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The 1,3_dipolar addition of ketocarbenes (generated from diaxoesters) 
to nitriles is promoted at room temperature by palladium acetate and even 
more efficiently by copper trifluoromethanesulphonate. The reduction of 
copper(H) to copper(i) is a key step in the catalytic process, as shown by 
kinetic studies, EPR and polarography. 

Introduction 

As part of a general investigation of transition metal catalyzed reac- 
tions of diaxo compounds, we recently studied the addition of aikyl diazo- 
acetates (ADA) to nitriles and observed the easy formation of oxaxoles 
(ILI) in the presence of Pd(OAc), as catalyst [l]. 

R 

RC-_ N + N,CHCOOR’ - + I 
N2 (I) 

Ln the case of unsaturated nitties (R = CHz=CH, CH2=C(C&), 
C,H5CH=CH) the competition between the triple and the double bond re- 
suits in a highly selective attack of the nitrile group (80 5% yield with maleic 
anhydride (MAN)), whereas only the olefinic function is involved in the non- 
catalytic process. 
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A recent publication by Kochi [2] on the high efficiency of copper@) 
trifluoromethanesulphonate, Cu(OTQz, as catalyst for the cyclopropanation 
of olefins, prompted us to compare the behaviour of Pd(OAc), and Cu(OTf), 
as catalysts with nitriles as substrates. We find that even better yieIds in 
oxazoles (III) are obtained when the copper salt is used instead of the pal- 
ladium s&&except for acrylonitrile (see Table 1). Furthermore the copper 
catalyst is more convenient for mechanistic studies. since it is more stable 
and &ce the oxidation states of copper are more e&y detected and the 
corresponding physico-cbemical measurements are more reliable. 

Results and discussion 

A. General catalytic behauiour 
The kinetics of the reaction (followed by measuring the volume of 

evolved nitrogen) indicate the formation of new complexes from the ini- 
the 

tial Cu(OTf)2,with consequent enhanced reactivity (Fig. 1, curves a and b). 
Thus addition of ADA to a nitrile solution of Cu(OTf)z leads initially to a 
very rapid evolution of a definite amount of nitrogen, which is proportional 
to the concentration of the copper complex; subsequently, a smooth curve 
is observed during the whole reaction (Fig. la). Addition of a further amount 
of ADA does not again cause an initial rapid nitrogen evolution; a smooth 
curve is obtained from the beginning (Fig. lb) and the rate is higher. Further 
addition of ADA does not cause any further modification to the kinetics, 
and the reaction is first order in both diaxoester and catalyst: R = k[ADA] [Cu]. 
using Cu ‘oTf( C,H ) B o.5 as catalyst (prepared by refluxing Cu powder and 
Cu(OTf), in C6H6), the same kinetic behaviour is observed as in curve (b), 

Fip. 1. SeIective fonnatian of cooper cam~kxes in un~ahu-a(ed nities. wilb 0.17 mm01 Cu(OTIJ2 

as catalyst al 30”. (a) Firstadchtion of N$HCOOCfig (II). (b) second and third addition of II. (c) 

after oxidation by O1 and (d) second xld.ition of II after oxidation. 
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Ftg. 2. (A) [Cu?‘] (III arbitrary units) measured by EPR speclrosco~~. (B) Volume of N:! formed 
during the reaction. [Cu(OTfj)zl 3.7 X lo-’ mol; [N$HCOOBul 1.76 X 10m3 mol: solvent 5 ml 
metbacrylomtnle; T 313 K. 

without any induction period. These results may be interpreted in terms of a 
preliminary reduction of copper(I1) to copper(I) species, which would cor- 
respond to the stoichiometric fast initial reaction in curve (a). 

Such reduction has been suggested by Kochi [2] in the &se of the cyclo- 
propanation of olefins; with nitriles, we have obtained additional direct evi- 
dence for the quantitative reduction of Cu” to Cu’: indeed, in the EPR spectra 
of copper(I1) trifluoromethanesulphonate solution, the signal (An = 145 Oe, 
gp = 2.333,g, = 2.051) due to Cu” disappears completely upon addition 
of ADA. Furthermore the comparison of these EPR measurements with kine- 
tic data (Fig. 2) shows that the reduction of copper(H) to copper(I) is par- 
allel to the first part of curve (a). The initial break in cme (a) is therefore 
associated with the reduction of the copper(U) ion by the d&o ester. 

Similarly, in polarographic measurements in acetonitriles, the wave (E, 
= + 1.03 V) due to Cu” disappears when a slight excess of ADA is added 
to a Cu(OTf)z solution with simultaneous appearance of a new wave (EH = 
+ 0.62 V) corresponding to reduction to Cu’. (The system Co3’Cp,C104/Co2+ 
was used as reference potentiai). 

B. Sh-uctural modifications of the catalyst 
Several results indicate the very important role played by the coordina- 

tion of ligands. First, the selectivity versus the site of attack (C=C or CZN) 
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in the case of unsaturated nitriles suggests a reaction wherein the substrate 
is coordinated by the C%N function. 

