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New Fused Triazinium Systems from (Alkoxycarbonyl)azinium /N-Aminides

Jesiis Valenciano,®! Esmeralda Sanchez-Pavén,?¥] Ana M. Cuadro,*!?!
Julio Alvarez-Builla,®! and Juan J. Vaquero*!?!

Keywords: N-Aminides / 1.4-Dipole / Heterobetaines / Triazinium

2-(Alkoxycarbonyl)cycloimmonium N-aminides are efficient
1,4-dipoles that react with different types of reagents such as
carbodiimides, benzoyliso(thio)cyanates and heterocyclic
imidoyl chlorides to give new heterobetaines containing
fused [1,2,4]triazinium systems.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

Heterocyclic mesomeric betaines!!! 1 are well established
and versatile 1,3-dipoles, a characteristic that allows them
to take part in 1,3-dipolar cycloaddition reactions.”) They
have also found widespread application in the synthesis of
natural products and organic compounds of biological rele-
vance.’] 2-Alkyl- and 2-amino-substituted azinium salts 2
have the potential to function as 1.4-dinucleophiles by de-
protonation and are capable (Figure 1) of reacting with die-
lectrophilic reagents such as 1.,2-dicarbonyl compounds
(Westphal reaction)¥ to give a variety of azonia derivatives
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Figure 1. N-Ylides as 1,3-dipoles, 1.4-dinucleophiles, and 1.4-nu-
cleophile/electrophile.
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incorporating quaternary bridgehead nitrogen systems."® In
contrast, with the exception of only a few examples,® less
attention has been paid to the possibility of using appropri-
ately 1,2-substituted azinium salts 3 as synthetic equivalents
of 1.4-nucleophilic/electrophilic ylides such as 4 (Figure 1).
Except for isolated reports, the use of 1,4-dipole equivalents
has generally remained underexploited.!”

In connection with such compounds 3, we previously re-
ported the first example®l of the behaviour of this system
as a 1 4-nucleophile/electrophile through the intermediacy
of N-aminides 4. This behaviour was demonstrated through

, the reactivity of 2-(ethoxycarbonyl)azinium salts 3 with het-
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erocumulenes,®! to afford heterobetaines 5. We also found
that the same N-aminides 4 can behave as 1,3-dipoles when
they react with acetylenic and olefinic dipolarophiles to af-
ford pyridopyrazoles 6 or heterobetaines 7 — in the latter
case through a 1,3-cycloaddition reaction/ring expansion
process!'” (Scheme 1).

This interesting dual role found for (alkoxycarbonyl)cy-
cloimmonium N-aminides 4 prompted us to carry out fur-
ther studies in this area. The goal of this work was to gain
a more detailed understanding of the reactivity of these azi-
nium N-aminides as 1.4-dipole equivalents. Here we de-
scribe results relating to their reactivity with other heterocu-
mulenes and heterocyclic imidoyl chlorides to provide new
fused triazinium heterocyclic systems.

Results and Discussion

In the context of our ongoing investigations into the con-
struction, via dipolar intermediates, of heterobetaines and
in view of the behaviour of azinium N-aminides 4 described
above, the precursor salts 3 were obtained by direct amin-
ation of the corresponding (alkoxycarbonyl)azines with use
of mesitylenesulfonyl hydroxylamine (MSH) as the aminat-
ing agent (Scheme 2).'"! Under basic conditions (K,CO,/
CH;CN) these salts gave the corresponding 2-(alkoxycar-
bonyl)azinium N-aminides 4 (pyridinium, quinolinium, iso-
quinolinium), which were treated with cyclohexyl- and aryl-
carbodiimides to afford heterobetaines 9 in good yields. Re-
actions with diisopropylcarbodiimide were also attempted
with salts 3a and 3b, but in these cases the corresponding
cyclocondensation products were not detected. This result
is probably due to steric interactions, which preclude the
cyclization step. The formation of heterobetaines 9 can be

envisaged as occurring via the corresponding dipolar inter-
mediates 8. Although these intermediates could not be de-
tected in these reactions, we had previously described the
isolation of similar intermediates and their transformation
into the corresponding mesomeric betaines.®!

The reaction between 2-(ethoxycarbonyl)pyridinium-N-
aminide (4a), generated in a biphasic K>;CO:/CH;CN sys-
tem, and benzoyl isothiocyanate at room temperature af-
forded a mixture of compounds that contained the heterob-
etaines 10 (38%) and 11 (42%). When this mixture was
heated in CH;CN or EtOH for 3 h, heterobetaine 10 was
transformed into 12 through loss of the benzoyl moiety
(Scheme 3). When the same reaction was carried out in
CH;CN at reflux, heterobetaine 12 was isolated in 50%
yield along with 11, which was formed in the same yield
(42%) as when the reaction had been performed at room
temperature. The aminide 11 was presumably formed as the
result of an attack by the amino group in 4a on the car-
bonyl group of the benzoyl isothiocyanate, followed by loss
of isothiocyanic acid. The structure of 11 was easily con-
firmed by treatment of the N-aminide 4a with benzoyl chlo-
ride.

