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Synthesis of Homo- and Hetero-Bimetallic Arsenic Complexes by Means of
Regioselective Monoinsertion of Alkynylarsane into the Pd—C Bond of a
Palladacycle
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Cyclopalladated and cycloplatinated complexes, which in-
corporated the N,N-dimethylbenzylamine and N,N-dimeth-
ylnaphthylamine motifs, were successfully employed to pro-
mote a series of intermolecular monoinsertion reactions of di-
phenyl-1-propynylarsane, Ph,AsC=CMe, into the Pd-C
bond of the chiral a-methyl N,N-dimethylbenzylamine palla-
dacycles. The precursor complexes were prepared by means
of the coordination of the Ph,AsC=CMe moiety onto the
metal center trans to the benzylamine— or naphthylamine-N

donor atom of the cyclometallated complexes. Subsequently
a series of monoinsertion reactions were carried out between
these precursor complexes and the enantiomerically pure
N,N-dimethyl benzylamine palladacycles. These insertion
reactions showed high regioselectivity under mild conditions
and a variety of homo- and heterobimetallic arsenic function-
alized complexes were formed. The coordination chemistry
and the absolute stereochemistry of the monoinsertion prod-
ucts were determined by X-ray crystallography.

Introduction

It is well known that arsenic forms weaker bonds with
the metal centers than phosphorus does due to its in-
herently poorer c-donor and m-acceptor properties. Al-
though the reactivity of the arsenic ligands has been ex-
plored less than that of their phosphane counterparts, the
arsane ligands offer some advantages over the phosphane
analogues. For instance, tertiary arsanes have reduced air-
sensitivity, increased pyramidal stability, and are easier to
recover from the arsonium salts and metal complexes than
their phosphane analogues.!! Furthermore, the arsane-
based ligands have more synthetic applications in the gener-
ation of nucleophilic arsonium ylides than the correspond-
ing phosphonium ylides!?! and they are easily recycled for
reuse after immobilization onto a polymer support.’] Com-
pared with the structurally analogous phosphanes, the use
of the arsane ligands has proved more advantageous in a
variety of palladium-catalyzed cross-coupling reactions,
which include the Stille coupling reactions,”™ the Suzuki
couplings,?>*! and the Heck couplings.[>>-¢]

Our group has previously applied chiral cyclometallated
amine complexes as efficient chiral auxiliaries that promote
a series of asymmetric transformations, like Diels—Alder re-
actions,”) hydroamination reactions,® hydroarsination re-
actions,®l and hydrophosphination reactions,['% in order to
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synthesize chiral phosphanes. More recently, we have re-
ported the insertion of dialkynylphosphane into the Pd-C
bond of ortho-palladated benzylamine, which was activated
by a ruthenium complex, or cyclopalladated/platinated
naphthylamine templates to form bimetallic complexes.['!]
The study of the insertion of alkynes into the Pd-C bond
of the ortho-palladated complexes has attracted great inter-
est in organic synthesis since the formation of C—C bonds
by the insertion of an alkyne into a Pd—C bond can lead to
substituted olefins with a high degree of regio- and stereo-
control.l'?l Moreover, after depalladation these insertion
products can provide novel heterocyclic compounds that
would be otherwise hard to achieve by conventional organic
synthetic methodology.['*] It should be noted that studies
on alkynylphosphanes, which were focused towards C-H
bond activation or insertion into the M—C bond, have also
attracted interest.'¥ In view of the aforementioned attri-
butes of the arsane ligands and their relatively unexplored
chemistry in the insertion scenario in comparison to their
P analogues, we aim to extend our exploration into the ap-
plication of the cyclometallated—amine complexes for trans-
formations that involve the insertion of the arsane-function-
alized alkynes into Pd—C bonds. We herein report on the
efficiency of the cyclopalladated and cycloplatinated ben-
zylamine/naphthylamine metallacycles in promoting a series
of intermolecular monoinsertion reactions of diphenylalk-
ynylarsane, Ph,AsC=CMe, into the Pd—C bond of an enan-
tiomerically pure ortho-palladated benzylamine with high
regioselectivity under mild conditions to provide a variety
of novel chiral homo- and heterobimetallic arsenic-func-
tionalized complexes. To the best of our knowledge, this is
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the first report of an insertion reaction that involves an ar-
senic-functionalized alkyne moiety into an M—C bond that
led to the selective formation of the enlarged bimetallic het-
erocyclic rings.

Results and Discussion

Monoinsertion Reactions of the Alkynylarsane-Bearing
Cycloplatinated Naphthylamine Complex

As illustrated in Scheme 1, the preliminary reaction in-
volved the preparation of the precursor complex (R.)-3 by
treatment of diphenyl-1-propynylarsane, Ph,AsC=CMe,
with the dimeric naphthylamine platinum(II) complex, (R.)-
1. Due to the unique electronic directing effects that origi-
nate from the m-accepting aromatic carbon and the o-do-
nating nitrogen donor of the ortho-palladated naphth-
ylamine ring, the monodentate arsane ligand split the chlo-
rine bridge in the dimeric (R.)-1 and regioselectively coordi-
nated to the ortho-palladated naphthylamine complex in the
trans position to the naphthylamine-N donor atom to form
the monomeric chloro complex (R)-3.I'51 The monoinser-
tion reaction between the naphthylamine platinum(II) com-
plex, (R)-3, and half an equivalent of the benzylamine pal-
ladium(IT) dimer, (R)-5, was subsequently carried out at
room temperature by using CH,Cl, as the solvent
(Scheme 1). This reaction was monitored by thin layer
chromatography (TLC) as well as '"H NMR spectroscopy,
which showed that only one product formed, and the reac-
tion was found to be complete in 5d at room temp. The
crude reaction mixture was purified by column chromatog-
raphy and was subsequently crystallized from an acetone/
hexane solution to give complex (R,R)-6 as yellowish-
orange crystals in 86% yield.

The single-crystal X-ray diffraction structural analysis of
complex (R,R)-6 unambiguously established that the de-
sired monoinsertion product had been formed. As shown
in Figure 1, the carbon—carbon triple bond of the alkynyl-
arsane bond, C(15)-C(16), was inserted into the palladium—
carbon bond, Pd(1)-C(27), of the cyclopalladated benzyl-
amine dimer, (R)-5, to form a new carbon-carbon bond,
C(16)-C(27), together with a new metal-carbon bond be-
tween Pd(1) and C(15). The C(15)-C(16) bond was conse-
quently changed from C=C to C=C. The ring expansion
by the insertion of one carbon—carbon triple bond from the
alkynylarsane into the palladium-carbon bond of cyclopal-
ladated complex (R.)-5 led to the formation of a new stable
seven-membered ring. Furthermore, the platinum and pal-
ladium centers are bridged by the Cl atom to give a new
five-membered bimetallic heterocycle, in which the arsenic
donor atom is coordinated regiospecifically in the trans po-
sition to the naphthylamine-N donor atom with a Pt-As
bond length of 2.339(1) A. Moreover, as expected, the abso-
lute configuration of the stereocenters at C(11) and C(21)
remained unchanged over the course of the insertion reac-
tion. It should be noted that this monoinsertion reaction is
highly regioselective as the methyl group of the alkynyl-
arsane is located exclusively at the position next to the
3112
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phenyl ring of the benzylamine. The geometry at the plati-
num and palladium centers are slightly distorted square
planar for complex (R,R)-6. The C(15)-C(16) bond length
in (R,R)-6 [1.339(9) A] clearly indicated that it is a C=C
bond. Table 1 shows the selected bond lengths and angles
for complex (R,R)-6.

