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Reactions of the anionic gallium(l) heterocycle [{@¥(Ar)C(H)]2}]~ (Ar = CgHsPr,-2,6) with a variety
of N-heterocyclic carbene (NHC) complexes of group 9 and 11 halides are reported. In all cases, salt
elimination occurs, yielding the neutral metal gallyl complexes [M(COD)(IN@&s§ [N(Ar)C(H)]2}}]
(M = Rh or Ir; COD = 1,5-cyclooctadiene; IMes= :C{N(C¢H.Mes-2,4,6)CH ) or [(NHC)M{Ga-
{IN(ANC(H)]2}}]1 (M = Cu, Ag, or Au; NHC= IMes, IPr (G N(Ar)C(H)}2), or ICy (:C{ N(C¢H11)C-
(Me)}2)). NHC coordination apparently stabilizes the formed complexes toward elimination processes
that have been observed in previous studies. The majority of the complexes in this study have been the
subjects of X-ray crystallographic studies, which in several cases reveal the first examples@id Ga
Ga—Ag bonds in molecular complexes. Analogies between the gallium heterocycle and cyclic boryl
ligands are explored. Solid-state and spectroscopic studies on the prepared complexes suggest that the
gallyl ligand has dransinfluence intermediate between cyclic boryls and chloride.

Introduction

In recent years we have been systematically examining the

chemistry of the anionic gallium(l) heterocycle [:{3&(Ar)C-
(H)]2}~, 1 (Ar = C¢H3Pr,-2,6), which is a valence isoelectronic
analogue of the important N-heterocyclic carbene (NHC) class
of ligands. The synthetic versatility of this heterocycle has been
amply demonstrated by its use as a ligand in the formation of
complexes with metals from across the periodic tAdlarough-

out this work its chemistry has shown similarities to, but also
significant differences from, that of NHCGsgallium diyls
(:GdR).2 and other neutral gallium(l) heterocycles, e.g., six-
membered [:GEN(Ar)C(Me)].CH}]1*34 and four-membered
[:Ga{[N(Ar)] .CNCy,}].5 Like NHCs, the gallium heterocycle

is a strongo-donor (having a largely sp-hybridized Ga lone
paif) and thus readily forms adducts with electron-deficient
fragments, e.g., £LH(SiMe&)2}2 (E = Ge, Sn’ or Mn8). In
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addition, it displaces CO from homo- and heteroleptic transition
metal carbonyl complexes to form anionic systems, e.g.,
[CPM(CO){ G&[N(ANC(H)]2}}]1~, M =V, Mn, or Co;n =
3, 2, or 1, respectivel§? Moreover, the reducing nature of the
gallium(l) center inl1 has seen its use in-€H activation
reaction&® and oxidative insertions into-£E bonds (E= P11
Se, or Té?), while its carbenoid character has lent it to
cycloaddition reactions with unsaturated substratdisshould
be noted that, although has an effectively empty p-orbital
orthogonal to the heterocycle plahéheoretical studies have
suggested it to be a very pogracceptor in its transition metal
complexes (cfNHCs)8

One area wher# has not proved as useful as first thought is
in salt metathesis reactions with metal halides (Wahd their
complexes. Until recently these invariably led to paramagnetic
gallium(ll) dimers, [GaX[N(Ar)C(H)-]2}]2, X = ClI, Br, or |,
presumably via an initial oxidative insertion of the Ga(l) center
of 1 into the M—X bond of the metal halide, followed by
elimination of the gallium(ll) dimet2 Saying this, we have
successfully effected the elimination of other salts (R Cp,1°
or KCH(SiMey),") in metathesis reactions involving a potassium
salt of 1. Of late, the problems associated with reactiond of
with metal halides have been overcome by coordination of the
metal halide with bulky and electron-rich ligands, e.g., NHCs
or bulky guanidinates. This has allowed us access to two neutral
metal-gallyl complexes containing the first structurally char-
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acterized GaSr’ and Ga-lanthanidé® bonds in molecular

complexes. It seemed to us that this strategy could also lead to

a variety of neutral transition metal gallyl complexes,¥-
{G&[N(ANC(H)] 2} } ml, which would have parallels with the
wide variety of transition metalcyclic boryl complexes that

have been prepared and used as catalysts for a number of

synthetic transformationid.In this respect it is interesting to
note that the direct boron analogue bfhas been recently
described® and its use as a ligand in the formation of transition
metal boryls suggested.

The metal boryl most relevant to this study is the structurally
characterized copper(l) complex [(IPr)Cu(Bpin)] (Fr:C{ N-
(AC(H)}2, Bpin = B{OCMey} »), which is stabilized by NHC

coordination and has been reported by Sadighi et al. to borylate

alkene$’ and to catalytically diborylate aldehyd&dn addition,

it has been shown to be an effective catalyst in the reduction of
CO; to CO2! It is of note that there are no structurally
characterized examples of cyclic boryl complexes of the other
group 11 metals, silver, or gold. Boryl complexes of the group
9 metals are, however, more prevalent, and a number of
catecholato- and pinacolatoboryl complexes of Co, Rh and Ir
have been describéd.Examples of these have been widely
utilized for, or suggested as intermediates in, the catalytic
borylation or hydroboration of unsaturated compounds and the
C—H activation of alkanes, arenes, and heteroaréhBsspite
this, no structurally characterized NHC-coordinated group 9
metal boryl complexes have yet been reported. In this study
we detail successful salt metathesis reactions betvteand
NHC-coordinated group 9 or 11 halide fragments that have given
rise to a variety of metal gallyl complexes, examples of which
exhibit the first structurally authenticated €Ga and Ag-Ga

bonds in molecular complexes. These complexes hold potential

for use in synthetic transformations related to those effected by
metal boryl complexes.

