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Summary: The kinetics of the oxidati addition of bidentate
ligand-chelated P8 complexes to phenyl iodide and bromide
has been studiedia cyclic voltammetry. The dibenzylideneac-
etone (dba) deliered by the palladium precursor Pd(dbayas
found to affect the concentration of the more reeetiba-free
Pd® complex and consequently the kinetics of therall
oxidative addition. The complexes generated from Pd(glanjl
PhSCHCH,SPh (pte) were found to be considerably more
reactive than those generated from Pd(dpahd PhPCH,CH,-
PPh (dppe). The former complexes can react with PhBr at low
temperatures.

Introduction

The field of catalysis is witnessing an ever-growing attention,
and several highly efficient methods are currently known in the
literature! Despite these achievements, knowledge in this field
is still partial and much effort will be needed to make this
methodology comprehensive and well-established. In this
context, the nature of the subsidiary ligands used for a given
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Earlier works unambiguously established that interaction of
PdP(dba) with 1 equiv of a bidentate P,P ligand such as diop,
binap, or dppf generates the two complexe&(&h)(P,P) and
Pd&(P,P) (Scheme 1). Although both the complexes are reactive
toward Phl, the former and more abundant dba-ligated corhplex
is intrinsically less reactive than the minor dba-free one (Scheme
1)8

(4) For (P,S) ligands see: (a) Khiar, N.; $ea B.; Valdivia, V.;

metal-catalyzed process is central, P- and N-based ligandsFernadez, I. Synlett2005 2963-2967. (b) Malacea, R; Manoury, E.;

occupying an unquestionable primary position.

On the other hand, despite the vast knowledge on sulfur
metal interactions in coordination chemisthe use of S-based
ligands in catalysis is still rather underdevelogdddeed, the
thioether function, known to be less coordinating than an amine,
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C.; Duckett, S. BEur. J. Inorg. Chem2006 1803-1816. (c) Molander,

G. A.; Burke, J. P.; Carroll, P. J. Org. Chem2004 69, 8062-8069. (d)
Diéguez, M.; Panies, O.; Claver, CJ. Organomet. Chen2006 691,2257—
2262. (e) Guimet, E.; Dguez, M.; Ruiz, A.; Claver, CTetrahedron:
Asymmetr2005 16, 959-963. (f) Lam, F. L.; Au-Yeung, T. T. L.; Cheung,
H. Y.; Kok, S. H. L.; Lam, W. S.; Wong, K. Y.; Chan, A. S. C.

an imine, or a phosphine, has been so far mainly exploited astetrahedron: Asymmetr§006 17, 497-499. (g) Evans, D. A.; Campos,

the hemilabile part of mixed (P,Spr (N,S) ligands. On the
other hand, ligands based exclusively on thioethers have bee
only sporadically reporte®l.
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Figure 1. Cyclic voltammetry of P{dba)(pte) generated from Rd 0o 50 100 150 200 250 300

(dba} (2 mM) and pte (1.0 equiv) in DMF (containinusNBF,, Time (s)

0.3 M) at a stationary gold disk electrode € 0.5 mm) with a . L _ ” )
scan rate of 0.5 Vg, at 20°C. Figure 2. Kinetics of the oxidative addition of Phl (2 mM) with

the palladium(0) complexes generated in situ fron¥(éftoa) (2
mM) and pte (1.0 equiv) in DMF (containingBus;NBF,, 0.3 M)

It is known that, due to their acceptor character, phosphorus- at 10°C. Plot of 1K (see text) versus time.

based ligands can efficiently stabilize the transiently generated

Pd(0) complex, whereas less acceptor ligands tend to bring about Scheme 2

premature Pd(0) precipitatidt-urthermore, phosphorus-based Ph

ligands are known to electronically activagé-allyl Pd com- SPh $

plexes toward nucleophilic additions. Neverthelés€g, spec- Pd%dba), + [ — [ \pdo(dba) + dba
troscopic measurements gfrallyl Pd complexes indicate that SPh §/
PhPCHCH,PPh (dppe) and PhSCHCH,SPh (pte) do not Ph

differ substantially in theirr-accepting propertie’.

