3_, and explains why 3-oxo-A/B-!!:.!!!!.-sterolds 

(~ f01'll D.2-enols (41) and not.6. 3-enols (43)46. 

HO 

41 42 

A3 + 
and ~ -cis-OCtallns 

H 
43 

By an analysls sim1lar to the above, it ls easy to show that 

~2;:!!-octalin 18 the least stable of the three lsomers. Dlhedral 

angles ~ and ~ are both lncreased by the dacrease ln!, and hence 1,3-

diax1al repulslons will be lncreased in both rings (see figure 10). 

FIGURE 10 

Dihedral Angle Clanges for .6.2-ci8-octal1n 

b 
(lncreases) 

+ It i8 assumed that the octalins are flxed in the steroid conformation, 
so that the .6.1_ and ~3-1somers cannot become equivalent. 
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In ~l~-octalin the l,2-doub1e bond causes "'ta"-dihedra1 

angle ~ to decrease and henc. ~ will a1so decrease (~-fused rings) 

(see figure 11). This 1eads to a dearease of l,3-diaxia1 interactions. 

FIGURE 11 

Dihedra1 Angle <2lanps for ~ 1_ and ~3-cis-OCtal1n 

H 
c 

(decrëas18s) 

a 
(deaNasea) 

J 

c 
(decrëaaes) 

(decrëasea) 

~3~-OCtalin has ths same steric relief (see figure 11), and in 

addition, introduction of a 3,4-doub1e bond e1iminates two non-bonded 

interactions between the 40( - and 6« - and 80( -hydrogens (aee figure 12). 

Al,2-double bond reUevas only the 20( -80( -hydrogen-hydrogen repulsion. 

The relative order of stabilitiea of the cis-octalina is therefore 

It should be noted from figure 12 that a carbon-carbon bond 

Of one ring ls al"ays an axial group on the "vertex" of the junction 

dihedral angle of the other ring. FOr example, the 4,lO-bond is axial 

to ring B. This makes relief of 1,3-diaxial strain important; adding 

a aubstitu.at at 0-9 increases this effect, and thus a readyaxplanation 
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FIGURE 12 

Hydropn-Hydrogen Interactions in Two cis-Fused Rings 

of the preferred eno1ization of 3-oxo-A/~-steroids (45) in the 3,4-
47 

position (44) (and Dot the 2,3-poàition (~) is evldent • 

H 
44 

cis- and trans-78trahydroindanes 

H 
45 

H 
46 

The dihedral angles of a cyclopentane ring are considerab1y 

o 0 48 
less than in cyclohexane (ln the order of 20 -30 )i consequently a 

five-membered ring ~-fuS8d to a sixwmembered ring will cause the 

junction dihedral angle in the latter ring to decrease a1so, whereas 

if they are !!!!!-fused, it will increase (s8e figure 13). It thus 

becomes obvious that ~-tetrahydroindane (47) wU1 pre fer to have the 

double bond in the 3,4-position sinee the dihedral angle at this point 

is '.eta" to the ring junction and decreases when the junction dihedral 
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FIGURE 13 

Dlhedral Angle (hanps 111 cls- and trans-'l'etrahydrolndanes 

6 

5 5 

CIS TRANS 

angle decreases (see flgure 13). 

:d> 
If. H 

:& 
It H 

47 48 

!!:!!!.-Tetrahydrolndane (48) will pre:fer the 2,3-double bond 

since 1 ts "para tt-posi tion will complement the opening of the junction 

dihedral angle in the slx-membered ring. This example should be kept 

in mind slnce it will become important later ln thls thesis. 

Inhoffents Katone (!) 

In prlnciple Inhoffen's ketone (~) presents only a sllghtly 

more dlfficult case. It can be thought of as a comblnation of the 

!!!!!-tetrahydrolndane and !!!!!-octa1in 8xamp1es (8ee flgure 14). 
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Oonforaational Transmission through IDhoffen's Ketone 

c 
(1ncrëases) 

e 
(decrëases)------------, 

d 
(decrëases) 

b 

Uncrëases) 
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the flve-membered D-rlng decreases junctlon dlhedral angle ~ 

causlng ~ to Increase and hence ~ also, slnce It la 'meta" to~. thla 

caueas ~ to decrease, alnce the B and C-rlngs are !!!!!, and e to de­

crease sinee It la ~etatt to d. Bence f should Increase slnee lt is - -
'para" to~. Of course, the easlest way to decrease dlhedral angle! 

ls by introducing a 5,lO-double bond; thus lt waa predicted that the 

most stable enol of Inhoffen's ketone would he the 5,lO-en01 (49). 

R 
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Soae justification of this prediction was indicated by the 

results of Hartshorn and Jone.36, who fOUDd that UDder theraodynamically 

controlled conditions, lDhoffen's ketone afforded a 70~ yield of the 5,10-

enol acetate (~. 

R 

ACQ 

~tereoelectronic Iffects Dorinf EColization and Alkylation+ 

• The intermediate state of the reaction between an enolate 

40 49 50 
anion and an attackinf reagent has been postulated ' , t~ reseable 

partly the ketonic product (see figure 15). In an intermediate state 

of this type, the attacking reagent (Xl will make a dihedral angle of 

o # 
90 with the two carbon atoms (C-l and C-2) and ketonic oxygen if it 

is to preserve the maximum overlap with the negatively charged sp2 

orbital on C-2 (see figure 15). This is called the principle of per-

40 
pendicular attack • 

+ A .are complete discussion is available in ref. 40. 

• The course of C-alkylation of cyclohexanones is still a matter of 
controversy; therefore, the intermediate state referred to may not 
necessarily represent the true transition state, although it is 
probably close to it. 

~ ~ dihedral angle composed of X, C-2, C-l, and O. 
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PIGt1RB 15 

Inter.mediate 8tate for Attack on a Çyc1ohexanone BDo1ate 

x 

l 

T 
X 

X 

H 

J===O 

x 
ATl'ACK OF X FmM mE rop ATl'ACK OF X FmM THE OOTroM 

The same princip1~ also applies to the departure of a substit-

uent during enollzatlon. Examlnatlon of the dlhedra1 angles of cyclo­

+ 
hexanone vlewed along the C-2, C-1 bond (figure 16) shows that far 1888 

• distortion 18 Involved ln movlng th~ axial hydrogen from 1ts normal 

51 
+ The geometry of cyc10hexanone 18 slm11ar to that of cyclohexane. 

• i.e. of the dlhedra1 angle of the cyc10hexanone ring, composed of 
C-3, C-2, C-l, and C-6. 
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+ 0 0 
dihedral angle of 117 to the 90 required for eaBy departure, than 

to .ove the equatorial hydrogen to a similar angle. By the principl. 

of microreversibility, the sama procas ses are involved in re-addition 

of the hydrogen to the enol or enolate; to generallze, substituents Q( 

to the carbonyl group of cyclohexanone in the chair fora will he gained 

or lost at the axial position. 

FlOOD 16 

Dihedral Angla ChangeS Prior tG the Bnolization of cyclohexanone 

1==0 

HEQUATORIAL 

H 

~~o 
H 

• 

This axial attac~t which is encountered in many reactions 

of enols and enolates (protonation, halogenation, and alkylation) has 
39 

been interpreted by Corey in his rule of axial attack , but it is 

+ compos~d of H-axial, C-2, 0-3, and O. 
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i~rtant to note that thi. is really a consequence of the more ganeral 

principle of perpendicular attack. A cyclohexanone ring does not 

necessarily have to exist only in the chair conforaation, although th1. 

i. the .o8t stable fora. If the approach to the enolate function from 

the ax1al direction is hindered, then the ring may assume a twist fora 

1n order to preserve the required perpendicularity of the attacking 

reagent with the ketonic osygen; this will result in equatorial sub-

st1tution of the chair-shaped ring. HOwever, unies. this h1nderance 

1s severe, the initial enolization and subsequent attack will be from 

an axial direction. 

Applicat10n of Conformational and Stereoelectronic Pr1.nciples to Base­

Catalyzed Alkylation 

The general method for the attachment of a slde chain cl to 

+ a carbonyl group 18 a base-catalyzed alkylation reaction. The first 

step of this react10n is the abstraction of a proton from an ci-carbon 

to g1ve an enolate anion, which can then be attacked by an electroph1le 

to give the adduct. If the mechaniam of alkylation is s1milar to that 

of the base-catalyzed h&logenation or deuteration of ketones (which 1s 

40 
very probable ), then the rate-determining step ls the initial fora-

92 
ation of the enolate • Thus, for an unsymmetr1cal ketone which can 

fora two different enolates, the ratio of the two products will be the 

same as the ratio of the rates of formation of their enolate precursors. 

+ Or its formaI equivalent, alkylation of the corresponding enamine. 
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!here are two main factors which affect the relative rates 

of foraation of enolates in a polycyclic systea. 1h9 first is the 

activation energies of the respective transition states. 

It was shown earlier in the section on "direction of attack", 

that the transition state during the enolization of a cyclohexanone 

requires that the leavlng proton be perpendicular to the C=O bond, and 

that, hence, the dihedral angle in the cyclohexanone ring mu.t decrease 

o 
to 30 (see figure 16). It seeas reasonable to expect that of two 

axial protons 0{, to the carbonyl group, the one which will be lost will 

be that which causes the least strain in the polycyclic system when its 

o associated dihedral angle decreases to 30. In other words, since the 

transition state requires a dihedral angle decrease, then the overall 

activation energy will be less when this decrease is introduced at a 

point in the ring system where the conformational effects tend to 

"des ire " a decrease. 

The conclusion to be reached from this is that in the abscence 

of other effects. the more stable enolate will also be formed faster. 

This is because the same conformational factors are responsible for 

both the relative stability of the respective enolates and the relative 

strain in the transition state. Two examples which support this state­

ment are the 3-oxo-A/B-~-steroid system which brominates at C_247 

(the most stable enol is the 2,3-enol) and the 3-oxo-A/B-cis-steroid 

system which brominates at c-4 (the most stable enol is the 3,4-enol). 

The second major factor affecting the relative rates of enol-
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ization is the acces.ibility of the protons to be abstracted. '!hi. 

scareely needs elaboration exc.pt to state that the least hiDdered axial 

proton will be preferentially lost to the attacking base, in the abSC8nce 

of over-ruling conforaational effects in the transition state. 

Application to Inhoffen's Ketone (!) 

It was predicted earlier that the 5,lO-enolate (51) would 

be the more stable one to be formed from bthQffen' s ketone. From a11 

the preceding arguments, it can be concluded that alkylation should 

take place in the 10ft -position (2!). '!hie is a necessary requirement 

fer our elaboration of a lOc(-eteroid. 

x 

51 52 

Alkylation of Inhoffen's Xetone 

Now that the position and direction of attack had been predicted 

to be favourable, a practical method had to be found to attact a side-

chain to Inhoffen's ketone (!) in the lO~-position. Alkylation with 
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methyl vinyl ketone (Robinson annellation) had been shown Dot to work 

34 with lDhoffen's ketone and the 1Q~dward approach using acrylonitrile 

s.e.ad to be useless for produc1ng a lOOl-steroid52,53. 

1be method first chosen was to .aploy 1,3-dichlorobut-2-ene 

(53) in a base-catalyzed reaction. 'Ibis reagent had been used by the 

54-56 
Roussel-Oblaf group to form six-meabered rings in high 11eld • 

The utility of this reagent is due to the fact that one of the chlor1ne 

atoas is allylically activated and is easily displaced by an enolate. 

(see figure 1'7). The resul tin" vinyl chloride group can he converted 

to a ketone by cold eoncentrated sulphurie aeid,+ and the resultant 

FIGURE 17 

1,3-Diehlorobut-2-ene Method for FOrming Rings 

(,Ieo C.I ~ H2S00~ r'Yl 
CI À (7 ---t)L ~ -À. aV 

53 / aeid 
or 

base 

diketone eyelized by aeid cr base. 

The Roussel-Oblaf group generally used enamine alkylation, 

58 
Instead of base catalysis. Although Gurowitz and Joseph showed that 

it is sometimes possible to produee enamines with the double bond ex-

57 
+ co..only ealled the Wlehterle BBaetion • 
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tending towards the more substi tuted carbon (e.g. !!!>, under DO condi­

tions could an,. enamine (~ of 1Dh0ffen's ketone (!> be made, although 

several aethods were tried54,58-6l. 

4 54 

!he basic catal,.st finall,. chosen for the alkylation was 

62 sodium ~ertiary-amylate ; this base was bulk,. enougb so that it would 

preferentiall,. abstract a proton from lnhoffen's ketone 1nstead of 

attacking the 1,3-dichlorobut-2-ene (~ itself, and was also soluble 

in benzene, the reaetion solvent. 

!he reaction was first applied to the model system 2-meth,.1-

cyclohexanone (55) and the erude product was separated by preparative 

vapour-phase chromatography into unreaeted starting material and two 

products which were formed in the ratio of 5:1. 80th had lnfrared spee­

tra which corresponded to structures 2! and 2.! viz. 3040 cm. -1 and 1665 

ea.-l (double bond) and 1720 em.-1 (ketone). The major produet gave an 

HMR spectrum havlng a slnglet at 1.05 p.p.m. due to the quaternary 

methyl group, a singlet at 2.05 p.p.m. due to the vinyl methyl group, 

and a amall triplet at 5.35 p.p.m. due to the vinyl hydrogen, and must 

therefore be~. The mlnor product is accordingly 2!. Jul1a62 had 

prev10usly reported that th1s reaction gave onl,. ~. 
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+ 

55 56 
CI 

57 

5 PARTS PART 

'!hus encouraged, we appl1ed the reaction to Inhoffen's ketone 

(!>. '!he product, which was separated in 43~ yield, had the typical 

infrared spectrum of the alkylation products of 2-methylcyclohexanone. 

However, the HUR spectrum left no doubt that alkylation had taken place 

at C-6 and DOt C-lO, since the C-lO methyl group was still a doublet 

at 0.80 p.p.ll. (J = 4.5 c.p.s.). '!hus the product must be formulated 

+ 
as 5. 

The failure of Inhcffen's ketone to alkylate at C-lO as pre-

dictvd was probably due to the fact that the conformational effects 

predicted eariier, had to operate through three rings, and consequently 

were tao weak to make the activation energy of the 5,10-enolate (~) 

significantly less than that of the 5,6-enolate <W. If this were 

the case, then the accessibillty factor would have become the dlrecting 

influence; since the 6)3-proton i8 less hindered, it was attacked in 

preference to the lOp -proton. 

+ Under the basic reaction conditions the originally 6" -axial product 
w11l epimeri. to the more stable 6ot-equatorial. 
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58 4 59 

Tbe product of undesired alkylation at C-6 (!) was used to 

test the subsequent steps of the proposed synthesis. Treatment with 

cold, concentrated sulphuric acid gave a more polar product, which was 

assigned structure ! on the basis of i ts infrared spectrum, which showed 

-1 that the only functional group present was ketone (1720 cm. ). When 

! was lëft overnight in a solution of acetic acid with a 8mall amount 

o of hydrochloric acid, it was cycl1zed to the anthrasteroid 1, m.p. 122.5 -

o 
123.5. This compound had the typical C(,j9 -unsaturated ketone ab-

sorptions in the infrared (1680 cm.-l ) and ultraviolet spectra (J\ 
max. 

