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Reactions of Elemental Indium and Indium(l) Bromide with Nickel —Bromine Bonds:
Structure of (5°-CsHs)(PhsP)Ni—InBr ;(O=PPhy)*
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D-85747 Garching, Germany
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The reactions of elemental indium andBnwith the carbonyl-free organonickel complex&8-CsHs)(PRs)Ni—

Br (R = CHa, C¢Hs) have been studied in some detail. Either redox reactions to yield the ionic prodgfets [(
CsHs)(PRs)2Ni][INBr 4] (2a,b) occurred or the NiIn bound systems;f-CsHs)(PPR)Ni—InBro(OPPh) (3a) and
[(°-CsHs)(PPR)NIi]2InBr (4) were obtained in good yields. The new compounds were characterized by elemental
analysis, NMR, and mass spectrometry. A shortMibond of 244.65(9) pm was found f8a. Single crystal

data for (5-CsHs)(PPR)Ni—InBry(OPPR)-THF (3a): triclinic, P1 witha = 1124.9(3)p = 1353.2(4)c = 1476.4-

(4) pm, o = 94.74(2), 8 = 101.78(2), y = 109.64(1y, V = 2044(1)x 1¥ pm?, Z=2,R= 0.053 Ry =

0.063).

Introduction

Transition metal indium compounds have been studied in the

past starting with W. Hieber’s early work on In[Co(CR} in
1942 up to the present with N. C. Norman’s contributions,
namely, on group-6 indium complexes, e.9;2{CsHs)(CO%M] -
INX3-n(L) (M = Cr, Mo, W; n = 2, 3; L = THF, py or other
Lewis donorsf® Almost all known systems of the type
(LmM)nInX3-p, which can be viewed as derivatives of trimeth-
ylindium or indiumtrihalides, exhibitarbonyltransition metal
fragments. Rather few compounds exist which do not carry
carbonyl ligands at the transition metal center, only two of which
have been structurally characterizedaner{[(CH3)3P]3(H)-
(CaHs)Ir—In(CzHs)2} 12 and cis-{ (Cy.PCHCHPCy)[(CHa)s-
SiCH,]Pt—In[CH,Si(CHs)3]2} (Cy = cyclo-GHip).1t Some
early reports of Mays and Hsi&ht2and Chatt et al* do exist
also, claiming the compounds @B)LPt(INCh)2, [(EtsP):(p-
MeOGH4NC)PtInCI;][CIO 4], trans[Pt(INCL)(SiPhs)(PMe-
Ph)], and (PRP)Au—InCl; on the basis of elemental analysis

T Part XllI of the series Organometallic Group-13 Metal Complexes of
d-Block Elements; for part XllI, see ref 31.
® Abstract published irAdvance ACS Abstractsyovember 15, 1995.
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and IRv(In—Cl) data only. The structure of a novel Aln
cluster compound was recently reported by Galdtaallb
These compounds were synthesized either by the formal
insertion of low-valent indium halides into transition metal
halide bonds and metal metal bonds or by a formal oxidative
addition of indium carbon bonds to coordinatively unsaturated
transition metal fragments. The otherwise widely used salt
elimination reaction between anionic transition metal nucleo-
philes and indium halides cannot be employed in these cases
(Scheme 1), because of the lack of suitable “carbonyl-free”
transition metal nucleophiles.

Our interest in the transition metal indium chemistry origi-
nates from the potential of heteronuclear organometallics
containing certain combinations of transition metals and group-
13 metals to serve as “single source” precursors for organo-
metallic chemical vapor deposition (OMCVD) witermetallic
thin films. Recently, we have reported on the synthesis and
structural properties of the first examples of volatile organoin-
dium transition metal carbonylate compounds and their use in
OMCVD to deposit Niln and Coln phasés!® Aiming at new
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and carbonyl-free precursors for indium alloys of the late toluene and tetrahydrofuran. From these crude product, dark green
transition metals, e.g., Niln, Bin, and Auln, we had been led  single crystals oBa could be obtained by slow solvent diffusion-(

to investigate the reactivity of elemental indium and low valent heptane) from the solvent mixture dic_hIoromethane/tetrahydrofman/
indium halides with organonickel complexes. heptane (10:1:10 volume parts). Yield: 0.88 g, 87% based upon

indium.
Characterization Data of 3a *H NMR (399.75 MHz, GDs,

25°C): 0 =5.19 (s; 5 H, Cp), 6.98 (m; 20 H, P{8s)3), 7.68 (m; 10

All manipulations were undertaken utilizing standard Schlenk and H: P(GHs)3). {*H}*P NMR (161.9 MHz, €Dg, 25°C): 6 = 36.0 (s;

