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Abstract: A series of structurally related racemic pentafluorophe-
nyl active esters were resolved using an equimolar amount of (S)-4-
phenyloxazolidin-2-thione. The levels of diastereocontrol were
found to be excellent (>86% de at ~30% conversion).
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tion, stereoselectivity

The resolution and synthesis of pharmaceutically
important1 enantiomerically pure 2-phenylpropionic acid
and its derivatives are well documented.2 Since 2000, we
have been interested in the mutual, kinetic, and parallel
resolutions3 of pentafluorophenyl 2-phenylpropionate
(rac)-24 and related derivatives using Evans’ 4-phenylox-
azolidin-2-one [(R)-1, Scheme 1].5 Deprotonation of ox-
azolidin-2-one (R)-1 (1 equiv) with n-BuLi (1.1 equiv) at
–78 °C, followed by the addition of pentafluorophenyl 2-
phenylpropionate (rac)-2 (1 equiv), gave after 2 hours the
corresponding oxazolidin-2-one adducts (S,R)-syn-3 and
(R,R)-anti-3 in 39% and 16% yields, respectively, with a
diastereomeric ratio of 70:30 (Scheme 1).5 The level of dia-
stereocontrol was poor (40% de) due to competitive for-
mation of the minor diastereomer under these reaction
conditions. This level of diastereocontrol for (S,R)-syn-3
could be improved to 84% de using an excess of the race-
mic pentafluorophenyl 2-phenylpropionate [(rac)-2, 2
equiv, Scheme 1].5

In our attempt to improve the diastereoselective outcome
of this methodology,6 we became interested in the use of
the structurally related 4-phenyloxazolidin-2-thione [(S)-
4]7 as a resolving component. We now report an extension
to our original methodology for the efficient resolution of

pentafluorophenyl 2-phenylpropionate [(rac)-2] and
structurally related pentafluorophenyl active esters (rac)-
7, (rac)-9, (rac)-11, (rac)-13, (rac)-15, and (rac)-17, us-
ing 4-phenyloxazolidin-2-thione [(S)-4] as the resolving
agent (Scheme 2). We outline the scope and limitations of
this methodology and disclose the probable reasons for
the high levels of diastereocontrol.

We first investigated the resolution of pentafluorophenyl
2-phenylpropionate [(rac)-2] using an equimolar amount
of 4-phenyl oxazolidin-2-thione [(S)-4, Scheme 2]. Treat-
ment of 4-phenyloxazolidin-2-thione [(S)-4] with n-BuLi
in THF at –78 °C, followed by addition of pentafluo-
rophenyl 2-phenylpropionate [(rac)-2], gave after two
hours the corresponding oxazolidin-2-thione adduct
(R,S)-syn-58 in 30% yield with 88% de (Scheme 2). The
level of diastereocontrol was found to be excellent [mea-
sured by 1H NMR spectroscopy (400 MHz)].9 The re-
maining active ester 210,11 was recovered by column
chromatography in 47% yield and was found to have an S-
configuration with 42% ee (Scheme 2).12 With this infor-
mation at hand, we next investigated the diastereoselectiv-
ity of this process by altering the relative amount of the
active ester (rac)-2 (0.25–2 equiv). To our surprise, in all
cases studied, the relative diastereoselectivity remained
constant (87–90% de), whereas understandably the yields
improved with an increase of active ester (rac)-2
(Table 1). Intriguingly, the level of diastereocontrol re-
mained constant irrespective of the amount of active ester
(rac)-2 used.13

Scheme 2 Resolution of pentafluorophenyl 2-phenylpropionate
(rac)-2 using oxazolidin-2-thione (S)-4

We next chose to investigate the temperature dependence
of this resolution by the addition of a solution of lithiated
oxazolidin-2-thione derived from (rac)-4 (in THF) to a so-
lution of active ester (rac)-2 (in THF) at a variety of tem-
peratures (ranging from –88 °C to 20 °C, Table 2). The
overall levels of diastereoselectivity were found to be
highly temperature dependent; for high yield and excel-

Scheme 1 Resolution of pentafluorophenyl 2-phenylpropionate
[(rac)-2] using oxazolidin-2-one (R)-1

OHN

O

Ph

1. n-BuLi (1.1 equiv)
    THF, –78 °C

Ph

Me

OC6F5

O2.

