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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(ll) and iron(ll) 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.
In particular, the 2,2bipyridines were used in investigations photo-! electrochemicdl,or catalytié features; and novel
in analytical chemistr§, medical chemistry, and energy architectures in supramolecular chemisfryn addition to
conversiortf. The past decade revealed another area of interestthese 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

concerning this type of ligands, based on the developments
in polymeP and dendrimer sciendematerials with novel
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literature to synthesize substituted 2,2'-bipyridifelow-
ever, many of the methods mainly result in a restriction of
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possible functionalization positions, such as with the well-
known Kréhnke procedur®,or in isomeric mixtures when
using Raney nickel catalyst&Other interesting ways to build
bipyridines are the extrusion of organophosphorus com-
pounds$* or ligand coupling with organosulfur compoun@s.

In addition, there are some modern strategies to synthesize

monoalkyl-2,2-bipyridines, e.g., the Suzuki couplitfgor

especially the Negishi-type cross-coupling reaction between

pyridyl triflates and pyridyl zinc reagentéwhich 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
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aja,2a,3a; Ry=CHg; 1b, 2b,3b: Rs = CHjs; 1c,2¢,3c: Rs
= CHa. (i) (a) 48% HBr, B (b) NaNG,, —20 °C (c) NaOH,—15
°C; (ii) (a) n-BuLi, THF, =78 °C (b) BwSnCl.

synthesized and 4;6and the 4,5dimethyl-2,2'-bipyridines
are reported only as byproducts of the reaction of pyridine-
N-oxides with pyridine derivative$2However, such methyl-
bipyridines can be used very efficiently as precursors for
halomethyl-bipyridines, which can be synthesized via clas-
sical NBS halogenatidfiand in very high yields via a new
“TMS route”?® Furthermore, these bipyridines play an
important role as ligands for catalysts, e.g., in the recently
developed atom transfer radical polymerization (ATRP)
methodology’*~f

We describe here a large scale synthetic strategy toward
various methyl-substituted 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 polymerizatioss.

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

Table 1
yield lit. yield?®
compound R4 Rs Re (%) (%)

2a CH3 H H 85 80 ref22b
2b H CH3 H 89 93 ref 22a
2c H H CH3 90 68 ref 24
3a CHs H H 50
3b H CHs H 99 84 ref 25a,b
3c H H CHs 99

aDescribed in the cited paper (different approaches).

Reaction withn-butyllithium at—78 °C gave the corre-
sponding lithio compounds, which were immediately treated
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N.; Sakakura, HYakugaku ZassHhi979 99, 1176. (b) Case, F. H. Chem.
Soc.1946,68, 2574.
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Newkome, G. R.; Puckett, W. E.; Kiefer, G. E.; Gupta, V. K.; Xia, Y.;
Coreil, M.; Hackney, M. A.J. Org. Chem.1982, 47, 4116. Wang, Z.;
Reibenspies, J.; Motekaitis, R. J.; Martell, AJEChem. Soc., Dalton Trans.
1995, 1511. Vogtle, F.; Hochberg, R.; Kochendoerfer, F.; Windscheif, P.-
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with tributyltin chloride to yield the desired 2-tributyistannyl- || | A I

picolines using Kugelrohr distillation for purification (Scheme
1 and Table 1%¢ The compound&b and2c reacted nearly
guantitatively, 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;bipyridines
(monomethyl-substituted, dimethyl-substituted; symmetri-

cally and unsymmetrically substituted) were then synthesized 6.6

utilizing Stille-type palladium-catalyzed cross-couplings of
the 2-bromo-picolinega—c with the corresponding 2-tribu-
tylstannyl-picolines8a—c, using tetrakis(triphenylphosphine)-
palladium as catalyst and toluene as solvent (Scheme 2 an
Table 2)

Scheme 2
= =
R | R |
S * Y
N Br N SnBwy
)
= X
I R
R pZ
N N
4t012

a (i) Pd(PPh),, toluene, reflux 48 h.

The yields were found to be between 50% and 87% and

Table 2
yield lit. yield?
bpy no. Rs Rs Rs Ry Rs Re (%) (%)
4- 4 CHz; H H H H H 56 92 ref17
5- 5 H CH; H H H H 64 85 refl7
6- 6 H H CH; H H H 75 88refl7
7 H H CH; H H CH; 50 51 ref25a
5- 8 H CH; H H CH; H 87 36 refl19a
A4'- 9 CHs H H CHs; H H 67 40ref18b
4,6'- 10 CHz H H H H CH; 72 13refl8a
05,6’- 11 H CHs H H H CHs; 67
45- 12 CHz H H H CH; H 80 13 refl8a

aDescribed in the cited paper (different approaches).

prepared bipyridines were white solids with melting points
between 39 and 174C. 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—5C).

