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Abstract. A series of covalently linked bisporphyrins bearmgsetetraphenylporphyrin (TPP) and oc-
tabromotetraphenylporphyrin (OBTPP) units have been synthesised and characterised. Electrochemical
studies on these bisporphyrins showed an anodic si3+{60 mV) of the TPP unit and a cathodic shift
(~40-80 mV) of OBTPP in redox potentials. Further, steady-state fluorescence studies on bisporphyrins
indicated dramatic decrease in fluorescence quantum yields of the TPP moiety. Electrochemical redox
and fluorescence data seem to suggest the possible existence of intramolecular interactions in these

bisporphyrins.
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1. Introduction phenyl groups in one of the porphyrin entities of the
bisporphyrins shows interesting physico-chemical
Bisporphyrins are of continued interest owing tqroperties.”*® Bisporphyrins with perfluoroporphyrin
their use as model compounds for energy and eleand tetraphenylporphyrin shows electron transfer
tron-transfer processés. Notably, these have beenreactions? Bisporphyrins with porphyrin and un-
employed as cataly$tand molecular hosts* for  brominated porphyrin have been largely unexami-
the selective encapsulation of guest moleculesed. The anodic shift of the reduction potentials and
Various groups have reported a wide variety of bishe large red-shifted absorption spectral features of
porphyrins with varying degree of fluxionality be-perbrominated porphyrins could serve as acceptors
tween the porphyrin unit$** Direct conjugation for electron and energy transfer reactions.
between the porphyrin units in these systems showedin this article, we present the synthesis of bispor-
interesting physico-chemical properti@sThe majo- phyrins with meso-tetraphenylporphyrin (TPP) and
rity of the bisporphyrins employed thus far beabctabromotetraphenylporphyrin (OBTPP), covalently
similar porphyrin units. Syntheses of bisporphyriflinked through one of the meta or para-phenyl posi-
with dissimilar units have been reported with intertions. The lengths and positions of the linkagas (
esting propertie&>° or P) have been varied to probe the extent of interac-
Many perhaloporphyrins have been reported ition in these bisporphyrins. These compounds also
the literature with unusual physico-chemical properdisplay interesting physico-chemical properties.
ties? Furthermore, the high-valent metal complexes
of perhalo_porphyrins serve as robus_t catalysts foy Experimental section
the oxidation of alkenes or alkanes in presence of
oxygen donoré. The higher stability of metalloper- , 1 Materials
haloporphyrin catalysts is attributed to the stabilisa-’

tion of the highest occupied molecular orbitalsrpe free pase porphyrins ;FPF? and HOBTPP®
influenced by the inductive effect of the halogenyere synthesized using the literature methods. Metal
substituents. Introduction of halogens at the MeSQeetates, zinc (I) acetate dihydrate and copper (1)

acetate monohydrate were procured from CDH,
*For correspondence India and used as received. Aluminium oxide (neu-
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tral and basic) procured from Acmes (India) wasespectively. The area under the fluorescence band

used as received. 2,2-dibromodiethyl ether was prenvelope is designated #sand OD indicates the

pared using the reported procedtifedll the sol- absorbance value at the excitation wavelength, kept

vents employed were purified prior to use byat 005 to Q1. All the @ values obtained from Soret

standard procedurés. excitation wavelengths are similar to those obtained
from 515 or 550 nm excitation wavelengths.