Benzoyl isocyanate reacts with 4a to give heterobetaine
13 as the main reaction product (73%) under the same con-
ditions as used for the formation of 12 (Scheme 3). All
attempts to transform 13 into the heterobetaine 14 by treat-
ment with NaOH (2%) were unsuccessful and the only iso-
lable compound was the pyridinium N-aminide 15 (90%).
The formation of 15 can be explained in terms of ring-
opening of the triazine ring through nucleophilic attack at
the endocyclic carbonyl group and subsequent decarboxyl-
ation of the intermediate pyridinium carboxylate. '"H NMR
spectroscopy showed that this N-aminide was very unstable
in solution.
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Compound 12 is an interesting heterobetaine with four
potentially reactive nucleophilic sites on the triazine ring
(oxygen, sulfur and two different nitrogens). Representative
transformations of 12 into new benzotriazine derivatives
through simple reactions are shown in Scheme 4. As one
example, alkylation with methyl iodide is a very selective
reaction that occurs only on the sulfur atom, with forma-
tion of the salt 16 in excellent yield. Treatment of 16 with
K,CO3/CH;CN provided the new mesomeric betaine 17
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5 (90%)

(97 %), which gave 19 (51%) on treatment with Lawesson’s
reagent in boiling toluene or the salt 18, in 66% or 90%
yields, on treatment with methyl iodide or trimethyl-
oxonium tetrafluoroborate, respectively.[®®-6") Moreover, 19
reacted with methyl iodide at room temperature to give the
2 4-dimethylthiopyrido[2.1-f]triazinium iodide 20 in good
yield (85%).

A new application of N-aminides as 1,4-dipoles with dif-
ferent heterocyclic imidoyl chlorides (Scheme 5) as reactive
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nucleophilic/electrophilic partners was also studied.!'? Ini-
tial examination of the reactivity of 3a with 2-chlorobenzo-
thiazole in a biphasic system (anhydrous K>CO; and dry
CH;CN), followed by stirring at room temperature for 6 h,
afforded 21a in modest yield (40%). Better results (60 %
were obtained with use of salt 3a as the iodide, probably
because 21a as the iodide precipitates in the homogeneous
reaction medium in the presence of N,N-diisopropylethyl-
amine (Hiinig’s base) in CH,Cl, (room temperature, 20 h).
Finally, the best yield was obtained by heating the reaction
mixture at reflux overnight (81%). When these conditions
were applied to 2-chlorobenzoxazole, the corresponding
tetracyclic triazine 21b was obtained — albeit in only 24%
yield. Different reaction conditions were tested to improve
this yield, with the best results (35% yield) being obtained
with CH;CN as the solvent. This low yield is probably due
to a nucleophilic attack at the C-6a position followed by a
ring-opening reaction of the benzoxazole ring.

Unprotected and N-benzyl-protected 2-chlorobenzimid-
azoles did not react with 3a either under biphasic or under
homogeneous conditions, but high yields (75%) of the pyri-
dotriazinobenzimidazolium compound 21¢ were obtained
when the 3a was used as its sulfamoyl derivative (Scheme 53).
The protecting group can be removed from 21¢ under mild
neutral reaction conditions (EtOH reflux, 6 h) to furnish
22 in 88% yield. Treatment of 22 with K5CO; in CH,CN
generated the heterobetaine 23a, which was selectively N-
methylated with Mel/DMF to give 24 in 91% yield
(Scheme 5).

The N-aminide generated from 3b also reacted with 2-
chlorobenzothiazole in CH,Cl, to give 21d in 62% vyield
and with the N-sulfamoyl-protected 2-chlorobenzimidazole
to afford a mixture of the benzimidazotriazinoquinolinium
salt 21e (33%) and the heterobetaine 23b (22%). Quantita-
tive conversion of 21e into 23b was achieved by heating 21e
at reflux in EtOH (Scheme 6).

Conclusions
In conclusion, the results described here illustrate further

applications of the synthetic utility of N-aminides 4 as 1,4-
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nucleophilic/electrophilic reagents. This behaviour allowed
a straightforward synthesis of new pyrido[2.1-f][1,2.4]triazi-
nium salts, which can be regarded as suitable precursors
for new charged guanidine derivatives through ring-opening
reactions.

Experimental Section

General Remarks: Melting points were determined on an Electro-
thermal 1A9100 apparatus. Infrared spectra were recorded on a
Perkin-Elmer 1310 spectrophotometer with use of KBr pellets, and
bands are reported in cm™'. The 'H and '>C NMR spectra were
recorded on Varian Unity instruments (200, 300 and 50 MHz).
Chemical shifts are reported as J values (ppm). Mass spectra were
determined on a Hewlett-Packard 5988A (70 eV) spectrometer.
Column chromatography was performed on silica gel (Merck 60,
0.040-0.063 mm). Mesitylenesulfonate of azinium salts 3 were ob-
tained by previously described methods.[®-19%1"1 The starting azin-
ium salts were obtained as iodides by stirring of the corresponding
mesitylenesulfonates with HI (57%. 1.5 equiv.) in EtOAc. All other
chemicals are commercially available.

