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The stabilization of unsupported¥M (M = Fe, Ru, Co) heterodinuclear complexes has been achieved by use
of amidotitanium building blocks containing tripodal amido ligands. Salt metathesis@ELCHNSIMe;)sTiX

(1) and GHsC(CH:NSiMe3)3TiX (2) as well as HESiMeN(4-CHsCgHa)}3TiX (3) (X = Cl, a; Br, b) with
K[M(CO).Cp] (M = Fe, Ru) and Na[Co(CQ)PRs)] (R = Ph, Tol) gave the corresponding stable heterobimetallic
complexes of which BCC(CHNSIMe3)sTi—M(CO).Cp (M = Fe, 6; Ru, 7) and HQ SiMe;N(4-CHsCgHa)} -
Ti—M(CO).Cp (M = Fe, 12; Ru, 13) have been characterized by X-ray crystallograpBy.monoclinic,P2,/n,

a = 15.496(3) Ab = 12.983(3) A,c = 29.219(3) A8 = 104.52(2}, Z= 8,V = 5690.71 R, R = 0.070. 7:
monoclinic,P2y/c, a= 12.977(3) Ab = 12.084(3) Ac = 18.217(3) A3 =91.33(2), Z= 4,V = 2855.91 &,

R = 0.048. 12 monoclinic,12/c, a = 24.660(4) Ab = 15.452(3) A,c = 20.631(4) A8 = 103.64(3}, Z = 8,

V = 7639.65 &, R = 0.079. 13: monoclinic,I2/c, a = 24.473(3) A,b = 15.417(3) A,c = 20.783(4) A8 =
104.20(2}, Z = 8, V = 7601.84 R, R = 0.066. H- and 13C-NMR studies in solution indicate free internal
rotation of the molecular fragments around the-Wi bonds. FenskeHall calculations performed on the idealized
system HC(CHNH)sTi—Fe(CO}Cp (6x) have revealed a significant degreessfdonor—acceptor interaction
between the two metal fragments reinforcing the-Fe o-bond. Due to the availability of energetically low-
lying ;t-acceptor orbitals at the Ti center this partial multiple bonding is more pronounced that in the tin analogue
HC(CH;NH)3Sn—Fe(CO}Cp (15x) in which an N-Sn ¢*-orbital may act ast-acceptor orbital.

Introduction Of these only the T+Ru species proved to be sufficiently stable

to be studied in solution. More recently, Selent and coworkers

The past 3 decades have witnessed the characterization Ogynthesized a stable FCo binuclear complex, BuO)Ti—
an ever growing number of heterobimetallic complexes of the Co(CO)].5 However, there has been no repé)rt of a general

transition metals with unsupported metafetal bonds:>  gyrateqy for the synthesis of stable=Tl complexes to date.
However, the combination of metal complex fragments with Attempts to apply Casey’s method for the preparation of
signifigantly different electronic propertiesz su_ch as those from [Cp2(R)Zr—M(CO),CpJ to the Ti-analogues failed due to the
opposite ends of the d-block of the periodic table, to form  gominant single electron transfer (SET) which competes with
dinuclear systems may be difficult to achieve. Thus, in order {na sait metathesis of metal carbonylates wili—X} com-
to obtain such “earlylate heterobimetallics” an additional (or plexes.
even exclusive!) stabilization by bridging ligands has been " | yiew of these observations, a general approach to the
employed in most cases, obscuring the role that thewlbond  ~ giapilization of Ti-M complexes (M= Fe, Ru, Co) has to take
plays in the structure (and reactivity) of these supported jniq account the following considerations for the choice of the
systems. _ _ _ _ appropriate Ti complex “building blocks”:

It was not until the pioneering work in Selegue’s group a (1) Reduction of the Ti-halide precursor complex by transition
decade ago that several-TVl heterobimetallic complexes (M metal carbonylate derivatives (SET) should be suppressed by
= Fe, Ru), containing unsupported-T¥l bonds, of the type  choice of an appropriate set of hard donor ligands.

[(Me2N)sTi—M(CO),Cp] could be structurally characterizéd. (2) The electronic demand of the highly Lewis acidic Ti(IV)
® Abstract published ifAdvance ACS Abstract#pril 1, 1996. (4) (a) Sartain, W. S.; Selegue, J.PAm. Chem. S0d.985 107, 5818.
(1) (a) Roberts, D. L.; Geoffroy, G. L. I8omprehensie Organometallic (b) Organometallics1987, 6, 1812. (c)Organometallics1 989 8, 2153.
Chemistry Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds,; (5) Selent, D; Beckhaus, R.; PickardtQrganometallics1993 12, 2857.
Pergamon Press: Oxford, England, 1982; Vol. 6, (b) Bruce, M. I. The only other structurally characterized example of a compound
Organomet. Cheml983 242, 147. (c) Bruce, M. I.J. Organomet. containing an unsupported FCo bond, CpTHi(u-CO)Ca(CO)g} 2~
Chem.1985 283 339. {Co(CO})}, was reported by: Schmid, G.; Stutte, B.; BoeseCRem.
(2) Herberhold, M.; Jin, G.-XAngew. Chem., Int. Ed. Engl994 33, Ber.1978 111, 1239.
964. (6) (a) Casey, C. P.; Jordan, R. F.; Rheingold, AJLAm. Chem. Soc.
(3) (a) Stephan, D. WCoord. Chem. Re 1989 95, 41. (b) Bullock, R. 1983 105 665. (b)Organometallics1984 3, 504. (c) See also: Casey,
M.; Casey, C. PAcc. Chem. Red.987, 20, 167. C. P.J. Organomet. Chert99Q 400, 205 and references cited therein.
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center should be met by using ligands which are both efficient 0.22 (s, 27 H, Si(Chz), 3.99 (s, 6 H, CkN), 7.07-7.38 (m, 5 H,
o- ands-donors. CeHs). {*H}13C-NMR (50.32 MHz, GDs, 295 K): 6 = 0.9 (Si(CH)3),

(3) In order to effect kinetic and thermodynamic stabilization, 591 (PIT), 62.4 (CHN), 1256 (C), 127.3 (C), 129.1 (C), 145.4
the coordination of the ligands to the Ti center should be (©)- {*H}*Si-NMR (39.76 MHz, GDs, 295 K): 6 =5.1.
reinforced by integration into a common framework, i.e. using _SPectroscopic Data of GHsC(CHaNSiMes)sTiBr (2b). Yield of

. . the crude product: 82%*H-NMR (200.13 MHz, GDg, 295 K): 6 =
a polyfunctional ligand system. :
2. ) - . 0.25 (s, 27 H, Si(Ch)3), 3.97 (s, 6 H, CkN), 7.13-7.38 (m, 5 H,

These precono_llt_lons are_ldeally met by the—ﬁmml_ohallde CeHe). {*H}C-NMR (50.32 MHz, GDg, 295 K): 6 = 1.3 (Si(CH)s),
Complexes Conta|n|ng the tr|p0dal am|d0 |Igands which we have 59.7 (PN:), 62.5 (C"&N), 125.6 (G)’ 127.3 (G)’ 129.2 (G)’ 1455
recently developed® Preliminary studies have shown thatthey (c). {H}2°Si-NMR (39.76 MHz, GDs, 295 K): 6 = 0.9. IR (film):
provide the key to the generation of stable-M heterobime- 3058 w, 3021 w, 2950 s, 2898 m, 2830 m, 1597 w, 1494 w, 1445 w,
tallics® In this paper we report the synthesis of a series of such 1403 w, 1322 w, 1249 vs, 1128 m, 1065 s, 1019 s, 952 s, 840 vs, 751
dinuclear complexes and the single-crystal X-ray structure s, 699 s, 656 m cnt.
analyses of four of them. On the basis of the structural data {CeHsC[CH2N(Li))SiMes]s}2 (4). The Li salt may be isolated by

obtained in this study, an analysis of the-M bonding is given. ~ crystallization from pentane. Yield: 88%. Anal. Calcd for
CagH76LisNgSis: C, 55.17; H, 9.26; N, 10.16. Found: C, 55.38; H,

