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Here, as given by Duax and Norton [q], the  length of 

the s t e ro id  i s  t he  d i rec t ion  pa ra l l e l  t o  the  ~(10)-G(13) 

direct ion,  the width i s  the dimension p a r a l l e l  t o  the  

O(12)-C(14) d i rec t ion  and t he  ehiakness i s  the  dimension 

orthogonal to t h e  length and the width. This  type of 

packing arrangement i s  frequently observed i n  s t e ro id  

s t ruc tu res  with two molecules p e r  uni t  c e l l  [29]. l?he 

thickness of t h e  molecule makes an angle of 3!i0 with the  

a-=is. The width of We molecule i s  at 8 O  t o  the b-axis 

and the length i s  a t  5" t o  the c-axis. Therefore, the 

modified Modgkin not a t ion  [29] i s  Ma350b80~5e, 211. 

The molecules a r e  arranged i n  c l ea r l y  separated 

layers  which a r e  pa r a l l e l  t o  t he  ab-plane. The adjacent 

molecules inside a l ayer  a r e  r e l a t ed  by the 2 ,  screw ax i s  

and hence a r e  oriented an t i pa r a l l e l  to  each other. Within 

each layer,  the  molecules are  t i l t e d  with respect t o  t he  

plane normal giving r i s e  t o  a emectic C-type of packing. 

This type of layered moleoular arrangement, with t h e  

moleoules within the layer oriented an t i pa r a l l e l ,  i s  found 

t o  occur i n  many s t e ro id  c rys ta l  s t ruc tu res  consis t ing of 

two molecules i n  t he  uni t  c e l l  [2Y]. Among the oholestane 

group of s te ro ids ,  choleeteryl  iodide [5] , 7-bromocholesteryl 

chloride [ 6 7 ,  3 \ 31-diChlo~-2fl ,  - 3~-d:;hydrocyclobutp~(2,3)-50~- - 
0holeatan-4~(3'H)-one [12] and 2a,3!-dichloro- - and 2 ~ , 3 & -  

dfibromo-5%-cholestane [83 a l l  have a lsimilar molecular 

arrangement i n  the  crystal .  I t  i s  in te res t ing  t o  note 



t h a t  the  moleoular s t ruoture  fo r  cholesteryl  chloride 

and brornide predicted by Bernal e t  a 1  [2] i n  1940, i s  i n  

broad agreement with the r e s u l t s  of t h e  present analysis .  

A s  mentioned i n  Chapter 1, t h e  cholester ic  l iqu id  

crys ta l  may be looked upon as a twieted nematic and there- 

fore ,  a chelesterogenic c rys ta l  s t ruc tu re  oould be 

expected t o  have an imbricate4 molecular arrangement as  

i n  the case of a nematogen. The layered arrangement of 

cholesteryl  chlor ide and cholesteryl  bromide seems t o  

suggest t h a t  these compounds may have a l a t en t  smectic C 

(or twisted smectic C )  phase which does not appear before 

the aompound transforms from the cholester ic  phase t o  t he  

so l id  phase. This poss ib i l i ty  i s  a l so  supported by the 

f a c t  tha t  cholesteryl  myristate [3] ,  uihich has a s imi lar  

layered arrangement of molecules i n  t he  c rys ta l l ine  phase, 

exhib i t s  a smectic A phase intermediate between i ts s o l i d  

and aholes ter ic  phases. 

I n  cholesteryl  chloride and bromide, the three-  

dimensional s Cructure i s  s t ab i l i sed  by non-bonded van der  

Waals f orces between the  molecules. Table 4.11 lists all 

the intermolecular oontact dirstances l e s e  than 4 f o r  

both t he  s t ructures .  There a r e  no significantly ehort  

intaxmolecular contacts. This i s  another common fea ture ,  

of many cholestane s t ructure8 and s ign i f i e s  the ra the r  

*loose '  packing i n  the  crystal .  The only intermolecular 
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crys ta l  may be looked upon as a twisted nematic and there- 
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i n  the caae of a nematogen. The layered arrangement of 

cholesteryl chloride and oholesteryl bromide seems t o  

suggest t ha t  these compowda may have a l a ten t  smectio C 

(or twisted meot ic  C) phase which does not appear before 

the compound transforms from the cholesterio phase t o  t h e  

s o l i d  phase. 'Phis goseibi l i ty  i s  also supported by the 

f a c t  that cholenteryl myristate [3],  &ich has a similar 

layered arrangement of molecules i n  the  cry8 t a l l i n e  phase, 
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and oholesteri  c phaares. 

I n  cholesteryl chloride an8 bromide, the three- 

dimensional rstructure i s  s tabi l i sed  by non-bonded van der 

Waals f orcee between the molecules. Zable 4.11 lists a l l  
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of many oholestane s tructures  and s ign i f i e s  the ra ther  

