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Mono- and Dinuclear Ruthenium(ll) Complexes of 2,6-Di(pyrazol-3-yl)pyridines:
Deprotonation, Functionalization, and Supramolecular Association
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A number of Ru(ll) complexes, both homo- and heteroleptic, of variously N-substituted 2,6-di(4,5,6,7-
tetrahydroindazol-3-yl)pyridines have been prepared from the free ligands or by N-alkylations of Ru{dddnd,
bearing ligands. Carboxyl-bearing complexes were prepared by hydrolysis of the corresponding esterified complexes.
All were characterized by elemental analysis and by their NMR, FAB-MS, anehi8ible spectra, and a selection

was additionally submitted to cyclic voltammetry. The fully substituted complexes showed MLCT bands in the
414—424 nm range and{z*"2* values in thet-0.83-0.98 V range. Comparisons with data from related complexes

are discussed. A heteroleptic dinuclear species was prepared fromlankétl bis(tridentate) and found to consist

of thelike (chiral racemic) diastereomer. It showed a single MLCT band at 416 nm and a sirglé'Ruouple

at +0.98 V. In the case oN-H-bearing complexes, deprotonation caused the appearance of a less energetic
MLCT band and multiple CV waves at lower oxidation potentials. There was also evidence of lossabf H
negative potentials. A supramolecular 2:1 salt formed between the deprotonated form of the homoleptic complex
of 2,6-di(1-(4-carboxyphenyl)-4,5,6,7-tetrahydroindazol-3-yl)pyridine and methyl viologen dication.

Introduction pyridine H2, which is also easily preparéd.Like H1 but unlike

the 1(N'),2-linkage isomer$19H,2 is amenable to modification

at the 1N)-H sites. This facility has enabled us to prepare a
variety of substituted tridentates-1?2and a ditopic bis(triden-
tate}! as well as novel pentadentate and macrocydilignds.

We have also demonstrated how these ligands can bind alkali
metal ions, Fe(lll), Ru(lly,*+13Zn(11),** and Co(Il)!}?14 The
liposolubilities of HL and H2 and their derivatives and
complexes have proven to be synthetically very advantageous.

Ru' complexes of bipyridine (bpy) and terpyridine have
attracted much attention due to their potential application as
photocatalyst$. This has stimulated work with other ligands
composed of combinations of azines and azéles|uding the
st-rich pyrazolylpyridines and bispyrazolylpyridines. In previous
work, we have reported the preparation of théC3,2-linked
2-(tetrahydroindazol-3-yl)pyridine, H from commercially avail-
able materials by a short route and in good yiéld3u'
complexes of H and of several of its 1(N)-substituted deriva-
tives have been prepared and studied in détallompared with
bpy in Ru(bpy)?*, these showed higherrchnds* levels, with )
E,. parametesof 0.21—0.22 V4 but the ligand remained flat RN
in crystals®

3 R'=R’=Me H4 R=Me
B 5 R1 = R2 = C6H4-4-CO0Et H6 R= CeH4-4-COOEt
7 R'=R%=Et
8 R'=R%=CHsPh
9 R'=R?= CH,CgH4-4-COOMe
10 R' = R® = CH,COOEt
We wished to similarly examine complexes of the tridentate 1! R: = M‘: R® = CHaBr
analogue of H, the symmetrical 2,6-di(tetrahydroindazol-3-yl)- ~ Hz13 R =R = CeHs-4-COOH
Hx14 R’ = R? = CHyCeH4-4-COOH
* Corresponding author. Tel.: (416) 736-2100, ext. 66140. Fax: (416) Hz215 R’ = R? = CHaCOOH
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Ru' Complexes of 2,6-Di(pyrazol-3-yl)pyridines

Scheme 1
Method A
1 Ru(DMSONCl,  NH.PF
2 Ru( KClz | NHiPFs [RuL2)(PFs)2
(CH0H), / A
Ru(3)Cl3 NH4PF5
—4% o [RUB)LI(PFe)
(CH20H), / A
Method A’
Y Ru(DMSOXCI DBU/LICl  NH4PF
( L 8 o [RuLy)(PFg):
(CH0H), / A EtOH /A
Ru(3)Cls DBU / LiCl NH4PFg
T T T [Ru(3)L](PFg)2
(CH.0H), /A~ EtOH /A
Method B
[Ru(H2)](PFe)e NaH _ RX _ NHePFs o0 oe
or [Ru(H4)3](PFe)2 W [Ru(L")2](PFs)2
Method C
DBU/LICI  NH4PF
[RULI(PFely — " » — 4705 [Ru(L')2l(PFo)

THF/ H,0 / A

Results and Discussion
Synthesis.Although the reaction of Ru(DMSGQQI,'5 with

the unsubstituted #2 in EtOH at refluX was facile, reactions
with the disubstituted derivatives, such &srequired higher

Inorganic Chemistry, Vol. 38, No. 10, 1992435

the HO-insoluble but CHG}soluble RU' species [RW)(H2)],
which was blue 4max 538 nm), NMR-silent, and analytically
halide-freel3 Although the deprotonated forms NfH-bearing
complexes are strongly stabilized by complexation, they re-
mained moderately nucleophilic as they readily reacted with
alkylating agents to generate new red products. Thus, [RH
(PFs)2 was treated with NaH in THF, followed by excess ££H
(method B), to afford [RU),](PFs). identical with material
prepared from fre@ by method A® We also verified that the
partially methylated complexes [Rudj](PFs)2 and RuB)(H4)]-
(PFs)2 also produced the fully methylated [R)}](PFs)2 by this
method. To our knowledge, these are the first instances of such
modifications on complexed ligands, although the regioselective
functionalizations of free b2 reported earlié¥!! depended on
transient coordination to Naor K*. This reaction enabled us

to prepare a number of new derivatives of [Ru@H](PFe)2
bearing ethyl, benzyl, and esterified acetic acigrooluic acid

side chains. This complexatiemalkylation route has certain
advantages over the corresponding alkylatioomplexation
route in that the complexation step is much easier and more
convenient with less congested ligands, there is no risk of
producing regiomers and there is no risk of transesterification
when ester groups are present. The overall yields were higher
as well. For instance, ligan@! and10°® were known and could
also produce [Ruj]?" complexes by method A, albeit in lower
yields than by method B. However, the [R](PFs). and [Ru-

temperatures (Scheme 1). Ethylene glycol at or near the boiling (8)2](PFs)2 produced by method B are complexes of ligands that

point (method A) gave satisfactory results. Reactions in DMF
or DMPU or reactions with Ru@lwere incomplete, and
reactions in DMSO did not proceed at all with hindered ligands.
The less hindered, monosubstituted derivatives, such4as H
reacted well in ethylene glycol even at lower temperatures.
Method A was also useful for the preparation of heteroleptic
complexes. Thus, Ruglwas converted to RGJCl; by a

modified literature proceduré,then to [RuB)(H4)](PFs)2 by
method A. However, ligands bearing ester groupsrid Ho)

suffered extensive transesterification, giving a mixture of

are unknown in their free states. [RWBH(PFs), was also
similarly methylated on a small scale to help resolve overlaps
in the NMR spectra.

