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INTRODUCTION

Schistosomiasis is one of the most burdensome and
neglected tropical diseases, accounting for an extraordinarily
high level of suffering around the world'. The World Health
Organisation estimates 200 million people are infected and it
is calculated that further 600 million people are at risk of
infection.

So far there is only one drug of choice, a highly effective
small molecule called praziquantel (PZQ). However, the drug
is currently manufactured and administered as a racemate (1:1
mixture of enantiomers). The L-(-)-enantiomer is the eutomer™®
and has the (R) configuration®, which resulted in fewer side
effects than the racemate®. The inactive (+)-enantiomer is
associated with side effects and is also primarily responsible
for the extremely bitter taste of the pill’; There has been much
recent debate whether praziquantel, like so many other drugs,
is destined to become less useful because of drug-resistance® '
and several strands of evidence indicate that it may not escape
this fate. Therefore, WHO established a business plan to
investigate the possibility to switch chiral praziquantel into
market'". Todd et al.'’ has discovered first time that using
resolution approach to achieve rac-praziquantel with 77 %
yield and high ee value. However, can such enantiopure
praziquantel be obtained without a significant increase in price
compared with rac-praziquantel? It is a challenge for either
academia or industry to solve this problem. In order to reduce
the pro-duction price, the efficiency of resolving process needs
improvement and validation to match industrial production.
Furthermore, R- and S-praziquantel would be valuable
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Investigation of the viability of scale up preparation for chiral praziquantel was included in WHO/TDR business plan. Resolution is the |
major strategy for preparation of single enantiomer. In this study, a stable and effective resolution approach toward the important intermediate
praziquantel amine for preparation of chiral praziquantel was developed and the process was optimized to afford high ee value and good
yield. The suitable HPLC method was validated for the determination of ee value of chiral praziquantel amine.

molecule' to elucidate the action mechanism of praziquantel,
which is still not clear after use of praziquantel for 30 years.
Therefore, developing the stable and practical strategy to
produce the qualified chiral praziquantel is highly desirable.
This article described herein an effective resolution process
and new devitrification method to obtain high yield and high
quality of chiral praziquantel amine and also validated a simple
and sensitive HPLC method for measure of ee value of chiral
praziquantel amine.

EXPERIMENTAL

HPLC analysis of rac-praziquantel amine: The rac-
Praziquantel amine could be baseline separated on a AD-H (4.6 x
250 mm, DAICEL) column with hexane:ethanol:triethylamine
(80:20:0.1) as eluent, flow rate | mL min™', tg =21.3 min, ts =
29.4 min.

Resolution of praziquantel amine for rac-praziquantel
amine

Without seeding: rac-Praziquanamine (1 g, 4.95 mmol)
and (-)-dibenzoyl-L-tartaric acid (1.772 g, 4.95 mmol) were
dissolved in ethanol (24 mL) and water (30 mL) by heating
the stirred mixture to 76 °C for 4 h. Then the solution was put
into 10 °C refrigerator immediately for 3 h. The crystals were
filtered to give rac-praziquantelamine-L-tartaric acid 1.356 g
(yield of salt 48.9 %, after liberation, ee value of rac-praziquan-
telamine was 76 % determined by HPLC.

With seeding: rac-Praziquanamine (1 g, 4.95 mmol) and
(-)-dibenzoyl-L-tartaric acid (1.772 g, 4.95 mmol) were
dissolved in ethanol (24 mL) and water (30 mL) by heating
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the stirred mixture to 76 °C for 4 h. The mixture was added
5 mg S-praziquantel amine-D-tartaric acid and put into 10 °C
refrigerator immediately for 3 h. The crystals were filtered to
give rac-praziquantel amine-L-tartaric acid 1.385 g (yield of
R-salt 50.0 %, after liberation, ee value of rac-praziquantel
amine was 82 % ee determined by HPLC.
Recrystallization of salt: The salt rac-praziquantel
amine-L-tartaric acid (0.5 g salt, [o]p™ =-132.9, 78 % ee) was
dissolved in ethanol/isopropanol/water (1:1:2, total volume =
6 mL) by heating to 76 °C and then the solution was put into
10 °Crefrigerator for 12 h. The crystals were filtered and dried
to yield the salt as white crystals 0.410 g, [o]p™ = -155.9
(determined by polarimetry, C=1, CH;OH), 99 % ee.

