
Organic &
Biomolecular Chemistry

PAPER

Cite this: Org. Biomol. Chem., 2024,
22, 4369

Received 11th April 2024,
Accepted 8th May 2024

DOI: 10.1039/d4ob00598h

rsc.li/obc

A divergent one-pot thiol-Michael strategy to
create β-thiophene-fused porphyrins†

Jagmeet Singh, Abhijeet Singh and Mahendra Nath *

A divergent one-pot domino strategy for the synthesis of nickel(II) and copper(II) β-thiophene-fused
5,10,15,20-tetraarylporphyrins was developed through a thiol-Michael addition of thioglycolic/thiolactic

acid to the corresponding 2-iminoporphyrins, formed in situ after the reaction of nickel(II) and copper(II)

2-formyl-5,10,15,20-tetraarylporphyrins with sterically hindered tert-butylamine in 1,2-dichloroethane at

80 °C. Interestingly, the reaction of 2-formylporphyrins with comparatively less sterically hindered primary

amines and thioglycolic acid afforded a mixture of β-substituted porphyrinic thiazolidinones and

β-thiophene-fused porphyrins. A similar one-pot thiol-Michael protocol was applied to construct a novel

free-base thieno[2,3-b]-meso-tetrakis(4-methoxyphenyl)porphyrin, which underwent zinc insertion by

using zinc acetate in a CHCl3–MeOH mixture and afforded zinc(II) β-thiophene-fused meso-tetrakis(4-

methoxyphenyl)porphyrin in an appreciable isolated yield. On photophysical evaluation, these new por-

phyrins displayed a modest bathochromically shifted electronic absorption in contrast to meso-tetraaryl-

porphyrin building blocks.

Introduction

Porphyrins with extended π-conjugation have received con-
siderable attention in recent years due to their numerous
applications in diverse research areas such as catalysis,1 opto-
electronics,2 supramolecular chemistry,3 chemical sensors,4

photovoltaic applications,5 electron transfer6 and photomedi-
cine.7 Fascinatingly, these tetrapyrrolic macrocycles have
played pivotal roles in several biomimetic processes,8 photo-
dynamic therapy,9 and dye-sensitized solar cells.10a,b During
the past decades, a large number of periphery modified
π-extended porphyrins have been constructed by using meso-
tetraarylporphyrins as easily accessible building blocks.11–27,28-
a–d Some of these macrocycles have been explored as light-har-
vesting materials in organic solar cells due to their strong light
absorption properties.29 Similarly, thiophene-fused aromatic
systems have demonstrated their potential usage in organic
semiconductors,30 microelectronics,31 electroluminescent
materials,32 conducting polymers33 and solar cells.34

Considering the biological and material significance of thio-
phene and porphyrin scaffolds, efforts were made to syn-
thesize hybrid molecular frameworks by incorporating a thio-
phene moiety on the periphery of porphyrin through

functionalization of β- and meso-positions, and some of these
thiophene-tethered porphyrins have demonstrated interesting
features such as antiaromaticity, red-shifted absorption and
emission and narrow HOMO–LUMO band gaps.35–40,41a–c In
view of the inspiring optical properties of β-thiophene-
appended porphyrins, Li and co-workers synthesized β,β′-thio-
phene-fused meso-tetraphenylporphyrins in two steps.42

According to the reported methodology, a reaction of 2-nitro-
meso-tetraphenylporphyrin with 1,4-dithiane-2,5-diol in di-
chloromethane in the presence of triethylamine affords a dia-
stereomeric mixture of β-tetrahydrothiophene-fused meso-tetra-
phenylporphyrins, which on aromatization at 190 °C in DMSO
provides β-thiophene-fused meso-tetraphenylporphyrin
(Scheme 1A). However, this protocol involves two steps to syn-
thesize targeted β-thiophene-fused porphyrins and requires

Scheme 1 Methods for the synthesis of β-thiophene-fused meso-
tetraarylporphyrins.
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harsh reaction conditions, particularly in the second step.
Hence, we contemplated a domino strategy to construct these
porphyrins by employing 2-formyl-meso-tetraarylporphyrins as
building blocks under mild conditions. To this end, we report
herein a new straightforward one-pot strategy for the synthesis
of β-thiophene-fused 5,10,15,20-tetraarylporphyrins through a
reaction of 2-formyl-5,10,15,20-tetraarylporphyrins with tert-
butylamine and thioglycolic/thiolactic acid in 1,2-dichlor-
oethane at 80 °C (Scheme 1B).

Results and discussion

The present methodology involves a one-pot three-component
synthesis of nickel(II) and copper(II) thieno[2,3-b]-5,10,15,20-
tetraarylporphyrins (3a–e) from the corresponding 2-formyl-
5,10,15,20-tetraarylporphyrins (1a–d). At first, the required pre-
cursors, 2-formyl-5,10,15,20-tetraarylporphyrins (1a–d), were
synthesized from easily accessible meso-tetraarylporphyrins by
following a Vilsmeier–Haack protocol as reported earlier.43

Then, these 2-formyl-5,10,15,20-tetraarylporphyrins were trans-
formed into β-thiophene-fused meso-tetraarylporphyrins
through a reaction with tert-butylamine and thioglycolic acid
in 1,2-dichloroethane at 80 °C. For the optimization of reaction
conditions, nickel(II) 2-formyl-5,10,15,20-tetraphenylporphyrin
(1a), thioglycolic acid (2a) and tert-butylamine were selected as
model substrates and experiments were first carried out in
various chlorinated solvents such as dichloromethane, chloro-
form, 1,2-dichloroethane and 1,2-dichlorobenzene at different
temperatures (Table 1, entries 1–5). The reaction of nickel(II)
2-formyl-5,10,15,20-tetraphenylporphyrin (1a) with tert-butyla-
mine and thioglycolic acid (2a) in dichloromethane at room
temperature was unsuccessful to produce a nickel(II)
β-thiophene-fused 5,10,15,20-tetraphenylporphyrin (3a)

(Table 1, entry 1); however, when the reaction temperature was
elevated to 40 °C, only 13% product (3a) was formed (Table 1,
entry 2). When a similar reaction was set up in chloroform at
60 °C, it generated the anticipated porphyrin (3a) in 35% iso-
lated yield within 12 hours (Table 1, entry 3).

