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Insertion reactions of the low-valent group 13 bisimidinate ligand Ga(DDP) {DDP = 2-[(2,6-diisopropylphenyl)-
amino]-4-[(2,6-diisopropylphenyl)imino]-2-pentene} into Zn—Me and Zn—Cl bonds are reported. The reaction of
ZnMe, with 2 equiv of Ga(DDP) yields the double-insertion product [{ (DDP)GaMe} ,Zn] (1), whereas the insertion
of Ga(DDP) into the Zn—Cl bond of ZnCl, in tetrahydrofuran (THF) leads to the monoinsertion product [{ (DDP)-
GaCl} ZnCI(THF),] (2). Treatment of 2 with Na[BArF] results in the salt [{ THF-Ga(DDP)} Zn(THF)(u-Cl)J2[BAr, (3),
with two Cl atoms bridging the Zn centers. The structural features of the Zn—Ga-bhonded compounds 1-3 were
compared with related complexes and in particular with the compound [Zn(GaCp*)4][BAr]; (4), which was synthesized
by the reaction of ZnMe,, [H(OEt,),][BArF], and GaCp* in fluorobenzene. The complex cation [Zn(GaCp*)4J?* of 4
relates to previously reported d'® analogues [M(GaCp*)s] (M = Ni, Pd, Pt). All new compounds were fully characterized
by elemental analysis, NMR spectroscopy, and single-crystal X-ray diffraction analysis.

during the past decade. For example, the neutral NHC
) . . o analogue (NHGC= nitrogen heterocyclic carbene) gallium-

A continuous motif in metatorganic coordination chem- (1) bisimidinate ligand [Ga(DDP)]DDP = 2-[(2,6-diiso-
istry has been exploring the bonding of the heavier group propylphenyl)amino]-4-[(2,6-diisopropylphenyl)imino]-2-
13 and 14 .elem.ents E to p-, d-, and f—blgck 'r.netal fragments penteng stabilizes low-coordinated, very electron-rick d
ML , featuring direct M-E bonds' The availability of neutral MO centers (Ni Pd, and P, which allow typical oxidative
as well as anionic nucleophilic carbenoid grovp 13 organyls 4qgition reactions of hydrogen, organosilanes, and benzene.
[E'R]* (R = bulky organic groupa = 0, —1)"* as freé  gjnijarly, the anionic congeners to [Ga(DDP)], namely, the
ligands boosted the research on the synthesis and reactivityiye_membered heterocycle [GAI(ANC(H)]2}]~ (Ar = 2,6-

of their complexes with late transition metals eRu,’ i ; :
Co59 Rh1041Nj 12-15 pf216-18 PR418Cy, Agi9 and AFO2) 'Pr,CeHs), have been introduced as NHC analogue ligands
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Scheme 1. Synthesis of Compounds—3 (R = 2,6{Pr,CsH3)
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by Jones et &t 6915192226 The M—E bonding in all of these  three-coordinated Ga centér$:2>24n addition, the substitu-
compounds has been extensively studied by quantum chemition of weakly bound neutral ligands such as olefins is
cal methods on various levels of thedfy?° In general, one possible, leading to anionic complexXéslso, the insertion
should note that the ME bond is dominated by electrostatic  of [Ga{[N(Ar)C(H),}]~ into metat-halide bonds is observed
effects, leading to M{~) and E¢™) polarization due to the  but invariably leads to the elimination of the paramagnetic
very strongo-donor properties of the [R]? ligands3® The Gd' dimers3* In contrast to that, the relategeutral six-
m(M—E) back-bonding is typically rather weak, and its membered heterocycle [Ga(DDP)] typically inserts into
contribution to the bonding heavily depends on the particular metal-halide bonds to give neutral complexes with a
types of o/ donor/acceptor properties of the supporting M—Ga—X motif (X = halide), and four-coordinated Ga
group R. As an extreme case, the complex cation [GaPt- centers, as we have recently reported fot Rlas well as
(GaCp*y]™ may be quoted here. This complex features a Au'2°complexes. Theformally anionicfragment[Ga(Cl)(DDP)]
naked G4 cation in a terminal position bonded to the 18- coordinated to a formally cationic metal center can thus be
electron closed-shell [Pt(GaCp}) The calculations point  viewed as being isolobal to phosphanes BRarsanes AsR

toward equally strong electrostatic and covalenand with similar bonding properties and a four-coordinated ligator
acceptor interactions but without any-donor influence atom.
caused by the remaining lone pair at the' Ganter 2.1. Insertion Reaction of [Ga(DDP)] into Zn—CH3 and

