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MULTICOMPONENT SYNTHESIS OF THE MEDICINALLY
IMPORTANT PYRROLO[2,3-d]PYRIMIDINE SCAFFOLD

(MINIREVIEW)

Multicomponent reactions are emerging as a powerful tool in the synthesis of hetero-
cyclic privileged medicinal scaffolds. This highlight describes a recently developed
approach to the construction of the medicinally important pyrrolo[2,3-d]pyrimidine scaffold
using a one-pot synthesis from commercially available starting materials via novel multi-
component reactions.
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7-Deazapurine (pyrrolo[2,3-d]pyrimidine) is an important structural motif
occurring naturally in nucleic acids [1] or as part of monomeric ribonucleosides,
such as tubercidin (1) or toyocamycin 2 [2]. Heterocycles containing pyrrolo-
[2,3-d]pyrimidine moiety are also found in approved (e. g., folate antimetabolite
pemetrexed (3) [3] and Janus kinase JAK3 inhibitor tofacitinib (4) [4]) or expe-
rimental drugs (e. g., checkpoint kinase Chk1 inhibitor DF2 (5) [5]). In addition,
numerous literature reports describe diverse biological activities associated with
compounds based on this privileged purine-mimetic scaffold, including anti-
inflammatory [6, 7], anticancer [8—13], antiviral [14—15], adenosine Al and A3
receptor modulatory [16], adenosine kinase [17, 18], and dihydrofolate reductase
inhibitory [19], among many others.

NH, g HO™ > NH

NH

HO
L0 -0
NS =
N N 7, I\N N
HO H
o) 5
Me K
N CN
HO OH N 0
HN § N
IR=H PN N N° N
2R=CN  HN~ N J H
3 4

Commonly, pyrrolo[2,3-d]pyrimidines are synthesized by preparing a properly
functionalized pyrrole [20-23] or pyrimidine [24-29] moiety and then carrying out
a necessary ring-closure to construct the remaining ring [20-29]. Such transfor-
mations generally involve multistep synthetic sequences and are not easily
adaptable to analog preparation for biological studies. Although multicomponent
reactions leading to the construction of both pyrrole [30] and pyrimidine [31] rings

160



separately abound, until recently such processes constructing the entire 7-deaza-
purine system simultaneously were unknown. In a recent advance, Magedov and
co-workers described a novel four-component process optimized for the prepara-
tion of 7-deazahypoxanthine and 7-deazaadenine skeletons [32]. Furthermore, the
initial biological evaluation of these series of compounds revealed significant anti-
cancer activity associated with the 7-deazahypoxanthine-based heterocycles [32].

(0] O Arl Arl
N Ar? Ar?
N \ N A\ N\
kﬁg m% k)I
H H H H H

o

Hypoxanthine 7-Deazahypoxanthine Adenine 7-Deazaadenine

This discovery originated from the previous synthetic work by Magedov's group
aimed at a general total synthesis of marine alkaloid rigidins A, B, C, and D, in
which a three-component reaction to construct the pyrrole fragment of these natural
products was discovered [33]. This reaction involved a cyclocondensation of
sulfonamides 6 with aldehydes 7 and cyanoacetamide to form intermediate
pyrrolines 8, which after a base-promoted elimination of the methanesulfonyl
group afforded pyrroles 9.
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In a further development, Magedov and co-workers found that the use of a 1:1
mixture of EtOH and triethyl orthoformate solvents and specific temperature
regime (heating at 90°C and then at 150°C leading to slow evaporation of ethanol)
results in the formation of 7-deazahypoxanthines 10a—f (Table 1, left). Further-
more, when the reaction is performed in formamide as a solvent, and cyano-
acetamide is replaced with malononitrile, 7-deazaadenines 1la—f are obtained
(Table 1, right) [32].

