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Chemo-enzymatic synthesis of new ferrocenyl-oxazolidinones
and their application as chiral auxiliaries

Bernhard J. Ueberbacher,a,b,* Herfried Griengla,b and Hansjörg Webera

aInstitute of Organic Chemistry, Graz University of Technology, Stremayrgasse 16, 8010 Graz, Austria
bResearch Centre Applied Biocatalysis, Petersgasse 14, 8010 Graz, Austria

Received 31 January 2008; accepted 10 March 2008
Available online 15 April 2008
Abstract—A chemo-enzymatic synthesis of new chiral ferrocenyl-oxazolidinones has been developed. The key step was the addition of
HCN to formylferrocene catalysed by the hydroxynitrile lyase from Hevea brasiliensis, which yielded an enantiomerically pure ferrocen-
yl-cyanohydrine in excellent yield and ee. The ferrocenyl-oxazolidinones obtained by this strategy were tested as chiral auxiliaries for
asymmetric alkylations and aldol reactions and were shown to be effective in terms of yields, stereoselectivities and cleavage conditions.
� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Chiral ferrocene derivatives have been firmly established in
asymmetric synthesis as ligands and auxiliaries for the
preparation of chiral compounds.1 Biocatalysis has proven
to be a powerful tool for the synthesis of enantiopure fer-
rocene compounds, giving good yields and enantioselectiv-
ities in many cases.2 Furthermore, the fact that enzymes
accept these bulky organometallic compounds, which do
not occur in Nature is noteworthy in light of the emerging
area of bioinorganic chemistry. Recently we reported the
highly enantioselective and high yielding synthesis of (R)-
ferrocenyl cyanohydrin1 2 catalysed by the hydroxynitrile
lyase from Hevea brasiliensis3 (Scheme 1).
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Scheme 1. Hydroxynitrile lyase-catalysed cyanohydrin synthesis.
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Figure 1. Chiral oxazolidinones as auxiliaries.

Herein, we report the conversion of this useful compound
(R)-2 into enantiopure aminoalcohols and the subsequent
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transformation of the latter into chiral auxiliaries. Chiral
auxiliary methodology continues to be an effective method
in asymmetric synthesis.4 In this context, the most widely
used chiral auxiliaries are the versatile oxazolidin-2-ones
3a (Fig. 1) as pioneered by Evans. The N-acyl-derivatives
of Evans auxiliaries have been utilised in numerous highly
diastereoselective reactions, including alkylation, amina-
tion, azidation, bromination, hydroxylation, aldol addi-
tions, Diels–Alder reactions and conjugate additions.5

Despite these impressive efforts, there is an ongoing search
for auxiliaries with improved efficiency in terms of diastereo-
selectivity, ease of preparation and auxiliary cleavage. In
recent years, research in this area has focused on auxiliaries
of the general structure 3b bearing bulky substituents at the
5-position of the oxazolidin-2-one ring6 (Fig. 1).
Incorporation of the sterically demanding ferrocenyl-func-
tionality into oxazolidinone-auxiliaries has received only a
little attention so far.7 Since the preparation of cyano-
hydrin 2 can easily be scaled up, we decided to develop a
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Scheme 2. Retrosynthetic analysis of 5-ferrocenyl-oxazolidin-2-ones.
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synthetic route to new 5-ferrocenyl-oxazolidin-2-ones 4
starting from 2 (Scheme 2), in order to explore the influence
of the bulky ferrocenyl-substituent on the performance of
these auxiliaries. An important feature of this synthetic
plan is the combination of enzymatic and chemical meth-
odologies to obtain chiral auxiliaries from achiral starting
material (ferrocenyl aldehyde 1), while most ‘classical’ aux-
iliary-synthesis relies on a ‘chiral pool’ strategy, starting
from amino acids.
2. Results and discussion

2.1. Preparation of chiral ferrocenyl-oxazolidinones

2-Substituted 2-amino-1-ferrocenyl-alcohols can be
prepared by the reductive cross-coupling of planar chiral
ferrocenecarboxaldehydes with imines8 or by the addition
of ferrocenyllithium to aminoaldehydes.9 Our new
synthetic approach is based on the addition of Grignard-
reagents to cyanohydrins, followed by the reduction of
the imine-intermediate (Scheme 3). Surprisingly, this meth-
odology, despite its proven usefulness for the preparation
of a wide range of aminoalcohols,10 has never to the best
of our knowledge been applied to ferrocenyl-cyanohydrins.

Due to the well-known instability of cyanohydrins under
basic conditions, the hydroxy-group has to be protected
prior to nucleophilic addition at the nitrile functionality.
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Scheme 3. Synthesis of 2-amino-1-ferrocenyl-alcohols 7a and 7b.
The TMS-group was chosen because of its good stability
under basic conditions and the ease of implementation
and removal. The TMS-group was introduced under stan-
dard conditions with TMSCl/imidazole in the presence of a
catalytic amount of DMAP, affording the TMS-protected
cyanohydrin 5 in good yield (83%) and purity (Scheme 3).

The benzyl-substituted aminoalcohols 7a and 7b were
subsequently prepared in a three-step/one-pot reaction
sequence. Nucleophilic addition of benzylmagnesium-
bromide to the nitrile functionality of cyanohydrin 5,
followed by NaBH4-reduction of the resulting imine-inter-
mediate 6 and deprotection of the hydroxy-group during
acidic workup afforded aminoalcohols 7a and 7b as a
55:45 diastereomeric mixture in 63% overall yield. A sur-
prise was the observed low diastereoselectivity in the
NaBH4-reduction step, which is in contrast to the reported
erythro-selectivity for the reduction of cyanohydrin-derived
imines.10 The diastereomers were not separated but used
directly in the subsequent cyclisation reaction. The reaction
of aminoalcohols 7a and 7b with triphosgene and Hünig-
base in dichloromethane provided the corresponding oxa-
zolidine-2-ones 4a and 4b in 89% yield. At this stage, the
diastereomers could be conveniently separated by column
chromatography. N-Acylations of the oxazolidin-2-ones
4a and 4b were carried out by deprotonation with n-BuLi
followed by treatment with propionyl-chloride and affor-
ded the N-acyl oxazolidinones 8a and 8b in 91% and 93%
yields, respectively (Scheme 4).
2.2. Alkylation studies

The N-acylated oxazolidin-2-ones were subsequently sub-
jected to diastereoselective alkylations, to explore their
scope and limitations as chiral auxiliaries. Benzylation of
the LDA-generated Li-enolates of both 8a and 8b turned
out to be very slow, and, in addition to the recovered start-
ing material, only the parent auxiliaries 4a and 4b were
obtained. Compounds 4a and 4b were presumably formed
via a ketene decomposition pathway of the Li-enolate. This
Fe

O

(R)-6

0 °C, Et2O Ph

N

TMS
MgBr

BnMgBr

Fe

OH

NH2

(1R,2S)-7b

1) NaBH4/MeOH
-60 °C

2) dil. KHSO4, rt



Fe

(4R,5R)-4a

7a + 7b

Triphosgene
Hünig Base

-30°C
CH2Cl2

NH
O

O

Fe

NH
O

O

(4S,5R)-4b

Fe

N
O

O

Fe

N
O

O
O O

1) BuLi
2) Propionyl chloride

-70°C, THF

91 %
(4R,5R)-8a

93 %
(4S,5R)-8b

89 %
55:45

Scheme 4. Acylation of the ferrocenyl-oxazolidinones 4a and 4b.

