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A new type ofansacycloheptatrienytcyclopentadienyl complex with germanium as a bridging atom
has been synthesized. Using the established route for the formationGiH,)Me,Si(17-C7Heg) Ti], [1]-
silatroticenophand, the analogous germylene-bridged derivative-QsHs)Me,Ge@-C;Hg)Ti] (2) has
been isolated from the reaction ofpfC/H7)Ti(y-CsHs)] (troticene) with n-butyllithium/N,N,N,N'-
tetramethylethylenediamine (tmeda) in hexane and subsequent treatment of the intermediate dilithio
complex with dimethyl(dichloro)germane. [1]Germatroticenoph2rieas been isolated in yields up to
15-20% and was characterized by meanstbf13C NMR spectroscopy, elemental analysis, and mass
spectrometry. In addition, an X-ray diffraction study on a single crystalizds been performed, and the
structural characteristics are discussed in comparison to relagsstompounds. The differential scanning
calorimetry trace of2 shows a strong exotherm at about 13D, which is the result of a thermally
induced ring-opening polymerization reaction, and a strain energy of about 45 k3 had been
determined. The reaction @with equivalent amounts of tris(triethylphosphine)platinum(0) involves a
regioselective insertion of a [Pt(R] moiety into the germaniumcarbon bond at the Ei site, yielding
the [2]platinasilagermatroticenophang-[CsHs)Me,GePt(PES).(r7-C7Hg) Ti] (10), which was characterized
by *H, 12C, 3P, and'®Pt NMR spectroscopy. In addition, the reactivity lofoward protic acids such as
HCI and HBF, has been investigated, yielding complexes of the typed{H,) Ti(7-CsHaSiMexX)] (X
= Cl, F) by exclusive cleavage of the -SC;Hs silicon—carbon bond and protonation of the
cycloheptatrienyipso-carbon atom.

Introduction medicinal chemistry, and materials scienceln particular,
bridged bis(cyclopentadienyl) systenasméametallocenes) with
group 4 metal centers are used as reagents in organic synthesis
and as components for the generation of very active and selective
Ziegler—Natta catalysts for olefin polymerizatidrivioreover,
highly strainedansametallocenes such as [W®i(;75-CsHa),-

Fe] are excellent precursors for the generation of metallopoly-
mers that have been shown to exhibit intriguing electrochemical,
optical, thermal, and magnetic propertfesn contrast, the
organometallic chemistry of the cycloheptatrienyl ligand (Cht)
has been little studied in comparison with that of the Cp system,
although Cht complexes  j{C7H7)ML ], have been known for

It was the serendipitous discovery of ferrocen@; QsHs)»-
Fe], in 1951 and one year later the monumental elucidation of
its sandwich-type structure by E. O. Fischand G. Wilkinsod
that triggered the remarkable development of cyclopentadienyl
transition metal chemistry, which is still ongoing today. It is
estimated that 80% of all organometallic complexes bear the
cyclopentadienyl ligand (Cp) or its substituted derivativ&se
importance of the Cp system can be attributed inter alia to the
virtually unlimited possibilities of altering the steric and/or
electronic properties of the resulting complexes by replacement
of the hydrogen atoms in the parendHg system by alkyl or
aryl subystitu%nts. As a result!O the sterig bulk, s){[abili);y, and More than four decades. ]
solubility of the Cp complexes can be influenced and hence Only recently have we successfully introduced the well-
directly adapted to the desired applications. Indeed, cyclo- knowr_1 concept of ligand funptlona!lzatlon to Cht transition metal
pentadienyl metal complexes have found widespread use inchemistry with the synthesis of linked cycloheptatrienylphos-

many different research areas such as homogeneous catalysis
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phanet! -thiolate!? and -phenolate ligandg While completing Scheme 1

these studies, we became interested in the preparation of bridged

Cht—Cp sandwich complexes, in which the ligand can be @ @ @ @ X—
regarded as a Cp-donor-functionalized cycloheptatrienyl ligand, | D=

and have communicated the synthesis of the silicon-bridged “—p—Mta R_,»f_’ /S—’ 8—’ _’
ansaCht—Cp titanium complex the [1]silatroticenophatelt R il

was demonstrated that this highly strained molecule is suscep- R = Ph, i-Pr

tible to strain release by ring-opening polymerization (ROP)
reactionst* In addition, bridging of the carbocyclic ligands in

1 creates a gap at the metal center, which thereby becomes
accessible to slenderdonorfr-acceptor ligands such as carbon
monoxide and isocyanidé3The experimental and theoretical
investigation of these metaligand interactions revealed that
the titanium center irl bears a closer resemblance to Lewis
acidic TiV rather than Ti. Accordingly, the Cht ring functions
more as a trinegative 10-electron ligand than as the more com- Scheme 2

mon tropylium catiod?~17 a description that has also been con-
firmed in the related CpCht zirconium complex trozircen&:.1°

L = CO, CN-tBu, CN-oXy

With this contribution, we wish to report the synthesis and Ti 1. nBuLitmeda Me,E N
characterization of the germanium-bridged congenerlof @ 2. Me;ECl \Q E=Si(1), Ge (2)

namely, the [1]germatroticenophaeAdditionally, the reactiv-

ity of the single-atom bridge i1 and 2 toward ring-opening
polymerization, transition metal insertion, and protonolysis
reactions has been studied and is described herein.

of the GHg and the GH,4 resonances that suggests the formation
of a C-symmetric complex. The former two singlet signals in
troticene at 5.42 (¢47) and 4.90 ppm (6Hs) are now split into
five resonances in a ratio of 2:2:2:2:2, and in contrast, tall

Results and Discussion CsH4 and GHg resonances are well resolved (Figure 1). The
) o signals of the3- andy-C;He protons in2 are low-field shifted
Synthesis and Characterization ofansaCht—Cp Com- to 5.96 and 5.88 ppm in comparison to the unbridged troticene,

plexes.The ansaCht—Cp complex [1]germatroticenopha@e  \hereas the resonance of theC;Hs protons next to the
can be obtained in a similar way to that described for the pridging unit can be detected at higher field (4.76 ppm). The
synthesis ofL.1®> Reaction of [-C7H7)Ti(5-CsHs)] (troticene$° CHs resonance signal is observed at 0.50 ppm, slightly upfield
with n-butyllithium/N,N,N,N'-tetramethylethylenediamine (tme-  from the corresponding resonanceli0.41 ppm). As expected,
da) followed by treatment of the intermediate dilithio complex  the 13c NMR spectrum of the [1]germatroticenopha®énas

with dimethyl(dichloro)germane leads to the formatior2ah seven signals for the ring carbon atoms between 100.7 and 58.8
moderate yields of 1520% after crystallization from hexane ppm, whereby the two upfield signals at 81i-8%H,) and 58.8
(Scheme 2). ppm (-C7Hg) can be unambiguously assigned to ithso-carbon

