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Methylrhenium oxides
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Abstract—Reactions of the rhenium(VII) precursors Re,O-, acetyl perrhenate, trifluoroacetyl perrhenate, chlorotrioxorhenium and
trimethylsilyl perrhenate are performed with various common tin free methylating agents. The yields of MTO and the products of
partial reduction, bis[dimethyl(p-oxo)oxo-rhenium(VI)] and (p-oxo)bis[trimethyloxorhenium(VI)], are quantified by NMR spectro-
scopy. With aluminium- and copper-containing methylating agents none of the above mentioned compounds are formed, solely
perrhenate and rhenium(VI) oxide are detected. The best result is achieved with trifluoroacetyl perrhenate and dimethylzinc, yielding

>60% MTO.
© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

MTO was first detected in trace amounts by the reaction
of (CH3); ReO with air by Beattie and Jones in 1979.!
The breakthrough towards larger-scale syntheses and
possible applications came about 10 years later, when
a much more efficient synthetic route was developed
starting from Re,O; and tetramethyltin (Eq. 1).> This
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synthetic procedure made it possible to prepare MTO
within hours and in amounts of up to 10 g. However,
the most evident drawback of this method is the forma-
tion of an equimolar amount of trimethyl tin perrhe-
nate, thus wasting half of the comparatively expensive
rhenium. This so called ‘tin route’ was further improved
in 1992 when it became possible to obtain nearly quan-
titative yields of MTO by the addition of carboxylic
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anhydrides to the reaction mixture. The in situ-gener-
ated perrhenyl carboxylates as well as solvent ligated
chlorotrioxorhenium(VII) are more useful precursors
for the [ReO;]" (‘perrhenyl’) moiety than Re,O,.3 Both
compounds are easily and quantitatively available from
Re,0; and can be used in situ for the reaction with the
organylating tin reagent without rhenium loss (Egs. 2
and 3).

Covalent perrhenates such as Me;SiOReO; and
Me;SnOReO; are also suitable precursor compounds
for R-ReO; complexes, when applied together with
organotin reagents.* However, the tin precursors, such
as tetramethyl tin are highly toxic. The toxicity of these
complexes and of some of the by-products of the synthe-
sis of the rhenium complexes, such as trimethyl tin chlor-
ide prevented an industrial application of MTO or one
of its derivatives to a large extent, regardless of its high
catalytic activity in many organic reactions. It had been
shown, however, that organozinc precursors are also
useful organylating agents, particularly for the prepara-
tion of long-chain alkylrhenium oxides,> c-arylrehnium
oxides,® while methyl-, alkenyl-, alkynylrhenium(VII)
oxides are solely available via organotin precursors.’
The success of the synthesis depends on the transfer-
ability of the organic group, the redox potential of
the precursors and the thermal stability of the product.?
Organotin precursors need higher reaction temperatures
in organylating reactions than their zinc counterparts.
Organozinc compounds are reactive already at dry ice
temperature in many cases, but at higher temperatures
reduction to rhenium(VI) (or lower oxidation states) fre-
quently occurs.>!® Scheme 1 summarizes the synthetic
pathways to organorhenium(VII) oxides starting from
Re(VII) precursors.
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In this work we examine the reaction of different
common methylating agents with several potential
rhenium(VII) precursors with quantitative NMR
techniques in order to compare the obtained MTO
yields and the yields of the dimeric by-products
bis[dimethyl(p-oxo)oxo-rhenium(VI)] and (p-oxo)bis-
[trimethyloxorhenium(VI)], resulting from the partial
reduction of the rhenium(VII) starting material.

