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Z a f a r A. S i d d i q i * , V i j i , J. M a t h e w and M. M a n s o o b K h a n 

D i v i s i o n o f I n o r g a n i c C h e m i s t r y , C h e m i s t r y D e p a r t m e n t , A l i g a r h M u s l i m U n i v e r s i t y , 
A l i g a r h - 2 0 2 0 0 2 , I n d i a . <nab i l ah@sancharne t . i n > 

Reac t ion of 1, 2 - d i a m i n e or 1 ,3-diamine with succinic / phthal ic anhydr ide in 1:1 mo la r rat io at R T in 
d i o x a n e r e su l t s in 1 6 - m e m b e r e d or 18 m e m b e r e d m a c r o c y c l e w h i c h p o s s e s e s t e t r a a m i d e / te t rapept ide 
func t ions in the molecu la r unit which however , exhibi t a m p l e reactivi ty towards metal l ic subs t ra tes a f f o r d i n g 
s table c o m p o u n d s with [ M L X 2 ] ( M = Z n , C d or Hg; X = CI, SCN or C I 0 4 ) s to ich iomet ry as ev idenced f r o m 
the p h y s i c o - c h e m i c a l i nves t iga t ions w h i c h c o n f i r m that the m a c r o c y c l i c m o i e t i e s ( L | - L 6 ) h a v e t h e 
appropr ia te cavi ty s izes to encapsu la te Zn(II) , Cd (II) or Hg(II) ions via coordina t ion th rough n i t rogens of the 
amide / pept ide func t ions in te t radentate fashion and the metal ions acqui re hexa coordina t ion . 

I N T R O D U C T I O N 
It is w e l l k n o w n 1 t h a t l i g a n d c y c l i z a t i o n h a s a p r o n o u n c e d e f f e c t o n t h e s t a b i l i t y o f 

t h e t r a n s i t i o n m e t a l c o m p l e x e s w h i c h t o o d e p e n d s o n t h e r i n g s i z e o f t h e m a c r o c y c l e s . A 
v a r i e t y o f t e t r a - a z a [ N 4 ] w i t h d i f f e r e n t e x o c y c l i c s u b s t i t u e n t s e n c a p s u l a t i n g m e t a l i o n s h a v e 
b e e n r e p o r t e d " u s i n g t e m p l a t e m e t h o d . R e c e n t l y , a v a r i e t y o f p e n d a n t a r m s h a v e b e e n 
i n t r o d u c e d ' a s e n d o c y c l i c s u b s t i t u e n t s in t h e r i n g w i t h a v i e w t o o b t a i n a b i g g e r c a v i t y s i z e 
f o r a c c o m m o d a t i n g d i v a l e n t i o n s in t h e r i n g s y s t e m . S o m e w o r k e r s h a v e e m p h a s i z e d 
m a c r o c y c l e s w i t h a d d i t i o n a l p e n d a n t a r m s to m a k e a v a i l a b l e e x t r a b i t i n g s i t e s w i t h a v i e w 
t o e x p a n d n o t o n l y t h e c a v i t y s i z e b u t a l s o t h e n u m b e r o f d o n o r g r o u p s a v a i l a b l e t o b i n d 
m e t a l i o n s e x o c y c l i c o r e n d o c y c l i c w a y in t h e r i n g s y s t e m . K o d a m a a n d K i m u r a h a v e 
c a r r i e d o u t d e t a i l e d s t u d i e s o f m a c r o c y c l i c p o l y a m i n e s w i t h o n e - , t w o - a n d t h r e e -
s u b s t i t u t e d a m i d e g r o u p s 4 w h o s e s t r u c t u r e s b e a r t h e d u a l f e a t u r e s o f m a c r o c y c l i c 
p o l y a m i n e s a n d o l i g o p e p t i d e s . It w a s o b s e r v e d t h a t in r e f e r e n c e t o o x o - f r e e p o l y a m i n e s t h e 
m a c r o c y c l e s w i t h a m i d e f u n c t i o n s a r e m o r e s e l e c t i v e in b i n d i n g ( e n c a p s u l a t i n g ) m e t a l i o n s . 
T h e s t a b i l i t y o f t h e c o m p l e x e s f o r m e d v a r i e s w i t h t h e r i n g s i z e . T h e m o d i f i e d t e t r a a z a w i t h 
c a r b o n y l f u n c t i o n s w h o s e s t r u c t u r e m i m i c s s y n t h e t i c p e p t i d e s s u c h a s t r i p e p t i d e 5 a r e 
r e p o r t e d t o e x h i b i t s t e r e o c h e m i c a l r i g i d i t y t o w a r d s C u ( I I ) a n d N i ( I I ) i o n s . F u r t h e r m o r e , t h e 
c a v i t y s i z e o f s u c h m a c r o c y c l e s is s m a l l e n c o u r a g i n g t h e s t a b i l i z a t i o n o f o n l y h i g h e r + 3 
o x i d a t i o n s t a t e s o f m e t a l i o n s . E a r l i e r r e p o r t s 5 u s i n g s u c h t y p e o f m a c r o c y c l e s h a v e 
i n d i c a t e d t h a t t h e p e p t i d e n i t r o g e n s , e v e n t h a t in s y n t h e t i c o n e s , d o n o t p a r t i c i p a t e in 
c o o r d i n a t i o n t o m e t a l i o n s . It p r o m p t e d u s t o d e s i g n a m o d i f i e d v e r s i o n o f t e t r a - a z a 
m a c r o c y c l e c o n t a i n i n g f o u r e n d o c y c l i c c a r b o n y l f u n c t i o n s m i m i c k i n g a c y c l i c t e t r a p e p t i d e . 
R e c e n t l y , w e h a v e r e p o r t e d " t h e p r e p a r a t i o n o f a s t a b l e 16 m e m b e r e d t e t r a - a z a m a c r o c y c l e 
c o n t a i n i n g e n d o c y c l i c c a r b o n y l f u n c t i o n s at t h e a p p r o p r i a t e p o s i t i o n s w h i c h m i m i c s a 
s y n t h e t i c t e t r a p e p t i d e i . e . d i b e n z o [ c , k ] [ l , 6 , 9 , l 4 ] t e t r a a z a c y c l o h e x a d e c a n e [ 2 , 5 , 1 0 , 1 3 ] 
t e t r a o n e . T h e m o i e t y h a s a c o m p a r a t i v e l y b i g g e r c a v i t y s i z e t o f i t in e v e n t h e u n u s u a l l o w e r 
o x i d a t i o n s t a t e o f m e t a l i o n s l i k e C o ( I ) a n d C u ( I ) i o n s a n d t h e a m i d o n i t r o g e n s a r e b a s i c 
e n o u g h t o b i n d t h e m e t a l i o n s . H e r e - i n , w e r e p o r t t h e s y n t h e s i s o f a n a l o g o u s 16 a s w e l l a s 
18 m e m b e r e d m a c r o c y c l e s p o s s e s s i n g t e t r a a m i d e f u n c t i o n s a n d t h e i r r e a c t i v i t y t o w a r d s 
d e r i v a t i v e s o f d 1 0 m e t a l i o n s i . e . M C I 2 a s w e l l a s t h e c o m p l e x e s [ Μ ( Ρ h 3 Ρ ) 2 C 1 2 ] ( M = Z n , C d 
o r H g ) . 

