Acce pted Manuscrl pt Carbohydrate

RESEARCH

Synthesis and Photophysical Studies on N1-(2’-O,4’-C-methyleneribofurano-
nucleoside-3’-yl)-C4-(coumarin-?-oxymethyl)-1 ,2,3-triazoles

Smriti Srivastava, Vipin K. Maikhuri, Rajesh Kumar, Kapil Bohra, Harbansh Singla,
Jyotirmoy Maity, Ashok K. Prasad

PII: S0008-6215(18)30493-2
DOI: 10.1016/j.carres.2018.09.007
Reference: CAR 7610

To appearin:  Carbohydrate Research

Received Date: 25 August 2018
Revised Date: 27 September 2018
Accepted Date: 27 September 2018

Please cite this article as: S. Srivastava, V.K. Maikhuri, R. Kumar, K. Bohra, H. Singla, J. Maity, A.K.
Prasad, Synthesis and Photophysical Studies on N1-(2’-O,4’-C-methyleneribofurano-nucleoside-3’-

yI)-C4-(coumarin-7-oxymethy|)—1,2,3-triazoles, Carbohydrate Research (2018), doi: https://
doi.org/10.1016/j.carres.2018.09.007.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.carres.2018.09.007

Graphical abstract

OH

T

o)

R
HO N
_0 | :o: |
—_—
—_—
0 \
N, O

NH

o

o
S RfLNH
X I
X_0 0._0 Ho Ao
o
Ry 7
* o N\N
CuS04.5H,0, Sodium ascorbate \ W
THF:H,O:tert-BuOH (1:1:1) 0. .0 o N
10-12 h, 82-88 %
Ry



Synthesis and Photophysical Studies di'-(2'-0,4'-C-methyleneibofurano-
nucleoside-3"-yl)C*-(coumarin-7-oxymethyl)-1,2,3-triazoles

Smriti Srivastavd, Vipin K. Maikhuri? Rajesh KumatKapil Bohra? Harbansh Singl3,
Jyotirmoy Maity and Ashok K. Prasid

®Bioorganic Laboratory, Department of Chemistry, University of Delhi, Delhi-110 007
®Department of Chemistry, DDU College, University of Delhi, Dwarka, Sect. 3, Delhi-110 078

Abstract

A series of eight N-(2-O,4'-C-methyleneB-p-ribofuranonucleoside-3-yi5*-(coumarin-7-
oxymethyl)-1,2,3-triazolefiave been synthesized by Cu(l)-catalyzed azidaiallgycloaddition
reaction of 3'-azido-3'-deoxy-2;4'-C-methyleneuridine and 3'-azido-3'-deoxy24'-C-
methylene-5-methyluridine with 7-propargyloxy couma in 82-88% vyields. The synthesized
coumarintriazolyl-bicyclonucleoside conjugates pgssan extra bridge between®and 4'C in

the nucleoside moiety, which facilitates its prgaorization intd\-type sugar puckering. This was
confirmed by X-ray crystal structure studies on ofthe conjugates,e. on N'-(3-deoxy-2'0,4'-
C-methylene-5-methyluridin-3'-yi5*-(4-phenylcoumarin-7-oxymethyl)-1,2,3-triazole. Riyghy-
sical studies carried out on the synthesized comgi®demonstrate that they possess useful level

of fluorescence with Stokes shift of approximaté&ynm.

1. Introduction

Modified nucleosides have shown their importancettia field of bio-medical scienteas
antibacteriaf:® antifungal®® antivira> and anticancer agerftEfficient and facile synthetic
methodologies have been developed for synthesisiadole-linked modified nucleosides in
view of their unique biological and photophysicabfiles.”® For the synthesis of substituted
triazolesHuisgen has pioneered azide-alkyne 1,3-dipolaroagdition reactions under thermal
condition. The Cu(l)-catalyzed version of the Heisd3+2] cycloaddition reactiobetween a
terminal alkyne and an azide regioselectively poegul,4-disubstituted 1,2,3-triazofehis
reaction has been used to introduce fluorescenetsnan less fluorescent or non-fluorescent
nucleosides among other class of moleculas triazole linker*®**

