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Summary: The reaction of GagQhith 1 equb of NHC ligand
(NHC = N-heterocyclic carbene) at room temperature in
pentane yielding the corresponding 1:1 adduct [G{RHC)]

is reported. Using IPr (N,Nbis(2,6-diisopropylphenyl)imidazol-
2-ylidene), IMes (N,Nbis(2,4,6-trimethylphenyl)imidazol-2-
ylidene), and IPrMe (1,3-diisopropyl-4,5-dimethylimidazol-2-
ylidene), three NHC-containing ®a adducts hae been
synthesized in good yields and fully characterized'tdyand
13C NMR, HRMS, elemental analysis, and X-ray diffraction
studies for the first time. The solid-state structure of
[GaCls(IMes)] presented, as a special feature, two different
positions of the main molecule with an occupation ratio of 50%.

N—=( NCY
/NYN\ Me3SI\|/P\NCy2
Ga
Ga - ~
~9Gs Cl” | ~Cl
Cl CI;| Cl cl
1 2

Figure 1. Previously reported carben&aCk adducts.

X-ray analysi€® the structural nature of [GagNHC)] adducts
therefore remains elusive. The identity of the NHCLiis quite
peculiar, as it is a NHC with very small steric hindrance, a

These positions of the molecule are shifted with respect to eachfeature that precludes any generalization about the synthetic

other along the c-axis by 0.96 A.

Introduction

N-Heterocyclic carbenes (NHCs) are now well established
as excellento-donor ligands. They are widely used for
stabilizing transition metal complexes and enhancing the activity
of catalytic speciedThey have notably permitted the synthesis
of a number of monomeric group 13 compounds since the
isolation and characterization of [AfiMes)] (IMes = N,N'-
bis(2,4,6-trimethylphenyl)imidazol-2-ylidene) by Arduenyo.
Surprisingly, while similar adducts of NHC group 13 trihydride
(IMH3(NHC)]) and trimethyl ((MMg(NHC)]) have been iso-
lated#* little attention has been paid to the corresponding
trihalide adduct§-8 Thus, only two carbene-containing GaCl
adducts { and 2, Figure 1) have been reported to date to the
best of our knowledg&Furthermore, the only NHC-containing
GaCk adduct, [GaG(ITM)] (1) (ITM = 1,3,4,5-tetrameth-
ylimidazol-2-ylidene), could not be crystallized and studied by
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route for bulkier N-heterocyclic carbenes.

This is somewhat surprising since gallium trichloride is
arguably the most utilized species in 'Gaatalyzed organic
transformationd? and NHCs attached to the gallium center
could enhance and/or modulate the catalytic activity. Further-
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Table 1. Selected Bond Lengths (&) and Angles (deg) of [GagNHC)] 3—5

[GaCk(IPr)], 3 [GaCk(IMes)], 4 [GaCk(IPrMe)], 5

Ga—C(1) 2.016(2) 1.954(4) 2.011(4)
Ga-CI(1) 2.173(5) 2.1674(8) 2.203(10)
Ga—Cl(2) 2.179(5) 2.1674(10) 2.197(11)
Ga—CI(3) 2.177(6) 2.1910(8) 2.198(11)
C(2)-C(3) 1.339(3) 1.356(4) 1.373(5)
C(1)-N(2) 1.348(2) 1.376(4) 1.353(5)
C(1)-N(2) 1.351(2) 1.368(5) 1.366(5)
N(1)—C(3) 1.379(2) 1.389(5) 1.408(5)
N(2)—C(2) 1.380(3) 1.394(6) 1.401(5)
C(1)-Ga—Cl(1) 112.01(5) 113.26(8) 109.66(11)
N(1)—C(1)-N(2) 105.00(4) 102.9(3) 106.3(3)
Cl(1)-Ga—Cl(2) 107.00(2) 107.86(4) 108.40(4)
N(1)—C(3)-C(2) 106.8(2) 106.1(3) 106.6(3)

Scheme 1. Synthesis of [Ga@INHC)] 3, 4, and 5 The proposed structure for compoufdould be elucidated
R R unambiguously by single-crystal X-ray structure analysis.
R. R >=( [GaCk(IMes)] presented the expected atom connectivity (see
Clhaar®as® + 2 = pe“t%. 2 R’NYN‘R Figure 2). Selected bond lengths and angles are presented in

ot e el RN N-R Table 1.
cIm e As a special feature, compouddpresents in the solid state
3 (81%), 4 (87%), 5 (65%) two different positions of the main molecule with an occupation

ratio of 50%. These positions of the molecule are shifted with
respect to each other along thvaxis by 0.96 A. Probably, layers
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Results and Discussion

Figure 2. Crystal structure of [Ga@lIMes)] (4) (thermal ellisp-
soids at 50% probability level; hydrogen atoms are omitted for
clarity).

