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Experimental

1.1 General remarks

All the reagents and solvents were purchased from commercial suppliers and used as received.
High pressure flash chromatography (HPFC) purifications were performed on ISCO Combiflash
Rf 200 system with RediSep Rf Gold Silica Gel Disposable columns for normal-phase or Reverse
Phase (C18) RediSep Rf columns for reversed-phase (RP) HPFC or on Biotage SP-1 apparatus
with FLASH 25+M, FLASH 40+M for normal-phase or KP-C18-HS columns for reversed-phase
(RP) HPFC. Monitoring of reactions was performed using TLC Silica gel 60 F254 plates,
visualization with UV lamp (254 nm) or by a solution of 4-anisaldehyde in ethanol and 10% of
sulfuric acid. NMR spectra were recorded on Bruker Avance 400 MHz spectrometer (400.1 MHz
for 'H and 100.6 MHz for *3C) or on Bruker Avance 500 MHz spectrometer (500 MHz for H,
125.7 MHz for 13C and 470.3 MHz for 1°F, referenced to hexafluorobenzene [-163 ppm] as external
standard), in CDCl3z (TMS was used as internal standard) or DMSO-ds (referenced to the residual
solvent signal 2.5 ppm for H, 39.7 ppm for 3C). Chemical shifts are given in ppm (5-scale),
coupling constants (J) in Hz. Complete assignment of all NMR signals was performed using a
combination of H,H-COSY, H,H-ROESY, H,C-HSQC and H,C-HMBC experiments. Low
resolution mass spectra were measured on LCQ Fleet (Thermo Fisher Scientific) using
electrospray ionization (ESI). High resolution mass spectra were measured on LTQ Orbitrap XL
(Thermo Fisher Scientific). Melting points were measured on Stuart automatic melting point
SMP40 and are uncorrected. IR spectra (wavenumbers in cm™) were recorded on Bruker ALPHA
FT-IR spectrometer using attenuated total reflection (ATR). Optical rotations were measured at
25 °C in DMSO on Autopol IV (Rudolps Research Analytical) polarimeter, [o]p?° values are given
in 10 deg-cm?-g. Purity of all final compounds (unprotected nucleosides) was determined by
analytical HPLC and clean NMR spectra. Analytical HPLC: Waters 600 Controller, Waters 2996
Photodiode Array Detector, Column: Gemini 5p C18 110A (250%4.60 mm, 5 micron), Eluent:
H>O/MeCN, Flow: 1mL/min.
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General Procedure A: Aqueous Suzuki Cross-coupling Reaction.

An argon-purged mixture of free nucleoside (1 eq.), the appropriate boronic acid (1.5 eq.), Na2CO3
(3 eq.), Pd(OAC)2 (0.05 eq.), and 3,3”,3”’-phosphanetriyltris-(benzenesulfonic acid) trisodium salt
(TPPTS; 0.12 eq.) in H2O/MeCN (2:1) was stirred at 100 °C for the stated period of time. After
cooling down, the mixture was neutralized by the addition of aqueous 1M HCI and diluted with
MeOH (20 mL). Solvents were removed under reduced pressure and the residue was purified by
RP-HPFC (C18 column, 10—100% MeOH in H20). Final products were crystallized from
H>O/MeOH mixtures.

General Procedure B: Zemplén Deprotection of Nucleosides

Protected nucleosides were dissolved in MeOH (10 mL) and 1M solution of MeONa in MeOH
(1 mL) was added. The mixture was stirred at r.t. for the stated period of time and solvent was

evaporated under reduced pressure.

4,6-Dichloro-9-(3,5-di-O-benzoyl-2-deoxy-2-fluoro-g-b-arabinofuranosyl)-9H-pyrimido-
[4,5-b]indole (7)

Pyrimidoindole 5 (1.0 g; 4.2 mmol) and finely grounded potassium hydroxide (0.71 g; 12.6 mmol)
were suspended in MeCN (70 mL) and TDA-1 (1.34 mL; 4.2 mmol) was added. The mixture was
stirred for 30 min at r.t. after which the crude bromose 62 (5.12 g) in MeCN (55 mL) was added
dropwise. The mixture was stirred for another 20 h atr.t., filtered through pad of celite and volatiles
were removed under reduced pressure. The crude product was purified using HPFC (silica column,
0—30% EtOAc in hexane). Nucleoside 7 (1.24 g; 51%) was obtained as a yellowish solid: m.p.
158-163 °C; *H NMR (500.0 MHz, DMSO-dg): 4.75 (ddd, 1H, Ja3 = 5.9, Jas = 4.3, 2.9, H-4";
4.80 (dd, 1H, Jgem = 12.3, Jsba = 4.3, H-5'0); 4.94 (dd, 1H, Jgem = 12.3, Jsaa = 2.9, H-5'a); 5.83
(ddd, 1H, JurF=51.1, J21=4.1, J» 3= 1.9, H-2"); 5.99 (ddd, 1H, JuF = 22.5, J3 4 =5.9, J3 2> = 1.9,
H-3Y); 7.13 (dd, 1H, J7g = 8.9, J75 = 2.2, H-7); 7.17 (dd, 1H, Jur = 21.4, J1> = 4.1, H-1"); 7.57,
7.60 (2 x m, 2 x 2H, H-m-Bz); 7.72, 7.74 (2 x m, 2 x 1H, H-p-Bz); 7.97 (ddd, 1H, Js7 = 8.9, Jur
=3.2, Jg5 = 0.5, H-8); 8.07, 8.12 (2 x m, 2 x 2H, H-0-Bz); 8.26 (dd, 1H, J57 = 2.1, Js3 = 0.5, H-
5); 8.93 (s, 1H, H-2); *C NMR (125.7 MHz, DMSO-dg): 63.16 (CH2-5'); 76.62 (d, Jcr = 28.6,
CH-3Y); 77.70 (d, Jcr = 2.5, CH-4"); 83.14 (d, Jcr = 17.5, CH-1"); 95.38 (d, Jcr = 193.2, CH-2');
111.07 (C-4a); 116.37 (d, Jcr = 6.0, CH-8); 119.65 (C-4b); 121.50 (CH-5); 127.26 (C-6); 128.01
(CH-7); 128.89 (C-i-Bz); 128.99, 129.07 (CH-m-Bz); 129.45 (CH-0-Bz); 129.47 (C-i-Bz); 129.87
(CH-0-Bz); 133.87, 134.15 (CH-p-Bz); 137.14 (C-8a); 152.51 (C-4); 154.80 (CH-2); 155.51 (C-
9a); 165.18, 165.54 (CO-Bz); *F{'*H} NMR (470.3 MHz, DMSO-ds): —189.41; IR (ATR): v =
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1716, 1273, 1114, 1096, 1071, 1029, 709 cm™; ESI MS m/z (rel.%): 602.0 (100) [M+Na]*; HR
MS (ESI) for CagH21Cl.FN3Os [M+H]*: calcd 580.08357; found 580.08368.

6-Chloro-9-(3,5-di-O-benzoyl-2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-methyl-9H-
pyrimido[4,5-b]indole (8d)

Protected nucleoside 7 (300 mg; 0.52 mmol) and Pd(PPhz)4 (30 mg; 0.03 mmol) were dissolved in
anhydrous THF (10 mL) and (Me)3Al (520 uL, 2M in toluene) was added. The mixture was stirred
at 70 °C for 18 h. Solvents were removed under reduced pressure and the crude product was
purified using HPFC (silica column, 0—40% EtOAc in hexane) to give compound 8d (135 mg;
46%) as a yellowish solid: m.p. 139-146 °C; *H NMR (500.0 MHz, DMSO-ds): 2.99 (s, 3H, CH3);
4.73 (ddd, 1H, Ja3 = 6.1, Jas = 4.3, 2.9, H-4"); 4.79 (dd, 1H, Jgem = 12.3, Jsv4 = 4.3, H-5'); 4.94
(dd, 1H, Jgem = 12.3, Jsaa = 2.9, H-5'a); 5.82 (ddd, 1H, Jur=51.4, J21 = 4.3, J2».3 = 2.0, H-2");
6.00 (ddd, 1H, Jur = 22.7, J34 = 6.1, J3.> = 2.0, H-3"); 7.05 (dd, 1H, J7g = 8.9, J75 = 2.2, H-7);
7.17 (dd, 1H, Jnr=21.4, Jy2 = 4.3, H-1'); 7.53-7.65 (m, 4H, H-m-Bz); 7.73, 7.74 (2 x m, 2 x 1H,
H-p-Bz); 7.93 (dd, 1H, Js7 = 8.9, Jur = 3.6, H-8); 8.08, 8.12 (2 x m, 2 x 2H, H-0-Bz); 8.21 (d, 1H,
Js7=2.2, H-5); 8.99 (s, 1H, H-2); 3C NMR (125.7 MHz, DMSO-ds): 22.48 (CH3); 63.16 (CH2-5");
76.71 (d, JcF = 28.5, CH-3"); 77.48 (d, Jcr = 3.5, CH-4"); 82.80 (d, Jcr = 17.6, CH-1"); 95.50 (d,
JoF = 193.1, CH-2Y); 111.56 (C-4a); 115.96 (d, JoF = 6.2, CH-8); 121.32 (C-4b); 122.35 (CH-5);
126.90 (C-6); 126.94 (CH-7); 128.92 (C-i-Bz); 129.02, 129.11 (CH-m-Bz); 129.48 (CH-0-Bz);
129.49 (C-i-Bz); 129.90 (CH-0-Bz); 133.91, 134.18 (CH-p-Bz); 136.87 (C-8a); 154.06 (CH-2);
154.51 (C-9a); 160.70 (C-4); 165.21, 165.66 (CO-Bz); 19F NMR (470.3 MHz, DMSO-ds): —189.50
(ddd, Jr = 51.4, Jrps = 22.7, Jemr = 21.4); IR (ATR): v = 1721, 1477, 1454, 1264, 1164, 1115,
1101, 1072, 1043, 1031, 711 cm™; ESI MS m/z (rel.%): 560.0 (57) [M+H]*, 582.0 (100) [M+Na]*;
HR MS (ESI) for C3oH24CIFN3Os [M+H]": calcd 560.13830; found 560.13841.

