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Nitrate- and Nitrite-Assisted Conversion of an Acetonitrile Ligand Into an
Amidato Bridge at an {Mo,(Cp),(n-SMe);} Core: Electrochemistry of the
Amidato Complex [Mo,(Cp).(p-SMe);{p-n',n'-OC(Me)NH}*
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Jean Talarmin*12l

Keywords: Bridging ligands / Cyclic voltammetry / Electrochemistry / Molybdenum / S ligands

Treatment of [Mo,(Cp),(1-SMe)3(MeCN),]* (1*) with NO3™ or
NO, ™ results in the conversion of one terminally bound aceto-
nitrile ligand into an amidato bridge. The reaction produces
[Moy(Cp)2(p-SMe)s{u-n' n'-OC(Me)NH} |+ (2°%) and in-
volves the formation of an intermediate, which was detected
by cyclic voltammetry but which could not be isolated, and
which likely arises from the substitution of the NO, anion for
one MeCN ligand. The electrochemical behaviour of 2* was
studied by cyclic voltammetry in THF and MeCN. The re-
duction of 2* in the presence of acid (HBF;/H,O or HBF,/

Et,0) in these solvents leads to the release of the amidate
bridge. Controlled-potential electrolysis of 2* in MeCN in the
presence of acid produces 1* quantitatively; the charge con-
sumed (>1Fmol™ of 1*) indicates that electrons are also
used to reduce protons. This was confirmed by the formation
of 2* (in variable amounts depending on the conditions) on
treating 2 with acid.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

Complexes with the {Mo,(Cp),(u-SMe)s} core have been
shown to sustain transformations of various unsaturated
substrates.! 31 The electrochemical reduction of a complex
containing a p-n',n'-coordinated phenyldiazene ligand in
the presence of acid results in the cleavage of the N=N
bond and the release of ammonia and aniline.”) During this
reduction, the nitrogenous moiety undergoes a coordina-
tion change, most probably at the hydrazido(1-) stage, from
a p-n'n' to a p-n' geometry.” This has been recently con-
firmed by a theoretical study of the different steps of the
reduction process.[! Similarly, the electrochemical reduction
in the presence of protons of a complex bearing a p-n',n>-
vinylidene ligand affords a p-n'-coordinated carbyne deriv-
ative.l?!

These examples, which illustrate the ability of the
{Mo,(Cp)>(1-SMe);} entity to adjust to the electronic
properties of various unsaturated ligands in different coor-
dination modes, prompted us to examine the possibility of
reducing nitrate and nitrite at this site. Nitrate and nitrite
are known to adopt various modes of coordination to metal
centres,>® including, respectively, p-n'.n'-(0,0) and
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p-n'.n'-(V,0) binding to bimetallic units. It has been sug-
gested that the nature of the metal-coordinated atom(s) may
influence the nature of the reduction products of nitrate
and nitrite.”) In the case of the nitrite ion, the possibility of
an asymmetrical p-n',n'-(»,0) coordination to a bimetallic
fragment is particularly attractive since this might allow the
reductive cleavage of an N-O bond, with conservation of
an M-O bond and without the release of NO, which would
circumvent the difficulty of re-binding this molecule for fur-
ther reduction. Several examples of p-n',n'-(N,0) coordi-
nation of NO,~ have been reported,>®74 and in some cases
the nitrite (nitrate) complex was obtained by substitution
of NO,~ (NO;") for MeCN ligands.>! We therefore exam-
ined the reaction of the bis(acetonitrile) complex [Mo,(Cp)»-
(u-SMe);(MeCN),]* (1)1 with nitrate and nitrite. How-
ever, these reactions did not produce NO5;™ or NO, deriva-
tives, but the amidato complex, [Mo,(Cp),(n-SMe)s{u-
n',n'-OC(Me)NH}”* (2%), which we already knew to
arise from hydration of one acetonitrile ligand in 1*, and
which we fully characterized in a previous study.''l An ex-
ample of a nitrite-promoted hydration of acetonitrile has
previously been reported.l'?! In this case, coordination of
the nitrite anion to a {Cr(u-OH),Cr} core resulted in the
cleavage of one hydroxy bridge and attack of this on a non-
coordinated acetonitrile molecule. The coordinated nitrite
was released upon formation of the amidato bridge.['”]

In this paper, we report the reactions of 17 with NO;~
and NO,™ as well as the electrochemical behaviour of the
reaction product, the amidato complex 2%+,
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Results and Discussion