Looking a_t the large number of ME complexes of these  zn—Cl Bonds. The reaction of [Ga(DDP)] with M&n in
types of ligands reported to date, the elements of the Zn g ratio of 2:1 in fluorobenzene at room temperature gives
group, Zn, Cd, and Hg, have so far remained elusive. Two

examples with very short Hgin interactions are knoW: (19) Green, S. P.; Jones, C.; Mills, D. P.; StaschQfganometallic2007,
whereas no molecular complexes of Hg and Cd with the 26, 3424-3430.

lighter group 13 ligands [AR]? or [GdR]? have been isolated 9 'l(gsn_“pter’ A.; Gemel, C.; Fischer, R. lorg. Chem2005 44, 163~

and characterized so far. Most recently, however, Jones et(21) Anandhi, U.; Sharp, P. ®ngew. Chem., Int. E®004 43, 6128
i iminati ; 6131.

al. Commumcated_ Or.‘ the salt e“mm.atlon rgactlon of (22) Baker, R. J.; Farley, R. D.; Jones, C.; Kloth, M.; Murphy, D. M.

[Ga{[N(ArC(H)]2}]~ with N,N-chelated zinc chloride com- Chem. Soc., Dalton Tran€002 3844-3850.

plexes to give the very first examples of compounds featuring 5233 ionelsd % IL?OieddFl? Ps ?taﬁﬂchMDaltton “_TlraJnS 200229'\% 2%939P
3 o ddle, cilaster ones lis
a Zn—Ga bond? This report prompted us to present here Am. Chem. So@007 129, 5360-5361.

our results on the synthesis and structural characterization(25) Jones, C.; Mills, D. P.; Platts, J. A.; Rose, RIfrg. Chem.2006
- 45, 3146-3148.
of some related new compounds with-Z8a bonds, namely, (26) Green. S. P.: Jones, C.: Lippert, K. A.: Mills, D. P.: Staschnarg.
[{(DDP)GaMé»zZn] (1), [{(DDP)GaC}ZnCI(THF)] (2), Chem.2006 45, 7242-7251.
[{ THF-Ga(DDP} Zn(THF)(u-Cl)]z[BAI'F]z (3), and [Zn— (27) Sundermann, A.; Reiher, M.; Schoeller, W. Bur. J. Inorg. Chem.
GaCp*)|[BArfl» (4) (THF = tetrahydrofuran; [BAT] = 199§ 305-310.
( atp )4][ rF]Z ( ) ( = tletranydroturan; [ 'f] - (28) Uddin, J.; Boehme, C.; Frenking, Grganometallic200Q 19, 571—
[B{ CeH3(CRs)2} 4). 582.
(29) Reiher, M.; Sundermann, &ur. J. Inorg. Chem2002 1854-1863.
. . (30) Uddin, J.; Frenking, GJ. Am. Chem. So2001 123 1683-1693.
2. Results and Discussion (31) Buchin, B.; Gemel, C.; Cadenbach, T.; Fernandez, I.; Frenking, G.;
. . Fischer, R. AAngew. Chem., Int. ER006 45, 5207-5210.
Using theanionicfive-membered heterocycles of the type (32) Aldridge, S.Angew. Chem., Int. EQ00G 45, 8097-8099.
[Ga{[N(Ar)C(H)Z}]— as |igands evidently implies the sub- (33) Gabbai, F. P.; Schier, A.; Riede, J.; Sladek, A.; Goerlitzer, H. W.
stitution of halides from appropriate metal precursors via salt . ,, 19 Chem.1997 36, 5694-5698.
pprop p (34) Baker, R. J.; Farley, R. D.; Jones, C.; Mills, D. P.; Kloth, M.; Murphy,

elimination reactions resulting in neutral complexes with D. M. Chem—Eur. J. 2005 11, 2972-2982.
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Synthesis and Structure of New Compounds with Z@Ga Bonds

Figure 1. Mercury plots ofl (left) and2 (right). H atoms are omitted for clarity. Selected bond lengths (A) and angles (ddg)Afl—Gal 2.4631(7),
Znl-Ga2 2.4609(7), GatC100 1.995(3), Ga2C200 1.984(4), GatN11 2.027(3), GatN12 2.012(3), Ga2N21 2.027(3), Ga2N22 1.998(3), N1+
C3 1.322(4), N12C1 1.327(4), N23-C32 1.325(4), N22C30 1.323(4); GatZnl-Ga2 173.61(2), N12Gal-N12 90.86(11), N2+ Ga2-N22 91.18-
(12), Zn1-Gal-C100 121.14(10), ZntGa2-C200 122.00(11); C1066Gal—Ga2-C200 93.4. Selected bond lengths (A) and angles (de@) @a—2zn
2.3920(6), Zr-01 2.098(2), Zr-ClI1 2.2016(14), GaCl2 2.2820(10), GaN1 1.965(2), N+C1 1.335(3); N+ Ga—N1* 94.18(13), Zr-Ga—CI2 111.31-

