
This article was downloaded by: [University of California, San Diego]
On: 15 August 2012, At: 23:31
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid
Crystals Science and Technology.
Section A. Molecular Crystals and
Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Crystal and Molecular Structure of
Synthetic Cholesterol Compounds
— Vitamin D3-Analogues (I) 24(S)-
Hydroxy Coprastan-3-one & (II)
24(R)-Hydroxy Coprastan-3-one
K. Rajalakshmi a , Vasantha Pattabhi a , C. S. Venkatesan b ,
G. Nadamuni b & A. Srikrishna c
a Department of Crystallography and BioPhysics, University
of Madras, Guindy Campus, Madras, 600025, India
b M/S. Gland Pharma Limited, Hyderabad, 500016, India
c Department of Organic Chemistry, Indian Institute of
Science, Bangalore, 560012, India

Version of record first published: 24 Sep 2006

To cite this article: K. Rajalakshmi, Vasantha Pattabhi, C. S. Venkatesan, G. Nadamuni &
A. Srikrishna (2001): Crystal and Molecular Structure of Synthetic Cholesterol Compounds —
Vitamin D3-Analogues (I) 24(S)-Hydroxy Coprastan-3-one & (II) 24(R)-Hydroxy Coprastan-3-
one, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 369:1, 243-271

To link to this article:  http://dx.doi.org/10.1080/10587250108030021

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108030021
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever
caused arising directly or indirectly in connection with or arising out of the use of
this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

31
 1

5 
A

ug
us

t 2
01

2 



Mol. Ciusr. L q .  CI-WSI.. Vol. 369. pp. 243~271 
Reprints available directly from the publisher 
Phol~copying permitled by licenae on1) 

0 2001 OPA (Oversem Pubhshers As.uxi.~uonl N.V. 
Published by license under the 

Gordon and Breach Science hrhlishers imprint. 
a member of the Taylor & R a n n  Croup. 

Pnnted in the USA 

Crystal and Molecular Structure of 
Synthetic Cholesterol Compounds - 
Vitamin D3-Analogues 
(I) 24(S)-Hydroxy Coprastan-3-one & 
(11)  24( R)-Hydroxy Coprastan-3-one 

K. RAJALAKSHMI~, VASANTHA PAT TAB HI^*, C.S. VENKATESAN~, 
G. NADAMUNlb and A. SRIKRISHNA’ 

aDepartment of Crystallography and Biophysics, University of Madras, Guindy 
Campus, Madras-600025, India, bM/S. Gland Pharma Limited, Hydera- 
bad-5000 16, India and ‘Department of Organic Chemistry, Indian Institute of Sci- 
ence, Bangalore-560012, India 

(Received January 15, 2001; In final form March 21,2001) 

The title compound I (24-(S)-Hydroxy Coprastan-3-one) crystallises in orthorhombic space group 
P2,2,2, with Z = 4. The unit cell dimensions are a = 6.701(2)& b = 11.506(8)A, c = 32.183(4)& 
V = 2481(2)A3, D,, = 1.077 Mg/m’. The title compound I1 (24-(R)-Hydroxy Coprastan-3-one) crys- 
tallises in orthorhombic space group P212121 with two molecules per assymetric unit and with Z = 8. 
The Unit cell dimensions are a = 10.9542)A. b = 21.757(6)& c = 21.130(7)& V = SO35.0(2)A3, 
Deal = 1.062 Mg/m’. In compound I and in both the molecules of compound 11, the rings A, B & C 
are in chair conformation and the five membered ring D is in envelope conformation. The priority 
sequence attached to the chin1 carbon C24 has “S’ designation in compound I and “R’ designation 
in compound 11. The structures are stabilizcd by C-H ... 0 and 0 - H - - - 0  hydrogen bonds. 

Ke>words: Vitamin D3 analogues; Crystal structure: Cholestrol; Compounds; Steroids: Chair 
conformation 

* Corresponding author: E-mail:Clyst~@giasmdgl.vsnl.net.in; Tel:-91L04&2353167 extn.21 I ;  
Fax:-9 lL04.4-23S2494. 
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244 k. KAIAIAKSHPIII c r  r i i  

INTRODUCTION 

Among the vitamin D3 analogues. those having a hydrosyl at C23 with "R" con- 
figuration appears to be critical for biological activitJ-. For. 
instance: lu..74(R)-dihydroxy vitanlin D3 (Tacalcitol) (1) [ I ]  and Calcipotriol (TI) 
I?-] exhibit antipsoriatic activity. The absolute configuration at C34 in these mol- 
ecules was assigncd by physical methods involving optical rotation [3] and NMR 
spectra [4]. The two intermediates (V) & (VI )  epimeric at C23 are synthesized 
Crom lithocholic acid. The synthesis involves esterification. oxidation. ket a 1' isa- 
tion. side chain introduction. deketalisation and chromatographic separation of 
the two  isomers, the details of which will be published elsewhere. X-ray crystal- 
lographic studies were carried out for the confirniation of the synthesis and to 
determine the configuration at C24. 
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VITAMIN D3 ANALOGUES 24.5 

