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Abstract—A new series of N-substituted 6-amino- and 6,6”-diamino-2,2":6’,2"-terpyridine (6-amino- and 6,6”-diamino-tpy) was con-
veniently synthesized in one-step by Pd-catalyzed amination of bromo-substituted tpys with various amines. For highly coordinating
tpy substrates, use of appropriate chelating phosphine ligand was critical to achieve moderate to satisfactory yield. The prepared N-
substituted 6-amino- and 6,6”-diamino-tpys exhibited moderate to intense fluorescence in dichloromethane with fine-tuned fluores-

cence maxima ranging from 385 to 455 nm.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Prompted by rapidly expanding applications of organic
fluorescent materials for electroluminescence (EL), dye-
lasers, sensors, probes, and phototherapeutic agents,
development of new fluorescent organic compounds
with high functionality has been the subject of intense
study for more than a decade.! Though 2,2":6’,2"-ter-
pyridine (tpy) is an excellent metal chelate with high
thermal and chemical stability,? tpy derivatives are not
fluorescent in general.> We previously reported that
6-amino-2,2":6',2"-terpyridine (6-amino-tpy, 1) showed
intense blue fluorescence in solution (Ag= 384 nm,
@ = 0.70, dichloromethane),* and could be a good can-
didate for a new functional fluorophore. However, syn-
thesis of this compound requires laborious amination of
6-bromo-tpy with liquid ammonia under high tempera-
ture and pressure.* Since it is of great use to develop a
series of fluorescent derivatives having different lumines-
cence color and/or additional functional units, we
extended our study to prepare a series of N-substituted
6-amino-tpy derivatives by an easily accessible method.

For this end, we tested Pd-catalyzed cross-coupling of
aryl halide with various amines, which has been recog-
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nized as the convenient and useful method for prepara-
tion of a variety of arylamines.> However, application of
this catalytic system to the synthesis of heteroarylamine
is rather limited.® For halopyridines, (£)-BINAP ((&)-
2,2’'-bis(diphenylphosphino)-1,1’-binaphthyl), DPPF
(1,1’-bis(diphenylphosphino)ferrocene), and other che-
lating phosphine ligands were used in order to suppress
ligand exchange with pyridine,®*” but much less has
been studied for the reaction of 2,2’-bipyridine having
a higher coordination ability.® Therefore, careful exam-
ination is required for application of this method to
highly coordinating tpy. In this letter, we report that a
series of N-alkyl- and N-phenyl-substituted tpys that
show efficient fluorescence are conveniently synthesized
in one-step by Pd-catalyzed amination of 6-bromo-tpy
in the presence of appropriate phosphine ligand.

2. Synthesis

The reaction of 6-bromo- or 6,6”-dibromo-tpy with var-
ious amines (1.1 equiv) were carried out in toluene at
80 °C for 18 h in the presence of 3.0 mol % of air-stable
Pd(dba), (dba = dibenzylideneacetone) as a palladium
source, 4.5mol % of bidentate phosphine DPPF or
(£+)-BINAP (based on 6-bromo-tpy), and 2.6 equiv of
sodium tert-butoxide (based on amine). Isolated yields
of the amino-substituted tpys based on the bromo-tpy
substrate are summarized in Tables 1 and 2, respectively.’
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Table 1. Synthesis® and fluorescence maxima of N-substituted 6-amino-tpys, 1-6

Compound R! R? Ligand Yield (%) Jq/nm®
1° -H -H DPPF 81 3844
2 ~Et -H DPPF 16 (52°) 404
17 (409"
BINAP 68 (25%°
3 ~Me ~Me DPPF 7 427
4 ~Et ~Et DPPF 66 431
BINAP No reaction
5 ~Ph -H DPPF 90 443
6 —Ph —Ph DPPF 74 455

#Reaction conditions: 3.0 mol % Pd(dba),, 4.5 mol % ligand, #~-BuONa, toluene, 80 °C, 18 h.

®1n dichloromethane at 20 °C.

¢Compound 1 was prepared by using LiN(SiMejs), instead of amine and -BuONa, followed by hydrolysis with aq HCI solution.

4Taken from Ref. 4.
°Yield of tpy-N(Et)-tpy based on 6-bromo-tpy.
T Ethylamine: 5.0 equiv.