(3), Cl1-Zn—Ga 138.07(4), 0+Zn—01* 87.26(17); Cl+Ga-zn—Cl1 180.0.

the insertion producl as orange-red crystals in yields of
around 80% (Scheme 1). Compouhevas found to be air-

depending on the coordination number at the group 13 metal,
and the distance does not simply reflect the bond order. In

sensitive in solution as well as in the solid state but can be the course of the reaction, the [Ga(DDP)] ligand inserts into
stored in an inert gas atmosphere for several weeks withoutthe Zn—Me bond, giving a distorted tetrahedral geometry at
decomposition. The compound is well soluble in common the Ga center. Th§ MeGa(DDP} moieties are oriented
aprotic organic solvents like hexane, THF, or benzene. perpendicular to each other (torsion angle C1Gal-Ga2-

Several attempts to remove the methyl groupsloby
protonation with [H(OE#),][BAr F] in fluorobenzene aiming
at methane elimination and thus leading to the $aDDP)-

Ga},Zn][BArF], as a potential product were not successful.
Instead, the deposition of a gray, obviously metallic pre-

C200: 93.4) to minimize steric strain in the complex.
Averaging to 1.99 A, the GaMe bond distances are
distinctly longer than those in [M&a(DDP)] (av 1.75 A¥

but more similar to that of [(Me)(Cl)Ga(DDP)] [1.956(2)
A],3 the observation of which can be interpreted as an effect

cipitate was observed. Because no well-defined productsof the lower oxidation state and thus less electrophilic
could be isolated and characterized, no further attempts tocharacter of the Ga atom h The Ga-N bond distances of

optimize the conditions were undertaken.
The'H NMR spectrum ofl in CDCl; at room temperature

1.998(3)-2.027(3) A are in agreement with that explanation
and are only slightly shorter than that in free [Ga(DDP)]

displays one set of signals for the DDP ligand, with a reduced (av 2.054 A}’ but similar to that found in{[([DDP)Gg Au-

(Cs) symmetry (e.g., two signals for tHer—CH protons,
indicative of a lack of rotation around the-®l bond of the
aryl group). ThéPr—CHjz protons give rise to four distinct

{Ga(DDP)C}] [1.984(6) A for the{ Ga(DDP)C} moiety] 2
In contrast to the insertion of [Ga(DDP)] into the Z@
bond of ZnMe, the reaction of ZnGlwith [Ga(DDP)] in a

doublet signals at 1.28, 1.24, 1.22, and 1.09 ppm, whereas arHF solution does not give the congenerlpfnamely, the
signal at—0.45 ppm can be assigned to the protons of the compound {(DDP)GaC},Zn]. Rather, the compound is

methyl groups bound to the Ga atoms. THE NMR

obtained in quite good vyields even in the case of a larger

spectrum is in good agreement with these results. Deep-excess of [Ga(DDP)] (Scheme 1). The presence of the

orange-red crystals of suitable for single-crystal X-ray
analysis were obtained by crystallization frawhexane at
—30°C overnight. The molecular structure bfn the solid
state is shown in Figure 1 (left). In addition, Figure 1 (right)
shows the molecular structure &, the synthesis and
characterization of which are discussed below.
Compoundl shows a linear two-coordination of the central
Zn atom by the Ga atoms [G&Zn—Ga= 173.61(2j] with
equal Ga-Zn bond distances of 2.4631(7) and 2.4609(7) A.

These bond lengths are significantly longer than those in

[{"PRLNCIN(AN] 2} ZnGE [N(Ar)C(H)] 2] [2.3230(7) A] but
comparable to those in [(tmeda)aBal [N(Ar)C(H)] 2} } 2] [Ar
= 2,64Pr,CH3; 2.4491(17) and 2.4307(17) A}.In general,

the M—E bond distances can vary over quite a large range

coordinating solvent THF instead of fluorobenzene may favor
the formation of Zr-THF adducts and thus four-coordinated
Zn species. The increased steric bulk of the DDP ligand (cone
angle of ca. 279 in comparison with [GEN(ANC(H)]2}]1~
(cone angle of ca. 18Dis likely to disfavor the formation

of [{(DDP)GaC}.Zn(THF)] as the hypothetical double-
insertion product, which, however, would compare with the
known a four-coordinated compound [(tmed&)za{ [N(Ar)C-

(35) Stender, M.; Eichler, B. E.; Hardman, N. J.; Power, P. P.; Prust, J.;
Noltemeyer, M.; Roesky, H. Winorg. Chem2001, 40, 2794-2799.