TABLE 1B Aand equivalent isotropic displacement parameters of non- hydrogen atoms with e.s. d's 
in parenthesis for compound I1 

159(2) 

454(2) 

793(4) 

228(3) 

396(3) 

888(3) 

14S6( 3 ) 

196 l(3) 

1798(4) 

1654(3) 

114.5(3) 

1319(3) 

939(4) 
772(3) 

1290(3) 

1462(3) 

1911(4) 

1638(4) 

1138(3) 

1842(3) 

1873(4) 

1086(3) 

590(4) 
974(4) 

215?(2) 

6514(3) 

3631(4) 

3260(3) 

2521(3) 

2893(3) 

2800(4) 

3 1.5 l(3) 

3849(3) 

3925(3) 

3597(4) 

4613(3) 

491 3(3) 

4869(3) 

4169(3) 

4141(4) 

4643(4) 

5012(3) 

5285(3) 

3940(4) 

.5703(3) 

6078(4) 
5739(3) 

2.591(3) 
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VITAMIN D3 ANALOGUES 247 

TABLE IIA Selected torsion angles for compound I 

A t o m  Angle 

C(13)-C( 17)-C(20)-C(22) 

C( 17 )-C(20)-C(22)-C(23 

C(20)-C(22)-C(23)-C(24) 

C(22)-C(23)-C(24)-C(25) 

C( 23 )-C( 24)-c(25)-c( 27) 

C(23)-C( 24)-C(25)-C(26) 

c (  19)-c( I O)-C(S)-H(5) 

H( 8)-C( 8)-C(9)-H(9~ 

C(18)-CI 13)-C( 14)-H( 14) 

- 1  77.6(4) 

-172.6(4) 

160.8(4) 

62.2(6) 

60.4(6) 

-175.2(5) 

48.2(5) 

-176.5(3) 

176.7(3) 

TABLE IIB Selected torsion angles for compound I1 

Atoms A q I e  A t o m  Angle 

C( 13)-C( 17)-C(20)-C(22) 176.5(6) C( 13’)-C( 17’)-C(20)-C(22’) 174.5(8) 

C( 17)-C(2O)-C(22)-C(23) -15 1.2(7) C( 17’)-C(2O’)-C(22’)-C(23’) -1 73.3(9) 

C(2O)-C(22)-C(23 )-C(24) - 177.6(7 ) C(2O’)-C(22‘)-C(23‘)-C(24‘) I49 7( 10) 

C(22)-C(23)-C(24)-C(25) -166.47) C(22’)-C(23‘)-C(24’)-C(25‘) -174.5(10) 

C(23)-C(24)-C(2S)-C(26) -62.6( 10) C(23’)-C(24’)-C(25‘)-C(27 1) 110.4( 14) 

C(23)-C(24,-C(25)-C(27) 168.4(6) C(23‘)-C(24‘)-C(25‘)-C(26‘) -58.8( 15) 

C( 19)-C( 10)-C(5)-H(5) 49.7(9) C(23’)-C(24’)-C(25’)-C(272) 167.3( 17) 
H(S)-C(S)-C(9)-H(9) -177.6(6) C( 19’)-C( 101)-C(5’)-H(5’) 46.8( 10) 

C( 18)-C(13)-C( 14)-H( 14) -179.3(6) H(8’)-C(Sf)-C(9’)-H(9’) -178.5(7) 

C( 18‘)-C(13’)-C( 14‘)-H(14‘) 175.3(7) 

TABLE IIlA Detiuls of hydrogen bonds in compound I 

Donor(DJ Acceptoif.4) D...A(AJ H. ..A(& D-H ... A(”) Svniinety 

0(2)-H(2) H(2). . .O( 1) 2.9( 1) 2.11(1) 158(2) (1) 

C(4) H(4A) H(4A) ... O(2) 3.3(1) 2 56(1) 138(3) ( 2 )  

C(4)-H(4B) H(4B). . .O( 1) 3.3 1) 2.56( 1) 168(3) (3)  

C(6)-H(6B) H(6B). . .0(2)  3.6(1) 2.68( 1 ) 158(3) (4) 

Equivalent positions: ( I )  -x+l/2+1.-y+l.z+1/2; (2) -x+2. y-1/2,-2+1/2; (3) x-1/2.-y+1/2.-2: 
(4)-x+I .y- 1/2,-z+ 1/2. 
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K. RAJALAKSHMI et ni 

T.4RI.F. 1V.A Bond lcnpths ( 41  and Bond angles ("1 between non-hydrogen atom\ for conipotind I 
with V.S.  d'a 111 parenthesis 

.4lfqil, 

I 14.Yt4l 

I l O . J i - l !  

123.2161 

172.2161 

114.5lJI 

112.7141 

I 1 3 . 5 ( 1 ~  

I 12.1 I i ! 

