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Salt elimination reactions between the divalent transition carbonyl metalates [\NGO)(M = Cr, Mn, Fe; L

= CO, NO;n = 3, 4) and the (organo)gallium halides,GBRs—5 (R = CHs, CH,CH3; a = 1, 2, 3) as well as

the intramolecularly donor stabilized species ClGa[fzgNMe;](R) (R = CI, Me, 'Bu) have been studied in
some detail. Novel stable anionic (organo)gallium and chlorogallium metal complexes of the types
{[L(CO)M]Ga[(CHz)sNMe;](R)} ~ (1-6), {[L(CO)M]GaCl}~ (7, 8), {[L(CO):M]Ga(CI)(R)}~ (9, 10), and
{[L(CO)M].Ga(CH)}?~ (11—13) have been prepared in high yields and were fully characterized by means of
elemental analysis, infraredCO) data, and NMR spectroscopy. The effect of substituents at the Ga center on
the Lewis acidity was studied by temperature-dependent NMR (inversion at the N atom of the alkylamine ligand)
using the compounds—6. The compound3—10 are supposed to be dimeric. The dianionic complex [BPN]
{[(CO)sFe—Ga(CHs)—Fe(CO})]} (118 was also characterized by single-crystal X-ray diffraction: monoclinic,
C2/c, a = 2699.1(3) pmp = 1411.2(2) pmgc = 2392.8(3) pmB = 127.45(1}, V = 7236 x 10f pm3, Z = 4,

andR = 0.038 Ry = 0.097). The diminished Lewis acidity of the compouddsl 3is explained by an electrostatic
effect, which also stabilizes low-coordinate Ga centers without steric shielding.

Introduction recently. Examples include the “inidene” complexéSO)Cr—
In(Cl)—Cr(CO)}?~,' the linear metallacumulengCO)Cr—
TI-Cr(CQO)} ~,*2 the indium rich complexis-[(CO)sFe} (u-
CIInR} (R = C(SiM&3)3),12 and the Lewis acitgtbase adducts
(COXM—IN[HB(3,5-Meypz)s] (M = Fe, W;n= 4, 5)14 Older
work contains the structure determination of [(GEBGag'-
CH=CH,)(THF)]».1> The heterolytic dissociation behavior of
monoanionid_ewis acid/base adducts [L(C) —Ga(GHs)3]~
has also been studied some time &yoThese examples
summarize the knowledge on the reactivity ofganggallium
compounds with divalent carbonylmetalates yielding anionic or
neutral transition metal group 13 metal systems prior to our
recent work. We have reported the synthesis of the first
digallylated transition metal complexes (C&)e{ Ga[(CH)s-

. ) NMe;](R)}2 (R = 'Bu, Ph), the tetranuclear complé4CO),-
546617, E-mail roland. scher@urs uni-heideiberg.de. -~ FeGa[(CH)sNMe}, and some OMCVD applications of these

t Organo Group 13 Metal Transition Metal Complexes. 15. For part 14, compoundg?21? We are challenged by two rather difficult

f}?seggghséi'rt—;zi:ywork is dedicated to Prof. G. Huttner on the occasion of proplems: Deriving gallium-rich and volatile transition metal

* New address: Hoechst AG, Werk Ruhrchemie, D-46128 Oberhausen, COMPlexes, which might be suitable to deposit gallium-rich thin

Germany. alloy films, and obtaining rather strong transition metal gallium
8 Anorganisch-chemisches Institut der Technischen Univetdiiachen, bonds, which are thought to be advantageous in view of such
Lichtenbergstrasse 4, D-85747 Garching, Germany. applications. Therefore we were led to investigate the chemistry
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The chemistry of (organo)gallium halides with transition
metal carbonyimonanions has been the subject of a number
of recent publications® This current interest in transition
metal substituted gallanes of the general formula [L(EO)
M]J[GaRs-4(Do)] (Do = Lewis donor ligand) is stimulated by
the potential application of some representative compounds of
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Anionic Ga Complexes of Cr, Fe, and Mn

Table 1. Numbering Scheme of the New Compourids13

no. MR R [R4E]T
{(COXM—Ga[(CH)sNMez|(R)} [R4E]
1 Fe tBu PPN
2 Fe Cl PPN
3 Cr tBu PPN
4 Cr Cl PPN
5 Cr Me PPN
6 Mn tBu PPN
[(CO)XM—GaCH][R4E]
7 Fe Cl PPN
8a Cr Cl PhP
8b Cr Cl K(THF)
9 Fe Me PPN
10 Fe Et PPN
{[(CO)M].GaR: [R4E]
1la Fe Me PPN
11b Fe Me PhAs
12 Cr Me PhAs
13 Cr Et PPN
a(CoyM: M = Fe,n=4 M =Cr,n =5 M = Mn:
(NO)(CO)Mn.

Experimental Section

All manipulations were undertaken by utilizing standard Schlenk
and glovebox techniques under inert-gas atmospheres (purified N
argon). Solvents were dried undes by standard methods and stored
over molecular sieves (4 A, Merck; residual water3 ppm, Karl
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(50 mmol) of Li[(CH,)sNMe;] was slowly added at dry ice temperature.
After complete addition the reaction mixture was allowed to warm up
to room temperature and was then stirred for 16 h. The milky
suspension was filtered, and the product was isolated from the white
powder (“ate complex”) by sublimation. Yield: 10 g (97%).

Characterization Data for CIGa[(CH 2)sNMe;](Me): White solid,
subl. 60°C (102 Torr). Anal. Calc for GH;sClGaN (found): C, 34.9
(34.9); H, 7.3 (7.3); N, 6.8 (6.8); ClI, 17.2 (17.2).

Syntheses of Bis(triphenylphosphoranylidene)ammoniung [(3-
(Dimethylamino)propyl)-tert-butylgallio]tetracarbonylferrate,
{(CO)4FeGa[(CHz)sNMe;]('Bu)} [PPN] (1), and Bis(triphenylphos-
phoranylidene)ammonium{[(3-(Dimethylamino)propyl)chlorogal-
lio]tetracarbonylferrate, {(CO)sFeGa[(CH,)sNMeJ(Cl)}PPN] (2).

A suspension of 492 mg (2 mmol) of [(C&e]Kz in 30 mL of THF
was cooled to—78 °C, and 496 mg (2 mmol) of solid ClGa[(G}-
NMey](‘Bu) was added with vigorous stirring. The reaction mixture
was allowed to warm to room temperature, andratér 1.26 g (2.2
mmol) of [PPN]CI was added. Aftel h the mixture was filtered and
the solvent was removed in vacuo followed by extensively washing
the brown orange residue with diethyl ethet was obtained in
analytically pure form. Yield: 1.8 g (98%).2 was prepared
analogously from 492 mg (2 mmol) of [(C&Pe]Kz, 454 mg (2 mmol)

of Cl,Ga[(CH,)sNMey], and 1.26 g (2.2 mmol) of [PPN]CI. Yield:
1.7 g (95%).

