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Organopalladium ArPdL;l (L = tertiary phosphine) complexes (1) can be synthesized in
one step from the precursors Pd,(dba)s:CsHs (2) (dba = t,t-dibenzylideneacetone) and (-
allyl)PdCp (3) (Cp = n®-cyclopentadienide). Two advantages over previous synthetic methods
are that this route requires only stoichiometric amounts of phosphine and that the desired
complexes are easily isolated from reaction byproducts. The scope and generality of these
reactions are investigated, and the synthesis of a number of new organic- and water-soluble
complexes utilizing this methodology is discussed. Improved syntheses of water-soluble
ligands P(CgHs)2(4-SO3KCgsH4) (5) and As(CeHs)2(4-SO3KCsH,) (6) are presented as well.

Introduction

Organopalladium complexes ArPdL,X (L = tertiary
phosphine, X = halide or sulfonate) play central roles
as catalytic intermediates in a broad spectrum of cross-
coupling reactions.! These complexes provide an at-
tractive entry point into Pd-mediated cross-couplings,
due to both enhanced catalytic activity relative to
zerovalent PdL,, complexes? and ease of handling. Un-
like zerovalent PdL, compounds, ArPdL,X species are
stable in air for hours to days, depending on the specific
complex. A renewed interest in the stoichiometric
reactivity of ArPdL,X compounds has arisen following
the discovery that aryl moieties bound to the phospho-
rus atoms can interchange readily with the aryl group
bound to the palladium center (eq 1).2 This revelation

A,——1'> Ar, 'Ar—PAr,
’Ar—PId—X Ar—PId— X [@))
PArs; PAr;

has potentially dramatic consequences for the synthesis
of small molecules and polymers?* utilizing palladium-
mediated cross-couplings. Several recent investigations
have attributed the formation of phosphine-derived
byproducts in palladium-mediated cross-coupling reac-
tions to this aryl—aryl interchange.> Furthermore, our
own work suggests that incorporation of phosphine
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ligands into cross-coupling polymerizations can result
not only in production of monofunctional aryl endcaps
but also produce branched network structures by inad-
vertent generation of multifunctional phosphine mono-
mers.® Given this wide range of potential consequences,
a more detailed understanding of the aryl interchange
process would be useful.

(2) Whether or not a uniform scale for ranking the catalytic efficiency
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In this paper, we describe highly general, flexible, and
functional-group-tolerant methods for synthesizing
ArPdL;I complexes (1). Such methods are necessary for
synthesizing the variety of compounds required for
substituent-effect studies of the aryl—aryl interchange
and mechanistic investigations of Suzuki aryl cross-
coupling reactions in aqueous media.” We report that
the direct synthesis of ArPdL.l complexes using Pd,-
(dba)s-CsHs (2) (dba = t,t-dibenzylideneacetone) and (i73-
allyl)PdCp (3) (Cp = n®-cyclopentadienide) as precursors
provides high yields of the desired complexes from
stoichiometric mixtures of the precursors, aryl iodides,
and phosphines within minutes at room temperature.
By employment of stoichiometric amounts of reagents,
these routes minimize or eliminate the need for tedious
and often intractable purification problems that can
arise in traditional synthetic routes. Since these pre-
cursors are generic and tolerant of functional groups,
ArPdL;l complexes derivatized with nearly any combi-
nation of aryl moieties and substituted phosphines may
be synthesized in one step. Finally, we demonstrate
that 2 is a useful precursor for synthesizing water-
soluble ArPdLl complexes in high yields. We note that
the methods presented here may represent a convenient
method for synthesizing chiral complexes,® since only
stoichiometric amounts of potentially expensive phos-
phines are required.

Results and Discussion

Synthetic Methodology. Given the specific impor-
tance of ArPd[P(Ce¢H5s)s]21 complexes, there are surpris-
ingly few reports of synthetic alternatives to the tradi-
tional route involving oxidative addition of an aryl iodide
to zerovalent Pd[P(Cg¢Hs)s]4° (eq 2). One such alterna-

Pd[P(C¢Hs)3l4 —>
Arl

ArPd[P(C¢Hs)slsl  + 2 P(CgHs)s ()

tive involves the use of strong reducing agents (eq 3) to

PdL,X, —>  'Pd°Ly —>  ArPdL,X 3)
2RLi ArX

form the desired complexes.l® Boersma et al.ll have
synthesized (CgHs)Pd)tmeda)l (tmeda = N,N,N’,N'-
tetramethylethylenediamine) and reported it to be a
useful precursor to bis(triphenylphosphine) species via
ligand exchange reactions (eq 4). Treatment of the
tmeda complex with 2 equiv of P(CgHs)s provided a 90%
yield of (Ce¢Hs)Pd[(P(CesHs)a]2l.
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tmeda

(tmeda)Pd] — > PhPdL,I )
[ 2L

In the course of mechanistic investigations on pal-
ladium complexes, several researchers have used aryl
iodides or electron-poor olefins to trap transient zerova-
lent “Pd(L),” species.’?2 The similarity of this technique
to the reports of Ishii et al., who noted that Pd,(dba)s--
solvent (solvent = CgHg (2) or CHCI3) complexes un-
dergo a variety of ligand exchange and formal oxidative
addition reactions!® prompted us to consider 2 as a
direct precursor. Given the lability of 2 and the rapid
oxidative addition of aryl iodides to zerovalent pal-
ladium at room temperature,’* a one-step, direct syn-
thesis of ArPdL,l complexes from 2 seemed feasible (eq
5). Indeed, studies presented in this paper show that

RN

1/2 Pdy(dba)s*C¢Hg + 2L + I —

(2)
ArPdL,lI + 3/2dba  (5)

addition of a stoichiometric mixture of an aryl iodide
and triarylphosphine to a solution of 2 gives a nearly
guantitative yield of the desired ArPdL,l complex in ca.
5—10 min at room temperature. Since our first pre-
liminary disclosure on the use of this methodology,2"
other researchers have used 2 as a precursor into
ArPdL;l (L = triphenylarsine) complexes!® and (ArP-
dLBr), (L = bulky phosphine) complexes.16b

A second one-step procedure was developed using (-
allyl)PdCp (3) as a precursor (eq 6). Shaw has shown

a RY
<—Pd© + 2L + @—I — ArPdL,I (6)
3

that 3 rapidly generates Pd[P(CgsHs)3]4 in the presence
of excess P(CgHs)3.17 Upon addition of a stoichiometric
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Yamamoto, A. Bull. Chem. Soc. Jpn. 1981, 54, 1868. (b) Loar, M. K;;
Stille, J. K. J. Am. Chem. Soc. 1981, 103, 4174. (c) Ozawa, F;
Kurihara, K.; Yamamoto, T.; Yamamoto, A. Bull. Chem. Soc. Jpn. 1985,
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metallics 1992, 11, 2212. (h) Grushin, V. V.; Alper, H. Organometallics
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Table 1. Synthesis of Organic-Soluble ArPdL,;l

Complexes
X
=Y ;3? =Y
20r3 + 2 X@P + 1 \ / _— I~Pd—®

1
3 P
o
X 1

% yield % yield

complex X Y from 2 from 3
la H 4-OCH3 90
1b H 4-CH3 87
1c H 4-F 95
1d H 4-NO; 89 94
le H 4-CF3 86 89
1f H 2-CH3 95
1g H 2-OCH3 99
1h OCH3 H 95
1i OCH3 4-CH3 97
1j OCH3; 4-F 98
1k OCH3 4-CF3 94
11 CHs H 85
im CHs 4-OCHjs 87
in CHs 4-F 93
1o CH3 4-CF3 53
1p F H 91
1q F 4-OCHjs 89
1r F 4-CH3 78
1s F 4-CF3 90
1t CF3 H 35
lu CF3 4-OCH3 73 77
v CF3 4-CH3 56
1w CF3 4-F 80
1x CF3 Fs 20

mixture of an aryl iodide and triphenylphosphine, 3 also
gives a nearly quantitative yield of the desired ArPdL.lI
complex at room temperature. Recently, Yamamoto and
co-workers were able to synthesize ArPdL,l complexes
by oxidatively adding quaternary phosphonium salts to
Pd(methyl acrylate)(PMePh,), providing another viable
route to these compounds as well as some interesting
insights into the mechanism of the aryl—aryl exchange
reaction.’? However, the methodology from precursors
2 and 3 does have the important advantage of allowing
the single-step synthesis of a number of different
compounds containing a variety of ligands from a single
palladium starting material.

Scope of Methodology. Representative syntheses
of several ArPdLzl complexes (1) were carried out using
both precursors; the results are summarized in Tables
1-3. In most cases (Table 1), complex 3 was the
preferred precursor as only volatile byproducts are
formed in the reaction, thus simplifying the purification
of the desired products. However, 3 was found to be
unreactive toward arsine-based ligands and was seen
to decompose rapidly in the presence of water-solubi-
lizing sulfonated phosphines. Consequently, for the
synthesis of water-soluble complexes (Table 3), oxidative
addition to precursor 2 was the preferred route.

