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Hypobromous acid addition to steroid dienes 1- VI proceeds in four steps. The reaction com
mences by the attack on more reactive endocyclic double bond from the ex-side yielding inter
mediary diaxial bromohydrins XXVIII, XXXIV, XL, XLIV, L and LVI via corresponding ex-bro
monium ions. The lO~-vinyl group of the bromohydrins then reacts with a second equivalent 
of the reage nt forming transient 19-epimeric bromonium ions. The ions generated from I, II. V 
a nd VI are cleaved intramolecularly by the hydroxyl group, in accordance with the Markovnikov 
rule. giving rise to 19-epimeric dibromo epoxides XXXla and XXXIIa, XXXVII and XXXVIII, 
LIlIa and LIVa, LIX and LX. By contrast, the ions generated from III and IV are cleaved 
in an anti-Markovnikov manner to yield dibromo epoxides XLII, XLVII and XLVIII. Products 
due to formation of a new C- -C bond were not observed. The reaction mechanism and dif
ferences in the behavior of the dienes 1- VI are di scussed. 

The course of electrophilic addition to a double bond can be substantially altered 
by intramolecular participation of functional groups located in the vicinity of the 
reaction center t 

.2. In previous papers we have investigated the effect of C(19) hydro
xyl, methoxyl and acetoxyl groups on the regio- and stereospecificity of electrophilic 
addition to double bonds placed at 1, 2, 3, 4, 5 or 6 positions of the steroid skele
ton 3 - '7. The intramolecular participation by oxygen substituents has been invariantly 
observed to some extent4,5, which led us to some conclusions concerning the distance 
of the participating group from the reaction center, angle of approach and competition 
between possible participating atoms in ambident groups4,5. 

Due to donating properties of the bonding :n:-orbital, a suitably oriented carbon
-carbon double bond can also serve as a participating groupS, forming thus a new 
carbon- carbon bond. Such an example is the facile cyclization in germacratriene9 

(Scheme 1) which was explained by favorable orientation of the double bonds 
enabling a colin ear overlap of the :n:-orbitalss.9

. Recently we have examined hypo
bromous acid addition to a different system IV in which the :n:-orbitals of the double 

Part CCXC in the series On Steroids; Part CCLXXXIX: Tetrahedron, in press. 
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bonds were fixed perpendicular to each otherlo ,lI. Since 110 carbon-carbon bond 

was formed in IV, it was of particular interest to vary the position of the endocyclic 
double bond and investigate behavior of such modified systems. This paper deals 
with the hypobromous acid addition to model dienes J - VI and 10p-vinyJchole
stanes VII, VIII. 

Syntheses of Model Compounds I - VI 

The compounds I - VI were prepared according to a general procedure (Schemes 2 
and 3): Unsaturated 19-hydroxy derivatives with double bond s in desired positions 
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were oxidized to the corresponding aldehydes in which the lOp-vinyl group was 
formed by the Wittig reaction. The alcohol12 IX was oxidized with Jones' reagent 
to the aldehyde X and the latter treated with triphenylphosphonium-methylide 
to yield the diene I . In a similar reaction sequence the alcohols XI (ref. 13

) and XIII 
(ref. 14

) gave dienes II and III, respectively. The alcohol XVIII was prepared as fol
lows: Hypobromous acid addition to the 01efin15

•
16 XV afforded the bromohydrin 

XVI which was cyclized with lead tetraacetate to the ether XVII. Reduction of the 
latter with zinc and acetic acid yielded XVIII. Further steps comprised oxidation 
of the C(19)-hydroxyl group (aldehyde XIX) and Wittig reaction yielding the target 
diene V. In an analogous sequence, the unsaturated alcohol4 XX was converted, 
via the aldehyde XXI, to the diene VI. 
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Hypobromous Acid Addition to I - VI 

The diene I was treated with an excess of hypobromous acid (generated in situ 
from N-bromoacetamide and perchloric acid in aqueous dioxane) yielding a mixture 
of cyclic ethers XXXIa (56%) and XXXII a (44%) (Scheme 4). The relative amounts 
of the products (Table I) were determined from the 1 H NMR spectrum of the mix
ture. The structure for XXXIa and XXXIIa followed from the mass and IH NMR 
spectra. The mass spectrum of the mixture of XXXIa and XXXIIa displays weak 
molecular ions m/z 556, 558, 560 showing the presence of two bromine atoms after 
a formal addition of (2 Br + 0) to the diene I. The fragment ions C27H44BrO, 
(M-CH2Br)+, are indicative of a CH2Br grouping in XXXIa and XXXIIa which 
confirms ring formation bridging C(19) with the skeleton. The IH NMR spectra 
of both XXXIa and XXXIIa display ABX systems corresponding to O-CH-CH2Br 
subunits, doublets of l~-H and muItiplets of 2ex-H. On reduction of XXXIa + 
+ XXXIIa with tri-n-butyItin hydride we obtained the ethers XXXIb and XXXIIb, 
the 1 H NMR spectra of which showed doublets of the newly formed methyl groups 
«(j = 1·27 and 1·46 for XXXIb and XXXIIb,respectively) coupled to 19-H methines 
(quadruplets, (j = 4·12 (XXXI b) and (j = 4·13 (XXXII b)). Furthermore, XXXIb 
and XXXIIb were found to be identical with the products obtained by debromina
tion of XXXVII and XXXVIII, respectively, w.hich definitively confirmed the 2~-19 
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bridging in the former compounds. The assignment of the C( 19)-configuration in 
XXXIa and XXXIIa is based on the different chemical shifts of the C(19a) protons. 
only and therefore should be regarded as tentative. 

Hypobromous acid addition to the diene II (Scheme 5) furnished a mixture 
of CZSH46BrzO isomers XXXVII and XXXVIII as evidenced by molecular ions. 
m/z 556, 558, 560 in the mass spectrum. The structure for XXXVII and XXXVIII 
followed again from their spectra. Abundant fragment ions (M-CH2BrV in the 
mass spectrum indicate the presence of a CHzBr group in both isom'ers which is. 
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consistent with two distinct ABX systems (O- CH- CH 1Br) found in the 1H NM R 
spectrum of the mixture . Reduction of XXXVll + XXXVIll with tri-n-butyltin 
hydride gave a mixture of XXXIb and XXXIJb , providing thus a conclusive proof 
for the 2~-19 bridging in both XXXVIJ and XXXV/ll . 

The reaction of the diene IJ I (Scheme 6) with hypobromous acid was not so clean 
as in the cases of I and IJ: the main product X LlI was accompanied by a mixture 
of unstable minor by-products which have not been characterized. The mass spectrum 
of XLII displays very weak molecular ions m/z 556, 558, 560 and fragments arising 
by combined losses of bromine, hydrogen bromide and water, while (M - CH2Brt 
ions are absent. This points to the structure with an oxygen bridge connecting C(4) 

and C(l9a)' The) H NMR spectrum of X Lll brings further support, showing an ABX 
system with the C(19) proton shifted downfield 1 0 and a doublet of the C(4) proton. 
The vicinal coupling constants reveal that both the A ring and the heterocycle must be 
flattened, possibly to release the steric repulsion between 2~ and 19a-endo hydrogen 
atoms. Inspection of Dreiding models indicates that the tetrahydropyran ring should 
assume a half-chair conformation with R configuration at C(l9)' while an alternative 
19S configuration would be incompatible with the spectral data. The preferred forma
tion of the 19R isomer is understandable as it results from the reagent approach from 
the better accessible "back" side of the skeleton. 