The bicyclonucleosides, in particular @4'-C-methyleneibonucleosides (LNA monomers)

have attracted the spotlight of nucleoside chemisiddwide due to theilN-type sugar ring



conformation, which make them RNA mimic. When immmated into an oligonucleotide,
conformational restriction of LNA monomers provides preorganized backbone of the
oligonucleotide and increase base stacking interast leading to an energetically favorable
duplex formation? Coumarin-nucleoside conjugates have been syn#e$iy Kosiovagt al.*®
and Seelagt al.’ for the determination of their fluorescent projest Olomolo, et al.'®
synthesized coumarin triazolyl-conjugated nucleesidnd evaluated their potential against dual
action HIV | protease and non-nucleoside reveraectiptase. Coumarins and their derivatives
have shown sufficient fluorescence in the visilgtl range to be used in laser dyes and organic
light-emitting diodes. Intense fluorescent trialoked sugar coumarin derivatives were
synthesized by Rajaganest al.'® whereas fluorescent coumarin-triazolylglycosidesrav
synthesized by Nyucheat al.'’ for their application in surface imaging. He,al.'® synthesized
3,4-bis-triazolocoumarin-sugar conjugates and stlitheir quenching specificity with silver (1) in

aqueous media and Xuet,al.*®

synthesized triazolyl bidentate glycoligands aadgymed optical
studies with them. The current developments infile of bicyclic-nucleosides as well as in
triazole-linked fluorescent nucleoside conjugatesoeiraged us to synthesize coumarintriazolyl-
bicyclonucleosidesyiz. N'-(2'-0,4'-C-methyleneibofuranosyl-nucleoside-3'-y{5*-(coumarin-7-

oxymethyl)-1,2,3-triazoles and evaluate their pkatgsical properties.

2. Results and Discussion

The retrosynthetic analysis of the desired counr@aolyl-bicyclonucleoside conjugate
revealed that Cu(l)-catalyzed Huisgen [3+2] cychiadn reaction between 3'-
azidobicyclonucleoside and 7-propargyloxycoumarioutd lead to the desired compound
(Scheme ). Two 3-azidobicyclonucleosides.e. 3'-azido-3'-deoxy-20,4'-C-methyleneuridine
(58 and 3'-azido-3'-deoxy-D;4'-C-methylene-5-methyluridine(5b) were synthesized by
Vorbriiggen coupling of uracil and thymine, respesif, with the common glycosyl donor 3-
azido-3-deoxy-1,23-diacetyl-50-methanesulfonyl-4z-methanesulfonyloxymethyl-p-
ribofuranose 8), which in turn was synthesized from the comméciavailable diacetone-
glucose through intermediate compourdidand 2 following literature procedure in an overall
yields of 15-20% $cheme 2202122



Scheme 1Retrosynthetic analysis of coumarintriazolyl-limnucleoside conjugates.
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Scheme 2Synthesis of 3'-azido-3'-deoxy-@4'-C-methyleneB-p-ribofuranosyl pyrimidines.
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The other key precursor, 7-propargyloxycoumaf)) 4-methyl-7-propargyloxycoumariry)( 6-
chloro-4-methyl-7-propargyloxycoumarin8)( and 4-phenyl-7-propargyloxycoumarir®) (were
synthesized by propargylation of 7-hydroxycoumarirhydroxy-4-methylcoumarin, 6-chloro-7-
hydroxy-4-methylcoumarin and 7-hydroxy-4-phenylca@uim, respectively using propargyl
bromide in acetone in the presence of potassiubpnate in 80-85% vyield§:** Each of the two
3-azidobicyclonucleoside,5a and 5b were subjected to Cu(l)-catalyzed azide-alkyne
cycloaddition reaction with 7-propargyloxycoumarif in the presence of CuQ6GH,O-
sodium ascorbate as a coupling reagent in mixtfifeHé:tert-BuOH:H,0O (1:1:1) to affordN™
(3-deoxy-2'0,4'-C-methyleneuridin-3"-yl)le*-(coumarin-7-oxymethyl)-1,2,3-triazole @), N'-(3'-
deoxy-2'0,4'-C-methyleneuridin-3"-ylj3*-(4-methylcoumarin-7-oxymethyl)-1,2,3-triazolé 1,
N'-(3'-deoxy-2'0,4'-C-methyleneuridin-3"-yl2*-(6-chloro-4-methylcoumarin-7-oxymethyl)-
1,2,3-triazole  12), N-(3'-deoxy-2'0,4'-C-methyleneuridin-3"-ylI)c’-(4-phenylcoumarin-7-