M A T E R I A L S A N D M E T H O D S 
M e t a l s a l t s w e r e c o m m e r c i a l l y p u r e s a m p l e s u s e d a s r e c e i v e d , s o l v e n t s w e r e p u r i f i e d 

b y s t a n d a r d m e t h o d s w h i l e t h e p r e c u r s o r s [ M ( P h 3 P ) 2 C l 2 ] w e r e p r e p a r e d b y m e t h o d s r e p o r t e d 
e l s e w h e r e 6 . IR s p e c t r a w e r e r e c o r d e d o n C a r l - Z e i s s S p e c t r o c o r d a s K B r d i s c s a n d H N M R 
s p e c t r a in D M S O - d ( ) o n J e o I - I O O X s p e c t r o m e t e r u s i n g T M S as i n t e r n a l r e f e r e n c e a t R T a n d 
c o n d u c t i v i t i e s o f 1 m m o l s o l u t i o n s in D M S O w e r e o b t a i n e d u s i n g S y s t r o n i c s c o n d u c t i v i t y 
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b r i d g e . M o l e c u l a r w e i g h t s w e r e d e t e r m i n e d c r y o s c o p i c a l l y a n d r e s u l t s o f m i c r o a n a l y s e s 
w e r e o b t a i n e d f r o m M i c r o - a n a l y t i c a l L a b o r a t o r y o f C e n t r a l D r u g R e s e a r c h I n s t i t u t e 
L u c k n o w e x c e p t i n g t h e m e t a l s a n d c h l o r i n e s w h i c h w e r e e s t i m a t e d b y r e p o r t e d m e t h o d s 7 ' 8 

