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Novel diruthenium(lll) compound Ru,(DMBA).Cl, (1, DMBA =

N,N'-dimethylbenzamidinate) was obtained via refluxing

Ruy(OAc),Cl with dimethylbenzamidine in the presence of LiCl and Et;N under ambient atmosphere. Metathesis
reactions between 1 and MC,Y (M = Li and Na) yielded bis-alkynyl derivatives Ru,(DMBA)4(C,Y), (Y = SiMes
(2a), H (2b), Ph (2c), and C,SiMes (3a)), and further desilylation of 3a using K,COj resulted in Ru,(DMBA)4(C4H),
(3b). Compound 1 is paramagnetic (S = 1), while compounds 2 and 3 are diamagnetic. The single-crystal X-ray
diffraction study revealed that the Ru—Ru distances are 2.3224(7), 2.4501(6), and 2.4559(6) A for 1, 2a, and 3b,
respectively. A strong Ru—C o-bond in alkynyl adducts was implied by the short Ru—C distances in 2a (1.955(4)

A) and 3b (1.952[5] A). All the compounds undergo three

one-electron redox processes, an oxidation and two

reductions, and the reversibility of redox couples depends on the nature of axial ligands.

Introduction

Within the family of established metametal bonded
dinuclear species, diruthenium paddlewheel compounds
distinguish themselves with both the rich redox chemistry
and diversified magneto- and spectroscopic featuBise
latter have provided ample opportunity for probing the
intricate manifolds of electronic configurations of -\
bonded dinuclear specié3.here has been a recent surge of
interest in incorporating diruthenium paddlewheel com-
pounds into various supramolecular constructs. Utilizing
various organonitrogen bridging ligands, diruthenium car-

boxylates have been incorporated into both one-dimensional

chain$=6 and two-dimensional networKsyhere moderate
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interdimer magnetic couplings have been observed. Much
enhanced interdimer electronic couplings have been observed
recently between two diruthenium units bridged by polyyne-
diyl (Con?”) linkers in both ourdand Lehn’s laboratories,

and the possibility of realizing molecular electronic wires
based on these linked diruthenium units has been proposed
(Scheme 1}°12

Scheme 1. Oligo-metalla-yne Wires Based on RGompound

{[Ruz] = [Ruy]

2k|n

ak, n = integers.

To achieve the oligomer outlined in Scheme 1, a difunc-

tional moduletrans{YCx—Rw—CxY}, where Y is either

RsSi or H, is required from the structural consideration. Our
previous work in developing difunctional modules was based
on two sets of supporting ligands (Scheme 2): diarylforma-
midinates (DArF) and 2-anilinopyridinate (af$)!**3In both
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Scheme 2. Diarylformamidinate and 2-Anilinopyridinate Ligands Ru(hppkCl, in 40% yield!® Compoundl is paramagnetic
R R and has a room-temperature magnetic moment of 236
X | = /l = indicating anS= 1 ground state similar to that of Rhpp)-
Cl.
x AL XN N
N N N N Cin m
DArF ap T o
cases, the presence of aryl groups that flank either one or ]/’3‘*-4 o Run | s O e
both axial positions of the Ricore necessitates the use of 2: I\( o~ ‘ ) \,//(
butadiynyl or longer alkynyl ligandk(= 2) in realizing the G - r # 7

difunctional module. Consequently, oligomArbased on . -

these modules will have a polyyne-diyl bridge with a PO N o~ -
minimum of four G=C bonds. Because the electronic \‘I \/k —1Naf © %&(\
coupling generally decays exponentially as the length of the ( i _ S
bridge increase¥, use of shorter polyyne-diyl bridges is ) 7/*4'&201#0 A

desired for achieving a higher degree of electronic delocal- clita) @L)

ization. Hence, achieving difunctional modules bearing axial Figure 1. ORTEP plot of moleculdl at 30% probability level.

ethynyl ligands is very significant in this regarti,N'-

Dimethylbenzamidinate (DMBA), a ligand previously used  Previous work demonstrated that both the mono- and bis-
in supporting both the Giand Fe cores!>'®appears to exert  alkynyl adducts of diruthenium core can be prepared from
a minimum steric effect around the axial positions and hence the reaction between RwCI (L = DArF, ap, and 2-per-

is appealing for the ethynyl-based difuctional modules. fluoroanilinopyridinate) and LigY, depending on the nature
Described in this contribution are the synthesis and charac-of Y and stoichiometry of lithiated alkynyf1319-23 |n
terizations of the novel diruthenium(lll,lll) compound contrast, the bis-alkynyl adduct is the only product isolated
Rw(DMBA)Cl, (1), and its bis(ethynyl) Z) and bis- with all C,Y (Y = H, SiMe;, Ph, GSiMe;) ligands employed