(36) Singh, S.; Ahn, H. J.; Stasch, A.; Jancik, V.; Roesky, H. W.; Pal, A.;
Biadene, M.; Herbst-Irmer, R.; Noltemeyer, M.; Schmidt, H.h@&rg.
Chem.2006 45, 1853-1860.

(37) Hardman, N. J.; Eichler, B. E.; Power, P.Ghem. Commur00Q
1991-1992.
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(H)]2}}2].22 Several attempts to react Zn@¥ith [Ga(DDP)]
in fluorobenzene as a very polar, inert but noncoordinating

solvent did not give any isolable products. Thus, the solvent-

free congeners t@ and 3 (vide infra) remain a synthetic
challenge. Compound is soluble in THF, EO, or CHC}

Kempter et al.

storing the solution overnight at30 °C, colorless needles
of [{ THFGa(DDP}Zn(THF)(u-Cl)]J[BArf], (3) were ob-
tained in 72% vyield (Scheme 1). No further reaction was
observed upon the addition of another 1 equiv of Na[BAr
to 3. Compound3 can be stored in an inert gas atmosphere

and can be stored in the solid state in an inert gas atmospherdor several days without decomposition and was found to

for several days without decomposition. TAE NMR
spectrum of2 in CDCl; shows one signal for the DDP-

be soluble only in polar solvents such as THF or fluoroben-
zene but not in hexane or toluene, which matches with the

backbone proton at 5.27 ppm as well as signals indicating aionic nature of the product. Again, tHél NMR spectrum

C,, symmetry around th€Ga(DDP} moiety, which is not

of 3 in fluorobenzene at room temperature shows only one

in accordance with the solid-state structure discussed below.set of signals for &,,-symmetric{ Ga(DDP} moiety. This

Obviously, the chloro ligands exchange fast in solution,

is in agreement with a fast exchange of the axially coordi-

leading to coalescence of the DDP signals. However, evennated THF molecule, further supported by two broad signals

at low temperature<{60 °C), no significant splitting of the
signals could be observed.

Pale-yellow prismatic crystals @were grown by storing
the solution at—30 °C overnight. The molecular structure
of 2 in the solid state is shown in Figure 1 (right). Compound
2 crystallizes in the monoclinic space groBg,/m, with only
half of the molecule in the elemental cell and the THF ligand
at the Zn being disordered, showing two THF moieties
rotated by around 65°6 The Zn atom is coordinated in a
distorted tetrahedral geometry by two THF molecules, the
chloro fragment, and thgClGa(DDP} fragment. The Zn
Cl bond [2.2016(14) A] is slightly longer than those in the
parent compound [(THEINCL] [2.176(2) and 2.184(2) A}
but is well in the range for other 2nCl bonds reported in
the literature. The same is true for the-Z@ bond distance,
which is 2.098(2) A in2 and slightly longer than those in
[(THF)2ZnCly] [2.009(5) and 2.016(5) A]. Interestingly, the
Ga—2Zn bond distance of 2.3920(6) A is slightly shorter than
that in1 [2.4609(7) A] and is well shortened with respect to
four-coordinated Zn complex [(tmeda)Z@a][N(Ar)C-
(H)]2}}2] [2.4491(17) and 2.4307(17) A] but significantly
longer than that in{ PLNC[N(Ar)] 2} ZnGE [N(Ar)C(H)]2}]
[2.3230(7) A], which features three-coordinatedZithese
results indicate that the difference in the-ZBa bond length

for the THF ligands observed at 3.51 and 1.53 ppm,
respectively. Similar NMR features were previously reported
for the Au compound{[(DDP)GaTHF},Au][BAr ], which
also shows only signals for fgGa(DDP} moiety in aCy,-
symmetric coordinatiof?

Colorless needles, suitable for single-crystal X-ray dif-
fraction analysis could be obtained by cooling a saturated
solution of 3 in fluorobenzene to—30 °C overnight.
Compound3 crystallizes in the triclinic space growi with
half of the molecule in the asymmetric unit. The molecular
structure of3 is depicted in Figure 2 and consists of a planar
Zn,Cl, core, with the two Cl atoms bridging the Zn centers.
The Zn atoms show a distorted tetrahedral environment. The
Zn—Cl bond distances are 2.3520(16) A Z@l) and
2.3652(18) A (za-ClI*), similar to those found in the halide-
bridged complexeqd Me;Si)sSi} Zn(THF)u-Cl)]2 (2.36 and
2.40 A) or [ (MesSi):Ge Zn(THF)u-Cl)]» (2.36 and 2.40
A).3° Whereas the ZaGa [2.3960(11) A] bond distance is
similar to those found ir2 [2.3920(6) A] and therefore in
between those found for [(tmeda)gBa{ [N(Ar)C(H)]2}}2]
[2.4491(17) and 2.4307(17) A] and fof'PLNC[N(AN)] 2} -
ZnGH [N(Ar)C(H)]2}] [2.3230(7) A} the Zn-O bond
distance [2.021(4) A] is slightly shorter than tha@if2.098-

