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5,7-Dimethyl-2,3-dinitropyrazolo[1,5-a]pyrimidine in reaction
with N-, S- and O-nucleophiles under mild conditions undergoes
regioselective nucleophilic substitution of the 2-positioned
nitro group, which provides an access to a library of
2-R-3-nitropyrazolo[1,5-a]pyrimidines.
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Pyrazolo[1,5-a]pyrimidine derivatives are privileged compounds
in medicinal chemistry and possess high biological activity such as
sedative, antidepressant and antiepileptic,' antitumor,? antibacterial
and antiviral’ ones. Pyrazolo[ 1,5-a]pyrimidines are investigated
as selective inhibitors of numerous enzymes,* including, e.g.
tyrosine kinase (CDK),’ histone lysine demethylase 4D (KDM4D),°
COX-2,7 and glucocerebrosidase.® Also, they are antagonists of
various receptors,” such as the nicotine acid receptor GPR109A !
and serotonin 5-HT receptor.'!

A large number of studies on preparation of pyrazolo[1,5-a]-
pyrimidines with various substituents and elucidation of their
properties has been performed and reviewed.'? The overwhelming
majority of the methods for their synthesis are based on condensa-
tion of B-dicarbonyl compounds or their synthetic analogues
with N-unsubstituted 3(5)-aminopyrazoles which would already
bear a certain set of functional groups. This significantly limits
the structural diversity of the pyrazole moiety in pyrazolo[1,5-a]-
pyrimidines, which can prevent the understanding of structure—
property relationship necessary for further development of directed
synthesis of biologically active substances. Therefore, it is highly
challenging to design new general accesses to pyrazolo[1,5-a]-
pyrimidines.

One of the known efficient methods of functionalization of
pyrazole cycle is selective nucleophilic substitution in di- and
trinitropyrazoles.'? A possibility of independent functionalization
of all carbon atoms of pyrazole cycle with the formation of a
new C¥#_XR bond (X = O, N, S) only on the basis of one
structural pyrazole type, viz. polynitropyrazoles, is an important
advantage of this method. Despite a rather facile synthesis of
dinitro derivatives of pyrazolo[1,5-a]pyrimidines by condensation
of 5-amino-3,4-dinitropyrazole with B-diketones,'# this approach
to functionalization of the pyrazole moiety in the pyrazolo[1,5-a]-
pyrimidines by nucleophilic substitution of nitro group has not
been used so far.

In continuation of our research on chemistry of nitro-
pyrazoles,'3-1© this paper reports on nucleophilic substitution
in model 5,7-dimethyl-2,3-dinitropyrazolo[ 1,5-a]pyrimidine 1'#
under the action of various heteroatomic N-, S- and O-nucleo-
philes.

Amines of various types such as ammonia, methylamine,
aliphatic primary and secondary amines, benzylamines, aryl-
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amines, and imidazole were used as N-nucleophiles (Scheme 1).
Treatment of 5,7-dimethyl-2,3-dinitropyrazolo[1,5-a]pyrimidine
1 with a 10-fold excess of ammonia or methylamine aqueous
solution at room temperature gave compounds 2a,b in 77 and
84% yields, respectively.” Full conversion was achieved within
18 h. The reaction with the rest of amines was carried out using
a 3-fold excess of N-nucleophile in methanol at room temperature
for 6-12 h. Yield of compounds 2¢—s was 75-77% (see Scheme 1).
In all cases substitution proceeded regioselectively, at 2-positioned
nitro group.

