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A C(4)-bound palladium-N-heterocyclic carbene (4) ws C(2)-bound NHCs are.obtgined in most cases. Thet.'M!iﬁm favor
selectively obtained from the C(2)-unsubstituted iridazolium of the abnormal coordination seems to be relatetieioc control, the

salt 3. The higher stability of the C(4) versus the(2)-bound tether length (and thus the bite angle) and thereaif the anion of

b lex d idi helati . I d the imidazolium salt or the ligand on the metalwdwger, in most
carbene complex due to pyridine chelation assistaaallowed ;5505 these compounds are obtained as mixturetheittormal NHC

this mesoionic compound to be obtained. complexes. Oxidative addition of 4-iodoimidazoliuno Pd(0)
o ) exclusively afforded mesoionic carbene complexeswéver, C(2)
Mesoionic carbenes (MICs) are a type of N-heteracycarbene protection by bonding of an alkyl or aryl grouptie most widely
(NHC) that require mesoionic resonance forms toesgmt their ;sed method to prepare this kind of compidr. this paper we
structure! Most of these compounds are based on imidazoleéiye gescribe how imidazole-based palladium-mesoioniarbene
(A) and 1,2,3-triazol-4-ylideneB)) (Figure 1) but other heterocyclescomplexes can be selectively obtained by the assistof pyridine
have been shown to form MI€&enerally, these kinds of compoundghelation, without the need for C(2)-protection, bigher direct
are bound to the transition metal through the ezetmarbon. metallation or by transmetallation from a C(2)-bositder(l) carbene
complex. To the best of our knowledge, this isfits study in which

/ / an imidazole-based abnormal carbene has been ettthjnchelation

/@N N=N assistance. A brief investigation of the catalysictivity of the

/N\) /N@ resulting palladium complex is also presented.

=) e We speculated that chelation assist&fceould govern the

A B selectivity in obtaining C(4)- versus C(2)-bound NHKGmplexes.
) o o ) This hypothesis was tested by designing the pyiitidlazolium salt
Figure 1. Mesoionic carbenes of imidazole and 1,2,3-triazole 3. In this molecule both the C(2) and C(5) positiohgmidazolium
are able to form a carbene but only deprotonatfathe C(5)-H can

] ] ] generate a complex stabilized by the chelate effdw synthesis of
The pioneering work by Crabtree and co-workars200®  3is shown in Scheme 1.

concerned the first MIC, which was a C(5)-bound imaglidene-

iridium complex, and they named this new classagbenes abnormal @

N-heterocyclic carbenes. In 2009 the Bertrand gisofated the first | _ N TosMIC _ ([ CH3S05CH (7 oS
metal-free MIG and in 2010 they proposed the term mesoionic' \© KOBu!, THF N7 \N/> EtOAc N” 2 N/>2 o
carbenéfor these compounds. Due to the stronglectron-donating reflux, 2n N reflux 24h 5—N®
character of these compounds, which is higher thanhof classical 1 2 (70%) 375%) O
NHCs, this area of research has attracted a grahbtlattention and

numerous papers covering the synthesis, stabilélgctronic gcheme 1. Synthesis of 1-methyl-3-phenyl-4-(2-pyridylHd

properties and applications of MICs have been podi$ Imidazol-  jmigazolium methanesulfonat8)(
2-ylidenes are more stable than imidazol-4-ylidenad classical
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A base-induced 1,3-cycloaddition of tosylméifocyanide ppm,in a similar way to those in related compoifatsd C(3)-H was
(TosMICY on the iminel afforded2. This compound was convertedshifted upfield by nearly 0.70 ppm from the expdctalué and
into pyridyl-imidazolium salt 3 by reaction with methyl appears as a doublet centered at 6.35 ppm. Thesksreuggest an
methanesulfonate under reflux in EtOAc. THeNMR spectrum o8 arrangement with a five-membered metallacycle iingl the
shows the characteristic signals for the imidazoliing [C(2)-H and palladium, carbene and pyridine. The metallacyleerpendicular to
C(5)-H at 9.61 and 8.39 ppm, respectively]. The Mi@nplex4 the phenyl ring and C(3)-H of the pyridine ring ighin the shielding
[PACEk(x*-mpplm)] was prepared in good yield by reactiorBafith region of thephenyl ring, a situation that is consistent witld/mt
[PACE(CHsCN)2] under reflux in THF using GEOs as base (Schemeinteraction between C(3)-H of the pyridine and themyl ring — as
2). observed in the solid state. THE NMR signal for C(4)-Pd was not

