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ABSTRACT: Mononuclear Pd(I) species represent the least understood Pd intermediates in Pd-catalyzed reactions and isola-
ble complexes of the type are exceedingly rare. Herein, we report the synthesis and characterization of mononuclear Pd(I)
complexes bearing aryl ligands, namely [(IPr)Pd(Ar™ir-R-p)] (Ar™ir-R-p = 4-R-2,6-bis(2’,4’,6’-triisopropylphenyl)phenyl, R =
H, CF3), as well as their reactions with organic halides. The Pd(I) aryl complexes were prepared from the reactions of
[(IPr)PdClz]2 with the corresponding aryl lithium salts and have been characterized by various spectroscopic methods. EPR
spectroscopy and calculation studies suggest their Pd(I) nature. Reactivity studies using [(IPr)Pd(Ar™P-CFs-p)] as the repre-
sentative revealed the capability of the Pd(I) aryl complex in activating the carbon-halogen bonds of organic iodide and benzyl
halides. In the reactions with para-substituted benzyl bromides, C(aryl)-C(benzyl) cross-coupling products are formed in
moderate to good yields. Kinetic studies, radical trapping experiments, and theoretical calculations point out that the cross-
coupling products are likely formed from the sequential steps of stepwise oxidative addition reaction of Pd(I) aryl complex
with benzyl bromide involving Pd(II) intermediate followed by reductive elimination reactions of the resulting Pd(III) inter-

mediates.

INTRODUCTION

Pd(I) is the least understood oxidation-state for palla-
dium species.!-8 However, in recent years, Pd(I) species have
received increasing attention for their roles in Pd-catalyzed
organic transformations.®1? A number of dimeric Pd(I) com-
pounds have proved effective catalysts for cross-coupling
reactions.811-15 As a notable example, the Pd(I) dimer
[(PtBus)PdBr]2 can function as the reservoir of the highly re-
active 12-electron Pd(0) species and has been applied as
precatalysts for an array of C-C and C-N bond cross-coupling
reactions.®16 Mononuclear Pd(I) species are invoked as pu-
tative intermediates in Pd-catalyzed halogen-atom-transfer
reactions,'’-20  carbonylation reactions,?22  cross-cou-
plings,?3-28 as well as light-driven Pd-catalyzed reactions.?’-
31 In these catalytic reactions, single-electron redox reac-
tions between Pd(0) species and organic halides and light-
driven decomposition of Pd(II) species are proposed to
yield Pd(I) intermediates. The transient nature of these
mononuclear Pd(I) intermediates, however, prevents isola-
tion and detailed characterization.

So far, isolable mononuclear Pd(I) complexes are exceed-
ingly rare. Figure 1 lists the known examples. The P‘Bus-
supported two-coordinate Pd(I) complexes [Pd(PBus)2][X]
(I, X = CB11H12, PF6)3%33 reported independently by Chaplin’s

and Ozerov’s groups in 2016 were prepared by single-elec-
tron oxidation of the Pd(0) complex [Pd(P‘Bus)z] with fer-
rocenium or triphenylmethyl cation. In similar way, the two-
coordinate Pd(I) complexes with PAds and N-heterocyclic
carbene as supporting ligands [Pd(PAds)2][BArF4] (II, ArF =
3,5-(CF3)2C¢Hs3)34 and [Pd(IPr)2][PFe] (11, IPr = 1,3-bis(26’-
diisopropylphenyl)imidazole-2-ylidene)3> were prepared
by oxidizing the corresponding Pd(0) precursors. The reac-
tivity of the homoleptic Pd(I) complexes I-IIl remains poorly
understood. Ozerov’s study noted that [Pd(P‘Bus)z]* can co-
ordinate MeCN to form the T-shaped complex
[Pd(P‘Bus)2(NCMe)][CB11H12] (IV).33 Chaplin found that the
cation [Pd(P‘Bus)z]* can react with organic iodides to yield
the Pd(I) dimer [Pd(PtBus)(I)]2 and phosphonium salts.3¢
The heteroleptic Pd(I) complexes V reported by Mirica’s
group can be prepared by reducing Pd(II) species supported
by cyclic tetra- and tri-dentate ligands with Cp2Co or by lig-
and-exchange reaction between[Pd(P‘Bus):]* and the cyclic
ligands.3738 Among them, the Pd(I) complex featuring a tri-
dentate NS: ligand proved effective catalyst for the cross-
coupling reaction of aryl bromides with alkyl Grignard rea-
gents.38 A Pd(I)-Pd(III)-Pd(I) catalytic cycle was proposed
for this Pd(I)-catalyzed cross-coupling reaction. While,
based on the Covalent-Bond-Classification method,?® the
Pd(I) complexes I-V are unanimously the ones supported by
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Figure 1. Structurally well-defined mononuclear Pd(I) complexes.

