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H ypo bromous acid addition to the 4,5-unsaturatcd hydroxy ace ta te VI/[ results in formation 
of the cyclic bromo e ther X XIXo as a product o f 5(0)" partic ipation. 5(0)". Partic ipa tio n by hydro
xy gro up is thu s preferred over 5(0)"· 11 process by acc toxyl. U nder the same conditions the 4,5-un
sa tura ted diace ta te IX afforded the diaxial broll1ohydrin XXX I arising fr om 40:,50:-bromon ium 
io n with 5(0 )· ·11 pa rtic ipation by the 313-acelOxy l wherea s an a lterna ti ve 6(0 )", 11 participation 
by the 19-acelOxy l is no t opera ti ve. The 3-e pimcric d iaceta tc XV rcac ts wi th hypobromous ac id 
in a more complex way: the molecule is a ttacked by the clcctrophile from bo th 0:- and l3-sites 
10 give twO dia~t ereo i somer ic bromonium ions XXX II and XXXIII. The fo rmer is simply cleaved 
with wa ter as an external nucleoph ile 10 a O'o rd the diax ia l bro ill ohydrin XXXIV The lalte r 
undergoes fi ssion both with 5(0/. 11 and 6(0)··11 pa rticIpa tion : The fi rst route leads \0 the frOIl.l'

-bromohydrin XXX VI. In the second pathway the acyloxonium ion X X X Vll postulated as an inter 
mediat e is further cleaved with (\(O)··n participation by 19-acetoxy l 10 g ive the acy loxonium ion 
XXXVIII , which is tra pped by wa ter to y ield a n unusual ci.l'-hromohyd rin XXXIX. The dif
fe rences in the reaction cou rse arc discussed. 

In a series of preceding papers I - I 3, we have shown how striking can be the influence 
of neighboring group participation on reaction course of electrophilic additions, 
particularly from the point of view of their regio- and stereoselectivity . We demon
strated that under certain conditions the addition accompanied by participation 
can proceed with violation of Markovnikov of Furst- Plattner rule. Thus, e.g. the 
ullsaturated alcohol I (Scheme 1) reacts with hypobromous acid to yield exclusively 
a cyclic ether! (the related 5a,6a-bromonium ion is cleaved diaxially, in accord with 
Furst-Plattner but in contradiction to Markovn ikov rule) On the other hand , its 
acetate II reacts with hypobromous acid with participation by the acetate carbonyl 
to cleave the corresponding 5a,6cx-bromonium ion under form ation of a diequatorial 
bromohydrin2 ,4, i. e. in contradiction to Furst- Plattner rule and in accord with Mar
kovnikov rule. The 5(0)" participation (for notation cf. ref. 2), though possible on the 
basis of structural reasons, does no t proceed . In the both cases the olefin molecule is 
attacked by the electrophile from the more accessible a-face and in the same manner 
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as in 5,6-unsaturated steroids lacking the 19-participating group!4. With the deriva
tive 1/ we only observed the change in regioselectivity4 .6. 

/I 

jJJ IV 

S C HEME 1 

It now appears of interest to investigate the behavior of compolinds containing 
two or more functional groups that could compete in participation; equalJy interesting 
seems to be the behavior of compounds U1 which the functional groups capable 
of SN2-like participation: are located in such a manner that participation of the first 
group would require attack of the electrophile from one site, and participation 
of the second group would only occur if the electrophile attacked from the other 
site. 

In one of our recent papersl3 we studied the derivatives III and IV and demon
strated that in the compound III solely hydroxyl participates (as in I) while in the 
compound IV the 3ct-acetoxy group competes in participation with the 19-acetoxyl. 
In this case (in contrast to II) the 5~,6~-bromonium ion takes an important part 
in the reaction and as a result, stereoselectivity of the reaction is changed considerably. 

In the cited paper l3 structural reasons permitted only competitions between 5(0)" 
and 6(0)"·n (in the hydroxy acetateIIJ) and between two 6(0)" ,n participations (in the 
diacetate IV). It therefore appeared desirable to prepare such models in which 
also a 5(0),,·n participation would be possible. With a 19-acetoxyl is this not feasible 
but the literature reports! 5 - 19 that, e.g. 3~-acetoxy-4-cholesten (V; Scheme 2) reacts 
with hypobromous acid with exclusive 5(0)",n participation by the allyl acetoxyl 
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to give the correspond iJlg diaxia l bromohydrin. No competit ion of the 6(0 t ·n process 
wa s observed. Participation by functional grou ps located in position 19 in the course 
of elec trophilic addi tions to 4,5-dollblc bond was studied in this labo ratory earlier 
((f. compounds VI and 1/11 )5. This investigation demonstrated similari ty to the 
iso mers I an d 11 and it is evident that the 4,5-unsaturatcd derivatives VJlI , IX and 
X Vare suit able as models ill which all above mcnt ioned types of competition can be 
ex pccted to occur (Schcme 2). Reaction of hypobromous ac id with the hydroxy 
de riva tive Vlll is likely to inv o lve compet it ion of 5(0)" and 5(0)" ·11 processes in c1ea-

v VI 

VIII IX 

SCH EME 2 

Vlll, Ri =, Ac, R2 H 
IX. R i = Ac, R2 = Ac 
X, Ri = H, R2 = Ac 

XI, Ri = H, R 2 = H 
XII, Ri = CF3CO, R2 = Ac 

XIII, R l = 02 N, R 2 = Ac 
XIV, Rl = C H30CH2, R 2 = Ac 

S CH EME 3 
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vage of the same bromonium ion; with the diacetate lX competition between 5(0)"n 
and 6(0)n,n participations can be expected, again in the cleavage of the same bromo
nium ion. By contrast, the Sr-..2-like participation in XV can be expected to involve 
both a- and ~-oriented bromonium ions, competition of 5(oy ,n with 6(oy,n process 
and, moreover, interplay of antagonistic effects of Furst-Plattner and Markovnikov 
rules. 

