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of one pentamethylcyclopentadienyl ring systent-LsMes) Ti{7°-

In situ generated metallocenes of electron-deficient early c e (CH,CH(tBu)+2-C,-CH(tBu)CHy)}] (2a) was obtained, in
transition metals easily undergo various rearrangements to increasgyhich the triple bond of an annelated cyclooctyne moiety is

the number of valence electrohJhis is usually achieved by a

coordinated to the titanium cent®We also found that ther-

primary abstrgction o_f hydroge_n atoms from the cyclopentadienyl molysis of they-bis(trimethylsilyl)acetylene (BTMSA) complex
ligands or their substituents, with the subsequent steps dependingyf permethyltitanocene f-CsMes), Ti(7-BTMSA)]° giveslain

on the nature of the substituents and the nfeBxintzinger and
Bercaw found for permethyltitanocene, which is stable at low

nearly quantitative yiel@¢ Now, we report that thermolysis of
equimolar amounts of {f-CsMes),Ti(y>BTMSA)] and 2,2,7,7-

temperatures, an intramolecular hydrogen abstraction affordingtetramethy|-3,5-octadiyne (TMOD) im-xylene (13C°C/5 h) gives

a “tucked-in” hydride complex, {t-CsMes)(%1*-CsMe,CH,)-
TiH],® which sublimes in a vacuum with a loss of hydrogen to
give the paramagnetic 7ff-CsMes)(17:75-CsMey,CH,)Til.# The
doubly “tucked-in" ¢3n*allyldiene) complex [§>-CsMes){ 75
n*-CsMe3(CHy,),} Ti] (1a)° is also readily accessible. The reactivity
of these and similar complexXebkas only scarcely been investi-
gated. Complex [{>-CsMes)(nt:175-CsMesCH,) Ti] reacts cleanly
with alcohols ROH to give K>CsMes),Ti(OR)] and with
2-methylpyridiné? or isonitrileg® yielding products of insertion
into the Ti-CH, bond. An insertion of acetophenone into the
Ti—CH, bond ofla has also been described.

We have reported very recently that the reduction gf-[(
CsMes),TiCl,] with magnesium in the presence of Ma-
C=C—-C=CSiMeg; resulted in ay>-complex [¢;>-CsMes),Ti (5>
Me;SiC,—C=CSiMe;)].82 For 2,2,7,7-tetramethyl-3,5-octadiyne
(TMOD) a coupling product of the diyne with two methyl groups
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rise to a blue complex of the overall composition/HCsMes),-
(TMOD)Ti]” (85% isolated yield) which was identified as the
product of an insertion of TMOD into the-€H bonds of two
adjacent methyl groups of the pentamethylcyclopentadienyl ligand,
[{75-CsMe3(CH,CH(tBu)CH=CHCH(tBu)CH)}{ r7%:7*-CsMes-
(CHy)2} Ti(IN] (3a Scheme 1). The same complda was also
obtained (80% yield) by heating the above-mentioned alkyne
complex2ain m-xylene (130°C/48 h) as a product of a 2-fold
hydrogen transfer from methyl groups to the triple bond (Scheme
1). A similar thermolysis of a |{>-CsHMe,),Ti(7?>-BTMSA)]—
TMOD mixture (140°C/2 h) gave the blue olefinic complef[*-
CsHMe,(CH,CH(tBu)CH=CHCH(tBu)CH.,)}{7%:1*CsHMe,-
(CHy)2} Ti(11)] ( 3b), but only in 8% yield°

The molecular structures of complexga''2 and 3b!° deter-
mined by X-ray diffraction (Figure 1) represent novel examples
of structurally characterized titanocene-derived complexes with
doubly “tucked-in" ligands? They show one allyldiene ligand
and one pentamethylcyclopentadienyl ligand modified by the
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Figure 1. Molecular structure of3a (hydrogen atoms and disordered
groups are omitted for clarity). Selected bond distances (A)-CTi
2.057(7), THC8 2.067(8), T C10 2.344(8), T+C11 2.515(9), T+C12
2.327(9), Ti-C9 2.232(8), T+-C28 2.222(8), T+CE1 1.926, T+CE2
2.018, C16-C17 1.330(9). CE1 and CE2 denote the centroids of the rings
C7, C8, C10, C11, C12, and €TS5, respectively.

cycloaddition of TMOD to its two vicinal methyl groups with
concurrent 4-fold hydrogen transfer. The allyldiene ringBad
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tadienyl proton. Such a tendency to form asymmetric allyldiene
ligands was reported fdrb in which case the asym/sym isomers
were obtained in an 8:1 ratfd?

