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Two fluorescent cyclopalladated arylpyrazine complexes:
synthesis, crystal structures and application in the double Suzuki
coupling of N-heteroaryl halides with 1,4-benzenediboronic acid
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Abstract Two 2-dicyclohexylphosphino-2’,6'-dimethoxy-
biphenyl (Sphos) adducts of cyclopalladated arylpyrazine
complexes have been synthesized and characterized.
Additionally, the structures of both complexes were de-
termined by single-crystal X-ray analysis. These pallada-
cycles are fluorescent in CH,Cl, at room temperature. They
have been applied to the double Suzuki coupling of
N-heteroaryl halides with 1,4-benzenediboronic acid, giv-
ing the desired products in good yields.

Introduction

Palladacycles have received considerable attention due to
their interesting physical properties and have been exten-
sively used as highly efficient precatalysts for coupling
reactions [1, 2]. Generally, phosphine or N-heterocyclic
carbene (NHC) adducts of palladacycles are far more ac-
tive than the corresponding dimeric palladacycles. The
active species are thought to be Pd(0)-PR; or Pd(0)-NHC
species, and it was shown that the cyclopalladated ligand
was released from the metal center during the activation of
the Pd(II) precatalyst [3, 4]. For example, the groups of
Buchwald [5-7] and Nolan [8, 9] have reported the use of
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dialkylbiarylphosphine-palladacycles and NHC-palladacy-
cles as highly efficient catalysts for C—C and C-N coupling
reactions. We have also developed several adducts of fer-
rocenyl palladacycle-based catalyst systems for such cou-
pling reactions [10—12]. Palladacycles are also emerging as
versatile candidates for luminescent devices [1]; a wide
variety of luminescent palladacycles have been synthesized
and their photochemical properties determined [13-16].
Recently, we reported fluorescent NHC-cyclopalladated
2-(4-bromophenyl)pyridine (bpp) [Pd(bpp)(NHC)CI] [17]
and 2-(4-ethylphenyl)pyrazine (epp) [Pd(epp)(NHC)CI]
complexes [18] which show purple to blue emissions. As a
continuation of our interest in the synthesis and properties
of cyclopalladated complexes, we decided to investigate
the luminescent and catalytic properties of phosphine-cy-
clopalladated arylpyrazine complexes. In this work, we
report the synthesis and crystal structures of two Sphos
adducts of cyclopalladated arylpyrazine complexes 3 and 4
(Scheme 1), which exhibit fluorescence in CH,Cl, at room
temperature. The ability of complexes 3 and 4 to catalyze
the double Suzuki coupling of 1,4-benzenediboronic acid
was also investigated.

Experimental

All chemicals were commercially available except for
dimers 1 and 2 [18], 4-chloro-6-p-tolylpyrimidine [19] and
4-chloro-6-pyrimidinylferrocene [20], which were prepared
according to the published procedures. Elemental analyses
were determined with a Carlo Erba 1160 Elemental
Analyzer. IR spectra were collected on a Bruker VEC-
TOR22 spectrophotometer in KBr pellets. Mass spectra
were measured on a LC-MSD-Trap-XCT instrument. 'H
NMR and "*C NMR spectra were recorded on a Bruker

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11243-015-9942-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11243-015-9942-1&amp;domain=pdf

Transition Met Chem

R R
/L
Pd—Cl L ) Pd L= CvP
=~ ‘N T CHCL N \Cl MeO OMe
N%) N& !
1 R=C,H;s 3 R=C,H;
2 R=0CH; 4 R=0CH,

Scheme 1 Synthesis of complexes 3 and 4

DPX-400 spectrometer (400 and 100 MHz, respectively) in
CDCl; with TMS as an internal standard. The absorption
and photoluminescence spectra were recorded on a Hitachi
U-3010 UV-Vis spectrophotometer and a Hitachi F-4500
fluorescence spectrophotometer, respectively, at room
temperature.