P r e p a r a t i o n o f m a c r o c y c l i c L i g a n d s : 
D i b e n z o | c , k ] | 1 , 6 , 9 , 1 4 | t e t r a a z a c y c l o h e x a d e c a n e | 2 , 5 , 1 0 , I 3 | t e t r a o n e ( L , ) : T h e 
p r e p a r a t i o n o f t h e l i g a n d is r e p o r t e d e l s e w h e r e 1 ' f r o m t h i s l a b o r a t o r y . 
[ 1 , 6 , 1 0 , 1 5 ] t e t r a a z a c y c l o o c t a d e c a n e [ 2 , 5 , 1 1 , 1 4 1 t e t r a o n e ( L 2 ) / D i b e n z o | g , o | [ 1 , 6 , 9 , 1 4 | 
t e t r a a z a c y c l o h e x a d e c a n e [ 2 , 5 , 1 0 , 1 3 | t e t r a o n e ( L 5 ) : 1 , 3 - d i a m i n o p r o p a n e ( 4 . 2 c m ' , 5 0 
m m o l ) o r 1 , 2 - p h e n y l e n e d i a m i n e ( 5 . 4 g , 5 0 m m o l ) d i s p e r s e d in 2 0 - 3 0 c m ' d i o x a n e w a s a d d e d 
in p o r t i o n s o v e r 2 h t o a v i g o r o u s l y s t i r r e d s o l u t i o n o f s u c c i n i c a n h y d r i d e ( 5 g , 5 0 m m o l ) 
t a k e n in c a . 1 0 0 c m ' d i o x a n e a t R T . T h e m i x t u r e w a s s t i r r e d f o r a n o t h e r l h a n d t h e s o l i d 
f o r m e d ( L 2 ) w a s i m m e d i a t e l y f i l t e r e d in a c l o s e d f r i t u n d e r N 2 b e c a u s e o f i t s h y g r o s c o p i c 
n a t u r e . H o w e v e r , f o r ( L 5 ) t h e r e a c t i o n m i x t u r e w a s h e a t e d t o r e f l u x f o r 6 h a n d t h e s o l i d s 
f o r m e d w e r e f i l t e r e d w a s h e d w i t h d i o x a n e a n d m e t h a n o l t h e n v a c u u m d r i e d a s a f a i r l y a i r 
s t a b l e m i c r o c r y s t a l l i n e p r o d u c t . 
D i b e n z o [ c , l | | l , 6 , 1 0 , 1 5 | t e t raaza c y c l o o c t a d e e a n e | 2 , 5 , 1 1 , 1 4 | t e t raone ( L 4 ) / T e t r a b e n z o | c , g , k , o | 11,6,9,1 -41 
t e t r a a z a c y c l o h e x a d e c a n e | 2 , 5 , 1 0 , 1 3 | t e t r a o n e (L 6): S o l u t i o n o f 1 , 3 - d i a m i n o p r o p a n e o r 1 , 2 -
p h e n y l e n e d i a m i n e ( 5 0 m m o l ) in d i o x a n e w a s a d d e d d r o p w i s e t o e q u i m o l a r s o l u t i o n o f 
p h t h a l i c a n h y d r i d e in t h e s a m e s o l v e n t a n d s t i r r e d f o r 3 h a t R T . T h e s o l i d f o r m e d w a s 
f i l t e r e d w a s h e d a s a b o v e a n d d r i e d in a d e s i c c a t o r o v e r C a O . 
1 1 , 6 , 9 , 1 4 1 t e t r a a z a c y c l o h e x a d e c a n e [ 2 , 5 , 1 0 , 1 3 1 t e t r a o n e d i h y d r o c l o r i d e ( L j . 2 H C I ) : T o a 
s o l u t i o n o f 1 , 2 - d i a m i n o e t h a n e ( 0 . 6 6 c m ' , 10 m m o l ) in w a t e r (5 c m " ' ) , h y d r o c h l o r i c a c i d (1 c m J ) 
w a s a d d e d a n d s t i r r e d f o r l h a n d t h e n d i l u t e d w i t h d i o x a n e ( 3 0 c m ' ) . S u c c i n i c a n h y d r i d e ( l g , 
l O m m o l ) d i s s o l v e d in t h e s a m e s o l v e n t w a s a d d e d t o it d r o p w i s e w h i c h w a s t h e n s t i r r e d f o r 
6 h a t R T . A w h i t e m i c r o c y s t a l l i n e p r o d u c t h a s b e e n i s o l a t e d a s a b o v e . 
P r e p a r a t i o n o f | Μ L, X 2 1 [ M = Z n , X = C I I , M = C d , X = C I I I ; M = H g , X = S C N , I I I | : M e t a l s a l t 
( 2 m m o l ) in 10 c m ' ' m e t h a n o l w a s r e a c t e d w i t h L | ( 2 m m o l ) in c a . 1 0 0 c m ' m e t h a n o l w i t h 
c o n t i n u o u s s t i r r i n g f o r a b o u t 6 h a t R T . T h e w h i t e m i c r o c r y s t a l l i n e s o l i d w a s f i l t e r e d w a s h e d 
a n d d r i e d in v a c u o . 
P r e p a r a t i o n o f [ Μ L 2 ( C 1 0 4 ) 2 1 [ M = Z n I V , C d V o r H g V 1 1 : A s t h e l i g a n d L 2 w a s a i r 
s e n s i t i v e c h a n g i n g q u i c k l y t o c o l o r l e s s l i q u i d o n e x p o s u r e t o a i r , a w e i g h e d a m o u n t o f t h e 
s o l i d w a s d i s s o l v e d in 1 0 0 cm"' m e t h a n o l t o f o r m a s t a n d a r d s o l u t i o n ( s t o c k s o l u t i o n ) w h i c h 
h a s b e e n u s e d f o r r e a c t i o n s w i t h t h e m e t a l l i c s u b s t r a t e s . A k n o w n v o l u m e o f t h i s s t o c k 
s o l u t i o n w a s r e a c t e d w i t h e q u i m o l a r s o l u t i o n o f M C 1 2 t a k e n in d i o x a n e , p e r c h l o r i c a c i d ( 4 
m o l e q u i v a l e n t ) w a s a d d e d d r o p w i s e w i t h c o o l i n g a n d t h e r e a c t i o n m i x t u r e w a s s t i r r e d f o r 
2 h a t R T . T h e w h i t e s o l i d s f o r m e d w e r e i s o l a t e d a n d d r i e d o v e r C a O . 
P r e p a r a t i o n s o f | M L 3 C M | M = Z n V I I , C d V I I I o r H g I X ] , | M L 4 C 1 , ] | M = Z n X , C d X I o r 
H g X I I ] , | M L 5 C I 2 ] [ M = Z n X I I I , C d X I V o r H g X V ] a n d | M L 6 C I 2 | | M = Z n X V I , C d X V I I 
o r H g Χ V 1 1 1 1 : T h e s e c o m p o u n d s h a v e b e e n p r e p a r e d in an a n a l o g o u s m a n n e r b y r e a c t i n g 
e q u i m o l a r a m o u n t s o f t h e m e t a l c h l o r i d e s w i t h t h e a p p r o p r i a t e l i g a n d s in d i o x a n e a n d t h e 
p r o d u c t s h a v e b e e n c o l l e c t e d a n d d r i e d o v e r C a O . 
R e a c t i o n s o f L[ a n d L 2 w i t h t h e p r e c u r s o r s | M ( P h j P ) 2 C I 2 1 : 
[ Z n ( P h ; , P ) 2 C I 2 ] ( 0 . 4 8 9 g , 2 m m o l ) in m e t h a n o l w a s d r o p p e d in a s o l u t i o n o f L , ( 0 . 7 6 0 g , j> 
m m o l ) in 1 0 0 c m ' d i o x a n e a n d s t i r r e d o v e r n i g h t a t R T , t h e n c o n c e n t r a t e d in v a c u o t o I / 4 t " 
o f i t s o r i g i n a l v o l u m e a n d k e p t a t 5 ° C f o r t w o d a y s . T h e s o l u t i o n a f f o r d e d c o l o r l e s s 
n e e d l e s ( 0 . 9 5 g , 3 . 6 m m o l ) i d e n t i f i e d a s f r e e P h j P f r o m a n a l y t i c a l a n d s p e c t r o s c o p i c d a t a . 
T h e m o t h e r l i q u o r w a s f u r t h e r c o n c e n t r a t e d t o a s m a l l v o l u m e a n d a g a i n k e p t in a 
r e f r i g e r a t o r f o r a d a y g i v i n g m i c r o c r y s t a l l i n e s o l i d s i d e n t i f i e d a s I f r o m its m e l t i n g p o i n t , 
a n a l y t i c a l a n d s p e c t r o s c o p i c d a t a . R e a c t i o n s o f L 2 w i t h t h e p r e c u r s o r [ Z n ( P h 3 P ) 2 C I 2 ] 
p r o c e e d e d in t h e s a m e m a n n e r a f f o r d i n g f r e e Ph- ,P w i t h i s o l a t i o n o f a n e w c o m p o u n d 
[ Z n L 2 C I 2 ] X I X . R e a c t i o n s o f t h e l i g a n d s w i t h [ M ( P h 3 P ) 2 C l 2 ] ( M = C d o r H g ) d i d n o t f o l l o w 
t h i s c o u r s e a n d u n r e a c t e d r e a c t a n t s w e r e r e c o v e r e d e v e n a p p l y i n g r e f l u x c o n d i t i o n . 