According to our method 20 of transposition of a double bond from 5,6 to 4,5-posi 
tion, we prepared the model compounds VIll and IX in the following manner (Sche
mes 3 and 4). The bromohydrin XXI (cf. ref. 2

) was prepared by addition of hypo
bromous acid to the diacetate XVll and reduced with tri-n-butyltin hydride to XXIII. 
This method is superior to earlier described reduction with Raney nickelz.G,20 

for being much faster and giving product of higher purity in better yield , The 5~-alco
hoI XXllI was subjected to dehydration with thionyl chloride in pyridine at O°e. 

XI ' /I . R = .\ ,' 

XI'/I/ , R , Il 

x/x, R = O:N 

IX 

SCHEME 4 

RO 

I:lr 

XXu . R = Ac 

XXI> . R = O:N 

OAc 

XX V 

XXI , R ~ Ac 

XXII , R '.' 0 , " 

.045> 
011 

XXIII. R = Ac 
XXIV, R '~ O:N 

In the intermediate XXV of this reaction, only the 4cx-hydrogen assumes the desired 
antiperiplanar orientation with respect to leaving group. As in the case of analogous 
3-deoxy derivative20

, the reaction provides very pure 4,5-0Iefin IX. An attempt 
at selective hydrolysis of the diacetate IX with potassium hydrogen carbonate in me
thanol at 45°C gave a mixture of four compounds, the hydroxy acetate VI I I (6%), 
the unreacted IX (27%), X (54%), and XI (9%). 
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XXVI, 3p - CI 

X:O '/I, 3,,-CI 

VIII + xv 

3647 

Inversion of configuration at C(3) was cond ucted as follows (Scheme 5). The 
hydroxy acetate X was trea ted with thionyJ chl o ride ill e ther at O°C to yie ld a mi xture 

o f unsta ble epimeric all yl chlorides XX VI and XX VII which OJ) ace tolysis a t roo m 

tempera ture gave a nOll-separable mixture of 3-epimeric diacetates Vlli and XV 
in which the IH NM R-spectrum proves the 3o:-epimer as pred o mina ting componenl. 

The crude mixture was reduced with lithium a luminum hydride to a mixture o f dio ls 

Xl and XVI which cou ld be easily separated by chro matogra phy. Acetylation of the 

diol XVi provided then the pure diacelate X V. 

TIle hydroxy ace ta te VIli was trea ted with hypobro mo us ac id genera ted ill situ 
frOIll N-bromoaceta mide and perchlo ric acid in aq ueous dioxane, The reacti on 

XXVIII 

I R = A, 
i 5(0) r. ·n 

y 
C H, ( 0,\( 
/:}~ ~ - ) ~
'O --\ 

0 ' 

S CHEME 6 

i 
Br 

XXx 
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gave a so le product, the known bromo epoxide XXXIX a (Scheme 6), arising by 5(Ot 
participation of the 19-hydroxyl under diaxial cleavage of the 4~,5C(-bromonium 
ion XXVIII (R = H). Thus, the acetoxy group in position 3 does not intervene. 
Analogously , the diol Xl yields the bromo epoxide XXIXb characterized as acetate 
XXIXa. Also, the diacetate IX reacts with hypobromous acid in a uniform way: 
The preferentially formed 4C(,5~-bromollium ion XXVIII (R = AC) is cleaved 
at C(4) in accord with FLirst-Plattner rule to give the diaxial bromohydrin XXXI. 
It s exclusive formation can be attributed to (50)" ,11 participation by 3~-acetoxyl 
via the acyloxonium ion XXX hydrated to the bromohydrin XXXI. The same com
pound should also be formed on cleavage of the bromonium ion XXVIII (R = Ac) 
by water as external nuclepohile. However, this possibility can be excluded from the 
following reasons: 1) It has been established 14

-
19 that during the addition to the 

acetate V the 5(0 y,n participation takes precedence over external attack; 2) if for some 
reasons the 5(oy,n participation did not occur in IX, the reactivity of the acetate VII 
would analogously require participation of the 19-acetoxy 15 which would provide 
another product. The structure of the bromohydrin XXXI is inferred from 1 H NMR 
spectra showil1g preservation of the acetoxy groups in their original positions and 
proving the presence of an axial hydroxyl in the position 4. The half-width of the 
3~-H multiplet points to trans-annellation of A and B rings with ~-configuration 
of the bromine atom in position 5. We have thus established that from the two acetoxy 
groups in the diacetate IX competing for participation the acetoxyl in 3~-position 
is preferred. 

