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Reactions of 19-hydroxy-, methoxy- and acetoxy-5-cholestenes la, Ila, Illa were studied and
compared with those previously obtained with analogous 3B-acetoxy-19-substituted 5-chole-
stenes Ib, 1Ib, Illc. A marked difference was found in 19-acetoxy derivatives where the 3-un-
substituted compound I/la yields exclusively the bromohydrin XVIa as a product of 6(0)™"
participation while the 3B-acetoxy derivative IIIb gives, apart from the analogous bromohydrin
XVIb, also products of competing reactions: The epoxide X1I6 and the bromohydrin XIIIb.

In our earlier papers! ~° we dealt with the participation of 19-hydroxy, methoxy and
acetoxy groups in hypobromous acid addition to 5,6-unsaturated steroids. All the
compounds we investigated (Ib, IIb, I11b) contained an acetoxy group at the 3B-posi-
tion. In all cases participation by the 19-substituent predominated over the competing
attack of an external nucleophile, the course of the reaction being strongly dependent
on the nature of the participating group. It may be anticipated that the inductive
and/or steric effect of the 3-acetoxy group should also be reflected in the reac-
tion'®~18 and it is the aim of the present paper to investigate the influence of this
substitution.

We subjected these model compounds*® Ia, IIa and I1Ia to treatment with hypo-
bromous acid (generated in situ from N-bromoacetamide and aqueous perchloric
acid) in aqueous dioxane, and used product analysis for evaluation of the reaction
mixture. The 19-alcohol Ia yielded solely the cyclic ether VIa. The 19-methoxy
derivative I1a afforded the same product VIa accompanied by a small proportion
of the known'® epoxide VIIIa (Table I). The 19-acetoxy derivative IIla yielded
solely the known!® bromohydrin X VIa.

The structure proof of the cyclic ether Vla is based on its elemental analysis, mode
of formation both from the alcohol Ia and the methyl ether Ia, its conversion to the
alcohol Ia on reduction with zinc and acetic acid, and spectral evidence including

* Part CCXXXIX in the series On Steroids; Part CCXXXVIII: This Journal 45, 3008 (1980)
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mass determination. The absence of a hydroxyl group was shown by the IR spectrum
and axial conformation of the oxygen bridge was demonstrated by H-NMR mea-

surement.

IIIb,

The course of the reaction of the alcohol Ia with hypobromous acid is identical
with that of the 3B-acetoxy analog Ib (ref.!). In both cases solely cyclic ethers VI
as products of 5(O)" participation in So,60-bromonium ion cleavage are formed
(for notation cf ref.?). In the case of the methoxy derivative Ila we isolated products
of both 5a,6a- and 5B,6B-bromonium ions IVa, Va. The Sa,60-ion IVa is cleaved
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exclusively with 5(O)" participation by the 19-methoxyl to give the cyclic ether Via.
The diastereoisomeric bromonium ion Va gives the Sa,6a-epoxide VIIIa via the
unstable and non-isolated bromohydrin VIIa. When the behavior of the 5,6-un-
saturated methyl ether I7a is compared with that of its 3B-acetoxy analog IIb (ref.?),

TaBLE

Yields and Ratios of Products of Hypobromous Acid Addition to the Olefins I-—1/1

X Neigh- Mode of reaction, % of the total yield Total
Starting boring — — yield Ref.
compound  group s(o)" 60)™" Ext.® B-ion® %

la OH >99 (Via) — — — 93 —

1b OH >99 (VIb) — — — 97 1

1a OCH, 92 (Vla) — — 8 (Villa) 95 —

116 OCH;4 75 (VIb) — — 25 (VI1Ib) 88 2

1la OAc — 100 (X Via) — —_ 92 —

b OAc — T8 (XVIb) 12 (X1IIb) 10 (X11b) 86 3

“ Product of external nucleophile attack; b product of reaction of the 5B,5B-bromonium ion.
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the only slight difference is in the relative proportion of the analogous products VI
and VIII (Table I).

The acetoxy derivative IIla gives in practically quantitative yield the diequato-
rial bromohydrin XVIa. Its formation is due to regio- and stereospecific cleavage
of the intermediary S5o,6a-bromonium ion IXa with 6(O)™" participation by
the 19-acetoxy group (IXa — XIVa — XVa — XVIa). Alternative 5(O)" partici-
pation or external attack at C, are not operative!®. Although external attack
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by water at Csycould also lead to opening of the 5u,6a-bromonium ion IXa to give
XVla, we consider this possibility as ruled out for following reasons: 1) Forma-
tion of a diequatorial bromohydrin by this mechanism would be unusual (Fiirst—
Plattner rule). 2) Operation of 6(O)™" participation was directly proved in an analog-
ous case 3B-acetoxy series®. Recently, Rodewald and Sicinski?® reported addition
of hypobromous acid to 19-acetoxy-5,6-unsaturated compounds of androstane
series and attributed formation of 5B-hydroxy-6o-bromo derivative to inductive
effect of electron-withdrawing acetoxy group at C,y. However, our earlier® and
present results demonstrate that 6(O)™" participation accounts for this reaction.

