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Metal complexes of 5-[3'-(12-crown-4)methyloxy- 
carbonylphenyl]-15-phenylporphyrin (H2-MCEPP) 
are synthesized as the hosts which have two recep- 
tor sites, the crown ether moiety being for cations 
and the porphyrin-metal site for the counter anions. 
Cation or anion recognition is highly dependent on 
the porphyrin-metal; that is, the zinc complex (Zn- 
MCEPP) recognizes anions preferentially and, on the 
contrary, the magnesium complex (Mg-MCEPP) rec- 
ognizes cations more effectively. 

Keywords: Metalloporphyrin, crown ether, cation recogni- 
tion, anion sensing, ditopic host 

INTRODUCTION 

Porphyrins and metalloporphyrins can offer 
sophisticated sensors, since they are effectively 
monitored by NMR, UV-Vis and CD spectro- 
scopy, electrochemistry, and fluorescence spec- 
troscopy [l, 21. Indeed, they have been utilized 
in recognition of metal cations and anions. 
Anion sensing has been presented by the 
porphyrin host modified with cobaltocenium 
salt or N-phenylurea [3,4], and a calixarene- 
capped metalloporphyrin has been reported as 

'Corresponding author. 

an unique ditopic receptor for iodide ion [5]. On 
the other hand, crown ethers and porphyrins 
have been cobined to generate hosts which bind 
cations such as silver and sodium cations and 
they have been developed for recognition of 
ammonium and dipyridinium cations [6- 101. 
Research on crown ether-armed porphyrins as 
sensors or receptors, however, is limited to 
several reports and can play an important role 
in molecular devices and molecular recognition 
chemistry [ill. 

In our previous papers, we have described 
cation and/or anion recognition by crown ether- 
armed fluorophore hosts [12,131. In a continu- 
ing study of molecular devices which recognize 
a cation and an anion, we would like to de- 
monstrate a new type of crown ether-armed 
metalloporphyrin host recognizing a cation and 
an anion. 

RESULTS AND DISCUSSION 

The porphyrin hosts were synthesized by 
the following reactions. The reaction of 
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136 S .  IWATA et a1 

bis(3-ethyl4methyl-2-pyrrolyl)methane, 3-[(12- 
crown4 methyloxycarbonyllbenzaldehyde, and 
benzaldehyde, followed by treatment of the 
formed porhyrinogen with o-chloranil gave 5- 
[3'-(12-crown - 4)methyloxycarbonylphenyl] - 15- 
phenylporphyrin (HrMCEPP) in 29% yield. The 
porphyrin H,-MCEPP was purified with liquid 
chromatography and recrystallization (hexane- 
chloroform). Insertion of zinc or magnesium 
metal to the porphyrin ring was carried out with 
zinc acetate or magnesium perchlorate, accord- 
ing to the reported methods 111, to produce Zn- 
MCEPP or Mg-MCEPP in a good yield. The 
obtained porphyrin derivatives, particularly Hz- 
MCEPP, are so photosensitive as to decompose 
gradually under daylight. Therefore, their treat- 
ment was performed in the dark. 

shows somewhat different '€I-NMR spectra, 
indicating the crown ether moiety to be rather 
broadened and upfield-shifted, which suggests 
some interaction between the central magnesium 
metal and the crown ether side arm (Fig. 1). This 
interaction with the oxygen atom of the crown 
ether seems to be attributed to the hard character 
of the magnesium metal, compared to the zinc 
metal. 

Addition of an equimolar amount of sodium 
perchlorate to a solution of Zn-MCEPP in deute- 
riochloroform changes the chemical shifts; that 
is, the crown ether moiety (63.5-4.0) and the 
ester-methylene group (6 4.4) are both broadened 
and upfield-shifted to 6 2.6 - 3.4, and the singlet 
meso protons are separated into two signals. The 
upfield-shift of the crown ether moiety is due to 

H H  

(1)pTsOH. MeOH 
(2) eChloraiiil. TtfF 

29X 

HrMCEPP 

Conditions (Yield O/.) 

Zn-MCEPP : (CH3C0O)D I MeOH-CHC13 (91%) 
WgMCEPP : Mg(CIO& I Pyridine (28%) 

SCHEME 1 

The introduction of metal to the porphyrin 
ring causes a change in 'H-NMR spectra. Al- 
though 'H-NMR spectra of Zn-MCEPP are quite 
similar to those of H,-MCEPP, Mg-MCEPP 

the diamagnetic shielding of the porphyrin ring, 
which suggests that the crown ether moiety is 
stacked asymmetrically on the porphyrin ring 
through a sodium perchlorate bridge (Fig. 2). 
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CROWN ETHER-ARMED METALLOPORPHYRIN 137 

FIGURE 1 'H-NMR spectra of the MCEPP derivatives. Solvent, CDCI,; *, contaminant of CDCI,; **, water. 

