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Five�coordinate organometallic complexes RIn(TAPPh8) (R = Ph, Bu) were synthesized
by the reactions of chloro(octaphenyltetraazaporphyrinato)indium(III) ClIn(TAPPh8) with
organolithium and organomagnesium compounds. The optical, IR, and 1Н NMR spectra of
the complexes were studied. In the presence of pyridine, the photochemical insertion of СО2
occurs at the In—C bond to form the carboxylate complexes (RCOO)In(TAPPh8). A study of
the kinetics of this reaction showed a higher stability of the In—C bond in the aryl PhIn(TAPPh8)
complex than that in the alkyl complex BuIn(TAPPh8). The mechanism of the reaction was
proposed.
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bon dioxide.

Indium(III) complexes with porphyrin macrocycles are
considered as promising materials with nonlinear optical
properties.1 The manifestation of such properties depends,
to a great extent, on the nature of both macrocyclic and
axial ligands. We have recently shown2 for the iron(III)
aryl complexes with octaphenyltetraazaporphyrin that the
metal—carbon bond in organometallic porphyrin com�
plexes with d�metals can be substantially stabilized by
meso�tetraaza substitution. In order to elucidate the influ�
ence of aza substitution in porphyrins on the reactivity
and stability of p�metal complexes, the phenyl and bu�
tyl derivatives of the indium(III) complex with octa�
phenyltetraazaporphyrin were synthesized and studied in
this work.

Results and Discussion

Synthesis. The reaction of the chloro(octaphenyl�
tetraazaporphyrinato)indium(III) complex ClIn(TAPPh8)
(1) (TAPPh8 is octaphenyltetraazaporphyrin) with organo�
lithium and organomagnesium reagents (RLi, RMgBr)
in anhydrous benzene or toluene, results in substitu�
tion of the Cl atom by the organic R group to form
the RIn(TAPPh8) complexes (R = Ph (2a), Bu (2b))
(Scheme 1).

Unlike organometallic derivatives of indium(III) por�
phyrinates,3 which can be synthesized under anaerobic
conditions only, tetraazaporphyrin derivatives are more
stable toward oxygen and moisture and, therefore, they
can be synthesized in both an inert atmosphere and

air. The synthesis under aerobic conditions produces,
along with the RIn(TAPPh8) organometallic complexes,
by�products, most likely, R�oxy and hydroxy derivatives,
which are well separated by chromatography.

The structures of the products were confirmed by el�
emental analysis data and physicochemical methods (op�
tical, IR, and 1Н NMR spectroscopies).

Spectral properties. On going from the starting com�
plex 1 to derivatives 2a and 2b, the main changes in the
electronic absorption spectrum occur in the region of the
B band (a2u → π* transition), whose bathochromic shift

Scheme 1

R = Ph (a), Bun (b)
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is 17 and 22 nm, respectively (Fig. 1 and Table 1). The
position of the Q band (a1u → π* transition) remains vir�
tually unchanged due to the fact that the a1u orbital, un�
like a2u, is less sensitive to changes in the coordination
sphere of the In atom because the former orbital has zero
coefficients at the coordinated pyrrole N atoms.4 The
coordination of the organic ligand in the axial position
results in filling of the pz orbital of the InIII atom. This
orbital interacts with the a2u orbital of the macrocyclic
ligand and destabilizes it, resulting in the bathochromic
shift of the B band. The bathochromic shift observed for
complex 2b is greater than that for 2a because the Bu
group is a stronger σ�donor than the Ph group. When the
Cl– anion is replaced by the organic ligand with stronger
σ�donating properties, the intensity of the band at 485 nm
in the electronic absorption spectrum also decreases.
This band corresponds to the transfer of a charge from
the nonbonding orbitals of the meso�N atoms to the
π�antibonding orbitals of the macrocyclic ligand (n → π*
transition).5