Table 2 further illustrates the scope and generality
of these procedures. Although the chelating 1,3-bis-
(diphenylphosphino)propane ligand promoted the reac-
tion in the normal manner, 1,2-bis(diphenylphosphino)-
benzene failed to produce the target complex, presumably
because of sterics (vide infra). The bulky, electron-poor
perfluorotriphenylphosphine ligand also failed to yield
identifiable complexes in the presence of either precur-
sor. However, when tris(4-(trifluoromethyl)phenyl)-
phosphine was used as a ligand, the reactions proceeded

Wallow et al.

Table 2. Synthesis of ArPdL,l Complexes: Scope
and Limitations

Complex Ligand Aryl Halide % Yield from 2 % Yield from 3

1y EtPPh, OCH3 -- 90

OCH3 - 92

OCH; - 0

r

OCH, 0 0

2
2 9

1
a
9]
w
]
4
El
o

OCH; 0 0

P&
P9

oCH; 0 0

&
SIe

OCHy 0 0

.
©

as normal. When an aryl bromide was used in place of
an aryl iodide, the result was a complex mixture of
products from which the desired complex could not be
isolated. Steric bulk on the phosphine ligands also had
an adverse effect on the reactions, although ortho
substituents on the aryl iodide appeared not to affect
product formation. Hartwig has recently developed
syntheses of several dimeric arylpalladium halide com-
pounds with bulky phosphine ligands from a Pd°L,
precursor.1® Researchers in his group also attempted
to synthesize the bromide complexes directly from 2 but
similarly had difficulties in isolating pure complexes in
appreciable yields.1®® The authors suggested that this
might be due to dibenzylideneacetone insertions and
subsequent S-hydrogen eliminations resulting in the
formation of HBr. Running these reactions in the
presence of triethylamine did produce pure complexes,
but the yields were still no higher than those obtained
from the Pd°L, precursor.16b

Complexes la—f have been synthesized previously
(see Experimental Section); these are highly crystalline
materials which can be readily purified from byproducts
such as excess phosphines or dibenzylideneacetone.
Thus, the methods developed here do not provide any
special advantages over the known preparation of these
compounds from Pd[P(Ce¢Hs)s]ls. For organic-soluble
complexes 1h—z, however, the analogous PdL, species
are not known or are not readily accessible, due largely
to the expense or the nontrivial syntheses of the ligands.
As a result, the preparation of these new compounds is
made possible specifically by the methods described
above. Preliminary studies on the aqueous systems
showed the syntheses of complexes 1laa—ee via analo-
gous water-soluble PdLz precursors’ to be unsatisfac-
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Table 3. Synthesis of Water-Soluble ArPdL;l Complexes

L

N )1+ 2L Z@—P:d—l
1 eq. (Pd) L
DMF, RT 1
% yield % yield
complex z ligand from 2 from 3
laa —3-CO2CH3 P[(CsHs)3]2(3-SO3NaCsHa) (4) 94a 0
1bb —4-CO,CH3 P[(CeHs)3]2(4-SO3KCgHa) (5) 952
1cc *4-C02CH3 AS[(C5H5)3]2(4-SO3KCGH4) (6) 842
1dd —4-NO, 5 99
lee —4-CF3 5 99
a Crude yield.

tory; the reactions went to completion, but as the
solubilities of the products matched those of the liber-
ated phosphines, purification of the complexes proved
to be difficult. Consequently, the stoichiometric proce-
dures presented in this paper provide a notable im-
provement in the synthesis of these compounds as well.

Water soluble compound laa appears to be noncrys-
talline, and the removal of trapped solvents has proven
to be difficult. In order to overcome this problem, we
prepared more symmetric analogs. Substitution of
highly crystalline phosphine 5 in place of phosphine 4
and use of methyl 4-iodobenzoate as an aryl iodide
instead of the corresponding 3-isomer produced crystal-
line complex 1bb, which could be obtained in analytical
purity. Arsine complex 1cc and phosphine complexes
1dd,ee were prepared in the same manner. lronically,
neither 1bb nor 1cc is stable in unbuffered water for
more than approximately 30 min at room temperature,
due to apparent ester hydrolysis and subsequent acid-
promoted decomposition. Solutions prepared in aqueous
bicarbonate solution or methanol are stable for several
hours at room temperature and for days when stored
at —20 °C. Both complexes 1dd,ee are water stable.
However, they are potent surfactants and are best
prepared as stock solutions in aqueous mixtures with
alcohols or acetone to suppress foaming.

Synthesis of P(CeHs)2(4-SO3KCeH4) (5) and
As(CsH5s)2(4-SO3KCgH4) (6). The meta-substituted
monosulfonated triphenylphosphine P(CgHs)2(3-SOs-
NaCgH4) (4) has been used extensively as a supporting
ligand for water-soluble transition-metal complexes.'®
Its para-isomer, 5, offers several advantages over 4,
including improved crystallinity of both the ligand and
its metal complexes, simplified spectroscopic character-
istics, and convenience of preparation and purification.
The analogous para-substituted monosulfonated triph-
enylarsine 6 is also easily prepared; its corresponding
meta-isomer has not been described previously. Both
5 and 6 have been known for some time; however, they
have not found use until very recently,!® since classical
preparations have yielded both ligands only as byprod-
ucts formed under forcing conditions.2°

Ligands 5 and 6 can be produced under mild condi-
tions and in good yields by reaction of potassium
4-fluorobenzenesulfonate with potassium diphenylphos-
phide or -arsenide, respectively. Reaction yields are
highly dependent on both the choice of solvent and the

(18) For reviews, see: (a) Kalck, P.; Monteil, F. Adv. Organomet.
Chem. 1992, 34, 219. (b) Herrmann, W. A.; Kohlpaintner, C. W.
Angew. Chem., Int. Ed. Engl. 1993, 32, 1524. (c) Li, C.-J. Chem. Rev.
1993, 93, 2023.

preparative routes used to generate potassium diphe-
nylphosphide and -arsenide. The most effective syn-
thesis of 5 employs chlorodiphenylphosphine in THF as
shown in eq 7, while 6 is more readily prepared from

<@PC1 K0354©— P (7
2 1. 2 K°/THF @
2. KOgS—Q—F

3. Reflux 4-6 h.

1
<®>m KOgSOAS ®)
3 I. 2 K%DME @
12

2. HO;S@F ,-78 °C

3. Reflux 3-5 h.

triphenylarsine in DME (eq 8). Negligible yields are
obtained via the reduction of either P(C¢Hs)s or As-
(CeHs)s in THF or diethyl ether. THF displays poor
stability in the presence of extremely reactive anions
such as phenylpotassium at room temperature,?! while
diethyl ether is too nonpolar to facilitate reduction of
the phosphine and arsine. Synthesis of 5 from P(CgH5s)3
in analogy to eq 7 proceeds in only 28% yield. This poor
yield appears to result from reaction of the phosphide
anion with DME. Anhydrous 4-fluorobenzenesulfonic
acid was found to be a convenient source of protons for
selectively quenching phenylpotassium in the prepara-
tion of 6.

Recrystallization from water affords analytically pure
5and 6 in 66% and 62% yields, respectively. Phosphine
5 forms a stable hydrate, while the arsine crystallizes
without associated water. This difference is reflected

(19) A modern synthesis of 5 has been developed recently using a
nucleophilic aromatic substitution similar to the method presented
here. See: (a) Herd, O.; Langhans, K. P.; Stelzer, O.; Weferling, N.;
Sheldrick, W. S. Angew. Chem., Int. Ed. Engl. 1993, 32, 1058. (b) Herd,
O.; Hessler, A.; Langhans, K.; Stelzer, O. J. Organomet. Chem. 1994,
475, 99. Instead of employing reducing metals, the authors generate
potassium diphenylphosphide in KOH/DMSO by deprotonation of
diphenylphosphine, an approach which has been used previously for
the alkylation of primary and secondary phosphines. See: (c) Tsvetkov,
E. N.; Bondarenko, N. A.; Malakhova, I. G.; Kabachnik, M. I. Synthesis
1986, 198 and references therein. On balance, the two methods appear
to be similar in terms of synthetic ease and reaction yield.

(20) (a) Schindlbauer, H. Monatsh. Chem. 1965, 96, 2051. (b)
Schindlbauer, H.; Lass, H. Monatsh. Chem. 1968, 99, 2460.

(21) See: Maercker, A. Angew. Chem., Int. Ed. Engl. 1987, 26, 972
and references therein.
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in their respective palladium complexes: lyophilization
yields arsine complex 1cc as a completely anhydrous
powder, whereas small amounts of water are very
difficult to remove even from lyophilized samples of
phosphine complexes 1bb,dd,ee.

Conclusion

To summarize, the precursors Pd,(dba)s-CsHs (2) (dba
= t,t-dibenzylideneacetone) and (y3-allyl)PdCp (3) (Cp
= p5-cyclopentadienide) provide a convenient route into
ArPdL;l complexes. This methodology is tolerant of a
variety of functional groups, although it does not appear
to be a good method for the synthesis of the analogous
bromides or for complexes with sterically bulky or
extremely electron-poor phosphines. From these pre-
cursors, we have successfully synthesized a number of
organic and water soluble complexes for mechanistic
studies of the aryl—aryl exchange reaction and of Suzuki
coupling reactions in aqueous media. These investiga-
tions will be discussed in further disclosures.

