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Investigations of cyclic systems have shown that their reactivity de-
pends to a considerable extent on ring size (2). This difference in reactivity
is ascribed to changes in the total internal strain (/-strain) associated with
bond formation and bond cleavage at the reacting ring carbon (or other)
atom in the rate determining step, whereby such strain changes are function
of ring size (3). Thus, for example, in ten-membered cyclic systems reactions
which procecd with a change of hybridization of the reacting ring {carbon)
atom from sp® to sp® are favoured, because of considerable relief of bond
angle strain and decrease in (*transannular” non-bondcd) van der Waals
compression, whereas, on the contrary, reactions involving sp?-»s5p® hybridi-
zation change are associated with increase in total internal strain and are
thercfore retarded. Most data on these effccts were obtained by studying
reactions of known mechanism and kinetics on simple saturated cyclic sys-
tems (built of —CH,— units and reaction centres only). However, little
is known on the influence of other functional groups present in such mole-
cules on reactivity in processes involving both (above mentioned) types of
hybridization change at the reacting center (4).

In the present work we have studied the reactivity of cis- and trans-
-3@-hydroxy-5,10-seco-1(10)-cholesten-5-one and their acetates (I and [V)
(5) (i.e. modified steroid compounds containing instead of the two fused
six-membered rings A and B the medium-sized ¢is- or rans-1(10)-cyclo-
-decen-5-one system) in the reduction whith the complex metal hydrides
sodium borohydride and lithium aluminium hydride. This investigation was
undertaken in order to establish if these two olefinic diastereomers (I and
1V), which differ in configuration and conformation, behave differently, and
if so to what degree, in mertal hydride reductions, i.e. in reactions which
involve a change of hybridization of carbon C—5 from sp? (trigonal carbonyl
carbon) to sp® (tetrahedral carbinol carbon). Having in mind the fact that

* Communication VI in the series . Syntheses, structure and reactions of seco-
steroids containing a medium-sized ring”. For Part V see ref. (I).

** Address for correspondence: Department of Chemistry, Faculty of Sciences,
Studentski trg 16, P, O. Box 550, 11001 Beograd, Yugoslavia,
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the mechanism of, and the steric requirements for, the reductions with com-
plex metal hydrydes, as well as the relatively simple kinetics of the sodium
borohydride reduction of the carbonyl group are known {6, 7, 8), we have
studied both the stereochemical course and the kinetics of the metal hydride
reductions of the isomeric seco-ketones (I} and (TV).

RESULTS

1. Srereochemical Course of the Reductions

(a) Reductions of the cis-unsaturated seco-ketones (I). — The sodium
borohydride reduction of efs-3%-acetoxy-3,10-seco- 1{10)-cholesten-5-one {(la)
in mcthanol or isopropanol solution affords, in nearly quantitative yield,
a mixture of the two 5-epimeric alcohols with 55 (5a—OH) and 5R (5—OH)
configuration (IIa) and (IIa)*,**, in an approximate ratio of 4:1. The diz-
stereomer with the 58 configuration (IIa), which is formed as the major
reduction product, was isolated in a pure state after repeated crystallization
from acetone (in a 609, crystallization yield)***,
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The reduction of the 5-carbonyl group in the cis-seco-ketone (Ia) with
lithium aluminium hydride in diethyl ether solutien follows a similar stereo-
chemical course, and the 5-epimeric 3f,5-diols with 58 and 5R configuration,
(IIb) and (I11b} respectively, were again obtained in a ratio of about 4:1.

* The S and R configuration at C-5 in epimers (I1} and (111}, respectively, was
tentatively determined on the basis of analysis and comparison of their NMR spectral
data (9).

** The orientation (x or £) of the substituents in the ten-membered ring is formally
defined with respect to the spatial position of the methyl carbon C-18 when the ten-
-membered ripng has the hypothetical planar conformation, whersby an w-substituent
is on the opposite side and a P-substituent on the same side of the ring.

*¥#¥ BSince both epimeric 5-azleohols (I12) and (IITa) have the same Ry value when
subjected to thin layer chromatography on silica gel, the purity of the reduction pro-
ducts and their ratic was controlled after conversion to the corresponding diacetates
(IIc) and (IIIc), which showed different Ry values on chromatoplates,
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The same ratio of diols (ITb) and (ITTb) was observed in the sodium boro-
hydride reduction of cis-3f-hydroxy-5,10-seco-1{10}-cholesten-5-one (Ib) in
methanol or isopropanol solution.

