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ABSTRACT: The dianionic Pd! dimers [TBA],[(TPPMS),Pd,(u-
C;Hy),] (1) [TBA = tetrabutylammonium, TPPMS = PPh,(3-
C¢H,S0;)7] and [TBAJ,[(TPPMS),Pd,(u-C3Hs)(u-CD)] (2),
containing two bridging allyl ligands and one bridging allyl ligand
and one bridging chloride ligand, respectively, were synthesized.
The electronic structures of these complexes were investigated by
combining electrospray mass spectrometry with gas phase
photodetachment photoelectron spectroscopy. The major differ-
ence between the photoelectron spectra of the anions of 1 and 2 is
the presence of a low-energy detachment band with an adiabatic
electron detachment energy of 2.44(6) eV in 1, which is not
present in 2. The latter has a much higher adiabatic electron
detachment energy of 3.24(6) eV. Density functional theory
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calculations suggest that this band is present in 1 due to electron detachment from the out-of-phase combination of the 1,

orbitals, which are localized on the terminal carbon atoms of the br:
orbital of the bridging allyl ligand, and it is lowered in energy. The
7, allyl orbitals makes 1 a better nucleophile, which explains why

idging allyl ligands. In 2, the Pd centers stabilize the single m,
presence of the high-energy out-of-phase combination of the
species with two bridging allyl ligands react with CO, in an

analogous fashion to momoneric Pd #'-allyls, whereas species with one bridging allyl and one bridging chloride ligand are

unreactive.

B INTRODUCTION

Monomeric complexes containing a Pd allyl moiety are crucial
intermediates in a wide variety of important organic reactions."
It is generally accepted that monomeric Pd" complexes
containing #'-allyls are nucleophilic and react with electro-
philes, whereas monomeric Pd" complexes containing 7°-allyls
are electrophilic and react with nucleophiles. In contrast,
although a number of Pd' dimers containing bridging allyl
ligands have been synthesized,” their chemistry is less
thoroughly understood. In the last 10 years several studies
have been performed that indicate that Pd' dimers containing
bridging allyl ligands may also have important roles in organic
transformations.

In 2004, Milstein and co-workers demonstrated that Pd'
dimers containing one bridging allyl ligand and one bridging
chloride ligand were active precatalysts for the Suzuki—Miyaura
reaction.” Subsequently, Moore reported that a related species
is an efficient precatalyst for the Sonogashira coupling,* while
Colacot also utilized a Pd' dimer containing one bridging allyl
ligand and one bridging chloride ligand for a-arylation and
Buchwald—Hartwig amination reactions using aryl bromides
and chlorides.® Furthermore, Pd' dimers with bridging allyl
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ligands have also been implicated in allylic substitution
reactions by Pfaltz and co-workers.® As part of the Hazari
group’s ongoing research to develop homogeneous transition
metal catalysts for CO, incorporation into organic molecules,”
we recently described unusual Pd' dimers supported by two
bridging allyl ligands (I) that were catalysts for the
carboxylation of allylstannanes and allylboranes under mild
The first step in the catalytic cycle is the
insertion of CO, into one bridging allyl ligand to form a species
with a bridging carboxlyate ligand (eq 1).*” Whereas species
containing two bridging allyl ligands underwent facile CO,
insertion, species containing one bridging allyl ligand and one
bridging chloride ligand (II) did not react with CO, and are
catalytically inactive (eq 2).

Density functional theory (DFT) calculations showed that
the nature of the HOMO was different between type I and type
Il complexes.” For type I systems, the highest occupied
molecular orbital (HOMO) was calculated to be located almost
entirely on the terminal carbon atoms of the bridging allyl

.l 248
conditions.
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ligands, whereas for type II species the HOMO is primarily Pd
based. The HOMO of type I systems was calculated to be
significantly higher in energy, and we proposed that this helped
to facilitate the insertion of CO,.” However, there was no
experimental evidence to support our hypothesis of a
destabilized HOMO in type I complexes.

