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Abstract: A series of dendrimer porphyrins @).P, n = 1—4), which bear different numbers)(of five-
layered dendron subunits ). at themesepositions of a porphyrin, were synthesized. Upon excitation of the
dendron subunits in Ci€l, at 20°C, (L5),P showed an intramolecular singlet energy transfer from the dendron
subunits to the porphyrin core, where tetrasubstitutés),@ with a spherical morphology exhibited a much
higher energy transfer quantum yielignt = 80.3%) than partially substituted 8)sP—(L5)sP (10.1-31.6%).
Fluorescence depolarization characteristics 8)4R indicated that the excitation energy migrates very efficiently
over the continuous dendrimeric array of dialkoxybenzyl building units within the lifetime of the excited state.
Consequently, the probability of energy transfer to the porphyrin core was enhanced.

Introduction Very recently, we have found that a large, spherical aryl ether
azodendrimer traps infrared photons at the dendrimer framework
and can channel the excitation energy to the focal point azo
unit to cause itscis/trans isomerizatiorf,” Interestingly, a
nonspherical azodendrimer, in contrast, does not undergo IR-
induced isomerization, even though it is sufficiently large. Such
a clear morphology dependence of the isomerization of azo-
dendrimers prompted us to investigate “morphology effects”
on excited singlet statghotochemical events in aryl ether

Dendrimers are hyperbranched, three-dimensional macro-
molecules with a regular treelike array of branch uhitgnlike
most synthetic macromolecules of linear chains, they possibly
adopt defined (conical and spherical) morphologies in solution.
Recently, dendrimeric architectures have attracted increasing
attention as artificial antennae for energy transductitas they
are morphologically similar to biological light-harvesting anten-

nae? Balzani et al. have reported a tridecanuclear ruthenium- dendrimers. In the present paper, we report results of our studies
(I1) —polypyridine supramolecular dendrimer as a light-harvest- : pre paper, \ P -
on fluorescence profiles of a series of aryl ether dendrimers

ing complex?2> More recently, Kawa and Feaet have reported . . . . . o
site isolation and antenna effects on luminescence propertiesh‘r’“/Ing a porphyrin functionality at the focal point §aP, n =

of a self-assembled lanthanide core dendriffierOn the .1_4; Chart 1) ar_1d highlight a morpholo_gy dependence of the
mechanism of energy transduction, Moore and Kopelman et al. intramolecular singlet energy transduction.

have investigated the fluorescencg profiles of. a series of pagults and Discussion

perylene-attached dendrons consisting of aromatic and alkynyl ) ] ) )

units, and they have indicated the importance of an energy A series of dendrimer porphyrins @.P,n = 1-4) having
gradient for the efficient transfer of the excitation enefy. different numbersr() of five-layered aryl ether dendron subunits
Klafter et al. have also indicated the importance of a geometric (L5) (Chart 1) were synthesizéby Frechet's convergent

bias, inherent to dendrimeric architectures, for energy funnétihg.  approach and unambiguously characterized by means of
MALDI-TOF-MS and'H NMR. For reference, tetrasubstituted

* Corresponding author. Phone and fax:81-3-5802-3363. E-mail: d d ; . ; _
aida@macro.t.u-tokyo.ac jp. (L4)4P84 and (LB)4P%d were also synthesized: 4)4P is a one
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Chart 1
(L5)4P: R'=L5 R2=R®=R*=tolyl
R2 ant-(L5)2P:  R' = R® =15, R2 = R* = tolyl
syn<(L5)zP:  R'=R?=L5,R%=R*=tolyl
R’ (L5)gP: R'=R2=R%=L5, R* = tolyl
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Table 1. Electronic Absorption Spectral Profiles of a Series of
[imeo Pyrrole-gH Dendrimer Porphyrins (in),P?
no. of
Ar units in - . .
dendrimer dendrimer subunit porphyrin core
(Lm),P subunit  Ama/nMm € x 1075% Aqa/nm € x 1075P
(L5):P 31 280.2 0.9103 421.5 4.9212
anti-(L5).P 62 280.2 1.8292 422.4 4.9001
syn(L5),P 62 280.2  1.8310 4224  4.8985
(L5)sP 93 280.2 2.7655 424.6 4.7982
(L5).P 124 280.2 3.6010 4254 4.6982
(L4),P 60 280.2 1.8274 424.0 4.7980
(L5")4P 64 280.2 1.8320 424.0 4.7989

S

TH NMR Pulse Relaxation Time (T,) in sec

anti-
(L5),P

syn-

L5 p (L P (LHP (L5 P
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Figure 1. *H NMR pulse relaxation timesT{) of MeO and pyrrole3
signals of a series of dendrimer porphyrin&)IP (h = 1—4) in CDCk
at 20°C. T, data for (15)4,P are taken from ref 8d.

