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Abstract—The molecular structure of meso-tetra(4-pyridyl)porphyrinatothallium(III)
acetate, Tl(tpyp)(OAc), has been determined by X-ray analysis. The displacement of the
thallium atom from the porphyrin mean plane was 0.858 A. The geometry around the
thallium centre of the TI(tpyp)(OAc) molecule has TI—O(1) = 2.266(10), TI—O(2) =
2.512(9) and average TI—N = 2.224(8) A. This X-ray diffraction data provides evidence
for an asymmetric pseudo-chelating acetato group coordinated to the thallium(III) atom.
This might explain why intermolecular acetate exchange is the chief exchange mechanism

for Tl(tpyp)(OAc).

Recently, Fuh et al.! reported the synthesis, charac-
terization and dynamic NMR studies of meso-
tetra(4-pyridyl)porphyrinato thallium(III) acetate,
TI(tpyp)(OAc). Suen et al.? reported the molecular
structure and dynamic NMR studies of thallium
meso-tetraphenylporphyrin acetate, Tl(tpp)(OAc).
It turned out that the acetato ligand exchange
for TI(tpyp)(OAc) in CD,Cl, solvent was inter-
molecular, whereas the exchange for Tl(tpp)(OAc)
in the same solvent was intramolecular. However,
what is not clear is why the exchange for TI
(tpyp)(OACc) is intermolecular when a very similar
complex, TI(tpp)(OAc), apparently exhibited
intramolecular exchange? In order to elucidate the
exchange mechanism, we now report the molecular
structure of the crystalline Tl(tpyp)(OAc) by X-ray
analysis.

* Author to whom correspondence should be addressed.

EXPERIMENTAL

Crystal data

C,Hp;NgO, T, M = 880.1, monoclinic purple
crystal, space group C2/c, a=29.495(6),
b=14.7773), c¢=17.887(4) A, B =99.99(3)°,
Z=8, V=176783) A’ D.=1523 g cm™?
u=42.53 cm~', F(000) = 3456. Intensities were
collected for a crystal of dimensions 0.4 x 0.6 x 0.8
mm on a Siemens R3 m/V diffractometer using
monochromatized Mo-K, radiation (1 = 0.71073
A) via the 6-26 scan technique. Absorption cor-
rection was not applied. The structure was solved
by direct methods and each molecule was refined
by full-matrix least-square refinement methods (see
Table 1 for important crystal information and
details on data collection). All non-hydrogen atoms
were refined with anisotropic thermal parameters,
whereas all hydrogen atoms were refined iso-
tropically and included in the structure factor cal-
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Table 1. Crystal data
Formula C,H;N;O, Tl
Formula weight 880.1
a(A) 29.495(6)
b (A) 14.777(3)
¢ (A) 17.887(4)
B©) 99.99 (3)
v (A% 7678(3)
Z 8
D.(gcm™?) 1.523
Space group C2/c
F(000) 3456
u(cm™") 42.53
R (%) 4.72
R, (%) 6.22
GOF 1.76
Y 1
B? 5% 1074
Crystal size (mm) 0.4%x0.6x0.8
Data collected 10475
26,..x () 45
Temperature (K) 293
Data used 4007
Discrimination I>40()

‘R = [Z] F| —[FJl/|Foll. )
" Ry = [Ew([F| = |FI1/ZwIF ) 7); w = A/(6°F,+ BE,).

culation. The final agreement factors were
R =4.72% and R,, = 6.22% for 478 variables and
4007 unique reflections with I > 4¢(I). The GOF
was 1.76. A selection of bond distances and angles
is given in Table 2.
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Preparation of the complex

This complex was prepared as reported pre-
viously' and crystals were grown by diffusion of
ether vapour into a CHCI, solution.