Under similar mild conditions, pyrazolopyrimidine 1 reacted
with S-nucleophiles, phenols and sodium methoxide. The reaction
with S-nucleophiles was performed in acetonitrile at room tem-
perature in the presence of K,COj; as a base to give sulfides
3a—d in high (88-90%) yields. Note that the products began to
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2a R=R'=H
2b R=H,R'=Me 2k R +R'= (CH,),N(Bn)(CH,),
2¢c R=H,R'=Bu 21 R+ R'=(CH,),NEt(CH,),
2d R=H, R'=(CH,),OH 2m R + R'=(CH,),S(CH»),
2e R =H, R'=3-morpholinopropyl 2n R + R’'=(CH;),O(CH,),
2f R =H, R'=2-pyrrolidinoethyl 20 R =H, R'=4-FCcH4CH,
2g R+ R’'=(CH;),CHMe(CH,), 2p R =H, R'=(2-furyl)methyl
2h R+R'= (CH2)5 2q R=H,R'= 3—F3CC6H4
2i R+ R'=(CHy)q 2r R=H, R'=4-MeO,CCg¢Hy
2j R+R'=(CHyy 2s R=H,R'= l-imidazolyl

Scheme 1 Reagents and conditions: i, aq. NH;3 (25%); i, aq. MeNH, (40%)
(10 equiv.), room temperature, 18 h; iii, HNRR’ (3 equiv.), MeOH, room
temperature, 612 h.

* Preparation of 2-NRR'-5,7-dimethyl-3-nitropyrazolo[1,5-aJpyrimidines
2 (general procedure). The appropriate amine (10 equiv. for 2a,b and
3 equiv. for 2¢—s) was added to the solution of pyrazolopyrimidine 1'#
(0.24 g, 1 mmol) in MeOH (6 ml). The mixture was stirred for 18 h (for
2a,b) or 6—12 h (for 2c—s) at ambient temperature. The precipitate formed
was filtered off, washed with cold MeOH, dried and crystallized from
H,O0-EtOH (1:1).
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3a R=Et, 79%
3b R =Ph, 88%

3c R= 4-BI‘C6H4, 97%
3d R = 4-CIC¢H,CH,, 89%

Scheme 2 Reagents and conditions: i, RSH (1.2 equiv.), K,CO5 (1.2 equiv.),
MeCN, room temperature, 7 h.

precipitate from the reaction mixture after 15-20 min, while full
conversion was achieved within 7 h (Scheme 2).*

In the case of phenols, under the same conditions, the reaction
time was somewhat longer (10-12 h), and yield of products 4a,b
was 44-98% (Scheme 3).% The reaction with sodium methoxide
in methanol resulted in product 4c¢ after 5 h (see Scheme 3).T
The reaction with trifluoroethanol proceeded much slower and,
even after 16 h of stirring at room temperature, initial pyrazolo-
pyrimidine 1 was still present in the mixture. Even when the
reaction mixture was boiled for 8 h, the yield of ether 4d was as
moderate as 51% (see Scheme 3).
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4a R =4-F3;CCgHy, 44%
4b R =3-MeOCg¢Hy, 98%
4¢ R=Me, 52%

4d R = CF3CH,, 51%

Scheme 3 Reagents and conditions: i, ArOH (1 equiv.), K,COj5 (1 equiv.),
MeCN, room temperature, 10-12 h; ii, NaOH (1 equiv.), MeOH, room
temperature, 5 h; iii, CF;CH,OH (1 equiv.), K,COjs (1 equiv.), MeCN, A, 8 h.

The structures of all products 24 were derived from 'H and
13C NMR spectra and confirmed by IR spectroscopy, mass spectro-
metry and elemental analysis data. All compounds in the IR spectra
have absorption bands in 1560-1490 and 1360-1310 cm™" regions,
corresponding to the NO, group, and exhibit a peak of the
molecular ion [M]* in the mass spectra.

The direction of nucleophilic substitution in compound 1, viz.
the formation of 2-substituted 3-nitropyrazolo[1,5-a]pyrimidines
2-4, was unequivocally established on the basis of the '3C NMR

¥ Preparation of 2-SR-5,7-dimethyl-3-nitropyrazolo[ 1,5-a]pyrimidines
3a-d (general procedure). Pyrazolopyrimidine 1'4 (0.47 g, 2 mmol) was
added to a solution of K,CO; (0.30 g, 2.2 mmol) and appropriate thiol
(2.2 mmol) in MeCN (5 ml). The mixture was stirred at ambient tem-
perature for 7 h. The precipitate formed was filtered off, washed with
cold MeCN, cold H,O, dried and crystallized from H,O-EtOH (1:1).

