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Abstract—Synthesis of the tris-chelated complexes [Ru(L),(L%); . ,]*' (L = N-aryl-pyridine-2-aldimine, L* = 2-
(m-tolylazo)pyridine) based on silver(I) assisted srans-metallation is described. The complexes, [Ru(L),]** and
[Ru(L)(L*,]*" afford [Ru(pic)(L),]* and [Ru(pic)(L*).]* (pic = 2-picolinate ion) respectively. on hydrolysis
and subsequent oxidation. When RuCl,(L), was reacted with two moles of [Ag(L%),]'. a pink complex
of composition [Ru(L)(L)(L*]* [L* = N-aryl-2-picolinamide] was isolated along with the expected brown
complex, [Ru(LY)(L),])*". Initial oxidation of the metal ion favours L — L* conversion. The complexes have
been characterized using spectroscopy and X-ray crystallography. The X-ray structure of [Ru(pic)
(L"),]JClO, - CH,Cl, is reported. The metal oxidation as well as ligand reductions for the complexes have
been studied voltammetrically in acetonitrile using platinum as the working electrode. It has been observed
that the oxidation of the transformed complexes, riz. [Ru(pic)(L).]". [Ru(pic)(L¥),]" and [Ru(L)(L)(LH]*
occur at lower potentials as compared to their parent [Ru(L),(L);_,]*" complexes. All the complexes show
metal-to-ligand charge transfer transitions in the visible range and absorption energies linearly correlate with
the differences between the metal oxidation and the first ligand reduction potentials. «: 1997 Elsevier Science
Ltd. All rights reserved.
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This work stems from our interest in the ruthenium-
diimine complexes. This class of compounds is impor-

Herein we report the synthesis and characterization
of the tris-chelated ruthenium complexes involving L

tant [1] due to their rich redox and optical properties.
In this respect. we have been working [2-4] on the
synthesis and reactivities of ruthenium complexes of
N-aryl-pyridine-2-aldimine (1, L). These complexes
[2-6] are intensely coloured, undergo multiple elec-
tron transfer and most importantly, they show inter-
esting patterns of chemical as well as photochemical
reactivities.

*Author to whom correspondence should be addressed.

and L°. These may be conveniently synthesized star-
ting from ruthenium bis-chelated dichlorides by the
use of silver(l) assisted rrans metallation reaction
route. The study of reactions of ruthenated L in the
above complexes forms an important part of the pre-
sent work. Interestingly, different products were
obtained from apparently similar types of reactions.
All the relevant species have been fully characterized.
The reason for transformation selectivity of L is dis-
cussed on the basis of the present findings and other
results [3.4] from this laboratory and elsewhere.
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RESULTS AND DISCUSSION

A. The synthetic reactions

In the process of synthesizing {2, 7-9] mixed ligand
tris-chelated ruthenium complexes of L (1) and 2-(m-
tolylazo)pyridine (L?, 2) some unusual products were

2

obtained along with the expected products, which are
elaborated below. The general reaction which has
been studied may be represented as follows:

EtOH

cis-RuCl, L} +2AgL} RuL,L" +2AgCl+ 3L’

[

L
L =1L.L?
L' =1.L%

(a) (i) Reaction of cis-RuCl,(L), and two moles of
AgL);

The bluish green cis isomer [3] of RuCl,(L), was
reacted with two moles of silver complex [10],
Ag(L)7, in 1:1 aqueous ethanol. In addition to the
expected [2] brown tris-chelate, Ru(L)2* (3), a pink
compound was also formed. Interestingly, an aqueous
ethanolic solution of pure Ru(L)3* in the presence of
dilute aqueous AgNQ; quantitatively produced the
pink compound. The pink product was purified on a
silica gel column eluting with 1:5 CH;CN-CH,Cl,
mixture. The brown product was obtained from the
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column using a more polar solvent (2:3 CH;CN-
CH,Cl, mixture) as an eluent.