RESULTS AND DISCUSSION

The skeletal framework of Tl(tpyp)(OAc) is illus-
trated in Fig. 1. It reveals the six-coordination of
the thallium atom with the four nitrogen atoms
(N,) of the porphyrinato group and the asym-
metric pseudo-chelating COO™; the coordina-
tion polyhedra were: TI—O(1) = 2.266(10), Tl—
0O(2) = 2.512(9), O(1)—C(21) = 1.201(14), O(2)—
C(21) = 1.212(15), C(21)—C(22) = 1.463(18) and
the mean TI—N, = 2.224(8) A. The thallium
atom lies 0.858 A above the plane (C,N,) defined
by the porphyrin ring system, and the O(1)
—T1—0O(2) bond angle is 51.7(3)°. The di-
hedral angles between the mean plane of the por-
phyrin skeleton and the mean planes of four pyri-
dine groups are 85.5 [C(31), C(32), C(33), N(34),
C(35), C(36)], 105.8 [C(41), C(42), C(43), N(44),
C(45), C(46)], 84.8 [C(51), C(52), C(53), N(54),
C(55), C(56)] and 70.5° [C(61), C(62), C(63),
N(64), C(65), C(66)], respectively.

The acetate exchange of TI(tpyp)(OAc) in
CD,Cl, is intermolecular when a very similar
complex, TI(tpp)(OAc), apparently exhibited inter-
molecular exchange. This might correlate to the
different types of thallium-—carboxylate binding
modes in Tl(tpyp)(OAc) and TI(tpp)(OAc). The
complex TI(tpp)(OAc) is chelated in bidentate

Table 2. Selection of bond distances (A) and angles (°)

TI—O(1) 2.266(10)
TI—0(2) 2.512(9)

TI—N(1) 2.212(7)

TI—N(2) 2.235(8)

TI—N(3) 2.220(7)

O(1)—TI—O(2) 51.7(3)
O(1)—TI—N(1) 120.8(3)
O(1)—TI—N(2) 95.2(3)
O(1)—TI—N(3) 96.4(3)
O(1)—TI—N(4) 124.5(3)
0(2)—TI—N(1) 89.5(3)
0(2)—TI—N(2) 134.8(3)
0(2)—TI—N(@3) 124.8(3)
0(2)—TI—N(4) 83.3(3)
N(1)—TI—N(2) 82.9(3)

TI—N(4) 2.228(8)
O(1)—C(21) 1.201(14)
0(2)—C(21) 1.212(15)
C(21)—C(22)  1.463(18)
N(1)—TI—N(3) 141.3(3)
N(1)—TI—N(4) 83.6(3)
N(2)—TI—N(3) 83.6(3)
N(2)—TI—N(4) 139.2(3)
N(3)—TI—N(4) 83.4(3)
TI—O(1)—C(1) 100.0(8)
TI—0(2)—C(21) 87.6(7)
O(H)—CR21)—O0(2)  120.5(12)
0(1)—C(21)—C(22)  117.0(11)
0(2)—C(21)—C(22)  122.5(10)




Molecular structure of Ti(tpyp)(OAc)
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Fig. 1. Molecular configuration and scheme of labelling atoms for Ti(tpyp)(OAc) (hydrogen atoms
are omitted for clarity).

fashion'* (or symmetrically) with Ti—O(1) =
2.361(9) and TI—O(2) = 2.299(10) A of com-
parable bond lengths. However, the complex TI
(tpyp)(OAc) contains asymmetric pseudo-chel-
ating' (or bidentate, chelating, unsymmetrical;’
asymmetric chelating®) acetate, with one TI-—O(1)
[ =2.266(10) A] distance normal, and the other
THO(2) [ = 2.512(9) A] significantly longer. It is
easier to break TI—O bonds for the asymmetric
pseudo-chelating acetate in TI(tpyp)(OAc) than for
the bidentate-chelating acetate in Tl(tpp)(OAc).
Furthermore, the easy formation of hydrogen bond-
ing between the pyridine nitrogen of Tl(tpyp)
(OAc) and the carboxyl hydrogen of HOAc, arising
from the protonation of acetate, enhances the dis-
sociation of TI(tpyp)(OAc) into Tl(tpyp)™ and
OAc~. However, such hydrogen bonding was
absent for the Tl(tpp)(OAc) complex. Hence, the
acetate exchange for the TI(tpyp)(OAc) is inter-
molecular, while that for TI(tpp)(OAc) is intra-
molecular.
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