In order to obtain further evidence in support of the
monoinsertion of the alkynylarsane into the Pd—C bond of
cyclopalladated benzylamine, a similar insertion reaction
was performed between the naphthylamine platinum(IT)
complex (R)-3 and half an equivalent of the benzylamine
palladium(IT) dimer (S)-5 at room temperature in CH,Cl,
(Scheme 1) and the reaction was found to be complete in
6 d. Similar to the insertion reaction between complexes
(R)-3 and (R)-5, only one single product was formed in the
crude reaction mixture, which was then purified by column
chromatography and was subsequently crystallized from an
acetone/hexane solution to give complex (R,S)-6 as yellow-
ish-orange crystals in 80% yield.

(S,5)-8

Scheme 1.
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Figure 1. The molecular structure of complex (R,R)-6.

Table 1. The selected bond lengths [A] and angles [°] for complexes
(R,R)-6 and (R,S)-6.

(R,R)-6 (R.5)-6
Pd(1)-C(2) 1.987(6) 2.006(4)
Pt(1)-N(1) 2.105(6) 2.113(4)
Pt(1)-As(1) 2.339(1) 2.345(1)
Pt(1)-CI(1) 2.405(2) 2.390(1)
Pd(1)-C(15) 1.977(6) 1.996(4)
Pd(1)-N(2) 2.123(6) 2.138(4)
Pd(1)-CI(1) 2.355(2) 2.339(1)
Pd(1)-Cl(2) 2.405(2) 2.447(1)
C(15)-C(16) 1.339(9) 1.334(6)
C(2)-Pt(1)-N(1) 81.4(2) 80.7(2)
C(2)-Pt(1)-As(1) 98.8(2) 98.6(1)
N(1)-Pt(1)-As(1) 178.0(2) 175.6(1)
C(2)-Pt(1)-CI(1) 171.8(2) 174.7(1)
N(1)-Pt(1)-CI(1) 93.6(2) 94.0(1)
As(1)-Pt(1)-CI(1) 86.4(1) 86.7(1)
C(15)-Pd(1)-N(2) 92.5(2) 95.0(2)
C(15)-Pd(1)-CI(1) 83.5(2) 86.3(1)
N(2)-Pd(2)-Cl(1) 173.2(2) 170.8(1)
C(15)-Pd(1)-Cl(2) 170.7(2) 167.0(1)
N(2)-Pd(1)-Cl(2) 94.8(2) 92.7(1)
CI(1)-Pd(1)-CI(2) 89.8(1) 87.8(1)
Pd(1)-CI(1)-Pt(1) 88.3(1) 105.6(1)

The single-crystal X-ray diffraction structural analysis of
complex (R,S)-6 confirmed the formation of the expected
monoinsertion product by means of the insertion of the car-
bon-carbon triple bond of the alkynylarsane bond, C(15)-
C(16), into the palladium-carbon bond, Pd(1)-C(27), of the
cyclopalladated benzylamine dimer, (S)-5 (Figure 2). This
was accompanied by the formation of two new bonds,
C(16)-C(27) and Pd(1)-C(15), and an enlarged seven-mem-
bered ring was generated with high regioselectivity, which
is similar to what was observed in the formation of the
monoinsertion product, complex (R,R)-6. The absolute
configuration of the stereocenters at C(11) and C(21) re-
mained unchanged as R and S, respectively. The Pt-As
bond is 2.345(1) A, which is comparable to that of complex
(R,R)-6. The geometry at the platinum and palladium cen-
ters are slightly distorted square planar for complex (R,S)-
6. The C(15)-C(16) bond length in (R,S)-6 [1.334(6)] clearly
indicated that it is a C=C bond. Table 1 shows the selected
bond lengths and angles for complex (R,S)-6.
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Figure 2. The molecular structure of complex (R,S)-6.

Monoinsertion Reactions of the Alkynylarsane-Bearing
Cyclopalladated Naphthylamine Complex

In order to investigate the metal effect that arises from
palladium and platinum, the platinum naphthylamine tem-
plate, (R)-1, was replaced by the analogous chiral palladium
naphthylamine template, (R)-2, to perform two more inser-
tion reactions. As illustrated in Scheme 1, complex (R)-4
was separately treated with half an equivalent of the ben-
zylamine palladium(II) dimers, (R)-5 and (S.)-5, at room
temperature in CH,Cl, and the reactions were found to be
complete in 3 and 2 d, respectively, which is much faster
than the reaction that involved the platinum analogue. Af-
ter purification by column chromatography and crystalli-
zation from acetone/hexane, complex (R,R)-7 was obtained
as yellowish-orange crystals. The X-ray structural analysis
of complex (R,R)-7 confirmed the formation of the mono-
insertion dipalladium product by means of the insertion of
the carbon—carbon triple bond of alkynylarsane into the
Pd-C bond of benzylamine compex (R)-5 (Figure 3). Dipal-
ladium complex (R,R)-7 and its platinum analogue, (R,R)-
6, are isostructural. The Pd—As bond length is 2.353(1) A,
which is consistent with the literature report.['®l Table 2
shows the selected bond lengths and angles of complex
(R,R)-7.

Figure 3. The molecular structure of complex (R,R)-7.

The insertion reaction that involved (R)-4 and (S)-5,
however, did not yield the desired insertion product. After
purification of the crude reaction mixture by column
chromatography, dimeric naphthylamine palladium(II)
3113
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Table 2. The selected bond lengths [A] and angles [°] for complex
(R,R)-7.

