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Abstract: Neutral 4-iodo-N-ethylimidazole 3 oxidatively adds
to [Pt(PPh;s),] to give, in the presence of different tetraalkyl-
ammonium salts, complexes trans-[4], trans-[5], and trans-[6]
containing an anionic C4-bound heterocycle with an unsub-
stituted ring-nitrogen atom. Complex trans-[4] reacts with the
proton source NH, under protonation of the ring-nitrogen
atom to produce complex trans-[7]I which bears an NH,NR-
substituted aNHC ligand. The reaction of trans-[4] with CH;l
yields the complex trans-[8]] which has a classical aNHC
ligand with two alkylated ring-nitrogen atoms.

Research on metal complexes bearing N-heterocyclic car-
bene ligands (NHCs) A (Figure 1) has experienced an
explosive development over the last two decades.!l A vast
number of differently substituted NHCs and their metal
complexes have been described.”! Due to the facile tunability
of the excellent o-donor properties of the NHC ligands and
the rather high stability of their complexes, NHC complexes
have found multiple applications in homogeneous catalysis®!
and other areas.!!
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Figure 1. NHC and aNHC complexes.

Less common than complexes bearing normal NHCs are
those bearing an abnormal NHC (aNHC, also called meso-
ionic carbenes, MICs)P! ligand B (Figure 1) featuring a C4- or
CS-metalated heterocycle. The first example of an aNHC
complex, C, was described in 2001.°1 Tt has been demonstrated
that aNHC ligands exhibit stronger o-donor and weaker -
acceptor properties than their NHC congeners®’! and even
the stable free aNHC ligand D featuring protection groups at
the C2 and CS5 positions of the heterocycle has been isolated.
The superb o-donor properties of aNHC ligands make their
complexes an attractive synthetic target and some complexes
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bearing related potentially mesoionic remote NHCs (rNHCs)
have also been described.”

The number of complexes bearing aNHC ligands is still
limited and mainly two methods for their synthesis have
emerged over the last years. The deprotonation method
employs rather strong bases for the removal of the C4 or C5
proton from imidazolium salts to yield the aNHC in situ,
which can then coordinate to a suitable metal center.>®
Given the high acidity of the C2 proton of imidazolium
salts, deprotonation at this position constitutes a competing
reaction to the C4/CS deprotonation. The undesired depro-
tonation at the N-CH-N position is normally prevented by
a protection group R? at the C2 position®™®! (such as in D) or
by the selection of the R' and R® substituents of the
imidazolium salt."” In selected cases, the anion Y~ present
in the imidazolium salt also influences the ratio of C2 to C4/
C5 deprotonation."'! For the in situ generation of aNHC
ligands, the base for the deprotonation can also be a ligand of
the metal precursor to which the aNHC is subsequently
supposed to coordinate.'"” An alternative method is the
synthesis via oxidative addition of imidazolium salts. Low-
valent Group 10 element (mostly Pd’ and Pt) precursors have
been used to activate the C4/C5—H bond of C2-protected
imidazolium salts via an oxidative addition with formation of
aNHC complexes.™™ If the imidazolium starting material
bears both a donor substituent at one of the ring-nitrogen
atoms and a C5-X bond (X =Br, I), protection of the C2
position is not necessary and exclusively oxidative addition of
the C5—X bond to give the aNHC/N-donor chelate complex
was observed.!"¥

Recently, complexes bearing protic NHC ligands E have
been described (Scheme 1). Instead of possessing two alky-
lated or arylated nitrogen atoms, protic NHC ligands feature
an NH,NR or NH,NH substitution pattern on the heterocycle.
Complexes with protic NHCs can be obtained by the
template-controlled cyclization of f-functionalized isocya-
nides™ or more conveniently by the oxidative addition of 2-
halogenoazoles to transition metals in a low oxidation state
(Scheme 1).! The latter method also allows the convenient
C8-metalation of biomolecules such as caffeine and ade-
nine."”’ Complexes bearing the related protic aNHC ligand
such as F (featuring a protonated ring-nitrogen atom and a C2
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Scheme 1. Preparation of complexes with protic NHC ligands.
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proton) are not known yet. In our quest to prepare such
complexes we studied the oxidative addition of 4-halogeno-N-
alkylazoles to Pt complexes. Here we describe this oxidative
addition which in the presence of a proton source under mild
conditions yields Pt" complexes of type F bearing a protic
aNHC ligand.

Compound 4-iodo-N-ethylimidazole 3 was obtained from
4,5-diiodoimidazole 1 by N-alkylation to give 2 followed by
reductive removal of one iodo substituent using a published
procedure for related compounds™ (Scheme 2, see the
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Scheme 2. Oxidative addition of 4-iodo-N-ethylimidazole to [Pt’-
(PPhy),].

