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Abstract — Attempt to synthesize a bis-thiolate tungsten alkylidene catalysts with bulky arenethiolates
unexpectedly yielded upon activation of DME a pentacoordinated complex of general formula [W(NAr)
(CHCMe3)(SAr’)(k’-O-CH,-CH,-OMe)], which is active towards self-metathesis of cis-4-nonene

compared to the parent bis-benzenethiolate.

Résumé — Syntheése et réactivité de complexes imido-alkylidéne pentacoordinés du tungsténe(VI)
avec des ligands thiolates — Des essais dans le but de synthétiser un catalyseur bis-thiolate tungsten
alkylidéne comprenant des arénethiolates encombrés ont permis, via 1’activation du DME, la synthése
inattendue d’un complexe de formule générale [W(NAr)(CHCMe;)(SAr’)(k*-O-CH,-CH,-OMe)], qui
s’avere étre active vis-a-vis de ’autométhatése du cis-4-nonéne en comparaison avec I’homologue bis-

benzénethiolate.

INTRODUCTION

Alkene metathesis plays a key role in petrochemical and
polymer industries [1, 2], and has also become widely used
for organic synthesis. For these reasons, the development of
homogeneous and heterogencous metathesis catalysts still
attracts major attention [3, 4]. Well-defined alkylidenes in
high oxidation states, with electron-withdrawing ligands
were identified as highly efficient metathesis catalysts
[5-7], following the proposal by Chauvin that they were
key intermediates [8, 9]. Recent progress in the understand-
ing of the structure-activity relationship, involving surface
chemistry [10-13] combined with computational studies
[14-17], has highlighted trends for a more rational design
of alkene metathesis catalysts and shown in particular that
dissymmetry at the metal center can bring about high activ-
ity. In particular, d’~-metal alkylidene sites with two ligands
of very different electron donation abilities would favor

low energy barriers for coordination of the olefin while also
destabilizing the metallacyclobutane intermediates, leading
to overall more active catalysts [18]. MAP (MonoAlkoxide
Pyrrolide) complexes illustrate perfectly this concept
[2, 19-23].

Introducing a strong g-donor ligand like thiolate [24], in
combination with the weak o-donation of surface silanolates
[25], showed very good activity [26]. Here, we explore
the formation of tungsten imido alkylidene systems with a
bulky arenethiolate ligand. While the aim was to obtain
Z-stereoselective catalysts, we show that bulky thiolate
ligands lead to the unexpected formation of the pentacoordi-
nated complex [W(NAr)(CHCMes )(SAr)(«k*-O-CH,-CH,-
OMe)] [27] (Scheme 1) and discuss its reactivity towards
alkene.

Starting from commercial 2,6-dibromoaniline a Sand-
meyer reaction affords 1,3-dibromo-2-iodobenzene. Adding
a solution of three equivalents of MesMgBr in THF
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Scheme 1

Synthesis of W(NAr)(CHCMe;)(SAr)(1*-0-CH,-CH,-OMe), 1.

generates (2,2",4,4",6,6'-hexamethyl-[1,1":3,1"-terphenyl]-
2/-yl)magnesium bromide, before being first quenched with
an excess of sulfur and then reduced with LiAlH, to give the
thiol with a global 44% yield. Deprotonation by KH give the
desired potassium thiolate. The reaction of two equivalents
of the large thiolate ligand KSAr’ by salt metathesis synthetic
route [28] with [W(NAr)(CHCMe;)(DME)(OTf),] lead to the
clean formation of a ca. one-to-one mixture of [W(NAr)
(CHCMe;)(SAr’)(x*-O-CH,-CH,-OMe)] (1) and MeSAr’
(2), in place of the expected dithiolate complex (Scheme 1).

The removal of one of the methyl group of the DME
ligand most likely arises from the reaction of Ar’SK with
the coordinated DME on the Lewis acidic W center, simi-
larly to the demethylation of methylethers by thiolate in
the presence of Lewis acids [29].

The two reaction products 1 and 2 were obtained as crys-
talline materials in 62% and 72% yield, respectively. They
are easily separated as pure material as a result of their dif-
ference of solubility and their tendency to form crystalline
materials. Both products were fully characterized by XRD,
"H and '*C NMR (Nuclear Magnetic Resonance) spectros-
copy. The structure of 2 is given in supplementary informa-
tion (The Figure S5 is in the supplementary information.
CCDC 1409694 contains the supplementary crystallo-
graphic data). The single crystal XRD study of 1 reveals a
pentacoordinated ~ tungsten = complex of  formula
W(NAr)(CHCMe;)(SAr’)(k*-O-CH,-CH,-OMe) (Fig. 1).