(butadiynyl) @) derivatives (Scheme 3). in this study. An attempt to isolate the monosubstituted
species (YG—[Ru,L4]—Cl) by treatingl with 1 equiv of
Scheme 3.  DMBA-Bridged Diruthenium Compounds alkynyl ligand resulted in the bis-adduct along with unreacted
Ph 1. A plausible explanation is that the binding of the first
[H3C\N)\N/CH3] alkynyl ligand to Ry(DMBA) 4 core induces an accelerated
4 addition of the second alkynyl. However, the origin of such
X—Ru Ru—X a synergetic effect remains unclear. To maximize the yield
X =CI(1); C,SiMes(2a) , C,H (2b), of 2/3, 5 equiv of alkynyl ligand were used in all the
CoPh (2¢); C45iMe; (3a), C4H (3b) syntheses. Interestingly, the metathesis reaction between
Ru(hppxCl, and lithiated alkynyl failed to yield any kind
Results and Discussion of alkynyl adducts, which was attributed to the substitution

Hoping to obtain a R L,Cl type compound based on  ©f the bridging hpp by the alkynyl ligartd. _
the DMBA bridge, we used the same synthetic procedure as Compound2a is the first example of bis(trimethylsily-

that described for R(DAIF).Cl:Y7 refluxing Ru(OAC).Cl lacetylide) adduct on a Ruiore, confirming the minimized
with 5 equiv of HDMBA in the presence of Bt and LiCl steric effect around both axial positions. It is interesting to

a Ru" species, was isolated in a nearly quantitative yield. NF (in THF with 5% BHO) or K.CO; failed to yield 2b.

The formulation is supported by both the FAB-mass datum Failure of direct desilylation of metal-bound trimethylsily-
and combustion analysis of the chlorine content, and the lacetylide has also been noted for mononuclear Mn and Nb
X-ray single-crystal structure study. Clearly,N'-dimeth- complexe¥"2*and is attributed to a reduced nucleophilicity
ylbenzamidinate is a much stronger donor thiliN'- —— : —
diarylformamidinates because of the difference in N-sub- (&) gﬁgrrﬁf'l'gzéLgE)Yé%?' B.; Caemelbecke, E. V.; Kadish, K.INbrg.
stituent, and the enhanced electron richness stabilizes thg19) Bear, J. L.; Han, B.; Huang, S. Am. Chem. S0d993 115, 1175.
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Rw(OAC),Cl with Hhpp (1,3,4,6,7,8-hexahydrd42pyrimido- Chem.1997 36, 5449. _
[1,2-a]pyrimidine) under molten conditions resulted in 2 #'rr;n%’lggg' o vatente, . J.; Zubkowski, J. b.Chem. Soc., Dalton
(23) Lin, C.; Ren, T.; Valente, E. J.; Zubkowski, J.DOrganomet. Chem.
(14) Launay, J.-PChem. Soc. Re 2001, 30, 386. 1999 579, 114.
(15) Bino, A.; Cotton, F. A.; Kaim, Winorg. Chem.1979 18, 3566. (24) Fernandez, F. J.; Alfonso, M.; Schmalle, H. W.; Berke Chigano-
(16) Cotton, F. A.; Daniels, L. M.; Matonic, J. H.; Murillo, C. Anorg. metallics2001, 20, 3122.
Chim. Actal997 256, 277. (25) Garca-Yebra, C.; Lpez-Mardomingo, C.; Fajardo, M.; Aitipo, A.;
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Lett. 1997 753. J. J.; Lleds, A.; Bo, C.Organometallics200Q 19, 1749.
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with the Cl1-Rul—RulA—CI1A vector. Both the RtRu
(2.3224(7) A) and RN bond lengths (2.042(2) A) il
are identical to that of Rihpp)Cl, (2.321(1) and 2.045(5)
A) within experimental error&® The Ru-Cl bond (2.557-
(1) A) is shorter than that of R(hpp)Cl, (2.705 A) but is
significantly longer than those found for RDArF).Cl
(2.412-2.433 A)17.2027Simijlarity in both the structure and
magnetism betweehand Ru(hpp)Cl; clearly indicates that
they are isoelectronic. Likely, the ground-state configuration
of compoundl is ¢?7*0%7*2, which implies a Re-Ru bond
order of 3 for1.28

The Ru-Ru distances i2a (2.4501(6) A) andb (2.4559-
(6) A) are nearly identical and comparable with those
reported for bis(alkynyl) adducts on a Rap) core (2.456-
2.475 Ayo1221pyt shorter than those of a RDArF), core
(2.506-2.599 A, see Table 2}:2022Both the elongated Ru
Ru bond relative to the parent compound and diamagnetism
indicate that all the bis(alkynyl) adducts are isoelectronic.
The Ru-C, distance is about 1.95 A in bot®a and 3b,
indicating a strong RtC o bond. Consequently, there is
no net Ru-Ru o-bond, and the ground-state configuration
of both 2 and 3 is best described as*d%7*4.28 For the
purpose of comparison, key bond lengths and angles around
Ru, core have been collected in Table 2 for the known bis-
(alkynyl) adducts.