Characterization Data for 1: Yellow-white powder, mp 116118
°C; *H NMR (399.78 MHz, CRCl,, 25°C) d 0.6 (t, 2 H, GaCH),
1.05 (s, 9 H, CCH), 1.84 (m, 2 H, GaCkCHy), 2.40 (t, 2 H, CHN),
2.49 (s, 6 H, NCH), 7.46-7.51 (m, 30 H, (P§P)N™); 13C{*H} NMR
(67.9 MHz, CDCl,, 25°C) 6 13.5 (GaCH), 24.4 (GaCHCH,), 29.4

Fischer). Infrared spectra were recorded as solutions between CaF (GaC), 31.7 (CHs), 48.0 (NCH), 64.7 (CHN), 127.4 (CP J'cp =

plates with a Perkin-Elmer 1600 FT-IR instrument and are reported in
reciprocal centimeters. JEOL JNM-GX400 and JNM-GX270 and
Bruker DPX 400 spectrometers were used for NMR spectroscépy (

108 Hz), 129.81+Ph), 132.6 ¢-Ph), 134.1 ¢-Ph), 223.7 (FeCO); IR
(THF, cmr): »(CO) = 1955 (s), 1862 (s), 1840 (vs), 1826 (vs). Anal.
Calc for GgHs:FeGaNO4P, (found): C, 64.0 (64.0); H, 5.6 (5.6); N,

and3C NMR spectra were referenced to internal solvent and corrected 3:05 (2.9); Fe, 6.1 (5.9); Ga, 7.6 (7.5).

to TMS). All samples for NMR spectra were contained in vacuum-

Characterization Data for 2: White powder, mp 147150°C; H

sealed NMR tubes. Melting points were observed in sealed capillares NMR (270.16 MHz, CRCl,, 25°C) 4 0.65 and 0.87 (AMBB', 2 H,

and were not corrected. Starting compoundsG@[(CH,)sNMe;],*8
ClGaMe,*® [(CO)4Fe]K2,2°[(CO)sCr]K 2,2 and [NO(COIMNIK 22 were
prepared as described in the literature. The syntheses of CIGgKCH
NMe](R) (R = Me, 'Bu) are described below. [PPN]CI (Fluka), Ph
As]CI (Aldrich), TI[PF¢] and [NO][PF] (Strem), and isoamyl nitrite
(Aldrich) were used without further purification as purchased. Ab-
breviations are as follows: Me CHs;, Et = CH,CHs, Bu = tert-
butyl, Ph= phenyl, PPN= bis(triphenylphosphoranylidene)ammonium.
Elemental analyses were provided by the Microanalytic Laboratory of
the Technische Universitinchen. The numbering schemes of the
new compounds are given in Table 1.

Synthesis of CIGa[(CH)sNMe,]('Bu). To a solution of 10.7 g (47.2
mmol) of CLGa[(CH:)sNMe;] in 250 mL of toluene was slowly added
31.5 mL (47.2 mmol) ofBuLi in hexane ¢ = 1.5 mol L™%) at —78
°C. After complete addition the reaction mixture was allowed to warm

GaCH), 1.72 and 1.93 (AA'BB'CC', 2 H, GaGBH,), 2.45 and 2.69
(s, 6 H, NCH) 3.41 and 3.69 (AA'BB', 2 H, CkN), 7.52-7.67 (m,
30 H, (PRP)LN™); 33C{*H} NMR (67.9 MHz, CBQCl,, 25°C) § 18.9
(GaCH), 23.3 (GaCHCHy), 45.0 and 47.8 (NC}J, 63.1 (CHN), 127.4
(CP,J'cp = 108 Hz), 129.81f+Ph), 132.6 ¢-Ph), 134.1 6-Ph), 220.8
(FeCO); IR (THF, cm') »(CO)= 1981 (m), 1895 (s), 1865 (vs), 1844
(s). Anal. Calc for GsHs,ClIFeGaNO4P, (found): C, 60.2 (60.25);
H, 4.7 (4.8); N 3.1 (3.1); ClI 3.95 (4.2); Fe, 6.2 (6.5); Ga, 7.8 (8.0).
Syntheses of Bis(triphenylphosphoranylidene)ammonium [(3-
(Dimethylamino)propyl)- tert-butylgallio]pentacarbonylchromate,
{(CO)sCrGa[(CH 2)sNMe;](‘Bu)} [PPN] (3); Bis(triphenylphospho-
ranylidene)ammonium [(3-(Dimethylamino)propyl)chlorogallio]penta-
carbonylchromate, { (CO)sCrGa[(CH 2)sNMe;](Cl) } [PPN] (4); and
Bis(triphenylphosphoranylidene)ammonium [(3-(Dimethylamino)-
propyl)methylgallio]pentacarbonylchromate, { (CO)sCrGa[(CH 2)s-

up to room temperature and was stirred for 16 h. The milky suspension NMe2](CH3)}[PPN] (5). A THF suspension (30 mL) of [(C@Er]K>
was filtered, and the product was recovered from the white powder (2 mmol), freshly prepared from 440 mg (2 mmol) of Cr(G@pd 2.2

(“ate complex”) by sublimation. Yield: 11.3 g (96%).

Characterization Data for CIGa[(CH 2)sNMe;](‘Bu): Colorless
waxy solid, subl. 60C (1072 Torr); *H NMR (399.78 MHz, CRCl,,
25°C) 6 0.6 (t, 2 H, GaCH), 1.05 (s, 9 H, CCHh), 1.84 (m, 2 H,
GaCHCHy), 2.40 (t, 2 H, CHN), 2.49 (s, 6 H, NCH); 3C{'H} NMR
(67.9 MHz, CQCl,, 25°C) 6 13.5 (GaCH), 24.4 (GaCHCH,), 29.4
(GaC), 31.7 (CHy), 48.0 (NCH), 64.7 (CHN). Anal. Calc for GHy-
ClGaN (found): C, 43.5 (43.4); H, 8.5 (8.45); N, 5.6 (5.5); CI, 14.3
(14.15); Ga, 28.1 (27.8).

Synthesis of CIGa[(CH):NMe;](Me). To a solution of 7.8 g (50
mmol) of ChGaMe in 100 mL of diethyl ether a suspension of 4.7 g

(18) Schumann, H.; Hartmann, U.; Wassermann, W.; Just, O.; Dietrich,
A.; Pohl, L.; Hostalek, M.; Lokai, MChem. Ber1991, 134, 1113-
1119.

(19) Armer, B.; Schmidbaur, HChem. Ber1967 100, 1521-1535.

(20) Gladysz, J. A.; Tam, WJ. Org. Chem1978 43, 2279-2280.

(21) Schwindt, M. A;; Lejon, P.; Hegedus, L. Srganometallics199Q 9,
2814-2819.

(22) Chen, Y.-S; Ellis, J. EJ. Am. Chem. Sod.983 105 1689-1690.

equiv of GK (600 mg), was cooled te-78 °C, and 496 mg (2 mmol)
of solid CIGa[(CH)sNMe;](‘Bu) was added with vigorous stirring. The
reaction mixture was allowed to warm to room temperature, and after
2 h 1.26 g (2.2 mmol) of [PPN]CI was added. Afte h the mixture
was filtered and the graphitic residue was extracted with 30 mL of
THF (2 times). The filtrate and the extracts were combined, and the
solvent was then removed in vacuo. The remaining yellow-orange
residue was extensively washed with diethyl ether. Comp@uwes
guantitatively obtained in an analytically pure forrd. and 5 were
prepared in the same manner. Yield: 1.84 g (98%p8fdr.75 g (95%)
for 4 (slight yellow powder), and 1.71 g (94,5%) f(yellow powder).
Characterization Data for 3: Pale yellow powder;*H NMR
(399.78 MHz, CDCl,, 25 °C) 6 0.62 (t, 2 H,3J(H,H) = 7.8 Hz,
GaCH), 1.00 (s, 9 H, CCh), 1.81 (quint, 2 H,2J(H,H) = 7.8 Hz,
GaCHCH,), 2.38 (t, 2 H,%J(H,H) = 7.8 Hz, CHN), 2.51 (s, 6 H,
NCH;), 7.46-7.51 (m, 30 H, (P}P)N*). 13C{*H} NMR (67.9 MHz,
CD,Cl,, 25°C) 6 12.3 (GaCH), 24.6 (GaCHCH,), 28.0 (GaC), 30.6
(CCHa), 47.7 (NCHy), 65.2 (CHN), 127.4 (CPJ%cp = 108 Hz), 129.8
(m-Ph), 132.6 ¢-Ph), 134.1 (-Ph), 239.3 (CrCO)!H NMR (270.16
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MHz, CD,Cl,, —60°C) ¢ 0.45 (t, 1 H, GaCH), 0.60 (t, 1 H, GaCh),
0.93 (s, 9 H, CCH), 1.64 (m, 1 H, GaCkCH,), 1.82 (m, 1 H,
GaCHCH,), 2.19 (t, 1 H, CHN), 2.38 (s, 3 H, NCH), 2.51 (t, 1 H,
CH:N), 2.56 (s, 3 H, NCH), 7.46-7.51 (m, 30 H, (P§P),N*); 13C{1H}
NMR (67.9 MHz, CDQCl,, —60°C) 6 10.8 (GaCH), 23.7 (GaCHCH,),
27.2 (GaC), 29.8 (CHj3), 46.2 (NCH), 48.1 (NCH), 64.3 (CHN),
126.0 (CP), 129.2n¢-Ph), 131.7 ¢-Ph), 133.4 g-Ph), 216.1 (CrCO);
IR (THF, cnm?) »(CO) = 1976 (vs), 1872 (s, sh), 1850 (vs, br), 1810
(s, sh). Anal. Calc for &Hs:CrGaNOsP, (found): C, 63.6 (63.5);
H, 5.4 (5.4); N, 3.0 (2.9); Cr, 5.5 (5.05); Ga, 7.4 (7.4).

