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Abstract

A series ofmesethienyl porphyrins were synthesized through Lindsey’s procedure and characterized. Compared ®RH(tdtraphenyl-
porphyrin), the absorption and fluorescence spectra of thienyl porphyrins have red shift obviously which show that thienyl substituents at
meseposition change the electronic structure of tetrapyrrole ring. With protonation usis@@®H, the absorption bands of thienyl por-
phyrins are further red shifted. The absorption bandmesathienyl porphyrins change correspondingly with the variation of solvents’
properties, however the maxima emission wavelengths correspond@ightave little relation with solvents. And the fluorescence lifetime
become so less even to 1.1 ns. The half-wave redox potential shows cathodic shift relatifé®fd FHhese changes above are all ascribed
to the introduction of thienyl group ameseposition and the possibility of more planarity wiesethienyl porphyrins for the small size of
thienyl group which is helpful to the extendingdelocalization of thienyl groups to the tetrapyrrole ring.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction have potential application in material chemistry for their un-
usual electronic propertig40] and solid-state conductivity
Porphyrins lie at the focal point of research because of [8].
their wide use in many fields, such as oxygen tranffgr Takeo Shimidzu et al. synthesized porphyrins substituted
energy and electron transf@, light harvestind3], molec- by thiophene and oligo-thiophene at theseposition and
ular wires[4] and so on. Porphyrins can be synthesized flex- the mesethienyl porphyrins had been found to have good
ibly by introducing different substituents at tineese and film-forming properties and conductivijl 0]. Effenberger
B-position, and the photophysical and photochemical proper- et al. synthesized anthryloligothienylporphyrins containing
ties of porphyrins can be tuned for many applicatif}sThe anthryl as a donor, porphryin as acceptor and oligothiophene
mesesubstituted porphyrins are a subgroup of porphyrins as bridge. This system offered efficient energy transfer from
with interesting propertie§6,7]. mesetetraarylporphyrins  anthryl to porphyrin11]. Li Zhongfang synthesizethese
show attractive properties and have been used in a wide va-thienyl porphyrins and characterized by ESR for their ef-
riety of model systems for their easy synthesis and func- ficient photoelectron transf¢i2]. The optical, redox, and
tionalization. However, porphyrins with five-membered aro- axial ligation studies omesethienyl porphyrins were re-
matic ring substituted aheseposition are seldom reported ported recentlyf13]. In the present work, we synthesized
[8-10], although five-member ring substituted porphyrins four porphyrins substituted at meso-position by thienyl group
with different substituent through Lindsey’s metHad] (see

* Corresponding author. Tel.: +86 21 64252062; fax: +86 21 64252062, Scheme J and mesetetra(S-methyl-thienyl) porphyrin (4)
E-mail addressjlzhang@ecust.edu.cn (J. Zhang). was unreported before. Then the absorption and fluorescent
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Scheme 1.

spectra ofmesethienyl porphyrins were discussed and ex-
pected some help for the future research work of thienyl por-
phyrins.

2. Experimental

1H NMR spectra were recorded on DRX500 MHz us-
ing tetramethylsilane as internal standard and GD&d
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band moving firstly was porphyrin and collected to dry. The
porphyrin obtained used column to separate again and the
pure porphyrin obtained as purple crystals (168 mg). Yields:
20.5%, mp>300C; EI-MS: GgH22N4S4, calcd. av. mass,
638, obsdnVz 638(M*); 'H NMR (CDClg) §: —2.76(s, 2H),
7.48-7.63(m, 4H), 8.20-8.56(m, 8H), 8.57-8.71(m, 8H);
[12]

2.2. The synthesis of meso-tetra-(4-bromo-thienyl)
porphyrin Q)

The synthesis ofmesetetra-(4-bromo-thienyl) porphyrin
is similar to the up procedures, and the 2-thiophenealdehyde
was replaced by 4-bromo-thiophenealdehyde (0.95g). The
product was purple crystals (226 mg). Yields: 18.5%,
mp >300°C; EI-MS: GgH22N4Ss, calcd. av. mass 954,
obsd. Mz 954(M*); 'H NMR (CDCl) §: —2.76(s, 2H),
8.17(s,4H), 8.29(s, 4H), 8.67(s, 8H)2].

