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Chapter 3

Abstract
Praziquantel is currently the only effective drug for the treatment of schistosomiasis, a neglected tropical disease, affecting over 200 million people worldwide.
The current production method to produce praziquantel is via the Merck process which consist of a five-step synthesis, in which the key step is a Reissert
reaction requiring large excess of toxic KCN. The accompanying environmental
treats of potential cyanide pollution cannot be ignored and therefore a more efficient three-step MCR Ugi-4CR was presented. The methodology incorporates the
novel in situ formation of the phenethylisocyanide component. The procedure is
described in a thorough detail oriented way to meet the requirements for publication in Organic Syntheses and was checked for reproducibility in the laboratory of a member of the Board of Editors.
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Introduction
Schistosomiasis is a parasitic infection which affects over 200 million people
worldwide and in particular sub-Saharan Africa.1-3 The infection is classified as
a neglected tropical disease and manifests itself by flu-like symptoms due to egg
deposition of schistosomes, into the tissues of the host, mostly in the intestine,
liver and genitourinary system. Untreated infections will result in chronic schistosomiasis. The immune response of the host causes the formation of granulomas
around the eggs ultimately leading to fibrosis in the affected tissues and calcification in the genitourinary tracts. It is currently one of the most common infectious
diseases, which is efficiently treated by administering praziquantel. Praziquantel
was initially developed as a potential tranquilizer by E. Merck in the 1970’s.4 It is,
however, not uncommon that drugs are repurposed for other conditions such as
sildenafil and thalidomine.5-6 Praziquantel’s anthelmintic properties were tested
and proved by Bayer A.G. and initially marketed for the veterinary market and
then for the human market.7

3

In terms of drug safety, studies have shown that praziquantel is currently the safest drug available.8 Production of praziquantel is performed via a slight adaption
of the original Merck process, developed in 1983 by Shin Poong Pharmaceutical
company as depicted in scheme 1. This process is fairly cheap. Due to the safe
use, amount of affected people, efficacy of treatment, praziquantel is placed on
the WHO list of Essential medicines.9
KCN,
CyCOCl

N
1

N
2

CN

Cy
O

H2/Ni 70 atm

NH
O

90 oC

3

O
Cl

Cl
N
HN
O

Cy

4

O
Cl

Et3N

N
H

Cy

N

O

N

5
O

Scheme 1. The Merck industrial method is still the most widely applied. Isoquinoline (1)
is converted to the Reissert compound (2) and then reduced by hydrogenation with nickel.
N-alkylation with chloroacetyl chloride followed by a base assisted cyclisation yielding
praziquantel (5).

Current production sites are located in Asia (China, Korea) and in the process
large quantities of KCN are used. Incidents with spills of cyanide waste have
resulted in environmental pollution, killing life in rivers for many kilometers
downstream. Efforts in finding alternative synthesis routes resulted in a MCR approach in 2010.10 The Ugi multicomponent reaction of amines, oxo components,
isocyanides and inorganic or organic of acids leads to different scaffold types
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dependent on the nature of the acid component.11 For example carboxylic acids
yield α-amino acylamides (Scheme 1). The Ugi multicomponent reaction is gaining increasing attention due to the rapid and convergent assembly of functional
structures based on four classes of widely available starting material classes.12
In addition, our recent work on generating the isonitrile in situ is making the
Ugi reaction even more accessible, as the use of the infamous isonitrile is circumvented in this methodology.13 While several approaches towards α-amino
acylamides are possible the Ugi approach is faster and impresses by a very large
substrate scope.14-15 Here the schistosomiasis drug praziquantel (PQZ, 2-(cyclohexanecarbonyl)-2,3,6,7-tetrahydro-1H-pirazino[2,1-a]isoquinolin-4(11bH)-one)
is prepared in just three steps using the key Ugi and Pictet-Spengler reactions.10
It comprises a short synthetic route from the readily available bulk starting materials, aminoacetaldehyde dimethylacetal (6), formaldehyde (7), 2-phenylethyl
formamide (8) and cyclohexancarboxylic acid (9). Employing the high yielding
formylation of phenethylamine with ethyl formate, N-phenethylformamide can
be achieved in 99% yield. N-phenethylformamide reacts with triphosgene which
in turn reacts with paraformaldehyde, aminoacetaldehyde dimethylacetal, and
cyclohexylcarboxylic acid in a Ugi four component reaction to the advanced precursor 10 in 41% yield. In methanesulfonic acid at 70 °C for 6h, praziquantel 5
was afforded with 52% yield. These reactions were carried out under mild conditions and the sequence is atom economic, yielding only water and two equivalents of methanol as side products.
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Scheme 2. The Ugi-4CR with the in situ generated phenethylisocyanide from the formamide 8, followed by subsequent Pictet-Spengler reaction to yield praziquantel 5.