Table 1. Alkylation of oxazolidinon-2-ones 8a and 8b

Auxiliary R Alkylated
product

dea (%) Yield (%)

8a CH2-Ph 9a 95 78
8a CH2–CH@CH2 10a >95 82
8b CH2-Ph 9b 70 69
8b CH2–CH@CH2 10b 78 72

a Determined by NMR-spectroscopic analysis of crude reaction products.
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behaviour of Li-enolates has also been observed by Davies
and Seebach in their alkylation studies of 5,5-diaryloxazo-
lidinones, and seems to be a general behaviour for oxazo-
lidin-2-ones with bulky substituents in the 5-position.6

Seebach et al.6 solved this problem by transmetallation to
the corresponding Zn-enolate, which showed a better reac-
tivity profile. Due to the great success of organocopper
reagents in nucleophilic-substitution chemistry, it seemed
reasonable that transmetallation of our Li-enolates to the
corresponding copper enolates could also be a solution to
this problem. The addition of 1.2 equiv of CuCN, followed
by 3 equiv of benzyl bromide afforded the benzylated prod-
ucts 9a and 9b in good yields. In an analogous manner, the
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Scheme 5. Diastereoselective alkylations of 8a and 8b.
reaction of copper enolates with allyl bromide afforded
allylated products 10a and 10b (Scheme 5).

The observed diastereoselectivities turned out to be excel-
lent for auxiliary 8a, but only moderate for auxiliary 8b
(Table 1). This can be explained by the matched stereoin-
duction from the two stereocentres of 8a, shielding off the
same side of the enolate, compared to the mismatched case
of 8b. The absolute configuration of alkylation products 9b
and 10b showed that the sense of stereoinduction is gov-
erned by the configuration at the 4-position, despite the
greater steric bulk of the ferrocenyl substituent at the
5-position.
2.3. Aldol reactions

In contrast to the very well developed syn-aldol reaction
methodology, based on B-, Ti- and Sn-enolates,11 the
corresponding anti-aldol reactions pose greater problems.
Recently, Evans et al. have developed a promising method-
ology based on Mg-enolates, providing the corresponding
anti-aldol products with high yields and selectivities.12

Since, to the best of our knowledge, only the classical
Evans-oxazolidinones and thiazolidinones have been em-
ployed for these reactions, we decided to test the perfor-
mance of the ferrocenyl auxiliaries in this important
reaction. When acylated ‘cis’-oxazolidinone 8a was treated
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Scheme 6. Diastereoselective aldol reactions of 8a and 8b.
Table 2. Auxiliary cleavage

R Cleavage
product

ee
(%)

Yield cleavage
product (%)

Recovered
auxiliary (%)

9a CH2-Ph 12a 95a 89 92
10a CH2–CH@CH2 13a 95b 77 87
11a CH(OH)-Ph 14a 93b 84 89
9b CH2–Ph 12b 70a 82 83
10b CH2–CH@CH2 13b 78b 74 94
11b CH(OH)-Ph 14b 62b 73 91

a
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with triethylamine, TMSCl, MgCl2 and benzaldehyde in
THF, the corresponding anti-aldol product 11a was ob-
tained in high yield and selectivity. Again ‘trans’-auxiliary
8b showed moderate diastereoselectivity (62% de), leading
to the product 11b with the opposite absolute configuration
(Scheme 6).
Determined by HPLC-analysis.
b Calculated from measured [a]D in comparison to the literature values.
2.4. Cleavage of the chiral auxiliary

Following a stereoselective reaction of an N-acyl-oxazoli-
din-2-one, the chiral auxiliary has to be removed, separated
from the product, and preferably, recycled. One of the
drawbacks of the Evans-methodology involves the removal
of the auxiliary. If the N-acyl group is sterically demanding
or a-branched, then the unwanted endocyclic hydrolysis
can predominate to yield a ring-opened amide rather than
the required exocyclic cleavage to afford the carboxylic acid
derivative and the recovered chiral auxiliary. Several
groups6 have shown that auxiliaries possessing bulky sub-
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Scheme 7. Auxiliary cleavage.
stituents at the 5-position do not suffer from the undesired
endocyclic cleavage. Therefore, we anticipated that the
ferrocenyl substituent should have a beneficial effect in this
respect as well.

As expected, the hydrolyses of both the alkylation and
aldol products with LiOH at 0 �C in THF/H2O resulted
in clean exocyclic cleavage and afforded the corresponding
carboxylic acids as well as the recovered auxiliaries 8a and
8b in high yields without any loss of stereochemical integ-
rity (Scheme 7, Table 2). No products from the endocyclic
cleavage pathway were observed. The enantiomeric purity
of the cleavage products and their absolute configurations
were confirmed by the comparison of their specific rotation
with literature data, and, if possible, by chiral HPLC-
analysis.
3. Conclusions

In conclusion, we have developed a new chemo-enzymatic
route to enantiomerically pure chiral ferrocenyl-aminoal-
cohols, starting from the easily available (R)-ferrocenyl
cyanohydrin 2.

The 4-benzyl-5-ferrocenyl-oxazolidin-2-ones, prepared
from the corresponding aminoalcohols, have been shown
to be effective Evans-type auxiliaries for asymmetric aldol
and alkylation reactions. Particularly the crystallinity and
the mild cleavage conditions of the auxiliaries are superior
to the ‘classical’ Evans-oxazolidinones.
4. Experimental

4.1. General experimental procedures

All reagents and solvents were obtained from commercial
sources and appropriately purified, if necessary. Analytical
thin layer chromatography was carried out on Merck Silica
Gel 60 F254 plates. Flash chromatography was performed
on Merck Silica Gel 60, 230–400 mesh.

