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these values is below 30 nsec for four experimental con-
ditions (See Tables). The initial kinetic energy of Zn* ion is
found to be 22-44 kJ/mol at laser power of about 5x 10" W/
cm?. These values are equivalent to the velocities of 8 10°-
1.1x10° cm/s and the surface temperature of 2670-5100 K.
Time-of-flight measurement of Zn" ion indicates that its en-
ergy is very low. Similar results for the initial kinetic en-
ergy also were obtained by the pulsed copper ablation.

Conclusions

The flight time measurement of an ion as a function of
the time delay between the ablation laser and extraction
pulses has been demonstrated to be a useful method of ob-
taining the initial kinetic energy of an ion. The time-of-
flight dependence of an ion on time delay has been for-
mulated and fitted into experimental data to obtain the in-
itial kinetic energy of the ablated ion. At 532 nm and about
5% 107 W/cm* power, the initial kinetic ‘energy of ablated
ions have been found to be 22-44 kJ/mol.
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The synthesis and electronic as well as redox properties of four Ru(ll) complexes based on the ligand 4'-(4-
pyridyl)-3,3';5',3"-bis-dimethylene-2,2';6',2"-terpyridine are reported. Each new complex is of the type [Ru(L),]**
and [Ru(tpy)(L)]™*, where L is the terdentate ligand with extra pyridine ring at 4'-position or is a N-methylated
ligand and n=2, 3, or 4. Cyclic voltammetry indicates that the first electron added to the complex enters the

viologen-type acceptor in N-methylated ligand.

Introduction

Importance of polypyridines, especially 2,2'-bipyridine
(bpy) and 2,26'2"-terpyridine(tpy), stems from their
abilities to form complexes with various transition metals.
Ruthenium(Il) complexes of these polypyridines, show
somewhat unique spectroscopic,! electrochemical,”> photo-
physical and photochemical® and biochemical properties*

compared to other transition metals. Studies on the pho-
tophysical and photochemical properties of the ruthenium
complexes have been directed toward electron transfer
quenching process of the excited state to lead to energy stor-
ing redox products. Among the oxidative quenching agents,
pyridinium ions, including viologen have most likely been
employed. For the biochemical properties, some of ruthen-
ium complexes exhibit intercalative binding to DNA and
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show promising site specific probes for polynucleotides.

|\
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2,2'-bipyridine (bpy) 2,2',6',2"-terpyridine (tpy) viologen

Recent studies are focused on the rational design and syn-
thesis of ligands as well as their complexes to pursue such
desired properties. Most of systems, so far introduced, in-
clude 2,2-bipyridine unit to form Ru(bpy),(L)* complex
while a system with 2,2';6',2"-terpyridine is relatively rare.’
We herein describe design and synthesis of new terdentates
(1) which have electron donating metal center and viologen-
type electron acceptor in the same molecule upon com-
plexation of the N-methylated ligand.

Experimental

Melting points were determined on a Fisher-Jones melt-
ing point apparatus and are not corrected. Infrared spectra
were recorded on a Perkin Elmer 1330 spectrophotometer.
Nuclear magnetic resonance spectra were obtained on a
Varian Associates FT-80 spectrometer or a Nicolet NT-300
WB spectrometer. Chemical shifts are given in parts per mil-
lion downfield from Me,Si. Ultraviolet spectra were ob-
tained on a Perkin Elmer 330 spectrophotometer. Mass spec-
tra were obtained by direct sample introduction into a
Hewlett-Packard 5933A GC-Mass spectrometer or by in-
troduction as a 0.1 M NH,OAc solution into a Biospec LC-
MS spectrometer with a thermospray ionization interface.
Cyclic voltammetric measurement were carried out on a
IBM Instrument Model EC-225 Voltammetric Analyzer
utilizing a three electrode system. The working electrode
consisted of a 20 gauge Pt wire connected to a 24 gauge
copper wire and embedded flush at the tip of 5 mm (o.d.)
pyrex glass tube. A saturated KCl calomel solution by a
cracked glass bridge filled with 0.1 M TBAP (tetra-n-bu-
tylammonium perchlorate) in acetonitrile. The counter elec-
trode consisted of a 20 gauge Pt wire inserted directly into
the solution. Deaeration of all solutions was performed by
passing high purity nitrogen through the solution for five
minutes and maintaining a nitrogen atmosphere over the
solution while making measurements. A Hewlett-Packard X-
Y Recorder was used to record the cyclic voltammograms.
Halfwave potentials (E,,) were measured as the average of
the anodic and cathodic peak potentials. Scan rates varied
from 50-200 mV/sec. Electrochemical reversibility was judg-
ed on the basis of the following criteria:® (a) The separation
of the anodic and cathodic peak potentials (AE) equals 60/n
mV where n is the number of electrons involved in the
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redox process. (b) The ratio of the anodic and cathodic
peak currents (i,./i,.) is unity regardless of the scan rates.
All solvents were freshly distilled reagent grade. Aceto-
nitrile was distilled from CaH, under argon atmosphere for
cyclic voltammetry. Ru(tpy)Cl,,” and 2-(1-morpholino-
vinyl)pyridine (2a)® and 8-morpholino-5,6-dihydroquinoline
(2b)® were prepared by previously described procedure.

4'-(4-pyridyl)-2,2';6',2"-terpyridine (la). A solu-
tion of 5.00 g (26.0 mmol) of 2a and 1.31 g (13.0 mmol)
of 4-pyridinecarboxaldehyde in 20 mL of dioxane was re-
fluxed for 10 h. The mixture was cooled, made acidic with 5
N HC], and the organic layer was separated. The aq. layer
was made basic with 50% NaOH and extracted with CH,Cl,
(50 mL X 3). The organic layer was dried over MgSO, and
the solvent was evaporated. The crude material was not
identified but rather treated with 3 g of NH,OAc in 30 mL
of acetic acid at 150 °C for 3 h. After cooling, the solution
was made basic with 50% NaOH and extracted with CH,Cl,
(50 mL % 3). The organic layer was dried over MgSO,. Eva-
poration of the solvent gave a residue which was chro-
matographed on alumina eluting with CH,Cl,. The early
fractions gave 0.82 g (20%) of a desired product as a pale
yellow solid: mp 224-225 °C. 'H NMR (CDCl,, 80 MHz) &
8.79-8.61 (m, 8H), 7.88 (dd, 2H, J=7.7, 1.7 Hz, H4' and H
4"), 7.78 (d, 2H, J=4.8 Hz, H3"), 7.35 (dd, 2H, J=7.7, 4.8
Hz, H5' and H5"); “C NMR (CDCl,, 20 MHz) & 1564,
155.7, 150.5, 149.2, 147.4, 1459, 136.9, 124.0, 121.6,
121.3, 118.6; IR (KBr) v 3060, 2960, 1600, 1550, 1440,
1410, 1380, 1220, 1100, 900 cm™'; MS, m/e (rel. intensity)
300 (100, M), 299 (90, M-1), 233 (37), 91 (21), 65 (19).
Anal. Caled for C,0H,N,-H,0: C, 73.17; H, 4.88; N, 17.07.
Found: C, 72.95; H, 4.85; N, 17.09.

