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A porphyrin dimer with a polyether linkage was 
newly synthesized and its conformational change trig- 
gered by complexation with an sodium cation was 
examined. It was confirmed by 'H NMR titration 
experiments that the dimer bearing a pentaoxyehty- 
lene linkage (lb) was effectively formed a 1:l complex 
with a sodium perchlorate. A detailed investigation of 
the CIS values for the protons confirmed that the com- 
plex of lb*Na+ adopts a slipped face-to-face confor- 
mation. 

Keywords: Porphyrin dimer, sodium cation, conformational 
change, complexation-induced shift, face-to-face conforma- 
tion 

Regulation of orientations among porphyrin 
chromophores has been attracting much interest 
from the viewpoint of the importance for struc- 
tural mimics of the special pair in the photosyn- 
thetic reaction center [l] and of the highly 
controlled orientation of bacteriochlorophylls at 
the photosynthetic light-harvesting system [2]. It 
is well known that electron and energy transfer 
processes are largely affected by the distance 
and orientation of the chromophores involved in 

the photochemical processes [3]. Thus, in order 
to arrange porphyrin chromophores in a defined 
geometry, many porphyrin dimers and oligom- 
ers have been prepared, where the chromo- 
phores are often fixed in a face-to-face manner 
through covalent bonds, metal coordination, 
hydrogen bonds, etc., to achieve biomimetic 
photochemical systems [4, 5, 61. Another 
approach is to control a conformation of a por- 
phyrin oligomer to a well-defined structure by 
an external stimulus, such as a metal cation or a 
guest molecule. In this paper, we report the syn- 
thesis and conformational control of the porphy- 
rin dimer 1 with a polyether linkage, which is 
forced to be folded in a slightly slipped 
face-to-face conformation upon complexation 
with a sodium cation. 

As shown in Scheme 1, porphyrin dimers l a  
and lb were prepared by a typical ether synthe- 
sis with tetra- or pentaethylene glycol ditosylate 
and two equivalents of the porphyrin derivative 
7, which were obtained in 41% and 54% yields, 
respectively [7]. The reference monomer 2, in 
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y agi@ams.osakafu-u.ac.jp 

293 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
5
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



294 SHIGEYUKI YAGI et al. 

R R 

... 
111 

Br 
I 

I 

83 
R 

R 

Q 4  
R 

R 

R A 

Q 

SCHEME 1 (i) 4-Hexylbenzaldehyde diethylacetal, BF3. Et,O, chloranil in CH2C12, 35%; (ii) NBS, pyridine in CHC13, 96%; 
(iii) 4-methoxyphenylboronic acid, Pd(PPh3), Na2C03 aq. in benzene, reflux, 91%; (iv) BBr3 in CHzCI,, 38%; (v) Zn(OAc)2 in 
CHCl,-MeOH, reflux, 95%,; (vi) tetra- or pentaethyleneglycol ditosylate, Cs2CO3 DMF, 41% for l a  and 54% for lb; (vii) 3eq. of 
pentaethyleneglycol ditosylate, Cs2C03, DMF, 41%; (viii) sodium methoxide in DMF, 48%. 
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l b  
([ib] = 1.0 mM) 

ib+NaC104 
([lbj = 1.0 mM, 
[ NaCIO4 J = 15 mM ) 

e 

9.0 8.5 8.0 7.5 4.6 4.0 

FIGURE 1 'H-NMR spectral change of l b  upon complexation of NaCIOl in CDCI,/CD,CN = 7/3 (v/v) at 293 K. The symbol * 
represents the residual proton of CHCl,. Under the present condition, the 90% of complexation between l b  and NaC104 was 
achieved. 

which one porphyrin moiety is replaced by a 
methyl group, was prepared by the reaction of 7 
with an excess amount of pentaethylene glycol 
ditosylate followed by the substitution reaction 
of 8 with sodium methoxide. All the compounds 
were characterized by 'H NMR and FAB mass 
spectra and by elemental analyses, and full 
assignment of all the protons except those at the 
peripheral positions of the porphyrin rings was 
achieved by 'H-lH COSY and ROE (rotation 
frame NOE) spectra. 

