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The reactivity of Pd(0) complexes generated by addition ofsFPRh/Pd= 2, 4) to either P#(dba-
nn'-2Z)z (n,n'-Z = 4,4-F, 4,4-H, 4,4-MeO, 3,3,4,4,5,5-OMe) or Pd(dban,n'-Z), (n,n'-Z = 4,4-Br,
4,4-Cl, 4,4-H, 4,4-CHs;, 3,3,5,5-OMe) in DMF is affected by the electron-donating or -accepting
properties of the groups Z substituted on the aromatic rings of dba. Whatever the nature of Z, the unreactive
major complexes P(;>-dban,n’-Z)(PPh), are formed, which are in equilibrium with the common reactive
complex PE(PPh), and dban,n’-Z. The latter controls the concentration of the reactivé(fPieh), and,
consequently, also controls the rate of the overall oxidative addition with phenyl iodide. The more electron
donating the Z group, the lower the affinity of dba-4z4for PA’(PPh),. As a result, the overall rate of
the oxidative addition with Phl is faster when Z is an electron-donating group. For a given Z, the overall
oxidative addition is faster when using Bdban,n’-Z); instead of P&dban,n’-Z),. Therefore, the rate
of the oxidative addition can be modulated by changing the electronic properties of the dba ligands
determined by substituents on its phenyl groups and by changing the structure of the precursers: Pd
(dban,n’-Z); versus P¢dban,n’-Z),.

Introduction Scheme 1
. . . > K
It has been established that the coordination SLPEL = , R |E—Pd°L2
phosphine, arsine) complexes by alkehésalkynes!® or Precursor ------- > Pdl, » ‘
I T

vinyltin derivatives!-#which are reagents in palladium-catalyzed .
Heck, Sonogashira, and Stille coupling processes, respectively,

strongly affects the kinetics of the oxidative addition to aryl
halides, which is the first step of their catalytic cycles (Scheme

1). Indeed, the complexation of the active®Pgcomplex to
form the unreactive complexeg%CH,=CHR)PdL, or (%

CH=CR)PdL;, results in slower oxidative additions by decreas-

ing the concentration of the active ®d complex (Scheme 1).
It was recently reported thagi-alkene)P&iminophosphine)-

catalyzed SuzukiMiyaura reactions resulted in higher reaction

rates when the alkene is a moderataccepting ligand.This
is explained by a stabilization of the active®@ohinophosphine)

ArPdXL,
_# R=Ph, COEt; L =PPhs (Heck)

~# R=8nBug; L =AsPh; (Stille)
% R=Ph; L=PPh; (Sonogashira)

Scheme 2

K
Pd’(dba)l, «—= Pd’L, + dba

reactions (Heck, Stille, Tsuji-Trost, etc.). It has been established
by Amatore, Jutand, et al. that the presumably “innocent” dba

complex by the alkene, thus preventing its decomposition to ligand delivered by the precursor ®dba) in reality plays a

palladium black.
Pd’;(dbay or Pd(dba) (dba = transtrans-dibenzylidene-

significant role in catalysis via alkene ligation to the activélRd
complexes to generate ®dba)l, complexes (Scheme 2)°

acetone), associated with ligands L (triarylphosphines), are oftenThe presence of the dba ligand has a great consequence on the

employed as sources of Pdomplexes in palladium-catalyzed

kinetics of oxidative additions with aryl halides, since dba
controls the concentration and then the reactivity of the active
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at low concentration, due to its unfavorable equilibrium with
Pd’(dba)Ly, the major but unreactive species (Schemé8).
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palladium-catalyzed Suzuki-Miyaura cross-coupling of aryl

(6) Amatore, C.; Jutand, A.; Khalil, F.; M'Barki, M. A.; L. Mottier, L.
Organometallics1993 12, 3168-3178.

(7) Amatore, C.; Jutand, A.; Meyer, Gnorg. Chim. Actal998 273
76—84.