L-type ligands, the Pd(I) amido complex
[(BINAP)Pd(NHAr™®)] (VI, BINAP = 2,2’-bis(diphe-
nylphosphino)-1,1’-binaphthalene, Ar™pr = 2,6-bis(2,4,6-
triisopropylphenyl)phenyl) is unique for the X-type amido
ligand.*® Complex VI was prepared from the reaction of the
Pd(II) complex (BINAP)PdCl: with two equiv. of LINHArp,
It is heat- and light-sensitive and can readily fragment into
Pd(0) species and aminyl radical at ambient conditions.*
Very recently, Gade and his coworkers reported the prepa-
ration of the mononuclear Pd(I) pincer VII by the reduction
of the corresponding Pd(II) chloride complex or by thermol-
ysis of the corresponding Pd(II) neopentyl complex.4! Under
high CO pressure (5 atm.), VII coordinates reversibly with
CO to form the Pd(I) carbonyl complex VIII that slowly re-
acts with di(tert-butyl) disulfide to give palladathioester. 4
The limited knowledge on mononuclear Pd(I) complexes,
particularly those bearing X-type ligands, urges further ex-
ploration on them. Herein, we wish to report the isolation
and characterization of the first mononuclear Pd(I) aryl
complexes [(IPr)Pd(Ar)], as well as their reactions with or-
ganic halides, which produce C-C cross-coupling products.

RESULTS AND DISCUSSION

Synthesis and Characterization of Pd(I) Aryl Com-
plexes. The Pd(I) aryl complexes [(IPr)Pd(Ar™P)] (1) and
[(IPr)Pd(ArTe-CF3-p)] (2, Ar™p-CFs-p = 2,6-bis(2/4’6'"
triisopropylphenyl)-4-trifluoromethylphenyl) were synthe-
sized from the reactions of [(IPr)PdCl:]. with the corre-
sponding aryl lithium salts Ar™PLi(OEtz) and p-CFs-
Ar™rLi(OEtz) (four equiv)) in Et20 (Figure 2a). These reac-
tions gave red mixtures. Further workup upon column chro-
matography separation led to the isolation of 1 and 2 as red
solids in moderate isolated yields (51% and 59%, respec-
tively) along with the arenes HAr™ (3-H) and HAr™r-CF3-p
(3-CF3) (73% and 69% isolated yields, respectively). Com-
plexes 1 and 2 have been characterized by 'H and °F NMR,
UV-vis absorption, EPR spectroscopies, as well as elemental
analysis. Their structures have been established by single-
crystal X-ray diffraction studies.

As shown in Figures S1 and 2b, 1 and 2 are two-coordi-
nate Pd(I) complexes featuring linear C(carbene)-Pd-
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C(aryl) core (180.0° for 1 and 179.2(1)° for 2). Irrespective
their different para-substituents on aryl ligands, 1 and 2
have the bond distances and angles around the C(carbene)-
Pd-C(aryl) cores very close to each other. The Pd-C(aryl)
bond distances in 1 and 2 are 2.066(4) and 2.055(7) A, re-
spectively, which locate on the long end of the Pd-C(aryl)
bonds of the reported palladium aryl complexes that are
mostly known for Pd(II) complexes.*?43 The distance of Pd-
C(carbene) bonds in 1 and 2 are 2.121(4) and 2.115(7) A,
respectively, which are longer than the Pd-C(carbene)
bonds in [(IPr)2Pd] (2.013 A) and [(IPr).Pd][PFs] (2.055(7)
A in average).3 The long Pd-C(carbene) bonds can be at-
tributed to the joint effect of the strong trans-influence of
aryl ligand and severe steric repulsion between IPr and the
bulky aryl ligands in the aryl complexes. Probably due to ste-
ric reason, the imidazole planes of the IPr ligands in 1 and 2
are not co-planar with the central arene planes of their aryl
ligands, but form dihedral angles around 41 degree. The di-
hedral angles are close to those in the homoleptic Pd NHC
complexes [(IPr):Pd][PFs] (46 degree) and [(IPr)2Pd] (39
degree).35