As we demonstrated 6
-

8
,22 the 6(0)",n participation by 19-acetoxyl in 5,6-un

saturated steroids is of synthetic interest as a method for simple i"iltroduction of 5~
-hydroxyl into the molecule6

,20 (cj. also Scheme 4, XVII-+XXIIl). In the 4,5-un
saturated derivative IX is the introduction of 5~-hydroxyl rendered impossible 
by a competitive process due to the presence of 3~-acetoxy group. Consequently, 
we attempted to find a group the presence of which in the 3~-position would not 
impair the 6(0)",11 participation by the 19-hydroxyl. The possibility of such a participa
tion in this structural type we could demonstrate on the 3-deoxy derivativeS VIl. 

The simplest possibility seemed to be a reaction of hypobromous acid with the 
3~-hydroxy derivative X where the complication with the competitive participation 
should be excluded. Unfortunately, the hydroxy acetate X, when treated with hypo
bromous acid , gave a mixture of several unstable compounds which we did not 
study further. This failure is likely to be due to oxidation of the allylic hydroxyl 
followed by other reactions. We therefore decided to protect the 3~-hydroxyl 

by a group which should not interefere with participating 19-acetoxyl. One possibility 
appeared to be blocking by trifluoroacetylation since this group cannot undergo 
6(0)",11 participation23

• From the latter fact we assumed that the capability of this 
group to participate by a 5(0)",0 process would be - at least - impaired which 
would give the 19-acetoxy group a chance. We prepared the trifluoro acetate XIl 
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XII as a ra ther un stable compound which we could characterize only by it s I H NM R 
spectrum. However , reaction with hypobromous acid results in a complex mixtu re 
of unstable lipophilic product s which we did not deal with allY more. 

Another poss ibility appeared to be the nitrate group. In an attempt to prepare 
the nitrate X IIJ by it direct nItration of the alcoho l X we o illy obtained an intractable 
mixture of many compounds . Therefore, we had to try a nother rou te for the prepara
tion of the nitrate XII1 ,to avoid esterification or the aJlylicc alcohol with ace tyl 
nitrate by introducing the nitrate group in to the moleCUle in so me preceding, and the 
aJlylic double bond in the fi na l step (Scheme 4). Se lective saponification of the di
acetate XVI1 wit h potassium hydrogen carbonate in methanol at 60°C afTorded the 
3~-alcoho l XVIl1 in very good yield. In thi s case, sel ective hydrolysis of 3~-acetoxyl 
is much more successful than with the iso mer IX. As shown by Dre iding models, 
this is evident ly due to greater ~teric hindrance of the 19-acetoxyl in X V1/ than 
in IX. Reaction of the alcohol XVIIl with acetylllitrate at -30°C gave smoothly 
the nitrate X IX which on treatment with hypobromo us acid gave the corresponding 
brolllohydrin XX Il by way of the bromonium iOIl XXb. Reduction of this com
pound with tri-n-butyhin hydride provided the alcoho l XXI V which, in contrast 
to the diacetate XX IIl gave a complex mixture of lipophilic compounds on attempted 
eliminat ion of the 5~-hydroxyl. Our efTort to prepare the nitrate X111 by the both 
routes thu s failed. 

The last app roach was based on protection of the 3~-hydroxyl as a methoxymethyl 
ether. A relatively smooth reaction of the alcohol X with chloromethyl methyl ether 
in benzene sol ution in the presence of uimethylaniline afforded the correspond ing 
methoxymethoxy derivative X I V but again, treatment of the latter with hypobromoLls 
acid furni shed a mixture of severa l un stable product s which we were unable to sepa
rate. 

TABLE I 

Yields and ratios of prc duct s of hypobromous acid addition to compounds VIJI, IX and X V 

Starting 
compound 

Relative yie ld in % (product) 

VJJI 
iX 
XV 

participation 

~100 (XX/ X) 
~lOO(XXXn 

29 (XXXV/) 

externa l attack 

28 (XXX/ V) 

a Product of double participation (see Scheme 7 and the text). 
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After these unsuccessful experiments we draw our attention to the diacetate Xv. 
The change of configuration at C(3) in the model compound resulted in essential 
changes in the course of hypobromous acid addition. The diacetate X V gave three 
main products (Scheme 7), XXXIV, XXXVI and XXXIX (Table 1) the structure 

1'1 

XXXII 

b(OJ" ' " 

tf:!
0AC ~ 

Hr 

V
o OH, 

o~ 
CH ) 

XX.I//I xxxv 

XXXVII XXXVIII 

SCHEME 7 

XXXIV 

Sr tf!
0AC ~ 

OAc 

110 

XXXV/ 

110 ¥
"'CO J 

Br 
AcO 

XXXIX 

of which was proved by means of lH NMR and IR spectra. lH NMR spectrum 
of the bromohydrin XXXIV shows that both the acetoxy groups remained unaffected 
in their original location (Table II). The sum of coupling constants of the 3~-H 

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



On Steroids 3651 

multiplet demonstates Trails-junction of A and Brings iU1d the coupling constant 
of the C(4)-p roton reveals the axial character of the substituent at C(4). This reduces 
the number o f possible structures to two, na mely 4P-OH-Scx.-Br and 4p-Br-Scx.-OH. 
Trea tment of thi s compound with trichlo roace tyl isocyanate results in a marked 
shift o f the proton at C(4) by mo re than 1-4 ppm (Table ll). This result leads to the 
conclusion that the hydroxyl gro up must be located in the 4p-position (XXXI V); 
the alternate structure is thu s ruled out. A comparison of the J H NMR spectrum 
of the second bro mohydrin (XXXVI) with the spectrum after react.ion with trichloro
ace tyl isocyanate revealed that the brom o hydrin XXXVI is a product of acetoxy 
gro up migration from the 3- into the 4-positio n. It follows from the sum of the 
co upling constants of 3P-H that annellation of the rings A and B must be cis. As 
expected, the coupling constant of 4-H cha racter izes the 3-acetoxy group as axial 
and the structure XXXVI is beyond do ubt. 