244 ml')-t; Tbe DR spectrum showed that the 19-methyl hydrogens absorbed 

as a d~ublet at 0.85 p.p.m. (J = 3.5 c.P.s.). 

Anthrasteroids are compounds with the skeletal structure 

shawn in figure 18; usually ring B is aromatic. ontil now they have 

been formed solely by acid-catalyzed rearrangements of multiply unsat-
73,74 74 

urated steroids , such as the one illustrated in figure 18 

, 63 
+ Woodwards rules predict 244 m ft • 
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FIGURE 18 

The Anthrasterold Rearran§!!!nt 

R 

ACQ 

ACQ'" 
anthrasterold 

ACQ 

Alkylation of Dehydro-lDhoffen's Betone (9) wlth 1,3-Dichlorobut-2-ene 

It was now obvious that conformational effects in Inhoffen's 

ketone wero lnsufflcient to direct alkylation to the 0-10 position. 

Blocking the 6-posltion with soma group whlch could be readl1y removed 

64 after alkylation (such as the n-butylthiomethylene group (60) ) was 

considered, but rejected as introduclng unnecessary complications. 

The solution to the problem was found in the introduction of 

a 9,lO-double bond to give dehydro-Inhoffents ketone (~-A-cholest-9-

en-5-one) (!>. Pinder and Ibblnson34 had attempted to produce i t by 

treatment of Inhoffen's ketone with bromine, but they could not lsolate 



34 

60 

any product. !bis compound had been previously produced by Hartshorn 

36 and Jones ,who separated the mixture of products resulting from the 

enol acetylation of Inhoffen's ketone, isolated the 5,10-enolate and 

brominated it, to give 10j3 -bromo~-A-cholestan-5-one. '!his was 

dehydrobrominated to give!. '!he method used here is simpler and less 

time-consum1ng. 

Bromination by N-bromo-succinimide permitted a selective 

attack at C-lO to glve !, which could be dehydrohalogenated by treat-

ment with lithium chloride in dimethyl formamide, giving ! in an overall 

yield of 55$. 

Conformational analysis of the two+ enolates derived from 

dehydro-Inhoffen's ketone (~ shows why alkylation could be expected 

to occur at 0-10. 

+ A third enolate 
any case would 

i8 not considered likely but in 
still lead to alkylation at 0-10. 
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Rings C and D can be considered equivalent to the ~-tetra-

hydroindane system which was studied earlier. There, it was shown that 

a double bond 'para" to the ring junction gives the most stability to 

the system. NOw, enolate ~provide8 exactly this, whereas enolate ~ 

does note FUrthermore, abstraction of an l~-hydrogen removes a 1,3-

diaxial interaction with the 18~ethyl group; this should also favour 

61. 

In practice the coDfor,mational effect of the five-membered 

D-ring in the "C-D tetrahydroindane" system is decisive. For example, 

in the WOodward steroid total synthesis52, intermedlate !! w1th a slx­

mellbered D-r1ng requ1red block1ng at C-6 to force alkylation to occur 
+ 53 at 0-10. In & latar modification, Barkely !!.!!. found that the 

five-membered D-ring lntermedlate ~ requlred no blocking group; 

alkylation spontaneously occurred at C-lO. 

52 + Otherwlse the predollinate attack was at 0-6 • 
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The prediction of alkylation at C-lO was correct, a8 it turned 

out. Alkylation of dehydro-Inhoffen's ketone (!> with l,3-dichlorobut-

2-one in the pre.ence of sodium tertiary-amylate gave, after purification, 

a yollow oil in 78% yield. lbia had the infrared spectrum typical of 

l,3-dichlorobut-2-ene alkylation products, and the NMR spectrum showed 

a .inglet at 0.78 p.p.a. for the quaternary lS-.ethyl. However, neither 

the 2,4-dinitrophenylhydrazone nor the aemi-carbazone derivatives could 

be obtained cry.talline, probably becauae the product consisted of e 

mixture of 100(- and lOp -epi_ra ~ and !!. 

Even more discouraging was the difficulty in converting the 

vinyl chloride group to tho ketone by sulphuric acid. Namerous attempts 

to utilize other strong acids and to vary the reaction conditions fin&lly 

led to the isolation of a more polar product in 45% yield which had am 

infrared apectrua co~atible with ~. 

Treatment of this product with sodium tertiary-aaylate, 

which would be expected to causo the intramolocular aldol condensation 

of ~ had no effect. Sodium ethoxide in ethanol/dioxane gave a product 
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oU in 7' yield. How.ver, the iDfrared spectruJl contained numerous 

bonds whlch could DOt po.sibly he due to !! or !!; obvloualy 80_ deep­

rooted chaage had taken place iD the .olecule, but thl. was DOt further 

pursued. Although futUe ln the end, this part of the work estabU.hed 

that dehydro-Enhoff.n'. keton. (~ could he alkylated eaally at C-lO. 

65 66 67 

Alkylation of Dehydro-lDhoffen'. Ketone with Methyl Vinyl Ketone 

At this point i t was decided to att_pt to alkylate dehydro­

Inhoffen's ketone (~ with mathyl vinyl ketone (the Robinson annellatlon 

reacUon). Genera11y thia Ilethod give. poor ylelds wl th large or 

compl1cated molecules ,but 1 t does have the advantage of fOl'1ling a 

ring a11 in one step. '!he lBechan1sll, sbown in figure 19 in s1mpl1t1od 

form, amounts,in effect, to a base-catalyzed Michael addition, followed 

immediately by a base-catalyzed ihtramolecular condensation to give a 

ketol. 



lI'IGURB 19 

1h. lIechuisa of Methyl ViDlI JCetoae Alkylation 

(!he BDbin.on AnDellation) 

--aCO 
Hq> 

1 

m o OH 
~ OJ..e~ 

J~ 
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Occasionally this reaction gives bicyclie d.rivativ •• slmilar 

65 
to!! • but th •• e can readUy be id.ntified by th.ir nuel.ar aapetic 

resonaDce spectra. NO bicyclic derivatives of this type wer. found 

during this research. 

Wh.n methyl vinyl ketone was added to a cold solution of 

dehydro-Inhoffen'. keton. (!.> in the pre.cence of sodium ethoxide, two 

new polar product. .ere fOl'lled in reasonable yield (... (!.>. figure 20). 

It Vias also fOUDd that refluxing the cnd. product wi th 80diUII ethoxide 

caused the most polar product (.pot 3) to be conv.rted iato a new, less 
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polar produet, 8pOt 4 (He ~ figure m), and that subsequent reflux 

ia beazeae in the presence of para-toluene.ulphonie acid eau8ed spot 2 

to di.appear and spot 4 to iaereaH in slze (see !:.t figure m). 

FlOuas 20 

Thin-Layer Chroaatographl· of Raaetioa PToduets 

a 

.----t-
.----11-2 
• 3 

Alkylation wlth 
aethyl vinll ketone 

b 

.---+-1 
• 4 

e-.f--2 

After reflux wlth 
ethoxide 

e 

e--+-­. ~ 

After benzene/para­
toluenesulphonie aeid 
reflux 

• Siliea gel alides, eluant-beazene-m% ether. Spot 1 la unreaeted 
dehydro-Inhoffea's ketone. 

Theae prel1mlnary r8sulta suggested that spot 3 waa the produet 

of alkylatioa at C--IO whleh gave the aatural \0 fi -epi_r (W and that 

spot 2 was the dealred 10oC.-epimer (!!>. '!he reason for these asslp-

Mnts can be 888n from an examiaatlon of moleeular models of !! and !!. 

(See flgure 21). 

'!he model of 10,,8 -ketol !! shows that the 4f3 -hydrogen and 

the 5C(-hydroxyl are !!.!!!.!-diaxlal, and henee well dlspoSed to E2 
66 

elilll1nation by ethoxide 10n to glve the 0{ 'ft -UDsaturated ketone!! • 
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FIGURE 21 

IIolecular Modela of Ketola 12 and 13 

o 

OH 

13 12 

However, the model of 10ol-ketol !! deaonstrates that nelther 0-4 

hydrogen 18 ~-dlaxial to the 50l-hydroxyl; henee, base wUl Dot 

+ effect the ellm1nation of water from this 10C(-ketol. However, reflux 

in benZ8ne wlth a eatalytie amount of para-toluenesulphonle acid wou Id 

be expeeted to elim1nate water from ketol !! because 1t operates through 

a dlfferent mechanlsm (B
l
). This will be discussed later. 

In principle, this base el1m1nation presented an efficient 

+ The no other isomera at 0-5 and 0-10, 69 and 70 are Dot 1lke1y 
beeause of sterie hinderance. 

OH OH 

69 70 
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FIGURE 21 

MD1ecu1ar Modele of Keto1& 12 and 13 

OH 
13 12 

Bowever, the model of 10ol-ketol 12 demoDstrates that nelther 0-4 

hydrogen 1& !!!!!-diaxial to the 50l-hydroxyl; hence, base will not 

+ effect the elimination of water from this 100(-ketol. However, reflux 

in benzene with a catalytic amount of para-toluenesulphonic &cid would 

be expeeted to elim1nate water frem ketol !! because it operates through 

a different mechanism (El). This will be discussed later. 

In principle, this base el1m1nation presented an efficient 

+ The two other Isomers at 0-5 and 0-10, 69 and 70 are not likely 
because of sterie hinderance. 

OH OH 

69 



41 

_thod for .. paratlon of the 100(.- and 10P -epi_ra, !! and!!. In 

practice, it was si~ly aufficie.t to leave the reaction aixture under 

nitro"D ln the refrtgerator for several day., during which ti .. the 

sodiua ethoxide alkylation catalyst effectively elia1nated water from 

the 10fl-epi_r (E>. The 10G(.-epfAer (!!> could then he eas11,. 

separated b,. colUll!l chroaatography, and purUted by crystallization. 

The reaction yields .. re considerably improved by uslng very 

pure reagents, and by very slow addition of the mathyl vinyl ketone ln 

dilute solutlon, 80 that the tendency tor polymerizatlon was reduced. 

In this IlaIlIler 10e( -ketol !! could he obtdned in 37' yield from 

dehydro-Inhoffen's ketone (~ with an 18% recovery of starting material. 

The keto1 12 had a.p. 148.5
0

_149.5
0 

and [C(J +610
• 

- D 

(a) 

(b) 

(c) 

As8ignment of structure 12 was based 011: 

the aforementioned elimination reactions, 

the tact that the hydroxyl could not he oxidlzed, 

-1 the intrared spectrum, whlch showed OH absorption at 3600 cm. 
-1 -1 

double bond at 3050 and 1675 cm. and ketone at 173> cm. , and 

(d) the NMR spectrum, which lndicated a sing1et at 0.82 p.p.m. for 

the I9-methyl, a slnglet at 1.98 p.p.m. (which dlsappeared on D20 ex­

change) due to the hydroxyl proton, a broad peak at 5.63 p.p.m. due to 

the C-ll viny1 proton, and no peaks for protons ex to an hydroxy1 (3.4-

4.5 p.p.m.). 

From the 1ess polar eluants of the chromatographie purification 
o 0 0 

of keto1 !!, crystals of a.p. 116 -116.5 , [cx.] +81 cou1d he obtained 
D 

in 5% yie1d. 'lbis by-product corresponded to spot 4 on TLC ~ (figure 20) 
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and was therefore assigned structure ~ cholesta-4,9(11)-dien-3-one. 

-1 'lbis was supported by infrared peaks at 3040 and 1610 Cil. (double 

, -1 
bond) and 1680 CIl. (CI..,p -UDsaturated ketone). Tb.G ~~traviolot 

spectrum (À 241 Il J.L: cholest-4-en-3-one has >-. 241 Il JJ. 63), and 
Jl8lt. 1 Ilax. 1 

the DR spectrma, which i8 closely analoF'us to that of cholest-4-en-3-

one With the addition of a broad peak at 5.45 p.P.II. due to the vinyl 

proton on C-ll, al80 support this structure. 

An attempt was made to transfora .!:! into the known 5ClC.-chole8t-

67 0 r.] 0 0 9(1l)-en-3-j3-ol (ID (Il.P. 123, Lex. D +27 ; Acetate Il.p. 105 , 

[OC]D +22.5
0
), by hydrogenation of the 4,5-double bond in acid aedium 

and reduction of the ketone group. Trio products were isolated which 

WGre UDsaturated alcohols (by infrarecl), but only the major one cou1d 

be crysta11ized; a.p. 1340 -135°, (oY +25°; Acetate Il.p. 98°-99°, 
D 

[C(] +140 • Probab1y hydrogenation of the 4,5-doub1a bond gave a Illx­
D 

ture of the t'Wo epimers at C-5, and it weB the 5/3 -cho1estane compound 

(72) which was iso1ated. 'lbis i8 a coJlllllon pheDOmenon68 • 'lberefore, 

in view of the fact that the by-product cou1d DOt he converted to a 

R R 

HO··· 
H 

71 72 
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kaoWD derivative, the a88igDDODt of !!mu8t 8till be rega~~~ a8 tenta-

tive. 

li{dropnation of the eell-Double Bond 

Thi8 8tep provlded no slgnlflcant dlfflcultles as the UDsat-

urated ketol !! was easlly hydrogenated by platlnam ln acetlc acld to 

the 8aturated dlol!!. The prlnclpal byproduct (about 20% yleld) was 

o 0 
100C -cholestan-50( -01 (16) Il.P. 79.5 -so , 

by hydrogenolysls of the C-3 hydroxy group. 

[0(] +530
, which was fOl'll8d 

D 

This structure was asslgned 

on the basi8 of 1 ts infrared spectrua, whlch &howed hydroxyl peaks at 

-1 
3640 and 3350 cm. ,and of the fact that i t was not oxldized by Jones 

reagent. 

Such extensive hydrogeno1ysls ls not a usua1 characterlstic 

of ordinary secondary alcohols. A possible exp1anatlon of this anoma1-

ous behaviour 18 that the catalyst must approach the C-3 ketone group 

froll the back slde (O(-dlrection), sinee ft -attack would be too hindered 

(see figure 22). 'lbls wou1d yield the axla1 3jJ -a1coho1, which wou1d 

be in a very hlndered position, and thus rather sU8ceptlb1e to 10ss by 

hydrogeno1ysis. 

Severa1 other cata1ysts and hydrogenation conditions were 

tried in an attempt to llin1mize thl. hydrogeno1ysis, but on1y p1atinum 

in acetic acid was effectlve for reduction of the 9,ll-double bond. 

This ls probab1y because of its rather hlndered position. 

