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Renaissance of 4-(5-nitrofuran-2-yl)-5-arylamino substituted pyrimidines:
microwave-assisted synthesis and antitubercular activity

Egor V. Verbitskiy,*** Svetlana A. Baskakova,” Danila V. Belyaev,*¢ Diana V. Vakhrusheva,*
Natalya I. Eremeeva,* Gennady L. Rusinov®? and Valery N. Charushin®?

@ [. Ya. Postovsky Institute of Organic Synthesis, Ural Branch of the Russian Academy of Sciences,
620108 Ekaterinburg, Russian Federation. E-mail: Verbitsky @ios.uran.ru

b Institute of Chemical Engineering, Ural Federal University, 620002 Ekaterinburg, Russian Federation

¢ Ural Research Institute for Phthisiopulmonology, 620039 Ekaterinburg, Russian Federation

DOI: 10.1016/j.mencom.2021.03.021

The Buchwald-Hartwig cross-coupling of 5-bromo-4-
(furan-2-yl)pyrimidine with various anilines afforded the
corresponding new 5-(arylamino)pyrimidines, the reaction
being accelerated by microwave irradiation. Most of the
obtained compounds proved to possess a high bacteriostatic
in vitro effect against Mycobacterium tuberculosis Hz;Rv,
Neisseria gonorrhoeae, and Staphylococcus aureus including
Methicillin-resistant strain, which is stronger than that of
the commercial drug Spectinomycin.
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M. tuberculosis Hy;Rv MIC = 0.98-3.75 ug ml~!
N. gonorrhoeae MIC = 1.9 ug ml~!

S. aureus MIC = 3.9-7.8 pg ml~!
Methicillin-resistant S. aureus MIC = 3.9 ug ml™!
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For nearly the whole year 2020, the major world infection has
been the coronavirus known as SARS-CoV-2."2 Obviously, the
main forces of scientists have been directed to develop new anti-
virus agents to combat this pandemic.>® On the other hand,
concomitant bacterial infections are commonly identified in
viral respiratory tract infections such as COVID-19. They
become an important cause of morbidity and mortality,
necessitating timely diagnosis, and antibacterial therapy.” One of
the most dangerous bacterial infections appears to be tuberculosis
that claims the lives of around 1.7 million people with
10.4 million infections reported per year.® The appearance and
increasing number of Mycobacterium tuberculosis (Mtb) strains
with multiple drug resistance, as well as a growing number of
other bacterial infections that are not sensitive to antibiotics
should be regarded as a serious threat to public healthcare.
Therefore, no doubt that the development of novel antimicrobial
agents for the treatment of infectious diseases caused by various
bacteria strains is an urgent priority of medicinal chemistry.’
Nitrofuran derivatives are known to be highly effective in both
antibacterial and anti-tuberculosis agents.!%-!3 Previously,'* we
have described a series of pyrimidine conjugating nitrofurans
which had a high level of inhibition against various Neisseria
gonorrhoeae, Streptococcus pyogenes, and Staphylococcus
aureus strains. These compounds were obtained by the
Buchwald-Hartwig C—N coupling of 5-bromo-4-(5-nitrofuran-
2-yl)pyrimidine 1 with the corresponding anilines in the presence
of 20 mol% Pd(OAc), and 40 mol% dppf as the ligand at 85 °C
for 15 h (Scheme 1, conditions i).

In this work, we intended to perform the arylamination of
5-bromo-4-(furan-2-yl)pyrimidine 1 with various anilines
through the microwave-assisted Buchwald—Hartwig amination
and to test the thus obtained compounds toward their in vitro
antimicrobial activities against M. tuberculosis H3;Rv bacteria
and some other bacteria.
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At the first stage, we have optimized the microwave-assisted
procedure employing aniline 2a as the model substrate
(Table 1).!5 In our previous work,'* dppf, a bidentate phosphine
ligand, provided the best yields of the target compound 3a (see
Table 1, entry 1).'* Herein, good yields up to 61% were also
achieved with dppf (entries 2—4). Nonetheless, the highest yield
77% of 3a has been observed when Xantphos was used as ligand
(entry 6 vs. 4).