(i1) Characterization

The brown compound was identified as the known
[2] [Ru(L);](C10,), - H,O (3) which we do not discuss
any further. The pink compound which analyzed as
[Ru(pic)(L),]C10,-CH,Cl, (4) (pic = 2-picolinate
anion) is diamagneticand a 1 : 1 electrolyte in CH,CN.
The IR spectrum showed all the characteristic features
[2, 3] of coordinated L and ionic ClO; . Interestingly,
it also displayed a moderately strong band at 1650
cm ™' indicating the presence [11] of a carboxylic func-
tion. Selected characterization data are collected in
Table 1.

Fortunately, single crystals of 4 (L = L") could be
grown as solvates: 4+ CH,Cl, and its structure was
successfully solved crystallographically. Molecular
views of the complex excluding the solvent of crys-
tallization and the counter anion, ClO; are shown in
Fig. 1. Selected bond distances and bond angles are
collected in Table 2. The structure solution of 4
unequivocally confirms the composition of 4 as
Ru(pic)(L")7 . The geometry of the Ru(L"), fragment
in 4 is trans, cis (trans with respect to two N'(py)
and cis with in the N? (imine) pair). The carboxylic
function lies trans to one of the two imine nitrogens.
In this manner the three pyridine nitrogens are pos-
itioned meridionally. We note here that the parent
complex 3 exists [2] in the meridional geometry.
Therefore, the transformation 3 — 4 is stereoretentive.

In the above structure, Ru—N(5) length agrees [12]
well with the Ru—N lengths in Ru(pic),(PPh;),. Inter-
estingly, the four Ru—N lengths in the Ru(L'), frag-
ment of 4 are not equal. The Ru—N(4) length is
notably shorter than other three Ru—N lengths. This
must be due to stronger dn—pn interactions [13]
between Ru" and n* of the imine function containing
N(4), which lies trans to the strong g-donor carboxylic
acid function. Moreover, the average Ru—N (imine)
length in 4 is shorter [4] by ca 0.03 A compared to
that in trans-Ru™(L")(LH)Cl, (L* = N-phenyl-2-pic-
olinamide). This may be attributed to the superior
back-bonding in ruthenium(Il) complexes.

Finally, it may be noted that the reaction of
hydrated RuCl; and Ag(L)7 in 1:3 mole ratio also
resulted in the formation of a mixture of 3 and 4. The
yield of 4 increases with the increase of the duration
of the reaction,

The reactions, described above, are schematically
presented in Scheme 1.

Ru(picy(L);*, 4
Aqueous
EtOH
+Ag*
Ru(L)}*, 3

Scheme I

cis-RuClh(L),

Aqueous EIOH
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Table 1. Characterization data

[R(cm ™ ")?

Vero Yoo Ve An® SMe
Compound (carboxylic acid) (amide) {ohm 'cm’mol ") (ppm)
[Ru(L');](C10,),* H,O 1610 210
[Ru(pic)(L",]C10,- CH.Cl, 1650 1610 115
[Ru(LY);}(ClO,),* H-.O 1610 219 218,208
[Ru(pic)(L7),]ClO, - CH.Cl: 1650 1610 120 215, 2.05
[Ru(L*)}(LY),}(CI0y),"H-0 1600, 1610 221 212,221
[Ru(pic)(LY,]ClO, - CH,Cl, 1660 1610 126 221,213
[Ru(L')(L)3)(CIO,). - H-O 1595. 1610 205 220,216

25,216

[Ru(LH(L)(LHCIO, - CH.Cl, 1620 1595 105 2.30, 2.25.

“In KBr dist.
"In MeCN at 298 K with a solute concentration of ¢ca 10 * mol.
" In CDCI; using Si(Me), as the internal standard.

C2) Ci6) S (5) ( ch) D
\"/\/\) /\’ i, ‘uur’; c30)/ €(29) %/_
% 0t (g
_0(2)

Fig. 1. ORTEP plot and atom labelling scheme for Ru(pic)(L')s in [Ru(pic)(L")-]CIO, - CH,Cl-.
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Table 2. Selected bond distances (A) and angles (°) and their estimated standard
deviations for [Ru(pic)(L"),]ClO, CH,Cl,