Analytical HPLC was carried out with a Hewlett Packard
Series 1100 HPLC using a G1315A diode array detector
or MWD detector. 1H and 13C NMR spectra were re-
corded on a Varian INOVA 500 (1H 499.82 MHz, 13C
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125.69 MHz) or on a Varian GEMINI 200 (1H
199.98 MHz, 13C 50.29 MHz). Melting points were deter-
mined on an Electrothermal MEL-TEMP apparatus and
are uncorrected. ½a�20

D -values were measured on a Perkin El-
mer Polarimeter 341.

4.2. HCN formation—Caution

All reaction equipments in which cyanides are used or pro-
duced were placed in a well-ventilated hood. Proper gloves
were worn when handling dry sodium cyanide. Rubber
gloves and splash proof goggles were also applied when
substantial amounts of sodium cyanide solution were used.
The required amount of HCN was freshly formed by drop-
ping a saturated NaCN solution into sulfuric acid (60%) at
80 �C and trapping HCN at �12 �C in a cooling trap. For
continuous warning an electrochemical sensor for HCN
detection was used. Waste solutions containing cyanides
were treated with sodium hypochlorite which converted
them into harmless cyanate. These could be further trans-
formed into ammonia and carbon dioxide by the addition
of diluted sulfuric acid to the solution until a pH of 7
was reached.

4.2.1. (R)-(Cyanohydroxymethyl)ferrocene 2. Fifty millili-
tres of (S)-HbHNL enzyme solution,3 which was provided
in a concentration of 6.5 kU/mL, was diluted with 50 mL
distilled water and the pH value was adjusted to 4.8–5.0
by the addition of a citric acid solution. This mixture
was then added to a solution of 7 g (32.8 mmol) of form-
ylferrocene in 350 mL of MTBE, and then cooled to 0 �C.
After vigorous stirring for 20 min, a stable emulsion had
formed and 6.4 mL (166 mmol) of freshly prepared
HCN was added. The reaction mixture was stirred for
3 h at 0 �C. After TLC had indicated that starting mate-
rial was no longer present, additional MTBE and large
amounts of Celite were added. Filtration and washing
the Celite plug with MTBE provided an organic phase,
which was then dried over Na2SO4. Rapid filtration over
a pad of silica and removal of the solvent under reduced
pressure provided 7.72 g (98%) of 2 as a pale brown solid;
mp: 90 �C (lit.3 89–90 �C); ½a�22

D ¼ þ150 (c 0.30, CH3CN)
(lit.3 150); ee: 99% (for determination see below); 1H
NMR (200 MHz, CDCl3): d 2.74 (1H, br s; OH), 4.36
(9H, m; Cp-H), 5.25 (1H; s, CH(OH)CN), 13C NMR
(50 MHz, CDCl3): d 60.7, 66.6, 68.5, 69.3, 69.6, 84.0,
118.7.

4.2.2. Determination of the enantiomeric purity of (R)-
2. (R)-1 (40 mg, 0.17 mmol) was dissolved in 5 mL of
CH2Cl2, and acetyl chloride (16 lL, 0.22 mmol) and tri-
ethylamine (42 lL, 0.30 mmol) were added at 0 �C. The
mixture was stirred at 0 �C for 1 h, then the reaction was
quenched by the addition of 10 mL of satd aqueous
NaHCO3. The organic phase was washed sequentially with
saturated aqueous NaHCO3 and brine, dried over Na2SO4

and concentrated in vacuo to afford 48 mg (99%) of
(+)-(R)-(acetoxycyanomethyl)ferrocene. The ee of this
compound was shown to be 99% by HPLC analysis
(ODH-column, mobile phase n-heptane/2-propanol =
95:5), v = 0.50 mL min�1, 10 �C, UV 238 nm, (tR(S) =
21.4 min, tR(R) = 29.7 min).
4.2.3. (R)-[Cyano(trimethylsilyloxy)methyl]ferrocene 5.
(R)-Cyanohydrin 2 (6 g, 25 mmol), dissolved in 60 mL of
dichloromethane, was added to a stirred solution of
TMSCl (6.3 mL, 50 mmol, 2 equiv), imidazole (5.1 g,
75 mmol, 3 equiv) and 4-dimethylaminopyridine (305 mg,
2.5 mmol, 0.1 equiv) in 100 mL of dichloromethane at
room temperature. The resulting turbid solution was stir-
red for 5 h at room temperature, then it was quenched by
the addition of satd NH4Cl solution. The organic phase
was washed sequentially with saturated aqueous NaHCO3

and brine, dried over Na2SO4 and filtered quickly through
a pad of silica (eluent: CH2Cl2). The resulting solution was
concentrated in vacuo to afford 6.5 g (83%) of TMS-pro-
tected cyanohydrin 2; mp: 80–82 �C (lit.3 80–82 �C);
½a�22

D ¼ þ153 (c 0.25, CH2Cl2); 1H NMR (500 MHz,
CDCl3): d 0.17 (9H, s, (CH3)3), 4.23 (2H, s, Cp-H), 4.25
(5H, s, Cp-H), 4.28 (1H, s, Cp-H), 4.46 (1H, s, Cp-H),
5.31 (1H, s, CH-OTMS); 13C NMR (125 MHz, CDCl3): d
0.08, 61.40, 67.53, 68.63, 69.21, 69.46, 69.55, 83.53, 119.15.
4.2.4. 2-Amino-3-phenyl-1-ferrocenyl-propan-1-ol (1R,2R)-
7a and (1R,2S)-7b. To a solution of 43 mmol benz-
ylmagnesiumbromide in 40 mL of Et2O [prepared by
refluxing benzyl bromide (5.1 mL, 43 mmol) and Mg
(1.1 g, 45 mmol) in 40 mL of Et2O for 3 h], (R)-[cyano(tri-
methylsilyloxy)methyl]ferrocene 5 (4.5 g, 14.4 mmol, dis-
solved in 50 mL Et2O) was added at 0 �C. After
completion of the addition, the mixture was allowed to
warm to room temperature and stirred for another 3 h.
Then it was cooled to �80 �C and 20 mL of MeOH abs.
was added, followed by NaBH4 (1.1 g, 29 mmol). The mix-
ture was allowed to warm to room temperature over 2 h,
stirred for another 12 h and quenched by pouring it on
ice. The resulting heterogeneous mixture was stirred vigor-
ously at 0 �C, after which 6 M HCl was added until a pH
value of 1 was reached and the phases were separated.
The aqueous phase was extracted three times with dichlo-
romethane and the organic phases were discarded. Then
the aqueous phase was brought to pH 12 with 2 M NaOH
solution and extracted with dichloromethane (3 �
100 mL). The organic phases were washed with brine, dried
over Na2SO4 and concentrated in vacuo to afford 3.03 g
(63%) of aminoalcohols 7a and 7b as a mixture of
diastereomers (7a:7b = 55:45), mp: 88 �C; ½a�22

