CHAFTER IX

byluDinethyleholest-S—en-3-one (XXYVIIT) was gyntheaized
a8 shown in Seheme I, Choleaterol (¥XX1V) in glacial asetic ncid
was brominated in the prescnce of sodiun acetate to Stxy =
dibremechelestan-38-0l (XXXV), no,p. 110.5-115", which was immediately
oxidised by chromic ncid to the dibromsoketone (XXXVI). Deobrominated
with zinc duat and acetic acid gave cholest-5-en-3-one (XXVII},
as large colorless prisms, map. 1917.5-119", Methylation of tha
cholest-5-en-J=one (XXXVII) was accomplished by meone of the method

of Woodward et nl,. (102} using methyl iodide and potaseiun t-

butoxide; this furnished b, 4-dimethylcholest-5=-en-3—cone (HXXVIIT:
S7H), Dups 170«172*. The IR spectrun of the latter coomound showad
strong abscrpticn peaks at 1700 em (C =0 stretching of cyclo-
hexanone ), 1645 en”™ (C=C strotching vibrations), 800 =nd 850 cqu
(CH stretching and hending vibration af a trisubstituted alkene},
29%40,2860 and 1455 om” | (methylene etretching snd bending vibrations),
1370 cm_1 {C-CH3 bending?}, and 1360 and 1380 cm*1 (gen=3dimethyl
doublet) which is consistant with the structurc (XXXVIII).

4, 4-Dimsthylcholest-S-en-3-one (XXKXV1II) was converted to
the oxime (XiXIX)} by refluxing with hydroxylamine hydrochloride
(1e1 mole) and pyridine for 3 hours, Crystallization of the product
frem a mixturs of chleroferm and acetone gave 4%,4-dimethylcholeste
2=en-3mone oxiue, CEQHhQHD’ a8 colorless rods, m.p. 227-229°

(XXXIX). A brond absorpticn peak at 3300 cm_1 (OH stretching),
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end strong absorption peaks at 350 and 785 cm“1 (CH stretching and
bending vibrations of a trisubstituted amlkene) in the IR spectrum

of this compound suggested that it was the unsaturated oxime {(XXXIX).
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Reduction of the U4,%~dimethylcholest-S5-en-~3%-one oxime
(XXXIX) by refluxing with sodium and butanol-1 or with lithium
alutiinum hydride in dry ether gave a mixturz. Thin-layer chromato-

graphy of this mixture using chloroform as 2 sclvent and 2’,?j-
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dichlorofluorcescoin as & detector showed the presence of five
spots, once of whioh corresponded to the oxisme (see Toble XD,

Two of the fowr remaining spots were more intense than the other
two spots, tnd these were attributed to the two 3-aminoed b«
dimethylcholest~5-enes, The structures of the twe remaining

spots were not determined,

Table X
Comnpound L. walue
Firat spot} %,f~dimethylcholest-5-en-~3-dra oxime 0,93
Second spot; undetermined compound 0.80
Third spot; undetermined compound V70
Fourth spoti 4,i=dimethylchelest-S—en—Xx-ylamine Ce20 |
Fifth spot; 4,4-dimethylchﬂlest-5-enuﬁg-ylumine Q.73

Labler and Ceruny (66) have found that eguaterinl steroidal
bagses of the type (XL} have lower HF values than the corresponding
axial epimers. Thic has been attributed to the more ready
accessibility of the dimethylamino group in the equatorisl awines
for adsorptiony in thc axial epimers steric compression prevents
such strong adserption, Thus the strength of intermcloculor
bridges between the Qimethylanmine group and alurina 1s greeter in
the egquatorinl amine {XLI) than in the corresponding axinl epinmera
(XLI1).

In the oase of the 5-aminn-k,4-d1methylcholest-5-ungs I

have concluded, on the hasls of Labler and Cerny's gvidence, thet
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the smine of EFD-13 would have an egquatorial configuraiicn and

that of RF 0,20 an axial configuration provided that no
confarmaticnal changs in ring A has teken place on the alunmine
surface,

I=sclation of the axial and aquatorial amine was acconplished
by chrematopranhy of the mixture oo & column of aluminum oxide,
deactivated with water, using mixtures of ether and light petrolsum
as eluting seolvents; the fractlions which were found to bte identical
by thin-leyer chromatography were combined. The axial amine (XLIII),
B,p 63-65%, wap eluted by ether: light petroleum (1:2) and the
equatoriel epimer (XLIV), m.ps 90-93"by ether: light petroleum {1:1),

The gquantities of the two aminem ohtained from the reduction of

4 bedimethylcholest-5-en=3=one oxime by lithium eluminum hydride,



and sodiuwn and butanol«1 are give in Table XI.
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Table XI
Method
Compound Sodium and { Tithium alumi-
butanol~1 num hydride
byli-Dimethylshnlest=5-¢n~3=ylamine 1.8431 g. 0.3247 g,
(XLIII) (3C.26%) (3.75%)
4,u-nimethylchnlest-ﬁ-en-}p—ylamine 2,429 g. 3.071% g,
(XLIV} (L0%) (55, 66%)

(XLIV)

{XLIIT)

