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Reactions of alkyl and phenyl Grignard reagents with 3,8-di-
bromo-1,10-phenanthroline led to alkylation and phenylation at
the 2-position of 1,10-phenanthroline. The prepared 2-alkyl-
1,10-phenanthroline forms a 1:1 complex with Cu(II) and serves
as a starting material for poly(2-alkyl-1,10-phenanthroline-3,8-
diyl).

1,10-Phenanthroline (Phen) is an attractive �-conjugated li-
gand, and its various derivatives have been prepared to construct
assembled metal complexes,1 light emitting metal complexes,2

catalysts, catenanes,1,3 and �-conjugated poly- and oligo-
(1,10-phenanthroline)s.4

Introduction of substituent(s) at the 2- and/or 9-positions of
Phen tunes chemical reactivity and various Phen derivatives with
the substituent(s) have been prepared.3,5 On the other hand, 3,8-
dibromophenanthrolines are considered to be important starting
materials for �-conjugated oligomers and polymers of Phen.4,6

For introduction of alkyl and aryl group at the 2- and 9-positions,
Dietrich-Buchecker and Sauvage reported the following unique
reaction.5 Based on the reaction (1), various catenanes have been
prepared.3
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If dibromination of the obtained alkylated or arylated Phen
at the 3- and 8-positions proceeds, it affords 3,8-dibromo-Phen’s
(Br2Phen’s) with the alkyl or aryl group, which are expected to
be important starting materials for�-conjugated oligo- and poly-
Phen’s. However, the bromination of the 3- and 8-positions of
Phen’s usually requires severe and elaborated reaction condi-
tions.6 Phen is a typical electron deficient molecule due to its
containing electron-withdrawing imine nitrogens, and bromina-
tion of such electron-deficient heteroaromatic compounds is dif-
ficult.7

Prompted by the presence of the known reaction shown in
Eq 1, we tried direct alkylation and arylation of 3,8-dibromo-
Phen with RLi, however, the reaction gave various uncharacter-
ized products, presumably due to the reactions of RLi both with
the C–Br bonds and at the 2- and 9-positions. By changing the
reactant to RMgBr, we have found that the expected direct sub-
stitution reaction at the 2-position proceeds, and herein report the
results and some chemical properties of the obtained 2-substitut-
ed-3,8-dibromo-Phen.

A THF (8.0 cm3) solution of CH3MgBr (3.0M, 2.4mmol)

was added to a THF (200 cm3) solution of Br2Phen
4b,6 (3.38 g,

1.0mmol) in a Schlenk tube under N2 at 0
�C. After the mixture

was stirred for 16 h, diluted hydrochloric acid was added, and the
product was extracted with chloroform. Purification by column
chromatography on SiO2 (eluent = chloroform) gave a yellow-
ish white powder of 2-methyl-Br2Phen (1.2 g, 34%), Br2Phen-
2Me. 1H NMR (CDCl3): �: 9.19 (d, 2.4Hz, 1H), 8.40 (s, 1H),
8.39 (d, 2.4Hz, 1H), 7.73 (d, 8.8Hz, 1H), 7.68 (d, 8.8Hz, 1H),
3.05 (s, 3H). Anal. Found: C, 44.38; H, 2.43; N, 7.89; Br,
45.38%. Calcd for C13H8Br2N2: C, 44.35; H, 2.29; N, 7.98;
Br, 45.40%. Similar reactions using PhMgBr, HexMgBr (Hex
= hexyl), and NonMgBr (Non = nonyl) gave the corresponding
2-substituted 3,8-dibromo-1,10-phenanthrolines (Br2Phen-
2R’s).8
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Although mono-substituted Phen’s with alkyl or aryl group
at the 2-position have been prepared by a ring closure reaction
using 8-aminoquinolines and substituted acroleins,9 preparation
of Br2Phen-2R has no precedent. Preparation of Br2Phen-2R by
the conventional method seems to be difficult because of diffi-
culty to prepare the corresponding starting materials.