A logical application of this complexatieralkylation process
is to assemble oligonuclear species. We had eéfligentified
—CH,— bridges as desirably short linkages between octahedral
centers that would favor helicity, i.e. the formationligé (chiral
racemic) diastereomeric forms of any two-metal fragment of a
chain, as opposed tanlike (mesoid) forms. We therefore
attempted alkylations dfl-H-bearing complexes with CiBr.

products that necessitated a retro-transesterification step (DBU/Unfortunately, the reaction of [Ru@)](PFs). with 1 equiv of

LiCI/EtOH)*" in the workup (method A. The heteroleptic [Ru-

(3)(5)](PFes)2 was similarly prepared from R8YCls.

When complexes bearing unsubstitutddH sites were

exposed to bases of various potencies (NaOH, Gs©BU,

CH.Br, failed to provide the expected, doubly stranded,
binuclearelicate nor did [Ru@)(H4)](PFs), produce the desired
singly stranded binuclear complex (Scheme 2). Both reactions
instead gave complicated mixtures and similar results were

NaH), there was an immediate color change from red to green, obtained with CHI,. NMR analysis of the product mixtures
accompanied by a shift of the MLCT bands toward the red. In led us to suspect that GBr groups were present. Indeed, the
most cases, this was entirely reversed upon re-acidification. Onreaction of [Ru(H),](PFs)2 with an excess of CyBr, produced
alumina TLC plates, this was spontaneous and useful in the novel bis(oromomethylated) [Rii),](PFs)2. Although this
distinguishing partly N-substituted complexes from fully sub- and the putativemongbromomethylated) intermediate both

stituted ones. In air, the #-soluble [Ru(H2),]CI,’ produced

(9) Saha, N.; Kar, S. KJ. Inorg. Nucl. Chem1977, 39, 1236. Watson,
A. A.; House, D. A,; Steel, P. J. Org. Chem1991, 56, 4072. Chabert,
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Steel, P. J.; Constable, E. £.Chem. Soc., Dalton Tran99Q 1389.
Lecloux, D. D.; Tolman, W. BJ. Am. Chem. S0d.993 115 1153.

Jameson, D. L.; Blaho, J. K.; Kruger, K. T.; Goldsby, K. Worg.

Chem.1989 28, 4312. Jameson, D. L.; Goldsby, K. A.Org. Chem.

199Q 56, 4072.

(10) Downard, A. J.; Honey, G. E.; Steel, P.ldorg. Chem.1991, 30,
3733.
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(13) Dash, R. M.Sc. Thesis, York University, 1991.
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1973 204.
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(17) Seebach, D.; Thaler, A.; Blaser, D.; Ko, S.Helv. Chim. Actal991,
74, 1102.

possess leaving groups, their displacements by the deprotonated
species [RW)2]° or [Ru@)(11)]" were perhaps too sterically
hindered. The same can be said of the intermediates in the earlier
reactions with [Ru(HM)2](PFs)2 and [Ru@)(H4)](PFe)2. There

was evidently no anchimeric assistance of the second X
displacements at the complexesCH,X side chains, in contrast

to reactions of free K, which led cleanly to the ditopic ligand
1211 even with excess CiX, because of that assistance. Instead,

(18) Zadykowicz, J.; Potvin, P. @. Coord. Chem1999 47, 395.



2436 Inorganic Chemistry, Vol. 38, No. 10, 1999 Zadykowicz and Potvin

Scheme 2
(iy NaH / THF
2 Ru(3)Cls
R
[RUBHHAI(PFe)y —H—> (CH,OH) / A
(i) CH2Br,

[BRu)12](PFg)s

the binuclear speciesIRu)(12)](PFs)4 was obtained after mild  in regiomer (i.e. the B tautomer) of the tetrahydroindazole
heating of12 with Ru@)Cls in ethylene glycol. Higher tem-  portion, whereas aroutsubstituted moiety prefers an anti
peratures caused extensive fragmentation to produce3JRu( conformation which reverts to the syn conformation upon
(H4)]%*, quite probably by anchimerically assisted expulsion complexation. The causes of these chemical shift changes have
of [Ru(@)(4)]" from a mononuclear intermediate. FAB-MS of been discussed earlier, and our interpretations have recently been
[(3Ru)(12)](PFs)4 showed evidence of a similar fragmentation, confirmed by crystallograph%/8
with a peak atwz 780 corresponding to [RB)(4)]*. In the present work, the complexation of our disubstituted
Carboxy-functionalized complexes were also of interest to ligands resulted in a change in the pyridine signal pattern entirely
us, but they were unfortunately not directly accessible from consistent with the binding of the metal at all three available
HOOC-bearing ligands$ by method A, giving instead brown-  nitrogens of an out,out-disubstituted ligand in its syn,syn
green mixtures even when reacting under an Ar blanket. Instead,conformer. The complexation of a monosubstituted ligand
the acidic complexes [Ru@3),](PFe)2, [Ru(H214),](PFs)2, and caused a shift in pattern that was similarly consistent with a
[Ru(H215),](PFs)2 were generated by hydrolyses (DBU/LICI/  change from a syn,anti conformation to a syn,syn one, with a
THF/H,O) of the corresponding ester-bearing complexes [Ru- necessary migration of the N-2-H to produce the 1-tautomer.
(5)2](PFe)2, [Ru(9)2](PFs)2, and [Ru(0);](PFe)2, respectively Subsequent alkylation caused no further change in the signal

(method C). pattern, but onlyut substitution is possible if the-H-bearing
Although many of the complexes studied here were isolable ligand is also bound at its three available nitrogens. That this
as their CI salts—some were partly characterized as stitie was indeed so was indicated by the increase in acidity-bif

