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Abstract - While acrylic acid esters olkylate enamine with 

free indole .MH group a t  position C - 1 ,  indole #-Me containing 

analogues react in o different way. The structure of the new 

products (&  and z )  hos  been elucidated b y  X-ray crystattography 

When Gi lbe r t  Stork i n  1954 s t a r t e d  h i s  work with enamines repor t ing t h a t  t h e  

a lky la t ion  of t h e  pyrrol id ine  enamine of cyclohexanone with methyl iodide 

followed by a c i d  hydrolysis l ed  t o  t h e  monoalkylated ketone, he opened up a 

2  new f i e l d  i n  syn the t i c  organic chemistry . I n  the years which followed enamine 

chemistry proved t o  be a valuable contr ibut ion t o  prepara t ive  chemistry, among 

o the r s  t o  a lka lo id  chemistry. 

In  the course of our s tud ies  aiming a t  the  t o t a l  synthes is  of indole a lka lo ids  and 

analogues it has been demonstrated t h a t  Michael addi t ion  t o  the  enamines represents 

3 a  key s t e p  i n  these  syntheses . Therefore we were in t e res t ed  i n  the de ta i l ed  

mechanism of t h i s  addi t ion .  For ins tance ,  using a c r y l i c  e s t e r  and Wenkert enamine 

4 
(Qbi a s  r eac t ing  pa r tne r s  i n  the f i r s t  elementary s t e p  a  zwitter-ion should be 

formed and i n  the  second one the  carbanion is  protonated by the  indole NH group: 



I n  order t o  l ea rn  what happens i f  t h a t  proton i s  not ava i l ab le ,  was methylated 

5 
with re thy1 iodide i n  acetone, i n  t he  presence of powdered KOH . The main product 

6 
( 7 0  8) w a s  i s o l a t e d  as i t s  perchlora te  ( 2 )  . I n  addi t ion  t o  t h a t  some quaternery 

s a l t  ?' was a l s o  i so la t ed .  Reduction of 3  by NaBH4 afforded i n  7 3  8 y ie ld .  
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The enamine & prepared fram 2 by t r e a t r e n t  of i ts  so lu t ion  i n  CH2C12 with NaOH 

(10 % so l .  i n  wa te r ) ,  unlike d id  not  r e a c t  with methyl ac ry la t e  a t  ambient 

temperature. In t e rac t ion  occurred only on bo i l ing  the components i n  toluene i n  t h e  

presence of kj% -butan01 f o r  30-40 h. Two products were i so la t ed ,  la9 i n  29 %, 

and ?lo i n  1.5 % y ie ld .  Due t o  redox s ide  r eac t ion ,  conpounds and 5 were a l s o  

i s o l a t e d  fram the react ion mixture 

Using tert -butyl  ac ry la t e  ins tead of methyl ac ry la t e  as a react ion par tner  with 

4a. was i s o l a t e d  i n  13 % y ie ld ,  which upon hydrolysis qave 1c13 carboryl ic  - 
acid14. The l a t t e r  compound was transformed t o  2 by using diazomethane. 

STRUCTURE ELUCIDATION BY X-RAY 

I n  add i t ion  t o  the usual spectroscopic methads15, s t ruc tu re  of la and 2 was proved 

by X-ray inves t igat ions  as well .  

  he s t ruc tu re  of compounds z.HC10 and _2.HC104 d i f f e r i n g  only i n  the  pos i t ion  o f  
4 

the rrethoxycarbonyl group (C23 f o r  and C22  f o r  2 )  a re  depicted i n  Figure 1. 



la. HCIO, - 

Figure  1. A s t e r e o s c o p i c  view of  t h e  molecu la r  s t r u c t u r e  o f  

la.HC1O4 and ?.HC1O4 - 

Accordingly,  the c o n f i g u r a t i o n s  o f  the  c h i r a l  c e n t r e s  ( i n c l u d i n g  the p r o t o n a t e d  

N4 a tomlare  as fo l lows:  

