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enantioselective Reformatsky reaction�
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Abstract—The enantioselective Reformatsky reaction of PhCHO was achieved by the use of trifluoromethylated amino alcohols
as chiral ligands to afford the corresponding optically active �-hydroxy ester with up to 90% ee.
© 2003 Elsevier Ltd. All rights reserved.

The Reformatsky reaction is a fundamental reaction in
organic syntheses.1,2 Attainment of high stereoselectiv-
ity of the reaction would be a key issue for further
extension of its applicability. Until now, the selectivities
of stereoselective Reformatsky reactions using a chiral
ligand remained moderate.3–5 The best record of the
reaction of PhCHO with haloacetate is 75% ee, which
was attained by the use of (R)-DPMPM, an amino
alcohol derived from proline.3a

Recently, we revealed that the origin of the stereochem-
ical interaction of a trifluoromethyl group arises from
its negatively charged nature.6 Therefore, trifluoro-
methylated ligands would be effective for stereoselective
alkylation with a carbanion species. Moreover, we have
found that a trifluoromethylated ligand (CF3-C*H-
(OH)-CH2-NR2) promoted association of an organo-
zinc species; in this instance, the association of the
organozinc species seemed to play a crucial role in
stereoselective Et2Zn alkylation of PhCHO.7 Further-
more, a structural study on the Reformatsky reagents
suggested a key role of such aggregation of the
reagent.8 These findings encouraged us to attempt the
enantioselctive Reformatsky reaction using chiral tri-
fluoromethylated amino alcohol ligands.

Trifluoromethylated amino alcohols 1a–f and 2a–b were
used as the chiral ligand for stereoselective Refor-
matsky reaction of PhCHO.9 The results are summa-

rized in Table 1. Among the examined amino alcohols,
tert-amino alcohols, 1c and 1d, were found effective
(entries 3 and 4); the fluorinated amino alcohol 1d was
superior to non-fluorinated analog 3, which result is
similar to that in the reaction of Et2Zn with PhCHO.7

Further modification of the amino moieties (entries 3,
4, and 6) gave a better result, 81% ee, with 1c. This
selectivity is as high as the best record which has been
attained.3 Contrary to the result of Andres’ reports,3f,h,j

double-headed amino alcohols, 2a and 2b, were not
effective.

Among the solvents examined, THF was found to be
the best for this reaction. Other ethereal solvents, such
as Et2O and DME (entries 10 and 11) led to moderate
stereoselectivity of the reaction. The much polar DMF
resulted in no reaction (entry 12) and nonpolar toluene
(entry 13) gave the product in high yield with low
stereoselectivity.

A time course study of the reaction showed that the
reaction was completed within a minute under THF
reflux conditions. Thus, we considered that better selec-
tivity would be attained under milder conditions.
Instead of ethyl bromoacetate, utilization of ethyl
iodoacetate enabled us to carry out the reaction
smoothly even at 20°C; the reaction gave the product
with 89% ee (entry 3, Table 2). Further elaboration of
the conditions improved the stereoselectivity of the
reaction up to 90% ee (entry 6).

Further application of these trifluoromethylated ligands
for enantioselective alkylation with carbanions is under
investigation and will be reported in due course.
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Table 1. Stereoselective Reformatsky reaction of PhCHO conducted by trifluoromethylated chiral ligands, 1 and 2

Table 2. Elaboration of the reaction conditions in stereoselective Reformatsky reaction using 1c or 1d

THF1 (ml)/THF2 (ml) Yield (%)Entrya Ligand Temp. (°C) Ee (%)bTime

2.0/1.0 28691 30 min1c Reflux
Overnight 4.0/2.0 46 812 1c 50

6.0/6.0 613 1c 20 3 h 89
86.0/6.0 824 Overnight1c 10

Overnight 6.0/6.0 No reaction –5 1c 0
6.0/6.0 686 1d 30 3 h 90

a Reaction was carried out with PhCHO (1 mmol):Zn:ligand:ICH2CO2Et=1.0:5.0:1.5:2.6.
b Determined by HPLC analysis using a Daicel Chiralcel OD-H (hexane:iPrOH=7:1).



Y. Fujiwara et al. / Tetrahedron Letters 44 (2003) 6161–6163 6163

References

1. Reformatsky, A. Ber. 1887, 20, 1210.
2. For reviews, see: (a) Organozinc Reagent ; Knochel, P.;

Philip, J., Eds.; Oxford University Press: New York, 1999;
(b) Fürstner, A. Synthesis 1989, 571.

