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Organocuprates have been of extensive use in synthetic
chemistry}=3 To add further versatility to the organocopper
reagents recent developments have focused on utilizing chiral
amines to gain enantioselectivity in the reactién§.A thorough
understanding regarding the structure and mechanism of these
reagents are therefore of special importance for ligand optimiza- 2
tion. Rossiter and co-workers experimentally identified the crucial 4 3
moieties in an amidocuprate reagent with respect to chemical yield
and enantiomeric excess (€. structure for the reactive chiral
lithium amidocuprate complex was tentatively proposed, mainly
based upon some previous work by Dieter and co-workerke pure THF
lithium amidocuprate complex was proposed to adopt a dimeric a ! . it - ]
structure in relatively nonpolar solvents such as diethyl ether 30 25 20 15 10 05 ppm
(DEE). Figure 1. 5Li NMR spectra of2 at —50 °C in (a) DEEd;q, (b) DEEd;o

The solution structure and dynamics of a lithium amidocuprate with 0.75 equiv of THFes, (c) DEEd;o with 1.5 equiv of THFds, (d)
prepared from the lithium salt of§-15N-methyl-1-phenyl-2-(1- DEE-dyo with 8.6 equiv of THFds, (e) THFds. The fLi NMR signals
pyrrolidinyl)ethanamin® (1) and n-butylcopper, have been  were referenced using a 0.3M LiCl solution in methado{d 0.0 ppm).
studied by NMR spectroscopy. This constitutes the first structure
of a chiral lithium amidocuprate complex in solution. The solvent  The singlet avd 0.84 ppm originates frorfLil formed in the
dependent structural changes account for the effects on chemicapreparation of the lithium amidocuprate. A heterocorrelated 2D
yield and stereoselectivity observed. 6Li,5N NMR spectrum verified that the twii doublets correlate

The lithium amidocuprate complex was analyzed using 1D and with only oneN atom indicating a Li-N connectivity consistent
2D experiments based dhi-, 6Li-, 3C-, 1N NMR correlation with a [(lithium amide)/6-BuCu)kL complex2,'® see Scheme 1.
spectroscopies$Li'®>N NMR coupling patterns and magnitudes. The magnitude of théLi >N NMR coupling constants are very
The amidocuprates were generated in situ, employing conditions dependent upon the coordination number at the lithium rather than
used in general synthetic applications. An NMR tube was charged the aggregation state. This has been verified both experimentally
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®
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sequentially with Cul (94.2 mg, 0.49 mmol), 600 of DEE- and by computational meafsThe difference irfLi 1N NMR
dio, aminel (89 uL, 0.49 mmol), anch-BuLi (0.98 mmol) at coupling constants i2 indicate that there is a difference in the
—70 °C. The reaction mixture was heated-t@0 °C for 1 min coordination environment at the lithiumisThe observation of
to allow formation of the lithium amidocuprate complex. The only one benzylic and quaternal§C NMR signal atd 72.4 and

NMR spectrum of the resulting chiral lithium amidocuprate 149.0 ppm, respectively, at50 °C, showed that the reaction
complex at—50 °C displayed a singlet ad 0.84 ppm, two solution only contains one major compl&In the *H NMR

doublets in a 1:1 ratio centered @tl.91 ppm, withJ 6Li, >N = spectrum of2 in DEE at—50 °C one signal appears at—0.30
4.9 Hz, and a second doublet centeredda2.01 ppm,J ppm. This signal could be assigned to thenethylene protons
6Li, 15N = 5.9 Hz Figure 1a. in the complexed-BuCu?® Upon titration of the above solution

with THF the 6Li NMR signals showed significant changes in
chemical shifts. After addition of 8.6 equiv of THF, tieé NMR
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Scheme 1 SLi NMR at T=-70°C in DEE-d,
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Figure 2. 6Li NMR spectra of2 in DEE-d;o with approximately 1.5
equiv of n-BuLi with respect tol, showing the comple®, 3, and Lil.
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The appearance of diastereotopiemethylene protons due to
i o complexation ofn-BuLi to chiral lithium amides has previously
been reported? Raising the temperature well above0 °C for
10 min, however, results in the disappearance of albthmeeth-
ylene proton signals from-BuCu in 2. Vinylic proton signals
appeared ab 4.96 (2H) and 5.86 (1H) due to 1,2-elimination of
n-BuCu to butene.

The doublet ap 1.61 ppm was tentatively assigned to lithium
amidehn-BuCu complex3 (Scheme 1).
The incremental additions of THF also resulted in two new

sets of benzylic*C NMR signals av 72.0 and 73.1 ppm and To summarize, the findings from our NMR spectroscopic
two new sets of quaternafiC NMR signals ab 148.5 and 151.0 studies show that the complex initially formed is indeed the

ppm, respectively? This is consistent with the formation of two o )
new species, in concordance with the observations made in thedlmerlc structure proposed by Rossiter and co-workéfen

: . excess or neat THF is used, the equilibrium disfavors the
-6L| NM-R spectra. Attemptr?'d preparauqnbfn pure THF resulted amidocuprate complexeésand 3 for the c(ilimeric lithium amide
in aSLi NMR spectrum displaying &Li NMR triplet at & 2.68 P P

6| i 15N — P complex4 and n-BuCu. The released-BuCu is not stable in
gpsrir:]éjle:';téNo 844'&222;0?:%?&'”9] from the comple#, and THF or DEE at temperatures aboves0 °C, affording butene.