Treatment of Salts 3 with Carbodiimides. General Procedure for the
Preparation of Heterobetaines 9: The appropriate carbodiimide
(1.1 mmol) was added to a stirred suspension of azinium salt 3
(I mmol) and anhydrous K,CO; (0.55 g, 4 mmol) in dry acetoni-
trile (10 mL). The mixture was stirred at room temperature for 20 h
and the inorganic residue was filtered off. The organic phase was
concentrated and extracted with toluene (310 mL), reconcen-
trated and recrystallized from the appropriate solvent.

3-Phenyl-4-0x0-3,4-dihydropyrido[2,1-f][1,2,4]triazin-9-ium-2-(N'-
phenyl)aminide!'®! (9a): This compound was prepared from 3a and
N,N'-diphenylcarbodiimide by the General Procedure. Purification
gave 9a (0.26 g, 85%) as a red solid: m.p. 128-129 °C (Et,0). 'H
NMR (CDCls, 300 MHz): 6 = 8.28-8.22 (m, 1 H), 8.09 (d, J =
6.6 Hz, 1 H,), 7.55-7.48 (m, 2 H), 7.46-7.35 (m, 5 H), 7.25-7.16
(m, 2 H), 7.02-6.97 (m, 2 H), 6.95-6.88 (m, 1 H) ppm. ). IR (KBr):
v = 1691, 1564, 1493, 1439, 1399, 1189, 1146 cm '. MS (m/z): 314
[M]* (10), 287 (16), 194 (100). C;oH,sN,O (314.35): caled. C 72.60,
H 4.49, N, 17.82; found: C 72.47, H, 4.79, N, 17.35.

4-Oxo-3-p-tolyl-3,4-dihydropyrido|2,1-/][1,2 4]triazin-9-ium-2-(N'-p-
tolyl)aminide (9b): The above procedure was used with 3a and di-
p-tolylcarbodiimide, to provide 9b (0.33 g, 95%) as a dark red solid:
m.p. 207-208 °C (toluene). '"H NMR ([Dg]DMSO, 300 MHz): § =
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8.27.(d, J = 6.3 Hz, 1 H), 8.11 (dd, J; = 8.5, J, = 2 Hz, 1 H), 7.73—
7.65 (m, 1 H), 7.63-7.57 (m, 1 H), 7.25 (d, J = 8.4 Hz, 2 H), 7.18
(d, J = 8.4 Hz, 2 H), 6.89 (d. J = 8.4 Hz, 2 H), 6.74 (d, J = 8.4 Hz,
2 H), 2.34 (s, 3 H), 2.17 (s, 3 H) ppm. '*C NMR (CDCl;,
125 MHz): 6 = 156.3, 1481 146.4, 138.1, 133.6, 133.1, 132.1, 130.8,
130.1, 128.8, 128.6, 127.8, 127.1, 126.4, 122.9, 21.3, 20.9 ppm. IR
(KBr): v = 1686, 1611, 1567, 1505, 1436, 1394, 1190, 1138 cm.
MS (m/z): 343 [M + 1]* (100). C»,H,sN,4O (342.40): caled. C 73.66,
H 5.30, N 16.36; found: C 73.72, H 5.44, N, 16.15.

3-Cyclohexyl-4-ox0-3,4-dihydropyrido|2,1-f][1,2,4|triazin-9-ium-2-
(V'-cyclohexyl)aminide (9c): The General Procedure was used with
3a and N.N'-dicyclohexylcarbodiimide, to provide 9¢ as an orange
solid (0.29 g, 90%): m.p. 133-134 °C (pentane/hexane). '"H NMR
([Dg]DMSO, 300 MHz): 6 = 8.16 (d, J = 6.2 Hz, 1 H), 7.96 (dd, J;
= 8.0, J, = 2.3Hz, | H), 7.59-7.53 (m, 1 H), 7.43-7.36 (m, 1 H),
5.08-4.95 (m, 1 H), 3.75-3.60 (m, 1 H), 2.52-2.48 (m, 2 H), 1.80-
1.00 (m. 18 H) ppm. IR (KBr): ¥ = 2927, 1675, 1595, 1444, 1228,
1186 cm™. CigH,6N4O (326.45): caled. C 69.91, H 8.03, N 17.16;
found: C 69.80, H §.25, N, 17.27.