An Ugi-4CR reaction was used to construct the typical praziquantel functional groups, however, as the dipeptidic scaffold associated with the U-4CR. The
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protected aldehyde moiety was subsequently deprotected and under the same
conditions cyclized via a Pictet-Spengler reaction yielding praziquantel in only
two steps (Scheme 2).16

Results and Discussion
Here the schistosomiasis drug praziquantel (PQZ, 2-(cyclohexanecarbonyl)-2,3,6,7-tetrahydro-1H-pirazino[2,1-a]isoquinolin-4(11bH)-one) is prepared
in just three steps using the key Ugi and Pictet-Spengler reactions.10, 17-18 It comprises a short synthetic route from the readily available bulk starting materials,
2-phenylethyl formamide, formaldehyde, cyclohexancarboxylic acid and aminoacetaldehyde dimethylacetal. Employing the high yielding formylation of
phenethylamine with ethyl formate, N-phenethylformamide can be achieved in
99% yield. N-phenethylformamide reacts with triphosgene which in turn reacts
with paraformaldehyde, aminoacetaldehyde dimethylacetal, and cyclohexylcarboxylic acid in a Ugi four component reaction to the advanced precursor 2 in
41% yield. In methanesulfonic acid at 70 °C for 6h, praziquantel was afforded
with 52% yield. These reactions were carried out under mild conditions and the
sequence is atom economic, yielding only water and two equivalents of methanol
as side products.

3

A. Preparation of N-phenethylformamide (8).
A 500-mL single-necked round-bottom flask equipped with a 3 cm egg-shaped
Teflon-coated stirring bar and a reflux condenser was charged with phenethylamine (95 mL, 0.75 mol) and ethyl formate (181 mL, 2.25 mol 1.8 eq.) (Note 1).
The mixture was heated to reflux using an oil bath at 60 °C for 20 hours until TLC
indicates full consumption of the amine. The mixture was concentrated by rotary
evaporation (40 °C, 10 mbar) to remove the excess of ethyl formate and ethanol
byproduct (Note 2). N-phenethylformamide 111 g (99%) is afforded as pale yellow oil (Note 3).
B. Preparation of N-(2,2-dimethoxyethyl)-N-(2-oxo-2-(phenethylamino)ethyl)
cylcohexanecarboxamide (10).
In a 500 mL 3-necked round-bottom flask equipped with a 7 cm Teflon blade
overhead stirrer, a 100 mL pressure equalizing dropping funnel holding a nitrogen inlet and a temperature sensor (see photo below), a mixture of N-phenethylformamide (7.46g, 50 mmol) and triethylamine (16.8 mL, 120 mmol 2,4 eq.) in
dichloromethane (50 mL) (Note 4) was cooled to -10 °C using an ethanol-ice bath
(Note 5).
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Figure 1. Reaction Set-up for step B

