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Three novel uracil-based morpholine nucleosides each con-
taining three different orthogonally reactive functional groups,
namely, amino, carboxy and acetylene ones, were synthesized.
The obtained monomers are intended for the synthesis of
labeled nucleotide, nucleic acid or peptide mimics.
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Modified nucleosides,' oligonucleotides and nucleic acids are
widely used in molecular biology, biochemistry and medicine.
Among a huge variety of oligonucleotide analogues and their
mimetics available nowadays, morpholine-type oligomers in
which sugar residue is replaced by sugar-like morpholine-derived
moiety are the most successful ones.> Recently, two morpholine
oligonucleotides were approved in USA for therapeutic applica-
tion in the treatment of Duchenne muscular dystrophy and Spinal
muscular atrophy.>#

Previously,” we have developed the solid phase-supported
synthesis of morpholinoglycine oligonucleotide mimics (gMOM)?
which were shown to be promising for the antisense-based
applications.® N-tert-Butyloxycarbonyl-protected amino acids
were the synthons for their solid-phase assembling. These mono-
mers were also used in the synthesis of NAD+ mimics; uracil-
and thymine-containing conjugates have turned out to be modest
inhibitors of poly(ADP-ribose)polymerase (PARP) 1.7 Two
different functional groups, amino and carboxy ones, are present
in monomer molecule. The solid phase-supported synthesis of
gMOM needs application of 2-aminomethylmorpholine nucleo-
sides® whose NH group serves as an orthogonal functional group
for binding the first monomer to the solid support through a
labile under basic conditions oxalate tether.

Labeling of biological macromolecules and bioimaging in
cell culture and living organisms continue to be a booming area
in bioorganic chemistry and molecular biology for decades.®?
A variability of functional groups in biomacromolecules suitable
for modification mainly includes thiol'®!" and amino'?>!3 ones met
in natural biopolymers. Non-natural amino acids and modified
nucleotides incorporated in proteins and nucleic acids are used
as well.'*1® For biomolecule modification and cell targeting
in bioimaging, the use of multimodal linkers with bioorthogonal
functional groups is of vital importance. Recently, a trifunctional
biocompatible linker containing a strained alkene for inverse
electron demand Diels—Alder reaction, an alkyne for copper
catalyzed azide—alkyne cyclization and an electron-deficient
olefin for thiol-Michael addition was synthesized.!”

Along with other approaches, a fruitfulness of biocompatible
azide—alkyne coupling for contemporary biochemistry and mole-
cular biology cannot be overestimated.'$' Among other com-
pounds, 2'-deoxy-5-ethynyluridine has found notable application
in molecular biology and biochemistry.!%?0 Recently, synthesis

© 2019 Mendeleev Communications. Published by ELSEVIER B.V.
on behalf of the N. D. Zelinsky Institute of Organic Chemistry of the
Russian Academy of Sciences.

of 5-iodouracil-containing morpholine nucleosides and the cor-
responding 5-alkynylated derivatives suitable for the introduction
of alkyne functionality into phosphorodiamidate morpholine
oligonucleotides was described.?!-23

Therefore, search for novel means for the introduction of
the alkyne functionality into the uracil-containing morpholine
synthons is an important task in the synthesis of nucleic acid
mimics containing orthogonal functional groups. Herein, we
report on the protocol for the synthesis of the target monomers
5-7 comprising minimal number of steps (Schemes 1 and 2).

o 0
I i
| /I\E uridine — | NH
pathway A pathway
N O N/I\O
X X
(0] O
OH OH OH OH
2a X=N 3

W[ 1a X = OH (90%) -
1b X =N; (66%)

i [, je x= NH, (25%)

vl

' 2b X = NH, (2 80%)
W [ 2¢ X = NHBoc (84%)

0
I
| NH
iv BocNH N/&O v
30% 0 72%
OH OH
3
vi, vii i
0

HC \%C
NH
| L

BocNH N (6]
(0]

OH OH
4 (X73%)

Scheme 1 Reagents and conditions: i, ICl, MeOH,; ii, PPhs/CBrCl;, NaNj,
DMF; iii, PhsP, pyridine, then NH5/H,0; iv, (Boc),0, PrilOH, 1 M NaOH;
v, ICl, MeOH, then NH3/H,0, Na,S,03; vi, Me;SiC=CH, Pd(PPh;),/Cul/
Et;N, DMF; vii, NH3/H,O.
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Scheme 2 Reagents and conditions: i, NalO4, MeOH/H,0; ii, H,NCH,C(O)OH,
Et;N, NaCNBH;, then CF;COOH, Et;N; iii, NalO,, MeOH/H,O0, then
(NH,),B,05, Et;N, NaCNBH3;, then CF;COOH, Et;N; iv, MeOC(O)C(O)—
NH(CH,)5sC(O)OH/Et;N/pyridine.

