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1,3-DIPOLAR CYCLOADDITIONS OF DIAZOALKANES TO HETEROAROMATIC 

SYSTEMS. THE SYNTHESIS OF T R I A z o L O [ ~ , ~ - ~ ]  [I ,2] DIAZEPINE AND 

C Y C L O P R O P A [ e ] P Y R A Z 0 L 0 [ 4 , 3 - c ] A Z O L D [ l , 5 - a ] P I D I N E  DERIVATIVES 

B r a n k o  S t a n o v n i k ,  Gorazd H a b j a n ,  M iha  T i S l e r ,  L j u b o  G o l i f , a n d  
I v a n  Leban  

D e p a r t m e n t  o f  C h e m i s t r y ,  E d v a r d  K a r d e l j  U n i v e r s i t y ,  
61000 L j u b l j a n a ,  Y u g o s l a v i a  

A b s t r a c t  - 1 , 3 - D i p o l a r  c y c l o a d d i t i o n  o f  2 - d i a r o p r o p a n e  t o  6-me- 

thyl-8-phenylsulphonyl-s-triazolo[4,3-b] p y r d a i n  (A), 6 - n i t r o -  

s-triazolo[4,3-alpyridine ( 9 )  and 6-nitrotetrarolo[1,5-alpyridine 

(10) p r o d u c e d  t h e  c o r r e s p o n d i n g  c y c l o a d d u c t s ,  w h i c h  we re  t r a n s f o r -  

med i n t o  d e r i v a t i v e s  o f  s - t r i a z o l o C 4 . 3 - b ]  [ 1 , 2 ] d i a z e p i n e  ( 5 ) ,  cy -  

clopropa[e]pyrazolo[4,3-c]-s-triazolo~1.5-a]pyridine (13) and  c y -  

clopropa[e]pyrazolo[4,5-c]tetrazolo[1,5-a]pyridine (E), r e s p e c -  

t i v e l y .  

R e c e n t l y ,  we have  d e s c r i b e d  t h e  h i g h l y  r e g i o s p e c i f i c  c y c l o a d d i t i o n s  o f  d i a z o a l k a -  

nes bo b i c y c l i c  a z o l o -  and  a z i n o p y r i d a z i n e s  i n  w h i c h  t h e  c o r r e s p o n d i n g  a z o l o p y r a -  

2010-  and  a z i n o p y r a r o l o p y r i d a z i n e s  a r e  f o r m e d  i n  h i g h  I t  has  been ob-  

s e r v e d  t h a t  t h e  c y c l o a d d i t i o n  i n  m o n o c y c l i c  p y r i d a z i n e s  i s  d e p e n d e n t  on  t h e  sub -  

s t i t u e n t s  a t  t h e  p o s i t i o n  4 a n d / o r  5 .  However,  o n l y  h a l o g e n a t e d  d e r i v a t i v e s  h a v e  

been s t u d i e d .  
9 

I n  s - t r i a z o l o [ 4 , 3 - b l p y r i d a r i n e  s e r i e s  t h e  c y c l o a d d i t i o n  o f  2 - d i a z o p r o p a n e  i s  t a -  

k i n g  p l a c e  r e g i o s p e c i f i c a l l y  t o  g i v e  pyrazolo[4,3-d]-s-triazolo[4,3-blpyridazines 

as t h e  o n l y  The d e r i v a t i v e s  o f  t h e  i s o m e r i c  s y s t e m ,  i . e .  p y r a z o l o -  

r3.4-dl-s-triazolo[4,3-blpyridazine, h a v e  been p r e p a r e d  o n l y  by  a n  i n d e p e n d e n t  p r o -  

c e d u r e  s t a r t i n g  f r o m  tetrazolo[l,5-blpyridazines f o l l o w e d  b y  a z i d o - t e t r a z o l o  i s o -  

m e r i z a t i o n .  
4  

I n  o u r  a t t e m p t s  t o  p r e p a r e  t h e  d e r i v a t i v e s  o f  t h e  i s o m e r i c  s y s t e m  p y r a z o l o i 3 , 4 - d l -  