Ru—N(1) 2.046(5)
Ru—N(2) 2.045(5)
Ru—N(3) 2.048(5)
Ru—N(4) 2.022(5)
Ru—N(5) 2.079(5)
Ru—O(1) 2.073(4)
N()—Ru—N(2)  78.34(21)
N(—Ru—N@3)  176.18(20)
N(D—Ru—N@)  99.63(20)
N(D—Ru—N(5)  93.29(20)
N()—Ru—O(l)  87.92(19)
N()—Ru—N@3)  98.33(21)
N(@2)—Ru—N(4)  98.48(20)
N(@2)—Ru—N(5)  164.63(20)

NQ2)—C(6) 1.301(8)
N(@)—C(18) 1.316(8)
0(1)—C(30) 1.285(8)
0(2)—C(30) 1.225(8)
N(2)—C(7) 1.435(8)
N(4)—C(19) 1.435(8)
N@2)—Ru—O(1)  87.29(18)
NG3)—Ru—N@#)  78.91(21)
N(3)—Ru—N(5)  90.37(20)
NG3)—Ru—O(1)  93.83(19)
N@)—Ru—N(5)  95.60(20)
N@)—Ru—O(1)  171.27(19)
NG)»—Ru—O(1)  79.47(18)

(b)) Reaction of cis-RuCl,(L%), and two moles of
Ag(L)7

Similar to the prior reaction, this reaction also
resulted in the formation of two major products, one
of which is violet and the other one is brown in colour.
The compounds were purified on a silica gel column
by eluting with solvent mixtures of different polarities.
The violet compound may be generated by boiling the
brown product in aqueous ethanol in the presence of
dilute AgNO; solution. Interestingly, the reaction [11]
of ¢is-Ru(OH,),(L*)3* with PicH in ethanol instan-
taneously produces the violet product in a high yield.

(i1) Characterization

The first moving violet band was eluted with 5:2
CH,Cl,-CH,CN mixture and it analyzed as [Ru(pic)
(L%),]ClO,- CH,Cl, (5). The brown product, which
was eluted with 1:1 CH,Cl,-CH;CN mixture, ana-
lyzed as [Ru(L?)(L?),)(ClO,), - H,0, (6). The com-
pound Sis a | :1 electrolyte whereas the compound 6
is 1:2 electrolyte in CH;CN. The compound 5 dis-
played a moderately strong absorption at 1660 cm ™!
in the IR spectrum. This band is conspicuously absent
in the IR spectrum of 6. Evidently, the 1660 cm™!
absorption indicates the presence [11] of a carboxylic
function in 5 (Table 1).

The '"H NMR spectra of the compounds 5 and 6
were examined. In this case we have used only methyl
substituted ligand, L? to take advantage of monitoring
the methyl resonances in the less crowded region of
the '"H NMR spectrum. The aromatic region of both
the spectra are complex due to serious overlapping.
Therefore, we concentrated only on the methyl res-
onances (Table 1). The compound 5 displayed two
equally intense resonances at 2.15 and 2.05 6. The
intensities of two resonances correspond to six
protons. The compound 6 also displayed two methyl
resonances at 2.21 and 2.12 §, but the ratio of signal

intensities is 1:2. Moreover, the total area covered
by the two methyl signals of 6 corresponded to nine
protons. Therefore, it may be concluded that the two
equally intense methyl resonances in 5 is due to the
presence of two L* ligands. In the spectrum of 6 there
are three methyl resonances, two of which are over-
lapping which are attributed [14] to methyl groups of
L’, and the second signal is due [2] to the p-tolyl group
of L% The spectral data, presented above, clearly dem-
onstrate that the hydrolytic oxidative cleavage of an
imine function occurs in the formation of 5.

Thus, the reaction is similar to the reaction which
is described in Section (a).

RuLL)*  (6)

Aqueous
EtOH
+Ag*

cis-RuCl(L?%),

EtOH/H,0

Rupic) L) (5)

PicH/EtOH

cis-Ru(OH,),(L})3*
Scheme I1

(c) (1) Reaction of cis-RuClLy(L?), and two moles of
Ag(LY)y

In this reaction bluish green cis isomer of
RuClL(L%), was reacted with two moles [15] of
Ag(L*)F in aqueous ethanol. This reaction also yiel-
ded two major products. One of the two products is
pink whereas the other one is brown. Unlike the two
previously described reactions, the brown product is
quite stable in boiling aqueous ethanol. Both the
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products were purified by using the column chro-
matography technique.