Bird end Cookscon (17) have found that reduction of number
of eximinecholestanes guve in each case a mixture of the two epimeric
emines; the equatorial amine is the major preduct formed in sodium
and alechol reductions, and the axial amine in lithium aluminum
hydride reductions,

A siwilar observation is found in the reducticn of stereoidal
ketones, Eindered carbonyl groups afford axiael alcohols on metal
hydride reduction, and partielly hindered carbonyl groups furnish a
The formation

mixture of axial and equatorial alcchols (6,7,8,10),

of axisal alcohols from hinderad carbonyls on metal hydride reduction
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has been referred to as sterdc appreach control. An example is
found the reductlen of 11=keto-steroids (XLV) wkich afford
exclusively tne axial 11-4 &lcohols (XLVI){(64}. However, in the
cage of B-amyrencne (XLVII) and 4,%-dimethylcholest-S5-en=3-one
(XLIX), metal hydride reduction furnishes mainly G-amyrin {ALVIIT)
{95) and 4,@-dimethylcholest—ﬁ-ea—%ﬁ-nl {L){(102) respectively.
Similarly, tie ketone {(LI) obtained from cafestol 1is also reduced
to the esquatorial alechol (LII)(37). However, lithiwn aluminum
hydride reduction of friedelin (LIII) yields the axial altcohol
epifriedelancl (LIV){30}, A satisfmctory explanation of the steric

course of thess reductions has not been given.

{XLVII) {XLVIII}
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Sodiun and elcohel reduction of jfi-amyrenone (XLVII) yields
F-emyrin (XLVIII) in whieh the C-3 hydroxyl group has an cquatorial
conformation {6), 1n the case of the Cwif carbenyl group in the
sterodd ard tritorpene g#rles, the 110~hydroxy coapound which haon
2h equatorial conlformation 15 Tormed exclugively (53). Tt haes been
observed that in 21l cases sodium and alechol roduction of carbonyl
tompounds yields the thermodynamically more atable cpiner; thia
reaction is said to proceed with thermodynamic control {55). Thus
in the camse of the Sodiun and alcohol reduction of eteroidal and
terpencidal ketenes, we woula expect the equatorial alecohol to be

Tormaed prefercntially, and this Ls found to be the case,
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Shoppee ¢t al,{89) have shown that cholestan-3-one oxine
{Lv) on redgction with sodium znd ethanel gives chclestan—ﬁp-yl-
amine (LVI), but cholestan-3-one oxime (LV¥) or cholest-S-en-3-cne
oxima (LV1I) on reduction with lithium aluminum hydride yields
both epimeric boses. Evans end co-workers (41) as well a= Labler
and co=workers {(G1) have alse reported that cholestan-*-ketoxime
(LV) yilelds Jx~aninocholestane (LVIII) with lithium aluninum
hydride, but the ig—epimer (LV¥I} is obtained by reduction with
sadium and eleohol, Heowsver, stercid 1i-ketoximes can be reduced
either to the axial amine with lithium aluminum hydride or to ths
squatorial on¢ with modium and alcohol {(S52). It is therefcora
gvident that the oximes behave as if they were hindered toward

Tithium elwsinum hydride,.

HON=

HOut H_N--

{(LVII} (LYIII)
It can be seen from Table XI that the reduction of #1h—
dimethylcholest-5-on-3-one oxime with lithium aluminwu hydride or

6¢diun and butanol-1 give 3@-emino~l , b-dimethyloholest~5-ene as
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the rajor product, and that in the metal hydride rocduction the
ratic of 3f-:JG~nmines is considereble greater than in the
corresponding sodiuvm and butanel-1 reductlen. The preduct of the
lithiuwn aluminum hydride reducticn is diffsrent from the amine
which would have bsen predicted from the work on the metal hydride
reductions of steroidal oximes. In addition, the high yield of
the Jg-amine suggests thet n sterecchemical facter is responsihle
for the course of the reduction.

Gorodetsky et nle {(47) have determined the ecnformation of
ring A in ii}-keho gtervids by means of ultravielet absorption
spectroscopy, circular dichroism and opticsl rotatory dispersicn
data, end ruclear magnetic resonance measurements, They have
shown that ring 4 has a bo&t sonformation, and they ottribute this
to a 1,3~-diaxinl interaction of the 4/-and 10-~methyl group in the
chalr form (LIX} which 45 relieved when ring A adopts the bhoat

form (LX),

1
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Dauben eand his co=-workers (34) have accountod for the high
¥leld of awial alcohels in metal hydride reductions of hindered
ketones by suggesting that the bulky hydride ion will attack the
carbonyl cerbon atom from the least hindered equaterinl face, If

one assunmes that 4,4=dirmethyleholest-5~en«3-one oxime will possess,
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like the parent ketone, a boat conformatien, then it is possible
to aceount tor the high yield of equatorial amine in the lithium
aluminum hydride rcductlen of thls oxime by means of this theory,

The alumine hydride ion will attack C, from the mors readily

>
accessible QG=-fzce as shown in (LX), thué leading to the equatorial
amine.,

Sincez there was s5till an element of uvneertainty in the
configurations of the two amines, we decided to established their
configurations by means of nuclear magnetle resconance spectroscopy
end circular dichroism.