Experimental Section

glovebox techniques under inert gas atmosphere (purifieaf Brgon). INOP), 48.5 (s; NiP). Anal. Calcd for &Hs:BranNiOP,: C, 52.45;
Solvents were dried under,Nby standard methods and stored over 3'7.6' Br, 17'-02* I, 12"23' Ni, 6'?5'_Ov 1'7.0' P, 6:60' Found: C,
molecular sieves (4 A, Merck; residual wate3 ppm HO, Karl- 51.55; H, 3.95; Br, 17.05; In, 11.09; Ni, 6.10; O, 3.3; P, 5.79.

Fischer). JEOL JNM-GX400 and JNM-GX270 spectrometer were used ~ Synthesis of Cp(PPENi—InBr (PPh) (3b). A 0.5 g (1.073 mmol)
for NMR spectroscopy. *H- and 3C-NMR spectra were referenced s_ample of Cp(PP)NIiBr, 0.21 g (1.073 mmol) of freshly sublimed and
to internal solvent and corrected to TMS.) Allalues are reported in  finely powdered ItBr and 0.28 g (1.073 mmol) of PEvere suspended
Hz (hertz). All samples for NMR spectra were contained in vacuum- N @ mixture of 20 mL of toluene and 2 mL of tetrahyFirofuran and
sealed NMR tubes. Mass spectra were recorded with a Finnigan Stirred for 12 h at room temperature. The color of the mixture changed
MAT90 instrument (FD spectrajn/zvalues are reported féPNi and within this time from dark wine red to dark green. The reaction mixture
115y, normal isotope distribution observed. Melting points were Was filtered, solvent was removgd in vacuo, and the residue was wz_:lshed
observed in sealed capillaries and are not corrected. The startingWith toluene and n-pentane. Yield: 0.89 g, 90% based upon indium.
compounds I1Br'” and Cp(PRNi—Br (1ab)!® were prepared as Characterization Data of 3b. 'H NMR (399.75 MHz, GDs, 25
described in the literature. Abbreviations are as follows: -€g®- °C): 6 =5.21(s; 5 H, Cp), 7.47 (m; 30 H, P{Bs)3). {*H}*P NMR
CsHs, Me = CHs, Ph= C¢Hs). Elemental analyses were provided (161.9 MHz, CDCly, 25°C): 6 = 37.1(s; InP), 49.5 (s; NiP). Anal.
by the Microanalytic Laboratory of the Technical University at gg'fd for GiHasBr2InNiP2: C, 53.35; H, 3.82. Found: C, 51.89; H,
Munich. IL

Syntheses of [Cp(PPR:Ni][INBr 4] (2a). A 1.0-g (2.15 mmol) Synthesis of Cp(PPb)Ni—InBrz(NC7H13) (3c). Compound3cwas
sample of Cp(PPJNiBr and 0.42 g (2.15 mmol) of freshly sublimed synthesized accordlr_lg to the above procedures from a0.5-g (2.07 mmol)
and finely powdered IBr were suspended in 30 mL of dichloromethane ~ Sample of Cp(PRINiBr, 0.21 g (1.07 mmol) of freshly sublimed and
and stirred 12 h at room temperature. The color of the mixture changed finely powdered IfBr, and 0.12 g (1.07 mmol) of quinuclidine.
within this time from dark wine red to dark redorown. The reaction Yield: 0.67 g, 80% based upon indium.
mixture was filtered and the solvent was removed in vacuo. Dark  Characterization Data of 3c. {*H}*'P NMR (161.9 MHz, C>
brown crystals oRa could be obtained by slow solvent diffusion ( Clz, 25°C): 6 = 45.6 (s; NiP).
pentane) from the solvent mixture dichloromethareéntane (1:3 Syntheses of [Cp(PPYNI]InBr (4). A 0.5-g (1.073 mmol) sample
volume parts). Yield: 0.64 g, 27.5% based upon indium. of Cp(PPR)NiBr and 0.62 g (5,38 mmol) of finely powdered Indium

