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The reduction mechanism of the title cluster has been investigated by means of cyclic voltammetry (CV), rotating
disk electrode (RDE) voltammetry, and coulometry. The 2-electron reduction proceeds via two routes simultaneously.
The first one involves two 1-electron reduction steps, followed by an iodide elimination to form the neutral Pds-
(dppm)3(CO)° cluster (EEC mechanism). The second one is a 1-electron reduction process, followed by an iodide
elimination, then by a second 1-electron step (ECE mechanism) to generate the same final product. Control over
these two competitive mechanisms can be achieved by changing temperature, solvent polarity, iodide concentration,
or sweep rate. The reoxidation of the Pds(dppm)s(CO)° cluster in the presence of iodide proceeds via a pure ECE
pathway. The overall results were interpreted with a six-member square scheme, and the cyclic and RDE
voltammograms were simulated, in order to extract the reaction rate and equilibrium constants for iodide exchange
for all three Pds(dppm)s(CO)(D" (n = +1, 0, —1) adducts.

Introduction binding of halide ions onto this BY species leads to very
Since the first report on the synthesis and characterizationStaPle architecture®; and the approximated binding con-

of the Pd(dppm)(COY* cluster (dppm= bis(diphenylphos- ~ Stants spectroscopica}l]y eva!uated by tisible methods
phino)methane) in the 1980s, by Puddephatt ét%and its indicate that the stability varies asst Br > Cl|.10-12
Pt analogué numerous and exhaustive works on its reactivity

2
and properties have appeared in the literatuf&his cluster PN T *
exhibits a triangular Pdframe with three dppm-supported T 8 '|D
M—M single bonds. While one Mface is capped by a CO pdé\ﬁpd
group, the other one is unsaturated, giving rise to rich p/ \ / \p
coordination chemistry.® The dppm-phenyl groups form a L /Pd\ _J
cavity above this M plane, limiting access to smaller
substrates onl§/ Of particular interest in this work, the 1

* To whom correspondence should be addressed. P.D.H.: tel, (819) 821- ; ; ; _
8000 ext. 2005; fax, (819) 821-8017; E-mail, pharvey@courrier.usherb.ca. The reduction electrochemical properties og@gpm)

Y.M.: tel and fax, (33) 3 80 39 60 91; E-mail, Yves.Mugnier@u- (COY" (1) were recently reported by our groups for both

bourgogne.fr. the Pk~ (1a) and CRCO,~ (1b) salts!3 This cationic cluster
(1) (a) Universitede Bourgogne. (b) Universitde Sherbrooke. . E ( a) RCO, ( . ) .
(2) Manojlovic-Muir, L. J.; Muir K. W.; Lioyd, B. R.: Puddephatt, R. J. exhibits a 2-electron-reduction process, and depending upon

‘) J.I czem. Soc., (c:igemh. Commuans3 1:;,136. the counteranion or the solvent, this event can appear either

3) Lloyd, B. R.; Puddephatt, R. Inorg. Chim. Actal984 90, L77. ; B .

(4) Ferguson, G.; Lloyd, B. R.; Puddephatt, ROiganometallics1986 as a single 2-electron step or two 1-electron pegks On_the
5, 344-348. cyclic voltammogram. The 2-electron transfer reaction, which

(6) Review article was published on the topic, see: Puddephatt, R. J.; can be discriminated into its 1-electron individual steps, has
Manojlovic-Muir, L.; Muir, K. W. Polyhedron199Q 9, 2767 and the PS,

references therein. been the topic of many studi&sin a more general sense,
g% :arvey, llz. IED).; E{ros_et,g/l.; ZA_yeI, K.;Can. JéﬁheTéggfxg?é %g- the chemical processes which cause such phenomena are
arvey, P. D.; Hubig, S.; Ziegler, Tnorg. Chem , . : : P
(8) Manojiovic-Muir, L.; Muir K. W.; Lloyd, B. R; Puddephatt, R. J. ~ Numerous and may involve, for example, isomerization,
Chem. Soc., Chem. Commui985 536. dimerization, and protonation reactions.
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Reduction Mechanism of the Pfdppm}(CO)(I)" Cluster