6-Chloro-9-(3,5-di-O-benzoyl-2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-(furan-2-yl)-9H-
pyrimido[4,5-b]indole (8e)

Protected nucleoside 7 (300 mg; 0.52 mmol), 2-(tributylstannyl)furan (270 mg; 0.63 mmol) and
PdClI2(PPhs). (18.2 mg; 0.03 mmol) were dissolved in anhydrous DMF (10 mL) and heated to
100 °C for 18 h. Solvent was co-evaporated with toluene under reduced pressure. Crude product
was purified using column chromatography on silica column containing 15% of KF. Column was
first washed with 3 L of hexane and the product was then eluted with 20% EtOAc in hexane.
Desired product 8e (249 mg; 79%) was obtained as a yellow foam: *H NMR (500.0 MHz, DMSO-
de): 4.73 (ddd, 1H, Js#3 = 6.0, Jas = 4.1, 2.9, H-4"); 4.80 (dd, 1H, Jgem = 12.3, Jsb4 = 4.1, H-5'b);
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4.95 (dd, 1H, Jgem = 12.3, Jsa4 = 2.9, H-5'3); 5.82 (ddd, 1H, Jhr=51.3, J»1=4.2, J» 3= 1.8, H-
2);5.99 (ddd, 1H, JnF = 22.7, J3 4 = 6.0, J3 2 = 1.8, H-3'); 6.89 (dd, 1H, J43 = 3.5, J45 = 1.7, H-4-
furyl); 6.99 (ddd, 1H, J78=8.9, J75=2.2, Jnr=1.3, H-7); 7.21 (dd, 1H, JnF=22.2, J1 > = 4.2, H-
1Y); 7.56-7.62 (m, 5H, H-3-furyl, H-m-Bz); 7.71-7.76 (m, 2H, H-p-Bz); 7.93 (dd, 1H, Jg7 = 8.9,
Jnr=3.7,H-8);8.09, 8.12 (2 x m, 2 x 2H, H-0-Bz); 8.34 (dd, 1H, Js4 = 1.7, J5 3 = 0.9, H-5-furyl);
8.74 (d, 1H, Js7 = 2.2, H-5); 8.99 (s, 1H, H-2); *C NMR (125.7 MHz, DMSO-ds): 63.17 (CH,-5");
76.77 (d, JcF = 28.7, CH-3"); 77.63 (d, JcF = 3.2, CH-4"); 82.95 (d, JcF = 17.6, CH-1"); 95.54 (d,
Jer = 193.2, CH-2'); 106.95 (C-4a); 113.35 (CH-4-furyl); 115.76 (d, Jcr = 4.8, CH-8); 115.78
(CH-3-furyl); 120.68 (C-4b); 123.59 (CH-5); 126.66 (C-6); 127.17 (CH-7); 128.94 (C-i-Bz);
129.04, 129.13 (CH-m-Bz); 129.51 (CH-0-Bz); 129.52 (C-i-Bz); 129.92 (CH-0-Bz); 133.93,
134.19 (CH-p-Bz); 137.33 (C-8a); 147.15 (CH-5-furyl); 148.10 (C-4); 152.22 (C-2-furyl); 154.57
(CH-2); 156.29 (C-9a); 165.24, 165.70 (CO-Bz); °F NMR (470.3 MHz, DMSO-ds): —189.28 (ddd,
Jrn2 =51.3, Jrus =22.7, Jpnrr =22.2); IR (ATR): v=2933, 2863, 1723, 1566, 1543, 1462, 1439,
1265, 1252, 1090, 1071, 1029, 710 cm™; ESI MS m/z (rel.%): 612.2 (70) [M+H]", 634.2 (100)
[M+Na]"; HR MS (ESI) for C33H24CIFN3Og [M+H]": calcd 612.13322; found 612.13335.

6-Chloro-9-(3,5-di-O-benzoyl-2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-(furan-3-yl)-9H-
pyrimido[4,5-b]indole (8f)

Protected nucleoside 7 (250 mg; 0.43 mmol), furan-3-boronic acid (73 mg; 0.65 mmol), K.COs
(120 mg; 0.86 mmol) and Pd(PPhs)s (25 mg; 0,02 mmol) were dissolved in toluene (10 mL) and
heated to 100 °C for 18 h. More furan-3-boronic acid (150 mg; 1.34 mmol) and Pd(PPhs)s (45 mg;
0.04 mmol) was added and heating continued for another 2 days. Reaction mixture was diluted
with water and extracted with chloroform. Organic layer was washed with saturated NH4Cl and
water and dried over MgSOa. Solvent was evaporated under reduced pressure and the crude
product was purified using HPFC (silica column, 0—40% EtOAc in hexane) to give compound 8f
(200 mg; 77%) as a yellow foam: *H NMR (500.0 MHz, DMSO-de): 4.74 (ddd, 1H, Js3 = 6.0,
Jps=4.2,2.9,H-4"); 479 (dd, 1H, Jgem = 12.3, Jsp 4 = 4.2, H-5'b); 4.95 (dd, 1H, Jgem = 12.3, J5aa
= 2.9, H-5%); 5.84 (ddd, 1H, JurF=51.3, J21 = 4.3, J23 = 1.9, H-2'); 6.00 (ddd, 1H, Jur = 22.6,
J34=6.0,J32 =19, H-3); 7.01 (dd, 1H, J78=8.9, J75 = 2.2, H-7); 7.13 (dd, 1H, J45 = 1.9, J4> =
0.9, H-4-furyl); 7.22 (dd, 1H, Jur=21.7, Jr2 = 4.2, H-1); 7.53-7.65 (m, 4H, H-m-Bz); 7.73, 7.74
(2 xm, 2 x 1H, H-p-Bz); 7.94 (m, 1H, H-8); 8.01 (dd, 1H, Js4 = 1.9, J52 = 1.5, H-5-furyl); 8.06
(d, 1H, Js7 = 2.2, H-5); 8.08, 8.12 (2 x m, 2 x 2H, H-0-Bz); 8.56 (dd, 1H, J25 = 1.5, Jo.4 = 0.9, H-
2-furyl); 9.05 (s, 1H, H-2); *3C NMR (125.7 MHz, DMSO-ds): 63.19 (CH2-5"); 76.78 (d, Jcr =
28.5, CH-3"); 77.61 (d, JcF = 3.3, CH-4"); 82.91 (d, JcF = 17.6, CH-1"); 95.59 (d, Jc,r = 193.2,
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CH-2'); 110.15 (C-4a); 110.78 (CH-4-furyl); 116.12 (d, Jcr = 6.6, CH-8); 120.80 (C-4b); 121.51
(CH-5); 124.28 (C-3-furyl); 126.46 (C-6); 127.22 (CH-7); 128.97 (C-i-Bz); 129.10, 129.18 (CH-
m-Bz); 129.55 (CH-0-Bz, C-i-Bz); 129.97 (CH-0-Bz); 133.99, 134.26 (CH-p-Bz); 137.12 (C-8a);
144.76 (CH-2-furyl); 145.03 (CH-5-furyl); 153.44 (C-4); 154.93 (CH-2); 155.64 (C-9a); 165.30,
165.74 (CO-Bz); °F NMR (470.3 MHz, DMSO-ds): —189.44 (ddd, Jeux = 51.3, Jeuy = 22.6,
Jemr = 21.7); IR (ATR): v = 1723, 1564, 1546, 1441, 1267, 1096, 1071, 803, 711 cmt; ESI MS
m/z (rel.%): 612.0 (44) [M+H]"*, 634.0 (100) [M+Na]*; HR MS (ESI) for CasHasCIFNzOs [M+H]*:
calcd 612.13322; found 612.13348.

