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Intramolecular base stabilization

Intramolecularly stabilized four-coordinated organoalumin-
ium, -gallium, and -indium compounds R,MC¢H,CH,NR,-(2)
(1-%), Me,MCH,C¢gH,NMe,-(2) (8, 9), Me,MCH,CsH,CH,-
NMe,-(2) (10, 11), and Me,GaCsH,NMe, (12) have been syn-
thesized from o-[(dialkylamino)methyl]phenyllithium, [o-(di-

methylamino)phenyljmethyllithium, {o-[(dimethylamino)meth-
yl]phenyl}methyllithium and  o-(dimethylamino)phenyl-
lithium, respectively. The 'H-, *C-NMR, and mass spectra of
the new compounds and the X-ray crystal structures of 2 and
7 are reported and discussed.

In recent years an increasing interest in the synthesis of
new organoaluminium, -gallium, and -indium compounds is
observed because of their potential use as precursors for the
production of InP and GaAs semiconductor layers!~? sub-
stituting the currently used compounds trimethylaluminium
(TMA), trimethylgallium (TMG), trimethylindium (TMT), or
triethylindium (TEI). In general, these coordinatively un-
saturated organometallic compounds are extremely pyro-
phoric, and thus it is difficult to avoid alkoxy contamination.
Therefore, their use is limited and substitutes are needed
which allow safer handling. The formation of adducts of
TMG, TML, or TEI with amines greatly enhances the chem-
ical stability. Yet those intermolecularly coordinated, base-
stabilized adducts are solids at room temperature, and their
vapor pressure is decreased significantly** in comparison
to trimethylaluminium®®, -gallium*®, and -indium>.

Recently, we have synthesized a series of intramolecularly
stabilized organogallium and -indium compounds contain-
ing the 3~(dimethylamino)propyl, 3-(diethylamino)propyl or
4-(dimethylamino)butyl ligand®. Some of them have been
tested as new metal sources in metal organic vapor phase
epitaxy (MOVPE)7#%®),

This intramolecular stabilization has also been well-doc-
umented for the o-{(dimethylamino)methyl]phenyl ligand. A
variety of such compounds with main group as well as tran-
sition metals like tin'%, gold'?, cobalt'?, chromium®, and
lutetium ™ have been investigated. Structural information of
such compounds has been obtained by temperature-de-
pendent NMR studies' and X-ray structure analyses!®'?.
Furthermore, these ligands are believed to be good leaving
groups in epitaxy.

In this paper we report on the synthesis and characteri-
zation of new organoaluminium, -gallium, and -indium com-
pounds using the potentially bidentate o-[(dialkylamino)-
methyllphenyl, [o-(dimethylamino)phenyljmethyl, {o-[(di-
methylamino)methyl]phenyl}methyl and o-(dimethylami-
no)phenyl ligands.

Synthesis and Properties

The reactions of o-[(dimethylamino)methyl]phenyllith-
ium with diethylaluminium chloride, dimethyl-, diethyl-,
di-n-propyl-, diisopropylgallium chloride as well as diethyl-
indium chloride and the reaction of the newly prepared o-
[(diethylamino)methyljphenyllithium with dimethylindium
chloride, all carried out at room temperature in pentane,

RMCH  + i — MR, + LiCl
0
NMe, NMe,

1-6

1 2 3

MR, | (CoHs),Al (CH3),Ga (CypHs),Ga

4 5 6

MR, | (n=C3H;),Ga (i~C3Hy),6a (CyHs),In

Me,InCl + i — inMe; +  LiCl
0
NEt, NEt,

7
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give the triorganometal compounds 1—7 as colorless liquids
or low-melting solids in high yield.

The use of [o-(dimethylamino)phenyljmethyllithium and
of {o-[(dimethylamino)methyl]phenyl}methyllithium results
in the formation of the corresponding intramolecularly sta-
bilized derivatives of gallium and indium. This stabilization
can be achieved with the [o-(dimethylamino)phenylmethyl
ligand via a five-membered ring (8, 9) and with the {o-[(di-
methylamino)methyl]phenyl}methyl ligand via a six-mem-
bered ring (10, 11).

Me,MCH + Q:NMez Q:NMeZ + LiCl
MMe,
8 M = Ga
9 M =In
. / .
Me,MCE + : L —> : ’M\ + LiCl
N N
/N /N
10: M = Ga
11: M =In
Go G—N
2Me,GoCl + 2 @i @ + 2 Lol
N% G
NMe,
12

A compound containing a four-membered ring could not
be obtained. The reaction of dimethylgallium chloride with
o-(dimethylamino)phenyllithium results in the formation of
a dimer 12 with intermolecular formation of an eight-mem-
bered ring system, which has been proved by cryoscopic
mass determination in benzene solution.

All compounds are almost stable in air and show only
slow decomposition in contact with moisture, except the
dimeric 12. They are all readily soluble in organic solvents,
like ether, hydrocarbons, and aromatic solvents. Vapor pres-
sure measurements of 2 carried out by the entrainment
method'® give the results shown in Table 1. Additional val-
ues can be calculated by the Nernst equation p =
exp(27.4—9702.3/T) hPa. A comparison of the vapor pres-
sure of 2 with the values obtained for intramolecularly sta-
bilized [3-(dimethylamino)propyl]dimethylgallium® shows
them to be significantly smaller. They are similar to the
vapor pressure of Me;Ga - NMes*. This vapor pressure is
high enough only at elevated temperatures or for low-pres-
sure MOVPE. Therefore, the use of 2 is limited to quantum
well structures ™,

The 'H- and ¥C-NMR spectra of all compounds show
the expected pattern and shifts with the exception of 5, where
two sets of doublets are observed at room temperature for
the isopropyl groups. Broadening of the signals occurs at
clevated temperatures indicating the splitting of the internal
coordination which results in the free rotation of the o-
[(dimethylamino)methyl]phenyl and the two isopropyl li-
gands. The coalescence temperature in 5 is significantly
higher (above 80°C) in comparison to that of [3-
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(dimethylamino}propyl]dimethylgallium® (56 °C) because of
a more sterically hindered rotation.

