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Abstract—Novel mesoionic heterocyclic structures 8 have been obtained via the internal cyclization of thio- and amino-acid deriv-
atives of 6-azauracil 7b-d. These compounds undergo ring-opening reactions with amines to yield the respective 6-azauracil amides
(9) in good yields under microwave irradiation.

© 2005 Elsevier Ltd. All rights reserved.

6-Azauracil ring system is well represented in both o

chemical and biological literature. Compounds (Fig. 1) Q o, 8 /@
containing this template were described to possess anti- Y Q N S%N
cancer (1),' anti-depressant/hypnotic (1),> antiallergic/ )\ | N )\ \
antiasthmatic (2),> anxiolitic/antidepressant (3),* and o o7 N o
anticoccidial properties (4).> Similar compounds con-

taining acetamide appendages 5 (teomorfolin)® and 6’ 5 6
(Fig. 2) display hypolipidemic and non-opioid analgesic Figure 2.
activities, respectively.
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Reaction of the CDI-activated carboxylic acid 7a with a
diverse set of amines proceeded as expected to yield the
respective amide derivatives at room temperature.'’
Under the same reaction conditions, acids 7b—d afforded
very low yields of the respective amides. Furthermore,
the reactions were very sluggish even at elevated temper-
atures up to 120 °C in DMSO. Notably, treatment of
7b-d with CDI in DMA at room temperature resulted
in almost instant precipitation of a product. LC/MS
analysis of the isolated solids revealed [M—18] molecu-
lar ions, suggesting that in all three cases the reactions
proceeded via formal dehydration of the parent carboxy-
lic acids 7b-d. '"H NMR analysis of precipitates indi-
cated that the anticipated aliphatic protons from the
amino acid portion of the molecules were not present
(Table 1). Instead, a weaker field singlet (integrating
for 1H instead of the expected 2H) was observed at
6.30 ppm for 7b or 6.45 ppm for 7d. The only aliphatic
protons for the precipitated product from 7¢ were corre-
sponding to the shifts of ethyl group.

Based on both spectral and literature evidences, we pro-
posed two possible structures for the intermediates (Fig.
4). Structure A is the result of the CDI-mediated intra-
molecular cyclization of 7 via a lactonization step
involving the C4 oxygen atom.!'! Alternatively, nucleo-
philic attack of the carbonyl group with nucleophilic
N6 of the triazine ring system could lead to the forma-

Table 1. '"H NMR chemical shifts of aliphatic protons

Compd Before CDI (ppm) After CDI (ppm)
7b CH,: 3.75 singlet 6.30 singlet 1H
Tc CH: 3.98 triplet None
7d CH,: 4.25 singlet 6.45 singlet 1H
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Figure 4. Proposed structures for products of CDI treatment with

7b—d.
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Scheme 1.

tion of a mesoionic bicyclic system B. It is expected that
both ring systems would have imidazolium counterion
due to the strong acidic nature of protons on the triazole
ring. This would explain the 2H and 1H proton singlets
at 7.3 and 8.5 ppm, respectively, in the '"H NMR spec-
trum of each precipitate.

Structural characterization of the product derived from
7d upon treatment with CDI was conducted via X-ray
crystallography.!? Suitable crystalline material was
obtained by recrystallization from water/ethanol. Data
unequivocally revealed the zwitterionic character of
the molecule in accordance with the proposed structure
B. Imidazolium cation and crystalline water molecules
were observed in the spectrum as well (Fig. 5). Although
mesoionic heterocycles are well known in the literature,
both imidazo[2,1-f][1,2,4]triazin-4-one (X = NR), as well
as the analogous thiazo heterocycle (X = S) are novel
heterocyclic ring systems. '

Based on these data, we reasoned that the encountered
‘low reactivity’ of carboxylic acids 7b—d toward amines
under the experimental conditions is due to the forma-
tion of the respective pseudo-aromatic intermediates
8b-d (Scheme 1). These species were stable toward heat-
ing at 100-120 °C in DMSO with the diverse set of