Pd(1)-C(2) 1.990(4) N(1)-Pd(1)-As(1) 177.1(1)
Pd(1)-N(1) 2.127(3) C(2)-Pd(1)-CI(1)  171.9(1)
Pd(1)-As(1) 2.353(1) N(1)-Pd(1)-CI(1) 94.6(1)
Pd(1)-CI(1) 2.408(1) As(1)-Pd(1)-CI(1) 86.8(1)
Pd(2)-C(15) 1.993(4) C(15)-Pd(2) N(2) 92.5(1)
Pd(2)-N(2) 2.123(4) C(15)-Pd(2)-CI(1) 83.8(1)
Pd(2)-CI(1) 2.355(1) N(Q2)-Pd(2)-CI(1)  172.0(1)
Pd(2)-CI(2) 2.412(1) C(15)-Pd(2)-Cl(2) 169.4(1)
C(15)-C(16) 1.327(5) N(2)-Pd(2)-CI(2) 94.3(1)
CQ)-Pd(1)-N(1)  81.3(2) CI(1)-Pd(2)-CI(2) 90.4(1)
C(Q)-Pd(1)-As(1)  97.6(1) Pd(2)-CI(1)-Pd(1) 86.6(1)

complex (R)-2 and an unexpected insertion product, (S,S)-
8, were obtained instead (Scheme 1). The yield of complex
(S,5)-8, which was based on the mass of As, was only 14 %,
which indicated that complex (S,S)-8 should be the minor
product of the current insertion reaction. We assumed that
there was an alkynlyarsane ligand redistribution process
that occurred prior to the insertion reaction. As illustrated
in Scheme 2, during the ligand redistribution process, the
labile alkynylarsane ligand was redistributed from the
naphthylamine template, (R)-4, to the benzylamine tem-
plate, (S)-5, to form dimeric naphthylamine palladium(II)
complex (R)-2 and monomeric chloro benzyamine complex
(S)-9, which subsequently underwent an insertion reaction
with (S)-5 to afford the insertion product, (S,S)-8. As
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shown in Figure 4, the absolute stereochemistry of complex
(S,5)-8 was confirmed by X-ray crystallography. Table 3
shows the selected bond lengths and angles of complex
(S,S)-8. We believe that in the insertion reaction between
complex (R)-4 and benzylamine palladium(II) dimer (R)-5
the same ligand redistribution process should occur, how-
ever, the minor product could not be obtained.

Figure 4. The molecular structure of complex (S,S)-8.

Table 3. The selected bond lengths [A] and angles [°] for complex
(SaS)'S'

Pd(1)-C(2) 1.993(4) N(1)-Pd(1)-As(1) 179.6(1)
Pd(1)-N(1) 2.121(3) C(2)-Pd(1)-CI(1) 172.3(1)
Pd(1)-As(1) 2.349(1) N(1)-Pd(1)-CI(1)  93.5(1)
Pd(1)-Cl(1) 2.413(1) As(1)-Pd(1)-CI(1) 86.9(1)
Pd(2)-C(11) 1.991(3) C(11)-Pd(2)-N(2) 92.6(1)
Pd(2)-N(2) 2.125(3) C(11)-Pd(2)-CI(1) 83.3(1)
Pd(2)-CI(1) 2.351(1) N(2)-Pd(2)-CI(1) 172.5(1)
Pd(2)-Cl(2) 2.434(1) C(11)-Pd(2)-C1(2) 169.6(1)
C(11)-C(12) 1.326(4) N(2)-Pd(2)-CI(2) 95.9(1)
C(2)-Pd(1) N(1) 82.7(2) CI(1)-Pd(2)-CI(2) 88.8(1)
C(2)-Pd(1)-As(1) 96.9(1) Pd(2)-CI(1)-Pd(1) 91.1(1)

Monoinsertion Reactions of the Alkynylarsane-Bearing
Cyclometallated Benzylamine Complex

It has been well established that ortho-metallated naphth-
ylamine complexes (R)-1 and (R)-2 have similar electronic
properties to the ortho-metallated benzylamine complexes,
(R)-5 and (R)-10 (Scheme 3). They both contain two readily
available coordination sites: one that is trans to the strong
n-accepting aromatic carbon donor and the other that is
trans to the o-donating nitrogen.'”V However, the ortho-
metallated naphthylamine template proved superior to the
benzylamine analogue in many applications due to the
unique stereochemistry associated with the ortho-metallated
five-membered ring, which is conformationally rigid in both
the solid and the solution form.!'¥ The organometallic ring
conformation of benzylamine, on the other hand, un-
dergoes rapid interconversion between the A and ¢ confor-
mations in both the solution and the solid state.['” In order
to explore the subtle metal template effect that arises from
the benzylamine and napththylamine auxiliaries, a series of
insertion reactions that involved the cycloplatinated/pallad-
ated benzylamine templates were conducted.

Eur. J. Inorg. Chem. 2011, 3111-3121
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As illustrated in Scheme 3, the precursor complex (R)-11
was separately treated with half an equivalent of the enan-
tiomeric benylamine palladium(II) dimmers, (R)-5 and (S)-
5, at room temperature in CH,Cl, and the reaction was
found to be complete in 4 and 5 d, respectively. In each of
the reactions, only one single product was formed. The
crude reaction mixtures were then purified by column
chromatography and were subsequently crystallized from
dichloromethane/hexane to give complexes (R,R)-13 and
(R,S)-13 as yellowish-orange crystals in 67% and 88%
yields, respectively.

The X-ray structural analysis of complexes (R,R)-13 and
(R,S)-13 confirmed that the desired diastereomeric inser-
tion products had been formed (Figures 5 and 6). No in-
terconversion of the organometallic ring conformations
were observed. The conformation of the 5S-membered Pt(1)-
C(2)-N(1) ring in complex (R,R)-13 is A, while the 5-mem-
bered platinacycle in complex (R,S)-13 adopts the J confor-
mation. In both of the complexes, the arsenic donor atoms
were coordinated regiospecifically in the trans position to
the benzylamine-N donor atom and had Pt-As bond
lengths of 2.334(1) and 2.332(1) A, respectively, and the
methyl group of the alkynylarsane was located exclusively
adjacent to the phenyl ring of the palladated benzylamine.

Eur. J. Inorg. Chem. 2011, 3111-3121
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Moreover, as expected, the absolute configuration of the
stereocenters at C(7) and C(17) remained unchanged in the
two complexes. The molecular structure of complex (R,R)-
13 showed that the carbon-carbon triple bond of the alk-
ynylarsane bond, C(11)-C(12), had inserted into the Pd(1)-
C(23) bond of benzylamine dimer (R)-5. As a result of this
insertion, two new bonds, C(22)-C(20) and Pd(1)-C(21),
were generated and the C(11)-C(12) bond changed from
C=C to C=C. The platinum and palladium metal centers
are connected by CI to give a 5S-membered bimetallic hetero-
cycle. Complex (R,S)-13 has the same molecular connectiv-
ity as complex (R,R)-13 and only differs in the bond lengths
and angles. The geometry at the platinum and palladium
centers is slightly distorted square planar for complexes
(R,R)-13 and (R,S)-13. The C(11)-C(12) bond length in
complex (R,R)-13 [1.321(6)] and in complex (R,S)-13
[1.343(5)] were clearly indicative of C=C bonds. Table 4
shows the selected bond lengths and angles for complexes
(R,R)-13 and (R,S)-13.

cs5 ,_E

Figure 6. The molecular structure of complex (R,S)-13.

Two more insertion reactions were carried out separately
between complex (R)-12 and half an equivalent of the enan-
tiomeric benzylamine palladium(II) dimers, (R)-5 and (S)-
3115
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Table 4. The selected bond lengths [A] and angles [°] for complexes
(R,R)-13 and (R,S)-13.