109.1 1.4 I 

~. . 
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VITAMIN D3 ANALOGUES 249 

I12.6(4) 

1 11.43) 

112.2(3) 

109.5(3) 

110.5(3) 

1 I I .6(3) 

I 1  1.5(3) 

114.6(3) 

108.2(3) 

110.6(3) 

112.2(3) 

108.3(4) 

106.7(4) 

110.6(3) 

I14.7(3) 

I1 1.7U) 

C(14)-C( 15)-C(16) 

C(1 S)-C( 16)-C( 17) 

C(ZO)-C( 17)-c( 13) 

C(2O)-C( 17)-c(16) 

C( 13)-C(17)-C(16) 

C(21 )-C(20)-C(22) 

C(21)-C(2O)-C( 17) 

C(22)-C(20)-C( 15) 

C(?3)-C(22)-C(20) 

Ci22)-C(23)-C(24) 

0(2)-C(24)-C(25) 

O( 2)-C(24 )-C( 23)  

C(?S)-C(24)-C(23) 

C(27)-C(2S)-C(24) 

C(27)-C(2S)-C(26) 

C(24)-C(2S)-C(26) 

104.4( 3) 

107.0(3) 

120.7(3) 

111.4(3) 

103.2(3) 

110.8(4) 

1 l3.7(3) 

I l0.1(3) 

I14.9(3) 

1 I4.4(3) 

110.6(4) 

I07.8(3) 

114.4(4) 

113.3(S) 

110.8(5) 

109.8(4) 

TABLE N.R Bond lengths (A) and Bond angles (") between non-hydrogen atoms for compound I1 
with e.s. d's in parenthesis 

Atoms Lengrlz Arorns Leiigrli 

O( 1 )-Ci3) I. 188(8) O( I')-C(3') 1.258( 10) 

0(2)-C(24) 1.436(8) 0(2')-C( 24' ) 1.420(10) 

C( I)-C(2) 1.504(9) C(I')-C(2') 1.499( 14) 

C( I)-C(lO) l.S44( 10) C(l ')-C(I0) 1.517( 1 I )  

C(2)-C(3) 1.482( 10) C(2')-C(3') 1.474( 14) 

C(3)-C(4) 1.479( I 1  ) C(3')-C(4') l.449( 13) 

C('t)-C(S) l.503( 10) C(4')-C(S') 1.543(11) 

C(S)-C( 10) 1.540(10) C(5')-C(6') 1.51 l(12) 

C ( S K ( 6 )  1.5 18(10) C(S')-C(IO') 1.533 1 I) 

C(6)-C(7) 1521(10) C(6')-C(7') 1.537(12) 

C(7)-C(8) 1.520(10) C(7')-C(8') 1.533( 10) 

C(S)-C( 14) 1.509( 10) C(8')-C( 14') 1.509(10) 

C(S)-Ci9) I .52S(9) C(x')-C(p') 1.543(9) 

C(9)-C(IO) I.SSS( 10) C(9')-C( 1 1 ' ) 1.525(9) 

C(9)-C( 1 1 )  1.527(9) Cf Y)-C( 1 0 )  1.538(10) 

C( IO)-C( 19) l.S65( 10) C( IO')-C( 19') l.536( 1 I )  

C(II)-C(12) I.S4S( 10) C( Il')-C( 12') 1.534( 11) 
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2.50 K. RAJALAKSHMI cr nl. 

Colnporold II  
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C(5 )-C( 10)-C(9) 

C(5)-C(IO)-C(l) 

C(9)-C(IO)-C(I) 

C(S)-C( lO)-C( 19) 

C(9)-C( IO)-C(19) 

C(1 )-C(IO)-C(19) 

C( I2)-C( 11)-C(91 

C( 13)-c( 12)-C( I 1 )  

C( 12)-C(13)-C(14) 

C( 12)-C( I3)-C( 17) 

C(14)-C(13)-C(L7) 

C( 12 )-C( 13 )-C( 18) 

C(14)-C( 13)-C( 18) 

C( 17)-C( 13 )-C( 18) 

C( 15)-C( 14)-C( 13) 

C(l5)-C(14)-C(8) 

C( 13 )-c(14)-c(8) 

C( I4)-C( 15)-C(16) 

C( I’)-C( IO‘)-C(5’) 

C( 1 9 ’ m  10)-C(S’ 

C(9’)-C( IO‘)-C(5‘) 

C(9‘)-C( 1 l’)-C( 12’) 

C(13’)-C( 12’j-C( 11’) 

C( 17’)-C( 13’)-C( 12’) 

C( 17’)-C( 13‘)-c( 14‘) 

C(12’i-C(13‘)-C( 14’) 

C( l7’)-C(13‘)-C( 18‘) 

C( 12’)-C( 13’)-C( 18’) 

C( l4‘)-C(I3’)-C( 18‘1 

C(8‘)-C( 14’)-C( IS‘) 

C(S’)-C( 14’)-C( 13‘) 

C( I5‘)-C(l4’)-C( 13’) 

C( 14‘)-C( 15’)-C( 16‘) 

C( lS’)-C(l6’)-C( 17’) 

C( 13’)-c(17’)-c(20’) 

C( 13’)-C( 17‘)-C( 16’ ) 

VITAMIN D3 ANALOGUES 

109.2(7) 

107.6( 6 ) 

11?.1(6) 

112.0(7) 

11 1.0(6! 