Significant deviation from an effectivB, symmetry in
the first coordination sphere of Raore has been observed
in compounds of general formuli@ns RuL 4(C,Y),101220-2231
and was attributed to a second-order Jahaller distortion
on the basis of FenskeHall type MO calculationg? The
¢ structural distortion also occurs iBa and 3b, albeit in
Figure 3. ORTEP plot of molecul@b at 30% probability level. different degrees. Among four independent-Rubonds in
2a, there are clearly two short (Ru@N(1) and Ru(1l)}
N(2)) and two long (Ru(X)N(3) and Ru(1)}-N(4)), but the
difference between the longest and shortestRubond is
converted ta3b by K,COs, a mild desilylation agent. The ;mall (0.041 .A). Thg distortion pecomes more pronounced
difference in reactivity betweera and 3a is clearly in 3b: therg is a pair of trans nitrogen centers on each Ru
electronic: butadiyny! ligand is more electron-deficient and CeNter exhibiting compressed and stretched-Rubonds
consequentially more susceptible to nucleophilic desilylation (N(4) and N(8) on Ru(1), and N(3) and N(7) on Ru(2)), and
reaction. This is also consistent with our previous observation the Ru=N bond length ranges from 1.993(4) to 2.107(4) A.
that the desilylation occurs first at the butadiynyl end in 't i clear from Table 2 that moleculga has the least
trans{MesSiCs)[Ru(ap)](C2SiMes).12 Both compound<2 distortion among all knowriransRuL4(C,Y), type com-

and3 are diamagnetic and exhibit well-resolvid and3C pounds. It is possible that the second-order Jareller
NMR spectra. distortion in2ais partially suppressed by the steric repulsion

Molecular structures of compounds 2a, and3b have  between the MgSi andN-Me groups. A similar effect was
been established by single-crystal X-ray diffraction studies, Observed in the case tns{Me;SiCs)[Rua(ap)](C-SiPr).*2
and structural plots are shown in Figures3, respectively. ~ As elaborated previousff, the second-order JakiTeller

o
15

Ul o) Cel i (5181

of F~ in the presence of water. Nevertheless, compdnd
can be prepared directly from the reaction betwé&esnd
NaCCH. On the other hand, compour8h is readily

It is clear that DMBA ligand adopts the expectdtN'- distortion is a global structural effect, and it is also reflected
bidentate bridging coordination mode and the diruthenium Py the significant deviation of the RtRu—C angle from
core has the classical paddlewheel coordination mdtif.  linearity. The majority of bis-alkynyl adducts tabulated have

this motif, two chloro/alkynyl ligands occupy the opposite & deviation of 10 or more, while2a has an exceptionally
axial positions and are approximately collinear with theRu ~ Small 5 deviation that is consistent with the suppressed
Ru vector. Selected bond lengths and angles around diru-distortion.

thenium core are compiled in Table 1 for all three com-

pounds. (26) Bear, J. L.; Li, Y.; Han, B.; Kadish, K. Minorg. Chem.1996 35,

, , 1395,
Molecule 1 has a point symmetry group, imposed by 57y Cotion, F. A; Ren, Tinorg. Chem.1995 34, 3190.

the space group422 with the principalC, axis coinciding (28) Cotton, F. A.; Yokochi, Alnorg. Chem.1997, 36, 567.
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Table 1. Selected Bond Lengths (A) and Angles (deg) for Compouhd, and3b

1 2a 3b

Ru(1)-Ru(1A) 2.3228(6) Ru(BRu(1A) 2.4501(6) Ru(BRu(2) 2.4559(6) Ru(BC(5) 1.949(5)

Ru(1)-N(1) 2.042(2) Ru(1yN(1) 2.026(3) Ru(1yN(8) 1.993(4) Ru(2}C(1) 1.954(5)

Ru(1)-CI(1) 2.557(1) Ru(1yN(2) 2.028(3) Ru(1yN(2) 2.034(4) C(1rC(2) 1.203(6)

N(1)—C(1) 1.470(3) Ru(LyN(3) 2.062(3) Ru(1)}N(6) 2.047(4) c(2rC(d) 1.361(7)

N(1)—C(3) 1.335(2) Ru(1N(4) 2.067(3) Ru(1)N(4) 2.107(4) C(3¥-C(4) 1.178(9)

