
fd OUmaI 
O rgan” metallic 
Chemistry 

ELSEVIER Journal of Organometrrllic Chemistry 549 ( 1997) 3 l-37 

Synthesis and characterization of a series of aminogallanes, [Me,GaR], 
- The crystal structures of [Me,GaN( CH,Ph) J2 and 

[Me,GaN(CHJ$ ,NMe], A 
Steven J. Schauer ‘, Charles H. Lake ‘, Charles L. Watkins ‘, Larry K. Krannich ‘-*, 

David H. Powell ’ 
’ Il~ptrrtrwrit of‘Ch~i.str?: iJnirwsit_v of Alutwnu ut Birtnirqhum, Birn~ingkum, AL 35294, USA 

” I~rpurtmrnt of’ C1wrni.w~; U&v-si[v of Fht-idu. Guinrsr -ilk*, FL 326f I. USA 

Received 24 November 1996: revised 3 February I997 
received in revised form 

Abstract 

Me&a was allowed to react with a series of ten amines at 110°C in toluene to give 75 to 90% yields of the corresponding 
aminogallanes. [Me,GaR], [R = NMe,, NEt,. NPr,“, NBul, NBu>, N(c-C,H, ,&, NC4H,, NCSH,,,, NC,H,?, and N(CH,CH,),NMe], 
via ti I .2-elimination of CH,. Similarly, [MC, AINBU;], and [Me, AIN(c-C,H , , L], were prepared by an analogous thermolysis reaction. 
On the other hand, synthesis of [Me,GaNPr:],, [Me,GaNBu‘,]., and [Me,GaN(CH,Ph),]2 was achieved by the reaction of Me,GaCI 
with the respective lithium amide. A compa%& of the ‘H a;3 ” C NMR chemical shifts for the aminogallanes with those previously 
obtained for the analogous series of aminoalanes indicates ;L similar sensitivity to the intluence of the amide moiety. X-my crystal 
structures were determinctd for [MIJ,G~N(CH 2 F’h), 1,. which has ti slightly puckered tour-membered Ga,N, core, and 
[Mc,G~~N(cH,cY~-I,), NM~ ?, which has ;L planar four-membered Ga,N, core. 43 1997 Elscvier Science S.A. 

1. Introduction 

Although [Me,GaNMe,], [I] was prepared almost 
50 years ago from the react& of Me,Ga and HNMe,, 
recently there has been considerable interest in amino- 
aallanes owing to their potential use as single-source 
irecursors for the preparation of gallium nitride [2,3]. 
Several aminogallanes of the type [R,G~NRW], have 
been synthesized by either hydrocarbon or salt elimina- 
tion reactions. Thermolysis of R,Ga [4-I I] with a 
primary or secondary amine results in methane elimina- 
tion and the formation of the corresponding aminogal- 
lane, whereas salt elimination typically involves the 
reaction of R ,GaCl [ 12- 161 with lithium amides. Re- 
cently, alternative methods for the preparation of 
aminogallanes have been reported. The reactions of 
Me?GaC,H, [17] with amines and Et,GaC,H, [WI 
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with amines, phosphines, or thiols at or below room 
temperature results in the formation of the correspond- 
ing gallane. Additionally, the reaction of Me,Ga or 
Et,Ga [ 193 with bulky Me,SnNRR’ derivatives under 
mild thermolysis conditions ( < 60°C) produces the cor- 
responding aminogailane with elimination of Me& or 
Me,SnEt respectively. 

Our laboratory has reported the synthesis of two 
homologous series of dimeric aminoalanes, [Me, AIR], 
[20] and [Bu: AIR], [21] which were obtained from the 
thermolysis of Me, Al or Bu’, AIH with the respective 
amine, with the exception of [Bu’, AlNBui], , which was 
synthesized by salt elimination. As a continuation of 
these studies, the thermolysis of Me,Ga with these 
amines was investigated to determine the effectiveness 
of this method toward the synthesis of aminogallanes. 
Herein we report the synthesis and characterization of a 
homologous series of aminogallanes, [Me,GaR], (R = 
(NMe,, NEt,, NPr& NPri, NBul, NBu’,, NBu’,, 
N(CH,Ph),, N(c-C,H,,),, NC,H,, NCsHIO, NC,H,z, 