Table 1. Vapor pressures [Pa] of 2 in comparison to other GaAs
precursors

Temperature Me,GaC¢H,CH,NMe, Me,Ga[CH,;)3:3NMe, Me;Ga- NMe;
°C] 2

20 0.32 40 24

50 6.9 230 121

75 61.9 1050 37.8
100 390 — -

The mass spectra of 1 —11 show no peaks higher than the
expected molecular mass which is in agreement with the
proposed monomeric structure and is proved cryoscopically
in benzene for 2 and by X-ray investigations for 2 and 7.
The most dominant feature in the mass spectra is the loss
of CH;, C,H;, or C;H,, respectively. In the case of the higher
homologs, p-hydride elimination is observed besides the o-
alkyl fragmentation. Furthermore, the stable tropylium cat-
ion (C;HY m/z = 91) and the Schiff base fragment
(Me,N*CH, m/z =358) are observed.

Molecular Structure

The molecular structures of 2 and 7 have been determined
by X-ray diffraction. Details are given in Tables 2 and 3, the
atomic coordinates are listed in Tables 4 and 5, and selected
bond lengths, angles and torsion angles are compiled in
Tables 6 and 7. Figures 1 and 2 show ORTEP? plots of 2
and 7.

Figure 1. Molecular structure of 2 with atomic numbering scheme

The X-ray structure shows 2 as a discrete monomer with
the gallium atom in a distorted tetrahedral environment
bonded to the three carbon atoms and the nitrogen of the
dimethylamino group (Figure 1). The GaC; moiety is close
to planarity with the gallium atom pulled out of the
C1,C2,C3 plane by 28.4(5) pm. This tetrahedral distortion
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Figure 2. Molecular structure of 7 with atomic numbering scheme

Table 2. Crystal and data collection parameters of 2%

Formula C,H3GaN; molecular mass 233.99 g/mol; cell pa-
rameters a = 2881.5(4), ¢ = 737.0(1) pm; cell volume V' =
5299.5-10° pm% Z = 18; calculated density 1.32 g/cm? lin-
ear absorption coefficient 22.14 cm ™% F(000) 2196; crystal
system rhombohedral (hexagonal setting); space group R3;
crystal size 0.13 x 0.31 x 040 mm?’ Enraf-Nonius
CAD-4 four-circle diffractometer; radiation Mo-K,, A =
71.071 pm; monochromator graphite crystal; experimental
temperature 140(5) K; 20 range, 1° < 2@ < 52°; hkl bound-
aries —35—35, —35— 35, 0—9; scan technique @ -20;
scan time variable, max. 65 s; scan angle (0.65 + 0.34 tan ®)°;
aperture 2.20 mm; total number of measured reflections
7496, unique reflections 2282, R, = 0.018, observed reflec-
tions with F, > 4o(F,) 1951; corrections for Lorentz-, po-
larisation, absorption, and anomalous dispersion effects;
max. shift/error (A/o) 0.001; residual electron density max.
0.27, min. —0.25 eA~% number of refined parameters 190;
R = Z||Fg| — |Fl||/Z|F| = 0022, R, = [Zw(lF| —
|F, |}/ ZwF?%]'? = 0.030; w = 1/[c*(F,) + 0.00011 - FZ

4 Further details of the crystal structure investigations are avail-
able on request from the Fachinformationszentrum Karlsruhe,
Gesellschaft fiir wissenschaftlich-technische Information mbH,
D-7514 Eggenstein-Leopoldshafen 2, on quoting the depository
number CSD-54701, the names of the authors, and the journal
citation.

showing nearly “normal” angles C1-—-Ga—N (104.7°) and
C2—Ga—N (105.1°), and also a significantly different angle
C3—Ga—N (84.4°), is caused by the transannular Ga-N-
interaction, which also affects the geometry around the
phenyl ring: the angle C8 —C3 —Ga is smaller (110.7°) than
the expected 120° angle of the sp>-hybridized carbon C3.
The intramolecular N —Ga interaction bends C9 out of the
phenyl plane by 12 pm, resulting in a torsion angle Ga—
C3—-C8—C9 of 5.4°. The Ga—N distance [213.3(2) pm] is
in agreement with the corresponding values observed in
CoH;NGa [209.5(2) pm]?, (CH3):Ga(N,CeH;2) [213.9(17)
pm]??, (CH3);GaN(CH); [220(3)pm]®, but is longer than
the sum of the covalent radii for Ga and N [195 pm]?.
Ga—C3 [199.1(2) pm] is slightly longer than the other two
Ga—C distances [197.7(3) and 197.8(3) pm].

The geometry of 7 (Figure 2) is influenced in the same
manner as in 2 now by the intramolecular N —1In bond. The
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Table 3. Crystal and data collection parameters of 7%