PR~ salts were preferred for their greater liposolubilities and bearing ligands upon complexation. The formation of the same
chromatographic separabilities. The complexes were charactertetramethylated complex [R8),]?" from free3 as by alkylation
ized by elemental analysis and FAB-MS, as welltdsand3C of complexed H also confirms this scenario. The crystal
NMR (see below). In FAB-MS, the ion of highest mass usually structure of [RuB);]Cl, has recently been obtain€dand it
resulted from the loss of one counteranion. Lower mass peaksconfirmed the expectguseudeoctahedral coordination, as well
corresponded to further anion loss, and to doubly charged ions.as the regiochemistry of substitution and the ring orientations.
The HOOC-bearing complexes were the most troublesome to 'H NMR spectroscopy was also useful in specifying the
purify and characterize. FAB-MS was only successful in structure of the binuclear complex. As expected, tHeNMR
glycerol/thioglycerol matrixes. Repeated microanalyses of re- spectrum of [BRu)%12](PFs)4 signaled thdike, helical diaste-
crystallized [Ru(H13),](PFs)2 and [Ru(H14),](PFs). failed to reomer: There were only two sets of pyridine signals in 1:1
give the expected results, suggesting instead a partial loss ofratio, indicating equivalent units dfwithin the ditopicl2 There
the elements of HRfduring recrystallization. were three Chisinglets in 1:1:1 ratio, a situation that implies
NMR Spectroscopy and Structure.The 'H NMR spectra a symmetric unit ofi2 and 2 equiv of an unsymmetr&moiety.
fully supported the formulations and structures of the complexes The environment of eacBis therefore chiral. All CH singlets
described herein. In our experience with the in situ binding of were strongly shifted upfield, an expected effect of the ring
Na*, zn', Ti'V, or D" by our tridentate§!* as well as with currents of perpendicular ligands (see Scheme 2). The CH
Ru' complexes of the bidentate analogties,comparison of signal, also shifted upfield for the same reason, appeared as a
the relative positioning of the pyridine signals from the singlet, confirming that the two metal centers had the same
complexes with that from the free ligands can reveal the chirality. Diastereotopicity would have been expected in the
regiochemistry of N-substitution and can confirm the formation unlikeform. None was found in Z1 or Na™ complexes eithét
of a complex through the occurrence of conformational changesbut, in those cases, a rapid interchange between enantiomorphs
about the inter-ring bonds. Thusut N-substitution (i.e. at via free rotation about the NCH, bonds may have occurred.
position 1 according to the indazole numbering) of an unsub- In the present case, the lack of symmetry in the dimethylated
stituted (N-H-bearing) tetrahydroindazole moiety is signaled by ligand 3 proved that there was no exchange of the metal
an inversion of the positioning of the pyridine H-3/5 doublet(s) chirality, presumably because of strong steric hindrance to such
with respect to the H-4 triplet (or doublet of doublets), a relative N—CH, rotation.
positioning which reverts to the original situation upon metal ~ An unexpected case of diastereotopicity was observed with
or proton binding. There is no such change upon complexation the bis(bromomethyl) complex [R1{),](PFs)2. In concentrated
of anN-H-bearing moiety. An unsubstituted tetrahydroindazole solution (35 mg/mL), the ChBr groups were diastereotopic and
moiety is held in a syn conformation with respect to the pyridine gave a pair of coupled doublety € 11 Hz) but gave a singlet
ring by virtue of H-bonding involving the pyridine N and the in more dilute solution. We postulate that a more intimate
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Table 1. UV—Vis Absorption Maxima (nm) by [Ru(lz)?" in Table 2. Half-Wave Potentials (V vs SCE)Estimated
CHsCN HOMO—-LUMO GapsAE (V), andE, ligand parameters (V)
MLCT complex Ey3t2+ Ey 2t AE E
L Lz [e x 107° M~ cm] [Ru@).]2" 1083  -1660 249 018
H,2 248-314 414 [25.8] [Ru(5)5)% +0.93 —1.52 2.45 0.20
3 244-324 418[16.5] [Ru(9)2)%* +0.96 -153 2.49 0.20
5 272-320 424 [20.0] [(3Ru)12]4+ +0.98 —1.50 2.48 0.23
H6 274-322 4201[13.8] [Ru@)(HA)1>* +0.71 —1.1pd 0.1#
6~ 278-350 446 [10.5] [Ru@)(4)]* +0.37 0.03
7 244-324 416 [16.2] [Ru(Hz2),)%+ 9 +0.63 0.15
8 244—-326 416 [17.4] [Ru(tpy)]?t " +1.27 —-1.27 2.54 0.26
9 208-328 416 [18.1] [Ru(dpp}]?* +1.25 —1.66 2.91 0.25
10 250-320 416 [17.0] [Ru(H1)z]?" +0.93 0.21
13 272-330 422 [20.8] [Ru(Ar1)s]?+ ik +1.12 —1.66 2.78 0.22
12 %ggﬁg%g ﬂg Hg% aReversible or quasi-reversible waves scanned at 100 m\ins
' CH,Cl, containing 0.1 M"BusNPFs at 20+ 1 °C.  Estimated ¢ For
aIn methanol. 12 d1rreversible.c For H4. f For4-. 9 In DMSO. Several other waves

were also present (see textReference 24.bpp is 2,6-di(1-pyra-
association of the RF counterions with the complex was zolyl)pyridine from ref 10] Reference 4'.‘Ar1 is 1-(4-ethoxycarbon-
occurring in the concentrated solution and that this reduced theY/PenY)-3-(2-pyridyl)-4,5,6,7-tetrahydroindazole.
mobility of the CHBr side chains. A similar phenomenon was . . . .
reported for a terpyridine Ru complex bearirgCH,N side and a reverglble or quasi-reversible reduction wave and can be
chains: the Chgroups showedH NMR singlets, as expected .compaggd WltherGSUP[S from Pélu:omplexes of the N,Ninkage
for freely rotating side chains, but these produced an AB pattern ISOMer:° of tpy>* and of the bidentate analogdes H.2 (H1)

when in the presence of dicarboxylate salts that were engageqand of5 (Arl). The nature of the N-substituents exerted a minor
in H bonding to the side chairi8. influence but a more important one than had been seen with

the bidentate analoguésThe R#™2* waves were at less
positive values than with the bidentate analogues which, in turn,
were less positive than with [Ru(tp}j™/2*, reflecting the
pyridine content in each case and signaling highgievels
with increasing pyrazole content. As with the bidentate ana-
logues in relation to [Ru(bpy]?™, our tridentate complexes were
reduced at more negative potentials than was [Ruffpy)
indicating higher ligandz* levels and poorerz-accepting
properties due to the-rich pyrazole rings. The parallel increases
in both metal-centered HOMO and ligand-centered LUMO
resulted in the spreads between oxidation and reduction waves
(AE = E 2" — E23H2Y) in Table 2 that were a little smaller
than with [Ru(tpy}]2", which is not consistent with the MLCT
bands lying at somewhat higher energy. In comparison, the
N-linked analogue [Ru(dpglf™ was oxidized at a potential
comparable to that of [Ru(tpy]f™ but it was reduced at a more

Electronic Spectra. In general agreement with the spectra
of Ru polypyridiné® and pyrazolylpyridiné complexes, the
complexes exhibited two major absorptions (Table 1), one in
the 216-330 nm range assigned to ligand-centerge{*)
transitions and the other in the 41824 nm range assigned to
metal-to-ligand charge transfer (MLCT)et*) transitions. The
MLCT positions lie intermediate between that with [Ru(td%/)
(476 nm¥! and that of the complex of the N-linked analogue
2,6-di(pyrazol-1-yl)pyridine (dpp) (377 nmY.There is a weak
substituent effect on the MLCT positions: complexes with
aromatic substituents have slightly lower energy MLCT bands
(420424 nm) than do those with alkyl substituents (4%4.8
nm), entirely in accord with the expectation that electron-
withdrawing groups will lower the ligandr* levels2® The
modesty of the effect is probably due to an orientation
e B 4 e ncgatve ptental, such fhat 15 vale was sgnfcanty
a single but very intense MLCT band at 416 na®8 900 M-t largeri® This |nd|§:ates a comparablg, teyel but a higher Ilgand
cm™Y) in CHsOH. n.* Igyel than in [Ru(tpy)]?", and is consistent with a