8 Preparation of 2-OR-5,7-dimethyl-3-nitropyrazolo[ 1,5-a]pyrimidines
dab,d (general procedure). Pyrazolopyrimidine 1'4 (0.47 g, 2 mmol)
was added to a solution of K,CO; (0.28 g, 2 mmol) and appropriate
phenol (2 mmol) or 2,2,2-trifluoroethanol (2 mmol) in MeCN (5 ml).
The mixture was stirred at ambient temperature for 1012 h in case of
phenols or refluxed for 8 h in case of 2,2,2-trifluoroethanol. The precipitate
formed was filtered off, washed with cold MeCN, cold H,O, dried and
crystallized from H,O-EtOH (1:1).

1 5,7-Dimethyl-2-methoxy-3-nitropyrazolo[ 1,5-aJpyrimidine 4¢. Pyrazolo-
pyrimidine 1'* (0.24 g, 1 mmol) was added to a solution of NaOH (0.04 g,
1.1 mmol) in MeOH (4 ml). The mixture was stirred at ambient tempera-
ture for 5 h. The precipitate formed was filtered off, washed with cold
MeOH, dried and crystallized from H,O-EtOH (1:1). Yield 0.12 g (52%),
white solid, mp 271 °C.

spectra. It is known'® that chemical shifts of carbon atoms in
13C NMR spectra of nitropyrazoles are usually arranged in the
following sequence: 0 [C3=N(sp?)] > 6 [C>-N(sp?)] > 6(C*). In
the pyrazolo[1,5-a]pyrimidine system, this regularity is expressed
as 0[C?=N(sp?)] > 0[C3*N(sp?)] > 6(C?), meanwhile the signals
of carbon atoms bound to the nitro group are broadened due to
quadrupole relaxation '3C—'*N and, therefore, are easily assigned.
The 3C NMR spectra of mononitro derivatives 2-4 show only
one broadened signal at 108—112 ppm that corresponds to the atom
C3 (cf. 112.3 ppm for signal in 1), whereas the broadening of the
C2 signal at 158.2—150.0 ppm disappears, which indicates sub-
stitution of the nitro group at this carbon atom (Figure 1).

Me 0 151.7 Me
R br. s
7). 7a (br. s) / N’N

x \\2 NO, N \\ Nu
Me”5 N3 5% Me” N
1

24 NO> = o8 o118
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Figure 1 The '3C NMR data for compounds 1-4.

0 158.2-150.0

For compounds 2m and 3d, the assignment was additionally
ascertained using 2D correlation spectroscopy 'H-'3C HMBC
(Figure 2). In the case of compound 2m, the HMBC spectrum
showed correlation of hydrogen atoms of the methylene group of
thiomorpholine with the C2 atom (6 156.3 ppm) of the pyrazole
cycle. A similar pattern was observed in the HMBC spectrum of
compound 3d.

M . NO2 1534
R
S
Me HMBC
3d

NO, 6 1563

N N\N*\_>——/
HMBC

Figure 2 The main correlation pattern in '"H-'*C HMBC spectra of com-
pounds 2m and 3d.

Additional evidence of the nucleophilic substitution direction
was obtained from a counter synthesis of known 2-amino-5,7-di-
methyl-3-nitropyrazolo[ 1,5-a]pyrimidine!” 2a by cyclization of
diaminonitropyrazole 5'® with acetylacetone (Scheme 4). The
spectral and other physicochemical characteristics of compound
2a prepared by this method completely coincide with the charac-
teristics of the product synthesized from compound 1 by nucleo-
philic substitution.

NO,
N
& g
N-N
5 Me
2a, 79%

Scheme 4 Reagents and conditions: i, 2 N HCI, 50-60°C, 10 h.

In summary, we have proposed a reliable procedure based
on regioselective nucleophilic substitution of the nitro group in
2,3-dinitropyrazolo[1,5-a]pyrimidines, which can substantially
enhance possibilities of heteroatomic functionalization of com-
pounds of this heterocyclic system.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2019.07.025.

