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Abstract: Coordination behavior of bidentate ligand ethylenediamine with a new chiral zinc 
bis-porphyrin O,O-C2-AA-C2-(TPP)2Zn2 was investigated by Uv-Vis titration and 1H-NMR 
spectroscopy, which further evidenced that O,O-C2-AA-C2-(TPP)2Zn2 tends to form linear assembly 
with ethylenediamine in chloroform.  
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Multichromophore aggregates in the photosynthetic center1 and light harvesting antennas2 
are typical examples of self-assembled supramolecular porphyrin species occurring in 
natural systems.  Investigation of artificial porphyrin array will not only provide useful 
insights into the mechanism of the photosynthetic process but also may revolutionize solar 
energy technology.  Previously we have shown that a new chiral zinc porphyrin dimer with 
flexible bridge containing amino acids O,O-C2-AA-C2-(TPP)2Zn2

3 binds bidentate ligand 
ethylenediamine to form chiral linear zinc porphyrin array4, and the formation of the array 
was investigated by circular dichroism (CD) spectroscopy.  Herein, we report the Uv-vis 
titration and 1H-NMR characteristics of the formation of linear 
O,O-C2-AA-C2-(TPP)2Zn2–ethylenediamine array (Figure 1). 

Uv-vis ethylenediamine-titration experiments were carried out at 16°C in chloroform. 
Propylamine-titration study was also performed as control experiment.  Soret band 
changes of O,O-C2-Phe-C2-(TPP)2Zn2 ( 5.28 × 10-5 mol/L ) upon the binding of 
ethylenediamine and propylamine are shown in Figure 2a and Figure 2b respectively.  
With the addition of ligands, the Soret bands were red shifted. This indicated that the 
amine of ligands were complexed to zinc atoms of O,O-C2-Phe-C2-(TPP)2Zn2.  It is 
noteworthy that the Soret band changes of O,O-C2-Phe-C2-(TPP)2Zn2 with the addition of 
ethylenediamine and propylamine are quite different.  Besides red shifts, a clear splitting 
of the Soret band was observable when ethylenediamine was added to the solution of 
O,O-C2-Phe-C2-(TPP)2Zn2 (Figure 2a).  We ascribed the splitting of the Soret band is due 
to the formation of linear O,O-C2-Phe-C2-(TPP)2Zn2–ethylenediamine array, for the 
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splitting of the Soret band is the spectroscopic feature of porphyrin aggregates5 and 
supramolecular stack of Mg bis-(imidazolyl) porphyrin6.  When a vast excess of 
ethylenediamine was added, splitted Soret band will become one peak like that of the 
O,O-C2-Phe-C2-(TPP)2Zn2–propylamine complex (Figure 2b).  This suggests that the 
higher ethylenediamine content ([zinc por. Dimer]: [ethylenediamine]>1:1) will cause the 
dissociation of the array.  Titration curve of O,O-C2-Phe-C2-(TPP)2Zn2 based upon the 
change in absorbance at 419.3 nm on addition of ethylenediamine showed an inflection 
point at ca. 1 equivalent of ethylenediamine,  indicating a 1:1 supramolecular complex as 
an intermediate. No inflection point was found in O,O-C2-Phe-C2-(TPP)2Zn2-propylamine 
titration curve. 

 
Figure 1.  Structure of O,O-C2-AA-C2-(TPP)2Zn2 and its self-assembled supramolecular array 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Absorption spectra changes of O,O-C2-Phe-C2-(TPP)2Zn2 in chloroform on successive  
additions of ethylenediamine(a) and propylamine(b) at 16 0C 

 

 
In order to further investigate the formation of O,O-C2-AA-C2-(TPP)2Zn2 

supra-molecular assemly,  1H-NMR titration experiments have been carried out.  Here we 

O

C=O

C
NH

ZnN
N

N
N

Zn
N N

N N

O

R(H)

H(R)

R=Me (AA=Ala)
R=CH(OH)Me (AA=Thr)
R=Bn (AA=Phe)

= ethylenediamine= porphyrin

n

A
AA

AZn Zn Zn Zn

   
ab

so
rb

an
ce

 

   
 a

bs
or

ba
nc

e 

λ/nm λ/nm

(a)  (b)



Amino Acid Bridged Zinc Bisporphyrin-ethylenediamine 211 

only discuss O,O-C2-(L-Ala)-C2-(TPP)2Zn2-ethylenediamine 1H-NMR titration (in CDCl3) 
result for the simplicity.  In 1H-NMR spectrum of O,O-C2-(L-Ala)-C2-(TPP)2Zn2, The CH3 
and NH protons of Ala appeared as a broad peak at δ = ~ -4.12, and the Ala CH proton 
appeared at δ = –2.68.  The resonances at δ = –2.37 and –1.91 correspond to the (CH2)2 
connecting chain. These assignments were made according to the 1H{1H} COSY spectrum 
of O,O-C2-(L-Ala)-C2-(TPP)2Zn2.  Large ring-current induced upfield shift dimer signals 
indicated that two zinc porphyrin chromophores were in close proximity. When 1 
equivalent of ethylenediamine was added to the solution of O,O-C2-(L-Ala)-C2-(TPP)2Zn2, 
we found all of the four cited peaks were downfield shifted with δ >0 and two new peaks at 
δ = -5.66 and -4.71 appeared.  These new upfield signals correspond unequivocally to NH2 
and CH2 of ethylenediamine respectively. Chemical shifts of NH2 and α-CH of amino acid 
ester in complexation with zinc porphyrin monomer are at δ = –4.57 and –2.907.  Crossley8 
et al. reported the NH2 and α-CH2 signals of tetramine binding inside the cavity of 
Troger’s base dizinc bis-porphyrin receptor are at δ = -4.68 and –2.82.  The NH2 and CH2 
signals of ethylenediamine in the present system are apparently at higher field as compared 
with those of amino acid ester or tetramine zinc porphyrin complexes mentioned above.  
This strongly suggested that two amino groups of ethylenediamine were complexed to 
zinc porphyrin and the two porphyrin chromophores were pulled together closely.  If the 
ethylenediamine were inside the cavity of O,O-C2-(L-Ala)-C2-(TPP)2Zn2, proton signals 
of Ala and (CH2)2 connecting chain should appear at upfield δ<0.  Thus 1H-NMR study 
also evidenced the formation of the linear O,O-C2-AA-C2-(TPP)2Zn2–ethylenediamine 
assembly (Figure 1). 

Combined observations of these spectroscopies, CD4, Uv-Vis, and 1H-NMR, suggest 
that amino acid chiral zinc bis-porphyrin with flexible connecting chain 
O,O-C2-AA-C2-(TPP)2Zn2 tends to form chiral linear array with bidentate ligand 
ethylenediamine in chloroform.  Which is quite different from those rigid and semiflexible 
zinc bis-porphyrin, as the later are tend to bind bidentate ligand inside the dimeric cavity8, 

9.  The present results are useful in the design and construction of well-defined porphyrin 
supramolecular architecture or functional materials. 
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