Experimental Section

General Methods. Schlenk-line or drybox (Vacuum At-
mospheres Inc. HE-43-2 drybox equipped with a HE 493 Dry
Train; maintained under positive argon pressure) techniques
were used for all manipulations. *H NMR spectra were
acquired at 300, 400, or 500 MHz using Bruker AM-series and
AMX-series spectrometers; proton-decoupled 3C, '°F, and 3P
spectra were obtained at corresponding frequencies. 'H and
13C chemical shifts are reported relative to tetramethylsilane,
3P chemical shifts are reported relative to 85% phosphoric
acid, and °F chemical shifts are reported relative to fluoroben-
zene (0 = —113.1). THF, DME, diethyl ether, hexanes, and
toluene were purified by distillation from sodium/benzophe-
none and used immediately. DMF was dried over 4 A
molecular sieves, filtered, and vacuum distilled prior to use.
Water and alcohols were deoxygenated by prolonged sparging
with an argon stream. Aryl halides were obtained from
Aldrich and sublimed or distilled prior to use. Organic soluble
phosphines except phenyldi-o-tolylphosphine were used as
received from Strem Chemicals. Phenyldi-o-tolylphosphine
was prepared from a literature procedure.?> Mass spectra were
performed by the U.C. Berkeley Mass Spectrometry Labora-
tory. Analytical data were obtained by the elemental analysis
facilities at the University of California at Berkeley and the
University of Massachusetts at Amherst.

Palladium Complex Synthesis. Complexes 2% and 3%
were synthesized by standard methods. Caution! Complex 3
is a modestly air-stable, highly volatile organometallic. While
we are unaware of documented health risks associated with 3
in particular, volatile transition metal complexes, specifically
those of the nickel triad, can be quite toxic. Complex 3 has a
painful, piercingly noxious odor and should be handled ac-
cordingly. 'H, '°F, and 3'P NMR characterization of complexes
la—ee was quite straightforward. *C NMR spectra were
complicated by multiple couplings and 3C—3'P virtual cou-
pling.?* In combination with the limited solubility of complexes
la—ee, these effects hampered the detection of weak, multiply
split, or overlapping resonances. As a result, complete 13C
NMR spectral assignments were not possible in many cases.
Partial tabulations are included, where appropriate. Com-
plexes la—ee are not particularly robust and decompose
thermally over the course of hours (for complexes made from
electron-donating aryl iodides) to several weeks (for complexes
made from electron-withdrawing aryl iodides) at room tem-

(22) Bennett, M. A.; Longstaff, P. A. J. Am. Chem. Soc. 1969, 91,
6266

(2:§) Tatsuno, Y.; Yoshida, T.; Otsuka, S. Inorg. Synth. 1990, 28, 342.

Wallow et al.

perature even when stored under argon. Consequently, care
should be taken to prechill solvents used in the preparation
of these materials, and the exposure of the complexes to
ambient temperatures should be limited as much as possible.
They are, however, indefinitely stable when stored under argon
at —30 °C.

Ligand Synthesis. Meta-substituted phosphine 4 was
synthesized according to the literature procedure.?® Chlo-
rodiphenylphosphine was obtained commercially, stored in a
drybox, and used without further purification. Tripheny-
larsene was sublimed before use. Metallic potassium was
stripped of hydroxides and freshly cut in a drybox. Anhydrous
4-fluorobenzenesulfonic acid was obtained by stripping water
from the crystalline hydrate at 50 °C in vacuo, followed by
two Kugelrohr distillations. The anhydrous acid is an in-
tensely hygroscopic colorless liquid and must be handled with
complete exclusion of moisture. A 0.373 M stock solution was
prepared in toluene and stored at —20 °C in a Teflon stopcock
equipped Schlenk tube. Potassium 4-fluorobenzenesulfonate
was prepared by titrating an aqueous solution of the acid with
potassium bicarbonate, followed by recrystallization from
water. The resulting crystals were rinsed with cold water,
dried in vacuo at 80 °C for several hours, then ground into a
fine powder, and once again dried in vacuo at 80 °C overnight.

Preparation of Organic-Soluble Pd Complexes la—z.
General Procedure from Precursor 2. THF solutions of
2(92.0 mg, 0.0926 mmol), aryl iodide (0.185 mmol), and ligand
(0.370 mmol) were chilled to —30 °C and then combined in a
20 mL scintillation vial equipped with a stirbar. The reaction
was allowed to stir at room temperature until the deep violet
color faded to a bright yellow (generally 5—15 min), after which
the solvent was then removed with a rotary evaporator leaving
ayellow solid mass. This was dissolved in a minimum amount
of cold toluene (prechilled to —30 °C) and filtered onto a plug
of silica in a pipette with cold toluene as eluent. The product
eluted with the solvent front as a pale yellow band leaving
behind dibenzylideneacetone as an intense yellow band. The
solution was filtered through a 0.2 um PTFE membrane and
then concentrated, layered with hexanes (2—4 volumes), and
chilled to —30 °C overnight. The resulting crystals were
collected via filtration and dried in vacuo or by lyophilization
from benzene.

General Procedure from Precursor 3. THF solutions
(1 mL) of 3 (39.4 mg, 0.185 mmol), aryl iodide (0.185 mmol),
and ligand (0.370 mmol) were chilled to —30 °C and then
combined in a 20 mL scintillation vial equipped with a stirbar.
The reaction was allowed to stir at room temperature until
the deep orange-red color faded to a pale yellow (generally
5—15 min), after which the solution was filtered through a 0.2
um PTFE membrane, concentrated, layered with hexanes, and
chilled to —30 °C overnight. The resulting crystalline mass
was then collected via filtration and dried in vacuo or by
lyophilization from benzene.

(4-Methoxyphenyl)Pd[P(CsHs)s]21 (1a).82 Synthesized
from 3. The above general procedure was followed by utilizing
19.8 mg (0.0925 mmol) of 3, 21.7 mg (0.0925 mmol) of 4-iodo-
anisole, 48.5 mg (0.185 mmol) of triphenylphosphine, and dry,
degassed CH.CI, as solvent. A 72.0 mg amount of a pale

(24) 23p_p coupling in square-planar Pd(I1) diphosphine complexes
produces AXX' or A[X], spin systems observable in {1H} 3C NMR
spectra. In the limit where 2Jp_p is large, $3C resonances resolve into
apparent triplets. For discussions, see: (a) Redfield, D. A.; Cary, L.
W.; Nelson, J. H. Inorg. Chem. 1975, 14, 1975. (b) Pregosin, P. S;
Kunz, R. Helv. Chim. Acta 1975, 58, 423. (c) Verstuyft, A. W.; Nelson,
J. H,; Cary, L. W. Inorg. Chem. 1976, 15, 732. (d) Verstuyft, A. W.;
Redfield, D. A.; Cary, L. W.; Nelson, J. H. Inorg. Chem. 1976, 15, 1128.
(e) Pregosin, P. S, Kunz, R. W. 3'P and $3C NMR of Transition Metal
Phosphine Complexes; Springer: Berlin, 1979; pp 65—74.

(25) (a) Ahrland, S.; Chatt, J.; Davies, N. R.; Williams, A. A. J. Chem.
Soc. 1958, 90, 276. Very recently, notable improvements in the
synthesis of m-sulfonated triarylphosphines have been realized by
using H,S04/SO3/B(OH); as the sulfonating medium. (b) Herrmann,
W. A,; Albanese, G. P.; Manetsberger, R. B.; Lappe, P.; Bahrmann, H.
Angew. Chem., Int. Ed. Engl. 1995, 34, 811.
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greenish-yellow powder, 1la, was recovered (0.0832 mmol,
90%): *H NMR (CDCl3) ¢ 3.48 (s, 3H), 5.92 (d, J = 8.6Hz, 2H),
6.40 (m, 2H), 7.24 (apparent t, Jap = 7.1 Hz, 12H), 7.29
(apparent t, Japp = 7.2 Hz, 6H), 7.50 (m, 12H); 3*C NMR
(CDCl3) 0 55.4, 114.5, 127.7 (apparent t, Japp = 5.2 Hz), 129.7,
132.3 (apparent t, Japp = 23.0 Hz), 134.9 (apparent t, Japp =
6.2 Hz), 135.7, additional resonances not resolved; 3P NMR
(CDCl3) 6 22.9. Anal. Calcd for C43H3710P,Pd: C, 59.71; H,
4.31. Found: C, 59.84; H, 4.24.

(4-Methylphenyl)Pd[P(CsHs)s]2l (1b).?6 Synthesized
from 3. The above general procedure was followed using 39.4
mg (0.185 mmol) of 3, 40.4 mg (0.185 mmol) of 4-iodotoluene,
97.0 mg (0.370 mmol) of triphenylphosphine, and dry, degassed
CH,Cl, as solvent. This yielded 137.2 mg of a pale greenish-
yellow powder, 1b (0.162 mmol, 87%): *H NMR (CDCl3) 6 1.91
(s, 3H), 6.07 (d, J = 7.6 Hz, 2H), 6.40 (dt, J = 8.0 Hz, J = 2.2
Hz, 2H), 7.22 (m, 12H), 7.30 (t, J = 7.6 Hz, 6H), 7.49 (m, 12H);
13C NMR (CDCls) ¢ 20.1, 127.7 (apparent t, Japp = 5.1 Hz),
128.9 129.6, 131.0, 132.3 (apparent t, Japp, = 22.9 Hz) 134.9
(apparent t, Japp = 6.3 Hz), 135.5 (br m) additional resonances
not resolved; 3P NMR (CDCl;) 6 22.6.