Characterization Data for 4: Yellow powder;'H NMR (399.78
MHz, CD,Cl,, 25°C) 6 0.51 and 0.85 (AA'BB', 2 H, GaC}l 1.63
and 1.90 (AA'BB'CC', 2 H, GaC¥H>), 2.29 and 2.91 (AA'BB', 2 H,
CH.N), 2.35 and 2.68 (s, 6 H, NG} 7.49-7.75 (m, 30 H, (P§PLN™);
BC{'H} NMR (100.54 MHz CDCl,, 25 °C) ¢ 12.6 (GaCH), 22.3
(GaCHCH,), 45.6 (NCH), 46.8 (NCH), 63.7 (CHN), 127.5 (CP),
129.9 (-Ph), 132.5 ¢-Ph), 133.6 g-Ph), 231.4 (CrCO); IR (THF,
cm1) »(CO)= 2000 (s), 1908 (s, sh), 1872 (vs, br), 1860 (s, sh). Anal.
Calc for CgH4,CICrGaNOsP, (found): C, 59.9 (59.2); H, 4.6 (4.55);
N 3.0 (2.9); Cr, 5.6 (5.6); Ga, 7.6 (7.8).

Characterization Data for 5: Yellow powder;'H NMR (399.78
MHz, CD.Cl,, 25°C) 6 —0.20 (s, 3 H, GaClj, 0.61 (m, 2 H, GaC}),
1.82 (m, 2 H, GaChCH,), 2.27 (m, 2 H, CHN), 2.44 (s, 6 H, NCH),
7.46-7.70 (m, 30 H, (PFPXN"); 23C{1H} NMR (100.54 MHz CD-
Cly, 25°C) 0 2.2 (GaCH), 14.4 (GaCH), 24.6 (GaCHCH,), 47.2
(NCHj), 64.3 (CHN), 127.4 (CPJ'cp = 108 Hz), 129.81f+Ph), 132.6
(0-Ph), 134.1 §-Ph), 228.3 (CrCO)H NMR (399.78 MHz, CDCl,,
—60°C) 6 —0.21 (s, 3 H, GaChJ, 0.18 (t, 1 H, GaCh), 1.04 (t, 1 H,
GaCh), 1.79 (m, 1 H, GaCkCH), 1.85 (m, 1 H, GaCkCH,), 2.22
(t, 1 H, CHN), 2.32 (t, 1 H, CHN), 2.38 (s, 3 H, NCH), 2.50 (s, 3 H,
NCHj), 7.46-7.70 (m, 30 H, (P¥P)N"); 23C{*H} NMR (100.54 MHz,
CD,Cl,, —60 °C) 6 2.0 (GaCH), 15.0 (GaCH), 24.6 (GaCHCH,),
46.6 (NCH), 47.8 (NCH), 64.5 (CHN), 127.5 (CP), 129.9nf-Ph),
132.5 p-Ph), 133.6 (¢-Ph), 217.0 (CrCO), 228.3 (CrCO); IR (THF,
cm) »(CO) = 1978 (vs), 1854 (vs, br), 1806 (s, sh). Anal. Calc for
CugH4sCrGaNOsP; (found): C, 63.1 (63.4); H, 5.0 (5.15); N, 3.1 (3.05);
Cr, 5.7 (5.65); Ga, 7.6 (7.4).

Synthesis of Bis(triphenylphosphoranylidene)ammonium [(3-
(Dimethylaminopropyl)- tert-butylgallio]tricarbonylInitrosylman-
ganate,{(CO)3(NO)MnGa[(CH 2)sNMe;](‘Bu)} [PPN] (6). A suspen-
sion of 2 mmol [NO(COMn]K in 30 mL of THF was cooled te-78
°C, and 496 mg (2 mmol) of solid CIGa[(GHNMe;](‘Bu) was added
with vigorous stirring. The reaction mixture was allowed to warm to
room temperature, and aft@ h 1.26 g (2.2 mmol) of [PPN]CI was
added. Afte 1 h the mixture was filtered and the solvent removed in
vacuo. The brown residue was thoroughly washed with diethyl ether,
and 1.62 g (88%) of compourtlwas obtained.

Characterization Data for 6: 'H NMR (399.78 MHz, CBCl,, 25
°C) 0 0.66 and 0.90 (t, 2 H, GaGH 1.05 (s, 9 H, CCh), 1.78 and
1.96 (m, 2 H, GaChkLCH,), 2.51 and 2.66 (s, 6 H, NG} 3.05 and
3.28 (t, 2 H, CHN), 7.46-7.51 (m, 30 H, (P§¥P):N"); 13C{H} NMR
(67.9 MHz, CDQCly, 25°C) 6 15.7 (GaCH), 22.4 (GaCHCH,), 28.3
(GaC), 31.1 (CHs), 46.4 and 48.1 (NCH), 64.2 (CHN), 127.4 (CP),
129.8 m-Ph), 132.6 ¢-Ph), 134.1 §-Ph), CO not observed; IR (THF,
cm 1) »(CO, NO)= 1931 (s), 1847 (s), 1812 (vs), 1598 (s, NO). Anal.
Calc for GigHs:MnGaNsO4P; (found): C, 62.6 (61.2); H, 5.6 (5.2); N
4.6 (4.3); Mn, 6.0 (5.9); Ga, 7.6 (7.2).

Synthesis of Bis[bis(triphenylphosphoranylidene)ammonium]
Bis[(dichlorogallio)tetracarbonylferrate], {[(CO)sFeGaCbL][PPN]}2
(7). A suspension of 492 mg (2 mmol) of [(C{Fe]K; in 30 mL of
THF was cooled te-78°C, and 352 mg (2 mmol) of Ga@Was added
with vigorous stirring. The reaction mixture was allowed to warm to
room temperature, and aft8 h 1.26 g (2.2 mmol) of [PPN]CI was
added. Afte1 hthe mixture was filtered and the solvent was removed
in vacuo. The yellow-white residue was extensivly washed with diethyl
ether. Compound was obtained in an analytically pure form in a
yield of 1.6 g (94.5%).

Characterization Data for 7: Yellow-white powder;'H NMR
(399.78 MHz, CDCl,, 25 °C) d 7.46-7.51 (m, 30 H, (PkPLN™);
BC{'H} NMR (67.9 MHz, CQCly, 25°C) 6 127.4 (CPJ%cp = 108
Hz), 129.8 (-Ph), 132.6 ¢-Ph), 134.1§-Ph), 223.7 (FeCO); IR (THF,
cmY) »(CO) = 1996 (s), 1906 (s, sh), 1886 (vs). Anal. Calc for

Fischer et al.

