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Abatrxt-The solvolysis of (z)_ and (~3~9cyloxy-5,l~l(lO~h~~~~5~~l p-nitrobenzoates 4 and 5 has 
bee0 investigated and compaN!d with the solvolytk reactivity of the cpimcric (0 and (E)-Sa-p-nitrobs 1 
aod 2, as well as of the rcfcrcoce compound, i.e. rbc l.lO-aaturatcd So-p-nitrobcnzoate. Kinetic data ad product 
analysis nvcakd that the raive spntial oricntatbn of the 1(10)-ol&lic double boad aDd the clliral center at C(5) 
inthel0_mmbmdring,whichthtsesecosteroidrl~p_p_nitroknzootescanodoptintbe~tionstate,istbemaia 
factorwhich~stbeirsolvolytic~~,~othattbeestm1,2aadSsolvolyscwahhansaMulardoaMc 
bwdperticipption,whikspchMintaactionirwt~tintbecosedtbe(~SBcata4. 

In our prcvi0us communication on the 2olvolytic rcac- 
tivity of 5,10-2cw-2tcroid2,” it w22 reported that both 
(2) 2nd (E)-3~-acetoxy-5,l~~l(lO~~~~-Sa~l 
p-nitrobe- (1 and 2, Scheme 1) MdergO solvdysi2 
with considerable participation of the 1(10)&ubk bond 
in the tnmition state, giving 2.9 the only trm22nnul21 
cyclization product S(lO+ l~H)abeo-S~dole2t-l~l9~ 
en-38-01 acetate (3). From kinetic data it was conch&d 
that anchimeric assistance is more pronounced in the E 
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'siice (z)_3~-acctoxy-5,1~1(10~hoIcs~5~1 p- 

m could not be prepad in pure form, the cor- 
qKmding (z)-3/35sdi-p-nilrob 4 was wed in&ad in 
the .wlvolysis experiment. IDchlsion of this compound scfmed 
justi6cd because it was previously cstabli6hcd that the 3&p- 
llitrokmyloxy group in J.lWi daivalk3 ia prac- 
tically ill& to sdvolyaia, and rberefore cannot iaterfcre in rbc 
solvolyaia reactions pufomlcd u&r the conditiolls lkaibcd in 
this paper. 
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isomer 2, indicatiog that the stmochemistry around the 
l( lO)-double bond alTect.9 the overall conformation of the 
1tSmembered ti and, therefore, is one of the factors 
which determines the solvolytic behaviour of these 
esters. However, since such bansannular assistance 
requires tbe two react& centers, i.e. tbe double bond 
aad the C(S) chiral carbon, to attain a favourable relative 
spatial vnt for back-side &ond internal attack, 
it seemed justifiable to examine the solvolytic reabity 
also in relation to the orientation of the ester group at 
C(S). For that reason, in the present work, tbe solvolysis 
of the 5@-p-ni-tc esters in the 2 and E series 
(4” and 5, Scheme 2)’ was studied and compared with 
the solv~lytic behavio~r of the 5a-cpimm 1 and 2. 

In this way it was possible to correlate the reactivity of 
a full set of stereoisomers and to obtain useful in- 
formation on the stereo&emical (configurational and 
confomIational) features aflecting tmnsannular inter- 
action in tbe M-membered ring in such systems. 

SoWysL of pnltrobrntoatcs 4 and 5. In order to 
ensure proper comparison of the solvolytic reactivity of 
all four isomeric I)-p-aitrobc-, solvolysis of 4 and 
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5 was carried out under the experimental conditions 
previously used for the p-nitrobenxoates in the Scr-series 
(1 and 29, i.e. in acetonewater (90: 10, v/v) solution in 
sealed tubes at 125“. It was found that under these 
conditions (z)di-p-nib&en 4 remained practkally 
unchanged even after 24Ohr.. The solvolysis rate of 
(E)_3~-acetoxy-5,lO-sec~l(lO)_cholesten-5~~l p-nitro- 
benxoate 5 was followad up to about 85% completion by 
potentiometric titration of the liberated p-nitrobenzoic 
acid with 0.022 M KOH using a least squares computer 
program to calculate tkst-order rate constant. These 
results and kinetic data obtained earlier for the solvdysis 
reactions of the Sa-p-nitrobe- 1 and 2, as well as 
of the Sa-p-nitrobenxoate of the l,l&aturated akohol 
(obtained by catalytic hydrogenation of the (B)-l(lO)- 
unsaturated analogue’) are presented in Table 1. 

