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The reaction of GaMes in acetonitrile in the presence of halide ions, F~, Cl~, and Br—, at
60 °C gives the heterocycle [Me,Ga{ HNC(Me)},C(CN)] (1). Further reaction with GaMes
and MeCN leads to a hexanuclear gallium complex [(Me,Ga)s(MeGa).{ HNC(Me)C(CN)CH-
(NCMe)2}2] (2). In addition to 2, 2-:3MeCN and 2-2GaMes can be obtained under special
conditions. 1 and 2 have been characterized by their NMR, IR, and MS spectra. X-ray
analyses were performed with 1, 2, 2:3MeCN, and 2-2GaMes;. Compound 1 consists of six-
membered heterocycles, which are connected by hydrogen bridges to zigzag chains along
the direction [010]. 2 contains 10 units of acetonitrile and six gallium centers forming a
centrosymmetric eight-membered Ga—N ring. The structure of 2:3MeCN exhibits two
hydrogen-bridged MeCN molecules and one acetonitrile molecule which is not connected to
another component of the unit cell. In 2-2GaMe; two units of GaMe; are coordinated to the
CN groups of 2 creating weakly pyramidalized GaMe; fragments.

Triorganohalometalates of group 13, first synthesized
by Ziegler et al.,! can be used as a reservoir for the
corresponding metallanes? and as a storage of low-
temperature waste heat.> The basic structural motif in
the Cs salts such as Cs[MezMF] (M = Al, Ga, In),* [Cs{i-
PrsMF} 14,5 [Cs{(PhCH,):GaF}],-2MeCN,® and [Cs{ (Ph-
CHy>)3InCl}]2°0.5toluene’ is a four-membered Cs,X; ring
(X = halide).

Interactions between Cs,X; units can be avoided by
the shielding of the rings through aryl ligands, forming
Cst—am-electron contacts.5” This principle also is the
key for the synthesis of monomers such as [Cs(toluene)s-
(FIN{N(SiMe3),}3)].8 Our standard reaction conditions
for the preparation of the Cs salts involved reaction of
MR3 with CsX in acetonitrile at 20 °C. However, we
found that reactions carried out at higher temperatures
(50—60 °C) or at reflux conditions lead to dark brown
solutions with a decreasing yield of the metalates. After
more than 24 h reaction time almost no GaMe;s (or
[Me;GaX]~ and [MesGaXGaMes]~, depending on the
amount of halide ion) was detected. In this paper, the
reaction products from the reaction system GaMes/
acetonitrile/halide ion will be presented.

Experimental Section

General Procedures. All experiments were carried out
under an atmosphere of argon using Schlenk techniques.

T Dedicated to Prof. Dr. Johann Weidlein on the occasion of his 60th
birthday.
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Purification and drying of the solvents were performed using
standard methods.® GaMe; was donated by the group of Prof.
Dr. J. Lorberth.

The *H and 3C NMR spectra were recorded on a Bruker
AC-300 spectrometer (*H, 300.134 MHz; 3C, 75.469 MHz). The
standard is TMS (external) with 6 = 0.0 ppm. The IR spectra
were obtained using a Bruker IFS-88 instrument (Nujol mulls,
Csl disks for the range 4000—500 cm™1; polyethylene disks for
the range 500—100 cm™?). For the EIl mass spectra, a Varian
CH7a mass spectrometer (70 eV) was used. The melting
points were measured with a Dr. Tottoli (Buchi) melting point
apparatus in sealed capillaries under argon (values not cor-
rected). The cryoscopic measurements were performed using
a Normag molecular weight determination apparatus com-
bined with a Beckmann thermometer.