The twoe epimerde amines (XLIIT and XLIV) were converted
into the corresponding hydrochlorides (LXI and LXII); &,4-
dimethylcholest~5~en«3m-ylanine hydrochloride (LXI), CagHﬁgl‘ﬂcl1
crystallized ams colorless platss f{rom absolute athanol, m.p, 255°
dec,, [x]hz ~514.43"% (C=0,63; CHGl}}, M e 208 my (& = 16352),
and h,4udimethylcholest-ﬁ—en—%ﬁ-ylamine hydrochleride (LXIT),
EEQHEENCl‘ crystalllzed ws needles from methancl, m.p. 265"dec.,

Ei]D = 52,64 (C=0,425 CHCL.), X .. 207 mp (€ =1358),

(LXI) (LXI1)
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The I spectra of these two compounds showed the presence
+
of an HH§ grouping; the axlal amine hydrechloride showed strong

sbsorption at 1600 and 1500 cm” ', and the cguatorial spimer 1590,
1565, and 1510 cm” 's

The NI spectra (Table XII) of the amine hydrochlorides
showsd a one proton signal in the 6-7 fregion. This siprnol is due

to the proton attached to C~3 and can be used for assigring

configuration,
Table XII
Compound 03 1 'QES,CE? q21 C1B 619 C}D 031 CE
+
W-NH_C1™ | G,.h9 9,09 9,03 9.218,5818,721|8.7114.19
(L21) (J=bepe) | (J=Pcpa)
+ i
I/NH CL™ | 6,72 9,08 9.03 221 |8.68 8,683,781 4,16
(LEII) { (J=Bepa) {J=8¢pa)

It has been found in steroids that protons attached to the
same carbon aton as a hydroxyl function are deshielded and usually
appear in the £=3,5-4.5 ppm reéion.(1ﬁa}. A general rule {44b)
which has been established for a wide wariety for six-ncmbersd ring
gystems states that axial ring protens absorb at higher field than
8¢ their epimeric equatorial counterparts. These chemicel shifts
{éae} are nssociated with anisotropies of the magnetic susceptibi-
lities of the carben-carbon singls bonds bearing a 2~3 relationshiyp
to the absorbing protons.  An equatorial preton {LAIII) is deshielded

as a regult of the anisctropies of the CE- 2, and 65— Tg bonds,

3
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whereas an axial one (LXIV) is shlelded by that of GE_ 03 and

GE- G6 bonds,

K 4
(LXIII) (LXIV)

A giniler observatlon should be found in the case of
cyclohexylanines, Thus an cquaterlal proton attached to o carbon
atem bearing an amino groupilng should absort at lower field than
2 corresponding amxial proton. The C-3 protens in (LXI) and {(LXII)
resanate at $.4%97 and 6,727 respectively. We can conclude from
the above evidencce that the compound having & reconance signal at
lower fleld will have an eguatorial protonm, and thus will correapond
to the axial amine hydrochloride. The compound with a resonance
slgnal at higher fiecld will have an axlal praton, and so will
poBsees an equatorial ammonlum grouping.

In the NMR speotra of the amine hydrochlerides, the C-3
proton is seen as a broed multiplet. This correspends to tha X
portion of an ABX asystem; spin-spin coupllnp with the ﬂ? protons
pra@uces the maltiplicity, and quadrupole interaction with the
nitrogen causcs broadening of the signals (58). The half-intensity
wldths of these signals, which are ~7 cps for (LXI) and 30 Cps
(LXTXI), suggest that Ting & has & chair conformstlom {63).

A number of characterdstic signals are cbserved in the

MR spectra of licth compounds; these are due to the C-Cﬂj protons,
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A six proton doublet at 9.09 T (J = 6 ¢ps} and a threce proton
doublet zt 9.037T (J = 7 ecps) in (LXI) are virtually unaffected
by change in the conformation of the 3-ammonium grouping {(eg.
LXII}. The=e =siszngpls can be assigned to GEE‘ CE?' and CE1
protens respecetively. Hemmert et al. {50) have recently reported
the NMR spectrz of a number of substituted 4,4-dimethylcholest-S-
enes 1n deuteriochloroformy they have found that the 626 and GE?
pretons in these riolecules resonate at 9.13T{(J = 6 cpsl. The
sllight shift to lower field of these protoms which is ocbLzarved in
ocur compounds is probably due to change of sclvent (14d),

The C,, protons of cholestan-1t-ol (LXV)(1%c) have been
observed at 9,077(J = 6 cps} which is at a higher field than these
protons in [LkI) and (LXITI). This is possible caused by the

selvent induced shift of the proton resonance {1h4d),




The tertiary nethyl vprotons of (LYXI) and (LXII}, which

are attachesd to C and are ghown in Table XII.

181549130 34

Gnly the tertiary nmcthyl protons attached to 615 are unaffeected
by a change in the conformation of the ammonium group, and this
s to be oxpected as these protons are a long way from ths
ammenium group, Hemmert gt al. (50) have noted {Table XITI)that
the G.g protons of 4,4-~dimethylcholest-S-enes are unaffected by

change of conformation of a 3-hydroxy or acefoxy group.