CaoH30Cl.FeGaNQP; (found): C, 56.7 (56.3); H, 3.6 (3.8); N, 1.65
(1.85); Fe, 6.6 (6.35); Ga, 8.2 (8.5) %.

Syntheses of Bis(tetraphenylphosphonium) Bis[(dichlorogallio)-
pentacarbonylchromate], {[(CO)sCrGacCl](PhsP)}. (8a), and Its
[(Tetrahydrofuran)potassium] Salt, [(CO)sCrGacCl][K(THF)] (8b).

A suspension of 4 mmol of [(C@Fr]K,, freshly prepared from Cr-
(CO)% (880 mg, 4 mmol) and &K (1.2 g, 2.2 equiv), in 60 mL of THF
was cooled to—78 °C, and 705 mg (4 mmol) of Ga€lvas added
with vigorous stirring. The reaction mixture was allowed to warm to
room temperature, and after 3.5 h 1.5 g (4 mmol) of,M&l was
added. Afte 1 h the mixture was filtered and the graphitic residue
was extracted 2 times with 20 mL of THF. In the case8bfthe
reaction mixture was filtered without addition of any salt. The THF
solutions were combined, the solvent was removed in vacuo, and the
residue was dried. The remaining yellow-orange residue was exten-
sively washed with diethyl ether. Compoura was obtained
analytically pure and quantitatively (1.33 g). Compou8d was
obtained as microcrystalline white needles after washing with a mixture
of cold diethyl ether/pentane. Yield: 820 mg (92%).

Characterization Data for 8a: Yellow powder;*H NMR (399.78
MHz, CD,Cl,, 25°C) 6 7.60-7.93 (m, 20 H, (PFP)"); 13C{*H} NMR
(67.9 MHz, CQCl,, 25°C) 6 117.9 (CPJ'cr = 89 Hz), 131 ¢-Ph,
Fep = 13), 134.8 (+Ph, Fcp = 10), 136.1 p-Ph, J*cp = 3), 225.3
(CrCO); IR (THF, cnT) »(CO) = 1995 (s), 1938 (s, sh), 1915 (vs),
1883 (m, sh). Anal. Calc for H>Cl,CrGaQP (found): C, 51.8
(51.7); H, 3.0 (3.1); Cl, 10.55 (10.3); Cr, 7.7 (7.6); Ga, 10.4 (9.9).

Characterization Data for 8b: White needles; IR (EO, cnT?)
v(CO) = 1998 (s), 1941 (s, sh), 1916 (vs), 1877 (m, sh). Anal. Calc
for CoHsCl,.CrGaKG; (found): C, 24.35 (25.1); H, 1.8 (2.05); CI, 16.0
(15.4); Cr, 11.7 (11.5); Ga, 15.7 (15.9).

Syntheses of Bis[bis(triphenylphosphoranylidene)ammonium]
Bis[(methylchlorogallio)tetracarbonylferrate], {[(CO)4FeGa(Cl)-
(CH3)][PPN]}2 (9) and Bis[bis(triphenylphosphoranylidene)-
ammonium] Bis[(ethylchlorogallio)tetracarbonylferrate], {[(CO)4-
FeGa(Cl)(CH,CH3)][PPN]}2 (10). Synthesis was according to the
procedure described for compoufidusing 311 mg of GlGaMe and
339 mg of C}GakEt, respectively. After salt metatheses white or slightly
pink microcrystalline powders were obtained in 91% (1.55 g) and 93%
(1.61 g) yield.

Characterization Data for 9: White powder;*H NMR (399.78
MHz, CD,Cl,, 25 °C) 6 0.13 (s, 3 H, CH), 7.46-7.51 (m, 30 H,
(PhPYN™); 13C{1H} NMR (67.9 MHz, CQCly, 25 °C) ¢ 2.3 (CHy),
127.4 (CP Jcp = 108 Hz), 129.81f+-Ph), 132.6 ¢-Ph), 134.1 §-Ph),
223.7 (FeCO); IR (THF, crt) »(CO) = 1997 (m), 1906 (s), 1877
(vs). Anal. Calc for GiH3:CIFeGaNQP; (found): C, 57.7 (57.3); H,
3.9 (3.75); N, 1.6 (1.6); Fe, 6.5 (6.4); Ga, 8.2 (7.95).

Characterization Data for 10: White powder;'H NMR (399.78
MHz, CD,Cl,, 25°C) 6 0.66 (q, 2 H, CH), 1.08 (t, 3 H, CH), 7.45~
7.56 (m, 30 H, (PEPLNT); 3C{*H} NMR (67.9 MHz, CQCl,, 25°C)

0 4.1 (CH), 9.9 (CHy), 127.4 (CPJ'cp= 108 Hz), 129.81f+Ph), 132.6
(0-Ph), 134.1 ¢-Ph), 223.7 (FeCO); IR (THF, cm) »(CO) = 1996
(m), 1981 (m), 1907 (s), 1876 (vs). Anal. Calc forsBss-
CIFeGaNQP; (found): C, 59.1 (57.9); H, 4.1 (4.0); N 1.6 (1.55) %.

Syntheses of Bis[bis(triphenylphosphoranylidene)ammonium]

{ (Methylgallio)bis[tetracarbonylferrate], {[(CO)sFe].Ga(CHa)}-
[PPN]z (11a), and Bis(tetraphenylarsonium) Salt{[(CO) Fel.Ga-
(CH3)} (PhsAs), (11b). A suspension of [(CQlFe]K; (492 mg, 2 mmol)

in 30 mL of THF was cooled te-78 °C, and 271 mg (2 mmol) of
ClGaMe was added. Upon being warmed to room temperature within
2 h the reaction mixture became more homogeneous and developed a
yellow-orange color. Then, a slight excess of [PPN]CI (1.26 g, 2.2
mmol) or [PhAS]CI (0.9 g, 2.2 mmol) was added (intense odor of
gallium alkyls). The color of the mixture turned yellow, and a white
precipitate formed. After 30 min the solution was filtered and the
solvent removed by vacuum distillation. The orange-brown residue
was washed thoroughly with 50 mL of & with vigorous stirring, by
which treatment the residue transformed into a flaky precipitate. The
solvent was filtered off, and the powder was washed another 2 times
with 50 mL of ether and dried overnight &t10~* Torr. Yields: 11a

1.3 g (87% based upon iron}lb, 1.09 g (92% based upon iron).
Crystallization of1la from THF/heptane gave yellow, well-shaped
crystals.
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Table 2. Crystallographic and Data Collection Parameters for
{[(CO)FebGa(CH)}[PPNE (113

formula GiHssFeGaN.OgPy
fw 1497.71
cryst system monoclinic
space group C2/c (No. 15)
A, pm 71.073

a, pm 2699.1(3)

b, pm 1411.2(2)

C, pm 2392.8(3)

B, deg 127.45(1)
V, 1¢f pm? 7236

z 4

Pcale, § CNT 3 1.375

u(Mo Koy, cnmit 9.1

no. of reflcns 6171

no. of obsd reflcns 4343

cutoff 1 > 4.00(l)
R2 0.038

Ry? 0.097

2R = Y(IIFol = IFcll)/ZIFol. Ry = [ZW(Fo? — F)F3wW(Fo?) 2.

