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Several heteroleptic trans-bisaryl-Pt"! complexes, trans-C,C-[Pt(NCN)R] (6—9), have been
prepared starting from the readily available precursor [PtCI(INCN)] (1, NCN = [C¢H3(CHs-
NDMey)s-2,6]7) and ortho-substituted phenyl- or naphthyllithium reagents, respectively.
Variable-temperature '"H NMR spectroscopy shows that in solution the NCN ligand is #3-
coordinated and that rotation of the ¢rans-aryl ligand about the Pt—Cips, bond is slow or
even nonexistent on the NMR time scale. Moreover, in the temperature range —80 to +90
°C no dissociation of the Pt—N (NCN) coordination occurs. In contrast, the analogous Pd
complex 13 shows fluxional behavior of the nitrogen-to-metal coordination (above 0 °C). The
dynamic properties of this type of complexes can thus be tuned by the choice of metal. The
crystal structure determinations of two trans-C,C-[M(NCN)(C1oHg(CH2NMeg)-2)] complexes
(8 (M = Pt), 18 (M = Pd)) are reported. The most significant feature in these structures is
that the #3-N,C,N-coordinating NCN ligand present in 1 has been retained in 8 and 13;
that is, the ortho-(dimethylamino)methyl group of the naphthyl ligand remains noncoordi-
nating and cannot compete with the ortho-(dimethylamino)methyl groups of the NCN ligand.
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Introduction

Due to the increasing interest in the use of monoan-
ionic, potentially terdentate coordinating bischelating
pincer ligands, a number of interesting applications
simultaneously emerged for the corresponding (transi-
tion) metal pincer complexes as homogeneous catalysts!
and as materials with interesting physical properties.1¢—e2

At present, a large diversity within this class of
terdentate monoanionic ligands is known and includes
N,C,N-1abe p C P- 1a=c gnd S,C,S-chelating!®P systems,
as well as hetero-mixed combinations.? In square-planar
Pt or Pd! complexes the residual ligand, usually a
halide, is positioned ¢rans to the aryl Cips, due to the
meridional E,C,E-terdentate coordination mode of the
pincer ligand. Anion exchange is possible via halide
abstraction procedures using silver salts. With nonco-

* To whom correspondence should be addressed. Phone: +31-30-
2533120. Fax: +31-30-2523615. E-mail: g.vankoten@chem.uu.nl.

" Debye Institute, Department of Organic Chemistry and Catalysis.

# Department of Crystal and Structural Chemistry, Bijvoet Center
for Biomolecular Research.

§ Corresponding author for crystallographic data. Phone: +31-30-
2532538. Fax: +31-30-2523940. E-mail: a.l.spek@chem.uu.nl.

(1) For reviews see: (a) Singleton, J. T. Tetrahedron 2003, 59, 1837—
1857. (b) Albrecht, M.; van Koten, G. Angew. Chem., Int. Ed. 2001,
40, 3750—3781. (c) van der Boom, M. E.; Milstein, D. Chem. Rev. 2003,
103, 1759—-1792. (d) Rietveld, M. H. P.; Grove, D. M.; van Koten, G.
New J. Chem. 1997, 21, 751-771. (e) van Koten, G. Pure Appl. Chem.
1989, 61, 1681—-1694.

(2) (a) Jude, H.; Krause Bauer, J. A.; Connick, W. B. Inorg. Chem.
2002, 41, 2275—2281. (b) Jude, H.; Krause Bauer, J. A.; Connick, W.
B. J. Am. Chem. Soc. 2003, 125, 3446—3447.

(3) Gandelman, M.; Vigalok, A.; Shimon, L. J. W.; Milstein, D.
Organometallics 1997, 16, 3981—-3986.

10.1021/0m0500974 CCC: $30.25

ordinating anions, cationic metal centers can be formed
in which the square-planar coordination sphere is
completed by a neutral monodentate donor molecule,
e.g., a pyridine ligand.2* For example, recently reported
cationic trans-[PtM(53-N,C,N)]* (N = NCys) reacts with
terpyridine (tpy), to form trans-[Ptl(51-N,C,N)(;73-tpy)] ™
having instead of an #73-N,C,N- an 5!-C-coordinated
pincer ligand.2 Treatment of [MX(NCN)] complexes (M
= Pd, Pt; X = Cl, Br) with lithium (LiR)>~7 or SnMe3
(SnMesR, R = aryl)® reagents provided access to neutral
heteroleptic [M(NCN)R] species. These complexes were
the subject of a number of investigations that involved
both homoleptic® and heteroleptic’ bisaryl species. A
method for introduction of a ¢rans ligand is via tran-
scyclometalation of [PtCI(NCN)] with a PC(H)P ligand
(PCP = [C¢H3(CH2PPhy)s-2,6]7), resulting in the forma-
tion of trans-[Pt(n!-C-NCN)(»3-P,C,P-PCP)]C1.?
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Scheme 1. Synthesis of Complexes 6—9 and 13¢
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In this paper, the syntheses of some heteroleptic
bisaryl-Pt!! and -Pd" complexes containing both a ter-
dentate coordinating NCN ligand and a monodentate
coordinating phenyl or naphthyl ligand are described.
The structural and dynamical properties of these com-
plexes with either no ortho-substituent ('-C-naphthyl)
or one ortho-substituent (7'-C-naphthyl, phenyl) were
investigated. With CHaNMe,, as ortho-substituent, the
potentially bidentate coordinating ligand may force a
change in #3-N,C,N-coordination of the NCN ligand.
This could lead to an exchange between [Pt(3-N,C,N-
NCN)(;!-C-CN)] and [Pt(2-C,N-NCN)(2-C,N-CN)] (CN
= [CeH4(CH3NMey)-2] ") complexes. Moreover, protona-
tion of the free ortho-CHyNMey substituent in [Pt(53-
N,C,N-NCN)(5!-C-CN)], which may lead to a compound
with a stable intramolecular Pt--:-H—N bond, was
investigated.1©

