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Abstract: The tetrathioperrhenate anion, Re$1), is shown to form adducts with a variety of alkenes. The
alkene adducts form reversibly, and those of norbornene and norbornadiene were isolated. For norbornene,
the Keg's range from 12 000 (CHCl, solution) to 2650 M? (pyridine solution). The following values were
determined (MeCN soln)AH = —53 kJ mol! and AS = —98 }mol~1-K~L. The solid-state structures of
adducts derived from norbornene and norbornadiend?[ReS(S,C7H10)] (2) and (PhPL[(ReS)2(SsC7Hs)],
respectively, reveal tetrahedral Re centers wherein theSRebonds are elongated by 0.1 A compared to
those inl. Additionally, the RS-Re—SR angle is contracted to 88, feflecting the constraint of the chelate
backbone. Electrochemical measurements show that the reductdmndiices dissociation of norbornene
from ReS?~. Ethylene binds td only weakly at room temperature, but this adduct is directly observable by
low-temperature UV/vis spectroscopy. The adduct of dimethyl maleatel aodild only be observed in the
neat alkenel does not catalyze the isomerization of dimethyl maleate to dimethyl fumarate.

Introduction

A variety of metal oxides, including MnQ, RuQ,, and OsQ
are useful oxygen-atom transfer agehtsDue to its catalytic

isoelectronic metal sulfides could be used to effect the corre-
sponding addition of sulfur across the double bond of alkénés.
Aside from synthetic implications, this alkene sulfidation

activity, OsQ has been examined particularly intensely. Recent reaction_would contrib_ute_new insights inFo the energetics and
experimental studies have focused on the asymmetric dihy- mechanism of the oxidation process. It is also reasonable to

droxylation proces®;° while theoretical studies have dealt with
the initial mode of alkene binding to Os&-1* Many variations
on OsQ have been examined including the relatedV'Ru
reagentd;151ligand-modified (asymmetric) catalysts,'° and
the corresponding imido-oxides Og®R).2°-22 In principle,
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expect that such sulfidation reactions would shed light on the
organic chemistry of metal sulfides, which is highly relevant
to the hydrodesulfurization proce%s.

An obvious approach to alkene sulfidation would involve the
use of the sulfido analogue of OgOi.e., OsS, but this
compound is unknown. We predict that Qs8ould not be
stable, although Shapley et al. have prepared a complex with a
terminal sulfido ligand” ReS, is isoelectronic with Os@ and
as we show in this paper, it reacts with alkef&®. These
findings are relevant to a previous report that, in the presence
of oxidants, Re% reacts with alkenes to produce bis(alkane-
dithiolato)Re(V) complexes (eq .

[V )
CoHa S CoHy s. S
S\R /_Ss -~ S}n// RE<E (1)
PN excessSg S— \  1/8Sg0rNMO W
s s §
(E=S,0)

This transformation is analogous to one invoked in the chemistry
of 0sQ.57 The bis(alkanedithiolato) complex obviously arise
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Figure 1. Optical spectra of a MeCN solution of (B&H)1 (9.4 x 105 M)
[2)/[C7H1q in MeCN (slope= 1/Keg Keq = 9400 M™2).
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via a multistep process, probably involving the initial addition
of the alkene td.. In this report we focus on this simple reaction,
the addition of alkenes to RgS

Results and Discussion
ReS™ reversibly binds alkenes with affinities that vary with

550 600

upon titration with a 0.056 M solution of norbornene. Plot &f {s

of the adduct increased at lower temperatures, indicative of an
exothermic process. Plots of k) vs T-* were linear, yielding
the following values: AH = —53 kJ mof! and AS = —98
Jmol~1-K~1 (Figure 2).

The strong binding of norbornene 1oallowed us to isolate
the adduct, PAP[ReS(S:C7H10)] (PhuP[2]) in analytically pure

the substituents on the organic substrate. The paragraphs belorm The gold-colored crystals are air stable, although the

focus primarily on the stable adducts derived from norbornene

solutions are not. ThéH NMR data for2 is straightforward:

and related strained olefins. Subsequent sections survey thgpe major changes in the chemical shifts relative to free

reactions ofl with other alkenes.