A DEE solution of2 was also titrated with tetrahydrothiophene Thuzs, th((ejr?s a difference (|jn Ec,tab|l|ty mBu?u gﬁg”goﬁﬂp'ﬁ’f ed

(THT). At 2.8 equiv of THT, théfLi NMR spectrum at-55°C ' < @nd s as comparéd 10 noncompiexawbuiu.= 1ne

. ’ - ' ... decomposition of the amidocupra?eto 3, and finally to4 and
showed insignificant changes both with respect to chemical shift noncomplexed-BuCu, will also result in loss of enantioselec-
and coupling constants of the signals originating frartlearly, tivi '

L o ivity.

THT show weak coordination to the lithiums tand therefore The ee and yield obtained by Rossiter and co-workers using
does not have the ability to dissoci&énto 3. A search in the ; - ;
CSD crystallographic database revealed no examples of sulfurDEE’ dimethyl sulfide (DMS), and THF can be explained as

g ; L follows; in DEE the yield and ee are high as the reactive
coordlnathn to diagonal Cu.(l), a7nd therefore coordination of THT amidocuprate compleg is intact. In DMS, on the other hand,
to copper in2 seems less likel¥’

A trol . ; ¢ d to obtai . the ee was found to drop, but the yield was still high. This is in
high igﬂégnﬁggggmlgPstv:vaespgggrjgrrﬁrrn&eu Cﬁ i?w Dalérlg Z?T%?g agreement with our findings whehwas titrated with THT; the
. . h o complex 2 was found to be intact, suggesting a very weak
by adgglodn Ofrg'élél" tol CI:.UL Tc; t{;}e Oll.?[tha'ned'BlL:%#/%"_rggtyée coordination of THT to lithium, and therefore the yield is high.
we a 3 ' a h SONUI\/II(I):ZntOb ?I'hl ium Iff?llg NlaR i ! The effect upon the enantiomeric excess has to be explained by
Sirse&z;‘z dl?h?gg sizrnals uplcj)neé d diﬁorr?SSUﬂ otV ofslpsfit;la important solvent molecule interactions in the transition state.

. . Finally, in THF the complexX2 ultimately deaggregates int
re%pfcst;m'Bugqugﬁ S|g:glli|ai)0.84 Fl’Pm ffrorrT:BLll, %2.0u?|let and n)-/BuCu resulting iﬁ low ee andy yieldggdug to loss of
ato 1.54 ppm § °Li,"*N = 4.6 Hz) resulting fron8, and finally ! aliminati :
two doublets ab 2,00 and 2.06 ppmJ(°Li.N = 6.0 and 4.8 stereocontrol and 1,2-elimination ofBuCu. The magnitude of

6] i 15 i i i idi i
Hz, respectively) originating fror. The 6Li NMR signal ato the®Li,®>N coupling constants indicate that the pyrrolidinyl ring

R remains coordinated to the lithium cation2n3, and4 even if
1.54 has to originate fror8 due to that two sets ofC NMR THE or THT are used.

signals are observed and that tPlg-1°N coupling constant
(J 5Li,*>N = 4.6 Hz) is in the range found for a tetracoordinated
lithium, Figure 2.

The origin of the observed enantioselectivity in the 1,4
alkylation of enones is a consequence of the substrates preferred
. . . ) coordination to only one of the two Li cations in the catalytic
_ With this experiment we have shown that there is a concentra- ymigocuprate comple®. The copper atoms are thus accessible
tion dependent equilibrium betwe@nand3. for coordination to the enone double bond, forming an activated

In another experiment we started from a mixture of Cul and complex.
in DEE which was titrated by-BuLi. In this case we observed ) ) )
thatn-BuCu was first formed followed by formation of the lithium Supporting Information Available: *H, **C, NMR spectra and a
salt of 1, which immediately forms3 with n-BuCu. Further heterocorrelated 20Li,'>N HMQC NMR spectrum of the [(lithium

- g S : amide)/(-BuCu)l complex2 (PDF). This material is available free of
!;j\ll?\/(ljllzxt’l%?)Se(?tfrlljj&tgozngﬁst':é%thl\jil;IBWIth respect to Cul, gave i charge via the Internet at http://pubs.acs.org.
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of lithium phenyl cuprates in dimethyl sulfide and diethyl ether, and D. B. Acc. Chem. Red993 26, 227—234. Lucht, B. L.; Collum, D. BJ.
surprisingly these solvents coordinate to the lithium in both cases. See Am. Chem. Socl1996 118 3529-3530. Ishii, K.; Aoki, S.; Koga, K.
Olmstead, M. M.; Power, P..B. Am. Chem. So&99Q 112, 8008. Lorenzen, Tetrahedron Lett1997 38, 563—-566.
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