D ¼ �31;
1H NMR (500 MHz, CDCl3): d 2.38 (1H, dd, J = 9.8
and 13.7 Hz, anti CHaHb-Ph), 2.47 (1H, dd, J = 9.3
and 13.2 Hz, syn CHaHb-Ph), 2.88 (2H, m, syn + anti
CHaHb-Ph), 2.99 (1H, m, J = 4.9 Hz, syn CH–N), 3.09
(1H, m, J = 4.9 Hz, anti CH–N), 4.17–4.19 (3H, m, Cp-
H, CH–O), 4.20 (1H,s, Cp-H), 4.21 (s, 5H, syn Cp-H),
4.22 (1H, s, Cp-H) 4.24 (s, 5H, anti Cp-H), 4.26 (1H. s,
Cp-H) 4.30–4.34 (m, 4H, Cp-H, CH–O), 7.18–7.23 (6H,
m, Ph-H), 7.27–7.31 (4H, m, Ph-H); 13C NMR
(125 MHz, CDCl3): d 39.74 (anti-CH2), 40.45 (syn-CH2)
57.68 (anti-C–N), 58.40 (syn-C–N), 65.24 (anti-C–O),
65.43 (syn-C–O), 67.90 (Cp), 67.98 (Cp), 68.07 (2 � Cp),
68.26 (Cp), 68.58 (Cp), 68.63 (Cp), 68.72(Cp), 72.59 (syn-
Cp), 73.27 (anti-Cp), 90.43 (anti-Cp), 91.50 (syn-Cp),
126.34 (anti-Ar), 126.42 (syn-Ar), 128.59 (anti-Ar), 128.62
(syn-Ar), 129.33 (anti-Ar), 129.38 (syn-Ar), 139.34 (syn-
Ar), 139.41 (anti-Ar).
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4.2.5. 4-Benzyl-5-ferrocenyl-oxazolidin-2-ones 4a and
4b. Triphosgene (1.1 g, 3.8 mmol), dissolved in 10 mL of
dichloromethane, was added to a solution of 3.2 g
(9.6 mmol) of aminoalcohols 7a and 7b and 3.44 mL
(20 mmol) of diisopropylethylamine in 60 mL dichloro-
methane at �80 �C under an argon atmosphere. The reac-
tion mixture was allowed to warm to �40 �C and stirred at
this temperature, until TLC indicated complete consump-
tion of the starting material. Saturated aqueous NaH-
CO3/NH4Cl (1:1) solution was added and stirring
continued for 15 min at room temperature. The organic
phase was washed with saturated aqueous NaHCO3

(3 � 40 mL) and brine (30 mL), dried over Na2SO4 and
concentrated in vacuo. The obtained mixture of diastereo-
mers was separated by column chromatography to afford
1.59 g (46%) of 4a and 1.48 g (43%) of 4b.

4.2.6. (4R,5R)-4-Benzyl-5-ferrocenyl-oxazolidin-2-one 4a.
Mp: 200 �C (decomposition); ½a�22

D ¼ �114 (c 1.0, CH2Cl2);
1H NMR (500 MHz, CDCl3): d 2.29 (1H, dd, J = 11.2 and
13.8 Hz, CHaHb-Ph), 2.41 (1H, dd, J = 3.5 and 13.8 Hz,
CHaHb-Ph), 4.01 (1H, m, CH–N), 4.20 (1H, s, Cp-H),
4.23 (1H, s, Cp-H), 4.28 (5H, s, Cp-H), 4.29 (1H, s, Cp-
H), 4.39 (1H, s, Cp-H), 4.97 (1H, s, N–H), 5.57 (1H, d,
J = 7.8 Hz, CH–O), 7.04 (2H, d, J = 7.0 Hz, Ph-H), 7.20–
7.29 (3H, m, Ph-H); 13C NMR (125 MHz, CDCl3): d
38.0, 57.92, 65.86, 67.80, 68.54, 68.74, 69.37, 79.34, 81.88,
127.08, 128.99, 129.01, 137.10, 158.67.

4.2.7. (4S,5R)-4-Benzyl-5-ferrocenyl-oxazolidin-2-one 4b.
Mp: 210 �C (decomp.); ½a�22

D ¼ �37:8 (c 1.0, CH2Cl2); 1H
NMR (500 MHz, CDCl3): d 2.90 (1H, dd, J = 8.3 and
13.7 Hz, CHaHb-Ph), 2.99 (1H, dd, J = 5.4 and 13.7 Hz,
CHaHb-Ph), 3,94 (1H, m, J = 4.9 Hz, CH–N), 4.09 (1H,
s, Cp-H) 4.18 (7H, s, Cp-H), 4.22 (1H, s, Cp-H), 5.06
(1H, d, J = 4.4 Hz, Cp-CH–O), 5.59 (1H, s, N–H), 7.22
(2H, d, J = 6.8 Hz, Ph-H), 7.30 (1H, t, J = 7.3 Hz, Ph-
H), 7.37 (2H, t, J = 6.8 Hz, Ph-H); 13C NMR (125 MHz,
CDCl3): d 41.82, 60.94, 66.25, 66.73, 68.85, 69.02, 69.10,
80.39, 85.70, 127.49, 129.22, 129.30, 136.16, 158.57. Anal.
Calcd for C20H19NO2Fe: C, 66.51; H, 5.30; N, 3.88.
Found: C, 66.40; H, 5.33; N, 3.89.

4.3. General procedure for N-acylation of oxazolidin-2-ones

n-BuLi (2.7 mL of a 1.6 M solution in hexane, 4.3 mmol)
was added to a stirred suspension of oxazolidin-2-one 4a
or 4b, respectively (1.3 g, 3.6 mmol), in 30 mL of THF at
�80 �C, and the resulting clear solution was stirred at this
temperature for 30 min. Propionyl-chloride (0.44 mL,
5 mmol) was added, the reaction mixture was stirred for
30 min at �80 �C, before being warmed to �20 �C and
quenched by the addition of satd aqueous NaHCO3. The
organic phase was washed with saturated aqueous NaH-
CO3 solution and brine, dried over Na2SO4, concentrated
in vacuo and purified by column chromatography.