O"\ r 0. 

FIGURE 2 The coordinated complex between Zn-MCEPP 
and sodium perchlorate. 

The complex ratio of Zn-MCEPP and sodium 
perchlorate was evaluated by the mole ratio meth- 
od on the basis of the separation of the meso 
protons in 'H-NMR spectra. The complex ratio 
is dependent on the solvent polarity; for exam- 
ple, in a 7 : 3 ratio of deuterioacetonitrile to deu- 
teriochloroform, a 1 : 0.37 complex of Zn-MCEPP 
and sodium perchlorate is found. An incomplete 
ratio suggests partial aggregation of the por- 
phyrin. With increase of the solvent polarity, the 

complex ratio changes and is extrapolated to be 
a 1 : 1 ratio in deuterioacetonitrile, as shown in 
Figure 3. It should be added that Zn-MCEPP is 
poorly soluble in deuterioacetonitrile under 'H- 
NMR conditions. 

Addition of sodium perchlorate to an aceto- 
nitrile solution of the metal free porphyrin 
HrMCEPP does not cause any change in absor- 
bance and wavelength in the UV-Vis spectra. 
However, a very interesting change is observed 
upon addition of a guest salt such as sodium 
perchlorate, sodium thiocyanate, sodium iodide, 
calcium perchlorate, or calcium thiocyanate 
to a solution of Zn-MCEPP in acetonitrile. The 
change in absorbance depends highly on the 
kind of anion; that is, absorbance is substantially 
increased by perchlorate, decreased by thio- 
cyanate, and not affected by iodide. A slight 
red-shift, other than the absorbance change, is 
noticed with thiocyanate. The association con- 
stant with each salt was evaluated from a stand- 
ard plot based on the change in absorbance of 
the Soret band [14]. As was anticipated from 
the mole ratio method in the 'H-NMR study, 
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FIGURE 3 Solvent dependence of mole ratio for the complexation between Zn-MCEPP and sodium perchlorate. 

Zn-MCEPP captures sodium perchlorate in a 
1:l ratio and its association constant is high, 
log K = 5.38. Similarly, with calcium perchlorate 
or calcium thiocyanate, a 1:l complex with high 
association constant is found. A 1:2 complex 
with sodium thiocyanate is found and this is 
supported by the slight, but appreciable, red- 
shift (3nm), as shown in Table I. With sodium 
iodide, the change in absorbance is so small that 
the association constant cannot be evaluated. 
This is probably due to the weak capture of 
sodium iodide, which suggests that the spheri- 
cal iodide does not construct the stable bridge 
drawn in Figure 2. 

With Mg-MCEPP, although a slight red-shift 
is noticed in the binding of thiocyanate, the kind 

TABLE I Association constant (log K )  of Zn-MCEPP 

Guest K(M-') Host:Guest AA(nm)b Abs.Changec 

NaC104 5.38 1:l 0 + 
NaSCN 6.46 1:2 3.0 
NaI - - 0 -0 
Ca(ClO& 4.63 1:l 0 + 
Ca(XN)2 5.00 1:l 1 .o 

- 

- 

of anion does not affect the change in absorb- 
ance, an increase in absorbance being caused by 
both thiocyanate and perchlorate. However, the 
kind of cation reflects profoundly on the 
association constant, sodium salts being fully 
recognized to give substantial association con- 
stants and calcium salts being recognized very 
poorly (Tab. 11). The difference in association 
constant between sodium and calcium cations is 
seen to relate to the stacking of the central 
magnesium metal with the crown ether moiety. 
The sodium cation may break through the stack- 
ing because of the appreciable affinity with 12- 
crown-4, compared with the calcium cation. 

The quenching of fluorescence in the com- 
plexation of Zn-MCEPP or Mg-MCEPP with 

TABLE Il Association constant (log K )  of Mg-MCEPP 
~ 

Guest K(M-') Host: Guest AA(nm)b Abs.Changec 

NaCIO4 5.12 1:l 0 + 
NaSCN 4.45 1:l 1.5 + 
Ca(C10& - 0 + 
Ca(SCN), - 1 .o + 

- 

- 

a In acetonitrile at 25°C. [Zn-MCEPPI = 1.0 x M. 
Wavelength shift of the Soret band after the addition of guest. 
Change in absorbance of the Soret band after the addition of guest. 

a In acetonihile at 25°C. IMg-MCEPPI = 1.0 x IO-'M. 
Wavelength shift of the Soret band after the addition o f  guest. 
Change in absorbance of the Soret band after the addition of guest. 
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CROWN ETHER-ARMED METALLOPORPHYRIN 139 

salt is not clearly noticed. It is anticipated that 
the photoinduced electron transfer from the 
captured anion to the porphyrin is not able to 
occur because of the high energy of the highest 
occupied molecular orbital (HOMO) of the 
porphyrin. 