Figure 5. ORTEP plot for X-ray crystal structure of 8d.
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amines. However, the microwave irradiation in the same
solvent in the presence of amines yielded the desired
amides in good to excellent yield (41-82%). For exam-
ple, both aliphatic primary and secondary amines (e.g.,
1 equiv of 2-aminoethyl isopropyl ether) reacted with
salts 8 to afford the expected amides 9 (Scheme 1).!#

All new compounds were characterized by 'H NMR,
13C NMR, LC/MS, and elemental analysis.!®

In summary, we have discovered a convenient route to
novel bicyclic mesoionic heterocycles derived from 6-
azauracil. These compounds were successfully converted
to the respective open-chain products in good yields
under microwave irradiation. Further efforts are in pro-
gress to study both the scope and the limitations of this
ring-opening reaction.
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General experimental procedure: 7b-d (1 mmol) were
treated with 1.2 equiv CDI in DMA (20 mL) at room
temperature for 2-4 h. The resulting solids were filtered,
washed with DMA, ether, dried in vacuo to yield
quantitative yields of mesoionic intermediates 8b-d. These
compounds were then added to DMSO (1 mL) to yield
0.36 M suspensions in microwave vials followed by the
addition of 0.36 mmol of amine. Mixtures were subjected
to microwave heating at 150 °C for 600 s. After cooling,
analytically pure products were obtained by diluting the
reaction mixtures with 2.0 mL of water, collecting the
resulting precipitate, washing it with cold EtOH and ether.
Yields were 58%, 82%, and 41% for 9b, ¢, and d,
respectively.

Compound 7a: mp: 284 °C (dec); 'H NMR (DMSO-d;) &
1.58 (m, 2H), 1.82 (m, 2H), 2.40 (m, 1H), 2.72 (m, 2H),
3.78 (m, 2H), 11.39 (s, 1H), 11.72 (s, 1H), 12.16 (br s, 1H);
13C NMR (DMSO-dg) & 27.2, 40.1, 46.5, 145.1, 149.2,
154.5, 175.8; LCMS m/z =239 (M—1); Anal. Calcd for
CoH,N404: C, 45.00; H, 5.04; N, 23.32. Found: C, 44.71;
H, 5.37; N, 23.57.

Compound 7b: mp: 234 °C (dec); '"H NMR (DMSO-d;) &
3.75 (s, 2H), 12.07 (s, 1H), 12.27 (s, 1H), 12.70 (s, 1H); 1*C
NMR (DMSO-dgs) 6 31.4, 143.8, 149.0, 155.6, 169.5;
LCMS m/z = 202 (M—1); Anal. Calcd for CsHsN3O,4S: C,
29.56; H, 2.48; N, 20.68; S, 15.78. Found: C, 27.29; H,
3.01; N, 19.12; S, 14.49.

Compound 7¢: mp: 202-204 °C; '"H NMR (DMSO-dg) &
0.98 (t, J=7.6 Hz, 3H), 1.82 (m, 1H), 1.88 (m, 1H), 3.98
(t, J=6.8 Hz, 1H), 12.13 (s, 1H), 12.32 (s, 1H), 12.87 (brs,
1H); '3C NMR (DMSO-dg) d 11.4,24.6,47.1, 143.3, 148.8,
155.4, 172.0;, LCMS m/z =230 (M—1); Anal. Calcd for
C,HyoNzO,S: C, 36.36; H, 3.92; N, 18.17; S, 13.87. Found:
C, 34.73; H, 3.92; N, 17.25; S, 12.38.

Compound 7d: mp: 256 °C (dec); '"H NMR (DMSO-dg) &
2.89 (s, 3H), 4.25 (s, 2H), 11.32 (s, 1H), 11.72 (s, 1H), 12.50
(s, 1H); 3C NMR (DMSO-dq) 6 38.8, 52.6, 144.1, 149.1,
154.7, 171.7, LCMS m/z =199 (M—1); Anal. Calcd for
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CeHgN4Oy4: C, 36.01; H, 4.03; N, 27.99. Found: C, 36.05;
H, 3.90; N, 28.23.

Compound 8b: mp: 210 °C (dec); '"H NMR (D,0) 4 6.30
(s, 1H), 7.45 (s, 2H), 8.71 (s, 1H); LCMS m/z = 184
(M—1).Compound 8c: mp: 210 °C (dec); '"H NMR (D,0) &
1.25 (t, J= 7.6 Hz, 3H), 2.77 (q, J = 7.6 Hz, 2H), 7.46 (s,
2H), 8.65 (s, 1H); LCMS m/z =212 (M-1]).