Complexes 1 and 2 are air-sensitive. Under a dinitrogen
atmosphere and at room temperature, their solids and THF
solutions, however, can be stored for months without no-
ticeable decomposition. In line with their mononuclear na-
ture, complexes 1 and 2 are paramagnetic. The 'H NMR
spectra of 1 and 2 measured on their CsDs solutions display
broad signals in the range 10 to -1 ppm. A heavily broadened
19F NMR signal with width-at-half-height reaching 125 Hz
appears at -74.7 ppm in the spectrum of 2. The EPR spectra
of 1 and 2 collected at 40K in toluene glasses show aniso-
tropic signals in companion with noticeable sextets arising
from hyperfine coupling to 1°Pd nucleus (I = 5/2, 22%
abundance) (Figures 2c and S11). Both spectra can be sim-
ulated as S = 1/2 systems with g1 = 1.97, g2 = 2.29 and g3 =
2.36 and large 1°5Pd hyperfine coupling constants (Aprd_1 =
880 MHz, Arda_2 = 820 MHz and Ardq_3 = 808 MHz for 1; Apa1 =
875 MHz, Apra2 = 798 MHz, and Apa 3 = 818 MHz for 2). The
g-values and 195Pd hyperfine coupling constants are in line
with those of the reported two-coordinate Pd(I) complexes
[Pd(PtBuz)2][X] (X = PFs, HCB11H11),3233
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Figure 2. Synthetic route to the Pd(I) aryl complexes and their structure and spectroscopic features. a) The reaction giving the Pd(I)
ary complexes [(IPr)Pd(Ar™r)](1) and [(IPr)Pd(p-CF3-ArTir)](2). b) Molecular structure of 2 showing 30% displacement ellipsoids
and the partial atom numbering scheme. Hydrogen atoms are omitted for clarity. Selected distances (A) and angles (deg): Pd1-C1
2.115(7), Pd1-C2 2.055(7), C1-Pd1-C2 179.2(1). c) EPR spectrum of 2 measured on its toluene glass at 40 K (black line) and the
simulation (red line) using the following parameters: g = (1.971, 2.292, 2.368) and Apa = (875, 798, 818 MHz). d) Spin density distri-
bution of 2 at its S = %% state. e) Frontier molecular orbitals of 2 at its S = % state. f) Calculated bond dissociation energy of the Pd-

C(aryl) bond in 2 (B3LYP/def2-TZVP).
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[Pd(PAds)2][BArF4],3* and [Pd(IPr)z][PFe] 35(Table S1), im-
plying the location of high spin-density on the Pd centers of
1 and 2. Accordingly, density functional theory (DFT) calcu-
lations on 2 at its § = 1/2 state indicated that 85% of the
unpaired spin resides on the Pd center (Figure 2d). Molecu-
lar orbital analysis identified an electronic configuration of
(4dxz+5p)?(4dyz)?(dxz-y2+5p)%(4dxy)?(4d22+55) for its Pd cen-
ter (Figure 2e), arguing for its Pd(I) nature. It is interesting
to note that, despite of the low-valent nature of the Pd(I)
complex, the orbital interactions between the Pd center and
its aryl and NHC ligands are essentially o-type in-character
(UNO 262). The bond dissociation energy of the Pd-C(aryl)
bond in 2 is estimated to be 77 kcal mol-! based on single-
point-energy calculations (Figure 2f), which is much higher
than that of the Pd-N(amido) bond in (BINAP)Pd(NHAr™ip)
(F in Figure 1, 51 kcal mol1)#° and accounts for the stability
of the Pd(I) aryl complex at ambient temperature.
Complexes 1 and 2 are likely formed via salt-elimination
reactions between the aryl lithium reagents and in-situ gen-
erated Pd(I) species, presumably [(IPr)PdCl]. (Figure 3a).
The Pd(I) chloride species could be generated by the single-
electron redox reaction between [(IPr)PdClz]z and the bulky
aryl lithium salts ArLi. As an indirect supporting evidence
for the formation of [(IPr)PdCl]z, which is known to be too
unstable to isolate,** the reaction of [(IPr)PdCl:]: with p-
CFs-Ar™ipLi(OEtz) (two equiv.) and Lil (two equiv.) in Etz0 is
found to produce the Pd(I) iodide dimer [(IPr)PdI]z and the
arene HAr™r-CFs3-p in high yields (Figure 3b). Furthermore,
treatment of [(IPr)PdI]. with two equiv. of p-CFs-
Ar™prLi(OEtz) can lead to the formation of [(IPr).Pd] and
HAr™ir-CF3-p as the major products along with the Pd(I)
complex 2 in trace amount (Figure 3c). The low yield of 2 in
the later trial as compared to that of the reaction of
[(IPr)PdCl2]2 with p-CFs3-Ar™Li(OEtz) (four equiv.) indi-
cates the halogen effect on the salt metathesis reactions.*>

a)
+ 2 ArLi(Et,0) L + 2 ArLi(E,0)