Photoelectron spectroscopy (PES) has often been used to
validate the calculated electronic structures of molecules in the
gas phase.'® One of the features of PES, which has limited the
range of molecules that can be studied, is the need for neutral
molecules to be volatile so that they can be sublimed into the
gas phase. Over the past decade, the Wang group has
demonstrated that by combining electrospray mass spectrom-
etry with PES the electronic structures of a wide variety of
solution anionic slpecies, which do not sublime, can be studied
in the gas phase. ! To date, this technique has been used to
successfully probe the electronic structure of many different
systems, including anionic coordination compounds,'> Fe—S
clusters,"® and, in particular, multiply charged anions."'*'* In
this work, we have synthesized the Pd' bridging allyl dimers 1
and 2, which contain anionic phosphine ligands and can be
considered as models for type I and II complexes, respectively.
The photoelectron spectra of the anions of 1 and 2 have been
recorded and show that there is a low-energy detachment
present in 1, which is absent in 2. The relevance of this result to
the insertion of CO, into complexes containing bridging allyl
ligands is discussed.
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B RESULTS AND DISCUSSION

Synthesis and Characterization. Complexes 1 and 2 were
prepared following the synthetic routes shown in Scheme 1 and

Scheme 1
/P\ 2 [TBAJ[L] |
2 Pd W 2 [TBA] Pdv
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eq 3, respectively. The Na salt of the anionic phosphine ligand
TPPMS (TPPMS = PPh,(3-C4H,SO;)~) was purchased from a
commercial source. The Na cation was then replaced with
tetrabutylammonium (TBA) by stirring [Na][TPPMS] with
[TBA][CI] in tetrahydrofuran (thf) and filtering away the NaCl
precipitate. The TBA salt of TPPMS provided greater solubility
for both the free ligand and the resulting complexes in organic
solvents. Subsequently, reaction of [TBA][TPPMS] with (1’
allyl),Pd in toluene at room temperature generated 1 in high
yield. Both the Hazari group and others have previously used
this route to generate Pd' dimers with bridging allyl ligands, and
the presence of the anionic ligand did not appear to affect the
synthesis.®'> When the reaction was tracked using '"H NMR
spectroscopy, an uncharacterized intermediate, presumably the
monomeric species [TBA][(5'-allyl) (5*-allyl) Pd(TPPMS)],
was observed initially, while 1,5-hexadiene was subsequently
observed as a byproduct, consistent with our previous
results.*"> The bridging chloride salt 2 was prepared through
the reaction of 1 with one equivalent of the HCI surrogate 2,6-
lutidinium chloride in thf.'® This reagent is considerably easier
to use and provides cleaner reactivity than anhydrous sources of
HCI in solution, which have previously been used for this type
of reaction.”® The new complexes 1 and 2 were characterized
by mass spectrometry, 'H, *C, and P NMR spectroscopy,
and elemental analysis. They have similar spectroscopic features
to other bridging allyl dimers that we have reported®” but are
insoluble in all hydrocarbon solvents and also diethyl ether.
Both 1 and 2 are soluble in thf, acetonitrile, and dichloro-
methane but slow decomposition to a variety of unidentified
products is observed in acetonitrile and dichloromethane at
room temperature.

Photoelectron Spectroscopy of 1 and 2. The photo-
electron spectra were obtained by electrospray ionization of 1
mM solutions of 1 and 2 in a thf/acetonitrile (3:1) mixed
solvent. Details of the electrospray-PES apparatus have been
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described elsewhere.'” Anions from the electrospray source
were first accumulated in a room-temperature ion trap and then
analyzed by time-of-flight mass spectrometry. The dianions of 1
and 2 were selected by a mass gate and decelerated before
being photodetached by a laser beam (hv). In the current work,
three laser systems were used: 355 nm (3.496 €V) and 266 nm
(4.661 eV) from a Nd:YAG laser, 213 nm (5.821 eV) from a
dye laser, and 157 nm (7.866 eV) from an F, excimer laser. In
addition, we performed experiments at 266 nm for cold anions
using a newly built cryogenic ion trap operated at 4.4 K.'® The
photoelectron spectra of the anion of 1 at 355 nm, 266 nm
(room temperature and 4.4 K), and 157 nm are shown in
Figure 1. The spectra reveal many congested detachment

(a) 355 nm
X

RALLILLERN LLRRY RLLLY LARL)]
A
(b) 266 nm

4
Binding Energy (eV)

Figure 1. Photoelectron spectra of the anion of 1 at RT (red) and 4.4
K (blue): (a) 355 nm, (b) 266 nm, and (c) 157 nm.