4.3.1. (4R,5R)-4-Benzyl-3-propionyl-5-ferrocenyl-oxazoli-
din-2-one 8a. Reaction of oxazolidinone 4a (1.3 g,
3.6 mmol) under the reaction conditions described above,
followed by column chromatography on silica gel eluting
with cyclohexane–ethylacetate (10:1), gave the title com-
pound 8a (1.40 g, 91%) as a yellow solid; mp: 128 �C;
½a�22

D ¼ �116 (c 1.0, CH2Cl2); 1H NMR (500 MHz, CDCl3):
d 1.15 (3H, t, J = 7.3 Hz, CH3), 2,68 (1H, dd, J = 13.7 and
8.8 Hz, CHaHb-Ph), 2.78 (1H, dd, J = 13.7 and 4.0 Hz,
CHaHb-Ph), 2.95 (2H, m, J = 7.3 Hz, CH2–CH3), 3.89
(1H, d, J = 1 Hz, Cp-H), 4.07 (1H, s, Cp-H), 4.21 (5H, s,
Cp-H), 4.29 (1H, s, Cp-H), 4.46 (1H, d, J = 1 Hz, Cp-H),
4,74 (1H, m, J = 4.4 and 3.9 Hz, CH–N), 5.49 (1H, d,
J = 7.3 Hz, Cp-CH–O), 6.81 (2H, m, Ar-H), 7.09 (3H,m,
Ar-H); 13C NMR (125 MHz, CDCl3): d 8.45, 29.42,
35.05, 59.89, 66.47, 68.60, 68.78, 68.89, 69.30, 78.31,
79.95, 126.38, 128.03, 129.49, 136.72, 153.42, 173.85. Anal.
Calcd for C23H23NO3Fe: C, 66.21; H, 5.55; N, 3.36.
Found: C, 66.07; H, 5.56; N, 3.32.

4.3.2. (4S,5R)-4-Benzyl-3-propionyl-5-ferrocenyl-oxazoli-
din-2-one 8b. Reaction of oxazolidinone 4a (1.3 g,
3.6 mmol) under the reaction conditions described above,
followed by column chromatography on silica gel eluting
with cyclohexane–ethylacetate (10:1), gave the title
compound 8a (1.42 g, 91%) as a yellow solid; mp: 104 �C;
½a�22

D ¼ þ42 (c 1.0, CH2Cl2); 1H NMR (500 MHz, CDCl3):
d 1.23 (3H, t, J = 7.3 Hz, CH3), 2.82 (1H, dd, J = 13.2 and
10.3 Hz, CHaHb-Ph), 2.99 (2H, m, J = 7.3 Hz, CH2–CH3),
3.38 (1H, dd, J = 13.2 and 2.9 Hz, CHaHb-Ph), 3.86 (1H, s,
Cp-H), 3.87 (5H, s, Cp-H), 4.04 (1H, s), 4.14 (1H, s, Cp-H),
4.17 (1H, s, Cp-H), 4.71 (1H, ddd, J = 10.25, 2.9, 2.0 Hz,
CH–N), 5.12 (1H, d, J = 2.0 Hz, Cp-CH–O), 7.31 (1H, t,
J = 7.3 Hz, Ar-H), 7.35 (2H, d, J = 7.3 Hz, Ar-H), 7.40
(2H, t, J = 7.3 Hz, Ar-H); 13C NMR (125 MHz, CDCl3):
d 8.48, 29.37, 38.44, 61.10, 65.55, 67.35, 68.80, 69.16,
69.41, 76.96, 84.17, 127.74, 129.27, 129.76, 135.77,
152.99, 174.27. Anal. Calcd for C23H23NO3Fe: C, 66.21;
H, 5.55; N, 3.36. Found: C, 65.84; H, 5.54; N, 3.33.

4.4. Representative procedure for diastereoselective
alkylation

n-BuLi (0.45 mL of a 1.6 M solution in hexane, 0.72 mmol)
was added to a solution of diisopropylamine (0.10 mL,
0.72 mmol) in THF (5 mL) at �80 �C, the reaction mixture
allowed to warm to �40 �C and stirred at this temperature
for 30 min. Propionyl-auxiliary 8a or 8b (200 mg,
0.48 mmol), dissolved in THF (1 mL), was added at
�80 �C and the resulting mixture stirred at this tempera-
ture for 30 min. CuCN (53 mg, 0.58 mmol) was added
and stirring was continued for another 30 min, before the
halide (3 equiv benzyl bromide or allyl bromide, respec-
tively) was added at �80 �C. The reaction mixture was al-
lowed to warm to �20 �C, stirred for 4 h at this
temperature and was allowed to warm to 0 �C overnight.
Then the reaction was quenched by the addition of satd
aqueous NH4Cl, the mixture extracted with dichlorometh-
ane, the organic phases were combined, dried over Na2SO4

and concentrated in vacuo.

4.4.1. (4R,5R)-4-Benzyl-3-((2S)-2-methyl-3-phenylpropano-
yl)-5-ferrocenyl-oxazolidin-2-one 9a. Benzylation of oxa-
zolidinone 8a (200 mg, 0.48 mmol) with benzyl bromide
(0.17 mL, 1.44 mmol) under the reaction conditions de-
scribed above provided the crude reaction product, the
composition of which was determined by 1H NMR spec-



844 B. J. Ueberbacher et al. / Tetrahedron: Asymmetry 19 (2008) 838–846
troscopy. The benzylated product 9a was subsequently iso-
lated by column chromatography on silica gel eluting with
cyclohexane–ethylacetate (15:1, respectively) as a yellow
solid (190 mg, 78%); mp: 51 �C; ½a�22

D ¼ �62 (c 1.0,
CH2Cl2); 1H NMR (500 MHz, CDCl3): d 1.07 (3H, d,
J = 6.4 Hz, CH3), 2.43–2.53 (3H, m, CH2-Ph, CHa-Ph),
3.03 (1H, q, J = 6.4 Hz, CHb-Ph), 3.77 (1H, m, Cp-H),
3.97 (1H, m, Cp-H), 3.98 (1H, m, CH–CH3), 4.13 (5H, s,
Cp-H), 4.20 (1H, dd, J = 2.4 and 3.4 Hz, Cp-H), 4.32
(1H, t, J = 1.0 Hz, Cp-H), 4.66 (1H, m, CH–N), 5.38
(1H, d, J = 7.3 Hz, CH–O), 6.68–6.70 (2H, m, Ph-H),
6.98–7.00 (3H, m, Ph-H), 7.20 (6H, m, Ph-H); 13C NMR
(125 MHz, CDCl3): d 16.43, 33.72, 34.49, 39.74, 40.01,
59.92, 66.40, 68.61, 68.77, 68.80, 69.28, 77.98, 79.97,
126.35, 126.48, 128.00, 128.45, 128.55, 128.93, 129.16,
129.44, 129.47, 136.68, 139.28, 153.04, 176.50. Anal. Calcd
for C30H29NO3Fe: C, 71.02; H, 5.76; N, 2.76. Found: C,
70.58; H, 5.85; N, 2.66.