R E S U L T S A N D D I S C U S S I O N 
C o n d e n s a t i o n o f 1 , 2 - d i a m i n o e t h a n e , 1 , 3 - d i a m i n o e t h a n e o r 1 , 2 - p h e n y l e n e d i a m i n e w i t h 
p h t h a l i c a n h y d r i d e in 1:1 m o l e r a t i o h a s r e s u l t e d in t h e i s o l a t i o n o f t h e 16 m e m b e r e d ( L j , 
L 6 ) a n d 18 m e m b e r e d ( L 4 ) a ( 2 + 2 ) m a c r o c y c l e a s c o l o r l e s s a m o r p h o u s s o l i d s in g o o d y i e l d s . 
T h e i r m o l e c u l a r w e i g h t s a g r e e w e l l w i t h t h e m o l e c u l a r f o r m u l a w h i c h h a v e b e e n 
s u b s t a n t i a t e d w i t h t h e a n a l y t i c a l d a t a ( T a b l e - I ) . 
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Table-1: Melting Points, Analytical and Molar Conductivity Data 

Compound Code Melting % Composition Molar 
Point °C cond.* 

C Η Ν Μ CL/S Am 

C20H20N4O4 L, 145 63.17 
(63.16) 

5.20 
(5.26) 

14.63 
(14.74) 

- - -

C I 2H2 2CI I 2N4O4 L3. 
2HCI 

292 40.12 
(40.34) 

6.09 
(6.16) 

15.64 
(15.68) 

• -

C22H24N404 L4 238 64.68 
(64.71) 

5.81 
(5.88) 

13.64 
(13.72) 

* • 

C20H20N4O4 L5 210 63.09 
(63.16) 

5.21 
(5.26) 

14.69 
(14.74) 

- -

C28H2ON404 L6 152 70.35 
(70.59) 

4.02 
(4.20) 

11.71 
(11.76) 

~ • " 

[ZnL,Cl2] I 218 45.55 3.15 9.69 12.04 13.56 4.34 
C2oH2oN404ZNCL2 (46.51) (3.87) (10.85) (12.67) (13.76) 

[CdL,Cl2] II >350 41.27 3.44 9.45 18.24 11.10 23.61 
C20H20N4O4CdCI1 (42.63) (3.55) (9.95) (19.97) (12.60) 

[HgL,(SCN)2] III 138 37.23 2.17 11.50 27.67 8.55 48.44 
C22H20N6O4HgS2 (37.88) (2.87) (12.05) (28.78) (9.18) 

[ZnL2(CI04)2] IV 222 28.95 3.76 8.99 10.62 11.76 10.45 
C|4H24N40|2ZnCl2 (29.17) (4.17) (9.72) (11.35) (12.31) 

[CdL2(ClÖ4)2] V >350 26.44 3.18 8.24 17.90 11.11 25.26 
C|4H24N40,2CdCU (26.97) (3.85) (8.99) (18.04) (11.38) 

[HgL2(CI04)2] VI 152 25.14 2.99 7.39 27.61 9.24 44.54 
C14H24N40,2HgCl2 (23.57) (2.37) (7.86) (28.17) (9.96) 

[ZnL2Cl·] XIX 199 36.12 4.94 11.83 14.01 14.93 6.90 
C|4H24N404ZnCI2 (37.50) (5.36) (12.50) (14.59) (15.83) 

[ZnLjCl·] VII 266 33.84 4.27 12.94 15.08 16.29 18.91 
C|2H20N4O4ZnCl2 (34.26) (4.76) (13.33) (15.57) (16.88) 

[CdL3CI2] VIII 340 30.31 3.72 10.76 23.74 14.69 24.65 
CpH20N4O4CdCl2 dec (30.83) (4.28) (11.99) (24.07) (15.18) 

[HgLjCl·] IX 308 25.44 3.18 9.45 36.04 11.86 41.8 
Cl2H20N4O4HgCI2 (21.90) (3.60) (10.07) (36.08) (12.75) 