Ru(1)-C(1) 1.955(4) Ru(2yN(3) 1.998(4) C(5y-C(6) 1.212(6)

Cc(1)-C(2) 1.207(6) Ru(2yN(5) 2.021(3) C(6)-C(7) 1.373(7)

Si—C(2) 1.783(5) Ru(2¥N(1) 2.063(4) C(7rC(8) 1.159(9)

Ru(2-N(7) 2.093(4)

N(1)—-Ru(1)-Ru(1A) 88.20(5) C(1)Ru(1)-Ru(1A) 174.8(1) C(5YRu(1)-Ru(2)  170.3(1) C(LyRu(2)-Ru(1) 170.7(1)

C(3)-N(1)—Ru(1) 119.2(2)  N(IFRu(1)-Ru(lA)  88.79(10) N(8YRu(1)}-Ru(2)  92.48(12) N(3YRu(2)-Ru(l)  92.34(12)

N(1)—C(3)-N(1A) 118.6(3)  N(2-Ru(l-Ru(lA)  88.88(10) N(ZrRu(l)-Ru(2)  87.89(12) N(YRu(2-Ru(l)  87.63(11)
N@3)-Ru(l-Ru(1lA)  84.30(9)  N(6FRu(l}-Ru(2)  85.49(11) N(I}Ru(2-Ru(l)  85.49(12)
N(4)-Ru(1)-Ru(1A)  83.90(9)  N(4rRu(l)-Ru(2)  80.54(11) N(ARu(2-Ru(l)  81.27(11)

C(2)-C(1)~Ru(1) 176.6(5) C(6YC(5)-Ru(l)  176.7(5) C(&C@)-Ru@R)  177.7(5)
C(1)-C(2)-Si 170.9(5)
N(1)—Ru(1)~ 19.0(2)  N@)»Ru(l)» 19.70(15)  N(2}-Ru(l)- 17.87(15)  N(6)}-Ru(l)- 17.72(14)
Ru(1A)-N(1A) Ru(1A)-N(1A) Ru(2)-N(1) Ru(2)-N(5)
N(3)—Ru(1)- 19.10(14)  N(4)}Ru(1)}- 18.16(14)  N(8FRu(1)- 17.12(16)
Ru(1A)—N(2A) Ru(2)-N(3) Ru(2)-N(7)
Table 2. Comparison of Key Structural Parameters among
transRwL4(CCY), 1 W
L Y Ru-Ru Ru-C Ru-Nau(Ama®) Ru—Ru-C J\J
DPhP Ph 2.558 1.987 2.054 (0.103) 160 2a A B
DpCIPhF Ph 2.555 1.991 2.054 (0.099) 159 m
Fsagd Ph 2.441 1.955,1.951 2.068 (0.091) 171,172 <
apf Ph 2471 1.987,1.989 2.062(0.195) 162, 164 ¥
DmANF C,SiMe; 2.599 1.947 2.056 (0.114) 164 2h g D
ap'° C,SiMe; 2.472 1.938,1.956 2.037 (0.176) 163, 164
DMBA¢ SiMe; 2.450 1.955 2.046 (0.041) 175
DMBAY C,SiMe; 2.456 1.949,1.954 2.045(0.114) 170,171
DMBA" Fc 2.439 1.981,1.977 2.042(0.132) 168, 170 2¢
2 Amax = largest discrepancy among RN bond lengthsP DphF is
diphenylformamidinat@? ©DpCIPhF is dip-Clphenyl)formamidinaté? C
dFsap is 2-pentafluoroanilinopyridinate, (4,0) isomer listédeap is 3a B
2-anilinopyridinate?® f DmANF is difm-methoxyphenyl)formamidinaté. D

All the compounds reported herein are highly redox active,  3p
as shown by their cyclic voltammograms recorded in THF
versus Ag/AgCI (Figure 4, Table 3). Compoufdxhibits — 1‘ R (; e ‘1 R ‘2 e ;
three one-electron processes, a quasireversible oxidation at ENV
1.063 V (A), areversible reduction at0.321 V (B), and an Figure 4. Cyclic voltammograms of compounds-3 recorded in 0.20 M
irreversible reduction at1.119 V (C), and their designations ~ THF solution of BuNPFs at a scan rate of 0.10 Vis.
are outlined in Scheme 4. Couples A and B were also (A) and first reduction couple (B) of ethynyl addu@a—c
observed for Rig(hpp)Cl, at 0.457 and-0.60 V versus SCE,  have been cathodically shifted from thoseldfy ~0.5 and
respectively!® The significant anodic shift of redox potentials 0.8 V, respectively, which is clearly attributed to the strong
of 1 in comparison with Ry(hpp)Cl, clearly indicates that ~ donor nature of the ethynyl ligands in comparison with.Cl
DMBA is not as electron-rich as hpp. Yet, DMBA is a much Similarly, the oxidation couple (A) and first reduction couple
stronger donor than both DArFs and ap ligands, because thgB) of butadiynyl adduct8a/b have been respectively shifted
RW/RW>" couples (B) in the diruthenium compounds from 1 by ~0.3 and 0.6 V. The smaller potential shifts
supported by the latter ligands were observed in a more observed foBa/b are consistent with the fact that butadiynyl
positive potential window of 0.5201.212 V31 The ir- is more electron-deficient than ethynyl ligated?
reversibility of second reduction C is likely attributed to the Redox behavior of alkynyl (R and GR) derivatives
fast dissociation of axial chloro ligand upon reduction, similar depends on the nature of R. Among the ethynyl compounds,
to the ECE process associated with the<(Dy couple in the 2a exhibits a reversible oxidation (A) and a reversible
Ru(DArF),Cl family.1”2° However, the oxidation wave of reduction (B) if cathodic sweep is limited within1.60 V.

