ELSEVIER

Available online at www.sciencedirect.com

science (hoinzer:

Tetrahedron
Letters

Tetrahedron Letters 47 (2006) 5033-5036

Synthesis, characterization and photoluminescent properties
of platinum complexes with novel bis(imidazoline) pincer ligands

Xin-Qi Hao, Jun-Fang Gong,* Chen-Xia Du, Li-Yuan Wu,
Yang-Jie Wu and Mao-Ping Song*

Department of Chemistry, Henan Key Laboratory of Chemical Biology and Organic Chemistry, Zhengzhou University,
Zhengzhou 450052, PR China

Received 18 March 2006; revised 15 May 2006; accepted 17 May 2006

Abstract—Chiral C,-symmetric bis(imidazoline) pincer ligands 2a—d have been synthesized for the first time. Direct cycloplatination
of these ligands with K,PtCl, in dry acetic acid afforded the corresponding cycloplatinated pincer complexes 3a—d. The X-ray single-
crystal structure of platinum complex 3d and the preliminary studies on the photoluminescent properties of 3 are reported.
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Transition-metal pincer complexes with monoanionic
tridentate ligands, so-called ‘pincer’ ligands show very
interesting and rich chemistry in organic synthesis, orga-
nometallic catalysis and in materials science.! Among
the few chiral pincer ligands, 1,3-bis(2’-oxazolinyl)-
phenyl 1 (abbreviated as Phebox, Fig. 1) have emerged
as one versatile ligand family and been widely used in
asymmetric catalysis. For example, the Rh(Phebox)
complexes are efficient catalysts for asymmetric reduc-
tive aldol reaction of acrylates and aldehydes with
hydrosilanes (up to 96% ee for anti-products),” and for
conjugate reduction of o,B-unsaturated esters with
hydrosilanes (up to 98% ee).> The Pd(Phebox) com-
plexes have been applied as catalysts for Diels—Alder
reaction* and Michael reaction (up to 34% ee).*> In
addition, the Pt(Phebox) complexes have been used as
catalysts for alkylation of aldimines (up to 82% ee)®
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Figure 1. From Phebox to Phebim ligands.

and for the aldol reaction of isocyanides and aldehydes
(up to 75% ee).”

Recently, several groups have begun to explore the use
of chiral imidazoline ligands as alternatives to the corre-
sponding oxazolines in asymmetric catalysis.® Replacing
an oxazoline oxygen atom by a group NR allows for
further tuning electronic and conformational properties
of the ligand by proper choice of R-group. As a result,
the imidazoline derived catalyst systems were often
superior to the corresponding oxazolines in terms of
the enantioselectivity of the catalysis product. More-
over, the R-group on the additional nitrogen atom could
also serve as a linker for attaching the ligand to a solid
support. On the basis of these findings, we felt that 1,3-
bis(2’-imidazolinyl)phenyl 2 (abbreviated as Phebim,
Fig. 1) would provide a more flexible ligand scaffold
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Scheme 1.

and also be a valuable addition to the known Phebox 1.
Herein, we present the first synthesis of this new class of
Phebim ligands 2 and their platinum pincer complexes 3.
The preliminary studies on the photoluminescent prop-
erties of 3 are also described.

The synthesis of novel chiral Phebim ligands 2a-d is
easily done starting from commercially available iso-
phthalyl chloride and amino alcohols in two steps
according to the published procedure (Scheme 1).° First,
isophthalyl chloride reacted with chiral amino alcohols
in the presence of Et;N in THF at room temperature
to afford the corresponding amido alcohols. Then the
obtained amido alcohols were treated with excess thio-
nyl chloride, followed by arylamines. After basic work-
up with 10% NaOH and purification by preparative
TLC on silica gel plates eluting with acetone, the chiral
Phebim ligands 2a-d were obtained in 37-64% yields.'”