Addition of hypobromous acid to the 5,6-unsaturated 10~-vinyl derivative I V 
resulted in formation of a mixture of epimeric tetrahydropyrane derivatives X LVII 

TABLE I 

Yields and ratios of products of hypobromous acid addition to the compounds 1- VI, LXI and 

LXXll 

Starting Mode of 
Relative yield, % Tota l 

compound reaction yield 
(l9S) (l9R) % 

5(0)n 56 (XXX/a) 44 (XXXlla) 88 

11 5(0)n 55 (XXXVll) 45 (XXXVJJl) 87 

JJl 6(0)n < 95 (XLll) (2 

IVb 6(0)n 83 (XLVll) 17 (XLVJJl) 93 

V 5(0)n 61 (LIlla) 39 (LIVa) 89 

VI 6(0)n 71 (LIX) 29 (LX) 90 

LXI 5(0)n 47 (LXIV) 53 (LXV) 92 
LXXlIb 6(Ot 90 (LXXV) 10 (LXXVI) 90 

a Determined from J H NMR spectra of mixtures of the diastereoisomers; b ref. J 1. 
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and, XLVIII. The mechanism of their formation is summarized in Scheme 7 (for 
discussion c/. ref. 11). 
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Hypobromous acid addition to the diene V (Scheme 8) afforded a mixture of di
bromo ethers LIlla and LIVa. The mass spectrum of the mixture (m/z 556, 558, 560, 
M+; 463, 465, (M-CH2BrV) shows again the presence of a CH2Br group cor
responding to an oxygen link between C(l9) and the skeleton. The position of substi
tuents on the B-ring follows unambiguously from the 1 H NMR spectra. Beside the 
ABX patterns corresponding to the O-CH-CH2Br subsystems, the spectra show 
vicinal coupling constants J 6 ,7 = 4·5 Hz and J 7 ,8 = 4·5 Hz which can be expected 
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for 6~-19 bridging, while excluding alternative structures with a 7~-19 oxygen ring. 
The five-membered heterocycle in LIlla and LlVa imposes strain on the B-ring 
in which the dihedral angle between 5o:-H and 6o:-H is close to 90°. Hence the coupling 
constant J 5 ,6 is very small and the signal of the 6o:-H appears as a doublet. In order 
to obtain further structural information , the mixture of LIlla and LIVa was reduced 
with tri-n-butyltin hydride affording epimeric 19-methyl derivatives LlIlb and 
LlVb. The presence of the 0-CH- CH3 grouping is apparent from both the mass 
spectra (ions (M-C2H40t) and IH NMR spectra (quartets of 19-H coupled 
to doublets of 19-CH3) of Llllb and LlVb. On the other hand, the spectral data 
gave no definite clue for the configurational assignment at C(19), so the presented 
configurations in LIlla, LlVa, LlIlb and LlVb are only tentative. 

The diene VI (Scheme 9) reacted with hypobromous acid in a similar way as did 
I , ll and V, giving a mixture of isomers LIX and LX. The structural evidence for the 
products stems from the spectral data: The loss of CH2Br radical from the molecular 
ions in the mass spectrum indicates the C(19 )-0 connection supported by ABX 
systems found in the IH NMR spectra. The vicinal coupling constant J 5 ,6 = 9·1 and 
9'2 Hz for LIX and LX, respectively, corroborates the · structure with a tetrahydro
pyran ring, while an alternative with a reversed position of the bromine and oxygen 
substituents should show a much smaller value for J~ , 6' 
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Finally, addition of hypobromous acid to the unsaturated diol LXI (Scheme 10) 
gave, rise to a mixture of epimeric ethers LXIV and LXV in which the formation 
of:a tetrahydrofuran ring was established from the spe.ctral data. Comparison of the 
1 H NMR spectra of LXIV and LXV with those of the acetates LXVI, LXVII made 
it possible to assign the signals of the C(2) and C(3) protons.: The mixture of LXIV + 
+ LXV was reduced with tri-n-butyltin hydride to yield ethers LXVIII and LXIX in 
whiQh the presence of a O-CH-CH3 grouping was established through their 1 H NMR 
spectra, giving thus additiona,l evidence for the 2~-19 bridging in the starting bromo-
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ethers LXIV and LXV. The proton signals in LXVIll and LXIX were assigned after 
acetylation (compounds LXX and LXXI). 

Hypobromous acid addition to the unsaturated diol LXXI I gave a mixture of epi
mer.ib t etrahydropyrane derivatives LXX Vand LX X VI (Scheme 11)11. 

M~(:i;anism of Addition 

As 'noted above, all the model dienes 1- VI react with two 'equivalents of hypo
bromous acid, Since we were unable to stop the reaction after the first addition step; 
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the reaction course furnished only indirect evidence as to which of the two double 
bonds had been attacked first. To answer this question we treated the dienes with an 
excess of 3-chloroperoxybenzoic acid obtaining only monoepoxides in all cases 
(Scheme 12). The epoxidation takes place from the a-side of the skeleton yielding 
la,2a-epoxide XXII, 2a,3a-epoxide XXIII, 5a,6a-epoxide XXIV (refY) and 6a,7a
-epoxides XXV and XXVI from I, II, IV, Vand VI, respectively. This shows that the 
endocycIic double bonds are more reactive than the 10~-vinyl group (for discussion 
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see ref. II ), probably due to steric hindrance of the reagent approach to the latter. 
While the endocycIic double bonds are easily accessible from direction perpendicular 
to the skeleton, the attack of the vinyl group by an electrophile should occur 
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in a plane paraJlel with the AB rings and so it would be impaired by axial hydrogen 
atoms. By analogy, we therefore assume that the formation of intermediary bromo
nium ions occurs at the a-side of the endocyclic double bonds, as well. Further 
fate of these bromonium ions is depicted in Schemes 4-9. The la,2a-bromonium 
ion XXVIl arising from I is cleaved by water as an external nucleophile at C(2)' 

according to the FUrst-Plattner rule, giving rise to non-isolable bromohydrin XXVIII 
(Scheme 4). The vinyl group of the latter reacts with the second equivalent of the 
reagent forming a pair of epimeric bromonium ions XXIX and XXX which are 
further cleaved at C(19) by intramolecular attack of the C(2)-hydroxyl group, yielding 
the final products XXXIa and XXXIla. This cleavage with 5(o)n participation of the 

hydroxyl conforms with the Markovnikov rule. 
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The diene II behaves similarly (Scheme 5) giving subsequently the 2ex,3ex-bromo
nium ion XXXIII, bromohydrin XXXIV, intermediary ions XXXV and XXXVI 
and final epoxides XXXVII and XXXVIII. Since the transient species XXXIII and 
XXXIV could not be isolated , we simulated 17 - 21 the reaction course II-+XXXVII , 
XXXVIII by employing the stable 2ex,3ex-epoxide XXIII as a starting compound 
(Scheme 10). The oxirane ring in XXIII was cleaved with aqueous perchloric acid 
to afford the diaxial diol LXI, an analog of the bromohydrin XXXIV. Hypobromous 
acid addition to LXI shows the same regiospecificity as with XXXIVproceeding via 
epimeric bromonium ions LXII and LXIII (analogs of XXXV and XXXVI) which are 
cleaved by intramolecular attack of the 2~-hydroxyl at C(19 ) to yield ethers LXIV 
and LXV. 

