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proportionation." Presently we are investigating a range 
of Cp*M hydrides (M = Zr, Hf) with varying stoichiome- 
tries and their interaction with Lewis bases to get a more 
complete view of the structure-determining factors in 
strongly electron-deficient early-transition-metal hydrides. 
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Figure 1. Molecular structure of Cp* Zr+H) Cla(PMe3) (4). 
Selected structural parameters are as fotows: Zr(l!-.Zr(2) = 3.126 
(l), Zr(l)-C1(1) = 2.470 (l), Zr(2)-C1(2) = 2.456 (l), Zr(2)-C1(3) 
= 2.452 ( l ) ,  Zr(l)-P(l) = 2.744 (l), Zr(l)-H(l) = 1.92 (3), Zr- 
(1)-H(2) = 2.00 (3), Zr(1)-H(3) = 2.24 (5), Zr(2)-H(1) = 2.04 (4), 
Zr(2)-H(2) = 1.98 (3), Zr(2)-H(3) = 2.35 (5) A, Br(l)-H(l)-Zr(2) 
= 104.1 (19), ~Zr(l)-H(2)-Zr(2) = 103.2 (14), ~Zr(l)-H(3)-Zr(2) 
= 85.9 (17), LP(1)-Zr(1)-Cl(1) = 86.06 (3), LC1(2)-Zr(2)41(3) = 
101.77 (3)'. 

( 2 ) O ,  compare Hf-H-Hf of 94 (5)O in (Cp*Hf(Me)[p-P- 
(CMe3)2](p-H)122). At  -30 "C the 'H NMR spectrum5 of 
4 shows three nonequivalent hydride resonances, each with 
one 2 J p H  and two (equivalent) 'JHH couplings. At  75 OC 
all hydride signals are coalesced into one broad resonance, 
indicating rapid interchange of the hydrides at higher 
temperatures. Since at this temperature two different Cp* 
resonances remain, rapid exchange of C1 and PMe, be- 
tween the metal centers apparently does not occur. Com- 
pound 4 is the first example of a (p-H),-bridged early- 
transition-metal dimer. In the heterobimetallic complex 
Cp&(Cl)(H),0s(PMe2Ph)~ the metal centers are probably 
also (pH),  bridged, although the hydrides could not be 
located by X-ray diffraction. A number of late-transi- 
tion-metal (pH), complexes are known (such as [Fe2(b- 
H),(tripho~)~] [PF,] and related compoundslO). 

Despite the difficulties encountered in the characteri- 
zation of 3, the use of the (dimethy1amino)propyl ligand 
has enabled us to obtain soluble, crystalline Cp*Zr hy- 
drides. This makes it likely that intermediate stabilization 
of the newly formed hydride by an (already coordinated) 
weak Lewis base is essential to the formation of soluble 
complexes. For these sterically and electronically strongly 
unsaturated hydrides, the formation of thermodynamically 
favored oligomers with bridging hydride ligands is the 
driving force for the observed disproportionation to give 
complexes with complicated stoichiometries. Bercaw et 
al. already observed that in the hydrogenolysis of 
Cp*Hf[P(CMe3),]C12 an intermediate Cp*Hf(H)C12 species 
can be trapped with ethene2 but in the absence of trapping 
agents probably disproportionates. This contrasts with 
the behavior of (sterically more encumbered) monomeric 
electron-deficient complexes, where the thermodynamic 
bias toward dispersion of a-donor ligands (like halides or 
alkoxides) promotes comproportionation rather than dis- 
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Summary: The acyl(carbony1) complex cis-[Pt(COPh)- 
(CO)(PPh,),]+ (2a) reacts with PhLi to yield the neutral 
dibentoyl complex cis-Pt(COPh),(PPh,), (3a) in 34 % iso- 
lated yield. The crystallographic data of 3a indicate that 
it is disposed in a distorted square-planar geometry with 
two benzoyl carbonyls in the s-trans configuration. The 
analogous reaction of the cationic 2a with MeLi, however, 
gives three products: cis -Pt(COPh)(COMe)(PPh,), (3b), 
cis-Pt(COPh)(Me)(PPh,), (4), and Pt(COPhXMe)(CO)(PPh,) 
(sa) in a relative ratio of 1 :2.5:3 in 55 % total yield. In 
a similar reaction carried out in the presence of extra 
PPh,, only 3b and 4 were obtained, in a 1:3.5 ratio in 
90% total yield. The structures of the complexes 4 and 
5a were determined by X-ray crystallography, and both 
are square planar. In 5a, the PPh, was found trans to 
the benzoyl ligand. The replacement of a PPh, in 4 by 
CO gives 5a and its regio isomer 5b, whose PPh, is in- 
stead trans to the methyl group. The complex 5b is ki- 
netically favored but thermodynamically unstable. These 
substitution reactions are reversible with the equilibria in 
favor of 4. 