(rac)-2(R)-1 
(1 equiv)

ON

O

Ph

(S,R)-syn-3

O

Ph

Me

ON

O

Ph

(R,R)-anti-3

O

Ph

Me

70:30

(2 equiv) 52%

16%

92:8

(1 equiv) 39%

4%

OHN

S

Ph

1. n-BuLi (1.1 equiv)
    THF, –78 °C

Ph

Me

OC6F5

O2.

(rac)-2(S)-4 
(1 equiv)

ON

S

Ph

(R,S)-syn-5

O

Ph

Me

OC6F5

O

Ph

Me

(1 equiv)  30%; 88% de

(S)-2

 47%; 42% ee

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f M

as
sa

ch
us

et
ts

 B
os

to
n.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.



LETTER Resolution of Pentafluorophenyl Active Esters 961

Synlett 2009, No. 6, 960–964 © Thieme Stuttgart · New York

lent levels of molecular recognition between the oxazoli-
din-2-thione (rac)-4 and active ester (rac)-2, the
temperature was required to be at or below –78 °C. This
reaction was also found to be particularly sensitive to the
temperature at which the active ester (rac)-2 was added.
Addition of the active ester (rac)-2 at room temperature
[to a stirred solution of lithiated oxazolidin-2-thione (S)-
4] lowered the diastereoselectivity to 74% de (after 5 min,
10% yield) but gradually increased to 86% de after cool-
ing in the reaction vessel for 20 minutes at –78 °C (19%
yield).

With this information at hand, we next investigated the
reaction time for optimum formation of this product,
(R,S)-syn-5 at –78 °C. We chose to study this reaction
from 1 minute [after the active ester (rac)-2 was added]
through to 12 hours. Somewhat surprisingly, we found
that at the start of this reaction the levels of diastereoselec-
tivity appeared to be independent of conversion up to
~30% (Table 3). Even after 12 hours, the reaction had
only proceeded to 37% conversion giving the product, ox-
azolidin-2-thione (R,S)-syn-5, in 37% yield with 80% de
(Table 3).

This outcome is possible if the reaction proceeded via a
two-step process where the initial addition (step A) to give
intermediates 6a,b was reversible, and the elimination of
lithium pentafluorophenolate (step B) to form the oxazo-
lidin-2-thione (R,S)-syn-5 was the product-determining
step (Scheme 3). The relative diastereoselectivity of this
process appears to be a measure of the relative rates of
these addition–elimination pathways.

In an attempt to get a better understanding of this process,
we next chose to investigate two sterically demanding ac-
tive esters, pentafluorophenyl 2-phenylbutanoate [(rac)-
7] and pentafluorophenyl 2-phenyl-3-methylbutanoate
[(rac)-9, Table 4, entries 2 and 3)]. The de was improved
to 96% [for oxazolidin-2-thione adduct (R,S)-syn-8] using
pentafluorophenyl 2-phenylbutanoate [(rac)-7, Table 4,
entry 2). In comparison, for the more sterically demanding
pentafluorophenyl 2-phenyl-3-methylbutanoate [(rac)-9],
the corresponding oxazolidin-2-thione adduct (R,S)-syn-
10 was not formed under our standard reaction conditions
(–78 °C for 2 h and 12 h, Table 4, entries 3 and 4). In con-
trast, by allowing the reaction mixture to warm up to room
temperature and stirring the resulting reaction mixture for
12 h, gave the oxazolidin-2-thione adduct (R,S)-syn-10 in
51% yield with low de (28% de, Table 4, entry 3).

