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Abstracts: An efficient synthesis of pyrazinoisoquinoline derivatives including Praziquantel
has been accomplished by the tandem amidoalkylaion and N-acyliminium ion cyclization of
amido-acetals. © 1998 Elsevier Science Ltd. All rights reserved.

Pyrazinoisoquinolines constitute an important class of heterocycles because of their remarkable
biological activitv For example 2- cvclohexanecarbonvl-4-oxo 1, 2 3,6,7, 11b-hexahydro-4H pyrazmo[Z 1-
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much efforts have been devoted in order to afford new pyramrmsoqumohne derivatives exhibiting Etronger
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antischistosomal activity.” However, Praziquantel is still the drug of choice for the treatment of cestodiasis
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disease. Current estimates suggest that 150 million humans are infected with schistosomes,” and it is expected
that Praziquantel will play the key role in controlling those infections. Although several approaches for the
production of Praziquantel have appeared in the literatures> and in patents,” more efficient synthetic route
needs to be developed in respect to the relatively expensive cost and obvious importance of Praziquantel in

global health care.
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Original synthesis of Praziquantel has been accomplished by the formation of piperazine ring from 1-
aminomethyl-tetrahydroisoquinoline ring 2. This synthetic pathway has some disadvantages since it required a
catalytic hydrogenation step with high pressure (ca. 100 atm.) to produce the tetrahydroisoquinoline 2 from
isoquinoline.>’ Another approach utilizes hydroxyplperazmones 3, which were prepared by the partial
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iminodiacetonitrile. In this paper, we wish to report our results on the efficient synthesis of
pyrazinoisoquinoline derivatives including Praziquantel.

As illustrated in Scheme 1, the basic strategy of our synthesis involves the tandem amidoalkylation and
N-acyliminium ion cyclization of amido-acetals 4. We anticipated that the construction of piperazine ring and
isoquinoline ring could be accomplished in an one-pot procedure in acidic medium by the consecutive
intramolecular amidoalkylation of acetal with amide followed by cychzatnon of the resultant N-acyliminium ion
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N-Acyliminium ion cyclization is a versatile tool in the synthesis of several types of alkaloids.® M-
Acyliminium ion precursors can be prepared by the intramolecular reaction of amides with acetals. In this
regard, we have recently reported the synthesis of several heterocyclic systems by the amidoalkylation reaction
of amido-ureido-acetals.” In our continuing interest in the synthesis of isoquinoline derivatives'® we tried to
establish a general synthetic route to pyrazinoisoquinoline system by the extension of our synthetic strategy.
Our objective was also to develop a short and efficient synthesis of Praziquantel.
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Scheme 1.

We started our synthetic work by preparing the key intermediate, the amido acetals 4, from readily
available and inexpensive chloroacetyl chloride and arylethylamines as shown in Scheme 2. In order to test the
generality of our synthetic route to pyrazinoisoquinoline derivatives, we used phenethylamine, 3,4-
dimethoxyphenethylamine, and 4-bromophenethylamine as arylethylamine.

Treatment of chloroacetyl chloride with several arylethylamines afforded c-.lo.e..c.._m.!d.es 6a~c in
72~93% yields. Aminoalkylation reaction of 6a~c¢ to form 4a~c was carried out using 2.1 equivalents of
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aluuuaumalucnyuc Qimetnyi acetat as both reagent and base to tr ap hydro ochloride which was gernera ated dur mg
the reaction. For the purification of products without using column chromatography and easy treatment, 4a~c
was isolated as hydrochioride saits in 50~67% yields. The resuiting aminoacetaidehyde dimethyl acetal
hydrochloride was recovered for recycling.

The next remaining step is the concomitant construction of piperazine and isoquinoline ring. When
amido-acetals 4a~c hydrochloride were treated with concentrated H,SQO,, pyrazinoisoquinoline derivatives
la~c were obtained in 91~96% vyields. Particularly, amido-acetal 4c, which has 4-bromophenyl ring as a n-

nucleophile, cyclized smoothly to provide 1c in good vyield. 10a Therefore, the possibility of using various
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Scheme 2,

In summary, we realized an efficient synthesis of pyrazinoisoquinoline derivatives la~d. The synthetic
pathway was shortened by the concomitant formation of piperazine ring and isoquinoline ring in an one-pot
procedure. The whole synthesis of Praziquantel comprises only 4 steps from phenethylamine and proceeds in
ca. 50% yield without any chromatographic purification. To our best knowledge, our synthetic pathway to
Praziquantel is the shortest known to date. Furthermore, compound 1a~c could serve as good intermediates

for the study of structure-activity relationship to find potent antischistosomal compounds by the simple
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acylation of amine function with several acid chlonde or isocyanate compounds
EXPERIMENTAL