Synthesis of [Me,Ga{HNC(Me)}.C(CN)], 1. A 6.38 g
(55.6 mmol) amount of GaMe; and 0.17 g (1.1 mmol) of CsF
were dissolved in 50 mL of MeCN, and the reaction mixture
was stirred at 60 °C for 70 h. The solvent was removed under
vacuum, and the brown residue was dissolved in 200 mL of
toluene and filtered through silanized silica gel. After evapo-
ration of the solvent, a colorless solid was isolated (7.6 g, 62%
yield, mp 159 °C). 'H NMR (toluene-ds, ppm): —0.2 (s, 6 H,
GaCHpg), 1.66 (s, 3 H, NCCHj3), 1.67 (s, 3 H, NCCHj3), 5.24 (s,
2 H, NH). 3C (toluene-ds, ppm): —5.1 (GaCHs), 27.5 (N=
CCHg), 78.7 (NCCCy), 121.5 (CN), 173.5 (C=N). Cryoscopic
molecular weight (fw 221.94) [concentration (mol/L), wt, degree
of association]: 0.0578, 222, 1.0. IR (Nujol, cm™?): 3352 (s,
vnh), 3258 (s, br, van), 2729 (w), 2403 (w), 2361 (w), 2255 (vw),
2199 (vs, ve=n), 2147 (M, ve=n), 1600 (VS, ve—n), 1277 (vs), 1252
(vs), 1187 (vs), 1170 (s), 1151 (vs), 1094 (s), 1030 (vs), 1016
(vs), 933 (m), 851 (s), 800 (s), 746 (vs), 676 (s), 640 (vs), 604
(m), 565 (VS, Vas cac,), 543 (VS, Vs Gac,), 525 (S), 459 (VS, Vring Gan),
410 (S, Vring can), 390 (s), 366 (m), 343 (m), 318 (m), 310 (M),
295 (m), 237 (vs), 218 (s), 188 (s), 163 (s), 143 (m), 114 (m).
EI-MS (m/z (relative intensity), fragment): 221 (1), M*; 206
(10), (M — Me)*; 191 (2), (M — 2Me)*: 165 (5), (M — MeCN —
Me)*; 150 (6), (M — MeCN — 2Me)*; 99 (6), (GaMe)™; 69 (17),

(9) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. Purification of
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Table 1. Crystallographic Data for the Compounds 1, 2, 2-3MeCN, and 2-:2GaMe;

1 2 2:3MeCN 2-2GaMes
formula CgH14N3Ga C3oHs52N10Gag C3sHe1N13Gag C3sH7oN10Gag
fw 221.94 971.08 1094.29 1200.78
cryst size (mm) 0.3 x 0.4 x0.2 0.3 x 0.15x 0.3 0.55 x 0.3 x 0.15 0.12x 0.1 x 0.1
a (pm) 1105.6(1) 1026.1(2) 1015.8(3) 995.5(1)

b (pm) 1362.6(1) 2169.7(4) 1539.0(3) 1051.2(2)

c (pm) 731.6(1) 1001.5(1) 1715.5(5) 1374.6(1)

o (deg) 75.97(1) 91.08(1)

$ (deg) 111.70(1) 74.17(1) 106.60(1)

y (deg) 79.62(1) 108.23(1)

V (pm?3 x 109) 1102.1(2) 2071.7(6) 2484(1) 1300.6(2)

space group Pbcm P21/c P1 P1

No.23 57 14 2 2

z 4 2 2 1

Pealed (9/cm3) 1.338 1.557 1.463 1.533

temp (K) 190 193 223 190

abs corr numerical empirical empirical numerical

w(em™1) 24.5 46.0 324 411

radiation Mo Ko Cu Ka Mo Ko Mo Ko

20max (deg) 51.62 110.0 50.0 51.86

h, k, I values —13<h=13 —10=<h=10 —l=<h=11 —12<h=<12
—-16 <k <16 —-23=<k=0 =17 <k =17 -12<k=<12
-8=<1<8 -10=<1=<0 —20=<1=<20 -16<1=<16

no. of reflns 8627 2872 10 299 10 035

no. of unique reflns 1140 2601 8692 4743

no. of reflns with F, > 40(F,) for Ry 967 2474 3539 3030

no. of params 102 212 491 249

R;2 0.0273 0.0753 0.0724 0.0341

wR; (all data)bc 0.0531 0.1738 0.2106 0.0746

weight factor a 0.0363 0.0439 0.1094 0.0346

weight factor b 0 39.76 0 0

max/min resid electron 0.61/-0.43 0.78/—-0.69 0.97/-2.1 0.55/-0.72

density (e/pm3 x 106)

ARy = J||Fol — [Fcll/Z|Fel. P WR, = {[W(Fo? — F2)2W(FA)?[}2. ¢ w = 1/[0?(F¢?) + (aP)? + bP]; P = [max(Fo?, 0) + 2F]/3.

Ga'; 41 (3), (MeCN)". Anal. Calcd: C, 43.29; H, 6.36; N,
18.93. Found: C, 42.99; H, 6.13; N, 18.90.