Diol !! was not purified but was immediately oxidized by 
69 

chromic acid in acetone (Jones reagent ) to the saturated keto1 17 
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(lOo(-cholestan-5«.-ol-3-olle) in 74% overaU yield froa!!. 'lbe collpOUIld 

had a m.p. of 1'10.5°-171°, [«] +49°, and an infrared spectrum essent-
D 

iaUy the sam. as that of UDsaturated ketol !,!. except for bands at 
-1 

3050 and 1675 cm., due to UDsaturatioll, in the latter. 

Proof of tbe Oonfierat1on of 10o(.~(hole8tan-50(-o1-3-olle (!!> 

Molecular models of the UDsaturated ketol 12 bad indicated 

tbe bydrogellation of the 9, Il-double bolld would take place from the 

ex or bottom side, because steric binderance to tbe approacb of the 

catalyst would then he at a minimum. 'Ibis sbould lead to a SCX-bydrogell. 

At tbis poillt it was thought desirable to check the conclusions con-

cerning tbe stereocbeaistry of both the methyl vinyl ketone addition 

and tbe bydrogenation, and to prove with certainty that the structure 

of !! was tbat shown in figure 22. 

FIGURE 22 

!folecular Modol of IOO(-(holestan-50(.-o1-3-one (!!> 

R 

OH 
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Models lndlcated that the .ost stable conformation for 17 

would be the all-chair fora, plct1ared in figure 22. If this ls pro-

jected along the O=C-3 axis, figure 23 resu1ts. App1)'ing the octant 

ru1e70 to this projection, one can easil)' see that .ost of the substit-

uents on the A-ring faI1 into the upper-rigbt-rear octant, thus Ieading 

to the prediction of a negative Cotton effect. 

FIGt1RB 23 

Projection of 10C(-Cbolestan-SC(-ol-3-one Alon, the O=C-3 Axis 

+ 

+ 

t---OH 

Cotton Bffect of 
Substi tuents in Hear 
Octants 

The optical rotator)' dispersion ourve shown in figure 24+ 

clearl)' justifies this prediction; therefore, the structure and con-

figuration of 100( -cho1estan-S O(-ol-3-one (17) are confirmed. 

+ !bis ourve provides another interesting instance of a compound with 
a positive [ot:]D and a negative Cotton effect. 
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FIGURE 24 

Optical Rotatory Dispersion Curve 

of 10 C{-Cholestan-50(.-ol-3-one 

3 

2 

~ 
o 

o~------------~------~~-------------------------; 

-J 

275 300 325 350 375 400 

WAVE LENGTH (M~) 
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i:jFoiii'lUliiiiiii.t.l0.D ... Oiiiif ... IO ..... 0( .. -aJ .. iiiiio.le.s.t .. -4 ... -e.n .. -.. 3 .. -G .. ne .. = (~ 

Blill1n.Uon of water from ketol II wü easUy aecolipl1shed 

by reflwdllg i t ln bellzene wl th a trace of para-toluenesulphonlc acld. 

'Dlls reaction probably proceeds by protonatlon of the 5o{-hydroxyl 

group, which can easUy leave from eDOlic interaediate (.!!>. '!hus 

it 18 more in the nature of an BI elim1llatloll. 

73 

TWo UDsaturated ketones were separated from the product 

mixture by chromatography. 'Dle major product (100(-cholest-4-e1l-3-one 

(~) was a clear 011 whlch did not crystal11ze but gave a crystallille 

red 2,4-cl1llitrophenylhydraflOne melUng at 185°-185.50 • '!he infrared 

spectrum of the oU showed that it was an 0( ,fi -UDsaturated ketone 

-1 
(1680 CJI. ) and the ultraviolet spectrum confirmed this (À 243 m.a, 

max. 1 
.. 71 

natural chole8t-4-e1l-3-one has "'max.242 mJ" ). Furthermore, the 

ultraviolet spectrum of the crystalline 2,4-din1trophellylhydrazone ls 

closely analogous to that of natural cholest-4-en-3-one72• (See table 1). 
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TABLE 1 

Ultraviolet AbsorbanC8a of 

10 cC. - and loB -C2lolest-4-en-3-one-2,4-c:linitrophenylhydrazone 

100(.- 10)-

log € À (cll.-l ) log € 
max. max. Ilax. 

and 

260 

293 
392 

4.23 256 
281 
292 
393 

!he Ilinor product was a crystalline solid of m.p. 11~-112.5° 

[ct] -1040
, and Was assigned the structure 10ot-cholest-5-en-3-one 

D 

(19) from 1 ta Infrared spectrum which showed double bond absorption at 

-1 1 3030 and 1680 CIl. and unconjugated ketone at 173> Cil. -. Furthermore, 

both !!. and !!. could be converted Into the same eno1 acetate UO) (des­

cribed in the fol1owing section), and basic hydrolysis of ~ led to a 

mixture of !!. and !! in the proportion two parts conjugated ketone (18) 

+ to one part unconjugated ketone (19). 

Ginsig and Cross27 found aimilar behaviour when they treated 74 

with potassium tertiary-butoxlde in dimethylsu1phoxide. The two 

ketonic products were isolated by chromatography in the ratio of two 

IF 
parts of unconjugated ketone (75) to one part conjugated ketone (26). 

+ Determined by the relative intenslties of their carbonyl absorptions 
in the infrared spectrum. 

• Determlned :!lrom the yields of the products separated by chromatography. 
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OH 

l 
" 

+ 

75 26 

Obviously there muet be a strong steric reason for the pre-

ference of the double bond in ring B, Bince f3 , (f -uDsaturated' ketones 

usually reconjugate themselves almost completely in the prescence of 

acld or base. Mo1ecu1ar modela of conjugated (18) and UDconjugated (19) 

ketones suggest one major exp1anatlon (see figure 25). 

In 10-0( cho1est-4-en-3-one (18) ring B is forced to exist in 

a skew-boat conformation, whereas in the unconjugated 100(-cho1est-5-
+ 

en-3-one (19), it can take up the more stable half-chair conformation. 

This would be expected to destabllize the conjugatcd ketone relative 

to the unconjugated one. 

+ The half-chalr fora of cyclohexene is probab1y only a 1ittle more 
strained then the chair form of cyclohexane, but *e skew-boat fol'll 
i8 con81derably more strained than the chair form • 



FIGURE 25 

Il 

Molecular Modela of 10C(-Cbolest-4-en-3-one (18) 

and 100(-ClI,ole.t-5-en-3-one (19) 

o H 

100( -QJ.olest-4-en-3-one 

10cX-QJ.olest-5-en-3-one 

FOrmation of 10eX-QJ.o1estero1 
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As mentioned earl1er, both unsaturated ketones !:! and !! 

could be converted to the same eno1 acetate~. In later experiments 

the crude mixture of !:! and !! was not separated, but immediate1y treated 

with the perchloric acid-acetic anhydride reagent of Edwards and Ra076 

to give ~ in an overall yield (from 17) of 84%. '!his 10OL-eno1 ac:etate 

(m.p. 93°_94°, [C(] +32°) was identified by its infrared spectrum 
D 

-1 -1 
(double bond: 3030 and 1660 cm. ; acetate: 1755 cm. ), and i ts 
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ultraviolet spectrum (Àmax. 236 mt; the corresponding 10.,,8-enol acetate 

has À 236 mu.). max. 1 
o 0 

Final production of 10 ()(-cholesterol (ID (Dl.P. 118.5 -119 , 

achieved by a modification of the method of Belleau 

The 10o{-enol acetate (20)was reduced by sodium boro-

hydride in aqueous methanol in 84% yield. Normally sodium borohydride 

i8 too weak to reduce esters, but in the solution made basic by the 

borohydride, the enol acetate was apparently hydro1yzed to the uncon-

jugated ketone !!, which was reduced to the alcohol by the excess 

borohydride before any equ1libration of the double bond cou Id occur78 • 

lb prove that the double bond was in fact in the 5,6-position, the 

10c{-cholesterol was oxidized under m11d conditions which could not 

"'" have caused reconjugation of the double bondv~; the product isolated 

was 1dentical wlth !!. 

Stereochemlstry of the C-3 Hydroxyl Group 

The configuration of the C-3 hydroxy1 group was deduced from 

the nuclear magnetic resonance spectrum of lOot-cholesterol shown in 

figure 27. The broad peak at 3.45 p.p.m. i8 due to both the hydroxyl 

and C-3 protons; upon deuterium oxide exchange the former is removed 

and the peak becomes much sharper. (Width at half-height: 2.5 c.p.s.). 

It has been pointed out that the equatoriai protons 0( to hydroxyJ. 

. groups abaorb at a Iower field and give considerably sharper peaks 

79 80 
than thJir axial counterparts ' • Comparison of the sharp peak at 

3.45 p.p.m. in the NHR spectrum of lOc(-cholesterol with the very 
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broad peak of natural lOjS-Cholesterol at about 3.4 p.p.m. illustrates 

this dUference. '!bus, the hydroxyl group in ~he 10oL-epimer 1IlU8t be 

axial, and hence, in thej9 -configuration (see figure 26). 

In the reduction of unhindered ketonea by met al hydridea, 

the .oat important factor in controlling the 8tereochemistry i8 the 

relative stability of the product alcohola. 7hia ia especially ao for 

a amall rec:lucing .peQi$~ ~~r.h ee 9 ft.l!!4 (froll 11 thium alUlllinum hydride): 

which i8 little affected by BIlall dif~erences in ateric hinderance. 

Hence, the more stable eqaatorial alcohol will he the main product. 

7his ia callec:l ''product development control" 82,91. 

Bowever, for the caae of hindered ketones, the accesaibility 

of the carbonyl function becom8a the controlling factor, forcing the 

reducing apecies to approach from the least hindered direction, thus 

giving the more hindered and less stable alcohol aa the principal 

product. This is called "steric approach control" 82,91; it Is 

especlally Important for bulky reduclng agents such as 80diUR boro-

hydride ln aqaeous methanol, where the borohydride lon is probably 

82 quite 80lvated • 

As a moleeular model of lOOl-cholest-5-en-3-one (figure 25) 

shows, thef3 -direction at 0-3 is fairly hindered by the rest of the 

aterold, whereas the "convex" 0{ -face 18 qui te open to attack, thus 

leading to the 3ft -axial alcohol. Binee only the axial alcohol could 

be i80lated (ln 84~ yield) the reduetion i8 an example of sterie 

approach control. 
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FIGlJRB 26 

Molecular Modela of 100( - and lO,S -Cllolesterol 
o 

R 

lOO(-Cllolesterol 

R 

HO~--~ 

lOP -Clloleste:t"Ol 
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~arlsoD of the Spectral Properties of 100(- aDd 10A3-Cholesterol 

Figures 27 and 28 show that the NHR spectra for 100( - aDd 

10fJ -cholesterol are very silll1lar. SUrprlsingly, the peak due to the 

19-.ethyl group has exactly the saae chemical shlft for both compounds 

(0.817 P.P ••• ); it migbt be expected to be at lower fleld for the 10CX-

epiJll8r, aiDee 1t does not sen to be able to "S88" as JlUch of the 

81 
steroid ring system • 

IDfrared spectra of the two epimers (see figure 29) are al-

.ost identical. The only difference is in the hydroxyl bending vi-

-1 -1 
bration whicb occurs at 1050 cm. for the 10 ot- and 1060 cm. for 

the 10 fo -compound. 

10o{-Cholesterol Acetate 

~is was made by acetylation of 100(-cholesterol by the per-

76 
chloric acid-acetic anhydride method of Edwards ana Rao It had a 

m.p. of 124
0

_124.5
0 

and ~D -47
0

• Its lnfrared spectrum and that of 

10p -cholesterol acetats 18 found in figure 30. 

Oomparison of Melting Points and Optical BOtations of 0-10 Ep1mers 

It is evident from table 2 that there 18 no regu::'.arity in either 

melting point or optical rotation differences between the six 100(-

and lofd -epimers l1sted. The only conclusion which can be drawn is 

that the melting points are generally lower and optical rotations ;ener­

ally more negative for the 10o(-compounds; there are however, glaring 

exceptions. 
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TABLE 2 

Comparison of Me1ting Points and Optica1 Rotations of 0-10 Epiaera 

Compound Mel ting Point [ex] D 

X =ot X=f3 Ref. X =0(. X=f3 Ref. 

• + 88+ 10X-cho1estero1 119 150 83 - 46 - 40 

• + + 
10X-cho1estero1 acetate 124 114 84 - 47 - 43 88 

85'" 
+ 

10X-cho1est-5-en-3-one 112 126 -104 - 8 85 

+ 
10X-cho1esta-3,5-dien-3-ol acetate 94 84 + 32 -100 89 

+ + 
10X-c:ho1estan-5 ct-01 80 110 86 + 53 + Il.2 86 

87+ 
+ 

10X-cholestan-5C(-ol-3-one 171 226 + 49 + 41 87 

• It i8 worth noting that in these compounds the 0-3 functional group ia equatorial in the 10jB­
isomers and axial in the 10ct-isomers. This might contribute differently to the overa1l 
optical rotation of the 0-10 epimers. 

+ Refers to references to X = f3 on1y. 

ft 

CIl 
CIl 
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FIGURE 27 

Nuclear Magnetic Resonance Spectrum 

of lOO(-Ololesterol in Deutero-

chloroform Solution 
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FIGURE 28 

Nuclear Magnetic Resonance Spectrum 

of 10 f3 -<holesterol in Deutero-

chloroform Solution 

57 
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FIGURE 29 

Infrared Spectra of 

100<.- and 10/3 -Cholesterol 

in Carbon Tetrachloride Solution 
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FIGURE 30 

Infrared Spectra of 

100(- and 10fJ -Cholesterol Acetate 

in Carbon Tetrachloride Solution 
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the general results of thi. work indicate that the th60retical 

predictions made as to the position and direction of alkylation of 

dehydro-Inhoffen's ketone (~ were justified. Attack at C-IO from 

the pradicted lB -direction gave 88~ of the product whereas 0( -attack 

resulted in only 12'. 

On surveying the overall synthetic schema the advantages of 

aethyl vinyl ketone become obvious. Flrstly, the product !!.was formed 

directly. 88co ... l1ly, the .ode of foraation ensured that any product ~f 

C(-attack would be converted into the less polar ketone 14, thus making 

the separation of the 10d. - and 1013 -epimers easy. '1bi rd 1 Y , the immed­

iate product was a polar ketol with a relatively high melting point 

which facilitated purification by crystallization. Finally, the ketol 

structure provided an excellent m&sk for the 4,5-double bond, (later 

5,6-double bond), while the 9:11-double bond was baing hydrogenated. 

Wlth this method as the key step, cholesterol has been con-

verted to 10ot-cholesterol in an eleven-step synthesis in an overall 

yield of 6.4~. However, should 10OC-cholesterol have biological or 

medical slgnificance, one can be certain that improved methods and 

techniques will improve this, since necessity is truly the mother of 

invention. 
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EXPERIMENTAL 

1. AlI chemicals used were reagent grade, unless otherwise s~cified. 

2. Melting points were taken on a Gallenkamp melting point apparatu8 

and are corrected. 