Melting points (mp) were determined on a Thomas-Hoover capillary melting apparatus and are
uncorrected. 'H NMR spectra were recorded on a Gemini Varian-300 (300MHz) spectrometer or JEOL
PMX-60 (60MHz) spectrometer. °C NMR spectra were recorded on a Gemini Varian-300 (75MHz)
spectrometer. Infrared (IR) spectra were recorded on Perkin Elmer 16F-PC FT-IR using a potassium bromide
pellet. Low (EI) resolution mass spectra were determined on HP GC 5972 and HP MS 5988A system at 70eV
and High (EI) resolution mass spectra were determined on VG70 - VSEQ (VG ANALITICAL, UK) at 70eV.
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N-(2-Phenyi)ethyi chioroacetamide (6a). Chioroacetamides 6a~¢ were obtained by the slight modification of
the known procedure'’ as follows: To a solution of phenethylamine (121 g, 1.0 mol) and NaHCOs (106 g, 1
mol) in dichloromethane (1000 ml) was added dropwise chloroacetyl chloride (136 g, 1.2 mol) at 0 °C over 1
hr. After stirring at 10 °C for 2 h, the reaction mixture was quenched by slow addition of water (500 ml) at 0
°C. The organic layer was separated, and washed successively with 10% aqueous HCI solution and brine. After
evaporation of solvent, the resulting solid was recrystallized with CH;OH (300 ml) and water (200 ml) to
afford 6a (160 g, 92%) as a needle: mp 60-63 °C (CH;OH/H,0), lit."’ mp 67 °C; "H NMR (CDCls) 5 2.85 (2H,



o rw YN YT SITT AT T = s

t, J = 7.0 Hz, PhCH5), 3.55 (2H, q, J = 6.7 Hz, PhCH,CH,NH), 3.99 (2H, s, CH.Cl), 6.73 (1H, br s, NH),
7.19-7.34 (SH, m, aromatic protons); >C NMR (CDCL) & 35.51, 41.03, 42.68, 126.72, 128.75, 138.75,
165.91; IR (KBr) 3350, 1650 cm™.

N-2-(3,4-Dimethoxyphenyl)ethyl chloroacetamide (6b). By the use of the procedure described above for
6a, compound 6b was obtamed from 3,4- dlmethoxyphenethylarmne (50.8 g, 0.28 mol) and chloroacetyl

N-2-(4-Bromophenyl)ethyl chloroacetamide (6¢). By the use of the procedure described above for 6a,
compound 6¢ was obtained from 4-bromophenethylamine (10 g, 0.05 mol) and chloroacetyl chloride (6.78 g,
0.06 mol) as a white needle (9.9 g, 72 %): mp 104-105 °C (CH,Cly/n-hexane); 'H NMR (CDCl;) & 2.80 (2H, t,
J =17.0 Hz, PhCH>), 3.51 (2H, t, J = 7.0 Hz, PhCH,CH,NH), 4.00 (2H, s, CH,Cl), 7.10 (2H, d, J = 4.0 Hz,
aromatic protons), 7.46 (2H, d, J = 4.0 Hz, aromatic protons); IR (KBr) 3350, 1650, 1480 cm™.
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mixture was heated to reflux for 2 h. After cooling the mixture to O °C, the resuliing solid (aminoacetaldehyde
dimethy! acetal hydrochloride, 11 g, 96%) was recovered by filtration. The filtrate was washed three times with
water, dried (MgSO.), and concentrated to give 4a (17.3 g, 80%) as a viscous oil: 'H NMR (CDClL) & 2.41
(2H, d, J = 5.4 Hz, CH,CH(OCHs),), 2.61 (2H, t, J = 7.1 Hz, PhCH5), 3.00 (2H, s, NHCH,CO), 3.16 (6H, s,
CH(OCH:),), 3.31 (2H, q, J = 6.8 Hz, PACH,CH,NH), 4.09 (1H, t, J = 5.4 Hz, CH,CH(OCHs),), 6.98 - 7.10
(SH, m, aromatic protons), 7.26 (1H, t, J = 1.3 Hz, NHCO); C NMR (CDCls) & 35.57, 39.93, 50.99, 52.23,