Of Course, t h e  s h i f t  of the methoxycarbonyl group f r o n  C 2 3  t o  C22 a l t e r s  t h e  

c h i r a l i t y  of  C 3 .  The conformations of t h e  des-E-eburnamenine s k e l e t o n  a r e  

e s s e n t i a l l y  t h e  same. Only t h e  puckering16 o f  t h e  f l e x i b l e  C r i n g  hav ing  a double 

bond a t  t h e  BIC j u n c t i o n  d i f f e r s  s l i g h t l y .  While i n  it is  a h a l f  c h a i r  i n  2 
it is  s h i f t e d  towards an  envelope form w i t h  C5 on t h e  f l a p .  This  i n  t u r n  h a s  a n  i m -  

p a c t  on t h e  shape o f  t h e  five-merbered E r i n g  through the cis- CIE r i n g  j u n c t i o n .  
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I n  la i t  is  o f  a t r a n s i t i o n a l  s t a t e  between t w i s t  c h a i r  and enve lope ,  w h i l e  i n  _2 

it aSSUrreS enve lope  form w i t h  N4 on  t h e  f l a p .  As shown by t h e  l o w e s t  asymmetry 

f a c t o r s 1 7  ( fCs(C17)  = 3.8 pm f o r  la a n d  1 . 6  pm for 2) f o r  the seven-membered 

r i n g s  ( F )  t h e y  p o s s e s s  i n  b o t h  s t r u c t u r e s  boat conformat ion  w i t h  C17 on t h e  

bowspr i t .  

I n  each  s t r u c t u r e  the 1 6 - e t h y l  group is  bound B - a x i a l l y  (C2O-Cl6-Cl7-Cl8 = -7711) - 
and 80(1) ' ,  r e s p e c t i v e l y )  t o  r i n g  D hav ing  a chair form. Presumably due t o  the 

s t e r i c  e f f e c t  o f  three 8-axial p r o t o n s  be long ing  t o  C6, N4 a n d  C18, t h e  t e r m i n a l  

C21-methyl groups p o i n t  o u t  from t h e  molecu les  w i t h  s i m i l a r  o r i e n t a t i o n  (C21-C20- 

-C16-C17 = -80 ( i ) O  and -79 ! l l O ,  r e s p e c t i v e l y ! .  The methoxycarbonyl  groups 

e x h i b i t  a-pseudo- o r i e n t a t i o n .  I n  C24 a s s u r r s  p o s i t i o n  w i t h  C2 abou t  

t h e  C23-C3 bond. I n  2 t h e  C23-C22 bond l i e s  i n  t h e  b e s t  p l a n e  o f  t h e  p l a n a r  

methoxycarbonyl moie ty .  

X-Ray C r y s t a l l o g r a p h i c  Data f o r  la.HCIOq and 2.HC10 . C22H29C1N206, M. W .  = 452.94. 4'  

C r y s t a l s  o f  are or thorhombic .  space  group P212121, a = 9 . 7 5 3 ( 3 ) ,  b  = 13.710 ( 4 1 ,  

- 1 
c = 1 6 . 2 3 4 ( 5 )  2, Z = 4, d  = 1.39 g ~ m - ~ ,  1, = 1 9 . 1  cm . C r y s t a l s  o f  _2 are mno-  

c l i n i c ,  s p a c e  group ?Zl /n .  a = 1 2 . 1 2 4 ( 3 ) ,  b  = 1 1 . 5 5 1 ( 2 ) ,  c = 1 6 . 6 2 3 ( 2 )  8,  
- 1 0 = 106.78 (2) ' .  Z = 4 ,  dc = 1 .35  g ~ m - ~ ,  = 18.6 cn . 

I n t e n s i t i e s  of b o t h  i so r re r s  la and 2 were c o l l e c t e d  on  a n  Enraf-Nonius CAD-4 

d i f f r a c t o m e t e r  a t  2 3 ( 1 )  c0 w i t h  g r a p h i t e  monochronated Cu-5 r a d i a t i o n  ( A  = 

= 1.54184 8 )  u s i n g  a n  -20 s c a n  i n  t h e  range 1 . 5  < e < 7 5 . 0 ~  w i t h  a scan 

width  a + 0 . 1 4 t a n e  (where  a was 0 . 4  far &. and 0 . 5  f o r  2). I n  each  case t h e  

l a t t i c e  p a r a m e t e r s  were  de te rmined  by l e a s t - s q u a r e s  from t h e  s e t t i n g  a n g l e s  o f  

25 r e f l e c t i o r s .  Three s t a n d a r d  r e f l e c t i o n s  were moni to red  i n  every hour .  They 

remained c o n s t a n t  w i t h i n  e x p e r i m e n t a l  error  th roughout  d a t a  c o l l e c t i o n  which 

r e s u l t e d  i n  1623 un ique  r e f l e c t i o n s  f o r  la and 3218 f o r  2. The phase problems were 

s o l v e d  f o r  bo th  S t r u c t u r e s  by d i r e c t  methods u s i n g  t h e  M U L T A N ~ ~  program. I n  t h e  

course o f  the l e a s t - s q u a r e s  r e f i n e m e n t  o f  t h e  p o s i t i o n a l  p a r a m e t e r s  a n  e m p i r i c a l  

