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The new compound {(PhS),ReO(u-SPh)},, 1, was synthesized from Re,O; and PhSH and then used as the
synthon for a number of hitherto unknown oxorhenium(V) compounds. Reactions between dithiols and 1 (2:1 ratio)
afford {PhSReO(dt)},, where the dithiols, dtH, are 1,2-ethanedithiol (edtH,), 1,3-propanedithiol (pdtH,),
1,3-butanedithiol (pdtMeH,), 1,2-benzenedithiol (bdtH,), 2-(mercaptomethyl)thiophenol (mtpH,), and 2-mercaptoethyl
sulfide (mesH,). Similar reactions carried out with a 3:1 ratio of dtH, to 1 afford [(ReO),(dt)s], dt = edt, pdt. When
NEt; was introduced prior to the 3:1 reaction between edtH, and 1, a compound containing an anionic complex
was isolated, [PPh,]J[ReO(edt);]. The new compounds were characterized analytically, spectroscopically, and
crystallographically. The Re—O groups in two of the compounds, 1 and {ReO(u-SPh)(bdt)},, exist in rare anti
orientations; the others adopt the more familiar syn geometry, as discussed. Selected monomerization reactions of
{PhSReO(dt)}, were also carried out: {PhSReO(dt)}, + 2L = 2[PhSReO(dt)L]. The rate for L = 4-phenylpyridine
is given by v = { kL] + ky[L]?} x [{PhSReO(dt)},], as it is for the reactions of { MeReO(dt)},; for all of these
compounds, the reaction proceeds nearly entirely by the third-order pathway. Values of k,/L? mol2 s~! at 25.0 °C
are 5.8 x 102 (mtp), 2.97 x 10° (pdt), 4.62 x 10° (edt), and 3.87 x 10° (bdt). The rate law for the reactions of
{PhSReO(dt)}, with L = PArs is v = K[L]J{1 + «[L]} x [{PhSReO(dt)}2]. For PPhs, values at 25.0 °C of k/L
mol~! s7% («/L mol™) for { PhSReO(dt)} , are 9.64 x 1072 (1.87) for mtp, 3.43 x 1072 (0.492) for pdt, 1.91 (1.42)
for edt, 1.84 x 1072 (0.82) for hdt, and 1.14 x 10° (10.6) for 1. Mechanisms are proposed that are consistent with
the data obtained and with earlier work.

Introduction bond?® Monomeric compounds are typified by [MeRe-
Different groups of oxorhenium(V) thiolate complexes ©(dL] and dimers by MeReO(dt).. Ligand L is a general

have attracted considerable interest for three reasons. First-€WiS base, PAL pyridine, tetramethylthiourea, R, and
they find extensive application becadé®Re and®®Re emit so forth, and the dt ligands include 1,2-ethanedithiolate (edt),

B particles of therapeutically useful energieéSecond, the ~ 1»3-Propanedithiolate (pdt), and mtp, the dianion of 2-(mer-
rhenium complexes are structural models of their less easily @Ptomethyl)thiophenol. Compounds lacking a-WRe bond

handled technetium analogues that find use in nuclear nclude [(ReO)mtp)k]® and others that have been described
medicine, particularly as heart imaging agéerithird, many

by Zubieta and et dP 16 and Abu-Omar et a”"1° Both

such rheniu_m compounds catal_yze oxygen atom transfer (7) Jacob, J.. Guzei, I. A.; Espenson, JJibrg. Chem1999 38, 3266
(OAT) reactions, as recently reviewe®él. 3267.

We have previously reported dithiolate (dt) compounds (®) gg"g%gjé—%‘;& G.; Guzei, I. A; Espenson, Jridrg. Chem1999

prepared from MeReg) which, thus, contain a MeRe (9) Huang, R.: Espenson, J. org. Chem2001, 40, 994-999.
(10) Wei, L.; Babich, J. W.; Zubieta, Jnorg. Chem.2004 43, 6445—
* To whom correspondence should be addressed. E-mail: espenson@ 6454.

iastate.edu. (11) Femia, F. J.; Chen, X.; Babich, J. W.; Zubietalnarg. Chim. Acta
(1) Volkert, W. A.; Jurisson, STop. Curr. Chem1996 176, 123-148. 2001, 316, 145-148.
(2) Dilworth, J. R.; Parrott, S. Them. Soc. Re 1998 27, 43-55. (12) Chen, X.; Femia, F. J.; Babich, J. W.; Zubietalndrg. Chim. Acta
(3) Hashimoto, K.; Yoshihara, KTop. Curr. Chem1996 176, 275- 2001, 316, 33—40.
291. (13) Chen, X.; Femia, F. J.; Babich, J. W.; Zubietalndrg. Chim. Acta
(4) Volkert, W. A.; Hoffman, T. J.Chem. Re. 1999 99, 2269-2292. 2001, 314, 91—96.
(5) Espenson, J. HAdv. Inorg. Chem2003 54, 157-202. (14) Chen, X.; Femia, F. J.; Babich, J. W.; Zubietalndrg. Chim. Acta
(6) Espenson, J. HCoord. Chem. Re 2005 249, 329-341. 200Q 310, 237-241.
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Rhenium(V) Complexes with Thiolato and Dithiolato Ligands

Chart 1.  Structural Formulas of New Benzenethiolato and Other Oxorhenium(V) Complexes and Selected Previously Known Analogues
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8" [(ReO)y(edt);] *!

8™, [(ReO)y(mip)s] *'

monomers and, especially, dimers catalyze OAT reac- pyramidal (precise or approximate) geometry with an apical

tions5920-22YQ + X — Y + XO, for which combinations
of YO (e.g., GHsNO, tert-BuOOH, RSO) have been used,
their reaction partners X being, for example, BEAR.S, and

R.SO.

oxo group. In most, the two ReD groups are disposed in a
syn configuratior?, whereas in two of the new compounds,

1 and5, they are antiSecond, reactions betwe#&mand vari-

ous dithiols were used to prepare several new compounds,

This research has the following objectives. First, new 2—7. Third, we sought to improve the synthesis of [(RgO)

oxorhenium(V) dithiolates were sought with a PHSe group

(dt)s],° 8. The new complexes were thoroughly characterized

rather than Me-Re. Toward that end, the new compound by elemental analysis, spectroscopy, and crystallography;
{(PhS)ReO{-SPh},, 1, was synthesized. Chart 1 displays their ligand frameworks and chelating ring size differ from
structural formulas that emphasize the fact that every those of their Me-Re counterpart%,?® which becomes a
compound features rhenium(V) in a five-coordinate, square- factor that might reasonably be expected to affect the kinetics

(15) Femia, F. J.; Chen, X.; Maresca, K. P.; Babich, J. W.; Zubieta, J.
Inorg. Chim. Acta200Q 310, 210-216.
(16) Chen, X.; Femia, F. J.; Babich, J. W.; Zubietalndrg. Chim. Acta

200Q 308, 80—90.