4-0xo0-3-p-tolyl-3,4-dihydro|1,2,4]triazino|1,6-a]quinolin-11-ium-2-
(N'-p-tolyl)aminide (9d): This compound was prepared from 3b and
N.N'-di-p-tolylcarbodiimide by the General Procedure. Purification
gave 9d (0.35 g, 90%%) as a violet-blue solid: mp 185-187 °C (Et,0).
'"H NMR (CDCls, 300 MHz): 6 = 8.75-8.70 (m, 1 H). 8.16 (d, J =
8.4 Hz, 1 H), 7.87-7.82 (m, 1 H), 7.78-7.70 (m, 3 H). 7.36-7.28 (m,
4 H), 7.12-7.03 (m, 4 H), 2.41 (s, 3 H), 2.32 (5, 3 H) ppm. *C
NMR (CDCl;, 50 MHz): 6 = 157.2, 148.0, 146.5, 138.2, 135.6,
1830 BT 3 1 308 130: 7130201291 428 B 928, 3, 1278,
126.6, 123.1, 120.7, 119.7, 21.3, 21.0 ppm. IR (KBr): v = 1679,
1558, 1504, 1461, 1413, 1185, 1145cm™'. MS (m/z): 391 [M - 1]*
(87), 392 [M]" (44). C25HuN4O (392.46): C 76.51, H 5.14, N 14.28;
found: C 76.13, H 5.29, N 13.90.

4-Oxo0-3-p-tolyl-3,4-dihydro[1,2,4]triazino|1,6-alisoquinolin-5-ium-2-
(N'-p-tolyl)aminide (9¢): This compound was prepared from 3¢ and
N.N'-di-p-tolylcarbodiimide by the General Procedure, giving 9e
(0.33 g, 85%) as a red crystalline solid: m.p. 248-249 °C (Et,0). 'H
NMR (CDCls, 300 MHz): d = 9.64 (d, J = 8.4 Hz, 1 H), 7.98 (d,
J=73Hz 1 H), 7.75-7.58 (m, 4 H), 7.38-7.27 (m, 4 H), 7.05-
6.92 (m, 4 H), 2.41 (s, 3 H), 2.28 (s, 3 H) ppm. IR (KBr): ¥ = 1679,
1574, 1499, 1458, 1442, 1142 em™'. MS (m/z): 343 [M + 1]" (100).
CosHzN4O (392.46): caled. C 76.51, H 5.14, N 14.28; found: C
76.82, H 5.33, N 13.90.

4-Ox0-3-p-tolyl-3,4-dihydro[1,2.4]triazino|1,6-b]isoquinolin-11-ium-
2-(N'-p-tolyl)aminide (9f): Use of 3d and N,N’'-di-p-tolylcarbodiim-
ide and stirring of the reaction mixture for 5 d gave 9f (0.25 g. 64%)
as a dark red solid: m.p. 220-221 °C (Et,0). '"H NMR (CDCl;,
300 MHz): 6 = 8.74 (s, 1 H), 8.71 (s, 1 H), 7.91 (d, J = 8.1 Hz, 1
H), 7.68-7.60 (m, 3 H), 7.35-7.24 (m, 4 H), 7.08 (d, J = 8.4 Hz, 2
H), 6.94 (d, J = 8.4 Hz, 2 H), 2.40 (s, 3 H), 2.28 (s, 3 H) ppm. IR
(KBr): v = 1678, 1627, 1584, 1505, 1439, 1407, 1312, 1160 cm™,
Cs5H2oN4O (392.46): caled. C 76.51, H 5.14, N 14.28; found: C
76.45, H 5.01, N, 14.22.

Reactions between the Salt 3a and Benzoyl Iso(thio)cyanates

4-0Oxo0-3,4-dihydropyrido|2,1-/]|1,2.4]triazin-9-ium-2-thiolate (12): A
stirred suspension of 3a (0.37 g, | mmol) in dry acetonitrile
(10 mL), benzoyl isothiocyanate (0.15 mL, 1.1 mmol) and anhy-
drous K-CO5 (0.55 g, 4 mmol) were mixed under argon. The reac-
tion mixture was stirred at room temperature for 20 h, and the
filtrate was collected and concentrated under reduced pressure to
afford 10. Further heating of 10 at reflux in EtOH for 3 h gave 12
(90 mg, 50%) as a yellow solid: m.p. 236-237 °C (EtOH). 'H NMR
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([Dg]DMSO, 300 MHz): 6 = 12.47 (1 H, -NH), 8.78 (d, J = 6.2 Hz,
1 H), 8.33 (dd, J; = 7.9, J, = 1.7Hz, 1 H), 8.16-8.06 (m, 1 H),
8.06-7.96 (m, 1 H) ppm. '*C NMR ([Dg]DMSO, 50 MHz): § =
175.3, 154.2, 136.7, 136.6, 135.8, 129.9, 125.0 ppm. IR (KBr): ¥ =
3054, 1687, 1613, 1510, 1472, 1400, 1175, 1139 cm!. MS (m/z): 179
[M]* (22), 147 (7), 106 (51). 78 (100). C;HsN;OS8 (179.20): caled.
C 46.92, H 2.81, N 23.45; found: C 46.54, H 2.94, N 23.20.

2-(Ethoxycarbonyl)pyridinium-N-(N'-benzoyl)aminide (11): This
compound was isolated by column chromatography (silica gel) with
acetone/MeOH (9:1) as eluent, to give 11 (0.069 g, 42%) as a yellow
oil. 'H NMR ([Dg]DMSO, 300 MHz): 6 = 9.04 (d, J = 6.6 Hz, 1
H), 8.26 (td, J;, = 7.8, J, = 1.1 Hz, 1 H), 8.13 (dd, J, = 7.8, J, =
1.8 Hz, 1 H), 8.04-7.92 (m, 3 H), 7.46-7.32 (m, 3 H) ppm. MS
(miz): 197 [M — CO-Et]* (100), 156 (13). 105(99), 77(78).