19  
a b s o r p t i o n  c o r r e c t i o n  was c a l c u l a t e d  f o r  bo th  d a t a  s e t s  u s i n g  program DIFABS . 
The hydrogens were e n t e r e d  i n  c a l c u l a t e d  p o s i t i o n s  e x c e p t  H(N4) which was 

l o c a t e d  i n  bo th  s t r u c t u r e s  by d i f f e r e n c e  F o u r i e r  map. The H p o s i t i o n s  w i t h  a mean 

i s o t r o p i c  t e m p e r a t u r e  f a c t o r  were o n l y  i n c l u d e d  i n  s t r u c t u r e  f a c t o r  c a l c u l a t i o n s .  

The a n i s o t r o p i c  r e f i n e m e n t s  were t e r m i n a t e d  f a r  la a t  R = 0.057 u s i n g  908 



2 
r e f l e c t i o n s  w i t h  F' > 2.00 ( F  ) and f o r  2 a t  R = 0.072 us ing  1880 r e f l e c t i o n s  

w i t h  t h e  same c r i t e r i o n .  The h i g h e s t  peaks i n  t h e  f i n a l  d i f f e r e n c e  maps were 0.19 

( 4 )  and 0 . 4 1 ( 6 )  e.k?-3, r e s p e c t i v e l y .  The atomic s c a t t e r i n g  f a c t o r s  were taken  

from s t a n d a r d  tab lesZ0.  Coord ina tes ,  thermal  p a r a x e t e r s ,  bond l e n g t h s  and bond 

a n g l e s  have been d e p o s i t e d  w i t h  t h e  C r y s t a l l o g r a p h i c  Data Cent re ,  U n i v e r s i t y  

Chemical Laboratory,  Cambridre CB2 1Ew. England. 

MECHANISM 

The s t r u c t u r e  of  & and 2 b e i n g  c l a r i f i e d  ( t h e  compounds can alvJ be regarded  as 

a combination of i n d o l o q u i n o l i z i d i n e  and t ropane  s k e l e t o n ) ,  one may wonder about  

t h e  r e a c t i o n  sequence l e a d i n g  t o  t h e  end  produc ts .  

Scheme 1. 
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Presumably the iminium s a l t  2 p r e s e n t  i n  e q u i l i b r i u m  would r e l e a s e  a p r o t o n  from 

C-4 and the z w i t t e r - i m  8 would r e a c t  w i t h  t h e  a c r y l i c  a c i d  e s t e r .  The intemediate 

1 , s - d i p o l e  C forms t h e  new r i n q  system (Scheme 1 1 .  I f  t h e  i s o m e r i c  iminium s a l t 2  

i s  p r e s e n t  i n  t h e  e q u i l i b r i u m ,  t h e  p r o t o n  from p o s i t i o n  C-12b can  b e  released. and 

a g a i n  the same z w i t t e r - i o n  i s  f o r m d  which is  now p r e s e n t e d  i n  a n o t h e r  mesomeric 

form ( E l  . The i n d i c a t e d  a t t a c k  on  a c r y l i c  e s t e r  l e a d s  t o  t h e  minor p d u d  in a simi- 

l a r  way as  d e s c r i b e d  above. The a t t a c k  on C-4 may r e q u i r e  l e s s  a c t i v a t i o n  energy  

t h a n  o n  C-12b because  o f  s t e r i c  reasons, which e x p l a i n e s  t h e  p r o d u c t  r a t i o .  Instead 

o f  a s t e p w i s e  mechanism a c o n c e r t e d  a d d i t i o n  on t h e  1 , 3 - d i p o l e  ($,8_1is alsa feasible. 

The r e s u l t s  s t r o n g l y  s u p p o r t  t h e  assumption t h a t  t h e  i n t e r m e d i a t e  z w i t t e r - i o n  

indeed  a b s t r a c t s  t h e  p r o t o n  o f  t h e  i ~ i d o l e  NH group.  I f  it is  a v a i l a b l e  t h e  reaction 

t a k e s  a d i f f e r e n t  c o u r s e .  

