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Enantioselective reactions of organolithium reagents in the
presence of-{)-sparteine have been the focus of a number o
recent synthetic and mechanistic investigatibrfs Factors that

have been demonstrated to affect, and even invert, the sense of

enantioselection include subtle modifications in the structure
of the organolithium species, directing group, chiral ligand,
solvent, and choice of electrophile? Effects of temperature,
where reported, involve decreasing selectivities with increasing
temperature, as expecttd. The enantiochemistry has also been
independent of the method of generation of the organolithium
intermediate®. We now wish to report an investigation of the
lateral lithiation of N-pivaloyl-o-ethylaniline @) to give 2.
Subsequent electrophilic substitution2ffords the products
3—10 with good enantioselectivities in the presence o)-(
sparteiné. We are able to induce high enantioseleitiés in

the substitutions by employing a watmmool protocol and to
invert the sense of enantioseledty by changing the method
of formation of the organolithium intermediatée provide
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Piv = COC(CHa)s

A (-)-sparteine -78 °C (75 min); 52 % yield 21 % ee
B (-)-sparteine -25 °C (45 min) then -78 °C (30 min); 72 % yield 90 % ee

(-)-sparteine

temperature for 45 min prior to cooling te-78 °C and
subsequent addition of TMSCIR)-3 is obtained in 72% yield
with 90% ee. The induction of high enantioselectivities by a
—25°C to —78°C sequence for a reaction which gives modest
selectivities under the usual78 °C conditions suggests that a
warm—cool protocol should be investigated for other reactions
which afford low enantioselectivities.

The dianion2 has been reacted in the prescence -6f- (
sparteine with a variety of electrophiles, including activated alkyl
halides, carbonyl compounds, and stannylating and silylating
agents using the warftool sequence of method B. Good

PivNH PivNH E
sBuli, -25 °C :
MTBE, 2h

1. (-)-sparteine
Method B
2. Electrophile

66 - 90% ee

yields and enantioselectivities are obtained (Table 1). Absolute
configurations of productg} and 11 were determined by
comparison with products of known configuration obtained by
independent synthes&sAssignments of absolute stereochem-

data which show that these observations can be ascribed tdstry to 3 and5—10are based on their correspondenceRp4

diastereomeric complexes &f(—)-sparteine which can equili-
brate at—25 °C but are nonequilibrating at78 °C with respect
to the rate of reaction with the electrophiles.

Treatment of the anilidé with secbutyllithium (s-BulLi) at
—25°C for 2 h generates the dilithio intermedi&ewvhich upon
cooling to—78 °C, followed by subsequent additions of )}
sparteine and TMSCI, affords the produB)3 in 52% vyield
with 21% enantiomeric excess (€e}lowever, if the sparteine
is added at—25 °C and the solution allowed to stir at this
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Table 1. Yields and Enantioselectivities for Produ@s 11 from remains invariant. Thus, the operation of these two pathways
the Electrophilic Substitution a2 in the Presence of-()-Sparteine for stereoinformation transfer, along with the ability to trans-
in MTBE via the Warm-Cool Protocot! metalate an enantioenriched organostannane derivative, allows
electrophile E product yield (%) ee (%) access to both enantiomers with good enantioselection.
Me;SiCE MesSi R)-3 72 90 Our me_chanistic hypothe_sis is_consistent with the obsgrvation
PhMeSiCR PhMeSi R)-4 & 79 that the dianion must be stirred in the presence of the ligand at
MesSnCl MeSn R-5 77 66 —25 °C for 45 min to obtain high asymmetric induction,
cyclohexanone  (CHsC(OH) (R)-6 80 77 allowing sufficient time for equilibration of the diastereomeric
benzaldehyde PhCH(OH)  RJ-7 67 82 complexes to occur If the (—)-sparteine is added ai25 °C
gllyl brlobm'de?d CF','E:CHC"E (S)'g: gg 2421 but allowed to stir for only 5 min before cooling te78 °C
ioedr:)zl}/ndéz;:ee CJ;(ICHHZ)m g):w o 28 anod/subsequent addition of TMSOR)(3 is obtained with only
allylbromide ~ CHCH.CH# (S)11 100 84 39% ee.

: : : — We presume by analogy that the lithiodestannylatiorb of
2 Reaction conducted in . ° The yield of unpurified product, as  occurs with retention of configuration to generate a complex
determined by GC, is 85%. However, separation 4offrom 1 which is configurationally stable at78 °C.12 Electrophilic

chromatographically proved difficult, accounting for the low yiel. _— s a5 .
2:1 ratio of unseparated diastereomérSee footnote 10 Reaction substitution must then occur with inversi&ii> Upon warming

conducted in ether/pentane (1/1 v//Fhe designation of9)-config- the reaction mixture te-25°C (eq 3), the complexes equilibrate
uration is a consequence of a change in substituent priority assignmentsto generate the same ratio of diastereomeric complexes formed