Taple XITI
Substituent C.g Cig GBD{hD } GETHQE}
30-0K 9433 8,87 8.92 |  8.87
3p=01 3.33 5.93 8.88 8,96
3o-0hc 9,33 8.92 5,00 B.53
38-0Ac 9.33 d.90 2.98 5490

The remaining tertiary methyl protons resonatc at 8.58 T
(3H) and 8,717 (6H) 4n (IXI) and 8.68T (6H) and 8,787 (3K} in
(LXII). Our next task was to attempt to determine which of these
signals belong to specific protons.

Hemmert et al. (50) have assigned signals to the tertiary
methyl protons of 019, G3G‘ and C31 in the epimeric 3-hydroxy and
J-acetoxy-%4,t-dimcthylcholest-5-enes. The chemicel shifts of theose
protons, determined in deutericchloroform or a mixture of deuterio-

chloroform and cerbon=telrachloride, are shown in Table XII1I.
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The C}D and C§1 proton slgnals are affected by change of
conformation of the J«hydroxy or acetoxy group; the CED vroton
signal 1s slightly deshicldsd on changing from en axial to an
equatorial conformation, whereas the 031-prctcn-signals is
shielded as a result of this type of conformational change. The
effect of conformational change at C} in the hydroxy and acetoxy
compounds affeets the C1g proton signal in different ways;:; in the
hydroxy compounds shis=lding occurs on chanzing from axial to
equatorial wherease deshiclding occurs in the acetoxy conpounds as
a regult of a similar conformational c¢hange.

#e have attempted to assign signals to the 019, C}G' aaid
031 protons in our two smmonium chlorides; the results are shown
in Table XII. Ve would expect on the basis of the results of
Iemmert et al, (50) that & chznge in conformotion of the ammonium
19,055, and G31

protons. However, we would not expect the signals to .cccur in the

group saould produce a chemical shift in the C

same reglon of the speetra in our compounds as thair spectra have
been detefmiﬁed in a different solvent and our compounds cantain
a J=ammonium groups Comparision of the chemical shift values of
the hydroxy and acetoxy compounds with those of the ammonium
cblorides show that the chemical shift variastion in the ammonium
salte J& of a larger magnitude than those of the alcohols or
acetates, This could be associated with sslt formation.

We have assigned the thrse proton signal at S.ESTJin.the
-ammonium chloride (LXI) to the qu protons; this sigrnal will

undergoe on bpfisld shift on changing the ¢onformation of the
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aAm@onium [Trouy tofgand we suzgest that these protons will absorh

at 8,687 in (LYTI)., ‘e would expect a considerable change in the
shielding of the 819 proton to seeur in chapging from compound

(LXVI) to (LXVII); the mapgnetiec field sssocisted with the

ammonium grrouvr will affect the ng Protona lesg when it has an

axial rather than equatorial conformatien and this will result in

& deshieslding of these protons, This fact has been tuken into
account in our assipnment. We would anticipate also that hy changing
the confornuiion of the ammonium grouping from axial to equatorial,
the 030 tertiary wmethyl protons would be slightly deshielded, and

the 031 protons shielded. Thils czn be seen from a study of the two
conformation (LiVI) and (LXVIY; changing the conformation of the
ammenium grouping from axial to eguetorial should only slightly
affect the eguatorial G}O methyl protons, whereas this conformational

chenge will censiderable affect the axial € 1 Protons. Ye have

)
suggested, therefare, that the C}O protons will undergoe a down-
field shift of 0,03 ppm and the C31 protongs a upfield shift of

0.07 ppm on c¢henping the conformation of the apmonium group from

axial to eqguatorial,

.
z

_;+ H““"'-u..
HH
x 3 I
(LAVI} ¥ = CY or GF%GDE fLXVII) X = C1 or cP}ca2
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A one proton multiplet 1s observed 1o the 4%, 10-4,207
reglon of the spectra of both amine hydrochleorides; in (LXI) the
glgnal eccurs at 44197 end in (LXII) at 4,16 T, This signal can
be attiributed to the GE olefinic proton, the multiplicity 16 due
to vicinel coupling to the G? protons. The NMR spectra of &
number of &aunconjugated gteroids have been determined; in thsse
compounds the olefinie Ce proton slgnal was found at an average
value of 4,4 4 0,17 (87). The chemical shift to lower field of
these protons which is observed in our molecules is probably due
te ¢hange of sulvent. The plefinie Cg proton signal in (LXI) is
shifted ypfield by 0.03 ppm from that of (LXII); thie is due to the
shielding offect of the ammonium grouping which is clpeser to the
vinylle proton in {1XVII) than (LXVI).