M e t h y l a t i o n  o f  t h e  i n d o l e  NH group t h u s  p r e v e n t s  t h e  a l k y l a t i o n  a t  C-1, because  

p r o t o n  t r a n s f e r  from t h a t  group i s  exc luded .  Another  f a c t o r  c o u l d  be a s imple  

s t e r i c  h i n d e r a n c e  between t h e  N-Me group and t h e  e n t e r i n g  a l k y l a t i n q  a g e n t .  But 

c e r t a i n l y  t h e  f o r m a t i o n  o f  the two c a r b a n i o n s  ( 6  and _ B )  would be h i g h l y  u n l i k e l y  

i n  t h e  p r e s e n c e  o f  a n  a c i d i c  i n d o l e  NH i n  t h e  molecu le .  
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6. Compound : mp 225 OC ( m e t h a n o l ) ;  I R  ( K g r ) :  1610 and 1525 cm-' ( T = N ) ;  !HCl salt): 

1 
E m / z ( % ) 2 6 6  (M', 50.11, 251 ( l o o ) ,  237 (41 .01 ;  H NMR (DMSO-d6) 6 (ppm) 

0.98 (3H, t, J = 7.2 Hz, -CH2-CH3), 3.97 (3H. s ,  indole-N-Cgj) ,  3.90 (2H, m, 



H2 ( 4 ) ) ,  4 . 0 5  ( 2 H ,  m, H2 ( 6 1 1 ,  7 . 7 8 - 7 . 2 3  ( 4 H .  m, a r o m a t i c ) .  

7 .  Compol ind _5: mp 2 4 1 - 2 4 3  OC; 'H NMR (CDC13 i  6 ( p p n i  1 . 1 4  ( 3 H r  t ,  J z 7 . 2 ,  

-CH -CH ) ,  3 . 4 0  ( 3 H ,  s ,  N-Cg3) ,  3 . 6 2  ( 3 H ,  S, i n d o l e - N - C H 3 i .  4 . 9 6 - 3 . 7 6  ( 4 H ,  m, 
2  - 3  

H2 ( 4 )  a n d  H2 ( 6 ) ) .  7 . 5 9 - 7 . 1 2  ( 4 H ,  n, aromatic); 17c NMR (CDC13)  6 ( p p m )  

1 2 . 4  (q, CH2-CH3), 1 7 . 3 '  I t ,  C 7 i ,  1 8 . 5 +  ( t ,  C 3 i ,  2 7 . 2 X  ( t ,  C 2 ) ,  2 8 . 2 X  ( t ,  

% 
-CH -CH i ,  3 4 . 0  ( q ,  i n d o l e - : I - c H 3 ) ,  4 8 . 6  ( q ,  N -_CH3), 6 4 . 2  ( t ,  C 4 ) ,  6 6 . 9  2  3  

( t ,  C 6 ) ,  1 0 8 . 9  ( 5 ,  C 7 = i ,  110.8 ( d ,  C l l ) ,  1 1 9 . 2  ( d ,  C 8 ) ,  1 2 0 . 9  ( d ,  C 9 ) ,  1 2 4 . 4  

5 ( d ,  ClOi ,  1 2 5 . 4  ( s ,  C 7 b ) ,  1 2 7 . 8 '  ( s ,  c ~ ~ ~ ) ,  1 2 7 . 8 '  (3, cl!, 1 3 8 . 1  Is, c l l a i ,  

1 4 0 . 7  (3, ClZb1. 

8 .  C o m p o u n d  6 :  mp 7 6  OC ( m e t h a n o l ) ;  MS n / z  1 % )  2 6 8  (M', 7 0 ) .  2 6 7  ( 1 0 0 ) .  2 5 3  

1 
( 1 3 . 4 1 ,  2 3 9  ( 1 1 . 8 1 ,  1 8 3  ( 4 2 . 1 ) .  1 6 8  ( 2 5 . 7 ) ;  H  NMR ( C D C l 3 )  6 ( p p m )  0 . 7 4  

( 3 H ,  t ,  J = 7  H z ,  -CH2-C_H3!, 3 . 5 5  ( l H ,  m, W 1 1 2  = 6  H z ,  H  ( 1 2 b i i .  3 . 6 5  ( 3 H .  s ,  

i ndo le -N-C_H3) ,  7 . 5 0 - 7 . 0 0  ( 4 H ,  m, a r o m a t i c ) .  

