Organometallics 1992, 11, 1275-1288

Early-Transition-Metal-Mediated [2 + 2 + 2] Cycloadditions:
Formation and Fragmentation of a Reactive
Metallacyclopentadiene and Its Direct Conversion to n°-Arene
and n2-Pyridine Complexes of Tantalum

David P. Smith, Jamie R. Strickler, Steven D. Gray, Michael A. Bruck, Renee S. Holmes,' and
David E. Wigley*

Carl 8. Marvel Laboratorles of Chemistry, Department of Chemistry, University of Arizona,
Tucson, Arizona 85721

Received November 27, 1991

The kinetic product from reducing Ta(DIPP),Cl;(OEt,) (where DIPP = 0-2,6-C;H;Pr,) in the presence
of HC=CCMe, is the a,o’ metallacyclopentadiene complex (DIPP),ClTa(CCMe;—CHCH—CCMe;) (1).

Thermolysis of 1 provides the a,8’ isomer (DIPP),CITa(CCMe;=~CHCCMe;=~CH) (2). Kinetic and
mechanistic studies of the 1 — 2 isomerization are presented which lead to the proposal that the rear-
rangement proceeds by the disruption of the metallacycle and the formation of an intermediate Ta(V)

metallacyclopropene (DIPP),ClTa(HC=CCMe,) adduct, followed by its reaction with free HC=CCMe,
to reform the metallacycle. ComRound 1 crystallizes in the monoclinic space group P2]J n (No. 14) with
a=12.130 (2) A, b = 18541 (3) A, c = 15.844 (3) A, 8 = 95.48 (1)°, and V = 3547.1 A% with Z = 4 and
Peated = 1.38 g cm™3, The final R = 0.029 and R,, = 0.033 for 6835 reflections (6456 unique). Complex 1
assumes a TBP structure in the solid state with metallacyclic C, carbons occupying equatorial sites. Complex
2 (but not 1) engages in cycloaddition chemistry with HC==CCMe, to afford the #%-arene complex (1°-
1,3,5-C¢H;'Buy) Ta(DIPP),Cl (6). 6 can be alkylated with MeMgBr to afford purple crystals of (15-1,3,5-
C¢H;'Bu,)Ta(DIPP),(CH,) (7). Compound 7 crystallizes in the monoclinic space groug P2,/n (No. 14)
with a = 13.555 (1) .&, b = 20.607 (1) &, ¢ = 14.595 (1) A, 8 = 97.91 (6)°, V = 4037.8 A3 with Z = 4 and
Pealcd = 1.31 g em™2. The final R = 0.024 and R, = 0.026 for 7686 reflections (6769 unique). The arene
ligand in 7 exhibits a diene—diyl distortion and thus resembles a purported intermediate in the [2 + 2 +
2] cycloaddition of alkynes, the 7-metallanorbornadiene. Complex 2 (but not 1) forms adducts with THF

and N==CCMe,, viz. (DIPP),Cl(THF)Ta(CCMe;=CHCCMe;—CH) (5) and (DIPP)2Cl(Me3CCEN)'I"a_-

(CCMe;~CHCCMe;=CH) (8). Compound 8 undergoes a cycloaddition reaction upon warming to room
temperature to afford (n%(N,C)-2,4,6-NC;H,'Bu,)Ta(DIPP),Cl (9). Compound 9 crystallizes in the or-
thorhombic space group Pca2; (No. 29) with a = 20.674 (2) ﬁ, b =10.087 (5) A, c = 19.908 (5) A, and V
= 4151.6 A3 with Z = 4 and p.geq = 1.31 g cm™3. The final R = 0.037 and R, = 0.041 for 4153 reflections
(3799 unique). The n2-pyridine ligand in 9 is severely distorted, and spectroscopic and electrochemical
studies on 9 reveal that the metal is in a higher effective oxidation state than the metal in the 7°-arene
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complex 6.

Introduction

Metallacyclic complexes of the transition metals have
come to occupy a singular role in the catalytic and stoi-
chiometric conversions of organic molecules.! Their in-
termediacy has been demonstrated, for example, in the
oligomerization?? and metathesis* of olefins and acetylenes,
as well as implicated in their polymerization.® More re-
cently, highly selective carbon—carbon bond-forming re-
actions have been developed® in which a low-valent tran-
sition metal effects the metallacyclization of unsaturated
organic substrates. Therefore, understanding the forma-
tion and fragmentation of metallacycles may be regarded
as central to fully utilizing these processes.

Metallacyclopentadienes, generated from the oxidative
coupling of two acetylene molecules, constitute viable in-
termediates in [2 + 2 + 2] cycloaddition chemistry.? While
their participation in the catalytic chemistry is apparent,®’
their direct conversion into a higher, complexed cyclo-
oligomer is rarely observed.3® Such interconversions may
be relevant to understanding the interactions between
aromatic hydrocarbons and metal surfaces,!® atoms,!! and
complexes.!? Herein, we report the formation and frag-
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na, 1990.

0276-7333/92/2311-1275%03.00/0

mentation of a reactive metallacyclopentadiene and ex-
amine the mechanistic details of its isomerization to a more

(1) (a) Chappell, S. D.; Cole-Hamilton, D. J. Polyhedron 1982, 1, 739.
(b) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. Principles
and Applications of Organotransition Metal Chemistry; University
Science Books: Mill Valley, CA, 1987; pp 459-520.

(2) (a) Keim, W.; Behr, A.; Roper, M. In Comprehensive Organo-
metallic Chemistry; Wilkinson, G., Stone, F. G. A., Abel, E. W, Eds.;
Pergamon Press: Oxford, U.K., 1982; Vol. 8, pp 371-462. (b) Datta, S.;
Fischer, M. B.; Wreford, S. S. J. Organomet. Chem. 1980, 188, 353. (c)
McLain, S. J.; Sancho, J.; Schrock, R. R. J. Am. Chem. Soc. 1980, 102,
5610. (d) Katz, T. J.; Sivavec, T. M. Ibid. 1985, 107, 737. (e) Détz, K.-H.;
Fischer, H.; Hofmann, P.; Kreissl, F. R.; Schubert, U.; Weiss, K. Tran-
sition Metal Carbene Complexes; Verlag Chemie GmbH: Weinheim,
1983,

(3) For metallacycles in acetylene cyclotrimerization, see: (a) Voll-
hardt, K. P. C. Angew. Chem., Int. Ed. Engl. 1984, 23, 5639. (b) Vollhardt,
K. P. C. In Strategies and Tactics in Organic Synthesis; Lindberg, T.,
Ed.; Academic Press: Orlando, FL, 1984; pp 299-324. (c) Vollhardt, K.
P. C. Acc. Chem. Res. 1977, 10, 1. (d) Bruck, M. A,; Copenhaver, A. S.;
Wigley, D. E. J. Am. Chem. Soc. 1987, 109, 6525. (e) McAlister, D. R;
Bercaw. J. E.; Bergman, R. G. Ibid. 1977, 99, 1666 and references therein.

(4) (a) Dragutan, V.; Balaban, A. T.; Dimonie, M. Olefin Metathesis
and Ring-Opening Polymerization of Cyclo-Olefins, 2nd revised ed.;
Wiley-Interscience: Chichester, UK., 1985. (b) Ivin, K. J. Olefin Me-
tathesis; Academic Press: London, 1983.

(5) See, for example: (a) Ivin, K. J.; Rooney, J. J.; Stewart, C. D,;
Green, M. L. H.; Mahtab, R. J. Chem. Soc., Chem. Commun. 1978, 604.
(b) Turner, H. W.; Schrock, R. R. J. Am. Chem. Soc. 1982, 104, 2331. (c)
Katz, T. J.; Lee, S. J. Ibid. 1980, 102, 422. (d) Schlund, R.; Schrock, R.
R.; Crowe, W. E. Ibid. 1989, 111, 8004. (e) Masuda, T.; Higashimura, T.
Acc. Chem. Res. 1984, 17, 51.
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stable regioisomer. In addition, we demonstrate the direct
conversion of a metallacyclopentadiene to n%-arene and
n?-pyridine ligands. These latter reactions are of special
significance since interconversions among the various ar-
ene-metal structural forms (e.g. n® = 7* = ?)11314 may
be of considerable importance to aromatic C-H bond ac-
tivation,!® arene hydrogenation,!® and alkyne cyclo-
trimerization.? A portion of these results have been com-
municated.?

Results

Preparation and Properties of Tantallacyclo-
pentadienes. Upon reaction of Ta(DIPP),Cl;(OEt,)*
(DIPP = 0-2,6-C¢H,Pry), 2 equiv of HC=CCMe;, and 2
equiv of NaHg in diethyl ether solution, the metalla-

cyclopentadiene complex (DIPP)zCl’I"a_-

(CCMe3=CHCH=CCMe3) (1) can be isolated in 55%
yield (eq 1). Examining the reaction solution reveals that

2 equliy

~+c=cH
Ta(DIPP)yCI3(0Ety) —

2 NaHg
Ety0
= A 5
(DIPP),CITa, o] —= (DIPP)aCiTa, 1
1 2

1 forms in near quantitative yield, along with some 1,3,5-
C¢H;'Bug, implicating the transient occurrence of the other

regioisomer, (DIPP)ZCI'i‘a(CCMe3=CHCCMe3=('JH), in

(6) See, for example: (a) McMurry, J. E. Chem. Rev. 1989, 89, 1513.
(b) Buchwald, S. L.; Nielsen, R. B. Ibid. 1988, 88, 1047. (c) Ho, T.-L.
Synthesis 1979, 1. (d) Roskamp, E. J.; Pedersen, S. F. J. Am. Chem. Soc.
1987, 109, 6551.

(7) (a) Collman, J. P.; Kang, J. W.; Little, W. F.; Sullivan, M. F. [norg.
Chem. 1968, 7, 1298, (b) Whitesides, G. M.; Ehmann, W. J. J. Am. Chem.
Soc. 1969, 91, 3800.

(8) Strickler, J. R.; Bruck, M. A.; Wigley, D. E. J. Am. Chem. Soc.
1990, 112, 2814.

(9) Bianchini, C.; Caulton, K. G.; Chardon, C.; Eisenstein, O.; Folting,
K.; Johnson, T. J.; Meli, A.; Peruzzini, M.; Rauscher, D. J.; Streib, W. E.;
Vizza, F. J. Am. Chem. Soc. 1991, 113, 5127.

(10) (a) Demuth, J. E.; Eastman, D. E. Phys. Rev. B 1976, 13, 1523.
(b) Moyes, R. B.; Wells, P. B. Adv. Catal. 1973, 23, 121 and references
therein. (c¢) Friend, C. M.; Muetterties, E. L. J. Am. Chem. Soc. 1981,
103, 773.

(11) (a) Klabunde, K. J. Acc. Chem. Res. 1975, 8, 393. (b) Green, M.
L. H. J. Organomet. Chem. 1980, 200, 119. (c) Allison, J. Prog. Inorg.
Chem. 1986, 34, 627. (d) Timms, P. L. Angew. Chem., Int. Ed. Engl. 1975,
14,273, (e) Byrd, G. D.; Freiser, B. S. J. Am. Chem. Soc. 1982, 104, 5944.

(12) (a) Silverthorn, W. E. Adv. Organomet. Chem. 1975, 13, 47. (b)
Muetterties, E. L.; Bleeke, J. R.; Wucherer, E. J.; Albright, T. A. Chem.
Rev. 1982, 82, 499.

(13) For examples of n*-arenes, see: (a) Boncella, J. M.; Green, M. L.
H.; O'Hare, D. J. Chem. Soc., Chem. Commun. 1986, 618. (b) Finke, R.
G.; Voegeli, R. H.; Laganis, E. D.; Boekelheide, V. Organometallics 1983,
2, 347. (c) Bowyer, W. J.; Geiger, W. E. J. Am. Chem. Soc. 1985, 107,
5657. (d) Huttner, G.; Lange, S.; Fischer, E. O. Angew. Chem., Int. Ed.
Engl. 1971, 10, 556.

(14) For examples of n*-arenes, see: (a) Harman, W. D.; Taube, H. J.
Am. Chem. Soc. 1987, 109, 1883. (b) Harman, W. D.; Sekine, M.; Taube,
H. Ibid. 1988, 110, 5725. (c) Harman, W. D.; Taube, H. Ibid. 1988, 110,
7555. (d) Sweet, J. R.; Graham, W. A. G. Ibid. 1983, 105, 305. (e) Belt,
S. T.; Duckett, S. B.; Helliwell, M.; Perutz, R. N. J. Chem. Soc., Chem.
Commun. 1989, 928,

(15) (a) Jones, W. D.; Feher, F. J. J. Am. Chem. Soc. 1984, 106, 1650.
(b) Jones, W. D.; Feher, F. J. Ibid. 1982, 104, 4240.

(16) (a) Bleeke, J. R.; Muetterties, E. L. J. Am. Chem. Soc. 1981, 103,
556. (b) Muetterties, E. L.; Bleeke, J. R. Acc. Chem. Res. 1979, 12, 324
and references therein.