4'-(4-Pyridyl)-3,3';5',3"-bis(dimethylene)-2,2';6',
2"-terpyridine (1b). A solution of 2.16 g (10.0 mmol)
of 8-morpholino-5,6-dihydroquinoline and 0.60 g (5.60
mmol) of 4-pyridinecarboxaldehyde in 20 mL of dioxane
was refluxed for 10 h. The mixture was cooled, made
acidic with 5 N HCl, and the organic layer was separated.
The aq. layer was made basic with 50% NaOH and ex-
tracted with CH,Cl, (50 mL X 3). The organic layers were
dried over MgSO, and the solvent was evaporated. The
crude material was not identified but rather treated with 3 g
of NH,OAc in 30 mL of acetic acid at 150 °C for 3 h. Aft-
er cooling, the solution was made basic with 50% NaOH
and extracted with CH,Cl, (50 mL x3). The organic layer
was dried over MgSO,. Evaporation of the solvent gave a
residue which was chromatographed on alumina eluting
with CH,Cl,. The early fractions gave 1.08 g (56%) of a
desired product as a pale yellow solid: mp > 300 °C. 'H
NMR (CDCl,, 80 MHz) 8.79 (d, 2H, J=4.8 Hz, H2"), 8.75
(dd, 2H, J=4.8, 0.6 Hz, H6), 7.58 (dd, 2H, J=7.7, 0.6 Hz,
H4' and H4"), 7.29 (dd, 2H, J=7.7, 4.8 Hz, H5' and H5"),
7.19 (d, 2H, J=4.8 Hz, H3"), 2.91 (t, 2H, J=6.7 Hz), 2.67
(t, 2H, J=6.7 Hz); *C NMR (CDCl,, 20 MHz) § 151.1,
150.1, 149.7, 148.2, 144.6, 144.1, 134.7, 132.5, 130.6,
123.0, 122.8, 26.5, 24.8; IR (KBr) v 3060, 2962, 1600,
1570, 1550, 1442, 1410, 1390, 1220, 1100, 900 cm™!; MS,
m/e (rel. intensity) 362 (100, M), 361 (92, M-1), 149 (40),
91 (19), 65 (19). Anal. Calcd for C,,H;3N,-0.75H,0: C,
76.70; H, 5.19; N, 14.91. Found: C, 76.68; H, 5.20; N,
14.94.
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Ru(1a),(PFg),;. A solution of 0.25 g (0.81 mmol) of
1a and 0.10 g (0.40 mmol) of RuCl;-3H,0 in 25 mL of
EtOH-H,0 (1:1) was refluxed for 24 h. After cooling to
room temperature, the reaction mixture was filtered to re-
move any unreacted reagents. To the filtrate was added 0.13
g of NH,PF;, to provide 0.35 g of dark purple solid, which
was chromatographed on alumina eluting with CH;CN-to-
luene (1:1). The early orange fractions gave 25.0 mg of
desired complex. 'H NMR (CD;CN, 300 MHz) & 9.06 (s,
2H, H3 and H5), 8.97 (d, 2H, J=4.5 Hz, H2" and H6"™),
8.67 (d, 2H, J=7.9 Hz, H3' and H3"), 8.67 (d, 2H, J=4.8
Hz, H2"™), 8.14 (d, 2H, J=4.5 Hz, H3" and H5"), 7.97 (dd,
2H, J=7.8, 1.2 Hz, H4' and H4"), 7.42 (dd, 2H, J=5.5, 1.5
Hz, H6' and H6"), 7.19 (dd, 2H, J=7.8, 4.8 Hz, H5' and H
5"). LC-MS, m/e (rel. intensity) 721 (100, RuL,*), 310 (85,
L). Anal. Calcd for RuC,HxxNgP,Fy,: C, 47.48; H, 2.77; N,
11.08. Found: C, 47.64; H, 2.75; N, 11.10. The latter frac-
tions gave 0.15 g of dark purple solid which has not as yet
been identified. '

Ru(1b),(PFs),. A solution of 0.22 g (0.60 mmol) of
1b and 0.07 g (0.27 mmol) of RuCl-3H,0 in 25 mL of
EtOH-H,O (1:1) was refluxed for 24 h. After cooling to
room temperature, the reaction mixture was filtered to re-
move any unreacted reagents. To the filtrate was added 0.18
g of NH,PF, to provide 126.0 mg (37%) of orange red solid
which was recrystallized from CH,CN-toluene (1:1) to give
84 mg of orange red crystals. 'H NMR (CD,;CN, 300 MHz)
8 8.91 (d, 2H, J=5.8 Hz, H2" and H6™), 7.64 (d, 2H, J=7.9
Hz, H4' and H4"), 7.55 (d, 2H, J=5.8 Hz, H3" and HS5™),
7.33 (dd, 2H, J=5.5, 1.2 Hz, H6' and H6"), 7.10 (dd, 2H, J=
7.8, 5.5 Hz, HS' and H5"), 3.29 (t, 2H, J=7.0 Hz), 3.17 (t,
2H, J=7.0 Hz). LC-MS, m/e (rel. intensity) 825 (87, RuL,™),
362 (85, L). Anal. Calcd for RuCH;NsP,Fy: C, 51.66; H,
3.23; N, 10.04. Found: C, 51.72; H, 3.21; N, 10.02.

