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5(0)1\ and 6(O)n.1\ participations by some oxygen containing functional grou ps in the course 
of reaction with hypobromous acid have been studied on olefinic models of steroid type (I and II ). 
The ability of these groups to participate has been compared on the basis of their relative reactivity 
with water (as externally attacking nucleophile) competing with participation. The results of the 
product analysis show that the ability to react witll 5(Ot participation decreases in the order 
1-10 > CH 3 0 ~ CI-I 30CH 20 > CH 3 C02 > HC02 > CH 3S03 ~ (C2HsO)2P02 > C6 HsC02 
> 02NO ~ CF3 C02, C2HsOC02; in the last two functional groups is this ability completely 
suppressed. The 6(0)n.n participation comes in consideration only for compounds of the type II 
bearing the groups with the - X= O moiety which are ordered in the following sequence: 
C2HsOC02 ~ CH JC02 ~ (C2Hs0>zP02 > HCOz > C6 HsC02. The remaining functional 
groups (CFJCOz. 0zNO and CH 3S03 ) do not undergo this process. Generally, it is valid that 
introduction of electron-withdrawing substituents into a participating group impedes or COI11-

pletely suppresses it s ability to participate. 

The neighboring group participation may substantially influence the course of electro

philic additions as has been demonst rated on a variety of examples l
-

3
. Purpuseful 

introduction of a neighboring group as a control element can result in remarkable 

regio- and stereo-selectivity and electrophilic addition may be thus utilized to intro

duction of a substituent into the defined position. This application has also been 

demonstrated on a series of examples4- 12
. On the other hand, it sometimes may 

become desirable to suppress the participation 13,14 or, in case of competition of sever

alneighboring groups, to favor one of them at the expense of the second grouplS ,16. 

In our previous papers6- 9,17-2 1 we were mainly concerned with participation 

of hydroxyl, methoxyl and acetoxyl groups and their mutual competition15
,1 6 

in electrophilic additions to a double bond located in the steroid skeleton. We de

monstrated occurrence of 5(0)", 6(0)", 6(0)n.n, 6(0)n," and 7(0)n ,n participations 

of these groupS8 .9-Z3 (for notation cf. ref,6) and we defined steric, electronic and ste

reoelectronic factors8,19 -ZS controlling reactivity of the individual groups as well 

as selection of the reaction route by an ambident ester group (cf, also ref,6,19.20,26). 

Part CCXCIX in the series On Steroids; Part CCXCVIII This Journal 48, 3643 (1983). 
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On Steroids 3661 

In this paper, we present a test for participation abilities of some other oxygen con
taining functi onal groups o n two representa tive types of o lefin ic substrates. 

]n preceding papers, we investigated the reactivity o f the OR groups in struldard 
loca tion at C(19) while the position of the double bond was changed systematical
ly6-S.17 .1 B.2 1. We thu s prepared I9-su bstitut ed o lefins with a do uble bo nd located 

successive ly in positions 1,2; 2,3: 3,4 ' 4,5; 5,6; a nd 6,7. Topologically. thi s series 
may be divided int o co mpo und with pa rticipating functionality in hOl11oallylic 
(containing the double bond in stero id position 1,2; 4,5 and 5,6) and in bishol11oallylic 
position (2,3-; 3,4; and G,7- unsa turated substances). We found a remarkable dif
ference in the reactivity of the both groups. As representatives o f these groups 
we chose derivati ves (Scheme I) with a double bond in the position 2,3 (type I) 

SCHEME I 

la. R =0 H 
lb. R CH 3 

Ie. R = CH 3 0Cl-l 2 

Id. R = CHO 
Ie . R = CH 3 CO 
Ij~ R = CF3 CO 
Ig. R = C6 HsCO 
II!. R = C 2 HsOCO 
Ii, R = CH 3SO Z 

Ij. R = N 0 2 

I k, R = (C2HsOhPO 

lIa, R = H 
lib, R = CH 3 
lie, R = C H 3 0 C H 2 

lid, R = CHO 
lie, R = CH 3 CO 
1I/ , R = CF3CO 
IIg, R = C6 H sCO 
III!. R = CzHsOCO 
IIi. R = CH 3SO Z 
lIj, R = NO z 
Ilk, R = (C2H s0)zPO 

and 5,6 (type II) whieh are most readily accessible by synthesis. In cases of OH 
and OCH 3 groups both types prefer 5(0)n participation (somewhat more pronounced 
in the first type) leading to the formation of a cyclic bromo ether (Scheme 2)6. The 
acetoxy group show a notable qualitative difference: The 2,3-unsaturated derivative 
of the type I reacts predominantly with 5(0)" participation in the same manner 
as does the corresponding alcohol or methyl ether. The competing 7(0)"·n process 
and attack by water as external nuceophile occurs to a small extent only19 . By con
trast, the type I I prefers 6(0 )n.n participation to 7(0 )n.n process and to external attack; 
5(0)" participation does not occur at a1l6

•
19. It appeared thus tempting to test further 

oxygenated functional groups with different distribution of electron density and dif-
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3662 Kocovsky: 

ferent steric requirement and show their relative abil ities to participate in the course 
of electrophilic additions. 

