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Main-group heterocycles continue to attract attention from 
the pharmaceutical, agricultural chemical, and materials science 
communities.1 Most of the effort to date has been focused on 
carbocyclic systems that incorporate an element from groups 
14—16, and with the exception of boron,2 structurally authen
ticated heterocycles that feature other group 13 elements remain 
rare.3 In previous work we have prepared neutral, 47r-electron 
galla- and indacyclopentadienes.3b However, attempts to convert 
these compounds into the corresponding 6^-electron systems 
by two-electron reduction were unsuccessful. Accordingly, we 
turned our attention to the possibility of preparing neutral 6JT-
electron systems featuring the heavier group 13 elements. 
Diazabutadiene ligands are well suited for this purpose, having 
been used recently for the stabilization of dicoordinate carbon,4 

silicon,5 and germanium.6 The isoelectronic relationships 
between the group 14 (1) and 13 (2) heterocycles are of 
particular interest. 
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Initial attempts to prepare an example of 2 were based on 
the reaction of the dilithio derivative 3 with GaC^ (Scheme 1). 
However, as revealed by spectroscopic data7 and X-ray crystal
lography,8 the product of this reaction is 4 (yield 51%). 
Inferentially, the reaction of the second lithium of 3 is slow, 
hydrolysis occurs at this site, and subsequent cyclization is 
effected by tautomerism between the enamine and imine forms. 
The proposed bonding arrangement is consistent with the C=N 
(1.270(6) A), C-N (1.388(6) A), N-Ga (1.965(4) A), and 
N-Ga (1.854(4) A) interatomic distances. The reaction of 3 
with the o-((dimethylamino)methyl)phenyl-substituted gallium 
dichloride 59 afforded 6, the first example of the desired heter-
ocycle, in 63% yield. The proposed formula for 6 is in accord 
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Figure 1. Structure of 6 in the crystal. Selected bond distances (A) 
and bond angles (deg): Ga-N(I) 1.878(2), Ga-N(2), 1.862(2), Ga-
N(3), 2.201(2), N(I)-C(I) 1.404(2), C(l)-C(2) 1.340(3), C(2)-N(2) 
1.404(2), N(l)-Ga-N(2) 90.80(7), Ga-N(I)-C(I) 106.15 (12), N(I)-
C(l)-C(2) 118.0(2), C(2)-N(2)-Ga 106.49(12). 

with NMR and mass spectral data.7 However, it was of impor
tance to secure high-quality X-ray crystallographic data8 in order 
to assess the bonding in the C2N2Ga ring system (Figure 1). 
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As in the case of the group 14 systems, various canonical 
forms are of potential relevance to a discussion of the bonding 
in diazabutadiene complexes. Structure A features a localized 

/carbon—carbon double bond, while in B circumannular der
ealization takes place. In structure C the group 13 element is 
formally in the +1 oxidation state. On the basis of electron 
density mapping, Arduengo et al.^ have concluded that structure 
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105.430(10)°, V = 745.9(2) A3, ecaicd = 1.380 g/cm3, Mo Ka, X = 0.710 
73 A; 2267 unique data collected (6-29 scan technique, 2.82 < 26 < 60°), 
wR2 = 15.52% (F2), Rl = 5.0% (F). Crystal structure data for 6: Q9H32-
GaN3, triclinic, space group Pl, Z = 2, a = 9.740(2) A, b = 9.929(2) A, 
c = 11.146(2) A, a = 100.60(2)°, /3 = 106.92(2)°, y = 97.74(2)°, V = 
993.1(3) A3, Scaled = 1-245 g/cm3, Mo Ka, X = 0.710 73 A; 4544 unique 
data collected (6-26 scan technique, 2.13 < 26 < 55°), wR2 = 6.7% 
(F2), Rl = 2.98% (F). Crystal structure data for 8: C22H39GaN4, 
monoclinic, space group P2\, Z= 2, a = 8.626(1) A, b = 14.196(2) A, c 
= 10.112(2) A, /3 = 96.97(2)°, V = 1229.1(3) A3, pcaicd = 1.160 g/cm3, 
Mo Ka, X = 0.710 73 A; 2420 unique data collected (6-26 scan technique, 
2.03 < 26 < 50°), wR2 = 13.95% (F2), Rl = 5.31% (F). Crystal structure 
data for 9/10: C2OH4OGa2N4 + C2QH40N4Ga, orthorhombic, space group 
Cmcm, Z=S + 4, a = 42.939(3) A, b = 12.442(2) A, c = 14.104(2) A, 
V = 7535(2) A3, Scaled = 1-197 g/cm3, Mo Ka, X = 0.710 73 A; 3487 
unique data collected (6-26 scan technique, 2.17 < 26 < 50°), wR2 = 
12.77% (F2), Rl = 5.95% (F). 
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A (R = lone pair) is the most appropriate representation for a 
carbene, while West et al.5 have claimed the existence of 
aromatic derealization (structure B) in the case of the corre
sponding silylene 1. Interestingly, the C-N (1.404(2) A) and 
C-C (1.340(3) A) bond distances in 6 are very similar to those 
in both the carbene (C-N = 1.387(2) A; C-C = 1.341(2) A) 
and silylene (C-N = 1.400(9) A; C-C = 1.347(21) A). 
Moreover, the endocyclic N-Ga-N bond angle in 6 (90.80-
(7)°) is almost the same as that in the silylene (90.5(10)°), and 
the geometries at N(I) and N(2) are both trigonal planar (sums 
of angles = 358.1(2)° and 359.4(2)°, respectively). However, 
the average Ga-N bond distance in 6 (1.870(2) A) falls within 
the range of 1.85—1.92 A that has been established for (terminal) 
Ga-amido single bonds,10 thus ruling out structure B and 
implying that the jr-system is relatively localized. 