Ru(tpy)(1b)(PF¢),. A mixture of 0.14 mg (0.32
mmol) of Ru(tpy)Cl; and 0.13 g (0.35 mmol) of 1b in 20
mL of EtOH-H,O (1:1) was refluxed for 24 h. After cool-
ing to room temperature, the reaction mixture was filtered.
To the filtrate was added 105 mg (0.64 mmol) of NH,PF,
to give 0.30 g (93%) of orange red precipitate, which was
chromatographed in alumina eluting with CH;CN: toluene (1
:1). The early fractions afforded orange red crystals. 'H
NMR (CD,CN, 300 MHz) § 8.91 (d, 2H, J=3.8 Hz, H2" of
1b), 8.73 (d, 2H, J=8.2 Hz, H3' and H3" of tpy), 8.50 (d,
2H, J=8.0 Hz, H3 and HS of tpy), 8.39 (t, 1H, J=8.2 Hz, H4
of tpy), 7.95 (td, 2H, J=7.8, 1.2 Hz, H4' and H4" of tpy),
7.62 (d, 2H, J=7.8 Hz, H4' and H4" of 1b), 7.56 (d, 4H, J=
5.5 Hz, H3" of 1b and H6' and H6" of tpy), 7.28 (dd, 2H,
J=8.0, 4.8 Hz, H5' and H5" of tpy), 7.10 (d, 2H, J=5.5 Hz,
H6' and H6" of 1b), 7.02 (dd, 2H, J=7.8, 5.5 Hz, HS' and
H5" of 1b), 3.30 (1, 2H, J=7.7 Hz), 3.18 (t, 2H, J=7.7 Hz).
LC-MS, m/e (rel. intensity) 696 (45, Rul,™), 362 (85, 1b),
233 (100, 1a). Anal. Calcd for RuC;HyuN,P,Fiy: C, 47.46;
H, 2.94; N, 9.94. Found: C, 47.56; H, 2.92; N, 9.92.

Ru(tpy)(1b*-CH;)(PFg),. A solution of 40.0 mg
(0.04 mmol) of Ru(tpy)(1b)}(PF;), and 0.5 mL of CH,l in 10
mL of acetone was stirred for 12 h. A dark red precipitate
was collected to give 30.0 mg of desired product and con-
centration of the filtrate gave additional 13 mg of dark red
solid (overall yield 94%). '"H NMR (CD:CN, 300 MHz)
8.94 (d, 2H, J=6.4 Hz, H2" of 2), 8.75 (d, 2H, J=8.3 Hz,
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H3' and H3" of tpy), 8.51 (d, 2H, J=8.0 Hz, H3 and HS of
tpy), 8.41 (t, 1H, J=8.2 Hz, H4 of tpy), 8.34 (td, 2H, J=7.8,
1.2 Hz, H4' and H4" of tpy), 8.30 (d, 2H, J=6.4 Hz, H3"
of 1b), 7.95 (t, 2H, J=7.7 Hz, H4' and H4" of 1b), 7.66-7.62
(m, 4H, H6' and H6" of tpy and H4' and H4" of 1b), 7.29
(dd, 2H, J=8.0, 4.8 Hz, H5' and H5" of tpy), 7.13 (d, 2H, J=
5.6 Hz, H6' and H6" of 1b), 7.04 (dd, 2H, J=7.6, 5.9 Hz, H
5' and H5" of 1b), 4.49 (s, CH,), 3.34 (t, 2H, J=7.7 Hz),
3.20 (t, 2H, J=7.7 Hz). Anal. Calcd for RuCsH;,N,P,F;,l:
C, 42.55; H, 2.84; N, 8.69. Found: C, 42.48; H, 2.835; N,
8.73.

Ru(1b*-CH,),(PF¢),l,, To a solution of 30.0 mg
(0.027 mmol) of Ru(1b)PFe), in 20 mL of acetone was
added 1.5 mL of CH,I. The resulting mixture was refluxed
for 12 h to afford 22.0 mg of red precipitate. Concentration
of the solvent gave an additional 10 mg of desired product
(overall yield 85%). '"H NMR (CD,CN, 300 MHz) & 8.95
(d, 2H, J=6.4 Hz, H2"), 8.38 (d, 2H, J=6.4 Hz, H™), 7.66
(d, 2H, J=7.9 Hz, H4' and H4"), 7.51 (dd, 2H, J=5.5, 1.2
Hz, H6' and H6"), 7.15 (dd, 2H, J=7.8, 5.5 Hz, HS' and H
5"), 4.49 (s, CHy), 3.35 (t, 2H, J=7.5 Hz), 3.21 (t, 2H, J=7.5
Hz). Anal. Calcd for RuCsH, NgPoFlo: C, 42.89; H, 3.00;
N, 8.01. Found: C, 43.02; H, 2.98; N, 8.03.

Results and Discussion

Synthesis

The ligands were prepared by either employing pre-
viously reported method or modification of such a method.’
The morpholino enamines 2 were reacted with 4-py-
ridinecarboxaldehyde (3), followed by treatment with
NH,OAc to afford the terpyridines 1 which incorporated an
additional 4-pyridyl ring at the 4'-position of 2,2';6',2"-ter-
pyridine and 3,3";5',3"-bisdimethylene bridged derivative.

CHO
l N
XX Z
| 1) N R
3 Hy0 NH,OAc
O
(0)
2a X=H,H 1a X=H.H
b X=-(CH)y b X =-(CHa)z-
1) RuCh CHal
Ru(1)2(PFe), Ru(1b*-CHy)o(PFe)ala
2) NHPFy

The morpholine enamine of 2-acetylpyridine (2a) is a re-
latively labile species and substantially lost during its dis-
tillation under reduced pressure. Reaction of 2a with 4-py-
ridinecarboxaldehyde (2) resulted in a 20% yield of 4-(4-
pyridyl)-2,2';6',2"-terpyridine (1a). The yield was sig-
nificantly improved in the reaction of 2b with 3 to afford
1b in 56% yield. Our ultimate interest in such molecules is
the preparation and studies of metal complexes possessing
remote functionalization. To this end we tried to form a bis-
complex with ruthenium. Reaction of la with RuCl;-3H,0
provided bis-complex -in only 3% yield while the bis-di-
methylene annelated analog 1b formed a similar complex in
37% vyield. The dimethylene bridges in 1b hold the ter-
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Table 1. Selected 'H NMR spectral data for the aromatic protons of 1 and its Ru(Il) complexes

Chemical shifts (ppm)

X Compound H3' H4' H3 H4 H5 H6 H2" H3"
_ 1a° 8.79-8.61 - 8.79-8.61 7.88 7.35 8.79 -8.61 7.78
HH Ru(1a),(PF,), 9.06 - 8.97 7.97 7.43 7.43 8.67 8.14
y CH . 1b - - - 7.58 7.29 8.75 8.79 7.19
_(CH2)2_ Ru(1b),(PF,), - - - 7.64 7.10 733 8.91 7.55
_(CHZ)Z_ Ru(1b*-Me),(PF,),1, - - - 7.66 7.15 7.51 8.95 8.38
B CH2)2_ Ru(tpy)(1b)(PFy), - - - 7.62 7.02 7.10 8.91 7.56"
i - 8.74 8.39 8.50 7.95 7.27 7.56° - -
(CHy» Ru(tpy)(1b*-Me)(PF,),I - - - 7.64 7.04 7.13 894 830
2 8.75 8.34 8.1 7.95 7.29 7.64° - -

“ Data obtained from 80 MHz '"H NMR spectrum. ” Chemical shifts of 1b moiety. ° Chemical shifts of 2,2';6',2"-terpyridine moiety.

dentate chelating moiety in a cavity shaped conformation
which is favorable for the desired complexation. Relatively
low yields are presumably due to cyclometallation pathways
which might compete through other conformation of 1a as
well as complexation of the extra pyridyl moiety of 1la and
1b.