(17) Abu-Omar, M. M.; Khan, S. llnorg. Chem.1998 37, 4979-4985.
(18) Arias, J.; Newlands, C. R.; Abu-Omar, M. Nhorg. Chem.2001,

40, 2185-2192.

(19) Bereau, V.; Khan, S. I.; Abu-Omar, M. Mnorg. Chem.2001, 40,

6767-6773.

(20) Wang, Y.; Espenson, J. kthorg. Chem.2002 41, 2266-2274.
(21) Espenson, J. H.; Shan, X.; Wang, Y.; Huang, R.; Lahti, D. W.; Dixon,
J.; Lente, G.; Ellern, A.; Guzei, I. Anorg. Chem2002 41, 2583~

2591.

(22) Koshino, N.; Espenson, J. thorg. Chem.2003 42, 5735-5743.

and thermodynamic parameters. Finally, the kinetics of
selected monomerization reactions of the dimers with tri-
arylphosphines and 4-phenylpyridine (4-PhPy) was studied.

Results, Interpretation, and Discussion

Preparation of 1; Reactions with Dithiols. The reaction
between dirhenium heptoxide and excess benzenethiol in
THF—E0 yields1 as a pure product isolated in 79% yield.

(23) Lente, G.; Guzei, I. A.; Espenson, J.IHorg. Chem200Q 39, 1311~
1319.
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The reduction of Re(VIl) to Re(V) is balanced by the
oxidation of some of the thiol to diphenyl disulfide, according
to the stoichiometry in eq 1.

Re,0, + 10PhSH— { (PhS}ReOw-SPh} , (1) +
4PhSSPH- 5H,0 (1)

With a 2:1 ratio of 2-mercaptoethyl sulfide (mes) 1p
the monomeric compound [PhSReO(me§)]was formed.
The products of the reactions afwith dithiols depend on
the ratios of the reagents. The use of a dithicdtio of >3:1
affords [(ReO)(dt)s], 8, eq 2.

{ReO(SPh}, + 3dtH, — [(ReO),(dt),] + 6PhSH (2)

Reaction 2 is reproducible and amenable to easy workup; it
proceeds in high yield. Limiting the dithidlratio to 2:1 af-
forded four new dimeric compoundsPhSReO(di),, 2—5,
according to eq 3 for dt edt ), pdt (3a), pdtMe (a mixture

of 3b and3c), mtp @), and bdt € 1,2-benzenedithiolateb).

{ReO(SPhy}, + 2dtH, — {PhSReO(d}), + 4PhSH (3)
Figure 1. ORTEP diagrams with thermal ellipsoids drawn to 50%

At intermediate ratios of the reactants, mixtures are Probability for [PhSReO(mes)f, and [PPH[ReO(edt)(PhS), 7.

formed. For example, edttind1 in a 1:1 ratio give a mix- Scheme 1. Reactions ofl with Dithiols, lllustrated for pdtH, edtH,

ture of 2 and unreacted; likewise, pdth and1 in a 1:1 and bdth
edtH,

ratio gave a mixture oBaandl. The addition of more than

) _ 2NEt, .

1 equiv of dth (edtH,, po_ltHz, oztmtgtl-b) to tﬂs d|mer§,_ 3a Phs‘é?gs‘RgSPh Yo [s\g,spﬂ [S\gls_le
e, e

and4 leads to the formation @, 8%, and8™®, respectively. Phs’ & SPh L & 75Ph g AN

Still another variant was discovered. When pNEas added
prior to the 2:1 reaction between edtdnd 1, a new
compound containing the anion [(PRBgO(edt)] was
obtained; it was isolated as the [RPhkalt, 7. With a 3:1
ratio of the reagents in the presence of NFtwas obtained
along with the known compound [PRReO(edt}].?’

1 Ph bd
pdtH,
l-Z PhSH

hs’
Ph

Y
0255 | IR
Re Re,
S’ 'SP

-2PhSH

Ph

s.Q,s. SP

s, E\S/ﬁesp
PO

bdtH,
-2PhSH

The reactions are summarized in Scheme 1. As suggested t)zdliEZSH
by the sequences shown, it appears thaacts with dithiols ~ sof o
in steps that involve one or more intermediates. The suggest- PhS. 089 S @( Ré Ré D
ions in Scheme 1 were made to preserve five-coordinate forms; s e\S,Re\SPh s ghﬁ') s
even then, the scheme is simplified in that each reaction of 3a 5
a bidentate dithiol can be assumed to proceed in (at least) lpzf‘;':zs 9y
two steps. No further experiments were feasible, however, K\
so further amplification of the details is unwarranted. s.8,882.8
H NMR Spectra. NMR spectra were obtained in GD CSfRe~S'Re\S

Cl, and GDs, as depicted in Figures SB8 of the Support- gt

ing Information. The spectral patterns and chemical shifts )

of the proton resonances are significantly influenced by the Whereas the others appear as sharp multiplets at room
deuterated solvents, which is typical behavior. The proton temperature. As the temperature is lowered, the NMR spectra

spectra are complicated by the diastereotopic protons of thein CD:Clz display pattern changes, a result of slow ring
chelated backborfé-3° The five- or six-membered metal- inversion. The methylene protonséfhowever, exhibit two
loheterocyclic rings can interconvert between envelope and €mperature-inariant doublets at 5.04 and 4.68 ppm as a
half-chair, or between chair and boat, conformers. Com- result of the stereochemical rigidity of tlebenzenedithi-

pounds1 and 2 show broad, poorly resolved resonances, ©lato ligand.
Structural Considerations: Monomeric Compounds.
(24) Takacs, J.; Cook, M. R.; Kiprof, P.; Kuchler, J. G.; Herrmann, W. A.  The ORTEP diagrams & and 7 are shown in Figure 1,

Organometallics1991, 10, 316-320. . . .
(25) J;éob, J.: Guzei, |.,§_; Espenson, Jlitrg. Chem1999 38, 1040 and selected bond distances and angles are listed in Tables

1041. 1 and 2. Monomeric oxorhenium(V) complexes, in general,
(26) Shan, X.; Ellern, A.; Guzei, |. A.; Espenson, J.labrg. Chem2003
42, 2362-2367.
(27) Blower, P. J.; Dilworth, J. R.; Hutchinson, J. P.; Nicholson, T.; Zubieta, (28) Martin, D.; Piera, C.; Mazzi, U.; Rossin, R.; Solans, X.; Font-Baradia,
J.J. Chem. Soc., Dalton Tran$986 1339-1345. M.; Suades, JJ. Chem. Soc., Dalton Tran2003 3041-3045.
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Rhenium(V) Complexes with Thiolato and Dithiolato Ligands