Results and Discussion

Group 9 Chemistry. Our previous work withl has shown
that it can readily reduce transition metal fragments to lower
accessible oxidation statésAs a result, all attempts to form
group 9 metal gallyl complexes involved metal(l) halide
precursors. In early work, a potassium salt of the gallyl anion
[K(tmeda)][1] was reacted with either [M(COD)GI{M = Rh
or Ir, COD = 1,5-cyclooctadiene), [MCI(PRJ] (M = Co or
Rh), or [Ir(CO)CI(PPB)2]. In all cases, the gallium(ll) dimer
[GaCK [N(ArC(H)*]2} ]2 was the only identifiable product. As
previously mentioned, it is believed that this occurs via an initial
oxidative insertion of the Ga(l) center bfinto the M—Cl bond
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of the transition metal precursor, followed by further decom-
position. In this respect, it is worthy of mention that the related
neutral six-membered heterocycle [{f¥(Ar)C(Me)].CH} ] has
been shown to insert into RICI bonds?® Considering that
coordination of f-block metal halides with NHCs can circumvent
such insertions in their reactions with'® an extension of this
methodology to group 9 metals was explored.

Treatment of [M(COD)(IMes)CI] (M= Rh or Ir, IMes=
:C{N(CgH2Mes-2,4,6)CH,) with 1 equiv of [K(tmeda)]l]
yielded complexe® and 3, respectively, in moderate to high
yields (Scheme 1). Addition of a further equivalent of [K(t-
meda)]fl] to 2 or 3 gave no reaction. Both complexes are air
sensitive but indefinitely stable at ambient temperature under
argon. It, therefore, seems that IMes coordination of the group
9 metal halide precursor effectively protects the metal center
from reduction byl, presumably because of the donor strength
and steric bulk of the NHC ligand.

The NMR spectroscopic data f@rand3 are consistent with
their proposed formulations, although no signal was observed
in the 19Rh NMR spectrum of. This is probably a result of
the coordination of its rhodium center by quadrupolar gallium
(5°Ga, 60.1%] = 3/2; "1Ga, 39.9%) = 3/2). A LJrnc coupling
of 52.0 Hz to the IMes carbene center was observed iAXDe
{*H} NMR spectrum of2, which is similar to that in the
precursor molecule [Rh(COD)(IMes)Cl}Jgnc = 51.9 Hz)?*

It is of interest that botAJrnc couplings to the alkenic carbons
of the COD ligand o2 (7.0 and 8.0 Hz) are significantly less
than that corresponding to the carbdnans to the chloride
ligand of [Rh(COD)(IMes)CI] {Jrnc = 14.5 Hz; n.b., théJrnc
coupling for the carbongansto IMes is 7.6 Hz). This suggests
that1 has a greatetransinfluence than the chloride ligand, a
proposal for which there is crystallographic evidencelé
infra).

Compound< and3 are isostructural, so only the molecular
structure of2 is depicted in Figure 1 (relevant geometric
parameters foB are included in the caption). Both compounds
are monomeric and possess distorted square-planar group 9
metal centers with their IMes and gallyl ligancisto each other.

The geometries of the gallyl ligands are similar to each other
and to those of previously reported transition metal complexes
of 1.1 A survey of the Cambridge Crystallographic Database
revealed that the GaRh distance ir2 is in the known range
(2.33-2.63 A)2® while there has only been one previously
structurally characterized Gdr bond in [I{ Ga(Me}N(SiMe,-
CH,PPh),}{ C(=CH,)(Me)}], which at 2.4480(7) A¢ is con-
siderably shorter than that B

Evidence for the aforementioned greatems influence of
1 compared to chloride comes from the significantly greater
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Figure 1. Thermal ellipsoid plot (25% probability surface) of the molecular structure of [Rh(COD)({\§JN(Ar)C(H)]2}}] (2). Hydrogen
atoms and isopropyl groups are omitted for clarity. Selected bond lengths (A) and angles (deg)-RR{))2.059(2), Rh(BC(48)
2.165(3), Rh(1)C(52) 2.193(3), Rh(:)C(49) 2.224(3), Rh(})C(53) 2.243(2), Rh(¥)Ga(1l) 2.4259(6), Ga(E)N(1) 1.913(2), Ga(ty
N(2) 1.926(2), N(1)-C(1) 1.407(3), C(1yC(2) 1.341(4), N(2)-C(2) 1.395(3), C(48yC(49) 1.371(4), C(52)C(53) 1.374(4), C(2#H
Rh(1)-Ga(1) 93.08(7), N(BGa(1>-N(2) 86.03(9), N(4}-C(27)-N(3) 102.5(2). Selected bond lengths (A) and angles (ded3:for(1)—
C(27) 2.039(2), Ir(1)C(53) 2.155(2), Ir(1)C(49) 2.164(2), Ir(1)C(52) 2.204(2), Ir(1)C(48) 2.232(2), Ir(1yGa(1) 2.4689(5), Ga(})
N(2) 1.9198(19), Ga(1)N(1) 1.9274(19), N(1) C(1) 1.399(3), N(2)-C(2) 1.399(3), C(1}C(2) 1.340(3), C(48)YC(49) 1.394(4), C(52)
C(53) 1.394(4), C(2AIr(1)—Ga(1) 96.23(6), N(2yGa(1)-N(1) 85.69(8), N(4)-C(27)—N(3) 103.24(18).

Scheme 2 20 °C. However, once formed, the products were found to be
stable in solution at ambient temperature for days. On one

Ar N Ar
h|l R E ,L occasion, prolonged storage (@aweeks) of a hexane solution
[ \sas (NHC)MCI I >—M——G§ E of 9 led to deposition of several yellow crystals of the salt [Au-
N KCl ' N N (IPr)2][Ga{ [N(ANC(H)] 2} 2]. This is presumably formed via the
A 1 R 'I? Ar partial decomposition 08. No data on the compound were
; _ _ . obtained due to its low yield, although details of its crystal
[K(tmeda)] i ;2;; E;mzzj RIh structure are included in the Supporting Information. More metal
6 M=Au,R=Mes R=H deposition was observed in reactions involving [(IMes)MCI],
6 MoAe RoARCH which suggests that the greater steric bulk of IPr over IMes
9 M=Au, R=ArR=H contributes to the greater yields 69 compared tal—6. The
10M=Cu, R = CeHyq, R =Me importance of the steric bulk of the NHC in these syntheses

was further tested in the reaction bivith [(ICy)CuCl] (ICy =
:C{N(CgH11)C(Me)},), which incorporates a smaller NHC.