While stirring (500 rpm) triphosgene (5.94 g, 20 mmol, 0,4 eq.) (Note 6) in dichloromethane (20 mL) was added dropwise via the dropping funnel over a
period of 40 minutes (Note 7), resulting in a pale yellow solution. The reaction
mixture was stirred at -10 °C for an additional 30 minutes (Note 8). In a separate
50 ml round bottom flask a mixture of aminoacetaldehyde dimethyl acetal (5.52
g, 52 mmol, 1.05 eq.) and paraformaldehyde (1.50 g, 50 mmol, 1 eq.) (Note 9) in
50 mL methanol was heated shortly with a heating gun until a clear solution developed; then cyclohexanecarboxylic acid (6.72 g, 52 mmol, 1.05 eq) was added;
the resulting solution was then added together with another 50 mL MeOH to the
in situ formed isocyanide reaction mixture at -10 °C and a slightly orange clear
solution is formed. The reaction mixture was left to warm to room temperature.
After stirred at room temperature for 48 h (Note 10), the mixture is concentrated
(40 °C, 10 mbar) to remove the methanol. Then the mixture was redissolved in
50 mL CH2Cl2 and transferred to a 250 mL separatory funnel, washed with water
(3x 50mL), saturated NaHCO3 (3x 50mL), and dried over 5g MgSO4. The drying
agent was removed by filtration over a P4 sintered glass filter and concentrated
by rotary evaporation (40 °C, 10 mbar), yielding 9.05 gram crude product as an
orange oil (Note 11), which crystalized on standing.
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3
Figure 2. Appearance of the Ugi product obtained in step B

Further trituration of the crude crystals with 10 mL cold Et2O, filtering through a
P4 glass filter and washing with another 10 mL cold Et2O yields after drying (0.5
mbar) 7.56 g (40%) pure N-(2,2-dimethoxyethyl)-N-(2-oxo-2-(phenethylamino)
ethyl)cylcohexanecarboxamide as pale yellow crystals (picture above) (Note 12).
C. Preparation of 2-(cyclohexanecarbonyl)-2,3,6,7-tetrahydro-1H-pirazino[2,1-a]isoquinolin-4(11bH)-one (5).
In a 100 mL single-necked round-bottom flask under N2 atmosphere, N-(2,2-dimethoxyethyl)-N-(2-oxo-2-(phenethylamino)ethyl)cyclohexanecarboxamide 2
(7.54 g, 20 mmol, 1 eq.) and 10 g activated molecular sieves (Note 13) was added
at once to a solution of methanesulfonic acid (26.0 mL, 400 mmol, 20 eq.) at room
temperature (Note 14). The mixture was heated to 70 °C (measured externally) in
an oil bath for 6 h, then after cooling to room temperature the reaction mixture
is gravity filtered through a slotted sieve filter into an 2L petri dish containing
ice-water (200 mL) and NaHCO3 (40 g, 476 mmol) (Figure 3. Left).
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Figure 3. Left: Removal of the sieves and stirring. Right: Appearance of the crude Praziquantel obtained in step C.

200 mL Et2O is added and the mixture is stirred for 15 minutes using a 7 cm rodshaped Teflon-coated stirring bar to dissolve most of the solids (Note 15). The
solution is transferred to a 1L separation funnel and extracted with diethyl ether
(3×100 mL) (Note 16). The combined organic layers are washed with brine (100
mL), dried over 10 g anhydrous magnesium sulfate and concentrated to dryness
(40 °C, 600 =>10 mbar) to afford praziquantel (4.0 g, 64%) as orange oil, which
crystalized on standing overnight (right picture above). The solid was triturated
by adding 2x 10 mL 20% acetone in heptane, and filtered through a P4 sintered
glass filter to obtain, after vacuum drying (0.5 mbar), 2.46 g pure praziquantel
(picture below). The mother liquor was concentrated (1.5g orange oil) and purified by flash chromatography (Note 17). The fractions containing product were
combined and yielded another 1.05 g praziquantel as an orange solid. Trituration
with 5 mL Et2O yields 0.80 g pure praziquantel as a white solid. The combined
yield is 3.51 g, 52% (Note 18) (Note 19).

Figure 4. Pure praziquantel obtained in step C after purification
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Notes
1.
Phenethylamine (99%) and ethyl formate (>98%) were obtained from Sigma Aldrich and Acros Organics respectively and used as received.
2.
Removal of the byproduct EtOH requires extended time (2 hours) on the
rotary evaporator, 1H NMR is used to visualize traces of EtOH seen at 1.20 (triplet) and 3.66 (quartet) ppm.
3.