The reaction sequence starting from the diehe II I is shown in Scheme 6. In this 
case the stereoselectivity of the reagent approach is not so pronounced as with I 
and lI. Nevertheless, the endocyclic double bond is attacked preferentially from the 
ex-side and the intermediate XXXIX is then cleaved by water to give diaxial bromo
hydri'n XL. The lesser specificity of the addition to III has an analogy in the behavior 
of 4-cholestene which gives a mixtureof.nciii..,polar products possibly arising as a re
sult of an extensive backbone rearrangementI 4 ,18 . The intermediary bromohydrin 
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XL further reacts with the second equivalent of the reagent , however, the reaction 
cOj.l~se is different from those of 1 and 11. Thevinyl group in XLis preferentially attacked 
froJ)'J ·!he.less hindered side and the transient (19R)-bromonium ion XLI is cleaved 

byth~ , 4~-hydroxyl at C( 19a) ( 6(Ot participation) to yield X L11 , a product of anti
-M~,r~ovnikov addition. 

J1l~ reaction of tbe diene I V with hypobromous acid leading again to anti- Markov
nikAv products X LVll and X LVl11 (Scheme 7) was discussed in the preceding paper 11 

in which we have also presented further evidence for preferential reactivity of the 
endocyclic double bond. 1n order to check the earlier conclusions we made use of the 
epo>\icie XX1V as a stable analog of the corresponding 5cx,6cx-bromonium ion ll

. 

AciQ cleavage of the epoxide ring in XXI V gave the diaxial diol 'l LXXll (Scheme J 1), 
an analog of the unstable 5cx,6~-bromohydrin XL/V (Scheme 7). Hypobromous 
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acid addition to LXXll resembles the second addition step to the diene IV: Bromo
nium ions LXXllI and LXXI V obtained from LXXll (Scheme 11) are cleaved by the 
6~-hydroxyl at C(l9a) (anti-Markovnikov mode )11 yielding ethers LX XVand LXX VI. 

The diene V gives 61X,71X-bromonium ion IL upon addition of hypobromous acid 
(Scheme 8) which is cleaved externally by water to give the non~isolated bromo
hydrin L. Further addition proceeds via epimeric ions LI and LII which are opened 
by intramolecular attack of the 6~-hydroxyl (5(0)D participation) at C ( 19) to yield 
isomers LllIa and LIVa. 

An analogous reaction course can be assumed for hypobromous acid addition 
to the diene VI which contains the endocyclic double bond in the seven-membered 
B-homo ring (Scheme 9). The postulated mechanism can be distinguished from 
alternatives owing to the known mode of participation of the 19-hydroxyl group 
in B-homo-51X-cholest-6-en-3~,19-diol 3-acetate4. Should we suppose Markovnikov 
addition of the first equivalent of hypobromous acid to the vinyl group in VI , the 
newly formed 19-hydroxyl would participate in the next addition step at C(61 giving 
isomers with a reversed position of the bromine and oxygen substituents on the B-ho
mo ring4. Hence the regiochemistry of the addition (Scheme 9) is further evidence 
for the preferential attack of the endocycJic double bond in VI, in line with the results 
of epoxidation. 

In the previous text we have analyzed the regio~ and stereochemistry of separate 
addition steps to I - VI. Since the substituents introduced by addition to the endocyclic 
double bonds served as control elements in the addition to the lO~-vinyl group, 
it was of interest to examine the reactivity of the latter in the absence of any other 
functional"group. 19-Nor-1O~-vinyl-51X-cholestane (VII) , prepared for this pu~pose2 2, 
was found totally unreactive towards hypobromous acid under standard conditions 
(no reaction even after 10 h). Since neither the isomeric 5~-derivative2 2 VIII showed 
any reaction, it appears that the isolated 10~-vinyl group is inert in the absence 
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of a participating group. This points our that the first step of the addition must be 
reversible, so that the concept of bromonium ions as sole primary intermediates 
is in fact an oversimplification. In a detailed mechanistic description2 one has to con
sider formation of a reversible complex of the reagent and the olefin (Scheme 13) 
further reactivity of which will depend on the nucleophile counterpart. If the access 
of the latter is impaired as in VIJ and VIJ I, the complex dissociates back to the reac
tants, while intramolecular participation by a suitable nucleophilic group traps the 
intermediate and thus drives the addition into completion. It is noteworthy that the 
participation can also be exerted by a suitably oriented and reactive carbon-carbon 
single bond as documented by rearrangement in lOp-vinyl-5cx-hydroxy and methoxy 
derivatives 1o .23 LXXVII (Scheme 14). 
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SCHEME 14 
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The regiospecific formation of the bromoethers posed further questions as to the 
Markovnikov or anti-Markovnikov course of addition to the lOp-vinyl group de
pending on the position of the endocyclic double bond. The different behaviour 
of 19,19a-bromonium ions XLV, XLVI and Ll, LIJ generated from IVand V,respecti
vely, (Schemes 7 and 8) is especially striking, for the participating hydroxyl is located 
in the 6p-position in both cases. The species differ only in the location of the bromine 
atom which is in a homoallylic (XLV, XLVI) or o-position (Ll, LII) with respect 
to the lOp-vinyl and this difference has very dramatic effect on the reaction course. 
One of possible rationalizations would invoke the inductive effect of the homoallylic 
bromine atom in XLV and XLVI which would decrease the electron density at C(19) 

prefering thus the anti-Markovnikov addition (ref.2 .21 .24-31). Note, however, that 
a similar pair of bromonium ions XXIX , XXX and XXXV, XXXVI generated 
from I and II, respectively (Schemes 4 and 5), in which the positions of bromine 
atoms also differ, gives exclusively products of Markovnikov addition . It seems there
fore more probable that the different course of addition in IV and V is due to con
formational effects, e.g. B-ring deformation in IV which may alter the distance and 
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angle of approach of the 6~-hydroxyl to C ( 19)' preferring thus the attack at C(l9.)" 

The behavior of the diene I II is in line with this concept. 
The last topic deserving comment is the non-occurence of(C)" participation which 

would have led to carbon-carbon bond formation. It is well established4 that' cbm
pounds having 19-hydroxyl or methoxyl and an endocycJic double bond in the A or B 
ring, such as LXXX - LXXXII (Fig. 1), react with hypobromous acid with intra-
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Stereoelectronic Effects in Hypobromous Acid Addition 
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molecular participation and formation of carbon-oxygen bond. Inspection of Dreid
ing models shows that both the methylene terminu s of the lOp-vinyl and the 19-hydroxyl 
can approach endocyclic double bonds to a di stance a priori enabling intramolecular 
participation (Fig. 1, 1 v- Vi). Their different reactivity is due to stel'eoeJcctronic 
factors: while the participating pz-orbital on oxygen can be suitably oriented by ro tat
ing the OR group about the C(19)- O bond, the bonding n-orbital of the rigid vinyl 
group points out of the molecule, preventing an effective participation. Thus, despite 
the favorable distance between C(1 9a) and an electron-deficient cen ter in 1- V(0'25 to 
0·30 nm), the l1ucleophilicity of n-electrons is impaired by unfavorable orbital 
orientation. On the other hand in the diene VI, the vinyl group and the B-homo ring 
can assume conformation in which the n-orbitals of both double bonds a re nearly 
coplanar. A simila~ arrangement of double bonds in tricyclic diene 32

•
3 4 LXXXI Il 

favors (C)" participation and leads to carbon- carbon bond formation upon ~ttack 
of an electrophile. Inspection of models shows, however, that the distance between 
C(6) and C(19a) in VI (ca 0·30 nm) is too long to promote carbon-carbon bond forma
tion. Moreover, in conformation with coplanar double bonds the 19a-methylene 
hydrogen atom comes too close to the 8B-hydrogen. The resulting stCI ic repulsion 
decreases population of this conformer and impairs the participation propensity 
of the vinyl group. It appears that ideal conditions for (C)" participation are met 
in germacratriene LXXXI V (cf. Fig. 1 and Scheme 1): the molecular conformation 
maintains both the coplanarity of the n-orbitals and favorable distance between 

C(;) and C(10)' 