features, which are labeled with letters (X, A—E). These
features are all fairly broad, owing to a large geometric change
from the dianion to the monoanion states and/or overlaps of
multiple detachment transitions. Thus, the spectral features are
labeled for the sake of discussion and cannot be viewed as
necessarily representing individual electronic transitions. Due
to the repulsive Coulomb barrier (RCB) expected for a
dianion,'* there is a cutoff on the high binding energy side (low
kinetic energy) at each photon energy. In addition, because of
electron tunneling near the barriers,"” PES features at the cutoff
do not reflect the true Franck—Condon envelopes. At 355 nm
(Figure la), band A is completely cut off due to the RCB,
whereas band B is cut off in the 266 nm spectrum (Figure 1b).
There is also a clear cutoff around 7 €V in the 157 nm spectrum
(Figure 1c). With the consistent sharp cutoff in the spectra at
the three photon energies, we estimate the magnitude of the
RCB (hv — cutoff) to be approximately 0.8 eV, which
represents the intramolecular Coulomb repulsion in the parent
dianion.
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The adiabatic (ADE) and vertical (VDE) detachment
energies for band X can be determined better from the 266
nm spectrum at 4.4 K (Figure 1b) because this band should not
be affected by the repulsive Coulomb barrier at this wavelength.
At low temperature, vibrational hot bands were reduced,
resulting in sharper onset at the low binding energy side.
Because no vibrational structures were resolved, the ADE was
estimated by drawing a straight line along the leading edge of
the X band and then adding the instrumental resolution to the
intersection with the binding energy axis. The ADE obtained
for 1 is 2.44 + 0.06 eV. The VDE was measured from the
maximum of band X as 2.68 + 0.03 eV. The ADE and VDE of
1 are given in Table 1.

Table 1. Observed and Calculated Adiabatic Electron
Detachment Energies (ADE) and Vertical Electron
Detachment Energies (VDE) of the First Detachment Band
from the Photoelectron Spectra of 1 and 2 (all values in eV)

exptl” DFT

ADE VDE VDE

1 2.44(6) 2.68(3) 248
2 3.24(6) ~3.5 2.82

“Numbers in parentheses represent the experimental uncertainties in
the last digit.

The photoelectron spectra of the anion of 2 at 266 nm
(room temperature and 4.4 K), 213 nm, and 157 nm are shown
in Figure 2. The 157 nm spectrum (Figure 2c) shows similar
detachment features to that of 1, except for the absence of the
lowest detachment band X at 2.5 eV. As for 1, all detachment
features were labeled with letters (X, A—D), but should not be
viewed as representing individual electronic transitions

(a) 266 nm X
(b) 213 nm B
A
X
(c) 157 nm B 2
A D
X
1 2 3 4 5 6 7

Binding Energy (eV)

Figure 2. Photoelectron spectra of the anion of 2 at RT (red) and 4.4
K (blue): (a) 266 nm, (b) 213 nm, and (c) 157 nm.
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Figure 3. (a) Selected molecular orbitals of the dianions 1 and 2 and (b) the LUMOs of the monoanions of 1 and 2.

necessarily. At lower photon energies (Figure 2a and b), we
again observe spectral cutoffs due to the RCB. The estimated
RCB height for 2 is also about 0.8 eV, which is reasonable
because the two dianions of 1 and 2 have similar sizes. The 266
nm spectrum of 2 at 44 K also shows clear improvement
relative to the room-temperature spectrum. Most importantly,
the 4.4 K spectrum suggests that the broad band X for 2
contains multiple overlapping detachment transitions, making it
difficult to determine the VDE. This observation is borne out
from our calculations because near the HOMO of 2 there are
close-lying O 2p lone pairs from the SO; groups (vide infra).
The ADE of 2 was measured from the threshold of the 266 nm
spectrum at 4.4 K to be 3.24 + 0.06 eV. The first VDE could
only be estimated to be ~3.5 eV due to the congested
detachment features. These values are also given in Table 1.
Overall, our PES spectra clearly show that a low-energy
detachment feature is present in 1, but not in 2.