The blue complex proved to be very sensitive toward air and atoms. In1, the latter resonances are observed at slightly lower
moisture, but can be stored at room temperature in an anaerobidield (83.6 and 61.6 ppm), and a similar trend has also been
atmosphere for a long period of time without degradation. The observed for the resonances of ti@so-carbon atoms in
H NMR spectrum oR in benzeneds exhibits a splitting pattern  [1]dimethylsilaferrocenophane (33.5 pgFhand [1]dimethyl-
germaferrocenophane (31.0 ppfa)n general, such remarkably
(11) (a) Tamm, M.; Baum, K.; Lgger, T.; Fidlich, R.; Bergander, K. large upfield shifts are characteristic for tilted sandwich

Eur. J. Inorg. Chem2002 918. (b) Tamm, M.; Dressel, B.; Urban, V.. stryctures and reflect strong distortions aboutifise-carbon-
Lugger, T.Inorg. Chem. Commur2002 5, 837. (c) Tamm, M.; Dressel, 9

B.; Lugger, T.; Filich, R.. Grimme, SEur. J. Inorg. Chem2003 1088, heteroatom bond¥. N
(d) Tamm, M.; Dressel, B.; Baum, K.;lgger, T.; Pape, TJ. Organomet. To compare the solid-state structures of the silicon- and
gﬂem-ggg\é %Z, 13-2(5) Tamm, M.; Dressel, B.;'lgger, T.J. Organomet. germanium-bridged troticene derivativeand2, single-crystals
em. 3 . H H )
(12) Tamm, M. Dehn, S. Unpublished results. of 2 were isolated from a saturated toll_Jene solut|0ﬁa!5_ C, _
(13) Tamm, M.; Bannenberg, T.; Dressel, B.:'Fioh, R.; Holst, C. and the molecular structure was established by X-ray diffraction
lno(fg-)Chem.ZOOZ 41, 47. stweck. Ehem. ¢ 2008 1729 analysis. Compound is isotypic to1; it crystallizes inPnma
14) Tamm, M.; Kunst, A.; Herdtweck, em. Commu 5 1729. ; i i i tani i
(15) Tamm, M. Kunst. A.- Bannenberg, T.. Herdtweck, E.. Elsevier, C. with a mirror plane bisecting the titanium atom, the ring carbon
J.; Ernsting, J. MAngew. Chem2004 116, 5646;Angew. Chem., Int. Ed. CeH
2004 43, 5530. s
(16) (a) Menconi, G.; Kaltsoyannis, rganometallic2005 24, 1189.
(b) Kaltsoyannis, NJ. Chem. Soc., Dalton Tran$995 3727. B- and y-C7Hs a-C7He
(17) Green, J. C.; Kaltsoyannis, N.; Sze, K. H.; MacDonald JMAm.
Chem. Soc1994 116, 1994. M 1
(18) Tamm, M.; Kunst, A.; Bannenberg, T.; Herdtweck, E.; Schmid, R.
Organometallic2005 24, 3163. B -and a-CsHs
(19) Baker, R.; Bannenberg, T.; Kunst, A.; Randoll, S.; Tammiridrg. a-CoH
Chim. Acta2006 395, 4797. B- and y-C7Hs i
(20) For the sandwich compoundfC7H7) Ti(5-CsHs)], we introduced
the trivial nametroticene (see refs 15 and 19), which stands forf( L 2
tropylium)titanium(5-cyclopertadienyl)] and is in accord with the naming e
of [(37-C7H7)V(5-CsHs)] astrovacene see for instance: Elschenbroich, C.; 60 58 56 54 52 50 48 46 PPM
%:?Ze-mann, O. Burghaus, O.; Harms, X.Am. Chem. Sod997 119 Figure 1. Excerpts from theH NMR spectra of the [1]-

(21) Ogasa, M.; Rausch, M. D.; Rogers, R.D.Organomet. Chem.  Silatroticenophané (top) and the [1]germatroticenophaébot-
1991, 403 279. tom) in benzendak.
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Figure 2. ORTEP-style plot of the molecular structure 2f
Selected bond lengths [A]: FC1 2.176(2), T+C2 2.195(1), T+
C3 2.227(2), T+C4 2.253(2), T+C5 2.311(2), T+C6 2.314(2),
Ti—C7 2.349(2), C+C2 1.433(2), C2C3 1.428(2), C3:C4 1.418-
(2), C4-C4a 1.414(4), C5C6 1.430(2), C6C7 1.414(2), C*
C7a1.411(4), GeC1 1.967(2), Ge C5 1.969(2), Ge C8 1.936(2),
Ge-Ti 3.0903(4), Ti-Ct7 1.492, T+Ct5 1.990, symmetry opera-
tion to equivalent positions ax, 1/2—y, z

Table 1. Comparison of Selected Bond Lengths of Troticene

with 1 and 22

troticene 1 2
Ti—CtP 1.487 1.496 1.492
Ti—Cs*°
average 2.212 2.219 2.218
range 2.202(%y2.217(1) 2.170(3)Y2.256(2) 2.176(2)2.253(2)
Ci—C*
average 1.422 1.422 1.426
range 1.416(1)1.427(1) 1.409(3y1.436(3) 1.414(4y1.433(2)
Ti—Cts¢ 1.982 1.988 1.990
Ti—Cs®
average 2.333 2.326 2.327
range 2.321(%)y2.338(1) 2.294(3)Y2.353(3) 2.311(2)2.349(2)
Cs—Cs®
average 1.412 1.420 1.420
range 1.409(1)1.414(1) 1.410(5y1.435(3) 1.411(4y1.430(2)
Ti—E 3.008(1) 3.0903(4)

aBond lengths in APCt; = centroid of the seven-membered rig;
= carbon atom of the seven-membered rif@ts = centroid of the five-
membered ring®Cs = carbon atom the five-membered ring.

atoms C1 and C5, and the Ge atom of the bridging moiety. As

expected, the Cht and the Cp rings are virtually planar and can

be regarded as being essentially- and 7°-coordinated,
respectively. The carbermetal bond distances to the seven-
membered ring are significantly shorter than those to the five-
membered ring [FrC; = 2.176(2)-2.253(2) A, T-Cs =
2.311(2)-2.349(2) A], indicating a stronger interaction between
the metal and the Cht ligand, as previously observed for the
unbridged troticeri® and for the corresponding trozircetfelhe
average metalcarbon distances to the seven-membered ring
in 2 are only marginally longer than those in the unstrained
troticene (2.218 vs 2.212 A), whereas the reverse trend is
observed for the metalcarbon distances in the five-membered
ring (2.327 vs 2.333 A). Substitution of the silicon atomlin

by germanium does not alter the structural parameters signifi-
cantly, and all average FiC and C-C distances il and2 are
identical within experimental error (Table 1). The -TGe
distance of 3.0903(4) A lies well outside the range of the sum
of the covalent radii (2.54 & and is significantly longer than
the bond lengths determined for germyitanium complexes,

(22) Finckh, W.; Tang, B.-Z.; Foucher, D. A.; Zamble, D. B.; Ziembinski,
R.; Lough, A.; Manners, IOrganometallics1993 12, 823.

(23) Foucher, D. A.; Edwards, M.; Burrow, R. A.; Lough, A. J.; Manners,
|. Organometallics1994 13, 4959.

(24) Osborne, A. G.; Whiteley, R. H.; Meads, R.EOrganomet. Chem.
198Q 193, 345.

(25) Lyssenko, K. A., Antipin, M. Y., Ketkov, S. YRuss. Chem. Bull.
Int. Ed. 2001, 50, 130.