N-phenethyl formamide

Rf = 0.45 (EtOAc), 1H NMR (500 MHz, Chloroform-d) δ 8.04
(s, 1H), 7.37-7.24 (m, 2H), 7.26-7.02 (m, 3H), 6.34-5.88 (m, 1H),
N
O
3.52 (m, 2H), 2.89-2.70 (m, 2H) (only the major peaks of the
H
formamide rotamers were described); 13C NMR (125 MHz,
Chloroform-d) δ 1, 161.4, 138.6, 137.7, 128.7, 128.6, 126.6, 39.2, 35.5 ppm.

3

4.
The used solvents in step B and C: dichloromethane, ethyl acetate, petroleum ether 40-60 and methanol are technical grade and were purchased from
Biosolve.
5.
In a 1L dewar, 275 g ice and 150 g ethanol were used to obtain a temperature of at least -10 °C for the duration of the reaction.
6.
The solid reagent triphosgene is a less hazardous substitute for highly
toxic gaseous phosgene, however should be handled very carefully. The reaction
should be performed in a well ventilated fume hood.
7.
Faster addition or temperatures above 0 °C will reduce the yield dramatically. Color is a good indicator of proper addition speed: slightly yellow color is
good, orange towards brown indicates too fast addition of triphosgene.
8.
The isocyanide intermediate Rf = 0.74 (EtOAc) appears exclusively indicating full consumption of the formamide.
9.
Not all reagents are fully consumed, but after 48 h no change in spot intensity, checked by TLC Merck silica gel 60 F254 plates (visualized with 254 nm
UV lamp), was observed.
10.
Reagents and solvents used in this preparation were commercially available and used without further purification, including triphosgene (98%) and aminoacetaldehyde dimethyl acetal (98%) from AK Scientific Inc., trimethylamine
and paraformaldehyde (96%) from Fluka and cyclohexane carboxylic acid from
Sigma Aldrich ( 98%).
11.
The bulk of solvent should be removed. However, leaving a trace of solvent (~0.5 g) is actually beneficial in allowing the product to crystalize. The crystallization process takes some time (2 weeks) to complete.
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12.
N-(2,2-dimethoxyethyl)-N-(2-oxo-2-(phenethylamino)ethyl)
anecarboxamide

cylcohex-

mp = 86-88 °C Rf = 0.42 (EtOAc) 1H NMR (500 MHz, Chloroform-d) δ 7.36-7.25 (m, 2H), 7.25- 7.15 (m, 3H), 7.03 (t, J = 5.8 Hz,
0.5H), 6.51 (t, J = 6.0 Hz, 0.5H), 4.57 (t, J = 5.1 Hz, 0.5H), 4.39 (t, J =
O
5.2 Hz, 0.5H), 3.99 (d, J = 7.4 Hz, 2H), 3.55 (q, J = 6.8 Hz, 1H), 3.48
N
(q, J = 6.8 Hz, 1H), 3.42 (dd, J = 7.0, 5.1 Hz, 2H), 3.37 (s, 3H), 3.33
O
O
(s, 3H), 2.80 (dt, J = 21.9, 7.2 Hz, 2H), 2.58 (tt, J = 11.6, 3.4 Hz,
0.5H), 2.25 (tt, J = 11.5, 3.3 Hz, 0.5H), 1.85- 1.71 (m, 2H), 1.71-1.56
(m, 2H), 1.53-1.37 (m, 2H), 1.35- 1.15 (m, 3H); 13C NMR (125 MHz, Chloroform-d)
δ 178.0, 177.8, 169.5, 169.2, 138.8, 138.6, 128.7, 128.7, 128.6, 126.6, 126.4, 103.5,
102.7, 77.2, 55.4, 55.1, 54.0, 52.1, 51.5, 50.3, 41.0, 40.7, 40.5, 40.3, 35.6, 35.6, 29.4,
29.3, 25.7, 25.7, 25.6 ppm; HRMS (ESI). [M + Li]+ calcd. for C22H32O4N2Li: 383.2517.
Found: 383.2514. Elemental Anal. calcd for C19H24N2O2: C, 66.99; H, 8.57; N, 7.44.
Found: C, 66.89; H, 8.66; N, 7.43. The tertiary amide rotamers are clearly visible
in the NMR spectrum and show a 1:1 ratio.
HN