Table 1. Selected Bond Lengths (pm) and Angles (deg}pof

Table 3. Selected Bond Lengths (pm) and Angles (deg} of

Re(1)-0(1) 167.2(6) O(1yRe(1)-S(1) 115.9(2) Re(1)-0O(1) 166.1(5) O(1yRe(1)-S(3)  104.29(17)
Re(1)-S(1) 227.8(2) O(BRe(1)-S(2) 115.3(3) Re(1)-S(5) 228.59(18)  S(5)Re(1)-S(6) 85.95(7)
Re(1)-S(2) 228.4(2) O(LyRe(1)-S(3) 100.6(2) Re(1)-S(6) 230.27(18)  Re(BHS(3)-Re(2) 97.38(5)
Re(1)-S(3) ~ 236.2(2)  S(3Re(1)-S(4)  154.44(8) Re(1)-S(4) 239.52(16) O(JRe(2-S(1)  112.85(17)
Re(1)-S(4)  231.3(2)  O(IyRe(1}S(4)  104.7(2) Re(1)-S(3) 241.73(16) O()Re(2-S(2)  106.95(15)
S(1)-Re(1)-5(2) 128.77(9) Re(2)-0(2) 166.4(5)  O(2}Re(2-S(3)  104.83(16)
e Pl mad s 2ay
LY , e . e .
Re(2)-S(4) 240.07(16)  S(BRe(2)-S(3) 92.24(6)
Table 2. Selected Bond Lengths (pm) and Angles (degy of Re(2)-S(3) 24212(16)  S(DRe(2)-S(4) 86.01(6)
O(1)-Re(1)-S(4)  109.94(17)  S(3)Re(2)-S(4) 73.49(5)
RelrSd] 29005 obmedrsws 1orasas  OGYRe(yS() 1073307 RemS(E-Re  98.54(5)
Re(1)-S(2) 229.50(19) S(BHRe(1)}-S(3)  141.21(P O(1)-Re(1)-S(6) 107.76(17) S(4Re(1)-S(5)  140.64(6)
Re(1)-S(3) 23520(18) S(2Re(1)-S(4)  144.38(8) S(3)-Re(1)-S(4)  73.66(5)  S(3}Re(1)-S(6)  147.95(8)
Re(1)-S(4) 234.76(19)  S(HRe(1)-S(@)  86.67(8) S(3-Re(1)-S(5)  85.42(6)  S(BHRe(2-S(4)  137.74(H
S(Iy-Re(1)-S(2)  84.72(8)  S(Re()-S(3)  87.85(7) S@A)yRe(1)-S(6) ~ 94.38(6)  S(2Re(2)-S(3)  146.43(6)
O(1)-Re(1)-S(1)  110.31(19) S(3)Re(1)-S(4)  77.59(7) Sou B fy S0 4 By see text
O(1)-Re(1)-S(2)  108.00(18)

aq. bB; see text.

Table 4. Selected Bond Lengths (pm) and Angles (deg®of

h . . . Re(1)-0(1) 168.6(5) O(1yRe(1)-S(3F  103.95(18)
ave approximate square-pyramidal structures. Inevitably, pe) g1y 227.90(17)  S(DRe(1)-S(2) 89.41(6)
however, some degree of distortion toward trigonal-bipyra- Re(1)-S(2) 227.29(15)  S(HRe(1)-S(3f 87.24(6)
midal geometry can be noted. Following literature prece- Re(1)-S(3) 235.14(15)  S(2)Re(1)-S(3) 84.59(6)
dent?! we use the parameterto differentiate the limiting CR)?SE—RSe((?;L);—S(l) 21121'_57%4) ﬁggggg)ﬁﬁ% gg:%ié%)
forms. One defines these angles in the following manner: O(1)-Re(1)-S(2) 107.57(18) S(BHRe(1)-S(3) 135.11(6)
let 8 be the largest angle!=Re—L2 and leta be the second ~ O(1)-Re(1}-S(3)  112.5(2)  S(2}Re(1)-S@3f  147.21(6)

largest. The definition of is (3 — a)/60; thus,r = 0.00 for
a square pyramicdx(= = 18C°) andr = 1.00 for a trigonal
bipyramid @ = 120°, § = 180C). Of course, in all of the

aSymmetry operation:i—x + 1,y, —z + 2. P a. ¢ 3; see text.

Table 5. Selected Bond Lengths (pm) and Angles (deg}of

actual structures, the Re atom will be displaced toward the Re(1)-O(1) 168.5(6)  S(4yRe(1)-S(1) 73.46(7)
0xo0 group above the mean ligand plane; therefore, even with 228)):2% ggala:g% 32?1558?3(5()2) gg‘%@)
Ca4, symmetry,o. andg will be close to one another but both  Re(1)-5(3) 230.9(2) O(2YRe(2)-S(5)  108.5(2)
will be less than 180 Re(1)-S(4) 237.5(2) O(2yRe(2)-S(6)  104.4(3)
Compoundb has the least regular structure, witks 0.43; Egg)):gg)) éggé((% 8((222;228)):2% iég:g%
the rhenium atom ir§ lies in an intermediate coordination  Re(2)-S(6) 231.0(3) S(BRe(2)-S(4) 73.27(8)
environment. The ReS3 and Re-S4 bond lengths are ge(g)‘g(}l) gig-g(? g(ﬁge(g)‘g(? ggz;(g)
unequal, 236.2(2) and 231.3(2) pm, respectively; on the other o‘ff)fRe((f}S(l) 103:68 Sgg@gz{sg 88:16593
hand, the ReS1 and Re-S2 distances are equal, an average 0O(1)-Re(1)-S(2)  108.8(2) Re(DS(4)-Re(2) 98.67(8)
of 228.3 pm. A regular structural progression can be seen 8(1):29(1)‘2(? ﬂi-z(? 2(2')?(1)‘2(? igg-gg(g
when the thioether S atom of the mes ligand is replaced by S((g))_Rg((l)fS(&)) 90.'05(3(23) S§§R§§2§S§5§ 135:96§9)
O (r = 0.17F?or NH (zr = 0.61)32 Compound6 and these S(3)-Re(1)-S(2) 87.82(8)  S(4YRe(2)-S(6) 149.62(9)

analogues are the most sterically constrained and, thus, more ., vz,

distorted, owing to the presence of a tridentate ligand.
Crystals of7 comprise a discrete mixed-ligand anion, a

o 982 see text.

Structural Considerations: Dimeric Compounds.The

PPh cation, and three toluene solvate molecules. The pond distances and angles of compouh@s= 0.13, 0.14),
geometry about Re(V) is square-pyramidal with an apical 2 (; = 0.20),4 (r = 0.24, 0.23), an& (z = 0.00, 0.05) are
oxo group ¢ = 0.05). The average Re5 length for edtis  presented in Tables-3; ORTEP diagrams are shown in
229.8(2) pm, whereas that for the two benzenethiolate ligandsgigure 2. The structural data and ORTEP diagramsBféir

is 235.0(2) pm. The ReO distance of 169.0(4) pm is notably
shorter than the distance found in the anionic complexHPh
[ReO(edt)], (174.2 pmy”

(29) Bouziotis, P.; Pirmettis, |.; Pelecanon, M.; Raptopoulou, C. P.; Terzis,
A.; Papadopoulos, M.; Chiotellis, Ehem—Eur. J.2001, 7, 3671~
3780.