Recently we also reported the electrochemically induced
R—Br and R-1 bond cleavage by the generated paramagnetic
Pd(dppm}(CO)" intermediate cluster via a pathway produc-
ing “R*™ and “X~".15 One of the driving forces of this
reactivity is the great affinity of the unsaturatecsPccenter
toward Br and I, leading to the final inorganic products
Pd(dppm}(CO)(X)" (X = Br~, I7). The corresponding
neutral Pg(dppm}(CO)(X)° proposed intermediates proved
to be stable at the time scale of electrochemistry.

With respect to these findings, we now wish to report the
electroreduction properties @fand its I adduct using CV, . I
RDE voltammetry, and coulometry. Emphasis is placed upon 0 -1 2
the iodo derivative in this work, since it exhibits a complex , Elve SCE)
electrochemical behavior with well-defined waves. The Ela?lijrr]eT]ﬁF:C()e/lc,lg:ol\ilglfiarl\rg)nlq;)gﬁ?e;O(fb(,)'c?s;r?el\g I[iﬁg;p;ﬂ”;f(;odﬂi(gn&g?l_l
results are analyzed using a six-member square schememolar equiv of NBul. Initial potential: —0.1 V. Scan rate: 100 m¥ L.
where the mechanism may vary according to iodide con-
centration, temperature, and sweep scans. Curve simulation§€!l. The reference electrode was a saturated calomel electrode
of the voltammetric results enable us to extract both kinetic (SCE) separated from the solution by a sintered glass disk. The
and thermodynamic data, such as binding constants, Whichauxiliary electrode was a_ platinum wire. For all yoltammetric
are found to vary with the Pd oxidation state. The mechanism measurements, the working electrode was a vitreous carbon

. . o electrode ¢ = 3 mm) except for the experiment at high sweep
is also found to be dependent upon the halide (8F, I7) rate where a semi-microelectrode of platinugn=f 125 um) was
and the solvent.

used. In these conditions, when operating in THF, the formal
potential for the ferroceré couple is found to be-0.56 V versus
SCE. The controlled potential electrolysis was performed with an

Materials. The [Pd(dppm)(CO)](PR). complex (La) has been Amel 552 potentiostat coupled with an Amel 721 electronic
prepared according to literature proceduresliBu,l was purchased integrator. High-scale electrolyses were performed in a cell with
from Fluka and used as received. Tetrahydrofuran (THF) was three compartments separated with fritted glasses of medium
distilled under Ar over Na and benzophenone, and acetonitrile over POrosity. A carbon gauze was used as the working electrode, a
Cahb. The supporting electrolyte used in each experiment was Platinum plate as the counter electrode, and a saturated calomel
NBWPFs (Aldrich). The salt was recrystallized twice in ethanol ~e€lectrode as the reference electrode.
and dried at 80C for at least 2 days before use. Digital Simulation. The computations were performed using the

Electrochemical Experiments. All manipulations were per- commercially available program called Digisim (Bioanalytical
formed using Schlenk techniques in an atmosphere of dry oxygen_systems). The potential increase was set to 5 mV. The uncompen-
free argon gas. The supporting electrolyte was degassed undefated resistance, heRs = 15002, was determined with a PAR
vacuum before use and then solubilized at a concentration of 0.2373A potentiostat using the same experimental conditions as for
M. For cyclic voltammetry experiments, the concentration of the the CV measurements. The double-layer capacitance value was
analyte was nearly 16 M. Voltammetric analyses were carried ~ estimated a€q/A = 10~* F-cm2 using a blank solution prior to

out in a standard three-electrode cell with a Tacussel UAP4 unit Voltammetric measurements. The experimental curves were cor-
rected for residual current, also determined using voltammetric

measurements of blank solutions.

