
Water-soluble zinc porphyrins bearing an ammonium
group and a phenyl or tertiary butyl group above each por-
phyrin plane were designed and synthesized.  Binding data for
amino carboxylates in aqueous solution suggested that these
porphyrins recognize the carboxylates on the basis of coordina-
tive, Coulomb, and hydrophobic interactions and that a chiral
recognition phenomenon for glycyl-tryptophan anion is derived
from the cooperation of these interactions.

Recognition of biomolecules such as amino acids by recep-
tors plays critical roles in living organisms.  To understand the
recognition mechanisms in aqueous solution, a variety of artifi-
cial receptors have been designed and studied.  A class of useful
model receptors for amino acids and peptides is zinc por-
phyrins,1,2 but not so many studies in aqueous solution3–5 have
been reported due to the lipophilic nature of porphyrins.  In this
work we have designed and synthesized a new type of water-sol-
uble zinc porphyrin receptors that are capable of revealing three-
point recognition for amino carboxylates on the basis of coordi-
native, Coulomb, and hydrophobic interactions.

The synthesis of 5α ,15β-bis(2-benzoylaminophenyl)-
10α ,20β-bis(2-(trimethylammoniomethylcarbonylamino)-
phenyl)porphyrinatozinc(II) (1) (chloride) is as follows.  To an
ice-cold solution of 5α,10α,15β,20β-tetrakis(2-aminophenyl)-
porphyrin (2.00 g, 2.96 mmol) and triethylamine (5.0 cm3) in

CH2Cl2 (800 cm3) was added dropwise a solution of triphenyl-
methyl bromide (2.08 g, 6.44 mmol) in CH2Cl2 (400 cm3).  The
reaction mixture containing some kinds of partly amino-protected
porphyrins was evaporated to dryness and the solid was chro-
matographed on a silica-gel column (benzene, 4 × 30 cm).  The
third and forth bands were separated where these were 5α,15β-
bis(2-(triphenylmethylamino)phenyl)-10α ,20β-bis(2-
aminophenyl)porphyrin and the racemic mixture of 5α,20β- and
10α,15β-bis(amino-protected) isomers, respectively.  After dry-
ing the solution of the third band, the solid was dissolved in
CH2Cl2 (80 cm3) containing triethylamine (1.1 cm3).  To the
solution, benzoyl chloride (0.35 cm3, 3.00 mmol) was added then
stirred for 12 h at room temperature.  The reaction mixture was
treated with a mixture of dilute HCl (3 mol dm–3, 10 cm3) and
CH3COOH (10 cm3) for 1 h at room temperature, deprotecting
the two amino groups.  After neutralization with aqueous ammo-
nia, the organic layer was dried over anhydrous Na2SO4 then
evaporated to dryness.  The solid of 5α ,15β-bis(2-benzoyl-
aminophenyl)-10α,20β-bis(2-aminophenyl)porphyrin was puri-
fied by silica-gel column chromatography (CHCl3, 2.5 × 30 cm),
yield 0.249 g (9.6%).

Treatment of the porphyrin (0.500 g, 0.566 mmol) with
ZnCl2 (1.00 g, 7.34 mmol) in tetrahydrofuran (100 cm3) contain-
ing 2,6-lutidine (0.50 cm3) for 4 h at room temperature afforded
the corresponding zinc porphyrin, yield 0.291 g (54.3%).

To a solution of the above zinc porphyrin (0.250 g, 0.276
mmol) and triethylamine (10 cm3, 72 mmol) in CH2Cl2 (100
cm3) in an ice bath was added dropwise a solution of N,N-
dimethylaminoacetyl chloride (0.871 g, 7.16 mmol) in CH2Cl2
(100 cm3).  After stirring for 6 h at room temperature, the mix-
ture was washed twice with water.  The organic layer was dried
over anhydrous Na2SO4 then evaporated to dryness.  The solid
of 5α ,15β-bis(2-benzoylaminophenyl)-10α ,20β-bis(2-(N,N-
dimethylaminomethylcarbonylamino)phenyl)porphyrinato-
zinc(II) was purified by a silica-gel column (CHCl3, 2.5 × 20
cm), yield 0.0894 g (30.3%).

