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Tripodal ligands with main group bridghead units are well established in coordination chemistry and
single-site organometallic catalysis. Although a large number of tris(2-pyridyl) main group ligands [E(2-
py)z] (E = main group element, 2-py = 2-pyridyl) spanning across the whole p-block are now synthetically
acessible, only limited work has been done on the coordination chemistry on the tris(2-pyridyl) group 15
ligands for the heavier elements (As, Sb). In the current study we investigate the coordination chemistry of
the ligand family E(6-Me-2-py)s (E = As, Sb) and of the As(v) ligand O=As(6-Me-2-py)s. The air- and
mositure-stability of all of these main group ligands makes them especially attractive in future catalytic
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1. Introduction

Tripodal ligands are very common as facially coordinating
6-electron donor ligands in single-site homogeneous transition
metal catalysis and biomimetic chemistry.”> One of the most
prominent types of tripodal ligands employed are tris-pyrazolyl
borates (Fig. 1a), as a result of the ease by which the steric and
electronic properties of these ligands can be tuned by substitu-
ents on the pyrazolyl rings.>” Although not as well developed
as a ligand class, tris-pyridyl ligands [E(2-py’);] (Fig. 1b), con-
taining a range of main group element bridgehead atoms (E),
have also emerged.®” Changing the bridgehead atoms in these
ligands not only allows the incorporation of a further donor
centre, but also provides an additional tool for altering ligand
bite and donor strength. Earlier work in this area had concen-
trated on ligands containing non-metal bridgehead atoms
(e.g., CR, COR, CH, N, P, P=0).5

Our focus has been on the most metallic p-block elements
(Fig. 1, lower panel).”** Coordination of metal-based ligands
of this type to a range of main group and transition metal
atoms provides a simple approach to the assembly of hetero-
metallic complexes. In addition, introducing electropositive
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metal atoms also has a large effect on the charge distribution
within the ligand frameworks and their reactivity. For example,
aluminates of type A (Fig. 1, lower panel) are useful 2-pyridyl
transfer reagents which are stable at room temperature.'®"
Their acid-base reactivity with alcohols makes them useful as
reagents in the quantitative determination of enantiomeric
excess of mixtures of chiral alcohols."® We also showed
recently that the increase in Lewis acidity moving down group
15 in the pnictogen ligands B (E = As, Sb, Bi) (Fig. 1, lower
panel) can drastically alter the 6-methyl-2-pyridyl ligand
coordination mode and can be used to change their net donor
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Fig. 1 (a) The parent tris-pyrazolyl-borate anion and (b) the family of
neutral unsubstituted tris (2-pyridyl) ligand containing non-metal
bridgeheads. The inset shows two examples of metal-based analogues.
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character systematically.'”” However, this previous work only
explored Cu(r) complexes of these heavier group 15 ligands.

The stability of the series of group 15 ligands [E(6-Me-2-
py)s] (B) under ambient conditions, unlike the majority of
metal-based ligands of this type, makes them particularly
attractive, for example, as far as their development in the area
of catalysis is concerned. Although the coordination chemistry
of the parent, unsubstituted [E(2-py);] ligands has been investi-
gated extensively for the lighter elements (E = N and P), there
have been almost no structural studies of tris-2-pyridyl ligands
containing the heavier group 15 elements and the only such
studies of the Sb and Bi ligands were reported by us recently
(and, as previously noted, were limited to coordination of
Cu").®" In this paper we explore the coordination chemistry of
the group 15 tris-2-pyridyl ligands [E(6-Me-2-py);] (E = As, Sb)
and, in the case of the As" ligand, the effects of oxidising the
bridgehead atom in the series of As" ligands [X = As(6-Me-2-
py)s] (X = O, S, Se). This work provides a basis for understand-
ing the principal coordination modes for the ligands contain-
ing the heavier elements and how these compare to the N- and
P-analogues.

2. Results and discussion

As we noted in our initial paper in this area,’” the incorpor-
ation of the 6-Me group into the 2-pyridyl units of the heavier
group 15 ligands [E(6-Me-2-py);] [E = As (1a), Sb (1b)] leads to a
significant increase in their stability compared to unsubsti-
tuted 2-py groups. The parent As™-bridged tris-pyridyl ligand
[As(2-py);] has been prepared previously,"®'® and ligands 1a
and 1b are readily obtained in good yields (60-64%) using the
reactions of lithiate 6-Me-2Li-py with ECl; in THF
(Scheme 1)."7 Contrary to our expectations, during the initial
stages of the current work we found that, due to the stabilising
effect the 6-Me substituents in the 2-pyridyl framework, both
ligands are indefinitely stable in air under ambient conditions.

Since we had shown previously that changes in the Lewis
acidity of the group 15 element had a major effect on the
donor strength and coordination mode of the ligands, we were
also interested to assess the potential effects of oxidation of
the As™ atom of 1a on charge distribution and coordination
preference. The arsenic oxide ligand [O=As(6-Me-2-py);] (1a-O)
is obtained in 72% yield by the oxidation of 1a with H,0O, in
THF, after removal of the solvent under vacuum. This new
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Scheme 1 Synthesis of the heavier group 15 ligand 1a and 1b.
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ligand was characterised using 'H, >C NMR, IR, UV-Vis and
elemental analysis, prior to obtaining its single-crystal X-ray
structure. Comparison of the IR spectrum with that of 1a
allowed the assignment of the As=O stretching frequency in
1a-O at 902 cm™" (PhzAs=0 880 cm™').”° Oxidation of the As
bridgehead in 1a has a large effect on the solubility of the
ligands. While 1a and 1a-O are indefinitely stable under
ambient conditions in air, 1a-O is also soluble and stable in
water as a solvent (as shown by 'H NMR spectroscopy). The
solid-state structure of 1a-O shows that incorporation of the
O-atom at the bridgehead position, not unexpectedly, pushes
the 6-Me substituents away due to repulsion with the As—=O
bond, consistent with a simple VSEPR model (Fig. 2, left). The
orientation of the 6-Me-2-py groups in 1a-O is different from
that in the parent ligand 1a (reported previously'’) in which
the 6-Me-groups are all orientated (upwards) towards the As™
atom (Fig. 2, right). Oxidation also has the effect of reducing
the bridgehead As-C, bond lengths by approximately 0.04 A
and increasing the bridgehead C-As-C angles compared to the
parent ligand 1a (from 92.3(2) in 1a to 102.4(1)-106.3(1)° in
1a-0O). The latter can be seen as a direct consequence of the
more sterically congested orientation of the 6-Me groups in 1a-
O, but is also in-line with VSEPR arguments concerning the
effect of the increase in the electronegativity of the As centre
on C-As/C-As bonding-pair repulsion.