oxymethyl)-1,2,3-triazole  1@), N'-(3-deoxy-2'0,4'-C-methylene-5-methyluridin-3'-ylE*-
(coumarin-7-oxymethyl)-1,2,3-triazole14), N-(3'-deoxy-2'O,4'-C-methylene-5-methyluridin-
3-yl)-C*-(4-methylcoumarin-7-oxymethyl)-1,2,3-triazole 15, N'-(3-deoxy-2'0,4'-C-
methylene-5-methyluridin-3'-ylz*-(6-chloro-4-methylcoumarin-7-oxymethyl)-1,2,3-ride
(16) and N'-(3-deoxy-2'0,4'-C-methylene-5-methyluridin-3'-yi*-(4-phenylcoumarin-7-
oxymethyl)-1,2,3-triazolel(7) in 82-88% yields$cheme 3

Scheme 3Synthesis of coumarintriazolyl-bicyclonucleosatmjugated.0-17.
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The structures of all the synthesized compouhds were unambiguously established on the
basis of their spectral (IRH-, *C NMR and HRMS) data analysis. The structures afvkm
compoundsdl-9 were further confirmed on the basis of comparisbtheir physical and spectral
data with those reported in the literat@té*The synthetic procedure and experimental details of
2'-O-acetyl-3'-azido-3'-deoxy-8-methanesulfonyl-4G-methanesulfonyloxymethyl-uridine4d),
3'-azido-3'-deoxy-50-methanesulfonyl-20,4'-C-methyleneuridine, 3'-azido-B-benzoyl-3'-
deoxy-2'0,4'-C-methyleneuridine and 3'-azido-3'-deoxy24'-C-methyleneuridine Ha) are
reported in a patent onfg.Herein, we have provided their synthesis and cheriaation data in
the supporting information.



The single crystal X-ray diffraction studies wasfpemed onN'-(3-deoxy-2'0,4'-C-methylene-
5-methyluridin-3'-yl)C*-(4-phenylcoumarin-7-oxymethyl)-1,2,3-triazo{&7), which revealed its
important structural features. The crystal strreetof compoundl7 showed that the nucleoside
moiety of the compound is locked in thetype conformation due to the presence cb2Z-C-
methylene bridgeHigure 1). Further, we report herein the crystal structwfesompoundd and

2 for the first time, which clearly reveal the oppesconfiguration of C-3 hydroxy group in
compoundl with respect to the C-3 azido group in compo@r@&cheme ZandFigure 2). The
detailed crystallographic data of compourigs2 and 17 were deposited in the Cambridge
Crystallographic Data Centre with CCDC nd$35099 1535166and 1547973 respectively
(Figure 2).

() (d) ()

Figure 1: (a) Molecular structure of compoudd; (b) and (c) ORTEP diagram of compouhd
drawn in 50% thermal probability ellipsoids. Solvenolecules are omitted for clarity; (d)
Preferred N-type sugar ring puckering in compourdd; (e) RepresentativéN-type sugar
puckering in nucleosides.
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Figure 2: (a) and (cMolecular structures of compounti&nd2; (b) and (d) Mercury diagram of

compoundsl and 2 drawn in 20% thermal probability ellipsoids showinnversion of
configuration at C-3 carbon on chemical convergsiboompoundl to 2.

Photophysical Sudies: The photophysical properties of all the synthesd'-(3'-deoxy-2'0,4'-C-
methyleneB-p-ribofuranosylnucleoside-3'-yi5*-(coumarin-7-oxymethyl)-1,2,3-triazoles 10-17
and their precursors.e. azidosugarda5b and propargyloxy coumarir&s9 were determined in
methanol at 1® M concentration. The absorbance spectra of six memintriazolyl-
bicyclonucleoside conjugated), 11, 14, 15 16 and 17 have been shown iRigure 3a The
fluorescence spectra of the two azidonucleosideupsersba-5b and four propargyloxycoumarin

derivatives6-9 have been shown iRigure 3b and fluorescence spectra of all eight synthesized

coumarintriazolyl-bicyclonucleoside conjugaté§-17 have been shown irfrigure 3c All
coumarintriazolyl-bicyclonucleoside conjugates sbdvabsorbance at approximately 320-330 nm
and emission at around 400 nirable 1). Fluorescence intensities of conjugal@sl7 have been

compared with the corresponding coumarin alky®&sand azideda5b, and has been found
higher than both the precursors. All studied commaguhave shown maximum fluorescence
intensity when excited at 320 nm.
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Figure 3. (a) Absorption spectra of compound§-11 and 14-17 (b) Emission spectra of
azidonucleosides5a and 5b and alkynyloxy-compounds6-9; (c) Emission spectra of
coumarintriazolyl-bicyclonucleoside conjugate$17. All spectrawere recorded in methanol at

10°M concentration.