In the light of this task, we consider N-Boc-protected 5"-amino-
5'-deoxy-5-ethynyluridine 4 as a key compound for obtaining
morpholine monomer 5 as well as monomers 6 and 7.

Recently, we have developed the synthesis of the 5-iodouracil
containing 2'-(hydroxymethyl)morpholine nucleoside starting
from 5-iodouridine 1a>* which was synthesized according to
the published procedure?* (see Scheme 1, pathway A). The
transformation of the 5-hydroxyl group into the 5-amino one by
the reduction of the intermediate azido derivative 1b was carried
out as described earlier.”>? According to HPLC analysis using
multichannel UV detection, the reduction of the azide derivative
1b followed by the hydrolysis of the intermediate imino-
phosphorane proceeded smoothly and quantitatively. However,
much (up to 20%) of the side dehalogenated nucleoside was
formed thus affording the target 5-amino-5'-deoxy-5-iodouridine
1c in low yield (25%) and of insufficient purity. A lability of the
halogen atom in some S5-halogenated pyrimidine nucleosides
under reducing conditions is known.?*?’ It is interesting that
5"-amino-5-deoxy-5-iodoarabinouridine®® and 5'-amino-5',2"-di-
deoxy-5-iodouridine?® were obtained previously, whereas pre-
paration of analogous 5'-deoxy-5'-amino-5-iodoribouridine 1c
was not described according to the Reaxys Database. An intro-
duction of Boc-protective group into nucleoside 1¢ contaminated
by dehalogenated impurities according to procedure’ gave product
3 in only 30% yield based on compound lc (see Scheme 1,
pathway A).

In search for more effective synthesis of key compound 4
we performed the reaction sequence depicted in Scheme 1,
pathway B. 5-Azido-5"-deoxyuridine 2a was subjected to reduc-
tion without chromatographic purification in contrast to pre-
viously published procedure.?>?® 5'-Amino-5'-deoxyuridine 2b
was obtained in 80% yield after two steps and purification by a
cation exchange chromatography. An introduction of acid-labile
Boc-protective group into nucleoside 2b was performed in a
standard manner to afford nucleoside 2¢ in 84% yield. For acid-
sensitive nucleosides, mild 5-iodination of uridine moiety with
iodine chloride was proposed.*® We modified this procedure varying
the excess of ICl and reaction time and obtained nucleoside 3
from nucleoside 2¢ in a yield of 75%. Along with the target
compound 3, some (3—5%) 5'-amino-5-deoxy-5-iodouridine 1¢

was formed due to the minor Boc-deprotection. An introduction
of the trimethylsilylethynyl grouping by the Sonogashira cross-
coupling was carried out similarly to protocol published for
5-ethynyluridine.3! Trimethylsilyl protection was removed from
the ethynyl part with aqueous ammonia thus affording the key
nucleoside 4 in 73% yield (2 steps) based on nucleoside 3.

At the next stage, we obtained trifunctionalized monomers
5 and 6 in 40% yield by subjection nucleoside 4 to an optimized
procedure for the creation of morpholine moiety (Scheme 2).23-3233
Additional functionalization of NH-morpholine derivative 6 by
treatment with methyl N-(6-hydroxy-6-oxohexyl)oxamate resulted
in multifunctional compound 7 equipped with flexible 6-amino-
hexanoic acid moiety.

In conclusion, we have prepared three orthogonally func-
tionalized morpholine nucleosides necessary for the synthesis of
biocompatible functionalized gMOMO as well as NAD+ mimics.’
Both kinds of these biomolecules mimicking native enzyme
substrates have a great potential as molecular tools in clarifying
the intrinsic mechanisms of PARP-depended DNA repair pro-
cesses.!®3*35 Our studies on the synthesis of these promising
molecular tools are now in progress.

This work was supported by the Russian Foundation for Basic
Research (grant no. 18-04-00352) and the Russian State funded
budget project V1.62.1.4, 0309-2018-0004.

Online Supplementary Materials

Supplementary data associated with this article (experimental
procedures and characteristics for all compounds) can be found
in the online version at doi: 10.1016/j.mencom.2019.03.017.

References

1 M. I. Kharitonova, I. D. Konstantinova and A. I. Miroshnikov, Russ.
Chem. Rev., 2018, 87, 1111.

2 J. E. Summerton, in Morpholino Oligomers, eds. H. M. Moulton and

J. D. Moulton, Humana Press, New York, 2017, vol. 1565, pp. 1-15.

A. Aartsma-Rus and A. M. Krieg, Nucleic Acid Ther., 2017, 27, 1.

A. Aartsma-Rus, Nucleic Acid Ther., 2017, 27, 67.

5 T.V.Abramova, S. S. Belov, Y. V. Tarasenko and V. N. Silnikov, Beilstein
J. Org. Chem., 2014, 10, 1151.

6 V. M. Golyshev, T. V. Abramova, D. V. Pyshnyi and A. A. Lomzov,
Biophys. Chem., 2018, 234, 24.

7 Yu. V. Sherstyuk, A. L. Zakharenko, M. M. Kutuzov, M. V. Sukhanova,
O. I. Lavrik, V. N. Silnikov and T. V. Abramova, Russ. J. Bioorg. Chem.,
2017, 43, 76 (Bioorg. Khim., 2017, 43, 88).

