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Metallabenzenes are compounds in
which one or more of the benzene
carbons are replaced by a metal or
metal-centered group. They are of inter-
est because of the effects of the metal on
delocalization and reactivity.'! Beginning
with an osmabenzene in 1982, numer-
ous transition-element metallabenzenes
have been characterized.'* There is also
a growing interest in their main-group
metal counterparts.'! The latter area originated in the
inclusion of phosphorus,® antimony,®* bismuth™ or boron®
in benzene rings in the 1960s and 1970s. More recently, several
compounds in which one or more of the heavier Group 14
elements silicon, germanium, or tin form part of a benzene or
naphthalene ring have been reported.’! Although some
Group 13 metal clusters that incorporate three- or four-
membered all-metal dianionic aromatic rings as in M,-
(MAr*), (M'/M=Na/AL"™ Na/Ga,™ or K/Ga; Ar*=
2,6-Mes,CcH;))  or  K,Ga,Ars, ™ (Ar¥=2,6-(2,4,6-
iPr;C¢H,),C4H;) are known, a well-characterized metallaben-
zene incorporating a Group 13 metal has been isolated only as
the transition-metal-complexed species [Mn(CO),(n’-
CsHsGaMes*)] (1; Mes* =2,4,6-Bu;C;H,).! The related
gallacyclopentadienyl transition-metal complex [Co(n’-
CsH,)(w’-C,H,GaMes*)]”! and a base-stabilized dibenzogal-
lepin'! have also been reported. In 1, the gallatabenzene
anion [C¢Hs;GaMes*] ™, which was characterized in solution, is
effectively n’-bound by the five ring-carbon atoms to the
manganese such that the GaC; ring is nonplanar, with a fold
angle of 34.5° between the Cs; and C,Ga planes indicating
disruption of delocalization. Herein, we describe a new route
to an essentially planar delocalized metallabenzene incorpo-
rating two Group 13 metals by treatment of a “digallene”
Ar'GaGaAr (2)"! with an alkyne to give the 1,4-digallacy-
clohexadiene [Ar'GaC(Ph)CH], (3, Scheme 1), which, upon
reduction with potassium, affords the 1,4-digallatabenzene
salt K,[Ar'GaC(Ph)CH],-OEt, (4).
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Scheme 1. Synthetic route to [ArGaC(Ph)CH], (3) and K;[ArGaC(Ph)CH],-OFEt, (4). Ar'=2,6-
(2,6-iPr,CH;),CsHs.

Treatment of a hexane solution of the “digallene”
Ar'GaGaAr’ with two equivalents of phenylacetylene rapidly
discharged the green color within 30 min. Concentration and
cooling afforded colorless crystals of 3 in good yield. A diethyl
ether solution of 3 was reduced with potassium to afford a
deep blue solution, which upon cooling gave 4 as black
needles in moderate yield. Compound 3 and 4 were charac-
terized spectroscopically and by X-ray crystallography.!'”

The reaction of Ar'GaGaAr’ with HC=CPh occurs readily
to give the new six-membered-ring product 3. The structure of
3 (Figure 1) shows that the {C,Ga,} ring has a distorted,
flattened-chair conformation. The fold angle between the
C31-C32-C31A-C32A and C31A-Gal-C32 planes is 14.8°,
and the core Ga—C distances are 1.959(2) and 1.967(2) A,
with a C-Ga-C internal ring angle of 115.26(7)°. The Ga—C1
distance to the Ar’ group is slightly longer than the Ga—C ring
distances, suggesting some 7 conjugation between gallium

Figure 1. Plot of 3 with thermal ellipsoids set at 50% probability and
hydrogen atoms removed for clarity. Selected bond lengths [A] and
angles [°]: Gal-C1 1.991(2), Ga1-C32 1.967(2), Ga1A-C31 1.959(2),
C32-C31 1.353(2), C32-C33 1.490(2), C1-C2 1.407(2); C32-Gal-C31A
115.26(7), C31-C32-Gal 114.9(1), C32-C31-GalA 127.44(13), C31-C32-
€33 119.3(2), Gal-C32-C33 125.8(1), C32-Gal-C1 132.40(7), C31A-
Gal-C1 111.27(7), Ga1-C1-C2 115.93(11).
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and the core carbon atoms. The C31—C32 bond length is
1.353(2) A, which is typical for a C=C double bond. The Gal-
C32-C31 and GalA-C31-C32 angles are 114.9(1) and
127.4(1)°, which is probably due to the different carbon
substituents. The transannular Ga--Ga separation is 3.422 A,
which indicates that there is no interaction between the metal
centers.

The addition of unsaturated molecules, such as an alkene
or alkyne, to low-valent Group 13 metal species is rare.'%l
With acetylene, the Al' species :AlIL (L =[(2,6-iPr,CsH;)N=
CMe],CH) forms LAI(n*-C,H,) at low temperature.'*! How-
ever, the reaction of :AlL with a bulkier alkyne did not occur,
and reactions involving Group 13 metals and substituted
alkynes have been observed using only M™ starting materials
under reducing conditions. For instance, the reduction of
LAIL, with potassium in the presence of an alkyne such as
Me;SiC=CSiMe; afforded the cyclopropene [LAIl(n*-
Me,SiCCSiMe;)],**! and reductions using Ar'AllL afforded
the dimetallacyclobutene Ar'AIC(SiMe;)C(SiMe;)AlAr.l*!

