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Four new methyloxorhenium(V) complexes were synthesized: MeReO(PA); (1), MeReO(HQ), (2), MeReO(MQ),
(3), and MeReO(diphenylphosphinobenzoate), (4) (in which PAH = 2-picolinic acid, HQH = 8-hydroxyquinoline,
and MQH = 8-mercaptoquinoline). Although only one geometric structure has been identified crystallographically
for 1, 2, and 3, two isomers of 3 and 4 in solution were detected by NMR spectroscopy. These compounds
catalyze the sulfoxidation of thioethers by pyridine N-oxides and sulfoxides. The rate law for the reaction between
pyridine N-oxides and thioethers, catalyzed by 1, shows a first-order dependence on the concentrations of pyridine
N-oxide and 1. The second-order rate constants of a series of para-substituted pyridine N-oxides fall in the range
of 0.27-7.5 L mol~! s™1. Correlation of these rate constants by the Hammett LFER method gave a large negative
reaction constant, p = —5.2. The next and rapid step does not influence the kinetics, but it could be explored with
competition experiments carried out with a pair of methyl aryl sulfides, MeSCgH,-p-Y. The value of each rate was
expressed relative to the reference compound that has Y = H. A Hammett analysis of ky/ky gave p = —1.9.
Oxygen-18 labeled 1 was used in a single turnover experiment for 4-picoline N-oxide and dimethyl sulfide. No
180-labeled DMSO was found. We suggest that the reaction proceeds by way of two intermediates that were not
observed during the reaction. The first intermediate contains an opened PA-chelate ring; this allows the pyridine
N-oxide to access the primary coordination sphere of rhenium. The second intermediate is a cis-dioxorhenium(VII)
species, which the thioether then attacks. Oxygen-18 experiments were used to show that the two oxygens of this
intermediate are not equivalent; only the new oxygen is attacked by, and transferred to, SR,. Water inhibits the
reaction because it hydrolyzes the rhenium(VIl) intermediate.

acid)®® N,O (HNO = e.g., picolinic acid or 8-hydroxy-
quinoline)*-3and N,S (HNS= 2-mercaptoquinoline) were
djsedl.z Molybdenum complexes have been extensively
investigated owing to interest in their oxotransferase
activity *~18 In comparison, only a few rhenium complexes
| have been investigaté®:** This research focuses on

Introduction

Certain aspects of the coordination chemistry of rhenium
have been widely developed because of the radiotherapeuti
applications of thegs-emitting isotopes®Re and!®Rel3
Most of these rhenium complexes contaifiRe’O} core?’
Often a monoanionic bidentate ligand is present. Typical
donor atom pairs such as P,0 (HROphosphinocarboxylic
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Chart 1.  Structural Formulas of [2- 2] Methyloxorhenium(V)
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compounds containing a methyloxorhenium(V) core,
{MeRe&O} 2427

We have now extended our exploration of rhenium
catalyst3 33 by the preparation and characterization of four
new [2+ 2] methyloxorhenium compounds, Chart 1. These
reactions are catalyzed by the following:

RSR+ XCH,NO - RS(O)R + CHN (1)
[Re]
R,S+ R,S(0)=2 R,S(O)+ R',S @)

Kinetic studies were carried out with) the most effective
catalyst. Our goal has been to identify the steps in the
mechanism, including the formulation of chemically reason-
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able reaction intermediates. This includes the trapping of a
transient dioxorhenium(VIl) species.

Experimental Section

Reagents and Instrumentation. Methyltrioxorhenium(VIl),
CH3ReG; or MTO, was prepared from sodium perrhenate, tetra-
methyl tin, and chlorotrimethylsilan¥.The chelating ligands were
purchased from commercial sources and used as received. Anhy-
drous methylene chloride was the solvent for tis spectropho-
tometry. D-chloroform for NMR studies was dried over 4 A
molecular sieves (Fisher) for 24 h at 2€0.

UV-—vis data were obtained with a Shimadzu model 2501
spectrophotometer. Least-squares kinetic fits were carried out with
KaleidaGraph software. Bruker DRX-400 MHz and AC200 spec-
trometers were used to recolid, 13C, and3'P NMR spectra. The
chemical shift for'H was defined relative to that of the residual
CHCl; in the solventgp 7.27 ppm. Infrared spectra were recorded
by a Nicolet-500 spectrometer. GBIS spectra were recorded by
a Finnegan MAT MAGNUM mass spectrometer. Elemental analysis
was performed by Desert Analytics Laboratory.