In the IR spectra the most informative for the identi�
fication of the complexes is the low�frequency region
(100—500 cm–1) containing bands corresponding to de�
formation vibrations of the In—C bond: 442 and 434 cm–1

for complexes 2a and 2b, respectively (Figs. 2 and 3). The
spectrum of complex 2a (see Fig. 3) also exhibits a
band from the stretching vibration of the In—C bond
at 251 cm–1. In the region of medium frequencies
(400—2000 cm–1), vibrations of the coordinated Ph and
Bu ligands are disguised by more intense vibrations of the
tetraazaporphyrin macrocycle.5,6 This is especially char�
acteristic of complex 2a, whose the spectral bands of the
axial Ph group coincide with those of eight equatorial Ph
rings. In the IR spectrum of complex 2b, the bands of
stretching vibrations of the Bu group are disguised by
intense bands of skeletal vibrations of the macrocycle in
regions of 1450—1460 and 1370—1380 cm–1 (see Fig. 2).
However, the IR spectrum contains a band with a me�
dium intensity at 1278 cm–1, which can likely be assigned
to vibrations of the C—С bonds of the alkyl group.7 The
presence of the Bu group is reliably indicated by the pres�
ence of stretching vibrations of the C—Н bonds in a high�
frequency region of 2850—2950 cm–1 in the IR spectrum
of complex 2b. These vibrations are characteristic of al�
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Table 1. Parameters of the electronic absorption spectra of the
indium(III) complexes with octaphenyltetraazaporphyrin in
benzene

Compound λ/nm (logε)

B Q´ Q CT*

ClIn(TAPPh8) (1) 384 593 645 485
(4.62) (4.12) (4.73) (4.17)

PhIn(TAPPh8) (2a) 401 593 645 —
(5.23) (4.58) (5.24)

BuIn(TAPPh8) (2b) 406 594 645 —
(4.49) (4.07) (4.69)

(PhСО2)In(TAPPh8) (3a) 378 592 644 484
(4.88) (4.23) (4.93) (4.23)

(BuСО2)In(TAPPh8) (3b) 377 594 645 470

* Charge transfer.

Fig. 1. Electronic absorption spectra of ClIn(ТАРPh8) (1),
PhIn(ТАРPh8) (2), and BuIn(ТАРPh8) (3) in benzene.
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Fig. 2. IR spectra of ClIn(TAPPh8) (1) and BuIn(TAPPh8) (2)
(pellets with KBr).
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Fig. 3. Low�frequency IR spectra of PhIn(TAPPh8) (1) and
ClIn(TAPPh8) (2) (molded in polyethylene).
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kanes.8 The IR spectra of the InIII complexes with
octaphenyltetraazaporphyrin exhibit a characteristic band
at 1280—1300 cm–1. It is typical of the complexes with
the С4v symmetry, for example, the five�coordinate FeIII

complexes6 in which the metal atom also deviates consid�
erably from the macrocycle plane.

In the 1Н NMR spectra of complexes 2a and 2b, sig�
nals from the protons of the equatorial Ph rings lie in the
same region as those of 1,5 namely, as a doublet at δ 8.32
for the ortho�protons and as a multiplet at δ 7.57—7.62 for
the meta� and para�protons. The strong π�ring current in
the tetraazaporphyrin system results in shielding of the
protons of the axial groups, and the protons nearest to the
macrocycle undergo the greatest shielding. The signals
from the ortho�protons of the Ph group lie at δ 4.10, and
those from the protons of the α�CH2 fragment of the Bu
group lie at δ –2.94 (Table 2). At the same time, the
protons of the axial groups in complexes 2a and 2b are less
shielded than those of the InIII complexes with porphy�
rins.3 The signals from the ortho�protons of the Ph group
exhibit the downfield shift by 1.39 ppm, and the signals
from the protons of the α�CH2 fragment of the Bu group
are shifted by 1.7 ppm compared to those of similar InIII