Starting from the alcohols fa (ref. 27
) and II a (ref.28

) we prepared their methy l 
ethers 24, met hoxymethyl ethers, formates (II d cf. ref. 5), acetates6 .29, trifluoroacetates, 
benzoates (II g, cf. ref. 30), ethoxycarbonates (ref. 6), mesy lates (II i cf. ref. 31), n it rates 
and diethyl phosphates (Scheme ]). These compounds were successively treated 
with hypobromous acid (generated in situ from N-bromoacetamide and perch loric 
acid) in aqueous d ioxane and the products (Scheme 3 and 4, Table I and II) were 

I 5(0)" II 5(0 )" II 6(0 )"'" 

SCHEME 2 

TABLE I 

Yields and products of hypobromous acid addition to the model olefins la-Ik __ 

Mode of reac tion, % of the tota l yield Total 
Starting Neighboring yield Ref. 

compound group 5(0)n (product) other % 
externala 

l a HO 100 (1/1) 95 27 

Ib CH 3 0 100 96 24 
Ie CH 3OCH 2O 100 92 
Id HC02 84 16 (lVd)b 98 
Ie CH 3C02 88 12 (lvd 90 

rr CF3C02 90 (IVa) 78 
Ig C6 H sC02 38 62 (IVg)b 97 
III C 2H sOC02 52 (IVII)b 48 (lX)C 87 
Ii CH3S03 55 45 (/Vi) 85 
Ij °2NO 32 68 (lVj) 93 
Ik (C2 H s°}zPOl 56 44 (IVk) 71 

a Attack by external nuc1eophi le. b The product may be (in part) formed also by 7(0)" ,n participa
tion for discussion cf ref. 19

,20). C The bromohydrin IVe is formed by two mechanism: byattak 
of water as an external nuc1eophi le (20%) and by 7(0),,·n participation (80%) (ref.19). 
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On Steroids 3663 

RO 

1~)jJ 
H 

III 5(0 )" /I ' 

SC HEME 3: For R cf. SCHEME I 

iso lated and su bjected to spectroscopic a nalysi s. Structures of the new compo und s 
were es tab li shed by means of their J H N M R (Tabl es III and IV), J R and mass 

spectra . 

TABLE II 

Yie lds a nd product s of hypob rol11ous ac id addi ti on to the mode l olefins lIa - Ilk 

-- - - ,---

Starting Neighboring 
Mode of react ion , 'X. o f the to ta l yie ld (Product) Total 

Ref. 
co 111- group 

--- yie ld 

pound 5(0)" 6(0)n .n ex terna l" [3-Br-ionl; % 

!fa HO 100(V) 97 27 

lib C H 3 0 65 (V) 35 (Xlb) 88 24 

lie C H 3 OCH 2 O 79 (V) 21 92 

lid HCOl 71 (Vlcf) 87 

lIe C H 3 COl 78 (VIe ) 12 (Vlle)cI 10 (Xle) 86 

IIf CF3 C0 2 
75 (VIlf) 70 

fig C6 Hs CO z 65 (Vlq ) 21 (Vflg)" 14 (Xlg) 96 

fll! C 2 H sOC0 2 53 (VIII ) 6 (Vllh)" 12 (Xlh) 9 1 
~· 29 (X) 

IJi C H 3S03 68 (V) 32 (Xl i) 87 

flj °lNO 73 (VJfj) 27 (XJj) 86 

Ilk (C2 H sO)lPO 74 (Vfk) 26 (XlIk)"J 7 1 

-~-. --- ._-- .- ----_._--- _ .. _----_._--------. 
a Att ack by water as an externa l nucleophile. b Product a ri sing from 5[3,6[3-bromonium ions . 
C Not es timated. d The bromohydrin VlIu is formed by two mechan isms: by a tt ack of water 
as an extern a l nucleophile (67%) and by 7(0)n.n participation (3 3%). C The product may be 
formed ( in pa rt) also by 7(0)n." participation (fo r discuss ion cf. ref.) 9.20) . f The product may be 
a priori formed by the route described under e, and a lso by cyclizati on from Vlk . 
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3664 Kocovsky : 