Table 2. Synthesis® and fluorescence maxima of N-substituted 6,6”-diamino-tpys, 7-11

Compound R! R? Ligand Yield (%) Jg/nm®

7 —Et “H DPPF 31 (379 404
BINAP 83 (119

8 —Me —Me DPPF 68 422

9 -Et -Et DPPF 67 428

10 ~(CHa),-O—(CH,), " DPPF 94 423

11 —Ph -Ph DPPF 88 453

#Reaction conditions: 6.0 mol % Pd(dba),, 9.0 mol % ligand, #~-BuONa, toluene, 80 °C, 18 h.

®In dichloromethane at 20 °C.

¢ Cs,CO5; was used instead of ~-BuONa as base.

dYield of EtNH-tpy-N(Et)-tpy-NHEt based on 6,6”-dibromo-tpy.
¢ Ethylamine: 5.0 equiv.

fMorpholino group.

For amination of highly coordinating bromo-tpys, use
of unidentate ligands, P(‘Bu);'® and bicyclic triamino-
phosphine (2,8,9-triisobutyl-2,5,8,9-tetraaza-1-phos-
phabicyclo[3,3,3Jundecane),!’  were not effective,
resulting in less than half of conversions even after pro-
longed reaction time. However, use of bidentate DPPF
as the ligand was found to be effective, and amino-tpys
(3-6 and 8-11) were prepared in moderate to satisfac-
tory yields, demonstrating that the Pd-catalyzed amina-
tion was applicable even for highly coordinating tpy
substrates. For the synthesis of 6-amino-tpy (1), LiN-
(SiMes) (1.1 equiv) was used as an amine substrate.!%12
Subsequent hydrolysis to remove SiMe; groups with aq
HCI gave the parent compound 1 in 81%.

However, amination with ethylamine (1.1 equiv) in the
presence of DPPF resulted in poor yields of ethyl-
amino-tpys, 2 and 7. The major products in these reac-

tions were found to be bis(6-terpyridyl)-substituted
ethylamines, indicating that further arylation of ethyl-
amino-tpys proceeded preferentially. Use of excess
amounts of ethylamine (5.0 equiv) only slightly im-
proved the yields of the monoarylated products, and
the diarylated products (yields based on bromo-tpys
are given in parentheses) were still the major products
(Tables 1 and 2). Unlike pyridine substrates,®® use of
large excess amounts of amine (up to 10.0 equiv) could
not effectively suppress the diarylation process, showing
that DPPF was not suitable for the reaction in this case.
Since Wolfe and Buchwald!® showed that use of more
bulky chelating phosphine ligand, (£)-BINAP, was
effective to suppress the diarylation reaction, we tested
the reaction in the presence of (+)-BINAP instead of
DPPF. The diarylation reaction was appreciably sup-
pressed, yielding 2 and 7 in 68% and 81%, respectively.
Since no reaction took place when (4)-BINAP was used
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for the amination with diethylamine (4 in Table 1), the
bulky (4)-BINAP ligand might prevent coordination
of larger secondary amine to the Pd center, thus sup-
pressing the further arylation of 2 and 7.

3. Fluorescent properties

Structural modification frequently causes loss of their
fluorescence. However, all the N-substituted 6-amino-
tpy and 6,6”-diamino-tpy derivatives prepared here
exhibited moderate to strong fluorescence. Their fluores-
cence maxima in dichloromethane solution at 20 °C are
also included in Tables 1 and 2. N-Alkyl substitution
caused bathochromic shift of fluorescence, and N-
phenyl substitution induced larger shift. Since all the
N-substituted amino-tpys showed fluorescence with
slightly different fluorescence maxima, it is confirmed
that N-substitution is the useful method for fine-tuning
of the fluorescence maxima ranging from 385 to
455 nm without damaging the highly fluorescent nature
of the parent compound 1.

Thus, the Pd-catalyzed amination was shown to be
applicable to the highly coordinating substrate, bro-
mo-substituted tpys, by selection of the appropriate
bidentate phosphine ligand, DPPF or (+)-BINAP, and
a series of novel fluorescent N-substituted amino-tpys
with fine-tuned fluorescence maxima were conveniently
prepared in one-step in moderate to satisfactory yields.
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