3. Infrared spectra were made on Perkin-Elmer 337 and 521 grating 

spectrophotometers in 0.1 mm. sodium chloride cells using "spectral" 

grade carbon tetrachloride as solvent. Infrared absorption band 

intensities are listed as: (w) Wèak, (m) medium, (s) strong, and 

(sh) shoulder. Band positions are quoted in reciprocal centimeters 

-1 (cm. ). 

4. Ultraviolet spectra were taken on a Unlcam SP-800 recoràlng 

spectrophotometer in 1 cm. quartz cells. The solvent was 95% 

ethanol, unless otherwioe noted. 

5. Nuclear magnetic resonance spectra were made on a Varian A-50 spec-

trometer equlpped with a time averaging computer. The solvents 

used were "spectral" grade carbon tetrachloride or deuterochloroform. 

Peak positions are given in parts per million (p.p.m.) relative to 

a tetramethylsilane internaI standard. 

6 • 
o Optical rotations were taken on a Carl Zeiss .005 photoelectric 

polarimeter, using chloroform solutions in & l decimeter cell. 

7. The optical rotatory dispersion curve was made on a JASCO spectro-

polarimeter at the University of Ottawa t~AÛÜg~ the kindness of 

Professor Peter Morand. 

8. Elemental analyses were performed by Dr. C. Daessle, Montreal, and 

by Alfred Bernhardt, Mulheim (Ruhr). 
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9. Vapour phase chromatography was done on an Aerograph 705 Autoprep 

using nitrogen as carrier gas. 

10. AlI column chromatography was done on Woelm neutral alumina, grade 

III. 

Il. AlI solutions were dried over anhydrous magnesium sulphate prior 

to evaporation. 

12. The courses of aIl reactions and the purity of aIl compounds were 

checked by thin-layer chromatography on microscope slides coated 

with silica gel. 
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atolesterol (!> 

atolesterol was used as received from Canada Packers Lim1ted 

atolest-4-en-3-one (~ 

o 0 atolest-4-en-3-one (m.p. 80 -81 ) was prepared by the method 

of Eastham and Teranishi37 in 85% yield. 

Windaus' Keto-acid (3,5-Secocholestan-5-one-3-oic acid) (3) 

Windaus' keto-acid (m.p. 1530 -1540 . was prepared by the method 

of Edward et a138 ln 74% yield. 

Inhoffen' s Katone (l0 C(-des-A-cholestan-5-one) (9 

Essentially the procedure of Hartshorn and Jones36 was 

followed; however these authors gave few experimental details. 

In 300 ml. of methanol 23.5 gm. of Windaus keto-acid was 

dissolved with stirring, and enough sodium methoxide (6.7 gm.) was 

added nearly to neutralize the solution. A few drops of phenolphtalein 

in methanol were added, and the solution titrated with 0.25 N sodium 

methoxide in methanol until a violet colour just persisted. One drop 

of concentrated hydrochloric acid was then added, and the solution eva-

porated to dryness under vacuum. The resulting sodium salt was dried 

o 
at 100 C. for two hours. Sodium phenylacetate was prepared from phenyl-

acetic acid in the same manner. 

The sodium salt of Windaus' keto-acid (25 gm.) and 100 gm. of 



sodium phenylacetate were powdered together with 3 gm. of asbestos 

powder in a mortar, and the dry mixture poured into a 250 ml. round-

o 
bottom flask. This Was connected by a short 90 elbow to a 100 ml. 

receiving flask equipped with a side-arm. The elbow was wrapped with 

heating tape and insulation, and the side-arm connected to a mercury-

diffusion pump capable of maintaining a pressure of 0.05 mm. of 

+ Mercury in the system. 

The flask containing the powdered solid was submerged in a 

bath of molten solder at 2500
, the vacuum was cautiously connected, 

and the heating tape regulated so as to keep the elbow at about 2500
• 

The solder bath was allowed to heat up to 3100
, and was held there for 

two hours while the pale yellow oi1 distilled into the receiving flask 

which was cooled by a stream of cold water. After two hours the 

apparatus was removed and disassembled immediately to prevent joint 

se1zure. The oil (which had a distinct odour of roses) weighed 19.3 

gm. and contained a considerable amount of some non-polar impurity 

which could not be removed by steam distillation or chromic acid ox-

idation. 

Chromatography of the crude product in two lots on columns 

of 300 gm. of alumina, using hexane as eluant, followed by crystalliz­

ation from petroleum ether (300 _600
) gave 6.7 gm. of crystals. Further 

chromatography of the mother liquors yielded 6.5 gm. more. Tbtal 

yield was 69%. 

Melting Point: 
o 0 0 0 36 

61 -62 (literature m.p. 62 -63 ). 

+ A liquid nitrogen trap is essential. 
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Infrared Spectrum: 2940 (s), 2860 (s), 1720 (s), 1465 (m), 

1455 (m), 1375 (D), 1310 (v), 1280 (v), 1220 (v), 1190 (v), 1160 (v), 

1120 (v), 1080 (v), 975 (w), 965 (w), 935 (v), 915 (v). 

Nuclear Magnetic Resonance Spectrum: 0.71 (sing1et), 18-methyl; 

0.82 (doublet, J = 3.5 c.P.s.), 19-methy1. 

o 0 The 2,4-dinitrophenylhydrazone derivative had a m.p. 173 -174 

o 0 35 
(literature a.p. 177 -178 ). 

2-(3'-Chlorobut-2'-enyl)-2-methy1cyc1ohexanone (5~ and 6-(3'-Chlorobut-

2'-enyl)a2-methy1cyc1ohexanone (57) 

The reaction vas essentially described by JUlia. 62 However, 

several improvements have been made, and the crude product analyzad by 

VPC, a too1 Dot availableto Julia. 

Sodium tertiary-amylate solution in benzene (2N) was prepared 

by dissolving 4 ml. of redistilled tertiary-amyl alcohol in 20 ml. of 

sodium-dried benzene. Freshly cut sodium metal (1.2 gm.) was added~ 

and the mixture stlrred and refluxed under dry nltrogen for elght 

hours until no more sodium would raact. The clear solution was cooled 

and a 1 ml. aliquot was wlthdrawn and added to 10 ml. of 0.2N standard-

ized hydroch1oric acid. This was titrated with 0.2N standarcl sodium 

hydroxide solution to the phenolphthalein end point. The solution 

could he kept for about t;o clay; ünd6~ nitrogen, but after that tlme 

it formed a brown gummy masse 

In an oven-dried 25 ml. three-necked flask, 1 ml. of 2-methyl-

cyclohaxanona (55) and 1 ml. of freshly distl1led 1,3-dichlorobut-2-ene 

were dlsso1ved in 5 ml. of sodlum-dried benzene. The flask was cooled 
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to 50, dry nitrogen passed through it, and 5 ml. of 2N sodium tertiary-

amy1ate solution added over a period of five minutes. The solution 

was stirred at 50 for one hour, and ref1uxed for one hour. It Was 

then di1uted with ether, washed with water and with saturated sodium 

ch10ride solution, dried, and evaporated under reduced pressure. 

The crude residue was fractionated by preparative vapour-

phase chromatography on a co1umn 20' x 3/8" packed with 20% SE-30 

on Chromosorb W (60-80 mesh). The co1umn temperature was 2500 

and the carrier gas f10w Was 200 m1./min. Retention times were Il.0 

min. for the 2-isomer (56) and 12.5 min. for the 6-isomer (57) and 

the ratio of peak areas was 5:1:1.5 (2-isomer:6-isomer:unreacted 

starting materia1). 

Infrared Spectrum of 56 (pure 1iquid): 3400 (w), 3040 (w), 

2970 (sh), 2940 (s), 1720 (s), 1665 (s), 1450 (s), 1430 (s), 1380 (s), 

1345 (m), 1320 (m), 1260 (w), 1235 (m), 1210 (w), 1165 (w), 1130 (s), 

1090 (m), 1070 (s), 1045 (w), 1025 (w), 990 (m), 965 (w), 925 (w), 

900 (w), 855 (w), 800 (w), 700 (w), 630 (s). 

Infrared Spectrum of 57 (pure 1iquid): 3400 (w), 3040 (w), 

2975 (sh), 2950 (s), 2875 (s), 1720 (s), 1665 (m), 1465 (m), 1450 (m), 

1440 (m), 1385 (m), 1340 (w), 1320 (w), 1260 (w), 1235 (w), 1130 (s), 

108Q (s), 1020 (w), 985 (w), 960 (w), 930 (w), 900 (w), 855 (w), 

800 (w), 680 (w). 

Nuc1ear Magnetic Resonance Spectrum of the 2-Isomer (56): 1.05 

(sing1et), quaternary methy1j 2.05 (sing1et), viny1 methy1j 5.35 (triplet), 
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vinyl proton. 

60(-(3'-Chlorobut-2'-enyl)-10o(-des-A-cholestan-5-one (~ 

Sodium tertiary-amylate was prepared as in the prevlous 

example, except that only 10 ml. of h3nzene was used. Titration showed 

the cO,ncentration to be 3.8N. 

Inhoffen's ketone (!> (1.50 gm.) and freshly distilled 1,3-

dichlorobut-2-ene (0.71 gm.) were dissolved in 10 ml. of sodium-dried 

benzene llnder nitrogen in an oven-dried three-necked flask cooled to 

50. After adding 1.25 ml. of 3.8N sodium tertiary-amylate solution, 

stirring was continued for one hour while the flask warmed up to room 

temperature. Reflux for two hours followed. Dilution with ether, 

washing with water and with saturated sodium chloride solution, drying, 

and evaporation yielded a clear yel10w oi1. This was separated on 80 

gm. of alumina to give 0.82 gm. (43%) of the pure chloroketone (~ 

which was a clear oil (e1uted with hexane-5% ether). The preceding 

and ensuing fractions contained considerable amounts of product, how­

ever, they were not pure. 

Infrareà S~ectrum: 3040 (sh), 2970 (s), 2885 (s), 1725 (s), 

1675 (m), 1480 (m), 1460 (m), 1370 (m), 1350 (m), 1310 (w), 1290 (w), 

1125 (w), 970 (m), 625 (m). 

Nuclear Magnetic Resonance Spectrum: 0.71 (singlet), l8-methyl; 

0.80 (doublet, J = 4.5 c.P.s.), 19-methyl; 2.2 (singlet), vinyl methyl; 

5.47 (multiplet), vinyl proton. 



ln earlier attempts to improve the yield of alkylation, the 

following solvents were used in conjunction with sodium tertiary-amylate 

in benzene as the basic catalyst: dimethylformamide, dimethylsulphoxide-

benzene (75-25), isopropyl ether, tertiary-amyl alcohol-benzene (7-3), 

toluene, and diglyme. Reaction times and tempe ratures were also varied, 

but in no case cou Id the yield be increased. Analysis of the product 

mixtures was by vapour-phase chromatography on a glass column 10' x 4 mm. 

packed with 3% SE-30 on Cbromosorb W. o At 250 with a carrier gas flow 

of 90 ml./min., Inhoffen's ketone had a retention time of 4.5 min. and 

the alkylation product, 13.5 min. 

60(-(3'-OXobutyl)-100{-des-A-cholestan-5-one (!9 

The product from the previous alkylation reaction (0.80 gm.) 

was dissolved in 5 ml. of glacial acetic acid and poured into 12 ml. 

of ice-cold concentrated sulphuric acid under nitrogen. The dark 

solution was stirred at 00 for 5 minutes, and then poured over 50 gm. 

of crushed ice. The resultant mixture was extracted twice with ether, 

and this was washed with water, saturated sodium bicarbonate solution, 

dried, and evapcrat~d. Tne c~de product (0.677 gm.) Was a light 

yellow oil and was chromatographed on 20 gm. of alumina. Benzene 

eluted 0.283 gm. (37%) of a clear oil. 

Infrared Spectrum: 2960 (s), 2940 (s), 2880 (s), 1720 (s), 

1475 (m), 1455 (m), 1410 (w), 1380 Cm), 1160 (w), 1150 Cm), 940 (w). 
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10«,6/3 -Anthracholest-4-en-3-one + (:!) , 

The product of the above sulphuric acid treatment (~ was 

dissolved in 5 ml. of glacial acetic acid, 0.5 ml. of concentrated 

hydrochloric acid was added, and the solution was left overnight at 

room temperature. Dilution with water was followed by two ether ex-

tractions which were combined, washed with water and saturated sodium 

bicarbonate solution, dried, and evaporated at reduced pressure to 

give a yellow oil. 

This was chromatographed on 20 gm. of alumina. Hexane-

50% benzene eluted 0.122 gm. of the unsaturated ketone 7 which was 

crystallized twice from methanol. (Yield: 43%). 

Melt1ng Point: 
o 0 

122.5 -123.5 • 

Infrared Spectrum: 3030 (sh), 2955 (s), 2865 (s), 1680 (s), 

1625 (m), 1475 (m), 1460 (m), 1380 (m), 1340 (m), 1255 (m), 1205 (w), 

1175 (w), 1150 (w), 1055 (w), 1020 (w), 975 (w), 910 (w), 900 (w), 

880 (w), 720 (w), 690 (w). 

Ultraviolet Spectrum: À 244 mJL, log € 4.10 • 
max. max. 

Nuc1ear Magnetic Resonance Spectrum: 0.70 (sing1et), 18-methy1; 

0.85 (doublet, J = 3.5 c.p.s.), 19-methy1; 5.65 (singlet), C-4 vinyl 

proton. 

Ana1ysis cale. for C27H440: C, 84.31; H, 11.53% 

Found: C, 84.47; H, 11.33% 

+ Numbering system suggested in ref. 74. 



The unsaturated ketone formed a red 2,4-dinitrophenylhydra-

o 0 
zone, m.p. 166.5 -167.5 • 

Analysis cale. for C33H4804N4: C, 70.18; H, 8.57% 

Found: C, 70.21; H, 8.56% 

Dehydro-Inhoffen's Ketone (Des-A-Cholest-9-en-5-one) (9) 

Inhoffen's ketone (~ (6.94 gm.) and N-bromosuccinimide 

(3.92 gm.) were placed in a 1 liter round-bot tom flask equipped with a 

stirring magnet and reflux condenser, and 100 ml. of pentane and 350 ml. 

of carbon tetrachloride were added. The solution was illuminated for 

45 minutes by a 500 watt photoflood bulb while being stirred. The 

flask and lamp were encased in a jacket of aluminum foil, and a blower 

was necessary to cool the flask so that the solvent wou Id not reflux 

too violently. After cooling and filtration, the solvent was removed 

at room temperature under reàuced pressure to yield a brown oil, which 

was the crude bromide 8. This waS immediately used in the next reaction. 