In contrast, the R CaieneSeparations for the alkene fragment Despite this, a moderate yield 4D resulted (Scheme 2). In
transto IMes are similar in both compoundz (2.19 A mean; a'ddlltlon, the complex hgs a thermal stability in the solid s.t'ate
[Rh(COD)(IMes)CI]: 2.20 A mean). Moreover, the REcarbene similar to that of4. The higher than expected yield and stability
distance in2 is close to that in [Rh(COD)(IMes)CI] (2.0494-  ©f 10 can perhaps be explained by the greater donor strength
(16) A). A comparison of the cyclooctadiene=C distancerans of ICy over IMes?” which gives the smaller ligand an ability

to Cl in [Rh(COD)(IMes)CI] (1.408(3) A) with thatrans to to stabilize copper gallyl fragments similar to that of the larger
the gallyl ligand of2 (1.374(4) A) is in accord with the proposed NHC.

greatertrans influence of1 over chloride. An argument could The'H and™3C{'H} NMR spectroscopic data fdr—10reflect

also be made that the similarities between the two cyclooctadienetheir proposed monomeric structures and will not be commented
C=C distances ir2 point toward a similatransinfluence for on here, except to say that the carbene resonances #Ghe

Rh—Caenedistances ir2 (2.22 A meantransto Ga) compared
to those in [Rh(COD)(IMes)Cl] (2.11 A meatransto CI?4).

its gallyl and NHC ligands. Comparisons betwezand [Ir- {*H} NMR spectra of the silver and gold gallyl complexes were

(COD)(IMes)Cl] cannot be carried out, as the latter has not beennot observed. In addition, no signals were seen in'ffiag

structurally characterized. NMR spectra of5 and 8. As was the case fog, the latter
Group 11 Chemistry. In consideration of the stability ¢ observation can be explained by broadening of these peaks by

and3, the 1:1 reactions of with a series of NHC complexes the adjacent quadrupolar gallium center to a point where they
of group 11 metal(l) halides, [[NHC)MCI] (M= Cu, Ag or are indistinguishable from the baseline noise. Signals due to
Au; NHC = IMes or IPr), were carried out. In each case, the molecular ions exhibiting the expected isotopic distribution

salt metathesis product, [[NHCY\Ba{ [N(ANC(H)]2}}] (4— patterns are present in the EI mass spectra of all complexes.
9), was obtained in moderate to high yield (NHECIPr) or low The X-ray crystal structures @f—8 were obtained and show

to moderate yield (NHG= IMes) (Scheme 2). During the course  all to have similar distorted linear group 11 metal geometries.
of all reactions, deposition of some elemental group 9 metal
was observed upon warming the mixtures fren78 °C to (27) Diez-Gonzales, S.; Nolan, S.®oord. Chem. Re 2007, 251, 874.
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Figure 2. Thermal ellipsoid plot (25% probability surface) of the
molecular structure of [(IMes)G@a{[N(Ar)C(H)]2}}] (4). Hy-
drogen atoms are omitted for clarity.

Figure 3. Thermal ellipsoid plot (25% probability surface) of the
molecular structure of [(IPr)Adsa{ [N(Ar)C(H)]2}}] (8). Hydrogen
atoms are omitted for clarity.

Accordingly, only two representative molecular structures (those
of 4 and8) are depicted in Figures 2 and 3. A comparison of
relevant geometrical parameters of the complexes is included
in Table 1. The geometries of the heterocyclic ligands in the
complexes are similar to each other and to the majority of
previously reported complexes incorporating thetin no
complex do the gallyl and NHC heterocycles approach copla-

narity, as the angles between their least-squares planes vary from,

25.3 to 44.9 in the series. There have been no previously
reported examples of structurally characterized-Ga or Ga-

Ag bonds in molecular compounds, so comparisons cannot be

made with the M-Ga distances id, 5, 7, and8. The Ga-Au
distance in6 is, however, at the low end of the known range

Organometallics, Vol. 26, No. 14, 2@d27

Table 1. Selected Bond Lengths (A) and Angles (deg) for
4-8

4 5 6 7 8

Ga-M  2.3066(6) 2.4161(5) 2.3782(6) 2.2807(5) 2.4108(8)
c—M 1.9243) 2.125(2) 2.053(4)  1.911(2) 2.120(4)
N—Ga 1.904(2) 1.8897(17) 1.881(3) 1.891(2) 1.898(3)

1.897(2) 1.8916(18) 1.887(3)  1.891(2) 1.900(3)
N—Ceabene 1.359(4) 1.359(3) = 1.360(5)  1.354(3) 1.357(5)

1.363(4) 1.351(3) 1.341(5) 1.358(3) 1.359(5)
Ga-M—C 170.72(8) 165.85(6) 174.06(11) 177.14(7) 178.73(11)
N-Ga-N 85.36(9) 85.41(7) 86.27(14) 85.59(9) 85.89(15)
N—C-N 103.6(2) 104.07(17) 104.8(3) 104.1(2) 103.9(3)

(2.377-2.620 A) for the four previously reported Gau
bonded complexes.

The characterization of the isostructural sede$ does allow
comparisons of the MGa bonds in these compounds. Not
suprisingly, the CuGa interaction in4 is the shortest, but
interestingly, the Ag-Ga distance irb is significantly larger
(by ca 0.04 A) than the Au-Ga separation i. In addition,
the C-Ag bond in5is longer than the €Au bond in6 by ca
0.08 A. In this respect, the relative sizes of gold and silver have
been the subject of a study by Schmidbatal. using a pair of
isomorphic complexes, [M(PMgs][BF4] (M = Au, Ag; Mes
= mesityl)2° In contrast to the values usually quoted for the
ionic or covalent radii of Au(l) and Ag(l), where silver is smaller
or equal in size to gol& the data from the structures of this
pair ir}l\dicated that the MP distance is smaller for M Au by
0.09 A.