Density Functional Theory Analysis. The PES results
clearly demonstrate that it is easier to remove an electron from
1 than 2, thus implying that 1 is more nucleophilic. In order to
understand and assign the PES spectra, and to ascertain
whether the lower electron detachment energy of 1 is
associated with the previously calculated HOMO of systems
of type I, DFT calculations were performed. Initially the
geometries of the § = 0 dianions 1 and 2 were optimized using
QMMM, with the phenyl groups of the phosphine modeled at
the MM level and the rest of the molecule at the QM level.
Further optimization was then carried out at the QM level. For
1, the HOMO is the same as that of related neutral compounds,
consisting of the out-of-phase combination of the 7, orbitals of
the two bridging allyl ligands (Figure 3a). It is localized on the
four terminal carbons of the bridging allyl ligands. The
HOMO-1 and HOMO-2 are located on the SO; groups.
The O 2p orbitals are out of phase in the familiar a, linear
combination in the local C;, symmetry of the SO; group
(Figure 3a). Below that the orbitals resemble those of the
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related neutral compounds that we have previously studied.”
The next nine orbitals in the manifold (HOMO-3 to
HOMO-11) are predominantly centered on the two Pd
atoms, which is consistent with two Pd' centers, with a metal—
metal single bond.

For 2, the HOMO and HOMO-1 are localized on the SO,
groups, consistent with the observation of overlapping
detachment transitions in the 266 nm spectrum of 2 at 4.4
K. The 7, orbital of the bridging allyl ligand is used for bonding
to the metal centers in 2, and as a result, it is stabilized and is
low in the energy manifold. Instead the nine orbitals, which
represent the linear combination of the two Pd centers,
compose the HOMO—2 to HOMO-10. These orbitals are
analogous to the HOMO to HOMO-8 in neutral type II
systems.” Thus apart from the HOMO in 1, the electronic
structures of 1 and 2 are almost identical.

The electronic structures of the monoanions of 1 and 2 were
then calculated, with the structures optimized for the dianions,
in order to obtain vertical electron detachment energies. Values
of 248 and 2.82 eV were found (Table 1), in reasonable
agreement with the experimental findings. The associated
LUMO:s of the monoanions of 1 and 2 are shown in Figure 3b.
In both cases the hole in the electronic structure is spread over
the HOMO, HOMO-1, and HOMO-2 of the corresponding
dianion, indicating that charge transfer between the SO; groups
and the third orbital occurs on electron detachment. The hole
localization is concentrated on the allyl groups in 1 and the SO,
groups in 2. The reason that the calculations underestimate the
difference in the first detachment band between 1 and 2 is
probably that the calculations overestimate the extent of hole
delocalization in the monoanions. Overall, the higher energy,
allyl-localized electrons are responsible for the lower electron
detachment energy of 1. In the absence of the SO; groups the
difference between 1 and 2 would be enhanced.
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B CONCLUSIONS

We have prepared dianionic Pd' dimers with two bridging allyl
ligands and one bridging allyl ligand and one bridging chloride
ligand, supported by the phosphine ligand TPPMS. The PES
spectra of the anions of these compounds reveal that a low-
energy electron detachment feature is present in the species
with two bridging allyl ligands. DFT calculations indicate that
this low-energy band occurs due to the out-of-phase
combination of the 7, orbitals of the two bridging allyl ligands.
This orbital is not present in the complex with one bridging
allyl and one bridging chloride ligand. The presence of the low-
energy detachment band in 1 and not 2 is consistent with our
proposal for why neutral complexes with two bridging allyl
ligands are active catalysts for the carboxylation of allylstan-
nanes and allylboranes, whereas species with one bridging allyl
and one bridging chloride ligand do not react with CO, at all. It
also supports our hypothesis that complexes with two bridging
allyl ligands are nucleophilic, in a similar fashion to #'-allyl
moieties in Pd monomers. Furthermore, our results indicate
that the PES spectra of transition metal complexes with anionic
ligands can be used as models for investigating the electronic
structure of neutral complexes. In the future, we will look to
extend our work to obtain the PES spectra of the anions of
other nonvolatile organometallic complexes, which are relevant
to CO, conversion.