{(b) Reductions of the trans-umsaturated seco-kerones {(IV). — The re-
duction of trans-3B-acetoxy-3,10-seco-1(10)-cholesten-5-one (IVa) with so-
dium borohydride in dioxane-methanol or in isopropanol is more stereo-
specific than the reduction of the corresponding cis-isomer (Ia) (see above),
and of the two possible 5-epimeric zlcohols (with 58 and 5R configuration)
only one diastereomer, having the 35 configuration (Va and its hydrolysis
product Vb)*, was obtained from the reduction mixture. However, in this
case, in addition to #rans-33-acetoxy-5,10-seco-1(10)-cholesten-5x-ol (Va)
which is formed in 53%, yield, other products were also isolated, such as
unreacted starting ketone (IVa) in 159%, yield**, its 3-saponified derivative
(IVb) in 3%, vield, and the 3f,5u-diol {(Vb) [resulting from hydrolysis of
the 3B-acctate group in the initially produced 3f-acetoxy-35e-ol (Va)] in 119
vield. {These products were separated and isolated by chromatography on
a SiQ,-column.).
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It was found that the lithium aluminium hydride reduction of the
trans-seco-ketone (IVa) in diethyl ether solution, and the sedium boro-
hydride reduction of zrans-33-hidroxy-5,10-seco-1{10)-cholesten-5-one (IVh)
in methanol or isepropanol solution are aiso highly stereospecific, whereby
in both cases trans-5,10-seco-1(10)~cholestene-3f,5z-diol (Vb) is formed in
practically quantitative yield.

The correlation of configuration at C—>5 between the cis-olefinic 5-
-alcohol (Ila and/or IIb), obtained as major product in the reductions of
the cis-seco-3-ketone (Ia and Ib), and the trans-olefinic 5-alcohol (Va and for
Vb), produced stereospecifically in the reductions of the rraus-seco-5-ketone
(IVa and IVb), was achieved by photochemical isomerization of the 1,10-
-double bond. Namcly, by UV-irradiation of the cis-unsaturated 38,5-di-
acetate (Ilc), obtained by O-acetylation of alcohol (ITa) or (I1b), a product
was formed which proved identical with the 3f,3-diacetate (Vc) prepared

* According to thin layer chromatography, the corresponding epimer with the
3R (i.e. 54-OH) configuration was formed only in traces. [For tentative configuration
assignment at C-5 see ref. (9)).

** These reductions were not carried out to completion, because of considerable
hydrolysis of the 3B-scetate group.
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from the froms-unsaturated 5-alcohol {Va) or (Vb). In this way, it was esta-
blished that alcohols (II) and (V) are olefinic cis-trans diastereomers and
that they have the same configuration at C—5, which, according to NMR
studies, is very probably S (i.e. 52-OH) (9).

AcO AcO
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2. Kinetzc Measurements

The kinetics of the reductions of cis- and rrans-3p-hydroxy-5,10-seco-
-1{10)-cholesten-5-one {Ib) and (IVb) with sodium borohydride were follo-
wed by applying the procedure of Brown et al. (6). Solutions of the cis-
and trans-seco-ketone (Ib) and (IVb) in isopropanol were mixed with so-
dium borohydride dissolved in the same solvent, and heated in a thermostat
at 35°40.2°*%. The amount of unreacted sodium borohydride was deter-
mined at regular time intervals by titration, using the potassium jodate
method (10). It was found that the sodium borohydride reductions of cis-
and zrans-3@-hydroxy-5,10-seco-1{10)-cholesten-5-one (Ib) and (IVb) are ana-
logous to those of ketones containing authentic steroid systems (&) and that
they correspond to second-order kinetics. The rate constants, k,, given in
Table I, indicate that the cis-isomer (Ib) is reduced by means of sodium
borohydride about 10 times faster than the irans-isomeric ketone (IVb).

TABLE I

Rate constants (k,) for sodium borohydride reductions of czs-33-hydroxy-
=5,10-seco-1{10)-cholesten-5-one (Ib) and trans-3@-hydroxy-5,10-seco-1(10)-
-cholesten-5-one (IVb) in isopropanol solution at 35°

Substrate Rate constant A,%) Relative rate
(in lirers/mole-sec)

cis-Isomer (Ib) 6.2x 10~ BT

trans-Isomer (IVb) 6.4 104 1

a} Mean value of two separately performed kinetic experiments

* Under these conditions, over a 24 hour reaction period, neither diol (Ib) nor
diol (IVb) exhibited any tendency towards reaction of the 3-hydroxyl group with the
reducing agent (which would result in the evolution of molecular hydrogen).
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DISCUSSION

The data obtained on the stereochemical course of the reductions of
the ¢is- and rrans-seco-ketones (I) and (IV) with sodium borohydride and
lithium aluminium hydride, and on the kinetics of the sodium borohydride
reductions of these compounds, suggest that molecules of the isomeric ke-
tones (1) and (IV), although containing the steroid residue ring system C
and D, have nevertheless conformations resembling those of simple cis-
and rrans-3-cyclodecenone cyclic systems (5,11). The fact that both the
sodiim borohydride and the lithivm aluminium hydride reductions of the
cis-seco-ketones (Ia) and (Ib) afford mixtures containing an approximately
equal ratio of 58 (i. e. 5¢-OH) to 5R (i. e. 5-OH) alcohol (IL: IIT=about
4:1), indicates that these reactions are not dependent on the steric chara-
cteristics of the used reducing agent (7, 12). By inspection of models it can
be seen (Scheme 1) that the proposed stable conformation for the eis-1(10)-