6-Chloro-9-(3,5-di-O-benzoyl-2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-(thiophen-2-yl)-
9H-pyrimido[4,5-b]Jindole (8g)

Protected nucleoside 7 (350 mg; 0.60 mmol), 2-(tributylstannyl)thiophene (270 mg; 0.72 mmol)
and PdCI>(PPhs)2 (21 mg; 0.03 mmol) were dissolved in anhydrous DMF (10 mL) and heated to
100 °C for 17 h. Solvent was co-evaporated with toluene under reduced pressure. Crude product
was purified using column chromatography on silica column containing 15% of KF. Column was
first washed with 3 L of PE and the product was then eluted with 20% EtOAc in PE. Desired
product 8g (194 mg; 51%) was obtained as a white foam: *H NMR (500.0 MHz, DMSO-de): 4.75
(ddd, 1H, Jg#3 =5.9, Jas = 4.2, 2.9, H-4"); 4.80 (dd, 1H, Jgem = 12.3, Jsv 4 = 4.2, H-5'0); 4.95 (dd,
1H, Jgem = 12.3, Jsa4 = 2.9, H-5'a); 5.85 (ddd, 1H, Jnur=51.3, J21' = 4.2, J> 3 = 1.8, H-2'); 6.00
(ddd, 1H, JufF = 22.6, J3 4 = 5.9, J32> = 1.8, H-3); 7.02 (ddd, 1H, J78 = 8.9, J75 = 2.2, JuFr = 0.7,
H-7); 7.23 (dd, 1H, Jur=22.2, J12 = 4.2, H-1"); 7.42 (dd, 1H, Ja3 = 5.0, Ja5 = 3.7, H-4-thienyl);
7.58,7.61 (2 x m, 2 x 2H, H-m-Bz); 7.73, 7.74 (2 x m, 2 x 1H, H-p-Bz); 7.96 (dd, 1H, Js7 = 8.9,
Jur = 3.7, H-8); 8.01 (dd, 1H, J34 = 5.0, J35 = 1.1, H-3-thienyl); 8.07-8.10 (m, 3H, H-5-thienyl,
H-0-Bz); 8.13 (m, 2H, H-0-Bz); 8.20 (d, 1H, Js7 = 2.2, H-5); 9.03 (s, 1H, H-2); 3C NMR (125.7
MHz, DMSO-ds): 63.17 (CH2-5'); 76.74 (d, Jcr = 28.6, CH-3'); 77.62 (d, Jc r = 3.1, CH-4'); 82.96
(d, IcF=17.6, CH-1"; 95.55 (d, Jc F = 193.1, CH-2); 108.80 (C-4a); 116.21 (d, JcF = 6.4, CH-8);
120.67 (C-4b); 121.19 (CH-5); 126.37 (C-6); 127.35 (CH-7); 128.77 (CH-4-thienyl); 128.94 (C-i-
Bz); 129.04, 129.13 (CH-m-Bz); 129.50 (CH-0-Bz, C-i-Bz); 129.92 (CH-0-Bz); 130.26 (CH-5-
thienyl); 131.86 (CH-3-thienyl); 133.93, 134.20 (CH-p-Bz); 137.18 (C-8a); 140.83 (C-2-thienyl);
153.67 (C-4); 154.63 (CH-2); 156.03 (C-9a); 165.23, 165.68 (CO-Bz); °F NMR (470.3 MHz,
DMSO-ds): —189.30 (ddd, Jru2 = 51.3, Jrny = 22.6, Jrurr = 22.2); IR (ATR): v = 1716, 1556,
1462, 1438, 1262, 1118, 1064, 999, 805, 709 cm™*; ESI MS m/z (rel. %): 650 (100) [M+Na]*, 628
(50) [M+H]"; HR MS (ESI) for C33H23CIFN3OsNaS [M+Na]*: calcd 650.09232; found 650.09235.
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6-Chloro-9-(3,5-di-O-benzoyl-2-deoxy-2-fluoro-g-p-arabino-furanosyl)-4-(thiophen-3-yl)-
9H-pyrimido[4,5-b]indole (8h)

Protected nucleoside 7 (325 mg; 0.56 mmol), thiophene-3-boronic acid (107 mg; 0.84 mmol),
K2CO3 (155 mg; 1.12 mmol) and Pd(PPhs)s (33 mg; 0.03 mmol) were dissolved in toluene (10
mL) and heated to 100 °C for 17 h. Reaction mixture was diluted with water and extracted with
chloroform. Organic layer was washed with saturated NH4Cl and water and dried over MgSOsa.
Solvent was evaporated under reduced pressure and the crude product was purified using HPFC
(silica column, 0—50% EtOAc in PE) to give compound 8h (200 mg; 53%) as a yellow foam: *H
NMR (500.0 MHz, DMSO-de): 4.74 (ddd, 1H, Js3 = 6.0, Jas = 4.2, 2.9, H-4); 4.80 (dd, 1H, Jgem
=12.3, Jsb a4 = 4.2, H-5'D); 4.95 (dd, 1H, Jgem = 12.3, Jga 4 = 2.9, H-5'3); 5.85 (ddd, 1H, JuF=51.3,
J21r=4.2,J23=19, H-2"); 6.01 (ddd, 1H, Jur = 22.6, J34 = 6.0, J3 2 = 1.9, H-3'); 7.00 (dd, 1H,
J7s=8.9, J75 = 2.2, H-7); 7.23 (dd, 1H, Jur=21.9, Jy> = 4.2, H-1'); 7.58, 7.61 (2 x m, 2 x 2H,
H-m-Bz); 7.67 (dd, 1H, Ja5 = 5.0, Ja2 = 1.3, H-4-thienyl); 7.73, 7.74 (2 x m, 2 x 1H, H-p-Bz); 7.88
(dd, 1H, Js4 = 5.0, J5» = 2.9, H-5-thienyl); 7.91 (d, 1H, Js7 = 2.2, H-5); 7.94 (dd, 1H, Jg7 = 8.9,
Jur = 3.7, H-8); 8.08, 8.13 (2 x m, 2 x 2H, H-0-Bz); 8.34 (dd, 1H, J25 = 2.9, Jo4 = 1.3, H-2-
thienyl); 9.07 (s, 1H, H-2); $3C NMR (125.7 MHz, DMSO-ds): 63.18 (CH2-5"); 76.76 (d, JcF =
28.6, CH-3"); 77.59 (d, JcF = 3.3, CH-4"); 82.90 (d, JcF = 17.7, CH-1"); 95.57 (d, Jcr = 193.1,
CH-2"; 110.06 (C-4a); 116.14 (d, JcF = 6.6, CH-8); 120.87 (C-4b); 121.32 (CH-5); 126.29 (C-6);
127.19 (CH-7); 128.00 (CH-5-thienyl); 128.20 (CH-4-thienyl); 128.92 (CH-2-thienyl); 128.95 (C-
i-Bz); 129.06, 129.14 (CH-m-Bz); 129.51 (CH-0-Bz, C-i-Bz); 129.94 (CH-0-Bz); 133.94, 134.21
(CH-p-Bz); 137.15 (C-8a); 139.00 (C-3-thienyl); 154.88 (CH-2); 155.74 (C-9a); 155.82 (C-4);
165.25, 165.70 (CO-Bz); °F NMR (470.3 MHz, DMSO-ds): —189.36 (ddd, Jrn2 = 51.3, Jrns =
22.6, Jru1r=21.9); IR (ATR): v=2946, 1719, 1567, 1438, 1254, 1161, 1068, 1027, 839, 794, 707
cm; ESI MS m/z (rel. %): 628 (100) [M+H]*, 650 (54) [M+Na]*; HR MS (ESI) for
C33H24CIFN30sS [M+H]": calcd 628.11037; found 628.11051.