(8) Amatore, C.; Jutand, ACoord. Chem. Re 1998 178-180, 511—
528.

(9) Herrmann, W. A.; Thiel, W. R.; Brossmer, C.fdle, K.; Priermeier,
T.; Scherer, WJ. Organomet. Chen1993 461, 51-60.

© 2006 American Chemical Society

Publication on Web 03/03/2006



1796 Organometallics, Vol. 25, No. 7, 2006 Maceet al.

Table 1. Characterization of Pd(2-dba-n,n’-Z)(PPhg), Complexes by Cyclic Voltammetry and NMR Spectroscopy in DMF at
20°Ce

Pd(2-dban,n’-Z)(PPh)2

nn-Z EPox (V Vs SCE) 31P NMR: 6 (ppm); Avis2 (HZ) 19F NMR: 6 (ppm)

1 4,4-CFs 27.53 (s), 25.14 (s) 114.81 (s)

2 4,4-Br (+0.640¥ 26.82 (s), 24.73 (s); 14

3 4,4-Cl (+0.665¥ 26.91 (s), 24.83 (s); 14

4 4,4—F +0.630 26.93 (s), 24.65(s); 20 64.34 (s), 58.29 (s)
5 4,4—H +0.580 (0.600) 26.79 (s), 24.97 (s); 23

6 4,4-Me (0.570% 26.35(s), 24.99 (s); 33

7 4,4-OMe +0.415 26.39 (s), 24.60 (s); 57

8 3,3,5,5-OMe (+0.575¥ 26.94 (s), 25.21 (s); 19

9 3,3,4,4,5,5-OMe 40.765 26.63 (s), 25.36 (S); 28

a At a stationary-gold-disk electrode (diameter 2 mm) with a scan rate of 0.2'\hsDMF (containingnBusNBF; 0.3 M). ?31P NMR (101.3 MHz,
H3PQy) and 1% NMR (235.3 MHz, CFGJ) in DMF containing 10% acetonds for the lock.c Pd’(52-dban,n’-Z)(PPh), complexes are generated from
PdP;(dban,n’-Z); or Pd(dban,n’-Z), associated with 2 equiv of PERd. The oxidation potentials of Rdban,n’-Z)(PPh), generated from Pddban,n’-
Z), are given in parentheses.

Scheme 3 by 3P NMR spectroscopy and cyclic voltammetry (Scheme 4,
. K . Table 1). Thej?-coordination of the substituted dings’-Z was
Pd'(dba)l, <——= Pd'L; + dba supported by the detection of two differé#P NMR signals,
Kapp kl ArX as observed for nonsubstituted gz,
Kk
Kapp = M ArPdXL, Scheme 4

'1,pd(dban,n’-2), + 2PPh —

chlorides was strongly affected by the electronic properties of Poo(nz-dban,n'-Z)(PPh;)z + 1/2dban,n'—Z

substituted dba;n'-Z when the precursor was Bban,n'-
Pd(dban,n’-2), + 2PPh —

o]
P Pd(*dban,n’-Z)(PPh), + dban,n’-Z
Q The characterization of complexes generated frofi(Bba-
z . . . . .
dba-n.n'-Z 4,4-F); associated with PRhis reported here in detail and