The crude oil was dissolved in 35 ml. of dimethylformamide 

and 3.4 gm. of anhydrous lithium chloride added. This mixture was heated 

on the steam bath with occasional swirling, for four hours. After 

dilution with ether, water was added, the ether layer sepnrate~, washed 

with water, with 2N-hydrochloric acid, with water, and with saturated 

sodium chloride solution. It was then dried and concentrated at reduced 

pressure to give 6.85 gm. of a dark brown oil. This was chromatographed 

on 210 gm. of alumina. Hexane and hexane-benzene mixtures eluted 2.95 

gm. of starting material, 0.88 gm. of mixture, and 2.46 gm. of dehydro-
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Inhoffen's ketone (~). The recovered starting material could be re-

cycled to raise the overa11 yie1d to 55%. 

The produet was a pale yellow oil but formed a dark red 2,4-

o 0 0 0 36 
dinitrophenylhydrazone m.p. 179.0 -179.5 (literature m.p. 179 -181 ). 

Infrared Speetrum: 3050 (sh), 2960 (s), 2875 (s), 1675 (s), 

1610 (m), 1475 (m), 1450 (sh), 1430 (m), 1380 (m), 1330 (m), 1320 (m), 

1310 (m), 1250 (w), 1170 (m), 1135 (w), 1085 (w), 1010 (w), 935 (w). 

Ultraviolet Spectrum: >-m 249 mf', log E 4.16 
axe max. 

(literature À 248.5 mjL, log 6 4.2136). 
max. max. 

Nuclear Magnetic Resonance Spectrum: 0.80 (singlet), 18-methyl; 

1.69 (singlet), vinyl 19-methy1; no peaks due to olefinic protons. 

10-(3'-Chlorobut-2'-enyl)-des-A-cholest-9(11)-en-5-one (10 and Il) 

AlI equipment waS oven-dried before use. Sodium tertiary-

amylate solution was made up by the usua1 procedure and titrated at 

2.42N. 

Dehydro-Inhoffen's ketone (7.6 gm.) and 1,3-dichlorobut-2-ene 

(3.3 gm.) were dissolved in 400 ml. of dry benzene under nitrogen. The 

flask WeS cooled in an iee bath and Il.4 ml. of the sodium tertiary-

amylate solution added through a dropping funne1 at a rate of 1 drop/ 

second while the solution was stirred. After addition, the solution 

was a1lowed to come to room temperature for one hour, and then refluxed 

for two hours. It was di1uted with ether, washed twice with water and 

then with saturated sodium chloride solution, dried, concentrated, and 

chromGtographed on 270 gm. of alumina. The product, which Was eluted 
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with hexane and hexane-benzene mixtures, was not weIl separated, but 

1.5 gm. was obtained pure and 6.0 gm. as a slightly impure mixture. 

(Yield: 78%). The pure fraction was a pale yellow oi1. Attempts were 

made to prepare the 2,4-dinitrophenylhydrazone and semicarbazone deri-

vatives for analysis, but on1y oils cou Id be obtained. 

Infrared Spectrum: 3040 (sh), 2970 (s), 2940 (sh), 2880 (s), 

1720 (s), 1670 (m), 1475 (m), 1460 (m), 1435 (w), 1380 (m), 1160 (w), 

1075 (w), 630 (w). 

Nuclear Magnetic Resonance Spectrum: 0.63 (singlet), l8-methyl; 

0.78 (singlet), 19-methyl; 2.02 (singlet), vinyl methyl; 5.27 (broad 

singlet), vinyl protons. 

Analysis cale. for C27H430Cl: C, 77.40; H, 10.32% 

Found: C, 77.32; H, 10.28% 

Attempted Formation of Ring A Oompounds from 10-(3'-Chlorobut-2'-enyl)-

des-A-cholest-9(11)-en-5-one (10 and Il) 

The product of the previous alkylation (0.388 gm.) was dis-

solved in 4 ml. of trifluoroacetic acid and the flask cooled in a 

dry ice-acetone bath. Ooncentrated sulphuric acid (80 ml.), precooled 

o 
to -10 , was poured in and the mixture was then frozen. This was 

o allowed to warm up to 0 in an ice bath while stirring under nitrogen. 

After 30 minutes it was poured over 200 gm. of ice and extracted with 

ether. This extract waS washed with water and with saturated sodium 

bicarbonate solution, dried, and concentrated. The resulting dark 

brown oi1 residue was chromatographed on 80 gm. of alumina. Benzene 



eluted 0.166 gm. (45~ of an 011. Experimental conditions were 

varied, but no increase in the yield was obtained. 

Infrared Spectrum: 3030 (sh) , 2940 (s), 2860 (s), 1720 (sh) , 

1710 (s), 1680 (sh) , 1455 (m), 1430 (sh) , 1380 (m), 1360 (m), 1290 (w), 

1165 (m), 1100 (w), 970 (w). 

The oil was dissolved in 10 ml. of anhydrouB dioxane at 00 

and a solution of 100 mg. of sodium metal in 25 ml. of absolute ethanol 

was added. The solution was left at 00 under nitrogen for five days, 

after which time 5 ml. of glacial acetic acid was added, and the 

solvent removed under reduced pressure at room temperature. Water 

and ether were added to the residue, and the ether layer washed with 

water and saturated sodium bicarbonate solution, dried, and evaporated. 

Chromatography on 25 gm. of alumina yielded Il.5 mg. (7%) of 

a polar product (eluted by benzene-lO% ether), which could not be 

crystallized. 

Infrared Spectrum: 3500 (sh), 3450 (broad peak), 3100 (w), 3080 (w), 

3045 (m), 2960 (s), 2870 (s), 1960 (w), 1735 (s), 1605 (w), 1595 (w), 

1475 (m), 1395 (m), 1380 (s), 1125 (s), 1075 (m), 1040 (m), 1000 (w), 

~OO,~OO. 

10c(-Cholest-9(11)-en-50(-ol-3-one (12) 

Dehydro-Inhoffen's ketone (~ (8.30 gm.) waB dissolved in 

60 ml. of anhydrous dioxane and a SO~~_.0~ of 0.58 gm. of sodium dis-

solved in 190 ml. of absolute ethanol Was added. The flask was cooled 

o 
to -15 in an ice-salt bath and dry nitrogen was passed through it. A 

solution of 6.5 ml. of freahly distilled methyl vinyl ketone in 50 ml. 
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of anhydrous dioxane was dripped in over 9.5 hours, while stirring, 

o and the reaction was left to proceed in the refrigel'ator (0 ) under 

nitrogen for two days. At this point 2 ml. of methyl vinyl ketone 

in 2 ml. of dioxane was added, the flask Was re-flushed with nitrogen, 

and left at 00 for two more days. Glacial acetic acid (10 ml.) was 

then added, and the yellow solution evaporated to dryness under reduced 

pressure at room temperature. Water was added, and the mixture ex-

tracted twice with ether. The ethereal layers were combined, washed 

with water and with saturated sodium bicarbonate solution, dried, and 

evaporated. Cbromatography on 285 gm. of alumina gave 3.73 gm. (37%) 

of the unsaturated ketol 12, which was eluted by benzene-lO% ether. 

o 0 
This was recrystallized from petroleum ether (30 -60 ) to give white 

crystals. 

Mel ting Point: o 0 
148.5 -149.5 • 

Optical Rotation: [C<]D + 61
0 (~, 0.55). 

Infrared Spectrum: 3600 (m), 3050 (w), 2955 (s), 2930 (s), 

2865 (s), 1720 (s), 1675 (m), 1470 (m), 1425 (w), 1375 (m), 1320 (w), 

1000 (w). 

Nuclear Magnetic Resonance Spectrum: 0.59 (singlet), 18-methyl; 

0.82 (singlet), 19-methyl; 1.98 (singlet), hydroxy1 proton (disappeared 

on D20 exchange); 1.5-3.0 (multiplet), protons CXto the carbonyl group; 

5.63 (broad singlet), vinyl proton at C-ll. 

Analysis cale. for C2~4402: C, 80.94; H, Il.07% 

Found: C, 81.26; H, 10.96% 
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Cholesta-4,9(ll)-dien-3-one (14) 

In the chromatographie purification of the previous product 

(12), a brown oil was obtained from the earlier fractions. This was 

shown by thin-layer chromatography to be unreacted starting material 

(~ (about 18% yield) plus a small proportion of a slightly more polar 

compound. After several weeks, crystals of this by-product formed in 

the oi1 and were removed by decantation and filtration. Crystallization 

o 0 
from petroleum ether (30 -60 ) and methanol yielded 0.465 gm. (5% yield 

from ~) of cholesta-4,9(11)-dien-3-one (14). 

Melting Point: 1160 -116.5
0

• 

Optical Rotation: 
o 

[ot]D + 81 (E, 1.84). 

Infrared Spectrum: 3040 (w), 2955 (s), 2930 (s), 2865 (s), 

1680 (s). 1610 (m), 1465 (m), 1375 (m), 1340 (m), 1270 (m), 1230 (m), 

1185 (w), 990 (w), 965 (w), 930 (w), 910 (w), 865 (m), 720 (w), 690 (w). 

Ultraviolet Spectrum: À 241 m /J., log e- max 4.18. max. 1 • 

Nuclear Magnetic Resonance Spectrum: 0.65 (singlet), 18-methyl; 

0.82 (singlet), 19-methyl; 5.45 (broad sing1et), viny1 proton at C-ll; 

5.73 (sharp singlet), vinyl proton at C-4. 

Analysis cale. for C27"420: C, 84.75; H, Il.07% 

Found: C, 84.55; H, Il.05% 

5/3 -Cllo1est-9(1l)-en-3o(-ol (72) (?) 
1 

Cllolesta-4,9(11)-dien-3-one (84 mg.) was hydrogenated over 

61 mg. of pre-reduced Adam's cata1yst (Pt02) in 15 ml. of acetic acid 
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containing one drop of concentrated hydrochloric acid, until rapid up-

take of hydrogen ceased (about 30 minutes). The solution was filtered, 

diluted with ether, washed twice with water and once with saturated sod-

ium bicarbonate solution, dried, and concentrated under reduced pressure. 

The crude residue was dissolved in 50 ml. of acetone, and chromic acid 

69 
(Jones reagent ) was added dropwise with stirring until a reddish 

colour persisted for three minutes. Excess oxidant was destroyed by 

the addition of 5 ml. of Methanol, and the solution was diluted with 

ether. Washing with water and with saturated sodium bicarbonate solu-

tion was followed by drying and concentrating under reduced pressure. 

The solid residue was dissolved in 10 ml. of anhydrous diglyme, 

and 200 mg. of lithium tri-tertiary-butoxyaluminum hydride was added 

with stirring. The solution Was left overnight at room temperature; 

water was added to destroy the excess hydride, followed by 10 ml. of 

glacial acetic acid. The mixture was extracted with ether, and the 

ether solution was washed four times with water and once with saturated 

sodium bicarbonate solution. Drying and concentration of the solution 

yielded a clear oil which was chromatographed on 10 gm. of alumina. 

Hexane-50% benzene eluted 15 mg. of an oil which did not crystalllze, 

and benzene eluted 20 mg. of a solid which waS crystallized from meth-

anol. 

Melting Point: 134
0

-135
0

• 

Optical lbtation: [eX] D + 250 (E" 0 .13) • 

Infrared Spectrum: 3625 (w), 3350 (broad peak), 3040 (w), 

2955 (sh), 2930 (s), 2870 (s), 1465 (m), 1375 (m), 1100 (s), 1020 (s), 

915 (w). 
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This solid was acetylated by the method of Edwards and Ra076• 

Tb 20 ml. of absolute ethyl acetate,0.025 ml. of 72% perchloric acid 

and 2.4 ml. of acetic anhydride were added. The solution Was made up 

to 25 ml. with ethyl acetate, and immediately poured on to the solide 

After 15 minutes at room temperature, saturated sodium bicarbonate 

solution and ether were added. The ethereal layer was separated, washed 

weIl with bicarbonate solution, dried, and concentrated under reduced 

pressure. Tb the residue, a few milliliters of methanol containing 

a trace of pyridine was added, and the solvent again removed. The 

acetate Was obtained as a white solid, and was recrystallized from 

methanol. 

Melting Point: 980 -990 • 

Optical Ibtation: [ex] D + 140 (f, ° ~ 17) 

Analysis calc. for C29H4802: C, 81.25; H, Il.29% 

Found: C, 81.21; H, 11.20$ 

10 d..-Ololestan-5o(.-ol-3-one (17) 

10cl-Cholest-9(11)-en-5C(-ol-3-one (12) (266 mg.) in 20 ml. 

of glacial acetic acid was hydrogenated at atmospheric pressure over 

196 mg. of pre-reduced Adams' catalyst (platinu. oxide). After uptake 

of hydrogen ceased (about two equivalents were absorbed in about 4 

hours), ether was added, and the catalyst filtered off. The filtrat~ 

was washed twice with water, and once with saturated sodium bicarbonate 

solution, dried, and concentrated under pressure to give a white solid 

which was a mixture of the saturated diol 15 and alcohol 16. 
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Infrared Speetrum: 3620 (m), 3400 (broad peak), 2950 (s), 

2865 (s), 1465 (m), 1445 (sh), 1375 (m), 1265 (s), 1160 (w), 1100 (s), 

1020 (s), 935 (w), 870 (w), 685 (w). 

The erude mixture was disso1ved in 50 ml. of acetone and Jones 

69 reagent waB added dropwise unti1 a reddish tinge persisted for three 

minutes. Exeess oxidant waB destroyed by the addition of 5 ml. of 

methanol, and the solution was diluted with ether. This was wâgh~d with 

water and with saturated sodium bicarbonate solution, dried, and coneen-

trated under reduced pressure. The resu1tlng solid was crysta11ized 

from petroleum ether (300 -600
) to give 197 mg. of the keto1 !! (74% 

from 12) in the form of white needles. This crysta11ization Was fairly 

critica1, sinee, if the solution Was too eoncentrated, or was eooled 

in the refrigerator, only a sludge resulted. Seed crystals were usually 

necessary for hest results. 

Me1ting Point: 170.50 -1710
• 

Optica1 ROtation: ~]D + 490 (~, 0.24). 

Infrared Spectrum: 3610 (m), 3400 (broad peak), 2950 (s), 

2870 (s), 1710 (s), 1470 (m), 1430 (sh), 1375 (m), 1280 (w), 1240 (w), 

1115 (w), 1060 (w), 1030 (w), 1000 (w), 945 (m). 

Optica1 Rotatory Dispersion Curve: See figure 23. 

Ana1ysis cale. for C27H4S02: C, 80.54; H, Il.52% 

Found: C, 80.69; H, Il.22% 

Attempts were made to improve the yie1d by the use of the 

following catalysts and solvents: p1atinum oxide in ethanol or ethy1 

aeetate with a trace of perchloric acid, palladium in ethanol or acetic 
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90 
aeld, and ~(trlpheDY1phosphine)-rhodiua ch10ride in benzene. B,-

dropllatioll pressures varied fro. ataospher1e to 4 ataoapheres. III 

noDe of these cases cou1d the 9,ll-doub1e bond be e0llp1ete11 hydrogen-

ated. 

