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SYNTHESIS AND BINDING OF A TRIAZAMACROCYCLIC LIGAND 
BEARING PENDANT PYRIDYL GROUPS 

JONATHAN L. SESSLER*, JEFFREY HUGDAHL, HIROMASA 
KUROSAKI, AND YORO SASAKI 
Department of Chemistry, The University of Texas at 
Austin, Austin, Texas 78712, U.S.A. 
(Received April 18,1988) 

mstract The synthesis and preliminary binding 
studies of a triazacyclononane bearing three pendant 
pyridyl arms is described. 

Keywords: Triazacyclononane pendant, pyridyl arms 

JNTRODUC- 

There has been much interest in preparing models which 
mimic the essential spectroscopic, structural and 
functional features present at the active site of 
hemerythrin, one of a number of proteins bearing oxo- 
bridged binuclear iron centers. These models rely on 
triazacyclononanes or trispyrazolylborate anions to 
provide capping ligands for the bimetallic core. 1-3 
Recent syntheses of azamacrocyclic ligands bearing 
pendant ligating groups4r5 led us to believe that such 
systems could provide a ligand environment suitable for 
supporting the unusual coordination environments found at 
the active sites of metalloproteins. Here we report the 
synthesis and preliminary binding studies of (l), a 
triazacyclononane bearing three pendant coordinating 
pyridyl groups. 
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94 J.  L. SESSLER ef al. 

S Y N T H E S I S  

The liqand was synthesized as shown in Scheme 1, with all 
new compounds giving satisfactory spectroscopic and 
analytical data. Alkylation of triazacyclononane ( 2 ) ,  

with an excess of 4-bromobutyrylnitrile gave the 
trinitrile (3) which was purified by flash chromatography 
to give an oil in 12% yield. Reduction of the nitrile 
with diborane in refluxing tetrahydrofuran gave the 
triamine ( 4 )  in 66% yield which was used without further 
purification. Addition of 3-pyridinecarboxaldehyde to a 
solution of ( 4 )  in dry methanol gave a triimine which was 
not purified. Subsequent reduction utilizing 5% palladium 
on carbon catalyst and atmospheric pressure hydrogen 
followed by flash column chromatography gave the tris 
pyridyl ligand (1) as an oil in 11% yield. 

NC(CH2)3-N 

HN/\ 

Cs2C0,. BrCH2CH2CH2CN DMF * 

B,H,, THF 0 ( NdN(CHZ)INY 

( "JN(cH2)3cN 

LdNH NC(CH,~N 

(2) (3) 

1. #H 

* (1) 
> H ~ N ( C H ~ ) ~ - N  
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SCHEME 1 Synthesis of Ligand (1) 
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BINDING S TUDIES 

Binding of z i n c  acetate  b y  l i g a n d  (1) was examined u s i n g  
13C n.m.r .  S t u d i e s  i n d i c a t e  t h a t  t h e  l i g a n d  p o s s e s s e s  
t w o  d i f f e r e n t  b i n d i n g  si tes.  A s  shown i n  F i g u r e  2 ,  

t r e a t m e n t  of t h e  l i g a n d  wi th  1 . 0  eq. of Zn2+ l e a d s  t o  
n o t i c e a b l e  s h i f t s  o f  resonances cor responding  t o  t he  

a l k y l  carbons  of b o t h  t h e  t r i a z a c y c l o n o n a n e  and p y r i d y l  

a r m s .  Addi t ion  of  a second e q u i v a l e n t  of Zn2+ leads t o  
s h i f t s  of t h e  resonances due t o  t h e  a r o m a t i c  carbons  of 
t h e  p y r i d y l  l i g a n d s ,  b u t  l i t t l e  f u r t h e r  s h i f t  of t h e  
peaks i n  t he  a l k y l  r e g i o n .  This  s u g g e s t s  t h a t  t h e  
t r i a z a c y c l o n o n a n e  provides a s t r o n g e r  b i n d i n g  s i t e  t h a n  
t h a t  d e r i v e d  from t h e  p y r i d i n e  n i t r o g e n s .  

Q u a n t i t a t i v e  b i n d i n g  c o n s t a n t s  were o b t a i n e d  by u s i n g  
a m o d i f i c a t i o n  of a method o r i g i n a l l y  i n t r o d u c e d  by Drago 

( e q u a t i o n  (1) 1 - 6  

where : A60bs = 8obs - 6S 
A&T = 6, - 6s 
&obs =chemica l  s h i f t  observed  a t  i n t e r -  

mediate z i n c  c o n c e n t r a t i o n s  
& = c h e m i c a l  s h i f t  of uncomplexed l i g a n d  
& = c h e m i c a l  s h i f t  o f  f u l l y  bound l i g a n d  
[Zn], = c o n c e n t r a t i o n  of  t o t a l  added z i n c  
[ L ] o  = t o t a l  c o n c e n t r a t i o n  of l i g a n d  

and K1 r e p r e s e n t s  t h e  p r o c e s s :  
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96 J. L. SESSLER et af. 

I " " I " " I " " I " " I  
2 0 0  7 50 100 50 0 PPM 

FIGURE 2 Carbon n.m.r.  spectra produced d u r i n g  t h e  

t i t r a t i o n  of l i g a n d  (1) i n  MeOH-d4 w i t h  Z ~ ( O A C ) ~ .  

S p e c t r a  A,  p u r e  Zn(OAcI2; s p e c t r a  B, (1) and 1 . 0  
e q u i v .  NaOAc;  s p e c t r a  C, p u r e  (1); s p e c t r a  D ,  (1) 

and 1 . 0  e q u i v .  Zn(OAc)2; s p e c t r a  E,  (1) and 2 . 0  

e q u i v .  Zn(0Ac)a; spectra F, (1) and ca. 10 e q u i v .  
Zn ( O A c )  2 .  
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I n v e r s i o n  a n d  rearrangement  of e q u a t i o n  (1) t o  a form 
s i m i l a r  t o  t h a t  employed by Hi ldebrand  and  Benesi7 gives 
e q u a t i o n  ( 2 )  . 

and K-l refers t o  t h e  process :  

The v a l u e  for  K-1 w a s  t h e n  o b t a i n e d  as t h e  Y i n t e r c e p t  
f r o m  t h e  observed  s t r a i g h t  l i n e  p l o t  of eq. ( 2 ) .  
Repeated exper iments  gave a c o n s i s t e n t  v a l u e  fo r  t h e  
f i rs t  b i n d i n g  c o n s t a n t  of K1 = 4 5  M-I. A f t e r  a 
c o r r e c t i o n  f o r  bound z i n c  was a p p l i e d ,  a s i m i l a r  a n a l y s i s  
s u g g e s t e d  t h a t  a 1:l complex was a l s o  b e i n g  formed from 
t h e  second p y r i d i n e - d e r i v e d  b i n d i n g  s i t e .  An approximate 
v a l u e  f o r  K1 of 1 . 5  M-I was o b t a i n e d .  I n  t h i s  case, eq. 
( 2 )  was s o l v e d  i n  an  i t e r a t i v e  f a s h i o n .  T h i s  a l lowed 

b o t h  K-I a n d $ t o  be c a l c u l a t e d  as independent  variables. 
Bis -pyr idyl  and  mono-pyridyl t r i a z a c y c l o n o n a n e  

l i g a n d s  have a lso been s y n t h e s i z e d  and t h e i r  properties 
w i l l  be r e p o r t e d  e l sewhere .  
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