Reaction of NO3~ or NO,~ with [Mo,(Cp),(n-SMe)s-
(MeCN),|* (17)

The bis(acetonitrile) complex [Mo,(Cp)>(u-SMe)s-
(MeCN),]" (1*) undergoes two diffusion-controlled, revers-
ible, one-electron oxidation steps (E;,°*! = —0.20 V; E;,°%?
= 0.45 V) and an irreversible reduction (E,"¢ = -2.2 V) in
MeCN/[NBuy][PF¢].['%131 1* is stable in this electrolyte, as
shown by control CVs!!3 over a period of several hours.
Addition of a large excess of NO;™ to a solution of 1* in
MeCN/[NBuy][PF¢] leads to drastic changes of the cyclic
voltammogram: the two reversible oxidations and the
irreversible reduction of 17 are replaced by two oxidation
and two reduction steps, the relative intensities of which
change with time. After several minutes, two couples with
E,°* =0V and E;," = —0.81 V have developed at the
expense of the other two redox systems with £,°* = 0.27 V
and E,4 = -1.3 V.

In THF/[NBuy][PF¢], a solution of 1" instantly turns
from red-orange to yellow upon addition of one equivalent
of NOs . The CV recorded immediately after mixing (Fig-
ure la) shows that the reversible oxidations of 1% (E;,,°*!
= —0.25V; E;,°? = 0.37V in THF/[NBuy][PF4]) are re-
placed by two oxidation (E;,°* = 0.01 V; E;,°* = 0.24 V)
and two reduction steps (E;,"¢ = -0.80 V; £, = -1.37 V),
very similar to those observed in MeCN. After about two
hours stirring, the redox systems with £;,°* = 0.24 V and
E,d = -1.37 V have almost completely disappeared (Fig-
ure 1b). The metal-containing product, which possesses the
same redox potentials as the amidato complex [Mo,(Cp),-
(u-SMe)z {u-n'.n'-OC(Me)NH}T" (2%; E | = 0 V; E;pd
= —0.80 V) 'l in THF and MeCN electrolytes, could not
be separated from the supporting electrolyte. However, the
nature of the product was confirmed by the '"H NMR spec-
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Figure 1. Cyclic voltammetry of [Mo,(Cp)>(n-SMe);(MeCN),J*
(1*; 1.1 mm) in THF/[NBuw,][PF¢] a) immediately after addition of
1 equiv. of [NBuy][NOjs], and b) after 2 h stirring (vitreous carbon
electrode, v = 0.2 Vs!; potentials are against ferrocene/ferrocen-
ium).

3876 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

trum of the compound obtained by reaction of 1* with
NO; in THF without supporting electrolyte, and treatment
of the reaction mixture with NaBH, before work-up. The
'H NMR spectrum showed that the reduced amidato com-
plex 2"l had formed under these conditions.

Similar experiments were performed with nitrite (Fig-
ure 2). Although the reaction of 1* with NO, " is faster than
with NO3, a CV recorded immediately after addition of
one equivalent of 1* to a THF solution of NO,~ (Figure 2,
a) allowed the detection of an intermediate with E;,°* =
0.21 V and E,"¢ = -1.39'V, in addition to the final product
2* (Figure 2, b). Different to the reaction with NO5~, the
amidato complex formed upon reaction of 1* with nitrite
is present as a mixture of the neutral and cationic forms (2/
2*; Figure 2, b). Voltammetry at a rotating disc electrode
confirmed this. The nature of the metal product was again
ascertained by comparison of the 'H NMR spectrum of
the complex isolated (after reduction by NaBH,) from the
reaction carried out in THF in the absence of supporting
electrolyte, with that of an authentic sample of 2. The reac-
tion of 1* with NO;~ or NO,™ can be represented as shown
in Scheme 1. The CVs in Figures Ib and 2b show that
minor co-products, which we have not attempted to charac-
terize, are also present.
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Figure 2. Cyclic voltammetry of a solution of [NBuy][NO,] (1 mm)
in THF/[NBuy][PF¢] a) before, and b) immediately after addition
of [Mo,(Cp)a(u-SMe);(MeCN),]* (1*; 1 mm, 1equiv.) (vitreous
carbon electrode, v = 0.2 Vs!; potentials are against ferrocene/
ferrocenium).