104.8(7) 

112.0(6) 

112 4(6) 

IO6.9(6) 

117.546) 

99.9(6) 

110.5f61 

11226)  

109.4(6) 

104.4(6) 

117 4(6) 

116.1(6) 

102.1 (6) 

107.0(7) 

109.6(7) 

109.1(6) 

114.6(6) 

11 1.7(7) 

115.6(7) 

100.7(6) 

105.4(6) 

1 11.2(7) 

109.5(7) 

114.2(7) 

117.1(7) 

I l5.4(7) 

103.9( 7) 

104.5(7) 

104.9(7) 

120.1(7) 

104.3(7) 

O( 1 ‘)-C(3’)-C(4’) 

O( If)-C(3‘)-C(2’) 

C14‘)-C13’ )-C(2’) 

C(3’)-C(4’)-C(S’) 

C( 6’)-C(S’)-C(4‘) 

C(6’)-C(5‘)-C( 10’) 

C(J’)-C(S’)-C( 10’) 

C(5’)-C(6’)-C(7’) 

Cf 8’!-C(7‘)-C(6‘) 

C( 14’)-C(S‘)-C(7‘) 

C( 14’)-C(S’)-C(9‘) 

C( 7’)-C(S’)-C(9’) 

C( 1 I‘)-C(9‘)-C( 10‘) 

C( I I ’)-C(9’)-C(S’) 

C( IO‘j-C(9‘)-C(S’) 

C( l’j-C( IO‘)-C( 19’) 

C( l’J-C(10)-C(9’) 

C( 19‘)-C( 1O’)-C(9’) 

C(20‘)-C( 17’)-C( 16’) 

C(22‘)-C(20‘)-C(21‘) 

C(22‘)-C(20’1-C( 17‘) 

C(21’)-C(2O’)-C( 17‘) 

C(20 )-C(22’)-C(23’) 

C(24’)-C(23’)-C(22’) 

0(2’ )-C(24’)-C(23‘) 

O( 2‘)-C(24’)-C(2Sr) 

c( 23‘J-c(24‘)-C(25’) 

C(27 1 )-C(25‘)-C(26‘) 

C(271 )-C(zS’)-c(272) 

C(26’)-C(25‘)-C(272) 

C(27 I)-C(25’)-C(24‘) 

C(26’)-C( 2S‘)-C(24‘) 

C(272)-C(?S‘)-C(24‘) 

C(272)-C(27 1 )-C( 25’ ) 

C(27 I)-C(272)-C(25’) 

2s I 

121.3(13) 

1 2 2 3  13) 

116.2(9) 

112.2(8) 

11 1.2(9) 

112.8(8) 

114.2(7) 

110.4(7) 

112.1(7) 

114.3(7) 

108.0(6) 

108.6(7) 

113.5(6) 

111.0(6) 

113.7(7) 

105.7(8) 

112.7(8) 

112.5(7) 

1 I1.8(7) 

110.7(9) 

112.3(7) 

11 1.7(7) 

112.5(8) 

115.3(9) 

106.1(9) 

111.4(9) 

110.8(9) 

1 2 1 3  1 I ) 

S2.0(12) 

I13.9(15) 

119. I (  10) 

1 l8.5(9) 

110.3( 15) 

64.9(8) 

63.1(8) 
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'57 K. RAJALAKSIIMI e? ti/. 

TABLE V.A Torsioil angles ("1 involving non- hydrogen atoms for compound I with C.S.  d's in 
parenthesis 

A IOlllS Angle A?OIIZS Arl,q/" 

cc IO)-CI 1 )-C(3-C(3) C( 11 1-C( 12)-C( 13 )-C( 17) 167.33) 54.9(6) 

127.35) 

51.2(6~ 

-1?9.0(6) 

49.7( 6)  

-50.2(5 I 

-- 176. I(4) 

-53.0t.5) 

73.7tSI 

SS.I(S) 
-179.1(4) 

-56.6(5 1 

- 178.90) 

56.9(41 

-49.3( 4 I 

-173.44) 

51.?(5) 

175.4(4) 

--72.0(4) 

51.2(51 

166.34) 

- 6 9 3  5 ) 

-54.8(5) 

67.S( 5 )  

-.- 171.2(4) 

-54.5(4) 

177.6(3 ) 

- 175.44) 

.56.6(5) 

65.6(4) 

-62 4 s  ) 

49.0f.5) 

177.0(4) 

.53.5(S) 

-66..%-li 

55.9(4) 
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VITAMIN D3 ANALOGUES 253 

TABLE V.B Torsion angles (") involving non- hydrogen atoms for compound I with e.s. d's in 
parenthesis 

Atom Angle A t o m  Angle 

C( lO)-C( I)-C(2)-C(3) 55.5(9) C( 1 I)-C( 12)-C( 13)-c(17) 166.6(6) 

C( I)-C(2)-C(3)-0( 1 ) 

C( 1 )-C(2)-C(3)-C(4) 

O( I)-C(3)-C(4)-C(5) 

C(2)-C(3)-C(4)-C(S) 

C(3)-C(4)-C(5)-C( 10) 

C(3)-C(4)-C(5)-C(6) 

C(4)-C(S)-C(6)-C(7) 

C( 1 O)-C(5)-C(6j-C(7) 

