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Abstract

DDQ was employed as a dehydrogenation reagent to synthesize polyaromatic compounds from
the corresponding tetrahydro derivatives. A microwave-assisted process allows shorter reaction
times and easier purification as fewer degradation products were formed.
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Introduction

Thienopyrimidines and thienopyrimidinones are found to exhibit a variety of biological
activities, including anti-inflammatory,' antimicrobial® and analgesic® properties, inhibition of
cancer cell proliferation,® anti-angiogenic activities,” antagonism of ol-adrenoceptors,® and
antagonism of mGluR1.” Consequently, thienopyrimidines have become a well-sought privileged
class of compounds in drug discovery programs.

Recently, we described the “one-pot” palladium-catalyzed -cross-coupling/cyclization
reaction of compound 1 with 2-aminopyridine derivatives or 1-aminoisoquinoline.® Tetra- and
pentacyclic compounds 2-4 were obtained in high yields (Scheme 1).
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On the other hand, planar polycyclic aromatic molecules are known to intercalate into
double-stranded DNA.’ In 2006, Viola er al.'® described the induction of apoptosis by a
photoexcited benzo[b]thieno[3,2-d]pyrido[1,2-a]pyrimidin-6-one 1 (Figure 1). Aiming to
evaluate compounds 2-4, we decided to synthesize the benzo[b]thieno[2,3-d|pyrido[1,2-
alpyrimidin-12-ones II by aromatization of the latter compounds. We thought it would be
interesting to compare the biological activities of the tetrahydro- derivatives and the
corresponding fully aromatic compounds.
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Figure 1

Results and Discussion

Many reagents can be employed to perform dehydrogenation reactions but we generally use
Pd/C or DDQ."" The aromatization of compound 2 was first studied to establish the most
effective conditions. No satisfying results were obtained when using Pd/C as starting material
was recovered together with some degradation products. (Table 1, entries 1-2)

ISSN 1551-7012 Page 85 ©ARKAT USA, Inc.



Issue in Honor of Prof. Guy Quéguiner ARKIVOC 2008 (vii) 84-91
Table 1. Aromatization of compound 2 by heating

(o] (@]
T\ )7 \
SN SN
2 5

Entry Conditions Yield

1 20 mol% Pd/C — o-dichlorobenzene - 24h — 180°C -

2 40 mol% Pd/C — o-dichlorobenzene - 72h — 220°C -

3 2 equiv. DDQ — toluene - 21h — reflux -

4 3 equiv. DDQ — o-dichlorobenzene - 24h — 160°C -

5 2.5 equiv. DDQ — o-dichlorobenzene - 4h — 190°C 59%
6 3 equiv. DDQ — o-dichlorobenzene - 24h — 190°C 36%
7

2.5 equiv. DDQ — 2-(2-butoxyethoxy)ethanol - 30 min — 230°C -

The use of DDQ as reagent provided the formation of 5, but 2.5 equivalents were needed for
the reaction to reach completion. Moreover, the effect of temperature seems to be critical, as we
did not obtain compound S5, either at reflux in toluene or by heating at 160°C in o-
dichlorobenzene (Table 1, entries 3-4). Increasing the temperature to 190°C allowed the
aromatization to be performed. The reaction time was also important, as we observed the
appearance of degradation products after a few hours; compound 5 was then more difficult to
isolate. The yield of § decreased from 59% to 36% when the reaction time was increased from 4h
to 24h. (Table 1, entries 5-6). We also tried a reaction at higher temperature for a shorter time
(Table 1, entry 7) but only degradation products were obtained.

As microwave-assisted synthesis often enhances the reaction rate and allows shorter reaction
times, we decided to perform the aromatization under microwave irradiation. We hoped that
reducing the reaction time would reduce the formation of secondary products and improve the
yield. Only a few publications'*'* have reported microwave-assisted dehydrogenation. Whereas
Romagnoli and co-workers'? did not noticed any yield improvement (only a reduction of reaction
time: 5 min vs 3 hours in conventional heating), Alvarez et al."’ observed that microwave-
assisted aromatization of dihydroisoquinoline was superior.