In THF, 2* (or 2) is not formed from 1% in the absence of
NO, on the timescale of the experiments described above.
Therefore, these ions clearly promote the formation of the
amidato complex 2% (or 2). Two different properties of
NO, might explain their role in the reaction. The first pos-
sibility is that NO, acts as a ligand, replacing one of the
MeCN groups of 1*. Coordination and reduction of nitrate
or nitrite ions by oxo transfer to a metal centre have been
reported.'” In the case of transition-metal nitrite com-
plexes, transfer of an oxygen atom to an organic substrate
has also been observed, the NO, ligand being N-bound
(nitro coordination) to the metal.l'>) In the present study,
the similarity of the redox potentials of the intermediates
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Scheme 1. ® = MoCp; x =2 or 3.

detected during the course of the reaction of 1* with either
nitrate or nitrite suggests that the intermediates should be
similar, that is with a nitrito coordination of NO, . The am-
idato complex would then result from a sequence of reac-
tions that includes the release of an NO,,_j, species (neutral
or anionic) and the transfer of a proton or of a H atom
from the environment. The release of a nitrite anion in the
reaction of 1* with NOj3™ is unlikely since we did not detect
the oxidation peak of NO, (see Figure 2, a) by CV after
completion of the reaction of 1* with NO;~ (Figure 1, b).
The fact that 2* is formed by treating 1* with NO5~ while
a mixture of 2/2* results from the reaction of 1* with NO,~
might arise from homogeneous redox steps involving nitro-
gen oxides released in the reactions.

The second possibility is that the NO,  anion acts as a
base [HNO3/NO;: pK, = 8.89 in MeCN].l'® Since the ex-
periments were not conducted under rigorously anhydrous
conditions, residual water in the solvent might be involved.
Thus, deprotonation of [Moy(Cp)(n-SMe)z(MeCN)-
(H,0)]*, a possible precursor of 2%, by nitrate or nitrite
would lead to a hydroxo ligand and thus promote the for-
mation of 2% (or 2). This would be similar to the postulated
mechanism of hydrolytic reactions catalysed by enzymes
possessing two metal ions in close proximity at the active
site. It is thought that the metal centres in these enzymes
act cooperatively, the role of one of them being to modify
the pK, of a bound water molecule, thus generating a hy-
droxide ligand that attacks the substrate present at the
neighbouring metal centre.'”-'® Similar reactions can in-
volve mononuclear complexes. The metal-promoted hydrol-
ysis of a nitrile ligand in the side chain of a tetrazamacro-
cyclic Cu complex has been reported recently.!]

If this is the case in our study, the intermediate detected
in the reaction of 1* with NO, ions would be either a hy-
droxo complex or a species derived therefrom. However, it
is not clear why such an intermediate would be longer-lived
when generated by the reaction of 1* with NO5~ than when
it arises from the reaction of 1* with nitrite.

In order to discriminate between the above possibilities,
we conducted two types of experiments, namely the reaction
of 1* with a base (Et;N: pK, = 18.5 in MeCN)P and, the
reaction of 1* with a weakly basic, oxygen-containing anion
ClO4 [HCIO,/ClO4: pK, = 1.6 in MeCN].l21l

The reaction of 1* with Et;N (1.2 equiv.) was monitored
by cyclic voltammetry in THF/[NBuy][PF¢]. Although the

Eur. J. Inorg. Chem. 2005, 3875-3883 www.eurjic.org

characteristic couples of 1* were replaced by reversible sys-
tems at —0.67 V and 0.67 V on addition of Et;N, the CV
did not show the formation of an intermediate such as the
one observed on treatment with nitrate or nitrite. Small re-
versible couples around —0.8 V and 0 V suggested that only
a small amount of the amidato complex might be produced.
Therefore, it appears unlikely that 2+ results from the de-
protonation of an aqua precursor. It is worth noting that
reaction of 1* with chloride, the basicity of which is very
similar to that of nitrate (HCI/CI": pK, = 8.94 in MeCN),[1®]
produces the known [Mo,(Cp),(1-SMe)s(u-Cl)] complex by
the substitution of CI~ for a MeCN ligand.[']

The CV of 1* in MeCN is not affected by the presence
of a large excess of ClO4 (supporting electrolyte: [NEt4]-
[C1O,4)). On the contrary, the CV of 1* recorded in THF/
LiClO4 or in THF/[NBuy][PF¢] in the presence of ClO4 is
totally different from that obtained in the absence of per-
chlorate. The characteristic redox couples of 1* are not ob-
served in the presence of ClO, . Instead, redox systems sim-
ilar to those present after addition of NO, ™ to a solution of
1% are detected. A small amount of 2*, characterized by a
reduction around —0.8 V and an oxidation at 0 V, is present
in solution (Figure 3, a), and its concentration increases
slowly with time.