9 (17) Arney, D. J.; Wexler, P. A.; Wigley, D. E. Organometallics 1990,
, 1282,
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Figure 1. Partial ZH NMR spectra of the metallacyclic =CH-
resonances (toluene-dg, 75 °C) demonstrating the isomerization
of the a,o/ metallacycle (DIPP)2ClTa(CCMe3=CHCH=CCMe3)

p—

(1, & 17.61 singlet) to the «,8 isomer (DIPP),CiTa-

(CCMe3=CHCCMe3=CH) (3, & 8.86 and 7.47 doublets; DIPP
= 0-2,6-CGH3‘PI2).

Scheme I
OR - 2,6-diisopropylphenoxide
sxXcess
—+e=cu
Ta(OR)3CI5(0E ) ——= (RO)3Ta anly
2 NaHg
5 A
eXcens
= ~
Ta(OR) €1 5(0E ) —— (R0),CITo | + (RO),CITa
2 NaMg
1 2

a
pprox 4 : 1
ratlo

excess

+e=cn
Te(OR)CI4(OF) ) ———— (RO)CIoTa

2 NaMg

no
enly —
fsomerizaotion

4

this reaction. The fluxional behavior of 1 in solution re-
sults in broad resonances in its room-temperature NMR
spectra. However, at —40 °C, the «,o’ substitution is
verified from the & 7.45 (s) chemical shift of the metal-
lacyclic C4H protons!® (toluene-dg), by examining the hy-
drolysis reaction of 1 (which forms only (E,E)-
Me,CCH=CHCH=CHCMe,!® and HO-2,6-C;H,Pr, as
the Et,O-soluble products), and finally from its X-ray
structural determination (vide infra).

The low-temperature 'H and 3C NMR spectra of 1 allow
the assignment of a ground-state structure. The structure
of a tantallacyclopentadiene closely related to 1, viz.

(DIPP),Ta(CEt=CEtCEt—CEt), has been shown!® to
conform to a TBP structure, with the C,—Ta~C,, angle of
75.7 (4)° restricting the metallacyclic « carbons to occupy
one axial and one equatorial site. However, the —40 °C
NMR spectra of 1 require equivalent metallacyclic «
carbons which therefore must be situated either in two

(18) Chao, Y.-W.; Wexler, P. A.; Wigley, D. E. Inorg. Chem. 1989, 28,
860.

3860,
(19) Strickler, J. R.; Wexler, P. A.; Wigley, D. E. Organometallics 1991,
10, 118,
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Table I. Details of the X-ray Diffraction Study for (DIPP),ClTa(CCMe,=CHCH=("JCMe,) (1),
(n°-1,3,5-CHy'Bu;) Ta(DIPP),(CH,) (7), and (n%(N,C)-2,4,6-NC;H,*'Bu,)Ta(DIPP),Cl (9)

1277

molecular formula CyH5,Cl0,Ta (1)
mol wt 735.23
cryst color yellow
space group P2,/n (No. 14)
unit cell vol, A? 3547.1
a, 12.130 (2)
b, A 18.541 (3)
¢, A 15.844 (3)
a, deg 90.0
8, deg 95.48 (1)
vy, deg 90.0
z 4
calcd dens, g cm™ 1.38
cryst dimens, mm 0.40 X 0.50 % 0.20
data collen temp, °C 231
Mo Ka radiation, A, A 0.71073
monochromator graphite
abs coeff, cm™ 31.6
26 range, deg 2-50
total no. of reflns measd 6835 (6456 unique)
no. of reflns measd with I > 34¢(J) 4181
scan type 0-20
scan speed, deg min™! 2-8
no. of params refined 361
0.029
R, 0.033

equatorial sites of a TBP or two basal sites of a SP. The
DIPP 'H NMR resonances provide the necessary infor-
mation to unambiguously assign the structure at —40 °C
as that shown in I, and then only if one DIPP is freely

ROTATING

-t

LOCKED ¢l
I

rotating about Ta-0-C;,,, and the other (viz. the one which
lies perpendicular to the molecular plane of symmetry)
is locked in place on the NMR time scale. The solid-state
structure of 1 (vide infra) is consistent with this orienta-
tion.

Metallacycle 1 represents the kinetic product of the
cyclization reaction shown in eq 1 since it can be ther-
molyzed (=50 °C) to provide its more stable «,8’ isomer

(DIPP),CiTa(CCMe;~CHCCMe;~CH) (2). This ther-
modynamic product is formed in near-quantitative yield
but is isolated in moderate yield due to its high solubility
in hydrocarbon solvents. The rearrangement is quite clean
when effected at higher temperatures (ca. 90 °C), as no
other organometallic species are observed throughout the
process (*H NMR analysis) (Figure 1).

In order to understand the greater thermodynamic
stability of isomer 2 over 1, we have examined the re-
duction of two other tantalum(V) complexes in the pres-
ence of HC=CCMe; (Scheme I). These compounds differ
most significantly in their steric features. Thus, when
Ta(DIPP);Cl,(OEt,) is reduced with 2 equiv of NaHg and
4 equiv of HC=CCMe; (Et,0 soln), the a,8’ metallacycle

(DIPP);Ta(CCMe;~CHCCMe;~CH) (9) only is formed
in high yield (Scheme I).’® Upon examination of the entire
reaction mixture as described above, no other regioisomers
nor any 1,3,5-CsH;'Bug was detected by 'H NMR spec-
troscopy. When the sterically less demanding monokis-

C43Hs702T8. (7) C41H6301T8.N02 (9)
796.95 818.37

purple red dark red

P2;/n (No. 14) Pca2, (No. 29)
4037.8 4151.6

13.555 (1) 20.674 (2)

20.607 (1) 10.087 (5)

14.595 (1) 19.908 (5)

90.0 90.0

97.91 (6) 90.0

90.0 90.0

4 4

1.31 1.31

0.33 X 0.53 X 0.13 0.30 x 0.30 x 0.30
20+ 1 28+1

0.71073 0.71073

graphite graphite

27.2 27.1

2-50 2-50

7686 (6769 unique) 4153 (3799 unique)
4184 2536

620 6-26

3 2-8

433 204

0.024 0.037

0.026 0.041

Table II. Selected Bond Distances (A) and Bond Angles
(deg) in (DIPP),CITa(CCMe;—~CHCH=CCMe;) (1)°
Bond Distances

Ta-Cl 2.412 (1) C(1)-C(2) 1.510 (7)
Ta-0(1) 1.890 (3) C2)-C(3) 1.340 (6)
Ta-0(2) 1.890 (3) C(3)-C(4) 1.500 (7)
Ta-C(2) 2.123 (4) C(4)-C(5) 1.336 (7)
Ta-C(3) 2.577 (5) C(5)-C(8) 1.495 (7)
Ta-C(4) 2.556 (5) 0(1)-C(11) 1.358 (5)
Ta-C(5) 2.085 (5) 0(2)-C(21) 1.374 (5)
Bond Angles
Cl-Ta-0(1) 84.1(1) O(2)-Ta-C(5) 96.7 (2)
Cl-Ta-0(2) 1705 (1)  C(2)-Ta-C(5) 96.6 (2)
Cl-Ta-C(2) 855 (1) Ta-O(1)-C(11) 157.6 (3)
Cl-Ta-C(5) 92.7 (1) Ta-0(2)-C(21) 173.2 (3)

0(1)-Ta-0(2) 92.5 (1)
0(1)-Ta-C(2) 142.7 (2)

Ta-C(2)-C(3) 93.4 (3)
C(2)-C(3)-C(4) 127.5 (4)
0(1)-Ta-C(5) 119.5(2) C(3)-C(4)-C(5) 128.1 (5)
0(2)-Ta-C(2) 92.0(2) Ta-C(5)-C(4) 94.1 (4)

¢Numbers in parentheses are estimated standard deviations in
the least significant digits.

(phenoxide) complex Ta(DIPP)Cl,(OEt,) is reduced under
similar conditions, the a,a’ product (DIPP)Cl,Ta-

(CCMe;=CHCH=CCMe;) (4) only is isolated. Again, no
1,3,5-CsH3'Bug was found in this reaction. Metallacycle
4 has not been induced to thermally rearrange like me-
tallacycle 1. Upon heating of 4 in toluene-dg solution (ca.
90 °C), thermal degradation occurs with the formation of,
inter alia, the butadiene (E,E)-Me;CCH=CHCH=
CHCMe; and products possibly arising from C-H activa-
tion of the DIPP ligands,® but no rearrangement to an-
other regioisomer was detected. Therefore, it appears that
a,o’ substitution products (like 4) are thermodynamically
stable if steric interactions at the metal are not severe. As
steric congestion at the metal increases, the thermody-
namic stability of a,a’ substitution products is lost first
(as in complex 1), followed by their kinetic accessibility
(as in complex 3) such that their formation is never ob-
served.

(20) Yu, J. S.; Fanwick, P. E.; Rothwell, I. P. J. Am. Chem. Soc. 1990,
112, 8171.
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Figure 2. Molecular structure of (DIPP)ZCI’I"—a—-

(CCMe3=CHCH=éCMe3) (1, DIPP = 0-2,6-C;H;Pr,) with
atoms shown as 50% probability ellipsoids.

(DIPP),CITa (DIPP)3Ta__

Figure 3. Structural comparison of the “equatorial-equatorial”

metallacycle in (DIPP),ClTa(CCMe;=CHCH=CCMe,) (1,
DIPP = 0-2,6-C¢H,'Pr,) with the “axial-equatorial” metallacycle

in (DIPP);Ta(CEt=CEtCEt—CEt).

Structural Studies of an Unstable («,o’-Substitut-
ed) Metallacyclopentadiene. Single crystals of

(DIPP),CiTa(CCMe;~CHCH=CCMe;) (1) were ob-
tained from a toluene/pentane solution at —40 °C; the
molecular structure of 1 is presented in Figure 2, and
Tables I and IT summarize relevant data. The approximate
TBP geometry (0(2)-Ta-Cl = 170.5 (1)°) displays one
axial and one equatorial phenoxide ligand and, as predicted
from the NMR data, an equatorial metallacycle. Car-
bon-carbon bond length alternation around the metal-
lacyclic ring is evident,?! but the most notable features
include the obtuse C,-Ta-C, angle (96.6 (2)°) and un-
usually small Ta—C,—C; angles (93.4 (3) and 94.1 (4)°).
These features, perhaps arising from the orbital overlap
requirements of the TBP structure, result in the close
approach of the 8 carbons (C(3) and C(4)) to the metal

(21) Thorn, D. L.; Hoffmann, R. Nouv. J. Chim. 1979, 3, 39.
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Scheme 11
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(2.577 (5) and 2.556 (5) A, respectively).22 Thus, in order
to accommodate the metallacycle of (DIPP),ClTa-

(CCMe;=CHCH=CCMe;) (1) within the equatorial
plane, the C,-Ta-C, angle increases relative to an
“axial-equatorial” metallacycle, which induces a decrease
in the Ta—C,—C; angles and an increase in C,~C4—Cy an-
gles. These features contrast sharply to the metallacycle

(DIPP),Ta(CEt—=CEtCEt=CEt) which exhibits a
“normal” metallacyclic geometry, as shown in Figure 3.1°
Thus, the C,~-Ta-C,, angle (75.7 (4)°) and the Ta-C,-C;

angles (116.4° on average) in (DIPP)3’I"a_-

(CEt=CEtCEt—CEt) are more consistent with known d°
metallacyclopentadiene structures.?»2® The molecular
structure of metallacycle 2 was also of interest in view of
the reactivity differences between these compounds.
However, despite numerous efforts we have been unable
to obtain crystals of 2 that are of acceptable quality for
X-ray work.

Isomerization of a d° Metallacyclopentadiene:
Mechanistic Considerations. The isomerizations of
metallacyclopentanes?®?*2* and metallacyclopentenes®
have been studied in detail in several systems, but mech-

(22) These values are only ca. 0.12 A longer than mean tantalum-
carbon bond distances in many n%-C;H; and 78-CgHg complexes. See:
Holloway, C. E.; Melnik, M. J. Organomet. Chem. 1986, 303, 39.

(23) Stockis, A.; Hoffmann, R. J. Am. Chem. Soc. 1980, 102, 2952.

(24) (a) Takahashi, T.; Fujimori, T.; Seki, T.; Saburi, M.; Uchida, Y.;
Rousset, C. J.; Negishi, E. J. Chem. Soc., Chem. Commun. 1990, 182. (b)
Cohen, S. A,; Auburn, P. A.; Bercaw, J. E. J. Am. Chem. Soc. 19883, 105,
1136. (c) Grubbs, R. H.; Miyashita, A. Ibid. 1978, 100, 1300. (d) McLain,
S. J.; Wood, C. D.; Schrock, R. R. Ibid, 1979, 101, 4558. (e) Erker, G.;
Dorf, U.; Rheingold, A. L. Organometallics 1988, 7, 138. (f) Grubbs, R.
H.; Miyashita, A. J. Organomet. Chem. 1978, 161, 371 and references
therein. (g) Fellmann, J. D.; Schrock, R. R.; Rupprecht, G. A. J. Am.
Chem. Soc. 1981, 103, 5752.

