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Abstract:

8- (4-bromophenoxy) caffeine was synthesized, and its absolute crystal structure was determined by single crystal techniques. e
title compound crystallizes in the orthorhombic space group P2.2.2. with a= 7.9056(3), b= 9.1413(3), c= 20.2023(6) Å, and
Z=4. e caffeine group makes a dihedral angle of 58.18(9) º with the bromofenoxy moiety e structure consists of discrete
molecule with weak intramolecular hydrogen bond between hydrogen of the methyl group of imidazole ring and oxygen atom of
the carbonyl group. e packing of the molecules is oriented in an anti-parallel fashion.
Keywords: crystal structure, caffeine analogs, synthesis, Ullmann’s reaction, X-ray diffraction, 8-fenoxycaffeine derivatives.

Resumen:

Se reporta la síntesis y la estructura cristalina absoluta determinada por técnicas de monocristales del 8- (4-bromofenoxi) cafeína. El
compuesto cristaliza en el grupo espacial ortorrómbico P212121 , y posee los siguientes parámetros cristalográficos: a= 7.9056(3),
b= 9.1413(3), c= 20.2023(6) Å, Z=4. El grupo cafeína tiene un ángulo diedro de 58.18(9)o con el grupo bromofenoxi. La
estructura está formada de moléculas discretas, las cuales presentan un puente de hidrógeno intramolecular entre un átomo de
hidrógeno del grupo metilo del anillo imidazol, y el átomo de oxígeno del grupo carbonilo. El empaquetamiento de las moléculas
está orientado de forma antiparalela.
Palabras clave: estructura cristalina, análogos de la cafeína, síntesis, reacción de Ullmann, difracción de rayos X, derivados
de la 8-fenoxicafeína.
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INTRODUCTION

Caffeine is a central nervous system stimulant of the methylxanthine class, and it is the world’s most widely
consumed psychoactive drug (Daly, 2007). Despite the widespread use of caffeine, it still has the ability to
surprise, mostly in relation to its biological activity (Agyemang and Oppong, 2013; Ribeiro and Sebastiao,
2010; Waldvogel, 2003); but not only, recently scientists from the University of California, Los Angeles
(UCLA), and Solargiga Energy in China have reported that caffeine improves the performance and thermal
stability of perovskite solar cells; their research shows that caffeine can help make apromising alternative to
traditional solar cells more efficient at converting light to electricity (Wang and Jingjing, 2019).

Caffeine was the first adenosine receptor (AR) antagonists described in the literature and also has an
influence on an extended set of biological process (Muller and Jacobson, 2011) ere are several known
mechanisms of action to explain the effects of caffeine; the most prominent is that it reversibly blocks the
action of adenosine on its receptor and consequently prevents the onset of drowsiness induced by adenosine
(Ribeiro et al., 2002, Rogozin et al., 2008). Caffeine and various analogs, the latter designed to enhance
potency and selectivity toward specific biological targets, have played key roles in defining the nature and
role of adenosine receptors, phosphodiesterases, and calcium release channels in physiological processes.
Such xanthines and other caffeine-inspired heterocycles now provide important research tools and potential
therapeutic agents for intervention in Alzheimer’s disease, asthma, cancer, diabetes, and Parkinson’s disease.
Such compounds also have activity as analgesics, anti-inflammatories, behavioral stimulants, diuretics
(Tavares and Sakata, 2012).

A large number of derivatives and analogues were subsequently synthesized and evaluated as AR
antagonists (Mitkov et al., 2007  ;  Georgieva et al., 2014  .). eir remarkable biological activities and
novel structure features have stimulated many laboratories to the synthesis and the study of the relationship
between molecular structure and biological activity (Romero-Hernández, 2016). Following with our interest
about the studies of new 8-fenoxi caffeine derivatives we report in this paper the synthesis and the crystal
structure of 8- (4-bromophenoxy) caffeine.

MATERIALS AND METHODS

Experimental

Commercially available starting materials and reagents for synthesis were acquired from commercial sources
(Fluka, Merck and BDH), and were used without additional purification. e melting point was determined
in a capillary tube in Electrothermal 9150 equipment. Crystals suitable for X-Ray analysis were obtained by
slow evaporation of an ethanol solution.

