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The scope of 1,3,5-triazine inverse electron-demand Diels-Alder (IDA) reactions was expanded to include
aminothiophenecarboxylic acids as latent dienophiles. A series of 2-amino-3-thiophenecarboxylic acids
(1a-d) and a 3-amino-2-thiophenecarboxylic acid (5) were introduced as productive dienophiles in
IDA reactions with various 1,3,5-triazines (2a-e). This method is useful for the one-step synthesis of both

thieno[2,3-d]|pyrimidines and thieno[3,2-d]pyrimidines, which should complement existing methods.
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Inverse electron-demand Diels-Alder (IDA) reactions have been
developed as a powerful method to construct various heterocycles
efficiently.! In particular, the IDA reactions with 1,3,5-triazines as
azadienes have been applied to the efficient synthesis of pyrimi-
dine derivatives.>™ Recently, five-membered heterocycles were
introduced as electron-rich dienophiles, and their IDA reactions
with 1,3,5-triazines were reported as a one-step synthesis of vari-
ous pyrimidine-fused heterocycles.>® One common property of
electron-rich five-membered heterocycles (e.g., with an amino
group as a substituent) is poor thermal stability, which often ren-
ders these compounds (such as 5-aminoimidazoles and 2-amino-
pyrroles) too unstable for isolation. One way to circumvent this
issue is to generate these electron-rich dienophiles in situ. In fact,
such tandem decarboxylation-IDA reactions using 5-amino-4-imi-
dazolecarboxylic acids and 5-amino-4-pyrazolecarboxylic acids as
latent dienophiles®® have been reported. A logical extension of the
tandem decarboxylation IDA reaction is to explore the readily
available 2-amino-3-thiophenecarboxylic acids, which have been
reported to undergo decarboxylation.®'® Such new IDA reactions
(Scheme 1) could provide an efficient method for the synthesis of
thienopyrimidines, which would be complementary to existing
methods for rapid synthesis of this class of biologically interesting
heterocycles.!'-13

Various 2-amino-3-thiophenecarboxylic acids were prepared
from their corresponding esters via saponification. Initially, 2-ami-
no-4,5,6,7-tetrahydro-benzo[b|thiophene-3-carboxylic acid (1a)
was tested with 2,4,6-tris(ethoxycarbonyl)-1,3,5-triazine (2a) un-
der mild thermal conditions, and indeed the desired thieno[2,3-
d]pyrimidine 3a was obtained in moderate yield (Table 1, entry
1). The regiochemistry of 3a was assigned based on 1D Roesy
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Scheme 1. IDA reactions of 2-aminothiophenes (1a-d).

Table 1

IDA reactions of thiophene 1a with triazines 2a-e?®

Entry Dienes X Conditions Pdt Yield® (%)
1 2a CO,Et 90 °C, 18 h¢ 3a 20

2 2a CO,Et 80°C,18h 3a 76

3 2b CF;3 80°C, 18 h 3b 76

4 2c CF,Cl 80°C, 18 h 3c 51

5 2d H 80°C, 18 h 3d 33

6 2e Ph 80°C, 18h 3e 0

2 All reactions were conducted under nitrogen in DMF-AcOH unless otherwise
noted.

" Yields were based on isolated pure products.

¢ DMSO was used as the solvent.

experiments: there is a strong NOE interaction between the -
CH,- at the 3-position of the thiophene moiety and one of the ethyl
ester groups. Conversely, if the IDA product is the other regio-iso-
mer thieno[3,2-d]pyrimidine (e.g., compound 6, Eq. 3) then there
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should not be any NOE interaction between the —CH,- at the 3-po-
sition of the thiophene moiety and one of the ethyl ester groups on
the pyrimidine side.

Screening of reaction conditions such as solvent and reaction
temperature led to the identification of DMF-AcOH as an optimum
solvent system, producing compound 3a in good yield (76%; entry
2, Table 1). The scope of this tandem decarboxylation IDA reaction
was explored using various 1,3,5-triazines (2a-e) as the azadienes
and thiophene 1a as the latent dienophile (Eq. 1); results are sum-
marized in Table 1.
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Consistent with past observations, 1,3,5-triazines with electron-
withdrawing groups such as ethoxycarbonyl and CF3 gave a higher
yield of the desired IDA product (entries 2 and 3) compared to the
unsubstituted 1,3,5-triazine (2d, entry 5). The 2,4,6-triphenyl-1,3,5-
triazine (2e) was not reactive enough to participate in the IDA reac-
tion despite prolonged heating (entry 6).