Treatment of the corresponding bis(o-((dimethylamino)-
methyl)phenyl)-substituted gallium dichloride 7U with 3 af
forded 8 in 44% yield. Since it was not obvious from 
spectroscopic data7 how the amine "arms" are arranged, it was 
necessary to appeal to X-ray crystallography.8 While the quality 
of the structure of 8 is not as high as that of 6, it is clear that 
only one of the two o-aminomethyl "arms" is coordinated. 
Moreover, the average Ga-N (1.86(1) A), C-N (1.39(2) A), 
and C-C (1.35(1) A) bond lengths and the average bond angles 
are the same as those in 6 within experimental error; hence 
similar comments apply to the bonding. 

It was clearly of interest to prepare and structurally character
ize an example of a ring system that did not feature intramo
lecular base stabilization at the gallium center. This was 
accomplished by treatment of Ga2Cl4*2(dioxane) with 3. In
terestingly, the formation of the novel digallane 9 is ac
companied by the formation of the known12 monogallium 
derivative 10. Evidently 10 is produced by the disproportion-
ation of Ga(II) into Ga(O) and Ga(III). So far, the only single 
crystals that we have obtained consist of a 2/3:1/3 mixture of 9 
and 10 in 20% yield.8 Molecules of 9 reside on a crystal-
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Figure 2. Structure of 9 in the crystal. Selected bond distances (A) 
and bond angles (deg): Ga(l)-Ga(2) 2.333(1), Ga(I)-N(I) 1.836(4), 
N(I)-C(I) 1.383(6), C(I)-C(Ia) 1.368(10), Ga(2)-N(2) 1.839(6), 
N(2)-C(2) 1.397(9), C(2)-C(3) 1.339(10), C(3)-N(3) 1.380(9), N(3)-
Ga(2) 1.833(6), N(I)-Ga(I)-N(Ia) 90.7(3), Ga(I)-N(I)-C(I) 108.0-
(3), N(I)-C(I)-C(Ia) 116.7(3), N(2)-Ga(2)-N(3) 90.2(3), Ga(2)-
N(2)-C(2) 108.5(5), N(2)-C(2)-C(3) 115.0(7), C(2)-C(3)-N(3) 
119.1(8), C(3)-N(3)-Ga(2) 107.2(5). 

lographic plane of symmetry (Figure 2), and the two C2N2Ga 
rings are orthogonal. Furthermore, atoms Ga(2), N(2), C(8), 
C(2), C(3), N(3), and C(Il) lie in this mirror, thus rendering 
this fragment planar. While not required crystallographically, 
the corresponding atoms on the other ring are also planar within 
experimental error. The Ga-Ga bond distance in 9 (2.333(1) 
A) is shorter than those in the three organodigallanes which 
have been structurally characterized: Ga2{CH(SiMe3)2}4 (2.541-
(1) A),13 Ga2(2,4,6-r'-Pr3C6H2)4 (2.513(3) A),14 and Ga2(2,4,6-
(CF3)3C6H2)4 (2.479(1) A).15 Interestingly the Ga-Ga distance 
in 9 is also shorter than that in the anion radical [Ga2(2,4,6-i-
Pr3C6H2W" (2.343(2) A), where multiple bonding has been 
suggested.14 In the case of 9, multiple bonding is precluded 
because of the orthogonality of gallium p orbitals; hence the 
short Ga-Ga distance is due to diminished steric effects. The 
average Ga-N bond length in 9 (1.836(6) A) is shorter than 
that in 6 (1.870(2) A) or 8 (1.861(14) A) presumably as a result 
of the change of gallium hybridization from sp3 to sp2 and the 
availability of a vacant Ga(4p) orbital. 
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