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Tetrakis[bis(trimethylsilyl)methyl]digallane(4) 1 reacts with methylsily1)methyl groups; the Ga-Ga bond length is 
1,3-diphenyltriazene to yield two compounds, which were 245.?9(6) pm. The second product is the orange dialkyl(di- 
both characterized by a crystal structure determination. The pheny1triazenido)gallium derivative RzGa[N3(CcH5)2] 3, 
gallium-gallium bond is retained in the yellow derivative where the triazene has reacted as an oxidant by the cleavage 
[(HsC6),N,](R)Ga-Ga(R)[N3(C6H5)21 2 [R = CH(SiMe&], of the Ga-Ga bond and probably by release of elemental hy- 
which is formed by a ligand exchange reaction and shows drogen. 
two terminal chelating triazenido ligands besides two bis(tri- 

Tetrakis[bis(trimethylsilyl)methyl]dialane(4)['] with an 
Al- A1 bond as well as the corresponding diindane(4) deriva- 
tivef21 react with carboxylic acids by cleavage of the element 
-element bonds and the formation of carboxylato com- 
pounds of the trivalent elementd3]. The digallane(4) analog 
lt41 shows, however, a quite different chemical behavior, and 
dialkyldicarboxylatodigallane derivatives still exhibiting a 
Ga-Ga bond are formed in an almost quantitative yield by 
the release of two equivalents of bis(trimethylsily1)me- 
thanew. The element-element bond of these products is 
bridged by two carboxylato groups, as has often been ob- 
served in transition metal compounds but not previously in 
main-group organic chemistry. and the small oxygen- oxy- 
gen distance of the bridging groups result in a very short 
Ga-Ga bond length of 238.5(2) pm. An even shorter dis- 
tance between the coordinating atoms of a chelating ligand is 
observed in I ,3-diphenyltriazenide. Therefore, we treated the 
digallane(4) 1 with 1,3-diphenyltriazene in order to prevent 
the bridging and to realize an exclusively terminal coordi- 
nation with a free Ga-Ga bond. Similar reactions of 1,3-di- 
phenyltriazene with trialkyl derivatives of the trivalent el- 
ements aluminium, gallium, and indium have been reported 
in recent literaturef6]; but it was uncertain whether the acidity 
of the N-H function was strong enough the initiate the sub- 
stituent exchange with the digallium compound 1 and its di- 
valent Ga atoms. 

Reaction of 1,3-Diphenyltriazene with Digallane(4) 1 
When the digallane(4) 1 is treated with an excess of 1,3- 

diphenyltriazene in boiling n-hexane over a period fo 24 h, 

a yellow-orange solution is formed, from which a mixture 
of yellow and orange crystals of two distinct products (2 
and 3) in a molar ratio of 3:7 (determined by NMR spec- 
troscopy) was isolated (eq. 1). These products could not 
be obtained in a pure form by repeated recrystallization, 
although we systematically employed solvents of different 
polarity (n-pentane, cyclopentane, toluene, diisopropyl 
ether, diethyl ether, THF). An attempt at sublimation in 
vacuo at 70-90°C leads to the complete decomposition of 
2, and the starting compound 1,3-diphenyltriazene sublimes 
as the only volatile and isolable decomposition product. Al- 
most pure 3 remains as a residue with a small impurity of 
Ga[(CH(SiMe3)2]3[41 from a disproportionation reaction. 2 
and 3 could however, easily be separated to give spectro- 
scopically and analytically pure samples by manual sorting 
of the usually large crystals due to their different color. The 
reaction time is lengthened significantly to several days 
when using boiling diethyl ether as a solvent, and compo- 
nent 2 becomes a minor by-product with a molar ratio de- 
termined by NMR spectroscopy of 1 :6 (2:3). 