The double reduction of 3 with potassium gave 4, and the
structure was determined by X-ray crystallography (Figure 2).
It features a planar {GaC(Ph)CH},>” six-m-electron ring with
two potassium ions located above and below the centroid
(Kl1—centroid =2.738(9) A and K2—centroid =2.745(9) A).
Within the core, the Gal—C61, Gal—C64, Ga2—C62, and
Ga2—C63 distances are 1.899(2), 1.934(2), 1.941(2), and
1.910(2) A, respectively, which are all shorter than the
average Ga—C distance of 1.963(4) A in 3, suggesting some
multiple-bond character. In contrast, the Gal—C1 and Ga2—
C31 distances to the Ar substituents (1.982(2) and
1.997(2) A) are essentially unchanged from the 1.991(2) A

Figure 2. Plot of 4 with thermal ellipsoids set at 50% probability and
hydrogen atoms omitted for clarity. Selected bond lengths [A] and
angles [°: Ga1-C1 1.982(2), Gal-C61 1.899(2), Ga1-C64 1.934(2),
C61-C62 1.418(3), C63—C64 1.408(3), K1—centroid(1,4-digallabenzene)
2.738(9), K2—centroid(1,4-digallabenzene) 2.745(9), K1—centroid(C7—
C12) 2.99(1), K1—centroid (C43-C48) 2.92(1), K2-O1 2.638(2); C61-
Gal-C64 112.98(9), C62-C61-Gal 129.9(2), C63-C64-Gal 117.02(15),
C61-Gal-C1 121.59(9), C64-Gal-C1 124.94(8), Ga1-C1-C2 121.1(2).
Mean deviation in 1,4-digallabenzene ring: 0.0168 A. Dihedral
angles [°] between planes: C1-C6 and C31-C36, 4.5; 1,4-digallaben-
zene ring and C1-C6/C31-C36 plane: 97.3/93.5; 1,4-digallabenzene
ring and phenyl rings at C62/C64: 21.3/17.9
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in 3. The C—C bonds within the core are 1.418(3) and
1.408(3) A, and are thus lengthened by ca. 0.06 A in
comparison to 3 (1.353(2) A). These distances are similar to
the C—C bond lengths in aromatic rings,["'* and are consistent
with the delocalization of t electrons within the {C,Ga,} core
in 4. Narrower C-Ga-C internal ring angles of 112.98(9) and
112.27(9)° were observed, and the Gal-C61-C62, Gal-C64-
C63, Ga2-C63-C64, and Ga2-C62-C61 angles are 129.9(2),
117.0(2), 130.4(2), and 117.2(2)°, which is consistent with the
different substitution at each pair of carbon atoms. The planes
of the central rings of the Ar’ ligands are orientated almost
perpendicularly to the {GaC(Ph)CH},*" unit. The potassium
ion K1 is also complexed by two flanking aryl rings, one from
each of the terphenyl ligands, which produces a slight tilting of
the Ar’ substituents toward each other, and K2 is coordinated
by a diethyl ether oxygen. The planar geometry of the core in
4 may be contrasted with several transition-element dimetal-
labenzenes,'”) for example, 1,3-diniobiabenzenes and 1,3-
ditantalabenzenes, which are nonplanar, indicating a weak-
ened m-orbital overlap.

DFT calculations on a simple model, K,JArGaCHCH],
(Ar=2,6-Ph,C¢H;; Figure 3), performed at B3LYP/6-31G*
level gave structural parameters that are in good agreement
with experimental values and further supported the aromatic
character of 4.1° There are three occupied MOs of & sym-
metry at the {GaCHCH},”>" ring. The HOMO-8 has a,
symmetry, and the HOMO-2 and HOMO are of b, symmetry
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Figure 3. Key frontier molecular orbitals of the model species for 4,
K;[(2,6-Ph,CsH;) GaCHCHYJ,, calculated by DFT.
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with one phase change. There is a relatively large energy
difference (ca. 0.12 a.u.) between the HOMO and HOMO-2
owing to their location on different groups of ring atoms. The
LUMO is mainly a ligand-based MO with a, symmetry, and
the energy separation of ca. 0.063 a.u. between HOMO and
LUMO is consistent with the strong absorption in the UV/Vis
spectrum of 4 at 782 nm (0.058 a.u.). The "H NMR spectra for
3 and 4 both revealed a downfield shift of the ring proton at
0="7.32 ppm and 8.48 ppm, respectively. The downfield shift
of the former signal may be due primarily to the metal-based
anisotropic effect; however, the latter signal, which is even
further downfield, is consistent with the presence of an
aromatic ring current within the digallatabenzene ring in 4.