Gallium(lll) trichloride was treated with 1 equiv of free
N-heterocyclic carbene ligand in pentane to cleanly yield, after
1 h at room temperature, adducts of the type [GAGHC)]
(Scheme 1).

We first reacted IPrY,N'-bis(2,6-diisopropylphenyl)imidazol-
2-ylidene) with GaG, leading to complex3. The air- and
moisture-stable white powder obtained presented the charac-
teristic IH NMR signals for the isopropyl groups of the IPr
ligand (septet ab = 2.63 ppm and 2 doublets at= 1.38 ppm
and o = 1.18 ppm). No signal for an imidazolium salt was
observed. Interestingly, the resonance for the protons at the C4/
C5 positions of the imidazole ring was particularly downfield
(0 = 8.15 ppm). The’*C NMR spectrum did not bring more
valuable information since we could not observe the resonance® ©
of the carbenic carbon (even with prolondé@ NMR sequence
and increased d1), a feature previously reported by Roesky for
compoundl.?®® We believe this is due to the high quadruple
moment of the coordinated gallium center that broadens the
signal to such an extent that it is not observable. To unambigu-
ously confirm the structure, single crystals suitable for X-ray
diffraction study were grown from a slowly evaporating acetone
solution. Compound3, which crystallizes in the monoclinic
space groupgP2;/c, exhibited the expected atom connectivity
(see Figure S1 in Supporting Information). Selected bond lengths &
and angles are presented in Table 1.

Using a comparable route, addudtand5 were synthesized
in moderate to good yields. The [Ga@NHC)] compounds 2 d SEY S
preCIpItated in pentane and were washed with methanol. TheyF|gure 3. Crysta| packmg of Compound with view a|0ng the
were found soluble in most organic solvents but hydrocarbonateda-axis showing the shifted position of the molecules. Hydrogen
ones. atoms are omitted for clarity.
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Table 2. Crystallographic Data for 3, 4, and 5

[GaCk(IPr)], 3 [GaCk(IMes)], 4 [GaCk(IPrMe)], 5

chemical formula GH36ClsGaN, Co1H24ClsGaN C11H2ClsGalN,
M (g/mol) 564.65 480.49 356.36
T(K) 150(2) 100(2) 273(2)
cryst syst monoclinic orthorhombic _triclinic
space group P2,/c Pca2; P1
a(h) 18.3566(8) 17.021(2) 9.3044(14)
b (A) 16.1415(7) 16.803(2) 9.5428(14)
c(A) 20.1819(8) 7.9054(11) 10.4460(16)
o (deg) 90.00 90.00 100.038(3)
p (deg) 103.0580(10) 90.00 94.926(3)
y (deg) 90.00 90.00 117.304(2)
V (A3) 5825.3(4) 2261.0(5) 796.8(2)
z 8 4 2
density(calcd) (g cm?) 1.288 1.412 1.485
absorp coeff (mmt) 1.237 1.580 2.212
F(000) 2352 984 364
cryst size (mm) 0.4 0.05x 0.03 0.50x 0.30x 0.15
0 (deg) 2.12-22.50 2.76-37.58 2.475-30.851
index rangehkl —19to+19,-17to+17,—-21to+21 —29to+29,—28t0+28,—7t0+13 —11lto+11,—11to+11,—12to+12
no. of data/restraints/params ~ 7614/548/611 9569/25/500 2795/140/160
goodness-of-fit orfr2 0.923 1.053 1.134
Rvalues (all data) R; = 0.0264 R; = 0.0647 R; = 0.0486