53.72 (2C), 103.42, 126.21, 128.35 (2C), 128.57 (2C), 138.92, 171.34; IR (KBr) 3340, 2975, 1670, 1530,

1460 cm™! ; MS (ED m/7/rpa|vp| nte n}fv 94) 234 I'(W- CH;0H), 50], 191 (33), 134 4(23), 118 (35), 105 (21)
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86 (base peak), 75 (94); HRMS (EI) Caled for Ci3HisN20, (M*- CH;OH): m/z 234.1368, Found: 234.1369.
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suliing solid was
filtered, and dried to afford 4a hydrochioride (16.5 g, 84%) as a white sofid: mp 152-152.5 °C; 'H NMR
(CDCl13) 6 2.83 (2H, t, J = 7.7 Hz, PhCH,), 3.18 (2H, d, J = 5.3 Hz, CH,CH(OCH3),), 3.38 (6H, s, OCHa),
3.46 (2H, q, J = 6.5 Hz, PhCH,CH,NH), 4.04 (2H, s, NHCH,CO), 4.84 (1H, t, J = 5.3 Hz, CH,CH(OCHa),),
7.14-7.25 (SH, m, aromatic protons), 8.62 (1H, t, J = 5.6 Hz, NHCO); >*C NMR (CDCl;) & 35.39, 41.20,
48.45, 48.78, 54.62, 54.78, 99.64, 126.38, 128.47 (2C), 128.78 (2C), 138.72, 164.85; IR (KBr) 3500, 3330,

1635, 1560 cm™.
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solution of 6b, (12.86 g, 0.05 mol) in toluene (100 ml) was added aminoacetaldehyde dimethyl acetal (11.57 g,
0.11 mol) and the mixture was heated to reflux for 1.5 h. After cooling the mixture to 0 °C, the resulting solid
was recovered by filtration. The filtrate was concentrated and diluted with CH;Cl; (150 mi). The CH;Cl,
solution was washed three times with water, dried (MgSO,), and concentrated to give 4b (16.19 g, 99%) as a

viscous oil: 'H NMR (CDCl) 8 2.67 (2H, d, J = 6.0 Hz, CH,CH(OCHj),), 2.80 (2H, t, J = 6.6 Hz, PhCH.),
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3.30 (2H, s, NHCH,CO), 3.40 (6H, s, CH(OCH3);), 3.90 (6H, s, OCHj3), 430 (1H, t, J = 6.0 Hz,
CH,CH(OCHa),), 6.75 - 6.82 (3H, m, aromatic protons), 7.50 (1H, br t, J = 2.4 Hz, NHCO); IR (KBr) 3300,
2930, 1650, 1510 cm™. This product (4.02 g, 12.3 mmol) was diluted with EtOAc (40 ml) and treated with
HCI gas at -70 °C. The resulting solution was treated with hexane, and stored at refrigerator to afford 4b
hydrochloride (2.26 g, 51%) as a white solid: mp 98-99 °C (CH,Cl/EtOAc); 'H NMR (CDCl) & 2.95 (4H, m,
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PhCH,, PhCH,CH,NH), 3.24 (2H, d, J = 5.4 Hz, NHCH,CH), 3.50 (6H, s, OCH5), 3.95 (6H, s, CH(OCH3),),
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N-2-(4-Bromophenyl)ethyl 2-[(2,2-dimethoxyethyl)amino]acetamide (4c) hydrochloride. By the use of the
procedure described above for 4a hydrochloride, compound 4c¢ hydrochloride was obtained from 6¢ (8.3 g,
0.03 mol) and aminoacetaldehyde dimethyl acetal (6.62 g, 0.063 mol) in overall 60% yield (6.83 g) as a white
solid: mp 164 °C (CH,Cl,/EtOAc); '"H NMR (D,0) 6 2.80 (2H, t, J= 6.2 Hz, PhCH.), 3.10 (2H, d, J = 5.3 Hz,
NHCH,CH), 3.50 (6H, s, OCH3), 3.84 (2H, s, COCH;NH), 4.75 (1H, t, J = 5.3 Hz, CH,CH(OCHs),), 7.16
(2H, d, J = 8.0 Hz, aromatic protons), 7.50 (2H, d, / = 8.0 Hz, aromatic protons); IR (KBr) 3330, 2950-2630,
1670, 1570 cm™.

