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The dicarbene platinum complexes of the type [Pt(L),]Bry [S5]Brp—[8]Br, (L = N-alkyl-N'-
picolylbenzimidazolin-2-ylidene) have been prepared by two different methods. The in situ depro-
tonation of picoline-functionalized benzimidazolium salts 1—4 with platinum acetylacetonate gave
the platinum complexes [5]Br; —[8]Br; in good yields. Complex [8]Br; has also been obtained by a
ligand transfer reaction from the silver dicarbene complex [9][AgBr;]. Attempts to cystallize [8]Br;
obtained from the carbene transfer reaction led to the isolation of the previously undetected mono-
carbene complex [Pt(Cl);L] (10) which contains only one picoline-functionalized carbene ligand

coordinating in a chelating fashion to the metal center.
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Introduction

An impressive number of stable N-heterocyclic car-
benes (NHCs) and their metal complexes [1] have
been prepared after the first isolation of a stable N-
heterocyclic carbene by Arduengo er al. [2]. This de-
velopment is driven by the application of carbene com-
plexes in various homogeneous catalytic reactions [3]
and based on the superior donor properties of NHCs
compared to phosphines leading to quite stable metal
carbon bonds [1]. Most of the NHC complexes con-
tain the ubiquitous and easily accessible imidazolin-
2-ylidenes as carbene ligands [1,2]. The number of
complexes bearing NHCs with an alternative topology,
like the benzimidazolin-2-ylidenes, is much smaller.
Benzimidazolin-2-ylidenes are also excellent ligands,
exhibiting a versatile coordination chemistry. Regard-
ing their donor properties and propensity for dimeriza-
tion they assume an intermediate position between the
saturated imidazolidin-2-ylidenes and the unsaturated
imidazolin-2-ylidenes [1, 4].

There are several established procedures for the syn-
thesis of complexes bearing benzimidazolin-2-ylidene
ligands. Such complexes can be prepared by the reac-
tion of transition metal complexes with the free car-
bene ligand [4a, 5] or by cleavage of the C=C dou-

ble bond of dibenzotetraazafulvalenes with coordina-
tively unsaturated transition metal complexes [4b, 6].
The most common method for the synthesis of com-
plexes with benzimidazolin-2-ylidene ligands is the in
situ deprotonation of the benzimidazolium salts fol-
lowed by complex formation. Suitable transition metal
complexes with basic ligands for this procedure are
[PA(OAc)2] [7], [Ni(OAc):] [8] or [Ir(1-OMe)(cod)],
[9]. The in situ deprotonation of azolium salts with
Ag>0 [10] has received special interest since the sil-
ver complexes obtained in this reaction are very useful
agents for carbene transfer reactions to other transition
metals [11]. In addition, complexes with benzannu-
lated N-heterocyclic carbene ligands can be prepared
by a template-controlled intramolecular cyclization
reaction of coordinated 2-aminophenyl isocyanides
followed by N,N’-dialkylation of the intermediate
NH,NH-stabilized benzannulated carbene ligands [12].

We have studied the coordination chemistry of benz-
imidazolin-2-ylidenes and the catalytic applications
of complexes with this type of NHC ligand. Special
emphasis has been placed on complexes with donor-
functionalized benzimidazolin-2-ylidenes. As a result
of these studies, we and others described the synthesis
and properties of palladium complexes bearing func-
tionalized bidentate [10b, 13] or pincer-type benzimid-
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azolin-2-ylidene ligands [14]. In this contribution we
present the synthesis of platinum complexes bearing
picoline-functionalized benzimidazolin-2-ylidenes ob-
tained from the corresponding benzimidazolium salts
by in situ deprotonation or by the carbene transfer re-
action from the silver complexes.

Results and Discussion

The synthesis of picoline-functionalized benzimida-
zolium bromides like 1—4 has been described [13].
The platinum complexes [5]Br,—[8]Br, were pre-
pared from the benzimidazolium bromides and plat-
inum acetylacetonate as metal precursor which leads
to in situ deprotonation followed by coordination
of the resulting NHC ligands to the metal center
(Scheme 1) [15]. Complexes [S]Br,—[8]Br, were ob-
tained as bright-yellow compounds in good (about
80 %) yields.