' loose' packing i n  the arystal .  The only intermolecular 



TABU 4.11 

0 

In termolecular  s h o r t  crontacts < 4 A 

(1)  Choles te ry l  C h l o r m  

~ ( 1 ) ~  - ~ ( 2 2 ) ~  3.82 

~ ( 2 ) ~  - ~ ( 2 4 ) ~  3.94 

~ ( 4 9 ~  - C1° 3.86 

~ ( 6 ) ~  - ~ ( 2 6 2 ) ~  3.89 

~ ( 7 ) ~  - ~ ( 2 6 2 ) '  3.40 

~ ( 7 ) ~  - ~ ( 2 6 ) '  3.93 

~ ( 8 ) ~  - ~ ( 2 6 2 ) ~  3.91 

~ ( 1 2 ) ~  - ~ ( 1 4 ) ~  3.96 

~ ( 1 6 ) ~  - ~ ( 2 1 ) ~  3.94 

~ ( 1 9 ) ~  - C(262) f 3.82 

~ ( 1 9 ) "  - ~ ( 2 7 )  f 
3.97 

~ ( 1 9 ) ~  - C 1  e: 3.38 

~ ( 2 6 ) ~  - ~ ( 2 ' 7 ) ~  3.83 

~ ( 2 7 ) ~  - ~ ( 2 7 2 )  i 3.80 

(ii) Choles te ry l  B r  anide 

~ ( 1 ) ~  - ~ ( 2 2 ) ~  3.72 1 
~ ( 4 ) ~  - BX' 3.85 

~ ( 7 ) ~  - ~ ( 2 6 2 ) '  3.44 

~ ( 7 ) "  - ~ ( 1 1 ) ~  5.69 

0 ( 7 ) ~  - ~ ( 2 6 ) '  3.86 

~ ( 8 ) ~  - ~ ( 2 6 2 ) '  3-70 

~ ( 8 ) ~  - ~ ( 2 6 ) '  3.83 

~ ( $ 9 ) ~  - ~ ( 2 7 ) ~  3.73 

~ ( 1 9 ) '  - ~ ( 2 6 2 ) ~  3.99 

~ ( 2 6 ) ~  - ~ ( 2 7 ) ~  3.81 

~ ( 2 6 ) ~  - ~ ( 2 7 2 ) ~  3.95 

~ ( 2 7 ) ~  - ~ ( 2 7 2 ) '  3.99 



oontaot d i e t ame  lesle than the BUS of %he t an  dor 

Waals r a d i i  is duo t o  the introduction of disorder 

i n  t h e  chain atone and i s  be-bween ~ ( 7 )  of one moleoula 

and U(262) of its neighbour re la ted  by the 2, screw 
0 

axie.  %his diatanae i e  eqyal t o  3.40 A i n  abolesteryl 

chloride an8 3.44 i n  aholestorgl broafde. Eaah 

molecule is surrounded by 10 noighb ours . 
lChe determination of the absolute configuration 

of the  moleculee, using anomalous soat ter ing off eota, 

is  under way. The r e su l t s  w i l l  be reported elsewhere. 
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CBYSZ1AL AND HOmCULAR STRUCTUm OF CHOUSTmYI; CHLORIDE 

AlE99 TEE SSOM0RPBOUS CBQ3iES'PERYL BROMIDE 

Oholesteryl ahloride ( O ~ ~ B ~ ~ C X )  and chole s t e r y l  

bromide ( c ~ ~ H ~ ~ B ~ )  ( III ) are oompounda belonging to  t h e  

o k o l e ~ t a n e  group of stlaroida, Both %ha compounds a r e  

i.e. , on heat$ ng , they tranrsf o r m  d i r  ecrtly t o  t hs i sof  rogic 

phase, but ,  while coolin&, pacsa through an i n t e m e d i a t e  
phase 

l i qu id  crystal l inei(aee be1 ow) . 
97O0 

Choleajrteryl Solid -- ---.3 163atropio 
chloride 'T / 

ChoZesLaryl 
bromide 

I O O e 5 @ @  
Solid *-) Isotropic 

T / 
\ 169'~ 
oh ole  e t  e r i  d 

They supercoal from the chalestexic  phase t o  the s o l i d  

Based on t h e i r  praliminary X- r a y  and o p t i c a l  

a tudies  i n  1953, Bernal and Crowfoot 111 gpedioted the 





o r i e n t a t i o n  of t he se  isomorphous molecules i n  t h e  u n i t  

c e l l .  La te r ,  Bernal  e t  a1 [ 2 ]  undertook sr s l i g h t l y  more 

d e t a i l e d  X-ray i n v e s t i g a t i o n  and worked out t h e  approxi-  

mate molecular s t r u c t u r e  as der ived from t h e  (h  o  1 )  

p r o j e c t i o n  P a t t e r s o n  syn thes i s .  No f u r t h e r  X - r e ~ r  s t u d i e s  

on t h e s e  compounds have been repor ted  i n  t h e  l i t e r a t u r e .  

Unlike t h e  X-ray data on nematogenfc and smecto- 

genic  compounds, s i n g l e  c r y s t a l  X-ra;y analyses  of 

cholesterogens have been very few i n  number. Apart from 

the  c r y s t a l  s t r u c t u r e s  of c h o l e s t e s y l  ch lor ide  and 

c h o l e s l e r y l  bromide reported i n  t h i s  chapter ,  c h o l e s t e r y l  

myr i s t a t e  ['j] is the  only o ther  compound e x h i b i t i r q  t h e  

c h o l e s t e r i c  me sophase whose crys  G a l  s t r u c t u r e  has been 

determined by s i n g l e  c r y s t a l  X- ray methods. But choles.t;eryl 

myr i s ta te  shows a smectic  A phase p r i o r  t o  the  c h o l e s t e r i c  

phase wh@reas, as already pointed out ,  cho l e s t e ry l  ch lo r ide  

and c h o l e s t e r y l  bromide exh ib i t  only t h e  c h o l e s t e r i c  phase. 

Barnard and Lydon [ 4 ]  have dQtennined t h e  uhit c e l l  

dimensions and space  groupe of a s e r i e s  of g-alkyl e s t e r s  

of oho lee te ro l  which e x h i b i t  c h o l e s t e r i c  mesophase. 

Rowever, c r y s t a l  s t r u c t u r e s  of a number of non- 

mesogenic compounds belonging t o  t h e  choleotane group of 

ecteroids have been repor ted .  These include c h o l e s t e r y l  

i o d i d e  [5] ; 7-bromo-cholesteryl bromide, ohlor ide  and 

methyl e t h e r  [6] ; 2@,3a-iLlchloro-5a=cholaatane [7] s - - 



2a, 3$-dibromo-5a-cholestane - - [ 8 ]  j 2a, - 3p-dichloro-5%- - 
choles tane  [ 8 ]  8 cho le s t e ry l  monohydrate [ g j  ; cholest-  

4-en-3-one [lo];  cho l e s t e ry l  g- toluene sulphonate [ l l ] ;  

4' 4'-diohloro 2p, - 38-dihydrocyclobuta(2,3)-5%-cholestan- - 
3' (4'H)-one [ 123 ; 3' ,3'-diohloro-2p - , 3  - l-dihydrocyclobuta 

(2,3)-5a-ohole~tan-4~-(3~~)-one - [I21 3 4p - ,5$-epaxycholestan- - 

3-one [ I  31 1 4$,5p-epoxycholestan-6-one +. - [ I 4 1  8 55,14p- - 

cholest-7-ene-3~!, 15p-diol - di-p-bromobenzoate - [ 159 1 

2,4-dibromocholeata-l , 4,6-tiriene-3-one [ 163 5 c h o l e s t e r y l  

17-bromoheptadecanoate [I71 5 and sodium c h o l e s t e r y l  Sulphat8 

d ihydra te  [18]. Berna l  e t  a1 [2] have surveyed a l a r g e  

number of s t e r o l  de r iva t i ve8  belonging t o  the  c h o l e s t e r ~ l  

s e r i e s  and recorded t h e i r  u n i t  c e l l  dimensions, space  

group and data on cryr j ta l  morphology and op t ics .  