Another structural comparison can be made between the IPr-
coordinated copper gallyl compl&and the previously reported
boryl complex [(IPr)Cu(Bpin)f! The C-Cu bond in the former
is significantly shorter than that of the latter (1.937(2) A), despite
the gallyl ligand being considerably more bulky than the boryl,
Bpin. In addition, the € Cu distance in [(IPr)CuCl] (1.881(7)
A)3lis shorter than in the other two complexes. In combination
with the results from the group 9 studies, we propose that these
observations suggest the gallyl ligand to have a we&kers
influence than the bory® but a strongetrans influence than
chloride.

Conclusions

In summary, the ability of the gallyl anion [:GEN(Ar)C-
(H)12}1-, 1, to participate in salt metathesis reactions with a
range of NHC-coordinated group 9 and 11 metal chloride
complexes has been demonstrated. The NHC ligands appear to
play a vital role in the stabilization of the formed complexes
and/or reaction intermediates toward elimination processes. This
has allowed access to a variety of group 9 and 11 metal(l) gallyl
complexes, examples of which exhibit the first structurally
characterized CuGa or Ag—Ga bonds in molecular complexes.

In these neutral complexes, analogies have been drawn between
1 and cyclic boryl ligands, complexes of which are widely used

in organic transformations. Furthermore, a scale trains
influences has been tentatively established for the seriesCl

1 < boryl. Considering the wide synthetic use of group 9 and

(28) (a) Anandhi, U.; Sharp, P. ®Angew. Chem., Int. EQR004 43,
6128. (b) Kempter, A.; Gemel, C.; Fischer, R. lhorg. Chem.2005 44,
163.

(29) Bayler, A.; Schier, A.; Bowmaker, G. A.; Schmidbaur, H.Am.
em. Socl996 118 7006.

(30) For example: Emsley, The Element2nd ed.; Clarendon: Oxford,
U.K., 1991.

(31) Mankad, N. P.; Gray, T. G.; Laitar, D. S.; Sadighi, J(Pgano-
metallics2004 23, 1191.

(32) BPin is known to have a higtrans influence: Zhu, J.; Lin, Z;
Marder, T. B.Inorg. Chem.2005 44, 9384.
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11 metal boryl complexes, there is much potential in this area COD, 10), 516 ((COD)Rh(IMes)H 13), 407 (Rh(IMes)H, 5),
for gallyl complexes of these metals. Perhaps the greatest378 {N(Ar)C(H)}.H*, 8), 305 (IMesH, 43). GsH72NsGaRh

potential lies with complexes of the type [(NHC)Y Ba-
{[N(AnNC(H)]2}}] (4, 7, and 10), which are closely related to

requires C 68.68, H 7.55, N 5.83, found C 67.93, H 7.94, N 5.24.
Preparation of [Ir(COD)(IMes) {Ga{[N(AnNC(H)] 2}}]1 (3). A

copper boryls, e.g., [[NHC)Cu(Bpin)], which have been used solution of [K(tmeda)][:G&[N(Ar)C(H)],}] (0.19 g, 0.31 mmol)
to great effect as borylating reagents by Sadighi’s group in recentin diethyl ether (20 c§) was added to a solution of [Ir(COD)-

years. We are currently exploring this potential and will report
on it in due course.

Experimental Section

General Methods. All manipulations were carried out using

(IMes)CI] (0.20 g, 0.31 mmol) in diethyl ether (10 énat—78°C
to give a deep purple solution. The reaction mixture was warmed
to 20°C and stirred for 3 h. Volatiles were then removedacuq
and the residue was extracted into hexane (66) @nd filtered.
The filtrate was concentrated to.ck6 cn® and stored at-30 °C
overnight to give deep purple blocks®{0.19 g, 51%). Mp: 157

standard Schlenk and glovebox techniques under an atmospherd59 °C (dec).'H NMR (400 MHz, GDg, 298 K): 6 1.35-2.20

of high-purity argon. THF and hexane were distilled over potassium,

while diethyl ether was distilled over Na/K alloyH and*3C{H}

(M, 8 H, CH,CH), 1.43 (d,3J41 = 6.9 Hz, 6 H, (G43),CH), 1.45
(d, 3Jun = 6.9 Hz, 6 H, (B13),CH), 1.58 (d,3Juy = 6.9 Hz, 6 H,

NMR spectra were recorded on either a Bruker DPX400 spectrom- (CH3)2CH), 1.61 (d *Jun = 6.9 Hz, 6 H, (G13),CH), 2.10 (s, 6 H,
eter operating at 400.13 and 100 MHz, respectively, or a Jeol P-CHs), 2.22 (br s, 12 Hp-CHg), 3.78 (br m, 2 H, GiCH;,), 4.08
Eclipse 300 spectrometer operating at 300.52 and 75.57 MHz, (S€pt,*Jus = 6.9 Hz, 2 H, G4(CHy)y), 4.12, (sept?Iun = 6.9 Hz,
respectively, and were referenced to the resonances of the solven® H, CH(CH3)2), 4.72 (br m, 2 H, €ICH;), 6.10 (br s, 2 H, NE&l),
used. Mass spectra were obtained from the EPSRC National Mass8.55 (br s, 2 H, N€&l), 6.71-7.39 (m, 10 H, ArH). 13C{*H} NMR
Spectrometric Service at Swansea University. IR spectra were (75.6 MHz, GDs, 298 K): 6 17.8, 19.5 ¢-CHy), 20.7 (-CHj)
recorded using a Nicolet 510 FT-IR spectrometer as Nujol mulls 23.2, 23.4, 26.7, 26.8 (Cl8H3)2), 27.9, 28.4 CH(CHy)), 31.7,
between NaCl plates. Microanalyses were carried out by Medac 32.9 CHzCH), 67.8, 68.5CHCH,), 122.4, 124.5 (br, BN), 122.8,

Ltd. A reproducible microanalysis @& was not obtained, but the
IH NMR spectrum of the compound shows it to have a purity of
>95% (see Supporting Information). Melting points were deter-

123.0, 124.0, 128.6, 129.7, 134.4, 134.7, 136.7, 138.5, 146.1, 146.2,
149.7 (ArC), 185.8 (br,CNp). MS (El 70 eV),m/z (%): 602
((COD)Ir(IMes)H+, 42), 496 (Ir(IMes)H, 72), 305 (IMesH, 55).

mined in sealed glass capillaries under argon and are uncorrected!R v/cm™* (Nujol): 1658 m, 1608 m, 1588 m, 1355 m, 1316 m,

The compounds [K(tmeda)];33 [M(COD)(IMes)CI], M = Rh#*
or Ir;3* [(IMes)MCI], M = Cu2® Ag,%8 or Au;3” and [(IPr)MCI], M
= Cu?2! Ag,38 or Aud® were synthesized by literature procedures.
[(ICy)CuClI] was prepared by a variation of a literature procedbrre.
All other reagents were used as received.