Reaction of Ru(tpy)Cl; with 1b, however, gave a mixed
complex Ru(tpy)(1b)** in 94% yield. These ruthenium com-
plexes were readily methylated by the reaction with CH,I to
afford corresponding N-methylpyridinium salts in over 85%
yield while direct methylation of 1b with CH,l resulted in
mixtures of salts.

CHsl

Ru(tpy)Cls = Ru(tpy)(1b}PFs) ——= Ru(tpy)(1b'-Me)(PF)I

Properties

NMR Spectra. The NMR spectral data of the ligand 1
and their Ru(Il) complexes are summarized in Table 1.
Coordination resulted in a significant downfield shift for the
proton resonances except H5(H5") and H6(H6"). These two
protons were upfield-shifted by 0.16-0.19 and 1.42 ppm for
H5(H5") and H6(H6"), respectively. The H6(H6") protons
are directed somewhat toward the shielding region of the
central pyridine ring of the neighboring ligand, resulting in
considerable shielding of these protons. The shielding of the
more remote HS(H5") may be explained in a similar
fashion. At the same time, the shielding effects on HS(HS")
and H6(H6") are somewhat compensated by deshielding ef-
fects due to the electron-withdrawing 4-pyridyl ring at 4'-po-
sition of the orthogonal ligand. Thus these two protons
were shifted downfield by 0.16 and 0.22 ppm, respectively,
compared to the corresponding resonances of Ru(tpy),™."”
Similar changes were observed when comparing the chem-
ical shifts of HS and H6 of the 2,2'6',2"-terpyridine moiety
in Ru(tpy)(1b)** to the corresponding protons of Ru(tpy),”.
Methylation of Ru(1b),** and Ru(tpy)(1b)** resulted in con-
siderable deshielding of all protons by 0.05-0.83 ppm.

Table 2. Electronic absorption data for Ru(II) complexes
Mnax (€) (1.0X107° M in CH,CN)

230 (45,450), 300 (40,000), 310 (45,640)
338 (31,180), 358 (38,000), 480 (17,090)
Ru(1b*-Me),(PF,),1,

243 (68,550), 298 (39,550), 310 (39,180)
343 (29,270), 358 (37,090), 484 (17,270)
268 (39,550), 308 (69,550), 358 (28,000)
478 (20,730)

230 (45,000), 270 (38,640), 308 (57,450)
360 (25,450), 480 (19,090)

Complexes
Ru(1b),(PF),

Ru(tpy)(1b)(PF>),

Ru(tpy)(1b*-Me)
(PF),1

Two benzylic methylene protons in 1b were not
equivalent and being mobile on the NMR time scale, ex-
hibited two triplets at 2.91 and 2.67 ppm, which are some-
what (A8 0.1 and 0.34, respectively) upfield-shifted com-
pared to the literature value® (8 3.01, eight proton singlet)
of corresponding protons in 3,3',5',3"-bis(dimethylene)-2,2";
6',2"-terpyridine. These two resonances were shifted to 3.35
and 3.21 ppm upon complexation with ruthenium indicating
the dimethylene units remain mobile.

Integrations of the '"H NMR specra of [Ru(tpy)(1b*-CH,)[*
and [Ru(1b*-CH,),]** indicate that there are 1 and 2 methyl
protons (singlet 8 4.49, 3H and 6H, respectively). The chem-
ical shifts of methyl protons were matched with the re-
ported values'! of the related compounds.

Electronic Spectra. Table 2 summarizes the elec-
tronic absorption data for the Ru(ll) complexes and their
methylated derivatives under discussion. The spectra con-
sisted of two well defined regions (Figure 1). A relatively
intense absorption generally consisting of three distinct
bands was observed at shorter wavelength, 240-400 nm.
This observation was readily assigned to a ligand-centered
n-7* transition by comparing with the spectra of protonated
2,2':6"2"-terpyridine™ and Ru(tpy),**."* As the ligand varied
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Figure 1. Electronic absorption spectra of Ru(1b),(PF,), (—),

Ru(tpy)(Ib)(PFy), (---), Ru(tpy)(1b’-CH;)(PF)l (—--—--), and
Ru(1b*-CH,),(PE).L, (——-—) (1.0x 10 ° M in CH,CN).

Table 3. Redox potentials for Ru(Il) complexes in CH;CN (0.1
M TBAP) at 25 °C

Eys V (vs. SCE)

Complexes . :
Oxidation Reduction

Ru(1b)(PF,), 1.31(60)° ~1.25(60) - 1.52(100)
Ru(tpy)(Ib)(PE;), 1.38(60) 0.70(70)° - 0.90(60)  — 1.20(90)

0.30(70Y — 1.58(240)°
Ru(tpy)(1b*-Me)  1.34(60) —1.21(60) - 1.48(70)
(PF),l
Ru(tpy),(PF), 1.27(60) -127(60) - 1.51(67)

“The values in parentheses are AE=|E,.-E,|. °Oxidation
potentials are originated from the process ' =1 + e, 1 + e —
L, 1, — I, +e  (cf) Oxidation potentials (Ey) of N-
methylpyridinium iodide are 0.77(80) and 0.18(30) V. “ Potential
of the anodic peak.

from 2,26'2"-terpyridine to 1b, the intensity of the ab-
sorption band at 308 nm is found to decrease showing more
fine structure. This fine structure might be explained by the
restriction of the mobility and increased planarity of the ter-
pyridyl moiety in Ru(1b),(PF), and Ru(lb’-Me),(PF¢)l,
leading to better Frank-Condon overlap between the ground
and excited states. A less intense, longer wavelength band
centered at 480 nm was assigned to the metal to ligand
charge transfer state in which an electron is promoted from
the metal t,, orbital to a T* antibonding orbital of the ligand.

