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More than a quarter of a century ago, the Nozaki group1 

studied the asymmetric deprotonation of ethylbenzene using 
butyllithium in the presence of (-)-sparteine to isolate, after 
carboxylation, 1-phenylpropanoic acid (< 15%) with a maximum 
enantiomeric excess (ee) of 30%. Sporadically, other investiga­
tions of sparteine as a chiral auxiliary were reported,2 but none 
of them proved to have a potential for practical development. 
The breakthrough was made by Hoppe et al.? who found most 
impressive enantioselectivities when submitting O-alkyl, 0-allyl, 
and O-benzyl carbamates to a ,yec-butyllithium/(-)-sparteine-
promoted a-hydrogen/lithium exchange followed by electro-
philic trapping. Shortly afterward, Beak et al.4 successfully 
extended this method to the asymmetric deprotonation of N-tert-
butoxycarbonyl-protected pyrrolidines. Most of the organome-
tallic intermediates involved were configurationally stable5 and 
must hence have been endowed with their nonracemic indi­
viduality in the very moment of their appearance. There are, 
however, a few notable exceptions: when converted into their 
a-lithiated derivatives in the absence of any enantiodiscrimi-
nating reagent and subsequently treated with sparteine before 
being trapped by an electrophile, (£)-but-2-enyl WV-diisopro-
pylcarbamate3 and N-methyl-S-phenylpropanamide6 gave prod­
ucts with high (>80%) ee values. Obviously, the chiral 
auxiliary had preferentially intercepted one component from the 
equilibrium of rapidly interconverting organometallic antipodes, 
thus favoring the formation of one of two possible diastereo-
meric complexes. We wish to elaborate on this point. As our 
results demonstrate, benzylic carbamates (la,b) can be a-lithi­
ated in the presence of (—)-sparteine enantioselectively; they 
then racemize instantaneously, but, after a while, the original 
homochirality is restored. Furthermore, our data reveal an 
unprecendented solvent effect on the stereochemical outcome 
of the electrophilic substitution. 
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Racemic a-D-7Y-BOC-7Y-methylbenzylamine7 (lb) was vigor­
ously stirred with a solution of \ec-butyllithium and (—)-
sparteine (1 equiv of each) in neat tetrahydrofuran (THF) for 4 
h at —75 0C before being poured onto dry ice. In addition to 
53% of l-(7V-ferf-butoxycarbonyl-Ar-methylamino)-l-phenylace-
tic acid 2a (El = COOH, H* = 2H, isotopic label >95%), 39% 
of the starting material was isolated, in which the (S) enantiomer 
was preponderant to the extent of 25% ee.8 The efficacity of 
the kinetic resolution improved to 88 and 85% ee when the 
sparteine-mediated metalation reaction was conducted in diethyl 
ether (DEE) or hexane (HEX), respectively. The 88% ee (S)-
carbamate la thus obtained was metalated with iec-butyllithium 
in the presence of A^JV^VX-tetramethylethylenediamine in neat 
THF, DEE, and HEX. Carboxylation after 2 h at -75 0C gave 
a totally racemic product in all three cases (yields of acid 2a, 
El = COOH, H* = 2H, 47-63%). No metalation of (S)-Ib 
occurred when $ec-butyllithium was used in the presence of 
sparteine. However, when (S)-Ib was consecutively treated with 
sec-butyllithium in THF (1 equiv, 4 h at —75 0C), (—)-sparteine 
(1 equiv, 2 h at —75 0C), and dry ice, optically active acid was 
formed (82% ee). The deprotonation-promoting transition state 
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CDCl3; authentic material: Kajiyama, S.; Irie, K.; Kido, T.; Koshimizu, 
K.; Hayashi, H.; Arai, M. Tetrahedron 1991, 47, 5433-5462], 2b, after 
hydrolysis to 2a (0.6 M KOH in CH3OH, 30 min at 65 0C; 95%), and 2c, 
after hydrolytic removal of the BOC group (1 M HCl in 50% aqueous 
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K.; Ollis, W. D.; Sutherland, I. O. J. Chem. Soc, Perkin Trans. 1 1983, 
1049-1061]. 
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Table 1. Sparteine-Mediated a-Lithiation of 
N-BOC-Af-methylbenzylamine (la) and Enantioselectivities (ee, %) 
as a Function of the Solvent and the Electrophile El-X (Yields of 
Products, 43-65%) 

Figure 1. Sparteine-mediated a-lithiation of N-BOC-N-methyl-ben-
zylamine (la) and subsequent carboxylation in HEX and THF. Yields 
and enantioselectivities as a function of the metalation time. 

obviously collapses to produce an incompletely coordinated, 
immediately racemizing species (such as 3) rather than to 
generate directly the organolithium/diamine adduct {e.g., 4) 
(Scheme 1). 

