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Abstract: 2,2’-Anhydrouridine has been successfully conwkrieto the appropriate 2’-
amino-2’-deoxyuridine derivatives in a reaction twisothiocyanates obtained from amino
acids ora,w-diaminoalkanes. The initially formed oxazolidingf2one ring is cleaved under
basic conditions into the corresponding 2’-aminb&ituted)-2’-deoxyuridine derivatives.
The implemented additional terminal functionalitythe substituent attached to the 2’-amino
group allows further modifications with e.g. flupttore moiety.

1. Introduction

Since the discovery of puromycin, an amino nuc®ghat inhibits protein synthesis, the
activity of nucleosides possessing an amino graupe sugar moiety is well documented and
several methods of their synthesis have been deseloThe activity of 2-amino-2'-
deoxynucleosides against bacteria, viruses and plgsma was ascertained in both the
purine and pyrimidine seriéd. The analogues of 2'-amino-2’-deoxyuridine (2AU)
containing a 3'- or 2’-hydroxyamino group are cgixit to murine leukaemia L1210 cells.
Novel ribozymes containing 2AU instead of uridiner&v more active imn vitro ligation of

oligodeoxynucleotide&™*
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The analogues of 2AU 5'-diphosphate were considéoede agonists of the human P2Y6
receptor, a member of the G-protein coupled reesptd”® Anotherpractical application of
amino nucleosides related to the presence of anaagroup, is their usage as a conjugation
site for the construction of linkers in oligonudiees chemistry>*° Using this strategy the 2-
furanyl moiety!’*® amino acids? porphyrins?® and coumarirt* were incorporated into the
sugar ring of 2AU and applied as components ofsanse oligonucleotides able to improve
drug efficacy by enhancement of resistance to cteinaind enzymatic degradatitht- Due

to the importance of 2’-amino-2’-deoxynucleosides @otent therapeutics and reactants,
several paths for their synthesis have been deedlopside from the synthesis methods
based on modifications of the monosaccharide migdwefore coupling with the nucleobase,
there are three independent methods for the symsthEs2’-amino-2’-deoxynucleosides
exploiting the transformation of uridine and itgidatives. The first one relies on substitution
of a leaving group by the phthalimide ion, and sejpent cleavage with hydrazitfe* In
another approach, 2,2’-anhydrouridine upon treatméth sodium azide, afforded the 2'-
azido-2'deoxy-derivative. Catalytic reduction ofethazido group gave the desired 2'-
aminoderivativé>?® As both of these reactions occur with inversiorcoffiguration on the
atom bearing the leaving group the starting dermeat should possess the dbabino
configuration, which in the course of reactionnsgarted into Dribo. In the third method the
3’-OH group of 2,2’-anhydrouridine, under treatmenth an excess of trichloroacetonitrile,
afforded 3"O-trichloroacetimidate, which under heating in thegence of catalytic amounts
of trimethylamine easily formed an intramoleculayclic product, oxazolind®*° The
oxazoline when treated with ethanolic sodium hydtexinitially forms the 2'N,3-O-
oxazolidin-2-one intermediate, which on prolongedtng gave 2’-amino-2’-deoxyuridine in

70-80% vield®



In this report we present another approach invglvithe use of 50-trityl-2,2'-
anhydrouridine, which under basic conditions, uptveatment with the appropriate
isothiocyanates (prepared from the methyl esteranoio acids or mono-protected w-
diaminoalkanes), afforded the corresponding tettedfyuro[3,4d]-oxazole-2(3)-thione
derivatives. We explored two ways for the preparatf the final products. In the first one,
tetrahydrofuro[3,4d]-oxazole-2(#)-thiones were transformed by a ring opening readtto
N-substituted 2’-amino-2’-deoxy-30-trityluridine derivatives under basic conditiorns.the
case of amino acid derivatives under applied cardif the methyl ester group is also
hydrolysed. The opposite sequence of reactionsappbed in the case ™-Boc derivatives;
the trityl protection was done prior to the oxaz®(8H)-thione ring cleavage. In both cases

the yield of desired 2’-amino(substituted)-2’-deaxdine is satisfactory.
2. Results and discussion

The starting 2,2’-anhydrouridirwas prepared according to the known methadoiding to
use of HMPA. Commercially available uridine wasated with diphenyl carbonate in the
presence of sodium bicarbonate in DMF solutionCei(8 Reaction occurred smoothly (2 h to
complete) an@® was isolated in 90% vyield (Scheme 1). For theqmtoin of the 5’-hydroxyl
group, the trityl group was selected due to itiitg under basic conditions. Tritylation was
performed according to known reported metffodjth slight modification. The reaction was
carried out in a mixture of anhydrous DMSO and ¢y in the ratio 9:1 (v:v) at room
temperature. The BD-trityl-2, 2’-anhydrouridine3 was obtained in 73% yield. At the same
time in parallel experiments the second reactamsthiocyanates derived from the
compounds possessing a primary amino group, werihesized. There are several methods
for the transformation of primary amines into isotlyanates. Usually carbon disulphiti&

or thiophosgen® is used as a source of thiocarbonyl group. Asath@o group donors we

selected methyl esters of amino acids and-diaminoalkanes. In the latter, one of the amino
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groups was protected as th&l-Boc derivative. Initially amino acids were reactetth
methanol in the presence of thionyl chloride givthg methyl esters as their hydrochlorides
in the crystal fornt® Mono protected NHBoc a, w-diaminoalkanes were received from

commercial sources.
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Scheme 1. Synthesis of &-trityl-2,2’-anhydrouridine

The preparation of isothiocyanates was performed itwo-phase system. A suspension of
the selected amino compourd-g in chloroform and an aqueous saturated solution of
sodium bicarbonate, was treated with an excedsigbphiosgene (1.5 eq.) at room temperature
(Scheme 2). The progress of reaction was monitbsedLC (30% EtOAc:n-hexane) and

after disappearance of the amino compounds théaeauixture was diluted with cold water.
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Scheme 2. Synthesis of isothiocyanates derived &mimo compounds

Work up and purification on silica gel gave the rappiate isothiocyanateésa-g in yields of
58%-75% and with sufficient purity for the nextst&he reaction of 2, 2’-anhydrouridide

with isothiocyanate$a-g was carried out in a solution of acetonitrile e foresence of 1,8-



diazabicyclo[5.4.0Jundec-7-ene (DBU) as a base €8&h3). The isothiocyanates and base
were used in a twofold excess with respect to ardwdline3. The reaction was carried out

at room temperature and finished after disappeararicthe uridine substrate (TLC, 5%

MeOH:CHCE).
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Scheme 3. Synthesis of ZHsubstituted)amino-2’-deoxyuridine derivatives

