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Abstract. A new series of zinc(Il) B-triazolomethyl-bridged porphyrin-benzo-a-pyrone dyads have been
synthesized in appreciable yields through a copper(I)-catalyzed “click” reaction of zinc(Il) 2-azidomethyl-
5,10,15,20-tetraphenylporphyrin with various benzo-a-pyronoalkynes. These novel zinc(Il) porphyrin-benzo-
a-pyrone dyads successfully underwent demetallation in the presence of concentrated hydrochloric acid in
chloroform at 25°C to form the corresponding free-base porphyrin analogues in good yields. The newly syn-
thesized products were characterized on the basis of spectral data and evaluated for their electronic absorption
and fluorescence properties. Some of these molecules have shown a significant intramolecular energy transfer

between the benzo-o-pyrone and porphyrin subunits.
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1. Introduction

Porphyrins are an important class of m-conjugated
heteroaromatic compounds which exhibit promising
applications in diverse fields such as supramolec-
ular chemistry,' catalysis,”> biomimetic models for
photosynthesis® and medicine.* Additionally, these
molecules have been widely used in the study of var-
ious charge-transfer’ and energy-transfer® processes.
In the past decades, a large number of porphyrinoids
linked with various m-electron rich and biologically
relevant chromophores including anthracene,’” anthra-
quinone,® fluorescein,’ perylene,!” fluorene,!' pyrrolo
[1,2-a]quinoxaline,'?> coumarin,’® quinoline,'* imida-
zole, thiazole,'® and pyrazole!” have been synthesized
through peripheral functionalization involving meso-
and B-positions of meso-tetraarylporphyrins. Among
these, the B-substituted porphyrins often demonstrate
interesting electronic properties because of direct con-
jugation of attached scaffold with the 187 -macrocyclic
system. Similarly, benzo-a-pyrones are known to dis-
play unique optical and biological properties'® and
therefore, widely used as fluorescent probes, ' signaling
units in sensors,”” laser dyes®' and therapeutic agents.?

*For correspondence

Benzo-a-pyronoalkynes; click reaction; photophysical properties; synthesis; porphyrin-benzo-o-

By considering the photophysical and biological sig-
nificance of these two classes of heterocycles, our aim
was to connect benzo-a-pyrone units to the S-position
of meso-tetraphenylporphyrins through a 1,2,3-triazole
bridge which can be easily constructed by using click
reaction® and often affords the hybrid molecules with
a wide range of applications in medicinal and material
chemistry.?*

Previously, we have synthesized a series of 1,2,3-
triazole linked porphyrin-coumarin dyads in good
yields® by using click chemistry. In these molecules,
the triazole-linked coumarin subunits were directly
attached to the porphyrin periphery. On photophysical
investigation, these molecules have demonstrated a sig-
nificant bathochromic shift in their electronic absorp-
tion spectra and an efficient intramolecular energy
transfer between the porphyrin and benzo-a-pyrone
chromophores. These results prompted us to investigate
the photophysical characteristics of various pB-triazo-
lomethyl-bridged porphyrin-benzo-o-pyrone dyads where
the porphyrin and triazole-linked benzo-a-pyrone
chromophores are connected by a methylene spacer.
Therefore, in continuation of our efforts to develop
efficient synthetic strategies for S-functionalized meso-
tetraphenylporphyrins,?® we report herein the synthesis,
spectroscopic characterization and optical properties of
a new series of S-triazolomethyl-bridged porphyrin-
benzo-«-pyrone dyads.
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2. Experimental
2.1 Materials and Procedures

The reagents and solvents used in this work were pur-
chased from Sigma-Aldrich Chemical Pvt. Ltd., Banga-
lore, India and Merck Specialities Pvt. Ltd., Mumbai,
India and used without further purification. Thin layer
chromatography (TLC) was performed on silica gel 60
F»s4 (pre-coated aluminium sheets) from Merck. The
synthesized products were purified by column chro-
matography using either activated neutral aluminium
oxide (Brokmann grade I-II, Merck) or silica gel (60-
120 mesh). '"H NMR (400 MHz) and *C NMR (100
MHz) spectra were recorded in CDCl; or DMSO-dg on
Jeol ECX-400P (400 MHz) NMR spectrometer. Chem-
ical shifts were obtained in & scale in parts per mil-
lion (ppm) relative to CDCl; (§ = 7.26 ppm for 'H
NMR and § = 77.00 ppm for *C NMR) and DMSO-
d¢ (8 = 2.50 ppm for '"H NMR and § = 39.50 ppm
for *C NMR). The coupling constants were expressed
as (J) and reported in Hertz (Hz). The infrared (IR)
spectra of all the synthesized compounds were recorded
in film or KBr on Perkin Elmer IR spectrometer and
absorption maxima (vp.) are presented in cm~!. The
mass spectra (ESI-MS) were recorded on a THERMO
Finnigan LCQ Advantage max ion trap mass spectrom-
eter and Agilent G6530 AA LC-HRMS Q-TOF system
in positive mode. UV-Vis absorption and fluorescence
spectra were measured in spectroscopic grade chloro-
form by using an Analytik Jena’s Specord 250 UV-Vis
spectrophotometer and a Varian Cary Eclipse fluores-
cence spectrophotometer, respectively. Elemental anal-
yses of all compounds were performed on Elementar
Analysensysteme GmbH VarioEL elemental analyzer.
The melting points of all the newly prepared products
were determined by using Buchi M-560 melting point
apparatus in open capillary tubes and are uncorrected.

2.2 General procedure for the synthesis of zinc(Il) B-
triazolomethyl-bridged porphyrin-benzo-a-pyrone dyads
(8a,c, 9a,c,e,g and 10a)

To a solution of zinc(Il) 2-azidomethyl-5,10,15,20-
tetraphenylporphyrin (4; 50 mg, 0.068 mmol) in DMF
(10 mL), CuSO,-5H,0 (3.5 mg, 0.014 mmol), ascorbic
acid (5.0 mg, 0.028 mmol) and benzo-a-pyronoalkynes
(0.081 mmol) were added and the reaction mixture was
stirred at 80°C for 2 h. The progress of the reaction was
monitored by thin layer chromatography. After comple-
tion of the reaction, the mixture was allowed to cool
at room temperature and diluted with 50 mL chloro-
form. The resulting solution was washed thoroughly
with water. The organic layer was dried over anhydrous
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sodium sulfate and evaporated under reduced pressure.
The crude product obtained was purified over a neutral
alumina column by using 2% methanol in chloroform
as eluent.