Synthesis of [(Me;Ga)s(MeGa).{HNC(Me)C(CN)CH-
(NCMe),}o], 2. A 2.0 g (17.4 mmol) amount of GaMes; and
0.074 g (0.35 mmol) of CsBr were dissolved in 50 mL of MeCN.
The reaction mixture was stirred at 60 °C for 72 h, filtered,
and cooled to —25 °C for 2 days. 2 crystallizes as amber-
colored prisms (0.3 g, 10% yield based on GaMe3). *H NMR
(toluene-ds, ppm): —0.41 (s, 12 H, Ga(CHs),), —0.34 (s, 12 H,
Ga(CHa)2), —0.32 (s, 6 H, GaCHs), 1.48 (s, 6 H, HsCC=NH),
1.85 (s, 12 H, HsCC=N), 5.06 (s, br, 2 H, NH), 5.95 (s, 2 H,
C3CH). 8C NMR (toluene-ds, ppm): —4.7 (Ga(CHa),), —4.5 (Ga-
(CHs3)2), —4.2 (GaCHy), 27.2 (CH3C=N), 29.9 (CH3C=NH), 68.2
(C3CH), 77.3 (CC=N), 123.0 (C=N), 161.6 (MeC=N), 173.7 (C=
NH), 177.2 (HCC=N). IR (cm~, Nujol): 3330 (m, vnn), 2728
(w), 2366 (vw), 2344 (vw), 2173 (M, vc=n), 1658 (M, vn=c), 1621
(m, vn=c), 1584 (M, vn=c), 1301 (s), 1245 (m), 1218 (m), 1206
(m), 1187 (m), 1152 (m), 1130 (m), 1059 (m), 1030 (m), 1017
(m), 982 (m), 930 (m), 899 (m), 820 (w), 699 (s), 679 (s), 610
(m), 589 (m, VGaC)y 551 (m, Vas GaCz)y 538 (m, Vs GaCz)y 505 (m),
473 (m), 457 (m, vgan), 415 (M, vean), 399 (M), 359 (w), 338
(w), 305 (w), 282 (vw), 224 (w), 169 (w), 153 (w). EI-MS (m/z
(relative intensity), fragment): 924 (2), (M — MeCN — H)™;
453, (M/2 — 2Me)*; 99 (100), (GaMe,)*; 84 (5), (GaMe)™; 69
(10), Gat; 41 (83), (MeCN)*. Anal. Calcd: C, 37.10; H, 5.40;
N, 14.42. Found: C, 37.41; H, 5.49; N, 14.50.

Synthesis of 2:3MeCN. A 1.95 g (17 mmol) amount of
GaMe; and 0.06 g (0.35 mmol) of CsCl were dissolved in 50
mL of MeCN. The reaction mixture was stirred at 60 °C for
75 h, filtered, and cooled to 5 °C for 2 days. 2-:3MeCN
crystallizes as amber-colored prisms (0.25 g, 8% yield based
on GaMes). 'H NMR (toluene-dg, ppm): —0.42 (s, 12 H, Ga-
(CH3);), —0.36 (s, 12 H, Ga(CHz)2), —0.33 (s, 6 H, GaCHa), 1.50
(s, 6 H, H;CC=NH), 1.84 (s, 12 H, H3CC=N), 1.92 (s, H, CHs-
CN), 5.07 (s, Br, 2 H, NH), 5.95 (s, 2 H, CsCH). 3C NMR
(toluene-ds, ppm): —4.9 (Ga(CHs),), —4.5 (Ga(CHs),), —4.1
(GaCHg), 0.4 (CH3CN), 27.0 (H3CC=N), 30.0 (H3CC=NH), 68.2

(CsCH), 77.3 (CC=N), 118.1 (CH3CN), 122.9 (C=N), 162.1
(MeC=N), 173.8 (C=NH), 177.4 (HCC=N). IR (Nujol, cm™2):
3319 (M, vnu), 2854 (vw), 2730 (w), 2359 (vw), 2300 (M, vc=n),
2245 (m, VCEN), 1624 (S, VN=C); 1578 (S, ’VN=c), 1561 (S, ’VN=(;),
1304 (s), 1258 (m), 1213 (m), 1203 (m), 1188 (m), 1154 (m),
1125 (m), 1050 (w), 1025 (m), 1003 (m), 972 (m), 934 (m), 868
(m), 816 (w), 764 (s), 704 (s), 689 (s), 627 (m), 586 (M, VGac),
567 (m, Vas GaCz), 536 (m, Vs GaCz)y 505 (m), 473 (m, VGaN), 405
(m, vean), 395 (M), 351 (w), 329 (m), 305 (w), 280 (vw), 226
(w), 165 (w), 147 (w). Anal. Calcd: C, 39.51; H, 5.62; N, 16.64.
Found: C, 39.28; H, 5.49; N, 16.41.