3. Reformatsky reaction of PhCHO using chiral ligand. See:
(a) Soai, K.; Kawase, Y. Tetrahedron: Asymmetry 1991, 2,
781; (b) Johar, P. S.; Araki, S.; Butsugan, Y. J. Chem.
Soc., Perkin Trans.1 1992, 711; (c) Pini, D.; Mastantuono,
A.; Salvadori, P. Tetrahedron: Asymmetry 1994, 5, 1875;
(d) Mi, A.; Wang, Z.; Chen, Z.; Jiang, Y.; Chan, A. S. C.;
Yang, T.-K. Tetrahedron: Asymmetry 1995, 6, 2641; (e)
Braun, M.; Vonderhagen, A.; Waldmüller, D. Liebigs Ann.
1995, 1447; (f) Andres, J. M.; Martinez, M. A.; Pedrosa,
R.; Perez-Encabo, A. Synthesis 1996, 1070; (g) Pini, D.;
Uccello-Barretta, G.; Mastantuono, A.; Salvadori, P. Tet-
rahedron 1997, 53, 6065; (h) Andres, J. M.; Martin, Y.;
Pedrosa, R.; Perez-Encabo, A. Tetrahedron 1997, 53, 3787;
(i) Zhang, Y.; Wu, W. Tetrahedron: Asymmetry 1997, 8,
3575; (j) Andres, J. M.; Pedrosa, R.; Perez-Encabo, A.
Tetrahedron 2000, 56, 1217; (k) Ribeiro, C. M. R.; Santos,
E. S.; Jardim, A. H. O.; Maia, M. P.; Silva, F. C.;
Moreira, A. P. D.; Ferreira, V. F. Tetrahedron: Asymmetry
2002, 13, 1703.

4. Utilization of a special substrate, such as a ketone with
chelation effect or imine with a hydroxyl group, was found
effective for the asymmetric Reformatsky reactions with
better ee’s, see: (a) Ojida, A.; Yamano, T.; Taya, N.;

Tasaka, A. Org. Lett. 2002, 4, 3051; (b) Ukaji, Y.; Take-
naka, S.; Horita, Y.; Inomata, K. Chem. Lett. 2001, 254;
(c) Ukaji, Y.; Yoshida, Y.; Inomata, K. Tetrahedron:
Asymmetry 2000, 11, 733.

5. Diastereoselective Reformatsky reactions using halo esters
with chiral auxiliary or using chiral substrates, see: (a)
Andres, J. M.; Pedrosa, R.; Perez-Encabo, A. Tetrahedron
2001, 57, 8521; (b) Fukuzawa, S.; Matsuzawa, H.;
Yoshimitsu, S. J. Org. Chem. 2000, 65, 1702; (c) Marcotte,
S.; Pannecoucke, X.; Feasson, C.; Quirion, J.-C. J. Org.
Chem. 1999, 64, 8461; (d) Kagoshima, H.; Hashimoto, Y.;
Oguro, D.; Saigo, K. J. Org. Chem. 1998, 63, 691; (e)
Gabriel, T.; Wessjohann, L. Tetrahedron Lett. 1997, 38,
1363; (f) Shankar, B. B.; Kirkup, M. P.; McCombie, S.
W.; Clader, J. W.; Ganguly, A. K. Tetrahedron Lett. 1996,
37, 4095.

6. Katagiri, T.; Yamaji, S.; Handa, M.; Irie, M.; Uneyama,
K. Chem. Commun. 2001, 2054.

7. Katagiri, T.; Fujiwara, Y.; Takahashi, S.; Ozaki, N.;
Uneyama, K. Chem. Commun. 2002, 986.

8. Dekker, J.; Boersma, J.; van der Kerk, G. J. M. J. Chem.
Soc., Chem. Commun. 1983, 553.

9. Preparation and purification of the chiral fluorinated
amino alcohols were reported in previous reports, see: (a)
Katagiri, T.; Takahashi, M.; Fujiwara, Y.; Ihara, H.;
Uneyama, K. J. Org. Chem. 1999, 64, 7323; (b) Katagiri,
T.; Ihara, H.; Takahashi, M.; Kashino, S.; Furuhashi, K.;
Uneyama, K. Tetrahedron: Asymmetry 1997, 8, 2933.


	Trifluoromethylated amino alcohols as chiral ligands for highly enantioselective Reformatsky reaction
	References


