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The lack of thermal  stability associated with Gilman reagents 
( R2CuLi) composed of allylic ligands, recently demonstrated in 
these laboratories,2 can be used to rationalize the scarcity of 
successful organocopper reactions involving allylic cuprates in the 
past decade.3 Indeed, even the preparation of dimeric (allyl),CuLi 
at -78 "C affords significant percentages of Wurtz-like coupling 
material ( IS-hexadiene) together with aggregate (allyl)3Cu2Li,2 
which as a class of reagents is known to have considerably different 
chemical reactivities! To circumvent these problems of reagent 
preparation and thermal instability, we  now report a novel route 
to higher order (HO) allylic cyanocuprates based on direct  
t ransmetalat ions of precursor allylstannanes. The species so 
formed by this process (Le., R2Cu(CN)Li2, R = an allylic group) 
are stable at 0 'C yet are extremely reactive toward substitution 
reactions (vide infra).s 
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Table 1. Substitution Reactions of Allylic Cuprates Formed via 
Transmetalations of Allylic Stannanes with Me2Cu(CN)Li2 at  0 'C 
in T H F  for 30 min 

Entry Educt Resgenl Condlllonr Producl(a)* Vleld(%)b 

0'10 ''3'- 98 
rl. 12h 

OH OMa 

CU(CN)LIz -78", 74' 
15 mln 

"Chromatographically pure; fully characterized by IR, NMR,  MS, 
and HRMS data. blsolated. C A  5:l  ratio of E:Z isomers. dTen 
equivalents of Me2S added. 'Also contained 20% of the product of 
n-attack. fBased on recovered educt. ZA 2:l mix of y:a (Z + E) 
isomers. *Yield obtained by using the corresponding LO crotyl- 
c ~ p r a t e . ' ~  ' A  9:l mix of y:a (E) isomers. 

Scheme I 

(n-Bu),Cu(CN)U R O  

+ SM 

(ea. 60%) (ea. 40%) 

\ q C W W  ~ ono - 
THF, .78', 4 5  mln 

(83%) 

Treatment  of allyltributylstannane with 0.5 equiv of the  trivial, 
MeLi-derived cyanocuprate Me2Cu(CN)Li2 at 0 "C for 30 min 
affords cupra te  1 essentially quantitatively, as judged from IH 
NMR analysis (complete disappearance of t h e  methyl signal at 
6 -1.50 ppm)' and assessment by quantitative V P C  (measurement 
of MeSnBu3 formed vs an internal standard). Similar conditions 
can be employed with other  allylic stannanes, including those 
containing methallyl,8 crotyl, and prenyl groups (eq l).9 

(6) Lipshutz, B. H. Synthesis 1987, 325. Lipshutz, B. H.; Wilhelm, R .  
S.; Kozlowski, J .  A. Tetrahedron 1984, 40, 5005. 

(7) Lipshutz, B. H.; Kozlowski, J. A.; Wilhelm, R .  S. J .  Org. Chem. 1984, 
49, 3943. 

(8) VPC analysis of the transmetalation of methallyltributyltin indicated 
that this exchange went to the extent of ca. 85%. Due to the large difference 
in reactivities between the allylic cuprate and MqCu(CN)Li2, however, there 
was no competition by the alkylcuprate in subsequent alkylations (Le., no 
methyl transfer under the conditions employed). 

(9) The transmetalation process is sensitive to the quality and the manner 
in which the stannanes are stored. Hence, for maximum results, allylic tin 
reagents should be as pure as reasonably W i b l e  and stored in glass containers 
without using rubber septa (polyethylene stoppers are acceptable). 
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Although formed at 0 OC, HO allylic cuprates are best utilized 
at low temperatures with most sp3-based electrophiles. Our data 
in Table I are highly suggestive of the variety of substrates that 
participate in these mild and efficient couplings.I0 Moreover, 
the following noteworthy features deserve special comment: (1) 
diprenylcyanocuprates, which react with epoxides by way of 
a-attack (entries 2 and 4), reverse this trend with halides where 
attachment at the y-carbon prevails (entry 6); (2) crotylcuprates 
likewise react preferentially with halides at the y-locale (entries 
7 and 9); (3) cyclic epoxides (e.g., entry 3), highly prone toward 
Li+-induced rearrangement to cyclic ketones," undergo clean 
displacement with minimal Lewis acid related side-product for- 
mation; (4) the presence of heteroatoms, in particular sulfur (entry 
6) and nitrogen (entry 7), which can oftentimes perturb cuprates 
by their copper and lithium ion sequestering properties, respec- 
tively, do not alter these reactivity patterns; (5)  use of lower order, 
Gilman-like cuprates tend not to effect these displacements (see 
entry 7). 

Perhaps most significant, in strong testimony to the intense 
reactivity of these allylic cuprates, is their ability to displace 
primary, unactivated chlorides. Normally, even with the most 
reactive of Gilman cuprates (i.e., those containing sp3 carbon- 
copper bonds), chlorides are unacceptably slow at 0 OC1* and are 
rarely used at  room temperatureI3 due to competing cuprate 
decomposition. Even higher order dialkylcyanocuprates normally 
require several hours at 0 OC to consume starting material.12 By 
comparison, allylic cuprates effect this transformation at -78 OC 
in minutes (Scheme I).14 

I n  summary, a new method for forming relatively thermally 
stable allylic cuprates has been discovered. These reagents appear 
to be among the most reactive cuprates presently known toward 
substitution processes. The preparation relies on ligand-exchange 
eventsI6 between alkyl cuprates and allylic stannanes, which 
completely eliminates the need for prior generation of allyllithium 
intermediates. 
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The nature of the 2-butyl cation has been the subject of many 
experimental and theoretical investigations and affords a con- 
tinuing challenge for the structural chemist. This is the smallest 
secondary carbocation that can be stabilized by either C-C or 
C-H hyperconjugation. 

The 2-butyl cation was first observed in superacid solution at  
-1 10 OC.I The IH N M R  spectrum at  -140 OC revealed only 
two peaks due to the very rapid 2,3-hydride shifts. The barrier 
must lie below 2.4 kcal/mol.2 This rearrangement could not be 
frozen out even on the I3C NMR time scale in the solid state a t  
-190 0C.3 Since the rate of such chemical exchange processes 
is often reduced in the solid state, this hydride-shift barrier in 
solution might be considerably less than 2.4 kcal/moL3 The fully 
IH coupled 13C N M R  spectrum shows a coupling pattern that 
agrees with a rapidly exchanging cation, where each central carbon 
is coupled simultaneously (on the N M R  time scale) to the three 
central hydrogens4 By analyzing the isotope effects and their 
temperature dependence on both the IH and I3C N M R  spectra, 
Saunders and Walker concluded that the best fit was obtained 
with a model assuming two structures to be present.5 It was 
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