Purification using column chromatography (20% MeOH;Cl,) gave the desired
tetrahydrofuro[3, 4d]-oxazole-2(3)-thione derivativeHa-g in yields of 54-87%. The key
step of the synthetic pathway involved cleavagéhef[3, 4d]-oxazole-2(3)-thione ring in
uridine derivativeb. In the case of compoun@s-d, having a methyl alkanoate back bone, the
oxazole-2(8l)-thione ring was easily opened when treated withagueous solution of
sodium hydroxide at elevated temperature. Undesetloenditions the ester group present on

the 2'N-alkyl terminal position was also cleaved ahdere obtained in satisfactory yields of

65-73%. Deprotection of the 5’-hydroxyl group wasreed out at room temperature under



acidic conditions giving the final producg&a-d in good yield. For compoundseg we
explored another approach for the preparation ef fihal products. According to our
observation the oxazole-243}-thione ring in6 is resistant under acidic conditions at room
temperature. This fact permits removal of both grbihg groups, carbamate present infhe
Boc fragment of6, and the 5'O-trityl ether simultaneously. Wheeg was treated with
hydrochloric acid in acetonitrile solution at rootemperature, bothN-Boc and trityl
protecting groups were removed a@ac derivatives were isolated in good yield. The final
products8e-g were obtained by oxazole-2{3-thione ring opening in the presence of base in

yields of 88% - 92% (Scheme 3).
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Scheme 4. Formation of tetrahydrofuro[3J]4exazole-2(31)-thione derivatives
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Scheme 5. Introduction of fluorophore unit intoa2iinofunctionalized uridine

The formation 06 can be explained as a result of reaction sequenitieged by the reaction
of the 3-OH group of the anhydrouridine with ismityanate. The initially formed
thiocarbamate is deprotonated by DBU resultingntramolecular nucleophilic attack on the
carbon C-2’ of anhydrouridine. Theeythro configuration of the 3’-OH group i@ determines
the side of attack by the deprotonated thiocarbarmait and subsequent formation of the

[3,4-d]-oxazole-2(#)-thione ring (Scheme 4). A similar intermediate,amely



tetrahydrofuro[3,4d]Joxazol-2(3H)-one was postulated in the reaction of 2,2’-anbyddine

with O-benzyl hydroxylamine in the presence MifN'-carbonyldiimidazole® The resulting
3’-O-(benzyloxyamino)carbonyl derivative was convert@do the corresponding 2'-
(benzyloxyamino)-2'N,3’-O-carbonyl derivative under treatment with catalygimounts of

DBU.

Finally we explored the usefulness of the obtaimedine derivatives in the synthesis of
conjugates with a common fluorophore (Scheme®"8). Thus 8g reacted with
benzofelisochromene-1,3-diong&0a and its 6-bromo derivativeOb at elevated temperature

to give the corresponding imide conjugatdsn very good yield.

3. Conclusion
We have devised a new approach for the synthesi&-afmino-2’-deoxyuridine

derivatives where the amino group bears a linké¢h an additional functional group located
on the terminal carbon atom, either a carboxyliamino group. By the choice of the order of
deprotection steps is possible to selectively remtbe trityl and N-Boc protecting groups and
retain the oxazolidine-2-thione ring. Under basinditions the oxazolidine-2-thione ring is
cleaved together with the ester group presentar2tiNH-linker, whereas the %-trityl and
N-Boc groups are retained. The terminal functionabug can be used for further
functionalization of the uridine e.g. conjugatioittwa fluorophore unit.

4. Experimental

4.1.General

All reagents and solvents were of analytical gramtgained from commercial suppliers and
used without further purification except for g, which was distilled prior to use and
MeCN purified by distillation from s and dried through storage over activated 3A

molecular sieves. Anhydrous pyridine was dried o@H pellets. Anhydrous BN was



dried through storage over activated 4A molecuieves. All reactions were monitored by
TLC using silica-gel-coated aluminium plates withl@orescence indicator (Sp360, Fsy)
and were visualized by UV light. Column chromatgina was performed using silica gel
packed columns (particle size 0.040-0.063 mm, Mertk NMR spectra were recorded on a
Varian 600 MHz System or Agilent 400 MHz Spectroang’C NMR spectra were recorded
at 150 MHz or 100 MHz, respectively. Chemical shiftere measured relative to residual
non-deuterated solvent resonances. Melting poietg Wetermined using a Boethius M HMK
hot-stage apparatus. IR spectra were recordelllionlet 6700 FT-IR Spectrometer (Thermo
Scientific). High-resolution electrospray ionisatimass spectroscopy (ESI-MS) experiments
were performed using a Waters Xevo G2 QTOF instnirequipped with an injection system
(cone voltage 50 V; source 120 °C).

2, 2-Anhydrouridine2®! and 5"O-trityl-2, 2’anhydrouridine3** was obtained in yields of
89% and 75%, respectively. Methyl esters of setbataino acids were prepared according to
literature datd® N-Boc-1,4-butanediamine anN-Boc-1,6-hexanediamine were purchased
from Sigma-Aldrich.

4.2. Typical procedure for preparation of isothiocynates 5a-g

To a mixture of sodium bicarbonate solution (10,rsht. aq.) and Ci€l, (10 mL) the
hydrochloride of amino acid methyl est&a-d or N-Boc-mono-protected,w-diaminoalkane
(15mmol)4e-gwas added. The reaction mixture was cooled dowh’® and a solution of
thiophosgene (15 mmol) in GBI, (5mL) was added dropwise while stirring. After 30-6
min. TLC indicated a total disappearance of subst(@LC, 30% EtOAai-hexane). The
organic layer was separated and the aqueous lagexiracted with Cil, (3x10 mL). The
organic extracts were collected together, dried.§08) and the solvent was evaporated under
diminished pressure. The residual oil was purifiedsilica gel (30% EtOAothexane) and

afforded the desired isothiocyanates as viscouswalils.



4.2.1. Methyl 2-isothiocyanatoacetate 5a.° Yield 58% (1.24 g)dy (600 MHz,CDCly) 3.84 (s,
2H), 4.26 (s, 3H)dc (150 MHz, CDC}) 166.6 (C=0), 138.4 (C=S), 53.2, 46.3; MS (ESI)

[M+H] " calcd for GHgNO»S=132.0119, Found 132.0126;(B0% EtOAch-CgH14) 0.52.

4.2.2. Methyl 3-isothiocyanatopropanoate 5b.*° Yield 59% (1.28 g)3y (600 MHz, CDCl)
2.71 (t, 6.6 Hz, 2H), 3.75 (s, 3H), 3.82.0t6.6 Hz, 2H):5¢ (150 MHz, CDC})170.3,126.9,
52.2,40.8, 34.4; MS (ESI) [M+H] calcd for GHgNO,S=146.0276, Found=146.0281; R

(30% EtOACh-CeH14) 0.49.

