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The Ir(III) compound TpMs0Ir(N2), that contains a pentaden-

tate, doubly metalated 3-mesityl substituted tris(pyrazolyl)bo-

rate ligand, induces the cleavage of C–H and C–Cl bonds of

CH2Cl2 to yield a highly electrophilic chlorocarbene IrLC(H)Cl

complex.

Hydrotris(pyrazolyl)borate ligands TpR, where R is a 3-substituent

on the pyrazolyl ring, commonly exhibit tridentate k3-N,N9,N0 or

k3-N,N9,H coordination,1,2 although lower denticities, k2, k1 and

even k0 (uncoordinated TpR counteranion) have also been

encountered.3 By contrast, polydentate coordination beyond k3

is rare, and while there are examples of k4 and k6 Tp9 binding,4,5

the only compound that features k5-Tp9 coordination is a TpPhIr

derivative Ir[k5(N,N9,N0,CPh,CPh9)–TpPh][k1(N1)-3-phenylpyra-

zole], that resulted from partial ligand degradation6 during the

study of the reactivity of [IrCl(coe)2]2 (coe = cyclooctene) with

TlTpPh.

In comparison with their TpMe2Ir analogues,7 TpPhIr com-

pounds exhibit more versatile C–H activation chemistry,6 including

the facile, double C–H bond activation of diethyl ether to give an

ethoxycarbene complex, IrLC(H)OEt.8 It is likely that reactivity

differences among TpMe2Ir- and TpPhIr-compounds are largely

steric in origin. Hence we have investigated the related TpMsIr

system (Ms = mesityl, i.e. 2,4,6-C6H2Me3) expecting that the large

cone angle (281u) and small wedge angle (7u)1 of TpMs would make

the protective pocket around the metal tighter and result in

different chemoselectivity. Herein we report a facile, photochemi-

cal double metalation of the TpMs ligand in a reaction that gives

the complex TpMs0Ir(N2) (2) (TpMs0 = metalated TpMs ligand at

two ortho-CH3 groups of two Ms substituents). Compound 2 is a

very versatile reagent for C–H bond and other C–X bond

activation chemistry and effects an unusual fragmentation of

CH2Cl2, to yield the iridium chlorocarbene TpMs9Ir(Cl)(LCHCl)

(TpMs9 = monometalated TpMs), that also incorporates the cleaved

H and Cl atoms in the same molecule.

A facile entry into TpMsIr chemistry is provided by the isoprene

Ir(I) complex TpMsIr(g4-CH2LCH–C(Me)LCH2) (1), readily

obtained by the reaction of [IrCl(coe)2]2 and TlTpMs,9 in the

presence of an excess of the diolefin (Scheme 1). Despite the

scarcity of structurally characterized compounds of this ligand,

tridentate TpMs coordination can be suggested in 1 on the basis of

a n(B–H) infrared absorption10a at 2455 cm21 and a 11B{1H}

NMR resonance10b at d 23.3. Indeed, the five-coordinate,

eighteen-electron structure proposed for 1 in Scheme 1 has been

demonstrated in the solid state by an X-ray structural study to be

reported elsewhere.

When benzene solutions of 1 are subjected to UV irradiation for

a period of 2 h, a new organoiridium(III) compound 2 forms,

which contains a dimetalated tris(pyrazolyl)borate ligand, TpMs0.

There are no signals attributable to a hydride ligand in the 1H

NMR spectrum of 2. Moreover, the large number of resonances

found in the 1H and 13C{1H} NMR spectra of this compound

indicates the absence of symmetry in this molecule. Two signals at

2.5 and 0.5 ppm in the 13C{1H} NMR spectrum are diagnostic for

the two chemically inequivalent iridium-bound methylene groups,

and the little affected by metalation IR absorption at 2480 cm21

and the 11B{1H} NMR resonance at 23.1 ppm suggest that the

three pyrazolyl rings also remain N-bonded to iridium. In the IR

spectrum of 2, a sharp absorption at 2180 cm21 evinces that the

coordination sphere of the Ir(III) centre is completed by a molecule
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Scheme 1 Formation of Ir(III) adducts containing a doubly metalated

TpMs ligand.
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of dinitrogen. For comparative purposes, in the somewhat related

TpMe2Ir(Ph)2(N2),
11 n(NMN) appears at 2190 cm21.

Although crystals of 2 suitable for X-ray studies have proved

elusive, the closely related acetonitrile adduct 3 (Scheme 1)

featuring also multisignal, albeit readily interpretable NMR

spectra, has been structurally authenticated by X-ray crystal-

lography.§ Fig. 1 shows an ORTEP diagram of the molecules of 3,

and includes important bond lengths and angles.