Figure 1 showdH NMR pulse relaxation timesTg) of (L5),P
(n = 1-4) in CDCk at 20 °C, which are informative of
conformational change dynamics: theof the pyrroleg signal
of the porphyrin core was virtually unchanged in response to
the number of the dendron subunit (1.50-1.58 s), indicating
that the interior environment is not constrained even in the
largest (15)4P 84 In contrast, thd; of the exterior OMe signal,

aln CHyCl, at 20°C.°2In M~tcm™L

which stayed in the range 0.96.86 s atn = 1—3, displayed
a significant drop (0.25 ¥atn = 4. Thus, the dendron subunits
in tetrasubstituted (B)4P are highly constrained in conformation
due to their dense packing, whereas those in partially substituted
(L5)nP (n = 1—-3) are able to change their conformation.

Table 1 shows the absorption spectral data &){R in CHx-
Cl, at 20°C, where the molar extinction coefficiert) (of the
absorbance of the dendron subunits increased almost proportion-
ally to n, while the absorption maximumi ., Stayed at 280.2
nm. On the other hand, the Soret band of the porphyrin core,
upon increase im, slightly red shifted from 421.5 to 425.4 nm
(solvatochromism) with a decreasedr{Figure 2), as a result
of site isolation of the porphyrin core by the dendrimer
framework8d On excitation of (15),P in CHCl, at the Soret
band of the porphyrin core, all the family emitted fluorescence
at 656 and 718 nm, where the intensities were found to be
virtually unchanged in response towhen normalized to a
constant absorbance at the excitation wavelength. Therefore,
the fluorescing property of the porphyrin core is hardly affected
by the numberrf) of the dendron subunits (no site isolation
effect)10

(10) In ref 8d, we have also shown that the lifetimes of the excited singlet

states of a series of tetrasubstituted dendrimer zinc porphyring{f]lZn
are not affected by the size of the dendrimer framework.
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Figure 3. Fluorescence spectra of a series of dendrimer porphyrins
Wavelength in nm (L5)P (h =1 (d), 2 [anti] (b"), 2 [syn (c'), 3 (d), and 4 (&), upon

Figure 2. Electronic absorption spectra of a series of dendrimer ©xcitation at 280 nm in CfCl, under Ar at 20°C. All the spectra are

porphyrins (15),P (0 = 1 (a), 2 nti] (b), 2 [syr (), 3 (d), and 4 (e)) normalized to a constant absorbance (0.02) at the excitation wavelength.

in CH.CI; at 20 °C. The dotted curve represents the fluorescence Chart 2

spectrum of a dendron (L50H, hydroxyl terminal) upon excitation at

280 nm under Ar in CECI; (absso nm= 0.02) at 20°C.

R2
When a five-layered dendron (L50H, hydroxyl terminal), R'—
equivalent to the dendron subunits irbJiP, was excited at its R®
280-nm absorption band in GBI, it emitted a fluorescence
R4

at 310 nm, as shown by the dotted curve in Figure 2. Since
the emission is partially overlapped with the Soret absorption
band of the porphyrin functionality, the dendron subunits in  (meo],Ar).P: R! = 3, 5-dimethoxyphenyl, R? = R® = R* = tolyl
(L5)nP have a chance to communicate photochemically with —anti(MeOLAfP:  R! = R® = 3, 5-dimethoxyphenyl, R? = R* = tolyl
the porphyrin core by energy transfer from the excited singlet syn-(Me0LANP:  R' =R = 3, 5-dimethoxyphenyl, R®= R* = tolyl

state: excitation of the dendron subunits in tetrasubstituted (Meo],Ar)p: R' = R2 = R® = 3, 5-dimethoxyphenyl, R* = tolyl
(L5)4P at 280 nm in ChLCl; resulted in only a weak emission  (Me0,Ar)P: R' = R2 = R® = R% = 3, 5-dimethoxyphenyl
from the dendron subunits (310 nm) but a strong emission from