Characterization Data of 2a. 'H NMR (399.75 MHz, CDCJ, 25 were suspended in a mixture of 10 mL of diethyl ether and 10 mL of
°C): & = 5.19 (s; 5 H, Cp), 7.32 (m; 30 H, P{B:);). °C NMR tetrahydrofuran and stirred for 3 days at room temperature. Within

(100.5 MHz, CDC}, 25°C): 6 = 98.1 (t;"J(C, Hring = 1.65 Hz, Cp), this time the color of the reaction mixture changed from red violet to
129.0 (£"J(C, P)= 5.51 Hz, P(GHs)s), 130.2 (d;"J(C, P)= 25.34 dark orange brown. The reaction mixture was filtered and the solvent
Hz, P(GHs)s), 130.5 (d;"J(C, P)= 25.34 Hz, P(GHs)3), 131.4 (m; was removed in vacuo. Dark brown crystals4o€ould be obtained

P(GHs)s), 133.6 (;"J(C, P) = 5.51 Hz, P(GHs)3). {H}*P NMR by slow solvent diffusionr-pentane) using the solvent mixture toluene/
(161.9 MHz, CDCY4, 25°C): = 37.2 (s; NiP). FD-MS:m/z(rel int) tetrahydrofuram—pentane (1:1:4 volume parts). Yield: 0.5 g, 48.2%
= 647 [CpNi(PPh),", 59], 582 [Ni(PPk),", 17], 385 [CpNi(PPk*, based upon nickel.

100]. Anal. Calcd for GiHzsBranNiP,: C, 45.48; H, 3.26; Br, 29.52; Characterization Data of 4. *H NMR (399.75 MHz, GDs, 25

In, 10.60; Ni, 5.42; P, 5.72. Found: C, 45.12; H, 3.42; Br, 29.40; In, “C): 6 =4.46 (s; 5 H, Cp), 6.84 (m; 20 H, P{Hs)s), 7.49 (m; 10 H,
11.5: Ni, 6.52; P, 6.65. P(GsHs)s). {*H}3P NMR (161.9 MHz, GDs, 25 °C): 6 = 43.8 (s;

Syntheses of [Cp(PMe):Ni][InBr 4] (2b). A 0.5 g (1.79 mmol) NiP). Anal._Cach for GeHaoBrInNizP,: C, 57.14; H, 4.17; Br, 8.26;
sample of Cp(PMgNiBr and 0.35 g (1.79 mmol) of freshly sublimed !N, 11.88; Ni, 12.14; P, 6.41. Found: C, 56.11; H, 4.15; Br, 9.1, In,
and finely powdered I8r were suspended in 20 mL of dichloromethane 11.5; Ni, 12.22; P, 5.43. o )
and stirred for 7 days at room temperature. The color of the mixture _ X-ray Structure Determination of (#°-CsHs)(PPhg)Ni—InBr »-
changed within this time from intensively red violet to dark brown. (OPPhs) (3a). Crystals of the compounga were grown by slow
The reaction mixture was filtered and the solvent was removed in vacuo. Selvent diffusion techniques from toluenggentane/tetrahydrofuran
This crude product was first recrystallized from dichloromethane/ ~ Mixtures at room temperature. Preliminary examination and data
pentane and then purified by slow solvent diffusion from the solvent collection were carried out on an Enraf-Nonius CAD4 diffractometer.

mixture dichloromethane/pentane (1:3 volume parts). Yield: 0.22  Final cell constants were obtained by least-squares refinements of 25
g, 17% based upon indium. automatically centered high-angle reflections 48.20 < 48.4 with