The platinum complexes [S]Br,—[8]Br, have been
fully characterized by 'H- and '3C-NMR spectroscopy,
mass spectrometry and elemental analysis. The char-
acteristic signal for the benzimidazolium C2-proton
observed in the "H-NMR spectra of compounds 1—4
in the range 8y = 9.90-10.14 ppm [13] is absent in
the spectra of complexes [5]Br,—[8]Br;. In addition,
the resonances for the carbene carbon atoms in the
complexes have been observed around d¢ = 149 ppm.
The resonance for the NCN carbon atom in complexes
[6]Br,—[8]Br; is slightly shifted downfield compared
to the parent benzimidazolium salts 1 -4 (J¢c = 143.8-
143.1 ppm) [13]. The chemical shifts for the carbene
carbon atom fall in the range previously reported for
platinum complexes with benzimidazolin-2-ylidene
ligands (8¢ = 160— 145 ppm) [10b, 16] and are sim-
ilar to the chemical shifts observed for platinum com-
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Scheme 1. Synthesis of dicarbene platinum complexes

[5]Br—[8]Br;p with picoline-functionalized benzimidazolin-
2-ylidene ligands.

plexes with imidazolin-2-ylidene ligands (6¢ = 149.6 -
143.0 ppm) [15, 17]. The resonances for the protons of
the methylene bridge have been observed as doublets at
8y ~ 6.50 and 8y ~ 6.20 ppm with a 2J coupling con-
stant of 15.5 Hz. This typical value for a geminal cou-
pling [13, 14c, 15, 17] reflects the diastereotopic nature
of the two methylene protons. Contrary to the obser-
vations made for the analogous palladium complexes
with picoline-functionalized benzimidazolin-2-ylidene
ligands [13], only one set of signals has been detected
in the 3C-NMR spectra for the carbon atoms of the
picoline donor function. The corresponding palladium
complexes of type [PdL,]Br, exhibit two sets of sig-
nals due to fluxional behavior of the picoline donor
functions. Apparently, the picoline donors in [5]Bry—
[8]1Br, are more tightly bound to the platinum atom
thus preventing fluxional behavior.

In an alternative synthetic procedure, the prepara-
tion of the platinum complex [8]Br, was performed by
a ligand transfer reaction from the corresponding sil-
ver carbene complex [9][AgBr;] obtained by treatment
of the benzimidazolium salt 4 with silver oxide under
exclusion of light (Scheme 2). The intermediate silver
complex [9][AgBr;] was obtained in good yield and
has been fully characterized.

Carbene transfer from [9][AgBr,] to the platinum
precursor [PtCl,(NCPh),] was performed in the pres-
ence of an excess of sodium bromide to achieve com-
plete halide exchange at the metal center. Surprisingly,
the yield of the platinum complex [8]Br, was only
54.1 % compared to 85.9 % obtained from the in situ
deprotonation reaction (Scheme 1). The analytical data
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Scheme 2. Formation of platinum complex [8]Br, and by-
product 10.
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Fig. 1. Molecular structure of 10 (hydrogen atoms omit-
ted for clarity, displacement ellipsoids at the 50 % proba-
bility level). Selected bond lengths (A) and angles (deg):
Pt—ClI1 2.3644(12), Pt—Cl12 2.3117(11), Pt-N3 2.039(4), Pt—
Cl 1.951(4), CI-N1 1.355(5), C1-N2 1.359(5); Cl1-Pt—
CI2 88.69(4), C11-Pt—-N3 90.64(12), C11-Pt—C1 178.29(13),
CI2-Pt-N3 174.82(11), CI2-Pt-C1 93.01(13), N3-Pt-C1
87.6(2), N1-C1-N2 106.2(4).

for [8]Br; obtained by ligand transfer from the silver
complex [9][AgBr;] are virtually identical to those ob-
tained for the same complex synthesized by in situ de-
protonation (Scheme 1), indicating in both cases coor-
dination of two carbene ligands to the metal center.