SynthesesCompoundd—3 were prepared from MTO (50 mg,
0.2 mmol), the bidentate ligand (0.4 mmol), and the reducing agent
triphenylphosphine (53 mg, 0.2 mmol) in 20 mL of g&,. After
the mixture was stirred for 12 h, 20 mL of hexanes was layered on
the top of the resulting solution, and the mixture was placed in a
freezer at ca—12 °C. After 24 h, a black powder had deposited;
it was filtered and rinsed with hexanes. A crystal suitable for X-ray
diffraction analysis was obtained by recrystallization from meth-
ylene chloride-hexanes. Dimethyl sulfide (19 mg, 0.3 mmol) could
also be used as the reducing agent for the preparatibpadvided
that anhydrous sodium sulfate was added as a drying agent to
complete the reaction. If the acidic form of the monoanionic ligand
is written as H(X,Y), where X and Y are the donor atoms, the
chemical equation for the syntheses is

MeReQ, + 2H(X,Y) + PPh/Me,S —
MeRe(0)(X,Y), + H,0 + Ph,PO/MgSO (3)

1 was obtained in 83% yield from triphenylphosphine and in
53% vyield from dimethyl sulfide!H NMR: ¢ 8.84 (d, 1H), 8.52
(d, 1H), 8.44 (m, 1H), 8.29 (m, 1H), 8.19 (d, 1H), 7.77 (m, 3H),
4.43 (s, 3H).13C NMR: 180, 163, 153, 150, 148, 146, 143, 130,
126, 125, 53, 29, 11. IR (CHgt 1002.85 cm? and for thel®O-
labeled compound, 950.75 cf The two agree precisely with the
predicted (18:16%2 ratio. UV—vis (CHCk) Amax NM (loge): 568
(2.3), 396.5 (3.83), 260 (4.14). Anal£1,,N,OsRe: found (calcd)
C, 33.85 (33.84); H, 2.48 (2.40); N, 6.06 (6.07).

2 was obtained in 80% yieldH NMR: 6 8.56 (d, 1H), 8.36
(m, 1H), 8.21 (m, 1H), 7.66 (m, 4H), 7.40 (m, 3H), 7.07 (d, 1H),
6.46 (d, 1H), 4.53 (s, 3H}3C NMR: too insoluble. IR (CHG):
979.86 cml. UV—vis (CHCk) Amax NmM (log€): 470 (sh), 417
(3.70), 360 (sh). Anal. GH1sN,OzRe: found (calcd): C, 44.64
(45.14); H, 2.92 (2.99); N, 5.29 (5.54).

3 was obtained in 50% yield. Two sets 81 NMR resonance
peaks were found in solution with a ratio of 3:1. Two geometric
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isomers were assigned to these peaks according to the X-rayTable 1. Experimental Data for the X-ray Diffraction Studies bf2,
structure and an earlier study of pyridine exchange reactfoims. and3a
solution, the major species &. 'H NMR: ¢ 10.88 (d, 1H), 8.39 1 2 3a

(d, 1H), 8.34 (d, 2H), 8.06 (d, 1H), 7.80 (t, 1H), 7.74 (d, 1H), 7.58 o ——-— o NORe NORG NORe
(M, 1H), 7.74 (d, 1H), 7.41 (t, 1H), 6.95 (d, 1H), 6.75 (M, IH), " formula TS GioP1sN20s GioPisN.OReS

4.95 (s, 3H). The minor solution species3k. Only three peaks fw 461.44 505.53 537.65
are available because of broadening and overlap with peaks froma. A 28.466(7) 9.233(2) 8.4428(14)
3a 'HNMR: 6 9.40 (s, 1H), 8.65 (s, 1H), 5.14 (s, 3HJC NMR: gvé 15021’328)7 ) 367%(()2()2) izlggzgf)
tC.)O insoluble. IR (CHQ» 3a, 985.46 le; 3b, 998.96 cmt. UV— (l’, deg ’ 101.054(3) 85:504(3)
Vvis (CHCE) Amax, N (loge): 699 (2.6), 432 (3.78), 267.5 (4.43). S, deg 111.892(4) 103.955(3) 89.214(3)
Anal. CigH1sN,OReS: found (calcd): C, 42.16 (42.44); H, 2.54 v, deg 112.402(4) 64.825(3)
(2.81); N, 5.13 (5.21); S, 11.37 (11.93). v A3 3845-3(12) 2823-8(3) 2871-8(3)