2.3. The synthesis of meso-tetra-(3-methyl-thienyl)

solvent. UV-vis spectra were measured on Varian Cary porphyrin @)
500, and steady-state fluorescence spectra were obtained

on Cary Eclipse Fluorescence Phosphospectrometer, respec- The synthesis afesatetra-(5-methyl-thienyl) porphyrin

tively. Fluorescence lifetimes were obtained at EdinBurgh

is just like that of mesetetra-thienylporphyrin, except

FL920. IR spectra were recorded as KBr discs on Nﬁco— that the 2-thiophenealdehyde was replaced by 3-methyl-
let Magna IR550 Spectrophotometer. EI-MS were obtained thiophenealdehyde (0.63g), porphyrin obtained as pur-
from Micromass GCT Spectrometer. Cyclic voltammograms ple crystals (187 mg). Yields: 21%, mp>300; EI-MS:

were obtained from Shanghai Chenhua CHI 660B provided c,,H;0N,S,, calcd. av. Mass, 694, obsdyz 694(M*);

with three electrodes cell assembly.
mesaThienyl porphyrin {) was prepared by Lindsey’s

14 NMR (CDCl) & —2.68(s, 2H), 2.08-2.20(m, 12H),
7.30-7.35(m, 4H), 7.70-7.76(m, 4H), 8.87-8.95(m, 8H):

procedure from 2-thiophenealdehyde and pyrrole using [12].

BF3-O(ET), as catalyst at room temperature under the N

condition and the other three porphyrins were synthesized2 4. The synthesis of meso-tetra-(5-methyl-thienyl)

similarly.
2.1. The synthesis of meso-tetrathienyl porphyin (
Fifty millilitres CH2Cl, was added to a 100 ml three-

neck round bottom flask equipped with magnetic stirring
and fitted with a glass air bubbler with a rather porous tip,

a gas outlet valve, and a rubber septum. Then the reactiontals (200 mg).

flask was purged by Nfor about 10 min, 345l pyrrole
and 463ul thiophenealdehyde were added through springe.
After 5min, 200ul BF3-O(ET), solution (2.5M stock so-

porphyrin @)

The synthesis of mesetetra(5-methyl-thienyl) por-
phyrin is just like that of tetra-thienylporphyrin, ex-
cept that the 2-thiophenealdehyde was replaced by
5-methyl-thiophenealdehyde (0.63g). Theesetetra(s-
methyl-thienyl) porphyrin was obtained as purple crys-
Yields: 22.7%, mp>30C; EI-MS:
Ca0H30N4Ss, calcd. av. mass, 694, obsuiz 694(M*); 1H
NMR (CDClg) §: —2.70(s, 2H), 2.78 (s, 12H), 7.15-7.17(d,
4H), 7.25-7.27 (m, 4H), 7.66—7.68(d, 8H); IR(KBr)3393,

lution in toluene) was added through springe and the color 2982, 1625, 1527, 1469, 960, 792ch

of the mixture became from colorless to yellow, red, and
brown rapidly. The reaction was carried out at room tem-
perature. Samples were taken via springe(30n the pro-

3. Results and discussions

cess of reaction and through absorption spectrum we can de-

tect the formation ofnesethienyl porphyrin. At the end of
1h, Np was removed and 0.6 g DDQ (dichlorodicyanobenzo-

quinone) was introduced. Stirring was continued for another

3.1. Steady-state absorption

The position of the absorption peak and molar extinc-

hour, and the product concentration reached its top. Thention coefficients ofnesetetra-thienyl porphyrins and4TPP

triethylamine (TEA) was added to remove the excess acid.

The porphyrin was introduced to the top of the column filled
with silica gel (200-300 mesh). Using G@l, as eluent, the

(tetraphenylporphyrin) are listed ifable 1 The absorption
spectra and their dications’ absorption spectra (inset) are
shown inFig. 1
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Table 1
Absorption data of tetra-thienyl porphyrins recorded in dichloromethane
Porphyrin Soret band (nmy &« 107°) Q band (nm) £ x 10~%)

Qu Q2 Qua Qe

H,TPP 415 (2.749) 514 (19.5) 549 (8.1) 589 (5.6) 645 (4.4)
1 425 (2.579) 522 (13.6) 560 (6.7) 597 (4.8) 659 (3.9)
2 425 (2.574) 521 (15.3) 557 (6.4) 596 (5.0) 663 (6.3)
3 422 (2.885) 520 (24.5) 557 (8.1) 595 (8.3) 653 (2.1)
4 430 (2.341) 525 (11.7) 566 (8.3) 598 (5.0) 662 (4.1)