The reaction product obtained from the ligand trans-
fer reaction was crystallized from dichloromethane.
The X-ray diffraction structure analysis with crystals
obtained in this way showed surprisingly that the neu-
tral monocarbene platinum complex 10 had been ob-
tained (Fig. 1). This by-product apparently was formed
already during the synthesis of [8]Br,, even though it
was not detected by NMR spectroscopy or mass spec-
trometry prior to the crystallization experiments. The
NMR spectroscopic data of 10 (which could not be de-
termined) appear to be sufficiently similar to those of
[8]Br;, to prevent detection of 10. The microanalyti-
cal data of [8]Br, and 10 are different but not different
enough to clearly indicate a contamination of [8]Br,
with the small amount of 10 which was subsequently
isolated by crystallization.

The Pt—Cearbene bond length in 10 (1.951(4) A) com-
pares well to equivalent distances previously observed
for platinum complexes with benzimidazolin-2-ylid-
ene ligands (1.941(11)-2.015(4) 1&) [16] or platinum
complexes bearing methylene-bridged bis(imidazolin-
2-ylidene) ligands (Pt—Cearbene 1.942(8)—1.991(3) A)
[15,17]. Due to the smaller atomic radius of plat-
inum(II) compared to palladium(Il), a shorter Pt—
Npicoline bond length (Pt-N3 2.039(4) A) is observed
in 10 compared to the Pd—Npicoline bond lengths

found in the palladium complexes bearing picoline-
functionalized benzimidazolin-2-ylidene ligands (Pd—
Npicoline 2.082(3)-2.144(4) &) [13]. As a conse-
quence of the stronger trans-influence of the benz-
imidazolin-2-ylidene donor function the Pt—CI1 bond
(2.3644(12) 1&) is elongated compared to the Pt-
CI2 bond (2.3117(11) A). Complex 10 shows only a
slight deviation from the ideal square-planar geome-
try with the angle C12-Pt—N3 (174.82(11)°) exhibiting
the largest deviation from linearity. The bite angle of
the picoline-functionalized carbene ligand (N3-Pt—C1
87.6(2)°) is larger than the corresponding angles found
in the analogous palladium complexes (Ccarpene—Pd—
Npicoline 84.93(13)-86.82(13)°) [13].

We have described the in sifu deprotonation of
picoline-functionalized benzimidazolium salts with
[Pt(acac),] leading to carbene platinum(II) complexes
with bidentately coordinated picoline-functionalized
benzimidazolin-2-ylidene ligands. These complexes
are also accessible by ligand transfer reaction
from the corresponding silver complexes. Use of
[PtCl,(NCPh);] as the platinum source leads to the
formation of the monocarbene complex 10 as a side
product.

Experimental Section

Chemicals and solvents were purchased from Aldrich.
NMR spectra were recorded on a Bruker AC 200 spec-
trometer. MALDI mass spectra were obtained with a Varian
MAT 212 spectrometer. Elemental analyses were performed
with a Vario EL III CHNS Elemental Analyzer at the Insti-
tut fiir Anorganische und Analytische Chemie, Westfilische
Wilhelms-Universitdt Miinster. The picoline-functionalized
benzimidazolium bromides 1—4 were prepared according to
published procedures [13].

General procedure for the preparation of the platinum
complexes by in situ deprotonation

2 eq. of one of the N-alkyl-N’-picolylbenzimidazolium
bromides 1—4 (1.0 mmol) and 1 eq. of platinum acetylaceto-
nate (0.197 g, 0.5 mmol) were dissolved in DMSO (10 mL).
The reaction mixture was stirred for 2 h at ambient temper-
ature, subsequently heated up to 50 °C for 16 h, and finally
stirred for 3 h at 125 °C. The solvent was removed in vacuo,
and the obtained bright-yellow residue was dissolved in a
small amount of methanol. This solution was slowly added
while stirring to 200 mL of ice-cold diethyl ether. Com-
plexes [5]Br,—[8]Br, precipitated and were isolated by fil-
tration. Drying in vacuo gave the complexes as bright-yellow
solids.
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[Bis(N-methyl-N'-picolylbenzimidazolin-2-ylidene)-
platinum] dibromide ([5]Br)