the porphyrin_ core (656,_ 718 nm) (Figure'Be_where the ([HOJ,AN) 1P R = 3, 5-dihydroxyphenyl, R? = R® = R* = toly!
fluorescence intensity ratiyse nnfls10 nmwas as high as 39.4.  apti[HOLAN P R = R? = 3, 5-dihydroxyphenyl, R%= R* = tolyl
In sharp contrast, when a 4:1 mixture of the dendron (L50OH)  syn.(HOJAr)P: R' = R? = 3, 5-dihydroxyphenyl, R= R* = tolyl
and a non-dendritic porphyrin (((Me@Ar)4P, Chart 2! was ([HOLAN P R' = R? = R? = 3, 5-dihydroxyphenyl, R* = tolyl

excited at 280 nm? the dendron emitted predominantly 0 (Hop,Ar),P:
furnish a very lowlgsg ndl310 nm ratio (0.3). Therefore, the

strong porphyrin emission, observed forSfkP upon 280-nm  he gendron subunit (280 nm) and the porphyrin core (421 nm)
excitation (Figure 39, is obviously due to an intramolecular 5 much smaller than that in the absorption spectrum (Figure
singlet energy transfer from the dquron subunits to the 2a), suggesting an extremely low probability of the dendron-
porphyrin core (energy trap). Th’e excitation spectrum &4, to-porphyrin intramolecular singlet energy transfer. In fact, the
monltor_ed at 718 nm (F_lgure 1k was very similar to the quantum vield @ent) of the energy transfer in @):P was

absorption spectrum (Figure 2e), and the energy transfereyajyated to be only 10.1% (Figure 5). When the number of
quantum yield @enr) was evaluateld to be 80.3% (Figure 5).  he dendron subunits){ was increased from 1 to 8yn(L5),P)

In s_harp contrast to the_ case of tetrasubstitutef).f, to 3 ((L5)sP), the®ent Was also increased in proportion o
excitation of partially substituted @:P—(L5)sP at 280 nm (109 1—19.7— 31.6%). However, even B)sP is much inferior
resultgd in an emission predominantly from the dgndron to (L5)4P (80.3%) in terms ofbeyt, indicating that tetrasub-
subunits, W'th only weak fluorescence from the porphyrin core gy ted (15),P is a particular one which allows a highly efficient
(Figure 3a—d). Figure 4d shows the excitation spectrum  ginglet energy transfer from the dendron subunits to the
(monitored at 718 nm) of (&):P having a single dendron  ,orphyrin core. In relation to this resulgni-(L5).P, a
subunit, where the relative intensity of the two peaks due to regioisomer ofsyn(L5),P, having two topologically separated

(11) UV—vis (CH,CL): Amax(nm) 421.0, 515.2, 551.5, 589.2, and 644.4.  dendron subunits, showed a lolent (10.1%), comparable to

(12) The absorbance at the excitation wavelength of 280 nm was adjustedthat of (L5);P with a single dendron subunit. Together with

R! = R = R® = R* = 3, 5-dihydroxyphenyl

to be identical to that of the @)4P solution used for Figure 3e ; ; i ; i
(13) Determined by the method reported in the following: (a) Haugland, this observation, the exceptlonally hlgh quantum efflmency of
R. P.; Yguerabide, J.: Stryer, Proc. Natl. Acad. Sci. U.S.A969 63, 23. the energy transfer event in tetrasubstituted){R indicates a

(b) Stryer, L.; Haugland, R. Feroc. Natl. Acad. Sci. U.S.A967, 58, 719. possible cooperation of the four dendron subunits for the singlet



10898 J. Am. Chem. Soc., Vol. 120, No. 42, 1998

Intensity (a. u.)
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Figure 4. Excitation spectra of a series of dendrimer porphyrirg) £
(n=1(@a"), 2 [anti] (b'), 2 [syr (c'), 3 (d"), and 4 (&€)), monitored
at 718 nm under Ar in CkCl, at 20°C.
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Figure 5. Energy transfer quantum yieldsbgnr) of a series of
dendrimer porphyrins (®),P (h = 1—4) upon excitation at 280 nm
under Ar in CHCI, at 20°C.