Formula C;;Hy,InN; molecular mass 307.15 g/mol; cell pa-
rameters a = 941.4(2), b = 1013.7(3), ¢ = 2242.6(3) pm,
B = 100.89(2)>; cell volume V = 2100.9-10° pm® Z = 6;
calculated density 1.456 g/cm®; linear absorption coefficient
15.24 cm™'; F(000) 936; crystal system monoclinic; space
group P2;; crystal size 0.32 x 0.22 x 0.44 mm?®; Enraf-Non-
ius CAD-4 four-circle diffractometer; radiation Mo-K,, A =
71.071 pm; monochromator graphite crystal; experimental
temperature 140(5) K; 2© range, 2° < 20 < 45°; hkl bound-
aries 0— 11,0— 12, —26 — 26; scan technique ® —20; scan
time variable, max. 60 s; scan angle (0.65 + 0.34 tan®)°;
aperture 2.00 mm; total number of measured reflections 4184,
unique reflections 3006, R;,; = 0.0252, observed reflections
with F, > 30(F,) 1952; corrections for Lorentz-, polarisa-
tion, absorption (¥-scan) and anomalous dispersion effects;
residual electron density max. 1.84, min. —1.63 ¢A > num-
ber of refined parameters 157; R = X||F,| — |F||/Z|F,| =
0.0675; R, = [Ew(|F,| — [F.)YZwF1]Y? = 0.0828; w =
2.2924/[6(F,) + 0.000741 - F3]

9 See Table 2.

Table 4. Fractional atomic coordinates and equivalent isotropic
thermal parameters [A?] of 2 with estimated standard deviations

in parentheses. B,, = 87%/3 L X Ua*a*aq,
! !

Atoms x/a y/b z/c Beq
Ga 0.19258(1) 0.26808(1) 0.20575(3) 1.48
N 0.1971(1) 0.2238(1) -0.0189(2) 1.55
C1 0.2555(1) 0.2840(1) 0.3571(4) 2.50
Cc2 0.1884(1) 0.3286(1) 0.0968(4) 2.80
C3 0.1259(1) 0.2001(1) 0.2657(3) 1.34
C4 0.0830(1) 0.1885(1) 0.3824(3) 1.54
C5 0.0396(1) 0.1368(1) 0.4004(3) 1.66
Cé 0.0379(1) 0.0954(1) 0.3000(3) 1.53
Cc7 0.0796(1) 0.1052(1) 0.1835(3) 1.45
C8 0.1233(1) 0.1571(1) 0.1684(3) 1.27
c9 0.1715(1) 0.1683(1) 0.0544(3) 1.61
C10 0.2520(1) 0.2413(1) -0.0829(4) 2.46
C1l 0.1649(1) 0.2260(1) ~0.1725(3) 2.06

Table 5. Fractional atomic coordinates and equivalent isotropic
thermal parameters [A?] of 7 with estimated standard deviations
in parcntheses. By, = 8n%/3 L L U,a*a*aq

J

i

Atoms x/a y/b z/c Beq
In -0.2094(2) -0.2479(8) -0.9016(1) 5.23
C1 -0.3165(20)  -0.0599(17) -0.9147(13) 2.50
C2 -0.3363(24) -0.4235(20) -0.9172(20) 6.81
C3 0.0197(9) -0.2137(13) -0.9059(5) 3.34
C4 0.0842(9) -0.1713(13) -0.9537(5) 3.00
C5 0.2345(9) -0.1711(13) -0.9472(5) 3.92
Cé6 0.3203(9) -0.2133(13) -0.8929(5) 3.40
Cc7 0.2559(9) -0.2557(13) -0.8452(5) 3.18
c8 0.1056(9) -0.2559(13) -0.8516(5) 2.42
C9 0.0379(17) = -0.2025(18) -0.8002(9) 295
N -0.0983(14) -0.2738(15) -0.7976(6) 2.48
C10 -0.1747(17) -0.2043(19) -0.7565(9) 291
Cci -0.3288(17)  -0.2330(25) -0.7544(9) 3.46
C12 -0.0692(22) -0.4163(18) -0.7823(10) 3.83
C13 0.0180(22) -0.4452(22) -0.7179(10) 4.26

In atom resides 24.4(1) pm above the plane formed by the
carbon atoms C1, C2 and C3. The angle C3 —In—N is only
78.9°, and the angle C8 —C3 —1In (108.9°) differs also signif-
icantly from the expected sp? angle of 120°. The increase in
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Table 6. Selected bond distances [pm] and angles and torsion
angles [“] of 2 with estimated standard deviations in parentheses

Atoms Distances Atoms Distances
Ga-N 213.3(2) N-C10 147.7(3)
Ga-Ci 197.8(3) N-Ci1 148.6(3)
Ga-C2 197.7(3) C3-C8 140.0(3)
Ga-C3 199.1(2) C8-C9 151.4(3)
N-C9 148.8(3)

Atoms Angles Atoms Angles
C1-Ga-N 104.7(1) Ci1-N-C9 109.8(2)
C2-Ga-N 105.1(1) C11-N-C10 109.1(2)
C2-Ga-C1 118.5(1) C4-C3-Ga 132.3(2)
C3-Ga-N 84.4(1) C8-C3-Ga 110.7(2)
C3-Ga-C1 115.2(1) C3-C8-Ga 41.5(1)
C3-Ga-C2 120.3(1) C9-C8-C3 117.3(2)
C9-N-Ga 102.4(1) C9-C8-C7 120.8(2)
C10-N-Ga 114.8(1) N-C9-Ga 46.9(1)
C10-N-C9 110.7(2) C8-C9-N 109.8(2)
C11-N-Ga 109.8(1)

C4-C3-C8-C9  175.0(2) Ga-C3-C8-C9 5.4(2)
C3-C8-C9-N  -33.3(2) Ga-C3-C8-C7 -178.4(1)
C1-Ga-C3-C8 -88.7(1) C8-C9-N-C10  163.1(2)
C2-Ga-C3-C8 119.2(1) C8-C9-N-Cil  -76.3(2)

Table 7. Selected bond distances [pm] and angles and torsion
angles [°] of 7 with estimated standard deviations in parentheses

Atoms Distances Atoms Distances
In-N 238.0(10) N-C10 146.0(20)
In-Ci 215.0(20) N-C12 150.0(20)
In-C2 214.0(20 C10-Ci1 149.0 (20)
In-C3 220.5(8) C12~-C13 155.0 (20)
N-C9 148.0(20)