Norbornene + Re& ™. It is well-known that norbornenes
(2.2.1-bicycloheptenes) undergo cycloaddition reactions more
readily than most alkenes, due to the thermodynamic benefits
of the release of ring straitf. The optical spectrum of a solution
of 1 and norbornene reveals a new absorption at 442 nm in
addition to the 508 nm band characteristic of Re®\l alkene

norbornene are associated with the olefinic and bridgehead
protons. These resonances shift fr6rf.99 and 2.82 td 2.31
and 2.47, respectively. The IR spectrum2afonsists of a pair
of intense bands near 500 ctthese are assigned &&es)sym
andv(resdasym IN contrastygresfor 1 is 488 cnrl.33

The binding of norbornene tbwas also studied by dynamic
IH NMR spectroscopy. Given the large formation constant of

adducts examined in this study have a band near 440 nm (Segng adduct, the exchange process is limited by the rate of alkene

below). Dilution of norbornené:solutions result in the decrease

of the absorbance at 442 nm and a corresponding increase ofange —20-60

the 508 nm band (eq 2).
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Isobestic behavior was observed upon the incremental addition

of norbornene to a solution df(Figure 1). Plots of [Re§S] vs
[adduct]/[norbornene] were linear with a slopekaf;* (Figure
1). For the reaction depicted in eq 1, tig,is ~9400 M~ (23
°C, CH,CN solution)3? The K¢q displayed a measurable solvent

dissociation. ThéH NMR spectrum of2 is invariant over the

°C, both in the presence and absence of free
norbornene. The signals of interest are those for the alkene and
the correspondingpsoCH's of the thiolate (the addu®); these
signals are separated by 3.7 ppm, which, for a 500 MHz
spectrometer, corresponds to an off rate-@000 s . Clearly,

the dissociation rate process is significantly slower than this
value. In an attempt to directly observe this slower rate process
we employed the magnetization transfer technique in which we
irradiated the alkenyl signals for norbornene and observed the
effects on the thiolate ipso signals. Thefor thesepsosignals

(7 s) allows us to measure rates downt6.14 st (~ 1/Ty).

At long saturation times (28C), these thiolate signals decreased

dependence but does not correlate with dielectric constant!© ~25% of their original intensity, indicating that the alkene

(indicated in parentheses)Keq = 12 000 (CHCI,, 8.93), 9400
(CHsCN, 36.64), 5000 ((EtQPO: 13.2), 2650 M* (pyridine:
13.2). At 296 K, the~4x change inKeq (CH2Cl» vs pyridine)
corresponds to AAG = 3.7 kJ mot™.

dissociates at rates comparable t®;1/

Electrochemical Studies.The cyclic voltammogram (CV)
for 2 provides further insight into the binding of the alkene (all
potentials are referenced to Ag/AgCI). Of particular interest is

To determine the thermodynamic parameters associated withthe fact that the CV (Figure 3) & (MeCN solution) showed

eq 2, we evaluatecq over the range 550 °C ([ReS7], =
2.16 x 1074 M, [C7H1q]o = 1.13 x 1074 M). The equilibrium
constant was deduced from changes in the absorba)ced(,
A[ReS ], vs A[ReS ] (Figure 2). The relative concentration

(31) Brown, H. C.; Kawakami, J. H.; Liu, K.-T0. Am. Chem. Sod973
95, 2209-2216.
(32) Parker, A. JChem. Re. 1969 69, 1—32.

an irreversible reduction at1.72 V,~450 mV more reducing
than the Re$’2~ couple. Beyond the Res,C7H10) 2~ couple,

we observed a reversible reduction wave-&.06 V, which,

as we verified, is due to the RgS®~ couple3® When the
direction of the CV sweep was reversed, we observed oxidations