4.4.2. (4R,5R)-4-Benzyl-3-((2S)-2-methyl-pent-4-enoyl)-5-
ferrocenyl-oxazolidin-2-one 10a. Allylation of oxazolidi-
none 8a (200 mg, 0.48 mmol) with allyl bromide (0.12 mL,
1.44 mmol) under the reaction conditions described above
provided the crude reaction product, the composition of
which was determined by 1H NMR spectroscopy. The
allylated product 10a was subsequently isolated by column
chromatography on silica gel eluting with cyclohexane–
ethylacetate (15:1, respectively) as a yellow solid (180 mg,
82%) mp: 79 �C; ½a�22

D ¼ �104 (c 1.0, CH2Cl2); 1H NMR
(500 MHz, CDCl3): d 1.19 (3H, d, J = 6.8 Hz, CH3), 2.17
(1H, pent, J = 7.1 Hz, CHaHb–CH@CH2), 2.48 (1H, pent,
J = 6.8 Hz, CHaHb–CH@CH2), 2.67 (1H, dd, J = 14.2
and 8.8 Hz, CHaHb-Ph), 2.76 (1H, dd, J = 14.2 and
3.4 Hz, CHaHb-Ph), 3.83–3.90 (2H, m, CH2CH(CH3)-
C@ON, Cp-H), 4.06 (1H, s, Cp-H), 4.22 (5H, s, Cp-H),
4.30 (1H, s. Cp-H), 4.47 (1H, s, Cp-H), 4.77 (1H, m,
J = 3.4, 8.8 and 7.4 Hz, CH–N), 5.03 (1H, dd, J = 10.3
and 1.0 Hz, CH@CHaHb), 5.08 (1H, dd, 17.1 and 1.5 Hz,
CH@CHaHb), 5.48 (1H, d, J = 7.3, CH–O), 5.77 (1H, m,
J = 6.8, 10.3 and 17.1 Hz, CH@CH2), 6.81 (2H, m,
Ph-H), 7.08 (3H, m, Ph-H); 13C NMR (125 MHz, CDCl3):
d 16.54, 35.14, 37.39, 38.12, 60.07, 66.44, 68.66, 68.81,
68.89, 69.34, 78.02, 80.08, 117.29, 126.36, 128.03, 129.49,
135.45, 136.74, 153.05, 176.45.

4.4.3. (4S,5R)-4-Benzyl-3-((2R)-2-methyl-3-phenylpropa-
noyl)-5-ferrocenyl-oxazolidin-2-one 9b. Benzylation of
oxazolidinone 8b (200 mg, 0.48 mmol) with benzyl bromide
(0.17 mL, 1.44 mmol) under the reaction conditions de-
scribed above provided the crude reaction product, the
composition of which was determined by 1H NMR spec-
troscopy. The benzylated product 9b was subsequently iso-
lated by column chromatography on silica gel eluting with
cyclohexane–ethylacetate (15:1, respectively) as a yellow
solid (170 mg, 69%); mp: 108 �C; ½a�22

D ¼ þ25 (c 1.0,
CH2Cl2); 1H NMR (500 MHz, CDCl3): d 1.12 (3H, d,
J = 6.8 Hz, CH3), 2.55 (1H, dd, J = 10.25 and 13.18 Hz,
CHaHb-Ph), 2.63 (1H, dd, J = 7.8 and 13.2 Hz, CHaHb-
Ph), 3.04 (1H, d, J = 13.2 Hz, CHaHb-Ph), 3.10 (1H, q,
J = 6.8 Hz, CHaHb-Ph), 3.72 (1H, s, Cp-H), 3.77 (1H, s,
Cp-H), 3.80 (5H, s, Cp-H), 3.94 (1H, s, Cp-H), 4.09 (2H,
m, CH2CH(CH3)C@ON, Cp-H), 4.62 (1H, d, J = 9.3 Hz,
CH-N), 4.97 (1H, s, CH–O), 7.18–7.31 (10 H, m, Ph-H);
13C NMR (125 MHz, CDCl3): d 16.96, 38.23, 39.55,
39.88, 61.13, 65.55, 67.37, 68.75, 68.84, 69.24, 69.44,
76.60, 84.25, 126.52, 127.69, 128.47, 129.22, 129.48,
129.74, 135.67, 139.31, 152.53, 176.76.

4.4.4. (4S,5R)-4-Benzyl-3-((2R)-2-methyl-pent-4-enoyl)-5-
ferrocenyl-oxazolidin-2-one 10b. Allylation of oxazolidi-
none 8b (200 mg, 0.48 mmol) with allyl bromide
(0.12 mL, 1.44 mmol) under the reaction conditions de-
scribed above provided the crude reaction product, the
composition of which was determined by 1H NMR spec-
troscopy. The allylated product 10b was subsequently iso-
lated by column chromatography on silica gel eluting
with cyclohexane–ethylacetate (15:1, respectively) as a yel-
low solid (158 mg, 72%); mp: 96 �C; 1H NMR (500 MHz,
CDCl3): d 1.19 (3H, d, J = 6.8 Hz, CH3) J = 2.25 (1H,
pent, J = 7.2 Hz, CH2), 2.54 (1H, pent, J = 6.8 Hz, CH2),
2.77 (1H, dd, J = 10.4 and 13.1 Hz, CH2), 3.33 (1H, dd,
J = 7.0 and 13.2 Hz, CH2), 3.83 (1H, d, J = 1.2 Hz, Cp-
H), 3.85 (5H, s, Cp-H), 3.91 (1H, m, J = 6.9 Hz, O@C–
CH(CH3)–CH2), 4.01 (1H, d, J = 1.2 Hz, Cp-H), 4.13
(1H, s, Cp-H), 4.16 (1H, s, Cp-H), 4.71 (1H, m,
J = 10.3 Hz, CH–N), 5.07 (1H, dd, J = 10.2 and 1.0 Hz,
C@CH2), 5.10–5.13 (2H, m, CH–O and C@CH2), 5.84
(m, J = 10.2 and 7.2 Hz, CH@CH2),7.30 (t, J = 7.1 Hz,
Ph-H), 7.35–7.41 (4H, m, Ph-H); 13C NMR (125 MHz): d
16.76, 37.23, 38.01, 38.67, 61.38, 65.50, 67.43, 68.81,
69.21, 69.44, 76.79, 84.16, 117.31, 127.76, 129.26, 129.88,
135.48, 135.86, 152.62, 176.76.