Results and Discussion

Synthesis of Heteroleptic Bisaryl-Platinum and
-Palladium Complexes 6—9 and 13. A number of
asymmetric platinum complexes containing both #3-
N,C,N-terdentate and 5!-C-monodentate coordinating
aryl ligands have been prepared in a two-step synthetic
route. The first step is the introduction of the NCN
ligand onto a Pt metal center, a process already
reported for [PtCI(NCN)] (1).1! In the second step, 1 was
treated with a selection of phenyl- and naphthyllithium
reagents (2—5) to afford the Pt complexes 6—9 [Pt-
(NCN)(R)], respectively (R = [C1oH7]~ (6), [C1oHcMe-2]~
(7), [C10Hg(CH3NMey)-2]1~ (8),2 and [CeH4(CH3NMey)-
2]~ (9) (Scheme 1)).

Synthesis of the palladium analogue of 8 was not
successful by this methodology. Upon treatment of
[PACI(NCN)]'3 (10) with [Li(C1oH¢{ CHsNMes}-2)] (4),
only a mere 5% of 13 was obtained, a result that could
not be improved by using either higher or lower reaction
temperatures. Although the conversion could be (slightly)
improved, the low thermal stability of the lithium
reagent in ethereal solvents excluded the use of pro-
longed reaction times, and thus a high yield of 13 was
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thwarted.!* However, the inverse route turned out to
be more successful, i.e., first attachment of the 1-naph-
thyl group to the palladium metal center,!? followed by
the introduction of the NCN ligand. Following this
sequence, [PA(INCN)(C1oH¢(CHsNMeg)-2)] (13) was pre-
pared in 55% yield (Scheme 1).

Solid-State Structures of 8 and 13. Unambiguous
confirmation of the connectivity pattern of the NCN and
CN ligands in complexes 8 and 13 was accomplished
by a single-crystal X-ray structure analysis. Suitable
crystals were grown by slow diffusion of pentane into
saturated solutions of 8 and 13, respectively, in benzene
at room temperature. Figure 1 presents displacement
ellipsoid plots of both 8-CsHg and 13-C¢Hg. Pertinent
bond lengths, bond angles, and torsion angles are listed
in Table 1.

Both molecular structures reveal a metal center that
is ligated by a terdentate 73-N,C,N-bound NCN ligand
and a monodentate, #'-C-bound 2-({dimethylamino}-
methyl)naphthalene ligand. Both complexes have a
relative perpendicular positioning of the two aryl rings
around the metal center as exemplified by the torsion
angle N2—M—-C13—C18 (—82.9(4)° and —90.2(4)° for 8
and 13, respectively). The puckered five-membered
chelate ring conformations, bond lengths, and bond
angles of the [M(73-N,C,N-NCN)] moieties fall in the
range normally observed for square-planar platinum-
(IT) and palladium(II) complexes containing this type
of ligand.811.13 An interesting feature of the structures
is the positioning of the benzylic protons H(23B) (8) and
H(23A) (13) near the virtual z-axis of the metal center
(M---H 2.8872 and 2.793(5) A for 8 and 13, respectively).
These distances are significantly shorter than the sum
of the van der Waals radii of both nuclei (3.50 A),
indicating an additional interaction with the filled d,2
orbital of the metal centers, providing extra stability to
these structures. This phenomenon has also been ob-
served for related NCN-pincer platinum(II) complexes
[Pt(73-N,C,N-NCN)(5'-C-NCN)]® and [Pt(73-N,C,N-NCN)-
(y'-N-CsH3sN{ CH2OMe} 5-2,6)].15 As a consequence of the
different denticities of the ligands, the M—C bonds of
the monodentate bonded naphthalene ligands are con-
siderably longer (2.131(4) and 2.139(5) A for 8 and 13,
respectively) as compared to those that involve the NCN
ligand (1.959(4) and 1.952(5) A for 8 and 13, respec-
tively). Moreover, the aromatic rings of the naphthalene
ligand systems are severely distorted. The internal
angles at Cips, are approximately 115° for the 5!-C-
naphthalene ligands, whereas the same angles of the
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Catal. 2002, 344, 771—780.
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Figure 1. Displacement ellipsoid plots (ORTEP, 50%
probability level) of the molecular structures of complexes
8 (top) and 13 (bottom) together with the adopted number-
ing schemes. Benzene solvent molecules and hydrogen
atoms (except for H(23B) (8) and H(23A) (13)) have been
omitted for clarity.

73-N,C,N-bonded ligands are equal to 120.6(4)°. The
difference is presumably a consequence of the steric
crowding around the metal center.

Structural Aspects of the Complexes in Solu-
tion. At room temperature the 'TH NMR spectra (CgDg
solution) of the platinum(II) complexes 6—9 showed two
distinct signals for the magnetically inequivalent NMe,
groups of the NCN ligand, whereas the corresponding
NMey; methyl groups of the palladium derivative 13
appeared as one singlet (see Table 2). For the platinum
complexes distinct coupling patterns (3Jy p, = 41—44 Hz)
were observed that are diagnostic for nitrogen-to-metal
coordination.” The NMey group of the #!-C bound
ligands in 8, 9, and 13 appeared as one singlet reso-
nance, which is in line with their noncoordinating
behavior as observed in the solid-state structure of both
8 and 13.8 Interestingly the methyl resonances of the
noncoordinating NMe, groupings are shifted downfield
in comparison to the free ligands (AJ(H) ~ 0.40 ppm
for 8,9, and 13).8 The low-field shift of the CHyN protons
in this noncoordinating CHsNMes substituent (A6(H)
~ 0.90 ppm for 8, 9, and 13) is remarkable and points
to deshielding of these nuclei, which may originate from
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Table 1. Selected Bond Lengths (A), Bond Angles
(deg), and Torsion Angles (deg) for 8-:C¢Hg and