Optically active amines do not show a Cotton effect in
the measurable range of the circular dichrograph and so they cannot
be used for nssigrnent of configurations. A number pf substituted
amines have bocen studied and seversl of these have heen found to
Eive Cotton effects. These are alkyl dithicearbamates, N—
62licylidenes, nitrossmines, thiohydaatoins and N-thionocarbethoxy
derivatives (58). The alkyl dithiccarbamates2, thiohydantoine,
and Nethionogarbethoxy derivatives have begn used extensively in
the determination of the configuration Of w-amina acids, and
nitrosemines for configurational aceignments of acetylated aminen,

The iming~ortho=hydroxybenzyl chromophore,which occurs in
salieylidone derivatives, is useful for determining confipuration

ol amino groups, 1is region of circular dichreile absorphion lies
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at about 320 we (98). Bertin and Legrand (12} have determincd
the relative cenfiyguration of 20%-amino steroids (LXVIIT,LXIX,
LXX), end 20g-amine steroids (LXXI,LXXII,LXXIII) by moans of the
slgn of the Cotton effect of their ealicylidene derivatives? The
17¢-amino steroids (LXXIV,LXXV), 17c-aminc steroids (LX¥VI), and
5&-a.mina—?_‘m-hydroxyl-ﬁﬂ-preg‘nane (LXXYIT) have also had their
¢onfigurationa determined in this way., Tt has been found that the
Cotton effeet is negative for all the compounds possessing an R-

configuration, and positive for those with an S-configuration.

Me Md
| I
- CH
NH,,
HO-
{LXVIIX) 34-CH; 5C
(LXIX)  3x~OH; Sg
Me
> s
H“NHE Wi,
HO HO
(LXXIT) 30-0H; 58 (LXXTIT)
NH NI
) 2 o) 2
HO-~ H
(LYXYIV) {LXXV)

1B 65820
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HO

_ (LXXVI) (LXXVIL)

The Cahn-Ingold-Frelog rule (98) has been introduoced to
désignate the absclute configuration of molecules. For the
application of this rule, the molecule is viewad from the side
which 1s reucte from the atom of least priority. The seguence
of the other three groups is then considered. If the priority
of these three groups decreases in a cleockwise manner the molecule
is sald to have an R-configuration (rectus = right); wherems if it
decreases in an anticlockwise direction the meolecule 1is said te be
of the S-type (sinister = left). 4in illustration of the rule is
shoewn Tor (LXXVIII); D im considered to bg the group of lowast
priority. When the moleculs is viewed from above, thc three
groupg A,L; and C taken up a anticlockwilse arrangement., If A is
the largest and C the smallest of the three groups, then the

molecule has an Seconfiguratiocn.

&
1

(= QU - Qe
4

(LXXVIII}
It iz dmportant to note that the rule is not periect for

8ll molecules, as it gives priority to the heterc-atoms, and group
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containing tiese &re not necessarily the bulkiert oncs,

N-3aticylidene derivatives of 3-amino-4%,4-dimethylcholest-
S5—ens epimers (LXXIX,LXXX) were prepared by treating each of 3=
anino-Y ,4=dimethylcholest~5-enes (XLIII,XLIV) in methanol with
galicylaldehyde, The N-salicylidene derivative of 4, 4-dimsthyl-
cholest-S-en~Jx~ylanine (LXXIX), crystallized from light petroleum
and methancl as greenish yellow plates, m.p. 117-118%, A___~
215,256, shoulder 262, and 320 mu (¢ = 6787, 3555,3232, and 1252
regapectively); that of the corresponding equatorial amine {(LXNX),
crystallized from 1iﬁht petroleun and methancl as greenish yellow
fine needles, wepe. 164—165',,kmax_ 215,256, shoulder 2062, and 320
mpe (& =5808,3759,3223, snd 1308 respectively).

Et;ﬂng absorption peake in the 1R apectra of the axlal N-

1 1 1

salicylideninino derivative at 3400 em” ', 3040 cm ', 1630 cm |,

k 1: 733 Gm-1 and the equatorial

Y, 1625 en” ', 1572 and

1575 and 1490 en” ', 1277 and 1190 cm”

epimerdic derivetive at 3400 cm_q’ 3030 em

! 1, 238 cm” | indicated the presence

1490 em , 1275,1250 and 1200 cm
of O stretching, arcmatic CH stretching, ¢ = N stretching, phenyl
C = G stretching, 0«0 stretehing, and four adjacent hydrogen on
benzene ring respectively.

The cireuler dichroism curves of the salicylidcnimino
derivatives of the epimeric amines were determined in ethanol and
dioxane, A nepative Cotton effect was observed for the dorivative
of the axial smine in both solvents at ébout 20 mip. For the

eguatorial epimer, a pogitive Cotton sffect was pbserved in this

reglon. Application of ths Cahn=Prelog-Ingold rule to the tweo
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HO

{LXXIX) (LXxx)
amines shows that the 3fg-salicylideunimino comﬁound {LX¥XX} hzs an
S—configuration and the 3a-zalicylideniminoe compound (LXXTX) an
R-vonfiguration. The pesitive Cotton effect exhibited by the
Af-~sallcylideninino derivetive {(LXXX) and the negative Cotton
effect exhibited by the 3ixaalicylideninminoe derivative (LXNIX)
are in agreenent with the findings of Velluz and conform the
configurational nssignments based on NMR,

Pierco and Shoppee {78) hove determined the configuration
of 3p=-aminocholest-5-ene (XCI) by chemical methods starting fren
cholesgt-D-en~Sfwcarboxylic acid {LXXXIII). This acid waa ghtainecd
from cholesteryl bromide (L¥XXI) by successive treatment with
potasgium cyanide and hydrolysls as shoewn in Sechame IT (84).

