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Palladium complexes containing two monodentate phosphine (a) L
ligands are widely used in homogeneous cataly$iseir conversion A=2
during catalysis to palladium monophosphine compléxesal- A =
ladium colloid§$ means that identifying the active catalyst is not Il
straightforward. In the case of hydrogenation, a role for a palladium | ° I
hydride is often proposetiAn example of such a species is given .J'[ A l \_ A |'L_
by Pd(bcope)(CHPhC#Ph)(H) which was seen through the para- - Hr—_”““”—""“_“ R '||| N /
hydrogen-induced polarization (PHfffect. In this Communica- ] "
tion, we report on the catalytic activity ais-[Pd(PE$),(OTf),].”
Although many palladium-based reactions have been studied by
PHIP&8 we show here for the first time that palladium hydride a4 a2 a0 e a6 14 sz 30
resonances can themselves be enhanced and, in conjunction with

| 1,2 diphenylethane

A \ 1

density functional theory (DFT), rationalize the hydrogenation (b) v *

activity of a palladium-bisphosphine based hydrogenation catalyst. AE=-430klmal P 4

Earlier ab initio studies on Pd(RHH)(C.Hs) have considered the PAPHH + PAPHIHICHCH) — - @

role of monophoshine species in alkene hydrogenation. / e
A number of 9uM solutions ofcis-[Pd(PE$),(OTf),] (1) in Me- ® | ‘

OD-d, containing a 25-fold excess of diphenylacetylehgunder I‘ | | H '

2—4 atm of 100%p-H, have been examined by 700 MHz NMR ——

spectroscopy. This reaction would be expected to provide a route to / |4a | K 4b

the analogous Pd(0) species PdgRE? The resultingH NMR spec- ’l [ ‘ _ [

tra at 295 K revealed three new signal at25, 6.66, and 2.91, due e Mm'aif

to the three expected organic hydrogenation prodtretss-stilbene F’ |‘ X6 xe |l

cis-stilbene, and 1,2 diphenylethane, respectively. 766 signal is e . S

due to the kinetic cis-hydrogenation product and appears in emissionFigure 1. *H NMR spectra for the reaction dfwith diphenylacetylene-
due to its formation via an intermediate with inequivalent hydride tioandp-Hzin MeOD-ds: (a) 32 scans (295 K) showing key alkyl proton
ligands! While the two othe_r signa!s appearin absorption, they also ;ensdofgnviﬁf]’t(hbg ézeT4msggr;|s f(g,éz(;’()) iﬁzg\{Y'ng hydride resonancesaf
show PHIP wheA3C=C-enriched diphenylacetylernk, is employ-

ed and therefore correspond to products formed via a hydrogenationChart 1. Structures of 2, 3, 4a, and 4b

pathway that places two protons from the sgrié, molecule on ad- Ph. M 2
jacent sites. When this reaction is examined by GCMS, the ratio of =g’ _en e/ Pl _on "‘;N’PE"‘P“
cis-stilbenetrans-stilbene:1,2 diphenylethane was typically 78:11:11. = ]:" : F‘{xpgw"" B I e

In these spectra, a number of metal-based species are also detec- 2 "™ A% ee, 42 HOOPh gp Ho—pn

ted through the PHIP effect. Notably, three enhari¢¢dIMR sig- —9.18 due to3 (Chart 1). This hydride resonance appears as a
nals appear immediately a#4.47, 3.22, and 2.99 (Figure 1a). These  qoyplet of doublets of doublets of antiphase doublets due to
three coupled signals, arising from spe@d€hart 1), also couple couplings to three inequivalent phosphine ligandis; Couplings

to two 3P nuclei which resonate &t8.40 Jpp = 54 Hz) and 25.90 19, 71, and 89 Hz) and a single protaly{ = —3.50 Hz) (Figure
(Jep= 54 Hz). Use of *C=C-enriched diphenylacetylergy (310 K) 1b); the proton providing this coupling was located by COSY
revealed that théH resonance a2 at ¢ 4.47 connected to &C sig- spectroscopy ab 3.34 and coupled, in turn, to two signals dt
nal atd 67.14 Quc = 157 Hz,Jcp = 44 Hz), while both the) 3.22 3.52 and 3.38. The correspondirigd—3P HMQC spectrum
and 2.99 signals connected to a siny@5.30 resonancdyc = 130 revealed thred!P signals foi3 até 3.41 (d,Jpp= 75 Hz), 4.63 (d,

Hz, Jcp = 15 Hz). These data confirm thais Pd(PE$),(CHPhCH- Jep = 75 Hz), and 7.64. AH—13C HMQC measurement yielded
Ph)(H). When an EXSY spectrum was recorded at 308 K, magneti- o 13c signals for3, one due to Chla moiety atd 49.70 (uc =
zation transfer from thé 4.47 signal of2 to thed 7.25 signal of 124 Hz) and the other due to a CH moietysad9.58 (ddJuc =
trans-stilbene confirmed a role fo in the hydrogenation of 124 and 134 HzJpc = 24 and 55 Hz). When the hydride resonance
diphenylacetylene. of 3was monitored by EXSY spectroscopy, magnetization transfer

The most remarkable feature of the$¢ NMR spectra was,  intg poth cis-stilbene and 1,2-diphenylethane was seen at 313 K.
however, the observation of a PHIP-enhanced hydride signal at Species3 therefore contains three phosphines, one alky! ligand,
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and one hydride ligand. DFT calculations, however, reveal that the
monomeric trisphosphine complex Pd@#H)(CH,CHj) is unsta-

10.1021/ja0630137 CCC: $33.50 © 2006 American Chemical Society
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Scheme 1. DFT-Based Reaction Scheme (with Energies) for Hydrogenation by a Palladium—Bisphosphine Complex@
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a All energies are in kJ/mol and relative to Pd@#H H—C=C—H + 2Hj; labels2' and4a indicate where experimentally observed complexes map
onto the DFT model system.

ble with respect to phosphine dissociation and the formation of the CHsz) upon PH coordination, a species that is directly analogous to

corresponding PHanalogue o, 2'. The NMR characteristics of the 2. The detection 08, 4a, and4b is therefore fully consistent with

hydride signal oB, and in particular the observation of three distinct the DFT studies.

phosphine resonances without a characteristically large trans PP coupl- An additional hydride resonance appears in these NMR spectra

ing, support this suggestion and indicate &t most likely a dipal- as an emission signal 4t—18.69 which does not contain af{P

ladium species. This is consistent with the fact that the size of the splittings. The formation of a cluster containing two equivalent

PHIP-enhanced signal f8rdepends critically on the concentration of  hydrides that are not phosphorus-coupled is therefore indicated. This

1. DFT calculations on potential dipalladium species reveal that Pd confirms that phosphine loss occurs. We further note that the

(PHs)3(H)(CH,CHz)2t (3') is stabilized by 489 kJ mot relative to addition of free PEtslows down both hydrogenation and cluster

Pd(PH),2" and Pd(PR)(H)(CH.CHs). Hence, under the reaction con-  formation; activity is totally suppressed by 5 equiv.

ditions where Pd(PEk?" is present, the formation &fis expected. The key deductions outlined in this paper are summarized in
Remarkably, in the high metal concentration experiments at 312 Scheme 1 and correspond to the mapping of the hydrogenation of

K, two further PHIP-enhanced hydride signals (ratio 1:0.7) are an alkyne by a palladiumbisphosphine complex.
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Additional COSY spectra located a proton &t6.35, which details and key NMR observaFlons. This material is available free of

accounted for the antiphaday splitting of —4 Hz in 4a, and a charge via the Internet at hitp://pubs.acs.org.
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