CONCLUSIONS 

Metalloporphyrins having a 12-crown-4 lariat 
ether are synthesized as ditopic hosts for alkali 
and alkaline earth metal salts. Their flexible 
structures are found to be suitable for cation or 
anion recognition, which is highly dependent 
on the porphyrin-metal. The zinc complex (Zn- 
MCEPP) recognizes anions, which can be moni- 
tored by the change in absorbance and, on the 
contrary, the magnesium complex (Mg-MCEPP) 
recognizes cations, which is reflected in the 
association constants. These interesting proper- 
ties can be very useful for new types of molecu- 
lar devices. 

EXPERIMENTAL SECIION 

The IR spectra were recorded on a JAKO A-100 
spectrometer and samples were run as potas- 
sium bromide pellets. The UV-Visible spectra 
were recorded with a JAXO Ubest-50 spectro- 
meter. The 'H-NMR spectra were taken on a 
JEOL LA-400 (400MHz) spectrometer for a 
solution in deuteriochloroform, unless otherwise 
noted. The chemical shifts are given in G/ppm 
downfield from tetramethylsilane as the internal 
standard. 

The preparative liquid chromatography was 
carried out by LC-908 (Japan Analytical Indus- 
try, Co., Ltd.) using JAI gel 1H (eluent, chloro- 
form). Acetonitrile for spectroscopy is the highest 
quality from KOKUSAN Chemical Co. and was 
used without purification. The elemental ana- 
lyses were measured with a Perkin Elmer 2400 I1 
CHN Analyzer. 

3-[(12-Crown-4)methyloxycarbonyll 
benzaldehyde 

3-Carboxybenzaldehyde (1.76 g, 11.7 mmol) was 
dissolved in toluene (80ml) at 30°C. To the 
mixture, a toluene solution (20 ml) of 4-(N, N- 
dimethy1amino)pyridine (0.26 g, 2.13 mmol) and 
successively a toluene solution (20ml) of 2- 
hydroxymethyl-12-crown-4 (2.18 g, 10.6 mmol) 
were added slowly. After being stirred for 
30min, a toluene solution (20ml) of N,N'- 
dicylohexylcarbodiimide (3.25 g, 15.8 mmol) was 
added to the mixture and the mixture was stirred 
at room temperature for 2 h. A white precipitate 
was filtered off and the filtrate was evaporated 
under vacuo to leave a residue which was 
chromatographed on silica gel (eluent, chloro- 
form/ethyl acetate = 3/11, giving 2.95 g (82%) of 
3-[(12-crown-4)methyloxycarbonyllbenzaldehyde 
as a yellowish oil; IR 1720 (C = 0) and 1100 
(C -0) m-'; 'H-NMR 63.65-4.13 (m, 15H), 
4.46 (m,2H), 7.66 (ddIlH,J=7.6,7.8Hz), 8.11 
(d,lH,J=7.6Hz), 8.31 (d,lH,J=7.8Hz), 8.53 
(s, lH), and 10.09 (s, 1H). 

The product was used for the next reaction 
without further purification. 

5-[3'-(12-Crown-4)methyloxycarbonylphenyl]- 
2,8,12,18-tetraethyl-3,7,13,17-tetramethyl-15- 
phenylporphyrin (H,-MCEPP) 

To a methanol solution (85 ml) of bis(3-ethyl- 
4-methyl-2-pyrroly1)methane 1151 (1.64 g, 7.10 
mmol), 3-[(12-crown-4)methyloxycarbonyllben- 
aldehyde (1.20 g, 3.55 mmol) and benzaldehyde 
(0.38 g, 3.55 mmol) were added and the mixture 
was stirred for 15 min. The mixture was bubbled 
with Ar gas for 15 min, and p-toluenesulfonic acid 
(0.75 g, 4.36 mmol) was added. The mixture was 
stirred for 15min in the dark and, moreover, 
stood at room temperature for 6 h and then at 0°C 
for 12h. The reaction mixture was evaporated 
and the risulting residue was dissolved in THF 
(200 ml, dried over CaCW. o-Chloranil (2.23 g, 
9.07mmol) was added to the mixture and the 
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140 S .  IWATA et al. 