EXPERIMENTAL 

Melting points were determined on a Kofler blcck. Analytical samples were dried at 20°C/26 Pa 
or at 50°C/26 Pa. Optical rotation measurerrents were carried out in chloroform with an error 
of ± 3°. The infrared spectra were recO! ded on a Zeiss UR 20 or on a Perkin- Elmer spectro
meters in tetrachloromethane unless stated otherwise. The 1 H NMR spectra were measured 
on a Bruker WH-300 apparatus (300'15 MHz, FT mode) or on a Varian XL-200 apparatus 
(200'05 MHz, FT-mode) and on a Tesla B 476 (CO MHz) instrument at 25°C in deuteriochloro
form with tetramethylsilane as internal reference. Chemical shifts are given in 0 (ppm) scale. 
Coupling constants of ABX systems were obtained from the second-order analysis, the others 
were taken from the first-order analysis; in all cases they were checked by double resonance 
experiments. Mass spectra were recorded on a lEOL lMS D-l00 spectrometer at 75 eV. The 
samples were introduced using a direct inlet heated to 120- 150°C, the ion source was maintained 
at 150°C. Elemental composition of all reported ions was determined by peak matching method 
using perfluorokerosene as a reference. The identity of the samples prepared by different routes 
was checked by thin-layer chromatography (TLC), infrared, 1 H NMR and mass spectra. Usual 
workup of an ethereal solution means washing the solution with 5% aqueous hydrochloric acid, 
water, a 5% aqueous potassium hydrogen carbonate solution, water, drying with sodium sulfate 
and evaporation of the solvent in vaCl/o. 

19-Nor-10~-vinyl-5o:-cholest- I -ene (I) 

Sodium hydride (300 mg) was dissolved in dimethyl sulfoxide (10 ml) with stirring and heating 
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at 65°C for 3 h. Triphenylmethylphosphonium iodide (I . 5 g) was added at 15°C and the mixture 
was stirred at room temperature for I h. A solution of the aldehyde X (800 mg) in tetrahydrofuran 
(10 ml) was added at room temperature and the mixture was stirred at 70°C for 5 h. The mixture 
was cooled, diluted with ether and water and the ethereal layer was worked up as usual. The 
residue was dissolved in a mixture of light petroleum and benzene (9: I) and filtered through 
a column of aluminum oxide. The eluate was evaporated and the residue was crystallized from 
acetone to yield the diene 1(530 mg), m.p. 74 - 76°C. IR spectrum (film): 920, 999, I 406, I 622. 
I 642,3020,3078, cm -I. For C ZS H46 (382'7) calculated: 87·88% C, 12·12% H; found: 87·73% C, 

12-20% H. 

19-Nor-lOp-vinyl-51l-cholest-2-ene (II) 

Triphenylmethylphosphonium iodide (5 g) was added to a solution of sodium hydride (I g) 
in dimethyl sulfoxide (30 ml) and the mixture was stirred at room temperature for 30 min. A solu
tion of the aldehyde!3 XII (2 g) in tetrahydrofuran (25 ml) was added at room temperature. 
the mixture was stirred at 65°C for I h and then worked up as given in previous experiment. 
After filtration through a column of aluminum oxide the residue was crystallized from a mixture 
of acetone and methanol to afford the diene II (1'3 g), m.p. 54-55°C, [al ~o + 134° (c 1'6). 

! H NMR spectrum: 0'62 (3 H, s, 18-H), 5·00 (I H, m, W = 40 Hz, 19-H), 5·58 (2 H, m, W = 

= 10 Hz:, 2-H, 3-H), 6·00 (2 H, m, W = 35 Hz, 19a-H). IR spectrum: 659, 678,914.999, 1412, 
1633, 1657. 3022, 3080 em-I. For C28 H46 (382'7) calculated: 87'88% C, 12' 12% H; found: 
88'61% C, 12'34% H. 

19-Nor-IOP-vinyl-cholest-4-ene (Ill) 

Triphenylmethylphosphonium iodide (4 g) was added to a solution of sodium hydride (600 mg) 
in dimethyl ~ulfoxide (24 ml) and the mixture was stirred at room temperature for 30 min . A solu
tion of the aldehyde XIV (700 mg) in tetrahydrofuran (15 ml) was added at 75°C for 2 h. The mix
ture was worked up as given for I. The filtrate from aluminum oxide column was -evaporated 
and the residue was crystallized from a mixture of acetone and methanol to give the diene III 
(420 mg). m.p. 63 - 65°C, [alio + 78° (c 1· 7). IR spectrum: 922, 998, 1 408, 1 630, 3 085 cm -I . 
For C 2s H46 (382,7) calculated: 87'88% C, 12'12% H; found: 87' 64% C, 12'19% H. 

19-Nor-IOP-vinyl-51l-cholest-6-ene (V) 

Triphenylmethylphosphonium iodide (600 mg) was added to a solution of sodium hydride 
(150 mg) in dimethyl sulfoxide (5 ml) and the mixture was stirred at room temperature for 1 h. 
A solution of the aldehyde XIX (320 mg) in tetrahydrofuran (5 ml) was added at room tempera
ture and the mixture was stirred at 70°C for 5 h. The mixture was worked up as given for I. 
The residue was crystallized from a mixture of acetone and methanol to yield the diene V (l60mg), 
m.p. 89-90°C, [alio -60° (c 1-6). IR spectrum: 914, 1419, 1 630, 1 640, 3015,3080 em -1. For 
C 28 H46 (382,7) calculated: 87'88% C, 12'12% H; found: 87'93% C, 12'09% H. 

19-Nor-I OP-vinyl-B-homo-51l-cholest-6-en- 3 p-ol 3-Aceta te (VI) 

Triphenylmethylphosphonium iodide (500 mg) was added to a solution of sodium hydride 
(55 mg) in dimethyl sulfoxide (5 ml) and the mixture was stirred at room temperature for 30 min. 
A solution of the aldehyde XXI (300 mg) in tetrahydrofuran (5 ml) was added at room tempera
ture and the mixture was stirred at 70°C for 5 h. The mixture was then worked up as given for I . 
The residue containing VI contaminated with a product of saponification of the acetoxy group 
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was dissolved in pyridine (5 ml) and trea ted with acetic anhydride (2 ml) a t room temperature 
fo r 6 h. The mixture was then decomposed with icc and water, the product extracted with ether 
and the etheral phase was worked up. The residue wa s dissolved in a mixture of benzene and 
light petroleum (I : 4) and filtered through a column of a luminum oxide. The eluate was evaporat
ed and the residue by crystallization from aqueous acetone furnished the diene VI (60 mg), m.p. 
125 - 126°C, [0:)6° + 65° (c 1'8). IR spectrum: 9 18, 989, 1245, 1414, 1632, 1668, 1733,3020, 
3075 cm -I. For C31 H 50 0 1 (454,7) calculated: 81'88% C, 11'08~~ H; found : 8H,6% C, 11'10% H. 

5ct-Cholest-I-en-19-al (X) 

The alcohol 12 IX (I g) was dissolved in acetone (20 ml) and treated with Jones' rea gent at O°C 
for 10 min. The excess reagent was decomposed with methanol, the mixture was diluted with 
ether and water, the ethereal layer was wa shed with water, a 5% aqueous potassium hydrogen 
carbonate solution, water, dried with sodium sulfate and the solvent was evaporated. The residue 
was crystallized from aqueous ethanol to alford the aldehyde X (810 mg), m.p. 68 - 69°C, [0:)6° 
- 67° (c 2'3).1 H NMR spectrum: 0·68 (3 H, s, 18-H), 5·82 (2 H, m, W = 12 Hz, I-H and 2-H). 
9·87 (1 H, s, 19-H). For C27H~40 (384,7) calculated: 84'31% C, 11 '53% H; found: 84'19% C, 
11'62% H. 