(LA}

AL S ketone
Scheme 1

-cyciodecen-3-one system (IA) (5,11)* allows approach of the reagent to
the carbonyl (C-5) carbon atom from both sides (« and 8)**, but that, beca-
use of the presence of the steroid residue (rings C and D), attack from the
f side to give the epimeric alcohol with the 58 configuration (II), should
be preferred (as experimentally confirmed; see above)*** Other conforma-
tions of the seco-steroid ketone (I} containing the cis-1(10)-cyclodecen-5-
-one system, such as those illustrated on Scheme 1 by (IB) {5,11), should

* By slight changes in the relative orientation of the bond plane of the trigonal
{sp*-hybridized) C-5 carbonyl carbon in contormation (IA, Scheme 1), different distan-
ces {and therefore non-bonded interactions) between the hydrogens on C-4 and C-7,
and the hydrogens on C-2, C-6, C-9 and C-14, may be attained (11). Conformation
(IA), as drawn here, represents a compromise and is probably the energetically most fa-
vourable form of the cis-isomer (1),

** Approach from the ,B” side means that the reagent attacks the S-carbonyl
group from the side in which the angular methyl carbon C-18 is located when the ten-
-membered ring has the hypothetical planar conformation. The opposite side is called
the & side.

*#% On the basis of data available, it is not possible to discuss in detzil and predict
the impertance of the influence of thermodynamic factors in the transition state or inter-
mediate products on the outcome of this and other reductions studied in the present work,
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be less stable, In these conformations, preferential attack (x or 8) would
mainly depend on the relative orientation of the bond plane of the trigonal
(C-5) carbonyl carbon,

On the other hand, from the high stereospecificity of the sodium boro-
hydride and lithium aluminium hydride reductions of the trans-seco-ketones
(IVa) and (IVb), it follows that in this case the reducing agent can approach
the carbonyl (C-5) carbon atom only from one side. Examination of models
corresponding to the stable conformations of the rrans-1(10)-cyclodecen-5-one
system (Scheme 2; forms IVA, TVB and IVC) (5, 11, 13, 14) reveals that

1M
I CH,

(IVC)

AV reange S-ketone

Scheme 2

all these conformations allow attack of the reagent mainly from one side,
this being the B side in conformations (IVA) and (IVB) (whereby alcohol
V with the 5§ conformation would be formed), and the « side in conforma-
tion (IVC) (which would resuit in the formation of the epimeric 5-alcohol
with the 5R configuration). Since the metal hydride reductions of the trans-
-seco--ketones (IVa) and (IVb) furnish almost exclusively the epimeric
alcohol with the 58 configuration (V), it appears highly probable that ke-
tone (IV) reacts in one or both of the former conformations, i. e. (IVA)
and/or (IVB) (or in another similar conformation allowing B-attack with
formation of the 58 alcohol).

‘The proposed conformations for the eis-unsaturated 5-ketone (IA and
perhaps IB, Scheme 1) and the trans-unsaturated isomer (IVA and IVB,
Scheme 2) can also explain the kinetic dara of the sodium borohydride
reductions of these compounds (see Table 1). If the reaction was dependent
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only on ring size, one would expect the reduction rates to be approximately
equal for both olefinic diastereomers. However, since their reactivity to-
wards sodium borohydride is different, wheteby the cfs-unsaturated ketone (T}
is reduced about 10 times faster than the erans-isomer (IV) (Table 1), it
follows that the reaction rate must be chiefly influenced by the 1{10)-cycle-
decen-5-one ring conformation(s) in the seco-ketone undergoing reduction,
and that, in the absence of other factors, that isomer will be more difficul-
tly reduced in which the change of hybridization from sp? to sp* on the C-5
carbon attacked is associated with higher increase in total internal strain
in the transition state. This is clearly the case with the rrans-seco-ketone
IV (conformations IVA and IVB, Scheme 2), in which steric crowding in
the transition state for metal hydride reduction will be considerably greater
(because the oxygen at C-5 is “pushed” inside of the ten-membered ring)*
than in the relatively flat molecules of the cis-seco-ketone I (conformation
1A and eventually IB, Scheme 1). This assumption is supported by the
fact that when the 5-epimeric alcohols (ITa) and (Va) are oxidized with chro-
mic anhydride in the two-phase system ether-water (a reaction which in-
volves sp® —sp? hydridization change of the reacting C-5 carbon atom), the
rate ratio is opposite, namely the oxidation of the srans-alcohol (Va) to the
trans-ketone (1Va) proceeds considerably faster (more than 10 times) than
the conversion of the cis-alcohol (Ila) to the corresponding cis-ketone (Ia).