(R,R)-13 (R,S)-13
P(1)-C(2) 1.996(5) 2.002(4)
Pt(1)-N(1) 2.110(4) 2.114(4)
Pt(1)-As(1) 2.334(1) 2.332(1)
Pt(1)-CI(1) 2.406(1) 2.411(1)
Pd(1)-C(11) 1.997(4) 2.004(3)
Pd(1) N(2) 2.113(4) 2.118(4)
Pd(1)-CI(1) 2.343(1) 2.329(1)
Pd(1)-Cl(2) 2.433(1) 2.415(1)
C(11)-C(12) 1.321(6) 1.343(5)
C(2)-Pt(1)-N(1) 82.1(2) 82.1(2)
C(2)-Pt(1)-As(1) 98.3(2) 97.2(1)
N(1)-Pt(1)-As(1) 179.6(1) 178.7(1)
C(2)-Pt(1)-CI(1) 172.5(1) 173.5(1)
N(1)-Pt(1)-CI(1) 92.8(1) 94.5(1)
As(1)-Pt(1)-CI(1) 86.8(1) 86.3(1)
C(11)-Pd(1)-N(2) 92.0(2) 93.8(1)
C(11)-Pd(1)-CI(1) 83.7(1) 85.2(1)
N(2)-Pd(1)-Cl(1) 173.0(1) 178.2(1)
C(11)-Pd(1)-Cl(2) 170.2(1) 171.0(1)
N(2)-Pd(1)-Cl(2) 96.4(1) 95.1(1)
CI(1)-Pd(1)-Cl(2) 88.4(1) 85.9(1)
Pd(1)-CI(1)-Pt(1) 92.1(1) 96.3(1)

5, at room temperature in CH,Cl, (Scheme 4). Both of the
reactions were found to be complete in 6 and 4 d, respec-
tively. The crude reaction mixtures were purified by column
chromatography and were subsequently crystallized from
acetone/hexane to give complexes (R,R)-14 and (R,S)-14 as
yellowish-orange crystals in 68% and 90% yields, respec-
tively.
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Figures 7 and 8 show the molecular structures of com-
plex (R,R)-14 and (R,S)-14, which indicated that the desired
insertion products had been formed. Similar to the forma-
tion of the complexes (R,R)-13 and (R,S)-13, no intercon-
version of the organometallic ring conformation was ob-
served. The conformation of the 5-membered Pt(1)-C(2)-
N(1) ring in complex (R,R)-14 is A, while the 5-membered
platinacycle in complex (R,S)-14 adopts the J conforma-
tion. For both of the complexes the arsenic donor atoms
are coordinated regiospecifically in the zrans position to the
benzylamine-N donor atom and both of the Pd-As bond
lengths are 2.355(1) A. The methyl group of the alkynyl-
arsane was located exclusively adjacent to the phenyl ring

Figure 7. The molecular structure of complex (R,R)-14.
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Figure 8. The molecular structure of complex (R,S)-14.

of the palladated benzylamine. Moreover, as expected, the
absolute configurations of the stereocenters at C(7) and
C(17) remained unchanged for the two complexes. Dipalla-
dium complex (R,R)-14 and its platinum analogue, (R,R)-
13, are isostructural, while complex(R,S)-14 and its plati-
num analogue, (R,S)-13, are also isostructural. Complex
(R,R)-14 is an enantiomer of complex (S,S)-8.

The molecular structure of complex (R,R)-14 showed
that the carbon—carbon triple bond of the alkynylarsane,
C(11)-C(12), had inserted into the Pd(2)-C(23) bond of the
benzylamine dimer (R.)-5. As a result of this insertion, two
new bonds, C(22)-C(20) and Pd(2)-C(21), were generated,
while the C(11)-C(12) bond was changed from C=C to
C=C. The two palladium metal centers are connected by Cl
to give a S5-membered bimetallic heterocycle. Complex
(R,S)-14 has the same molecular connectivity as complex

Table 5. The selected bond lengths [A] and angles [°] for complexes
(R,R)-14 and (R,S)-14.

(R,R)-14 (R.S)-14
Pd(1)-C(2) 1.992(4) 2.004(6)
Pd(1)-N(1) 2.122(3) 2.134(5)
Pd(1)-As(1) 2.355(1) 2.355(1)
Pd(1)-Cl(1) 2.411(2) 2.404(2)
Pd(2)-C(11) 1.994(4) 1.993(5)
Pd(2)-N(2) 2.123(4) 2.131(5)
Pd(2)-CI(1) 2.347(2) 2.344(2)
Pd(2)-Cl(2) 2.432(2) 2.428(2)
C(11)-C(12) 1.319(5) 1.325(7)
C(2)-Pd(1)-N(1) 82.5(2) 82.4(2)
C(2)-Pd(1)-As(1) 97.0(2) 97.0(2)
N(1)-Pd(1)-As(1) 179.5(2) 177.8(2)
C(2)-Pd(1)-CI(1) 172.4(2) 173.3(2)
N(1)-Pd(1)-CI(1) 93.5(2) 93.6(2)
As(1)-Pd(1)-CI(1) 86.9 (1) 87.3(1)
C(11)-Pd(2)-N(2) 92.8(2) 92.8(2)
C(11)-Pd(2)-CI(1) 83.4(2) 83.4(2)
N(2)-Pd(2)-CI(1) 172.4(2) 173.8(2)
C(11)-Pd(2)-Cl(2) 169.8(2) 171.02)
N(2)-Pd(2)-Cl(2) 95.7(2) 95.5(2)
CI(1)-Pd(2)-Cl(2) 88.8(1) 95.6(2)
Pd(2)-CI(1)-Pd(1) 91.1(1) 88.5(1)
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(R,R)-14, and only differs in the bond lengths and angles.
The geometry at both of the palladium centers is slightly
distorted square planar for complexes (R,R)-14 and (R,S)-
14. The C(11)-C(12) bond lengths in (R,R)-14 [1.319(5) A]
and in complex (R,S)-14 [1.325(7) A] clearly indicated that
they are C=C bonds. The selected bond lengths and angles
for complexes (R,R)-14 and (R,S)-14 are shown in Table 5.

Mechanistic Considerations

It is worth noting that the current insertion reactions
should proceed by means of an intermolecular pathway
since the carbon-carbon triple bond of the alkynylarsane
was exclusively inserted into the Pd—C bond of the chiral a-
methyl benzylamine palladacycle instead of into the M—C
bond of the original benzylamine or naphthylamine com-
plex, which originally bore the alkynylarsane moeity. This
was especially evident for the insertion reactions that in-
volved the benzylamine palladium(IT) complex, (R)-12, and
the benzylamine palladium(I) dimers (R)/(S)-5,
(Scheme 3), where even though both of the reactants in-
volved contained a Pd—C bond attached to the phenyl ring,
the C=C bond of the alkynylarsane still exclusively inserted
into the Pd-C bond of the benzylamine palladium(IT) di-
mers (R)/(S)-5, which thus confirmed the intermolecular
manner of the reaction.