4 was prepared by adding MTO (50 mg, 0.2 mmol) into 20 ML gpace group  C2/c P1 P1
of CH,CI, containing 2-diphenylphosphinobenzoic acid (184 mg, T, K 298(2) 298(2) 298(2)
0.6 mmol), which served both as the reducing agent and as thewavelengthéA 20i75%1073 20(5;;073 2%181073

H : H Pcalca 9 CNT . . .

new ligand. The color of the solution changed to violet. After 12 /;ammfl 8564 = 296 7218

h of being stirred, the mixture was layered with hexanes and put §'indices R1=0.0821 R1=0.0354 R1= 0.0681
into the freezer. A dark powder was isolated by filtration 24 h later (all datay WR2=0.1686 WR2=0.0832 WR2=0.1566
and rinsed with hexanes. It consisted of two geometric isomars,
and4b, in a total yield of 65%. The two could not be separated,
but their NMR spectra in CDGlwere resolved and assigned as
explained laterda 'H NMR: d 6.5-8.5 (m, 14H), 3.39 (t, 3H);

AR1= 3 |[Fol = [Fell/ZIFol; WR2 = { T [W(Fo® — F?)?/ 3 [W(Fo)T} 2

pseudo-first-order kinetics, according to eq 2:

31P NMR: —0.34 (d,Jpp = 9 Hz), —3.07 (d,Jpp = 9 Hz). 4b 'H Abs, = Abs, + (Abs, — Abs,) x exp(—k ,4) (4)
NMR: 6.5-8.5 (m, 14H), 4.12 (t, 3H)*¥® NMR: 6.64 (d,Jpp = 3 % ood
262 Hz),—5.28 (d,Jpp = 262 H2). Competition Kinetics. A different aspect of the reaction scheme

X-ray Studies. Crystals forl, 2, and3a were selected under  was studied by this method. A pair of methyl aryl sulfides with
ambient conditions. Each crystal was mounted and centered in thegifferent para substituents at concentrations 10 times higher than
X-ray beam by use of a video camera. The crystal evaluation and that of 4-picolineN-oxide were used. The concentrations of the
data collection were performed on a Bruker CCD-1000 diffracto- two starting sulfides and of the sulfoxides formed were determined
meter with Mo Ka (4 = 0.71073 A) radiation and a detector-to-  py NMR spectroscopy 15 min after the beginning of the reaction.
crystal distance of 4.98 cm. The initial cell constants were obtained The rate constant ratio for Megg,Y as compared to MeSPh is
from three series ab scans at different starting angles. Each series given simply as the product of two concentration ratios at a given

consisted of 30 frames collected at intervals of@rBa 10 range time because the sulfide concentrations are nearly invariant during

aboutw with the exposure time of 10 s per frame. The reflections  the initial reaction period.

were successfully indexed by an automated indexing routine built

into the SMART program. The final cell constants were calculated  k, d[MeS(O)GH,Y]/dt [MeS(O)GH,Y], [MeSPh},

from a set of strong reflc_ectlons from the actual c_iata collgctlon. The Ky d[MeS(O)Ph/d [MeS(O)Ph] [MeSGH,Y],

data were collected using the full-sphere routine for high redun- ®)

dancy. The data were corrected for Lorentz and polarization effects.

The absorption correction was based on fitting a function to the Oxygen-18 Labeling Equilibration between MTO and 30 times

empirical transmission surface as sampled by multiple equivalent he molar ratio of HL80 (90% enrichment) was allowed to proceed

measurementSusing SADABS softwaré! for 20 min in anhydrous methylene chloride, which was sufficient
The pOSitiOﬂ of the heavy atom was found by the Patterson for oxygen exchange between MTO and wafel.he resumng

method. The remaining atoms were located in an alternating seriessolution was vacuum-dried. The same procedure was repeated three

of least-squares cycles and difference Fourier maps. All non- times, yielding a sample of MeR&©; enriched to ca. 50%80

hydrogen atoms were refined in full-matrix and isotropic ap- content. It was used to prepateby the PPh method. The'®O

proximation. All hydrogen atoms were placed at calculated idealized content ofl was ca. 50% by IR Spectroscopy. A reaction was carried

positions and were allowed to ride on the neighboring atoms with out in anhydrous methylene chloride with 4-picoliNeoxide (10

relative isotropic displacement coefficients. The ORTEP diagrams mm), dimethyl sulfide (20 mM), and (10 mM) to guarantee the

were drawn at 50% probability level. formation of enough sulfoxides. The isotopic content of the resulting
Kinetics. Reactions of pyridinéN-oxides and dimethyl sulfide  solution was determined by GavS.