Table 3. Selected Interatomic Distances (pm) and Angles (deg) for

the Anionic Part oflla

Distances

Ga—Fe 241.58(6) FeC(2) 173.5(4)

Fe—-C(1) 174.2(6) FeC(3) 176.1(3)

Ga—C 202.1(4) Fe-C(4) 174.3(4)

Angles

Fe-Ga—C 112.32(2) GaFe-C(1) 75.85(13)
Fe-Ga—Fe(a) 135.36(3) GaFe-C(2) 71.02(16)
Fe(a)-Ga—C 112.32(2) GaFe-C(3) 90.19(13)
Ga—Fe—C(4) 81.13(14)

Characterization Data for 11a: *H NMR (399.78 MHz, CRCl,,
25°C) 0 —0.27 (s, 3 H, GaCh), 7.26-7.88 (m, 30 H, (P¥PRLN™);
13C{*H} NMR (100.54 MHz, CRCl,, 25°C) § —0.5 (GaCH), 127.4
(CP,J'cp = 108 Hz), 129.811+Ph), 132.6 ¢-Ph), 134.1 p-Ph), 223.8
(FeCO);3P NMR (161.85 MHz, CRCl,, 25°C) 6 21.4; IR (THF,

cmY) »(CO)= 1952 (vs), 1874 (vs, sh), 1851 (vs), 1827 (vs, sh). Anal.

Calc for GiHesFexGaN:OgP4 (found): C, 65.0 (64.6); H, 4.3 (4.6); N,
1.9 (1.8); Fe, 7.45 (7.1); Ga, 4.65 (5.05).

Characterization Data for 11b: IR (THF, cnT?) »(CO) = 1956
(s), 1876 (vs, sh), 1865 (vs), 1840 (vs). Anal. Calc ferHGsAS-

FeGaQ (found): C, 57.7 (56.4); H, 3.65 (3.8); Fe, 9.4 (9.4); Ga, 5.9

(5.5).
Synthesis of Bis(tetraphenylarsonium){ (Methylgallio)bis[pen-
tacarbonylchromate], {[(CO)sCr].Ga(CHas)} (PhsAs), (12). To a

suspension of K (600 mg, 4.4 mmol) in THF (30 mL) was added a
sample of Cr(CQ)(440 mg, 2 mmol) at dry ice temperature. After 3
h 271 mg (2 mmol) of CIGaMewas added to the greenish-gray
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Scheme 1. Synthetic Pathways to Anionic Transition Metal
Gallanes and Dianionic Gallium “Inidene” Complexes

—‘e Me,N ©
€
S RE® ‘l RE®
(CO)M—Ga (CO)"M“""'Ga
7-10 R a”
1.+ C'zGaR
—2KClH [R4EICI
MezN\/>
La ©
1.CI° \F( MezN\/> R4E®
[(CO)MIK2 TE]CI» Ga\
-+ 1R COyM™
_okol (OO R
1-6
—GaRj3 | 1. + CiGaRy
—2KCl | 2. + [R4EICI
20 RE®
R—l R4E®
(CO)M Ga/
M—
\M co
11a-13 (COhn

—0.8 (GaCH), 14.0 (CHCHg), 127.4 (CP), 129.8n¢-Ph), 132.6 ¢-
Ph), 134.1¢-Ph), 216.3 and 224.3 (CrCO); IR (THF, cih »(CO) =
1994 (m), 1957 (vs), 1882 (vs), 1851 (vs). Anal. Calc fgiHesCrz-
GaNO10Ps (found): C, 64.7 (63.85); H, 4.2 (4.6); N, 1.8 (1.8); Cr, 6.7
(6.4); Ga, 4.5 (4.3).

Single-Crystal X-ray Diffraction Analysis of 1la. Crystals of
compoundlla were grown by standard cooling techniques at low
temperature from a mixture of THF/heptane. Preliminary examination
and data collection were carried out on a IPDS Image Plate Systeme
(Stoe & Cie) diffractometer with a rotating anode. Final cell constants
were obtained by least-squares refinement of 1720 reflections. For the
crystallographic and selected bonding parameters see Tables 2 and 3.
Further details can be obtained from the Supporting Information or
directly from the authors (R.A.F. and E.H.).

Results and Discussion

A. Syntheses and Properties.The combination of equimo-
lar quantities of théntramolecularlybase stabilized alkylgallium
chlorides ClGa[(CH)sNMey](R)2-a (a = 1, 2) and the carbo-
nylmetalate dianions [L(C@M]2~ (M = Cr, Mn, Fe; L= CO,
NO; n = 3, 4) in THF as reaction medium leads to the new
monoanionic complexe§—6 (Scheme 1). To isolate these
complex salts as analytically pure microcrystalline, solvent-free
powders, it is necessary to exchange the remaining potassium

suspension. The reaction mixture was allowed to warm to room C€ation by noncoordinating counterions, e.qg. PPIR.h@Pﬁ or
temperature whereupon the solution developed a muddy green color.PlWAs*™. The solvent and the type of counterion of the

Finally, after addition of [PRAS]CI (1 g, 2.1 mmol) the color turned to
deep red. Workup as described for compobrmyhve 1.05 g of a yellow

microcrystalline powder. Yield: 85% (based upon chromium). Orange

crystalline needles were obtained from THF/heptane.
Characterization Data for 12: *H NMR (399.78 MHz, CQCl,,
25°C) 0 —0.28 (s, 3 H, GaCh), 7.61-7.79 [m, 20 H, (PhAsY)];
1C{'H} NMR (100.54 MHz, CRCl,, 25°C) 6 —0.1 (GaCH), 120.7
(CAs), 131.7 (+Ph), 133.3¢-Ph), 135.36-Ph), 211 and 217 (CrCO);
IR (THF, cnmY) »(CO) = 1994 (m), 1982 (m), 1958 (m), 1912 (m,
sh), 1880 (vs, sh), 1856 (vs). Anal. Calc foed843As,Cr.Galio
(found): C, 57.35 (56.5); H, 3.5 (3.5); Cr, 8.4 (8.2); Ga, 5.6 (5.9).
Synthesis of Bis[bis(triphenylphosphoranylidene)ammonium]
{(Ethylgallio)bis[pentacarbonylchromate], {[(CO)sCr] .Ga(CH.CH3)} -
[PPN]2.
described for compount2, with the only difference of using 170 mg
(2 mmol) of CbGaEt. Yield: 1.42 g (91% based on chromium).
Characterization Data for 13: 'H NMR (270.16 MHz, CQCl,,
25°C) 6 —0.41 (q, 2 H, GaCh), 0.83 (t, 3 H, CHCHg), 7.24-7.63
(m, 30 H, (PRP:N); 13C{H} NMR (67.9 MHz, CQCl,, 25 °C) 6

Synthesis and workup followed the same procedure as

carbonylmetalate is of crucial importance for the course of these
reactions. K[Fe(CO)] and CbGa[(CH;)sNMe] react to give

the intermediate specied KCOuFe—Ga[(CH)sNMey](Cl)} (2-

K), which is clearly identified by the(CO) IR spectrum that
shows similar absorptions as the corresponding PPN 2salt
Without the exchange of the potassium cation but rather on
replacing the polar coordinating solvent THF by toluene, the
second equivalent of KCl is eliminated from the intermediate
2-K and the neutral tetranuclear complgCO)FeGa[(CH)s-
NMeg]} is obtained® This compound can be viewed as the
dimerization product of the presumably unstable and still
unknown “gallylene” complex (CQFe=Ga[(CH,)sNMe;].
This formal dimerization can be blocked by introduction of
the sterically very demanding 1,1-bis(trimethylsilyl)-3-(di-
methylamino)propyl ligant$-23at the gallium center. The pres-

(23) Schulte, M. M.; Fischer, R. Al. Chem. Soc., Chem. Comma@94
2609-2610.
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Figure 1. (a, b) IR spectra in the region 208Q500 cnt™. (c—h) IR spectra in the region 216A700 cnt™. Markers indicate 100 cn separation.
Key: (a)6-K; (b) 6; (c) 1-K; (d) 1; (e) 8a-K; (f) 8a; (g) 7-K; (h) 7 . All spectra were recorded as thin films of THF solutions between, @kftes,
except spectrum f, which was run in @El,. (The supposed primary products, the potassium salts of the complex anions, are denoted as No-K.)