In the presence of base, both the-* and MLCT bands of significantly higher-energy M_LCT band_ (Tab_le 1). In fact, our
[RU(H6);](PFe), shifted toward the red. In agreement with compl_exes do not foII_ow the linear relatzlgnshlp bet\/vtzafn MLCT
previous descriptions of similar phenomena wi#fH-bearing energies and\E constituted by [Ru(tpy]**, [Ru(dpp)] 2,+and
complexeg?23the lower energy band is likely due to depro- the bidentate complexes [Ru(b@ﬁ and [Ru(Ad)s)=". It
tonated form(s) in whicl~ has increased-donor properties. appears that ouC-linked pyrazo_lylpyndln_es are co_mparab_te_
Similarly, the treatment of a C}EN solution of [Ru(H2)s]- donors but bettes donors than is the N-linked variety. This is
(PR), with aliquots of ESN (up to 5 equiv) caused the consistent with conclusions drawn from crystal structure stud-

ieg518
disappearance of the 414 nm band and the appearance of a neV\'/?S'

red-shifted MLCT absorption at 434 nm. The known Lever ligand electrochemical param_étE[sand
Electrochemistry. Cyclic voltammetry (CV) plots of fully those calculated for the new ligands are included in Table 2. In

substituted complexes (Table 2) each revealed #'Ruwave view of the E, values of mono(pyrazolyl)pyridine analogues
(e.g. HL) that are lower than those of the polypyridines, our

(19) Goodman, M. S.: Jubian, V.. Hamilton, A. Detrahed. Lett1995 bls_(pyrazolyl)pyrldlnes have understandably even lower values,
2551. which are further decreased by electron-donating or H groups

(20) Juris, A.; Balzani, V.; Barigelletti, F.; Campagna, S.; Belser, P.; von or by deprotonation. In contrast, tidC-linkage isomer dpp
Zalewsky, A.Coord. Chem. Re 1988 84, 85. has a higheE, value

(21) Hecker, C. R.; Gushurst, A. K. I.; McMillin, D. Rnorg. Chem1991, L o . o
30, 538. [Ru(@)(H4)](PFs)2 in CH,CI, produced a major oxidation

(22) |T'|age, %g?fi{l;ég-; Haasnoot, J. G.; Reedijld, Chem. Soc., Dalton  wave at+0.71 V vs SCE accompanied by a more minor wave

rans. A .

(23) Sullivan, B. P.; Salmon, D. J.; Meyer, T. J.; Peedirindrg. Chem.
1978 17, 3334; Belser, P.; von Zelewsky, Alelv. Chim. Actal98Q (24) Morris, D. E.; Hanck, K. W.; DeArmond, M. Kl. Electroanal. Chem.
63, 1675. 1983 149, 115.
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3 Similar but more complicated events occurred with [Ru-
(H22),]%* in DMSO. CV revealed a major, well-defined oxida-
tion wave at+0.63 V vs SCE with three smaller wavestsd.46,
+0.10 and—-0.21 V vs SCE and an initial cathodic peak current
ratio of about 6.9:2.8:2.0:1.5. No distinct reduction wave was
detected to the negative potential limit1.49 V). On the anodic
scan, the intensities of the two most positive waves decreased
while those of the two least positive waves increased. This
continued upon repeated cycling until a fairly stable cathodic
current ratio of 4.1:2.4:2.4:2.1 was achieved. If, in analogy to
the previous case,*hvas lost at negative potentials, then, unlike
the previous, heteroleptic case, no reoxidation peak was expected
and none was seen.
Supramolecular Interactions. When [Ru(H13),](PFe)2 in
CH3CN was treated with aliquots of 4 (up to 5 equiv), no
‘ ‘ ‘ ‘ - change was seen in the WWisible spectra but théH NMR
1 06 01 04 09 14 19 signals in CRCN were strongly broadened and new broad
potential (Vvs. SCE) signals appeared. We suspect that deprotonated forms acted as

current (uA)

Figure 1. CV of [Ru(3)(H4)](PFe)2 in CH,Cl, showing initial (full counterions in supramolecular assemblies that, because of the
line) and steady-state (dotted line) full scans. increased mass, suffered faster relaxation and line broadening.
Scheme 3 A literature report of supramolecular H bonding between
i ] dicarboxylate ions and a Ruterpyridine complex bearing
Ru'l(3)(H4)2* _° . Rull(3)(H4)" L Ru'l(3)4)* thioureido side chains also cites pronounced line broadening
E<QV with little change in the positions of the terpyridine NMR
A signals!® Pronounced broadening was also observed with the
-e _ . .
ruayar Rullaya* . PR~ salt of methyl V|0Io_gen (MV¥") in t_he presence of BN,
@ e VRN Ey, =+0.37 though there was no sign of the cation radichhs 607, €
" ﬂ e + w + 13900 Mt cm™1).26 This may have been due to PFOH-
- -H H - .
exchange arising from traces of water. When a mixture of[Ru-
-e (H213),](PFe). and MV(PFR), was similarly titrated, there were

1} 2+ 1] 3+ = .
RUIEG)(H4)™ = RuT(3)(H4) Eyp =+071 no detectable spectral changes absent with the controls, but

equiv of EgN produced a precipitate from GHN and the
supernatant was depleted of the Ru complex. The isolated red
solid was insoluble in organic solvents. 4 NMR spectrum

in D,O, which is expected to destroy any supramolecular
association, showed signals for the intact Ru species antt MV

in a reproducible 2:1 molar ratio, indicating that the precipitation
was of a salt of formulation (MV)[Ru(&3)(13)], (Figure 2).
Unfortunately, all attempts at recrystallizing this precipitate from
H,0 produced powders, but further characterization is underway.
In contrast, analogous titrations with [Ru@](PFs)2 pro-

ced no precipitate and the resulting spectra were the simple
superpositions of the control spectra. We conclude that the
deprotonated forms of [Ru@),](PFs). do not engage in
significant interactions with M¥".

at +0.37 V. There were also cathodic peaks ne&.65 and
—1.1V (Figure 1). Haga described pH-dependent variations in
oxidation wave intensity ratios for Ricomplexes of benzimi-
dazoles and attributed the different waves to different protona-
tion stateg? and it is reasonable to analogously attribute the
wave at+0.71 V to a standard [RGf(H4)]**/2* couple and
that at+0.37 V to the analogous process with the deprotonated
form, i.e. [Ru@)(4)]¢"*, undergoing slow proton exchange.