2.2a Zinc(Il) 4-methyl-7-[1-(5,10,15,20-tetraphenylpor-
phyrin-2-ylmethyl)-1H-[1,2,3 ]-triazol-4-yl]-chromen-
2-one (8a): Purple solid; yield: 82%; M.p. >300°C;
UV-Vis (CHCI3) Ay (e x107*, M~ cm™"): 427 (97.98),
555 (4.02), 601 (1.37) nm; Ag, (CHCl3; Ag 420 nm):
609, 651 nm; IR (KBr) v /cm~': 3057, 1683, 1617,
1596, 1440, 1337, 1174, 1068, 1003, 992, 795, 753,
700; '"H NMR (400 MHz, DMSO-dy) §: 8.83 (s, 1H,
triazole H), 8.76-8.71 (m, SH, B-pyrrolic H), 8.60 (d,
J = 3.66 Hz, 1H, B-pyrrolic H), 8.18-8.14 (m, 6H,
meso-ArH), 8.11 (s, 1H, B-pyrrolic H), 8.06-8.04 (m,
2H, meso-ArH), 7.87-7.85 (m, 3H, ArH), 7.82-7.77
(m, 9H, meso-ArH), 7.61-7.60 (m, 3H, meso-ArH),
6.40 (s, 1H, CH), 5.74 (s, 2H, CH,), 2.46 (s, 3H,
CH3;); ESI-HRMS (m/z) Calcd. for Cs;H33N;0,Zn:
916.2372 (M+H)*; found 916.2361; Anal. Calcd. (%)
for Cs;Hs;N;0,7Zn.2H,0: C, 71.81; H, 4.33; N, 10.28;
found (%): C, 71.78; H, 4.35; N, 10.32.

2.2b Zinc(ll) 7-[1-(5,10,15,20-tetraphenylporphyrin-2-
vlmethyl)-1H-[1,2,3 Jtriazol-4-yl]-chromen-2-one (8c):
Purple solid; yield: 83%; M.p. >300°C; UV-Vis (CHCl;)
Amax (€ x 1074, M~! em™"): 427 (87.17), 555 (3.11),
602 (0.67) nm; Ag, (CHCIl;; Ag, 420 nm): 609, 651 nm;
IR (film) v, /cm™': 2919, 1688, 1617, 1384, 1337,
1225, 1068, 1003, 795, 753, 700; 'H NMR (400 MHz,
DMSO-dg) 8: 8.80 (s, 1H, triazole H), 8.77-8.74 (m, 4H,
B-pyrrolic H), 8.73-8.71 (d, / =5.13 Hz, 1H, B-pyrrolic
H), 8.61 (d, J = 5.13 Hz, 1H, B-pyrrolic H), 8.31 (s,
2H, ArH), 8.18-8.14 (m, 6H, meso-ArH), 8.13 (s, 1H,
B-pyrrolic H), 8.09-8.05 (m, 3H, meso-ArH and ArH),
7.87-7.85 (m, 1H, ArH), 7.82-7.79 (m, 9H, meso-ArH),
7.62-7.60 (m, 3H, meso-ArH), 6.49 (d, J = 9.52 Hz,
1H, CH), 5.75 (s, 2H, CH,); *C NMR (100 MHz,
DMSO-dg) 8: 160.02, 154.10, 150.09, 149.66, 149.53,
149.48, 149.36, 146.78, 145.17, 144.88, 143.98, 142.58,
142.46, 142.37,139.50, 134.22, 134.18, 132.90, 132.46,
132.08,131.99,131.91, 131.87,131.77,131.36, 129.19,
128.60, 127.58, 127.38, 126.67, 126.37, 123.59, 121.37,
120.95, 120.55,119.96, 119.80, 118.29, 115.90, 112.35,
79.17; ESI-MS: m/z = 902.2 (M+H)"; Anal. Calcd.
(%) for CsH3sN,0,Zn.H,O: C, 73.00; H, 4.05; N,
10.64; found (%): C, 72.98; H, 4.15; N, 10.67.

2.2c  Zinc(ll) 4-methyl-7-[1-(5,10,15,20-tetraphenyl-
porphyrin-2-ylmethyl)-1H-[1,2,3 |-triazol-4-ylmethoxy |-
chromen-2-one (9a): Purple solid; yield: 88%; M.p.



Synthesis of porphyrin-benzo-a-pyrone dyads 547

>300°C; UV-Vis (CHCl3) Apax (¢ x 1074, M~ cm™!):
427 (89.67), 555 (3.67), 602 (1.24) nm; Ag, (CHCls;
Apx 420 nm): 607, 653 nm; IR (film) vy /cm™': 3057,
3018, 2919, 2850; 1723, 1612, 1490, 1387, 1343, 1278,
1156, 1071, 1004, 800, 754, 702; '"H NMR (400 MHz,
DMSO-dg) §: 8.77-8.72 (m, SH, B-pyrrolic H), 8.60-
8.58 (m, 1H, B-pyrrolic H), 8.28 (s, 1H, B-pyrrolic H),
8.18-8.17 (m, 4H, meso-ArH), 8.10 (d, J = 7.32 Hz,
2H, meso-ArH), 8.05-8.03 (m, 3H, meso-ArH and ArH),
7.85-7.74 (m, 9H, meso-ArH), 7.72-7.64 (m, 4H, meso-
ArH and triazole H), 7.14 (d, J = 2.20 Hz, 1H, ArH),
7.01 (d, J =8.79 Hz, 1H, ArH), 6.21 (s, 1H, CH), 5.69
(s, 2H, CH,), 5.26 (s, 2H, OCH,), 2.37 (s, 3H, CH;);
3C NMR (100 MHz, DMSO-d¢) §: 161.04, 160.14,
154.66, 153.40, 150.06, 149.65, 149.50, 149.43, 149.32,
146.77, 144.86, 142.57, 142.44,142.33, 142.07, 139.86,
134.17,132.85, 132.23, 132.91, 131.87, 131.77, 131.33,
128.51, 127.57, 127.40, 127.28, 126.66, 126.49, 126.39,
125.54,120.92, 120.52,119.89, 119.75,113.34,112.70,
111.27, 101.56, 61.53, 49.30, 18.14; ESI-MS: m/z =
946.1 (M+H)*; Anal. Calcd. (%) for CsgH3oN;05Zn:
C, 73.53; H, 4.15; N, 10.35; found (%): C, 73.59; H,
3.98; N, 10.32.