Supporting Information). Compound 3 reacts with [Pt-
(PPhs),] in acetonitrile at 60°C over 20 h to afford complex
trans-[4] in an excellent yield of 78% (Scheme 2). The
oxidative addition proceeds under rather mild conditions
without affecting the C2—H bond. In the presence of an excess
of tetrabutylammonium bromide or tetrabutylammonium
chloride, complexes trans-[5] and trans-[6] were obtained in
79% and 75% yield, respectively (see the Supporting
Information). Complex frans-[4] and its derivatives can be
considered to contain the heterocycle bonded to platinum(II)
via a carbanionic C4 atom (frans-[4]) or, alternatively, as
a complex bearing an anionic aNHC ligand (trans-[4])
featuring an unsubstituted N3 ring-nitrogen atom.
Complexes trans-[4]—trans-[6] were fully characterized
by NMR spectroscopy. While the complexes are stable
towards air and moisture, they are only poorly soluble in
nonpolar solvents. Thus, a mixture of CD;OD and CD,Cl,
(10:1, v/v) was used for the NMR measurements. The
'"H NMR spectrum of trans-[4] (see the Supporting Informa-
tion) features the resonances for the H2 and HS5 protons as
singlets at 6 =6.71 ppm and 0 =5.51 ppm, respectively. The
resonance for the H2 proton disappeared after 12 h which is
indicative of enhanced acidity and an H/D exchange at the C2
position after C4 metalation. The '"H NMR spectra of trans-[5]
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and trans-[6] feature very similar resonances for the H2 and
HS protons. The “C{'H} NMR spectrum in addition to the
heteronuclear multiple-bond correlation spectrum (HMBC,
recorded due to signal overlap in the “C{'H} spectra) show
the signal of the C4 carbon atom of complex trans-[4] at 6 =
130.9 ppm. The equivalent resonances for trans-[5] (6=
126.2 ppm) and trans-[6] (6 =124.0 ppm) were found at
similar chemical shifts. Compared to the starting material 3
(6(C4)=81.3 ppm in CDCl;) the signals for the C4 carbon
atom in complexes trans-[4]—trans-[6] experience a signifi-
cant downfield shift upon metalation with Pt". The degree of
the downfield shift for the C4 resonances corresponds to the
donor effect of the halogens in the order I>Br> CL™"
Only one singlet was detected in the *'P{'H} NMR spectra of
trans-[4]—trans-[6] (trans-[4] 0 =20.0 ppm, 'Jpp=2930 Hz;
trans-[5] 6=221ppm, Jpp=2942Hz; trans-[6] O=
23.1 ppm, Jpp=2987 Hz) and the chemical shift of this
resonance also depends on the halogeno ligand present."!
These singlet resonances indicate the coupling of two chemi-
cally equivalent phosphorus atoms to the platinum atom and
this implies a trans arrangement of the phosphorus donors in
square—planar complexes. While no platinum complexes of
type trans-[4] have been described yet, the C4 "“C{'H}
resonances observed for trans-[4]—trans-[6] compare well
with the C(aNHC) resonances observed for platinum com-
plexes with conventional (both ring-nitrogen atoms alky-
lated) aNHC ligands (6(aNHC)=124.4 and 126.3 ppm;*
O0(aNHC) = 119.0-126.0 ppm™?). Formation of complexes
trans-[4]—trans-[6] was also confirmed by mass spectrometry.
The HR-ESI mass spectra (positive ions) show for all three
complexes the peak with highest intensity for the complex
cations [4+ H]*, [+ H]", and [6 + H]", each with the correct
isotope distribution (see the Supporting Information).

The composition and coordination geometry of trans-[4]
was unequivocally established by an X-ray diffraction study.
Crystals of composition trans-[4]-2 CH;OH were obtained by
the slow diffusion of pentane into a saturated methanol
solution of trans-[4] at ambient temperature. The structure
analysis (Figure 2)*" confirms the trans arrangement of the

Figure 2. Molecular structure of trans-[4] in trans-[4]-2 CH;OH. Hydro-
gen atoms have been omitted for clarity. Selected bond lengths [A] and
angles [°]: Pt-| 2.6858(3), Pt-P1 2.3055(9), Pt-P2 2.3048(9), Pt-C4
2.005(4), N1-C2 1.338(7), N1-C5 1.375(6), N3-C2 1.330(6), N3-C4
1.395(5), C4-C5 1.383(6); I-Pt-P1 92.23(2), I-Pt-P2 89.82(2), I-Pt-C4
174.81(11), P1-Pt-P2 177.63(4), P1-Pt-C4 87.41(10), P2-Pt-C4 90.44(10),
C2-N1-C5 106.4(4), C2-N3-C4 105.5(4), N1-C2-N3 112.9(4), N3-C4-C5
107.8(4), N1-C5-C4 107.5(4).
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two triphenylphosphine donors. The coordination geometry
around the platinum atom is slightly distorted square—planar
with bond angles of P1-Pt-P2 177.63(4)° and I-Pt-C4 174.81-
(11)°. The plane of the aNHC ligand is oriented almost
perpendicular to the platinum coordination plane. The Pt-C4
bond length of 2.005(4) A falls in the range observed
previously for conventional platinum aNHC complexes.'”