A second indication comes from the modification of the kinetics in 
the presence of solvents as different as heuane, benzene, and ethyl acetate: 
all of them dramatically depress the yield in osazole (HI), and promote the 
herization of the ketocarbene. The rate of nitrogen evolution, on the 
other hand, is considerably enhanced. It seems that the occupation of some 
coordination positions on the copper(I) complex by the substrate (nitrile 
ligands) is a determining factor in functional selectivity. This implies that 
the nitrile ligand can compete successfully in the coordination with a second 
molecule of diazo ester and so promote oligomerization reactions of the 
ketocarbene. Such compleves of Cu’ and Cu” with nitriles are welI known; 
both Cu1r(C104)2-N4 [3] and Cu11(SOXF)2-N4 [41 have a square planar 
configuration with four nitriles (N) coordinated through the lone pair of the 
nitrogen atoms. The related Cu’ complexes [3,4] probably involve the same 
type of bonding, in a tetrahedral geometry. Such a coordination is clearly 
demonstrated for CSI(OT~)~ by the IR spectra of their solutions in MAN: 
Av(C%N) in [Cu”Na]2’ = 4G cm-‘, Av(C%N) in [CU’N~]’ = 10 cm-‘_ 

Thirdly, the oxidation of the active complex by molecular oxygen, fol- 
lowed by a further addition of the diazo ester leads to curve (c) (Fig. 1). In 
contrast to the previous experiments, the rapid stoichiometic evolution of 
nitrogen due to the reduction of 6.1” to Cu’ is not observed; on the con- 
trary, a small induction time is necessary prior to the deveiopment of a 
catalytic activity even higher than that before. A further addition of the 
diazo ester (curve d) confirms that the oxidation has not reformed the ini- 
tial Cu” salt, since a novel species, which has an extremely high catalytic 
activity in terms of overall rate, is formed by the reduction in curve (c) 

(Fig. 1). The yield of oxazole, however, is decrease-d significantly under these 
conditions (from 80 down to 30 5%) and alkyl maleate and fumarate are 
formed. 

Finally, with Cu(OTf)2- Pyr,, a substantial induction period is observed 
which may be ascribed to the necessity of displacing the pyridine ligands 
prior to the reduction of copper. 

In conclusion. These results support a reaction scheme which implies 
not only a reduction of Cu” to Cu’ species, but also a determinant role of 
‘the ligands (and in particular the reactants) in forming the most efficient 
catalytic species. 

TABLE 1 

REL4CTION 1 FOR DIFFERENT N1TRlLE.S IN THE PRESENCE OF COPPER TRIFLATE 

Cond~uon~ BUM dmzoaeelak: 1.75 X 10m3N: Cu(OT02. anhydrous: 27 X 10-5M: in 3 ml RCN 
under N2 at 293 K The yields were deteumned by CLC aitb an ester stand&. 

R Oxazole yield (5%) 

H~C=C(CHJ) 80 
H$z=CH 15 
c&Igx-x=cH 50 (313 K) 

CHJ 60 

CaH5 50 
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These reactions are obviously of definite mechanistic interest in the 
coordination chemistry of diazo compounds and carbenes. Moreover, they 
have considerable preparative value, since they represent a unique direct 
route to unsaturated oxazoles involving use of only catalytic amounts of 
metal complexes (contrast to ref. 5, where large amounts of metal salts 
are used in obtaining rather low yields). Some of these oxazoles are new 
monomers, the addition polymerization of which is being investigated. 

Experimental 

Preparation of copper trifiuor~methanesulphonate. Cu(OTf), was 
prepared by dissolving copper oxide in aqueous trifluoromethane sulphonic 
acid and evaporating the solution to dryness. 

Preparation of copper(i) trifluoromethanesulphonate. CuOTf(C6Hs)o.s 
was prepared by boiling Cu(OTf), with an excess of copper powder in benzene 
under nitrogen, for 24 hours. The solution was filtered under nitrogen and 
the solvent evaporated; the residue was recrystallized from benzene under 
nitrogen. 

Preparation of copper trifluoromethanesulphonate tetrapyridine. 
This compound was prepared by adding pyridine to an aqueous solution of 
Cu(OTf),. The complex crystallized immediately, and filtered off and dried 
in vacua. 

Preparation of copper t-rifluoromethanesulphonate tetrakis(methacrylo- 
nitrile). A saturated solution of Cu(OTf), in mathacrylonitrile was heated under 
nitrogen at 40°C. Cooling to O”C, gave white hygroscopic crystals in 60 % 
yield. 

Preparation of oxazoles (III) (general procedure). The diazoacetate (II) 
(1.75 mmol) was added under nitrogen within 20 hours with an automatic 
syringe (Sage) to a solution of Cu(OTf), (0.027 mmol) in the nitrile I (3 ml) 
at 293 K. 

The corresponding oxazoles were isolated and characterized as described 
in ref. 1. 

Kinetic measurements 

The apparatus containing the catalyst was flushed with nitrogen immedi- 
ately before the introduction of the reactants. Methacrylonitrile (60 mmol) 
was added to the catalyst (0.17 mmol) and heated to 30” in a thermostatted 
bath. After dissolution of the complex, the diazo ester (1.7 mmol) was in- 
troduced through a septum by means of a syringe. 

The progress of the reaction was then followed by measuring the nitro- 
gen evolved by decomposition of the diazo ester. 

Oxidation of the catalyst during these experiments (curve c) was carried 
out simply by flushing the apparatus with oxygen, which was replaced by 
nitrogen after 5 minutes. 

EPR specb. These were recorded on a Varian El2 spectrometer in 
acetonitrile solution (90 mg Cu(OTf)? in 5 ml MAN); samples of the reacting 
mixture being cooled to 77 K, after various reaction times. 
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IR specbc. These were recorded, at room temperature, on a Perkin-Elmer 21 
spectrometer with saturated solutions of CII(OT~)~ in MAN. The shifts were 
measured with respect to v((=_N) of free MAN at 2229 cm-‘. 

Pofarographic measurements. These were carried out at room temperature 
on a Solea PR63 polarograph (three electrodes) fitted with a CMT 5/24 cap- 
illary (now characteristics: 50 cm, 0.485 mg/sec open circuit) using aceton- 
nitrile (0.25 X 10-3hZ/l) solutions of copper Oat-e. (The dropping time was 
controlled by a hammer system.) The electrolyte was a 0.2 M/l solution of 
sodium triflate. 
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