mixture was stirred at room temperature for 
2 h. After evaporation of the solvent, the residue 
was dissolved in minimum amount of dichlor- 
omethane and precipitated by adding a solution 
of methanol and triethylamine (4/1). The pre- 
cipitate was filtered, washed with cold methanol, 
and chromatographed on silica gel (eluent, 
chloroform/ethyl acetate = 3/1) to give 0.9Og 
(29%) of H,-MCEPP as a violet powder. The 
crude porphyrin was moreover purified with 
liquid chromatography and by recrystallization 
(hexane-chloroform); mp 16O.O"C (dec.); IR 3450 
(NH), 1720 (C = 0), 1250 (OC -O), and 1100 
(C -0) cm-'; 'H-NMR 6 - 2.41 (br.s, 2 H), 1.75 - 
1.79 (m, 12H), 2.45 (s,6H), 2.49 (s,6H), 3.50-3.90 
(m,15H), 4.01 (q,8H,J=7.3Hz), 4.43 (m,2H), 
7.74-7.86 (m,4H), 8.07 (d,2H,J=6.3Hz), 8.28 
(d,lH,J=7.3H~),  8.49 (d,lH,J=7.8Hz), 8.78 
(s, lH), and 10.24 (s ,~H);  Amax (CH,CN)/nm, 
(log E M-' cm-') 403 (5.641, 504 (4.531, 537 (3.98), 
573 (4.11), and 625 (3.34). 

Found: C, 74.70; H, 7.23; N, 6.40%. Calcd for 
C~H62N406: c, 75.15; H, 7.24; N, 6.49%. 

5-[3'-(12-Crown-4)methyloxycarbonylphenyll- 
2,8,12,18-tetraethyl-3,7,13,17-tetramethyl-l5- 
phenylporphyrin zinc complex (Zn-MCEPP) 

To a refluxing solution of H2-MCEPP (0.4Ogr 
0.46mmol) in chloroform (20ml), a methanol 
solution (8.3 ml) saturated with zinc acetate was 
added and the mixture was refluxed for 2 h. The 
reaction mixture was cooled and evaporated, and 
the resulting residue was dissolved in chloroform. 
The mixture was washed with water and dried 
over anhydrous magnesium sulfate. After the 
solvent was removed, the crude product was 
recrystallized from hexane-chloroform to give 
0.39 g (91 %) of zinc complex as a violet powder; 
mp 245.0-246.0"C; IR 1720(C = 0) and 1240 
(OC -0) cm-'; 'H-NMR 6 1.77 (t, 12 H, J = 

(m,15H), 4.00 (q,8H,J=7.3Hz), 4.37 (m,2H), 
7.72-7.86 (m,4H), 8.08 (d,2H,J=6.6Hz), 8.30 
(d,lH,J=&OHz), 8.48 (d,lH,J=8.0Hz), 8.78 

7.3Hz), 2.41 ( s , ~ H ) ,  2.46 (s,~H), 3.40-3.80 

(s, lH), and 10.20 (s, 2H); Xma,(CH3CN)/nm, 
(log~M-'cm-') 413 (5.43), 543 (4.12), and 575 
(3.62). 

Found: C, 63.09; H, 6.03; N, 5.39%. Calcd for CM 
H a 4 0 J n .  CHC13: C, 63.16; H, 5.88; N, 5.36%. 

5-[3'-(12-Crown-4)methyloxycarbonylphenyll- 
2,8,12,18-tetraethyl-3,7,13,17-tetramethyl-l5- 
phenylporphyrin magnesium complex 
(Mg-MCEPP) 

H2-MCEPP (0.10 g, 0.12 mmol) and magnesium 
perchlorate (0.80 g, 3.58 mmol) were dissolved in 
dried pyridine (20 ml) and the reaction mixture 
was refluxed for 4h, cooled, and evaporated. 
The residue was dissolved in ether and the 
mixture was washed with 0.1 N hydrochloric 
acid solution, aqueous solution saturated with 
sodium hydrogen carbonate, and brine. After 
dried over anhydrous magnesium sulfate, the 
mixture was evaporated and the crude product 
was recrystallized from hexane-chloroform to 
give 0.03g (28%) of magnesium complex as a 
violet powder; mp 275.0 - 276.0"C; IR 1720 
(C = 0) and 1230 (OC -0)cm-'; 'H-NMR 
61.74-1.80 (m,12H), 2.32 (s,6H), 2.46 (s,6H), 
2.67-3.65 (m, 17H), 3.98-4.02 (m,8H), 7.70-7.80 
(m,4H), 8.00 (m,lH), 8.05-8.15 (m,2H), 8.20- 
8.30 (m,lH), 8.60 (br.s,lH), and 10.17 (s,2H); 
XmaX(CH3CN)/nm, (log& M-' cm-') 415 (5.561, 
550 (4.26), and 587 (3.61). 

Found: C, 71.44; H, 7.12; N, 5.98%. Calcd for 
C~HwMgN406. H20: C, 71.79; H, 6.92; N, 6.20%. 
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