2.2 Instrumentation

2.4 Synthesis of bisporphyrins
Electronic absorption spectra were recorded on a
Hitachi model U-3400 and Jasco V-530 UV-VisibleThe precursor compounds 5-(8 4-hydroxyphenyl)-
absorption spectrophotometers using matched quaft@,15,20-tetraphenylporphyrimor p-H,TPP(OH}**
cells of 1 cm path length at ambient temperatur@nd their 5-(3 or 4-(2-bromoethoxy/bisethylene-
The'™H NMR spectra of samples were performed omxyphenyl))-10, 15, 20-triphenylporphyrim or p-
a Bruker WH-270 MHz FT-NMR spectrometer inH,TPP-1-Br andm-H,TPP-2-Br were synthesised
CDCl; using tetramethylsilane as the internal stanusing the reported procedur8s.
dard at 298 K. Steady-state fluorescence measure-
ments were carried out on a model MPF 44A, 65@.4a Synthesis of 2,3,7,8,12,13,17,18-octabromo-5-
60 fluorescence spectrophotometer in quartz cells (8" or 4-(2-bromoethoxy phenyl)-10,15,20-triphenyl-
10 mm path length at ambient temperature. Cycliporphyrin, m or p-HOBTPP-1-Br: The perbromi-
voltammetric measurements were performed on @ated mono-functionalised free-base tetraphenylpor-
BAS 100A electrochemical analyzer equipped witlphyrin was synthesised by the bromination reaction
a video meter and an XY recorder. The electroef the corresponding Cu (II) complex of the substi-
chemical cell consists of three electrodes, Ag/AgCiuted porphyrin followed by acid demetallation reac-
as reference, platinum wire as counter and platinution.
button as the working electrode. All the measure- Cu (Il) complex of them or p-H,TPP-1-Br was
ments were carried out in GEl, medium using synthesised using the literature procediyrand the
0 M tetrabutylammonium perchlorate as the supyield of the product being almost quantitative. Bro-
porting electrolyte. Porphyrin concentrations werenination of them or p-CuTPP-1-Br was carried out
maintained at mM. All the solutions were using reported procedure with slight modifica-
purged with argon gas prior to electrochemicafions?® The typical procedure for the synthesisnof
measurements and all the experiments were peyr p-CuOBTPP-1-Br is as follows: Liquid bromine

formed at room temperature. (0B ml, 116 mmol) in 25 ml of CHG is added
dropwise to a stirred solution af or p-CuTPP-1-Br
2.3 Methods (025 g, @31 mmol) in 100 ml of CHGlover a pe-

riod of 30 min at room temperature. The reaction

The steady-state fluorescence spectra of the commixture is stirred for 4 h. Then pyridine$1ml) in
pounds were measured in &, at room tempera- 40 ml of CHC} is added dropwise for 30 min. the
ture. The excitation wavelengths were kept at 518olution is stirred for a further period of 12 h. Fur-
and 417 nm of the unbrominated porphyrin THP) ther, the reaction mixture is treated with 20% aque-
unit. HLOBTPP and ZnOBTPP absorb at the emissus sodium metabisulphite solution. The organic
sion wavelength of the corresponding unbrominateldyer is dried over anhydrous P80, and the sol-
porphyrin. The absorption correction was made byent removed under reduced pressure. The green
using the reported procedufdunbrominated MTPPs product is chromatographed on a silica gel column
(M =2H, Zn (Il)) was employed as the referencaising CHC} as the eluant. The yield of the product
standard. The singlet emission quantum yiel@¥ ( is about @6 g (70%).
of the bisporphyrins were calculated according to The demetallation reaction is performed by the
the literature method. addition of conc. SO, (0B ml) to a solution oMm

_ or p-CuOBTPP1-Br (010 g, @07 mmol) in 50 ml

(@)s = (0D x A x @rol/ (ODs x Ay, @ o CHCL. The reaction mixture is then stirred for