Compound 8d: mp: 258 °C (dec); '"H NMR (D,0) § 3.99
(s, 3H), 6.45 (s, 1H), 7.47 (s, 2H), 8.68 (s, 1H); LCMS
mlz =181 (M-1).

Compound 9a: mp: 256-257 °C; '"H NMR(DMSO-de) &
1.06 (d, J=6.0 Hz, 6H), 1.5-1.7 (m, 4H), 2.30 (m, 1H),
2.62 (t, J=11.2 Hz, 2H), 3.15 (q, J = 6.0 Hz, 2H), 3.33 (t,
J=6.0Hz, 2H), 3.51 (m, J=6.0Hz 1H), 3.89 (d,
J=12.8 Hz, 2H), 7.78 (t, J = 5.6 Hz, 1H), 11.39 (s, 1H),
11.72 (s, 1H); *C NMR (DMSO-ds) é 21.9, 27.7, 38.7,
41.6, 46.7, 65.9, 70.6, 145.0, 149.1, 154.4, 174.0; LCMS
mlz =326 (M+l]); Anal. Calcd for C4H»3N504: C, 51.68;
H, 7.13; N, 21.52. Found: C, 51.43; H, 6.96; N, 21.74.
Compound 9b: mp: 182-183 °C; '"H NMR (DMSO-d) &
1.06 (d, J= 6.0 Hz, 6H), 3.17 (q, J = 6.0 Hz, 2H), 3.34 (t,
J=6.0Hz, 2H), 3.52 (m, J=6.0 Hz, 1H), 3.65 (s, 2H),

8.07 (t, J = 5.6 Hz, 1H), 12.18 (br s, 1H), 12.30 (s, 1H); 1*C
NMR (DMSO-dg) & 21.9, 32.5, 39.3, 65.7, 70.6, 143.7,
148.7, 155.3, 166.4; LCMS m/z = 289 (M+1); Anal. Calcd
for C1oH6N404S: C, 41.66; H, 5.59; N, 19.43; S, 11.12.
Found: C, 40.62; H, 5.48; N, 19.07; S, 11.68.

Compound 9¢: mp: 179-181 °C; 'H NMR (DMSO-dg) &
0.89 (t, J = 7.6 Hz, 3H), 1.05 (d, J = 6.0 Hz, 6H), 1.80 (m,
2H), 3.15 (m, 1H), 3.23 (m, 1H), 3.35 (t, J = 6.0 Hz, 2H),
351 (m, /= 6.0 Hz, 1H), 4.00 (t, J = 6.8 Hz, 1H). 8.19 (t,
J=5.6Hz, 1H), 12.12 (s, 1H), 12.30 (s, 1H); '*C NMR
(DMSO-ds) 6 11.2, 21.8, 25.5, 39.2, 47.9, 65.6, 70.6, 143.5,
148.7, 155.3, 169.4; LCMS m/z = 317 (M+1); Anal. Calcd
for C1oH,0N404S: C, 45.56; H, 6.37; N, 17.71; S, 10.13.
Found: C, 44.13; H, 6.31; N, 17.22; S, 10.26.

Compound 9d: mp: 192-193 °C; "H NMR (DMSO-d) &
1.06 (d, J = 6.0 Hz, 6H), 2.77 (s, 3H), 3.16 (q, J = 6.0 Hz,
2H), 3.34 (t, J=6.0 Hz, 2H), 3.52 (m, J = 6.0 Hz, 1H),
4.11 (s, 2H), 7.84 (t, J = 5.6 Hz, 1H), 11.28 (s, 1H), 11.67
(s, 1H); *C NMR (DMSO-ds) 6 21.9, 38.4, 38.8, 53.8,
65.8, 70.6, 144.6, 149.0, 154.5, 168.9; LCMS m/z = 286
(M+1); Anal. Caled for C;1H;9NsO4: C, 46.31; H, 6.71; N,
24.55. Found: C, 46.13; H, 6.39; N, 24.72.
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