The identification of both products succeeds simply by 
the integration of their 'H-NMR spectra. The yellow com- 
pound 2 shows a ratio of two phenyl groups to one bis(tri- 
methylsi1yl)methyl group as expected for a digallium deriva- 
tive with a Ga-Ga bond and one diphenyltriazenido and 
one alkyl substituent on each Ga atom. The second product 
3 has a ratio of 1 : 1, which is consistent with the monogal- 
lium compound dialkyltriazenidogallium 3 (eq. 1). 3 might 
be formed by the oxidative addition of a N-H bond to the 
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Ga atoms of 1 and the reaction of the Ga-H intermediate 
with a second molecule of triazene by the release of hydro- 
gen. Thus, the less acidic starting compound diphenyltria- 
zene shows a much more complicated reaction course than 
carboxylic acids, which gave the products of the ligand ex- 
change without any by-products in a very high 
Compounds 2 and 3 are both readily soluble in organic 
solvents and exhibit very similar spectroscopic properties 
(see the Experimental Section). The most significant differ- 
ence is the shift of the methine proton in the 'H-NMR spec- 
tra, with 6 = -0.06 in 2 and 6 = -0.23 in 3. The IR spectra 
show three absorptions between 1280 and 1325 cm-', 
which are characteristic of chelating triazene ligandsrq. 

We succeeded in the synthesis of pure samples of 2 by 
another method. Treatment of the digallane(4) 1 with an 
excess of HC1 dissolved in diethyl ether leads to the quanti- 
tative formation of two equivalents of bis(trimethylsily1j- 
methane without the precipitation of even traces of elemen- 
tal gallium. The product is obtained in high purity (deter- 
mined by NMR spectroscopy), but could not be recrys- 
tallized. Attempts at sublimation or distillation led to 
complete decomposition. We supposed that, like in the reac- 
tions with carboxylic acidsI51 or 1,3-diphenyitriazene, a di- 
alkyl digallium dichloride with a Ga-Ga bond might have 
formed; a similar derivative with Si(SiMe3h substituents 
was recently synthesized by another route by the group of 
Lintim. For the further characterization of the unknown 
product we used the reaction with lithium 1,3-diphenyltri- 
azenide (eq. 2), which gives compound 2 in a yield of 84% 
with respect to 1 after recrystallization from n-pentane. 

1 2 HCI in E t2O 

2 2 LiN3(CgHg)2 ' 2Et20 
t + 2  121 

Molecular Structures of 2 and 3 

Figure 1 shows the molecular structure of 2. In contrast 
to the carboxylato derivatives with both RCOO groups 
bridging the Ga-Ga bond, the triazenido ligands in 2 oc- 
cupy a terminal position and each chelating N3 group is 
bound to only one Ga atom. The different coordination 
mode might, as mentioned above, be caused by the smaller 
"bite" of the triazenido ligand compared to that of the car- 
boxylato group. The molecule resides on a crystallographic 
twofold rotation axis with an approximate cis arrangement 
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of both bis(trimethylsily1)methyl and both diphenyltriazen- 
ido groups. The molecular halves are, however, not synperi- 
planar, but significantly twisted with a torsion angle 
Cl-Ga-Ga'-Cl' of 45.1". The Ga-Ga distance (245.79 
pm) is shorter than in 1 [254.1(1) pm]L4] or in tetraarylLgI, 
tetraamidoL91 or silyl derivativesL71, but longer than in the 
carboxylato bridged derivative [238.5(2) pm][']. Its very 
short Ga-Ga bond may result from the bridging of the 
Ga-Ga bond with two chelating ligands, and is possibly 
determined by the short 0-0 distance in the carboxylato 
group. Short bonds are observed in inorganic compounds 
with electronegative substituents like halides or chalcogen- 
ides (about 240 pm""'~''1, in an amide derivative with an 
unsaturated ligand [233.3(1) pm] and in a carbaborate de- 
rivative [234.0(1 j pm]['Z.131. A recently published triaryl 
cyclotrigallane dianion shows Ga-Ga bond lengths of 
242-244 pm[l41; its bonding situation was described as a 
delocalized 3c-2e n bond similar to the cyclopropenyl cat- 
ion. The shortening of the Ga-Gd bond in compound 2 
compared to 1 is probably due to the coordination of elec- 
tronegative atoms and less sterical interaction between the 
substituents. 
Figure 1. Molecular structure of 2; the ellipsoids are drawn at the 
40% probability level, methyl hydrogen atoms are omitted for cla- 
rity, and the carbon atoms of the phenyl rings are drawn with an 
arbitrary radius to prevent overlapping. Selected bond lengths [pm] 
and angles ["I: Ga-Ga' 245.79(6), Ga-CI 197.7(2), Ga-NI 
206.2(2), Ga-N3 203.8(2), N1 -N2 131.6(2), N2-N3 130.6(2), 
Ga'-Ga-C1 132.63(5), Ga'-Ga-N1 103.78(4), Ga'-Ga-N3 
102.66(5), Ga-Nl -N2 95.2(1), Nl-N2-N3 l05.9(1), 
Ga-N3-N2 96.7(1), N1 -Ga-N3 61.35(6), CI-Ga-NI 
117.31(7), CI-Ga-N3 116.80(7); Ga' generated by -x, y, -z + I/ 
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The molecular structure of the dialkyltriazenido gallium 
compound 3 is shown in Figure 2. Comparable gallane de- 
rivatives characterized by a crystal structure determination 
are to our knowledge not known in the literature, although 
several examples exist with aluminium or indiumr61. The 
gallium atom in 3 is bound to two carbon and two nitrogen 
atoms in a distorted tetrahedral environment, and as ex- 
pected from alanate compounds with tetracoordinated A1 