Table 1. Photophysical data of eight synthesized coumaidlyl-bicyclonucleoside$0-17

Compd | Absorbance | Excitation | Emissionie, (nm)/ Stoke Shift

No. daps (NM) ex (NM) Intensity (au) (nm)

10 322 320 390/118 70
11 322 320 395/153 75
12 324 320 391/55 71
13 326 320 397/6 77
14 323 320 390/123 70
15 321 320 394/288 74
16 330 320 390/118 70
17 325 320 398/8 78

Further, structure-fluorescence intensity relatigmsf the synthesized conjugat#8-17 has been
studied. The electron donating methyl group on @gsition of coumarin increases the
fluorescence intensity. The electron withdrawingmph moiety and chloro-group at C-4 / C-6
positions of coumarin moiety decreases the extecbrgugation by decreasing the electron density
on the coumarin and so the fluorescence emisstensity was decreased. Conjugates having 5-
methyluracil nucleobase were possessing slighglgerifluorescence intensity than conjugates having
uracil nucleobase. The results of spectral studemonstrate the importance of these triazole-
linked analogues, as the starting sugar azides akyghyloxy-coumarins possesses lesser

fluorescence intensity than the conjugates.

3. Conclusion

A small library of novel coumarintriazolyl-bicyclooleosidesl0-17 has been synthesized by
using very simple and efficient, Cu(l)-catalyzeddazalkyne cycloaddition reaction between 3'-
azido-3'-deoxy-20,4'-C-methylene-nucleosides and 7-propargyloxy coumanir&2-88% yields.
The X-ray crystal structure studies on one of thenearintriazolyl-bicyclonucleoside conjugates
17 revealed that the sugar moiety is puckerel-igpe conformation. This pre-organization may
have resulted due to the presence of the bridgietpytene group between C-2' oxygen and C-4'



carbon in these coumarintriazolyl-bicyclonucleosamjugateslO-17. Photophysical studies of

these compounds revealed that they possess wseflibf fluorescence properties.

4. Experimental

Melting points were determined on Buchi M-560 instent and are uncorrected. The IR spectra
were recorded on a Perkin-Elmer model 2000 FT-l&spmeter by making KBr disc for solid
samples and thin film for oils. The optical rotalowere measured with Rudolph autopol I
automatic polarimeter using light of 546 nm wavetan The'H- and **C NMR spectra were
recorded on a Jeol alpha-400 spectrometer at 400L@0.6 MHz, respectively, using TMS as
internal standard. The chemical shift values aré& scale and the coupling constarlisgre in Hz.
Signals from -® groups in'H NMR spectra recorded in CDCind DMSOds were verified by
removing them by shaking the solution with@ HR-ESI-TOF-MS analyses were recorded on a
MicroTOF instrument from Bruker Daltonics, Bremen BSI positive mode. Analytical TLCs
were performed on precoated Merck silica-gel 6Pplates; the spots were detected under UV
light as well as by charring using 4%3%0, in ethanol solution. Silica gel (100-200 mesh) was
used for column chromatography. Chemicals wereirdgdafrom commercial suppliers and were

used without any further purification unless othieeanoted.

Absorption spectra were recorded between 250 nm6&ddnm using a Perkin-Elmer UV/Vis
spectrometer Lambda 45 at scan speed 240 nm/nlinmeédsurements were carried out in PE-
UV/Vis Spectroscopy cells (1 cm). Fluorescence sioiis spectra were taken on Varian Cary
eclipse Fluorescence spectrophotometer at 10 rinwislih with 150 Watt DC powered Xenon
lamp. Absorption and fluorescence spectra wereldpsd by Origin 6.0 software. HPLC grade

solvents were used for all solution preparation.

4.1 General procedure for the preparation of N'-(3-deoxy-2-O,4'-C-methylenef-p-
ribofuranosyl-nucleoside-3'-yl)C*(coumarin-7-oxymethyl)-1,2,3-triazoleg10-17).