Based on the above results, the structural diversity of various
substituted anilines 2a-1 was examined (see Scheme 1,
conditions ii) to afford the corresponding 4-(5-nitrofuran-2-yl)-
5-arylamino substituted pyrimidines 3a—1. As can be seen, the
electronic character of the substituents in anilines does not have
any effect on their reaction activity. In all cases, the desired
products 3a-1 were prepared in good yields of 43-85%, thus
exceeding the previously reported'* values (see Scheme 1,
conditions ii vs. 1).

Notably, bromination can be used to readily improve the
antimicrobial activity against Gram-positive bacteria.'® To
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Scheme 1 Reagents and conditions:

f Ar=3-MeOCgHy
g Ar = 4—MBOC6H4

j Ar = 2—02NC6H4
k Ar= 3-02NC6H4

h Ar=3,4-(Me0),CsH; 1 Ar=4-0,NC¢Hy

i, Pd(OAc), (20 mol%), dppf

(40 mol%), K;PO, (2.5 equiv.), 85 °C, 15 h (see ref. 14); ii, Pd(OAc),
(10 mol%), Xantphos (20 mol%), KsPO, (2.5 equiv.), MW (250 W), 150 °C,
10 min.
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Table 1 The Buchwald-Hartwig amination of bromopyrimidine 1 with anilines 2a-1.¢

Entry ArNH, Ligand® Mw¢ T/°C t Product Yield (%)
1 2a dppf no 85 15h 3a 56
2 2a dppf yes 150 40 min 3a 25 (31)¢
3 2a dppf yes 150 20 min 3a 33 (14)¢
4 2a dppf yes 150 10 min 3a 61 (39)/
5 2a XPhos yes 150 10 min 3a 21
6 2a Xantphos yes 150 10 min 3a 77 (T1)f
7 2b dppf/Xantphos no/yes 85/150 15 h/10 min 3b -1/65
8 2¢ dppf/Xantphos no/yes 85/150 15 h/10 min 3c 47/82
9 2d dppf/Xantphos no/yes 85/150 15 h/10 min 3d 67/68
10 2e dppf/Xantphos no/yes 85/150 15 h/10 min 3e -/67
11 2f dppf/Xantphos no/yes 85/150 15 h/10 min 3f 35/71
12 2¢g dppf/Xantphos no/yes 85/150 15 h/10 min 3g 45/85
13 2h dppf/Xantphos no/yes 85/150 15 h/10 min 3h 55/79
14 2i dppf/Xantphos no/yes 85/150 15 h/10 min 3i 50/84
15 2j dppf/Xantphos no/yes 85/150 15 h/10 min 3j 29/42
16 2k dppf/Xantphos no/yes 85/150 15 h/10 min 3k 53/54
17 21 dppf/Xantphos no/yes 85/150 15 h/10 min 31 58/63

“The molar ratio 1/2 is 1: 1.2, K5PO, (2.5 equiv.), dioxane; entries 7—17 stand for the data of two alternative procedures without or with MW irradiation. ? dppf
is 1,1"-bis(diphenylphosphino)ferrocene; Xantphos is 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene; XPhos is 2-dicyclohexylphosphino-2',4',6"-
triisopropylbiphenyl. ¢ Without MW, 20 mol% Pd(OAc), and 40 mol% dppf (see ref. 12); with MW, 10 mol% Pd(OAc), and 20 mol% ligand. ¢At 110 °C.

¢Reaction time 5 min./With 40 mol% ligand.

explore an opportunity of further modification of compounds 3,
we have studied the bromination of the representative 3a by
application of N-bromosuccinimide (NBS) at room temperature
for 24 h in DMF (Scheme 2, see also Online Supplementary
Materials, Table S1). In fact, the reaction of 3a with 1 equiv.
NBS gave only monobromination product 4a in 80% yield.
Polybromination of 3a with more NBS to afford 2,4-dibromo
(4b, 17%) and 2,4,6-tribromo (4¢, 11%) derivatives proceeded
much less efficiently and regioselectively. However, we managed
to isolate each of compounds 4a,b,c in an individual state.

