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Abstract—(S)-(+)-Naproxen was directly resolved from the racemate with high enantiopurity (>95% e.e.) by inclusion crystalliza-
tion using N-octyl-D-(−)-glucamine as the chiral host. The crystal structure of the inclusion complex was determined. © 2002
Elsevier Science Ltd. All rights reserved.

1. Introduction

Naproxen (6-methoxy-�-methyl-2-naphthaleneacetic
acid, 1) is one of the most popular non-steriodal anti-
inflammatory and analgesic drugs. It is an arylpropi-
onic acid with a stereogenic centre. (S)-(+)-1 is about 28
times more effective than its (R)-enantiomer1 an there
has thus been extensive research on 1 in order to
prepare the enantiopure (S)-form. For example, (S)-(+)-
1 can be obtained by enantioselective synthesis2 but this
is costly and time-consuming. The racemate of 1, (±)-1,
can be prepared easily using a well developed and
optimized method and can be manufactured on a large
scale.3 Currently, most of the enantiopure drug is pre-
pared from the resolution of (±)-1.

Crystallization of diastereomeric salts was adopted
commercially for the production of (S)-(+)-1.4 This
process usually consumes large amounts of resolving
agent and is complicated by recycling of the (R)-enan-
tiomer. There have been several different methods for
the resolution of (±)-1 based on preferential-crystalliza-
tion, including the combination of racemization and
preferential-crystallization.5 Manimaran et al. disclosed
an optimal approach for the separation of racemic

mixtures of certain aliphatic carboxylic acids or esters.6

First, the racemic acid was treated with 1 equiv. of
achiral organic amine to form a salt solution. Then 0.5
equiv. of (−)-�-methylbenzylamine (MBA) was added
to give the salt of the D-acid and (−)-MBA, which
precipitated with high diastereomeric excess. The
mother liquid was heated and the achiral amine base
catalyzed the racemization of the undesired L-acid; Patil
et al. reported another unique separation process of
(±)-1 using N-methyl-D-(−)-glucamine D-(−)-2a as the
resolving agent.7 This process involved forming a
diastereomeric salt of one of the enantiomers of the
aliphatic acid by reacting a solution of the racemic
mixture with about 0.25 equiv. of D-(−)-2a, which is
sufficient to preferentially combine with one of the
enantiomers of the racemic mixture but not the other.
The resolving agent can be recycled. However, the yield
of resolved material was too low to be viable for
industrial application.

These previous works threw light on our efforts to
explore an alternative approach for extending and sim-
plifying the resolution procedure of (±)-1. Since the
early 1980s, inclusion crystallization has proven to be
an effective method for the separation of structural
isomers and the enantiomeric resolution of racemic
mixtures.8 In contrast to the formation of
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diastereomeric salts, this method can be applied to
compounds with almost any functional group. Molecu-
lar recognition between host and guest is directed by
specific intermolecular forces (e.g. hydrogen bonding,
�–�-interaction and T-shaped interaction) as well as
steric complementarity.9 Recently, we have found that
this method could be used for the effective resolution of
(±)-1, which formed an inclusion complex with the
chiral host N-octyl-D-(−)-glucamine 2b. (S)-(+)-1 was
directly resolved from the racemate with high enantio-
purity. We report herein this new simple and commer-
cially feasible process and the crystal structure of the
1:1 inclusion complex of (S)-(+)-1 and D-(−)-2b, which
is described for the first time.

2. Results and discussion

The key to success in this approach is the selection of a
suitable solvent in which (S)-(+)-1 preferentially forms
an inclusion compound with D-(−)-2b and the complex
has very low solubility. Suitably, (±)-1 and the chiral
host D-(−)-2b were dissolved in acetonitrile in a molar
ratio of 1:0.45. Therefore, one could obtain (S)-(+)-1
with reasonable yield and high enantiopurity, and only
(R)-enriched 1 is left in the mother liquor. The (R)-

enriched solid obtained by evaporating the solvent
could be directly racemized in aqueous base solution
for further resolution. The overall yield from (±)-1 to
(S)-(+)-1 exceeded 90%. The enantiopurity of (S)-(+)-1
meets the standard of British Pharmaceutical Version
1993 (e.e. �95%). At present D-(−)-2b is available
commercially. The resolving agent could be recycled
with almost no undesired effect on the resolution. Inter-
estingly, however, D-(−)-2a did not form an inclusion
complex with (S)-(+)-1.

The 1H NMR spectra and elemental analysis showed
that the molar ratio of (S)-(+)-1 and D-(−)-2b in the
inclusion complex is 1:1.10 In the IR spectrum of the
inclusion complex, the C�O stretching band in the guest
(S)-(+)-1 shifts to a lower wavenumber.11 (±)-1 exhibits
a sharp and strong band of C�O stretching at 1727
cm−1, while in the inclusion complex the corresponding
C�O band occurs at 1637 cm−1. The chiral host D-(−)-
2b shows strong vibrational bands at around 3232 cm−1