(33) Do, Y.; Simhon, E. D.; Holm, R. Hnorg. Chem1985 24, 4635~
4642.
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Figure 2. Dependence oeq (See eq 2) v§. A van't Hoff plot for the equilibriuml + norbornene.
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Figure 3. Cyclic voltammogram of 1 M MeCN solutions (10* M
BusNPFs) of EL4N1 and EtN2 (potentials vs Ag/AgCl), sweep rate
400 mV/s.

corresponding to Re@% /2~ (—2.06 V) and Re$ '~ (—1.25 V),
again as seen in solutions bfOverall, the reductive processes
for 2 indicate an electrochemicathemical (E-C) process
whereby reduction oR to ReS(S,C7H10)2~ induces the dis-
sociation of norbornene from RS (eq 3)3*

- 2 2.
s - S
C&'S/\R[{/ c S\RP\//S . \>/R<SS + dq @
S A\ g
S

s~ \S
Furthermore the potential for the couple REBC/H10) /2, vs
ReS /2~ is consistent with the description & as a Re(V)
complex.

T T
0 -500 -1000

Binding of Norbornene to Solid Samples of 1The uptake
of norbornene vapor by powdered sampled. @ signaled by
conversion of the purple-black solid to yellow. Qualitatively,
the rate of gas sorption varies with the crystallinity of the
samples. When loaded on basic alumin®% mass loading),
the sorption process is more rapitl<Al,O3 rapidly reacts with
norbornene vapor, indicated by a rapid change of color from
violet to yellow along the vapor pathway. The change in mass
of the 1-Al,03, upon exposure to norbornene, although impre-
cisely determined, is consistent with the binding of one alkene
to 1. The addition of norbornene to solid samplesldé also
apparent in the IR spectrum. The absorption at 488dior 1
is replaced by absorptions at 500 and 415 €mpon addition
of norbornene. The loss of norbornene from microcrystalline
samples of2 was monitored by thermogravimmetric analysis
(TGA). At 161 °C solid samples of rapidly lose 10.5% of
their mass (theory: 12.5%).

Other Strained Alkenes+ ReS,™. Dicyclopentadiene, which
features one norbornene-like alkene subunit, bindstmgive
a stable adduct. The optical spectra of this adduct 2iade
nearly identical. We therefore assume that these compounds are
structurally analogous. The equilibrium constaggg (23 °C,
MeCN), for the binding of dicyclopentadiene to ReSwvas
~2500 M2,

The reaction ofl and an excess of norbornadiene gave
[ReS(S;C7/Hg)] ~ in high yield. ThelH NMR spectrum of this
adduct showed well-separated signals for the bound and free
alkene hydrogen atoms. The corresponding 2:1 adduct, ffreS
(S4C7Hg)]?, could be prepared by treatmentlofvith 0.5 equiv
of norbornadiene. The IR and UV/vis spectra of this 2:1 adduct
are nearly identical to those f@r while the'H NMR spectrum
is consistent with a symmetrical structure.

Solid State Structure of Norbornene and Norbornadiene
Adducts. Single crystals of PfP[2] and the 2:1 adduct of
norbornadiene were examined by single crystal X-ray diffraction
(Figures 4 and 5). In both cases, the geometries about the Re
centers are very similar. The Re atom is tetrahedrally coordi-
nated to two terminal and two thiolato sulfur atoms. The
stereochemistry of the dithiolate confirms exo addition of the
norbornene td. Other complexes of norbornanedithiolate have
been prepared from the preformed dithi®i3” The Re coor-

(34) Bard, A. J.; Faulkner, L. RElectrochemical Methods Fundamentals
and ApplicationsJ. Wiley: New York, 1980.

(35) See: Stephan, D. W.; Nadasdi, T.Goord. Chem. Re 1996 147,
147—-208.
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Figure 4. Structure of the anion in (RR)2 with thermal ellipsoids at
50% probability level.
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Figure 6. Optical spectrum of BN1 (0.14 mM) upon the addition

and removal of @H, at various temperatures.

negativeAHx, (see data for norbornene above). When these
C,Hg-saturated solutions dfwere purged with ¥ the recovery
of the signal due td was nearly quantitative.