It has been generally accepted that the insertion reactions
of alkynes involves the n?-coordination of the alkyne to the
metal center followed by the migratory insertion of C=C
into the metal-carbon bond of the palladacycles.['”] We be-
lieve that a similar mechanism is involved in the current
insertions of the alkynylarsane into the Pd—C bond of the
ortho-palladated benzylamine. As illustrated in Scheme 4,
upon coordination to the chiral cyclometallated template,
the C=C of the alkynylarsane coordinates in the n?> mode
to the Pd center of the ortho-palladated benzylamine to
form a four-coordinate complex by means of a chloro
bridge-splitting reaction on the ortho-palladated benzyl-
amine template.['2% Since the alkynylarsane is not sym-
metrical, the n?>-coordination step may proceed by two dif-
ferent pathways, paths A and B (Scheme 4). The steric re-
pulsion that arises from the phenyl group of the ortho-palla-
dated benzylamine complex and the naphthyl/phenyl ring
of the coordinated cyclometallated complex in pathway A is
higher than that of the phenyl group of the ortho-palladated
benzylamine and the Me group of the coordinated alk-
ynylarsane in pathway B. Furthermore, in pathway B it is
easier for the Cl atom on the M center to donate a lone
pair of electrons to the Pd center of the ortho-palladated
benzylamine. It is clear that pathway B, where the methyl
group is located close to the phenyl group of the ortho-
palladated benzylamine, is sterically and electronically
much more favorable than pathway A, in which the methyl
group is adjacent to the CI atom. Therefore, the subsequent
insertion of the C=C of the alkynylarsane-bearing chiral
cyclometallated template into the Pd-C bond of the ortho-
palladated benzylamine proceeded with excellent regioselec-
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tivity to form a seven-membered ring, where the methyl
group was invariably located adjacent to the phenyl group
of the ortho-palladated benzylamine. The lone pair of elec-
trons on the ClI in the chiral cyclometallated template were
donated to the Pd center of the ortho-palladated benzyl-
amine and generated a five-membered bimetallic homo- or
heterocycle.

Conclusions

In conclusion, a series of regioselective, intermolecular,
monoinsertion reactions of the diphenyl-1-propynylarsane
moiety into the Pd—C bonds of the chiral a-methyl benzyl-
amine palladacycles were demonstrated under mild reaction
conditions in appreciable yields. A variety of new chiral
homo- or hetero-bimetallic arsenic functionalized com-
plexes were thus isolated and characterized. In this study,
cyclopalladated and cycloplatinated complexes that con-
tained the benzylamine and naphthylamine systems were
found to be efficient promoters for the reaction that gave a
variety of bimetallic compounds.

Experimental Section

General: The reactions that involved air-sensitive compounds were
performed under a positive pressure of purified nitrogen. The
NMR spectra were recorded at 25 °C with the Bruker ACF300 and
AMX500 spectrometers. The optical rotations were measured for
the specified solution in a 1 dm cell at 25 °C with a Perkin—Elmer
341 polarimeter. The melting points were determined with a Biichi
melting point B-540. The elemental analyses were performed by the
Elemental Analysis Laboratory of the Department of Chemistry at
the National University of Singapore.

The dimeric naphthylamine platinum(II) (R)-1,! dimeric naphth-
ylamine palladium(II) complex (R)-2.>*>23 dimeric benzylamine
palladium(IT) complexes (R/S)-5,2* and dimeric benzylamine plati-
num(Il) complex (R.)-101>%1 were prepared according to the stan-
dard methods. The diphenyl-1-propynylarsane was prepared by a
revised literature method.2¢!

Complex (R)-3: Complex (R)-1 (1.30 g, 1.51 mmol) was added to a
solution of diphenyl-1-propynylarsane (0.81 g, 3.02 mmol) in
CH,Cl, and the reaction mixture was stirred for 4 h at room tem-
perature. Upon completion of the reaction, the solvent was re-
moved and dried in vacuo to yield the product as yellow solid,
which was not isolated. M.p. 177-179 °C. [da]p = -30 (¢ = 0.5,
CH,Cl,). CyoH,5AsCINPt (697.01): caled. C 50.0, H 4.2, N 2.0;
found C 50.1, H 4.1, N 2.2. '"H NMR (CDCls, 300 MHz): 6 = 1.68
(d, Jun = 6.7Hz, 3 H, CHMe), 2.06 (s, 3 H, =CMe), 2.89 (s, 3 H,
NMe), 3.02 (s, 3 H, NMe), 4.00 (q, Juu = 44 Hz, 1 H, CHMe),
6.90-7.88 (m, 16 H, aromatics) ppm. *C NMR (CDCl;, 100 MHz):
0=55(,1C,=CMe), 22.7 (s, 1 C, CHMe), 48.8 (s, | C, NMe),
533 (s, 1 C, NMe), 68.8 (s, 1 C, AsC=C), 75.6 (s, 1 C, CHMe),
105.5 (s, 1 C, AsC=C(), 123.3-148.1 (m, 22 C, Ar) ppm.

Complex (R,R)-6: Complex (R)-3 (0.50 g, 0.72 mmol) was dissolved
in CH>Cl, (50 mL) and then treated with complex (R)-5 (0.21 g,
0.36 mmol). The mixture was stirred at room temperature for 5 d.
Upon completion of the reaction, the solvent was removed to give
a brown residue, which was purified by column chromatography
(with an eluting gradient of hexane/acetone, 5:1 to 3:1) to give a
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yellowish-orange solid. Crystallization from acetone/hexane gave
complex (R,R)-6 as yellowish-orange crystals: 0.61 g (86% yield);
m.p. 229-231°C (dec.). [a]p = +385 (¢ = 0.5, CH,Cl).
C3oH,3ASCILN,PdPt (987.10): caled. C 47.5, H 4.4, N 2.8; found
C 472, H 4.4, N 3.1. '"H NMR (CDCl;, 300 MHz): 6 = 1.06 (d,
Jun = 6.8 Hz, 3 H, CHMe'), 1.87 (s, 3 H, =CMe), 2.03 (s, 3 H,
NMe'), 2.21 (d, Jun = 6.4 Hz, 3 H, CHMe), 2.55 (s, 3 H, NMe'),
2.76 (s, 3 H, NMe), 3.36 (s, 3 H, NMe), 3.80 (q, Jyuu = 6.8 Hz, 1
H, CH'Me), 4.58 (q, Ju.u = 6.8 Hz, 1 H, CHMe), 6.79-7.95 (m,
20 H, aromatics) ppm. '*C NMR (CDCl;, 100 MHz): § = 8.6 (s, 1
C, C'HMe'), 22.9 (s, 1 C, CHMe), 23.7 (s, 1 C, =CMe), 42.2 (s, 1
C, NMe'), 49.1 (s, 1 C, NMe'), 504 (s, 1 C, NMe), 53.7 (s, 1 C,
NMe), 62.2 (s, 1 C, C’'HMe'), 74.6 (s, 1 C, CHMe), 123.2-148.8
(m, 30 C, Ar and C=C) ppm.