2.2d  Zinc(Il) 7-[1-(5,10,15,20-tetraphenylporphyrin-
2-ylmethyl)-1H-[1,2,3 Jtriazol-4-yl-methoxy |-chromen-
2-one (9c): Purple solid; yield: 90%; M.p. >300°C;
UV-Vis (CHCl3) Apex (¢ x 1074, M~! cm™!): 427
(90.00), 556 (3.76), 601 (1.38) nm; Ag, (CHCls; Agg
420 nm): 608, 650 nm; IR (KBr) vp,/cm™': 3052,
2921, 1732, 1612, 1440, 1384, 1278, 1119, 1003, 795,
757, 702; '"H NMR (400 MHz, DMSO-dy) §: 8.78-8.73
(m, 5H, B-pyrrolic H), 8.61 (d, J = 4.12 Hz, 1H,
B-pyrrolic H), 8.28 (s, 1H, B-pyrrolic H), 8.18-8.17
(m, 4H, meso-ArH), 8.12-7.95 (m, 6H, meso-ArH and
ArH), 7.84-7.74 (m, 9H, meso-ArH), 7.70-7.61 (m, 4H,
meso-ArH and triazole H), 7.16 (s, 1H, ArH), 7.00 (d,
J = 8.70 Hz, 1H, ArH), 6.29 (d, / = 9.16 Hz, 1H,
CH), 5.70 (s, 2H, CH,), 5.26 (s, 2H, OCH,); *C NMR
(100 MHz, CDCl,) é: 161.14, 160.29, 155.32, 150.07,
149.64, 149.50, 149.44, 149.33, 146.77, 144.88, 144.31,
142.59, 142.44,142.32, 142.04, 139.84, 134.16, 132.90,
132.26, 132.04, 131.90, 131.80, 131.33, 129.53, 128.53,
127.57, 127.39, 127.31, 126.66, 126.41, 125.54,
120.93, 120.54, 119.90, 119.77,112.99, 112.65, 112.57,
101.56, 61.55; ESI-MS: m/z = 932.2 (M+H)"; Anal.
Calcd. (%) for C57H37N703ZH.2H202 C, 7062, H,
4.26; N, 10.11; found (%): C, 70.61; H, 4.32; N, 10.27.

2.2e Zinc(ll) 6-chloro-4-methyl-7-[1-(5,10,15,20-tetra-
phenylporphyrin-2-ylmethyl)-1H-[ 1,2,3 [triazol-4-ylmet-
hoxy]-chromen-2-one (9e): Purple solid; yield: 89%;

M.p. >300°C; UV-Vis (CHCl;3) Ap (¢ x 1074, M™!
cm™!): 427 (88.44), 555 (3.59), 602 (1.22) nm; Agn
(CHCls; Agyx 420 nm): 605, 651 nm; IR (KBr) vy/cm™':
2922, 1731, 1607, 1384, 1275, 1156, 1056, 1004, 795,
753, 702; '"H NMR (400 MHz, DMSO-d) § : 8.77-8.70
(m, SH, B-pyrrolic H), 8.59-8.57 (m, 1H, B-pyrrolic H),
8.27 (s, 1H, B-pyrrolic H), 8.18-8.16 (m, 4H, meso-
ArH), 8.10-8.07 (m, 3H, meso-ArH and ArH), 8.04-
8.02 (m, 2H, meso-ArH), 7.85-7.73 (m, 10H, meso-ArH
and triazole H), 7.65-7.63 (m, 3H, meso-ArH), 7.47 (s,
1H, ArH), 6.27 (s, 1H, CH), 5.71 (s, 2H, CH,), 5.35 (s,
2H, OCH,), 2.39 (s, 3H, CH;); *C NMR (100 MHz,
DMSO-dg) 6: 159.75, 155.88, 153.17, 150.08, 149.62,
149.50, 149.42, 149.33, 147.36, 147.26, 146.76, 144 91,
144.56, 143.59, 142.58, 142.43, 141.51, 139.61, 134.16,
132.87,132.05, 131.78, 131.34, 127.56, 127.23, 126.66,
126.38, 125.97, 120.90, 120.52, 119.79, 117.80, 115.51,
112.23,111.10, 102.14, 100.59, 62.54, 18.16; ESI-MS:
m/z = 980.0 M-+H)"; Anal. Calcd. (%) for CssHsg
CIN,05Zn.H,0: C, 69.67; H, 4.03; N, 9.81; found (%):
C, 69.63; H, 3.97; N, 9.88.

2.2t Zinc(ll) 4-chloromethyl-7-[1-(5,10,15,20-tetrap-
henylporphyrin-2-ylmethyl)-1H-[1,2,3 Jtriazol-4-ylmet-
hoxy]-chromen-2-one (9g): Purple solid; yield: 87%;
M.p. >300°C; UV-Vis (CHCl3) Ane (¢ x 1074, M™!
cm™1): 427 (65.51), 553 (2.46), 602 (0.76) nm; Agm
(CHCl3; Agy 420 nm): 607, 651 nm; IR (film) vpa/
cm~!: 2919, 1627, 1263, 1069, 1003, 795, 753; ESI-
MS: m/z =980.0 (M+H)™; Anal. Calcd. (%) for CsgHsg
CIN,0:Zn.2H,0: C, 68.44; H, 4.16; N, 9.63; found
(%): C, 68.34; H, 4.21; N, 9.60.

