3204 Organometallics 1996, 15, 3204—3209
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The independent 2:1 reactions of MMe; (M = Al, Ga) with 1,2-(H,P),CsH, resulted in the
formation of the novel eight-membered tetrametallic ring compounds with the general
formula {(MexM)a[(u-PH)2(CsH4)l2} (M = Al (1), Ga (2)) in a nearly quantitative yield.
Combining AlMe; and 1,2-(H,P),CsH, in a 1:1 ratio also afforded 1. The reaction of AlMes
with 1,2-(H;N),C¢H4 (2:1) yielded the novel asymmetric compound [(MezAl),AlMe(CsHg-
(NH)2)2]:AlMe; (3). Compound 3 is composed of four aluminum centers which are chemically

solid-state structures, are presented.

Introduction

= The syntheses and characterization of organometallic
mpounds which contain both group 13 and group 15
ements have been a subject of interest for many
ars.1=> These compounds have the potential to serve
5 intermediates to ceramic, semiconductor, or electronic
aterials.5=16 Considering this, we were interested in
ploring the feasibility of forming large-aggregate or
lymeric 13—15 compounds by allowing bidentate
ands of group 15 to react with group 13 alkyl
rivatives. To this end, we investigated the reactivity
1,2-(H2N)2C6H4 and 1,2-(H2P)2C6H4 toward A|M93 and
aMej;. Chelating ligands such as diethylenetriamine,
iazabutadiene, and ethylenediamine have been used
ccessfully to stabilize electrophilic group 13 ele-
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inequivalent. Reaction of GaMe; with 1,2-(H2N),CsH, in a 3:2 ratio gave { (Me,Ga)s[(u-NH),-
(CeHa)(u-NH)(CsH4NH2)]} (4). The synthesis and characterization of 1—4, including their

ments,1217-23 and recent work on the chemistry of
bidentate ligands of group 15 has produced a number
of interesting compounds. For example, AI(PhNCH,-
CHZNHZ)Me2,24 [AI(,u-PhNCHZCHgNH)Me]g,Z“ [tBle-
PCH2CH2C5H4]|FIC|2,25 [tBUZPCHQCH2C5H4]G&M€2,25
[{HN('BU)CH(‘BU)CH,N(Bu)} AlH,],28 [(Pr),ATI]AIH,,27
and [(Pr),ATI]AIMe,?” (ATl = N-iPr-2-(iPr-amino)-
troponimine) have been prepared and characterized.
As early as 1957, Ulmschneider and Goubeau?®
reported the reaction of BMez with 1,2-(H,;N),CsH4, and
Norman and co-workers have also used this ligand in
the reaction with RPCIl, (R = Me, Ph) to produce
[CsH4N2(PR)2]2.2° Also, Isseleib and co-workers have
investigated the reactivity of 1,2-(H2P),CsH4 with main
group and transition metal compounds.®® To our knowl-
edge, no structurally authenticated compounds of group
13 elements with the 1,2-(H;E),CsH4 (E = N, P) ligands
have been reported. In this paper, we present the
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Novel Tetrametallic and Trimetallic Compounds

synthesis and solid-state structural determination of
{(MexM)4[(u-PH)2(CeHa)l2} (M = Al (1), Ga (2)), [((Me2-
A|)2A|ME(C5H4(NH)2)2]'A|M63 (3), and {(MeZGa)g[(‘M'
NH)2(CeHa)(u-NH)(CeHaNH2)]} (4).

Experimental Section

General Considerations. All manipulations of air- and
moisture-sensitive materials were performed in a Vacuum
Atmospheres HE-493 Dri-Lab containing an argon atmosphere
and by general Schlenk techniques. Toluene and pentane were
distilled over Na/K alloy.