9.34; N, 9.94. 'H-NMR (200.13 MHz, GDs, 295 K): 6 = 0.25 (s, 27
H, Si(CH)3), 3.66 (s, 6 H, CkN), 6.99-7.63 (M, 5 H, GHs). {H}1C-
NMR (50.32 MHz, GDs, 295 K): 6 = 1.3 (Si(CH)3), 51.8 (PIT),

Experimental Section

All manipulations were performed under an inert gas atmosphere

of dried argon in standard (Schlenk) glassware which was flame dried AT L
with a Bunsen burner prior to use. Solvents were dried according to ET\/I?Q((%?’\;)? I%/IZI—?S écé) 12%?3%6()3 iZ_S(%S){}szgs(lel\)lM{R??})gL'm
standard procedures and saturated with Ar. The deuterated solventﬁleZ Ceb 205 K‘)' 66’— 23 ’ R ’

’ 69 . — T &£.9.

used for the NMR spectroscopic measurements were degassed by three (2) General Procedure for the Synthesis of the Heterodinuclear

successive “freezepump-thaw” cycles and dried over 4-A molecular . . .
Zepump= y Complexes by Salt Metathesis.A 1 mmol sample of solid alkali metal

sieves. .
1. 13~ 29Qi. 1P carbonylate was added to a solution of 1 mmolLbf 2b, or 3b (1b,
The’H-, *C-, *Si-, and”’P-NMR spectra were recorded on a Bruker 458 mg;2b, 520 mg3b, 631 mg) in 30 mL of toluene which was

AC 200 spectrometer equipped with a B-VT-2000 variable temperature i . .
unit (at 200.13, 50.32, 39.76, and 81.03 MHz, respectively) with cooled at—=70°C and the reaction mixture warmed to room temperature
A racc ) p over a period of 20 h. Evaporation of the solvent, extraction of the

tetramethylsilane and 4RQ, (85%, external) as references. Infrared i . L .
spectra were recorded on Perkin-Elmer 1420 and Bruker IRS 25 FT- residue with ?0 mL of pentane an_d subs_equent filtration yielded y(_allow-
orange solutions of the heterobimetallic complexes. Evaporation of

trometers. : . : : ) .
spectrometers the solvent yielded the reaction products as microcrystalline solids which

Elemental analyses were carried out in the microanalytical laboratory

of the chemistry department at \Waburg. The titanium complexes
H3CC(CHNSIMe;)sTiBréa and HJ SiMe;N(4-CHsCgH,)} s TiBréa as
well as the triamine §HsC(CHNHSiIMes3)s° were prepared as reported

previously by us. The salts of the transition metal carbonylates K[CpFe-

(COY], KICpRU(COY], Na[Co(CO}(PPh)], and Na[Co(COYPTok)]
(Tol = 4-CHs;C¢H4) were synthesized by literature methd#sAll other

chemicals used as starting materials were obtained commercially and0-41 (s, 27 H, Si(C

used without further purification.

(1) Preparation of CeHsC(CH2NSiMe3)sTiX (X = CI, Br). Toa
stirred solution of @HsC(CH.NHSiIMe3); (1.82 g= 4.60 mmol) in 20
mL of n-pentane which was cooled at40 °C were added 5.6 mL
(13.8 mmol) of a 2.5 Mn-butyllithium solution in hexanes. The

reaction mixture was warmed to room temperature and subsequently

refluxed for 10 min in order to effect complete lithiation. After
recooling to—55 °C, solid TiXs(THF), (X = ClI, Br; 5.10 mmol) was

were washed with cold pentane. Single crystals suitable for X-ray
crystallography were obtained by slow cooling of solutions of the

compounds in toluene or diethyl ether.
H3CC(CH,NSiMe3)sTi—Fe(CO)Cp (6). Yield: 59%. Anal. Cal-
cd for GiHaFeNsO-SisTi: C, 45.40; H, 7.44; N, 7.56. Found: C,
45.16; H, 7.53; N, 7.60.1H-NMR (200.13 MHz, GDs, 295 K): 6 =
k)s), 0.70 (s, 3 H, CHC), 3.10 (s, 6 H, ChkN),
4.59 (s, 5 H, @Hs). {H}3C-NMR (50.32 MHz, GDs, 295 K): 6 =
2.2 (Si(CHy)3), 26.7 CHsC), 49.5 (CHC), 60.5 (CHN), 84.4 (GHs),
216.6 (CO). {*H}?°Si-NMR (39.76 MHz, GDs, 295 K): 6 = 2.5. IR

(toluene): 2956 w, 2920 w, 1968 vs, 1916 vs, 1628 m, 1588 m, 1472

m, 1248 s, 1084 s, 1048 w, 920 w, 896 w, 848 vs &m
H3CC(CHNSiMes)sTi—Ru(CO),.Cp (7). Yield: 68%. Anal.
Calcd for GiH4NzO,RUSETi: C,41.98; H, 6.88; N, 6.99. Found: C,

41.93; H, 7.03; N, 6.982H-NMR (200.13 MHz, GDg, 295 K): 6 =

added and the mixture warmed to ambient temperature over a periodo'40 (s, 27 H, Si(CHs), 0.72 (s, 3 H, CHC), 3.14 (s, 6 H, CEN),

of 20 h. After removal of the LiX formed in the reaction by filtration
through a G-3 frit, the solvent was completely remowedacuo at
103 Torr. GsHsC(CH:NSiMes3)sTiX was obtained as a highly viscous

dark red oil. The'H-NMR spectra indicated the presence of ca. 5%
impurities. This crude product was used in the subsequent metathetical

coupling reactions. Attempts to puriffa and 2b by distillation in

high vacuum lead to partial thermal degration of the Ti complexes rather

4.99 (s, GHs). {H}3C-NMR (50.32 MHz, GDg, 295 K): 6 = 2.3
(Si(CHy)s), 26.5 CH:C), 50.3 (CHC), 60.6 (CHN), 87.2 (GHs), 205.6
(CO). {IH}?°Si-NMR (39.76 MHz, GDs, 295 K): 6 = 1.9. IR (-

hexane): 2948 vs, 2916 vs, 2896 vs, 2864 vs, 1988 s, 1932 vs, 1460
[, 1380 m, 1248 m, 1136 vw, 1008 vw, 984 w, 940 vw, 920 vw, 848

vs, 804 vw, 752 vw cmt.
H3CC(CH2NSiMes)sTi—Co(CO)(PPh) (8a). Yield: 48%. Anal.

than a pure product. Satisfactory elemental analyses could thus notCalcd for GsHsiCoNsOsPSETI: C, 53.63; H, 6.56; N, 5.36. Found:

be obtained.
Spectroscopic Data of GHsC(CH2NSiMe3)sTiCl (2a). Yield of
the crude product: 84%*H-NMR (200.13 MHz, GDs, 295 K): ¢ =

(7) (a) Gade, L. H.; Mahr, NJ. Chem. Soc., Dalton Tran$993 489.
(b) Hellmann, K. W.; Gade, L. H.; Li, W.-S.; McPartlin, Mnorg.
Chem.1994 33, 5974. (c) Gade, L. H.; Becker, C.; Lauher, J. W.
Inorg. Chem.1993 32, 2308.

(8) (a) Friedrich, S.; Gade, L. H.; Edwards, A. J.; McPartlin, Ghem.
Ber. 1993 126, 1797. (b) Memmler, H.; Gade, L. H.; Lauher, J. W.
Inorg. Chem.1994 33, 3064.