and N(cH,cH,),NcH,), which were synthesized pri- - . 
m*ly by the thermolysis of Me,Ga with the respective 
amine or by the reaction of Me+aCl with the respec- 
tive lithium amide derivative, LiNR ‘. Although several 
compounds in this series have been reported, they were 
resynthesized for comparative purposes. The 
aminoalanes [IMe, AlNBui ], and [Me, AIN( c-C, H 1 I )z 12 
[22] were synthesized in order to complete the previ- 
ously reported [MelAIR], 1201 series. ‘H aad “C NMR 
chemical shift data are reported for all compounds and 
are compared to those of the corresponding [Me, AIR12. 
Melting points, IR, MS or cryoscopic molecular weights, 
and elemental analyses are reported for all new com- 
pounds. X-ray structural data have been obtained for 
[Me,GaN(CH, Ph),], and [Me,GaN(CH,CH, 1, NMe], . - 
and -are compared with literature values for &mnogal: 
lanes. 

2. Experimental 

2.1. Generid proctxiurt3 

Standard inert atmosphere techniques were used for 
the synthesis and manipulation of all compounds by use 
of a high vacuum-line in conjunction with an inert- 
atmosphere drybox (Vacuum Atmospheres HE-43 Dri- 
Lab). Hexane and toluene were distilled under an atmo- 
sphere of nitrogen over calcium hydride. All the amines 
(Aldrich) were dried over sodium or KOH and distilled 
prior to use. Me,Ga was obtained as a gift from Morton 
Advanced Materials, Dunvers. MA, GaCI, from Strem. 
ilnd butyllithium from Aldrich. Benzene-t/,, (Wet) was 
stored over molecular sieves. Me,GaCl was synthesized 
by ligand redistribution from the reaction of CiaCl, with 
two equivalents of Me,Ga. [Me, AIN( c*-C, H , , )?I? [x], 
[Me4hNMe,]z [ 11. [MeGaNEt,], [ 173, [Me,GaNPr:], 
[12]: [Me,GaNBu’,], [19], [Me,GaN((g-C,H,;),], [lb]l 
]Me,GaNC,H,], [7], and [Me&aNC,H ,,‘]-, [617] were 
prepared as described below. 

H and “C NMR spectral data were collected for 
0.2 M C,D, solutions using Bruker ARX 300 and DRX 
f’po NMR spectrometers. Chemical shifts for ‘H and 
r C NMR data were measured with respect to the 

solvent. FUR data were collected using a Bruker Vec- 
tor 22 FT’ spectrometer. Samples were prepared as 
Kel-F (halocarbon) and Nujol mulls on KBr plates. 
Low-resolution EI-MS data were obtained using the 
direct insertion probe on a Finnigan MAT95Q spec- 
trometer at 7OeV. Elemental analyses were performed 
by E f R Microanalytical Laboratory, Inc., Corona, NY. 
Melting points were obtained with a Thomas-Hoover 
melting point apparatus using sealed capillaries and are 
uncorrected. 

In a typical synthesis, I .SOg ( 13.1 mmol) of Me,Ga, 
13.1 mmol of the respective amine (HNMe,. HNEt,, 
HNPri, HNBu4, HNBu\. HN(c-C,H,,)I, HNC,H,, 
HNv-hP HNv-4’* and HN(CH ,CH, ), NMe), and 
30ml of toluene were mixed at room temperature. The 
mixture was heated to reflux and the progress of the 
reaction was monitored by using ‘H and “C NMR 
spectroscopy. Products were isolated by recrystalliza- 
tion from the toluene solutions which were cooled to 
- 15 “C. Product yields were typically 7%90%. 

[Me.GaNMe,], (lb): m.p. 34 “C (33 “C [I]). ’ H 
NMR: -S -0.24-(s. 12 H, GaCH,). 2.15 (s, 12 H, 
NW,). “C NMR: S - 10.28 (G&H,), 43.64 (NCH,). 