compared to the case for Bftlbay. The behavior of the
Z)s associated with electron-rich ligantsin the preliminary ~ precursor P#(dbal-CHCl; associated with phosphines has
catalysis studies, it was established that a more electron-richindeed never been reported. When PRias added to Pg-
dba (i.e., substituted by electron-donating groups Z) favors (dba-4,4-F); (PPh/Pd= 2) in DMF (containing 10% acetone-
higher yields of the cross-coupled product (an observation that ds for the lock), two broad singlets were observed in #e
is not substrate dependent). It was then of considerable interesNMR spectra, characterizing two different RRgroups and
to probe the influence of Z substitution of dba on the kinetics attesting to the formation of P@?>-dba-4,4-F)(PPh), in which
of oxidative additions to determine whether the effect observed the dba-4,4F ligand was coordinated to the Peenter by one
in catalytic reactions took its origin in the oxidative-addition Of its C=C bonds (Scheme 5), as classically observed for the
step, which is probably rate determining when aryl chlorides Simple nonsubstituted dba ligaAd® The monocoordination of
are considered. dba-4,4-F was further confirmed by thé’F NMR spectrum
We report herein that the kinetics of oxidative additions of recorded from the same NMR tube, which exhibited three
phenyl iodide with the palladium(0) complexes generated from Singlets. One sharp singlet at 66.26 ppm characterizes the free
PPy (dban,n'-Z); or Pd(dban,n'-Z), associated with PRh dba-4,4-F (Figure 1, first equation in Scheme 5). The other
(taken as model ligand) are indeed affected by the electronic two broader singlets of equal magnitude at 64.34 and 58.29 ppm
properties of dba, which are modulated by substituents Z on its characterized the unsymmetrical ligation of dba-4Awhich
phenyl groups. results in the two magnetically different fluorine atomsaRd
Fy, (Figure 1, Scheme 5).
Results and Discussion After addition of Phl (10 equiv), only th&F NMR singlet
of the free 4,4F-dba was observed as well as tH® NMR

Characterization of the Pd® Complexes Generated from singlet oftransPhPdI(PP)), at 22.98 ppm, similar to that of
Pd%(dba-n,n’-Z)3 or Pd®(dba-n,n’-Z), and PPh; (PPhs/Pd =

2, 4) in DMF. Two kinds of precursors are available,%Rd Scheme 5
(dbann'-Z)s (n,n'-Z = 4,4-F, 4,4-H, 4,4-MeO, 3,3,4,4,5,3- 112 Pd%(dba-4,4-F); + 2PPhy — >  Pd(n’-dba-4,4F)(PPhy), + 1/2 dba-4,4"F
OMe) and P8dban,n'-2), (nn'-Z = 4,4-CFs, 4,4-Br, 4,4- o

Cl, 4,4-H, 3,3,5,5-OMe), according to their ability to
crystallizel®11 All precursors have been reacted with RPh

equiv per Pd) in DMF, and the major complexeL@édba- Q TO O
n,n'-Z)(PPhy),, formed in all reactions, have been characterized /e /Pd\P o .
a a bFN3 b

(10) Fairlamb, 1. J. S.; Kapdi, A. R.; Lee, A. Brg. Lett.2004 6, 4435~
4438. Pd%(dba-4,4'-F)(PPhs), + Phl ——» trans-PhPdI(PPhg), + dba-4,4'-F

(11) Fairlamb, I. J. S.; Kapdi, A. R.; Whitwood, A. C. Manuscript in _
preparation. trans-PhPdI(PPh3), =—= trans-[PhPd(PPhs),(DMF)]" + |
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Figure 1. °F NMR (235.3 MHz, CFGJ) spectrum of P¢{n?-dba-4,4-F)(PPh), generated from Pg(dba-4,4-F); associated with 2 equiv

of PPh/Pd in DMF containing 10% acetordg-
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Figure 2. Cyclic voltammetry at a stationary-gold-disk electrode
(diameter 2 mm) performed in DMF (containimiBus;NBF, 0.3
M) with a scan rate of 0.2 V8, at 20°C: (a) Pdx(dba) (1 mM)

+ PPh (4 mM); (b) Pd»(dbay (1 mM) + PPh (8 mM); (c) Pd--
(dba-4,4-F)3 (1 mM) + PPh (4 mM); (d) Pd,(dba-4,4-F); (1 mM)

+ PPh (8 mM).

