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Abstract: A PdCly(PPh3),/LiCl catalyst effectively promoted the cross-coupling reaction of
trimethy!(4-pyridyl)stannane and aromatic polybromides to offer easy access to poly(4-pyridyl)-
substituted aromatic compounds.

In addition to sustained interest in pyridyl-containing compounds in view of their unique biological! and
physical properties,2 newly and rapidly increasing use of polypyridyl-substituted aromatics ((Py)Ar) as
essential components for supramolecular synthesis34 prompted us to search for an efficient Py-Mtl + X-Ar

type cross-coupling reaction (toute a in eq 1; Py = pyridyl).36 An umpoled route b is less effective for
(Py)nAr synthesis because of the need for troublesome polymetallic species Py(Mtl);;,. Despite many examples

Py-Mtl + X-Ar —2 Py-Ar P pyXx + MtlAr (0

of the route b reaction,> however, there are fewer reports on the route g reaction.5 In particular, only one
example has appeared for the cross-coupling reaction of a (4-pyridylymetal with aryl halides.52 In this
example, the coupling of a (4-pyridyl)stannane and a heteroaromatic bromide was promoted by a Pd(PPh3),
catalyst, but the reaction required somewhat forced conditions and common aryl bromides were not
examined,” After making a careful examination of the reaction conditions, we found a remarkable salt effect of
LiCl on this coupling reaction. Although there are a few reports on LiCl/Pd(0) promoted cross-coupling
reactions,3.9 the salt effect has been never examined in the coupling reaction with aromatic bromides which
usually give the coupled products in excellent yields. We now report highly efficient access to (poly)pyridyl-
substituted aromatic compounds via the cross-coupling reaction of trimethyl(4-pyridyl)stannane (1)10 and
aromatic (poly)bromides promoted by a PdCly(PPhs),/LiCl catalyst (eq 2).
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The following reaction procedure is representative: PACl,(PPhs), (0.02 mmel) and LiCl (1.5 mmol) were
added to a toluene solution (5 mL) of 1 (0.36 mmol) and bromobenzene (0.30 mmol), and the mixture was
stirred for 71 h under reflux. The usual workup and purification by column chromatography afforded 4-
phenylpyridine (2) in 79% yield. In the absence of LiCl, the yield decreased to 34%. Employment of
iodobenzene did not significantly improve the yield (82%). The reaction using tributyl(4-pyridyl)stannane
was inferior even in the presence of LiCl to give 2 in 44% yield. PdCl,(PPhs), was more effective than
PdCl,(dppp) or Pd(PPh3)4. The reactions employing other 4-pyridylmetal reagents involving Li, MgX, or
ZnX as the metal failed probably because of their insolubility.

Table 1. PdCly(PPh3),/LiCl promoted cross-coupling reaction of (4-Py)SnMes and (X)pAr.2
=\ ! =\ ! "
2 3

79% (34%)° 50%

11
79% 66%

2A1l compounds were prepared by the reaction of 1 and the corresponding aromatic (poly)bromides with PdCl2(PPh3)2/LiCl
catalyst (toluene, 110 °C, 2-5 d). Dashed lines indicate the bonds newly developed by the present cross-coupling reaction. The ratio
of the reagents are as follows: for the syntheses of 3-8, 1 : dibromide : PACI2(PPh3)2 : LiCl =3 : 1: 0.1 : 10; for the syntheses
of 9-11, 1 : tribromide : PdCl2(PPh3); : LiCl =4.5 : 1 : 0.15 : 15; for the synthesis of 12, 1 : tetrabromide : PdCl2(PPh3)7 :
LiC1=6.0:1:0.2: 20. PYields in the absence of LiCl. °R form, [aJp -20.4 (¢ = 0.5, CHCl3). dR form, [alp -155 (¢ = 0.26,
CHCI3).
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The salt effect of LiCl was more enhanced in the synthesis of polypyridyl-substituted compounds. For
example, 1,3,5-tris(4-pyridyl)benzene (9) was obtained in 90% yield from 1 and 1,3,5-tribromobenzene in
contrast to the poor result (7% yield) of a control experiment without LiCl. Selected results are summarized in
Table 1. In addition to simple bis(4-pyridyl)-substituted aromatics (3-6), optically active derivatives
containing a binaphthyl unit (7 and 8) were easily accessible. Furthermore, tris- and tetrakis(4-pyridyl)-
substituted aromatics (9-12) were prepared similarly. Supramolecular self-assembly using these polypyridine
compounds has been successfully studied in our laboratory.