The major compound present in a THF solution of 1*
in the presence of ClO4 could not be isolated. It clearly
arises from a reaction between the metal complex and per-
chlorate. That the redox potentials of this species (E;,°* =
0.23V, E;*d = -1.27 V in THF/LI[CIOy]; E;,°* = 0.23 YV,
E,;d = —1.4V in THF/[NBuy][PF¢] + 2 equiv. ClO4") are
close to those of the intermediate observed upon addition
of NO,~ to 1* suggests that the nature of the metal com-
pound responsible for these couples is similar in each case.
However, whereas the amidato complex is formed essen-
tially quantitatively from the intermediate observed upon
treating 17 with NO5~ or with NO,~ (2 is also formed in the
latter case) within a few minutes (NO, ) or a few tens of
minutes (NO5"), formation of the amidato complex 2* from
the perchlorate intermediate is very much slower, while that
of 2 requires an electrochemical reduction step.

The control experiments with Et;N and ClO4 demon-
strate that the basic properties of the reactant, that is its
ability to deprotonate coordinated water, are not essential
to the formation of 2*/°. It is therefore unlikely that the
residual water of the solvent plays a pivotal part in the pro-
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Figure 3. Cyclic voltammetry of [Mo,(Cp)»(1-SMe);(MeCN),J*
(1*; 2 mm) in THF/LiClO4 recorded immediately after the addition
of the metal complex (a); the curve in b) represents repetitive scans
in the potential range —1.8/0.2 V and the dashed curve is the first
negative-going scan; the cyclic voltammogram in (¢) and the RDE
voltammogram in (d) were obtained after controlled-potential elec-
trolysis of the solution in b) at —1.4 V on a graphite cathode (n =
2 F per mol of 1*) (vitreous carbon electrode, v = 0.2 Vs!; poten-
tials are against ferrocene/ferrocenium).

cess on the timescale of the electrochemical experi-
ments. That the amidate derivative was obtained upon treat-
ment of 1* with different oxo anions strongly suggests that
the oxygen atom in 2*/° comes from the XO~ moiety bound
to a metal centre (X = NO, NO, or CIO;).

Metal complexes containing perchlorate ligands have
been reported.l'®22] However, in these compounds ClO4~
can generally be substituted by a variety of ligands, in con-

trast to what is observed here: addition of a large excess of
acetonitrile has no effect on the CV shown in Figure 3a.
Therefore, it is unlikely that the species observed in THF in
the presence of perchlorate arises from the simple substitu-
tion of ClO, for one MeCN ligand in 1*. Rather, an inter-
mediate such as the one shown in Scheme 2 can be envis-
aged. The absence of a perchlorate derivative in MeCN/
[NEt;][ClO4] would then arise from the worse coordinating
ability of ClO4 as compared to acetonitrile.

The reduced amidato complex 2 is generated from the
intermediate formed in the reaction of 1* with perchlorate
by reduction at —1.3 V (Figures 3a and b). This was con-
firmed by voltammetry of the catholyte after controlled-
potential electrolysis (E, = —1.4V, graphite cathode), as
shown in Figures 3c and 3d. However, the charge consumed
to produce 2 was between 1.4 and 2 F per mol of 1*, while
2* was the major product formed after the transfer of about
1 F per mol of 1*. Assuming that the intermediate is as
shown in Scheme 2, the formation of 2* in the early stage
of the electrolysis would be consistent with a (one-electron)
reductive elimination of X (e.g. ClO5") accompanied (or
followed) by a protonation step. The reduction of 2*
(E5"4 = —0.8 V) at the electrolysis potential completes the
reduction process. A small amount of an unknown product
is also present after electrolysis (Figure 3c).