6-Chloro-9-(3,5-di-O-benzoyl-2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-phenyl-9H-
pyrimido[4,5-b]indole (8i)

Protected nucleoside 7 (335 mg; 0.58 mmol), phenylboronic acid (106 mg; 0.87 mmol), KoCOs
(160 mg; 1.16 mmol) and Pd(PPh3)s (34 mg; 0.03 mmol) were dissolved in toluene (10 mL) and
heated to 100 °C for 17 h. The mixture was diluted with water and extracted with chloroform.
Organic layer was washed with saturated NH4Cl and water and dried over MgSOs. Solvent was
evaporated under reduced pressure and crude product was purified using HPFC (silica column,
0—50% EtOAc in PE) to give compound 8i (200 mg; 55%) as a yellow foam: *H NMR (500.0
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MHz, DMSO-de): 4.75 (ddd, 1H, Js3 = 6.0, Ja5 = 4.2, 2.9, H-4"); 4.80 (dd, 1H, Jgem = 12.3, Jsb4
= 4.2, H-5'0); 4.95 (dd, 1H, Jgem = 12.3, J5a4 = 2.9, H-5'3); 5.86 (ddd, 1H, Jnr=51.3, Jo1 = 4.2,
J23=1.9, H-2'); 6.02 (ddd, 1H, JuF = 22.6, J34 = 6.0, J3.2 = 1.9, H-3'); 7.00 (dd, 1H, J78 = 8.9,
J75 = 2.2, H-7); 7.25 (dd, 1H, Jur=21.8, Jr 2= 4.2, H-1"); 7.58, 7.61 (2 x m, 2 x 2H, H-m-Bz);
7.65 (d, 1H, Js7 = 2.2, H-5); 7.66-7.77 (m, 5H, H-p-Bz, H-m,p-Ph); 7.90 (m, 2H, H-0-Ph); 7.95
(dd, 1H, Js7 = 8.9, Jur = 3.7, H-8); 8.08, 8.14 (2 x m, 2 x 2H, H-0-Bz); 9.13 (s, 1H, H-2); °C
NMR (125.7 MHz, DMSO-de): 63.19 (CH2-5"); 76.75 (d, Jcr = 28.6, CH-3"); 77.59 (d, Jc = 3.3,
CH-4"); 82.90 (d, Jcr = 17.6, CH-1"); 95.55 (d, Jcr = 193.1, CH-2"); 110.27 (C-4a); 116.23 (d, Jcr
= 6.5, CH-8); 120.80 (C-4b); 121.09 (CH-5); 126.19 (C-6); 127.24 (CH-7); 128.94 (C-i-Bz);
128.97 (CH-0-Ph); 129.04, 129.09, 129.11 (CH-m-Ph, CH-m-Bz); 129.49 (CH-0-Bz); 129.50 (C-
i-Bz); 129.92 (CH-0-Bz); 130.80 (CH-p-Ph); 133.92, 134.20 (CH-p-Bz); 137.20 (C-8a); 137.51
(C-i-Ph); 154.98 (CH-2); 155.65 (C-9a); 160.50 (C-4); 165.23, 165.67 (CO-Bz); °F NMR (470.3
MHz, DMSO-ds): —189.31 (ddd, Jrux = 51.3, Jrmz = 22.6, Jeur = 21.8); IR (ATR): v = 1711,
1557, 1447, 1435, 1263, 1167, 1111, 1093, 1069, 1027, 821, 705 cm™; ESI MS m/z (rel. %): 622
(100) [M+H], 644 (24) [M+Na]; HR MS (ESI) for CssH2sCIFN3Os [M+H]*: calcd 622.15395;
found 622.15408.

4-Amino-6-chloro-9-(2-deoxy-2-fluoro-g-p-arabinofuranosyl)-9H-pyrimido-[4,5-b]indole
(9a)

Nucleoside 7 (300 mg; 0.52 mmol) was dissolved in dioxane (2 mL) and 30% aqueous ammonia
(6 mL) was added. Mixture was stirred in screw-cap pressure glass tube at 100 °C for 2 days.
Volatiles were removed under reduced pressure and the crude product was purified using HPFC
(silica column, 0—20% MeOH in DCM) and recrystallized from a HoO/MeOH mixture to give
compound 9a (145 mg; 78%) as white crystals: m.p. 267272 °C; [a]o?® +40.1 (c 0.30, DMSO);
'H NMR (499.8 MHz, DMSO-ds): 3.73-3.85 (m, 3H, H-4'5"); 4.46 (dddd, 1H, Jur=23.5, J3 4 =
5.5,J301=5.3, J32 =24, H-3'); 5.14 (ddd, 1H, JuF=53.3, J2.r = 4.4, J2 3 = 2.4, H-2"); 5.17 (t,
1H, Jons = 5.5, OH-5Y); 5.92 (d, 1H, Jon,3 = 5.3, OH-3Y); 6.84 (dd, 1H, Jhr=21.1, Jr2> = 4.4, H-
1;7.35(dd, 1H, J78 = 8.8, J75 = 2.1, H-7); 7.47 (bs, 2H, NH>); 7.87 (dd, 1H, Js7 = 8.8, Ju,r= 3.1,
H-8): 8.33 (s, 1H, H-2); 8.46 (d, 1H, Js7 = 2.1, H-5); 13C NMR (125.7 MHz, DMSO-de): 60.33
(CH2-5"); 74.29 (d, Jcr = 24.1, CH-3); 82.52 (d, JcF = 17.6, CH-1"); 82.95 (d, Jc F = 4.6, CH-4);
94.86 (C-4a); 98.14 (d, Jcr = 192.1, CH-2"; 115.43 (d, Jcr = 5.3, CH-8); 120.39 (CH-5); 121.77
(C-4b); 124.46 (CH-7); 126.01 (C-6); 135.33 (C-8a); 155.38 (C-9a); 155.52 (CH-2); 157.87 (C-
4); ¥F{*H} NMR (470.3 MHz, DMSO-ds): —188.81. IR (ATR): v=13484, 3327, 3153,2939, 1655,
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1590, 1576, 1462, 1306, 1043, 797, 426 cm; ESI MS m/z (rel.%): 353.0 (85) [M+H]"*, 375.0 (100)
[M+Na]*; HR MS (ESI) for C15H14CIFN4O3 [M+H]"*: calcd 353.08128; found 353.08112.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-methoxy-9H-pyrimido-[4,5-b]indole
(9b)

Nucleoside 7 (210 mg, 0.36 mmol) was dissolved in dry MeOH (10 mL) and solution of sodium
methoxide (1M in MeOH, 1 mL) was added. The mixture was stirred for 3 hours at r.t. Solvent
was evaporated and the crude was purified by RP-HPFC (C18 column, 10—100% MeOH in H20)
and recrystallized from a Ho.O/MeOH mixture to give compound 9b (29 mg, 22%) as a white solid:
m.p. 248-250 °C; [a]p?° +30.2 (¢ 0.16, DMSO); *H NMR (500.0 MHz, DMSO-ds): 3.74-3.85 (m,
2H, H-5); 3.87 (m, 1H, H-4%); 4.21 (s, 3H, CH30); 4.49 (dddd, 1H, Ju,r = 23.5, J3.4 = 5.9, J3.0H =
5.3, Jz2 = 2.6, H-3); 5.19 (t, 1H, Jon,s = 5.5, OH-5'); 5.20 (ddd, 1H, Jhr=53.2, J2,1 = 4.5, J» 3 =
2.6, H-2"); 5.98 (d, 1H, Jons = 5.3, OH-3'); 6.91 (dd, 1H, JuF= 20.3, J1.> = 4.5, H-1"); 7.49 (dd,
1H, J78=8.9, J75 = 2.2, H-7); 7.97 (d, 1H, J57 = 2.2, H-5); 7.99 (dd, 1H, Js7 = 8.9, Jur = 3.0, H-
8); 8.72 (s, 1H, H-2); 3C NMR (125.7 MHz, DMSO-ds): 54.53 (CH30); 60.29 (CH-5"); 74.20 (d,
Jcr = 24.1, CH-3"); 82.78 (d, Jcr = 17.6, CH-1"); 83.11 (d, Jcr = 4.8, CH-4"); 98.08 (d, Jcfr =
192.1, CH-2'); 98.40 (C-4a); 116.40 (d, JcF = 5.3, CH-8); 120.36 (C-4b); 120.98 (CH-5); 126.24
(CH-7); 126.47 (C-6); 136.17 (C-8a); 155.23 (CH-2); 156.14 (C-9a); 163.97 (C-4); °F NMR
(470.3 MHz, DMSO-ds): —188.99 (ddd, Jrn2 = 53.2, Jrn3y = 23.5, Jrpurr = 20.3); IR (ATR): v =
3232, 1596, 1457, 1321, 1293, 1168, 1135, 1051, 981, 874, 799, 648, 554 cm™; ESI MS m/z (rel.
%): 390 (100) [M+Na]*, 368 (50) [M+H]*; HR MS (ESI) for C16H1504N3CIFNa [M+Na]": calcd
390.06273; found 390.06284.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-methylsulfanyl-9H-pyrimido-
[4,5-b]indole (9¢)