Electron-neutral (e. g., 10a and 1l1a), electron-rich (e. g., 10b and 11b), and
electron-poor (e.g., 10c, 10e, 1lc, and 1le) substrates react equally well. In
addition, the reaction tolerates both heterocyclic (e. g., 10c, 10d, 11b, and 11c¢) and
o0,0-disubstituted (e. g., 10f and 11f) aromatic substituents. At present, the reaction
involves the use of aromatic aldehydes and acylsulfonamides and has not been
optimized for the utilization of aliphatic substrates prone to undergoing competing
aldol processes.
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Table 1

Four-component reactions leading to the formation of substituted
7-deazahypoxanthines 10a—f and 7-deazaadenines 11la—f
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Representative general procedure for the synthesis of 1H-pyrrolo[2,3-d]pyrimidin-
4(7H)-ones (7-deazahypoxanthines) 10 [32]. To a solution of N-(2-oxo-2-arylethyl)-
methanesulfonamide (0.676 mmol), selected aldehyde (0.879 mmol), and cyanoacetamide
(0.072 g, 0.879 mmol) in a mixture of EtOH (2.5 ml) and HC(OEt); (2.5 ml) was added
anhydrous granulated K,CO; (0.052 g, 0.372 mmol) in one portion. The mixture was
purged with nitrogen for 5 min, and then heated at 90°C for 24 h under the nitrogen
atmosphere. The formation of the intermediate pyrrole was monitored by TLC. After that
the reaction temperature was increased to 150°C and the reaction mixture was heated for 3—
6 h. The mixture was cooled to room temperature and the formed precipitate was collected
by filtration and washed with EtOH (2 ml) and diethyl ether (2 ml) to give the desired
7-deazahypoxanthine 10. An additional amount of the product was obtained by the
evaporation of the mother liquor and purification of the residue by column chromatography
with MeOH—CH,Cl, from 1:40 to 1:20 gradient.
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Table 2

Antiproliferative properties of rigidins* and synthetic 7-deazahypoxanthines [32]
against cell lines representing cancers with dismal prognoses

Glsg in vitro values, uM
7-Deazapurine Glioma Carcinoma Melanoma
U373 Hs683 A549 SKMEL-28
Rigidin A >100 >100 >100 >100
Rigidin C 39 44 53 43
10a <0.01 0.01 0.02 <0.01
10c 0.03 0.02 0.03 0.02
10e 0.03 0.02 0.02 0.02
* Unpublished data.

Representative general procedure for the synthesis of 4-amino-7H-pyrrolo[2,3-d]-
pyrimidines (7-deazaadenines) 11 [32]. To a solution of N-(2-oxo-2-arylethyl)methane-
sulfonamide (2.0 mmol), selected aldehyde (2.6 mmol), and malononitrile (2.6 mmol) in
formamide (2 ml) anhydrous granulated K,CO; (0.167 g, 1.2 mmol) was added in one
portion. The mixture was purged with nitrogen for 5 min, and then heated at 90°C for 24 h
under the nitrogen atmosphere. The formation of the intermediate pyrrole was monitored by
TLC. After that the reaction temperature was increased to 150°C and the reaction mixture
was heated for 3—6 h. The mixture was cooled to room temperature and poured in water
(30 ml). The formed precipitate was collected by filtration and washed with EtOH (2 ml)
and diethyl ether (2 ml) to give the desired 7-deazaadenine 11.

Due to the structural similarity of the deazapurines 10 and 11 with the marine
alkaloids rigidins, which were reported to have antiproliferative and calmodulin-
antagonistic activities [34, 35], the synthesized compounds were tested for these
and other biological properties. Since rigidins exhibited only weak antiproliferative
effects (double-digit micromolar or higher, Table 2), it was a thrilling discovery
that the novel 7-deazahypoxanthines harbor a potent antiproliferative pharmaco-
phore. Thus, selected compounds from this series 10a,c,e exhibited nanomolar
potencies when challenged with a minipanel of human cancer cell lines consisting
of U373 glioblastoma, Hs683 anaplastic oligodendroglioma, A549 non-small-cell
lung cancer and SKMEL-28 melanoma. It should be noted that these cell lines
represent cancers known to be associated with dismal prognoses due to their
intrinsic resistance to pro-apoptotic stimuli [36]. Thus, the rise in incidence of
gliomas and melanomas has not been paralleled by improved therapeutic options
over the years [37] and, therefore, the discovery of a novel 7-deazahypoxanthine-
based pharmacophore capable of providing compounds with potency against these
cell lines is significant. Noteworthily, compound 10a exhibits single-digit
nanomolar potencies against glioma and melanoma cells, and it is available using
the discovered multicomponent process in one-pot from commercially available
materials (Ar' = Ar*= Ph, Table 1).