Synthesis of complexes 3 and 4

A solution of palladacyclic dimer 1 or 2 (0.1 mmol) and
Sphos (0.21 mmol) in CH,Cl, (10 mL) was stirred at room
temperature for 30 min. The product was separated by
passing through a short silica gel column with CH,Cl, as
eluent. The second band was collected to afford the cor-
responding complex 3 or 4 after the evaporation of the
solvent. Complex 3: Yellow solid, yield 85 %. Anal. Calcd.
for C53H46CIN,O,PPd: C, 62.0; H, 6.3; N, 3.8. Found: C,
62.2; H,6.1; N, 4.0 %. MS-ESI* [m/z]: 699.2 (M-CI)". IR
(KBr, cm™'): 2922, 1587, 1516, 1470, 1365, 1248, 1157,
1105, 1053, 923, 822, 782. 'H NMR (400 MHz, CDCls): &
8.96 (s, 1H), 8.66 (s, 1H), 7.98 (s, 1H), 7.97 (d, J/ = 6.4 Hz,
2H), 7.43-7.47 (m, 2H), 7.33-7.38 (m, 3H), 7.10-7.17 (m,
1H), 6.62 (d, J = 6.8 Hz, 2H), 3.69 (s, 6H), 2.75 (q, 2H),
1.62-1.87 (m, 12H), 1.13-1.38 (m, 13H). *C NMR
(100 MHz, CDCl3): & 158.0, 139.1, 139.7, 132.4, 129.1,
129.0, 124.9, 119.2, 111.3, 103.4, 55.1, 33.2, 30.5, 28.8,
27.5, 26.9, 26.4. Complex 4: Yellow solid, yield 88 %.
Anal. Calcd. for C37H44CIN,O5PPd: C, 60.3; H, 6.0; N,
3.8. Found: C, 60.4; H, 59 N, 3.9 %. MS-ESI" [m/z]:
701.2 (M=CD)™. IR (KBr, cm™'): 2924, 1608, 1584, 1516,
1469, 1396, 1249, 1179, 1107, 1034, 922, 825, 761. 'H
NMR (400 MHz, CDCl3): 6 8.95 (s, 1H), 8.42 (s, 1H), 8.05
(m, 1H), 7.53 (d, J = 6.4 Hz, 1H), 7.44 (t, J = 6. 0 Hz,
1H), 7.37 (s, 1H), 7.16-7.25 (m, 3H), 6.50-6.63 (m, 4H),
3.50 (s, 6H), 3.34 (s, 3H), 1.58-1.73 (m, 22H). '*C NMR
(100 MHz, CDCl;): & 157.8, 143.1, 140.3, 133.5, 129.8,
129.6, 126.1, 123.2, 119.0, 103.7, 103.4, 64.9, 55.1, 29.7,
27.3,27.2, 26.9.

General procedure for Suzuki coupling reactions

A 10-mL round-bottom flask was charged with the pre-
scribed amount of catalyst, 1,4-benzenediboronic acid
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(0.5 mmol), N-heteroaryl halides (1.5 mmol), the selected
base (1.5 mmol) and solvent (4 mL). The flask was placed
in an oil bath and heated at 80 °C for 6 h, then cooled to
room temperature and extracted with CH,Cl,. The crude
products obtained from evaporation were purified by flash
chromatography on silica gel. The products Sb—c¢, 5f, Sm
[21], 5d [22], Se [23], 51 [24] were known compounds and
characterized by the comparison of data with those in the
literature. The products 5a, 5g—k, Sn—o0 were new com-
pounds and characterized by elemental analysis, IR, MS,
'H and "*C NMR.

1,4-Bis(6-methylpyridin-2-yl)benzene 5a. Anal. Calcd.
for C;gH¢N,: C, 83.0; H, 6.2; N, 10.8. Found: C, 83.2; H,
6.1; N, 109 %. MS-ESI" [m/z]: 261.1 M + H)*. IR
(KBr, cm™'): 2917, 1575, 1558, 1449, 1417, 1263, 1163,
1090, 1030, 971, 808, 740. "H NMR (400 MHz, CDCl5): &
8.12 (s, 4H), 7.67 (t, J = 6.2 Hz, 2H), 7.60 (d, J = 6.2 Hz,
2H), 7.13 (d, J = 6.0 Hz, 2H), 2.67 (s, 6H). '*C NMR
(100 MHz, CDCl3): 158.4, 156.5, 139.9, 136.9, 127.3,
121.8, 117.7, 29.7.