Scheme 3 Proposed mechanism for the formation of oxazolidin-2-
thione (R,S)-syn-5 derived from (S)-4-Li

We next investigated a series of structurally related
pentafluorophenyl 2-arylpropionates (rac)-11, (rac)-13,
(rac)-15, and (rac)-17 (Table 5). These active esters
(rac)-11, (rac)-13, and (rac)-17 behaved similarly to the
parent active ester pentafluorophenyl 2-phenylpropionate
[(rac)-2] giving the oxazolidin-2-thiones (R,S)-12 (in

Table 2 Variation of Temperature and Diastereoselectivity

Temp (°C) Product 5 Yield (%) de (%)

–88 (R,S)-syn-5 5 64

–78 (R,S)-syn-5 30 88

–55 (R,S)-syn-5 34 36

–10 (S,S)-anti-5 60 8

0 (S,S)-anti-5 60 8

20 (S,S)-anti-5 57 6

Table 1 Resolution of Active Ester (S)-2 Using 4-Phenyloxazoli-
din-2-thione [(S)-4]a

Entry Active ester (S)-2 
(n equiv)

Yield (%) of product 
(R,S)-syn-5

de (%)

1 0.25 13 88

2 0.5 33 90

3 1 30 88

4 1.5 40 87

5 2 45 88

a One equiv of 4-phenyloxazolidin-2-thione [(S)-4] was used.

Table 3 Variation of Time and Diastereoselectivity

Time Yield (%) of (R,S)-syn-5 de (%)

1 min <5 84

5 min 10 86

10 min 15 86

20 min 19 86

1 h 26 88

2 h 32 88

12 h 37 80
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26% yield with 88% de), (R,S)-14 (in 30% yield with 92%
de), and (R,S)-18 (in 30% yield with 86% de), respective-
ly, in similar yields (26–30%) and diastereocontrol (86–
92% de, Table 5, entries 1, 2, and 4). The remaining pen-
tafluorophenyl 2-(4-chlorophenyl)propionate [(rac)-15]
gave the corresponding oxazolidin-2-thione (R,S)-syn-16
in 28% yield with significantly lower levels of diastereo-
control (64% de, Table 5, entry 3).14

Access to enantiomerically enriched 2-phenylpropionic
acid [(R)-19, with 93% ee]15 was achieved in 70% yield by
lithium hydroxide–hydrogen peroxide mediated hydroly-
sis of oxazolidin-2-thione (R,S)-syn-5 (Scheme 4). The
oxazolidin-2-thione (S)-1 was recovered in 80% yield
with 80% sulfur retention (Scheme 4).

In conclusion, we have shown that a series of structurally
related pentafluorophenyl 2-aryl and phenyl propionates,
such as (rac)-2, can be efficiently resolved using 4-phenyl-
oxazolidin-2-thione [(S)-4] in good yield with high levels

of diastereomeric excess.16 The levels of diastereoselecti-
vity were found to be independent of conversion (from 5–
30%) and suggests the diastereoselective addition of the
lithiated 4-phenyloxazolidin-2-thione [(S)-4-Li] to the ac-
tive ester (rac)-2 was reversible, thus allowing the less
reactive enantiomer of the active ester (S)-2 to be re-
turned. Competitive elimination of the resulting tetrahe-
dral intermediates 6a,b leads to the products (R,S)-syn-5
and (S,S)-anti-5 in a diastereomeric ratio of 94:6 (88%
de). We are currently investigating the scope and limita-
tion of this resolution process, and the results will be re-
ported in due course.
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n-Butyllithium (0.36 mL, 2.5 M in hexane, 0.90 mmol) was 
added to a stirred solution of 4-phenyloxazolidin-2-thione 
(S)-4 (0.15 g, 0.84 mmol) in THF (5 mL) at –78 °C. After 
stirring for 1 h, a solution of pentafluorophenyl 2-phenyl-
propionate [(rac)-2, 0.26 g, 0.84 mmol] in THF (1 mL) was 
added. The resulting mixture was stirred for 2 h at –78 °C. 
The reaction was quenched with H2O (10 mL). The organic 
layer was extracted with CH2Cl2 (2 × 10 mL), dried 
(MgSO4), and evaporated under reduced pressure to give a 
mixture of diastereomeric oxazolidin-2-thiones syn-5 and 
anti-5 (ratio 94:6 syn/anti). The crude residue was purified 
by flash chromatography on SiO2 eluting with light PE (bp 
40–60 °C)–Et2O (7:3) to give the oxazolidin-2-thione (R,S)-
syn-5 (77 mg, 30%) as a white solid and the pentafluoro-
phenyl 2-phenylpropionate (S)-2 (0.123 g, 47%) as a 
colorless liquid.
Oxazolidin-2-thione (R,S)-syn-5: Rf = 0.67 [light PE (bp 
40–60 °C)–Et2O, 1:1]; mp 87–89 °C [lit.6 (S,R) 84–86 °C]; 
[a]D