It should also be noted that the steric course of the sodium borohy-
dride and lithium aluminium hydride reductions of ketones (I) and (IV)
does not depend on whether the 3B-substituent is an acetoxy or a hydroxy
group.

Acknowledgement. — The authors are grateful to the Yugoslav Fede-
ral Research Fund and Serbian Republic Research Fund for financial support.

EXPERIMENTAL**

All m. ps are uncorrected. Optical rotations were measured in CHCl,. IR spectra
were recorded on a Perkin-Elmer Infracord instrument, Model 337. NMR spectra were
obtained at 100 MHz with a Varian HA-100 spectrometer, in CDCI, solutions (5%)
using tetramethylsilane as internal standard; chemical shifts are reported in & (ppm)
values (abbreviations: s for singlet, d for doublet, m for multiplet). The separation of
products was controlled by thin layer chromatography, which was carried out on silica
gel G (Stahl) with benzene-ethy! acetate (9:1 or 7:3); the detection was effected with
509, H,SO,.

Reductions of cis-33-kvdroxy-5,10-seco-cholest-1(10)-en-5-one acetate (Ila)

|A. Sodium bovohydride veduction of (Ia) in methanol solution. — A solution of [ g
of the cis-acetoxy-seco-ketone (Ia) (5) in methanol (400 mi) was cooled to 5° and treated
with sodium borchydride (2 g). After stirring for one hour at 5° the reduction was comp-
leted, and the reaction mixture was diluted with water, acidified with 10%, sulfuric acid
and extracted with ether. The ethereal layer was washed with water, saturated aqueous

* Obviously, by a change of the ten-membered ring conformation, in the once
formed C-5 alcohol (V) the Sx-hydroxy group will addept a more favourable relative
spatial orientation (9).

*% We thank Dr. H. Fuhrer, Ciba-Geigy AG, Basel, Switzerland, for the record-
ing of NMR spectra, and Mrs R. Tasovac, from the Microanalytical Laboratory of our
Department, for carrying out elemental microanalyses,
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sodium bicarbonate, water, dried over anh. magnesium sulfate and evaporated to dryness
in vacuo, leaving a mixture of the epimeric alcohols (Ila} and (I1Ia), After four crystal-
lizations of this mixture from acetone, pure cis-38,5a-dikydroxy-5,10-seco-cholest-1(10)-ene
3-acetate (11a) was obtained (595mg; 59.4%), m.p. 173—174°, [a)}? = +30° £ 2° (c=0.64);
IR (KBr)vpex~ 3462, 1711, 1270 cm~*, and IR (CHCly) Vs =3640, 1735, 1235 em™;
NMR: & ~=0,70 (CH,-1 8, 1), 0.86 (CH;-Z‘E and CH,-27,d), 0.90 ':CHﬂ‘ZI ,d), 1.68 (CH,-19,
d), 2,01 (CH,COO at C-3, s), 3,72, 5.22 and 5.36 (three protons, at C-5, C-1 and C-3,
multiplets). (Found: C, 77.92; H, 11.25%. CsHsO, requries C, 77.97;H, [11.28%).

The mother liquors from these crystallizations, containing the 5B-epimeric alcohol
(I11a), were combined and evaporated (in vacuo) to dryness; the residue (about 400 mg)
was acctylated with acetic anhydride (5 ml) in pyridine solution (10 mf). The white solid
obtained after working up the reaction mixture in the usnal way was chromatographed
on 16g of silica gel (0.20 ~0.05). The first benzene eluate afforded 168 mg (15.3%) of
cis-18,58-di 4y roy -5,10-seco cholest-1(10)-e%e  diacetaze (11Ic), which was purified by
two crystallizations from methano! (yvield 120 mg, ie. 10.9%0), m.p. 78°, [x]3' — +36° +3°
(c—=0.40); IR (KBr)wv,,, —1738, 1735, 1240 on!; NMR: 3=0.72 (CH;-18, s), 0.86
(CH,-26 and CH,-27, d), 0.91 (CH,-21, d), 1.71 {CH;-19, d}. 2.01 and 2.03 {two CH,COO,
at C-3 and C-5, singlets), 4.95, 5.12 and 5.30 (three protons, at C-3, C-5 and C-1, muln-
plets). (Found: C, 76.07; H, 10.51%,. C;H,0, requires: C, 76.18; H, 10.72%,).