the bis(trimethylsilyljmethy1 groups stand perpen- 
dicular to one another so that one SiMe3 group points be- 
tween both SiMe3 substituents of the second CH(SiMe,), 
group. 

Despite their quite different molecular shapes and the 
different oxidation states of the Ga atoms of +I1 in 2 and 
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Figure 2. Molecular structure of 3; the ellipsoids are drawn at the 
40% probability level; methyl hydrogen atoms are omitted for cla- 
rity. Selected bond lengths [pm] and angles ["I: Ga-CI 197.9(2), 
Ga-C2 196.7(3), Ca-Nl 206.7(2), Ga-N2 204.8(2), N1-N2 
130.3(3), N2-N3 131.3(3), CI-Ga-C2 124.0(1), C1-Ga-NI 
113.63(9), C1 -Ga-N3 117.7(1). C2-Ga-Nl 114.9(1), 
C2-Ga-NB 109.03(9), Nl-Ga-N3 61.31(8), Ga-NI-N2 

95.7(2), Nl-N2-N3 106.7(2), Ga-N3-N2 96.3(2) 

+I11 in 3, the bonding situation of the gallium triazenido 
groups are almost indistinguishable. The Ga-N bond 
lengths were found to be 205.0 (2) and 205.8 pm (3) on 
average, the N-iV bond lengths 131.1 and 130.8 pm, re- 
spectively, similar to alane derivativesf61. The angles 
N-Ga-N are very acute (61.35" and 61.31"), the angles 
N1 -N2-N3 almost tetrahedral (105.9O and 106.7"), and 
the Ga-IT-N angles close to square (94.0" in both 2 and 
3). The GaN3 heterocycles deviate from planarity and are 
slightly folded across the Ga.-.N2 axis, by 10.5" and 13.0°, 
respectively; the phenyl groups are not exactly coplanar 
with the GaN3 plane and the angles between the normals 
of the planes show values of 25.5 and 20.8" in 2 and 18.6 
and 9.2" in 3. The Ga-C distances are 197.7 in 2 and 191.3 
pm on average in 3, which is only a little shorter than in 
the starting compound 1 with 199.6 pmL4]. 

We are grateful to the Deutsche Forschungsgemeinschafl and the 
Fonds der Chemischen Industrie for their generous financial sup- 
port. 

Experimental Section 
General: All procedures were carried out under purified argon in 

dried solvents (n-pentane and n-hexane with LiAIH,). Compound 
1 was prepared as described in ref.[4!; 1,3-diphenyltriazene from 
Aldrich was used without further purification. 