Preparation of [Rh(COD)(IMes){ Ga{[N(Ar)C(H)] 2}}] (2). A
solution of [K(tmeda)][:G&[N(Ar)C(H)].}] (0.21 g, 0.35 mmol)
in diethyl ether (20 c¥) was added to a solution of [Rh(COD)-
(IMes)CI] (0.19 g, 0.35 mmol) in diethyl ether (10 énat —78°C

1254 m, 851 m. El acc mass: on*M calc for GsH7oN,Ga%4r
1048.4613, found 1048.4609s4El,.,N,Galr requires C 62.85, H
6.90, N 5.33; found C 62.71, H 7.05, N 5.22.

Preparation of [(IMes)Cu{ Ga{[N(Ar)C(H)] 2}}] (4). A solution
of [K(tmeda)][:G4 [N(Ar)C(H)]2}] (0.24 g, 0.40 mmol) in THF
(10 cn?) was added to a suspension of [(IMes)CuClI] (0.16 g, 0.40
mmol) in THF (10 cnd) at —78 °C to give a yellow solution. The
reaction mixture was warmed to 2 and stirred overnight.
Volatiles were then removed vacuq and the residue was extracted

to give a deep red-orange solution. The reaction mixture was into hexane (40 c@) and filtered. The filtrate was concentrated to

warmed to 20C and stirred for 3 h. All volatiles were then removed
in vacuq and the residue was extracted into hexane (6€) amd
filtered. The filtrate was concentrated to. & cn? and stored at
—30 °C overnight to give deep orange rods 2{0.21 g, 65%).
Mp: 85—86 °C (dec).H NMR (400 MHz, GDs, 298 K): 6 1.30—
1.92 (m, 8 H, ®1,CH), 1.35 (br m, 12 H, (E3),CH), 1.60 (br m,
12 H, ((H3),CH), 1.81 (br s, 6 Hp-CH3), 2.23 (br s 12 Hp-CHy),
3.57 (br m, 2 H, GI(CHs),), 4.01 (br m, 2 H, €1(CHjy),), 4.29 (m,

2 H, CHCH,), 5.04 (m, 2 H, GICH,), 6.11 (s, 2 H, NE), 6.48 (s,

2 H, NCH), 6.74-7.40 (m, 10 H, ArH). 133C{*H} NMR (75.6 MHz,
CeDe, 298 K): 6 17.8 (-CH3), 19.5, 20.7 ¢-CHy), 22.8, 23.8, 26.2,
27.2 (CHCHa),), 27.9, 28.0 CH(CHa),), 31.7, 31.9 CH,CH), 80.6
(d, YJrnc = 7.0 Hz, CHCHy), 83.9 (d,*Jgrnc = 8.0 Hz, CHCH,),
122.6, 123.1 (I©€N), 123.9, 124.0, 128.6, 129.8, 130.0, 134.7, 136.6,
136.8, 138.3, 144.3, 146.4, 149.9 (B); 190.9 (d,"Jrpc = 52.0
Hz, CNy). IR v/cm~t (Nujol): 1659 m, 1609 m, 1588 m, 1352 m,
1317 m, 1254 m, 852 m. MS (El 70 eWyz (%): 854 (MH" —

(33) Baker, R. J.; Farley, R. D.; Jones, C.; Kloth, M.; Murphy, D.M.
Chem. Soc., Dalton Tran2002 3844.

(34) Vasquez-Serrano, L. D.; Owens, B. T.; Buriak, J. @hem.
Commun2002 2518.

(35) Okamoto, S.; Tominaga, S.; Saino, N.; Kase, K.; Shimoda].K.
Organomet. Chenm2005 690, 6001.

(36) Ramnial, T.; Abernethy, C. D.; Spicer, M. D.; McKenzie, I. D.;
Gray, I. D.; Clyburne, J. A. Clnorg. Chem.2003 42, 1391.

(37) Singh, S.; Kumar, S. S.; Jancik, V.; Roesky, H. W.; Schmidt, H.-
G.; Noltemeyer, MEur. J. Inorg. Chem2005 3057.

(38) Fremont, P. de; Scott, N. M.; Stevens, E. D.; Ramnial, T.; Lightbody,
0. C.; Macdonald, C. L. B.; Clyburne, J. A. C.; Abernethy, C. D.; Nolan,
S. P.Organometallics2005 24, 6301.

(39) Fremont, P. de; Scott, N. M.; Stevens, E. D.; Nolan, S. P.
Organometallic2005 24, 2411.

ca 15 cn? and stored at-30 °C overnight to give yellow blocks
of 4 (0.12 g, 37%). Mp: 149152 °C (dec).'H NMR (400 MHz,
CsDs, 298 K): 6 1.26 (d,3Jyy = 6.9 Hz, 12 H, (®3),CH), 1.47
(d, SJHH =6.9 Hz, 12 H, (CHs)zCH), 1.87 (S, 12 HD-CH3), 2.20
(s, 6 H,p-CHs), 3.90 (sept3Jyy = 6.9 Hz, 4 H, GH(CHa),), 5.94
(s, 2 H, NQH), 6.57 (s, 2 H, N@®1), 6.76 (s, 4 H, ArH IMe9),
7.05-7.35 (m, 6 H, ArH). 13C{'H} NMR (75.6 MHz, GDs, 298
K): 6 17.3 0-CHg), 20.9 -CHa) 24.6, 26.0 (CHCHS3),), 27.7 CH-
(CHs)p), 121.1, 123.7 (IEN), 121.6, 122.4, 129.3, 134.2, 134.9,
138.8, 145.7, 147.8 (A€), 181.2 (br,CN,). MS (El 70 eV),m/z
(%): 814 (MH*, 3), 378 {N(AnC(H)}.H*, 100). IR v/icmt
(Nujol): 1656 m, 1586 m, 1549 m, 1357 m, 1321 m, 1259 m, 1113
m, 851 m, 806 m. El acc mass: onMcalc for C7HgoN4sCuGa
812.3364, found 812.3372 4£1soN4CuGa requires C 69.33, H 7.43,
N 6.88; found C 69.25, H 7.53, N 7.01.