ence of the anionic specid$(CO)sFe—Ga[C(TMS)(CHy)2- reaction is in accordance with the general instability g¥ik-
NMeZ](C)}K in THF solution was suggested by the IR GaR. compoundg,exhibiting three coordinated gallium centers
spectrum, but the compound did not eliminate KCI upon solvent and sterically less demanding alkyl groups. To date, the only
exchange as it is observed K. Also, the steric requirements  base-free dialkylgallium transition metal compounds which have
of the transition metal fragment do play a decisive role. The been isolated in a pure form and were thoroughly characterized
reaction of K[Cr(CO)s] with Cl.Ga[(CH;)sNMe;] stops at the by single-crystal X-ray diffraction studies amg*CsHs)(CO)s-
stage of monosubstitutiod), The different steric requirements WGaMe,?® (#°-CsHs)(CORFeGaBu,,%” cis[(Cy,PCH,CHx-

of a Cr(CO} compared to a Fe(C@jnoiety in transition metal ~ PCy)('BUCH,)]PtGa(CH'Bu), (Cy = cyclohexyl)?® and
group 13 chemistry are also nicely shown by the molecular [(CO)4Co].Ga(2,4,6BusCsH>).6 Alternatively, but less selec-
structures of (COxCr—TI—Cr(CO)} ~ 12and{ (COuFe—TI— tively, the reaction of GlGaR (R= Me, Et) with 2 equiv of
Fe(CO)} .2 The iron system is associated in the solid state divalent carbonylmetalates results in the formatiod bé—13,

via TI—TI interactions, while the chromium complex is mon- too. Interestingly, with GaGland 2 equiv of the respective

omeric. With the nitrosyl derivative [(NO)(C@NIn]>~ how- carbonylmetalate, the corresponding chloro complexes
ever, which is formally isoelectronic to [(C¢PeE, only the {[(CO)M] 2(u-GaCl} 2~ have not been obtained so far.
monosubstituted gallium complé¥NO)(COxMn—Ga[(CH,)s- We also tried to isolate compounds of the tyfpeCO)M] -

NMe;](Bu)} ~ (6) is obtained (Figure 1). This latter resultisa GaCk-n}'2™ 3~ (m = 1, 2, 3), but up to now we were only
consequence of the diminished nucleophilicity at the metal successful fom= 1. In the latter case we isolated compounds
center caused by the stromgaccepting nitrosyl substitueft. for which analytical data are consistant with the base-free (e.g.
The remaining halide functionality df(CO)}Cr—Ga[(CH,)s- THF free) formulas [(CQFeGaC)(PPN) (7) and [(CO}-
NMe,]J(CI)}~ (4) can be removed with TI[Rfas TICI. The CrGaCh](PhyP) (B8d). With coordinating counterions, e.g.
resulting red oily product consists of neutral species which were potassium, [(CQJCrGaC}][K(THF)] (8b) was obtained (exactly
identified on the basis of their IR(CO) patterns. NMR data  one molecule of THF by elemental analysis). In a similar
(toluenedg) for the product reveal only a single signal pattern manner the mixed alkyl chloro compounds [(GB§Ga(Cl)-

for the alkylamine ligand. Thus the gallium center seems to (R)](PPN) (R= Me, Et) (9, 10) could also be isolated. These
have no chiral ligand sphere any more. But an unambiguous compounds do not split off GaR This behavior can be
clear identification of the product could not be achieved. Single explained with the formation of tetranuclear dianionic interme-
electron oxidation occurs in the case{d€O)Cr—Ga[(CH)s- diates (Scheme 2), analogous to the known neutral congeners,
NMe](‘Bu)} ~ (3) when treated with T, Ag*, and F¢ to give from which only those species with twice alkylated gallium
deep red THF solutions containing paramagnetic compoundscenters could split off trialkylgallium leading to formation of

which we are currently investigating. “inidene” complexes.

(Organo)gallium halidesvithout intramolecular adduct sta- The structure of the solvent-free compourfdslOwould be
bilization behave differently when treated with divalent carbo- interesting, but so far we were not lucky to obtain suitable single
nylmetalates. The methyl and ethyl analogs Dfand 4, crystals. In the solid state, the anionic parts of the complex

[(CO)M]Ga(RY(THF)]~, which we could not isolate from the  salts are likely to be associated via the Ga atom (for the iron
reaction mixtures, split off Gafguite rapidly, which species

were recovered as their THF adducts, to yield the dianionic (26) 8;2‘;:"159737 ’\izg?liﬂelrsw Glick, M. D.; Oliver, J. B. Organomet.
gallium complexesllab, 12, and 13. The course of this  (57) fie X Bartlett, R. A.; Power, P. Rrganometallic1994 13, 548
552.

(24) Cassidy, J. M.; Whitmire, K. Hnorg. Chem1989 28, 1435-1439. (28) Fischer, R. A.; Kaesz, H. D.; Khan, S. |.;"Ner, H.-J.Inorg. Chem.
(25) Darensbourg, M. YProg. Inorg. Chem1985 33, 221-274. 199Q 29, 1601-1602.
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Scheme 2. Proposed Dianionic Dimeric Structufes
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stable; with R = R? = alkyl they are not and split off trialkylgallium.

compounds) or Cl bridges (for the chromium compounds)
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Figure 2. 'H NMR spectra o8 (CD.Cl,) in the alkyl region at variable
temperatures. The weak signals at 0.3, 0.83, 1.0, 1.1, and 2.42 ppm
are caused by the slow decomposition of the compound in the solvent.

monoanionic molybdenum and tungsten compounds [(RIG)
Ga(R)(R)]™ (R = R2 = CI; R! = CIl, R? = Me, Et) could
also prepared (identification on the basis of IR data) but were
not isolated.

The potassium saBlb is the key compound to a new class
of gallium(l) transition metal complexes. Treatment of this salt
with dichloromethane leads to the elimination of the remaining
equivalent of KCI yielding the neutral species (GO)GacCl-
(THF),, formally described as a €rcomplex of G&CI,31.32

because of the favored tetracoordination of gallium. The gimjlar to the polymeric [(CQCrINCI(THF)L.3% In solution
situation in solution is discussed later on. So these compoundsthe compounds are very air and moisture sensitive; in@H

should be better formulated as dianionic dimgfCO),M—
Ga(R)(RY]2}% (R = R?= Cl or Rt = ClI, R? = alkyl).
Reaction of [(COJCr]>~ with 2 equiv of donor-stabilized
dialkylgallium chlorides CIGa[(Ck3NMe;](R) (R = Me, 'Bu)
results in the formation of the monoanionic compouBdmd
5. The digallylated neutral species like (CGB& Ga[(CH)s-
NMe;](R)}2 (R = 'Bu, Ph}” were not formed. We attribute
this result to the diminished nucleophilicity of the monoanionic
intermediates3-K to 5-K). Therefore, a second substitution
reaction is unlikely, similar to the system [NO(G®IN]2~. A
digallylation of the divalent chromium anion would give a

they decompose slowly. For this reason it is very difficult or
even impossible to obtain perfectly clean NMR spectra of these
compounds (Figure 2). Samples dissolved in,CB should

be frozen until starting the NMR measurements. The solid
compounds can be handled in air for a few minutes. In general,
the iron compounds were more sensitive than the chromium
systems.