20 +66.1 (c 3.6, CHCl3) [lit. (S,R) [a]D
20 –58.3 (c 4.0, 

CHCl3)]. IR (CHCl3): nmax = 1708 (C=O), 1216 (C=S) cm–1. 
1H NMR (400 MHz, CDCl3): d = 7.20–7.08 (6 H, m, 6 × CH, 
PhA and PhB), 6.94 (2 H, dt, J = 6.9, 1.8 Hz, 2 × CH, PhA), 
6.88 (2 H, dt, J = 7.0, 1.8 Hz, 2 × CH, PhB), 5.98 (1 H, q, J = 
6.9 Hz, PhCHCH3), 5.62 (1 H, dd, J = 9.2, 6.1 Hz, PhCHN), 
4.68 (1 H, t, J = 9.2 Hz, CHAHBO), 4.20 (1 H, dd, J = 9.2, 6.1 
Hz, CHAHBO), 1.35 (3 H, d, J = 6.9 Hz, PhCHCH3). 

13C NMR (100 MHz, CDCl3): 185.2 (C=S), 174.8 (C=O), 
139.1 and 136.9 (2 × i-C; 2 × Ph), 128.8,2 128.7,1 128.5,2 
128.3,2 127.11 and 126.42 (10 × CH, 2 × Ph), 73.6 (CH2O), 
62.6 (PhCHN), 43.9 (PhCHCH3), 18.7 (PhCHCH3). HRMS: 
m/z calcd for C18H18NO2S [MH+]: 312.1053; found: 
312.1054.
Pentafluorophenyl 2-phenylpropionate (S)-2: Rf = 0.63 [light 
PE (40–60 °C)–Et2O, 9:1]; [a]D

20 +40.8 (c 4.6, CHCl3) {ca. 
55% ee based on lit.10 (S) [a]D

20 +74.5 (c 4.9, CHCl3); lit.
11 

(R) [a]D
20 –75.0 (c 3.3, CHCl3)}. IR (film): nmax = 1784 

(C=O) cm–1. 1H NMR (400 MHz, CDCl3): d = 7.41–7.28 (5 
H, m, 5 × CH, Ph), 4.07 (1 H, q, J = 7.2 Hz, CH3CH), 1.64 
(3 H, d, J = 7.2 Hz, CH3CH). 13C NMR (100 MHz, CDCl3): 
d = 170.6 (OC=O), 141.1 [142.40 and 139.90, 2 C, ddt, 
1JC,F = 251.3 Hz, 2JC,F = 12.2 Hz, 3JC,F = 3.8 Hz, C(2)-F], 
139.4 [140.70 and 138.18, 1 C, dtt, 1JC,F = 253.2 Hz, 
2JC,F = 13.4 Hz, 3JC,F = 4.2 Hz, C(4)-F], 138.7 (i-C, Ph), 
137.8 [139.05 and 136.58, 2 C, dtdd, 1JC,F = 249.1 Hz, 
2JC,F = 14.5 Hz, 3JC,F = 5.7 Hz, 4JC,F = 3.1 Hz, C(3)-F], 
128.9, 127.8, 127.5 (3 × CH, Ar), 125.2 (1 C, tdt, 2JC,F = 14.2 
Hz, 4JC,F = 4.2 Hz, 3JC,F = 2.0 Hz, i-CO, OC6F5), 45.1 
(PhCH), 18.5 (CH3CH). 19F NMR (378 MHz, CDCl3): 
d = –152.6 (2 F, d, 3JF,F = 20.9 Hz, Fortho), –157.9 (1 F, t, 
3JF,F = 20.9 Hz, Fpara), –162.3 (2 F, t, 3JF,F = 20.9 Hz, Fmeta). 
HRMS: m/z calcd for C15H9F5O2 [M

+]: 316.0517; found: 
316.0514.
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