4.2 Experimental 

oho le s t e ry l  ch lo r ide  and oho le s t e ry l  bromide were 

c r y s t a l l i s e d  from so lu t i ons  i n  acetone. Whereas c h o l e s t e r y l  

c h l o r i d e  c r y s t n l l i s e d  e a s i l y ,  the bromide a r y s t a l s  were 

obtained a f t e r  repeated  trials. Crystidls of both  the  

compounds were white,  t r ansparen t ,  p l a t y  and elongated. 

The bromide a r y s t a l e  ware very  amell  and f r a g i l e 8  the  

c h l o r i d e  c r y s t a l s  were b igger  and e a s i e r  t o  handle. 

Oso i l l a t i on  and Weissenberg photographs were 

recorded wi th  t h e  crystals of both t h e  compounds mowited 

along and perpcsndicular t o  t h e  needle axes. The d i f f r a c t i o n  



p a t t e r n s  showed that both t h e  o r y s t a l s  be lowed  t o  t h e  

monoclinic system and were isomorphow. The space 

group was determined as P2,, based on the  systematic  

e x t i n c t i o n s  of t h e  type  oko,  k odd. 

The d i r e c t  c e l l  dimension b was measured from the  

r o t a t i o n  photograph. The values of t h e  r e c i p r o c a l  c e l l  

dimensions ax, c' and p" were obtained from t h e  b-axis 

se ro  l e v e l  Weissenberg photograph and from these  t h e  

va lues  of a, c  and p were ca lcu la ted .  The d e n s i t i e s  of 

b o t h  t h e  c r y s t a l s ,  as measured by f l o t a t i o n  i n  aqueous 

potassium iod ide  so lu t i on ,  i nd i ca t ed  t h a t  t h e r e  were two 

molecules pe r  u n i t  c e l l .  The c r y s t a l  data f o r  bo th  t h e  

oompounds a r e  l i s t e d  i n  Table 4.1. 

I n t e n s i t y  d a t a  

Three-dimentlional i n t e n s i t y  d a t a  were recorded 

from t h e  r e c i p r o c a l  l e v e l s  h ~ 1 ,  K = 0 t o  4 f o r  oho lea te ry l  

ch lo r ide  and K = 0 t o  3 f o r  oho le s t e ry l  bromide. Mul t i f i lm 

egu i - inc l ina t ion  Weissenberg technique was used, w i t h  

n i cke l- f i l t e r ed  copper r a d i a t i o n  ( A  = 1.5418 ;h). The 

a h l o r i d e  c r y s t a l  used f o r  d a t a  o o l l e c t i o n  was i n  t h e  f o r m  

of an approximate oy l inder  of mean radius  0.018 cm (pr = 0.25) 

A s  mentioned e a r l i e r ,  t h e  bromide c r y s t a l s  were very mall  

and f r a g i l e  and hence could no t  b e  shaped i n t o  cy l inders .  

The bramitie c r y s t a l  used f o r  d a t a  a o l l e c t i o n  had a 



Crystal Data 

Moleoular weight 405.92 

a 10.82 - + 0.01 i 

Space group 

15; 2 

s 
C 1.02 apn. on-3 

q *  1.03 gin. 

p f o r  copper 13.41 om-" 
Kd radiat ion 

Oh01 esteryl  
bromide 

C27P145Br 



reotangultw orosn-aeotion of 0.035 x 0.005 um. Intensi ty 

da ta  from the okl reciprocal levels  were a l so  recorded 

with a chloride c r p t a l  of mean radius 0.022 om (pr 0.3) 

and a bromide aryletal of cross-aection 0.033 x 0.009 om. 

The diffract ion pat terns of both the compounds were 

r x  we& and faded away a t  re la t ive ly  low Bragg angles, 

The highest 8 recorded was only 42*5Z1 f o r  oholeeteryl 

chloride and 3 7 O 3 1 5 '  f o r  oholeeteryl bromide. The t o t a l  

number of independent, observable ref lect ions reaorded 

was 487 ana 293 fo r  the ohloride and the  bromide compounds 

respectively. These a re  only 8% and 5% of the t o t a l  

number of possible r e f l ea t i om i n  the respective CUgci. 

spheres . 
The intensitleer were estimated visual ly  by compa- 

r i son  with a calibrated s t r i p .  Each re f lec t ion  was 

measured at l e a s t  twice and averaged. The measured intenei- 

t i e s  were oorrected fo r  Lorenta-polarisation fac to rs  [ 193 

and spot shape ef fec t  [20]. 

Sfnce t he  chloriaa cryrstals ueed f o r  in tens i ty  data  

col lect ion were marly cylindrical ,  the absorption correction 

f o r  cyl indrical  specimens, as  given by Pam [213, wae applied 

t o  t he  oUoxide data. A s  mentione4 ea r l i e r ,  the  bromide 

oryetiale ueed were p la ty  with a rectangular cross-section. 

Hence, the aomputer programme ABSCOB, wri t ten by W e e h  



Harayan, based on the method of Busing and Levy [ 2 2 ]  

was used fo r  correcting the absorption e f fec t s  i n  the  

bromide data. This programme ABSCOR oalculates t h e  

absorption correct ion fo r  monoolinic crystals  of 

rectangular cross-section mounted a l o q  t h e  unique axis .  

Por c rys ta l s  mounted along the  non-unique axis ,  the  

programme is applioable only f o r  correcting the 

equatorial  ref lect ions.  The pr inc ip le  behind the  

calculat ions i n  ABSCOR i s  b r i e f l y  described below. 

Big. 4.1 (a)  shows the rectangular cross-section 

of a monoolinic c rys ta l  mounted along i t s  unique axis .  
A 

A rectangular coordinate system ( i ,  j, 2) is chosen with 
A n * -3 

i and j along the  reciprocal c e l l  vectors aW and b* 
h A 

so t ha t  k is perpendicular t o  i i n  the  as ox plane. 