10oL-Cho1estan-5ol-01 (~ 

'Dle COIlbilled IIOther liquors from the cr,stal1lzatloll of 100(-

cho1estlU1-50(-ol-3-olle (17) were chromatographed on a1W1ina. 'lb. aain 

byproduct of the hydrogenation (10Cl(-cho1eatan-5o(-ol (!!» waa e1uted 

with hexane-10~ beDzene and represeDted approximate1, a 20% ,ie1d 

froa!!. Cryata11ization froa methauo1 gave white cr,sta1a. 

Melting PoiDt: 79.50-800 • 

Optica1 IbtatioD: [c:4 D + 53
0 (~ 0.18). 

Infrared Speotrum: 3640 (a), 3350 (broad peak), 2950 (a), 2870 (a), 

1475 (m), 1450 (ah), 1375 ~), 1250 (w), 1175 (v), 1120 (v), 1030 (m), 

980 (w), 940 (w), 930 (v). 

Anal,ais cale. for C2~480: C, 83.43; B, 12.45%. 

FOuad: C, 83.72; H, l2.25~. 

100(-Cholestan-5ot-01 (!!> (50 mg.) ID aeetone vas treated 

vith Jones reageDt ln the same manner as descrlbed in the section on 

10o(-cholestan-50(-ol-3-one (!1>, but oDl, starting materlal was iso1ated. 

10o(-Cholest-4-eD-3-oDe (18) sad lOO(-Cho1est-5-en-3-one (19) 

100(-Cho1estan-5Clt-ol-3-one q,7) vas dissolved iD 10 ml. of 

dr, beDzeDe, 3-4 small cr,stals of para-tolueDesulphonic acid vere added, 
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and the solution wu ret1uxed under I11trogen tor two houra. Dilution 

With ether, waahing with aaturatec:l aocliwa bicarbonate solution, drying, 

and concentration UDder reducec:l preasure cave a c1ear 011 which wa. 

chroaatographec:l on 12 gIIl. of alUllina. Hexaœ-25' ben_a eluted 27 1Ig. 

(22' 71_1d) ot a white solid which waa cryatal1ized from .ethanol-water 

to cive pure 10c(-cho1e.t-5-en-3-on_ (~. 
o 0 

Me1ting Point: 112 -112.5 • 

Optlca1 Rotation: [ex] -1040 (~ 0.68). 
D 

IDtrared Spectrum: 3030 (.) J 2950 (a), 2860 (a), 17Z) (a), 

1680 (ah), 1460 (m), 1375 (m), 1330 (w), 1310 (w), 1230 (m), 1170 (w), 

1125 (w), 1025 (w), 1005 (w), 960 (w), 925 (w). 

Ana1ysis cale. for C27R440: C, 84.31; H, 11.53%. 

FOund: C, 84.14; H, Il.56'. 

Hexane-50' benzene e1uted a c1ear 011 (90 mg., 73% yie1d) 

whlch could not he cryatal1ized, but did fora a red, cryatalliDe 2,4-

dil11trophenylhydrazone. 'lbe 011 was aaaigned the structure 10CX-cho1eat-

4-en-3-one (!!>. 

IDtrared Spectrum: 3030 (ah), 2960 (a), 2875 (a), 1680 (a), 

1630 ~), 1475 (a), 1425 (,,), 1380 (m), 1250 (m), 1120 (,,), 1005 (,,), 

930 (w). 

Ultraviolet Spectrum: À 243 mf' log E 4.15 aax. max. 
o 0 'lbe 2,4-dil11trophenylhydrazone M1ted at 185 -185.5. Ita 

ultraviolet spectrum la found iD table 1. 

FOund: C, 70.08; H, 8.73'. 
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10C(-Choleata-3,5-dien-3-ol Acetate (~ 

BDth coDjugated and UDCODjUgated ketonea .!!. and !!. WH 

convertible into the enol acetate !! by the aethocl descrtbed below. 

ID actaal practice the crude JII1xture was DOt separated, but i.aediately 

trans:formecl iDto .!!. by the _thod of BIIwards and Rao 76. 

Perchloric ac1d (0.05 Ill. o:f 72~ BC104) waa added to 50 Ill. 

of absolute ethyl acetate, and 10 Ill. e o:f thia solution poured into a 

50 .1. vol1Dl8tric :flaBk with 30 ml. of absolute ethyl scetat. and 4.8 

al. of acetic anhydride Un that order). After makinB up to 50 .1. wi th 

ethyl acetate, it was poured on to the crude mixture of 10~-cholest-4-

en-3-o .. (!!.> and 10<X-cholest-5-en-3-one (!!>derived froll 825 mg. of 

!,!, and left at room temperature for ten minutes. Saturated sodiWll bi­

carbonate solution and ether we1"8 added, and the ether layer was MU 

washed with bicarbonate solution. After drying the ether solution and 

COllcentrating it under reduced preesure, 10 ml. of methanol containinB 

a trace of pyridine was added, and the solvent was removed &gain. 'lbe 

reaidual white sol1d was crystallized from .thanol to g1 ve 733 mg. of 

the enol acetate (20) in the fOrll of white plates. (84$ yield from !!>. 

Mel ting Point: 930 _940
• 

Optical lbtation: [0<.] D +32
0 (~ 0.36). 

Infrared Spectrum: 3030 (sh), 2950 (s), 2925 (sh) , 2860 (s), 

1755 (s), 1660 (w), 1460 (m), 1430 (m), 1375 (m), 1360 (s), 1220 (s), 

1200 (s), 1125 (m), 1115 (m), 1110 (m), 1045 (w), 1020 (w), 920 (w), 

825 (w). 



82 

Ultraviolet Spectrum: Àaax. 236 mp, log E 4.18. 
max. 

Analysis calc. for C29H4602: C, 81.63; H, 10.871. 

Found: C, 81.75; H, 10.931. 

Alkal1ne Hydrolysis of 10 ()(.-Clolesta-3,5 -c:Iien-3-ol Acetate (20) 

The title compound (20) (5 mg.) was dissolved in 2 ml. of 

methanoi and 0.25 ml. of 5% aqueous sodium hydroxide solution .as added. 

'Ihe solution was heated to boil1ng for severai minutes, cooled, diluted 

wlth ether, washed with water and with saturated sodium chloride solu-

tion, dried, and concentrated at reduced pressure. 'Ihe infrared spec-

trum of the product showed two strong peaks in the carbonyl raglon: 

~ ~ 
at 1720 cm. due to the unconjugated ketone 19 and at 1680 Cil. due 

to the conjugated ketone 18. Their absorption intenslties were in the 

ratie, 1:2. 

10~-Clolesta-3,5-c:1ien-3-ol Acetate 
: 

This was made for comparison purposes from 10p-cholest-4-en-

3-one (!> by the same method as the lOex-analogue .. 

o 0 0 0 
Melting ~int: 83 -84 , clears at 110 (literature m.p. 80 , 

o 0 89 
clears at 105 -110 ) • 

Ultraviolet Spectrum: À max. 236 ~r' log e max. 4.26. 

10ot-Clolesterol (100( -Clolest-5-en-3B -01) (21) 
• 

A 50lution of IOoL-cholesta-3,5-dien-3-ol acetate (20) (615 mg.) 

in 400 ml. of Ilethanol was cooled to about 50. Sodium borohydrlde 

(3 gm.) dissolved in 30 ml. of 85% aqueous methanol was added with stir-
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ring, and the solution aUowed to wara up to roOIl temperature. After 

stirring for 21 hours, 0.5 pt. of sodium borohydride was added, and 

the àolution stirred overnight. 'lbe methanol was removed onder re-

duced pressure and ether was added. !Dough 2N hydrochloric acid was 

addecl to make the aqueous layer sUghtly acidic, and this layer was 

extracted weIl with ether. '!he combin8Ô ether extracts were washed 

w1th water and with saturated sodium bicarbonate solution, dried, and 

concentrated at reduced pressure. A SIIa11 8IlOunt of a less polar 1.-

purUy was removed by chromatography on 30 sm. of alumina. 'lbe 100{-

cholesterol was eluted by "xaae~50% benzene, and was crystallized 

from methanol to give 468 mg. (84%) of white needles. 

Mel ting Point: 
A 0 

118.5"-U9 • 

OpUcal lCtation: [0(] D -46° (~ 1.14). 

Infrared Spectrum: see figure 29. 

Nuclear lIagneUc BBsonance Spectrum: See figure 27. 

Analysis calc. for C2iR460: C, 83.87; H, Il.99%. 

POund: C, 83.76; H, Il.79%. 

Oxldatlon of lOex-Cholesterol (21) 

1'0 20.5 mg. of 10eX-c::holesterol in 5 ml. of acetone, Jones 

69 reagent was added dropwise with stirring unti1 a reddish tinge re-

mained for three minutes. Methanol (2 ml.) was added, fo11owed by 

ether and saturated sodium bicarbonate solution. 'lbe ether layer was 

dried and concentrated under reduced pressure to give a white solid 
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which was crystallized from .ethanol yielding white crystals of 100(-

chol •• t-5-en-3-one (!!>. Their identi ty was proven by mel ting point 

and mixed melting point determinatioDS. 

108 -<21olesterol 

A pure samp1e for comparison purposes was prepared by crystal-

o 0 lizing cOlIIIereial cholesterol from methano1 and petroleum ether (30 -60 ). 

o 0 0 83 
1le1ting Point: 149.5 -150 (literature Il.p. 150) • The 1Ile1ting 

point was taken under nitrogen in a sealed tube. 

10o(.-ato1esterol Acetate 

This was prepared by acety1ation of 10o(-cho1estero1 by the 

76 
Ilethod of &Iwards and Rao as discussed on page 77. 

Me1ting Point: o 0 124 -124.5 • 
o 

Optica1 Rotation: [04 -47 (~, 1.48). 
D 

Infrared Spectrum: See figure 30. 

Analysis cale. for C
29

H
48

0
2

: C, 81.25; H, Il.29%. 

POund: C, 81.14; H, Il.40%. 

lOS -atolestero1 Acetate 
• 

This was made for comparison purposes by the above method. 

o 0 0 84 
Me1ting Point: 114.5 -115.5 (literature m.p. 114) • 
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APPENDIX 

The Protlc Bamford-stevens 8eactlon of 

Equ11enln Methyl Ether Tbsylhydrazone 
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Structure of the Reaction Procluct 

As part of a study of the mechanism and scope of the Bamford-

1 stevens reaction begun by Edward and D' AIlg1ais , the tosylhydrazone of 

equllenin methy1 ether (1) was decomposed thermally in _ethy1ene glycol 

in the presence of the a1kox1de. 

MeO 

NHTs 

~ 

• 
MeO 

1 2 

'!he broWD product (m.p. 121
0
_122

0
; [ex] +24.3

0
) whlch was ob­

D 
talned in 89% yie1d was asslgned structure ~ on the basis of 1ts nuc1ear 

magnet1c resonance spectrum. '!his showed a doublet at 1.1 p.p.m. due 

to the methy1 group at 0.17, which was presumed to have shifted from 

0.13 during the reaction, and no ~aks due to olefinic protons. 

Furth6r support for t~e assignment of ~ came from the u1tra-

violet spectra of ~ and 2-vinylnaphtha1ene (1), which show a striking 

sim11arity. (See figure 1). 

However, whUe this work was in progress, Johns2 reported 

that he had obtained a compound (2) of m.p. 84
0

_85
0 

and [o(]D _1
0 

by 

heating l70(-ch10ro-3-methoxyestra-l,3,5(lO)-triene (!> in an ethano1 



FIGURE 1 

Ultraviolet §pectra of Deco.position Product of Equilenin 

Methyl Ether Tosylhydrazone {!> and of 2-Vinylnaphthalene (1)+ 
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+ The spectrum of 2-vinylnaphthalene (~ WaS obtained from ref. 37. 

400 
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solution of potusium iodide and sodium acetate at 125t in a Paar boab. 

1he .... product could be obtained in small yield by heating 8.tradiol-

3-methyl ether (2) in borie acid at 2800 for one hour, or by siaple 

chroaatography of a cr.ude preparation of ! from treatment of ! with 

phosphorus pentachlorlde. 

CI 

OH 

6 
o 0 

m;p. 84 -85 
[CXJ D _1

0 

Johns assigned structure .! to his compound ! on the basis 

of its nuc1ear .aguetic resonanC8 spectrum (3.818 p.p.m. and a doublet 

with peaks at 1.350 p.p.m. and 1.250 p.p.m.), and ultraviolet spectru. 

(). 280 mu; log € 3.41). However, 1t ls difficult to imaglne max. 1 - max. 

how such a compound could have arisen from Johns' reactlons, but since 

so.e doubt had been cast OD the structural assignment of the Bamford-

stevens reaction product, it was decided to provlde definlte chemical 

proof. 

When 2 was refluxed in xylene with 5~ palladlum-on~charcoal. 



it was qQantitatively converted to the phenanthrene derivative!. !he 

properties of the product ! agreed Vith those reported by Cohen, Cook, 
3 

and Bewett , who had obtained it by heatinl estradiol-3-methyl ether 

(5) With zinc chloride, and dehydrogGnatinl the mixture of olefins (8) - -
thus obtained with selenium. 1his facile dehydrogenation of ! to ! 

established ! as the structure for the Baatord-Stevens reactioD product. 

~O 

2 3 

OH 

• 

5 
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"chani.. of th. Reaction 

TIle usual course of th. Bamford-stevens reacUon i8 to yi.ld 

olefin(s). nitrogen. and p-toluen.sulphinic acid When a solution of an 

aldehyde or ketone tosylhydrazone is heated iD the presence of fairly 

strong baH. 8uch as an alltali alkoxide4• 'Dl. accepted Il8ChaJliSII5•6•l3 

iDvolves the following steps+ (see filUre 2): 

FIGUBB 2 

!he Mechanisll of the Baaford-stevens Rta~tioD 

12 

R, 
C=N-N-Ts 

,/ 1 
R H 

9 

aprotiC/ 

R, 
C: + N2 R'/ 

Products 
(Generally Olefins) 

base R,.~ 
, C=N-bl-Ts 

RI/' Ô U 

/' 10 

R, (f) e 
C=N=N 

R' 
11 

Products 
(Mostly Olefins) 

Ta = para-toluenesulphonyl 

+ A differeDt .. chanis. reeults lf sodium hydrlde or amide ls used as 
the base7• 
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First, base abstracts a proton from the nitrogen atom of the 

tosylhydrazone (~ to give anion ~, which immediately loses p-toluene-

sulphinate to give the diazo compound!!. In aprotic solvents such as 

decalin or diglyme, nitrogen is lost directly to give a carbene (12), 

which reacts by intramolecular insertion into a carbon-hydrogen bond 

(commonly called an hydride shift8). Generally this results in an 

+ olefine In protic solvents such as ethanol or ethylene glycol, the 

diazo form (11) is protonated to a diazonium ion (13). This loses 

nitrogen to form a carbonium ion (14) which can react in three ways:-

(a) It can react with an anion or the solvent. 