where @ refers to fluorescence quantum yield and0 min. It is cooled in an ice bath and 100 ml of dis-
subscriptg ands indicate the reference and sampldilled H,O is added slowly. The organic layer is
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separated and washed with saturated NafCdirst fraction followed by the desired free-base bis-
(50 ml) twice and dried over anhydrous ,8@y. porphyrin,m or p-H,TPP-1-HOBTPP. The yield of
The organic layer is concentrated and chromatogrthe product is @6 g (50%).p-H,TPP-1-HOBTPP:
phed on to a silica gel column using CH@k the & (270 MHz, CDC4, TMS): 885 (m, 8H, B-H),
eluant. The vyield of the product is abouB@®@g 821 (m, 16H, phenyl H), 777 (m, 18H, phenyl
(90%). mH,OBTPP4-Br: &y (270 MHz, CDC}, Hnp, 785 (m, 4H, bridging phenyl-H), 427 (s,
TMS): 820 (m, 6H, triphenyl H), 717 (m, 9H, tri- 4H, bridging GH,), —245 (s, 2H, N-H), —-185
phenyl H,,), 747 (m, 4H, substituted phenyl-H), (bs 2H, N-H). Elemental analysis calcd. for
4.56 ¢, 2H, OCH), 381 (, 2H, CHBr), -156 (bs  CoHssNgO.Brg: C, 5640; H, 273; N, 585%.
2H, N—H). UV-visible spectrum om-H,OBTPP-1 Found: C, 5610; H, 258; N, 593%. FAB mass
Br in CH,Cl,, nm (log): 367 (487), 469 (830), 589 spectrum ifvz): 191910 [(M + H)*, 100%], 183R0
(4016), 625 (412), 742 (W7). p-H,OBTPP-1Br: &y  [(M + H)" — Br, 11%]. mH,TPP1-H,OBTPP: 4,
(270 MHz, CDC4, TMS): 821 (m, 6H, triphenyl (270 MHz, CDC}, TMS): 887 (m, 8H, 3-H), 820
Ho), 747 (m, 9H, triphenyl H, ), 733 d, 2H, sub- (m, 16H, phenyl H), 775 (m, 18H, phenyl H,),
stituted phenyl H), 8012 (d, 2H, substituted phenyl 745 (m, 4H, bridging phenyl-Hy), 415 (s, 4H,
H,), 4388 (, 2H, OCH), 384 (, 2H, CHBr), —187 bridging GH,), —280 (s, 2H, N-H), —165 (bs 2H,
(bs, 2H, N-H). UV-visible in CHCI, (loge): 364 N-H). Elemental analysis calcd. fogdBssNsO,Brs:
(480), 469 (®0), 586 (46), 623 (4R2), 741 C, 5634; H, 284; N, 584%. Found: C, 580; H,
(396). 2(838; N, 593%.

2.4b Synthesis of 2,3,7,8,12,13,17,18-octabroma2.4d Synthesis of metallated bisporphyrins, m or p-
5-(3" or 4-(2-bromo bisethylene oxyphenyl)-10,15MTPP-1-MOBTPP (M =Zn (ll), Cu (ll)): Metal
20-triphenylporphyrin, m-EDBTPP-2-Br: This was complexes of the bisporphyrins are prepared using
prepared by the condensation of digol dibromid¢he appropriate metal carrier. A typical procedure
with m-H,TPP(OH) using the literature methdd. for the synthesis of the metallation reaction is as fol-
Further, the metallation of this derivative with Culows: Metal acetate (@0 g) in 15 ml of methanol is
(1) followed by bromination of CuTPP-2-Br com- added to a stirred solution of free-base porphyrin in
plex was carried out using the method described ea@HClI; (010 g, @052 mmol), and the reaction mix-
lier (Yield: 65%). Its free-base derivative,ture was stirred at ambient temperature for 30 min.
H,OBTPP-2-Br is obtained by adopting acid demetThe solvent is removed by distillation and the resi-
allation procedure as described above. The vyield dfue thus obtained is dissolved in CH@hd washed
the product is 90%d, (270 MHz, CDC4, TMS): with distilled water. Bimetallic bisporphyrins are
807 (m, 6H, triphenyl H), 705 (m, 9H, triphenyl obtained by silica gel column chromatography using
Hn), 787 (m, 4H, substituted phenyl-H)[4R ¢, 2H, CHCI; as the eluant. The yield of the product is al-
phenyl-O—-CH), 401 (m, 4H, -CH-O-CH~), 361 most quantitative. mCuTPP-1-CuOBTPP: FAB
(t, 2H, —CHBr), =185 (bs, 2H, N—H). UV-visible in mass spectrumn{z): 20418 [(M + H)", 100%],
CH.CIl, (loge): 366 (475), 467 (R5), 587 (430), 19639 [(M + H)" —Br, 10%].m-ZnTPP-1-ZnOBTPP:
622 (425), 742 (83). oy (270 MHz, CDCY, TMS) 891 (m, 8H, 5-H), 809