Figure 5. Structure of the dianion in (RRL[(ReS);S.C/Hg with The *H NMR spectrum of MeCN solutions df and GH,
thermal ellipsoids at 50% probability level. showed a weak resonanceja?.04, vs 5.40 for dissolved 8.
Table 1. Selected Bond Distances (A) and Angles (deg) for ﬁ\ssignmen_t Of-thé 2.04fsigna| 0 -GHASZRe-Si vr\:fashconfirmgd f
: y magnetization transfer experiments, in which saturation o
PRPIReS(S,CrHio)] and (PhPLI(ReS)(S:Crts)] the 6 5.40 signal decreased the intensity of th@.04 signal.
PhP[Re$(S;C7H10)] (PhP)l(ReS)2(S4CrHs)] The addition of dimethyl maleate-(LO0 equiv) resulted in
Rel-S4 2.1267(11) ReiS1 2.117(4) no measurable effect on the optical properties of the MeCN
Rel-S3 2.1320(13) Re1S2 2.131(4) solutions ofl. Evidence for adduct formation was observed by
Sgigi gg%ggﬁg Sggg gg‘?‘gg dissolving 1 in neat dimethyl maleate. Assuming that the
) Rel-S3 2:230(4) extinction cpefﬁcient for this adduct and that mare 'ghe same,
Rel—S4 2.223(4) then the ratio [adduct]/[ReS][dimethyl maleate] indicateKeq
Re2-S7 2.234(4) = 0.3 ML H NMR studies show that in the presencelof
Re2-S8 2.218(3) dimethyl maleate (116C, 72 h) does not isomerize. This finding
S1-Rel-S2  86.70(4) S3Rel-S4  86.72(13) indicates that the addition of alkene to Re8loes not proceed
S7—-Re2-S8 86.93(12) through dipolar intermediates, which would otherwise be

expected to isomerize the dimethyl maleate to give the

o ) ) ) ) ) thermodynamically favorettans-alkene dimethyl fumaraté.
dination environment is only slightly distorted from thatin

The bond distances from Re to the terminal sulfides are symmary

essentially unchanged, while the distance from Re to the thiolato _ )

sulfur atoms have increased b0.1 A (Table 1). Whereas the Stable alkene adducts of ReSwith the strained alkene
S—Re-S angle is 109.5 in 1, the RS-Re—SR angle is 86.7 norbornene and its analogues have been isolated. These stable
in 2, reflecting the constraints of the chelating organosulfur adducts have spectroscopic characteristics similar to those of
ligand. In both adducts, the RgSmoieties have added exo less stable derivatives such as those derived from ethylene and
with respect to the norbornene unit, as has been observed fordimethyl maleate. Thus, the conclusions drawn from the

norbornanediolato complexas. norbornene derivative are relevant to other alkene adducts. The
Ethylene and Dimethyl Maleate.Ethylene (1 atm) does not reactiqns are well-bghaved in the sense that they are cleaply
form a room-temperature-stable adduct withA 0.14 mM reversible and that single adducts are generated. The reversible
solution of 1 in MeCN shows less than a 5% decrease in the Pinding of alkene is unusual for an inorganic complex, especially
absorbance at 508 nm upon saturation wigHgat 25 °C. where the alkene is not bound to the metal directly, but to