2.2g  Zinc(Il) 4-[1-(5,10,15,20-tetraphenylporphyrin-
2-ylmethyl)-1H-[1,2,3 Jtriazol-4-yl-methoxy |-chromen-
2-one (10a): Purple solid; yield: 90%; M.p. 234-
236°C; UV-Vis (CHCI3) Apax (¢ x 1074, M~! ecm™'):
427 (92.91), 556 (3.45), 602 (1.04) nm; Ag, (CHCls;
Apx 420 nm): 609, 653 nm; IR (film) vy /cm~': 3055,
2925, 1718, 1618, 1339, 1237, 1106, 1070, 1003, 795,
751,701; "H NMR (400 MHz, CDCl;) §: 8.92-8.90 (m,
3H, B-pyrrolic H), 8.87 (d, / = 5.13 Hz, 1H, B-pyrrolic
H), 8.84 (d, J = 4.39 Hz, 1H, B-pyrrolic H), 8.61 (d,
J =4.39 Hz, 1H, B-pyrrolic H), 8.20 (s, 1H, B-pyrrolic
H), 8.19-8.16 (m, 4H, meso-ArH), 7.99 (d, J = 6.59
Hz, 2H, meso-ArH), 7.82 (d, J = 7.32 Hz, 2H, meso-
ArH), 7.76 (s, 1H, triazole H), 7.75-7.68 (m, 6H,
meso-ArH), 7.59 (d, J = 7.32 Hz, 1H, ArH), 7.54-7.47
(m, 4H, meso-ArH), 7.42-7.37 (m, 2H, meso-ArH),
7.16 (d, J = 7.69 Hz, 1H, ArH), 7.06-7.04 (m, 2H,
ArH), 5.50 (s, 1H, CH), 5.29 (s, 2H, CH,), 4.29 (s, 2H,
OCH,); *C NMR (100 MHz, DMSO-d,) §: 164.35,
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161.58, 152.84, 150.08, 149.63, 149.50, 149.43, 149.33,
146.78, 144.86, 142.57, 142.44, 142.34, 140.97, 139.95,
134.16, 134.09, 132.91, 132.04, 131.98, 131.90, 131.80,
131.75,131.25, 128.54, 127.57, 127.33, 126.65, 126.29,
126.04, 124.22,122.85, 120.94, 120.55, 119.90, 119.71,
116.53, 115.17, 91.33, 62.65; ESI-MS: m/z = 932.0
(M-+H)*; Anal. Caled. (%) for Cs;H;3;N,05Zn: C,
73.35; H, 4.00; N, 10.50; found (%): C, 73.62; H, 3.86;
N, 10.31.

2.3 General procedure for the synthesis of free-base -
triazolomethyl-bridged porphyrin-benzo-o-pyrone dyads
(8b,d, 9b.d.f,h and 10b)

To a solution of zinc(Il) B-triazolomethyl-bridged
porphyrin-benzo-a-pyrone dyads (50 mg) in CHCl;
(10 mL), conc. HCI (200 L) was added and the reaction
mixture was stirred at room temperature for 15 min. The
progress of the reaction was monitored by thin layer
chromatography. After completion of the reaction, the
mixture was washed thoroughly with water (50 mL x 3).
The organic layer was dried over anhydrous sodium sul-
fate and evaporated under reduced pressure. The crude
product was purified over neutral alumina column by
using chloroform as eluent.

2.3a 4-Methyl-7-[1-(5,10,15,20-tetraphenylporphyrin-
2-ylmethyl)-1H-[1,2,3 Jtriazol-4-yl]-chromen-2-one (8b):
Purple solid; yield: 72%; M.p. 258-260°C; UV-Vis
(CHCI3) Amax (e x 107%, M~ cm™1): 422 (90.39), 518
(5.04), 542 (1.76), 599 (1.16), 648 (1.41) nm; Ag,
(CHCl3; Ag, 420 nm): 656, 720 nm; IR (film) v,/
cm~': 3317, 2920, 1725, 1612, 1351, 1222, 965, 800,
752,702; '"H NMR (400 MHz, CDCl;) §: 8.88-8.80 (m,
5H, B-pyrrolic H), 8.67 (s, 1H, B-pyrrolic H), 8.45 (s,
1H, B-pyrrolic H), 8.22-8.19 (m, 4H, meso-ArH), 8.13
(d, J = 7.32 Hz, 2H, meso-ArH), 8.06 (d, J = 7.32
Hz, 2H, meso-ArH), 7.85-7.70 (m, 9H, meso-ArH),
7.68-7.65 (m, 3H, meso-ArH), 7.63 (s, 1H, ArH), 7.53
(s, 1H, triazole H), 7.50-7.48 (m, 2H, ArH), 6.19 (s,
1H, CH), 5.80 (s, 2H, CH,), 2.35 (s, 3H, CH3), —2.73
(s, 2H, internal NH); *C NMR (100 MHz, CDCls) §:
160.59, 153.71, 151.88, 145.60, 141.91, 141.79, 141.62,
141.17,134.57,134.52, 134.17,133.15, 128.93, 127.94,
127.83, 127.60, 126.80, 126.71, 126.64, 124.86, 121.35,
121.11, 120.74, 120.56, 120.17, 119.24, 114.24, 114.68,
113.42, 18.42; ESI-MS: m/z = 854.2 (M+H)"; Anal.
Calcd. (%) for Cs;H39N,0,.H,0: C, 78.51; H, 4.74; N,
11.24; found (%): C, 78.56; H, 4.48; N, 11.36.

2.3b 7-[1-(5,10,15,20-Tetraphenylporphyrin-2-ylmethyl)-
1H-[1,2,3]triazol-4-yl]-chromen-2-one (8d): Purple
solid; yield: 75%; M.p. 255-257°C; UV-Vis (CHCl;)
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Amax (8 x 1074, M~! ecm™"): 422 (95.38), 518 (5.22),
545 (1.70), 600 (1.11), 648 (1.37) nm; Ag, (CHCl;;
Apx 420 nm): 658, 719 nm; IR (film) vy /cm™': 3328,
3057, 3018, 2919, 2850, 1734, 1618, 1458, 1350, 1218,
1072, 965, 800, 754, 702; '"H NMR (400 MHz, CDCl5)
8: 8.88-8.80 (m, SH, B-pyrrolic H), 8.67 (d, J = 4.39
Hz, 1H, B-pyrrolic H), 8.45 (s, 1H, B-pyrrolic H),
8.22-8.19 (m, 4H, meso-ArH), 8.13 (d, J = 7.32 Hz,
2H, meso-ArH), 8.05 (d, J = 7.32 Hz, 2H, meso-ArH),
7.83-7.70 (m, 9H, meso-ArH), 7.68-7.63 (m, 3H, meso-
ArH), 7.60-7.56 (m, 2H, ArH and triazole H), 7.52-7.50
(m, 2H, ArH), 7.36 (d, J = 8.05 Hz, 2H, ArH), 6.32
(d, J = 9.52 Hz, 1H, CH), 5.80 (s, 2H, CH,), —2.73
(s, 2H, internal NH); *C NMR (100 MHz, CDCl;) §:
160.58, 154.31, 145.60, 142.87, 141.90, 141.78, 141.60,
141.15, 134.56, 134.51, 134.30, 133.14, 128.93, 128.14,
127.94,127.84,127.59, 126.80, 126.71, 126.64, 121.65,
121.12,120.74, 120.56, 120.17,119.23, 118.16, 116.22,
113.32; ESI-MS: m/z = 840.1 (M+H)"; Anal. Calcd.
(%) for Cs¢H3;N,0O,: C, 80.08; H, 4.44; N, 11.67;
found (%): C, 80.16; H, 4.42; N, 11.58.