4-Cholesten-19-al (XIV) 

The alcohol14 XIII (400 mg) in acetone (10 ml) was oxidized with Jones' reagent to yield after 
crystallization from aqueous acetone the aldehyde XI V (180 mg), m.p. 57- 59°C, [a)6° -I- 68° 
(c 4'4). 1 H NMR spectrum: 0·65 (3 H, s, 18-H), 5·67 (I H, m, W = 12 Hz, 4-H), 9'83 (1 H, s, 
19-H). For C 27 H440 (384 ,7) calculated: 84'31% C, 11·53% H; found: 84'16% C, 11 '65% H. 

7a-Bromo-5a-cholestan-6~-ol (XVI) 

The olefin 15 , 16 XV (700 mg) was dissolved in dioxane (50 ml), water (2 ml) and a 10% aqueous 
perchloric acid (3 ml) were added and the mixture was treated with N-bromoacetamide (280 mg) 
at room temperature for I h. Then the mixture was diluted with ether and water, the ethereal 
phase was washed with water, a 5% aqueous potassium hydrogen carbonate solution, a 5% aque
ous sodium thiosulfate solution, water, dried with sodium sulfate and the solvent was evaporated. 
The residue was chrornatographed on a column of silica gel (30 g) usi ng a mixture of light petro
leum and ether (95 : 5) as eluent. The corresponding fraction was evaporated to afford the un
stable oily bromohydrin XVI (C. 450 mg) which was directly used in further experiment. J H NMR 
spectrum: 0·68 (3 H, s, 18-H), 0·98 (3 H, S, 19-H), 3·93 (I H, m, W = II Hz, 6a-H), 4·25 (1 H, t, 

J = 2·5 Hz, 7~-H). 

6~,19-Epoxy-7a-bromo-5~-cholestane (X VII) 

The bromohydrin XVI (I g) was dissolved in benzene (15 ml) and refluxed while stirring with 
calcium carbonate (0'5 g), lead tetraacetate (1 g) and iodine (100 mg) for I h. The inorganic 
material was filtered off, the solution was diluted with ether and water and the organic phase 
was washed with water, 5% aqueous hydrochloric acid , water, a 5% a queous potassium hydrogen 
carbonate solution, a 5% aqueous sodium thiosulfate solution , water, dried with sodium sulfate 
and the solvent was evaporated. The residue was chromatographed on a column of silica gel 
using a mixture of light petroleum and benzene (85: 15) as eluent. Corresponding fraction was 
evaporated to yield the oily epoxide XVII (600 mg), [0:)6° - 48° (c 2'3). I H NMR spectrum: 
0·71 (3 H, s, 18-H), 3-63 (I H, d, J = 8·5 Hz, 19-H), 3-83 (I H, d , J = 8·5 Hz, 19-H), 4'05 (2 H, 
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01 , W = 221-1 z, lia -H and 7p-H). For C 27 H4 SBrO (41i5'6) calculated: 69'61i% C, 9'74% H, 
17·11i~{. Br; found: 1i9'48% C, 9'82% H, 17'29% Sf. 

5a-Cholest- 6-en-19-01 (XVI/I) 

Powdered zinc (2 g) was added in 10 portions to a stirred refiuxing solution of the epoxide X VIi 
(570 mg) in a mixture of dioxane (2011) and acetic acid (3 ml) in a period of 10 min. The hot 
mixture wa s filt e red , the inorga nic material was wa5hed with hot acetic acid, the eluate was diluted 
with water and sc t a~idc ovcrnight. Thc product X VI/I (41'.0 mg) was filtered off; m.p. 101 - 102°C, 
Icx ll>° - 79° (c 1'6). 1 H NMR spectrum: 0·72 (3 H, s, 18-H), 3·87 (2 H, s, 19-H ), 5' 42 (2 H, Ill , 

W = 30 Hz, 6-H and 7-H). For C 27 H46 0 (386'6) calculated: 83'87% C, 11 '99% H; found : 
83·74% C, 12'02% H. 

50:-Cholest-6-en-19-al (X/X) 

The alcohol XVII/ (400 mg) in acetone (10011) was oxidized with Jones' reagent as given for X 
to yicld after crystallization from aqueous acetone the aldehyde XIX (340 mg), m.p. 93 - CJ4°C 
Icxll>° - 440 (c 2' 1). lH NMR spectrum: 0·62 (3 H, s, 18-H), 5'60 (21-1,01, W = 8 H z, 6-H and 
7-H), 9·88 (I H, s, 19-H). IR spectrum: 1640, 1712,2730, 3020cm - 1 For C 27 H 440 (384,7) 
calculatcd: 84'31 % C, 11·53% H; found: 84'14% C, 11'57% H. 

3P-Acetoxy -B-homo-5a -cholest-6-en-19-01 (XXI) 

The alcohol 4 XX (300 mg) in acetone (5011) was oxidized with Jones' reagent as given for X. 
The crude product was dissolved in a mixture of benzene and light petroleum (4: I) and filtered 
through a column of aluminum oxide. The eluate was evaporated to yield the oily aldehyde XXI 
(267 mg), [cx Jl>° + 53° (c 1'9). 1H NMR spectrum: 0·58 (3 H, s, 18-H), 2'00 (3 H, s, CH 3COz), 
4·62 (I H, m, W ~ 30 Hz, 3cx-H), 5'35 (I H, 01, W = 25 Hz) and 5·93 (I H, m, W = 25 Hz) 
6-H and 7-H. For C30H4803 (45 6, 7) calculated: 78'90% C, 10'59% H ; found : 78'69% C, 'lC'}6% H. 

I cx,2cx- Epoxy-19-nor-1 OP-viny 1-5cx-cholestane (XX I/) 

The dicne 1(40 mg) was dissolved in chloroform (2011) and treated with 3-chloroperoxybenzoic 
acid (29mg) at room temperature for 30 min. The mixture was diluted with ether and water , 
the ethereal layer was washed with water, a 5% aqueous potassium hydrogen carbonate, a 5% 
aqueous sodium thiosulfate solution, water, dried with sodium sulfate and the solvent was eva
porated. The residue was chromatographed on a silica gel plate (20 X 20 cm) using a mixture 
of light petroleum, ether and acetone (94: 3: 3) as eluent. The corresponding zone was separated, 
eluted with ether and the eluate was evaporated to afford the oily epoxide XXII (22 mg), [cxI5° _ 1° 
(c 2'6). 1 H NMR spectrum: 0·63 (3 H , s, 18-H), 2·23 (2 H, 01, W = 18 Hz, II:\-H and 21:\-H ), 
5·20 (2 H , 01, W = 40 Hz, 19a-H), 6·10 (I H, 01, W= 40 H z, 19-H). For C 28 H 46 0 (398·7) 
calculated: 84'36% C, 11 '63% H ; found: 84'22% C, 11 '79% H. 