Synthesis of 2:2GaMes. A 2.3 g (10.4 mmol) amount of 1,
0.03 g (0.2 mmol) of CsF, and 1.2 g (10.5 mmol) of GaMe; were
dissolved in 50 mL of MeCN. The reaction mixture was stirred
at 60 °C for 24 h, filtered, and cooled to —20 °C for 2 days.
2:2GaMe; crystallizes as amber-colored prisms (0.2 g, 10%
yield based on GaMes). *H NMR (toluene-dg, ppm): —0.44 (s,
12 H, Ga(CHgs)z), —0.35 (s, 12 H, Ga(CHs)2), —0.29 (s, 6 H,
GaCHg), 0.0 (s, 18 H, Ga(CHs)3), 1.48 (s, 6 H, H;CC=NH), 1.8
(s, 12 H, H3CC=N), 5.0 (s, br, 2 H, NH), 5.91 (s, 2 H, C5sCH).
13C NMR (toluene-ds, ppm): —4.8 (Ga(CHzs),), —4.5 (Ga(CHs)y),
—4.2 (GaCHgs), —2.1 (Ga(CHs)s), 27.4 (H3CC=N), 29.9 (HsCC=
N), 68.0 (CsCH), 77.4 (CC=N), 122.0 (C=N), 161.3 (MeC=N),
173.6 (HC=N), 177.9 (HCC=N). IR (Nujol, cm~1): 3331 (m,
vaH), 2856 (VW), 2727 (W), 2178 (M, ve=n), 1634 (S, vn—c), 1595
(s, vn=c), 1575 (S, vn=c), 1299 (s), 1254 (m), 1210 (m), 1211 (m),
1181 (m), 1152 (m), 1124 (m), 1130 (m, br), 1010 (m), 976 (M),
943 (m), 860 (m), 814 (w), 759 (s), 700 (s), 687 (s), 625 (M),
588 (m, VGaC). 569 (m, Vas GaCz). 539 (S, br, Vs GaCas VGaC3)y 511 (S,
br, 'VGaC3)x 472 (m, VGaN): 400 (m, VGaN): 395 (m), 373 (m, VGaNC)q
353 (w), 333 (w), 301 (w), 282 (vw), 221 (w), 165 (w), 152 (w).
Anal. Calcd: C, 36.01; H, 5.88; N, 11.67. Found: C, 35.85;
H, 5.70; N, 11.61.

X-ray Structure Determination of 1, 2, 2-3MeCN, and
2:2GaMes. The crystals were covered with a perfluorinated
polyether and mounted on the top of a glass capillary under a
flow of cold gaseous nitrogen. The reflections were collected
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with an IPDS system (Stoe; Mo Ka radiation; 1 = 0.710 73 A)
for 1 and 2-2GaMes. 2 was measured with a CAD4 diffrac-
tometer (Enraf-Nonius; Cu Ka radiation; 1 = 1.541 78 A). For
2-:3MeCN a P4 diffractometer (Siemens; Mo Ka radiation; in
all cases graphite-monochromated) was used. The intensities
were corrected for Lorentz and polarization effects (for absorp-
tion correction, cell parameters, and collecting of the intensi-
ties, see Table 1). All structures were solved by direct methods
(1, 2, 2:3MeCN, SHELXTL;!® 2-2GaMe;, SHELXTL-Plus')
and refined against F? by full-matrix least squares with the
program SHELXTL. The hydrogen atoms were treated as
followed: free refinement in 1; all positions of the H atoms
except for the N—H functions in 2, 2:3MeCN, and 2-2GaMes
were calculated for an ideal geometry and refined with a
common displacement parameter. The calculation of the bond
lengths, bond angles, and Ueq values was performed using the
program PLATON.?

Selected bond lengths and angles of 1-2-2GaMe; are listed
in Table 2.

