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Free base meso-tetraarylporphyrins (H2T(X)PP) react with tellurium(IV) chloride (TeCl4) in mild conditions for formation sandwich intermediate sitting-atop (i-SAT) complexes, [TeCl4(H2T(X)PP)2]. 1H NMR, 13C NMR, UV-vis, FT-IR
and elemental analysis were used for characterization of the products. In the proposed structure of the i-SAT complexes,
four pyrroles of each porphyrin ring are tilted alternatively up and down and this appropriates suitable orientation of
lone pairs of two pyrrolenine nitrogens for electron donation to a tellurium center. 1H NMR and FT-IR results showed
that in the produced complex, hydrogen atoms of porphyrin macrocycles remained on the pyrrole nitrogens.
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Introduction
Porphyrins are a class of biochemically and biologically important compounds that have found a broad spectrum of applications in different fields such as catalysis, medicine, and materi1
als. Intermediate sitting-atop (i-SAT) complexes have very
short life-time and have been proposed as intermediate in metallation of porphyrins. It has been reported that porphyrins are capable of forming intermediate sitting-atop (i-SAT) complexes2-7
or 1:1 (donor:acceptor) molecular complexes with different
8,9
electron acceptors. Antimony(III) chloride and bismuth(III)
chloride react with meso-tetraarylporphyrins for formation of
dimer molecular complexes with 1:1 mole ratio, [MCl3(H2T(X)8,9
PP)2] (M = Sb, Bi). Newly, we have reported the sandwich
i-SAT complexes from reaction between GeCl4 with meso-te10
traarylporphyrins. In the i-SAT complexes, the tilted porphyrin
core gives two lone pairs of pyrrolenine nirtogens to a central
atom of the acceptors and so four aryl rings contributed in the
resonance of the porphyrin core and in result produced large πelectron delocalization in the complexed porphyrins. This article
presents synthesis of novel sandwich intermediate sitting-atop
(i-SAT) complexes of several meso-tetraarylporphyrins (Figure
1) and TeCl4. Tellurium(IV) chloride has four chlorine atoms
with high electron withdrawing effect for acceptation of four
lone pairs of two distorted porphyrin macrocycle for formation
of sandwich i-SAT complexes, Figure 2.
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Figure 1. Meso-tetraarylporphyrins, H2T(X)PP
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Experimental
Benzaldehyde, various substituted benzaldehydes (3-CH3,
4-CH3, 3-OCH3, 4-OCH3, 4-isoprophyl) and TeCl4 obtained
from Merck and were used without further purification. Pyrrole
purchased from Merck and distilled before used. Chloroform
(Merck) was dried over anhydrous calcium chloride for 3 days
and then distilled before use. Other solvent that were employed
for the synthesis of the porphyrins and molecular complexes
were obtained from Merck and Fluka, and were used as received.
The meso-tetraarylporphyrins were prepared by the literature
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Figure 2. Two saddled porphyrins cores act as electron donors to a
tellurium(IV) atom of TeCl4.
11