The oross-section of the orys ta l  i n  the  xs-plane i s  a 

rectangle of dimermiom p x g with the  q edge oriented 
-3 -+ 

along the direct ion hoaE + loax and the p-edge being 

perpendicular t o  i t ,  i.e., the p-faces of t h e  crys ta l  

a re  pazal lel  t o  the planes (ho o 1,). 

The equations of the  four li nee bounding the  

c rys t a l  cross-section can be wri t ten down with respect  
A A A  

to the  coordinate frame ( i, j, k ) f n  t e r m  of p, q, 

ho, lo, etc. 

The Ewald sphere construction i s  shown i n  Pig. 4.2. 

For simplicity,  the  case of a 5ero l eve l  r e f l ec t i on  hol 





A A 

w i l l  be Pronsidered first. ni and nr w e  t he  uni t  

veotors along the  reverse d i rec t ion  of the primary 

beam, and the  forward d i rec t ion  of t he  d i f f raoted  beam, 

respectively.  8 i s  the  Bragg angle corresponding t o  the  -., - n - * 
W .  

re f l ec t ion  h o l  and 0 R i s  the vector ha" + l c  

the reciprocal space. i s  obtained by ro ta t ing  0 B 
i n  t he  clockwise d i rec t ion  by an angle (8 - 5) and 

normalising it. Similarly hnr i s  obtained by ro ta t ing  

03 by (2 - 8) and normaliaing it. 

h * 
Having obtained expressi one f o r  ni and nr , 

and the equations of the four  bounding l i n e s  of t h e  

c rys ta l  cross- section, the absorption correction i s  calcu- 

l a t ed  as  followtl. Phe rectangular c rys ta l  c ross  eec t ion  

is divided i n t o  a  g r i d  of n x m poin ts  (Fig. 4.1 (b)) .  

From any given gr id  point,  the  lengths af t h e  in teroepts  

on the four bounding l i n e s  of t h e  c rys ta l  a r e  calculated 
A 

along t h e  d i rec t ion  ni . The smallest posi t ive in te rcep t  

value (BD) i s  the length li traversed i n  the crye ta l  by 

the  incident beam. Similarly, the  len$th lr traversed 

by the diffracted bean is a l so  calculated (GR). The 

absorp%ion correction f o r  t h i s  gr id point i s  then given 

by e  
-1.1 (1141,) , where p i s  the l i n e a r  ab sorp ti on co- 

e f f i c i en t  f o r  the crys ta l .  Similar r d u e s  a r e  calculated 

fo r  a l l  the n x m g r id  points and these  a r e  averaged 

using the Simpsoa* s ru l e  f o r  in tegra t ion  [23]. T h i s  

integrated value gives the absorption correction 



corresponding t o  the h o l  r e f lec t ion  considered, 

The above discussion i s for  an equatorial r e f lec t ion  

of the  type hol .  IFor t he  higher level  ref lec t ions  

(k # 0) obtained from a crys ta l  mounted along the wique 

axis ,  the values of li and lr, as  calculated above, 

correcsgond t o  t he  projected path l e n g t b  i n  the  xa-plane. 

These values a rc  scaled up by a fac to r  sea u n  , where 

.L) i 8  the  ecgui-inclination angle co rrespondizlg t o  t h e  n t h  

l eve l  ( 1 kl= n) , t o  account f o r  t h e  deviation f rom the 

equatorial  plane. The scaled values a r e  then used f o r  

calculating; the absorption correction. 

ABSCOR was a l so  usea t o  estimate the absorption 

correction for  the okl type of equatorial ref lec t ions  

obtained from a c rys ta l  mounted along the a-axis. Bere, 

the value6 of the indices h and k, and f and b*, were 

i nterohanged during the c ~ c u l a t i o n s .  

The in t ens i t i e s  were scaled t o  an absolute value 

using Wilson's s t a t i e t i c s  [24] .  From t h e  Wilson's graphs, 

drawn using the t h r  ee-dimensi onal in tens i ty  data, the 

overall  isotropic temperature fac to rs  B were estimated 
02 .2 

a s  equal t o  7.1 A and 5.9 A , which correspond t o  
0 2 0 2 2 = 0.09 A and 0.07 A Tor t he  chloride and the bromide 

s t ructures  respectively. These values a r e  s l i gh t ly  high, 

especially f o r  t he  chloride s tructure,  and the paucity 



of t he  high angle observbd data i n  these s t ruc tures  

could be correlated t o  the l a rge  overa l l  thexmal 

parameters. 

Structure Detenaination - 
Since the  cholesteryl  bromide molecule contained 

t h e  heavy bromine atom, the s t ruc tu re  solut ion of t h e  

isomorphous compounds was attempted by the heavy atom 

method [25] w i n g  the  da ta  from t h e  bromide derivative.  

A three-dimensional bromine-sharpened Patterson map was 

computed using the in tens i ty  da ta  of choles tery l  bromide. 

I n  t he  space group P21, the  equivalent posit ions i n  the 
1 - 

un i t  c e l l  a r e  x, y, e &%n(l P, 7 + y, 5 . The Pat terson 
1 vector [u v w] = [2%, 2, 2Z.l r e p r e ~ e n t s  the  vectors  

between the atoms re la ted  by the  2, sacrew axis and, 

therefme,  the v = sect ion i n  the  Patterson map 

oorresponds t o  the Iiarker plane. %he veotor d i s t r ibu t ion  

i n  the  Patterson map waer highly direct ional .  The veotor 

density was found t o  be i n  the form of a s t r i p  running 

pa ra l l e l  t o  the c-oell edge. In ad& t i on  t o  the highly 

d i rec t ional  oharaoter, the very preferent ia l  d i s t r ibu t ion  

of t he  Patterson vectors i n  only a few aections of the 

map was very oonspicuous. Apart from the  plane v = 0, 

which included the self- vectors a t  the or igin,  the 
1 Barker plane v = 2 was the only other sect ion where 

vectors were found t o  be concentrated. The vector 



dis t r ibu t ion  i n  the other seot iom of the three-  

dimensional map only corresponded t o  the gradual f a l l  
1 of the peak d i s t r ibu t ion  found i n  t he  v 5 0 and v 5 2 