1,4-Bis(4-methylpyridin-2-yl)benzene S5g. Anal. Calcd.
for C;gH¢N,: C, 83.0; H, 6.2; N, 10.8. Found: C, 83.2; H,
6.1; N, 10.9 %. MS-ESI" [m/z]: 261.1 M + H)*. IR
(KBr, cm™'): 2923, 1609, 1567, 1464, 1420, 1389, 1334,
1272, 1146, 1120, 1084, 834, 739. '"H NMR (400 MHz,
CDCls): 6 8.59 (d, J = 4.0 Hz, 2H), 8.12 (s, 4H), 7.64 (s,
2H), 7.10 (d, J =3.9, 2H), 245 (s, 6H). °C NMR
(100 MHz, CDCls): 156.8, 149.5, 147.9, 139.8, 127.2,
123.3, 121.6, 21.3.

1,4-Bis(6-methoxypyridin-2-yl)benzene Sh. Anal. Cal-
cd. for C13H;¢N,O,: C, 74.0; H, 5.5; N, 9.6; found: C, 74.1;
H, 54; N, 9.7 %. MS-ESI" [m/z]: 293.1 M + H)*. IR
(KBr, cm™'): 2924, 1600, 1577, 1467, 1420, 1393, 1326,
1284, 1254, 1162, 1083, 1024, 985, 874, 788. 'H NMR
(400 MHz, CDCls): 6 8.18 (s, 4H), 7.68 (t, J = 6.0 Hz,
2H), 7.43 (d, J = 6.0 Hz, 2H), 6.74 (d, J = 6.0 Hz, 2H),
4.10 (s, 6H). '*C NMR (100 MHz, CDCl5): 163.8, 154.2,
139.4, 139.2, 126.9, 112.9, 109.4, 53.3.

1,4-Bis(3-hydroxy-6-methylpyridin-2-yl)benzene 5i.
Anal. Calcd. for CigHN,O,: C, 74.0; H, 5.5; N, 9.6.
Found: C, 74.1; H, 5.4; N, 9.7 %. MS-ESI" [m/z]: 293.1
(M + H)". IR (KBr, cm™"): 3236, 2922, 1447, 1377, 1269,
1236, 1211, 1143, 1029, 938, 823, 739. 'H NMR
(400 MHz, CDCl3): 6 7.76 (d, J = 6.8 Hz, 2H), 7.48 (d,
J=6._8Hz, 2H), 7.19 (d, J=4.0 Hz, 2H), 6.99 (d,
J = 4.0, 2H), 2.53 (s, 6H). '*C NMR (100 MHz, CDCl5):
149.7, 148.4, 145.0, 137.4, 128.8, 124.4, 123.1, 29.5.

1,4-Bis(5-trifluoromethylpyridin-2-yl)benzene 5j. Anal.
Calcd. for C;gHoF¢N,: C, 58.7; H, 2.7; N, 7.6. Found: C,
58.9;H,2.6;N,7.7 %. MS-ESI" [m/z]: 369.1 M + H)*.IR
(KBr, cm™'): 2921, 1601, 1558, 1465, 1421, 1255, 1107,
1025, 991, 859, 815, 790. 'H NMR (400 MHz, CDCl5): &
8.92 (d, J = 4.0 Hz, 2H), 8.21(s, 4H), 8.03 (s, 2H), 7.51 (d,
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Table 1 Crystallographic data

for complexes 3 and 4 Empirical formula

C33H,6CIN,0,PPd 3 C3,H,,CIN,O;PPd 4

F,

Crystal system
Space group
a (&)

b (A)

c(A)

()

BO)

70
Volume (10%3)
Z

D, (g/cm’)
GOF

F(000)
Reflections

Independent reflections

Observed reflections
Final R indices [/ > 2sigma(/)]
R indices (all data)

735.59 737.56
Triclinic Monoclinic
P-1 C2/c
13.7417(5) 39.235(3)
15.2756(4) 13.6389(3)
19.6874(7) 20.2376(14)
109.462(3) 90.00
93.616(3) 139.738(14)
113.256(43) 90.00
3488.4(2) 6998.9(7)