Preparation of [(IMes)Ag{ Ga{[N(Ar)C(H)] 2}}] (5). A solution
of [K(tmeda)][:G4d [N(Ar)C(H)]2}] (0.27 g, 0.45 mmol) in THF
(15 cn?) was added to a suspension of [(IMes)AgCI] (0.20 g, 0.45
mmol) in THF (15 cnd) at —78 °C to give a deep yellow solution.
The reaction mixture was warmed to 20 and stirred overnight.
Volatiles were removeih vacug and the residue was extracted
into hexane (40 c@) and filtered. The filtrate was concentrated to
ca 15 cn? and stored at-30 °C to give yellow blocks ob (0.05
g, 13%). Mp: 105-109°C (dec).'H NMR (400 MHz, GDs, 298
K): 01.30 (d,BJHH =6.9 Hz, 12 H, (CHs)zCH), 1.48 (d,3JHH =
6.9 Hz, 12 H, (®3),CH), 1.86 (s, 12 Ho-CH3), 2.27 (s, 6 H,
p-CH3), 3.95 (septJyn = 6.9 Hz, 4 H, GH(CHg)y), 6.07 (s, 2 H,
NCH), 6.60 (s, 2 H, N®l), 6.76 (s, 4 H, ArH IMe9), 7.177.37
(m, 6 H, ArH). 13C{*H} NMR (75.6 MHz, GDs, 298 K): 0 17.2
(0-CH3), 20.8 p-CHg) 24.5, 26.0 (CHCHa),), 27.7 CH(CHa)o),
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121.4,123.8 (I€N), 121.7,122.4, 129.3, 134.3, 135.4, 138.8, 145.8,
147.5 (ArC), CN, not observed. MS (El 70 eV)vz (%): 858
(M, 1), 378 {(N(Ar)C(H)}.H™, 28). IRv/cm™ (Nujol): 1607 m,
1587 m, 1578 m, 1546 m, 1357 m, 1264 m, 1115 m, 852 m. El
acc mass: on M calc for C7HeoN4AgGa 856.3119, found
856.3123. GHsoN4sAgGa requires C 65.75, H 7.04, N 6.52; found
C 65.75, H 7.43, N 6.29.

Preparation of [(IMes)Au{Ga{[N(Ar)C(H)] 2} }] (6). A solution
of [K(tmeda)][:G4 [N(Ar)C(H)]2}] (0.21 g, 0.35 mmol) in THF
(10 cn?) was added to a suspension of [(IMes)AuCI] (0.19 g, 0.35
mmol) in THF (10 cnd) at —78 °C to give a yellow solution. The
reaction mixture was warmed to 2@ and stirred overnight.
Volatiles were removeih vacug and the residue was extracted
into hexane (30 c@) and filtered. The filtrate was concentrated to
ca 15 cn? and stored at-30 °C for 48 h to give yellow blocks of
6 (0.04 g, 12%). Mp: 104108 °C (dec).H NMR (400 MHz,
CsDs, 298 K): 6 1.46 (d,%Jun = 6.9 Hz, 12 H, (®13),CH), 1.63
(d, 33y = 6.9 Hz, 12 H, (®3).CH), 2.04 (s, 12 Hp-CH3), 2.46
(s, 6 H,p-CHy), 4.05 (septJyy = 6.9 Hz, 4 H, GH4(CHa),), 6.15
(s, 2 H, NAH), 6.73 (s, 2 H, NEl), 6.91 (s, 4 H, ArH IMe9),
7.39-7.51 (m, 6 H, ArH). 13C{1H} NMR (75.6 MHz, GDs, 298
K): 6 17.2 0-CHj3), 20.9 p-CH3) 24.4, 26.0 (CHCH3),), 27.7 CH-
(CHg)y), 121.2, 124.1, (IEN), 121.3, 122.5, 129.2, 134.3, 134.7,
138.9, 145.9, 146.9 (A€), CN; not observed. MS (El 70 eV),
m'z (%): 946 (M, 10), 378 {N(Ar)C(H)}.H*, 43). IR vicm™*
(Nujol): 1661 m, 1610 m, 1260 m, 1098 m, 1020 m, 800 m. El
acc mass: on N calc for GHgNsJAuGa 946.3734, found
946.3740.