[Me,GaNEt,], (2b): m-p. 39-40°C (39-40.5 “C 
[17]). ‘H NMR: 8 -0.18 (s, 12 H, GaCHi). 0.74 (t. 12 
H. NCH,CH,), 2.68 (q, 8 H. NCH). ‘C NMR: 6 
-8.38 (GaCH,), 12.05 (NCH,CH,), 41.84 (NCH,). 

[Me,GaNPr:‘], (3b): m.p. 53-55 “C. ‘H NMR: 8 
-0.11 is. 12 H, GaCH,), 0.74 (t, 12 H, 
NCH ,CH ?C H, ), 1.25 (m, 8 H, NCHZC H, ), 2.70 (m, 8 
H. NC&). ‘.‘C NMR: S - 8.63 (GaCH ,), 11.67 
(NCH,CH2CH,). 20.60 (NCH#H?), 51.38 (NCH,). 
IR: (cm-‘) 2962 (s), 2933 (s). 2906 (w), 2877 (m), 
I203 (s), 1142 (m), 1116 (m), 1077 (n-r), 955 (s), 898 
(WI, 8% (w), 727 (vs), 679 (w), 587 (s), 561 (m), 531 
(w). MS: /?I/: 383, 385, 387 (M-I - 15). Anal. Calcd. 
(found) for C,,H,,‘G+ N,: C, 48.05 (48.1 1); H, 10.08 
!9.99): N. 7.00 (7.00). 

[M~,G~NBU’:], (5b): m.p. 8S-87°C. ’ H NMR: S 
- o.oi (s, l>- H, GuCH,), 0.86 0, 12 H. 
NCH,CH,CHJH>). 1.18 (sext., 8 H, 
NCH,CH,CH, ), 1.33 (m, 8 H, NCH,CH2 ), 2.82 (m, 8 
H. NW,). ‘*rC NMR: fi - 8.36 (GaCH .i ), 14.30 
(NCH#H$H,CH$, 21.03 (NCH,CH,CH,). 29.62 
(NCH,CHJ 49.29 (NCH,). IR: (cm”) 2959 (s), 
2931 (vs), 2859 cm), 1204 (s), 1171 (w), 1144 (w). 
1124 cm), 1078 (w), 1026 (w), 904 (wsh), 885 (s), 726 
(vs), 678 (w), 596 (w sh), 585 (s), 565 (m), 528 cm). 
MS: ttt/z 439, 431, 443 (M+ - 15). Anal. Calcd. 
(found) for C20H1xGa_lN,: C, 52.67 (52.92); H, IO.61 
( 10.66); N, 6.14 (6.18). 

[Me,GaNBu’,], (6b): m.p. 72-73 “C (72-74 “C [I 91). 
’ H NMR: 6 0:03 (s. 12 H. GaC I-.!,), 0.85 (d, 24 H, 
NCH,CH(C If? ), ), I .95 (Sept.. 4 H, NCH,C H ), 2.79 
(d. 8 H, NC H, ): “C NMR: S -4.80 (GaCH,). 22.5 1 
(NCH ,CH(CH 3 )? ), 27.04 (NCH ,CH), 58.02 (NCH 2 ). 

[MelGaN(c-C,H,, L], (9b): m.p. 190- 191 “C (190- 
191°C [19]). ‘H NMR: 8 0.06 (s, 12 H, GaCN,), 1.04 
(qt, 4 H, NCHCH,CH ,CH H,,, ). 1.25 (qt. 8 H, 
NCHCH,CH If<, \ 1, 1.47 (qd, 8 H, NCHCH Ho \ ), 1.56 
(br-d, 4 H, NCHCH&H,C He_,H). 1.73 (br-d, 8 H, 
NCHCH,CHt.,H), 1.96 (br-d, 8 H, NCHCH,,H), 3.10 
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(tt, 4 H, NCH,,). "C NMR: S - 1.81 (GaCH,), 26.63 
(NCHCH,CH,CH,). 28.40 (NCHCHJ'H,), 38.20 
(NCHCH?). 64.86 (NCH). 