Results and Discussion

The reaction of acetonitrile with AlMe; at 80 °C gives
the dimer [Me,AI(NCMe;)]2.22 In contrast, GaMe; does
not react with MeCN under these conditions but gives
a weak donor—acceptor complex [MezGa(NCMe)].1* The
situation changes when cesium salts, CsF, CsCl, and
CsBr, are added to the GaMes/MeCN mixture. The
solutions become dark brown, and the *H NMR spectra
show the decrease of the signal of GaMej (or the species
[XGaMe3]~ and [X(GaMes),]~ depending on the amount
of CsX). The resonances due to two new compounds in
the ratio of ca. 9:1 arise. At reflux and with reaction
times of more than 90 h an ivory-colored polymer which
is insoluble in common organic media precipitated.
Further investigations showed that only a catalytic
amount of cesium salt is necessary, good results being
obtained with 1—2 mol % of CsF, CsCl, or CsBr.

The major product (eq 1) was isolated by flash
chromatography through silanized silica gel. The minor

60°C; 70 h; 2 mol% CsF
Ga.Me3 +3 MeCN >

\ 7/
-

—

compound can be obtained by storing the reaction
mixture at —25 °C. [(Me,Ga)s(MeGa){ HNC(Me)C(CN)-
CH(NCMe)z} 2] (2) crystallizes as amber prisms. The
formation can be rationalized according eq 2. 2 was
crystallized in two other forms, depending on the

(10) Sheldrick, G. M. SHELXTL, Ver. 5.05/VMS, Siemens Analytical
X-ray Instruments, Inc.: Madison, WI, 1996.

(11) Sheldrick, G. M. SHELXTL-Plus, Release 4.2 for Siemens R3
Crystallographic Research Systems, Siemens Analytical X-ray Instru-
ments, Inc.: Madison, WI, 1990.

(12) Spek, A. L. PLATON-94; Univeristy of Utrecht: Utrecht, The
Netherlands, 1994.

(13) Jennings, J. R.; Lloyd, J. E.; Wade, K. J. Chem. Soc. 1965, 5083.
Seale, S. K.; Atwood, J. L. J. Organomet. Chem. 1974, 73, 27.

(14) Coates, G. E.; Hayter, R. G. J. Chem. Soc. 1953, 2519.
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Table 2. Selected Bond Lengths (pm) and Angles
(deg) of 1, 2, 2-3MeCN, and 2-2GaMej3