Obtaining Br2Phen-2R by the direct substitution reaction of
Br2Phen with the Grignard reagents will expand the scope of the
chemistry of Phen. Further reaction of Br2Phen-2Me with
CH3MgBr (in a 1:2.4 molar ratio under conditions described
above) gave a product which was assigned to 2,9-dimethyl-
3,8-dibromo-Phen from its 1H NMR spectrum (�: 8.38 (s, 2H),
7.67 (s, 2H), and 3.04 (s, 6H)). However, the product was conta-
minated with Br2Phen-2Me (about 20mol %), and separation of
the two compounds was not possible. The mono-alkylation of
Br2Phen seems to proceed through a Grignard type reaction at
the –C=N–bond, similar to the case of di-alkylation of Phen il-
lustrated in Eq 1. Although the –C=N– group in heteroaromatic
compounds is considered to have different reactivity from that of
usual imine group due to the aromatization effect, the obtained
results indicate the –C=N– group in Phen’s has reactivity to-
ward organometallic compounds, similar to usual imine groups.

Br2Phen-2R’s exhibit UV–vis absorption peaks (�max ¼
278, 291, 279, and 279 nm for R = Me, Ph, Hex, Non, respec-
tively) at the position with somewhat longer wavelength, com-
pared with the corresponding non-brominated mono-substituted
Phen’s, Phen-2R’s (e.g., �max ¼ 285 nm for R = Ph).9

Addition of an acetonitrile solution of CuCl2 to a chloroform
solution of Br2Phen-2Me led to a shift of the �–�� transition

252 Chemistry Letters Vol.33, No.3 (2004)

Copyright � 2004 The Chemical Society of Japan



peak to 286 nm with an isosbestic point at 281 nm. A new band
appeared at 337 nm, which was assigned to an MLCT band, was
located at a longer wavelength than that (298 nm) observed with
a Phen–Cu(II) complex formed under similar reaction condi-
tions, reflecting a stronger electron accepting properties of
Br2Phen-2Me than Phen. Phen usually forms a 2:1 complex with
Cu(II) in the presence of excess Phen,10 the UV–vis changes ob-
served with the Phen–CuCl2 system agreeing with the reported
results; the UV–vis changes saturated at a molar ratio of 2:1
on addition of CuCl2, and further addition of CuCl2 brought
about new changes in the UV–vis spectrum presumably due to
formation of a 1:1 complex by the reaction of the 2:1 complex
with CuCl2. On the contrary, the UV–vis changes observed with
the CuCl2-Br2Phen-2Me system were simply explained by for-
mation of a 1:1 complex even in the presence of an excess
amount of Br2Phen-2Me. The equilibrium constant was estimat-
ed at about 1:5� 106 M�1 at room temperature (about 25 �C)
from the UV–vis changes. The formation of a 2:1 complex
seems to be retarded by a steric effect of the 2-Me group.

One of important use of Br2Phen-2R will be the preparation
of new �-conjugated polymers of 2-substituted Phen. Dehaloge-
native polycondensation of Br2Phen-2Non with a zerovalent
nickel complex4b-d (a mixture of bis(1,5-cyclooctadiene)nick-
el(0), Ni(cod)2, and 2,20-bipyridyl, bpy) proceeded well,11 simi-
lar to the case of dehalogenative polycondensation of 3,8-dibro-
mo-1,10-phenathroline.4b-d Although non-substituted poly(1,10-
phenanthroline-3,8-diyl)4b,c was soluble only in acidic solvents
such as formic acid, the obtained polymer with the 2-Non group,
PPhen(2-Non),11 was soluble in common organic solvents such
as THF and chloroform due to the alkyl substitution effects
and the polymer was amorphous as proved by its powder X-
ray diffraction pattern. The polymer was considered to have a re-
gio-random structure with head-to-tail and head-to-head units,
which explained the amorphous structure of the polymer in the
solid. The amorphous structure is usually advantageous for ap-
plication of �-conjugated polymers to light emitting diodes,
since such a polymer has that lower tendency to provide ener-
gy-decay routes by forming excimer-like adducts which is disad-
vantageous for the light emitting diode. PPhen(2-Non) exhibited
photoluminescence with peak emission at 389 nm and quantum
efficiency of 25% in chloroform. The quantum yield was im-
proved from that (4%) of previously reported poly(5,6-dia-
lkoxy-1,10-phenanthroline-3,8-diyl).4c

As described above, 2-substituted 3,8-dibromophenanthro-
lines, Br2Phen-2R, which are expected to serve as a ligand and
starting materials for functional materials, can be prepared by di-
rect alkylation and phenylation of Br2Phen.
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