Scheme 6

Ke
Pd’(dba-4,4-F)L, <—== Pd’L, + dba-44-F  L=PPhy

0 _Ky o
P, +L = PdL,

(Scheme 2§:814 When PPh was added to Pg(dba-4,4-F)3
(PPh/Pd = 2), two oxidation peaks were detected by cyclic
voltammetry (Figure 2c¢). The minor peak appeared at the same
potential Q as for P4(PPh), (Figure 2a); the major peak at
O', characterizes the major complex ‘Rtba-4,4-F)(PPh),
(Figure 2c, first equation in Scheme 6), which is less easily
oxidized than P¢[dba)(PPk), due to the electron-withdrawing
effect of the two fluorine atoms (Table 1, entries 4 and 5). The
oxidation peak current of PPPh), at O, increased at the
expense of Q upon addition of excess PRhresulting in
formation of Pd(PPh); (Figure 2d, second equation in Scheme

an authentic sample. A second minor singlet was also observedd). as also observed for the simple nonsubstituted dba ligand

at 20.86 ppm, which characterizes the cationic complens
[PhPd(PPE2(DMF)]* in equilibrium withtrans-PhPdI(PPk),!?

(Figure 2b). Due to the fast equilibrium between’®iPh)s,
PdP(PPh),, and PPh(Scheme 6), a single oxidation peak was

(last equation in Scheme 5). The spectroscopic data indicateobserved at @°

that a definite oxidative addition reaction with Phl took place.
When PPhwas added to Pg(dba)-CHCI; (PPR/Pd = 2)

in DMF containingnBusNBF, (0.3 M), two oxidation peaks

were observed by cyclic voltammetry (Figure 2a): the minor

peak at Q (EP = +0.10 V vs SCE) characterizes ®ePh),,513

and the major peak at{&haracterizes the major complexPd

(dba)(PPB),,1* as already observed for the precursof(Bda)

(12) Amatore, C.; CafreE.; Jutand, AActa Chem. Scandl998 52,
100-106.

(13) PA(PPhy); is probably coordinated by the solvent (DMF), which is
omitted for clarity.

After addition of Phl (10 equiv), the oxidation peaks of’Pd
(n?-dba-4,4-F)(PPh), and P4(PPh),, disappeared, attesting to

(14) (a) The oxidation potential of P@ba)(PPk). generated from Pg-
(dba} is slightly less positive than when it is generated fron?(Bla)
(entry 5 in Table 1). This is due to their respective equilibria witi-Pd
(PPh), and dba, which is affected by the dba concentration (CE mecha-
nism)15 (b) The oxidation peak currents of ®dba)(PPb), and Pd(PPh),
do not reflect the thermodynamic concentrations of the two complexes but
their dynamic concentrations. Indeed, the oxidation of(PER), at the
electrode (at @ causes a continuous shift of the equilibrium in Scheme 2
toward its right-hand side. Under these conditions, the concentratiorPof Pd
(PPh), measured by its oxidation peak current is higher than its thermo-
dynamic concentration in the equilibrium of Scheme 2 (CE mechariism).
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an oxidative addition leading ttransPhPdI(PPE.. A new
oxidation peak appeared &0.540 V, which characterized the
iodide ions released in the equilibrium betweeans-PhPdI-
(PPh)2 and the cationic completcans[PhPd(PPk(DMF)]*
(Scheme 5)2

The cyclic voltammetric ané'P NMR spectroscopic data of
other complexes P¢h?-dban,n’-Z)(PPhy); are listed in Table
1. As expected, P@;2-dban,n’-Z)(PPh), complexes are less
and less easily oxidized when Z becomes more electron