(9) Friedrich, S.; Memmler, H.; Gade, L. H.; Li, W.-S.; McPartlin, M.
Angew. Chem., Int. Ed. Endl994 33, 676.

(10) Hellmann, K. W.; Friedrich, S.; Gade, L. H.; Li, W.-S.; McPartlin,
M. Chem. Berl1995 128 29.

(11) (a) Brookhart, M.; Studabaker, W. B.; Husk,&ganometallics1 987,
6, 1141. (b) Noak, KHelv. Chim. Actal964 47, 1555. (c) Manning,
A. R.J. Chem. Soc. A968 1135. (d) Seyferth, D.; Millar, M. DJ.
Organomet. Cheml972 38, 373.

C, 53.85; H, 7.00; N, 5.19!H-NMR (200.13 MHz, GDs, 295 K): 6

= 0.46 (s, 27 H, Si(Chs), 0.85 (s, 3 H, CHC), 3.39 (s, 6 H, ChkN),

6.96-7.09 (m, 15 H, P(€Hs)3). {*H}**C-NMR (50.32 MHz, GDs,

295 K): 6 = 1.3 (Si(CH)3), 26.4 CH3C), 50.2 (CHC), 61.5 (CHN),

128.6 (d, G, %Jpc = 10.3 Hz), 130.1 (€), 133.3 (d, G, 2pc = 12.5
Hz), 135.5 (d, & Jpc = 39.7 Hz), 206.6 (COZJpc not resolved).
{*H}?°Si-NMR (39.76 MHz, GDg, 295 K): & = 2.6. {*H}3'P-NMR

(81.03 MHz, GDs, 295 K): 6 = 56.0. IR (pentane)» (CO)= 1930
vs cnTl,

H3CC(CH2NSiMes)sTi —Co(CO)s(PTols) (8b). Yield: 44%. Anal.
Calcd for GgHs7CoNsOsPSETi: C, 55.26; H, 6.96; N, 5.09. Found:
C, 55.47; H, 7.28; N, 5.18*H-NMR (200.13 MHz, GDs, 295 K): 6
=0.50 (s, 27 H, Si(Ch)3), 0.87 (s, 3 H, CHC), 1.98 (s, 9 H, Ei5CeHa),
3.40 (s, 6 H, CHN), 6.97 (d, 6 H, H, 3Juy = 7.8 Hz), 7.56 (d, 6 H,
H?). {*H}3C-NMR (50.32 MHz, GDs, 295 K): 6 = 1.4 (Si(CH)3),
21.1 (CH3CsHa), 26.5 CH5C), 50.2 (CHC), 61.6 (CHN), 129.5 (d,
C8, 3Jpc = 10.2 Hz), 132.7 (d, & WJpc = 41.6 Hz), 133.5 (d, & 2Jpc



Stabilizing Heterobimetallic Complexes

Table 1. Crystal Data and Experimental Details fér7, 12, and13
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6 7 12 13
empirical formula GiH41FeNsO,SisTi C21H41N3O,RUSETi CasHasFeNsO,SiaTi C3sH4sN3O0-.RUSETi
fw 555.57 600.73 727.76 772.92
cryst syst monoclinic monoclinic monoclinic monoclinic
cell params
a(d) 15.496(3) 12.977(3) 24.660(4) 24.473(3)
b (R) 12.983(3) 12.084(3) 15.452(3) 15.417(3)
c(A) 29.219(3) 18.217(3) 20.631(4) 20.783(4)
p (deg) 104.52(2) 91.33(2) 103.64(3) 104.20(4)
V(A3 5690.71 2855.91 7639.65 7601.84
z 8 4 8 8

Dealc (g cnT3) 1.297 1.397 1.265 1.351

space group P2:/n P2i/c 12/c 12/c

F(000) 2352 1248 3056 3200

w(Mo Ko (cm1)2 9.1 9.0 6.9 6.9

6(max) (deg) 25 25 21 25

no. of reflcns 2099 2903 1927 1904

| > 3o(1)°

no. of variable$ 341 282 267 249

residualsR; R,° 0.070; 0.072 0.048; 0.052 0.079; 0.079 0.066; 0.067

data/parameter 6.2 10.3 7.2 7.6

a An empirical absorption correction, using the program DIFABS (Walker, N.; Stuai\cEx Crystallogr., Sect. A,983 39, 158) was applied
to all four crystals; the data were corrected for Lorentz and polarization effette intensities of three representative reflections were measured
evel 5 h of X-ray exposure time; they remained constant throughout the data collection indicating in every case crystal and electronic stability (no
decay correction was applied)Neutral atom scattering factors were taken from: Cromer, D. T.; Waber, [htdrnational Tables of X-ray
Crystallography The Kynoch Press: Birmingham, England, 1974; Vol IV, Table 2.2A. Anomalous dispersion effects were included in the final
Feac (Ibers, J. A.; Hamilton, W. CActa Crystallogr.1964 17, 781.).9R = S ||Fo| — |Fll/S|Fol; Ry = Y ||Fo| — |Fc|[WYH |FolwW2.

= 12.5 Hz), 140.2 (6), 207.2 (CO2Jpc not resolved).{ *H} 2*Si-NMR Hz), 7.56 (d, 6 H, H). {*H}*C-NMR (50.32 MHz, GDs, 295 K): &

(39.76 MHz, GDs, 295 K): & = 2.5. {IH}3P-NMR (81.03 MHz, = 4.0 (Si(CH),), 6.7 (HC(Si...)), 21.0 (4CH3CeH.), 85.3 (GHs), 126.4

CeDs, 295 K): & = 53.2. IR (pentane): 1932 vs, 1600 w, 1564 w, (C?), 130.3 (G), 132.2 (C), 150.8 (C), 213.2 (CO). {*H} ?*Si-NMR

1496 w, 1460 s, 1400 w, 1380 m, 1248 s, 1096 m, 1048 w, 1016 m, (39.76 MHz, GDs, 295 K): 6 = 1.98. IR (benzene): 3020 w, 2958

984 w, 944 w, 924 m, 848 vs, 808 m, 756 w, 728 wém w, 2920 w, 1975 vs, 1928 vs, 1604 w, 1511 m, 1496 vs, 1472 m, 1452
CeHsC(CHNSiMey)sTi—Fe(COXCp (9). Yield: 32%. Anal. w1403 w, 1287 m, 1258 vs, 1244 vs, 1227 vs, 1172 m, 1104 m, 1018

Calcd for GeHasFeNsO,SisTi: C, 50.56; H, 7.02; N, 6.80. Found: C,  m, 974's, 942 m, 901 s, 892 s, 869 Vs, 850 vs, 829 s, 811 vs, 742 W,

50.39; H, 7.08; N, 6.84H-NMR (200.13 MHz, GDs, 295 K): 6 = 706 w, 649 w cm.

0.40 (s, 27 H, Si(CH)s), 3.67 (s, 6 H, CEN), 4.60 (s, 5 H, €Hs), HC{SiMesN(4-CHsCsHa)} sTi—RU(CO):Cp (13). Yield: 73%.

6.99-7.37 (m, 5 H, GHs). {'H}!*C-NMR (50.32 MHz, GDs, 295 Apal, Calcd for GeHasNaO:SisTiRU: C, 54.39; H, 5.87; N 5.42.