(m, 16H, phenyl H), 769 (m, 22H, phenyl R,),
2.4c Synthesis of ethoxy-bridged free base bispor58 (s, 4H, bridging GH,).
phyrins: To a solution of dry DMF (100 ml) con-
tainingm or p-H,TPP(OH) (010 g, 16 mmol) andh  2.4e Synthesis of bisethylene oxide bridged bispor-
or p-H,OBTPP-1Br (022 g, 016 mmol), g of phyrins, (m-HTPP-2-HOBTPP): Free-base bispor-
anhydrous KCQO; is added. The reaction mixture isphyrin bearing bisethylene oxide spacer group is
stirred under anhydrous conditions at room temperarepared by the condensationroiH,TPP(OH) with
ture for 36 h. At the end of this period, the reactiothe functionalised brominated-H,OBTPP-2-Br us-
mixture is filtered to remove KO;. The solvent, ing the procedure employed for the synthesis of eth-
DMF, is evaporated under reduced pressure amtene oxide-bridged bisporphyrins with slight
chromatographed on an alumina column using GHCImodifications. The product is purified by alumina
CeHiz (1: 3, viv) solvent mixture as the eluant. Thecolumn using cyclohexane/chloroform :@, v/v)
unreactedn or p-H,OBTPP-1Br is collected as the solvent mixture as the eluant. The yield of the prod-
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uct is about 45%. Elemental analysis calcd fomass spectroscopies and also by elemental analysis.
CooHsgNgOsBrg: C, 5630; H, 298; N, 571%. Optical absorption spectra of bisporphyrins were
Found: C, 586, H, 282, N, 555%. FAB mass examined to probe the extent of intramolecular in-
spectrum 1fVz): 19636 [(M + H)", 100%)], 1888 teractions in these bisporphyrins. Electronic absorp-
[(M + H)" —Br, 9%]. & (270 MHz, CDC4, TMS): tion spectra of a representative bisporphyrins are
885 (m, 8H, B-H), 818 (m, 16H, phenyl ), 767 shown in figure 1. A comparison is made with the
(m, 18H, phenyl R,), 740 (m, 4H, bridging phenyl absorption spectra of:1 synthetic mixtures of the
Hmp), 443 [s, 4H, (ph—O-CH),)], 4012 (s, 4H, individual components. Absorption spectral data of
(-CH—-O-CH-)), —-281 (s, 2H, N-H), —185 (bs the bisporphyrins are shown in table 1. Bispor-
2H, N-H). m-MTPP-2-MOBTPP (M =Cu (ll) and phyrins reveal characteristic Soret bands around
Zn (I)) is prepared using the procedure employed60-475 nm arising from the OBTPP moiety and in
for the synthesis of ethylene oxide-bridged porthe range 410-425 nm region for unbrominated por-
phyrins. The yield of the porphyrin is almost quantiphyrin TPP. It can be seen from the figure that ab-
tative. mZnTPP2-ZnOBTPP:'H NMR in CDCk:

8@8 (m, 8H, B-pyrrole-H), 808 (m, 16H, phenyle-

H), 763 (m, 18H, phenyl K,;), 740 (m, 4H, bridg- '° 35

ing phenyl H,p), 411 [s, 4H, (ph—O—-CH),)], 373
[s, 4H, (-CH-O-CH-)]. m-CuTPP-2-CuOBTPP:
FAB mass spectrum n{z): 20838 ((M + H)',
100%), 2006 [(M + H)'—Br, 9%.

Absorbance

3. Results and discussion

~—

scheme 1. They are crystalline in nature and solub 39 400 500 660 7(',0 300
in a variety of organic solvents. Integrity of the bis- Wavelength (nm)
porphyrins was checked by UV-visibléHd NMR,

Bisporphyrins were synthesized as described i N

Figure 1. Electronic absorption spectra ofH,TPP-2-
H,OBTPP () and mZnTPP-2-ZnOBTPP (----) in
CH,CI, at 298 K. Arrows indicate the absorbance for
magnifiedQ bands on thg-axis.

m&p-H

p-H
o-H

’_A_\

m- or p-MTPP(OH) n =0, m- or p-MOBTPP-1-Br {a)
n=1, m-MOBTPP-2-Br

-CH.Br
-OCH,- Sl PP

N-H (TPP) —,
;\ _L_ A

N-H (OBTPP)

B-H Bridging Ph-H,,
l » -O(CHg),0-

M = 2H, Cu(ll), Zn(ll) ' ~ 3(ppm)

n =0, MTPP-1- MOBTPP Figure 2. *H NMR spectrum ofg) 1: 1 synthetic mix-
n =1, MTPP-2- MOBTPP ture of p-H,TPP(OH) andp-H,OBTPP-1-Br andlf) bis-
porphyrin p-H,TPP-1-HOBTPP in CDC} at 298 K.
Scheme 1. Synthetic route for bisporphyrins. *Denotes the solvent peak.
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Table 1. Electronic absorption spectral dataf bisporphyrins in ChCl, at 298 K.

