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Introduction Q'\,ge((;' N o~k

Methyltrioxorhenium(VIl) (CHReQ; or MTO) has been H S ==\
known for about 20 yearsand with the availability of more 6
convenient methods for its preparatibits catalytic properties 1

have been extensively studié. We have reported that MTO
reacts with 2-(mercaptomethyljthiophenolHSCGH,CH,SH or Chart 2. Ligands Used in Starting Materials and Found in
Homtp, to form complexes in which mtp acts as a bidentate products

thiolate ligand® This series of compounds has the formula _

MeReO(mtp)L, in which L is a pyridine, phosphine, sulfide, QHS L @"L(s

etc. They are proving to be effective catalysts for oxygen-transfer _ @ S ji)
reactions, such as that from PyO to BPIn the course of our N HLY H HL2

work three new compound$;-3, containing tridentate ligands

having NNS and ONS donor sets were prepared, characterized,

OH —
and tested for catalytic activity. The structural formulad ef3 @(Sjg N AN HSJ@ @'\<
are given in Chart 1. N H X \z@

Compoundl was obtained from (BiIN)[ReOCl]8 and 2-(2- HL® H Mo L5
pyridyl)benzothiazoline. This ligand has the fotdk ; in the

solid state, but in chloroform solutiiit exists in equilibrium =\ us 7N s
with HL 1, see Chart 2. The reaction occurring is Q D _ N D
= N
HL' + (Bu,N)[ReOCl] — L,ReOC}, + (Bu,N)CI + HCI
(1) HL' HL?

2 3

The same ligand, in reaction with MTO, undergoes reduction
of the imine bond to yield a new ligandL 4 as2 forms. The

reaction requires a 1:3 MTEL ! stoichiometry in chloroform, OH =\ H Z IN
with 2 mol of a new compound, >, formed according to this @SD Q @S
equation, N N

1 5
CH,ReQ, + 3HL' — CHSF\;eCL“ +2L°+2H,0 (2) HL HLA L5

COSY NMR spectroscopy confirmed this assignment. $ae
Compound3 was prepared from MTO and 2-(2-hydroxyphe- spectrur?n of2 ShO\E)V); 13 peaks, of whicﬁ that at 68.13

o 3
nol)benzothiazolineiL '.A” three compounds gave elemental ppm can be assigned to the methylene carbon and that at 6.00
analyses that agreed with the reported compositions, as sum-

marized in the Experimental Section. TH¢ NMR spectrum ppm to Re-CH.

£ 2 shows the two inequivalent hvdroaen atoms on the on Compound?2 was further characterized by X-ray crystal-
of 2 shows the 4_0 equivaient nydrogen atoms on the one lography, owing to the unusual ligand reduction reaction in its
carbon atom ol 4 they couple with one another, forming a

. formation. As shown in Figure 1, the diffraction study confirms
éH)f 1
pair of doublets araund 4.7 and 6.0 ppm. The us 3 the structure of the new ligand and the five-coordinate geometry

(1) Beattie, I. R.: Jones, P. (horg. Chem 1979 18, 2318 about rhenium. Important distances and angles are given in Table
(2) Herrmann, W. A; Kratzer, R. M.; Fischer, R. Wingew. Chem., Int. 1. We note these in particular: (dfRe-CHs) = 213.5(5) pm

Ed. Engl.1997, 36, 2652-2654. andd(Re—0) = 168.4(3) pm, comparable to those in MeReO-
O ey Sads Crsame Chamiaan a1 27101 (mip) PPh, 2125 and 167.7 i) dRe-5) = 227.9(1)
(5) Herrmann, W. A.; Ktin, F. E.Acc. Chem. Re4997, 30, 169-180.  PM, as compared to 232.9 pm for theenolicRe-S bond in
(6) Jacob, J.; Guzei, I. A.; Espenson, Jlitbrg. Chem1999 38, 1040~ the same reference compound and 229.9 pn{MeReO-
1041. (mtp)} ;¢ (c) d(Re—N) 198.4(4) pm for the amido nitrogen and
gg %gg?tb\(ﬁ Ez@i?a?néq.s@ggbgfﬁ.zgog _ZH?é?ran{;ﬁgZ\GN A Artus.  211.5(4) pm for the pyridine nitrogen emphasize the covalent
G.; Abram, U.; Kaden, T. AJ. Organomet. Cheni995 492, 217—  hature of the one bond and the coordinate nature of the &ther;
220. . _ (d) a sum of bond angles about the amido nitrogen of 359.6
9) I§|7n(;:ioy, L. F.; Livingstone, S. Elnorg. Chim. Actal967, 1, 365 supporting sp hybridization of this atom.
(10) Chi, D. Y.; Wilson, S. R ; Katzenellenbogen, J.lorg. Chem1995 All three Re(V) complexes (at a concentration of 1% of
34, 1624-1625. substrate) catalyze the transfer of an oxygen atom from pyridine
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Figure 1. ORTEP drawing of the structure @fin which ellipsoids
are drawn at the 50% probability level.

