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ABSTRACT

Various mono- and disubstituted 2,2′-bipyridines were synthesized in high yields and multigram scales utilizing Stille-type coupling procedures.
The corresponding bromo-picoline and tributyltin-picoline building blocks were prepared from commercially available amino-picoline compounds.
As first examples of metal complexes, 4,5′-dimethyl-2,2′-bipyridine was reacted with copper(II) and iron(II) ions and investigated as catalyst in
ATRP.

Bipyridines have been well-known as highly interesting
organic ligands for transition metals for more than a century.1

In particular, the 2,2′-bipyridines were used in investigations
in analytical chemistry,2 medical chemistry,3 and energy
conversion.4 The past decade revealed another area of interest

concerning this type of ligands, based on the developments
in polymer5 and dendrimer science;6 materials with novel
photo-,7 electrochemical,8 or catalytic9 features; and novel
architectures in supramolecular chemistry.10 In addition to
these fascinating potential applications research still needs
to develop directed synthetic routes to suitable bipyridine
units, as well as effective functionalization strategies.

There is a great variety of methods described in the
literature to synthesize substituted 2,2′-bipyridines.11 How-
ever, many of the methods mainly result in a restriction of
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possible functionalization positions, such as with the well-
known Kröhnke procedure,12 or in isomeric mixtures when
using Raney nickel catalysts.13 Other interesting ways to build
bipyridines are the extrusion of organophosphorus com-
pounds14 or ligand coupling with organosulfur compounds.15

In addition, there are some modern strategies to synthesize
monoalkyl-2,2′-bipyridines, e.g., the Suzuki coupling16 or
especially the Negishi-type cross-coupling reaction between
pyridyl triflates and pyridyl zinc reagents,17 which result in
excellent yields of the desired products.

In contrast to such monosubstituted methyl-bipyridines and
symmetrically disubstitued methyl-2,2′-bipyridines, the un-
symmetrically disubstituted methyl-bipyridines are not as
common. 5,6′-Dimethyl-2,2′-bipyridine has not yet been

synthesized and 4,6′- and the 4,5′-dimethyl-2,2′-bipyridines
are reported only as byproducts of the reaction of pyridine-
N-oxides with pyridine derivatives.18aHowever, such methyl-
bipyridines can be used very efficiently as precursors for
halomethyl-bipyridines, which can be synthesized via clas-
sical NBS halogenation19 and in very high yields via a new
“TMS route”.20 Furthermore, these bipyridines play an
important role as ligands for catalysts, e.g., in the recently
developed atom transfer radical polymerization (ATRP)
methodology.9c-f

We describe here a large scale synthetic strategy toward
various methyl-substituted 2,2′-bipyridines based on Stille-
type cross-coupling reactions utilizing palladium catalysts.
This approach was developed during our research on the
development of ATRP catalysts and metallo-supramolecular
initiators for living and controlled polymerizations.21

As basic starting materials we used cheap and com-
mercially available 4-, 5-, and 6-methyl-2-aminopyridines.
Following a modified literature procedure22a the correspond-
ing 2-bromo-picolines could be synthesized in a 150-g scale
in a special 4-L glass reactor (Scheme 1 and Table 1).23

Reaction withn-butyllithium at -78 °C gave the corre-
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Engl. 1963,2, 380. Kröhnke, F.Synthesis1976, 1.

(13) Rode, T.; Breitmaier, E.Synthesis1987, 574. Baxter, P. N. W.;
Connor, J. A.J. Organomet. Chem.1988,355, 193. Vögtle, F.; Hochberg,
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Lehmann, U.; Henze, O.; Schlüter, D.Chem. Eur. J.1999,5, 854.

(17) Savage, S. A.; Smith, A. P.; Fraser, C. L.J. Org. Chem.1998,63,
10048.

(18) (a) Haginawa, J.; Higichi, Y.; Kawashima, T.; Goto, T.Yakugaku
Zasshi1975,95, 204. Haginawa, J.; Higichi, Y.; Hirawata, Y.; Hoshino,
N.; Sakakura, H.Yakugaku Zasshi1979, 99, 1176. (b) Case, F. H.J. Chem.
Soc.1946,68, 2574.
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a 1a, 2a, 3a: R4 ) CH3; 1b, 2b, 3b: R5 ) CH3; 1c, 2c, 3c: R6

) CH3. (i) (a) 48% HBr, Br2 (b) NaNO2, -20 °C (c) NaOH,-15
°C; (ii) (a) n-BuLi, THF, -78 °C (b) Bu3SnCl.