(2) A] but comparable to [(THRZNCL] [2.009(5) and 2.016-

can be attributed to steric interactions of the coordinated (5) A].38 Similar to the situation discussed d{[PDP)Ga

group 13 ligands rather than being primarily related to the

THF},AU][BArF],1° the electrophilicity of the Ga center

Zn coordination numbers, as was previously suggested forincreases according to the coordination to the metal center.

the five-membered heterocycle compleX&ghe two Cl

This is reflected in the weak coordination of a THF molecule

atoms, the Ga atom, and the Zn atom are coplanar (torsionto each Ga atomerpendicularto the least-squares plane of

angle C+Ga—zZn—ClI: 180), with the Cl atoms being in
the trans position to each other. Whereas the-Glabond
distance [2.2820(10) A] is significantly longer than those in
[(DDP)GaC}] [2.218(1) and 2.228(1) A¥ it is similar to
those in other [M[Ga(DDP)CI] complexes such as [(§#)-
Au{Ga(DDP)C}] [2.290(2) A], { (DDP)Gg Au{ Ga(DDP)-
Cl}] [2.2837(16) A]2° or [(COE)(benzene)R{DDP)GaC}]
[2.321(2) A]Ji° respectively (COE= cyclooctene). The
comparably long GaCl distance is in good agreement with
the fluxional behavior of the chloro ligand observed in
solution.

2.2. Cationic Complex with Zn—Ga Bonds.When2 is
reacted with 1 equiv of Na[BA} in THF or fluorobenzene,
no color change or precipitation took place. However, on

the heterocycle. The behavior of the Ga center of{iGa-
(DDP)} moiety to act as a Lewis acid if a Lewis base
approaches from above the ring plane corresponds well with
the theoretical findings of Reiher and Sunderm#himhe
THF moieties coordinated to Zn and Ga are perpendicularly
oriented to each other (torsion angle-Ga—Zn—0: 90.08),
with the Ga—O bond distance i [2.098(2) A] being slightly
shorter than that in{[DDP)GaTHF},Au][BArf] (av 2.16
A).lo

In contrast to [Ga(DDP)], [GaCp*] does not react with
Me,Zn in either THF or fluorobenzene. However, when
[H(OEL),][BArf] and MeZn were previously mixed in a
2.1 mole ratio at-30 °C and the resulting colorless solution,
presumably containing solvated Zrcations and/or [Z#]-

(38) Dashti, A.; Niediek, K.; Werner, B.; Neumueller, B. Anorg. Allg.
Chem.1997, 623 394-402.
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Synthesis and Structure of New Compounds with Z@Ga Bonds

Figure 2. Mercury plot of3. H atoms and [BAT]~ anions are omitted for clarity. Selected bond lengths (A) and angles (deg)NG4.926(5), GaN2
1.942(5), Ga-O1 2.105(4), GazZn 2.3960(11), Zr02 2.021(4), Zr-Cl1 2.3520(16), ZR-Cl1* 2.3652(18), N+C1 1.332(7), N2C3 1.320(7); Nt
Ga—N2 96.8(2), O+Ga—2Zn 107.43(13), Cl+Zn—Cl1* 92.96(6), 02-Zn—Ga 116.13(12); O+Ga—Zn—02 90.07(18).

Scheme 2. Synthesis of Compound

ES
GaCp*
2 [H(OEt,),][BArT]

-2 CH, /Z%/,,,Gacp* 2 [BAFT
*CpGa 5aCp*

ZnMe,

[BArFf], ion aggregates, was warmed to room temperature
and then GaCp* added, colorless crystals4otould be
obtained by slow diffusion of hexane into the concentrated
solution overnight (Scheme 2). It should be noted that no
reaction was observed when using [Zn(gtf(Otf
CR:S(G;7) as the alternative Zn source. Besides the signals
for the [BArf]~ anion, the'H NMR spectrum of4 in CD,-

Cl, at room temperature expectedly shows only one signal
for the coordinated GaCp* moieties at 2.03 ppm, which is
in agreement with a presumably dynamic and highly sym-
metric homoleptic compound wity? coordination of the Cp*
rings in solution. The molecular structure 4fn the solid
state is shown in Figure 3.