N-oxide to trisp-methylphenyl)phosphine2 and 3 are most
effective. Within 1.5 days, the reaction was complete with these
catalysts; the reaction progress was monitored ustiyMR.

The strong doublet at 8.1 can be assigned to the H atoms on
the carbon bonded to N of PyO; it gradually decreased in
intensity. Concurrently, a new doublet@B.5 increased; it is
attributed to the two H atoms on the carbon bonded to N of
pyridine.

With 1 as the catalyst, on the other hand, some pyridine oxide
remained in the solution at that time. PyridiNeoxide must
access the primary coordination sphere of rhenium, which would
be expected to be more difficult fol given that it is
six-coordinate. It may be, although this has not been proved,
that a dioxorhenium(VIl) intermediate lies on the reaction

coordinate. The prospect of identifying this and perhaps other

intermediates in the system remains a matter of interest to us
Compound2 does not react with PBhbut it does react with
pyridine N-oxides. When a 20-fold excess of 4-methylpyridine
N-oxide was added to a solution @fin chloroform, its color
changed from brown to wine-red. A neli NMR resonance
appeared at 5.8 ppr3 h later no resonances were seen in the
range 4.6-6.5 ppm. Two new doublets appeared at 7.3 and 8.4
ppm from the 4-methylpyridine that was formed. These findings
suggest tha? has been oxidized by PyO. With an excess of
the pyridine oxide, the ligand d? would itself be oxidized,
accounting for the disappearance from theNMR spectrum

of the doublets of the methylene group.

Experimental Section

General. (Bu"N4)[ReOCL] was prepared and purified according to
the literaturé Other chemicals and solvents were reagent-grade
materials and used without further purification. Th& NMR spectra
were recorded on a Varian spectrometer at 300 MHz. C&$YC
NMR spectra were determined with a Bruker 400 spectrometer.

Ligands. (a) Ligand HL! (and thusHL? was prepared from
2-(pyridine)carboxyaldehyde (0.96 mL, 10 mmol, 99%) and 2-ami-
nothiophenol (1.19 mL, 10 mmol, 99%) in 40 mL of dry EtOH. Oxygen
was purged from the solution with a stream of argon, and the mixture
was then heated to 8C for 4 h. The solvent was then removed under

reduced pressure. The material so obtained was then dissolved in 20

mL of chloroform; olive-colored crystals were obtained by layering
the solution with 20 mL of hexane. Yield of 2-(2-pyridyl)benzothia-
zoline: 95%.H NMR in methanolds: 6 6.26 (s, 1IH=CH-S), 6.62
(m, 2H, Ph), 6.88 (m, 2H, Ph), 7.22 (m, 1H, 5-H of Py), 7.60 (d, 1H,
3-H of Py), 7.74 (d, 1H, 4-H of Py), and 8.37 (m, 1H, 6-H of Py).
(b) HL ® was prepared by refluxing salicylaldehyde with an equimolar
amount of 2-aminothiophenol in ethanol under argon. THeNMR
spectrum in methanal; showed these resonance$:6.56 (s, CH—