Resolution of praziquantel amine for S-praziquantel amine

Without seeding: rac-Praziquanamine (1 g, 4.95 mmol)
and (-)-dibenzoyl-D-tartaric acid (1.772 g, 4.95 mmol) were
dissolved in ethanol (24 mL) and water (30 mL) by heating
the stirred mixture to 76 °C for 4 h. The solution was put into
10 °C refrigerator immediately for 3 h. The crystals were
filtered to give S-praziquantel amine-D-tartaric acid 0.928 g
(yield of salt 37.3 %, after liberation, ee value of S-praziquantel
amine was 94 % determined by HPLC.

With seeding: rac-Praziquanamine (1 g, 4.95 mmol) and
(-)-dibenzoyl-D-tartaric acid (1.772 g, 4.95 mmol) were dissol-
ved in ethanol (24 mL) and water (30 mL) by heating the stirred
mixture to 76 °C for 4 h. The mixture was added 5 mg S-
praziquantel amine-D-tartaric acid and put into 10 °C refrige-
rator immediately for 4 h. The crystals were filtered to give S-
praziquantel amine-D-tartaric acid 1.210 g (yield of salt
48.7 %, after liberation, ee value of S-praziquantel amine was
94 9% determined by HPLC.

Recrystallization of salt: The salt S-praziquantel amine-
D-tartaric acid (0.5 g, [0t]p® = + 150.1, 94 % ee) was dissolved

in ethanol/water (5:1, total volume = 4.8 mL) by heating to
76 °C and then the solution was put into 10 °C refrigerator for
12 h. The crystals were filtered and dried to yield the salt as
white crystals 0.443 g, [ot]p™ =+ 157.1 (determined by polari-
metry, C=1, CH;0H), 99 % ee.

Liberation of (R)-praziquantel amine: The salt rac-
praziquantel amine-L-tartaric acid (2.725 g, 4.89 mmol) was
suspended in water (10 mL) and the pH of the mixture was
adjusted to 12 by adding dropwise 5 N sodium hydroxide
solution. When the salt was completely dissolved, the solution
was extracted with dichloromethane (50 mL x 3). The aqueous
phase was retained to recover resolving agent. The combined
organic layers were washed with brine and concentrated under
reduced pressure to give rac-praziquantel amine as white solid
1.513 g (yield 97 %, ee value of rac-praziquantel amine was
99 % determined by HPLC.

Recovery of the resolving agent: The pH of above aqueous
phase was adjusted to 1 by 2 N hydrochloric acid as soon as
possible after the extraction of praziquantel amine. The preci-
pitate was filtered, washed by ice water and dried to yield white
product 1.550 g. The potassium chloride was used to saturate
the filtration to precipitate the other part of white solid 0.061 g,
the combined solid was 1.611 g, yield 94 %.

RESULTS AND DISCUSSION

An efficient approach was reported to generated rac-
praziquantel amine, implying a similar availability of that
material in quantity when compared to the original Merck
process'. Then rac-praziquantel amine prepared according
to literature'* was used as starting material in step 1 (Scheme-I)
to form the diastereomeric salt with resolving reagent diben-
zoyl-L-tartaric acid in suitable solvent. After recrystallization
(step 2), the diastereomeric salt was separated to give R-salt,
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Scheme-I: Resolution procedure of the praziquantel amine
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which was liberated in step 3 to afford rac-praziquantel amine. Finally,
the resolving reagent dibenzoyl-L-tartaric acid was recovered.

The yields of both diastereomeric salt in step 1 and R-salt
in step 2, the ee value of rac-praziquantel amine and the
recovery yield of resolving reagent are absolutely important
indicators to evaluate the efficiencies of resolution and are
necessary to be optimized to more practical in bulk production.

Few HPLC methods have been reported for the analysis
of praziquantel amine. It was mentioned in work of Woelfle
et al.” that enantioselective HPLC columns suitable for baseline
separation of the enantiomers of praziquantel amine include
chiralcel OJ-H (Fig. 1a), Chiralpak IA and AS-H and the eluent
solvent system is Heptane: EtOH: EtNH (60:40:0.2) at 0.5-
0.7 mL/min flow rate, columns found to be unsuitable include
Chiralcel OD, OD-H, Chiralpak IB and AD-H. In our studies,
three columns (OD-H, OJ-H and AD-H) were investigated
(Fig. 1b, 1c, 1d). Actually, the rac-praziquantel amine can be
baseline separated much better on AD-H (Fig. 1d) than on
OJ-H (Fig. 1c) with optimized eluent system (n-hexane:
ethanol:triethylamine = 80:20:0.1) at flow rate 1 mL/min. No
baseline separation could be reached on OD-H (Fig. 1b). The
peak sequence of two isomers of praziquantel amine on AD-
H is the same as that on OJ-H since OJ-H and AD-H are all
the positive columns.