The }ﬁhconfigurﬂtinn af the carboxy proup of this escid was
established by reoane of the reas=tione shown in Scheome IIT {Bh).a
The acid {(LXXXIII} wae converted intc the ketone (LIXXTIV) by

successive irecatment with thionyl chloride and dimethyl cadmiunm



Scheme 1II
]
_Kﬂﬂi,
Br HE -~

(LXXXTIT)

{LXXXTI) 1Hydrulysis

HoOE T

{LXXXIII)

Which was converted by treatment with bromine inte the 5o, 6g-
dibromide (IXXXV), Prolonged treatment of this compound with
perbenzoic oeid in chloroform at O0'and debromination with

potassium iodide-acetone gave cholesteryl acetate (LXXNVII),.
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Only one step of this reaction sequence imvolvee the
cleavage of the Ci-GGEH bend, This oceurs in the Baeyer-Villiger
oxidation of the acetyl group in (LXXXV) to the acetoxy group in
(LXXXVI}, and since this resrrangement has been found to proceed
with retention of configuration {71) a 3f-configuration can be
aBsigned to the.carhoxy groupioyg in the startiog compound.

Cholestmbeen-3g-carboxylie acid has been converted inte
the azide (LXXXIX) by way of the chloride (LXXXVIII)., Treatment
of the azide with nitrous acid gave the laceyanate {XC) by a
Curtdus rearrangement, and this was hydrolysesd by alknli to }p-
aminocholest~5-ce¢ne (XCI}, The configuration of this base follows
from the knowsn configuration ©f the acid (LXXXIII):; the ereservation

of configuration of the migrating group during the Curtius TeArTANSc-

mant has been established by Kenyon et al. (23,59).
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We have attempted to prepare 3g-carboxy-%,4-dimethylcholest-
L-ane {KCII; 1! = COCH)} as the Ffirst step towards establishing the
configurations of cur twe amines by a similey route to that used

by Shoppee (84) for 3@-aminocholest-5-ene (XL1lI,XLIV},

{XCcTII)

by h=Dimsthyleholesteryl halides (XCII; R = C1,Br, or T)
would be useful starting matsrials for the preparation of the acid.
Chelesteryl cilerlde hes begn prepsred from cholesiercl by treat-
ment with phasvhorus pentachloride (65,67,79), or with thionyl
chlordlde in the presence of pyridine (35),

Haddad and Summers (48} have found thet treatment of 4,4-
dimethylehglesterel with phosphorus pentachloride yielded the
hydroecarbon (XXX}, Thus elimination of water occcurs in this
compound rather than gubstitutlen as is foeund in the tholesteryl
series.

Since the reactions of b,bedimethylsteroids are aimilar
with respect to substitution and elimination, we decided teo use
the readily availablsz commerciél lanosterel {XCIII; R = H) for
expleratory investigations inte the preparatlion of 32-substituted-
h . b-dipethylstercids,

Treatment of lenc¢siercl in pyridine with thionyl ehloride



R

{XCIII)

afforded only the starting material as shown by thin-leyer
chromatographys The above reactions sugpgest that the ddrcet route
from the wleohol to the 35-hnlogeno-4,4-dimethylcholest-S5—enc is
not pass;hla-

We decided next to attempt the preparation of lancsteryl
bromide from lanosteryl methyl ether (XCIII: R = Me) by treatment

with hydrobromic acid ; this mcthed has been used suscessfully in

the preparation of cholesteryl halides {13}s Treatment of lanosteryl

methyl ether with hydrobromic acid yielded a mixture whick was
shown by thineleyer chromatography to be compesed mainly of 3w
isopropylidenc-A~nor-lanosta—-8, 24=diene (XC1V).

Since all our attempts to prepare lanosteryl halides had
resulted in failure, we decided to try direct insertion of a suite
able substitucnt {eg. CN, or CH{EDEEt}E) into the 3~position,
Cholesteryl cyanide (LXXXII) and cholesteryl melonic acid (XCV)
have been prepared by treatnent of cholesteryl tosylate (XCVID
with sodium cyanide (4) or diethylsodiomalonate (94), We have
found that trcatment of lenosteryl tosylate {XCIII: R = Te) with

sodium cyonide in refluxing dimethylsulphoxide, a solveni which
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is knewn to accelerated subptitution reoctionm (24,70,75),
afforded 3-isepropylidene~A~nor-lanosta~8, 24%-dienc as shown by
thin-layer chromateography. Similarly, treatment of lanasteryl
tosylate witk diethylsodidomalonate ylelded 3-1sopropylidene-A-nor-
lanosta-8, 2hediene ns the mujor product.