[ZnL4CI2] X >320 47.73 4.21 9.61 11.74 12.92 9.71 
C22H24N404ZnCl2 (48.53) (4.41) (10.29) (12.02) (13.03) 

[CdL4CI2] XI 320 44.09 3.99 9.29 18.81 10.64 11.10 
C22H24N404CdCI, (44.76) (4.06) (9.47) (19.02) (11.99) 

[HgL4Cl2] XII 207 38.63 3.46 8.14 29.07 9.85 29.44 
C22H24N404HgCI2 (38.82) (3.53) (8.23) (29.50) (10.43) 

[ZnL5Cl2] XIII 320 45.97 3.51 10.41 12.59 13.74 10.42 
C2oH20N404ZnCl2 (46.51) (3.87) (10.85) (12.67) (13.76) 

[CdL5Cl2] XIV 317 42.57 3.33 9.71 19.91 12.54 16.15 
C2oH2(|N404CdCN (42.63) (3.55) (9.9) (19.97) (12.60) 

[HgL5Cl2] XV 233 36.78 2.93 8.55 30.78 10.99 7.02 
C20H2„N4O4HgCI2 (36.87) (3.07) (8.60) (30.81) (10.89) 

[ZnL6Cl2] XVI 227 54.83 3.09 9.12 10.39 11.51 10.23 
C2SH2(,N404ZNCL2 (54.90) (3.27) (9.15) (10.68) (11.59) 

[CdL6Cl2] XVII >320 50.86 2.91 8.46 16.35 10.54 17.48 
C,8H,„N404CdCl· (50.99) (3.03) (8.50) (17.06) (10.76) 

[HgL6Cl·] XVIII 262 44.86 2.57 7.39 26.71 9.43 7.02 
C2gH20N4O4HgCI2 (44.98) (2.68) (7.50) (26.85) (9.50) 

Calculated values in parenthesis, * Ohm"1 cm2 mole"1. 
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Table-II: Important IR Frequencies (cm 1 ) and their Assignments 

Compound v(N-H) Amide I Amide II Amide III v ( M - N ) v(M-Cl)/ 
V(M-S) 

v(C10 4 ) 
v3 

v(C10 4 ) 
v4 

L, 3280s I670vs 1580s 1330s 
1640vs 1560vs 1320s 

L2 3390sbr 1630s 1540m 1410m - - - -

1600s 1510m 1390m 
L3.2HC1 3195mbr 1590vs 151Osh 1340s - - - -

1560vs 1490s 1310s 
L4 3290s 1630s 1560sh 1370s - - - -

1530s I320w 
U 3 lOOw 1640s 1590s 1290w - - - -

U 3250s 1650m 1530m 1300sbr » - • -

1640s 1500m 
[ZnL,CI2] 3350m 1760m 1600m 1340m 390 330 - -

I 3240m 1700s 1580m 1310m 
[CdL,Cl 2 ] 3300m 1690m 1590m 1350m 400 340 - -

II 3250m 1640s 1550m 1310m 
[HgL,(SCN) 2 ] 3250m 1700m 1580s 1340m 400 300 - -

III 3240m 1640m 1560s 1500s 
[ZnL 2 (CI0 4 ) 2 ] 3320m 1660s 1560m 1420m 360 * 1135m 900m 

IV 3300m 1640s 1535m 1390m 1100m 
[CdL2(C104)2] 3250m 1670m 1590m 1410m 360 - 1185m 940w 

V 3240m 1640m 1560m 1390m 1105m 
[HgL 2 (CI0 4 ) 2 ] 3240m 1630s 1565s 1400m 395 - 1160m 970m 

VI 3200m 1600s 1550sh 1380sh 1030m 
[ZnL2CI2] 3340m 1660m 1550m 1430m 390 340 - -

XIX 3320m 1645s 1530m 1390m 
[ZnL3CI2] 3150m 1600m 1500s 1330m 440 380 - -

VII 1580m 1460m 
[CdL3CI2] 3150m 1590m 1500m 1520m 395 310 - »-

VIII 1460m 
[HgL3CI2] 3100m 1600s 1480s 1330m 410 340 - -

IX 1580m 1440m 
[ZnL4Cl2] 3275m 1700m 1580m 1390m 420 340 - -

X 3225m 1370m 
[CdL4Cl2] 