Coordination studies of 1a, 1a-O and 1b were undertaken
with a range of transition metal salts. The results are summar-
ized in Fig. 3. The new complexes [(1a-O) Cu(CH;CN)]PF; (2),
[Ag@Ag,(12),](0,CCF,)1 (3), [(1a-0)Ag(0,CCEy)] (4), [(1a)
CoBr;] (5), [(1a-0),CoBr](CoBr;NCCH3;) (6), [(1a)NiBr,] (7), [(1a-
O)NiBr,] (8), [(1a)(Cymene)RuCl,] (9a) and [(1b)(Cymene)
RuCl,] (9b), and [(1a),PtCl,] (10a) and [(1b),PtCl,] (10b) have
been synthesized and characterised by 'H and "*C{"H} NMR
(where applicable), IR, UV-Vis and elemental analysis. Their
single-crystal X-ray structures were also obtained (see Fig. 3 for
their structural formulae).

The 1:1 stoichiometric reaction of [Cu(CH3;CN),|PF,s with
1a-O in CH;CN at room temperature yields the complex [(1a-O)
Cu(CH3CN)]PFs (2) in 31% isolated yield after crystallization
from the concentrated reaction mixture at —14 °C. The 'H

Fig. 2 (Left) molecular structure of the ligand 1a-O, showing displace-
ment ellipsoids at 50% probability, with H-atoms omitted. Selected
bond lengths (A) and angles (°): As=O 1.641(2), As—Cpyrigyl range
1.939(3)-1.943(3), Cpyriayi—=As—Cpyriayt range 105.9(1)-106.3(1), As-—
Chpyriayt—N range 113.8(2)-114.4(2). Colour key, As (pink), nitrogen (blue).
(right) X-ray structure of the ligand 1a. All 6-Me groups and N-atoms of
the pyridyl ring units are orientated (“upwards”) towards the arsenic
bridgehead. X-ray data taken from reference.’”

This journal is © The Royal Society of Chemistry 2021
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Fig. 3 Transition metal complexes of ligand 1a, 1a-O and 1b obtained
in the current work. The face-capping ligands have been omitted form
the structure of 3 for clarity.

NMR spectrum at room temperature shows a single pyridyl
environment, but with very broad resonances that sharpen
upon cooling to —30 °C. This is in contrast to the previously
reported CuPFs complex of the un-oxidised ligand 1a, [(1a)Cu
(CH3CN)]PFs, for which sharp resonances are observed even at
room temperature and might suggest that a fluxional process
is occurring in 2 in which the coordination of a pyridyl-N atom
to Cu' is exchanging with As=O coordination. N,0-coordi-
nation is observed later in this study in a number of other
complexes of 1a-O. In the solid state, 2 adopts an ion-separated
structure containing [{O=As(6-Me-2-py);}CuCH;CN]" cations,
in which the Cu' atom is chelated by all three of the pyridyl-N
atoms, and PF,~ anions (Fig. 4). This metal coordination
mode is commonplace for tris-2-pyridyl ligands and is the
same as that found in the previously reported CuPFs com-
plexes of 1a and 1b."” The only noticeable differences between
the cations [(1a) Cu(CH;CN)]" and [(1a-O) Cu(CH3CN)]" stem
from the larger bridgehead bite angles in 1a-O, the bridgehead
C-As-C angles for 1a-O being ca. 5° greater than in the [(1a-O)

This journal is © The Royal Society of Chemistry 2021
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Fig. 4 Molecular structure of the cation of 2. H-atoms and the PF¢~
anion omitted for clarity, with displacement ellipsoids at 50% probability.
Selected bond lengths (A) and angles (°): As=O 1.635(2), As—Cpyriayt
range 1.927(3)-1.930(3), Cu—Ngyriay1 range 2.081(3)-2.136(2), Cu—NCMe
1.950(3), prridyl_AS_prridyl range 105.6(1)-105.6(9), AS_prridyl_N
range 116.8(2)-117.0(2), Npyriayi—Cu—Npyriayt range 98.69(7)-100.6(1).
Colour key, Cu (orange), As (pink), N (blue), O (red).

Cu(CH;CN)]" cation, resulting in an associated large increase
in the Npyiqyi—~Cu-Npyriay angles (by ca. 15-23°) compared to
the [(1a)Cu(CH;CN)]" cation.

The UV-Vis absorption spectrum of 2 shows two distinct
bands at 265 nm and 333 nm which can be assigned to a
ligand n-n* transition and a Cu'-to-ligand charge transfer tran-
sition (MLCT).>'~>* These values are similar to those observed
in the previously reported As™ analogue [(1a)Cu(CH;CN)]PF,
(270 nm and 359 nm, respectively). While the n-n* transitions
in [(1a)Cu(CH3CN)]PFs and 2 are identical to that found in the
ligands 1a (269 nm) and 1a-O (265 nm), respectively, the
MLCT band shows a small blue shift comparing [(1a)Cu
(CH3CN)]PF, to 2. This can be attributed to an increase in
ligand-field strength, similar to conclusions made by Kodera
et al. for the family of [RC(6-Me-2-py);]Cu(CH;CN)|PFs com-
plexes (R = H, Me, Et).>*

The 1:1 stoichiometric reaction of AgO,CCF; with 1a in
CH;3CN at room temperature yields the cluster [Ag@Ag,(1a),]
(O,CCF3)14, (3) in an isolated crystalline yield of 21%, after
layering the concentrated reaction mixture with Et,O. The
arrangement of 3 was established via single-crystal X-ray ana-
lysis (Fig. 5). The cationic cluster in 3 [Ag@Ag,(1a),]*"™" has a
very similar structural arrangement to the previously reported
compound [Ag@Ag,(P(2-py)s)s]’",>> which comprises an Ag-
centred Ag, tetrahedral core, with four As™ ligands (1a) coordi-
nating three Ag' cations over each face of the tetrahedron.
Unlike [Ag@Ag.(P(2-py)s)s]’", however, in which the Ag"
cations are also coordinated by PFs~ anions or solvent mole-
cules, the presence of the sterically-blocking 6-Me groups in 1a
prevents further coordination of the Ag centres, so that they
remain three coordinate (trigonal planar).

The structure of 3 is probably viewed most appropriately as
an [Ag(As(6-Me-2-py);)s]" cation, involving tetrahedral coordi-
nation of the central Ag', with the outer Ag' ions being cap-
tured by coordination to the pyridyl rings of the As(6-Me-2-py);
ligands. The central [Ag(As(6-Me-2-py);)s]" core resembles the

Dalton Trans., 2021, 50, 2393-2402 | 2395
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Fig. 5 Structure of the cluster compound [{Ag@Ag,{(6-Me-2-py)s}
As}4(CF3C0O0)14,] (3), with CF3COO™ and H atoms omitted for clarity.
Colour key, Ag (white), As (pink), N (blue). The X-ray crystal structure of
3 suggests partial site occupancy of the outer Ag* atoms, and the exact
nature of [Ag@Ag,(1a),]*** remains uncertain.

well-established tetrahedral ion [Ag(AsPh;),]". Supporting this,
the Ag-As bond length in [Ag(AsPh;),]' span the range
2.645-2.668 A (mean 2.653 A), compared to the range 2.594(2)-
2.691(2) A seen in 3.2° The comparison to [Ag(AsPh;),]" indi-
cates that the [Ag(As(6-Me-2-py);)s]" cation should exist inde-
pendently from further coordination of the outer Ag" ions. The
ion therefore has the potential to span the range from +1 to
+5, depending on the extent of Ag" coordination in the pyridyl
binding sites. This is consistent with the observation of partial
site occupancy of the Ag' ions within the tetrahedral unit of 3
(see ESIT). However, it is difficult to verify this hypothesis from
the X-ray data, since the trifluoroacetate counterions required
for charge balance are also poorly resolved. 'H and *C NMR
spectra at room temperature in MeCN solution show multiple,
broad pyridyl environments. Since the analogous cluster
[Ag@Ag,(P(2-py)s)a]’" is reported to stay intact in MeCN,*’ this
may support the suggestion of variable coordination within an
intact [Ag@Ag,(1a),]*™" cluster, but it may also indicate that
[Ag@Ag,(1a),]""™" disassembles in solution. At the present
time, the similarity to [Ag@Ag4(P(2-py)s)a]>" is established, but
the exact nature of [Ag@Ag,(1a),]™* remains uncertain.

