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An Intramolecular Disproportionation Reaction Leading to the Formation of the Quadruply Bonded
Complex Cl;ReReChL(dppf) (dppf = 1,1-Bis(diphenylphosphino)ferrocene). An Example of the Missing
1,3-ReClg(PRs), Isomer
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The discovery of the electron-rich R®e triple bond as present  Chart 1
in complexes of the type REl4(PR), (where PR represents a 2

1
monodentateertiary phosphiné)® was followed by studies of AN
v

their electronic structufé and the redox chemistry of multiply

bonded dirhenium species of the type;Re_«(PRs)2+x (X = O, g ] \

1, or 2)358 By the mid-1990s the structural chemistry of 3————4

complexes of these types appeared to be well understood. J

However, renewed interest in dirhenium compounds that contain K oo

various combinations of eight chloride/phosphine ligands, specif- / Re< /

ically those of the types REIl4(PRs)4, ReCls(PRs)s, and ReCls- T— ™8

(PRs)2, which are either monocations, neutral species, or mono-

anionic species and are derivatives of theJRe [Re)]*", or recrystallized from hot 1,2-dichlorobenzene to afford crystals of

[Re;]*" cores, has recently been sparked by some interesting compositionl-4CsH,Cl, that were characterized by X-ray crystal-
discoveries by Cotton and co-workérs; who have been able  |ography#15 The structure of the dirhenium complex present in
to demonstrate that such compounds can be isolated in different1.4CsH,Cl, (Figure 1a) shows that the [R&lsP5] unit possesses
isomeric forms. On the basis of the numbering scheme shown ina 1,3-structure (see Chart 1), the first such example to be isolated.
Chart 1, the following isomers have been isolated and structurally The symmetrical dirhenium unit as originally present infBlgl2~
characterized in their cationic, neutr@ndor anionic forms: has undergone an intramolecular disproportionation, such that
1,2,7,8- and 1,3,6,8-[R€l4(PRs)4], 1,2,7- and 1,3,6-[RE€Is- there are formally Re(IV) and Re(ll) centers joined by a-Re
(PRy)g], and 1,6- and 1,7-[R€Ig(PRy);].>"*** It was noted that  quadruple bond, in a fashion similar to that by which the
while 1,2- and 1,3- isomers of Rels(PRs), were improbable  dirhenium(lll,IIl) complexcis-Rey(u-0,CCHg),Cly(H;0), reacts
when PR is a monodentate phosphine, by resortinghelating with various triarylphosphine ligands to form the Re(®Re(ll)
diphosphines the 1,2-isomer should be isoldblehis has been  alkoxide complexes (RGEI,ReReCl(PArs),.1617 Noteworthy
accomplished in the case of salts of the paramagnetic monoanionidfeatures of this structure are a-R&e bond distance of 2.2390-
species [ReCls(dppp)l” (dppp = PhP(CH,):PPh)!! and [Re- (6) A, which is very similar to such distances in (ROpReReC}-
Clg(0-P2)]" (0-P2= 0-{ P(GsH5)2} 2(CH3),TTF).*> We now report

one of the missing links in this synthetic and structural chemistry, (13) synthesis ofl: The reaction of f-BuN),ReCls (0.23 g, 0.20 mmol)

a compound that is of the 1,3-[R&s(PR).] type, namely, the with Fe(GH4PPh), (0.12 g, 0.22 mmol) in refluxing methanol for 3 h

Re)|®* complex ReCls(d , where dppt= Fe(GH4PPh),. afforded a dark red solid, which was filtered off while the mixture was

[ ('T'ZP]‘I tp fQCE(:( ,r\)lp?? cl 'thpFI): H(CI;S’PE .h_)z hot and washed with 50 mL of hot methanol and then 5 mL of
he reaction o fi-BuiN]ReClg wi e(GHa )2 in re- dichloromethane; yield 0.22 g (96%). Anal. Calcd foyl@sClsFeR-

fluxing methanol affords the dark red complex;R&(dppf) (1) Rey: C, 35.84; H, 2.48. Found: C, 35.16; H, 2.40. The same product

in essentially quantitative yield.This complex has poor solubility was obtained when the reaction was carried out at room temperature

and with the use of 1:2 mole proportions of the reagents. IR spectrum
(KBr pellet, cnt?): 3058(m), 1585(w), 1572(m-w), 1484(m-s), 1436-
(s), 1395(m-s), 1317(m), 1190(m), 1170(s), 1164(s), 1094(s), 1062(m-
* Author to whom correspondence should be addressed. E-mail: rawalton@ s), 1028(s), 998(m), 892(w), 839(s), 754(s), 700(s), 693 $INMR