Characterization Data of 2b. *H NMR (250 MHz, CDC}, 25 the programs “SET4” and CELDIM® During data collection,
°C): & = 1.56 (d: 3.2 Hz, P(CH}s), 1.59 (d; 5.4 Hz, P(CH:), 5.43 orientation control reflections were monitored every 100th, and the

(s; 5 H, Cp). *C NMR (62.0 MHz, CDC}, 25 °C): o = 36.9 (s; inten§ity of .three reﬂeptions were checked every 3500 S. erstal data
P(CH)s), 87.9 (s; Cp).{*H}*P NMR (101.0 MHz, CDG, 25°C): 6 anq intensity coIIectlon_ para_lmeters together with (_jetalls of the
= —4.5(s; NiP). Anal. Calcd for GH,3BranNiPz C, 18.60; H, 3.26. refinement are summarized in Table 1. The reflection data were
Found: C, 18.58; H, 2.87. corrected for Lorentz and polarization factors. During 113.1 h of

Synthesis of Cp(PPE)Ni—InBr (OPPhy) (3a). A 0.5-g (1,073 exposure the thre_e control r_eflections lost 1.8% of th(_eir intensity. An
mmol) sample of Cp(PRJNiBr, 0.21 g (1.073 mmol) of freshly empmcgl absorption correction v_vas_made on the bas?ﬁrstan _data. ‘
sublimed and finely powdered 'Br, and 0.3 g (1.073 mmol) of Corrections for decay and/or extmc_tlon were not applied. Anisotropic
O—=PPh were suspended in a mixture of 20 mL of toluene and 2 mL temperature parameters were applied for all non-hydrogen_ atoms. The
of tetrahydrofuran and stirred for 12 h at room temperature. The color 3> Nydrogen atoms of the compl@e were found in the difference
of the mixture changed within this time from dark wine red to green. Fourier synthesis and were refined freely. The eight hydrogen positions

The solvent was removed in vacuo and the residue was washed with®f the tetrahydrofuran solvent molecule were placed in ideal geometry
and were included into the structure refinement with isotropic temper-

ature factors but not refined. Full-matrix least-squares refinements were
carried out by minimizingEw(|F,| — |F¢|)% All calculations were
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Table 1. Crystallographic and Data Collection Parameters3ar Table 2. Fractional Atomic Coordinates and Equivalent Isotropic
formula CiHaBrINNIOPyCaHgO Thermal Parameters for Non-Hydrogen Atoms3af

fw 1011.1 atom x/a yib ac Ueq2 A2

3o arou P2 In1 0.07081(4)  021041(4)  0.19745(3) 0.0174

o pm 1124.9(3) Brl 0.0252(1) 0.30981(9) 0.33333(7)  0.0504

b, pm 1353 2(4) Br2  —0.0416(1) 0.01929(8) 0.22043(8)  0.0552

¢ pm 1476.4(2) Nil 0.01084(8) 0.25546(7) 0.04176(6)  0.0155

a, deg 94.74(2) P1 0.1949(2) 0.3636(1) 0.0377(1)  0.0160

5. deg 101.78(2) P2 0.3813(2) 0.2196(2) 0.3381(1)  0.0204

) deg 109.64(1) Cl  —0.1758(7) 0.1545(6) 0.0335(5) 0.0257

V. 10 pr? 2044(1) c2  —0.1230(8) 0.1053(7) -0.0292(6)  0.0281

7 > C3  —0.0927(8) 0.1703(7) -0.0938(6)  0.0334

Deaia g G 1643 C4  —0.1293(8) 0.2597(8) -0.0739(7)  0.0376

(5 Koo, et 39 C5  —0.1858(7) 0.2470(6) 0.0018(6)  0.0302

transm range, % '90.339.99 C6 0.206(1) 0.8307(8) 0.3649(7)  0.0486

no. of refin " 7500 c7 0.069(1) 0.812(1) 0.3521(9)  0.0731

no. of obsd refins 6263 cs 0.036(1) 0.765(1) 0.4378(8)  0.0689

cutoff > 1.0%) co 0.128(1) 0.716(1) 0.461(1) 0.0884

Re 0.0536 cl1 0.2707(6) 0.4914(5) 0.1173(5)  0.0187

R, 0.0625 C12 0.2238(8) 0.5087(6) 0.1948(5) 0.0240

: c13 0.2801(9) 0.6046(6) 0.2553(6)  0.0306

aR = S(|[Fol = IFd)/3|Fol. °Ry = [SW(IFo| — [Fe)ZIWIFo|F Y2 C14 0.384(1) 0.6835(8) 0.2381(7)  0.0340

