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Figure 1. ORTEP diagram of Cp*(PNQaIr(H)zAIPhg. The hydride atoms
Although they are commonly referred to as “hydrides”, were located in the difference Fourier map, placed in idealized positions,

complexes with transition metahydrogen bonds display varying ~ @nd included in the refinement but not refined.

degrees of acidity. Treatment of hydrides with main group metal L ]

alkyls (RE) often results in deprotonation to give-Ri and the differences. In the iridium adduct the dihedral angle formed by

corresponding metal anion complex-ME. In the case of a late  the intersection of the Irkand HAI planes is 37, but in the

transition metal dihydridel(in eq 1), such a transformation could ~ tungsten adduct the angle is near zero. Further, thedrigle
opens by 20 upon coordination, while the WHangle closes by

i o _H -RH _H BH _ en . 15°, allowing the Ir-Al distance of 2.684(2) A to be substantially
2 (@ MR T M\ERM () T2 (1) shorter than the WAI distance of 3.110(3) A. These changes
; ) s . imply that the bonding in these two adducts is rather different.

In the tungsten case, the WHnit appears to form bridge bonds
take place via the initial formation of a Lewis acid/base adduct to the MeAl fragment without much W-Al bonding. In contrast,

(2), followed by loss of R-H to give the monoanion compleX the iridium adduct appears to have a Kl bond that is bridged
With a sufficiently strong base, loss of a second proton could by hydrogen atoms. The origin of these structural differences is
also occur to give a dianion or multiply bonded compléx ( unknown.

The iridium dihydride Cp*(PMgIrH, (Cp* = 55-pentameth- An arylmagnesium reagent removes one proton from the iri-

ylcyclopentadienyl) is an example of a dihydride which potentially dium center (step b in eq 1). Cp*(PN)&(H). reacts with Pk
can undergo the transformations summarized in eq 1. We reportedMg(THF),'2 at room temperature in toluene over the course of 1
earlier that treatment of Cp*(PMyrH, with alkyllithium reagents day, as shown in eq 3. The starting material disappears and
leads to a pyrophoric species whose spectroscopic properties and
chemical reactivity are consistent with its assignment as the Ph
lithium iridate Cp*(PMeg)Ir(H)(Li).1? However, the high reactiv- Jg
ity of this material has so far prevented detailed study of itS  cp*(PMey)it, + MgPhy(THF), — CP'(PMEJ)(H)|< S iI(HKPMeCp*
formation or structure. Furthermore, little structural or mecha- "|'9 @)
nistic information is available on the small number of metalates Ph
that have been generated by deprotonation of other transition metal . .
di- and polyhydride$-¢ As an approach to this problem, we hydride resonances associated with three new complexes appear
have now investigated the reaction of Cp*(PMeH, with in thelH NMR spectrum of this solution. The appearance of 1
organomagnesium and aluminum compounds. The result of this €auV of bgnzgne relative to the amount of starting matena! lost
study has been the isolation and structural characterization of threel"H NMR) implies the formation of compounds having empirical
novel complexes that support each step of the sequence illustratedormula Cp*(PMe)ir(MgPh)(H). One of these products is not
in eq 1, including the first observation of double deprotonation formed in the absence of THF, and so we believe this product is
at the iridium center, and some preliminary information on the @ THF adduct, probably Cp*(PMgr(H)(PhMg)(THF). The two
chemistry of these materials. remaining complexes have very §|m|F&11 NMR spectra.

The reaction of Cp*(PMgIr(H), with PhAl gives an example We have been able to crystallize one of these products and
of step (a) in eq 1. In refluxing toluene this reaction leads to the determine its structure by X-ray diffractioh. An ORTEP
1:1 adduct, Cp*Ir(PMg@H,AIPh; (eq 2)7 The ORTEP diagram diagram is illustrated in Figure 2. This shows that the compound

of this material is shown in Figure 1. is a dimer in which the Cp*IrPMg fragments are bridged by
two MgPh groups. The geometry at magnesium is trigonal planar,
the angles sum to 38Pand the distances to iridium are slightly
% y % " different, 2.669(2) A and 2.748(2) A. The orientation of the two
lr< + AlPhg 1E-AlPhg (2 - -
/ OH / OH (7) Synthesis of Cp*(PMgIr(H)2(AlPhs) was performed in an Natmo-
MezP MesP sphere glovebox. Cp*(PMgr(H), (0.420 g, 1.03 mmol) and AIRI{0.269 g,