Table 1

compound R4 R5 R6

yield
(%)

lit. yielda

(%)

2a CH3 H H 85 80 ref 22b
2b H CH3 H 89 93 ref 22a
2c H H CH3 90 68 ref 24
3a CH3 H H 50
3b H CH3 H 99 84 ref 25a,b
3c H H CH3 99

a Described in the cited paper (different approaches).
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with tributyltin chloride to yield the desired 2-tributylstannyl-
picolines using Kugelrohr distillation for purification (Scheme
1 and Table 1).26 The compounds2b and2c reacted nearly
quantitatively, whereas the 4-position (2a) gave only 50%
yield. This is probably due to a partial decomposition of that
material.

All of the different methyl-substituted 2,2′-bipyridines
(monomethyl-substituted, dimethyl-substituted; symmetri-
cally and unsymmetrically substituted) were then synthesized
utilizing Stille-type palladium-catalyzed cross-couplings of
the 2-bromo-picolines2a-c with the corresponding 2-tribu-
tylstannyl-picolines3a-c, using tetrakis(triphenylphosphine)-
palladium as catalyst and toluene as solvent (Scheme 2 and
Table 2).27

The yields were found to be between 50% and 87% and
show no clear dependency on the substitution pattern. Most

prepared bipyridines were white solids with melting points
between 39 and 174°C. As expected, the symmetrically
disubstituted bipyridines revealed the highest melting points
(89-174 °C), whereas the crystalline monomethyl-substi-
tuted bipyridines and the unsymmetrically dimethyl-substi-
tuted bipyridines showed melting points in the same rather
low-temperature range (41-51°C).

The prepared bipyridine derivatives represent very inter-
esting building blocks for further functionalization or use
for metal complexation. This could lead to novel supramo-
lecular assemblies, metallo-supramolecular architectures, and
new catalysts, as well as metal-containing polymers. As first
examples in the direction of new catalysts we reacted the
interesting unsymmetrical 4,5′-dimethyl-2,2′-bipyridine with
copper(II) acetate and iron(II) acetate.28 The corresponding
octahedral metal complexes13 and14 were formed by self-
assembly processes in methanol and could be isolated after
anion exchange utilizing a large excess of ammonium
hexafluorophosphate in 40% and 34% yield, respectively
(Figure 1). Depending on the metal ion used, blue or red
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After all of the compound was dissolved, the mixture was cooled at-20
°C. To this suspension was added cooled bromine (133 mL, 2.59 mol)
dropwise over 30 min, maintaining the temperature at-20 °C. The resulting
paste was stirred for 90 min at this temperature. Then sodium nitrite (170
g, 2.46 mol) in water (250 mL) was added dropwise. After that the reaction
mixture was allowed to warm to 15°C over 1 h and was stirred for an
additional 45 min. The mixture was cooled to-20 °C and treated with
cooled aqueous NaOH (667 g, 1000 mL H2O). During the addition the
temperature was kept at-10 °C maximum. The mixture was allowed to
warm to room temperature and stirred for 1 h. The mixture was extracted
with ethyl acetate, the organic phase was dried with Na2SO4, and the solvent
was removed in vacuo. The residue was subjected to distillation in vacuo
to yield the desired 2-bromo-picoline. Selected analytical data follows.2a:
white solid, mp 39.5°C (lit.24 39-40°C); 1H NMR (CDCl3) δ (ppm) 2.23
(s, 3 H, H-7), 6.94 (d, 1 H,J ) 4.96 Hz, H-5), 7.20 (s, 1 H, H-3), 8.10 (d,
1 H, J ) 4.95 Hz, H-6). Anal. C6H6NBr (172.02): calcd C, 41.86; H, 3.49;
N, 8.14; found C, 41.48; H, 3.54; N 8.08.2b: white solid, mp 39-40 °C
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J ) 1.5 Hz, H-3, 4), 8.19 (1 H, s, H-6). Anal. C6H6BrN (172.02): calcd C,
41.86; H, 3.49; N, 8.14; found C, 41.76; H, 3.50; N, 8.19.2c: colorless
liquid, bp 129-132°C (2.6 mbar) (lit.22b87°C, 13 mbar);1H NMR (CDCl3,
300 MHz)δ (ppm) 2.49 (s, 3 H, H-7), 7.08 (d, 1 H,J ) 7.6 Hz, H-5), 7.24
(d, 1 H, J ) 7.6 Hz, H-3), 7.41 (t, 1 H, H-4). Anal. C6H6BrN (172.02):
calcd C, 41.86; H, 3.49; N, 8.14; found C, 41.68; H, 3.40; N, 7.97.

