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and subsequent C-H activation/C-N bond formation process.

INTRODUCTION

Transition-metal catalyzed C-N bond coupling has been
established as a useful tool in modern organic synthesis [1].
Copper catalysts are known to be as a promising alternative in
metal-catalyzed oxidative coupling reactions to replace costly
metal catalysts such as palladium and rhodium [2-10]. The
organocopper(IIl) intermediate in the catalytic cycle of copper
species enabled numerous important organic transformations
such as arylation, alkenylation and alkynylation reactions [11-
17].

Copper catalyzed transformation is predominating in a
field of synthetic chemistry may be due to its low-cost and
readily accessibility [18-26]. It is important to note that more
mole-culer diversity and complexity would be introduced since
there was either transitional metal catalysis pathway or radical
path-way for copper catalysis. Substituted xanthine derivatives
are well known for their pharmacological activities [27-29],
as adeno-sine receptor antagonists, inducers of histone
deacetylase and phosphodiesterase inhibitors, ezc. In this field
of research, Jacobson et al. [30,31] reported some xanthine
derivatives endowed with good affinity but limited significant
selectivity for the human A,z adenosine receptor subtype. An
evolution of this study led to the synthesis of 8-phenylxanthine-
carboxylic acid congeners, which proved to be potent and
selective Aop antagonists. In particular, the derivative I, proved
to be the most potent and selective Az adenosine receptor

Accepted: 16 March 2022;

Keywords: Copper, Coupling reaction, Xanthine, C-H activation, Molecular oxygen, C-N Bond formation.

Published online: 20 April 2022; AJC-20788

An interesting approach for the synthesis of xanthine skeletons by a copper-catalyzed reaction between N,N’-dialkylated 5-bromouracil |
derivatives and amidines are being reported. The coupling reaction was promoted by catalytic amount of Cu(OAc); in the presence of
molecular O,. The 1,4-dioxane was found to be a better solvent for the reaction and the reaction was believed to go through a N-arylation

antagonist ever reported [32]. The plant alkaloid caffeine, 1,3,7-
trimethylxanthine II, on the other hand, is the most frequently
used psycho stimulant drug worldwide [33]. Caffeine is central
nervous system and metabolic stimulant [30] and it has huge
positive [34-37] effects on human body. It decreases the risk
of cardiovascular disease and type 2 diabetes (Fig. 1) [36].
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Fig. 1 Structure of caffeine and its derivatives

Based on these observations, we envisaged that a proper
combination of copper species and oxidants would promote
an intramolecular oxidative C-N bond formation for the synth-
esis of xanthine skeleton which is an important structural motif
having a diverse range of applications, hence, a new practical
synthetic method for the preparation of xanthine is highly
desired.

EXPERIMENTAL

Synthesis of xanthine derivatives: To an oven-dried sealed
tube was added 5-bromouracil (1 mmol), acatamidine or
benzamidine hydrochloride (1.3 mmol), Cu(OAc), (20 mol%),
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in 1,4-dioxane under oxygen medium. The resulting reaction
mixture was heated in at 100 °C for 16 h and the crude residue
was purified by silica gel chromatography to elute the product.
The NMR and other spectroscopic data can be accessed from
our published paper [38].

RESULTS AND DISCUSSION

Recently, we have reported Cu-catalyzed one pot direct
synthesis of xanthine and uric acid derivatives from 5-bromo
uracil. The CuBr, was found to be the effective catalyst for the
amidation reaction (Scheme-I) [38]. However, major setback
of the reaction was the debrominated product as we could not
stop its formation entirely and the moderate conversion of the
substrate in spite of carrying out the reaction for longer periods
of time. It is noticed that the reaction under inert atmosphere
produced greater amount of desired product but the reaction
was sluggish in nature.
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Scheme-I

The systematically choice of catalyst, solvent and oxidant
is explored to overcome our reported problems. Oxidation
reactions are extremely challenging because their selectivity
is hard to control and/or they form significant quantities of
unwanted waste derived from the stoichiometric oxidants.
Undoubtedly, the utilization of green oxidants such as mole-
cular oxygen (O,) provides tunable oxidation abilities and
produces no environmentally hazardous byproducts. We had
attempted the amidination reaction of 5-bromo uracil (3) with
Cu(OAc), catalyst. Interestingly, when Cu(OAc), (20 mol %)
was used in the presence of molecular oxygen (O,) in 1,4-dioxane
at 100 °C for 16 h, it gave exclusively the xanthine derivative
5in 94% yield. It is noticed that the reaction resulted in comp-
lete conversion of the starting material when solvent dioxane
was used (Table-1, entry 1) and in other polar or non-polar
solvent 5-bromo uracil (3) did not yielded the desired coupling
products (Table-1, entries 2-6). Changing of the catalyst loading
and alteration of oxidant led to little desired products (Table-
1, entries 7 and 8).