3-Benzoyl-4-ox0-3,4-dihydropyrido|2,1-f][1,2.4|triazin-9-ium-2-olate
(13): Anhydrous K,CO; (0.55 g, 4 mmol) was added to a solution
of 3a (0.37 g, 1 mmol) and benzoyl isocyanate (0.14 mL, 1.1 mmol)
in dry acetonitrile (10 mL). The suspension was stirred for 20 h at
room temperature, the solvent was removed, and the residue was
triturated with water (10 mL). The precipitate was filtered, washed
with water until neutral and recrystallized from EtOH to give 13
(0.20 g, 73%) as white needles: m.p. 208-209 °C (EtOH). 'H NMR
([DJDMSO, 200 MHz): 6 = 8.80-8.70 (m, 1 H), 8.40-8.30 (m, 1
H), 8.18-8.08 (m, 2 H), 8.05-7.95 (m, 2 H), 7.82-7.70 (m, 1 H),
7.63-7.50 (m, 2 H) ppm. *C NMR ([DDMSO, 50 MHz): 6 =
171.1, 169.8, 156.4, 137.4, 136.7, 135.3, 134.0, 131.4, 130.6, 130.0,
129.2, 1255 ppm. IR (KBr): ¥ = 1746, 1692, 1626, 1445, 1392,
1232, 1193 cm!. C;4HyN305 (267.25): caled. C 62.92, 3.39, N
15.72; found: C 62.56, H 3.53, N 15.83.

Pyridinium N-(N'-Benzoylaminocarbonyl)aminide (15): A solution
of 13 (29 mg, 0.075 mmol) in NaOH (2%, 2 mL) was stirred at
room temperature for 2 h and then treated with HCI (2%). After
evaporation of the solvent, the residue was treated with EtOH, to
give 15 (16 mg, 90%) as a pale yellow solid that was very unstable.
'H NMR ([Dg]DMSO, 300 MHz): ¢ = 10.40-10.00 (brs, 1 H),
8.87-8.80 (m, 2 H), 8.30-8.20 (m, 1 H), 8.02-7.85 (m, 2 H), 7.88
(d, J = 7.4 Hz, 2 H), 7.60-7.40 (m, 3 H) ppm.

Synthesis of Heterobetaines 16-20

2-Methylthio-4-o0x0-3.4-dihydropyrido|2,1-/][1,2,4]triazin-9-ium To-
dide (16): Methyl iodide (0.25 mL, 4 mmol) was added to a suspen-
sion of 12 (0.09 g, 0.5 mmol) in dry acetonitrile (5 mL). The mix-
ture was stirred for 20 h at room temperature and the precipitate
was isolated by filtration to yield 16 (0.14 g, 89%) as a yellow solid:
m.p. 209-210 °C. '"H NMR ([Dg]DMSO, 300 MHz): 6 = 9.19 (d, J
= 6.2 Hz, 1 H), 8.65-8.50 (m, 2 H), 8.35-8.26 (m, 1 H), 2.61 (s, 3
H) ppm. IR (KBr): ¥ = 2830, 1724, 1582, 1551, 1456, 1438 cm !
CgHgIN;OS (194.12): caled. C 9.92, H 2.51, N 13.08; found: C
9.89, H 2.53, N 13.27.

2-Methylthiopyrido[2,1-£][1,2,4]triazin-9-ium-4-olate (17): Anhy-
drous K,CO; (0.28 g, 2 mmol) was added to a suspension of 16
(0.16 g, 0.5 mmol) in dry acetonitrile (5 mL). The reaction mixture
was stirred at room temperature for 20 h and concentrated to dry-
ness, and the residue was purified by column chromatography (sil-
ica gel) with acetone as eluent, to give 17 (0.094 g, 97%) as a white
solid: m.p. 189-190 °C. '"H NMR (CDCls, 300 MHz): § = 8.66 (dd,
J,=80,J,=14Hz, 1 H), 858 (d, J = 6.6 Hz, 1 H), 8.10-8.02
{m, 1 H), 7.86-7.78 (m, 1 H), 2.57 (s, 3 H) ppm. IR (KBr): ¥ =
1638, 1605, 1500, 1440, 1368, 1223 cm™'. CgH,;N,0S (193.23):
caled. C 49.72, H 3.65; N 21.75; found: C 49.91, H, 3.91, N 21.51.