complexes with porphyrins. This points to a greater devia�
tion of the In atom from the macrocycle plane in tetra�
azaporphyrins compared to porphyrins induced by a
decrease in the size of the coordination cavity upon
meso�tetraaza substitution.9 We have previously10 shown
that this results in a decrease in the bond strength of the
In atom with coordinated atoms of the macrocycle upon
meso�aza substitution. At the same time, the InIII com�
plexes with octaphenyltetraazaporphyrins exhibit a higher
stability of the In—C bond with the axial organic ligand.
This fact can be explained by the fact that a decrease in
the coordination sphere upon aza substitution and a si�
multaneous enhancement of the π�withdrawing proper�
ties of the macrocyclic ligand favor the conjugation of the
5pz orbital of the In atom with the π�system of the
macrocycle. As a result, electrons occupying the 5pz or�

bital of the In atom through σ�bonding with the organic
ligand are efficiently delocalized over the conjugated
π�system of the macrocycle to enhance the withdrawing
properties of the In atom and to strengthen the In—C
bond upon aza substitution. The previous study of the
InIII complexes with octaethyl� and tetraphenylporphyrins
containing organic ligands with different σ�donating prop�
erties has shown11 that the stability of the In—C bond is
determined by the interaction of the 5pz orbital of the In
atom with the porphyrin π�system.

Reaction with СО2. Insertion of the CO2 molecule at
the In—C bond is an interesting property found12 for the
indium(III) porphyrinate complexes with organic ligands.
The study of the reactions of complexes 2a and 2b with
СО2 in benzene allowed us to establish that, similarly to
the In complexes with porphyrins,12 the necessary condi�
tion for this reaction to occur (Scheme 2) is the presence
of pyridine and irradiation of the solution with the vis�
ible light.

Scheme 2

R = Ph (a), Bun (b)

Compound 3a, which was isolated from a solution of
complex 2a in a benzene—pyridine (3 : 1) mixture after
CO2 was passed through the solution under visible light
irradiation (see Experimental, method А), is identical to
the benzoate complex (PhCOO)In(TAPPh8) obtained by

Table 2. Parameters of the 1Н NMR spectra of the indium(III) complexes with octaphenyltetraazaporphyrin

Compound δ

Protons of β�substituents Protons of axial group

o�Ph m�Ph p�Ph o�Ph m�Ph p�Ph

ClIn(TAPPh8) (1)5 8.32 7.62 7.64 — — —
PhIn(TAPPh8) (2a) 8.32 7.62 7.57 4.10 6.06 6.32
(PhCO2)In(TAPPh8) (3a) 8.34 7.63 7.61 6.54 6.75 7.01
(PhO)In(TAPPh8) (4) 8.00 7.53 7.44 Not found
PhIn(PEt8)3 — — — 2.71 5.51 5.84

α�H β�H γ�H δ�H
BuIn(TAPPh8) (2b) 8.31 7.61 7.57 –2.94 –1.36 –0.93 –0.12
BuIn(PEt8)3 — — — –4.64 –2.60 –1.60 –0.61



Mal´chugina and Stuzhin2264 Russ.Chem.Bull., Int.Ed., Vol. 51, No. 12, December, 2002

the independent synthesis from the HalIn(TAPPh8) ha�
lide complex (Hal = Cl, Br) and tetra(n�butyl)ammonium
benzoate (method B).

On transforming complexes 2a and 2b into carboxy�
late derivatives 3a and 3b, the main changes in the elec�
tronic absorption spectra are observed in the UV region:
the position of the Q band remains almost unchanged,
and the maximum of the B band undergoes the hypso�
chromic shift by 23 and 29 nm for 3a and 3b, respectively.
In addition, the band of the n → π* transition appears at
484 and 470 nm, respectively. The electronic absorption
spectrum resembles the spectrum of the chloride com�
plex 1.5 Complex 3a was isolated and characterized by IR
and 1Н NMR spectroscopies.