The 2,3-unsaturated derivatives provide two types of products : cyclic ethers III 
(cf. ref. 27) arising by 5(0)" participation and bromohydrins of the type 1 V (Table I) . 
In o ne case only, i.e. in the ethyl carbonate 1 fI, the ester group is also transferred into 
the position 2 to form the derivat ive f X. With the trifiuoroacetate If the addition 
is accompanied by saponification. With the a lcohols fa and ethers fb and I e the re
action proceeds with exclusive 5(0)" participation. With the formate Id and acetate Ie 
the preference of thi s process is so mewha t decreased in favor of a competing attack 
by water as external nucleophile and 7(Ot·n process (cf. ref.19,20). This decrease 

/I 

l 'lf 

lX. R = C cll ; OCO 

RO~ 

J:~ 
AcO ()''''''' 

XI 

SCHEME 4: For a-k cf. SCHEME 1 

+ .ct; 
"\, 0 1 = 

HO ~ 
Br 

1"/ 6(0)"" 

RO ~ 

+ A,oi}i 
VIII 

x 

ct; 
AcO ~, 

XII 
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On Steroids 3665 

can be explained by diminished IlucJcophilicity of the e ther oxygen in the ester 

group due to the effect of the carl-ony l oxygen . Further decrea se in (he nucJeophilicity 

o f the o ther oxygen in the ester group may be achieved by introducing flu o rine a to ms 

(the trifluoroacetoxy group in If does not participate at a ll) or aromatic rin g (for 

the benzoate I g the ratio of 5(0)" to o ther processes is rather lower tha n ro r the ace

tate Ie). The sa me tendency is hown by the ethyl ca rbo na te liz ,,,he re the 5(0)" 

participation is completel y suppressed. The Ill esyla te Ii and thl: d iethyl phosphate 

Ii< show practically id en tica l tendency to 5(0)" pa rticipa tion, the nitrate Ij react s 

in simila r manner as the benzoate Ig . The best g roups ror 5(0 )" participation a re 

thu s hydroxy l a nd a lkoxy l. Es terifi ca tion of the hyd roxy l may di sfavo r o r completely 

suppress thi s pa rtici pa tion . 

Examination o f the ex tent o r suppressio n of 5(0 )" pa rticipa ti on appeared parti

cul a rly interesting fo r derivatives possess ing a seven -membered ring B (X/lI, Sche

me 5) in which the stereoelectron ic conditions for the 5(0)" process are even more 

favo rables than in 2,3-ullsa tura ted compounds of the type 1. Starting from the a lco 

ho l Xli 1 a (ref. S), we prepared the corresponding trifiu oroace ta te X Il 11 and the mesy

late XliIi and subjected them to treatment with hypo bro mo us acid . It turned out 

tha t in the trifluoroacetate XIJJI the participation is, once aga in , completely sup-

TABLE III 

1 H NMR Data of the product s of hypobromous acid addit ion to the olefins la - lk 

Com-
pound 18-H 19-H (J)" 2-H (W) 3- H(W) Others 

I Va 0·67 3·82 m (10) 4· 17 m (20) 4-35 m (15) 

I Vd 0·64 4-35 and 4·64 d (12) 4 ·21 m (12) 4·34m (7) 8·15 s (HC0 2) 

0·65b 4· 17 and 4·91 d (l2)b 5·20 m (I2)b 4-48 m (lO)b 

I Vg 0·61 4·56 + 4-70 d (12) 4·22m (8) 4·37 m (7) 
4.34 db 5. 18 mh 4·52 mb 

I Vi 0·69 4·53 + HI d (10) . 4·23 m (8) 4·34 m (7) 3·02 s (CH3S03) 

IVj 0·65 4·69 + 4-81 d (10) 4·22 m (9) 4·32 m (8) 
5.23 mh 4·46mb 

IVk 0·67 4.20 mC 4-42 m (IS)C 1·34 t and 4·13 p 
(J= 7; 
CH 3 CH2OP) 

a AB system. b The values obtained a fter treatment with trichloroacetyl isocyanate. C Overlapped 
by other signals. 
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TABLE IV 

IH/NMR Data of the product of hypobromous acid addition to olefins Ila - Ilk 
----.---.------.-~-

Compound 18-H 19-H (f)a 3-H (W) 6-H(Jor W) 

V/g 0-53 4·63 brd s 5·27 m (13) 4·65 m (22) 

Vlk 0·63 4·33 brd s 4·82 m (15) 4·63 dd (5 + 12) 