[Me,GaNC,H,], (lob): m.p. 74-75°C. (64-67°C 
[7]). ’ i NMR: S -0.25 (s, 12 H. GaC HI), 1.31 (m, 8 
H, NCH,CH,), 2.62 ft. 8 H. NC&). ‘C NMR: S 
- 10.17 (GaCH,). 24.81 (NCH$H,), 51.19 (NCH.). 

[Me,GaNC,H,,,], (lib): m.p. 99-101°C (99-100°C 
[7]). 'I-i NMR: S --0.16 (s, 12 H, GaCH,), 1.25 (br s. 
12 H.NCH.C H, and NCH,CH,C H,), 2.62 (br s,8 H, 
NC Hz). '% NMR: 6 -9.17 (GaCH,). 24.63 
(NCH,CH,~HJ 27.06(NcH,cH,).51.91 (NCH,). 
[Me,GaNC,H,,], (12b): m.p. 76-78°C. 'H NMR: S 

-0.14&, 12 H, da?H,), 1.38 (br s, 16 H, NCH,CH, 
and NCH,CHIC HI), 2.84 (br s, 8 H. NC H2). 13C 
NMR: S -8.03 (GaCH,), 27.79 (NCH,CH,CH,), 
28.92 (NCHKH,), 54.34 (NCH,). IR: (cm-‘) 2933 
(vs), 2856 (sj, 1269 (w). 1203 (s), 1170 (w), 1121 (m), 
1092 (w), 1031 (w), 1009 (m), 963 (w), 846 (s), 739 
(m), 727 (s), 677 (w). 633 (w), 566 (m), 531 (n-r). MS: 
W/Z 379, 381. 383 (M’- 15). Anal. C&d. (found) for 
C,,HJ,Ga,N2: C, 48.54 (48.60); H, 9.17 (9.36): N, 
7.08 (6.93). 

[Me,GaN(CH ,CH, ), NMe], (13b): m.p. 138-139°C. 
‘H NMR: S -0.18 is: 12 H: G&H,), 2.00 (s. 6 H, 
NC H,). 2.06 (b r s. 8 H, GaNCH J H, ), 2.78 (t, 8 H, 
GaNC H, ). 'k NMR: S - 8.97 (GaCH 3 ). 46.69 
(NCH,), SO.79 (GaNCHJH,), 56.30 (GaNCH,). IR: 
(cm-‘) 2949 (s), 2938 (m), 2904 (s), 2852 (m), 2790 
(s), 2764 (w), 2683 (~1, 1288 (s), 1205 (m). 1 IS1 (m), 
1138 (w). 1 I17 (m). IO88 (w), 1049 (w), 1005 (s). 912 
(w). 877 (4, 776 (w), 727 (vs), 680 (1~1). 567 (m), 531 
(m), 521 9(w), 472 (In). MS: W/Z 381, 383. 385 
(Ml- IS). Anal. Calcd. (found) for Cl, H J&NJ: C. 
42.26 (42.57); H. 8.61 (8.72): N, 14.08 (14.36). 

A solution of Me,GaCl (2.001. 14.8 mmol) in hex- 
ane (2Oml) was slowly added to a SO ml hexane soiu- 
tion of LiNR, ( 14.8 mmol, previously prepared from the 
reaction of the respective amine and LiBu” ) at - 40 “C. 
LiCl precipitated from the solution upon warming the 
mixture to room temperature. After stirring overnight at 
room temperature, the solution was decanted and the 
remaining solids were washed with hexane. The hexane 
was then removed in vacua, leaving a white solid. 
which was purified by recrystallization from toluene at 
- 15°C. 

[Me,GaNPr:], (4b): 71% yield. M.p. 123- 124°C 
(124”6[12]). ‘-H-NMR: S 0.10 (s, 12 H, GaC H,), 1.14 
(d, 24 H, NCH(C H,), 1, 3.54 kept., 3 I-L NC l-0. “C 
NMR: 6 - 1.64 (G&H,), 26.83 (NCHWH I):), 52.65 
(NCH). 