Reaction of 1 with Diphenyltriazene. A solution of 0.36 g (1.83 
mmol) 1,3-diphenyltriazene in 30 ml of n-hexane is added to a solu- 
tion of digallane(4) 1 (0.71 g, 0.914 mmol) in 50 ml of n-hexane. 
The mixture is heated under reflux for 24 h. After evaporation of 
the solvent and bis(trimethylsilyl)methane a yellowish residue is ob- 
tained, which consists of two compounds (2 and 3) in a molar ratio 
of 3:7. Recrystallization from n-pentane gives a mixture of yellow 
(2) and orange (3) crystals. 

Synthesis of 2 viu un R(C1) Ga-Gu(C1)R Intermediate. The di- 
gallane(4) 1 (0.685 g, 0.883 mmol) dissolved in 50 ml of n-pentane 
is treated at -40°C with 6.3 ml of a 0.42 M solution of HCl(2.646 
mmol) in diethyl ether. The mixture is warmed to room temp., and 

the color changes from yellow to colorless. The solvents and bis(tri- 
methylsi1yl)methane are removed in vacuo. The residue ('H NMR 
in C6D6: 6 = 0.26 GaCH and 0.18 SiMe3) is dissolved in 50 ml of 
n-pentane, cooled to -50°C and treated with 0.619 g (1.76 mmol) 
bis(diethy1ether)lithium 1,3-diphenyltriazenide in 40 ml of diethyl 
ether (the Li compound is synthesized by treatment of 1,3-di- 
phenyltriazene with the stoichiometric amount of n-butyllithium in 
diethyl ether; a solid remains after evaporation, which is used with- 
out further purification). The yellow-orange mixture is warmed to 
room temp., the solv-ents are evaporated, and the residue is treated 
with 20 ml of n-pentane. After filtration the solution is concen- 
trated to about 5 ml; 2 crystallizes at -30°C. Yield: 0.63 g (84%). 

Characterization of2: Yellow, slightly air-sensitive crystals; m.p. 
(closed capillary, argon) 117-119°C. - 'H NMR (C6D6; 300 
MHz): 6 = 7.27 (8H, pseudo-d, o-H of phenyl), 7.07 (8H, pseudo- 
t, m-H of phenyl), 6.88 (4H, pseudo-t, p-H of phenyl), 0.17 (36H, 

145.9 (i-C of phenyl), 129.2 and 118.7 ( o h - C  of phenyl), 125.1 01- 
C of phenyl), 11.9 (GaCSi2), 3.8 (SiMe,). - IR (CsBr): 0 = 1593 
cmpl m (phenyl); 1460 vs, 1377 s (paraffin); 1325 w, 1300 vs, 1281 

1001 s 6CH; 961 vw, 928 s, 899 m, 839 vs, 783 s, 772 m, 754 vs, 
723 s pCH3(Si); 689 vs, 667 vs v,,SiC; 623 w, 613 w vsSiC; 521 m, 
513 m, 496 m, 488 m, 465 w vGaC,vGaN; 411 s; 359 w 6SiC. - 
UV (a-hexane): Llax (Ig E )  = 210 (4.7), 240 (4.7), 275 (4.2), 390 nm 
(4.6). - C38H58Ga2N6Si4 (850.7): calcd. C 53.7, H 6.9, Ga 16.4; 
found C 53.2, H 7.0, Ga 16.2. - Mol. mass: 778 (cryoscopically 
in benzene). 

Characterization of3 :  Orange, slightly air-sensitive crystals; m.p. 
(closed capillary, argon) l lO-l l l°C.  - 'H NMR (C6D,; 300 
MHz): 6 = 7.55 (4H, pseudo-d, o-H of phenyl), 7.17 (4H, pseudo- 
t, m-H of phenyl), 6.92 (2H, pseudo-t, p-H of phenyl), 0.19 (36H, 
SiMe3), -0.23 (2H, GaCH). - I3C NMR (C6D6; 75.5 MHz): 6 = 
145.6 (i-C of phenyl), 129.4 and 119.4 ( o h - C  of phenyl), 125.6 0- 
C of phenyl), 9.0 (GaCSiP), 3.9 (SiMe3). - IR (CsBr): 0 = 1595 
cm-' m (phenyl); 1460 vs, 1377 s (parafin); 1350 w; 1325 s, 1306 