1,2-(H2P)2.CeH4, AlMe;, and GaMe; were purchased from
Strem and were used as received. 1,2-(H2N),C¢Hs was pur-
chased from Aldrich and was used as received. 'H and 3C-
{*H}NMR spectra were recorded on a QE-300 spectrometer
operating at 300 and 75.4 MHz, respectively. H and 3C{H}
spectra were referenced to TMS by using the residual protons
or carbons of deuterated benzene at 6 7.15 or 128 ppm,
respectively, the upfield pentet of C;Dg at 6 2.09 ppm for 'H
NMR spectra and 6 20.4 ppm for **C{*H} spectra, the upfield
broad peak of THF-dg at ¢ 1.73 ppm for *H NMR spectra, and
the upfield pentet at 0 25.3 ppm for 13C{*H} spectra. All NMR
samples were prepared in 5-mm tubes which were septum-
ggaled under argon. Melting points (uncorrected) were ob-
fained with a Thomas-Hoover Uni-melt apparatus, and cap-
aries were flame-sealed under argon. Elemental analyses
g @ere performed by E+R Microanalytical Laboratory, Inc.,
& Sorona, NY. Mass spectral data were collected on a JEOL
=] %\/IS-SX 102A spectrometer operating in the electron ionization
o @wode at 20 eV. IR spectra were acquired using KBr pellets
= §_'n a BOMEM Michelson MB-100 FT-IR spectrometer. X-ray
&vystallographic data were obtained at 25 °C on a Siemens P4
iffractometer utilizing graphite-monochromated Mo Ko (A =
2710 73 A) radiation.
Preparation of {[MeAl]ls[(#-PH)2(CsH4)12} (1). Inside
e Dri-Lab, a 250 mL Schlenk flask equipped with a magnetic
irbar was charged with 1,2-(H,P).CsHa (0.20 g, 1.41 mmol)
d ca. 5 mL of toluene. AlMe; (0.20 g, 2.82 mmol) dissolved
ca. 5 mL of toluene was added to the stirring solution of
2-(H2P),CsH4. The reaction flask was then brought out of
e Dri-Lab and left undisturbed at room temperature for 24
A slow evolution of gas from the solution was observed.
“ray-quality colorless crystals of 1 were deposited at the
ttom of the flask. Yield: 0.32 g, 90% based on Al. Mp: 165
(dec). Anal. Calcd (found) for CxoH3zsAlsP4: C, 47.26 (47.11);
, 7.14 (6.98). H NMR (THF-dg, 8): 7.54 (4H, m, CsH.); 7.21
@H, m, CeHa,); 4.33,3.64 [4H, m, P—H(*Jp_y = 207 Hz)]; —0.96
4H, s, AI(CH3)3). ¥C{*H} NMR (THF-ds, 9): 136.2, 135.4,
129.3 (s, CgHs); —9.1 (br, AI-C). Mass spectral data (EI
mode): peaks at m/e 508, 493, 463, 436, 421, 390, 354, 239,
198, and 183 corresponding to fragments of CoHzsAl4P4 = M™,
[M — Me]'t, [M — 3Me]t, [M — AlMeg]*", [M — AlMe,]t, [M —
A|2M94]'+, [C6H4(PH)2A|2ME4]'+, [CGH4(PH)2A|2M93]'+, [C5H4(PH)2-
AlMe;]'t, and [CeHa(PH)AlMe]*t, respectively. IR (cm™2):
2314 (m), P—H.
Note: Reaction of AlMes; with 1,2-(H2P),CsH. in a 1:1 molar
ratio resulted in the formation of 1 but in a lower yield.
Preparation of {[Me,Gal]a[(#-PH)2(CsH4)]2} (2). (Com-
pound 2 was synthesized using a procedure similar to that
used for 1). Reactants: 1,2-(H2P).CsH, (0.30 g, 2.11 mmol),
GaMe; (0.48 g, 4.2 mmol). Yield: 0.67 g, 94% based on Ga.
Mp (dec): 136 °C. Anal. Calcd (found) for CyoHssGasP4: C,
35.36 (35.29); H, 5.34 (5.32). *H NMR (C¢Dg, 0): 7.54 (4H, m,
CsHa), 6.90 (4H, m, CeH.); 4.18, 3.25 [4H, m, P—H ((Jp_py =
205 Hz)]; —0.73 (24H, pentet, Ga-(CHa)s, 3Jpcacnh = 3.3 Hz).
BBC{*H} NMR (C¢Ds, 9): 136.2, 128.8, 127.8 (s, CsHs); —5.8
(br, Ga—C). Mass spectral data (El mode): peaks at m/e 678,
663, 565, 550, 339, 324, 240, and 225 corresponding to
fragments of CyoHszsGasP, = M*, [M — Me]**, [M — GaMes]'t,
[M — GaMe4]'+, [C5H4(PH)ZGa2Me4]'+, [C5H4(PH)zGazME3]'+,
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and [CsH4(PH).GaMe,]*", [CsH4(PH).GaMe]'", respectively. IR
(cm™1): 2314 (m), P—H.

Preparation of [(Me,Al);AlMe(CsH4(NH)2)2]-AlMe;s (3).
Inside the Dri-Lab, a 250 mL Schlenk flask equipped with a
magnetic stirbar was charged with 1,2-(H;N).CsH,4 (0.50 g, 4.62
mmol) and ca. 10 mL of toluene. To the resulting suspension
was added AlMe; (0.67 g, 9.24 mmol) in ca. 10 mL of toluene.
Stirring the reaction mixture for a few minutes resulted in a
clear-pinkish solution with evolution of gas. The reaction flask
was brought out of the Dri-Lab, slightly warmed with a heat
gun, and covered completely with aluminum foil to allow
gradual cooling to room temperature. X-ray-quality crystals
of 3 were deposited at the bottom of the flask overnight.
Yield: 0.86 g, 85% based on Al. Mp (dec): 120 °C. Anal.
Calcd (found) for CooHssAlsN,: C, 54.54 (54.26); H, 8.24 (8.02);
N, 12.72 (12.50). *H NMR (CgDs, 0): 6.11—7.54 (8H, m, CeHJ);
2.87, 2.73, 2.10, 1.93 (4H, s, N—H); —0.28 (9H, s, Al—Me3),
—0.33, —0.40 (6H, s, AlMe;), —0.53, —0.96 (6H, s, AlMe,), —1.96
(3H, s, AlMe). BC{'H} NMR (C¢Dg, 6): 136.5, 134.3, 126.4,
126.1, 124.3, 121.1(s, CeH.); —6.6, —9.2 (br, AI-C). Mass
spectral data (El mode): peaks at m/e 368, 352, 337, 296, 281,
205, 165, and 148 corresponding to fragments [M — AlMes]*",
[M — AlMe,]**, [M — AlMes]*t, [M — Al,Meg]*t, [M — Al,Me/]',
[C5H4(NH)2A|2MQ3]'+, [C6H4(NH)2A|MEZ]'+, and [C5H4(NH)2-
AlMe]*", respectively. IR (cm™): 3245 (s), N—H.