were monitored by following the decrease in absorbance from 275

to 310 nm according to which pyridiné-oxide was being studied. ~ Results

Owing to the large values of their molar absorptivities, a cell with

a path length of 0.05 cm in a cylindrical cell holder thermostated

at 25.0+ 0.2°C was used. Dimethyl sulfide was added in at least

10-fold excess, allowing the absorbance-time data to be fitted to

Structures. Table 1 shows the crystallographic parameters
for 1, 2, and 3a, and Figure 1 displays their molecular
structures drawn by the program CrystalMa®dn all three
compounds the rhenium(V) atom occupies the center of a
(35) Espenson, J. H.; Shan, X.: Lahti, D. W.; Rockey, T. M.. Saha, B.: distorted octahedron defined by its axial ligands, the terminal

Ellern, A. Inorg. Chem.2001, 40, 6717-6724.

(36) Blessing, R. HActa Crystallogr., Sect. A995 51, 33—38. (38) Herrmann, W. A.; Kuchler, J. G.; Weichselbaumer, G.; Herdtweck,
(37) All software and sources of the scattering factors are contained in the E.; Kiprof, P.J. Organomet. Chen1.989 372, 351-370.
SHELXTL (version 5.1) program library (Sheldrick, G. HELXTL (39) Palmer, D.CrystalMaker 2nd ed.; Hollywell Press: Bicester, Ox-
Version 5.1; Bruker Analytical X-ray Systems: Madison, WI, 1997). fordshire, England, 1999.
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Figure 1. Crystallographically determined molecular structures of compodn@sand3a. Table 2 shows the selected bond lengths and angles.

Table 2. Selected Bond Lengths (pm) and Angdl¢deg) of1, 2, and (edt)Py (edtH = 1,2-ethane dithiol). For it, the transition
3a Complexes state is six-coordinate and features a turnstile rotation that
1 2 3a interchanges the Me group and the two Py liga#¥d8Such

Re—0(1) 166.2(8) 167.7(4) 167.4(8) an exchange, if it occurs withi@b, could well give rise to
Re-C(1) 211.1(13) 211.1(6) 211.3(12) Signa| broadening.
S:mgg gig:gggg g%g:igg 3??2383 . Compound4 exists as ca. lequimolar amount.s of two
Re—0(2) 210.0(7) 203.7(4) isomers, the structures of which are presented in Chart 1.
Sﬁg(f) 201.4(8) 198.6(4) paa7(3 The basis for these assignments is the widely different
R:Sg 231:38 coupling constants in théP NMR spectraJe—p = 9 Hz in
O(1)-Re-C(1) 98.8(5) 97.9(3) 102.5(4) 4a and 262 Hz indb. According to the literaturéi 42 the
O(1)-Re-N(1) 90.9(4) 87.47(17) 165.6(4) very high coupling constant suggests a structure4fmin
O()~Re~N(2) 103.9(%) 99.02(17) 103-6(4) which the two phosphorus donor atoms lie trans to one
C(1)-Re-N(1) 88.6(5) 89.3(2) 78.8(4) phosp
C(1)-Re-N(2) 156.3(4) 81.66(15) 153.6(4) another.
N(2)—Re-N(1) 97.9(3) 100.12(16) 76.9(3) The donor atoms are N and O for PA and HQ; we surmise
O(1)-Re—0(2) 165.3(4) 162.86(17) o .
N(1)~Re-0(3) 159.4(4) 166.48(15) that the heterocyclic nitrogen is the more weakly bound when
C(1)-Re-0(2) 84.1(5) 84.8(2) both are equatorial; consequenflyand 2 adopt structures
S(1)-Re-N(2) 95.9(3) with an axial O-donor atom. Whatever atom is trans to the
S(1-Re-S(2) 165.66(10) ) . .
C(1)-Re-S(2) 87.2(4) oxo group is the most weakly bound of all, irrespective of

the inherent Lewis basicity. The same rule applies to ligand
MQ, which gives rise to the minor isom@&b, because a

