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Organocuprates have proved to be versatile tools in organic
synthesis.1 The applicability of the organocuprate reactions
could be even more powerful if the mechanisms were fully
understood. The mechanistic model often used for the addition
to enones and enoates assumes a nucleophilic addition of the
cuprate to theπ-bond.2 A transient square-planar intermediate,
the controversial Cu(III) species,3 is believed to precede the
formation of the carbon-carbon bond. Alternatively, the
reaction can be seen as an addition across theπ-bond leading
to anR-cuprio carbonyl compound.4

Low-temperature NMR investigations of enoates5 and ac-
ceptor-substituted enynes6 prove that there is a reversible
coordination between copper and the CdC bond of the substrate,
i.e., aπ-complexation, before carbon-carbon bond formation
takes place. So far no organocopper coordination to acetylenic
Michael acceptors has been detected in solution,7 mostly because
these types of substrates are far too reactive toward organocu-
prates. Electrophilic trapping,8 IR measurements,9 and NMR
spectroscopy10 of the intermediates after the C-C bond forma-
tion has taken place imply the existence of adducts with
vinylcopper structures in some cases and copper allenolate
structures in others (see Scheme 1).
In the present investigation, further insight into the reaction

mechanism for cuprate additions to acetylenic esters was gained
using13C-labeled substrates and less reactive cuprates.
The reaction oftBuCu(CN)Li11 (1) with methyl phenylpro-

piolate (2) was studied by13C NMR spectroscopy using the

unlabeled as well as [1-13C]-labeled methyl phenylpropiolate
for the correct assignment of NMR shifts. For the NMR
experiment,1 was prepared in THF by addition of 1 equiv of
tBuLi to CuCN at-40 °C. The 13C NMR spectrum of the
cuprate was recorded before a precooled solution of the substrate
in THF was added at-100 °C. The13C NMR spectra were
recorded from-100 to-40 °C at 20°C intervals. After the
reaction was allowed to go to completion at-40 °C, the sample
was recooled to-100°C and the spectrum of the adduct4was
obtained. This adduct was then quenched with water, and MS12

and NMR spectra of the product5 were recorded (cf. Figure
1d).
On copper coordination to the double bond in enoates5a and

enynoates,6b the upfield shifts observed for the C2 and C3
carbons have been attributed to a rehybridization from sp2

toward sp3 for the CdC carbons. In analogy with this, the sp-
hybridized carbons of a triple bond would be shifted downfield
uponπ-complexation. This effect is indeed observed (cf.Table
1); i.e., a downfield shift of+24.6 ppm occurs for C2 while
the difference is+43.1 ppm for C3 in3. The downfield shift
of +9.1 ppm for the carbonyl carbon (C1) is in the same range
as that obtained for enoates5 and enynes6 and is attributed to
the coordination between a lithium ion and the carbonyl oxygen.
In the 6Li NMR spectrum a new signal at 1.25 ppm appears
when methyl phenylpropiolate is added to1, which implies a
lithium coordination to2.13 For [1-13C]-methyl phenylpropi-
olate, the coupling constant1J1,2 decreases from 127.3 Hz in2
to 104.2 Hz inπ-complex3, i.e., a decrease of 23.1 Hz attributed
to a rehybridization of C2 from sp toward sp2 (cf. Table 1).
The formation ofπ-complex3 is reversible and is character-

ized by the observation of starting material when the temperature
is increased. Theπ-complex reappears on recooling the NMR
sample. The irreversible adduct formation starts when the
temperature is raised above-70°C, and the13C NMR spectrum
of the primary adduct4 formed is in accordance with an olefin
where the copper isσ-bonded to C2. A carbon resonance of a
CdC bond typically shows a shift of+45-49 ppm when
covalently bound to copper relative to hydrogen.14 This can
be compared with the downfield shift of+37.7 ppm for C2 in
adduct4. The only product seen after protonation,5, has the
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Z-configuration.15 This indicates that the intermediate adduct
4 is obtained through a stereoselective syn addition.8a,16 The
assignment of chemical shifts in the spectra above (Figure 1)
was further supported by the NMR investigations of1 with
methyl 4,4-dimethyl-2-pentynoate (6) and its two13C-labeled
analogues, labeled at C1 and C3, respectively.17 The decrease
of 62 Hz in 1J2,3 upon π-complex formation (7) firmly

establishes that the triple bond is coordinated to the cuprate.
Accordingly, the coupling constants1J2,3 of enoates and
enynoates experience a decrease of 23 Hz uponπ-complex
formation.6b The coupling constant (1J2,3) of 94.5 Hz17 for 7
indicates a hybridization state more like sp2 than sp. No
characterization of the adduct could be made since the reaction
of 1 with 6 was too slow even at-20 °C,18 possibly due to
steric hindrance.
In conclusion, the addition oftBuCu(CN)Li (1) to methyl

phenylpropiolate (2) is suggested to start by the reversible
formation of aπ-complex at temperatures below-90 °C. Data
for the adduct formed at higher temperatures corresponds well
to data for vinylcopper compounds. Further work is underway,
including a wider range of cuprates with labeled acetylenic esters
as well as the evaluation of6Li NMR.
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Figure 1. 13C NMR spectra of the reaction sequence on mixingtBuCu(CN)Li (1) and methyl phenylpropiolate (2) in tetrahydrofuran/pentane at
-100 °C. The upfield resonance in THF-d8 is set to 25.37 ppm. (a)13C NMR spectrum of2 in THF-d8. (b) Spectrum, interpreted to be a copper
acetyleneπ-complex (3), after mixing1 and2 at-100 °C. Excess cuprate used (2:1) is labeled as CN. (c) After the temperature is raised to-40
°C and then recooled to-100 °C, the spectrum of the primary adduct (4) is observed. Due to considerable broadening, the CN signals of3 and4
are not observed in the spectra. (d) Spectrum of the hydrolyzed reaction mixture (5) in THF-d8. Phenyl peaks appear in the range 125-135 ppm.

Table 1. 13C NMR Chemical Shiftsa (δ) and13C,13C Coupling
Constants (Hz) in the Reaction betweentBuCu(CN)Li (1)b and
Methyl Phenylpropiolate (2) in Tetrahydrofuran/Pentane

C1 C2 C3 C4 OMe 1J1,2

2 154.6 81.1 85.8 120.1 53.4 127.3
π-complex (3)c 163.6 105.6 128.8 125.6 52.0 104.2
adduct (4) 183.5 153.3 157.1 143.8 51.2 49.3
product (5) 166.8 115.6 168.5 139.2 51.2 75.8

a δ monitored at-100 °C and referenced to the upfield resonance
in THF-d8 at 25.37 ppm.b The CN ligand in the cuprate appears at
148.58 ppm.cC3 and C4 peaks in3 have been assigned in analogy
with π-complex7 obtained from C3-labeled6.
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