In conclusion, the four-component synthesis developed by Magedov and
co-workers represents the first construction of the entire privileged pyrrolo[2,3-d]-
pyrimidine framework in one-pot and utilizes all commercially available starting
materials. At present, two modifications of this process can be used to produce
7-deazahypoxanthine and 7-deazaadenine skeletons. Furthermore, the compounds
based on the 7-deazahypoxanthine skeleton were found to possess nanomolar
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antiproliferative effects against human cell lines serving as models for cancers with
dismal prognoses. The advancement of these compounds as anticancer lead agents
is underway in a number of collaborating laboratories.

Texas State University and Welch Foundation (Grant No. AI-0045) are
acknowledged for financial support.

REFERENCES

1. T. Rakovich, C. Boland, I. Bernstein, V. M. Chikwana, D. Iwata-Reuyl, V. P. Kelly,
J. Biol. Chem., 286, 19354 (2011).

2. F. Seela, X. H. Peng, Curr. Top. Med. Chem., 6, 867 (2006).

3. E. Esteban, M. Casillas, A. Cassinello, Cancer Treat. Rev., 35, 364 (2009).

4. K.M.ODell, A. E. Rummel, Formulary, 47,350 (2012).

5. N. Foloppe, L. M. Fisher, R. Howes, P. Kierstan, A. Potter, A. G. S. Robertson,
A. E. Surgenor, J. Med. Chem., 48, 4332 (2005).

6. M. S. Mohamed, R. Kamel, S. S. Fatahala, Eur. J. Med. Chem., 45, 2994 (2010).

7. M. S. Mohamed, A. E. Rashad, M. Adbel-Monem, Z. Naturforsch., C: J. Biosci., 62C,

27 (2007).

8. D. A. Abou El Ella, M. M. Ghorab, E. Noaman, H. 1. Heiba, A. 1. Khalil, Bioorg. Med.
Chem., 16, 2391 (2008).

9. C. Willemann, R. Griinert, P. J. Bednarski, R. Troschiitz, Bioorg. Med. Chem., 17, 4406
(2009).

10. S.J. Tangeda, A. Garrlapati, Eur. J. Med. Chem., 45, 1453 (2010).

11. M. M. Ghorab, F. A. Ragab, H. I. Heiba, H. A. Youssef, M. G. El-Gazzar, Bioorg. Med.
Chem. Lett., 20, 6316 (2010).

12. A. Gangjee, Y. Zhao, L. Lin, S. Raghavan, E. G. Roberts, A. L. Risinger, E. Hamel,
S. L. Mooberry, J. Med. Chem., 53, 8116 (2010).

13. A. Gangjee, S. Kurup, M. A. Thnat, J. E. Thorpe, S. S. Shenoy, Bioorg. Med. Chem.,
18, 3575 (2010).

14. S. M. Bennet, N. Nguyen-Ba, K. K. Ogilvie, J. Med. Chem., 33, 2162 (1990).

15. S. H. Krawczyk, M. R. Nassiri, L. S. Kucera, E. R. Kern, R. G. Ptak, L. L. Wotring,
J. C. Drach, L. B. Townsend, J. Med. Chem., 38, 4106 (1995).

16. S. Hess, C. E. Muller, W. Frobenius, U. Reith, K.-N. Klotz, K. Eger, J. Med. Chem.,
43, 4636 (2000).

17. B. C. Bookser, B. G. Ugarkar, M. C. Matelich, R. H. Lemus, M. Allan, M. Tsuchiya,
M. Nakane, A. Nagahisa, J. B. Wiesner, M. D. Erion, J. Med. Chem., 48, 7808 (2005).

18. Y. A. Kim, A. Sharon, C. K. Chu, R. H. Rais, O. N. Al Safarjalani, F. N. M. Naguib,
M. H. el Kouni, J. Med. Chem., 51, 3934 (2008).

19. A. Gangjee, H. D. Jain, S. F. Queener, R. L. Kisliuk, J. Med. Chem., 51, 4589 (2008).

20. J. Slade, J. Bajwa, H. Liu, D. Parker, J. Vivelo, G.-P. Chen, J. Calienni, E. Villhauer,
K. Prasad, O. Repi¢, T. J. Blacklock, Org. Process Res. Dev., 11, 825 (2007).

21. M. M. Ghorab, H. I. Heiba, A. 1. Khalil, D. A. A. El Ella, E. Noaman, Phosphorus,
Sulfur Silicon Relat. Elem., 183, 90 (2008).