Inspection of Fig. 1 reveals that the molecule of NCMe in 3

(and by extension that of N2 in 2) occupies a position trans with

respect to one of the two pzMs rings that undergo metalation. This

explains the lack of symmetry in these molecules. The six-

membered metalacycles deviate considerably from planarity and

are characterized by Ir–C distances that are identical within

experimental error (2.08 Å). The two Ir–N bonds trans to the

alkyls are somewhat longer (2.184(2) and 2.104(2) Å) than that

trans to acetonitrile (2.002(2) Å). Interestingly, the metalation of

the two o-Me groups does not appear to impose a severe strain

within the Ir-ancillary ligand framework, as the angles between

adjacent coordinated atoms are close to 90u (the largest deviations

correspond to the N32–Ir–C310 angle of 81.9(1)u and to the N32–

Ir–N41 of 98.2(1)u) while the transoid angles vary between

169.7(1)u and 174.8(1)u. A similar structural situation, also lacking

strain, has been found in the compound TpMs9Ru(NCMe)2, that

contains a singly metalated ligand.12

Interestingly, while benzene solutions of 2 are stable at 60 uC for

hours when kept under N2, a very fast deuteration ensues in C6D6

(t1/2 # 0.3 h), that affects the two Ir–CH2 functionalities, as well as

all of the ortho-methyl groups of the three mesityl substituents.

This means that C–D bond activation of C6D6 takes place readily

but with no detectable Ir–C6D5 species, probably because the

chelate structure of 2 is strongly entropy favoured.

At variance with this observation, heating a CH2Cl2 solution of

2 at 80 uC generates cleanly the chlorocarbene complex 4

(Scheme 2), that features 1H and 13C{1H} NMR signals at

d 17.66 and 270.6 ppm, respectively, attributable to a IrLC(H)Cl

unit. From the structure proposed for 4 it is apparent that a

molecule of CH2Cl2 becomes fragmented into C(H)Cl, Cl and H

units. The latter two atoms add formally to one of the Ir–CH2

bonds, giving rise to Ir–Cl and o-CH3(Ms) groups, respectively. A

reasonable explanation for this result is initial C–H activation, with

cleavage of one of the Ir–CH2 bonds and formation of a

dichloromethyl entity, Ir–CHCl2, that subsequently undergoes

a-Cl elimination.13,17 Dihaloalkanes and related substrates are a

common source of haloalkyl and of carbene and even carbyne

fragments when reacted with nucleophilic mononuclear13–16 and

binuclear17 compounds, and chloro carbenes of the type M =

C(R)Cl are well-known derivatives.18 However, the parent C(H)Cl

ligand is hardly known.19 Moreover, we are unaware of a

fragmentation of the kind giving origin to 4.

Despite the seemingly protective pocket created around the

iridium centre by the tetradentate TpMs9 ligand, the carbene carbon

atom is highly susceptible to nucleophilic attack and reacts with

adventitious water forming a related hydroxycarbene species, to be

reported later in full. This has prevented isolation of analytically

pure samples of 4. Moreover, treatment of this species with 1

equiv. of 3-mesitylpyrazole, Hpz(Ms), generates (quantitatively by
1H NMR) the pyrazolyl-substituted carbene complex 5 (Scheme 2).

As found for 4, the carbene functionality of 5 exhibits

characteristic 1H (d 15.34) and 13C{1H} resonances (231.5 ppm).

X-ray studies provide unequivocal structural evidence,§ and show

a somewhat distorted, but essentially octahedral geometry (Fig. 2).

The angles between ligands in cis are close to the ideal 90u value,

the largest deviation being naturally associated with the metalated

CH2 (Ms) and its corresponding pyrazolyl ring (C312–Ir–N32

angle of 80.1(1)u). The Ir–N22 distance, trans to the Ir–CH2 group

at 2.187(4) Å is longer than the other two (Ir–N12 = 2.083(4) Å;

Ir–N32 = 2.102(3) Å), reflecting the higher trans influence of the

sp3 alkyl carbon, as compared to the carbene and the chloride

ligands. The IrLC bond length of 1.905(4) Å (Ir–C413) is normal6–8

and, as expected, significantly shorter than the Ir–CH2 separation

of 2.066(4) Å (Ir–C312).

In summary, with the synthesis of complex 2 and its related

NCMe adduct 3, we have demonstrated that the TpMs ligand can

become pentadentate by means of the metalation of two ortho-

CH3 groups of the 3-mesityl substituents, without imposing severe

structural tension. With this finding we have gained a facile,

convenient entry into C–H (and other C–X) bond activation

chemistry. The bulkiness of this ligand raises reasonable expecta-

tions for novel chemical reactivity and structures, which would be

the subject of forthcoming publications from our laboratories.

Fig. 1 ORTEP plot of 3 (hydrogen atoms omitted for clarity; thermal

ellipsoids are at the 20% probability level). Selected bond lengths (Å) and

angles (u): Ir–N(12) 2.184(2), Ir–N(22) 2.002(2), Ir–N(32) 2.104(2), Ir–

C(210) 2.080(3), Ir–C(310) 2.086(3), Ir–N(41) 1.976(2), N(22)–Ir–N(41)

174.8(1), N(12)–Ir–C(310) 170.6(1), N(32)–Ir–C(210) 169.7(1), N(12)–Ir–

N(22) 85.1(1), N(12)–Ir–N(32) 88.7(1), N(22)–Ir–N(32) 86.9(1), N(32)–Ir–

C(310) 81.9(1), N(22)–Ir–C(210) 83.4(1).

Scheme 2 Formation of heteroatom-stabilized carbenes 4 and 5.
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