s-triazolo[4,3-blpyridazine by d i r e c t  c y c l o a d d i t i o n  o f  d i a z o a l k a n e s  we p r e p a r e d  

some 8 - s u b s t i t u t e d  s-triazoloE4.3-blpyridazines, s u c h  as  8 - c h l o r o -  (l), B - p h e n y l -  

t h i o -  ( L ) ,  8 - p h e n y l s u l p h i n y l -  (3) and  8-phenylsulphonyl-6-methyl-s-triazolo[4,3-bj 

p y r i d a z i n e  (4). When t h e  compounds 1-3 were  t r e a t e d  w i t h  2 - d i a z o p r o p a n e  no r e -  

D e d i c a t e d  t o  S i r  De rek  B a r t o n ,  P r o f e s s o r  o f  Texas AEM U n i v e r s i t y ,  on t h e  o c c a s i o n  
o f  h i s  7 0 t h  b i r t h d a y .  



R =CI ,SPh or SOPh - no reaction 
Me2CN2 

1 R = C I  - 
2 R = S P h  - 
3 R =  SOPh - 
4 R = S0,Ph - 
/ 

N=N 
Me.. N; SO*Ph 

s M e w 2  

Me Me N' 

Scheme 1  

a c t i o n  was o b s e r v e d ,  w h i l e  t h e  p h e n y l s u l p h o n y l  d e r i v a t i v e  Q r e a c t e d  v i g o r o u s l y  a t  

room t e m p e r a t u r e  t o  p r o d u c e  t h e  compound w i t h  m o l e c u l a r  f o r m u l a  C15H16N402S, i n d i -  

c a t i n g  t h a t  t h e  p r i m a r y  c y c l o a d d u c t  i s  u n s t a b l e  u n d e r  t h e s e  c o n d i t i o n s ,  and  t h a t  

a  m o l e c u l e  o f  n i t r o g e n  i s  e l i m i n a t e d .  T h i s  t y p e  o f  r e a c t i o n  has  been  o b s e r v e d  

p r e v i o u s l y  t o  t a k e  p l a c e  i n  p y r a z o l o [ 4 , 3 - d l  -s-triazolo[4,3-blpyridazine s e r i e s  

o n l y  u n d e r  p h o t o c h e m i c a l  c o n d i t i o n s  p r o d u c i n g  1 . 3 - d i r a d i c a l s  r e a c t i n g  f u r t h e r  de- 

1  p e n d i n g  on  t h e  r e a c t i o n  c o n d i t i ~ n s . ' ~ - ~ ~  The H nmr s p e c t r u m  o f  t h i s  new compound 

shows a  s i n g l e t  a t  6=1.31 ppm i n t e g r a t i n g  f o r  two  e q u i v a l e n t  m e t h y l  g roups ,  a  s i n -  
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Scheme 2  

g l e t  a t  6=2.27 ppm f o r  one m e t h y l  g r o u p  a t t a c h e d  t o  a  d o u b l e  bond,  two  s i n g l e t s  

a t  6 -7 .16 ppm and  6=8.46 ppm, each  i n t e g r a t i n g  f o r  one  p r o t o n ,  and two  m u l t i p l e t s  

a t  6 -7 .44-7 .58 ppm and  6=8.09-8 .20 ppm i n t e g r a t i n g  f o r  t h r e e  and  t w o  p r o t o n s ,  r e s -  

p e c t i v e l y ,  c h a r a c t e r i s t i c  f o r  t h e  p h e n y l s u l p h o n y l  g r o u p .  The e q u i v a l e n c e  o f  t h e  

t w o  m e t h y l  g r o u p s  and  t h e  absence  o f  a  h i g h - f i e l d  p r o t o n  e x c l u d e s  t h e  s t r u c t u r e  

