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To study metal-to-metal interactions in mixed-valence states of two weakly coupling ferrocenyl groups assembled
in E or Z conformation on an ethylenic double boidl,2-dimethyldiferrocenylethylend), Z-1,2-dimethyldi-
ferrocenylethylened), and 1,2-diferrocenylcyclohexeng) (vere synthesized and structurally characterized. Crystals

of 1 are triclinic,P1, with a = 7.494(9) A,b = 10.801(3) Ac = 11.971(2) A,a = 102.17(23, B = 106.12(9J,

y = 90.42(2), V = 907.8 B, andZ = 2. Crystals of2 are monoclinic,P2;/c, with a = 13.601(8) A,b =
11.104(4) A,c = 13.732(1) A8 = 114.26(73, V = 1890.8(3) R, andZ = 4. Crystals of3 are orthorhombic,
P2:212;, with a = 5.766(2) A,b = 13.090(1) A,c = 26.695(2) A,V = 2014.9(3) &, andZ = 4. Intervalence
transition spectra (IT) and electrochemical data have been determined and compared with those of diferrocenyl-
benzene (para, ortho, and meta). The comproportionation constants in nitrobenzerf€av@® found to be

490 and 813 fod and3, respectively. That o2 was not measured because of the fact faisomerizes rapidly

in all solvents tested, yielding nearly a racemic mixture of E and Z conformers. This finding helps to clear the
paradoxical phenomenon between experimental results of mixed-valence complExesdZ-1,2-bis(1-ethyl-
1-ferrocenyl)-1,2-dimethylethylene and theories. The stability of the mixed-valence species was discussed in terms
of resonance delocalization, Coulomb repulsion energy, inductive effect, magnetic interaction, structural factors,
and statistical factor. According to our analysis based on the Hush formalism, the contribution due to Coulomb
repulsion energy dominates the overall stability of the mixed-valence stdte &, and3*. Stabilization that

arises from resonance delocalization is only minor and contributes less than 4% to the overall stability, even in
3" where linked G rings and the ethylenic plane are coplanar. In calculating the resonance contribution,
crystallographic FeFe distances of 7.44 Alf and 6.68 A 8) were used forl*, and3*, respectively.

Introduction species have been discus&séd and summarized &5

It has been demonstrated that weakly coupled class Il mixed- , ~, _ o o o
valence complexes of the three isomers of diferrocenylbenzeneAG tor = AG’ + AG%q, + AG
(para, ortho, and meta) show distinctively different spectroscopic AG® gy T AG gy (1)
data (positionvmax extinction coefficienkmay, half-bandwidth
Avy, of the intervalence transitions) and comproportionation where AG®, AG°cour AG°indus AG’mag AG’strue @Nd AGstat
constants in acetonitrifé? In contrast, mixed-valence complexes are stabilization energies due to resonance delocalization,
of E- andZ-1,2-bis(1-ethyl-1-ferrocenyl)-1,2-dimethylethylene  Coulomb repulsion energy, inductive effect, magnetic interac-
exhibit identical spectroscopic and electrochemical results in tion, structural factors, and statistical factor, respectively. Among

cou induc + AGOmag +

dichloromethané.Judging from Hush formalisrh® the spec- these factors, the contribution due to Coulomb repulsion energy
troscopic results of the latter are interesting because they implyis clearly through-space and will be expected to have different
that both isomers have the same oscillator strenyttdipole values for E and Z isomers. Then it is hard to rationalize the