(i1) Characterization

The pink product was eluted with 1:9 CH;CN-
CH.Cl, solvent mixture and analyzed as
[Ru(L)(LY(LY)](CIOy),-0.5CH.CI, (L* = N-p-tolyl-
2-picolinamide). (7). The brown product was then
eluted with 1:1 CH;CN-CH,CL mixture. Based on
the elemental analyzes the composition was ascer-
tained as [Ru(L*)(L*),](ClO,),* H,O (8). The charac-
terization of 7 and 8 were unambiguously made based
on their physical data.

C—N
Vi
0

CH,
Llo

The compounds 7 and 8 are 1:1 and 1:2 elec-
trolytic, respectively, in acetonitrile. Unlike mon-
opicolinates, the compound 7 did not show any
characteristic absorption of carboxylic function.
Instead, a moderately strong band at 1620 cm ™' in
the IR spectrum of 7 confirms the presence [4. 13] of
an amide function. Fortunately, this compound (7)
displayed highly resolved 'H NMR spectrum (Fig. 2)
which was conveniently used for its characterization.
The spectrum consists of well separated, equally
intense three methyl resonances between 2.1-2.3 4.
This clearly reveals the presence of three tolyl groups
in 7. Moreover, there are four doublets of 2H inten-
sities in the range 7.0 to 5.5 é. Such doublets of two
proton intensities can only arise from p-tolyl groups
in this compound. The rest of the spectrum is complex
due to overlapping peaks. The '"H NMR spectrum of
8, as expected, consists of two methyl resonances, one
of which is double the intensity of the other. The
spectral data collectively taken with the analytical
data do conform to the proposed composition of the
above compounds.

The reaction, described above, may then be sum-
marized below in Scheme II1.

We note that a tris-chelated compound with three
different bidentate ligands as in 7 is extremely rare
[16].

Ru(L)(LYLY**, (T)
28817

cis-RuCly (L),

Ru(L)Ly* 3

Scheme 111

1609

L

L ! ] ] I | Ly

9.0 8.0 7.0 6.0 25 20
S(ppm)

Fig. 2. '"H NMR spectrum of [Ru(L*)(L*)(L}H]C10,- CH.Cl;

in CDCI..

B. The origin of transformations

The reactions described above may be broadly
classified in two categories : type (i) L — pic (reactions
(a) and (b)) ; type (ii) L — L* (reaction (c)). We first
consider the reaction (b) of type (i). In this reaction
the starting ruthenium compound does not contain L.
Therefore, the formation of [Ru(pic)(L*):]* could, in
principle, occur in two ways. Once the coordinated
chlorides are precipitated as insoluble AgCl. the solu-
tion mixture then contains bis-solvento complex,
RuS,(L¥)3* (S = solvent) and four moles of free L.
Coordination of L to Ru(L*)}* moiety would pro-
duce Ru(L)(L*)3" (6). Furthermore, hydrolysis [17]
of an imine function in a hydroxylic solvent is a com-
mon phenomenon. Thus, hydrolysis of free L followed
by oxidation of the aldehyde function would produce
PicH in solution which may then react with the labile
bis-solvento species to form the monopicolinate, S.
The second possibility is the same transformation of
L occurring after coordination to Ru(L*): ~ moiety.
We note here that 6 can be easily transformed to 5 and
the electrophilicity of L increases upon coordination,
which is primary for the hydrolysis of an imine func-
tion. Out of the above two possibilities, we therefore
propose that L — pic transformation presumably
occurs ria coordination of L. This proposal also
applies to the reaction (a).
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Table 3. Cyclic voltammetric data*
Compound Metal-centred oxidation Ligand-based reductions

E\ (V) [Ey(mV)]

—E1p(V)[AE,(mV)]