13-C¢Hg
8:C¢H¢ M =Pt) 13-C¢Hg (M = Pd)
Bond Lengths
M-C(1) 1.959(4) 1.952(5)
M-C(13) 2.131(4) 2.139(5)
M-N(2) 2.083(3) 2.123(4)
M—-N(3) 2.086(3) 2.116(4)
M---H(23) 2.8872 (H23B) 2.793(5) (H23A)
Bond Angles and Torsion Angles
N(2)-M—-N(3) 161.60(14) 160.04(13)
N(@2)-M-C(1) 81.03(16) 80.03(17)
N(2)—-M—-C(13) 95.71(15) 101.79(16)
N(3)—-M—-C(1) 80.58(16) 80.02(17)
N(3)-M-C(13) 102.68(15) 98.16(16)
C(1)—M-C(@13) 176.72(18) 176.34(19)
C(2)—C(1)—C(6) 120.6(4) 120.6(4)
C(14)—C(13)—C(18) 115.3(4) 115.1(4)
N(2)-M-C(13)—C(18) —82.9(4) —90.2(4)
N(2)—-M—-C(13)—C(14) 87.3(4) 95.9(4)
N(3)—M—-C(13)—C(18) 96.5(4) 89.1(4)
N(3)—M-C(13)—-C(14) —93.4(4) —84.7(4)

weak intramolecular interactions (e.g., hydrogen bond-
ing) with the nucleophilic platinum(II) center.815 The
naphthalene methyl group in 7 appeared as a single line
at 6 = 3.23 ppm.

In the spectra of 6, 8, and 9, clear AB patterns were
observed for the benzylic protons of the NCN ligand,
with distinct Pt satellites (3Jp py = 45 Hz). For palladium
complex 13 an AA' pattern was observed. Remarkably,
for complex 7 a singlet signal with Pt satellites 3/ pt
= 44 Hz) was observed for the benzylic protons of the
NCN ligand, whereas an AB pattern was expected, vide
infra. For the naphthalene-substituted complexes the
doublet signals of the H-8 protons were shifted down-
field as compared to the free ligands (A6(H) ~ 2.4 ppm),
and in the case of 6—8, no platinum couplings were
observed. The doublet signal of the H-6 proton of the
n1-C aryl unit of 9 showed Pt satellites (3Jy p; = 33 Hz).
This signal was also shifted downfield (A6(H) ~ 0.7
ppm) compared to the free ligand.

Further structural confirmation was derived from 3C-
{'H} NMR spectroscopy. The ArCip, of the #3-N,C,N and
n'-C aryl ligands were found between 172.6—174.2 and
181.5—187.5 ppm, respectively (Table 2), in line with
the previously reported values for complexes of general
formula [Pt(NCN)R].7-8

Variable-temperature 'H NMR experiments were
carried out to study the dynamic aspects of the com-
plexes. The AB patterns (6, 8, 9) and AA’ patterns (7,
13) for the benzylic protons did not change in the
temperature range 25—90 °C. The signals for the NMeg
groups of the NCN units of platinum complexes 6—9
did not show coalescence or line broadening at temper-
atures up to 90 °C. Low-temperature 'H NMR spectra
were recorded (CDyCly), and for all complexes line
broadening was observed for the benzylic and NMey
protons upon lowering the temperatures. Below —50 °C,
the AB patterns were not resolved. Below approximately
—80 °C, the Pt satellites on the CHoN and NMes groups
were not discernible due to severe line broadening. The
signals for H-8 (and H-6 in the case of 9) remained
sharp. Lowering the temperature for the palladium
complex 13 resulted in broadening of the singlet signal
corresponding to the NMey methyl groups of the NCN
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Table 2. Selected 'H and 3C{!H} NMR Data for Complexes 6—9 and 13¢
NMes (3Jw,py) CH2N (3Ju,py) ArMe ArH-8 (d) Cipso (*Jc,pt)
complex 73-NCN nt-C 73-NCN nt-C nl-C 73-NCN nl-C
6 2.37/2.42 (44) 3.50/3.55 (45)° 9.53 172.6¢ 187.5¢
7 2.37/2.40 (43) 3.53¢(44) 3.23 (8) 9.73 172.7 (598) 181.5 (826)
8 2.36/2.49 (41) 2.47 3.47/3.51 (45)b 4.50 (39) 9.89 172.8¢ 183.6¢
9 2.49/2.54 (44) 2.43 3.43/3.61 (45)b 4.25 (126) 8.07¢ 173.0 (591) 183.8 (790)
13 2.47 2.43 3.50/3.51¢ 4.46 9.65 174.2 183.4

@ In CgDg solutions; chemical shifts in ppm, coupling in hertz; singlet resonances unless stated otherwise, doublet (d). > AB pattern

2Juu = 14 Hz. ¢ 1 p, unresolved. ¢ ArH-6. ¢ AA’ pattern.