Protected nucleoside 7 (260 mg, 0.45 mmol) and sodium methanethiolate (52 mg, 0.74 mmol)
were dissolved in anhydrous EtOH (10 mL) and stirred for 4 hours at r.t. The solvent was removed
under reduced pressure and the crude product was purified by RP-HPFC (C18 column, 10—100%
MeOH in H20). Crystallization from a H2O/MeOH mixture gave compound 9c (46 mg, 32%) as a
white solid: m.p. 230-231 °C; [0]p?® +35.4 (¢ 0.23, DMSO); *H NMR (500.0 MHz, DMSO-ds):
2.79 (s, 3H, CH3S); 3.75-3.85 (m, 2H, H-5"); 3.88 (m, 1H, H-4"); 4.49 (dddd, 1H, JuFr = 23.6, J3
=5.6, J3.0H = 5.3, J32 = 2.6, H-3"); 5.21 (ddd, 1H, Jnr=53.2, 1= 4.5, J23 = 2.6, H-2); 5.22 (t,
1H, Jon,s' = 5.5, OH-5'); 6.01 (d, 1H, Jon,3' = 5.3, OH-3"); 6.93 (dd, 1H, Jnr= 20.3, J12 = 4.5, H-
1; 7.56 (dd, 1H, J78 = 8.9, J75 = 2.2, H-7); 8.01 (d, 1H, Js7 = 2.2, H-5); 8.04 (dd, 1H, Js7 = 8.9,
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Jur = 3.0, H-8); 8.89 (s, 1H, H-2); 3C NMR (125.7 MHz, DMSO-ds): 12.16 (CH3S); 60.50
(CHo-5"; 74.44 (d, Jcr = 24.1, CH-3'); 82.93 (d, Jor = 17.5, CH-1"); 83.44 (d, Jcr = 4.6, CH-4";
98.33 (d, Jcr = 192.1, CH-2'); 109.54 (C-4a); 116.81 (d, Jcr = 5.2, CH-8); 120.73 (C-4b); 121.48
(CH-5); 126.82 (C-6); 127.22 (CH-7); 136.83 (C-8a); 153.19 (C-9a); 154.57 (CH-2); 163.19 (C-
4); F NMR (470.3 MHz, DMSO-dg): —188.90 (ddd, Jrn2' = 53.2, Jrus = 23.6, Jemrr = 20.3); IR
(ATR): v = 3254, 1555, 1470, 1436, 1309, 1234, 1079, 1043, 1007, 849, 729, 541, 513 cm™*; ESI
MS m/z (rel. %): 406 (100) [M+Na], 384 (49) [M+H]; HR MS (ESI) for C16H1503N3sCIFNaS
[M+Na]": calcd 406.03989; found 406.03996.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-methyl-9H-pyrimido-[4,5-b]indole
(9d)

Overnight deprotection of 8d (100 mg; 0.18 mmol) according to the general procedure B and
purification by RP-HPFC (C18 column, 20—60% MeOH in H20) afforded compound 9d (49 mg;
78%) as a white solid: m.p. 211-216 °C; [a]p?® +33.0 (c 0.29, DMSO); *H NMR (500.0 MHz,
DMSO-ds): 2.95 (s, 3H, CHg); 3.78 (bdd, 1H, Jgem = 11.9, Jsp 4 = 4.8, H-5'b); 3.83 (bdd, 1H, Jgem
=11.9, Jsa4 = 3.4, H-5'3); 3.88 (ddd, 1H, Js3 = 5.9, Jas = 4.8, 3.4, H-4"); 4.50 (ddd, 1H, JuF =
23.5, J34 = 5.9, J3 2 = 2.5, H-3"); 5.20 (bs, 1H, OH-5"; 5.21 (ddd, 1H, JuF=53.3, J21r=4.5, J>3
=25, H-2Y); 5.99 (bs, 1H, OH-3"); 6.96 (dd, 1H, JuF=20.5, J12 = 4.5, H-1"); 7.55 (dd, 1H, J7g =
8.9,J75=2.1, H-7); 8.04 (dd, 1H, Jg 7 = 8.9, Jur= 3.0, H-8); 8.18 (d, 1H, Js7 = 2.1, H-5); 8.90 (s,
1H, H-2); 3C NMR (125.7 MHz, DMSO-de): 22.91 (CHs); 60.23 (CH2-5'); 74.22 (d, Jcr = 24.0,
CH-3'); 82.51 (d, JcF = 17.6, CH-1); 83.12 (d, JcF = 4.8, CH-4"); 98.08 (d, Jcr = 192.1, CH-2');
111.35 (C-4a); 116.31 (d, Jcr = 5.2, CH-8); 121.18 (C-4b); 121.97 (CH-5); 126.48 (C-6); 127.10
(CH-7); 137.05 (C-8a); 154.40 (C-9a); 154.59 (CH-2); 161.03 (C-4); **F{*H} NMR (470.3 MHz,
DMSO-ds): —188.81; IR (ATR): v = 3259, 2928, 2875, 1590, 1477, 1130, 1083, 814, 795, 590,
531 cm; ESI MS m/z (rel.%): 352.1 (18) [M+H]*, 374.1 (100) [M+Na]*; HR MS (ESI) for
C16H16CIFN3O3 [M+H]™: calcd 352.08592; found 352.08587.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-(furan-2-yl)-9H-pyrimido-
[4,5-b]indole (%)

Overnight deprotection of 8e (212 mg; 0.35 mmol) according to the general procedure B and
purification by HPFC (silica column, 0—10% MeOH in DCM) afforded compound 9e (97 mg;
69%) as a white solid; m.p. 75-81 °C; [a]p?® +41.3 (c 0.27, DMSO); 'H NMR (499.8 MHz,
DMSO-de): 3.77-3.92 (m, 3H, H-4'5"); 4.51 (dddd, 1H, J4r=23.7, J34=5.8, J3.on=5.4, J3 2 =
2.4, H-3"); 5.20 (t, 1H, Jons = 5.4, OH-5Y; 5.24 (ddd, 1H, JuF=53.3, J2 1= 4.4, Jo 3= 2.4, H-2";
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5.99 (d, 1H, Jonz = 5.4, OH-3"); 6.91 (dd, 1H, Js3 = 3.5, Ja5 = 1.8, H-4-furyl); 7.03 (dd, 1H, Ju
=21.0,Jr2=4.4,H-1); 7.60 (dd, 1H, J78 = 8.9, J75 = 2.2, H-7); 7.62 (dd, 1H, J34 = 3.5, J35 = 0.9,
H-3-furyl); 8.08 (dd, 1H, Js7 = 8.9, Jur= 3.2, H-8); 8.36 (dd, 1H, Js4 = 1.8, J53 = 0.9, H-5-furyl);
8.80 (d, 1H, Js7 = 2.2, H-5); 9.00 (s, 1H, H-2); 13C NMR (125.7 MHz, DMSO-ds): 60.21 (CH-5";
74.27 (d, Jcr = 24.2, CH-3'); 82.68 (d, Jcr = 17.6, CH-1"); 83.23 (d, Jcr = 4.7, CH-4"); 98.13 (d,
Jer = 192.1, CH-2'); 106.88 (C-44); 113.32 (CH-4-furyl); 115.63 (CH-3-furyl); 116.30 (d, Jcr =
5.4, CH-8); 120.46 (C-4b); 123.37 (CH-5); 126.54 (C-6); 127.70 (CH-7); 137.71 (C-8a); 147.07
(CH-5-furyl); 147.98 (C-4); 152.29 (C-2-furyl); 154.50 (CH-2); 156.19 (C-9a); *F{*H} NMR
(470.3 MHz, DMSO-dg): —188.43; IR (ATR): v=3181, 2918, 1470, 1446, 1073, 1054, 1040, 1013,
793, 743 cmL. ESI MS m/z (rel.%): 404.0 (45) [M+H]*, 425.9 (100) [M+Na]*: HR MS (ESI) for
C19H16CIFN304 [M+H]": calcd 404.08079; found 404.08078.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-(furan-3-yl)-9H-pyrimido-
[4,5-b]indole (9f)