Furthermore, a reaction of porphyrin (1a) with tert-butyla-
mine and thioglycolic acid (2a) in 1,2-dichloroethane at 80 °C
afforded the desired nickel(II) β-thiophene-fused porphyrin
(3a) in 40% isolated yield (Table 1, entry 4). To examine the
role of temperature in enhancing the yield of porphyrin (3a),
an experiment was conducted at 100 °C using 1,2-dichloroben-
zene as a solvent. Surprisingly, the isolated yield of porphyrin
(3a) significantly decreased to 10% (Table 1, entry 5). Hence, it
was concluded that the 80 °C temperature is an ideal tempera-
ture for the synthesis of porphyrin (3a). Furthermore, various
other solvents such as 1,4-dioxane, toluene, DMSO and THF
have also been screened (Table 1, entries 6–9) under identical
reaction conditions at 80 °C. The reaction in 1,4-dioxane and
toluene afforded porphyrin (3a) in poor yields (14% and 9%,
respectively; Table 1, entries 6 and 7). In contrast, the reaction
did not proceed in DMSO (Table 1, entry 8) and only a trace
amount of porphyrin (3a) was formed when THF was
employed as a solvent (Table 1, entry 9). Therefore, the use of
1,2-dichloroethane at 80 °C for 12 hours was found to be the
optimum reaction conditions for the construction of nickel(II)
β-thiophene-fused 5,10,15,20-tetraphenylporphyrin (3a) from
2-formylporphyrin (1a).

After the standardization of the synthetic procedure, diverse
nickel(II) and copper(II) β-thiophene-fused 5,10,15,20-tetraaryl-
porphyrins (3b–e) were prepared in 28–46% isolated yields by
treating nickel(II) or copper(II) 2-formyl-5,10,15,20-tetraarylpor-
phyrins (1a–d) with tert-butylamine and thioglycolic/thiolactic
acid (2a–b) in 1,2-dichloroethane at 80 °C for 12 hours under
one-pot operation (Scheme 2). Surprisingly, the conversion of
2-formyl-5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin to a
free-base β-thiophene-fused 5,10,15,20-tetrakis(4-methoxyphe-
nyl)porphyrin (3f ) was found to be extremely sluggish under
identical conditions. However, the desired free-base porphyrin
(3f ) was obtained in 30% isolated yield when the reaction of
2-formyl-5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin with
tert-butylamine and thioglycolic acid was performed in xylene
at 140 °C for 16 hours. Later, a traditional demetallation pro-
cedure was applied to synthesize the free-base β-thiophene-

Table 1 Optimization of the reaction conditionsa

Entry Solvent Temperature (°C) Yieldb (%)

1c Dichloromethane 25 0
2 Dichloromethane 40 13
3 Chloroform 60 35
4 1,2-Dichloroethane 80 40
5 1,2-Dichlorobenzene 100 10
6 1,4-Dioxane 80 14
7 Toluene 80 9
8c DMSO 80 0
9 THF 80 Trace

a Reaction conditions: 2-formylporphyrin (1a, 0.071 mmol), thioglyco-
lic acid (2a, 0.142 mmol), and tert-butylamine (0.284 mmol) in 10 mL
of solvent. b Isolated yields. c The starting material was recovered
quantitatively.

Scheme 2 Synthesis of thieno[2,3-b]-5,10,15,20-tetraarylporphyrins
(3a–g).
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fused 5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin (3f ) in
appreciable yield from the corresponding copper(II) porphyrin
(3e) using sulfuric acid in chloroform at 0 °C. For comparative
photophysical studies, zinc(II) β-thiophene-fused 5,10,15,20-tet-
rakis(4-methoxyphenyl)porphyrin (3g) was prepared in 77%
yield through zinc insertion into the core of the free-base por-
phyrin (3f ) by using Zn(OAc)2, as presented in Scheme 2.

Furthermore, a series of experiments were also conducted
by reacting nickel(II) 2-formyl-5,10,15,20-tetrakis(4-methoxy-
phenyl)porphyrin (1c) with ammonia and various aliphatic/
aromatic primary amines and thioglycolic acid under opti-
mized reaction conditions (Table 2). The results obtained from
this study revealed that the use of a sterically hindered
primary amine namely tert-butylamine selectively favoured the
formation of β-thiophene-fused porphyrin (3d) in 46% isolated
yield (Table 2, entry 1). In contrast, the reaction of 2-formylpor-
phyrin (1c) with ammonia and thioglycolic acid under the
same reaction conditions afforded exclusively nickel(II) 2-[2′-
(5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin)]-thiazolidin-4-
one (4a) in 63% isolated yield (Table 2, entry 2), whereas the
reaction with other less bulky aliphatic and aromatic amines
provided a mixture of β-thiophene-fused porphyrin (3d) and
β-substituted porphyrinic thiazolidinones (4b–g) in unequal
amounts (Table 2, entries 3–8).

Based on the results obtained from the present study and
previous literature reports, the proposed mechanism for the
formation of the desired β-thiophene-fused porphyrins (3a–e)
and β-substituted porphyrinic thiazolidinones (4a–g) is
depicted in Fig. 1. Firstly, 2-formyl-5,10,15,20-tetraarylporphyr-
ins (1a–d) react with primary amines to generate iminopor-
phyrins (I) as key intermediates. Subsequently, these imino-
porphyrins react with thioglycolic/thiolactic acid either in a
1,2- or 1,4-addition manner. Both these reaction pathways are
found to be highly dependent on the presence of steric bulk44

around the nitrogen atom of primary amines. The 1,4-addition
of thioglycolic/thiolactic acid to the iminoporphyrin intermedi-
ate (I) resulted in the formation of a zwitterionic intermediate
(II), which afforded another zwitterionic intermediate (III) via

Table 2 Scope of the reaction of 2-formylporphyrin (1c) with
ammonia/aliphatic/aromatic primary amines and thioglycolic acid under
optimized conditionsa

Entry R

Yieldb (%)

Porphyrin (3d) Porphyrins (4a–g)

1 tBu 46 0
2 H 0 63 (4a)
3 nBu 13 57 (4b)
4 Ph 13 58 (4c)
5 2-FC6H4 10 45 (4d)
6 4-OMeC6H4 18 58 (4e)
7 3-OMeC6H4 17 31 (4f)
8 2-OMeC6H4 27 27 (4g)

a Reaction conditions: 2-formylporphyrin (1c, 0.061 mmol), primary
amine (0.244 mmol), and thioglycolic acid (0.122 mmol) in 10 mL of
1,2-dichloroethane. b Isolated yields.

