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The past two decades have witnessed remarkable developments
concerning the use of organocuprates as tools in synthetic organic
chemistry,! particularly in stereoselective synthesis.2 Whereas
the 1,4-addition to enones and enoates is still the most important
reaction of cuprates, 2 the synthetic potential of conjugate cuprate
additions has recently been extended by the 1,6- and 1,8-addition
reactions to 2-en-4-ynoates and 2,4-dien-6-ynoates, respectively,
which open a versatile access to richly functionalized allenes.?
From the mechanistic point of view, these reactions exhibit striking
similarities: in all cases, w-complexes of the cuprate at the C-C
double bond adjacent to the carbonyl function are formed, as has
been shown by different groups* for 1,4-addition and by us’ for
1,6- and 1,8-addition reactions. The structural assignment of
these w-complexes is based on the chemical shifts observed in
their 3C-NMR spectra: coordination of a copper atom with the
w-system induces large upfield shifts for the resonances of the
C-C double bond, whereas an interaction of a lithium atom of
the cuprate cluster with the carbonyl oxygen atom causes small
downfield shifts of the carbonyl resonances.#¢ These investi-
gations, however, are unsatisfactory with regard to two prob-
lems: (i) it is difficult to draw conclusions about the bonding
situation (bonding order, hybridization) of the complexed Michael
acceptor from chemical shifts and (ii) no information about the
structure of the cuprate part of the m-complexes could be obtained.
Inview of thesedifficulties and of the importance of the r-complex
formation for the mechanism and consequently the stereoselec-
tivities of conjugate cuprate additions, we sought to gain additional
information about the structure of cuprate w-complexes by
determination of 13C,13C coupling constants, since these are known
to be very sensitive toward the bonding situation.” To the best
of our knowledge, no investigations of this type have been reported
so far.?

Toward this end, we synthesized three 13C-labeled 2-en-4-
ynoates 1 with labels at C-2, C-3, and C-5, respectively, and
converted them into the w-complexes 2 by treatment with lithium
di-tert-butylcyanocuprate (¢-Bu,Cu(CN)Li;) in THF asdescribed
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Figure 1. 3C-labeled r-complexes examined in this work (*Je,c coupling
constants given in hertz).

earlier.® The !J¢ ccoupling constants for the starting enyne were
determined independently by an INADEQUATE experiment
using the unlabeled material; the values found (see Figure 1) are
in the expected range.” A comparison of the 1*C,13C coupling
constants of w-complex 2 with those of the uncomplexed enyne
shows that the coupling between C-2 and C-3 decreases con-
siderably from 74 to 51 Hz upon #-complex formation, whereas
all other 1J¢,c constants remains virtually unchanged (see Figure
1). This finding proves unambigously that the cuprate is
coordinated to the C—C double bond of 2-en-4-ynoate 1, whereas
no interaction with the w-system of the triple bond is taking
place.

Similar results were obtained for 7-complexes 3° (formed by
treatment of 3-[13C]methyl cinnamate with ¢-Bu,Cu(CN)Li, in
THF) and 4'° (from (E)-3-[13C]-6,6-dimethyl-2-hepten-4-ynen-
itrile and Me,CuLi-LiI in CD,Cl;/Et,0), respectively. Com-
parison of the chemical shifts of the free Michael acceptors with
those of these w-complexes shows in all cases the characteristic
behavior mentioned above, i.e., drastic upfield shifts for the signals
of C-2/C-3 and small downfield shifts for C-1.%10 As found
earlier for 1/2,5 the resonances for the C—C triple bond of
enynenitrile 4 areshifted together upon w-complexation, but their
average shows no characteristic upfield or downfield shift. In
the NMR spectra of complex 3, two species are observed, a
behavior that might be due to the presence of geometric isomers
of dimeric or larger clusters; however, 13C,13C coupling constants
could only be determined for the major species. Thus, for 3 a
value of 'J,3 = 49 Hz was found; the corresponding coupling
constant for uncomplexed methyl cinnamate is 1J,3 = 72 Hz.
Analogously, the value for 1J, ; decreases from 77 to 54 Hz upon
formation of w-complex 4;11 here, only one species is observed in
the NMR spectra. Although there are small differences between
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(1 1) This was also found in the 'H-NMR spectra of x-complex 4 (without
13C-label): the resonances of 2-H and 3-H (8 = 5.60, 6.46 in the free enyne)
are shifted upfield upon x-complex formation (§ = 2.22, 2.63), and the vicinal
coupling constant decreases from 3J,3 = 16.2 to 11.3 Hz.®
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the values of 1J, 3 for the three complexes 2—4, the decrease induced
by formation of the w-complex is identical for all systems examined
(AJ =23 Hz). A comparison of these values of 1/, 3 (49-54 Hz)
with the C—C coupling constants observed for 1,3-butadiene (1J; 2
= 68.6 Hz, 1J,3 = 53.7 Hz") reveals that the hybridization of
this bond in the w-complexes is similar to that of a single bond
connecting two carbon atoms with sp? hybridization.'? Inter-
estingly, this bonding situation is also present in the allenyl enolate
formed by 1,6-addition, where a single bond at C-2/C-3 is flanked
by the allene moiety and the enolate double bond.
Intriguingly, the use of 13C-labeled Michael acceptors provided
also for the first time an insight into the cuprate part of a
w-complex. In the 13C-NMR spectra of w-complex 4 formed
from (E)-3-[13C]-6,6-dimethyl-2-hepten-4-ynenitrile and Me;,-
CuLi-Lil, two resonances for methyl groups bound to copper
and/or lithium were observed at § =-5.1 and ~10.7, respectively;
whereas the former is a singlet,!3 the latter shows a coupling with
the labeled carbon atom with a coupling constant of J = 12 Hz!
This means that of the two different metal-bound methyl groups
present in this w-complex, only one is close enough to the C-C
double bond of the Michael acceptor to show a 13C,13C coupling.
This finding is in accordance with a representation of the cuprate
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part of this w-complex as in formula 4; here, the methyl group
between copper and lithium shows a coupling with C-3, whereas
the second one attached to lithium does not. Connection of two
or more of these entities over Me-Li-Me bridges might give
dimeric or larger clusters of this type.l415 Interestingly, the
coupling constant of 12 Hz in w-complex 4 is about half the
values found by Bertz for the coupling between R and CN in
cyanocuprates RCu(CN)Li(20-24 Hz) ¢ indicating that the order
of the 7-bond between the olefin and the copper in 4 is about half
that between CN and copper in RCu(CN)Li.

To summarize the results of this work, it has been found by
determination of 13C,13C coupling constants that in m-complexes
of enoates and 2-en-4-ynoates with organocuprates a complexation
takes place at the C—C double bond but not at an adjacent triple
bond; upon w-complexation, the bonding order of the C—~C double
bond is lowered considerably (hybridization of a single bond
between two spZ-hybridized carbon atoms). In the case of
w-complex 4, the observation of a coupling with only one of two
spectroscopically different metal-bound methyl groups provided
an insight into possible structures of the cuprate part of this
complex.
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