T N ™
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Since all our atiempts to prepare J-substituted Lyb~dimethyl.
steroids hud rcoulted in elimination and rearrangement rather than
subsatitution, we decided to attempt to prepare 4,4-dimethylcholest-
5—!#-3ﬁ-carboxylic atid by means of the epoxide (XCVI1l). Corey
and Chaykoveiky (29) hava recontly found that ketones rcact with
fimethylsulphoniun methylide to give epoxides of the type (XCVIII),.
Thus cholest~d~eneI-~one affords {(XCVIII) on treatment with
dimethylsulphoniun methylide. Epoxides are known to yield
aldehydes or kutones on treatment with horon trifiuoride ctherate,
For examplc, Henbest and Wrlgley (51) have uged this rcaction for
the preParatinn of the aldehyde (C) from the epoxide (XCIX). This
aldehyde was converted to the corresponding acid by trcatment with
chromic ac¢ide. Such a reaction sequence would segm an atiractive
route to I-coarboxy-i,4=dimethylcholost-S~ene,

e hove found that treatment of 4 4%-dimethylcholesteSecn-

Jmone [(XAXVIII) with dimethy¥ylsulphonium methylido yielded only the
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starting nmaterial., Wo wers unabls to successfully perform this
tranpformation under the conditions described by Corey and
Chaykovesky (29), and we consider that this may po3sibly be due to
the difficuliy of excluding moisture from the recaction flasgk,

We decided at this stage to abandon thie approach to the
configuration of our amines ps the results of nuelear maognetie
rescnance and circeular dichroism becoane available,

Ve noaxt turned our attcntion to the preparation of the 3-
anino«4,4.dimethylcholestancs., 4,t-Dimethylcholestan—3~one (CIIL)
- was synthesized by the method of Chaudhry ¢t al. (25) as shown in
Scheme IV, ! L-Dimcthylcholeat-S5-cn-3-one (XXXVIII) in clocial
acetic geld containing one drap of GO% parchloric &cid was hydro-
genated in the presence of Adem's catalyst at utmospheriec pressure

and 50-60*, This gave, after hydrolysis, a mixture of 4 k-

dimethylcholestanylacetate (CI) and u,h-dimethylchcleutan-qﬁ-gl
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(CII), which was hydrolysed with 3% methanolie potassium hydroxide.
by4-Dimothyleholestan-3g-0l (CII) erystallized frem methylene
dichloride aui:d methanel as necdles, meps 156~-158°, Oxidation of
this seturated alecohol with chromie acid furnished, affer
cshrematography of the product on alumiesa uvgdng light petroleun as
eluant, 4,l-dimethylcholestan-3~one (CITI), m.p. 102-103%°,

The IR spectrum of this ketone showed strong carbonyl

1 4

stretching ot 1710 em '. The absence of bands at 790 c¢r ' in the

IR spectrum and no absorption maximug above 200 mee in the UV

gpectrum indigsied that the doukle hond had heen reduced,
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Treatment of the ketone (CIII) in pyridine with hydroxyl-
amine hydrochloride afforded 4, be-dimethylcholestan=3-one oxime
(CIV), meps 200-209°, 4 hroad maximwm at 3260 cm™ | showed the

prasence of the oximino group.
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Reduction of this oxime with sodium and butancl«1 afforded
a mixture, Irom which the 3g-amino derivative (GV}, the major
product, was isclated by column chromatography on deactivatod
aluminn, using 2 mixture of ether:light petroleum {1:2) as eluant,
The 4,#-dimcthylchulﬁstanqﬁpnylamine was converted to %,4—
dimethylcholestan~2g=ylamine hydrochleride (CVI}, C29H54H01' which
¢rystallized from methanol and acetons: as needles, m,p 285%decc.,
Eﬁ]n = +8,2* {C=0.562h; CHGl3}. Its IR spectrum showcd absorption
pecks at 2940,2870, 1475 and 1450 Fal {stretching and bending

+
L (C—NHB stretching

1

vibrations of methylene), 1620,1580 2nd 1520 cm™
and bending vibrations), 1385 nm-1 {methyl beading}, and 1375 em
(ggm—dimethyl).

Wo hovwe ussigned a JG=confipguration te this amine on the
basls of our findings on the reduction of J-oximino-i,4~dimethyl-
cholestwS~c¢nc; this essignment will be confirmed by means of NMR
in the near Ffuture,

Djerassi ct_al. (76} have described the preporation of
3;5—dimethylaminoph,k-dimcthyl—Eﬂ—chulestane (CVI1} by reduction
of the oxime (CIV) with lithium alﬁminum hydrlde 1n ether followed

by methylation (38), They were unable to assign a confipuration
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to this amine (CVII), but we would suggest a JP-configuration for
this compound by analogy with cur findings on the reduction of
4,%-dimethylctoleatw5-cn-3-ane oxime. This assighment is supportad
by the findinge of MeKenna (EH)} that the reduction of lanost-B-en-
3=one oxime (CYIIL; R, R = MOM) with lithium aluminun hydride
affords 3g-amino~lanost-8=ene (CVIIL; R = NH,, R'= H) as the

mejor product.

Me

g I
(ovii) . (CVIII)

We huve alse prepared 4 ,4-dimethylcholestan~3g=-ylaning
hydrochloride (CVI) by hydrogenation of %,4-dimethylcholest-S5-en—
jﬂ-ylamine hydrochioridc (LXII) in absolute ethancl at atmospheric
pressure aud 8C-82° using a 10% palladium charcoal catalyst, The

amine hydrachloride, NCl, obtained in this way had i1,p, 2847

CEQHE#
dec., DfJD = +5 (0=0,44; CHc13}.