9 Prepared via hydrogenation @){8. " Yield of hydrogenation reaction. by method B, affording the same enantiomer upon electrophilic
substitutiont® The occurrence of enantioinversions froR)-6
at —78 °C with (—)-sparteine, but not with TMEDA, indicates
hexanone, affordedS[-3 (62% ee) and 9-6 (61% ee) with that TMEDA is not effective as an achiral mimic of-}-
virtually complete inversion of configuration (eqs 1 and 2). sparteine in this reaction sequerée.
Lithiodestannylation of R)-5, followed by warming of the In summary, the present results illustrate two ways in which
reaction mixture to-25 °C for 2 h prior to cooling to-78 °C the enantiochemistry of the electrophilic substitutions of a
and subsequent reaction with TMSCI, providB}-8 (85% ee)  racemic benzylic organolithium reagent can be controlled. High
(eq 3). Thus, either enantiomer 8fand 6 can be obtained  enantioselectivities can be obtained by allowing the diastereo-

from 1 by controlling the reaction conditions. meric complexes to equilibrate at25 °C prior to cooling to
—78 °C. Lithiodestannylation of the enantioenriched orga-
FINH. SnMe, PivNH  iMes nostannane at78 °C, followed by electrophilic substitution,
5 Buli() spartaine THscl 0 provides products which are enantiomeric to those obtained by
Ao wne e (93 ses the warm-cool protocol. Thus, enantiodivergent synthesis can
@ be achieved by choosing the appropriate substitution sequence
PIUNH SnMeg PivNH and reaction conditions. A warsatool protocol may be useful
] @ for inducing enantioselectivity in other organolithium/chiral

O

5-BuLi/(-)-sparteine cyclohexanone
78°C, MTBE, 1h 78°C 1h

ligand reactions. We anticipate that a detailed investigation of

-5 67% ee % yiel -6 61% ee . .. . . . . N
AR R the mechanism of enantioinversion will afford insight into the
- - mechanism of the asymmetric substitution and provide avenues
s-BuLi/(-)-sparteine -25° 3
%% for further development.
(R)-5 64% ee s YCK:: (R)-385% 0
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Two limiting mechanisms have been postulated to rationalize
the observed stereoselectivities of the asymmetric substitution , == & " oia fdt, 311, as well as procedures for enantio-

p!'ocesé.vz The first Involv_es the prefgre_ntlal format_lon of one inversion experiments and determination of absolute configurations (20
diastereomer of the putative organolithiumj{sparteine com-  pages). This material is contained in many libraries on microfiche,
plex which reacts with an electrophile stereoselectively. This immediately follows this article in the microfilm version of the journal,
requires configurational stability of the organolithium/chiral can be ordered from the ACS, and can be downloaded from the Internet;
ligand complex on the time scale of reaction with electrophiles. see any current masthead page for ordering information and Internet
A selective crystallization of one diastereomeric complex has access instructions.

been reported by Hopp&c The second mechanism involves JA951895W

diastereomeric complexes which are rapidly equilibrating on - — —
- . : . : . (14) The diastereoselectivity of the addition of benzaldehyde to a

the time scale of the reaction, with enantioselection arising as yetalated isoquinoloyloxazoline has been reported to be highe8&eC
a function of the energy difference between diastereomeric than at—78°C. Zhang, P.; Gawley, R. Hetrahedron Lett1992 33, 2945,
transition states. In this case, the organolithium intermediate A related effect has been reported for the enantioselective amidocuprate-
is configurationallv labild3 mediated conjugate addition to enones. Rossiter, B. E.; Miao, G.; Swingle,

9 ) _y ' . . . . . N. M.; Eguchi, M.; Hernandez, A. E.; Patterson, R. Getrahedron:

If the substitution proceeded via rapidly equilibrating dia- Asymmetry1992 3, 231. The work of Schlosser and Limat (ref 2d) also

stereomeric complexes, the stereochemical outcome should behows a time-dependent enantioselectivity, consistent with the formation

; S ; ; of diastereomeric complexes with-J-sparteine.
independent of the method of organolithium formation, since a (15) As far as we know, there is no known case of a lithiodestannylation

common intermediate would be formed. As this is not observed, that proceeds with inversion of configuration at the tin-bearing carbon. On
we suggest that the reaction proceeds through the electrophilicthe other hand, there are sporadic reports in the literature of electrophilic

i ; ; ; substitutions that proceed with inversion of configuration, most notably
substitution of two diastereomeric complexes, which can be recent reports by both Hoppe and Gawley. Carstens, A.: Hoppe, D.

formed under nonequilibrating78 °C) or equilibrating 25 Tetrahedron1994 6097. Gawley, R. E.; Zhang, Q. Org. Chem 1995
°C) conditions. At—25 °C, the complexes equilibrate to a 60,(%)6&.( ’5 is t lated 278 °C in o
i ; i intai i i rac)-5 is transmetalate °C in the presence of—()-

thermogynamlc rat'?’ which can be mamtamed b.y rapid cooling sparteine, trapping with TMSCI affordsa)-3. This indicates that there is
to —78°C. At —78°C, the ratio of diastereomeric complexes nq kinetic resolution during the transmetalation step, consistent with the
is established by the method of generation and subsequentlyformation of two nonequilibrating diastereomeric complexes in equal ratios.
However, if fac)-5 is transmetalated at78 °C in the presence of)-

(13) Asymmetric induction at a stereocenter capable of epimerizing under sparteine and allowed to stir a25 °C for 2 h prior to cooling to-78 °C
the reaction conditions is an example of dynamic kinetic resolution. See: and trapping with TMSCI, R)-3 is obtained with 85% ee.
Noyori, R.; Tokunaga, M.; Kitamura, MBull. Chem. Soc. JprL995 68, (17) For a discussion of the effectiveness of TMEDA as a bidentate ligand
36. for lithium, see: Collum, D. BAcc. Chem. Red992 25, 448.
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