To a solution of the above zinc porphyrin (0.0800 g, 0.0716
mmol) in N,N-dimethylformamide (10 cm3) was added methyl
iodide (0.800 cm3, 10.3 mmol) with stirring at room temperature.
After 7 h, addition of ether to the mixture precipitated a solid of
the iodide of 1.  The iodide was converted to the corresponding
chloride by ion-exchange column chromatography (CH3OH, 3 ×
30 cm (Amberlyst A-21)), yield 0.0323 g (37.0%).6

5α,15β-Bis(2-(t-butylcarbonylamino)phenyl)-10α,20β-bis-
(2-(trimethylammoniomethylcarbonylamino)phenyl)porphyri-
natozinc(II) (2) (chloride) was similarly prepared by using
pivaloyl chloride instead of benzoyl chloride.  5α,20β-Bis(2-
b e n z o y l a m i n o p h e n y l ) - 1 0 α , 1 5 β - b i s ( 2 - ( t r i m e t h y l -
ammoniomethylcarbonylamino)phenyl)porphyrinatozinc(II) (3)
(chloride) was similarly prepared as the racemic mixture from
the mixture of 5α,20β-bis(2-(triphenylmethylamino)phenyl)-
10α,15β-bis(2-aminophenyl)porphyrin and its enantiomer.
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In aqueous solution a nitrogenous axial ligand (L) such as
amino carboxylates can substitute the coordinated water on a
zinc porphyrin (ZnP) and this reaction is explained as follows:

where the N atom of L coordinates to the zinc ion.7 Since the
pKa values of the coordinated H2O of these zinc porphyrins
were estimated to be larger than 12 and the pKa values of amino
acids (–NH3

+) are smaller than 9.6, the binding experiments
were carried out at a pH value between them.  Binding con-
stants (K = [ZnP·L]/[ZnP·H2O][L]) for the equilibrium were
determined spectrophotometrically by a usual method.8

Table 1 lists binding data of amino carboxylates and butyl-
amine to zinc porphyrins.  It is appeared that amino carboxy-
lates bind more tightly to the zinc porphyrins than butylamine
and that the K values for Asp are greater than those for Gly,
suggesting that Coulomb interaction between an –N+(CH3)3
group of the porphyrins and the –COO– group(s) of the coordi-
nated carboxylates enhances the binding.  This was supported
from examining the dependence of K on ionic strength I where
slope for plotting log K versus √I

–
can correlate to the magnitude

of Coulomb interaction.4,9 The slope on the binding of butyl-
amine to 2 was found to be 0.09 while those of L-Trp and DL-
Asp were –1.26 and –1.63, respectively, indicating that
Coulomb interaction strengthens the binding.

On the binding of amino carboxylates to 5,10,15,20-tetra-
kis(N-methyl-4-pyridyl)porphyrinatozinc(II) in aqueous solu-
tion, the K values for Phe and Trp anions were increased in
terms of hydrophobic interactions between the hydrophobic
side chains of the carboxylates and the porphyrin plane.3 This
effect cannot be expected for the amino carboxylates with no
hydrophobic side chain such as Gly and Asp.  For the zinc por-
phyrins prepared, similar increments in K are also observed for
the binding of Phe and Trp compared to Gly, suggesting the
presence of hydrophobic interaction with the porphyrin plane.
Another hydrophobic interaction is also possible between the
side chain of Phe or Trp and the t-butyl or phenyl group of the
zinc porphyrins prepared.  This can be correlated to the fact that
the K values for 1 and 3 with the amines except Asp are appar-
ently larger than those for 2.  This result might be reasonably
ascribed to the increased hydrophobic area of the phenyl group
compared to the t-butyl group.

Thus, compounds 1 and 3 can recognize amino carboxy-
lates on the basis of coordination, Coulomb interaction, and
two-point hydrophobic interactions.  Since 3 exists as the

racemic mixture, chiral recognition for the enantiomers of the
amino carboxylates was expected.  Our binding data on amino
acids, however, do not show chiral recognition evidence; no
difference in K is observed between DL- and L-Trp.  Contrary to
this, a slight but certain difference in K for 3 was obtained
between Gly–DL-Trp and Gly–L-Trp.10 This can be reasonably
explained in terms of the relative magnitude of the two
hydrophobic interactions produced by the indole group of the
amino carboxylates with the porphyrin plane and with the
phenyl group of the porphyrin.  In the bound Trp the former
interaction must be strong to eclipse the latter interaction,
whereas in the bound Gly–Trp the relatively decreased former
interaction by elongating the separation of the indole group
from the porphyrin plane might lead to the appearance of the
chiral recognition.
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