[(Pr)PdCll, - pr— pd'— pd' —pr ————
\_ -2Licl ¢’ -2LiCl
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I
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Figure 3. Proposed formation route for 1 and 2 and its support-
ing mechanistic evidence. a) Proposed formation route to 1 and
2.b) Reaction of [(IPr)PdCl]z with Lil and p-CF3-ArTrirLi(OEtz).
¢) Reaction of [(IPr)PdI]2 with p-CF3-ArTrirLi(OEtz).

Reactions of Pd(I) Aryl Complexes with Organic Hal-
ides. The presence of aryl ligands in the Pd(I) complexes 1
and 2 prompted studies on their reactions with organic hal-
ides, which might yield C-C cross-coupling products. Inves-
tigating the reactions of 2 with organic halides revealed that

cross-coupling products indeed can be formed in the reac-
tions with benzylic halides. The reaction of 2 with methyl 4-
(bromomethyl)benzoate takes place quickly at room tem-
perature. In 1 hour, complex 2 was fully consumed and the
C-C cross-coupling product 5-CH2C6H4COOMe was pro-
duced in 75% NMR yield, along with the m-terphenyl deriv-
ative bearing an iso-propenyl group 4, the dehalogenation
product p-MeCsH4COOMe, and benzyl radical coupling prod-
uct MeOOCCe¢H4+CH2CH2CcH4COOMe as the byproducts (Fig-
ure 4a). The cross-coupling product 5-CH2CsH4COOMe has
been characterized by NMR spectroscopies, high-resolution
mass spectroscopy, and single-crystal X-ray diffraction
study (Figure S21). In addition to these organic products,
palladium black and Pd(II) bromide were observed as the
resultant Pd-containing products (Figures 4b and S22).
Complex 2 is also reactive toward methyl 4-iodo-butanate,
wherein the NMR yield of the cross-coupling product 5-
CH2CH:CH2COOMe is merely 13% and that of the m-ter-
phenyl derivative 4 reaches 76% (Figure 4a). Different from
the reaction with the benzyl bromide, significant amount of
black solid was produced in the reaction with the alkyl io-
dide. Further analysis indicated that it contains mainly the
imidazolium salt [HPr]l and palladium black (Figures 4b
and S26). Intriguingly, complex 2 can even react with the
aryl iodide 3,5-dimethylphenyl iodide though with de-
creased rate. In this reaction, the m-terphenyl derivative 4
(94% NMR yield) and 1,3-dimethylbenzene (62% GC yield)
were the major products and no cross-coupling product was
detected (Figure 4a). Along with these organic products, the
Pd(I) iodide dimer [(IPr)PdI] and Pd(II) iodide dimer
[(IPr)PdI:]2 were identified as the major palladium-contain-
ing products (Figures 4b and S16). On the other hand, com-
plex 2 is found inert toward 1-octyl bromide, cyclohexyl bro-
mide, and phenyl bromide.

The product pattern of the aforementioned reactions im-
plies that single-electron redox reactions between the Pd(I)
aryl complex and these organic halides might have occurred.
It can be proposed that the single-electron transfer reac-
tions between 2 and the organic halides R-X might form the
Pd(II) species (IPr)Pd(Ar™®-CFs-p)(X) (A) and the organic
radical R* (Figure 4c). The relatively long lifetimes of alkyl
and benzylic radicals as compared to aryl radicals might al-
low them to combine with intermediate A, yielding the
Pd(III) species (IPr)Pd(Ar™Pr-CF3-p)(X)(R) (B). Further re-
ductive elimination reactions from B can yield the cross-
coupling products R-Ar™-CF3-p (5-R) and the Pd(I) species
(IPr)PdX. Proposals on radical combination with Pd(II) spe-
cies to form Pd(III) species and C-X bond-forming reductive
elimination from Pd(III) species have been known.#6-50
There is also report on C-X bond-forming reductive elimina-
tion from isolable mononuclear Pd(III) species.>! Alterna-
tively, B might undergo Pd-C(aryl) bond homolysis reaction
to form the aryl radical [p-CF3-Ar™P]* and the Pd(II) species
(IPr)Pd(R)(X).#850 The aryl radical can then transform into
3-CF3 and 4 upon hydrogen-atom abstraction reactions.
When R is an alkyl group containing pS-hydrogen,
(IPr)Pd(R)(I) might undergo S-hydride elimination to yield
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Figure 4. Reactions of the Pd(I) aryl complex 2 with organic halides and their proposed mechanisms. a) Reactions of 2 with organic
bromides and iodides. b) Pd-containing complexes formed in the reactions of 2 with the organic halides. c) Proposed reaction path-