The 1 H NMR spectrum of the bromohydrin XXXIX points to retention of the 
both acetoxy groups in their original position s and the coupling constants of 3P-H 
indicate cis-annellation of the A and B rings. Treatment with trichloroacetyl iso
cyanate results U1 no significant change of the spectrum which leads to the conclu
sion that the hydroxyl group must be tertiary, i.e. in C(5) position and with regard 
to cis-annellation of the A and B rings must be Sp. Accordingly, the bromine atom 
is located in position 4; as indicated by the coupling constant of 4-H, its conformatioll 
is equatorial. The possibility of a conformational change of the A-ring conformation 
into a boat or twist boat would imply the 4cx.-configuration of the bromi11e atom. 
However, this is out of the question since it would not be in accord with the value 
of J 3,4. The last possibility for the trans-bromohydrin could be 4p-Br-Scx.-OH ar-

T ABLE II 

1 H NMR Data of the products of hypobromous acid addition 

Compound 18-H 19-H(J)a 3- (W)a 4-H(J)-

XXIXa 0-77 4-15 d + 4-55 d (6) 5·27 m (22) 4·25 d (5·0) 
XXXI 0-67 4·21 d + 4·36 d (1 I) 5·12 m (20) 3·09 d (2-9) 
XXXIV 0-66 4·30 d + 4·40 d (12) 5·21 m (14) 4·16 d (H) 
XXXI Vb 4-35 d + 4·51 d 5·42m 5·59 d 
XXXVI 0-65 4·30 d + 4·46 d (12) 4·52 m (20) 5-68 d (3-4) 
XXXVIb 4·33 d + 4-48 d 5·71 n 5·84 d 
XXXIX 0·65 4·38 d + 4·50 d (12) 5·29 dddc 4·70 d (10·5) 
XXXIXb 4·38 d + 4·50 d 5·26 ddd 4·70d 

a Values given in Hz; b values obtained after treatment with trichloroacetyl isocyanate; C J
31l

,211 = 
= 10·9 Hz, J31l ,21l = 5·3 Hz, J3p ,411 = 10·5 Hz. 
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rangement in a twist-boat conformation of the ring A; this would accommodate 
the coupling constants of 3-H and 4-H . This alternative, however, can be ruled 
out on the basis ofa strong intramolecular hydrogen bond (IR, v(OH) = 3572 cm - I

) 

which is incompatible with a twist boat with Sex-hydroxyl. All these facts leave only the 
structure XXXIX with cis arrangement of the bromine atom and hydroxyl group 
which has to be considered proved. 

The bromohydrin XXXIV is formed by cleavage of the 4ex,5ex-bromonium ion 
XXXII by water as external nucleophile. Though the 7(0)"·n participation by the 
19-acetoxy group could also be taken into consideration, the compounds of this 
type are known to undergo this participation only to a small extent24

•
2S . The brol1lo

hydrins XXXVi and XXXIX are evidently formed by way of the 4~,5~-bromonium 
ion XXXlli. This ion is cleaved by 3ex-acetoxy group in a 5(0)"·n process to give
against Markovnikov rule - the acyloxonium ion XXXV hydrated to the diaxial 
bromohydrin XXXVi. 

Formation of the cis-bromohydrin XXXiX is more complicated: We assume 
splitting of the 4~,5~-bromonium ion XXXIIi by the 3ex-acetoxyl as in the preceding 
case but with 6(oy·n participation in accord with both Furst-Plattner and Markovni
kov rule to afford the acyloxonium ion XXXVll. This ion instead of the usual 
hydration on the electron-deficient carbonyl carbon atom 14

,26-29 is assumed to be 
cleaved under C(S)-O bond breaking with 6(0)",n participation by the 19-acetoxyl. 
This process leads to the acyloxonium ion XXXVllI which is hydrated to yield the 
cis bromohydrin XXXiX as a result of a double invesrion of configuration at C(S)' 
An alternate explanation by formation of this bromohydrin from the 4ex,5ex-bromo
nium ion XXXII with the assumption of a subsequent isomerization of the axial 
4ex-bromine to equatorial 4~-Br is unlikely on the basis of our previous experiments. 

General Considerations 

Following conclusions result from our experiments. The 5(0)n participation by a hy
droxyl group proceeds in precendence to participation by an acetoxyl group, ir
respective of its possible (5(0)",n or 6(oy,n) mechanism. If the molecule contains 
two acetoxy groups capable of participation during addition to the same double bond, 
the 5(0)",n process takes precedence over the 6(0)"·n participation. 