Further clution with benzene gave a mixture (56 mg) of both S-epimeric diace-
tates (IIc) and (IIIc). By elution with benzenc-ether (98:2) cis-38.Se-dikvdroxy-5,
10-seco-cholest-1{10)-ene diacetate (IIc) was cbtained (179 mg) in 16.3% yield (bringing
the total vield of 5S-cpimer II to 75.7%). which after crystallzation from methancl
{vield of pure product 120 mg, ic. 10.9%) melted at 86— 87", [a]F= +32° + 27 (¢=0.58);
IR (KBr) V.= 1740, 1248, 1235 cm2; NMR: 3=0.72 (CH,-18, 5), 0.85 (CH,-26 and
CH,-27, d), 0.89 (CH,-21, &), 1.69 (CH,-19, &), 2.03 and 2.06 {two CH,COO, at C-3
and C-S, singlets), 4.83, 5.28 and 5.38 (three protons, at C-3, C-5 and C-1, multiplets)
(Fournd: C, 76.02; H, 10.89%. C,H, 0O, requires: C, 76.18; H, 10.72%).

Hydrolysis of cis-38,58-dikvdroxy-5.10-secocholes:-1{10)-eme  diacetate  (111c.).
— Diacetate (111c) (100 mg) in 10 mi of 5% metharolic potassium hydroxide was left
overnight at room temperature, then poured into water and extracted with ether. The
ethoreal laver was washed with water, dried over anh. magnesium sulfate and evaporated
(in vacuc) to dryness. Crystallization of the remaining product from scetone afforded
74 mg (89.4%) of cis-38,58-dikydroxy-S5,10-seco-choiest-1(100-eme (I1T5), m.p. 192~ 193°,
[2]¥=+13" +2° (c=1.0); IR (KBr)vo. —330cm—=. (Foaond: C, 80.29; H, [1.82%.

C.,H, 0, requires: C, 80.14; H, 11.967).

Hydrolysis of cis-38,5a-dihydroxy-5,10-seco-cholest-1{10)-ene diacetate (Ilc). —
Diacetate (TIc) (100 mg) was hydrolysed in the same way (as Illc), giving, after crystal-
lization from acetone, 76 mg (91.89) of cis-33,5=-Ghvdroxy-5,10-seco-cholest-1(10)-ene
(ITb), m.p. 157— 158", [z]¥=+17" £2° (c=0.59); IR (KBr)iv,,.=3380 am~'. (Found:

C, $0.02; H, 12.18%. C,.H.,O, requires: C, 80.14;: H, 11.96%).

IB. Sodium borokydride reduction of (Ia) im isopropamol selution. — A solution
of 1g of the cis-acetoxy-seco-ketone (Ia) in isopropancl (200 ml) was reduced with sodium
borohydride (2 g) at room temperature for about § keurs. The reaction mixture wes work-
ed up as described in section [A, leaving a white solid which was chrematographed on 40¢
of silica gel (0.20 —-0.05). Benzene cluted 2 complex mixture {96 mg) which was not further
investigated. Benzene-cther (90:10 and 85:15) cluates afforded a mixture of S-epimeric
alcohols (11a) and (I11a) (740 mg), out of which, after four crystallizations from acetone,
520 me (51.8%) of pure cis-38,5x-dihydroxy-5,10-seco-cholest-1(10)-ene 3-acetate (Ila),
m.p. 173—174°, was obtained.

Elution with ether gave a mixture of the S-epimeric 38.5-dicls (11b) and (I11Ib)
{120 mg), which was combined with the mother liquors of the above crystallizations and
acetylated with acetic snhydride-pyridine (see 1A). Tke resulting mixture of diacetates
(II¢) and™ (I11c) was chrometographed on SiO, as described in section 1A, affording:
164 mg (14.9%) of ¢i5-38,55-dihvdroxy-5,10-seco-cholest-1{10}-ene diacetate (I[Ilc),
m.p. 78° (from MeOH); a mixture (72 mg) of both S-epimeric diacetates (Ilc) and (I1Ic);
and 183 mg (16.69%) of cis-38,5«-dihydroxy-5,10-seco-cholest-1(10}-ene diacetate (Il¢),
Ez.pﬁﬁgt}f;m methanol) (The total vield of 55 cpimer II being thercfore in this re-

uchon 4%,
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2. Lithium aluminiwm hydride reduction of (Ta). — A mixture of the cis-acetoxy-seco-
ketone (Ia) (300 mg) and lithium aluminium hydride (75 mg) in dry ether (30ml) was
stirred and heated for one hour. After working up as usnal, the mixture of reduction
products, i.e. of the 5-epimeric diols (IIb) and (11Ib) (272 mg, 100%}, was acetylated with
acetic anhydride in pyridine solution (see 1A). The resulting mixture (326 mg) of the di-
acetates (IIc) and (I¥Ic) was subjected to chromatography on silica gel (0.20--0.05) as
described above (section 1A), whereby the following products were separated: 52 mg
(15.8%) of cis-3@,58-dihydroxy-5,10-seco-cholest-1(10)-ene diacetate (Illc); a mixture
of both diacetates (IIc) and (ITIc}; and 234 mg (71.8%) of ci5-38, Sz-dihydroxy-5,
10-seco-cholest-1(i0)-ene diacetate (IIc).