(26) Deb, B. M.; Singh, R.; Sukumar, N. Mol. Struct.1992 259, 121.
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Table 2. Structural Comparison of Silylene- and
Germylene-Bridged ansaComplexes

compound o/deg pldeg,p'ldeg 6/deg oldeg
1 24.1 42.3,29.2 95.6 160.5
2 229 41.4,28.5 92.8 161.0
3 20.8 37.0 95.7 164.7
4 19.1 37.8,35.9 91.7 n/a
5 16.6 38.2,37.9 92.9 167.6
6 14.4 38.7 91.8 n/a
7 17.3 48.3,32.6 98.2 167.0
8 15.6 47.7,30.6 93.9 168.4

e.g., T=Ge= 2.710 A in [(7-CsHs),Ti(GePh)(72-COCHy)]?”
and Ti-Ge = 2.653 A in [(MeN)sTi—Ge(SiMe)3].28 This
suggests that no interaction between the metal center and the
heteroatom is present & although crystallographic arfdFe
Mossbauer spectroscopic studies on j&e(-CsHa)oFe] re-
vealed a weak dative interaction between iron and the germa-
nium atom fi(Fe—Ge) = 2.804(2) A]23

The degree of deviation from an unstrained sandwich structure
with an ideal coplanar ring orientation can be characterized by
the anglesy, g3, (', 0, andd, which are defined in Table 2.
Since germanium has a larger covalent radius than sifigon,
one would expect the [1l]germatroticenopha®eo be less
distorted than the [1]silatroticenophaheand this is confirmed
by the observation of a smaller tilt angke(22.9 in 2 vs 24.F
in 1) together with a larger angl& (161.0 in 2 vs 160.5 in 1)
at the metal center defined by the ring centroids. The same trend
has been observed for the structurally characterized Si/Ge
couples, the ferrocenophart#g,2223and the chromarenophanes
5/62°:30 (Figure 3, Table 2). It can be clearly concluded that
both 1 and 2 represent the most strongly distorted sandwich
complexes in comparison to the silylene- and germylene-bridged
derivatives shown in Figure 3. For instance, a pronounced
decrease in strain is observed on going from the 16-electron
[1]silatroticenophanel (a 24.°, 6 = 160.5) to the
17-electron [1]silatrovacenophaiiga = 17.3, 6 = 167.0)3!
and to the [1]silatrochrocenopha@i¢o. = 15.6°, = 168.4),32
which is undoubtedly a consequence of the larger interannular
distance in [g-C/H7)Ti(n-CsHs)] (troticene, 3.48 A3® compared

Me,Si Me,Ge

Me,Si Ph,Ge

04 £k
AR AN

R

Ph,Si Vv Me,Si

{

7 8

Figure 3. Selected silylene-
complexes.

and germylene-bridgedisa
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to that in [¢-C7H7)V(5-CsHs)] (trovacene, 3.38 Af and in [(- 10 5

C7H7)Cr(;-CsHs)] (trochrocene, 3.26 A3 o ,
Large angleg andg' are observed fot (42.3, 29.2) and 7 | \

2 (41.4, 28.5), indicating a strong distortion from planarity at gz ! \

theipso-carbon atoms (Table 2). These values are only exceeded 4 ! \

by the corresponding angles found in the vanadium and = 3] ! \

chromium congenerg (48.3 and 32.8) and 8 (47.7 and S f} o

30.6°). This trend, however, must not necessarily impose higher NECE / \

strain on these sandwich molecules in comparisah gncea & 731 - -

significant out-of-plane displacement of the substituents of the § .31

Cht ring can also partially be attributed to a reorientation of T -4

the large seven-membered ring for a better overlap with the jf;}

smaller vanadium and chromium atoiis$# Finally, the C1- 7

Si—C5 and C+Ge—C5 angles irl [ = 95.57(13}] and2 [0 ng

= 92.76(8Y] are substantially smaller than expected for ideally T S
sp*-hybridized Si and Ge atoms. According to Bent's réfle, 60 80 100 120 140 160 180 200 220 240
this distortion results in a scissoring effect with a widening of T/°C

the adjacent angles between the methyl groups and the Si angtigre 4. DSC thermograms df (full line) and2 (dotted line) in
Ge atoms [C8 Si—C8a=110.40(15), C8-Ge-C8a= 112.03- the range between 60 and 250; heating rate 10 K mirt-

(11)].

DSC Studies and Theoretical Investigations on 1 and 2. pespite this limitation, both values are clearly substantially
The structural parameters ascribed @nd2 indicate that these  smaller than those found for [M8i(7-CsHa)-Fe] (ca. 80 kJ
molecules are highly strained, which makes them suitable mo|-1)36 and also for chalcogen-bridged [1]ferrocenophanes
precursors to metallopolymers via ring-opening polymerization. sych as [Sf-CsHa).Fe] (ca. 130 kJ mot) and [Sef-CsHa)a-

In a preliminary communicatiot?,we reported that is readily Fe] (ca. 100 kJ mot)38 or for the boron-bridgediPrNB(;-
transferred into poly(troticenylsilanes) by heating the monomer c.H,),Fe] (ca. 95 kJ motY).3? In contrast tal and2, [(5-CsHa)-

at elevated temperatures. On the basis of our differential pp,sj-(y-C;He)V] (7) and [¢7-CsHa)-Me,Si-(5-C/He)Cr] (8)
scanning (DSC) calorimetry studies, the strain energywas decomposed on heating instead of polymeriZh#.

estimated to be about 36 kJ mél Since no melt endotherm To further explain the different strain energies of troti-
had been observed fds this value could have been underes- cenophanes and ferrocenophanes, we performed DFT (density
timated due to simultaneous melting and polymerization of the fynctional theory) calculations for ferrocene and troticene with
sample. Herein, a reinvestigation of the thermal behavidr of e Gaussian 03 program sdfesing the Becke3LYP density
together with that of2 is reported, and Figure 4 shows the f,nctionaf! and the 6-311G(d,p) basis set combination.
differential scanning calorimetry traces of both monomers. garting from an unperturbed sandwich structure, where the
While the DSC trace ofl now shows a perceptible melt ;. jigands adopt a perfectly coplanar orientation= 18C),
endotherm with a maximum at about 136, which merges  tne carbocyclic ligands of both complexes were gradually bent
into an exothermic polymerization signal at 170, the DSC  jjong their centroiet metal-centroid axes in Sintervals with
trace of2 exhibits only one exotherm with its maximum at 130  (etention of the symmetry Q¢ for troticene andCy, for