20

Experimental Section

(9) (a) The triangular structure “Ndppmy(u-X)(u-Y)"™ (X = halide;
Y = halide or donor) is very common for low-valent late transition
metals such as Ni, Pd, Pt, Cu, and Ag. See for exaniptégb) Balch,
A. L.; Davis, B. J.; Olmstead, M. Minorg. Chem.1993 32, 3937.
(c) Balch, A. L.; Davis, B. J.; Olmstead, M. M.. Am. Chem. Soc.
1990 112 8592. (d) Douglas, G.; Jennings, M. C.; Manojlovic-Muir, ; ; ;
L ddeaats F({_)Jnorgg Shemioan 2 A B e e Overview. Figure 1 (curve a) shows the cyclic voltammo-

Fanwick, P. E.; Kubiak, C. PPolyhedron1990 9, 1487. (f) gram ofla (PR~ salt) in THF containing 0.2 M NBiPF;,
:V!Oé%igitﬁé?ﬁ '{'.Ag?effgrincgt géywicwa;hggt}gnbf%Hceggz:ﬁom J. which exhibits two electrochemically reversible systems at
> 96 - 98. (q) o D, A Wi > E Eir = —0.29 V (peaks Aand A;) and—0.54 V (peaks A

Chem. Soc1996 118 2198. (g) Morgenstern, D. A.; Wittrig, R. E.; )
Fanwick, P. E.; Kubiak, C. Rl. Am. Chem. Sod993 115, 6470. (h) and Aj) vs SCE These peaks correspond to the following
redox processes:

Results and Discussion
Reduction of 1 and Pd(dppm)s(CO)(l) *: Mechanism

Camus, A.; Marsich, N.; Nardin, G.; Randaccio, 1. Organomet.
Chem 1973 60, C39. (i) Aly, A. A. M.; Neugebauer, D.; Orama, O.;
Schubert, U.; Schmidbauer, Angew. Chem., Int. Ed. Engl978
17, 125. (j) Schubert, U.; Neugebauer, D.; Aly, A. A. M. Anorg.
Allg. Chem 198Q 464, 217.

(10) Harvey, P. D.; Provencher, R.; Gagnon, J.; Zhang, T.; Fortin, D.;
Hierso, K.; Drouin, M.; Socol, S. MCan. J. Chem1996 74, 2268.

(11) Zhang, T.; Drouin, M.; Harvey, P. BChem. Commuri996 877.

(12) Harvey, P. D.; Hierso, K.; Braunstein, P.; Morise, IKorg. Chim.
Acta 1996 250, 337.

Pd,(dppm)(CO¥* + e = Pdy(dppm)(CO)" (1)
1

Pd,(dppm)(CO)" + e~ = Pdy(dppm)(COY (2

(13) Gauthron, I.; Mugnier, Y.; Hierso, K.; Harvey, P. Dan. J. Chem.
1997 75, 1182.

(14) Pierce, D. T.; Geiger, W. B. Am. Chem. S0d.992 114, 6063 and
refs 28-43 therein.

(15) Brevet, D.; Lucas, D.; Cattey, H.; Leftra, F.; Mugnier, Y.; Harvey,
P. D.J. Am. Chem. So@001, 123 4340.

Coulometric measurements indicate that these processes
are 1-electro® The neutral species Rdppm}(CO) can
also be generated electrochemically from Pd(dppma@d