(4-Fluorophenyl)Pd[P(C¢Hs)s]21 (1c).?” Synthesized
from 3. The above general procedure was followed using 39.4
mg (0.185 mmol) of 3, 41.1 mg (0.185 mmol) of 4-fluoroiodo-
benzene, and 97.0 mg (0.370 mmol) of triphenylphosphine to
yield 150.1 mg of 1c as greenish-white flakes (0.176 mmol,
95%): *H NMR (CDCls) 6 6.02 (m, 2H), 6.48 (m, 2H), 7.25 (t,
J = 7.3 Hz, 12H), 7.33 (t, J = 7.3 Hz, 6H), 7.51 (m, 12H); 13C
NMR (CDCl3) 6 114.5 (d, Jc—¢ = 18.9 Hz), 127.8 (apparent t,
Japp = 5.1 Hz), 129.8, 132.0 (apparent t, Japp = 23.4 Hz), 134.9
(apparent t, Japp = 6.2 Hz), 135.8 (m), 151.6, 160.2 (d, *Jc-r =
239.5 Hz); 1°F NMR (CDCl3) 6 —125.1; 3P NMR (CDCls) 6 22.9.

(4-Nitrophenyl)Pd[P(CsHs)s].1 (1d).%2 Synthesized from
2. A solution of 4-iodonitrobenzene (0.052 g, 0.204 mmol) and
triphenylphosphine (0.106 g, 0.408 mmol) in 3 mL of THF was
added to a solution of Pd,(dba);-CeHs (2) (0.100 g, 0.101 mmol)
in 2 mL of THF. The reaction was complete within 5 min;
the solution was filtered through a 0.2 um PTFE membrane
which was rinsed with additional THF until any precipitated
product had redissolved. The filtrate was concentrated, two
volumes of hexanes were added, and the flask was chilled for
several hours (—30 °C) to yield 0.170 g of complex 1d as a
crystalline mono-THF solvate (0.179 mmol, 89%).

Synthesized from 3. A solution of 4-iodonitrobenzene
(0.052 g, 0.204 mmol) and triphenylphosphine (0.106 g, 0.408
mmol) in 3 mL of THF was added to a solution of (5%-allyl)-
PdCp (3) (0.043 g, 0.202 mmol) in 2 mL of THF. The reaction
was stirred for 5 min and then filtered, concentrated, layered
with hexanes, and chilled to —30 °C. Collection of the
crystalline deposit yielded 0.181 g of complex 1d as the THF
solvate (0.191 mmol, 94%): 'H NMR (CDClz) ¢ 6.86 (d, J =
8.7 Hz, 1H), 7.03 (d, 3 = 8.7 Hz, 1H), 7.25 (m, 6H), 7.35 (m,
3H), 7.55 (m, 6H); 1*C NMR (CDCls) 6 120.8, 127.9 (apparent
t, Japp = 5.1 Hz), 130.2, 131.3 (apparent t, Jap, = 23.7 Hz),
134.8 (apparent t, Japp = 6.2 Hz), 135.8, 143.7, 176.9, additional
resonances not resolved; 3P NMR (CDCls) 6 23.2.

(4-(Trifluoromethyl)phenyl)Pd[P(C¢Hs)s]21 (1€).2¢ Syn-
thesized from 2. The above procedure for 1d employing
4-jodobenzotrifluoride (0.056 g, 0.204 mmol) triphenylphos-
phine (0.106 g, 0.408 mmol), and Pd,(dba)s*CsHs (2) (0.100 g,
0.101 mmol) yielded 0.169 g of complex le as a mono-THF
solvate (0.173 mmol, 86%).

Synthesized from 3. The above procedure for 1d yielded
0.175 g of complex 1e as a mono-THF solvate (0.180 mmol,
89%): 'H NMR (CDCls) 6 6.39 (d, J = 8.0 Hz, 1H), 6.71 (d, J
= 8.0 Hz, 1H), 7.24 (m, 6H), 7.31 (m, 3H), 7.51 (m, 6H); 3C
NMR (CDClg) 6 123.3 (m), 124.9 (g, *Jc-r = 265.5 Hz), 127.9
(apparent t, Japp = 5.1 Hz), 130.0, 131.6 (apparent t, Japp =

(26) Amatore, C.; Jutand, A.; Khalil, F.; Nielsen, M. F. 3. Am. Chem.
Soc. 1992, 114, 7076.
(27) Sekiya, A.; Ishikawa, N. J. Organomet. Chem. 1976, 118, 349.
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23.5 Hz), 134.8 (apparent t, Japp = 6.2 Hz), 135.7 (apparent t,
Japp = 4.9 Hz), additional resonances not resolved; *°F NMR
(CDCl3) 6 —61.7; 3P NMR (CDCls) 6 23.7. Anal. Calcd for
CasHasF3lP2Pd: C, 57.20; H, 3.80. Found: C, 57.09; H, 3.94.
(2-Methylphenyl)Pd[P(CsHs)s]2l (1f).2® Synthesized
from 3. The above general procedure was followed using 39.4
mg (0.185 mmol) of 3, 40.4 mg (0.185 mmol) of 2-iodotoluene,
and 97.0 mg (0.370 mmol) of triphenylphosphine to yield 0.149
g of 1f as a pale greenish-yellow powder (0.175 mmol, 95%):
H NMR (CDCls) 6 1.82 (s, 3H), 6.08 (d, J = 7.0 Hz, 1H), 6.26
(apparent t, Japp = 7.2 Hz, 1H), 6.39 (apparent t, Japp = 7.2
Hz, 1H), 6.86 (m, 1H), 7.22 (apparent t, Japp = 7.5 Hz, 12H),
7.31 (apparent t, Japp = 7.4 Hz, 6H), 7.46 (m, 12H); 13C NMR
(CDCls) 6 15.3,122.9, 124.1, 127.7 (apparent t, Japp = 5.0 Hz),
129.7, 130.4, 132.1 (apparent t, Japp = 22.8 Hz), 134.8, 134.9
(apparent t, Japp = 6.1 Hz), 141.2, 159.8; 3P NMR (CDClg) ¢
22.7. Anal. Calcd for CsHs/IP,Pd: C, 60.83; H, 4.39.
Found: C, 60.99; H, 4.33.
(2-Methoxyphenyl)Pd[P(CsHs)s]2l (1g). Synthesized
from 3. The above general procedure was followed using 39.4
mg (0.185 mmol) of 3, 43.3 mg (0.185 mmol) of 2-iodoanisole,
and 97.0 mg (0.370 mmol) of triphenylphosphine yielding 0.159
g of 1g, a pale greenish-yellow powder (0.184 mmol, 99%): H
NMR (CDClg) ¢ 3.05 (s, 3H), 5.40 (dd, J = 8.1 Hz, J = 1.3 Hz,
1H), 6.17 (apparent t, Japp = 7.2 Hz, 1H), 6.37 (apparent t,
Japp = 7.3 Hz, 1H), 6.86 (m, 1H), 7.21 (m, 12H), 7.28 (apparent
t, Japp = 7.3 Hz, 6H), 7.52 (m, 12 H); 13C NMR (CDCls) 6 53.6,
109.2,120.0, 124.0, 127.5 (apparent t, Japp = 5 Hz), 129.5, 132.6
(apparent t, Japp = 22.8 Hz), 134.2, 134.8 (apparent t, Japp =
6.4 Hz), 146.0, 159.0; 3P NMR (CDCl3) 6 23.1. Anal. Calcd
for C43H3710P,Pd: C,59.71; H, 4.31. Found: C,59.47; H, 4.24.
(Phenyl)Pd[P(4-methoxyphenyl)s].l (1h). Synthesized
from 3. The above general procedure was followed using 39.4
mg (0.185 mmol) of 3, 37.8 mg (0.185 mmol) of iodobenzene,
and 130.2 mg (0.370 mmol) of tris(4-methoxyphenyl)phosphine
to yield 0.169 g of 1h, a white powdery solid (0.166 mmol,
90%): *H NMR (CDCls) 6 3.77 (s, 18H), 6.24 (apparent t, Japp
= 7.4 Hz, 2H), 6.36 (t, J = 7.2 Hz, 1H), 6.56 (m, 2H), 6.74 (d,
J =8.6 Hz, 12H), 7.37 (m, 12H); 3C NMR (CDClz) 6 55.2, 113.4
(apparent t, Japp = 5.7 Hz), 121.6, 124.1 (apparent t, Japp =
25.2 Hz), 127.3, 136.2 (apparent t, Jap, = 6.9 Hz), 160.6, 161.2,
one additional resonance not resolved; 3P NMR (CDCls) 6 19.5.
Anal. Calcd for C4sH47106P2Pd: C, 56.79; H, 4.67. Found: C,
56.89; H, 4.93.
(4-Methylphenyl)Pd[P(4-methoxyphenyl)s].l (1i). Syn-
thesized from 3. The above general procedure was followed
using 39.4 mg (0.185 mmol) of 3, 40.4 mg (0.185 mmol) of
4-iodotoluene, and 130.2 mg (0.370 mmol) of tris(4-methox-
yphenyl)phosphine to yield 0.184 g of 1i as a white powdery
solid (0.179 mmol, 97%): 'H NMR (CDCl3) 6 1.96 (s, 3H), 3.79
(s, 18 H), 6.12 (d, 3 = 7.5 Hz, 2H), 6.40 (m, 2H), 6.76 (d, J =
8.8 Hz, 12H), 7.40 (m, 12H); 3C NMR (CDCl3) 6 20.2, 55.2,
113.3 (apparent t, Japp = 5.4 Hz), 124.1 (apparent t, Japp =
25.5), 128.4, 130.5, 135.6, 136.3 (apparent t, Japp = 6.9 hz),
155.3, 160.5; 3P NMR (CDCl3) ¢ 19.1. Anal. Calcd for
Ca9H49lOsPoPd: C, 57.19; H, 4.76. Found: C, 56.94; H, 4.90.
(4-Fluorophenyl)Pd[P(4-methoxyphenyl);].l (1j). Syn-
thesized from 3. The above general procedure was followed
using 39.4 mg (0.185 mmol) of 3, 41.1 mg (0.185 mmol) of
p-fluoroiodobenzene, and 130.2 mg (0.370 mmol) of tris(4-
methoxyphenyl)phosphine to yield 0.188 g of 1j as a white
powdery solid (0.182 mmol, 98%): *H NMR (CDCl3) 6 3.78 (s,
18H), 6.05 (app t, J = 9.2 Hz, 2H), 6.45 (m, 2H), 6.76 (d, J =
8.8 Hz, 12H), 7.39 (m, 12H); **C NMR (CDCl3) 6 55.2, 113.4
(apparent t, Japp, = 5.5 Hz), 113.9 (d, Jc-r = 18.9 Hz), 123.8
(apparent t, Japp = 25.6 Hz), 135.9 (apparent dt, Jap, = 5.5
Hz, Japp = 5.1 Hz), 136.2 (apparent t, Japp = 6.9 Hz) 136.2
(apparent t, Japp = 6.9 Hz), 153.9, 160.0 (d, *Jc—¢ = 237.3 Hz),
160.7; **F NMR (CDCls) 6 —125.5; 3P NMR (CDCl3) 6 19.4 (d,