If the sample was not scanned to negative potentials, the du
intensities of the two oxidation waves were stable but, upon
cycling to negative potentials, the more positive wave decreased
in intensity while that at-0.37 V increased (Figure 1). Hage
et al. witnessed a similar phenomenon with [Ru(bgiy).)] 2"
species where HL is aN-H-bearing triazolylpyridiné? after Experimental Section
cycling negative through the reduction wave, a second, less )
positive oxidation wave appeared and became dominant. TheseAnﬁ;ggl?S'- ;ESIDeMnS?E;IV;iZ Fg‘;ﬂp;@grgﬁrir#tiﬁ%ﬁ ml’l(jltgévsés

i I o—\1+ .
%iihﬂsbﬁfggglﬂgf e;k;)?;i;hﬁo;s?#gz?ofdc:g [[%gx)f)(;l_ljz_;}o’ distilled over K and benzophenone. DMSO was dried (CaO) and

. A distilled over molecular sieves (5 A) and was then frozen and stored
-\]+
was reoxidized to [Ri(bpy)(L 7)] * before further oxidationto ;, seaied vials under Ar. Other solvents were reagent grade and used

[Ru" (bpy)(L )] *2 at the new oxidation wave. The reoxidation  ithout drying or purification. The petroleum ether (PE) used was the
of [Ru'(bpy)(L*27)]° should have occurred at a less negative |ight fraction (bp 36-60 °C). Cyclic voltammetry (CV) was performed
potential than the corresponding reoxidation of [Ripy)- using a Pine Instruments RDE-3 potentiostat. A conventional three-
(HL*7)]™. Further, it is counterintuitive that Hshould be lost electrode cell was used in all experiments. The working electrode was
upon reduction when the oxidized forms should be stronger a Pt disk (0.196 mA), and the quasi-reference electrode was Ag/AgCl
acids. In the present case, we reason that scanning negativé‘"ire- A Pt wire was used_ as a counter electrode. Ferroc_ene was added
caused a change in the intensity ratio by effecting a shift in the at the end of each experiment, and its reference potential was taken as

. . . i i 7 —
H* mass balance: a shift toward the deprotonated form |nd|cates;rigi'tj§(; \;Z;asvsgéﬁg:%?ézegm;\%?e\vclgi _igfk:;r sthﬂgg ;2,/ e arra
a net loss of H, which can be rationalized, as in Scheme 3, by P y

. . | spectrophotometer. NMR spectra were obtained on a 400-MHz Bruker
loss qf H upon reduction of ligated # The product [RU(3)- AMX instrument in CRCN, unless otherwise indicated. Mass spec-
(4)]* is reoxidized only at+0.37 V.

(26) Watanabe, T.; Honda, K. Phys. Chem1982 86, 2617.
(25) Haga, M.-A.Inorg. Chim. Actal983 75, 29. (27) Lever, A. B. PInorg. Chem.1978 17, 1146.
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Figure 2. Proposed salt of formulation (MV)[Ru(t8)(13)]..

troscopy was carried out in FAB mode by Dr. B. Khouw on a Kratos and allowed to stand for 4 h. A red precipitate formed and the solution

Profile machine. Peak intensities are reported as a percentage of thebecame clear. The precipitate was filtered off and washed with ¢HCI

base peak intensity. Microanalyses were performed by Guelph ChemicalH,O, and E$O. This provided Ru(klL3),Cl, in quantitative yield.

Laboratories Ltd. (Guelph, ON), National Chemical Consulting Inc. Additional purification was carried out by anion exchange as described

(Tenafly, NJ), or Canadian Microanalytical Services (Delta, BC). in method A.*H NMR (DMSO-dg): ¢ 1.73 (m, 8H), 1.86 (m, 8H),
Method A: Synthesis of [Ru(H:2)2](PFs)2. A mixture of H;2 (0.783 2.24 (m, 8H), 2.24 (m, 8H), 2.87 (m, 8H), 6.68 (d, 8H+ 7.59 Hz),

g, 2.45 mmol) and Ru(DMSQZI, (0.595 g, 1.225 mmol) was heated  7.34 (m, 12H), 7.55 (d, 8H] = 7.56 Hz) ppmC NMR (DMSO-ds):

to reflux under Ar in 20 mL of anhydrous ethylene glycol for 3 days. ¢ 20.28, 21.09, 21.38, 21.53, 117.45, 119.23, 126.44, 129.72, 132.67,

After cooling, the reaction mixture was treated with an aqueous solution 134.96, 137.96, 146.10, 150.54, 152.75, 166.12 ppmnit3%) 1365

containing a slight excess of NAFR; (0.408 g, 2.5 mmol) and stirred (20, M — PFK), 1220 (100, M— 2PF), 610 (37, (M— 2PF)/2). Anal.

for 20 min. An orange-red precipitate formed instantanously. After Calcd for GeHssN10OsPF12RuU: C, 52.49; H, 3.87; N, 9.27. Found:

cooling in the refrigerator for 1 h, filtration and vacuum-drying produced C, 54.88; H, 4.30; N, 9.51.

the red [Ru(H2),](PFs). in quantitative yield. Its spectra were identical Ru(3)Cls. In a modification of the procedure of Hadda et*aligand

to those of the Cl salt previously reported.Anal. Calcd for 3 (0.70 g, 2.01 mol) and Ruglhydrate (0.416 g, 2.01 mol) were

CagHaN10PoF1oRU2H0: C, 42.82; H, 4.35; N, 13.14. Found: C, 42.96; dissolved in 35 mL of absolute EtOH and heated to reflux overnight.

H, 3.97; N, 13.14. After removal of solvent, the crude residue was washed with &ind
Method A': Synthesis of [Ru(5}(PFe).. Method A was first extracted into CHGl The CHC} phase was washed with,@ several
followed, using diesteb (0.205 g, 0.33 mmol) and Ru(DMS)I, times to remove purple and green impurities, leaving a dark brown
(0.080 g, 0.165 mmol). The reaction mixture was treated with aqueous solution. After removing the CHGJI the residue was redissolved in
saturated solution of NaCl and extracted into Ck@fter removal of acetone and treated withet. The dark brown precipitate was vacuum-

the solvent, the dark-red oil was vacuum-dried and was then redissolveddried, leaving 0.78 g of R@]Cl; (70%). MSm/z (%) 519 (1, M—

in 20 mL EtOH and treated with DBU (0.100 g, 0.66 mmol) and LiClI  Cl), 483 (10, M— 2ClI). Anal. Calcd for GiH2sNsClsRu: C, 45.46; H,
(0.140 g, 3.3 mmol). After 48 h at reflux, the EtOH was removed and 4.54; N, 12.62. Found: C, 45.36; H, 4.33; N, 12.45.