hydro-4H-pyrazino[2,1-a}isoquinoline (1a). Compound 4a
i2.1 mmol) was added in a smali portion to a solution of conc. H,SO4 (4 mi) at 5 °C. After stirring at room
temperature for 3.5 h, the reaction mixture was poured into ice-water and adjusted to pH 12 with 20% aqueous
NaOH solution with cooling. The solution was extracted with CH,Cl, and the CH,Cl, solution was washed
with brine, dried (MgSO,) and concentrated. The residue was recrystallized with EtOAc and n-hexane to afford
1a (2.36 g, 96%) as a white solid: mp 117-119 °C (EtOAc/ n-hexane), lit.” mp 118-119 °C, lit.** oil, 'H NMR
(CDCl;) & 2.45-2.74 (4H, m, H-1, H-6 and 2 x H-7), 3.31 (2H, ABq, J=17.2Hz, 2 xH-3),3.49 (1H, dd, J =
42, 12.9 Hz, H-1), 4.54-4.62 (2H, m, H-6 and H-11b), 6.89-7.01 (4H, m, aromatic protons); “C NMR
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(CDCl;) § 28.70, 38.59, 49.51, 49, 72, 56.39, 124.68, 126.51, 126.84, 129.16, 134.22, 134.67, 166.93; IR
(KBr): 3300, 2900, 1630, 1440 cm™; MS (EI), m/z (relative intensity, %) 202 (M", 40) 173 (57), 145 (base
peak), 131 (67), 117 (26), 103 ('3), 77 (15); HRMS (EI) Caled for CpoHiaN,O (M): m/z 202.1106, Found:
202.1107.

9,10-Dimethoxy-4-0xo-1,2,3,6,7,11b-hexahydro-4H-pyrazino[2,1-a]isoquinoline (1b). By the use of the
procedure described above for 1a, compound 1b was obtained from 4b hydrochloride (2.16 g, 5.97 mmol) and
conc. H,SO4 (2 ml) in 93% yield (1.45 g): mp 136-137 °C (EtOAc); '"H NMR (CDCl;) § 2.00 (1H, s, NH),
2.30-3.10 (4H, m, 4H, m, H-1, H-6 and 2 x H-7), 3.30-4.00 (3H, m, 2 x H-3 and H-1), 3.80 (6H, s, OCH;),
4.40-5.00 (2H, m, H-6 and H-11b), 6.66 & 6.75 (2H, two s, aromatic protons); IR (KBr): 3240, 2950, 1640,

V&R R, 253, 13TV QL 2Ami Y, VAL XV 2, 42 1L

10-Bromo-4-0x0-1,2,3,6,7,i 1b-hexahydro-4H-pyrazino{2,i-ajisoquinoiine {ic). By the use of the
procedure described above for 1a, compound 1c was obtained from 4¢ hydrochioride (6.0 g, 15.7 mmoi) and
conc. H,S04 (12 ml) in 91% yield (4.03 g): mp 107-108 °C (EtOAc/ n-hexane); 'H NMR (CDCls) 8 2.48 (1H,
s, NH), 7.33 (1H, d, J = 8.0 Hz, H-8), 7.55 (1H, s, H-11), 7.64 (1H, d, J = 8.0 Hz, H-9); IR (KBr) 3270, 2860,



1620 cm™.

2-Cyclohexanecarbonyl-4-0x0-1,2,3,6,7,11b-hexahydro-4H-pyrazino[2,1-a]isoquinoline (1d, Praziquan-
tel). To a solution of 1a (14.2 g, 0.07 mol) and Na,CO; (13 g, 0.122 mol) in CH,Cl; (40 ml) was added
dropwise a solution of cyclohexanecarbonyl chloride (11.2 g, 0.076 mol) in CH,Cl, (5 ml) at 0 °C. After stirring
at room temperature for 2 h, the reaction mixture was treated with water (30 ml). The organic layer was

eparated and washed with brine, dried (MgSO,) and concentrated. The residue was treated with diethyl ether
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2.97 (4H, m, H-1, H-6, 2 x H-7), 4.06 (1H, d, J = 16.5Hz, H-3), 4.45 (1H, d, ] = 16.5Hz, H-3"), 4.76-4. 81 (2H,
m, H-1’ and H-11b), 5.15 (1H, dd, J = 13.4, 2.8Hz, H-6"), 7.16-7.27 (4H, m, aromatic protons); “C NMR
(CDCL) & 25.75, 28.77, 29.04, 29.26, 39.12, 40.82, 45.21, 49.06, 54.98, 125.46, 126.98, 127.46, 129.30,
132.83, 134.79, 164.41, 174.76; IR (KBr) 2950, 2860, 1640, 1450 cm™; MS (EI), m/z (relative intensity, %)
312 (M, 52), 201 (96), 185 (29), 173 (18), 146 (35), 132 (base peak), 113 (15), 83 (30), 55 (46); HRMS (EI)

Calcd for C1gH4N,0, (M'): m/z 312.1837, Found: 312.1836.
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