strength D), and transition dipole moment\{|) and that the fact thatE- and Z-1,2-bis(1-ethyl-1-ferrocenyl)-1,2-dimethyl-
intermetallic distance)tnm) in the electronic coupling matrix  ethylene have exactly the same comproportionation constant.
(Hag) is a through-bond instead of through-space as in mixed- To clear the apparently paradoxical results that may be related
valence complexes of diferrocenyl polyerfeBloreover, the to the solvent effect, the following mixed-valence complexes
primary contributions to the stability of the mixed-valence of E-1,2-dimethyldiferrocenylethylenel), Z-1,2-dimethyldi-
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ferrocenylethylene 2), and the analogue o2 with “fixed” Table 1. Summary of Crystallographic Data for
conformation, 1,2-diferrocenylcyclohexer8 (ere synthesized,  1,1-Diferrocenylethylene Complexes
characterized, and studied in a number of solvents. compound 12 20 3
empirical formula GiHziFe CoHoaFe CoeHoeFe
@ fw 424.13 424.13 450.17
crystal system triclinic monoclinic orthorhombic
Fe temp, K 298 298 298
A 0.71073 0.71073 0.710 73
. space group P1 P2,/c P212:2;
_ _ _ a A 7.494(9) 13.601(8) 5.766(2)
b, 10.801(3)  11.104(4) 13.090(1)
@ @ @ @ c, A 11.971(2)  13.732(1) 26.695(2)
- - o o - o, deg 102.17(2) 90 90
B, deg 106.12(9)  114.26(7) 90
@ @ @ @ @ y, deg 90.42(2) 90 90
v, As 907.8(3) 1890.8(3) 2014.9(3)
1 2 3 z 2 4 4
deatca g CNT3 1.552 1.490 1.484
) ) w, mnt 1.602 1.538 1.448
Experimental Section R[F? > 20(F?)]¢ 0.0282 0.0423 0.0239
WR2(F?)® 0.0994 0.114 0.0560

General Methods and ChemicalsAll syntheses and manipulations
were carried out using standard Schlenk techniéual yields reported
refer to isolated material judged to be homogeneous by thin-layer
chromatography and NMR spectroscopyd NMR spectra were
obtained in CDG on a Bruker Aspect-3000 (300 MHz) spectrometer.

All chemical shifts are in ppm, relative td(tetramethylsilane}= 0 Table 2. Selected Bond Lengths (A) and Dihedral Angles (deg)
ppm. Melting points were determined by differential scanning calo- petween Least-Square PlanesEid,2-Dimethyldiferrocenylethylene
rimetry (DSC), and results were obtained in apdimosphere on a (1), z-1,2-Dimethyldiferrocenylethylene?), and

Du Pont 910 differential scanning calorimeter. Solvents were dried 1 2-Diferrocenylcyclohexenes)

according to established procedufey distillation under N from

a1 = E-1,2-dimethyldiferrocenylethylen& 2 = z-1,2-dimethyldi-
ferrocenylethylenes 3 = 1,2-diferrocenylcyclohexen€ R = S ||Fo| —
IFlI/[Z[Fol. °WR2(F?) = 3 W(Fo® — FAI/SIWF?)(]Y2 w = L/[o*(Fo)
+ (0.100(P)3, whereP = (max(F¢?,0) + 2F2)/3.

appropriate drying agents: benzene and tetrahydrofuran (THF) from 1 gﬂ%h A %g;i((%) CizcC12 1.517(3)
sodium/benzophenone, acetonitrile frop®F methylene chloride from - ’

’ ; : _ c1-Cc21 1.474(4) C21C22 1.353(4)
CaH,.. Chemicals were obtained from the following sources: LiAIH C22-C11 1.465(4)
from Merck, CDC} from MSD, AlL,O; from Fluka, and the rest from 3 c1-c21 1:475(3) C24C22 1.346(3)
Aldrich. c22-C11 1.484(3)

Preparation of E- and Z-Dimethyldiferrocenylethylene. 1and2

were synthesized via a low-valent titanium coupling method with some 1 C1-C2-C3-C4-C5 and C+C11-C11A-C1A 37.6(6)
modificationl”9 A solution of TiCl; (27 mmol) in THF (50 mL) was gﬁ—célzc—%fsi_ccli jg‘i E?;Szcl;ggi:gg—cn ig-égg
added to a suspension of LiAlHca. 15 mmol) in THF (50 mL). The 3 G1-Co-C3 CA-C5 and CLC21-C22-C11 40:2(1)

mixture was refluxed for 3 h, and then 2.0 g (8.8 mmol) of
monoacetylferrocerié in 50 mL of THF was added. The resultant
mixture was again refluxed fa3 h before it was brought to room
temperature and chilled in an ice bath. To quench the reaction, saturated?. 9 (59%), yellow, mp 143C. Anal. Calcd for GeHzsO-F€;: C, 64.76;
aqueous potassium carbonate solution (50 mL) was poured slowly into H» 5-43. Found: C, 64.44; H, 5.3 NMR (CDCL): 6 1.80 (p, 2H),

the flask. The solution was extracted thoroughly with C§l@hd the 2.78 (t, 2H), 4.20 (s, 5H), 4.50 (t, 2H), 4.80 (t, 2HfC NMR
chloroform extract was concentrated and chromatographe@4{)Akith (CDCh): 6 .24'4' 39.6, 6_9'3' 69.7,72.1,79.1, 204.1. )

