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ABSTRACT

Three phosphorus(V) porphyrins with axial carbazole-based dendritic substituents (D-A-D) have been designed and synthesized, which are
nonfluorescent due to their effective electron transfer from the carbazole dendron to the excited porphyrin within the dendritic matrix. The
incident photon to current conversion efficiencies (IPCE) spectra demonstrate that the molecular structure of the dendrimers can significantly
affect the photovoltaic response to the visible light.

Because of their outstanding photophysical and redox bonding” strategy appears to be an attractive approach for
properties, porphyrins have been widely used as building the facile preparation of porphyrin arrays with well-tunable
blocks in the construction of-conjugated systems for their ~ photo- and electrochemical properties through changing the
potential applications in molecular electronics, photochemical z-orbital interactions:® [P(TPP)C]Cl is a well-known axial-
energy conversion and storage, switches,!eRecently, bonding building block, and the-RCl bonds are reactive
various rigid and flexible dendritic structures have been toward phenols and alcohol©n the other hand, carbazole
designed to connect with porphyrin cores as artificial iS also an appealing molecule because of its intense
molecular systems to investigate their energy and/or electronluminescence, electron efficiency, and potential for dendritic
transfer. Most of these dendritic porphyrins reported so far constructior:® Our group has previously reported photo-
are modified by the functional substitutes in the peripheral induced intramolecular energy transfer in the porphyrins with
meso-or pyrrole{8 position via covalent linkages, which may four monodisperse dendritic carbazole afffisherefore, the
require extensive synthetic effods! However, the “axial-
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synthesis of D-A-D-type molecules based on carbazole
dendron-derived phosphorus(V) porphyrins, which are strong
electron acceptors, may lead to novel materials with fascinat-
ing photo- and electrophysical properties. To the best of our

knowledge, there is no example of an axially linked
phosphorus(V) porphyrin with a rigid dendron. Herein, we

present the preparation and characterization of novel phos-

phorus(V) porphyrins with axial monodisperse dendritic
carbazolesl—3. Notably, a photovoltaic response to the
visible light is observed in the incident photon to current
conversion efficiencies (IPCE) spectra.
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Scheme 1. Syntheses of Cz-G1-OMe and Cz-G2-OMe

o
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The synthetic routes for the carbazole dendris 14
are shown in Schemes 1, 2, and 3, respectively. To improve

Scheme 2. Synthesis of Cz-G3-OMe
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the solubility and stability of the moleculesputyl groups
were introduced into the 3,6-positions of the peripheral

Scheme 3. Syntheses of Cz-GOH
BBrs, CH,Cly, 1t, 24 h
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5:n=1 12:n=1
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carbazoles in the dendrons. 3,6-8htyl)carbazolel was
prepared in a yield of 54% by FriedeCrafts alkylation of
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carbazole, adapting a published procedéirene Ullimann |

condensation reaction between compodnand 1-iodo-4- Scheme 4. Syntheses of [P(TPP)(OfECz),]Cl (1—3) and
methoxybenzene, which was catalyzed by,@un N,N- Compound16
dimethylacetamide (DMAc) at 160C for 24 h, gave the
first generation of the carbazole dendrén(Cz-G1-OMe),
in a yield of 83%?%4:80.¢10The second generation of the
carbazole dendrond (Cz-G2-OMe), was achieved from
compound? and 1-iodo-4-methoxybenzene under similar ~ HTPP 15 B S
conditions with a yield of 76%. Compouffdvas synthesized Ai 5 K
from compoundst and 6 via Ullmann coupling reaction, N
g
)

Cl_Ph

®

Dry Pyridine, POC|3Ph g ‘N"ID’ =>1 ROH, Dry Pyridine Ph >

— d NS '
Reflux, 24 h SNENZE PN Reflux, 5-12h 3

|
Ph cl

(J
i ®
followed by the cleavage of the-NTI's bond under a basic

environment (70%, two stepdyio.8b.c.10 73 @ %
Significantly, a high yield was achieved in the preparation " —©N [62]: —@N [G3]: —@N
of 5 and 8 based on the modified Ullmann condensation @ \ oS
reaction, and we were encouraged to synthesize the third S
generation of the carbazole dendrdd, (Cz-G3-OMe)ge:10
The synthetic route of compourid is shown in Scheme 2.
The iodination of compoun®, which was obtained from
the Ullmann condensation reaction of carbazole with 1-iodo-
4-methoxybenzene, was pursued to give compdiadhen, increased with the generation. In addition, the reference
the Ullmann condensation reaction between compod@ds compoundl6é was prepared by adding excess water to the
and 7 was carried out at 200C for 60 h to yield the pyridine solution containing compourid under reflux for
carbazole dendrohi, which was recrystallized from EtOH/ 12 h (Scheme 4} The intermediates and target molecules
THF (1:2, v/v) over four times with a yield of 64% after Were purified with column chromatography on silica gel and
flash chromatography using THF as eluent. Generally, the characterized by FFIR, *H NMR, and MALDI-TOF mass
preparation of dendritic oligocarbazoles of a higher genera- SPectrometry (see Supporting Information).

tion was more difficult and the yield was not high @2 ~ The UV—vis spectra ofl—3in CHCl; and the film were
37%), which was probably due to their lower reactivity and including two Q-bands in the range of 56200 nm
easier oxidatio§?c The methyls in G-CHs of compoundb, (consistent with a reported phosphorus(V) porphyrin), to-