Compared to HTPP, the absorption bandsmksetetra- Table 2
thienyl porphyrins have red shift by 10—15 nm. Methyl sub- A_bsorption data of dicationic porphyring4 and HTPP recorded in
stituted at different position of thiophene can show different d'Chlom_metha”e -
influence on the position of absorption band. But the bromo Porphyrin Soret bana(nm) (e x 107°)

Q-bandi(nm) (e x 1075)

atom has no obvious effect on absorption spectra. The thio-TPF’2H¢2+ 435 (2.95) 653 (0.52)
phene ring is rich-electronic and can contribute electron to 1H4 458 (2.45) 724(0.50)

: . - 2 Hg?* 460 (3.18) 695 (0.65)
the w-system for the induction effect of S atom. According 3H,2 466 (2.25) 765 (0.71)
to the M. Gouterman'’s four orbital model, electron contribu- 4,2+ 463 (3.36) 748 (1.01)

tions of substituents ateseposition of porphyrin are known
to effect energy oéy, as the HOMO orbif15]. Electron do-
nating substituents cause an increaseup orbit electron by addition of two drops of trifluoroacetic acid simplified
density and consequently causg HOMO to shift to higher the four Q-banded spectra to one Q-banded spectrum with
energy, which induce a reduction band and absorption redone Soret band. The absorption bands of dications are further
shift [16]. The mesetetra(3-methyl-thienyl) porphyrin has red shifted Table 2 Fig. 1). It is shown that the red shift
less red-shift spectrum because methyl’gp@sition of the of Soret and Q-bands observed in the formation of dications
thiophene ring close to tetrapyrrole ring and the extent of is due to greater resonance interaction with thienyl groups
co-planarity and conjugation of system reduces and the Sorewith extension of conjugation in the dicatiof®. Since the
band locates at 422 nm. On the other hand, because of methythienyl group is smaller than phenyl group, compared with
group at 5-position of thiophene ring, electron of thiophene H>TPP the resonance interactions between tetrapyrrole ring
ring in 4 is more rich and Soret band red shift to 430 nm. and thienyl group are further increased, which reflected in the
When the Br atom is introduced to thiophene ring, the posi- red shift of dications.
tion of absorption peak does not change obviously compared In dilute solution porphyrin molecules exist as sin-
to 1, which showing that Br atom has no distinct influence gle molecule and are surrounded by solvent molecules.
on the electron density of system. The dications generatedBut with the concentration increasing there are more and
more porphyrin molecules aggregated. To determine the
aggregation state of porphyrins, we measured the absorp-

* PP tion of mesethienyl porphyrin at different concentration in
3 o 34 |: - - dichloromethane and the results were listedable 3 The
4 8 I ! e ana t
= ) ;s T g; porphyrin solution in dichloromethane was prepared before
. 4 - cases . .
‘ < e P measurement without long term standing.
¢ 3 1 o~ From Table 3we can conclude that when concentration
[0) A < o . 5 . .
e 29 % 0 e ) is less than X 107> M, porphyrin molecules mostly exist as
© e 1 . . .
g J 4 . . , . single molecule state in solution and the Soret band does not
2 ' 400 W‘r;(:/(;leneiz (nn:;"’ 8op change obviously with the concentration. But with the con-
< i g centration increasing Soret band even blue shift to 415.4 nm
Fap
S L
L v" A, Table 3
0 ! \ - 2% . Soret band position df at different concentration in dichloromethane
Concentration x10-> M/L) Soret bandimax (nmM)
— 0.1 425.6
300 400 500 600 700 800 05 425.6
Wavelength(nm) 1 425.4
2 422.0
Fig. 1. Comparison of absorption spectra offfP and tetra-thienyl por- 4 419.4
phyrins 1, 2, 3 and 4 recorded in dichloromethane. The inset shows the g 415.4
spectra of dications generated by addition of a drop of trifluoroacetic acid in g 416.0

dichloromethane.
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Table 4
Absorption data ofnesetetrathienyl porphyrirl in different solvents
Solvent$ Absorption spectrufh

Soret band (nm) Qy1 (nm) Qy2 (nm) Q1 (nm) Qxz (nm)
n-Hexane 420.8 515.8 549.6 599.0 672.6
Dichloromethane 425.6 521.8 560.0 596.0 658.4
Tetrahydrofuran 462.2 - - - 659.6
Dimethylformamide 426.0 522.0 560.2 596.6 660.4
Ethanol 422.0 521.0 558.3 594.0 660.0
Ethanol (25% HO)® 422.4 522.1 - 594.3 665.1
Ethanol (50% HO) 431.1 527.1 - 598.8 667.7
Ethanol (75% HO) 424.8 525.8 - 598.6 668.0