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

show no clear dependency on the substitution pattern. Most€X@mples in the direction of new catalysts we reacted the

(20) (a) Fraser, C. L.; Anastasi, N. R.; Lamba, J. JJ.SOrg. Chem.
1997,62, 9314. (b) Schubert, U. S.; Eschbaumer, C.; Hochwimmer, G.
Tetrahedron Lett1998,39, 8643.

(21) Hochwimmer, G.; Nuyken, O.; Schubert, U.8acromol. Rapid
Commun1998 19, 309. Schubert, U. S.; Hochwimmer, Bolym. Preprints
1999 40(2), 340. Schubert, U. S.; Hochwimmer, Bolym. Preprint200Q
41(1), 433. Schubert, U. S. Mailored Polymers & Applicationsyaggi,

Y., Ed.; VSH Publisher: 2000, in press.

(22) (a) Windscheif, P. M.; Vogtle, FSynthesid994 87. (b) Cunning-
ham, K. G.; Newbold, G. T.; Spring, F. S.; Stark,JJ.Chem. Soc1949,
2091.

(23) 2-Bromo-picolines. General Synthetic StrategyPowdered 2-amino-
picoline (100 g, 0.92 mol) was added under vigorous stirring in portions to
48% hydrobromic acid (500 mL) at 20 to 3C in a 4-L glass reactor.
After all of the compound was dissolved, the mixture was coolet¢t2Q
°C. To this suspension was added cooled bromine (133 mL, 2.59 mol)
dropwise over 30 min, maintaining the temperature 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 185C over 1 h and was stirred for an
additional 45 min. The mixture was cooled t620 °C and treated with
cooled aqueous NaOH (667 g, 1000 mL@). During the addition the
temperature was kept at10 °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 witsSX0a, 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 foll@was.
white solid, mp 39.5C (lit.?* 39—40°C); 'H NMR (CDCls) 6 (ppm) 2.23
(s, 3H, H-7), 6.94 (d, 1 H) = 4.96 Hz, H-5), 7.20 (s, 1 H, H-3), 8.10 (d,
1H,J=4.95Hz, H-6). Anal. GHeNBr (172.02): calcd C, 41.86; H, 3.49;

N, 8.14; found C, 41.48; H, 3.54; N 8.08b: white solid, mp 39-40 °C
(lit.?22241 °C); *H NMR (CDCls) 6 (ppm) 2.28 (s, 3 H, H-7), 7.35(d, 2 H,
J=1.5Hz, H-3, 4),8.19 (1 H, s, H-6). Anal.s8¢BrN (172.02): calcd C,
41.86; H, 3.49; N, 8.14; found C, 41.76; H, 3.50; N, 8.28: colorless
liquid, bp 129-132°C (2.6 mbar) (lit2°87 °C, 13 mbar)H NMR (CDCls,
300 MHz)6 (ppm) 2.49 (s, 3 H, H-7), 7.08 (d, 1 H,= 7.6 Hz, H-5), 7.24
(d, 1 H,J=7.6 Hz, H-3), 7.41 (t, 1 H, H-4). Anal. §isBrN (172.02):
calcd C, 41.86; H, 3.49; N, 8.14; found C, 41.68; H, 3.40; N, 7.97.

Org. Lett., Vol. 2, No. 21, 2000

interesting unsymmetrical 4;8imethyl-2,2-bipyridine with
copper(ll) acetate and iron(ll) acet&teThe corresponding
octahedral metal complexd8 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% vyield, respectively
(Figure 1). Depending on the metal ion used, blue or red

-.rl\—\
A, ]
!

N

Figure 1. Copper(ll)iris(4,5-dimethyl-2,2-bipyridine)-hexafluo-
rophosphaté 3. HyperChem modeling; MNiforce field calculation
(® = Cu(ll) ion).
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crystals could be isolated and characterized utilizing elemen-
tal analysis, U\-vis spectroscopy, NMR spectroscopy, and
MALDI-TOF mass spectrometry.

(24) Newkome, G. R.; Pantaleo, D. C.; Puckett, W. E.; Ziefle, P. L,;
Deutsch, W. A.lnorg. Nucl. Chem1981,43, 1529.

(25) (a) Hanan, G. S.; Schubert, U. S.; Volkmer, D.; Riviere, E.; Lehn,
J.-M.; Kyritsakas, N.; Fischer, Can. J. Chem1997,75, 169. (b) Cardenas,
D. J.; Sauvage, J.-Bynlett1996,9, 916.