Preparation of [(IPr)Cu {Ga{[N(Ar)C(H)] 2}}] (7). A solution
of [K(tmeda)][:G4 [N(Ar)C(H)]2}] (0.22 g, 0.37 mmol) in THF
(10 cn?) was added to a suspension of [(IPr)CuCI] (0.18 g, 0.37
mmol) in THF (10 cnd) at —78 °C to give a yellow solution. The
reaction mixture was warmed to 20 and stirred overnight.
Volatiles were removeéh vacuqg and the residue was extracted
into diethyl ether (50 cf) and filtered. The filtrate was concentrated
to ca 10 cn? and stored at-30 °C overnight to give yellow blocks
of 7 (0.24 g, 73%). Mp: 166164 °C (dec).*H NMR (400 MHz,
CsDs, 298 K): ¢ 1.13 (d,3Jyy = 6.9 Hz, 12 H, (¢i3),CH), 1.16
(d, 33w = 6.9 Hz, 12 H, (®13),CH), 1.21 (d 2y = 6.9 Hz, 12 H,
(CH3),CH), 1.50 (d,aJHH = 6.9 Hz, 12 H, (®13),CH), 2.46 (sept,
3\]HH = 6.9 Hz, 4 H, CH(CH3)2), 3.82 (sept?’JHH = 6.9 Hz, 4 H,
CH(CHg),), 6.16 (s, 2 H, NEl), 6.58 (s, 2 H, NEl), 7.10-7.32
(m, 12 H, ArH). 13C{1H} NMR (75.6 MHz, GDs, 298 K): 6 23.1,
24.4, 25.0, 26.3 (CHEH3),), 27.7, 28.6 CH(CHs),), 121.3, 123.8
(HCN), 121.9,122.1, 123.9, 130.4, 134.1, 145.4, 145.9, 147.7 (Ar-
C), 182.7 (br,CNy). MS (EI 70 eV),m/z (%): 898 (MH", 36), 451
(Ga{N(Ar)C(H)}H*, 50), 390 (IPrH, 100), 378 {N(Ar)C-
(H)} H*, 27). IRv/cm (Nujol): 1662 m, 1574 m, 1405 m, 1322
m, 1262 m, 1060 m, 934 m, 802 m. El acc mass: on Malc for
Cs3H72N4,CuGa 896.4303, found 896.4323;:87,N4,CuGa requires
C 70.85, H 8.08, N 6.23; found C 70.46, H 8.20, N 6.16.

Preparation of [(IPr)Ag { Ga{[N(Ar)C(H)] 2} }] (8). A solution
of [K(tmeda)][:GH [N(Ar)C(H)]2}] (0.25 g, 0.41 mmol) in THF
(10 cn?) was added to a suspension of [(IPr)AgCl] (0.22 g, 0.41
mmol) in THF (10 cnd) at —78 °C to give a yellow solution. The
reaction mixture was warmed to 2C€ and stirred overnight. All
volatiles were removeth vacuq and the residue was extracted
into hexane (60 c@) and filtered. The filtrate was concentrated to
ca 20 cn? and stored at-30 °C overnight to give yellow blocks
of 8 (0.27 g, 69%). Mp: 8386 °C (dec).'H NMR (400 MHz,
CsDs, 298 K): 6 1.24 (d,3Juy = 6.9 Hz, 12 H, (¢i3),CH), 1.28
(d,BJHH =6.9 Hz, 12 H, (CH3)20H), 1.37 (d,3JHH =6.9 Hz, 12 H,
(CH3),CH), 1.58 (d,SJHH = 6.9 Hz, 12 H, (¢13),CH), 2.52 (sept,
3Jun = 6.9 Hz, 4 H, GH(CHy),), 3.96 (sept3Jyn = 6.9 Hz, 4 H,
CH(CHg),), 6.37 (s, 2 H, NEl), 6.70 (s, 2 H, N®l), 7.18-7.47
(m, 12 H, ArH). 13C{1H} NMR (75.6 MHz, GDs, 298 K): 6 23.4,
24.4,24.7, 26.4 (CHEHa),), 27.6, 28.5 CH(CHs),), 121.5, 123.8

Table 2. Summary of Crystallographic Data for Compounds 2-8

7-(diethyl ether)

Cs7Hg,CuGaNO

6-(hexaney 25

Cag HezsAUGaN;

5 (hexaney s
CsoHe7AgGaN,

3-(hexane)

GeiHgeGalrNy

1137.26

2-(hexane)
GiHgsGaNsRh

1047.97

CssH72AgGaN,
901.67 969.22 972.53 942.74

Ca7HsoCuGaN
814.25

empirical formula

fw

orthorhombic

Pna2;

orthorhombic

P21212;

tetragonal

14,a

monoclinic

P21/ n

monoclinic

C2

monoclinic

P21/ C

monoclinic

PZJ_/ C

cryst syst

Organometallics, Vol. 26, ,No. 14, 26829
~

20.768(4)
11.945(2)
21.231(4)
5266.9(18)

9

0

12.249(2)
19.506(4)
23.836(5)

9
5695(2)

0

90
20473(6)

37.796(5)
37.796(5)
14.331(3)

14.104(3)
22.068(4)
16.348(3)
108.55(3)
4824.2(17)

23.502(5)
13.040(3)
29.209(6)
90.26(3)
8952(3)

12.472(3)
22.889(5)
20.442(4)

107.03(3)
5579.7(19)
4

11.521(2)
20.938(4)
23.518(5)
91.01(3)
5673(2)

4

space group
a(A)

b (A)

c(A)

/3 (deg)

vol (A3)

z

4

16

4

8

1.189
0.918

1984
0.50x 0.35x 0.25

1.134
0.885

2080
0.30x 0.20x 0.15

1.258
3.421

1.241
1.000

1892
0.35x 0.20x 0.15

1.208
1.111
3440

1.354
2.906
2352

1.227
0.806
2224

p(calcd) (gcm3)

u (mm-1)
F(000)

i

7880
0.15x 0.15x 0.10

0.25x 0.20x 0.18 0.30x 0.20x 0.20

0.5 0.20x 0.18

cryst size (mm)
6 range (deg)

3.2310 25.99

48963
0.1128

3.06 to 26.00

32725
0.0372

2.94 to0 26.00

55318
0.0746

2.951t027.00

20118
0.0255

3.11to 25.00

12694
0.0342

3.17 to 28.28

27195
0.0218

3.04t0 27.00

24000
0.0277

no. of refins collected

Rint

10 299/13/5

11 148/46/617

10 035/33/518

1.067

10 476/4/540

1.025

7569/0/492

1.065

13 811/0/620

1.032

12 362/5/590

1.022

no. of data/restraints/ params

goodness of fit orf2

1.019

1.029

0.0469

0.1244
0.577 an@-0.750

0.0339
0.0792
0.447 and-0.294

0.0382

0.0986
1.039 ane-0.560

0.0313
0.0720

0.0258 0.0426
0.1053

0.0587

0.0392
0.0984

R1 indices [ >20(1)]2

WR2 indices (all datd)

0.359 and-0.369

0.489 and-0.465

aR1F) = {3(IFo| — |Fcl)/3|Fol} for reflections withFo > 4(0(Fo)). "WR2(F?) = {SW(|Fo|? — |Fc|dHIW|F?% 2 wherew is the weight given each reflection.