Both the classical NHC bearing (type A)?" and the protic
NHC bearing (type E)!'*Y analogues of trans-[4] have been
described. A comparison of the Pt-C2/4 bond lengths in these
complexes reveals that the N,N-dimethylimidazolylidene
complex (type A) features a Pt—C2 bond length of 1.995(5) A,
which is identical within experimental error to the Pt-C4
bond length observed for trans-[4]. For the complex bearing
the protic NH,NH-NHC ligand (type E) a shorter Pt-C2 bond
length of 1.978(5) A was found which might be due to sterics
as the protic NH,NH-NHC ligand lacks sterically demanding
N,N’ substituents. No indications for the enhanced o-donor
capability of the aNHC ligand in trans-[4] can be derived from
this comparison of the Pt—C bond lengths. The Pt—I bond
length in trans-[4] (2.6858 (3) A), however, is significantly
longer (~0.04 A) than the equivalent distance in the
NMe,NMe-NHC complex (type A, 2.6449(5) A)?'l and the
complex bearing the protic NH,NH-NHC ligand (type E,
2.6472(5) A).'! This may, however, be due to the negative
charge of the heterocycle in trans-[4].

An inspection of the bond lengths within the heterocycle
reveals only small variations thereby giving some additional
weight to resonance structure trans-[4'] (Scheme 2). A local-
ization of the negative charge of the heterocycle at atom C4
should have resulted in a shortening of the N3-C4 separation
based on electrostatic interactions but contrary to this, the
N3-C4 bond length of 1.395(5) A is the longest within the
heterocycle.

Complex trans-[4] contains an anionic heterocycle with an
unsubstituted ring-nitrogen atom. The metalation enhances
the basicity of this nitrogen atom over that of the starting
material 3. Consequently, trans-[4] reacts with the weak acid
NH,I at 0°C under protonation of the N3 ring-nitrogen atom
to give complex trans-[7]I in 90% yield. With both ring-
nitrogen atoms bearing substituents, the heterocycle can now
be considered an aNHC although it is the first example of
a protic aNHC. The protonation reaction is reversible® and
the reaction of trans-[7]I with BuOK results in N3-deproto-
nation and reformation of complex trans-[4] in 89 % yield.
(Scheme 3, see the Supporting Information). Similar behavior
has been observed for the deprotonation of protic NHC
ligands in complexes of type E.

Complex trans-[7]1 is stable towards air and moisture in
the solid state. It is soluble in CH,Cl, and DMSO. The
"H NMR spectrum of trans-[7]1 features the resonance for the
strongly deshielded N3-H proton at 6=12.34 ppm (in

PhP  H PP H Sl
’l N NH,l, CHiOH, 25 °C % N
—rt— | = > —prt—O},
N H
I {BUOK, CH3OH, 25 °C | NTH
PhsP PhsPH
trans-[4] trans-[7]

Scheme 3. Reversible protonation of the heterocycle in trans-[4].
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[D¢]DMSO). In addition, the H2 and HS5 protons are detected
at 0=7.95ppm and 6 =6.27 ppm, respectively, more than
1 ppm downfield relative to the analogous signals of trans-[4].
The “C{'H} NMR spectrum (in [Ds]DMSO) features the
resonance for the C4 carbon atom as a triplet at 6 = 126.3 ppm
(3]cp=10.6 Hz). In spite of the protonation, this resonance is
shifted slightly upfield compared to the C4 resonance for
trans-[4] (0 =130.9 ppm). Only one singlet was observed in
the *'P{'H} NMR spectrum (0 =17.2 ppm, Jpp=2658 Hz)
confirming the trans arrangement of the two PPh; ligands.
An X-ray diffraction analysis with crystals of the compo-
sition trans-[7]1, obtained by slow diffusion of diethyl ether
into a concentrated solution of trans-[7]I in dichloromethane
at ambient temperature, confirms the conclusions drawn from
the NMR spectra. Most of the metric parameters found in
trans-[7]I (Figure 3)?” fall in the range observed for the
neutral complex trans-[4]. For example, the protonation does