It has been shown that coordinated nitriles can be at-
tacked by carbonate to produce an amide derivative with
the release of CO,.1?3 Oxyfunctionalizations of coordinated
nitriles with various oxygen-containing substrates have also
been reported.?* A direct attack of XO~ (X = NO, NO, or
ClO3) on one of the MeCN ligands of 1* could also take
place. However, this possibility appears less likely on the
basis of the experiments carried out in MeCN, since the
formation of 2* from 1* and NO5~ is slower than in THF
or requires a large excess of nitrate, while no reaction oc-
curred in the presence of ClO,, even when used in very
large excess (supporting electrolyte). The fact that the redox
potentials of the intermediates detected in the reactions of
1* with NO, -, NO;™ or ClO,4 are very similar in THF sug-
gests that they must be closely related. While the intermedi-
ate formed by treating 1* with nitrate and nitrite produces
2+ within a relatively short time, it appears longer-lived
when obtained by reaction of 1* with perchlorate. As the
intermediate could not be isolated from the solution, its na-
ture is not known and the reason for this difference could
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Scheme 2. Postulated intermediate in the reaction of 1* with XO~ (X = NO,, NO or ClO;). ® = MoCp.
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not be elucidated. However, if the precursor of the amidato
complex is as shown in Scheme 2, the different lifetimes
might indicate that the X-O bond is stronger for X = Cl
than for X = N.

The reactivity of 1* reveals the occurrence of a bimetallic
effect in the {Mo,(Cp),(u-SMe);} moiety. Treatment of 1*
with chloride or trifluoroacetate produces complexes where
the anion occupies a bridging position.['%3?] This indicates
that the remaining MeCN ligand in the likely intermediate
[Mo>(Cp)a(u-SMe);(MeCN)X] (X = Cl, CF;CO,) is re-
leased upon X bridging. Despite the ability of NOs  and
NO," to adopt bridging coordination modes,[>%74 this was
not observed at the {Mo,(Cp),(n-SMe)s} core, and the ami-
dato complex 2* (and 2) was obtained instead. Therefore,
it appears that the reactivity (the lability) of the acetonitrile
bound to one Mo atom is affected by the nature of the
ligand present at the adjacent metal centre of the {Mo,-
(Cp)a(n-SMe)s} site.

Electrochemistry of [Mo,(Cp),(p-SMe);{p-n',n'-OC(Me)-
NH}]OH (201+)

Several compounds containing an amidato ligand are
known,[!7:18:2%] although no electrochemical study of such a
complex has been reported so far, to the best of our knowl-
edge. We now report the electrochemistry of 2%* in THF
and MeCN containing [NBuy][PFs]. We paid special atten-
tion to the reduction of 2* in the presence of acid in order
to investigate the mechanism of the release of the amidato
ligand as acetamide.!'!]

Complex 2* undergoes diffusion-controlled, one-electron
reduction and oxidation steps in both solvents (Scheme 3).
Controlled-potential electrolysis at —1.0 V afforded the neu-
tral compound 2 essentially quantitatively®®! after transfer
of 1 F per mol of 2*.

The CV of 2* in MeCN/[NBuy][PF4] (Figure 4, a) is
strongly affected by the presence of protons, although the
changes only concern the reduction step, which becomes
irreversible and shifts by about 100 mV towards positive
potentials (Figure 4, b). This is indicative of the occurrence
of a follow-up reaction (EC process)!!>27-28] under these
conditions.

Eur. J. Inorg. Chem. 2005, 3875-3883 www.eurjic.org
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Figure 4. Cyclic voltammetry of [Mo,(Cp)>(u-SMe)s{p-n'.n'-
OC(Me)NH}* (2*; 1 mm) in MeCN/[NBuy][PFg] a) before, and b)
and c) after addition of an excess of HBF,/H,O (vitreous carbon
electrode, v = 0.2 Vs'!; potentials are against ferrocene/ferrocen-
ium).

The reduction of 2* in the presence of acid in MeCN/
[NBuy][PF¢] affords a product that was identified as 1* from
its redox systems detected on the return scan (Figure 4, b).
Controlled-potential electrolysis at —0.9 V effectively pro-
duces 1*. However, the CV recorded after the passage of
1 F per mol of 2* demonstrates that 2* is still present in
solution; conversion of 2* to 1% is almost complete (>90 %)
[26] only after the transfer of about 1.5 F per mol of 2*.
While these experiments are entirely consistent with pre-
vious ones showing that protonation of 2 in MeCN pro-
duces 1* and acetamide,'!l they also suggest that part of
the charge consumed during electrolysis is used to reduce
protons. This can be described as shown in Scheme 4.