Complex (R,S)-6: Complex (R)-3 (0.50 g, 0.72 mmol) was dissolved
in CH,Cl, (50 mL) and then treated with complex (S)-5 (0.21 g,
0.36 mmol). The mixture was stirred at room temperature for 6 d.
Upon completion of the reaction, the solvent was removed to give
a brown residue, which was purified by column chromatography
(with an eluting gradient of hexane/acetone, 5:1 to 3:1) to give a
yellowish-orange solid. Crystallization from acetone/hexane gave
complex (R,S)-6 as yellowish-orange crystals: 0.57 g (80% yield);
m.p. 190-191°C (dec.). [a]lp = -242 (¢ = 0.5, CH,Cl).
C39Hy3AsCLN,PdPt (987.10): caled. C 47.5, H 4.4, N 2.8; found
C 47.3, H 4.3, N 3.1. '"H NMR (CDCls, 300 MHz): 6 = 1.18 (d,
Jun =7.0Hz, 3 H, CHMe'), 1.72 (d, Jux = 6.3 Hz, 3 H, CHMe),
1.81 (s, 3 H, =CMe), 1.91 (s, 3 H, NMe'), 2.55 (s, 3 H, NMe¢'),
3.20 (s, 3 H, NMe), 3.24 (s, 3 H, NMe), 4.01 (q, Juu = 7.0Hz, 1
H, CH'Me), 4.58 (q, Jun = 6.4Hz, 1 H, CHMe), 6.91-8.47 (m,
20 H, aromatics) ppm. *C NMR (CDCl;, 100 MHz): § = 8.9 (s, 1
C, C’HMe'), 22.7 (s, 1 C, CHMe), 23.9 (s, 1 C, =CMe), 42.3 (s, 1
C, NMe'), 48.5 (s, 1 C, NMe'), 48.8 (s, 1 C, NMe), 54.1 (s, 1 C,
NMe), 62.1 (s, 1 C, C’"HMe'), 73.6 (s, 1 C, CHMe), 123.1-148.4
(m, 30 C, Ar and C=C) ppm.

Complex (R)-4: Complex (R)-2 (1.29 g, 1.90 mmol) was added to a
solution of diphenyl-1-propynylarsane (1.02 g, 3.80 mmol) in
CH,Cl, and the reaction mixture was stirred for 1 d at room tem-
perature. Upon completion of the reaction, the solvent was re-
moved and dried in vacuo to yield the product as a yellow solid,
which was not isolated. M.p. 125-126 °C. [a]p = -88 (¢ = 0.5,
CH,Cl,). Cy9H,AsCINPd (608.35): caled. C 57.3, H 4.8, N 2.3;
found C 57.2, H 4.8, N 2.3. 'H NMR (CDCl;, 300 MHz): § = 1.95
(d, Ju.z = 6.2 Hz, 3 H, CHMe), 2.07 (s, 3 H, =CMe), 2.89 (s, 3 H,
NMe), 3.15 (s, 3 H, NMe), 4.55 (q, Juu = 6.4 Hz, 1 H, CHMe),
7.17-7.97 (m, 16 H, aromatics) ppm. '*C NMR (CDCl;, 100 MHz):
0=55(,1C, =CMe), 239 (s, 1 C, CHMe), 48.9 (s, 1 C, NMe),
52.3 (s, 1 C, NMe), 74.0 (s, 1 C, CHMe), 106.1 (s, 2 C, AsC=C),
123.4-149.3 (m, 22 C, Ar) ppm.

Complex (R,R)-7: Complex (R)-4 (0.50 g, 0.82 mmol) was dissolved
in CH,Cl, (50 mL) and then treated with complex (R)-5 (0.24 g,
0.41 mmol). The mixture was stirred at room temperature for 3 d.
Upon completion of the reaction, the solvent was removed to give
a brown residue, which was purified by column chromatography
(with an eluting gradient of hexane/acetone, 5:1 to 3:1) to give a
yellowish-orange solid. Crystallization from acetone/hexane gave
(R,R)-7 as yellowish-orange crystals: 0.30 g (40% yield); m.p. 176—
177 °C (dec.). [a]p = +135 (¢ = 0.2, CH,Cl,). C39H43AsCLL,N,Pd,
(898.41): caled. C 52.1, H 4.8, N 3.1; found C 51.9, H 4.8, N 3.2.
'"H NMR (CDCl;, 300 MHz): 6 = 1.06 (d, Jyu = 6.8 Hz, 3 H,
CHMe'), 1.89 (s, 3 H, =CMe), 2.07 (s, 3 H, NMe'), 2.32 (d, Jun
= 6.4Hz 3 H, CHMe), 2.58 (s, 3 H, NMe'), 2.68 (s, 3 H, NMe),
3.14 (s, 3 H, NMe), 3.80 (q, Juu = 6.8 Hz, | H, CH'Me), 4.34 (q,

Eur. J. Inorg. Chem. 2011, 3111-3121



Synthesis of Homo- and Hetero-Bimetallic Arsenic Complexes

Jun = 6.0 Hz, 1 H, CHMe), 6.48-7.93 (m, 20 H, aromatics) ppm.
13C NMR (CDCl3, 100 MHz): 6 = 8.6 (s, 1 C, C'HMe"), 23.8 (s, 1
C, =CMe), 24.3 (s, | C, CHMe), 42.1 (s, 1 C, NMe'), 49.1 (s, 1 C,
NMe'), 50.1 (s, 1 C, NMe), 52.5 (s, 1 C, NMe), 62.1 (s, 1 C,
C'HMe’), 73.1 (s, 1 C, CHMe), 122.4-150.3 (m, 30 C, Ar and C=C)
ppm.

Complexes (R)-11 and (R)-12: Complexes (R)-11 and (R)-12 were
prepared separately by a similar procedure to the preparation of
complex (R)-3. Complex (R)-11: m.p. 113-115°C. [a]p = —10 (¢ =
0.5, CH,CL,). C,5sH»;AsCINPt (646.95): caled. C 46.4, H 42, N
2.2; found C 46.2, H 4.8, N 2.3. 'H NMR (CDCl;, 300 MHz): 6 =
2.03 (d, Jyu = 6.5Hz, 3 H, CHMe), 2.05 (s, 3 H, =CMe), 2.82 (s,
3 H, NMe), 2.97 (s, 3 H, NMe), 4.33 (q, Jyuu = 6.2Hz, 1 H,
CHMe), 7.35-8.01 (m, 14 H, aromatics) ppm. '3C NMR (CDCl;,
100 MHz): 6 = 5.4 (s, 1 C, =CMe), 19.7 (s, 1 C, CHMe), 46.7 (s, 1
C, NMe), 51.7 (s, 1 C, NMe), 68.7 (s, 1 C, AsC=C), 77.0 (s, 1 C,
CHMe), 105.2 (s, 1 C, AsC=C(), 121.9-153.2 (m, 18 C, Ar) ppm.