In contrast, 4,%=dinethylcholest-5-en~3%-ylanine hydro-
chloride (LXI) resisted hydrogenation at atmospherie pressure and
80-82 on a 10% pallediuw charcoal catalyst. However, when b bn
direthylchoglestmS=en=30=ylanine hydrechloride in ethancl was treated
with hydrogen in the presence of Raney nickel cotalyst (We} at

atmospheric pressure and 80-827. It afforded 2 conmpound which

erystalllzed f{rom ethanol as 8hiny priswme, m.p. 64%=66%, The UV
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spectrum of thilt coupound showed P, 208 my (€ =1764) which
indicated that it 5t11l contained a double bond,. Thin-layer
chromatogrepnhy showed it had lower R; value than 4,4-dinethyl-
cholestan-3-onc ocxime but a higher Ro value than Bowamino-ie,f-
dimethylcholest-5-ene (XLIII). 'This suggests thnat this compound
1s an iagmor of Jo-~amino=4 4-dinethyleholest-5-e¢ne, and could be
formed by a carbonium ion rearrangement.

Aries ct vl. {1) have reported that treatment of &-lupcne
(CIX) in beazene with a mixture of acetic acid and sulphuric acid

at room Veuperature yields lupene-1 (CX}.

~4

=~ﬁ _
(CIX) ' (CX)
We hove subjected 3pi=acetoxy-4 ,bndimethyicholest-%S-¢ne
(XCII; R = OAc)to acid refarrcogenent under similar conditions to
these deseribed for owlupene by Ames, This furnished a viscous
mass which was shawn by thin-layer chromatography to be compesed

of two compounds which have higher R values than 3g-acstoxy—i,i-

Fr
dimethylechclest-Gmene, Strong absorption in the IR spectrum of

this product at 1732 cm_1 (C=Ostretching of acetate), 1285 and 1260
cm—1 (C-0-C stretching of acetate) showed that the reaction products

were nRcetotes,
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Blunt et al, (19) have studied a reaction of Jg-acetoxy-
50, OO-spoxy-bHi-cholestane [(CXI) in benzens with Loron triflueride
atherate, They have found that the ether (CXII) was obtained,
This ethar{iXii) is ceonsidered Yo be formed by nuclecphillic attack
by the epoxide oxygen of one epoxide meleeculs (i) te give normal
diaxial opening of a 5o ,b0-gpoxide in molecule {ii}. The C-5-0
cleavage in wclecule (i) underwant a number of 7,2 shifts as shawn
in {CXI}, and the loss of the hydrogen atem from C-17, to form the

.ﬁ13{1?}bond and inversion at sach ring junetieon, This rearrangs-—

"
ment is known us a back=bone" rearrangement, and similar rearrange=-

eents have been cbserved in triterpencid chemistry.

ﬂch\R‘ ‘
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They (20} also reinvestigated the reactilen of the trimcetate
{CXITI) with acetlc anhydride in the presence of a vardiety of acidic

catalyats at 80 or 140" which had been previeusly investigated by
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Snatzke and Fehlhaber (96), They (20) have assigned the structure
{CXIV) to the unsaturated diacetate cbtained in this rcaction
instead of (CIV) which was reported by Snatzke and Fehlhaber (36},
Blunt et al, {20} have shown that the sikeleton of this unsaturated
diacetate (CIIV} has undergone a "hack-bone" rearrangement, This.
assigned structure is supported by UV and NMR spectra, and

conversion inte z known compound.

(CxV) (CxXVI)

Thus one of the possible products cof acid izomerlzation
of }ﬂ-acetuxy—#,@udimethylchnleat-E-ene iz {CXVI): this wguld
involve a “bach=bone' rearrangement of the type described by

Munt,

Westphalen ¢t al, {18,3%,63,100) had found that treatment
of cholestan-33 ,50 ,5p-tricl-3,6-discetate (CXVII) with acetic

anhydride and a little sulphuric acid affords a dehydration
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praduct which is lknown as Westphalen's diacetate. This compound
has been shoun o have the ctructure (CXVIII).

Petrow (77} has also found that the triol diacetate {CXVII)
is dehydratcd Ly potassium bisulphate in acetie anhydride to
Westphalen's diacetate (CSXVIIT),.

The formation of the product is readily explained in terns
of a carbenium ion rearrangement; the driving force boing the releasa
of steric comnrresgicn in ring H due to the 1, 3-diaxial interaction
of ths Ephacctaxy group and the G, -methyl group.

These reaotlons suggest (CXIX) as a possible product of
the acid isomgrization of 3fF-acatoxy-l, hedimethylcholest-5-ens,
aAlthough struotures such ae{CXX) and (CXX1) cannot be exclude.
Conflrmation of the strusturcs of these products will have to owait
speciroscopic data on the purs compounds. The driving foroe in
this rearrangowent ds the relemse of steric compresalon in Ring 4

due to 1,3 -diaxial mon-bhonded interaction of the hﬁband.c1crmethyl
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