Reductions of eis-3B-hydroxy-5,10-seco-cholest-1{10)-en-5-one (Ib)

3A. Sodium borohydride veduction of (Ib) in methanol solution. — A solution of
201 mg of eis-hydroxy-seco-ketone (Ib) (5) in methanol (100 ml} was treated with so-
dium borohydride (400 mg) at room temperature for 2 hours. After iselation, the mixture
of reduction products was acetylated (with acetic anhydride-pyridine) and chromato-
graphed on silica gel (see 1A) to give: 42mg (17.2%) of cis-36,5p-dihydroxy-5,10-seco-
—cholest-1(10}-ene diacetate (IIIc), m.p. 78° (from methanol); a mixture of the 5-epi-
meric diacetates (IIc) and (11Ic); and 163 mg (66.8%) of cis-30,5x-dihydroxy-5,10-seco-
-cholest-1{10)-ene diacetate (Ilc), m.p. 86° (from metanol).

IB. Sodium borokyvdride reduction of (16} in isopropane! solution. — 'The eis-hydroxy-
-seco-ketone (Ib) (201 mg) in isopropanol (100 m/) was reduced with scdium borohydride
(400 mg) at room temperature for 5 hours, then worked up, acetylated (with acetic anhyd-
ride-pyridine) and chromatographed on SiQ, (see 1A and iB), affording: 39 mg (16%.)
of ¢is-38,58-dihydroxy-5,10-seco-cholest-1{10)-ene diacetate (IIIc), a mixture of both
diacetates (ITc) and (IIc); and 159 mg (65.2%) of cis-3f,5x-dihydroxy-5,10-seco-cholest-
-1(10)-ene diacetate (1Ic).

Reductions of tram—3[3—kydmxy-5,10-seco-cholesr-l(]0)-3&-5—0?3& acetate {IVa)

4A. Sodium bovohydride reduction of (IVa) in dioxan-wethanel solution. — To
a stirred solution of 2 g of the trans-acetoxy-seco-ketone {IVa) (5,12} in dioxan (300 mI)
and methanol (30 mi), cooled at 5° sodium borohydride (4g) was added portionwise.
The mixture was stirred at 5° for a further 10 hours, and then diluted with water, aci-
difid with 10%, sulfuric acid and extracted with ether, The ethereal layer was washed with
water, saturated aqueous sodium bicarbonate, water, dried over anh. magnesium sulfate
and evaporated to dryness (in vacuo), giving a mixture (about 2 g) which was chromato-
graphed on 60g of silica gel (0.20 -0.05).

Elution with benzene-ether {95:5) afforded 391 mg (19.5%) of the starting ketone
(IVa), which wss recrystallized from acteone-methanol (yield 305 mg, i.e. 15.2%), m.p.
136° [lit, m.p. 136" (5)).

From benzene-ether (85:15) eluates 1.15g (57.9%) of trans-3f,5x-dihydroxy-5,
10-seco-cholest-1(10)-ene 3-acetate (Va) was isolated, which was purified by crystallization
from acetone-methanol (vield 1.06g, i.e. 52.8%), m.p. 134—136", [x])P=—16° £2°
{c=0.42); TR (KBr}:v,.., =3510, 1708, 1260 cm~t, and IR (CH,Cly) v, =3620, 3500,
£732, 1235 om~1; NMR: 8=0.73 (CH,-18, 5, 0.85 (CH,-26 and CII,-27, d}, 0.89 (CH,-21,
d), 1.72 (CH.-19, ), 2.03 {CH,COO at C-3, 5, 3.94, 4.92 and 5.18 (three protons, at C-3,
C-1 and C-3, multiplets). (Found: €, 77.79; H, 11.37%. C,)H;O; requires: C, 77.97;
H, 11.28%).

Elution with ether afforded 80 g (4.4%.) of trans-3B-hydroxy-5,10-seco-chaolest-
-1{10)-en-5-one (IVb), which was purified by crystallization from methanol (yield 55 mg,
i.e, 3.0%), mp. 160° [lit. m.p. 158°(5)].

Mecthanol “eluted 217 mg (11.4%) of trans-38,5z-dihydroxy-5,!0-seco-cholest-
-1(10}-ene (Vb), m.p. 153 {from methanol], [x]20=—12° 4-2" (¢~ 2.0); IR (KBr)ivp,w =
~-3330 em*. (Found: C, 76.62; H, 11.75. Ca;H, O, H,O requires C, 76.72; H, 11.92%.

4B. Sodium borohydride reduction of (IVa) in isopropane! selution. — A mixture
of the trams-acetoxy-seco-ketone (IVa) (900 myg) and sodium borohydride (2g) in iso-
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propanol (200 ml) was stirred at room temperature for 42 hours. It was worked up and
chromatographed on SiQ, as described above (see 4A), affording: 68 mg (7.6%) of
starting ketone (IVa); 257 mg (28.4%) of trans-33,5xz-dihydroxy-5,10-seco-cholest-
-1 (10)-ene 3-zcetate {Va); and 430 mg (52.2%) of trans-3f,5«-dihydroxy-5,10-seco-cholest-
-1(10)-ene (Vb).