properties in most polar and nonpolar solvents but could be

purdue.edu. spectrum (CBCly, 6): +8.27 (m, 8H, Ph);#7.52 (m, 12H, Ph);+5.02
(1) Ebner, J. R.; Walton, R. Anorg. Chem.1975 14, 1987. (m, 4H, GH,), +3.37(m, 4H, GH,).
(2) Cotton, F. A.; Frenz, B. A.; Ebner, J. R.; Walton, R. lAorg. Chem. (14) The data collection was performed with graphite-monochromated Mo
1976 15, 1630. Ko radiation ¢ = 0.71073 A) on a Nonius KappaCCD. Lorentz and
(3) Cotton, F. A.; Walton, R. AMultiple Bonds Between Metal Atongnd polarization corrections were applied to the data, and an empirical
ed.; Oxford University Press: Oxford, 1993. absorption correction using SCALEPACK was applied. The structure
(4) Bursten, B. E.; Cotton, F. A.; Fanwick, P. E.; Stanley, G. G.; Walton, was solved using the structure solution program PATTY in DIRDIF92.
R. A. J. Am. Chem. S0d.983 105 2606. The remaining atoms were located in succeeding difference Fourier
(5) Root, D. R.; Blevins, C. H.; Lichtenberger, D. L.; Sattelberger, A. P.; syntheses. The structure was refined through the use of SHELX-97.
Walton, R. A.J. Am. Chem. S0d.986 108 953. Hydrogen atoms were included but constrained to ride on the atom to
(6) Brant, P.; Salmon, D. J.; Walton, R. A. Am. Chem. Sod.978 100, which they are bonded.
4424, (15) Crystal data foll-4CsH,Cl, (223 + 1 K): space grouic2 (No. 5) with
(7) Cotton, F. A.; Dunbar, K. R.; Falvello, L. R.; Tomas, M.; Walton, R. A. a=22.4553(9) Ab=11.1536(3) Ac = 15.8909(6) A = 129.7159-
J. Am. Chem. Sod.983 105, 4950. (13, V = 3061.5(4) &, Z = 2, dearca = 1.874 g cm®, u(Mo Ka)) =
(8) Dunbar, K. R.; Walton, R. Alnorg. Chem.1985 24, 5. 4.939 mnT!, 12686 reflections measured (6631 unique). A cufgf>
(9) Cotton, F. A.; Dikarev, E. V.; Petrukhina, M. Morg. Chem. Commun. 2.00(F,)? was used foR-factor calculations to giv&(F,) = 0.053,R,~
1999 2, 28. (Fo?) = 0.134, and GOFR= 1.092. The asymmetric unit contains two
(10) Cotton, F. A.; Dikarev, E. V.; Petrukhina, M. Anorg. Chem.1999 molecules of 1,2-6H,Cl,, each of which was refined with anisotropic
38, 3384 and relevant references cited therein. thermal parameters.
(11) Cotton, F. A.; Dikarev, E. V.; Petrukhina, M. Anorg. Chem.1999 (16) Chakravarty, A. R.; Cotton, F. A.; Cutler, A. R.; Walton, R. lAorg.
38, 3889. Chem.1986 25, 3619.

(12) Uzelmeier, C. E.; Bartley, S. L.; Fourmigud.; Rogers, R.; Grandinetti, (17) Lau, S. S.; Fanwick, P. E.; Walton, R. korg. Chim. Acta200Q 308
G.; Dunbar, K. R.Inorg. Chem.1998 37, 6706. 8.
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Figure 1. ORTEP representations of the structure of the@gdppf)
molecule as present in crystals b¥4CsH4Cl, (a) andl1 (b). Thermal
ellipsoids are drawn at the 50% probability level. The molecule present
in crystals ofl-4CsH4Cl, (a) contains a crystallographic 2-fold rotational
axis coincident with the ReRe---Fe unit. Selected bond distances (A)
and bond angles (deg) are as follows: (a) Re@g(2) 2.2390(6), Re-
(1)—CI(1) 2.322(4), Re(1)Cl(11) 2.334(4), Re(2)Cl(21) 2.300(3), Re-
(2)—P(1) 2.439(3), Cl(1yRe(1)-Cl(1) 154.59(19), Cl(11yRe(1)}
CI(11) 145.4(2), Cl(21}Re(2)-Cl(21) 152.16(18), P(IyRe(2)-P(1)
140.31(18); (b) Re()Re(2) 2.2444(3), Re(2)CI(21) 2.295(3), Re(2)
Cl(22) 2.3197(15), Re(2)Cl(23) 2.324(3), Re(2)Cl(24) 2.3255(15), Re-
(1)—CI(11) 2.3102(15), Re(})Cl(12) 2.3148(16), Re()P(1) 2.435(2),
Re(1)-P(2) 2.466(2), Cl(22yRe(2)—Cl(24) 157.92(5), CI(21yRe(2)~
Cl(23) 141.02(6), Cl(11yRe(1)-Cl(12) 152.80(6), P(}yRe(1)>-P(2)
141.99(6).