The IR spectra manifest vibrations of the carboxylate
group, and positions of the bands from symmetric and
antisymmetric stretching vibrations of the COO group
suggest the coordination of the carboxylate by the In atom.
For example, in the IR spectrum of complex 3a these
vibrations appear at 1497 and 1447 cm–1. The difference
∆ν = 50 cm–1 is characteristic of the bidentate co�
ordination (∆ν = 40—80 cm–1), whereas this value
is much greater for monodentate coordination (∆ν =
220—320 cm–1).13

In the 1Н NMR spectrum of the benzoate complex 3a,
the signals from the axial Ph group exhibit a downfield
shift compared to those from the phenyl derivatives 2a.
They appear at δ 6.54 (o�Phax), 6.75 (m�Phax), and 7.01
(p�Phax) (see Table 2), indicating a decrease in the shield�
ing influence of the porphyrin system on the protons of
the Ph group because the latter is more remote from the
macrocycle plane in complex 3a than in 2a. The positions
of signals from the protons of the equatorial Ph groups in
the 1H NMR spectrum of 3a remain almost unchanged
compared to those of the phenyl or chloride complexes 2a
and 1 (see Table 2). In our opinion, this also favors the
bidentate coordination of the benzoate. For monodentate
bonding, the deviation of the Ph ring from the normal to
the mean plane of the macrocycle should change the
shielding of the peripheral Ph groups, as it is observed,
e.g., for (PhO)In(TAPPh8) (4). In the latter case, the
signals from the protons of the equatorial Ph groups ex�
hibit a substantial upfield shift and appear at δ 8.00
(o�Phβ), 7.53 (m�Phβ), and 7.44 (p�Phβ) (see Fig. 2).

We studied the kinetics of insertion of the СО2 mol�
ecule at the σ�In—C bond in RIn(TAPPh8) using the
spectrophotometric method. It was established in blank
experiments that (a) addition of pyridine to a benzene
solution of RIn(TAPPh8) does not remarkably change the
electronic absorption spectra, (b) these solutions are stable
under visible light irradiation within the time of experi�
ment, (c) no spectral changes are observed when СО2 is
passed through the solutions under dark conditions, (d)
electronic absorption spectrum of a benzene solution of
RIn(TAPPh8) in the absence of pyridine remains un�

changed under visible light irradiation and simultaneous
passing СО2. Changes in the electronic absorption spec�
trum, indicating the formation of the (RCOO)In(TAPPh8)
carboxylate complex, are detected only when СО2 is
passed through a benzene solution of RIn(TAPPh8) in the
presence of pyridine under visible light irradiation. The
pattern of the spectral changes in the region of the B band
is presented in Fig. 4 (changes in the region of the Q band
are insignificant).

The linear plot of ln(C0/C) for complex 2b vs. irradia�
tion time (Fig. 5) points to the first order of the reaction
with respect to the concentration of complex 2b. The
values obtained for the apparent rate constants kapp are
presented in Table 3. On going from the butyl to phenyl
derivatives under comparable conditions, the reaction rate
20�fold decreases. The photochemical character of the
formation of the carboxylate complexes assumes that its
rate should be determined first of all by the stability of the
In—C bond toward homolytic cleavage. The kinetic data
obtained suggest a greater stability of the In—Ph bond
compared to the In—Bu bond. This agrees with the IR
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Fig. 4. Changes in the electronic absorption spectra induced by
the reaction of BuIn(ТАРPh8) with СО2.
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Fig. 5. Plot of ln(C0/C) vs. irradiation time (τ) for the photo�
chemical reaction of BuIn(ТАРPh8) (2b) with СО2.
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spectroscopic data, which show that the stretching vibra�
tions of the In—Ph bond have a higher frequency than
those of the In—Bu bond (442 and 434 cm–1, respec�
tively). Since the σ�donating properties of the Bu group
are more pronounced than those of the Ph group, we can
assume for the latter an additional effect of π�back bond�
ing π*(Ph) ← dπ(In) due to the overlap of the 4dπ orbitals
of the In atom with the vacant antibonding π* orbitals of
the benzene ring.