(30) Papadopoulos, M. S.; Pirmettis, I. C.; Pelecanou, M.; Raptopoulou,
C. P,; Terzis, A.; Stassinopoulous, C. |.; Chiotellis,iBorg. Chem.
1996 35, 7377-7383.

(31) Addison, A. W.; Rao, T. N.; Reedijk, J.; van Rijn, J.; Verschoor, G.
C.J. Chem. Soc., Dalton Tran$984 1349-1356.

(32) Spies, H.; Fietz, T.; Pietzsch, H.-J.; Johannsen, B.; Leibnitz, P.; Reck,
G.; Scheller, D.; Klostermann, K. Chem. Soc., Dalton Tran$995
2277-2280.

(33) Glaser, M.; Spies, H.; Berger, R.; Hahn, F. E.gbar, T.; Johannsen,

B. Inorg. Chim. Actal997 257, 143-147.

are presented in the Supporting Information because they
closely resemble the established compougfdsand 8m.6
The terminal Re-S distances of all of the dimers are shorter
than those of the bridging ones by 12 pm. The differences
are comparable to those found in most transition-metal
complexes containing both bridging and terminal thiolato
ligands3* The diamond-like [Rg5;] cores inl and 8% are
nearly symmetric; the four bridging RS distances are not
significantly different, having an average length of 240.9(2)
pm in 1 and 238.6(2) pm ir8*¥. The cores o, 4, and5

are asymmetric with the different bridging R& bond

(34) Dance, |. GPolyhedron1986 5, 1037-1104.
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Table 6. Selected Bond Lengths (pm) and Angles (degpof

Re(1)-0(1)
Re(1)-S(1)
Re(2)-0(2)
Re(2)-S(5)
Re(1)-S(2)
Re(1)-S(3)
Re(1)-S(4)
Re(2)-S(6)
Re(2)-S(3)
Re(2)-S(4)
O(1)-Re(1)-S(1)
O(1)-Re(1)-S(2)
O(1)-Re(1)-S(3)
O(1)-Re(1)-S(4)
S(3)-Re(1)-S(4)
S(3)-Re(1)-S(1)

167.0(6)
226.7(2)
167.2(6)
226.0(2)
226.7(2)
239.2(2)
238.0(2)
228.1(2)
240.7(2)
239.4(2)
109.7(2)
109.7(2)
108.7(2)
108.4(2)
73.63(7)
86.93(8)

aqy. P B1. Cap. 982 see text.

S(4yRe(1)-S(2)
S(H)yRe(1)-S(2)
Re(1)S(3)-Re(2)
O(2yRe(2)-S(5)
O(2yRe(2)-S(6)
O(2yRe(2)-S(3)
O(2yRe(2)-S(4)
S(3yRe(2)-S(4)
S(3)yRe(2)-S(5)
S(4yRe(2)-S(6)
S(6YRe(2)-5(5)
Re(1)S(4)-Re(2)
S(HyRe(1)-S(4)
S(2YRe(1)-S(3)
S(4yRe(2)-S(5)
S(3)yRe(2)-S(4)

89.00(8)
85.61(9)
90.14(7)
110.1(2)
108.5(2)
107.7(2)
108.8(2)
73.12(7)
87.45(8)
89.49(8)
85.97(8)
90.73(7)
141.10(8)
141.18(9)
140.21(8)
143.25(9)

Li et al.

The Four-Membered ReS, Rings. The two most notice-
able characteristics of the dimeric structures are the arrange-
ments of the two rheniumoxo bonds and the bridging
groups conjoining both rhenium centers. The two—iRe
bonds in1 and5 are oriented anti to one another; in the
other dimers, they are syn. The two Re atom4& ahd5 are
held together by two bridging thiophenylato ligands,
(u-SPhy; two Re centers 08°t are connected by two sulfur
atoms from the same Re center; 2nand 4, the two Re
centers are bridged by two sulfur atoms from each Re center.
The literature reports two compounds that are the syn and
anti configurations of (Bu');ReO-S)],% formally Re(VI)
but with a Re-Re bond, as well as Mo(V) compounds with
[M2Y,S;]?" cores (Y= O or S)36:87

Structured andlll differ conformationally (see Chart 2).

lengths, 235.14(15) versus 242.58(14), 237.7(2) versusThe first has a bent M5, moiety with a dihedral angle

242.2(3), and 226.9(6) versus 239.3(7) pm, respectively.

between the two MS planes of <18C°; the third is

Figure 2. ORTEP diagrams with thermal ellipsoids drawn to 50% probability {{gthSYReOu-SPh},, 1; {PhSReO(ed}y, 2; {PhSReO(mtgd), 4,

and PhSReO(bdi), 5.
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Table 7. Summary of Relevant Structural Dat8ertaining to the [R&;] Cores of Oxorhenium(V) Dimers

compound Re-ReP Re-0O Re-S° S  Re-S—Re  S$—Re-S 7d dihedral anglé,  ref
{(PhS)ReO-SPh} ; (1) 363.4 166.3(5) 240.86(16)  288.5 97.96(6)  73.58(5) 0.13,0.14 1408 f
{Me(ReO)(SPh} 2 (1) 336.9 169.7(5)  239.45(7) 286.5 89.4(1) 73.5(3) 0.08, 0.17 122.8 24
[(ReO)(edt)] (82 366.0 167.6(4)  238.7(21) 294.4 100.1(3) 76.2(8) 0.03, 0.00 153.9 21
[(ReOk(pdt)] (8°) 364.7 166.5(6)  238.6(2) 287.1 99.7(8) 73.95(7) 0.04, 0.06 1462 f
[(ReOY(mtp)] (8P) 372.7 168.0(3)  238.2(16) 288.9 103.0(8) 74.7(3) 0.04, 0.06 159.4 21
{PhS(ReO)(ed}) (2) 3457 168.6(5) 238.86(15)  291.3 92.71(5)  75.14(6) 0.20 131.8 f
{PhS(ReO)(mtg) (4) 364.1 168.3(2)  240.0(23) 286.7 98.70(3) 73.37(10)  0.24,0.23 142.2 f
{PhS(ReO)(bd}), (5) 339.7 167.1(1)  239.3(7) 286.0 90.4(3) 73.37(3) 0.00, 0.05 1245 f
{Me(ReO)(edd, (2Ve) 363.1 167.9(2)  236.7(15) 292.0 100.17(7)  76.17(3) 0.00, 0.03 154 21
{Me(ReO)(pd) (3Ve) 368.0 167.4(2)  236.9(6) 284.5 101.94(4)  73.80(4) 0.03, 0.05 152.6 21
{Me(ReO)(mtp), (4™P) 370.7 167.5(4)  237.3(9) 289.7 102.7(2) 75.23(5) 0.05, 0.19 160.8 25

aDistances are in pm; angles are in degré@¢onbonded distancé.S;, is a bridging sulfur atomd A measuré! of square-pyramidal(= 0.00) versus

trigonal-bipyramidal £ = 1.00) structures, see teXtAcuteangle between the

Chart 2. Three Conformations of the R& Rings

represented by dihedral angles that are al48C, but only

because of the convention that a dihedral angle between two

planes is defined as amcuteangle. Clearly, the two are

different conformations. In the present cases, despite the syn

arrangements of the ReO groups, compou®dg and 8%t
adopt the unusual conformatidi in which the dihedral
angles between the RgPlanes are, respectively, 131,8
142.2, and 146.2. Structurell represents the anti config-
uration, which has a planar /8, moiety, with a dihedral
angle very close to 180

two Reg planes. This work.