A large scale experiment for product analysis per- 
formed witb ester 5 was carried out under similar sol- 
volytic conditions descrii for rate determination, i.e. a 
9096 aqueous acetone solution of p-nitro&nzoate 5 was 
heated at 100” until practically all starting material was 
consumed. The solvolysis products formed were isolated 
and separated by column chromatography on silica gel. 
The results showed that the ester 7 solvolyses to give 
(Scheme 3) a mixture of the following cychxation 
products: 5(10* lSH)obao-Sacbolest-lql9~3~~1 
acetate (6) (19.4%), 5(10+ laH)a&-Sachokst-lql9)- 

‘llle czu@Wuon at C(10) ia the hydroxyhted solvolysis 
prodncts8md 9wasdcd1uxxJ byawmingasynchroaous 
mc&misminvolvingtmru-addition ofc(s)alKtwateracrossthe 
A”‘@double bond. 

(-*ml @31)496) 
sckme 3. 

en-3B-o1-acetate (7) (35.3%). 5(10+ l~H)abro-Sa- 
cholestane-3&lOgdiol J-acetate (g) (about 2%) and 
5(10+ laH)abdo-5acholest3~,l~~ol lacetate’ 
(9) (24.6%). the rest (about 16%) being a complex mixture 
which was not further investigated. 

Actually, due to similar adsorption properties, cyclixa- 
tion products 6 and 7 were eluted from the cohunn as a 
mixture. Their successful separation (on SiO, column) 
was performed only after saponitkation to the cor- 
responding alcohols 10 and 11, which eventually were 
reacetylated to the primary formed products 6 and 7. 
respectively. 

On the other hand, the lo-hydroxy compounds 8 and 9 
were dehydrated with mesyl chloride in dimethylfor- 
mamide and pyridine solution to the lql9unsaturated 
cyclixation products 6 and 7, respectively, showing that 
the solvolysis products 6 and 8 and the corresponding 
isomeric solvolysis products 7 and 9 represent pairs with 
the same configuration at the ring junction C atoms C(1) 
and C(5). 

The constitution and stereochemistry of all solvolysis 
products was established on the basis of elemental 
mict+analysis, spectral data (IK, NMK, CD and mass 
spectra) and by chemical transformations descrii 
above and outlined in Scheme 5. It should be noted that 
since separate experiments have shown that all of these 
products are stable under the reaction conditions, the 
relative yields obtained nfkct the original product dis- 
tribution in the solvolysis process. 

Con- at C(1) and C(5) junction atoms in the 
solodysis products (6, 7, 8 and 9). From spectral data 
and other characteristics it follows that the 1tLhydroxy 

Tabk 1. !Joivdysis rates of tbc 5-p-s 1.2.4 and 5 and of tbe 
l,lo-eatmoted 5acstcr 

5-pnitrobensoate k (set-') relative rate8 

k l(m)-Z-54 1.20 f lOA 1,200 

3 l(lO)-s-54 1.85 x 1O-5 18,500 

i l(lO)-E5R 0 

2 l(lO)-s-50 2.58 x lOA 258,ooo 

1,lbeatmated-5d 1 x 10-g 1 



cyclixation compound 8 and its dehydration 10(19& 
oleflnic analogue 6 are colony different from 
the corresponding products 9 and 7. Also, 10(9)-un- 
saturated compounds 6 and 7 were found to be dilferent 
from the 1&5~~yclixation product 3, earlier obtained in 
the solvolysis of (Z)- and (~3~-~~xy-S,l~~ 
l(fO)-cholesten-Sa-ol p-uitrolznxoates 1 and 2 (Scheme 
1):’ Since a j-membered and Fmembered ring can be 
either cis- or ~MIIS-fused, 5(10+1)&o-steroid deriva- 
tives can exist in four stereoisomeric forms (two with the 
B-bomo/A-nor c~~o~~n, A and D, and two with 
the B-home/A-nor tmnr-conlIguration, B and C, Scheme 
4), and therefore three of these (i.e. one cis A and both 
tmns B and C) can be considered as possible structures 
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of the cyclixation products formed in the solvolysis of 
(~3~~~xy-S,l~~~l(lO~bolesten-5~~l p-nitro- 
benxoate 5. That compounds 6 and 8 have the tmns 
1~,5auu&ration B and compounds 7 and 9 the cis 
la.5a-coniigudon A was determined on the basis of 
CD data obtained for the j-membered and 7-membered 
ring ketones, i.e. the 1keto-derivatives 12 and 15 and the 
NJ-ketoderivatives 14 and 17, which were prepared from 
6 and 7, respectively, by the reaction sequences odtlined 
in Scheme 5. 

In these 5(lO~l)u~~-s~roid compounds, the 7- 
membered ring B can adopt several conformations, and 
for all four possible con6gurational isomers (A-D, 
Scheme 4) of general structure I (j-membered ring 
ketones) and II ~-mem~r~ ring ketones) Snatxke et al. 
have estimated relative stab&es, and also predicted 
Ar--values for the most stable conformations of the 
ketones of both types.’ These values are presented in 
Table 2.* 

C/S-l a,50 
A 

vans-1 A5a 
0 
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H H 

By urns the estimated values (Table 2) with the 
measured data (Table 3), lt was possible to sort out the 
ketonic pairs which give consistent results. 