c15 0.4303(8) 0.6691(6) 0.1616(6)  0.0295

C16 0.3741(7) 0.5731(6) 0.1011(6)  0.0255

c21 0.3176(6) 0.3019(5) 0.0490(5)  0.0195

performed on a Micro VAX 3100 computer with the STRUX-IV c22 0.2769(7) 0.1971(6) 0.0040(6) 0.0265

systen?! including the programs CRYSTALS, MULTAN 11/82, c23 0.3651(8) 0.1464(7) 0.0049(6) 0.0318

ORTEP-II, PLATON, PLUTON, SCHAKAL, SDP, and SHELX-86. c24 0.4933(8) 0.1973(7) 0.0519(6) 0.0319

The structure was solved by heavy-atom methods and subsequent C25 0.5342(8) 0.3002(7) 0.0991(6) 0.0312

difference Fourier techniques. Final positional parameters are given C26 0.4472(7) 0.3527(6) 0.0970(5) 0.0233
in Table 2, selected bond angles and distances in Table 3. The C31 0.1929(6) 0.4077(6) —0.0768(5) 0.0200
refinements stopped at shift/exr0.0001, and final difference Fourier ~ €32 0.1266(7) 0.4758(6) —0.1012(6)  0.0270

maps showed no significant features. Supplementary material including ggi gigiéggg 8232228 :8%%;&3 88238

full crystallographic and experimental data, hydrogen positional

h o 5 0.245(1) 0.4097(9) —0.2264(7) 0.0449

parameters, thermal parameters, interatomic distances, and bond anglesC36 0.2510(8) 0.3755(7) —0.1406(6) 0.0315
are a_vallable from the Fachlnformatlons;entrum Karlsruhe, Gesellschaft ca1 0.4605(7) 0.1439(6) 0.2839(5) 0.0211
fiir wissenschaftlich-technische Information mbH, D-76344 Eggenstein- 42 0.3822(8) 0.0434(6) 0.2326(5) 0.0274

Leopoldshafen, on quoting the depository number CSD-59209, the 43 0.4368(9) —0.0195(7) 0.1921(6) 0.0312
names of the authors, and the journal citation. C44 0.5697(9) 0.0152(7) 0.2039(6) 0.0327
C45 0.6488(8) 0.1141(7) 0.2537(6) 0.0305
Results and Discussion C46 0.5938(8) 0.1781(7) 0.2934(5) 0.0269
A. Synthesis and Properties The treatment of a deep wine gg; 82%2% 81??;’%2; 8:23‘;28 8835{
red solution of Cp(PPJNi—Br (1a) in dichloromethane with C53 0.3899(8) 0.0713(6) 0.5676(6) 0.0305
an equimolar amount of freshly sublimed and finely powdered C54 0.2738(9) 0.0631(7) 0.5881(6) 0.0356
In'Br at room temperature for 12 h gave a dark red-brown C55 0.1884(9) 0.0998(8) 0.5317(6) 0.0381
solution over a precipitate of unidentified insoluble side gg? 8-2332@ 8-%@?3(? 8-‘3‘222(2) 8-8323
products. Prolonged stirring over several days at room tem- ¢ 0:6067273 0:3687&3; 0:4582553 0.0254
perature did not change the reaction mixture any further. From cg3 0.6926(9) 0.4712(7) 0.4939(6) 0.0323
the filtrated and concentrated solution, well-shaped large green- c64 0.6682(9) 0.5561(7) 0.4601(6) 0.0332
black crystals of the ionic compourh could be grown by C65 0.5602(9) 0.5400(7) 0.3908(7) 0.0347
slow solvent diffusion techniques in ca. 30% yield (based upon €66 0.4741(8) 0.4376(7) 0.3527(6)  0.0296
indium; Scheme 2). Other conditions, like different solvents 8; 8'%223% 8'%23% 8'%8%2; 8'82%

such as tetrahydrofuran or toluene and various reaction tem-
peratures from dry ice to room temperature or a large excess of * Equivalent isotropidJeq defined as one-third of the trace of the
In'Br, did altogether not change the result. The trimethylphos- ©rthogonalizedJj tensor.