VIle 0'73 3·84 + 4-25 d (II) 5'11 m (35) 3·95 dd (4'1 + 2'7) 
5·24iJ 

VII! 0-65 4·75 + 5·02 d (12) 5-45 m (30) 4·13 m (10) 

VII.q 0·63 4·85 brd s 3·50 m (30) 4·18 m (9) 

VlIj 0·67 4·92 + 5·07 d (12) 5-49 m (30) 4·16 m (7) 

X/g 0·53 4·60 brd s 5·05 m (30) 3·03 d (3) 

XIi 0·65 4·43 + 4'51 d (II) 4·99 m (32) 3-01 d (4) 

XlIk 0·65 4·35 brd s 4·55 m (30) 2·99 m (6) 

Q AB system. b The values obtained after treatment with trichioroacetyl isocyanate. 

Others 

2·07 s (CH 3CO Z) 

2·07 s (CH 3COZ)' 1·35 t and 4·13 p 
(J = 7'5; CH3 CH z OP) 

2·03 s (CH 3COZ) ' 3-43 s (CH 3O) 
4·64 + 4·69 d (J = 7, O- CH 2- O)Q 

2·02 s (CH 3 C02) 

2·00 s (CH3C02) 

2·04 s (CH3C02) 

1·97 s (CH 3COZ) 

2·02 s (CH3COZ) ; 3·06 s (CH 3S0 3) 

2·08 s (CH3C0 2); 1·32 t and 4·10 p 
(f = 7, CH 3CH 2OP) 

~ 
0\ 
0\ 
0\ 

7' 
g( 
~ 
;.;
'<, 



On Steroids 

pressed and accordillg to Illass and I H NM R spectra the brol11ohydrin Xl V is the sole 
product ; it s structure was no t investigated ill detai l. On the o ther halld , the mesyla te 
XlJ Ii gave the 1u1Own s cyc li c ether X V in practically quantitative yield. It can be thus 
concluded that even under particularly favo rable stereoelectronic conditions the 
5(0)" participation of the hyd roxy l group can be co mpletely su ppressed by trifiu o ro
ace tylation. Mesylation can do it only to a certain ex tent and under stereoelectronic 
condit ions favorable for participation thi s effect does not occur. 

Xllla. R = H 
XI/lJ. R = Cf)CO 
X111 i. R = C H )SOl 

S CHEM E 5 

A:Zl1 
H Br.OH 

X IV xv 

The situa tion is somewhat more complicated for 5,6-unsaturated derivatives 1, 
due to occurence of two para llel 5(0)" and 6(0 )"·11 processes which are, moreover, 
accompanied by the facile formation of epoxides from so me intermediary bromo
hydrins6. As a result , the reaction mixture is usually more complex in this than in the 
fi rst series. The alcoho l I/o reacts with hypobromo us acid in close analogy to its 
co unterpart 1(/ and gives so lely the cyclic ether Vas a product o f 5(0)n pa rticipation 
(Table II). Contrasting with the fir st series in the methyl ether I Ibi s the 5(0)n participa
tion already slightly suppressed (discu ssion cf. ref. 8

.
24

,25); the sa me situatioll is 
observed with the methoxy methyl ether lIe. In both cases , the by-products are due 
to cleavage of the 5~ , 6 ~-bromonium ion s. The formyloxy (II d) and acetoxy (IIe) 
deriva tives react with predominant fo rmation of diequatorial bromohydrins VI 
as products of 6(0 )"'" participation that are accompan ied by a smaller amount 
of compounds arising by attack of water as external nucleophile or by cleavage 
of a 5~ ,6~-bromonium ion (VII, Xle; Table 11). The 5(0)" participation is comple
tely suppressed. 

In the similar manner as in 5(0)" participation, the 6(0)",n process can be more 
or less suppressed by decreasing the nucleophilicity of the participating oxygen: thus 
in the trifiuoroacetate 11/ participation is completely suppressed; the only lsolated 
product is here the bromohyd rin VlI / . Introduction of an aromatic ring into the 
ester grouping (benzoate lJg) also results in a moderate decrease of propensity for 
6(0)"·n participation . Contrasting with the negative effect on 5(0)n process which 
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3668 Kocovsky: 

exerts introduction of an additional oxygen into an ester function (Table I), this 
struct ural mod ificat ion tends to have a positive effect on 6(0)",n participation. The 
ethy l carbonate II h gives rise to two products of 6(0 t ,n participation , namely the 

TABLC V 

Analytical and physical data of products of hypobromous acid addition to olefins Ia - Ik, !la - Ifk 
-----------------_.,_ •. _-----_ .•.. _-----------_ ... _--