methods.
1
13
The NMR spectra ( H and C) were recorded on a Bruker
400 Ultrashield spectrometer in CDCl3. The residual CHCl3 in
the conventional 99.8% atom CDCl3 gives a signal at δ = 7.26
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ppm, which was used for calibration of the chemical shift scale.
FT-IR spectra were recorded on a Magna 550 Nicolet spectrometer using KBr pellets. The UV-vis measurements were obtained with a GBC cintra 6 UV-vis spectrophotometer. The molar conductance was measured on a METROHM 644 conductometer.
TeCl4 (0.05 mmol) dissolved in 10 mL chloroform and added
to meso-tetraarylporphyrins (0.1 mmol) in 15 mL chloroform
and the mixture was stirred for 20 min. With evaporation of the
solvent at room temperature obtained the green sandwich i-SAT
complexes ([TeCl4(H2T(X)PP)2]). The progress of the reaction
was monitored by UV-vis spectra. The mixture of two reactants
did not show soret band related to the free base porphyrins, and
in result the porphyrins completely change to the related sandwich i-SAT complexes. The results of elemental analyses for the
sandwich i-SAT complexes which were dried under vacuum
oven for 12 h at 50 - 55 ºC were obtained.
[TeCl4(H2T(4-OCH3)PP)2]. C96H76N8O8TeCl4 Anal. Calc: C,
66.30; H, 4.40; N, 6.44%. Found: C, 66.12; H, 4.23; N, 6.25%.
1
H NMR (CDCl3) δ 0.55 (s, 2H, NH), δ 4.18 (s, 12H, OCH3),
δ 8.54-8.56 (d, 8H, o, o'), δ 7.54-7.56 (d, 8H, m, m'), δ 8.50 (s,
‒1
8H, β). IR (KBr) υNH (~3320 cm ).
[TeCl4(H2T(4-CH3)PP)2]. C96H76N8TeCl4 Anal. Calc.: C,
71.57; H, 4.75; N, 6.95%. Found: C, 71.33; H, 4.49; N, 6.78%.
1
H NMR (CDCl3) δ 0.34 (s, 2H, NH), δ 2.79 (s, 12H, CH3), δ
8.50-8.52 (d, 8H, o, o'), δ 7.82-7.84 (d, 8H, m, m'), δ 8.56 (s,
‒1
8H, β). IR (KBr) υNH (~3320 cm ).
[TeCl4(H2T(4-CH(CH3)2)PP)2]. C112H108N8TeCl4 Anal. Calc.: C, 73.29; H, 5.93; N, 6.10%. Found: C, 73.06; H, 5.70; N,
1
5.98%. H NMR (CDCl3) δ 0.34 (s, 2H, NH), δ 1.56-1.61 (d,
12H, CH3), δ 3.33-3.37 (s, 4H, CH), δ 8.52-8.55 (d, 8H, o, o'), δ
7.86-7.88 (d, 8H, m, m'), δ 8.53 (s, 8H, β). IR (KBr) υNH
‒1
(~3320 cm ).
[TeCl4(H2TPP)2]. C88H60N8TeCl4 Anal. Calc.: C, 70.52; H,
1
4.03; N, 7.48%. Found: C, 70.26; H, 3.90; N, 7.37%. H NMR
(CDCl3) δ 0.32 (s, 2H, NH), δ 8.64-8.66 (d, 8H, o, o'), δ 7.998.05 (m, 12H, p, m, m'), δ 8.62 (s, 8H, β). IR (KBr) υNH (~3320
cm‒1).
[TeCl4(H2T(3-CH3)PP)2]. C96H76N8TeCl4 Anal. Calc.: C,
71.57; H, 4.75; N, 6.95%. Found: C, 71.38; H, 4.62 N, 6.81%.
1
H NMR (CDCl3) δ 0.29 (s, 2H, NH), δ 2.87 (s, 12H, CH3), δ
8.48 (br., 8H, o, o'), δ 7.92-7.95 (t, 4H, m), δ 7.80-7.82 (d, 4H, p),
‒1
δ 8.63 (s, 8H, β). IR (KBr) υNH (~3320 cm ).
[TeCl4(H2T(3-OCH3)PP)2]. C96H76N8O8TeCl4 Anal. Calc.: C,
66.30; H, 4.40; N, 6.44%. Found: C, 66.09; H, 4.20; N, 6.21%.
1
H NMR (CDCl3) δ 0.28 (s, 2H, NH), δ 4.19 (s, 12H, OCH3), δ
8.21 (br., 8H, o, o'), δ 7.92-7.96 (t, 4H, m), δ 7.53-7.55 (br., 4H,
‒1
p), δ 8.68 (s, 8H, β). IR (KBr) υNH (~3320 cm ).
Results and Discussion
The 1H NMR results for titrations of H2T(4-CH(CH3)2)PP
with TeCl4 (1:0.25, 1:0.5, 1:0.75, and 1:1) showed that molar
ratio of the reactants in the i-SAT complex was 1:0.5, Figure
3. The mixture with mole ratio of 1:0.25, leaded to a superimposition of the 1H NMR spectra for the porphyrin and the related
i-SAT complex. Addition of excess amounts of TeCl4 beyond
1
1:0.5 mole ratio leads no changes in the H NMR spectra of the
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Figure 3. H NMR spectra for the titration of H2T(4-CH(CH3)2)PP with
(a) 0.0; (b) 0.25; (c) 0.5 and (d) 0.75 equivalents of TeCl4.