SiMe,), -0.06 (2H, GaCH). - I3C NMR (C&; 75.5 MHz): 6 = 

vs v N ~ ;  1258 S, 1248 s 6CH3; 1209 W, 1169 W, 1152 W, 1071 w vCN; 

VS, 1287 s v N ~ ;  1258 S, 1248 s 6CH3; 1167 W, 1154 W, 1072 w vCN; 

Table 1. Crystal data and data collection parameters for 2 and 3[181 

L J 
For  niu I a C3,Hs,Cia,N6Si, C26HjgCiaN,Si4 
Crystal sys tem monocl inic  
Space  grnup C 2 / c :  N o . :  15  [ l a ]  P h c a .  N r :  6 1  1161 
Z 4 8 

o r t  h o rli o m  h I c 

Temperature ( K )  2 9 8 ( 2 )  2Y8(2)  
L 1 c  ( g / c m 3 )  1 . 2 4 3  1 1 5 5  
a (pm) 1 7 8 1 . 2 ( 4 )  Y63 0 5 ( 9 )  
b (pm) 1 2 5 6 . 8 ( 3 )  2 0 5 1 . 9 (  1 )  
c (pm)  2 1 8 1 . 0 ( 4 )  3 4 0 3 . 2 ( 3 )  
P ( " )  1 1 1 . 3 6 ( 3 )  9 0  
Y ( I  0 - 3 0  m3) 4 5 4 7 ( 2 )  6 7 2 5 . 0 ( 9 )  
c (mm-') 1 . 3 2 2  0 . 9 7 9  
Crystal s i ze  (mm) 
Diffractometer S toe -1PDS S t o e - I P D S  
Radiation:  Mo-K, graphite  monochromator 

5 5 2 0  5 5 6 "  4 5 2 0  5 48.2" Range 
Reciprocal  space  - 2 3  5 h 5 2 3  - 1 0  < h I 1 1  

- 1 6  5 k 5 1 6  - 2 1  5 k 5 22 
- 2 8  I I S 2 8  - 3 8  s I S  3 9  

0 . 7  x 0 . 2 5  x 0 . 7  0 . 4 8  x 0 . 4 8  x 0 . 3 3  

lmagiug p l a t e s .  A q = I '  2 0 0  190  
Independent re f l ec t ions  5 3 6 4  5 1 7 0  
Number o f  re f l ec t ions  with 

F > 4 (5 ( F )  3787 3417  
Program: SWELXTL, S H E L X L - 9 3  [ 171; solutions by direct  methods ;  f u l l  
matrix ref inement with all independent structure factors  
Paramcters 2 3 2  319 
R = I IFo I  - I F c I  1 z IF01 

( F  > 4 a ( F ) )  0 . 0 3 2 3  0 . 0 3 5 3  

5 w  ( F o 2 ) ) 2  ) " 2  (a l l  data)  0 . 0 5 7 9  0 . 0 5 7 7  
wR2 = { Z W  (IF,I~-(F,I2)~: 

M i n .  residual  ( l o 3 0  elm') - 0  262 - 0 . 1 9 5  
M a x .  residual  ( L O ' O  elm') 0 . 3 4 3  0 . 1 8 6  
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1015 m, 997 m 6CH; 963 m, 939 m, 893 w, 843 vs, 775 s, 754 vs, 
721 s pCH,(Si); 687 s, 669 s v,,SiC; 621 w, 611 w v,SiC; 515 m, 
505 m, 465 w vGaC, vGaN; 413 m; 339 vw 6SiC. - UV (n-hexane): 
h,,,, (lg E) = 210 (4.3), 240 (4.3), 290 (3.8), 380 nm (4.2). - 
C26&8GaN3S& (584.8): calcd. C 53.4, H 8.3, Ga 11.9; found C 
53.0, H 8.1, Ga 11.5. 

Crystal Structure Determinations: Single crystals of the com- 
pounds 2 and 3 were grown from saturated pentane solutions by 
slow cooling to 0°C. Details of the crystal structure determinations 
are given in Table 1['*~]. 
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