The rare diacyl complexes of the prototype RC(0)MC- 
(0)R' (wherein R and R' are hydrocarbyls) are either an- 
ionic's2 or are stabilized by bridging structures.24 Curi- 
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ously, all of them are found in de octahedral systems. In 
d8 square-planar systems, such diacyl species were pro- 
posed as key intermediates in carbonylative coupling re- 
a c t i o n ~ . ~  However, such complexes have not yet been 
isolated.6 Reported herein are the first examples of 
neutral diacyl complexes of Pt(II), as well as the unprec- 
edented acyl(alky1) and acyl(alkyl)(carbonyl) complexes 
of Pt(I1). 

Treatment of tran~-Pt(C0COPh)(Cl)(PPh~)~ (1) with 
AgBF, in dichloromethane at -29 "C led to cis-[Pt- 
(COPh)(CO)(PPh,),] (BF,) @a).' After the removal of 
precipitated AgC1, the temperature was lowered to -63 OC. 
The addition of 1.1 equiv of PhLi to the reaction solution 
resulted in instantaneous formation of the cis dibenzoyl 
complex, c i ~ - P t ( C 0 P h ) ~ ( P P h ~ ) ~  (3a). Recrystallization of 
3a from CH2C12/Et20 afforded golden yellow, crystalline 
material in 34% isolated yield. 

The dibenzoyl compound 3a has been spectroscopically8 
and crystallographically9 characterized. Its ORTEP plot in 
Scheme I shows that 3a is in a distorted square-planar 
geometry with the benzoyl ligands in the cis position. The 
bond angles LP(l)-Pt-P(2) = 104.44 (9)O and LC(l)-Pt- 
C(2) = 80.5 ( 3 ) O ,  to our knowledge, are the record high and 
the record low values respectively in the cis-PtC2P2 sys- 
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31P NMR (CDClJ 6 14.5 (Jp-pt = 1568.1 Hz). 

tems. The two benzoyl C=O bonds are nearly perpen- 
dicular to the complex plane of P(l)-P(2)-C(l)-C(2) and 
are disposed in the s-trans configuration with a torsion 
angle of O(l)-C(l)-C(2)-0(2) = 128.6', different from the 
previously reported s-cis diacyl complexes. 

The analogous reaction of 2a with MeLi at -78 OC, 
however, led to a rather different result. cis-Pt(C0Ph)- 
(Me)(PPh,), (4) and a novel benzoyl(carbonyl)(methyl) 
complex of Pt(II), 5a, were recovered, along with the ex- 
pected acetyl(benzoy1) complex of Pt(I1) 3b, in a relative 
ratio 2.5:3:1 in 55% total yield. When the reaction was 
carried out in the presence of 2 extra molar equiv of PPh,, 
only 3b and 4 were obtained in 1:3.5 relative yield, and the 
total conversion was raised to 90%. 