[Ru(L"):](Cl0,), - H,O 1.43(75) 0.93(90), 1.16(100), 1.49(110)
[Ru(pic)(L"),]CIO, - CH,Cl, 1.00(75) 1.15(100), 1.48(90)
[Ru(L?),](CIO,),* H,0 1.44(70) 0.90(90), 1.19(110), 1.52(110)
[Ru(pic)(L?),]ClO, - CH.Cl, 1.00(80) 1.16(100), 1.48(100)
[Ru(L3)(L),](CIO,), - H,O 2.00 0.15(90), 0.65(100), 1.56(170)
[Ru(pic)(L*),]ClO, - CH,Cl, 1.56(70) 0.28(100), 0.85(100), 1.71(180)
[Ru(L})(LY),](CIO,), - H,O 1.81° 0.40(90), 1.05(100), 1.57(120)
[Ru(L?)(L)(LH](CIO), - CH,Cl, 0.98(70) 0.92(100), 1.27(100)

* Cyclic voltammetric experiments were carried out in MeCN at 298 K using 0.1 mol NBu,ClO, as supporting electrolyte
and platinum as working electrode. The reported data correspond to scan rate v = 50 mV s~ .

" Irreversible response, the potential corresponds to E,,.

The other type of transformation, L — L* (type (ii))
must occur with the coordinated L since both L are
already coordinated in the starting material. This type
of transformation of an imine function has been exem-
plified [4,13] very recently, in two other ruthenium
systems. One such example is the oxidative trans-
formation of trans-Ru"Cl(L), to trans-Ru™Cl,
(LY(L%. It has been shown that initial oxidation
of the metal ion followed by partial hydrolysis of
coordinated L' and subsequent oxidation of the
hydrolyzed L are the steps involved in the above trans-
formation. At this stage, comparison of oxidation
power of different reactants of reaction (c) is necessary
for further discussion. We note that L* is a very strong
[14] m-acceptor. Consequently, Ag(L?)5 should be a
strong oxidant. Furthermore, the oxidation of cis-
RuCl,(L), may be easily achieved [3] (£,,: 0.32 V).
In the reaction (c), initial oxidation of RuCl,(L), by
Ag(L*)7 is, therefore, the most plausible one. The
oxidation of the metal ion then leads to an identical
situation where coordinated L — L* transformation
was shown [4] to occur by the oxidation of the metal
centre. In contrast to the previously reported examples
[4,13], initial oxidation of the metal ion in reaction (c)
is not reflected in the oxidation state of the same in
the final product. In the present case (7) beside being
coordinated to L* ruthenium is also bound to a very
strong m-acceptor, L* and a moderate acceptor L.
In the environment of L, L* and L* ruthenium is
preferably stabilized in the bivalent state (E,,, : Ru"/
Ru" 1.0 V vide infra).

It may, therefore, be concluded, from the foregoing
discussion, that hydrolysis followed by oxidation of
coordinated L results in the formation of pic, whereas
oxidation of the compound followed by hydrolysis
would preferentially transform L to L*,

C. Electrochemical properties and redox-spectra cor-
relation

Electrochemical properties of the compounds 3-8
were studied cyclic voltammetrically in CH,CN using

tetrabutyl ammonium perchlorate (TBAP) as sup-
porting electrolyte and platinum as a working elec-
trode. The measurements were carried out in the range
2.2V to —1.6 V versus SCE (saturated calomel elec-
trode). All the complexes are electroactive, the elec-
trochemical data are presented in Table 3.
Representative voltammograms are displayed in Fig.
3.

We first consider the three parent chelates viz. 3,
6 and 8. Cyclic voltammogram [2] of the reported
compound 3 is already discussed. Both 6 and 8 dis-
played an irreversible oxidation wave at a very high
oxidation potential (> 1.6 V) due to Ru" — Ru'" oxi-
dation. Metal mediated oxidation of coordinated L
has recently been discussed in the literature [4]. For
the present complexes the oxidation potentials are
very high and consequently the chemical reaction suc-
ceeding the electrochemical formation of Ru'-L is
expected to be very fast and thus the reverse waves
were absent in the voltammograms of 6 and 8. Both
the complexes also display reversible, multiple elec-
tron transfer reductive responses on the negative of
SCE. These are attributed to the reductions of the
coordinated ligands. It may be noted that on moving
from 3 to 8 via 6, the metal oxidation potential
increases in a parallel direction whereas a reverse trend
was observed for the ligand reduction. The above
trend is as expected, since L* stabilizes Ru" better
than L due to enhance dn—pn back bonding and also
undergoes reduction more easily due to the presence
of lower acceptor orbital.