Scheme 2a

a (i) Pd(PPh3)4, toluene, reflux 48 h.

Table 2

bpy no. R4 R5 R6 R4′ R5′ R6′

yield
(%)

lit. yielda

(%)

4- 4 CH3 H H H H H 56 92 ref 17
5- 5 H CH3 H H H H 64 85 ref 17
6- 6 H H CH3 H H H 75 88 ref 17
6,6′- 7 H H CH3 H H CH3 50 51 ref 25a
5,5′- 8 H CH3 H H CH3 H 87 36 ref 19a
4,4′- 9 CH3 H H CH3 H H 67 40 ref 18b
4,6′- 10 CH3 H H H H CH3 72 13 ref 18a
5,6′- 11 H CH3 H H H CH3 67
4,5′- 12 CH3 H H H CH3 H 80 13 ref 18a

a Described in the cited paper (different approaches).

Figure 1. Copper(II)-tris(4,5′-dimethyl-2,2′-bipyridine)-hexafluo-
rophosphate13. HyperChem modeling; MM+ force field calculation
(b ) Cu(II) ion).
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crystals could be isolated and characterized utilizing elemen-
tal analysis, UV-vis spectroscopy, NMR spectroscopy, and
MALDI-TOF mass spectrometry.

The metal complexes13 and14 can be directly used as
catalysts in ATRP, opening a novel entrance to tailor-made
catalysts for this academically and industrially important
polymerization process. First results revealed an enormous
influence on the polymerization behavior, which should lead
to an intelligent catalyst design29 (see also ref 9d,f).

The described synthetic procedures yield a variety of
different methyl-substituted 2,2′-bipyridines in multigram
quantities, utilizing bromination of amino-picolines and
Stille-coupling procedures. As a first application the 4,5′-
dimethyl-2,2′-bipyridine ligand was utilized for the prepara-
tion of the corresponding copper(II) and iron(II) complexes.
Further studies concerning the behavior as catalysts in ATRP,
as intercalation agents, and for the construction of extended
metallo-supramolecular architectures or metal-containing
polymers are currently in progress.
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(26)2-Tributylstannyl-picolines. To 2-bromo-picoline (28.4 g, 165
mmol) in absolute THF (250 mL) at-78 °C was added dropwise
n-butyllithium (110 mL, 178 mmol, 1.6 M in hexane). After the solution
was stirred at-78 °C for 90 min, tributyltinchloride (53.6 mL, 198 mmol)
was added, and the mixture was allowed to warm to room temperature.
Water (90 mL) was poured into the reaction mixture, and the phases were
separated. The aqueous layer was extracted with diethyl ether (4× 200
mL). The combined organic phases were dried over Na2SO4, and the solvent
was removed in vacuo. The resulting oil was purified by fractionated
Kugelrohr distillation. Selected analytical data follows.3a: colorless liquid,
bp 120°C (2.5× 10-5 mbar);1H NMR (CDCl3) δ (ppm) 0.81 (t, 9 HJ )
7.25 Hz, H-4′), 1.04 (t, 6 H,J ) 8.21 Hz, H-1′), 1.26 (m, 6 H, H-3′), 1.49
(m, 6 H, H-2′), 2.21 (s, 3 H, H-7), 6.85 (d, 1 H,J ) 4.96 Hz, H-4), 7.14
(s, 1 H, H-3), 8.51 (d, 1 H,J ) 4.96 Hz, H-6). Anal. C18H33NSn (382.2):
calcd C, 56.56; H, 8.64; N, 3.67; found C, 56.22; H, 8.70; N, 3.21.3b:
colorless liquid, bp 130°C (5 ×10-6 mbar) (lit.25a130-135°C, 0.7 mbar);
1H NMR (CDCl3) δ (ppm) 0.88 (t, 9 H,J ) 7.25 Hz, H-4′), 1.11 (t, 6 H,
J ) 8.01 Hz, H-1′), 1.32 (m, 6 H, H-3′), 1.56 (m, 6 H, H-2′), 2.28 (s, 3 H,
H-7), 7.30 (m, 2 H, H-3, 4), 8.59 (s, 1 H, H-6). Anal. C18H33NSn (382.2):
calcd C, 56.56; H, 8.64; N, 3.67; found C, 56.29; H, 8.84; N, 3.78.3c:
colorless liquid, bp 140°C (5 × 10-5 mbar);1H NMR (CDCl3, 300 MHz)
δ (ppm) 0.88 (t, 9 H,J ) 7.25 Hz, H-4′), 1.02 (t, 6 H,J ) 8.02 Hz, H-1′),
1.26 (m, 6 H, H-3′), 1.49 (m, 6 H, H-2′), 2.46 (s, 3 H, H-7), 6.87 (d, 1 H,
J ) 8.01 Hz, H-3), 7.10 (d, 1 H,J ) 7.63 Hz, H-5), 7.28 (t, 1 H,J ) 7.63
Hz, H-4). Anal. C18H33NSn (382.2): calcd C, 56.56; H, 8.64; N, 3.67; found
C, 56.35; H, 8.66; N, 3.41.