According to Scheme 5, the pairs 12/14 and M/17 
should have the same lotion at the C( 1) and C(5) 
ring junction C atoms. The positive CD values for the 

tmns-1 a,sfl cl+l&5/3 
C D 

Ketones type (r): R’ = C&, R’ = 0 

Ketones type (II): R’ = 0, R’ --GAc 

schtmt 4. 

Table 2. Estimated Ar--values for tbe ketone R-band in 
ketones of type I and II (Scheme 4). Uncertainty, about t 1 

Stereochemistry Ketones of Ketonee of 
(see Soheme 4) WPe 1 Type XI 

Ld,% (8% G&I + 0.4 0 

l&T*, Q, traae> + 2.5 + 6.0 

U,5A (li, trans> - 1.1 + 0.3 

WTS (IL, *I 0 + 2.1 

“The t5.s l&S&co&uratioa of tbc earlier obtained cyclization 
product 3 was determined in a similar way.’ l’bc ~~s~~ 5- 
and Fmcmbered ring ketones were prepared from 3 by the same 
reaction sequence as shown in scheme 5.1J 

w+ ) 
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Ii 

12 WJ) 
15 (la) 
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Table 3. CDvahics of S(lO+ 1)ubcrr-s~~ ketoacs 

COlEpOWld SOlvent 
bit) 

cbC_) 

18,5dr3-keto (1,2, Dioxan 3151(+1.361, 305(+2.51), 
295(+2.6ro, 265i(+O.Tlf 

llt,~-lo-k8W (u) Dioxan 3051(+1.95), 295(+2.@), 
2901(+2.29), 2200(+0.13) 

lJ,5&3-k&o (ai> Moxan 318(+0.46), 306.5(+0.8’?) 
296(+0.W), 287(+0.65) 

lrl, H-lo-keto (12) i]iOXM 313.5(+o.o9), 302(+0.13), 
292.5(+0.13), 282(+0.X0, 
240(-0.02) 

ketooic pair Lld14 indicates that these compounds should 
have the tru&r-l~ff ~~0 (B), wbik for tlk? pair 
IS/l7 the cis-lrJaconfiguratioo (A) fits best. si 
t&se kctodcrivativcs or&ate from the solvolysis 
products 6 and 7, respectively, which were also car- 
related with the l~hy~xy ADDS 8 and 9, the 
cow of all the solvolysis produe& is thus 
assigned. 

From the data in Table 1 it can be seen that the 
(EJ-isomer S readily solvolyscs according to the fust- 
order rate law, while its (2) uxmterpaft 4, under the 
same reaction conditions, remains udanged. Since the . . 
aim of this work is to explore the so 
~~~ in the solvolysis of l&nembcred ring 2 
stavid e!itcrs, the present discussioo will also inclmk the 
results obtained earlkr for the remaining .stereoisomcrs 1 
and 2, as well as for the reference compound, i.e. the 
l(lO~~~~ So-~-~~~. 

Kinetic measurements (Tabk 1) point to the following 
order of reactivity: (&S@ > fE)-Sfr > (Z)& > l,l& 
saturat#l-Sa * (z)_s~ the approximate ratio of solvoly- 
sis rams of the four rEactive esters bcii 
258600: 18500: 1200: 1 ((Z.M/?‘ k -0). It seems unlikely 
@at the d&reocc in reactivity between the p-nitroben- 
zoates 1,2 and 5 on one band, and the (Z)-5@estcr 4 on 
the other hand can be ascrii to their ground-state 
energy diZercncc3; rather, for all four compounds 
similar ground-state energks should be envisaged.* 
Tbmforc, this result shows that mutual spatial orkn- 
tation of the lflO)-ok6nic double bond and the cbiral 
center at C(5) in the l&ucmbercd ring, whiclt the 
s~~rnc~~~-~~~s~ ~pt~~~ 
&ion state, is the main factor which de- their 
solvolytk behaviour, so that tbe esters 1.2 and 5 sol- 
volysc with tmnsannular double bond partkipation, 
while such interaction is not present in the case of the 
(Zj5@&er 4. This ftnd@ is furtbcr substantiated by 
the fact that of all four unsaturamd esters, only tile 

(z)_sB-p-nitrobcnzoatc 4 is kss reactive than the 
rcfcrcace umpotmd, i.e. the l,lO-satummd 5aester. 
Namely, since t&c cw of hybridization of the two C 
atoms C(1) and C!(lO) (from sp’ to sp’, stabilizes the 
l&uembcrcd ring: in the absence of other factors one 
should expect a slower reaction for an mWumted ester 
~f~~~~~~~~~~~ 

Product analysis also strongly indkatcs that in the 
solvolysis reactions of the reactive l(lO)-unsaturated 
esters anchimcrk assistance by the 01cSnic double bond 
is involved. Namely, since such a bansannular assistance 
requires that the two reac& centers, i.e. the l(l@ 
doubk bond and carbon C(5), attain a favourabk relative 
spatial anatomy for back-side internal attack which 
would enabk a maximum overlap of tbc n-electrons of 
tbc double bond with t&c incipkot p-orbital at C(5), a 
nuckophilic displacement with inversion of co&uation 
at C(5) is expected. In the above exampks, the stereo- 
chemistry at the C(5) ring junction position in the sol- 
volysis p&u& is de&mined by the original co&gura- 
tion at C(5) in the starting esters. Tlms, both the (Z)- and 
(&5a-p-ltittobs 1 and 2 solvdyse stercosclcc* 
lively giving one and t&c same cydization product with 
the 5~~~0, i.e. X10-* 1~~~~-5~~~l~t- 
10(19)-cn-3&ol acetate 3, and the most reactive (&5@- 
isomer solvolyses notl-stercosel~tively forming several 
cycli7ation products, which, however, have all the same 
aconS9umtkn at C(s), tllcse products beii the 1&5a- 
and 1aJadcrivatives 6 7.8 and 9 (Scheme 3). 

on the otlkr hand, the con6gumtion at C(1) will 
depend 00 the way in which the okfkic double bond 
(cit&rZorB)canapproachtbercactioncentcrfrom 
the rear. A schematic reprcscntation of these ap- 
prxraches, wbklr would cvctuually result in 1aH or l@I 
prodact formation is shown in Scheme 6. By cons&ring 
thcmutualorkntatiooofthcrcactinggroupsneccssary 
toenhancetlWsolvolysisrateandoothcbasisofum- 
fog analysis, the di#crence in reactivity of the 
four l(lOV esters can be undrrstood. 

kspcctko of lMdinS models reveals that the z- 
A”‘%louble bond in 5,10-mtcroids is relatively 
fixed, because conformational changes involviqJ 
~~~oaftbedoabk~bondfnrm~tomb,orIva 
to lVb (Scbune 6) would be assockted with a very 
s&on9 incrcasc in r-strain For that reason, mokcules of 
tbabaZ)+&ers, 1 and 4, !espectivcly, are nstrkt+ to 