accepting, an outcome explained by Pd(0) becoming less and

less electron rich. The cyclic voltammograms exhibited the
minor common complex P¢(PPh),, which was generated in
an unfavorable equilibrium with P@lban,n'-Z)(PPh), and dba-
n,n'-Z, as observed for the nonsubstituted dba (Schenfe 2).
Role of dban,n’-Z in the Kinetics of the Oxidative
Addition of Phl with the Pd® Complexes Generated from
Pd%(dba-n,n’-Z); and PPh; in DMF. The oxidative addition
reactions were performed in DMF at 2@ from Phl (2 mM)
and Pd,(dba-4,4-F); (1 mM) associated with PRiPd = 2, 4.
Accurate kinetics were monitored by amperometry performed
at a rotating-gold-disk electrode, polarized on the oxidation wave
of PAP(PPh),.516- After addition of Phl, the decrease of the
oxidation current of PYPPh), (proportional to is concentra-
tion)® was recorded versus time until total conversion (Figure
3a for 4,4-F). The kinetics were compared to those for the
reaction of Phl (2 mM) with P4(dba} (1 mM) associated with
2 equiv of PPpper Pd (Figure 3a). The half-reaction times are
given in Table 2. By a comparison of the three kinetic curves
of Figure 3a (or the half-reaction timés; given in entries 2
and 3 in Table 2), the following reactivity orders were
established:

',pd,(dba-4,4'-Z) + 2PPh < 1,Pd,(dba), + 2PPh

'1,pd,(dba-4,4'-2) + 4PPh <
'1,pd,(dba-4,4-Z) + 2PPh

This is in agreement with the mechanism of Scheme 7, already
established for Pi§dba).58 The kinetic law was solved for the
system{ Y/,PdP;(dba-4,4-2); + 2PPh} (Scheme 8}/Taking into
account the variation of dba-4;Z concentration during the
reaction and the stoichiometry PhifPg 1, the kinetic law is
expressed as in eq 1, wheres the molar fraction of P{PPh)

@)

(x = ilig, i = oxidation current of P}{PPh), att, ip = initial
oxidation current of PYPPh),).1” The plot of Inx + 1.5k
against time was linear (Figure 3b foxn'-Z = 4,4-F) in
agreement with eq 1, confirming a first-order reaction for Phi
and the P8complex. The value oKzk was determined from
the slope (Table 2).

The kinetics of the oxidative addition were similarly inves-
tigated for dba-4,40Me and dba-3,%,4,5,5-OMe (entries
1-4 in Table 2). By comparing the values #&fzk which
characterized the reactivity of the Rcbmplexes generated from

Inx+ 1.5k =Kkt + 1.5

(15) Bard, A. J.; Faulkner, L. RElectrochemical Method<2nd ed.;
Wiley: New York, 2001.

(16) Due to the partial release of iodide ions in the oxidative addition

which are oxidized at-0.54 V, it was not possible to investigate the kinetics
of the oxidative addition upon polarizing the electrode at the oxidation
potential of P8(dba-4,4-Z)(PPh)..
(17) d([Pd)/dt = — K[PhIJ[Pd?)/([dba-4,4-H])/Kz + 1); d([PP])/[Pd
—k[Phl]dt/([dba-4,4-H]/Kz + 1) with [Pd] = Cox; [Phl] = Cox and
[dba-4,4-H] = Co(1.5 — X). SinceCy/Kz > 1, one gets (1.5 X)dx/x? =
—kKzdt, which gives eq 1 after integration (see text).

Mackeet al.
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Figure 3. (a) Kinetics of the oxidative addition of Phl (2 mM) to
the PA(PPh), complex generated from) Pd’;(dba) (1 mM) +
PPh (4 mM); (--+) PdPx(dba-4,4-F); (1 mM) + PPh (4 mM), and
(- -) Pd’;(dba-4,4-F); (1 mM) + PPh (8 mM) in DMF at 20°C.
Plot of the molar fractiorx of PP(PPh), (x = ifio, i = oxidation
current of P8(PPh), att, ip = initial oxidation current of P&
(PPh),). (b) Kinetics of the oxidative addition of Phl (2 mM) to
the PA(PPh), complex generated from Pgdba-4,4-F); (1 mM)
+ PPh (4 mM) in DMF at 20°C. Plot of Inx + 1.5k versus time
(x was determined from Figure 3a).