The tungsten atom lies at 0.48 A above the plane defined
by Cene, O1 and S, thus resulting in a slightly distorted Tri-
gonal BiPyramidal (TBP) molecular geometry, where the
imido ligand and the O2-Me group from the activated
DME occupy the axial positions. The tungsten center is more
sterically hindered than in W(NAr)(CHCMe;)(SAr’), [26],
giving a slightly longer W1-S1 bond distance (2.3930(5) A
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Figure 1

Thermal ellipsoid (50% probability) of the structure of 1.
Hydrogen atoms and mesityl groups on thiolate have been
omitted for clarity. Selected bond distance (A) and angles
(deg): WI-N1 = 1.7486(17), W1-O1 = 1.9212(14), W1-02 =
2.4404(15), W1-S1 = 2.3930(5), W1-C1 = 1.915(2); O1-W1-
02 = 68.90(6), 01-W1-S1 = 138.88(5), O1-W1-N1 = 103.18(7),
O1-WI-CI = 111.83(8), 02-W1-N1 = 171.80(7), 02-W1-C1 =
83.94(7), 02-W1-S1 = 81.11(4), SI-WI-N1 = 104.73(6),
S1-WI1-C1 =91.43(7), C1-W1-N1 = 101.47(9).

versus 2.349(5) A). The W-N bond length (1.7486(17) A) is
in the range of usual W-N bond, and so is the W-C,,. one
(1.915(2) A). The much shorter W1-O1 bond distance
(1.9212(14) A, compared to the W1-O2 at 2.4404(15) A), is
consistent with the demethylation of DME, since the alkoxy
group is a much stronger o-donor ligand than the parent
ether ligand. It is noteworthy in that such a reaction was not
observed when less bulky thiolate ligands such as the
2,6-diisopropylthiophenolate or 2,4,6-triisopropylthiopheno-
late were used [26, 28], suggesting that the kinetics of bis-
thiolate complex formation is largely reduced when the steric
hindrance increases, giving a notable advantage to the demeth-
ylation pathway.

The molecular complex 1 (1 mol%) is slightly active in the
self-metathesis of cis-4-nonene to yield cis/trans-mixtures of
4-octenes, 4-nonenes and 5-decenes (The Figure S3 is in the
supplementary information.) with an initial TOF of 3.10~°
min~" at 30°C. However, the catalyst deactivates, the conver-
sion only reaching ca. 14% after 78 h. It is noteworthy that
this catalyst is Z-selective (81% after ca. 1% conversion/
250 minutes), yielding in fine 67% Z-selectivity after 78 h.

CONCLUSION

With the aim of synthesizing a bis-thiolate imido alkylidene
tungsten complexes, the unexpected pentacoordinated
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complex W(NAr)(CHCMes)(SAr’)(«k*-O-CH,-CH,-OMe)
was obtained through the activation of DME by potassium
thiolate, preventing the access of W(NAr)(CHCMes;)
(SAr’), complex so far. This pentacoordinated W complex
is slightly active and displays a good stereoselectivity in
cis-4-nonene metathesis.

EXPERIMENTAL

General

All experiments were carried out under dry and oxygen free
argon atmosphere using either standard Schlenk or glove-
box techniques for organometallic synthesis. For the synthe-
ses, reactions were carried out using high vacuum lines
(10~ mbar) and glove-box techniques. Pentane, toluene
and diethyl ether were purified using double MBraun SPS
(Solvent Purification System) alumina column, and were
degassed using three freeze-pump-thaw cycles before being
used. DME and THF were distilled from Na/Benzophenone.
Et;N, MesSiCl,  2,5-dimethyl-1H-pyrrole  and  2,6-
diisopropylamine were dried on CaH,, distilled under
reduced pressure and degassed using two freeze-pump-thaw
cycles. Triflic acid was purified stirring it one day over triflic
anhydride, followed by distillation under reduced pressure.
All InfraRed (IR) spectra were recorded using a Bruker
spectrometer placed in the glovebox, equipped with OPUS
software. A typical experiment consisted in the measurement
of transmission in 32 scans in the region from 4 000 to
400 cm™'. The 'H and ">C-NMR spectra were obtained on
Bruker DRX 200, DRX 250 or DRX 500 spectrometers.
The solution spectra were recorded in CgDg at room
temperature. The "H and '*C chemical shifts are referenced
relative to the residual solvent peak. W(NAr)(CHCMe;)
(DME)(OTY), [28] and 1,3-dibromo-2-iodobenzene [30]
were synthesized according to literature procedures.