Fig. 1 Plausible mechanistic pathway for the formation of β-thiophene-fused porphyrins (3a–e) and β-substituted porphyrinic thiazolidinones (4a–g).
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successive proton transfer and tautomerization steps. On de-
carboxylation,45 intermediate III facilitates intramolecular
cyclization possibly via the formation of a carbanion inter-
mediate followed by aromatization to afford β-thiophene-fused
porphyrins (3a–e) in moderate yields. However, the 1,2-
addition of thioglycolic acid to the iminoporphyrins afforded
zwitterionic species (IV), which upon proton transfer followed
by successive intramolecular cyclization and dehydration pro-
duced β-substituted porphyrinic thiazolidinones (4a–g) in
moderate to good yields.

After chromatographic purification, the newly synthesized
β-thiophene-fused 5,10,15,20-tetraarylporphyrins (3a–g) and
nickel(II) β-substituted porphyrinic thiazolidinones (4a–g) were
characterized on the basis of IR, 1H NMR, 13C NMR and high-
resolution mass spectral data analysis. In the IR spectrum of a
representative compound (3a), the absence of the CvO
stretching frequency in the carbonyl region indicates the for-
mation of the desired porphyrin (3a). In the 1H NMR spec-
trum, the two characteristic doublets at δ 6.30 and δ 7.32 ppm
with coupling constants J = 5.0 Hz and J = 5.1 Hz, respectively,
confirmed the presence of a thiophene ring in the compound.
In addition, a multiplet between δ 8.57 and 8.84 ppm was
observed for six β-pyrrolic protons of the porphyrin ring. The
three multiplets between δ 7.57 and 8.03 ppm were assigned to
the twenty meso-phenyl protons in the set of four, four and
twelve protons. In the 13C NMR spectrum, the absence of a car-
bonyl peak also supported the formation of the desired por-
phyrin (3a).

In the end, the high-resolution mass spectrum (HRMS) con-
firmed the formation of porphyrin (3a) by showing a molecular
ion peak as [M + H]+ at m/z 727.1481 for the molecular
formula C46H29N4NiS. Besides, the IR spectrum of nickel(II) 2-
[2′-(5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin)]-thiazoli-
din-4-one (4a) showed a CvO stretching frequency at
1690 cm−1, which confirmed the formation of a cyclic amide
in porphyrin 4a. In the 1H NMR spectrum of porphyrin 4a, a
singlet peak at δ 8.81 ppm corresponds to a β-pyrrolic proton,
present adjacent to the thiazolidin-4-one ring, and remaining
six β-pyrrolic protons appeared between δ 8.60 and 8.77 ppm
as two multiplets of three protons each. A doublet of one
proton at δ 7.97 ppm with a coupling constant J = 8.3 Hz was
assigned to one of the meso-(4-methoxyphenyl) protons. The
remaining fifteen meso-(4-methoxyphenyl) protons appeared
between δ 7.10 and 7.92 ppm as multiplets of six, one and
eight protons, and twelve methoxy (OCH3) protons appeared as
two singlets at δ 4.03 and 4.05 ppm in a set of three and nine
protons, respectively. The methine (C–H) and N–H protons of
the thiazolidin-4-one ring appeared as sharp singlets at δ 6.32
and 5.84 ppm, respectively, and the two diastereotopic methyl-
ene (CH2) protons of the thiazolidine-4-one ring were observed
as two doublets of one proton each at δ 3.39 and 3.60 ppm
having coupling constants J = 15.7 Hz each. Finally, high-
resolution mass spectral analysis confirmed the formation of
porphyrin (4a) by showing a molecular ion peak as [M + H]+ at
m/z 892.2106 for the molecular formula C51H40N5NiO5S.
Similarly, other β-thiophene-fused porphyrins (3b–g) and

β-substituted porphyrinic thiazolidinones (4b–g) were charac-
terized and their spectral data are presented in the
Experimental section.

The electronic absorption spectra of newly constructed
β-thiophene-fused porphyrins (3a–g) and β-substituted por-
phyrinic thiazolidinones (4a–g) were recorded in CHCl3 (1.5 ×
10−6 M) at 298 K. The UV-vis spectra of the representative
nickel(II), copper(II), free-base and zinc(II) β-thiophene-fused
5,10,15,20-tetrakis(4-methoxyphenyl)porphyrins (3d–g) are pre-
sented in Fig. 2a. The nickel(II) and copper(II) porphyrins (3d
and 3e) displayed a strong Soret band at 426 nm and 423 nm,
respectively, along with two weak Q-bands between 539 and
582 nm. In contrast, the free-base β-thiophene-fused
5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin (3f ) exhibited a
slightly bathochromically shifted Soret band at 429 nm and

Fig. 2 (a) Electronic absorption spectra of nickel(II), copper(II), free-base
and zinc(II) β-thiophene-fused 5,10,15,20-tetrakis(4-methoxyphenyl)
porphyrins (3d–g) in CHCl3 (1.5 × 10−6 M) at 298 K. The inset shows
Q-bands. (b) Emission spectra of free-base and zinc(II) β-thiophene-
fused 5,10,15,20-tetrakis(4-methoxyphenyl)porphyrins (3f and 3g) in
CHCl3 (1.5 × 10−6 M) at 298 K (λEx = 425 nm).
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four Q-bands between 521 and 661 nm. Besides, zinc(II)
β-thiophene-fused 5,10,15,20-tetrakis(4-methoxyphenyl)por-
phyrin (3g) exhibited a significantly red-shifted Soret band at
431 nm and two Q-bands at 556 and 592 nm as compared to
the corresponding nickel(II) and copper(II) porphyrins (Fig. 2a).
In comparison with nickel(II), copper(II), free-base and zinc(II)
5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin precursors
(Soret bands at 418 nm, 418 nm, 421 nm and 425 nm, respect-
ively), the newly constructed porphyrins (3d–g) have demon-
strated a modest red-shift (up to 8 nm) in their electronic
absorption spectra.

