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Nucleoside macrocycles formed by intramolecular click
reaction: efficient cyclization of pyrimidine nucleosides
decorated with 5'-azido residues and 5-octadiynyl side chains
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Copper(I)-promoted "click" cyclization in the presence of TBTA afforded nucleoside macrocycles in very high yields (=70%) with-

out using protecting groups. To this end, dU and dC derivatives functionalized at the 5-position of the nucleobase with octadiynyl

side chains and with azido groups at the 5’-position of the sugar moieties were synthesized. The macrocycles display freely acces-

sible Watson—Crick recognition sites. The conformation of the 16-membered macrocycle was deduced from X-ray analysis and

'H,"H-NMR coupling constants. The sugar conformation (N vs S) was different in solution as compared to the solid state.

Introduction

The field of macrocycles was initiated by the work of Ruzicka
and his structure analysis of the cyclic ketones muscone and
civetone [1]. Other classical examples are cyclic peptides such
as valinomycin and cyclic oligosaccharides like cyclodextrins
[2-4]. The literature has been recently reviewed [5]. Also, oligo-

nucleotides form cyclic structures commonly existing in
plasmid DNA. Monomeric purine and pyrimidine nucleosides
form smaller ring systems known as cyclonucleosides incorpo-
rating O, N or S-bridges within the sugar moiety or between the
nucleobase and the sugar residue [6].
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Macrocycles can be obtained by a variety of chemical reactions
[7-10]. Often, several protection and deprotection steps are
necessary to control the cyclization process. Preorganization of
the molecules can help to make cyclization more efficient.
Azide—alkyne "click" chemistry has been executed to generate
cyclic peptides [11-13], cyclic oligonucleotides [14-17] and
other macrocyclic systems [18-25]. DNA mimics with triazole
linkages were constructed [26,27]. The click reaction was used
to generate a cyclic ADP-ribose second messenger mimic [28].
Modelling studies using MM+ energy minimization showed
that pyrimidine nucleosides are useful synthons for cyclic mole-
cules when alkynyl side chains are functionalizing nucleobases
in 5-position and azido substituents replace sugar 5'-hydroxy
groups. Cyclic molecules (Figure 1) should be accessible when
a copper(I)-azide—alkyne cycloaddition [29-31] is performed.
The resulting "nucleoides" represent a new lead for a diversity
of molecules. From the cyclic molecule a single crystal X-ray
analysis was obtained. The sugar conformation was studied in
solution and in solid state.

Results and Discussion

The octadiynyl derivative 1 of dC [32-35] was the starting ma-
terial for the synthesis of 5’-azido-2’,5’-dideoxycytidine 2.
Earlier, the nucleoside precursor 1 was used for DNA cross-
linking and labelling [36]. The unprotected nucleoside 1 was
treated with equimolar amounts of carbon tetrabromide and tri-
phenylphosphine and a five-fold excess of sodium azide to
obtain the azide derivative 2 (37%) together with the dimeric
side product 3 (4.5%, Scheme 1) [37]. The moderate yield of
the 5’azido-dC derivative results from incomplete conversion.
Possibly, traces of copper used for the Sonogashira cross cou-
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pling and high substrate concentration were initiating dimeriza-
tion of azide 2. Nevertheless, an intramolecular cyclization to a

macrocycle was not observed.

Next, the 5’-azido compound 2 was employed in the copper(])-
catalyzed azide—alkyne cycloaddition (CuAAC) "click" reac-
tion [38,39] to build up macrocycle 3. In this regard, two reac-
tion pathways have to be considered: (i) an intramolecular
“click” reaction leading to a macrocycle or (ii) an intermolecu-
lar “click” reaction forming dimeric or oligomeric compounds.
For a deeper insight, the “click” reaction was executed under
different reaction conditions. First, the copper(I)-promoted
“click” reaction was performed on 2 in the presence of
copper(Il) sulfate and ascorbic acid. TLC monitoring showed

that the cyclization failed.

Then, tris(benzyltriazoylmethyl)amine (TBTA) [40-42] was
added as catalyst and macrocycle 4 was formed in 71% yield,
which is extremely high for an intramolecular cyclization. The
dimeric product 3 and the cyclic dimer 5 were not detected.
Apparently, cyclization is favored over the formation of dimers
due to acceleration of the reaction and the rather low concentra-
tion of starting materials (Ruggli—Ziegler dilution principle)
[43].