Compound 1
Gal—N1 195.7(2) c2-C3 150.5(4)
Gal—N3 196.9(2) c2-C4 142.8(3)
Gal-C1 196.3(2) C4-C5 142.0(3)
N1-C2 129.7(3) C4-C6 140.7(3)
N2-C5 115.1(3) C6—C7 150.7(4)
N3-C6 130.7(3)
N1—-Gal—N3 90.95(9) C3-C2-C4 118.7(2)
N1-Gal—Cl1 110.92(9) C2—-C4-C5 116.3(2)
N3—-Gal-C1 110.17(9) C2—-C4-C6 126.3(2)
Cl-Gal-Cla 119.9(1) C5—-C4-C6 117.3(2)
Gal—N1-C2 128.7(2) N2—-C5—-C4 178.7(3)
Gal—N3-C6 128.5(2) N3—-C6—C4 122.7(2)
N1-C2—-C3 118.5(2) N3—-C6—C7 118.5(2)
N1-C2-C4 122.8(2) C4-C6—-C7 118.8(2)
Compound 2
Gal—-N1 196.9(8) N3—-C7 128(1)
Gal—N2 197.7(7) N4—C14 131(1)
Gal—N3 192.9(8) N5—C13 114(1)
Ga2—N1 200.5(8) C6—C7 154(1)
Ga2—N2a 200.4(7) C6—-C2 151(1)
Ga3—N3 197.5(8) C6—C4 154(1)
Ga3—N4 196.9(9) Cl2-C7 146(1)
N1-C2 129(1) C12—-C13 143(2)
N2—-C4 128(1) Cl2-Ci14 142(2)
N1-Gal—N2 93.0(3) C13-C12-C14 116.8(9)
N2—Gal—N3 96.8(3) C7-C12—-C14 124.7(9)
N1—-Gal—N3 96.1(3) C6—C7-C12 117.3(8)
N1—-Ga2—N2a 90.1(3) C6—C7—N3 117.0(9)
N3—-Ga3—N4 93.1(4) N3-C7-C12 125.7(9)
Gal—N1-C2 109.1(7) C12—-C14-C15 118.4(9)
Gal—-N1-Ga2 120.2(4) C12—C14—N4 123(1)
Ga2—N1-C2 130.6(7) N4—C14—C15 118(1)
Ga2a—N2—-Gal 119.3(4) C2-C6—-C7 109.9(8)
Ga2a—N2-C4 130.2(7) C4-C6—-C7 109.1(8)
Gal—-N2-C4 110.6(7) C2—-C6-C4 110.4(8)
Gal—N3—-Ga3 120.8(4) N1-C2-C3 124.2(9)
Gal—N3-C7 113.7(7) N1-C2—-C6 121.2(9)
Ga3—N3-C7 125.4(7) C3—-C2-C6 114.6(9)
Ga3—N4-C14 127.4(8) N2—-C4-C6 119.5(8)
C12—-C13—N5 177(1) N2-C4-C5 126(1)
C13—-C12-C7 118.4(9) C5—-C4-C6 115.0(9)
Compound 2-:3MeCN
Gal—N1 195.3(9) Gad—N7 198.4(9)
Gal—N2 198(1) Gad—N8 192(1)
Gal—N3 196.0(9) Ga4—-C16 192(1)
Ga2—N1 201.3(9) Ga5—N6 200(1)
Ga2—N2a 200(1) Ga5—N7a 201(1)
Ga3—N3 195(1) Ga6—N8 193.6(9)
Ga3—N4 195(1) Ga6—N9 195(1)
C12-C7 144(1) C27-C29 142(2)
C12-C13 143(2) C27-C22 142(2)
Cl2-Ci4 145(2) C27—-C28 142(2)
C13—N5 115(2) C28—N10 113(2)
Ga4—N6 191.5(9)
N1-Gal—N2 93.8(4) N6—Ga4—N7 94.2(4)
N1-Gal—N3 96.8(4) N6—Ga4—N8 97.7(4)
N2—-Gal—N3 97.2(4) N7—Ga4—N8 96.0(4)
N1-Ga2—N2a 89.4(4) N6—Ga5—N7a 88.5(4)
N3—-Ga3—N4 91.7(5) N8—Ga6—N9 93.8(4)
C7-C12-C13 119(1) C22—-C27-C28 119(1)
C7-C12-C14 124(1) C22—-C27-C29 126(1)

Cl3-Ci2-C14  117(1) C28-C27-C29  119(1)
C12-C13—-N5 178(1) C27-C25-N10  178(2)

Compound 2-2GaMejs

Gal—-N1 197.4(4) Ga3—N4 197.4(5)
Gal—-N2 197.9(4) Gad—N5 214.7(4)
Gal—-N3 194.1(4) C12—C7 145.0(5)
Ga2—-N2 202.8(4) C12-C13 141.2(6)
Ga2—Nla 202.9(4) C13-N5 114.9(6)
Ga3—N3 196.6(4) Cc12-Cl4 142.9(6)
N1-Gal—N2 93.0(2) Ga4—N5-C13 142.2(4)
N1-Gal—N3 96.4(2) C7-C12—C13 119.4(4)
N2—-Gal—-N3 96.2(2) C7-C12-Cl4 124.6(4)
N2-Ga2-Nla  89.7(2) C13-C12—Cl4 115.8(4)
N3—Ga3—N4 91.7(2) C12-C13—N5 179.4(6)



Downloaded by CARLI CONSORTIUM on June 30, 2009
Published on August 15, 1998 on http://pubs.acs.org | doi: 10.1021/om980354n

GaMes-Induced Trimerization of Acetonitrile

Figure 1. Graphical representation of 1 (ellipsoids with
50% probability level).

remaining starting materials MeCN and GaMes;, 2-
3MeCN and 2-2GaMes, respectively.

60°C; 72 h; 2 mol% CsBr
6 GaMe; + 10 MeCN >

+8CH, (2)

The starting point of the formation of 1 and 2 very
likely is the initial formation of triorganohalogeno
metalates, [Me3GaX]~, which are more basic than
GaMez and are therefore able to deprotonate acetonitrile
under mild conditions because of the weakening of the
Ga—C bond. During the reaction the intermediates
probably are already coordinated to the Me,Ga frag-
ment, because the catalytic reaction of nitriles with a
free base in absence of a strong Lewis acid leads to the
well-known trimerization to 1,3,5-triazines.’®

Molecules similar to 1 are known in transition metal
chemistry. Cp,TiMe; and related compounds react with
two molecules of a nitrile to form a six-membered
heterocycle such as

Cp Cp
\H_/
N/“\N/H

NN

via a metal carbene intermediate.16.17

R

(15) March, J. Advanced Organic Chemistry, 3rd ed.; Wiley: New
York, 1985.