(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 ether2@0
mL). The combined organic phases were dried oveSig and the solvent
was removed in vacuo. The resulting oil was purified by fractionated
Kugelrohr distillation. Selected analytical data followss: colorless liquid,
bp 120°C (2.5 x 105 mbar);'H NMR (CDCl;) 6 (ppm) 0.81 (t, 9 HI =
7.25 Hz, H-4'), 1.04 (t, 6 H) = 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,= 4.96 Hz, H-4), 7.14
(s, 1 H, H-3), 8.51 (d, 1 H) = 4.96 Hz, H-6). Anal. GgH3sNSn (382.2):
caled C, 56.56; H, 8.64; N, 3.67; found C, 56.22; H, 8.70; N, 3#1.
colorless liquid, bp 136C (5 x 10~¢ mbar) (lit252130-135°C, 0.7 mbar);
1H NMR (CDCl3) 6 (ppm) 0.88 (t, 9 HJ = 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;4El33NSn (382.2):
caled C, 56.56; H, 8.64; N, 3.67; found C, 56.29; H, 8.84; N, 338.
colorless liquid, bp 140C (5 x 10-° mbar);*H NMR (CDClz, 300 MHz)

o (ppm) 0.88 (t, 9 HJ = 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=8.01Hz, H-3), 7.10 (d, 1 H) = 7.63 Hz, H-5), 7.28 (t, 1 H) = 7.63
Hz, H-4). Anal. GgH33sNSn (382.2): caled 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

The metal complexe3 and 14 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 desigth(see also ref 9d,f).

The described synthetic procedures yield a variety of
different methyl-substituted 2;bipyridines in multigram
guantities, 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(ll) and iron(ll) 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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7.60 (dd, 2 HJ = 8.2, 2.1 Hz, H-4, 4'), 8.24 (d, 2 H,= 8.0 Hz, H-3, 3'),
8.48 (s, 2 H, H-6, §. Anal. Ci2H12N, (184.2): caled C, 78.26; H, 6.52; N,
15.22; found C, 78.02; H, 6.54; N, 15.18: white solid, mp 173.5C
(lit. 182 171—-172°C); 'H NMR (CDCl) ¢ (ppm) 2.37 (s, 6 H, H-7, 7'),
7.06 (d, 2HJ=4.96 Hz, H-5, 5, 8.16 (s, 2 H, H-3, 3, 8.46 (d, 2 HJ
= 4.96 Hz, H-6, 6). Anal. C2H12N» (184.2): caled C, 78.26; H, 6.52; N,

dissolved in dichloromethane. The organic phase was washed with aqueousl5.22; found C, 77.91; H, 6.46; N, 14.880: white solid, mp 42C; *H

HCI (3 x 20 mL, 6 M). To remove the product from solution the combined

NMR (CDCl) 6 (ppm) 2.36 (s, 3 H, H-7), 2.56 (s, 3 H, H-7'), 7.03 (d, 1

aqueous layers were transferred dropwise in agueous ammonia (10%) undeH, J = 4.96 Hz, H-5), 7.08 (d, 1 H) = 7.63 Hz, H-5"), 7.61 (t, L H) =

cooling. The resulting oil was extracted with @, (3 x 30 mL). The

7.82 Hz, H-4'), 8.08 (d, 1 H) = 7.63 Hz, H-3'), 8.16 (s, 1 H, H-3), 8.45

organic phases were washed with ammonia and water, and the solvent wagd, J = 4.96 Hz, H-6). Anal. G:H1,N; (184.2): calcd C, 78.26; H, 6.52;

removed. The resulting suspension was purified by column chromatography.
Selected analytical data follow4: white solid, mp 61.5C (lit.1” 62—64
°C); *H NMR (CDCls, 300 MHz) 6 (ppm) 2.36 (s, 3 H, H-7), 7.06 (d, 1 H,
J=4.96 Hz, H-5), 7.23 (m, 1 H, H5 7.73 (m, 1 H, H-4"), 8.16 (s, 1 H,
H-3), 8.32 (d, 1 HJ = 8.01 Hz, H-3"), 8.46 (d, 1 H) = 4.57 Hz, H-6'),
8.60 (m, 1 H, H-6). Anal. &H;oN, (170.2): calcd C, 77.65; H, 5.88; N,
16.47; found C, 77.30; H, 5.85; N, 16.3F&!1217colorless liquidH NMR
(CDCl3) & (ppm) 2.27 (s, 3 H, H-7), 7.16 (m, 1 H, H)57.50 (d, 1 H,J