The reaction of AgO,CCF; with 1a-O in CH3CN at room
temperature gives the crystalline complex [(1a-O)Ag(O,CCF;)]
(4) in 21% isolated yield after crystallization from the concen-
trated reaction mixture at —14 °C. The local Cjz-symmetric
(N,N,N) coordination of Ag" is apparent from the 'H NMR spec-
trum for 4 which shows only one sharp 6-Me-2-py environ-
ment. The single-crystal X-ray structure is that of an ion-paired
complex in which the O,CCF;~ anion also coordinates the
metal centre (Fig. 6). The structure of 4 resembles the pre-
viously reported Ag' complex [{Ag{(2-py);P=O}(PPh;)}BF,].*” In
both cases, the presence of the P/As—=O substituent precludes
the ligand bonding mode present in the clusters [Ag@Ag,(P(2-

py)s)s] and 3.
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Fig. 6 Molecular structure of 4, H-atoms and a second crystallographi-
cally independent molecule are omitted for clarity. Displacement ellip-
soids are drawn at the 50% probability level. Selected bond lengths (A)
and angles (°) (range over both independent molecules): As=0O 1.640(3),
As—Cpyriayt range 1.932(5)-1.942(5), Ag—Npyriay range 2.313(4)-2.465(4),
Ag-0 2.274(4)-2.32(3), Cpyriayi—As—Cpyriayt range 106.3(2)-109.0(2), As—
Chpyriayi—N range 117.2(3)-118.8(3), Npyriayi—=Ag—Npyriayt range 87.2(1)-
94.6(1). Colour key, Ag (white), As (pink), N (blue), O (red), F (yellow).

The 1:1 stoichiometric reactions of CoBr, and NiBr, with
1a and subsequent crystallization from the concentrated reac-
tion mixtures at —14 °C give the corresponding 1:1 complexes
[(1a)NiBr,] (5) (27% yield) and [(1a)CoBr,] (6) (22% yield),
respectively. The solid-state structures of both show bidentate
coordination of the metal centres using two of the three
pyridyl-N atoms of 1a (Fig. 7). The complexes are isostructural
with each other and with the recently described complexes
[{PhSi(6-Me-2-py);}CoCl,] and [{PhSi(6-Me-2-py);}FeCl,] con-
taining the PhSi(6-Me-2-py); ligand.*® Similarly to these com-

Fig. 7 Molecular structure of the complex [(1a)CoBr,] (5); [(1a)NiBr;] (6)
is isostructural in the solid state. Displacement ellipsoids shown at 50%
probability, with H atoms omitted for clarity. Selected bond lengths (A)
and angles (°): 5, As—Cpyiay range 1.959(3)-1.965(3), Co—Npyrigyi range
2.051(2)-2.052(2), Co-Br range 2.3684(6)-2.4080 (6), Cpyriapi—As—
Coyrigyt range 96.1(1)-104.2(1), As—Cpyriayi—N range 122.5(2)-123.8(2)
(coordinating pyridyl groups), As—Cpyrigyi—N 115.1(3) (non-coordinating
pyridyl group), N-Co-N 109.1(1), Br—-Co-Br 120.46(2). 6, As—Cpyriay
range 1.949(4)-1.975(5), Ni—Ngyriay1 range 2.018(3)-2.022(4), Ni-Br
range 2.3484(8)-2.4029(8), Cpyriayi—As—Cpyriayt range 96.0(2)-103.1(2),
As—Cpyriayi—N range 122.3(3)-124.1(3) (coordinating pyridyl groups), As—
Coyrigyi—N 115.3(3) (non-coordinating pyridyl group), N-Ni-N 107.1(1),
Br—Ni-Br 130.23(3). Colour key, As (pink), N (light blue), Co (dark blue),
Br (orange).

This journal is © The Royal Society of Chemistry 2021
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plexes, the adoption of a bidentate coordination mode is prob-
ably a consequence of the steric congestion of the 6-Me substi-
tuents, which prevents the coordination of smaller ions by all
three of the pyridyl-N atoms. Although meaningful '"H NMR
studies of 5 proved impossible due to the paramagnetic nature
of the complex, six distinct pyridyl resonances were observed
for 6 at room temperature in MeCN, corresponding to the
bonded and non-bonded 6-Me-2-py groups. The spectrum did
not change with temperature, suggesting that the complex is
intact in solution and that no fluxional interchange of
2-pyridyl ligand coordination is occurring. This is in contrast
with the behaviour of the previously reported complexes [{PhSi
(6-Me-2-py)3}CoCl,] and [{PhSi(6-Me-2-py);}FeCl,] which are
fluxional at room temperature.

Oxidation of the bridgehead atom of 1a has a marked effect
on the coordination preferences of ligand 1a-O. The 1:1 stoi-
chiometric reaction of CoBr, with 1a-O in CH3CN and sub-
sequent crystallization from the concentrated reaction mixture
at —14 °C yields blue crystals of [(1a-O),CoBr](CoBr;NCCHz;) (7)
in 74% yield. Surprisingly, the solid-state structure reveals an
ion-separated arrangement containing [(1a-O),CoBr]" cations
(Fig. 8) and [CoBrsNCCH;]™ anions. Thus, overall, the complex
has a 1:1 ratio of the ligand 1a to CoBr,. Within the
[(1a-0),CoBr]" cations, the Co™ centre adopts a trigonal bipyra-
midal geometry in which two 2-pyridyl-N atoms of separate
1a-O ligands bond at the axial positions. The Co™ cation is
further coordinated in the equatorial plane by the bridgehead
O-atoms of the ligands and by a Br™ ion. The anion (which is
not shown in Fig. 8) has a tetrahedral Co" centre that is
bonded to three Br~ anions and a MeCN molecule. The para-
magnetic '"H NMR spectrum of 7 at room temperature in
MeCN shows two sets of pyridyl resonances, indicating that
the solid-state structure is maintained in solution.
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The same N,O-coordination mode as seen in 7 is also
observed in the Ni" complex [(1a-O)NiBr,] (8), obtained from
the reaction of NiBr, with 1a-O in CH;CN in low yield (2%). In
the solid-state structure (Fig. 9), the Ni" centre is chelated by
the bridgehead-O and a pyridyl-N atom of the ligand 1a-O and
further bonded to two Br~ anions, giving a distorted tetra-
hedral geometry at the metal centre. The formation of 7 and 8
highlight that bridgehead oxidation can drastically change the
ligand character of tris-pyridyl arsine ligands. This switch in
coordination character from all-N to N,O (e.g., comparing the
Co™ complexes 5 and 7) is no doubt largely a consequence of
the relative hardness or softness of the ligand modes with
respect to the metal coordinated. However, there may also be a
more subtle influence of the steric effect of the 6-Me-substu-
tion of the pyridyl groups in 1a-O on the preference for
N-chelation versus N,O-chelation. It is noteworthy in this
regard that the closely related, unsubstituted PV ligand [O=P
(2-py)s] (which has been studied extensively) has been observed
to bond almost exclusively using its pyridyl-N atoms, the only
example of N,O-chelation similar to that seen in 7 and 8 being
seen in [MoBr(CO),(CH,CHCH,)}{0=P(2-py);}].>*°