The cleavage of individual bromonium ions is of particular interest from the point 
of view of Hirst-Plattner and Markovnikov rules. The 4ex,5ex-bromonium ion is 
always cleaved in accord with Hirst-Plattner rule whether it occurs with participation 
by hydroxyl (VI, VIII) or 3~-acetoxyl (V, IX) or without participation, by external 
attack. In competition of 5(0)",n and 6(Oy,11 processes (IX), the first one is favored: 
it proceeds in accord with Hirst-Plattner but violates Markovnikov rule. The 6(0)n,n 
participation, which would proceed in opposite sense in accord with Markovnikov, 
does not take part in this competition. More complicated situation is observed 
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with 4p,5p-bro Ill oniuIll io n XX XIII . The ckav a g~ of thi s iOIl by 3et-ncet oxyl always 

obeys flirst- Plattller rule (the d iaxia l pro duct can be alwa ys ro rl1l~d due to pos

sible di sto rti on o f the A-r ing, X X X V and X XX VII ) witho ut regard whethcr the 

cleavage proceeds with 5(0 )"·11 (a t C(4)) o r with C(O )n .11 (at CI S)) participa tio n. H owever, 

the la tter process. in contrast to the fo rmer, proc~cd s in acco rd with Markovnikov 

rule which is an additional favorin g fa ctor. Ev id cllll y, thi s is the reaSO n why the 

6(0)n.11 participation is slightly fav ored ove r th~ 5(0)" ·11 proce ~' s in thi s case. 

Finally , behavio r o f acyloxoniulll ions dcserves so me co mmen t. It is wcll kn own 29 

that acyl oxoniulll iOll s arc usua lly hydratcd in an aqueo us medium a t clcctron-defi

cient carbonyl carbon at o m (c f. Scheme 8, ro ut c a) as fo r imta ncc in Woodwa rd 

IJ 

i 
!" 

D E 

SCHEME 8 

R 

)=0 
() O li 
\. / 

'''I \ '" 

( ' 

addition 2 9
. On the o ther hand , in nOll-aqueou s medium they can undergo an SN2 

attack with breaking of the C- O bond (e.g . Prevost addition 2 8
•
30

; cf. Scheme 8, 

route b). The case of the acyloxonium ion XXX VIl is notable: This ion , though 

in aqueous medium , is not hydrated but undergoes an SN2 attack by the 19-acetoxy 

group in a second 6(0)"·11 process and only the acyloxonium ion XXX VI Il is hydrated 

by water present in the reaction mixture. In thi s case, thi s unu sual SN2 reaction 

is presumably made possible because of its intramolecular cha racter and, most 

likely, also by the tertiary nature of the C ( 5 )- 0 bond (ef. also refs 30
-

33
). Thus the 

route b (cf. Scheme 8, formula E) can obviou sly take part even in aqueous medium 

if the geometric di sposition permits a nucleophilic attack by a suitable neighboring 

group. 
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EXPERIMENTAL 

Melting points were determined on a Kofler block. Analytical samples were dried at 50Q C/26 Pa 
(0'2 Torr). Optical rotations were measured in chloroform with an error of ± 3°. The infrared 
spectra were recorded on a Zeiss UR 20 spectrometer in tetrachloromethane unless otherwise 
stated. The I H NMR spectra were recorded on a Varian XL-200 apparatus and on a Tesla BS 476 
instrument (60 MHz) in deu teriochloroform at 30°C with tetramethy lsilane as internal reference. 
Chemical shifts are given in ppm. Apparent coup ling constants were obtained from the first 
order analysis. The mass spectra were recorded on a Jeol JMS D -100 spectrometer operating 
at 14 - 75 eV. The sa mples were introduced using a direct in let at lowest temperature enab ling 
evaporation. The elemental composition of ions was determined by accurate mass measure
ments. The identity of the samples prepared by different rou tes was checked by mixture melting 
point determination, by th in- layer chromatography (TLC) and by infrared and 1 H NMR spectra . 
Usual work up 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 evapora tion of the solvent in vacllo. 

Add iti on of Hypobromous Add to Mode l Compounds 

The unsaturated compound (0'5 mmol) was was dissolved in dioxane (5 ml) and treated with 10% 
perchloric acid (0 '5 ml) and N-bromoacetamide (80 mg, 0'6 mmol) at room temperature fo r 
30 min. The mixture was di luted with ether and water, a 5% auqoeus potassium hydrogen carbo
na te sol ution, a 5% aqueous sodium thiosulfate solution, water, dried with sodium sulfate and 
evaporated.The residue was chromatographed on three preparative silica gel plates using a mix
ture of light petroleum, ether and acetone (85 : 10 : 5) or (90 : 10 : 10) as eluent . Zones containing 
products were collected, washed with ether and the eluate was evaporated . The yields are given 
in Table I. 1 H NM R data in the Table II and physical and analytical data in Table III. 

TABLE III 
Analytical and physical data of products of hypobromous acid addition 
--~----

Formula Calculated /Found 
Compound (m.w.) 

M.p. , oC 

%C %H %Br [o:l5° 

XXIXa C29H47Br03 66'52 9·05 15·26 118 - 120 
(523·6) 63·31 9· 18 15-47 +23° 

XXXI C31HslBrOs 63'79 8·81 13-69 oil 
(583 '7) 63·57 8·59 13-82 +5° 

XXXI V C31HslBrOs 63·79 8·81 13-69 oil 
(583'7) 63-60 8·87 13-85 + 7° 

XXXVI C31HslBrOs 63·79 8·81 13-69 oil 
(583 '7) 63·72 8·99 13-84 - 10° 
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4-Cholestcnc-W ,19-dio l 3-1'vlonoace tate (VlIl ) 

Isola ted from the mixture of product s of saponilkutilln o f l .r ; m.p. III - 11 3°C (Iit. IO gives 
116°C). [0: )6° + 13° (c 4' 3). j H NMR spectrum: 0'65 (3 H. s, 18-H). 2·00 (3 Ii , S, C I-1 3 C02). 
3'62 (I H. d , J = II Hz. 19-1-1), 4'00 ( I 1-1, d . J . 0 II li z. 19-11 ). 5'22 (I 1-1 , m, W = 20 Hz, 
30: -1-1). 5'62 (I H, m. W = 7 Hz, 4-H ). 