We also attempted to elucidate the role of pyridine in
the reaction. The invariabling of the spectra of 2a and 2b
in the presence of pyridine indicates, in our opinion, that
the pyridine molecule does not coordinate to the In atom.
As found previously,14 bases like pyridine do not either
coordinate to the In porphyrin complexes. At the same
time, our data for the insertion of СО2 to the In—C bond
in molecule 2b (see Table 3) showed that an increase in
the carboxylation rate is proportional to the pyridine con�
centration. The plot of logkapp vs. log(CPy) is linear, and
its slope is close to unity (r = 0.994, tgα = 1.1) (Fig. 6).
This points to the formation of an intermediate contain�
ing one pyridine molecule. It can be assumed that this
intermediate is a donor�acceptor complex of pyridine with
CО2. The formation of the Py•CO2 adduct in a pyridine
solution of CО2 has been found15 by IR spectroscopy.
The donor�acceptor interaction of CO2 with pyridine in�
creases the nucleophilicity of the СО2 molecule, and the

Py•CO2 adduct is coordinated at the cis�position to the
In atom. The InIII complexes with macrocyclic ligands,
e.g., phthalocyanines,16—18 are characterized by similar
cis�coordination of oxygen�containing ligands (RCOO–,
CO3

2–, NO2
–). Visible light irradiation favors the ho�

molytic cleavage of the In—C bond accompanied by the
rearrangement resulting in the formation of the carboxy�
late complex (Scheme 3). This mechanism differs from
that proposed12 for the InIII complexes with porphyrins,
according to which the pyridine molecule coordinates at
the trans�position to the R group. In the case of trans�coor�
dination the In atom should be located in the macrocycle
plane, which seems improbable, especially for the In com�
plexes with tetraazaporphyrins. It is known9 that meso�
tetraaza substitution substantially decreases the size of the
coordination cavity of the porphyrin macrocycle. In ad�
dition, the formation of porphyrin complexes with the
trans�configuration is usually characteristic19 of metals
with the ion radius rM < 0.7 Å, while rIn = 0.81 Å.20

Scheme 3

Thus, this study confirmed the stabilization of the
metal—carbon bond in the porphyrin complexes by
tetraaza substitution, which can be significant in their
practical use.

Table 3. Apparent reaction rate constants (kapp) of the photochemical insertion of СО2 at the In—C bond at
298 К and their dependence on the pyridine concentration

Compound CPy/mol L–1 log(CPy/mol L–1) kapp/s–1 –log(kapp/s–1)

PhIn(ТАРPh8) (2a) 3.091 0.490 0.000139±0.000008 3.86
BuIn(ТАРPh8) (2b) 3.091 0.490 0.00282±0.00013 2.55

4.945 0.694 0.00476±0.00029 2.34
6.182 0.791 0.00524±0.00021 2.28
9.273 0.967 0.00926±0.00055 2.03

11.746 1.069 0.0125±0.00059 1.90

0.6 0.8 log(CPy/mol L–1)

log(kapp/s–1)
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Fig. 6. Logarithmic plot of the apparent rate constant (kapp) of
the photochemical reaction of BuIn(TAPPh8) (2b) with CO2 vs.
the pyridine concentration (CPy).
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Experimental

The syntheses of complexes 2a,b were based on a procedure
proposed3 for the preparation of the organometallic InIII com�
plexes with porphyrins. The starting chloride complex 1 was
synthesized using a known procedure.5 Butyl lithium, tetrabutyl�
ammonium (Fluka), and phenyl lithium (Merck) were used.
Benzene, toluene, and tetrahydrofuran were dried by distillation
above metallic sodium, Py was distilled above КОН, and CaO
and Mg chips were used for the distillation of CH2Cl2 and
MeOH, respectively.

Electronic absorption spectra of solutions of the studied com�
pounds (1•10–6—1•10–5 mol L–1) were recorded on a Hitachi
U�2000 spectrophotometer in the interval from 200 to 1000 nm.
IR spectra were recorded on NIC 5DXB (400—4000 cm–1, pel�
lets with KBr) and Bruker IFS 66 CS (80—500 cm–1, pressings
in polyethylene) FTIR spectrometers. 1Н NMR spectra were
obtained on a Brucker АM 400 (400 MHz) spectrometer in
CD2Cl2 at 293 К.

