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Abstract

Extending the potential applications of 4,5-dichloro-1,2,3-dithiazolium chloride chemistry, we investigated the
synthesis of original derivatives of thieno[2,3-d]pyrimidin-4-one system by condensation of alkyl and aromatic
diamines with 2-N-iminodithiazolothiophene derivatives. We continued our study for access to novel pyrazolo-
and pyrido- fused pyrimidinones using the potential applications of Appel’s salt chemistry.
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Introduction

Nitrogen-containing heterocycles with a sulfur atom are an important class of compounds in medicinal
chemistry. The thienopyrimidinone nucleus is known to be a pharmacologically relevant structure in medicinal
chemistry and has generated interest from many research groups on account of its useful biological
properties. For instance, the thieno[2,3-d]pyrimidinone substructure exhibits anticancer,’™ antimalarial® and
antitubercular’ activities. Some thieno[2,3-d]pyrimidin-(4)-ones act as selective phosphodiesterase inhibitors
for the treatment of inflammatory diseases,®’ antagonists of the glutamate receptors10 whereas others were
identified as highly selective SIRT2 inhibitors."*** Owing to their growing use in compounds of therapeutic
importance, the synthesis of various thienopyrimidinone-based molecules has been actively pursued in the
last past decade and studied in detail, leading to several new developments.***** This skeleton is usually
obtained by condensation and ring closure from various 2,3-substituted thiophenes such as Gewald’s amide,*
2-aminothiophene-3-carbonitrile,*® 3-carbethoxy-2-phenylthioureathiophene,’ 2-aminothiophene-3-
carboxylic ester.’®

It is well known that reaction of 4,5-dichloro-1,2,3-dithiazolium chloride (2) (Appel’s salt) with primary
aromatic amines allows access to N-arylimino-1,2,3-dithiazoles, usually in high yield.*>? These imines have
proved to be very versatile synthetic intermediates in heterocyclic chemistry, undergoing a variety of reactions
initiated by nucleophilic attack at different sites on the dithiazole ring (Scheme 1).2*%
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Scheme 1. Chemical transformations of N-arylimino-1,2,3-dithiazoles.

As a part of our ongoing research studies concerning the preparation and biological evaluation of
sulphur and nitrogen-containing novel heterocycles, we have already been involved in exploiting the potential
synthetic applications of 5-arylimino 4-chloro-5H-1,2,3-dithiazoles®*. Kim and co-workers®® followed by us
reported the conversion of methyl 3-N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)thiophene-2-carboxylate V with
various alkyl and aromatic diamines into thieno[3,2-d]pyrimidin-4-one derivatives I, II, lll, IV (Scheme 2.)27’28

However, no reports are available so far on the synthesis of thieno[2,3-d]pyrimidin-4-ones from imino-
1,2,3-dithiazoles. Development of new original synthetic routes to this type of molecules remains a
challenging task of current interest.

For the reason given above, we have investigated the synthesis of novel thieno[2,3-d]pyrimidinone
derivatives using the potential applications of Appel’s salt chemistry.
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Scheme 2. Polycyclic thieno[3,2-d]pyrimidinones structurally close to Rutaecarpine alkaloid synthesized from
methyl N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)thiophene-3-carboxylate.

Results and Discussion

Following the usual methods,®* treatment of commercially available ethyl 2-amino-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carboxylate (1) with 4,5-dichloro-1,2,3-dithiazolium chloride (Appel’s salt) (2)
in dichloromethane at room temperature afforded 68% of the corresponding iminodithiazole (3) (Scheme 3).
The presence of the fused cyclohexane ring avoids unwanted addition of Appel’s salt at position C-5 of the
thiophene.

Considering our previously published results and those from Kim’s group,
the reaction of the new iminodithiazole with ethylenediamine and o-aminobenzylamine in order to access to
original structures containing thieno[2,3-d]pyrimidin-4-one ring.