A variety of Cu(I) and Cu(II) sources led to significantly
less efficient coupling products (Table-1, entries 9-14). Upon
surveying an array of reaction parameters, a procedure is iden-
tified that achieves the desired coupling (Table-1, entry 1; 94%
yield). Control experiments establish the importance of Cu(OAc),,
molecular O, and dioxane (entries 1); notably, in our standard
set of reaction conditions [38], no debrominated product was
formed.

Further, the substrate scope of the reaction was also
explored. The yield of the reaction was excellent with various

TABLE-1
Cu-CATALYZED COUPLING REACTION:
EFFECT OF REACTION PARAMETERS

0 Cu(OAG), (20 mol%) 7
HaC-p | Bl Hic NH molecular O, H3C;\|\Jj[N\>—CH3
oél\N *  NHy.HCl l4-dioxane, 100°C 0O N~ N
(|:H3 a sealed tube, 16 h CHs
3 “standard conditions" 5

Entry Changed form the “standard conditions” Yield (%)"
1 None 94
2 THF instead of dioxane No reaction
3 Toluene instead of dioxane No reaction
4 o-Xylene instead of dioxane No reaction
5 DMF instead of dioxane No reaction
6 CH,CN instead of dioxane No reaction
7 Cu(OAc), (10 mol%) 52
8 K.,S,0; instead of molecular O, 15
9 Cul instead of Cu(OAC), <1
10 CuCl instead of Cu(OAC), <1
11 CuBr instead of Cu(OAC), <1
12 CuBr, instead of Cu(OAC), <1
13 CuCN instead of Cu(OAC), <1
14 Cu(l, instead of Cu(OAC), <1

“Yields were determined after isolation and purification of the
products.

uracil substrates depicted in Table-2. The xanthine derivatives
(5-10) were isolated in 91-94% yields.

TABLE-2
Cu-CATALYZED COUPLING REACTION:
EFFECT OF SUBSTITUTION
o)
0 Cu(OAc), (20 mol%) . N
Ro~N £ Rs__NH molecular O, 27N | \>—R3
PN I i ; )\N N
o N NH, .HCl  1,4-dioxane, 100°C O ) H
|IQ1 sealed tube, 16 h Ry
HaC~ N N N N N
N oy Y Lo o
o)\N N o” N" N o7 N" TN
I H e L H
CHs 8 CHy
5,94% 6, 92% 7 o1%
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N N N\
T -0 L
o? NN o7 NT N o Nk H
\ Cirly CHs
8, 92% 9,93% 10, 94%

CHj3

The mechanistic pathway of copper-mediated coupling
reaction has been extensively studied by several researchers [39-
44]. Recently, a mechanism for xanthine formation is explored
[38] and it is believed that this reaction proceeds in the pathways
as follows: (i) Cu' adduct formation, (ii) oxidative addition to
form the Cu™ species, (iii) reductive elimination, (iv) C-H activa-
tion and subsequent copper-carbon bond formation, (v) reductive
elimination followed by product formation. The molecular
oxygen plays an important role to convert Cu” to Cu' to Cu". In
short, the reaction was believed to go through a N-arylation and
subsequent C-H activation/C-N bond formation process.
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Conclusion

In conclusion, an interesting green oxidant approach for
the synthesis of xanthine skeletons by a copper-catalyzed
reaction between N,N’-dialkylated 5-bromouracil derivatives
and acetamidine or benzamidine is developed. The Cu-catalyzed
coupling reaction in the presence of molecular oxygen took
shorter time and the yields of the reactions were better than
earlier reported. Screening of the solvents revealed that 1,4-
dioxane was influential and no debrominated product was
formed by this approach. It is believed that copper-catalyzed
green oxidation transformations can be made even more eco-
friendly and economical in the synthesis of valuable compounds.