Compound

B bands (nm)

Q bands (nm)

m-H,TPP-1-HOBTPP

m-CuTPP-1-CuOBTPP

m-ZnTPP-1-ZnOBTPP

p-H,TPP-1-HOBTPP

p-CuTPP-1-CuOBTPP

p-ZnTPP-1-ZnOBTPP

m-H,TPP-2-HOBTPP

m-CuTPP-2-CuOBTPP

m-ZnTPP-2-ZnOBTPP

1:1, H,OBTPP/HTPP

1:1, CuOBTPP/CUTPP

1:1, ZnOBTPP/ZnTPP

357 (85), 418 (58)
469 (33)

361 [@R), 415 (575)
449 6h), 465 (517)

352 ([@8), 419 (580)
470 (517)

376 (@6), 419 (HB8)
472 (531)

364 B6), 416 (513)
450 6h), 469 (522)

351 (89), 420 (580)
471 (548)

372 (85), 418 (512)
469 (333)

363 [@6), 415 (573)
446 6h), 466 (517)

351 ([@8), 419 (514)
468 (336)

367 (87), 417 (8)
469 (330)

360 L), 415 (5I5)
448 6h), 464 (516)

353 [4), 419 (5B1)
466 (520)

514 (438), 550 (417)
589 (415), 629 §h)
644 (4D1), 739 (32)

538 (434), 579 (434)
623 (386)

548 (442), 594 (413)
664 (413)

514 (439), 551 (419)
590 (413), 628 §h)
644 (424), 748 (24)

539 (426), 581 (430)
625 (394)

549 (485), 592 (416)
667 (418)

513 (442), 551 (418)
631 6h), 642 (420)

538 (442), 579 (430)
624 6h)

548 (434), 591 (407)
658 (398)

514 (438), 550 (419)
589 (416), 629 6h)
644 (423), 742 (B7)

538 (447), 579 (431)
623 (392)

548 (443), 590 (417)
655 (4D5)

®/alues in parentheses refer to togﬂerror iNAnax =% 1[0 nm

sorption bands in the visible region (500-800 nm$tituted meso-phenyl and bridging alkyl ether pro-
overlap considerably. The position of the absorptiotons. The integrated intensities of the proton
spectral bands of the bisporphyrins bears close rezsonances have been useful in identifying the num-
semblance to the spectra obtained foll kynthetic ber of protons in the respective bisporphyrins. In the
mixtures with comparable molar absorption coefficase of bisporphyrins, the imino protons resonate
cients. A variation in position of the attachmentaround —1865 ppm, characteristic of brominated por-
(para or meta) or the length of the linkage grouphyrin, while the resonance at 82 ppm arises
(ethylene oxide and bisethylene oxide) in these bisrom the unbrominated porphyrin unit. The presence
porphyrins do not show any significant difference®f covalent linkages in the bisporphyrin systems is
in their absorption spectral features. shown by comparison of tHél NMR spectra of the