ligand, which decoalesced into two broad singlets (AG*
= 56 kJ-mol™1) at 0 °C.16

The spectral features are interpreted as follows: the
structures of the platinum and palladium naphthalene
complexes in solution have a perpendicular positioning
of the two aryl rings around the metal center in the
ground state. This is apparent from the similar down-
field shift of the H-8 proton, which is situated above the
metal coordination plane near the metal center, as being
displayed in the X-ray crystal structures of 8 and 13
(M(1)---H(19) = 2.8338 A (Pt, 8) and 2.794(6) A (Pd, 13)).
The resonances at 9.53—9.89 ppm for the H-8 protons
are higher than those for similar Pt and Pd" complexes
(6(H) = 8.39—8.91 ppm),'7 but are comparable to those
found for 1,8-diplatinum-anthracene complexes (9.33—
9.54 ppm).18 The absence of platinum couplings on H-8
excludes an agostic type of interaction.!® The presence
of both AB patterns for 6, 8, 9, an AA’ pattern for 13,
and two singlets for the NMeg groups of the NCN ligand
for 6—9 indicates that under these conditions there is
no molecular symmetry plane containing the benzylic
carbon and nitrogen centers of the NCN ligand.2? This
can only be explained by assuming that an asymmetric
environment is created by the manifold NCN—arene and
naphthalene—arene planes. This asymmetry causes the
NMes methyl groups and the benzylic protons of the
NCN ligand to be diastereotopic and as such result in
the observation of two distinct singlets and an AB
pattern, respectively. It must be noted that a process
involving rapid rotation on the NMR time scale of the
n1-C-coordinated naphthalene ligand about its Pt—Cipso
axis would create an apparent molecular symmetry
plane resulting in coalescence of the two NMe; singlets
to one singlet as well as coalescence of the AB pattern
(CH2N) to one singlet. Consequently it can be concluded
that for complexes 6, 8, 9, and 13 rotation about the
Pt—Cipso axis is either slow or completely arrested on
the NMR time scale. The methyl-substituted complex
7 does not show an AB pattern for the benzylic protons
of the NCN ligand in the temperature range —80 to 90
°C,2! but two singlets for the NMe, methyl groups were

(16) Drago, R. S. In Physical Methods in Inorganic Chemistry;
Reinhold Publishing Corporation: New York, 1965.

(17) (a) Debaerdemaeker, T.; Weisemann, C.; Brune, H.-A. J.
Organomet. Chem. 1988, 350, 91—99. (b) Kim, Y.-J.; Kwak, Y.-S.; Lee,
S.-W. J. Organomet. Chem. 2000, 603, 152—160. (¢) Crespo, M.;
Evangelio, E. JJ. Organomet. Chem. 2004, 689, 1956—1964.

(18) Kuehl, C. J.; Huang, S. D.; Stang, P. J. J. Am. Chem. Soc. 2001,
123, 9634—9641.

(19) Dani, P.; Karlen, T.; Gossage, R. A.; Smeets, W. J. J.; Spek, A.
L.; van Koten G. J. Am. Chem. Soc. 1997, 119, 11317—11318.

(20) If the NMey groups of the C,N ligand would be coordinated to
the platinum center, the molecular symmetry plane could contain the
N atom, resulting in a singlet signal resonance. The absence of Pt
satellites, however, indicates that the C,N ligand is #!-C bound.

(21) Also the 'H NMR spectrum measured on a 500 MHz spectrom-
eter did not show an AB pattern.

observed. In principle, the asymmetric environment
created by the naphthalene ligand causes benzylic
protons to be diastereotopic, and therefore, an AB
pattern is expected. For 7 an AA’ system with a small
relative chemical shift Av is observed; that is, the center
lines lie so close to one another that the spectral
resolution is not sufficient to separate them and the
intensity of the outer lines is too small to detect,
resulting in a “deceptively simple” spectrum.22 To
confirm that aryl rotation about the Pt—#,!-C axis does
not take place, calculations on the rotation barrier were
performed (354 kJd/mol), suggesting that rotation was
not feasible.??

In the case of the platinum complexes, the diaste-
reotopicity of the NMe methyl groups indicates that the
nitrogen-to-metal coordination is rigid and stable five-
membered chelate rings exist on the NMR time scale
up to 90 °C (Figure 1). As anticipated, the palladium
analogue 13 shows a fast exchange between the coor-
dinated and uncoordinated amino functionalities on the
NMR time scale at room temperature. It is at 0 °C that
MeyN—Pd coordination becomes rigid on the NMR time
scale.?* Since coalescence of the singlet absorptions of
the NMe; groups in the NCN ligand (up to 90 °C) was
not observed for the platinum complexes 6—9, it can be
concluded that the strength of the platinum—nitrogen
bond in these complexes is higher than those of the
palladium—nitrogen bond in 13.

In principle, a dynamic exchange process between the
chelating and free CHoNMe; groups of the #3- and #!-
coordinated ligands could occur in both 8 and 9.
However, neither 'TH NMR spectra in toluene-dg solution
at 90 °C nor spectra measured at low temperatures to
—80 °C in CDqCl; solution revealed any evidence for
such a dynamic behavior of 8 and 9 on the NMR time
scale. This dynamic process was also not observed for a
related complex, [Pt(3-N,C,N-NCN)(5!-C-NCN)].8

Reactivity toward HCI and I,. Wehman-Ooyevaar
et al. reported platinum complexes of the general for-
mula [PtCl(#2-C,N-CN)(i2-C,H-CN{H})]. These com-

(22) Giinther, H. In NMR Spectroscopy; John Wiley & Sons Ltd.:
Chichester, 1980.

(23) Calculations on the rotation about the Pt—C bond were carried
out using the coordinate drive routine, on a molecular mechanics level
using the SPARTAN 5.1.1 (UNIX) package (SPARTAN SGI version
5.5.1; Wavefunction Inc.: 18401 Von Karman Ave., Ste. 370, CA
92612), with a MMFF94 force field. The energy profile of a rotation
around 720° was determined, and for the barrier of the rotation, the
difference between minimum (—88.50 kJ/mol) and maximum energy
(266.04 kdJ/mol) was 354 kdJ/mol.