To test the utility of the intramolecular “click” reaction, the
reaction sequence performed on dC was carried out with 5-(1,7-
octadiynyl)-dU (6) [32,33,44]. The latter was converted to
5’-azido-dU 7 using the same reaction conditions as described
above (Scheme 2). By this means, compound 7 was isolated in
73% yield. Then, click cyclization was performed. In contrast to

Figure 1: Energy-minimized models of the two macrocycles derived from dC (left) and dU (right) acquired by MM+ simulation using Hyperchem

8.0.10; both showing the accessibility of the Watson—Crick recognition sites.
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Scheme 1: Synthesis of the 5’-azido-2’,5’-dideoxyribonucleoside 2, the macrocycle 4 and the dimeric compounds 3 (isolated) and 5 (not detected).
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Scheme 2: Synthesis of 5’-azido-2’,5'-dideoxyribonucleoside 7 and nucleoside macrocycle 8.

the cyclic dC derivative 4 the dU macrocycle 8 could be isolat-
ed in 46% yield even in the absence of TBTA. However, the
yield of cyclization was significantly improved when TBTA
was added (69%). This demonstrates the influence of the

nucleobase on the intramolecular cyclization reaction.

All compounds were characterized by ESI-TOF mass spectra,
'H and '3C NMR spectroscopy as well as 2D NMR spectra
(Supporting Information File 1). The NMR data gave evidence
of the structural assignment of the 5’-azido compounds and the
macrocycles. A strong upfield shift (=10 ppm) for the C5’-car-
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bon signal as well as a moderate upfield shift (3—4 ppm) of the
C4’-carbon signal was observed when the 5’-OH group was
replaced by an azido group or a triazole moiety (Supporting
Information File 1, Table S1). Irradiation of the triazole-H of 4
and 8, resulted in strong NOE’s at H-6, indicating that the
Watson—Crick recognition sites of nucleobases are located
outside of the macrocycle. The intensity of NOE’s for the CH,
groups decreased with increasing distance (Supporting Informa-
tion File 1, Figures S21 and S35).

As the triple bonds of the macrocycles 4 and 8 are in conjuga-
tion to the nucleobases they influence the UV spectra and affect
pK, values. In both macrocycles the UV maxima are
bathochromically shifted (273 to 301 nm) for 4 and 261 to
294 nm for 8 (Supporting Information File 1, Figure S1). Also,
the pK, values are affected by the cyclization. In case of dU
(9.3) a decrease to 8.7 [35] for 6 and further to 8.2 for cyclic dU
8 is observed (Supporting Information File 1, Figure S2). This
might go back to stacking interactions of the nucleobase and the
triazole residue. A similar relationship exists in the dC series
with values of 4.2 for dC and 3.0 for 1 [35]. In contrast the pK,
for cyclic dC 4 (3.2) did not further decrease.

Next, a X-ray analysis was performed from the dU macrocycle
8, which was crystallized from methanolic solution containing
traces of water. Colorless needles with a melting point of
260-265 °C (decomp.) were obtained. The solid state structure
of the macrocycle is displayed in Figure 2.
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Figure 2: A perspective view of 8 showing the atomic numbering
scheme. Displacement ellipsoids are drawn at the 50% probability
level and H-atoms are shown as small spheres of arbitrary size. Hydro-
gen bonds are shown as dashed lines.

The X- ray structure of the macrocycle reflects the properties of

the components with slight deviations. The glycosylic bond
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length (N1-C1°) of 8 is 1.459(3) A and is in the range of
S-substituted 2’-deoxyuridines [45]. The alkynyl side chain
(C5—-C7—-C8) and (C7-C8-C9) is slightly bend with bond angles
of 172.1 (3)° and 168.6 (2)° (Figure 2). The triple bond shows a
coplanar orientation to the pyrimidine ring with an inclination
angle of 1.0 (4)°. The torsion angle x [46] (—103.6° (2)) is high-
anti [47]. This conformation results from restriction caused by
the cyclic structure. Most nucleosides including dT (y = 173°)
[48] adopt an anti-conformation [49]. The conformation of the
2’-deoxyribofuranosyl moiety of 8 shows an C3’-endo enve-
lope pucker (4E, N-type) in the solid state with a pseudorota-
tional phase angle P = 50.2(2)° and a maximum amplitude of
Tm = 38.7(1)°.