27,28 25,26

we decided to investigate
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Scheme 3. Synthesis of iminodithiazole (3) and conversion into the new tetracyclic thieno[2,3-d]pyrimidinone
derivative (4).
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We discovered that stirring imine with ethylene diamine in THF at low temperature allowed the rapid
synthesis of the original heterocyclic skeleton (4) (10% vyield) accompanied by a large amount of the
cyanothioformamide (5) (63%). Considering the previous results published by our team,?””*® the most plausible
mechanism of the reaction implied existence of a key intermediate (VI) and a final nucleophilic attack of the
primary amino group of ethylene diamine on the carbonitrile carbon to generate the cyclic amidine (Scheme
3). Pursuing our strategy, the iminodithiazole precursor (3) was heated under microwaves irradiation (at 120°)
with o-aminobenzylamine and yielded 7% of new pentacyclic skeleton (6) and a mixture of two other products
which were identified as the new 2-thiocarboxamidothiophene (7) (22%) and the known cyanothioformamide
(5) (11%).

It should be noticed that the resulting product (6) was difficult to isolate and the yield was quite low (7%),
showing the difficulty for the intermediate to cyclize. Herein, formation of the pentacylic core (6) suggested
nucleophilic substitution of the cyano group of the intermediate (VII) by the 0-aminobenzylamine (Scheme 4).
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Scheme 4. Synthesis of the novel pentacyclic thieno[2,3-d]pyrimidinone system (6).

In continuation of this work, we attempted to isolate the methyl 2-N-(4-chloro-5H-1,2,3-dithiazol-5-
ylidene)thiophene-3-carboxylate counterpart. To the best of our knowledge, the chemical behaviour of this
iminodithiazole with amines has never been reported.

We found that standard methods at room temperature24 applied to the preparation of 2-N-
iminodithiazolothiophene derivatives led to a complex mixture of polymeric oily compounds resulting from
electrophilic substitution at C-5 of the thiophene ring by N-1 of Appel’s salt (2). Nevertheless, condensation of
the starting amino ester (8) with one equivalent of Appel’s salt (2) in dichloromethane at low temperature (-20
°C) followed by addition of pyridine (2 equiv.) yielded 6% of rare methyl 2-N-(4-chloro-5H-1,2,3-dithiazol-5-
ylidene)thiophene-3-carboxylate (9) (Scheme 5).
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Scheme 5. Synthesis of methyl N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)thiophene (9) and conversion into the
new 2-thiocarboxamide derivative (10).

We decided to investigate the reaction of imine (9) with o-aminobenzylamine (2 equiv.). Under heating in
THF, a rather complex mixture was formed from which only the quinazoline-2-thiocarboxamide (3-carbethoxy-
2-(quinazolinyl)thiocarboxamido thiophene) (10) was isolated in 14% yield. Whatever the experimental
conditions, exposing the obtained imine (9) with diamine under microwave irradiation, neat or in a sealed vial,
or in various solvent were unsuccessful to give the expected tetracyclic compound.

Furthermore, we have extended this methodology towards new polycyclic analogs, using ethyl 5-amino-1-
methyl-1H-pyrazole-4-carboxylate and methyl 2-aminopyridine-3-carboxylate as readily available
heteroaromatic substrates. Corresponding imines (11) and (12) were obtained in dichloromethane at room
temperature with respectively 68% and 51% yields. Under the same conditions reported to those employed
above, treatment of imines with alkane and aromatic diamines led to new heterocyclic fused pyrimidinones
(Scheme 6). The reaction of imines with ethylene diamine afforded the cyclized and stable products (13 and
14)*>*° which result from the substitution of the cyano group by nucleophilic attack of the aliphatic amine of
the intermediate (VIII) rather than the expected cyclic amidine described above.

Finally, only the tetracyclic compound (15) was identified in 24% yield when imine (11) reacted with o-
aminobenzylamine. Compound (12) containing pyrimidine core did not react with aromatic diamine to give the
target tetracyclic product.

Page 339 ©ARKAT USA, Inc



Arkivoc 2017, iii, 335-345 Pereira, M. de F. et al.