With the newly developed Phebim ligands 2 in hand,
we decided to synthesize the cyclometallated platinum
pincer complexes 3 since tridentate cyclometallated
platinum(II) complexes have also shown interesting
luminescent properties'! besides their promising perfor-
mance as catalysts. The direct cycloplatination reaction
was carried out with 2 and 1.2 equiv of Li,PtCl, in
refluxing acetic acid for 48 h (Scheme 1). After removal
of solvents and column chromatography, the cycloplati-
nated pincer complexes 3 were successfully prepared in
43-65% vyields as yellow/orange solids.'> The products
were identified as pincer complexes 3 by the absence of
the signal corresponding to the proton located ortho
to both imidazoline rings in the "H NMR spectra, and
the reduction in ve—y by 41-49 cm ™! compared with 2
in IR spectra, indicating that both nitrogens were coor-
dinated to the Pt centre. All the new compounds 2a-d
and 3a-d were characterized by HRMS, '"H NMR, 3C
NMR, DEPT, HSQC, IR and specific rotations. In the
"H NMR spectra, the signals of central aryl ring protons
in 3 were significantly shifted upfield, while those of the
N-aryl and imidazoline rings shifted downfield relative
to the corresponding signals in ligands 2. For example,
the "H NMR spectrum of ligand 2a exhibited a triplet
at 0 7.74, a doublet of doublet at § 7.39 and a triplet
at ¢ 7.18 for the central aryl ring protons, while in com-
plex 3a the signal at ¢ 7.74 for proton located ortho to
both imidazoline rings disappeared and the other two

signals shifted upfield to ¢ 6.42 and ¢ 6.56, respectively.
For 2a, the signals of N-aryl ring protons appeared at o
7.02 and ¢ 6.68 and those of imidazoline ring protons
appeared at 6 3.99 (CH), ¢ 4.08 and ¢ 3.57 (CH,), while
in complex 3a the corresponding signals shifted down-
field to 0 7.22, 7.14, 4.45, 4.15 and 3.93, respectively.

The structure of the platinum pincer complexes was
further confirmed by a single-crystal X-ray analysis of
3d (Fig. 2).!3 Figure 2 shows clearly that the ligand is
coordinated to the Pt(II) centre via two imidazolinyl-N
and one aryl-C in a tridentate manner and a pentacyclic
system is thus formed by the central aryl ring, the two
imidazoline rings and the two five-membered metallacy-
cles. It is found that the five rings are approximately
coplanar. However, the two N-aryl rings are not copla-
nar with the five rings and the dihedral angles between
N-aryl ring with the attached imidazoline ring are

Figure 2. Molecular structure of 3d. (Representation of one of the two
independent crystal structures.) Selected bond lengths (A) and angles
(°) are as follows (corresponding values for the unshown second
structure are given in brackets): Pt(1)-C(13) 1.957(13) [1.910(11)],
Pt(1)-N(1) 2.008(11) [2.041(11)], Pt(1)-N(3) 2.010(11) [2.043(10)],
Pt(1)-CI(1) 2.490(2) [2.480(2)] and C(13)-Pt(1)-N(1) 79.1(5) [79.3(5)],
C(13)-Pt(1)-N(3) 80.1(5) [79.2(4)], N(1)-Pt(1)-N(3) 159.2(4)[158.5(4)],
C(13)-Pt(1)-CI(1) 177.0(4) [177.7(4)], N(1)-Pt(1)-Cl(1) 99.5 (3)
[100.0(3)], N(3)-Pt(1)-ClI(1) 101.3 (3) [101.3(3)].
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76.8° and 113.4°, respectively. The Pt(II) centre adopts a
slightly distorted square planar configuration with bond
angles for N(1)-Pt(1)-N(3) and C(13)-Pt(1)-CI(1) of
159.2(4)° and 177.0(4)°, respectively. The angles between
adjacent atoms in the coordination sphere lie in the
range of 79.1(5)-101.3(3)°. The Pt(1)-C(13) bond dis-
tance is 1.957(13) A and the bond distances between
Pt(II) and the imidazoline’s nitrogens are 2.008(11)
and 2.010(11) A for N(1) and N(3), respectively. All
the bond distances and angles for the metal coordina-
tion sphere are similar to those observed in the related
Pt(Phebox) complexes.®!4