9 .  M e t h y l  1 - m e t h y l - 3 a ,  19o-ethano-des-E-eburnamenine-23-syn-carboxylate 

( ~ ) . H c ~ o ~  s a l t :  mp 1 6 0  O c  ( m e t h a n o l ) ;  IR ( K B r )  1 7 3 8  =rnl ( e s t e r  C O ) ;  

(HC1  s a l t ) :  mp 2 3 7  OC ( m e t h a n o l - e t h e r ) ,  MS m / z  ( 8 )  3 5 2  (MC, 7 8 ) ,  3 5 1  ( 1 0 0 ) .  

1 
3 3 7  ( 7 . 7 1 ,  3 2 1  . ( 5 . 5 ) ,  2 9 3  ( 3 6 . 6 1 ,  2 8 2  ( 1 1 . 5 ) ;  H  NMR 1CDCl3, b a s e )  6 ( p p m )  

0 . 6 9  ( 3 H .  t ,  J = 7 . 0  H z ,  -CH -CH i ,  3 . 1 4  ( 3 H ,  s, i n d o l e - N - C H 3 ) ,  3 . 2 0 - 3 . 7 0  
2  - 3  

( 4 H ,  m ) ,  3 . 7 8  ( 3 H ,  s ,  - C 0 2 C H 3 ) ,  6 . 9 0 - 7 . 6 0  (4H.  m, a r o m a t i c ) ;  13c NMR I C D C l J )  

6 ( p p m l  1 2 . 9  ( q  , CZ1) ,  2 0 . 7  ( t ,  C Z O i ,  2 1 . 7  I t ,  C 6 i ,  2 2 . 1  ( t ,  C18), 2 8 . 5  

( t ,  C l71 ,  3 2 . 6  l q ,  C14i ,  3 3 . 2  ( t ,  C Z 2 i ,  4 6 . 3  ( d ,  C16) ,  4 6 . 9  ( t ,  C  1, 4 1 . 4  
5  

lq, 0 C H 3 i ,  5 3 . 9  ! d ,  C 2 3 i ,  6 3 . 8  ( d ,  C19i 7 3 . 6  ( 5 ,  C 3 i ,  1 0 8 . 4  ( d ,  C12i ,  1 1 1 . 5  

(s, C , ) ,  1 1 8 . 3  ( d  C g ) ,  1 1 8 . 7  ( d ,  C  !, 1 2 1 . 2  ( 2 ,  ClOi, 1 2 6 . 2  ( s ,  C 8 i ,  1 3 4 . 3  11 

, C  1 3 8 . 0  ( s ,  C13) ,  1 7 5 . 6  ( s ,  C o o - ) .  

lo .  C o m p o u n d  _2 (HC104  s a l t ) :  mp 2 3 2  OC ( m e t h a n o l ) ;  I R ( K B r i :  1 7 3 8  c m - l  ( e s t e r  

C O ) ;  MS m l z  ( % ,  b a s e )  3 5 2  ( M + ,  7 3 . 3 ) .  3 5 1  ( l o o ! ,  3 3 7  ( 5 . 1 ) .  3 2 1  5 . 1  2 9 3  

1 ( 5 6 . 6 1 ,  2 8 2  ( 1 1 . 6 ) ;  H  XMR (CDC13, b a s e )  6 ( p p m )  0 . 6 8  ( 3 H .  t, J = 7  H z ,  

-CH -CH ) ,  3 . 6 7  (3H.  s r  i n d o l e - N - C g 3 i ,  3 . 7 2  (3H.  s ,  - O C g 3 ) ,  3 . 8 1  ( 1 H .  m, 23-Hb 2  - 3  

6 . 9 - 7 . 5  14H, m, a r o m a t i c ) ;  13c NMR 1CDCl3 )  6 ( p p m i  1 3 . 0  ( q ,  CZ1) ,  2 0 . 9  ( t ,  

C Z O i ,  2 1 . 9  ( t ,  C 6 ) ,  2 2 . 3  (t. C18) ,  2 9 . 0  ( t ,  C17i.  3 1 . 7  (q, C14i.  3 6 . 9  ( t ,  c2$  

4 4 . 7  (d, C16i.  4 8 . 5  Id, C 2 2 ) ,  4 8 . 5  ( t ,  C 5 ) ,  5 2 . 1  , - 0 3  6 7 . 0  ( d ,  C l g l ,  

6 9 . 5  ( s ,  C 3 ) ,  1 0 8 . 7  ( d ,  C 1 2 ) ,  1 0 9 . 6  ( s ,  C 7 ) ,  118.0 ( d ,  c g ) .  1 1 9 . 0  ( d ,  Cl1),  