1:1 benzene/CHTl, to get 1.0 g (54%) of crude products. Separation __ Preparation of 1,2-Diferrocenylcyclohexene (3)A solution of

of 1 and2 was made possible because of the fact that the E isomer is TICls (27 mmol) in THF (50 mL) was added to a suspension of LiAIH
much less soluble in benzene. Bororange, mp 218C. Anal. Calcd (ca. 15 mmol) in THF (50 mL). The mixture was refluxed for 3 h, and
for CoiHosFe: C, 67.91; H, 5.70. Found: C, 68.24; H, 5.75. For then 1 g (2.07 mmol) of adipoylferrocene in 100 mL of THF was added
orange, mp 188C. Anal. Calcd for GHaFe: C, 67.91; H, 5.70. dropwise for 5 h. The resultant mixture was refluxed for another 30
Found: C, 68.19; H, 5.73. min before it was brought to room temperature and chilled in an ice

Preparation of Adipoylferrocene (FcCO(CH,)4COFc, Fc= Fer- bath. To quench _the reaction, 100 mL of 10%2431_@3 solution was
rocene). To a stirred sludgefa@ g (15 mmol) of AICk and 1 mL of added. The solution was extracted thoroughly Wlthzc_tlzl and the
adipoyl chloride (CICO(CH4COCI, 6.9 mmol) under nitrogen, 20 g e.xtract was concentrated and chromatographegOghlwith hexane;
(108 mmol) of ferrocene in 150 mL of Gil, was added 10 min later. ~ Yield 500 mg (53%), yellow, mp 167C. Anal. Calcd for GeHzele:
The resultant mixture was stirred at room temperature for 12 h. and € 69.37; H, 5.82. Found: C, 69.48; H, 5.661 NMR (CDCk): 6
then 300 mL of 10% N#Os was added to quench the reaction. The 1.77 (p, 2H), 2.47 (t, 2H), 3.94 (t, 2H), 4.08 (m, 7HJC NMR
organic layer, washed three times each with 100 mL of saturated NaCl (CDCk): 6 23.6, 32.3, 67.0, 68.9, 69.2, 89.9, 129.8.
solution, was concentrated to 10 mL and charged to@Atolumn. X-ray Crystallography. Single crystals were obtained by slow
By removal of excess ferrocene in the mixture witthexane, the diffusion of hexane into saturated benzene solution contaihiog2,

desired compound was isolated as chromatographed witEIgHyield while that of 3 was obtained the same way with €t in lieu of
benzene. Data were recorded on a Siemens R3m/V diffractometer

equipped with a highly oriented graphite crystal monochromator (298
K, Mo Ka X-radiation A = 0.717 03 A). Cell parameters were
determined from 25 accurately centered reflections in the rafge 0

260 =< 30°. Three standard reflections were monitored every 197
reflections during data collection, and no variation was observed The
structure solutions were carried out using SHELXTL PC soft#are
on a Siemens PCD-4H computer. The iron atom positions were
determined by the Patterson method. Subsequent Fourier difference

C11-C12-C13-C14-C15 and C+C21-C22-C11 41.5(4)

(15) Shriver, D. F.; Drezdon, M. AThe Manipulation of Air-Sensite
CompoundsJohn Wiley & Sons: New York, 1986.

(16) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. Rurification of
Laboratory Chemicals2nd ed.; Pergamon Press: New York, 1980.

(17) . McMurry, J. E.Chem. Res1983 16, 405.

(18) McMurry, J. E.; Fleming, M. PJ. Am. Chem. Sod.974 96, 4708.