Yield: 0.314 g (0.39 mmol, 78.3%). — 'H NMR
(200.1 MHz, [D¢]DMSO, ppm): § = 8.52 (d, 3J = 5.5 Hz,
2H, pyridine-H¢), 8.38—8.25 (m, 6H, Ar-H, pyridine-H),
7.92-7.82 (d, 3J = 7.8 Hz, 2H, Ar-H), 7.73-7.40 (m, 6H,
Ar-H, pyridine-H), 6.53 (d, 2J = 15.5 Hz, 2H, N-CH,-
pyridine), 6.26 (d, 2] =15.5 Hz, 24, N-CH;-pyridine), 4.13
(s, 6H, NCH3). — 13C NMR (50.3 MHz, [Dg]DMSO, ppm):
6 = 154.0 (pyridine-Cy), 153.2 (pyridine-Cg), 141.1
(pyridine-Cy), 132.9, 132.4, 126.0, 125.7 (Ar-C), 124.5,
123.9 (pyridine-Cg 5), 112.2, 111.8 (Ar-C), 51.2 (N-CHp-
pyridine), 33.6 (NCH3). The resonance for the carbene car-
bon atom was not observed. — MS (MALDI-TOF): m/z = 721
[M-Br]™". — Elemental analysis for CogHysNgBr,Pt (801.4):
caled. C 41.96, H 3.27, N 10.49; found C 41.57, H 2.97,
N 10.31.

[Bis(N-ethyl-N'-picolylbenzimidazolin-2-ylidene )platinum]-
dibromide ([6]Br)

Yield: 0.337 g (0.41 mmol, 81.2%). — 'H NMR
(200.1 MHz, [Dg]DMSO, ppm): § =8.56 (d, >J = 5.5 Hz, 2H,
pyridine-Hg), 8.38 —8.25 (m, 6H, Ar-H, pyridine-H), 7.92 -
7.81 (m, 2H, Ar-H), 7.73-7.38 (m, 6H, Ar-H, pyridine-H),
6.48 (d, 2J = 15.5 Hz, 2H, N-CH,-pyridine), 6.21 (d,
2J = 15.5 Hz, 2H, N-CH,-pyridine), 4.43-4.18 (m, 2H,
NCH,CH3), 3.86—3.59 (m, 2H, NCH,CHj3), 1.16 (t, 6H,
NCH,CH3). — 13C NMR (50.3 MHz, [Dg]DMSO, ppm):
8 =154.1 (pyridine-Cg,), 153.0 (pyridine-Cy), 149.5 (NCN),
141.0 (pyridine-Cy), 132.8, 132.0, 126.2, 125.9 (Ar-C),
124.5, 123.9 (pyridine-Cg 5), 112.4, 112.0 (Ar-C), 51.3
(N-CH,-pyridine), 43.2 (NCH,CHj3), 14.1 (NCH,CH3). —
MS (MALDI-TOF): m/z = 749 [M-Br]". — Elemental anal-
ysis for C3gH3gNgBroPt (829.5): caled. C 43.44, H 3.65,
N 10.13; found C 43.21, H 3.46, N 9.94.

[Bis(N-propyl-N'-picolylbenzimidazolin-2-ylidene)-
platinum Jdibromide ([7]Br;)