0

Table 2. Comparative Reactivity of P® Complexes
Generated from Pd,(dba-4,4-Z); (1 mM) Associated to 2
PPhe/Pd or 4 PPhy/Pd or from Pd%dba-4,4-Z), (2 mM)
Associated to 4 PPHPd in the Oxidative Addition with Phl
(2 mM) in DMF (20 °C)?

t12(s)

nn-Z 2PPRPP  4PPRPP 10Kk (s

PdPy(dba-4,4-2)s

1 4,4-OMe 40 80 20

2 44-H 115 130 7.0

3 44-F 150 180 5.1

4 3,34,455-0Me 65 125 12
PdP(dba-4,4-2),

5 44-Me 125

6 44-H 150

7 44l 345

8  44-Br 412

9 3355-0Me 198

211, = half-reaction time. See Schemes 7 and 8 for the mechanism and
the definition ofKz andk.

Scheme 7
Kz K’
- dba-n,n"-Z o PPh3 o
Pd’(dba-nn'Z)L; «——= PdL, =—> Pdls
+dba-n,n'-Z - PPh;
kl Phl
PhPdIL,
Scheme 8

Pd°L2 + dba-n,n'-Z

kl Phi

PhPdILy

Kz
Pd’(dba-n,n-Z)L, <«——=

PdP,(dba-4,4-2)3, one deduces the following order of reactivity:
4,4'-OMe> 4,4'-H> 4,4'-F

When the P8 precursor P&(dba-4,4-Z); is ligated by a dba
substituted by two electron-donating groups Z in the para
position, the resulting system is more reactive in oxidative
addition than when it is substituted by electron-withdrawing
groups. Since the same reactive®Ph), species is involved



Palladium(0) Complexes of Dibenzylideneacetone Organometallics, Vol. 25, No. 7, 2008

0 e e fomn 0.3 P 6, t1» = 150 s) is less reactive than the®Rdmplex generated
a 0.2 b from Pd,(dba-4,4-H); (Table 2, entry 2ty = 130 s) in
i, 01 ] oxidative additions performed at identical concentration$/(Pd
= O PPh/Phl = 1/4/1, Co = 2 mM), due to the higher initial
I~§-0-1 r concentration of the free dba in the former system.
S 0.2f
2 o3l . Pd(dba), + 4PPh < 7,Pd,(dba), + 4PPh
0.4}
O e T o o 02 O irf; 5o By now considering F‘lﬂdban.,n'-Z)g precursors associated Wi.th
6 Hammett o Hammett 4 equiv of PPRand comparing the values of the half-reaction
_ Pere - timesty, (Table 2, entries 58), the following reactivity order
Figure 4. (a) Hammett plot for the oxidative addition of Phl (2 is observed:

mM) with the P&(PPh), complex generated from (a) B¢tba-
4,4-7Z)3 (1 mM) and PPk (4 mM) in DMF at 20°C and (b) P& 4.4'-Me> 4,4'-H> 4,4'-Cl> 4,4'-Br
(dba-4,4-7), (2 mM) and PPk (8 mM) in DMF at 20°C.
This establishes that, in association with BFihe Pd precursor
(Scheme 8), this means that its concentration decreases whepd(dba-4,4-7); ligated by a dba substituted by two electron-

going from Z= OMe to Z= F. In other words,Kz must donating groups Z in the para position gives rise to a more
decrease when going from=Z OMe to Z= F. The rate constant  reactive system in oxidative addition as compared to the case
k does not depend on Z; only the equilibrium constiatis when it is substituted by two electron-withdrawing groups, as
affected by Z. From the values ik given in Table 2 (entries  gbserved above starting from B@ba-4,4-Z)s. The equilibrium
1-3), one concludes that indeed constanK' and the rate constakiScheme 7) are not dependent