°C. The observation tha polymerizes at lower temperature  ferrgcene). While fixing the positions of the two carbon atoms
than1 is in agreement with the onset polymerization temper- inat lie in the mirror plane bisecting the molecules, all

atures found foB (ca. 120°C)** and4 (ca. 90°C)* (Figure 3).  geometries were optimized and the calculated relative energies
This behavior can be attributed to the weaker germarium
carbon bond compared to the silicecarbon bond®3"implying (38) Rulkens, R.; Gates, D. P.; Balaishis, D.; Pudelski, J. K.; McIntosh,

that rupture of the interannular link occurs more readily for the D. F.; Lough, A. J.; Manners, . Am. Chem. S0d.997, 119, 10976.
i bri ; i (39) (a) Braunschweig, H.; Dirk, R.; Mier, M.; Nguyen, P.; Resendes,
:\:/!ezGe Ltlha.n the MgSi _brldge. ][ntr(]agratlo_n of the .eXOt?erms;llnk R.; Gates, D. P.; Manners,Angew. Chem., Int. Ed. Endl997, 36, 2338.
igure 4 gives an estimate of the strain energies of ca. 45 kJ ) gerenbaum, A.; Braunschweig, H.; Dirk, R.; Englert, U.; Green, J. C.;
mol~! for both 1 and2. It should be noted, however, that these Jaekle, F.; Lough, A.; Manners, J. Am. Chem. So@00Q 122, 5765.

values are presumably underrated, since melting and ponmer-M (io)gﬂsch M. J.; ETUngSMG- :’V SChbge'AH-JB-;\Slcusefia+G-KE-(;jRO?<b’
H . . AL eeseman, J. R.; Montgomery, J. A., Jr.; vVreven, [.; Kudin, K.
ization of both compounds occur in the same temperature rangey - Blrant, J. C.. Millam. J. M.: lyengar, S. S.; Tomasi, J.. Barone, V..

Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A,

(27) Harrod, J. F.; Malek, A.; Rochon, F. D.; Melanson,GRganome- Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;

tallics 1978 6, 2117. Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
(28) Marsh, R. EActa Crystallogr.1997, 53h, 317. X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.;
(29) Hultzsch, K.; Nelson, J. M.; Lough, A. J.; MannersQrkganome- Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J,;

tallics 1995 14, 5496. Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.;
(30) Elschenbroich, C.; Schmidt, E.; Gondrum, R.; Metz, B.; Burghaus, Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich,

0O.; Massa, W.; Wocadlo, $organometallics1997, 16, 4589. S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A.
(31) Elschenbroich, C.; Paganelli, F.; Nowotny, M.; N€ellew B.; D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A.

Burghaus, OZ. Anorg. Allg. Chem2004 630, 1500. G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.;
(32) Bartole-Scott, A.; Braunschweig, H.; Kupfer, T.; Lutz, M.; Manners, Piskorz, P.; Komaromi, |.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham,

I.; Nguyen, T.; Radacki, K.; Seeler, Ehem—Eur. J.2006 12, 1266. M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.;
(33) Engebretson, G.; Rundle, R. E.Am. Chem. Sod.963 85, 481. Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, dussian
(34) Elian, M.; Chen, M. M. L.; Mingos, D. M. P.; Hoffmann, Rorg. 03, Revision C.02; Gaussian, Inc.: Wallingford, CT, 2004.

Chem.1976 15, 1148. (41) (a) Becke, A. DJ. Chem. Physl1993 98, 5648. (b) Miehlich, B.;
(35) Bent, H. A.Chem. Re. 1961, 61, 275. Savin, A.; Stoll, H.; Preuss, HChem. Phys. Letl989 157, 200. (c) Lee,
(36) Foucher, D. A.; Tang, B. Z; Manners,J. Am. Chem. Sod.992 C.; Yang, W.; Parr, GPhys. Re. B 1988 37, 785.

114, 6246. (42) (a) Krishnan, R.; Binkley, J. S.; Seeger, R.; Pople, JJ.AChem.

(37) (a) Skinner, H. AAdv. Organomet. Chen1964 2, 49. (b) Quane, Phys.198Q 72, 650. (b) McLean, A. D.; Chandler, G. S. Chem. Phys.
D. J. Inorg. Nucl. Chem1971, 33, 2722. 198Q 72, 5639. (c) Wachters, A. J. H. Chem. Phys197Q 52, 1033.
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0] ./D'ﬁ/ and of the vanadium and chromium congenens@H,4)-Me,-

T T T T T T 1 Si-(ﬂ-C7H6)V] and [(7]-(:5H4)-MEZSi-(ﬂ-C7H5)CI'] with equiva—

%0 7 170 199 160 158 150 lent amounts of tris(triethylphosphine)platinunfand were
8/° able to demonstrate the regioselective insertion of a [P{REt
Figure 5. Dependency of the theoretically observed relative moiety into the silicor-carbon bond to the seven-membered
energies (kJ mot) for ferrocene and troticene on the angle ring. 1432 However, no detailed structural comparison has been
Scheme 3 accomplished yet. In this contribution, we would like to give a

full experimental report on the reactivity &fand2 toward [Pt-

@ EtsF\' _(PE@)a] angl discuss their structural and spectroscopic properties
1 PPEt);  EtP—Ht in comparison to related systems. _ _

Ti P, 1i Treatment of toluene solutions df and 2 with equivalent
\@ Me25\@ amounts of [Pt(PEjs] results in an instantaneous color change

. , from blue to green, and the resulting [2]troticenopha®esd

E=Si(1).Ge (@) E=Si(9).Ge (10) 10 could be gbtained in yields up t% [7(]5% after \F/)vorkup with
hexane. Both compounds were characterized by means of
multinuclear NMR spectroscopy, elemental analysis, and mass
spectrometry. Thé'P NMR spectrum o8 exhibits two signals
at 11.2 fransto silicon) and 8.5 ppmas to silicon), indicating
a square planar environment at the platinum center. Because of

. . ) ! 31p—31p coupling, both resonances are split into two doublets
deduced that distortion of thesf{CsHs)oFe] moiety requires i, 23,,— 17.0 Hz. Furthermore, these resonances show large

significantly more energy than that ofyCsHs)Ti(x-C7H7)). 31p—195pt coupling constants of 994 and 2108 Hz, respectively.
As a consequence, the energy released by conversion of arpe gifferent coupling constants can be explained by the strong
strained into an unstrained molecule is in fact expected 10 be ans influence of the silyl substituent, as was also observed
higher for ferrocenophanes than for tr_otlcenop_hanes, as h_as Ipeelfbr the related [2]platinasilaferrocenophang-{isHa)-Pt(PES).-
demonstrated experlmentally by the ring-opening polymerization Me.Si-(7-CsHa)Fef6aband [2]platinasilatrochrocenophang{(
energies determined .for the [1]silatroticenophdnga. —45 CsHa)-Pt(PES)2-MeSi-(7-CsHe)Cr] (0 = 9.1, 8.9;2Jpp = 17
kJ molY) and the [1]silaferrocenopharg(ca. —80 kJ mot™). Hz; 2Jppy= 1028, 2007 Hz§2 Similarly, the3P NMR spectrum
Reaction of 1 and 2 with Tris(triethylphosphine)platinum- of 10 exhibits two doublets at 9.1 and 6.2 ppm witlpp =
(0), [PY(PEty)s]. Strained metallocenophanes such as 4ke 16.6 Hz and additionalP—19Pt couplings of 1647 and 2013
(n-CsHas)2Fe] had been thoroughly investigated with respect to ., (Figure 6).
their ring-opening polymerization behavior, which can be  Thely NMR spectra of bott® and 10 show multiplets with
induced e;ther thermaft§ or by anionié* or late transition metal  py gatelites for thew-CsHs protons next to the bridging moiety,
catalysis®® For the latter, it has been reported that the initial \yhich unequivocally confirms that the regioselective insertion
step of the ROP involves the insertion of the transition metal 4i5 the E-C bond (E= Si, Ge) to the seven-membered ring
into the strained SiC bond;>“® analogous to the proposed a5 occurred. This resonance can be observed at 5.62 ppm for
mechanism for the transition metal-catalyzed ROP of silacy- g 5n4 is found to be slightly downfield shifted to 5.66 ppm in
clobutane$’ In preliminary publications, Braunschweig et al theH NMR spectrum ofL0 (Figure 6). ThéH—19%Pt coupling
and our group have independently reported the reactiob of .qnstants arélyp = 67 Hz for9 and3Jup = 62 Hz for10. In

the 13C NMR spectra o® and 10, only the carbon resonances

MezE

were plotted against the angfeobtained after optimization.
As expected, Figure 5 demonstrates that bending of both
sandwich molecules results in an exponential increase of
energy?® For ferrocene, however, a significantly steeper rise in
energy is observed upon lowering and it can be clearly