ormatm~ from wldch only the l/M cor&uratmnal 
iso- can be &rived. However, in the (Z)-5~cster 1, 
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which in solution exists in conformation a’ (Scheme 7), 
the relative orkotation of the double bond with respect 
to the leaving group (corresponding to W Scheme 6) is 
such as to provide efficient ~-electron participatioo and 
the exclusive formation of the 1~~~~~~00 product 
3, while in the (Z)-Sfiester 4, a simihu orkotatioo (cor- 
respomiing to IVa, Scheme 6) places the doubk bond too 
far and/or ill-oriented with respect to the p-nitrobenxoate 
group to enhance its reactivity. Since such an arraqte- 
meat exists in the most stable conformation of the S/3- 
ester 4 (a, Scheme 8) (and also in any less stable con- 
formation which would precede cyclixation), it is uuder- 
standabk why this isomer is extremely umeactive under 
solvolytic conditions. 

On the other hand, the A”*Wdouble bond in the (E)- 
series is more flexible, and by rotation around the C(9)- 
C(l0) and C(l)C(2) single bonds can change its orieu- 
tation so that both spatial ~k~ns~ (corresponding to 
Va and Vb, aad Via and Vlb, respectively, Scheme 6), 

CHs 

H VW -3 

AC0 

H 
OR 

8 

are interconvertiik witbout major increase in I-straiu in 
the 16- ring of the s,Wseco-steroid mokcuks. 
Moreover, couformational analysis confirms such pre 
diction, because it is fouud that the (E+l(lO)-rmsaturated 
esters2aM1Sexistinsolutioninatleasttwo~te 

RO 
- ne rwctien 

conformational forms, which differ in orientatkn of the 
oktinic doable bond.1o For the &rester 2 (Scheme 9) 
these are browns e (major) and d (or), and for 
the S&ester 5 (Scheme 10) these are ~0~~~ c 
(major) and f (minor). Therefore, the fact that the (Q 

H 

A+$&-$’ -=c 
CHa 
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m-s&ester s 
Scheme IO. 

5u-p-~~~~~~ 2 solvoIyses stereosel~tively, yield- 
ing exclusively the 5@( 10 + 1 ~H)~#~ycl~~n 
product 3, indicates that the reaction is conformationally 
controUe& so that effective ~s~~~ double bond 
participation can be exerted only when molecules are in 
conformation c. However, since the (&5/j-p-oitroben- 
zoate 5 during solvolysis forms cyclization products with 
the I&P. as well as l&&r-configuration, it follows that 
in this case ionization is assisted by the double bond in 
both coronations forms. Thus, transannular a-&c- 
tron participation in the major conformation e cao result 
exclusively in tbe formation of the 5n(lO+laH)&eo- 
derivatives 7 and 9. while a similar interaction in the 
minor conformation f can lead exclusively to the S#i(lO -+ 
1aHkzbeoderivatives 6 and 8 (Scheme 10). Moreover, 
since the retative ratio of the cyclixation products with 
the IQ&- and l#k5acon&ration formed in the sol- 
vdysis (-3: 1) closely paraUels the cunformational 
~pu~tion of t and 1,” it may be assumed that both 
conformational forms are of alike reactivity. 