on the structure of Z. Consequently, one finds
Kaa-ome ™ Kagn = Ky g
Kaame ™ Kagn > Kygoc > Kygopy
The P&(PPhy), concentration decreases when going frorsZ
OMe to Z = F because dba-4Z becomes an increasingly ~ The overall oxidative addition process follows a Hammett plot
better ligand (more electron deficient) for the electron-richkPd ~ With a negative slopep(= —1.3) (Figure 4b), as found for the
(PPhy), species. Only three substituents in the para position have precursor P#(dba-4,4-Z); (Figure 4a)8
been investigated here, although their electronic properties can
be considered distinct. A Hammett plot was nevertheless tested Conclusion
(Figure 4a). The kinetics of the overall oxidative addition obey
a Hammett plot with a negative slope+ —1.7). The reactivity
of the P& complex generated from Pgdba-4,4-CFs)3 associ-
ated with 2 or 4 equiv of PRhper Pd center could not be
investigated, because the oxidation peak d{PBh), was not
detected by cyclic voltammetry, due its overly low concentration
in its equilibrium with Pd(dba-4,4-CFs)(PPhy),.16
One also observes the following reactivity order (Table 2,
entries 1 and 4):

The ligand dbas,n’-Z plays a crucial role in the kinetics of
oxidative additions by controlling the concentration of the active
PA(PPR), via its equilibrium with Pé(dba-4,4-Z)(PPh),
(equilibrium constantKz). As a result, the more electron
donating the Z group, the higher tKe value and consequently
the faster the rate of the overall oxidative addition. The complex
Pd(dba-4,4-Z)(PPh), is more dissociated to P@PPh), when
Z is an electron-donating group, because the affinity of dba
substituted by an electron-donating group, for the electron-rich

4.4-OMe> 3.,3',4.4' 5,5-OMe PP(PPh), species, is less than that of dba substituted by an
electron-accepting group. It is then possible to increase the
This means that P(Hba-3,34,4,5,5-OMe)(PPh), is less reactivity of the palladium(0) complexes in the oxidative
dissociated to FgPPh), than Pd(dba-4,40OMe)(PPh),, which addition process by changing the dba structure (substitution by
could be explained by competing donating/withdrawing effects @n €lectron-donating group Z) of the catalytic precursor and
in the para and meta positions, in the case of the dba- also by using P¥(dba) instead of P#(dba). The increased
3,3,4,4,5,5-OMe ligand, for which the individual electronic ~ Catalytic activity observed by Fairlamb et'dwith Z = OMe

contributions cannot be easily deconstructed. in Suzuki-Miyaura reactions involving poorly reactive aryl
Role of dban,n’-Z in the Kinetics of the Oxidative chlorides is then rationalized by a faster oxidative addition step.

Addition of Phl with the Pd? Complexes Generated from . .

Pd°%dba-n,n'-Z), and PPhy in DMF. The P& complexes Experimental Section

ligated to dba-4,4Z (Z = Me, Br, Cl) were more stable when

isolated as PY{z-dba).'" The OX|d§1t|ve addition of Pl (2 mM) standard Schlenk techniques under an argon atmospheré!Phe
to Pd?(dba-4,4-7), (2 mM) associated to PRI{8 mM) (PPh/ NMR spectra were recorded on a Bruker spectrometer (101 MHz)
Pd = 4) was investigated as above in DMF at ZD. For the using HPQ, as an external reference; th NMR spectra were
same initial concentratioi€, of Pd(dba-4,4-Z)(PPhy),, the recorded on a Bruker spectrometer (235 MHz) with GF&@! an
amount of P(PPhy); is lower when starting from P¢Hba-4,4-
Z), than from P&,(dba-4,4-Z)3, due to the higher initial dba- (18) Despite the accelerating effect found for the Pd(0) complex generated
4,4-7Z concentration in the former precursdiof than in the from Pd(dba-4,4-Br), when compared to the case for %Ribap, no