4.2.3. Methyl 4-isothiocyanatobutanoate 5¢.*° Yield 75% (1.79 g):34 (600 MHz, CDCl)
2.00-2.05 (m, 2H), 2.48 (8, 7.2 Hz, 2H), 3.64 (tJ 6.6 Hz, 2H), 3.70 (s, 3H}c (150 MHz,
CDCl;) 172.5, 130.5, 51.7, 44.3, 30.5, 25MS (ESI) [M+Na] calcd for GHyNO,SNa=

182.0252, Found=182.0250; (0% EtOAch-CgH14) 0.47.

4.2.4. Methyl 6-isothiocyanatohexanoate 5d. Yield 71% (1.99 g); FT IR [ATR;, cnmi] 2048,
1746, 436, 1208, 1150, 105&; (600 MHz, CDC}) 1.43-1.48 (m, 2H), 1.65-1.75 (m, 4H),
2.40 (t,J 7.8 Hz, 2H), 3.53 (J 6.6 Hz, 2H), 3.68 (s, 3HJc (150 MHz, CDC}) 173.7, 128.0,

51.6, 44.9, 33.7, 26.1, 26.0, 24NIS (ESI) [M+Na] calcd for GH13NO,SNa=210.2491,

Found=210.2490; R30% EtOAch-CesH14) 0.46.

4.2.5. t-Butyl 2-isothiocyanatoethylcarbamate 5e** Yield 63% (1.91g), white solid; Mp 63-64
°C [65°C]*% FT IR [ATR,v cnil] 2932, 2095, 1687, 1510, 1168; (400 MHz, CDCY) 1.46
(s, 9H), 3.41-3.36 (M, 2H), 3.65 (1,5.7 Hz, 2H), 4.93 (br. s, 1HJc (100 MHz, CDC})
155.6, 132.3, 80.1, 45.4, 40.8, 28.3; MS (ESI) [MF calcd for GH1sN,0,S=203.0854,

Found=203.0850; R5% MeOH/CHC}) 0.56.

4.2.6. t-Butyl 4-isothiocyanatobutylcarbamate 5f.** Yield 60% (2.1 g) white semisolidb
(600 MHz, CDC}) 1.45 (s, 9H), 1.58-1.65 (m, 2H), 1.70-1.77 (m) 28416 (q,J 9.6 Hz, 2H),
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3.59 (t,J 9.6 Hz, 2H), 4.63 (br s, 1H); 8¢ (150 MHz, CDC}) 155.6, 132.3, 80.1, 45.4, 40.8
MS (ESI) [M+ H[' calcd for GoHioN0,S=231.1167, Found=231.1158; R (5%

MeOH/CHCE) 0.62.

4.2.7. t-Butyl 6-isothiocyanatohexylcarbamate 5g.%% Yield 72% (2.8 g) white semisolidy
(600 MHz, CDC}) 1.31-1.54 (m, 15H), 1.67-1.74 (m, 2H), 3.13d.4 Hz, 2H), 3.51 (tJ
6.4 Hz, 2H), 4.59 (br s, 1Hdc (150 MHz, CDC}) 155.9, 129.8, 79.0, 44.9, 40.3, 29.8, 29.8,
28.8, 26.2, 25.9; MS (ESI) [M+HT calcd for GoH2aN»0,S=259.1480, Found=259.1493; R;

(5% MeOH/CHCHY) 0.74.

4.3. Typical procedure for preparation of compoundsa-g

To a suspension of ®&-trityl-2,2'-anhydrop-D-uridine 3 (1.7 mmol) in anhydrous MeCN (5
mL), isothiocyanate$a-g (3.4 mmol) and DBU (3.4 mmol) were added undeoargifter
completion of the reaction (TLC, 5% MeOH/CHYthe reaction mixture was washed with an
aqueous solution of citric acid (10%, 2 x 10 mLheTaqueous layer was extracted with
EtOAc (3x5 mL). The combined organic layers weresheal with HO (5 mL), dried
(N&SOy) and concentrated. Purification of the crude pobdhy column chromatography (5%

MeOH/CHCE) gave the compounék-6g as a white solid.

4.3.1. Methyl 2-((3aR4R,6R,6a9)-4-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-thioxo-6-
(trityloxymethyl)tetr ahydrofur of 3,4-d] oxazol-3(2H)-yl)acetate 6a. Yield 87% (0.89 g); Mp
147-149°C; FT IR [ATRV Cm'l] 2953, 1679, 1541, 1448, 1251, 1208, 100600 MHz,
CDCl;) 3.52-3.54 (dd,) 11.4, 3.0 Hz, 1H), 3.60-3.63 (dd,11.4, 4.2 Hz, 1H), 3.70 (s, 3H),
3.89-3.95 (m, 2H), 4.56-4.62 (m, 1H), 4.83-4.86 (iH), 5.41 (dJ 7.8 Hz, 1H), 5.45-5.46
(m, 1H), 6.06 (d,J 1.8 Hz, 1H), 7.27-7.36 (m, 15H), 7.67 (7.8 Hz, 1H), 9.25 (s, 1H}c

(150 MHz,CDCl;) 188.0, 168.3, 163.1, 150.32, 142.7, 139.2, 12828.2, 127.7, 102.7,
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90.5,87.9, 86.2, 80.9, 71.6, 62.1, 52.7, 48.4; MS (S®I¥H]" calcd for GoH3oN30;S=

600.1804, Found600.1802; R(5% MeOH/CHC}) 0.40.

4.3.2. Methyl 3-((3aR4R,6R,6a9)-4-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-thioxo-6-
(trityloxymethyl)tetrahydrofur o[ 3,4-d] oxazol-3(2H)-yl)propanoate 6b. Yield 54% (0.56 g);
Mp 106-107°C; FT IR [ATR,v cm?] 2925, 1683, 1447, 1258, 1202, 10@;(600 MHz,
CDCly) 2.73-2.77 (m, 2H), 3.05-3.30 (m, 1H), 3.53-3.62 (H), 3.69 (s, 3H), 3.91-3.96 (m,
1H), 4.22-4.26 (m, 1H), 4.43-4.45 (m, 1H), 4.9464(@n, 1H), 5.40 (d,) 7.8 Hz, 1H), 5.44-
5.46 (m, 1H), 6.12 (d) 1.8 Hz, 1H), 7.28-7.38 (m, 15H), 7.67 (d7.8 Hz, 1H), 9.23 (s, 1H);
dc (150 MHz, CDC$)186.6, 172.9, 163.0, 150.2, 143.0, 139.9, 1288.30, 128.8, 103.4,
90.4, 87.9, 85.80.9, 71.2, 62.5, 52.3, 42.7, 31.5; MS (ESI) [M¥idlcd for GsH3N30,S=

614.1961, Found=614.1960; (8% MeOH/CHC}) 0.45.