Azidobicyclo nucleoside5a/5b (0.67 mmol) and 5'-propargylated coumasi® (0.81 mmol), as
desired were suspended in a mixture of TEHFBUOH:H,O (1:1:1) (30 mL). Sodium ascorbate
(0.54 mmol) was added into the reaction mixturéofeéd by the addition of CuSGH,O (0.27

mmol). The heterogeneous mixture was stirred vigsigofor 10-12 h. After completion of the



reaction as shown on analytical TLC, excess ofesulywas evaporated under reduced pressure
and traces of any residual moisture were removeddsgvaporation with toluene. The crude
product thus obtained was purified by using sitieh column chromatography to afford the title

compounds in pure form.

4.1.1. N*-(3'-Deoxy-2"-0,4'-C-methyleneuridin-3'-yl)- C*-(coumarin-7-oxymethyl)-1,2,3-
triazole (10). It was obtainecs white solid in 85% vyield; & 0.45 (10% MeOH in CHG); mp:
178-180°C; IR (cmi*, KBr): 3422, 1701, 1400, 1277, 1128, 1053, 1086, g61; §i]p>2= + 4.64

(c 0.05, MeOH)H NMR (400 MHz, DMSOdg): § 3.60 (1H, dJ = 8.4 Hz), 3.88 (1H, d] = 8.4
Hz), 3.97-4.09 (2H, m), 4.83 (1H, s), 5.13 (1H,%28 (2H, s), 5.68 (2H, s), 6.30 (1H,X 2.3
Hz), 7.02 (1H, ddJ = 2.0 & 8.4 Hz), 7.16 (1H, dl = 3.2 Hz), 7.64 (1H, d] = 8.4 Hz), 7.85 (1H,
d,J = 8.4 Hz), 7.99 (1H, d = 9.2 Hz), 8.44 (1H, s), 11.43 (1H, §C NMR (100.6 MHz, DMSO-
ds): 8 56.61, 59.53, 61.47, 71.00, 79.24, 86.23, 90.30,14, 101.55, 112.62, 112.72, 112.89, 125.52,
129.82, 138.82, 141.91, 144.16, 149.94, 155.29,096061.36, 163.33; HR-ESI-TOF-M%vz
504.1137 ([M+Nal), calcd. for [GH1oNsOg+Na]" 504.1126.

4.1.2. N-(3-Deoxy-2'-0,4'-C-methyleneuridin-3"-yl)- C*-(4-methylcoumarin-7-oxymethyl)-
1,2,3-triazole (11)It was obtaineds white solid in 86% yield;& 0.45 (10% MeOH in CHG);

mp: 166-168C; IR (cm’, KBr): 3424, 2345, 1701, 1389, 1275, 1146, 1038, $67; fi]p>2= +
0.46 € 0.05, MeOH);"H NMR (400 MHz, DMSOs): § 2.40 (3H, s), 3.61 (1H, d,= 9.2 Hz),
3.88 (1H, dJ = 8.4 Hz), 3.96-4.10 (2H, m), 4.83 (1H, s), 5.1K(s), 5.29 (2H, s), 5.46 (1i4,J

= 6.0 Hz), 5.68 (2H, s), 6.22 (1H, s), 7.05 (1H, d¢ 2.4 and 8.2 Hz), 7.14 (1H, di= 2.4 Hz),
7.69 (1H, dJ = 9.2 Hz), 7.85 (1H, d] = 7.6 Hz), 8.44 (1H, s), 11.43 (1H, $Jc NMR (100.6
MHz, DMSO-dg): 6 18.14, 56.61, 59.54, 61.46, 71.01, 79.25, 86.243(M 101.14, 101.58,
111.17, 112.59, 113.57, 125.49, 126.51, 138.93,954149.62, 153.03, 154.58, 159.82, 161.23,
163.65. HR-ESI-TOF-MS1/z518.1292 ([M+Nal), calcd. for [GsH2:NsOg+Na] 518.1282.

4.1.3. N’-(3'-Deoxy-2'-0,4'-C-methyleneuridin-3"-yl)- C*-(6-chloro-4-methylcoumarin-7-
oxymethyl)-1,2,3-triazole (12)It was obtainedas off white solid in 82% vyield; /R 0.45 (10%
MeOH in CHCE); mp: 165-167°C; IR (cmi*, KBr): 3448, 2345, 1707, 1605, 1387, 1279, 1163,
1047, 826; §]o>® = + 3.99 € 0.05, MeOH)*H NMR (400 MHz, DMSOs): & 2.39 (3H, s), 3.62
(1H, d,J = 8.4 Hz), 3.89 (1H, d] = 8.8 Hz) 3.98-4.11 (2H, m), 4.85 (1H, s), 5.15i(s), 5.39
(2H, s), 5.47 (1H, t) = 5.6 Hz), 5.68 (2H, s), 6.29 (1H, s), 7.47 (1}4,7s82 (1H, s), 7.85 (1H, s),