5. Lithium alwwinium hydride reduction of (IVa). — The trans-acetoxy-5eCo-
~ketone (IVa) (300 mg) was reduced with lithium aluminiom hydride (75 mg) in dry ether
(30 mi), whereby the mixture was stirred and heated to reflux for one hour, After working
up as usual, a nearly quantitative yield (2B0mg) of crude trams-3f,5«-dihydroxy-5,10-
-seco-cholest-1({10)-ene (Vb) was obtained, which was purified by crystallization from
methanol (yield 256 mg, i.e. 93.89%), m.p. 153°%

Acetylation of trans-38,5x-dikydroxy-5,10-seco-cholest-1(10)-ene (Vb). — Acety-
lation of the frans-diol (Vh) (250 mg) with acetic anhydride in pyridine at room tempe-
rature gave 278 mg (92.0%) of trans-3B,5x-dikydroxy-5,10-seco-cholest-1(10)-ene diace-
rate (Vo), mup. 95—96° (from acetone-methanol), [x]28-=—18° +2° (¢=2); IR (KBr):
Vg = 1755, 1732, 1255 cm™'; NMR: 5=0.78 (CH,-18, s), 0.85 (CH,-26 and CH-27,
4, 0.89 (CH,-21, d), 1.76 (CH,-19, d), 1.99 and 2.02 (two CH,COO, at C-3 and C-5,
singlets), 5.10 and 5.40 (three protons, at C-3, C-5 and C-1, multiplets). (Found: C,
76.05; 11, 10.55%,. C,,H..0, requires: C, 76.18; H, 10.72%).

Reductions of trans-3-hydroxy-5,10-seca-cholest-1{10)-en-5-one (IVH)

6A. Sodium borohydride reduction of (IVh) in methanol solution. — A solution
of 201 mg of the trans-hydroxy-seco-ketone (IVh) (5) in methanol {100 !} was treated
with sodium borohydride (400 sg) at room temperature for 15 hours. After working up
as usual (see 1A), a quentitztive vield (200 myg) of rrans-38,5x-dihydroxy-5,10-seco-
-cholest-1(10)-ene {Vb) was obtained, which was purified by crystallization from metha-
nol (yield 184 mg, ie. 91.1%), m.p. 153"

6B. Sodium borohydride veduction of (IVB) in isopropanc! solution. — The trans-
-hydroxy-seco-ketone {IVb} (201 mg) in isopropanol (100 »!) was rcduced with sodium
borchydride (400 mg) at room temperature (36 hours), affording 176 mg (87.1%) of trans-
-38,52-dihydroxy-5,10-seco- ~holest-1(1¢-ene (Vb}, m.p. 153° (from methanol).

Tsomerization of cis-3B,5%-dihydraxy-5,10-seco-cholest-1(10)-ene diacetate (1lc) into
the corresponding rrans-isomer {Ve)

A solution of the ofs-38,5x-diacetate (ITcy (200 #g) in 200 m! of anh. benzene
was irradiated with a high pressure mercury lamp @ 81 (TTanau} for 14 hours at room
temperature. The solvent was removed in vacuo and the residue chromatographed on
silica gel (0.20 - 0.05), Elution with benzene gave 16 mg (8%,) of trams-3f,5«-dihydroxy-3,
10-seco-cholest-1(10Y-ene diacetate (Vc}, which was identified by m.p. and mixed m.p.
determination and by comparison of spectral data (with an authentic sample; see above).
By elution with benzene-ether (98:2) 123 myg (61.5%,) of unchanged starting cfs-3f,5x-
-diacetate (IIc), m.p. 85°, was recovered.

Chromic acid oxidations

Oxidation of cis-3B,5u-dihydroxy-5,10-seco-cholest-1(10)-ene 3-acetate (1la). — To
a solution of the cis-acetoxy-seco-5e-alcohol (Ila) (100 mg) in ether (10:mf}, chromic
anhydride (500 mg) in water (10 m!) was added at room temperature and the resulting
mixture was stirred efficiently for 24 hours, affording after chromatography on 8i0,:
92 mg (92.4%) of cis-3B-hydroxy-5,10-seco-cholest-1{10)-en-5-one acetate (I2), and
6 mg (69} of unchanged starting alcohol (TTa}).

Oxidation of trans-3B,5a-dilydroxy-5,10-seco-cholest-1{10)-ene  3-acetate (Va}, —
When treated with CrO, for two hours (as above), the trans-acetoxy-seco-5x-alcohol
(Va) (100 mg) was converted quantitatively to the corresponding ketone, i.e.trans-38-
-hydroxy-3,10-seca-cholest-1(10}-en-5-one acetate (IVa).