B EXPERIMENTAL SECTION

General Methods. Experiments were performed under a
dinitrogen atmosphere in an M-Braun drybox or using standard
Schlenk techniques. (Under standard glovebox conditions purging was
not performed between uses of pentane, diethyl ether, benzene,
toluene, and thf; thus when any of these solvents were used, traces of
all these solvents were in the atmosphere and could be found
intermixed in the solvent bottles.) Moisture- and air-sensitive liquids
were transferred by stainless steel cannula on a Schlenk line or in a
drybox. The solvents for air- and moisture-sensitive reactions were
dried by passage through a column of activated alumina followed by
storage under dinitrogen. All commercial chemicals were used as
received except where noted. Deuterated solvents were obtained from
Cambridge Isotope Laboratories. Both CD,Cl, and CD;CN were
dried over calcium hydride and distilled prior to use. NMR spectra
were recorded on Bruker AMX-400 or -500 spectrometers at ambient
probe temperatures unless noted. Chemical shifts are reported with
respect to residual internal protio solvent for 'H and *C{'H} NMR
spectra and to an external standard for *'P{'H} spectra (85% H,PO,
at 0.0 ppm). Robertson Microlit Laboratories, Inc. performed the
elemental analyses (inert atmosphere). The low %C observed in the
analyses are typical for Pd' dimers with bridging allyl ligands.>’
Literature procedures were followed to prepare the following
compounds: (1%-allyl),Pd*® and 2,6-lutidinium chloride.'

Electrospray and PES Spectroscopy. Experiments were carried
out using the electrospray ionization PES (ESI-PES) apparatus, which
has been described previously in detail.'” The only modification was
the shortening of the electron flight tube from 4.0 m to 2.5 m, leading
to only a slight decrease of electron energy resolution.”* The dianions
of the Pd dimer 1 or 2 were produced by electrospray ionization of a 1
mM solution of the corresponding TBA salts from a mixed thf/
acetonitrile (3:1) solution. Upon exposure to air during electrospray
ionization, compound 1 started to decompose, and therefore N, gas
was used to purge the ESI zone to minimize the air contamination and
enhance the mass signals. A radio frequency-only quadrupole device
guided the anions from the ESI source into a Paul trap operated at
room temperature, where anions were accumulated for 0.1 s before
being pulsed into the extraction zone of a time-of-flight mass
spectrometer. The anions of interest were selected by a mass gate
and decelerated before being intercepted by a laser beam in the
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detachment region of a magnetic-bottle photoelectron analyzer. In the
current work, three different lasers were used for the PES experiment:
157 nm (7.866 eV) from an F, excimer laser, 213 nm (5.821 eV) from
a dye laser, and 266 nm (4.661 eV) and 355 nm (3.496 eV) from a
Nd:YAG laser. At 266 nm, we improved the energy resolution of the
PES spectra of both species by using our newly built cryogenic ion
trap'®*? operated at 4.4 K. The PES spectra were calibrated using the
known spectra of Au” and I". The Au~ anion was produced by
electrospray ionization of a pyridine solution of PPh;AuCl with
NaSCH,; and a trace amount of CH;OH.>® The electron kinetic energy
resolution of the current magnetic-bottle photoelectron analyzer with
the shortened electron flight tube was about 3%, i.e., 30 meV for 1 eV
electrons.”!

DFT Calculations. Quantum chemical calculations were performed
using density functional methods of the Amsterdam Density
Functional (Version ADF2011.02) pac:kage.24 TZP basis sets were
used with triple-& accuracy sets of Slater-type orbitals, with polarization
functions added to all atoms. Relativistic corrections were made using
the ZORA (zero-order relativistic approximation) formalism, and the
core electrons were frozen up to 1s for C and O, 2p for P and S, and
3d for Pd. The B3LYP functional was used.*® The geometries of the
dianions of 1 and 2 were optimized, and the optimized structure was
used to estimate vertical electron detachment energies for the
monoanions. The Kohn—Sham orbitals of the dianions were used as
the basis sets for the respective monoanion calculations to assist with
SCF convergence.

Synthesis and Characterization of Compounds. [TBAJ-
[TPPMS]. Sodium triphenylphosphine-meta-sulfonate (137 mg, 0.37
mmol) and tetrabutylammonium chloride (104 mg, 0.37 mmol) were
dissolved in S mL of thf. The reaction was stirred for 30 min at room
temperature. After this time a white precipitate had formed, and the
filtrate was isolated by cannular filtration. The volatiles were removed
under reduced pressure to give a white solid. The solid was dissolved
in a minimal amount of toluene, and then pentane was added until a
precipitate formed. The solvent was decanted, and the precipitate was
washed with pentane (3 X 3 mL). The residual solvent was then
removed under reduced pressure to leave [TBA][TPPMS] as a white
powder (164 mg, 75%).