20:,30:-Epoxy-19-nor-1 Op- vinyl -5a-cholestane (X XIII) 

The diene II (I g) was dissolved in chloroform (10 011) and trea ted with 3-chloroperoxybenzoic 
acid (700 mg) at room temperature for I h. The mixture was worked up as in the previous experi
ment. The residue was dissolved in a mixture of benzene and light petroleum (1 : 4) and filtered 
through a column of aluminum oxide. The filtra te was evaporated to give the oily epoxide XXIII 
(850 mg), [cxll>° + 101 ° (c 1'2), 1 H NMR spectrum: 0·58 (3 H, s, 18-H), 3·12 (2 H , m, W = 20 Hz, 

Collection Czechoslovak Chern. Commun. [Vol. 48J [1983J 



On Steroids 3015 

2-H and 3-H). 5·15 (2 H. m. W = 40 Hz. 19a- H ). 5·90 (I H. m. W = 30Hz. 19-H ). For C 28 H4 0 0 
(398, 7) ca lculated: 84· 36° ~ C. 11 '63° ~ H: found : 84' 190

0 C. 11,84'\ H. 

60: .7ex-Epoxy-19-nor-100-vinyl-50:-choles ta ne (XX / ' ) 

The diene V (28 mg) in chloroform (I ml) wa s treated with 3-<.:hloroperoxybenzoic acid (20 mg) 
a t room temperature for 30 min . The mixture wa s worked u p a s give n fo r XXlI. Cry~tallization 
of the crude product from a mixture of acetone. methano l a nd water gave the epoxide XXV ( 19 
mg). m.p. 78 - 79°C. [a]bO _ 6° (c 1'6). IH NMR spec trum: [)'62 (3 H . s. 18- H). 2·77 (I H. d. 
J = 4 Hz. 60-H), H)2 (1 H. m. W ce= 10 Hz. 70-H). 5'35 (3 H. m. W == 70 Hz. CH= CH z). 
For C 28 I-i4 6 0 (398·7)calculated : 84'36% C. 11 '63~ ~ H ; found : 84'22~%; C. 11 '69% H. 

6o:,7ex-Epoxy-19-nor-100-vinyl-B-homo-5o:-cholcstan-3 P-o l 3-Acctate (X X VI) 

The diene VI (30 mg) in chloroform (2 ml ) was treated with 3-chloropcroxybenzoic acid (2 5 mg) 
at room temperature for I h. The mixture was worked up as given fo r XXlI. The residue was 
dissolved in a mixture of benzene and light pctroleum (I : 4) and filtered thro ugh a column of alu
minum oxide. Elution with the sa mc mixturc rcmovcd impuritics, elution with a mixture of 
light petroleum, benzene a nd ether (5: 3 : I) gave the pure product, which on crys talliza tion 
from a mixture of acctone , methanol a nd water furni shed the epox ide XXVI (12'1 mg), m .p. 
163 - 164°C, [a]bo -\-420 (c 1·5). J H NMR spectrum: 0·58 (3 H, s. 18-H), 2·00 (3 H , S, C H 3 CO z), 
2·60 (1 H , m, W = 15 Hz) and 2·88 (I H, m. W = 15 Hz, 60-H and 70-H). 4'60 (1 H, m, W = 
= 30 Hz, 30:-H), 5'40 (3 H, m, W == 70 Hz. CH= CH z). IR spectrum: 918, 982, 1245, 1418, 
1632, 1735 cm - J

• For C31Hso03 (470'7) ca lculated: 79 ' 10% C. 10·71 % H; found : 79'0 I i';' C. 
10'83% H. 

Addition of H ypoblomous Acid to Compounds I - Ill and V- VI 

Thc unsaturated compound (0'5 mmol) was dissolved in dioxa nc (5 ml ) and wa tcr (0·5 ml) and 
treated with 10% perchloric acid (004 ml) and N-bro moacetamidc (80 mg, 0'6 mmol or 160 mg, 
1·2 mmol) a t room tempera tu rc for 30 min. The mixturc wa s then diluted with ether and water. the 
organic phase was washed with wa tcr, a 5% aqueous pota~~ium hydrogen carbonatc solution, 
a 5% aqueous sodium thiosulfate soluti on, watcr, dried with sod ium sulfate and the solvent was 
evaporated. The rcsiduc was chromatographed on three preparative silica ge l plates (20 X 20 cm) 
using a mixture of light pctroleum and cther (90 : 10) or a mixture of light pctroleum ether a nd 
acetone (85 : 10: 5) as eluent. Zones containing the desired compound were collected, eluted 
with ether and evaporated. The yields are given in Table J 

J H NMR and Mass Spectral Data of the Prod ucts of Hypobromou s Acid Addition 
and Reduction with tri-n -Butyltin Hydride 

(I9S)-lex-Brol1lo-1 9-bromomelhyl-20,1 9-epoxy-5ex-chole.llane (XXXJa) : J H NMR spectrum: 
0·64 (3 H, s, 18-H ), 3·49 (I H, dd, J = 11 ·0 and 9·9 Hz, 19a-H), 3·76 (1 H, dd, J = 9·9 and 1·5 Hz, 
I9a-H), 4·20 (1 H , dd , J = 11·0 and 1·5 Hz, 19-H), 4'32 (I H, d , J = 5·5 Hz, 10-H), 4'37 (1 H , 
m, 2ex-H). Mass spectrum (in a mixture with XXXIla): m/ z 556, 558, 560 (M + ·),477,479 (M - Br) + 
463,465 (M-CH 2Br)+. 

(19R)-2~,19-Epoxy-19-/11elhyl-50:-chole.llane (XXXlb): IH NMR spectrum: 0 '65 (3 H , s, 
I8-H), 1·27 (3 H, d, J = 6·9 Hz, 19a-H), 4·12 (1 H, q, J = 6·9 Hz, 19-H), 4·24 (1 H, m, 2ex-H). 
Mass spectrum (in a mixture with XXXIIf): m/z 400 (M+·), 39}. (M -:- 2 H)+·, 356 (M-:-CH 3 . 
. CHO + · , base peak), 341 (356 - CH3) , 314 (356 - C3H 6 ) ,243 (35 6 - C8 H J7 )"', 201 

(356 - C 11 H 23 )+ · · 
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(19R)-1 a-Bromo-2[3, I 9-epoxy-19-bromomethyl-5'1.-cholestane (XXXIIa): J H NMR spectrum: 
0'68 (3 H, s, 18-H), 3'87 (I H, 01, J = 10'3 and 2·2 Hz, 19a-H), 3·93 (I H, 01 , J = 10·6 and 1O' 3Hz, 
19a-H), 4'37 (2 H, 01, 2'1.-H and 19-H), 4-48 (I H, d, J = 5'9, Hz, IJ3-H). 

(195)-2[3,19-Epoxy-19-methyl-5a-choleJlane (XXX1Jb): J H NMR spectrum: 0·66 (3 H, s. 
18-H), 1·46 (3 H, d, J = 7-10 Hz, 19a-H), 4-13 (1 H, q, J = 7-0 Hz, 19-H), 4·21 (I H, 01, 2a-H)_ 

(19 R)- 3a-Bromo-19-bromomethyl-2[3, 19-epoxy-5a-cholestane (XXXVII): J H NM R spectrum: 
()-68 (3 H, s, 18-H), 3-79 (1 H, A part of the ABX system, JAB = 10-6 Hz, 19a-H), 3-S I (I H. 
B part of ABX system, JAB = 10-6 Hz, 19a-H), 4·27 (I H, 01, 3J3-H). 4-37 (01, 2a-H, 19-H, over
lapped by signal s of XXXVllfa _) Mass spectr um (in a mixture with XXXVI/f): m/ z 556, 55S, 
560 (M +-),477,479 (M - BrJ+, 463, 465 (M - CH2Br)+_ 

(195)-213, 19-Epoxy-3a-bromo- 19-bromomethyl-5a-cholestane (XXXVIII): J H NMR spectrum: 
0-65 (3 H, s, IS-H), 3-46 (I H, dd, J = 11 -2 Hz and 9·7 Hz, 19a-H), 3-6S (I H, dd, J = 9-7 and 
I-S Hz, 19a-H), 4-17 (lH, dd, J = 11 -2 and I-S Hz, 19-H), 4'32 - 4-3S (01, 2a -H, and 3J3-H over
lapped by signa ls of XXXVlla)_ 

(l9R)-4[3.IOJ3-(Epoxyethano)-5, 19-dibromo-5a-cholestane (XLII): J H NMR spectrum: 3-67 
(I H. dd, J = 10-7 and 1-5 Hz, 19a- exo-H), 3-75 (I H, dd, J = 10·7 and 9-5 Hz, 19a-endo-H). 
4-13 (I H, d, J = 29 Hz, 4a-H), 4-53 (I H, dd, J = 9·4 and 1-5 Hz, 19-H)_ Mass spectrum: 
m/z 541,543,545 (M - CH3)+, 477, 479 (M-Br)+, 459, 461 (M - Br- H 20)+, 397 (M - Br
- HBr) +,379 (M - Br- HBr- H 20) +. 