~ 
+ HA 

R 
1 1 R-C-A 

1 
H 

(b) rt can eliminate a proton to form an olefine 

1 1 
-C-C-
~@ ~=< 

+ Aprotic Bamford-stevens reactions will not be considered further. 
Fbr a review see ref. 9. 

_ Only the major paths are included here. 
type reactions lO • 

Excluded are inertion-
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(c) A Wap.er-Keerweln-type 8hift of lIOIl8 Delgbbourlng group CaD 

occur to give a new earboniUII ion, which Cà react a8 in (a) or 

(b) • 

~ 1 
-C-C@ 

1 1 

k 
1 1 

---~. (t) C-C-
1 1 

'1hi8 shUt wU1 occur in such a lUlIlIler as to proc:luce a new carboniUII 

11 ion of 1esser energy • FOr exemple, a prlaary-carbonium ion i8 gener-

a11y traDsfol'll8d by aD alky1 shift into a tertiary-carboniUII ion, but 

not the reverae. 

If this pnera1 .echaDtsm ls appl1ed to the proUe base de-

eoaposl tion of (!>, the foUowlDg steps can be envlsaged (See flgure 

3) : 

'lbe tosylhydrazone (!> decompases in the usua1 aanner to dlazo 

co.pound!!. 'Ibis ls protonated by the solvent, probab1y from the le.s 

hlndered CC -side, to give the diazonium ion (16), which then decompo88S 

lnto nl trogen and a s8COndary-carbon1\Dl ion at 0-17. 'Dl. ft -sethy1 

group at 0-13 aigrate8 in al, 2-Wagner-Jleerwein .hUt to 0-17, reau1 ting 

in a .,re stable tertiary-carbonium 10n at (!!.>. FinaUy, el1mination of 

the 14 OC -hydrogen yields the product (!>. 

Severa1 other reactions are known which in1tia11y resulted in 

the foraation of a carboniUII lon at 0-17. 'Dlese w111 be dlscu3sed to-

gether with the Baaford-Stevens reactlon of equilenin methyl ether 

tosylhydrazone in an effort to elucldate the .. chanlsms whlch are 



FIGURE 3 

Reaction Schema for the Bamford-Stevens Reaction of 

NHTs 

~ 

OR 

!quilenin Methyl Ether TOsylhydrazone C!) 

Ne 
(1 
N@ 

2 23 
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comaon to aIl, in more detai1. 

When compound 24 was ref1uxed for two hours in formic acid 

12 
product ~ resu1ted • 

HO 

~ ...... 

99 

Compound !, when heated in anhydrous zinc ch10ride for i hour 

003 at 170 -180 gave a mixture of olefin isomers 8 which were not separated • 

OH 

8 

5 
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1Iheo coapound !! .. as heated in acetie anhydride at 1700 for 

3 hours, 27 resultad14• 

.R 
....... QAC 

AC 

26 27 

Deeomposi tioo of tosylhydrazone ~ lad to 2941 • Rare, a 

l3,14-oxide was the produet iostead of an olefine 

ACQ 

28 

N HTs 
1 
N 

AlI the~e reaetioos ean be postulated to proceed through 

carbonium ion intermediates15 j indeed, it is difficult to explain the 

Wagner-Meerwein methyl shifts from C-13 to C-17 in 80y other manner. 

Like the protic decomposition of 6quilenin methyl ether tosyl-
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hydrazone (!) a11 these reactions ~nerated their carbonium lons at a 

high tellperature and ln relative1y poor1y solvating media. 'Ibis would 

be expected to yield carbonium 10ns with fairly high energies, + whlch 

would attempt to stabilize themselves quickly by methyl migration. 

Because of this effective means of intramolecular stabllizatlon and 

the lack of strongly nucleophilic solvents, no products of solvent at-

tack upon a carbonium ion are observed (e.g. ~ and ~, figure 3). 

However, in soma Bamford-Stevens reactions, solvent attack can be 

Significant6,18. 

It is also noteworthy that in no case was a 6,16-olefln 

(e.g. !! from !! ln figure 3) corresponding to an el1m1nation of a 16-

hydrogen from the un-rearranged carbonium Ion was lsolated. '!his is 

so because the diazonlum 10n 18 not tt!!!!,-diaxlal to ei ther l6-hydrogen 

(see figure 4), a ~ondltlon which ls necessary If faclle elimination 

20 ls to occur • But nei ther i8 i t !!:!!!!-dlax1al to the C-13 methyl 

~roup (see figure 4), which is also the usual requirement for 1,2-methyl 

shifts36• However, a certain degree of driving force for methyl mi-

gration is present in the natural strain due to the !!!!!-junction of 

33 2 rings C and D ,which is r'.Jl1eved .hen C-l3 takes up the sp trigonal 

19 
configuration of a c~~~~nium ion • Artificially synthesized C-D ~-

steroids do not rearrange, at least during an elimination at C-17, 

33 because there is comparatively little strain • 

+ Diazonium ion decompositlon normally yields carbonium ions with 
higher energies than those from solvolysis reactions because of the 
drlving force to give stable nitrogen mol~cules16,17. 
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FIGURE 4 

Three-Dimensional Drawing of Diazonlua Ion 16 

c~ 

H 

H 

By this token, the Bamford-stevens decompositlon of the luœd­

estrone derivative (30); should yield mostly the ~16-olefin (~; this 

hypothesis awaits experimental verification. 
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NHTs 
1 
N 
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The other reactions which gave rise to carbonium ions at 0-17 

with the resulting methyl shift, have analogous mechanisms to the protic 

Bamford-stevens reaction, once the carbonium ion is formed. The 

relative amounts of the final olefins vary greatly, in some cases be-

cause the experimenter did not investigate his crude product in any 

detail,and in others possibly because of subtle differences in the 

reaction conditions. However, the tendency of a C-17 carbonium ion in 

a C-D trans steroid formed at a high temperature to stabillze Itself by 

a methyl shift is still evident. 

In vivid contrast to the aforementioned examples, is the 

deamination of l7-androstanylam1ne (32) in aqueous solution, which 

yields only the product of solvent Lttack upon the first-for.ed carbon­

ium ion at 0-17 (33) 21. 

This example shows that the tempe rature at which the carbon-

ium ion is produced and the medium in which it finds itself, have a 
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OH 

32 33 

determining effect upon its subsequent reaction. 

Deamination i8 known to oecur through a diazonium ion whieh 

decomposes to a earbonium ion22, in a sim11ar manner to the proUe 

Bamford-stevens reaetion (See figure 5). 

FIGURE 5 

Partial Mechanism of the DeaminaUon of 17/3 -Amine 32 

~ 
NEf) 

,,·H 
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Only in this case, the deco.position takes place at a much 

lower temperature ( OOC. vs. 1200 -1800 for the Bamford-stevens reaction), 

and in water, which is also a good solvator and a good nucleophile o 

'!bus the first-formed carbonium ion at C-17 is attacked by solvent before 

i t can rearrange, sinee i t does not have enough energy to do so qUickly. 

Position of Double Bond Fbrmed 

In carbonium ion 18, there are three axial hydrogens which 

can be eliminated to fora an olefin: the 120(-, 140< -, and l7~-

hydrogens. 

H 

18 

'!be preponderant el1m1nation will be of the 140( -hydrogen, 

sinee ft Is dl to the naphthalene system, and the resulting ~13-olefin 

wlll be conjugated with it e In addition, thls double bond relieves 

the torsional strain present, when a 5-membered ring is fused to a 6-

2324 membered ring , • 1be l7o(-hydrogen will be the next most likely 

to be eliminated because it will relieve the partial eclipsing of the 
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17' -methyl group w1th the l6fl -hydrogen. 1he least likely hydrogen 

to go wUl therefore be the 120(.. 

In actua1 fact, the conjugat10n of the resu1t1ng ~13-double 

bond 1s the dec1ding factor; on1y very sma11 amounts of olefins 22 and 

E (figure 3) cou1d have been formed. 

When the poss1bi1ity of conjugat10n is removed, as in the 

protic decomposition of estrone-3-methy1 ether tosy1hydrazone (34), 

the probab1li ty of elimination becomes almost equa1 for the 140(. - and 

170(.-hydrogens, with the 120(-hydrogen still 1ess1,2. 

34 

/ 

rv45% 

~HTs 
N 

H 

! 

'\145% N10% 
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lmplicit ln these stateaents, is the hypothesis that the hy-

drogen eliminated in the protic Bamford-Steven8 reaction 18 the one 

which will lead to the most stable olefine In at least two cases this 

ls just1:fied: 

1. Decomposition of cholestanone tosylhydrazone (35) gives only 

the 6 2-olefln (36) 1,38, which is more stable than the other 

possibility, the ~3-olefin39. 

R 

Ts HN-N 

al 
H 

2. 

R = CsHl7 

35 36 

3-Hydroxycholestan-7-one tosylhydrazone (3?) glves only the 

more stable A 7 -olefin (38) and not the Â 6-o1efin 40 • 

R 

H 

37 

HO 
Fi 

38 
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COnfiguration of the 0-17 Methy! Group in Oompounds (2) and (3) 

A. Mechanisttc Derivation: 

It has been shown in the previous sections that the ft -methy1 

group at C-13 in the starting equi1enin system (!) moves to the elec-

troD deficient 0-17 in a typlca1 Wagner-Meerwein 1,2-shift. It is dif-

ficult to imagine such a rearrangement resulting in an o(-methyl group 

at C-l7, as this would involve movement from the top position of one 

carbon atom to the bottom of an adjacent one. Since no such examples 

have ever been found, it is safe to assign the)3 -configuration to 

this methyl group on mechanistic grounds. 

B. Derivation from Optical Rotations: 

Optical rotation measurements have been used frequently by 
25 Barton and others to determine the configuration at various asymmetric 

centres in steroids, but the rules formulated were empirical ones. 

The first calculations of the sign (and usually the value) of optica1 

rotations in simple dissymmetric compounds from a more solid theoretica1 

footing wera made in a series of papers by Brewster 26-29. FOr a de-

tailed explanation of the princip les involved, one must turn to the or-

igina1 publications, but some of the basic rules will be given here in 

order to explain their application to the determination of the config-

uration about 0-17 in phenanthre~a derivative (~ (and hence also in 

(!» • 

According to Brewster29 , any twisted chain of four atoms is 

dissymmetric, since it cannot be superimposed on its mirror image, and 
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therefore will rotate the plane of plane-polarized light. This is 

called a "conformational unit". The following conformational units, 

in Newman projection, are postulated to contribute to the overall 

rotation in the directions indicated (See figure 6). This has been 

26 
derived from a consideration of the theory of optical rotation 

FIGURE 6 

Conformational Units and their Rotatory Contribution 

, 
'y 

1 II III IV 

+ + 

The amount of the contribution ( ~M D) is a multiplicative 

function of the atomic or group polarizabilities of X and Y in the form 

l:::. M D =k (X) (Y) 

with sign depending upon the conformation. Naturally those conform-

ational units which include strongly polarizable groups as X and Y sub-

stituents, will contribute the most to the total optical rotation. 

Brewster has ranked several substituents in order of their polariz-

26,28 
ability ; only four will be used. 
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c=c Me H 

It is a180 necessary to include the aromatic bond in this 

ranking. It should be placed somewhere between C=C and Me- depending 

upon i ts environment. 

FOr instance, it has been determined theoretically as well as 

from experlmental results that the 3,4-aromatic bond in phenanthrene (~ 

has more "double-bond character" than the 2,3-bond30 • 

(0 
39 40 

In indane (~ all the aromatlc bonds are equivalent30 • 

Since the polarizability of a bond rests, to a major extent 

upon the Â -electron cloud, the following hypothesis is, at least, 

intuitively logical: A conformational unit which contains an aromatic 

bond of greater '~ouble-bcnd character", will make a greater rota tory 

contribution than an otherwlse similar conformational unit containing 

an aromatic bond of lesser "double-bond character". 

'!his theory may be appl1ed to (R) -l-methylcyclopent-2-ene (41). 



~" \~ 1 
" 

III 

If a Newman projection of this compound ia viewed a10ng the 1,2-bond, 

+ 
two conformationa1 units can be seen: (a) and (b). 

41 

c I--H 
C H2 ----f--< C ==:::( J----H 

a b 

H + 

Oonformationa1 unit (a) corresponds to IV (figure 6) and will 

make a negative contribution; conformational unit (b) corresponds to 1 

(figure 6) and will makea positive contribution. However, (a) 

contains the highly polarizable double bond, and so its negative con-

tribut ion should far override the positive ccntr!bution of (b). In 

fact (R) -1-methylcyclopent-2-Ane has [M]n _64
0

•
28 

+ Other conformational units can be picked out, but they will not make 
significant contributions28 • 



112 

A Newman projection of (S)-l-methyUndan (42) along the 1,7a­

bond shows the same type of conformational uni ts IV and 1 ( (cl and (d) ) 

with opposite rotary contributions. 

5 

42 

Me 

c,J.;············ . 

Me Me 

~c, · ...... ·· .. ··c7 C3~ .... · .. 

c d 

+ 
H 

ln this case neither (c) nor (d) will have an overriding 

effect since aIl the aromatic bonds in indane (40) have the same amount 

of IIdouble-bond character." 'lberefore, (S)-l-methylindan should have 

r: ] 31 • a zero or small molecular rotation; in fact LM DN+5° • 

• Optical rotations in ref. 31 were taken only up to 556fT\}'on (R)-l­
methyl1ndan; extrapolation to 589lT1J'and change of sign gave a value 
of [M] D"'+5 for (S) -l-methyl1ndan. 



We ma)' DOW consider the deh)'drogenation product (!>. A 

Newman projection a10ng the 17, 13-bond reveals two conforaational 

units, (e) which is nega1:1ve, and (f) which is positive. '!bese are 

113 

silllilar to (c) and (d) in the previous exaaple, in thst both involve 

aromatic bonds as part of their conformational units. 

OMe 

3 

Me 

Me 

C,t,;····· •. 
CH2-----+--< 

··· .. ··········cI1 
C ••••••• 

Ir,: 

e f 

+ 
H 
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Bowever, the l3,14-bond w1ll have a higher polarizability 

s:lnce 1t 1s equivalent to the 3,4-boDd of phellanthrene (!!>, and there­

fore, coDfol'llational UIli t (e) w11l ll8.ke the predonDant contribution 

to the overall rotatio~5 !hus! should have a negative rotation.+ ID 

fact, [II] is -2Z', which i8 DOt as large a8 for (s)-l-methylcyclopent-
D 

2-ene (ID, but then the dUference between conforaational uni ta is DOt 

as arked. 