Somewhat surprisingly, a distinct absorption band, arising
from a MLCT state between Ru(Il) and the remote N-
methylpyridnium group, was not observed. The MLCT
might be heavily centered on the terpyridyl moiety such
that the nonplanar additional 4-pyridyl ring at the 4'-po-
sition will not significantly affect the properties of the
MLCT.

Cyclic Voltammetry. The redox potentials for the Ru
(II) complexes were determined by cyclic voltammetry in

Yurngdong Jahng et al.
/\\
»;
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Current

+1.5 +1.0 +0.50 0.0 -0.5 -1.0 -1.5
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Figure 2. Cyclic voltammograms of Ru(1b),(PF), (top), Ru(tpy)
(1b)(PFy), (middle), and Ru(tpy)(1b*-CH;}(PF),I (bottom) in CH,
CN 0.1 M TBAP). Conditions: Pt electrode; scan rate 200 mV s~ '

CH,CN and are summarized in Table 3. All complexes
showed a single one-electron reversible wave for the Ru(II)/
Ru(Ill) oxidation in the region of 1.31-1.38 V which was
shifted to more positive potential than what was observed
for Ru(tpy),”* (1.27 V) (Figure 2). There were two reduc-
tion waves in the region of (-)1.20-(-)1.25 V and (-)1.48-(-)
1.58 V which corresponded to the Ru(Il)/Ru(l) and Ru(l)/
Ru(0) couples, respectively. The first reduction was shifted
to more positive potential compared to Ru(tpy),”* [(9)1.27
V)]. These observations are consistent with earlier reports
that electron-withdrawing groups make Ru(ll) complexes
both easier to reduce and harder to oxidize."* For the com-
pound Ru(tpy)(1b*-Me)(PF,),], the first reduction at —0.90
V originated from a one electron addition to the LUMO of
the N-methylpyridinium moiety compared to the reduction
potentials of N-methylpyridnium salt as well as Ru(II) com-
plex of N-methyl-4,4'-bipyridinium ijodide.”” Unfortunately,
Ru(1b*-Me),PF,),l, was too insoluble to obtain a cy-
clovoltammogram.

In conclusion, we report the preparation 2,26',2"-ter-
pyridine with extra pyridyl ring at 4'-position and its 3,315,
3"-bis-dimethylene derivative and their Ru(Il) complexes.
The electronic and redox properties of the Ru(lb),”* com-
plexes as well as a mixed complex Ru(tpy)(1b)* were stu-
died. These ruthenium complexes were methylated to form
N-methylpyridinium salts which expected to affect MLCT
but fail to affect the properties of MLCT presumably due to
nonplanarity between the terdentate moiety and extra py-
ridyl ring.
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para-Substituted Benzenesulfonates

In Sun Koo, Kiyull Yang, Keumduck Kang, Jong Keun Park,
Hyuck Keun Oh*, and Ikchoon Lee**

Department of Chemical Education, Gyeongsang National University, Chinju 660-701, Korea
*Department of Chemistry, Chonbuk National University, Chunju 560-756, Korea
**Department of Chemistry, Inha University, Inchon 402-751, Korea
Received October 22, 1996

Rate constants for solvolyses of cyclopentyl para-substituted benzenesulfonates are reported for aqueous binary
mixtures with acetone, ethanol and methanol. These data are interpreted using the equations of original and ex-
tended Grunwald-Winstein relationship, Hammett equation, potential energy surface model, and quantum
mechanical model. The Grunwald-Winstein plots of first-order rate constants for cyclopentyl benzenesulfonates
with Yor, (based on 2-adamantyl tosylate) show a dispersion phenomenon while the extended Grunwald-Win-
stein plots show a good correlation (r>0.997) for the solvolyses of cyclopentyl tosylate, benzensulfonate, and
para-chlorobenzenesulfonate. This study has shown that (i) the magnitudes of m, [ and m/! associated with a
change of solvent composition indicate a relatively advanced bond-breaking in the transition state for the sol-
volysis of cyclopentyl tosylate, (ii) the decrease of p; value with solvent change from pure ethanol to pure wat-
er implies a product-like transition state, where bond breaking is much more progressed than bond formation
(i) both the potential energy surface and quantum mechanical models are applicable for the prediction of the
transition state variation involving more product-like S,2 transition state, and (iv) the Sy2 reaction via product-
like transition state appears to cause the dispersions in the original Grunwald-Winstein correlations.

Introduction

Dispersion into separate lines in the correlation of the

specific rates of solvoysis of a substrate in various binary
mixtures was documented' in early treatments using the
Grunwald-Winstein Eq. (1).

log(k /ko)=mY +c §y)

In Eq. (1), k and &, are specific rates of solvolysis of a
substrate in a given solvent, of solvent ionizing power Y,
and in 80% ethanol, respectively, m is the sensitivity to
changes in Y values, and c is a residual (constant) term. Eq.
(1) is commonly written without the intercept (¢), which is
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not required for typical interpretations, but it is often con-
sidered as a "hidden" adjustable parameter in the corre-
lations.*

In general, dispersion effects in unimolecular solvolyses™®
make smaller contribution to the overall linear free energy
relationship (LFER) than solvent nucleophilicity effects in
bimolecular solvolyses. It was suggested” that a second term
which is govermed by the sensitivity / to solvent nu-
cleophilicity N, should be added to Eq. (1) for bimolecular
solvolyses. The resulting Eq. (2) is often referred to as an
extended Grunwald-Winstein equation.

log(k /ko)=mY +IN @)

It was also suggested that a Y scale based on 2-adamantyl
tosylate solvolysis’ (Yor,) should be the most appropriate,
and Ngr, values can be obtained from Eq. (3).

G)

The main cause of dispersion in the Grunwald-Winstein
plots using Eq. (1) is the different leaving group in the sol-
voysis of a given substrate from that of the standard sub-
strate used to establish the Y scale being used in the corre-
lation." Other causes of dispersion phenomenon are the
resonance stabilization within benzylic carbocations and ap-
preciable crowding in the vicinity of the reaction center."!

The potential energy surface (PES) model' for predicting
transition state variation is based on the application of the
Hammond postulate'® and the Thornton's rule** to the reac-
tion of a nucleophile (N) attacking a substrate (RL),

N(B) + RL(A) — [N--R--L]* > N-R+L (4

While the PES model has been successful in many ap-
plications, one of the prominent failures of this model in-
volved the inability of predicting the effect of changing the
leaving group on transition-state structure of nucleophilic
substitution reactions."