ways for the reactions of 2 with the organic halides.

(IPr)Pd(H)(I) and alkene. The decomposition of
(IPr)Pd(H)(I) could form [HPr]I and palladium black (Fig-
ure 4c).52 As to the reaction with 3,5-dimethylphenyl iodide,
the resulting aryl radical [3,5-Me2CeHs]* is highly reactive

and might quickly perform hydrogen-atom-abstraction re-
action with the benzylic C-H bonds of the Trip groups on A,
giving 1,3-dimethylbenzene and the Pd(II) aryl intermedi-
ate C that could decompose into 3-CF3 and 4. Indeed, our
studies showed that the Pd(II) aryl species [(IPr)Pd(ArTrir-
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CF3-p)]**, which was generated by single-electron-oxidation
of 2 with AgBFj, is unstable at ambient temperature and can
convert into a complex mixture containing 3-CFs and 4
(Figures S39 and S40). The high lability of low-coordinate
Pd(1I) hydrocarbyl species with NHC ligation has been well
documented in literature.>3-5> The aryl homo-coupling
product bis(3,5-dimethylphenyl) might come from the in-
teraction of in-situ formed Pd(0) species with 3,5-dime-
thylphenyl iodide.

The good yield of the cross-coupling product in the reac-
tion with the benzyl bromide promoted further experi-
mental and theoretical studies on its mechanism, which
support the involvement of radical process in the reaction.
Examining the rates of the reactions of 2 with a series of
para-substituted benzyl bromides (30 equiv.) in THF re-
vealed that the incorporation of electron-donating or elec-
tron-withdrawing substituent on the para-position of ben-
zyl bromides can accelerate the consumption of 2 (Table S3).
Thus, plotting log(kx/ku) versus op 56 gave a nonlinear plot
(Figure S36). However, when taking both polar substituent