energy transduction. For reference4f4P (Chart 1), a one-
generation smaller homologue of34P, upon 280-nm excita-
tion, showed abent Of 79.2%, which is as high as that off)4,P
(Figure 5) and much higher than that afti-(L5),P (10.1%),
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Figure 6. Anisotropies of fluorescenceB) from the dendron subunits
(ext 280 nm [abs= 0.02], obsd 310 nm) and the porphyrin core (ext
porphyrin Soret [abs= 0.016], obsd 656 nm) in a series of dendrimer
porphyrins (15),P (h = 1—4) upon excitation with a polarized light
under Ar in CHCl/polyethylene glycol (MW= 200) at 20°C. P (I,

— Ig)/(Ily + Ip), wherel, and I represent parallel and perpendicular
components of the fluorescence relative to the polarity of the excitation
light.

framework that surrounds the energy trap. For the photochemi-
cal event in (15),P, we assume that the excitation energy first
migrates among the neighboring dialkoxybenzyl (chromophore)
units and is then transferred to the porphyrin core (energy trap).
Thus, fluorescence depolarization characteristics &) (n

= 1-4) were investigated upon 280-nm excitation of the
dendron subunits with a polarized light, in a viscous medium
such as CHCly/polyethylene glycol. When a chromophore with

a restricted molecular motion is excited by a polarized light, it
emits a polarized fluorescence. However, the fluorescence
should be depolarized when the excitation energy migrates
randomly within the lifetime of the excited state. Here,
fluorescence anisotropyPy is defined by [ — Ig)/(Iy + 1),
using the fluorescence intensities of parallg) @énd perpen-
dicular () components relative to the polarity of the excitation
light. As shown in Figure 6P was highly dependent on the
number of the dendron subunitg){ the fluorescence from the
dendron subunits in tetrasubstituteds}P was considerably
depolarized to furnish an extremely lo® value (0.002),
whereas (b):P, with a single dendron subunit, exhibited the
highest retentivity of the fluorescence anisotropy= 0.076)

having a comparable number of dialkoxybenzyl units (60 versus among the family. As for the fluorescences from the porphyrin
62; Table 1). Also interesting is the fact that introduction of a core via the energy transfer from the dendron subunits, quite
nonbranching aryl ether unit between the L4 dendron block and similar depolarization profiles were observed, where on§){R

the porphyrin core ((L94P, Chart 1) resulted in a substantial

decrease byt from 79.2 to 53.7%.

showed an extremely smallBrvalue (0.002) than those of the
rest of the (15),P family (P = 0.065-0.057). In sharp contrast,

The fluorescence profiles of the dendrimer porphyrins, a reference experiment on direct excitation of the porphyrin
described above, clearly indicate that the energy transductionSoret showed that the depolarization profile of the porphyrin
event is highly sensitive to the morphology of the dendrimer emission was virtually unchanged in response to the number of
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Scheme 1. Simplified Schematic Representations of Excited Singlet State Photochemical Events in Aryl Ether Dendrimer

(B)

Porphyrins of Spherical (A) and Nonspherical (B) Morphologies

(A)

Light Light

Radiative
Decay

Light'

dendron subunitsnj (Figure 6). Therefore, the very loR 100
values observed for the fluorescences fromb){P upon
excitation of the dendron subunits indicate the occurrence of
an efficient energy migration in the dendrimer framework. In
tetrasubstituted (®)4P, the four dendron subunits appear to
behave like a single, large chromophore, where the excitation
energy is not localized but can efficiently migrate over the
dendrimeric three-dimensional array of the aromatic building
units around the energy trap. Consequently, the probability of
energy transfer to the interior trap may be highly enhanced
(Scheme 1A). On the other hand, in partially substitutes) £

(n = 1-3), the dendrimeric array of the aromatic building units
is much looser and discontinuous, where the energy migration
should be less efficient. As the result, most of the excitation
energy is lost by radiation before transfer to the energy trap
(Scheme 1B).