ID thi8 lIl8llIler, Brewster' s treatllent, wben appl1ed to (!>, 

confil'll8 the fi -configuration of the Coo17 .ethyl group. ('Dlerefore, 

i t i8 also ft in the BBIlford-stevens reaction product (!». SiDce 

there ls no reason why th!8 CaDDOt he appl18d to other aroaatic systems 

91th one optically active centre, it may be of value in predicting or 

confiraing absolute configurations. Conversely, since the value of 

the optical rotation ls depeDdent upon the relative polarizabllity of 

aroaatlc bonds, it 8ay he possible to calculate the relatlve amounts 

of A -bond character from optical studies. 

<h!ral1 ty of the C-RiDf of the Bamford-stevens Product (~ 

IIolecular models of 2 iDdicated that the A l3-double bond -
would not he coplanar with the naphthalene ring system, and thus wou Id 

contribute anelement of optical dis8ymmetry to the molecule29• 

'Dlls represents, in principle, a special case of the skewed 

styrene chrol1Ophore, Which h.aa ·lHMn di8cus8ad by Crabbe34• Only fiV8 

examples have been studied, but prel1mlnary results indlcated that the 

+ 'lbe rest of the molecule ie. rings A and B, are pl anar and wUl malte 
no rotatory contrlbutlon.--
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MeO 

2 

43a 43b 

direction of skewness or chirality could he corelated with the optical 

rotatory dispersion curve of a compound, a right-handed helix giving 
+ rise to a negative Cotton effect • 

However, the optical rotatory dispersion curve cf 2 taken 

down to 240mpiD dioxane, showed no Ootton effect. 'Ibis can be at­

tributed to ei ther of ·cwo reasons: 

(a) Skewed vinylnaphthalene systems such as ! give no Ootton effect; or 

+ This is apparently opposite to the effect of skewed dienes35• 
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(b) There is an equilibrium between the two skewed conformations (43a) 

and (43b), which cancels out any Cotton effects. Measureaents of the 

non-bonded interactions of these conformations indicate that neither 

fora should be especially favoured, and therefore, this May he the 

correct explanation. 



117 

EXPERIMENTAL 

1. AlI aelting points were made on a Ga11enkamp melting point ap-

paratus, and are corrected. 

2. Infrared spectra fiere taken on a Perkin Elmer Infracord or 337 

spectrophotometer in potassium bromide pellets or carbon tetra-

chloride solution. Absorption intensities are listed: (vs) very 

strong, (s) strong, (m) medium, (w) weak, and (sh) shoulder. 

3. Nuclear magnetic resonance spectra were taken on a Var1an A-50 

spectrometer in deuterochloroform solution, and are recorded in 

P.P ••• with tetramethylsilane as external reference. 

40 Ultraviolet spectra were taken on a Unicam SP-800 or Perkin El.Iler-

350 spectrophotometer in ethanol solution. 

5. Optical rotations were made on a Carl zeiss .0050 spectropolarimeter 

in chloroform solution. 

6. Optical rotatory dispersion curves were taken on a JAseo recording 

spectropolarimeter. 

7. Elemental analyses were performed by Dr. C. Daessle, Montreal, Canada. 

8. AlI solutions were dried over anhydrous Magnesium sulphate prior to 

evaporation. 

9. Purity of aIl compounds Was checked by thin-layer chromatography 

on microscope slides coated with silica gel. 
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!ktUlleDin llethyl Bther 

10 al. of 501 aqueou8 potassi1lll hydronde .mû 1'1 _1. -A ...... 
V... U;I.-

aethyl sulphate were added over 1 hour to a stirreel solution of 0.96 pl. 

of equl1enin in 20 ml. of ethanol. After stirring for a further 10 

ainutes and refluxing for 10 ainutes, the solution wa8 cooled, and the 

precipitate washed weil with water and dried to give equileDin methyl 

ether,a.p.197.50 -l98.50 • Literaturea.p. 19~-198°. Yield: 0.98 pl. 

Bqul1eDin Jlethyl Ether '1bsylhydraZIOne (!> 

To a solution of 0.94 SIR. of equlleDin Jll8thyl ether and 1.2 

p. of tosyl hydrazine in 100 lIl.. of 1:1 ether-sethanol at reflux, was 

added 1 drop of conC8ntrated hydroch10ric acid. '!he refluxing was 

ICOntinued for 3 hours, the solution was cooled, and evaporated to 50 ml., 

and the resu1ting sol1d recrysta111zecl from ethano1 to give 1 .. 4 glDo of 

!. (Yie1d: 93%) m.p. 2010
• 

Infrared Spectrum: (KBr) (cm,:"l) 3220 (s), 3050 (m), 3000 (sb), 

2960 (s) t 2890 (sb), 2840 (a), 1670 (w), 1630 (s), 1605 (s) t 1578 (m), 

1515 (a), 1492 (s), 1415 (s), 1385 (s), 1350 (s), 1245 (s), 1170 (vs), 

1100 (Il), 1025 (s), 1005 (s), 933 (s), 916 (sb), 856 (s), 815 (s), 

718 (s). 

Analysis cale. for C H NOS: C, 69.66 ; Hp 6.25; N, 6.24%. 
26 28 2 3 

POund: C, 69.97; H, 6.01; N, 6.06%~ 
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BquileDin llethyl Ether 

10 =1. ot 50$ aqueous potassium hydronde 2!! lê =le et ~!-

Il8thyl sulphate w.re added over 1 hour to a sUrreel solution of 0.96 pt. 

of equllenin in 20 ml. of ethanol. After stirring for a further 10 

Ilinutes and refluxing for 10 Ilillutes, the solution was cooled, and the 

precipitate washed weIl with water and dried to give equilen1n mathyl 

ether, Il.P. 197.50-198.50 • Literature Il.P. 19,0-1980 • Yie1d: 0.98 sa. 

(97~. 

EquileDin .. th,.l Ether Tosylhydrazolle (!> 

To a solution of 0.94 pa. of equilenin mathy1 ether and 1.2 

gIIl. of tosy1 hydrazine in 100 1IIl.. of 1:1 ether .. ethano1 at reflux, "as 

added 1 drop of cOllcentrated hydroch10ric acid. 'lbe refluxing "as 

contlnued for 3 hours, the ~lution was coo1ed, and evaporated to 50 Ill., 

and the resu1ting soUd recrystallized froll ethano1 to give 1.4 gm. of 

! (Yie1d: 93%) Il.p. 2010 • 

Infrared Bpectrum: (KBr) (cm71) 3220 (s), 3050 (II), ~100 (ah), 

2960 (s). 2890 (ah), 2840 (s), 1670 (w). 1630 (s), 1605 (s). 1578 (Il), 

1515 (11), 1492 (s), 1415 (s) , 1385 (s), 1350 (s), 1245 (s), 1170 (vs), 

1100 00, 1025 (s), 1005 (s) , 933 (s), 916 (ah), 856 (s), 815 (s), 

718 (s) • 

Analysis ca1c. for C H NOS' 
26 28 2 3 • C, 69.66 ; H, 6.25; N, 6.24%. 

Found: C, 69.97; H, 6.01; N, 6.06%. 
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Protic Bamford-Stevens Reaction of !guilenin Methyl Ether ~sylhydrazane (1) 

'Dle cOllpound ! (1.4 sm.) was suspended ln 60 Ill. of ethylene 

glycol in Which 1.2 pl. of sodiua had previously been dis80lvecl. 1he 

o 
aixture was slowl, heated ta 170 over one hour and held there for a 

further 30 minutes. Nitrogen evo1ution colIIIeDoed f1'Oll the orange-

o 0 
coloured solution at 130 and ceased at 1'10. 1he solution was coo1ed, 

diluted 1ri th three times i ts volUlle of water, ;lDd extracted three times 

wi th ether. 1he ethereal extracts wore washecl four U=s wi th water, 

once with saturated sodium ch10ride solution p driad, and evaporated 

under reduced pressure,and the resldue crysta11ized from ethano1 to 

give 0.69 gIIl. of pure! with one mole of water of cr)'tltallization. 

au-omatography of the IIOther l1quors on Grade III Woelm neutral alumina 

ralsed the total yield to 0.76 gm. (89~ of 3-methoxy-1~-nor-17)9-methy1-

estra-l,3,5(10),6,8,13-hexaene (~m.p. 1210-1220 , [oc.} + 24.30
• 

D 
IDfrared Spectrum: -1 (CCl

4
) (cm. ) 3050 (m), 3(J 20 (sb), 2958 (s), 

2864 (ah), 2840 (s), 1624 (8), 1605 (m), 1488 (II), 14Er (m), 1424 (II), 

1381 (m), 1326 (m), 1298 (m), 1172 (s), 1149 (vs), lCj3 (m). 

Ul travl01et Spectrum: See figure 1. 

Nue1ear llagnetie Resonance Spectrum: 1.1 (drJUblet), C-17 lIethy1; 

2.1 (sing1et), H20 of crystal11zatlon; 3.9 (slrglet), 0caa; 7.0-8.0 

~u1tip1et), aromatie protons. 

Analysis cale. for C}9H200.H20: C, 80.81; H, 7.85%. 

Pound: C, 80 Q 8O; H, 7.7~ 
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Dehydrogenation of 3-Methoxy-18-nor-17)ê-Methylestra-l,3,5(lO),6,8,13-

hexaene (!> 

'lbe compound! (27 mg.) and i80 mg. of 5% palladium-on-charcoa1 

were added to 3 ml. of xylene, which was then refluxed for 3 hours with 

a slow stream of nitrogen passing through it. '1be solution was cooled, 

fi1tered, concentrated under reduced pressure, and crystallized from 

ethanol to give a virtually quantitative yie1d of 3-methoxy-18-nor-17j9-

32 0 0 
methylestra-l,3,5(lO),6,8,11,13-heptaene (3) , m.p. 149 -151 • 

13 
Literature m.p. 146.50 -148.50 

Ultraviolet Spectrum: See figure 7. 

1he sym. trinltrobenzene comp1ex was made by heating equimolar 

amounts of ~ and sym. trinitrobenzene in ethan01, and allowing the 

o 0 0 0 13 
complex to crystallize, m.p. 133 -133.5. (Literature m.p. 135.5 -136.5) • 



FIGURE 7 

The Ultraviolet Spectra of Dehydrogenation Product (~ 

+ 

200 

and Phenanthrene (39) 
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a.ADIS '10 ORIGINAL RBSBARCII 

1. 100(-Cholesterol, the first epimer of cholesterol, has been 

synthesized. 

2. ODnformational and stereolectronic analysie of polycyclic systems 

was extended to lnhoffen's ketone, and dehydro-Inhoffen's ketone. 

3. The alkylation of ~ethylcyclohexanone by 1,3-dichlorobut-2-ene 

was repeated and was found to give 80% of the 2-alkylated product 

and 20% of the 6-alkylated product. Previous results had indicated 

that only the former product was formed. 

4. Beasons for the preferred alkylation of lnhoffen's ketone et 0-6 

were advanced. 

5. A new route to the anthrasteroids was described. 

6. A new method for production of dehydro-Inhoffen's ketone was described. 

7. Dehydro-Inhoffen's ketone was alkylated with 1,3-dichlorobut-2-ene, 

and the position of alkylation was proven to be C-lO. 

8. An improved procedure for alkylation by methyl vinyl ketone was 

applied to dehydro-Inhoffen's ketone. 

9. Beasons were proposed for the facile dehydratton of IO~ -cholest-

9(11)-en-50(-ol-3-one by base, and the resistance of the 100(- ana-

logue to the seme reaction. Practical use was made of this in 

separa ting the 10 ex - and 1013 -eptmers. 
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10. An explanation was advancecl for the extensive hydrogenolysis 

during the hydrogenatlon of 10 ct-cholest-9(11)-en-5o(.-ol-3-one. 

11. '!he configuration of 10<X-cholestan-50(-ol-3-one was proved by 

optical rotatory dispersion. 

12. Amechanism for the eltmination of water from lOc(-cholestan-5C(-

ol-3-one by reflux in benzene with para-toluenesulphonic acid was 

proposed. 

13. An explanation was advanced for the tendency of the coDjugated 

4,5-double bond in unsaturated 10o(-3-keto-steroids to migrate to 

the unconjugated 5,S-position (relative to the l0}3-analogues). 

14. lbe stereochemistry of the 0-3 hydroxyl group in 100{-cholesterol 

was proven to be fd by the nuclear magnetic resonance spectrum, 

and the reasons for its formation in this configuration were given. 

15. Melting points and opttcal rotations of 0-10 epimers were compared, 

and general "rules of thumb" regarding their differences were 

advanced. 

lS. The following compounds were synthesized for the first time: 

SC(-(3'-Chlorobut-2'-enyl)-100(-~-A-cholestan-5-one 

Sc(-(3'-OXobutyl)-10C(~-A-cholestan-5-one 

lOcX,SjB-AnthrachOlest-4-en-3-one 

10ol,Sj9-Anthracholest-4-en-3-one-2,4-dinitrophenYlhydrazone 

10-(3'-Chlorobut-2'-enyl)~-A-cholest-9(11)-en-5-one 



APPENDIX 

lOO(-Cholest-9(ll)-en-5C(-ol-3-one 

Cholesta-4,9(ll)-dlen-3-one 

5j8-Cholest-9(ll)-en-30(-ol 

5j3-Cholest-9(ll)-en-3c(-ol acetate 

lOC(-Cholestan-5Qt-ol-3-one 

lOO(-Cholestan-5ot-ol 

lOC{-Cholest-4-en-3-one 

lOO(-Cholest-4-en-3-one-2,4-dlnitrophenylhydrazone 

lOC(-Cholesta-3,5-dien-3-ol acetate 

lOO(-Cholesterol 

lOC(-Cholesterol acetate 
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1. The protlc Bamford-Stevens reaction of equilenin methyl ether tosyl-

hydrazone was described, and the structure of the product proved 

by spectral and chemical evidence. A compound which was claimed 

by Johns to have this structure therefore cannot be this. 

2. A rea~t1cn mGcbanlsm leadlng to thls product was proposed, and a 

comparlsoD was made between the protic Bamford-Stevens reactlon and 

several related reactlons. 

3. A hypothesis was advanced to predict the olefins formed in the 

protic Bamford-stevens reactioD on the basis of product stabilities. 
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4. Bre"ster's theory of optical rotation "as extended to aore cOllpli­

cated aromatic systems, and from this, the stereochem1stry of the 

C-17 methy1 "as deduced to be f3 in 3-methoxY-18-nor-17jB -methyl­

estra-1,3,5(lO),6,8,11,13-heptaene and in the Bamford-Stevens 

react10n product. This "as confirmed by a study of the mechan1sm. 

5. The ch1rality of the C-ring of the Bamford-Steven8 react10n product 

"as stud1ed by opt1cal rota tory dispersion, and reasons "ere ad­

vanced for the lack of a detectable Cotton etfect. 

6. The tol1o"ing cOllpounds were synthesized for the first t1me: 

Equi1en1n methy1 ether tosylhydrazone 

3-Methoxy-18-nor-17j9-methy1estra-1,3,5(lO),6,8,13-hexaene 
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