To explore the scope of this IDA reaction with regard to 2-amino-3-
thiophenecarboxylic acids, three other thiophenes (1b-d) were
tested under the current reaction conditions (Eq. 2) and results are
summarized in Table 2.
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All three 2-amino-3-thiophenecarboxylic acids (1b-d) pro-
duced the desired IDA products (4b-d) in good yields. Both methyl
and phenyl substituents are tolerated at the 4- and 5-positions.

Certain 3-amino-2-thiophenecarboxylic acids have been re-
ported to undergo decarboxylation reactions to generate 3-amino-
thiophenes.!*!>  Theoretical ~studies'® suggested that 3-
aminothiophenes could also function as dienophiles and would
produce the corresponding regioisomer.
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Thus, thiophene 5 was reacted with 1,3,5-triazine 2b under the pre-
ferred reaction conditions and the desired IDA product 6 was ob-
tained in good yield (Eq. 3).
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Table 2
IDA reactions of 2a with thiophenes (1b-d)*
Entry Thiophenes R! R? Pdt Yield® (%)
1 1b Me Me 4b 47
2 1c Ph H 4c 46
3 1d Me H 4d 55

2 All reactions were conducted under nitrogen in DMF-AcOH unless otherwise
noted.
" Yields were based on isolated pure products.

Further modification of the IDA products obtained from 1,3,5-tri-
azine 2a is anticipated to provide access to a wide variety of substi-
tuted thienopyrimidines. The activating ester groups may be
removed by hydrolysis and decarboxylation to afford compound
3d (Eq. 4, 55% yield). Alternatively, the two ester groups could be
selectively functionalized as Boger et al. reported in their bleomycin
work!” or they could be converted to carboxamides via the corre-
sponding carboxylic acids.

In summary, a series of 2-amino-3-thiophenecarboxylic acids
(1a-d) and a 3-amino-2-thiophenecarboxylic acid (5) were intro-
duced as productive dienophiles in IDA reactions with various
1,3,5-triazines (2a-e). This method is useful for the one-step syn-
thesis of both thieno[2,3-d]pyrimidines and thieno[3,2-d]pyrimi-
dines, which should complement existing methods.
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2,4-Bis(chlorodifluoromethyl)-5,6,7,8-tetrahydro-benzo[4,5]thieno[2,3-d] pyri
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1.95 (appar. dd, J=2.7, 1.2 Hz, 4H). MS calcd for C;,HgCIF4N,S+H*: 359.0,
found 359.1. Anal. Calcd for C;,HgCIF4N,S + 0.5 H,0: C, 39.15; H, 2.46; N, 7.61.
Found: C, 39.11; H, 2.19; N, 7.27.
5,6,7,8-Tetrahydro-benzo[4,5]thieno[2,3-d]|pyrimidine (3d) (153 mg, 91% pure
@254 nM, 32.6%). '"H NMR (CDCl3): 6 7.58 (s, J=1H), 6.13 (s, 1H), 2.62 (t,
J=5.7Hz, 2H), 2.48 (t, J=5.7Hz, 2H), 1.85-1.81 (m, 4H). MS calcd for
CioH1oN,S+H™: 191.27, found 191.4.
5,6-Dimethyl-thieno[2,3-d]pyrimidine-2,4-dicarboxylate diethyl ester (4b) as
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H, 5.23; N, 9.08. Found: C, 54.19; H, 5.11; N, 9.00.
6-Phenyl-thieno[2,3-d]pyrimidine-2,4-dicarboxylate  diethyl ester (4c)
(370 mg, 46%). mp 108-110 °C. "H NMR (CDCls): & 8.33 (s, 1H), 7.84-7.81 (m,
2H), 7.53-7.50 (m, 3H), 4.61 (q, J= 7.2 Hz, 4H), 1.55 (t, J= 6.9 Hz, 3H), 1.52
(t, J=7.2 Hz, 3H). MS calcd for C;gH6N,04S + H": 357.4, found 357.4. Anal.
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found 295.1. Anal. Calcd for C;3H14N204S + 0.2 H,0: C, 52.41; H, 4.87; N, 9.40. 'H NMR (DMSO-de): & 7.62-7.61 (m, 3H), 4.41 (q, J=7 Hz, 2H). MS calcd for
Found: C, 52.07; H, 4.98; N, 9.60. Cy5HsN,S + H*: 417.27, found 417.4. Anal. Caled for Cy5sHsN,FgS + 0.2 CgHya: C,
7-Phenyl-2,4,6-tris-trifluoromethyl-thieno[3,2-d|pyrimidine (6) (71 mg, 49%). 44.88; H, 1.81; N, 6.46. Found: C, 44.76; H, 1.66; N, 6.43.