(28) Nakamura, Y.; Maruya, K.; Mizoroki, T. Nippon Kagaku Kaishi
1978, 1486.
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Jp—r = 3.2 Hz). Anal. Calcd for CssHasFI106P-Pd: C, 55.80;
H, 4.49. Found: C, 55.78; H, 4.49.
(4-(Trifluoromethyl)phenyl)Pd[P(4-methoxyphen-
yDs]zl (1K). Synthesized from 3. The above general pro-
cedure was followed by utilizing 19.8 mg (0.0925 mmol) of 3,
25.2 mg (0.0925 mmol) of 4-iodobenzotrifluoride, and 65.1 mg
(0.185 mmol) of tris(4-methoxyphenyl)phosphine. This yielded
0.094 mg (0.087 mmol, 94%) of 1k as a pale yellow powder:
IH NMR (CDCls) 6 3.77 (s, 18H), 6.44 (d, J = 8.0, 2H), 6.69 (d,
J = 8.0 Hz, 2H), 6.75 (d, J = 8.8 Hz, 12H), 7.39 (m, 12H); 13C
NMR (CDCls) 6 55.1, 122.8 (br), 123.4 (apparent t, Jap, = 25.7
Hz), 135.7 (br), 136.1 (apparent t, Jap, = 7.0 Hz), 160.8,
additional resonances not resolved; 1°F NMR (CDClz) 6 —61.8;
31p NMR (CDC|3) 0 19.5. Anal. Calcd for C49H46F3|06P2Pd:
C, 54.34; H, 4.28. Found: C, 54.20; H, 4.33.
(Phenyl)Pd[P(4-methylphenyl)s].l (11). Synthesized
from 3. The above general procedure was applied using 39.4
mg (0.185 mmol) of 3, 37.8 mg (0.185 mmol) of iodobenzene,
and 112.4 mg (0.370 mmol) of tri-p-tolylphosphine to yield 11
as a yellow crystalline mass. Residual solvent was removed
via lyophilization from benzene (0.145 g, 0.158 mmol, 85%):
H NMR (CDCls) 6 2.30 (s, 18H), 6.17 (app t, J = 7.5 Hz, 2H),
6.32 (t, J = 7.2 Hz, 1H), 6.54 (m, 2H), 7.01 (d, J = 7.7 Hz,
12H), 7.35 (m, 12H); *C NMR (CDCl3) 6 21.4, 121.3, 127.5,
128.4 (apparent t, Japp = 5.2 Hz), 129.3 (apparent t, Japp =
23.7 Hz), 134.8 (apparent t, Jap, = 6.3 Hz), 136.1 (br), 139.5,
159.7; 31P NMR (CDCls3) 6 21.1. Anal. Calcd for C4gHa471P,Pd:
C, 62.72; H, 5.15. Found: C, 62.92; H, 5.21.
(4-Methoxyphenyl)Pd[P(4-methylphenyl)s].l (Im). Syn-
thesized from 3. The above general procedure was applied
using 39.4 mg (0.185 mmol) of 3, 43.3 mg (0.185 mmol) of
iodoanisole, and 112.4 mg (0.370 mmol) of tri-p-tolylphosphine
to yield 1m as yellow needlelike crystals. Residual solvent
was removed by freeze-drying the product from benzene
(0.153g, 0.161 mmol, 87%): *H NMR (CDClIs) 6 2.30 (s, 18H),
3.47 (s, 3H), 5.89 (d, J = 8.6 Hz, 2H), 6.35 (m, 2H), 7.02 (d, J
= 7.7 Hz, 12H), 7.37 (m, 12H); 3C NMR (CDCls) 6 21.4, 55.3,
114.1, 128.4 (apparent t, Jap, = 5.1 Hz), 129.3 (apparent t, Japp
= 23.8), 134.6, 134.8 (apparent t, Japp = 6.2 Hz), 135.7, 136.6,
139.5; 3P NMR (CDClg) 6 21.0. Anal. Calcd for CsgH49lOP2-
Pd: C, 62.01; H, 5.20. Found: C, 61.70; H, 5.20.
(4-Fluorophenyl)Pd[P(4-methylphenyl);].l (1n). Syn-
thesized from 3. The above general procedure was applied
using 39.4 mg (0.185 mmol) of 3, 41.1 mg (0.185 mmol) of
4-fluoroiodobenzene, and 112.4 mg (0.370 mmol) of tri-p-
tolylphosphine to yield 1n as a yellow crystalline mass.
Residual solvent was removed by freeze-drying the product
from benzene (0.162 g, 0.173 mmol, 93%): 'H NMR (CDCl3) 6
2.30, (s, 12H), 5.98 (d, J = 7.4 Hz, 2H), 6.43 (m, 2H), 7.02 (d,
J=8.0Hz, 12H), 7.37 (m, 12H); 3C NMR (CDCl3) 6 21.3, 114.0
(d, Jc-r = 18.9 Hz), 128.5 (apparent t, Jap, = 5.3 Hz), 129.1
(apparent t, Japp = 24.2 Hz), 134.8 (apparent t, Jap, = 6.5 Hz),
135.8 (m), 139.7, 152.6, additional resonances not resolved; *°F
NMR (CDCls) 6 —125.6; 3P NMR (CDCls) ¢ 21.1 (d, Jp-¢ =
3.8 Hz). Anal. Calcd for CssHasFIPoPd: C, 61.52; H, 4.95.
Found: C, 61.20; H, 4.98.
(4-(Trifluoromethyl)phenyl)Pd[P(4-methylphen-
yD)s]zl (10). Synthesized from 3. The above general pro-
cedure was applied using 19.8 mg (0.0925 mmol) of 3, 25.2
mg (0.0925 mmol) of 4-iodobenzotrifluoride, and 56.2 mg (0.185
mmol) of tri-p-tolylphosphine to yield 1o as a pale yellow,
feathery precipitate (48.6 mg, 0.0492 mmol, 53%): 'H NMR
(CDClg) 6 2.29 (s, 18H), 6.32 (d, J = 8.0 Hz, 2H), 6.64 (d, J =
8.0 Hz, 2H), 7.02 (d, 3 = 7.6 Hz, 12H), 7.38 (m, 12H); 13C NMR
(CDCls) 6 122.9 (g, Jc—F = 3.9 Hz), 123.6 (br), 128.6 (apparent
t, Japp = 5.3 Hz), 128.7 (apparent t, Japp = 24.2 Hz), 134.7
(apparent t, Jap, = 6.5 Hz), 135.7 (apparent t, Japp = 4.9 Hz),
140.0, additional resonances not resolved; **F NMR (CDCl3) 6
—62.0; 3'P NMR (CDCls3) ¢ 21.3. Anal. Calcd for CygHasF3lP2-
Pd: C, 59.62; H, 4.70. Found: C, 59.35; H, 4.87.
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(Phenyl)Pd[P(4-fluorophenyl)s].1 (1p). Synthesized
from 3. The above general procedure was applied using 39.4
mg (0.185 mmol) of 3, 37.8 mg (0.185 mmol) of iodobenzene,
and 117.0 mg (0.370 mmol) of tri-p-fluorophenylphosphine to
yield 1p as bright yellow crystals. These were then freeze-
dried from benzene in order to remove solvent of crystallization
(0.158 g, 0.168 mmol, 91%): *H NMR (CDCl3) 6 6.32 (apparent
t, Japp = 7.3 Hz, 2H), 6.45 (t, J = 7.2 Hz, 1H), 6.53 (m, 2H),
6.95 (apparent t, Japp = 8.8 Hz, 12 H), 7.41 (m, 12H); *C NMR
(CDCls) 6 115.4 (apparent dt, Japp = 21.2 Hz, Japp, = 5.5 Hz),
122.5,127.3 (apparent td, Japp = 24.4 Hz, Japp = 3.3 Hz), 128.3,
135.8 (apparent t, Japp, = 4.8 Hz), 136.7 (apparent dt, Jap, =
8.0 Hz, Japp = 7.1 Hz), 159.3, 163.8 (d, *Jc—r = 250.6 Hz); 1°F
NMR (CDCl3) 6 —109.3; 3P NMR (CDCls3) 4 20.9. Anal. Calcd
for CaoHxoFslPoPd: C,54.43; H, 3.67. Found: C, 54.28; H, 3.64.