C(5)-C(6)-C(7)-C(8 j 

C(6)-C(7)-C(S)-C( 14) 

C( 6)-C(7)-C( 8)-C( 9 j 

c(7)-c(sr-c(9)-c( 10) 

C( 14)-C(8)-C(9)-C( 10) 

C(7)-C(S)-C(9 j-C( 11 ) 

C( 14)-C(8)-C(9)-C(l1) 

C(4)-C(5)-C( 10)-C(9) 

C(6)-C(S)-C( I O)-C(9) 

C(4)-C(S)-C( lO)-C( 1 ) 

C(6)-C(S)-C( lO)-C( I) 

C(4)-C(5)-C( lO)-C( 19) 

C(6)-C(5)-C( 10)-C( 19) 

C(8)-C(9)-C( 10)-C(5) 

C( 11)-C(9)-C( IO)-C(S) 

C(S)-C(9)-C( IO)-C( 1) 

C( 1 I)-C(9)-C( tO)-C(I) 

C(S)-C(9)-C( 10)-C( 19) 

C( II)-C(9)-C( IO)-C( 19) 

C(2)-C( I)-C(lO)-C(5) 

C(2)-C( 1)-C(10)-C(9j 

C(2)-C(l)-C(IO)-C( 19) 

C(8)-C(9)-C( I I )-C( 12) 

C( lO)-C(9)-C(Il)-C( 12) 

C(9)-C( 11)-C( 12)-c(13) 

125.6(8) 

-54.4( 9) 

-125.1(8) 

54.9( 9) 

-53.7(9) 

178.5(6) 

73.1(9) 

-54.9( 10) 

54 l(10) 

-1 76.9(6) 

-54.9(9) 

55.7(8) 

179.36) 

-174.8(7) 

-51.0(8) 

-70.7(8) 

57.0(8) 

51.2(9) 

178.9(6) 

165.9(7) 

-66.4( 9) 

-57.1(8) 

174.5(6) 

-176.3(6) 

S5.3(9) 

66.8(9) 

-61.6(9) 

-53.5(8) 

66.6(8) 

-172.9(7) 

52.1(8) 

-180.0(6) 

-55.6(9) 

C(11)-C(12)-C(13)-C(18) 

C( 12)-C( 13)-c( 14)-C( 15) 

C( 17 )-C( 13)-c( 14)-c( 15) 

C( 18 kC( 13)-C( 14)-C( 15) 

C(12)-C(13)-C( 14)-C(8) 

C( 17)-c( 13j-c( 14)-C(8) 

C( 18)-C( 13)-C( 14)-C(8) 

C(7)-C(8)-C( 14)-C( 15) 

C(9)-C(8)-C( 14)-C( 15) 

Ct7 j-C(8)-C( 14)-C( 13) 

C(9j-C(8)-C(14)-C(13) 

C( 13)-Ci 14)-C( 15)-C( 16) 

C(8)-C( 14)-C(15)-C(16) 

C( 14)-C( IS)-C( 16)-C( 17) 

C( 15)-C( 16)-C( 17)-C(20) 

C( 15)-C( 16)-C( 17)-C( 13) 

C(12)-C(13)-C( 17)-C(20) 

C( 14)-C( 13)-C( 17)-C(20) 

C( 18)-C( 13)-C( 17)-C(20) 

C( 12)-C( 13)-C( 17)-C( 16) 

C(14)-C( 13)-C(17)-C(16) 

C(18)-C(13)-C( 17j-C(16) 

C( 16)-C( 17)-C( 20)-C(22) 

C( 13)-C( 17)-C( 20j-C(22) 

C(16)-C( 17)-C(2Oj-C(2 I )  

C( I3)-C( 17)-~(20)-c(21) 

C( 17)-C(20)-C(22,-C(23) 

C(2 I)-C(2O)-C(22)-C(23) 

C(20)-C(22)-C(23)-C(24) 

C(22)-C(23)-C( 24)-0(2) 

C(22)-C(23)-C(24)-C(25) 

O( 2)-C(24)-C(25 j-C(26) 

C(23)-C(24)-C(2S)-C(26) 

-66.9(8) 

171.1(6) 

48.2(7) 

-67.6( 8 )  

-58.1(8) 

179.1(6) 

63.38) 

-57.3(9) 

-179.6(6) 

178.4(6) 

56.1(8) 

-36.6(8) 

-166.7(6) 

10.7(9) 

148.3(7) 

18 3(8) 

79.4(9) 

-165.5(6) 

37.6(9) 

-1 54.9(6) 

-39.9(7) 

78.1(7) 

55.4(9) 

176.36) 

179.6(7) 

- 5 9 3  10) 

-151 3 7 )  

82.6(8) 

- 177.6(7) 

69.9(8) 

-166.4(7) 

60.7(9) 

-62.6( 10) 
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VITAMIN D3 ANALOGUES 255 

Atoms Angle AtornJ Augle 

C( 1 l‘)-C(l2’)-C(l3’)-C(l7‘) 166.1(7) C(26’J-C(25’)-C(271)-C(272) -97(2) 

C(1 I ‘ m  l2‘)-C(I3‘)-C(l4‘) 55.9(9) C(2J‘)-C(2S’)-C(271)-C(272) 942) 
C( ll’~-C~l2’~-C~l3’~-C~l8‘~ -67.49) C(26’)-C(25’)-C(272)-C(271) 112.2(17) 

C(7‘)-C(S’)-C( 15‘)-C( 15’) -55.3( 1 I )  C(24‘I-C12S’)-C(272)-C(271) -111.7( 16) 

TABLE V1.A Anisotropic displacenient parameters (A’ x lo3) for the non-hydrogen atoms with e.s. 
d’s in paranthesis for conipound I. The anisotropic displacement parameter factor exponent takes the 
form 2n’ (h’a*’u,,+ ....+ 2hka*b’~”,~) 
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2.30 K. RAJALAKSHMI CI d. 