@ The polarity of the solvent increased in order.
b Spectral data in the table was measured &%nd concentration was TOM.
¢ The concentration of ethanol solution including water was ratio of volume.

at 6x 10~> M. This maybe attribute to that aggregated por- is up to 75%, the Soret band of porphyrins has blue shift to
phyrins are mainly face to face and the excitation energy will 424.8 nm. This may be due to the face-to-face aggregation of
rise [17,18] contrast toJ-aggregates which have red shift Pporphyrin formed at high concentration of water because of
absorption spectra in solution when porphyrin solution was their poor solubility in water. The Soret band of porphyrins
kept for long time[18]. in tetrahydrofuran red shift to 462 nm shows that there are
Porphyrins are low polar molecules and usually the max- maybe porphyrin complexes formed in solution. The four Q
ima positions of their absorption spectra are not affected by bands of porphyrin become not clear without much alteration
solvents obviousl§19,20] But it is unexpected thahese of absorption peak position unlike that of Soret band.
tetrathienyl porphyrins have obvious relation to the properties
ofthe media. We selected different solvents for the porphyrins 3 2 Flyorescence spectra
solution and measured their absorption spectra. The results

were listed inTable 4as above. To specify the effect of substituents on their fluorescence
The datainrable 4show that: (1) with the increasing of the spectra, HTPP and these four thienyl porphyrin’s fluores-
solvent polarity, the Soret band aQg maxima position ap-  cence spectra and fluorescence lifetimes were measured. The
pear red shift, buQy shift to opposite direction. (2) In protic  steady-state fluorescence spectrenetethienyl porphyrins
solvent the maxima of absorption differ from that of aprotic gre similar to that of HTPP’s except the different maxima
solvent. (3) Intetrahydrofuran there is alarge red shift of Soret gmission position. The maximum emission spectra corre-
band unexpected. (4) When water molecule is added into thesponding toQ" of mesethienyl porphyrins are presented in
porphyrin solution in ethanol, the absorption spectra differ. theFig. 2 And to show the relation of emission spectra and
Compared to HTPP, the characters ahesetetrathienyl the solvents, we discussed their fluorescence spectra in dif-

porphyrin absorption spectra have much relations to solventsferent solvents. The maximum emission wavelengths in dif-
although it should be alow-polar molecule estimated from the

molecule structure. It maybe interpreted that theegcited
state of tetra-thienyl porphyrin can be stabilized efficiently
for the existence of S atoms in molecule and theegcited
energy reduced accounting for the red shift of Soret band
in polar solvents. According to Gouterman'’s interpretation
[15], the polarity of solvents maybe have different effect on
energy band between HOMO and two LUMO orbits which
have symmetry e.g. accounting Q¢ andQy band shifting

to opposite direction for the existence of S atom. In protic
solvent there are maybe hydrogen bonds between solvents
and the core of tetra-thienyl porphyrin, which disturb co-
planarity, and the Soret band has just little red shift compared
with the solvent with the similar polar medi§20]. Inter-
estingly water molecules can affect tetra-thienyl porphyrin
absorption obviously. With the concentration increasing of
water the Soret band shifts to 430 nm from 422.4 nm although
the polarity of solvent does not change evidently. It may be
caused by the water molecules inserting into the core of thefig 2. Emission spectra of PP porphyrinsL, 2, 3 and4 recorded in
ring for its small siz§19]. When the concentration of water tetrahydrofuran at X 105 M.

200 -
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600 650 700 750
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Table 5
Maximum emission wavelength @4 in different solvents
Solvents Porphyrins
1(nm) 2 (nm) 3(nm) 4 (nm)
n-Hexane 664 667 666 666
Dichloromethane 667 668 662 668
Tetrahydrofuran 667 667 666 667
Dimethylformamide 668 667 667 672
Ethanol 663 666 665 665
36 =
30+ ) —— Ethanol
ot - ---Hexane
L DMF
24 4 (I
Dooe THE
2 . ¢
‘@ . '
c N .
9] . .
E

Wavelength(nm)

Fig. 3. Emission spectra ahesetetra-(3-methyl-thienyl) porphyri3 in

ethanol, hexane, tetrahydrofuran and dimethylformamide.