3-Methyl-2-methylthio-4-0x0-3,4-dihydropyrido|2,1-/][1,2,4]triazin-
9-jum Todide (18): Methyl iodide (0.25 mL, 4 mmol) was added to
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a suspension of 17 (0. 096 g, 0.5 mmol) in dry acetonitrile (5 mL).
The mixture was stirred for 48 h at room temperature and the pre-
cipitate was isolated by filtration to yield 18 (0.11 g, 66%) as a
yellow solid: m.p. 248-249 °C (EtOH). '"H NMR ([D¢]DMSO,
300 MHz): 6 =933 (d, J=59Hz | H), 875 (dd, J;, = 8.1, J, =
1.8 Hz, 1 H), 8.70-8.60 (m, 1 H), 8.47-8.37 (m, 1 H), 3.54 (s, 3 H),
2.74 (s, 3 H) ppm. IR (KBr): ¥ = 1706, 1580, 1545, 1470, 1443,
1404, 1344, 1118 cm'. CoH ,IN;0S (208.27): caled. C 32.25, H
3.01, N 12.54; found: C 31.93, H 2.91, N 12.15.

2-Methylthiopyrido|2,1-f][1,2,4]triazin-9-ium-4-thiolate (19): A sus-
pension of 17 (0.097 g. 0.5 mmol) and Lawesson reagent (0.15 g,
0.38 mmol) in CH,Cly/toluene (1:1, 10 mL) was heated at reflux for
20 h. After this time, the reaction mixture was concentrated to dry-
ness and the residue was purified by column chromatography (silica
gel) with dichloromethane/acetone (9:1) as eluent, to give 19 as an
orange solid (0.053 g, 51%): m.p 216-217 °C. 'H NMR (CDCl;,
300 MHz): 6 = 9.30 (dd, J, = 84, J, = 14Hz, | H), 8.52(d, J =
6.2 Hz, 1 H), 8.10-8.02 (m, 1 H), 7.86-7.78 (m, 1 H), 2.59 (s, 3
H) ppm. IR (KBr): ¥ = 1450, 1423, 1354, 1250, 1202 cm~..
CgH7N3S5 (209.29): caled. C 45.91, H 3.37, N 20.08; found: C
45.54, H 3.62, N 19.70.

2,4-Dimethylthiopyrido|2,1-/][1,2,4]triazin-9-ium lodide (20): A mix-
ture of 19 (0.021 g, 0.1 mmol) and methyl iodide (0.05 mL,
0.8 mmol) in ethyl acetate (5 mL) was stirred at room temperature
for 20 h. The precipitate was then isolated by filtration to afford 20
(0.030 g, 85%) as a yellow solid: m.p. 223-224 °C. 'H NMR ([Dg]-
DMSO, 300 MHz): 6 = 947 (d, J = 6.2Hz, 1 H), 8.81 (d, J =
7.8 Hz, 1 H), 8.72-8.62 (m, 1 H), 8.50-8.40 (m, 1 H), 2.80 (s, 3 H),
2.71 (s, 3 H) ppm. IR (KBr): ¥ = 3422, 1526, 1480, 1294, 1210 cm .
CoH pIN;S; (224.33): caled. C 30.78, H 2.87, N 11.96; found: C
30.91, H 3.10, N 11.58.

Reactions between the Salts 3 and Heterocyclic Imidoyl Chlorides.
General Procedure: N,N-Diisopropylethylamine (0.35 mL., 2 mmol)
was added dropwise to a solution of an azinium salt 3 as an iodide
(1 mmol) and the corresponding heterocyclic imidoyl chloride
(1.1 mmol) in dry CH,Cl, (10 mL). The mixture was heated under
reflux for 20 h. The resulting precipitate was removed by filtration,
washed with CH,Cl, and recrystallized from the appropriate sol-
vent.

12-Ox0-12,13-dihydropyrido[1',2":1,6]]1,2,4]triazino|3,4-b]benzo-
thiazol-7-ium lodide (21a): By use of the General Procedure, with
1-amino-2-(ethoxycarbonyl)pyridinium iodide 3a (0.29 g, 1 mmol)
and 2-chlorobenzothiazole (0.19 g, 1.1 mmol), 21a (0.31 g, 81%)
was isolated as a yellow solid: m.p. =300 °C (MeOH). '"H NMR
([Dg]DMSO, 200 MHz): 6 = 9.53 (d, J = 5.9 Hz, |1 H), 9.05 (dd. J,
= 8.0, J; = 1.5Hz, 1 H), 8.86-8.68 (m, 2 H), 8.60-8.48 (m, 1 H),
8.32-8.20 (m, 1 H), 7.84-7.64 (m, 2 H) ppm. '*C ([D4]DMSO,
50 MHz): § = 162.0, 152.4, 142.8, 140.3, 134.9, 133.9, 131.4, 128.8,
128.5, 126.1, 124.3, 122.7, 118.1 ppm. IR (KBr): ¥ = 1724, 1580,
1548, 1478, 1438, 1340 cm™'. C;3HgIN;OS (254.29): caled. C 40.96,
H 2.12 N, 11.02; found: C 40.76, H 2.16, N 10.91.