Pross' et al., and Lee et al.,'"’ however, solved this dif-
ficulty by analyzing the effect of leaving groups on tran-
sition-state structure using a simplified quantum mechanical
(QM) model. In the method of Pross et al,' transition
states are defined in terms of linear combinations of reac-
tant configurations. This model has been shown to predict

N o =log(k /ko Jmeors— 0-3Y o6

In Sun Koo et al.

correctly the effects of nucleophiles and substrates as well
as of leaving groups when applied to a limited family of
reactions such as the S,2 reaction of benzyl derivatives.

In this work, transition state variation in the solvolysis of
some cyclopentyl para-substituted benzenesulfonates in
EtOH-H,O0, MeOH-H,0 and Acetone-H,O mixtures is in-
vestigated by applying the extended Grunwald-Winstein
equation, the Hammett equation, the potential energy sur-
face model and the quantum mechanical model.

Results and Discussion

Solvent Effects. Rate constants for solvolyses of cy-
clopentyl tosylate, cyclopentyl benzenesulfonate, cy-
clopentyl para-chlorobenzenesulfonate, and cyclopentyl
para-nitrobenzenesulfonate in aqueous binary mixtures of
acetone, ethanol, and methanol are reported in Table 1. In
order to eliminate the dispersion phenomenon due to vari-
ation of leaving group in Grunwald-Winstein plots, we tried
to correlate log k with Yor, using k values obtained in this
work. The Grunwald-Winstein plots of first-order rate con-
stants for cyclopentyl tosylate with Yor, (based on 2-a-
damantyl tosylate) still showed dispersions for cyclopentyl
tosylate, cyclopentyl benzenesulfonate, and cyclopentyl
para-chlorobenzenesulfonate (Figures 1, 2, and 3). However,
the plot of first-order rate constants for cyclopentyl para-ni-
trobenzenesulfonate with Yo, (based on 2-adamantyl
tosylate) showed a little dispersions (Figure 4).

Since cyclopentyl para-substituted benzenesulfonates are
neither conjugated systems nor aromatic rings adjacent to
the reaction center in the substrate, it can not be explained
by phenomenon of the dispersion caused by differential sol-
vation effect on the stabilized reaction center by con-
jugation with adjacent conjugated system or aromatic rings.
Therefore such phenomenon can be explained as dispersion
effect caused by other specific solvent effect or a change of
reaction mechanisms according to the variation of solvent
composition. In order to examine the cause of this disp-
ersion phenomenon, we correlated using extended
Grunwald-Winstein equation with the rate data in Table 1.
The extended Grunwald-Winstein plots showed good corre-
lations for cyclopentyl benzenesulfonates solvolysis (Figures.

Table 1. Rate constants(k) solvolyses of cyclopentyltosylates in aqueous binary mixtures at 25 °C

kx10* sec™’
MeOH EtOH Acetone
viv%
p-CH, H pCl  p-NO, p-CH, H p-Cl p-NO, p-CH, H p-Cl p-NO,
100 0.115 0.171 0.407 2.59 0.0325 0.0732 0.128 0.820

90 0.242 0.388 0.993 4.09 0.103 0.181 0.560 3.68
80 0.515 0.908 2.26 15.8 0.254 0.430 1.34 10.4 0.0288  0.066 0.202 1.93
70 1.05 1.86 4.62 29.6 0.496 0.865 2.64 20.6 0.112 0.207 0.670 5.72
60 2.20 3.72 9.20 57.6 0.907 1.55 5.04 39.2 0.321 0.526 1.84 154
50 4.56 7.51 18.7 108 1.93 3.05 9.52 72.0 0.919 2.06 4.82 37.7
40 9.17 16.0 36.2 207 4.35 7.53 20.0 147 248 491 12.6 91.7
30 19.3 33.1 70.0 378 12.0 22.8 48.6 310 7.69 18.2 33.0 211
20 36.8 65.6 126 635 32.7 479 115 635 21.9 35.8 74.8 442
10 69.1 110 186 944 63.9 112 189 1010 59.3 84.7 148 836

0 101 177 282 1380 101 177 282 1380 101 177 282 1380
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Figure 1. Logarithms of first-order rate constants for solvolyses
of cyclopentyl tosylate at 25°C vs. Yor,.
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Figure 2. Logarithms of first-order rate constants for solvolyses
of cyclopentyl benzenesulfonate at 25 °C vs. Yor,

S, 6,7, and 8).

The nucleophilicity parameter (N) has previously been
shown to give considerable improvement when an IN term
is added to the original Grunwald-Winstein correlations of
the solvolyses reactions. The m value is changed slightly aft-
er removal of dispersion, but the associated standard errors
are substantially reduced. The correlation coefficient of
0.989 in the absence of the IN term was improved to 0.996
with the IN term for cyclopentyl tosylate solvolysis. There-
fore, it shows the importance of solvent nucleophilicity com-
pared to solvent ionizing power for the solvolysis of cy-
clopentyl tosylate. And also, same linear free energy re-
lationships for the solvolysis of cyclopentyl ben-
zenesulfonate and cyclopentyl para-chlorobenzenesulfonate
were improved with good linear correlation coefficients.
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Figure 3. Logarithms of first-order rate constnats for solvolyses
of cyclopentyl para-chlorobenzenesulfonate at 25 °C vs. Yor,
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Figure 4. Logarithms of first-order rate constants for solvolyses
of cyclopentyl para-nitrobenzenesulfonate at 25 °C vs. Yor,.

This indicates that the solvolysis of cyclopentyl derivatives
proceeds by predominantly Sy2 pathway with a more pro-
duct-like transition state (asymmetric TS, [N*-- C---L3"]%),
where bond breaking is much more progressed than bond
formation (vide infra). The S)2 reaction via product-like
transition state appears to cause the dispersions in the
present Grunwald-Winstein correlations.