Preparation of {(Me,Ga)s[(u-NH)2(CsHa)(#-NH)(CeHa-
NH2)]} (4). (Compound 4 was synthesized using a procedure
similar to that used for 3). Reactants: 1,2-(H.N).CsH,4 (0.37
g, 3.41 mmol), GaMe; (0.58 g, 5.04 mmol). Yield: 0.77 g, 90%
based on Ga. Mp: 125 °C. X-ray-quality crystals were grown
by a method similar to that given for 3. Anal. Calcd (found)
for CigHsGasNs: C, 42.17(41.97); H, 6.10 (6.16); N, 10.93
(10.73). 'H NMR (CgDs, 0): 6.40—6.74 (8H, m, CeH.); 2.68 (5H,
br, N—H, NH); —0.38 (18H, m, Ga—Mes). 3C{*H} NMR
(CeDg, 0): 135.3,120.2, 116.7 (s, CeHa); —7.2 (br, Ga—C). Mass
spectral data (El mode): peaks at m/e 496, 382, 291, 206, and
190 corresponding to fragments [M — Me]'t, [M — GaMeg]*",
[CeHa(NH).GazMes]*, [CeHa(NH).GaMe;]*t, and [CeHa(NH),-
GaMe]'t, respectively. IR (cm™2): 3285, 3427, and 3358 cm™1,
N—H stretching mode; 1624 and 1592 cm™*, N—H bending
mode.

X-ray Structural Solution and Refinement. Crystal,
data collection, and refinement parameters are given in Table
1. Suitable crystals of 1—4 were mounted in thin-walled
capillaries and temporarily sealed with silicone grease under
an argon atmosphere and then flame-sealed.

The photographic data, unit cell parameters, and occur-
rences of equivalent reflections and systematic absences in the
diffraction data are uniquely consistent with the P2,/n space
group for 1 and 2, P2,/c for 3, and C,, Cm, or C,/m for 4. The
E-statistic suggested the centrosymmetric option for 4, and
the space group choices were confirmed by chemically reason-
able results of refinement. The unit-cell parameters were
obtained by least-square refinement of the angular setting of
24 reflections (20° < 26 < 24°).

Structures of 1, 3, and 4 were solved using direct methods,
completed by difference Fourier syntheses, and refined by full-
matrix least-squares procedures. The atomic coordinates of
1 were used as a trial solution for the isomorphous structure
2. Semi-empirical absorption corrections were applied for 2
but were not required for 1, 3, and 4 because there was less
than 10% variation observed in the y-scan data. All non-
hydrogen atoms were refined with anisotropic displacement
coefficients. Structures 1 and 2 have an inversion center.
Structure 4 is located on a mirror plane. Hydrogen atoms,
bonded to phosphorus atoms in 1 and 2, were located from
the difference map, constrained with an average refined P—H
distance, and treated with idealized isotropic parameters. The
hydrogen atoms on N(1) and N(2) in 4 are disordered over a
mirror plane and were ignored. All other hydrogen atoms were
treated as idealized contributions. The largest remaining peak
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Table 1. Crystal Data and Structure Refinement for {(Me;M)4[(#-PH)2(CsH4)12} (M = Al (1), Ga (2)),
[(MezAl)2AIMe(CsHa(NH)2)2]-AlMe; (3), and {(Me;Ga)s[(#-NH)2(CeHa) (u-NH)(CeHaNH2)1} (4)