(4-Methoxyphenyl)Pd[P(4-fluorophenyl);].l (1q). Syn-
thesized from 3. The above general procedure was applied
using 78.8 mg (0.370 mmol) of 3, 86.6 mg (0.370 mmol) of
iodoanisole, and 234.0 mg (0.740 mmol) of tri-p-fluorophe-
nylphosphine to yield 1q as pale greenish-yellow feathery
crystals (0.320 g, 0.329 mmol, 89%): *H NMR (CDCls3) 6 3.52
(s, 3H), 6.02 (d, 3 = 8.5 Hz, 2H), 6.33 (d, J = 8.5 Hz, 2H), 6.96
(apparent t, Japp = 8.5 Hz, 12H), 7.42 (m, 12H); *C NMR
(CDClg) 0 55.4, 114.8, 115.4 (apparent dt, Japp = 21.4 Hz, Japp
= 5.5 Hz), 125.8, 127.4 (apparent t, Japp = 24.1 Hz), 135.5 (br
m), 136.8 (apparent dt, Japp = 7.9 Hz, Japp = 7.4 Hz), 156.6,
163.8 (d, {Jc-F = 252.5 Hz), additional resonances not resolved;
1F NMR (CDCls) 6 —109.3; 3P NMR (CDCl3) ¢ 20.8. Anal.
Calcd for C43H31FslOP2Pd: C, 53.97; H, 3.26. Found: C, 53.70;
H, 3.12.

(4-Methylphenyl)Pd[P(4-fluorophenyl):].l (1r). Syn-
thesized from 3. The above general procedure was applied
using 19.8 mg (0.0925 mmol) of 3, 20.2 mg (0.0925 mmol) of
iodotoluene, and 58.5 mg (0.185 mmol) of tri-p-fluorophe-
nylphosphine to yield 1r as pale greenish-yellow feathery
crystals (69.1 mg, 0.0722 mmol, 78%): *H NMR (CDCl3) 6 1.98
(s, 3H), 6.19 (d, 3 = 6.0 Hz, 2H), 6.35 (d, J = 6.1 Hz, 2H), 6.95
(m, 12H), 7.41 (m, 12H); 3C NMR (CDCls) ¢ 20.1, 115.3
(apparent dt, Japp = 21.3 Hz, Japp = 5.7 Hz), 127.3 (apparent
td, Japp = 24.2 Hz, Japp = 3.3 Hz), 129.3, 132.0, 135.3 (apparent
t, Japp = 5.2 Hz), 136.8 (apparent dt, Japp = 7.7 Hz, Japp = 7.4
Hz), 153.5, 163.9 (d, 1Jc_r = 252.3 Hz); °F NMR (CDCls) ¢
—109.5; 3P NMR (CDCIl3) 6 20.6. Anal. Calcd for CysHai-
FslOP,Pd: C, 53.97; H, 3.27. Found: C, 53.93; H, 3.62.

(4-(Trifluoromethyl)phenyl)Pd[P(4-fluorophenyl);]:l
(1s). Synthesized from 3. The above general procedure was
applied using 19.8 mg (0.0925 mmol) of 3, 25.2 mg (0.0925
mmol) of 4-iodobenzotrifluoride, and 58.5 mg (0.185 mmol) of
tri-p-fluorophenylphosphine to yield 1s as pale greenish-yellow
feathery crystals (84.3 mg, 0.0834 mmol, 90%): H NMR
(CDClg) 6 6.55 (d, J = 7.9 Hz, 2H), 6.68 (d, J = 7.9 Hz, 2H),
6.97 (t, J = 8.6 Hz, 12H), 7.58 (m, 12H); *C NMR (CDCls3) ¢
115.6 (apparent dt, Japp, = 21.3 Hz, Japp, = 5.7 Hz), 123.7, 126.5
(apparent td, Japp = 24.8 Hz, Japp = 3.6 Hz), 135.6 (apparent
t, Japp = 5.1 Hz), 136.7 (apparent dt, Japp, = 7.6 Hz, Japp = 7.3
Hz), 164.0 (d, *Jc-F = 253.6 Hz), additional resonances overlap;
F NMR (CDCl3) 6 —108.6, —62.3; 3P NMR (CDCl3) 6 20.9.
Anal. Calcd for CasHxsFolP2Pd: C, 51.09; H, 2.80. Found: C,
50.99; H, 2.99.

(Phenyl)Pd[P(4-(trifluoromethyl)phenyl);].l (1t). Syn-
thesized from 2. The above general procedure was followed
utilizing 92.0 mg (0.0925 mmol) of 2, 37.8 mg (0.185 mmol) of
iodobenzene, and 172.4 mg (0.370 mmol) of tris(4-(trifluorom-
ethyl)phenyl)phosphine to yield 80.3 mg of 1t as pale yellow
feathery crystals (0.0646 mmol, 35%): *H NMR (CDCls) 6 6.28
(apparent t, Japp = 7.5 Hz, 2H), 6.43 (d, J = 7.3 Hz, 1H), 6.47
(m, 2H), 7.58 (m, 24H); 13C NMR 9CDCls) 6 123.5 (g, XJc-f =
271.2 Hz), 125.1 (m), 129.1, 132.6 (q, Jc—F = 32.6 Hz), 134.6
(apparent t, Japp, = 22.9 Hz), 134.9 (apparent t, Japp = 6.6 Hz);
135.4 (apparent t, Japp = 5.1 Hz); 157.8, additional resonances
not resolved; **F NMR (CDClz) 6 —63.2; 3P NMR (CDCI;) 6
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23.2. Anal. Calcd for CugH2oFi1slP.Pd: C, 46.38; H, 2.36.
Found: C, 46.05; H, 2.43.

(4-Methoxyphenyl)Pd[P(4-(trifluoromethyl)phen-
yDs]zl (Lu). Synthesized from 2. The above general pro-
cedure was followed utilizing 92.0 mg (0.0925 mmol) of 2, 43.3
mg (0.185 mmol) of 4-iodoanisole, and 172.4 mg (0.370 mmol)
of tris(4-(trifluoromethyl)phenyl)phosphine to yield 0.172 g of
1u as pale yellow feathery crystals (0.135 mmol, 73%).

Synthesized from 3. The above general procedure was
applied using 19.8 mg (0.0925 mmol) of 3, 21.7 mg (0.0925
mmol) of 4-iodoanisole, and 86.3 mg (0.185 mmol) of tris(4-
(trifluoromethyl)phenyl)phosphine to yield 1u as pale yellow
feathery crystals (91.2 mg, 77%): *H NMR (CDCl3) 6 3.44 (s,
3H), 5.97 (d, J = 8.4 Hz, 2h), 6.27 (m, 2H), 7.60 (m, 24 H); 13C
NMR (CDCls) 6 54.8, 115.4, 123.5 (q, *Jc—¢ = 271.2 Hz), 125.1
(m), 132.6 (g, *Jc-r = 32.8 Hz), 134.8 (apparent t, Japp = 22.4
Hz), 135.0 (apparent t, Jap, = 6.6 Hz), 157.0; *°F NMR (CDCl3)
0 —63.2; 3P NMR (CDC|3) 6 23.0. Anal. Calcd for C49H31F13-
I0P,Pd: C, 46.23; H, 2.46. Found: C, 45.97; H, 2.58.