sect ions.  The vector  density d i s t r ibu t ion  i n  the Harker 

sec t ion  was i n  the form of a s t r i p  of approximate width 
0 

6 A running pa ra l l e l  t o  t he  z-axis and centred about the 

These fea tures  indicated t h a t  t he  molecules l i n e  u 1: 2. 
1 were arranged pa ra l l e l  t o  the c-axis a t  x = ;r (and by 

symmetry at x = 3 also)  i n  the uni t  c e l l .  The length 

of the cholesteryl  bromide, molecule is approximately 

19 i, and is  qui te  c lose t o  the length of the  o-cell  

edge, which is 21.83 i. f i g .  4.3 shows the  vector 

d i s t r i bu t i on  i n  the IIarker sec t ion  of the  Pat terson 

map. The Br-Br vector,  with a peak height nearly 1.5 

times grea ter  than t he  next highest  peak could be eas l ly  

iden t i f i ed  i n  the  Harker plane. The x and I, coordinates 

of the bromine atom were calculated from the  pos i t ion  of 

the Br- Br veotor i n  the I I  arker sect ion as  x = & and 

5 - s. The thee-dimensi om1 chlorine-eharpened 

Pat terson map was ale0 computed a t  t h i s  stage,  and it 

was found t o  contain a l l  the fea tu res  of the  bromine- 

sharpened Patteraon map described above. 

The x and 5 ooordinates of the  bromine atom 

obtained from the  Patterson map were refined by block- 

diagonal s t ruc ture  fac to r  l e a t - squa re s  prcoedure a f t e r  





0 2 
a s s i g n i w  the isotropic  tmpera tu re  fac tor  of 5.9 A 

obtained f ron  the  Wilson's graph. f n  the  space group 

P2,, since the or ig in  of the un i t  c e l l  has t o  be on t h e  

21 screw axis ,  and since there  is  no unique o r ig in  point 

.dong the unique a r i a ,  i n  order to  define the or igin,  

the y-coordinate of the bromine atom was assigned 

a r b i t r a r i l y  and kept fixed. The R-factor a t  the end of 

two cycles of refinement was 0.445. 

A bromine-phased Pouxier map and a difference 

Fourier map were next computed. The eleotron density 

d i s t r ibu t ion  i n  t h e m  map8 were mnning pa ra l l e l  t o  t h e  

0-axis, thus oonfirming the or ienta t ion  indicated by the 

vector density d i s t r ibu t ion  i n  the Patterson map. 

However, by p l a c i w  atoms on the prominent hi& peaks 

i n  $he electron density map, no sa t i s fac tory  molecular 

model could be f i t t e d .  ?here were w y  more high peeks 

than required. This fea ture  was probably due to  the  use 

of very l imited d a t a ,  &ich introduced very s t rong s e r i e s  

termination offeots .  Hence, as the next s tep ,  refinement 

of the occupancy f ac to r s  of 49 highest  peaks i n  the  

Fourier map8 was undertaken. (Fig. 4.4 rshdra the peak 

d i s t r ibu t ion  i n  the bromine-phased Fourier map.) Eaah 

of these peak poaitiona was wsigned a normaliscad occupancy 

fac tor  of 0.55 with the soattoring factorre of oarbon, so  

t ha t  t he  effect ive number 0.t' aoa t t e re r s  i n  t he  aarymmetric 

port  of the uni t  c e l l  was approximately equivalent t o  





27 carbon atoms, which i s  t h e  t o t a l  number of carbon 

atoms per  molecule. Phe a o n t r i b u t i  on of t h e  bromine 

atom waier included i n  t h e  s t r u c t u r e  f a c t o r  ca l cu l a t i ons .  

A t  t h e  end of two cyc l e s  of refinement of occupancy 

f a c t o r s ,  19 p o s i t i o n s  were found t o  have occupancy 

v d u e s  g r e a t e r  t han  0.7, while t h e  o the r s  had values  much 

l e s s  than 0.4. Occupancy v a l u e s  of 1.0 were asa lgne8 t o  

t he se  99 pos i t i ons  and f o u r  cyc les  of l eas t- squares  

Calcula t ions  r e f i n i n g  the  i s o t r o p i c  temperature f .mt o r s  

and t h e  p o s i t i o n a l  coordinates were ca r r i ed  ou t ,  ?he 

R-value reduced t o  0.314. A t  t h e  end of  t h e  f o u r t h  

cycle  of ref inement,  5 among t h e  19 pos i t ions  were found 

t o  have very high temperature f a c t o r s  (B >/ 20) and henoe 

were r e j e c t e d  from f u r t h e r  ca l cu l a t i ons .  The rena in ing  

14 atomic p o s i t i o n s  have been marked i n  Fig. 4.5. I n  

order  t o  apprec ia te  t h e  depar tu re  of t h i s  model from 

t h e  f i n a l  s t r u c t u r e ,  t h e  P i  na l  r e f i n e d  coord ina tes  have 

a l s o  been marked i n  t h i s  diagram. A Four ie r  map was 

computed including t h e  con t r ibu t ions  from t h e  14 atoms 

(carbons) and t h e  bromine atom. The e l e c t r o n  dens i t y  

d i s t r i b u t i o n  i n  th i s  mag was not  s u f f i c i e n t l y  r s so lved  

t o  ernable t h e  i d e n t i f i c a t i o n  of t h e  r e s t  of t h e  atomic 

p o s i t i o n s  i n  an unambiguous manner, b u t  a unique molecular  

model which explained a l l  t h e  major f e a t u r e s  of t h e  

e l e c t r o n  dens i ty  d i s t r i b u t i o n  could be f i t t e d  on t h e  

d i f  f u s e  densi ty .  Subsequent lsaet-squares c a l c u l a t i o n s  





proved t h a t  the t r ial  molecular model was correct .  

The model was further refined with both the bromide 

and the  obloride data. 