Substituent Effects. The Hammett plot (Figure 9)
for the variation of substituents of leaving group shows a
good linearity (r=0.997) with large positive slopes, p,=
0.90-1.7 in various alcohol-water solvents at 25 °C (Table
3). Relatively large p, values suggest that bond breaking
tends to be advanced in the transition state of the solvolysis
of cyclopentyl benzenesulfonates. If we assume virtually
separate p values for bond formation (p;<0) and bond break-
ing (p>0),”® positive p, values obtained suggest predom-
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Figure 5. Plot of log(k/k,) for cyclopentyl tosylate against

0.70Y51s+0.91N 615 (r=0.996).
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Figure 6. Plot of log (k/k,) for cyclopentyl benzenesulfonate
against 0.67Y+0.72N (r=0.994).

inance of the bond-breaking in the transition state. The re-
latively loose transition state with a large degree of bond
cleavage predicted for the solvolysis of cyclopentyl arenesul-
fonates in this work is consistent with the relatively small
pxz values found for the Sy2 reactions of cycloalkyl
derivatives.!” It has been shown that the magnitude of pxg,
which is defined by Egs. (5),” is inversely proportional to
the tightness of the Sy2 transition state (or to the distance
between reaction centers on nucleophile (X) and leaving
group (Z), Yxz~, which is the same

log(kyz /kya) = Px Ox + Pz Oz + Pxz Ox Oz (5a)
dpz _ 9px
=Ll =% 5b
pﬂ a GX a O,Z ( )

as Ywm.© Eq. (4); the larger the magnitude of py, the tighter
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Figure 7. Plot of log (k/k,) for cyclopentyl para-chloro-
benzenesulfonate against 0.63Y+0.69N (r=0.999).
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Figure 8. Plot of log (k/k,) for cyclopentyl para-nitro ben-
zenesulfonate against 0.59Y+0.44N (r=0.998).

is the transition state, ie., the shorter is the Y * (or ™).
Moreover, the py, value has been found to be a relatively
large constant value for the S,2 reaction at a primary car-
bon (pyz=0.3), whereas it is a smaller constant at a secon-
dary carbon center (py,=0.1), irrespective of the size of the
group attached to the reaction center. These constant Py
values suggest that the transition state tightness of the Sy2
reactions is tight or loose i.e., Yiz* (or Yx.*) is short or long,
depending on whether the reaction center carbon is primary
or secondary, but the transition state tightness varies very lit-
tle with regard to the group attached to the reaction center."”
The constancy of the transition state tightness has been con-
firmed by the experimental py, values as well as by a high
level ab initio MO calculations,” the difference in the ex-
perimental py, values between the primary and secondary
carbon centers of ca. 0.2 (Apy;=0.2) corresponded to the



-Transition-State Variation in the Solvolysis Reaction

4 T T T i T T

4+logk

100E
1 L 1 I} i 1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

a
Figure 9. Hanmmet plot for the solvolysis of cyclopentyl ben-
zenesulfonates in alcohol-water at 25 °C.

Table 2. Correlation of the specific rates of solvolysis of cy-
clopentyl benzenesulfonates at 25 °C

Substituents m ) m/l r

p-CH, 0.70 0.91 0.77 0.996
H 0.67 0.72 0.93 0.994
p-Cl 0.63 0.69 0.91 0.999
p-NO, 0.59 0.44 1.34 0.999

Table 3. Hammett p, values for the solvolysis of cylopentyl
para-substituted benzenesulfonates in alcohol-water at 25 °C

Sovlents 100E 100M S50E 50M H,O
PL 1.74 1.54 1.55 1.26 0.92
r 0.998 1.00 0.998 0.998 0.997

Ay* values of ca. 0.1 A (Ay,*=0.1 A).°

Since cyclopentyl derivatives used in this work have a
secondary carbon reaction center and react by the S,2
mechanism,'® the transition state is expected to have a rath-
er loose structure, as evidence by the large component of
Sy2 character (large [ values) as well as by the large p,
values (p,=1.0-1.7). The decrease of p, from pure ethanol
to water (1.7—0.90) implies an increasing importance of
bond making in the. transition state. The transition state is
therefore more product-like (more asymmetric transition
state, [N®-- C---L*"]*), where bond breaking is much more
progressed than bond formation in ethanol than water. This
is again in line with a relatively constant transition state
tightness, ie., Yy~ =constant, since a stronger nucleophile
(EtOH) should lead to a shorter Wwet with a larger Y™
(larger v;), whereas a weaker nucleopile (H;O) leads to a
longer yv* with a shorter Yo *, with approximately con-
stant total tightness, i.e., Yy * =Yoo ™ +Yo * = constant.

Application of the PES model. The most recent
and convenient method of application of the PES model is
to use a More O'Ferrall type of energy surface’ (Figure 10)
in predicting the changes in the structure of the transition
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N-C bond formation

N—(II—-L

Figure 10. Potential energy surface for nucleophilic substitution
of cyclopentyl benzenesulfonates; N is the nucleophile, and en-
ergy minima and maxima are repreented by circles and star
marks, respectively.

state as a sustituent in the substrate, the nucleophile, or the
leaving group is changed. Since it is well established that
bond-breaking is more ahead of bond-making in the tran-
sition state of nucleophilic cyclopentyl sulfonates sub-
stitution, the transition state will lie on the reaction coor-
dinate between Syl and Sy2 paths. It can be readily shown
that both an early, F, and a late, G, transition states would
not be consistent with the experimental results. Similarly
simple considerations of the effects of substituents in the
substrate lead us to reject the Syl mechanism as untenable;
an electron-withdrawing substituent in the leaving group
should stabilize the upper left corner which is on the reac-
tion coordinate of the Syl path and the first transition state
H will move toward reactants corner (the second transition
state, I, away from products comer) hence C-L bond
cleavage should decrease in contrary to the experimental
results; the small p; values obtained for a higher ionizing
power solvent suggest a shorter C-L bond in the transition
state. The increase in ionizing power of solvent mixture
should enhance the leaving ability by assisting the leaving
group L to depart more easily causing a slight increase in
the length of the C-L bond. On the PES diagram, the in-
crease in the ionizing power stabilizes the upper corner, and
this should cause the transition state A to move to, e.g. D
which is obtained as a vector sum of AB and AC. Thus vec-
tor AD will be somewhere in between the vector AB and
AC depending on the magnitudes of the two vectors. The
PES model now predicts that the increase in the ionizing
power should always lead to a longer N-C bonds ir-
respective of whether perpendicular or parallel effect is
stronger. This is consistent with the experimental results
since smaller p; values clearly indicated a shorter C-L to-
gether with a longer N-C bond (keeping approximately con-
stant Yy;¥) as the ionizing power of solvents is increased in
water. Thus we conclude that the PES model predicts tran-
sition state variation correctly for Sy2 reaction of cy-
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Table 4. The structural effects of the key configurations on the
reaction complex, [N---R---X]

Structural effect

Configuration

N-R R-X
BA loose tight
B'A” tight loose
BA* loose loose

clopentyl benzenesulfonates.