oxo group, and one donor atom of one bidentate ligand. Thethiolate sulfur_ is a pette_r Lewis base than a ring nitrogen. In
three remaining donor atoms and the methyl group occupythat sense3ais similar insofar as the MQ ligand that spans

the equatorial plane. Table 2 lists the important bond &" axial and an equatorial position. The two isomers differ
distances and angles. In all of these compounds tFedRe only in regards to the orientation of the in-plane ligand, which
distances are virtually identical at 167 pm, as are the@e  May be a factor of less consequence. Again, the two isomers
distances at 211 pm. The valuesigRe—O) from the IR of 4 differ in the same way as do the two isomers8oBoth
studies fall in the range of 9851003 cm! for 1—4 isomers of4 have an O-donor atom trans to the oxo group;
relatively insensitive to the ligand environment. In every case, that donor is a weaker Lewis base than a phosphine toward
the donor atom trans to the terminal oxo group lies at a longer R€(V)- The comparable abundancegiafind4b may reflect

distance than its counterpart in the equatorial plane; this he Steric influence of the bulky phosphine ligand.
comes as no surprise, reflecting extensivbéack-bonding Oxygen Atom Transfer: Sulfoxide to Sulfide. The

from oxo to rhenium(V). In keeping with that, the transtO following nearly isoenergetic reacti8hoccurred when any
Re-donor atom) angles lie in the range of 162185.5 of the compound4—4 were used in catalytic quantity with
notably less than 180 ’ a 10-fold excess of dimethyl sulfide:

All of 1—4 should exist as four geometrical isomers. No
PhSO+ Me,S— Ph,S+ Me,SO 6
evidence for structures of or 2, other than the ones h 2 h 2 ©)

characterized, was obtained. Even the solution NMR in Unlike some oxorhenium(V) compounds that catalyze this

deuterat_ed ch_loroform from the_ origi_nal preparatiqn prior tp reaction efficiently, such as [(haBe(O)(OH)][OTf X and
product isolation showed the single isomer. Two isomers in

ca. 3:1 ratio were found fd in solution, but only the major ~ (40) Lahti, D. W.; Espenson, J. H. Am. Chem. So@001, 123 6014

atalicized entries:trangoxo-Re-donor atom] angles.

i inor i i - 6024.
one,3a, was isolated. The minor |spmé!b, IS CharaCtenz.ed (41) Bennett, M. A.; Robertson, G. B.; Rokicki, A.; Wickramasinghe, W.
by 6(Me-Re) 5.14. The hydrogen signals from the MQ ligand A. J. Am. Chem. S0d.988 110, 7098-7105.
are somewhat broadened, which is not the case3foor (42) ecoos;t—oenieF' A.; Dikarev, E. V.; Herrero, $norg. Chem.200Q 39,

free MQH. This suggests an internal process and brings to(43) Cowan, R. L.; Trogler, W. CJ. Am. Chem. Sod.989 111, 4750
mind the exchange between Py and five-coordinate MeReO-  4761.
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1.6 pur R e e o i e o e Table 3. Kinetics of Sulfoxidation Reactions Catalyzed b/
] UV Spectra of XGHsNO andkeaf
] X Amax NM (€/10* L mol~tcm™?) Keas L mol=t st
4-MeO 280 (0.415) 75
3 4-Me 279 (1.07) 1.23
£ 2-Me 272 (1.04) 0.57
2 1 3-Me 278 (0.920) 0.43
2 _ 4-Ph 310 (1.54) 0.36
£ 0.004 4-H 277 (0.615) 0.27

Relative Rate Constants férand Methyl Aryl Sulfide§

Y ky /Ky
| | 4-MeO 5.1
4-Me 2.4
250 300 350 400 450 4-H 1.00 (rel)
4-Cl 0.44
Wavelength (nm) 4-Br 0.37
Figure 2. Repetitive scans of 10 mM 4-picolindl-oxide, 100 mM 4-HGC 0.18
dimethyl sulfide, and 2 mM. in anhydrous methylene chloride at 26. 3'2:/"3(:(0) 8(}%8

The inset shows the plot d¢a against the concentration of the catalyst.

o a|n anhydrous dichloromethane at 25. P Conditions: 10 mM XGHsNO,
MeReO(dithiolatte)PP§#233 none of these compounds led 100 mM MesS, and 28 mM 1. ¢ At 25 °C in D;-chloroform with 10 mM

to a rapid reaction for reasons that will be presented later. 4MeGH:NO, 2 mM1, and 50 mM each of MeSPh and Meg$GY.
We therefore turned our attention to a catalytic system where
efficient reactions could be observed.