Cl Cl /S_h{
A
4\ |
NH, Ng” N NH N (CN
att G, e | @
|
CO.Et  CH,Cl CO,Et THF N\)

Pyridine 5
_ M\ @ 11 (68%)
Het-Ar= | rt.
N\@, P 12 019 Vil
CHs
THF, MW, NH,
120°C
NH,

Het-Ar | Imines Tricycle |Tetracyle

A
Nﬁ 11 (68%) |13 (16%) |15 (24%)
CH,

(Y M2G1%) 11467%) | -

Z

Only compound 15 (24%)

Scheme 6. Synthesis of new heterocyclic fused pyrimidinones.

Conclusions

We described here a method which allows access to complex fused products starting from easily obtainable
substrates in one step. We demonstrated that 5-(N-arylimino)-4-chloro-5H-1,2,3-dithiazole derivatives can be
used as available building blocks for the rapid synthesis of various polycyclic molecules. The pharmacological
targets of these original heterocycles remain to be established.

Experimental Section

General. All commercially available compounds were used as received without further purification. Silica gel
0.063-0.2 mm (70-230 mesh) was used for all column chromatography. NMR spectra were recorded on a Jeol
NMR LA400 spectrometer in chloroform-d or DMSO-ds at 400 MHz for '*H NMR spectra and 100 MHz MHz for
13C NMR spectra. Chemical shifts were reported in ppm and multiplicities were described as follows: bs, broad
singlet; s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet. Coupling constants ‘)’ were reported in Hz. IR
spectra were recorded on a Perkin Elmer spectrum 100 FT-IR ATR spectrometer. Absorptions are given in
wavenumbers (cm™). Melting points were determined on a Kofler melting point apparatus. Mass spectra were
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measured with a Micro mass Q-TOF spectrometer. Microwave experiments were conducted in sealed vials (10
mL) with a Biotage Initiator microwave reactor (400 W, monomode system with a microwave power delivery
system ranging from 5 to 400 W.) under air with magnetic stirring. Reaction temperature and pressure were
determined using the built-in, on-line IR and pressure sensors.

General procedure for the synthesis of imino-1,2,3-dithiazoles 3, 9, 11 and 12 from starting amino ester
derivatives.”>?® Under an inert atmosphere (argon), dithiazolium salt 1 (0.208 g, 1 mmol) was added to a
solution of amino ester (1 mmol) in dichloromethane (5 mL). Pyridine (2 mmol) was slowly added. The mixture
was stirred until all of the amine had been consumed (tlc control). The mixture was warmed to room
temperature and the reaction mixture filtered through acidic alumina and pour into ice water and the organic
layer was separated and the aqueous phase extracted with dichloromethane. The crude product was purified
by column chromatography using petroleum ether/DCM as the eluent.
2-[4-Chloro-[1,2,3]dithiazol-(5Z)-ylideneamino]-4,5,6,7-tetrahydro-benzo[b]thiophene-3-carboxylic acid
ethyl ester (3). Orange solid; Yield: 68% ; mp 130 °C ; *H NMR (400 MHz, CDCl5) & : 4.38 (g, 2H, J 7.2 Hz, CH,),
2.72-2.92 (m, 4H, 2 CH,), 1.73-2.00 (m, 4H, 2 CH,), 1.41 (t, 3H, J 7.2 Hz, CH3). **C NMR (100 MHz, CDCl3) 3 :
164.0; 152.0; 149.2; 148.9; 136.4; 133.1; 127.2; 60.8; 25.7; 25.6; 22.9; 22.3; 14.3. Umax (ATR) / em™t 2929,
1665, 1545, 1268, 1146, 779. HRMS (ESI) m/z [M+H]": caled for CisHi3>°CIN,0,S; : 359.98277; found :
359.9853.