Scheme 2. Generalized Mechanism for the Monomerization of
Oxorhenium(V) Dimers by Reactions with Ligands

L L

D =—=DL === DL,
K K;
1 l 2 kl"

I4 Iy
“\ /‘ast

2 ML

D = dimer
| = intermediate
L = Ligand
ML = monomer

DL, DL, = adducts
fast

Several factors are reflected in the configurations of the
Mo=O0 units. Theoretical studies of the [M®,S;]>" cores
(Y = O or S) showed a direct MeMo bonding interaction,
resulting in a more stable syn isomer €/S)* and a direct
m-bonding interaction between two M<D units, giving a
more stable syn isomer (¥ O).%6 Other factors affecting the

Table 7 summarizes the important distances and anglesarrangement of syn and anti modes include the steric inter-

for the dimeric oxorhenium(V) complexes with [R&®S;]
cores, both those new to this work and some previously re-
ported. The ReO; bond lengths lie within the range of
168(3) pm observed in most structurally characterizedRe
species® 0 In comparison, idealized ReO and R&=0

actions among the ligan¥s'’ and inter- and intramolecular
H-bonding between the terminal oxo groups and theHN
groups of the ligané® At present, it is not clear why the rhen-
ium dimers adopt syn arrangements with the unusual confor-
mationlll . Perhaps it originates from the different electronic

distances have been estimated to be approximately 160 an@onfigurations, &for Re” and Md’ as compared to%dor

176 pm, respectivel§# 43 The S---S, bond distances are
virtually invariant; the nonbonded ReRe distances show
somewhat wider variation, 336-3872.7 pm, much longer
than the Re-Re bond length of 253.19(7) pm ifiRe-

(OMe)k},,** indicating the absence of metahetal bonds
in the present cases. Thg-Re—S, angles lie within a
narrow range, averaging 75{1Yhe Re-S,—Re angles show
an obvious correlation with the ReRe nonbonded dis-
tances: the wider the angle, the longer the-ARe distance.

(35) Cali, S.; Hoffman, D. M.; Wierda, D. Anorg. Chem1991, 30, 827—
831.

(36) Gelder, J. I.; Enemark, J. thorg. Chem.1976 15, 1839-1843.

(37) Bunzey, G.; Enemark, J. Hhorg. Chem.1978 17, 682-688.

(38) Banerjee, S.; Bhattacharyya, S.; Dirghangi, B. K.; Menon,
Chakravorty, A.Inorg. Chem.200Q 39, 6—13.

(39) Edwards, C. F.; Griffith, W. P.; White, A. J. P.; Williams, D. .
Chem. Soc., Dalton Tran4992 957—962.

(40) Mayer, J. M.Inorg. Chem.1988 27, 3899-3903.

(41) Berning, D. E.; Katti, K. V.; Barbour, L. J.; Volkert, W. Anorg.
Chem.1988 27, 334-339.

(42) Smith, C. J.; Katti, K. V.; Volkert, W. A.; Barbour, L. horg. Chem.
1997 36, 3928-3935.

(43) Wang, Y. P.; Che, C. M.; Wang, K. Y.; Peng, S. Morg. Chem.
1993 32, 5827-5832.

(44) Bryan, J. C.; Wheeler, D. R.; Clark, D. L.; Huffman, J. C.; Sattelberger,
A. P.J. Am. Chem. S0d.991 113 3184-3186.

Re".

Monomerization Reactions.Monomerization of dimeric
rhenium compounds containing the MRBRe group with
several ligands, especially phosphines and pyridines, have
been studied extensively befd?&3 The general reaction is
D + 2L = 2ML (D = dimer,ML = monomer). Scheme 2
presents the general reaction scheme derived from previous
work.

In its most general form, the rate of produdt () for-
mation in the forward direction is described by eq 4. In actual
studies, however, limiting forms of eq 4 are always realized.

keKy[L] + KK KL ®
1+ K[L] + KK [L]2

= (D] (4)

Ut

Studies with the new dimeric compound3hSReO(d),
were carried out for the representative cases PAr; and

(45) Chandler, T.; Lichtenberger, D. L.; Enemark, Jlitrg. Chem1981,
20, 75-77.

(46) Bernholc, J.; Holzwarth, N. A. Wl. Chem. Phys1984 81, 3987—
3985.

(47) Newsam, J.; Halbert, Tnorg. Chem.1985 24, 491-494.
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Table 8. Summary of Kinetic Constarft8 for the Monomerization of the PhSRe and Me-Re Dimers with Triphenylphosphine

dt (compond) Ka K ks ko
Part A: {PhSReO(d#),
(PhS) (1) 1136(17) 10.55(42) 107.7(28)
edt Q) 1.91(7) 1.42(76) 1.35(68)
pdt (3a) 0.0343(4) 0.492(47)a 0.0697(59)
mtp () 0.0964(22) 1.87(15) 0.0516(31)
bdt (5) 8.50(59) 705(62) 0.121(3)
Part B: { MeReO(dt}»
edt @Ve) 0.83(1) 23.7(4)
pdt (3aVe) 0.013(1) 0.18(4)
mtp @Me) 0.0157(5) 0.051(6)

aynits: ks, L mol™t s7%; «, L mol™%; ks, s7%; kp, L2 mol=2 s71. As usual, the
warranted so that they will reproduce the experimental valuds,.df Although
ka = 0.0184(18)k = 0.82(44), andks = 0.023(10) were obtained.

Table 9. Kinetic Data for Monomerization of with Triarylphosphines
at 25°C in Benzene

P(GHa-p-X)3 30 kyL mol~tst KL moll kg102s!
CHsO -0.81 2.05(6) 21(1) 0.96(2)
CHs —-0.51  0.563(36) 14(2) 4.1(2)
H 0 0.0964(22) 1.9(2) 5.1(3)
F 0.18 0.0473(17) 1.1(1) 4.3(4)
cl 0.69 0.0188(10) a a

aCould not be satisfactorily resolved; see text.