As mentioned above, cycloplatinated pincer complexes
are also interesting due to their potential luminescence.
Therefore, we carried out a preliminary study on the
photoluminescent properties of the compounds 3. The
absorption spectra data and emission data of the ligands
2 and complexes 3 are summarized in Table 1. All the
UV-vis spectra of complexes 3a, 3b, 3¢ and 3d in
CH,Cl, have similar features. The intense absorption
bands in the UV region (<300 nm) are assigned to the
metal perturbed ligand-centred n-m* transitions. In
addition, all of the complexes have a broad band in
the region of 360-480 nm (A, about 390 nm), resulting
in the yellow/orange appearance of the complexes.
These transitions at low energy can be attributed to
MLCT transition resulting from the promotion of an
electron from Pt(d) HOMO to the n* LUMO on the
bis(imidazoline) ligand. The ligands 2 have blue/green
emissions with Ay, = 462-492 nm in CH,Cl, solution
at room temperature, which are assigned to the fluores-
cent emissions originating from a ligand-centred "
transition. It is also found that the fluorescent bands
are subject to a small red shift when the R? substituent

Table 1. Photophysical properties of 2 and 3

Ligand/complex Amax. (nm) Jem® (nM) @4 (%)
(a,b M~ cm’l)
2a 228 (30,816) 462 1.69
2b 228 (31,268) 438 1.56
2¢ 228 (32,061) 462 1.35
2d 228 (28,267) 492 1.39
3a 228 (32,967), 577 0.13
252 (23,767),
347 (7672),
389 (9899)
3b 228 (40,112), 576 0.17
345 (7111),
387 (8514)
3¢ 228 (38,472), 575 0.18
252 (26,899),
347 (7683),
388 (10,536)
3d 229 (45,908), 575 0.17
348 (7643),

388 (10,132)

# Absorption maxima in CH,Cl, solution at room temperature.

® Molecular absorption coefficient.

°Emission maximum in 5x107*M CH,Cl, solution at room
temperature.

9 Quantum yield obtained from measurements using quinine sulfate in
1 M H,SO, (¢ = 0.546) as standard."’
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Figure 3. Excitation and emission spectra of complexes 3 in
5% 10~* M CH,Cl, solution at room temperature.

becomes more electron-donating (2b vs 2a, 2d vs 2c¢).
For platinum complexes 3, they are luminescent in
CH,Cl, solution even at room temperature and display
broad structureless emissions with 4., at about 575—
577 nm (Fig. 3). The maximum is independent of excita-
tion wavelength and the band is nearly symmetried with
half width of about 50 nm. We tentatively assigned that
the excited state giving rise to those emissions was re-
lated to *MLCT formed by intersystem crossing between
singlet and triplet states.!!b®