Compound4 crystallizes in the monoclinic space group
C2/c, with some CEk groups of the [BAF] anion being
slightly disordered. The Zn atom is coordinated by four Ga
atoms in a distorted tetrahedral fashion. In contrast to the
previously reported homoleptic complexes [M(GaGptM
= Ni, Pd, and Pt}%4twhich exhibit nearlyideal tetrahedral
Ga—M—Ga angles of around 109the Ga-Zn—Ga angles
in 4 vary from 107.44 to 113.80 possibly because of
packing effects of the [BAj~ anion in the unit cell. The

Figure 3. Mercury plot of the homoleptic complex cation [Zn(GaCg?y

of 4. H atoms and [BAT]~ anions are omitted for clarity. Selected bond
lengths (A) and angles (deg): ZGal 2.4036(6), ZrGa2 2.4111(6),
Gal—Cp*centroid1.861, Gat-Cp*centoia1.850; GatZn—Ga2 107.440(18),
Gal*—Zn—Ga2 108.510(17), GaZn—Ga2* 111.18(3), GatZn—Gal*
113.80(3).

[2.3960(11) A]. The CpZnoi—Ga distances range between
1.850 and 1.861 A and are thus significantly shortened in
comparison to the corresponding distance of the frge [(
Cp*)Ga] (2.08 A¥2 and the complexes [M(GaCp[M =

Ni (2.00 A), Pd (2.02 A), and Pt (1.99 AjP4! Similar
Cp*centroic— Ga distances are found in [Cp*GaFe(Gd)L.86

Zn—Ga bond distances are 2.4036(6) and 2.4111(6) A; theseP)*® or [(CeFs)sBGaCp*] (1.865 A), for examplé! This

distances are shorter than those 1n[2.4609(7) A] or
[(tmeda)Zd Ga{[N(Ar)C(H)]2}}2] [2.4491(17) and 2.4307-
(17) A] but comparable to the ones M{2.3920(6) A] or3

(40) Gemel, C.; Steinke, T.; Weiss, D.; Cokoja, M.; Winter, M.; Fischer,
R. A. Organometallic2003 22, 2705-2710.

(41) Jutzi, P.; Neumann, B.; Schebaum, L. O.; Stammler, A.; Stammler,
H.-G. Organometallics1999 18, 4462-4464.

shortened Cpinroic—Ga distance indicates the increased
electrostatic interaction and the stromglonation of the Ga

(42) Loos, D.; Baum, E.; Ecker, A.; Schekel, H.Angew. Chem., Int. Ed.
1997, 36, 860-862.

(43) Jutzi, P.; Reumann, G. Chem. Soc., Dalton Tran200Q 2237~
2244,

(44) Hardman, N. J.; Power, P. P.; Gorden, J. D.; Macdonald, C. L. B;
Cowley, A. H.Chem. Commur2001, 1866-1867.
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lone pair to the Zf"™ cation. The Cp* moieties are nearly
symmetricallyn®>-bonded to the Ga centers [GaC bond
distances 2.197(4)2.225(4) A; Ga2C bond distances
2.203(4)-2.236(4) A], but a substantial deviation from
linearity is observed for the Cg¥woic— Ga—Zn vectors (165
and 170). This deviation is known for other [M(GaCp*)]

(M = Ni, Pd, and Pt) complexes and is caused by repulsive
intramolecular interactions between the Cp* methyl groups

of different Cp*Ga ligands (cone angte 112).

3. Conclusion

Kempter et al.

appropriate amount of the commercially available (Fluka) and as-
received alkyl in hexane or 8sF. ZnChL was purchased from
Riedel-de-Haen and used as received. Elemental analyses were
performed by the Microanalytical Laboratory of the Ruhr-Univer-
sitd Bochum. NMR spectra were recorded on a Bruker Avance
DPX-250 spectrometertfi NMR, 250.1 MHz;13C NMR, 62.9
MHz) in C¢Dg at 298 K, if not stated otherwise. Chemical shifts
are given relative to tetramethylsilane and were referenced to the
solvent resonances as internal standards.

All crystal structures were measured on an Oxford Excalibur 2
diffractometer using Mo i radiation ¢ = 0.710 73 A). The
structures were solved by direct methods usBtgELXS-97and
refined againsF?2 on all data by full-matrix least squares with

We have successfully synthesized and structurally char- SHELXL-97 Details to the data collection, structure solutions, and

acterized several new examples of compounds with@Ga
bonds by insertion of the bulky bisimidinate Ga(DDP) into
Zn—Me and Zn-Cl bonds. Thus, the reaction of Zniv\ith
[Ga(DDP)] yields the insertion produdt(DDP)GaMé ,Zn]

(2), with two {MeGa(DDP} moieties coordinating to the
Zn center. Compounti exhibits a perpendicular orientation
of the {MeGa(DDP} moieties in the solid state, which is
explained by the steric bulk of the DDP ligand. The complex
[{ (DDP)GaC} Zn(CI)(THF)] (2), synthesized by the reaction
of ZnCl, with [Ga(DDP)] in THF, only shows a single
insertion of one [Ga(DDP)] moiety into one ZCI bond.