(16) Doxsee, K. M.; Farahi, J. B. 3. Am. Chem. Soc. 1988, 110, 7239.
Doxsee, K. M.; Farahi, J. B. 3. Chem. Soc., Chem. Commun. 1990, 1452.
Doxsee, K. M.; Farahi, J. B.; Hope, H. J. Am. Chem. Soc. 1991, 113,
8889.

(17) Avarvari, N.; Le Floch, P.; Ricard, L.; Mathey, F. Organome-
tallics 1997, 16, 4089.

(18) Weidlein, J.; Muller, U.; Dehnicke, K. Schwingungsfrequenzen
| ; Thieme Verlag: New York, 1981.

(19) Gornitzka, H.; Stalke, D. Organometallics 1994, 13, 4398.
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1, shown in eq 1 in its resonance form, can be
described as a double betaine. However, it is obvious
that the formal charge on C4 is delocalized over the
N—C skeleton. A similar behavior is found for the six-
membered ring fragments in 2. Compound 1 is a
colorless air-stable compound with an unpleasant,
moldy smell, which can be hydrolyzed to the corre-
sponding metal-free iminium salt with 1 M hydrochloric
acid.

The IR spectrum of 1 shows two NH absorptions at
3352 and 3258 cm™1, due to the hydrogen bridge of one
of the iminium functions to a nitrile group of a adjacent
molecule. Therefore, the absorption at 3258 cm™1 is
broadened. The band for the nitrile function is found
at 2199 cm~1. The bands at 1600, 459, and 410 cm™!
are characteristic for vn=c, Vas can, and vs gan, respec-
tively.® To furnish proof for the origin of the H atoms
at the iminium functions, the reaction to 1 was exam-
ined with CD3CN. 1-dg could be isolated and character-
ized by NMR and IR spectroscopy. The vyp bands were
observed at 2484 and 2408 cm~1. Therefore, it is clear
that the H atoms of the NH groups in 1 were delivered
by acetonitrile and not by H,O impurities. In CH,Cl,
solution the H bridges are cleaved and one sharp band
at 3359 cm~! results. The vnn band at 3330 cm=tin 2
is sharp as well as the vc=y absorption at 2172 cm™1.
The different C=N groups in 2 result in bands at 1658,
1621, and 1584 cm~1. The vibrations at 505, 473, 457,
and 415 cm~! were assigned to the GaN bonds. The
absorptions at 565 and 543 cm™! in 1 as well as 589,
551, and 538 cm~! in 2 are the values for the Ga—C
vibrations.'® The insoluble polymer, obtained by further
heating of 1 and 2 in MeCN/GaMe; mixtures, shows the
typical vibrations already found for 2, e.g., 3349 and
3309 cm~! (vnu) and 2173 cm~t (ve=\) as well as 1622,
1577, and 1531 cm! (vc=n). Therefore, one can assume
that the polymer is formed by a condensation reaction
of 2 with further MeCN and GaMes units.

The 'H NMR spectrum of 1 in toluene-dg shows one
resonance at —0.2 ppm for the Me,Ga fragment, one
signal at 5.24 ppm for the NH groups, and two signals
at 1.66 and 1.67 ppm for the MeC=N groups. Thisis a
hint at weak NH---N=C contacts which discriminate the
two NH groups. Nevertheless, the cryoscopic measure-
ments of 1 in benzene yield a monomeric molecular
weight. The hexanuclear complex 2 in toluene-dg
exhibits three lines at —0.41, —0.34, and —0.32 ppm for
the four Me,Ga and the two MeGa fragments, respec-
tively. 2-2GaMe;z gives one more signal at 0.0 ppm for
the GaMes moieties. The methine-H atom shows a
resonance at 5.95 ppm.

In the 3C NMR spectra of 1 the differentiation of the
two MeC=N groups was not observed, with only one
signal at 27.5 ppm. The line for the resonance-stabilized
carbanionic C atom was found at 78.7 ppm; 88.0 ppm
is the corresponding signal in [Me,Ga(2-NCsH,),CH]
(3).2° The nitrile and the iminium C atoms show values
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Figure 2. Stereoscopic view of the unit cell of 1. The zigzag arrangement through H bridges runs along [010].