In contrast to what is observed in MeCN/[NBuy][PF¢],
addition of two equivalents of HBF4H,O to a THEF/
[NBuy][PF¢] solution of 2* did not lead to a significant
change of the cyclic voltammogram. However, in the pres-
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ence of larger amounts of acid (10-20 equiv. HBF4/H,O or
HBF,/Et,0), the reduction of 2* in this solvent occurs ac-
cording to an EC process, as shown by the decrease of the
anodic-to-cathodic peak current ratio [(i,*)/(i,°)™"], and by
the presence of a product (3) detected by its redox steps on
the return scan at £, = —0.43 V and 0.21 V (Figure 5, b;
note that the presence of acid has no effect on the oxi-
dation, cf. Figure 5, ¢).

V]

EV]

Figure 5. Cyclic voltammetry of [Mos(Cp)>(u-SMe)s{p-n'.n'-
OC(Me)NH}]" (2*; 1 mm) in THF/[NBuy][PF¢] a) before, and b)
and c) after addition of a large excess (17 equiv.) of HBF,/Et,O
(vitreous carbon electrode, v = 0.05 Vs™!; potentials are against fer-
rocene/ferrocenium).

Cyclic voltammetry after controlled-potential reduction
of 2* in the presence of acid (10 equiv. HBF4/Et,0) in THF
shows that a substantial amount of the starting material 2*
is still present along with product 3 after the passage of
2 and 3 F per mol of 2* (ca. 60% and 50% 2* present,
respectively).[?®l This clearly shows that the charge diverted

3880 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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to reduce protons (see Scheme 4) is larger in THF than in
MeCN. Consistent with this, addition of H* to an electrog-
enerated solution of 2 in THF leads to the formation of 2*
along with product 3 (Figure Slc in the Supporting Infor-
mation). Complex 3 decomposed upon work-up. However,
its reaction with acetonitrile affords 1*.*! This indicates
that 3 retains the {Mo,(Cp),(1-SMe)s} core and possesses
labile ligand(s) bound to the metal centres. Species such as
[Mo5(Cp)o(u-SMe);(L)(L")]* (L, L' = THF and/or H,0),
or a derivative retaining the acetamide ligand, [Mo,(Cp),(u-
SMe);(NH,COMe)(L)]* (L = THF or H,0), are possible.
It should be noted that protonation of [Mo,(Cp)>(1-SMe)s-
(u-NH,)] with HBF,/H,O in MeCN affords 1*, while a pro-
duct tentatively assigned as [Moy(Cp).(n-SMe)s-
(NH3;)(THF)]* [E}2°* = =0.39 V and 0.31 V] was obtained
by protonation with HBF4/Et,O in THE.%

As mentioned above, a major difference between the CV
experiments carried out in THF and in MeCN lies with the
detection of 2 in the former solvent, even in the presence of
a large excess of acid. The addition of MeCN to an acidic
THF solution of 2* leads to the CV detection of 1* instead
of 3 on the reverse scan (see Figures 6a and b), without a
change in the characteristics of the reduction process
()Y, (ip*i,°)"d], that is, without a change in the overall
kinetics of the following chemical reaction(s). Therefore, the
solvent-dependence of the kinetics of the reduction of 2* in
the presence of acid does not originate in the solvent-bind-
ing step itself. This would be consistent with the fact that
1* is formed from 3.

Monitoring the course of the reaction of 2 with a large
excess of acid by amperometry at a rotating disc electrode
(E =-0.6'V, on the plateau of the first oxidation of 2) indi-
catesP®!! the existence of an equilibrium between 2 and a
protonated intermediate, which would be shifted by the
slower conversion of the intermediate into products [2*
(with loss of an H atom) and 3 or 1% (with the release of
the amidato bridge upon L binding) in THF or MeCN
respectively] (Scheme 5).[321

The possibility of releasing the amidato bridge upon elec-
trochemical reduction of 2* in the presence of 10-20 equiv.
of acid in THF was confirmed by controlled-potential elec-
trolyses performed in the presence of an excess of substrate
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Figure 6. Cyclic voltammetry of [Mos(Cp)>(u-SMe)s{p-n'n'-
OC(Me)NH}* (2*; 1 mm) in THF/[NBuy][PF¢] in the presence of
a large excess (17 equiv.) of HBF,/Et,O a) before, and b) after ad-
dition of MeCN (vitreous carbon electrode, v = 0.05 Vs™!; poten-
tials are against ferrocene/ferrocenium).