= 7.50 Hz, H-4), 7.67 (m, 1 H, H2 8.19 (d, 1 H,J = 8.01 Hz, H-3),
8.26 (d, 1 HJ = 8.01 Hz, H-3), 8.40 (s, 1 H, H-6), 8.56 (d] = 4.58 Hz,
H-6"). Anal. GiH10N2 (170.2): caled C, 77.65; H, 5.88; N, 16.47; found
C, 77.79; H, 5.92; N, 16.346: colorless liquid, bp 118C (0.1 mbar)
(lit.12app 73°C, 2.7 x 102 mbar; lit}7 mp 37—38°C); *H NMR (CDCls)

0 (ppm) 2.52 (s, 3 H, H-7), 7.03 (d, 1 H,= 7.63 Hz, H-5), 7.15 (m, 1 H,
H-5'), 7.57 (dd, 1 HJ = 8.01, 7.63 Hz, H-4), 7.66 (m, 1 H, H}%8.07 (d,

1 H, J=8.01 Hz, H-3), 8.30 (d, 1 HJ = 7.63 Hz, H-3'), 8.56 (m, 1 H,
H-6"). Anal. G1H10N2 (170.2): caled C, 77.65; H, 5.88; N, 16.47; found
C, 77.20; H, 5.96; N, 16.217: white solid, mp 89C (lit.25289—90°C);

1H NMR (CDCls) 6 (ppm) 2.56 (s, 6 H, H-7,'Y, 7.08 (d, 2 H,J = 7.63
Hz, H-5, B), 7.61 (dd, 2 HJ = 7.63, 8.01 Hz, H-4,%,8.11 (d, 2 HJ =
7.63 Hz, H-3, 3. Anal. C2H12N2 (184.2): caled C, 78.26; H, 6.52; N,
15.22; found C, 78.11; H, 6.56; N, 15.12. white solid, mp 114—118C
(Iit.192114—116°C); *H NMR (CDCl;) ¢ (ppm) 2.37 (s, 6 H, H-7,7,

3376

N, 15.22; found C, 77.92; H, 6.66; N, 15.061: white solid, mp 5I°C;
1H NMR (CDCl) 6 (ppm) 2.38 (s, 3 H, H-7), 2.63 (s, 3 H, H)77.14 (d,
1H,J=7.63 Hz, H-5), 7.60 (m, 1 H, H-4), 7.68 (dd, 1 H,= 7.63, 8.01
Hz, H-4'), 8.14 (d, 1 HJ = 8.01 Hz, H-3), 8.28 (m, 1 H, H-3), 8.49 (s, 1
H, H-6). Anal. GoH1:N» (184.2): calcd C, 78.26; H, 6.52; N, 15.22; found
C, 78.24; H, 6.92; N, 14.83.2: white solid, mp 54C (lit.18a58—60°C);

IH NMR (CDCls) & (ppm) 2.37 (s, 3 H, H-7), 2.42 (s, 3 H, H)}77.10 (m,

1 H, H-5), 7.60 (m, 1 H, H-3, 8.18 (s, 1 H, H-3), 8.25 (m, 1 H, HB
8.43 (m, 1 H, H-6), 8.45 (m, 1 H, H'p Anal. G2H12N2 (184.2): calcd C,
78.26; H, 6.52; N, 15.22; found C, 78.24; H, 6.76; N, 15.03.

(28) Copper(ll)-tris(4,5'-dimethyl-2,2'-bipyridine)-hexafluorophos-
phate 13.Blue solid, mp> 250°C. Anal. GsgHzeCuF12NgP2-H20 (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) Amaxnm (e/(L x mol~t x cm™1)) 298 (34500), 249 (35700).
Iron(ll)- tris(4,5-dimethyl-2,2'-bipyridine)-hexafluorophosphate 14.Red
crystals, mp> 250 °C.!H NMR (CD3CN, 300 MHz)é (ppm) 2.17 (s, 9
H), 2.52 (s, 9 H), 7.13 (m, 9 H), 7.88 (d, 3 Bl= 8.20 Hz), 8.33 (m, 6 H).
Anal. GggHzgFeFaNgP2 x 2 HoO (934.5): caled C, 46.27; H, 4.31; N, 8.99;
found C, 45.79; H, 4.11; N, 9.31. UWis (CHsCN: Amaxnm (e/(L x mol~1
x cm™)) 520 (7300), 355 (6200), 300 (58000), 253 (29000).

(29) Schubert, U. S.; Heller, M.; Filep, A., manuscript in preparation.
Schubert, U. S.; Hochwimmer, G.; Spindler, C. E.; Nuyken, O. German
Patent DE 199 09 624.4.
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