4.3.3. Methyl 4-((3aR 4R 6R,6a9)-4-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-thioxo-6-
(trityloxymethyl)tetrahydrofuro[ 3,4-d] oxazol-3(2H)-yl)butanoate 6c. Yield 69% (0.73 g); FT
IR [ATR,v cm’] 2927, 1683, 1446, 1256, 1201, 10@3;(600 MHz, CDC}) 2.00-2.05 (m,
2H), 2.43-2.46 (m, 2H), 3.52 (dd,10.8, 3.6 Hz, 1H), 3.60 (dd,10.8, 3.0 Hz, 1H), 3.66 (s,
3H), 4.10-4.17 (m, 2H), 4.43-4.45 (m, 1H), 4.75,(d®.0, 1.8 Hz, 1H), 5.38 (dd, 9.0, 4.8
Hz, 1H), 5.42 (dd) 8.4, 2.4 Hz, 1H), 6.05 (d, 2.4 Hz, 1H), 7.26-7.30 (m, 15H), 7.69 (,
7.8 Hz, 1H), 9.45 (s, 1H®c (150 MHz, CDC}) 186.8, 173.7, 163.1, 150.2, 142.9, 139.9,
128.7, 128.3, 127.8, 103.2, 90.3, 87.9, 86.1, 803, 62.4, 52.0, 46.5, 31.1, 21.4; MS (ESI)

[M+H] " calcd for G4H34N207S =628.2117, Found=628.2115;(B% MeHO/CHC}) 0.64.

4.3.4. Methyl 6-((3aR 4R 6R,6a9)-4-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-thioxo-6-
(trityloxymethyl)tetrahydrofur of 3,4-d] oxazol-3(2H)-yl)hexanoate 6d. Yield 81% (0.89 g); Mp
65-66°C; FT IR [ATR,v cmi’] 2929, 1685, 1448, 1255, 1207, 10@6;(600 MHz, CDC})

1.39-1.40 (m, 2H), 1.65-1.69 (m, 4H), 2.31-2.34 @Hl), 3.55-3.60 (m, 4H), 3.65 (s, 3H),

11



4.42-4.44 (m, 1H), 4.62-4.64 (dd,9.0, 2.4 Hz, 1H), 5.39-5.40 (m, 2H), 6.06-6.07Jd,.8
Hz, 1H), 7.27-7.37 (m, 15H), 7.70 (d,1.8 Hz, 1H), 9.55 (s, 1HY%c (150 MHz, CDC})
186.5, 174.0, 163.0, 150.1, 142.8, 139.6, 128.8,212127.7, 103.2, 89.8, 87.9, 86.0, 79.9,
70.5, 62.17, 51.6, 47.0, 33.8, 26.0, 25.6, 24.4; (@SI) [M+H]" calcd for GgHagNsO;S=

656.2430, Found = 656.2430; (8% MeOH/CHC}) 0.65.

4.35. t-Butyl 2-((3aR 4R 6R,6a9)-4-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-thioxo-6-
(trityloxymethyl)tetrahydrofur o[ 3,4-d] oxazol-3(2H)-yl)ethylcarbamate 6e  Yield 65% (0.74
9); FT IR [ATR,v cm] 2934, 1686, 1449, 1254, 1158; (400 MHz, DMSO-@) 1.34 (s, 9H),
3.17-3.22 (m, 2H), 3.26 (dd,10.4, 4.4 Hz, 1H), 3.31-3.33 (br, 1H), 3.40-3.47, RH), 3.98-
4.04 (m, 1H), 4.30 (dt] 6.4, 4.4 Hz, 1H), 5.02 (d,8.0 Hz, 1H), 5.26 (dd] 8.8, 4.8 Hz, 1H),
5.60 (dd,J 8.0, 2.0 Hz, 1H), 6.00 (d, 2.4 Hz, 1H), 6.94 (t) 6.0 Hz, 1H), 7.20 (d] 8.0 Hz,
1H), 7.25-7.40 (m, 15HX¢ (100 MHz, DMSO-@) 186.2, 163.1, 155.6, 150.1, 143.3, 142.2,
128.2, 127.9, 127.1, 102.1, 91.1, 86.3, 85.1, 827X, 68.3, 63.4, 46.3, 36.5, 28.1; HRMS
(ESI) [M+H]" calcd for GeHagN4O;S=671.2539, Found=671.2534; 8% MeOH/CHCI,)

0.65.

4.3.6. t-Butyl 4-((3aR 4R 6R,6a9)-4-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-thioxo-6-
(trityloxymethyl)tetrahydrofur o[ 3,4-d] oxazol-3(2H)-yl)butylcarbamate 6f. Yield 87% (1.03
g9); Mp 109-110°C; FT IR [ATR,v cm] 2938, 1684, 1446, 1258, 1157,749;(600 MHz,
DMSO-ds) 1.36-1.39 (m, 11H), 1.53-1.63 (m, 2H), 2.88-2(8Y, 2H), 3.28 (ddJ 10.2, 4.2
Hz, 1H), 3.42 (ddJ 10.2, 6.6 Hz, 1H), 3.83-3.88 (m, 2H), 4.30 (dit6.6, 4.8 Hz, 1H),
4.97(dd,J 8.4, 2.4 Hz, 1H), 5.32 (dd,8.4, 4.8 Hz, 1H), 5.57 (d, 7.8 Hz, 1H), 6.00 (d] 1.8
Hz, 1H), 6.78 (t] 5.4 Hz, 1H), 7.28-7.40 (m, 15H},72 (d,J 7.8 Hz, 1H), 11.46 (s, 1HJic

(150 MHz, DMSO-¢) 185.6, 163.0, 155.5, 150.2, 143.2, 141.9, 12827,9, 127.1, 101.9,
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90.7, 86.3, 85.2, 81.6, 77.3, 68.1, 63.2, 46.00,4P8.2, 26.7, 22.5; MS (ESI) [M+HFalcd

for CigH43N40;S5=698.2774, Found:698.277Q;(Ei% MeOH/CFiCb) 0.43.