YI 

3300br 1690m 1550m 1370m 390m 310m - -

Al 

[HgL4Cl2] 3300br 1690m 1550m 1370m 410 340 _ 
XII 1350m 

[ZnL5Cl2] 3275m 1550s 1450s 1280w 390 310 - -

XIII 
[ C d L j C b ] 3450m 1540s 1455m 1305w 360 300 - -

XIV 3200m 1285w 
[HgL5CI2] 3 lOOw 1645 m 1590m 1290w 410 310 - -

XV 
[ZnL6Cl2] 3225m 1640m 1550sbr 1310m 400 330 - -

XVI 
[CdL6CI2] 3200m 1620m 1560s 1310w 390 310 - -

XVII 1520s 
[HgL6Cl2] 3250m 1630m 1540m 1300m 410 330 - -

XVIII 1510m 

m = medium, br = broad, s = strong, w = weak, sh = shoulder 

860 



Main Group Metal Chemistiy Vol. 24, No, 12, 2002 

T h e m a c r o c y c l e s L 2 ( 1 8 m e m b e r e d ) , L j . 2 H C l ( 1 6 m e m b e r e d ) a n d L s ( 1 6 m e m b e r e d ) w h i c h 
a l s o a r e ( 2 + 2 ) m a c r o c y c l e s , w e r e i s o l a t e d in an a n a l o g o u s m a n n e r u s i n g s u c c i n i c a n h y d r i d e 
i n s t e a d o f p h t h a l i c a n h y d r i d e , w h o s e s t o i c h i o m e t r y is c o n s i s t e n t w i t h t h e a n a l y t i c a l d a t a . 
A l l t h e c o m p o u n d s e x c e p t L 2 w e r e s t a b l e t o w a r d s a i r w h i c h g r a d u a l l y c h a n g e s i n t o l i q u i d 
e v e n u n d e r N 2 a t m o s p h e r e . T h e s e w e r e s o l u b l e in p o l a r p r o t i c s o l v e n t s o n l y . T h e i m p o r t a n t 
b a n d s o b s e r v e d in t h e i . r . s p e c t r a o f t h e c o m p o u n d s ( T a b l e I I ) a r e a s s i g n a b l e t o 
c h a r a c t e r i s t i c v ( N - H ) , a m i d e I, a m i d e II a n d a m i d e III f r e q u e n c i e s o f t h e s e c o n d a r y a m i d e s 
s u g g e s t i n g t h e p r e s e n c e o f - C O - N H - g r o u p in t h e m o l e c u l a r u n i t o f t h e m a c r o c y c l e s . 

F u r t h e r m o r e , t h e a b s e n c e o f v ( - C - O - C - ) a n d v ( - C = 0 ) b o n d f r e q u e n c i e s 
c h a r a c t e r i s t i c 9 o f d i c a r b o x y l i c a c i d a n h y d r i d e s c o n f i r m t h e c o n d e n s a t i o n o f t h e d i a m i n e s 
w i t h t h e d i c a r b o x y l i c a c i d a n h y d r i d e s u s e d h e r e r e s u l t i n g in a 2 + 2 c y c l i z a t i o n . T h e 
f r e q u e n c i e s d u e to v ( C = C ) , v ( C - C ) a n d v ( C - N ) b o n d s t r e t c h i n g v i b r a t i o n s w e r e a l l o b s e r v e d 
at t h e a p p r o p r i a t e p o s i t i o n s . T h e e l e c t r o n i c s p e c t r a o f t h e c o m p o u n d s r e c o r d e d in D M S O 
c o n t a i n e d a b r o a d b a n d w h i c h m a y r e a s o n a b l y b e a t t r i b u t e d 1 0 t o t h e e x c i t a t i o n o f a n o n -
b o n d i n g e l e c t r o n p a i r a t c a r b o n y l f u n c t i o n s to t h e a n t i b o n d i n g π* o r b i t a l i . e . ( η - π * 
t r a n s i t i o n ) o f t h e a m i d e m o i e t y . ' H N M R s p e c t r u m o f L, r e c o r d e d in D M S O - d 6 s h o w e d 
s i g n a l s ( T a b l e - I l l ) a t t r i b u t e d to N - H , C H 2 - N a n d C 6 H 4 p r o t o n s in 1 : 2 : 2 i n t e g r a l r a t i o . T h e 
p o s i t i o n o f N - H p r o t o n s i g n a l w a s s u b s t a n t i a t e d d u e to its d i s a p p e a r a n c e a f t e r a D 2 0 
e x c h a n g e . T h e s p e c t r a o f L 3 . 2 H C I a n d L 4 r e c o r d e d in D 2 0 s o l v e n t c o n t a i n e d s i g n a l s f o r 
- C H 2 - N a n d C O - C H 2 - p r o t o n s ( b o t h t r i p l e t ) in 1:1 i n t e g r a l r a t i o f o r t h e f o r m e r a n d s i g n a l s 
f o r - C H 2 - , N - C H 2 a n d C6H4 p r o t o n s as t r i p l e t , t r i p l e t a n d a m u l t i p l e t f o r L 4 . H o w e v e r , N H 
p r o t o n s i g n a l c o u l d n o t b e i n d i c a t e d d u e to an e x c h a n g e w i t h t h e s o l v e n t ( D 2 0 ) . 

T h e p r e s e n t p h y s i c o - c h e m i c a l a n d s p e c t r o s c o p i c d a t a on L | - L 6 a r e in a g r e e m e n t w i t h 
t h e m o l e c u l a r f o r m u l a in w h i c h t h e m o l e c u l a r u n i t c o n t a i n e d c y c l i c t e t r a a m i d e / t e t r a p e p t i d e 
f u n c t i o n s a s t y p i f i e d by F i g . 1 . 

1 

Fig. - 1 

( L , - L 6 ) 

R I = C 6 H 4 , R 2 = ( C H 2 ) 2 L , ; R , = ( C H 2 ) 2 , R 2 = ( C H 2 ) : , L 2 ; 
R , = ( C H 2 ) 2 , R 2 =(C~H 2 ) 2 L 3 ; R , = C 6 H 4 , R 2 = ( C H 2 ) 3 L 4 ; 

R | = ( C H 2 ) 2 » R 2 = C 6 H 4 L5; R | = C 6 H 4 , R2 = C(,Η4 L ,̂; 
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T a b l e - I l l : 'H N M R Data (δ in p p m ) of the macrocyc les and their Zn(II ) c o m p l e x e s 

C o m p o u n d - N H - - C H 2 - - C H 2 - C O - - N - C H 2 - Aromat i c 

LI* 4.7 br - - 3.3 7.4-7.7 

L 2 ** - 1.4 2.1 3.4 -

L 3 . 2HCI** - - 2.15 3.2 -

L 4 ** - 1.7 - 3.5 7.2-7.5 

[ZnL[CI 2 ]* 4 .9 - - 3.20 7.5-7.8 

[ZnL 2 Cl 2 ]* 4 .53 1.6 2.16 3.5 -

[ZnL 3 CI 2 ]** - - 2.2 3.3 -

[ZnL 4 CI 2 ]** - 1.5 - 3.35 7.4-7.7 

* D M S O - d 6 ; * * D 2 0 ; br = broad. 