(19) Mukaiyama, T.; Sato, T.; Hanna,Ghem. Lett1973 1041.

(20) Rausch, M. D.; Fischer, E. O.; Grubert, H.AAm. Chem. Sod.96Q
82, 76.
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Figure 1. ORTEP drawing ofE-1,2-dimethyldiferrocenylethylenel showing the atomic nhumbering scheme.
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Figure 2. ORTEP drawing ofZ-1,2-dimethyldiferrocenylethylen&) showing the atomic numbering scheme.

syntheses revealed the positions of the other non-hydrogen atoms. Alla PAR-KO103 nonaqueous reference electrode, Ag/0.1 M AgiNO
non-hydrogen atoms were refined anisotropically. Hydrogen atoms were CH;CN, located inside a reference electrode bridge tube with a Vycor
included in calculated positions and refined using a riding model (C  tip (PAR-K0065) to prevent contamination of the test solution by the
H, 0.96 A) with fixed thermal parameters) (= 0.05 A?). Crystal data reference electrode filling solution. Solutions were ¥.003t0 5 x

and details associated with structure refinement are summarized in Tablejg-4 M in the complex and 0.1 M in (BiN)PFs, and they were purged

1. The selected bond lengths and dihedral angles between the leastyjith N, for 15 min prior to each measurement. The scan rates were
squares planes df—3 are given in Table 2. 200 mV/s. TheEy,° values were calculated from the average of the

Cyclic Voltammetry . Cyclic voltammetric experiments were carried  ~5thodic and anodic potentials. Under these conditionEthtvalue
out in nitrobenzene by using a Princeton Applied Research (PAR) model ¢ farrocene is 125 mv.

273 electrochemistry system and a standard three-electrode configu- ) . .

ration. The working electrode (Beckman No. 39273) was a platinum _ NIR Measurements Equimolar concentrations of the oxidant

inlay electrode with a surface area of 0.28%cits surface was polished ~ (ferrocenium tetrafluoroborate) and the reductaht3, or 3) were

to a mirror-bright finish with polishing alumina before each experiment. allowed to react in a sidearmed flask containing nitrobenzene for 20

The auxiliary electrode was a Pt wire, and the reference electrode wasMin. The resulting solution was transferred to a flow cell capped with

a septum and connected to a temperature bath with the syringe

(21) SHELXTL PC for Siemens Crystallographic Research Systetease technique. Metal-to-metal charge-transfer (IT) spectra were recorded
5; Siemens Analytical X-ray Instruments Inc.: Madison, WI. on a Shimadzu 3101 spectrophotometer.
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Figure 3. ORTEP drawing of 1,2-diferrocenylcyclohexer) §howing the atomic numbering scheme.

Results and Discussion \

Description of the Structures. Figure 1 shows an ORTEP Hi '
drawing of1 with the atomic numbering scheme. The E isomer ’\ 1
crystallizes in the triclinic space groii with two ferrocenyl i
units trans to each other. The fregiihgs are essentially planar —
in which all the carbon atoms are within 0.01 A of their least-
squares planes. The dihedral angle between the bridgedds \
is 0°, and that between bridged,@nd the adjacent ethylenic 1 |
plane C12-C11-C11A—C1A is 37.6. The average FeC | Ji
distance of 2.04 A is consistent with that reported in the f | ‘*
literature??> This structure results in an Fé&e distance of l |
7.445(0) A. _h L M

Figure 2 shows an ORTEP draWing pfwith the atomic ) 76 &5 50 55 50 45 a0 35 30 25 20 15
humbering SCheme.' The Z isomer Cry§talllzes in monocinic Figure 4. NMR spectrum ofZ-1,2-dimethyldiferrocenylethylene)
space groufP2;/c with two ferrocenyl units cis to each other. CDCl; (top) and that of2* after oxidation in CHCl, and then
The dihedral angle between the bridgeglritgs is 46.7, and reduction by NaS,0s (bottom).
that between bridged £&and ethylenic plane C1C21-C22—