ACKNOWLEDGEMENTS

The author is thankful to the Department of Chemistry,
Ranaghat College and DST, Government of India for providing
the financial support through FAST TRACK scheme.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. LP. Beletskaya and A.V. Cheprakov, Organometallics, 31, 7753 (2012);
https://doi.org/10.1021/0m300683¢

2. X. Chen, X.-S. Hao, C.E. Goodhue and J.-Q. Yu, J. Am. Chem. Soc.,
128, 6790 (2006);
https://doi.org/10.1021/ja061715q

3. EJ.Park, S.H. Kim and S. Chang, J. Am. Chem. Soc., 130, 17268 (2008);
https://doi.org/10.1021/ja808080h

4. N. Borduas and D.A. Powell, J. Org. Chem., 73, 7822 (2008);
https://doi.org/10.1021/j0801322p

5. S. Ueda and H. Nagasawa, J. Org. Chem., 74, 4272 (2009);
https://doi.org/10.1021/j0900513z

6. Y. Gao, G. Wang, L. Chen, P. Xu, Y. Zhao, Y. Zhou and L.-B. Han, J.
Am. Chem. Soc., 131, 7956 (2009);
https://doi.org/10.1021/ja9023397

7. AE.King, T.C. Brunold and S.S. Stahl, J. Am. Chem. Soc.,131,5044 (2009);
https://doi.org/10.1021/ja9006657

8. Y. Wei, H. Zhao, J. Kan, W. Su and M. Hong, J. Am. Chem. Soc., 132,
2522 (2010);
https://doi.org/10.1021/ja910461e

9. L. Chu and E-L. Qing, Org. Lett., 12, 5060 (2010);
https://doi.org/10.1021/011023135

10. T. Uemura, S. Imoto and N. Chatani, Chem. Lett., 35, 842 (2006);
https://doi.org/10.1246/c1.2006.842

11. T.P. Lockhart, J. Am. Chem. Soc., 105, 1940 (1983);
https://doi.org/10.1021/ja00345a045

12.  D.H.R.Barton, J.-P. Finet and J. Khamsi, Tetrahedron Lett., 28, 887 (1987);
https://doi.org/10.1016/S0040-4039(01)81015-7

13. D.H.R. Barton, J.-P. Finet and J. Khamsi, Tetrahedron Lett., 29, 1115
(1988);
https://doi.org/10.1016/S0040-4039(00)86664-2

14. R.J. Phipps, N.P. Grimster and M.J. Gaunt, J. Am. Chem. Soc., 130,
8172 (2008);
https://doi.org/10.1021/ja801767s

15. R.J. Phipps and M.J. Gaunt, Science, 323, 1593 (2009);
https://doi.org/10.1126/science.1169975

16. F. Besselievre, S. Piguel, Angew. Chem. Int. Ed., 48, 9553 (2009);
https://doi.org/10.1002/anie.200904776

17.  J.J. Mousseau, J.A. Bull and A.B. Charette, Angew. Chem. Int. Ed., 49,
1115 (2010);
https://doi.org/10.1002/anie.200906020

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

M.Y. Min, RJ. Song, X.H. Ouyang and J.H. Li, Chem. Commun., 55,
3646 (2019);

https://doi.org/10.1039/C9CCO0469F

J. Pan, X.Y. Li, X. Qiu, X. Luo and N. Jiao, Org. Lett., 20,2762 (2018);
https://doi.org/10.1021/acs.orglett.8b00992

F. Chen, S.Q. Lai, EF. Zhu, Q. Meng, Y. Jiang, W. Yu and B. Han, ACS
Catal., 8, 8925 (2013);

https://doi.org/10.1021/acscatal.8b02445

D.E.McCoy, T. Feo, T.A. Harvey and R.O. Prum, Nat. Commun., 9, 1 (2018);
https://doi.org/10.1038/s41467-017-02088-w

B. Zhao, H.-W. Liang, J. Yang, Z. Yang and Y. Wei, ACS Catal., 7,
5612 (2017);

https://doi.org/10.1021/acscatal.7b01876

F. Wang D. Wang X. Wan L. Wu P. Chen and G. Liu, J. Am. Chem.
Soc., 138, 15547 (2016);

https://doi.org/10.1021/jacs.6b10468

W. Xue, Z.W. Qu, S. Grimme and M. Oestreich, J. Am. Chem. Soc.,
138, 14222 (2016);

https://doi.org/10.1021/jacs.6b09596

Y. Gao, Y. Gao, X. Tang, J. Peng, M. Hu, W. Wu and H. Jiang, Org.
Lett., 18, 1158 (2016);

https://doi.org/10.1021/acs.orglett.6b00272

L. Zhou, H. Yi, L. Zhu, X. Qi, H. Jiang, C. Liu, Y. Feng, Y. Lan and A.
Lei, Sci. Rep., 5, 15934 (2015);

https://doi.org/10.1038/srep15934

R.V. Kalla, E. Elzein, T. Perry, X. Li, V. Palle, V. Varkhedkar, A. Gimbel,
T. Maa, D. Zeng and J. Zablocki, J. Med. Chem., 49, 3682 (2006);
https://doi.org/10.1021/jm051268+

