Communications to the Editor Bull. Korean Chem. 26602 Vol. 23, No.1 13

Synthesis of Novel Ruthenium(ll) Complexes Containing 2:Bipyridyl and 2-(2-Pyridyl)
benzimidazole Ligands and Their Electrochemiluminescent Characteristics

Do Nam Lee, Hae Jin Park, Dae Ho Kim, Sang Woo Lee, Se Jong ParByeong Hyo Kim and Won-Yong Leé'
Department of Chemistry, Kwangwoon University, Seoul 139-701, Korea
"Department of Chemistry, Yonsei University, Seoul 120-749, Korea
Received August 7, 2001

Keywords : Electrochemiluminescence;Diimine, Ru(ll) complexes, Donor ability.

The property of eletrochemiluminescence (ECL) has leCrc,p-cymene)l, -2~ [Ru(p-cymene)®BIm-R)CICI

to a sensitive and selective detection method for the analys 1a (R = H) o
of a wide range of compounds=specially, luminescent e‘ \X 1b R = Me) \
f[ransition metal complexes ha_ve become an ingreasingl | [Ru(o-cymene)(bpy)CIICI  [Ru(bpy)o(PBIM-R)I(PFg)
important class of sensor materials, because ECL, in contra R UPBIM-RIIC] 3 2a (R = H, 50%)
to chemiluminescence (CL), is an electron transfer reactiol X "1 JalCl2 d 2b (R = Me, 72%)
that results in CL emission without bond breakage or rear Sa(R=H)

5b (R= Me) [Ru(PBIM-R)(bpy)](PFe)

rangement and can be recycled. The general rule of lumine (|
cent transition metal complexes shows that the emissio 1
always arises from the lowest excited state, which is eithe[Ru(PBIm-R)3](PFe)2
metal-to-ligand charge transfer (MLCT) or ligand localized 6a R =H, 41%)
- 71 transition?® &b (R= Me, 84%)
Of the numerous electrogenerated chemiluminescer a;EBl/rg{g/EtgHé E i)hz-géfbpé’;:zg, re;lux, ig E,men mﬁgs-
materials, Ru(bpyf* has been the most exploited ECL © PPY M 2 0. M-R/MZ0, TeTlux, 46 h, then NH4FFe.
compound to datbAs the characteristics (emission proper- = = oM /EIOH. H0 (1/2), 24 0. 0 NF4PFo
ties, luminescent intensities, and life time) may vary depend Scheme 1
ing on the local environment of the metal complexes (d-d
states, spin-orbit coupling, pume- 71 phosphorescences, PBIm-H, PBIm-Me, n =1, 2, 3), were obtained through the
and emitting state energy), we are interested in developingequential reaction of [Rugb-cymene)l® with bpy or
new inorganic complexes with local environments differingPBIm-R in ethanol, kD, or HO/EtOH as shown in Scheme
from Ru(bpy)** or known derivatives. In the present study 1. When 1 equiv of bpy or PBIm-R was applied to [R(EI
we report the synthesis and characterization of novel electraaymene)} in EtOH solution at room temperatuiegr 3 was
chemiluminescent ruthenium(ll) complexes, which are ex-obtained quite selectively. By refluxirigor 3 with 2 equiv
pected to be potent ECL materials. of alternative ligand in aqueous solution followed by RF
To explore new ECL compounds and to investigate thereatment,2 or 4 was obtained respectively in reasonable
effect of ligands, a series of ruthenium(ll) complexes havyield. Symmetrical complexes, suchGsvere obtained by
ing a-diimine ligands, such as 2Ripyridyl (bpy), 2-(2-  refluxing [RuCk(p-cymene)} with 3 equiv of PBIm-R (R=
pyridyl)-benzimidazole (PBIm-H)2-(2-pyridyl)N-methyl-  H, Me) in aqueous EtOH (v/v =2 : 1) followed by PR
benzimidazole (PBIm-Mé)4,4-dimethyl-2,2-bipyridyl (dmbpy)  treatment.
and 4-carboxymethyl-nethyl-2,2bipyridyl (mbpy-CHCOH),’ UV-vis spectral characteristics, oxidation potential, and
have been synthesized. ECL were examined for the prepared Ru complexes. The
Various novel ruthenium complexes, [Ru(kyyh]?* (L = absorption bands at 440-495 nm may be assigned to metal-
to-ligand charge transfer (MLCT) transitions. Although absorp-
tion bands were appropriately matched with [Ru(§pY)
(454 nm), the oxidation potentials of the imidazole ligand

g .
— — — = N " :
N N ) @<\ D €>—<\ Ij containing complexes were lowered substantially much more
N N N N N v
bpy

4 (R = Me, 71%)

than that of [Ru(bpy)®* (1.14 V). Moreover, complexes
PBIm-H PBIm-Me containing PBIm-H showed very low emission intensity
i CHy  HC CH,CO0H compared with that of the [Ru(bgif, which seemed to
— — = decrease with the increasing number of benzimidazole ligands
\ 7\ \ 7\ / (Table 1, entries 1, 2). In the case of PBIm-Me complexes,
N NN ECL intensity improved relative to the PBIm-H complexes,

probably because the emitting state was much further from
Figure 1. Chemical structures of ligands and their abbreviations. the ground state (Table 1, entries 3-5). According to the

dmbpy mbpy-CH,COOH
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Table 1 Spectral data of synthesized Ru(ll) complexes