Atoms Angles Atoms Angles
Ci1-In-N 109.8(9) C12-N-In 111.0(10)
C2-In-N 101.0(10) C10-N-Ci12 114.0(20)
Ci1~In-C2 118.9(7) C4-C3-In 130.8(3)
C3-~In-N 78.9(4) C8-C3-In 108.9(3)
Ci-In-C3 107.0(7) C3-C8-C9 107.3(8)
C2-In-C3 130.2(9) C8-C9-N 110.0(10)
C9-N-In 98.0(10) N-Ci0-C11 122.0(20)
C9-N-C10 109.0(10) N-C12-C13 116.0(20)
C9-N-Ci12 111.0(10)

C4-C3-C8-C9 139.7(13) In-C3-C8-C9 -46.1(12)
C3-C8-C9-N 71.6(15) In-C3-C8-C7 174.2(10)
C1-In-C3-C8 121.7(11) C8-C9-N-C10 -168.8(12)
C2-In-C3-C8  -81.3 (16) C8-C9-N-C12  64.5(15)

radii when going from Ga in 2 to In in 7 results in a larger
bend of C9 out of the phenyl ring plane by 94 pm with a
torsion angle In—C3 —C8—C9 of 46.1° compared to only
4.6° for Ga—C3—C8—C9 in 2. The In— N distance [238(1)
pm] is slightly longer than the sum of the covalent radii
(219 pm)'9, but significantly shorter than the sum of the van
der Waals radii (345 pm)*. Comparetively short In—N dis-
tances are found in C,H;Inl,(Me,NCH,CH,NMe,) [233(1)
and 244(1) pm]* in contrast to the smaller In —N distances
in CH3In{CH;NC(CH),N], [213.8(5) pm]?*, [(CH,),In],-
CANCH,), [218.2(5) pm]*’, CH;In{[CH;(CH,),NCH,]-
In(CHs),}, (218.7(13) pm]*®, methyl(tetraphenylporphinato)-
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indium(I1T) [220(1) pm]®, CH,InCl(:-C;H,NH,) [221(1)
pm]®, and (CH,)L,InN(CH.), [222(1) pm]®*®. Recently we
have found even longer In—N distances of 260.3(3) and
260.7(3) pm in CH,{2,6-[(C,Hs),NCH,],C¢H;}InCl, another
intramolecularly coordinated compound of this type!®.

Financial support by the Fonds der Chemischen Industrie, the
Bundesminister fiir Forschung und Technologie (Contract No.
415-7291-NT-2717 E3), and the Bundesminister fiir Bildung und
Wissenschaft (Graduiertenkolleg “Synthese und Strukturaufklarung
niedermolekularer Verbindungen”) is gratefully acknowledged. We
thank Prof. Dr. J. Pickardt for supplying helpful software to us.

Experimental

All reactions were carried out in dry, oxygen-free argon using
Schlenk tubes. The solvents used were dried and freed of oxygen
with LiAlH, or Na/benzophenone and were distilled prior to use. —
Elemental analyses: Perkin-Elmer 240C CHN Analyzer, determi-
nation of Ga and In with a Perkin-Elmer 2380 Atomic Absorption
Spectrophotometer. — Molecular masses: cryoscopically in ben-
zene. — MS: Varian MAT 311 A. — NMR: Bruker WH 270 at
270 MHz (‘*H) or at 67.93 MHz (**C).

The starting materials were prepared according to literature pro-
cedures. The triorganometal compounds were obtained either by
alkylation of the metal trichlorides with triorganoaluminium
compounds>? (Me;Ga, Et;Ga) or by Grignard reactions (nPr;Ga,
iPr,Ga’, Et;In*¥). The corresponding diorganometal chlorides
were prepared by redistribution reactions of the triorganometal
compounds with the metal trichlorides*>?. Dimethylindium chlo-
ride was obtained from indium trichloride and methyllithjum?3®,
The lithium reagents used were synthesized as described in the
literature 2*3"33) by metallation of the corresponding amines with
n-butyllithium.

{o-[ ( Dimethylamino )methyl [phenyl Jdiethylaluminium (1): A so-
lution of 23.2 g (190.0 mmol) of diethylaluminium chloride in
150 ml of pentane was added to a stirred suspension of 27.2 g (190.0
mmol) of o-[(dimethylamino)methyl]phenyllithium'? in 150 ml of
pentane at 0°C. After stirring at room temp. for 12 h, the solution
was decanted from lithium chloride. The clear solution was distilled
under reduced pressure. 1 was obtained as a colorless liquid; yield
27.2 g (65%), b.p. 79°C/0.1 hPa. — MS (EI, 70 eV): m/z (%) =
190 (100) [M* — C,Hs], 162 (55) [M* — C,H,;, — C,H ], 146
6) [162 — CH,], 135 (38) [CH;CH,N*(CH,),], 134 (24)
[CsH,CH,N*(CH;),1, 91 (36) [C;HS ], 58 (67) [Me;NTCH,]. —
'H-NMR (C,Ds; 20°C): 3 = 040 [m, 4H, (CH,CH,),Al], 1.60 [t,
6H, (CH;CH,hAl], 2.02 [s, 6H, (CH3),N], 3.39 (s, 2H, CH,N),
7.10-—-8.18 (m, 4H, aromatic H).