Complex (R)-12: M.p. 192-194 °C.[a]p = +106 (¢ = 0.5, CH,Cl,).
C,5H,;AsCINPd (558.29): caled. C 53.8, H 4.9, N 2.5; found C
53.5, H 4.5, N 2.2. 'H NMR (CDCls, 300 MHz): 6 = 1.73 (d, Jun
= 5.1 Hz, 3 H, CHMe), 2.05 (s, 3 H, =CMe), 2.78 (s, 3 H, NMe),
2.94 (s, 3 H, NMe), 3.90 (q, Jun = 6.1 Hz, 1 H, CHMe), 6.64
7.99 (m, 14 H, aromatics) ppm. '*C NMR (CDCl;, 100 MHz): § =
5.5(s, 1 C, =CMe), 23.9 (s, 1 C, CHMe), 46.6 (s, 1 C, NMe), 51.0
(s, 1 C, NMe), 105.6 (s, 2 C, AsC=C), 122.4-148.0 (m, 18 C, Ar)
ppm.

Complex (R,R)-13: Complex (R)-11 (0.50 g, 0.77 mmol) was dis-
solved in CH,Cl, (50 mL) and then treated with complex (R)-5
(0.22 g, 0.39 mmol). The mixture was stirred at room temperature
for 4 d. Upon completion of the reaction, the solvent was removed
to give a brown residue, which was purified by column chromatog-
raphy (with an eluting gradient of hexane/acetone, 5:1 to 3:1) to
give a yellowish-orange solid. Crystallization from dichlorometh-
ane/hexane gave (R,R)-13 as yellowish-orange crystals: 0.48 g (67%
yield); m.p. 223-224°C (dec.). [a]p = +167 (¢ = 0.5, CH,Cl,).
C35H4AsCLN,PdPt (937.04): caled. C 44.5, H 4.4, N 3.0; found
C 449, H 4.5, N 3.1. '"H NMR (CDCls, 300 MHz): 6 = 1.07 (d,
Jun = 6.8 Hz, 3 H, CHMe'), 1.84 (s, 3 H, =CMe), 2.00 (d, Jyu
= 6.4 Hz, 3 H, CHMe), 2.04 (s, 3 H, NMe'), 2.54 (s, 3 H, NMe'),
2.78 (s, 3 H, NMe), 3.21 (s, 3 H, NMe), 3.75 (q, Juu = 6.4 Hz, 1
H, CH'Me), 3.81 (q, Jun = 7.2 Hz, 1 H, CHMe), 6.43-8.02 (m,
18 H, aromatics) ppm. '3*C NMR (CDCls, 100 MHz): § = 8.7 (s, 1
C, C'HMe'), 23.5 (s, 1 C, CHMe), 23.7 (s, 1 C, =CMe), 42.2 (s, |
C, NMe'), 49.1 (s, 1 C, NMe'), 49.6 (s, 1 C, NMe), 53.0 (s, 1 C,
NMe), 62.2 (s, 1 C, C’"HMe'), 77.1 (s, 1 C, CHMe), 121.6-154.9
(m, 26 C, Ar and C=C) ppm.

Complex (R,S)-13: Complex (R)-11 (0.25 g, 0.39 mmol) was dis-
solved in CH,Cl, (50 mL) and then treated with complex (S)-5
(0.11 g, 0.19 mmol). The mixture was stirred at room temperature
for 5 d. Upon completion of the reaction, the solvent was removed
to give a brown residue, which was purified by column chromatog-
raphy (with an eluting gradient of hexane/acetone, 5:1 to 3:1) to
give a yellowish-orange solid. Crystallization from dichlorometh-
ane/hexane gave (R,S)-13 as yellowish-orange crystals: 0.32 g (87%
yield); m.p. 216°C (dec.). [a]p = -206 (¢ = 0.5, CH,Cl,).
C35H4;AsCLN,PdPt (937.04): caled. C 44.5, H 4.4, N 3.0; found
C 44.8, H 4.5, N 3.2. '"H NMR (CDCls, 300 MHz): 6 = 1.07 (d,
Jun = 7.1 Hz, 3 H, CHMe"), 1.86 (s, 3 H, =CMe), 2.08 (s, 3 H,
NMe'), 2.11 (d, Jyu = 6.5Hz, 3 H, CHMe), 2.57 (s, 3 H, NMe¢'),
2.68 (s, 3 H, NMe), 3.01 (s, 3 H, NMe), 3.55 (q, Jyu = 6.4 Hz, 1
H, CH'Me), 3.81 (q, 3Jyu = 7.2 Hz, 1 H, CHMe), 6.15-7.95 (m,
18 H, aromatics) ppm. '*C NMR (CDCls, 100 MHz): 6 = 8.7 (s, 1
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C, C’'HMe'), 14.7 (s, 1 C, CHMe), 23.8 (s, 1 C, =CMe), 42.2 (s, 1
C, NMe'), 453 (s, 1 C, NMe), 489 (s, 1 C, NMe'), 51.5(s, 1 C,
NMe), 62.0 (s, 1 C, C’"HMe'), 73.8 (s, | C, CHMe), 122.5-152.4
(m, 26 C, Ar and C=C) ppm.

Complex (R,R)-14: Complex (R)-12 (0.50 g, 0.89 mmol) was dis-
solved in CH,Cl, (50 mL) and then treated with complex (R)-5
(0.26 g, 0.45 mmol). The mixture was stirred at room temperature
for 6 d. Upon completion of the reaction, the solvent was removed
to give a brown residue, which was purified by column chromatog-
raphy (with an eluting gradient of hexane/acetone, 5:1 to 3:1) to
give a yellowish-orange solid. Crystallization from acetone/hexane
gave (R,R)-14 as yellowish-orange crystals: 0.51 g (68% yield); m.p.
198-199°C (dec.). [alp = +73 (¢ = 0.5, CH,CL).
C;35H,4,AsCLL,N,Pd, (848.35): caled. C 49.6, H 4.9, N 3.3; found C
49.5, H 4.8, N 3.6. '"H NMR (CDCl;, 300 MHz): 6 = 1.07 (d, Jyi
= 6.8 Hz, 3 H, CHMe¢'), 1.85 (s, 3 H, =CMe), 2.09 (s, 3 H, NM¢'),
2.11 (d, Jyu = 6.4 Hz, 3 H, CHMe), 2.57 (s, 3 H, NMe'), 2.68 (s,
3 H, NMe), 3.01 (s, 3 H, NMe), 3.55 (q, Jun = 6.4Hz, | H,
CH'Me), 3.81 (q, Juu = 7.2 Hz, 1 H, CHMe), 6.49-7.95 (m, 18
H, aromatics) ppm. '*C NMR (CDCls, 100 MHz): 6 = 8.7 (s, 1 C,
C'HMe'), 23.8 (s, 1 C, CHMe), 24.9 (s, 1 C, =CMe), 42.1 (5, 1 C,
NMe'), 49.1 (s, 1 C,NMe'),49.3 (s, 1 C, NMe), 52.0 (s, 1 C, NMe),
62.1 (s, 1 C, C'HMe'), 75.8 (s, 1 C, CHMe), 122.5-156.0 (m, 26 C,
Ar and C=C) ppm.