The cooperativity of the dendron subunits (aromatic building
units) for the energy migration process must be reduced upon
elevating the temperature to activate conformational motion.
Along the line of this idea, we investigated the temperature
dependency of the energy transfer event in partially substituted 0 ' ! ' :
(L5)3P together with those of tetrasubstitute&)JP and (14),P. 20 40 60 80
When the temperature was raised from 20 to ®]D in Temperature in °C
1,2-dichloroethane, thé@gnr of (L5)3P upon 280-nm excitation
was decreased in a sigmoidal fashion from 31.6 to 12.4% (
which is almost comparable to that of§4P, having a single
dendron subunit (Figure 7). Tetrasubstituted)(P with one-
generation smaller dendron subunits displayed a much clearer
temperature dependency, where dhayr dropped significantly dendron subunits (aromatic building units) at higher tempera-
from 79.2 to 35.6% M) on elevating the temperature from 20 tures are likely to behave virtually independently or much less
to 80°C. In sharp contrast, th@gnr of the largest (5)4P (@) cooperatively for the energy migration process. In this sense,
did not drop but stayed around 80%, even at80 As already it is quite interesting that the four dendron subunits in the largest
described, the dendron subunits if5{4P are highly constrained ~ (L5)4P are still highly cooperative at 8, indicating a high
conformationally, while those in trisubstituted5)sP are able ~ potential of conformationally rigid, spherical aryl ether den-
to change their conformation rather easily (Figure 1). Tetra- drimers as artificial antennae for light harvesting.
substituted (B)4P is almost comparable to B)sP in terms of
the conformational change activity, considering theNMR Conclusion
T value of the exterior OMe signal (0.81 %). Since the
fluorescing properties of neither the dendron subunits nor the
porphyrin core were significantly affected by the temperature
in the range 26:80 °C,“ the clear drops ofbgnT Observed for
(L5)sP and (14)4P at higher temperatures are attributable to a
thermally enhanced conformational motion of the molecule: the

20

Energy Transfer Quantum Yield (®Pgnt) in %

Figure 7. Energy transfer quantum yieldsbgyr) of dendrimer
porphyrins (15)sP (a), (L4),P (@), and (L5).P (@) at 20-80 °C upon
excitation at 280 nm under Ar in 1,2-dichloroethane.

One of the important features of dendrimeric compounds is
their defined morphologies, which are hardly expected for linear
chain synthetic macromolecul&s. By taking synthetic and
structural advantages of the aryl ether dendrimer porphyrins,
we have demonstrated that a spherical dendrimer having a
continuous array of chromophores serves as an efficient light-

_(14) The fluorescence intensities of L5OH and [(Me&]4P in 1,2- harvesting antenna, where the excitation energy is not localized
dichloroethane remained virtually unchanged on elevating the temperature
from 20 to 80°C. (15) Webber, S. EChem. Re. 1990 90, 1469.
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but is able to migrate efficiently over the dendrimeric array of 707.79 [MH'; found, 707.8.*H NMR (acetoneds): 0 —2.89 (s, 2H;
the chromophoric building units that surrounds the energy trap. NH), 2.58 (s, 6H, ArCH), 6.71 (t, 2H;p-H in CsH3(OH),), 7.12 (d,
Consequently, the probability of energy transfer can be en- 4H; 0-H in CeH3(OH),), 7.52 (d, 4H;m-H in CeHsMe), 8.01 (d, 4H;

hanced. This observation is interesting in relation to the energy
transduction events in wheel-like arrays of chromophores in a

purple photosynthetic bacteriuhwhere the excitation energy
migrates very rapidly and efficiently along the wheel, followed
by transfer to the interior energy trap (special pair) to initiate

o-H in CsHiMe), 8.57 (s, 4H; Ar(OHy), 8.74 (d, 4H; pyrrole3-H),
8.89 (d, 4H; pyrroles-H).

([HOJ2Ar) sP. To a dry CHCI; solution (50 mL) of ((MeOj}Ar)sP
(0.124 mmol) at—78 °C was added dropwise a GEl; solution (20
mL) of BBrs (1.48 mmol) with vigorous stirring under,N The reaction
mixture was then treated in a manner similar to that described above

the photosynthesis. Thus, the present study provides a newyq give (JHORLAr)sP (0.116 mmol) as dark purple crystals in 93.5%

strategy for molecular design of light-harvesting materials.

Experimental Section

Materials. Tetrahydrofuran (THF) was refluxed over sodium
benzophenone ketyl under Ar and distilled just before use. Dichlo-
romethane (CkCly) and 1,2-dichloroethane (84Cl;) were refluxed
over calcium hydride (Caflunder N and distilled before use. Boron
tribromide (BBg) was used as received (Aldrich). 18-Crown-6 ether
was recrystallized from acetonitrile, dried overnight under reduced
pressure, and then stored under degy FPotassium carbonate {8Os)
was kept in an oven at 13. Polyethylene glycol (PEG; MW 200)
was used as received (Tokyo Kasei). ([Me®)4P, (L5)4P, (L4)4P,
and (LB)4P (Charts 1 and 2) were synthesized and unambiguously
characterized according to the method reported in our previous pape
(see Supporting Information for ref 8d).