4-Cholestene-3B.19-dio l 3. 19-Diacetate (IX ) 

The alcohol XXIII (1'4 g) was disso lved in pyridine (20 ml) and trea ted with thionyl chl oride 
(l ml) at O°C for 30 min . The mixture was decomposed with ice and water, the product wa s 
extracted with ether and the ethereal ~o lution wa s worked up as usual. T he residue was crystal
lized from aqueou s acetone III aITord the o lefi n I X (860 mg), m.p. 86 - 87°e, [0: )60 + 33° (c 1'6) 
(literature 36 giv es m.p . 88 -- 89°C. [O: )bo + 31°). lH NMR spectrum: 0·04 (3 H. s, 18-H), 2·02 
(6 1-1 , s. 2 X CI-I 3C0 2 ). 4·08 (I 1-1. d. J = 12 Hz. 19-H ), 4·50 (I H. d . .I = 12 Hz, 19- H), 5·22 
(l H. m. W = 22 Hz. 3o:- H). 5' 45 (I H, m, W = 7 Hz. 4-H). 

4-Cholestene-3B, 19-diol 19-Monoaceta te (X) 

The diacetate IX (4'0 g) was di !>solved in a mixture of ben zene (l20 ml) and methanol (200 ml) 
and trea ted with a soluti on o f potass ium hydrogen carbOnate (4 g) in a mixture of water (80 ml) 
and methanol (200 ml) at 45°C for 30 h. The mixture was concentrated by evaporation in vac llo 

to about 1/ 5, treated with ethei' and water a nd the etherea l layer was worked up as usual. The 
residue was chromatographed on a column of !> ilica gel usin g a mi xture of light petroleum and 
ether (90: 10) which eluted the uIHeacted IX (1'08 g), and then a mixture of light petroleum, 
etller and acetone (89: 10: I) which eluted impurities (c. 50 mg). Elution with a mixture o f the 
sa me solvents (88: IO: 2) gave the 19-hydroxy derivative VIII (215 mg). E lution with a mixture 
of the same so lvents (86 : 10 : 4) furni shed the 3B-hydroxy derivative X (1 '96 g), m.p. 113 - 114°C 
(the literaturc 36 gives 114 - 11 6°C). I H NMR spectrum: 0 ·65 (3 H, s, 18-H). 2'02 (3 1-1, S, CH3 . 

. C02 ) . 4·10 (I H, d, J = 12 Hz, 19-H), 4'13 (J H , m, W = 22 H z, 30:-H), 4'48 (1 H, d, J = 12 Hz, 
19-1-1). 5·53 (J H, m, W = 8 H z, 4-H). F inally, using a mixture of the same mixture of solvents 
(80: 10 : 10) led to elution of the diol XI (306 mg). 

4-Cholestene-3B, 19-diol (Xl) 

Isolated from the previous experiment. M.p. 147- 14S°C. For C27H4602 (402,7) calcu lated: 
80'54% C, 11'51 % H; found: 80'33H C, 12'78% H. 

4-Cholestene-3B,19-diol 3-Trifluoroacetate 19-Acetate (XII) 

The alcohol X (200 mg) was dissolved in pyridine (2 ml) and treated with trifluoroacetic anhydride 
(0'2 ml) at -20°C for 2 h. The mixture was decomposed with ice and water, the product was 
extracted wi th ether and the ethereal phase was worked up as usual to yield the unstable ester XII 
(oil , c. 190 mg), which was immediately used for further operation. J H NMR spectrum: 0'67 
(3 H , s, 18-H), 2·03 (3 H. s, CH 3 C02), 4·05 (1 H , d, J = II Hz, 19-H), 4·55 (1 H, d, J = 11 Hz, 
19-H), 5·40 (I H, m, W = 25 Hz, 30:-H), 5·50 (I H , m, W = 6 Hz, 4-H). 

3B-Methoxymethoxy-4-cholesten-19-ol 19-Acetate (XIV) 

The alcohol X (200mg) in benzene (7 ml)was stirred with dimethylaniline (0'24 ml) and chloro
methyl methyl ether (0'14 ml) at room temperature for 3 days. The mixture was diluted with ether 

Collection Czechoslovak Chern. Commun. [Vol. 48] (1983) 



3656 Kocovsky: 

and water and the ethereal so lution was worked up as usual. The re, idue was dissolved in a mixt ure 
of benzene and light petroleum (1 : 10) and filtered through a col umn of a l uminum oxide. The 
eluate was evaporated to yield the oi ly ether XIV (179 mg). [et. ]5° + 600 (c 1'6). IH NMR spec
trum: 0'66 (3 H, s, 18-H), 2·02 (3 I-I, s, CH 3CO Z) ' 3·55 (3 H, s, CH 30), 3·83 (I H , m, W = IS-H z, 
3a-I-I),4'12(1 H.,d,J = 12Hz, 19-H ),4'50(1 H,d,J = 12Hz, 19-Hz,4'72(2H,s,O- - CH 2- O), 
5·53 (I H, 01 , W =~ 7 I-Iz, 4-1-1). For C311-ls 204 488'8) calculated: 76'18 ~<; C, 10·72H 1-1; fo und: 
75'94% C, 10'86% 1-1. 