(16) Eyzis defined as/a(Epa+ Ep.
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Scheme 1
Pd3(dppm)s(COYD" + ¢ ~—== Pd;(dppm);(CO)XT)°
2
+T|-T
Pds(dppm)3(CO)” + ¢ Pd;(dppm)3(CO)°
F oo -
ECE reduction pathway for 2 leading to the 2-electron peak A3 (E°, > E°3)
Pdy(dppm)3(COXI)" + & === Pdy(dppm);(COXT)" + & Pd;(dppm);(COXT)
2
+T|-T
| Pdy(dppm)s(CO)°
e -
EEC reduction pathway for 2 leading to the two 1-electron peaks A; and A, (E°; < E°y)
Pd(dppm}Cl; in the presence of CQin aprotic media, As anticipated, coulometric measurements on a carbon
suggesting that the Rdrame appears relatively stable, at gauze electrode at an applied potentia-d#.9 V vs SCE
least, under inert atmosphere for this oxidation state. indicate that 2 F/mol e, = 2.06 F/mol) are consumed

In addition, a new reversible reduction system (peaks A during the bulk electrolysis d. The cyclic voltammogram
and As) is depicted at a significantly more negative potential of the resulting solution exhibits the expected reduction peak

(Exz = —2.45 V vs SCE), and on the basis of the relative Ay demonstrating that R@ppmy(COY is the species
peak current, this process is assigned to a 1-electron reductioBgrmed in the bulk of the solution.

as described below: The following section addresses the mechanism of this

0, - _ electrochemical reaction which can be formalized according
Pay(dppm)(CO) + & == Pdy(dppm}(CO) ®) to Scheme 1. Two pathways are possible, which are defined
» o , as ECE and EEC with E and C being electrochemical elec-
Upon addition of iodide (1.1 molar equiv of NB&Y, the

. : : tron transfer and chemical halide exchange events, respec-
cyclic voltammogram undergoes drastic changes (Figure 1;tively
curve b), which predictably indicate the formation of the ' ) o
corresponding adduct Rdppm)(CO)()* (2). This identi- An EEC mechanism implies that two 1—e|e.ctron peaks
fication is confidently confirmed with the comparison with Should be observed as thesfeppm)(CO)()" species should

an authentic sampfeFrom 3P NMR spectroscopy, this D€ easier to reduce than the neutraj(Bapm)(CO)(I)° clus-
reaction is found complete where the signal associated wither- On the other hand, the reduction ofs@gpm)(CO)*
the starting materiala (6 = —1.3 ppm) is converted inta ~ in Pd(dppm)(COY (eq 2) being at lower negative potential
(6 = —6.4 ppm) upon addition of the iodide salt. In cyclic than that of Pedppm)(CO)(I)" in Pay(dppm}(CO)(I)° (peak
voltammetry, the new reduction processes occur@i89 Asonly at—0.895 V) indicates that the ECE pathway should
V (peak A at 100 mV/s) and at-1.34 V vs SCE (peak A lead to a single 2-electron peak. Experimentally, two peaks
at 100 mV/s), noticeably not with the same current magni- of different current magnitudes are observed (see Figure 1;
tude. The relative increase in the reduction potential2for curve b), which indicates that in fact both mechanisms are
(potential of peak A) compared to that ofl (peak A) present. The weaker peak, Avitnesses the presence of an
appears consistent with an increase in electron density at theEEC mechanism. In principle the EEC mechanism leads to
Pd center due to iodide coordination. The peak system, attwo reduction peaks of similar current magnitude. Experi-
more negative potential (peaks And As), remains practi-  mentally peak A exhibits a greater height, which indicates
cally unchanged at-2.45 V vs SCE. This result indicates  that the competitive ECE pathway is also effective simultan-
that the presence of iodide salt does not influence reactioneous|y. This double mechanism is well illustrated in Figure
3, either at all or not significantly. In conclu.sic.)n, .the 2 (curve a) in the RDE voltammogram &f where waves
2-e_legtr0n reduc_:tlon o? leads to the complete elimination As and A, are evident. On the basis of their heights, it is
of iodide as defined by eq 4. possible to quantify the relative contribution of the ECE and
N B 0 EEC pathways. In this case, the EEC pathway contributes
Pd(dppm}(CO)(I)” + 2 = Pd,(dppm}(CO)" + 1" (4) to about 80% of the 2-electron reduction 2{% = 2iga/
2 (igns 1+ iaa,) x 100) whereiga, andiga, are the heights of
(17) Gauthron, I.; Mugnier, Y.; Hierso, K.; Harvey, P. New J. Chem waves A and A, respectively), Ieavmg 20% for the ECE
1998 247. pathway.
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Reduction Mechanism of the Pfdppm}(CO)(I)" Cluster
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Figure 2. Digital simulations (solid line) compared to experimental (circles) RDE and CV scans. Experimental conditions: solveng] FHE.78 mM