As is well known, an alkali metal cation is 
effectively bound by polyethers such as glymes 
[8], and thus, it is expected that complexation 
with the metal cation leads to a drastic confor- 
mational change of the dimer 1. The conforma- 
tional change triggered by complexation with a 
sodium cation was examined by using a 'H 

NMR spectroscopy [9]. As shown in Figure 1, 
adding NaCI04 to a CHC13-CH3CN (7/3, v/v) 
solution of lb led to changes of the chemical 
shifts by 0.057-0.232 ppm except for some pro- 
tons, indicating that the two porphyrin units are 
within a close distance to be affected each other 
by ring current anisotropy. The Job's plot for lb, 
monitoring the complexation-induced shifts 
(CISs), clarified that the stoichiometry of lb-Na' 
system is 1:l. The CIS values in the presence of 
increasing amounts of NaC104 exhibited satura- 
tion behavior and led to determination of a bind- 
ing constant K by using a least-squares 
calculation, where the value of K for l b  was 
determined as 664 M-' [lo]. Although the similar 
tendency of the CISs was observed for la, the 
CIS values were modest (< 0.15 ppm) under the 
same condition as l b  ([l] = 1.0 mM, 
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(a) 

FIGURE 2 A proposed structure of the lb*Na'  complex gen- 
erated by a MM2 calculation (the CAChe System); (a) a top 
view and (b) a side view. In the calculation, the hexyl groups 
was replaced b>r methyls. The protons and zinc cations are 
omitted for clarity. 

[NaC104] = 15 mM): the value of K (79 M-I) for 
the la*Na+ complex was smaller than that for 
lb*Na+, indicating that the length of the tetraox- 
yethylene moiety is less suitable to induce the 
conformational change of the porphyrin dimer 
with a sodium cation. 

The CIS value for each proton afforded further 
information about the orientation between the 

two porphyrin moieties. In Table I are described 
the CIS values for the selected protons in lb .  The 
protons in the polyether chain (Ha-He) and in the 
5-aryl group (Hs and H h )  shifted downfield by 
0.11-0.23 ppm upon complexation with NaClO,, 
whereas the CIS values for the corresponding 
protons in 2 [ll] were not more than 0.1 ppm, 
indicating that the CIS in lb*Naf complex is 
mainly due to the ring current anisotropy of the 
porphyrin rings. The downfield shifts of the pro- 
tons Hf, Hi and Hj were also observed, although 
modest compared to those of the protons Ha, H, 
and Hh. Thus, the site around the 5-position 
comes closer to the other porphyrin ring than the 
end of the dimer. It is noteworthy that the pro- 
tons at the 10- and 20-positions (Hk, HI and 
Ha-&) exhibited upfield shifts by 0.01-0.08 
ppm, indicating that the hexylphenyl groups are 
located over the other porphyrin ring. From the 
experimental results described above, we pro- 
pose the structure of the lb*Na+ complex as 
shown in Figure 2, which was generated by the 
MM2 calculation. The complex should mainly 
adopt a slightly slipped face-to-face conforma- 
tion, although the structure of the complex is 
expected to be flexible in a short time scale. 

TABLE I The CIS values for the selected protons of lb upon 
complexation with NaCIOl in CHC13/CD3CN (7/3, v /v )  at 
293 K 

H a  -0.068 Hc + o . m  

HP 

HY 

HI -0.057 H, 
Hh +o.i4n 

Ha +0.232 Hi +0.061 

-0.058 Hd +0.117 

-0.012 He +0.105 

Hk -0.076 Hf +0.051 

t0.247 

Hb +0.142 I-Ij +0.030 

a. 
b. 
downfield and upfield shifts, respectively. 

The position of each proton is shown in Figure 1. 
The positive and negative values of the CISs mean 
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In summary, we have demonstrated the possi- 
bility to regulate the orientation of porphyrin 
chromophores by the complexation-triggered 
conformation control. Further study for longer 
oligomers and their photochemical properties is 
now under investigation and will be reported 
elsewhere in future. 
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