The extended structure forms a three-dimensional network
consisting of a linear unit connected by hydrogen bonds be-
tween N3—H and the triazole N3’ of a second molecule
(Figure 3, Supporting Information File 1, Figures S3 and S4).
Additionally, the molecules are bridged by water molecules
connecting O2 of the base moiety and N2’ of the triazole ring
with 3°-OH of the next unit. The second layer is twisted by
~54° to the first layer and both layers are hold together by weak
hydrogen bonds between O4 and methylene groups C9 and
C11. In a particular layer the triazole rings are stacked. The
same is true for the base moieties.

For comparison, the conformations of the 5’-azido compounds
7 and 2 as well as dC macrocycle 4 were investigated in solu-
tion. To this end, high resolution spectra (600 MHz NMR) were
measured in DMSO-dj and the population of S vs N conformers
(Supporting Information File 1, Table S2) were calculated using
the program PSEUROT (version 6.3) [50]. It is apparent that the
2’-deoxyribofuranosyl moiety of the open chain and the macro-
cyclic nucleosides favor an S-type sugar puckering with values
of 70% S for azido-dU 7 and 68% for azido-dC 2. The values
for the cyclic derivatives 8 and 4 are in the same range with
72% S-type pucker for cyclo-dU 8 and 68% S-type for cyclo-dC
4. The conformation found for the macrocycle 8 is different to
that in the solid state (N-type, Figure 4). Apparently, the sugar
residue of the macrocycle exhibits sufficient flexibility to adopt
the S-conformation of DNA and the N-conformation of RNA.

Conclusion

The synthesis of a macrocycle is often described as an intramo-
lecular cyclization of a bifunctional precursor molecule. How-
ever, in many cases competition exists with dimerization and
polymerization. Therefore, we were delighted to see that the
intramolecular cyclization, utilizing dU and dC derivatives 4
and 8, resulted in high cyclization yields (around 70%) without
formation of dimeric or oligomeric molecules. The speed of the

TBTA catalyzed click reaction and dilution (Ruggli—Ziegler
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Figure 3: The crystal packing of 8 shows the intramolecular hydrogen-bonding network (projection parallel to the x-axis).
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Figure 4: N- and S-conformation for cyclonucleoside 8. B corre-
sponds to nucleobase. ax: axial; eq: equatorial.

dilution principle) [43] can be made responsible for this behav-
ior. For the copper(I)-promoted cyclization reaction the use of
the TBTA complex was essential for the cyclization of dC pre-
cursor 2 but not for dU precursor 7. Protection of precursor
molecules is not required and only four steps are necessary to
convert a nucleoside in a nucleoside macrocycle. The single
crystal X-ray structure confirmed the click connectivity and
gave an insight to the conformation. The sugar conformation
(N vs S) in solution was different to that in the solid state. The
macrocycles display free accessible Watson—Crick recognition

sites valuable for base pairing with nucleic acids or proteins.
Since the compact nucleoside macrocycles display increased
lipophilicity they have the potential to be utilized for the trans-
membrane delivery of nucleotides and oligonucleotides. More
important, all of the macrocyle moieties and the size of the
macrocycle can be altered. The system can be regarded as a new
lead for further structural and functional elucidation.

Supporting Information

Supporting Information File 1

Experimental procedures, analytical data, NMR spectra,
conformational analysis and crystallographic data.
[https://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-14-217-S1.pdf]

Acknowledgements

We would like to thank Dr. M. Letzel, Universitdt Miinster,
Germany, for the ESI-TOF spectra and Prof. Dr. B. Wiinsch,
Institut fiir Pharmazeutische und Medizinische Chemie,
Universitdt Miinster, Germany to provide us with 600 MHz
NMR spectra.