Formula Calculated/ Found M.p ., oC 
Compound (m.w.) [a16° 

% C % H % Br 
----------

IVa CZ7H47BrOz 61·06 9·80 16·52 144 - 146 
(483,6) 66·85 9·92 16·39 + 400 

IVd C2sH47Br03 65·14 9·26 15·62 102 - 103 
(5 11'6) 65 ·60 9·31 15-42 + 270 

IVg C34HslBr03 69-49 8·15 13·60 160 - 162 
(581,1) 69·53 8·80 13·32 + 51 0 

IVi C2sH49Br04S 59·88 8·19 14·23 146 - 147 
(56 1'7) 59·63 8·85 14·39 -1- 380 

IVj C27H46BrN04 61·35 8·17 15·12 102-103 
(528'6) 61·20 8·84 15·37 + 100 

IVk C31H56BrOsP 60·09 9· 11 12-90 166 - 167 
(619'1) 59·84 9·06 12·72 + 320 

VIg C36Hs3Br05 66·96 8·28 12·38 -, 
' oi l 

(645'1) 67·15 8·19 12·70 + 290 

VIk C33H5SBr07P 58-49 8·63 11·19 oi l 
(617'7) 58·21 8-46 11'48 + 120 

VIle C31Hs3Br05 63 ·58 9'12 13-64 oi l 
(585'7) 63 ·79 9·27 13·38 - 31 0 

VIlf C31H4SBrF305 58·40 1,.59 12·53 154-156 
(631'6) 58· 16 7'72 _230 

V!lg C36Hs3BrOs 66·96 8·28 12·38 oi l 
(645'7) 66·18 8·35 12·26 + 60 

VIlj C29H4SBrN06 59·38 8·25 13-62 108- \09 
(586·6) 59·23 8·36 13-40 _ 200 

XIg C36H520 5 16·56 9·28 oil 
(564,8) 76·43 9'35 -31 0 

XIi C30H5006S 66·88 9·35 oil 
(538 '8) 66·64 9·28 - 480 

XIlk C33H570 7P 66·42 9-63 oi l 
(596'8) 66·29 9·80 -110 
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On Steroids 3669 

bromohydrin VIII and the cyclic carbonate X (reLt.) whereas the extl:rnal attack 

and formation of the 5p,6 p-broI1lonium ion occlirs here on ly to a small extent 

(simila r to the acetate li e). Surprisingly. the me~y late 11; give s an appreciable a mount 

of a product of 5(0)" participation . In the nitra te 11j an y participation is completely 

suppressed , whereas for the diethyl phosphate 11k the contribution of the 6(0)" '" 

process is comparable with that of the ace toxy gro up. 

Generally it follows from the above mentioned facts that participation of oxygen 

containing groups can be morc or less suppressed by introducing the electron-with

drawing substituents. The o rder o f reactivity for 5(0)" participation is then as follows : 

HO > CH 30 ==: CH 30CH 20 > CH 3C0 2 > HC0 2 > CH 3SO ) ~ (C2H sO)2P02 
< C 6H sC0 2 < 02NO ~ CF]C02. C 2 HsOCO ;, . Wherea s in a lcohols or our se ries 

the 5(0)" participation is quantit a tive , it is completely suppressed in the trifiuoro

acetate and diethyl carbonate. The above order is not followed by ambident ester 

groups where concomitant 6(0)" ·11 participation by the sa llle group may occur. Then 

the selecti on o[ the reaction routes is controlled by u variety of additional factors 
(for discu ss ion cf. ref.6.8.19-23). For 6(0)"·11 process the followlIlg order app lies: 

C 2 H 50C0 2 ==: CH 3C02 ~ (C2HsOhP02 > HC0 2 > Cf,H :;C0 2 . The remaining 
functional groups do not undergo 6(0)"·11 participation. 

EXPERIMENTAL 

Melting points were determined on a Kofler block . Analytical sa mples were dried at 50°C/ 26 Pa 
(0'2 Torr). Optica l rotations were mea~u red in chloroform with an error of J: 3°. The infrared 
spectra were recorded on a Zei ss UR 20 spectrometer in tetrachloromethane unless otherwise 
sta ted. The J H NMR spectra were recorded On a Varia n XL-200 apparatus (FT mode) and 
on a Tesla BS 476 instrument (60 MHz) in deuteriochloroform at 30°C with tetramethylsilane 
as interna l reference. Chemical shifts are given in ppm. Apparent coupling constants were ob
tained from the first order analysis. The mass spectra were recorded on a Jeol JMS D 100 spectro
meter operating at 14-75 eV. The samples wcre introduced using a direc t inlet at lowest tempera
ture enabling evaporation. The elemental composition of ions wa s determined by accurate 
mass mea surements. The identity of the sa mples prepared by different rOutes was checked by mie
ture melting point determination, by thin-layer ch romatography (TLC) and by infrared and 
1 H NMR spectra. Usual work up of an etherea l solution means washing the solution with 5% 
aqueous hydrochloric acid , wate r, a 5% aqueous pota ssium hydrogen carbonate solution, water, 
drying with sod ium sulfate and evaporation of the so lvent ill vacuo. 