2-[4-Chloro-[1,2,3]dithiazol-(5Z)-ylideneamino]-thiophene-3-carboxylic acid methyl ester (9). Yellow solid;
Yield: 6%; mp 152 °C; 'H NMR (400 MHz, CDCl5) & : 7.56 (d, 1H, J 5.4 Hz, Harom), 7.29 (d, 1H, J 5.4 Hz, Harom),
3.92 (s, 3H, CH3).13C NMR (100 MHz, CDCl3) 0: 162.7; 155.3; 153.8; 148.6; 129.3; 125.3; 119.1; 51.6. Uy (ATR)
/ ecm™: 3103, 2952, 2922, 1668, 1285, 700. HRMS (ESI) m/z [M+H]": calcd for CgHs>>CIN,0,S; : 291.92017;
found : 291.9211.

5-[4-Chloro-1,2,3]dithiazol-(52)-ylideneamino]-1-methyl-1H-pyrazole-4-carboxylic acid ethyl ester (11).
Yellow solid; Yield: 68%; mp 152 °C; *H NMR (400 MHz, CDCl3) & : 7.93 (s, 1H, H), 4.25 (q, J 7.2 Hz, 2H, CH,),
3.76 (s, 3H, CH3), 1.28 (t, J 7.2 Hz, 3H, CH3). **C NMR (100 MHz, CDCl5) 3: 165.0; 162.0 ; 149.5 ; 147.5; 141.4 ;
102.0; 60.1; 35.5; 14.2. Upnax (ATR) / em™: 2978, 1701, 1587, 1056, 771. HRMS (ESI) m/z [M+Na]" calcd for
C9H935C|N402 :326.9753; found : 326.9750.

2-[4-Chloro-[1,2,3]dithiazol-(52Z)-ylideneamino]-nicotinic carboxylic acid methyl ester (12). Yellow solid;
Yield: 51%; mp 125°C; 'H NMR (400 MHz, CDCl3) 0: 8.71 (dd, J 2 Hz, J 4.8 Hz, 1H, H), 8.33 (dd, J 2 Hz, J 7.4 Hz,
1H, H), 7.37 (dd, J 4.8 Hz, J 7.4 Hz, 1H, H), 4.03 (s, 3H, CHs). *C NMR (100 MHz, CDCl3) & : 166.1; 159.2;
152.2; 149.8; 146.3 ; 139.9; 124.0; 120.9 ; 52.7. Umax (ATR) / cm™: 2946, 1686, 1524, 1411, 776. HRMS (ESI)
m/z [M+H]": calcd for CoHg>>CIN;0,S, :287.9668 ; found : 287.9668.

General procedure for reaction of iminodithiazoles with 1,2-ethylene diamine, synthesis of compounds 4, 13
and 14. A solution of ethylene diamine (0.04 mL, 0.55 mmol) in tetrahydrofuran (THF) (5 mL) was added slowly
to a solution of imino-1,2,3-dithiazole (compounds 3, 9, 11 and 12) (0.55 mmol) in THF (15 mL). The mixture
was stirred at low temperature under inert atmosphere (argon) until all of the imine had been consumed (tlc
control). After evaporation of the solvent under reduced pressure, column chromatography on silica gel with
dichloromethane/ethanol (9:1, v/v) as solvents gave products 4, 5, 13 and 14 as solids.
1-Amino-2,3,4,7,8,9,10-heptahydro-6H-[1]benzothieno[2,3-d]pyrazino[1,2-a]pyrimidin-6-one  (4). White
solid; Yield: 10%; mp 218 °C, *H NMR (400 MHz, DMSO-dg) & : 6.37 (s, 2H, NH,), 3.96 (t, J 6,8 Hz, 2H, CH,), 3.57
(t, J 6.8 Hz, 2H, CH,), 2.92 (d, J 5.7 Hz, 2H, CH,), 2.78 (d, J 5.7 Hz, 2H, CH,), 1.86-1.74 (m, 4H, 2xCH,). **C NMR
(100 MHz, DMSO-dg) 0 : 159.5; 156.2; 151.2; 139.9; 134.9; 131.2; 122.1; 42.7; 37.9; 25.2; 24.7 ; 22.3;
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21.7. Umax (ATR) / cm™: 3464, 2922, 1655, 1537, 1348, 1153, 779, 521. HRMS (ESI) m/z [M+H]": calcd for
C13H14N40S : 275.0966 ; found : 275.0968.
2-(Cyanocarbothioyl-amino)-4,5,6,7-tetrahydro-benzo[b]thiophene-3-carboxylic acid ethyl ester (5). Orange
solid; Yield: 63%; mp 140 °C; 4 (NMR 400 MHz, CDCl3) 6:13.93 (s, 1H, NH), 4.42 (q, J 7.0 Hz, 2H, CH,), 2.85 (t,
J5.3 Hz, 2H, CH,), 2.70 (t, J 5.3 Hz, 2H, CH,), 1.87-1.79 (m, 4H, 2xCH,), 1.43 (t, J 7.0 Hz, 3H, CH3). *C NMR (100
MHz, CDCl3) & : 166.9; 155.1; 145.8; 132.2; 130.1; 117.0; 113.5; 61.7; 26.1; 24.5; 22.6; 22.4; 14.1. Umax (ATR) /
cm™: 2938, 2229, 1655, 1551, 1318, 1251, 1109, 812. HRMS (ESI) m/z [M-H]: calcd for Ci3H14N,0,S;:
293.0418 ; found : 293.0428.