Compound 8f (164 mg; 0.27 mmol) was deprotected overnight according to the general procedure
B. Purification by HPFC (silica column, 0—10% MeOH in DCM) and then by RP-HPFC (C18
column, 20—60% MeOH in H20) gave compound 9f (37 mg; 33%) as a white solid: m.p. 208—
214 °C; [a]p®® +58.9 (c 0.27, DMSO); *H NMR (500.0 MHz, DMSO-dg): 3.76-3.87 (m, 2H, H-
5%; 3.90 (m, 1H, H-4"); 4.51 (m, 1H, H-3"); 5.20 (t, 1H, Jon,s = 5.6, OH-5); 5.24 (ddd, 1H, Jur=
53.4,J21=4.4,J23 =25, H-2"; 6.00 (d, 1H, Jon,z = 5.2, OH-3"); 7.02 (dd, 1H, JnF=20.6, Jr2 =
4.4, H-1"; 7.14 (dd, 1H, Ja5 = 1.9, Ja2 = 0.9, H-4-furyl); 7.57 (dd, 1H, J78 = 9.0, J75 = 2.1, H-7);
8.02 (dd, 1H, Js4=1.9, J5, = 1.5, H-5-furyl); 8.07 (dd, 1H, Jg7 = 9.0, Jur= 3.1, H-8); 8.08 (d, 1H,
Js7=2.1, H-5); 8.56 (dd, 1H, J25 = 1.5, J24 = 0.9, H-2-furyl); 9.04 (s, 1H, H-2); 13C NMR (125.7
MHz, DMSO-de): 60.21 (CH2-5"); 74.23 (d, Jc F = 24.1, CH-3'); 82.64 (d, Jc,F = 17.5, CH-1'); 83.22
(d, Jcr = 4.6, CH-4"; 98.10 (d, Jc e = 192.1, CH-2"); 109.98 (C-4a); 110.73 (CH-4-furyl); 116.57
(d, Jcr = 5.1, CH-8); 120.49 (C-4b); 121.21 (CH-5); 124.28 (C-3-furyl); 126.23 (C-6); 127.61
(CH-7); 137.41 (C-8a); 144.60 (CH-2-furyl); 144.89 (CH-5-furyl); 153.17 (C-4); 154.75 (CH-2);
155.44 (C-9a); *F{*H} NMR (470.3 MHz, DMSO-ds): —188.62; IR (ATR): v = 3266, 2926, 1593,
1477, 1296, 1057, 807, 602 cm™; ESI MS m/z (rel.%): 404.1 (32) [M+H]", 426.1 (100) [M+Na]*;
HR MS (ESI) for C19H16CIFN304 [M+H]": calcd 404.08089; found 404.08079.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-(thiophen-2-yl)-9H-pyrimido-
[4,5-b]indole (99)
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Deprotection of 8g (170 mg; 0.27 mmol) according to the general procedure B over 2 hours, RP-
HPFC (C18 column, 10—100% MeOH in H20) and recrystallization from a H.O/MeOH mixture
afforded compound 9g (88 mg; 78%) as white crystals: m.p. 225-227 °C; [a]p?® +72.3 (c 0.20,
DMSO0); 'H NMR (500.0 MHz, DMSO-dg): 3.76-3.87 (m, 2H, H-5Y); 3.90 (m, 1H, H-4"); 4.51
(dddd, 1H, JnF = 23.7, J3.4 = 5.8, J3.on = 5.4, J32 = 2.5, H-3)); 5.21 (t, 1H, Jon,s’ = 5.5, OH-5");
5.25 (ddd, 1H, JuF=53.2, J2.v = 4.4, J2 3= 2.5, H-2"); 6.01 (d, 1H, Jon3 = 5.4, OH-3"); 7.03 (dd,
1H, Jur=20.8, J12 = 4.4, H-1"); 7.43 (dd, 1H, J45=5.0, Ja 3 = 3.7, H-4-thienyl); 7.56 (dd, 1H, J7 s
=8.9,Jr5=2.2,H-7);8.01 (dd, 1H, Js4 = 5.0, Js 3 = 1.1, H-5-thienyl); 8.09 (dd, 1H, Jg 7 = 8.9, JHF
= 3.1, H-8); 8.10 (dd, 1H, J34 = 3.7, J35 = 1.1, H-3-thienyl); 8.22 (d, 1H, Js7 = 2.2, H-5); 9.02 (s,
1H, H-2); *C NMR (125.7 MHz, DMSO-ds): 60.21 (CH2-5"); 74.24 (d, Jcr = 24.1, CH-3"); 82.73
(d, JcF=17.5, CH-1Y); 83.27 (d, JcF = 4.6, CH-4"); 98.13 (d, Jcr = 192.1, CH-2"); 108.69 (C-4a);
116.73 (d, Jc,r = 5.4, CH-8); 120.41 (C-4b); 120.97 (CH-5); 126.24 (C-6); 127.85 (CH-7); 128.72
(CH-4-thienyl); 130.14 (CH-3-thienyl); 131.72 (CH-5-thienyl); 137.54, (C-8a); 140.93 (C-2-
thienyl); 153.48 (C-4); 154.53 (CH-2); 155.89 (C-9a); °F NMR (470.3 MHz, DMSO-ds): —188.49
(ddd, Jr,n2 = 53.2, Jruz =23.7, Jrnr = 20.8); IR (ATR): v=3132, 1560, 1440, 1402, 1159, 1044,
1003, 856, 833, 806, 731, 547, 469 cm™; ESI MS m/z (rel. %): 442 (100) [M+Na]*, 420 (80)
[M+H]*; HR MS (ESI) for C19H15CIFN3OsNaS [M+Na]*: calcd 442.03989; found 442.03988.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-(thiophen-3-yl)-9H-pyrimido-
[4,5-b]indole (9h)

Deprotection of 8h (160 mg; 0.25 mmol) according to the general procedure B over 2 hours,
RP-HPFC (C18 column, 10—100% MeOH in H20) and recrystallization from a H.O/MeOH
mixture afforded compound 9h (68 mg; 65%) as a beige crystalline solid: m.p. 240-241 °C; [0]p%°
+73.2 (c 0.24, DMSO); *H NMR (500.0 MHz, DMSO-ds): 3.76-3.87 (m, 2H, H-5"); 3.90 (m, 1H,
H-4'); 4.52 (dddd, 1H, Jur=23.7, J3.4 = 5.8, J3.0n = 5.4, J3.2 = 2.5, H-3); 5.20 (t, 1H, Jon,s' = 5.6,
OH-5); 5.25 (ddd, 1H, Jur=53.2, J2 1= 4.4, J23 = 2.5, H-2'); 6.01 (d, 1H, Jous = 5.4, OH-3');
7.03 (dd, 1H, Jur=20.7, J1 2 = 4.4, H-1"); 7.56 (dd, 1H, J78 = 8.9, J75 = 2.2, H-7); 7.68 (dd, 1H,
Ja5=5.0, Ja2 = 1.3, H-4-thienyl); 7.88 (dd, 1H, Js4 =5.0, Js2 = 2.9, H-5-thienyl); 7.93 (d, 1H, Js7
= 2.2, H-5); 8.07 (dd, 1H, Js7 = 8.9, Jur = 3.1, H-8); 8.34 (dd, 1H, Jo5 = 2.9, Jo4 = 1.3, H-2-
thienyl); 9.06 (s, 1H, H-2); 3C NMR (125.7 MHz, DMSO-ds): 60.26 (CH2-5"); 74.27 (d, Jcr =
24.1, CH-3"); 82.68 (d, Jcr = 17.5, CH-1"; 83.26 (d, JcFr = 4.6, CH-4"); 98.15 (d, Jcr = 192.1,
CH-2); 109.96 (C-4a); 116.66 (d, JcF = 5.3, CH-8); 120.63 (C-4b); 121.10 (CH-5); 126.16 (C-6);
127.70 (CH-7); 127.95 (CH-5-thienyl); 128.22 (CH-4-thienyl); 128.80 (CH-2-thienyl); 137.50,
(C-8a); 139.09 (C-3-thienyl); 154.79 (CH-2); 155.60, 155.65 (C-4,9a); °F NMR (470.3 MHz,
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DMSO-ds): —188.58 (ddd, Jr s = 53.2, Jepsy = 23.7, Jrmr = 20.7); IR (ATR): v = 3123, 1564,
1444, 1156, 1042, 1009, 802, 718, 694, 614, 589, 547, 506, 474 cm'%; ESI MS m/z (rel. %): 420
(100) [M+H]*, 442 (70) [M+Na]*; HR MS (ESI) for C19H16CIFN303S [M+H]": calcd 420.05794;
found 420.05789.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-arabinofuranosyl)-4-phenyl-9H-pyrimido-[4,5-b]indole
(9i)

Deprotection of 8i (165 mg; 0.27 mmol) was carried out according to the general procedure over
2 h. Purification by RP-HPFC (C18 column, 10—100% MeOH in H2O) and recrystallization from
a H.O/MeOH mixture afforded compound 9i (68 mg; 65%) as a yellowish solid: m.p. 214-216
°C; [a]o® +68.2 (c 0.25, DMSO0); *H NMR (500.0 MHz, DMSO-de): 3.76-3.87 (m, 2H, H-5;
3.91 (m, 1H, H-4%); 4.52 (dddd, 1H, JuF = 23.5, J34 = 5.6, J3.0n = 4.6, J3 2 = 2.5, H-3'); 5.21 ({,
1H, Jon,s' = 5.6, OH-5'); 5.26 (ddd, 1H, JuF=53.3, Jo.1r= 4.4, Jo 3= 2.5, H-2"); 6.02 (d, 1H, Jon 3
= 4.6, OH-3"); 7.04 (dd, 1H, Jur=20.7, Jv 2= 4.4, H-1"); 7.55 (dd, 1H, J78 = 8.9, J75 = 2.2, H-7);
7.66-7.72 (m, 4H, H-5, H-m,p-Ph); 7.88-7.92 (m, 2H, H-0-Ph); 8.07 (dd, 1H, Jg7=8.9, Jur=3.1,
H-8); 9.12 (s, 1H, H-2); 3C NMR (125.7 MHz, DMSO-ds): 60.29 (CH,-5'"); 74.29 (d, Jor = 24.1,
CH-3'); 82.72 (d, JcF = 17.5, CH-1"); 83.31 (d, JcFr = 4.6, CH-4); 98.15 (d, JcF = 192.1, CH-2');
110.18 (C-4a); 116.78 (d, JcF = 5.3, CH-8); 120.58 (C-4b); 120.91 (CH-5); 126.10 (C-6); 127.77
(CH-7); 128.99 (CH-0-Ph); 129.12 (CH-m-Ph); 130.77 (CH-p-Ph); 137.58, 137.63 (C-8a, C-i-Ph);
154.92 (CH-2); 155.54 (C-9a); 160.36 (C-4); °F NMR (470.3 MHz, DMSO-ds): —188.57 (ddd,
Jrm2 = 53.3, Jruy = 23.5, Jrurr =20.7); IR (ATR): v = 3426, 1555, 1436, 1097, 1068, 850, 813,
786, 768, 703, 598, 555, 478, 455 cm™; ESI MS m/z (rel. %): 414 (100) [M+H]*, 436 (41)
[M+Na]*; HR MS (ESI) for C21H17CIFN303Na [M+Na]™: calcd 436.08347; found 436.08343.