19-Methoxy-5cr-cholest-2-cne (Ie) 

T~e alcohol Ia (210 mg) was dissolved in benzene (7 ml) and stirred with N,N-dimethylaniline 
and chloromethyl ether (0' 15 ml) at room temperature for th ree days. The mixture was then 
diluted with ether and water and the ethereal layer was worked up as usual. The residue was dis
solved in a mixture of light petroleum and benzene (5: 1) and the solution was filtered through 
a column of aluminum oxide. The eluate was evaporated to afford the oily ether Ie (165 mg), 
[a]6° + 53° (e 2'0). For CZ9H5002 (430'7) calculated: 80'87% C. 11 '70% H; found: 80'64% C, 
11 ·56% H. 
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3670 Kocovsky: 

5a-Cholest-2-en-19-01 19-Formate (ld) 

The a lcohol 1a (200 mg) was treated with formic acid (6 ml) at 70°C for I h. The mixture was 
coo led, diluted with water and the product was extracted with ether. The ethereal phase was 
washed with water, a 5% aqueous potassium hydrogen carbonate solution , water, dried with so
dium sulfate and the so lvent evaporated . The residue was crystallized from a mixture of methanol , 
acetone and water to yield the formate Id (155 mg) m.p. 67 - 68°C. IH NMR spectrum: 0·65 
(3 H, s, 18-H), 4·13 (I H, d, J = 12 Hz, 19- H), 4·42 (1 H, d, J = 12 Hz, 19-H), 5·62 (2 H, m, W = 

= 8 Hz, 2-H and 3-H), 7·80 (I H, s, HC02). For C2sH4602 (414·7) calculated: 81'10% C, 11'18% 
H; found: 80'99% C, 11·25% H. 

5a-Cholest-2-en-19-01 Trifluoroacetate (If) 

The alcohol1a (200 mg) was dissolved in pyridine (3 ml) and treated with trifluoroacetic anhydride 
(0'3 ml) at OuC for 2 h. The mixture was then poured onto ice, the product was extracted with ether, 
the ethereal phase was washed 10 times with water, dried with sod ium sulfate and evaporated 
to yield the crude unstable trifluoroacetate Id (c. 200 mg) which was immediately used in further 
preparation . II-! NMR spectrum: 0·63 (3 H, S, 18-H), 4'33 (I H, d, J = 12 Hz, 19-H), 4·58 (I H, 
d, J = 12 Hz, 19-H), 5'63 (2 H, m, W = 9 Hz, 2-H and 3-H). 

5a-Cholest-2-en-19-01 Benzoate (lg) 

The alcohol 1a (220 mg) was d isso lved in pyridine (4 ml) and treated with benzoyl chloride 
(0'4 ml) at O°C for 2 h and then at room temperature for I h. The mixture was decomposed with ice 
and water, the product was taken up into ether and the ethereal layer was worked up as usual. 
The residue was dissolved in light petroleum and filtered through a column of aluminum oxide. 
The eluate was evaporated to yield the oily benzoate 19 (185 mg). [a lba + 30° (c 4·1). 1 H NMR 
spectrum: 0·57 (3 H, s, IS-H), 4'32 (I H, d , J = 12 Hz, 19-H), 4·58 (I H, d, J = 12 Hz, 19-H), 
5·67 (2 H, m, W = 9 Hz, 2-H and 3-H). For C34Hso02 (490 '8) calcu lated:' ln'21% C, 10'27% H; 
found: 83'06% C, 10'34% H. 

5a-Cholest-2-en-19-01 Methansu lfonate (Ii) 

The a lcoholla (220 mg) was dissolved in pyridine (3 ml) and treated with methanesulfonyl chloride 
(0'2 ml) at aoc for 30 min. The mixture was then decomposed with ice and water, the product 
was extracted with ether and the ethereal phase was worked up as usual to yield the oily mesylate 
Ii (c . 210 mg) [albo + 36° (c 2'3). t H NMR spectrum: 0'68 (3 H, s, 18-H), 2'97 (3 H, s, CH3S03), 
4·15 (IH, d, J = 10Hz, 19-H), 4·45 (lH, d , J = 10Hz, 19-H), 5'67 (2H, m, W= 8Hz, 
2-H and 3-11). For C2sH4S03S (464'8) calcu lated: 72' 36% C, 10'41 % H, 6'90% S; found: 
71 ' 12% C, 10·58% H, 6'79% S. 