(43) Green, J. CChem. Soc. Re 1998 27, 263.

i __ 3]

(44) () Ni, Y. Rulkens, R.; Manners, J. Am. Chem. Sod996 118 of the ipso, a-, and -C/He carbon atoms show’C—3'P
4102. (b) Rulkens, R.; Lough, A. J.; Manners, |.; Lovelace, S. R.; Grant, couplings. Since the insertion into the heteroataarbon bond
C.; Geiger, W. E.J. Am. Chem. Socl996 118 12683. (c) Jele, F; results in a strain release, the resonance foipb@C;Hg carbon
?;'Zkigz'f" Zech, G.; Massey, J. A.; Manners, Iam. Chem. S0200Q atom in9 is observed at considerably lower field compared to

(45) (a) Temple, K.; Lough, A. J.; Sheridan, J. B.; Manners, Chem. 1(89.0in9 vs 61.6 ppm |n1).. Unfortunately, this resonance
Soc., Dalton Trans1998 2799. (b) Temple, K.; Jde, F.; Sheridan, J. B.; could not be detected fdi0. Finally, the1®*Pt NMR spectrum
Manners, 1.J. Am. Chem. S0c2001, 123 1355. (c) Chan, W. Y. of g exhibits an AB spectrum because'8Pt31P coupling of
Berenbaum, A.; Clendenning, S. B.; Lough, A. J.; Manner®rganome- he plati ith th hemically diff h h
tallics 2003 22, 3796. the platinum center with the two chemically different phosphorus

(46) (a) Sheridan, J. B.; Lough, A. J.; MannerDiganometallics1996
15, 2195. (b) Reddy, N. P.; Choi, N.; Shimada, S.; TanakaCkem. Lett. (47) (&) Wu, H. J.; Interrante, L. V\acromoleculesl992 25, 1840.
1996 649. (c) Sheridan, J. B.; Temple, K.; Lough, A. J.; Mannerd, I. (b) Yamashita, H.; Tanaka, M.; Honda, B. Am. Chem. S0d.995 117,
Chem. Soc., Dalton Tran&997, 711. (d) Temple, K.; Jde, F.; Lough, A. 8873.

J.; Sheridan, J. B.; Manners,Rolym. Preprints200Q 41, 429. (48) Yoshida, T.; Matsuda, T.; Otsuka, I8org. Synth.199Q 28, 119.
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Figure 8. Portion of the'3C NMR spectrum ofL2 in benzened,.

Table 3. Structural Comparison of Titanium, Vanadium,
and Chromigm Complexes of the Type
[(PEts)-PtSiMey(-C7He)M(7-CsH4)]2

Figure 7. ORTEP-style plot of the molecular structure 8f M =Ti(9) M=V M = Cr
Selected bond lengths [A] and angles [deg]—P1. 2.2962(9), Pt -
P2 2.3874(6), PtSi 2.3881(8), PtC1 2.096(3), T-C1 2.196(3), m:gi 1.468 1.446 1411
Ti—C2 2.199(3), T+C3 2.212(3), Ti-C4 2.215(3), T-C5 2.216- average 2203 2184 2149
(3), Ti—C6 2.196(3), T+-C7 2.184(3), T+-C8 2.280(3), T+C9 range 2.184(3)2.216(3) 2.168(3)2.192(3) 2.141(4y2.173(4)
2.293(3), TF-C10 2.333(3), T+C11 2.333(3), +C12 2.301(3),  C,~Cr
Si—C8 1.890(3); P Pt—P2 99.42(3), P1Pt-Si 92.42(3), P2 average  1.420 1.420 1.407
Pt—C1 84.66(9), StPt—C1 83.70(9). range 1.404(5y1.432(5) 1.411(4y1.431(4) 1.391(6)1.421(6)
M—Ctd  1.967 1.888 1.808
Scheme 4 M—Cs®
average 2.308 2.242 2.174
range 2.280(3Y2.333(3) 2.209(3)2.274(3) 2.150(4)2.201(4)
HX T Cs—Cs®
1 — CL average 1.425 1.421 1.421
. range 1.417(5y1.430(5) 1.408(4y1.433(4) 1.409(6)1.434(6)
<o>—siMe Pt-P1 2.2962(9) 2.3020(7) 2.3057(12)
X =Cl(11); F (12) Pt—P2 2.3874(6) 2.3849(6) 2.3745(10)
Pt-Si 2.3881(8) 2.3900(6) 2.4229(13)

] . ) . Pt-C1 2.096(3) 2.092(2) 2.087(4)
nuclei, and this resonance is found -a#630.0 ppm. This Si—C8 1.890(3) 1.894(3) 1.895(5)
chemical shift is in agreement with tA#Pt NMR spectrum of gi—gt—? 33.2122((%) 33.333((22)) gg-gf((i))

Nt ; ~Pt-Si . . .
g‘?_'rellzated fﬁ.f rﬁcenﬁ.gf”vatévmﬁsr“)f F;t(PEIg)i M:ése'eg o P2PESi 167.000) 166.95(3) 166.42(4)
5 425 e], which exhibits a doublet of doublets - P1-Pt-Cl 175.54(9) 175.31(7) 174.58(11)
ppm:a P2-Pt—C1 84.66(9) 84.89(7) 85.63(11)
Figure 7 shows an ORTEP-style plot of the previously Si—Pt-C1 83.70(9) 83.59(7) 82.82(11)
determined molecular structure o, and Table 3 summarizes ¢ 12-951 1‘;169 71-5’4 o

the structural parameters in comparison to the [2]platinasila-

trovacenophane and [2]platinasilatrochrocenophane conge- ?Bond lengths in APCt; = centroid of the seven-membered rifigy

ners4:32 All three compounds are isotypic and crystallize in . carbon atom of the seven-membered rif@t; = centroid of the five-
. membered ring®Cs = carbon atom of the five-membered ring.

the orthorhombic space groi®;2:2;. As expected from the

crystal structures of the parent complexes@zH7)M(#-CsHs)]

(M =Ti, V, Cr),% the metal-carbon bond distances decrease

in the order Ti> V > Cr. Accordingly,9 shows the strongest

deviation from an unstrained sandwich structure witl 13.5°

ando = 169.7. Smaller anglest together with larger angle$

are consequently observed for the vanadiwm=10.6°, 0 =

171.9) and chromium analogues € 7.5°, 6 = 174.9). In all

complexes, the platinum centers are in a slightly distorted square

planar environment with two different PEiigands. Because

of the strong thdrans influence of the silyl substituents, the

Pt—P2 distances are significantly longer than-Pt.. These

distances and also the-R€1 and Pt+Si bond lengths are in

reasonable agreement with the values obtained from structural

characterization of related [2]platinasilaferrocenophdfes.