1-Methyl-6,7-dihydro-1H-pyrazolo[3,4-d]imidazo[1,2-a]pyrimidin-4(8H)-one (13).° White solid; Yield: 16% ;
mp >250 °C (Lit. >250 °C) *H NMR (400 MHz, DMSO-d¢) & : 8.08 (s, H, NH), 7.73 (s, 1H, Harom), 4.01 (t, J 8.5 Hz,
2H, CH,), 3.71-3.59 (m, 5H, CH,, CHs). *C NMR (100 MHz, DMSO-d¢) & : 157.7 ; 156.1; 154.7 ; 133.8; 99.8 ;
41.6 ; 38.8; 33.4. Umax (ATR) / cm™: 3211, 2922, 1704, 1681, 1375, 1092, 770. HRMS (ESI) m/z [M-H]: calcd for
CgHgONs : 190.0729 ; found : 190.0723.

2,3-Dihydroimidazo[1,2-a]pyrido[2,3-d]pyrimidin-5(1H)-one (14).° White solid; Yield: 57%; mp 309 °C
(Lit.g0 309-312 °C), 'H NMR (400 MHz, DMSO-dg) 0: 8.61 (dd, J 2 Hz, J 4.4 Hz, 1H, H arom), 8.23 (m, 2H, H arom,
NH), 7.11 (dd, J 4.4 Hz, J 8 Hz, 1H, H arom), 4.12 (t, J 8.4 Hz, 2H, CH,), 3.63 (t, J 8.4 Hz, 2H, CH,). **C NMR (100
MHz, DMSO-dg) & : 161.0; 160.3; 156.5; 155.0; 135.0; 117.5; 111.8; 42.1. Unmax (ATR) / em™: 3464, 3082,
2922, 1655, 1537, 1348, 1153. HRMS (ESI) m/z [M+H]": calcd for CqHsON, : 189.0776 ; found : 189.0777.
General procedure for reaction of iminodithiazoles with 2-aminobenzylamine, synthesis of compounds
6,7,10 and 15. In a sealed vial, a solution of imino ester (0.66 mmol) and commercially avalaible 2-
aminobenzylamine ( 0.16g, 1.32 mmol) in THF (3 mL) was heated under microwave irradiations at 120°C until
all of the imine had been consumed (tlc control). After cooling, the solvent was evaporated off and the residue
was purified by column chromatography to afford the various compounds 6,7,10 and 15.
1,2,3,4,6,11-Hexahydro-13-thia-5a,11,12-triaza-indeno[1,2-b]anthracen-5-one (6). Orange solid; Yield: 7%;
mp 347 °C ; *H NMR (400 MHz, DMSO-dg) & : 10.36 (s, 1H, NH), 7.27 (d, J 7.4 Hz, 1H, Harom), 7.22 (t, J 7.6 Hz,
1H, H arom), 7.01-6.97 (m, 2H, H arom), 5.05 (s, 2H CH,), 2.79 (s, 2H, CH,), 2.62 (s, 2H, CH,), 1.75 (s, 4H,
2xCH,). 3¢ NMR (400 MHz, DMSO-dg) & : 165.2; 146.9; 135.9; 135.2; 130.1; 128.2; 126.2; 126.1, 121.9, 116.2;
114.7; 113.5; 41.5; 24.8; 23.8; 22.2; 21.4. Umax (ATR) / cm™: 3464, 3082, 2922, 1655, 1537, 1348, 1153. HRMS
(ESI) m/z [M+H]": calcd for C17H150N3S : 310.1014 ; found : 310.1017.
2-[(Quinazoline-2-carbothioyl)-amino]-4,5,6,7-tetrahydro-benzo[b]thiophene-3-carboxylic acid ethyl ester
(7). Orange oil; Yield: 12%; *H RMN (400 MHz, CDCls) & : 15.35 (s, 1H, NH), 9.63 (s, 1H), 8.34 (d, J 8.5 Hz, 1H, H
arom), 8.07-8.01 (m, 2H, 2x H arom), 7.78 (t, J 7.8 Hz, H, H arom) 4.51 (g, J 7.1 Hz, 2H, CH,), 2.90 (t, J 4.9 Hz,
2H, CH,), 2.73 (t, J 4.9 Hz, 2H, CH,), 1.87-1.81 (m, 4H, 2xCH,), 1.47 (t, J 7.1 Hz, 3H, CHs). *C NMR (100 MHz,
CDCl5) &: 183.08; 166.25; 160.99; 154.55; 149.82; 147.98; 135.09; 132.20; 129.72; 129.50; 127.77 ;
127.31; 124.43; 116.67; 60.79; 26.36; 24.53; 22.80; 22.75; 14.34. HRMS (ESI) m/z [M+H]": calcd for
Cy0H190;,N3S, : 398.0997 ; found : 398.0995.