Repeated recrystallizations from benzene/Et20/n-hex- 
ane afforded pure 5a. Its spectroscopic datalo indicate that 
5a contains benzoyl, carbonyl, methyl, and phosphine 
ligands. The Jp-R = 1414.5 Hz in the 31P NMR spectrum 
suggests that the single PPh3 is most likely trans to the 
benzoyl group, and the crystal structure of 5al' provided 
proof of this. This is the first square-planar mononuclear 
complex of Pt(I1) that contains at the same time M-C(sp3), 

(9) 3a: C 40zP2PtCHzClz, l?&/c, a = 14.45 (l), b = 16.469 (7), c 
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1 . 5 ~ ( 0 ,  R = 0.047, R, = 0.032 obtained by least squares refinement. 
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(1); C(2)-0(2), 1.202 (9); LF'(I)-Pt-P(P), 104.44 (9); LC(I)-Pt-C(2), 80.5 
(3); LPt-C(l)-O(l), 123.1 (6); LPt-C(2)-0(2), 122.0 (6). 
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cm-'; NMR (CDC13) 6 17.64 (Jp-pt = 1414.5 Hz); IH NMR 6 0.376 

(11) 5a: C2,H2302PPt, triclinic, Pi, a = 9.178 (l) ,  b = 10.305 (3), c = 
13.425 (3) A, a = 106.91 (2), 8 = 108.19 (2), y = 91.14 (2)O, V = 1145.68 
A3, Z = 2, p = 6.38 mm-'; total reflections, 4290; observed reflections, 3444 
I > 1.5u(n, R 0.023. Pt-C(l), 2.064 (6); Pt-C(2), 1.897 (7); 
Pt-C(3), 2.108 (7); C(l)-O(l), 1.221 (8); C(2)-0(2), 1.118 (8); LPt-C- 
(2)-0(2), 174.9 (6). 

(CH3, dt, J H - ~  10.2 Hz, JH-R 70.3 Hz). 
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M-C(sp2), and M-C(sp) bonds. The rather short Pt-CO 
bond indicates that the methyl group may facilitate the 
backbonding, which presumably is responsible for the 
unusual stability of this carbonyl ligand in 5a. 

The separation of 3b and 4 from their mixtures was not 
successful. The addition of PPh, to the solution of 5a 
caused complete conversion of 5a to 4.12 Complex 4 is the 
first structurally characterized acyl(alky1) compound of 
Pt(II).13J4 The Pt-P bond of the phosphine trans to the 
methyl group is 0.04 A shorter than the Pt-P bond trans 
to the benzoyl group. The acetyl(benzoy1) complex 3b was 
mainly identified by spectroscopic methods.15 Two acyl 
vibrations at 1628 and 1605 cm-' in the IR and a 31P NMR 
resonance of doublets of doublets with Jp-R = 1568.1 and 
1675.9 Hz strongly support the cis diacyl structure. 

At  ambient temperature, the complex 4 in CDC1, slowly 
decomposed to give acetophenone as the predominant 
product,16 along with several unidentified complexes. The 
formation of acetophenone was substantially accelerated, 
when 1 atm of CO was applied to the solution of 4. Re- 
action of 4 with CO also led to the formation of an in- 
termediate 5b in <40% conversion. Complex 5b eventu- 
ally disappeared, while 5a was formed in 30% yield. The 
bubbling of CO into the solution of 5a did not give any 5b. 
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Complex 5b exhibited NMR patterns" analogous to those 
of 5a, except for the relatively large coupling constant, Jp-pt 
= 1967 Hz, in the ,lP spectrum. Accordingly, we assign 
5b as an isomer of 5a, in which the PPh, is trans to the 
methyl group rather than cis. The equilibria between 5a 
and 4, as well as between 5b and 4, could simply result 
from the substitution of either PPh, in 4 by CO. This is 
reasonable, since the Pt-P bond of the PPh, trans to the 
benzoyl group is weaker. Therefore, 5b is kinetically fa- 
vored. On the other hand, 5a has its carbonyl ligand trans 
to the better electron-donating methyl group, so that it is 
the thermodynamic product. However, both equilibria 
favor 4, in which a stronger ligand, PPh, instead of CO, 
is present. 

The overall reaction mechanism has not been fully elu- 
cidated. However, the NMR study of the reaction between 
2a and MeLi at -40 "C showed that 3b was not the pri- 
mary product. The decomposition of 3b yielded neither 
4 nor 5a. An intermediate 6, which presumably is formed 
by nucleophilic attack of MeLi at the metal center of 2a, 
is proposed. Through 6,3b could be independently formed 
by CO insertion. Meanwhile, 4 and 5a could be produced 
by the loss of the coordinated CO and PPh,, respectively, 
from 6. 
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