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Abstract

This method involves the direct asymmetric aldol reaction of (�)-menthyl iso-

thiocyanatoacetate 5 with a variety of substituted aromatic aldehydes, which

offers a convenient method for the synthesis of intermediate containing biolog-

ically relevant α-amino β-hydroxyl groups in oxazolidine ring. In this method-

ology, the products show remarkable diastereoselectivity using Sc(OTf)3 as a

catalyst and easily accessible (�)-menthol as a chiral auxiliary. This approach

includes some important aspects such as mild reaction conditions, high yields,

and excellent diastereoselectivity with a number of substituted aromatic alde-

hydes. The optimization and effect of different catalysts were studied at differ-

ent reaction conditions and it is found that Sc(OTf)3 shows excellent

diastereoselectivity at �45�C.

α-Amino acids (α-AAs) constitute one of the most impor-
tant families of natural products and are essential mole-
cules in a biological system and other scientific endeavor.1

Many natural and unnatural amino acids were synthesized
by diastereoselective addition of chiral auxiliary substituted
enolate over aldehyde. The previous method involves the
reaction of aldehyde with α-isothiocyanato imide or ester.2

In recent year the reaction which involves the formation of
C C bond by aldol reaction has gained much interest via
enolate or direct aldol adducts formation.3 In other reports
of related aldol reaction includes the organocatalytic
approach,4 metal enolate,5 and stoichiometric catalytic
Lewis acid and catalytic Lewis bases.6 Herein, we report
the diastereoselective aldol reaction for the synthesis of
α-amino β-hydroxyl using a catalytic amount of Sc(OTf)3.

Stability of Sc(OTf)3 toward water and moisture is a
unique feature inconsistent to that of the other Lewis acids
reported in the literature.7 In other method naturally

occurring (�)-menthol is used as a chiral auxiliary in the
form of (�)-menthyl isothiocyanatoacetate for direct aldol
reaction.8 In current methodology (Scheme 1), chiral
auxilary based reagent (�)-menthyl isothiocyanatoacetate
5 was prepared by three step sequential reaction of the
(�)-menthol 1 with chloroacetyl chloride 2 in presence
pyridine at 0�C to afford compound 3 which on treatment
with sodium azide in DMF displaced chlorine by azido
functionality at 40�C to get azido functionality 4 which
was then finally transferred to desired key intermediate
isothiocyanatoacetate 5 through aza-wittig reaction in CS2
as solvent at room temperature.9

In a typical experiment (Scheme 2), we tried asym-
metric aldol reaction of a chiral (�)-menthyl iso-
thiocyanatoacetate 5 with 4-nitrobenzaldehyde 6 in the
presence of scandium triflate as Lewis acid and the
diisopropylethylamine (Hünig Base) as a base to afford
product 7.
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The reaction was optimized for different catalyst
(Table 1) was performed in anhydrous tetrahydrofuran at
�45�C, and the formation of the product was found with
good diastereoselective as govern by syn to anti ratio of
the reaction. As it is very difficult to separate both the
diastereomer as retardation factor (rf value) value found
to be the same. The stereochemical outcome of the con-
densation reaction was assigned on the basis of the litera-
ture report mentioned for the aldol condensation and as
spectroscopic evidences confirm the formation of aldol
product.10,11a

The syn/trans product distribution mostly depends on
the nature of metal used, reaction condition, and bulki-
ness of the substituents on the reactants. As the reaction
proceeds via six membered transition state formation,
syn/trans product is mostly affected by E/Z ratio of
enolates. As, E-enolate formation is favored over the Z-
enolate. E-enolates predominantly give anti products
while Z-enolates give syn products (Scheme 3). Also, Z-
enolates proceeds through an unstable six-member tran-
sition state in which NCS group is axial as compared to

the stable transition state of E-enolate in which NCS
group is equatorial. Hence, the formation of trans-isomer
is predominating over syn isomer. 10a

The diastereomeric ratio of the product was found
to be 80:20 and it was confirmed by the 1H-NMR spec-
trum.11a As spectroscopic evidences for the thio-
oxazolidine ring with syn addition product of 7 contain
in 1H NMR spectrum 4.40 to 4.43 (d, J = 6.5 Hz, 1H)
for 4CH, 6.00 to 6.02 (t, J = 6.6 Hz, 1H) for benzylic
5CH proton respectively and to identify the second iso-
mer the compound 7 were acylated with ditert-butyl
pyrocarbonate. In this reaction, a solution of
aq. hydrogen peroxide and formic acid was added to
exchange the sulfur with oxygen to afforded N-boc-
oxazolidinone 8. This carbamate 8 was useful for the
stereochemical outcome. The anti-configuration was
confirmed by the coupling constant and NOE experi-
ment which shown very weak coupling between 4H
and 5H.11,12 For anti-addition respective proton shows
4.7 to 4.7 (d, J = 4.3 Hz, 1H), 5.6 to 5.63 (d,
J = 6.2 Hz, 1H).