5a-Cholest-2-en-19-01 Nitrate (If) 

A solution of the alcohol Ia (200 mg) in chloroform (5 ml) was added to a reagent from acetic 
anhydr ide (1'2 ml) and 65 % nitric acid (0'3 ml) at -30°C over a period of 15 min, the mixture 
was st irred at - 30°C for 3 h and at -10°C for 2 h, then poured Onto ice and aqueous ammonium 
hydroxide and st irred for I h. The prod uct was extracted with ether and the ethereal phase was 
worked up as usual. The residue was dissolved in light petroleum and fi ltered through a column 
of aluminum oxide. The eluate was evaporated ill vacllo to afford the oily nitrate If (180 mg), 
[a15° + 50° (c 2'1). 1 H NMR spectrum: 0·65 (3 H , s, I8-H), 4·42 (I H, d, J = 11 Hz, 19-H), 
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4·65 (1 1-1 , d, J = II I-I z, 1')-1-1 ), 5·65 (2 H , m, W .=o 9 1-1 z, 2-1-1 a nd 3-H). For C27H,ISNOJ 
(431'7) calculated: 75' 13":' C, 1O ' 51 :~ :' H, 3'24~~ N ; found: 74'%:'~ c. 10'28% 1-1 . 

5C1-Cholest-2-en -1 9-ol D icthyl Pho~phate Uk } 

A I'OM soluti on of n-butyllithiulll «().(, ml ) was added to a solu tion of the a lcoho l l a (270 mg) 
in tetrahydrofuran (9 ml) at O°C and the mixture was stirred for 15 min. Thell!l so lution of diethyl 
chlorophosphate( 150 mg) in tctrahydrofuran (3 ml ) was added at O°C during a period of 10 min 
and the mixtu re was then stirred at room temperature for 30 min . The mixture was poured into 
a 2M aqueous solution of ammonium chloride, the product was taken up into etller and the 
ethereal phase was worked up as usual. The residuc waS disso lved in a mixturc of benzcne and 
light petroleum (4: I) and filtered through a column of aluminum ox ide. The filtra tc was eva
porated to yield the oi ly phosphate Ik (2 15 m g), [0!1i5° - 340 (c 1' 9). I H NMR s pectrum: 0·70 
01-1, s, 18- 1-1), 1'33 (3 H, t, J C~ 7 Hz, C H 3 Cl-l 2 ), 4·15 (111, ovcrlapped by other signal, 19- H). 
4·12 (p, J = Hz, CH 3 CI-I 2), 5·65 (2 11 , m, W = 14 Hz, 2-1-1 and 3+1). For C 31 H 55 0 4 P (522'8) 
calculated: 7 1'23% C, I O'6 1 /~ 1-1; foulld : n09% c, 10·78,/;' H). 

19-Methoxymethoxy-5-cholcs tcn-3P-ol 3-Acetate UIe) 

The alcoho l!la (400 mg) was di ssolved in benzene (15 ml) and stirrcd with N,N-dimethylani line 
«()'48 ml) and chloromethylmethy l ether (0 '28 ml) at room tcmperature fo r three days. The mixture 
was then diluted wi th ether and water and the ethereal la yer was worked up as usual. The residue 
was crystallized fro m a mixturc o f acctone, mcthano l and wa tcr to givc thc e ther lie (32() mg). 
m.p . 80 - 8 1 ° C.117.1~o - 42" (c 1'8). I H NMR spectrum : 0·70 (3 H. s. 18-H), 2'0 1 (3 1-1, s. CH 3C0 2 ), 

3'33 (3 H, S, CI-I 3 0), 3'42 ( I H, d. J ~" 10 Hz, 19-1-1),3'72 (I H, d, J = 10 Hz, 19-H), 4·57 (21-1, S. 

0 - Cl-I2 - 0), 4·58 (I H. m, w ~-= 30 Hz, 3'X-H). 5·58 (I H, W ~ II H z, 6-H). For C 3 1 H 52 0 ... 
(488'8) calc ul a ted: 7o'18 /,', c. I O'72~{, H; found : 76 '02% C. 1()'77 ,/~ 1-1 . 