(24) Above 0 °C, a fast exchange between coordinated and nonco-
ordinated dimethylamino groups of the NCN ligand in the palladium
complex 13 takes place and the two methyl groups of the NMe; moiety
appear as a single (averaged) peak. At these relatively higher tem-
peratures both pyramidal inversion and rotation about the benzylic
carbon—nitrogen axis can take place, which are processes with very
small activation barriers.
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plexes contain a zwitterionic Pt(II)~---H—N™ moiety as
result of the reaction of [Pt(CN)s] with dry HCL1? In
view of the similarity in structural features between
these complexes on one hand and 6—9 on the other
hand, we tested the reactivity of 8 and 9 toward gaseous
HCI as well as HCl formed in situ by reaction of
[SnClMes] with MeOH.25 Rather than quaternerization
of the free NMe groups, cleavage of the Pt—C bond of
the n'-coordinated ligand occurred, resulting in forma-
tion of the starting Pt compound 1 and the protonated,
monodentate ligand. Under the applied conditions no
disruption of either the Pt—N or the Pt—C bond of the
n3-N,C,N-coordinated NCN ligand was noted. The gen-
eral higher stability of the [PtI(NCN)] unit is thus an
intrinsic feature of these type of complexes, as was
previously described by Albrecht et al.®

For complex 8, the reactivity toward I, was also
tested. Van Beek et al. have reported the stereoselective
oxidative—addition reaction of Iy and Brg to organo-
platinum(II) complexes [Pt(C,N).].26 It was found that
reactions with cis-[Pt(C,N)q] afforded selectively trans,-
cis-[PtIVX5(C,N)o] (X = Br, I) products, whereas with
trans-[Pt(C,N)s] both trans,cis- and cis,cis-[Pt'VXa(C,N)q]
products were obtained. The crowded environment
around the metal center in 8 and the presence of a
noncoordinating aminomethyl group prompted us to
investigate if formation of a five-coordinate cationic
complex with I~ as counteranion was possible. Prelimi-
nary results showed the formation of a platinum(IV)
species. Upon addition of Iz to a colorless solution of 8
in CDyCly, a bright red colored solution was obtained,
in which a dramatic upfield shift of the H-8 proton to
O0(H) = 6.66 ppm (A6(H) = 2.96 ppm) was observed. The
red color is diagnostic for a PtV species.?:27 The upfield
shift of the H-8 proton indicates that the naphthalene
ligand is not in the same trans-position anymore. Such
an upfield shift has also been observed for the ortho-
proton of the cis-positioned aryl groups in the related
complex cis,cis-[PtIa(p3-N,C,N-NCN)(5-C-p-tolyl)] .28 It
is likely that the naphthyl ligand is shifted to a
cis-position, in which the H-8 proton is positioned under
the aromatic ring of the NCN ligand. This proton feels
a strong influence from the ring current, which results
in the large upfield shift in the NMR spectrum.??
Therefore, the formed product has the following struc-
ture, cis,cis-[PtIa(1?-N,C,N-NCN)(51-C-C1oHg{ CH;NMes} -
2)] (14). Such a change of position of the ¢rans-bonded
ligand was also observed by Loeb and co-workers, who
have performed an oxidative addition of Is on a cationic
crown thioether #%-S,C,S,S-platinum(II) complex, [Pt!-
(TT[11]MCO)I(BFy) (TT[11]MC = 2,6,10-trithia[11]-m-
cyclophane).?? Formation of an octahedral platinum(IV)
complex, cis-[PtVI(TT[11]MC)I(BFy) (15), was observed
in which the I atoms were mutually cis and TT[11]CC
was folded such that the ¢rans-oriented S atom was
coordinated perpendicular to the PtIS;C plane.

(25) [SnCIMes] + MeOH — HCI1 + [SnMez;OMe].

(26) van Beek, J. A. M.; van Koten, G.; Wehman-Ooyevaar, 1. C.
M.; Smeets, W. J. J.; van der Sluis, P.; Spek, A. L. JJ. Chem. Soc.,
Dalton. Trans. 1991, 883—893.

(27) Wehman, E.; van Koten, G.; Knaap, C. T.; Ossor, H.; Pfeffer,
M.; Spek, A. L. Inorg. Chem. 1988, 27, 4409—4417.

(28) van Koten. G.; Terheijden, J.; van Beek, J. A. M.; Wehman-
Ooyevaar, 1. C. M. Organometallics 1990, 9, 903—912.

(29) Hanan, G. S.; Kickham, J. E.; Loeb, S. J. Organometallics 1992,
11, 3063—3068.
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Conclusions

A series of new heteroleptic bisaryl Pd! and PtH
complexes comprising both a potentially terdentate
NCN and a monodentate aryl or naphthyl ligand were
isolated and fully characterized. Variable-temperature
TH NMR experiments pointed out that for the Pt
complexes no significant dynamic behavior could be
observed over a large temperature range, apparently
due to rigid nitrogen-to-platinum coordination. For Pd!
complex 13, however, the nitrogen-to-palladium coor-
dination above 0 °C becomes less rigid and fluxional
behavior of the NCN ligand was clearly noted. Reaction
of HCI with complexes 8 and 9 resulted in breaking the
M—C(naph) bond, whereas addition of I to 8 resulted
in the formation of a cis,cis-platinum(IV) complex (14).
Currently, we are investigating this latter process more
thoroughly.

Experimental Section

General Comments. The complexes [PtCIINCN)] (1), [Li-
{C10H7}] (2),12 [Li{ C10He(Me)-2}] (3),12 [Li{ C10Hs(CH2NMey)-
2} (4),'% [Li{ CeH4«(CH3;NMey)-2}] (5),3° [PACINCN)] (10),'3
[LIINCN)] (11),%31 and [PdBr{CioHs¢(CHNMey)-2}15 (12)'2
were prepared according to (modified) literature procedures.
Reactions involving organolithium derivatives were carried out
under an inert atmosphere of dry, oxygen-free nitrogen using
standard Schlenk techniques. EtsO and THF were distilled
from Na/benzophenone prior to use. All other solvents and
other reagents were obtained from commercial sources and
were used without further purification unless stated otherwise.
Melting points were measured on an Electrothermal 8100
apparatus. All NMR spectra were recorded on a Varian Inova
300 MHz spectrometer at room temperature using benzene-
dg as solvent and TMS as an external standard. Chemical
shifts are reported in ppm. Elemental analyses were obtained
from Kolbe, Mikroanalytisches Laboratorium (Miilheim a.d.
Ruhr, Germany).