1 2 0 . 9  ( d ,  ClO), 1 2 6 . 3  ( s ,  C 8 i ,  1 3 7 . 7  (s, C13), 1 3 8 . 8  (s, C 2 i ,  1 7 6 . 1  ( s ,  COO-). 
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11. Compound 2 :  mp 213 OC (methanol); IR (KBr) 1628 cm-I (aromatic); IHCl salt): 

MS miz 265 (M+); 'H NMR (CDC13) 6 (ppn) 1.13 (3H, t, J = 7Hz. -CH2-CH31, 

1.77 (ZH, q, J = 7Hz. -CH2-CH3), 4.30 (3H. 5 ,  indole-N-CH3), 4.98 (2H. m, 

H2 (41 1, 8.25-7.28 (4H, m, aromaticl, 8.35 (lH, d, J = 6.4Hz, H (7) ), 8.68 

(1H. d, J = 6.4 Hz, H (6)). 

-1 12. compound (HC1 salt): mp 180 OC (methanol); IR (KBr): 1735 cm (ester COI; 

MS mlz 1%) 394 l +  22.6). 337 (45.51, 293 (52.3), 237 140.3). 223 (67.1). 

1 57 (100); H NMR (CDC13, base) b (pprn) 0.70 (3H, t, J = 7.0 Hz, -CH -CH ) ,  2 -3 

0.91 (9H, 5 ,  -C(CH ) I, 3.79 (3H. s, indole-N-Cg3), 6.9-7.5 l4H, m, aromatic); 3 3 

13c NMR (CDC13) 6 (ppm) 13.0 (q, C21), 20.4 It, CZO), 21.6 It, C61, 21.9 

(t, C18), 27.3 ( q ,  C(CH3 )3), 28.4 (t, C17), 33.0 ( q ,  C14), 33.3 It, C221, 45.9 

(d, C16), 46.7 (t, C5), 55.4 (d, C231, 63.5 (d, Clg), 73.1 I s ,  C3), 80.3 

( 5 ,  -C (CH313), 108.3 (d, C12), 110.9 (s, C7), 118.1 (d, Cg), 118.5 (d, Cll), 

121.0 (d, ClO), 126.1 I s ,  C81, 134.6 Is, C2), 137.6 Is, C13), 174.2 ( s ,  COO-). 

3 Compound G: mp 175 OC (methanol); IR (KBr): 3340 (OH), 1590 cm-l (COO-); 

MS miz ( % )  338 (M', 58), 337 118.71, 336 (loo), 293 (37.9), 281 (21.8), 266 

(37.41, 237 (32.2), 223 (20.4); 13c NMR (DMSO-d6) 6 (ppm) 12.5 (q, Cpl), 

20.2 (t. C20). 21.5 (t. C6). 21.9 (t. c18), 20.0 (t, Cl71, 32.7 lq ,  C 14" 

32.9 (t, CZ2), 45.1 (d, c16), 46.1 (t, c5), 53.1 (d, ~ ~ ~ ) , 6 2 . 9  (d, clg), 72.6 

( s ,  C3), 108.9 (d, C12), 110.0 Is, C7), 117.6 (d, Cg), 118.3 (d, Cll), 120.6 

(d, ClO), 125.6 ( s ,  C8), 135.1 ( s ,  C2), 137.5 ( s ,  C13), 176.0 ( s ,  cOOH). 

14. All products gave satisfactory elemental analysis. 

15. All NMR measurements were performed on a Jeol FX-100 instrument; + x 5 

Assigments may be interchanged. 

16. D. Cremr and J. A. Pople, J. An. Chem. Soc., 1975, 97, 1354. 

17. A. Kilmin, M. Czugler and K. Simon, in J. F. Griffin and 17. L. Duax (Eds.1, 

Molecular Structure and Bioloqical Activity, Elsevier Biomedical, New York, 

1982, pp. 367-376. 

18. P. Main, S. E. Hull, L. Lessinger, C .  Germain, P. J. Declercc! and M. 11. Wmlfmn, 

A System of Com~uter Praqrams for Automatic Solution of Crystal Structures from 

X-ray Diffraction Data, Universities of York, Gt. Britain and Louvain, Belgium, 

1978. 

19. N. Walker and D. Stuart, Acta Crystalloor. Sec. A,, 1983 g, 158. 

20. International Tables for X-ray Crystallaqraphy, Vol. 111, Kynoch Press, 

Bir3ingham. 1962. 

Received, 29th May, 1986 


