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Since the dendritic poly(L-lysine)s combining eight to thir
ty-two free base-porphyrins showed split circular dichroism at 
the Soret band in toluene/N,N-dimethylformamide (9/1, v/v), 
the immobility of porphyrin rings was evaluated by 1 H NMR 
measurements in terms of the peak width at half-height and 
spin-lattice relaxation time. 

We previously reported the synthesis of interesting macro
molecules, namely dendritic poly(L-lysine)s combining a crowd 
of porphyrin rings in a certain stratum (Figure 1).1-3 The por
phyrin rings in such a complex macromolecule showed split cir
cular dichroism (CD) in some nonpolar solvents, while N,N
dimethylformamide (DMF), a good solvent to the polyamide 
linkage, induced no CD at porphyrin absorption band. In con
trast, the increasing content of toluene, a poor solvent to 
polyamide, afforded extremely strong split CD at the Soret 
band. For example, compound 2 showed no CD in DMF but 
strong split CD ([0]410 

- [0]428
= 1.6 x 106 deg cm2 dmol-1) in 

toluene/DMF (9/1, v/v) (Figure 2). 1 The CD experiments sug
gested that toluene decreased the mobility of porphyrin rings in 
dendritic poly(L-lysine)s and affected to immobilize at least a 
pair of porphyrin rings in right handed sense according to 
Nakanishi's "exciton chirality method".4 The elucidation of 
such solvent-depending arrangement of porphyrin rings by vari
ous physicochemical measurements is necessary for the design 
of functional materials based on dendritic polymers. 
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Figure 1. Illustration of dendritic poly(L-lysine )s combining 
porphyrins. 

In order to understand the relationship between solvent 
conditions and split CD, we attempted to evaluate the immobili
ty of the porphyrin rings on dendritic poly(L-lysine)s by 1H 
NMR measurements in the present study. Especially, the peak 
width at half-height and the spin-lattice relaxation time (T

1
) in 

the NMR spectra are often determined to evaluate the mobility 
of a specific functional group in a macromolecule.5-10 We 
determined them in various mixed solvents of toluene-d
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Figure 2. Intensity of CD peaks of 2 at 410 nm ( 0) and 
428 nm ( D) on toluene content. Inset: CD spectra of 2 in 
toluene/DMF(7/3, v/v). 

DMF-d
7 

by considering the effect of toluene on the strong split 
CD of the porphyrin rings on dendritic poly(L-lysine)s. 

Compounds 1-3 were prepared by the method described 
previously.1 The 1H NMR measurements were carried out 
using JEOL JNM-A500 (500 MHz) with a concentration of 
0.2% at 30 °C. The peak widths at half-height of all peaks in 
the NMR spectra of compounds 1-3 in DMF-d

7 
were wider 

than those of Boc-Lys(Por)-OH, a reference compound, and 
were further gradually broadened along with the increase in 
toluene-d

8 
content (Figure 3). In toluene-d

8
/DMF-d7 (9/1, v/v), 

all peaks measured in the NMR were significantly broadened 
than those in DMF-d

7
• For example, the peak width at half

height of the proton peak in 2 due to the J3-pyrrole proton was 
150 Hz in toluene-d

8
/DMF-d

7 
(9/1, v/v), while it was less than 

60 Hz when the toluene-d8 content did not exceed 70% (Figure 
3). Such solvent dependent peak width broadening was also 
observed for 1 and 3 (Figure 3). It should be noted that the 
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Figure 3. Peak widtl!s of l}-pyrrole protons at half-height of 
1 (¢), 2 (O), 3 (.6.), and Boc-Lys(Por)-OH (D) on toluene 
content. 
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intermolecular aggregation is negligible because the sample 
dilution (1/10) caused almost no change in peak width. The 
peak widths for Boe-group at half-height from 1, 2, and 3 also 
showed almost same solvent dependence (data not shown). 
Actually, the peak width for Boe-group of 2 was 230 Hz in 
toluene-d

8
/DMF-d

7 
(9/1, v/v) and it became less than 30 Hz 

when the toluene-d
8 

content was decreased to 70%. The peak 
widths at half-height of the peaks due to the pyrrole and Boe
groups in Boc-Lys(Por)-OH, a reference compound, did not 
exceed 20 Hz in any toluene-d

8 
content. The observation of 

solvent dependence in CD study1 was discussed to be attributed 
to the immobilization of porphyrin rings in toluene-rich solvent, 
and again confirmed by NMR measurements. The increasing 
content of toluene could enforce the backbone of poly(L
lysine)s to shrink together with porphyrin rings. In addition, 
the peak widths at half-height of the proton peaks in 1, 2, and 3
attributed to the �-pyrrole proton in toluene-d

8
/DMF-d

7 
(7/3, 

v/v) became more broadened consistently with the growth in 
molecular weights of dendritic poly(L-lysine)s (Figure 4). The 
crowdedness of porphyrin rings and the thickness of dendritic 
poly(L-lysine)s may reduce the mobility of the porphyrin rings 
and Boe-group on the surface of the dendritic macromolecule. 
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Figure 4. Dependence of peak widths of p-pyrrole protons 
at half-height on molecular weight in toluene / DMF (7/3, 
v/v). 

If the overall mobility of the dendritic poly(L-lysine) mole
cule was significantly depressed in toluene-d

8
/DMF-d

7 
(9/1, 

v/v), the porphyrin rings might be brought in different environ
ments. In such situation, the significant broadening may not 
reflect the precise mobility of the porphyrin rings in the den
drimer because each porphyrin ring in different environments 
does not show the same chemical shift. To ascertain the immo
bility of the porphyrin rings in dendritic poly(L-lysine )s depend
ing on the toluene-d

8 
content, we carried out the T

1 
measure

ment. The T
1 

of the peak attributed to the �-pyrrole proton of 
compound 2 was 1900 ms in DMF-d

7
. When the toluene-d

8 

content increased to 70%, T
1 

value was decreased a little to 
1830 ms. The T

1 
value significantly decreased to 1470 ms in 

toluene-d
8
/DMF-d

7 
(9/1, v/v) (Figure 5). Again, we observed 

the dependence of T
1 on toluene-d

8 
content. 

Thus we could find out clear relationship between the split 
CD and the mobility measured by NMR in terms of the peak 
width at half-height and T

1 
on the circumstances of the crowd 

of porphyrin rings on a dendritic poly(L-lysine). Tomoyose et 
al. demonstrated that the mobility of the porphyrin ring in the 
center of the dendrimer remains almost intact upon increment 
of the number of generations, whereas protons in the exterior 
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Figure 5. Spin-lattice relaxation time (Ti) of p-pyrrole 
protons on Toluene content. 
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surface become less mobile by the 1H NMR T
1 

measurement.6 

Meltzer et al. demonstrated that the T
1 

values of the terminal 
carbons were decreased with increasing molecular weight but 
the T

1 
values of the carbons in the molecular interior were 

found to decrease initially with molecular weight but were inde
pendent of molecular weight above the second generation of 
their dendrimers in their 13C NMR T

1 
measurement.7 In our 

study, the mobility of porphyrin ring and Boe-group was 
decreased according to the number of generation, probably 
because that they exist near the surface of the macromolecule 
and tend to be effected by the solvent conditions. 

In the present study, we succeeded to evaluate the immo
bility of the porphyrin rings in dendritic poly(L-lysine )s depend
ing not only on the molecular size but also on the solvent com
ponent by NMR measurements. Both of the results of the eval
uation were consistent with the assumption made by CD experi
ment and suggested that the crowdedness around the porphyrin 
rings caused the immobility. 
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