8 A.F L. Schneider and C. P. R. Hackenberger, Curr. Opin. Biotechnol.,
2017, 48, 61.

9 C.E.Jones and L. J. Berliner, Cell Biochem. Biophys., 2017, 75, 195.

10 E. Calce and S. De Luca, Chem. Eur. J., 2016, 23, 224.

11 Y. Liu, W. Hou, H. Sun, C. Cui, L. Zhang, Y. Jiang, Y. Wu, Y. Wang,
J. Li, B. S. Sumerlin, Q. Liu and W. Tan, Chem. Sci., 2017, 8, 6182.

12 D. K. Koélmel and E. T. Kool, Chem. Rev., 2017, 117, 10358.

13 C. Obermaier, A. Griebe and R. Westermeier, in Proteomic Profiling,
ed. A. Posch, Humana Press, New York, 2015, vol. 1295, pp. 153-165.

14 K. Lang, L. Davis and J. W. Chin, in Site-Specific Protein Labeling,
eds. A. Gautier and M. J. Hinner, Humana Press, New York, 2015,
vol. 1266, pp. 217-228.

15 S. A. Ingale, P. Leonard, H. Yang and F. Seela, Org. Biomol. Chem.,
2014, 12, 8519.

16 B. L. Cavanagh, T. Walker, A. Norazit and A. C. B. Meedeniya, Molecules,
2011, 16, 7980.

17 A.-C. Knall, M. Hollauf, R. Saf and C. Slugovc, Org. Biomol. Chem.,
2016, 14, 10576.

18 C.S.McKay and M. G. Finn, Chem. Biol., 2014, 21, 1075.

19 L. Li and Z. Zhang, Molecules, 2016, 21, 1393.

20 C.]J. Lovitt, D. H. Hilko, V. M. Avery and S.-A. Poulsen, Bioorg. Med.
Chem., 2016, 24, 4272.

21 S. Paul, B. Nandi, S. Pattanayak and S. Sinha, Tetrahedron Lett., 2012,
53,4179.

22 B.Nandi, S. Pattanayak, S. Paul and S. Sinha, Eur. J. Org. Chem., 2013,
1271.

&~ W

- 170 -



23

24
25

26

27

28

29

30

Mendeleev Commun., 2019, 29, 169-171

1. P. Vohtancev, Y. V. Sherstyuk, V. N. Silnikov and T. V. Abramova, Org.
Prep. Proced. Int., 2018, 50, 332.

M. J. Robins, P. J. Barr and J. Giziewicz, Can. J. Chem., 1982, 60, 554.
M. F. Kasakin, T. V. Abramova and V. N. Silnikov, Russ. J. Bioorg. Chem.,
2011, 37, 752 (Bioorg. Khim., 2011, 37, 830).

W. S. Mungall, G. L. Greene, G. A. Heavner and R. L. Letsinger, J. Org.
Chem., 1975, 40, 1659.

S. Mondal, D. Manna and G. Mugesh, Angew. Chem., Int. Ed., 2015, 54,
9298.

R. F. Schinazi, M. S. Chen and W. H. Prusoff, J. Med. Chem., 1979, 22,
1273.

T.-S. Lin, J. P. Neenan, Y.-C. Cheng, W. H. Prusoff and D. C. Ward,
J. Med. Chem., 1976, 19, 495.

C. McGuigan, R. N. Pathirana, R. Snoeck, G. Andrei, E. De Clercq and
J. Balzarini, J. Med. Chem., 2004, 47, 1847.

31

32
33

34

35

S. Garg, N. Shakya, N. C. Srivastav, B. Agrawal, D. Y. Kunimoto and
R. Kumar, Bioorg. Med. Chem., 2016, 24, 5521.

O. M. Gritsenko and E. S. Gromova, Russ. Chem. Rev., 1999, 68, 241.
Y. V. Tarasenko, T. V. Abramova, V. I. Mamatuk and V. N. Silnikov,
Nucleosides, Nucleotides Nucleic Acids, 2016, 35, 32.

1. Talhaoui, N. A. Lebedeva, G. Zarkovic, C. Saint-Pierre, M. M. Kutuzov,
M. V. Sukhanova, B. T. Matkarimov, D. Gasparutto, M. K. Saparbaev,
O. I. Lavrik and A. A. Ishchenko, Nucleic Acids Res., 2016, 44, 9279.
M.-F. Langelier, L. Zandarashvili, P. M. Aguiar, B. E. Black and J. M.
Pascal, Nat. Commun., 2018, 9, 844.

Received: 4th July 2018; Com. 18/5628

- 171 -