phane-substituted analogue b4, Cp(M&P)NIBr (1b), gave  Tapje 3. Selected Interatomic Distances (pm) and Angles (deg)
similar results when treated with'Br (Scheme 2). Compound  for Compound3a

2a was independently synthesized in 90% vyield frdm by Distances

addition of equimolar quantities of PE)hnd |nBé in dichlo- In1—Nil 24465(9) In+01 2170(5) P4Nil 2112(2)
romethane. This latter reaction is simply a ligand substitution |n1-Brl1 255.7(1) In:Br2 255.4(1) P201 149.8(5)
reaction at the nickel center, which is thermodynamically

P Angles
controlled (HSAB principle). _ _ _ Brl—In1-Br2 99.51(4) e B n1—NiL 117.06(4)
Apparently In(l) is oxidized to In(lll) during the interaction IN1—Nil—P1 98.73(6)
of 1ab with In'Br. A redox disproportionation of In(l) into Brl—In1-01 96.4(1) Br2-In1—Nil 117.50(4)
In(0) and In(lll) or reduction of the Ni(ll) center could be P2-01-Inl 165.0(3)
involved. The reaction medium was checked for organic redox ~Br2—In1-0O1 95.7(1) OrInl-Nil 125.4(1)

products, e.g., cyclopentadienyl coupling products, freesPPh

(21) Scherer, W. ;. K., P.; Herdtweck, E.; Schmidt, R. E.; Birkhahn, M.; ; i ivati
Massa, W.STRUX-IV, ein Programmsystem zur Verarbeitung, nickelocene and other possible products (phenyl derivatives

Rentgendaten TU Munich and University of Marburg, Germany ~ Which could a_ris_e by some degradation of the PRfand, e.g.,
(1985/1990), 1990. P—C bond splitting), which were, however, not detected by GC-
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Scheme 2 was identified in these cases by NMR as the major component
(=60—70%, by3P NMR) in solution. To explain the complex
@ @ L reaction system we suggest, that in the first stéfpri(formally)
\ ) In(1)Br + L \ / inserts into the Ni-Br bond ofla-b, giving some intermediate
)\“_Br “oluene /ht /N‘ "(---B, 5 of the type5, which has much literature precedence in the case
RsP RsP

of carbonyl complexe$.® Depending on the conditions and
especially on the presence of other Lewis-basic ligands L,
subsequent reactions involve transfer of the phosphane ligand
; and the bromine residues to build the produzéh. In the
—|® case of PEP=0 or quinuclidine as base ligand to stabilize the

InBrg
1a-b PPh, 3a-c
th

o : indium center, a similar ligand transfer of the rather hard base
‘ [inBry] to the soft nickel center is not likely. For example, there is no
In()Br Ni Qrganometalllc nickel compound known which bearslgﬂﬁo
CHO T R~ PR, -~ ligand. But there are several examples of transition metal
2 2ab ; indium compounds with a BR=O ligand coordinated at the
: indium center, e.g., (RR=0)IN[Co(CO)]3 or (PEP=0)In[Co-
5 (COX%(PPh)]3.22 The Lewis-base donor properties of:PHO
| Q have been thoroughly studied by N. Burford el
. \ : As mentioned above, elemental In(0) could be involved in
[ excInm Y the reaction system. We thus studied the interaction of
thf, Et,0 ‘ | elemental indium witilab. When a solution oflain diethyl
' ether/tetrahydrofuran was treated with an excess of indium
: : powder over several days at room temperature, the indium-
¥ bridged heteronuclear compldxvas obtained after workup in
: ca. 50% yield based upon nickel (Scheme 2). This reaction
can be rationalized in the following way. Reductive dehalo-