(25) (a) Erker, G.; Kropp, K. J. Am. Chem. Soc. 1979, 101, 3659. (b)
McDade, C.; Bercaw, J. E. J. Organomet. Chem. 1985, 279, 281,
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anistic information regarding metallacyclopentadiene re-
arrangements is available only in the late metals.®? This
is particularly true for low-valent cobalt, where there is
evidence for the direct interconversions among all three
tautomers shown in Scheme II, including the reversibility
of two of these conversions.?62® Few metallacyclo-
pentadiene isomerizations in the early transition metals
have been reported,® and mechanistic information is
lacking.

Various intermediates which might be invoked in the
1 — 2 rearrangement are presented in Scheme IIIl. Either
pathway via A or B requires the disruption of the me-
tallacycle and the formation of two alkyne molecules, either

(26) For examples of metallacyclopentadiene = n*-cyclobutadiene in-
terconversions, see: (a) Chin, H.; Bau, R. J. Am. Chem. Soc. 1973, 95,
5068. (b) Brandt, L.; Green, M.; Parkins, A. W. Angew. Chem., Int. Ed.
Engl. 1990, 29, 1046. (c) King, M,; Holt, E. M.; Radnia, P.; McKennis,
J. 8. Organometallics 1982, 1, 1718 and references therein.

(27) Although the bis(alkyne) — metallacyclopentadiene rearrange-
ment is no doubt operative in low-valent, late-transition-metal complexes,
bis(alkyne) intermediates appear very short-lived in the L,Co(RC==CR)

+ RC=CR — L,Co(CR=CRCR=CR) conversion; thus their isolation
is difficult in the cobalt systems (ref 3a). See also: (a) Wakatsuki, Y.;
Nomura, O.; Kitaura, K.; Morokuma, K.; Yamazaki, H. J. Am. Chem. Soc.
1983, 105, 1907. (b) McDonnell-Bushnell, L. P.; Evitt, E. R.; Bergman,
R. G. J. Organomet. Chem. 1978, 157, 445.

(28) For examples of direct bis(alkyne) adduct = n*-cyclobutadiene
reaction pathways, without the intermediacy of metallacyclopentadienes,
see: (a) Ville, G. A.; Vollhardt, K. P. C.; Winter, M. J. Organometallics
1984, 3, 1177. (b) Davidson, J. L. J. Chem. Soc., Chem. Commun. 1980,
113. (c) Fritch, J. R.; Volthardt, K. P. C. Angew. Chem., Int. Ed. Engl.
1979, 18, 409.

(29) For previously reported metallacyclopentadiene rearrangements
in the early transition metals, see: (a) Buchwald, S. L.; Nielsen, R. B. J.
Am. Chem. Soc. 1989, 111, 2870. (b) Hill, J. E.; Fanwick, P. E.; Rothwell,
L. P. Organometallics 1990, 9, 2211. (c) Buchwald, S. L.; Lucas, E. A,;
Lum, R. T. Unpublished results, reported in ref 6b.
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Figure 4. Plot of In (k/T) vs T (activated complex theory plot)
for the disappearance of (DIPP),ClTa-

(CCMe;=CHCH=CCMej) (1, DIPP = 0-2,6-CoH;Pr;).

Table III. First-Order Kinetic Data for the Isomerization
of (DIPP),CITa(CCMey,—CHCH=CCMe,) (1) to
(DIPP),CI1Ta(CCMe;~CHCCMe,—CH) (2)

temp, °C 104k, 87! corr coeff
66 1.0 0.996
75 2.9 0.999
84 8.0 0.998
92 16 0.997
Scheme VI
OR = 2,6-dilsopropylphenoxide
S ~" A
(RO)CITe _ + (RO)CITa —_—
p 90°C
2 h
2 2~ d1(a) 2- di(ﬁ) -dz
approx 1 : 1 : 1 : 1
ratile

with both coordinated (B) or with only one coordinated
(A). Specifically, pathway 1 — A — 2 does not require a
bis(alkyne) intermediate; however, the A = B equilibrium
is possibly operative as indicated. (Metallacyclopentane
rearrangements, e.g. via disruption to proposed bis(olefin)
adducts?4 have been presented.) The intermediacy of
cyclobutadiene complex D can be eliminated, as the
tert-butyl groups would always remain adjacent in such
a process. Intermediate C could arise through a 4-electron
rearrangement from 1 and then requires a 6-electron
electrocyclic process to form 2. Furthermore, a structural
precedent for C exists, as seen in the reduction of (»°-
C;H;),ZrCl, in the presence of the phosphaalkyne P==
CCMe,;® (Scheme IV). Perhaps more relevant to pathway
1 — C — 2 is that certain metallacyclobutadienes have
been shown to rearrange via a metallatetrahedrane in-
termediate,%2 one example of which is shown in Scheme
IV. Since formal analogies between metallacyclo-
butadienes and metallacyclopentadienes are known (e.g.

(30) Binger, P.; Biedenbach, B.; Kriiger, C.; Regitz, M. Angew. Chem.,
Int. Ed. Engl. 1987, 26, 764.

(81) Churchill, M. R,; Ziller, J. W.; McCullough, L.; Pedersen, S. F,;
Schrock, R. R. Organometallics 1983, 2, 1046.

(32) Weinstock, I. A.; Schrock, R. R.; Davis, W. M. J. Am. Chem. Soc.
1991, 113, 135.
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Figure 5. Partial 'H NMR spectra of the isomerization of the

a,o metallacycle (DIPP),CITa(CCMe;~CDCD=CCMe,) (1-d,)
at 50 °C (toluene-dy) in the presence of HC=CCMe;: A =

(DIPP),CiTa(CCMe;—~CHCD=CCMe;)  (1-d); B

(DIPP),CITa(CCMe;=CHCCMe;=CD) (2-d,(a)]; C = 1,3,5-
CeH,Ds_Buy (DIPP = 0-2,6-C¢H,Pry).

in their reactions with alkynes to afford %%-cyclo-
pentadienyl®® and nf-arene® complexes, respectively), such
a process must be considered.

To more firmly establish the details of the 1 — 2 rear-
rangement, the following experiments have been per-
formed.

(i) When (DIPP),ClTa(CCMe;=CHCH=CCMey) (1)
is thermolyzed (90 °C, 2 h) in the presence of 0.6 equiv of
DC=CCMe,, the resulting metallacycles showed signifi-
cant deuterium incorporation, i.e. this reaction afforded
2, 2-d,(e), 2-d,(8), and small amounts of 2-d, (Scheme V).
The inverse labeled experiment, viz. the thermolysis of

(DIPP),ClTa(CCMes~CDCD==CCMe;) (1-d;) with <1
equiv of HC=CCMe;, revealed the formation of all possible
compounds 2-d,(a), 2-d,(8), and 2-d,, along with the small
amounts of all-protio 2.

(ii) The disappearance of 1 follows clean first-order
kinetics over a range of temperatures (Table III). An
activated complex plot (Figure 4) provides activation pa-
rameters of AH* = 26 % 3 kcal mol! and AS* = 0.2 £ 0.3
eu for a AG* = 26 % 3 kcal mol ™.

(iii) A crossover experiment was undertaken by ther-

molyzing equimolar 1 ((DIPP)gcl'I"a_-
(CCMe;=CHCH=CCMe,)) and 1-d, ((DIPP),ClTa-
(CCMe;—CDCD—=CCMe;)) at 90 °C for 2 h (Scheme VI).
The resulting «,8’ metallacycles showed statistical cross-
over. Thus, the approximate ratio of 2:2-d;(«):2-d;(8):2-d,
was 1:1:1:1 in the resulting solution. As a control exper-
iment, equimolar 1-d, ((DIPP),ClTa-
(CCMe3=CDCD=CCMe3)) and 2 ((DIPP),ClTa-
(CCMe3=CHCCMe3=CH)) were thermolyzed under
identical conditions and no crossover was observed; i.e. the

final solution contained only 2 and 2-d,. Thus, under these
conditions, no crossover occurs after isomerization.

(ivy When a solution of (DIPP),ClTa-

(CCMe;—CDCD~=CCMe;) (1-d,) and 1.2 equiv of HC=
CCMe; is gently thermolyzed (50 °C, C4Dy), the protio

(33) Pedersen, S. F.; Schrock, R. R.; Churchill, M. R.; Wasserman, H.
J. J. Am. Chem. Soc. 1982, 104, 6808.

Smith et al.

Scheme VII

I

10(03})2013(“02) ; Te
2 NaMg ll - CgHy'Buy 5 o \o“cn

(RO} CITa ] = (no)zcnadizz (uo),cn:;::]><

+
+e=cu
Q ¢ e
d
b
global
reaction ¢
profile

label is incorporated into the starting complex faster than
it appears in the thermodynamic product (Figure 5).

Thus, (DIPP),ClTa(CCMe;~CHCD=CCMe;) (1-d,)
forms at a faster rate than 2-d;(e) and 2-d,(8).

From these experiments, we can conclude the following
concerning the 1 — 2 rearrangement. Experiment i shown
in Scheme V (DC=CCMe;, incorporation) requires some
means of deuterium scrambling, implicating at some point
the presence of “(DIPP),ClTa(HC=CCMe,)” plus free
HC==CCMe; in solution during the isomerization. (/n-
termolecular scrambling mechanisms are eliminated by the
first-order disappearence of 1.) Scheme V also argues
strongly against intermediate C and against intermediate
B only, i.e. against 1 — B — 2. Perhaps the most sig-
nificant result is the statistical crossover as presented in
Scheme VI. These data show that when metallacycle 1
disrupts into “(DIPP),ClTa(HC=CCMe,;)” plus HC=
CCMe,, the formation of 2 by recoupling that same alkyne
is no more favored than coupling a different alkyne which
originated from a neighboring metallacycle’s disruption.
These experiments are most consistent with the 1 — 2
rearrangement proceeding via 1 — A — 2. If intermediate
B (viz. a complex with equivalent, coordinated alkynes)
is involved at all, i.e. if the rearrangement occurs via 1 —
B — A — 2, then the B — A step must be significantly
faster than B — 2, otherwise metallacycle 2 would retain
some “memory” of B and nonstatistical crossover would
have resulted. It is more difficult to comment on the AS*
= 0, except that this value does not support an activated
complex with free rotation about a Ta—alkyne axis as one
might expect in a bis(alkyne) complex.

Reaction Profile for the 1 — 2 Isomerization. If
(DIPP),ClTa(HC=CCMe;) (A) is also an intermediate in
the synthesis of 1, then eq 1 may hold relevant information
about the 1 — 2 isomerization since microscopic reversi-
bility will require that metallacycle 1 forms in the same
fashion as it disrupts. Therefore, it may be possible to
access the reaction profile for the 1 — 2 isomerization via
the synthesis of 1 (Scheme VII). The fact that isomer 1
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is the predominant product in eq 1 simply reflects the
activation barrier to coupling (DIPP),ClTa(HC=CCMe,)
+ HC=CCMe; with a,a’ regiochemistry is lower than
coupling o8, although the o, metallacycle is overall more
stable, as depicted in Scheme VII. A closer examination
of eq 1 allows us to quantify the kinetic preference for
coupling a,o’ over a,8 in this system.

Upon reacting Ta(DIPP),Cl3(OEt,), 4 equiv of HC=
CCMe;, and 2 equiv of NaHg in Et,O (room temperature)
and examining the entire reaction mixture, we find both

(DIPP),ClTa(CCMe;=~CHCH=CCMe;) (1) and 1,3,5-
CgH'Bu, present in a 4:1 molar ratio. Therefore, the ratio
of 1:2 formed in this reaction must also be 4:1. This it-
erative calculation is based accurately upon the fact that
at room temperature, any 1 which forms does not isomerize
to 2 and any 1,3,5-C¢H;'Bu; which is observed arises only
from 2 (vide infra). From this ratio of 1:2, the difference
in energy between levels b and d in Scheme VII is calcu-
lated to be AAG* = 0.8 kcal mol™, which emphasizes the
very slight kinetic preference for coupling a,a’ over a,8’
in this system.

The assumption that (DIPP),CITa(HC=CCMe;) (A) is
also an intermediate in the synthesis of 1 is supported by
entering the reaction profile of Scheme VII via yet another
route, viz. by reacting (n%-1,3,5-C¢H;'Buy)Ta(DIPP),Cl (6,
vide infra) with 4 equiv of HC=CCMe;. Thus, 6 serves
as a convenient source of d2 “Ta(DIPP),Cl” upon releasing
its #5-1,3,5-CsH,'Buy; ligand. Exzamining the entire reaction

mixture  again  reveals that  (DIPP),ClTa-

(CCMe3=CHCH=CCM33) (1) and 1,3,5'C3H3tBU3, aris-
ing from 2 only, are present in a 4:1 molar ratio (i.e. not
including the 1,3,5-C;H3'Bu; which was released from the
original 6).

Direct Conversion of a Metallacyclopentadiene to
an n°-Arene Complex. No reaction is observed between
complex 1 and HC=CCMe,, presumably due to the steric
protection that oo/ substitution of the metallacycle affords
the metal center. Consistent with this notion is the fact
that no THF or N=CMe adduct of 1 has been observed.