[Me,GaNBu’,], (7b): 63% yield. M.p. 65-66°C. ‘H 
NMR: S O.Oi-(m. 12 H, GaCH,), 0.82 (t, 12 H, 
NCHCHCH,), 1.16 (m, 12 H, NCHCH,), 1.55 (m, 8 

H, NCHC H-J, 3.19 (m, 4 H, NC H). "C NMR: 6 
-2.42 (avg., 5 peaks. GaCH ,), 13.43 (avg., 5 peaks, 

NCHCH ,CH & 23.70 (avg., 6 peaks, NCHCH 3), 34.66 
(avg.. 4 peaks, NCHC H, h60.74 (avg., 6 peaks, NCH). 
IR: (cm-‘) 2969 (s). 2938 (m), 2877 (w), 1203 (m), 
1170 (w). 1151 (w), 1129 (m), 1022 (w). 977 (w). 920 
(w), 891 (m), 732 (vs), 675 (w), 630 (m). 553 (w), 526 
(w). Cryoscopic molecular weight: calcd. mol. wt., 
456.05. Observed mol. wt. (molality): 452 (0.097). Anal. 
Calcd. (found) for C,,,H,,Ga2 N,: C, 52.67 (53.15); H, 
10.61 ( 11.17); N, 6.14 (5.93). 

[Me,GaN(CH, Ph),], (fib): 78% yield. M.p. 135- 
137’C-[23]. 'H l+MR: S 0.21 (s, 12 H, G&H;), 4.15 
(s, 8 H, NCH,),6.94 (m, 8H, H-2), 7.01 (m, 4H, H-4), 
7.03 (m, 8H. H-3) (NCH ?C, N,). ‘? NMR: S - 5.91 
(GaCH,), 54.35 (NcH, ), 127.03, c-4; 128.06. c-3; 
129.14, C-2; 137.64, C-l (NCH,C,H,). 

Grrwtd procedw-e: in a typical synthesis, 1 .OOg 
( 13.9 mmol) of Me,Al, 13.9 mmol of the respective 
amine (HNBu’, . HN( L'-C(,H , , ), ), and 20 ml of toluene 
were mixed at room temperature and the reaction mix- 
ture was heated to retlux for 3days. The resulting 
solution was concentrated by removal of volatiles under 
vacuum and then cooled in the freezer to - 15 OC. to 
yield a colorless crystalline product. 

[Me, AlNBu’,], (7a): 85% yield. M.p. 69-71 “C. ’ H 
NMR:-6 -O.i6- (III, 12 H, AICH,). 0.80 (t. 12 H, 
NCHCHCH,). 1.22 (III, 12 H. NCHCH.$ 1.62 (III, 8 
l-l. NCHC H,), 3.28 (m, 4 H, NC H). C NMR: S 
-4.9 (AICH,). 13.52 (avg._ 4 peaks, NCHCH,CH,). 
23.73 (avg., 2 peaks. NCHCH,), 34.89 (NCHC HJ 
59.03 (avg., 5 peaks, NCH). IR: (cm ’ ) 2970 (s). 2936 
(in), 2880 (w), 1201 (s), II71 (w), I154 (W), 1119 (s). 
1020 (w). 981 (III), 919 (w), 891 (III), 743 (vs), 697 h-h 
682 (vs), 667 (In), 566 (w). MS: nr/: 355 (Mt - 15). 
Anal. Calcd. (found) for C,,, H_,, Al, N,: C. 64.82 
(64.67); H, 13.06 (13.20); N, 7.56 (7.48). 

[Me, AIN( &,H ’ , ), ], (9a): 75% yield. M.p. 23% 
236"C-(239°C [22]). 'I? NMR: i? -0.25 (s. 12 H. 
AICH,), 1.00 (qt. 4 H, NCHCH,CH,CHH,,,). 1.25 
(qt, 8 H. NCHCH,CH H,,), I.51 (qd 8 I-I. 
NCHCH Fb,, ), 1.53 (br-d, 8 H, NCHCH ,CH ?C Ht.,H). 
1.72 (br-d. 8 H. NCHCH :C H, $-I). 2.08 b--d. 8 I-f. 
NCHC:H, H), 3.22 (tt. 4 H, NCH,,,). "C NMR: fi 
- 4.09 (&Cl-l 3), 26.47 (NCHCH ,CH ,CH 2 ). 28.46 
(NCHCH,CH,). 38.25 (NCHCH_), 62.97 (NCH). 