i-SAT complexes. Consequently, the molar ratio of porphyrin:
TeCl4 was 1:0.5 and the complex had a sandwich structure. The
1
H NMR titration was completely supported by UV-vis spectral
results too.
In the free base H2T(4-CH3)PP the N-H protons are upfield
(‒2.77 ppm, singlet), and the β-protons appear in 8.86 ppm
(singlet). Two doublet have been shown for the aryl rings of
the H2T(4-CH3)PP, one for the meta-protons (7.27 - 7.31 ppm)
and another for the ortho protons (8.11 - 8.14 ppm). The i-SAT
complexation of H2T(4-CH3)PP with tellurium (IV) chloride,
similar to the complexation of the meso-tetraarylporphyrins
with various electron acceptors2-10 caused an upfield shift of the
β-hydrogens, and so downfield shifts for the proton signals of
N-H and aryl rings (δ 0.34 (s, 2H, NH), δ 2.79 (s, 12H, CH3), δ
8.50 - 8.52 (d, 8H, o, o'), δ 7.82-7.84 (d, 8H, m, m'), δ 8.56 (s, 8H,
β). The pyrrolic NH and β-proton chemical shifts for the porphyrins and the related i-SAT complexes and the difference of
the chemical shifts upon the i-SAT complexation are listed in
Table 2. These results show that the effect of ring current have
2-10,12-18
Further, the observbeen lost in the complexed porphyrin.
ed downfield shifts of the aryl ring hydrogens could result from
a direct increase in ring current of aryl groups. This has been pro2-17
duced by extension in the π-system of the aryl rings. In the
i-SAT complexes the pyrrole rings are not equivalent and in result existence of a singlet for β-protons of meso-tetraarylporphyrin is not corresponding with unsymmetrical pyrrole rings in the
proposed structure of the i-SAT complexes, Figure 2. This sym-
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Table 1. 1H NMR spectral data of different meso-tetraarylporphyrins
and the related sandwich i-SAT complexes.
Compounds
H2TPP
[TeCl4(H2TPP)2]
∆δ
H2T(4-CH3)PP
[TeCl4(H2T(4-CH3)PP)2]
∆δ
H2T(3-CH3)PP
[TeCl4(H2T(3-CH3)PP)2]
∆δ
H2T(4-OCH3)PP
[TeCl4(H2T(4-OCH3)PP)2]
∆δ
H2T(3-OCH3)PP
[TeCl4(H2T(3-OCH3)PP)2]
∆δ
H2T(4-CH(CH3)2)PP
[TeCl4(H2T(4-CH(CH3)2)PP)2]
∆δ

N-H

Hβ

‒2.76
0.32
3.08
‒2.77
0.34
3.11
‒2.75
0.29
3.04
‒2.75
0.55
3.30
‒2.75
0.28
3.03
‒2.74
0.34
3.08

8.85
8.62
‒0.23
8.85
8.56
‒0.29
8.88
8.63
‒0.25
8.86
8.50
‒0.36
8.90
8.68
‒0.22
8.86
8.53
‒0.33
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Figure 4. 13C NMR spectra of (a) H2T(4-CH3)PP, (b) [TeCl4(H2T(4CH3)PP)2].

(b)

∆δ: Chemical shifts of the proton signals for the porphyrins upon the i-SAT
complexation.