12-Ox0-12,13-dihydropyrido[1',2':1,6][1,2.4|triazino[3,4-b]benz-
oxazol-7-ium lodide (21b): A mixture of 3a (0.29 g, | mmol) and 2-
chlorobenzoxazole (0.17 g, 1.1 mmol) was heated at reflux for 4 h
in dry acetonitrile, affording 21b (0.13 g, 35%) as a yellow solid:
m.p. =300 °C. 'H NMR ([Dg]DMSO, 200 MHz): 6 = 9.65 (d, J =
6.3Hz, 1 H), 9.08 (dd, J, = 8.1, J, = 1.7 Hz, 1 H), 8.88-8.76 (m,
1 H), 8.65-8.54 (m, 1 H), 8.35-8.26 (m, 1 H), 8.08-8.00 (m., 1 H).
7.82-7.64 (m, 2 H) ppm. 3C NMR ([Ds]DMSO, 50 MHz): § =
155.2, 151.1, 144.2, 143.4, 142.2, 135.0, 132.0, 129.3, 127.2, 126.6,
124.1, 1154, 1124 ppm. IR (KBr): ¥ = 1728, 1670, 1622, 1482,

2428 WWW.eurjoc.org

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

. ..

1404 cm™!. C3HgIN;0, (238.23): caled. C 42.76, H 2.21, N 11.51;
found: C 42.72, H 2.33, N 11.78.

T-(N,N'-Dimethylsulfamoyl)-13-0x0-12,13-dihydro-7 H-pyrido[1',2":-
1,6][1,2.4]triazino[4,3-a|benzimidazol-5-ium Todide (21¢): By use of
the General Procedure with 3a (0.29 g, 1 mmol) and 2-chloro-1-
(N.N-dimethylsulfamoyl)benzimidazole (0.29 g, 1.1 mmol), 21¢ was
isolated as a yellow solid (0.35 g, 75%): m.p. 174-175 °C (dec.). 'H
NMR ([Dg]DMSO, 200 MHz): 6 = 9.60 (d, J = 6.0 Hz, 1 H), 9.05
(dd, J, = 8.0, J,=1.6Hz 1 H), 873 (td, J; = 7.8, J, = 1.0Hz, 1
H), 8.58-8.48 (m, 2 H), 8.13-8.03 (m, 1 H), 7.80-7.60 (m, 2 H),
3.16 (s, 3 H) ppm. IR (KBr): ¥ = 1724, 1638, 1484, 1442, 1398,
1288, 1266, 1182 cm™'. C;sH4INsO; (344.37): caled. C 38.23, H
2.99, N 14.86; found: C 38.27, H 3.06, N 14.94.

7-Oxo0-7,8-dihydrobenzothiazo[2',3":3,4|triazino[1,6-a]quinolin-15-
ium lodide (21d): By use of the General Procedure with 1-amino-
2-(ethoxycarbonyl)quinolinium iodide 3b (0.34 g, 1 mmol) and 2-
chlorobenzothiazole (0.19 g, 1.1 mmol), 21d (0.27 g, 62%) was ob-
tained as a brown solid: m.p. 282-283 °C (MeOH). 'H NMR ([Dg]-
DMSO, 200 MHz): 6 = 9.35 (d. J = 8.8 Hz, 1 H), 9.27 (d, J =
8.8Hz, 1 H), 8.98 (d, J = 8.8 Hz, 1 H), 8.88-8.82 (m, 1 H), 8.68-
8.62 (m, 1 H), 8.47-8.20 (m, 3 H), 7.84-7.76 (m, 2 H) ppm. 1°C
NMR ([Ds]DMSO, 50 MHz): 6 = 161.2, 152.8, 142.8, 136.5, 135.3,
135.1, 133.8, 132.5, 130.4, 130.3, 129.1, 128.7, 124.4; 123.5, 119.1,
118.7, 118.4 ppm. IR (KBr): ¥ = 1720, 1586, 1553, 1515, 1373,
1334, 1240, 1219 cm™'. C,7H,(IN;OS (304.45): caled. C 47.35, H
2.34, N 9.74; found: C 47.35, H 2.45, N 9.82.

13-(N,N'-Dimethylsulfamoyl)-7-ox0-7,8-dihydro-13 H-benzimidazo-
[2°,1":3,4][1,2,4|triazino|1,6-a]quinolin-15-ium Iodide (21¢) and the
Heterobetaine 23b: By use of the General Procedure with 1-amino-
2-(ethoxycarbonyl)quinolinium iodide 3b (0.34 g, | mmol) and 2-
chloro-1-(N,N-dimethylsulfamoyl)benzimidazole (0.29 g,
1.1 mmol), compound 21e (0.17 g, 33%) was obtained as an orange
solid: m.p. 191-192 °C (dec.). 'H NMR ([D¢]DMSO., 200 MHz): §
=932(d, J=88Hz 1 H),9.16(d, J=88Hz, 1 H), 898 (d, J =
8.8 Hz, 1 H), 8.70-8.42 (m, 3 H), 8.33-8.10 (m, 2 H), 7.90-7.66 (m,
2 H), 3.17 (s, 3 H) ppm. IR (KBr): v = 1717, 1633, 1564, 1398,
1180 cm™'. CgH,sINs05S (394.44): caled. C 43.77, H 3.09, N,
13.43; found: C 43.93, H 3.13, N 13.62.

