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Catalytic addition of P-H bonds to unsaturated substrates
mediated by platinum group metal complexes offers a regio-
controlled way to prepare biologically active substances and
useful ligands for homogeneous catalysis.1 Further rational
development of these reactions requires mechanistic understand-
ing, which so far is limited; Scheme 1 shows possible mecha-
nisms for an olefin substrate as an example. After oxidative
addition of the P-H bond,2 it is not known whether catalytic
P-C bond formation occurs by reductive elimination3 (path A)
after insertion of the unsaturated substrate into the M-H bond
or by insertion into the M-P bond4 (path B), followed by C-H
reductive elimination. We report evidence for the latter pathway
in Pt-catalyzed hydrophosphination of acrylonitrile and direct
observation of both proposed P-C bond-forming steps in model
systems.
The complex Pt(dppe)(CH2CHCN) (1) catalyzes hydrophos-

phination of acrylonitrile with PH2Mes*, which yields PHMes*-
(CH2CH2CN) (2) (dppe) Ph2PCH2CH2PPh2, Mes* ) 2,4,6-
(t-Bu)3C6H2, Scheme 2). The reaction proceeds slowly (10 mol
% 1, THF, 55°C, one turnover per 24 h), and no intermediates
are observed by31P NMR during catalysis. However, oxidative
addition of P-H bonds to the catalyst precursor Pt(dppe)(trans-
stilbene) (3) generates the phosphido hydride complexes Pt-
(dppe)(PR1R2)H [R1 ) R2 ) Mes (4); R1 ) H, R2 ) Mes* (5),
Mes ) 2,4,6-Me3C6H2]. Treatment of these hydrides with 2
equiv of acrylonitrile affords the phosphines PMes2CH2CH2-
CN (6) and2, respectively, and Pt complex1.
The putative intermediates in this transformation, Pt(dppe)-

(PR1R2)CH2CH2CN [R1 ) R2 ) Mes (7); R1 ) H, R2 ) Mes*
(8)] were prepared by deprotonation of the cationic phosphine
complex precursors12 and 13,5 while the analogous methyl
compounds M(dppe)(PR1R2)Me [R1 ) R2 ) Mes, M) Pt (9);
R1 ) H, R2 ) Mes*, M) Pt (10), Pd (11)] could be synthesized

by this method from14 and15 or by direct proton transfer to
a Pt-OMe group (Scheme 3).6 The Pt phosphido alkyls7-10
are readily isolated and stable to reductive elimination in
solution, even on heating; as expected from these observations,
complexes7 and8 are inactive in catalytic hydrophosphination.
In contrast, Pd complex11must be generated at-78 °C, since
it decomposes at room temperature to yield PH(Me)Mes*.7 In
the absence of trapping reagents, the Pd products are Pd(dppe)2

and Pd(0); adding dppe avoids this disproportionation and gives
only Pd(dppe)2 (Scheme 3).8

These results suggest that catalysis operates by insertion of
acrylonitrile into the Pt-P bond of phosphido hydride5,
followed by C-H reductive elimination from an unobserved
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Scheme 1

Scheme 2a Platinum Phosphido Hydrides and Alkyls in
Catalytic Acrylonitrile Hydrophosphination

a Pt) Pt(dppe), R1 ) R2 ) Mes (4, 7, 12); R1 ) H, R2 ) Mes* (5,
8, 13). Reagents: (i) CH2CHCN, PH2Mes*, catalytic in Pt; (ii) PHR1R2,
-stilbene; (iii) 2CH2CHCN,-PR1R2CH2CH2CN (2, 6); (iv) CH2CHCN;
(v) LiN(SiMe3)2 or NaN(SiMe3)2.

Scheme 3a Synthesis and P-C Bond-Forming Reactions of
Platinum and Palladium Phosphido Alkyl Complexes

aM ) Pt(dppe), except M) Pd(dppe) for11, 15, and18, X )
halide. R1 ) R2 ) Mes: R) Me (9, 16), R) CH2CH2CN (7, 12). R1

) H, R2 ) Mes*: R) Me (10, 11, 14, 15, 17, 18), R ) CH2CH2CN
(8, 13). Reagents: (i) PHR1R2, -MeOH; (ii) AgBF4, PHR1R2; (iii)
LiN(SiMe3)2 or NaN(SiMe3)2; (iv) dppe; (v) CH2CHCN.
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alkyl hydride intermediate (path B above). In support of this
hypothesis, the phosphido alkyls9-11 undergo regiospecific
insertion of acrylonitrile into the M-P bonds to give M(dppe)-
[CH(CN)CH2PR1R2]Me [R1 ) R2 ) Mes, M) Pt (16); R1 )
H, R2 ) Mes*, M ) Pt (17), Pd (18)] (Scheme 3). Platinum
complexes16and17were isolated as stable pale yellow solids,
while Pd complex18 decomposes on attempted workup. For
10and11, which contain a chiral phosphido group, the insertion
is diastereoselective;17 and 18 exist as∼2:1 mixtures of
diastereomers. This is probably a thermodynamic ratio, since
insertion is reversible. Isolated, acrylonitrile-free16and17de-
insert acrylonitrile slowly in THF solution to reach an equilib-
rium with 9 and10, while18, generated in solution, decomposes
to PH(Me)Mes*, via phosphido complex11.9
In conclusion, our results suggest that, in this system, Pt-

catalyzed acrylonitrile hydrophosphination proceeds by selective
insertion into the M-P bond in preference to the M-H bond.10

However, the observed P-C bond formation from a palladium
phosphido alkyl suggests that path A may also be important in
Pd-catalyzed additions of P-H bonds to unsaturated substrates.
The effects of metal, ancillary ligands, and substrates on these
and related catalyses are currently under investigation.
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