Yield: 0.356 g (0.42 mmol, 83.1%). — 'H NMR
(200.1 MHz, [Dg]DMSO, ppm): § = 8.56 (d, 3] =55 Hz,
2H, pyridine-H), 8.38-8.25 (m, 6H, Ar-H, pyridine-H),
7.87 (d, 3J = 7.8 Hz, 2H, Ar-H), 7.73-7.40 (m, 6H, Ar-H,
pyridine-H), 6.55 (d, 2] = 15.5 Hz, 2H, N-CH;-pyridine),
6.18 (d, 2J = 15.5 Hz, 2H, N-CH,-pyridine), 4.38 —4.19 (m,
2H, NCH,CH;CH3), 3.61-3.39 (m, 2H, NCH,CH,;CHj3),
1.97-1.71 (m, 2H, NCH;CH,CHj3), 1.66-1.43 (m,
2H, NCH,CH,CHj), 0.53 (t, 6H, NCH,CH,CH3). —
13C NMR (50.3 MHz, [Dg]DMSO, ppm): & = 154.2
(pyridine-Cg), 153.1 (pyridine-C¢), 149.5 (NCN), 140.3
(pyridine-Cy), 133.2, 132.5, 127.0, 126.8 (Ar-C), 124.0,
123.6 (pyridine-Cg 5), 112.3, 111.9 (Ar-C), 51.0 (N-CHp-

pyridine), 49.7 (NCH,CH;CH3), 22.5 (NCH;CH,CH3),
11.4 (NCH,CH,CH3). — MS (MALDI-TOF): m/z = 777
[M-Br]*. — Elemental analysis for C30H34NgBr,Pt (857.5):
calcd. C 44.82, H 4.00, N 9.80; found C 44.51, H 3.74,
N 9.35.

[Bis(N-butyl-N'-picolylbenzimidazolin-2-ylidene)platinum |-
dibromide ([8]Br>)

Yield: 0.380 g (0.43 mmol, 85.9%). — 'H NMR
(200.1 MHz, [Dg]DMSO, ppm): § = 8.54 (d, 3J = 5.5 Hz,
2H, pyridine-H), 8.32-8.18 (m, 6H, Ar-H), 7.87 (d,
3J = 8.2 Hz, 2H, Ar-H), 7.69-7.61 (m, 4H, pyridine-H),
7.57 (d, 3J = 54 Hz, 2H, pyridine-H), 6.51 (d, 2y =
15.5 Hz, 2H, N-CH;-pyridine), 6.24 (d, 2] = 15.5 Hz, 24,
N-CH;-pyridine), 4.41-4.21 (m, 2H, NCH,CH,CH;,CH3),
3.75-3.53 (m, 2H, NCH,CH,CH;CHj3), 1.92-1.67
(m, 2H, NCH,CH,CH,CHjz), 143-1.21 (m, 2H,
NCH,CH,CH,CH3), 1.07-0.89 (m, 4H, NCH,CH,-
CH,CH3), 0.53 (t, 6H, NCH,CH,CH,CHs). — 13C NMR
(50.3 MHz, [Dg]DMSO, ppm): 8§ = 154.3 (pyridine-Cgy),
153.2 (pyridine-C¢), 149.6 (NCN), 140.4 (pyridine-Cy),
133.2, 132.5, 127.0, 126.8 (Ar-C), 124.0, 123.6 (pyridine-
Cﬁ,é)a 112.3, 111.9 (Ar-C), 51.1 (N-CHj-pyridine), 48.8
(NCH,CH,;CH,;CH3), 30.8 (NCH,CH,CH,CH3), 19.7
(NCH,CH,CH,CHj3), 13.6 (NCH,CH,CH,CH3). — MS
(MALDI-TOF): m/7 = 805 [M-Br]". — Elemental analysis
for C34H3gNgBry Pt (885.6): caled. C 46.11, H 4.33, N 9.49;
found C 45.78, H 4.02, N 9.13.

[Bis(N-butyl-N'-picolylbenzimidazolin-2-ylidene)silver]-
[dibromoargentate] ([9][AgBr;])

1.0 mmol of N-butyl-N’-picolylbenzimidazolium bromide
4 (0.346 g) and 1.1 mmol of silver oxide (0.255 g) were
suspended in dichloromethane (60 mL). The reaction mix-
ture was stirred under exclusion of light for 12 h at ambient
temperature. The resulting suspension was filtered through
Celite®, and the filtrate was brought to dryness. The residue
was dissolved in dichloromethane (5 mL) and added drop-
wise to 200 mL of diethyl ether. The precipitate obtained was
collected and dried in vacuo.