Microwave-assisted reactions can be performed under two types of microwave control: the
first one (standard control) is a “transposition” of classical heating conditions with a control of
temperature and time (the microwave controls the irradiation power to maintain the fixed
temperature). The second one corresponds to a power/time control with only an infrared
measurement of the temperature reached in the mixture. We first tried dehydrogenation of
compound 2 under standard control (10 min at 180°C). After treatment and purification,
compound 5 was obtained in 57% yield. (Scheme 2)
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Aiming to optimize reactions under microwave irradiation, we paid careful attention to each
parameter. In this experiment, microwave irradiation of the reaction mixture for 4.5 min at a
power between 110 and 300W was used to reach the fixed temperature (run time); then the
microwave adjusted the power to maintain the temperature at 180°C (hold time). Starting from
300W, it decreased to 35W (Figure 2). In fact, the reaction mixture was irradiated for 14.5 min
overall. As we obtained almost the same yield under both conditions (classical heating and
microwave irradiation), this clearly showed that microwave-assisted dehydrogenation is a time-
saving procedure.
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Figure 2

We then performed the same reaction in toluene at 110°C for 10 minutes. The fixed
temperature was reached after 1 minute of run time; the evolution of the power is shown in
figure 3. Unfortunately, starting material and degradation products were obtained but the
expected compound has not been isolated. As in classical heating, a high temperature is
necessary.
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Figure 3

In order to see more clearly the impact of the power on the yield, we decided to work under
power/time control: the reaction mixture was irradiated at 150W for 5 minutes with 200°C as
maximum temperature (if this temperature is reached, the system will cease to apply microwave
energy). TLC showed that starting material was still present. So, two other attempts were made:
a sample was irradiated at 150W for 10 minutes and another at 300W for 5 minutes; compound 5
was obtained in respectively 62% and 65% yield after purification. In both cases, the temperature

reached is almost the same but working at higher power allows a shorter reaction time. (Figure
4).
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Figure 4

We then applied the last conditions as well as the classical conditions described before to
compounds 3-4 (Table 2). The yields obtained in the microwave-assisted procedure were as good
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as or better than those obtained by classical heating. Having been successful using compounds
24, we decided to extend the dehydrogenation to other types of tetrahydro-derivatives prepared
earlier in the laboratory. Results are presented in Table 2.

Table 2. Aromatization of tetrahydro derivatives under classical or microwave heating

Classical Microwave Classical Microwave
Product . . L Product . . L
heating  irradiation heating irradiation
o) CO,Me
@ Ol )
\ )7 59% 65% N 43% 43%
s N S H OMe
5 8

,\Q\ MeO

\ / 7 43%, 59% O

o - 64% 67%
N O \ J—pn

\_/ % 76% 90% s7 N

In conclusion, tetra- and pentacyclic fully aromatic compounds were obtained in good- to
high yields by dehydrogenation of the corresponding tetrahydro derivatives using DDQ as

reagent. The microwave-assisted procedure was proved to be superior, as only 5 minutes of
reaction were needed and yields were generally superior.

Experimental Section

General Procedures. Melting points were determined on a Stuart SMP3 apparatus and are
uncorrected. 'H- and *C- spectra were recorded on an AC Bruker 250 MHz spectrometer. IR
spectra were recorded on a Perkin Elmer Spectrum BX. HRMS spectra were recorded on a
Maldi-TOF MS Bruker Reflex.

General procedure for aromatization (conventional heating). A round bottom flask was
charged with compounds 2-4 as starting materials, DDQ (2.5 equiv.) and o-dichlorobenzene as
solvent (5 mL). The reaction mixture was stirred and heated at reflux for 4h. After the mixture
had been cooled, o-dichlorobenzene was removed under vacuum, dichloromethane was added to
the resulting solid, and this solution was filtered using Celite. The filtrate was evaporated under
reduced pressure and compounds 5-9 were obtained after purification by column
chromatography with CHCls.
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General procedure for aromatization (microwave irradiation). The reaction mixture was
prepared as before and irradiated for 5 minutes at 300W in a CEM Discover Microwave. The
treatment was the same as before.