D(r) and hole, e/A-3

0.27 and —0.193

0.910 and —1.128

0.316 and —0.300

1 2 3 4
empirical formula Con35A|4P4 CooH36GasP4 Con35A|4N4 C1gH31GazNgs
fw 508.29 679.25 440.45 512.63
temp, K 298(2) 298(2) 241(2) 298(2)
radiation (wavelength, A) Mo Ka (0.710 73) Mo Ka (0.710 73) Mo Ka (0.710 73) Mo Ka (0.710 73)
cryst system monoclinic monoclinic monoclinic monoclinic
space group P21/n P2i/n P2i/c C2/m
a, 10.479(2) 10.466(2) 15.611(1) 14.184(6)
b, A 13.975(3) 13.93(1) 9.173(1) 10.454(3)
c, A 10.498(2) 10.538(2) 18.959(2) 18.926(5)
B, deg 108.43(3) 108.54(1) 104.079(9) 111.37(3)
v, A3 1458.5(5) 1456.8(4) 2633.5(4) 2614(2)
Decalcd, g M3 1.157 1.548 1.111 1.303
z 2 2 4 4
abs coeff, mm~1 0.385 3.884 0.189 3.077
F(000) 536 680 944 1040
cryst dimens, mm 0.18 x 0.20 x 0.22 0.30 x 0.30 x 0.10 0.40 x 0.35 x 0.28 0.40 x 0.20 x 0.20
cryst habit colorless plate colorless plate colorless block colorless block
0 range for data collcn, deg 2.39—-22.52 2.51-22.50 2.21-30.00 2.48—22.50
no. of rflns collcd 2489 2458 7880 2316
indepdt rfins 1900 (Rint = 0.0254) 1886 (Rint = 0.0785) 6337 (Rint = 0.0469) 1811 (Rint = 0.0617)
data/restraints / param 1900/2/135 1886/2/136 6337/0/254 1803/0/130
goodness-of-fit on F2 1.144 0.717 1.001 1.485
final R indices? [I > 20(1)] R1 = 0.0389 R1 = 0.0561 R1 = 0.0492 R1 =0.0818
wR2 = 0.0865 wR1 = 0.1290 wR2 = 0.1051 wR2 = 0.2260
o R indices (all data) R1 = 0.0600 R1 =0.0937 R1 = 0.1022 R1=0.1109
wR2 = 0.0961 WR2 = 0.1453 wR2 = 0.1142 wWR2 = 0.2675
extinction coeff 0.0058(14) 0.0014(11) 0.0059(4)

1.351 and —1.081

1/ 0m960055

a Quantity minimized = R = Y (||Fo| —

 the difference map of 4 (1.35 e A~3) occurs at a chemically
reasonable position and was considered as noise.

All software and sources of the scattering factors are
ntalned in the SHELXTL (5.3) program libraries.3!

(g 1.102

Results and Discussion

= Syntheses. Independent reactions of MMe; (M = Al,
a) with 1,2-(H,P),CeH,4 in a 2:1 ratio resulted in the
rmation of {(MezM)4[(u-P(H))2(CeHa)l2} (M = Al (1),
a (2)) in nearly quantitative yields (eq 1). Slow
Me Me
\M/
25°C H \

Me Me\
Ko oD 0
\Mem/
Me Me
lor2

PH>  Toluene
4MMej; + ZC(PHZ 4cH,

M= Al (1), Ga (2)

Published on July 9, 1996 gh I§p://pubs.acs.cgy | d

evolution of gas was apparent after mixing the reagents
in toluene at room temperature. The possible reaction
pathway could include the formation of the adduct
followed by the elimination of methane, to give 1 or 2;
however, under the applied conditions, no intermediate
adducts were isolated from these reactions. In contrast
to this, in a related study, the reaction of AlMes with
H>PCH,CH,PH, in a 2:1 ratio and under similar mild
conditions afforded the bis-adduct Me3Al-P(H),CH,CH,-
(H)2P-AlMe3, which will be discussed elsewhere.32

It is interesting to note that compound 1 was isolated
even when a 1:1 ratio of AlMe;z and 1,2-(H,P),CsH,4 was
used. Compounds 1 and 2 crystallized from toluene but
show very little solubility in toluene, once crystallized.

(31) SHELXTL PC; Siemens Analytical X-Ray Instruments, Inc.:
Madison, WI, 1990.
(32) Rahbarnoohi, H.; Wells, R. L.; Heeg, M. J. Unpublished results.

IFel)/31Fol; Rw = [ZW(IFo| — [Fe))Z/Zw|Fo|?]"2.

Compound 1 was soluble in the donor solvent THF, and
the 'H and 13C{!H} NMR spectra were obtained in THF-
dsg solutions to account for the ratio of AlMe3 protons vs
the aromatic protons. Compound 2 was insoluble in
THF; thus the H and 2C{'H} NMR spectra were
obtained from a very dilute C¢Dg solution.

Compounds 3 and 4 were prepared in a manner
similar to 1 and 2 but showed better solubility in
toluene. Unlike 1 and 2, compound 3 is an asymmetric
molecule (vide infra) (eq 2).

Me
AMe; |
Al

NH I\IH/ M\

e, -2 7 Tomne (7Y / i
NH, N me”

H\A /

/N
Me Me

ZT

:@ + 4CH, (@)

I=z

3

Compound 4 was prepared according to eq 3.
the stoichiometry of 4:2 was used

Initially

M M
e\/e

NH, _Toluene
3GaM 3CH
aMe; +2 ©( H, 25 “o5°C / + 4

4

and a white, toluene-insoluble powder was isolated. The
partial elemental analysis (C, H, N) of this powder is
in accordance with the chemical formula {[Me,Ga]4[(«-
NH)2(CsHa)]2}, analogous to 1 and 2. However, reaction
in a 3:2 molar ratio (eq 3) resulted in quantitative
formation of 4, which is of different aggregation than
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Figure 1. Molecular diagram (30% probability ellipsoids)
showing the solid-state structure and atom-numbering
scheme of {(Me,Al)4[(u-PH)2(CesHJ4)]2} (1). Hydrogen atoms
on the CH3; and CgH, groups are omitted for clarity.