As we demonstrated earlier?, the 3B-acetoxy analog IIIb reacts in a more complicat-
ed manner since it gives rise /) predominantly to a product of 6(O)™" participation
(XVIb) in the cleavage of the So,60-bromonium ion IXb, 2) to the diaxial bromo-
hydrin XIIIb arising from the same bromonium ion IXb by the external attack
of water®, and 3) epoxide XIIb. Formation ofl' the latter product? is due to cleavage
of the intermediary 5B,6B-bromonium ion Xb by water to provide the unstable
diaxial bromohydrin XIb which spontaneously cyclizes to XIIb.

The remarkable difference in the behavior of 3-unsubstituted vs 3-substituted
19-acetoxy derivatives IIla and IIIb confirmed the assumption that a 3f-acyloxy
group should modify the reactivity of the 5,6-double bond with hypobromous acid.
Decreased reactivity of the Sa,6a-bromonium ion IXb at Cs), due to the electron
withdrawing effect of the 3B-acetoxy group, should be reflected in some suppression
of the 6(O)™" participation in favor of competing reactions. To some extent, the
6(O)™" participation reaction could also be unfavorably influenced by converting
the equatorial 3B-acetoxy group in the starting olefin IIIb into an axial one*' in
XIVb - XVIb.

EXPERIMENTAL

Melting points were determined on a Kofler block. Analytical samples were dried at 50°C/26 Pa
(0-2 Torr). Optical measurements were carried out in chloroform with an error of :4-3°. The
infrared spectra were recorded on a Zeiss UR 20 spectrometer in tetrachloromethane unless
otherwise stated. The ' H-NMR spectra were recorded on a Tesla BS 476 instrument (60 MHz)
in deuteriochloroform at 30°C with tetramethylsilane as internal reference. Chemical shifts
are given in ppm. Apparent coupling constants were obtained from the first order analysis.
The CD spectra were recorded on a Dichrographe II (Jouan-Roussel) in dioxane. The mass
spectra were recorded on a Jeol JMS D-100 spectrometer operating at 14—75 eV. The samples
were introduced using a direct inlet at lowest temperature enabling evaporation. The elemental
compositions of ions were determined by accurate mass measurements. The identity of the
samples prepared by different routes was checked by mixture melting point determination, by thin-
-layer chromatography (TLC) and by infrared and !H-NMR spectra. Usual work-up of an ethe-
real solution means washing the solution with 5% aqueous hydrochloric acid, water, a 5%, aque-
ous potassium hydrogen carbonate solution, water, drying with sodium sulfate and evaporation
of the solvent in vacuo.
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Addition of Hypobromous Acid to the Unsaturated Compounds la—Ic

The unsaturated compound (0-5 mmol) was dissolved in dioxane (5—7 ml) and water (0-5 ml)
and treated with 10% aqueous perchloric acid (0-4 ml) and N-bromoacetamide (80 mg, 0:6 mmol)
for 30 min at room temperature. The mixture was diluted with water and the product extracted
with ether. The ethereal solution was washed with water, 5% aqueous potassium hydrogen
carbonate solution, 109 aqueous potassium thiosulfate solution, water, then dried with sodium
sulfate and the solvent was evaporated. The residue was chromatographed (if necessary) on four
preparative silica gel plates (20 X 20 cm) using a mixture of light petroleum, ether and acetone
(80 : 10 : 10) as eluent. The corresponding zones were collected, eluted with ether, the filtrates were
evaporated and the residue dried in a vacuum dessicator overnight. The products were crystal-
lized from aqueous acetone or from a mixture of chloroform and methanol. The yields are given
in Table I.

5-Cholesten-19-ol (/a)

The bromo epoxide Via (60 mg) was dissolved in a hot mixture of dioxane (I:ml) and acetic
acid (2 ml) and refluxed with zinc powder (200 mg in four portions) for 5 min. The inorganic
material was removed by filtration and washed with a hot mixture of acetic acid and dioxane.
The filtrate was diluted with water and the product was extracted with ether. The ethereal
solution was washed with water, 5% aqueous potassium hydrogen carbonate solution, water,
then dried and evaporated. The residue was chromatographed on one preparative plate of
silica gel (20 X 20cm) using a mixture of light petroleum, ether and acetone (80: 10 :10)
as eluent. The corresponding zone was collected, eluted with ether and the filtrate was evaporated
to give the alcohol Za (26 mg) which on crystallization gave the pure /a, m.p. 86—87°C. [2]3° —34°
d 2:0), identical with an authentic samplelgA

5-Bromo-6B,19-epoxy-Sa-cholestane (Via)

The compound was prepared by hypobromous acid addition to the olefin Ja or Ila. M.p. 75 to
76°C, [213° +3° (c 2:2). 'H-NMR spectrum: 0:67 (3 H, s, 18-H), 3-65 (1 H, d, J = 8 Hz, 19-H),
4-00(1 H,d,J= 8 Hz, 19-H),4-03 (1 H, m, W = 8 Hz, 6-H). For C,,H, 5BrO (465-6) calculated:
69:66% C, 9-74% H, 17-16% Br; found: 69-48% C, 9-65% H, 17-32% Br.

The analyses were carried out in the Analytical Laboratory of this Institute (head Dr J. Hordcek).
The IR spectra were recorded by Mrs K. Matouskovd and Mr P. Formadnek and interpreted by Dr S.

Vasickovd. * H-NMR spectra were recorded by Mrs J. Jelinkovd, M. Snopkovd and Dr J. Saman.
Mass spectra were recorded and interpreted by Dr F. Turecek.
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