All the following experiments were carried out with unlabeled 
starting material la (H* = 1H). Carboxylation of the lithiated 
intermediate was found to take place in THF, in a 1:1 mixture 
of THF/DEE and ethylene glycol dimethyl ether/HEX with 
inversion9 (85, 26, and 70% ee, respectively), but in terf-butyl 
methyl ether, DEE, and in HEX with retention9 (61, 67, and 
81% ee, respectively). In dimethyl ether, completely racemic 
acid was formed. 

The evolution of the reaction has been followed by withdraw­
ing and analyzing samples over a period of 6 h. The increase 
of yields with time was practically solvent-invariant, reaching 
the maximum after roughly 1 h (see Figure 1). In HEX and 
DEE, the ee values started low but climbed rapidly to exceed 
the 50% level after only a few minutes. In contrast, in THF, 
little enantioselectivity was observed even after 30 min, although 
by then metalation was nearly complete. After roughly 40 min, 
precipitation set in, and simultaneously the ee numbers rose 
steeply (see Figure 1). 

The solvent effect on the stereochemistry holds for various 
kinds of electrophiles, as exemplified with carbon disulfide, 
methyl iodide, dimethyl sulfate, and co-deuteriophenylacetylene. 
The methyl difhiocarboxylate 2b (from the lithium difhiocar-
boxylate and methyl iodide), the methyl homologue 2c, and the 
deuterated starting material lb had the configuration corre­
sponding to inversion when produced in THF, while the 
retention mode was obeyed in DEE or HEX. The enantiose­
lectivities observed did not vary significantly with the nature 
of the electrophile (Table I).8 

To explain the solvent dependence of our reactions, we 
postulate a dynamic equilibrium to exist between the organo-
hthium/sparteine contact species 4-cs, the prevailing ground state 
structure, and an ion pair 4-ip, in which the benzyl moiety has 
been displaced by a solvent molecule (Sv) from its coordination 
to the metal (Scheme 2). The fraction of ion pairs may remain 
undetectably small under all circumstances, but it will increase 
when a good donor solvent such as THF is employed. Beyond 
a certain threshold value, the electrophilic substitution may pass 

(9) Retention and inversion with respect to the proton removed. It is a 
plausible though unproven conjecture that the benzylic center of the 
organolithium/(-)-sparteine complex has the (S) configuration. 
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partially, if not exclusively, through the ion pair which should 
prefer the inversion mode in order to avoid steric crowding on 
the face shielded by the bulky counterion. In contrast, the 
contact species should be attacked by the electrophile with 
retention, as is common. 

Although compatible with all results collected so far, our 
mechanistic rationale may be an oversimplification. The crucial 
organolifhium/sparteine intermediate 4 has been modeled ac­
cording to an X-ray structure10 of a very similar adduct, but 
carrying an N-pivaloyl instead of the Af-BOC moiety. We can 
nevertheless not rule out the formation of mixed aggregates in 
which one molecule of the aminobenzyllithium intermediate (1) 
would coordinate not only with sparteine but also with one 
molecule of the metalation reagent (e.g., ,sec-butyllithium). The 
yields conspicuously centering around 50% (much .sec-butyl­
lithium remaining unconsumed) are suggestive in this respect. 

The solvent control over the stereochemical outcome of 
sparteine-mediated electrophilic substitution reactions is par­
ticularly welcome since the auxiliary is available in only one 
enantiomeric form. Applications to the synthesis of unnatural 
amino acids and isoquinoline alkaloids are envisaged. For 
example, we have deprotected (R)- and (S)-Ar-BOC-A'-methyl-
1-phenylethylamine (75 and 85% ee), prepared as described 
above, to carry out an N-alkylation with 2,2-diethoxyefhyl 
bromide, followed by orffto-formylation (by consecutive treat­
ment of the intermediate with butyllithium and AyV-dimethyl-
formamide), acid-catalyzed cyclization, and reduction (with 
potassium tri-sec-butylborohydride), to provide (R)- and (S)-
(l,2-dihydro-l,2-dimefhyl-3-isoquinolyl)mefhanol in 10% over­
all yield. Independent of these practical considerations, we are 
intrigued by the emerging possibilities to gain insight into subtle 
details of organometallic reactions. 
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