9 This work." Fc is ferrocenyP®
M
% B
A

{[Rux(DMBA)4CI}*~ (D) was not observed. Extending the window of the cathodic sweep-t@.50 V
The bis-alkynyl derivative®/3 exhibit rich redox char- reveals the second reduction (C). However, the corresponding
acteristics similar to that of the parent molecdleall the anodic wave was absent in the backward sweep, and two

cyclic voltammograms consist of one one-electron oxidation small, but significant, waves appeared at more positive
and at least one one-electron reduction. The oxidation couplepotentials. As outlined in Scheme 4, the irreversibility of
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Table 3. Electrochemical and Spectroscopic Data of Compoune3

1 2a 2b 2c 3a 3b

E(+1/0)IV 1.063 0.558 0.5” 0.517 0.730 0.725
(AEYV, ibacKitorward) (0.044, 0.79) (0.064, 0.96) (0.058, 0.89) (0.069, 0.99) (0.058, 0.84)
E(O/-1)/V —-0.321 —-1.141 —1.199 —1.100 —0.897 —0.919
(AEWV, ibacHiforward (0.073, 0.91) (0.063, 0.67) (0.057,0.79) (0.058, 0.94) (0.063, 0.93)
E(—-1/-2)/V -1.119 —2.324 —2.276¢ —2.198 —1.94C —1.94%
(AEYV, ibacKitorward) (0.202, 0.33)
Amanm, (€, cmtM~1) 738 (1738) 872 (2410) 858 (2146) 889 (2105) 884 (2220) 876 (2316)

502 (sh) 580 (sh) 580 (sh) 586 (sh) 580 (sh) 580 (sh)

426 (3311) 492 (14325) 487 (10508) 501 (14115) 512 (12865) 506 (11969)
E(+1/0) — E(0/-1), V 1.384 1.702 1.773 1.617 1.627 1.644
Eop €V 1.68 1.42 1.45 1.39 1.40 1.42

a|rreversible coupleEpais reported? Irreversible coupleEy is reported.

Scheme 4. Redox Steps and Related Chemical Steps in 15000 T
Rw(DMBA) 42Xz (X = Cl and Alkynyl) [ :

+e +e +e
[X-Ru,""-X]"== X-Ru,*"-X === [X-Ru,*"-X]" — [X-Ru,""-X]*"

L

Unidentified 61+ LS 5+ ¢
oy KR =g XRwT

10000 1
[X_Ru24+] 1-

the C couple is possibly due to the fast dissociation of one :
of two (CSiMes)!~ ligands, and the resultant species 5000 f
{[Rux(DMBA) 4J(C,SiMe3)} ™ undergoes two consecutive i
one-electron oxidations (indicated by D and E) during the
backward sweep. The CV of phenylethynyl addd@ctis [
similar to that of2aexcept that there is a small but significant o — ‘
wave immediately following wave B during the forward 400 600 800 1000 1200
sweep of cathodic scan. This additional feature is attributed A /nm

to the partia| dissociation of pheny|ethyny| upon the first Figure 5. Visiblg—near-infrared (visNIR) spectra of compounds 2a,
reduction, revealing thalc is less stable toward reduction ~2"d3arecorded in THF.

than2a. The removal of MgSi from 2a drastically reduces
the redox stability of the ethynyl adduct, as shown by the
CV of 2b, where all the couples became irreversible. The
dissociation of ethynyl ligand is so fast that the reduction Conclusion
wave of mono-ethynyl species (D) became very pronounced
while the second reduction of the bis-species (C) was barely
detectable. There is also an additional wave (F) immediately
following D that is unique t@c, and its nature has not been
resolved. Upon increasing the scan rate (see Support
Information for details), the oxidation couple A became
quasireversible, while the main feature of the cathodic scan
remains the same.