Organometallics, Vol. 11, No. 3, 1992 1281

Figure 6. Molecular structure of (7°-1,3,5-C¢H;'Bug)Ta-
(DIPP),(CHj;) (7) emphasizing the folding of the arene ligand.
Atoms are shown in 50% probability (DIPP = 0-2,6-C¢H,'Pr,).

However, an «,8 metallacycle is considerably less con-
gested (e.g. THF adduct 5 forms readily, Scheme VIII);
thus 2 appears ideal to “reenter” the cycloaddition se-
quence. Cold (<-40 °C) solutions of metallacycle 2 react
rapidly with 1 equiv of HC=CCMe; to provide solutions
from which blue crystals of (n°-1,3,5-C¢H;'Buy)Ta-
(DIPP),Cl (6) are obtained in up to 70% yield (Scheme
VIII). Although n®-arene formation by alkyne cyclo-
addition chemistry is well-known,? this reaction represents
a rare observation of the direct conversion of a metalla-
cyclopentadiene to an n-arene complex, a key step in [2
+ 2 + 2] cycloaddition chemistry.? Upon reaction of 2 with
3 equiv of HC=CCMe; or upon reaction of 6 with 2 equiv
of HC=CCMe,, 1 equiv of 1,3,5-C¢H;'Buj is formed and

(DIPP),ClTa(CCMe;—CHCH=CCMe;) (1) can be re-
generated, thus completing the cycloaddition sequence
(Scheme VIII).

If the reaction of 2 or 6 with HC=CCMe; is run at a
temperature high enough to isomerize the resulting me-
tallacycle 1 to 2 (typically 270 °C), then the cyclo-
trimerization of HC=CCMe; to tri-tert-butylbenzene be-
comes catalytic in tantalum. Thus, the reaction of 1 with
a large excess of HC=CCMe, at 75 °C (toluene-dg) pro-
vides ca. 0.7 turnovers/h for the production of 1,3,5-
CeH;'Bu, and a total of ca. 20 turnovers before the catalyst
deactivates.

Solid-State and Solution Structure of n°-Arene
Complexes. Despite numerous attempts, crystals of 6
suitable for X-ray structural analysis could not be ob-
tained. Therefore a derivative of 6 was prepared by al-
kylation as presented in eq 2 which provided excellent

3] 5?20

O/T{lm“ + CHzMg8r — o/‘f""CHs
&Q = Teote éi() oY
6 7

2)

crystals for X-ray structural analysis. The molecular
structure of (7%-1,3,5-C¢H;*'Bug)Ta(DIPP),(CH;) (7) is
presented in Figure 6, and Tables I and IV summarize
crystal and structural data. The salient structural feature
is the highly distorted arene ligand which is characterized
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Table IV. Selected Bond Distances (A) and Bond Angles
(deg) in (r]‘-l,3,5-C,H,'Bu,)Ta(DIPP),(CH,) (7)0

Bond Distances

Ta-C(1) 2.518 (4) Ta~0(20) 1.934 (2)
Ta-C(2) 2.223 (4) 0(10)-C(11) 1.362 (4)
Ta-C(3) 2.560 (4) 0(20)-C(21) 1.367 (4)
Ta-C(4) 2.507 (8) C(1)-C(2) 1.464 (5)
Ta-C(5) 2.183 (4) C(2)-C(3) 1.486 (5)
Ta-C(6) 2.411 (4) C(3)-C(4) 1.356 (5)
Ta-arene., 1.942(2) C4)-C(5) 1.466 (5)
Ta-C 2.201 (4) C(5)-C(6) 1.479 (5)
Ta-0(10) 1.894 (2) C(6)-C(1) 1.371 (5)
Bond Angles
C-Ta-0(10) 101.0 (1) Ta-0(20)-C(21) 162.0 (2)
C-Ta-0(20) 839 (1) C(1)-C(2-C(3) 114.7(3)
0(10)-Ta-0(20) 97.6 (1) C(2)-C(3)-C(4) 117.3 (3)
arene,,,,~Ta-C 109.9 (2) C(3)-C(4)-C(5) 121.6 (3)
arene.,~Ta-0(10) 126.7 (1) C(4)-C(5)-C(6) 1119 (3)
arene,~Ta-0(20) 127.2 (1) C(5)-C(6)-C(1) 122.2 (3)
Ta-0(10)-C(11) 174.7 (3) C(2)-C(1)-C(6) 116.1 (3)

¢ Numbers in parentheses are estimated standard deviations in
the least significant digits.

by (i) substantial folding® (the dihedral angle between the
C(1)-C(2)-C(3)~C(4) and C(1)-C(2’)-C(3’)~C(4) planes
in 7 is 33.1 = 0.5°, which is near the top of the range of
ca. 26-34° for related (n°-C;Meg)TaX; complexes of Ta-
(II1)), (ii) an interruption of aromaticity within the
CgH;'Bu; ring (viz. & 1,4-diene or “diene-diyl” type =
localization as depicted in II), and (iii) the close approach

.y

M
1I

of C(2) and C(5) to the metal (2.223 (4) and 2.183 (4) 4,
respectively, compared to an average 2.498 (4) A for the
other arene carbons). Thus, 7 (and no doubt 6) possesses
one of the most distorted and w-localized arene ligands ever
observed in 7% coordination. These structural features
(arene = localization and folding, etc.) have been attributed
to a back-bonding interaction between filled metal &
functions and the arene LUMO as previously described.!’

Low-temperature NMR studies, however, cannot unam-
biguously freeze out a folded structure in solution. At 40
°C, the three arene *CH atoms of the 7°-1,3,5-C¢H;*Bug
ligand in 6 resonate at 8 105.3 (*Jcy = 169 Hz), while their
attached protons appear at & 5.02 (toluene-dg). Rapid ring
rotation alone cannot account for the equivalence of these
groups in a static, folded structure,® thus interconversion
among folded structures is proposed, perhaps as suggested
in Scheme IX. This rapid flip~flop motion, combined with
rapid ring rotation, is consistent with the 40 °C data. Upon
cooling, the § 5.02 signal (»°-1,3,5-CsH;3'Bug) broadens into
the baseline and reappears at 6 4.94 (s, 2 H) and 5.19 (s,
1 H) at ~-50 °C. Although a folded structure might be
frozen out in this experiment, slow rotation of the arene
about the metal-arene vector is the more likely cause of
this inequivalence.®*® Thus, while there can be little doubt
that the arene ligand in 6 is folded as in 7, such a structure
cannot be unambiguously observed in solution.

(34) A summary of structurally folded arenes appears in ref 17.

(35) At =50 °C only one *CH carbon of the CsH;'Bu;, ligand is ob-
served at  99.4 (*Joyx = 172 Hz), which places an upper limit of 4 117.1
on the other ring carbon (which would be buried under broad DIPP
signals), suggesting that the folded, = localized structure shown above has
in fact not been frozen out.

Smith et al.

Scheme IX
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Compound 7 and no doubt 6 show a strong structural
resemblance to a purported intermediate in [2 + 2 + 2]
cycloaddition chemistry, the 7-metallanorbornadiene.®’
Such a species represents the Diels-Alder adduct between
the metallacyclopentadiene and an incoming alkyne, al-
though there is no direct evidence that 6 has arisen through
this mechanism.

Direct Conversion of a Metallacyclopentadiene to
an n>Pyridine Complex. The [2 + 2 + 2] reaction
leading to n%-arene complex 6 prompted the search for
other such reactions, especially those using nitriles with
a view to forming free or coordinated pyridines.®® The
~40 °C reaction of 2 (either isolated or formed in situ from
1) with tert-butyl cyanide results in the high-yield for-
mation of the yellow orange adduct (DIPP),Cl-

(Me;CC=N)Ta(CCMe;==CHCCMe;—CH) (8) (vcamn =
2278 cm!) (Scheme VIII). The 5! nitrile complex 8 is
thermally unstable in solution and can only be isolated
below ca. 20 °C. Upon dissolving in room-temperature
C¢Dg, 8 begins to rearrange to maroon complex 9 within
minutes (Scheme VIII). The NMR spectra of 9 reveal that
all three tert-butyl groups are inequivalent, even to 90 °C,
and five inequivalent aromatic pyridine carbons are ob-
served. These data eliminate a simple #®-pyridine com-
plex®” which contrasts sharply with ®-arene coordination
as in 6.

Further physical characterization of 9 provides inform-
ative contrasts between 9 and 6. Samples of 9 can be
sublimed at 110 °C with little decomposition (2 X 107
Torr), while 6 releases its arene slowly at room tempera-
ture. The He I valence photoelectron spectrum of 9 reveals
its lowest energy ionization (at ca. 6.75 eV) is characterized
by a band shape reminiscent of the lowest energy ioniza-
tion from tantalum(III) olefin complexes which show a d°
metallacyclopropane electronic structure.®® Thus, this
6.75-eV ionization has much less metal character than
expected if 9 were a d? Ta(IIl) complex.?® The cyclic
voltammogram of 9 displays an irreversible oxidation at
E,, = +0.63 V vs Ag/AgCl (CH,Cl; solution, 0.1 M in
“§u4NPF6) which is ca. 0.5 V more positive than the ox-
idation of the related arene complex (%-CsMeg)Ta-
(DIPP),C1.3® This oxidation is followed by several ill-
defined electrochemical processes, no doubt arising from
the instability of the resulting cation. Accordingly, the
chemical oxidation of 9 (e.g. with pyridine N-oxide) pro-
vides free 2,4,6-NC;H,'Bu;,*° which is readily isolated by

(36) For pyridine syntheses via [2 + 2 + 2] cycloaddition chemistry,
see: (a) Wakatsuki, Y.; Yamazaki, H. Synthesis 1976, 26. (b) Wakatsuki,
Y.; Yamazaki, H. Tetrahedron Lett. 1973, 3383. (c¢) Vollhardt, K. P. C,;
Bergman, R. G. J. Am. Chem. Soc. 1974, 96, 4996. (d) Bénnemann, H.;
Brinkmann, R. Synthesis 1975, 600. (e) Parnell, C. A.; Vollhardt, K. P.
C. Tetrahedron 1985, 5791,

(37) For examples of n°® pyridines, see: {a) Davies, S. G.; Shipton, M.
R. J. Chem. Soc., Chem. Commun. 1989, 995, (b) Morris, R. H.; Ressner,
J. M. J. Chem. Soc., Chem. Commun. 1983, 909. (c) Timms, P. L. Angew.
Chem., Int. Ed. Engl. 1975, 14, 273. (d) Simons, L. H.; Riley, P. E.; Davis,
R. E.; Lagowski, J. J. J. Am. Chem. Soc. 1976, 98, 1044. (e) Wucherer,
E. J.; Muetterties, E. L. Organometallics 1987, 6, 1691 and 1696.

(38) Lichtenberger, D. L.; Darsey, G. P.; Kellogg, G. E.; Sanner, R. D.;
Young, V. G., Jr.; Clark, J. R. J. Am. Chem. Soc. 1989, 111, 5019.

(39) (a) The E,, for (n°-C;Meg)Ta(DIPP),Cl occurs at ca. +0.10 V vs

AgCl. Unfortunately, (n-1,3,5-CsH;'Bug)Ta(DIPP),Cl (5) reacts with
MeC=N, CH,Cl,, and other electrochemical solvents so that a direct
comparison between 5 and 7 is not yet possible. See ref 3d. (b) Arney,
D. J.; Bruck, M. A.; Wigley, D. E. Organometallics 1991, 10, 3947,

(40) Dimroth, K.; Mach, W. Angew. Chem., Int. Ed. Engl. 1968, 7, 460.
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Figure 7. Molecular structure of (y*(N,C)-2,4,6-NC;H,'Buy)-
Ta(DIPP),Cl (7, DIPP = 0-2,6-C¢H;'Pr,) with atoms shown in
50% probability.

Table V. Selected Bond Distances (A) and Bond Angles
(deg) in (n*(N,C)-2,4,6-NC;H,'Bu,)Ta(DIPP),Cl (7)*

Bond Distances

Ta-Cl 2.344 (8) N-C(5) 1.394 (9)

Ta-N 1.963 (6) C(1)-C(2) 1.45 (1)

Ta-C(1) 2.133 (9) C(2)-C(3) 1.43 (1)

Ta-0(10) 1.877 (6) C(3)-C(4) 1.46 (1)

Ta-0(20) 1.860 (6) C(4)-C(5) 1.35 (2)

N-C(1) 1.47 (2)

Bond Angles

Cl-Ta-N 131.1 (4) Ta-N-C(5) 140.4 (5)
Cl-Ta-C(1) 92.5 3) C(1)-N-C(5) 121 (1)
Cl-Ta-0(10) 95.6 (2) Ta-C(1)-N 62.9 (4)
Cl-Ta-0(20) 102.2 (2) Ta-C(1)-C(2) 111.7 (6)
N-Ta~-C(1) 41.9 (6) N-C(1)-C(2) 112.6 (8)
N-Ta-0(10) 101.1 (6) C(1)-C(2)-C(3) 120.6 (9)
N-Ta-0(20) 109.9 (3) C(2)-C(3)-C(4) 116(1)
C(1)-Ta-0(10) 1275 (83) C(3)-C(4)-C(5) 124 (1)
C(1)-Ta-0(20) 1115 (8) N-C(5)-C(4) 117 (1)
0(10)-Ta-0(20) 117.1(8) Ta-0(10)-C(11) 161.5 (6)
Ta-N-C(1) 75.2 (5) Ta-0(20)-C(21) 164.9 (6)

¢ Numbers in parentheses are estimated standard deviations in
the least significant digits.

sublimation. All of the above data require the formulation
of 9 as the pyridine complex (2,4,6-NC;H,'Bu;)Ta-
(DIPP),Cl; however, the striking differences between 6 and
9 implicate a structural formulation other than an 5°
complex. Specifically, the pyridine ligand in 9 must be
bound in a fashion which allows the metal center to attain
a higher effective oxidation state that is accessible in 6 and
which renders all carbons inequivalent. Proposed upon
the precedence provided by the structurally characterized
(silox),Ta(n2(N,C)NC H;)*#2 (silox = ‘Bu,SiO) and con-
firmed by X-ray crystallography, 9 is characterized by an
7% coordination of the pyridine ligand.