UV-vis En ECL
Entry Ru(ll) cpd mp (V) (%)
1 [Ru(PBIm-H}|(PF): (63) 473 030 O
2 [Ru(bpyy(PBIm-H)](PR)2 (2a) 440, 485 0.69 4
3 [Ru(PBIm-Me}](PFs)2 (6b) 341,457 086 O
4 [Ru(PBIm-Me}(bpy)|(PR)2 (4) 341,456 0.98 4
5 [Ru(bpyy(PBIm-Me)](PK): (2b) 341,454 1.06 28
6 [Ru(dmbpy)(PBIm-Me)](PF)- (8a) 460 0.96 17
7  [Ru(dmbpy}](PFs)2 (12) 456  1.02 48
8 [Ru(dmbpy)(bpy)](PF)2 (8b) 458 1.05 60
9 [Ru(bpy}mbpy-CHCOH)](PFs)2 (13) 341,456 1.06 85
10 [Ru(bpy}dmbpy)](Pk)2 (10) 452 1.06 93

3In ethanol or aceton@Vleasured in acetonitrile4® at pH 7 containing
50 mM phosphate buffer as a supporting electrolyte at a glassy carb
electrodevs Ag/AgCI (3 M NaCl).“Relative ECL to [Ru(bpy]Cl..

energy gap law, radiationless processes become mo
efficient as the emitting state approaches the ground®state.
It seems that less electron-donating ligands are desirable
increase the MLCT transition energy.

Thus, as shown in Scheme 2,"4dnethyl-2,2-bipyridyl
(dmbpy) and 4-carboxymethyl-thethyl-2,2-bipyridyl
(mbpy-CHCO:H) were introduced to ruthenium in place of
PBIm-R to observe the electronic effect of the ligands. All of
the newly synthesized compounds were fully identified with
'H NMR, IR, UV-vis and FAB mass.

Benzimidazole (basic pKa = 5.4-5.6%)has been shown
to be more basic than pyridine (pKa = 3%)and PBIm-H
is a stronger donor than bpy, accordingls shown in
Table 1, in the case of [Ru(bpy)(PFs)2, ECL was improv-
ed as the less electron donating ligands were introdiieed,
2a<2b<13<10 The ECL tendency ¢fato be less than

2bis presumably interpreted as a hydrogen bonding effect of8.

N-H in 2a with aqueous solvent that results in the more
electron donating nature dfa compared with2b. The

A) [Ru(p-cymene)(L)CIICI  —2= [Ru(dmbpy)2(LI(PFe)
7 8a (L = PBIm-Me, 77%)
8b (L = bpy, 86%)

o

[RuCl, c

(p-cymene)p
N
[Ru(dmbpy)s]Clz
1
a) L/EtOH, 1t, 2 h. b) 2dmbpy/H,0, reflux, 24 h, then NH4PFg.

¢) dmbpy/EtOH, t, 2 h. d) 2bpy/H,0, reflux, 20 h then NH4PFe.
&) 3dmbpy/EtOH H,0 (1/2), reflux, 24 h. f) NHPFg

[Ru(p-cymene)(dmbpy)CIICI G [Ru(bpy)o(dmbpy)](PFe)2
9 10 (81%)

A

[Ru(dmbpy)sl(PFe)2
12 (67%)

Ru(bpy),Clz.2H;,0 —2~ [Ru(bpy)o(mbpy-CH,CO,H)ICI,
b}
[Ru(bpy)2(mbpy-CH2CO-H)](PFe)2
13 (X = PFg, 50%)
a) mbpy-CHCO,H/EtOH:H,0(1:1), reflux, 3 h. b) NH4PFe.

B)

Scheme 2

[0)
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slightly more electron donating character1& compared
with 10 might be due to carboxylate ion contribution in
aqueous solutioil€onceivably, a stronger donor ligand results
in the decrease of MLCT band energies of [Ru(igy)
(PFs)2. Moreover, a better ECL was observed if more of the
less electron donating ligands was introduced in the Ru
complex (for examplebb < 4 < 8a < 2b or 12 < 8b <10).
These results show that the trend in ECL is consistent with
the donor ability ofa-diimine ligands and the number of
substitutions to the complex. The general tendency of the
ECL vs ligand in Ru complexes could be concluded as
follows: PBIm-H < PBIm-Me < mbpy-CK¥COH < dmbpy

< bpy. However, we estimated that the ECL of [Ru(bpy)
L'7#(L' = dmbpy or mbpy-CKCO;H) is nearly equal to that

%f [Ru(bpy)]?* as the hyperconjugation effect is relatively
small. Further detailed study on the synthesis and characteri-
zation for novel ECL Ru complexes is in progress and will
be reported in due course.
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