4-phenylpyridine (PhPy). Data for the reactions betweerny PPh
andl, 2, 3a 4, and5 (or D in general) will be presented
first. The reactions were carried out with [RRph> [D]o;

the reactions proceeded to completion and followed first-

parameters are given to a greater number of significant figures than actually
the data are of questionable meaning beca@bgeis a mixture, the values

log k or log K

1t

21
X=MeO Me
Ll || L

-1 0.5
30

order kinetics. The pseUdo'flrSt'order rate constants ObEy eoFigure 3. Correlation of the three kinetic parameters from Table 8 against

5. Comparison of eq 4 and 5 givégs= ksK; andx = K.

_ KL K
% 1+«l]  K,7HH[L

®)

Fitting of the data can be done to either form, but both
were used to obtain reliable estimates of the standard
deviations. Values of the kinetic parameters are listed in
Table 8, which also includes data for the MRe ana-
logues?-23 for which the kinetic data were expressed by a
different form, eq 6.

k, = kJL] + kL] (6)

Analysis of the data fof PhSReO(d}), according to
Scheme 2 and egs 4 and 5 allows these conclusikpi]
< ka/ky and K3K5[L]? < 1 + Ky[L]. Table 9 presents the
data for the reaction of with a family of triarylphosphines,
P(CGHs-p-X)a.

The kinetic parameters for the reactionslafith P(GH,-
p-X)s, Table 9, are plotted as Idg, versus the Hammett
value, Figure 3. The reaction constaptare—1.38+ 0.13
(ka), —1.37 £ 0.15 Kj), and —0.25 £ 0.20 ks). The
formation constant forDL (Ki;, Scheme 2) is strongly
influenced by the substituent; thus, the composite constant,
ka (= Kiks), is as well. On the other hand, the X substituent
exerts a minimal influence on the unimolecular rate constant
ks. This is an entirely new finding resulting from the study

(48) Marabella, C. P.; Enemark, J. H.; Miller, K. F.; Bruce, A. E.;
Pariyadath, N.; Carbin, J. L.; Stiefel, E. lhorg. Chem.1983 22,
3456-3461.
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the Hammett substituent constantfor the reactions of PhSReO(mtg),
4, with P(GHs-p-X)s. The values ok, (eq 5) for X = CI could not be
resolved into the componenks andks (see text).

Table 10. Summary of Rate Constadtfor the Monomerization of the
PhS-Re and Me-Re Dimers with 4-Phenylpyridine at Z% in
Benzene

dt (compound?) ko/L mol~1s71 ko/L2 mol—2s71
Part A{ PhS(ReO)(d})?
PhS @)°
mtp (4) 0.3(3) 5.79(43)% 10
edt Q) c 4.62(15)x 10
bdt 5) b, ¢ 3.87(55)x 10P
pdt (3a) 2(1) 2.97(23)x 103
Part B: {MeReO(dt},
mtp @"e) <1° 70.0(6}
edt @Ve) 22(20) 2.04(8)x 10*
pdt (3Y€) 0.17(3) 35(4)

a Although the data are of questionable meaning becalse is a
mixture, the valuek, = 2.4(4) andk, = 1.95(7) x 10°® were obtained.
b Too rapid for convenient measuremehinsignificant.d Correct in ref 23;
incorrectly cited as 7.0 in ref 21.

of the{ PhSReO(d#), reactions, which was not available for
data pertaining td MeReO(dt},, whereks; could not be
deconvoluted into its components. The rate constants for the
reactions off PhASReO(d}), with 4-PhPy follow eq 6. The
kinetic parameters are given in Table 10 in comparison with
their Me—Re counterparts where they exist.
Monomerization Mechanism.Because eqs 5 and 6 have
different kinetic forms, an appreciation of the mechanistic
differences betweefiPhSReO(d), and {MeReO(dt}, in
their reactions with PRiproceeds as follows. The ratio of
the k, values, this being the parameter that the experiments
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define for both families, can be expressed in terms of two bite angle and the conformation of the chelate ring. This has

factors with the use of the notation in Scheme 2: been shown for Mo(V)/Mo(lV) couples, where potentials
decrease with an increasing size of the chelate™ifgother
KPS kT (K factor in reactivity is the ring strain in chelate systems, such
I Me - k.Ve || k Me () as2,%%-0which contains alternating five-membered and four-
3 1

membered chelate rings and may suffer more strain than
6 present ir3a, which contains alternating six-membered and
four-membered chelate rings. One can draw analogies
between these cases and the strain energies (SE) of bicyclo-
[3,2,0]heptane (SE= ~33 kcal mot?) versus those of
bicyclo[4,2,0]octane (SE= ~25.6 kcal mot?).61

Experimental Section
ke B (KlphlelMe) General Methods. All chemicals were obtained from com-
kphs_ (kaphslkaMe) (8) mercial sources and used as received unless otherwise noted.
3 2-(Mercaptomethyl)thiophenol was prepared according to literature

) ] ) methods$2:63 Solvents were purified and dried following conven-
The numerator of eq 8 ks 1, and the denominator falls in  tjonay procedures and were freshly distilled prior to UseNMR

the range 2.36.1. Clearly thenks“® > ks™"Sfor any of these  spectra were recorded on a Bruker DRX-400 MHz spectrometer.
three dithiolates. This leaves two issues that require justifica- The spectrophotometric measurements were carried out with a
tion. First, why isK;""S>> K;Me? This, we suggest, reflects  Shimadzu model 3101 spectrophotometer and an OLIS RSM-1000
CHs;™ being, in general, a much strongedonor than PhS stopped-flow apparatus with a rapid scanning monochromator.
as evidenced in many ways, such as the re|atK/£V|a|ueS, Elemental analyses were performed by the Chemical Analysis
CH, < PhSH. Further, PhScan be displaced as PhSH by facility at lowa State University with a Perkin-Elmer CHN/S
dtH, (driven, in part, by the chelate effect), whereas,CH analyzer, Model 2400 series Il. The a.nalyt?cal and spectroscopic
cannot. Thus, the formation constantDE will be much data for compounds—g*" are summgnzed " Table 11.

larger for the PhSRe family. Second, why iMe > k,"n? {(PhS)ReO -SPh},, 1.To a solution of thiophenol (3.28 mL,

Thi b ibuted h latived h 31.9 mmol) was added a solution of rhenium(VIl) oxide (1.55 g,
Is, 100, can be attributed to the relativalonor strengths 3 4 g mmol) in THF (15 mL) dropwise by a cannula oveh with

of CH;™ and PhS, which will weakeru-S—Re bonds more igorous stirring. A dark red precipitate formed, and the resulting
for Me—Re than for PhSRe, this being the prerequisite for  mixture was stirred for 2 h. The solid, isolated by filtration and
the onset of monomerization following the coordination of washed with ether, was obtained in 79% vyield.
L at the vacant sixth coordination position. {PhS(ReO)(edt),, 2. 1,2-Ethanedithiol (4&L, 0.56 mmol) was
The values ok, are larger forl as compared to others; added by syringe to a suspension10{299 mg, 0.28 mmol) in
otherwisek, andk vary in the orde6 > 2>> 4 > 3a. These toluene (35 mL), and the mixture was stirred overnight undeg a N
observations can be explained in terms of hard and softacid atmosphere and then filtered. After the red-brown filtrate had been
base theory and geometric constraintd5! Ligands with concentrated to ca. 3 mL, 40 mL of dry ether was added. The
C-donor frameworks, as compared to those with aliphatic resulting red-brown solid was filtered, washed with ether, and