Having probed the coordination preferences of the arsines
1a and 1a-O, we moved on to explore the Sb-bridged ligand 1b.
Attempted oxidation of the Sb atom with H,0, resulted in
complicated mixtures of products. This was not pursued
further since a localised Sb==0 bonding arrangements (analo-
gous to 1a-0O) would in any case not be expected, on the basis
of the low bond energy compared to Sb-O single bonds.*
Attempts to coordinate harder transition metal ions with 1b
often lead to the formation of intractable mixtures, preventing
further analysis. This appears to be due to the greater polarity

Fig. 8 Molecular structure of the cation of [(1a-O),CoBr](CoBrsNCCH3)
(7), showing displacement ellipsoids at 50% probability, with H-atoms,
lattice-bound CH3zCN and the counter-anion omitted for clarity.
Selected bond lengths (A) and angles (°): As—Cpyrigyt range 1.904(9)-
1.940(9), As=0 1.672(6)-1.677(7), Co—Nyyriay range 2.240(8)-2.318(8),
Co-Br 2.430(2), Co-0 range 1.967(7)-1.971(7), Cpyriayi—As—Cpyriayt range
106.3(4)-112.5(4), As—Cpyriay—N range 107.7(8)-113.3(7), N-Co-N
177.4(3), O-Co-0O 117.3(3), O—Co-Br range 121.3(2)-121.4(2). Colour
key, As (pink), N (light blue), O (red), Co (dark blue), Br (orange).

This journal is © The Royal Society of Chemistry 2021

Fig. 9 Molecular structure of [(1a-O)NiBr,] (8). Displacement ellipsoids
are shown at 50% probability. H-atoms and lattice bound CH,Cl, are
omitted. Selected bond lengths (A) and angles (°): As—Cpyrigyt Fange
1.908(7)-1.940(6), As—=O 1.669(4), Ni—Ngyriay 2.021(6), Ni-Br range
2.342(1)-2.367(1), Ni-O 1.963(4), Cpyriayi—As—Cpyriay range 106.2(3)-
112.3(3), As—Cpyriayi—N 111.(5) (coordinating pyridyl groups), As—Cpy iy~
N range 111.0(5)-114.3(5) (non-coordinating pyridyl group), O—Ni—-N
93.0(2), Br—Ni—Br 134.01(6). Colour key, As (pink), N (light blue), Ni (light
green), Br (orange).
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of the bridgehead C-Sb bonds (which leads to 2-pyridyl trans-
fer to the metal rather than coordination) and to greater sensi-
tivity to hydrolysis by trace moisture present in the metal salts
employed. Similar observations have been made by us recently
in regard to the closely related Bi ligand [Bi(6-Me-2-py);].>" For
example, in the case of reaction of the Sb-ligand 1b with CoBr,
only the decomposition product [(6-Me-2-py),CoBr,] could be
isolated, as a result of transfer of the 6-Me-2-py groups to Co™
(see ESI{).

Reactions with softer transition metal centres were more
successful, although under these circumstances metal coordi-
nation is observed to occur exclusively by the bridgehead Sb
atom (reflecting the softness of the atoms involved). The room-
temperature, 1:1 stoichiometric reactions of the arsenic
ligand 1a and the antimony ligand 1b with [(Cymene)RuCl,],
in CH,Cl, result in quantitative formation of [(1a)(Cymene)
RuCl,] (9a) and [(1b)(Cymene)RuCl,] (9b) within 5 minutes, as
monitored via in situ '"H NMR spectroscopy. Layering of the
concentrated reaction mixtures with n-pentane yielded red
crystalline 9a and 9b in 64% and 66% yield, respectively. The
complexes have similar structures in the solid-state, in which
the As and Sb bridgehead atoms coordinate the Ru™ centres
(Fig. 10). There are only minor structural changes in the
ligands upon coordination, with the pnictogen-ruthenium
bond lengths increasing from 2.450(7) to 2.597(2) A in line
with the increase in the atomic radii of the heavier group 15
elements. The As-Ru and Sb-Ru bond lengths in both of the
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complexes are similar to those reported previously.**** In both
cases, room-temperature 'H and "*C NMR spectra in MeCN
confirm that the local C; ligand symmetry is retained in solu-
tion, showing only one pyridyl environment. The aromatic
cymene proton resonances in 9a are found in the region &
5.92-5.58 ppm whereas those in 9b are in the range between §
6.15-6.00 ppm. This indicates that the Sb atom in 9b donates
more electron density to the Ru atom in 9b than the As atom
does in 9a, resulting in less n-donation in the former. This
somewhat counterintuitive observation presumably reflects the
relative softness of the Sb™ centre of 1b in respect to the soft
Ru" centre.

Similar observations are made in regard to coordination of
PtCl,. Reactions of 1a or 1b with (benzonitrile),PtCl, in DCM
for 5 minutes and subsequent layering of the concentrated
reaction mixtures with n-pentane give the platinum complexes
[(1a),PtCl,] (10a) and [(1b),PtCl,] (10b) as yellow crystals in
59% and 30% yields, respectively. The complexes are isostruc-
tural in the solid state (Fig. 11), in which the square-planar Pt"
atoms are bonded to two As- or Sb-atoms of 1a or 1b. The for-
mation of the cis isomer in both cases is the result of the
greater trans effect of the CI ligands. Again, there are only
minor changes in the structural parameters of the ligands
compared to the isolated ligands themselves. The observed
elongation of the pnictogen-Pt bonds going from 10a to 10b is
consistent with the increase in the atomic radius of the group

Fig. 10 Molecular structure of [(1a)(Cymene)RuCl,] (9a); [(1b)(Cymene)
RuCl,] (9b) has a similar structure in the solid state, showing displace-
ment ellipsoids at 50% probability; with H-atoms omitted. Selected
bond lengths (A) and angles (°): 9a, As—Cpyrigy range 1.953(4)-1.961(4),
Ru—-As 2.4509(4), Ru-Cl range 2.4232(9)-2.4233(9), Ru-C range
2.169(4)-2.222(3), Cpyriapi—As—Cpyriayt  range 99.9(2)-100.6(2), As-—
Cpyrigyi—N range 113.3(3)-114.9(3), Ru—As—C range 112.2(1)-121.6(1), As—
Ru-Cl range 83.86(3)-88.52(2), Cl-Ru—Cl 89.13(3). 10b, Sb—C,yian
range 2.144(3)-2.154(3), Ru-Sb 2.5976(3), Ru—Cl range 2.4061(9)—
2.4115(8), Ru-C range 2.171(4)-2.208(4), Cpyriayi—Sb—Cpyriayt range
99.4(1)-102.4(1), Sb—Cpyriayi—N range 113.1(2)-114.3(3), Ru-Sb—-C range
113.4(1)-121.44(9), Sb—Ru—-Cl range 84.44(2)-85.91(2), Cl-Ru—Cl 87.38(3).
Colour key, As (pink), N (light blue), Ru (dark green), Cl (light green).