2408


https://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-14-217-S1.pdf
https://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-14-217-S1.pdf

ORCID® iDs

Constantin Daniliuc - https://orcid.org/0000-0002-6709-3673
Frank Seela - https://orcid.org/0000-0002-4810-4840

References

1. Ruzicka, L. Helv. Chim. Acta 1971, 54, 1753-1759.
doi:10.1002/hlca.19710540702

2. Hocker, H. Kem. Ind. 2009, 58, 73-80.

3. Brockmann, H.; Geeren, H. Justus Liebigs Ann. Chem. 1957, 603,
216-232. doi:10.1002/jlac.19576030123

4. Freudenberg, K.; Cramer, F. Z. Naturforsch., B 1948, 3, 464—466.
doi:10.1515/znb-1948-11-1211

5. Marti-Centelles, V.; Pandey, M. D.; Burguete, M. I.; Luis, S. V.
Chem. Rev. 2015, 115, 8736—-8834. doi:10.1021/acs.chemrev.5b00056

6. Mieczkowski, A.; Roy, V.; Agrofoglio, L. A. Chem. Rev. 2010, 110,
1828-1856. doi:10.1021/cr900329y

7. Driggers, E. M.; Hale, S. P.; Lee, J.; Terrett, N. K.
Nat. Rev. Drug Discovery 2008, 7, 608—624. doi:10.1038/nrd2590

8. Yu, X.; Sun, D. Molecules 2013, 18, 6230—6268.
doi:10.3390/molecules 18066230

9. Marsault, E.; Peterson, M. L. J. Med. Chem. 2011, 54, 1961-2004.
doi:10.1021/jm1012374

10. Webster, A. M.; Cobb, S. L. Chem. — Eur. J. 2018, 24, 7560-7573.

doi:10.1002/chem.201705340

.Pasini, D. Molecules 2013, 18, 9512—-9530.

doi:10.3390/molecules 18089512

12.Horne, W. S.; Olsen, C. A.; Beierle, J. M.; Montero, A.; Ghadiri, M. R.
Angew. Chem., Int. Ed. 2009, 48, 4718—4724.
doi:10.1002/anie.200805900

13.Mungalpara, D.; Valkonen, A.; Rissanen, K.; Kubik, S. Chem. Sci.
2017, 8, 6005-6013. doi:10.1039/C7SC02700A

14.Kumar, R.; EI-Sagheer, A.; Tumpane, J.; Lincoln, P.;
Wilhelmsson, L. M.; Brown, T. J. Am. Chem. Soc. 2007, 129,
6859-6864. doi:10.1021/ja070273v

15. Lietard, J.; Meyer, A.; Vasseur, J.-J.; Morvan, F. J. Org. Chem. 2008,
73, 191-200. doi:10.1021/jo702177¢c

16.Yang, H.; Seela, F. Chem. — Eur. J. 2016, 22, 1435-1444.
doi:10.1002/chem.201503615

17.Yang, H.; Seela, F. Chem. — Eur. J. 2017, 23, 3375-3385.
doi:10.1002/chem.201604857

18.Das, S. N.; Rana, R.; Chatterjee, S.; Kumar, G. S.; Mandal, S. B.
J. Org. Chem. 2014, 79, 9958-9969. doi:10.1021/jo501857k

19. Patil, P. C.; Luzzio, F. A. Tetrahedron 2017, 73, 4206-4213.
doi:10.1016/j.tet.2016.11.016

20.Anegundi, R. |; Puranik, V. G.; Hotha, S. Org. Biomol. Chem. 2008, 6,

779-786. doi:10.1039/b716996e

.Sun, J.; Liu, X.; Li, H.; Duan, R.; Wu, J. Helv. Chim. Acta 2012, 95,

772-779. doi:10.1002/hlca.201100366

22.Bock, V. D.; Hiemstra, H.; van Maarseveen, J. H. Eur. J. Org. Chem.
2006, 7, 51-68. doi:10.1002/ejoc.200500483

23.Tron, G. C.; Pirali, T.; Billington, R. A.; Canonico, P. L.; Sorba, G;
Genazzani, A. A. Med. Res. Rev. 2008, 28, 278-308.
doi:10.1002/med.20107

24.Hein, C. D,; Liu, X.-M.; Wang, D. Pharm. Res. 2008, 25, 2216-2230.
doi:10.1007/s11095-008-9616-1

25.Wang, X.; Zhang, X.; Zhang, K.; Hu, J.; Liu, Z.; Jin, H.; Zhang, L,;
Zhang, L. ChemBioChem 2018, 19, 1444-1451.
doi:10.1002/cbic.201800133

1

-

2

=

Beilstein J. Org. Chem. 2018, 14, 2404-2410.