RP 4 PR,

\ Br /Br /PR3 ; genation ofla in the presence of excess In(0) may give the
Ni In/ \,ln—Ni __________________________ i tetranuclear species [Cp(P#Ni]sin (5) and InBg, which
/ subsequently undergo ligand exchange reactions to give the
RP B Br @ product4. This latter type of reactivity is rather typical for
[LaM]sIn complexes:® Another possibility would be that
5 indium first inserts into the NiBr bond giving an unstable In-

(I) intermediate. Disproportionation then gives the In(lll)
MS and NMR. The insoluble residue showed a Ni:In ratio of species4 and insoluble IfBr. This reaction scheme is
1:1 by elemental analysis. On the basis of the mass balancecomparable to the formation of Cp(P{Ki—MgBr(THF) from
and the elemental analysis, we suggest that the insoluble fraction a and elemental Mg reported by Felkin and KnowiésVilke
of the reaction mixture consists of a Ni/In cluster compound. et al. have recently shown, that Cp(BEi—Cl is reductively
As expected2a also forms from 2 equiv ofla with InBrs in dechlorinated by activated Mg to the dimer [Cp(§Bi].. This
nearly quantitative yield (based upon indium). In this reaction nickel dimer contains a very reactive NNi bond into which
an insoluble, nickel-containing residue was obtained again. This ShC}, rapidly inserts to give y2-SnCh)[Cp(PE&)Ni]2.25 We
latter reaction is similar to the reaction b& with (PhsP)InBrs could, however, not isolate the corresponding-Ni intermedi-
mentioned above. ates [Cp(PR)NI]. from our reaction solutions. Withb instead
The reaction systendab with In'Br proved to be rather  of 1a, the reaction with elemental indium was surprisingly
complex and did not give easily the Nin bonded insertion  different. A toluene insoluble new Ni and In containing product
products as desired (Scheme 1). However, by addition of of apparently ionic character was obtained, which is currently
exactly 1 equiv of P§P=0 to a mixture ofla and IiBr in a under investigation.
solvent mixture of toluene/tetrahydrofuran (10:1 vol parts) the  |n the reaction systems dfa,b with In'Br to give 2ab or 3,
Ni—In complex3awas obtained reproducibly and quantitatively  depending on the conditions, neitenor 5 were isolated from
as well shaped large crystals (Scheme 2). The type of the addedhe reaction solutions. Traces#4however, could be identified
Lewis base is crucial for the success of the synthesis. With by NMR.
quinuclidine the corresponding derivati8e was obtained also. B. 3P NMR Spectroscopic Characterization of 3a-c and
Tetrahydrofuran, however, only gave traces of the-Mi 4. The{H}3IP NMR signals of the triphenylphosphane ligand
insertion compound as juged from tH®-NMR spectra of the in the complexes of the general formula Cp(BR—X (X =
reaction solution. With weaker donors and other solvent C|, Br, 1) show a high-field shift with increasing electronega-
mixtures the ionic compleaalways was the dominant product.  tivity of X. This effect was explained by the increasing covalent
Interestingly, the phosphanoxide ligand 8 could not be  radii of X in the serie€® With X = InBr, (n = 1, 2) z-donor
replaced by another strongdonors, e.g., quinuclidine, as was  effects of the indium moiety can be ruled out. The indium
indicated by the unchangedP NMR spectra of the reaction
solutions. The treatment dfa with 1 equiv PPk and IriBr (22) (a) Robinson, W. R.; Schussler, D.J?Organomet. Cheni971, 30,
under the same conditions employed for the synthesi3aof C5-C7. (b) Carmalt, C. J.; Pember, R. F.; Farrugia, [Rdlyhedron
and 3c did also give an analogous Nin complex3b. But 1995 14, 417, ) . .
. . . . (23) Burford, N.; Royan, R. W.; Speuce, R. E. v. H.; Cameron, T. S.;
this material proved to be less stable in solution, compared to Linden, A.; Rogers, R. DJ. Chem. Soc., Dalton Tran99Q 1521
3a and 3c. The green solutions d8b, especially in dichlo- 04 }ZSeﬁg.n .. Knowles, P. 1I. Organomet. Chen1972 37, C14.C16
romethane,_ but also in toluene, chan_ge _color to yeHb_mwn 2253 Denninger, U.; Schneider, J.gJ.; Wilke, G.; Goddard, R:géruC.
upon standing for several hours, which is accompanied by the Inorg. Chim. Actal993 213 129-140.
formation of an insoluble precipitate. The ionic compoad (26) Thomson, J.; Baird, M. GCan. J. Chem1973 51, 1179-1182.




