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Abstract—The first solid phase synthesis of the important anthelmintic praziquantel is described. The synthesis is rapid and efficient.
The method may be extended to the synthesis of libraries of urgently needed replacements for this drug.
� 2005 Elsevier Ltd. All rights reserved.
Praziquantel (PZQ, 1) is the drug of choice for the treat-
ment of schistosomiasis (Bilharzia), a debilitating para-
sitic infection that currently affects around 200 million
people worldwide and one of the most burdensome of
the neglected diseases.1 PZQ qualifies for the title ‘won-
derdrug’ in that it is inexpensive to synthesise, is safe
at high doses and is very effective. Off-patent, it is
now being distributed to select African countries in
mass chemotherapy programmes.2 Inevitably this will
increase the likelihood of the emergence of resistance
or tolerance,3a,b a process that has been modelled in
the laboratory after several generations of a simple arti-
ficial selection process.3c This is a dangerous situation
because there exist no back-up drugs for the treatment
of schistosomiasis.
Several syntheses of PZQ have been reported,4 including
our own modular strategy developed to use mild re-
agents, which we envisaged would be useful for the con-
struction of libraries of PZQ analogues.5 Our synthesis
involved an aryl radical closure onto the reactive double
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bond of an enediamide nucleus (or acyl-tetrahydropyr-
azinone, 2), a ring system in which we have a current
interest.6 This same motif was also observed in previous
syntheses of PZQ, but is otherwise virtually absent from
the chemical literature.

We report here the first solid phase synthesis of prazi-
quantel. The synthetic scheme (Scheme 1) modifies exist-
ing peptide acetal/cyclisation methodology, and uses a
traceless linker approach where the resin is attached to
the growing precursor via an acetal.7 The intention
was to build the precursor in such a way that acidic cyc-
lisation would also liberate PZQ from the solid support.
The linear acetal leaves the support as an acyliminium
ion, which undergoes a Pictet–Spengler bond formation
to generate PZQ. We wished to generate PZQ without
contamination by the enediamide 8, the stable conjugate
base of the reactive acyliminium intermediate.

Our approach met with failure when we employed com-
mercial resins based on polyethylene glycol (PEG)-
grafted polystyrene because the acidic cyclisation condi-
tions we employed appeared to cleave PEG-based
by-products from the support, complicating the final
purification. We hence synthesised solid-supported
bromoacetal 4 from hydroxymethyl polystyrene (3).7

The synthesis proceeded in higher yield with the inclu-
sion of a heterogeneous drying agent in the reaction
mixture. The bromine level of resin 4 was close to that
calculated from the loading of the starting material.8

Subsequent displacement of the bromine with phenyl-
ethylamine in DMSO7 as solvent gave superior yields
to the use of DCM as judged by the elemental analysis
of the products (Table 1). This was surprising because
DCM gives far better swelling of the resin, judged
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Scheme 1. Initial solid phase synthetic scheme. Reagents and conditions: (i) anhydrous quinoline p-toluenesulfonate then bromoacetaldehyde
diethylacetal; (ii) 2-phenylethylamine in DMSO; (iii) Fmoc-glycine-OH, PyBroP, HOBr, DIPEA; (iv) 20% piperidine in DMF then cyclohexane-
carboxylic acid, PyBroP, HOBt, DIPEA; (v) MeSO3H in MeNO2 or TFA in DCM.

Table 1. Bromine analysis for selected resins

Resin Solvent used in resin preparation %Br

Calculated Found

4 — 6.8 5.9
5 DMSO 0 1.7
5 DCM 0 6.9 Scheme 2. Successful cleavage of the acyl-PZQ analogue from the

resin. Reagents and conditions: (i) 20% piperidine in DMF then acetyl
chloride in pyridine; (ii) 20% MeSO3H in MeNO2, 60 �C, 16 h.
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visually. The level of residual bromine could not be
reduced with further couplings.