T h e m e t a l i o n s Z n + 2 , C d 0 a n d H g + 2 t h o u g h , h a v i n g t h e s a m e v a l e n c e c o n f i g u r a t i o n 
( n d 1 0 ) b u t w h i c h d i f f e r m u c h in t h e i r i o n i c s i z e s , w e r e c h o s e n t o e x a m i n e t h e f l e x i b i l i t y o f 
t h e m a c r o c y c l e s f o r e n c a p s u l a t i n g t h e s e c a t i o n s . T h e m a c r o c y c l e s e x h i b i t e d r e a c t i v i t y 
t o w a r d s t h e s u b s t r a t e s M X 2 ( M = Z n , C d o r H g ; X = CI , S C N o r C I 0 4 ) r e s u l t i n g in s t a b l e 
s o l i d c o m p o u n d s w i t h s t o i c h i o m e t r y [ M L X 2 ] ( I - X V I I I ) c o n s i s t e n t w i t h t h e a n a l y t i c a l a n d 
c o n d u c t i v i t y d a t a ( T a b l e - I ) w h i c h b e h a v e d as n o n - e l e c t r o l y t e s in D M S O . R e a c t i o n s o f L j 
a n d L 2 an e x a m p l e o f 16 m e m b e r e d a n d 18 m e m b e r e d m a c r o c y c l e s r e s p e c t i v e l y , w i t h t h e 
p r e c u r s o r [ Z n ( P h 3 P ) 2 C l 2 ] h a v e a f f o r d e d s t a b l e p r o d u c t s w i t h s t o i c h i o m e t r i e s [ Z n L | C I 2 ] I 
a n d [ Z n L 2 C l 2 ] X I X w i t h l i b e r a t i o n o f e q u i v a l e n t a m o u n t o f t h e a n c i l l a r y l i g a n d P h 3 P in t h e 
m o t h e r l i q u o r ( v i d e s u p r a ) . H o w e v e r , b o t h o f t h e s e m a c r o c y c l e s r e m a i n e d s t e r i l e t o w a r d s 
t h e c o r r e s p o n d i n g p r e c u r s o r s [ M ( P h 3 P ) 2 C l 2 ] ( M = C d o r H g ) e v e n u n d e r r e f l u x c o n d i t i o n o f 
t h e r e a c t i o n m i x t u r e a n d u n r e a c t e d s t a r t i n g m a t e r i a l s w e r e i s o l a t e d . 

It is e v i d e n t f r o m T a b l e - 1 1 t h a t m e t a l e n c a p s u l a t i o n a f f e c t s s i g n i f i c a n t l y t h e 
c h a r a c t e r i s t i c a m i d e b a n d s b u t t h e p o s i t i o n o f v ( N - H ) s t r e t c h i n g v i b r a t i o n r e m a i n u n a l t e r e d 
p o s s i b l y d u e to t h e e x i s t e n c e o f h y d r o g e n b o n d i n g in f r e e m a c r o c y c l e s i n v o l v i n g N - H 
p r o t o n a n d c a r b o n y l g r o u p o f t h e p e p t i d e ( - C O - N H - ) f u n c t i o n i n t e r m o l e c u l a r a s w e l l a s 
i n t r a m o l e c u l a r f a s h i o n 5 . F o r c o m p o u n d s 111 - V I a d d i t i o n a l b a n d s c h a r a c t e r i s t i c 1 1 o f 
c o o r d i n a t e d C I 0 4 ~ ( u n i d e n t a t e m a n n e r ) a n d S - c o o r d i n a t e d S C N g r o u p w e r e a l s o o b s e r v e d . 
T h e a p p e a r a n c e o f a b a n d a t 3 9 5 c m " 1 r e p o r t e d ' ' f o r v ( M - N ) , c o n f i r m s t h e p a r t i c i p a t i o n o f 
a m i d e / p e p t i d e n i t r o g e n s in c o o r d i n a t i o n t o m e t a l i o n . T h e p r o t o n N M R s p e c t r a o f [ Z n L C U ] 
( L = L | I, L 2 X I X , L 3 V I I a n d L 4 X ) e x h i b i t e d s i g n a l s at p o s i t i o n s c o m p a r a b l e to t h e f r e e 
m a c r o c y c l e s ( T a b l e - I l l ) s u p p o r t i n g t h a t t h e a m i d e / p e p t i d e f u n c t i o n s r e m a i n i n t a c t in t h e 
m a c r o c y c l e s e v e n a f t e r e n c a p s u l a t i o n o f t h e c a t i o n s Z n \ C d o r H g . T h e m a g n e t i c 
m o m e n t m e a s u r e m e n t s i n d i c a t e t h e d i a m a g n e t i c n a t u r e o f t h e s e c o m p o u n d s ( I - X I X ) 
e x p e c t e d f o r a d 1 0 c o n f i g u r a t i o n o f t h e m e t a l i o n s r u l i n g o u t a n y p o s s i b l e c h a n g e in t h e 
o x i d a t i o n s t a t e s o f t h e m e t a l i o n s in t h e p r o c e s s o f e n c a p s u l a t i o n b y t h e p r e s e n t 
m a c r o c y c l e s . 