Both butadiynyl adduct8aand3b are more stable toward
redox processes: the oxidation and first reduction couples
are reversible, and there is no small wave immediately Experimental Section
) ! in mineral oil, phenylacetylene, trimethylsilylacetylene, aABluLi
in both cases. Apparently, the strong donor nature of DMBA \yere purchased from Aldrich, BNF (in THF) was purchased from
destabilizes the highly reduced fapecies, and the instability ~ ACROS, and silica gel was purchased from Mercko(RUC)-
was relieved by the loss of alkynyl anions. CI32 andN,N'-dimethylbenzamidirié were prepared as previously

Both parent compountiand bis-alkynyl derivativeg and described. THF was distilled over Na/benzophenone under,an N
3 feature two major peaks in their vidNIR spectra, as shown atmosphere prior to uséH and3C NMR spectra were recorded
in Figure 5. Two peaks of modest intensity were observed (29) XU, G.; Ren. T, Organomet, Chemin press
for 1 at 438 and 726 nm, and both are likely charge-transfer (30) xu. G.: DeRosa, M.; Crutchley, R. J.; Ren, X.Am. Chem. Sag.
transitions: the former as n(Cl) to*/ 6*(Ru,) and the latter manuscript in preparation.
as 7(Ru—N) to 7*/0*(Rup).2 Upon the formation of bis- (%) Ren, T.Coord. Chem. Re 1998 175 43.

(32) Stephenson, T. A.; Wilkinson, @. Inorg. Nuclear Cheml966 28,
(alkynyl) adducts2 and 3, these charge-transfer bands 2285.

became intensified and red-shifted 164190 and 860 nm,
respectively.

The strong donor nature of DMBA permits the isolation
of Ru(DMBA) 4Cl; instead of the anticipated RIDMBA) 4-
Cl. In contrast with Re(hppkCl,, Ri(DMBA) 4Cl, undergoes
a smooth metathesis reaction with MCto yield a number
of bis-alkynyl derivatives. As evidence of the reduced steric
crowding around axial positions, the first bis-trimethylsilyl-
ethynyl adduct on a Ruwcore has been isolated. Currently,
we are exploring the oxidative coupling chemistry of these
bis-alkynyl building blocks.
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on a Bruker AVANCE300 NMR spectrometer, with chemical shifts
(0) referenced to the residual CHCand the solvent CDG|

Xu et al.

aromatic), 3.24 (s, 24H, N&y), 2.26 (s, 2H, CEl). 13C NMR-
(CDCl;, C=C): 58.84, 106.73. IRy(C=C)/cnrt: 1937(s).

respectively. Infrared spectra were recorded on a Perkin-Elmer 2000 Preparation of Ru,(DMBA) 4(C,Ph), (2c) was undertaken using

FT-IR spectrometer using KBr disks. U\Wis spectra in THF were
obtained with a Perkin-Elmer Lambda-900 YVis spectropho-
tometer. Magnetic susceptibility was measured at 294 K with a
Johnson Matthey Mark-1 magnetic susceptibility balance. Elemental
analysis was performed by Atlantic Microlab, Norcross, Georgia.
Cyclic voltammograms were recorded in 0.2 M-Bul,N Pk
solution (THF, N-degassed) on a CHI620A voltammetric analyzer
with a glassy carbon working electrode (diamete2 mm), a Pt-
wire auxiliary electrode, and a Ag/AgCl reference electrode. The
concentration of diruthenium species is always 1.0 mM. The
ferrocenium/ferrocene couple was observed at 0.573 V (vs Ag/
AgCl) at the experimental conditions.

Preparation of Ruy(DMBA) ,Cl, (1). A round-bottom flask was
charged with Rp(OACc),Cl (0.474 g, 1.00 mmol)N,N'-dimethyl-
benzamidine (0.740 g, 5.00 mmol), LiCl (excess)NE{2 mL),
and 40 mL of THF. The mixture was gently refluxed for 2 h. After
the removal of THF, the residue was dissolved in,CH and
filtered through a short silica gel pad (2 cm). Further recrystalli-
zation from CHCl,/hexanes yields 0.786 g of dark brown crystalline
material (91% based on Ru). Data for R: (CH,Cl,/hexanes, viv
1/1), 0.48. MS-FAB (m/e, based or%Ru): 861 [M']. Anal. for
CseH44CIoNgRW, Found (Caled): C, 50.60 (50.17); H, 5.17 (5.15);
N, 12.78 (13.00); Cl, 8.20 (8.23)mo(corrected)= 3.44 x 1073
emu; et = 2.86 ug.