4.3.7. t-Butyl 6-((3aR4R,6R,6aS9)-4-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-thioxo-6-
(trityloxymethyl)tetrahydrofuro[ 3,4-d] oxazol-3(2H)-yl)hexylcarbamate 6g. Yield 76% (0.82
g9); Mp 89-90°C; FT IR [ATR,v cm'] 2936, 1686, 1447, 1256, 1159, 748;(600 MHz,
DMSO-d) 1.22-1.26 (m, 4H), 1.34-1.37 (m, 11H), 1.53-1(68 2H), 2.88 (dd,) 13.6, 6.6
Hz, 2H), 3.27 (ddJ 10.4, 4,1 Hz, 1H), 3.35 (dd,10.4, 6.6 Hz, 1H), 3.43-3.47 (m, 1H), 3.84
(ddd,J 13.8, 9.5, 6.8 Hz, 1H), 4.30 (d#i6.6, 4.1 Hz, 1H), 4.96 (dd,8.4, 2.4 Hz, 1H), 5.30
(dd,J 8.4, 4.1 Hz, 1H), 5.57 (dd, 7.8, 2.2 Hz, 1H), 6.00 (d,2.2 Hz, 1H), 6.73 (t) 5.4 Hz,
1H), 7.27-7.40 (m, 15H), 7.70 (d,7.8 Hz, 1H), 11.45 (dJ 2.2 Hz, 1H); &c (150 MHz,
DMSO-ds) 185.3, 163.1, 155.6, 150.2, 143.3, 141.8, 12823.0, 127.2, 102.1, 90.5, 86.4,
85.0, 81.6, 77.3, 68.1, 63.2, 46.3, 39.8, 29833, 25.9, 25.8, 25.2; MS (ESI) [M+H]" calcd

for C4oHa7N4O7S=727.3165Found=727.3164; R; (5% MeOH/CHCI,) 0.42.

4.4. Preparation of 2’-amino-2’-deoxyuridine derivdives 7a-d and 8e-g

Compound6a-d or 9a-c (0.5 mmol) was dissolved in aqueous ethanol (10BtQH, 2 mL
H,O) containing NaOH (10 mmol). The reaction mixtwas refluxed for two hours (TLC,
10% MeOH:CHCY). After disappearance of substrate, the reactipmune was cooled down,
portioned between EtOAc (50 mL) and®(20 mL) and neutralized with 20% aq. HCI. The
organic layer was separated, and the aqueous@olutis extracted with EtOAc (2 x 10 mL).
The organic extracts were combined, dried (MgS&hd the volatiles were removed under
diminished pressure. Purification of the residuestica gel using gradient MeOH (10% to
50% in CHCI,) gave the producta-d or 8e-g as a white semisolid.

44.1. 2-((2R, 3R, 4S 5R)-2-(2, 4-Dioxo-3, 4-dihydropyrimidin-1(2H)-yl)-4-hydroxy-5-

(trityloxymethyl)tetrahydrofuran-3-ylamino)ethanoic acid 7a. Yield 66% (0.18 g); FT IR
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[ATR,v cm?] 3058, 1686, 1245, 1112, 1078, 76%;(600 MHz, DMSO-¢) 3.13-3.17 (m,
2H), 3.21-3.48 (m, 5H), 4.07 (d,3.0 Hz, 1H), 4.26-4.32 (m, 2H), 5.36 @8.0 Hz, 1H),
7.23-7.54 (m, 15H), 5.80 (s, 1H), 7.74 J&B.0 Hz 1H), 11.41 (s, 1H); 8¢ (150 MHz, DMSO-
ds) 163.43, 151.06, 143.81, 140.77, 128.74, 128.84,.61, 101.88, 87.71, 86.92, 83.85,
74.07, 68.76, 64.11, 63.86, 55.33, 49.58; MS (@#H] " calcd for GoHzoN:07=544.2084,

Found=544.2082; R10% MeOH/CHCI,) 0.22.

4.4.2. 3-((2R3RA4S5R)-2-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-hydroxy-5-(trityl oxy
methyl)tetrahydrofuran-3-ylamino)propanoic acid 7b. Yield 65%(0.18 g); FT IR [ATR,vcm
l] 3058, 1683, 1563, 1448, 1405, 1270, 1082, #3600 MHz, DMSO-¢) 2.14-2.31 (m,
4H), 2.72 (tJ 6.2 Hz, 2H), 3.16-3.22 (m, 3H), 3.32 (dd10.5, 4.9 Hz, 1H), 3.99 (d,3.6 Hz,
1H), 4.20-4.26 (m, 2H), 5.36 (d,8.1 Hz, 1H), 7.23-7.46 (m, 15H), 7.66 (8.1 Hz, 1H),
11.45 (s, 1H); &c (150 MHz, DMSO-¢) 171.70, 170.79, 158.48, 151.24, 148.29, 136.13,
135.86, 135.04, 109.47, 94.86, 94.31, 91.45, 76/530, 71.59, 52.00, 44.56; MS (ESI)

[M+H] " calcd for GiHsN3O7=558.2240, Founes58.2238; Rr (10% MeOH/CHCI,) 0.26.

4.4.3. 4-((2R3R4S5R)-2-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-hydroxy-5-(trityl oxy
methy! )tetrahydrofuran-3-ylamino)butanoic acid 7c. Yield 73%(0.21 g); FT IR [ATR,v cm’]
3058, 1686, 1557, 1447, 1404, 1270, 1082, 641600 MHz, DMSO-¢) 1.56-1.66 (m, 2H),
2.16-2.25 (m, 2H), 2.56-2.58 (m, 2H), 3.17-3.25 BH), 3.33 (dd,) 10.5, 4.8 Hz, 1H), 4.00
(dd,J 7.9, 4.0 Hz, 1H), 4.18 (dd,5.1, 4.4 Hz, 1H), 5.35 (d,8.1 Hz, 1H), 5.71 (d] 6.2 Hz,
1H), 7.24-7.43 (m, 15H), 7.67 (d,8.1 Hz, 1H), 11.34 (s, 1H); & (150 MHz, DMSO-¢)
162.8, 150.5, 143.3 140.3, 128.2, 127.9, 127.1,51@ .0, 86.4, 83.7, 68.2, 63.54, 63.2, 46.6,
31.7, 25.0; MS (ESI) [M+H] calcd for GoH3N307=572.2397, Founeb72.2395; Rr (10%

MeOH/CH:CI,) 0.26.
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4.4.4. 6-((2R, 3R, 4S 5R)-2-(2, 4-Dioxo-3, 4-dihydropyrimidin-1(2H)-yl)-4-hydroxy-5-(trityl
oxymethyl)tetrahydrofuran-3-ylamino)hexanoic acid 7d. Yield 71% (0.21 g)FT IR [ATR,Vv
cm] 3059, 1687, 1549, 1447, 1270, 1083, 7&H600 MHz, DMSO-@) 1.26 (dtJ 14.1, 7.1
Hz, 2H), 1.35-1.43 (m, 4H), 1.45-1.57 (m, 4H), 2(18] 7.3 Hz, 2H), 2.56 (dd] 11.6, 5.2
Hz, 1H), 3.16-3.35 (m, 3H), 3.90-4.05 (m, 1H), 44122 (m, 1H), 5.37 (dJ 8.0 Hz, 1H),
5.71 (d,J 5.2 Hz, 1H), 7.28-7.41 (m, 15H), 7.67 (8.0 Hz, 1H), 11.35 (s, 1H); &c (150
MHz, DMSO-¢;) 174.34, 162.83, 150.54, 143.33, 140.35, 128.23,98, 127.14, 101.55,
87.52, 86.42, 83.75, 68.22, .63, 47.11, 33.61, 26.15, 24.37; MS (ESI) [M+HJ calcd for