(4-Methylphenyl)Pd[P(4-(trifluoromethyl)phen-
yDs]zl (1v). Synthesized from 2. The above general pro-
cedure was followed by utilizing 92.0 mg (0.0925 mmol) of 2,
40.4 mg (0.185 mmol) of 4-iodotoluene, and 172.4 mg (0.370
mmol) of tris(4-(trifluoromethyl)phenyl)phosphine to yield
0.131 g of 1v as a white, fluffy precipitate (0.104 mmol, 56%):
H NMR (CDCls) 6 1.90 (s, 3H), 6.11 (d, J = 7.5 Hz, 2H), 6.28
(m, 2H), 7.54 (d, J = 8.0 Hz, 12H), 7.61 (m, 12H); 3C NMR
(CDClg) 6 19.6, 123.5 (q, *Jc—F = 271.2 Hz), 125.1 (m), 130.1,
132.6 (q, Jc-F = 32.2 Hz), 134.8 (apparent t, Japp, = 22.2 Hz),
134.9 (apparent t, Japp = 5.1 Hz), 135.0 (apparent t, Japp = 6.7
Hz), 152.1, additional resonances not resolved; *F NMR
(CDCl3) 6 —63.2; 3P NMR (CDCI3) 6 22.9. Anal. Calcd for
CaoHs1F15lP,Pd: C, 46.82; H, 2.49. Found: C, 46.81; H, 2.59.

(4-Fluorophenyl)Pd[P(4-(trifluoromethyl)phenyl);].l
(1w). Synthesized from 2. The above general procedure
was followed by utilizing 92.0 mg (0.0925 mmol) of 2, 41.1 mg
(0.185 mmol) of 4-fluoroiodobenzene, and 172.4 mg (0.370
mmol) of tris(4-(trifluoromethyl)phenyl)phosphine to yield
0.187 g of 1w as pale yellow, feathery crystals (0.148 mmol,
80%): 'H NMR (CDCls) 6 6.12 (apparent t, Japp = 8.9 Hz, 2H),
6.39 (m, 2H), 7.60 (m, 24H); *C NMR (CDCl;) 6 115.9 (d, Jc—¢
= 19.6 Hz), 123.4 (q, *Jc-r = 271.1 Hz), 125.2 (9, Jc-F = 3.7
Hz), 123.9 (g, Jc-r = 32.7 Hz), 134.5 (apparent t, Japp = 23.0
Hz), 135.0 (apparent t, Japp = 6.6 Hz), 135.4 (q, Jc-r = 5.7
Hz), 149.8, 160.7 (d, *Jc_r = 245.7); °F NMR (CDCl3) 6 —122.3
(s, 1F), —61.5 (s, 18F); 31P NMR (CDCl3) 6 22.9. (Jp_¢ = 4.5
Hz). Anal. Calcd for CysHasF10lP2Pd: C, 45.72; H, 2.24.
Found: C, 45.38; H, 2.30.

(Pentafluorophenyl)Pd[P(4-(trifluoromethyl)phen-
y)sl2l (1x). Synthesized from 2. The above general pro-
cedure was followed by utilizing 92.0 mg (0.0925 mmol) of 2,
54.3 mg (0.185 mmol) of iodopentafluorobenzene, and 172.4
mg (0.370 mmol) of tris(4-(trifluoromethyl)phenyl)phosphine
to yield 49.0 mg of 1x as bright yellow cubic crystals (0.0367
mmol, 20%): *H NMR (CDCls) 6 7.50 (d, J = 8.1 Hz, 12H),
7.70 (m, 12H); 33C NMR (CDClg) 6 123.3 (q, *Jc-r = 271.2 Hz);
125.3 (m), 133.5 (q, Jc-r = 32.9 Hz), 134.0 (apparent t, Japp =
24.7 Hz), 134.7 (apparent t, J,,p = 6.6 Hz), additional reso-
nances not resolved; 1°F NMR (CDClIz) 6 —160.0 (apparent t,
Japp = 21.7Hz, 2F), —158.8 (t, J = 19.0 Hz, 1F), —117.8 (d, J
= 24.8 Hz, 2F), —61.6 (s, 18F); 3P NMR (CDCls) 6 22.2. Anal.
Calcd for CagH2sF231P2Pd: C, 43.25; H, 1.81. Found: C, 43.47;
H, 2.12.

(4-Methylphenyl)Pd[(ethyl)P(phenyl).].1 (1y). Syn-
thesized from 3. The above general procedure was applied
using 39.4 mg (0.185 mmol) of 3, 40.4 mg (0.185 mmol) of
4-iodotoluene, and 79.3 mg (0.370 mmol) of ethyldiphenylphos-
phine to yield 1y as a greenish-white precipitate: 'H NMR
(CDCls) 6 0.86 (dt, J = 8.3 Hz, 3 = 7.5 Hz, 6H), 2.04 (s, 3H),
2.06 (m, 4H), 6.35 (d, J = 7.6 Hz, 2H), 6.41 (m, 2H), 7.26 (m,
8H), 7.33 (apparent t, Japp = 7.2 Hz, 4H), 7.48 (m, 8H); 13C
NMR (CDCls) 6 9.1, 20.5, 22.5 (apparent t, Japp = 14.3 Hz),
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127.8 (apparent t, Japp, = 5.0 Hz), 128.5, 129.5, 131.6 (apparent
t, Japp = 21.3 Hz), 133.8 (apparent t, Japp = 5.7 Hz), 135.5
(apparent t, Japp = 4.9 Hz), 141.2, 149.9; 3P NMR (CDCls) ¢
17.0. Anal. Calcd for CssHs7IP,Pd: C, 55.83; H, 4.95.
Found: C, 56.02; H, 5.10.
(4-Methylphenyl)Pd(1,3-bis(diphenylphosphino)pro-
pane)l (1z). Synthesized from 3. The above general proce-
dure was applied using 39.4 mg (0.185 mmol) of 3, 40.4 mg
(0.185 mmol) of 4-iodotoluene, and 78.8 mg (0.185 mmol) of
1,3-bis(diphenylphosphino)propane to yield 1z as pale green-
yellow crystals which turned pinkish upon exposure to ambient
temperature. The crystals were then freeze-dried from ben-
zene in order to remove solvent of crystallization (0.125 g,
0.170 mmol, 92%): 'H NMR (CDCls) ¢ 1.85 (m, 2H), 1.99 (s,
3H), 2.39 (m, 2H), 2.51 (m, 2H), 6.39 (m, 2H), 6.74 (td, J; =
8.0 Hz, J4 = 2.6 Hz, 2H), 7.12 (td, J; = 7.8 Hz, 34 = 2.4 Hz,
4H), 7.28 (m, 6H), 7.41 (m, 6H), 7.81 (m, 4H); 3C NMR (CDCls)
6 19.0, 20.4, 27.1 (broad), 28.6 (dd, J = 24.6 Hz, 7.4 Hz), 128.0
(d, 3 = 10.6 Hz), 128.2, 128.4 (d, J = 9.6 Hz), 130.1, 130.5,
130.9, 132.8, 133.1 (d, J = 10.7 Hz), 133.7 (d, J = 11.0 Hz),
136.6, additional resonances not resolved; 3'P NMR (CDCl3) 6
—10.6 (d, Jpp = 53.2 Hz), 10.9 (d, Jpp = 53.2 Hz). Anal. Calcd
for C43Hs3lPoPd: C, 55.42; H, 4.51. Found: C, 55.17; H, 4.54.
Preparation of Water-Soluble Complexes laa—ee. ((3-
Methoxycarbonyl)phenyl)Pd[P(CsHs)2(3-SOsNaCsH4)]:1
(laa). A solution of methyl 3-iodobenzoate (0.250 g, 0.955
mmol) and monosulfonated triphenylphosphine (4) (0.695 g,
1.91 mmol) dissolved in 7.5 mL of DMF was added to a slurry
of Pdz(dba)s*CeHe (2) (0.470 g, 0.48 mmol) in 2.5 mL of DMF.
All 2 dissolved over the course of 1 h to yield a homogeneous
yellow solution. The solution was filtered through a 0.2 um
PTFE membrane to remove traces of metallic Pd. Complex
laa was precipitated as a slush by addition of several volumes
of ether. Repeated ethereal washes yielded a free-flowing
powder, which was collected by filtration and dried in vacuo
to give 0.999 g of complex 1aa (0.910 mmol, 94%) suitable for
routine use. Similar reactions using 4 in the presence of
precursor 3 failed to yield identifiable products. Highly
purified material was obtained by dissolving 1laa in warm (40
°C) methanol, filtering, concentrating the solution in vacuo,
and chilling (=20 °C). The resulting powder was free of
detectable impurities other than trapped methanol by *H and
3P NMR: *H NMR (DMSO-dg) 6 3.57 (s, 3H), 6.30 (apparent
t, Japp = 7.7 Hz, 1H), 6.84 (d, 3 = 7.7 Hz, 1H), 6.89 (br d, J =
7.7 Hz, 1H), 6.92 (br s, 1H), 7.26 (m, 8H), 7.31 (m, 12 H), 7.44
(apparent t, Japp = 7.7 Hz, 2H), 7.71 (d, 3 = 7.7 Hz, 2H), 7.82
(br d, 3 =7.7 Hz, 2H), 7.98 (br s, 2H); 1*C NMR (DMSO-d¢) 6
51.3,122.7,126.3, 127.8, 128.0, 128.8, 129.8, 130.8 (br), 133.9,
136.0, 136.7, 139.0, 148.0, 166.0, additional resonances not
resolved; 3P NMR (DMSO-dg) 4 24.8. Anal. Calcd for C4sH3s-
INa,OsP,PdS,: C, 48.17; H, 3.21. Found: C, 48.73; H, 3.26.
((4-Methoxycarbonyl)phenyl)Pd[P(CsHs)2(4-SOs3-
KCe¢Ha)]2l (1bb). The above procedure for 1aa was employed
using Pd(dba)s+CsHs (2) (0.150 g, 0.151 mmol) 5 (0.232 g, 0.583
mmol) and methyl 4-iodobenzoate (0.082 g, 0.310 mmol). This
yielded 0.322 g of complex 1bb (0.285 bbb, 95%), which was
then recrystallized from aqueous THF by quickly adding just
enough water to a warm (ca. 50 °C) THF suspension (ca. 10
mL of THF) to dissolve the complex. The solution was rapidly
cooled to —20 °C to yield pale yellow-green leaves as a mono-
THF solvate. Lyophilization from water gave a solvate-free
powder: 'H NMR (CD3sOD) 6 3.73 (s, 3H), 6.80 (dm, J = 7.9
Hz, 2H), 6.86 (d, J = 7.9 Hz, 2H), 7.28 (m, 8H), 7.38 (m, 4H),
7.54 (m, 12H), 7.70 (d, J = 8.1 Hz, 4H); 13C NMR insufficient
solubility; 3'P NMR (CD3;OD) ¢ 22.3; Anal. Calcd for CysHas-
IK;0gP,PdS;: C, 45.33; H, 2.83. Calcd for the monohydrate:
C, 44.63; H, 2.96. Found: C, 45.02; H, 3.38.
((4-Methoxycarbonyl)phenyl)Pd[As(CsHs)2(4-SO3-
KCsH4)]2l (1cc). An identical procedure employing Pd,-
(dba)s+CeHs (2) (0.150 g, 0.151 mmol), 6 (0.259 g, 0.610 mmol),
and methyl 4-iodobenzoate (0.082 g, 0.310 mmol) yielded 0.307
g of complex lcc (0.252 mmol, 84%). This material was
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recrystallized from aqueous THF to yield pale yellow leaves
as a mono-THF solvate. Lyophilization from water gave a
solvate-free powder: *H NMR (CD3;OD) 6 3.75 (s, 3H), 6.87
(d, 3 = 7.8 Hz, 2H), 6.94 (d, J = 7.8 Hz, 2H), 7.31 (m, 4H),
7.39 (m, 2H), 7.45 (multiple resonances, 6H), 7.73 (d, 3 = 8.0
Hz, 2H); 13C NMR insufficient solubility. Anal. Calcd for
CasH3sAs,:1K,08PdS,: C, 43.42; H, 2.90. Found: C, 43.63; H,
2.84.