K): 0 =2.4 (Si(CH)s), 58.7 (PIC), 60.6 (CHN), 84.2 (GHs), 125.1  Foung: C, 54.10; H, 6.11; N, 5.24HH-NMR (CDg, 295 K): 6 =

(€9, 126.9 (C), 129.0 (C), 147.3 (C), 216.6 (CO). {'H}*SENMR g 68 (5, 1 H, HC(Si..5), 0.36 (s, 18 H, Si(CH,), 2.20 (s, 9 H,

(39.76 MHz, GDs, 295 K): 6 = 3.2. IR (toluene): 2890 vw, 2830 4-CH3CHa), 4.07 (s, 5 H, @Hs), 7.23 (d, 6 H, H, 3 = 8.2 Hz),

VW, 1958 VS, 1906 VS, 1400 VW, 1245 S, 1115 W, 1040 m, 995 w, 945 7.52 (d, 6 H, H) {1H} 13C-NMR (50'32 MHZ, GDG. 295 K)Z 5 =

m, 885 m, 840 vs, 750 m, 650 m ct _ 4.0 (Si(CH)2), 7.1 (HC(Si...)), 20.9 (4CHsCsHa), 87.6 (GHs), 126.1
CeH5C(CH2NSIM€3)3TI—RU(CO)ch (10). Yield: 41%. Anal. (Cz)' 130.0 (G), 132.2 (e)‘ 149.5 ((3), 202.8 (CO). {1H}298i_NMR

Calcd for GgHaaN3ORuSETi: C, 47.11; H, 6.54; N, 6.34. Found: (36.76 MHz, GDs, 295 K): & = 2.6. IR (KBr): 3008 w, 2955 w,

C, 47.22; H, 6.48; N, 6.36:H-NMR (200.13 MHz, GDs, 295 K): ¢ 2912 w, 1990 vs, 1932 vs, 1654 w, 1492 s, 1258 s, 1246 s, 1222 v,

= 0.38 (s, 27 H, Si(CHh)3), 3.71 (s, 6 H, CkN), 4.99 (s, 5 H, GHs), 1102 m, 1015 m, 970 s, 918 w, 900 m, 890 m, 865 s, 843 vs, 825 s,
6.99-7.37 (M, 5 H, GHs). {H}3C-NMR (50.32 MHz, GDs, 295 804 vs. 739 w. 700 w cfth

K): &= 2.5 (Si(CH)3), 59.4 (PIT), 60.7 (CHN), 87.1 (GHs), 125.2 ) . .

(c)3), 127.0 (53),(12?3% ©, 1E17.1) @), 2(()5:3"> ()CO). {1|(4|Cf292i-NMR HC{SiMe;N(4-CH3CeH.)}sTi—Co(CO)(PPh) (14a). Yield: 39%.

(39.76 MHz, GD¢, 295 K): 0 = 2.6. IR (-hexane): 1980 vs, 1925 ~ Anal. Caled for GeHssCONsOsPSETL: C, 61.56; H, 5.80; N, 4.41.

vs, 1320 w, 1250 s, 1115 vw, 1045 w, 995 w, 950 w, 845 vs, 805 m, Found: C, 62.03; H, 5.65; N, 4.53:H-NMR (200.13 MHz, GDs,

725 m. 698 m o 295 K): 0 = —0.53 (s, 1 H, HC(Si..s), 0.43 (s, 18 H, Si(CH),), 2.28
CeHsC(CHaNSiMes);Ti—Co(CO)(PPhy) (11). Yield: 23%. Anal. (5,9 H. 4-G1:CeHy), 6.69-6.99 (m, 15 H, P(EHs), 7.19 (d, 6 H, Tol:

Calcd for GoHs:CONOPSETi: C, 56.79; H, 6.31; N, 4.97. Found: % i =8.0H2), 7.61(d, 6 H, TolH). {*H}**C-NMR (50.32 MHz,

C, 56.38; H, 6.53; N, 4.811H-NMR (200.13 MHz, GDs, 295 K): & CeDe, 295 K): 0 = 4.2 (Si(CH)2), 8.6 (HC(Si...)), 21.1 (4€H:CeHa),

7.63 (m7 QHSIP(CGHS)3)- {lH}lsc_NMR (50_32 MHZ, GDG, 205 K)Z 132.0 (TOlZ G), 133.4 (d, PPh: €2Jcp =12.2 HZ), 134.4 (d, PPh:

(Ph: C), 128.7 (d, PPh: &3Jpc=10.0 Hz), 129.2 (Ph: §,130.2  {'H}**SI-NMR (36.76 MHz, GDe, 295 K): 0 = 3.8. {TH}*'P-NMR

(PPhI G), 133.4 (d, PPh: EZ\JPC =124 HZ), 135.5 (d, PPh: 1C (81.03 MHz, GDs, 295 K)Z 0=56.7. IR (benzene): 3050 w, 3012

1Joc = 40.0 Hz), 146.9 (Ph: §, 202.4 (br, CO2Jec not resolved). w, 2643 w, 2003 w, 1938 vs, 1604 w, 1496 s, 1437 m, 1248 s, 1233

{1H}2°Si-NMR (39.76 MHz, GDs, 295 K): o = 3.3. {IH}3!P-NMR vs, 1174 w, 1098 w, 1093 m, 1018 w, 976 m, 942 w, 902 s, 869 vs,

(81.03 MHz, GD, 295 K): 6 = 56.1. IR (pentane): 2880 brvs, 2725 847 Vs, 812's, 797 m, 755 m cn

m, 2660 w, 2610 w, 1923 s, 1455 vs, 1380 vs, 1340 s, 1325 m, 1305  HC{SiMe;N(4-CHsCeH4)}sTi—Co(CO)s(PTols) (14b). Yield: 18%.

m, 1260's, 1140 s, 1095 m, 1070 m, 1025 s, 1010 s, 990 w, 915 s, 908Anal. Calcd for GsHe;CoNsOsPSETi: C, 62.58; H, 6.16; N, 4.23.

s, 865s, 840 s, 765 s, 725 vs Tin Found: C, 62.10; H, 6.01; N, 4.33'H-NMR (200.13 MHz, GDs,
HC{ SiMeN(4-CHsCgH2)} sTi—Fe(COXCp (12). Yield: 61%. 295K): 6 = —0.51 (s, 1 H, HC(Si..s), 0.45 (s, 18 H, Si(Ch)), 1.93

Anal. Calcd for GsHasFeNsO,SisTi: C, 57.77; H, 6.23; N, 5.77. (s, 9 H, 4-GHsCeHaP), 2.31 (s, 9 H, 4-8:CHaN), 6.81—7.01 (m, 12

Found: C, 58.03; H, 6.54; N, 5.43!H-NMR (200.13 MHz, GDs, H, (Tol)sP: H2 3 7.25 (d, 6 H, Tol: H, 3Juy = 8.0 Hz), 7.67 (d, 6 H,

295 K): ¢ = —0.78 (s, 1H, HC(Si..5), 0.33 (s, 18 H, Si(CH)>), 2.21 Tol: H3). {H}31P-NMR (81.03 MHz, GDs, 295 K): 6 = 53.6. IR

(s, 9 H, 4-GH5CeHa), 3.55 (s, 5 H, GHs), 7.24 (d, 6 H, H, 33 = 8.2 (KBr): 3010 w, 2960 w, 2922 w, 2004 w, 1943 w, 1618 w, 1517 s,
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Figure 2. Ti building blocks for the synthesis of FiM heterodinuclear
complexes6—14.