Ca4H33N307=600.2710, Found=600728; R: (10% MeOH/CHCI,) 0.31.
4.5. Preparation of 8a-d and 9a-c

Protected derivative of uridinga-d or 6e-g (0.6 mmol) was dissolved in GAl, (10 mL) and
treated with concentrated HCI (0.3 mL, d=1.18 g/rBl3 mmol) at room temperature. After
completion of the reaction (TLC, 1%t in 50%MeOH/CHCI,), H,O (10 mL) was added
and the reaction mixture was neutralized with sdaad NaHCQ solution. The water layer
was washed with C¥€l, (2 x 3 mL) and the organic layer discarded. Théewaas removed
under diminished pressure and the residue wasldegssan minimal amounts of MeOH and

purified by column chromatography (1%sHEtin 50%MeOH/CHCI,).

45.1. 2-((2R, 3R, 4S 5R)-2-(2, 4-Dioxo-3, 4-dihydropyrimidin-1(2H)-yl)-4-hydroxy-5-(hydro
xylmethyl)tetrahydrofuran-3-ylamino)acetic acid 8a Yield 93% (0.17 g) white semisolid; FT
IR [ATR,V cm?] 3224, 1687, 1581, 1396, 1271, 1094, 834(600 MHz, BxO) 3.84 (ddJ
12.7, 4.0 Hz, 1H), 3.90 (dd,12.7, 3.1 Hz, 1H), 3.92-3.96 (m, 1H), 4.00-4.05 (iH), 4.24
(dd,J 6.7 Hz, 6.0 Hz, 1H), 4.31-4.34 (m, 1H), 4.67 (6.0, 3.1 Hz, 1H), 5.97 (d, 8.1 Hz,

1H), 6.37 (d,J 6.7 Hz, 1H), 7.92 (dJ 8.1 Hz, 1H);8 (150 MHz, DO) 169.23, 165.95,
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151.78, 141.08, 103.06, 86.80, 85.66, 68.31, 6B045, 47.22; MS (ESI) [M+H]calcd for

C11H16N307=302.0988, Found=302.0986; (0% MeOH/CHCI,) 0.28.

45.2. 3-((2R,3R,4S5R)-2-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-hydroxy-5-(hydroxy
methyl)tetrahydrofuran-3-ylamino)propanoic acid 8b. Yield 89% (0.17 g) white semisolid;
FT IR [ATR,v cmi] 3229, 1682, 1575, 1396, 1273, 1107, 1052, &L5600 MHz, DO)
2.53-2.62 (m, 2H), 3.15-3.25 (m, 2H), 3.85 (dd,2.6, 4.2 Hz, 1H), 3.91 (dd,12.6, 3.6 Hz,
1H), 3.92-3.94 (m, 1H), 4.29-4.31 (m, 1H), 4.62,(d.0, 3.0 Hz, 1H), 5.98 (d} 8.4 Hz,
1H), 6.20 (d,J 6.6. Hz, 1H), 7.95 (dJ 8.4 Hz, 1H);5c (150 MHz, BO) 170.3, 168.7, 154.5,
144.0, 1055, 89.1, 71.1, 65.3, 63.6, 46.7, 36.6S MESI) [M+H] calcd for

C12H18N307=316.1144, Found=316.1142; (0% MeOH/CHCI,) 0.29.

45.3. 4-((2R,3R4S5R)-2-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-hydr oxy-5-(hydroxy
methyl)tetrahydrofuran-3-ylamino)butanoic acid 8c. Yield 82% (0.16 g) white semisolid; FT
IR [ATR,ch'l] 3240, 1674, 1545, 1409, 1271, 1104, 1050, &L5600 MHz, O) 1.96
(dt, J 13.8, 7.0 Hz, 2H), 2.33 (8 7.0 Hz, 2H), 2.98-3.17 (m, 2H), 3.83 (dH12.6, 4.2 Hz,
1H), 3.86 (ddJ 12.6, 3.6 Hz, 1H), 3.96-3.98 (1,6.4 Hz, 1H), 4.27 (dd] 6.4, 3.1 Hz, 1H),
4.61 (dd,J 5.6, 2.8 Hz, 1H), 5.97 (d, 8.1 Hz, 1H), 6.26 (dJ 7.1 Hz, 1H), 7.91 (d] 8.1 Hz,
1H); ¢ (150 MHz, O) 184.4, 168.6, 154.4, 143.9, 105.7, 89.1, 8813),764.6, 63.6, 49.6,
37.4, 25.7; MS (ESI) [M+H] calcd for GsH20N30,=330.3137, Found=330.3135; B30%

MeOH/CH:CI,) 0.32.

454. 6-((2R, 3R, 4S 5R)-2-(2, 4-Dioxo-3, 4-dihydropyrimidin-1(2H)-yl)-4-hydroxy-5-
(hydroxy methyl)tetrahydrofuran-3-ylamino)hexanoic acid 8d. Yield 95% (0.20 g) white
semisolid; FT IR [ATRy cm’] 3259, 1686, 1448, 1271, 1079, 853,600 MHz, B0) 1.39-
1.41 (m, 2H), 1.58-1.64 (m, 2H), 1.72-1.80 (m, 2MP1 (t,J 7.4 Hz, 2H), 3.10-3.19 (m, 2H),

3.85 (dd,J 12.6, 4.0 Hz, 2H),3.89 (dd,12.6, 3.2 Hz, 1H), 4.11 (dd,7.1, 6.0 Hz, 1H), 4.30-
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4.33 (m, 1H), 4.66 (ddl 6.0, 2.6 Hz, 1H), 5.98 (d,8.1 Hz, 1H), 6.35 (d] 7.1 Hz, 1H), 7.92
(d, J 8.1 Hz, 1H);3c (150 MHz, DO) 182.8, 165.9, 151.7, 144.2, 103.2, 86.8, 85814,6
61.8, 60.9, 47.0, 36.6, 25.5, 25.4, 25.0; MS (E®HH]* calcd for GsH,4N3O7= 358.1614,

Found: 358.1614; §30% MeOH/CHCI,) 0.30.