8 and 11 were easily removed by BBrto give the gether with the Soret band at ca. 440 nm, and others in the

corresponding phenols, 13, and14 with yields of 80~90% UV region (250-350 nm) due to the carbazole units (Figure
(Scheme 3¥2 1). The absorbance of the carbazole units was clearly

The phosphorus(V) porphyrins with axial dendritic car-
bazoles were synthesized from [P(TPR)CI 15 and the | NN
phenols 12—14). As shown in Scheme 4, the dry pyridine
solution with HTPP (5,10,15,20-tetraphenylporphytiyas 15
refluxed for 24 h in the presence of excess PO@th a
good yield (74%) of compountl5.” It was reactive toward
water and a variety of phenols in the presence of pyridine,
although air stable in both solid state and solution. Then,
the obtained phenols2—14 were converted into the corre-
sponding axial dendritic porphyrins [P(TPP)(O+&z),]Cl 0.0
(1—3) in dry pyridine containing compourith under reflux
for 5—8 h with a yield of 79, 71, and 63%, respectivéll.
was found that the degree of demetalation would be Figure 1. UV—vis absorption spectra (normalized at the Soret
promoted, as the condensation time betw&gand phenols ~ Pands) ofl—3 and16in CHCl.
increased, probably as a result of HCI generated during the

reaction. The obtained axial dendritic porphyrins [P(TPP)- ) o ) )
(O-Gn-Cz),]Cl (1—3) were soluble in chloroform, THF proportional to their increased number in each generation,

toluene, and CkCl,, and the solubility of these dendrimers which indirectly reflected the flawless or perfect structures
of the as-synthesized dendrimers. Notably, there was no
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4020. increasing generatiol.It was suggested that the electronic
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P.; Haarer, D.; Zilker, S. JI. Mater. Chem1999 9, 2205-2210. generation increased. As shown in Figure S1 (Supporting
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Assour, J.; Korsakoff, LJ. Org. Chem1967, 32, 476-476. (b) Lindsey, R . .
J. S.; Schreyman, I. C.; Hsu, H. C.; Kearney, P. C.; Marguerettaz, A. M. compoundsl 3 in films were red-shifted compared with

Org. Chem.1987, 52, 827-836. those in solution, which was due to the aggregation effect.
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The degree of red shifts depended on the generation number To examine the potential of the (D-A-D) triads-3 as

of the dendrimers: the absorptions hf2, and3 in films photovoltaic materials, their sandwich devices with a con-

were red-shifted by 13, 8, and 5 nm, respectively; in other figuration structure of Al/organic film/ITO glass were

words, the higher the generation was, the smaller the redfabricated. As shown in Figure S4 (Supporting Information),

shift moved in the absorption (Table 1). It was deduced that the wavelength-dependent IPCE spectra of the devices based
on compoundsl—3 were in rough accordance with the

] electronic absorption spectra of the porphyrin chromophores.

Table 1. Comparison of the UWvis Spectroscopic Data of Compared to the [P(TPP)(_O'G]"Q]QI (1) device, th?
1-3 [P(TPP)(O-G2-Cz)ClI (2) device produced a more effective

photovoltaic response to the visible light owing to the lower

! 2 3 oxidation potential of the larger carbazole dend¥owhich
Amax® [nm] 436 436 436 could lower the energy level of the charge separated state,
Amax” [nm] 449 444 441 and the subsequent long-distance charge separation also
Almax’ [nm] 13 8 5 contributed to the generation of the photocurféhfccord-
2|n CHCls. In spin-coated film Amax(film) — Amaxsolution). ing to this, the [P(TPP)(O-G3-CATI (3) device should

produce the most effective photovoltaic response because
compound3 had the lowest oxidation potential and the
the dendrons in the higher-generation dendrimers had a |argel[ongest distance of charge separation. However, a poorer
site-isolation effect on the porphyrin cdi®Compared to photovoltaic performance than the [P(TPP)(O-G2,t4)(2)
our previous results, the axial dendritic substituents sup- device was observed, and it could be explained as followed:
pressed cofacial intermolecular excitonic interactions more pecause compouriad the largest site-isolation effect, the
efficiently than themeseposition dendritic substituentg? resulting anion radical of porphyrin cores might be sur-
The site isolation could also be confirmed by the polarity of rounded by the carbazole dendron, which forbade the electron
these dendrimers, which decreased with the generation from flowing.
because thé values were enlarged when the generation  |n conclusion, three axial phosphorus(V) porphyrins with
increased (Figure S2, Supporting Information). dendritic carbazoles [P(TPP)(Or&z)]Cl 1—3 have been

The fluorescence spectrum of compoub@ in CHCl; designed and synthesized. Their nonfluorescence caused by
showed a strong emission at 613 and 665 nm excited at 436the photoinduced electron transfer may lead to potential
nm, which were typical values for phosphorus(V) porphy- applications as photovoltaic materials in solar cells. The IPCE
rins” When carbazole dendrons were introduced into the spectra of these dendrimers demonstrate that the structure
axial direction of phosphorus(V) porphyrin, however, the of the dendrimers could significantly affect their photovoltaic
emission was strongly quenchedq9%) (Figure S3, Sup-  response to the visible light. Further investigation on the
porting Information). It was suggested that the attachment detailed transient absorption spectra and fluorescence decay

of carbazole dendrons to the axial direction of porphyrins profiles of compoundd—3 to study the electron-transfer
imparted a fast deactivation of the porphyrin singlet excited process is underway.

state through electron transf@d.Because porphyrins pos-
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