Table 2. Comparison of théH-NMR Chemical Shifts of the
CH,—N Protons in the Ligand FrameworkRC(CHNSiIMes)s} (R
= CHjs, CgHs) To Show the Ring Current Effect of an Apical
Phenyl Group

Figure 1. Molecular structure ofl2 viewing down the T+Fe axis
showing the two observed components of disorder, with the second
set shown in dotted lines (the carbonyl and the cyclopentadienyl groups
are omitted for clarity).

compound 6(CH—N) ref
1499 s, 1288 w, 1258 s, 1231 m, 1179 w, 1098 s, 1021 s, 982 w, 906 R=CHs
s, 868 m, 847 s, 812 vs, 745 w, 713 w, 664 wém H3CC(CHNSIMe;)sTiCl (1a) 3.45 8a
X-ray Crystallographic Study of 6, 7, 12, and 13. Yellow block- H3CC(CHNSiMes)sTiBr (1b) 342  8a
shaped crystals & and12 as well as clear orange crystalsénd13 [HsC{ CHN(Li)SiMes} 5] (5) 323 7a
were mounted under argon in Lindemann capillaries. The X-ray H3CC(CHNSiIMey)sTi—Fe(CO)Cp (6) 3.10 this work
H3CC(CH:NSIiMes)sTi—Ru(COXCp (7) 3.14

diffraction data were collected using a Philips PW 1100 diffractometer
with graphite-monochromated Mod<radiation. Unit cell parameters
were determined by a least-squares analysis of 25 automatically centere!

HsCC(CHNSiMes)sTi—Co(CO)PPh) (8a)  3.39
HeCC(CHNSIMe:)sTi—Co(CO}(PTok) (8b)  3.40

reflections in the range of 20< 6 < 15°. Data were collected at 295 _ _ R=CéHs _
K in the range of¢ = 3—25° with a scan width of 0.80using a CeHsC(CHNSiIMeg)sTICl (2a) 3.99  this work
technique described previoudf/. Details are presented in Table 1. %HJCC(C(':':Z_'N’\?'N%S).'%I“BF (sz)l ggg
The data analysis and refinement were carried out with the programs [(36?4523({C3|'|2§1 S(il\/ll)%)lsT?i} é]é((c%))c,a ©) 367
of the SHELX 76 software package. Crystalsand12were difficult CsHsC(CH:NSiMey)sTi—Ru(CO)Cp (10) 3:71

to obtain and diffracted only poorly. This resulted in relatively high CoHsC(CH:NSiIMe3)sTi—Co(COX(PPh) (11) 3.97
standard deviations on all parameters, but the main features of the

itzrucrfures dare werll{ i}Stt?]bl'Shﬁd' In|t|altref|nem§1nt of tge S"“g‘“?ﬁ of the numerical X atomic orbital program of Herman and Skillnan
showed very high thermal parameters on the carbon and sticon ,qqy i conjunction with the o&¢to-Slater basis program of Bursten
atoms of the three dimethylsilyl groups. The silicon and carbon groups and Fenskas

were resolved into two components corresponding to the presence of
both twist helicities of the tripod ligand in the ratio 85:15 (Figure 1).
Positions of the methyl carbons of the minor component were fixed in
subsequent refinement and a common isotropic thermal parameter The Building Blocks. The Ti building blocks for the
refined to 0.693 A synthesis of the heterodinuclear complexes by way of salt
The coordinates of the metal atoms in all four structures were metathesis are displayed in Figure 2. The synthesis of
deduced from a Patterson synthesis. The remaining non-hydrogencompoundsl and 3 has been previously reported and occurs
atoms were located from subsequent difference Fourier syntheses ancby reaction of the completely lithiated triamine ligand precursor
refined with anisotropic thermal parameters assigned to all non- with TiX4(THF),. The triamine GHsC(CH,NHSiMes); has

hydrogen atoms. The positions of the hydrogen atoms were located . - - A
in electron density difference maps and were included in the structure been used by us in the synthesis of tripodal triamidostanitates

factor calculations with thermal factors of 0.08,Aut their parameters Ut has thus far not been applied in transition metal chemistry.

Results and Discussion

not refined. The introduction of a phenyl group in the apical position of the
Molecular Orbital Calculations. Fenske-Hall calculation&® were ligand framework ir2 was thought to enhance the tendency of

carried out on the model compounds HC(BHH)Ti—Fe(CO}Cp (6X) the heterobimetallics to crystallize from their reaction solutions.

and HC(CHNH);Sn-Fe(CO)Cp (15X) in terms of orbital interactions It is also to be seen in connection with a potential fixation of

between the fragments [HC(GNH);Ti]™ and [CpFe(CQJ~ as well the tripod at a solid support material, an effort to be discussed

as [HC(CHNH)sSn]" and [CpFe(CQJ~. The coordinates determined  e|sewhere.

in the crystal structures @ and HCC(CHNSiMe;)sSn-FeCp(CQ) Reaction of the triamine §&lsC(CHNHSiMes)s with 3 molar

(15)*° were used but with H-atoms replacing both thesSlegroups
bound to the amido-N atoms and the apical methyl group in the ligand
framework. The calculations employed basis functions generated by

equiv of n-BuLi in pentane yielded the trilithium sad, which

(14) Herman, F. and Skillman, 8tomic Structure Calculation$’rentice
Hall: Englewood Cliffs, NJ, 1963.

(12) Cooper, M. K.; Guerney, P. J.; McPartlin, Ml. Chem. Soc., Dalton (15) (a) Bursten, B. E.; Fenske, R. F..Chem. Physl977 67, 3138. (b)
Trans.1982 757. Bursten, B. E.; Jensen, R. J.; Fenske, R1.-Chem. Physl978 68,

(13) Hall, M. B.; Fenske, R. Anorg. Chem.1972 11, 768. 3320.
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Scheme 1. Synthesis of the F+M Heterobimetallic Complexe6—

Tripodal Amido Halides with Metal Carbonylates
Hj
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8 (a),9—11 (b), and12—14 (c) by Salt Metathesis of the
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M= Fe (12) R= Ph (14a)
c Ru (13) Tol (14b)

precipitated as a colorless solid and may be characterized ado additional contamination of the product. All attempts to
such. On the basis of a comparison of the NMR spectroscopic crystallize 2a and 2b were equally unsuccessful. The crude

data to those of the previously characterized Li saltsCJE-
{CH:N(Li)SiMes}3]2 (5) and [HsCC{CH,N(Li)(i-Pr)}3], of
which X-ray crystal structures were obtain€@da similar
structural arrangement may be assumedifovwhen4 is reacted
with TiX4(THF), the triamido-Ti complexes @HsC(CH,-
NSiMe;)sTiX (X = ClI, 2a; Br, 2b) are obtained as red oils with

a purity of approximately 95% based &14-NMR spectroscopy.
Attempts to purify the titanium complexes by distillation at 20
Torr as previously achieved fdra and 1b were unsuccessful
since partial thermal degradation of the complexes actually led

amido complexe®a and 2b were therefore employed in the
subsequent metathetical coupling reactions.
A notable spectroscopic feature in tH&-NMR spectra o#,
2a, and2b, in comparison to their methyl-substituted analogues
5, 1a, and1b, respectively, is the downfield shift of the GN
protons. This is thought to be a consequence of the ring current
effect of the apical phenyl group in the former (Table 2).
Synthesis of the TiM Heterobimetallic Complexes.
Reaction of the complexdd, 2b, or 3b with carbonyl metallate
derivatives according to Scheme 1 leads to the coupled
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heterobimetallic, dinuclear complexés 8, 9—11, and12—14,
respectively. The FrFe complexe$, 9, and12 are the first
compounds with an unsupported—T#e bond which is stable
in solution at ambient temperatures. In fatp, ist stable in
toluene at 100°C with decomposition only setting in after
prolonged heating (boiling in toluene for several hours).
Whereass and9 are moisture sensitive and decompose when
exposed to oxygen, compouda is fairly stable to oxygen in
the absence of moisture. In contrast to the thermally very stable _
Ti—Fe and T+Ru species, the FiCo complexes, 11, and 321y
14 undergo slow thermal degradation if stirred in benzene or '
toluene over a period of several days (the degradation being
complete only after weeks). In the course of the process the
homodinuclear Co complexes [Co(GPRs)]2 (R = Ph, Tol)
precipitate from the solution; it has not been possible to date to
establish the nature of the Ti components. More rapid can Q)
decomposition occurs in polar solvents such as THF.