26.von Matt, P.; Lochmann, T.; Altmann, K.-H. Bioorg. Med. Chem. Lett.
1997, 7, 1549-1552. doi:10.1016/S0960-894X(97)00269-2

27.1sobe, H.; Fujino, T.; Yamazaki, N.; Guillot-Nieckowski, M.;
Nakamura, E. Org. Lett. 2008, 10, 3729-3732. doi:10.1021/01801230k

28. Swarbrick, J. M.; Graeff, R.; Garnham, C.; Thomas, M. P.; Galione, A.;
Potter, B. V. L. Chem. Commun. 2014, 50, 2458—-2461.
doi:10.1039/C3CC49249D

29.Huisgen, R.; Szeimies, G.; Mobius, L. Chem. Ber. 1967, 100,
2494-2507. doi:10.1002/cber.19671000806

30. Tornge, C. W.; Christensen, C.; Meldal, M. J. Org. Chem. 2002, 67,
3057-3064. doi:10.1021/jo011148j

31.Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B.
Angew. Chem., Int. Ed. 2002, 41, 2596-2599.
doi:10.1002/1521-3773(20020715)41:14<2596::AID-ANIE2596>3.0.CO
12-4

32.Seela, F.; Sirivolu, V. R. Chem. Biodiversity 2006, 3, 509-514.
doi:10.1002/cbdv.200690054

33. Gierlich, J.; Burley, G. A.; Gramlich, P. M. E.; Hammond, D. M;
Carell, T. Org. Lett. 2006, 8, 3639-3642. doi:10.1021/010610946

34.Fischler, M.; Simon, U.; Nir, H.; Eichen, Y.; Burley, G. A.; Gierlich, J.;
Gramlich, P. M. E.; Carell, T. Small 2007, 3, 1049-1055.
doi:10.1002/smll.200600534

35. Seela, F.; Sirivolu, V. R.; Chittepu, P. Bioconjugate Chem. 2008, 19,
211-224. doi:10.1021/bc700300f

36. Xiong, H.; Seela, F. Bioconjugate Chem. 2012, 23, 1230—1243.
doi:10.1021/bc300074k

37.Hata, T.; Yamamoto, |.; Sekine, M. Chem. Lett. 1975, 4, 977-980.
doi:10.1246/cl.1975.977

38.Liang, L.; Astruc, D. Coord. Chem. Rev. 2011, 255, 2933-2945.
doi:10.1016/j.ccr.2011.06.028

39.Rodionov, V. O.; Presolski, S. |.; Diaz Diaz, D.; Fokin, V. V.;
Finn, M. G. J. Am. Chem. Soc. 2007, 129, 12705-12712.
doi:10.1021/ja072679d

40.Chan, T. R.; Hilgraf, R.; Sharpless, K. B.; Fokin, V. V. Org. Lett. 2004,
6, 2853-2855. doi:10.1021/010493094

41.Donnelly, P. S.; Zanatta, S. D.; Zammit, S. C.; White, J. M;
Williams, S. J. Chem. Commun. 2008, 2459-2461.
doi:10.1039/b719724a

42.Chouhan, G.; James, K. Org. Lett. 2011, 13, 2754-2757.
doi:10.1021/01200861f

43. Ziegler, K. Ber. Dtsch. Chem. Ges. A 1934, 67, A139-A149.
doi:10.1002/cber.19340671142

44.Seela, F.; Sirivolu, V. R. Helv. Chim. Acta 2007, 90, 535-552.
doi:10.1002/hlca.200790055

45.Budow, S.; Eickmeier, H.; Reuter, H.; Seela, F.
Acta Crystallogr., Sect. C: Cryst. Struct. Commun. 2009, 65,
0645-0648. doi:10.1107/S0108270109044850

46.IUPAC-IUB Joint Commission on Biochemical, Nomenclature.
Eur. J. Biochem. 1983, 131, 9—15.
doi:10.1111/j.1432-1033.1983.tb07225.x

47.Saenger, W. Principles of Nucleic Acid Structure; Springer Verlag: New
York, 1984. doi:10.1007/978-1-4612-5190-3

48.Young, D. W.; Tollin, P.; Wilson, H. R.
Acta Crystallogr., Sect. B: Struct. Crystallogr. Cryst. Chem. 1969, 25,
1423-1432. doi:10.1107/S056774086900416X