O

13.
3Å Molecular sieves from Sigma Aldrich were activated by washing the
sieves with CH2Cl2, removing the majority of solvent, decantation, and drying
by rotary evaporation (40 °C, 10 mbar) and oven for 2 hours at 120 °C. Next the
molecular sieves were heated in a household microwave 3 times one minute at
600W with cooling periods (5 min each) in between with the microwave door
opened. The sieves were left to cool in an evacuated desiccator and were used
immediately. The activation was confirmed by putting a few sieves on the hand,
adding a few drops of water and pressing with a finger on the sieves. The sieves
should get hot.
14.
Methanesulfonic acid is commercial available from Sigma Aldrich (
99.5%.). 1H-NMR indicates a big peak at 3.33 ppm, likely water. Therefore it must
be carefully dried before use, with activated 3Å molecular sieves (see note 10 for
activation). Use of ‘wet’ methanesulfonic acid directly from the fresh bottle lead
to a dramatic reduction of yield. 100 ml Methanesulfonic acid was dried with 10
gram molecular sieves for at least 1 month. 1H NMR analysis of proper dried
methanesulfonic acid will only show 1 peak in the 3 ppm region (3.15 ppm).
15.
Remaining solids consisting of powdered molecular sieves and praziquantel were collected by decanting and extracted by vigorously stirring with 20
mL 1:1 Et2O:water in a 50 mL round bottom flask for 10 minutes. After filtration
through a P4 sintered glass filter, the filtrate was added to the main solution.
16.
Diethyl ether is superior as an extraction solvent than ethyl acetate because the impurity is better soluble in ethyl acetate.
17.
Flash chromatography was performed on a Grace Reveleris X2 using
a Reveleris® Silica 12g column and elution with accomplished with a gradient
of ethyl acetate/petroleum ether (bp 40-60 °C). The mixture was absorber on 2
grams silica. The gradient starts with 30% ethyl acetate and goes to 100% over 12
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minutes in a total run time of 25 minutes. Only ELSD visible peaks are collected
as fractions of ~15 mL. The desired product is collected in fraction 7-15 and concentrated by rotary evaporation (40 °C, 10 mmHg).

3
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18.

Praziquantel
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Figure 5. Exemplary H and C NMR of the final product praziquantel.
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mp 136-138 °C; Rf = 0.46 (EtOAc); 1H NMR (500 MHz, ChloroN
O form-d) δ 7.43-7.05 (m, 4H), 5.15 (dd, J = 13.4, 2.4 Hz, 0.35H),
4.95-4.70 (m, 2H), 4.42 (dd, J = 44.4, 15.5 Hz, 1H), 3.97 (dd, J =
111.7, 18.1 Hz, 1H), 3.26 (t, J = 12.2 Hz, 0.25H), 3.03-2.85 (m, 2H),
N
2.85-2.75 (m, 2H), 2.65- 2.41 (m, 1H), 1.95-1.65 (m, 5H), 1.65-1.44
O
(m, 2H), 1.44-1.15 (m, 3H) ppm; 13C NMR (125 MHz, Chloroform-d) δ 174.7, 164.4, 134.7, 132.8, 129.3, 127.4, 126.9, 125.4,
77.2, 55.8, 54.9, 49.5, 49.0, 46.3, 45.1, 40.8, 39.1, 38.6, 29.5, 29.2,
29.0, 28.7, 25.7, 25.7, 25.7 ppm; HRMS (ESI). [M + H]+ calcd. for C19H25O2N2:
313.19095. Found: 313.19105. Elemental Anal. calcd for C19H24N2O2: C, 73.05; H,
7.74; N, 8.97. Found: C, 72.79; H, 7.89; N, 8.95.
19.
Two rotamers steaming from the presence of a tertiary amide group can
be seen in the NMR spectra, resulting in minor and major peaks in the proton
NMR and doublets in the carbon NMR, these were not assigned due to the complexity of the spectrum. Alignment of the 1H NMR of an analytical sample (Fluka) of praziquantel with our sample proofs identity.

3

Conclusions
In conclusion, an effective, shortest approach to synthesize praziquantel is described, starting with easily available materials. Based on the substrate scope of
the Ugi reaction 30 praziquantel derivatives have been synthesized using the
same reaction sequence in moderate to good yields (Table 1).
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