Figure 3. Plot of the centrosymmetric molecule 2 (C atoms
represented as spheres; without H atoms except NH
functions).

C36

W
Figure 4. Plot of the centrosymmetric molecule of 2-
3MeCN forming H bridges to two acetonitrile molecules.

of 121.5 and 173.5 ppm, respectively. As can be
expected from the graphic representation of 2, the
structure elements C=N should cause three signals
(161.6, 173.7, 177.2 ppm). The Me,Ga and MeGa
fragments are responsible for three signals at —4.7,
—4.5, and —4.2 ppm. 2-2GaMes possesses in addition
to 2 aresonance at —2.1 ppm for the coordinated GaMes
unit. The value for the methine C atom was determined
to 68.2 ppm.

The EI mass spectrum of 1 shows the molecular peak
of m/z = 221 with low intensity, while in the spectrum

Figure 6. lllustration of the eight-membered Gas;N, ring
in 2-2GaMes.

of 2 the highest observed fragment belongs to (M —
MeCN — H)* (m/z = 924). The spectrum of the polymer
is almost identical with that of 2.

Figure 1 gives a graphical representation of a mol-
ecule of 1. The heterocycle can be formally divided into
a GaMe; fragment and the organic ligand {HNC-
(Me)}.C(CN), an acetylacetonate derivative. One imi-
nium function participates in the formation of hydrogen
bridges to a nitrile group of an adjacent molecule (N1-
-*N2a 302.9 pm). The hydrogen bridges lead to a zizag
arrangement in the unit cell pointing along the b-axis
(Figure 2). The negative charge is delocalized over the
NC skeleton, indicated by the distances N1—-C2 129.7-
(3), N3—C6 130.7(3), C2—C4 142.8(3), C4—C6 140.7(3),
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and C4—C5 142.0(3) pm. Therefore, the planarity of the
six-membered ring is not surprising. The entire skel-
eton except C1 lies on a crystallographic mirror plane.
The comparable C—C bond lengths in 3 are 138.8(5) and
140.3(5) pm.1°

The six-membered heterocycle also is an important
feature for the hexanuclear complexes 2 (Figure 3), 2-
3MeCN (Figure 4), and 2-2GaMes (Figure 5). The basic
C—C and C—N distances there are quite similar to the
values in 1. The Ga—N bond lengths in the four
complexes cover a range of 194—203 pm, comparable
with the values found in 3 (198.3(3), 197.9(3) pm), [Me>-
GaNCMe;], (197.8(3), 200.0(3) pm),?° [Me,GaN(H)t-Bu],
(201.2(4) pm),?* and [(PhCH;),GaN(H)t-Bu], (202.0(5),
201.3(4) pm).22 An exception to this is the long donor—
acceptor bond Ga4—N5 of 214.7(4) pm in 2-2GaMe;
causing only a weak pyramidalizing of the GaCs unit
(angular sum: 351°). An analogous geometry was found
for [MeszGa(NCMe)].b

(20) Zettler, F.; Hess, H. Chem. Ber. 1977, 110, 3943.

(21) Atwood, D. A.; Jones, R. A.; Cowley, A. H.; Bott, S. G.; Atwood,
J. L. J. Organomet. Chem. 1992, 434, 143.

(22) Krauter, T.; Werner, B.; Neumduller, B. Z. Naturforsch. 1996,
51b, 637 and references therein.

(23) International Tables for Crystallography, 2nd ed.; Kluwer
Academic Publishers: Dordrecht, The Netherlands, 1989; Vol. A.
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The structure of 2-3MeCN contains two crystal-
lographic independent centrosymmetric complexes 2.
Only one molecule is involved in the formation of weak
hydrogen bridges between NH functions and MeCN
units with a distance N9---N13 of 312(1) pm. The
centrosymmetric eight-membered rings of 2—2-2GaMes
are strongly puckered and almost identical in their
geometry. An example is given in Figure 6. This ring
from 2-2GaMej consists of three planes, a center plane
built up by two gallium and four nitrogen atoms (mean
deviation from plane: 4 pm) and two GaN; planes. The
angle enclosed by the center plane and the peripheric
plane is 85°.
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