Structural Characterization of an 72-Pyridine
Complex Prepared by [2 + 2 + 2] Cycloaddition
Chemistry. Figure 7 presents the molecular structure of
(n*(N,C)-2,4,6-NC;H,'Bu;) Ta(DIPP),Cl (9), and Tables I
and V summarize important crystal and structural data.
The n? coordination mode of the pyridine ligand is evident

(41) Neithamer, D. R.; Parkanyi, L.; Mitchell, J. F.; Wolczanski, P. T.
J. Am. Chem. Soc. 1988, 110, 4421.

(42) Covert, K. J.; Neithamer, D. R.; Zonnevylle, M. C.; LaPointe, R.
E.; Schaller, C. P.; Wolczanski, P. T. Inorg. Chem. 1991, 30, 2494.
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Scheme X
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from the Ta—C(1) bond of 2.126 (9) A and Ta~N bond of
1.966 (6) A, while C(2) and C(5) are clearly out of bonding
range from Ta (2.99 (1) and 3.159 (8) A, respectively). A
clear 1,3-diene = localization is not as evident in this ligand
(Table V) as it is in Wolczanski’s related (silox);Ta(n%
(N,C)-NC;H;) complex.*? However, these structural data
and the redox and PES data for 9 are clearly indicative
of a tantalum(V) “metallaaziridine” structure,® rather than
a tantalum(III) formulation. The pyridine ligand is se-
verely distorted toward a twist-boat conformation, in
contrast to the planar pyridine in (silox);Ta(n*(N,C)-
NC;H;). The dihedral angle between the best pyridine
plane and the Ta—(N,C) plane is 117.6 (5)° while Ta-N-
C(5) = 140.3 (5)° and Ta—C(1)-C(2) = 111.5 (6)°. A short
Ta-N bond in conjunction with the NMR data (see Ex-
perimental Section) fully supports the #2-(N,C) mode of
bonding as in (silox);Ta(n(N,C)-NC;H;), rather than an
7%-(C,C) mode reported in the lutidine complex [(»*lu-
tidene)Os(NH;);]%+.#

A series of (silox)sTa(n*(N,C)-substituted pyridine)
complexes have been prepared by Wolczanski, and EHMO
calculations on the model compound (HO);Ta(n%(N,C)-
NC;H;) revealed the origins of »” stability over 7° or 5!
coordination.*? First, the n? mode is favored since it can
engage in r-back-bonding interactions with the reducing
Ta(OH); moiety (rather than the less-efficient § back-
bonding of the 7° mode!’%5), thereby allowing the metal
to achieve its highest oxidation state. Also, »* bonding
avoids the strong, 4-electron, two-orbital destabilization
between the Ta(OH), dz? orbital and the pyridine N-donor
orbital which would arise from the ¢-only interactions of
an 7! mode. Distorting the pyridine o hydrogen out of the
pyridine plane, i.e. pyramidalization about the « carbon,
is important in stabilizing the 72 structure in (HO);Ta-
(n%(N,C)-NC;H;).42 The C, position in (n%(N,C)-2,4,6-
NC;H,'Bu;) Ta(DIPP),Cl (9) is tert-butyl substituted and
pyramidalization about this C, is observed (average angle
about C, = 107.7°) as this tert-butyl substituent is dis-
placed well out of the best pyridine plane. While this
distortion must be sterically enhanced, it is consistent with
the most electronically favored structure.

Discussion

Metallacyclopentadiene Formation and Fragmen-
tation, Perhaps the most puzzling feature of this chem-
istry is why the kinetic a,a’ metallacycle 1 forms at all.
Steric factors have been proposed to explain the o,a’ re-
gioselectivity in cobaltacyclopentadienes,?’® and electronic
factors seem to indicate that 8,8’ regioselectivity is favored
in the metallacyclization of Fe(olefin),(C0);.2* Most ob-
servations of metallacyclizations’? are in accord with this

(43) (a) Durfee, L. D.; Fanwick, P. E.; Rothwell, I. P.; Folting, K;
Huffman, J. C. J. Am. Chem. Soc. 1987, 109, 4720. (b) Mayer, J. M.;
Curtis, C. J.; Bercaw, J. E. Ibid. 1983, 105, 2651. (c) Durfee, L. D.; Hill,
J.E; Kerschner,J L.; Fanwick, P. E.; Rothwell 1. P. Inorg. Chem. 1989
28, 3095 (d) Chiu, K. W, Jones R. A Wilkinson, G.; Galas, A. M. R.,
Hursthouse, M.B.J. Chem Soc Dalton Trans. 1981 2088.

(44) (a) Cordone, R.; Taube, H. J. Am. Chem. Soc. 1987, 109, 8101. (b)
For related #?-pyridinium complexes, see: Cordone, R.; Harman, W. D;
Taube, H. J. Am. Chem. Soc. 1989, 111, 2896.

(45) Brown, P. R.; Cloke, F. G. N.; Green, M. L. H.; Hazel, N. J. J.
Chem. Soc., Dalton Trans. 1983, 1075.
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8,8’ prediction, although there is an obvious steric con-
straint to this in 1 or 2.

The kinetic regioselectivity may be rationalized if we
consider that the incoming acetylene approaches the metal
toward one face of pseudotetrahedral (DIPP),ClTa(HC=
CCMe;,) (the most sterically accessible approach) and that
the first formed metallacycle will be an approximate TBP
with one of the incoming C,,,; atoms in an axial position
(Scheme X). Such a proposal has been made for the
reaction between pseudotetrahedral d° alkylidynes (viz.
Re(=CCMe,)(=NAr)(OR),) and acetylenes to afford
metallacyclobutadienes.’? Thus, adding HC=CCMe; to
one of the two OR-C,.,—Cl faces will be more facile than
to the OR-C,...—OR face (addition to the OR-OR~Cl face
is nonproductive), and in adding, the tert-butyl groups of
each alkyne avoid each other. The first formed TBP is
an axial-equatorial metallacycle which then rapidly
pseudorotates about the equatorial C R to afford the ob-
served kinetic product. A coglike packing efficiency of the
ligands in equatorial-equatorial metallacycle 1, evident
from examining molecular models (see Figure 3), probably
affords an overall lower energy than the first formed ax-
ial-equatorial metallacycle. While the metallacycle 1 ap-
pears strained, preliminary molecular orbital studies in-
dicate that 1 breaks apart from an equatorial-axial TBP
structure, just as we have proposed it forms.*

We!? and others*” have observed that formal d? tanta-
lum(TII) alkyne adducts (e.g. (DIPP);Ta(PhC=CPh)%) are
much more accurately described as d° tantallacyclo-
propenes.®® In the absence of available d electrons, these
metal centers cannot effectively stabilize an approaching
acetylene via 7 back-donation. Attempts to calculate op-
timized geometries for the d? bis(alkyne) complex Cl;Ta-
(HC=CH), by ab initio and extended Hiickel methods
resulted in either the two alkynes collapsing to the me-
tallacyclopentadiene with no activation barrier or one of
the alkynes being released by the metal center and the
other being substantially reduced to a metallacyclopropene
structure.*® Thus, the formation of 1 and 2 is best de-
scribed as the reaction of one molecule of HC=CCMe; and

(DIPP),CiTa(HC=CCMejy), a reaction which the availa-
ble data suggest is a more accurate description of their
formation than a metallacyclization reaction of “-
(DIPP),CITa(HC=CCMe,),”. In this way, compounds like

purported (DIPP),ClTa(HC=CCMej,) are similar to the
highly reactive d° group 4 metals in olefin polymerization
in which olefin adducts are implicated as transient species
but usually not stable, which supports the relevance of such
metal centers in the polymerization sequence.**%0
Formation of 7°-Arene and #*-Pyridine Complexes.
The formations of n®-arene complex 6 and 7n*-pyridine

(46) Albright, T. A. Personal communication.

(47) Tantalum(III) alkyne adducts are invariably characterized by a
highly reduced alkyne, i.e. by a tantalum(V) metallacyclopropene struc-
ture. See: (a) Curtis, M. D.; Real, J.; Kwon, D. Organometallics 1989,
8, 1644. (b) Curtis, M. D.; Real, J.; Hirpo, W.; Butler, W. M. Ibid. 1990,
9, 66.

(48) A few bis(alkyne) complexes of low-valent tantalum(I) and nio-
bium(I) have been reported, e.g. (n3-CsH;)M(CO)(PhC=CPh),. See: (a)
Nesmeyanov, A. N.; Anisimov, K. N.; Kolobova, N. E.; Pasynskii, A. A.
Izv. Nauk SSSR, Ser. Khim. 1969, 100. (b) Aleksandrov, G. G.; Gusev,
A. L; Struchkov, Yu. T. Zh. Strukt. Khim. 1968, 9, 333.

(49) (a) Jordan, R. F.; Bajgur, C. S.; Willet, R.; Scott, B. J. Am. Chem.
Soc. 1986, 108, 7410. (b) Jordan, R. F.; LaPointe, R. E.; Bajgur, C. S.;
Echols, S. F.; Willet, R. Ibid. 1987, 109, 4111. (¢) Thompson, M. E,;
Baxter, S. M.; Bulls, A. R.; Burger, B. J.; Nolan, M. C.; Santarsiero, B.
D.; Schaefer, W. P.; Bercaw, J. E. Ibid. 1987, 109, 203.

(50) Occupation of d orbitals in these polymerization systems appears
to lead to significant barriers to insertion. See: (a) Eisenstein, O.;
Hoffmann, R. J. Am. Chem. Soc. 1981, 103, 4308. (b) Eisenstein, O.;
Hoffmann, R. Ibid. 1980, 102, 6148.
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complex 9 directly from a metallacyclopentadiene repre-
sent a key step in the cycloaddition chemistry of alkynes.
Compound 9 is particularly relevant to {2 + 2 + 2] cy-
cloaddition chemistry. While a “metallanorcaradiene”
{(n*-benzene) has been considered as a possible intermediate
which forms from the collapse of a metallacycloheptatriene
in the cycloaddition preparation of benzocyclobutanes,’!
complex 9 may generally represent a heretofore unrecog-
nized intermediate in metal catalyzed [2 + 2 + 2] cyclo-
addition chemistry. No intermediates are observed in the
rearrangement of 8 to 9 (‘H NMR, room temperature);
thus whether a transient n-pyridine or N-metallacyclo-

imine (TaN=CCMe;CH=CCMe;CH=CCMe;) is in-
volved is unknown. Since the tri-tert-butylbenzene ligand
coordinates 7° in complexes 6 and 7, it is unlikely that
steric constraints are inducing an incipient 55-tri-tert-bu-
tylpyridine ligand to slip to the observed »? form in 9. The
structure of 9 suggests that a metal-ligand = interaction
(dm = p=*) is preferred over the rather inefficient §
back-bonding (dé = arene 6* (arene 7* LUMO) as in 7)
to allow the metal to attain its highest oxidation state.
This conclusion was obtained by Wolczanski’s theoretical
study of related (HO);Ta(n*(N,C)-NC;H;).#2 The 7 co-
ordination and the misshapen pyridine ligand resulting
from an obvious disruption of its aromaticity both extract
a high energetic price,® but one which apparently can be
afforded from the gains made in 7 back-bonding.4> The
difference in the thermal stabilities of 6 and 9 reflects this
strong interaction. Additionally, compounds related to 9
may be relevant to C-H bond activation: intermediate
7%-(N,C) pyridine species may be implicated prior to py-
ridyl (73(N,C)-NC;H,) formation***% and related pyridine
C, functionalizations.®

Experimental Section

General Details. All experiments were performed under a
nitrogen atmosphere either by standard Schlenk techniques® or
in a Vacuum Atmospheres HE-493 drybox at room temperature
(unless otherwise indicated). Solvents were distilled under N,
from an appropriate drying agent? and were transferred to the
drybox without exposure to air. The “cold” solvents used to wash
isolated solid products were cooled to ca. —30 °C before use. All
NMR solvents were passed down a short (5-6-cm) column of
activated alumina prior to use. In all preparations, DIPP =
0—2,6'06H3ipl‘2.