The two monopicolinates 4 and 5 showed reversible
oxidative and reductive responses on both positive
and negative of SCE. Their metal centered redox
potentials are systematically lower than those for the
parent diimine compounds. The picolinate ion which
is a hard ligand, stabilizes [11] the higher valent state
and thus the above shift of redox potential is observed.
Moreover, on moving from 4 to 5 the £, ,, of Ru™/Ru"
couple shifts by about 0.56 V, presumably due to the
better stabilisation of lower valent state by L* as noted
before. For a similar reason, the ligand reductions in
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Fig. 3. Cyclic voltammograms of [Ru(L*)(L*),](ClO,),* H.O (——) and [Ru(pic)(L"),]C10, - CH,Cl, (-

5 is easier than that in 4. The cyclic voltammogram
of the monopicolinamide 7 consists of a reversible
oxidative response at 1.0 V attributed to Ru"!/Ru"
couple and two more reductive couples on the negative
of SCE due to the ligand reductions.

Interestingly, the metal redox of 4, § and 6 are all
reversible whereas those of their parents, 3, 6 and 8,
are either irreversible or quasireversible. Irreversibility
in the latter group of complexes is due to metal assisted
L oxidation reaction. In spite of the fact that both 4
and 6 contain L as coligand their metal redox
responses are reversible. It may, therefore, be con-
cluded that partially transformed products, even if
they contain additional L, are resistant to further oxi-
dation of L at least in the CV time scale.

The solution absorption spectra of the complexes
were recorded in CH,Cl,. Representative spectra of
the complexes are displayed in Fig. 4 and the data are
collected in Tables 4 and 5. Although the complexes
retain fairly intense intraligand transitions in the UV
region, the key feature is the intense lower energy
transitions occurring in the visible region (520-480
nm) those are assigned [2] to Ru(drn) — ligand (n*)
MLCT transitions. These transition energies for the
parent complexes 3, 6 and 8 are systematically higher
than those for the monopicolinates 4, § and mon-
opicolinamide, 7. The MLCT absorption energies for
all the above complexes, (3-8), interestingly, show a
linear  correlation [2] with AE  [where,
AE = E, ,(Ru""/Ru"y— E, , (ligand 0/ — 1)] (Table 5).
This correlation, in other words, justifies our assign-
ment of MLCT transitions for the complexes.

01 1.3 1.5 1.7 1.9 2.1
E/V vs SCE

} in acetonitrile.

10

TE

©

7.

°

1S

iz

©

~

w

r‘;’O
0 l I I I~
400 450 500 550 600 650

A/ nm
Fig. 4. Visible range absorption spectra  of

[Ru(L3)(LH)(LH]C1O, - CH.Cl, (—) and

[Ru(LH)(L3)](ClO,) - H,O (- - -) in CH,Cl.
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Table 4. UV-vis spectral data

Compound

Absorption®* A, (nm)[d(mol~'cm~")]

[Ru(LH;)(C10,),- H,0
[Ru(pic)(L"),]CIO,+ CH.Cl,
[Ru(L%;)(C10,),* H,O
[Ru(pic)(L?),]CIO, - CH,Cl,
[Ru(Lz)(L")Z](C]O4)2 -H;O
[Ru(pic)(LY),]C10,* CH,Cl,
[Ru(L)L%,](ClO,), H,O
[Ru(L)(L*)(L%H1ClO, - CH,Cl,

480(13760), 445°(10 880), 300(25 600), 270(25 040)
515(10950), 470°(7300), 315(23 400), 270(19 040)
480(14 310), 445°(11 120), 315(27 380), 270(25 120)
S15(11100), 470"(7180), 310(23 660), 265(19 175)
515(7400), 490°, 370(17270), 320(15 790}, 270(15 860)
545(11980), 360(18 620), 310(21 250), 250°(18 200)
500(8700), 320(22 960}, 265(23 S40)

520(8850), 360°, 315(23 720)

“In MeCN.
*Shoulder.
Il defined shoulder

Finally we wish to mention here that preliminary
luminescence studies on the above complexes reveal
that the picolinates and the amides have much stron-
ger emission than their parent diimines in the visible
region. Our work in this area is continuing.