455. 1-((2R,3R,4S,5R)-3-(2-Aminoethyl amino)-4-hydr oxy-5-(hydr oxymethyl ) tetrahydro
furan-2-yl)pyrimidine-2,4(1H,3H)-dione 8e Yield 91% (0.15 g) white semisolid; FT IR
[ATR,v cm’] 3348, 1680, 1566, 1387, 1263, (600 MHz, BxO) 2.89-2.95 (m, 2H), 3.28-
3.33 (m, 2H), 3.84 (dd] 12.6, 4.2 Hz, 1H), 3.90 (dd,12.6, 3.6 Hz, 1H), 3.95-3.98 (m, 2H),
4.27-4.30 (m, 2H), 4.60 (dd,6.0, 3.0 Hz, 1H), 5.97 (d,8.4 Hz, 1H), 6.22 (d] 6.6. Hz, 1H),
7.98 (d,J 8.4 Hz, 1H);3¢c (150 MHz, DO) 169.8, 166.7 , 153.2, 143.7, 105.2, 89.0, 712.0,
65.1, 63.2, 48.7, 43.6; MS (ESI) [M+HTalcd for G1H1gN4Os=287.1355, Found=287.1355;

R; (40% MeOH/CHCI,) 0.20.

4.5.6. 1-((2R,3R,4S5R)- 3-(4-Aminobutyl amino)-4-hydr oxy-5- (hydr oxymethyl tetrahydro
furan-2-yl)pyrimidine-2,4(1H,3H)-dione 8f. Yield 88% (0.17 g) white semisolid; FT IR
[ATR,v Cm'l] 3346, 1678, 1565, 1384, 1260; (600 MHz, BO) 1.38-1.44 (m, 2H), 1.54-
1.58 (m, 2H), 2.61 () 7.2 Hz, 2H), 3.03-3.11 (m, 2H), 3.83 (ddl12.6, 4.2 Hz, 1H), 3.88
(dd,J 12.6, 4.2 Hz, 1H), 3.96-3.97 (m, 2H), 4.28-4.29 RH), 4.61-4.64 (m, 1H), 5.97 (@,
8.4 Hz, 1H), 6.24 (d) 7.2 Hz, 1H), 7.92 (dJ 8.4 Hz, 1H);3c (150 MHz, BxO) 168.5, 156.0,
144.1, 105.8, 89.6, 88.4, 71.2, 65.0, 63.9, 47472,436.1, 26.7; MS (ESI) [M+H]calcd for

C13H23N405=315.1668, Found=315.1669; (R0% MeOH/CHCI,) 0.22.

4.5.7. 1-((2R,3R,4S 5R)-3-(6-Aminohexylamino)-4-hydr oxy-5-(hydr oxymethyl )tetrahydro
furan-2-yl)pyrimidine-2,4(1H,3H)-dione 8g. Yield 92% (0.19 g) white semisolid; FT IR
[ATR, v cmi'] 3340, 1674, 1561, 1388, 12643 (600 MHz, DO) 1.32-1.39 (m, 2H), 1.42-

1.46 (m, 2H), 1.62-1.66 (m, 4H), 2.58-2.62 (m, 2Bi)5-3.12 (m, 2H), 3.80 (dd,12.6, 4.2
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Hz, 1H), 3.86 (ddJ 12.6, 4.2 Hz, 1H), 3.92 (dd,12.6, 3.0 Hz, 1H), 4.28-4.31 (m, 2H), 4.61
(dd,J 6.0, 3.0 Hz, 1H), 5.95 (d, 7.8 Hz, 1H), 6.23 (d] 7.2 Hz, 1H), 7.92 (d] 7.8 Hz, 1H);

8¢ (150 MHz, 0)168.7, 154.5, 144.2, 105.7, 89.4, 88.3, 71.29,683.8, 46.1, 44.9, 29.4,
27.5, 26.5, 26.2; MS (ESI) [M+H]calcd for GsH»N4Os=343.1981, Found=343.1979; R

(40% MeOH/CHCI,) 0.25.

45.8. 1-((3aR4R,6R,6a9)-3-(2-Aminoethyl)-6-(hydroxymethyl)-2-thi oxohexahydrofur o[ 3,4-

d] oxazol-4-yl)pyrimidine-2,4(1H,3H)-dione 9a. Yield 86% (0.17 g) white semisolid; FT IR
[ATR,ch'l] 2938, 1682, 1631, 1489, 1447, 1266, 1102, R{600 MHz, DMSO) 2.69-
2.75 (m, 1H), 2.78-2.83 (m, 1H), 3.50-3.56 (m, 38155 (dd,J 11.4, 4.8 Hz, 1H), 3.68 (dd,
11.4, 4.8 Hz, 1H), 3.72 (ddd,14.4, 7.8, 6.6 Hz, 1H), 4.06 (ddi14.4, 8.4, 6.0 Hz, 1H), 4.18
(dd,J 9.0, 4.2 Hz, 1H), 4.93 (dd,9.0, 3.0 Hz, 1H), 5.25 (dd,9.0, 4.2 Hz, 1H), 5.69 (d,7.8
Hz, 1H), 6.00 (d,) 3.0 Hz, 1H), 7.76 (d] 7.8 Hz, 1H), 11.46 (d] 1.8 Hz, 1H):3c (150 MHz,
DMSO) 185.9, 171.4, 163.4, 150.4, 141.7, 101.%,986.5, 82.2, 68.8, 60.5, 51.6, 42.2, 30.2;
MS (ESI) [M+H]" caled for GoHi/N4OsS=329.0919, Found=329.0918;; R20%

MeOH/CH:CI,) 0.10.

459. 1-((3aR4R,6R,6aS)-3-(4-Aminobutyl)-6-(hydroxymethyl)-2-thioxohexahydrofuro[ 3,4-

d] oxazol-4-yl)pyrimidine-2,4(1H,3H)-dione 9b. Yield 89% (0.19 g) white solid; Mp 113-
114 °C; FT IR [ATR,v cm’] 2933, 1683, 1629, 1489, 1448, 1266, 1102, 88600 MHz,
DMSO-d) 1.32 (gqn,J 7.2 Hz, 2H), 1.52-1.56 (m, 4H), 2.53-2.55 (m, 3BI%9 (ddd,J 13.8,
9.0, 4.8 Hz, 1H), 3.66 (dd), 12.0, 4.8 Hz, 1H), 3.69 (dd, 12.0, 4.8 Hz, 1H), 3.86 (ddd,
13.8, 9.6, 6.6 Hz, 1H), 4.19 (dd9.0, 4.8 Hz, 1H), 4.44 (s, 1H), 4.92 (d®.0, 2.4 Hz, 1H),
5.27 (dd,J 8.4, 4.2 Hz, 1H), 5.67 (d}, 7.8 Hz, 1H), 5.97 (dJ 2.4 Hz, 1H), 7.76 (d] 7.8 Hz,

1H); dc (150 MHz, DMSO-¢) 185.8, 163.6, 150.6, 141.3, 102.1, 90.2, 86.68,838.3, 60.5,
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46.4,40.9, 29.8, 22.9; MS (ES) [M+H] calcd for G4H2:N40sS= 357.1232, Found=357.1230;

R: (20% MeOH/CHCI,) 0.12.