Although the above results are UnequivocaUy infor- 
mative regarding the stereo&em&d (lotion and 
conformational) features of the solvolyses studied, on 
the basis of these data only it is not possible to present a 
precise picture concerning the nature of the reaction 
intermediate(s). However, it seems reasonable to assume 
that a not fully symmetrical distribution of the positive 
charge at the three reaction centers, i.e. C(l), C(5) and 
C(IO) (Schemes ?,9 and IO), occurs in the rate determin- 
ing step; further, the reaction pathway leads to the 
formation of the most stable tertiary carbonium ion at 
C(lO), which undergoes water addition an4or proton 
elimination to give the co~es~ndi~ ~~~~ sol- 
volysis products. 

AI m.ps are uncorrcctcd. optical rotations were measured in 
CHCll soln. CD measurements were carried out with a JASCO 
J-M S~~~~rne~r in dioxan soin at 2[p and Contras 
about 0.146, using cells of path-Iengths of 0.01-0.1 cm. NMR 
spectra were obtained at 1OOMHz with a Varian HA-100 sptv 
trometcr in CD& sok at room tcmp using TMS as internal 
standard; cbemkal shifts arc reported in 6 values; abbreviations: 
s, singkti d, doublet; t, triplet; q, quartet; m, m~tiplct. IR spectra 
were determined on a Perkin-Elmer doubk-bcam instrument, 

*We wish to thank Dr. R. Tasovac (Mkroa&ytkal Labora- 
tory, Faculty of 6ciewe. &lpdc) for carry& out ekmcntal 
microanalyses. Spectml detcrm&tions were puformtd at Ciha- 
Geigy AG, Bask, Switzerland (dire&n Dr. Moser and Dr. H. 
Fuhrcr) and at the Faculty of Science, Belgrade (direction Prof. 
D. JercmiC). 

model 337. Mass spectra were taken on an Atlas CH4 mass 
spectrometer. Silica gel (O.OS-O.2) was used for preparative 
column chromatography. Tbc separation of products was moni- 
tored by UC on silica gel G (Stahl) with benzene-AcOEt (9: 1 or 
7:3). detection being effected with 50% H$Q. Light pctrokum 
refers to the fraction bp. 40-60”. 

Preparation of SP-p-nitlobauootu 1 and 2 from @)-and (E)_ 
5,l~~l(lO~bofestene_3~Ja~odiol 3-acetates” and their sol- 
votysis to the cycrizatioll product 3 was reported previous1 

ii? 
’ 

(2)&z-p-Nifrobarurotc I, m.p. 168” (with subliition); [alo t 
3P (c =O.Sl); IR (KBr): v,. 1738, 172.5, 1610, 1538, 1275, 
124Ocm-‘; NMR: 60.71 (Me-18,~),0.86(Me-26andMe-n,d),O.89 
(Me21,d). L?O(Mc-19,d), 1.92(Ac03,~),4.90.5.~aml5.4l(H-l, 
H-3 and H-5, m), 8.19 (4 aromatic H, m). (Found: C, 72.35; H, 9.QS; 
N, 2.29. Cak. for C&>O&: C, 72.57; H, 8.97~ N. 2.35%). 
(Q-S+-pM&otie 2, m.p. 132”; [aId -20” (c = 0.45); IR 
(KBr): &. 1734,1720,1605,l?32,127& 1238cm-‘: NMR: 6 0.82 
&ie-18. sl. 0.85 (Me-26and Me-27.dl.0.811Me-21.dl. l.?6(Me-19. 
& 1.~(~&3;s), between 5.00 & 5.65 iH-1, fi-j.aml H-5, ml; 
822(4aromatk H, m). (Four& C,72.8; H, 8.91; N, 2.56. Cak. for 
C&,0& C, 72.5% H, 8.97: N, 2.35%). S(lO-+lgHiabeo_S& 
cho&Slql9~ut-3/?-o accfatc 3, m.p. 89-90”; [&a” t 3” (c = 
1.25); iR (IO: v, 1742_ 1635.1242 cm-‘; NMR: 6 0.73 (M&8. 
s), 0.84 (Me-26 rind Me-27, d), 0.88 (Me-21, d), 2.01 (AcG-3, s), 2.35 
(H-5. ml. 3.08 (H-l. ml. 4.66 and9.84 (2 exocvcik vinvl H at C-19). 
j.18 .&ii, m). iFo&i:~C, 81.26, H, il.01. &k. for&H&: d; 
81.2r; H, t 1.29%). 