Oxygen Atom Transfer: Pyridine N-Oxides to Thio-

of the experiment is presented in this diagram:

MeSC6H4Y

ethers. Kinetic studies of these reactions in anhydrous MeS(0)CeHaY
methylene chloride were carried out: Re £y
intermediate
XC5H4NO + RSR — XC5H4N + RS(O)R (7) MeSPh MeS(O)Ph
By

Studies were limited to cataly$tbecause@ and3 react more

slowly, and4 |s not available as a single compoun_d. A The NMR data were analyzed to determine the rkfid
sample repetitive scan spectrurX & 4-Me, M&S) IS s for the different aryl groups on sulfide according to eq

presented in Figure 2. _ 5. The second part of Table 3 presents the results of such
The absorbance-time decrease, which shows the greatesig e minations. For reasons to be presented later, it was

amplitude at 279 nm, follows first-order kinetics. The values yoamed essential to determine the same ratio for two other
of kops SO Obtained are linear functions of the total catalyst pyridine N-oxides. These data are also given in Table 3.
concentration, designated ag4, to reflect the fact that at Oxygen-18 Labeling. Stoichiometric amounts of and
various points during the cyclg exists in different forms 4-picolineN-oxide and tWice as much M8 were employed
present at low concentrations. in the case where MeR®(PA), was employed in anhydrous
d[XC.H,NO] dichloromethane. The solution was analyzed by-G4S
_+:kcat[XC5H NOJ[1]; (8) after 2 h reaction time. Although ample M®'®0O was
L detected, MgS'®0 proved absent.

The kinetic determinations employed>al 0-fold excess of

. o : ) y Discussion
sulfide over pyridineN-oxide. Varying the sulfide concentra-
tion gave the same rate constakg; = 1.23+ 0.01 (100 Thermochemical and Electronic Considerations.Sul-
mM Me,S) and 1.2Gt 0.05 (10 mM) L moft st (100 mM foxide-to-sulfide transfer of an oxygen atom is nearly
Me,S). Different thioethers also gave the same valuk.gf  isoenergetic;.AG® = —2.9 kJ for reaction 6 between

=1.20+ 0.05 (MeS), 1.22+ 0.01 (pentamethylene sulfide), diphenyl sulfoxide and dimethyl sulfide in methylene

and 1.28&+ 0.07 L mot? s? (tert-butyl methyl sulfide). For ~ chloride!® The use of pyridiné\-oxides provides a system

a range of pyridiné-oxides, the identity of X exerts a strong With a considerably greater driving force. From thermo-

influence on the value df.., as can be seen from Table 3. chemical data for §4,NO and MeS,* 4" we estimateAG®
Competition Experiments. The foregoing reveals thatthe = AH® = —63 kJ mof ™.

sulfide enters the catalytic cycle at a stage later than the step-

(s) that determine the rate and the valuégf That is, RSR (44) Shaofeng, L., Pilcher, G. Chem. Thermodyri98§ 20, 463-465.

reacts with an active rhenium intermediate in a fast subse-*> CR.';b g';?ng; ?_'_'V,\ij ,’:f Q F“”F,C,Ich‘;?(’é“”*;ire“{'e \;\VA.""E’”S’JE"P\Q’\’,‘VZ(;,L\%.

quent step. To evaluate the effects of thioethers it was R. J. Chem. Thermodyri998 30, 869-878.

therefore useful to take the thioethers in pairs, for which (46) JEnks W. S.; Matsunaga, N.; Gordon, 34.0rg. Chem.1996 61,

purpose MeSgH,Y and MeSPh were employed. The design (47) Mackle, K. Tetrahedron1963 19, 1159-1170.
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1 while of intrinsic interest in its own right, remains immaterial