Due t o  t he  meagre mount of re f lec t ion@ data  

avai lable ,  the presence of 28 non-hydrogen atoms i n  the 

asymmetric pa r t  of the unit c e l l  leads t o  a very goor 

ref leot ions  t o  parameters r a t i o ,  the value being; ~n 4.1 

fo r  the chloride struo%ure and ~ 2 . 6  for the bromide 

s t ruo twe .  Efer~ctt, least-equares t eahdque  alone oould 

not be employed for  a meaningful. refinement of the 

s t rua tu re l  jtrourier and difference Fourier methods were 

coupled with the least- squares teahniqw during the 

refinement of the etructure.  After every two o p l e a  

of leeet- squares oalculations, Bourier and d i f  ferenae 

Bourier mapa were computed. The maps were computed 

a f t e r  removing the contributiorm of 6 t o  7 oarbon atoms 

a t  a time (2.e.. atoms belanging t o  a r i ng  or t he  end 

chain). Phis corresponded t o  nearly 75-80$ of the 
t o  

sca t te r ing  matter always put i n  ensure correct  phasing. 
I 

I n  general ,  the Fourier mags were conaidered more 

r e l i ab l e  and, whenever the least- squares refinement led 

to  bad molecular geomstry, t he  atomic coordinates were 

ad jueted only on the bas is  of t he  mapa. Phe coordinates 

derived on the basia of these maps were used i n  the  

subsequent least- squares calculations.  Thus, the 

poeit ione of a l l  the atoms i n  the  moleoule were adjusted 



with the help of a ae r ies  of Bourier and d i f  ference 

Fourier maps and leaat-squares refinement. 6 suocessive 

cycles of refinement with the bromide data  mploying 

t h i s  combination of teohniques reduoed the R-value t o  

0.183. A l l  the  atoms were refined ieot ropica l ly  riad 

Cruickshank's weighting scheme [ 2 6 ]  of the form 

W - l / (s t bBo + CF:) with n = 1.814, b = -0.014 and 

o E 0.001 was used, A similar ~ e f i a e m n t  on the t r i a l  

model using the chloride data and Cruickshank' s weighting 

soheme w i t h  a = 0.139# b = 0.207 and c -0.Q01 gave an 

R-value of 0.22. Since the number of ref lec t ions  f o r  

dholesteryl  chloride was s l i g h t l y  l a rge r  than for  

ohole steryl. bromide, a l l  fu r the r  refinement was carr ied 

out on the chloride atruoture. 

A t  t h i s  s t ags ,  sons of the atoms of the ahain 

a t  ~ ( 1 7 )  were found t o  have higher temperature Pactore 

than the atoms i n  the s t e r o l  nuolew. In  pa r t i cu la r ,  

the themal  parameterrs of ~ ( 2 5 ) ,  ~ ( 2 6 )  am¶ C(27) were 

found t o  be s ign i f i can t ly  large.   tom numbering i s  
-- 

shown i n  Pig. ). I n  the chloride struotuse,  t h e  - 
.z 

aversge B value f o r  the s t e r o l  r i n g  systceun w a s  10.4 - A 
02  

and thoae of C(25), C(26) and ~ ( 2 7 )  were 17.8 A , 
0 2 0 2 

15.1 A and 18.3 A respectively. ALSO, the molectular 

Uimensions involving these three atoms were very 8 i Z f e r a t  

from the standard values. The bond distances ~ ( 2 4 ) - ~ ( 2 5 ) ,  

~ ( 2 5 ) - ~ ( 2 6 )  and C(26)-C(27) were 1.80 1, 1.28 1 and 



0 

1.68 A respec t ive ly .  A l l  of them correspond t o  C .- c 
s P " p 

3 

type  of bonds. S imi la r  unusual f ea,turerp were found t o  

occur i n  t h e  bromide s t r u c t u r e  a l so .  Planual ad jus tnen t  

of t h e s e  pos i t ion6  was not e f f e c t i v e  a s  t h e  leas t- squares  

s h i f t s  always tended t o  mow t h e  atoms back t o  t h e  o r i g i n a l  

p o s i t i o n s ,  l e ad ing  t o  unsa t i s fac to ry  molecular dimensiorm. 

'Phase d i s conce r t i  ng f e a t w e s  sugerested t h e  presence of 

d i so rde r  i n  t h i s  p a r t  of t h e  molecule. Hence, a d i f f e r ence  

Bourier  map was computed us ing t h e  c h l o r i d e  data, a f t e r  

removing t h e  con t r ibu t ions  from t h e  t h r e e  atoms. The 

mtap contained very  d i f f u s e  rare- of p o s i t i v e  e l e c t r o n  
n 3 o 3 

dens i ty ,  the value varying from l e / ~  t o  3 e / ~  . On t h i s  

d i s t r i b u t i o n ,  two s e t s  of pos i t i ons  could be f i xed  f o r  each 

of t h e  t h r e e  carbon atoms which were not included i n  t h e  

map. Fig. 4.6 shows t h e  canposi te  e l e c t r o n  densi ty  d i s t r i -  

bu t ion  i n  t h i s  r eg ion  and t h e  two s e t s  of p o ~ i t i o n a  assigned 

for the  t h r e e  cha in  atoms. Least- squares refinement of 

t h e  occupanoy f a c t o r s  of thelse two s e t s  of pos i t ions  was 

c a r r i e d  c u t ,  s t a r t i n g  with an in i t i a l  va lue  of 6.5 f o r  each  

of them. The occupancy f a c t o r s  of t h e  two s e t s  r e f i n e d  

t o  t h e  values  0.65 and 0.35 r e s p e c t i v e l y  i n  four  oyclee. 

The s e t  with t h e  occupanoy value 0.65 corresponds t o  t h e  

o r i g i n a l  s e t  of pos i t i ons .  

Another s t r i k i w  f e a t u r e  noted from t h e  d i f f e r ence  

map was regaxding t h e  atoms 01 and t h e  cova len t ly  bonded 

carbon atom C(3). The d i f f e r ence  e l e o t r o n  dens i t y  d i s t r i -  



o 4, 6r laite eleaiwon denrlt distiribuWcm i s  Phe 83f . . . aca.r, .egg-. 6. two set. .I par l t io  
f i t t e d  tor? bhe ohain atio~lr 4(25), ~(26) and 4(27 ?" --- - -  
have boon marked. 



b u t i o n  near  t h e  C l  and C(3) p o s i t i o n s  i nd i ca t ed  h igh ly  

an i so t rop i c  t h e m a l  motions f o r  t he se  atoms and there-  

fore ,  i n  t h e  subsequent od.culat ione,  G 1  and C(9) were 

assigned an i so t rop ic  thermal parameters. Five more 

cyc l e s  of block-diagonal l eaa t - s  quarea refinement wi th  

an i so t rop i c  t h e m a l  parremeters f o r  C l  and C('f), a l t e r n a t e d  

with Four ier  and d i f f e r e n c e  Four ie r  syn thes i s ,  reduced 

t h e  it-factor t o  0.18. The two se-crr of pos i t i ons  f o r  

C(25), C(26j and C(27) were a l s o  r e f i n e d  i s o t r o p i c a l l y .  