8.47 (1H, s), 11.43 (1H, syC NMR (100.6 MHz, DMSQd): 5 18.13, 56.62, 59.58, 62.44, 71.03,
79.27, 86.23, 90.31, 101.13, 102.15, 112.26, 113180G.73, 125.75, 125.97, 138.92, 141.28,
150.13, 152.75, 153.12, 155.74, 159.72, 163.41.BIRTOF-MS: m/z 552.0897 ([M+Nal),
calcd. for [G3H2oCINsOg+NaJ" 552.0893.

41.4. N-(3-Deoxy-2"-0,4'-C-methyleneuridin-3"-yl)- C*-(4-phenylcoumarin-7-oxymethyl)-
1,2,3-triazole (13).It was obtainedas off white solid in 84% vyield; {R= 0.45 (10% MeOH in
CHCl); mp: 169-171°C; IR (le, KBr): 3422, 2345, 1701, 1458, 1376, 1274, 115%2] 822,
700 cmt; [a]p?®= + 4.30 € 0.05, MeOH);'H NMR (400 MHz, DMSOde): & 3.59 (1H, dJ = 9.2
Hz), 3.86 (1H, dJ = 8.8 Hz), 3.95-4.08 (2H, m), 4.81 (1H, s), 5(18, s), 5.29 (2H, s), 5.45 (1H,
t,J= 4.4 Hz), 5.66 (2H, s), 6.24 (1H, s), 6.98 (1, J = 2.0 and 8.9 Hz), 7.24 (1H, 3= 2.0
Hz), 7.34 (1H, dJ = 9.2 Hz), 7.49- 7.56 (5H, m), 7.84 (1HJd; 7.6 Hz), 8.43 (1H, s), 11.42 (1H,
s); *C NMR (100.6 MHz, DMSGd): & 56.61, 59.54, 61.54, 70.01, 79.25, 86.25, 90.81,15,
102.06, 111.54, 112.06, 112.98, 125.54, 127.83,882129.70, 134.95, 138.94 , 141.70 , 150.14,
155.11, 155.40, 159.98, 161.12, 163.42; HR-ESI-M%:-m/z 580.1443 ([M+Na]), calcd. for
[C2eH23Ns0g+Na]” 580.1439.

4.1.5. N-(3-Deoxy-2'-0,4'-C-methylene-5-methyluridin-3'-yl)-C*-(coumarin-7-oxymethyl)-
1,2,3-triazole (14)lIt was obtaineds white solid in 86% vyield; &R 0.5 (10% MeOH in CHG);

mp: 170-172C; IR (cm, KBr): 3422, 2118, 1701, 1458, 1278, 1125, 108B, §59; {i]po>2= +
4.24 € 0.05, MeOH):*H NMR (400 MHz, DMSOdk): & 1.78 (3H, s), 3.58 (1H, d,= 9.2 Hz),
3.86 (1H, dJ = 9.2 Hz), 3.97-4.11 (2H, s), 4.87 (1H, s), 5.18,(s), 5.27 (2H, s), 5.46 (1H,X=

5.2 Hz), 5.66 (1H, s), 6.28 (1H, #= 11.2 Hz), 6.99 (1H, dd,= 2.4 and 6 Hz), 7.14 (1H, d=

2.4 Hz), 7.62 (1H, d] = 8.4 Hz), 7.70 (1H, s), 7.97 (1H,H= 9.2 Hz), 8.42 (1H, s), 11.40 (1H,
s); *C NMR (100.6 MHz, DMSQk): & 12.65, 57.37, 59.68, 62.27, 71.95, 79.84, 8690180,
102.11, 108.88, 112.99, 113.21, 113.54, 125.81,5730A.34.93, 142.29, 145.03, 150.61, 155.82,
160.97, 161.50; HR-ESI-TOF-M$&Yz 495.1473 ([M+H]), calcd. for [GsH2:NsOg+H]" 495.1463.