TABLE V1.B Anisoiropic displacement parameters IA' x l o3 )  for the non-hydrogen ;itonis with e.s. 
d's in paranthesis for compound 11. The anisotropic displacement parameter factor exponent takes the 
forni 2 ~ '  (h2arZ,iI ,t ....+ ?hka"b*u12) 
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VITAMIN D3 ANALOGUES 257 

EX P E R I M E NTA L 

A suspension of the 1 : I  epimeric mixture of the hydsoxy ketal (10.5 g, 
23.5 mmols) in 80% aqueous acetic acid (100 ml) was heated on a steam bath for 
1 hr. It was then cooled to room temperature, poured into ice water (200 ml) and 
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cxtracted with ethcr (3 x 80 ml). Evaporation of the solvent furnished a 1 : 1 mix- 
ture of the epimeric keto alcohols (8.9 g, 94%). The mixture was separated on a 
silica gel (400 g )  MPLC column using ethyl acetate-pet ether ( 120) as eluent to 
? I \  L' the 24(S)-hydroxy coprastan (less polar. 3.7 g) and the 24(R)-hydroxy 
\qmstan (more polar. 3.65 g) as white solids. which were recrystallised from a 

I . I 0  mixture of ethyl acetate-pet ether. 
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VITAMIN D3 ANALOGUES 259 

Atom Y v U e q )  

H( 19A) 325 1 7093 416 102 

H(19B) 4772 7705 715 102 

H( I9C) 3044 694.3 898 102 

H(20) 7921 7369 2194 47 

H(21A) 11149 8122 2733 93 

H(2lB) 10092 807 1 2299 93 

H(21C) 11692 7135 2417 93 

H(22A) 8711 5712 3191 59 

H(22B) 10876 572 I 3009 59 

H(23A) 9538 7652 3462 62 

H(23B) 11757 7300 3378 62 

H(24) 9205 6093 3928 62 

H(25) 11638 4828 3679 75 

H(26A) 12781 4170 4326 153 

H(26B) 10523 4518 435 1 153 

H(26C) 12159 5355 4528 153 

H(27A) 14183 6240 3560 165 

H(27B) 14954 5084 3762 165 

H(27C) 14651 6194 4037 165 

TABLE V1I.B Coordinates of hydrogen atoms (~10‘) and isotropic displacement parameters (A’x 
10’) for compound I1 

Atom 2 V INeq) 

H(2) 2190 346 6828 155 

H(IA) 12069 915 3477 118 
W I B )  11402 678 407 I 118 

H(2.4) 10231 41 344 1 109 

11615 -69 3281 109 

H(4A) 9012 733 2660 107 

H(4B) 9728 995 2077 107 

H(5) 10875 1612 2718 107 

H(6A) 9488 2346 2959 134 

H(6B) 8995 2010 2353 134 

W7A) 7627 144s 2948 127 

H(7B) 7433 2139 3114 127 

H(8) 8483 2021 4060 95 
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979 1 

9632 

76x4 

8137 

673.3 

5562 

6183 

4770 

4337 

5567 

7569 

6936 

8304 

I 178.3 

11018 

105w 
5488 

6076 
5547 

6795 

3796 

3562 

3765 

3479 
1612 

1594 

1589 

I530 

2725 
-239 

-284 

37 I 

-3885 

-2483 

5480 
4093 

4315 

584 
1266 

413 

667 

I089 

1917 

'3'4 
I957 

1460 
745 

1 7 1  

2170 

1983 

I929 

1791 

2240 

1481 
777 

495 

73x 

5.35 

1164 

1047 

I665 
I205 

I902 
940 

1652 

I368 

1003 

1656 
I 590 

1080 

205 

1689 

1804 

1013 

-- 

463 I 

4856 

470 I 

5354 
3949 

372-1 

4253 

.4930 

U.37 

4808 

571') 

.i 246 

5145 

::7j 

4380 

3870 

5909 

5x23 
h455 

6190 

,57 1 -I 

5375 
6704 

0357 
6002 

6827 

7698 

"R.50 

'567 

1382 1 

h5OX 
-246 

2120 

1556 

.I560 
2417 

:I56 
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VITAMIN D3 ANALOGUES 261 

Atom x v Weq)  

H(2'2) 3693 759 2540 179 
H(4'1) 

H(4'2) 

H(5') 

H(6'1) 

Hi6'2) 

H(7'1) 