22. S.J. Kaspersen, C. Sgrum, V. Willassen, E. Fuglseth, E. Kjeobli, G. Bjerkey, E. Sundby,
B. H. Hoff, Eur. J. Med. Chem., 46, 6002 (2011).

23. S. L. Algasoumi, M. M. Ghorab, Z. H. Ismail, S. M. Abdel-Gawad, M. S. A. El-Gaby,
H. M. Aly, Arzneim. Forsch., 59, 666 (2009).

24. S. Olgen, Y. G. Isgor, T. Coban, Arch. Pharm., 341, 113 (2008).

25. N. Teno, T. Miyake, T. Ehara, O. Irie, J. Sakaki, O. Ohmori, H. Gunji, N. Matsuura,
K. Masuya, Y. Hitomi, K. Nonomura, M. Horiuchi, K. Gohda, A. Iwasaki, I. Umemura,
S. Tada, M. Kometani, G. Iwasaki, S. W. Cowan-Jacob, M. Missbach, R. Lattmann,
C. Betschart, Bioorg. Med. Chem. Lett., 17, 6096 (2007).

26. J. Guillard, M.-C. Viaud-Massuard, Heterocycles, 75, 1163 (2008).

164



27.

28.

29.
30.

31.
32.

33.

34.

35.
36.

37.

S. Nagashima, T. Hondo, H. Nagata, T. Ogiyama, J. Maeda, H. Hoshii, T. Kontani,
S. Kuromitsu, K. Ohga, M. Orita, K. Ohno, A. Moritomo, K. Shiozuka, M. Furutani,
M. Takeuchi, M. Ohta, S.-I. Tsukamoto, Bioorg. Med. Chem., 17, 6926 (2009).

O. Irie, T. Ehara, A. Iwasaki, F. Yokokawa, J. Sakaki, H. Hirao, T. Kanazawa, N. Teno,
M. Horiuchi, I. Umemura, H. Gunji, K. Masuya, Y. Hitomi, G. Iwasaki, K. Nonomura,
K. Tanabe, H. Fukaya, T. Kosaka, C. R. Snell, A. Hallett, Bioorg. Med. Chem. Lett., 18,
3959 (2008).

J. Quiroga, P. A. Acosta, S. Cruz, R. Abonia, B. Insuasty, M. Nogueras, J. Cobo,
Tetrahedron Lett., 51, 5443 (2010).

V. Estévez, M. Villacampa, Carlos J. Menéndez, Chem. Soc. Rev., 39, 4402 (2010).
Suresh, J. S. Sandhu, ARKIVOC, i, 66 (2012).

L. V. Frolova, I. V. Magedov, A. E. Romero, M. Karki, I. Otero, K. Hayden,
N. M. Evdokimov, L. M. Y. Banuls, S. K. Rastogi, W. R. Smith, S. L. Lu, R. Kiss,
C. B. Shuster, E. Hamel, T. Betancourt, S. Rogelj, A. Kornienko, J. Med. Chem., 56,
6886 (2013).

L. V. Frolova, N. M. Evdokimov, K. Hayden, I. Malik, S. Rogelj, A. Kornienko,
I. V. Magedov, Org. Lett., 13, 1118 (2011).

J. Kobayashi, J. Cheng, Y. Kikuchi, M. Ishibashi, S. Yamamura, Y. Ohizumi, T. Ohta,
S. Nozoe, Tetrahedron Lett., 31, 4617 (1990).

M. Tsuda, K. Nozawa, K. Shimbo, J. Kobayashi, J. Nat. Prod., 66, 292 (2003).

G. Luchetti, R. Johnston, V. Mathieu, F. Lefranc, K. Hayden, A. Andolfi, D. Lamoral-
Theys, M. R. Reisenauer, C. Champion, S. C. Pelly, W. A. L. van Otterlo,
I. V. Magedov, R. Kiss, A. Evidente, S. Rogelj, A. Kornienko, ChemMedChem, 7, 815
(2012).

F. Lefranc, N. Sadeghi, I. Camby, T. Metens, O. Dewitte, R. Kiss, Expert Rev.
Anticancer Ther., 6, 719 (2006).

! Department of Chemistry and Biochemistry, Received 5.12.2013
Texas State University,

San Marcos, TX 78666, U.S.A.

e-mail: a_k76@txstate.edu

165