w i t h  a  f u s e d  c y c l o p r o p a n e  r i n g  6 .  F u r t h e r m o r e ,  i t  a l s o  i n d i c a t e s  t h a t  t h e  r e a r r a n -  

gements  o f  t h e  p y r i d a z i n e  r i n g  o c c u r e d  t o  g i v e  s - t r i a z o l o [ 4 , 3 - b ]  [ l , Z ] d i a z e p i n e  de- 

r i v a t i v e  5 ,  as s u g g e s t e d  on t h e  Scheme 1 .  The s t r u c t u r e  o f  t h i s  compound was con -  

f i r m e d  b y  X - r a y  a n a l y s i s  ( F i g . 1 ,  T a b l e  1 ) .  

I n  s e a r c h  f o r  o t h e r  b i c y c l i c  sys tems ,  w i t h  a  b r i d g e h e a d  n i t r o g e n  atom, r e a c t i v e  

as  1 . 3 - d i p o l a r o p h i l e s ,  we s e l e c t e d  s-triazolo[l,5-alpyridine and  t e t r a z o l o -  

[ 1 , 5 - a l p y r i d i n e  d e r i v a t i v e s .  The p a r e n t  s-triazolo[l.5-alpyridine ( L ) ' ~  and 



t e t r a z o l o [ l , 5 - a ]  p y r i d i n e  (!)I4 t u r n e d  o u t  t o  be u n r e a c t i v e .  On t h e  o t h e r  hand,  

t h e i r  6 - n i t r o  d e r i v a t i v e s  913 and  1 0 1 4  r e a c t  w i t h  a n  e x c e s s  o f  2 - d i a z o p r o p a n e  t o  

g i v e  p r o d u c t s ,  f o r  w h i c h  m o l e c u l a r  f o r m u l a s  C12H16N602 and  C11H15N702 were e s t a -  

b l i s h e d ,  r e s p e c t i v e l y .  T h i s  i n d i c a t e s  t h a t  t h e  a d d i t i o n  o f  two  m o l e s  o f  2 - d i a z o -  

p r o p a n e  t o  one m o l e  o f  t h e  s u b s t r a t e  was t a k i n g  p l a c e  f o l l o w e d  by  e l i m i n a t i o n  

o f  one mo le  o f  n i t r o g e n .  The ' H  nmr s p e c t r u m  o f  t h e  c y c l o a d d u c t  CI2HI6N6O2 i n  

CDC13 shows a  s i n g l e t  a t  6=0.86 ppm i n t e g r a t i n g  f o r  one m e t h y l  g r o u p ,  a  s i n g l e t  

a t  6.1.33 ppm i n t e g r a t i n g  f o r  two m e t h y l  g r o u p s ,  a  s i n g l e t  a t  6 -1 .69 ppm i n t e g r a -  

t i n g  f o r  one m e t h y l  g roup ,  two  d o u b l e t s  a t  6=3.20 ppm and  6 -5 .60  ppm, each i n t e -  

g r a t i n g  f o r  one p r o t o n ,  w i t h  a  c o u p l i n g  c o n s t a n t ,  J -9 .0  Hz, and  a  s i n g l e t  a t  

6.7.97 ppm i n t e g r a t i n g  f o r  one p r o t o n ,  w h i l e  t h e  c y c l o a d d u c t  C11H15N702 i n  DMSO-d6 

0 a t  140 C shows f o u r  s i n g l e t s  6 -0 .78  ppm. 6 -1 .23  ppm. 6-1.30 ppm, and 6 -1 .50  ppm 

c o r r e s p o n d i n g  t o  f o u r  m e t h y l  g r o u p s .  two  d o u b l e t s  a t  6.3.68 ppm and  6-5.58 ppm. 