Protonolysis Reactions with 1 and 2t has been reported (49) (a) MacLachlan, M. J.; Ginzburg, M.; KiioO.; Lough, A.J.;
for strained [1]ferrocenophanes JR#-CsHag)oFe] that the Manners, |New J. Chem1998 1409. (b) Bourke, S. C.; MacLachlan, M.
reaction with protic acids such as HOTf, HCI, and HB€Esults J.; Lough, A. J.; Manners, Chem=—Eur. J.2005 11, 1989.

in the cleavage of one heteroateiwarbon bond and formation 11(gg)zgr°°khart' M.; Grant, B.; Volpe, A. F., Jorganometallics1992

of relaxed sandwich compounds of the typg-{tsHs)Fe(- (51) MacLachlan, M. J.; Bourke, S. C.; Lough, A. J.; Manners, Am.
CsH4SIRX)] (X = F, CI, OTf), allowing convenient access to  Chem. S0c200Q 122, 2126.

ferrocenylchlorosilanes and -germarigég-urthermore, low-
temperature NMR studies indicated that addition of protic acids
with weakly coordinating anions such as [H{8),][(3,5-
(CFR),CsH3)4B]?° to [1]ferrocenophanes generates cationic spe-
cies with silylium charactet?®>! In order to investigate the
reactivity ofansaCht—Cp complexes toward protic acids, the
reaction ofl with 1 equiv of HCI and HBE was carried out
(Scheme 4).

Treatment ofl with a stoichiometric amount of HCI dissolved
in diethyl ether results in an immediate color change from blue
to green, and a green crystalline solid was isolated after
recrystallization from a thf/lhexane mixture. THel NMR
spectrum of the product in benzedgshows two singlet signals
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at 5.41 and 5.06 ppm with an integrated ratio of 7:4, indicating
that a regioselective protonolysis of the-&l;Hg bond to the
seven-membered ring and formation of the troticene derivative
[(7-C7H7)Ti(n-CsHaSiMexCl)] (11) must have occurred. The
structure ofl11 could be unambiguously confirmed from the
13C NMR spectrum, which shows four signals attributable to
the carbocyclic ligands. Whereas the carbon atoms of the five-

Organometallics, Vol. 26, No. 2, 2@@3

Experimental Details

General Methods. All operations were performed in an atmo-
sphere of dry argon by using Schlenk and vacuum techniques.
Solvents were dried by standard methods and distilled prior to use.
Troticené? and [Pt(PEj)s]*é were prepared according to published
procedures. Elemental analyses (C, H, N) were performed on a
Elementar Vario EL Ill and a Vario Micro Cube elemental analyzer.

membered ring give rise to separated resonance signals at 100.5¢; 5nq13c NMR spectra were measured on Jeol JNM GX 400

102.5, and 105.7 ppnipso), only one high-field resonance at
86.9 ppm is observed for the seven-membered ring carbon
atoms, which falls in the same range as the corresponding
resonance for troticene (84.3 ppm). In a similar way, the reaction
of 1 with an ethereal HBFsolution has been carried out. On
addition of the acid to a thf solution df, a color change from
blue to green-blue was observed, and the fluorosilane [(
C7/H7)Ti(y-CsHsSiMesF)] (12) was isolated as a blue-green solid
after crystallization from thf/hexane. The new compound was
characterized by means dH, 13C, 2°Si, and °F NMR
spectroscopy. ThéH NMR spectrum shows two resonances
for the GH7 and GH,4 hydrogen atoms at 5.43 and 5.08 ppm,
respectively, together with a doublet at 0.24 ppm for the methyl
groups attached to silicon. TR NMR spectrum exhibits one

signal for the Cht ligand at 86.7 ppm and three resonances for
the Cp carbon atoms at 100.3, 102.6, and 105.2 ppm (Figure

7). The latter is split into a doublet BYC—9F coupling &Jcr

= 18.7 Hz). A separation into a doublet can also be observed
for the 13C NMR resonance of the methyl groups at the silicon
atom (0.9 ppm,2Jcr = 16.8 Hz).

The 1°F and?°Si NMR spectra ofL2 exhibit one resonance
each at—151.1 and 15.8 ppm, respectively, and from both
signals, a%F—29Si coupling constant oflsis = 276 Hz can be
deduced. For comparison, the ferrocene analogu€4Hs)Fe ;-
CsH4SiMesF)] shows the respective signals-at50.2 and 23.6
ppm with 1sie = 272 Hz#°%P The formation of12 presumably
proceeds via a highly reactive silyl cation intermediate with the
formulation [¢7-C7H7)Ti(57-CsHsSiMey)]*, which is able to
extract F from the tetrafluoroborate counteranion. This mech-
anism has already been postulated by Manners.dbalthe
reaction of [1]silaferrocenophanes with HBFP

Conclusions

With this contribution, we have shown that the reaction of
lithiated troticene [§-C7HeLi) Ti( 17-CsHaLi)] with Me »SiCl, and
Me,GeC} leads to the formation ainsaCht—Cp complexes,
namely, the [1]silatroticenophardeand [1]germatroticenophane
2. The resulting compounds are highly strained molecules, and
DSC studies reveal thdtand2 can be readily converted into

Bruker AV 300, and Bruker DRX 400 spectrometers using the
solvent as internal standard. The assignment of all resonances was
supported by two-dimensional NMR spectroscopy (COSY, HMBC,
HSQC, and COLOC experiments). TASi NMR, 1%F NMR, 31P
NMR, and %Pt NMR spectra were referenced to the signals of
SiMey, CFCk, H3PO, (85%), and HPtCk in DO, respectively.
Mass spectrometry (EI and HR-MS) has been performed on a
Finnigan MAT 90 device. Accurate mass measurements refer to
the monoisotopic peak of the isotopic pattern. The differential
scanning calorimetry (DSC) measurements of compaduadd 2
were performed on a Rheometric Scientific device (DSC SP) under
a continueous flow of argon with a heating rate of 10 K/min. The
internal calibration was carried out by measuring the melt enthalpies
of Sn, RbNQ, KCIO,, Zn, and AgSQ,, respectively.