[TBALI(TPPMS),Pdy(u-C5Hs),] (1). In a 22 mL vial with a stir bar,

(7-allyl),Pd (29 mg, 0.15 mmol) and [TBA][TPPMS] (89 mg, 0.15
mmol) were dissolved in 4 mL of toluene. The reaction was stirred for
12 h at room temperature. After this time a yellow powder had
precipitated out of solution. The solvent was carefully decanted from
the solid, and the yellow residue was washed with toluene (3 X 3 mL)
and dried in vacuo. The resulting solid was triturated with pentane (3
X § mL), and the solid was dried under reduced pressure to give 1
(104 mg, 94%) as a bright yellow powder.
ESLI-MS (1:1 thf/acetonitrile) m/z: 489 [M]>". "H NMR (500 MHz,
CD;CN): 6 7.77 (d, ] = 7.3 Hz, 2H, Hy,), 7.74 (s, 2H, Hy,), 7.48—7.30
(m, 24H, H,,), 3.66 (m, 2H, allyl-central), 3.08 (m, 16H, Bu,N
NCH,), 2.07 (d, ] = 6.9 Hz, 4H, allyl-end), 1.58 (m, 16H, Bu,N
NCH,CH,), 1.39 (d, J = 12.8 Hz, 4H, allyl-end), 1.32 (m, 16H, Bu,N
NCH,CH,CH,), 0.94 (t, ] = 7.4 Hz, 24H, Bu,N CH;). *C{’"H} NMR
(126 MHz, CD;CN): & 148.7 (t, ] = 3.4 Hz), 136.0—135.7 (m), 134.5
(t, J= 6.8 Hz), 130.8 (t, ] = 6.4 Hz), 128.6 (t, ] = 4.5 Hz), 1282 (t, ] =
4.6 Hz), 127.7, 93.8, 59.3, 35.2, 24.3, 20.3, 13.8. *'P{'H} NMR (121
MHz, CD;CN): & 32.66. Anal. Calcd (found) for
C,,H;10N,04P,Pd,S,: C, 60.77 (59.55); H, 7.58 (7.41); N, 1.92
(2.04).

[TBAJL[(TPPMS) ,Pdy(-C35H3)(u-Cl)] (2). Compound 1 (49 mg, 0.034
mmol) and 2,6-lutidinium chloride (4.8 mg, 0.034 mmol) were
dissolved in S mL of thf that had been cooled to —30 °C. After stirring
at =30 °C for 10 minutes the vial was allowed to warm to room
temperature. The volatiles were then removed under reduced pressure.
The resultant dark yellow oil was triturated with pentane (3 X 2 mL)
in a sonicator for 10 minutes. The resultant yellow residue was dried
under vacuum to give 2 (40 mg, 81%) as a bright yellow powder.
ESI-MS (1:1 thf/acetonitrile) m/z: 486 [M — CI]*~. 'H NMR (400
MHz, CD,CL): 6 7.91 (b, 2H, H,,), 7.86 (d, J = 7.7 Hz, 2H, H,),
7.72 (br, 4H, H,,), 7.63 (br, 4H, Hy,), 7.53 (d, ] = 5.7 Hz, 2H, H,,),
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7.47—7.33 (br m, 13H, Hy,), 3.13 (t, ] = 8.4 Hz, 16 H, Bu,N NCH,),
2.90 (d, ] = 6.5 Hz, 2H, allyl-end), 2.81 (m, 1H, allyl-central), 1.54 (t,
= 8.0 Hz, 16H, Bu,N NCH,CH,), 1.45 (d, ] = 12.7 Hz, 2H, allyl-end)
1.30 (q, J = 7.4 Hz, 16H, Bu,N NCH,CH,CH,), 0.91 (t, ] = 7.3 Hz,
24H, Bu,N CH;). *C{’"H} NMR (126 MHz, CD;CN): § 149.10 (t,
=4.2 Hz), 134.8—135.2 (m), 134.8—134.6 (m), 134.5, 1309 (t, = 7.4
Hz), 130.4, 130.3, 139.0 (q, J = 4.8 Hz), 128.6 (t, ] = 4.7 Hz), 12822,
73.4,59.3, 41.6, 24.4, 20.2, 14.0. *'P{*H} NMR (121 MHz, CD,CL,): §
27.12. Anal. Caled (found) for C,H;osCIN,O4P,Pd,S,: C, 58.53
(56.51); H, 7.26 (7.05); N, 1.92 (1.92).

B ASSOCIATED CONTENT

© Supporting Information

Further information about DFT calculations, including xyz files
for optimized structures, is available free of charge via the
Internet at http://pubs.acs.org.
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