2.4.1. Gerwd c.orl.siJur.citiorls 
In each of the structural studies an X-ray quality 

crystal was sealed into a thin-walled glass capillary 
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Table I 
Me-M ’ H Ltnd ’ ‘c NMR dtit:k for [M~,AIR], and fM+Grt~], 
c1mqmJfd.4 

R 

‘H ‘k 

Number Al.’ Ga Al” Ga 

NM+ 1 - 0.59 -0.2-C - II.7 - 10.2x 
NEt, 2 - 0.50 - 0. I8 - 9.9 - 8.38 
NPr:’ 3 - 0.42 -0.12 - IO.2 -8.63 
NPrj 4 - 0.27 0. IO - 4.0 - I.64 
NB;‘: 5 - 0.38 - 0.07 - 10.0 - 8.36 
NBu< 6 - 0.28 0.03 - 6.6 - 4.80 
NBu’ 7 - 0.26” 0.0 I -s.oh - 2.50 
N(Cii,Ph), 8 - 0.08 0.2 I -7.6 -5.91 
N( c-C, H ,-)? , 9 -o.2sh 0.06 -4.1h - I.XI 
NV-L 10 - 0.57 - 0.25 - I I .o - IO.17 
NW,,, 11 -0.3X -0.16 - IO.5 -9.17 
NCd-4~ 12 -0.4-C -0.I-I -9.6 - x.03 
N(CH,CH.LNMe 13 - 0.50 -O.lX - IO.4 -8.97 _ - 

” hto obtcrined from Ref. [20] except where noted. 
” This work. 

for the amide moiety in H given aminogallane is consis- 
tent with that reported for the corresponding aminoalane, 
with the “C NMR chemical shift of the carbon directly 
attached to nitrogen being on the average 2 ppm further 
downfield for the aminogallane. 

The ’ H NMR spectra for [Me@N(c-C,H , , J21z [ 191 
and [Me, AIN( c--C, H , , j2 1, suggest that the cyclohexyl 
rings are in a locked conformation. Separate ’ H NMR 
resonances are observed for the axial and equatorial 
protons on each carbon in the cyclohexyl ring. Assign- 
ments have been made based on the observations that 
(I) JII,, in cyclohexyl derivatives follow the order 
‘& _,,y = ‘J,,, L’~, > ‘J,, cc, = ‘J,,t,. c’L, and (2) iS,,(tixial) < 
fi,,(cquatoriaI) for protons on ;I given carbon 1281. 

The dimeric compound [Me,GtiN(CH 2 Ph),], crys- 
tallized with four discrete molecules in the unit cell. 
The labeling of the atoms is provided in Fig. I. Selected 
bond distances and angles are collected in Table 2. The 
molecule possesses mirror symmetry, with the atoms 
Ga( I), CW), C( I), C(2). C(3), C(4), H(l A), WA), 
H(3A), H(4A) lying on ~1 crystallographic mirror plane. 
The four-membered Ga, N2 core is slightly puckered, 

Tttble ’ 
Srlrct~~ bond lrngths (h) and tingles (dep) for [Me,GaN(CH .Ph),l, - _-_ 
G;t(l). - * Gd3) 2.887(Z) Ga( I I--N( I) X45(6) 
Ga( I I-C( I 1 I .956( 16) Ga( 1 )-C(2) I .968( 12) 
Ga( I I-N( I A) X45(6) Gu(2)-N( I) 2.042(6) 
GaW-C(3) I .937( 13) Ga(2)--C(3) 2.OWr IS) 
Gn(2)-N( IA) 2.043(h) N( I I-C{ IO1 I .494( I I ) 
N( I ,-CQO) I .494( I 2) 