Pr@uation of (z)_ and (E~5~-~a~~~z~~ 4 and 5 was 
descn’bcd Ph0wr ~~s,1(~~~-1(10~~~2~3~~-~ 
di-pniltobouool4, m.p. 6% [a]om t 92” (c = 1.0, dioxan); IR 
(KBr): v,. 3110,1720,1600,1520,1270,1100,715 cm-‘; NMR: 8 
0.72 (Me-18, s), 0.84 (Me-26 and M&7, d), 0.87 (MC-21. d), 1.72 
(Me-19. s), about 5.20 (H-l, H-3 and H-S, m), 7.95 (8 aromatic H, 
s). (Found: C, 69.82; H, 7.&4; N, 4.03. Cak. for C!,,H&N~: C, 
70.6; H, 7.79; N, 3.99%). (EM.l(FSeco-l(lO~ckdutsu-3aSB- 
ifiol 3-ocetote S-p-nilrobcnzwtc 5, m.p. 1061w. [alow t 72" 
(c = 1.02); IR (Ccl,): Y, 173s, 1720, lS95, 1520, 1265, 1230, 
1095 cm-‘; NMR: 6 0.68 (Me-18, s), 0.84 (Me-26 and Me-27. d), 
0.90 (Me-21, d), 1.70 (Me-19, s), 1.98 (A&-3, s), about 5.10 (H-3 
and H-5, m), about 5.30 (H-1, m), 8.20 (4 aromatic H, 4). (Found: 
C, 72.71; H, 8.92: N, 2.50. Cak. for C&,0& C, 7257; H, 8.97; 
N, 2.35%). 

-K&&s. Acetone was purified by heating at r&ix with a smaU 
auantitv of KM&. followed bv drvina over CaSCL and dis- 
t&at& at atmospb&ic pressure.* Waier &cd in the kinetic stu- 
dks was doubly distiucd. 

For kinetic studies a 0.0168M soln of 5 &z&hing 1.0009~ 
ester in 100 ml sol@ in X!% aqueous acetone was prepared at 209 
Aliquots of the &I (5 ml) were se&d off in glass ampoulea and 
ptaced in a tbcrmostat heated at 125”AO.F for appropr& time 
periods. Gn removal from the thermostat tbc ampouks were 
chilkd in ice-water and the ceIltcnts were anaIysed* The rate of 
acid formation was measured by potentiomctrk titration with 
0.022M KOH, usig a pH-mctcr “22-Radiometer*‘. The Rrst- 
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order rate constant, shown in Table 1, was calculated from the 
rate of p-nitrobenz0ic acid formation in the usual manner and 
represents the average value of two separate experiments. 

So/w/ysis pmducts. A solo of S (I.00 g) in ~aqueous acetone 
(90: 10 v/v) 1100 ml) was sealed off in a tube and heated for 24 hr 
at 100’. ide‘content of the tube was poured into HrO, extracted 
with ether, the ethereal layer washed with sat. NaHCt& aq and 
H#, dried over Nam, and evaporated in oacuo to dryness. 
The residue (788 mg) was chromatographed on silica gel (40 g). 
El&o with benzene gave a mixture of 6 and 7 (468 mg, about 
65%). 

Benzeoe-etber (98 : 2. % : 4 and 94: 6) afforded a complex mix- 
ture (45 mg) which was not further investigated. Benzene-ether 
(90: 10) eluted first 16 mg (2.1%) of 8; IR (Ccl,): v, 3620, 1742, 
1245,1030cm-‘; M’ 446. The next benzene*ther (90: IO) eluates 
contained 9 (198mg, 26.4%), m.p. 73-75’ from acetone (181 mg, 
24.1%); [a]omt 21” (c = 1.50); IR (Ccl,): vmu 3620,3590, 1730, 
1240, 1048 cm-‘; NMR: 8 0.68 (Me-18. s), 0.84 (Me-26 and Me-27, 
d), 0.90 (Mc21, d), 1.20 (Me-19, s), 2.00 (A&-3, s), 4.95 (H-3, m). 
(Found: C. 77.78: H. 11.26. Calc. for &H&h: 77.97: H. _. __ _ 