4-Cholesten- 30 , 19-diol 3,19-Diacetate (X V) 

The diol XVI (240 mg) was dissolved in pyridine (6 ml) and treated with acetic anhyd ride (2 ml) 
at room temperature for 2 days. The mixture was decomposed with ice and water , the product 
was taken up into ether and the ethereal solution was worked up as usua l. The residue was dis
solved in light petroleum and filtered through a column of aluminum oxide. The filtrate wa s 
evaporated to afford the oily diacetate XV (215 mg), [a]5° + 17l" (c 2'4) (the literature36 gives 
-/- 185°), I H NMR spectrum: 0'68 (3 H, s, I8-H), 2'02 (3 H, s, CH 3 C02), 2·03 (3 H , s, CH 2 CO Z)' 

4'03 (I H, d, J = II Hz, 19-H), 4·48 (I H, f == II Hz, 19-1-1), 5'17 (I H, m, W = II Hz, 3f}-I-I), 
5·58 (1 H, m, W == 4 Hz, 4-H). 

4-Cholestene- 3':1, 19-diol (X VI) 

The crude mixture of 3-chloro derivatives XXVI and XXVll (c. 400 mg) was dissolved in acetic 
acid (14011) containing anhydrous potassium acetate (200 mg) and the mixture was stirred 
at room temperature for I h. The mixture was diluted with ether and water, the ethereal layer 
was washed with water, a 5 ~~ aqueous potassium hydrogen carbonate solution , water, dried 
with sodium sulfate and evaporated to yield the mixture of IX and XV (in c. 1 : 2 ratio as follows 
from 11-1 NMR spectrum of the mixture). The crude product (c. 400 mg) was dissolved in ether 
(20 ml) and stirred with lithium aluminum hydride (100 mg) at room temperature for 4 h. The 
excess of reagent was decomposed with water, the mixture was diluted with ~ther and 5H hydro
chloric acid and the ethereal phase was worked up as usual. The residue was chromatographed 
On a column of silica gel (50 g) using a mixture of light petroleum, ether and acetone (85 : 10 : 5) 
as eluent which eluted lipophilic impurities. Elution with a mixture of the same solvents (80 : 
: 10: 10) afforded the diol XVI (220 mg), m.p. 130-131°C (acetone-n-heptane mixture), [a]5° 
-/- 95° (c 1'7). IH NMR spectrum: 0·65 (3 H, s, 18-H), 3·52 (I H, d , f = 10 Hz, 19-H), 3'95 
(11-1, d , f = 10 Hz, 19-H), 4·13 (1 H, m, W = 12 Hz, 3~-H), 5'77 (1 H , d, f = 3 Hz, 4-H). For 
C27 H460 Z (402'7) calculated: 80'54% C, 11'51 % H; found: 80'29% C, 11'57% H. Continued 
elu tion with the same mixture furnished the diol XI (154 mg). 

5-Cholestene-3f},19-diol 19-Monoacetate (XVIll) 

The diacetate34 XVll (12 g) was dissolved in a mixture of benzene (400 ml) and methanol 
CIOO ml) and treated with a solution of potassium hydrogen carbonate (10 g) in a mixture of wa
ter (200 ml) and methanol (1 000 ml) at 60°C for 3 days. The mixture was con cent rat red ill vacuo 
to about 1/5, diluted with water and the product was extracted with ether. The ethereal layer 
was washed with water, dried with sodium sulfate and evaporated to give the monoacetateXVIll 
(9'3 g) of sufficient purity for further preparations. A sample was crystallized from acetone 
to afford the pure XVIll, m.p. 103-105°C (literature35 ,36 gives 103·5-104·5°C). 

5-Cholestene-3~, 19-diol 3-Nitate 19-Acetate = XIX) 

A solution of the alcohol XVIII (2 g) in chloroform (50 ml) was introduced over a period of 30 min 
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into a rea gen t prcpared from acet i.: anhydride (12 ml) and 65 ~~ nit ric ac id (2 '8 ml) at -·- 3()Q. 
thc mixture was stirred for an additional 2 h a t - 30 \0 -- 20c'C fo r 2 h. then po ured Ollt O ice 
and a queous ammonia a nd , tirred for 1·5 h. T he product was extracted witll cther and thc e the rea l 
so lutio n wa s worked up as usual. The residue Wil S di sso lved in light petroleum a nd IIlten.:d throu gh 
a column of a luminum ox idc_ The elua tc waS evaporated to yie ld the nitrate X l X ( I' 5 g) . A samp le 
wa s c rys ta llized from a mixture o f acet one. mctl1afllll and watcr to give the pu re X IX. m .p. 
f,7 - (i9"C (dec.) . 1 ~ ] 5° - 56 «(. 2'3) . 'II NM R spectrum: 0· 68 (3 H. s. 18-H), 2·02 (3 H . s. 
C H 3 C( 2 ). 3·93 (I H. d . .1 12 li z. 19-H ). 4·45 (I H. J 12 Hz. 19-H). 4'!!5 (11-1 , m . W = 
= 30 Hz. 37-H). 5·70 (I H. m. W -, 13 li z. 5- H). Fer C2q H~ 7 NOS (48')'7) calculated: 7 1·13% C. 
9 ' 67 ~;, H: fou nd: 7 1' 04/~ C. '), 72" ;' H . 