Synthesis of [MeSi(y-C;He)Ti(1-CsH4)] (1). A solution of
n-butyllithium (25 mL of a 2.5 M solution in hexane, 62.5 mmol)
and of tmeda (73.5 mmol, 11.1 mL) in 80 mL of hexane was slowly
treated with solid troticene (24.5 mmol, 5.0 g) and stirred overnight.
The resulting brownish slurry, containing;fC;HsLi)Ti( 7-CsH4-

Li)] -2tmeda, was cooled t678 °C, and a solution of dichlorodi-
methylsilane (49.3 mmol, 6.0 mL) in 150 mL of hexane was added
dropwise over a period of 6 h. The reaction mixture was allowed
to reach ambient temperature overnight. After filtration through
Celite, the solvent was removed in vacuo. The oily residue was
suspended in a few milliliters of hexane, and the solvent decanted
off via a cannula. Drying the residue in high vacuum affordexs

a blue-green solid, which can be purified by crystallization from a
thf/hexane mixture at 78 °C. Single crystals of compouridwere
obtained by slow cooling of a saturated solution in THF. Yield:
2.5 g (39%). Anal. Calcd for GH;eSIiTi: C, 64.61; H, 6.20.
Found: C, 64.57; H, 6.22H NMR (400 MHz, GDg): 6 5.89 (m,

4H, - andy-C/Hg), 4.87 (m, 4H, GH,), 4.75 (dm, 2H,a-C7He),
0.41 (s, 6H, (€13),Si). *C{H} NMR (100 MHz, GDg): ¢ 101.2
(B-C7He), 101.0 CsHa), 100.6 CsHa), 89.7 §-C7He), 87.6 (-C7He),

83.6 {-CsHa), 61.6 {-C;Hg), —5.9 (SICH3). 2°Si NMR (53.67 MHz,
CsDg): 0 —4.23 Si(CHg)2). MS (CI): 260, (M") 245, (M" — CHg)

230, (Mt — (CHg)y) 202, (Mt — Si(CHs),). HR-MS (El; m/2):
calcd for G4HySiTi (M), 258.0548; found, 258.0548. UV/vis
(CH:Cly): Amax (€) = 663 (105).

Synthesis of [MeGe(-C;He)Ti(#-CsHy4)] (2). A solution of
n-butyllithium (23.0 mL of a 1.6 M solution in hexane, 36.7 mmol)
and tmeda (5.12 g, 6.65 mL, 44.1 mmol) in 60 mL of hexane was
treated with solid troticene (3.0 g, 14.7 mmol) and stirred for 24 h.

the corresponding poly(troticenylsilanes) and -germanes via the The resulting dark brown suspension, containingf{gLi -tmeda)-

thermally induced ring-opening polymerization. Itis particularly
noteworthy that all metal insertion and protonolysis reactions
of 1 and2 presented here proceed exclusively via regioselective
cleavage of the EC bonds (E= Si, Ge) to the seven-membered
ring, which could be a result of the strong distortion at the
E—C;Hs site. Hence, the selective formation of the [2]-
platinasila- and [2]platinagermatroticenopha®esnd 10 sug-
gests thatl and 2 represent suitable precursors for the metal-
catalyzed generation of regioregular polytroticetds.a similar
fashion, the selective EC bond cleavage by HCI and HBF
and exclusive formation of troticenes of the type-{&H7) Ti(%-
CsH4SiMexX)] (11, X = CI; 12, X = F) allows access to Cp-
substituted troticenes, which might be useful for further
developments in this field.

Ti(CsHyLi-tmeda)], was cooled te6 78 °C, and a precooled{78°C)
hexane solution of dimethyl(dichloro)germane (3.83 g, 2.54 mL,
22.0 mmol in 120 mL of hexane) was added dropwise within a
period of 6 h. The reaction mixture was allowed to reach ambient
temperature overnight, and the solution was separated from the
residue by filtration over Celite. The solvent of the filtrate was
removed in vacuo and the resulting blue-green sticky solid purified
by crystallization at—25 °C from a hexane/thf mixture (2:1).
Crystals for X-ray diffraction could be obtained by slow cooling
of a saturated solution in toluene 85 °C. Yield: 0.806 g (18%).
Anal. Calcd for G4H16GeTi: C, 55.18; H, 5.29; Found: C, 55.01;

(52) (a) van Oven, H. O.; Liefde Meijer, H. J. Organomet. Chem.
197Q 23, 159. (b) Demerseman, B.; Dixneuf, P. H.; Douglade, J.; Mercier,
R. Inorg. Chem.1982 21, 3942.
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H, 5.23.1H NMR (400 MHz, GDg): 6 5.96 (m, 2H3-C;H¢), 5.88
(m, 2H, y-C7He), 4.95 (m, 2H, GHy), 4.87 (m, 2H, GHy), 4.76
(m, 2H,3-C7Hg), 0.50 (s, 6H, (€l3),Ge).13C{H} NMR (100 MHz,
CBDG)Z 6 100.7 C5H4), 100.5 C5H4), 100.3 ﬁ-C7H6), 89.5 6/-
C7He), 88.6 (@-C7Hg), 81.6 {-CsHy), 58.8 {-C;Hg), —6.0 ((CH3),-
Ge). MS (El): 306, (M) 291, (M" — CHs) 276, (M" — (CHa),)
202, (M" — Ge(CHp),). HR-MS (El; m/2): calcd for G4H16GeTi
(M™), 300.0021; found, 300.0013.

Synthesis of [(PE$),PtSiMe,(17-C7Hg) Ti(7-CsHa4)] (9). A solu-

tion of 1 (0.074 g, 0.28 mmol) in 20 mL of toluene was added
dropwise to a solution of Pt(Pg$ (0.155 g, 0.28 mmol) in 20 mL

of toluene at room temperature. The resulting green solution was
evaporated to dryness, and the residue was extracted with 40 mL,
of hexane. Evaporation of the extract to 2 mL and subsequent
cooling to —25 °C afforded9 as a green crystalline solid. Yield:

0.056 g (26%). Anal. Calcd for £H46P-PtSiTi: C, 45.15; H, 6.70.
Found: C, 45.57; H, 6.88H NMR (400 MHz, GDg): 6 5.87 (m,
4H, ﬂ-C7H6 andj/'C7H6), 5.78 (m, 2H,(X'05H4), 5.62 (m,st[H =
67 Hz, 2H,a-C7Hg,), 5.09 (M, 2H,8-CsHy), 1.62 (m, 6H, PEl,-
CHs), 1.24 (m, 6H, PE&,CHs), 0.93 (m, 9H, PCKCH3), 0.81 (m,
9H, PCHCHa), 0.77 (M, 6H2Jpys = 24 Hz,3Jpp = 2.3 Hz, SiGHs3).
13C{H} NMR (100 MHz, GDg): 6 120.3 {-CsHa), 102.4 (t-CsH),
97.0 (8-C5H4), 91.5 (m,zthc =79 HZ,3thp= 9.2 HZ,(X.-C7H6,),
90.7 (M,3Jpc = 33 Hz, 8-C7Hg,), 89.0 (dd2Jcp = 104 and 15 Hz,
i-C7H6), 86.4 6/'C7H6), 18.3 (m,zthc= 28 HZ,]\]CPZ 27 HZ,3JCP
= 5 Hz, RCH,CHj3 transto C;Hg) group), 15.3 (mlJcp = 17.7,
2Jpic = 12.2 Hz, IZH,CHs trans to silyl group), 8.8 (M 2Jpic =
22.7 Hz, PCHCH; trans to C/Hg), 8.0 (M, 3Jpic = 10.9 Hz,
PCH,CHj3 trans to silyl group), 7.5 (m32Jpic = 76.8 Hz,3Jcp =
11.7 and 1.5 Hz, $lH3). 3P NMR (GsDg): 6 11.23 (M, Jpp =
994 Hz,2Jsip = 193 Hz,2Jpp = 17 Hz, PEtz transto silyl group),
8.54 (M, Jpp = 2108 Hz,2Jpp = 17 Hz,PEt; transto C;Hg). 1°%Pt
NMR (C6D5): 0 —4630 (dd,lthp = 2109 HZ,lthp: 992 HZ)
Synthesis of [(PEt).PtGeMex(-C7He)Ti(17-CsHa)] (10). A

Tamm et al.