2. Results and discussion

Reactions of various common methylating agents
with rhenium(VII) precursors of different activity have
been performed in order to determine the product
distribution by quantitative NMR spectroscopy.'"!?
As rhenium(VII) starting materials Re,O-, acetyl perrhen-
ate, trifluoroacetyl perrhenate, chlorotrioxorhenium and
trimethylsilyl perrhenate, were applied, being prepared
according to the literature procedures.>>*!3 The
perrhenyl carboxylates and chlorotrioxorhenium were
synthesized prior to use and reacted in situ with the
methylating agent. Trimethylsilyl perrhenate was
obtained as a white solid and the observed analytical
data confirm that the substance is pure and the experi-
mental data are in accord with the published literature.'?
MeLi, MeMgCl, Me,Zn, Me;Al and MeAICl, were used
as commercial available solutions. Me,CulLi,!* MeCu,'#
MeZnCl1'> and MeTi(OiPr);!® were prepared prior to
use according to the literature. The synthesis of MeAl-
(OC(O)CH3), and Me,Al(OC(O)CH3) were carried out
analogous to the preparation of MeZn(O(C)OCH3;)
developed by Coates et al.'” The results of the methyl-
ating reactions are summarized in Table 1.

The formation of the by-products bis[dimethyl-
(p-oxo)oxo-rhenium(VI)] and (p-oxo)bis[trimethyloxo-
rhenium(VI)] resulting from partial reduction is
observed in nearly all performed experiments, even
when no MTO can be detected, especially in the case
of methylating agents containing aluminium in combi-
nation with a monomeric rhenium precursor. In these
experiments only traces of dimeric methylrhenium(VI)
oxides are found. The loss of about two thirds of the
applied rhenium as perrhenate and rhenium(VI) oxide
is observed during the preparation. The latter com-
pounds can be easily identified by their distinctive IR
spectra. Therefore, all employed aluminium containing
methylating agents are not suitable for the transfer
of the methyl group to a monomeric rhenium pre-
cursor. When Re,O; reacts with MesAl and MeAICl,
only tiny amounts of MTO can be obtained. The
results of the experiments with copper compounds as
methylating agents are also unsatisfactory, because only
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Table 1. Results of the methylating experiments (Me = CHj3, OAc = acetate, iPr = CH(CH3),)

Rhenium precursor ~ Methylating reagent ~ MTO® (%)  Bis[dimethyl(p-oxo-)oxo-rhenium] (%)  (p—Oxo)bis-[trimethyloxorhenium] (%)
CH;C(0)O-ReO3 MeLi 9 — <1
Me,CuLi — — o
MeMgCl 5 <1 <1
MesAl — <1 —
MeAICl, — <1 <1
Me,Al(OAc) — <1 —
MeAl(OAc), — <1 .
MeTi(OiPr); 34 <1 <1
Me,Cu 6 — —
Me,Zn 39 <1 —
MeZnCl 13 <1 —
CF3C(0)O-ReO3 MelLi 14 <1 <1
Me,CulLi <1 — <1
MeMgCl 12 <1 4
MC3A1 — <1 <1
MeAICl, — <1 _
Me,Al(OAc) — <1 —
MeAl(OAc), — — <1
MeTi(OiPr); 7 <1 <1
MeZCu <1 — .
Me,Zn 61 <1 3
MeZnCl 18 <1 —
Re,O, MelLi 7 4 —
Me,CuLi <1 — —
MeMgCl 18 6 —
MesAl 8 1 —
MeAICl, 2 1 —
Me,Al(OAc) — <1 —
MeAl(OAc), — <1 _
MeTi(OiPr)3 21 —
Me,Cu <1 <1 _
Me,Zn 9 1 —
MeZnCl 27 <1 —
Cl-ReO; MelLi 18 <1 <1
Me,CuLi <1 — <1
MeMgCl 12 <1 —
MesAl — <1 <1
MeAICl, — — <1
Me,Al(OAc) — <1 <1
MeAl(OAc), — <1 _
MeTi(OiPr); 8 15 —
MeZCu <1 <1 —
Me,Zn 29 — <1
MeZnCl 28 <1 —
TMSO-ReO; MelLi <1 <1 —
Me,CuLi <1 — _
MeMgCl 28 7 —
MesAl — <1 _
MeAICl, <1 <1 —
Me,Al(OAc) — 4 —
MeAl(OAc), — <1 _
MeTi(OiPr)3 13 37 —
Me,Cu <1 — —
Me,Zn 3 2 —
MeZnCl 15 1 —