Reactions of Elemental Indium and'Br

Figure 1. Molecular structure of>-CsHs)(PhsP)Ni—InBry(OPPh)-
THF (3a) in the solid state (PLUTON drawing; hydrogen atoms are
omitted for clarity; thermal ellipsoids of non-hydrogen atoms are shown
at 50% probability).

substituent may exhibit significant-acceptor properties which
may be due to some Nigl> o*(In-Br) hyperconjugative back-
bonding. A low-field shift of the resonance f@ab and 4
relative to the starting complebais thus understandable. For
3ab it has to be decided which of the twBP resonances
corresponds to which phosphorus ligand. By comparisah of
which shows &P resonance at 43.8 ppm, with an authentic
sample of InBg(O=PPhy), which exhibits a resonance at 37.6
ppm, and with théc (45.6 ppm), it appears quite clear to assign
the resonance at 48.6 ppm &4 to the PPk ligand bound to
the nickel center and the resonance at 36.0 ppm to the-nBr
(O=PPHh) moiety.

C. Structure. Compound3awas structurally characterized
by X-ray single-crystal diffraction. The positional parameters

Inorganic Chemistry, Vol. 35, No. 1, 19965

the bent d-[CpNiL~] fragment for ligands L of different
m-acceptor capabilities. The charge polarization7ahould

be more pronounced than f8a.16 The increased stability of
the Ni—In bond of3a against polar attack, for example toward
hydrolysis, agrees with this view. The most significant differ-
ence betweerBa and 7 is the much shorter Niln bond of
244.65(9) pm of8acompared with the value of 259.8(1) pm of
the dialkyl derivative7. The latter distance corresponds well
with the sum of the covalent radii of Ni and In (2885 pm),

the Ni—In distances in intermetallic alloys (26265 pm)?Z8a
and the range of Niln distances from 257.4(4) to 280.9(4)
pm found in Ni/In cluster compounds such asgN?-InBr3)(;%-
15-IneBrs)(COY )3~ (8).28° However in these systems the
coordination numbers of the indium atom are fiv@ &nd six
(8), respectively. Consequently, the-Nn distances are longer
than in3a, which is only fourfold coordinated. Generally, short
o-bonds between transition metal fragments and fourfold-
coordinated indium or gallium fragments result, if the transition
metal acts as a strongz-donor, e.g., bears few or only weak
m-accepting ligands, and/or the group 13 center is substituted
by electronegative ligands (halide groups or amide-type func-
tions)3! The In—O bond length of 217.0(5) pm is expectedly
within the range of rather strong dative+® bonds®? The
angle In-O-P is close to 180 The Ni—P bond length o8a of
211.2(2) pm is comparable to the value of 215.2(2) pm of Cp-
(PPR)Ni—GeCh,?” for example.

Conclusions

Elemental indium and indium(l) halides insert into nickel
halogen bonds of carbonyl group free organonickel complexes.

and selected bond lengths and angles are compiled in Tables 2/he success of these strategy to synthesizeliNbound species

and 3. Figure 1 shows the molecular structure3afin the
solid state.

The structure solution @a confirms the presence of a direct
unsupported NiIn bond. The complex Cp(CO)Niln[(CH,)s-
NMe,]» (6) 16 and 3a are the only structurally characterized

in acceptable yields depends strongly on the reaction conditions,
such as the solvent mixture and the presence and type of added
Lewis base ligands to stabilize the formed In(lll) center.
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