Crystal Structure Determination of 8 and 13. X-ray
data were collected on an Enraf-Nonius TurboCADs on a
rotating anode using graphite-monochromated Mo Ka radia-
tion at 150 K. Both structures were solved by automated
Patterson methods (DIRDIF)?? and refined on F? with SHELXL-
97,3 and an empirical correction for absorption was done for
13 using PLATON/DELABS. Geometrical calculations, the
ORTEP illustrations, and structure validation were done with
PLATON.3*

Crystal data for 8: C25H33N3Pt-9.5(CGHG), monoclir}ic,
spacegroup P2/c (#14), a = 8.3484(6) A, b = 19.6218(10) A, ¢
= 15.6521(10) A, = 108.384(5)°, V = 2433.1(3) A%, Z = 4, d,

(30) Cope, A. C.; Gourly, R. N. JJ. Organomet. Chem. 1967, 8, 517—
526.

(31) Jastrzebski, J. T. B. H.; van Koten, G.; Konijn, M.; Stam, C. H.
J. Am. Chem. Soc. 1982, 104, 5490—5492.

(32) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P_;
Garcia-Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla, C. The
DIRDIF97 program system, Technical Report of the Crystallography
Laboratory; University of Nijmegen: The Netherlands, 1997.

(33) Sheldrick, G. M. SHELXL-97, Programm for crystal structure
refinement; University of Gottingen: Germany, 1997.

(34) Spek, A. L. J. Appl. Crystallogr. 2003, 36, 7T—13.
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= 1.664 g/em?®, u(Mo Ka) = 5.787 mm™, crystal size 0.10 x
0.15 x 0.45 mm, colorless; 11 874 reflections measured (O ax
= 27.5°), 5565 unique reflections, Rin, = 0.044, 4326 reflections
with I > 20(I). R = 0.0303, wR2 = 0.0591, S = 0.99, —0.85 <
Ap < 1.05 e/As,

Crystal data for 13: Cy;H33N3Pd 0.5(CeHo), triclinic, space-
group P1(#2), ¢ = 9.199(2) A, b = 11.3015(10) A, ¢ = 12.6747-
(10) A, a = 101.723(7)°, f = 99.966(12)°, y = 101.409(13)°, V
= 1233.1(3) A3, Z = 2, d, = 1.403 g/em?, u(Mo Ko) = 0.773
mm™1, crystal size 0.05 x 0.10 x 0.62 mm, yellowish; 7096
reflections measured, 5620 unique, R, = 0.06.4331 reflections
with I > 20(I). R = 0.0532, wR, = 0.1227, S = 1.05, —0.89 <
Ap < 1.19 e/A3.

General Procedure for the Synthesis of NCN-Pt-aryl
Complexes 6—9. A solution of the aryl/naphthyllithium
compound (1.5 mmol) in Et;0 (30 mL) was added dropwise to
a white suspension of [PtCI(NCN)] 1 (1.2 mmol, 0.8 equiv) in
Et,0 (20 mL) at —78 °C over a period of 30 min. The resulting
suspension was allowed to warm to room temperature, where-
upon the color changed to pale yellow. The reaction mixture
was stirred for 4 h, and then all volatiles were removed in
vacuo. The solid residue was dissolved in CHCl; (50 mL) and
filtered through a short path of Celite. The solvent was
removed under reduced pressure and the product thoroughly
washed with acetone (15 mL) and pentane (15 mL) to yield
an (off-)white powder.

[Pt(NCN)(C10H7)] (6). Yield: 0.52 g (1.01 mmol, 91%).
Mp: 213 °C (dec). 'H NMR (300 MHz): 6 2.37 (s, 3Jup; = 44
Hz, 6H, NMey), 2.42 (s, Jup, = 44 Hz, 6H, NMey), 3.50/3.55
(AB, 2JH,H =14 HZ, 3JH,pt =45 HZ, 4H, CHzN), 6.91 (d, 3JH,H
= 7 Hz, 2H, ArH-3,5 (#3-NCN)), 7.19 (t, 3Jun = 8 Hz, 1H,
ArH-4 (53-NCN)), 7.49 (t, 3Jun = 7 Hz, 1H, ArH (»'-C)), 7.67
(t, 3Jun = 7 Hz, 1H, ArH ('-C)), 7.71 (t, 3Jun = 7 Hz, 1H,
ArH (»'-C)), 7.80 (d, *Jun = 8 Hz, 1H, ArH (»'-C)), 8.03 (d,
3JH’H =8 HZ, ].H, AI‘H (7]1-0)), 8.17 (d, 3JH,H =8 HZ, 4JH,Pt
unresolved, 1H, ArH (»'-C)), 9.53 (d, *Jur = 8 Hz, 1H, ArH-8
(n*-C)). BC{'H} NMR (75.5 MHz): 6 54.4 (NMey), 55.2 (NMey),
81.0 (ArCH,), 118.8 (ArC-3,5 (7-NCN)), 121.8, 122.7, 123.0,
124.2, 126.5, 129.1, 135.0, 135.7, 136.0, 145.2, 145.6, 172.6
(ArCipso (7°-NCN)), 187.5 (ArCips, (#-C)). Anal. Caled for
CooHgeNyPt: C, 51.45; H, 5.10; N, 5.45. Found: C, 51.34; H,
5.08; N, 5.38.