— 430 -



Mendeleev Commun., 2019, 29, 429431

References

1 (a) S.J. Ramsey, N. J. Attkins, R. Fish and P. H. van der Graaf, Br. J.
Pharmacol., 2011, 164, 992; (b) R. E. Petroski, J. E. Pomeroy, R. Das,
H. Bowman, W. Yang, A. P. Chen and A. C. Fosrer, J. Pharmacol. Exp.
Ther., 2006, 317, 369; (c) J. P. Dusza, A. S. Tomcufcik and J. D. Albright,
Patent US 4654347, 1987.

2 (a) M. El-Naggar, A. S. Hassan, H. M. Awad and M. F. Mady, Molecules,

2018, 23, 1249; (b) A. S. Hassan, G. O. Moustafa and H. M. Awad, Synth.

Commun., 2017, 47, 1963; (c) C. Bagul, G. K. Rao, V. K. K. Makani, J. R.

Tamboli, M. Pal-Bhadra and A. Kamal, MedChemComm, 2017, 8, 1810.

(a) H. S. H. Mohamed, M. N. M. Gad, A. M. El-Zanaty and S. A. Ahmed,

Pharma Chem., 2018, 10, 121; (b) S. Deshmukh, K. Dingore, V. Gaikwad

and M. Jachak, J. Chem. Sci., 2016, 128, 1459; (¢) R. L. Mackman,

M. Sangi, D. Sperandio, J. P. Parrish, E. Eisenberg, M. Perron, H. Hui,

L. Zhang, D. Siegel, H. Yang, O. Saunders, C. Boojamra, G. Lee, D. Samuel,

K. Babaoglu, A. Carey, B. E. Gilbert, P. A. Piedra, R. Strickley, Q. Iwata,

J. Hayes, K. Stray, A. Kinkade, D. Theodore, R. Jordan, M. Desai and

T. Cihlar, J. Med. Chem., 2015, 58, 1630.

4 (a) M. J. McCarthy, C. V. Pagba, P. Prakash, A. K. Naji, D. van der Hoeven,

H. Liang, A. K. Gupta, Y. Zhou, K.-J. Cho, J. F. Hancock and A. A. Gorfe,

ACS Omega, 2019, 4, 2921; (b) Y. Liu, R. Laufer, N. K. Patel, G. Ng,

P. B. Sampson, S.-W. Li, Y. Lang, M. Feher, R. Brokx, I. Beletskaya,

R. Hodgson, O. Plotnikova, D. E. Awrey, W. Qiu, N. Y. Chirgadze,

J. M. Mason, X. Wei, D. C.-C. Lin, Y. Che, R. Kiarash, G. C. Fletcher,

T. W. Mak, M. R. Bray and H. W. Pauls, ACS Med. Chem. Lett., 2016,

7,671.

T. Asano, H. Yamazaki, C. Kasahara, H. Kubota, T. Kontani, Y. Harayama,

K. Ohno, H. Mizuhara, M. Yokomoto, K. Misumi, T. Kinoshita, M. Ohta

and M. Takeuchi, J. Med. Chem., 2012, 55, 7772.

6 Z. Fang, T.-Q. Wang, H. Li, G. Zhang, X.-A. Wu, L. Yang, Y.-L. Peng,
J. Zou, L.-L. Li, R. Xiang and S.-Y. Yang, Bioorg. Med. Chem. Lett.,
2017, 27, 3201.

7 C. Almansa, A. F. de Arriba, F. L. Cavalcanti, L. A. Gomez, A. Miralles,
M. Merlos, J. Garcia-Rafanell and J. Forn, J. Med. Chem., 2001, 44, 350.

8 S. Patnaik, W. Zheng, J. H. Choi, O. Motabar, N. Southall, W. Westbroek,
W. A. Lea, A. Velayati, E. Goldin, E. Sidransky, W. Leister and J. J. Marugan,
J. Med. Chem., 2012, 55, 5734.