in the kinetic analysis. Stronger Lewis bases are more
05 i strongly coordinated irb, which provides one factor con-
tributing to the negative reaction constagt found for keat
0 That contribution is designatgds, and it is one component
; of Pcat:
Xe] 05 Rate-Controlling Step (RCS).The rate law indicates that
’ i the thioether is not involved in the mechanism until after
the RCS because the rate remains independent of variations
-1 1 in the concentration and identity of RSRNe therefore
conclude that intermediateundergoes unimolecular cleav-
-1.§0_4 5605 04 06 o5 1 age of the N-O bond of coordinated pyridind-oxide:
o X
/=X K
Figure 3. LFER correlations ok, values for reactions between Xidu- [Re]‘-O—N\ /) iCi [Re]=0 + NCsH4X
NO and 100 mM MeS in the presence of-28 mM 1 in anhydrous Cht /
Cl, at 25°C and of relative rate constarkgky determined by competition 5
kinetics for reactions of MeSgEl,Y between 10 mM 4-picolinéN-oxide
and 50 mM each of MeSEl,Y and GHsSCH; in the presence of 2 mM . .
1in CDCl; at 25°C. The experimental rate constdai;is therefore a compos-
ite: keat= Kis X krcs The large negative reaction constant
The value ofke. depends strongly on the electronic pcar = —5.2 allows us to argue that the substituent effects
properties of the substituent on the pyridiNeoxide ring. on each component must have the same sign, lest cancellation

For the five entries in Table 3 with substituents in the 4- of the effects take place. Becaukgs represents a Lewis
and 3-positions, an analysis according to Hammett's methodacid—base equilibrium,;s will therefore be negative, as
gives pcat = —5.2 in Figure 3. This is an exceptionally argued previously. The negative reaction constagis
negative value, most reasonably interpreted in terms of two indicates that electron flow from the oxygen of the coordinate
composite effects that enter in the same direction. More will pyridine N-oxide provides the principal barrier at the
be said about this in what follows. transition state:
A similar analysis was carried out on the rate constant
ratio kSy/kS4. The fact that this quantity is a ratio and not an ) . X}
absolute rate constant does not compromise the answer in [Re] - O— Ped
the least. From the data in Table 3 we fipgd= —1.9, as - k\ //
shown in Figure 3. 5
Substrate Binding. It seems self-evident that activation
of a pyridineN-oxide requires its coordination to rhenium- Thioether Step and Its Oxo-Group Selectivity.A direct
(V) for the catalyst to exert its effect. In systems studied reaction occurs between intermediétand RSR Because
earlier, this has not appeared to pose a significant part ofit occurs rapidly as compared to the RCS, kinetic competition
the overall barrier because five-coordinate catalysts such asexperiments were employed. The rate constants relative to
MeReO(dithiolate)PPypermit its ready entry. Fat, how- MeSPh are given in the second part of Table 3. The reaction
ever, one must propose either that PyO attatlkess it is, constant isos = —1.9, which indicates nucleophilic attack
giving rise to a seven-coordinate intermediate, or that ring- of the thioether on one oxygen of dioxorhenium(VIl)
opening of one arm of one PA ligand precedes entry of PyO. intermediates. This forms the next intermediafg, that might
We surmise that the N donor atom is preferentially released best be viewed as being or becoming a sulfoxide complex
to avoid the presumably unfavorable [R€} in dichlo- of rhenium(V).
romethane. What is astonishing, however, is the high selectivity the
We have argued strongly against any dissociative processthioether exhibits as to which of the two oxo groups6adf
for complexes such as MeReO(dithiolaté§i® Thus, it attacks. Data obtained with the catalyses MeReftO)-
seems we must also consider direct ligand displacement agPA), (oxygen-18 content, 50%) gave, in combination with
the route to5. We discount this mechanism, however, an equimolar quantity of 4-Mefl,N**O and dimethyl
because the parent is not a five-coordinate complex from sulfide, only MeS!*0. Had the thioether reacted nonselec-
which ligand dissociation becomes unlikely but a six- tively, the enrichment level of the sulfoxide would have
coordinate one in which the weakness of a rhenium ligand corresponded to 25% M8'€0.
trans to the oxo group has been well-established. Examination of the plausible structure &fis helpful in
By whichever pathway th& = 5 reaction occurs, the net  this regard. As shown in Scheme 1, intermedié@ppears
process is an equilibrium that can be represented by anto be a dead-end because displacement of sulfoxide by the
equilibrium constanK s, the value of which varies with the  dangling pyridine arm of PA is impossible. On the other
X group of XGH4NO according to its Lewis basicity. hand, unimolecular displacement withih restoredl directly
Because this step remains at equilibrium, its mechanism,and forms MgS'®O exclusively.
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