(a, b) and 1.12 mM (c, d); {l = 0 mM (a), 7.02 mM (b), and 10.08 mM (c,

Scheme 2
- peak A's
£
Pdg(dpp;n)g(CO)(I)+ + ¢ === Pd,(dppm),(CO)D)’
< ....................................
+T-T
peak A's" | 70

2

! Pdy(dppm)(CO)* + & Pd, (dppm);(CO)°

The reduction of2 (eq 4) is found to be chemically
reversible. Indeed, coulometric measurement for thg Pd
(dppmx(COY product arising from the electrolysis 2f(see
above) indicates that complete reoxidation also requires 2
F/mol (nex, = 2.05 F/mol), and the cyclic voltammogram is
identical to that of curve b in Figure 1. The overall
reoxidation process can be written as

Pdy(dppm)(COY’ + I~ — 2~ == Pdy(dppm)(CO)(1)" (5)

A close examination of the return peaks fan THF with
0.2 M NBwPF; reveals a peak A at —0.62 V and a
shoulder A at ~—0.75 V vs SCE (see Figure 3; curve a),
each corresponding, respectively, to the oxidation of Pd
(dppmy(COY and Pd(dppm)(CO)(I)° species which, as they
have been observed, in the reductive scan, also appear
the oxidative scan. It must be noted that pedl’ A€, =

d); scan rate, 20-81¥ (a, b), 50 mVs™1 (c), and 500 mVvs~1 (d).

0.0 -0.5 -1.0

E (V vs SCE)

Figure 3. Cyclic voltammogram of 0.83 mM [R@ppm}(CO)(1)I(PFs),
2,in THF: (a, solid line)2 alone; (b, dashed line) after addition of 9 molar
equiv of NBuyl. Initial potential: 0 V. Scan rate: 100 m¥L,

Figure 3a shows that the relative height d§“depends
on whether the potentiel scan is inverted after reduction peak
A, or As. When inverting after 4 A's* is significantly larger.
Indeed, at the potential of Athe conversion of Rdppm}-
(CO)(* in Pck(dppmy(COY is completed, resulting in an
increase of the relative amount of Fdppmy(COY at the

irelectrode. However, peak'Ais still appearing due to

continuous diffusion of Pgddppm}(CO)(I)* from the bulk

—0.62 V) is far from the same peak observed in the absenceof the solution to the electrode. In contrast, the same

of free iodide (peak A on Figure lak, = —0.41 V), which
is the diagnostic of a univocal oxidation pathway (see
Scheme 2) where the kinetics of the intermediate chemical

voltammetric scan, recorded under identical conditions but
with Pck(dppm)(COY in solution (e.g., after electrolysis of
Pd(dppm}(CO)(I)* at—0.9 V vs SCE, as described above),

reaction cause a shift in the potential of the peak associateddoes not provide peak '4 but peak Ag* alone (figure

with the first electrochemical stéd.This observation is
corroborated with the CV curve simulation described below,

available in Supporting Information).
Change in lodide Concentration. Addition of 9 equiv

which shows that the EEC mechanism does not participate ¢ NBu.l to 2 leads to an increase of peak &nd a decrease

at all in the oxidation of Pgdppm}(COY. The CEE pathway
itself can be excluded since pealg & found irreversible.