948 on http://pubs.acs.org | doi: 10.1021/0m9600553

igure 2. Molecular diagram (30% probability ellipsoids)
owing the solid-state structure and atom numbering
heme of {(Me2M)a[(u-PH)2(CeHa)12} (2).

5o

ot July

at for 1—-3 (vide infra). Compounds 1—4 are colorless
ystals which decompose slowly when exposed to air
d moisture.

& Structure and Bonding. Thermal ellipsoid dia-
grams of 1—4 are shown in Figures 1—4. Crystal data
and structure refinement for 1—4 are given in Table 1.
Selected interatomic bond distances and bond angles for
1-4 are presented in Tables 2—5, respectively. Com-
pounds 1 and 2 belong to the monoclinic system P21/n
with two molecules per unit cell and an inversion center
for each molecule. The geometry of the (MP), core is
that of an eight-membered ring in a chair conformation
with approximately equal M—P bond lengths. The
Al—P bond distances in 1 range from 2.4310(14) to
2.447(2) A, average 2.44 A, which can be compared to
six-membered ring compounds such as [(Me3Si),AlP(c-
CsH11)(H)]s (average 2.44 A),33 [Me,AlPMe,]; (2.43 A),34
and [Me,AICH,PMe;]» (2.45 A).35 The chair conforma-
tion of the eight-membered ring in 1 is shown in Chart

bigstEd

(33) Janik, J. F.; Duesler, E. N.; McNamara, W. F.; Westerhausen,
M.; Paine, R. T. Organometallics 1989, 8, 506.

(34) Haaland, A.; Hougen, J.; Volden, H. V.; Hanika, G.; Karasch,
H. H. J. Organomet. Chem. 1987, 322, C24.

(35) Karsch, H. H.; Appelt, A.; Kohler, F. H.; Muller, G. Organo-
metallics 1985, 4, 231.
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Figure 3. Molecular diagram (30% probability ellipsoids)
showing the solid-state structure and atom-numbering
scheme of [(Me,Al),AlMe(CsH4(NH)2)2]-AlMe3 (3). Hydro-
gen atoms are omitted for clarity.

==
cil

Figure 4. Molecular diagram (30% probability ellipsoids)

showing the solid-state structure and atom-numbering

scheme of { (Me2Ga)s[(u-NH)2(CeHa)(u-NH)(CesHaNH2)]} (4).

Hydrogen atoms are omitted for clarity.

1. The internal angles of AlI-P—Al are almost identical
(230.07(5) and 130.79(5)°). These values are very close
to the AI-P—AIl angles reported for [MeAlPMe;]s
(131.7(8)°), which was studied in the gas phase.3* The
P(2A)—Al(2)—P(1) and P(2)—AI(2A)—P(1A) angles in 1
are smaller than the corresponding angles in [Me,-
AlPMez]; (83.95(5)° vs 96.4(7)°) and in [(MesSi)AlP(c-
CeH11)(H)]3 (83.95(5)° vs 99.6(1)°). This could be due
to the fact that the five-membered ring fragment (which

1
forms part of the eight-membered ring) AI-P—C—-C—P
imposes a ring strain, since the P---P separation is held
rigid by the aromatic ring. The Al-C bond distances
in 1 range from 1.944(3) to 1.959(4) A and are similar
to values reported in the literature.*

Compound 2 is the gallium analog of 1 and is
isomorphous with 1. Due to the close similarity in the
atomic radii of aluminum and gallium atoms, the angles
and bond lengths in 1 and 2 were identical and within
experimental errors. The Ga—P bond lengths in 2 range
from 2.419(3) to 2.433(3) A with an average of 2.424 (3)
A. Thisis in order with the trimeric (GaP); compounds
[Me,GaPPh;]s (2.433(1) A),3 ['BuGaP(u-PH.)]z (2.439 (3)
A),37 [Me,Ga(u-P-Pr;]s (average 2.44 A),38 [Me,GaP(Me)-
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Table 2. Selected Bond Distances (A) and Bond
Angles (deg) for {[MeAl]4[(#-PH)2(CsHJ)]2} (1), with
Estimated Standard Deviations in Parentheses?