Concomitant with this small decrease, a weak band at 442 nman inorganic ligand. The fact that ReSbinds alkenes but
appears. This binding can be easily measured by UV/vis RéQ does not suggests that RegSe, no member of
spectroscopy at lower temperatures. The 508 nm absorption,Wh'Ch is presently kn(_)wn, will display s_t|II greater reactivity.
due to freel, decreases with decreasing temperature with a Another Re chalcogenide complex that binds alkenes, Cp3ReO
corresponding increase in the 440 nm band (Figure 6). The forms a stable adduct with _norbornene but not with other
temperature dependence of the shift in the equilibrium ratio is @lkenes®4°The thermodynamics of the Rg$norbornene and

attributed to both the solubility of &1, and the effect of the ~ CP*ReQy/norbornen® reactions are comparable both in terms
of AH andAS The d-trioxo complex TcQ(bipy)Cl also binds

(36) Tatsumi, K.; Matsubara, I.; Inoue, Y.; Nakamura, A.; Miki, K.;

Kasai, N.J. Am. Chem. Sod.989 111, 7766-7777. (39) Patai, S.; Rappoport, ZThe Chemistry of Alkengsatai, S.,
(37) Fox, S.; Wang, Y.; Silver, A.; Millar, MJ. Am. Chem. S0d.990 Rappoport, Z., Eds.; Wiley: London, 1964.
112 3218-3220. (40) Gable, K. P.; Juliette, J. J. J. Am. Chem. S0d.995 117, 955-

(38) Gable, K. PAdv. Organomet. Cheni997 41, 127-161. 962.
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styrenes, while the Re analogue does“idks mentioned in
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Phs,P[ReS(S,C/H1g] (PhsP[2]). A 100-mL Schlenk flask was

the Introduction, unsaturated organic compounds add to orga-charged with 0.31 g (0.45 mmol) of F#{ReS] and 0.5 g (5.3 mmol)

nometallic sulfides, e.g., CpTiS*2 and CpM0,S,(S,CH,).23

The electrochemical studies provide a rare example of
reductively induced dissociation of an alkene adduct. It is
interesting to contrast this finding with the results on conven-
tional metat-alkene complexes, which are labilized upon redox.
Examples include Os(Ngk(C2Hg)23+ and related Ru com-
plexes, both of which are labilized upon oxidatiriThe fact
that ReQ?~ has a lower affinity for alkenes than does ReS
suggests that alkene bindingtas reductive in character. This
conclusion is also supported by the fact that the reductidh of
is ~450 mV more forcing than the reduction f It is well-
known that reduction lessens the atom transfer power of meta
oxides, as illustrated by the differing reactivity of RyCand
RuQ,.43% Other examples of reductively induced scission of
MS—C bonds exist. Most, but not all, involve fragmentation of
coordinated thioethers to generate thiol&e$4°

of norbornene followed by 10 mL of GEN. After 10 min, the resulting
yellow solution was cooled te- —20 °C in a CQ(s)/ethylene glycol
bath, and dark golden crystals precipitated. A solution of 0.5 g (5.3
mmol) of norbornene in 50 mL of ED was then added over the course
of 1 h to thereaction mixture to further precipitate the product. Solvent
was decanted from the product, which was washed with 10 mL,af Et
at —20 °C. The crystals were dried in vacuo. Yield: 0.29 g (85%).
Anal. Calcd (found) for GH3PReS: C, 49.78 (49.78); H, 4.04 (4.05);
P, 4.14 (4.16); Re, 24.89 (24.66); S, 17.15 (17.26)NMR (500 MHz,
CDsCN) 6 0.607 (1H, ddp,J = 27, 10, 1.5 Hzapey, 1.541 (2H, m,
endg, 1.643 (2H, m,ex9, 2.310 (2H, d,J = 1.5 Hz, S®), 2.476
(1H, dt,J = 4, 1.5 Hz,bridge headl. IR (KBr) 501 and 414 ifge=s).

|UV—vis (MeCN soln, with>10 equiv of norbornene) 442 nra {7000

M~tcm?).

