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Abslracl: The addition of Me2CuLi.LiI to acyclic allyiic sulfinyl mesylates bearing a phenyl functionality in the 
molecule gives rise 10 chiral allenes 4 and 11 in variable yields and optical purities, presumably via an unusually 
stable a-copper(III) species. 

Despite numerous recent studies on the structure of organocopper reagents2 and on the mechanism of 
copper (I) mediated conjugate additions to a&unsaturated ketones and esters3 and allylic derivatives,4 some 

aspects of these useful reactions5 remain poorly understood. While the intermediacy of a O-copper(II1) adduct, 

derived from an initial d,z*-complex, is commonly accepted, experimental data supporting this adduct is 
scarce, and we are not aware of any report on the direct detection of this transient intermediate.6 In this paper 
we describe our preliminary observations on what may be an unusually stable o-copper(III) species attached to 
an sp3 hybridized carbon and its unexpected reactivity upon hydrolysis. 

At the initial stage of the development of a new strategy for the asymmetric construction of acyclic chiral 
centers via conjugate addition of organocuprates to allylic mesylates activated with a chiral sulfoxide group,7 we 
found that when the crude solution of unstable mesylate 1 (Scheme 1) was treated with Gilman cuprate 
Me$uLi.LiI in THF (-78oC or -780 -. r.t.) variable but consistently low yields (~25%) of SN2’ products 2 and 
3 were obtained. After considerable experimentation we determined, by comparison of our spectral and 
analytical data with the values in the literature, 6a that the major product of the reaction was the volatile allene 4. 

Scheme1 
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We hypothesized that allene 4 was being produced upon aqueous work-up of an unusually stable 
o-copper@) intermediate and therefore we tested different reaction conditions to promote transfer of the ligand 
on copper before hydrolysis. Indeed, refluxing the crude reaction mixture (ca. 30 min) brought about a 
substantial increase in yield (80%) without altering the diastereosblectivity of the process (Table 1, entry 2). 
Alternatively, the use of cyanocuprates, known to undergo a faster reductive elimination,8 resulted in an 
increase of selectivity and in virtually complete SN2’ displacement without requiring reflux of the reaction 
mixture (entries 3 and 4). 

TabIe 1. ReactIon belween %anocopper Reagents and Allylle SuIfiiyl Mesylates 1,5,8, 12. 

En!zYSubstrate Conditions sN2’htiO) &2’/Allene ratioh(y&j)c AlleneCcQa 

1 1 
2. 1 
37 1 
47 1 
5 5 
67 5 
Id 8 
8 8 
9 8 
10 12 

Me$ZuLi.LiI(-78o-r.t., 5h) 2:3 (4555) 4 (-00) 
Me$uLi.LiI(-780-A) 2:3 (45:55) Trace 
MeCuCNLi(-78o-r.t.) 2:3 (28:72) Trace 
MeCuCNMgBr(-78o-r.t.) 2:3 (6:94) Trace 
Me2CuLiLiI(-780-00) 6:7 (6:94) 4 (-11.00) 
MeCuCNLi(-78o-r.t.) 6:7 (6:94) Trace 
Me2CuLiLiI(-78o,2Omin) _:_ 11(+51.10) 
Me$uLiLiI(-780.4h) 9:lO (50:50) 11 
Me$uLi+LiI(-780-A) 9:lO (85:15) TraCe 
Me&uLi.LiI(-780, lh) 13:14 (28:72) Trace 

27:73 (73%) 

(80%) 
(89%) 
(80%) 

35:65 (76%) 
(81%) 

25:75 (80%) 

(85%) 

(82%) 

B In CHCl3. b Measured by integration of the tH NMR spectrum of the Crude reaction mixture. c Overall yield of pure products. 

d Under the-se conditions, ca 50% of allene 11 and ca 50% of starting material 8 were isolated after chromatography. 

Diastereomer 5 displayed a similar behavior although the formation of allene 4 appeared to be less 
favored than for 1 (entries 5 and 6). The very low optical purity found (entries 1 and 5) may be due to allene 
formation prior to complete quenching of the reagent and racemization by the excess cuprate.& It should be 
noted that other substrates tested, bearing n-Bu and Me substituents instead of Ph, did not produce any allene 
derivatives even when the reaction mixture was quenched after 15 min at -780C.7 However, subsequent 
experiments performed on pure sulfoxide 8.9 surprisingly resulted in variable yields of allene 1110 along with 
starting material or SN~’ products depending upon the reaction time. and temperature (entries 7-9). The absolute 
configuration of 11 was considered to be S by comparison of the sign of its rotation with similar allenes in the 
literature.6a Furthermore, it was observed that the ratio of SN2’ products varied with the reaction conditions, 
suggesting a faster formation of the minor adduct, perhaps due to a less stabilized Cu(II1) intermediate.11 In 
contrast, diastereomer 12 yielded only trace amounts of allene 11 (entry lO),thus showing that the steric and/or 
electronic requimments of this process are very strict. 

These results may be tentatively rationalized in terms of irreversible formation4 of a o-copper@) adduct, 
a simplified depiction of which is shown in structure 15 (Scheme 2) for the case of mesylate 8. Isomerization 
of 15 to a x-ally1 complex3,4 seems unlikely considering the clean SN~’ nature of our methodology. When 
L=Me, reductive elimination is relatively slow, especially in this particular case due to a relatively strong arene- 
copper stabilizing interaction. Subsequent hydrolysis (saturated NI-k$l) yields allene 11 by a mechanism that 
we do not fully understand but believe to be formally via anti elimination. To the best of our knowledge, this 
remarkable transformation is unprecedented in the literature. 12 It is unlikely that this unusual “elimination” takes 

place on the initial d-x* complex since quenching of these complexes generally leads to recovered starting 
mater+@ however, at the time we cannot rule out this possibility. On the other hand, in the case of substrates I 
and 5, the stabilizinginteraction between the aryl ring and copper is probably of different nature due to the 
benzylic character of the copper(II1) intermediate postulated. 
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This hypothesis is further supported by two facts: 1) Allenes 4 and 11 are obtained in high chemical 
yields but low enantiomeric purities in all cases upon reaction of the corresponding mesylates (1.5,8,12) 
with MeMgBr or MeLi (THF, OoQ.13 2) Preliminary studies with racemic tert-butylsulfinyl analogs show that 
even MeCuCNLi yields considerable amounts of allenes in some cases. Therefore it appears that the copper 

15 
Scheme 2 

mediated case does not proceed via nucleophilic displacement on sulfur14 and that a more electron donating 
sulfinyl moiety significantly favors production of the allenes presumably due to a more stabilized o-copper 
intermediate. Additionally, our observations follow closely those of Crabbe on a postulated allenylcopper(II1) 
species,& except for the final elimination step to yield the allenes. 

The scope of this procedure as a new method to synthesize chiral allenes,ls including the use of optically 
pure tert-butyl sulfoxidesl6 as substrates, as well as the utilization of these mesylates to gain further knowledge 
on the mechaniim of organocopper SN2’ displacements by attempting the detection by NMR and the isolation of 
these intermediates ate currently being addressed in our laboratories. 
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