2398 | Dalton Trans., 2021, 50, 2393-2402

Fig. 11 Molecular structure of [(1a),PtCl,] (10a); [(1b),PtCl,] (10b) has a
similar structure in the solid state, showing displacement ellipsoids at
50% probability; with H-atoms omitted. Selected bond lengths (A) and
angles (°): 10a, As—Cpyriay range 1.948(4)-1.964(4), Pt—As range 2.3415(4)-
2.3503(4), Pt-Cl range 2.3326(9)-2.3523(9), Cpyriayi—As—Cpyriayt range
100.7(2)-109.4(2), As—Cpyriay—N range 111.6(3)-119.5(3), Pt—As-C range
109.6(1)-121.4(1) As—Pt—Cl range 83.74(3)-89.81(3) (on same side), As—Pt—
As 96.25(2), CI-Pt—Cl 89.91(3). 10b, Sb—Ciqyt range 2.126(8)-2.153(8),
Pt—Sb range 2.4944(6)-2.4976(6), Pt—Cl range 2.336(2)-2.354(2), Cpyriayi—
Sb—Cpyriayt range 98.2(3)-109.1(3), Sb—Cpyrigy—N range 111.3(6)-114.8(6),
Pt-Sb—-C range 112.0(2)-121.2(2), Sb—Pt-Cl range 84.02(5)-88.49(6)
(on same side), Sb—Pt-Sb 96.89(2), Cl-Pt—Cl 90.59(7). Colour key, As
(pink), N (light blue), Pt (white), Cl (light green).

This journal is © The Royal Society of Chemistry 2021
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15 atoms involved (2.3415(6)-2.3501(5) in 10a to 2.4945(6)-
2.4977(7) in 10b). The As-Pt and Sb-Pt bond lengths in both
of the complexes are similar to those reported previously.***

Conclusions

In contrast to the more well studied phosphine ligands of the
type [P(2-py’)s] (where py’' is a substituted or unsubstituted
pyridyl group) the 6-Me-2-pyridyl ligands 1a and 1b and the As
(v) ligand 1a-O are all indefinitely air- and moisture-stable,
making them not only easy to make but also easy to use.
Ligands 1a and 1b are robust enough to transfer to a range of
transition metal centres. Oxidation of the bridgehead atom of
the arsenic ligand 1a can drastically change its coordination
preferences, leading to a greater tendency for N,O-coordination
involving the bridgehead O-atom and pyridyl groups. This ten-
dency may well also be influenced by the presence of substitu-
ents on the 2-pyridyl groups in our case and can be compared
to the related unsubstituted [O=P(2-py)] ligand, which is
observed to bond almost exclusively using a chelating
N-coordination mode. We are continuing our studies of the
synthesis and coordination chemistry of main group pyridyl
ligands of this type, with the aim of applying these ligands in
catalysis and supramolecular chemistry.

Experimental section
General experimental techniques

Where indicated, experiments were carried out on a Schlenk-
line under nitrogen atmosphere or with the aid of a N,-filled
glove box (Saffron type a). Although the ligands 1a, 1b and 1a-
O are all indefinitely air- and -moisture stable, anaerobic con-
ditions were employed in reactions to avoid adventitious
coordination of water to metal centres in the coordination
compounds or potential metal oxidation during reactions.
MeCN used for reactions was dried over CaH,. n-Pentane,
hexane and diethyl ether were dried over sodium or sodium/
benzophenone. 6-Methyl-2-bromo-pyridine was distilled over
CaH, and stored over 4 A molecular sieves. If not specified
other compounds were acquired from Aldrich Chemical
Company. 'H, "*C {"H} and *'P{"H} NMR spectra were recorded
on a Bruker Avance 400 QNP or Bruker Avance 500 MHz cryo
spectrometer. All spectra were recorded in CDCl;, CD,Cl, or
CD;CN, with SiMe, (*H) or the solvent peaks as external and
internal standards. Unambiguous assignments of NMR reso-
nances were made on the basis of 2D NMR experiments
(*H-'"H CosYy, 'H-'H NOESY, 'H-"*C HMQC and 'H-"*C
HMBC). Fig. 12 shows the labelling scheme for NMR assign-
ments used throughout the Experimental section. Elemental
analysis was obtained using a PerkinElmer 240 elemental
analyser.

This journal is © The Royal Society of Chemistry 2021
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Fig. 12 The numbering schemes used for (a) the 6-Me-2-py groups
and (b) the cymene groups in 9a and 9b.

Synthesis of new compounds

Synthesis of 1a-O. Inside a N, filled glovebox a Schlenk tube
was charged with 1a (900 mg, 2.562 mmol) and transferred to
a Schlenk line. 50 ml of THF and 324 pl H,0, (30% w/v, 1.1
equiv., 2.818 mmol) were added. The resulting clear solution
was stirred for 5 days at room temperature. The solvent was
removed in vacuo and the resulting solid mixture was washed
with 20 ml of hexane. The product was dried in vacuo to yield
1a-0 as a colourless powder (675 mg, 1.838 mmol, 72%). A solu-
tion of 20 mg of the product in 0.5 ml of thf was transferred to a
crystallization tube and layered with 10 ml of n-pentane. After
10 days at room temperature colourless crystals formed which
were suitable for X-ray crystallography. "H NMR (25 °C, CDCl;,
399.60 MHz): § [ppm] = 7.95 (d, */y = 6.7 Hz, 1H, H-1), 7.66 (t,
*Jun = 6.8 Hz, 3H, H-2), 7.22 (d, *Jy = 7.1 Hz, 3H, H-3), 2.54 (s,
9H, CH3); “C{'H} NMR (25 °C, CDCl;, 100.48 MHz): § [ppm] =
159.99 (C4, C-CHs), 156.80 (C4, As-C), 136.37 (C-H, C-2), 125.63
(C-H, C-1), 125.54 (C-H, C-3), 24.51 (C-CH3); elemental analysis
(%): caled for 1a-O, C 58.9% H 4.9% N 11.4%; found, C 58.2%
H 4.9% N 11.1%; IR: v [em™] = 3106 (w), 3075 (w), 3035 (w),
3004 (w), 2962 (w), 2923 (w), 2854 (w), 2732 (w), 1770 (w), 1582
(s), 1551 (s), 1443 (s), 1377 (W), 1259 (s), 1176 (W), 1163 (w), 1135
(w), 1082 (s), 1034 (s), 981 (s), 902 (s), 845 (w), 802 (s), 784 (s),
733 (s), 706 (W), 667 (W), 557 (s), 545 (s), 533 (s), 422 (W).