The sequence of reactions leading to 7 proceeded unre-
markably, with the expected mass changes in the resins
and carbonyl stretching frequency changes in the IR
spectra of the resins.9 Several cyclisation conditions
were attempted for the conversion of 7 into PZQ includ-
ing methanesulfonic acid in nitromethane and trifluor-
acetic acid in dichloromethane, conditions that had
been explored during our previous investigations.5 We
were unable to discover conditions, which provided us
with any isolable product. We inserted a capping step
(acetyl chloride in pyridine) prior to reaction with phen-
ylethylamine in case residual hydroxyl groups on the
resin were interfering in the cyclisation, but again were
disappointed not to isolate any material after the cycli-
sation. A milder cyclisation with tin triflate in DCM
liberated a compound from the resin, which we did
not characterise because the 1H NMR spectrum, while
containing peaks indicating the formation of an enedi-
amide nucleus, clearly did not contain any signals for
the cyclohexyl moiety. The difficulties we were encoun-
tering were either due to loss of the cyclohexyl group
upon cyclisation or due to a poor yield in the coupling
of the cyclohexanecarboxylic acid to the resin. We next
subjected resin 6 (following deprotection) to reaction
with acetyl chloride in pyridine, followed by acid-cataly-
sed cyclisation using 20% methanesulfonic acid in nitro-
methane (Scheme 2). This furnished the PZQ analogue
10, quantitatively, after simple filtration through a short
plug of silica.

Encouraged by this result, we sought alternatives to the
coupling of the cyclohexyl moiety in our original
scheme. We noted in previous reports of PZQ synthesis
that introduction of the cyclohexyl moiety after cyclisa-
tion4f gave better yields than when the cyclohexyl was
present initially,4g and the introduction of the cyclohexyl
group was also the last step in other syntheses.4b,d In our
hands, cyclisation of resin 6 (after removal of the Fmoc
group) using 20% methanesulfonic acid in nitromethane
for 16 h at 60 �C, followed by reaction of the crude
filtrate with cyclohexylchloride (DCM, Na2CO3, 60 �C,
16 h) did not generate any desirable or easily identifiable
products.

We therefore performed the apparently troublesome
glycine-cyclohexyl coupling off-resin. Amide 11 was
synthesised from cyclohexanecarboxylic acid and gly-
cine benzyl ester (Scheme 3).5 Coupling of 11 to depro-
tected resin 6 generated 7, which, when cyclised with
20% methanesulfonic acid in nitromethane at 60 �C for
16 h and the filtrate purified by passage through a short
plug of silica, successfully gave PZQ (1) in a moderate
yield of 57% (for the entire sequence, based on the
loading of resin 3).



Scheme 3. Alternative route to the cyclisation precursor. Reagents and conditions: (i) glycine benzyl ester p-toluenesulfonate, HOBt, EDC, DMAP,
16 h, then 10% Pd/C, H2, 90 min; (ii) 6 after 20% piperidine/DMF wash, PyBroP, HOBt, DIPEA.
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The final cyclisation also indicates that the problem with
the synthetic route as originally planned was not neces-
sarily due to the presence, per se, of the cyclohexyl
group, but arises from a difficult coupling between
cyclohexanecarboxylic acid and the resin-bound amine
(deprotected 6). Why this should be problematic when
coupling with acetyl chloride proceeded smoothly, or
when coupling between cyclohexanecarboxylic acid
and glycine benzyl ester in solution was unremarkable
is unclear.

A comparison with our previous studies on the acidic
cyclisation of heterocycles is noteworthy. In the case
of the related ring system 12, we found that strongly
acidic conditions were unsuitable for a final Pictet–
Spengler step (to give 13) because the rigidity of the exo-
cyclic amide prevents the requisite orbital overlap for
this reaction (Scheme 4).5 In fact we observed preferen-
tial cyclisation of a competing aromatic ring present on
our heterocycle 12a (to give 14), which prompted our
alternative radical-based approach. The constraints on
this reactivity were severe, in that the desired sequence
did not proceed even when the valinyl analogue 12b
was employed, where cyclisation to the bridged ring sys-
tem of 14 is not possible. Such constraints do not apply
to the chemistry described for the synthesis of PZQ since
the relevant aromatic ring is not attached to the exo-
cyclic amide (in other words, the direction of the amide
bonds is ‘the other way round’), allowing much greater
flexibility in the cyclisation step. Strongly acidic cyclisa-
tions are acceptable in the synthesis of PZQ: the ques-
tion of whether these conditions are suitable for the
synthesis of PZQ analogues with competing or reactive
functional groups present will be addressed in a future
article.