Furthermore, the emission spectra of free-base and zinc(II)
β-thiophene-fused 5,10,15,20-tetrakis(4-methoxyphenyl)por-
phyrins (3f and 3g) are shown in Fig. 2b. The free-base
β-thiophene-fused 5,10,15,20-tetrakis(4-methoxyphenyl)por-
phyrin (3f ) displayed two emission bands at 662 nm and
723 nm, whereas zinc(II) β-thiophene-fused 5,10,15,20-tetrakis
(4-methoxyphenyl)porphyrin (3g) exhibited two emission
bands at 604 nm and 658 nm. The emission spectra of both
the newly prepared free-base and zinc(II) porphyrins (3f and
3g) were found to be similar as reported in the case of
5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin (emission
bands at 660 and 723 nm) and zinc(II) 5,10,15,20-tetrakis(4-
methoxyphenyl)porphyrin (emission bands at 605 and
654 nm), respectively.

Conclusions

In summary, we have developed a cascade thiol-Michael strat-
egy for the construction of a series of nickel(II) and copper(II)
β-thiophene-fused 5,10,15,20-tetraarylporphyrins via a reaction
of 2-formyl-5,10,15,20-tetraarylporphyrins with tert-butylamine
and thioglycolic/thiolactic acid in 1,2-dichloroethane at 80 °C.
In addition, β-substituted porphyrinic thiazolidinones could
also be obtained when ammonia and other less sterically hin-
dered aliphatic/aromatic primary amines were reacted with
2-formylporphyrins and thioglycolic acid under standardized
conditions. Furthermore, free-base and zinc(II) β-thiophene-
fused 5,10,15,20-tetrakis(4-methoxyphenyl)porphyrins were
also obtained by using standard demetallation and zinc inser-
tion procedures. On photophysical investigation, the syn-
thesized β-thiophene-fused 5,10,15,20-tetraarylporphyrins and
β-substituted porphyrinic thiazolidinones have shown a
modest bathochromic shift in the electronic absorption as
compared to their meso-tetraarylporphyrin building blocks.
The results presented herein may be useful for the future
development of π-conjugated molecules with diverse appli-
cations in materials science and medicine.

Experimental section
General methods

All reagents and solvents used in the present study were pur-
chased from Merck, Spectrochem, Thomas Baker (Chemicals)

and Sisco Research Laboratories. Spectroscopic grade CHCl3
purchased from Spectrochem was used to record UV-visible
absorption and emission spectra of the compounds. Thin-layer
chromatography was performed on silica gel 60 F254 (pre-
coated aluminium sheets) from Merck. All porphyrin products
were purified on either activated neutral aluminium oxide
(Brockmann grade I-II, Merck) or silica gel (60–120 mesh)
columns. The NMR spectra were recorded in CDCl3 either on
Jeol ECX 400P (400 MHz) or Bruker Ascend 400 NMR spec-
trometers by using TMS as an internal standard and chemical
shifts are given in parts per million (ppm) relative to residual
CHCl3 (δ = 7.26 for 1H NMR and δ = 77.00 for 13C NMR). The
coupling constants ( J) are reported in hertz (Hz). The IR
spectra of products were recorded on a PerkinElmer IR spectro-
meter. Electronic absorption spectra were recorded on a Lab
India Analytical UV-3092 UV-vis spectrophotometer and emis-
sion spectra were recorded on a Hitachi F-4700 fluorescence
spectrometer using spectroscopic grade CHCl3 as a solvent.
Mass spectra (ESI-HRMS) were recorded on an Agilent
G6530AA (LC-HRMS-Q-TOF) and an LCMS-Waters SYNAPT
G2 mass spectrometer. MALDI-TOF mass spectra were
recorded using a Bruker UltrafleXtreme-TN MALDI-TOF/TOF
spectrometer and dithranol as a matrix.

General procedure for the synthesis of nickel(II) and copper(II)
thieno[2,3-b]-5,10,15,20-tetraarylporphyrins (3a–e)

To a solution of nickel(II) and copper(II) 2-formyl-5,10,15,20-tet-
raarylporphyrins (1a–d, 0.071 mmol) in 1,2-dichloroethane
(10 mL), tert-butylamine (0.284 mmol) and thioglycolic acid or
thiolactic acid (0.142 mmol) were added and the reaction
mixture was stirred at 80 °C for 12 hours. The reaction was
monitored by using thin layer chromatography. After the com-
pletion of the reaction, the mixture was evaporated under
reduced pressure. The crude solid was dissolved in CHCl3
(20 mL) and the resulting solution was washed with water (2 ×
20 mL). The organic layer was dried over anhydrous sodium
sulphate and evaporated under reduced pressure to obtain a
red coloured solid. The crude products were purified on a
silica gel column using 50–70% chloroform in hexane as an
eluent (in the case of porphyrins 3a–b and 3d–e) and a neutral
alumina column using 40% chloroform in hexane as an eluent
(in the case of porphyrin 3c).

Nickel(II) thieno[2,3-b]-5,10,15,20-tetraphenylporphyrin (3a).
Red solid, yield: 21 mg (40%); UV λmax (ε × 10−4 M−1 cm−1):
421 (31.26), 537 (2.26), 573 (1.00) nm; IR (CHCl3) vmax: 2922,
2853, 1598, 1546, 1490, 1441, 1354, 1170, 1072, 1010, 835, 795,
753 cm−1; 1H NMR (400 MHz, CDCl3) δH: 8.84–8.57 (m, 6H,
β-pyrrolic H), 8.03–8.00 (m, 4H, meso-ArH), 7.97–7.92 (m, 4H,
meso-ArH), 7.83–7.57 (m, 12H, meso-ArH), 7.32 (d, J = 5.1 Hz,
1H, thiophene H), 6.30 (d, J = 5.0 Hz, 1H, thiophene H); 13C
NMR (100 MHz, CDCl3) δC: 148.26, 144.10, 143.17, 143.08,
142.70, 142.63, 141.92, 141.42, 141.13, 140.88, 140.76, 140.42,
138.00, 137.35, 135.52, 134.98, 133.70, 133.61, 132.75, 132.69,
132.56, 132.38, 132.19, 132.07, 131.76, 131.15, 130.86, 130.12,
129.27, 128.62, 128.25, 127.75, 127.58, 126.87, 121.52, 119.76,

Organic & Biomolecular Chemistry Paper

This journal is © The Royal Society of Chemistry 2024 Org. Biomol. Chem., 2024, 22, 4369–4377 | 4373

Pu
bl

is
he

d 
on

 0
8 

m
ai

 2
02

4.
 D

ow
nl

oa
de

d 
on

 0
9.