The electronic absorption spectra3# and 3b are similar to
those oflaandlb. The presence of a single absorption band in
the range 5086600 nm € ~ 200 cn?® mmol?) and the absence
of d electrons in UPS spectra previously led to a conclusion that
d? electrons inlaand1b occupy low-lying empty orbitals of the
n=n*-allyldiene ligand

Unlike thermolysis of [(5>-CsMes),Ti(7>-BTMSA)] in the
absence of TMOD, which affordsa and a mixture of )- and
(2)-1,2-bis(trimethylsilyl)ethen&, thermolysis in the presence of
TMOD leads exclusively t8aunder evolution of BTMSA. This
indicates that the coordinated TMOD plays the role of a proton
acceptor instead of BTMSA. A primary formation dfa is
excluded by the inertness df toward TMOD? It should be
concluded that permethyltitanocene and Teis the first reacting
intermediate. Hence, the formation & is very likely initiated
by a thermally induced BTMSA-TMOD ligand exchange in%(
CsMes), Ti(y>BTMSA)] leading to, e.g., a titanacyclocumulene
[(175-CsMex), Ti{ n(1—4)-(tBu)G=C=C=C(tBu)}]*6 or, more likely,

a titanacyclopropefg[(7°-CsMes), Ti{ (7?-(tBu)C,— C=C(tBu)}]
intermediate similar to the above mentioned ;8Bieanalogué?
Then, a transfer of two protons to the coordinated TMOD at the
onset of permethyltitanocene formation takes place followed by
addition of (TMOD+ 2 H) to the methylene carbon atoms giving
the alkyne complex2a as a plausible intermediate for the
formation of 3a. In the thermolysis, the restored titanocene
eliminates two hydrogen atoms from the unperturpe€sMes
ligand, which are transferred to the triple bond in the eight-
membered ring to giv8a. The tendency of transiently formed

3bis planar (the ring carbon atoms deviate from their least-squarestitanocene to eliminate two hydrogen atoms is the driving force

plane by less than 0.009/0.007 A) with the ring'C bond lengths

of the addition of TMOD to the methyl groups of pentamethyl-

between 1.373(11)/1.385(3) A and 1.451(11)/1.443(3) A, and the cyclopentadienyl ligand. The formation 8b proceeds in the same

C-exoH, bond lengths of 1.452(11)/1.442(5) A and 1.409(10)/
1.422(5) A. The diene moiety is inclined to the titanium atom.
The dihedral angle subtended by the digi@=CH,}, moiety
and its parent ring plane is 42.5/43.9(2) he least-squares plane
of the annelated cyclopentadienyl is perpendicular to the Ti-
centroid line (89 both), the in-ring G-C bond lengths varying

in the range 1.387(9)/1.406(3).419(9)/1.417(3) A. The dihedral
angle between both£planes (10.7/12.9(2) opens to the side
of the examethylene groups and the titanium atom is shifted

way; however, the efficacy of the transfer of the first two protons
is much lower, similarly to the formation olb from the
thermolysis of [(5-CsHMey), Ti(y>-BTMSA)]°¢ or from the reac-
tion of [(175-CsHMey),TiCl,] with LiAIH 4 in boiling toluenet?
Further derivatizations oBa at the double bond and at the
methylene groups of the doubly “tucked-in” ligand are being
investigated.
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Therefore, the most striking features are due to the newly formed and hydrogen coordinates f8a.and3b, and for3b additionally dihedral

cyclooctene ring (HE; oy ca. 5.6,0¢c ca. 132) and those of the
n3n*-allyldiene ligand. Similar td.a®*3 and 1b,*® the signals of
Ti-coordinatecexamethylenes are observeddica. 1.0 andc
ca. 65. The complete nonequivalefftef signals due to CH
groups 6 = 0—3) results from the chirality of the complex8a

and 3b, which was also found and discussed for the precursor

complex2a8® The NMR spectra also revealed that only one of
four possible isomers d3b was isolated, which bears tlexo

methylene groups asymmetrically with respect to the cyclopen-
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