5-Cholesten -3P, I ,)-d io l 3-Acetatc 19-Trifluoroaccta tc (I I f) 

The alcohol I/a (500 mg) wa s dissolved in pyridine (5 ml) and treated with triAuoroacetic an
hydride (0,5 ml) at O<C for 2 h. The miXllIrc was then poured onto icc and water, the product was 
extracted wit h ether and the ethereal pha~e was washed 10 times with water, dried a nd evapo rated 
to yie ld the oi ly trifluoroacetatc IIf (c. 450 mg) , wh ich was immediatcly used in further experi
ment s. I H NMR spectrum : 0·67 (3 H , 5, 18-H ), 2·00 (31-1, s. CH 3C0 2 ), 4'20 ( 11-1, d , J = 12 Hz, 
19-H). 4·72 ( I 1-1 , m, W ~' 30 I-Iz, h-H), 4·80 ( I 1-1, d, .I "" 12 Hz, 19-H), 5'68 (I 1-1, m, W = 

= 13 Hz, 6-1-1). 

5-Cholesten-3P,1 9-diol 3-Acetatc 19-Ni trate (II}) 

A solution of the alcohol lJa (2 g) in chloroform (20 ml) was introduced into a reagent prepared 
from acet ic anhydride ( 12 ml ) and 65% nitric acid (3 ml) at - 30°C in the period of 30 min, the 
mixture was then st irred at -- 30 to - 20"C for 3 h, thcn poured onto a mixture of ice and aque
ous ammonium hydroxide and stirred for 1·5 h . The product was extracted with ether a nd the 
etherea l layer was worked up as usual. The residue was crysta ll ized from a mixture of acetone 
methanol a nd water to afford the nitrate II} (1'48 g), m.p. 144- 145°C. [o:l~o _ 71 0 c(2'1): 
1 H NMR spectrum: 0'69 (31-1, s, 18-1-1),2'02 (3 H , s, CH 3 C02), 4 '38 (J H, d, J = 11 Hz, 19-1-1), 
4·58 (I H, m, W = 30 Hz, 3et-H), 4·72 (I H , d, J = II Hz, 19-1'1), 5'68 (J H, m, W = 13 Hz : 
6-H). IR spectrum: 852, 1239, 1279, 1 638, 1735cm- t . For C29H47NOs (489'7) calculated, 
71· 13% C, 9'67% H ; found: 70'96% C, 9'80% H . 
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5-Cholcsten-313, 19-diol 3-Acetate 19-Diethyl Phosphate (Ilk) 

A 1·6 moll - I solution of n-butyllithium in hexane (3'7 ml) wa s added dropwise to a stirred 
solution of the alcohol I/a (1·95 g) in tctrahydrofuran (10 ml) at O°C over a period of 5 min, 
and thc mixture was stirrcd at room temperature for 10 min. A so lution of diethyl chlorophos
phatc (0'9 1 g) in tetrahydrofuran (3 ml) was added at DOC over a period of 10 min , the mixture 
was stirred at room temperature for 3D min, poured into a 2 moll - I aqueous solution of am
monium chloride, the product was extracted with ether and the ethereal phase was worked 
up as usual. The residue was dissol ved in a mixture of benzene and light petroleum (3 : I) and 
filtered through a column of aluminum oxidc. The filtrate was evaporated and the residue was 
chromatographed on a column of si lica ge l using a mixture of light petroleum, ether and acetone 
(88: 10 : 2), which eluted lipophilic impurities, and then with a mixture of the sa me solvents 
(85: 10: 5) which eluted the desired oily phosphate Ilk (720 mg), [0: ]5° - 380 (c 2' 1). I H NMR 
spectrum: 0·68 (3 H, s, 18-H), 1' 33 (t, J = 7 Hz, CH3 CH 2 ), 2·03 (3 H, s, CI-l 3 CO Z )' 4·05 (m, 
overlapped by other signal, 19-H), 4·10 (p, J = 7 Hz, CH 3 CH 2- OP), 4·15 (I H, m, W = 30 Hz, 
30:-1-1),5'65 (I H, m, W = 11 Hz, 6-H). For C3sHs907P (622'8) calculated: 67' 50% C. 9'55%H; 
found: 67'32% C, 9'43% 1-1. 

The elemental analyses were carried Ol/t in the Analytical Laboratory of tltis Institl/te (head 
Dr 1. H ordcek) . The IR spectra were recorded and interpreted by Dr S. Vasickova. The lH NMR 
spectra were recorded by Mrs J. Jelinkova and M rs M. SI/opkova and interpreted by Dr J. Zajicek. 
Mass spectra were recorded and illlerpreted by Drs V. Hanus, and F. TI/rdek. 
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