σσσσσ�Phenyl(2,3,7,8,12,13,17,18�octaphenyltetraazaporphyri�
nato)indium(III) (2a). Phenyl lithium (0.02 mmol, a 20% solu�
tion in a С6Н12—Et2O (7 : 3) mixture) was added with stirring to
a solution of compound 1 in thoroughly dehydrated benzene or
toluene (10 mL). After filtration, the solution was chromato�
graphed on Al2O3 using benzene as eluent. The solvent from the
first fraction containing complex 2a was removed on a rotary
evaporator. The yield was 8.7 mg (40%). Found (%): C, 75.33;
H, 4.25; N, 9.80. C70H45InN8. Calculated (%): C, 75.54; H, 4.08;
N, 10.07. EAS (benzene), λmax/nm (logε): 401 (5.23), 593 (4.58),
645 (5.24). 1Н NMR, δ: 8.32 (d, 16 H, o�Phβ, J = 8 Hz); 7.62
(m, 16 H, m�Phβ); 7.57 (m, 8 H, p�Phβ); 4.10 (d, 2 H, o�Phax,
J = 8 Hz); 6.06 (t, 2 H, m�Phax, J = 8 Hz); 6.32 (s, 1 H, p�Phax).
IR, ν/cm–1: 251 w (δ(In—C)); 442 m (ν(In—C)); 531 m,
604 m, 691 v.s, 745 m, 773 m, 822 m, 875 m, 982 v.s, 1003 m,
1080 w, 1182 w, 1139 m, 1199 w, 1298 m, 1367 m, 1461 m,
3055 ср.

σσσσσ�Butyl(2,3,7,8,12,13,17,18�octaphenyltetraazaporphyri�
nato)indium(III) (2b) was synthesized according to a similar pro�
cedure using BuLi (a solution in n�hexane, 1.6 mol L–1) in
27% yield (5.4 mg). Found (%): C, 73.85; H, 4.78; N, 9.62.
C68H49InN8. Calculated (%): C, 74.72; H, 4.52; N, 10.25. EAS
(benzene), λmax/nm (logε): 406 (4.49), 594 (4.07), 645 (4.69).
1Н NMR, δ: 8.31 (d, 16 H, o�Phβ, J = 7 Hz); 7.61 (m, 16 H,
m�Phβ); 7.57 (m, 8 H, p�Phβ); –0.12 (t, 3 H, CH2CH2CH2CH3,
J = 7 Hz); –0.93 (m, 2 H, CH2CH2CH2CH3); –1.36 (m, 2 H,
CH2CH2CH2CH3); –2.94 (t, 2 H, CH2CH2CH2CH3, J = 7 Hz).
IR, ν/cm–1: 434 m (ν(In—C)), 529 m, 604 s, 639 w, 692 v.s,
743 m, 773 m, 822 m, 875 m, 982 v.s, 1003 s, 1080 m, 1139 m,
1182 w, 1200 w, 1278 m (ν(C—C)Bu); 1368 m, 1408 w, 1446 m,
1462 s, 2852 m (ν(CH)Bu); 2923 s (ν(CH)Bu).

Benzoato(2,3,7,8,12,13,17,18�octaphenyltetraazaporphyri�
nato)indium(III) (3a). А. Carbon dioxide was passed for 1 h
through a solution of complex 2a (10 mg, 0.009 mmol) in a
Py—C6H6 (1 : 3) mixture under irradiation with a halogen lamp
(75 W) mounted 20—25 cm from the reaction flask. After the
end of the reaction (spectrophotometric monitoring), the reac�
tion mixture was chromatographed on Al2O3 using C6H6 as
eluent. After the solvent was removed, the yield of the product
was 8.8 mg (85%).