Ci3HpAIN (219.3)  Caled. C 71.20 H 10.11
Found C 7093 H 10.13

{o-[ ( Dimethylamino)methyl [phenyl }dimethylgallium (2): A solu-
tion of 4.0 g (30.0 mmol) of dimethylgallium chloride in 50 ml of
pentane was added to a stirred suspension of 4.3 g (30.0 mmol) of
o-[(dimethylamino)methyl]phenyllithium ¥ in 50 ml of pentane at
0°C. After stirring at room temp. for 12 h, the solution was decanted
from lithium chloride, the solvent removed in vacuo, and the residue
sublimed at 0.01 hPa/40°C bath temperature. 2 was obtained as
colorless crystals; yield 4.9 g (70%), m. p. 34°C, b.p. 208°C; vapor
pressure p = exp(274 — 9702.3/T) [hPa]. — MS (EI, 70 eV):
myfz (%) = 218/220* (100) [M* — CHs], 175/177* (22) [MeGa*C;H/],
135 (6) [CsHsCH,N*Me,], 134 (6) [C{H,CH,N*Me,], 99/101* (2)
[Me,Ga™], 91 (6) [C;H7], 77 (1) [CeHF T, 69/71* (34) [Ga™], 58
(6) [Me;N*TCH,], 44 (4) [C,HgN™1]; *isotope pattern clearly visi-
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ble. — "H-NMR (C¢Ds; 20°C): 8 = —0.08 [s, 6H, (CH5),Ga], 1.95
[s, 6H, (CH3),N1], 3.30 (s, 2H, CH,N), 6.85—7.87 (m, 4H, aromatic
H). — PC-NMR (C¢Ds, 20°C): 8 = —7.7 [s, (CH;),Ga], 454 [s,
(CH;),N], 67.2 (s, CH,N), 124.3, 126.7, 127.1, 136.0 (s, aromatic C),
1429 (s, C—CH,), 154.7 (s, C—Ga).
C;;H;3GaN (234.0) Caled. C 5646 H 7.75 Ga 29.80 N 599
Found C 56.39 H 7.86 Ga 29.70 N 6.48
Mol. mass 226.4 (by cryoscopy in benzene)
{o-[ { Dimethylamino Jmethyl]phenyl [diethylgallium (3): A solu-
tion of 3.1 g (19.0 mmol) of diethylgallium chloride in 20 ml of
pentane was added to a stirred suspension of 2.8 g (20.0 mmol) of
o-[(dimethylamino)methyl]phenyllithium'? in 20 ml of pentane at
0°C. After stirring at room temp. for 12 h, the solution was decanted
from lithium chloride, the solvent removed in vacuo, and the residue
distilled under reduced pressure. 3 was obtained as a colorless lig-
uid; yield 3.1 g (62%), b.p. 92°C/0.01 hPa. — MS (EL, 70 eV): m/z
(%) = 232/234* (58) [M*T — C,H;s], 204/206* (21) [M* — C,H,,
— GH,], 161/163* (6) [HGa* C;H,], 135 (32) [CsHsCH,N * Me,],
134 (29) [C¢H,CH,N T Me,], 91 (47) [C;HF ], 77 (5) [CsHi 1, 69/71*
(44) [Ga*], 58 (100) [Me;,N+CH,], 44 (29) [C,HsN™]; *isotope
pattern clearly visible. — 'H-NMR (C;Ds; 20°C): 8 = 0.64 [m, 4H,
(CH;CH,),Ga], 143 [t, 6H, (CH;CH,),Gal, 1.97 [s, 6H, (CH;),N],
3.29 (s, 2H, CH,N), 6.88—7.92 (m, 4H, aromatic H). — *C-NMR
(CeDg, 20°C): & = 2.5 [s, (CH;CH,),Ga], 11.1 [s, (CH;CH,),Ga],
45.6 [s, (CH;),N1, 67.6 (s, CH,N), 124.3, 126.7, 126.9, 136.6 (s, ar-
omatic C), 143.2 (s, C—CH)), 153.4 (s, C—Ga).
Ci3H;GaN (262.05) Caled. C 59.59 H 8.46 Ga 26.61 N 5.35
Found C 60.67 H 8.48 Ga 26.88 N 6.54
{o-[ ( Dimethylamino )methyl ] phenyl Jdi-n-propylgallium (4): In
analogy to the synthesis of 3, the reaction of 2.9 g (15.0 mmol)
of di-n-propylgallium chloride with 22 g (16.0 mmol) of o-
[(dimethylamino)methyl]phenyllithium'? yielded 4 as a colorless
liquid; 2.5 g (58%), b.p. 97°C/0.01 hPa. — MS (EL, 70 eV): m/z
(%) = 246/248* (100) [M* — C;H;], 204/206* (48) [M* —
CH, — GCH¢, 161/163* (12) [HGa*CH;], 135 (19)
[CHsCH,N*Me,], 134 (27) [CsH,CH,N*Me,], 91 (30) [C;H7 ],
69/71* (45) [Ga™*], 58 (52) [Me;N*CH,], 44 (27) [C;H N+ 7J; *iso-
tope pattern clearly visible. — 'H-NMR (C¢Ds; 20°C): & = 0.68 [t,
4H, (CH,;CH,CH,),Ga], 1.27 [t, 6H, (CH;CH,CH,),Ga], 1.81 [m,
4H, (CH;CH,CH,),Ga], 1.96 [s, 6 H, (CH3),N], 3.28 (s, 2H, CH,N),
6.98 —7.88 (m, 4H, aromatic H). — C-NMR (C¢D, 20°C): § =
14.7 [s, (CH3;CH,CH,),Ga], 20.4 [s, (CH;CH,CH,),Gal, 209 [s,
(CH;CH,CH,),Gal], 45.7 [s, (CH;),N1], 67.7 (s, CH,;N), 124.2, 126.6,
127.0, 136.4 (s, aromatic C), 143.0 (s, C—CHy,), 154.2 (s, C—Ga).
CisHyGaN (290.1) Caled. C 62.10 H 9.03 N 4.83
Found C 6243 H 8.73 N 541
{o-[ ( Dimethylamino )methyl Jphenyl }diisopropylgallium (5): In
analogy to the synthesis of 3, the reaction of 3.1 g (16.2 mmol)
of diisopropylgallium chloride with 2.4 g (17.0 mmol) of o-
[(dimethylamino)methyl]phenyllithium'? yielded § as a colorless
liquid; 2.6 g (56%), b.p. 92°C/0.01 hPa. — MS (EL 70 eV): m/z
(%) = 246/248* (47) [M* — C;Hj], 204/206* (15) [M* — C:;H,,
—C;3Hg), 135 (74) [CeHsCH,N* Me;], 134 (65) [CsH,CH,N* Me;],
91 (77) [C;H#], 69/71* (18) [Ga*], 65 (29) [CsHi ], 58 (100)
[Me,N *CH,], 44(38) [C,;HsN *]; *isotope pattern clearly visible. —
'H-NMR (C¢Dg; 20°C): 8 = 1.06 {sept, 2H, [(H;C),CH1.}, 146 [d,
6H, (H:0),CH], 1.52 [d, 6H, (H5C),CH], 2.03 [s, 6H, (CH;),N],
3.29 (s, 2H, CH,N), 6.88 —7.80 (m, 4H, aromatic H). — *C-NMR
(CsDg, 20°C): & = 137 {s, [(H;O),CHI;}, 222 and 223 s,
[(H;C),CH1,}, 46.2 [s, (CH3),N], 68.1 (s, CH,N), 124.3, 126.7, 126.9,
136.9 (s, aromatic C), 143.2 (s, C—CH,), 153.0 (s, C—Ga).
C,sH,¢GaN (290.1) Calcd. C 62.10 H 9.03 N 4.83
Found C 63.53 H 890 N 5.57
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{o-[ ( Dimethylamino )methyl ] phenyl diethylindium (6): In analogy
to the synthesis of 3, the reaction of 4.2 g (20.0 mmol) of diethylin-
dium chloride with 2.8 g (20.0 mmol) of o-[(dimethylamino)-
methyl]phenyllithium '? yielded 6 as a colorless liquid; 3.5 g (57%),
b.p. 115°C/0.1 hPa. — 'H-NMR (C;Dg; 20°C): & = 0.76 [q, 4H,
(CH;CH)),In], 1.52 [t, 6H, (CH;CH,),In], 1.94 [s, 6H, (CH;),N],
3.21 (s, 2H, CH,N), 7.00—7.22 (m, 4H, aromatic H). — *C-NMR
(CsDs, 20°C): & = 5.2 [s, (CH;CH,)In], 13.6 [s, (CH,CH,)In], 45.6
[s, (CH;3),N], 68.5 (s, CH,N), 125.7 (s, C-5), 126.5 (s, C-4), 126.8 (s,
C-3), 139.0 (s, C-6), 144.7 (s, C—CH,), 159.4 (s, C—1In).