We report herein kinetic data on the reactivity of the Pd(0) ~ The oxidation peak at-0.495 V was not modified upon
complexes, generated by reactind(@ta) with 1 equiv of the addition of excess dba. Consequently, it characterizes the
bidentate S,S ligand: pte, in oxidative addition with aryl halides complex P8(dba)(pte) (Scheme 2). This result confirms that,
in DMF. The kinetic data are compared with those obtained despite the negligible back-donation properties of sulfur with
with the related P,P ligand dppe. respect to phosphorus, the bis-thioether ligand is able to stabilize
a Pd(0) complex!

The oxidation peak of P@ba)(pte) disappeared upon addi-
tion of Phl (10 equiv), thereby attesting to the formation of
reactive Pd(0) complexes generated from interaction between
PdP(dba) and pte. These results are then very similar to those
obtained with P,Por P,N'2 ligands. The major complex is still
ligated by dba delivered from the precursor‘@ithay. No
oxidation peak due to the dba-free compleX(®te) could be
detected due to its very low concentration (vide infra).

2. Rate and Mechanism of the Oxidative Addition of Aryl
Halides to the Pd(0) Complexes Generated from Pgdba),
and pte in DMF. The reaction of Phl (2 mM) with the Pd(0)
complexes generated from ®dba) (2 mM) and pte (2 mM)
in DMF was too fast to be followed by cyclic voltammetry at
room temperature. At the lower temperature of 4D, the
oxidative addition was still fast, but the kinetics could be

Results and Discussion

1. Characterization of the Complex Generated from P&
(dba), and PhSCH,CH,SPh (pte) in DMF. The Pd(0) complex
generated by reacting Kdba) (2 mM) with pte (1.0 equiv)
was characterized by cyclic voltammetry performed in DMF
containingnBus;NBF, (0.3 M). A single oxidation peak was
observed aEq = +0.495 V vs SCE at a stationary gold disk
electrode with a scan rate of 0.5 Vi{Figure 1). The oxidation
peak of P8(dba) at +1.06 V (observed when alone) was no
longer detected. A reduction peak characteristic of the reduction
of 1 equiv of free dba was also observed.

(6) (a) Khiar, N.; Ardip, C. S.; Alvarez, E.; Fermalez, |.Tetrahedron
Lett. 2003 44, 3401-3404. (b) Khiar, N.; Arajo, C. S.; Sueez, B.; Alvarez

E.; Ferriadez, 1.Chem. Commur2004 714-715. (c) Khiar, N.; St@z, followed by performing cyclic voltammetry versus time,
B.; Ferniaadez, I.Inorg. Chim. Acta2006 359, 3048-3053. (d) Khiar, N.; exploiting the linear relation between the oxidation peak current
Araljo, C. S.,'SUEZ. B._, Fernadez,_ I.Eur. J. Or_g. ChemZOQG 16_85— . of P(P(dba)(pte) and its concentration. The plOt ok :U( —
1700. (e) Ferhadez, F.; Gmez, M.; Jansat, S.; Muller, G.; Martin, E.; T .

Flores-Santos, L.; Gam P. X.; Acosta, A.; Aghmiz, A.; Gifmeez-Pedts, [PP]/[Pd]o = iio; i, Oxidation peak current of P@iba)(pte)

M.; Masdeu-Bulfo, A. M.; Diéguez, M.; Claver, C.; Maestro, N. A.  att; ip, initial oxidation peak current of P@ba)(pte)) versus

g’%zqg;“fé?t'"2‘305(2)(2’0;2zgéfgg%;ggﬁu}(/‘zn‘?ss\t{eT‘l’\] s Claver, Ci RUZ_ time was linear (Figure 2), as expected for a reaction performed
K.; Hongo, H.; Kabuto, CChem. Commur2003 524-525. See also: ()~ Under stoichiometric conditions @ kod + 1) and attesting

Madec, D.; Mingoia, F.; Macovei, C.; Maitro, G.; Giambastiani, G.; Poli, t0 a first-order reaction for the Pd(0) complex and Phl as well.