Phs,P[ReS(S,C7/Hg)]. To a 100-mL Schlenk flask containing a
solution of 0.41 g (0.62 mmol) of RR[ReS] in 50 mL of CH;CN
was added 0.067 mL (0.62 mmol) of 2,5-norbornadiene. After 3 h, the
reaction solution was concentratec~t@0 mL and diluted with 50 mL

Our results provide clear evidence that inorganic sulfides are of Et,0 1o precipitate the product. After the solvent was decanted from

fully capable of binding alkenes. The reactivitylofvith alkenes
is also obviously analogous to that seen for Qskhis parallel

the solid product, the gold-colored microcrystals were washed with
Et,0, and dried in vacuo. Yield: 0.43 g (94%). Anal. Calcd (found)

suggests that the reactivity of other organometallic sulfides may for Cs;H.sPReS: C, 49.91 (50.01, 50.09); H, 3.78 (3.69, 3.78); P, 4.15

be usefully discussed in the context of the corresponding oxides,

a theme also developed in the work of Bergman &% bl.some
ways the behavior ofl suggests commonalities with the
inorganic solids of nominal composition }& and Mo$, which
are widely employed in catalys?§:5152

Experimental Section
Reagents and SolventsAll reactions were carried out under a

(3.97); Re, 24.96 (24.63); S, 17.19 (17.4%).NMR (500 MHz, CD-
CN) 6 1.20 (1H, m,ape®, 1.23 (1H, m,ape®, 2.75 (2H, d, SEl),
2.82 (2H, s,bridgehead, 6.29 (2H, t,olefinic). IR (KBr) 501, 497
(VRe=s); 407 Wre-s).

(PhsP);[(ReS:)2(SsC7Hg)]. A 100-mL Schlenk flask was charged
with 0.47 g (0.71 mmol) of PfP[ReS], 50 mL of CH,CN, and 0.039
mL (0.36 mmol) of 2,5-norbornadiene. After 3 h, the resulting yellow
solution was concentrated t65 mL and diluted with 50 mL of EO.
The solvent was decanted, and the remaining solid was washed with

nitrogen atmosphere using standard Schlenk techniques. Except a€t,0. Yield: 0.34 g (66%). This salt was not obtained in analytical

noted, all reagents are commercially available and were purified prior
to use. NEfReS] was synthesized using a published proced@iRrPh-
[ReS] was prepared by metathesis of MReS] with PPhBr in MeCN
solution.

Spectroscopy and AnalysisMicroanalyses and thermogravimetry
were performed by the School of Chemical Sciences Microanalytical
Laboratory.'H NMR spectra were recorded on a Varian Unity 500

purity but was further characterized by X-ray crystallograghiyNMR
(500 MHz, CRXCN) 6 1.22 (2H, m,apey, 2.63 (2H, t,bridgeheay,
2.83 (2H, s, SE). IR (KBr) 498, 491 {(re=s); 407 (Vre-s)-

General Procedure for UV—Vis Spectroscopy. Standardized
solutions of EXN[ReS)] were prepared in volumetric flasks adapted
for use on a Schlenk line. All solutions were prepared in the dark under
a positive pressure of nitrogen. Solutions were then transferred via

FT-NMR spectrometer operating at 499.70 MHz. Infrared spectra were gyyinge into 10-mm glass cuvettes fitted with gas adapters and magnetic
obtained on a Mattson Galaxy Series FT-IR 3000 on pressed KBr ijr hars, Concentrated solutions of norbornene, norbornadiene, and
pellets. UV-vis spectra were obtained on a Hewlett-Packard 8452A jicyclopentadiene were prepared in volumetric flasks under nitrogen
diode array spectrophotometer equipped with a constant-temperature;nq were added to the reaction cuvette via microliter syringe. Ethylene

bath.

(41) Pearlstein, R. M.; Davison, ARolyhedron1988 7, 1981-1989.
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was sparged through the ReSsolution, and the reaction was
maintained under a positive pressurel(atm) of ethylene. The optical
spectrum of Re§ in neat dimethyl maleate was obtained in air from
the filtered solution.