In conclusion, the digallatabenzene 4 has been synthe-
sized from the corresponding digallacyclohexadiene 3 by a
two-electron-reduction with potassium metal. A planar six-
membered {Ga,C,} ring together with shortened Ga—C and
lengthened C—C distances support the view that 4 is a
Group 13 benzene analogue with 6m delocalized electrons.
DFT calculations and 'H NMR spectroscopy also support the
aromatic character in 4. The above reactions underline the
utility of ArGaGaAr' as a starting material,™" which can also
react directly with H, or NH; under mild conditions to give
hydride or amide products."”

Experimental Section

All manipulations were carried out under anaerobic and anhydrous
conditions. "H and *C NMR spectra were recorded on a Varian 600
spectrometer and referenced to known standards.

[Ar'GaC(Ph)CH], (3): PhC=CH (0.37 mL, 3.21 mmol) was added
dropwise to Ar'GaGaAr’ (1.50 g, 1.60 mmol) in hexane (80 mL) with
rapid stirring to afford a white precipitate of crude 3 within 30 min.
Yield: 1.30 g, 76 %; m.p. 297-298°C. X-ray quality crystals of 3 were
grown from n-hexane. 'TH NMR (600 MHz, C;Ds, 25°C): 6 =1.07 (d,
48H, 0-CH(CHS>),, 3/ = 6.6 Hz), 3.12 (sept, 8H, CH(CH,),, *Jyn =
6.6 Hz), 6.96-6.99 (m, 2H, p-Ph-C=CH), 7.04-7.01 (m, 4H, m-Ph-C=
CH), 7.02 (d, 4H, m-C¢H,, *Jiy; = 6.0 Hz), 7.09 (d, 8H, m-Dipp, *Jyy =
7.8 Hz), 7.21 (t, 4H, p-Dipp, *Jyy=7.8 Hz), 7.26-7.29 (m, 2H, p-
C¢Hy) 7.32 (s, 2H, CH=CPh), 7.32 ppm (dd, 4H, 0-Ph-C=CH, *Jyy;; =
7.2 Hz, *Jyy= 1.2 Hz). *C {'H} NMR (C,Ds, 150.9 MHz, 25°C): 6 =
22.7 (0-CH(CHs;),), 26.7 (0-CH(CHy;),), 30.7 (o-CH(CHs;),), 123.6,
127.0, 128.0, 128.1, 128.4, 128.8, 129.0, 141.1, 145.8, 146.4, 147.3,
161.2 ppm (PhC=CH and ArC).

K,[Ar'GaC(Ph)CH],-OEt, (4): A solution of 3 (0.6 g, 0.56 mmol)
in diethyl ether (70 mL) was added to finely cut potassium (0.044 g,
0.56 mmol) at ca. 25°C. Stirring overnight gave a deep blue solution,
which was then concentrated to ca. 30 mL. Cooling to ca. —18°C gave
crystals of 4 as black needles. Yield: 0.39 g, 56.9 %; m.p. >300°C.
'HNMR (600 MHz, C,D,, 25°C): 6=0.74 (d, 6H, o-CH(CH,),,
*Jun=6.6 Hz), 1.01 (d, 6H, 0-CH(CH,),, *Jyy = 6.6 Hz), 1.11 (t, 6H,
(CH;CH,),0, *Juy=72Hz), 123 (d, 6H, 0-CH(CHj),, *Jun=
72 Hz), 147 (d, 6H, 0-CH(CH3),, *Jyu=72Hz), 225 (q, 4H,
(CH;CH,),0, Jyu=7.2Hz), 341 (sept, 2H, CH(CH,),, *Jyy=
6.6 Hz), 3.51 (sept, 2H, CH(CH,),, /i = 6.6 Hz), 6.67 (t, 4H, m-
Ph-C=CH, *J,;y = 7.8 Hz), 6.78 (dd, 4 H, m-Dipp, *Jyy = 7.8 Hz, */yy =
1.2 Hz), 6.84 (dd, 4H, m-Dipp, *Jyyy =7.8 Hz, *Ji;;; = 0.6 Hz), 6.87 (t,
2H, p-CgHj, iy = 6.6 Hz), 7.15 (t, 4H, p-Dipp, Vi = 7.5 Hz), 7.22-
7.25 (m, 6H, o-Ph-C=CH and p-Ph-C=CH), 7.73 (d, 4H, m-C¢H,,
*Jun="7.8 Hz), 8.48 ppm (s, 2H, CH=CPh); "*C {'H} NMR (C,D,,
100.6 MHz, 25°C): 6 =15.6 ((CH;CH,),0), 23.0 (CH(CH,),), 23.7
(CH(CHs;),), 25.4 (CH(CHs;),), 26.5 (CH(CHs;),), 30.9 (CH(CHa),),
31.2 (CH(CHa),), 65.9 ((CH;CH,),0), 121.6, 121.8,122.7,125.2, 126.0,
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127.9, 128.2, 128.8, 143.2, 147.0, 147.1, 148.8, 149.7, 151.1, 160.1,
164.7 ppm (PhC=CH and ArC). UV/Vis (n-hexane) A, (¢): 782 nm
(9100 molL'cm™).
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