Starting Materials and Reagents. 3,3-Dimethyl-1-butyne
(tert-butylacetylene) was obtained from Farchan Laboratories
and was passed down a short (6—-8-cm) column of activated alu-
mina at ca. —10 °C prior to use. tert-Butyl cyanide was purchased
from Aldrich and dried by passing down a short activated alumina
column at room temperature. Pyridine N-oxide (Aldrich) was
sublimed (45 °C, 107 Torr) prior to use. Ta(DIPP),Cl;(OEt,),"”

[Ta(DIPP)Cl,],,!" and (DIPP);Ta(CCMe;~CHCCMe;=CH)!®
(3) were prepared as described previously. The deuterated
acetylene DC=CCMe; was prepared by the reaction of "BuLi
(hexane solution) with a pentane solution of HC=CCMe;, isolating
the LiC=CCMe;, suspending it in "Bu,0, and quenching it with
D,0. The product was isolated by distillation (collected at 78
°C), after having been passed through a -78 °C condenser, and
dried over activated alumina prior to use.

(51) Vollhardt, K. P. C.; Bergman, R. G. J. Am. Chem. Soc. 1974, 96,
4996

(52) Brauer, D. J.; Kriger, C. Inorg. Chem. 1977, 16, 884.

(53) (a) Watson, P. L. J. Chem. Soc., Chem. Commun. 1983, 276. (b)
Klei, E.; Teuben, J. H. J. Organomet. Chem. 1981, 214, 53.

(54) (a) Fanwick, P. E.; Kobriger, L. M.; McMullen, A. K.; Rothwell,
1. P.J. Am. Chem. Soc. 1986, 108, 8095. (b) Erker, G.; Miihlenbernd, T.;
Benn, R.; Rufifiska, A. Organometallics 1986, 5, 402.

(55) Shriver, D. F.; Drezdzon, M. A. The Manipulation of Air-Sen-
sitive Compounds, 2nd ed.; John Wiley and Sons: New York, 1986.

(56) Perrin, D. D.; Armarego, W. L. F. Purification of Laboratory
Chemicals, 3rd Ed.; Pergamon Press: Oxford, U.K., 1988.



Metallacyclopentadiene Complexes of Tantalum

Physical Measurements. 'H (250 MHz) and 13C (62.9 MHz)
NMR spectra were recorded at probe temperature (unless oth-
erwise specified) on a Bruker WM-250 spectrometer in CgD,
toluene-dg, or CDCl; solvent. Variable-temperature 'H NMR
spectra obtained in kinetic experiments were recorded at 250 MHz
on a Bruker AM-250 spectrometer. Chemical shifts are referenced
to protio impurities (§ 7.15, C¢gDyg; & 2.09, toluene-dg; 6 7.24, CDCly)
or solvent 1*C resonances (5 128.0, C¢Dg; & 20.4, toluene-dg; 8 77.0,
CDCl;) and are reported downfield of MeSi. Infrared spectra
in the region 4000600 cm™ were recorded as Nujol mulls (NaCl
plates) on a Perkin-Elmer 1310 spectrometer. Cyclic voltammetry
experiments were performed in the drybox under N, using a
BioAnalytical Systems CV-27 voltammograph and recorded on
a Houston Instruments Model 100 X-Y recorder. Measurements
were taken at a Pt-disk electrode in CH,Cl, solutions containing
0.1 M *"By,NPF; as supporting electrolyte. Voltammograms were
recorded at room temperature at a sweep rate of 150 mV/s and
are referenced to Ag/AgCl (uncorrected for junction potentials).
The He I valence PES spectrum of 9 was measured using a
McPherson ESCA 36 spectrometer, modified with a tempera-
ture-controlled sample cell and conditions previously described.*”
The gas-phase sample was generated at ca. 110 °C and 2 X 107
Torr and the operating resolution for the argon 2P, /2 ionization
(15.76 €V) was maintained at 0.016-0.020 eV throughout the data
collection. This argon ionization was used as an internal “lock”
during the high-resolution He I signal averaging (7-12-eV col-
lections) to maintain drift from the absolute kinetic energy at
<0.005 eV. All microanalytical samples were handled under N,
and were combusted with WO, (Desert Analytics, Tucson, AZ).

Preparations. (DIPP),ClTa(CCMe;=—=CHCH=CCMe;)
(1). A solution of 2.03 g (2.84 mmol) of Ta(DIPP),Cl;(OEt,) in
20 mL of diethyl ether was prepared and cooled to ~40 °C. To
this vigorously stirred solution were added 0.80 mL (6.5 mmol)
of tert-butylacetylene and 1.7 mL (5.7 mmol) of a 0.6% NaHg
amalgam. After being stirred at room temperature for 18 h, the
mixture was filtered through Celite and the solvent was removed
from the filtrate in vacuo to afford a maroon red oil. A golden
yellow solid formed immediately upon triturating this oil with
cold pentane. The solid was collected by filtration and dried in
vacuo. When the filtrate was cooled to —40 °C, an additional crop
of product formed for a total yield of 1.15 g (1.56 mmol, 55%).
Analytically pure samples were obtained by recrystallization from
Et,0/pentane solutions at —40 °C. 'H NMR (toluene-dg, —40 °C):
6745 (s, 2 H, CH), 7.12-6.82 (m, 6 H, H,.)), 3.76 and 3.44 (spt,
2 H each, CHMe,), 1.48 and 1.35 (d, 6 H each, CHMe,), 1.23 (s,
18 H, CMey), 0.99 (d, 12 H, CHMe,). 3C NMR (toluene-dg, ~40
°C): 62213 (C,), 160.0, 156.3 (Cyy), 140.7, 137.6 (C,), 123.8 (broad,
coincident C,, and C,), 104.9 (Cj), 40.0 (CMe,), 30.0 (CMe,), 28.9,
96.4 (CHMey), 25.7, 54.5, 23.9 (CHIMes). TR: » 1580 (), 1550 (br
w), 1426 (sh), 1370 (s), 1355 (s), 1318 (s), 1300 (w), 1275 (w), 1260
(m), 1245 (s), 1190 (sh), 1180 (s), 1104 (s), 1092 (m), 1050 (w), 1031
(m), 995 (br), 927 (m), 905 (s), 891 (s), 870 (m), 817 (m), 783 (s),
739 (s), 703 (m) em™!. Anal. Caled for C3H;,0,ClTa: C, 58.81;
H, 7.40. Found: C, 58.99; H, 7.57.

(DIPP).,CITa(CCMe;—=CDCD=CCMe;) (1-d,). This deu-
terated metallacycle was prepared by substituting DC=CCMe,
for HC==CCMe; in the preparation described for 1. This anal-
ogous reaction afforded 1-d, in comparable yields to 1. 'H NMR
(C¢Dg, probe temperature or toluene-dg, —40 °C): Resonances are
identical to those observed for 1, except the & 7.45 singlet (tolu-
ene-dg) is not observed.

(DIPP),C1Ta(CCMe,—~CHCCMe;—CH) (2). A glass am-
pule (Teflon stopcock) was charged with 1.76 g (2.33 mmol) of

(DIPP),ClTa(CCMe;=—CHCH=CCMe;,) (1), 30 mL of toluene,
and a small stir bar. This solution was heated in an oil bath at
90 °C, with stirring, for 2 h, over which time its color darkened
to red-brown. The solution was then allowed to cool, and the
solvent was removed in vacuo to provide a deep red oil. This oil
was reconstituted in minimal pentane (ca. 5 mL), and upon cooling
to 40 °C, a yellow solid formed. The solid was filtered off and
dried in vacuo for a yield of 1.00 g (1.35 mmol, 58%, three crops).

(87) Calabro, D. C.; Hubbard, J. L.; Blevins, C. H., II; Campbell, A.
C.; Lichtenberger, D. L. J. Am. Chem. Soc. 1981, 103, 6839.
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Recrystallization from pentane (—40 °C) afforded analytically pure
samples. 'H NMR (C¢D): 6 8.96 (d, Juy = 2.6 Hz, 1 H, CH),,
7.46 (d, “Jyu = 2.6 Hz, 1 H, C;H), 7.10-6.95 (m, 6 H, H,;)), 3.78
(spt, 4 H, CHMe,), 1.34, 1.31 (d, 12 H each, CHMe,), 1.12, 1.00
(s, 9 H each, CMe,). *C NMR (C¢Dg): 8 217.4 (C,CMe;), 189.4
(CH), 1819 (C4CMejy), 159.1 (Cyp,), 138.5 (C,), 137.9 (C.H), 125.7
(C,), 123.8 (C,), 41.9, 37.3 (CMey), 31.2, 29.0 (CMey), 28.4
(ChMez), 24.5, 24.1 (CHMe,). IR: » 1545 (m), 1494 (m), 1360
(s), 1322 (s), 1245 (s), 1181 (br s), 1148 (m), 1102 (m), 1093 (m),
1054 (w), 1036 (m), 917 (br s), 870 (m), 788 (s), 744 (s), 711 (s),
670 (m) cm™. Anal. Caled for Cy34H;,0,ClTa: C, 58.81; H, 7.40.
Found: C, 58.84; H, 7.68.

(DIPP),C1Ta(CCMe,~CDCCMe,—CD) (2-d,). This deu-
terated metallacycle was prepared by substituting

(DIPP),ClTa(CCMe;—~CDCD=CCMe,) (1-dy) for

(DIPP),C1Ta(CCMe;—CHCH==CCMe,) (1) in the preparation
described for 2. This analogous reaction afforded 2-d, in com-
parable yields to 2. 'H NMR (CzDg): Resonances are identical
to those observed for 2, except the 4 8.96 and 7.46 doublets are
not observed.

(DIPP)CL,Ta(CCMe;—CHCH=—CCMe;) (4). To a -40 °C
solution of 2.00 g (4.0 mmol) of Ta(DIPP)C], in 20 mL of Et,0
(which forms Ta(DIPP)Cl,(OEt,)) were added 0.97 mL (17.7
mmol) of tert-butylacetylene and 2.40 mL (8.0 mmol) of a 0.56%
NaHg amalgam. After being stirred at room temperature for 16
h, the golden brown mixture was filtered through Celite and the
solvent was removed in vacuo to provide a brown oil. A yellow-
orange solid was obtained upon triturating this oil with 5 mL of
pentane. The solid was collected by filtration (1.09 g, 1.84 mmol,
46%) and was obtained analytically pure by recrystallization from
Et,0/pentane solutions at -40 °C. TH NMR (CgDg): 6 7.92 (s,
2 H, CgH), 7.17-6.92 (m, 3 H, H,,)), 3.85 (spt, 2 H, CHMe,), 1.38
(d, 12 H, CHMe,), 1.28 (5, 18 H, CMey). C NMR (C,Dy): 5 236.6
(C.), 160.0 (Cy), 137.5 (Cp), 125.0 (Cp), 128.7 (Cyp), 109.9 (Cy),
40.3 (CMej), 29.8 (CMes), 29.0 (CHMe,), 24.5 (CHMe,).

(DIPP),CI(THF)Ta(CCMe;—CHCCMe,—~CH) (5). A
glass ampule (Teflon stopcock) was charged with 2.03 g (2.76

mmol) of (DIPP),ClTa(CCMe;—~CHCH=—=CCMe;) (1), 30 mL of
toluene, 3.0 mL (37 mmol) of THF, and a small stir bar. This
solution was heated in an oil bath at 90 °C (with stirring) for 2
h, over which time its color darkened to brown-red. The solution
was then allowed to cool, and the solvent was removed in vacuo
to provide a yellow-brown solid. This product was washed with
minimal cold pentane and dried in vacuo yielding 1.78 g (2.20
mmol, 80%). Analytically pure product was obtained by re-
crystallization from THF /pentane solutions at -40 °C. 'H NMR
(CgDg): 6 8.74 (broad d, 1 H, C,H), 7.55 (d, *Jyy = 1.8 Hz, 1 H,
CgH), 7.09-6.92 (m, 6 H, H,,)), 3.82 (spt, 4 H, CHMe,), 3.70 (t
(AB), 4 H, OCH,), 1.36 (t (AB), 4 H, OCH,CH,), 1.30, 1.29 (d,
12 H each, CHMe,), 1.16, 1.13 (s, 9 H each, CMe;). 13C NMR
(Cst): 6 220.1 (CaCMea), 187.3 (Ca/H), 179.4 (CﬂCMea), 158.1
(Cipeo), 139.0 (C,), 138.8 (CgH), 125.2 (C,), 123.8 (C,), 70.4 (OCH,),
41.6, 37.1 (CMey), 381.3, 29.2 (CMe,), 27.7 (CHMe,), 25.7 (OC-
H,CH,), 24.5, 24.3 (CHMe,). IR: » 1579 (w), 1550 (m), 1355 (m),
1327 (s), 1248 (s), 1188 (br s), 1103 (m), 1092 (m), 1035 (m), 1004
(m), 955 (w), 920 (s), 898 (s), 877 (w), 850 (s), 789 (s), 744 (s), 739
(s), 706 (m), 702 (m), 644 (m) ecm™, Anal. Caled for C,,HgO,ClTa:
C, 59.51; H, 7.74. Found: C, 58.15; H, 7.83. Consistently low
carbon analyses were obtained for this compound which we at-
tribute to the partial loss of coordinated THF upon drying the
solid in vacuo.