EXPERIMENTAL
Materials

The salt, RuCl;-nH,O was obtained from Arora
Matthey, Calcutta and was digested thrice with con-
centrated HCl before use. The silver complexes,
[Ag(L),]JClO, (L = L' or L?) and [Ag(L*),]C10O, were
synthesized as before [10, 15]. The complexes cis-
[RuCl,(L),] and cis-[RuCl,(L?),] were prepared [3} by
published procedures. The purification of dry solvents
for electrochemical and spectral work was performed
as described earlier. All other chemicals and solvents
used for the preparative work were of reagent grade
and were used as received.

Physical measurements

Spectra were recorded on the following equipment :
UV-vis, Hitachi 330 spectrophotometer ; NMR spec-
tra, Varian XL 200 MHz FT NMR spectrometer.

Electrochemical measurements were performed under
nitrogen atomosphere on a PAR 370-4 elec-
trochemistry system as described previously [14]. All
potentials reported in this work are uncorrected for
junction contribution. Solution (ca 1 mmol) electrical
conductivity measurements were performed on an
Elico CM 82T conductivity bridge.

Reactions

(a) Reaction of cis-RuCly(L), (L = L' and L?) and
[Ag(L),]CIO,. To a sample of bluish green cis isomer
of RuCl,(L), (0.5 mmol) suspended in ethanol-water
mixture (5:1) was added a solution of [Ag(L),]Cl1O,
(1 mmol) in ethanol (10 cm®) and the mixture was
heated to reflux for 1 h. The solution was cooled
and filtered through a G-4 sintered glass funnel. The
filtrate was evaporated to dryness. The crude mass
was then dissolved in CH,Cl, and subjected to column
chromatography on a silica gel column eluting with
different mixtures of CH,Cl,-CH,CN. A pink band of
[Ru(pic)(L),]* was eluted with CH,Cl,-CH,CN (5: 1)
followed by a brown band of [Ru(L);]** eluted with
CH,Cl,-CH,CN (3:2). These were evaporated and
crystallized from CH,Cl,-CiH,, (1:1). The com-
pounds were obtained as solvates. The yields and ana-
lyzes were as follows.

Table 5. Redox spectral data

Compound E\ (V) —Ex(V) AE(V) ve.t.
Metal oxidation First ligand reduction Ox/Red (cm™")
[Ru(L":}(Cl0,),-H,0 1.43 0.93 2.36 20833
[Ru(pic)(L),]CI1O, - CH,Cl, 1.00 1.15 2.15 19417
[Ru(L?;](Cl0,),-H,0O 1.44 0.90 2.34 20833
[Ru(pic)(L?),]Cl10, - CH,Cl, 1.00 1.16 2.16 19417
[Ru(L?)(L*,](ClO,),  H,O 2.00 0.15 2.15 19417
[Ru(pic)(L*),]ClO, - CH,Cl, 1.50 0.28 1.84 18348
[Ru(L*)(L»,](ClOy),* H,O 1.81 0.40 2.21 20000
[Ru(LY)(L*)(LH]CIO, - CH,Cl, 0.98 0.92 1.90 19230




Ruthenium complexes involving L and L'

[Ru(pic)(L"),]ClO, - CH,Cl,: yield 35%. (Found:
C,48.3; H, 3.4; N, 9.1. Calc. for C;;N;H,,0,Cl;Ru:
C,48.2;H,34;N,9.1%).

[Ru(L");)(Cl0O,), - H,0: yield 25%. (Found: C,
50.2: H, 3.7; N, 9.6. Calc. for C;,.:N.H;,O,Cl,Ru: C,
50.0: H, 3.7: N, 9.7%).

[Ru(pic)(L?),]CIO,- CH,Cl,: yield 37%. (Found:
C,49.3;. H, 3.7. N, 8.9. Calc. for C;;N;H;,0,Cl;Ru:
C.49.5: H,3.7; N, 8.7%).

[Ru(L);](ClO,),  H.O: yield 26%. (Found: C.
S1.5; H. 4.2, N, 9.3. Calc. for C;,4NH;;,0,CL,Ru: C,
51.6:H,4.2:N,9.3%).