. . 1.04 mmol) were combined in a 25 mL scintillation vial. Toluene (10 mL)
Aluminum-metal hydride complexes are rare, but a known was added, and the resulting solution was briefly heated to reflux. Upon slow
* MgH i 811 cooling to room temperature crystalline material precipitated. The mother liquor
?fi'duA(I:ltDLEIatec:. to C? tlrr](P idi 2AIPhs is ICpZWHZA”lee?" th TheH was removed via pipet, and the solid material dried in vacuo. Yield 0.506 g
rH> 3 portion of the iridium complex resembles the W (74%). Mp 145°C (dec).’H NMR (400 MHz, GDg): 6 8.29 (d,J = 10.3
AlMe; portion of the tungsten complex but with several important Hz, 6H, 0-CH), 7.46 (t,J = 10.0 Hz, 6H,m-CH), 7.32 (t,J = 9.7 Hz, 3H,
p-CH), 1.45 (d,J = 2.7 Hz, 15H, G(CHs)s), 0.88 (d,J = 14.4 Hz, 9H,
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Elimination of hydrocarbons to form magnesium heterobime-
tallic complexes has precedent for molybdenum and tungdsten,
but to our knowledge no #Mg compounds have been reported
in the literature. The recently reported compound Cp*AlFe(LO)
is the only known example of a mixed metal organometallic
complex in which aluminum acts as a two-electron ddfiom

f the case of our aluminum complexes, two different types of Ir
Figure 2. ORTEP diagram of (Cp*(PM@ir(H)MgPh),.. The metal-bound Al bonds are observed, one a dative bond and the other a covalent
hydrogens were located in the difference Fourier map. They were Ir—Al bond. The geometry of both (Cp*(PMgr(MgPh)(H)).
placed in idealized positions and included in the refinement but not and Cp*(PMe)Ir(H),AlPh; indicate that the Ir center in Cp*-
refined. (PMey)Ir is Lewis basic. Very few three-coordinate aluminum-
transition metal organometallic complexes have been prepared
and structurally characterizéd(Cp*(C,H,)CoAIEt),,'® mentioned
above, and (CpNiAICp*%°® are 3d transition metal examples.

Preliminary studies of the chemistry of (Cp*(PWle(MgPh)-

(H)), and (Cp*(PMg)IrAIEL), show that they are synthetically
useful. The phenylmagnesium complex reacts wit® B form
cleanly the mixed isotopomer Cp*(PN)&(H)(D) (85%)! Reac-
tion with trimethylsily! triflate gives the known silyl hydride Cp*-
c (PMey)Ir(H)(SiMes) in quantitative yield by'H NMR spectrom-
Figure 3. ORTEP diagram of (Cp*(PMRIrAIEL),. etry! The complex also reacts with GQo form the metal
carbonyl Cp*(PMg)IrCO, also in quantitative yield'd NMR).
Cp*IrPMesH fragments in the dimer is staggered (looking down The ethylaluminum dimer behaves S|m|Ie}rIy'QG))_g|ves dldgu-
the Ir—Ir vector), and the Cp* groups have a cis orientation terated Cp*(PMgIr(D); (98% by’H NMR) without incorporation
relative to each other; the idealized symmetrgZis In solution of dzeuterlum into the Cp* or PMesubstituents, as evidenced by
two dimers are present in a 1:10 ratio; these are presumablythe“H NMR spectrum. In addition, the Al compound reacts
rotamers in which the Cp* groups are cis, as in Figure 2, and With excess C@to produce Cp*(PMgIrCO.
trans. In summary, three new heterobimetallic-l and Ir—Mg

Reaction of Cp*(PMg)IrH, with triethylaluminum, which has ~ compounds have been synthesized. These have interesting
aweaker A-C bond than that in RAI14and is also less sterically ~ Structural features, and their formation supports the deprotonation
encumbered, results in double deprotonation at the iridium center Séduence postulated in eq 1. With different substitution, the
(step (c) in eq 1). Two moles of ethane ultimately are eliminated @luminum reactions either stop at the initial adduct stage or
over the course of 2 weeks at 20; the immediate disappearance Proceed on to double deprotonation of the iridium dihydride. In
of Cp*(PMey)Ir(H), is followed by formation of several inter-  the case of magnesium the reaction stops after the elimination of

mediates {H NMR) which are gradually converted (eq 4) to the ©nhe hydride per iridium. While we have characterized the final
centrosymmetric dimer [Cp*IrPMAIEL] .15 complexes formed in these transformations, there are a number

of other metastable species that are apparent by NMR monitoring
which remain to be identified. In addition, the fact that two of
the compounds we have isolated are dimers suggests that the
PMe, corresponding monomers may be precursors to these species and
@ can potentially be trapped by other additives. Experiments

Cp'(PMeg)iH,  + AlEt; —— > I A1 . | Y
verd N designed to explore this possibility are under way.
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