(27)Bipyridines. A mixture of 2-tributylstannyl-picoline or 2-tributyl-
stannyl-pyridine (27.0 mmol), 2-bromo-picoline or 2-bromo-pyridine (23.0
mmol), and tetrakis(triphenylphosphine)-palladium(0) (0.95 g, 0.82 mmol)
in 65 mL of toluene was refluxed under nitrogen for 48 h. The resulting
brown mixture was evaporated in vacuo, and the dark, muddy liquid was
dissolved in dichloromethane. The organic phase was washed with aqueous
HCl (3 × 20 mL, 6 M). To remove the product from solution the combined
aqueous layers were transferred dropwise in aqueous ammonia (10%) under
cooling. The resulting oil was extracted with CH2Cl2 (3 × 30 mL). The
organic phases were washed with ammonia and water, and the solvent was
removed. The resulting suspension was purified by column chromatography.
Selected analytical data follows.4: white solid, mp 61.5°C (lit.17 62-64
°C); 1H NMR (CDCl3, 300 MHz)δ (ppm) 2.36 (s, 3 H, H-7), 7.06 (d, 1 H,
J ) 4.96 Hz, H-5), 7.23 (m, 1 H, H-5′), 7.73 (m, 1 H, H-4′), 8.16 (s, 1 H,
H-3), 8.32 (d, 1 H,J ) 8.01 Hz, H-3′), 8.46 (d, 1 H,J ) 4.57 Hz, H-6′),
8.60 (m, 1 H, H-6). Anal. C11H10N2 (170.2): calcd C, 77.65; H, 5.88; N,
16.47; found C, 77.30; H, 5.85; N, 16.35.5:11a,17colorless liquid;1H NMR
(CDCl3) δ (ppm) 2.27 (s, 3 H, H-7), 7.16 (m, 1 H, H-5′), 7.50 (d, 1 H,J
) 7.50 Hz, H-4), 7.67 (m, 1 H, H-4′), 8.19 (d, 1 H,J ) 8.01 Hz, H-3),
8.26 (d, 1 H,J ) 8.01 Hz, H-3′), 8.40 (s, 1 H, H-6), 8.56 (d,J ) 4.58 Hz,
H-6′). Anal. C11H10N2 (170.2): calcd C, 77.65; H, 5.88; N, 16.47; found
C, 77.79; H, 5.92; N, 16.34.6: colorless liquid, bp 118°C (0.1 mbar)
(lit.11a bp 73°C, 2.7× 10-2 mbar; lit.17 mp 37-38°C); 1H NMR (CDCl3)
δ (ppm) 2.52 (s, 3 H, H-7), 7.03 (d, 1 H,J ) 7.63 Hz, H-5), 7.15 (m, 1 H,
H-5′), 7.57 (dd, 1 H,J ) 8.01, 7.63 Hz, H-4), 7.66 (m, 1 H, H-4′), 8.07 (d,
1 H, J ) 8.01 Hz, H-3), 8.30 (d, 1 H,J ) 7.63 Hz, H-3′), 8.56 (m, 1 H,
H-6′). Anal. C11H10N2 (170.2): calcd C, 77.65; H, 5.88; N, 16.47; found
C, 77.20; H, 5.96; N, 16.21.7: white solid, mp 89°C (lit.25a 89-90°C);
1H NMR (CDCl3) δ (ppm) 2.56 (s, 6 H, H-7, 7′), 7.08 (d, 2 H,J ) 7.63
Hz, H-5, 5′), 7.61 (dd, 2 H,J ) 7.63, 8.01 Hz, H-4, 4′), 8.11 (d, 2 H,J )
7.63 Hz, H-3, 3′). Anal. C12H12N2 (184.2): calcd C, 78.26; H, 6.52; N,
15.22; found C, 78.11; H, 6.56; N, 15.12.8: white solid, mp 114-115°C
(lit.19a 114-116°C); 1H NMR (CDCl3) δ (ppm) 2.37 (s, 6 H, H-7, 7′),