67-l3romo- 5~-cholr s tanc-)B _5. 1 9-trio l 3-Nitratc 19-Acct ate (XX/l ) 

The l) lcfi n XI X (I g) wa s dissolved in di oxane (50 ml) and tn:ated wit h 10% aqucous pen:hl o ric 
ac id (5 ml) and N-bromoacc tamidc (400 mg) at roomtcmpcra turc fo r I h . T he mixture wa s then 
diluted wi th ether and water. the etherea l pha , c wa s washed with wa tcr, a 5% aqueous po ta ssium 
hydrogcn ca rbonate so lution, wa ter. a 5~~ aqueous sodium thi osu lfate solutio n. wa tc r, dried 
with sod ium su lfatc and evapora ted. Thc residue wa s cilro matographed on a column of , ilica gc l 
(70 g) using a mixturc of li gh t pe tro leum and ct her (90 : 10) as eluent. This mixture e luted some 
impurities. Elution with a mixture of light pe troleum. ether and a cctone (89 ·5 : 10: 0'5) furnishcd 
the oi ly bromohydrin XXlI (427 J1l g).I~J5° i 28° (c 1' 9). IH NMR spectrum: 0·62 (3 H. s. 18-1-1). 
2·08 (3 H. s. C H 3 C0 2 ). 4'35 (2 H. ,. I') -H ). 4 ·70 ( I H, q. J 6 H z and 12 Hz, 613-H ), 5 ' 35 

( I H. m. W = 12 Hz. 37:- 1-:\ ). For C29 H4 SBrN06 (586 '6) ca lc ulated : 59'38% C. 8'25% H , 
I J'62 ~{, Br; found : 59 '20i ;; C. 8'3 1% H. 13'55% Hr. 

5~-CllO l es t ane - 3~.5. 1 9-t r i o l 3, I 'J-D iaceta te (X X IIJ ) 

T hc broJ11ohydrin 2 XXI (2 g) in benz.enc (501111) was refluxcd with a I 111011 - ' bcnzenc solution 
of tri-n-buty ltin hydridc (4 ml) a nd a cataly tic a mo unt of 2,2 ' -bis(azo-2-mc th yl-pro pionitrilc) 
for 30 mi n. The solvent was cvapora tcd , thc rcs idue was chroma tographcd o n a , ilica gc l column 
(50 g) using a mixturc of light petrolcum and ether (')0 : 10) as cluen t. T his mi xture clu ted im
purities. Continued e lu tion with a mixture of li ght petro lcum . ethcr and acetonc (87: 10: 3) 
furni shed the pure oil y XXIlI (1.(, g), [ ~ ]5° -j- 4 1", idcnt ica l wi th a n au then tic sam ple2 . 

5B-Cholcstanc- 3~ . 5. 1 9-triol 3-Nitratc 19-Accta tc (XXI V) 

The bromohydri n XXII (300 mg) in benzenc (10 ml) was refluxed with a I mo ll - t benzene solu
tion o f tri-n-butyltin hydride ((J' 8 ml) in the prcsencc of catalytic amount of 2 ,2' -bis(azo-2-methy l
propi onitrile) for 2 h . Thc solvcn t was evaporatcd a nd the rcsidue was ch romatographcd On a co
lumn of , ilica ge l (20 g) usin g a mixture of li ght pe troleum a nd ether (90 : 10) as e luen t to give 
the oi ly un stable XXIV (165 m g), [17. ]5° + 240 (c 1'4 ). t H NMR spectrum: 0 ·65 (3 H. s. 18-H), 
2'05 (3 H . s, CH 3 COZ) ' 4'3 8 (2 1-:\ , s. 19-H), 5'30 (I H . m , W = 13 Hz, 30: -H ). Fo r C2 9H49 NO s 
(507'7) calc ulated: For C2 9H49N05 (507'7) calc ula ted : 68'6 1% C, 9 ·73H H ; found: 68'43H C , 

9'78% H . 

3c;-Chloro-4-cholesten-19-01 19-Acetate (XXVI and XXVII ) 

The alcohol X (400 mg) was dissolved in dry ether (20 ml), a solution of thionyl chloridc (0'45 ml) 
in ether (4 ml) was added a t O°C with sti rrin g in the course of 5 min, the mixture was stirred 
at O°C for 20 min , then evaporated ill vacllo a t room temperatu re to yield the crude mixture 
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of unstable epimeric chlorides XXVI and XXVll (c 450 mg) which was immediately used in pre
paration of XVI. 1 H NMR spectrum of the mixture of XXVI and XXVll: 0'68 (3 H, s, 18-H), 
1-99 (5, CH 3 C02 of the major component), 2·01 (CH 3 C02 of the minor component), 4·03 (2 H, 
d, J = 11 Hz, 19-H), 4'48 (I H, d, J = 11 Hz, 19-H), 4·60 (I H, m, W = 20 Hz, 31;-H), 5· 65 
(I H, m, W = 13 Hz, 4-H). 

The analyses were carried Oll t ill the Analy tical Laboratory of this InstillIte (head Dr 1. H oracek). 
The IR spectra were recorded and interpreted by Dr S. VasiCkova, ma~s spectra by Dr V. Hanus. 
1 H NMR ~pectra were recorded by Mrs J. Jelinkovci and M. Snopkova and interpreted by Dr J. Za
jicek. 
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