Cl1is 42.2. The average FeC distances associated with Fel g supstituted grings (t, 2H) centered at 4.372 (4.173) ppm;
and Fe2 are virtually identical with the slighter longer value of and meta protons (t, 2H) centered at 4.481 (4.158) ppm. In the
of 1.353(4) A. This structure gives rise to an-Fee distance  noticeably in CDCJ even in the reduced HII] state as their

of 6.680(8) A. ruthenium analogue®. The isomerization would be expected

Figure 3 shows an ORTEP drawing 8fwith the atomic  to proceed even faster irt and2* with a possible radical cation
numbering scheme. It crystallizes in the orthorhombic space transition state. To make sure near-IR measuremerits afd
group P2:2;2; with two ferrocenyl units cis to each other. 2+ correspond to the expected conformation, all samples
Resembling closely that i@, the dihedral angle between the employed in near-IR runs were reduced by,S; and
bridged G rings is 45.8 and that between C1C2—-C3-C4~— examined again via NMR. We found the isomerization is indeed
C5 and ethylenic plane CiC21-C22-C11 is 40.2. The fast enough to yield nearly a racemic mixture of E and Z isomers
ethylenic double bond has a length of 1.346(3) A. This structure in CH,Cl,. Judging from the closeness of cathodic and anodic

gives rise to an FeFe distance of 6.678(9) A. peak potentials il and?2 (EcathodidEanodicin mV: —6/76, 164/
NMR. TheH NMR spectra ofl. and?2 are very similar, and 250 for 1; 6/90, 174/262 for2), we think the electrochemical
the major difference is that all corresponding signald iare results ofe- andZ-1,2-bis(1-ethyl-1-ferrocenyl)-1,2-dimethyl-

downfield-shifted. A comparison is made with the corresponding ethylené are explainable and pose no threat to the Hush
data of2 inside the bracket: methyl protons (s, 3H)2.169 formalism either. Further experiments confirm tBatisomerizes
(2.047) ppm; free g(s, 5H),0 4.272 (4.209) ppm; ortho protons

(23) Chiu, C.- F.; Song, M.; Chen, B.-H.; Kwan, K. Borg. Chim. Acta
(22) Dunitz, J. D.; Orgel, L. E.; Rich, AActa Crystallogr.1956 9, 373. 1997 226, 73-79.
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Table 3. Spectroscopic Data of the Intervalence Transitions and Electronic Coupling Parameters for Mixed-\laBI&;e
1,2-Diferrocenylethene, Diferrocenylbenzene (Para, Ortho, Meta)Eamadd Z-1,2-Bis(1-ethyl-1-ferrocenyl)-1,2-dimethylethylene (E and Z,
Respectivelyj

compound Vnaw CMTL €max M2em™t  Awyp, cnrt ff DA IM|,f A esu Hag, cmt a

1+ 6020 460 3830 8.1& 1073 0.35 1.69x 10710 284 0.047
2F b b b b b b b b

3" 5951 340 3811 5.96 103 0.30 1.46x 10710 270 0.045
1,2-diferrocenylethrfe 5714 1200 4300 2.3% 102 0.62 2.97x 10710 473 0.083
1,2-diferrocenylethrie 4910 1340 4360 2.69 102 0.71 1.15% 10710 492 0.10
par& 7450 620 4906 1.46 102 0.42 2.00x 10710 347 0.046
orth@ 6540 91 6750 2.8% 1073 0.20 9.59% 1011 202 0.031
met& 8290 46 4040 8.55% 104 0.097 4.68x 10711 105 0.013
E® 5000 650 4600 1.3% 102 0.50 2.42x 10710 337 0.067
VA 5000 650 4600 1.38% 102 0.50 2.42x 10710 375 0.067

aReferences 1 and &', 2%, and 3* were measured in nitrobenzene, para in chloroform, ortho and meta in acetonitrile, and E and Z in
dichloromethane? Did not measure because of isomerizatibReference 24, in C¥Tl, containing 0.2 M BuBF,. ¢ Reference 6, in CkCl, containing
0.1 M BwBF.. ¢ Values off, D, and|M| were calculated from data in refs 1 and' alcd fromf = (4.6 x 10 %)emaAvi, D = [f/(1.085x 1075
ma)]¥2, [M| = (4.803 x 10719D, Hag = (2.05 x 1079)[€maxAv1aVmad ¥y mm:

Table 4. Redox Potentials and Comproportionation Constants, @& 3, 1,2-Diferrocenylethene, Diferrocenylbenzene (para, ortho, rdia),
andZ-1,2-Bis(1-ethyl-1-ferrocenyl)-1,2-dimethylethylene (E and Z, RespectiVedy)d Their Resonance and Nonresonance Contributions to
Overall Free Energy Change in Mixed-Valence States

compound Ei12°)1, mV (E1/2°)2, mV AE1°, mV K9 AG° 9cmt AG°,,9cmt

1 58 217 159 490 —26.8 —1257
2 48 218 170 752

3 35 207 172 813 —245 —1364
1,2-diferrocenyletherfe e e e e e e
1,2-diferrocenyletherie 290 460 170 752 —99 —1274
pard 386 490 104 60 -32.3 —816
orth@® 387 518 131 160 —-125 —1039
metd 398 488 90 35 —2.7 —734
Eh 330 475 145 349 —45 —-1168
zn 325 475 150 349 —56 —1158

a Reference 1° Reference 3¢ The values of;,° of 1, 2, and3 were measured against a PAR-KO103 nonaqueous reference electrode, Ag/0.1
M AgNOs in CH3CN, located inside a reference electrode bridge tube with Vycor tip (PAR-K0065). These values are the average of the potentials
for peak anodic and cathodic currents in the cyclic voltammograms recorded at 200 mV/s. The v#ygsodfortho and meta were measured
in CH3CN, while that of para was measured in ChlGlalues were with respect to SCE. The value€gf® of E and Z were measured in GEl..
Values were with respect to SCEReference 24¢ Not available.f Reference 69 Calcd from ref 13" Values of AG°, and AG°,,, were calculated
from data in refs 1 and 3.

to 17 in other organic solvents such as @, CHsCI,
benzonitrile, nitromethane, and nitrobenzene andthatould ']
retain its conformation in nitromethane and nitrobenzene. For | W i f\
3" the conformation in all solvents remains unchanged, which _. / /
is ascribed to the steric hindrance of the cyclohexene. These

observations are summarized in Figures 4 and 5. l

NIR and Electronic Coupling Parameters. NIR data for

the intervalence transitions (IT) were summarized in Table 3. F\ n
Also included in the table were numerical values for the il
oscillator strength ff, dipole strength @), transition dipole } AV i A

i N

moment (M|), and the electronic coupling matriHgg). In , R —— —
carrying out the calculation, the through-space crystallographic ~ ~* °° °' °7 7 et 27 20 R0 e

Fe—Fe distances of 7.44 A and 6.68 A were used as the Figure 5. NMR spectrum ofE-1,2-dimethyldiferrocenylethylenet)
intermetallic distancey(,m) for 1 and3, respectively. The degree in CD(;Ig (top) and that ofl* after oxidation in nitrobenzene and then
of ground-state delocalization in mixed-valence complekes ~ reduction by Na50s (bottom).

and3* can be estimated by the square of the mixing coefficient
o, (Has/vman? as 0.224% and 0.207%, respectively. The
delocalization is small, anti* and3* thus fall within the weakly
coupling class Il compleX.lt is noteworthy that the values of
Hag obtained by Ribou et al. (492 cf® and Cowan et al.
(473 cnTh?4 on 1,2-diferrocenylethylene are ca. 1.7 times larger
than that of1* (284 cnt?). That the substitution by methyl
groups decreasdsag significantly is apparently attributed to

o instead ofvmax Without the steric hindrance between methyl
protons and the ones on the adjacepti@g, 1,2-diferrocenyl-
ethene may sustain better coplanarity of the plane consisting of

Cp rings and the ethylenic plane to enhance the resonance effect.
Stability of the Binuclear Complexes. 3 show reversible
redox reactions at the Pt electrode in nitrobenzene containing
0.1 M [n-BusN]PFs as the supporting electrolyte. Table 4
summarizes half-wave potentialg;(,°) of 1—3 and of some
related complexe’s2 As can be seen in Table AG®, of 1t or
3" contributes less than 4% to the overall free energy change
of the comproportionation equilibrium. Thus, the compropor-
tionation constani. is largely determined by nonresonance
contributions, i.e.,