Synthesis of 2. Inside a N, filled glovebox a Schlenk tube
was charged with 1a-O (100 mg, 0.272 mmol) and Tetrakis
(acetonitrile)copper(i)  hexafluorophosphate (101  mg,
0.272 mmol) and transferred to a Schlenk line. 20 ml of aceto-
nitrile was added. The resulting yellow solution was stirred
overnight at room temperature. A colourless precipitate
formed overnight and was removed by filtration. The clear
yellow filtrate was concentrated in vacuo until the precipitation
of a yellow solid was observed which was dissolved into solu-
tion by gentle heating. Storage at —20 °C yielded a yellow crys-
talline solid which was washed twice with hexane to yield 2 as
yellow crystals suitable for single crystal X-ray diffraction
(52 mg, 0.0843 mmol, 31%). 'H NMR (238 K, CDCI;,
500.20 MHz): 6 [ppm] = 8.05 (d, *Ju = 7.0 Hz, 3H, H-1), 8.00
(t, *Jun = 7.6 Hz, 3H, H-2), 7.58 (d, *Jyyy; = 7.7 Hz, 3H, H-3), 2.81
(s, 9H, CH,), 1.99 (s, 3H, Cu-NC-CH;); 'H NMR (335 K, CDCl;,
500.20 MHz): 6 [ppm] = 8.08 (3H), 8.03 (3H), 7.60 (3H), 2.83 (s,
9H, CHj3), 1.99 (s, 3H, Cu-NC-CHj3;); elemental analysis (%):
caled for 2, C 38.9% H 3.4% N 9.1%; found, C 38.5% H 3.3% N

Dalton Trans., 2021, 50, 2393-2402 | 2399


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0dt03732j

Open Access Article. Published on 27 November 2020. Downloaded on 12/6/2025 2:43:29 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

9.1%; TR: v [em™'] = 3067 (w), 2940 (w), 2308 (w), 2273 (w), 2155
(w), 2030 (w), 2008 (w), 1986 (W), 1936 (w), 1731 (W), 1589 (w),
1550 (w), 1446 (w), 1384 (W), 1368 (W), 1257 (W), 1173 (w), 1165
(w), 1132 (w), 1092 (w), 1038 (w), 1002 (w), 927 (w), 878 (w), 834
(s), 796 (s), 734 (W), 675 (W), 556 (s), 481 (W), 449 (w), 430 (w).

Synthesis of 3. Inside a N, filled glovebox a Schlenk tube
was charged with 1a (50 mg, 0.142 mmol) and silver trifluoroa-
cetate (39 mg, 0.178 mmol) and transferred to a Schlenk line.
20 ml of dry acetonitrile was added. The solution was stirred
overnight at room temperature. A colourless precipitate was
removed by filtration. The filtrate was concentrated in vacuo
and then layered with 15 ml of diethyl ether. After 3 days at
room temperature colourless crystals formed which were suit-
able for X-ray crystallography (34 mg, 0.0135 mmol, 38%,
based on full occupancy of the Ag sites). '"H NMR (25 °C,
CD;CN, 500.05 MHz): § [ppm] = 7.77 (s, 1H, H-Ar), 7.27 (s, 1H,
H-Ar), 6.98 (s, 1H, H-Ar), 2.24 (s, 3H, CH;); *C NMR shows
multiple overlapping signals; elemental analysis (%): caled for
3 (based on full occupancy of the Ag sites), C 39.3% H 2.9% N
6.7%; found, C 40.5% H 2.9% N 7.5%; IR: v [em '] = 3416 (w),
3058 (w), 2918 (W), 1686 (s), 1591 (w), 1550 (w), 1448 (s), 1389
(w), 1197 (s), 1156 (s), 1108 (s), 1038 (w), 1003 (s), 847 (w), 816
(w), 795 (s), 784 (s), 728 (W), 714 (s), 674 (W), 596 (W), 556 (W),
541 (w), 516 (W), 412 (w).

Synthesis of 4. Inside a N, filled glovebox a Schlenk tube
was charged with 4 (50 mg, 0.136 mmol) and silver trifluoroa-
cetate (30 mg, 0.136 mmol) 1a-O and transferred to a Schlenk
line. 10 ml of acetonitrile was added. The resulting clear solu-
tion was stirred overnight at room temperature. The clear solu-
tion was concentrated in vacuo until the precipitation of a
white solid was observed which was dissolved into solution by
gentle heating. Storage at —20 °C yielded colourless crystals
suitable for X-ray crystallography (16 mg, 0.0279 mmol, 20%).
"H NMR (25 °C, CD5CN, 500.20 MHz): § [ppm] = 8.06 (d, *Jiu
=7.5 Hz, 3H, H-1), 7.94 (t, *Juy = 7.8 Hz, 3H, H-2), 7.55 (d, *Jun
= 7.9 Hz, 3H, H-3), 2.74 (s, 9H, CH;); *C{'H} NMR (25 °C,
CD;CN, 125.78 MHz): § [ppm] = 160.93 [Cq, C-CHy), 157.14
(Cy» C-As), 138.85 (C-H, C-2), 127.13 (C-H, C-1), 125.24 (C-H,
C-3), 24.82 (C-CHj). (The assignment of the two C4 carbons
was determined from the HMBC.); elemental analysis (%):
caled for 4, C 40.8% H 3.1% N 7.1%; found, C 39.5% H 2.8%
N 5.7%; IR: v [em™"] = 3063 (w), 3009 (w), 2980 (W), 2962 (W),
2929 (w), 2301 (w), 1704 (w), 1668 (s), 1589 (s), 1551 (w), 1445
(s), 1418 (w), 1383 (w), 1254 (w), 1198 (s), 1177 (s), 1132 (s),
1089 (w), 1038 (W), 996 (w), 916 (s), 834 (w), 795 (s), 732 (W),
721 (s), 672 (w), 597 (w), 555 (W), 520 (W), 454 (w), 406 (W).

Synthesis of 5. Inside a N, filled glovebox a Schlenk tube
was charged with 1a (200 mg, 0.569 mmol) and cobalt(u)
bromide (124 mg, 0.569 mmol) and transferred to a Schlenk
line. 20 ml of acetonitrile was added. The resulting dark blue
solution was stirred overnight at room temperature. Dark blue
crystals formed overnight. Storage at —20 °C yielded 5 as blue
crystals suitable for single crystal X-ray diffraction (88 mg,
0.154 mmol, 27%). "H NMR (25 °C, CD;CN, 500.12 MHz): &
[ppm] = 49.63, 37.10, 12.69, 7.17; elemental analysis (%): calcd
for 5, C 37.9% H 3.2% N 7.4%; found, C 37.8% H 3.1% N
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7.2%; IR: v [em™'] = 3066 (w), 3049 (w), 2989 (W), 2923 (W),
1588 (s), 1578 (s), 1551 (s), 1435 (s), 1373 (s), 1307 (s), 1231 (s),
1186 (s), 1169 (s), 1123 (s), 1095 (s), 1014 (s), 990 (s), 984 (s),
841 (w), 809 (s), 790 (s), 771 (s), 737 (s), 730 (s), 682 (W), 660
(w), 561 (W), 545 (s), 426 (s), 414 (s).