The existence of FM bonds in6—14 was initially evidenced
by IR spectroscopy. Thg(CO) bands of the heterobimetallics
are shifted to higher wavenumbers relative to those of the alkali
metal salts of the anions, as would be expected for metatal-
bonded structures. As Fischer has pointed-tite shift to
higher frequencyAr(CO),sof the asymmetrié2C—O stretching

Cl10A)
vibration upon formation of the metametal bond may be used Figure 3. Molecular structure of the titaniumiron complex 6

as a measure of the acceptor strength of the Lewis acidic metal(hydrogen atoms omitted for clarity).

fragment in relation to the base [Cp(G®I] ~ (M = Fe,»(CO)ss Table 3. Principal Bond Lengths () and Angles (deg) #r
= 1770 cm%; M = Ru, »(CO)ss= 1811 cn! for the K* salt).

L Molecule 1
The values ofA»(CO)s; lie in the range 146150 cnrl, and Ti()—Fe(l) 2.441(5) Ti(IN() 1.898(12) Ti(L}N(2) 1.895(11)
the degree (if not necessarily the naturele infra) of donor- Ti(1)-N(3) 1.884(15) Fe(BHC(6a) 1.72(2) Fe(BC(7a) 1.706(15)

acceptor interaction is thus comparable to that observed for “8*?((21)) 11-1394(132) mggg(é«’;) 11753((22)) 'f\\ll((g;\gl((;)) ll-zgt()gl)
M—Ga-bonded dinuclear complex¥s.Infrared absorptions ey : : a -
attributable to bridging carbonyl or isocarbonyl ligands were C(6a-00a) 1.17(3)  Cr2)0(ra) 1.16(2)

observed for none of the compounds studied, which supports “8:28:&}8) 11353-5((;)) I\’]‘(@E&;:Eg&; ﬁ;éggg
the structural arrangements depicted in Scheme 1. N(3)-Ti(1)—N(1) 99.5(6) NGY-Ti()-N(2) 101.4(7)
Free rotation about the FM bonds is inferred from the C(6a)-Fe(1)-Ti(1) 80.4(8) C(7a)Fe(1)-Ti(1) 83.6(8)
effective threefold symmetry of the titanium amide moiety  C(7a)-Fe(1)-C(6a) 98(1) Si(LyN(1)-Ti(1) 138.6(8)
; . Y C(1a-N(1)-Ti() 104.9(9)  C(1arN(1)-Si(1) 109(1)
observed in the NMR spectra. W_hereas only a sllg_ht br_oadenl_ng Si2-N(2)—Ti(1) 1371(9)  CRayN@)-Ti(1) 106.1(9)
of the 'TH-NMR resonances assigned to the amido ligand is  c(2a)-N@2)-Si(2) 107.9(9) Si(3N(3)—Ti(1) 144.5(9)
observed upon cooling solutions 8f7, 8, and9 in toluenees C(3a)-N(3)—Ti(1) 105(1) C(3a)y-N(3)—Si(3) 110(1)
to 190 K, the amide signals in the spectral@fand13 coalesce O6a)-C(6a)-Fe(l)  176(2) O(7ajyC(ray-Fe(l)  176(2)
below 200 K. However, it proved impossible to reach the low Molecule 2

temperature limit and thus freeze out the internal motion on Ti(2)—Fe(2) 2.428(%) Ti(2yN(4)  1.891(11) Ti(2)N(5) 1.879(12)
Ti2)-N(6) 1.89(2) Fe(}C(6b) 1.71(2) Fe(2}C(7b) 1.71(2)

the NMR time scale. N(4)-Si(4) 1.744(11) N(4yC(lb) 1.50(2) N(5¥Si(5) 1.725(13)
X-ray Crystal Structure Analyses of 6 and 7. Single- N(5)-C(2b) 1.49(2) N(6}Si(6) 1.73(2) N(6}-C(3b) 1.49(3)
crystal X-ray structure analyses ®Bnd7 have established that ~ C(6b)-O(6b) 1.16(2)  C(7byO(7b) 1.16(3)
while the compounds differ significantly with regard to their  N@)-Ti2)—Fe(2) 114.3(5) N(5}Ti(2)—Fe(2) 114.9(5)
packing in the crystal and thus space group symmetry, their mﬁgg_?gi_ﬂﬁii 188-82% Hggﬂ'gg_ﬁg) 11307-38((2))
i —Ti(2)— . i(2)— .
mol_ecular structures are very _S|m|Iar. The crystal_sBpﬁn C6b)-Fe(2)-Ti(2) 820(8)  C(7byFe(2-Ti2) 84(1)
particular, were difficult to obtain and were weak diffractors. ¢ (7p)-Fe(2)-c(6b) 93(1) Si(4)N(4)-Ti(2) 140.0(9)
This resulted in relatively high standard deviations on all  C(1b)-N(4)-Ti(2) 106(1) C(1by-N(4)-Si(4) 107(1)
parameters, but the main features of the structure are well gl((zsg;—Nrjfs))_—TéE?%) 11'?3-(71()9) gl(ék;*N’\ég)_‘TTl('(zz)) igi(ﬁg)
established. Since the unit cell 6fcontains two |nfjependent C(3b)-N(6)-Ti(2) 103(1) C(3b)-N(6)—Si(6) 111(1)
molecules, only the average values of the metric parameters o(6b)-C(6b)-Fe(2) 175(2) O(7byC(7b)-Fe(2) 175(2)

will be discussed. The molecular structure6oih the crystal

is shown in Figure 3, and the principal bond lengths and ) ) )
interbond angles are given in Table 3. A different view of the at the Ti center as well as the set of ligands coordinated to the

similar molecular structure dfis depicted in Figure 4, and the ~ late transition metal. The average-He distance of 2.433 A
listing of the principal metric is given in Table 4. in the structure ob and the T+Ru distance of 2.527(1) A in
The central structural unit is the free-TM bond (M = Fe, that of 7 are significantly shorter than the corresponding bond
Ru) which is effectively shielded by the tripodal amido ligand lengths observed in (M8l)sTi—M(CO).Cp [da(Ti—Fe) =
2.568,d(Ti—Ru) = 2.663(1) A] and (MeN)(2,6-Me&CsH30),-
(16) Fischer, R. A.; Priermeier, TOrganometallics1994 13, 4306 and Ti—Ru(COXCp [d(Ti—Ru)= 2.573(1) A]* These short MM’

references cited therein. bond distances are a consequence of the relatively high bond

(17) |(r?c))r2.ljglrt1‘:ehnHié’\7ﬂé; fgi%%v}".c(ﬁ)“éi's%g;e}g rZ?.nM%rBK.H;r?:ﬁ’eiZ; E- polarity as well as the low steric hindrance of the halves of the

T. Chem. Ber1995 128, 831. molecule. The possibility of a certain degree of metaktal
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c3n

Figure 4. Molecular structure o in the crystal showing the virtual
Cs symmetry of the molecule.