Ci;HxInN (307.15) Caled. C 50.84 H 7.22 In 37.38 N 4.56
Found C 51.01 H 7.25 In 37.12 N 4.33

{o-[ ( Diethylamino ) methyl [phenyl Jdimethylindium (7): In analogy
to the synthesis of 2, the reaction of 4.6 g (25.5 mmol) of dimethyl-
indium chloride with 4.3 g (25.5 mmol) of o-[(diethyl-amino)-
methyl]phenyllithium> yielded 7 as a colorless low-melting solid;
5.3 g (68%), m.p. 30—31°C, b.p. 104°C/0.2 hPa. — MS (EI, 70
eV): m/z (%) = 292 (12) [M* — CHj], 163 (7) [CeH,-
CH,N*HEt,], 162 (4) [CsH,CH,N'Et,], 148 (32) [C¢H,-
CH,N*MeEt], 145 (2) [MeIn*], 115 (9) [In*], 91 (100)
[C-H7 ], 86 (7) [Et,N*CHj;], 65 (9) [CsH5 1, 58 (3) [C;HN*], 56
@) [C:HN']. — 'H-NMR (C¢Ds; 20°C): 6 = —0.06 [s, 6H,
(CH,)In], 0.53 [t, 6H, (CH;CH,),N], 2.29 [q, 4H, (CH:CH,),N],
3.24 (s, 2H, CH,N), 6.86 —7.78 (m, 4H, aromatic H). — *C-NMR
(CsDs, 20°C): & = —8.2 [s, (CH;)In], 8.5 [s, (CH;CH,),N], 44.2
[s, (CH;CH,),N], 614 (s, CH,N), 1254, 126.6, 126.9, 138.4 (s, aro-
matic C), 144.3 (s, C—CH,), 159.9 (s, C—In).

Ci;HpInN (307.15)  Caled. C 50.84 H 7.22 In 37.38 N 4.56
Found C 51.08 H 7.26 In 37.22 N 442

{[o-( Dimethylamino ) phenyl Jmethyl }dimethylgallium (8): A solu-
tion of 1.5 g (10.7 mmol) of dimethylgallium chloride in 20 ml of
hexane was added to a stirred yellow suspension of 1.6 g (11.3
mmol) of [o-(dimethylamino)phenyl]methyllithium'® in 20 ml of
hexane at room temp. The color of the reaction mixture turned
slowly into white. After stirring for further 24 h, the reaction mix-
ture was refluxed for 2 h. Subsequently, it was decanted from lithium
chloride, the solvent removed and the residue distilled under
reduced pressure. 8 was obtained as a colorless liquid; yield 1.6 g
(65%), m.p. ~11°C, b.p. ~80°C/0.01 hPa. — MS (EI, 70 eV):
mfz (%) = 218/220* (100) [M* — CH,], 203/205* (29) [M* —
2 x CHj), 188/190* (6) [M* — 3 x CHj;], 134 (32) [CH,CeH.-
N*+Me;,], 99/101* (62) [Me,Ga*1, 91 (1) [C;H#1, 77 (6) [CsHi 1,
69/71* (26) [Ga™]; *isotope pattern clearly visible. — 'H-NMR
(C¢Dg; 20°C): & = —0.14 [s, 6H, (CH;),Ga], 1.81 [s, 2H, CH,Ga],
223 [s, 6H, (CH,),N], 6.68—7.49 (m, 4H, aromatic H). — ’C-
NMR (C¢Dg, 20°C): 8 = —7.4 [s, (CH,),Ga], 16.4 (s, CH,Ga), 46.6
[s, (CH;),N1, 118.4, 125.0, 1267, 132.5 (s, aromatic C), 1432 [s,
C—N(CH3),], 150.1 (s, C—CH,).