wR, = 0.0687 wR, =0.1174 wR, = 0.1236

the solid framework, presenting the final overlapped structure In conclusion, we have reported the very straightforward
model. This particular crystal packing with the overlapped synthesis of three air- and moisture-stable NHC-containintj Ga
structures is presented in Figure 3. The obtained model refinedcomplexes. These [GaftNHC)] adducts were fully character-
in the orthorhombic polar space groBpa2; (a, 17.0210 Ab, ized and studied by X-ray analysis for the first time. Studies
16.8034 A;c, 7.9054 A) with excellent statistics and presented aimed at employing these compounds in organometallic catalysis
only a few correlations of atoms in close positions. Structures are ongoing in our laboratories.
solved in smallerd, 11.9750 A;b, 11.9750 A;c, 7.8980 A)
and larger ¢, 17.0295 A; b, 7.9029 A;c, 33.5977 A) Experimental Section
orthorhombic crystal cells did not refine successfully and the
R value could not be lowered below 20%.

Interestingly, [GaGJ(IPrMe)] (5) (IPrMe = 1,3-diisopropyl-
4,5-dimethylimidazol-2-ylidene), which crystallizes in the tri-

_cI|n|c space gr_ou;Pl (crystgl structure is shown in Figure S2 resonance (NMR) spectra were recorded on a Varian-400, Bruker-
in the Suppo_rtlng .Informatlon, and selected bond lengths and 400, or Bruker-500 MHz spectrometer at ambient temperature in
angles are given in Tablg 1), presgnted a much shorter Ga CD.Cl,, C¢Dg, CDCl;, and acetonel; containing tetramethylsilane
C(1) bond than its trihydride and trimethyl congeners, 2.011- (campridge Isotope Laboratories, Inc). Elemental analyses were
(4), 2.071(5), and 2.13(2), respectively (in A), probably due to performed at Robertson Microlit Laboratories, Inc., Madison, NJ.
a stronger interaction between the NHC and the electron-poor HRMS analyses were performed by the Mass Spectrometry Facility
gallium bearing three chloride ligands. at the Institute of Chemical Research of Catalonia (ICIQ), Tarragona
The three complexes described above adopt a slightly (Spain). Crystallographic data are summarized in Table 2. CCDC-
distorted tetragonal-pyramid geometry around the gallium center. 628373 ([GaG(IPr)], 3), CCDC-631974 ([GaG(IMes)], 4), and
In all cases, the galliumcarbene bond, GaC(1), was much CCDC-628372 ([GaG(IPrMe)], 5) contain the supplementary
shorter than the GaCl bonds by 0.18 A on average, with the  crystallographic data for this paper. These data can be obtained
IMes-containing adduct presenting the shortest of al-G6L) free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html (or from
bonds (1.954(4) A). A consequence of this feature could be the Cambridge Crystallographic Data Centre, 12 Union Road,
observed in the wider carbengallium—chloride angle when ~ Cambridge CB2 1EZ, UK; fax:+44 1223 336 033; e-mail:
compared to the GlGa—Cl angle, which is believed to be an ~ deposit@ccdc.cam.ac.uk).
effect of the steric pressure of the NHC substituents on the  Synthesis and Characterization of [GaC{NHC)]. General
chlorides. Remarkably, this effect was significant onliand Procedure In a glovebox, in a 250 mL round-bottom flask, NHC
4, both possessing bulky aryl-substituted moieties on the NHC ( €quiv) is mixed with 70 mL of pentane and stirred for 30 min.
nitrogens. The structure & showing the slight hindrance of GaCb.(l e.quw),.as acrystalhne solid, is then adQed In one portion,
the IPrMe ligand, presented a near-perfect tetragonal-pyramid€Su/ting in the immediate appearance of a white precipitate. The
arrangement with €Ga—Cl and CHGa—Cl angles very close solution i stirred fo1 h and_ then filtered in air. The white solid
0 109 collected is then washed with MeOH and dried.

. L (1,3-Bis(2,6-diisopropylphenyl)imidazol-2-ylidene)gallium-
It is noteworthy th_at, regardless of the steric hindrance k_)rought (Ill) Chloride (3), [GaCl «(IPr)]. The general procedure, using IPr
about by the NHC ligand, the [GagNHC)] adducts described (490 mg, 1.023 mmol) and Gag(180 mg, 1.023 mmol), yielded
here are indefinitely air- and moisture-stable and do not 457 mg (81%) of the title compound.

decompose in solution, even in polychlorinated solvéhts.