(18) Noel, M.; Vasu, K. I.Cyclic Voltammetry and the Frontiers of
Electrochemistry Aspect Publications Ltd.: London, 1990.

of peak A (see Figure 3; curve b), indicating that the EEC
reduction process is favored. These results are consistent with
the increase at the electrode ingRppmy(CO)(I)° concen-
tration and a decrease in fdppm}(CO)*.

Inorganic Chemistry, Vol. 41, No. 9, 2002 2371



10

-0.5 -1.0

E(Vvs SCE)
Figure 4. Cyclic voltammogram of 0.87 mM [R¢ppm}(CO)(1)I(PFs),
2, in THF: (a, solid line) room temperature; (b, dashed lifiej 0 °C; (c,
dotted line)T = —10°C. Initial potential: —0.1 V. Scan rate: 100 m¢ 1.

-1,

An examination of the RDE voltammogram afin the

Lemaitre et al.

at room temperature, to a cyclic voltammogram in which
the reduction sweep exhibits only peak &ee Supporting
Information). This result indicates that only the ECE pathway
is indeed effective, consistent with the strong tendency for
Pd(dppm}(CO)(I)° to dissociate in the more polar solvent.
The return sweep exhibits a single and broad peak(a?3
V vs SCE assigned to the ECE oxidation mechariigm.
Behavior of the Chloride and Bromide Adducts.Cluster
lain the presence of an excess of Gind Br (added as
their tetrabutylammonium salts) generates the corresponding
Pd(dppm}(CO)(CI)t and Pd(dppm}(CO)(Br)" adducts as
confirmed with authentic samplésThe cyclic voltammo-
grams for both adducts exhibit a narrow single 2-electron-
reduction peak at-0.81 and—0.87 V vs SCE (potential peak
at 100 mV/s) for X= CI~ and Br, respectively (CVs
available in the Supporting Information). Similarly to£d
(dppm}(CO)(I)", the more negative potential for these
species, with respect t is also consistent with an increase

presence of excess iodide (see Figure 2b) indicates that th§, gjectron density at the Bdenter. The key feature is that

heights of waves Aand A, are equal and do not change
upon further addition of iodide. Under these experimental
conditions, the EEC mechanism operates solely.

In CV, in the oxidative scan, as shown in Figure 3b, the
return peaks A and A5* appear as a single broad peak which
exhibits a maximum at-0.74 V vs SCE, which is due to
the shift of peak As* toward more negative potential as the
recombination of T and Pd(dppm}(CO)" is rendered faster.

Effect of Sweep Rate Similar changes in voltammetric

the corresponding Apeak is absent from the cyclic volta-
mmogram, which indicates that the EEC reduction mecha-
nism does not proceed in these cases. The reoxidation of
the common Pgdppm)(COY product also proceeds via a
single 2-electron peak. No significant change in the shape
of the voltammetric curves is observed when ¢oncentra-
tion, sweep rate, or temperature is varied.

Simulations. The CV and RDE voltammograms &have
been simulated in relation with the 6-species square scfieme

curves are noted when sweep rate is varied. At high sweepshown in Scheme 3. The best fits between experimental and

rate, the EEC reduction pathway gains over the ECE one
(relative increase of Aversus A as observed from Figure
2c to 2d); the dissociation of R@ppm)(CO)(I)° becomes
less effective due to the restricted duration of the scan.
Regarding the oxidation part of the voltammogram, peaks

theoretical curves (see Figure 2) were obtained with the
parameters listed in Tables 1 and 2. The complete and
detailed procedure can be found in the Supporting Informa-
tion.

The simulation results provide both the equilibrium

A’z and A" appear better separated at high sweep rate aSconstantsKy, K, and Ks and the iodide exchange rate

A's*is expected to move toward a more positive potential.
With 50—-500 mV/s sweep rates, peak Appears to be

irreversible, indicating that B@ppm}(CO)(1)~ is extremely

unstable. Using a semi-microelectrode with a scan rate of

constantk, andks; taken in the deshalogenation directfdn.
The fact thak; < K; < Kjis consistent with the electrostatic
properties of the cluster species. The small conskgnt
indicates that Pgdppm}(CO)(I)" is essentially undissociated

100 V/s, the oxidation peak for this species can be observedin THE.

atE, = —1.24 V vs SCE, which indicates a relative lifetime
on the millisecond time scale.