4 8

1.401 1.400

1.029 1.030
1528.0 3056.0
28,915 24,967
14,228 6255

10,545 5333

R1 = 0.0428, wR2 = 0.0886
R1 = 0.0679, wR2 = 0.0990

R1 = 0.0349, wR2 = 0.0900
R1 = 0.0432, wR2 = 0.0962

Fig. 1 Molecular structure of complex 3. H atoms are omitted for
clarity. Selected bond lengths (A) and angles (°) are as follows
(corresponding values for the unshown second structure are given in
brackets): Pd(1)-C(36) 2.017(3) [2.023(4)], Pd(1)-P(1) 2.2935(8)
[2.2912(8)], Pd(1)-N(1) 2.114(3) [2.105(3)], Pd(1)-CI(1) 2.4015(10)
[2.3876(4)], and C(36)-Pd(1)-N(1) 80.98(12) [81.12(14)], C(36)—
Pd(1)-P(1) 98.75(10) [99.09(11)], N(1)-Pd(1)-CI(1) 90.16(8)
[89.74(10)], P(1)-Pd(1)-CI(1) 91.07(3) [90.51(3)]

J =4.0Hz, 2H). '*C NMR (100 MHz, CDCls): 157.9,
150.8, 139.2, 127.6, 124.3, 121.6, 117.9, 116.2.
1,4-Bis(5-acetylpyridin-2-yl)benzene Sk. Anal. Calcd.
for C,oH6N-O,: C, 75.9; H, 5.1; N, 8.9. Found: C, 76.1; H,
5.0; N, 9.0 %. MS-ESI" [m/z]: 316.2 M + H)*. IR (KBr,
em™'): 2923, 1671, 1588, 1562, 1456, 1369, 1279, 1146,

Fig. 2 Molecular structure of complex 4. H atoms are omitted for
clarity. Selected bond lengths (A) and angles (°): Pd(1)-C(6)
2.019(3), Pd(1)-P(1) 2.2946(7), Pd(1)-N(1) 2.106(2), Pd(1)-CI(1)
2.4029(9), and C(6)-Pd(1)-N(1) 81.19(12), C(6)-Pd(1)-P(1)
99.84(9), N(1)-Pd(1)-CI(1) 88.50(9), P(1)-Pd(1)-CI(1) 90.66(3)

1011, 965, 829, 758. '"H NMR (400 MHz, CDCl3): 6 9.27
(s, 2H), 8.34 (d, J = 7.6 Hz, 2H), 8.24 (s, 4H), 7.94 (d,
J=17.6Hz, 2H), 2.69 (s, 6H). >C NMR (100 MHz,
CDCl5): 198.2, 165.2, 150.7, 148.1, 140.4, 129.3, 124.6,
122.5, 26.8.

1,4-Bis(6-p-tolylpyrimidin-4-yl)benzene 5n. Anal. Cal-
cd. for CogH,oNy: C, 81.1; H, 5.4; N, 13.5. Found: C, 81.2;
H, 5.2; N, 13.7 %. MS-ESI* [m/z]: 4152 M + H)". IR
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(KBr, cm™'): 2926, 1576, 1510, 1459, 1366, 1235, 1187,
1112, 991, 822, 758. '"H NMR (400 MHz, CDCl5): 8 9.34
(s, 2H), 8.32 (s, 2H), 7.99 (d, J = 7.2 Hz, 4H), 7.36 (d,
J =17.2Hz, 4H), 7.32 (d, J = 7.2 Hz, 4H), 2.45 (s, 6H).
3C NMR (100 MHz, CDCly): 159.2, 157.5, 141.7, 134.2,
133.9, 130.0, 127.9, 127.2, 116.8, 112.8, 29.8.

1,4-Bis(6-ferrocenylpyrimidin-4-yl)benzene So. Anal.
Calcd. for C34H,6FesNy: C, 67.8; H, 4.4; N, 9.3. Found: C,
68.0; H, 4.2; N, 9.4 %. MS-ESI" [m/z]: 603.1 M + H)".
IR (KBr, cm™'): 2921, 1574, 1456, 1377, 1259, 1159,
1105, 1057, 1012, 909, 812, 722. '"H NMR (400 MHz,
CDCl3): 6 9.15 (d, J = 6.0 Hz, 2H), 8.29 (s, 2H), 7.85 (d,
J = 8.0 Hz, 2H), 7.76 (d, J = 6.0, 2H), 5.09 (s, 4H), 4.58
(s, 4H), 4.12 (s, 10H). ">*C NMR (100 MHz, CDCl5):
156.8, 142.8, 139.5, 137.2, 127.8, 112.5, 80.1, 71.6, 70.3,
68.2.