SCHEME 1 i) Pyridine, CH2Cl2, 0�C, 98%;
ii) NaN3, DMF, 40�C, 90%; iii) PPh3, CS2, THF,

RT, 81%

SCHEME 2 i) (10 mol%) Sc(OTf)3, DIPEA,

THF, �45�C, 85%; ii) Boc2O, DMAP, H2O2,

HCO2H, K2CO3:H2O, DCM, 95%
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However, the reaction becomes more dia-
stereoselectivity at low temperature and it could be iden-
tified through analysis of the diastereomeric ratio. The
formation of the product with maximum diastereomeric
ratio observed was 90:10 at �45�C. While THF is the best
suitable solvent for the reaction, since it gives good yield
and diastereoselectivity of the products. In addition,
remaining solvents such as CH2Cl2 and CHCl3 showed
lower diastereoselectivity whereas toluene shown compa-
rable diastereoselectivity with THF.

The numbers of transition metal catalyst and typical
rare earth metal‘s triflate were evaluated in the reaction
as shown in the Table 1.

Comparing yield and diastereoselectivity of selected
catalysts only scandium triflate shows good yield and dia-
stereoselectivity, while other catalysts were not so active
and selective toward the product formation. The Sc(OTf)3

has lead over not only the stability, recovery, reusability
as well as possess high catalytic activity.

Catalyst optimization allowed for reducing catalyst
from 1 equivalent to 10 mol%. Lowering of the
catalyst below10 mol% does not shown prominent effect
on diastereoselectivity of the reaction (Table 2). Having
optimized result in hand various aryl substituted product
was synthesized as listed in given Table 3.

However, excellent diastereoselectivity was achieved
for electron withdrawing group on phenyl ring. Nitro and
cyano substituted phenyl group shown excellent yield
and diastereoselectivity with more than 80% was
observed. Low yield and diastereoselectivity of the reac-
tion were observed when phenyl ring have electron
donating substituent.

In conclusion, we have developed an efficient method
for the synthesis of α-amino ester using menthol

SCHEME 3 Proposed mechanism for aldol

reaction

TABLE 1 Study of several

transition metal catalyst at 10 mol%a,

b, c

Sr.No. Catalyst Reaction time (h) Yield % Ratio of distereomers

1 Sc(OTf)3 4 85 80:20

2 Cu(OTf)3 7 65 60:40

3 Yb(OTf)3 16 60 50:50

4 Mg(OTf)3 12 65 60:40

5 TiCl4 20 40 65:35

6 MgCl2 20 30 52:48

7 CuI >24 — —

8 InCl2 >24 — —

9 SmI2 >24 — —

10 RuCl3 >24 — —

11 Fe(acac)2 >24 — Mixture

aAll the reaction performed in tetrahedron solvent keeping cataylst at 10 mol%.
bAll the catalyst were screened in different solvents such as CH2Cl2, CHCl3, THF, CCl4, Toluene.
cAll the reaction was carried out by using metal (0.10 mmol) and Menthyl 2-isothiocyanatoacetate 2
(300 mg, 1.17 mmol), Aldehhydes (1.29 mmol) and diisopropylethylamine (0.22 mL, 1.29 mmol) in 5 mL of
THF at �45�C with stirring.
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mediated asymmetric aldol condensations. Our synthetic
strategy involved catalytic amount of Sc(OTf)3. For which
overall yield obtained was 65% to 85%.13 The dis-
teroselectivity ratio of isomers was found to be in the
range by chiral HPLC.

General experimental procedures for Scheme 2:
In a solution of Scandium triflate (0.10 mmol) and
Menthyl 2-isothiocyanatoacetate 2 (1.17 mmol) was
added to the solution of diisopropylethylamine
(1.29 mmol) in 5 mL of THF at �45� C with stirring.
4-substituted benzaldehyde (1.29 mmol) was added
slowly with stirring in the reaction mixture. The reac-
tion was monitored by TLC and quenched after the
complete disappearance of the starting material. The
solvent was evaporated under reduced pressure on
rotary evaporator. The residue obtained was extracted
with dichloromethane (20 mL � 2). The combined
organic layer was washed with 2 N HCl (2 mL) followed
by water and was dried over Na2SO4.
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