'H NMR spectra of the bisporphyrins are verybisporphyrins with that of the:1l synthetic mixture
useful in characterization of the compounds. Figuref the constituents. It can be seen that the ether pro-
2 shows the'H NMR spectrum of bisporphyrip-  tons in the intermolecular mixtures resonate as two
H,TPP-1-HOBTPP along with that of the synthetictriplets centred at (33 ppm (CHBr) and 448 ppm
mixture of the monomeric entities. The bispor{OCH,) (J~ 4 Hz) in thep-H,OBTPP-1-Br com-
phyrins exhibit proton resonances characteristic gfound while it appears as a singlet &7ppm in
B-pyrrole, unsubstituted meso-phenyl groups, sulihe bisporphyrin g-H,TPP-1-HOBTPP) owing to
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the symmetric disposition of the ethylene oxide propotentials of the 11 synthetic mixtures of TPP and
tons between the porphyrin units. The dimetalli©BTPP were also determined and are listed in table
bisporphyrin, p or mZnTPP-1-ZnOBTPP shows 2. The observed redox data of the individual por-
resonances not significantly different from those ophyrins (TPP¥ and OBTPPS) are fairly similar to
the free-base bisporphyrin except for the absence thfat of the literature values. It is reported earlier that
the imino proton resonances. The bisethylene oxidéhe MOBTPPs show a marginal anodic shift of the
bridged bisporphyrinm-H,TPP-2-HOBTPP shows oxidation potentials with a substantial anodic shift
resonances quite similar to that tmeH,TPP-1- in the reduction potentials of the ring-centred redox
H,OBTPP complex with two singlets for the bridg-potentials relative to that of the corresponding
ing bisethylene oxide group atd® ppm (-O-Ck) MTPPs. The intramolecular interactions in these
and 412 ppm (CH-O-CH) groups, whereas the bisporphyrins would shift redox potentials cathodi-
synthetic mixture shows two triplets at42 ppm cally for OBTPP centre while it is anodic shift in
(OCH,) and 377 ppm (CHBr), and a multiplet cen- redox potentials for MTPPs. It can be seen from the
tred at 401 ppm (-CH-O-CH-). The '"H NMR data that generally in bisporphyrins, the first redox
spectrum of the bisporphyrins does not show diregotentials of OBTPP are shifted cathodically by 40—
evidence for the existence of any strong intra80 mV, while that of TPP moieties show an anodic
molecular interactions in bisporphyrins. shift (30—60 mV). In some cases, especially for the
Cyclic voltammetric studies were performed tadi-zinc bisporphyrins, the oxidation potentials over-
determine the electrochemical redox potentials dap considerably due to the close proximity of the
bisporphyrins to examine the possible presence pbtentials. The cathodic shift of redox potentials of
intermolecular interactions. A representative voltOBTPP and the anodic shift of TPP potentials indi-
ammogram ofm-CuTPP-1-CuOBTPP is shown in cate minimal intramolecular interactions in these
figure 3 and the data of all the bisporphyrins arbisporphyrins.
summarised in table 2. The majority of the bispor- In order to probe the possible existence of in-
phyrins exhibit reversible potentials involve a onetramolecular electron or energy transfer (singlet—
electron process. In some cases, the potentials oveinglet) reactions in these bisporphyrins, steady
lap with one another and the differential pulsestate fluorescence spectra were obtained inGTH
voltammetry is indicative of more than one electror\ typical fluorescence spectrum of bisporphyrin is
transfer process. Under similar conditions, the redoshown in figure 4. The fluorescence spectra of bispor-
phyrins are compared with the spectra of the corre-
sponding 11 synthetic mixture of their constituents.
Oxidation : For all the compounds, the excit_ation wavelength
,\M_/__ was kept at 419 nm. For comparison, fluorescence
‘1l8 L ! ’015 A/*a]o guantum vyields of the TPP derivatives,{I?P and
' " Voltsis) ‘ ZnTPP) were also determined and are listed in table
3. Observed data for MTPPs (M = 2H, Zn (ll)) are
similar to reported value$. The singlet emission
bands of HTPP (651, 714 nm) overlap considerably
I } with the absorption spectra of ,®BTPP (626,
2pA

743 nm). Similarly, the emission bands of ZnTPP
(596, 646 nm) overlap with the absorption spectra of
ZnOBTPP (594, 656 nm). It can be seen that the po-
sitions of the emission bands of bisporphyrins are
not altered significantly. However, the values of the
guantum yields decrease dramatically relative to
L ~ . those of their 11 synthetic mixtures. Quantum
*00 S~ e ™ yields of the synthetic mixtures §RPP/HOBTPP
and ZnTPP/ZnOBTPP) show a marginal decrease
Figure 3. Cyclic voltammograms of mCuTPP-1- relative to the corresponding,HPP and ZnTPP
CuOBTPP in CHCI, with 01 M TBAHFP at 298 K with units. The unbrominated porphyrin (TPP) unit is ex-

a scan rate of 100 mV/s. pected to act as a donor, while the brominated

Reduction:
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Table 2. Half-wave potentiafs(vs Ag/AgCI, V) of bisporphyrins in C}€l, using @1 M TBAPF;
as the supporting electrolyte at 298 K.