We have described the first solid phase synthesis of
PZQ. The synthesis consists of five steps and is rapid
Scheme 4. Competing cyclisations in enediamide chemistry where the
amide bond direction is reversed.
(less than 36 h reaction time for the longest linear se-
quence), easily adaptable to a library format and gener-
ates PZQ in an overall yield of 57%.
Acknowledgements

We thank Queen Mary, University of London for
undergraduate bursaries (to S.E.-F. and W.M.). We
thank the microanalysis service at University College,
London for bromine analyses. We thank Laia Malet
(now at Pfizer, UK) for preliminary experiments on
the synthesis of resin 3, and AstraZeneca and the EC
Concerted Action ‘Praziquantel’ (ICA4-CT-2002-
10054) for funds. We wish to acknowledge the use of
the EPSRC’s Chemical Database Service at
Daresbury.10
Supplementary data

Experimental descriptions and spectroscopic data for all
compounds. Supplementary data associated with this
article can be found, in the online version, at doi:
10.1016/j.tetlet.2005.12.073.
References and notes

1. Fenwick, A.; Savioli, L.; Engels, D.; Bergquist, R.; Todd,
M. H. Trends Parasitol. 2003, 19, 509.

2. The distribution is funded by the Bill and Melinda Gates
Foundation via the Schistosomiasis Control Initiative at
Imperial College, London (http://www.schisto.org).

3. (a) Kusel, J.; Hagan, P. Parasitol. Today 1999, 15, 352; (b)
Cioli, D. Curr. Opin. Infect. Dis. 2000, 13, 659; (c) Fallon,
P. G.; Doenhoff, M. J. Am. J. Trop. Med. Hyg. 1994, 51,
83.

4. First synthesis: (a) Seubert, J.; Pohlke, R.; Loebich, F.
Experientia 1977, 33, 1036; Other syntheses: (b) Frehel,
D.; Maffrand, J.-P. Heterocycles 1983, 20, 1731; (c)
Berkowitz, W. F.; John, T. V. J. Org. Chem. 1984, 49,
5269; (d) Yuste, F.; Pallas, Y.; Barrios, H.; Ortiz, B.;
Sanchez-Obregon, R. J. Heterocycl. Chem. 1986, 23, 189;
(e) Novaes, M. R. C. G.; de Souza, J. P.; de Araujo, H. C.
Quı́m. Nova 1999, 22, 5; (f) Kim, J. H.; Lee, Y. S.; Park,
H.; Kim, C. S. Tetrahedron 1998, 54, 7395; (g) Kim, J. H.;
Lee, Y. S.; Kim, C. S. Heterocycles 1998, 48, 2279; Chiral
auxiliary-mediated enantioselective synthesis of the active
(�)-enantiomer: (h) Ma, C.; Zhang, Q.-F.; Tan, Y.-B.;
Wang, L. J. Chem. Res. 2004, 186.

5. Todd, M. H.; Ndubaku, C. O.; Bartlett, P. A. J. Org.
Chem. 2002, 67, 3985.

http://dx.doi.org/10.1016/j.tetlet.2005.12.073
http://dx.doi.org/10.1016/j.tetlet.2005.12.073
http://www.schisto.org


1290 S. El-Fayyoumy et al. / Tetrahedron Letters 47 (2006) 1287–1290
6. (a) Todd, M. H. Chemistry of the Enediamides; CON-
NECT 2005, Sydney, Australia, July 2005.; (b) Ronketti,
F. E.; Todd, M. H. Chemistry of the Dihydropyrazinones.
Towards New b-Turn Scaffolds; Royal Society of Chem-
istry London Organic Postgraduate Symposium, Queen
Mary, University of London, UK, July 2004.
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