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N-Metalation of N,N0-dibenzyl-1H-pyrrole-2,5-dicarbo-
thioamide afforded new pincer complexes of group 10 metals
with �3SNS-type coordination. Molecular structures of the
complexes were characterized by X-ray crystallography.

Pincer complexes of group 10 metals have recently attract-
ed much attention in catalysis and material science.1 Such
complexes with two five-membered metallacycle rings and a
metal–C(phenyl) � bond ((a) in Chart 1) have actively been
studied. These pincer complexes are generally formed by the
ortho,ortho-cyclometalation reaction of the starting ligand by
the transition metals or transmetalation of the corresponding
lithiated ligand. The complexes are stabilized by the ancillary
chelating donor atom E.

Pyrrole is a building block of porphyrin, phthalocyanine,
and related ligands.2 N-Metalation of pyrrole to give the pincer
type complex (b) in Chart 1 is intriguing because, in contrast to
the case of the complex (a), the 2- and 5-positions in the complex
(b) is connected with a�-conjugated system which would render
interesting electronic properties to the complex. However, ex-
amples of such square-planar pincer complexes containing the
centered pyrrole ring have been limited.3–5 For group 10 metal
complexes, only a few �3ENE-type pincer palladium complexes
with the centered pyrrolate unit have been reported. The isolated
�3ENE–Pd pincer complexes, so far reported, have the structure
(c) depicted in Chart 1, with two six-membered rings.4 Prepara-
tion of �3ENE-type pincer complexes of Ni and Pt has no prece-
dent.

Preparation of phenyl-bis(thioamide)-based �3SCS pincer
Pd and Pt complexes of the type (a) shown in Chart 1 has previ-
ously been reported.6 In the previous studies, it was found that
the phenyl-bis(thioamide) pincer ligands served as a flexible
and good ligand for various pincer complexes. Nonoyama et
al. also reported that cyclopalladation of N–H bond in pyrrole
could occur for N,N-dimethyl-1H-pyrrole-2-carbothioamide.7

On these bases, the present work is concerned with cyclometala-
tion of the following pyrrole derivative 1 with two thioamide
side groups to form a new series of the �3ENE-type pincer com-
plexes of Ni, Pd, and Pt. The newly prepared complexes have the
type (b) structure exhibited in Chart 1. We here report prepara-

tion and the molecular structures of the �3SNS pincer com-
plexes.

The pincer ligand 1 was prepared by the Willgerodt–Kindler
reaction of pyrrole-2,5-dicarboxyaldehyde with benzylamine
in the presence of sulfur according to the previous reports.6–8

Reaction of 1 with NiCl2.6H2O readily led to deprotonation of
the pyrrole nitrogen even in the absence of base at room temper-
ature, and afforded the �3SNS pincer Ni complex (Ni(1-H)Cl,
2a). Similar cyclometalation of 1 with K2MCl4 (M = Pd and
Pt) yielded the corresponding �3SNS pincer complexes (M(1-
H)Cl, 2b: M = Pd; 2c: M = Pt) in good yields (Scheme 1).8

The complexes 2a–2cwere fairly stable to air and water, and
showed good solubility in organic solvents such as methanol,
acetone, THF, and DMSO. Structures of 2a–2c were confirmed
by NMR, IR, and FAB-MS spectroscopy and elemental analy-
sis.8 In the 1HNMR spectra of 2a–2c, the NH signal of pyrrole
ring disappeared, and a downfield shift (by 0.43–1.17 ppm) of
the NH signal of the thioamide groups was observed. The
�(C–N) IR peak of 1 (1541 cm�1) shifted to a higher frequency
(1568, 1554, and 1563 cm�1 for 2a, 2b, and 2c, respectively)
according to the S-coordination of the group.6c,6d,7,9

The ORTEP drawing of 2b is presented in Figure 1.10 The
complex 2b has a �3SNS-type coordination with a distorted
square-planar geometry. The S–Pd–S bond angle is smaller
and the Pd–S bond lengths are larger than those observed with
related phenyl-bis(thioamide)-based �3SCS-type pincer palladi-
um complexes (cf. Table S1 in Electronic Supporting Informa-
tion).6 The pyrrolate nitrogen atom is �-bonded to palladium
with a Pd–N bond length of 1.932(3) Å, which is comparable
to that observed for the reported �3NNN pincer Pd complexes
of the type (c) in Chart 1,4a whereas the centered pyrrole ring
is slightly tilted from the planes spanned by the four donor atoms
with dihedral angle of 1.1�. The C–C and C–N bond lengths of
the centered pyrrole ring are reminiscent of those observed for
Pd(II)–porphyrin complexes,11 and the pyrrole ring is almost
co-planar to the thioamide units as revealed by torsion angles
of C2–C1–C5–N1 and C2–C1–C5–S1 in Figure 1. It indicates

EE M

N

E EM

N
EE M

(a) (b) (c)

1

2

3
4

5

6
2

3 4

5

1

Chart 1. Pincer complexes: E = chelating donor atom.
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the presence of an exocyclic double bond character in the com-
plex. The C=S bond lengths are somewhat longer while the C–
C(S) and the C(S)–N bond lengths are shorter than those ob-
served with related phenyl-bis(thioamide)-based �3SCS-type
pincer palladium complexes (cf. Table S1).6 The structural fea-
ture suggests that cyclometalation of 1 enhances delocalization
of electron in the centered pyrrole ring and the thioamide group
(2b(B) in Chart 2). Similar delocalization of electron in the pin-
cer ligand was suggested for �3SPS pincer complexes containing
a phosphinine-centered ligand with two phosphine sulfide
groups.12

Interestingly, the X-ray crystallographic data of 2b reveals
that an intermolecular N–H���Cl hydrogen bond of 2b leads to
formation of a linear-chain network structure along the c axis
in the solid state as depicted in Figure 2. 2b contains a CH3CN

molecule and CH3CN links with the NH hydrogen of the thio-
amide group in another wing of the ligand via an N–H���N�C
hydrogen bond.