the remaining yellow oil was triturated with dilute HCI and extracted [Ru(H4),](PFe)2. This was prepared by method A, using 0.034 g of
into CHCk. Removal of the solvent afforded a red solid, BuClz, H4 (0.102 mmol) and 0.025 g of Ru(DMS), (0.051 mmol) and
which was purified by column chromatography on silica gel, using heating for 2 days. The crude, red oily product was purified by column
CHCIly/MeOH (90:10) as eluent. After collecting the appropriate chromatography on silica gel, using Me©&H,Cl, (15:85) as eluent,
fractions and liberating them of solvents, the red solid residue was to provide 0.035 g of red solid [Rué@);]Cl, (82%). Anion exchange
dissolved in MeOH and treated with excessRR; in H,O to produce provided [Ru(H}),](PFes). in quantitative yield*H NMR (CDCl): ¢

the brick-red Rug),(PFs). (0.224 g, 84%)*H NMR (acetoneds): o 1.71 (m, 4H), 1.80 (m, 12H), 2.45 (m, 4H), 2.52 (m, 2H), 2.57 (m,
1.48 (t, 12H,J = 7.0 Hz), 1.80 (m, 8H), 1.94 (m, 8H), 2.32 (m, 8H),  2H), 2.71 (s, 6H), 2.85 (m, 4H), 2.97 (m, 2H), 3.10 (m, 2H), 7.92 (d,
3.03 (m, 8H), 4.48 (q, 8H) = 7.0 Hz) 6.84 (d, 8HJ = 8.0 Hz) 7.51 2H,J = 7.8 Hz), 7.98 (d, 2HJ = 7.9 Hz), 8.08 (t, 2H,) = 7.87 Hz),

(d, 4H,J = 7.0 Hz), 7.59 (t, 2H) = 7.2 Hz), 7.72 (d, 8HJ = 8.0 Hz) 10.23 (s, 2H) ppm**C NMR (CDCk): ¢ 20.58, 21.03, 21.44, 21.52,
ppm.*C NMR: 6 14.54, 21.42, 22.08, 22.50, 62.42, 118.92, 120.38, 21.65, 21.89, 22.17, 33.92, 116.73, 118.25, 119.08, 120.02, 136.67,
127.30, 130.80, 133.36, 136.28, 139.46, 147.57, 151.92, 154.32, 157.68143.03, 144.80, 149.45, 149.82, 153.75, 154.23 ppmni3%) 912
162.05, 165.70, 168.80 ppm. M8z (%) 1622 (4, M), 1477 (100,M (18, M — PR, — H), 767 (100, M— 2PR; — 2H). Anal. Calcd for

— PFR), 1332 (50, M— 2PF), 666 (57, (M— 2PF)/2). Anal. Calcd CaoHaeN1PF1.RU-HO: C, 44.66; H, 4.50; N, 13.02. Found: C, 44.77;
for C74H7aN100sPF1.RU-2H,0: C, 53.59; H, 4.74; N, 8.45. Found: C, H, 4.37; N, 12.75.

53.73; H, 4.59; N, 8.50. [Ru(3)(H4)]Cl, and [Ru(3)(H4)](PFs).. By method A, RuB)Cls
Method B: Synthesis of [Ru(3}](PFe)2. Solid NaH (0.019 g, 0.8 (0.100 g, 0.18 mmol) and ligand4{0.060 g, 0.18 mmol) were allowed
mmol) was added to a solution of Ru@,(PF). (0.103 g, 0.1 mmol) to react for 3 days. Column chromatography on silica gel, using

in dry THF. H; evolution was immediate and the solution turned green. MeOH—CH,ClI, (15:85) as eluent, provided 0.085 g of the red solid
The mixture was kept under Arf@ h and was then treated with GH [Ru@)(H4)]ICl, (55%).*H NMR: 6 1.72 (m, 16H), 2.49 (m, 8H), 2.65
(0.071 g, 0.5 mmol) and brought to reflux for 24 h, during which time (s, 6H), 2.69 (s, 3H), 8.01 (m, 4H), 8.09 (m, 2H) ppFC NMR: o
the color gradually changed to red. After the THF was removed, the 21.40, 22.11, 22.22, 22.29, 22.65, 23.26, 23.85, 34.37, 34.72, 118.50,
red solid residue was dissolved in CH@nd washed with kD. The 119.59, 120.39, 136.97, 137.16, 144.48, 149.76, 150.31, 154.77, 155.06,
organic layer was evaporated and the solid red residue was chromato-155.87 ppm. MSwz (%) 817 (4, M— ClI), 781 (100, M— 2Cl), 391
graphed on alumina, using GEl,—MeOH (90:10) as eluent, then (5, (M — 2Cl)/2). Subsequently, [R8)(H4)](PFs). was obtained as a
reprecipitated as its solid red PFsalt as in method A. Yield 0.100 g red solid in quantitative yielddH NMR: 6 1.81 (m, 16H), 2.50 (m,
(92%). The mp and NMR spectra were identical to those reported for 8H), 2.64 (s, 6H), 2.69 (s, 3H), 2.98 (m, 8H), 8.11 (m, 4H), 8.19 (m,
material prepared by method‘A. 2H) 10.81 (s, 1H) ppmt3C NMR: 6 21.06, 21.41, 22.11, 22.60, 23.26,
Method C: Synthesis of [Ru(H:13)](PFs)2. A solution of Rub).Cl, 23.85, 34.53, 34.85, 119.02, 120.33, 120.70, 137.16, 137.58, 144.68,
(0.014 g, 0.001 mmol) in 5 mL of THF was treated with 2 drops of 145.05, 149.57, 150.53, 154.95, 155.27 ppm. Mg (%) 926 (36,
H,O, DBU (0.001 g, 0.007 mmol), and LiCl (0.002 g, 0.047 mmol) M — PR — H), 779 (100, M— 2Pk — 2H). Anal. Calcd for
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CaiHagN10PF12RU-H20: C, 45.18; H,4.62; N,12.85. Found: C, 45.13; CH.Cl, (5:95) to remove the unreacted benzyl bromide then MeOH
H, 4.58; N, 12.74. CHCI, (10:90) to collect [RU8),]Cl,, followed by anion exchange as
[Ru(3)(5)]Cl; and [Ru(3)(5)](PFs)2. Using method A Ru@)Cls before to give 0.120 g (86%) of red solitH NMR: 6 1.72 (m, 16H),
(0.055 g, 0.1 mmol) and diest&r(0.062 g, 0.1 mmol) were heated to  2.27 (m, 8H), 2.57 (m, 8H), 4.28 (s, 8H), 5.91 (d, 8H= 7.40 Hz),
reflux for 3 d. Retro-transesterification was followed by column 7.04 (t, 8H,J = 7.62 Hz), 7.21 (t, 4HJ = 7.26 Hz), 7.63 (d, 4H) =
chromatography on silica gel, using Me©i8H,Cl, (15:85) as eluent, 7.94 Hz), 8.03 (t, 2HJ = 7.91 Hz) ppm13C NMR: 6 21.31, 21.71,
yielding 0.065 g of pure, red [RB)(5)]Cl, (57%).'H NMR (CDCly): 22.38, 24.79, 51.45, 119.40, 120.94, 124.53, 128.35, 129.26, 135.46,
0 1.47 (t, 6H,J = 7.16 Hz), 1.59 (m, 4H), 1.88 (m, 12H), 2.13 (m, 137.50, 145.94, 150.32, 154.81 ppm. Mtz (%) 1244 (100, M— H
4H), 2.64 (m, 4H), 2.79 (m, 4H), 2.83 (s, 6H), 3.06 (m, 4H), 4.46 (g, — PFK), 1100 (30, M— 2PF), 550 (40, (M— 2PF)/2). Anal. Calcd
4H,J = 7.17 Hz), 6.45 (d, 4H) = 8.19 Hz), 6.96 (d, 2H) = 7.81 for CeeHssN1oP2F12RU: C, 57.02; H, 4.78; N, 10.07. Found: C, 57.36;
Hz), 7.17 (t, 1H,J = 7.83 Hz), 7.53 (d, 4HJ = 8.12 Hz), 8.15 (m, H, 4.50; N, 9.70.
3H) ppm.3C NMR (CDCk): ¢ 14.43, 20.07, 21.01, 21.35, 21.43, [Ru(9)2](PFs)2. Method B was followed, using 0.024 g of NaH (1.0
21.54, 21.95, 34.26, 61.69, 117.14, 117.22, 118.80, 119.94, 121.49,mmol), 0.120 g of Ru(kR).(PFs). (0.12 mmol), and 0.260 g of methyl
126.92, 129.88, 132.29, 136.73, 138.87, 145.46, 147.37, 148.56, 149.844-(bromomethyl)benzoate (1.13 mmol), and heating at reflux for 48 h.
154.15, 154.38, 165.05 ppm. This was further characterized as [Ru- Purification consisted of washing the crude chloride salt wit®©End