Synthesis of 8-(4´-bromofenoxi) caffeine (BPC)

e 8-bromocaffeine intermediate was synthesized, as previously reported, from caffeine, hydrobromic acid
at 40%, and hydrogen peroxide at 30% (Romero-Hernández, 2016) (Scheme 1).

e title compound BPC was obtained from 8-bromocaffeine and bromophenol by nucleophilic aromatic
substitution using copper as catalyst and the Ullmann´s reaction. (Scheme 2)
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General procedure

In a 50 mL flask coupled to a condenser protected with a tube of CaCl2 anhydrous calcium the
following reagents were mixed: 0.82g (3 mmol) of 8-bromocaffeine, (2mmol) of bromophenol, 0.55g (4
mmol) of sodium carbonate, 0.013g (2mmol) of powder of copper, 4 drops of pyridine and 15 mL of
dimethylformamide. e reaction mixture was refluxed during 6hr. e precipitated solid was dissolved in
15 mL of ethanol and filtered to remove the sodium carbonate and copper. Further purification of BPC was
accomplished by recrystallization from ethanol. Yield 51%, m. p. 233-234.C

X-ray data collection and structure analysis of BPC

e data were collected on a Bruker APEXII-CCD diffractometer using Mo Kα radiation (0.71073 Å) and
graphite crystal incident beam monochromator. Numerical absorption correction from crystal shape was
made. e cell determination and the final cell parameters were acquired on all reflections using the Bruker
SAINT soware. Data integration and scaled was also carried out using the Bruker SAINT so included
in APEX2 soware suit. e space group was determined from systematic absences. Intensity data were
collected at temperature of 296ºK using ω-2Θ scan. 2Θmax for data collection: = 52.72º, Index ranges: hmin

-9, hmax 9; kmin -11, kmax 11; lmin -25, lmax 25. A total of 34613 reflections were collected, of which were 2960
independent, and 2591 observed reflexions. As a check on crystal and electronic stability, several standard
reflections were measured; the intensities of these standards remained constant within experimental errors,
through data collection.

e structure was solved by Direct Methods and Fourier synthesis using the program SHELXS97 and
refined on F. with SHELXL97 (Sheldrick, 1997 and 2015), contained in WinGX program suite (Farrugia,
2012). Non-H atoms were refined anisotropically by full matrix least-squares techniques. H atoms were
calculated geometrically and included in the refinement, but were restrained to ride on their parent atoms.
e isotropic displacement parameters of the H atoms were fixed to 1.3 times Ueq of their parent atoms.
ORTEP-3 and Mercury sowares were used to prepare the illustration.

RESULTS AND DISCUSSION

Single crystal structure determination

e absolute structure is reported (Flack parameter =0.007(8). e details of crystal data and structure
refinement are summarized in Table I. A view of the molecule showing the labeling of the non-H atoms is
shown in Fig. 1. Selected bond lengths and bond angles of BPC are given in Table II. Atomic coordinates
and anisotropic displacement parameters are listed in supplementary information file.

e caffeine core of the BPC molecule contains two fused rings, a pyrimidinedione and imidazole.
e pyrimidinedione contains two amide functional groups that exist predominately in a zwitterionic
resonance. e nitrogen atoms N3 and N4 are double bonded to their adjacent amide carbons atoms
(N3-C10=1.370(3), N3-C8=1.373(3), N4-C10=1.394(3) Å). e molecule does not have a planar
configuration: the caffeine group makes a dihedral angle of 58.15(9) º with the bromofenoxy moiety, and
the torsion angle between N1-C7-O1-C4 is 20.6(5) º.

e crystal structure of BPC viewed along the c axis is shown in Figure 2. e structure consists of discrete
molecule with weak intramolecular hydrogen bond between hydrogen of the methyl group of imidazole ring
and oxygen atom of the carbonyl group (C12-H12A…O3). e packing of the molecules is oriented in an
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anti-parallel fashion; this is in agreement with the previously packing reported for the crystal structure of
anhydrous caffeine (Lehmann and Stowasser, 2007; Enright and Terskikh, 2007). e packing is assumed
to be dictated assumed to be dictated by van der Waals interactions. Bond distances and angles are close to
expected values (Heyrovska and Narayan, 2011).

SCHEME. 1
Reaction of bromation of caffeine.

SCHEME. 2
Synthetic route for 8-(4´-bromofenoxy) caffeine.

TABLE 1
Crystal data and single crystal refinement parameters of structure BPC.
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TABLE 2.
Selected bond lengths (Å) and angles (º) for of BPC.