Yield: 0.392 g (0.43 mmol, 86.7%). — 'H NMR
(200.1 MHz, [Dg]DMSO, ppm): 6 = 848 (d, 2H,
pyridine-Hg), 7.90-7.76 (m, 6H, Ar-H), 7.52-7.39
(m, 6H, Ar-H, pyridine-Hy), 7.33-7.24 (m, 4H,
pyridine-Hg, pyridine-Hg), 5.86 (s, br, 4H, N-CHy-
pyridine), 4.49 (t, 4H, NCH,CH,CH,;CH3), 1.89-1.80
(m, 4H, NCH,CH,CH,CH3), 1.41-1.22 (m, 4H, NCH,-
CH,CH,CH3), 0.87 (t, 6H, NCH,CH,CH,CHj). -
3C NMR (50.3 MHz, [Dg]DMSO, ppm): & = 190.1
(NCN), 155.3 (pyridine-Cq), 149.4 (pyridine-C¢), 137.2
(pyridine-Cy), 133.5, 133.2 (Ar-C), 123.9 (pyridine-Cg),
123.8 (pyridine-Cg), 123.1, 122.0, 112.2, 112.0 (Ar-C),
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53.1 (N-CH;-pyridine), 48.3 (NCH,CH,CH,CHj3), 31.9
(NCH,CH,CH;,CH3), 19.3 (NCH,CH,CH,CH3), 13.5
(NCH,CH,;CH,CH3). — MS (MALDI): m/z = 639, 637
(IM—AgBr,]"). — Elemental analysis for C34H3gNgBroAgs
(906.3): caled. C 45.06, H 4.23, N 9.27; found C 44.78,
H4.01,N9.13.

Transmetalation leading to [8]Br, and 10

1.0 eq. of the silver complex [9][AgBry] (0.227 g,
0.25 mmol), 1.0 eq. of [Pt(Cl)2(NCPh);] (0.118 g,
0.25 mmol) and an excess of NaBr (0.5 g, 5.0 mmol) were
suspended in dichloromethane (50 mL). The reaction mix-
ture was stirred for 12 h und subsequently filtered through
Celite®. The filtrate was brought to dryness. Work-up pro-
ceeded as described for complexes [5]Br,—[8]Br;. A yel-
low solid consisting of [8]Br, and a small amount of 10
was isolated. Yield: 0.120 g (0.14 mmol, 54.1 %, relative to
[8]Bry). The spectroscopic and microanalytical data of the
reaction product are virtually identical to those recorded for
[8]Br, obtained via the in situ deprotonation reaction de-
scribed above.

X-Ray structure determination of complex [10]

A suitable crystal of 10 was mounted on a Bruker AXS
2000 CCD diffractometer equipped with a rotating anode us-

ing MoKy, radiation (A = 0.71073 A) and a CCD area detec-
tor. Diffraction data were measured at 153(2) K in the range
3.8 <26 < 60.1°. Structure solution [18] and refinement
[19] were achieved with standard Patterson and Fourier tech-
niques, respectively. All non-hydrogen atoms were refined
with anisotropic displacement parameters. Hydrogen atoms
were added to the structure model in calculated positions.

Selected  crystallographic  data for 10: Formula
C17H19N3ClhPt, M = 531.34, pale-yellow crystal, 0.14 X
0.11 x 0.10 mm3, triclinic, space group Pl,Z=2 a-=
8.6033(13), b = 9.6660(15), ¢ = 10.605(2) A, ot = 87.336(3),
B = 81.507(3), y = 86.371(3)°, V = 869.8(2) A3, peatca =
2.03 gem 3, u=8.4 mm~!, empirical absorption correction
(0.3868 < T < 0.4881), 9997 intensities collected (+h, Lk,
+1), 4974 independent (R;, = 0.0288) and 4530 observed
intensities [/ > 20/(1)], 209 refined parameters, residuals for
all data R = 0.0387, wR2 = 0.0802, residual electron density
Apfn (max /min) =2.90/—1.30 e A=3.

CCDC 757791 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.
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