(4-Nitrophenyl)Pd[P(C6H5)2(4-803KC6H4)]2I (1dd) An
identical procedure employing Pd.(dba)sCsHs (2) (0.100 g,
0.101 mmol), 5 (0.155 g, 0.390 mmol), and 4-iodonitrobenzene
(0.052 g, 0.206 mmol) yielded 0.232 g of complex 1dd (0.199
mmol, 99%). A portion of this material was recrystallized from
aqueous THF to yield pale yellow-green leaves as a mono-THF
solvate. Lyophilization of the solvate from 90:10 water:
methanol gave a solvate-free powder in 99% recovery based
on the crude material: *H NMR (CD3OD) 4 6.92 (dm, J = 8.8
Hz, 1H), 7.04 (d, J = 8.8 Hz, 1H), 7.35 (m, 4H), 7.45 (m, 2H),
7.56 (m, 6H), 7.86 (m, 4H); 3C NMR insufficient solubility;
1P NMR (CDgoD) 0 23.5. Anal. Calcd for C42H32|K2N03P2-
PdS;: C, 45.19; H, 2.89; N, 1.25. Calcd for the monohydrate:
C, 44.47; H, 3.02; N, 1.23. Found: C, 44.80; H, 3.21; N, 1.47.

(4-(Trifluoromethyl)phenyl)Pd[P(CeHs)2(4-SO3KCe-
H.)]21 (1ee). Anidentical procedure employing Pd.(dba)s*CeHs
(2) (0.100 g, 0.101 mmol), 5 (0.155 g, 0.390 mmol), and
4-iodobenzotrifluoride (0.056 g, 0.206 mmol) yielded 0.227 g
of complex 1lee (0.199 mmol, 98%). A portion of this material
was recrystallized from aqueous THF to yield pale yellow-
green crystals as a mono-THF solvate. Lyophilization of the
solvate from 90:10 water:methanol gave a solvate-free powder
in 83% recovery based on the crude material: *H NMR (CD3-
OD) 4 6.44 (d, J = 8.1 Hz, 1H), 6.77 (d, J = 8.1 Hz, 1H), 7.27
(m, 4H), 7.38 (m, 2H), 7.44 (m, 4H), 7.66 (m, 2H), 7.77 (d, I =
8.1 Hz, 2H); 3C NMR (CD30D) ¢ 124.6 (m), 125.8 (q, *Jc-F =
269.9 Hz), 126.2 (apparent t, Japp = 5.2 Hz), 129.1 (apparent
t, Japp = 5.2 Hz), 131.5, 131.7 (q, 2Jc—¢ = 23.6 Hz), 135.6
(apparent t, Jap, = 6.2 Hz), 136.0 (apparent t, Japp = 6.5 Hz),
136.8 (br), 147.2, additional resonances not resolved; °F NMR
(CD3;0OD) 6 —61.35; 3P NMR (CD3;O0D) ¢ 23.8. Anal. Calcd
for C43H32F3|K205P2Pd82: C, 4533, H, 2.83. Calcd for the
monohydrate: C, 44.63; H, 2.96. Found: C, 44.89; H, 3.16.

Ligand Synthesis. P(CgHs)2(4-SO3KCsH4) (5). To an
oven-dried, argon-flushed 250 mL Schlenk flask equipped with
a stir bar were added 50 mL of THF and 1.00 g of potassium
(25.3 mmol). A solution containing 2.20 g of chlorodiphe-
nylphosphine (10.0 mmol) in 20 mL of THF was added
dropwise over the course of 10 min via an addition funnel.
Following a brief induction period, the bright orange-red
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phosphide anion was generated rapidly. The solution was
stirred for 1 h. Excess potassium was removed under an argon
back-flush. The flask was equipped with an oven-dried
condenser, and potassium 4-fluorobenzenesulfonate (2.21 g,
10.5 mmol) was added. The solution was heated at reflux
under argon until colorless, ca. 5 h. Workup proceeded by
pouring the cooled reaction mixture into 150 mL of water. The
resulting aqueous solution was washed twice with 50 mL of
ether and then concentrated to yield a white solid. Crystal-
lization from degassed water yielded 2.64 g of 5 as a stable
hydrate (6.63 mmol, 66%): *H NMR (DMSO-ds) 6 7.22 (m, 3
H), 7.37 (m, 3 H), 7.62 (m, 1 H); 3*C NMR (DMSO-dg) d 125.8
(d, 2\](;4:» =70 HZ), 128.8 (d, chfp =7.2 HZ), 129.0 (S), 132.7
(d, *Jc-p = 19.7 Hz), 133.2 (d, *Jc-p = 19.5 Hz), 136.5 (d, 3Jcp
= 11.4 Hz), 137.1 (d, 3Jcp = 11.6 Hz), 148.7 (s); 3P NMR
(DMSO-ds) 6 —6.03; MS (FAB) (m/z) 380 (MH"), 419 (MK™).
Anal. Calcd for C1sH16KPO4S: C, 54.32; H, 4.05. Found: C,
54.41; H, 4.04.

As(CeHs)2(4-SO3KCsH,4) (6). To an oven-dried, argon-
flushed 250 mL Schlenk flask equipped with a glass-coated
stir bar was added 1.380 g of potassium (35.4 mmol) and 50
mL of DME. A solution containing 3.38 g of As(CeHs)s (11.0
mmol) in 50 mL of DME was added via an addition funnel,
and the mixture was stirred at room temperature for ca. 10
h. Excess potassium was removed under an argon back-flush.
The flask was fitted with an addition funnel charged with
4-fluorobenzenesulfonic acid in toluene (29 mL of a 0.373 M
stock). Upon cooling of the reaction to —78 °C, the acid
solution was added dropwise over 15 min. Following addition,
the reaction flask was allowed to warm to room temperature,
equipped with an oven-dried condenser, and heated to reflux
under argon until colorless, ca. 4 h. Workup proceeded exactly
as for 11 to yield 2.904 g of 12 (6.84 mmol, 62%): 'H NMR
(DMSO-dg) 6 7.24 (d, 3 = 8.2 Hz, 1 H), 7.27 (m, 2 H), 7.37 (m,
3 H), 7.62 (d, J = 8.2 Hz, 1 H); **C NMR (DMSO-dg) 6 125.9,
128.7, 128.9, 132.7, 133.2, 138.8, 139.4, 148.5; MS (FAB) (m/
z) 425 (MH), 463 (MK™). Anal. Calcd for C1gH14ASKO3S: C,
50.94; H, 3.33. Found: C, 50.59; H, 3.38.
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