12H-[1]Benzothieno[2,3-d]pyrido[1,2-a]pyrimidin-12-one (5). Yellow solid. mp 237-239°C.
'H NMR (CDCl;) & 7.19 (d, J = 6.8 Hz, 1H), 7.45-7.60 (m, 2H), 7.68-7.87 (m, 3H), 8.71 (d, J =
7.8 Hz, 1H), 9.25 (d, J = 6.8 Hz, 1H). °*C NMR (CDCls): & 110.5 (C), 114.6 (CH), 122.2 (CH),
124.5 (CH), 125.6 (CH), 125.9 (CH), 126.2 (CH), 127.4 (CH), 134.3 (C), 135.1 (C), 135.8 (CH),
148.9 (C), 153.7 (C), 167.7 (C). IR (KBr) 1690 (C=0) cm™'. HRMS: m/z calcd for C14HoN,OS
[M+H"]253.04301. Found: 253.0430.
8-Methyl-12H-[1]benzothieno[2,3-d]|pyrido[1,2-a]pyrimidin-12-one (6). Yellow solid, mp
266-268°C. '"H NMR (CDCls): 8 2.53 (s, 3H, CH3), 7.02 (d, J = 7.3 Hz, 1H), 7.43-7.58 (m, 3H),
7.83 (d, J=8.0 Hz, 1H), 8.68 (d, ] = 7.8 Hz, 1H), 9.14 (d, ] = 7.3 Hz, 1H). ?C NMR (CDCls): &
21.5 (CHj3), 109.7 (C), 117.3 (CH), 122.1 (CH), 123.5 (CH), 124.2 (CH), 125.7 (CH), 125.8
(CH), 126.6 (CH), 134.4 (C), 134.8 (C), 148.1 (C), 148.9 (C), 153.6 (C), 167.6 (C). IR (Nuyjol):
1698 cm™ (C=0). HRMS: m/z calcd for C1sH;;N,OS [M+H'] 267.0587. Found: 267.0588.
8H-[1]Benzothieno|[2',3':4,5]pyrimido[2,1-a]isoquinolin-8-one (7). Yellow solid. mp 253-
254°C. "H NMR (DMSO-de): & 7.50-7.64 (m, 3H), 7.79-8.02 (m, 3H), 8.11 (d, J = 7.5 Hz, 1H),
8.58 (d, ] = 8.3 Hz, 1H), 8.89 (d, ] = 7.8 Hz, 1H), 8.99 (d, ] = 8.0 Hz, 1H). °C NMR (DMSO-
de): 0 112.1 (C), 114.4 (CH), 121.7 (CH), 122.1 (CH), 124.5 (CH), 125.7 (CH), 126.0 (CH),
126.4 (CH), 127.3 (CH), 128.7 (CH), 131.4 (C), 132.5 (CH), 133.4 (C), 134.2 (C), 135.4 (C),
147.6 (C), 154.4 (C), 166.3 (C). IR (KBr): 1685 (C=0) cm™'. HRMS: m/z calcd for CisH;;N,OS
[M+H'] 303.0587. Found: 303.0589.
2-(2’-Methoxyphenyl)amino-3-carbomethoxybenzo-[b]-thiophene (8). Beige solid, mp 84-
86°C. '"H NMR (CDCls): & 3.97 (s, 3H, OCHj3), 4.03 (s, 3H, OCH3), 6.96-7.20 (m, 4H), 7.36 (m,
1H), 7.59 (d, J = 7.9 Hz, 1H), 7.70 (dd, J = 7.7 Hz and 1.7 Hz, 1H), 8.18 (d, J = 8.2 Hz, 1H),
10,86 (s, 1H, NH). *C NMR (CDCls): & 51.3 (CH3), 56.0 (CH3), 100.8 (C), 110.9 (CH), 117.6
(CH), 120.7 (CH), 121.3 (CH), 122.4 (2xCH), 124.0 (CH), 125.7 (CH), 128.8 (C), 129.9 (C),
136.5 (C), 149.8 (C), 160.6 (C), 167.2 (C). IR (KBr) 3181 (NH), 1654 (C=0) cm™'. HRMS: m/z
caled for C;7H4NO3S [M-H'] 312.0689. Found: 312.0690.
4-(4’-Methoxyphenyl)-2-phenylbenzo[b]thieno|2,3-d]pyrimidine (9). Yellow solid, mp 203-
204°C. "H NMR (CDCls) & 3.86 (s, 3H, OCH3), 7.04 (dd, J = 6.7 Hz and 2.1 Hz, 2H), 7.15-7.22
(m, 1H), 7.34-7.45 (m, 4H), 7.66-7.83 (m, 4H), 8.52-8.58 (m, 2H). °C NMR (CDCls): & 55.5
(CH3), 114.2 (2xCH), 122.5 (C), 123.0 (CH), 124.8 (CH), 124.9 (CH), 127.6 (CH), 128.5
(2xCH), 128.6 (2xCH), 130.6 (CH), 130.7 (2xCH), 131.0 (C), 131.8 (C), 137.1 (C), 137.4 (C),
160.7 (C), 161.2 (C), 161.6 (C), 171.7 (C). HRMS: m/z calced for C,3H;7N,OS [M+H'] 369.1056.
Found: 369.1049.
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