4.5. Representative procedure for Mg-mediated aldol
reactions

To a solution of 100 mg (0.24 mmol) of oxazolidinone 8a
or 8b in 2 mL of THF abs. were added triethylamine
(83 lL, 0.60 mmol), MgCl2 (23 mg, 0.24 mmol), benzalde-
hyde (30 lL, 29 mmol) and trimethylsilylchloride (45 lL,
0.36 mmol) at room temperature. The mixture was stirred
for 48 h at room temperature, diluted with 5 mL of Et2O
and filtered though a plug of silica. To the obtained solu-
tion 2 mL of methanol was added along with two drops
of trifluoroacetic acid. This was stirred for 0.5 h at room
temperature and quenched with satd aqueous NaHCO3.
The organic phase was washed subsequently with sat. aque-
ous NaHCO3 and brine, dried over Na2SO4 and concen-
trated in vacuo. NMR-spectroscopic analysis of the
obtained residue gave the isomeric composition of the
product. The crude product was subsequently purified by
flash chromatography.

4.5.1. (4R,5R)-4-Benzyl-5-ferrocenyl-3-((2S,3R)-3-hydroxy-
2-methyl-3-phenylpropanoyl)oxazolidin-2-one 11a. Aldol
reaction of oxazolidinone 8a (100 mg, 0.24 mmol) under
the reaction conditions described above provided the crude
reaction product, the composition of which was determined
by 1H NMR spectroscopy. The aldol product 11a was sub-
sequently isolated by column chromatography on silica gel
eluting with cyclohexane–ethylacetate (10:1, respectively)
as a yellow solid (98 mg, 78%); mp: 79 �C; ½a�22

D ¼ �58 (c
1.0, CH2Cl2); 1H NMR (500 MHz, CDCl3): d 1.09 (3H,
d, J = 6.8 Hz, CH3), 2.62 (1H, dd, J = 8.8 and 14.2 Hz,
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CHaHb-Ph), 2.72 (1H, dd, J = 3.4 and 14.2 Hz, CHaHb-
Ph), 2.94 (1H, d, J = 6.8 Hz, OH), 3.86 (1H, s, Cp-H),
4.06 (1H, s, Cp-H), 4.21 (5H, s, Cp-H), 4.29 (1H, s, Cp-
H), 4.33 (m, 1H, J = 7.3 Hz, Ph-CH(OH)CH(CH3)-
C@ON), 4.44 (1H, s, Cp-H), 4.72–4.77 (2H, m, CH(OH)
and CH–N), 5.48 (1H, d, J = 7.3 Hz, Cp-CH–O), 6.79–
6.81 (2H, m, Ar-H), 7.08–7.26 (3H, m, Ar-H), 7.30–7.43
(5H, m, Ar-H); 13C NMR (125 MHz, CDCl3): d 15.01,
34.76, 44.78, 60.41, 66.52, 68.73, 68.82, 68.93, 69.35,
77.52, 78.21, 79.79, 126.34, 126.85, 128.03, 128.17,
128.69, 129.47, 136.84, 141.98, 153.46, 176.52.

4.5.2. (4S,5R)-4-Benzyl-5-ferrocenyl-3-((2R,3S)-3-hydroxy-
2-methyl-3-phenylpropanoyl)oxazolidin-2-one 11b. Aldol
reaction of oxazolidinone 8b (100 mg, 0.24 mmol) under
the reaction conditions described above provided the crude
reaction product, the composition of which was determined
by 1H NMR spectroscopy. The aldol product 11a was sub-
sequently isolated by column chromatography on silica gel
eluting with cyclohexane–ethylacetate (10:1, respectively)
as a yellow solid (92 mg, 73%); mp: 76 �C; ½a�22

D ¼ þ53 (c
1.0, CH2Cl2); 1H NMR (500 MHz, CDCl3): d 1.12 (3H,
d, J = 6.9 Hz, CH3), 2.74 (1H, dd, J = 10.3 and 13.2 Hz,
CHaHb-Ph), 3.17 (1H, d, J = 6.8 Hz, OH), 3.27 (1H, dd,
J = 2.44 and 13.7 Hz, CHaHb-Ph), 3.85 (1H, s, Cp-H),
3.88 (5H, s, Cp-H), 4.04 (1H,s, Cp-H), 4.15 (1H, s, Cp-
H), 4.18 (1H, s, Cp-H), 4.40 (1H, pent, J = 7.3 Hz, Ph-
CH(OH)CH(CH3)C@ON), 4.74 (1H, d, J = 9.8 Hz, CH–
N), 4.85 (1H, t, J = 7.3 Hz, CH(OH)), 5.10 (1H, s, Cp-
CH–O), 7.29–7.46 (10H, m, Ar-H); 13C NMR (125 MHz,
CDCl3): d 15.02, 38.17, 44.39, 61.31, 65.55, 67.55, 68.86,
69.33, 69.56, 77.50, 83.88, 126.80, 127.74, 128.19, 128.72,
129.28, 129.79, 135.71, 142.13, 153.01, 176.83.

4.6. General procedure for auxiliary cleavage

LiOH (3 equiv) was added to a solution of alkylation prod-
uct (100 mg, 1 equiv) in 5 mL of a THF/H2O mixture (3:1)
at 0 �C. The mixture was stirred at 0 �C for 1 h and at room
temperature for 16 h. Saturated aqueous NaHCO3 was
added and the phases were separated. The aqueous phase
was washed with dichloromethane (3 � 10 mL), and the or-
ganic phases were combined, washed with brine, dried over
Na2SO4 and concentrated in vacuo to give the auxiliary as
a yellow, crystalline solid. The spectroscopic data of the
recovered auxiliary were identical to those recorded above.
To the original aqueous extract was added 1 M HCl until
pH 1 was reached. The mixture was extracted with ethyl-
acetate (3 � 10 mL) and the organic extracts were com-
bined, washed with brine, dried over Na2SO4 and
concentrated in vacuo to give the respective carboxylic
acid. The crude acids were purified by silica gel column
chromatography (eluent CH2Cl2/MeOH 10:1). Absolute
configuration and enantiomeric purity were assigned by
the comparison of the measured specific rotation with liter-
ature values.