each  i n t e g r a t i n g  f o r  one p r o t o n ,  w i t h  a  c o u p l i n g  c o n s t a n t ,  J.9.0 Hz, and  a  s i n g l e t  

a t  6 -5 .08 ppm i n t e g r a t i n g  f o r  one p r o t o n .  These d a t a  i n d i c a t e  t h a t  t h e  n i t r o  g r o u p  

a t  p o s i t i o n  6  a c t i v a t e s  b o t h  t h e  C 5 - C 6  and  C7-C8 d o u b l e  bonds o f  t h e  p y r i d i n e  p a r t  

o f  t h e  b i c y c l i c  sys tems  f o r  c y c l o a d d i t i o n  p r o d u c i n g  b i s - c y c l o a d d u c t s  11 and  2 as 

i n t e r m e d i a t e s .  The s u b s e q u e n t  e l i m i n a t i o n  o f  one m o l e c u l e  o f  n i t r o g e n  a f f o r d e d  

f u s e d  c y c l o p r o p a n e  sys tems  t o  w h i c h  e i t h e r  s t r u c t u r e s ' ( 3  and  14 o r  fi and 16 c o u l d  

be a s s i g n e d .  I n  o r d e r  t o  d i f f e r e n t i a t e  be tween  b o t h  p a i r s  o f  i s o m e r i c  s t r u c t u r e s ,  

t h e  X - r a y  a n a l y s i s  o f  t h e  c y c l o a d d u c t  CllH15N702 was c a r r i e d  o u t ,  s h o w i n g  t h a t  t h e  

p r o d u c t  (4 was formed i n  t h i s  r e a c t i o n .  ( F i g .  2, T a b l e  2 ) .  S i n c e  t h e  ' H  nmr spec -  

t r u m  O f  t h e  c y c l o a d d u c t  C12H16N602 i s  a n a l o g o u s ,  we a s s i g n e d  t o  i t  t h e  s t r u c t u r e  

13. (Scheme 2 ) .  - 

EXPERIMENTAI 

M e l t i n g  p o i n t s  were  t a k e n  on a  K o f l e r  m i c r o  h o t  s t a g e .  ' H  Nmr s p e c t r a  we re  o b t a i n e d  

on a  JEOL 90 Q FT s p e c t r o m e t e r  w i t h  TMS as i n t e r n a l  s t a n d a r d  and  e l e m e n t a l  a n a l y -  

ses  f o r  C, H, aria N  on a  PERKIN-ELMER CHN A n a l y s e r  240 C.  

6-Methyl-8-phenylthio-s-triazolo[4,3-b]pyridazine ( 2 1 .  - To a  s o l u t i o n  o f  1 15 

(1 .686  g, 0 .01 m o l e )  i n  c h l o r o f o r m  ( 2 5  m l )  t h i o p h e n o l  (1 .115  g, 0 .011 m o l e )  and  

t r i e t h y l a m i n e  (1 .015 g, 0 .01 m o l e )  were  added and  t h e  m i x t u r e  was h e a t e d  u n d e r  r e -  

f l u x  ( 3 0  m i n ) .  The p r e c i p i t a t e  f o r m e d  a f t e r  c o o l i n g  t h e  r e a c t i o n  m i x t u r e  t o  room 
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t e m p e r a t u r e  was c o l l e c t e d  b y  f i l t r a t i o n  t o  g i v e  2.005 g  ( 8 3  % )  o f  2, mp 2 4 6 - 2 4 9 ' ~  

( f r o m  e t h a n o l ) ,  nmr (CDCI3)  6 :  2.37 ( s ,  6-Me),  6.07 ( s ,  H7) .  7 .31-7 .67 (m, P h ) ,  

8.96 ( s ,  H 3 )  A n a l . C a l c d  f o r  C12H10N4S: C ,  59.48; H, 4.16; N, 23.12.  Found:  

C ,  59.31; H, 4.22; N, 23.29. 