Sepanztion of the solvolysis products 6 and 7. The oily mixture 
of 6 and 7 (468 me) was hydrolysed with 5% methanolic KOH 
(5Oml) at room temp. for 2hr and worked up in the usual way. 
The residue (416 mg) was then chromatographed on 20 g of silica 
gel. Benzene-ether (90: 10) eluted lhst 124mg (19.4%. calculated 
on the starting ester n of 10, m.~. 131-1320 from acetone 
(l%Jmg, 16.996); [&,*+3S” (c =O.io); IR (Ccl,): v,. 3630, 
1638. 1000. 886cm-‘. IFound: C. 83.68: H. 11.90. Calc. for 
Cs,H& C, 83.87; H, il.%%). 1t.wa.s a&l&d with AcsO in 
pyridine solo in the usual way to give 6, m.p. 67” from acetone- 
methanol; [a]naD+ 55” (c = 0.20); IR (Ccl,): v,. 1740, 1638, 
1245,890 cm-‘; NMR: 8 0.70 (Me-IS, s), 0.85 (Me26 and Me-27, 
d), 0.90 (Me-21, d), 2.82 (A&3. s). 4.74 and 4.86 (2 exocyclic 
vinyl H at C-19). 5.15 (H-3, m). (Found: C, 81.M; H, 11.23. Calc. 
for t&H&: C, 81.25; H, 11.29%). 

The next benzcaacther (90: 10) eluates contained 10.11 and a 
compkx mixture which was not further investigated (62mg). 
Benzeoccther (85: 15) alforded 226 ma (35.3% calculated on the 
starting ester s) of 11, m.p. lO7-I&~ from acetone (207mg, 
32.3%); [a]nm- 0” (c = 0.20); IR (Ccl,): v,, 3640, 1640. 1070, 
890 cm-‘. (Found: C, 83.91; H, 12.06. Calc. for Cr&O: C, 83.87; 
H, 11.9996). Acctylation of 11 with Ac20 in pyridine gave 7 as ao 
oil; [a]oao t 5” (c = 0.96); IR (Ccl,): v,,- 1745, i640, 1245, 
89Ocm-‘. NMR: 6 0.70 (Me-18. s). 0.84 (Me-26 and Me-27. d). 
0.90 (Me-21, d), 2.00 (A&3, sj, 2.70 (H-i, m), 4.84 and 4.98 (2 
exocyclic vinyl H at C-19). about 5.00 (H-3, m). (Found: C, 81.38; 
H, 11.49. Calc. for CzsH&: C, 81.25; H, 11.29%). 

LUwfmtion of YlO+ laH)abeo-5lr-choit?srane-38#ll-~ > 
ocerotc 9. A solo of 9 (95 mg) in DMF (1.2 mlj and anhyd 
pvridine (0.12ml) was dehydrated with mesvl chloride (0.06ml) 
at room temp. for 24 hr. The product (91& 100%) obtained 
after the usual work up was dissolved in benzene and the soln 
passed through a SiO, column. Evaporation in wcuo to dryness 
gave 7 (78mg, 85.6%) as an oil (IR and NMR spectra were 
identical with spectra of authentic 7). 

mydmtion of 5(10+ laH)~-Sa-chorc?ronr-3B,lO~-~ 3- 
acetate 8. Product 8 (14mg) was treated with titesyl chloride in 
DMF and pyridine as described to glve 6 (12mg, 89.6%), IR 
spectrum was identical with spectrum of authentic 6. 

OxilfaIlon of 5(10+ 1~H)abco-5a-cholur-1q19)_m-~~-ol 10. 
To a cooled (5”) soln of 10 (5Omg) in acetone (lO,ml) a slight 
excess of Jones reagent” was added with stirring. After Smin the 
mixture was poured into ice-water and extracted with ether. The 
ethereal layer was washed with HrO, sat. NaHC4 aq, I&O, 
dried over NazSO, and evaporated in uacuo to dryness, alfording 
12 (5Omg, lC4%), which was dissolved in benzene, passed 
through a SK& column, evaporated in uacuo to dryness and 
recrystallized from acetone-methanol (yield 46 mg, 80.4%), m.p. 
69-71”; [a]nm+73 (c = 0.38); IR (Ccl,): v,, 1750, 1630, 
89Ocm-‘; NMR: 6 0.70 (Me-IS, s), 0.86 (Me-26 and Me-27, d), 
0.91 (Me-21, d), 4.90 and 4.94 (2 exncyclic vinyl H at C-19). 
(Found: C, 84.19; II, 11.60. Calc. for CnHuO: C, 84.31; H, 

‘Part XVI in the series Synthesis, stmctun and mactions of 
seco-steroids containing a medium-sized ring. For Part XV see 
H. Fuhrer, Lj. Lorenc, V. Pavlovic, G. Ribs, G. Rist, J. Kal- 
voda and M. Lj. Mihailovic, HdD. Chim. AC&I 62 (1979), in press. 

‘M. Lj. Mibailovif, M. Dab&C, Lj. Lorenc and M. GaSiC, 
Tetmhedmn Letters 4245 (1970). 

‘M. Lj. Mihailovic, M. J. GaSiC, M. DaboviC and Lj. Lorenc, 
Bull. Sot. Chim. Bcogmd 37, 151 (1972). 

‘Lj. Loreoc, M. D&&C, N. VuletiC and M. Lj. Mihailovic, Ibid 
43, 185 (1978). 