Crystal structure determination

Crystallographic data for complexes 3 and 4 were collected
on an Oxford Diffraction Gemini E diffractometer with
Mo-Ka radiation (4 = 0.71073 A) at ambient temperature.
The data were corrected for Lorentz polarization factors as
well as for absorption. Structures were solved by direct
methods and refined by full-matrix least-squares methods
on F* with the SHELX-97 program [25]. All non-hydrogen
atoms were refined anisotropically, while hydrogen atoms
were placed in geometrically calculated positions. Crystal
data as well as details of data collection and refinements of
complexes 3 and 4 are summarized in Table 1. The CCDC
deposition numbers are 1042713 and 1042714 for com-
plexes 3 and 4, respectively. These data can be obtained
free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/datarequest/cif.

Results and discussion
Synthesis and structures of complexes 3 and 4

Bridge-splitting reactions of the palladacyclic dimers 1 or 2
with Sphos in CH,Cl, at room temperature readily afforded
the corresponding complexes 3 or 4, respectively, in good
yields (Scheme 1). They are air and moisture stable, both
in the solid state and in solution. Complexes 3 and 4 were
characterized by elemental analysis, IR, MS, 'H and C"
NMR. The '"H NMR spectra of the free arylpyrazine li-
gands show two doublets for the benzene ring protons [18],
while complexes 3 and 4 exhibit only a corresponding
doublet showing that they are ortho-cyclopalladated com-
plexes. Single-crystal structure analyses reveal that 3 and 4
both have trans geometries and the Pd atom in each
complex is in a slightly distorted square-planar
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environment provided by a Cl ligand, the P atom of the
Sphos ligand, and the C and N atoms of the arylpyrazine
ligand. The molecules are shown in Figs. 1 and 2. Complex
3 crystallizes in the triclinic P-1 space group with two
mononuclear molecules in each asymmetric unit. The Pd-N
(2.105(3)-2.114(3) A) and Pd-P (2.2912(8)-2.2946(7) A)
bond lengths of the two complexes are similar to those of
the related Sphos adducts of palladacycles (2.124(3)-
2.126(4) A and 2.2786(9)-2.2848(12) A) [26, 27]. The
crystal structure packing of 3 consists of inversion-related
pairs of molecules with -7 interactions involving the
neighboring pyrazine rings (the interplane distance is
3.544 10\). There are also C-H:--Cl hydrogen bonds
(Cl---H = 3.068 A). By the virtue of these n—n interactions
and complex hydrogen bonds, the crystal structure of 3 is
extended into a 1D architecture. Complex 4 also has a
one-dimensional chain structure involving C-H---N
(N---H = 2.658 A) hydrogen bonds and n—n interactions
between the neighboring pyrazine rings (the interplane
distance is 3.504 10\). However, in the crystal structure of 4,
no obvious C—H---CI hydrogen bonds can be found.

Luminescent properties

The UV-Vis absorption and fluorescence spectra of these
complexes have been measured in CH,Cl, at room
temperature (Fig. 3). Unlike the related NHC-cyclopal-
ladated complexes [Pd(epp)(NHC)CI] [18], complexes 3
and 4 do not exhibit luminescent emission in the solid
state at room temperature. Strong absorption bands at
241 and 291 nm in the ultraviolet region are assigned to
ligand-localized m—m* transitions, while weak bands

T T T T T T T T T T T T T T T T T
200 250 300 350 400 450 500 550 600
Wavelength (nm)

Fig. 3 Normalized absorption and emission spectra of 3 and 4 in
CH,Cl, at room temperature
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Table 3 Coupling of N-heteroaryl halides with 1,4-benzenediboronic acid catalyzed by 4

\V-heter X + (HO),B B(OH),——2t 4. KoCO; _ Cat4,K,CO3
X/ EtOH/H,0(3/1)
R X=Br, Cl 5b-50°
7\ T / \
\ y
N / N= \ N

5b, 93%, X = Br

5d, 90%, X = Br

H,CO OCH,3

Sh, 84%, X = Br

7\ o

5§, 87%, X = Br

GO0

51, 81%, X = Br

Sn, 88%, X =Cl

5¢, 86%, X = Br

5e, 94%, X = Br

/\ o
N N
5¢g, 89%, X = Br

OH HO

/\ *

. \_/
62%, X = Br
/\ <« P

. \_/

5k,° 90%, X = Br
O-C
-0

m, 85%, X =Br

OO
_ \ ¢
N (S
Fe Fe
< =

S0, 92%, X =Cl

Reaction conditions: N-heteroaryl halides (1.5 mmol), 1,4-benzenediboronic acid (0.5 mmol), 4 (0.5 mol%), K,CO; (1.5 mmol), EtOH/H,0(3/