It is very necessary to optimize the ratio between rac-
praziquantel amine and resolving agent since this ratio plays
main influence on both yield of R-salt and ee value of prazi-
quantel amine. It was found that yield of R-salt increased with
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Fig. 1b. HPLC trace for praziquantel amine on OD-H (4.6 x 250 mm,
DAICEL, eluent system : n-hexane:ethanol:triethylamine = 60:40:0.1)
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Fig. lc. HPLC trace for praziquantel amine on OJ-H (4.6 x 250 mm,
DAICEL, eluent system: n-hexane:ethanol:triethylamine =
60:40:0.1)
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Fig. 1d. HPLC trace for praziquantel amine on AD-H (4.6 x 250 mm,
DAICEL, eluent system : n-hexane:ethanol:triethylamine = 80:20:0.1)

the improvement of resolving agent equivalent, however
thecorresponding ee value of praziquantel amine decreased.
The best result was achieved when the ratio was 1:1.
Considering the cost and the validity, the 1:1 ratio was also
the best choice.

Several kinds of mixed solvent system, such as ethanol +
water, acetone + water,isopropanol + water were surveyed
(Table-1). These solvent systems all could afford ee value over
90 %. The mixed solvent of ethanol and water was especially
favorable for yield of diastereomeric salt (Table-1, entry 1).

It was found that the ratio between ethanol and water had
great effect on yield of salt but less effect on ee value of amine
(Table-2). When the total volume was constant, the yield of

(+)-isomer (—)-isomerv
- b2 v >
o & &
104250 R IR
g 104000 = N G )
5 1037503 r v@' N
D E
Q 103500
= 1032504
1030004
1 T T T T T T T T T T T T T T ¥ T T T T T T - — T
0 2 4 6 8 10 12 14 16

Time (min)

Fig. 1a. HPLC trace for praziquantel amine on OJ-H (Heptane:EtOH = 60:40) [Ref. 12]
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TABLE-1
VALIDATION OF SOLVENT SYSTEM FOR SALT FORMATION*
ee Value of prazi- Yield of
L7 St vt unisllanmre (@) R AT ()
1 Ethanol + water 93 90.2
2 Isopropanol + water 95 82.8
3 Acetone + water 94 80.4

“One equivalent of resolving agent was used

the salt increased as the percentage of water was increased to
55.6 % (Table-2, entry 1-7). When percentage of water was
enhanced to 61.1 %, the resolving agent could be dissolved
well and no salt was formed (Table-2, entry 8). Therefore, the
more volume of reaction solvent was used in order to obtain
the good solubility, however the yield of R-salt decreased
dramatically (Table-2, entry 9).

The devitrification method affects greatly both yield of
salt and ee value of product. After reaction was finished, the
reaction solution was stood at 10 °C immediately. The better
yields and ee value of product were obtained for both R-salt
(Table-3, entry 3) and S-salt (entry 5) by adding seeding of
rac-praziquantel amine-L-tartaric acid and S-praziquantel
amine-D-tartaric acid respectively during crystallization
process. After seeding addition into the reaction, the salt yield
was raised from 43.6 % 12 to 50 % (Table-3, entry 3) with ee
value being enhanced from 76 to 82 % for R-configuration.

It is difficult to seek out suitable chiral column to evaluate
the ee value of the saltin step 1, because salt formed by hydrogen
bond usually can be decomposed on many kinds of column.
Therefore, a curve (Fig. 2) indicating the relationship between
specific rotation of salt and ee value of praziquantel amine
was built before salt recrystallization or liberation since such
curve can assess directly the salt quality and guides whether
or not the salt needs recrystallization inorder to give high ee
value of final product praziquantel amine. The curve was build

160 1
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Fig. 2. Relationship between specific rotation of salt and ee value of rac-
praziquantel amine

up based on several [a] values of salts before recrystallization
and the corresponding ee value of praziquantel amine after
liberation (Table-4). Actually, the estimated ee values of prazi-
quantel amine by such curve were very close to the ones measu-
red by HPLC (Table-5), which proved the considerably
accuracy of the curve.