- o o
or aromatic S-donor frameworks, are more effective charge Y2cuum-dried. The product was obtained in 75% yield. The same

-, ) procedure was used to prepdiehSReO(pdi), 3a (62% yield)
donors to an electropositive metal center. Geometric con-

. : L - . and3b—c (45%) [the mixture was not separable, but is comprised
straints imposed by chelating ligands can enhance the basicity,¢ g4 3 and 13%3c on the basis of proton integrations];

of the transition-metal center; both result in the decrease of {phsReO(mtg), 4 (74%); {ReOu-SPh)(bdt),, 5 (59%); and

the metal-center electrophile. Thus, the reactivity decreases{PhSReO(me}), 6 (91%).

in those complexes with the Me group or aliphatic backbone.  [Ph,P] [(PhS),ReO(edt)], 7. A solution of 1,2-ethanedithiol (24

Similar effects have been observed in a number of uL, 0.283 mmol) and triethylamine (0.25 mL, 1.8 mmol) in €H

example$?-56 Cl, (25 mL) was added dropwise by cannula to a solutiori of
One can examine the influence of changes in the size of (100 mg, 0.094 mmol) in CCl; (15 mL). The resultant mixture

the chelate ring on reactivity toward monomer formation. Was stirred for 2 h, after which, tetraphenyl_phosphonium bromi_de

This change can affect interactions between the donor atomg?-1 9 0-24 mmol) was added. Concentration gave a red solution,

. . . which was purified by chromatography on silica (03 cm).
of the chelate ligand and the rhenium atom by varying the Elution with dichloromethane provided two orange compounds,

The values of thé, ratios are 6.1 (mtp), 2.3 (edt), and 2.
(pdt). Now, K;P"9K;Me > 1, as determined from the stated
inequalities manifested from the kinetic data. Thus, the
relative inherent reactivities, which are represented by the
ks values, can be expressed as

(49) Pearson, R. GCoord. Chem. Re 1990 100, 403-425. fraction | being7 (44%) and fraction Il [PkP] being [(ReO)(ed$).?”

(50) Angelici, R. JAcc. Chem. Red995 28, 51-60.

(51) Holland, A. W.; Bergman, Rl. Am. Chem. So2002 124, 14684 (57) Chang, C. S. J.; Collison, D.; Mabbs, F. E.; Enemark, Jindrg.
14695. Chem.199Q 29, 2261-2267.

(52) Uhrhammer, D.; Schultz, F. Anorg. Chem2004 43, 7389-7395. (58) Chao, M.-S.; Chung, C.-$norg. Chem.1989 28, 686-692.

(53) Schultz, F. A.; Oftt, V. R.; Rolison, D. S.; Bravard, D. C.; McDonald, (59) Brubaker, G. R.; Johnson, D. \IMorg. Chem1984 23, 1591-1595.
J. W.; Newton, W. Elnorg. Chem.1978 17, 1758-1765. (60) Paoletti, P.; Fabbrizzi, L.; Barbucci, Rorg. Chem1973 12, 1861

(54) Zanello, PCoord. Chem. Re 1988 87, 1-54. 1864.

(55) Cleland, W. E.; Barnhart, K. M.; Yamanouchi, K.; Collison, D.; Mabbs, (61) Wiberg, K. B.Angew. Chem., Int. Ed. Endl98§ 25, 312-322.
F. E.; Ortega, R. B.; Enemark, J. thorg. Chem.1987, 26, 1017 (62) Klingsberg, E.; Schreiber, A. M. Am. Chem. So0d.962 84, 2941—
1025. 2944,