CiiHi3GaN (234.0) Caled. C 5646 H 7.75 Ga 29.80 N 599
Found C 56.39 H 7.86 Ga 29.70 N 6.48

{{o-( Dimethylamino ) phenyl Jmethyl Jdimethylindium (9): In anal-
ogy to the synthesis of 8, the reaction of 3.3 g (18.3 mmol)
of dimethylindium chloride with 2.6 g (183 mmol) of [o-
(dimethylamino)phenyl Imethyllithium ¥ yielded 9 as a colorless lig-
uid; 3.6 g (71%), m.p. 47°C, b.p. 94°C/0.04 hPa. — MS (EI, 70
eV): m/z (%) = 264 (37) [M* — CH;], 145 (6) [Me,In*], 135 (27)
[CH2C6H5N+M62], 134 (100) [CH2C6H4N+M62], 130 (2) [MCIH+],
115 (30) [In*], 91 (18) [C/H ], 77 (6) [CeHi 1, 65 (11) [CHS T, —
'H-NMR (C¢D¢; 20°C): 8 = —0.42 [s, 6H, (CH3),In], 1.76 (s, 2H,
CH,In), 2.28 [s, 6H, (CH;);N1, 6.76—7.44 (m, 4H, aromatic H). —
BC-NMR (C¢Ds, 20°C): & = —4.6 [s, (CHs),In], 18.3 (s, CH,ln),
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453 [s, (CH3),N], 118.3, 123.7, 125.1, 131.2 (s, aromatic C), 143.8
(s, C—CH,), 149.8 [s, C—N(CHj3),].
CiiHilnN (279.1) Caled. C 47.34 H 6.50 In 41.14 N 5.02
Found C 47.26 H 6.41 In 40.98 N 4.80

{ {o-[ ( Dimethylamino )methyl | phenyl Jmethylydimethylgallium
(10): In analogy to the synthesis of 2, the reaction of 1.3 g (9.6 mmol)
of dimethylgallium chloride with 1.7g (11.0 mmol) of {o-
[(dimethylamino)methyl]phenyl}methyllithium*® yielded 10 as col-
orless crystals; 1.1 g (45%), m.p. =35°C, b.p. 105°C/0.01 hPa. —
MS (EIL 70 eV): m/z (%) = 247/249* (6) [M*], 232/234* (100)
[M* — CH;], 189/191* (18) [M* — CHj;, — CH;NCH,], 135 (6)
[CsHsCH,N *Me,], 105 (24) [CsHs ], 99/101* (17) [Me,Ga*], 77
(6) [CsH¢ ; *isotope pattern clearly visible. — '"H-NMR (C¢Ds;
20°C): 8 = —0.36 s, 6H, (CH,),Gal, 1.79 s, 6H, (CH;),N], 1.88
(s, 2H, CH,Ga), 3.08 (s, 2H, CH,N), 6.75—7.24 (m, 4H, aromatic
H). — BC-NMR (C¢Dy, 20°C): § = —7.2 [s, (CH3),Gal, 21.4 (s,
CH,Ga), 47.3 [s, (CH,),N], 64.8 (s, CH;N), 122.2, 128.6, 129.3, 130.2
(s, aromatic C), 131.0 (s, C—CH,N), 147.8 (s, C—CH;Ga).

Cy;H;GaN (248.0) Caled. C 58.11 H 8.13 Ga 28.11 N 5.65
Found C 58.12 H 8.14 Ga 29.27 N 6.12

" { {o-[ (Dimethylamino ) methyljphenyl Jmethyl>dimethylindium
(11): In analogy to the synthesis of 3, the reaction of 2.4 g (13.3
mmol) of dimethylindium chloride with 2.1 g (13.3 mmol) of {o-
[(dimethylamino)methyl]phenyl}methyllithium*® yielded 11 as a
colorless liquid; 2.1 g (54%), b.p. 78—79°C/0.03 hPa. — MS (EI,
70 eV): m/z (%) = 293 (3) [M*+], 278 (46) [M*+ — CH5], 263 (12)
[M* —2 x CH;],219(14) [M* — 2 x CHj;, — Me,N], 149 (24)
[C:H,CH,N*Me,], 148 (30) [CH.,C(H,CH,N*Me,], 145 (11)
[Me,In*], 130 (4) [Meln*], 119 (11) [C;H,CH,N*], 115 (100)
[In™*], 105 (49) [C;H,CH; ], 104 (33) [CsH,CH; ], 91 (21) [C;H ],
77(26) [CeH# ], 65 (10) [CsH# 7, 58 (59) [Me;N*CH;]; — 'H-NMR
(CeDg, 20°C): 8 = —0.37 [, 6H, (CHs),In], 1.67 [, 6H, (CHs);N],
1.90 (s, 2H, CH,In), 2.96 (s, 2H, CH;N), 6.71 — 7.16 (m, 4 H, aromatic
H). — BC-NMR (C(Ds, 20°C): & = —8.6 [s, (CH;)In], 21.6 (s,
CH,ln), 469 [s, (CH;),N], 64.8 (s, CH,N), 121.3 (s, C-4), 127.6 (s,
C-6), 129.30 (s, C-5), 1309 (s, C-3), 149.2 (s, C—CH,N), 130.0 (s,
C—CHjln).
C;HyInN (293.12) Caled. C 49.17 H 6.88 In 39.17 N 4.78
Found C 49.05 H 6.92 In 39.02 N 4.66