Table 4. Selected Bond Lengths (A) and Angles (deg) Tor

Ru—Ti 2527(1) TEN(@)  1.907(5) TiN(2)  1.905(6)
Ti-N@3)  1.907(6) N(IFSi(1) 1.725(5) N(&rSi2) 1.732(6)
N(3)-Si(3) 1.728(6) N(1}C(l) 1.489(9) N(2}C(2) 1.502(10)
N(3)-C(3) 1.488(10) C(4YC(1) 1.552(9) C(4YC(2) 1.495(11)
C(4)-C(3) 1.533(11) C(4YC(5) 1.552(10) RuC(6)  1.840(9)
Ru-C(7)  1.835(9) C(6)0(6) 1.143(12) C(AO(7) 1.150(11)

N(1)-Ti—Ru 118.1(2) N(2)}-Ti—Ru 115.3(2)
N(3)-Ti—Ru 113.1(2) N(L)¥Ti—N(2) 102.0(3)
N(1)-Ti—N(3) 100.1(2) N(2)-Ti—N(3) 106.4(2)
Si(1)-N(L)—Ti 145.0(3) C(1¥-N(1)—Ti 104.3(4)
C(1)-N(1)-Si(1) 109.6(4) Si(2¥N(2)—Ti 140.2(4)
C(2)-N(2)—Ti 105.1(5) C(2¥N(2)-Si(2) 109.3(5)
Si(3)-N(3)-Ti 134.3(3) C(3)-N(3)—Ti 104.8(4)
C(3)-N(3)-Si(3) 112.3(5) C(6YRU~Ti 79.6(3)
C(7)-Ru—Ti 81.9(3) C(7y-Ru—C(6) 93.1(4)
0(6)-C(6)-Ru 177.8(8) O(7-C(7)-Ru 177.0(8)

. . . . Figure 5. (a) Molecular structure of the titaniuaruthenium complex
multiple bonding as invoked by Wolczanski et al. for the-Zr 13 showing the lampshade arrangement of the tripod ligand generated

Rh complex Cp*Zrg-OCH,PhPRhMe,'® will be discussed by the tolyl groups (compled2 is virtually isostructural). (b) View
below. down the TiRu axis.

In both compound$ and7 the angle between the Cp(cen-
troid)—M vector and the plane spanned by the metal (Fe, Ru)
and the two carbonyl C-atoms, C(6) and C(7), is°L#06 and
163 in 7, respectively and thus fairly close to the ideal value
of 180 for the anion. This is typical for rather negatively
charged metal centers in Cp(GBIP~X%* compounds? The
essentially linear carbonyl ligands lean markedly toward the Ti
atoms [meari](Ti—Fe—CO) 82.5 in 6; meand(Ti—Ru—CO)

S (ON(3)) = 351.4(5¥].2° The polydentate triamido ligand is
clearly sufficiently flexible to accommodate these structural
distortions without significant destabilization of the molecule.
X-ray Crystal Structure Analyses of 12 and 13. The
structural arrangement in the bimetallic complexes containing
the trisilylmethane-derived tripodal amido ligand was established
by single-crystal X-ray structure analysesi&fand13. The
L . . . molecular structures of both compounds are closely related and
80.8 in 7]; however, the T-|--CO“d|st§nc.e qf a},b.out Z'S.A n depicted in Figure 5. The principal bond lengths and interbond
feac_h compound preclludes.a.my Sem'b”dg'ng mterz_actlon and angles of both compounds are given in Tables 5 and 6. The
indicates that the disposition of these ligands is largely gominant structural feature is the [2,2,2]bicyclooctane-derived
determined by the steric requirements of the bulky cyclopen- ¢oqe comprising the trisilylmethane unit and the tris(amido)-
tadienyl group. titanium unit which are slightly twisted with respect to each
Repulsion between the cyclopentadienyl ligand and the large other as a consequence of the steric repulsion of the SiMe
N-bonded MgSi groups at the other side of the-Tfre or Ti- groups. In the crystals obtained frarithere is a slight disorder
Ru bond results in two silyl groups being forced apart (as can of the SiMe units due to the presence of both twist-helicities
be seen in Figure 4), thus breaking the otherwise 3-fold of the tripodal ligand in a ratio of approx. 85:15.
symmetry of the Ti complex fragment. As a consequence of  The tolyl groups are oriented almost orthogonally to the radial
this distortion the geometry of the two amido-N atoms N(1) planes spanned by the Ti, N, and Si atoms [torsion andl@s:
and N(2) in6; N(2) and N(3) in7 significantly deviate from O(Si(IX)—N(1)—C(11)-C(12)) = —54.3, O(Si(2x)—N(2)—
the normally observed planar arrangemesit p .((ON(1)) = C(21)-C(22)) = —84.7, O(Si(3x)—N(3)—C(31)y-C(32)) =
353(1F, Yal0ON(2)) = 353(1f; 7: S(ON(2)) = 354.6(5), —69.4; 13, O(Si(1)—N(1)—C(11)-C(16))= —55.2, (Si(2)—
N(2)—C(21)-C(22))= —84.8, O(Si(3)—N(3)—C(31)-C(32))

(18) Ferguson, G. S.; Wolczanski, P. T.; Parkanyi, L.; Zonnevylle, M. C.
Organometallics1988 7, 1967. (20) Chisholm, M. H.; Rothwell, I. P. IlComprehensie Coordination

(19) Fischer, R. A.; Herdtweck, E.; Priermeier,Ifiorg. Chem1994 33, ChemistryWilkinson, G., McCleverty, J. A., Gillard, R. D., Eds.;
934 and references cited therein. Pergamon Press: Oxford, England, 1987; Vol. 2, p 161.
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Table 5. Selected Bond Lengths (A) and Angles (deg) f@

Ti—Fe 2.410(4) TN(L) 1.942(10) TFN(2)  1.915(10)
Ti—N(3) 1.929(11) FeC(8) 1.731(15) FeC(9)  1.71(2)
Si(1—-N(1) 1.781(12) N(1¥Si(ly) 1.79(3)  N(1)-C(11) 1.43(2)
Si(2)-N(@2) 1.777(12) N@2}Si(2y) 1.79(3) N(2>C(21) 1.42(2)
Si(3)-N(3) 1.771(13) N(3)Si(3y) 1.79(2) N(3}-C(31) 1.44(2)
O(1)-C(8) 1.16(2) O(2}C(9) 1.16(2)

N(1)-Ti—Fe 1155(3)  N(&Ti—Fe 113.1(4)
N(2)-Ti—N(1) 104.3(5)  N(3}Ti—Fe 116.3(4)
N(3)-Ti—N(1) 102.6(5)  N(3)}Ti—-N(2) 103.5(5)
C(8)—Fe-Ti 88.0(6)  C(9)-Fe-Ti 88.8(6)
C(9)-Fe—C(8) 96.8(8)  C(LLFN(L)—Ti 125.2(9)
CA1-N(1)-Si(1x)  120.6(9)  CIFN(L)-Si(ly)  112(1)
C(21)-N(2)—Ti 129(1) CR1FN(@2)-Si(x)  116.1(9)
CRL-N(@2)-Si(2y)  114(1) C(BLN(3)-Ti 129(1)
C(31)-N(3)-Si(3x)  118(1) C(31FN(3)-Si(3y)  116(1)
091)-C(8)—Fe 176(2) O(2)yC(9)—Fe 177(2)

Table 6. Selected Bond Lengths (A) and Angles (deg) 16

Ti(1)—-Ru(l) 2.503(4) Ti(1y¥N(1) 1.932(11) Ti(LFN@) 1.902(14)
Ti(1)-N(3) 1.895(13) N(1¥Si(1) 1.754(15) N(2}Si(2) 1.74(2)
N@3)-Si(3) 1.73(2) Si(1y¥C(1) 1.88(2)  Si(I}¥C(2) 1.84(2)
Si(1)-C(3) 1.89(2)  Si(2FC(l) 1.84(2)  Si(2¥C(4) 1.90(2)
Si(2-C(5) 1.88(2)  Si(3yC(1) 1.89(2)  Si(3yC(6) 1.87(2)
Si(3-C(7) 1.86(2) N(1}C(11) 1.43(2) N(2}C(21) 1.43(2)
N@3)-C(31) 1.43(2) C(8FO(1) 1.15(22) C(9Y0(2) 1.17(3)
Ru(l-C(8) 1.81(2) Ru(1}¥C(9) 1.80(2)

N(1)—Ti(1)—Tu(1) 113.9(4) N(2)-Ti(1)—Ru(1) 112.7(5)