TN
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Kinetic studies of the sodium borohydride reductions of the IB-hyvdroxy-seco-5-ke-
tones of the AYWlecis series (Ib) and AV\-trans series (IV/6)

Material. — Sodium borohydride was recrystallized from diglyme (15). Isopro-
panol was dried over calcium sulfate and distilled through a fractionating column.

Rate measurements (6). — A standardized 0,005 M solution of sodium borohydride
in isopropanol (100 mi) was placed in a reaction flask with a long narrow neck, which
was immersed in a thermostat maintained at 35° 4 (.2.* The ketone (Ib and VL) (804 mg,
0.002 mole) was added to the borohydride solution with vigorous stirring, At appro-
priate time intervals 10! aliquots of the reaction mixture were withdrawn, added to
a (1202 N potassium jodate sclution (25 mf) containing 2 g of potassium iodide, followed
by the addition of 10! of 5§ N sulfuric acid, and the libreated iodine was titrated with
0.1 N aqueous sodium thiosulfate (10). The rate constants k, were obtained from the rate
data by using the following equation:

2303 | b —29
Ha— a6 P alb—

where a is the initial molar concentration of ketone (Ib or IVDb), & is the initial molar
concentration of sodium borohydride, and x is the amount of sodivm borohydride con-
sumed at time t. The results are shown in Table I,

SUMMARY

The sodium borchydride and lithium aluminium hydride reductions
of cis- and rrans-33-hydroxy-3,10-seco-1(10)-cholesten-5-one and their ace-
tates have been studied. It was found that the ers-unsaturated ketones with
both reducing agents afford a mixture of S-epimeric alcohols in an appro-
ximate ratio of 55:5R==4:1, whereas the reductions of the rrans-isomeric
ketones are more stereospecific, resulting in almost exclusive formation of
the corresponding trgns-unsaturated 5S-alcohols. According to kinetic mea-
surements of the sodium borohydride reductions, ¢ss-3p-hydroxy-5,10-seco-
-1(10)-cholesten-5-one is reduced about 10 times faster than zrans-38-hy-
droxy-5,10-seco-1(10)-cholesten-5-one. Possible conformations of the ¢fs- and
trans-1(10)-cyclodecen-5-one ring system in the 5,10-seco-steroids used as
substrates are discussed, which might account for the stereochemical co-
urse and kinetics of these reductions.
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H3BOI

PELNVKIIUJA CIS- U TRANS-38-XUIPOKCH-5,10-CEKO-1(10)-
~XOJIECTEH-5-OHA M ILUXOBUX 3-ALIETATA IIOMORY
KOMITJIEKCHUX METAJHUX XUIPUIIA

- 0T
MHUXAHTIA JTb. MUXAUITOBURA, MUPOCJIABA J. TAIINERA, HBAHA
J¥PAHURA M JbYBHHKE JIOPEH]]
[IpoyuaBare ¢y penykuuje cfs- U trans-3f-xugpokcu-5,10-cexo-1 (10)-
-XOJIeCTeH-3-0Ha U BUX0BUX 3-aterata (I omxocro IV) nomohy Harpujym-
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-DopxMApHIA W JHUTHjyM-aNyMuHylyMm-xuapuga. Ilpm tome je mabeno pma
cis-Hezacnhenn weromu (I) najy ca oba peyKIMOHA CpefCTBa cMecy S-emu-
meprux amwoxona (II n III) y npubmnxno ucrom ogHocy on 58:5R=4:1],
a Aa cy Kof irans-u3omMepHHX KeToHa (IV) obe penyxmuic crepeocreimdu-
yHHMje, Tj. Ja Cce VIVIABHOM TolHBajy oarovapajyhi trons-uesacmhenn 55-
-aoxomu (V). Ha ocHOBY XMHETHYKHX Mepelha HATPHjyM-GOPXHUPHIHUX
pemykLHja, yrepheno je ma cfs-33-xupporcn-5,10-cexo-1(10)-xomecren-5-o11
(Ib) pearyje oxo 10 myta Sprce off [HACTEpEOMEpPHOT frans-cexao-KeToHa (IVh).
[IpenmoxxeHe cy KoHQopMaUje cis- B trans-1{10)-MuKI08E LeH-5-0HCKOT mpe-
TeHACTO CHCTeMa y mpoygaBaHum 5,10-cexo-crepomgHHM KeToHHMA (Cxeme
1 u 2), Koje Cy ¥ CATJIACHOCTH Ca CTEPEOXEMHJCKHM TOKOM M KMHETHHKHM

pe3yITaTAMAa OBHX PEOVELNja.

XeMHjCKM HHCTUTYT ITpummero 12 cenrembGpa 1971,
TIpupogHo-maTemaruror (aKyITeTa
Yuupepaurera v Beorpaay :
H
HucTuTyT 3a xemujcKa, TeXHOIONKA
H METATYPINKA HCTRAMHBAGA,
Beorpag, Jyrocnabmja
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