[o-( Dimethylamino ) phenyl Jdimethylgallium (12): A solution of
2.3 g (17.0 mmol) of dimethylgallium chloride in 50 ml of pentane
was added to a stirred solution of 2.4 g (19.0 mmol) of o-
(dimethylamino)phenyllithium * in 50 ml of pentane at room temp.
Subsequently, the reaction mixture was refluxed for 2 h and then
decanted from lithium chloride. 12 crystallized from a concentrated
pentane solution at —30°C; yield 3.2 g (86%), m.p. 68°C. — 'H-
NMR (CiDg; 20°C): & = 029 [s, 6H, (CH;),Gal, 2.69 [s, 6H,
(CH;)pN], 6.35—7.95 (m, 4H, aromatic H). — BC-NMR (C¢Ds,
20°C): 8 = —4.7 [s, (CH3),Ga], 60.9 [s, (CH3),N], 115.8, 126.8,
128.8, 136.6 (s, aromatic C), 127.7 (s, C—N), 128.9 (s, C—Ga).

CoH;sGaN (220.0) Caled. C 54.60 H 7.33 N 6.37
Found C 52.78 H 6.92 N 7.01
Mol. mass Calcd. 219.97 (monomer), 439.94 (dimer)
Found 398.6 (by cryoscopy in benzene)

X-ray Structure Determination of 2 and 7: Data collections were
carried out with an Enraf-Nonius CAD-4 automatic diffractometer,
controlled by a p-VAX II computer and fitted with a low-temper-
ature equipment (Tables 2 and 3). The diffraction experiment for 2
initially revealed a cell with rhombohedral symmetry which then
was transformed into an obverse hexagonal lattice. The cell para-
meters were obtained from the angles of 25 reflections in the range

H. Schumann, U. Hartmann, W. Wassermann, A. Dietrich, F. H. Gorlitz, L. Pohl, M. Hostalek

of 33° < 20 < 49°. Reflections were scanned with variable scan
time, depending on intensities, with 2/3 of the time used for scanning
the peak and 1/6 measuring each the left and the right background.
The intensities of three reflections were checked every 1.5 hours to
determine crystal decomposition. The total loss of intensity during
the entire period of data collection was 0.3%. No decay correction
was applied. The crystal orientation was checked every 150 intensity
measurements by scanning three reflections distributed in . recipocal
space. A new orientation matrix was automatically calculated from
a list of 25 recentered reflections in case the angular change was
greater than 0.09°. The raw data were corrected for Lorentz polar-
ization, and absorption (‘*V-scan method, min./max. transmission
71.5 and 99.9%)*" effects. Considering the normalized structure
factor statistic and the present extinctions, the possible space groups
were limited to R3 and R3m (No. 148 and 166 of the International
Tables of X-ray Crystallography)*". Refinement in space group R3
was successful. The position of the gallium atom was determined
from a threedimensional Patterson synthesis. The calculated differ-
ence Fourier map revealed all missing carbon and nitrogen atoms.
The hydrogen positions were refined isotropically. Several least-
squares cycles minimized the quantity Tw(|F,| —|F.|)>. Atomic
scattering factors and anomalous dispersion terms for gallium, ni-
trogen, and carbon were taken from ref.*>*?, Scattering factors for
hydrogen were taken from ref.*”. Data reduction was performed
using the SDP software package*. All other calculations were
undertaken with SHELX 769,

Cell parameters for 7 were obtained from 25 reflections in the
20-range 20.6° < 2@ < 24.5°. Intensity checks were carried out
every 2 h of X-ray exposure time (decay 1.5%, no decay correction).
Orientation was checked as for 2 every 200 reflections. Correction
of raw data was performed as for 2 (min. and max. transmission
coefficients 0.75 and 0.99). The compound 7 crystallizes either in
the space group P2, or P2;/m. The coordinates of three heavy-
atom positions were located by an automatic search routine using
the program SHELX 86%). Attempts to refine the structure in
P2,/m gave for some atoms positions on a mirror plane. In the case
of the phenyl rings these positions are prohibited by the planarity
of the aromatic system. Therefore, P2, is the only possible space
group. The pseudosymmetry caused problems in refinement. The
phenyl carbons were put on calculated positions. Indium atoms
were refined anisotropically, all non-hydrogen atoms (except the
metal atoms) were refined isotropically (Table 5). Scattering factors
and anomalous dispersion terms for In, C, and N were taken from
ref.*>*3. All further details are listed in Table 3.

CAS Registry Numbers

1: 127793-25-3 / 2: 127793-26-4 / 3: 127793-27-5 / 4: 127793-28-6 /
5:127793-29-7 / 6: 127793-30-0 / 7: 127793-31-1 / 8: 127793-32-2 /
9: 127793-33-3 / 10: 127793-34-4 / 11: 127793-35-5 / 12: 127793-
36-6 / Me,GaCl: 6917-81-3 / Et,GaCl: 30914-08-0 / Pr,GaCl:
55681-97-5 / iPr,GaCl: 127793-24-2 / Et,InCl: 14774-82-4 /
Me,InCl: 14629-99-3 / EtAICL: 96-10-6 / 2-LiC{H,CH,NMe;:
60528-57-6 / 2-LiC,H,CH,NEt,: 127793-37-7 / 2-LiCH,CcH,NMe,:
64288-58-3 / 2-LiCH,C¢H,CH,NMe,: 60528-54-3 / 2-LiC¢H,NMe,:
22608-37-3
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