B. A 25% solution (0.5 mL) of tetrabutylammonium
hydroxide in MeOH was added to a solution of benzoic acid

(50 mg, 0.41 mmol) in THF (20 mL), and then BrIn(TAPPh8)
(50 mg. 0.044 mmol) was added. The mixture was refluxed for 3 h.
After cooling, the reaction mixture was diluted with MeOH
(40 mL). The black�violet precipitate that formed was filtered
off and washed with MeOH. The substance obtained was
chromatographed on Al2O3 using CH2Cl2 as eluent. After the
solvent was removed, the yield of the product was 37 mg (∼70%).
Found (%): C, 73.55; H, 4.27; N, 9.38. C71H45InN8O2.
Calculated (%): C, 73.71; H, 3.92; N, 9.68. EAS (C6H6),
λmax/nm (logε): 378 (4.88), 484 (4.23), 592 (4.23), 644 (4.93).
IR, ν/cm–1: 534 m, 604 m, 692 s, 745 m, 775 m, 787 w, 822 m,
875 w, 914 w, 983 v.s, 1003 m, 1027 w, 1140 m, 1183 w, 1200 w,
1301 m, 1368 m, 1385 s, 1447 w (ν(C—O)); 1460 w, 1497 m
(ν(C—O)); 1602 m. 1Н NMR, δ: 8.34 (d, 16 H, o�Phβ, J =
8 Hz); 7.63 (m, 16 H, m�Phβ); 7.61 (m, 8 H, p�Phβ); 6.54 (d,
2 H, o�Phax, J = 9 Hz); 6.75 (t, 2 H, m�Phax, J = 7 Hz); 7.01 (t,
1 H, p�Phax, J = 7 Hz).

Phenoxo(2,3,7,8,12,13,17,18�octaphenyltetraazaporphyri�
nato)indium(III) (4). A 25% solution (0.25 mL) of tetrabutyl�
ammonium hydroxide in MeOH was added to a solution
of PhOH (21 mg, 0.22 mmol) in THF (20 mL), and then
BrIn(TAPPh8) (50 mg, 0.044 mmol) was added. The mixture
was refluxed for 1 h. After cooling, the reaction mixture was
mixed with water (40 mL). The crystalline precipitate that formed
was filtered off, washed with water and MeOH, and chromato�
graphed on Al2O3 using CH2Cl2 as eluent. After the solvent was
removed, the yield of complex 4 was 35 mg (∼70%). Found (%):
C, 74.38; H, 4.35; N, 9.71. C70H45InN8O. Calculated (%):
C, 74.47; H, 4.02; N, 9.93. EAS (C6H6), λmax/nm (Irel): 474
(0.24), 592 (0.22), 644 (1). IR, ν/cm–1: 517 w, 532 m, 579 w,
604 s, 620 w, 692 v.s, 745 m, 757 m, 774 m, 787 w, 822 m, 840 w,
875 m, 915 m, 981 v.s, 1003 s, 1027 w, 1072 w, 1140 m, 1183 w,
1200 w, 1300 w, 1367 m, 1447 m, 1462 m, 1574 w, 1600 m.
1Н NMR, δ: 8.00 (d, 2 H, o�Phβ, J = 7 Hz); 7.53 (t, 2 H, m�Phβ,
J = 7 Hz); 7.44 (t, 1 H, p�Phβ, J = 7 Hz).

Kinetics. Solutions of RIn(TAPPh8) (0.85—2.80•10–5

mol L–1) in a C6H6—Py mixture, in which the pyridine concen�
tration was varied within 3.09—11.75 mol L–1, were used to
study the kinetics of the photochemical insertion of СО2 at the
In—C bond. The solution was placed in a spectrophotometric
cell, whose temperature was maintained at 298 K, and was satu�
rated with СО2 in the dark for 20 min and then was periodically
irradiated with a halogen lamp (75 W) mounted on the spectro�
photometer at a distance of 20 cm from the cell. After each
irradiation cycle, electronic absorption spectra of the so�
lution were recorded in the wavelength interval from 380
to 480 nm.

Kinetic runs were carried out under the conditions of a
reaction of the pseudo�first order, i.e., with a great СО2 excess
over complexes 2a,b. The apparent reaction rate constant (kapp)
was calculated by the equation

kapp = (1/τ)ln[(A∞ – A0)/(A∞ – Aτ)],

where τ is the irradiation time, s; А0, А∞, and Аτ are the initial,
final, and current absorbances at the analytical wavelength
(406 and 410 nm for complexes 2a and 2b, respectively).
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