6 - ~ e t h ~ l - 8 - p h e n y l s u l p h i n y l - s - t r i a r o l o [ 4 , 3 - b ] ~ ~ r i d a z i n e  ( 3 ) .  - To a  s o l u t i o n  o f  2 
( 4 8 5  mg, 0 .002 m o l e )  i n  a  m i x t u r e  o f  c h l o r o f o r m  and  m e t h a n o l  1 1  10 m l )  c o o l e d  

i n  a  m i x t u r e  o f  C 0 2 / a c e t o n e  t - b u t y l  h y p o c h l o r i t e  ( 2 3 0  mg, 0 .002 m o l e )  was added 

d r o p w i s e  and t h e  r e a c t i o n  m i x t u r e  was l e f t  t o  warm t o  room t e m p e r a t u r e .  The s o l -  

v e n t s  we re  e v a p o r a t e d  i n  vacuo  and t h e  s o l i d  r e s i d u e  was r e c r y s t a l l i z e d  f r o m  e t h a -  

n o l  t o  g i v e  3 ( 4 5 5  mg. 8 8 % ) ,  mp 195-19g0c,  nmr (CDC13) 6 :  2.68 ( s ,  6-Me),  7 .45 -7 .52  

(m, Ph ) ,  7.65 ( s ,  H 7 ) ,  8 .01 -8 .12  (m, P h ) ,  9 .04  ( s ,  H 3 )  A n a l . C a l c d  f o r  Cl2Hl0N40S: 

C ,  55 .80 ;  H, 3.90; N, 21.69. Found :  C, 55.45; H, 3.68; N, 21.56. 

6-Methyl-8-phenylsu1phonyl-s-triazolo[4,3-b]pyridazine ( 4 ) .  - To a  s u s p e n s i o n  o f  3 
(970  mg, 0.004 m o l e )  i n  w a t e r  ( 1 0 0  m l )  sod ium p e r i o d a t e  (2 .80  g, 0 .013 m o l e )  was 

added and t h e  m i x t u r e  was h e a t e d  u n d e r  r e f l u x  u n t i l  a l l  t h e  s t a r t i n g  m a t e r i a l  was 

consumed ( a p p r o x .  80  h ) .  The r e a c t i o n  was f o l l o w e d  by  t l c  (DC F e r t i g p l a t t e n  K i e s e l -  

g e l  60  F 254, E. Merck ,  and  a c e t o n i t r i l e  as  s o l v e n t ) .  Wa te r  was e v a p o r a t e d  i n  vacuo, 

e t h a n o l  ( 7 0  m l )  was added t o  t h e  s o l i d  r e s i d u e ,  t h e  m i x t u r e  was h e a t e d  t o  b o i l i n g  

and  f i l t e r e d .  The p r e c i p i t a t e  was, a f t e r  c o o l i n g ,  c o l l e c t e d  b y  f i l t r a t i o n  t o  g i v e  4 
( 7 8 6  mg, 72 % ) ,  mp 2 0 9 - 2 1 0 ~ ~  ( f r o m  e t h a n o l ) ,  nmr (CDCI~) 6: 2.71 ( s ,  6 - ~ e ) ,  7 .51 -7 .63  

(m) and  8 .31-8 .42 (m) ( P h ) ,  7 .72 ( s ,  H7 ) .  9.06 ( s ,  H 3 )  A n a l . C a l c d  f o r  C12H10N402S: 

C, 52.55; H, 3 .67 ;  N,  20.43. Found:  52.71; H, 3.59; N, 20.53. 

9 - P h e n ~ l s u l ~ h o n ~ l - 6 , 7 , 7 - t r i m e t h ~ l - 7 H - s - t r i z o l o 4 , 3 - b l  [ 1 , 2 l d i a z e p i n e  ( 5 ) .  - T o  a so -  

l u t i o n  o f  f! ( 2 7 5  mg, 0 .001 m o l e )  i n  c h l o r o f o r m  (15  m l )  a  s o l u t i o n  o f  2 - d i a z o p r o p a n e ,  

p r e p a r e d  f rom a c e t o n e  h y d r a z o n e  ( 0 . 6  g )  i n  e t h e r  ( 3 0  m1),16 was added a t  room tempe-  

r a t u r e .  The S o l v e n t s  we re  e v a p o r a t e d  a f t e r  30 m i n  and  e t h a n o l  ( 5  m l )  was added t o  t h e  

o i l y  r e s i d u e .  The c r y s t a l s  were  c o l l e c t e d  by  f i l t r a t i o n  t o  g i v e  205 mg ( 6 5  % )  o f  2, 
mp 2 4 7 - 2 5 0 ' ~  ( f r o m  e t h a n o l ) ,  nmr ( C D C I ~ )  6: 1.31 ( s ,  7 , 7 - d i ~ e ) ,  2.27 ( s ,  6 - ~ e ) ,  7.16 