G. Eur. J. Org. Chem2003 552-557. _ However, the oxidative addition was too fast to get accurate
19577) fgagolr?éfs-igéf’eker' G.; Jutand, A.; Khalil, .Am. Chem. Soc.  gata (low correlation coefficient). The half-life time was
(8) For a review, see: Amatore, C.; JutandGhord. Chem. Re 1998 nevertheless estimated to e = 150+ 10 s (DMF, [Phi} =
178-180, 511-528. 2 mM, 10°C).
(9) Akermark, B.; Zetterberg, K.; Hansson, S.; Krakenberger,JB. In order to get more information on the mechanism of the

Organomet. Cheml987 335 133-142. o By . .
(10) Chelated Pd(1l) complexes involving pte as ligand: (a) Akermark, ©Xidative addition, we then turned our attention to the reaction

B.; Krakenberger, B.; Hansson, S.; Vitagliano, @rganometallics1987,

6, 620-628. (b) BartolomeC.; Espinet, P.; MamAlvarez, J. M.; Villafdre, (11) The complex could not be better characterizedhyNMR due to
F. Eur. J. Inorg. Chem2003 3127-3138. (c) BartolomeC.; Espinet, P.; its limited stability in CDC}.
Martin-Alvarez, J. M.; Villafdre, F.Eur. J. Inorg. Chem2004 2326~ (12) Amatore, C.; Fuxa, A.; Jutand, &hem—Eur. J.200Q 6, 1474~

2337. 1482.
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0 ) Table 1. Comparative Reactivity of Aryl Halides in Their
y=-0.016797 - 0.0005791x R=0.99765 Oxidative Addition to the Pd(0) Complexes Generated from
02k ] Pd%(dba), and pte or dppe? in DMF at 10 °C
ligand Phl (mM) t12 (S) PhBr (mM) t12 (S)
é'OA 3 ] pte 2 150 200 1830
=06k ] dppe 200 8500 n.g. n.dP
a[Pd’(dba)y] = 2 mM; [pte] = 2 mM, [dppe]= 2 mM. bn.d. = not
-08L 1 determined.
1F 3 (dba)(pte). In the absence of spectroscopic characterization, this
] is an a posteriori proof that the major Pd(0) complex is indeed
266060 1500 2000 ligated by dba. .
Time (s) From the kinetic law, one hdgps = k; + ko[PhBr].” This
givesk; =3 x 1074571, kg = 3.7 x 10* M~t s andk, >
0.0008 r T T T 3.7 x 104 M1 s ! (DMF, PhBr, 10°C).
-y =0.00020422 + 0.00037281x R=0.9466 3. Comparative Reactivity of Phl and PhBr in Their
Oxidative Addition with the Pd(0) Complexes Generated
= 0.0006 from Pd9(dba), and pte or dppe in DMF. From the half-life
T times collected in Table 1, the expected reactivity order is
x°0 0004 observed, Phk> PhBr, when pte is the ligand of the Pd(0)
’ complexes (first line in Table 1). The reaction of Phl (200 mM)
with the Pd(0) complexes generated fromP@da) (2 mM)
00002+ i and dppe (1.0 equiv) in DMF was very slow at 10. The
value of the half-life time given in Table 1 is compared to that
obtained for pte. The Pd(0) complexes ligated by pte are thus
o ol sy ol

0 02 02 06 08 1 consigerably more reactive than those ligated by dppe in DMF
[PhBI] (M) at 10°C.
Conclusion.The major Pd(0) complex formed in the reaction
Figure 3. Kinetics of the oxidative addition of PhBr with the Pd(dba) with 1 equiv of PASCHCH,SPh (pte) in DMF is
palladium(0) complexes generated in situ fron?(@Hda) (2 mM) still li o T :
o L gated by dba, PR{dba)(pte), and is in equilibrium with
and pte (1.0 equiv) in DMF (containing3uNBF,, 0.3 M) at 10 Pd(pte). Both complexes are reactive toward oxidative addition.