Complex (R,S)-14: Complex (R.)-12 (0.50 g, 0.89 mmol) was dis-
solved in CH,Cl, (50 mL) and then treated with complex (S)-5
(0.26 g, 0.45 mmol). The mixture was stirred at room temperature
for 4 d. Upon completion of the reaction, the solvent was removed
to give a brown residue, which was purified by column chromatog-
raphy (with an eluting gradient of hexane/acetone, 5:1 to 3:1) to
give a yellowish-orange solid. Crystallization from acetone/hexane
gave (R,S)-14 as yellowish-orange crystals: 0.68 g (90 % yield); m.p.
183-185°C (dec.). [alp = +29 (¢ = 0.5 CH)CL).
C;5H4AsClLN,Pd, (848.35): caled. C 49.6, H 4.9, N 3.3; found C
49.3, H 4.8, N 3.4. '"H NMR (CDCl;, 300 MHz): 6 = 1.07 (d, Ju.i
= 6.8 Hz, 3 H, CHMe'), 1.85 (s, 3 H, =CMe), 2.08 (s, 3 H, NM¢'),
2.11 (d, Jgyu = 6.8 Hz, 3 H, CHMe), 2.56 (s, 3 H, NMe'), 2.68 (s,
3 H, NMe), 3.01 (s, 3 H, NMe), 3.55 (q, Jun = 6.4Hz, 1 H,
CH'Me), 3.81 (q, Jgug = 6.8 Hz, 1| H, CHMe), 6.49-8.05 (m, 18
H, aromatics) ppm. '*C NMR (CDCl;, 100 MHz): 6 = 8.8 (s, 1 C,
C'HMe'), 239 (s, 1 C, CHMe), 24.9 (s, 1 C, =CMe), 42.1 (s, 1 C,
NMe'), 47.2 (s, 1 C,NMe'),49.3 (s, 1 C, NMe), 52.5 (s, 1 C, NMe),
62.1 (s, 1 C, C'"HMe'), 75.2 (s, I C, CHMe), 122.0-156.0 (m, 26 C,
Ar and C=C) ppm.

X-ray Crystal Structure Determination: The single-crystal X-ray
crystallographic data for (R,R)-6, (R,S)-6, (R,R)-7, (S,S)-8, (R,R)-
13, (R,S)-13, (R,R)-14, and (R,S)-14 are given in Tables 6 and 7.
The diffraction data for complexes (R,R)-6, (S,S)-8, (R,R)-13,
(R,S)-13, (R,R)-14, and (R,S)-14 were collected with a SMART
CCD diffractometer with graphite monochromated Mo-K,, radia-
tion, while the diffraction data for complexes (R,S)-6 and (R,R)-7
were collected with a Bruker X8 CCD diffractometer with graphite-
monochromated Mo-K, radiation. For all of the complexes, SAD-
ABS absorption corrections were applied. All of the non-hydrogen
atoms were refined anisotropically. The hydrogen atoms were intro-
duced at a fixed distance from the carbon atoms and were assigned
fixed thermal parameters. The absolute configurations of all of the
chiral complexes were determined unambiguously by using the
Flack parameter.[?”]

CCDC-784885 [for (R,R)-6], -784886 [for (R.S)-14], -784887 [for
(S.5)-8], -784888 [for (R,S)-6], -784889 [for (R,R)-7], -784890 [for
(R,R)-14], -784891 [for (R,R)-13], and -784892 [for (R,S)-13] con-
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Table 6. The crystallographic data for complexes (R,R)-6, (R,S)-6, (R,R)-7, and (S,S)-8.

(R,R)-6 (R,9)-6 (R,R)-7 (S,9)-8
Formula C39‘5H44ASC13N2PdPt C42H49ASC12N20PdPt C40.5H46ASC12N200‘5Pd2 C35H41ASC12N2Pd2
Fw 1029.53 1045.14 927.41 848.32
Space group PA(3)2(1)2 P2(1)2(1)2(1) PA(3)2(1)2 P2(1)2(1)2(1)
Crystal system tetragonal orthorhombic tetragonal orthorhombic
a [é] 13.3254(5) 12.7470(18) 13.3104(5) 13.0336(3)
b [A] 13.3254(5) 12.829(2) 13.3104(5) 13.1559(3)
¢ [A] 43.827(3) 24.816(4) 43.640(3) 20.0112(6)
° 90 90 90 90
VA3 7782.3(7) 4058.3(10) 7731.5(6) 3431.30(15)
Z 8 4 8 4
T [K] 223(2) 173(2) 173(2) 296(2)
Peatea [geM™] 1.757 1.711 1.593 1.642
A[A] 0.71073 0.71073 0.71073 0.71073
4 [mm™] 5.133 4.861 1.950 2.187
Flack parameters 0.001(6) 0.001(4) 0.031(10) 0.016(8)
R, (obsd. data)@l 0.0392 0.0300 0.0308 0.0321
wR, (obsd. data)®! 0.0855 0.0520 0.0691 0.0684
[a] Ry = Z||Fo| — |F/ZIF,|. [b] wRy = V{E[w(F,? = FAVEW(FS}, w— 1 = 0x(F,%) + (aP)* + bP.
Table 7. The crystallographic data for complexes (R,R)-13, (R,S)-13, (R,R)-14, and (R,S)-14.
(R,R)-13 (R,S)-13 (R,R)-14 (R,S)-14
Formula C35H41ASC12N2PdPt C35H41ASC12N2PdPt C35H41ASC12N2Pd2 C35H41ASC12N2Pd2
Fw 937.01 937.01 848.32 848.32
Space group P2(1)2(1)2(1) 2 P2(1)2(1)2(1) 2
Crystal system orthorhombic monoclinic orthorhombic monoclinic
a[A] 12.9076(3) 22.4321(10) 13.0151(15) 22.3106(18)
b [A] 13.0038(3) 12.4248(5) 13.1345(15) 12.9235(10)
¢ [A] 19.8078(4) 13.2664(6) 19.995(2) 13.0378(10)
° 90 116.1770(10) 90 115.438(2)
VA3 3324.70(13) 3318.3(2) 3418.1(7) 3394.7(5)
Z 4 4 4 4
T [K] 103(2) 103(2) 295(2) 223(2)
Pealed [gem™] 1.872 1.876 1.648 1.660
A [A] 0.71073 0.71073 0.71073 0.71073
4 [mm] 5.920 5.931 2.196 2.211
Flack parameters 0.011(4) 0.014(4) 0.022(10) 0.019(11)
R, (obsd. data)l 0.0263 0.0265 0.0365 0.0415
wR, (obsd. data)®! 0.0588 0.0603 0.0686 0.0917

[a] Ry = ZIIFo| — [FVEIF,|. [b] wRy = V{E[W(F2 = FVEW(FA, w— 1 = 0x(F,2) + (aP)? + bP,

tain the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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