Bond Lengths

Al(1)—C(3) 1.956(4) Al(1)—C(4) 1.959(4)
Al(1)—P(1) 2.4310(14) Al(1)—P(2) 2.4340(14)
Al(2)—C(2) 1.947(4) Al(2)—C(1) 1.944(3)
Al(2)—P(2A) 2.4390(14) Al(2)—P(1) 2.447(2)
P(1)—C(10A) 1.833(3) P(2)—C(5) 1.836(4)
P(2)—Al(2A) 2.4390(14) C(5)—C(6) 1.396(5)
C(5)—C(10) 1.398(5) C(10)—P(1A) 1.833(3)
Bond Angles
C(3)—Al(1)—C(4) 119.9(2) C(3)—AI(1)—P(1) 104.79(12)
C(4)—Al(1)-P(1)  110.69(13) C(3)—Al(1)-P(2)  110.49(12)
C(4)—-Al(1)-P(2)  106.43(13) P(1)-Al(1)-P(2)  103.44(5)

C(2)-Al(2)-C(1) 123.2(2) C(2)-Al(2—P(2A) 114.50(13)
C(1)-Al(2)-P(2A) 108.51(14) C(2)-Al(2)—P(1)  112.12(13)
C(1)-AI(2)-P(1)  107.55(13) P(2A)—Al(2—P(1)  83.95(5)
C(10A)-P(1)-Al(1) 113.59(11) C(10A)—P(1)—Al(2) 102.60(12)
Al(L)-P(1)-Al(2) ~ 130.07(5) C(5)-P(2)—Al(1)  111.27(12)
C(5)—P(2)-Al(2A) 102.48(12) Al(1)—P(2)—Al(2A) 130.79(5)
C(6)-C(5)—P(2)  120.3(3) C(10)-C(5)-P(2)  120.7(3)

C(5)—-C(10)—P(1A) 120.5(3)  C(9)—C(10)—P(1A) 120.4(3)

a2 Symmetry transformation used to generate equivalent atoms:
=X, -y+1, —-z+ 2.

Table 3. Selected Bond Distances (A) and Bond

[92]
% Angles (deg) for {[MezGa]4[(;¢-PH)2(C6H4)]2} (2),
§ with Estimated Standard Deviations in
§ 2 Parentheses?
N = Bond Lengths
& SGa(1)-C(4) 1.983(10) Ga(1)—-P(1) 2.419(3)
0 5Ga(1)-P(2) 2.422(3) Ga(2)—-C(1) 1.952(10)
=3 TGa(2)-C(2) 1.955(11) Ga(2)—P(2A) 2.423(3)
5 SGa(2)-P(1) 2.433(3) P(1)—C(10A) 1.832(9)
s SP()-C(5) 1.830(10) P(2)—Ga(2A) 2.423(3)
D 5C(5)—C(10) 1.405(13) C(9)—C(10) 1.385(14)
E §C(10-P(1A) 1.832(9) Ga(1)—-C(3) 1.972(10)
%]
§ E Bond Angles
3 £(3)-Ga(1)-C(4) 120.6(5) C(3)-Ga(1)-P(1)  105.0(3)
= §4)-Ga(1)-P(1) 110.3(3) C(3)—Ga(l)-P(2)  109.9(4)
z €4)-Ga(1)-P(2) 106.3(3) P(1)-Ga(l)-P(2)  103.59(9)
I E(1)-Ga2—C(2) 123.8(5) C(1)-Ga(2)—P(2A) 107.8(4)
- §(2)—Ga(2)—P(2A) 114.1(3) C(1)-Ga(2)-P(1)  107.3(3)
2€(2)-Ga(2)-P(1) 1122(3) P(2A)-Ga(2)-P(1)  84.55(9)

% (10A)—P(1)—Ga(l) 113.8(3) C(10A)—P(1)—Ga(2) 102.1(3)
8 8a)-P(1)-Ga(2) 130.09(12) C(5)-P(2)—Ga(l)  111.6(3)
Ga(l)-P(2)-Ga(2A) 130.32(13)
C(6)—C(5)—P(2) 120.4(8)
C(5)—C(10)—P(1A) 120.7(7)

%@(5)—P(2)—Ga(2A) 102.6(3)
S &(6)—C(5)—C(10) 119.1(9)
(9)—C(10)—P(1A) 120.4(8)
S a Symmetry transformation used to generate equivalent atoms:
=x,-y+1, -z+ 2.

Ph)]s (average 2.41 A),*° and [(Me3zCCH,)CIGaPPh,];
(average 2.42 A).4° The Ga—C bond distances in 2 range
from 1.952(10) to 1.983(10) A and are similar to reported
values in the literature.3-40 The torsion and dihedral
angles of compounds 1 or 2 are presented in Chart 1.

Compound 3 crystallizes in the monoclinic system
P2i/c with four molecules in the unit cell. The asym-
metric compound 3 has four Al centers which are
chemically inequivalent, and all the AlI—N bonds are
crystallographically independent. To our knowledge,
this is the first example of a 13—15 compound in which

Wells et al.

Table 4. Selected Bond Distances (A) and Bond
Angles (deqg) for [(Me,Al),AlMe(CsH4(NH),)2]-AlMe;
(3), with Estimated Standard Deviations in

(36) Robinson, G. H.; Burns, J. A.; Pennington, W. T. Main Group
Chem. 1995, 1, 153.

(37) Cowley, A. H.; Harris, P. R.; Jones, R. A.;; Nunn, C. M.
Organometallics 1991, 10, 652.

(38) Cowley, A. H.; Jones, R. A.; Mardones, M. A.; Nunn, C. M.
Organometallics 1991, 10, 1635.