(7%-1,3,5-CcH'Bu;)Ta(DIPP),CI (6). (i) To a —40 °C solution

of 049 g (067 mmol) of (DIPP),ClTa

(CCMe;=CHCCMe;=CH) (2) in 20 mL of pentane was added
1 equiv (0.082 mL) of tert-butylacetylene. The solution was
shaken vigorously for 3 min, over which time it turned from yellow
to forest green in color. This mixture was then stored at —40 °C
for 24 h (without stirring), over which time the solution turned
deep blue in color and blue crystals of product had formed. These
crystals were collected by filtration, washed with cold pentane,
and dried in vacuo; yield 0.36 g (0.44 mmol, 66%). (ii) Compound
6 may be prepared in greater overall yield without isolating the
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a,8’ metallacycle 2 as follows: A 2.60-g sample (3.54 mmol) of

{DIPP),CITa(CCMe;=CHCH=CCMe;) (1) was dissolved in
minimal toluene (ca. 30 mL) and isomerized to 2 by heating the
solution to 90 °C for 2 h. After this time, the solvent was removed
in vacuo to afford a red oil. The oil was reconstituted in pentane,
and the sample was cooled to —40 °C. To this solution was added
0.44 mL (3.57 mmol, 1 equiv based upon 1) of tert-butylacetylene,
the solution was shaken and stored at —40 °C, and the product
was collected and handled as described above in (i); yield 1.63
g (1.99 mmol, 56%). 'H NMR (C¢Dg): 6 7.10-6.90 (m, 6 H, H,,
(DIPP)), 5.02 (s, 3 H, arene CH), 8.47 (spt, 4 H, CHMe,), 1.27,
1.15 (d, 12 H each, CHMe,), 1.05 (s, 27 H, CMe;). *C NMR
(CeDg): 8 155.9 (Cypo), 137.7 (Cy), 123.8 (Cyy), 122.8 (Cp), 105.5
(br, CH, arene), 36.3 (CMey), 30.5 (CMej), 25.8 (CHMe,), 25.4,
24.6 (CHMe,); CCMe; has not been observed. IR: » 1580 (w),
1540 (w), 1320 (s), 1258 (s), 1240 (s), 1226 (sh), 1195 (sh), 1179
(8), 1099 (m), 1035 (w), 965 (w), 940 (w), 901 (s), 879 (s), 870 (m),
783 (m), 740 (), 712 (m) cm™. Anal. Caled for C,HgO,ClTa:
C, 61.72; H, 7.89. Found: C, 61.70; H, 8.04.

Isolation of 1,3,5-CsH;*Bus. An excess (=3 equiv) of tert-
butylacetylene was added to a diethyl ether solution of (»°-
1,3,5-C¢H;Buy) Ta(DIPP),Cl (6) at room temperature which itself
was generated in situ in this solution as described above. After
being stirred overnight, the reaction volatiles were removed in
vacuo to yield an oily, pale yellow solid. Upon sublimation (room
temperature, 105 Torr), the white, crystalline arene product
formed on the ice-cooled probe. 'H NMR (C¢Dg):58 6 7.42 (s, 3
H, H,.,)), 1.34 (s, 27 H, CMey). 1*C NMR (C¢Dy): 6 150.3 (CCMey),
119.7 (CH), 35.1 (CMe;), 31.8 (CMej).

(n-1,3,56-C.H,'Bu,)Ta(DIPP),(CHj;) (7). A solution of 0.25
g (0.30 mmol) of (1°-1,3,5-C¢H,'Bu) Ta(DIPP),CI (6) in 25 mL
of Et,0 was cooled to —60 °C. A solution containing 0.10 mL of
MeMgBr (3 M in Et,0, 0.30 mmol), diluted to ca. 15-mL volume
with Et,0, was added dropwise to the cold solution of 6. The
reaction was allowed to warm to room temperature and stirred
overnight (ca. 12 h), over which time it developed a purple color.
The solvent was removed in vacuo, and the residue was extracted
with pentane and filtered through Celite. The filtrate was stripped
of solvent in vacuo to afford the product as a purple solid; yield
0.17 g (0.21 mmol, 70%). Analytically pure samples were obtained
by recrystallizing from toluene at —40 °C. 'H NMR (C¢Dg): 8
7.10-6.90 (m, 6 H, H,,; (DIPP)), 4.87 (s, 3 H, arene CH), 341 (spt,
4 H, CHMe,), 1.24, 1.15 (d, 12 H each, CHMe,), 1.07 (s, 27 H,
CMey), 0.96 (s, 3 H, TaCHjy). '3C NMR (C¢Dy): 6 156.3 (Cipo),
137.5 (C,), 123.8 (Cp), 122.0 (C,), 35.8 (CMe;), 30.7 (CMey), 25.7
(CHMe,), 25.4, 24.6 (CHMe,), 18.6 (TaCHj); Neither arene CH
nor CCMe,; resonances were observed. Anal. Calcd for
C,;sHg0,Ta: C, 64.81; H, 8.47. Found: C, 63.70; H, 8.50.

(DIPP),Cl(Me,CC=N)Ta(CCMe;—~CHCCMe;—CH) (8).
A 066-g sample (0.90 mmol) of the a,a’ metallacycle

(DIPP),ClTa(CCMe;—CHCH=CCMe,) (1) was isomerized to

the ,8’ metallacycle (DIPP),ClTa(CCMe;=—CHCCMe,;—CH)
(2) in toluene as described above. The toluene solvent was then
removed in vacuo, and the resulting oil was reconstituted in
pentane (ca. 15 mL). The pentane solution was cooled to -40 °C,
0.29 mL (2.62 mmol) of tert-butylcyanide was added, and the
solution was mixed well. The reaction mixture was maintained
at —40 °C overnight (without stirring), over which time the product
precipitated as a tan to pale yellow solid which was filtered off,
washed with cold pentane, and dried in vacuo; yield 0.31 g (0.38
mmol, 42%). The product obtained in this fashion was analyt-
ically pure. 'H NMR (C¢Dy): 4 8.68 (br, 1 H, C_,H), 7.57 (d, *Jyn
= 2.8 Hz, 1 H, CzH), 7.10-6.93 (m, 6 H, H,,), 3.86 (spt, 4 H,
CHMe,), 1.32, 1.30 {overlapping d, 12 H ea,‘(rJyHMeg), 1.20, 1.14
(s, 9 H ea, CCMe;), 0.75 (s, 9 H, N=CCMe,). 3C NMR (C¢Dy):
8 233.7 (C,CMey), 187.1 (C_ H), 179.3 (CzH), 158.1 (Cypp,, DIPP),
139.0 (C,, DIPP), 138.1 (C4CMe;), 125.1 (C,, DIPP), 123.8 (C,,
DIPP), 41.6, 37.1 (C, yq yCMey), 34.4 (N=CCMe,), 31.2, 29.2
(C, ma #CMeg), 27.7 (CHMe,), 24.4, 24.3 (CHMe,), 23.8 (N=
CCMej3); NC has not yet been located. IR: v 2278 (m), 1580 (w),
1550 (w), 1355 (m), 1326 (s), 1250 (s), 1190 (s), 1100 (m), 1050

(58) Ditto, S. R.; Card, R. J.; Davis, P. D.; Neckers, D. C. J. Org. Chem.
1979, 44, 894.
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(w), 1038 (m), 920 (s), 892 (s), 870 (m), 787 (m), 747 (m), 740 (s),
715 (m), 700 (m) cm™, Anal. Caled for C, HgCINO,Ta: C, 60.18;
H, 7.76; N, 1.71. Found: C, 59.67; H, 8.04; N, 1.56.
(n*(N,C)-2,4,6-NC:H,Bu,)Ta(DIPP),Cl (9). This compound
is best prepared by isomerizing the a,a’ metallacyclopentadiene
in situ in the presence of tert-butyl cyanide. A glass ampule
(Teflon stopcock) was charged with 1.50 g (2.04 mmol) of

(DIPP),CITa(CCMe;=CHCH=CCMe;) (1), 0.44 mL (4.0
mmol) of tert-butyl cyanide, ca. 30 mL of toluene, and a small
stir bar. This solution was heated in an oil bath at 90 °C (with
stirring) for 2 h, over which time its color darkened to maroon.
The solution was cooled, and the solvent was removed in vacuo
to provide a dark red oil. Reconstituting this oil in minimal
pentane (ca. 8 mL) and cooling the solution to —40 °C afforded
maroon crystals of product; yield 1.26 g (1.55 mmol, 76%).
Analytically pure compound can be obtained by recrystallization
from pentane. 'H NMR (toluene-dg, 90 °C): & 7.02-6.84 (A,B
mult, 6 H, H,,,)), 5.71 (br {fwhm = 40 Hz}, 2 H, NCsH,'Bus), 3.57
(spt, 4 H, CHMej), 1.20 (d, 24 H, CHMey), 1.17, 1.14, 1.03 (s, 9
H ea, NC;H,'Bus). 13C NMR (toluene-dg, 90 °C): 4 169.7 (C,,
py), 158.1 (Cyrp,, DIPP), 138.5 (C,, DIPP), 124.2 (C,, DIPP), 124.0
(C,, DIPP), 1124 (C,, py), 105.1 (br, C, py), 34.6, 31.0, 30.6
(CMey), 29.8, 29.3 (CMey), 27.6 (CHMey), 24.2, 23.9 (CHMe; or
CMe,). Partial 'TH NMR (C¢Dg, probe temp): 6 5.93 (br) and 5.55
(s) (1 H ea, NC;H,'Buy), 1.36, 1.12, 1.05 (s, 9 H ea, NCsH,*Bu,).
Partial 13C NMR (CDCl,, probe temp): 2,4,6-NC;H,'Bu, ring
carbon resonances at & 171.7, 149.6, 117.4, 106 (br), 100.6. IR:
» 1602 (m), 1580 (sh), 1356 (s), 1320 (s), 1295 (w), 1245 (s), 1177
(s), 1140 (w), 1106 (m), 1090 (s), 1047 (m), 916 (m), 901 (s), 876
(m), 845 (w), 833 (w), 820 (w), 784 (m), 763 (w), 740 (s), 705 (m)
cm, Anal. Caled for C;HgCINO,Ta: C, 60.18; H, 7.76; N, 1.71.
Found: C, 60.50; H, 8.01; N, 1.77.

Isolation of 2,4,6-NC;H,'Bu;. To a room-temperature solution
of 0.26 g (0.35 mmol) of (y*(N,C)-2,4,6-NCsH,*Buy) Ta(DIPP),Cl
(9) in ca. 15 mL of diethyl ether/THF solution (1:1, v/v) was
added 0.030 g (0.32 mmol) of pyridine N-oxide. The reaction was
stirred for 4 h, over which time the solution color turned from
maroon to light orange. The reaction volatiles were removed in
vacuo, and the oily solid which remained was dried by the addition
and subsequent removal of 5 mL portions of pentane (two or three
cycles). The product was separated from this residue be subli-
mation (room temperature, 5 X 107 Torr); the white 2,4,6-
NC;H,Bu, sublimate was collected on a water-cooled probe of
which 0.027 g (0.11 mmol, 34%) was isolated. *H NMR (CgDg):*
87.21 (5,2 H, H,,,)), 1.48 (s, 18 H, 0-CMej), 1.18 (3, 9 H, p-CMey).
13C NMR (Cq¢Dy): & 167.8 (C,), 169.9 (C)), 1125 (C), 38.0, (p-
CMey), 34.9 (0-CMey), 30.8 (p-CMey), 30.6 (0-CMey).

Mechanistic Studies. I. Thermolysis of (DIPP)gcl'I':;
(CCMe3=CHCH=éCMe3) (1) with Me;CC=CD (Scheme
V). A 0.040-g sample (0.10 mmol) of (DIPP),ClTa-

(CCMe;~CHCH=CCMej,) (1) and 7.5 uL (0.06 mmol) of DC=
CCMe; were dissolved in ca. 0.5 mL of toluene-dg in an NMR tube
and sealed under vacuum. The reaction mixture was thermolyzed
in an oil bath at 90 °C for 2 h and then examined by 'H NMR
spectroscopy. The two metallacyclic C,H and C4H doublets at
6 8.90 and 7.45 in the room-temperature 'H NMR spectrum

indicated that (DIPP),ClTa(CCMe;—~CHCCMe;—CH) (2) was
present. In addition to these resonances were two new resonances,
broad singlets, appearing at & 8.89 and 7.45, of nearly equal
intensity, in between each of the doublet resonances in 2. These
singlets were assigned to the metallacycles 2-d;(a) and 2-d;(8)
as described above. Integration of the *Bu resonances of 1,3,5-
CgH4'Bu; vs the aryl protons revealed the formation of the mixed
labeled compounds 1,3,5-C¢H,D;..*Buz. An accurate measure of
the amount of 2-d, present in the system was not obtained due
to the uncertainties associated with the relative amounts of the
labeled 1,3,5-C¢H,D; ,*Bu; compounds produced under these
conditions. The approximate ratio of 2:2-d,(«):2-d,(8) was 1.8:1:1,
consistent with the less than stoichiometric amount of DC=
CCMe; added. The inverse labeled experiment, viz. the ther-

molysis of (DIPP),CITa(CCMe;~CDCD=CCMey) (1-d;) with
HC=CCMe;,, revealed the formation of all possible compounds
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2-d,(«), 2-d,(8), and 2-d,, along with the formation of small
amounts of all-protio 2.