N( I I-Ga( I I-N( IA) 89.9(3) Ga( 1 )--N( I )-Ga(2) 89.9(Z) 
N( I I-Ga(2)-N( IA) 90.1(3) N( I LGa( I LC( I ) 109.4(4) 
N( I )-Ga( I )-C(2) I I I .0(4) C( I )-Ga( I 1-W) I2 I .6(7) 
C( I I-Ga( 1 )--N( I A) 109.4(4> C(2)-Ga(l)-N(IA) I1 1.0(3) 
N( I I--Gd2)-C(3) 109.9(4) N( I I-Ga(ZkC(4) I 1 I S(4) 
C(3)-Ga(2)-C(4) Il9.9(8) C(3)-Gu(2)-N( IA) 109.9(4) 
C(4)-Ga(2)-N( I A) I I I J(4) Cdl)-N(I)-C(I0) Il4.0(5) 
Ga(2)-N( I I-C( IO) I l2.4(4) Gd I )-N( I )-X320) I 13.9(4) 
Ga(2)-N( 1 )-CW) I 14.7(S) C( IO)-N( I )-C(X) I I I .3(S) 
N( I I-C( I O)-C( I I ) I l6.5(6) N( I )--CQOLC(2 1) I I S.9(6) 

with an angle of fold about the N( I ) . a a N( I A) axis of 
2.7” as defined by the intercept of the N(l )-Ga( l)- 
N( 1 A) and N( 1 )-Ga(2)-N( 1 A) planes. The distances 
associated with the molecular core are Ga(l )-N( I) = 
Ga( I )-N( 1 A) = 2.045(6) A and Ga(2)-N( 1) = Ga(2)- 
N(IA) = 2.042(6) A. The cross-ring distances of 
Ga(1) . . . Ga(2) = 2.887(2),& and N(I). - - N(lA) = 
2.890(2) A suggest no bonding interactions. The internal 
angles of the Ga, N, ring are N( 1 )-Ga( 1 )-N( IA) = 
89.9(3)“, N( I )-Ga(2)-N( 1 A) = 90.1(3)” and Ga( l)- 
N( 1 )-Ga(2) = Ga( 1 )-N( 1 A)-Ga(2) = 89.9(2)“. These 
distances and angles indicate that the Ga,N2 core adopts 
a slightly folded square geometry. 

The interligand angles about each gallium atom are 
C( 1 )-Gaf 1)-C(2) = 12 1.6(7Y und C(3)-Gut 1 )-C(4) = 
I 19.9(s)“. Each nitrogen atom has two benzyl ~:-otip 
boutld to it with the interligand angle C( IO)-N( l)- 
C(20) = 111.3(S)“. These ligands are arranged in such a 
fashion that the plane formed by the atoms C( lO)- 
N( I)-C(20) intersects the mean plane through the 
GalN, core at 93.3”. The benzyl ligands adopt ~1 stag- 
gered conformation with the torsion angle C( 1 l)- 
C( IO)-C(ZO)--C(2 I ) = 76.4”. The planes defined by the 

Fig. I. Molrcular structure ;md utom numbering scheme for [Me,Gi&CH J Ph), 1:. 
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Fig. 2. Molecular structure and atom numbering sheme for [Me,GaN(CH ,CH 2 j2 NMe]?. 

phenyl units of the benzyl groups intercept at an angle 
of 24.9”. The overall arrangement of the benzyl ligands 
about the molecular core give this molecule 8 ’ biplnne- 
Ii ke’ appearance. 

The dimeric compound [Me,GaN(CH ,CH 2 I2 NMe], , 
crystallized with one molecule per unit cell. This dimeric 
molcculc possesses precise C, symmetry with the four- 
membered C&N, ring structure centered about the 
invcrsik)n center (O,O,-$ This symmetry denotes that the 
four-membered molecular core must be strictly planar. 
Thus, tho structure adopted, by the dimr, is isomor- 
phous with the corresponding aluminum dcrivativc. 
[Me, AIN(CH X1-i ,I, NMe], [2 I]. The labeling of the 
ato& is provi&d in -Fik I. 2.~Selected bond diskmces and 
clngles are collected in Table 3. The interatomic dis- 
tances within this four-membered core are Ga( I I-N{ I ) 
= G&AA)-N(lA) = 2.022(2JA and GuUA)-NW = 
Gsl( I L-NC IA) = 2.042(2) A. with the cross-ring distance 
Ga(l) 8. 9 Ga( I A) = 2.932(2) A. The internal ingles as- 