2.3¢c 4-Methyl-7-[1-(5,10,15,20-tetraphenylporphyrin-
2-ylmethyl)-1H-[1,2,3 Jtriazol-4-yl-methoxy |-chromen-
2-one (9b): Purple solid; yield: 73%; M.p. 265-267°C;
UV-Vis (CHCL3) Ape (6 x 1074, M™' cm™!): 421
(83.55), 517 (4.58), 542 (1.49), 598 (0.82), 648 (1.16)
nm; Agm (CHCls; Ag, 420 nm): 656, 721 nm; IR (film)
Vmax/em™!: 3328, 1718, 1611, 1387, 1277, 1198, 1145,
1071, 1001, 965, 800, 752, 702; '"H NMR (400 MHz,
CDCl;) §: 8.88-8.82 (m, SH, B-pyrrolic H), 8.66 (d,
J = 5.13 Hz, 1H, B-pyrrolic H), 8.36 (s, 1H, -
pyrrolic H), 8.22-8.19 (m, 4H, meso-ArH), 8.12 (d,
J = 6.22 Hz, 2H, meso-ArH), 8.02 (d, J = 6.59
Hz, 2H, meso-ArH), 7.83-7.66 (m, 12H, meso-ArH),
7.39-7.38 (m, 1H, ArH), 7.36 (s, 1H, triazole H),
6.82-6.80 (m, 2H, ArH), 6.07 (s, 1H, CH), 5.75 (s, 2H,
CH,), 5.12 (s, 2H, OCH,), 2.30 (s, 3H, CH;), —2.75
(s, 2H, internal NH); *C NMR (100 MHz, CDCl5) §:
161.05, 161.02, 154.96, 152.26, 142.47, 141.91, 141.80,
141.62, 141.14, 134.56, 134.53, 134.49, 133.07, 128.93,
12791, 127.84, 127.57,126.79, 126.71, 126.63, 125.46,
123.41, 120.72, 120.54, 120.09, 119.21, 113.83, 112.20,
112.11,101.97, 18.51; ESI-MS: m/z = 884.3 (M+H)*;
Anal. Calcd. (%) for CsgHyN;05.H,O: C, 77.23; H,
4.81; N, 10.87; found (%): C, 77.36; H, 4.72; N, 10.63.

2.3d  7-[1-(5,10,15,20-Tetraphenylporphyrin-2-ylme-
thyl)-1H-[ 1,2,3 Jtriazol-4-ylmethoxy |-chromen-2-one (9d):
Purple solid; yield: 74%; M.p. 262-264°C; UV-Vis
(CHCI3) Apax (6 x 1074, M~ em™"): 421 (74.97), 517
(4.24), 540 (2.07), 600 (0.95), 648 (1.27) nm; Agn,
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(CHCl;; Mgy 420 nm): 656, 720 nm; IR (film) vy, /cm™':
3327, 1734, 1611, 1349, 1276, 1228, 1121, 1002, 832,
800, 752, 702; '"H NMR (400 MHz, CDCl5) §: 8.87-
8.81 (m, SH, B-pyrrolic H), 8.65 (d, J = 4.58 Hz, 1H,
B-pyrrolic H), 8.36 (s, 1H, B-pyrrolic H), 8.21-8.18 (m,
4H, meso-ArH), 8.12 (d, J = 7.34 Hz, 2H, meso-ArH),
8.01 (d, J = 7.34 Hz, 2H, meso-ArH), 7.82-7.66 (m,
12H, meso-ArH), 7.52 (d, J = 9.17 Hz, 1H, ArH), 7.35
(s, 1H, triazole H), 7.24-7.23 (m, 1H, ArH), 6.81-6.78
(m, 2H, ArH), 6.19 (d, J = 6.19 Hz, 1H, CH), 5.75 (s,
2H, CH,), 5.12 (s, 2H, OCH,), -2.76 (s, 2H, internal
NH); C NMR (100 MHz, CDCl,) §: 161.21, 160.95,
155.57,143.11, 142.42, 141.92, 141.81, 141.63, 141.13,
134.56, 134.54, 134.50, 133.09, 132.47, 130.71, 130.45,
130.28, 128.94, 128.65, 127.92,127.84, 127.59, 126.80,
126.73,126.64, 123.41, 120.73, 120.56, 120.10, 119.22,
113.31, 112.53, 101.98, 62.18; ESI-MS: m/z = 870.2
(M+H)™*; Anal. Caled. (%) for Cs;H39N,0O5: C, 78.69; H,
4.52; N, 11.27; found (%): C, 78.67; H, 4.43; N, 10.98.