([MeO].Ar) 1P, anti-([MeO]2Ar) 2P, syn([MeQ],Ar) ,P, and ((MeOJ-

Ar) 3P (Chart 2). An acid-catalyzed condensation of 3,5-dimethoxy-
benzaldehyde, 4-tolualdehyde, and dipyrrylmethane was carried ou
according to the method reported previouSlyThe reaction mixture
was subjected to flash column chromatography on silica gel witsOGH
as eluent, where ([Me@Ar),P, anti-([MeOJ,Ar).P, syn([MeO],Ar).P,
and ([MeO}Ar)sP were isolated as the second, third, fourth, and fift
fractions, respectively.

([HO] 2Ar) 1P, anti-([HO] 2Ar) 2P, syn([HO]-Ar) .P, and ([HO],-
Ar) 3P (Chart 2). ([HO].Ar):P. To a dry CHCI, solution (10 mL)
of ((MeO]zAr)1P (0.044 mmol) at-78 °C was added dropwise a GH
Cl, solution (10 mL) of BBg (0.35 mmol) with vigorous stirring under
N2. After 30 min of stirring at—78 °C, the reaction mixture was

h

allowed to stand overnight at room temperature and was poured into

ice/water (100 mL), which was then extracted with ethyl acetate (3
100 mL). The combined extracts were washed successively with water
brine, and aqueous NaHG@nd evaporated to dryness after being dried
over anhydrous MgS£ The residue was recrystallized from CHCI
MeOH to give ([HO}Ar):P (0.042 mmol) as dark purple crystals in
95.4% yield. MALDI-TOF-MS for G7/H360.N4: mvz calcd, 689.81
[MH"]; found, 689.8.*H NMR (CDCl): ¢ —2.91 (s, 2H; NH), 2.69
(s, 9H; ArCHp), 6.81 (t, 1H;p-H in CgH3(OH)y), 7.30 (d, 2H;0-H in
CsH3(OH)y), 7.59 (d, 6H;m-H in CeHsMe), 8.09 (d, 6H;0-H in CeHa-
Me), 8.12 (s, 2H; Ar(OHy), 8.88 (d, 6H; pyrroles-H), 8.95 (d, 2H;
pyrrole{3-H).

anti-([HO] 2Ar),P. To a dry CHCI, solution (30 mL) ofanti-
([MeQ].Ar).P (0.026 mmol) at-78 °C was added dropwise a GEl
solution (15 mL) of BBg (0.26 mmol) with vigorous stirring under
N2. The reaction mixture was then treated in a manner similar to that
described above, to gianti-([HO].Ar),P (0.025 mmol) as dark purple
crystals in 96.1% yield. MALDI-TOF-MS for GHs40sN4: mvz caled,
707.79 [MH']; found, 707.8.*H NMR (acetoneds): ¢ —2.92 (s, 2H;
NH), 2.70 (s, 6H; ArCH), 6.73 (t, 2H;p-H in C¢H3(OH),), 7.14 (d,
4H; 0-H in CgH3(OH),), 7.53 (d, 4H;m-H in CeHsMe), 8.04 (d, 4H;
o-H in CeHiMe), 8.56 (s, 4H; Ar(OHy), 8.72 (d, 4H; pyrroles-H),
8.85 (d, 4H; pyrrole3-H).

syn([HO].Ar),P. To a dry CHCI, solution (20 mL) of syn
([MeQ].Ar).P (0.018 mmol) at-78 °C was added dropwise a GEl;
solution (12 mL) of BBg (0.35 mmol) with vigorous stirring under
N2. The reaction mixture was then treated in a manner similar to that
described above, to givayn([HO]Ar),P (0.017 mmol) as dark purple
crystals in 94.4% yield. MALDI-TOF-MS for GH340sN4: mvz caled,

(16) Tashiro, K.; Konishi, K.; Aida, TAngew. Chem., Int. Ed. Engl.
1997, 36, 856.

yield. MALDI-TOF-MS for CssH3,06N4: Mz caled, 725.76 [MH];
found, 725.8.'H NMR (acetoneds): ¢ —2.90 (s, 2H; NH), 2.74 (s,
3H; ArCHs), 6.82 (t, 3H;p-H in CgH3(OH),), 7.22 (d, 6H;0-H in
CsH3(OH),), 7.63 (d, 2H;m-H in CsHsMe), 8.12 (d, 2Hp-H in CsH.-
Me), 8.76 (s, 6H; Ar(OHy), 8.85 (d, 2H; pyrrolgs-H), 9.01 (d, 6H;
pyrrole3-H).