(195)-6[3, I 9-Epoxy-7a-bromo-19-bromomethyl-5a-cholestalle (LIlia): J H NMR spectr um: 0-71 
(3H, s, IS-H), 3-66 (I H, dd, J = 10-2 and 2-S Hz, 19a-H), 3-S6 (I H, dd, J = 10-2 and 10-2 Hz, 
19a-H), 4-01 (1 H, d, J = 4-5 Hz, 6a-H), 4-27 (I H, dd, J = 4·5 and 4-5 Hz, 7J3-H), 4'62 (I H, dd, 
J = 10-1 and 2'S Hz, 19-H)_ Mass spectrum (in a mixture with LIVa): m/z 541, 543, 545 (M
- CH 3)+), 477, 479 (M-Br)+, 463, 465 (M-CH2Br)+, 445, 447 (M - CH2Br- H 20)+, 459, 
461 (M-Br- H 20)+, 397 (M-Br- HBr)+, 379 (M - Br- HBr- H 20)+, 3S3 (M-CH2Br-
- HBr)+, 365 (M-CH2Br- HBr- H 20)+ _ " 

(19R)-6J3,19-Epoxy-19-methyl-5a-cholestane (LIllb): J H NMR spectrum: 0-71 (3 H, s, IS-H), 
1'36 (3 H, d, J = 6-9 Hz, 19a-H), 3-SS (I H, 01 or d, J = 4-5 Hz, 6a-H), 4-36 (I H, q, J = 6·9 Hz, 
19-H)_ Mass spectrum: m/z 400 (M)+', 356 (M - CH3CHO)+', 341 (356 - CH3)+' 243 (356-
- CSH17)+' 217 (356 - CJOHJ9)+' 201 (356 - C J JH23 )+-

(19 R)-6J3, 19-Epoxy-7a-bromo-19-bromomethyl-5a-cholestane (LIVa): J H NMR spectrum: O· 73 
(3 H, s, IS-H), 2-42 (1 H, dd, J = II- S and 5-3 Hz, 5a-H), 3·51 (I H, dd, J = 10-0 and 3·3 Hz, 
19a-H), 3-70 (I H, dd, J = 9·6 and 9-S Hz, 19a-H), 4'OS (1 H, dd, J = 9'6 and 3'3 Hz, 19-H), 
4-09 (I H, d, J = 4-4 Hz, 6a-H), 4-23 (I H, dd, J = 4-4 and 4·4 Hz, 7J3-H). 

(195)-6J3,19-Epoxy-19-methyl-5a-cholestane (LIVb): JH NMR spectrum: 0-69 (3 H , s, IS-H), 
1-32 (3 H, d, J = 6·7 Hz, 19a-H), 3·94 (I H, 01, J = 4'4, O-S and O'S Hz, 6a-H), 4·03 (1 H, q, 
J = 6-7 Hz, 19-H)_ 

(l95)-6a-Bromo-7[3, 19-epoxy-19-bromometlzyl-B-homo-5a-cholestan-313-01 acetate (LIX): 
JH NMR spectrum: 0-71 (3 H, s, IS-H), 2-05 (3 H, s, CH3C02), 3-53 (I H, J = 10·9 and 1·5 Hz, 
19a-H), 3-59 ( I H, dd , J = 10-1 and 10-9 Hz, 19a-H), 3-94 (1 H, dd, J = 10·9 and 1-5 Hz, 19-H), 
4-02 (I H, dd, J 7a ,6 P = 3-7 Hz, J 7a ,7P = 9-5 Hz, J7a,7aa < 0-6 Hz, 7a-H), 4'37 (I H , dd, J 6p ,7a = 

= 3-7 Hz, J6p .5a = 9-1 Hz, 6J3-H), 4-99 (I H, 01, 3a-H)_ Mass spectrum (in mixture with LX): 
m/z 628,630,632 (M+,), 549, 551 (M - Br)+, 535, 537 (M - CH2 Br)+, 505, 507 (M-CH2Br
- CH20)+ , 489, 491 (M - Br- CH3C02H)+, 475, 477 (M-CH2Br-CH3C02 H)+, 469 
(M-Br-HBr)+ , 445, 447 (475 - CH20)+, 409 (M - Br- HBr- CH3C02H)+. 
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(1 9 R)-0':J.-Bromo-7p, 19-epo xy -1 9-/iromoll/ cthy l-B-holllo-5a-cho/t'sIaIl -JP -ol An' Iate (LX): 

I H NMR spectrum: 0·73 (3 H, s, 18-H), 2·05 (3 H, s, CH 3C02 ), 3'37 (I H, dd , 1 = 10·4 a nd 
10·9 Hz, 19a -H ), 3·70 (I H, dd, 1 = 10·4 and 3·2 Hz, 19a-H), 4'080 (I H, dd, 17a.6~ = 3·5 Hz, 
1 7a.7a p = 10 H z, 1 71l.7," < 0'6 Hz, 7p- H ). 4 '()92 (I H, dd, J 9·5 and 3·2 H z, 19-H), 4 '3 2 
(1 H , dd , 16P .7a =, 3·5 Hz. JuIU, ~ 9·2 Hz, oP- H ), 4· 9 1 ( I H , m, 3a- H ). 

19-Nor-I OP-vinyl-5a-cholestane-2p,3':J.-diol (LX I ) 

The epoxide XXIll (800 mg) was di ssolved in dioxa ne (15 ml) a nd treated with a mixture of 70% 
perchloric acid (0'5 ml) in water (I ml) at room tempera ture for 2 h. The mixture was diluted 
with ether and water, the ethereal phase wa s wa shed with water, a 5% aqueo us potas~ium hydrogen 
carbonate solution, water, dried with sodium sulfat e a nd the solven t was evapora ted. The res i
due was crystallized from a mixture of acetone and n-heptane to give the diol LXI (420 mg), 
m.p. 142 - 144°C. I H NMR spectrum: 0·04 (3 H. s, 18- H), 3·82 (2 H, m, W ,~, 20 H z, 2a-H a nd 
3P-H), 5·40 (2 /-I , m, W = 30 Hz, 19a- H). 0'30 (I /-I, m, W = 40 Hz, 19-/-1 ). JR spectrum: I 022, 
1630, 30S0, 3410,3 5S0, 3025 cm - I

. For C2s H4 802 (41 0'7) calculated : 80·71 % C, 11 '0 1 ~{, 1-1; 
found : SO'50% C. 11 ' 47% H, 

Addition of Hypobromous Acid to the Co mpound L X I 

The un satura ted compound LXI (0·5 mmol ) was di~so l ved in a mixture of dioxane (5 ml) a nd 
water (0'5 ml) and treated with 10% perchloric acid (0 ' 4 ml) and N-bromoaceta mide (80 mg, 
0·6 mmol) at room temperature for 30 min . The mixture was then diluted with ether and water, 
the organic phase wa s washed successivel y with water, a 5% aqueous pota s~ium hydrogen carbo
nate solution, a 5% aqueou s sodium thiosulfa te solution, water , dried with ~odium sulfate and the 
solvent was eva porated. The residue was chromatographed on three prepara ti ve silica gel plates 
(20 X 20 cm) using a mixture of light petroleum, ether and acetone (85: 10: 5) as eluent. Zone 
containing the desired product was eluted with ether and evaporated to yield a mixture of cyclic 
ethers LXI Va nd LXV. 

