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The synthesis, characterization, and properties of the cationic that analyzes for [HPd(dppg)CRSQ;-1/8THF (1), stable

hydride [HPd(dppe),]*CFsSO;~+1/8THF, the missing member of for days under dinitrogen at 253 K (eq 1) in the solid state.
the family [HM(dppe)o]*X~ (M = Ni, Pd, Pt), are described. The

Pd hydride is not stable in solution and may react as either a Pd(dppe) + CF;SOH = [HPd(dppe)] 'CF,SO,~ (1)
proton or a hydride donor. DFT QM/MM calculations of the [HPd- 1

(dppe),]* moiety have allowed us to predict its structure and The infrared spectrum of solitl(Cs! disks, Nujol) shows
reactivity. a band at 1916 cmt (vPd—H) that is at lower energy than

that found for the corresponding Ni (1964 and 1943 &m
and Pt (2070 cm') hydrido complexe$.Other bands are at

In this paper, we describe the synthesis, characterization,]2gg (as SOs), 1223 (/s CF), 1143 25 CF3), 1030 5 SO),
and properties of the cationic hydride [HPd(dppeFFs- 637, 571, and 518 (SOdeformations) cm:. The IR
SO;-1/8THF (1), the missing member of the family  apsorptions suggest that the4SB;~ anion is not coordinated
[HM(dppe}] "X~ (M = Ni, Pd, Pt). While the Niand Pt to palladium® The 906-800 cn? region of the IR spectrum
analogues of [HPd(dppg) CF:SQ; ™+ 1/8THF are known for  shows the presence of bands of medium intensity at 873,
some time,1 could not be isolatédby using the same 864, 821, and 812 cm and a weak band at 845 cfy due
procedures as for Ni and Pt. Recently, using an independento CH, rocking vibrations of the diphosphine ligands. We
synthetic methodology, we were able to observe in solution haye previously shownthat a square planar geometry of
a nonisolable species that contained cation [HPd(dppe) two dppe ligands around a metal center generates two bands
with BPh,~ as a noncoordinating counteriéiNow we report of medium intensity and a weak band in the 9@D0 cnt?
the correct conditions for the isolation bs a yellow solid  region, while a regular or distorted tetrahedral arrangement
that has made possible the study of its reactivity. We also gjves rise to four medium intensity bands and a weak band
describe DFT QM/MM calculations carried out for the i the same region. Therefore, the IR data suggest that the
cationic [HPd(dppe]™ moiety. [HPd(dppe)]* moiety of the solid Pd-hydride does not have

When strictly anhydrous GBQO;H is added in stoichio-  a square pyramidal geometry (Figure 1a), with four P atoms
metric amount to a solution of Pd(dppt)n anhydrous in a square planar arrangement, and support a capped
tetrahydrofuran (THF) at 273 K, a yellow solid precipitates tetrahedron (Figure 1b) or a distorted trigonal bipyramid
(Figure 1c) as the most probable structure in the solid state.

*To whom correspondence should be addressed. E-mail: aresta@

metea.uniba.it. (5) To ayellow solution of Pd(dppg]0.219 g, 0.242 mmol) in anhydrous
T University of Bari. THF (25 mL), prepared under dinitrogen at 293 K, was added strictly
*Hungarian Academy of Sciences. anhydrous CESO;H (21.4uL, 0.242 mmol), and the resulting mixture
(1) Schunn, R. Alnorg. Chem.197Q 9, 394—395. was stirred at 273 K for 3 h, during which a yellow solid was formed.
(2) Berning, D. E.; Noll, B. C.; DuBois, D. LJ. Am. Chem. S0d.999 The solution was concentrated and the obtained yellow solid filtered
121, 11432-11447. under dinitrogen, washed with anhydrous THF{32 mL), dried in
(3) (a) Aresta, M.; Quaranta, E.; D’Andola, Book of AbstractsEURO- vacuo, and characterized as [HPd(dpp&}FRSQOs; -1/8THF ().
Hydrides 2000, Universitde Bourgogne, Dijon, France, September Yield: 0.180 g, 0.170 mmol, 70.0%. Anal. Calcd fogs849F303Ps-
6—9 2000; OC7. (b) Aresta, M.; Dibenedetto, A.; Amodio, E.; SPd-1/8THF,1: C, 60.49; H, 4.74; P, 11.66; Pd, 10.02; S, 3.02%.
Tommasi, |.Eur. J. Inorg. Chem2002 8, 2188-2193. (c) Aresta, Found: C, 60.87; H, 5.07; P, 11.49; Pd, 10.07; S, 2.84%.
M.; Quaranta, EJ. Organomet. Chemin press. (6) Aresta, M.; Quaranta, EDrganometallics1993 12, 2032-2043.
(4) Mason, M. R.; Verkade, J. @rganometallicsl992 11, 2212-2220. (7) Aresta, M.; Sacco, AGazz. Chim. Ital1972 102 755-780.
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H ] T /‘Fl’ [Pd(dppe)]? 2(CRSG;™). Whenl is added to CBCN at
/F’//:,.,F!d,_...m““‘P Y P :”"':Pd—H 298 K, it promptly reacts to afford a yellow solid that
™ o \ / NG analyses for Pd(dppg)and molecular hydrogen. From the

P yellowish mother solution, a white precipitate is obtained,

a b c characterized as [Pd(dppE)2(CRSGs™) (see eq 2). This

reaction demonstrates thatcan transfer a hydride or a
proton. The mechanism of formation ok dnd the role of
the solvent are still under investigation.