#The isolated yield of MTO is about 5% lower.

traces of MTO are detected. Applying MeLi, with
rhenium precursors of increasing reactivity (Re,O7 <
TMSO-ReO; < CH3C(0)O-ReO; < CF;C(0)O-Re0O; <
CI-Re03) leads to a rise in the yield of MTO from 7%
to 18%, with the exception of TMSO-ReO; where
only traces of the desired product can be found. Besides

MTO, the Re(VI) reduction products are always
detected when MeLi is utilized as methylating
agent. Comparable results can be obtained when apply-
ing the Grignard compound MeMgCl as the transfer
agent for the methyl group with CH3C(O)O-ReOs;,
CF;3C(0)O-ReO3 and Cl-ReOs, being the most reactive
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rhenium precursors. However, the less reactive TMSO—
ReOj3 and Re, 05 reach significant better yields of MTO
when applied together with the Grignard reagent
MeMgCl. However, higher amounts of bis[dimethyl-
(p-oxo)oxo-rhenium(VI)] (up to 7%) are detected in
these cases as well. The reaction of TMSO-ReO; with
MeMgCl yields 28% MTO. When MeTi(OiPr); is used,
the less reactive rhenium precursors show the best
performance. With acetyl perrhenate 34% MTO are
obtained. Nevertheless, in almost all reactions of Re(VII)
precursors with MeTi(OiPr); higher amounts of
bis[dimethyl(p-oxo)oxo-rhenium(VI) are found than
with all other methylating agents. When using chloro-
trioxorhemiun and trimethylsilyl perrhenate, signifi-
cantly higher amounts of the dimeric rhenium(VI)
compounds than of MTO are obtained, particularly
when applying TMSO-ReO;. This is not surprising,
however, when considering that this combination of a
rhenium(VII) precursor and a methylating agent is
the most commonly applied synthetic route to bis-
[dimethyl(p-oxo)oxo-rhenium.”® Dialkylzinc compounds
are useful for the preparation of long-chain alkylrhe-
nium oxides,®> but can also be used for the transfer of
the methyl group to the [ReO3]" moiety. Unfortunately,
significant amounts of reduction products are formed
during this reaction, especially when the reaction tem-
perature is not carefully controlled.” The MTO yield in-
creases with the reactivity of the rhenium precursors
when dimethylzinc is applied as the methylating agent.
The highest amount of MTO (ca. 60%) is reached with
trifluoroacetyl perrhenate, but the yield decreases to
ca. 30% when the more reactive chlorotrioxorhenium
is used. In every experiment applying dimethylzinc
the dimeric by-products bis[dimethyl(p-oxo)oxo-
rhenium(VI)] and (p-oxo)bis[trimethyloxorhenium(VI)],
resulting from partial reduction, are obtained. Com-
pared to all other examined methyl group transfer
agents dimethylzinc shows the best performance under
the conditions applied. The reactivity of dialkylzinc
compounds can be reduced when one methyl group
is replaced by a halogen.®® However, when utilizing
MeZnCl, the yields of MTO are lower (up to ca. 30%)
than with the more reactive Me,Zn.

In summary, in nearly all experiments executed to ob-
tain MTO by a tin free route, the dimeric rhenium(VI)
complexes bis[dimethyl(p-oxo)oxo-rhenium(VI)] and
(p-oxo)bis[trimethyloxorhenium(VI)] resulting from
partial reduction are detected as by-products. MTO is
indeed found in most cases, except when aluminium
and copper methylating agents are applied. As proven
by IR spectroscopy, the applied rhenium is lost under
these circumstances as perrhenate and rhenium(VI)
oxide. The most suitable methylating agents are based
on titanium and zinc. The highest yield of MTO is
obtained when trifluoroacetyl perrhenate reacts with
dimethylzinc (61% MTO).
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