R.-Y. Lin, B.-N. Wu, Y.-C. Lo, L.-M. An, Z.-K. Dai, Y.-T. Lin, C.-S.
Tang and I.-J. Chen, J. Pharmacol. Exp. Ther., 316, 709 (2006);
https://doi.org/10.1124/jpet.105.092171

K. Ito, S. Lim, G. Caramori, B. Cosio, K.F. Chung, .M. Adcock and
P.J. Barnes, Proc. Natl. Acad. Sci. USA, 99, 8921 (2002);
https://doi.org/10.1073/pnas.132556899

Y.-C. Kim, Y. Karton, X.-D. Ji, N. Melman, J. Linden and K.A.
Jacobson, Drug Dev. Res., 47, 178 (1999);
https://doi.org/10.1002/(SICI)1098-2299(199908)47:4<178::AID-
DDR4>3.0.CO:2-L

K.A. Jacobson, A.P. Ijzerman and J. Linden, Drug Dev. Res., 47, 45 (1999);
https://doi.org/10.1002/(SICI)1098-2299(199905)47:1<45::AID-
DDR6>3.0.CO:2-U

Y.-C. Kim, X. Ji, N. Melman, J. Linden and K.A. Jacobson, J. Med.
Chem., 43, 1165 (2000);

https://doi.org/10.1021/jm990421v

J.W. Daly and B.B. Fredholm, Drug Alcohol Depend., 51, 199 (1998);
https://doi.org/10.1016/S0376-8716(98)00077-5

M. Ding, S.N. Bhupathiraju, A. Satija, R.M. van Dam and F.B. Hu,
Circulation, 129, 643 (2014);
https://doi.org/10.1161/CIRCULATIONAHA.113.005925

K. Ker, PJ. Edwards, L.M. Felix, K. Blackhall and I. Roberts, Cochrane
Database Syst. Rev., 5, CD008508 (2010);
https://doi.org/10.1002/14651858.CD008508

R.M. van Dam, Appl. Physiol. Nutr. Metab., 33, 1269 (2008);
https://doi.org/10.1139/H08-120

P. Muriel and J. Arauz, Fitoterapia, 81, 297 (2010);
https://doi.org/10.1016/j.fitote.2009.10.003

B. Roy, H. Rahaman, S. Hazra and B. Mondal, Synlett, 32, 1757 (2021);
https://doi.org/10.1055/a-1542-9683

B. Zou, Q. Yuan and D. Ma, Angew. Chem. Int. Ed., 46, 2598 (2007);
https://doi.org/10.1002/anie.200700071

M. Carril, R. SanMartin and E. Dominguez, Chem. Soc. Rev., 37,639 (2008);
https://doi.org/10.1039/b709565¢

T.R.M. Rauws and B.U.W. Maes, Chem. Soc. Rev., 41, 2463 (2012);
https://doi.org/10.1039/c1¢cs15236j

S.-J. Li and Y. Lan, Chem. Commun., 56, 6609 (2020);
https://doi.org/10.1039/DOCC0O1946A

C. Zhang and N. Jiao, J. Am. Chem. Soc., 132, 28 (2010);
https://doi.org/10.1021/ja908911n

J.B. Arterburn, M. Pannala and A.M. Gonzalez, Tetrahedron Lett., 42,
1475 (2001);

https://doi.org/10.1016/S0040-4039(00)02315-7



https://doi.org/10.1016/S0040-4039(01)81015-7
https://doi.org/10.1016/S0040-4039(00)86664-2
https://doi.org/10.1002/(SICI)1098-2299(199908)47:4<178::AID-DDR4>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1098-2299(199908)47:4<178::AID-DDR4>3.0.CO;2-L
https://doi.org/10.1002/(SICI)1098-2299(199905)47:1<45::AID-DDR6>3.0.CO;2-U
https://doi.org/10.1002/(SICI)1098-2299(199905)47:1<45::AID-DDR6>3.0.CO;2-U
https://doi.org/10.1016/S0376-8716(98)00077-5
https://doi.org/10.1016/S0040-4039(00)02315-7