The molecular dimen%iorlB I n v o l r i ~ ? g  t h e  atorno i n  t h e  end 

cha in  haU no t iceab ly  improved a f t e r  inc luding t h e  d i so rde r  

i n  t h e  l eas t- squares  re f inanen t .  In  the  course of  t h e  

laaat- squares  refinement,  t h e  low ang le  r e f l e c t i o n s  

710,  200 and 207 had Fo values much g r e a t e r  than  t h e i r  

respect ive,  Po va lues  and hence were corrcscted f o r  the  

aeoondary e x t i n o t i o n  e f f e c t  by t h e  method of Zachariasen 1271. 

!the fePineil ooordinat aa o f  cho1est;caryl c h l o r i  de  

were used t o  r e f i n e  t h e  s t r u o t u r e  of  c h o l e s t e r y l  bromide. 

Five cyc les  of l eas t -B  quares ref inement,  a l t  e rna t  ed w i t h  

Four ier  and d i f f s r e n a e  Four ier  syntheses,  using t h e  

bromide data, gave an 31-value of 0.1 55. The atoms B r  

and 0(3) were assigned an i so t rop io  thermal parameters  

dur ing t h e  refinement.  The r e f l e c t i o n s  I l k  and 200 were 

uorrected  f c r  secondary e x t i n c t i o n  e f f e c t s .  

The refinement of t h e  an i so t rop i c  thermal parameters 



f u r  t h e  remaining atoms i n  t h e  molecule was not  under- 

taken due t o  %he lack  of a sufficient number of r e f l e c t i o n s .  

The s c a t t e r i n g  f a c t o r s  given by Cromer and Waber [28] were 

used i n  these  a a l c u l a t i  o m .  Correot i  ons f o r  t h e  anomlous  

s c a t t e r i n g  e f f e c t  have not been included.  

4.4 Resul ts  - and Discussion - 
The f i n a l  p o s i t i o n a l  and thermal parameters of 

e h o l e s t e r y l  ch lo r ide  and cho les texy l  bromide a r e  l i s t e d  i n  

t a b l e s  4.2 and 4.3 respectively. Tables 4.4 and 4.5 g ive  

t h e  reapeot ive  s t r u c t u r e  f ac to r s .  (Che in tera tomic  d i s t a n c e s  

m e  marked i n  Figures  4.7 and 4.8 and t h e  valency ang le s  

w e  l i s t e d  i n  Tables 4.6 and 4.7 reepeat ively .  As 

mentioned e a r l i e r ,  t h e  number o f  observed r e f l ec t i o rm was 

very small  and consequen-tly, t h e  s tandard  dev i a t i ons  of  

t h e  molecular dimensions a r e  high. However, as! t h e  number 

of observed r e f l e c t i o n s  Pcr t h e  c h l o r i d e  s t r u c t u r e  was 

s l igh t ly  more than t h a t  f o r  t h e  bromide s t r u c t u r a ,  t h e  

s tandard  dev ia t ions  f o r  t h e  dimeriaions i n  t h e  f o ~ m e r  a r e  

found t o  be. s l i g h t l y  lower than thoee i n  t h e  l a t t e r .  Even 

thoiigh t h e  accuraoy of t h e  s t r u c t u r e  determinat ion i s  

lowered on account of t h e  l a r g e  standard deviatiolaa of 

t h e  molecular dimensions, the  d e t a i l s  of t h e  conformation 

of t h e  molecule and t h e  molecular packing i n  t h e  c r y s t a l  

a r e  not d isputable .  The leng ths  o f  t h e  unsatura ted  C-C  

bonder i n  t h e  s t e r o i d  skele ton average t o  1.55 _+ 0.08 
0 

and 1.58 _+ 0.17 A i n  t h e  ch lo r ide  and t h e  bromide s t r u c t u r e s  
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respectively.  The average values of the  valency angles 

involving sp3 hybridized carbon atoms i n  the ayclohexane 

r ings  of the chloride and t he  bromide s t ruc turee  a r e  

110 - + 4 O  and 111 - + respeotively. The valency angles 

i n  the cyolopentane r i ng  average t o  102 _+ 4O and 104 _+ 8* 

respectively. 

The molecular dimensions of the terminal chain, 

par t ioular ly  i n  the  region beyond the  atom C(24) ,  are  

not r e l i a b l e  b~)cauge of the disosder i n  t h i s  region. 

Other c rys ta l  e t ruc tures  i n  the  choleatane ,group of 

s t e ro id s  exhibit ing a similar type of disorder i n  t he  

trme region of t he  molecule a r e  cholesterol  monohydrate 
[9],  cholesteryl  myristate [3] ) cholesteryl  + p-toluene 

sulphonate [ I  11, cholestsryl  17-bromoheptadecanoate [I71 

and sodium cholesteryl  sulphate aihydrater [ la] .  Chandross 

and Bosdner [ 1 I ]  propose t h a t  such a  disorder  of t he  

molecule could be of significance i n  the study of biological  

membrane systems and may be taken a s  an ina ica t ion  t h a t  

the  ' t a i l '  is i n  a  l iqu id  or semi-liquid s t a t e  i n  t he  

membrane system. 