2,2",4,4",6,6"'-Hexamethyl-[1,1':3',1"-Terphenyl]-2'-
Thiol (Ar’'SH)

This synthesis was shortened compared to literature [31].
A solution of MesMgBr in THF (32 mL, C = 0.978 M,
31.3 mmol, 3.0 equiv) was added dropwise over 1 h at RT
to a solution of 1,3-dibromo-2-iodobenzene (3.638 g,
10.1 mmol, 1 equiv) in THF (50 mL). After 3 h of stirring,
the solution was cooled to —78°C and sulfur Sg (3.22 g,
12.5 mmol, 1.25 equiv) was slowly added portionwise,
resulting in an immediate colour change to deep red. The
mixture was allowed to cool to RT and stirred overnight.
LiAlH, (3.833g, 101 mmol, 10 equiv) was added, the reac-
tion mixture was stirred for 8 h, and the excess of LiAlH,
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was quenched with water (20 mL) and 10% aqueous HCI
solution (60 mL). The organic layer was separated, and the
aqueous layers were extracted with Et,O (2 x 60 mL).
Organic phases were dried over CaCl, and filtered. The solvent
was removed under vacuo and recrystallization at —20°C in
ethyl acetate finally afforded transparent needle crystals
of Ar’SH (1.61 g, 44%). 'H NMR (200 MHz, [Dg]toluene)
0 2.05 (s, 12, Me,), 2.36 (s, 6, Me,), 3.05 (s, 1, SH), 7.00
(5,4, Hpy(Mes)), 7.06 (d, *T=9, 2, H,,(Ph)), 7.26 (1 =9, 1, H,).

W(NATr)(CHCMe3)(SAr) (2-O-CH,-CH,-OMe)

KH (34 mg, 0.85 mmol, 0.99 equiv) was slowly added por-
tionwise to a solution of thiol Ar’SH (300 mg, 0.86 mmol,
1 equiv) in toluene, releasing H, during 2 h while a white
precipitate appeared. The latter was filtrated and washed
twice with cold toluene (—40°C). The filtrate was concen-
trated and stored at —40°C overnight to yield a second crop
of Ar’SK which was filtrated and washed the same way, giv-
ing 311 mg (yield: 93%) of the potassium thiolate. Ar’SK
(238 mg, 0.62 mmol, 2 equiv) was added portionwise to a
cold solution (—40°C) of W(NAr)(CHCMes)(DME)(OTY),
(251 mg, 0.31 mmol, 1 equiv) in toluene (10 mL). The solu-
tion was left stirring 2 h, resulting in a colour change to
orange, accompanied by the formation of a white precipitate
of KOT{. The latter was then filtrated through Celite. The solu-
tion was taken to dryness. First crystallization at —40°C in
pentane yielded transparent crystals of Ar’SMe (81 mg,
72%). After filtration, the solution was concentrated and a
second crystallization in pentane at —40°C afforded orange
crystals of W(NAr)(CHCMe;)(SAr’)(i*-O-CH,-CH,-OMe)
(162 mg, 62%), which were filtrated. ‘H NMR (500 MHz,
CeDg) 0 9.67 (s, 1, CHCMe3), 7.11 (d, 2, J = 7.9), 7.04-6.99
(m, 1), 6.97 (s, 2), 6.92 (s, 1), 6.90 (d, 2, J =7.1), 6.86 (s, 2),
4.06 (sept, 1,1=3.8),3.93(dt, 1,J=11.5,]=4.3), 3.66 (sept,
2,]1=06.8),3.04 (s, 3, OMe), 2.96 (sex, 1,1 =4.1),2.84 (q, 1,
J=43),2.37(s, 6, AtMe), 2.27 (s, 6, AtMe), 2.22 (s, 6, ArMe),
1.30(6,d,J=6.9,CH(Me,) »), 1.13 (6,d, ] =6.9, CH(Meg),),
1.04 (9, s, CHMe;); '°C NMR & 270.03, 152.47, 145.25,
144.36, 143.96, 139.82, 136.92, 136.74, 136.57, 129.66,
128.98, 126.09, 122.91, 73.73, 72.45, 58.78, 46.79, 33.04,
27.89,24.26, 23.89, 21.73, 21.30, 20.93. Elemental Analysis:
C 64.03% (62.18% expected), H 7.06% (exp. 7.00%), S 3.50%
(exp. 3.77%),N 1.45% (exp. 1.75%). CCDC 1409693 contains
the supplementary crystallographic data.
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