B. Spectroscopic Characterization. IR¢(CO)) Spectra:
(Figure 1). For the manganese compoufidsignificant ion-
pairing effects were observed upon the exchange of the cation.
The iron and chromium compounds may exhibit such effects,

heptacoordinated chromium center, which however is not at but the changes of the(CO)-absorption frequencies and/or

all an unlikely species.
[(CO)4Cr]*~ reacts with 3 equiv of P§$nCl to form the anionic
product [(CO)Cr(SnPh)s]~,2° which reveals a seven coordi-

For example the “super”-reduced signal patterns in the course of the salt metathesis are much

weaker. The ion-pairing effects for compouBidvere however
considerablé® IR data for the reaction solution exhibit for

nated chromium center. Also octacoordinated carbonylmetalate(NO) one absorption at 1565 cthand three/(CO) absorptions

species are known, e.g. (GV)AuPPh)s3, which is formed in
the reaction of [(CQ)]3~ with the very strong electrophile
CIAu(PPh). This structure is supported by the formation of
Au—Au bonds resulting in a VAgtetrahedror® From these

at 1939, 1865, and 1826 crhfor the 2A + A" bands for local

Cs symmetry and ais configuration of the NO and gallium
ligand (Figure 1a). After the exchange of the potassium cation
with the noncoordinating cations PPhev(NO) band shifted

comparisons, it is evident that the important fact is the number to 1598 cm! whereas they(CO) bands were observed at

of -acidic ligands (CO, NO) at the d-metal vs its total charge,

somewhat lower wavenumbers (1932, 1847, and 1812%cm

which controls the nucleophilicity at the metal center and thus Figure 1b). This may indicate that the potassium cation was
the general reactivity toward organogallium chlorides. It has weakly bonded to the nitrosyl group. The #RCO) of the iron

to be pointed out that a diminished nucleophilicity at the

compoundd and2 and of the chromium compoun@s-5 reveal

transition metal results in an increased tendency to form the typical 2A + E pattern for LM(CO) and LM(CO})

isocarbonyl structures MCO—Ga2®> In the course of the

complexes with locaCs symmetry (Figure 1c,d). The E bands

syntheses of the neutral Ga(l) transition metal complexes are split. The IR spectra of the chloride-substituted compounds

(CORM—E(R)(tmeda) (R= ClI, alkyl)®%3? the analogues

(29) Lin, J. T.; Hagen, G. P.; Ellis, J. Brganometallicsl984 3, 1288—
1292.

(30) Ellis, J. E.; Palazzotto, M. . Am. Chem. Sod.976 98, 8264.

(31) Schulte, M. M.; Herdtweck, E.; Raudaschl-Sieber, G.; Fischer, R. A.
Angew. Chem1996 108 489-491; Angew. Chem., Int. Ed. Engl.
1996 35, 424-426.

(32) Schulte, M. M. Dissertation, Technische Univéitsithinchen, 1996.

2 and4 show a change in position of the @) and the E bands
in comparison to the alkylated systems 3, and 5. This
documents the higher Lewis acidity of the GaCI(R) moiety and
corresponds well with the IR data of the related neutral
compounds (which exhibit higher wavenumbers). For the

(33) Behrens, H.; Moll, M.; Sixtus, E.; Thiele, &@. Naturforsch.1977,
32h, 1109-1113.
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dichloro derivatives and8a,bthis trend is rather drastic, with CD,Cl,

a significant shift ofy(CO) to higher wavenumbers (for the -~

chromium compoun8&a,b the Ay(e) bands remain nearly in the | wm ! |

same positions; only the shift for the E bands is remarkable, |

Figure 1e,f).
The situation for the FeGa specig®, and10is very similar, t J | \

and the IR spectra (THF) of the reaction mixtures show the

expected four(CO) absorptions for ais-(COuFel, fragment, l

whereas the IR spectrum (GEl,) of the isolated compounds i

(after salt metatheses) reveals only thi€€0O) absorptions

(Figure 1g,h). This change of the signal patterns could be

explained either by ion-pairing effects of the potassium cation A i b -

with the carbonyls or with solvent effects (THF vs &) LU 1., ) 203K

combined with an accidentally close position of the absorption e a0 20

signals. Regarding the above mentioned neutral tetranuclearFigure 3. 13C NMR spectra 0B (CD-Cly) in the alkyl region at variable

FeGa compounds we assume a tetranuclear structurg\j@h- temperatures.

(CN(R)]-bridged Fe(CQ) moieties as the most probable.

Compared with [(COJFeGa(GHs)(THF)]2, the corresponding . pattern for the diastereotopic protons develops. The temperature

dianionic dimeric structures could "?‘ISO be viewed as Lewis dependency of the adduct ring fuxionality was studied in detail
adducts of two chloride ions (replacing the THF molecule) to ¢, compounds{ (COxCr—Ga[(CH)sNMes](R)} ~ (3, R =
the neutral species [(C@heGa(R)}. Bu; 4, R=CI; 5, R= Me). The enthalpy of activation for the

In the case of the related chromium compouBds such — j,yersion at the nitrogen center upon ring opening is a sensitive
structural features would lead to heptacoordinated chromium i gicator for the steric and electronic situation at the gallium

centers. Due to the mentioned decrease in nucleophilicity of & canter. The free enthalpies of activatia*+ were calculated
M(CO)s moiety compared with a M(CQ)we rather tend 0 ,qjng the formuldeoa = 77(1/v/2)Av and the Eyring equatiot.

formulate Cl-bridged dimeric structures with a still hexacoor-  geca 56 the signals for the diastereotopic methyl groups in the
dinated chromium. A.ddltlonally, on the basis of the IR data a 13C NMR spectra were sharper and the separation of the peaks
for_ce constant a_naIyS|s for the (_)ctahedral (gMD)_com_pIexes was better, compared to th#d NMR data, the activation
using ‘t‘t‘; classical “CottorKraihanzel” approximation was parameters were calculated from € NMR data. For the
made? In general_the Ga fragments seem 10 pehave as sterically most crowded compoung, the temperature of
strongo-donors revealing also someacceptor capability?32 coalescence was 251 K ardG* o5 = 48.1 (-0.2) kJ mot™.
To explain ther-acceptor properties, the electron back-donation Within the accessible temperature range (freB0 to-+40°C
i * — H H )
into emptyo*(Ga—X) orbitals has to be taken into account.  cp, o)y the characteristic signal pattern for diastereotopic
Dynamic NMR Studies. The NMR data for the hydrocarpo_n- protons was observed for compoudd This shows, thaTcoa
free compound3 and8a.ensure that no traces of any remaining ot 4 s at least greater tha40 °C, the boiling point of the
solvent, e.g. T_HF, are included in the crys_tals. As me_ntloned solvent. With the approximatiofies > 313 K and a signal
above,8b eliminates KCI when treaFed with GOl to give separation about 100 Hz for tié-methyl carbon signals, as
soluble (CO3CrGa(CI)(THF) and, besides KCl, some insoluble  (coad fo and5, AG*1a Of compounds is estimated to
CrGa species (elemental analysis). Those species becomge apave 60 kJ mol. This finding agrees nicely with the
.‘C’OIUb.Ie on adding stoichiometric amounts of THF and were increased Lewis-acidity of the Ga centerdo€ompared to the
identified as (CO§CrG_a(CI)(TH_F)Z (for details see ref 31). alkyl derivatives3 and5. The value 0fAG* 51 = 55.6 (0.2)
Compoundd—6, which contain a Ga[(ChJsNMe;] fragment, 311611 optained fors, which is sterically less crowded than
provide the opportunity to study the dynamics of the Lewis acid/ 3, fits well into this picture.

base adduct in solution by variation of the remaining substituents Within the series GaCk GaMe > GaBU the Ga-N bond

at the gallium center. For the chioride comple2eand4 the weakens significantly. The coalescence phenomena did not
(dimethylamino)propy! ligand is N-coordinated to the gallium depend on the concentration of the gallium species (0001

atom, even at room temperature, which results in a five- | L-1). Thi | tint | | h
membered heterocycle exhibiting a chiral gallium center. This mol L. )- IS rules out Intermolecular exchange processes.
Most interestingly, the neutral congeners3f5, (COxMn—

is clearly indicated by the doubling of the signal pattern. All .