Symmetry operators:#1 x, y, z

FIG. 1
A view of the molecule of 8-(4´-bromofenoxy) caffeine showing the numbering scheme. Displacement

ellipsoids are drawn at 50% probability level for non-H atoms, H atoms are represented by
spheres of arbitrary radius. Intramolecular hydrogen bond is represented by dotted lines.
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FIG. 2
View of the packing of the BPC molecules along the “c” axis.

CONCLUSION

e structure of 8- (4-bromophenoxy) caffeine consists of discrete molecule with weak intramolecular
hydrogen bond between hydrogen of the methyl group of imidazole ring and oxygen atom of the carbonyl
group. e packing of the molecules is oriented in an anti-parallel fashion and is assumed to be dictated by
van der Waals interactions. Bond distances and angles are close to expected values.

Acknowledgments

e authors are indebted to Dr. E. Reguera of CICATA, IPN for his help in recording the single crystal X-
ray -data.

BIBLIOGRAPHIC REFERENCES

Agyemang-Yeboah F., Yaw Oppong S. (2013). Caffeine: the wonder compound, chemistry and properties. Research
Signpost. Topical Series in Health Science, 3, 27-37.

Daly J. W. (2007). Cell Mol. Life Sci., 16, 2153-2169.
Enright G. D., Terskikh V. V., Brouwer D. H., Ripmeester J. A. (2007). Cryst. Growth Des., 7, 1406-1410.
Farrugia L. J. (2012). WinGX-version 2018.3. An Integrated System of Windows Programs for the Solution,

Refinement and Analysis of Single Crystal X-Ray Diffraction Data. J. Appl. Cryst., 45, 849-854.

References

Georgieva M., Mitkov J., Momekov G., Zlatkov B., Peikov P., Zlatkov A. (2014). World J. of Pharmacy and
Pharmaceutical Sci. (WJPPS), 3, 60-83.

Heyrovska R., Narayan S. (2011). Philipine Journal of Science.140 (2), 119-124.
Lehmann Ch. W., Stowasser F. (2007). Chem. Eur. J., 13, 2908-2911.
Mercury-Crystal Structural Visualization, Cambridge Structural Data Centre.



Revista CENIC, 2019, vol. 50, no. 1, Enero-Diciembre, ISSN: 1015-8553 2221-2442

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative 120

References

Mitkov J., Danchev N., Nikolova I., Zlatkov A. (2007). Acta Pharm., 57, 361–370.
Muller Ch. E., Jacobson K. A. (2011). Handb. Exp. Pharmacol., 200, 151-199.
Muller Ch.E., Jacobson K. A. (2011). Biochimica et Biophysica Acta, 1808, 1290-1308.
Ortep-3 for Windows, version 2.0 (available from: https://www.chem.gla.ac.uk/-louis/software/ortep3.
Ribeiro J. A., Sebastião A. M. , de Mendonça A. (2002). Prog. Neurobiol., 68, 377-392.
Ribeiro J. A., Sebastião A. M. J. (2010). Alzheimer Dis., 20, Suppl. 1. S3-15.
Rogozin E. A., Won Lee K., Joo Kang N., Naoyu Y., Nomura M., Miyamoto K. I., Conney A. H., Bode A. M., Don

Z. (2008). Carcinogenesis, 29, 1228–1234.
Romero-Hernández, A. (2016). Síntesis y caracterización de fenoxi derivados en la posición 8 de la cafeína, utilizando

la reacción de Ullmann. Tesis de Diploma, Facultad de Química, Universidad de La Habana.
Sheldrick, G. M. (1997). SHELX97. Program for the Structure Solution and Refinement of Crystal Structures.

University of Göttingen, Germany.
Sheldrick, G. M. (2015). Crystal Structure Refinement with SHELXL. Acta Cryst. Sect. C: Structural Chemistry.

C71, 3-8.
Tavares C., Sakata R. K. (2012). Rev. Bras. Anestesiol., 62, 394-401.
Waldvogel S. R. (2003) Angew. Chem., 115, 624-625.
Wang R., Jingjing X. (2019). Caffeine Improves the Performance and ermal Stability of Perovskite Solar Cells.

Joule. Recuperado de https://www.cell.com/joule/fulltext/S2542-4351(19)30173-4

Additional information

SUPPORTING INFORMATION: Crystallographic data for the structure reported in this article have been
deposited with the Cambridge Crystallographic Data Centre as supplementary publication number CCDC
1916599. Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB2 IEZ, UK (fax +44 1223 336033, email: deposit@ccdc.cam.ac.uk
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