H(7'2) 

H(8') 

H(9') 
H( 11C) 

H(IID) 

H( 12C) 

H(12Dt 

H(14') 

H( 1 5C) 

H(15D) 

H( 16C) 

H( 16D) 

H( 17') 

H( 18D) 

H( 18E) 

H(18F) 

H(19D) 

H(19E) 

H( 19F) 

H(20') 

H(2 ID) 
H(21E) 

H(21F) 
H(22C) 

H(22D) 
H(23C) 

H(23D) 
H(24') 

H(26D) 
H(26E) 

H(26F) 

5178 

6.557 

6743 

6907 

6607 

5321 

4859 

4353 

3611 
2977 

2550 

1296 

978 

2633 

3287 

3447 

1304 

1522 

611 

23 12 

2899 
1508 

4922 

5413 

626 1 

20 
-1730 
-510 

-1173 
-1384 

-568 

-2795 

-1862 

-1841 
-4711 

4 5 7 9  

-5313 

127 

132 

1157 

506 

1189 

534 

223 

1457 

832 
2055 

1678 

1065 

1754 

512 

252 

942 

265 

913 

66 I 

I886 

2121 

223 1 

7390 

2087 

2136 

1678 
1789 
1931 

1301 

609 

755 
1289 

1719 

1029 
2025 
I379 

1'44.5 

1769 

1969 

I760 
880 

697 

114 

739 

386 

1496 

1230 

IS21 

I200 

1055 

550 
-414 

-630 

-672 

-986 

233 

-445 

I86 

55 

1603 

980 

1576 

-550 
103 
462 

566 
-426 

-1017 
-691 

-1035 
-1894 
-1444 

-1122 

-1755 

141 

141 

131 

178 

178 

154 

154 

114 

99 

128 

128 

120 

120 

107 

198 

198 

168 

168 

114 

206 
206 

206 

229 

229 

229 

131 
203 

203 

203 
193 

193 

204 

204 
157 
275 

275 

275 
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Single crystals were obtained by slow evaporation method for the compounds 
dissolved in ethonol and water. 

?4 (R)-HYDROXYCHOIFSA 1,CDIFN 3ONE 
('11 

24 (Sj-HYDROXYCHOLESTA- I .4 DIEN- 3-ONE 
bv) 

FIGURE 1 Chemical structure of the title compound 
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VITAMIN D3 ANALOGUES 263 

C24 
26 

c21 

FIGURE 2 Zortep diagram of the molecule with 30% probability displacement ellipsoids for coni- 
pound 1 

Crystal structure of I 

A colourless rectangular crystal of dimension 0.25 x 0.15 x 0.1 mm was selected 
for X-ray data collection. All X-ray measunnents were made at room tempera- 
ture on an ENRAF-NONIUS (CAD-4 diffractometer [5] using CuK, radiation 
( h  = 1.5418A). The cell refinement and data reduction were done using 
CAD4-software [6]. The data were collected at 293K using (0/28) scanning 
mode. Least-squres refinement of 25 well-centered reflections in the range 
13" 5 8 < 24" yielded a primitive orthorhombic cell in the space group P212121. 
During data collection three standard reflections periodically monitored showed 
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C26 

FIGURE -3 Zortep diagram of the niolcculc with 30% probability tlisplncement r l l~pso~da for m c > k  
cules I X. 2 of compound I1 
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VITAMIN D3 ANALOGUES 265 

no significant intensity variation. Corrections for Lorentz and polarisation factors 
were applied to intensity values but no absorption correction was made. A total 
of 3098 intensities were collected in the range 2.75" I 8 5 71.91" of which 2822 
were unique (Rint = 0.064). 

02 

A 

FIGURE 4 Stereo view of the molecule in compound I 

The structure was solved by direct methods SHELXS97 [7] and refined by full 
matrix least squares method on IF'( using SHELXL97[8]. Final refinement was 
carried out with anisotropic thermal parameters for all non H atoms. As only two 
oxygens are present in the molecule the absolute configuration could not be 
established unequivocally. However the assignment is based on the fact that C18 
and C19 in the steroid molecule will have to be in the 0-conformation. All the 
hydrogens were geometrically fixed and allowed to ride on the corresponding 
carbon atoms. The final cycle of full matrix refinement based on 2822 observed 
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FIGURE 5 Stereo view of the molecule in compound 11 
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VITAMIN D3 ANALOGUES 267 

reflections [1>20(I)] and 269 parameters converged to R = 0.052 with goodness 
of fit = 0.956. The largest peak and the deepest hole in the final difference map 
were 0.197 and -0.1 89 e . k 3  

1 
I 

C- 
\ 

C 

c 

3 / 

I 

b 
FIGURE 6 Packing diagram down a-axis in compound I 

Crystal structure of II 

A yellow coloured rectangular crystal of dimension 0.4 x 0.2 x 0.1 mm was 
selected for X-ray data collection. All X-ray measurments were made at room 
temperature on an ENRAF-NONIUS (CAD4 diffractometer) [5] using CuK, 
radiation (h = 1.5418A). The cell refinement and data reduction were done using 
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CAD4-software [61. The data were collected at 293K using (w/28) scanniny 
niodc. Least-squres refinement of 25 well-centered reflection in the ranges 8" 5 8 
5 22" yielded :i primilive orthorhonibic cell in the space group P2,2171. Dutiny 
data collection three standard reflections periodically monitored showed no siF- 
iuficant intensity variation. Corrections for Lorentz and polarisation factors were 
applied to the intensities but no absorption correction was made. A total of 5 130 
intensities were collected in the range 2.72" i: 0 i: 69.99" of which 5 11 8 were 
uniquc (R,,,, = 0.022). 