1.274 ane-0.911

0.989 and-0.592

largest peak and hole-@&3)
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(HCN), 122.2, 123.5, 123.9, 130.4, 134.4, 145.4, 145.8, 147.3 (Ar- 6.71 (s, 2 H, N®1), 7.36 (t,3J4y = 7.2 Hz, 2 H,p-Ar-H), 7.42 (d,

C), CN, not observed. MS (El 70 eVjwz (%): 941 (M, 3), 390
(IPrH*, 73). IRv/cm™1 (Nujol): 1662 m, 1590 m, 1551 m, 1407
m, 1356 m, 1257 m, 1113 m, 801 m. El acc mass: oh Malc
for CssH72N4AgGa 940.4058, found 940.4061.587,N,AgGa
requires C 67.52, H 7.70, N 5.94; found C 67.32, H 7.68, N 5.90.

Preparation of [(IPr)Au {Ga{[N(Ar)C(H)] 2}}] (9). A solution
of [K(tmeda)][:G4 [N(Ar)C(H)]2}] (0.22 g, 0.37 mmol) in THF
(10 cn?) was added to a suspension of [(IPr)AuCl] (0.23 g, 0.37
mmol) in THF (10 cnd) at —78 °C to give a yellow solution. The
reaction mixture was warmed to 20C and stirred overnight.
Volatiles were removedh vacuq and the residue was extracted
into hexane (35 cf) and filtered. The filtrate was concentrated to
ca 10 cn? and stored at-30 °C to give yellow blocks oB (0.22
g, 58%). Mp: 86-83°C (dec).!H NMR (400 MHz, GDe¢, 298 K):
0 0.98 (d,s\]HH =6.9 Hz, 12 H, ((H3)20H), 1.09 (d,aJHH =6.9
Hz, 12 H, (H3),CH), 1.12 (d,3Jyn = 6.9 Hz, 12 H, (E13),CH),
1.33 (d,334y = 6.9 Hz, 12 H, (®13),CH), 2.32 (septdduy = 6.9
Hz, 4 H, CH(CHy)y), 3.66 (septiyy = 6.9 Hz, 4 H, GH(CHy)y),
6.09 (s, 2 H, N@®l), 6.42 (s, 2 H, N@&l), 6.95-7.18 (m, 12 H,
Ar-H). 13C{H} NMR (75.6 MHz, GDs, 298 K): 0 23.4, 24.2,
24.5, 26.3 (CHCHa),), 27.7, 28.6 CH(CHs)), 120.8, 123.8 (IEN),
122.2,123.8,124.1, 130.4, 133.9, 145.4, 146.0, 146. TQAEN,
not observed. MS (El 70 eViwz (%): 1030 (M, 8), 390 (IPrH,
78). IRv/icm™! (Nujol): 1670 m, 1589 m, 1572 m, 1413 m, 1321
m, 1261 m, 865 m. El acc. mass: on"Mcalc for GzH72N,AuGa
1030.4673, found 1030.4677s4E17:2N4,AuGa requires C 61.69, H
7.03, N 5.43; found C 61.37, H 7.05, N 5.49.

Preparation of [(ICy)Cu { Ga{[N(Ar)C(H)] 2}}] (10). A solution
of [K(tmeda)][:GH[N(Ar)C(H)]2}] (0.25 g, 0.41 mmol) in THF
(10 cn?) was added to a suspension of [(ICy)CuCl] (0.15 g, 0.41
mmol) in THF (10 cnd) at —78 °C to give a yellow solution. The
reaction mixture was warmed to 2Q and stirred for 3 h. Volatiles
were removedn vacuq and the residue was extracted into hexane
(40 cn?) and filtered. The filtrate was concentrated to t& cn?®
and stored at-30 °C to give yellow blocks ofl0 (0.13 g, 44%).
Mp 155-160 °C (dec).'H NMR (400 MHz, GDe, 298 K): 6
1.11-2.36 (m, 20 H, ®1,), 1.48 (s, 6 H, Me), 1.56 (FJqny = 6.9
Hz, 12 H, (O‘|3)2CH), 1.62 (d,SJHH =6.9 Hz, 12 H, (@'|3)20H),
3.39 (M, 2 H, GICHj,), 4.08 (septdyy = 6.9 Hz, 4 H, GH(CHy)y),

8Jun = 7.2 Hz, 4 H,m-Ar-H). 13C{*H} NMR (75.6 MHz, GDs,

298 K): 0 8.1 (Me), 24.6, 28.0 (CH{H3),), 26.2, 28.6, 36.7 (CH,

57.0 (NCH(CH,)), 121.8, 124.1 (IEN), 122.2 (m-ArC), 122.6 -

ArC), 146.0 6-ArC), 148.3 {pso-ArC), 173.7 (br,CNy). MS (EI

70 eV),m/z (%): 768 (MH', 65), 445 (GAN(ANC(H)}H*, 24),

378 {N(Ar)C(H)}.H", 100). IRv/cm™* (Nujol): 1643 m, 1585

m, 1548 m, 1260 m, 1098 m, 1057 m. El acc mass: on Malc

for CsHesNsCuGa 768.3677, found 768.3682.438::.N,CuGa

requires C 67.05, H 8.37, N 7.27; found C 67.21, H 8.65, N 7.48.
X-ray Crystallography. Crystals of 2—8 suitable for X-ray

structural determination were mounted in silicone oil. Crystal-

lographic measurements were made using a Nonius Kappa CCD

diffractometer using a graphite monochromator with Max K

radiation ¢ = 0.71073 A). The data were collected at 150 K, and

the structures were solved by direct methods and refineefdoy

full matrix least-squares (SHELX9P)using all unique data. All

non-hydrogen atoms are anisotropic with hydrogen atoms included

in calculated positions (riding model). The Flack parameter for the

structure of7 is 0.002(8). The Flack parameter for the structure of

8 converged to 0.238(14) after refinement as a racemic twin. Crystal

data, details of data collections, and refinement are given in

Table 2.
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