Figure 3. Molecular structure of trans-[7]" in trans-[7]| (hydrogen atoms
except for H3 have been omitted for clarity). Selected bond lengths [A]
and angles [°]: Pt-l 2.6647(3), Pt-P1 2.3157(12), Pt-P2 2.3067(12), Pt-C4
2.000(4), N1-C2 1.327(7), N1-C5 1.384(6), N3-C2 1.335(6), N3-C4
1.379(6), C4-C5 1.366(6); I-Pt-P1 91.20(3), I-Pt-P2 91.82(3), I-Pt-C4
176.91(14), P1-Pt-P2 175.49(4), P1-Pt-C4 87.07(14), P2-Pt-C4 89.75(14),
C2-N1-C5 108.4(4), C2-N3-C4 110.6(4), N1-C2-N3 107.9(4), N3-C4-C5
104.8(4), N1-C5-C4 108.2(4).

not significantly change the Pt-C4 bond lengths (2.005(4) A
for trans-[4]; 2.000(5) A for trans-[7]1). An exception is the
Pt—I separation in trans-[7]I (2.6647(3) A) which is about
0.2 A shorter than in trans-[4]. This may be attributed to the
overall positive charge of trans-[7]" compared to the overall
neutral charge found in trans-[4].

The protonation of the imidazole scaffold in trans-[4] to
give the protic aNHC ligand in trans-[7]I causes some
geometrical changes within the heterocycle. The differences
in the N—C bond lengths become smaller in accord with the
formation of a delocalized 6t electron aromatic system. The
C2-N3-C4 angle of the heterocycle in the nonprotonated
complex trans-[4] (105.5(4)°) expands significantly upon
protonation and measures 110.6(4)° in trans-[7]1.

Complex trans-4 also reacts with methyl iodide at room
temperature in toluene to give the platinum(II) complex
trans-[8]1 with a conventional aNHC ligand in 89% yield.
Complex trans-[8]I reacts further with AgBF, in acetonitrile
to give compound trans-[9](BF,), in 90% yield (Scheme 4).
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Scheme 4. N-Alkylation of trans-[4] and ligand exchange in trans-[7]1.

Compounds trans-[8]1 and trans-[9](BF,), are stable
towards air and moisture in the solid state. They are soluble
in CH,Cl, or DMSO. “C{'H} NMR spectra show the
resonance for the C4 carbon atom at 6 =134.4 ppm (in
CD,Cl,) for complex trans-[8]I and at 6=119.6 ppm (in
CD,Cl,) for complex trans-[9](BF,),, respectively. The *'P{'H}
NMR spectra of the complexes feature resonances at  =16.5
(Mpip =2577 Hz) for (trans-[8]1 and 16.7 ("Jp p = 2478 Hz) for
trans-[9](BF,), confirming the trans arrangement of the two
chemically equivalent PPh; ligands (see the Supporting
Information).

We have developed a new straightforward synthetic
method for the preparation of platinum(IT) complexes bear-
ing different types of aNHC ligands. The oxidative addition of
neutral 4-iodo-N-ethylimidazole to [Pt(PPhs),] yields the
complex frans-[4] which can be regarded as a complex bearing
an aNHC ligand with an unsubstituted N3 ring-nitrogen atom.
Complex trans-[4] can be reversibly protonated at the N3
ring-nitrogen atom to yield complexes trans-[7]I bearing
a unique protic aNHC ligand. The N-methylation of the
heterocycle in trans-[4] to give complex trans-[8]1 with
a conventional aNHC ligand is also possible. We assume
that it will be possible to extend the scope of the oxidative
addition to other low-valent transition metals.

Apart from their novelty, complexes trans-[4] and trans-
[8]1 are potentially useful starting materials for the prepara-
tion of novel heterobimetallic complexes with an imidazole
scaffold. NHCs have been used as spectator ligands in
catalytically active transition metal complexes.**"! Recent
interest has focused on heterobimetallic complexes derived
from poly-NHC scaffolds which have already found applica-
tions in cooperative catalysis.*™ Most heterobimetallic NHC
complexes have been prepared by the stepwise metalation of
suitable ligand precursors leading to complexes of types G
or H?! (Figure 4), but even the single-step, site-selective
metalation of a tricarbene ligand leading to complex I has
been reported®! in addition to other heterobimetallic com-
plexes featuring NHC donors.”! While complexes G-I
feature a rather large separation of the metal centers, the
N3-metalation of trans-[4] (instead of N3-protonation or N3-
alkylation) would generate a heterobimetallic complex with
a short Pt—M separation. Alternatively, heterobimetallc com-
plexes would result from the deprotonation and metalation of
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Figure 4. Heterobimetallic NHC complexes and metalation sites at
aNHC complexes.

the C2 position of trans-[8]I (Figure 4) and we are currently
investigating the preparation of heterobimetallic complexes
starting from trans-[4].
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