9 C.Qu, M. Ding, Y. Zhu, Y. Lu, J. Du, M. Miller, J. Tian, J. Zhu, J. Xu, M.
Wen, Er-bu Aga, J. Wang, Y. Xiao, M. Wu, O. B. McManus, M. Li, J. Wu,
H.-R. Luo, Z. Cao, B. Shen, H. Wang, M. X. Zhu and X. Hong, J. Med.
Chem., 2017, 60, 4680.

W

wn

10 C. C. Bladvan, J. P. D. van Veldhoven, C. Klopman, D. R. Wolfram,
J. Brussee, J. R. Lane and A. P. [jzerman, J. Med. Chem., 2012, 55, 3563.

11 A. V. Ivachtchenko, E. S. Golovina, M. G. Kadieva, A. G. Koryakova,
O. D. Mitkin, S. E. Tkachenko, V. M. Kysil and 1. Okun, Eur. J. Med.
Chem., 2011, 46, 1189.

12 (a)S. Cherukupalli, R. Karpoormath, B. Chandrasekaran, G. A. Hampannavar,
N. Thapliyal and V. N. Palakollu, Eur. J. Med. Chem., 2017, 126, 298;
(b) N. S. M. Ismail, G. M. E. Ali, D. A. Ibrahim and A. M. Elmetwali,
Future J. Pharm. Sci., 2016, 2, 60.

13 (a) T. K. Shkineva, A. V. Kormanov, V. N. Boldinova, I. A. Vatsadze
and I. L. Dalinger, Chem. Heterocycl. Compd., 2018, 54, 703 (Khim.
Geterotsikl. Soedin., 2018, 54, 703); (b) 1. L. Dalinger, 1. A. Vatsadze,
T. K. Shkineva, G. P. Popova, S. A. Shevelev and Y. V. Nelyubina,
J. Heterocycl. Chem., 2013, 59, 911; (c) I. L. Dalinger, 1. A. Vatsadze,
T. K. Shkineva, G. P. Popova and S. A. Shevelev, Synthesis, 2012, 44,
2058.

14 1. L. Dalinger, I. A. Vatsadze, T. K. Shkineva, G. P. Popova, B. I. Ugrak
and S. A. Shevelev, Russ. Chem. Bull., Int. Ed., 2010, 59, 1631 (Izv.
Akad. Nauk, Ser. Khim., 2010, 1589).

15 (a) A. M. Starosotnikov, D. V. Shkaev, M. A. Bastrakov, 1. V. Fedyanin,
S. A. Shevelev and 1. L. Dalinger, Mendeleev Commun., 2018, 28, 638;
(b) I. L. Dalinger, K. Yu. Suponitsky, T. K. Shkineva, D. B. Lempert and
A. B. Sheremetev, J. Mater. Chem. A, 2018, 6, 14780; (c) I. L. Dalinger,
A. V. Kormanov, K. Yu. Suponitsky, N. V. Muravyev and A. B. Sheremetev,
Chem. Asian J., 2018, 13, 1165; (d) 1. L. Dalinger, O. V. Serushkina,
N. V. Muravyev, D. B. Meerov, E. A. Miroshnichenko, T. S. Kon’kova,
K. Yu. Suponitsky, M. V. Vener and A. B. Sheremetev, J. Mater. Chem. A,
2018, 6, 18669; (e) S. G. Zlotin, A. M. Churakov, I. L. Dalinger, O. A.
Luk’yanov, N. N. Makhova, A. Yu. Sukhorukov and V. A. Tartakovsky,
Mendeleev Commun., 2017, 27, 535.

16 A.A.Zaitsev, I. L. Dalinger and S. A. Shevelev, Russ. Chem. Rev., 2009,
78, 589 (Usp. Khim., 2009, 78, 643).

17 V. A. Makarov, O. S. Anisimova and V. G. Granik, Chem. Heterocycl.
Compd., 1997, 33, 276 (Khim. Geterotsikl. Soedin., 1997, 329).

18 N. P. Solov’eva, V. A. Makarov and V. G. Granik, Chem. Heterocycl.
Compd., 1997, 33, 78 (Khim. Geterotsikl. Soedin., 1997, 89).

Received: 27th February 2019; Com. 19/5844

~ 431 -