Application of the QM model. In general four types
of interactions are involved in the perturbation of a system,
A, by another, B: electrostatic, polarization, exchange re-
pulsion, and charge transfer interactions.”””> The former two
are long range whereas the latter two are short range com-
ponents of intersystem interactions. Pross and Shaik™ con-
sidered only the two, polarization and charge transfer, in
their quantum mechanical description of transition state
structure. They expressed various states of the reaction com-
plex as a linear combination of the three configurations;
ground BA, polarized BA* and charge transferred B*A~
configurations. In a nucleophilic substitution reaction, B
may be a nucleophile N and A a substrate RX with a leav-
ing group X. Analysis of bonding characteristics and the re-
lative contribution to the structure of the transition state of
the three key configurations allow us to predict how the
transition state will change as a result of a given per-
turbation. Examination of the structural implications as-
sociated with each configuration using an MO and VB des-
cription led Pross and Shaik to a set of simple rules for
prediction the structural effects of the three configurations
on the reaction complex as presented in Table 4. Let us
now apply the QM model based on these rules of structural
effects. Application of the model to the predictions of ef-
fects of the nucleophile and substrate is entirely analogous
to that for the benzyl and sulfonyl system.”*** An increase
in the nucleophile strength (ethanol) will increase electron
donating ability of the nucleophile and hence increase the
contribution of the B*A~ configuration to the transition
state. Reference to Table 4 suggests that as a consequence
both nucleophile-substrate (N-C) bond formation and sub-
strate-leaving group (C-L) bond should increase. The ex-
perimental results obtained in this work support these pred-
ictions. It can be seen that the p, value increases in the ord-
er of nucleophilicity (Table 3). Increasing electron with-
drawing ability in the leaving group has the effect of in-
creasing leaving ability, which will result in lowering the en-
ergy of the B'*A~ and BA* configuration in which electrons
are already largely localized on the leaving group. Thus the
contributions of these two configurations to the transition
state will increase. Reference to Table 4 also suggests a
looser C-L bond while the effect on N-C bond length is unc-
ertain since two opposing effects are predicted. The ex-
perimental m/l values increase in the order X=p-CH;<H<p-
Cl<p-NO,, where X is the substituent in the leaving group
ring since the bond-breaking is slightly more advanced in
the transition state. Therefore, quantum mechanical ap-
proach is well established to propose the product like tran-
sition state for the solvolysis of cyclopentyl ben-
zenesulfonates.

In" Sun Koo et al.

Conclusions

This study has shown: (i) the magnitudes of m, ! and m/I
associated with a change of solvent composition indicate
that bond-breaking in the transition state is relatively more
advanced, (ii) the decrease in p, from pure ethanol to pure
water suggests that a more product-like transition state
(asymmetric TS, [N* - C---L%"]¥), where bond breaking is
much more progressed than bond formation is obtained
upon increasing solvent nucleophilicity, (iii) both the PES
and QM models correctly predict the transition state vari-
ation to a more product-like Sy2 transition state, and (iv) the
dispersions in the Grunwald-Winstein correlations in the
present studies are caused by the product-like S,2 transition
state structure.

Experimental

Cyclopentyl para-substituted benzenesulfonates were pre-
pared by the previous method.” Gr grade methanol, ethanol
and acetone (Merck) were used without further purification.
Water was used after purification as described in the pre-
vious report.® Kinetic measurements were done con-
ductometrically using the same apparatus and thermostatic
bath as before.® Pseudo-first order rate constants were det-
ermined by the LSKIN program.”’” Rate constants were ac-
curate to +3%.
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pH and Micellar Effects on the Quenching of Tris(2,2'-bipyridine)Ruthenium(ll)
Luminescence by 1-Alkyl-4,4'-bipyridinium : Evidence of Deep Embedment of
the Quencher Cations in Sodium Dodecyl Sulfate Micelle
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The effects of pH and sodium dodecyl sulfate (SDS) micelle on the quenching of Ru(bpy),** luminescnce by
N-alkyl-4,4'-bipyridinium ions (RBPY*: R=methyl, octyl, dodecyl, benzyl) were investigated. In the absence of
SDS, the quenching rate at pH 2 is similar to that of the corresponding methylalkyl viologens and much great-
er than that in pH 8 solution due to greater reducibility of the protonated form of RBPY* (HRBPY?>). The
quenching rate at pH 2 is strongly enhanced by the presence of SDS, while that at basic pH is greatly retarded.
These observations are explained by deep embedment of RBPY" into the hydrophobic hydrocarbon region of
the micelle, whereas Ru(bpy),®>* and HRBPY* locate in the Stern layer of the micelle.

Introduction

The electron transfer quenching of luminescence from tris
(0,0 -diimine)ruthenium(Il) complexes by viologens has
been extensively investigated in relation to the development
of light to chemical energy conversion schemes' and photo-
sensitized reductive transformation of organic compounds'®"
where viologens behave as electron mediators. The rate of
the quenching reactions is greatly enhanced by the presence
of anionic micelles such as sodium dodecyl sulfate (SDS),
largely due to condensation of the electron donor and ac-
ceptor pairs in the potential field of the anionic mi-
croparticles by electrostatic interaction.* However, dif-
ferent degree of embedment of viologens into micellar in-
terface depending on the alkyl chain length also influences
the surface diffusion of the viologens in micelles and thus
the quenching rate.*%’

R—©—©N __—:_:- RN~ O+

Basic Form (RBPY+) Acidic Form (HRBPY2+)

1-alkyl-4,4'-bipyridinium ions (RBPY*) undergo the fol-
lowing acid-base equilibrium. The acidic form (HRBPY?*)
has structural similarity to viologens, while the basic form
is a substituted pyridinium ion which can be considered as
an analog of coenzyme NAD*!> Because of these inter-
esting characteristics, the pH-dependent electrochemical'®
and spectroscopic'*'>!7 behaviors of the compounds as well
as the ability of the compounds as electron mediators in
redox reactions in homogeneous media have been in-
vestigated.®™ An nmr study indicated that the bipyridine
moiety of RBPY* intercalates between the hydrocarbon
chains of the SDS micelle. In this paper, we have studied
the emission quenching of Ru(bpy),”* by various RBPY* in
acidic and basic solutions. The opposite effect of 'SDS on
the quenching reaction rate depending on pH is discussed in
terms of difference of the locations of HRBPY* and RBPY*
in the micelle.

Experimental Section

Sodium dodecyl sulfate was obtained from Fluka and was
purified by recrystallization from ethyl alcohol after wash-
ing with diethyl ether. Chloride salts of 1-alkyl-4,4'-bi-