The appropriate r i ng  tore ion  angles f o r  the two 

cryatn l  s t ruc tures  axe l i s t e d  i n  Tablsa 4.8 axid 4.9 

respectively.  'She average8 of t h e  endocyclic tors ion  

angles of t he  r ings A , B , C  an8 D i n  the  cholesteryl  ohloride 

molecule are  48*, 30°, 63@ and 36' respectively. The 



Soraion Angles ( O )  - Cholesteryl Chloride 



PABm 4.9 - 
Torsion Ar@Zes ( O )  - CholesteryL Bromide 

Ring; B 

~(40)-~(5)-C(6)-~(7) 

~(5)-~(6)-C(7)-C(8) 
~(6)-~(7)-C(8)-~(9) 
~(7)-~(8)-~(9)-~(10) 
c(~)-c(~)-C(~O)-C(~) 
c(~)-C(~)-C(~O>-C(~) 



oorresponding values f o r  dholesteryl bromide a r e  53', 

37°r 4g5 and 30e. The nomenolature f o r  the r ings  i s  as 

shown i n  (111). The asymmetry parameters, ACs and 

h a Z ,  of Duax an8 Norton [29], which define the  deviation 

of the amformation of a r i ng  from the idea l  oollrormations, 

have been odcu l a t ed  f o r  the r ings  of both t he  s t ruo tu res  

These a r e  l i s t e d  i n  Table 4.10. The mirror plane 

asymmetry parameter ACs given by 

i s  a measure of the deviations from mirror symmetry about 

a plane perperaioular t o  the doninant r i n g  plane. The 

two-fold axis  asymmetry parameter given by 

i s  R measure of t he  deviat iom from two-fold symmetry 

about an axis  ly ing  i n  the &ominant r ing  plane.  The 
Y 

$is and 9J.s a re  erymmetry re la ted  toreion angles 

and m is the number oP such pa i rs  (Fig. 4.9). The nomen- 

c l a tu r e  d t a f i n i q  the loca t ion  of an asymmetry parameter 

includee the symmetry symbol and the  lower numbered atom 

or  bond intersected by the  symmetry element. For example, 



'SABLE 4.10 

(i) For ChoZeeteryl ohloride 
--me-.--.- 



%able 4.10 (continued) 

( i i )  For Choleateryl bromide - 
Ring A ACs(l) = 7 .8  AC2(1-2) - 15.7 

Ac,(2) P 12.1  Ac2(2-3) = 9.8 

Acs(?i) = 8.1 A c 2 ( 5 4 )  = 7.8 

Ring D ACs(13) m 13.2 AC2(13-14) = 6.5  

(94) = 23.3 a Ac,(14-15) 49.0 
AcB(15)  = 49.3 AC2(15-16) = 72.9 

AC,(l6) = 57.1 AC2(16-17) = 68.9 

ACB(17) = 44.6 AC2(17-13) = 58.7 





i n  Fig. 4,9(a), t he  two-fold ax i s  b i seo t s  t h e  bonds 1-2 

and 4-5, an& hence %he correspondin$ asymmetry parameter 

i s  represented as hC2(1-2). Similarly,  the  asymmetry 

parametier connected with the mirror g r a m  passing through 

otoma 2 and 5 (shown i n  Fig. 4.9(b)) 1@1 represented as 

AC, (2 ) .  

R ings  A and C i n  the  molecule a r e  i n  chain 

aonfoxmation with r i n g  C more d i s to r t ed  than r i n g  A. In 

r i n g  C, the  mirror plane t"lrough the  atoms ~ ( 1 1 ) - ~ ( 1 4 )  is 

dominant. Ring B has an f3fi,93 half- chair conformation 

induced by the double bond between C(5) and C(6). R i n g  

D i s  i n  1 3 g , 1 4 ~  half- chair conformation. 

A survey o f  t h e  r i n g  conf omat ions  i n  the various 

crystal. s t ruc tu res  belonging t o  the  oholestane group of 

s t e r o i d s  indica tes  t h a t  cyclohexane r ing@ comprise& of 

ap3 hybridiaea carbon atoms tend t o  have cha i r  confornation. 

This is found t o  be t sue  i n  the case of oholesteryl  ohloridcu 

and oholesteryl  bromide. It would be appropriate t o  

conpare these isomarphous c rya ta l  s t m c t u m e  *.~ith those 

of cholesteryl  iodide (form B) [ 51, choleeteryl  y -toluene - 
su r f  anate [ 1 I] an& aoaiunl ohale&-l;eryl ~lulphate  dihydrata 

[I@] uincs a l l  tllesca have iidentioal. s%ero%d nkele'coxls, 

with R double bond betwcsern C ( 5 )  and ~ ( 6 ) .  It i a  found 

t h a t  the  oonformationa o f  r ings  A, I) and C a r e  t h e  same 

i n  a l l  these s t ruc tures .  Ring D i n  choleeteryl  iod ide  



is in 13$, 17% half- chair conformation, whereas i n  a l l  - 
%he others it i e  found t o  have t he  13@,14a - half-chair 

conformationr The A-B ring junctions i n  cholesteryl  

ohloride and cholesteryl  bromide a r e  quas i -em@.  2he 

other two r i ng  Junctions, viz. , B-C and C-D a r e  %-ram-. 

This i s  i n  conformity with the  r i ng  junction geometry 

required i n  the cholestane group of s t e ro ids  [30]. The 

s ide  ahain a t  ~ ( 1 7 )  is i n  an extended co~cxmat ion .  2he 

pseudo-torsion angle ~ ( 1 9 ) - ~ ( 1 0 )  . . . C(13)-O(16) i s  15. 

in t h e  chloride, s t ruc tu re  and 11° i n  t he  bromide s t ructure.  

The ccrreeponding value i n  the  crystal. s t ruc tu re  of 

cholesteryl  iodide [5] is 7O, Thus, the overal l  apparent 

t w i s t  of the s te ro id  nucleus i n  these  arys ta l  s t m c t u r e s  

i s  Smal l .  

Fig. 4.10 givee the  perspective view of t he  

cholesteryl  chloride moleaule, I n  Fig. 4.11, the f inal  

posit ional coordinates of cholesteryl  chloride and 

cholesteryl  bromide have been plot ted together t o  enable 

a aomparison of the isomorphow s t m c  tu res*  

Fig, 4 r 1 2 and 4 1 3 show the  molecular packing i n  

the ac- and bc-planes f o r  cholesteryl  chloride. Since 

the  packlng diagrams for  cholesteryl  bromide a r e  i den t i ca l ,  

they a r e  not shown separately. The un i t  c e l l  i s  two 

molecules thick,  one molecule wide and one molecule long. 





?larue 4 .11~  A t a e  eoordina%ea of cholesteryl ehlsride a@ eholeetergl 
brsmlde plotted together fer ecmpaxisen. 
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