General Information. GaCk was purchased as a crystalline solid
from Aldrich, used as received, and stored in a glovebox. All NHCs
were synthesized according to literature procedtfésmhydrous
pentane was used as purchaséd.and 3C nuclear magnetic

(12) For synthesis of NHCs, see: (a) Arduengo, A. J., lll; Calabrese, J.
(11) As a testimony to their stability, samples 3f4, and5 retrieved C.; Davidson, F.; Rasika Dias, H. V.; Goerlich, J. R.; Krafczyk, R.; Marshall,

from our laboratories in New Orleans showed no signs of decomposition W. J.; Tamm, M.; Schmutzler, Rielv. Chim. Actal999 82, 2348-2364,

by 'H and 3C NMR after being subjected for three months to harsh and references therein. (b) Trnka, T. M.; Grubbs, RAdc. Chem. Res.

environmental conditions (90/9%-, high humidity, and high level of volatile 2001, 34, 1829, and references therein. (c) Huang, J.; Nolan, S. Rm.

chemicals) imposed by hurricane Katrina. Chem. Soc1999 120, 9889-9890.



Notes

IH NMR (0, 400 MHz, acetonek): 8.15 (s, 2H=CH'™), 7.57
(t, J= 7.6 Hz, 2H,p-HA"), 7.40 (d,J = 7.6 Hz, 4H,m-H~"), 2.63
(sept,J = 6.8 Hz, 4H, Gi(CHj3),), 1.38 (d,J = 6.8 Hz, 12H, Me),
1.18 (d,J = 6.8 Hz, 12H, Me)13C NMR (6, 100 MHz, CBCL):
145.7 (C, @), 1325 (C, @), 131.4 (CH,=CH'™), 126.4 (CH,
CAn), 124.2 (CH, @), 29.1 (CH,CH(CHjy),), 25.6 (CH, CH(CHa)y),
22.3 (CH;,, CH(CHa),). HRMS: calcd for GgHzoCl:GaNsNa (M
+ Na+ MeCN) 626.1363, found 626.1358. Anal. Calcd fortdss
ClsGaN, (MW 564.65): C, 57.43; H, 6.43; N, 4.96. Found: C,
57.78; H, 6.15; N, 4.99.

(1,3-Dimesitylimidazol-2-ylidene)gallium(lll) Chloride (4),
[GaCls(IMes)]. The general procedure, using IMes (800 mg, 2.632
mmol) and GaGl (465 mg, 2.634 mmol), yielded 1.101 g (87%)
of the title compound.

IH NMR (0, 400 MHz, CDC}): 6.71 (s, 4H, H"), 5.78 (s, 2H,
=CH'm), 2.05 (s, 6H,p-Me), 2.00 (s, 12Hp-Me). 13C NMR (9,
100 MHz, acetonel): 146.6 (C, C'), 136.3 (CH=CH'™M), 134.4
(C, &v), 130.2 (CH, @1, 127.1 (C, €'), 21.2 (CH, p-Me), 17.9
(CHs, 0-Me). HRMS: calcd for GsH,7Cl,GaNs (M — Cl + MeCN)
484.0838, found 484.0851. Anal. Calcd fo$;8,,Cl:GaN, (MW
480.49): C,52.49; H, 5.03; N, 5.83. Found: C, 52.48; H, 5.15; N,
5.99.

(1,3-Diisopropyl-4,5-dimethylimidazol-2-ylidene)gallium-
(1) Chloride (5), [GaCl 3(IPrMe)]. The general procedure, using

Organometallics, Vol. 26, No. 13, 2008259

IPrMe (364 mg, 2.00 mmol) and GaC{352 mg, 2.00 mmol),
yielded 463 mg (65%) of the title compound.

H NMR (3, 400 MHz, CDC}): 5.73 (septJ = 7.6 Hz, 2H,
CH(CHs),), 1.35 (s, 6H, M&), 0.98 (d,J = 7.6 Hz, 12H, CH-
(CHa3),). 13C NMR (6, 100 MHz, GDg): 127.4 (C, @), 53.4 (CH,
CH(CHs)2), 21.6 (CH, CH(CH3),), 10.4 (CH, MeMm). HRMS:
calcd for GsH23Cl,GaNs (M — Cl + MeCN) 360.0525, found
360.0533. Anal. Calcd for GH,Cl:GaN, (MW 356.36): C, 37.07;
H, 5.66; N, 7.86. Found: C, 37.23; H, 5.85; N, 7.71.
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