(O–H absorption) and 3420 cm−1 (N–H absorption),
while the absorptions for the inclusion complex are seen
at 3242 and 3403 cm−1, respectively. These results show
that the carbonyl group of the guest (S)-(+)-1, and both
the amine and hydroxyl groups of the host D-(−)-2b are
involved in the formation of hydrogen bonds in the
inclusion complex. X-Ray structural analysis of a single
crystal of the inclusion complex (S)-(+)-1/D-(−)-2b
shows the formation of hydrogen bonds between (S)-(+)-
1 and D-(−)-2b.12 The asymmetric unit for (S)-(+)-1/D-
(−)-2b is shown in Fig. 1. The guest (S)-(+)-1 molecule
interacts with the chiral host, D-(−)-2b, via hydrogen
bonding between the carboxylic acid group and the
hydroxyl and amino groups. The carbonyl oxygen of
the guest 1 interacts with the hydroxyl group of host
2b, with an OH···O distance of ca. 1.85 A� . The O–H
group of the carboxylic acid is in contact with both the
hydroxyl and amino groups of host 2b. On the other
hand, chiral host molecules are linked to each other by
hydrogen bonding between hydroxyl groups to form

Figure 1. ORTEP drawing of (S)-(+)-1 and D-(−)-2b (thermal ellipsoids at the 50% probability level).
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host layers, and the H···O contact distances vary from
1.842 to 1.921 A� . The important hydrogen bonds are
listed in Table 1. A stereoview of the crystal structure is
shown in Fig. 2. The average distance between neigh-
boring host D-(−)-2b molecules located at either side of
an (S)-(+)-1 molecule is about 8.78 A� . The approximate
equivalence in the length of the N-octyl group and the
length of the guest D-(−)-2b molecule (ca. 8.50 and ca.
8.90 A� , respectively) may also be beneficial to the
formation of the inclusion complex.

3. Conclusion

The (S)-(+)-enantiomer of naproxen 1 was obtained
with high enantiopurity (>95% e.e.) by inclusion crys-
tallization with D-(−)-2b. The method is simple and
commercially feasible for the resolution of (±)-1. The
crystal structure of inclusion complex (S)-(+)/1-D-(−)-
2b was determined.

4. Experimental

A 100 mL flask equipped with a magnetic stirring bar
was charged with (±)-1 (9.20 g, 40 mmol) in acetonitrile
(70 mL). To the solution, D-(−)-2b (5.30 g, 18 mmol)
was added. The mixture was heated to 84°C and heated
under reflux for 6 h. Cooling to room temperature, the
white solid precipitate was isolated by filtration to
obtain colorless crystal (9.16 g, 17.5 mmol, 97.2%
recovery). Mp 138.5–139.0°C; 94.6% e.e.;13 [� ]D23=+5.2
(c 0.5, DMSO). The solid was decomposed with 20 wt%
NaOH solution, precipitation was filtered and washed
with water to afford D-(−)-2b (5.10 g, 96.2% recovery);
mp 123–124°C; [� ]D23=−17.4 (c 2, DMSO). The filtrate
was treated with a 1N aqueous HCl solution and the
white solid precipitated was isolated and dried to give a
white solid. After recrystallization from 90 wt% alco
hol, (S)-(+)-1 was obtained as a colorless needle-like
crystalline solid (3.93 g, 99.0 wt%, 85.4% recovery). Mp
154–155°C; e.e.=95.8%;13 [� ]D23=+66.3 (c 1, C2H5OH).

Table 1. Important hydrogen bonds in the inclusion com-
plex of (S)-(+)-1 and D-(−)-2b

�D�H···A (°)D···A (A� )H···A (A� )Donor-H···acceptorNr

O(1)�H(1A)···N(1) 2.1124 2.812(5) 143.041
N(1)�H(1B)···O(1) 2.39822 2.812(5) 110.12

2.3851 2.802(5) 110.273 N(2)�H(2A)···O(9)
1.8467 2.650(5) 166.384 O(4)�H(4A)···O(2)

173.862.747(5)1.93005 O(5)�H(5A)···O(16)1

2.0424 2.827(4) 159.846 O(6)�H(6A)···O(1)2

O(7)�H(7A)···O(12)3 1.85297 2.644(5) 161.35
172.522.657(6)1.84168 O(8)�H(8A)···O(15)4

O(9)�H(9A)···N(2) 2.10409 2.802(5) 142.91
10 1.8497O(12)�H(12A)···O(10) 2.652(5) 165.40

O(13)�H(13A)···O(8)5 1.920811 2.739(5) 174.78
2.814(4)12 2.0279 160.67O(14)�H(14A)···O(9)2

1.871813 160.232.658(5)O(15)�H(15A)···O(4)6

14 1.8511O(16)�H(16A)···O(7)7 2.667(5) 172.78

Translation of ARU-code to equivalent position: 1=2+x, 1+y, 1+z ;
2=x, −1+y, z ; 3=2+x, y, 1+z ; 4=3+x, y, 1+z ; 5=−2+x, y, −1+z ;
6=−2+x, −1+y, −1+z ; 7=−3+x, −1+y, −1+z.

Figure 2. Diagram of crystal structure viewed down the a-axis.
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The filtrate left after separation of the complex was
evaporated, leaving a pale yellow solid of enriched
(R)-1, which was racemized with a 25 wt% aqueous
NaOH solution for recycling, to afford a white solid
(5.10 g, 99.0 wt%, 110.2% recovery). Mp 154–155°C;
[� ]D23=0 (c 1, C2H5OH).
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