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Summary

Ruthenium, rhodium, and palladium phosphine complexes are found to pro-
duce metal hydrides in high yields by a 8-elimination reaction from the corre-
sponding metal amides. Evidence is presented to support the formation of an
imine as the organic product. The isotope effect for the reaction is 6 * 1 indi-
cative of the importance of C—H bond breaking in the transition state.

The -elimination reaction from coordinated alkyls has been of interest in
organometallic chemistry for many years [1]. This reaction also provides a path-
way for the decomposition of metal alkoxides to metal hydrides [2]. Several
papers postulate a similar reaction for transition metal amide complexes [3],
but as yet no clear evidence has been found. We would like to report the first
unequivocal example of a f-elimination reaction from a transition metal amide
complex.

The preparation of the amide complexes was accomplished by the addition
of a stoichiometric amount of lithium amide to the metal chloride in tetrahydro-
furan solution employing vacuum line techniques [4]. (The lithium amides were
prepared from butyllithium and the appropriate amine.) When the reaction was
initiated at dry icefacetone temperatures visual evidence for the production of
a short lived intermediate was obtained. Presumably this is the metal amide
which rapidly undergoes B-elimination to produce the corresponding hydride
which precipitates from the solution. This complex was isolated under inert
atmosphere conditions and completely characterized.

In the case of (Ph;P);RhCl with added phosphine and lithium dimethylamide
the known rhodium hydride [5] (Ph;P).RhH was isolated in approximately 75%
yield. It displayed the characteristic metal—hydride absorption in the IR spec-
trum at 2140 cm™'. Without additional phosphine present the trisphosphine com-

* The term g-elimination in the case of alkoxides and amides refers to the g-atom from the metal (e.g.
M—N—C).
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plex was isolated. This complex was characterized by a single crystal X-ray struc-
ture determination which will be reported in the near future. Based on these
results we believe that the initial, rapid formation of the metal amide is fol-
lowed by §-hydrogen elimination to generate the metal hydride (eq. 1).

(Ph,P);RhCl + LiN(CH;), ~ [(Ph;P);RhN(CH,):] ~ (Ph;P);RhH (1)

In the case of (Ph;P);RuCl. with two equivalents of LiN(CH;). the dihydride
of ruthenium(I1) [5] was isolated in 60% yield. As further confirmation of its
identity this species was converted to the known hydride-chloride (Ph;P);Ru(H)-
(Cl) [6] by reaction with chloroform. When only one equivalent of dimethyl-
amide is added to the tetrakisphosphine the hydride chloride is formed directly
{eq. 2).

(Ph,P);RuCl. + LiN(CH,). — [(Ph;P);Ru[N(CH;):]Cl} — (Ph,P),Ru(H)(Cl) (2)

The reaction of (Ph,P),PdCl, with two moles of dimethylamide produced
palladium metal. This is not surprising since it is known that (Ph;P).Pd(H). is
unstable [7}. However, addition of excess phosphine produced the well known
complex (Ph;P):Pd {8] in approximately 75% vield

(Ph;P),PdCl; + 2LIN(CHj3): ~ [(Ph;P):Pd[N(CH3):]:] —

[—- Pg°

(Ph,P),Pd(H) ‘.'_'[
I

PPhj
‘—— (Ph,P).Pd

The -elimination reaction from dimethylamide will produce N-methylformyl-
imine as the organic product. However, this species should be quite unstable under
the reaction conditions making characterization difficult. In order to confirm
the identity of the organic residue of this reaction lithium isopropylamide was
prepared and treated with (Ph,P);RhCl. After filtration of (Ph,P),RhH an excess .
of water was added to the solution. Gas chromatographic—mass spectral ana-
lysis confirmed the presence of acetone which would be produced by the hydro-
lysis of acetone imine.

(Ph,P),RhCl + LINHCH(CH,). -~ [(Ph.P);RhNHCH(CH,).] —

(Ph,P);RhH + HN=C(CH,), ——- NH, + O=C(CH,)a}
As a further probe into the mechanism of the -elimination reaction lithium

bis(trideuteromethyl)amide was prepared from bis(trideuteromethyl)amine

HN(CD,). . Reaction of a stoichiometric amount of this amide with (Ph,P);RhCl}

and excess phosphine resulted in the expected shift from 2140 em™ for Rh—H

to 1540 cm™ for Rh—D. Now LiN(CH,)(CD;) was treated with (Ph,P);RhCl

and excess phosphine. From the ratio of the intensities of the rhodium hydride

and deuteride peaks in the IR spectra kyfky, was calculated tobe 6 + 1.

This large deuterium isotope effect for the f-elimination reaction indicates
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C—H bond breaking is the rate-determining step in the J-elimination reaction
from Group VIII metal amides.

We feel that this reaction may offer a mild and convenient method for the
preparation of metal hydride complexes which are otherwise accessible only
by more involved syntheses. Further, we are attempting to prepare and charac-
terize amide complexes with no f-hydrogen atoms. These results will be reported
in the near future.

Acknowledgement
The technical assistance of Mr. A. Szalkiewicz is gratefully acknowledged.

References

1 R.R. Schrock and G.W. Parshall, Chem. Rev., 76 (1976) 2133: P.J. Davidson, M.F. Lappert and R. Pearce.
Chem. Rev. | 76 (1976) 219,

2 Y. Sasson and J. Blum, J. Chem. Soc_, Chem. Commun., {1974) 309; G.}\1. Whitesides, J.S. Sadowski
and J. Lilburn, J. Amer. Chem. Sac., 96 (1974) 2829,

3 F.W.S. Benfield and MULH. Green, Chem. Commun., (1971) 1274: M.E. Kuehne and T.C. Hall, J. Org.
Chem., 41 ¢1976) 27.32: N. Yoshimura, L. Moritani, T. Shimamura and S_I. Murahash:, J. Amer. Chem.
Soc. 95 (1973) 3038.

4 D.C. Bradley and M. 11, Chisholm, Accounts Chem. Res., 9 (1976) 273.

5 K.C. Dewhirst, W, Keim and C.A. Retlly, Inorg. Chem., 3 (1968) 546; J.3. Levison and S.D. Robinson, J.
Chem. Soc. A, (1970) 2947.

6 P.S. tlallman, B.R. McGarvey and G. Wilkinson, J. Chem. Suoc. A, (1968) 3143,

7 J. Chatt, F A, Hart and H.R. Watson, J. Chem. Soc., (1962) 2537: A.P. Ginsberz, Transition Metal
Chem., 1 (1965)111.

8 L. Malatesta and M. Angoletta, J. Chem. Soc., (1957) 1186,