Synthesis of [¢-C;H7)Ti(7-CsH4SiMe,Cl)] (11). To a solution
of 0.133 g (0.51 mmol) ot in THF was added dropwise a solution
of HCl in diethyl ether (255L of a 2 M solution, 0.51 mmol) at
room temperature over a period of 15 min. During addition, a color
change from blue to green was observed, and the resulting solution
was stirred for an additioh@ h atroom temperature. The solvent
was removed in vacuo and the resulting oily residue extracted with
benzene. Subsequent crystallization from THF led to the isolation
of 11 in spectroscopically pure form (NMR) as a light blue solid.
Yield: 0.110 g (73%)*H NMR (400 MHz, GD¢): ¢ 5.41 (s, 7H,
C7H7), 5.06 (s, 4H, GHy), 0.41 (s, 6H, Si(El3).Cl). *C{H} NMR
(100 MHz, GDg): 0 105.7 {-CsHy), 102.5 CsHy), 100.5 CsHa),
86.9 (C/H), 2.8 (SiCH3).Cl). 2°Si{H} NMR (39.80 MHz, GDg):
0 5.1 (SiMe.Cl). MS (El): 296, (M") 203, (M" — SiMe,Cl). HR-
MS (El; m/2): calcd for G4H./CISITi (MT), 294.0314; found,
294.0307.

Synthesis of [(-C7H7)Ti(7-CsH4SiMeyF)] (12). A solution of

1(0.112 g, 0.430 mmol) in 20 mL of THF was treated dropwise
with a solution of tetrafluoroboric acid (0.07 g, 0.430 mmol, 54%
in E,O) at room temperature. After stirring the resulting green
solution for an additiorleé8 h atroom temperature, the solvent was
removed in vacuo. The product was isolated in spectroscopically
pure form (NMR) after crystallization from a THF/hexane mixture
at —25 °C as a blue solid. Yield: 0.093 g (77%H NMR (400
MHz, CsDg): 0 5.43 (s, 7H, GH), 5.08 (s, 4H, GH,), 0.25 (d,
3Jur = 7.0 Hz, 6H, Si(G13),F). 13C{H} NMR (100 MHz, GDg):
0 105.2 (d,ZJCF = 18.6 HZ,i'C5H4), 102.6 CsHA,), 100.3 C5H4),
86.7 C7H7), —0.9 (d,2Jcr = 16.9 Hz, SiCH3),F). 2°S{H} NMR
(39.8 MHz, GDg¢): 6 15.8 (d,lJSiF = 276.3 Hz,SiMe,F). 19F{ H}
NMR (376.5 MHz, GDg): 6 —151.1 (m, g = 276.7 Hz,
SiMeF). MS (EIl): 280, (M") 203, (M" — SiMesF).

Single-Crystal X-ray Structure Determination of 2. Crystal

solution of2 (0.128 g, 0.42 mmol) in 20 mL of toluene was treated data at—140°C: Cy4HisTiGe, M = 304.75, orthorhombid®nma
dropwise with a solution of Pt(Pgt (0.231 g, 0.42 mmol) in 20 a = 7.4995(6) A,b = 11.8983(10) Ac = 13.9878(18) AV =
mL of toluene at room temperature. The resulting green solution 1248.2 B, Z = 4. Data collection and refinement: An irregular
was stirred overnight and evaporated to dryness. The residue wasragment of ca. 0.3< 0.1 x 0.1 mm was used to register 23 920
suspended in 40 mL of hexane, isolated by filtration, and washed intensities on a Bruker SMART 1000 CCD diffractometer (Ma K
three times with 5 mL qf hexane. Yield: 0.235 g (76%). Anal. radiation,A = 0.71073 A, Bmax 61°). An absorption correction(
Calcd for GeHaePoPtGeTi: C, 42.42; H, 6.30. Found: C, 42.32; =3 mnt?) was performed using multiscans (program SADABS).

H, 6.33.21H NMR (400 MHz, GDe): ¢ 5.85 (m, 2H,a-CsH.),
5.83 (m, 4H,-C;Hg and y-C7Hg), 5.66 (m,3Jpy = 62 Hz, 2H,
o-C7Hg), 5.13 (m, 2H3-CsHy), 1.61 (m, 6H, PEI,CH3), 1.23 (m,
6H, P(H,CHs), 0.92 (m, 9H, PCHCHs3), 0.83 (d, 6H23Jy = 1.8
Hz, Ge3), 0.79 (m, 9H, PCHKCH3). 13C{H} NMR (100 MHz,
CeDg): 0 124.3 {-CsHy), 102.9 (-CsHy), 96.9 (3-CsHy), 90.9 (m,
zthc = 33.8 HZ,?\]ptp: 2.0 HZ,(I-C7H5), 90.6 (m,ﬂ-C7He), 86.2
(‘)/-C7H6), 18.2 (m,l\]cpz 26.7 HZ,3JCP= 3.6 Hz, -CH,CHs trans
to C/He), 15.6 (M, Jcp = 21.8,3Jcp = 1.6 Hz, FCH,CH; transto
germyl group), 8.8 (M3Jpc = 21.6 Hz, PCHCHj3 transto C;/Hg),
8.0 (M, 3Jpc = 15.1 Hz, PCHCHj3 trans to germyl group), 7.0

(dm,3Jcp = 14.5 Hz, GEHy). Thei-C;Hg resonance could not be

observed3P{H} NMR (162 MHz, GDg): ¢ 6.18 (m,1Jppp= 1647
Hz, 2Jpp = 16.6 Hz,PEt; transto germyl group), 9.07 (MJpp =

2013 Hz,2Jpp = 16.6 Hz, PEt; cis to germyl group). MS (EI):
736, (M") 618, (M" — PE) 603, (618— CHjz) 589, (618— C,Hs)

570, (618— Ti) 555, (603— Ti).

Averaging equivalents gave 1993 unique reflectioRg; 0.032),
which were used for all calculations. The structure was refined on
F2 using the program SHELXL-97 (G. M. Sheldrick, University

of Gottingen, Germany). Hydrogen atoms were included using a
riding model. The final wR2 was 0.059 for all reflections and 80
parameters, with a conventional R1 of 0.0&2= 1.16, max.Ap
+0.54/-0.31 e A3, Complete data (excluding structure factors)
have been deposited at the Cambridge Crysrtallographic Data Centre
under the number CCDC-622653 and can be obtained free of charge
from www.ccdc.cam.ac.uk/data_request/cif.

Supporting Information Available: Crystal data in CIF format.
This material is available free of charge via the Internet at
http://pubs.acs.org.

OMO060928L