In summary, a series of novel 1,3-bis(2’-imidazolinyl)-
phenyl 2 (Phebim) have been conveniently synthesized
from inexpensive and readily available starting materi-
als in two steps. Other Phebims should be obtained by
using other amino alcohols and amines. Direct cyclopla-
tination of 2 with K,PtCl, afforded the corresponding
cycloplatinated pincer complexes 3. All the platinum
complexes investigated in this study have exhibited
luminescence in CH,Cl, at room temperature. Further
work will focus on tuning their luminescent properties
by either replacement of the chloride ligand with unsat-
urated groups such as -C=C-R moieties or by the
incorporation of substituents in the backbone of the
Phebim ligands. Moreover, studies on their applications
in catalysis and synthesis of other metal (such as Pd or
Rh) pincer complexes with Phebims are also in progress.
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General procedure for the synthesis of Phebim ligands 2.
To a stirred solution of amino alcohol (7.5 mmol) and
Et;N (1.67mL, 12 mmol) in THF (10 mL) was added
dropwise a solution of isophthalyl chloride (508 mg,
2.5mmol) in 60 mL THF at room temperature. After
stirring for 12 h, the reaction mixture was filtered and
evaporated. The residue was purified by passing through a
short silica gel column with acetone as eluent, giving white
solids of the corresponding amido alcohol in almost
quantitative yield. Then the obtained amido alcohol
(1.2 mmol) reacted with thionyl chloride (0.71 mL,
9.7 mmol) at reflux for 6 h. Excess thionyl chloride was
evaporated. The residue was dissolved in dry diethyl ether
(5 mL) and filtered to remove insoluble impurities. To this
solution was added dry triethylamine (1 mL, 7.2 mmol),
followed by p-toluidine or p-methoxyaniline (2.64 mmol).
After stirring for 12 h at room temperature, 10% NaOH
(10 mL) was added and stirred for another 6h. The
aqueous was extracted with dichloromethane and the
organic layer was washed with brine, dried over MgSO,
and evaporated. The crude was purified by preparative
TLC on silica gel plates eluting with acetone. Compound
2a: pale yellow oil (which will solidify during preserva-
tion), 64.2% yield. [oc]f)o +27 (¢ 0.048, CH,Cl,). IR (KBr
pellet): 3032, 2961, 2928, 2872, 1612, 1571, 1514, 1382,
816, 704 cm~'. "H NMR (400 MHz, acetone-dg): 6 7.74 (t,
IH, J=1.6Hz, ArH), 7.39 (dd, 2H, J=1.6, 7.7 Hz,
ArH), 7.18 (t, 1H, J=7.7Hz, ArH), 7.02 (d, 4H,
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J=28.0Hz, ArH), 6.68 (d, 4H, J=8.0 Hz, ArH), 4.08
(dd, 2H, J=9.0, 10.4 Hz, CH>), 3.99 (ddd, J=5.6, 7.6,
10.4 Hz, 2H, CH), 3.57 (dd, 2H, J=7.6, 9.0 Hz, CH,),
2.22 (s, 6H, CH3), 1.84-1.80 (m, 2H, CHMe,), 0.97 (d, 6H,
J=6.8Hz, CH(CHs),, 091 (d, 6H, J=6.8Hz
CH(CHs),). >*C NMR (100 MHz, acetone-dg): 6 161.6,
141.6, 133.8, 132.3, 130.4, 130.1, 129.9, 128.3, 124.0, 70.6,
57.1, 33.6, 20.6, 18.6, 18.1. HRMS (positive ESI): (M+H)"
caled for C3,H39Ny4: 479.3175, found: 479.3176.
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Synthesis of platinum pincer complexes. A mixture of
bis(imidazoline) ligand (0.2 mmol) and K,PtCl, (100 mg,
0.24 mmol) in dry HOAc (60 mL) were refluxed for 48 h.
After cooling and concentrated in vacuo, the residue was
purified by passing through a short column containing a
layer of Celite and a layer of silica gel with dichlorometh-
ane as eluent. Compound 3a: yellow solids, 43.1% yield.
Mp > 280 °C. [oc]fjo +141 (¢ 0.072, CH,Cl,). IR (KBr
pellet): 3031, 2956, 2924, 2867, 1567, 1515, 1500, 1461,
1428, 1298, 1160, 821, 732 cm ~'. '"H NMR (400 MHz,
CDCl,): 6 7.22 (d, 4H, J=28.0 Hz, ArH), 7.14 (d, 4H,
J=8.0Hz, ArH), 6.56 (t, 1H, J=17.7 Hz, ArH), 6.42 (d,
2H, J=17.7 Hz, ArH), 4.46-4.44 (m, 2H, CH), 4.15 (app t,
2H, J=10.5Hz, CH,), 3.93 (dd, 2H, J=5.0, 10.0 Hz,
CH,), 2.98-2.94 (m, 2H, CHMe,), 2.40 (s, 6H, CH3), 0.95
(d, 6H, J=17.0 Hz, CH(CH;),), 0.87 (d, 6H, J= 6.8 Hz,
CH(CHj),). >*C NMR (100 MHz, CDCl5): 6 172.3, 164.9,
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29.8, 21.2, 18.6, 14.1. HRMS (positive ESI): (M—CIl)"
caled for C3oH37N4Pt: 672.2666, found: 672.2661.
Crystals of 3d were obtained by recrystallization from
acetone—petroleum ether at rt. CCDC number 600819.
Crystal data for 3d: C4oH37CIN4O,Pt-0.5CH3;COCH3;,
0.20x0.18 x 0.17 mm’, monoclinic, P2(1), a=
11.217(2) A, b=22232(4) A, ¢c=155453)A, a=y=
90°, B =106.93(3)°, ¥'=3708.6(13) A°, Z=4, Dcaea =
1.550 Mg/m?, p=3.898 mm~!, F(000)=1728. Intensity
data of the complexes 3d were measured on a Rigaku-
Raxis-IV X-ray diffractometer using graphite-mono-
chromated Mo Ka radiation (4=0.71073 A) at
291(2) K. The structure was solved by direct methods
and refined on F* by full-matrix least-squares using the
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wRy =0.1162 and 11,506 unique reflections with 7> 2a(I).
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