4,6-Dichloro-9-(2,3-O-isopropylidene-5-O-tert-butyldimethylsilyl-#-D-ribofuranosyl)-9H-
pyrimido[4,5-b]indole (11)

To a solution of protected ribose 10 (960 mg, 3.2 mmol) and CCls (0.45 mL, 6.7 mmol) in
anhydrous toluene (10 mL) at —30 °C, tris(dimethylamino)phosphine (0.5 mL, 2.8 mmol) was
added dropwise. After 10 min of vigorous stirring at —30 °C, the reaction mixture was quickly
washed with ice-cold brine (10 mL), dried over MgSO4 and added to a vigorously stirred
suspension of pyrimidoindole 5!, powdered KOH (355 mg, 6.3 mmol), and TDA-1 (0.7 mL,
2.1 mmol) in anhydrous toluene (15 mL). The reaction mixture was stirred for 24 hours at r.t. After

filtration and evaporation of solvents under reduced pressure, the reaction mixture was purified by
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HPFC (silica column, 0—5 % EtOAc in PE) to give the crude nucleoside 11 (400 mg) as a yellow
oil, which was used directly in the next step.

'H NMR (500.0 MHz, DMSO-ds): —0.054, —0.048 (2 x s, 2 x 3H, CH3Si); 0.81 (s, 9H, (CH3)3CSi);
1.32, 1.58 (2 x s, 2 x 3H, (CH3)3C); 3.73 (dd, 1H, Jgem = 11.3, Jsb4 = 5.3, H-5'0); 3.81 (dd, 1H,
Joem = 11.3, J5a0 = 4.4, H-5'3); 4.18 (ddd, 1H, Jas = 5.3, 4.4, Jp3 = 4.2, H-4"); 5.10 (dd, 1H, J3»
= 6.7, J34 = 4.2, H-3); 5.54 (dd, 1H, J>3 = 6.7, J2.1'= 3.2, H-2"); 6.64 (d, 1H, J12 = 3.2, H-19;
7.67 (dd, 1H, J78=8.9, J75 = 2.1, H-7); 8.02 (d, 1H, Js7 = 8.9, H-8); 8.33 (d, 1H, Js57 = 2.1, H-5);
8.93 (s, 1H, H-2); C NMR (125.7 MHz, DMSO-ds): —5.32 (CH3Si); 18.23 ((CH3)3CSi); 25.50
((CH3)2C); 25.91 ((CH3)3CSi); 27.29 ((CHa)2C); 62.80 (CH2-5"); 80.27 (CH-3'); 82.25 (CH-2');
85.57 (CH-4"); 88.48 (CH-1"); 111.32 (C-4a); 114.32 ((CH3).C); 114.46 (CH-8); 119.59 (C-4b);
121.92 (CH-5); 127.50 (C-6); 128.69 (CH-7); 136.58 (C-8a); 152.55 (C-4); 154.70 (CH-2); 155.36
(C-9a); ESI MS m/z (rel. %): 524 (6) [M+H]*, 546 (25) [M+Na]*; HR MS (ESI) for
C24H3104N3Cl2NaSi [M+Na]*: calcd 546.13531; found 546.13532.

4,6-Dichloro-9-(p-b-ribonofuranosyl)-9H-pyrimido[4,5-b]indole (12)

Crude nucleoside 11 (400 mg) was treated with aqueous TFA (90% v/v, 5 mL) and stirred at r.t.
for 30 min.Volatiles were removed under reduced pressure and the residue was co-evaporated few
times with MeOH. Crystallization from H.O/MeOH mixture gave the free nucleoside 12 (225 mg,
29% over 2 steps) as a white solid: m.p. 253256 °C; [a]p?® —49.3 (¢ 0.21, DMSO0); *H NMR
(500.0 MHz, DMSO-de): 3.69 (dd, 1H, Jgem = 12.0, Jsv4 = 3.7, H-5'b); 3.72 (dd, 1H, Jgem = 12.0,
Jsaa = 3.3, H-5"a); 4.01 (ddd, 1H, Jas = 3.7, 3.3, Ja3r = 2.8, H-4'); 4.23 (dd, 1H, J3» = 5.7, Jyar
=2.8,H-3");4.72 (dd, 1H, Jo,1r = 7.4, J»3 = 5.7, H-2); 5.12-5.42 (bm, 3H, OH-2",3",5"); 6.49 (d,
1H, Jr2 = 7.4, H-1"); 7.69 (dd, 1H, J7s = 8.9, J75 = 2.2, H-7); 8.25 (d, 1H, Js7 = 8.9, H-8); 8.33
(d, 1H, Js7 = 2.2, H-5); 8.91 (s, 1H, H-2); 3C NMR (125.7 MHz, DMSO-ds): 61.62 (CH2-5");
70.15 (CH-3'); 70.90 (CH-2); 85.94 (CH-4"); 87.37 (CH-1'); 111.06 (C-4a); 115.51 (CH-8);
119.65 (C-4b); 121.73 (CH-5); 127.22 (C-6); 128.60 (CH-7); 136.52 (C-8a); 152.37 (C-4); 154.61
(CH-2); 156.23 (C-9a); IR (ATR): v = 3257, 1590, 1551, 1445, 1228, 1106, 1075, 1055, 1031,
1004, 835, 621, 430 cm™; ESI MS m/z (rel. %): 370 (100) [M+H]*, 392 (67) [M+Na]*; HR MS
(ESI) for C15H1404N3Cl> [M+H]*: calcd 370.03559; found 370.03566.

4,6-Dichloro-9-[3,5-O-(tetraisopropyldisiloxan-1,3-diyl)-g-D-ribofuranosyl]-9H-
pyrimido[4,5-b]indole (13)

Nucleoside 12 (2.7 g, 7.3 mmol) was dissolved in anhydrous pyridine (50 mL) and TIPDSCI>
(2.5 mL, 7.8 mmol) was added. The mixture was stirred at r.t. for 4 h and then solvents were
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removed under reduced pressure. Residue was dissolved in EtOAc (50 mL) and extracted with
water (50 mL). The organic layer was dried over MgSO4 and evaporated under reduced pressure.
The crude product was purified by HPFC (silica column, 0—10% EtOAc in PE) to give nucleoside
13 (3.94 g, 88%) as a yellowish solid: m.p. 145-147 °C; *H NMR (500.0 MHz, CDCls): 0.88-1.22
(m, 28H, (CH3)2CHSi); 3.22 (bs, 1H, OH-2"); 4.04-4.08 (m, 3H, H-4",5"); 4.94 (td, 1H, J»3 = 6.1,
Jo11=2.0, H-2"); 5.28 (m, 1H, H-3"); 6.30 (d, 1H, Jr» = 2.0, H-1"); 7.57 (dd, 1H, J78 = 8.8, J75 =
2.1, H-7); 7.64 (d, 1H, Js 7 = 8.8, H-8); 8.36 (d, 1H, Js7 = 2.1, H-5); 8.72 (s, 1H, H-2); 13C NMR
(125.7 MHz, CDCl3): 12.58, 12.76, 13.01, 13.27 ((CH3)2CHSi); 16.93, 17.00, 17.02, 17.15, 17.27,
17.35, 17.38, 17.42 ((CH3)2CHSI); 61.60 (CH2-5"); 70.72 (CH-3'); 73.44 (CH-2'); 81.56 (CH-4");
89.40 (CH-1"); 111.95 (CH-8); 112.28 (C-4a); 119.80 (C-4b); 122.90 (CH-5); 128.40 (C-6); 128.79
(CH-7); 137.12 (C-8a); 153.20 (C-4); 153.92 (CH-2); 155.43 (C-9a); IR (ATR): v = 2875, 1440,
108/7, 1032, 868, 693, 615, 449 cm™L; ESI MS m/z (rel. %): 612 (100) [M+H]", 634 (85) [M+Na]*;
HR MS (ESI) for C27H005N3Cl.Si> [M+H]™: calcd 612.18781; found 612.18798.