2.3e 6-Chloro-4-methyl-7-[1-(5,10,15,20-tetraphenyl-
porphyrin-2-ylmethyl)-1H-[ 1,2, 3 Jtriazol-4-ylmethoxy |-
chromen-2-one (9f): Purple solid; yield: 76%; M.p.
210-212°C; UV-Vis (CHCI3) Aoy (6 x107* M~ ecm™!):
421 (71.71), 517 (3.78), 540 (1.84), 602 (0.60), 648
(0.95) nm; Ag, (CHCls; Agc 420 nm): 657, 720 nm; IR
(film) vy /cm™': 3327, 3058, 2922, 2851, 1729, 1607,
1492, 1382, 1274, 1158, 1081, 1003, 965, 800, 753,
703; 'H NMR (400 MHz, DMSO-d;) §: 8.82-8.79 (m,
6H, B-pyrrolic H), 8.63 (s, 1H, B-pyrrolic H), 8.20-
8.17 (m, 4H, meso-ArH), 8.08-8.07 (m, 5SH, meso-ArH
and ArH), 7.82-7.68 (m, 13H, meso-ArH and triazole
H), 7.38 (s, 1H, ArH), 6.20 (s, 1H, CH), 5.72 (s, 2H,
CH,), 5.29 (s, 2H, OCH,), 2.32 (s, 3H, CH;), —2.93
(s, 2H, internal NH); '*C NMR (100 MHz, CDCl5) §:
160.28, 156.01, 153.12, 151.12, 141.93, 141.79, 141.63,
141.11, 134.56, 134.53, 133.13, 132.31, 130.70, 130.29,
128.93,127.92, 127.81, 127.59, 127.22, 126.79, 126.71,
126.65, 123.68, 120.68, 120.52, 120.12, 119.27, 118.95,
113.79,112.84,101.41, 63.15, 49.84, 18.28; ESI-HRMS
(m/z) Calcd. for CsgHy CIN;O3: 918.2953 (M+H)™;
found 918.2961; Anal. Calcd. (%) for CsgH, CIN,O;:
C, 75.85; H, 4.39; N, 10.68; found (%): C, 75.89; H,
4.28; N, 10.72.

2.3t 4-Chloromethyl-7-[1-(5,10,15,20-tetraphenylpor-
phyrin-2-ylmethyl)-1H-[1,2,3 Jtriazol-4-ylmethoxy |-
chromen-2-one (9h): Purple solid; yield: 69%; M.p.
246-248°C; UV-Vis (CHCl3) Apa (e x 1074, M~ cm™1):
421 (73.26), 517 (3.87), 541 (1.63), 602 (0.63), 647
(0.96) nm; Ag, (CHCl;3; Agc 420 nm): 656, 720 nm;
IR (film) vpa/cm~': 3326, 2920, 2850, 1718, 1604,
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1376, 1263, 1136, 1072, 799, 701; '"H NMR (400 MHz,
CDCl;) §: 8.87-8.81 (m, SH, B-pyrrolic H), 8.65 (d,
J =5.50 Hz, 1H, B-pyrrolic H), 8.37 (s, 1H, B-pyrrolic
H), 8.22-8.18 (m, 4H, meso-ArH), 8.12 (d, J = 7.34
Hz, 2H, meso-ArH), 8.01 (d, J = 7.34 Hz, 2H, meso-
ArH), 7.80-7.66 (m, 12H, meso-ArH), 7.44-7.35 (m,
2H, ArH and triazole H), 6.84-6.81 (m, 2H, ArH), 6.32
(s, 1H,CH), 5.75(s,2H, CH,), 5.13 (s, 2H, OCH,), 4.48
(s, 2H, CH,Cl), -2.76 (s, 2H, internal NH); *C NMR
(100 MHz, CDCls) §: 161.33, 160.46, 155.37, 149.28,
142.30, 141.91, 141.81, 141.62, 141.13, 134.56, 134.54,
134.50, 133.08, 130.79, 130.61, 130.37, 128.94, 127 .91,
127.85,127.58, 127.25, 126.80, 126.73, 126.64, 125.01,
123.46, 120.74, 120.57, 120.10, 119.22, 112.74, 112.58,
110.96, 102.32, 101.99, 62.19, 62.12; ESI-MS: m/z =
918.2 (M+H)*; Anal. Calcd. (%) for CsgH,oCIN;Os.
H,O0: C, 74.39; H, 4.52; N, 10.47; found (%): C, 74.28,;
H, 4.47; N, 10.51.

2.3g  4-[1-(5,10,15,20-Tetraphenylporphyrin-2-ylmet-
hyl)-1H-[1,2,3 Jtriazol-4-ylmethoxy ]-chromen-2-one (10b):
Purple solid; yield: 79%; M.p. 262-264°C; UV-Vis
(CHCI) Amax (e x 107*, M~ cm™1): 421 (88.36), 517
(4.85), 542 (1.46), 600 (0.94), 648 (1.23) nm; Agy
(CHCl;; Mgy 420 nm): 657, 721 nm; IR (film) vy /cm™':
3327, 2920, 2850, 1718, 1622, 1369, 1235, 1106, 965,
800, 751, 702; '"H NMR (400 MHz, CDCls) §: 8.87
(d, J = 4.39 Hz, 1H, B-pyrrolic H), 8.83 (d, J = 5.13
Hz, 2H, B-pyrrolic H), 8.81 (m, 2H, B-pyrrolic H),
8.67 (d, J/ = 5.13 Hz, 1H, B-pyrrolic H), 8.34 (s, 1H,
B-pyrrolic H), 8.20-8.18 (m, 4H, meso-ArH), 8.11 (d,
J = 17.32 Hz, 2H, meso-ArH), 8.05 (d, J = 7.32 Hz,
2H, meso-ArH), 7.83-7.65 (m, 12H, meso-ArH), 7.60
(dd, J, = 8.05, J, = 1.46 Hz, 1H, ArH), 7.48 (m, 1H,
ArH), 7.41 (s, 1H, triazole H), 7.27 (m, 1H, ArH), 7.12
(t, J =7.32 Hz, 1H, ArH), 5.78 (m, 3H, CH and CH,),
5.19 (s, 2H, OCH,), -2.75 (s, 2H, internal NH); '3C
NMR (100 MHz, CDCl;) §: 164.80, 162.46, 153.18,
141.88, 141.79, 141.58, 141.16, 140.88, 134.55, 134.48,
133.11, 132.36, 128.98, 127.85, 127.62, 126.79, 126.72,
126.59, 123.84, 123.68, 122.92, 120.74, 120.58, 120.09,
119.19, 116.61, 115.28, 90.96, 62.54; ESI-MS: m/z =
870.4 (M+H)*; Anal. Calcd. (%) for Cs;H3N,05.H,O:
C, 77.10; H, 4.65; N, 11.04; found (%): C, 77.12; H,
4.54; N, 10.98.

3. Results and Discussion

3.1 Synthesis

For the synthesis of novel S-triazolomethyl-bridged
porphyrin-benzo-«-pyrone dyads (8a-d, 9a-h and 10a-b),
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zinc(I) 2-azidomethyl-5,10,15,20-tetraphenylporphyrin
(4) was synthesized in 85% yield from 2-formyl-5,
10,15,20-tetraphenylporphyrin (1) in three steps by fol-
lowing literature procedure?’ (scheme 1).