It m a y b e c o n c l u d e d o n t h e b a s i s o f t h e p r e s e n t f i n d i n g s t h a t t h e c o n d e n s a t i o n 
r e a c t i o n s o f t h e d i a m i n e s w i t h p h t h a l i c / s u c c i n i c a n h y d r i d e r e s u l t s in 2 + 2 c y c l i z a t i o n 
a f f o r d i n g m a c r o c y c l e s L | , L 5 a n d L 6 ( 1 6 m e m b e r e d ) , L 2 , L 3 . 2 H C 1 a n d L 4 ( 1 8 m e m b e r e d ) 
w h i c h a r e c y c l i c t e t r a a m i d e / t e t r a p e p t i d e p o s s e s s i n g t h e ( - C O - N H - ) f u n c t i o n w h i c h r e m a i n s 
i n t a c t e v e n a f t e r m e t a l ion e n c a p s u l a t i o n b i n d i n g t h e m e t a l i o n t h r o u g h t h e a m i d e n i t r o g e n s 
a s t h e m o s t a c c e s s i b l e s i t e r a t h e r t h a n t h e c a r b o n y l f u n c t i o n ( s ) a s r e p o r t e d " f o r t h e s y n t h e t i c 
t r i p e p t i d e s y s t e m s . T h e c o o r d i n a t i o n v i a t h e c a r b o n y l f u n c t i o n is r e s t r i c t e d p o s s i b l y d u e t o a 
s t r u c t u r a l r e a s o n ( b u t n o t e l e c t r o n i c ) i . e . t h e c a v i t y s i z e o f t h e p r e s e n t m a c r o c y c l e s d o e s n o t 
a l l o w d i s t o r t i o n in t h e r i n g as m u c h as r e q u i r e d f o r b i n d i n g t h r o u g h c a r b o n y l o x y g e n ( s ) o f 
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the amide moiety. This would otherwise lead to the encapsulation with considerable strain 
which is thermodynamically not favored. Furthermore, the macrocycles L | - L 6 bind the 
metal ions as a tetradentate ligand and metal ions acquire hexa-coordination i.e. octahedral 
arrangement around the metal ions as typified in F i g . 2 . 

X 

Fig. - 2 

| M L X 2 | 
Μ =Zn, Cd or Hg 
L = L i~L6 

X=CI, SCN or C104 

A C K N O W L E D G E M E N T 
Authors are thankful to Chairman, Chemistry Department for the facilities and 

financial support from C.S. I .R . , New Delhi is gratefully acknowledged. 

R E F E R E N C E S 
1. V. Alexander, Chem. Rev. 95 (1995), 273 and references cited therein. 
2. M .B . Inoue, R .E .L . Navarro, M. lnue and Q.Fernando, Inorg. Chem. 34 (1995), 

6074; X. HeBu, X.C. Cao, D. L i Au, R.H. Zhang, C. Thomas and E. Kimura, J . 
Chem. Soc. Dalton Trans. ( 1 9 9 8 ) 433 . 

3. J . Costa, R. Delgado, Melocarmo, Figueira, R.T. Henriques and M. Teixeira, J. 
Chem. Soc. Dalton Trans. (1997), 65, W .A . Bligh, N. Choi, C .F .G.C. Geraldes, S. 
Knoke, M.McPart l in, M. J . Sanganee and T.M. Woodroffe, J. Chem. Soc. Dalton 
Trans. (1997), 4119. 

4. M.Kodama and E.Kimura, J. Chem. Soc. Dalton Trans. (1979), 325; (1981), 694; 
M.Kodama, T.Yatsunami and E.Kimura, ibid, (1979), 1783; E .K imura J. Coord. 
Chem., 15 (1986), 1. 

5. D .W . Margerrum and G.D. Owens, Metal Ions in Biological System Edit. H. Siesel. 
Vol . 12 (1981), p. 75, Chap 3, Marcel Dekker, New York, S.P. Youngblood and 
D .W. Margerrum. Inorg. Chem. 19 (1980), 3088. ; P.A. Temussi and A. Vigaliano, 
J. Amer. Chem. Soc., 97 ( 1 9 7 5 ) , 1572; Y . S u g u i r o , Inorg. Chem. 17 ( I 9 7 8 L 2 1 7 6 ; 
Z.A . Siddiqi and V. J . Mathew, Polyhedron, 13 (1994), 799. 

6. G .E . Coats and D. Ridley, J. Chem. Soc. (1964), 166 and references cited therein. 

863 



Zafar A. Siddiqi et al. Synthesis and Physico-ChemicaI Investigation on 16 and 18 membered 
[N4]Macrocycles Modified with Appropiate Carbonyl Functions 

7. C .N. Re i l ey , R.W. Schmid and F.S. Sadek , J. Chem., Edu. 36 ( 1 9 5 9 ) , 555 . 
8. I .M. K o t t h o f f , E .B. Sande l l , E.J . Meehan and S. B r u c k e n s t e i n , Quantitative 

Chemical Analysis Mc Mi l lan , L o n d o n ( 1 9 6 9 ) . 
9. K. N a k a n i s h i , Infrared Absorption Spectroscopy, N a n k o d o , Japan ( 1 9 6 2 ) . 
10. C . N . R . Rao, Ultraviolet and Visible Spectroscopy, B u t t e r w o r t h , L o n d o n ( 1 9 6 1 ) . 
1 1. R .J .H. Clark and C. Wi l l i ams . Inorg. Chem. 4 ( 1 9 6 5 ) , 350 ; K. N a k a m o t o , Infrared 

and Raman Spectra of Inorganic and Coordination Compo unds. 4 t h Edi t . , Wi'ley-
I n t e r s c i e n c e , N. York ( 1 9 8 6 ) . 

Received: October 15, 2001 - Accepted: October 29, 2001 -
Accepted in publishable format: November 12, 2001 

864 