Dendrimer Porphyrins (L 5);P, anti-(L5).P, syn(L5).P, and
(L5)sP (Chart 1). (L5):P. A THF solution (35 mL) of a mixture of
([HO]ZAr):P (0.014 mmol), L4Br (a four-layered aryl ether dendron
bromide; 0.031 mmol), anhydrous,&O; (0.725 mmol), and 18-
crown-6 ether (0.006 mmol) was refluxed underfidr 5 days in the
dark. The reaction mixture was then evaporated to dryness, and the
residue was poured into water (100 mL) and extracted with GKECI
x 100 mL). The combined extracts were dried over anhydrous Na
CGO; and chromatographed on silica gel with CH@b eluent. The
third band collected was subjected to flash column chromatography
on silica gel with CHGJ as eluent, and the crude product was
recrystallized from CkCl,/hexane to give (B):P (0.01 mmol) as a

r

tpurple solid in 71.4% yield. MALDI-TOF-MS for gdH250062N4: Mz

calcd, 4800 [MH]; found, 4801. 'H NMR (CDCl): ¢ —2.82 (s, 2H;
NH), 2.67 (s, 9H; ArCH), 3.71 (s, 96H; Ar(OCHh),), 4.85 (s, 56H;
mid and outer Ar-CHOATr"), 5.13 (s, 4H; inner Ar-CRHOAr'), 6.34
(t, 16H; p-H in CsHz(OMe),), 6.42 (t, 1H;p-H in inner GHs), 6.49 (t,
14H; p-H in dendron-GHz), 6.58 (d, 32H;0-H in CsH3(OMe),), 6.61
(m, 28H;0-H in dendron-GHs), 7.21 (d, 2H;0-H in inner GHs), 7.52
(d, 6H; mH in CgH4Me), 8.07 (d, 6H;0-H in CsHsMe), 8.83 (d, 6H;
pyrrole3-H), 8.86 (d, 2H; pyrrolgs-H). UV —vis (CHCl,): Amax(log
€) 280.20 (4.9592), 421.50 (5.6921), 515.80 (4.4648), 551.20 (4.1670),
592.50 (4.1361), 651.00 (4.1065).
anti-(L5),P. A THF solution (10 mL) of a mixture o&nti-([HO]»-
Ar),P (0.0021 mmol), L4Br (0.0089 mmol), anhydrousdOs; (0.106
mmol), and 18-crown-6 ether (0.0018 mmol) was refluxed under N
'for 10 days in the dark. The reaction mixture was then treated in a
manner similar to that described above, to gamti-(L5).P (0.001
mmol) as a purple solid in 47.1% vyield. MALDI-TOF-MS for
CsaHs20124N4: m/z caled, 8929 [MH]; found, 8930. 'H NMR
(CDCl): 6 —2.82 (s, 2H; NH), 2.63 (s, 6H; ArCHl, 3.70 (s, 192H;
Ar(OCHs),), 4.86 (s, 112H; mid and outer Ar-GHDAr'), 5.12 (s, 8H;
inner Ar-CH-OAr"), 6.34 (t, 32H;p-H in CgH3z(OMe),), 6.40 (t, 2H;
p-H in inner GHs), 6.48 (t, 28H;p-H in dendron-GHs), 6.50 (d, 64H;
o-H in CgH3(OMe),), 6.60 (m, 56H;0-H in dendron-GHs), 7.21 (d,
4H; o-H in inner GHs), 7.49 (d, 4H;mH in CsHsMe), 8.04 (d, 4H;
o-H in CgHsMe), 8.81 (d, 4H; pyrrole3-H), 8.89 (d, 4H; pyrroles-
H). UV—vis (CH,Cl): Amax(l0g €) 280.20 (5.2623), 422.40 (5.6902),
517.10 (4.4626), 552.10 (4.1655), 590.50 (4.1274), 648.40 (4.0060).
syn(L5),P. A THF solution (15 mL) of a mixture osyn([HO]»-
Ar),P (0.014 mmol), L4Br (0.059 mmol), anhydrous®0O; (0.70
mmol), and 18-crown-6 ether (0.012 mmol) was refluxed undeioN
10 days in the dark. The reaction mixture was then treated in a manner
similar to that described above, to gisgn(L5).P (0.008 mmol) as a
purple solid in 57.1% yield. MALDI-TOF-MS for §Hs220124N4: m/z
calcd, 8929 [MH]; found, 8931. *H NMR (CDCl): 6 —2.82 (s, 2H;
NH), 2.63 (s, 6H; ArCH), 3.69 (s, 192H; Ar(OCH)y), 4.85 (s, 112H:;
mid and outer Ar-CHOAr'), 5.11 (s, 8H; inner Ar-CROAr'), 6.33
(t, 32H; p-H in CgH3(OMe),), 6.39 (t, 2H;p-H in inner GHs), 6.46 (t,
28H; p-H in dendron-GHs), 6.48 (d, 64H;0-H in outer GHz(OMe),),
6.59 (m, 56H;0-H in dendron-GHs), 7.20 (d, 4H;0-H in inner GHs),
7.49 (d, 4H;m-H in CsHsMe), 8.04 (d, 4H;0-H in CsHsMe), 8.81 (d,
4H; pyrrolef3-H), 8.89 (d, 4H; pyrroles-H). UV—vis (CHCl,): Amax
(log €) 280.20 (5.2627), 422.40 (5.6901), 517.10 (4.4625), 552.10
(4.1645), 590.50 (4.1374), 648.40 (4.0160).
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(L5)sP. A THF solution (35 mL) of a mixture of ((HQRAr)sP (0.014
mmol), L4Br (0.086 mmol), anhydrous,E0O; (0.70 mmol), and 18-
crown-6 ether (0.01 mmol) was refluxed undes fdr 20 days in the
dark. The reaction mixture was then treated in a manner similar to
that described above, to giveJ)sP (0.0068 mmol) as a purple solid
in 48.5% vyield. MALDI-TOF-MS for G7iH76:018N4a: m/z calcd,