Ph Ph Ph Ph
CHO CHZOH
NaBH,, THF
B ——
80 °C
Ph Ph Phi Ph
1 2
Zn(OAc),
MeOH, CHCl3
25°C
Ph Ph Ph Ph
CHoNs gE, Et,0, NaN, CH,OH
-
dioxane, 80 °C
Ph Ph Ph Ph
4 3
Scheme 1. Synthesis  of  zinc(Il)  2-azidomethyl-
5,10,15,20-tetraphenylporphyrin (4).
X 0._0
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Further, the zinc(I) complexes of B-triazolomethyl-
bridged porphyrin-benzo-a-pyrone dyads (8a,c, 9a,c,
e,g and 10a) were prepared in 82-90% yields via a click
reaction between zinc(Il) 2-azidomethyl-5,10,15,20-
tetraphenylporphyrin (4) and benzo-a-pyronoalkynes>?
(5a-b or 6a-d or 7) in the presence of CuSO,4.5H,0 and
ascorbic acid in DMF at 80°C. These novel zinc(II) por-
phyrins (8a,c, 9a,c,e,g or 10a) underwent demetallation
after the treatment with conc. HCI in CHCI; at room
temperature to afford corresponding free-base S-triazo-
lomethyl-bridged porphyrin-benzo-«-pyrone dyads (8b,
d, 9b,d,f,h and 10b) in 69-79% yields (scheme 2).

3.2 Structure characterization

All the newly prepared porphyrins were purified by
using column chromatography and characterized on
the basis of spectral and analytical data. In the 'H
NMR spectrum of zinc(Il) 4-methyl-7-[1-(5,10,15,20-
tetraphenylporphyrin-2-ylmethyl)-1H-[1,2,3]triazol-4-
yl]-chromen-2-one (8a), the triazole proton appeared
as a singlet in the downfield region at § 8.83 ppm.
The characteristic B-pyrrolic protons were found as a

[: 8a,9a; M=2Zn, R' = CH;, R2=H
(") 1 ’ 2
8b, 9b; M = 2H, R' = CHz, R2=H
N 8c,9c; M=2Zn,R'=H, R?=H
(||)E ; 5
8d,9d; M=2H,R'=H,R2=H
N 9e; M = Zn, R' = CHg, R?=ClI
("),: 1 2
9f; M =2H, R' = CH3, R2=ClI
i 9g; M = Zn, Ry = CH,CI, R2=H
(")[: g 1 2

9h; M =2H, R'= CH,CI, R =H
,N:N
N \)\/o 0._0
Ph R2 Z
R1

(”)E 10a, M =2Zn

10b, M = 2H

,N:N
N\)\
Ph

(e} \ (6]

0]

Reagents and conditions: (i) CuSO,.5H,0, Ascorbic acid, DMF, 80°C (ii) Conc. HCI, CHCl;, 25°C.

Scheme 2. Synthesis of S-triazolomethyl-bridged porphyrin-benzo-a-pyrone dyads (8a-d, 9a-h and 10a-b).
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multiplet between § 8.71 and 8.76 ppm for five protons,
a doublet (J = 3.66 Hz) at § 8.60 ppm for one proton
and a singlet for one proton at § 8.16 ppm. Two mul-
tiplets between § 8.14-8.18 ppm and § 8.04-8.06 ppm
were attributed for eight protons of meso-phenyl rings.
Remaining twelve meso-phenyl protons appeared as
multiplets between § 7.77-7.82 ppm and § 7.60-7.61
ppm. The three aromatic protons corresponding to the
benzo-a-pyrone moiety were assigned as a multiplet
between § 7.85-7.87 ppm. In addition, the two singlets
at § 6.40 ppm and at § 2.46 ppm were assigned to the
methine and methyl protons of the pyrone ring, respec-
tively. A characteristic singlet at § 5.74 ppm appeared
due to the presence of two methylene protons in the
molecule (8a). In the IR spectrum, the disappearance
of an azide peak at around 2200 cm™" and the presence
of an absorption peak at 1683 cm™' due to the car-
bonyl functionality of benzo-«-pyrone scaffold further
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Figure 1.

confirmed the formation of desired product (8a). Addi-
tionally, the mass spectral analysis supported the assigned
structure of compound (8a) by showing the (M+H)"
ion peak at m/z 916.2361. Similarly, other newly syn-
thesized zinc(Il) porphyrins (8¢, 9a,c,e,g and 10a) and
free-base porphyrins (8b,d, 9b,d,f,h and 10b) were
characterized and their spectral and analytical data are
presented in the experimental section.

3.3 Photophysical properties

The UV-Vis absorption and fluorescence spectra of zinc
porphyrins (8a, 9a and 10a) and free-base porphyrins
(8b, 9b and 10b) in chloroform are shown in figures
la-d. The electronic absorption spectra of zinc por-
phyrins 8a, 9a and 10a showed a strong Soret band at
~427 nm and two weaker Q bands at ~555 and 601
nm (figure 1a). In contrast, the free-base porphyrins 8b,
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(a) Electronic absorption spectra of Zn-TPP, 8a, 9a and 10a; (b) Electronic absorption spectra of TPP, 8b, 9b

and 10b; (c) Fluorescence spectra of Zn-TPP, 8a, 9a and 10a; (d) Fluorescence spectra of TPP, 8b, 9b and 10b, in CHCl;