06
.2

02
5 

5:
27

:3
1.

 
View Article Online

https://doi.org/10.1039/d4ob00598h


119.61, 118.95, 118.87, 115.76, 115.35; HRMS (ESI-TOF) m/z:
[M + H]+ calcd for C46H29N4NiS 727.1466; found 727.1481.

Nickel(II) thieno[2,3-b]-5,10,15,20-tetrakis(4-tert-butylphenyl)
porphyrin (3b). Red solid, yield: 18 mg (28%); UV λmax (ε ×
10−4 M−1 cm−1): 425 (33.26), 538 (2.46), 574 (1.00) nm; IR
(CHCl3) vmax: 2959, 2866, 1597, 1505, 1464, 1357, 1268, 1112,
1010, 813, 757 cm−1; 1H NMR (400 MHz, CDCl3) δH: 8.83–8.77
(m, 4H, β-pyrrolic H), 8.75 (t, J = 1.3 Hz, 2H, β-pyrrolic H),
7.98–7.91 (m, 4H, meso-ArH), 7.89–7.76 (m, 6H, meso-ArH),
7.75–7.64 (m, 6H, meso-ArH), 7.31 (d, J = 5.0 Hz, 1H, thiophene
H), 6.28 (d, J = 5.0 Hz, 1H, thiophene H), 1.60–1.58 (m, 15H,
CH3), 1.57–1.56 (m, 21H, CH3); HRMS (ESI-TOF) m/z: [M + H]+

calcd for C62H61N4NiS 951.3970; found 951.3949.
Nickel(II) 5-methylthieno[2,3-b]-5,10,15,20-tetrakis(4-methox-

yphenyl)porphyrin (3c). Red solid, yield: 25 mg (42%); UV λmax

(ε × 10−4 M−1 cm−1): 426 (33.73), 545 (2.26), 578 (0.73); IR
(CHCl3) vmax: 2906, 2834, 1607, 1505, 1354, 1291, 1244, 1174,
1022, 805, 759 cm−1; 1H NMR (400 MHz, CDCl3) δH: 8.80–8.69
(m, 6H, β-pyrrolic H), 7.91 (d, J = 8.0 Hz, 4H, meso-ArH), 7.83
(t, J = 8.3 Hz, 4H, meso-ArH), 7.30 (d, J = 8.1 Hz, 2H, meso-ArH),
7.24–7.12 (m, 6H, meso-ArH), 6.16 (s, 1H, thiophene H), 4.08
(s, 3H, OCH3), 4.08 (s, 3H, OCH3), 4.04 (s, 6H, OCH3), 2.55 (s,
3H, CH3); HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C51H39N4NiO4S 861.2045; found 861.1869.

Nickel(II) thieno[2,3-b]-5,10,15,20-tetrakis(4-methoxyphenyl)
porphyrin (3d). Red solid, yield: 27 mg (46%); UV λmax (ε ×
10−4 M−1 cm−1): 426 (26.2), 539 (2.00), 575 (0.86) nm; IR
(CHCl3) vmax: 2925, 2852, 1608, 1507, 1354, 1291, 1247, 1175,
1009, 808, 758 cm−1; 1H NMR (400 MHz, CDCl3) δH 8.85–8.57
(m, 6H, β-pyrrolic H), 7.92 (d, J = 8.2 Hz, 4H, meso-ArH), 7.84
(t, J = 9.1 Hz, 4H, meso-ArH), 7.35 (d, J = 5.0 Hz, 1H, thiophene
H), 7.31 (d, J = 8.2 Hz, 2H, meso-ArH), 7.24–7.16 (m, 6H,
meso-ArH), 6.45 (d, J = 5.0 Hz, 1H, thiophene H), 4.07 (s, 3H,
OCH3), 4.07 (s, 3H, OCH3), 4.04 (s, 6H, OCH3); HRMS
(ESI-TOF) m/z: [M + H]+ calcd for C50H37N4NiO4S 847.1889;
found 847.1850.

Copper(II) thieno[2,3-b]-5,10,15,20-tetrakis(4-methoxyphe-
nyl)porphyrin (3e). Red solid, yield: 20 mg (32%); UV λmax (ε ×
10−4 M−1 cm−1): 423 (35.5), 544 (2.25), 582 (0.69); IR (CHCl3)
vmax: 2920, 2848, 1606, 1502, 1344, 1286, 1246, 1170, 1033,
999, 800, 717 cm−1; MALDI-TOF-MS m/z: [M]+ calcd for
C50H36N4CuO4S 851.17; found 851.32.

Procedure for the synthesis of thieno[2,3-b]-5,10,15,20-tetra-
kis(4-methoxyphenyl)porphyrin (3f ). Method A: In a 50 mL
round bottom flask, 2-formyl-5,10,15,20-tetrakis(4-methoxy-
phenyl)porphyrin (0.071 mmol) was dissolved in 10 mL of
xylene. Then, tert-butylamine (0.284 mmol) was added fol-
lowed by the addition of thioglycolic acid (0.142 mmol). The
reaction mixture was stirred at 140 °C for 16 hours. After the
consumption of the starting material as indicated by TLC, the
reaction mixture was evaporated under reduced pressure. The
crude solid material was dissolved in CHCl3 (20 mL) and the
solution was washed with water (2 × 20 mL). The organic layer
was concentrated under reduced pressure and directly loaded
on a neutral alumina column by using hexane as a solvent.
Initially, the xylene was removed from the column using

hexane as an eluent. Finally, porphyrin 3f was obtained in
30% yield by using 50% chloroform in hexane as a solvent.