( 5 ,  H8), 7 .44-7 .58 (m, Ph ) ,  8 .09-8 .20 (m, P h ) , 8 . 4 6  ( s ,  H3) .  A n a l .  C a l c d  f o r  

C15H16N402S: C ,  56.95; H, 5.10; N, 17.71. Found:  C ,  57.06; H, 5.29; N, 17.35. 

3,3a,7a,8,8a,8b-Hexahydro-3,3,8,8-tetramethyl-8a-nitrocyclopropa[e]pyrazolo[4,3-c~- 

s-triazolo[l,5-alpyridine ( 1 3 1 ' ~ .  - To a  s o l u t i o n  o f  9 1 3  ( 1 6 4  mg, 0.001 m o l e )  i n  

n i t r o m e t h a n e  ( 2 0  m l )  a  s o l u t i o n  o f  2 - d i a z o p r o p a n e ,  p r e p a r e d  f r o m  a c e t o n e  h y d r a z o n e  

( 1 . 5  g )  i n  e t h e r , I 6  was added and  t h e  s o l u t i o n  was l e f t  a t  room t e m p e r a t u r e  ( 3  h ) .  



The  s o l v e n t s  w e r e  e v a p o r a t e d  i n  v a c u o  and  m e t h a n o l  ( 5  m l )  was a d d e d  t o  t h e  o i l y  

r e s i d u e .  The c r y s t a l s  f o rmed  a f t e r  s t a n d i n g  i n  r e f r i g e r a t o r  f o r  s e v e r a l  h o u r s  

w e r e  c o l l e c t e d  b y  f i l t r a t i o n  t o  g i v e  7 0  mg ( 2 5  % )  o f  13, mp 1 6 9 - 1 7 1 ' ~  ( f r o m  me- 

t h a n o l ) ,  nmr ( C 0 C l 3 )  6 :  0 . 8 6  ( s ,  Me) ,  1.33 ( s ,  two  Me),  1.69 ( s ,  Me) ,  3 . 2 0  ( d ,  

H3,), 4 .50  ( s ,  H 7 a ) ,  5 . 60  ( d ,  Hgb) ,  7 .97  ( s ,  H z ) .  J = 9 . 0  Hz. A n a l . C a l c d  
" 3 a s H 8 b  

f o r  C12H16N602: C ,  52.17; H, 5.84; N, 30.42.  Found:  C, 51 .83 ;  H, 5.92; N, 30 .11 .  

4a,5,5a,8.8a-Hexah~dro-5,5,8,8-tetramethy1-5a-nitrocyc1o~ropa[e]pyrazo1o[4,3-c] 

t e t r a z o l o ~ l , 5 - a l p y r i d i n e  ( 1 4 ~ . ' ~  - To a  s o l u t i o n  o f  2 1 4  ( 8 2 6  mg, 0 .005  m o l e )  i n  

a c e t o n e  ( 8 0  m l )  a  s o l u t i o n  o f  2 - d i a r o p r o p a n e ,  p r e p a r e d  f r o m  3.0 g  o f  a c e t o n e  h y -  

d r a r o n e  i n  e t h e r , 1 6  was a d d e d  a t  room t e m p e r a t u r e .  The r e a c t i o n  was f i n i s h e d  i n  