observed, as described by Albrecht for similar MiGA.C-Pd 4 was
the only compound obtained despite the low stearik bf the wingtip
Q group bound to N(3) and the high acidity of C(2)THe formation of
== N this complex probably occurs in a stepwise maghenitial
N O [PACI,(CHCN),] - @@7 coordination of the basic pyridine provides the essary electron
\ \> CHaSO3 Cs,CO,3 THF N. N - density at the central metal to allow subsequeittative addition of
N reflux, 48h c’ i ? the imidazolium C(5)-H bond.
CH, In order to confirm the assistance of pyridiméhe formation o,
3 4 (74%) we considered the reaction of the Saltith Ag:0, a metal that usually
Scheme 2 Synthesis of [Pd@(«*>-mppIm)] @). shows a linear geometfyand cannot form a chelate. This reacticr
was performed under reflux in acetonitrile andgb&/mer {[t~N,N’-
Ag(MsOY][ 1+C,C-Ag(mpplm}]}n (5) was obtained in 80% yield

This compound was isolated as an air- and toneisstable yellow (Scheme 3)
solid that was soluble in DMSO and DMA but only spgly soluble
in acetonitrile and nitromethane. Compouhdas not soluble in less CH3803 7\ )
polar solvents such as THf CHClz and this behavior is consistent \ _A®O
with that of similar compoundsHaving established that 1-alkyl-3- N ‘ T chon (Q[ %Ag%< jQ
arylimidazolium exclusively vyielded C(2)-bound NH@-P reﬂu,f’ 24h CH 803
complexed,the formation of the MIC complekconfirmed our initial CHs
hypothesis that abnormal Pd-carbenes can be obthinehelation 5 (80%)
assistance.

The structure of compouddwas unequivocally confirmed by X- Scheme 3 Synthesis of the polymer gN,N’-Ag(MsOY][ .~C,C*-
ray diffraction and NMR experiments. Single crystatre grown by Ag(mpplimp]}n (5)
cooling a hot saturated acetonitrile solution. Ti@ecular structure

CH 803

of compound} is shown in Figure 2. Single crystals @& were grown by slow evaporation of the solvent
from a THF solution. The ORTEP diagram is showniguFe 3. The
mgz structure revealed that compouid a C(2)-bound Pd-NHC polymer.
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Figure 2. ORTEP view of4 with 30% probability ellipsoids.
Hydrogen atoms are omitted for clarity.

The palladium center is coordinated b@*aN-bidentate pyridyl-
imidazol-4-ylidene ligand and two chlorides, whiéfine a distorted
squared-planar geometry with a C7-Pd1-N1 bite an§l80.1(2)°.
The Pd1-C7 bond length [1.972(3) A] is similar tmgh found in
related five- and six-membered MIC and classical N¥fladacyclic
complexes:1° This fact suggests that the bond length is netctdt dir
by the nature of the carbene, halide or chelatedigle (see ESI for di
further discussion).

Palladium-MIC complex formation was evidencedsolution by
the upfield shift of the C(2)-H imidazole proton rsig (9.23 ppm)
from the salB in the'H NMR spectrum and the absence of the sign
due to C(4)-H. This assignment was confirmed by NOE
experiments, which unambiguously showed the prayinif the
ortho-phenyl protons to C(2)-H of the imidazole ring. Gdioation
by the pyridine nitrogen is supported by the disptaents observed
for the signals due to C(6)-H and C(3)-H in this ri@(6)-H was
observed as a very broad singlet that was shifteenfield to 9.32

Figure 3. ORTEP view of compound with 30% probability
ellipsoids. Hydrogen atoms are omitted for clarity.

Compound5 is a linear polymer that extends in the [-1 0 1)
ection. In the repeat unit (RU) of the polymeptmoieties can be
stinguished. One is a slightly distorted lineamplex with a silver
cation (Agl) coordinated by two imidazole-2-ylidena a ‘head-to-
head’ orientation {-C,C-Ag(mpplm}]) with asynarrangement. The
C|3 Agl-C3 angle of 172.0(4)° and the C3-Agl bond lengft
.084(7) A are similar to those in a related siNetC polymeri2 The
other moiety consists of a second silver cation2)A@ssociated with
two methanesulfonate groups/4N,N-Ag(MsQ)]) and this is
coordinated by twanonomers through the pyridine nitrogen (N3).
Ag2 has a linear geometry (excluding the Ag---@rattions), the
N3-Ag2-N3 angle is 180.0° and the N3-Ag2 bond larigt2.183(5)
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