I1. 'H NMR Kinetic Studies of the a,0’ (1) to a,8’ (2)
Metallacyclopentadiene Isomerization (Figure 1). Kinetic
experiments were performed on a 0.136 M solution of

(DIPP),CiTa(CCMe;=CHCH=CCMey) (1) (0.50 g dissolved in
toluene-dg in a 5-mL volumetric flask). In a typical run, a 0.50-mL
aliquot of stock solution was added to a 5-mm NMR tube which
was then evacuated and sealed. This sample was kept at =15 °C
until its use. The sample was placed in the probe and allowed
to equilibrate its temperature for 15 min prior to data collection.
The probe temperature was verified by a copper—constantan
thermocouple set inside a 5-mm NMR tube filled with mineral
oil. Data were collected for at least 4 half-lives at each tem-
perature. The temperatures, rate constants, and linear correlation
coefficients obtained for first-order plots for each run are recorded
in Table III. The kinetic expression for the disappearane of 15
is derived from first-order kinetics using the steady-state ap-
proximation for the concentrations of (DIPP),CITa(HC=CCMe;)
(A) and HC=CCMe; in the expression: 1 = A + alkyne — 2,
where k, and k_; describe the forward and reverse reactions 1 =
A + alkyne, and k, is for A + alkyne — 2.% As discovered in this
reaction, k_; = 4k,.

II1. Crossover Experiment: Isomerization of 1 and 1-d,

(Scheme VI). A solution of 0.026 g of (DIPP),ClTa-
(CCMe3=CHCH=CCMe3) (1)  (0.035 mmol) and

(DIPP),C1Ta(CCMe;=CDCD=CCMe;) (1-d;) (0.026 g, 0.035
mmol) in 0.5 mL of toluene-dg was prepared and sealed under
vacuum. The reaction was thermolyzed in an oil bath at 90 °C
for 2 h and then examined by 'H NMR spectroscopy. The two
metallacyclic C.H and C4H doublets at § 8.90 and 7.45 in the
room-temperature 'H NMR spectrum indicated that

(DIPP),ClTa(CCMe;—~CHCCMe;=—CH) (2) was present. In
addition to these resonances were two new resonances, broad
singlets, at  8.89 and 7.45 (of nearly equal intensity), appearing
between each of the doublet resonances in 2. These singlets were
assigned to the metallacycles 2-d,(8) (with the proton in an «
metallacycle position) and 2-d,(a) (with the proton in an 8 me-
tallacycle position), respectively (Scheme V). The low integration
of these resonances relative to that of the DIPP ligands indicated
the presence of 2-d,. The approximate ratio of 2:2-d,(a):2-d;-
(8):2-d; was 1:1:1:1.

IV. Incorporation of a Label, HC=CCMe,, into the Ki-
netic Product 1-d, (Figure 5). A cold (-40 °C) solution of 0.50

g (0.068 mmol) of (DIPP),CITa(CCMes~CDCD==CCMe;) (1-
dy) and 12 gL (0.098 mmol) of HC==CCMe, in 0.5 mL of toluene-dg
was prepared and flame-sealed in a 5-mm NMR tube. The sample
was placed in the probe adjusted to 50 °C and allowed to
equilibrate its temperature for 15 min. The reaction was mon-
itored by 'H NMR spectroscopy over a period of 2 h, over which

time (DIPP),CITa(CCMe;~CHCD=CCMe,) (1-d,) was ob-
served in solution before any 1,3,5-C¢H,, Dy ,'Bu; was detected and
1-d; reached a maximum concentration before any

(DIPP),CITa(CCMe;~CHCCMe;=CD) (2-d,(a)) was observed.

Structural Determinations. General Data. Preliminary
examinations and data collection were performed with Mo Ka
radiation (A = 0.71073 A) on a Syntex P2, diffractometer at
ambient temperature, with a Crystal Logics control system.
Crystal color and dimensions are recorded in Table I. As a check
on crystal and electronic stability, two (for 7) or three (for 1 and
9) representative reflections were measured after every 97 re-
flections. For all three crystals, intensities of these standards
remained constant within experimental error throughout data
collection; so no decay correction was required. Only those re-
flections having intensities I 2 3¢(J) were used in the refinements.
Hydrogen atoms were placed in calculated positions and included
in the refinement. Lorentz—polarization and empirical absorption
(Walker and Stuart®) corrections were applied to the data for
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all three compounds. All calculations were performed on a VAX
computer using SDP/VAX.5!

1. (DIPP),CITa(CCMe,~CHCH=CCMe,) (1). A clear
yellow, rectangular block crystal of 1 crystallized from pentane
(-40 °C) and was mounted in a glass capillary in a random ori-
entation. From the systematic absences of h0l, A + 1= 2n + 1;
0k0, k = 2n + 1 and from the subsequent least-squares refinement,
the space group was determined to be monoclinic P2,/n (No. 14).
A total of 6835 reflections were collected in the +h,+k,£! octants
(6456 unique) in the range 2° < § < 50°, with 4181 reflections
having I 2 30(I). The structure was solved by the Patterson
method and refined by full-matrix least-squares techniques for
a final R = 0.029 and R, = 0.033. The largest peak in the final
difference Fourier synthesis was 0.58 (10) e/A%, Reflection av-
eraging (agreement on I = 2.0%) corrections were also applied
to the data.

II. (9%-1,3,5-CiHs'Bu,)Ta(DIPP),(CHj;) (7). A red block
crystal of 7 was mounted in a glass capillary with its long axis
roughly parallel to the ¢ axis of the goniometer. From the sys-
tematic absences of h0l, h + [ = 2n + 1; 0k0, k = 2n + 1 and from
subsequent least-squares refinement, the space group was de-
termined to be P2,/n (No. 14). A total of 7686 reflections were
collected in the +h,+k,x! octants (6769 unique) in the range 2°
< 0 < 50°, with 4184 reflections having I 2 3¢(I). The structure
was solved by the Patterson method and refined by full-matrix
least-squares techniques for a final R = 0.024 and R, = 0.026.
The largest peak in the final difference Fourier synthesis was 0.65
(10) e/i". Reflection averaging (agreement on I = 1.6%) cor-
rections were also applied to the data.

II1. (n*(N,C)-2,4,6-NC;H,'Bu;)Ta(DIPP),Cl (9). A dark
red irregular crystal of 9 crystallized from pentane (—40 °C) and
was mounted in a glass capillary in a random orientation. From
the systematic absences of hOl, h = 2n + 1;0kl, I = 2n + 1 and
from subsequent least-squares refinement, the space group was
determined to be Pca2, (No. 29). As a chéck on crystal quality,
w scans of several intense reflections were measured; the width
at half-height was 0.25°, indicating good crystal quality. A total
of 4153 reflections were collected in the +h,+k,%! octants (3799
unique) in the range 2° < § < 50°, with 2536 reflections having
intensities I 2 30(J). The structure was solved by direct methods
in which the tantalum atom was located from an E map. The
remaining atoms were located in succeeding difference Fourier
syntheses. The final cycle of refinement included 204 variable
parameters and converged (largest parameter shift was 0.00 times
its esd) with unweighted and weighted agreement factors of R
= 0.037 and R, = 0.041. The largest peak in the final difference
Fourier synthesis had a height of 0.91 /A3 with an estimated error
based on a AF of 0.11.
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The bifunctional ligands 2-XC,H,CH=NCH,-2"-X'C¢H,, and related ligands with more substituents
on the aryl rings, react with [Pt,Me,(u-SMe,),] to give cyclometalated complexes [PtMe,X-
(SMe,)(CcH,CHNCH,-2'-X’'C¢H,)] (4) by oxidative addition of C-X bonds (X = Cl, Br), or complexes
[PtMe(SMe,) (CeH,CHNCH,-2’-X’-CgH,)] 5 by orthometalation with loss of methane. In both types of
compound the iminic functionality is endo to the cycle. Complexes 4 with an exocyclic structure are obtained
only for X’ = Br, or for X’ = Cl when the ligand 2,4,6-C;H,(CHj);,CH=NCH,-2-CIC¢H, is used. Compounds
5 with an exocyclic structure are not formed. The following order of reactivity has been deduced: C-Cl
endo =~ C-Br exo > C-H endo > C-Cl exo > C-H exo. Complexes 4 and 5 and the coordination compounds
[PtMe,(SMe,)(2,4,6-CoH,(CH,);CH=NCH,-2"-XC;H,)] (3) have been characterized by NMR spectroscopy.
Complexes 4 react with PPh; to give a displacement reaction of SMe, for PPh,, and the resulting compounds
have been characterized by NMR spectroscopy; the compound [PtMe,Cl(PPhy)(C¢H3;CICHNCH,CgHj)]
(6¢) has been characterized crystallographically. Complex 6c¢ crystallizes in the monoclinic space group
P2,/a, witha = 17.677 (3) A, b = 15.495 (3) A, ¢ = 11.371 (2) A, 8 = 104.59 (2)°, and Z = 4. The kinetics
of formation of compounds 4 and 5 has been studied. It is suggested that formation of coordination
compounds 3 takes place prior to the oxidative addition, which follows first-order kinetics and occurs by

a concerted mechanism,

Introduction

A number of synthetic approaches to cyclometalated
complexes have been investigated;! the earliest method
involves thermal activation of a C-H bond. There has been
increasing interest in the cyclometalated platinum com-
pounds of N-donor ligands. van Koten has reported the
preparation of platinum(II) complexes containing triden-
tate NCN ligands, which are useful substrates for the study
of the oxidative addition of electrophiles to square-planar
d8 metal complexes.? Canty and co-workers have also
studied the chemistry of cyclometalated platinum com-
pounds with polydentate nitrogen donor ligands containing
one or more pyrazol-1-yl groups.? The preparation of
platinum(IV) cyclometalated compounds of an azobenzene
derivative has been described recently by the reaction of
the corresponding platinum(II) cyclometalated compound
with chlorine or with m-chloroperbenzoic acid.

Recently, platinum(Il) and platinum(IV) cyclometalated
complexes have been obtained by intramolecular oxidative
addition of the Ar~X bonds in the compounds [PtMe,(2-

(1) (a) Omae, I. Coord. Chem. Rev. 1988, 83, 137. (b) Omae, I. Chem.
Rev. 1979, 79, 287.

(2) (a) van Koten, G. Pure Appl. Chem. 1990, 62, 1155. (b) van Beek,
J. A. M.,; van Koten, G.; Wehman Ooyevaar, I. C. M.; Smeets, W. J. J.;
van der Sluis, P.; Spek, A. L. J. Chem. Soc., Dalton Trans. 1991, 883.

(3) (a) Canty, A. J.; Honeyman, R. T. J. Organomet. Chem. 1990, 387,
247. (b) Canty, A. J.; Honeyman, R. T.; Skelton, B. W.; White, A. J. J.
Organomet. Chem. 1990, 389, 277; 1990, 396, 105.

(4) Chattopadhyay, S.; Sinha, C.; Basu, P.; Chakravorty, A. Organo-
metallics 1991, 10, 1135.

XC¢H,CHNCH,CH,;NMe,)] and it has been shown that
the reactivity of the Ar-X bond follows the inverse order
of Ar-X bond energies.> The fact that the intramolecular
oxidative addition is much easier than the intermolecular
process could be related, among other factors, to the
presence of the C==N group, which conjugates with the
phenyl group in the cycles formed.

In order to evaluate the importance of this factor, we
describe the reaction of [Pt,Me,(u-SMe,),] (1) with dif-
ferent N-benzylidenebenzylamines in which two different
five-membered metallacycles could in principle be ob-
tained, one in which the cycle contains the C=N group
(endo) and the other in which it does not (exo).

The oxidative addition of aryl-halogen bonds of N-
benzylidenebenzylamines to palladium(0) compounds has
been reported recently,® and for this system, there is a
strong tendency to form endocyclic compounds.

Results and Discussion

Syntheses and Characterization of Products. The
N-benzylidenebenzylamine ligands were prepared by a
condensation reaction of the corresponding amine with the

(5) (a) Anderson, C. M.; Puddephatt, R. J.; Ferguson, G.; Lough, A.
J. J. Chem. Soc., Chem. Commun. 1989, 1297, (b) Anderson, C. M,;
Crespo, M.,; Jennings, M. C.; Lough, A. J,; Ferguson, G.; Puddephatt, R.
J. Organometallics 1991, 10, 2672.

(6) (a) Albert, J.; Barro, J.; Granell, J. J. Organomet. Chem. 1991, 408,
115. (b) Clark, P. W.; Dyke, S. F.; Smith, G.; Kennard, C. H. L. J.
Organomet. Chem. 1987, 330, 447.
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