5  m i n .  The s o l v e n t s  w e r e  e v a p o r a t e d  i n  vacuo ,  e t h e r  ( 1 0  m l )  was a d d e d  t o  t h e  d r y  

r e s i d u e  a n d  t h e  s o l i d  s e p a r a t e d  b y  f i l t r a t i o n  t o  g i v e  9 8 2  mg ( 7 1 % )  o f  14, mp 189-  

1 9 2 ~ ~  ( f r o m  e t h a n o l ) ,  nmr (DMSO-d6, 1 4 0 ~ ~ )  8 :  0 . 7 8  ( 5 ,  Me) ,  1.23 ( s ,  Me),  1 . 30  . 
( 5 ,  Me) ,  1 . 50  ( 5 ,  Me), 3 . 6 8  ( d ,  J = 9.0 Hz, Has), 5 .08  ( s ,  H4,). 5 . 5 8  ( d ,  

H 5 b 8  8 a  

J ~ 5 b , ~ 8 a  
= 9 . 0  Hz, H5b) .  A n a l . C a l c d  f o r  CllH15N702: C, 47.65;  H, 5 .45 ;  N, 35 .36 .  

Found :  C ,  47 .37 ;  H, 5 .46 ;  N, 35.30.  

X-Ray C r y s t a l  S t r u c t u r e s .  - C r y s t a l  s u i t a b l e  f o r  d i f f r a c t i o n  s t u d i e s  w e r e  g r o w n  

f r o m  e t h a n o l  s o l u t i o n .  C r y s t a l  o f  s i z e  0 . 2 0 ~ 0 . 4 3 ~ 0 . 7 6  mm ( 5 )  a n d  0 . 3 3 ~ 0 . 4 9 ~ 0 . 5 1  mm 

(14) w e r e  u s e d  f o r  d a t a  c o l l e c t i o n .  C r y s t a l  d a t a :  ( 5 )  C15H,6N402S. M = 316.38 ,  

o r t h o r h o m b i c ,  s p a c e  g r o u p  P212121,  a  = 0 . 9 5 4 5 ( 2 ) ,  b  = 1 . 2 4 7 7 ( 3 ) ,  c  = 1 . 2 9 7 3 ( 4 )  nm, 
3  3  

U = 1 . 5 4 5 ( 1 )  nm , Om = 1 . 3 6 ( 2 ) ,  Dc = 1 .360  Mg/m , Z = 4.vMoKa = 0 .211  mmW1, F ( 0 0 0 ) -  

664,  T  = 2 9 3 ( 1 ) K ;  ( 1 4 )  .- CllH15N702, M  = 277.29 ,  m o n o c l i n i c ,  s p a c e  g r o u p  PZ1 /n ,  

3  a  = 0 . 8 3 0 5 ( 1 ) ,  b  = 1 . 4 3 7 5 ( 1 ) ,  c  = 1 . 1 7 3 1 ( 1 )  nm, B = 1 0 7 . 0 4 ( 1 ) "  U = 1 . 3 3 9 0 ( 1 )  nm , 
Dm = 1 . 3 7 ( 4 ) ,  Dc = 1 .376  ~ g / m ~ ,  Z = 4, uMoKa = 0 .0945 mm-'. F ( 0 0 0 )  = 584,  T  = 2 9 3 ( 1 )  

K. D a t a  w e r e  c o l l e c t e d  w i t h  a  CAD-4 d i f f r a c t o m e t e r  u s i n g  g r a p h i t e - m o n o c h r o m a t e d  

MoKa r a d i a t i o n  ( A  . 0.07107  nm).  L a t t i c e  p a r a m e t e r s  w e r e  d e t e r m i n e d  f r o m  s e t t i n g s  

and  l e a s t - s q u a r e s  P e f i n e m e n t  o f  75  ( 5 )  and  100  (2) r e f l e c t i o n s  w i t h  9 < 0 < 1 5 ~ .  He- 

m i s p h e r e s  w e r e  m e a s u r e d .  A t o t a l  o f  8840  w i t h  0 x 1  ( 5 )  a n d  6841  w i t h  O i k  (14) a n d  -. 

w i t h  0 ~ 2 8 '  r e f l e c t i o n s  w e r e  c o l l e c t e d  u s i n g  w-20 scan ,  s c a n  w i d t h  ( 0 . 8  + 0 . 3 t g o ) ~ .  