Table 2. UV-vis spectral data of the different meso-tetraarylporphyrins
and [TeCl4(H2T(X)PP)] i-SAT complexes in CHCl3.
Compounds
H2TPP
[TeCl4(H2TPP)2]
a
∆λ
H2T(4-CH3)PP
[TeCl4(H2T(4-CH3)PP)2]
∆λa
H2T(3-CH3)PP
[TeCl4(H2T(3-CH3)PP)2]
∆λa
H2T(4-OCH3)PP
[TeCl4(H2T(4-OCH3)PP)2]
a
∆λ
H2T(3-OCH3)PP
[TeCl4(H2T(3-OCH3)PP)2]
∆λa
H2T(4-CH(CH3)2)PP
[TeCl4(H2T(4-CH(CH3)2)PP)2]
a
∆λ

λmax(nm)
416.7(S),
444.9
28.2
418.3(S),
447.1(S)
28.8
418.2(S),
446.2(S)
28.0
419.5(S),
453.5(S)
34.0
418.9(S),
450.9(S)
32.0
419.7(S),
448.8(S)
29.1

516.8, 551.5, 592.0, 648.0
660.0
12.0
518.4, 554.0, 593.0, 649.0
669.4
20.4
517.5, 550.6, 590.0, 647.2
662.5
15.3
520.5, 557.1, 596.0, 653.0
688.6
35.6
517.0, 550.3, 590.3, 646.6
660.0
13.4
519.2, 555.1, 594.4, 650.4
671.1
20.7

a

(S): Soret band. ∆λ: Red shifts for the bands of the porphyrins upon the
i-SAT complexation.

metry is produced because the ring inversion of the saddled core
conformation of the porphyrin is probably fast on the NMR time
2-10,17
scale.
13
C NMR spectrum of H2T(4-CH3)PP has been shown six
sharp signals ((120.5 (Cmeso), 127.8 (Cm,m'), 137.7 (Cp), 131.4
(Cβ), 134.9 (Co,o'), 139.7 (Cp') ppm)) and a very broad signal
(145 ppm) for α-carbon in the aromatic region. But 13C NMR
spectrum of the sandwich i-SAT complex, [TeCl4(H2T(4-CH3)
PP)2], shows seven signals related to aromatic regions (122.5
(Cmeso), 127.8 (Cβ), 129.2 (Cm,m'), 137.6 (Cp'), 139.0 (Co,o'), 140.4
(Cp'), 146.1 (Cα) ppm), Figure 4. On the other hand, the forma-

1.0

(a)

A
0.5

0.0
350

450

550

650

750

λ (nm)
Figure 5. UV-vis spectra of (a) H2T(4-CH3)PP, (b) [TeCl4(H2T(4CH3)PP)2].

tion of the sandwich i-SAT complex, [TeCl4(H2T(4-CH3)PP)2],
13
sharpens the α-carbon and β-carbon signals in the C NMR
spectrum and so leads to a small shifts in the other signals. All
of these changes are in the same direction to the i-SAT complexation of H2T(4-CH3)PP with uranyl and zirconium(IV)
2,3
chloride or molecular complexation of the porphyrin with
8,9,14,15
various acceptors.
The UV-vis spectrum of the H2T(4-CH3)PP in chloroform
contains five absorption bands in 418.3 (Soret), 518.4, 554.0,
593.0, 649.0 nm region, that upon the SAT complexation with
TeCl4 two new bands at 447.1 and 669.4 nm appear (Table 2),
Figure 5. The observed red shifts upon the complexation are
because of the out of plane distortion of porphyrin core. This
deformation allows a strong interaction between the aryl rings
2-10,12-18
The UV-vis spectral data for
and porphyrin π-system.
other i-SAT complexes of meso-tetraarylporphyrins and tellu-
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complexes in Figure 2. Tellurium(IV) chloride had four chlorine
atoms with high electronegativity and could accept four lone
pairs of two porphyrin macrocycles with formation of the sandwich i-SAT complexes, [TeCl4(H2T(X)PP)2].

Excit = 392
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Conclusion
The reaction between tellurium(IV) chloride and meso-tetraarylporphyrins leads to formation of new i-SAT complexes,
[TeCl4(H2T(X)PP)2]. The UV-vis, (1H and 13C) NMR spectral
data indicated that two porphyrin cores are saddled and four
pyrrolenine nitrogen atoms of two porphyrin cores act as electron donors to tellurium atom of TeCl4.

nm
Figure 6. Fluorescence spectra (Intensity-Wavelength (nm)) of H2T
(4-CH3)PP and [TeCl4 (H2T(4-CH3)PP)2] complex in chloroform (λexc =
392 nm).
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