[Pt(NCN)(C1oH5(Me)-2)] (7). Yield: 0.45 g (0.85 mmol,
71%). Mp: 189 °C (dec). 'H NMR (300 MHz): 6 2.37 (s, ®Jups
= 43 Hz, 6H, NMey), 2.40 (s, 3Jup. = 43 Hz, 6H, NMey), 3.23
(s, %Jup = 8 Hz, 3H, ArMe), 3.53 (AA!, 3Jyp = 44 Hz, 4H,
CH.N), 6.91 (d, *Juu = 7 Hz, 2H, ArH-3,5 (#*>-NCN)), 7.19 (t,
3Jun = 7 Hz, 1H, ArH-4 (5°>-NCN)), 7.44 (t, *Jun = 7 Hz, 1H,
ArH-6,7 (n'-C)), 7.61 (d, ®Juu = 8 Hz, 1H, ArH (»'-C)), 7.66 (t,
3Jun = 8 Hz, 1H, ArH-6,7 (5'-C)), 7.80 (d, *Jur = 8 Hz, 1H,
ArH (3'-C)), 8.00 (d, *Jun = 8 Hz, 1H, ArH (»'-C)), 9.73 (d,
3Jun = 8 Hz, 1H, ArH-8 ('-C)). 3C{'H} NMR (75.5 MHz): 6
25.8 (3Jcpy = 32 Hz, ArMe), 54.7 (NMey), 55.1 (NMey), 81.0
(3Jcpe = 28 Hz, CHyN), 118.7, 122.5, 122.6, 123.3, 128.9, 129.1,
133.9, 134.3, 140.9, 145.2 (3Jcp = 43 Hz), 172.7 (1Jcp, = 598
Hz, Cipso (73-NCN)), 181.5 (*Jcpy = 826 Hz, Cipso (71-C)). Anal.
Caled for CosHogNoPt: C, 52.36; H, 5.35; N, 5.31. Found: C,
52.43; H, 5.41; N, 5.03.

[Pt(NCN)(C10Hs(CH:NMey)-2)] (8). Yield: 0.40 g (0.70
mmol, 65%). Crystallization by slow diffusion of pentane into
a benzene solution of 8 afforded needle-shaped crystals suit-
able for single-crystal X-ray structure determination. Mp: 160
°C (dec). 'H NMR (300 MHz): 6 2.36 (s, 3Jup. = 41 Hz, 6H,
NMe; (73-NCN)), 2.47 (s, 6H, NMe, (51-C)), 2,49 (s, 3Ju,p = 41
Hz, 6H, NMe; (3-NCN)), 3.47/3.51 (AB, 2Juu = 14 Hz, 3Jup:
= 45 Hz, 4H, CHyN (3-NCN)), 4.50 (s, 2H, 3Jyp, = 39 Hz,
CH.N ('-C)), 6.92 (d, *Jun = 7 Hz, 2H, ArH-3,5 (5>-NCN)),
7.19 (t, 3Juu = 8 Hz, 1H, ArH-4 (#*>-NCN)), 7.46 (t, 3Juu = 7
Hz, 1H, ArH ('-C)), 7.65 (t, 3Jun = 7 Hz, 1H, ArH ('-C)),
7.86 (d, *Juu = 8 Hz, 1H, ArH (5'-C)), 8.00 (d, *Juu = 8 Hz,
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1H, ArH (»'-C)), 8.15 (d, *Jun = 8 Hz, 1H, ArH ('-C)), 9.89
(d, °Junu = 8 Hz, 1H, ArH-8 ('-C)). ¥*C{'H} NMR (75.5 MHz):
0 46.3 (NMe; (51-C)), 55.1 (NMe; (13-NCN)), 55.5 (NMeg (73-
NCN)), 68.6 (CH2N (3'-C)), 81.3 (CH2N (3-NCN)), 119.4 (ArC-
3,56 (73-NCN)) 122.7, 122.9, 123.3, 124.1, 129.3, 134.7, 135.4,
143.9, 145.6, 146.1, 172.8 (ArCips, (173-NCN)), 183.6 (ArCips, (-
C)). Anal. Calcd for Cy5H3sNsPt: C, 52.62; H, 5.83; N, 7.36.
Found: C, 52.47; H, 5.72; N, 7.31.

[Pt(NCN)(CcH4(CH2NMes)-2)] (9). Yield: 0.53 g (1.01
mmol, 85%). Mp: 209 °C (dec). 'TH NMR (300 MHz): 6 2.43 (s,
6H, NMe; (7'-C)), 2.49 (s, ®Jups = 44 Hz, 6H, NMe; (3-NCN)),
2.54 (s, Jup, = 44 Hz, 6H, NMe, (#3-NCN)), 3.43/3.61 (AB,
2Jun = 14 Hz, 3Jup. = 45 Hz, 4H, CHuN (°-NCN)), 4.25 (s,
2H, 3Jup. = 126 Hz, CHsN (5'-C)), 6.91 (d, ®Jun = 7 Hz, 2H,
ArH-3,5 (5°>-NCN)), 7.17 (t, 3Jun = 8 Hz, 1H, ArH-4 (53-NCN)),
7.34 (t, *Juu = 7 Hz, 1H, ArH (4'-C)), 7.48 (t, ®*Juu = 6 Hz,
1H, ArH ('-C)), 7.85 (d, 3Juu = 7 Hz, 1H, ArH-3 (5'-C)), 8.07
(d, 3Jun = 6 Hz, 3Jup, = 33 Hz, 1H, ArH-6 (3'-C)). 1*C{'H}
NMR (75,5 MHz): 6 = 46.0 (NMe; ('-C)), 54.5 (NMe;
(73-NCN)), 54.7 (NMe; (3-NCN)), 69.1 (?Jcpy = 34 Hz, CHyN
(n-C)), 81.0 (®(Jcp: = 34 Hz, CH2N (3-NCN)), 118.8 (ArC-3,5
(73-NCN)), 122.2, 122.8, 125.8 (2Jcp, = 34 Hz), 139.5, 145.5
(2Jc,py =50 Hz), 147.1, 173.0 (*Jc py = 591 Hz, ArCips, (173-NCN)),
183.8 (IJC,P'; =790 HZ, AI‘Cipso (771'0)). Anal. Caled for 021H31N3-
Pt: C, 48.45; H, 6.00; N, 8.07. Found: C, 48.36; H, 5.94; N,
7.96.