Synthesis of 6. Inside a N, filled glovebox a Schlenk tube
was charged with 1a (200 mg, 0.569 mmol) and nickel(u)
bromide (124 mg, 0.569 mmol) and transferred to a Schlenk
line. 20 ml of acetonitrile was added. The resulting clear green
solution was stirred overnight at room temperature. A colour-
less precipitate formed overnight and was removed by fil-
tration. The clear green filtrate was stored for 5 days at —20 °C
and yielded 6 as purple crystals suitable for single crystal X-ray
diffraction (70 mg, 0.123 mmol, 21.6%). Elemental analysis
(%): caled for 6, C 37.9% H 3.2% N 7.4%; found, C 37.7% H
3.1% N 7.5%; IR: v [em™'] = 3604 (w), 3344 (w), 3065 (W), 3050
(w), 3002 (w), 2922 (w), 2678 (W), 2097 (w), 2004 (w), 1912 (W),
1777 (w), 1706 (w), 1625 (w), 1590 (s), 1578 (s), 1552 (s), 1436
(s), 1371 (s), 1253 (w), 1245 (w), 1227 (w), 1187 (w), 1170 (W),
1133 (w), 1124 (w), 1100 (w), 1091 (w), 1018 (s), 994 (w), 975
(W), 914 (w), 842 (w), 809 (s), 790 (s), 772 (s), 731 (W), 684 (W),
661 (W), 562 (W), 545 (W), 448 (W), 428 (W), 415 (s).

Synthesis of 7. Inside a N, filled glovebox a Schlenk tube
was charged with 1a-O (150 mg, 0.408 mmol) and cobalt
bromide (89 mg, 0.408 mmol) and transferred to a Schlenk
line. 20 ml of acetonitrile was added. The resulting blue solu-
tion was stirred overnight at room temperature. The clear blue
solution was concentrated in vacuo until the precipitation of a
blue solid was observed which was dissolved into solution by
gentle heating. Storage at —20 °C yielded blue crystals suitable
for X-ray crystallography (188 mg, 0.150 mmol, 74%)."H NMR
(25 °C, CD;CN, 500.12 MHz): 6 [ppm] = 34.02, 28.14, 13.43,
11.10, 7.42, 6.57, 3.67, —1.54, —3.98; elemental analysis (%):
caled for 7-CH;CN, C 37.6% H 3.2% N 8.0%; found, C 37.5%
H 3.0% N 7.9%; IR: v [em™'] = 3371 (w), 3050 (w), 2988 (W),
2957 (W), 2922 (W), 2306 (W), 2279 (W), 2248 (W), 2026 (W), 2003
(W), 1914 (w), 1584 (w), 1549 (w), 1443 (s), 1389 (W), 1375 (W),
1308 (w), 1248 (w), 1232 (w), 1170 (w), 1129 (w), 1089 (w), 1036
(w), 983 (w), 914 (w), 858 (w), 829 (s), 790 (s), 774 (w), 728 (w),
674 (W), 543 (w), 448 (s), 424 (W).

Synthesis of 8. Inside a N, filled glovebox a Schlenk tube
was charged with 1a-O (150 mg, 0.408 mmol) and nickel(u)
bromide (89 mg, 0.408 mmol) and transferred to a Schlenk
line. 20 ml of acetonitrile was added. The resulting pale
orange solution was stirred overnight at room temperature. A
red solution with a small amount of brown precipitate formed
overnight and was removed by filtration. The clear red filtrate
was concentrated in vacuo until the precipitation of a yellow
solid was observed which was dissolved into solution by gentle
heating. Storage at —20 °C yielded a yellow crystalline solid
which was washed twice with hexane to yield 8 as yellow crys-
tals (7 mg, 0.010 mmol, 2%). 0.5 ml of the solution was trans-
ferred to a crystallization tube and layered with 10 ml of Et,O.
After 3 days at room temperature yellow crystals formed which
were suitable for X-ray crystallography. Elemental analysis (%):
caled for 8-CH,Cl,, C 34.0% H 3.0% N 6.3%; found, C 34.8% H

This journal is © The Royal Society of Chemistry 2021
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2.9% N 6.6%. IR: v [cm™'] = 3351 (w), 3281 (w), 3050 (W), 3006
(W), 2951 (w), 2921 (w), 2025 (w), 1910 (w), 1748 (w), 1705 (W),
1586 (s), 1547 (s), 1443 (s), 1402 (w), 1378 (w), 1335 (w), 1249
(w), 1182 (w), 1170 (w), 1133 (w), 1104 (w), 1085 (w), 1039 (W),
1005 (w), 993 (w), 860 (s), 830 (s), 789 (s), 761 (s), 729 (s), 674
(w), 554 (s), 526 (W), 455 (s), 423 (W).

Synthesis of 9a. Inside a N, filled glovebox a Schlenk tube
was charged with 1a (34 mg, 0.0968 mmol) and dichloro(p-
cymene)ruthenium(r) dimer (30 mg, 0.0484 mmol) and trans-
ferred to a Schlenk line. 1 ml of dichloromethane was added.
The resulting red solution was stirred for 10 minutes at room
temperature. The solution was layered with approximately
10 ml of n-pentane. After 3 days at room temperature red crys-
tals formed which were suitable for X-ray crystallography
(42 mg, 0.0639 mmol, 66%); 'H NMR (25 °C, CD,Cl,,
500.20 MHz): § [ppm] = 7.66 (d, *Juu = 7.7 Hz, 3H, H-1), 7.54
(t, *Jun = 7.7 Hz, 3H, H-2), 7.18 (d, *Juy = 7.7 Hz, 3H, H-3), 5.85
(d, *Jun = 5.9 Hz, 2H, H-6), 5.68 (d, *Jyu = 5.9 Hz, 2H, H-7),
2.71 (sept, *Jun = 6.9 Hz, 1H, H-9), 2.54 (s, 9H, C-CHj of 6-Me-
2-py group), 1.94 (s, 3H, H-4), 1.06 (d, *Ji;4 = 6.9 Hz, 6H, H-10).
BC{'H} NMR (25 °C, CD,Cl,, 125.78 MHz): § [ppm] = 158.54
(Cq, C-As), 158.37 (Cq4, C-CHj; of 6-Me-2-py group), 135.19 (C-
H, C-2), 128.45 (C-H, C-1), 123.38 (C-H, C-3), 106.60 (C, C-8),
94.53 (Cq, C-5), 86.87 (C-H, C-6), 82.04 (C-H, C-7), 30.13 (C-H,
C-19, 24.04 (CHj3, C-CH; of 6-Me-2-py group), 21.44 (CHj,
C-10), 17.15 (CH3, C-4); elemental analysis (%): caled for 9a, C
51.2% H 4.9% N 6.4%; found, C 51.1% H 4.8% N 6.3%; IR: v
[em™] = 3037 (w), 2962 (W), 2921 (W), 2866 (W), 1579 (s), 1555
(s), 1496 (w), 1469 (w), 1438 (s), 1389 (W), 1375 (W), 1361 (W),
1327 (w), 1265 (w), 1248 (w), 1169 (w), 1120 (w), 1085 (w), 1060
(w), 1034 (W), 987 (W), 924 (W), 890 (W), 874 (W), 799 (s), 784 (W),
775 (s), 731 (s), 702 (W), 668 (W), 633 (W), 569 (W), 555 (W), 548
(w), 517 (w), 451 (w), 426 (w).