(b) Conversion of [Ru(L');](ClO,), to [Ru(pic)
(L'),]CIO,. To a solution of 0.25 mmol of [Ru(L"),]
(ClO,)- in ethanol-water mixture (5:1) was added
an aqueous solution of AgNO, (1 mmol in 5 cm® of
water) and the mixture was heated to reflux for 2 h.
[t was then evaporated to dryness and subjected to
column chromatography on a silica gel column eluting
with different mixtures of CH,CL-CH;CN as
described in Section (a).

The yields were as follows: [Ru(pic)(L"),]CIO,*
CH.CL,: 76% : [Ru(L"):;}(C1O,),  H,O: 19%.

(¢) Reaction of ¢is-RuCl,(LY), and [Ag(L%),]ClO,.
This reaction was similarly performed as the reaction
described in Section (a) starting from cis-RuCl,(L%),
and [Ag(L"),]C10,. The yields and analyzes of the
isolated products are as follows:

[Ru(pic){LY),]ClO, - CH.Cl,: yield 42%. (Found:
C.46.3; H.3.5; N, 12.2. Calc. for C;;N;H»,O,CL5Ru:
C.46.4; H.3.5: N, 12.2%).

[Ru(L*){(L",](Cl0,),-H,O: yield 20%. (Found : C,
49.0: H, 3.9: N. 12.4. Calc. for C;;N;H,,O,Cl,Ru: C,
48.9:H. 4.0: N, 12.3%).

(d) Conversion of [Ru(L*(L%,](ClO,), to
[Ru(pic)(L*),]C10,. This was similarly performed as
described in Section (¢) starting from
[Ru(L")(LY),](ClO,),. The yields were as follows:
[Ru(pic)(L?),]ClO,-CH,Cl,: yield 85%: [Ru(L?)
(LH:}(C10y)- - H,O : yield 9%.

(¢) Reaction of [Ru(L%-(OH,),)*" and PicH was
performed as described previously [11].

() Reaction of ¢is-RuCl,(L?), and [Ag(L%),]ClO,.
The above reaction was also similarly performed as
described in Section (a) starting from cis-RuCl,(L%),
and [Ag(L%,]ClO,. The yields and analyzes were as
follows:

[Ru(LY)(LYLH)(C10,) - CH.CL,:  yield  40%.
(Found: C., 52.3: H, 4.0; N, 11.3. Calc. for
CuN;H;OClL,Ru: C, 52.6: H,4.0; N, 11.0%).

[Ru(L*)(L*),](Cl0,),*H.O: yield 17%. (Found : C,
50.5: H. 4.1: N. 10.9. Calc. for C;N;H;;,0,Cl;: C,
50.3: H. 4.1; N, 10.8%).

Crystallography
Single crystals of [Ru(pic)(L"),]ClO, - CH,Cl, were

grown at 298 K by slow diffusion of hexane into
dichloromethane solution of the compound. Diffrac-
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Table 6. Crystallographic data for [Ru(pic)(L'),] ClO,-

CH,Cl,
Formula RuC; H,N:Cl,0O,
fw 772.00
Crystal system Triclinic
Space group P-1
a (A) 11.3737(23)
b (A) 12.527(3)
¢ (A) 13.255(3)
o () 71.978(20)
p () 66.052(19)
2 () 75.476(18)
V(A% 1624.1
Z 2
D (gmem ™) 1.579
p{ecm™") 7.028
Crystal size (mm) 0.05x0.05x0.30
i (A) 0.7107
T(K) 298
R, Rw 0.045.0.035

GOF 1.61

tion measurements were carried out on a Nonius
CAD4 fully automated four-circle diffractometer. The
unit cell was determined and refined using setting
angles of 25 reflections, with 20 angles in the range
11.60 to 20.82". The unit cell dimensions are listed in
Table 6. Data were collected by 60 — 20 scans within the
angular range 3-45 . All data reduction and structure
refinement were performed using the NRCC-SDP-
VAX packages. The structure was solved by the Pat-
terson method. Final cycles of least square refinement
converged with discrepancy indices of R, = 0.045 and
Rw = 0.035. Tables containing full listings of atom
positions, anisotropic thermal parameters and hydro-
gen atom locations are available as supplementary
material.
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