N(3)—Ti(1)—Ru(1) 117.7(5) N(2)Ti(1)—N(1) 103.9(6)
N(3)-Ti(1)~N(1) 102.7(6) N(3)-Ti(1)—N(2) 104.5(6)
Si(1)~-N(1)~Ti(1) 113.3(7) C(11N(1)-Ti(1) 125(1)
C(11)-N(1)-Si(1) 121(1) Si(2y-N(2)—Ti(1) 113.8(7)
C(21)-N(2)-Ti(1) 128(1) C1)N(2)-Si(2) 118(1)
Si(3)-N(3)—Ti(1) 113.6(7) C(313N(3)—Ti(1) 129(1)
C(31)-N(3)-Si(3) 118(1) C(9)-Ru(1)-C(8) 91.2(8)
Ti(1)~Ru(1)-C(8) 87.8(7) Ti(1)»-Ru(1)-C(9) 88.4(8)
O(1)-C(8)-Ru(1) 177(2) O(2-C(9)—-Ru(1) 173(2)
C(1)-Si(1)-N(1) 102.0(7) C(1¥-Si(2)-N(2) 102.9(7)
C(1)-Si(3)-N(3) 103.1(7) Si(1}C(1)-Si(2) 112.7(9)
Si(1)-C(1)-Si(3) 110.6(9) Si(2}C(1)-Si(3) 112.1(8)

= —71.9] generating a lamp shade arrangement of the ligand
which leaves sufficient space for the Fe and Ru fragments to
bind to the Ti without significant steric repulsion of the two
complex fragments. This is also manifested in the extremely
short metatmetal bonds d(Ti—Fe) = 2.410(4) A,d(Ti—Ru)

= 2.503(4) A] which are even shorter than those observed in
and?.

That the arrangement of the tolyl groups observed in the solid
state structures df2 and13 is retained in solution is inferred
from the shift of the Cp protons in tHél-NMR spectra of both
compounds to higher field. [ = 3.55 (2), 4.07 (3) in

comparison tod 4.59 @) 4.99 (/)]. The significant shift to Ti —Fe

higher fi(_eld is duelto thg ri.ng current ef_fects of t_he ton_I groups, ‘ o]

the Cp ligands lying .Wlthm the high field shifting anisotropy Figure 6. o-donor and twos-donor acceptor orbital interactions
cones of the arene rings. between [HC(CHNH)sTi]* and [CpFe(COJ- in 6x.

Analysis of the Metal-Metal Bonding in HC(CH 2NH)3Ti—

Fe(COXCp (6x) and HC(CHZNH)35n_Fe(CO)2C.:p (15x). The bonding in these species, Fensitéall quantum mechanical
unusually short metaimetal bondg found in thg crystal calculations on the model compound HC({BHH)sTi—Fe(CO}Cp
structures of, 7, 12 _anq 13 have raised the question OT the (6x) were carried out. The coordinates of the crystal structure
thual Ibotr;]d mutl_t|pI||C|:yd|n tk;eée f;';lgatg hgtgrobbméetalthcs. of 6 were used, the N-bonded N®& groups and the methyl
a:desgzo-gsiﬁag?e\?eglgdc; ceFr)‘Ea)in d;grgédbr%ozacucSpfonr group i.n the ligand franjework.being e placed by H-aFoms. T-h ©
analysis of the results is considered in terms of the interaction

interaction between the metal cent&rsIn analogy to the _— _
qualitative view adopted by Wolczanski and coworkers in their ?Feitg\]/n?:n&the fragments [HC(GNH),TI]™ and [CpFe(CO)

analysis of the zZrRh bonding in Cp*Zig-OCH,PhP),-
RhMe'8 the compounds discussed in this paper may be viewed
as arising from @- andszr-donor-acceptor interaction between
an anionic [CpM(CQO)~ fragment and the cationic [(Amide)-
Ti]* fragment. To elucidate the detailed nature of-Wi

There are three principal doneacceptor bonding interactions
between these two fragments, one domirabbnding interac-
tion and two orthogonat-interactions f; and,). Mulliken
overlap population (MOP) analysis of these bonding interactions
(Table 7) indicates that the-interaction between acceptor
(21) Bursten, B. E.; Novo-Gradac, K. J. Am. Chem. Sod987, 109, fragment orbital 23 of the Ti Unit, MO(T|) 23, and donor

904. fragment orbital 27 (the HOMO) of the Feunit, MO(Fe) 27,
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Table 7. Mulliken Overlap Populations Between the Fragments
[HC(CH:NH)3Ti]* and [CpFe(CQ)~

fragment MOs fragment MOs in [CpFe(CQ)”
in [HC(CHzNH)Ti]* 24 25 26 27
23 0.327
(67%)
24 0.022 0.037

(4.5%) (8%)
25 0.100
(20.5%)

accounts for 67% of the metaimetal bonding. Ther;-orbital
interaction between MO(Ti) 25 and MO(Fe) 25 is responsible
for 20.5% whilesr, accounts for 8% of the molecular overlap
population between the two metals. A residual MOP of 0.022
is in the interaction of MO(Ti) 24 and MO(Fe) 24, which is
not shown in Figure 6. To summarize, the-He bonding in

6x is predominantly of ther-donor-acceptor type, however
with a significant component of-bonding also involved.

In order to compare the nature of the—=W bonding with
that of the metal metal bonding in the tetravalent main group
analogues, we recently synthesized the analogousMsn
heterobimetallic3? Of these, the complex4€C(CHNSiIMe;)s-
Sn—Fe(COXCp (15) represents the tin analogue @f Using
the crystallographically determined coordinates 18 and
replacing the SiMgand (ligand framework) methyl groups by Sn —Fe
H-atoms, we performed similar calculations to those discussed
above on the model compound HC(&¥H);Sn—Fe(COXCp Y
(15%). As in the analysis 06x, the bonding in this compound  Figure 7. Major frontier orbital interactions i15x
was considered in terms of the orbital interactions between the Conclusions

[HC(CHNH)sSn]" and [CpFe(COJ~ fragments (Figure 7). The choice of the tripodal amido ligands in the stabilization

o There are t‘l"’o ?rincipal doT]orgccgptor ilnteracti_onsbbgtweﬁn of Ti—M heterobimetallics has provided the key to the synthesis
the two complex fragments, the dominant interaction being the ¢ 5 \yhole range of such species. This study has shown that

o-bond between MO(Fe) 27 and MO(Sn) 28. This type of s of an appropriately “protected” early transition metal
interaction which is analogous to tlebonding interaction in complex fragment polar metametal bonds in earlylate
6x accounts for 74% of the FeSn bonding (MOP 0.517). In  peterobimetallics are stable structural elements. In current and

addition, a donoracceptorr-bond arising from the interaction  f,re work we are investigating the chemical and photochemical
of MO(Fe) 25 with MO(Sn) 29 contributes significantly to the reactivity of these dinuclear systems.

bonding between Fe and Sn (MOP 0.124 amounting to 18% of

the total Fe-Sn bonding). Thez-bonding is due to the Acknowledgment. We thank the Deutsche Forschungsge-
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To summarize, while there are two possibtedonor—
acceptor metatmetal interactions in the FiFe complex due
to the availablity of low lying acceptor d-orbitals in the early Supporting Information Available: Text detailing the structure
transition metal, the FeSnz-bonding involves an essentially ~ determination, tables of crystallographic data, the positional and thermal
Sn-centered SAN o*-orbital. For the stabilization of the  Parameters, and interatomic distances and angles, and structural
metal-metal bond this interaction is clearly less dominant than diagrams fol, 7, 12and13 (42 pages). Ordering information is given
thez-bonding inéx. The more “conventional” SnFe metat on any masthead page.
metal bond is therefore to be interpreted as primaribytzond. IC951353F