13 058 [MH']; found, 13 061. *H NMR (CDCl): ¢ —2.84 (s, 2H;
NH), 2.67 (s, 3H; ArCH), 3.68 (s, 228H; Ar(OCHh),), 4.81 (s, 168H;
mid and outer Ar-CHHOAr"), 5.05 (s, 12H; inner Ar-CHOAT'), 6.31

(t, 48H; p-H in outer GH3(OMe),), 6.43 (t, 3H;p-H in inner GHs),
6.52 (t, 42H;p-H in dendron-@Hs), 6.56 (d, 96HP-H in CeHz(OMe),
6.58 (m, 84H:0-H in dendron-GHs), 7.01 (d, 6H;0-H in inner GHy),
7.51 (d, 2H;m-H in CsHsMe), 8.01 (d, 2H;0-H in CgHsMe), 8.79 (d,

2H; pyrrolef3-H), 8.92 (d, 6H; pyrrolgs-H). UV—vis (CHCL,): Amax

(log €) 280.20 (5.4418), 424.60 (5.6810), 517.10 (4.4561), 552.50
(4.1586), 591.00 (4.1316), 645.50 (4.0160).

Measurements. Electronic absorption spectra were recorded on a
JASCO model V-560 spectrophotometer using a quartz cell of 1-cm
path length.
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and corrected for wavelength-dependent detector sensitivity and excita-
tion light source output. All samples were degassed by five freeze
pump-thaw cycles and purged with Ar just before the measurements.
The spectra were normalized to a constant absorbance at the excitation
wavelength. Fluorescence anisotropies were measured&tiaCH,-
Clo/polyethylene glycol (MW 200) upon excitation of the dendron
subunits (280 nm, albs 0.02) or the porphyrin core (Soret band, abs

= 0.016).

H NMR measurements were performed in CBOI acetoneds at
21°C on a JEOL GSX-270 spectrometer operating at 270 MHz, where
the chemical shifts were determined with respect to GHEI7.28
ppm) or CHCOCH; (6 2.04 ppm). *H NMR pulse relaxation times
(T1) were measured in a saturation recovery data processing mode.

Matrix-assisted laser desorption ionization time-of-flight mass
spectroscopy (MALDI-TOF-MS) was performed on a Bruker model
ProteinTof mass spectrometer using 9-nitroanthracene (9NA) as a
matrix.
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