The series of compounds 3a—i was screened for their in vitro
activities against M. tuberculosis Hy;Rv (Table 2) by exploiting
the Resazurin reduction assays procedure.!” Compounds 3j-1
were not tested towards M. tuberculosis Hy;Rv because they had
just displayed in vitro a high level of cytotoxicity.'* All the tested
compounds (with the exception for 3i) are active at MIC from
3.75 to 0.47 ug mI~!. It should be noted that pyrimidines 3c¢,f
bearing meta Me or OMe substituents in benzene moiety which
exhibited earlier the highest activities against S. pyogenes and
S. aureus strains, herein were also the most effective (up to
0.47 ug ml-!) against M. tuberculosis Hy;Rv (see Table 2, entries
3 and 6). Pyrimidines 3b,e with ortho Me or OMe groups and
bromo substituted derivatives 4a—c were explored for their in
vitro activities against fourteen strains of gram-negative
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Scheme 2 Reagents and conditions: i, NBS (1 equiv.), room temperature,
24 h; ii, NBS (2 equiv.), room temperature, 24 h; iii, NBS (3 equiv.), room
temperature, 24 h.

(N. gonorrhoeae, E. coli, C. braakii, S. flexneri, P.vulgaris,
S. marcescens, K. pneumoniae and P. aeruginosa) and gram-
positive (S. pyogenes and S. aureus) bacteria using previously
described experimental procedure.'* They proved to exhibit a
high level of activity only against Staphylococcus aureus
including Methicillin-resistant strain (entries 2, 5, 13 and 14).
Also, bromo derivatives 4a—c were most effective at concentration
of 1.9 ug ml~! against N. gonorrhoeae (entries 13-15). Thus,

Table 2 In vitro antibacterial activity of N-aryl-4-(5-nitrofuran-2-yl)-
pyrimidin-5-amines 3a-l and 4a—c.

Antibacterial activity (MIC)/pg ml™!

Entry Compound N. gonorrhoeae

MbtHyRv NCTC 8375/ S. aureus ;;ﬁf”s
ATCC 19424

I 3a 1.88 1.9¢ 3.9¢ 1.9¢

2 3 3.75 15.6 3.9 3.9

3 3c 0.94 7.8¢ 7.89 0.9¢

4 3d 1.88 1.9 1560 125¢

5 3e 3.75 15.6 7.8 3.9

6 3t 047 7.84 7.8¢ 3.9¢

7 3g 1.88 3.9¢ 125¢ 125¢

8  3h 1.88 3.9¢ 3.9¢ 15.6¢

9 3 15.0 0.9 62.5¢ 7.84
10 3 n.d. 500¢ >1000¢  >1000¢
1 3k nd. 7.8¢ 2500 250¢
2 3 nd. 62.5¢ 62.5¢  62.50
13 da nd. 1.9 250 39
14 db nd. 1.9 39 3.9
15 de nd. 1.9 62.5  >250
16 INH 0.03 - - -
17 SPEC - 15.6 3125 250

“@Previously published antibacterial data;'* n.d. — not determined; INH —
Isoniazid; SPEC - Spectinomycin; ATCC — American Type Culture
Collection; RCPM — Russian Collection of Pathogenic Microorganisms.
Mbt Hz;Rv — Mycobacterium  tuberculosis Hz;Rv ATCC 27294,
N. gonorrhoeae NCTC 8375/ATCC 19424 — Neisseria gonorrhoeae NCTC
8375/ATCC 19424; S. aureus — Staphylococcus aureus NCTC 12981 (F-49)/
ATCC 25923; S. aureus MRSA - Methicillin-resistant Staphylococcus
aureus NCTC 12493.
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most of the synthesized compounds may be regarded as scaffolds
for the design of the next generation analogs of ‘(5-nitrofuran-2-
yl)-diazine’ antitubercular and antibacterial agents.'31°

In conclusion, we have developed an expedient microwave-
assisted synthesis of N-aryl-4-(5-nitrofuran-2-yl)pyrimidin-5-
amines that could be obtained 90 times faster (10 min vs. 15 h)
and in higher yields. Being not active enough to be therapeutics,
these compounds can be regarded as promising structures for
further elucidations aimed at the development of novel effective
agents to combat resistant forms of M. tuberculosis and other
bacterial strains.

The research was financially supported by the Ministry of
Science and Higher Education of the Russian Federation
(agreement no. 075-15-2020-777).

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2021.03.021.
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