In contrast to the related reaction with the anionic five-
membered heterocycle [E&I(Ar)C(H)]2}]~, the Cl remains

refinements of the new compountis4 are available as Supporting
Information (see below).

4.2. Synthetic Procedures and Analytical Data. {{(DDP)-
GaMe},Zn] (1). A sample of [Ga(DDP)] (200 mg, 0.41 mmol)
was dissolved in 5 mL of fluorobenzene at room temperature. A
volume of 1.66 mL of a 0.25 M solution of ZnMén fluorobenzene
was added slowly. The reaction mixture turned to deep-orange and
was stirred for an additiohd h atroom temperature. The solvent
was removed in vacuo, and the orange-yellow solid was redissolved
in ca. 2 mL hexane. Cooling the solution+80 °C overnight gave
deep-orange-red crystals @&fin 178 mg yield (81%)H NMR
(CDCls, 25°C): 6 7.28-7.13 (m, 12H, Ar), 5.24 (s, 2Hy-CH),

3.55 (sept, 4H, E(Me),, Juy = 6.72 Hz), 3.07 (sept, 4H,l(Me),,
Jun = 6.85 Hz), 1.85 (s, 12H, CHl, 1.28 (d, 12H, CH{€)2, Jun

coordinated at the Ga center and allows subsequent substitu= 7.02 Hz), 1.24 (d, 12H, CH€),, Jun= 6.93 Hz), 1.22 (d, 12H,

tion reactions. Thus, salt elimination @fwith Na[BArF]
yields the cationic complex{ THFGa(DDP}Zn(THF)(u-
CI)]2[BArF], (3). The rather strong electrophilicity of the
coordinated Ga center of the [Ga(DDP)] ligand in cationic
complexes becomes visible by the axial coordination of THF
molecules to each Ga center3nAdditionally, the reaction

of Me,Zn with [H(OEL),][BArF] and [GaCp*] yield in the
compound [Zn(GaCp¥)[BArFf]. (4), featuring the homo-
leptic complex cation [Zn(GaCp#)?", which represents the
Zn analogue of the well-known neutral homoleptic com-
plexes [M(GaCp*)] (M = Ni, Pd, and Pt). This example
nicely illustrates the Lewis base bonding properties of
[GaCp*] to metal cations similar to those of classical Werner-
type complexes such as [Zn(NH]?".

4. Experimental Section

4.1. Methods and TechniquesAll manipulations were carried

CH(Me)2, Juy = 6.57 Hz), 1.09 (d, 12H, CHYe),, Juy = 6.78
Hz), —0.49 (s, 6H, GHle). 13C NMR (CDCk, 25 °C): ¢ 169.3
(CN), 145.7 CMe), 142.7 (Ar), 139.7 (Ar), 127.1 (Ar), 124.9 (Ar),
123.5 (Ar), 97.1¢ -C), 28.9 CHMey), 27.7 (CHVey), 26.8 (QMe),
24.8 (Me), 24.1 (CHVgy). 23.7 (CHVey), 23.7 (CHVgy), 1.0
(GaMe). Elem anal. Calcd (found) for dgHgsGaN4Zn: C, 67.34
(69.69); H, 8.29 (8.57); N, 5.24 (5.06).

A typical experimental approach to remove the methyl groups
of 1 was as follows: 100 mg (0.093 mmol) tfwas dissolved in
5 mL of GgHsF, and [H(OE%),][BArF] (100 mg, 0.093 mmol) was
added at room temperature. After the resulting solution was stirred
for 2 min, a gray/black insoluble precipitate formed. Additionally,
performing the reaction at lower temperature3Q °C) did not
change the outcome of the reaction.

[{(DDP)GaCIl} Zn(CI)(THF) ;] (2). Samples of ZnGl (55 mg,
0.41 mmol) and [Ga(DDP)] (200 mg, 0.41 mmol) were dissolved
in 5 mL of THF at room temperature. The pale-yellow solution
was stirred for 1 h, the solvent was reduced to ca. 2 mL, and the
mixture was then stored at30 °C overnight. Big colorless

out in an atmosphere of purified Ar using standard Schienk and Prismatic crystals o2 were obtained in 250 mg yield (79%6H

glovebox techniques. Hexane 6t toluene, and THF were dried

NMR (CDCl, 25 °C): 6 7.34-7.20 (m, 6H, Ar), 5.27 (s, 1H,

using an mBraun Solvent Purification System, and fluorobenzene ¥ “CH). 3.83 (brt, 8H, THF), 3.24 (sept, 4HHIMe),, Ji= 6.78

and benzene were dried by passing through a column filled wit
activated A}Os. Deuterated solvents (CDL£and GDg) are used

as received, dried over an activated molecular sieve (4 A), and

degassed by bubbling dried Ar through the solvents. The fip@ H
content in all solvents was checked by Karl Fischer titration and
did not exceed 5 ppm. The starting compounds [Ga(DBP)],
GaCp*8 [H(OEL),][BAr F,*5 and Na[BAF]*647([BArF] = [B{ CsHs-
(CRs)2}4]) were prepared and purified according to literature
methods. Solutions of M&n were prepared by dissolving an