(1.5 x 107° mol L™1) at 298 K, Ax = 420 nm.
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Table 1. Electronic absorption and emission data of porphyrins (8a-d, 9a-h and 10a-b).
Compound Absorption® Ap,/nm (& X 1074, M em™h Fluorescence®® Aqpm/nm
8a 427 (97.98), 555 (4.02), 601 (1.37) 609, 651
8b 422 (90.39), 518 (5.04), 542 (1.76), 599 (1.16), 648 (1.41) 656, 720
8c 427 (87.17), 555 (3.11), 602 (0.67) 609, 651
8d 422 (95.38), 518 (5.22), 545 (1.70), 600 (1.11), 648 (1.37) 658,719
9a 427 (89.67), 555 (3.67), 602 (1.24) 607, 653
9b 421 (83.55), 517 (4.58), 542 (1.49), 598 (0.82), 648 (1.16) 656, 721
9c 427 (90.00), 556 (3.76), 601 (1.38) 608, 650
9d 421 (74.97), 517 (4.24), 540 (2.07), 600 (0.95), 648 (1.27) 656, 720
9e 427 (88.44), 555 (3.59), 602 (1.22) 605, 651
of 421 (71.71), 517 (3.78), 540 (1.84), 602 (0.60), 648 (0.95) 657, 720
9g 427 (65.51), 553 (2.46), 602 (0.76) 607, 651
9h 421 (73.26), 517 (3.87), 541 (1.63), 602 (0.63), 647 (0.96) 656, 720
10a 427 (92.91), 556 (3.45), 602 (1.04) 609, 653
10b 421 (88.36), 517 (4.85), 542 (1.46), 600 (0.94), 648 (1.23) 657, 721
2 Absorption and emission data were taken in CHCI; solution of porphyrins at 298 K.
®The excitation wavelength for emission data is 420 nm.
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Figure 2. (a) Fluorescence spectra of 7-ethynyl-4-methyl-chromen-2-one 5a and porphyrins 8a, 8b with TPP and Zn-TPP

in CHCI3 (1.5 x 107 mol L") at 298 K, A, = 320 nm. (b) UV-Vis spectrum of 8b and fluorescence spectrum of 5a (Ae, =
320 nm) in CHCls. (¢) Fluorescence spectra of 4-methyl-7-prop-2-ynyloxy-chromen-2-one (6a) and porphyrins 9a, 9b with
TPP and Zn-TPP in CHCl; (1.5 x 107° mol L™!) at 298 K, A¢x = 320 nm. (d) UV-Vis spectrum of 9b and fluorescence
spectrum of 6a (A.x = 320 nm) in CHCl;.
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9b and 10b exhibited their Soret bands at ~421 nm and
four weaker Q bands at ~517, 540, 600 and 648 nm
(figure 1b). The Soret and Q-bands of these newly pre-
pared zinc(Il) and free-base porphyrins were found to
be red shifted by about 2 nm as compared to the Zn-
TPP (Soret band at 425 nm and Q bands at 555, 597
nm) and TPP (Soret band at 419 nm and Q bands at 516,
551, 590 and 646 nm), respectively. Besides the Soret
and Q bands, some additional peaks were also found
at ~320 nm in the UV-Vis spectra of these porphyrins
(figure la-b) due to the presence of benzo-o-pyrone
moiety which suggest that there is no substantial inter-
action between the benzo-a-pyrone and porphyrin sub-
units in the ground state.?®

The fluorescence spectra of zinc porphyrins (8a, 9a
and 10a) have shown two characteristic emission bands
at ~607 and 651 nm (figure 1c) whereas in the case
of free-base porphyrins (8b, 9b and 10b), the emission
bands were found at ~656 and 720 nm (figure 1d). The
emission spectra of these porphyrins further revealed a
significant quenching and red shift in their fluorescence
bands as compared to the Zn-TPP (emission bands at
602 and 651 nm) and TPP (emission bands at 650 and
715 nm), respectively. Though, these porphyrin dyads
have exhibited a bathochomic shift in their electronic
absorption and emission spectra as compared to the
meso-tetraphenylporphyrins but it was found to be less
as compared to the red shift observed in the absorption
and emission bands of directly linked g-triazole bridged
porphyrin-benzo-a-pyrone dyads.>® Therefore, it can
be concluded that the direct conjugation of triazole
bridged benzo-«-pyrone moiety with the porphyrin ring
is necessary to obtain better photophysical characteris-
tics. The UV-Vis and fluorescence data of the new por-
phyrin analogues (8a-d, 9a-h and 10a-b) are presented
in table 1.

The absorption and emission spectra of zinc(II)
porphyrin-benzo-«-pyrone dyads (8a and 9a) and free-
base porphyrin-benzo-«-pyrone dyads (8b and 9b)
were further analyzed to study the occurrence of
intramolecular energy transfer between the two chro-
mophores. Figures 2a and 2¢ show the emission spectra
of 7-ethynyl-4-methyl-chromen-2-one (5a), porphyrins
(8a, 8b) and 4-methyl-7-prop-2-ynyloxy-chromen-2-
one (6a), porphyrins (9a, 9b) with TPP and Zn-TPP at
320 nm excitation. It was observed that in the fluores-
cence spectra of zinc(II) porphyrins (8a and 9a) and free-
base porphyrins (8b and 9b), emission at ~400 nm due to
the benzo-a-pyrone moiety is completely quenched after
the formation of a triazole ring and there is an increase
in the intensity of the emission bands of zinc-porphyrins
(8a and 9a) at ~607 and 651 nm with respect to the
Zn-TPP and free-base porphyrins (8b and 9b) at ~656
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and 720 nm with respect to the TPP. Thus, in these
porphyrins the energy was transferred from benzo-co-
pyrone moiety to the porphyrin core. Further, the signif-
icant overlapping of the fluorescence spectra of benzo-
a-pyrones 5a and 6a with the absorption spectra of free-
base porphyrins 8b and 9b (figures 2b and 2d) also sup-
ports the above statement as it fulfills the first condition
of energy transfer.”’

4. Conclusions

In summary, we have successfully synthesized B-
triazolomethyl-bridged porphyrin-benzo-o-pyrone dyads
using a copper(I)-catalyzed Huisgen 1,3-dipolar cyclo
addition reaction in 69-90% yields. All the synthesized
molecules were successfully characterized on the basis
of spectral data. On photophysical investigation, these
porphyrin dyads have demonstrated a bathochromic
shift in their electronic absorption and emission spec-
tra in comparison to the meso-tetraphenylporphyrins. In
addition, some of these newly synthesized porphyrin
dyads have shown efficient intramolecular energy trans-
fer from benzo-a-pyrone subunit to the porphyrin core.
Hence, these results may be useful for the future devel-
opment of novel porphyrin-benzo-«-pyrone based sys-
tems for various material and medicinal applications.

Supplementary Information (SI)

Supplementary file contains 'H and '*C NMR spectra
(figures S1-S25) of all the newly synthesized products.
Supplementary Information is available at www.ias.ac.
in/chemsci.
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