AG° AG® T AG® + AG°
(24) Delgado-Pena, F.; Talham, D. R.; Cowan, DJOOrganomet. Chem. °
1083 253 C43. AGgy (2)

+ AG° o+

mag struc

nr coul induc
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The statistical contributio G, of —290 cnT? (36 mV) for same crystallographic Fd-e distance and the dihedral twist
identical, noninteracting metal ions is expected to decrease inbetween the linked Cplanes in2 and 3, we concludeAG® oy
systems with significant electronic interactf®@and to remain to be also the major contribution ¥ in 2. It should be noted
essentially constant in the homologous serie%, @& and3 and that calculation of the comproportionation constant using the
that of para, ortho, and metdhe contribution due to structural  macroscopic dielectric constant for the solvent, as in the case
changesAG°siue Namely, bond making and bond breaking to  of Sutton and Taubé32falls far short of the experimental value.
give changes in coordination number and geom®&rsg is
considered to be equal within these two homologous series
mentioned. The possible contribution due to magnetic interaction  The structure ofL shows an almost planars@,C=CCsH4
between metal centers in the Hlll state via a super- moiety with an Fe-Fe distance of 7.44 A, while structures of
exchangé®3°pathway is assumed to be as small as that of the 2 and3 have essentially the same dihedral twist angle between
dirutheniumpyrazine comple®.It should be noted that in the  the two linked G rings (45.6 vs 46.7) and the same FeFe
mixed-valence form of the binuclear ruthenium complex distance (6.68 A). The mixed-valence ions1t3 belong to
[(NH3)sRULRuU(NHs)s]>" the major contribution ta\G° is the class Il as evidenced by values@f (<0.3%). The stability of
AG®hqucterm. This term arises from two primary effeéfthe the mixed-valence species is dominated by the Coulomb
decrease of tha-acid nature of the bridging ligand in thed| repulsion energy of nonresonance contributions.

Il dimer relative to the Il+-III dimer; the inductive effect of
’ Ack | t. W tefull k | t f
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bonding interactiod! In contrast, the largest contribution to flarfgi r?;oamg Z?lzlréosn%lf p:“;’g;;i’;y?;‘%’:g’f;;T:t’rr]‘;?e'!rﬁ’grx’ar;itezrs- bond
AG°,tin 1—3 seems to be thAG®,u term. The argument that . : il . g
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calculated by the following equati&h

Conclusion

1C991084J
_ 1 _ 561 - ) o )
Kc=4exg——F=|=4ex , (25) Flanagan, M. Ph.D. Dissertation, California Institute of Technology,
Dstmka Dsymm Pasadena, CA, 1978.
i i (26) Phelps, J.; Bard, A. J. Electroanal. Chem1976 68, 313.
at 298 K Wlthymm in A (3) (27) Dessy, R. E.; Weisman, P. M.; Phol, R.L.Am. Chem. Sod.966
88, 5117.

whereDs is the dielectric constant of the material between the (28) Furman, N. H.; Stone, G. Am. Chem. Sod.948 70, 3055.

: : (29) McConnell, H. M.J. Chem. Phys1961, 35, 308.
metal atoms separated Ipym. Using the crystallographic Fe (30) Beitz, J. V. Miller, J. RJ. Chem. Phys1979 71, 4579,

Fe distance of 7.44 A of as the intermetallic separation and (31) Bunker, B. C.; Drago, R. S.; Hendrickson, D. N.; Richman, R. M.;

applying eq 3, we conclude th&ls = 15.7. ApplyingDs = Kessel, S. LJ. Am. Chem. S0d.978 100, 3805.
15.7 and the crystallographic F&e distance of 6.68 A o8, (32) ag‘t?r’n“:;g's e E;Lh?ewsléhzlriSOfb Ri Rosa, Ri Fung E. V.
we obtainK. = 842, close enough to the value measured by Inorg. Chem.1993 32, 3895, 9 % T T

cyclic voltammetry ofK. = 813. Judging from essentially the  (33) Reimers, J. R.; Hush, N. $iorg. Chem.199Q 29, 3686.