; — competitive oxidative addition proceeded with the 4-bromobenzylidene
latter one Co/2). The ratio PPHPc = 4 was thus selected to ligand. Indeed, thé'P NMR spectrum of Pjdba-4,4-Br)(PPh). generated

facilitate the detection of PPPh), by amperometry at the  after addition of 2 PPhto Pd(dba-4,4-Br), in DMF or toluene displayed
rotating disk electrode. The mechanistic scheme is given in thﬁ t\;]vo dordblr?ts ofrF]“(idba-4,4—I?jr)(PI(Dhv,)zmvl\éi“tj?ou:IB ;:my addlitior;al sigéwals

_ ; ; ; which would have characterized an (ary PPh), complex formed in
.S’Che":e 7. The values of the half-reaction tintes, are g"’e”h the oxidative addition of the 4-bromobenzylidene ligand with the Pd(0)
in Table 2 (entries 59). As predicted above, we observe that compiex. Moreover, the free dba-4@r ligand was fully recovered by

the Pd complex generated from Rdba-4,4-H), (Table 2, entry chromatography after the NMR sample had decomposed (to give Pd black).

General Methods. All experiments were performed using
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external reference. Cyclic voltammetry and amperometry were = 4,4-F, 4,4-H, 4,4-MeO, 3,3,4,4,5,5-OMe) or 30umol (2 mM)
performed using an in-house-constructed potentiostat and a GSTP4f PdP(dban,n'-2), (n,n'-Z = 4,4-Me; 4,4-Br;, 4,4-Cl;, 4,4-H,
waveform generator (Radiometer Analytical). The current was 3,3,5,5-OMe) was then introduced into the cell followed by 15.7
recorded on a Nicolet 301 oscilloscope. mg (60xmol, 4 mM) or 31.4 mg (12@mol, 8 mM) of PPh. The

Chemicals.DMF was distilled from Cakland kept under argon.  cyclic voltammetry was performed at a stationary-gold-disk elec-
PPh and phenyl iodide were obtained from a commercial source trode (diameter 2 mm) at a scan rate of 0.5V. s

(Aldrich). The precursors Pgldban,n’-Z); (n,n'-Z = 4,4-F, 4,4- The kinetic measurements were performed at a rotating-gold-
H, 4,4-MeO, 3,3,4,4,5,5-OMe) and P&dban,n'-Z), (nn'-Z = disk electrode (diameter 2 mm, inserted into a Teflon holder, EDI
4,4-CF;, 4,4-Me, 4,4-Br, 4,4-Cl, 4,4-H, 3,3,5,5-OMe) were 65109, Radiometer) with an angular velocity of 105 rad s
synthesized according to published procedd?és. (Radiometer). The rotating electrode was polarized-@2 V on
General Procedure for 3P and °F NMR Experiments. To the plateau of the oxidation wave of ®EPh),. A 3.3 uL portion
0.75 mL of degassed DMF was introduced A®ol of Pd(dba- (30 umol, 2 mM) of phenyl iodide was then added to the cell and

n,n'-Z), or 6.5umol of P,(dban,n’-Z); followed by 6.8 mg (26 the decay of the oxidation current recorded versus time up to 100%
umol) of PPh. A 75 uL portion of degassed acetodgwas then conversion at 20C.
added for the lock.

General Procedure for the Cyclic Voltammetry and for the
Kinetics of the Oxidative Addition Followed by Amperometry.
Experiments were carried out in a three-electrode thermostated cell
connected to a Schlenk line. The reference was a saturated calome
electrode (Radiometer) separated from the solution by a bridge filled o
with 3 mL of a 0.3 MnBusNBF, solution in DMF. The counter
electrode was a platinum wire of ca. 1 tapparent surface area.
A 15 mL portion of DMF containinghBu;NBF, (0.3 M) was poured
into a cell. A 15umol portion (1 mM) of P&(dban,n’-Z); (n,n'-Z OM0510876
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