1) (4 mL), 80 °C, 6 h
 Isolated yield
® Catalyst 4 (0.2 mol%)

between 342 and 396 nm are assigned to metal-to-ligand
charge transfer (MLCT) transitions. An obvious red shift
of these bands in comparison with the fluorescence
spectra of the free ligands [18] is typical upon ligand
coordination, indicating that the ligand-centered (LC)
levels are involved in the observed emission. The pal-
ladacycles 3 and 4 display strong emission peaks at 419
and 426 nm, suggesting that the inductive effect of the
substituent on the cyclometalated ligand has an effect on
the luminescence.
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Suzuki coupling reactions

Palladium-catalyzed Suzuki coupling has become an ex-
tremely powerful method for the formation of biaryl
compounds. It is of particular interest to utilize Suzuki
couplings of heteroaryl halides for the synthesis of sub-
stituted heterocyclic compounds [28-30]. In contrast to
Suzuki coupling of aryl monoboronic acids, the double
coupling of aryl diboronic acids for the synthesis of teraryl
compounds has been relatively less reported [31-33].
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Ideally, such reactions should be carried out in environ-
mentally benign solvents such as water and alcohol [34—
36]. In the present study, we investigated the use of pal-
ladacycles 3 and 4 as catalysts for the double couplings of
N-heteroaryl halides with 1,4-benzenediboronic acid
(Table 2). Initially, the coupling of 2-bromo-6-methylpyr-
idine with 1,4-benzenediboronic acid was selected as a
model reaction to probe the optimal conditions using 3 and
4 as catalysts in the presence of K,CO; at 80 °C for 6 h
under air. The isolated yield of the product Sa was only
46 % with 0.5 mol% of 3 in pure water (entry 1). However,
the addition of ethanol led to a very rapid increase in the
reactivity [36]; the yields increased to 91-92 % when the
volume ratio of ethanol to water was 3:1 (entries 2-3).
Using 0.2 mol% of 3 and 4 afforded 5a in 78 and 80 %,
respectively (entries 4-5). Organic solvents such as 1,4-
dioxane and EtOH gave only moderate yields (entries 6-8).
Upon screening, a variety of bases (entries 9—13), K,CO3
and Cs,COj3 were found to give the best results. The dimers
1 and 2 generated the products in low yields under the same
reaction conditions (entries 14—15), but the yield was im-
proved to 68 % by the addition of Sphos (entry 16).

In the following experiments, the double coupling of a
variety of electronically and structurally N-heteroaryl
halides with 1,4-benzenediboronic acid was investigated
using 4 as catalyst under the optimized reaction conditions
(K,CO5, C,HsOH/H,O(3/1), 80 °C, 6 h) (Table 3). For
unsubstituted pyridinyl and quinolinyl bromides, 2-bro-
mopyridine and 2-bromoquinoline afforded the products Sb
and Se in excellent yields (93-94 %) and the results were
slightly better than those (86—88 %) for the corresponding
3-bromo-substituted derivatives. Similar to the results with
2-bromo-6-methylpyridine, good yields (84—89 %) were
obtained for 2-bromo-4-methylpyridine and 2-bromo-6-
methoxypyridine.  2-Bromo-3-hydroxy-6-methylpyridine
also provided a moderate yield (62 %) under the same
reaction conditions. For electron-deficient 2-bromopyridine
derivatives, the yields of the coupled products 5j and Sk
could reach 87-90 % when using 0.2 mol% of 4. Cou-
plings of bromo-substituted pyrimidine also gave the
products 51 and Sm in good yields (81-85 %). Finally, we
investigated the couplings of 1,4-benzenediboronic acid
with 2-chloro-substituted pyrimidines; they were found to
be efficient coupling partners in this system, giving Sn and
50 in excellent yields (88-92 %).

Conclusion

In summary, two Sphos adducts of cyclopalladated aryl-
pyrazine complexes have been synthesized and character-
ized. These complexes exhibit blue emission in CH,Cl, at
room temperature. They were found to be efficient catalysts

for the coupling of N-heteroaryl halides with 1,4-ben-
zenediboronic acid in EtOH/H,O under air. These results
provide a practical method for the synthesis of N-hetero-
cyclic teraryl compounds.
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