Preparation of Ruy(DMBA) 4(C,SiMe3), (2a).To a 20 mL THF
solution containing 3.0 mmol HCCSiMevas added 1.9 mL BulLi
(1.6 M in hexanes) at about80 °C. The mixture was slowly
warmed to room temperature and stirred for anothh toyield a
slight yellow solution. The solution was added to a 40 mL THF
solution of1 (0.60 mmol, 0.517 g) at room temperature, and the
mixture was stirred for 3 h, during which the solution became dark
red. After the solvent removal, the residue was washed with copious
amount of MeOH and hexanes and dried under dynamic vacuum
overnight to yield 0.486 g of red powder (82%). Data f& R
(EtOAc/hexanes, viv 1/4; the same solvent combination is used
for Ry determination thereafter), 0.79. Anal. fogBgsNsSi,RU,-

H,O Found (Calcd): C, 55.09 (55.03); H, 6.22 (6.38); N, 11.10
(11.17). MS-FAB (nm/e, based ont®Ru): 986 [M"]. H NMR
(CDCly): 7.45-7.35 (m, 12H, aromatic), 6.9%6.95 (m, 8H,
aromatic), 3.21 (s, 24H, Ni€s), 0.03 (s, 18H, Si(El3)3). 1°C NMR-
(CDCl;, C=C): 95.91, 131.42. IRy(C=C)/cnTt: 1999(s).

Attempt to Prepare Ruy(DMBA) 4(C,SiMe3)Cl. To a 20 mL
THF solution containing 0.40 mmol HSiMe; was added 0.25 mL
BuLi (1.6 M in hexanes) at about80 °C. The mixture was slowly
warmed to room temperature and stirred for another hour. Half of
the slight yellow solution was transferred to a 20 mL THF solution
of 1 (0.20 mmol, 0.165 g) at room temperature, and the mixture
was stirred for 3 h. TLC analysis revealed the formatioR@a&nd
the presence of unreactéd

Preparation of Ruy(DMBA) 4(C,H), (2b) was undertaken using
the same procedure as that &a and replacing LiGSiMe; with
NaGH. Yield: 0.430 g (85%). Compounda was the only Ryl
species present after a THF solution containing bothNBuand
2ain 1:1 molar ratio was stirred at room temperature for 3 days.
Replacing ByNF with K,CO; also failed to desilylat®a under
the same conditions. Data fab: R 0.67. Anal. for GoH4eNgR W+
2C4HgO Found (Calcd): C, 58.19 (58.52); H, 6.11 (6.34); N, 11.64
(11.38). MS-FAB (m/e, based ort%®Ru): 842 [MH']. IH NMR
(CDClg): 7.45-7.40 (m, 12H, aromatic), 7.666.95 (m, 8H,
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the same procedure 2a and replacing LiGSiMe; with LiC,Ph.
Yield: 0.567 g (95%). Data fo2c. R, 0.67. Anal. for GHs4Ng-
Rw, Found (Calcd): C, 62.61 (62.88); H, 5.51 (5.48); N, 10.89
(11.28). MS-FAB (m/e, based ort%Ru): 994 [MH']. TH NMR
(CDCls): 7.40-7.31 (m, 12H, aromatic), 7.166.80 (m, 18H,
aromatic), 3.23 (s, 24H, N€;). 3C NMR(CDCk, C=C): 64.13,
120.92. IR,v(C=C)/cm1: 2080(s).

Preparation of Ruy(DMBA) 4(C;SiMe3), (3a) was undertaken
using the same procedurezssand replacing LiGSiMe; with LiC4-
SiMe;. Yield: 0.496 g (80%). Data foBa: R, 0.65. Anal. for
CsoHe2NsSiRw, Found (Caled): C, 58.07 (58.11); H, 5.91 (6.05);
N, 10.75 (10.84). MSFAB (nm/e, based on°'Ru): [MH]. H
NMR (CDCl): 7.45-7.38 (m, 12H, aromatic), 6.946.90 (m, 8H,
aromatic), 3.19 (s, 24H, N€), 0.09 (s, 18H, Si(El3)3). 1°C NMR-
(CDClz, C=C): 64.70, 67.22, 85.39, 105.02. IR(C=C)/cnT™:
2107(s), 2165(m).

Preparation of Ruy(DMBA) 4(C4H)2 (3b). Ru(DMBA) 4(Cys-
SiMes), (0.104 g, 0.1 mmol) was dissolved in 20 mL of THF/MeOH
(v:v = 3:1), to which 0.50 g KCO; was added. The mixture was
stirred at room temperature until the complete consumption of the
starting material was indicated by TLC (10 h). Removal of the
solvent yielded the brownish-red residue, which was purified by
washing with copious amount of MeOH to yield 0.084 g of
analytically pure product (95%). Data f8b: R, 0.48. Anal. for
CuaHaeNgR U 2CH,Cl,+CsH14 Found (Caled): C, 54.51 (54.54); H,
5.94 (5.63); N, 9.42 (9.79). MSFAB (m/e, based ori®Ru): 888
[M*]. 'H NMR (CDCl): 7.48-7.42 (m, 12H, aromatic), 7.60
6.95 (m, 8H, aromatic), 3.24 (s, 24H, NG), 1.89 (s, 2H, CEH).
13C NMR(CDCk, C=C): 65.53, 69.26, 93.48, 115.32. IRC=C)/
cm L 2022(s), 2120(s).