(10 equiv. zBuNC). Under these conditions, the bis(isocyan-
ide) analogue of 1* was obtained in about 80% yield?®!
along with 2*, after the transfer of more than 2 F per mol
of 2*. The nature of the product was confirmed by com-

Me |+ Me
|
H\'(g H\N//q\
Me\ +1e Me\
Me -1e
Me Me
2+ 2
Me
H
H\h/
—[H] Me\ 8
Me

Scheme 5. ® = MoCp; the species in brackets was not detected.
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Me (- MeCONH,)

parison of its redox potentials with those of an authentic
sample of [Mo,(Cp)-(u-SMe)s(1BuNC),]*.134

Conclusions

The results reported in this paper illustrate an original
oxyfunctionalization of an acetonitrile bound to a bimetal-
lic sulfur core {Mo,(Cp)>(1-SMe)s} by oxygen-containing
anions, XO (X = NO, NO,, ClOs3), which initially arises
from substitution (or less likely direct attack) of MeCN by
XO, and produces the amidate complex 2%/*.

The electrochemical reduction of 2* in the presence of
acid demonstrates that the amidate bridge can be released,
since 1%, the precursor of 2*, is regenerated when the reac-
tions are carried out in MeCN. Because 2* is also formed
from 1* in a wet atmosphere,['!l the present results exemp-
lify the possibility of a cyclic conversion of acetonitrile into
acetamide.

Experimental Section

Methods and Materials: All experiments were carried out under an
inert atmosphere using Schlenk techniques. THF was purified as
described previously.33l Acetonitrile (Merck, HPLC grade) was
used as received. The fluoroboric acid [diethyl ether complex and
aqueous solution (Aldrich)], was used as received. The preparation
and the purification of the supporting electrolyte [NBuy][PF¢] and
the electrochemical equipment were as described previously.3! All
the potentials quoted in the text and figures are relative to the
ferrocene-ferrocenium couple; ferrocene was added as an internal
standard at the end of the experiments. 'H NMR spectra were re-
corded on a Bruker AC300 spectrometer. Shifts are relative to tet-
ramethylsilane as an internal reference. Complexes [Mo,(Cp),(p-
SMe);(L),]* (L = MeCN, tBuNC) were synthesised as described
previously.[1%-34]

Preparation of [Mo,(Cp),(n-SMe)z{u-n',n'-OC(Me)NH}| (2) by
treatment of 1* with NO,~ (x = 2, 3): In a typical experiment, a

Me

L MeCN

-L)
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mixture of 1% (0.0565 g, 8.9 x 10> mol) and [NBu,][NO4] (0.1445 g,
4.7x10*mol, 5.3 equiv.) in 15 mL of THF was stirred under dini-
trogen for 3 h. After filtration, the solution was taken to dryness.
The solid was dissolved in MeCN and NaBH, was added in excess
(0.017 g, 4.5x10“*mol, 5equiv.). The solution was stirred for
30 min and then filtered to remove a brown precipitate. The volume
of the solution was reduced to 2 mL under reduced pressure, and
addition of Et,O (15 mL) led to the formation of a white precipi-
tate. The latter was removed by filtration, and the solution was
taken to dryness. The solid residue was dried under vacuum. The
'"H NMR spectrum of the solid demonstrated that the amidate
complex 2 had formed. CV of the NMR sample showed the pres-
ence of 2, with a small amount of 2* resulting from the oxidation
of the neutral complex (£, °* = -0.8 V).

A similar procedure was followed for the reaction of 1* with nitrite.
[NBu][NO,] (0.0182¢g, 6.3x10°mol) and 1% (0.0418 g,
6.6 x 107> mol) were dissolved in THF (15 mL). The solution was
stirred for about 1 h, after which time it was taken to dryness. The
solid was dissolved in MeCN (10 mL) and an excess of NaBH,
(0.0164 g, 4.3x 104 mol, 6.6 equiv.) was added. After a few minutes
stirring, the solvent was evaporated under reduced pressure. Et,O
(10 mL) was added to the residue, and after 10 min stirring the
solution was filtered and taken to dryness. The solid was stirred
for 10 min in pentane (5 mL), and, after evaporation of the solvent,
the solid was dried under vacuum. As above, the '"H NMR spec-
trum of the solid demonstrated that the amidate complex 2 had
formed.
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