(l9S)-2P ,19-Epoxy-19-bromomethyl-5a-cholestGII-3a-ol (LXIV): 1/-1 NMR ~pectrum : 0 '65 (3 H, 
s. IS-H), 3'SO (2 H , m, AB pa rt of ABX system, 19a-H), 3'99 (I H, m, 3P-H), 4·24 (I H , m, 2a- /-I), 
4' 32 (I H , X part of ABX system, 1 = 7'0 and 5·2 Hz, 19-H). Mass spect rum (in a mixture with 
LXV): m/z 494,490 (M) +', 415 (M - Br)+, 401 (M - CH2Br)+. 

(l9R)-2p ,19-Epo.>.y-19-brom omety l-5a-cholestan-3a-ol (LXV): I H NMR spectrum: 0'69 (3 H, 
s, IS-H), 3·47 (I H, dd, 1 = 11-3 and 9'6 Hz, 19a-H), 3·72 (1 H , dd, 1 = 9' 6 and I 'S Hz, 19a-l-I) 
4·06 (\ H , m, 3P-I-I), 4· 13 (1 H , dd , 1 = 11 ' 3 and 1·8 Hz, 19-/-1), 4'19 (1 H, dd , 1 = 5'9 and 5· 1 Hz, 

2a-H). 

Acetylation of the Mixture of the Alcohols LXI V and LXV 

The mixture of the a lcohol s LXIV and LX V (300 mg) was dissolved in pyridine (2 ml) and treated 
with acetic anhydride (1 ml) at room temperature for 12 h . The mixture was then decomposed 
with ice, the product was extracted with ether and the ethereal phase was worked up as usual. 
The residue was dissolved in a mixture of light petroleum and ether (3 : I) and filtered through 
a column of aluminum oxide. The filtrate was evaporated to afford the mixtu re of acetates LXVI 

and LXVll (290 mg). 

(l9S)-2P ,19-Epoxy-19-bromomethy l-5a-cholestan-3a-ol Acetate (LXVI): I H NMR spectrum: 
0'69 (3 H , s, 18-H), 2·03 (3 H , s, CH 3C02), 3·79 (2 H , AB of ABX system 19a-H), 4·2S (1 H, 111, 

2a-H), 4'33 (I H, m, 19-H), 4·99 (I H , m, 3P-H). Mass spectrum (in a mixture with LXVII): 
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m/z 526,528 (M + ' ), 447 (M - Br) +, 433 (M - CH 2 Br)+, 387 (M - Br- CH 3COzI-q +. 353 
(M - CH zBrCHOH- CH3COzl-l)+ . 

(19R)-2f3, 19-Epoxy- 19-bromomethy l-5a-choleJiall-3a-ol Acetate (LXVII): 11-1 NMR spectrum: 
0·65 (3 H, s. 18-H), 2·04 (3 H, s, CH 3COZ)' 3·45 (I H, dd. J = 11·0 and 9·6 Hz, 19a-H). 3·71 
(I H . dd . J ~, 9·7 and 1·6 Hz. 19a-H). 4·14 ( I H, dd. J = 11·0 and 1·6 I-1z. 19-H), 4'35 (1 H . m. 
2a-H), 4·90 (I H, m. 3f3-H). 

Red uction of the Dibromo Derivatives XXXla, XXXlla. XXXVIIeI. XXX VIlla, LIlia, LIVa, 
LXIVand LXVwith Tri-n-butyltin Hydride 

The dibrom o derivative (40 mg) in benzene (4 ml) was refluxcd with a 1 01011 - 1 benzene solu
tion of tri-n-butyltin hydride (0'2 ml) and a cata lytic amount of 2.2 '-bis(azo-2-methylpropio
nitri le) for 30 min. The solvent was evaporated. the residue was dissolved in light petroleum and 
filtered through a column of aluminum oxide. The filtrate was evaporated and the residue was 
ch romatographed on one preparative silica gel plate (20 x 20 cm) using a mixture of light petro
leu m, ether and acetone (90: 5 : 5) as e luent. The corresponding zone was collected. washed with 
et her a nd the e luate evaporated. The spectral data of the product are given in the text. 

(19 R)-2f3,19-Epoxy-19-methyl-5a-c!wlestall-3a-ol (LXVIII): 1 H NMR spectrum: 0 '65 (3 H. 
s. IS-H), 1·44 (3 H , d. J = 7·0 Hz, 19a-H). 3·99 (I H, m. 3f3-H). 4·14 (I H, q, J = 7·0 Hz. 19-H). 
4·12 (I H. m . h-H). Mass spectrum (in a mixture with LXIX): lI1 /z 416 (M) + ', 372 (M - CH 3. 
CHO)+', 318 (372 - C4 H 6 )+ ' . 

(19S )-2f3,19-Epoxy- 19-methyl-5a-c/lOlestall-3a-ol (LXIX) : 1 H NMR spectrum: 0·66 (3 H, s. 
18- 1:-1). 1·29 (3 H, d. J = 6·4 Hz, 19a-H), 3·88 (I H. m, 3f3-H). 4'07 (1 H. q. J = 6·4 Hz, 19-H), 
4·09 (I H, m, 2a-H ). 

Acetylation of a Mixture of the Alcohols LX VIII and LXIX 

Tile mixture of the alcohols LXVIII and LXIX (30 mg) was dissolved in pyridine (I ml) and treated 
with ~I ce tic anhydride (0·5 ml) at rool11 temperature overnight. The mixture was then decomposed 
with ice, the product was ta ken up in ether and the etherea l layer was worked up as usual to give 
a mixture of the acetates LXX and XLXI. 

(19R)-2f3,19-Epoxy-19 -methyl-5a-cholestan-3ex-ol Acetate (LXX): .1 H NMR spectrum: 0 '67 
(3 H. s. 18-H). 1·45 (3 H, d, J = 6'9 Hz, 19a-H), 2·04 (3 H, s, CH 3COZ), 4· 16 (I H. q. J = 6·9 Hz. 
19:,h 4·21 (I H, m, 2ex-H ), 4·81 (I H. m. 3f3-H). Mass spectrum (in a mixture with LXXI): 
III /Z 458 (M)+', 398 (M-CH 3COzl-l)+' , 354 (M - CH 3 COzH- CH3CHO)+', 300 (M-CH3' 
.COzH - C1-13CHO- C4 H6 )+·· 

(19S)-2f3, 19-Epoxy-1 9-methyl-Sex-cholestan-3ex-ol Acetate (LXXI): J H NMR spectrum: 0'65 
(3 H. s, IS-H), 1·29 (3 H, d , J = 6·7 H z, 19a-H). 2'03 (3 H, s, CH 3C02 ), 4·10 (I H, q. J = 6·7 H z, 
19-H ). 4· 16 (1 H, m. 2a-H). overlapped by the s ignal of LXX, 4'93 (I H, m, 3f3-H). 

The elemental analyses were carried out ill the Analytical Laboratory of this Institute (under the 
direClioll of Dr J. Horacek). The 60 MHz 1 H NMR spectra were recorded by Mrs f. Jelinkova and 
}\1rs M. Snopkot'a. The IR spectra were recorded by Mrs K. MatouSkoca and interpreted by Dr S. 
VaJii'kov(i. 
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