(56) Hagen, K. S.; Watson, A. D.; Holm, R. H. Am. Chem. S0d.983 (63) Hortmann, A. G.; Aron, A. J.; Bhattacharya, A. B. Org. Chem.
105 3905-3913. 1978 43, 3374-3378.
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Table 11. Analytical and Spectroscopic Data for Compourids3
elem anal.
found (calcd) IH NMR UV —vis, CeHs
# empirical formula C,H, S 0 (CD.Cly, except as noted) Amaxnm (loge)
1 CaegHao0:ReSs 40.53 (40.82) 7.20 (m, 2H), 7.09 (m, 3H) [CDG) 434 (sh, 3.93)
3.17 (2.85) 385 (sh, 3.78)
16.51 (18.16)
2 C16H180:Re:S6:0.2E60 24.62 (24.55) 7.46 (m, 2H,0-H), 7.38 (m,m-H, 2H), 396 (3.88)
2.28 (2.45) 7.28 (m, 1Hp-H), 355 (4.04)
21.71 (23.41) 4.57 (d, 1H, SCHICH,),
3.39 (m, 2H, SCHCHH),
3.17 (m, 1H, SCHICHy)
3a CigH200.Re:Ss 26.05 (25.89) 7.50-7.47 (m, 2H), 7.447.35 (m, 6H), 462 (sh, 3.26)
2.72 (2.66) 7.33-7.26 (M, 2H), 4.42-4.16 (m, 2H), 405 (sh, 3.72)
22.76 (23.04) 4.02-3.92 (m, 1H), 3.54-3.18 (m, 6H), 354 (4.00)
3.07-3.00 (m, 1H), 2.89-2.62 (m, 2H)
3b,c CooH2602Re:S6°0.5C4H 10 28.85 (29.35) 3b: 7.46-7.41 (m, 4H), 7.38-7.34 (m, 4H), 465 (sh, 3.70)
3.48 (3.47) 7.29-7.25 (m, 2H), 4.33-4.24 (m, 2H), 410 (sh, 4.04)
21.52 (21.37) 3.55-3.46 (m, 2H), 3.26-3.18 (m, 2H), 364 (4.27)
3.05-2.91 (m, 2H), 2.75-2.58 (m, 2H),
1.79 (d, 6H)3c: 7.46-7.41 (m, 4H),
7.38-7.34 (m, 4H), 7.29-7.25 (m, 2H),
4.51-4.45 (m, 2H), 4.09-4.04 (m, 2H),
3.40-3.34 (m, 2H), 3.05-2.91 (m, 2H),
2.75-2.58 (m, 2H), 1.28 (d, 6H)
4 CaeH220:Re:Ss 34.43 (33.53) 7.50 (m, 5H, benzenethiolate), 7.39 (m, 2H), 406 (3.78)
2.56 (2.38) 7.28 (m, 2H), 5.04 (d, 1H, CH,
19.59 (20.66) 4.68 (d, 1H, CH)
5 CosH150:ReS6+0.2GHs 33.41 (33.10) 8.08 (dd, 4H), 7.867.74 (m, 10H), 7.14 (dd, 4H) 464 (sh, 3.29)
2.44 (2.14) 402 (sh, 3.88)
21.13 (20.88) 345 (sh, 4.28)
314 (4.33)
6 CagH3002Re:S5:0.1GHg 27.07 (27.18) 7.62 (m, H, 0-H), 7.38 (m, H, m-H), 501 (br, 2.8)
3.01(2.94) 7.23 (m, H, p-H), 399 (3.71)
27.90 (27.13) 4.20 (H, SCHHCH,SCHCHHS),
3.96 (H, SCHCHHSCHHCHy),
3.09 (H, SCHHCH,SCHCHHS),
2.02 (H, SCHCHHSCHHCHjy)
7 CagH34POReS-0.5CHCl,? 51.59 (51.69) 7.90 (M, 4Hp-H), 7.74 (m, 8HM-H), 450 (sh, 3.15)
4.32 (3.94) 7.60 (m, 8H,0-H), 7.57 (m, 4H0-H), 393 (sh, 3.83)
14.43 (14.34) 7.20 (m, 4Hm-H), 7.09 (m, 2Hp-H), 354 (4.00)
2.80 (m, 4H, SCh)
gedt CeH120:ReSs 11.12 (10.58) 3.23 (m, 1H, SCHHCH,), 394 (sh, 3.54)
1.80 (1.78) 2.93 (m, 1H, $CH,CHH), 344 (4.00)
26.06 (28.26) 2.58 (m, 2H, SCH),
2.42-2.33 (m, 2H, $CHHCHHS) [CsDg)
gpdt CoH180-R&:Ss 15.52 (14.95) 4.01-3.96 (m, 1H), 3.42-3.34 (m, 2H), 352 (4.00)
2.52 (2.51) 3.32-3.19(m, 3H), 3.16-2.83(m, 2H),
25.77 (26.63) 2.85-2.46(m, 1H) [GDg]
aESI-MS (negativeyn/z. 513.
Table 12. Summary of Crystal Data for Compounds2, 4, 5, 6, 7, and gt
1 2 4 5 6 7 gat
formula GeHaoO2Re&Ss  CieH180:ReSs CogHooOR&Ss CodHigOReSs CioHi1sOReS  CsgHssOPReg  CoHisORe:Ss
fw, g 1059.36 807.06 931.20 903.14 463.64 1128.46 722.99
cryst syst triclinic monoclinic monoclinic triclinic monoclinic orthorhombic orthorhombic
space group P1 C2lc C2lc P1 P2,/c P21212; P212:2;
a, A 11.464(2) 19.240(2) 28.735(8) 9.4847(19) 9.161(2) 12.891(2) 9.1533(17)
b, A 11.820(2) 14.422(2) 8.509(2) 9.689(2) 14.542(4) 14.463(3) 12.383(2)
c, A 13.959(3) 8.0202(11) 23.838(6) 15.028(3) 10.279(3) 29.123(5) 15.641(3)
a, deg 78.763(4) 90 90 88.154(4) 90 90 90
p, deg 74.363(3) 101.408(4) 99.344(8) 89.503(4) 92.611(5) 90 90
y, deg 86.875(4) 90 90 72.307(3) 90 90 90
v, A3 1786.6(6) 2181.6(5) 5751(3) 1315.0(5) 1368.0(6) 5429.7(17) 1772.8(6)
z 2 4 8 2 4
Dcaica mg/n? 1.969 2.457 2.151 2.281 2.251 1.380 2.709
abs coeff, mm? 7.152 11.671 8.871 9.695 9.469 2.459 14.344
GOF 1.050 1.048 1.006 0.991 1.060 1.128 1.024
Ry,2 0.0368 0.034 0.0455 0.0411 0.0421 0.0491 0.0355
WRL[I >20(1)] 0.0701 0.0970 0.1022 0.0961 0.0982 0.1073 0.0795

ARy = Y|IFol = IFell/X|Fol. ®WRe = { T[W(Fo? — FAA/Z[W(FoH)F} Y2

[(ReO),(dt)3], 854t and &4t 1,2-Ethanedithiol (0.17 mL, 2.02
mmol) was added by syringe to a suspensioh @.7 g, 0.66 mmol)

in toluene (50 mL). The resulting mixture was stirred overnight
under a N atmosphere and then filtered. After the red-brown filtrate
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had been concentrated to ca 3 mL, 40 mL of dry ether was added. During the refinement of the structure bftwo highly positive
The resulting red-brown soli@:, was filtered, washed with ether,  electron density peaks of 19.4 and 1&#3 were found. The
and vacuum-dried. The same procedure with 1,3-propanedithiol wasresulting molecular structure and thermal parameters were in good
used for8"®. The respective yields were 80% and 82%. accord with the analogous structure reported previotslp. assign
Crystallographic Studies. Single crystals were mounted and  these peaks and to improve tReand wR factors, each Re atom
centered in the X-ray beam by using a video camera. Crystal \yas split to two atoms with occupancies of 0.9 for Rel and Re2
evaluation and data collection were performed on a Bruker CCD- gnd 0.1 for RelA and Re2A; the rhenium disorder requires the
1000 diffractometer with Mo K (4 = 0.710 73 A) radiation. The  gpjitting of the two oxygen atoms with the same occupancies.
final cell parameters were calculated from strong reflections. Data

collection was performed by a full sphere routine, taking frames at K led hi h d by th
0.3’ in w. The dataset was corrected for Lorentz and polarization Acknowledgment. This research was supported by the

effects, and the absorption correction was based on fitting a function Y-S. .Department.of Energy, Office of Basic Energy Sciences,
to the empirical transmission surface as sampled by multiple Division of Chemical Sciences, under Contract W-7405-Eng-
equivalent measuremeftsusing SADABS softwaré® Crystal- 82 with lowa State University of Science and Technology.
lographic data for the complexes are listed in Table 12. The heavy

atoms were found by the direct or Patterson method; the remaining Supporting Information Available: Variable temperaturéH

atoms were located in an alternating series of least-squares cycIeNMR spectra of the compounds in @Ol and GDs (Figures St
and difference Fourier maps. All non-hydrogen atoms were refined S8). ORTEP diagrams for [PRReO(edt)(PhS], 7, and [(ReO}
in a full-matrix anisotropic approximation; all hydrogen atoms were (pdt), 8 (Figures S9 and S10). Tables ,of, crystallographic

placed in the structure factor calculation at idealized positions and . . . .
refined as riding atoms with isotropic displacement parameters parameters, atomic coordinates, bond lengths and angles, anisotropic
" thermal parameters, and hydrogen coordinated f@ 4, 5, 6, 7,

(64) Blessing, R. HActa Crystallogr., Sect. A995 A51, 33-38. and 8. Tables and graphs of the kinetic data. This material is

(65) Al software and sources of the scattering factors are contained in the available free of charge via the Internet at http://pubs.acs.org.
SHELXTL (version 5.1) program library (Sheldrick, G. M.; Bruker
Analytical X-ray Systems: Madison, WI). 1C0501871
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