4.1.6. N’-(8'-Deoxy-2"-0,4'-C-methylene-5-methyluridin-3'-yl)-C*(4-methylcoumarin-7-
oxymethyl)-1,2,3-triazole (15)It was obtaineds white solid in 88% vyield;R 0.5 (10% MeOH

in CHCL); mp: 166-168 °C; IR (cni, KBr): 3154, 2372, 1701, 1458, 1389, 1277, 114%7]
850, 760; §]p>®= + 3.83 ¢ 0.05, MeOH);'H NMR (400 MHz, DMSOk): & 1.76 (3H, s), 2.34
(3H, s), 3.57 (1H, dJ = 9.2 Hz), 3.84 (1H, d] = 8.4 Hz), 3.96-4.09 (2H, m), 4.85 (1H, s), 5.08
(1H, s), 5.24 (2H, s), 5.47 (1H, J = 6.0 Hz), 5.63 (1H, s), 6.16 (1H, s), 6.97 (1H, 3= 2.0 and



9.2 Hz), 7.07 (1H, d] = 2.4 Hz), 7.62 (1H, d] = 9.2 Hz), 7.67 (1H, s), 8.39 (1H, s), 11.38 (8},
13C NMR (100.6 MHz, DMSC8): & 12.50, 18.21, 56.82, 59.71, 61.53, 71.06, 79.8218 90.39,
101.62, 108.76, 111.38, 112.68, 113.46, 125.56,572@.34.73, 141.88, 150.16, 153.51, 154.70,
160.25, 161.02, 164.10; HR-ESI-TOF-M®(z 510.1620 ([M+H]), calcd. for [GaHsNsOg+H]*
510.1619.

4.1.7. N*-(3'-Deoxy-2"-0,4'-C-methylene-5-methyluridin-3'-yl)-C*(6-chloro-4-
methylcoumarin-7-oxymethyl)-1,2,3-triazole (16)It was obtainedas white solid in 82% yield;
Ri= 0.45 (10% MeOH in CHG); mp: 165-167°C; IR (cni', KBr): 3454, 2345, 1704, 1459, 1388,
1055, 840, 765;dfp*®= + 0.38 ¢ 0.05, MeOH):"H NMR (400 MHz, DMSOsg): § 1.76 (3H, s),
2.36 (3H, s), 3.56 (1H, d, = 8.4 Hz), 3.84 (1H, d] = 8.8 Hz) 3.95-4.09 (2H, m), 4.85 (1H, s),
5.09 (1H, s), 5.34 (2H, s), 5.45 (1HJt 5.6 Hz), 5.63 (1H, s), 6.25 (1H, 8= 1.2 Hz), 7.43 (1H,
s), 7.67 (1H, s), 7.79 (1H, s), 8.41 (1H, s), 11(BH, s);**C NMR (100.6 MHz, DMSQd): &
12.30, 17.97, 56.54, 59.83, 62.58, 71.22, 79.07253690.46, 108.90, 112.28, 113.75, 118.06,
125.65, 126.30, 134.54, 141.50, 150.09, 153.00,285355.61, 159.95, 163.71; HR-ESI-TOF-
MS: m/z 544.1225 ([M+H]), calcd. for [GsH2CINsOg+H]" 544.1230.

4.1.8. N*-(3-Deoxy-2'-0,4'-C-methylene-5-methyluridin-3'-yl)-C*-(4-phenylcoumarin-7-
oxymethyl)-1,2,3-triazole (17).It was obtainedas white solid in 85% yield; {R= 0.55 (10%
MeOH in CHCE); IR (cmi*, KBr): 3422, 2345, 1702, 1458, 1376, 1275, 11555] 859, 757;
[a]p?®= + 4.84 ¢ 0.05, MeOH):"H NMR (400 MHz, DMSOdk): & 1.79 (3H, s), 3.59 (1H, d,=
8.8 Hz), 3.86 (1H, d) = 9.2 Hz), 3.97-4.11 (2H, m), 4.87 (1H, s), 5(1H, s), 5.29 (2H, s), 5.47
(1H, t,J=5.2 Hz), 5.66 (1H, s), 6.23 (1H, s), 6.97 (tH, J=2.4 and 9.6 Hz), 7.24 (1H, 3l
2.4 Hz), 7.33 (1H, dJ = 9.2 Hz), 7.49- 7.56 (5H, m), 7.70 (1H, s), 8(48, s), 11.41 (1H, s}’C
NMR (100.6 MHz, DMSQdg): 6 12.44, 56.76, 59.64, 61.56, 71.00, 79.18, 85.9B19 102.07,
108.79, 111.33, 112.08, 113.00, 125.34, 127.88,452828.89, 129.56, 134.66, 134.85, 141.71,
150.10, 155.05, 155.40, 159.80, 161.35, 164.01B$RTOF-MS:m/z 572.1763 ([M+H]), calcd.
for [CagH2sNsOg+H] " 572.1776.