Notes

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

Distances
Re-0O 168.4(3) S-C(2) 176.5(5)
Re—N(1) 198.4(4) N(1C(7) 138.8(6)
Re-N(2) 211.5(4) N(1}C(7) 145.3(6)
Re-C(1) 213.5(5) N(1)-C(8) 134.4(6)
Re-S 227.9(1)
Angles
O—Re—N(1) 119.83(17) C(3}Re-S 84.73(15)
O—Re-N(2) 106.58(16)  C(2}S—Re 99.93(16)
N(1)-Re-N(2) 77.39(16) C(7rN(1)—-C(8) 117.7(4)
O—Re-C(1) 110.6(2) C(7rN(1)-Re 122.0(3)
N(1)-Re-C(1)  129.57(19)  C(8N(1)—Re 119.9(3)
N(2)—Re—C(1) 87.42(19) C(13)N(2)-C(9)  118.8(4)
O—Re-S 108.26(12)  C(13)N(2)-C(9)  125.0(4)
N(1)-Re-S 81.50 C(9rN(2)—Re 115.7(3)
N(2)-Re-S 144.85(11)
Table 2. Crystallographic Data fo2
chem Ci3H1aN20ReS space group P2:/n
formula
fw 431,51 T 173(2) K
a 7.2770(5) A A 0.71073 A
b 12.6460(9) A Pealed 2.238 g cnm3
13.9716(9) A u 9.639 mnt!
o, B,y 90°,95.070(13, 9 R1( > 20(l),F2?  0.0244
\Y 1280.71(15) WR2 (| > 20(1), F»2 0.0598
Zz 4

a Quantity minimized: RwF?) = S[wW(Fo?> — FAI/S[(WFA)FY% R
= YA (Fo), A = |(Fo — Fo)l.

S), 6.67 (m, 2H), 6.78 (m, 2H), 6.90 (m, 2H) 7.10 (m, 1H), and 7.46
(m, 1H) for the aromatic protons.

Rhenium Complexes(a) L'ReOC}, 1, was prepared from (BMN.)-
[ReOCl] (5.86 g, 10 mmol) andHL 2 (2.14 g, 10 mmol) in 20 mL of
dichloromethane. After stirring for 30 min at room temperature, a brown
solid formed, which was filtered. Yield ol: 85%. H NMR in
methanolds: 6 6.52 (s), 6.85 (t), 6.96 (t), 7.50 (m, 4H, Ph), 7.98 (m),
8.06 (d), 8.37 (m, 4H, Py), and 9.81 (d, 1HN=CH=). Anal. Calcd
for ReG2HsCIL,LON,S: C, 29.63; H, 1.86; N, 5.76. Found: C, 29.47;
H, 1.94; N 5.57.

b) MeReQ.4, 2, was obtained by filtration as a brown solid that
precipitated from MeRe©(2.49 g, 10 mmol) andHL ? (6.42 g, 30
mmol) that were stirred fol h in 30 mL ofdichloromethane. Yield:
80%. X-ray quality crystals were obtained by recrystallization from
the same solventH NMR: ¢ 2.92 (s, 3H, CH—Re), 4.76 (d), 6.05
(d, 2H,—CH,—), 7.00 (m), 7.12 (m, 4H, Ph), 7.77 (m), 8.15 (m), 9.43
(d, 4H, Py).2*C NMR: 6 5.99 (CH—Re), 68.12 { CH,—), 111.67,
120.46, 120.94. 124.94, 125.08, 128.61, 141.93, 145.89, 152.20, 159.63,
173.89. Anal. Calcd for Re@H;30NS: C, 36.18; H, 3.04; N, 6.49.
Found: C, 35.31; H, 3.08; N, 6.17.

X-ray Crystallography. A crystal with approximate dimensions 0.4
x 0.3 x 0.2 mm was selected under ambient conditions and attached
to the tip of a glass capillary. The crystal was mounted in a stream of
cold nitrogen at 173(2) K and centered in the X-ray beam by using a
video camera. The crystal evaluation and data collection were performed
on a Bruker CCD-1000 diffractometer with Mook(1 = 0.71073 A)
radiation. A successful solution by the direct method located most of
the non-hydrogen atoms. The remaining non-hydrogen atoms were
located in an alternating series of least-squares cycles and difference
Fourier maps. All non-hydrogen atoms were refined with anisotropic
displacement coefficients. All hydrogen atoms were included in the
structure factor calculation at idealized positions and were allowed to
ride on the neighboring atoms with relative isotropic displacement
coefficients. Details of the structure solution are presented in Table 2.
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