and spin-delocalization constant parameters into consider-
ation, the multiple linear regression for the dual-parameter
equation for radical reactions [log(kx/ks) = pmbOmb + py°oy°
+ C] using Jiang’s omb and oy *scales can give good linear cor-
relation (Figure 5a).57 The value of |pmb/py°| equals 1.36,
emphasizing the significance of both polar and spin-delocal-
izing effects. 57 Dual parameter correlation analysis has been
successfully applied for the kinetic data of a bromo-abstrac-
tion reaction by a nucleophilic silyl radical, 58 the aziridation
reaction of iron imido species with substituted styrenes,5°
and the cyclopropanation reaction of an iron ylide complex
with styrenes.®® Furthermore, controlled experiment
showed that in the presence of the radical quencher 2,2,6,6-
tetramethylpiperidine-1-oxyl (TEMPO) the reaction of 2
with methyl 4-(bromomethyl)benzoate does not produce
the cross-coupling product 5-CH2C¢H4COOMe, but yields
the coupling product of the benzylic radical with TEMPO, 6
(Figure 5b). The adduct of benzylic radical with 5,5-dime-
thyl-1-pyrroline N-oxide (DMPO), 7, was also detected by
EPR in the reaction of 2 with methyl 4-(bromomethyl)ben-
zoate and DMPO (Figure 5c).
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2 + . >O< /@/\0
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Figure 5. Mechanistic studies on the reactions of 2 with benzylic halides. a) Linear correlation of log(kx/ku) vs 0.600mb + 0.440j; for
the reactions of 2 and para-substituted benzyl bromides in THF-ds at -30 °C. omband oy are Jiang’s substituent constants. b) Radical
trapping experiment of 2 with methyl 4-(bromomethyl)benzoate in the presence of 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO).
¢) Radical trapping experiment of 2 with methyl 4-(bromomethyl)benzoate in the presence of 5,5-dimethyl-1-pyrroline N-oxide
(DMPO). d) DFT calculated reaction profile of the C-C cross-coupling reaction of 2 with methyl 4-(bromomethyl)benzoate.
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DFT studies on the reaction profile of the cross-coupling
reaction of 2 with methyl 4-(bromomethyl)benzoate sug-
gest that the reaction should start in an inner-sphere single-
electron transfer process and that reductive elimination re-
action from Pd(III) intermediates should be responsible for
the C-C bond formation step (Figure 5d). The calculation at
the BP86/TZVP level of theory indicates that the single-elec-
tron-transfer step that generates a Pd(II) bromide species
(IPr)Pd(Br)(Ar™r-CF3-p) and the benzylic radical
*CH2C6H4COOMe is nearly thermal neutral as indicated by
the small change of Gibbs free energy of 2.8 kcal/mol (Fig-
ure 5d). The coordination of the benzylic radical to the
Pd(II) intermediate forms a Pd(III) intermediate
(IPr)Pd(Br)(Ar™r-CF3-p)(CH2CcH4COOMe) (F) that lies
above the reactant E in energy by about 10.3 kcal/mol. No-
tably, due to the steric demanding nature of IPr and the m-
terphenyl ligand, the palladium centers in the intermediates
E and F are found to adapt T-shape and see-saw geometries,
respectively, wherein their C(carbene)-Pd-C(aryl) align-
ments are nearly linear. The C-C bond forming reductive
elimination reaction from F yields the cross-coupling prod-
uct and Pd(I) species (IPr)PdBr. This step with a substantial
change of Gibbs free energy reaching -47.1 kcal/mol is
highly exothermic, resulting in an energy gain of 34
kcal/mol for the full conversion from 2 and methyl 4-(bro-
momethyl)benzoate to the adduct of the cross-coupling
product and (IPr)PdBr (G). Among the transition-states
throughout the path, the one of the reductive elimination
step, TSe-r, that is 23.9 kcal/mol higher in energy than that
of the initial starting materials, is the highest one in energy.
The calculated low barrier is consistent with the observa-
tion that the cross-coupling reaction can readily take place
atroom temperature.

It is worth mentioning that Mirica and Chaplin had inde-
pendently studied the reactions of [Pd(P‘Bus)2]* with aryl
iodide and proposed the formation of Pd(III) intermediates
via concerted oxidative addition reactions in their sys-
tems.3638 Qur calculation studies on a concerted oxidation
addition pathway between 2 and the benzyl bromide, how-
ever, failed in locating its transition state probably due to
high steric congestion. The mechanistic difference can be as-
cribed to the different steric and redox properties of the Pd(I)
species and the organic halides. Cyclic voltammetry study
on 2 indicates the redox event of 21/ has the half-wave po-
tential E1/2 = -1.30 V (versus standard calomel electrode
(SCE)), which is much lower than that of [Pd(P‘Bus)z]%/1*
(E1/2 = 0.0 V vs SCE),*3 and the redox process of 29/1* with
the potential of the oxidation peak Ep = 0.66 V is irreversible
(Figure S9). These potentials hint that the Pd(I) aryl species
2 is more reducing than [Pd(P‘Bus)z]*. On the other hand,
the benzylic bromide is more oxidizing than aryl iodide.
These two factors, in addition with sever steric hindrance
around the Pd(I) center in 2 caused by its bulky NHC and
aryl ligands, could thus lead to the preference of a stepwise
oxidative addition mechanism.

CONCLUSION

The synthesis and characterization of mononuclear Pd(I)
aryl complexes as well as their reactions with organic hal-
ides have been studied. The reactions of [(IPr)PdClz]. with
the m-terphenyl lithium salts LiAr™P-R-p in Et20 are found
to yield the two-coordinate Pd(I) aryl complexes

[(IPr)Pd(ArT™r-R-p)] (R = H, CF3) in moderate yields. These
Pd(I) aryl complexes are the rare examples of isolable mon-
onuclear Pd(I) complexes featuring X-type co-ligands. Reac-
tivity studies on their reactions with organic halides dis-
closed their ability in mediating C(aryl)-I, C(alkyl)-I, and
C(benzyl)-Br bond cleavage, among which the reactions
with para-substituted benzyl bromides yield cross-coupling
products ArCHz-Ar™r-CF3-p in moderate yields. Mechanis-
tic studies by kinetic experiments, radical trapping reac-
tions, as well as theoretic studies have collectively revealed
a stepwise oxidative addition-concerted reductive elimina-
tion pathway for these cross-coupling reactions.
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