°C. (a) [PhBr]= 0.8 M. Plot of Inx (see text) versus time. b= L oy .
—kopd. (D) Determination of the reaction order of PhBr. Plot of The oxidative addition of PhBr proceeds at’ID Comparison

kebs VErsus PhBr concentration:®) in absence of dba;Q) in with the related ligand dppe shows that the oxidative addition
presence of dba (20 mM). in the presence of pte is more rapid. This may be due either to
the higher intrinsic reactivity of the (pte)-ligated Pd(0) com-
Scheme 3 plexes compared to (dppe)-ligated Pd(0) or/and to the fact that,
Ph Ph in the case of the pte ligand, the equilibrium lies more in favor
é Ky é of the more reactive Pd(0)(pte) complex. In other words, the
[ \Pd°(dba) — [ “pg®  + dba concentration of the Pd(0)(pte) would be higher than that of
g k.4 g Pd(0)(dppe) in their respective equilibrium with the (dba)-ligated

Il-’ Pd(0) complexes. Once again, the dba delivered by the precursor
appeared to be “noninnocent”, as it controls the concentration

Ph h
ArX Ph ArX and thus the reactivity of the more reactive compleR(pt).
|
ko S i, ks Experimental Section
S

C1LX
N . . . .
Ar ko >> kg Chemicals. DMF was distilled from calcium hydride under
Fl’h vacuum and kept under argon. Dba and dppe were commercially
available. Pd(dba)® and pté* were synthesized according to

with bromobenzene, expected to be less reactive. The kineticsreported procedures.

of the oxidative addition was still followed by cyclic voltam- Electrochemical Setup for Cyclic Voltammetry. Experiments
metry at 10°C in the presence of excess PhBr. The plot of In were carried out in a three-electrode thermostated cell connected
X (x = [PR]/[PP]o = idic; ir, oxidation peak current of Pd to a Schlenk line. The counter electrode was a platinum wire of

ca. 1 cni apparent surface area. The reference was a saturated
calomel electrode separated from the solution by a bridge filled
with 3 mL of DMF containingnBus;NBF, (0.3 M). The working
electrode was a gold disk electrodit=€ 0.5 mm).

(dba)(pte) att; io, initial oxidation peak current of P¢tiba)-

(pte)) against time was linear (Figure 3a) withdr= —Kkgpd,

attesting to a first-order reaction for the Pd(0) complex.
The kinetics of the oxidative addition was investigated at Typical Procedure for the Characterization of the Pd(0)

different PhBr concentrations, ir_1 the range{—)(ES_M_ The pIo_t Complexes Generated from Pd(dbg)and pte and the Investiga-
of kobs versus PhBr concentration gave a straight line with @ on of the Kinetics of the Oxidative Addition of Aryl Halides.
positive intercept (Figure 3b)ns = 0.00029422+ 0.00037281-
[PhBr]. This means that two different Pd(0) species react (13)(a) Takahashi, Y.; Ito, T.; Sakai, S.; Ishii, ¥.Chem. Soc., Chem.
concomitantly with PhBr (Scheme 3), as already observed for Commun197Q 1065-1066. (b) Rettig, M. F.; Maitlis, P. Mnorg. Synth.
bidentate P,P ligandsMoreover, the oxidative addition was 192114)1&#;‘]‘5:_%7&0 V. Parra-Hake. M- Morales-Morales. D.- Toscano
slower in the presence of added dba (Figure 3b), attesting tog ‘A - Boldt, G.: Koch, A.: Grotjahn; D."BOrganometaIlics'zods 24,

the fact that Pe{pte) is intrinsically more reactive than Rd 5569-5575.
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Degassed DMF (15 mL) containimBus;NBF, (0.3 M) was charged and the kinetics was monitored by cyclic voltammetry. A similar
into the electrochemical cell followed by 17.2 mg (8énol) of reaction was performed with the ligand dppe (11.94 mgyi30l)
Pd(dba) and 7.4 mg (3Qumol) of pte. Cyclic voltammetry was  and 674uL (3 mmol) of Phl.

performed at a scan rate of 0.5 Vg0 characterize P@dba)(pte).
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