[PA(NCN)(C,0Hg(CH2NMe2)-2)] (13). To a suspension of
[PdBr{C10Hs(CHsNMey)-2} ]2 (12) (0.57 g, 1.54 mmol) in THF
(30 mL) was added dropwise a solution of [Li(NCN)]z (11) (0.41
g, 2.07 mmol, 1.3 equiv) in THF (20 mL) at —78 °C. The yellow
solution was allowed to warm to room temperature and stirred
for 1 h, after which time all volatiles were evaporated in vacuo.
The solid residue was dissolved in toluene (30 mL) and filtered
through a path of Celite. After removal of the solvent in vacuo
and subsequent washing with Et;O (5 x 10 mL), 13 was
isolated as an off-white powder (0.41 g, 0.84 mmol, 55%).
Needle-shaped crystals suitable for an X-ray crystal structure
determination were obtained by slow diffusion of pentane into
a benzene solution of 13. Mp: 149 °C (dec). 'H NMR (300
MHz): 6 2.30 (s, 6H, NMe; (3-C)), 2.47 (s, 12H, NMe; (-
NCN)), 3.50/3.51 (AA’, 2Juu = 15 Hz, 4H, CHyN (73-NCN)),
4.46 (s, 2H, CHsN (5'-C)), 6.80 (d, *Junu = 8 Hz, 2H, ArH-3,5
(73-NCN)), 7.09 (t, 3Juyu = 7 Hz, 1H, ArH-4 (3-NCN)), 7.47
(dt, 2Juu = 7 Hz, *Juu = 1 Hz, 1H, ArH ('-C)), 7.64 (dt, *Jun
= 7 Hz, *Jun = 1 Hz, 1H, ArH (5-C)), 7.81 (d, 3Jun = 8 Hz,
1H, ArH ('-C)), 7.96 (d, *Juu = 8 Hz, 1H, ArH (5'-C)), 8.06
(d, 3JH,H = 8 HZ, lH, AI'H (771-0)), 9.65 (dd, 3JH,H = 8 HZ, 4JH,H
=1 Hz, 1H, ArH-8 (5'-C)). 3C{'H} NMR (75.5 MHz): ¢ 46.4
(NMe;, (5'-C)), 53.9 (NMe;, (°-NCN)), 69.8 (CHoN ('-C)), 78.4
(CHoN (5°-NCN)), 119.6 (ArC-3,5 (5°>-NCN)) 123.3, 123.5, 124.0,
124.4, 127.1, 129.4, 134.6, 135.2, 143.8, 144.9, 146.2, 174.2
(ArCipso (7°-NCN)), 183.4 (ArCips, (7'-C)). Anal. Caled for
CosH3sNsPd: C, 62.30; H, 6.90; N, 8.72. Found: C, 62.18; H,
6.86; N, 8.64.

Reaction of 8 and 9 with HCl. Method A. Through a
solution of 8 (0.07 g, 0.12 mmol) or 9 (0.07 g, 0.13 mmol) in
CH,Cl; (10 mL) was bubbled dry gaseous HCI for 5 min. The
solutions were evaporated in vacuo, after which pentane (5
mL) was added. Removal of the solvent yielded white powders.
H NMR analysis in C¢Dg showed for both complexes only the
presence of 1. Method B. To a solution of 8 (23 mg, 0.04 mmol)
or 9 (21 mg, 0.04 mmol) in CH3Cly/MeOH (5 and 0.5 mlL,
respectively) was added a solution of [SnMeCls] (9 mg, 0.4
mmol) in CHyCly (2 mL). After being stirred for 1.5 h, the
solutions were concentrated in vacuo. 'H NMR analysis in
CDCI; showed the presence of 1 and [C1oH7(CH2NMes)-2] or
[CsH5(CH2NMey)] for 8 or 9, respectively.

Reaction of 8 with I,. To a solution of 8 (9 mg, 16 umol)
in CDyCl; (0.5 mL) was added a solution of I in CD3Cl; (0.1
mL, 0.16 M, 1 equiv). Immediately, a bright red colored
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solution was obtained. 'H NMR (CD,Cl,, 300 MHz): ¢ 1.53 (s, Acknowledgment. C.H.M.A. thanks Johnson Mat-
6H, NMe; (7*-C)), 2.37 (s, *Jpyn = 47 Hz, 12H, NMe; (73-NCN)), they for providing precious metals, and A.L.S. kindly
4.05/4.58 (AB, %Jun = 14 Hz, *Jpyu = 57 Hz, 4H, CHoN (- acknowledges the Netherlands Organization for Scien-

NCN)), 4.79 (s, 2H, CH2N ('-C)), 6.66 (d, *Jun = 9 Hz, 1H, tific Research (NWO) for financial support.
ArH-8 (5-C)), 7.07 (t, *Jyux = 7 Hz, 1H, ArH), 7.25 (d, %5 =

8 Hz, 2H, ArH), 7.33 (d, *Juu = 8 Hz, 1H, ArH), 7.83 (m, 3H,
ArH). OMO0500974