Table 3 
Selected bond lengths (A) and angles (deg) for 
[MelGnN(c~ ,CH , ), NM~], - _ 

Gil(l)* * Ga(lA) 2.933 I 1 Gid I LN( I ) 2.02x!) 
Gdlt-N(lA) 2.0432) CM I A)-N( I 1 2.042(Z) 
Gd I A)-N( I A) 2.02X) Gut I L-C( I ) I .%2(b) 
CM I )-C(2) I .064(b) N( I )-C(3) I .377(S) 
N( I )-C(6) I .JKS(Sf 

Go{ I LN( I )=-Gal I AI 92.4 I 1 N( I I-G4 I I--N( I A) 87.6( I 1 
N( I I-G4 I L-C( I 1 I I2.5(2) N( I )-Gad I )-C(Z 1 I ILIW 
C( I L-Gd I )-C(2) IzO.o(2) CX I I-Ga( I I-N( I A) IO9.3(2) 
C(2)-Ga( I )-N( IA) I 10.6(Z) Gid I )-N( I )-C(3) I Ih.X(2) 
Cd I )-N( I )-C(6) I 15.oe) C(3)-N( I )--C(6) IO6.6(3) 
C(3k-N(I)-Ga(lA) Il2.1(2) C(6)-N( I )--Gilt I A) I I2.7(2) 
N( I LC(3WW I I2.7(3) N( I )46&-C(S) I 12.X$) 

sociated with the molecular core are Ga( 1 )--NC l)- 
Ga( I A) = Ga( I )-N( I A)-&( I A) = 92.4( 1)” and N( I )- 
Ga(l)--N(IA) = N(I)-Ga(lA)-N(IA) = 87.6(l)“. A 
structural comparison of [Me,GaN(CH JH2 )? NMe], 
with [Me, AIN(CH,CH, j1 NMe12 indicates the two are 
very similar, with the exception of differences in bond 
distance and angles about gallium due to its increased 
size. For [Me, AIN(CHO,CH ,‘& NMe], ,)he AI-N bond 
distances are l.968( l)A and 1.980(2) A, and the inter- 
nal angles are N-AI-N = 88.67(6)” and Al-N-Al - 
9 I .33(6F [2 I ]. The six-membered ring amide fragments, 
-N(CH,CH, )? NMe. in the two structures are nearly 
identical. 

A comparison of Ga-N and Ga-C bond distances for 
[Me,GaN(CH, Ph), ], ., _ - and [Me,GaN(CH XH, I7 NMe], a. m -- 
with those of similar aminogallane derivatives indicates 
that they are well within the range of values reported for 
these types of compound [4,5,9,13, IS, I6,19,29]. Internal 
Ga, N1 ring angles for [Me2GaN(CH2Ph),]2 are similar 
to those for [Me,GaN(c*-C,H ,,)2]2 [19], 
[M e,GaN(Pr’)SnM eJ]_, [19], and 
[MeGaN( CH ,C,H, )(CH , Ph)], [23], with all Gu-N- 
Ga and N-Ga-N angle: ranging from 89.3-90.7”. 
However, several compounds of the type [R ,GaN(H)R$ 
[4,5.9.!5] have Ga, N, cores that are slightly elongated 
along the Gu ?? ?? - t% -axis, which produces Ga-N-Ga 
and N-Ga-N angles that range from 93.6-98.3” and 
8 I .7-86.7” respectively. [Me,GaN(CH ,CH z & NMe], 
has internal Ga,N2 ring angles that lie between these 
ranges with Ga-N-Ga and N-Ga-N angles of 92.4( I) 
and 87.6( 1)” respectively. The structural data for related 
aminoalanes derived from secondary amines has been 
summarized recently [2 1,301. An examination of struc- 
tural and steric trends in these and other aminoalanes 
has been published [30]. 
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4. Supplementary material 

ORTEP drawings, X-ray data collection parameters, 
tables of atomic positions, thermal parameters, bond 
distances and angles. and structure factor tables are 
available. 
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