Magnetization Transfer Experiments>* A solution of 5.0 mg
(0.011 mmol) of (E4N)1 and 5.8 mg (0.062 mmol) of norbornene in
~7 mL of CDsCN was flame-sealed into an NMR tube under vacuum.
The intensity of the bound thiolato ipso CH signals decreased as the
saturation time for the alkenyl H signal was extended. At the limit of
long saturation times, the degree of magnetization was indicated by
the intensity () vs the intensity in the absence of irradiatidp)(

Electrochemistry. Voltammograms were recorded on a BAS 50W
instrument, interfaced with a microcomputer. To 10 mL of 0.1 MNBu
[PFe] MeCN solution was added 0.0123 g (0.028 mmol) oNfRe S]]
and 0.0421 g (0.45 mmol) of norbornene. The cyclic voltammogram
of the resulting yellow solution was measured using a Pt working
electrode, Pt wire for the common electrode, and aqueous Ag/AgCl as
a reference.

Crystallographic Analysis of PhhP[ReS(S,C7H10)]. Gold prismatic
crystals of PiP[ReS(S,C7H10)] were grown from MeCN solutions.
The data crystal was attached to a thin glass fiber with Paratone-E oil
(Exxon). The data crystal was bound by the (019, (0 1-1), (0 1 1),

(1 01), and (1 0 0) faces. Distances from the crystal center to these

(54) Sanders, J. K. M.; Mersh, J. Brog. Nucl. Magn. Reson. Spectrosc.
1982 15, 353-400.
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Table 2. Crystallographic Data for BR[ReS(SC7H10)] and (PhP)[(ReS)(SsCrHs)

Goodman and Rauchfuss

empirical formula
formula weight
space group

a,
b, A

c A

o, deg

B, deg

v, deg

v, A3

A

Pcalc g’Cm73

absorption coefficient, mnt
crystal size, mm

0 range, deg

reflections collected
independent reflections
R1 (obs data)

WR?2 (obs data)

R1 (all data)

wR2 (all data)

GiH30PReS

747.96
P2,2,2;
10.4373(1)
15.1269(2)
18.6528(1)

2944.98(5)
4

1.687
4.484
0.2& 0.15x 0.10
1.7310 28.25
1944R]int) = 0.0797]
7061 [5616 0bs, 20(1)]
0.0285
0.0540
0.0431
0.0572

CssHasP.ReSs
1399.75
P1
12.6844(11)
15.4061(5)
16.000(2)
62.200(7)
83.795(6)
81.603(7)
2733.3
2
1.701
4.825
0.02x 0.10x 0.30
1.44 t0 22.50
11680IR(int) = 0.0549]
7059 [5196 obs| > 20 ()]
0.0563
0.1135
0.0917
0.1448

facial boundaries were 0.050, 0.130, 0.140, 0.070, and 0.075 mm, tometer?® Crystal and refinement details are given in Table 2. System-
respectively. Data were collected at 198 K on a Siemens CCD atic conditions suggested the space grBufhe structure was solved
diffractomete®> Crystal and refinement details are given in Table 2. by Direct Methods? correct positions for Re, S, and P were deduced

Systematic conditions suggested the space gR@p2;. The structure
was solved by Direct MethodS$;correct positions for Re, S, P, and C

from a vector map. Subsequent cycles of isotropic least-squares followed
by an unweighted difference Fourier synthesis revealed positions for

were deduced from a vector-map. H atom U’s were assigned as 1.2 all C atoms. H atom U’s were assigned asx.Beq of adjacent C
Ueq Of adjacent C atoms. Non-H atoms were refined with anisotropic atoms. Non-H atoms were refined with anisotropic thermal coefficients.
thermal coefficients. Successful convergence of the full-matrix least- Successful convergence of the full-matrix least-squares refinement of

squares refinement &2 was indicated by the maximum shift/error of

the last cycle.

Crystallographic Analysis of (PhyP),[(ReS)2(S4C7Hs)]. Gold plate-
like crystals of (PEP)[(ReS)2(SsCrH10)2] were grown from MeCN/

F? was indicated by the maximum shift/error of the last cycle.
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