Lowering the Temperature. Temperature provides direct
control over the kinetics of the dissociation of;Rtppm}-
(CO)(1)° as well as its re-formation. Lowering the temper-
ature to—10 °C results in a nearly exclusive EEC reduction
pathway where the heights of peaks &d A, are in the
same range (Figure 4, curve c). Similarly, from the reoxi-
dation of Pd(dppm}(COY’, an evolution of the peak system
A'3/A'5* is obvious where at-10 °C both peaks are well
separated, again due to the shift o§Ao a more positive
potential as one can predict when the reaction between Pd
(dppm}(CO)" and I is slowed!®

Behavior of Pdy(dppm)s(CO)(I)* in Acetonitrile. The
pathway can also be selected via an appropriate choice o
the solvent. Based upon the known dissociation behavior of
the iodide adducts, polar solvents should stabilize the
dissociated ions. The use of acetonitrile instead of THF leads,

2372 Inorganic Chemistry, Vol. 41, No. 9, 2002
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Finally, we have found that the simulated curves were
unchanged by suppressingsRippm}(COY" and its reac-
tions of the predefined mechanism in Digisim, which
confirms that the EEC pathway does not participate at all in
the oxidation of Pg(dppm}(COY’.

The bromide and chloride cyclic and RDE voltammograms
were not simulated in this work. The voltammetric profiles
are not sufficiently informative to allow any meaningful
analysis.

(19) (a) This solvent dependence on the separation of two closely spaced
redox waves into its two components has been observed fer Pd
(dppm)y(COY+,13 and also for the closely related Rdppm)(H)22"
species® (b) Gauthron, I.; Gagnon, J.; Zhang, T.; Rivard, D.; Lucas,
D.; Mugnier, Y.; Harvey, P. DInorg. Chem 1998 37, 1112.

20) Laviron, E.J. Electroanal. Chem1984 169, 29.

21) The comparison of the binding constants measured spectroscopically
and electrochemically is expectedly poor because the solvent (methanol
for UV —vis, and THF for electrochemistry) and the time scale of the
experiments are different. The solvents are found to induce great
changes in the equilibrium constants, if equilibrium exists.



Reduction Mechanism of the Pfdppm}(CO)(I)" Cluster

Scheme 3
. Bk o 0 E°u ke a4 ]
Pd;(dppm);(COXD Pd3(dppm);(COXI)" ======== Pd;3(dppm);(CO)1)
ko || kg k|| ke ko3|l kes
oy E° kg, o . E° kg, a; 0
Pd;(dppm);(COY" =—==== Pd3(dppm)3(CO)" ====—== Pds(dppm)3(CO)
K ko _ [Pd;(dppm), (COY™[I"] . < ke _ [Pd;(dppm),(COY T ] . = ke _ [Pd,@dppm), (COY’]I)
' ky, [Pd,(dppm),(COXD)'] * T ky, [Pd,(dppm),(COYD)’] Pk [Pdy(dppm),(COXIDY]
Table 1. Input Data for Best Fits Pd(dppm}(CO)(I)* in these C-X bond cleavage reactions.
E° (V vs SCE) ks (cmrs?) Q Experimentally, this poisoning by CIBr—, and I is indeed
5
E°; = —0.295 ke = 0.2 0 =0.5 observed: o
E°,=—0.54 ks2> 0.2 0, =05 The smallK; value (3.3x 1078 mol-L~?) also indicates
EZs = —g-gg Esaf 8-305 5 a3 = 8-2 the strong tendancy of the paramagnetic clustgfdpgdm}-
A «+=0.005(3) =5 (CO)" to act as a very good iodide binder as well, and
Table 2. Simulation Results therefore the Pgdppm)(CO)(1)° is stable. Experimentally,
K (mok-L 1) ki (s attempts to prepare this species from th_e direct _react_lon of
K—3x1002 P Pd(dppm}(CO)* and I fail and lead to disproportionation
Kiz 3.3% 108 ké —5x 103 according to reaction 6.
Ks=1.06x 1P ks = 500