Oxidation Reduction
Bisporphyrin I I " v I Il " v
m-H,TPP-1-HOBTPP 05 1038 1o - -062 -104 -130 -
m-ZnTPP-1-ZnOBTPP O3 119 - - -086 -136° - -
m-CuTPP-1-CuOBTPP a7z 142 163 - —-0B3 -088 -4 -1BF
m-H,TPP-2-HOBTPP 08 119 140 - -0B7 -101 -133 -
m-ZnTPP-2-ZnOBTPP @4 121 - - —-092 -123 -141 -
m-CuTPP-2-CuOBTPP a7 137 158 - —-067 -091 -8 1582
p-ZnTPP-1-ZnOBTPP ©8 125 - - —-0891 -130 -165 -
p-CuTPP-1-CuOBTPP ao 140 162 - —-0B3 -090 -103 -140
1:1, H,LTPP/HOBTPP 100 114 135 - -0B7 -092 -110 -135
1:1, ZnTPP/ZnOBTPP B1 096 119 - —-093 -133 - -
1:1, CuTPP/CuOBTPP @1 135 1|5 - -059 -085 -109 -13¢

% rror+ 15 mV; quasireversible’data from differential pulse voltammetry

v
5
N
[
(=]
£
B
s
£
[V}
£
3
M
1 1
700 650 600

Wavelength (nm)

550

Figure 4. Fluorescence spectra of (1) ZnTPP, (2)11
synthetic mixture of ZnTPP and ZnOBTPP, (BZnTPP-
2-ZnOBTPP and (4m-ZnTPP-1-ZnOBTPP in C}Cl, at
298 K. The excitation wavelength is at 419 nm.

Table 3. Steady-state singlet emission data of bispor-
phyrins in CHCI, at 298 K.

a

Compound Aem (NM) @ Nss

m-H,TPP-1-HOBTPP 652,713 0019 9852
m-ZnTPP-1-ZnOBTPP 596, 645 [D07 9980
p-H,TPP-1-HOBTPP 650,715 0032 9780
p-ZnTPP-1-ZnOBTPP 598, 644 [D27 9188
m-H,TPP-2-HOBTPP 651,716 0015 9882
m-ZnTPP-2-ZnOBTPP 597,646 [D11 9672

H,TPP/HOBTPP 652, 715 @24
ZnTPP/ZnOBTPP 597, 645 [@R9
H,TPP 651, 714 @30
ZnTPP 596, 646 033

dUncertainty in valuest 8%

H,OBTPP) and HTPP respectively. An examina-
tion of the data in table 3 shows that the singlet
emission of the TPP entity is quenched very effi-
ciently in all the bisporphyrins and less so, if the
two units are mixed intermolecularly. Interestingly,
the emission spectrum of the TPP overlaps with the
absorption spectrum of the OBTPP indicative of the
possible existence of energy transfer from the TPP
unit to the non-radiative OBTPP unit.

The electron transfer process from the donor
(TPP) to acceptor (OBTPP) can be calculated from
the expressiomGe; = E; — Es whereAGg, represents
the free-energy change accompanied by the excited

porphyrin acts as an acceptor. Steady-state fluorestate electron transfer process in bisporphyris.

cence guantum yields obtained in this study permis the energy of the charge transfer state calculated
us to calculat¥ the efficiency of quenchinggss=
(1 —@a/@) x 100 wheregh, and @ are the quan- first reduction potentials of TPP and OBTPP units
tum yields of the bisporphyrinn{ or p-H,TPP-1—

from the difference between the first oxidation and

respectively.Es refers to the energy of the singlet-
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excited state of the TPP entity. The electrochemica$.

redox data shown in table 2 indicate that M&; is
exergonic. The fluorescence spectrum of the bispors

phyrins may afford a large local concentration of the ™

brominated porphyrin in the neighbourhood of the

unbrominated porphyrin (HPP or ZnTPP) result- 10.

ing in the possible efficient quenching of fluores-
cence of the unbrominated TPP entity.

12.
13.

4. Summary

Synthesis and characterization of a new class of big
porphyrins, bearing electron-deficient (OBTPP) anglg

electron-rich (TPP) units have been presented. The

electrochemical redox properties of free-base arid.

bimetallic complexes of bisporphyrins show weak

intramolecular interactions. Steady-state single}t7'

emission studies on the bisporphyrins show a drag

matic decrease in quantum vyields with high effi-
ciency of singlet-state quenching of the TPP unit im9.
the bisporphyrins. Electrochemical redox and fluo20.

rescence studies show possible intramolecular inter-
actions in these bisporphyrins.

22.
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