(39) Beachley, O. T., Jr.; Royster, T. L., Jr.; Arhar, J. R.; Rheingold,
A. L. Organometallics 1993, 12, 1976.

(40) Beachley, O. T., Jr.; Maloney, J. D.; Rogers, R. D. J. Organomet.
Chem. 1993, 449, 69.

Parentheses
Bond Lengths
Al(1)—N(4) 1.905(2) Al(1)—N(1) 1.925(2)
Al(1)—N(2) 1.927(2) Al(1)—C(1) 1.931(3)
Al(2)—C(2) 1.982(3) Al(2)—C(3) 1.983(3)
Al(2)—-C(4) 1.983(3) Al(2)—N(1) 2.009(2)
Al(3)—C(5) 1.950(3) Al(3)—C(6) 1.951(3)
Al(3)—N(3) 1.960(2) Al(3)—N(4) 1.990(2)
Al(4)—C(7) 1.951(3) Al(4)—C(8) 1.955(3)
Al(4)—N(3) 1.960(2) Al(4)—N(2) 1.986(2)
N(1)—C(9) 1.468(3) C(15)—C(20) 1.388(4)
Bond Angles
N(4)—AI(1)—N(1) 110.20(9) N(4)—AI(1)—N(2) 108.34(9)
N(1)—-AI(1)-N(2)  89.50(8) N(4)—Al(1)—C(1) 113.54(11)
N(1)—AI(1)—-C(1) 119.01(10) N(2)—Al(1)—C(1) 113.59(11)
C(2)—-Al(2)—C(3) 116.43(11) C(2)—Al(2)—C(4) 112.07(12)
C(3)—-AI(2)—C(4) 111.67(12) C(2)—Al(2)—N(1) 104.05(10)
C(3)—Al(2)—N(1) 107.38(11) C(4)—Al(2)—N(1) 104.05(10)
C(5)—AI(3)—C(6) 118.96(14) C(5)—AIl(3)—N(3) 110.70(12)
C(6)—AI(3)—N(3) 115.57(11) C(5)—AIl(3)—N(4) 111.43(12)
C(6)—Al(3)—N(4) 111.35(11) N(3)—Al(3)—N(4) 83.43(9)
C(7)—Al(4)—C(8) 120.63(14) C(7)—Al(4)—N(3) 108.94(11)
C(8)—Al(4)—N(3) 107.33(11) C(7)—Al(4)—N(2) 108.82(12)
C(8)—Al(4)—N(2) 107.28(12) N(3)—Al(4)—N(2) 102.30(9)
C(9)-N(1)-Al(1) 103.32)  C(9)—N(1)-Al(2) 116.02(14)
Al(1)-N(1)—-Al(2) 113.61(10) C(14)—N(2)—Al(1)  102.24(14)
C(14)—N(2)—Al(4) 109.1(2) Al(1)—N(2)—Al(4) 121.57(10)
C(20)—-N(3)—Al(4) 112.1(2)  C(20)-N(3)—AI(3)  100.8(2)
Al(4)—N(3)—Al(3) 119.59(11) C(19)—N(4)—Al(1) 116.56(14)
C(19)—N(4)—Al(3) 100.33(14) AIl(1)-N(4)—Al(3)  112.12(10)

C(14)-C(9)-N(1) 116.9(2) = C(19)—C(20)—C(15) 119.8(3)

Table 5. Selected Bond Distances (A) and Bond
Angles (deg) for
{(MezGa)s[(1-NH)2(CeHa)(u-NH)(CsHaNH,)]} (4), with
Estimated Standard Deviations in Parentheses?

Bond Lengths

Ga(1)—C(2) 1.908(12) Ga(1)—C(1) 1.985(12)
Ga(1)—N(1) 2.043(6) Ga(1)—N(2) 2.048(9)
Ga(2)—C(4) 1.99(2) Ga(2)—N(2A) 2.027(10)
Ga(2)—N(2) 2.027(10) Ga(2)—C(3) 2.01(2)
N(1)—C(10) 1.45(2) N(1)—Ga(1A) 2.043(6)
N(2)—C(11) 1.470(14) N(3)—C(9) 1.46(3)
C(5)—C(10) 1.46(3) C(11)—-C(12) 1.37(2)
Bond Angles
C(2)—-Ga(1)—C(1) 125.4(6) C(2)—Ga(1)-N(1) 111.3(5)
C(1)—Ga(1)—N(1) 104.7(5) C(2)—Ga(1)—N(2) 108.2(5)
C(1)—Ga(1)—N(2) 105.4(5) N(1)—Ga(1)—N(2) 98.5(4)
C(4)—Ga(2)—N(2A) 109.6(5) C(4)—Ga(2)—N(2) 109.6(5)
N(2A)—Ga(2)—N(2) 82.6(6) C(4)—Ga(2)—C(3) 118.0(9)
N(2A)—Ga(2)—C(3) 115.9(6) N(2)—Ga(2)—C(3) 115.9(6)

111.9(5) C(10)-N(1)-Ga(l) 111.9(5)
119.5(6) C(11)-N(2)—Ga(2) 101.3(7)
C(11)—N(2)—Ga(1) 111.0(7) Ga(2)—N(2)—Ga(1) 116.9(5)
N(1)-C(10)-C(5)  121(2) C(12)-C(11)-N(2) 122.5(11)

a Symmetry transformation used to generate equivalent atoms:
X, =Y, Z.