Method B: To a solution of copper(II) β-thiophene-fused
5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin (3e,
0.036 mmol) in CHCl3 (5 mL), conc. H2SO4 (0.5 mL) was
added dropwise at 0 °C. The reaction mixture was allowed to
stir at 0 °C for 5 minutes and the progress of the reaction was
monitored by TLC. After the completion of the reaction, the
mixture was neutralized by adding aqueous NaHCO3 solution.
Then, the mixture was diluted with CHCl3 (10 mL) and washed
with water (2 × 20 mL). The organic layer was dried over anhy-
drous sodium sulphate and evaporated under reduced
pressure. The crude porphyrin (3f ) was purified on a neutral
alumina column by using 50% chloroform in hexane as an
eluent. Red solid, yield: 20 mg (66%); UV λmax (ε × 10−4 M−1

cm−1): 429 (35.4), 521 (2.06), 556 (0.69), 593 (0.84), 661 (0.34)
nm; λEm (CHCl3; λEx 425 nm): 662, 723 nm; IR (CHCl3) vmax:
3340, 2916, 2850, 1606, 1502, 1286, 1246, 1172, 1136, 1105,
1031, 991, 964, 804, 731 cm−1; 1H NMR (400 MHz, CDCl3) δH:
8.94–8.78 (m, 6H, β-pyrrolic H), 8.13–8.01 (m, 8H, meso-ArH),
7.48 (s, 1H, thiophene H), 7.39–7.26 (m, 8H, meso-ArH), 6.49
(s, 1H, thiophene H), 4.12 (s, 6H, CH3), 4.10 (s, 6H, CH3),
−2.81 (s, 2H, internal N–H); HRMS (ESI-TOF) m/z: [M + H]+

calcd for C50H39N4O4S 791.2692; found 791.2634.
Procedure for the synthesis of zinc(II) thieno[2,3-b]-

5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin (3g). To a solu-
tion of free-base β-thiophene-fused 5,10,15,20-tetrakis(4-meth-
oxyphenyl)porphyrin (3f, 0.037 mmol) in CHCl3 (5 mL), a solu-
tion of zinc(II) acetate (0.037 mmol) in methanol (2 mL) was
added at room temperature. The reaction mixture was stirred
at room temperature for 30 minutes. After the completion of
the reaction, the mixture was diluted with CHCl3 and washed
with water (30 mL × 3 times). The organic layer was dried over
anhydrous sodium sulphate and evaporated under reduced
pressure to obtain the crude product. The crude product was
purified over a neutral alumina column using 70% chloroform
in hexane as an eluent to obtain the pure zinc(II) β-thiophene-
fused 5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin (3g). Red
solid, yield: 23 mg (77%); UV λmax (ε × 10−4 M−1 cm−1): 431
(33.81), 556 (1.53), 592 (0.26) nm; λEm (CHCl3; λEx 425 nm):
604, 658 nm; IR (CHCl3) vmax: 2918, 2848, 1604, 1508, 1489,
1458, 1338, 1284, 1244, 1172, 997, 800, 752 cm−1. HRMS
(ESI-TOF) m/z: [M + H]+ calcd for C50H37N4O4SZn 853.1827;
found 853.1796.

General procedure for the synthesis of nickel(II) β-substituted
porphyrinic thiazolidinones (4a–g)

To a solution of nickel(II) 2-formyl-5,10,15,20-tetrakis(4-meth-
oxyphenyl)porphyrin (1c; 0.061 mmol) in 1,2-dichloroethane
(10 mL), ammonia or aliphatic/aromatic primary amines
(0.244 mmol) and thioglycolic acid (0.122 mmol) were added
and the mixture was refluxed at 80 °C for 12 hours. After the
completion of the reaction, the solvent was evaporated under
reduced pressure. The crude solid was dissolved in CHCl3
(20 mL) and the solution was washed with water (2 × 20 mL)
and dried over anhydrous sodium sulphate. The organic layer
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was evaporated under reduced pressure to obtain a mixture of
two products, which on separation over a neutral alumina
column using 50% chloroform in hexane afforded nickel(II)
thieno[2,3-b]-5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin
(3d) as a minor product. However, β-substituted porphyrinic
thiazolidinones (4a–g) were obtained as major products in
70–80% chloroform in hexane as a solvent and their character-
ization data are given below.

Nickel(II) 2-[2′-(5,10,15,20-tetrakis(4-methoxyphenyl)por-
phyrin)]-thiazolidin-4-one (4a). Red solid, yield: 34 mg (63%);
UV λmax (ε × 10−4 M−1 cm−1): 425 (33.86), 538 (2.53), 577 (0.73)
nm; IR (CHCl3) vmax: 3422, 2928, 2835, 1690, 1607, 1507, 1460,
1354, 1288, 1247, 1177, 1007, 810, 757 cm−1; 1H NMR
(400 MHz, CDCl3) δH: 8.81 (s, 1H, β-pyrrolic H), 8.77–8.70 (m,
3H, β-pyrrolic H), 8.69–8.60 (m, 3H, β-pyrrolic H), 7.97 (d, J =
8.3 Hz, 1H, ArH), 7.92–7.79 (m, 6H, ArH), 7.73 (d, J = 8.5 Hz,
1H, ArH), 7.25–7.10 (m, 8H, ArH), 6.32 (s, 1H, CH), 5.84 (s, 1H,
NH), 4.05 (s, 3H, OCH3), 4.03 (s, 9H, OCH3), 3.60 (d, J = 15.7
Hz, 1H, SCH2CO), 3.39 (d, J = 15.7 Hz, 1H, SCH2CO); HRMS
(ESI-TOF) m/z: [M + H]+ calcd for C51H40N5NiO5S 892.2104;
found 892.2106.