3)(5)1(PFs)2. MS mvz (%) 1354 (8, M), 1208 (100, M- PR — H), precipitation of the P§ salt as before. This yielded 0.190 g of the red
1062 (25, M— 2PRK — 2H). Anal. Calcd for GgHeaN1gOsPF1Ru [Ru(9)2)(PFs)2 (98%).*H NMR: 6 1.67 (m, 16H), 2.27 (m, 8H), 2.48
0.5H,0: C, 51.10; H, 4.66; N, 10.27. Found: C, 51.02; H, 4.56; N, (m, 8H), 3.89 (s, 12H), 4.33 (s, 8H), 6.02 (d, 8Hs= 8.02 Hz), 7.60
10.08. (d, 4H,J = 7.98 Hz), 7.66 (d, 8H) = 8.37 Hz), 8.04 (t, 2H, 7.65 Hz)

[(B3Ru),12](PFs).. Ditopic ligand12(0.215 g, 0.317 mmol) and Ru-  ppm.*C NMR: 6 21.24, 21.67, 22.10, 51.48, 52.73, 119.49, 121.35,
(3)Cl3 (0.352 g, 0.634 mmol) in 15 mL of ethylene glycol were heated 124.92,130.29, 130.33, 137.89, 140.59, 146.35, 150.50, 154.61, 167.02
at 140 for 5 days. The reaction mixture was treated with saturated ppm. MSm/z (%) 1476 (100, M— H — PF), 1330 (71, M— 2H —
aqueous NaCl and extracted with CHCAn insoluble red film was 2PF), 665 (85, (M— 2H — 2PF)/2). Anal. Calcd for GsH7aN1¢OsPoF 12
observed on the walls of the separatory funnel. The GH&ger was Ru: C, 54.73; H, 4.60; N, 8.63. Found: C, 56.66; H, 4.71; N, 7.37.
separated, the solvent was removed, the residue was dissolved in MeOH, [Ru(10);](PFe).. Following method B, 7 mg of NaH (0.3 mmol),
and the crude product was precipitated as its Pfalt as before. The 0.052 g of Ru(H2)(PFs). (0.050 mmol), and 0.043 g of ethyl

red film was dissolved in MeOH and separately treated with,Rfg iodoacetate (0.20 mmol) were used with 24 h heating at reflux. Column
as before. The red solids so obtained were washed with &hd chromatography on silica gel using MeG#@H,Cl, (10:90) and anion
purified by chromatography on silica gel, using 1:9 Me©€H,Cl, exchange as before yielded red [RO)¢](PFs)., which was recrystallized

as eluent. This produced 0.307 g (45%) of the binuclear complex which from acetone-H,O (0.056 g, 81%)*H NMR: ¢ 1.14 (t, 12HJ=7.1
was recrystallized from acetonél,O.*H NMR: 6 0.25 (m, 2H), 0.54 Hz), 1.83 (m, 16H), 2.44 (m, 8H), 2.98 (m, 8H), 3.78 (s, 8H), 3.85 (q,
(m, 2H), 0.93 (m, 4H), 1.30 (m, 6H), 1.36 (m, 4H), 1.76 (m, 8H), 2.40 8H, J = 6.99 Hz), 8.01 (d, 4H) = 7.98 Hz), 8.16 (t, 2H,) = 7.95

(s, 6H), 2.42 (m, 6H), 2.51 (m, 6H), 2.55 (m, 4H), 2.59 (s, 6H), 2.72 Hz) ppm.C NMR: o 13.88, 21.22, 21.69, 48.94, 61.81, 118.44,
(s, 6H), 2.75 (m, 4H), 3.00 (m, 2H), 3.15 (m, 2H), 3.30 (m, 2H), 4.19 119.68, 136.83, 146.40, 148.92, 154.62, 165.40 ppmnkt3%) 1228

(s, 2H), 7.87 (d, 2H) = 8.12 Hz), 7.97 (t, 2HJ = 7.92 Hz), 8.15 (m, (100, M — H — PK), 1082 (35, M— 2H — 2PFK), 541 (47, (M— 2H
6H), 8.24 (t, 2HJ = 7.90 Hz) ppm**C NMR: ¢ 20.00, 21.34, 21.88, — 2PR)/2). Anal. Calcd for GHgeN1¢0OsPoF1.Ru-H,0-CH;COCH;: C,
22.16, 22.49, 22.80, 33.82, 34.56, 34.77, 62.26, 118.63, 119.06,47.21; H, 5.14; N, 9.66. Found: C, 47.14; H, 4.91; N, 9.36.
119.77,121.26, 121.52, 121.73, 122.18, 137.94, 138.13, 145.61, 145.71, [Ru(11)](PFe)2. Using method B, with 0.066 g of [Ru@);](PFe)2
145.90, 146.09, 149.20, 149.47, 149.76, 151.15, 154.70, 155.13, 155.230.06 mmol), 0.005 g of NaH (0.21 mmol) in 25 mL of GBt, was

ppm. MSm/z (%) 2010 (1, M— PR — H), 780 (10, [RuB)(4)]"). heated at reflux for 24 h. The removal of solvent and subsequent
Anal. Calcd for GsHgeN20PsF24RWCH3;COCH;-H,O: C, 46.28; H, washing of the product with CHgH,O gave a dark red solid, which
4.70; N, 12.55. Found: C, 46.21; H, 4.69; N, 12.32. was purified by silica gel chromatography, using H—MeOH (95:

[Ru(H6)2](PFe).. Method A was followed, using monoesteréH 5) as eluent, followed by anion exchange to give [Ri](PFs). as a
(0.072 g, 0.154 mmol), Ru(DMS@Ql, (0.037 g, 0.077 mmol) and red solid (0.058 g, 78%)H NMR (35 mg/mL): 6 1.81 (m, 16H),
heating to reflux for 3 days. After transesterification, column chroma- 2.48 (m, 4H), 2.56 (m, 4H), 2.63 (s, 6H), 2.98 (m, 8H), 4.71 (d, 2H,
tography on silica gel, using MeGHCH,Cl, (10:90), and anion J = 11.0 Hz), 4.85 (d, 2HJ = 11.0 Hz), 8.35 (m, 6H) ppm*C
exchange provided pure red [RUBH|(PFs). (0.033 g, 33%).H NMR: ¢ 21.39, 21.76, 22.15, 22.53, 34.42, 41.62, 119.39, 121.41,
NMR: 6 1.55 (t, 6H,J = 6.96 Hz), 1.76 (m, 8H), 1.85 (m, 4H), 1.93 121.70,122.11, 138.46, 145.90, 146.68, 150.07, 153.61, 154.92, 155.74
(m, 4H), 2.23 (m, 2H), 2.48 (m, 6H), 2.89 (m, 6H), 3.02 (m, 2H), 4.53 ppm. MS Mz (%) 1096 (24, M— 2Pk — 2H). Anal. Calcd for
(0, 4H,J = 6.97 Hz), 6.36 (m, 2H), 6.71 (m, 2H), 7.58 (M, 4H), 7.87  CasHagN10BroPoF1oRUY,CqH100: C, 41.26; H, 4.17; N, 10.94. Found:
(m, 6H) ppm.*3C NMR: 6 14.61, 21.37, 21.47, 22.14, 22.30, 22.61, C, 41.03; H, 4.39; N, 10.86.

22.83, 62.45, 118.68, 118.80, 120.10, 120.15, 127.42, 130.52, 133.31, [Ru(H14)](PFe),. By method C, using 0.051 g of [Ra)](PFs)2
136.58, 139.66, 144.96, 146.04, 150.48, 151.68, 153.90, 154.69, 165.7000.031 mmol) in THF and a mixture of LiCl (0.026 g, 0.62 mmol),
ppm. MSm/z (%) 1181 (9, M— PF;), 1036 (100, M— 2PFs;), 518 (42, DBU (0.049 g, 0.32 mmol), and & (0.100 g) in 4 mL of THF, were
(M — 2PFK)/2). Anal. Calcd for GgHsgN1gO4PF12RU-2CHsO: C, heated at reflux for 4 days. After removal of THF, the oily residue
54.88; H, 4.84; N, 9.89. Found: C, 50.75; H, 4.65; N, 9.93. was dissolved in kD and acidified with dilute HCI. The dark red solid

[Ru(7)2](PFe).. Method B was followed, using 0.019 g of NaH (0.8  formed was collected, redissolved in Me©H0, and subjected to
mmol), 0.103 g of Ru(kR)z(PFs)2 (0.1 mmol), and 10 mL of EtBr, anion exchange as before. ThegPBalt was washed with # and
and heating to reflux for 24 h. Anion exchange as before afforded [Ru- CHCl;, then vacuum-dried to yield 0.036 g of the red [Rel(#),](PFs)2
(7)2](PFe)2 in quantitative yield'H NMR (acetoneds): o 0.54 (t, 12H, (74%). 'H NMR (DMSO-dg): ¢ 1.60 (m, 16H), 2.27 (m, 8H), 2.44
J=17.02 Hz), 1.82 (m, 16H), 2.63 (m, 8H), 3.09 (m, 8H), 3.24 (q, 8H, (m, 8H), 4.42 (s, 8H), 5.95 (d, 8H} = 7.86 Hz), 7.63 (d, 8HJ =
J = 7.47 Hz), 8.37 (d, 4H) = 7.88 Hz), 8.46 (t, 2H,) = 7.38 Hz) 7.91 Hz), 7.89 (d, 4HJ = 7.54 Hz), 8.21 (t, 2H,) = 7.80 Hz) ppm.
ppm.C NMR: ¢ 15.19, 21.42, 21.88, 22.11, 22.45, 44.72, 119.57, 3C NMR (DMSO-): 6 20.22, 20.48, 21.09, 21.34, 21.80, 22.46,
120.65, 138.41, 145.07, 149.96, 155.58 ppm. i3 (%) 996 (100, 50.32, 117.96, 120.46, 123.56, 129.48, 130.32, 137.60, 139.05, 145.08,
M — H — PR), 850 (27, M — 2H — 2PR). Anal. Calcd for 149.00, 153.18, 166.94 ppm. M8z (%) 1512 (21, M— COy), 1421
CueHsgN1oPoF12RU: C, 48.38; H, 5.12; N, 12.26. Found: C, 48.00; H, (96, M — PK), 1276 (60, M— 2PF), 1231 (34, M— 2PKk — CO,),
5.10; N, 12.13. 1141 (100, M— 2Pk — 3CQ,). Anal. Calcd for GoHesN10OgP2F12RuU:

[Ru(8)2](PFe)2. By Method B, 0.020 g of NaH (0.8 mmol), 0.103g C, 53.68; H, 4.25; N, 8.94. Found: C, 56.53; H, 4.66; N, 8.25.
of Ru(H:2)2(PFs)2 (0.1 mmol), and 0.086 g of benzyl bromide (0.5 [Ru(H 215)](PFe)2. Ru(L0)x(PFs)2 (0.073 g, 0.053 mmol), LiCl (0.045
mmol) were used with overnight heating at reflux. Purification was g, 1.06 mmol), DBU (0.045 g, 1.06 mmol) and®i (0.1 g) were used
carried out by column chromatography on silica gel, using first MeOH  in THF (25 mL) at reflux for 3 days, according to method C. The THF
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was removed, the residue was taken up pHnd this was acidified Ru-6H,0: C, 40.33; H, 4.56; N, 10.22. Found: C, 40.24; H, 4.52; N,
with HCI. The dark red precipitate was collected, redissolved in 9.91.

MeOH-H,0, and subjected to anion exchange as before. The rgd PF

salt was vacuum-dried to yield 0.035 g of [Rul3),](PFs)2 (52%). Acknowledgment. The authors are indebted to Mr. Robert
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4.22 (s, 8H), 8.46 (d, 4H] = 7.46 Hz), 8.57 (t, 2H) = 7.8 Hz) ppm. for the experiments with MV(Pd, to Mr. Mehrdad Ebadi and
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150.03, 152.93, 156.88, 173.19 ppm. M (%) 972 (11, M— 2PFy), Natural Sciences and Engineering Research Council for funding.
913 (30, M— 2Pk — CH,CO,H), 854 (26, M— 2Pk — 2CH,CO,H),
795 (91, M— ZPFB — 3CH2C02H) Anal. Calcd for Q6H50N1003P2F12- 1C980817H



