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C—C Bond Cleavage of Acetonitrile by a Dinuclear Copper(ll) Cryptate
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Molecular recognition has been defined as a process involving
both binding and selecting of substrate(s) by a given receptor
molecule! Polyaza cryptands, incorporating tripodal skeleton
groups, possess two binding subunits located at the two poles of
the structure, so they can act as good receptors for linear molecular
recognition? These cryptands are also capable of dinuclear metal
coordination, and these dinuclear centers have in turn been shown
to recognize various bridging anions suchua®H-, 34 4-CO;~,°
#-OCN~,8 u-N3~,” andu-im~ (im~ = imidazolate anionj.Recently,
Kramer reported that a dinuclear macrocyclic copper compound
shows high recognition for the cyanide anion and can be used as a
cyanide-selective electrode.

The activation of carboncarbon bonds by transition metal  Figure 1. ORTEP drawing of the [GAL(CN)]3* cation in 2. Thermal
complexes in homogeneous media remains a challenge in the fieldellipsoids are drawn at the 30% level.
of organometallic chemistif. In most cases, metals catalyze the
hydration of nitriles to amide¥. However, Parki#? has shown immediately measured
recently that photolysis of [M&i(CsMey),]MOH,, in the presence 025 after 1 day
of acetonitrile results in oxidative addition of the-C bond of af{i;f?
acetonitrile to form [Me—Si(CsMey),]Mo(Me)(CN). Jone¥ also 5. 20 inDMF
showed that reaction of [(dippe)NikHvith benzonitrile leads to
(dippe)Ni(Ph)(CN) oxidative addition. More recently, BrookR&rt
reported that a cationic Rh(Ill) complex [Cp*(PNRh(SiPh)(CH,-
Cly)]BAr, activates the carbercarbon bonds of aryl and alkyl
cyanides (R-CN, where R= Ph, (4-(CR)CsHa), (4-(OMe)GH,),
Me, 'Pr, 'Bu) to produce complexes of the general formula
[Cp*(PMe3)Rh(R)(CNSIiPRB)]BAr4'. The above activation of €C 0057
bonds is accomplished by air-sensitive metallorganic compounds
through any!- or n?-nitrile intermediate, probably due to the high 0.0
affinity of molybdenum, nickel, and rhodium for carbon atoms.

We report I_1ere a novel€C bond cleavage of acetonitrile by an Figure 2. The electronic spectra df in acetonitrile at room temperature
air-stable dinuclear copper(ll) cryptate at room temperature, where g5 a function of time.

the activation of the €C bond is due to the favorable formation

of a stable cyanide bridged dinuclear copper(ll) cryptate.

The dinuclear copper(ll) cryptate [@L(CIO,)4, 1, was pre-
pared* by the reaction of L and Cu(Cly+6H,0 in methanol (L
= N[(CH2):2NHCH,(CsH4-p)CH2NH(CH,)2]sN). When [CuL]-
(ClO4)4 was dissolved in acetonitrile, and the solution was allowed
to evaporate slowly at room temperature, an unexpected cyanide
bridged complex [CsL(CN)](ClO4)3°2CH;CN-4H,0, 2, was ob-
tained. An X-ray crystallographic analySigeveals that the two
copper(ll) ions in2 are bridged by a cyanide anion (Figure 1). Each
Cu(ll) ion is five-coordinated with a slightly distorted trigonal
bipyramid geometry, in which Cu(1) is coordinated with four
nitrogen atoms on one side of L and one bridged cyanide nitrogen
atom, and Cu(2) is coordinated with four nitrogen atoms from the
other side of L and one bridged cyanide carbon atom. The €u(1)
Neyanigebond length (2.039(6) A) is longer than the Cu{Z) bond
length (1.975(5) A), while it is shorter than the other-Nyptand
bond lengths (2.090(4)2.160(4) A). The two bridgehead nitrogen
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atoms, two Cu(ll) ions, and cyanide anion are almost collinear with
N(1)—Cu(1)-N, Cu(1}-N—C, N—C—Cu(2), and C-Cu(2)—N(2)
angles of 179.3(2), 179.6(4), 179.5(5), and 179 (@Bspectively.
The C-N distance of 1.150(6) A and Cu(t)Cu(2) separation of
5.163 A are comparable to those in other cyanide bridged dinuclear
copper(ll) complexe%®

The electronic absorption spectra bfand 2 show maximum
absorption bands at 699 nm in DMF and 887 nm in acetonitrile,
respectively, indicating that the geometry of copper(ll) is a
compressed tetrahedralirand a trigonal bipyramidal i@.1” When
KCN solid was added to a solution tfin acetonitrile, the color of
the solution changed quickly from blue to emerald green, and the
maximum absorption band of the solution coincided with that for
2, indicating that the cyanide bridged dinuclear copper(ll) complex
formed very quickly. To monitor the cleavage proce$swas
dissolved in acetonitrile, and the electronic absorption spectra were
recorded at room temperature as a function of time. The results
are shown in Figure 2. Initially, the electronic absorption spectrum
shows two bands at 700 and 889 nm with similar intensity,
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H, H,0H + H' this is a clear demonstration that the activation of theGCbond
I —|4' e~ 4+ 3+ of acetonitrile is due to the favorable formation of a stable cyanide
(—NH HN‘> (_Nfrj\m HN—§| (—N HN—;I bridged dinuclear copper(ll) cryptate. This mechanism is different
”o W ety Q . 0— -O from those reported involving®- or #?-nitrile intermediate$%.12.13
\_NH ! W \_NH — NFi i Currently, we are investigating the- bond activation of other
N ® PN NH o A ] - HN— alkyl and aryl cyanides byl. Preliminary results indicate thdt
1 > can also cleave the-6C bond of benzonitrile at room temperature

to produce phenol and the cyanide bridged complexI[GTiN)]-

Figure 3. Possible cleavage mechanism. (ClOy)s:

1 day, the absorption spectrum is similar to that of @jiedicating
that complexl reacted completely to form compléx After that,
the absorption spectra did not change with further standing.
Formation of the cyanide bridged dinuclear copper complex in Here, the cleavage rate for benzonitrile is much faster than that for
acetonitrile was also confirmed by ESI-MS spectroscopy on a acetonitrile as the cleavage reaction appears instantaneous upon

[Cu,L]*" + PhCN+ H,0 — [Cu,L(CN)]*" + PhOH+ H*

Thermo Finigan LCQDECA XP ion trap mass spectrometer (see mixing 1 and benzonitrile as assessed by ESI-MS spectra.

Supporting Information S1). Initially, an acetonitrile solutionlof
shows three peaks due to [{L{P", [Cu,L]?", and [CuyL (ClO4)]*.
After the solution was heated at 3CQ in a sealed tube for 1 day,
the above three peaks are not observed, and three new signal
attributed to [CuL(CN)]3*, [CwL(CN)]*, and [HL]" are observed.
The appearance of [HIt]is probably due to the reduction of Cu-
(I1) to copper metal during the ionization process.

The cleavage reaction involves the-C bond activation of
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results (see Supporting Information S2) indicate that methanol is
formed when an acetonitrile solution df was left at room
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