2Pdy(dppm)(CO)" + 1~ =
aValues smaller than X 10718 and greater than % 10716 mol-L~! 4 0
give unsatisfactory result8 This value can take a wide range of values Pd;(dppm)(CO)(I)" + Pd,(dppm),(CO)" (6)
and cannot be determined with confidence. . .
However, this reaction was found to be too slow to

Concluding Remarks compete at the voltammetric time. Indeed, when included
in the mechanism predefined in Digisim, it does not change
the simulated results at all.

This study also demonstrates that iodide elimination from
the Pd cluster can be effective under reductive conditions.
The greaterKs value (1 x 10° mol-L~1) implies that the
Pd;(dppm}(CO)(I)~ cluster is entirely dissociated in Rd
(dppm}(COY and I. Electrochemical regeneration of the
Pd(dppm}(CO)(I)* cluster (reduction/l elimination/oxida-
tion) provides hope for the design of catalytical systems for
the synthesis of organic materials such as nonsymmetric
ethers and esters via the use of the corresponding bromo
and iodo derivatives. Investigations on these halide materials,
acid halides and thiols, are in progress.

This study shines more light on the mechanism for the
recently reported electrochemically induced B and R-|
bond cleavagé® Indeed, this work establishes tHaand Pg-
(dppm}(CO)*" are very strong halide ion scavengers, poten-
tially capable of binding any traces of these anions. For the
R—Br and R-I molecules (R= alkyl groups), for which
ionic dissociation is not favored, halides exist only at the
concentration level of trace, still large enough to be detected
by Pd(dppm}(CO)*. The absence of direct reactivity
between the stronger Lewis acidRippm}(COY" and alkyl
halides is tentatively explained by the attraction between the
Pd&?* center and counteranion (generally:CB,™ or PR")
which may considerably slow the halide trapping proééss.

Unpublished results demonstrate that;(@dpmy(COF+ Acknowledgment. P.D.H. thanks NSERC (Natural Sci-
reacts with R(CO)CI to form R¢dppm}(CO)(CIl)* and ences and Engineering Research Council) and FCAR (Fonds
R(CO)" (trapped as R(CO)(E4)(OCHs) with anisole)?® Concerts pour 'Avancement de la Recherche) for funding.

The second observation is that halides added to theY.M. is grateful to CNRS (Centre National de la Recherche
electrochemical solutions for the generation of the paramag- Scientifiqgue) and Conseil Rgnal de Bourgogne for funds.
netic Pd(dppm}(CO)" species preclude subsequentBr The authors thank also the referees for their helpful com-
and C-I| activations. Indeed, the very small value fisg ments.
indicates that any trace of 'Od'd? is rapidly scavenged by  gypporting Information Available: Cyclic voltammograms of
the Pd(dppm}(COY" cluster forming the dead-end product [Pd(dppmk(CO) in THF, of Pa(dppm)(CO)(I)* in acetonitrile,

=y : vitv betweerl and a fmited . Py and of Pd(dppm}(CO)(Br)" and Pd(dppm)(CO)(CIy* in THF and
ery slow reactivity betweerl and a limited numbers O H i i i
substrates (R- CHs, CoHs, n-Cable, . . ) is observed. The samePd detailed procedure for the simulation of the voltammetric curves.

(dppm)(CO)(I)* and R* products are found as in the electrochemically ~ This material is available free of charge via the Internet at

induced reactivity3 http://pubs.acs.org.
(23) Lemaitre, F.; Lucas, D.; Mugnier, Y.; Harvey, P. D. Unpublished
results. 1C0107328
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