Synthesis of 9b. Inside a N, filled glovebox a Schlenk tube
was charged with ligand 1b (39 mg, 0.0980 mmol) and
dichloro(p-cymene)ruthenium(u) dimer (30 mg, 0.049 mmol)
and transferred to a Schlenk line. 1 ml of dichloromethane
was added. The resulting red solution was stirred for
10 minutes at room temperature. The solution was layered
with approximately 10 ml of n-pentane. After 3 days at room
temperature red crystals formed which were suitable for X-ray
crystallography (44 mg, 0.0625 mmol, 64%); "H NMR (25 °C,
CD,Cl,, 500.20 MHz): § [ppm] = 7.77 (d, *Juyu = 7.6 Hz, 3H,
H-1), 7.49 (t, *Jun = 7.7 Hz, 3H, H-2), 7.14 (d, *Ju = 7.7 Hz, 3H,
H-3), 6.08 (d, *Juy = 6.0 Hz, 2H, H-6), 6.00 (d, *Juy = 6.0 Hz,
2H, H-7), 2.81 (sept, *Juy = 7.0 Hz, 1H, H-9), 2.56 (s, 9H, C-
CH; of 6-Me-2-py group), 2.06 (s, 3H, H-4), 1.16 (d, *Jy = 7.0
Hz, 6H, H-10); "*C{'"H} NMR (25 °C, CD,Cl,, 125.78 MHz): §
[ppm] = 160.34 (Cq, C-As), 159.13 (C4, C-CH3), 135.14 (C-H,
C-2), 130.38 (C-H, C-1), 123.49 (C-H, C-3), 105.22 (C,, C-8),
95.30 (Cg, C-5), 84.67 (C-H, C-6), 81.54 (C-H, C-7), 30.40 (C-H,
C-9), 24.12 (CH;z, C-CHj; of 6-Me-2-py group), 21.60 (CHs,
C-10), 17.77 (CH3, C-4); elemental analysis (%): caled for 9b, C
47.8% H 4.6% N 6.0%; found, C 48.5% H 5.1% N 5.7%; IR: v
[em™] = 3066 (W), 3046 (W), 2956 (W), 2919 (W), 2868 (W), 2127
(w), 2121 (w), 2097 (w), 2088 (w), 1615 (w), 1576 (s), 1550 (s),
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1504 (w), 1464 (w), 1435 (s), 1385 (w), 1370 (w), 1322 (w), 1246
(w), 1219 (w), 1200 (w), 1169 (s), 1118 (w), 1081 (s), 1056 (W),
1033 (w), 988 (s), 890 (w), 871 (w), 840 (w), 786 (s), 742 (w), 730
(w), 692 (W), 669 (W), 658 (W), 548 (W), 539 (s), 525 (W), 517 (W),
448 (w), 423 (w), 410 (w).

Synthesis of 10a. Inside a N, filled glovebox a Schlenk tube
was charged with 1a (45 mg, 0.127 mmol) and cis-bis(benzo-
nitrile)dichloroplatinum(u) (30 mg, 0.0635 mmol) and trans-
ferred to a Schlenk line. 1 ml of dichloromethane was added.
The resulting yellow solution was stirred for 10 minutes at
room temperature. The solution was layered with approxi-
mately 10 ml of n-pentane. After 3 days at room temperature
yellow crystals formed which were suitable for X-ray crystallo-
graphy (36 mg, 0.0372 mmol, 59%). "H NMR (25 °C, CD,Cl,,
500.20 MHz): & [ppm] = 8.04 (d, *Juy = 7.7 Hz, 3H, H-1), 7.50
(t, *Jyu = 7.7 Hz, 3H, H-2), 7.05 (d, *Jyy = 7.5 Hz, 3H, H-3), 2.27
(s, 9H, C-CH,3); "*C{'H} NMR (25 °C, CDCl;, 125.78 MHz): §
[ppm] = 158.20 (C4, C-CH3), 156.29 (Cq, As-C), 135.42 (t, C-2),
127.77 (t, C-1), 123.64 (t, C-3), 23.59 (C-CHj;); elemental ana-
lysis (%): caled for 10a, C 44.6% H 3.8% N 8.7%; found, C
43.8% H 3.7% N 8.3%; IR: v [em™'] = 3046 (W), 2960 (W), 2922
(w), 2103 (w), 1911 (w), 1813 (w), 1793 (w), 1679 (w), 1580 (s),
1553 (s), 1438 (s), 1374 (w), 1247 (w), 1168 (w), 1128 (w), 1089
(w), 1031 (w), 989 (w), 921 (w), 903 (w), 781 (s), 729 (s), 698 (W),
666 (W), 559 (W), 548 (s), 535 (W), 421 (W), 402 (s).

Synthesis of 10b. Inside a N, filled glovebox a Schlenk tube
was charged with 1b (51 mg, 0.127 mmol) and cis-bis(benzo-
nitrile)dichloroplatinum(u) (30 mg, 0.0635 mmol) and trans-
ferred to a Schlenk line. 1 ml of dichloromethane was added.
The resulting yellow solution was stirred for 10 minutes at
room temperature. The solution was layered with approxi-
mately 10 ml of n-pentane. After 3 days at room temperature
yellow crystals formed which were suitable for X-ray crystallo-
graphy (21 mg, 0.0183 mmol, 29%). "H NMR (25 °C, CD,Cl,,
500.20 MHz): § [ppm] = 7.99 (d, *Juu = 7.5 Hz, 3H, H-1), 7.51
(t, *Jeu = 7.7 Hz, 3H, H-2), 7.03 (d, *Jyy; = 7.5 Hz, 3H, H-3), 2.24
(s, 9H, CH,3); *C{'H} NMR (25 °C, CDCl;, 125.78 MHz): §
[ppm] = 159.10 (C4, C-Me) 158.00 (C,, Sb-C), 135.33 (C-H,
C-2), 129.63 (C-H, C-1), 123.84 (C-H, C-3), 23.55 (C-CHj);
elemental analysis (%): calcd for 10b, C 38.7% H 3.3% N 7.3%j;
found, C 39.4% H 3.4% N 7.4%; IR: v [cm™'] = 3048 (w), 2961
(W), 2924 (w), 2007 (W), 1977 (W), 1681 (W), 1622 (W), 1576 (s),
1549 (s), 1435 (s), 1389 (w), 1372 (w), 1272 (w), 1247 (w), 1168
(s), 1122 (w), 1083 (w), 1035 (w), 990 (w), 980 (w), 901 (w), 840
(w), 780 (s), 728 (s), 696 (W), 659 (W), 546 (W), 529 (W), 416 (W).
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