ferent solvents are listed ifable 5 (The concentration of
porphyrins solution here were abouk11.0~>M.) The typi-

cal emission spectra of tetra(5-methyl-thienyl) porphyrin in
different solvents are shown Fig. 3. The fluorescence de-
cay signals is shown iRig. 4. Excited state lifetimes of all
porphyrins were obtained by an interactive non-linear de-
convolution fitting procedure and all decay data were well

2000 A

1500 A

1000 A

Counts

500 4

Time(ns)

Fig. 4. Fluorescence decay signals ofTi?P,1, 2, 3 and4. The detection
wavelength is at 660 nm. IRF indicates instrumental response function.

Table 6
Photophysical properties of fIPP and thienyl porphyrin in toluene at am-
bient temperature

Compound 75 (nS) s ks (1/ns)
H,TPP 9.8 0.1 0.102
1 1.11,6.76 0.01279 0.90
2 1.20, 2.58 0.01729 0.83
3 1.47 0.01369 0.68
4 1.31 0.01425 0.76

a See Ref[18].
b The minor component corresponding to 6.70ns and 2.53ns were as-
sumed to be impurity.

fitted with single exponential except 2 and 3. The fluores-
cence quantium yieldsZ§) and fitted fluorescence lifetime
(z1) of all porphyrins are listed ifable 6

FromFig. 2andFig. 3., we can find: (1) the maxima emis-
sion positions 0f)" g_pandQ o_1 have little relation with the
substituents and have red shift compared 3 PP, unlike
that ofmesefuryl porphyrins with one band in the emission
spectrd9]. (2) The intensity of)" ¢_1 have much relations to
their structure. (3) In different solvents, there is no obvious
change on the emission spectra unlike their absorption spec-
tra. The emission spectra of thienyl porphyrins are similar
to that of bTPP which have reverse mirror-image symme-
try between absorption and fluorescence spg2fth When
phenyl ring is replaced by thienyl ring, the extent of con-
jugation of this system become more efficient because of
the induction of S atom and thiophene ring is smaller than
phenyl ring resulting in the reduction of dihedral-angles be-
tween the porphyrin ring and thiophene ring which permits
the greaterr-conjugation in thes; excited state than in the
ground stat¢21] and emission band shift to red. The induc-
tion of S atoms cause decrease of fluorescence lifetime and
fluorescence quantium yields for their electron donation to
the tetrapyrrole ring13]. The intensity ofQ"o_1 have much
relations with substituents, which maybe be interpreted by
the geometrical change such as dihedral angles between the
thiophene ring and porphyrin ring. Solvents have no obvious
effect onQ" peak as shown iffable 5andFig. 3, although
there are much relations between the solvents and absorption
spectra. This maybe due to that the polarity of solvents can
stabilize the excited state of porphyrin more than the ground
state resulting in so little influence on position of emission
band.

3.3. Redox potential

The electrochemical studies were performed on por-
phyrinsto elucidate the effect of substituents on the porphyrin
macrocycle. The redox data were listedTeble 7 All por-
phyrins showed 2 one-electron oxidation and 1 one-electron
reduction potential. The observed values were similar to the
literature value§l 3]. A representative cyclic voltammogram
of 4 is shown inFig. 5.

Notably thienylporphyrins show a cathodic shift in ox-
idation relative to HTPP. But there is no evident shift in
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Table 7 dicationic compounds show large red shift too. Unlike other
Half-wave redox potentials (mV) of thienylporphyrins in g2 using H,TPP and its derivatives, the meso-tetrathienyl porphyrins’
01 M tetrabutylammonium perchiorate atZ% absorption spectra are affected by solvents obviously. When
Porphyrin Oxidation (mV) Reduction (MV)  the concentration is more thanxaL0~>M, the porphyrin
| I I molecules exist mostly as face-to-face aggregation account-

H,TPP 1042 1335 _1155 ing for the blue shift of Soret band. Emission band of thienyl
1 918 1167 —1224 porphyrins have red shift toH PP, and show similar spectra
2 964 1229 —1133 shape to the LITPP. The fluorescence lifetime become so less
3 876 1259 —1197 even to 1.1 ns. The half-wave redox potential shows cathodic
4 897 1214 —1225 shift relative to HTPP. These phenomenon are ascribed to

> Versus calomel electrode. the induction of S atoms and their geometrical structure al-

b
See Ref[13]. teration for the small volume of thienyl group.
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