7.60 (dd, 2 H,J ) 8.2, 2.1 Hz, H-4, 4′), 8.24 (d, 2 H,J ) 8.0 Hz, H-3, 3′),
8.48 (s, 2 H, H-6, 6′). Anal. C12H12N2 (184.2): calcd C, 78.26; H, 6.52; N,
15.22; found C, 78.02; H, 6.54; N, 15.16.9: white solid, mp 173.5°C
(lit.18b 171-172°C); 1H NMR (CDCl3) δ (ppm) 2.37 (s, 6 H, H-7, 7′),
7.06 (d, 2 H,J ) 4.96 Hz, H-5, 5′), 8.16 (s, 2 H, H-3, 3′), 8.46 (d, 2 H,J
) 4.96 Hz, H-6, 6′). Anal. C12H12N2 (184.2): calcd C, 78.26; H, 6.52; N,
15.22; found C, 77.91; H, 6.46; N, 14.88.10: white solid, mp 41°C; 1H
NMR (CDCl3) δ (ppm) 2.36 (s, 3 H, H-7), 2.56 (s, 3 H, H-7′), 7.03 (d, 1
H, J ) 4.96 Hz, H-5), 7.08 (d, 1 H,J ) 7.63 Hz, H-5′), 7.61 (t, 1 H,J )
7.82 Hz, H-4′), 8.08 (d, 1 H,J ) 7.63 Hz, H-3′), 8.16 (s, 1 H, H-3), 8.45
(d, J ) 4.96 Hz, H-6). Anal. C12H12N2 (184.2): calcd C, 78.26; H, 6.52;
N, 15.22; found C, 77.92; H, 6.66; N, 15.05.11: white solid, mp 51°C;
1H NMR (CDCl3) δ (ppm) 2.38 (s, 3 H, H-7), 2.63 (s, 3 H, H-7′), 7.14 (d,
1 H, J ) 7.63 Hz, H-5′), 7.60 (m, 1 H, H-4), 7.68 (dd, 1 H,J ) 7.63, 8.01
Hz, H-4′), 8.14 (d, 1 H,J ) 8.01 Hz, H-3′), 8.28 (m, 1 H, H-3), 8.49 (s, 1
H, H-6). Anal. C12H12N2 (184.2): calcd C, 78.26; H, 6.52; N, 15.22; found
C, 78.24; H, 6.92; N, 14.83.12: white solid, mp 54°C (lit.18a 58-60°C);
1H NMR (CDCl3) δ (ppm) 2.37 (s, 3 H, H-7), 2.42 (s, 3 H, H-7′), 7.10 (m,
1 H, H-5), 7.60 (m, 1 H, H-4′), 8.18 (s, 1 H, H-3), 8.25 (m, 1 H, H-3′),
8.43 (m, 1 H, H-6), 8.45 (m, 1 H, H-6′). Anal. C12H12N2 (184.2): calcd C,
78.26; H, 6.52; N, 15.22; found C, 78.24; H, 6.76; N, 15.03.

(28) Copper(II)-tris(4,5′-dimethyl-2,2′-bipyridine)-hexafluorophos-
phate 13.Blue solid, mp> 250°C. Anal. C36H36CuF12N6P2‚H2O (924.2):
calcd. C, 46.79; H, 4.14; N, 9.09; found C, 46.41; H, 4.05; N, 8.64. UV-
vis (CH3CN) λmax nm (ε/(L × mol-1 × cm-1)) 298 (34500), 249 (35700).
Iron(II)- tris(4,5′-dimethyl-2,2′-bipyridine)-hexafluorophosphate 14.Red
crystals, mp> 250 °C.1H NMR (CD3CN, 300 MHz)δ (ppm) 2.17 (s, 9
H), 2.52 (s, 9 H), 7.13 (m, 9 H), 7.88 (d, 3 H,J ) 8.20 Hz), 8.33 (m, 6 H).
Anal. C36H36FeF12N6P2 × 2 H2O (934.5): calcd C, 46.27; H, 4.31; N, 8.99;
found C, 45.79; H, 4.11; N, 9.31. UV-vis (CH3CN: λmax nm (ε/(L × mol-1

× cm-1)) 520 (7300), 355 (6200), 300 (58000), 253 (29000).
(29) Schubert, U. S.; Heller, M.; Filep, A., manuscript in preparation.
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