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Conjugate additions ta,-unsaturated carbonyl compounds via
organocuprates are among the most importan€®ond-forming
reactions available to synthetic chemidGuprate-olefin z-com-
plexes appear to be intermediates and have been observed with
o,B-unsaturated estetketones! and nitriles? With the aid of rapid-
injection technique$,we have now been able to observecom-
plexes from the prototypical Gilman reagents JaLi-Lil (1a)
and MeCuLi-LiCN (1b) and the simple (unhindered)-enone,
2-cyclohexenon&, and herein we report on their structures and
rates of formation in THF. :

Rapid injection proved invaluable for the routine preparation of 42 38 34 30 ppm
s-complexes without appreciable enolate formation, since it enabled rigure 1. 1H NMR spectra of ther-complex vinyl region at-100 °C,
the addition of2 to a solution of the cuprate at100 °C without when2 (0.5 equiv) is injected into (a)a (0.02 M), (b)1la plus added Lil
detectable warming inside the cold NMR probe. Up to #90IMR (0.02 M each), or (c}b (0.02 M). The large central peak is residual THF.
spectra were collected over the first several minutes to obtain rate
data, and then further experiments (e.g., COSY, EXSY) were
conducted for several hours, since in generaltftdmplexes were
remarkably stable under these conditions. Theomplex vinyl

separated ion pair (SSIPNOESY measurements support the meth-
yl assignments, with relatively large cross-relaxation between vinyl
H, and Mg, and between vinyl fland Mg in 3 and also irB-Lil .

region is shown in Figure 1. In the equilibriuhkl NMR spectrum Li—X
from 1la and 2 at —100 °C (cf. Figure la), two sets of peaks o/ \Li
corresponding to twar-complexes were observed at 3.80 Jd+ Q /
7.1 Hz), 3.31-0.04 and—1.08 ppm for “complex 1” and 3.68 (d, Mecume ki L e
J= 7.4 Hz), 3.23-0.23 and—1.11 ppm for “complex 2. COSY Ll A Py yQu M
confirmed the vinyl H assignments. Thd NMR spectrum from 1 2 3LiX Me,
1b and2 under the same conditions contained relatively broad vinyl
peaks at 3.78 and 3.25 ppm (Figure 1c) and two sets of methyl o—Li
peaks at—0.06 and—1.08 ppm and—0.22 and—1.08 ppm. \Me
Coalescence of the vinyl peaks is attributable to rapid chemical . ke ) oL
3LiX =—— LiX + T—Cu (2)

exchange betweem-complexes. Kk, ,\|/|

When an additional 1.0 equiv of Lil (1.3 M in TH#s) was 3 °p

added tola, and then2 was rapid-injected as usual, the ratio of

“ W " : k aX=l
complex 2" to _complex 1 mcrea_sed from 0.78 to 1.42 (Flgur_e 1+ 2 3 X + 3 b X=CN @)
1b). On the basis of the effect of Lil and the NMR data, we assign ks ¢ X = MeCuMe

structures3 and 3:-Lil to “complex 1” and “complex 2", respec-
tively. Analogously, we propose th&® and 3:-LiCN are the
exchangingr-complexes fromlb and2. The methyl group (Mg
that is bonded only to Cu i, 3:-Lil , or 3-.LICN has alH NMR
chemical shift ca—0.04 to—0.23 ppm, which is in good agreement
with that of CHCu, —0.22 ppm, prepared from MeLi and Cul in
dimethyl sulfide, where it has a small but significant solubifity.
The methyl group (Mg that is bonded to one Cu and one Li in
these structures has'el NMR shift ca.—1.08 to—1.11 ppm. A
good model for this shift is (M&uLi), 1c, which is a contact ion
pair (CIP) in ethef with a 'H NMR shift of —1.10 ppm? In
contrast,lain THF-dg (0 —1.33 ppm) is predominantly a solvent-

The vinyl 13C NMR shifts for3 were 76.4 ppm (¢) and 60.6
ppm (G).1° The former is reasonably close to the shift fay ©
82.5 ppm) in the major cuprate-olefircomplex from 6-methylbi-
cyclo[4.4.0]dec-1-en-3-onthowever, the latter is significantly
different from the shift for g in this complex § 80.9 ppm), owing
to differences in substitution at tifieposition (H vs C). The changes
in 6(*3C) upon complex formation a#C, = —54.2 ppm and\Cyg
= —89.5 ppm, and the corresponding changed(itl) areAH, =
—2.10 andAHg = —3.66 ppm. Since the resonances for the vinyl
Hz/Cs move upfield from those for KHC,, it appears that the
polarization of the double bond is reversed upon coordination to
the electron-rich Cu. Moreover, ti¢l NMR shifts for both H

* To whom correspondence should be addressed. E-mail: cogle@email.uncc.edu.and H‘ '_n then-comple).(es are upfield from the vinyl shifb @105
T Complexity Study Center. E-mail: shertz@complexitystudycenter.org. ppm, Figure 1b) for i in the enolate that results from conjugate
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e Figure 3. Rapid-injectiontH NMR data points for the reaction df with
70 65 60 55 50 45 40 35 2 at —100 °C, where the curves for the predicted rates of appearance of

F1 (ppm) m-complexes are calculated from the EXSY rate constants.
Figure 2. ™H NMR EXSY spectrum £mix = 1.0 s) of the equilibrium ) ) )
mixture of2, 3and3-Lil at—100°C in the double bond region. The arrow  from the iodo-Gilman reagent arftlsuggests that heterodiméa

indicates where the trace at the top was taken. is the reactive species as far as conjugate addition in THF is
concerned, especially in light of the fact that we do not detect a

addition. We conclude that thecomplexes have substantial enolate ) S .
P m-complex (e.g.3-LiCuMe ,) that would implicate the homodimer,

character, as predicted by Snydéand G appears to have higher ) : . L .
electron density than £ This observation explains the anomalous ,1C' Finally, we surmise that the halllde-contalnllr]g compibekal .
B-silylation of p-aryl-a,-unsaturated ketones (chlorosilanesBu is the one that undergoes facile conjugate addition, as the reaction
CulLi-LiCN) observed by Amberg and Seebdéh mixture with 2 equiv of Lil contains a significant amount of enolate

The [LilLi] * moiety in 3-Lil is similar to that in cuprate product (cf. Figure 1b), even 2t100°C.
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