X-ray Data Collection, Processing, and Structure Analysis
and Refinement. Single crystals were grown via either a slow
diffusion of hexanes into C{€l; solution (1), slow evaporation of
saturated hexanes/THF solutid?e), or slow cooling of saturated
hexanes/ethyl acetate solutiddbj. The X-ray intensity data were
measured at 300 K on a Bruker SMART1000 CCD-based X-ray
diffractometer system using Mo (A = 0.71073 A). Thin plates
of dimension 0.32x 0.22 x 0.10 mn? (1), 0.43 x 0.30 x 0.02
mm? (2a), and 0.16x 0.16 x 0.03 mn? (3b) used for X-ray
crystallographic analysis were cemented onto a quartz fiber with
epoxy glue. Data were measured usingcans of 0.3 per frame
such that a hemisphere (1271 frames) was collected. No decay was
indicated for any of three data sets by the recollection of the first
50 frames at the end of each data collection. The frames were
integrated with the Bruker SAINT software pack&yesing a
narrow-frame integration algorithm, which also corrects for the
Lorentz and polarization effects. Absorption corrections were
applied using SADABS supplied by George Sheldrick.

The structures were solved and refined using the Bruker
SHELXTL (Version 5.1) software packadg€ 3¢ in the space groups
1422, Pbcn and P2;/n for crystals1, 2a, and 3b, respectively.
Positions of all non-hydrogen atoms of diruthenium moieties were

(33) SAINT V 6.035 Software for the CCD Detector Systeraker-AXS
Inc.: Madison, WI, 1999.

(34) SHELXTL 5.03 (WINDOWNT Version), Program library for Struc-
ture Solution and Molecular Graphic8ruker-AXS Inc.: Madison,
WI, 1998.

(35) Sheldrick, G. M.SHELXS-90, Program for the Solution of Crystal
Structures University of Gdtigen: Gdtigen, Germany, 1990.

(36) Sheldrick, G. MSHELXL-93, Program for the Refinement of Crystal
Structures;University of Gdtigen: Gdtigen, Germany, 1993.
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Table 4. Crystal Data for Compoundk 2a and 3b unit contains one diruthenium molecule. With all non-hydrogen

1-4THF 2a 3b atoms being anisotropic and all hydrogen atoms in calculated
position and riding mode, the structure was refined to convergence
by least-squares method df?, SHELXL-93, incorporated in

chemical formula Q;H44N804C|2RU2 C46H62Ngsi2RU2 C44H46N8RU2

fw 1021.9 985.4 889.0 ) : )
space group 1422 (No. 97) Pbcn(No. 60)  P2y/n (No. 14) SHELXTL.PC V 5.03. Relevant information on the data collection
a A 14.070(1) 17.015(2) 12.539(1) and the figures of merit of final refinement are listed in Table 4.
b, A 13.976(2) 16.177(2)
[03,/3 11.953(1) 21.518(2) gélég?éig) Acknowledgment. The generous support from both the

, ae . . . . . .
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,cmt 7.99 6.77 7.47 . . .
ﬁcm 0.024 0.039 0.048 Note Added after ASAP: The version of this article
WR2 0.059 0.082 0.072 posted ASAP on May 23, 2002, contained an incorrect

E(—1/-2)/V value for 3b in Table 3. The correct value,

revealed by direct method. In the case of cry&tahe asymmetric i .
—1.945, appears in the version posted on May 28, 2002.

unit contains only one-eighth of the molecule, which is related to

the rest of the molecule via symmetry operationsLuf point Supporting Information Available: Scan-rate dependent CV

symmetry group wittC, axis passing through €ERu—RuA—CIA ) i L
vector. One-fourth of a THF solvent molecule, possibly introduced §tudy of compoundb (Figure S1) and X-ray crystallographic files

. . ? . in CIF format for the structure determination of compoutg2a,
from the synthesis, was also located in the asymmetric unit. In the . L . -
. . . and3b. This material is available free of charge via the Internet at
case of2a, the asymmetric unit contains one-half of the molecule,

which is related to the other half by a crystallographic 2-fold axis P-/Pubs-acs.org.
orthogonal to RutRulA vector. In the case @b, the asymmetric 1C0200794
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