TABLE-4
SPECIFIC ROTATION OF SALT AND CORRESPONDING
ee VALUE OF R- PRAZIQUANTEL AMINE

Entry (o] ee Valu; obeZQ
amine
1 108.5 56
2 114.1 61
3 126.5 70
4 129.5 71
5 157.1 100

“Concentration of salt in MeOH was 1 g/100 mL. ee Value was
determined by chiral HPLC before recrystallization

TABLE-2
EFFECT OF SOLVENT RATIO ON BOTH SALT YIELD AND ee VALUE OF PRAZIQUANTEL AMINE®

Entry® Water (%) Yield of salt (%) Yield of R-salt (%) ee Value of PZQ amine® (%)

1 16.6 29.5 60.1 96

2 222 30.5 68.1 97

3 27.8 35.1 72.4 94

4 333 37.7 75.3 92

5 38.9 38.8 76.6 94

6 50.0 40.1 80.7 91

7 55.6 41.6 394 94
8d 61.1 - - -
%e 61.1 8.23 16.2 97

*One equivalent of resolving agent was used. The mixed solvent composed of ethanol and water. *The ee value was determined by HPLC before
recrystallization. ¢ The total amount of solvent was the same for entry 1-8. “The resolving agent couldn’t be dissolved completely. “The total amount

of solvent was increased so that the resolving agent was dissolved

TABLE-3
VALIDATION OF DEVITRIFICATION METHOD

Configuration of .. Yield of salt Yield of R/S-salt” ee Value of praziquantel
agmine Entry Condition %) (%) q amjnzC (%?
1 [Ref. 12] Without seeding 43.6 76.8 76
R 2 Without seeding 48.9 86.1 76
3 With seeding 50.0 91.0 82
S 4 Without seeding 37.3 72.4 94
5 With seeding 43.7 83.8 94

*One equivalent of resolving agent was used. The percentage of water is 55.6 %. ° The yield was based on half of rac-PZQamine.“The ee value was

determined by HPLC before recrystallization
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TABLE-5
EFFECT OF RECRYSTALLIZATION ON ee AND [a] VALUES
f amine® Val f amine?
Target product Entry [o]*/[o]® ce Value 0 s e ceYaueo :l e Loss® (%)
ee' Jee ee’lee

1 132.9/155.9 78 /199 77199 8.0
. 2 131.2/156.1 77199 76 /99 8.0
R- PZQamine 3 137.1/157.0 82/99 82/99 10.0
4 138.2/156.3 83/99 82/99 10.0
S it 5 149.6 / 158.0 94 /99 93/99 8.6
6 149.7 /1 156.1 94 /99 93 /99 8.6

*[o]value was determined before recrystallization. ®[or] value was determined after recrystallization. ‘ee value was estimated through curve in Fig.
2. %ee value was measured by HPLC. °Loss of R-(=)-PZQ amine or S-(-)-PZQ amine in recrystallization processes

Being supervised by above curve (Fig. 2), when the [o]
value of salt was achieved over 156, the ee value of praziquantel
amine could be raised over 99 %. After one time of recrystalli-
zation, the [a] value of salts were achieved over 156, the ee
value of praziquantel amines were reached to 99 %. However,
8-10 % of product was lost in recrystallization process.

Liberation of praziquantel amine in step 3: To avoid
racemization, the liberation of praziquantel amine was con-
ducted in ice-water bath when NaOH solution was added into
salt. The ee value was obtained over 99 %, which indicated
that racemization didn't happen in liberation procedure. On
the other hand, due to the water-solubility of praziquantel
amine, the salt was suspended in as less water as possible,
which was adjusted pH further with considerable concentrated
NaOH aqueous solution. In this way, yields of praziquantel
amine were stabilized between 94-97 %.

Recovering of the resolving agent: The above basic water
phase after extraction of praziquantel amine was adjusted to
pH = 1-2 to precipitate resolving agent. In view of water-solu-
bility of dibenzoy] tartaric acid, the water phase was saturated
by salt (such as NaCl, KCI) so that the resolving reagent was
precipitated very well. After precipitation,the resolving reagent
was collected by simple filtration and the recovery yield of
dibenzoyl tartaric acid was reached 94 %.

Conclusion

A suitable solvent system and an effective devitrification
method with seeding addition were chosen and validated for
salt formation. The reaction conditions were optimized to
achieve both good yields of salt, praziquantel amine, recovery
of resolving agent and high ee value of praziquantel amine.
This optimized process of resolving praziquantel amine enables
apractical and economical bulk synthesis and promises to make
it easy to match industrial production.
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