25% on  each  s i d e  u s e d  f o r  b a c k g r o u n d  measu remen t ,  h o r i z o n t a l  a p e r t u r e  ( 2 . 4  t 0 , g t g O )  

mm, v e r t i c a l  a p e r t u r e  4  mm, maximum s c a n  t i m e  60  s .  T h r e e  s t a n d a r d  r e f l e c t i o n s  w e r e  

measu red  a f t e r  e a c h  8000  s  o f  m e a s u r i n g  t i m e ,  no  d e c a y ,  no  a b s o r p t i o n  c o r r e c t i o n .  

M e r g i n g  o f  d a t a  g a v e  2148 ( 5 )  and  3204  (l4) u n i q u e  r e f l e c t i o n s  w i t h  Rint 0.07 a n d  

0.02, 8 7 0  (5) and  1204  ( 2 )  r e f l e c t i o n s  w e r e  u n o b s e r v e d  ( 1 < 3 o ( l ) ) .  S t r u c t u r e s  w e r e  

s o l v e d  b y  d i r e c t  me thods  u s i n g  M U L T A N B O ' ~ .  F u l l  m a t r i x  l e a s t - s q u a r e s  r e f i n e m e n t  
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w i t h  a n i s o t r o p i c  t h e r m a l  p a r a m e t e r s  f o r  a l l  n o n h y d r o g e n  a toms and  i s o t r o p i c  t h e r -  

mal p a r a m e t e r s  f o r  h y d r o g e n  a toms gave  c o n v e n t i o n a l  R v a l u e s  o f  0.041 and  0.039 

An e m p i r i c a l  w e i g h t i n g  f u n c t i o n  was a p p l i e d  i n  o r d e r  t o  keep Z W ( O F ) '  u n i f o r m  o v e r  

t h e  r a n g e s  o f  s i n o / h  and  I F o I .  I n  t h e  f i n a l  r e f i n e m e n t  c y c l e  t h e r e  we re  1480 and  

2528 c o n t r i b u t i n g  r e f l e c t i o n s  w i t h  263 and  242 v a r i a b l e s .  A v e r a g e  s h ' i f t  t o  e r r o r  

r a t i o  was 0 .16 and 0.01. A t o m i c  s c a t t e r i n g  and  d i s p e r s i o n  f a c t o r s  f o r  n e u t r a l  5. 

0, N, C  18 '19 and  tlZ0 a toms  were  used.  A  DEC-10 c o m p u t e r  a t  t h e  U n i v e r s i t y  Compu- 

t e r  C e n t r e  L j u b l j a n a  and  t h e  XRAY-76" s y s t e m  o f  c r y s t a l l o g r a p h i c  p r o g r a m s  were  

used  f o r  c a l c u l a t i o n s .  

S t r u c t u r e s  c o n s i s t  o f  p a c k i n g  o f  m o l e c u l e s  w i t h  no i n t e r m o l e c u l a r  c o n t a c t  o f  non-  

h y d r o g e n  a toms o f  l e s s  t h e n  0.315 nm. M o l e c u l a r  s t r u c t u r e s  and  n u m b e r i n g  o f  a toms 

a r e  shown i n  F i g s .  1.  a n d  2., bond l e n g h t s  and a n g l e s  a r e  g i v e n  i n  T a b l e s  1.  and 

2., t h e y  a r e  w i t h i n  e x p e c t e d  r e g i o n s .  

5 - 
F i g .  1  

14 - 
F i g .  2  

T a b l e  1 .  - Bond l e n g t h s  (nm) and  bond a n g l e s  (O)  o f  2. 



Table 2 .  - Bond lengths  ( n m )  and bond angles  ( O )  o f  4 
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