‘M. Lj. MihailoviC, Lj. Loreoc. J. Fodek, H. NebviC. G. 
Snatzke and P. Tdka, Tetmhedmn 26,557 (1970). 

&J. Sicher, Progress in Stercochaistrv (Edited bv P. B. D. De 
la Mare and W. Klync), Vol. 3, pp: 210-213.~Butterworths, 
London (1960); bJ. D. Dunitz, Perspective in Stmctuml Chem- 
istrp (Edited by J. D. IXmitz and J. A. Iben), Vol. 2, pp. 44-45. 
Wiley, New York (1968). 

‘Lj. Loreoc, M. J. GA& I. Juranic, M. LkbovK and M. Lj. 
MiioviC, unpublished results. 

11.53%). 

‘See for example: V. Prelog and M. Kobelt, Hdv. Chim. Acta 
32, 1187 (1949); R Heck and V. Prelog, Ibid 38, 1541 (1955); H. 
C. Brown and I. Ham, 1. Am. Ghan. Sot. 78.2735 (1956); H. C. 
Brown and K. Ichikawa, Tetmhedmn 1,221 (1957). 

Oxidurion of 5(10-~ laH)abeo-5a-c~lur-lq19~e~-3~-o/ 11. 
Alcohol 11 (65 mg) in acetone (13 ml) was oxidized as described 
above to give 15, m.p. 88” from acetone-methanol (54ma. 
83.5%); [&“+w (c-=0.3): IR (Ccl,): v,, 1740: Iti; 
895cm-‘: NMR: 6 0.72 [Me-IS. s). 0.85 fMe-26 and Me-27. dl. 
0.93 (Me-21, d), 4.63 and 5.00’(2’exccyclic vinyl H at C-19). 
(Found: C, 84.27; H, 11.56. Calc. for CZ7HUO: C, 84.31: H, 
11.53%). 

Hydmxylation of 5(10+ l~H)abeo-Sa-chobl-lql9~en-3~-0/ 
ace!& 6 and g/yco/ c/euouge of 5(10-, l@H)abeo-Ja-cholestane- 
3g,lO&lPtrioi 3-acetate 13 with lead termacetate. Osmium 
tetroxide (58 mg) was added to a soln of 6 (85 mg) in thiophene- 
free benzene (2.5 ml) and pyridine (2.2 ml). After standing at 
room temp. for 24 hr the mixture was diluted with AcOEt (15ml). 
HZ!3 was then bubbled thtouah the solo for I hr and the insoluble 
salts were removed by filt&on through a Celite mat. Evapora- 
tion of the solvents gave 13 (67mg, 73.0%), which was used 
without further purillcation. Lead tetraacetate (8Omg) and 13 
(67mg) in dry benzene (10 ml) were heated under reflux for 
0.5hr. The mixture was cooled, diluted with ether, filtered 
through a Celite mat and the insoluble ppt thoroughly washed 
with ether. The organic soln was washed with HzG, sat NaHCO, 
aq and HrO, dried over Nar!IO, and evaporated in ODCUO to 
dryness, aBording 14 (41 mg, 65.8%), m.p. 103-105” from MeGH 
(35 mg. 56.1%); Ialb + 45” (c = 0.7); IR (KBr); v,,,.. 1740. 1695. 
1245,-l 177 and 102Ocm-‘; NMR: 6 0.76 (Me-is, s), 0.86 (Me-M 
and Me-27. d). 0.91 (Me-21. d). 2.03 IA&-3. s). -3.20 (H-1. m). 
- 5.15 (H-3, m). (Found: C; 77.95; Hi 10.83.’ &lc. for dLIIHiO;I 
C, 78.09; H, 10.77%). 

Hy&uxylation of 5(10-, laH)abeo5a-cholest-lql9)-m-3~-ol 
acetate 7 cxdglycol clcovage of 5(lO+ laH)abeo-5a-cholestu~1~- 
3g,lO[,lPtriol Zacetate 16 with Iad tctmacetatr Compound 7 
(138 mg) was treated with osmium tetroxide (91 mg) in benzene 
(4 ml) and pyridine (3.5 ml) as described to give 108 mg (77.0%) of 
16. It was oxidized with lead tetraacetate (ISOme) in benzene 
(ISml) as above, a8ording 77mg (76.6%) of 17, m.p. 100-102“ 
from MeOH (70 mg, 69.6%); [aIn” t 11” (c = 0.5); IR (KBr): v,, 
1740, 1700, 1235, IOSOcm-‘; NMR: 8 0.72 (Me-IS, s), 0.85 (Me-26 
and Me-27, d), 0.92 (Me-21, d), 2.08 (A&-3, s), -3.15 (H-1, m), 
-5.08 (H-3. m). (Found: C. 77.90: H. 10.89. Calc. for CmHYOI: 
C, 78.ti: H; 1677%). 
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