It is interesting that the LiCl effect was also observed in a typical Stille's biaryl synthesis.® Although
Stille's standard conditions® gave biphenyl according to eq 3 in fair yield (75%), the addition of LiCl
dramatically increased the yield up to >99%. According to Stille's interpretation for the LiCl effect in the cross-
coupling reaction of organostannanes and aromatic (or vinylic) triflates, LiCl accelerates the transmetallation
step by replacing an inert Pd-O bond with an active Pd-Cl bond for transmetallation.8® Since our reaction does
not involve an inert bond in the intermediate, another mechanism is apparently involved for the acceleration of
the reaction by LiC1.13

PdCIx(PPhg), (5 mol%
toluene, 110°C, 4d

without LiCl 75%
with LiCl (5 mo! eq) >99%
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Physical properties of new compounds: Bis[(4-pyridyl)phenyl] ether (6): mp 147-148 °C; !H NMR
(270 MHz, CDCl3) d 8.66 (d-like, J = 6.3 Hz, 4 H), 7.66 (d, J = 8.6 Hz, 4 H), 7.50 (d-like, J = 6.3
Hz, 4 H), 7.17 (d, J = 8.6 Hz, 4 H); IR (KBr) 1593, 1518, 1486, 1286, 1228, 811 cm"!; Anal.
(C22H16N20°0.2H20): C, H, N. (R)-2,2'-Dimethoxy-3,3'-di(4-pyridyl)-1,1'-binaphthyl (7):
mp 89.5-90 °C; [a]25p -20.4 (¢ 0.5, CHCl3); H NMR (270 MHz, CDCl3) d 8.71 (d-like, J = 6.2 Hz, 4
H), 8.03 (s, 2 H), 7.95 (d, J = 7.9 Hz, 2 H), 7.72 (d-like, J = 6.2 Hz, 4 H), 7.46 (t-like, J = 7.9 Hz, 4
H), 7.32 (t-like, J = 7.9 Hz, 4 H), 7.21 (d, J = 79 Hz, 2 H), 3.19 (s, 6 H); IR (KBr) 1600, 1404, 753
cm-1; HRMS (FAB) m/z calcd for C33H24N203: 468.1827, found 468.1836. (R)-2,2'-Dimethoxy-
6,6'-di(4-pyridyl)-1,1'-binaphthyl (8): mp 232-233 °C; {a]p?5 -157 (¢ 1.0, CHCl3); 1H NMR
(270 MHz, CDCl3) b 8.64 (d-like, J = 6.3 Hz, 4 H), 8.16 (d, /= 2.0 Hz, 2 H), 8.07 (d, J=9.0 Hz, 2
H), 7.57 (d-like, J = 6.3 Hz, 4 H), 7.52 (d, J = 9.0 Hz, 2 H), 7.49 (dd, 2 H, J = 2.0, 9.6 Hz), 7.23 (d,
J=9.6 Hz, 2 H), 3.80 (s, 6 H); IR (KBr) 1593, 1492, 1253, 815 cm"l; Anal. (C32H22N207°0.5H20):
C, H, N. 1,3,5-Tris(4-pyridyl)benzene (8): mp >300 °C; 1H NMR (270 MHz, CDCl3) 5 8.76 (d-
like, J = 5.9 Hz, 6 H), 7.92 (s, 3 H), 7.61 (d-like, J = 5.9 Hz, 6 H); IR (KBr) 1588, 813 cm-!; HRMS
(FAB) m/z caled for C21H N3 (M+H): 310.1344, found 310.1343. 1,3,5-Tris[4-(4-pyridyl)-
phenyl]benzene (10): mp >300 °C; 'H NMR (270 MHz, CDCl3) b 8.71 (d-like, J = 5.9 Hz, 6 H),
7.91 (s, 3 H), 7.86 (d, J = 8.6 Hz, 6 H), 7.80 (d, J = 8.6 Hz, 6 H), 7.59 (d-like, J = 5.9 Hz, 6 H); IR
(KBr) 1590, 806 cm-!; HRMS (FAB) m/z calcd for C39H2sN3 (M+H): 538.2283, found 538.2281.
2,4,6-Tris[4-(4-pyridyl)phenyl]-1,3,5-triazine (11): mp 261-263 °C, 'H NMR (270 MHz,
CDCl13-CD30D) & 8.63 (d, J = 6.0 Hz, 6 H), 8.03 (d, J = 8.6 Hz, 6 H), 7.79(d, J = 8.2 Hz, 6 H), 7.69
(d, J = 6.3 Hz, 6 H); IR 1595, 822 cm-!; Anal. (C36H24Ng*4H20): C, H, N. 1,2,4,5-Tetrakis(4-
pyridyDbenzene (12): mp >300 °C; !H NMR (270 MHz, CDCl3) d 8.55 (d-like, J = 5.9 Hz, 8 H),
7.54 (s, 2 H), 7.13 (d-like, J = 5.9 Hz, 8 H); IR (KBr) 1590, 1409, 820 cm-1. Anal. (Cy¢HqgN4s*
0.1H20): C, H, N.

Nucleophilic attack of chloride ion on organostannanes may produce reactive hypervalent species.
Compare the F/Pd(0)-promoted cross-coupling of organosilicon compounds in which hypervalent
silicates are the active species: Hatanaka, Y.; Hiyama, T. Synlerr 1991, 845-853 and references cited
therein.
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