4.5.10. 1-((3aR4R,6R,6a9)-3-(6-Aminohexyl)-6-(hydroxymethyl)-2-thioxohexahydrofur o[ 3,4-
d] oxazol-4-yl)pyrimidine-2,4(1H,3H)-dione 9c. Yield 85% (0.20 g) white solid; Mp: 99-
100 °C; FT IR [ATR,v Cm'l] 2934, 1682, 1632, 1489, 1449, 1261, 1100, Q600 MHz,
DMSO-d) 1.22-1.31 (m, 6H), 1.42 (gqd,7.2 Hz, 2H), 1.51-1.64 (m, 4H), 2.63 {t7.2 Hz,
2H), 3.48 (ddd)) 13.8, 9.0, 4.8 Hz, 1H), 3.66 (dd,12.0, 4.8 Hz, 1H), 3.70 (dd,12.0, 4.8
Hz, 1H), 3.85 (dddJj 13.8, 9.6, 6.6 Hz, 1H), 4.19 (d#i9.0, 4.8 Hz, 1H), 4.91 (dd,8.4, 2.4,
1H), 5.29 (dd,) 8.4, 4.2 Hz, 1H), 5.68 (d,7.8 Hz, 1H), 5.99 (dJ 2.4 Hz, 1H), 7.78 (d] 7.8
Hz, 1H); &¢ (150 MHz, DMSO) 185.6, 163.6, 150.6, 141.0, 109@0, 86.4, 81.7, 68.3, 60.3,
46.3, 45.6, 29.9, 25.7,5%, 25.1; MS (ESI) [M+H] calcd for GeH2sN4OsS= 385.1545,

Found=385.1544; §20% MeOH/CHCI,) 0.13.
4.6. Conjugation with anhydride of 1, 8-naphthalendicarboxylic acid

A mixture of benzafelisochromene-1,3-dion&0a, b (0.3 mmol) andg (0.1 g, 0.26 mmol)
in anhydrous ethanol (5 mL) containing pyridine2(@L, 2.5 mmol) and #,N-dimethyl-
pyridine (0.1g, 0.8 mmol) was refluxed under argon18 h and afterwards evaporated to
dryness. The traces of pyridine were removed bgwaporation with anhydrous toluene (2 x
5 mL). The residual oil was purified on silica gelcked column using a mixture of 10%
MeOH/CHCE as an eluent.

4.6.1. 2-(6-((2R,3R,4S5R)-2-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-hydr oxy-5-
(hydroxymethyl)tetr ahydr ofur an-3-ylamino)hexyl )- 1H-benzo[ de] i soquinoline-1,3(2H)-dione

11a Yield 93% (0.13 g) yellowish solid; Mp 176-177;°ET IR [ATR,v cm*] 3382, 2941,
1690, 1652, 1589, 1345, 1264, 1238, 1054, 349600 MHz, DMSO-@) 1.22 (s, 1H), 1.29-

1.35 (m, 2H), 1.35-1.43 (m, 2H), 1.58-1.66 (m, 2B}7-2.52 (m, 2H), 2.53-2.59 (m, 1H),
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3.17 (dd,J 6.5, 5.7 Hz, 1H), 3.53-3.62 (m, 2H), 3.87 (dc6.4, 3.4 Hz, 1H), 3.99-4.06 (m,
2H), 4.11 (dd,) 5.2, 2.7 Hz, 1H), 5.08 ( 4.9 Hz, 1H), 5.42 (s, 1H), 5.65 @8.0 Hz, 1H),
5.72 (d,J 7.1 Hz, 1H), 7.87 (dd] 8.2, 7.2 Hz, 3H), 7.91 (d,8.1 Hz, 1H), 8.45 (dd] 8.4, 1.0
Hz, 2H), 8.49 (ddJ 7.3, 1.1 Hz, 2H), 11.29 (s, 1H (150 MHz, DMSO-¢) 163.3, 162.9,
150.7, 140.6, 134.2, 131.2, 130.6, 127.2, 127.2,012101.7, 86.6, 85.9, 68.4, 63.6, 61.1,
47.1, 39.5, 29.4, 27.4, 26.3, 26.2; MS (ESI) [M¥Halcd for GHaN,O= 523.2192,

Found=523.2190; R10% MeOH/CHC]) 0.15.

4.6.2. 6-Bromo-2-(6-((2R,3R,4S5R)-2-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-4-hydr oxy-
5-(hydroxymethyl)tetrahydrofuran-3-ylamino)hexyl)- 1H-benzo[ de] isoquinoline-1,3(2H)-

dione 11b. Yield 97% (0.15 g) yellowish solid; Mp 109-1£Q; FT IR [ATR,v cm?] 3391,
2940, 1694, 1622, 1589, 1346, 1264, 1238, 1054, §7@00 MHz, DMSO-¢) 1.22 (s, 1H),
1.25-1.35 (m, 2H), 1.35-1.42 (m, 2H), 1.61 @t,4.6, 7.3 Hz, 2H), 2.47-2.53 (m, 2H), 2.53-
2.59 (m, 1H), 3.13-3.21 (m, 1H), 3.55 (did11.9, 3.2 Hz, 1H), 3.59 (dd,11.9, 3.7 Hz, 1H),
3.87 (dd,J 6.3, 3.4 Hz, 1H), 3.97-4.04 (m, 2H), 4.11 (d&.1, 2.7 Hz, 1H), 5.08 (s, 1H), 5.42
(s, 1H), 5.64 (dy) 8.0 Hz, 1H), 5.72 (dJ 7.1 Hz, 1H), 7.90 (d] 7.1 Hz, 1H), 7.98 (dd] 8.5,
7.3 Hz, 1H), 8.20 (d, 1H] 7.8 Hz, 1H), 8.31 (d] 7.8 Hz, 2H), 8.52 (dd] 8.5, 1.1 Hz, 1H),
8.55 (dd,J 7.3, 1.1 Hz, 1H), 11.28 (s, 1H): (150 MHz, DMSO-¢) 162.9, 162.7, 162.7,
150.7, 140.6, 132.5, 131.5, 131.2, 130.9, 129.9.12A28.7, 128.2, 122.7, 121.9, 101.7, 86.6,
85.9, 68.4, 63.6, 61.1, 47.1, 39.6, 29.4, 27.33,286.2; MS (ESI) [M+H]* calcd for
Co7H30BrN4O7=601.1298; 603.1277 Found=601.1296; 603.1275;(1R% MeOH/CHC))

0.13.
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