(PArs), complexes (2.231(1) A for A= PH and 2.2476(4) for
Ar = p-MeOPHY), an eclipsed rotational geometry about the
Re“-Re bond® and the linearity of the R&Re++Fe unit, which
has a nonbonding ReFe distance of 3.585 A.

The3P{*H} NMR spectrum ofl (recorded in CBCl,) consists
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of a singlet at) = —53.4, upfield of that for the free phosphine
ligand @ = —16.3 in CDC}). This upfield shift may reflect a
diamagnetic anisotropy effect associated with the-Re bond?

The cyclic voltammogram of, recorded in 0.1 M-Bus;NPR—
CH,CI, (Pt-bead electrode, scan rate 200"V, potentials vs Ag/
AgCl),'® shows two reversible processes, on&gt= —0.03 V,
which is associated with the dirhenium core (JR€/[Re)]),

and a phosphinoferrocene-centered process at= +1.12 V,
which has been observed in other complexes of this ligaitie
free dppf ligand shows this processEt, = +0.69 V vs Ag/
AgCI under our experimental conditions. The dirhenium-based
reduction atE;, = —0.03 V can be accessed by the usesf (
CsHs),Co to produce the yellow brown saltjf-CsHs),Co][Re-
Cle(dppf)], which has a CV identical to that df, with the
exception of an additional reversible one-electron proceEsat
—0.86 V vs Ag/AgCI due to p>CsHs),Co]"/(15-CsHs),Co.
The currents associated with the three one-electron processes in
the CV of this salt were essentially identical. The reoxidation of
the cobaltocenium salt ofl]~ to 1 is readily accomplished by
the use of [(>-CsHs).Fe]PR as the oxidant!

When a suspension df is reacted with PPhin refluxing
methanol for 3 days, it converts to a green sétidihich, when
recrystallized from CHCl,/diethyl ether, afforded red crystals of
solvent-freel, which were shown by X-ray crystallography to
have a structure (ReRe and Re-Fe distances of 2.2444(3) and
3.539 A, respectively) identical to that for the dirhenium unit that
is present in crystals ofl-4CGsH,Cl, (Figure 1b)?® Further
characterization of the nature of the unstable green product
obtained from the reaction df with PPh is in progress, along
with studies of the reactivity of toward reagents such as NaOEt,
which are known to substitute R€I bonds in dirhenium(lll)
complexes; and with CO and RNC which can cleave multiply
bonded dirhenium complexes that are not stabilizedtiyging
diphosphine ligands.
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(18) The torsional angles ClI(3Re(1}-Re(2)-CI(21) and CIl(11}Re(1)
Re(2)-P(1) are 0.77(17)and 1.17(17), respectively.
(19) Under our experimental conditiots,, = +0.47 V for the [(GHs)2-
Fe]t/(CsHs).Fe couple.
(20) See, for example: (a) Gimeno, M. C.; Laguna, A.; Sarroca, C. Jones, P.
G. Inorg. Chem1993 32, 5927. (b) Tanase, T.; Matsuo, J.; Onaka, T.;
Begum, R. A.; Hamaguchi, M.; Yano, S.; Yamamoto,JY Organomet.
Chem.1999 592 103.
Synthesis of [f>-CsHs),Co][ReCls(dppf)] ([1]7): A suspension ofl
(0.060 g, 0.05 mmol) in 20 mL of dichloromethane was treated with an
excess of cobaltocene (0.040 g, 0.21 mmol) and the mixture stirred at
room temperature for 3 h. The solvent was removed under a vacuum
and the residue washed with 20 mL of acetone and 10 mL of
dichloromethane and then dried; yield 0.065 g (94%). Anal. Calcd for
Cy4H3eCleCoFeRRe: C, 39.78; H, 2.88. Found: C, 38.51; H, 2.76. This
complex was readily reoxidized toupon its reaction with an excess of
[(75-CsHs)2Fe]PR (1:3 mole proportions) in dichloromethane; yield 93%.
This product, which is insoluble in the reaction solvent, has electrochemi-
cal and spectroscopic properties quite different from thosk dhe'H
NMR spectrum (recorded in Gl,) shows broad resonances, while
the3P{H} spectrum has no resonances attributable to a metal-containing
complex. The CV (recorded in 0.1 M-Bu,NPR—CH,Cl,) shows
couples atE;, = +0.68 and—0.50 V vs Ag/AgCI. This compound,
which converts tal upon recrystallization from C}CI/Et,O, appears
to be an unstable paramagnetic adduct.
Crystal data fod (150 + 1 K): space groug’na2; (No. 33) witha =
16.3808(3) Ab = 15.1447(3) Ac = 13.9479(3) AV = 3460.2(2) &,
Z=4,dcacg= 2.187 g cmt, u(Mo Ka) = 8.076 mnt?, 19831 reflections
measured (7811 unique). A cutd¥f? > 2.00(F,)? was used foR-factor
calculations to giveR(F,) = 0.036,R,(F.?) = 0.081, and GOR= 1.037.
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