2[HPd(dppe)] 'CF,SO,” =
Pd(dppe) + [Pd(dppe)]* 2(CF,;SO,) + H, (2)

Reaction 2 is a new unprecedented reduction of a Pd-
(I —H complex to Pd(0) through a proton transfer. A second
molecule undergoesHabstraction, affording a Pd moiety

Figure 2. (a) IMOMM-optimized structure of the [HPd(dppk) cation and H. The nature of the products has been confirmed by

with selected bond distances (in A). The phenyl groups of the dppe ligands comparison with authentic samples and‘blyand3!P NMR

are represented by open spheres; the hydrogens of the ethane groups hay, ; ; ;
been omitted for clarity. (b) Schematic structure of the [HM{ZR species. §peCtra of the isolated species. We have monitored the

reaction ofl with CHsCN in CD,Cl, by *H and3'P NMR.
To gain more insight into the structure of the cationic hydride The intensity of the hydride signal a7.58 ppm decreases
species, we performed hybrid QM/MM calculations for the With time, while a new signal appears at ca4.97 ppm
[HPd(dppe)]* moiety using the IMOMM methodolog. (doublet,2Jp—_y = 220.4 Hz), which then vanishes with time.

The optimized structure of the gas phase [HPd(dgpe) Simt;itanleously, klis formed that gives a ;ignal at 4.58 ppm.
moiety indeed displays a distorted tetrahedral arrangement! "€ P{*H} spectrum shows the slow disappearance of the

of the two diphosphine ligands around the metal center with Signal at 34.54 ppm, while three new signals appear at 32.23,

the hydride atom positioned above affice of the distorted ~ 35-38, and 58.35 ppm. The signal at 33.38 disappears with

P, tetrahedron. The calculated PR distances fall between {iMe, leaving only signals at 32.23 (Pd(dppeind 58.35

2.3 and 2.40 A (Figure 2a), indicating that the coordinated ((Pd(dppejl*") ppm. Such features agree with the formation

dppe ligands are not equivalent, qf a short-living |nterm§d|ate hydnd_e that converts into the
This is not surprising given that one of the diphosphines final products reported In eq 2. Wh&ns recrystallized from

is coplanar with the PdH bond (dpp®, whereas the other CH.CI,/THF, a new hydride is isolated that shows a broad

lies nearly perpendicular to the hydride bond (dfp&his IR Pa—H {stretching ?t 190,0 .crﬁ. The rest of.the IR
structure can be paralleled with those of [HM@R'® type spectrL_Jm is substantlally similar t? that af with the
monodentate phosphine hydride complekedich adopt a ex%eptlon of the region QGQ;Cé)O chd \;vlhere changes are
Cs, trigonal bipyramidal geometry with the hydride ligand e;| %nta Ar;[tempts to. run ft hH r?nd 'dP _NMRh spectc:a

in the axial position (see Figure 2b). However, the relatively &10rded the conversion of the hydride into the products
narrow bite angle{86°) of the chelating dppe imposes a described in reaction 2. Such features show that hydride
constraint on dppethat coordinates with longer P& bonds is not stable in solution and can be isolated in reaction 1

than dppk Our structural predictions for [HPd(dppE) are begalggi of its Iowhsglub(isli%;n THF ﬁ‘:ﬂ 373 T] |
consistent with the X-ray structure of an analogue complex, h 0 Ih rea_cts_, WIItR Q( a) toNa _olr a Wb lte dcomp1e6x30
HCo(dppe), recently reported by DuBois et &l. that shows in its IR spectrum in Nujol two bands at

The 'H NMR spectrum ofl in CD,Cl, at 293 K shows and 1655 cm?, due to a formate moiety. Converselydoes

in addition to the resonances due to the aromatic and aliphatic.nOt react with carbonyl complexes such as Ni(&BPh).
protonsti2a quintet of multiplets at-7.58 ppm (1 H2Jp_4 in CDCl.. L .