Nickel(II) 3-butyl-2-[2′-(5,10,15,20-tetrakis(4-methoxyphenyl)
porphyrin)]-thiazolidin-4-one (4b). Red solid, yield: 33 mg
(57%); UV λmax (ε × 10−4 M−1 cm−1): 425 (48.20), 539 (3.66), 575
(1.00) nm; IR (CHCl3) vmax: 2956, 2839, 1678, 1606, 1506, 1460,
1352, 1287, 1245, 1175, 1030, 1004, 810, 754 cm−1; 1H NMR
(400 MHz, CDCl3) δH: 8.80–8.69 (m, 5H, β-pyrrolic H), 8.67 (d, J
= 4.9 Hz, 1H, β-pyrrolic H), 8.48 (s, 1H, β-pyrrolic H), 8.02 (dd, J
= 8.3, 2.3 Hz, 1H, ArH), 7.90 (d, J = 8.1 Hz, 4H, ArH), 7.87–7.81
(m, 2H, ArH), 7.78 (dd, J = 8.3, 2.3 Hz, 1H, ArH), 7.29–7.24 (m,
1H, ArH), 7.24–7.13 (m, 7H, ArH), 5.67 (s, 1H, CH) 4.06 (s, 3H,
OCH3), 4.05 (s, 3H, OCH3), 4.04 (s, 6H, OCH3), 3.96–3.84 (m,
1H, butyl), 3.72 (d, J = 15.4, 1H, SCH2CO), 3.44 (d, J = 15.6 Hz,
1H, SCH2CO), 3.03–2.92 (m, 1H, butyl), 1.56–1.38 (m, 2H,
butyl), 1.30–1.16 (m, 2H, butyl), 0.92 (t, J = 7.3 Hz, 3H, butyl);
13C NMR (100 MHz, CDCl3) δC: 172.11, 160.12, 159.64, 159.54,
145.21, 143.70, 143.32, 143.10, 140.50, 138.00, 134.83, 134.71,
134.54, 133.49, 132.90, 132.76, 132.66, 132.61, 132.51, 132.46,
132.20, 129.87, 119.14, 118.87, 118.67, 117.13, 113.31, 113.15,
112.77, 112.61, 58.49, 55.72, 55.63, 55.55, 43.24, 32.33, 29.46,
20.08, 13.96; HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C55H48N5NiO5S 948.2730; found 948.2754.

Nickel(II) 3-phenyl-2-[2′-(5,10,15,20-tetrakis(4-methoxyphe-
nyl)porphyrin)]-thiazolidin-4-one (4c). Red solid, yield: 34 mg
(58%); UV λmax (ε × 10−4 M−1 cm−1): 426 (29.06), 540 (2.20), 575
(0.66) nm; IR (CHCl3) vmax: 2929, 2841, 1692, 1607, 1507, 1288,
1248, 1177, 1029, 1008, 809 cm−1; 1H NMR (400 MHz, CDCl3)
δH: 8.80–8.66 (m, 5H, β-pyrrolic H), 8.66–8.58 (m, 2H,
β-pyrrolic H), 8.23 (d, J = 8.3, 2.3 Hz, 1H, ArH), 7.95–7.85 (m,
4H, ArH), 7.74 (d, J = 8.1 Hz, 2H, ArH), 7.56 (d, J = 8.4, 1H,
ArH), 7.46 (d, J = 8.1 Hz, 2H, ArH), 7.41–7.30 (m, 3H, ArH),
7.24–7.11 (m, 8H, ArH), 6.17 (s, 1H, CH), 4.07 (s, 6H, OCH3),
4.04 (s, 3H, OCH3), 4.03 (s, 3H, OCH3), 3.85 (d, J = 15.7 Hz, 1H,
SCH2CO), 3.56 (d, J = 15.8 Hz, 1H, SCH2CO);

13C NMR
(100 MHz, CDCl3) δC: 171.26, 160.19, 159.59, 159.46, 144.56,
143.61, 143.29, 143.24, 143.06, 143.00, 140.29, 138.31, 137.64,

134.92, 134.74, 134.42, 133.81, 132.84, 132.59, 132.52, 132.47,
132.37, 132.19, 132.06, 130.86, 128.95, 126.41, 124.48, 119.03,
118.79, 118.70, 116.91, 113.38, 112.80, 112.58, 112.52, 60.95,
55.65, 55.54, 55.50, 32.90. HRMS (ESI-TOF) m/z: [M + H]+ calcd
for C57H44N5NiO5S 968.2417; found 968.2424.

Nickel(II) 3-(2-fluorophenyl)-2-[2′-(5,10,15,20-tetrakis(4-meth-
oxyphenyl)porphyrin)]-thiazolidin-4-one (4d). Red solid, yield:
27 mg (45%); UV λmax (ε × 10−4 M−1 cm−1): 425 (33.60), 539
(2.53), 572 (0.80) nm; IR (CHCl3) vmax: 2918, 2848, 1697, 1604,
1502, 1458, 1350, 1286, 1244, 1172, 1026, 1002, 804, 750, 719,
607 cm−1; 1H NMR (400 MHz, CDCl3) δH: 8.86–8.60 (m, 7H,
β-pyrrolic H), 8.15 (dd, J = 8.3, 2.3 Hz, 1H, ArH), 7.96–7.70 (m,
6H, ArH), 7.46 (dd, J = 8.2, 2.5 Hz, 1H, ArH), 7.35–7.05 (m,
12H, ArH), 6.21 (s, 1H, CH), 4.10 (s, 3H, OCH3), 4.08 (s, 3H,
OCH3), 4.03 (s, 6H, OCH3), 3.89 (d, J = 15.5 Hz, 1H, SCH2CO),
3.58 (d, J = 15.8 Hz, 1H, SCH2CO);

13C NMR (100 MHz, CDCl3)
δC: 171.30, 160.14, 159.62, 159.47, 158.82, 144.40, 143.63,
143.26, 143.04, 142.98, 142.88, 140.41, 137.78, 135.27, 134.74,
134.40, 133.64, 132.84, 132.66, 132.53, 132.41, 132.08, 132.05,
131.21, 131.18, 129.41, 129.33, 128.86, 125.54, 125.42, 125.10,
124.52, 124.40, 124.36, 119.01, 118.75, 118.70, 117.06, 117.02,
116.82, 114.13, 113.30, 112.93, 112.60, 112.53, 60.05, 60.02,
55.70, 55.54, 32.27; HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C57H43FN5NiO5S 986.2322; found 986.2331.