4.6.1. Hydrolysis of (4R,5R)-4-benzyl-3-((2S)-2-methyl-
3-phenyl-propionyl)-5-ferrocenyl-oxazolidin-2-one 9a.
Hydrolysis of 9a (100 mg, 0.20 mmol) under the above-
mentioned conditions gave (4R,5R)-4-benzyl-5-ferrocenyl-
oxazolidin-2-one 4a (66 mg, 92%) as a yellow solid, and
(S)-2-methyl-3-phenylpropionic acid 12a (28 mg, 89%) as
a colourless oil. Compound 12a: ½a�22

D ¼ þ26:3 (c 1.0,
CHCl3) (lit.6n +26.5); ee 95% (for determination see be-
low); 1H NMR (500 MHz, CDCl3): d 1.19 (3H, d,
J = 6.9 Hz, CH3), 2.70 (1H, dd, J = 8.0 and 13.5 Hz,
CH2), 2.78 (1H, m, J = 6.8 Hz, CH–CH3), 3.10 (1H, dd,
J = 6.5 and 13.5 Hz, CH2), 7.20–7.33 (5H, m, Ph-H); 13C
NMR (125 MHz, CDCl3): d 16.60, 39.38, 41.36, 126.57,
128.56, 129.14, 139.16, 182.57.

4.6.2. Hydrolysis of (4R,5S)-4-benzyl-3-((2R)-2-methyl-
3-phenyl-propionyl)-5-ferrocenyl-oxazolidin-2-one 9b.
Hydrolysis of 9b (100 mg, 0.20 mmol) under the above-
mentioned conditions gave (4R,5S)-4-benzyl-5-ferrocenyl-
oxazolidin-2-one 4b (60 mg, 83%) as a yellow solid, and
(R)-2-methyl-3-phenylpropionic acid 12b (27 mg, 82%) as
a colourless oil; 12b: ½a�22

D ¼ �18 (c 1.0, CHCl3) (lit.6i

�26.1); ee 70% (for determination see below).

4.6.2.1. Determination of enantiomeric purity of 12a and
12b. TMSCHN2 (2.0 M in hexane, 1 mL, 2 mmol) was
added to a stirred solution of acid 12a or 12b (10 mg) in
MeOH–THF (1:3.5 mL) at room temperature. The result-
ing mixture was stirred at room temperature for 30 min
and the solution became clear. The solvent was removed
under reduced pressure and the ee of the prepared
methyl-2-methyl-3-phenylpropanoate was determined by
HPLC on a Chiralcel OD column (hexane/i-PrOH 99.75:
0.25; flow 1 mL/min, detection at 254 nm; tR of (R)-enan-
tiomer: 15 min, of (S)-enantiomer: 19 min) to be 95% for
(S)-12a and 70% for (R)-12b.

4.6.3. Hydrolysis of (4R,5R)-4-benzyl-3-((2S)-2-methyl-
pent-4-enoyl)-5-ferrocenyl-oxazolidin-2-one 10a. Hydroly-
sis of 10a (100 mg, 0.22 mmol) under the above-mentioned
conditions gave (4R,5R)-4-benzyl-5-ferrocenyl-oxazolidin-
2-one 4a (69 mg, 87%) as a yellow solid, and (S)-2-
methyl-pent-4-enoic acid 13a (19 mg, 77%) as a colourless
oil. Compound 13a: ½a�22

D ¼ þ10:1 (c 1.0, CHCl3), (lit.:13

10.1); ee >95%; 1H NMR (500 MHz, CDCl3): d 1.19 (3H,
d, J = 6.3 Hz, CH3), 2.20, (1H, m, CH2), 2.43 (1H, m,
CH2), 2.55 (1H, s, CH), 5.05–5.11 (2H, m, C@CH2), 5.77
(1H, m, CH@CH2), 9.2 (1H, br s, COOH); 13C NMR
(125 MHz, CDCl3): d 16.5, 37.62, 39.28, 117.31, 135.29,
182.44.

4.6.4. Hydrolysis of (4R,5S)-4-benzyl-3-((2R)-2-methyl-
pent-4-enoyl)-5-ferrocenyl-oxazolidin-2-one 10b. Hydro-
lysis of 10b (100 mg, 0.22 mmol) under the above-
mentioned conditions gave (4R,5S)-4-benzyl-5-ferrocenyl-
oxazolidin-2-one 4b (74 mg, 94%) as a yellow solid, and
(R)-2-methyl-pent-4-enoic acid 13b (18 mg, 74%) as a col-
ourless oil. Compound 13b: ½a�22

D ¼ �8:1 (c 1.0, CHCl3),
(lit.:14 �10.2); ee 78%; 1H and 13C NMR: identical with
13a.

4.6.5. Hydrolysis of (4R,5R)-4-benzyl-3-((2S,3R)-3-
hydroxy-2-methyl-3-phenyl-propionyl)-5-ferrocenyl-oxazoli-
din-2-one 11a. Hydrolysis of 11a (100 mg, 0.19 mmol)
under the above-mentioned conditions gave (4R,5R)-4-
benzyl-5-ferrocenyl-oxazolidin-2-one 4a (0.61 mg, 89%)
as a yellow solid, and (2S,3R)-3-hydroxy-2-methyl-3-
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phenyl-propionic acid 14a (29 mg, 84%) as a colourless oil.
Compound 14a: ½a�22

D ¼ þ38 (c 0.66, CHCl3), lit.:15 +17.8;
1H NMR (500 MHz, CDCl3): d 1.00 (3H, d, J = 6.8 Hz),
2.81 (1H, dq, J = 7.3 Hz), 4.72 (1H, d, J = 8.8 Hz), 7.31–
7.37 (5H, m); 13C NMR (125 MHz, CDCl3): d 14.48,
47.16, 76.47, 126.91, 128.48, 128.78, 141.19, 180.91.
4.6.6. Hydrolysis of (4R,5S)-4-benzyl-3-((2R, 3S)3-hydroxy-
2-methyl-3-phenyl-propionyl)-5-ferrocenyl-oxazolidin-2-one
11b. Hydrolysis of 11b (100 mg, 0.19 mmol) under the
above-mentioned conditions gave (4R, 5S)-4-benzyl-5-
ferrocenyl-oxazolidin-2-one 4b (63 mg) as a yellow solid,
and (2R,3S)-3-hydroxy-2-methyl-3-phenyl-propionic acid
14b (25 mg, 73%) as a colourless oil. Compound 14b:
½a�22

D ¼ �26 (c 0.66, CHCl3), (lit.:16 �40.7); ee 72%; 1H
NMR (500 MHz, CDCl3): d 1.00 (3H, d, J = 6.8 Hz),
2.81 (1H, dq, J = 7.3 Hz), 4.72 (1H, d, J = 8.8 Hz),
7.31–7.37 (5H, m): 13C NMR (125 MHz, CDCl3): d
14.48, 47.16, 76.47, 126.91, 128.48, 128.78, 141.19,
180.91.
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