: : : Ga[(CH)sNMe;](R),2 show the very same behavior but at
t t llasth thyl _ g

ring protons are now diastereotopic as well as the methy! Carbonsomewhat higher temperatures+50 °C). From this it can

atoms. The N-CHjz groups are also diasterotopic, exhibiting b luded that th i h t the t iti al
two singlets in théH NMR spectra. The chirality of the gallium € concluded that the negative cnarge at the transition meta
fragment has some important electrostatic effect, since the

center also implies that a fourth substituent different from X

chloride is bondF()ed at the gallium, which has to be the transition fragments [(COJCr]™ and (CO3Mn are isolobal.

metal. C. Structure and Bonding of 11a. The molecular structure
The situation is more complex for the twice alkylated systems Of the organometallic dianionic part ¢f(CO).FeLGa(CH)}-

1,3, 5 and6. H and 3C NMR spectra were measured at [PPNL (118 in the solid state is shown in Figure 4 (the

various temperatures (Figures 2 and 3). At room temperature counterions have been omitted for clarity). Selected bond

the proton NMR exhibits only a simple signal pattern. On !engths and angles are compiled in Table 2. Two slightly

cooling of the sample te-60 °C, the signals split and the typical ~ distorted trigonal pyramidally configurated (G units are

bridged by a Ga(Ck) moiety. For the structure solution and

(34) Cotton, F. A.; Kraihanzel, C. S. Am. Chem. S0d.962 84, 4432- refinement a crystallograph(@, symmetry ofl lawas assumed,

4439. with the Ga(CH) unit on theC; axis. This is, from a puristic
(35) Kraihanzel, C. S.; Cotton, F. Anorg. Chem.1963 2, 533-540.
(36) Cotton, F. Alnorg. Chem.1964 3, 702-711.

(37) Davies, M. S.; Pierens, R. K.; Aroney, M. Jl. Organomet. Chem. (38) Friebolin, H. in One- and Two-Dimensional NMR Spectroscopy; VCH

1993 458 141-146. Verlagsgesellschaft: Weinheim, Germany, 1988; pp-22a8.

ol | 273 K

b }le A




Anionic Ga Complexes of Cr, Fe, and Mn Inorganic Chemistry, Vol. 36, No. 10, 1992017

03 , tions for “inidene” complexes exhibiting a three-centéur-
electron bonded ME—M core. In addition to this, intense
c3 absorption bands in the electron spectra are characteristic

features for such bonding situations. But like other known
anionic“inidene” complexes]llashows no intense absorptions
\ in the visible region of the electronic spectra. The-lga
02 o W \ distance of 241.58(6) pm is not significantly shortened compared
' to o(Fe—Ga) bonds which range around 2430) pm. A rather
short Fe-Ga bond of 236.18(3) pm was found for Cp(GBE9—
GaCh[N(CH3)3].2 Transition metal gallium single bonds gener-
ally vary over a long range depending on the substituents at
7N both metal centers. Compare, for example, (§80)-Ga(CH-
= Bu)(THF)! of 257.83(4) pm with (MgP)(COxCo—GaCh-
Figure 4. Structure of the complex anion of compoutda, in the (NMes) of 234.2(1) pnt3 On the other hand, a,Ee=GaR
crystal._The countercations (PPN) an_d_ the hydrogen atoms are omittedggyble-bonded system has not been reported to date, which one
for clarity (ORTEP plot, 50% probability). could use to compare with the F&a bond oflla The Fe-
Ga bond length of [(THF)(&H3)GaFe(CQOj]2,'® which repre-
sents the structurally closest congenet b amounts to 251(1)
pm, which is in fact 10 pm longer than the valueldfa But
this compound contains a tetracoordinated gallium center, which
explains the longer bond. In conclusion, the structural features
of 11ado not allow us to assign a significantF&a multiple-
bonding contribution.

It still remains thatLl1lashows no Lewis acidity at the gallium
center, which fact cannot be explained by steric arguments as
was clearly shown by comparison with other closely related

similar to other compou?ds of the type (GB-X, i.e.  gystems exhibiting tetracoordinate gallium centers and isolobal
[(CO)CoLGal(CH)sNEL]." The equatorial carbonyl substit-  ¢ransition metal fragments. Typical “inidene” complexes with
uents show the so-called umbrella effect. For example, the angle

- ad some M-E multibonding characteristics, however, exhibit a
C1-Fe-Ga of 75.85(13) is rather small and similar to other | a\vis acidic bridging main group element. Apparentlya

smaltl angles found for relatenil compounds, e.g. (C0) Ga- represents a special case. The (§%@)fragments ofl1laare
(CHA'Bu)(THF) with 76.4(1]." Compoundllaadds to the  gomewhat negatively polarized, as it is evident fromitf@0)

rare examples of transition metal gallium complexes which |r gata and by comparison with the complexiesind 2 for
exhibit a tricoordinate (organo)gallium center RGatR = example. The overall charge dlais comparably high. This
alkyl, aryl) mentioned earlier. Generally complexes of the type 5y give rise to an electrostatic repulsion with the dipolar
(LaM)sGaRs-a (@ = 1, 2) must be stabilized either by bulky  oment of an incoming Lewis base, thus giving rise to some
alkyl or aryl substituents or by Lewis base adduct formation at 4iyation barrier for the Lewis adduct formation. The negative

the gallium center (kM).GaRs—a(DO) (DO_: Le\gvis donor  charging may be regarded as a kind of protection technique to
ligand). The complex [(CQEoL.Ga(Ar) (Ar = 2,4,6BuCsHy), achieve low-coordinated Ga centers without sterically very

which is isoelectronic td 1a represents a prominent example.  jemanding shielding substituents, as it is necessary for neutral
Otherwise fast symmetrization into{\1)sGa and GaRoccurs! complexes.

The interesting fact is thdtladoes not add a base ligand, such

as tetrahydrofuran or amine donors like N(§4tnd NGH;3 Conclusions

(quinuclidine), although exhibiting a sterically less demanding o B ) ) )

small CH; group at the gallium atom. In this respédta (and Anionic transition metal gallium complexes of chromium, iron

also the Cr-congenet?) differs from closely related gallium and manganese were obtained from the interaction of transition

transition metal carbonyl complexes exhibiting a tetra- or Metal carbonyl dianions with (organo)gallium chlorides. The

pentacoordinated Ga center: [(GI) :Ga[(CHy)sN(CHa)2] (M diminished Lewis acidity of gallium center ib—13is mainly

= Mn, Co; n = 5,4/ and [(THF)(GH3)GaFe(CO)],.15 explained by electrostatic protection. This latter effect opens
As a consequence of the crystallograpBicsymmetry, the ~ UP Néw ways of studying the MGa bond in such compounds

atoms Fel, FeGa, and C are coplanar. However, the angle without the necessity of sten_c shielding. For examp_le, the

Fel-Ga—Fel of 135.36(3) is considerably different from the ~ replacement of the Cisubstituents oflla,b or 12 with

ideal value of 120 for an trigonal planar arrangement (other 7-accepting orz-donating groups without losing the three-
[L.M].GaR complexes, see examples above, exhibit ang|escoord|nate structure should give rise to interesting intramolecular

M—Ga—M close to 120). But this angle is rather similar to charge transfer phenomena, which clearly warrant further

point of view, however not correct, because of the positions of
the hydrogen substituents at the carbon atom, which are
incompatible with the assumed crystallograpBicsymmetry.
Attempts to resolve the disorder of the hydrogen positions of
the CH; group did not improve the quality of the refined data.
Some shortening of the calculated-&@ bond could however
be expected by this disorder, but the-&2 bond distance of
202.1(5) pm is quite norm&i*°

The coordination geometry of the (CfE fragments are

the typical values around 1%dor so-called transition metal ~ Investigations.
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