The Ni complex 2a has a molecular structure similar to
that of the Pd complex.8,10 Determination of the Pt complex 2c
crystallographical molecular structure has not been successful.

As described above, cyclometalation of 1 including N-met-
alation of pyrrole ring readily afforded the �3SNS pincer com-
plexes even in the absence of base. This is the first example of
the square-planar pincer complexes of group 10 metals having
centered pyrrolate unit with two five-membered metallacycles.

References and Notes
1 a) M. Albrecht, G. van Koten, Angew. Chem., Int. Ed. 2001, 40,

3750. b) M. H. P. Rietveld, D. M. Grove, G. van Koten, New J.
Chem. 1997, 21, 751. c) G. van Koten, Pure Appl. Chem. 1989,
61, 1681. d) J. T. Singleton, Tetrahedron 2003, 59, 1837.

2 The Porphyrins, Volume 1 Structure and Synthesis, Part A, ed.
by D. Dolphin, Academic Press, New York, 1978.

3 K. Mashima, H. Tsurugi, J. Organomet. Chem. 2005, 690, 4414.
4 a) C. Mazet, L. H. Gade, Chem. Eur. J. 2003, 9, 1759. b) B. L.

Dietrich, J. Egbert, A. M. Morris, M. Wicholas, O. P. Anderson,
S. M. Miller, Inorg. Chem. 2005, 44, 6476.

5 C. Mazet, L. H. Gade, Chem. Eur. J. 2002, 8, 4308.
6 a) T. Kanbara, K. Okada, T. Yamamoto, H. Ogawa, T. Inoue,

J. Organomet. Chem. 2004, 689, 1860. b) M. Akaiwa, T.
Kanbara, H. Fukumoto, T. Yamamoto, J. Organomet. Chem.
2005, 690, 4192. c) S. Takahashi, M. Nonoyama, M. Kita, Tran-
sition Met. Chem. 1995, 20, 528. d) Y. Nojima, M. Nonoyama,
K. Nakajima, Polyhedron 1996, 15, 3795. e) M. A. Hossain, S.
Lucarini, D. Powell, K. Bowman-James, Inorg. Chem. 2004, 43,
7275. f) R. A. Begum, D. Powell, K. Bowman-James, Inorg.
Chem. 2006, 45, 964.

7 M. Fukuzawa, M. Kita, M. Nonoyama, Polyhedron 1994, 13,
1609.

8 Supporting Information is available electronically on the
CSJ-Journal Web site, http//www.csj.jp/journals/chem-lett/
index.html.

9 K. Jensen, P. H. Nielsen, Acta Chem. Scand. 1966, 20, 597.
10 Crystal data for 2a.CH3CN: C22H21ClN4S2Ni,Mr 547.41, mon-

oclinic, P21=c, a ¼ 8:6060ð13Þ, b ¼ 16:319ð2Þ, c ¼ 15:875ð2Þ
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Dcalcd ¼ 1:624 g/cm3, Observed reflections 3734 (I > 2�ðIÞ),
R1 ¼ 0:037, wR2 ¼ 0:044, S ¼ 1:00. Crystallographic data
reported in this manuscript have been deposited with Cambridge
Crystallographic Data Centre as supplementary publication Nos.
CCDC-297470 (2b.CH3CN) and CCDC-297471 (2a.CH3CN).
Copies of the data can be obtained free of charge via www.ccdc.
cam.ac.uk/conts/retrieving.html (or from the Cambridge Crys-
tallographic Data Centre, 12, Union Road, Cambridge, CB2
1EZ, UK; fax: +44 1223 336033; or deposit@ccdc.cam.ac.uk).

11 For recent reports see: a) M. Shmilovits, Y. D-Posner, M.
Vinodu, I. Goldberg, Cryst. Growth Des. 2003, 3, 855. b)
T. D. Lash, D. A. Colby, S. R. Graham, G. M. Ferrence, L. F.
Szczepura, Inorg. Chem. 2003, 42, 7326, and references therein.

12 a) M. Doux, L. Ricard, P. Le Floch, N. Mézailles, Dalton Trans.
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Figure 1. ORTEP view of 2b with thermal ellipsoids drawn
at the 50% probability level. Hydrogen atoms and a solvated
acetonitrile molecule are omitted for simplicity. Selected
bond lengths (Å), angles (�), and torsion angles (�): Pd(1)–
Cl(1) = 2.3173(12), Pd(1)–S(1) = 2.3238(10), Pd(1)–S(2) =
2.3256(10), Pd(1)–N(2) = 1.932(3), Cl(1)–Pd(1)–N(2) =
179.16(8), S(1)–Pd(1)–S(2) = 166.78(4), C(2)–C(1)–C(5)–
N(1) = 178.8(3), C(2)–C(1)–C(5)–S(1) = 179.4(3).
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Chart 2. Delocallization of electron in 2b.

Figure 2. View of 2b from the a axis. The N–H���Cl and N–
H���N hydrogen-bonding distances are given in Å.
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