= 54.4 Hz) due to the hydride. THEP[*H} NMR shows a CompoundL reagts very eaglly Wlth.avarlety oft-donor '
broad singlet at 34.48 pp# Such features match quite well or -acceptor SPECIES. In partl_cular, it behaves as a hydride
the data reported for the Ni and Pt relevant compléxés. (ioniczr E)Vi/gr(fz?r?'?;f\f; sx\évéii (r)?rgg Qdf_?% azlauecsogvleBrt
When reaction 1 is carried out in GEIN/THF, the resulting 1'pt ath d'). tioni F;d lex [Pd(d 5 Cy SO-
palladium hydride complex is not stable, so that a white solid into the dicationic Pd complex [Pd(dppl#y2(CRSQy),

; . TR with release of K3 Much more intriguing is the reaction
is obtained that corresponds to the dicationic Pd complex of 1 with the iminium tetraphenylborate salt [(Ph@HN=

CMe;]BPhy, which affords the Pd(ll) dicationic complex and

(8) See Supporting Information.
(9) Lin, W.; Wilson, S. R.; Girolami, G. Snorg. Chem1997, 36, 2662~

2669. (12) CRSOsH, pKa = —16 (in HO); [(PhCH)HN=CMe,|BPhy, pK, =
(10) Ciancanelli, R.; Noll, B. C.; DuBois, D. L.; Rakowski DuBois, M. 5.64 (in HO/EtOH 10%).

Am. Chem. SoQ002 124, 2984-2992. (13) The addition of CESO;H to a solution ofl in CD,Cl, causes the
(11) (a)H NMR (CD,Cl,, 500 MHz, 293 K): 4 2.28 (s broad, 8 H, Bh appearance of a signal at 4.55 ppm in tHeNMR spectrum because

PCH,CH,PPh), 7.24 (m, 32 Hp- andm-dppe), 7.40 (t, 8 Hp-dppe). of Hp, while the 3P signal shifts from 34.48 to 58.35 ppm. Such

(b) 3P NMR experiments were run in GBI, at 202.48 MHz and resonance is characteristic of [Pd(dpp®)2(CRSO;) that can be

293 K. isolated from the reaction mixture.
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the amine that is the result of an attack by the hydride onto general formula EXwith either a nucleophile (eq 4, where
the electrophilic carbon of the imine moiety (eq 3). The latter E is the carbon atom involved in aySprocess) or an
reaction is much slower than the former. Reaction 3 affords electrophile (eq 5, where E is a metal center involved in
the same products observed when Pd(dpiseeacted with protonation or alkylation processes).

the iminium tetraphenylborate sat. EX,+Y = EX,Y =EX)Y + X~ (4)

[HPd(dppe)] "CF,SO,” + [(PhCH,)HN=CMe,|BPh, = EX, + AT = EX,(A) (5)
[Pd(dppe))*" (CF;SO;)(BPh, ) + (PhCH)HN—CHMe, The nature of the pentacoordinated adduct that is a
©) common feature of the two processes and its geometry are

still matter of investigation by theoretical groups for detailing

We have compared the reactivity of the [HPd(dpbe)  {he energy of the reaction and the barriers of interconverting
species with those of corresponding Ni and Pt analogues bylimit structurests

calculating the energy of the gas phase [HM(dgpe) BH* ) o
= [M(dppe}]>* + H, + B reaction with various base (B) Acknowledgment. The Italian authors thank the Ministry

molecules and obtained the following trend for the hydride Of the University for financial support (Project MM03027791)
donor abilities: Pd> Pt > Ni.8 We have also estimated the and a grant to Dr. E. Amodio. The OTKA F037345 grant
deprotonation energies of the [HM(dpglé)complexes and and computer time from NIIF Supercomputer Center are
found that the most acidic species corresponds te Fid® acknowledged by the Hungarian authors. All authors ac-
Our results thus suggest that the [HPd(dgpejomplex is ~ knowledge COST support.

more reactive and less stable than its first and third row  Supporting Information Available: Computational details,
analogues which is in line with experimental evidence Cartesian coordinates of the IMOMM-optimized structure of the

available for the hydride of the Co and Ni triatfsThey [HPd(dppe)] ™ moiety, deprotonation ene_rgies calcul_ated for the
also provide a reasonable rationale for previous difficulties HM(dppe}" + B = M(dppe} + BH™ reactions (M= Ni, Pd, Pt;
in synthesizing the Pd hydride. B = NH3, NEt; and CRSG;7), energies of the gas phase [HM-

(dppe}]™ + BH* = [M(dppe)]?" + H, + B reactions (M= Ni,
nfd, Pt; B= NHj3, NEt;, CRS0O;7). This material is available free
of charge via the Internet at http://pubs.acs.org.

IC020631P

The reaction of the 18especies Pd(dppg)vith a proton
donor is of general interest as it can be considered a paradig
of the class of reactions of covalent tetrahedral species of

(14) (a) Curtis, C.; Miedaner, A.; Ellis, W. W.; DuBois, D. lJ.Am. Chem.
S0c.2002 124, 1918-1925, (b) Price, A. J.; Ciancanelli, R.; Noll, B. (15) Final Evaluation Workshop of the COST D9 ActjoAdvanced
C.; Curtis, C. J.; DuBois, D. L.; Rakowski DuBois, l@rganometallics Computational Chemistry of Increasingly Complex Systems, Smo-
2002 21, 4833-4839. lenice, Slovakia, 2426 May 2002.
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