(45) Brookhart, M.; Grant, B.; Volpe, A. F., JOrganometallics1992
11, 3920-3922.
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h Hz), 1.90 (br., 14 H, overlapping signal of THF and §HL.33 (d,

12H, CHMe),, Jun = 6.70 Hz), 1.18 (d, 12H, CHe)2, Juy =

6.84 Hz).13C NMR (CDCl, 25°C): 6 171.5 €N), 144.4 CMe),

137.9 (Ar), 127.9 (Ar), 124.5 (Ar), 97.1(-C), 68.7 (THF), 28.5
(THF), 25.5 (QMe), 25.1 (QVie), 24.8 (CHVIgy), 23.9 (CHVe).

Elem anal. Calcd (found) for £Hs/Cl,GaN,O,Zn: C, 57.87
(57.89); H, 7.48 (7.56); N, 3.65 (3.98).

(46) Reger, D. L.; Little, C. A.; Lamba, J. J. S.; Brown, K. J.; Krumper, J.
R.; Bergman, R. G.; Irwin, M.; Fackler, J. P., Inorg. Synth2004
34, 5-8.

(47) Yakelis, N. A.; Bergman, R. Grganometallics2005 24, 3579
3581.
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[{ (DDP)GaTHF}Zn(CI)(THF)] 2[BAr F]» (3). A mixture of 100
mg of 2 (0.127 mmol) with 1 equiv of Na[B&f (100 mg, 0.127
mmol) in THF or fluorobenzene was stirred at room temperature
for 1 h. By cooling the colorless solution t630 °C overnight,
colorless needles & were obtained in 72% yield (173 mgh
NMR (7:1 GHsF/CsDg, 25 °C): ¢ 8.33 (br, 16H, BAY), 7.63 (s,
8H, BArF), 7.36-6.50 (overlying signals of FPh and aromatic
protons, not interpretable), 5.24 (s, 2p4CH), 3.51 (br s, 16H,
THF), 2.78 (sept, 8H, BMe,, Juy = 6.76 Hz), 1.60 (s, 12H, CHy),
1.53 (br m, 16H, THF), 1.16 (d, 24H, Q¥#k&,, Juy = 6.82 Hz),
1.09 (d, 24H, CHVley, Jun = 6.81 Hz).13C NMR (7:1 GHsF/CeDe,
25°C): Because of the larg8C NMR signals for the solvent, no
assignment of th&®C NMR signals of the aromatic carbons of this
sample could be doné. 98.7 (y-C), 68.5 (THF), 28.5 (EMey),
25.5 (THF), 25.1 (Me), 23.9 (CHV&y), 23.5 (CHVIey). Elem anal.
Calcd (found) for 6381413382CI2F48G3QN4O4Zn2: C,51.94 (5208),
H, 4.36 (4.35); N, 1.76 (1.66).

[Zn(GaCp*) 4][BAr F], (4). A sample of 200 mg of [H(O&}]-
[BArF] (0.198 mmol) was dissolved in 5 mL ofgHsF and cooled
to —30°C. After the addition of 0.1 mLfoa 2 M solution of Me-

Zn in toluene under vigorous stirring, the solution was warmed to

room temperature and an excess of [GaCp*] (4.5 equiv, 182 mg,
0.89 mmol) was added. After the reaction mixture was stirred for
ca. 30 min, the solvent was reduced to approximately 2 mL.
Diffusion of ca. 10 mL of hexane overnight gave colorless crystals
of 4. Yield: 196 mg (76%)H NMR (CD,Cly, 25°C): 6 7.73 (br

t, 16H, BAF), 7.57 (br s, 8H, BAT), 2.03 (s, 60H, Cp*)13C NMR
(CD.Cl,, 25°C): ¢ 163.5 (q,d = 50 Hz, BAF), 135.4 (BAF),
129.5 (qJ = 31.5 Hz, BAF), 127.3 (BAF), 123.3 (GMes), 118.1
(BArF), 10.0 (GMes). Elem anal. Calcd (found) for fo/HgaB2Fsg-
GaZn: C, 47.83 (47.38); H, 3.24 (3.51).
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