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Report:

The addition of two equivalents of alkyl lithium to CuCN gives a so-caled cyanocuprate reagent,
RoCueLi,CN. These reagents are of substantial interest in organic chemistry because of their high, yet
selective, reactivity. Thus, addition of cyanocuprates to enone substrates results in rapid, but selective 1,4-
addition (Equation 1). In contrast, the alkyl lithium starting material alone gives 1,2-addition (Equation 2).
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Although the reactivity of the cyanocuprate reagent was originaly attributed to the formation of a
three-coordinate Cu-cyanide complex1-2 (sometimes referred to as a "higher-order" cuprate), a variety of
recent results3-5> have shown that, in fact, the Cu is two-coordinate in this species, and that it is best described
by a structure such asthat in (3). In particular, EXAFS spectra of CUCN + 2RLi show clear evidence only for
Cu-C scattering from the akyl groups, and XANES spectra show the intense pre-edge transition that is
characteristic of two-coordinate linear Cu(l).>
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Previous work has shown that methyl-trans-cinnamate (the enone substrate shown in Equation 4) reacts
with cuprate reagents by initial formation of a n-bonded complex. NMR studies® showed that addition of
methyl-trans-cinnamate to solutions of MexCuLi at low temperature resulted in formation of a stable
intermediate arising from m-complexation of the enoate to the copper center. The XANES spectrum? of this
solution was found to be dramatically different from that of either MeoCuLi or MeoCuLi + CN-. The 1s- 4p
transition was significantly reduced in intensity on formation of the n-complex, consistent with an increase in
the copper coordination sphere from two to three (counting the m-bond as one bond). Subsequent studies
(Barnhart and Penner-Hahn, unpublished) showed that a spectroscopically identical intermediate is formed
when methyl-trans-cinnamate is added to Me,CueLi,CN, as shown in the first line of Equation 4.
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The static EXAFS and NMR results summarized by the first line of Equation 4 provided a first glimpse
into the mechanism of the reaction. The present experiments were designed to obtain a better understanding
of the detailed mechanism of this reaction, and in particular to probe the structure of the intermediates
represented by the two arrows in the second line of Equation 4.

Using the stopped-flow XAS equipment on ID-24, time-resolved XAS spectra were measured with 100
ms time resolution for the first 1.5 s of the room-temperature reaction of CuMe2sLi2CN + methyl-trans-
cinnamate, and every 0.9 sec for the first 30 s of the reaction. The resulting XANES spectra are shown in
Figs. 1 and 2, respectively.

Figure 1 Series of spectra taken every 100ms Figure 2 Series of spectra taken every 0.9s for
for the first 1.5s of the reaction. the first 30s of the reaction.



These data show that the three-coordinate m-complex (Equation 4) is already formed at the earliest times
of the reaction. This can be seen by the low amplitude of the 1s- 4p transition. During the first phase of the
reaction, the Cu site changes, but appears to be remain 3-coordinate. The retention of an approximately 3-
coordinate structure is shown by the lack of change or thels- 4p transition, while the presence of some
structural change is indicated by the increase in the intensity of the intense main edge transtion. This main
edge transition evolves from a nearly single peak to a pronounced double peak by 1.5 s. Subsequently
structural evolution involves reformation of a two-coordinate Cu species, as indicated by the increase in the
intensity of the 1s— 4p transition for times> 1 s.

Detailed interpretation of these data together with interpretation of the EXAFS data is in progress.
Ultimately, it should be possible to determine the rates of the different reactions and to determine the
structure of the intermediates that are formed during the reaction. Already it is clear, however, that there exist
at least two different 3-coordinate complexes during the reaction shown in Equation 4.

1 For reviews of cyanocuprate chemistry, see: @) Lishutz, B. H.; Sengupta, S.; Org. React. 1992, 41,
135. b) Lipshutz, B. H. Synlett 1990, 3, 1109.

2. Lipshutz, B. H.; Sharma, S.; Ellsworth, E. L. J. Am. Chem. Soc. 1990, 112, 4032.

3. a) Bertz, S. H. J. Am. Chem. Soc. 1991, 113, 5470. b) Bertz, S. H. J. Am. Chem. Soc. 1990, 112,
4031. c) Bertz, S. H.; Dabbagh, G. J. Am. Chem. Soc. 1988, 110, 3668.

4. a) Snyder, J. P.; Spangler, D. P.; Behling, J. R.; Rossiter, B. E. J. Org. Chem. 1994, 59, 2665. b)
Snyder, J. P; Tipsword, G. E.; Spangler, D. P. J. Am. Chem. Soc. 1992, 114, 1507. c) Snyder, J.P,;
Bertz, SH., J. Org. Chem., submitted.

5. Stemmler, T. L.; Barnhart, T. M.; Penner-Hahn, J. E.; Tucker, C. E.; Knochdl, P.; Bohme, M.;

Frenking, G. J. Am. Chem. Soc. 1995, 117, 12489-12497, and references therein.

Ullenius, C.; Christenson, B. Pure Appl. Chem. 1988, 60, 57, and references therein.

Barnhart, T. M.; Hui, H.; Penner-Hahn, J. E. J. Org. Chem. 1995, 60, 4310-4311.

N o