2-[(Quinazoline-2-carbothioyl)-amino]-thiophene-3-carboxylic acid methyl ester (10). Orange Oil, Yield: 14%;
'H NMR (400 MHz, CDCl3) &: 15.61 (s, 1H, NH), 9.63 (s, 1H, H), 8.34 (d, 1H, J 8.8 Hz, H arom), 8.00-8.10 (m, 2H,
H arom), 7.78 (t, 1H, J 7.7 Hz, H arom), 7.42 (d, 1H, J 5.9 Hz, Harom), 6.89 (d, 1H, J 5.9 Hz, H arom), 4.04 (s, 3H,
OCHs). 3¢ NMR (100 MHz, CDCl3) 0:184.2 ; 165.6; 161.0; 149.6; 135.1;129.7 ; 129.6 ; 127.3; 124.6 ; 124.5,
117.5; 115.9; 52.1. Umax (ATR) / cm™: 3344, 3107, 2950, 1680, 1538, 1245, 723. HRMS (ESI) m/z [M+H]": calcd
for Ci15H11N30,S, :329.02927; found 329.0284.
1-Methyl-5,10-dihydro-1H-1,2,4a,10,11-pentaaza-cyclopenta[blanthracen-4-one (15). White solid; Yield:
24%; mp >350°C ; *H NMR (400 MHz, DMSO-d¢) & : 10.59 (s, 1H, NH), 7.87 (s, 1H, H arom), 7.3 (d, J 7.4 Hz, 1H,
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Harom), 7.22 (t, J 7.6 Hz, 1H, Harom), 7.01-6.97 (m, 2H, Harom), 5.07 (s, 2H CH,), 3.61 (s, 3H, CH3). >°C NMR
(400 MHz, DMSO-dg) 6:156.9; 152.1; 149.4; 135.4; 134.3; 128.4; 126.4; 122.4; 116.8 ; 113.9; 100.4 ; 41.9
; 33,4, Umax (ATR) / cm™: 3231; 2923; 1685; 1533; 749. HRMS (ESI) m/z [M+H]": calcd for Cy3H1;ONs :
254.1042 ; found : 254.1040.
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