FIGIJRE 7 Packing diagram down h-axis in compound I1 

The structure was solved by direct methods SHELXS 97 [7] and refined by full 
matrix least-squares method on /F'I using SHELXL 97181. Final refinement was 
curried out with anisotropic thermal parameters for all non H atoms. A s  only two 
oxygens are present in the molecule the absolutc configuration could not be 

established unequivocally. However the assignment i s  based on the fact that C 18 
& C19 in the steroid molecule will have to be in the f3-conformation. All the 
hydrogens were geometrically fixed and allowed to ride on the correspondin_c 
carbon atoms. The final cycle of full matrix refinement based on 5 1 18 obscrved 
reflections [l>?o(I)] and 515 parameters converged to R = 0.0697 with goodness 
of f i t  = 0.953. 'The largest peak and the deepest hole in the final difference map 
were 0.207 and -0. 190e..k3 respectively. 
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-k P 

FIGURE 8 Stereo view showing the relative onentation of two molecules in the asymnietnc unit in 
compound I1 
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RESULTS AND DISCUSSIONS 

The fractional and atomic coordinates with equivalent isotropic displacement 
parameters for non-hydrogen atoms, selected torsion angies and hydrogen bonds 
for I and I1 are listed in Tables. Ia.Ib. IIaJIb, and 1TIa.IIib respectively. The con- 
formations of rings were analysed using PARST [9]. Fig. 1 shows the structural 
formulae, Fig. 2 and Fig. 3 were plotted (displacement ellipsoids are drawn at 
30% probabilty level) using ZORTEP Programme 101 for compound 1 6t I1 
respectively. The priority sequence attached to the chiral carbon C24 has 3" 
designation in compound I (Fig. 4) & "R" designation in both the molecules o f  
the compound I1 (Fig. 5) .  In compound 1 (Fig. 6) and i n  compound I1 (Fig. 7 )  the 
packing of the molecule is established by intermolecular O-H.. .O and C-H.. .O 
hydrogen bonds (Figs 6 -8j. The molecules are packed head to tail in compound I 
whereas in compound I1 the packing is different since the two molecules in the 
asymetric unit are almost perpendicular (Fig. 8) to each other. The average e.s. ds 
in bond lengths are 0.006A and 0.OlOA and in bond angles are 0.4" and 0.8" in 
isomers I and I1 respectively. The methyl atom C27' of the second iiiolecule in 
compound I1 is disordered with occupancies 0.6 and 0.4. The chair conformation 
of the rings A. B and C arc confirmed by the asymmetry parameters 9 2  = 
157(7)O, -169(8)". -97(3)"; 82  = 176(5)". 3(4)", X(4)" and q3 = -0.5?-5(5). 
0.562(4), 0.558(3) respectively in cornpound I and 9 2  = -175(31)". 77( I?-)". 
-17_5(11)": 82 = 179(8)", 3(8)",4(7)" and q3 = -0.541(8). 0.571(7). 0.556(7) in 

molecule 1 anti cp2 = -172(8)", llS(61)'. 40(4)": 82 = 172(11)". l (1)" .  9(7jc and 
9-1 = 0.523( 10,. 0.571(9). 0.684(9) [ I l l  in molecule 2 of compound II respec- 
tively. The five membered ring D adopts envelope conformation with asymmetry 
parameter q2 = -172(6)" and y 2 =  0.445(4) in compound I and with 
(p2 = - 167( I 1,"- I70(1)" and q2 = 0.468(7),0.451(8) respectively in both the mole- 
cules of compound 11. A/B rings are cis fused and substituents at (C8 & C9) and 
(CI? & C14) are at diaxial position in cyclohexane lings leading to trans confor- 
mation in both the compounds. The side chain attached to "D" ring at C I7 ii in 
extended conformation in compound 11. whereas i n  compound I except at thy 
position C23-1324 [the torsion angle C22-C23-C24-C25 = 62.2(6)"] the side 
chain is in extended conformation. The "S" conformer has been reported to be 
less potent (121 and it is not clear whether the difference in aclivity can be attrib- 
uted to the change in conformation at C2i-C24. In compound I the best plane 
passing through ring A makes a dihedral angle of 63( 1 )" with the best plane pass- 
ing through the cyclohexane ring B. The dihedral angles between ring B & C and 
ring C & D are 3.0( I )" & 6.8(2)" respectively. In both the molecules of com- 
pound I1 the angle between the planes A & B are 64(2)" gL 65(3)" while that 
hetween the planes B & C are 4.1(2)" 8( 7.33)"  and between C Br D are 2.3(2)' 
K: 10.4(3)". 
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