The filtrate was concentrated to dryness and chromatographed (sil-
ica gel). with EtOAc/acetone (8:2) as eluent, yielding 23b (63 mg,
22%) as a dark red solid: m.p. 255-256 °C. IR (KBr): v = 3416,
1684, 1612, 1540, 1441, 1184 cm™'. '"H NMR (CDCl;, 300 MHz):
d=945(d,J=9.0Hz 1 H), 8.62(d, J=8.0Hz 1 H), 8.56 (d, J
=9.0Hz, 1 H), 8.04-7.94 (m, 3 H), 7.92-7.84 (m, 2 H), 7.66-7.58
(m, 1 H); 7.46-7.39 (m, 1 H) ppm. '*C NMR (CDCl,, 50 MHz): 6
=153.1, 150.7, 145.5, 136.7, 131.9, 130.8, 130.0, 128.6, 127.4, 127.3,
127.1, 126.3, 121.8, 120.7, 119.6, 118.4, 115.9 ppm. C;;H,,N,O
(286.30): caled. C 71.32, H 3.52, N 19.57; found: C 71.07, H 3.45,
N 19.42.

13-Oxo0-12,13-dihydro-7 H-pyrido[1',2":1,6][1,2.4]triazino[4,3-a]-
benzimidazol-5-ium lIodide (22): A suspension of 21¢ (0.24 g,
0.5 mmol) in EtOH (10 mL) was heated at reflux for 24 h. The
solution was concentrated and the resulting precipitate was filtered
off, yielding 22 (0.16 g, 88%) as an orange solid: m.p. 299-300 °C
(EtOH). 'H NMR ([Ds]DMSO, 200 MHz): 6 = 9.33-9.26 (m, 1 H),
8.84 (dd, J, = 7.8, J, = 2.0 Hz, 1 H), 8.44-8.22 (m, 3 H). 7.70-7.55
(m, 2 H), 7.45 (ddd, J; = 7.0, J> = 6.0, J; = 2.3 Hz, 1 H) ppm. 13C
NMR ([Dg]DMSO, 50 MHz): 6 = 152.1, 148.4, 139.2, 137.9, 133.7,
131.6, 130.5, 128.4, 126.0, 125.0, 123.6, 115.5, 112.5 ppm. IR
(KBr): ¥ = 1716, 1636, 1480, 1438, 1196 cm™'. C;3HIN,O (237.24):
caled. C 42.88, H 2.49, N 15.39; found: C 42.73, H 2.15, N 15.29.
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Heterobetaine 23a: A suspension of 22 (0.18 g, 0.5 mmol) and
K,CO; (0.55 g, 4 mmol) in dry acetonitrile (5 mL) was stirred at
room temperature for 6 h. The reaction mixture was filtered off and
washed with water until neutral and then with acetonitrile, yielding
23a (0.11 g, 96%) as dark orange solid. m.p. =300 °C (DMF). 'H
NMR ([Dg]DMSO, 200 MHz): 6 = 8.98 (d, J = 6.4 Hz, 1 H), 8.58
(dd, J, = 7.9, J> = 1.8 Hz, | H), 8.36 (d, 7.8 Hz, 1 H), 8.06-7.80
(m, 2 H), 7.62 (d, J = 8.2 Hz, 1 H), 7.50-7.42 (m, 1 H), 7.30-7.20
(m, 1 H) ppm. IR (KBr): ¥ = 1680, 1618, 1546, 1196 cm™".
C13HgN4O (236.23): caled. C 66.10, H 3.41, N 23.72; found: C
65.98, H 3.37, N 23.50.

7-Methyl-13-0x0-12,13-dihydro-7 H-pyrido[1',2':1,6][1,2,d|triazino-
[4,3-a]benzimidazol-5-ium lodide (24): A suspension of 23a (24 mg,
0.1 mmol) and methyl iodide (0.4 mmol, 25 uL) in DMF (2 mL)
was stirred at room temperature for 6 h. EtOAc (5 mL) was then
added and the precipitate was isolated by filtration and washed
with EtOAc to afford 24 (34 mg. 91%) as a yellow solid: m.p. =
300 °C (DMF). "H NMR ([Dg]DMSO, 200 MHz): § = 9.43 (d, J =
6.4 Hz, 1 H), 895 (dd, J, = 8.1, J, = 1.8 Hz, 1 H), 8.55 (id, J, =
7.8, J- = 1.2Hz, 1 H), 847-8.37 (m, 2 H), 790 (d, J = 83 Hz, 1
H), 7.80-7.68 (m, 1 H), 7.66-7.52 (m, 1 H), 3.87 (s, 3 H) ppm. °C
NMR ([Dg]DMSO, 50 MHz): § = 151.7, 147.0, 139.7, 139.0, 133.8,
131.7, 130.8, 128.3, 126.1, 124.4, 123.9, 115.3, 111.0, 29.1 ppm. IR
(KBr): v = 1724, 1636, 1482, 1440, 1188 cm~!. C,,H,,IN,O
(251.27): caled. C 44.47, H 2.39, N 14.82; found: C 44.16, H 2.25,
N 14.53.
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