C(10)—N(1)—Ga(1A)
Ga(1A)—N(1)—Ga(l)

there are three different M linkages of the type RM,
R2M, and R3M existing within the same molecule. The
Al centers in 3 are all four-coordinate with distorted
tetrahedral geometry. Both Al(3) and Al(4) have two
methyl groups, while Al(1) possesses only one methyl
group. Al(2) has three methyl groups and is bonded in
a dative fashion to N(1) with a distance of 2.009(1) A.
This distance is similar to the dative bonds in [AIEt;];-
[C1oH22N4J[AIELs], (2.073(4) and 2.025(4) A)* and
[AlMeZ]z[C10H20N4] [AIMe3]2 (2.042(4) A).42 The shortest
Al—N bond in 3 is 1.905(2) A for Al(1)—N(4). This bond

(41) Moise, F.; Pennington, W. T.; Robinson, G. H.; Sangokoya, S.
A. Acta. Crystallogr. 1990, C46, 1110.
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Chart 12

aKey: (A) Chair conformation of 1; (B) view of 2 through
fhe phenyl ring; (C) internal angles in 2; (D) torsion angles of
(The torsion angle a—b—c—d is defined as positive if, when
ewed along the b—c bond, atom a must be rotated clockwise
eclipse atom d.)
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ngth could be considered a normal covalent bond when
mpared to the corresponding Al—N bond distances in
IEt,]2[C1oH22N4][AIELs], (1.906(4) A),4! [AIMe;]2[C1o-
20N4][A|M83]2 (1886(4) A),42 and A|C|4(/A-NM€2)2(//£-
Mes)s (1.76 and 1.92 A).43 The Al(1)—N(1) and Al-
1)—N(2) bond lengths are 1.925(2) and 1.927(2) A, re-
ectively. These distances are also within normal
nding with very little or no dative character. The
maining Al—N bond lengths in 3, Al(3)—N(3) (1.960-
) A) and Al(4)—N(3) (1.960(2) A), are slightly longer
an the Al—N bond lengths discussed above. On the
her hand, AI(3)—N(4) (1.990(2) A) and Al(4)—N(2)
.986(2) A) are even longer and may have some dative
aracter. The overall geometry around the nitrogen
&toms is pyramidal. The core of 3 is composed of a six-
embered (AIN); ring which is attached to a five-
membered AIN,C, ring through Al(1)—N(2). The six-
membered (AIN)3 ring has a distorted boat conformation
(Chart 2B). The internal angles and Al—-N bond dis-
tances are also given in Chart 2A. The AlI-C bond
distances in 1 range from 1.931(3) to 1.983(3) A and are
similar to values reported in the literature.*
Compound 4 crystallizes in the monoclinic system C2/
m. There are four molecules in the unit cell, where each
molecule is located on a mirror plane. The Ga—N bond
distances range from 2.027(10) to 2.048(9) A with an
average value of 2.04 A. The Ga—N bonds are slightly
shorter than the Ga—N bond distances in [0-(Me-
NCH2)C6H4]GaCI2 (2071(2) A) and [0-(M92NCH2)C5H4]'
GaH, (2.087(7) A).#4 To our knowledge, there are only
two trimeric gallium-nitrogen systems which have been
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(42) Robinson, G. H.; Rae, A. D.; Campana, C. F.; Byram, S. K.
Organometallics 1987, 6, 1227.

(43) Thewalt, U.; Kawada, I. Chem. Ber. 1970, 103, 2754.

(44) Isom, H. S.; Cowley, A. H.; Decken, A.; Sissingh, F.; Corbelin,
S.; Lagow, R. J. Organometallics 1995, 14, 2400.
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Chart 22

a Key: (A) Internal angles and Al—N distances given for 3
with CgH,4 rings and the hydrogen atoms omitted for clarity;
(B) trimeric distorted boat conformation of the core in 3.

Chart 32

a Key: (A) Trimeric boat conformation of the core in 4; (B)
torsion angles in 4. (The torsion angle a—b—c—d is defined
as positive if, when viewed along the b—c bond, atom a must
be rotated clockwise to eclipse atom d.)

structurally characterized in the solid state. One such
is the trimer [(Me.GaNH:;]s, which possesses a twisted
chair conformation for the (GaN); core and an average
Ga—N bond length of 1.98 A45 In the other trimer,
[(CH2).NGaH]s, the (GaN); core has a chair conforma-
tion with an average Ga—N bond length of 1.97 A.46
These values are slightly shorter than the Ga—N bond
length in 4. The six-membered core (GaN); has a boat
geometry which is shown in Chart 3A. Torsion angles
in 4 are presented in Chart 3B.
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