4.2.X-Ray diffraction studies oiN'-(3'-deoxy-2'0,4'-C-methylene-5-methyluridine-3"-yt*-(4-
phenylcoumarin-7-oxymethyl)-1,2,3-triazd|€7), 4-C-hydroxymethyl-1,20-isopropylideneB-L-
threo-pentofuranosel) and 3-azido-3-deoxy-1,@-isopropylidene-39-methanesulfonyl-4z-

methanesulfonyloxymethyt-p-ribofuranosg2).



Single crystals suitable for X-ray diffraction steslwere grown by dissolving compourfdand

2 in methanol and chloroform mixture, compoudd in DMSO and by allowing slow
evaporation of theolutions at room temperature. The X-ray diffractdata were collected with
graphite-monochromated Mo Ka radiation (I ¥0.718)78t temperature 293 K. The structures
were solved by direct methods using SHELXS-97 afthed by the full-matrideast-squares
method on F2 (SHELXL-97% All calculations were carried out using the Win@Xckage of
the crystallographic program$.For the molecular graphics, the program Mertuwas used.
Molecular structures were drawn as givenFigures 1 and 2, using Mercury software. The

selected bond lengths, bond angles, etc. are givéable 2.

Table 2: X-ray crystal data and structure refineniencompound4d7, 1 and2

Compounds 17 1 2
Empirical Ca9H25Ns0g CoH1606 C11H19N30eS,
formula
Formula 571.17 220.22 401.41
weight
Temperaturs 293(2) K 293(2) K 298(2) K
Wavelength 0.71073 A 0.71073 A 0.71073 A
Crystal Monoclinic Monoclinic Monoclinic
system
Space groug P21 P21 P21

a = 7.8521(15) Ay = 90°

a =5.6443(5) Ag = 90°

a =5.6530 (4) Ay = 90°

Unit cell b = 14.5640(7) Ap = b = 9.4753(6) Ag = 90° b = 15.0897(5) A¢ =

dimensions 78.99(6)° 95.92°
c=14.4304(9) Ay=90° | ¢=9.7937(2) Ay=90° | c=10.141(3) A;=90°
Volume 1619.88(17) A 519.33(6) & 860.42(6) R
Z 2 2 2

Density 1.367 mg / 1.408 mg/ m 1.549 mg / m
(calculated)
Absorption 0.164 mnt 0.119 mmt 0.361 mrt
coefficient

F(000) 698.0 236.0 420.0




Theta range 2.99 to 24.99°. 3.64 to 24.99° 3.86 to 28.46°
for data
collection
Index ranges  -9<h<9, -1&k<17, - -6<h<6, -1kk<11, - -6<h<6, -1=k<17, -
17<I<1 11<1<7 12<1<12
Reflections 5047 3215 9811
collected
Independent 99.8% 99.8% 99.8%
reflections
Reflections| 19474 /5694 [R(int) = 3215/ 1468 [R(int) = 9811/ 3019 [R(int) =
collected / 0.0326] 0.0126] 0.0195]
unique
Refinement| Full-matrix least-squares| Full-matrix least-squares Full-matrix least-square$
method onF? onF2 onF?
Data/ 5694 /1 /432 2650/1/136 3019/1/226
restraints /
parameters
Goodness- 1.053 1.206 0.867
of-fit on F?
Final R R1=0.0752, wR2 = R1 = 0.0405WR2 = R1 = 0.0568WR2 =
indices 0.2159 0.1236 0.1605
[1>20(1)]
R indices R1=0.0918, wR2 = R1=0.0412WR2 = R1 = 0.0589WR2 =
(all data) 0.2300 0.1247 0.1644
Absolute -0.04(8) 1.5(13) 0.04(2)
structure
parameter
Largest diff. -0.749 e B 0.332 and -0.242 e A 1.719 and -0.741 eA
peak and
hole
CCDC No. 1547973 1535099 1535166
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Highlights:

1. A seriesof novel coumarintriazolyl-bicyclonucleosides have been synthesized.
Crystal structure of one coumarintriazolyl-bicyclonucleoside has been reported.
Synthesis of nucleoside monomers with N-configuration.

Photo-physical studies of eight coumarintriazolyl-bicyclonucleoside conjugates.
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