49. Altona, C.; Sundaralingam, M. J. Am. Chem. Soc. 1972, 94,
8205-8212. doi:10.1021/ja00778a043

50. PSEUROT, version 6.3; Leiden Institute of Chemistry: Leiden
University: The Netherlands, 1999.

2409


https://orcid.org/0000-0002-6709-3673
https://orcid.org/0000-0002-4810-4840
https://doi.org/10.1002%2Fhlca.19710540702
https://doi.org/10.1002%2Fjlac.19576030123
https://doi.org/10.1515%2Fznb-1948-11-1211
https://doi.org/10.1021%2Facs.chemrev.5b00056
https://doi.org/10.1021%2Fcr900329y
https://doi.org/10.1038%2Fnrd2590
https://doi.org/10.3390%2Fmolecules18066230
https://doi.org/10.1021%2Fjm1012374
https://doi.org/10.1002%2Fchem.201705340
https://doi.org/10.3390%2Fmolecules18089512
https://doi.org/10.1002%2Fanie.200805900
https://doi.org/10.1039%2FC7SC02700A
https://doi.org/10.1021%2Fja070273v
https://doi.org/10.1021%2Fjo702177c
https://doi.org/10.1002%2Fchem.201503615
https://doi.org/10.1002%2Fchem.201604857
https://doi.org/10.1021%2Fjo501857k
https://doi.org/10.1016%2Fj.tet.2016.11.016
https://doi.org/10.1039%2Fb716996e
https://doi.org/10.1002%2Fhlca.201100366
https://doi.org/10.1002%2Fejoc.200500483
https://doi.org/10.1002%2Fmed.20107
https://doi.org/10.1007%2Fs11095-008-9616-1
https://doi.org/10.1002%2Fcbic.201800133
https://doi.org/10.1016%2FS0960-894X%2897%2900269-2
https://doi.org/10.1021%2Fol801230k
https://doi.org/10.1039%2FC3CC49249D
https://doi.org/10.1002%2Fcber.19671000806
https://doi.org/10.1021%2Fjo011148j
https://doi.org/10.1002%2F1521-3773%2820020715%2941%3A14%3C2596%3A%3AAID-ANIE2596%3E3.0.CO%3B2-4
https://doi.org/10.1002%2F1521-3773%2820020715%2941%3A14%3C2596%3A%3AAID-ANIE2596%3E3.0.CO%3B2-4
https://doi.org/10.1002%2Fcbdv.200690054
https://doi.org/10.1021%2Fol0610946
https://doi.org/10.1002%2Fsmll.200600534
https://doi.org/10.1021%2Fbc700300f
https://doi.org/10.1021%2Fbc300074k
https://doi.org/10.1246%2Fcl.1975.977
https://doi.org/10.1016%2Fj.ccr.2011.06.028
https://doi.org/10.1021%2Fja072679d
https://doi.org/10.1021%2Fol0493094
https://doi.org/10.1039%2Fb719724a
https://doi.org/10.1021%2Fol200861f
https://doi.org/10.1002%2Fcber.19340671142
https://doi.org/10.1002%2Fhlca.200790055
https://doi.org/10.1107%2FS0108270109044850
https://doi.org/10.1111%2Fj.1432-1033.1983.tb07225.x
https://doi.org/10.1007%2F978-1-4612-5190-3
https://doi.org/10.1107%2FS056774086900416X
https://doi.org/10.1021%2Fja00778a043

License and Terms

This is an Open Access article under the terms of the
Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0). Please note

that the reuse, redistribution and reproduction in particular
requires that the authors and source are credited.

The license is subject to the Beilstein Journal of Organic
Chemistry terms and conditions:
(https://www.beilstein-journals.org/bjoc)

The definitive version of this article is the electronic one
which can be found at:
doi:10.3762/bjoc.14.217

Beilstein J. Org. Chem. 2018, 14, 2404-2410.

2410


http://creativecommons.org/licenses/by/4.0
https://www.beilstein-journals.org/bjoc
https://doi.org/10.3762%2Fbjoc.14.217

	Abstract
	Introduction
	Results and Discussion
	Conclusion
	Supporting Information
	Acknowledgements
	ORCID iDs
	References