Nickel(II) 3-(4-methoxyphenyl)-2-[2′-(5,10,15,20-tetrakis(4-
methoxyphenyl)porphyrin)]-thiazolidin-4-one (4e). Red solid,
yield: 35 mg (58%); UV λmax (ε × 10−4 M−1 cm−1): 425 (34.26),
537 (2.86), 577 (0.93) nm; IR (CHCl3) vmax: 2930, 2838, 1687,
1607, 1509, 1461, 1290, 1248, 1177, 1032, 810, 757 cm−1; 1H
NMR (400 MHz, CDCl3) δH: 8.80–8.48 (m, 7H, β-pyrrolic H),
8.19 (d, J = 8.4, 1H, ArH), 7.88 (d, J = 8.1 Hz, 4H, ArH), 7.78 (d,
J = 8.6 Hz, 2H, ArH), 7.52 (d, J = 8.4, 1H, ArH), 7.31 (d, J = 8.9,
3H, ArH), 7.24–7.15 (m, 7H, ArH), 6.86 (d, J = 9.0 Hz, 2H, ArH),
6.08 (s, 1H, CH), 4.08 (s, 3H, OCH3), 4.07 (s, 3H, OCH3), 4.03
(s, 3H, OCH3), 4.03 (s, 3H, OCH3), 3.85 (d, J = 15.8 Hz, 1H,
SCH2CO), 3.71 (s, 3H, OCH3), 3.56 (d, J = 15.8 Hz, 1H,
SCH2CO);

13C NMR (100 MHz, CDCl3) δC: 171.16, 160.11,
159.56, 159.41, 157.87, 144.73, 143.25, 143.21, 143.01, 142.94,
137.70, 134.84, 134.69, 134.36, 133.72, 132.80, 132.57, 132.48,
132.42, 132.32, 132.19, 131.99, 131.01, 130.92, 126.25, 118.63,
114.19, 113.31, 112.70, 112.53, 112.46, 60.94, 55.61, 55.47,
55.36, 32.72; HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C58H46N5NiO6S 998.2522; found 998.2527.

Nickel(II) 3-(3-methoxyphenyl)-2-[2′-(5,10,15,20-tetrakis(4-
methoxyphenyl)porphyrin)]-thiazolidin-4-one (4f ). Red solid,
yield: 19 mg (31%); UV λmax (ε × 10−4 M−1 cm−1): 426 (29.13),
537 (2.20), 577 (0.53) nm; IR (CHCl3) vmax: 2927, 2835, 1693,
1605, 1506, 1459, 1354, 1288, 1248, 1176, 1034, 1007, 809,
756 cm−1; 1H NMR (400 MHz, CDCl3) δH: 8.76–8.65 (m, 5H,
β-pyrrolic H), 8.65–8.57 (m, 2H, β-pyrrolic H), 8.23 (dd, J = 8.4,
2.3 Hz, 1H, ArH), 7.88 (dd, J = 8.3, 2.9 Hz, 4H, ArH), 7.78–7.69
(m, 2H, ArH), 7.56 (dd, J = 8.3, 2.3 Hz, 1H, ArH), 7.32 (dd, J =
8.4, 2.8 Hz, 1H, ArH), 7.26–7.15 (m, 8H, ArH), 7.10 (t, J = 2.2
Hz, 1H, ArH), 6.99 (dd, J = 8.2, 2.0 Hz, 1H, ArH), 6.69 (dd, J =
8.2, 2.5 Hz, 1H, ArH), 6.15 (s, 1H, CH), 4.07 (s, 3H, OCH3), 4.06
(s, 3H, OCH3), 4.03 (s, 3H, OCH3), 4.02 (s, 3H, OCH3) 3.82 (d, J
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= 15.6 Hz, 1H, SCH2CO), 3.75 (s, 3H, OCH3), 3.54 (d, J = 15.8
Hz, 1H, SCH2CO);

13C NMR (100 MHz, CDCl3) δC: 171.20,
160.05, 159.42, 144.49, 143.59, 143.18, 142.97, 140.25, 139.32,
137.69, 134.93, 134.71, 134.37, 133.84, 132.82, 132.54, 132.30,
132.02, 130.82, 129.51, 118.98, 118.72, 116.87, 116.61, 113.34,
112.78, 112.59, 112.48, 111.76, 110.92, 60.94, 55.60, 55.50,
55.44, 55.30, 32.95; HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C58H46N5NiO6S 998.2522; found 998.2618.

Nickel(II) 3-(2-methoxyphenyl)-2-[2′-(5,10,15,20-tetrakis(4-
methoxyphenyl)porphyrin)]-thiazolidin-4-one (4g). Red solid,
yield: 16 mg (27%); UV λmax (ε × 10−4 M−1 cm−1): 425 (37.46),
538 (3.06), 577 (0.93) nm; IR (CHCl3) vmax: 2925, 2830, 1690,
1607, 1510, 1462, 1355, 1245, 1180, 1031, 1008, 810, 755 cm−1;
1H NMR (400 MHz, CDCl3) δH: 8.88 (s, 1H, β-pyrrolic H),
8.74–8.65 (m, 3H, β-pyrrolic H), 8.63 (m, 3H, β-pyrrolic H), 8.05
(d, J = 8.4 Hz, 1H, ArH), 7.88–7.86 (m, 6H, ArH), 7.48 (d, J = 8.3
Hz, 1H, ArH), 7.30–7.26 (m, 2H, ArH), 7.24–7.12 (m, 8H, ArH),
6.91 (t, J = 7.9 Hz, 1H, ArH), 6.85 (d, J = 8.3 Hz, 1H, ArH), 6.29
(s, 1H, CH), 4.08 (s, 3H, OCH3), 4.07 (s, 3H, OCH3), 4.02 (s, 6H,
OCH3), 3.87 (d, J = 15.6 Hz, 1H, SCH2CO), 3.75 (s, 3H, OCH3),
3.52 (d, J = 15.6 Hz, 1H, SCH2CO);

13C NMR (100 MHz, CDCl3)
δC: 171.24, 160.18, 160.10, 159.57, 159.46, 144.54, 143.63,
143.29, 143.22, 143.06, 143.02, 143.00, 140.29, 139.36, 139.33,
137.73, 134.99, 134.76, 134.42, 133.89, 132.85, 132.60, 132.58,
132.55, 132.50, 132.38, 132.34, 132.19, 132.08, 130.86, 129.57,
119.03, 118.80, 118.76, 116.92, 116.65, 114.12, 113.39, 112.81,
112.63, 112.52, 111.80, 110.97, 60.99, 55.65, 55.54, 55.48,
55.35, 33.00; HRMS (ESI-TOF) m/z: [M + H]+ calcd for
C58H46N5NiO6S 998.2522; found 998.2618.
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