4,6-Dichloro-9-[3,5-O-(tetraisopropyldisiloxan-1,3-diyl)-g-D-erythro-pentofuran-2-ulosyl]-
9H-pyrimido[4,5-b]indole (14)

Dess-Martin periodinane (3.13 g, 7.4 mmol) was dissolved in anhydrous DCM (20 mL) and cooled
to 0 °C and then the solution of 13 (1.51 g, 2.46 mmol) in anhydrous DCM (20 mL) was added.
The reaction mixture was stirred 10 min at 0 °C and then it was allowed to warm to r.t. and stirred
overnight. Reaction mixture was then diluted with DCM (60 mL) and The organic phase was
washed with water, dried over MgSO4 and evaporated under reduced pressure. HPFC (silica
column, 0—10% EtOAc in PE) afforded compound 14 (1.37 g, 91%) as a yellowish foam: *H
NMR (500.0 MHz, CDClz): 0.99-1.26 (m, 28H, (CH3)2CHSI); 4.08 (ddd, 1H, Ja3' = 9.9, Jas =
2.9, 2.5, H-4"); 4.15 (dd, 1H, Jgem = 13.2, Jsv4 = 2.9, H-5'b); 4.20 (dd, 1H, Jgem = 13.2, Jsa4 = 2.5,
H-5'a); 5.62 (d, 1H, Jy.4 = 9.9, H-3"); 6.01 (s, 1H, H-1'); 7.52 (d, 1H, Js7 = 8.8, H-8); 7.58 (dd,
1H, J78 = 8.8, J75 = 2.1, H-7); 8.34 (d, 1H, Js7 = 2.1, H-5); 8.60 (s, 1H, H-2); *C NMR (125.7
MHz, CDCls): 12.40, 12.49, 12.90, 13.46 ((CH3).CHSI); 16.74, 16.77, 16.81, 16.91, 17.19, 17.27,
17.29, 17.31 ((CH3)2CHSi); 60.56 (CH-5"); 72.27 (CH-3"); 78.59 (CH-4"); 79.56 (CH-1"); 110.80
(CH-8); 112.32 (C-4a); 119.95 (C-4b); 123.14 (CH-5); 128.92 (C-6); 128.99 (CH-7); 137.15 (C-
8a); 153.31 (C-4); 153.77 (CH-2); 155.26 (C-9a); 206.22 (C-3"); IR (ATR): v = 2945, 2868, 1786,
1584, 1553, 1460, 1435, 1171, 1130, 1101, 1075, 1027, 886, 852, 694 cm™*; ESI MS m/z (rel. %):
610 (23) [M+H]*, 632 (12) [M+Na]"; HR MS (ESI) for C27H330sN3Cl2Si> [M+H]*: calcd
610.17216; found 610.17223.
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4,6-Dichloro-9-[3,5-O-(tetraisopropyldisiloxan-1,3-diyl)-f#-D-arabinofuranosyl]-9H-
pyrimido[4,5-b]indole (15)

Compound 14 (3.55 g, 5.8 mmol) was dissolved in ethanol (99%, 100 mL) and cooled to 0 °C.
Then the solution of sodium borohydride (440 mg, 11.6 mmol) in ethanol (99%, 100 mL) was
slowly added and the reaction mixture was stirred at r.t. for 1.5 h. Then, aqueous NH4ClI (saturated,
60 mL) was added and the reaction mixture was extracted with EtOAc (300 mL). The organic
layer was washed with water (150 mL), dried over MgSO4 and evaporated under reduced pressure.
HPFC (SiO2, 0—15% EtOAc in PE) gave arabinonucleoside 15 (3.37 g, 95%) as a white foam: *H
NMR (500.0 MHz, CDClz): 0.97-1.18 (m, 28H, (CH3).CHSI); 3.81 (ddd, 1H, J43 = 7.7, Jas =
4.1, 3.4, H-4"); 3.98 (dd, 1H, Jgem = 12.7, Jsv4 = 4.1, H-5'b); 4.03 (dd, 1H, Jgem = 12.7, Js51a 4 = 3.4,
H-5'a); 4.76 (t, 1H, Jo1' = J2 3 = 6.6, H-2"); 4.85 (dd, 1H, J34 = 7.7, J3.2- = 6.6, H-3"); 6.55 (d, 1H,
Ji2=6.6,H-1"); 7.56 (dd, 1H, J7¢ = 8.9, J75 = 2.1, H-7); 7.82 (d, 1H, Js 7 = 8.9, H-8); 8.36 (d, 1H,
Js7 = 2.1, H-5); 8.72 (s, 1H, H-2); °C NMR (125.7 MHz, CDCls): 12.45, 13.01, 13.08, 13.55
((CH3)2CHSI); 17.01, 17.04, 17.09, 17.10, 17.39, 17.45, 17.54 ((CH3).CHSI); 61.18 (CH2-5");
76.40 (CH-3’); 78.35 (CH-2'); 80.49 (CH-4"); 83.83 (CH-1'); 112.55 (C-4a); 113.80 (CH-8);
119.97 (C-4b); 122.72 (CH-5); 128.65 (C-6); 129.06 (CH-7); 138.20 (C-8a); 153.46 (CH-2);
153.53 (C-4); 155.39 (C-9a); IR (ATR): v = 2944, 2867, 1750, 1581, 1546, 1460, 1437, 1223,
1153, 1098, 1032, 1010, 885, 837, 793, 694 cm™%; ESI MS m/z (rel. %): 612 (46) [M+H]", 634
(100) [M+Na]*; HR MS (ESI) for Cz7H390sN3Cl2NaSi> [M+Na]*: calcd 634.16975; found
634.16989.

4,6-Dichloro-9-(f-p-arabinofuranosyl)-9H-pyrimido[4,5-b]indole (16)

EtsN-3HF (660 ul, 4 mmol) was added to a solution of silyl-protected nucleoside 15 (1.2 g, 2
mmol) in anhydrous THF (30 mL). The reaction mixture was stirred overnight at r.t. and
evaporated under reduced pressure. RP-HPFC (C18 column, 10—100% MeOH in H20) and
recrystallization from a H.O/MeOH mixture afforded the free arabinonucleoside 16 (705 mg, 95%)
as a white solid: m.p. 217-219 °C; [a]p?° —19.1 (c 0.20, DMSO); *H NMR (500.0 MHz, DMSO-
de): 3.76-3.88 (m, 3H, H-4',5"); 4.15 (td, 1H, J3:4 = J3.on = 4.8, J3> = 3.3, H-3'); 4.23 (td, 1H,
o= Jyon = 4.8, Jo3 = 3.3, H-2"); 5.16 (t, 1H, Jon,s = 5.3, OH-5"); 5.33 (d, 1H, Jon, = 4.8, OH-
2'); 5.62 (d, 1H, Jous = 4.8, OH-3"); 6.81 (d, 1H, Ji-2r = 4.9, H-1); 7.62 (dd, 1H, J78 = 9.0, J75 =
2.2, H-7); 8.16 (d, 1H, Js7 = 9.0, H-8); 8.26 (d, 1H, Js7 = 2.2, H-5); 8.89 (s, 1H, H-2); 13C NMR
(125.7 MHz, DMSO-ds): 60.98 (CH2-5"); 76.44 (CH-3"); 77.69 (CH-2"); 84.18 (CH-4"); 86.02 (CH-
1'); 110.88 (C-4a); 117.86 (CH-8); 119.29 (C-4b); 121.02 (CH-5); 126.63 (C-6); 128.12 (CH-7);
138.42 (C-8a); 152.02 (C-4); 154.53 (CH-2); 155.58 (C-9a); IR (ATR): v = 3302, 1590, 1442,

S16



1296, 1219, 1157, 1064, 1033, 830, 566, 426 cm™; ESI MS m/z (rel. %): 392 (100) [M+Na]*; HR
MS (ESI) for C15H1304N3Cl2Na [M+Na]*: calcd 392.01753; found 392.01764.

4-Amino-9-(f-D-arabinofuranosyl)-6-chloro-9H-pyrimido[4,5-b]indole (17a)

Arabinoside 16 (120 mg, 0.32 mmol) was dissolved in dioxane (3 mL) and aqueous ammonia
(30%, 3 mL) was added. The reaction mixture was stirred in screw-cap pressure glass tube at
100 °C for 20 h and then solvents were evaporated under reduced pressure. RP-HPFC (C18
column, 10—100% MeOH in H>O) and recrystallization from a H.O/MeOH mixture afforded
nucleoside 17a (95 mg, 85%) as a white solid: m.p. 298-301 °C; [0]p?° 0 (c 0.23, DMSO); *H
NMR (500.0 MHz, DMSO-de): 3.69-3.85 (m, 3H, H-4',5"); 4.10-4.17 (m, 2H, H-2",3"); 5.14 (t,
1H, Jon,s = 5.2, OH-5"); 5.33 (d, 1H, Jon, = 5.2, OH-2'); 5.51 (d, 1H, Jon;3 = 4.7, OH-3"); 6.69
(d, 1H, Ji2 = 4.7, H-1); 7.30 (dd, 1H, J78 = 8.9, J75 = 2.2, H-7); 7.37 (bs, 2H, NH2); 7.92 (d, 1H,
Js7 = 8.9, H-8); 8.30 (s, 1H, H-2); 8.42 (d, 1H, J57 = 2.2, H-5); **C NMR (125.7 MHz, DMSO-
de): 61.24 (CH2-5"); 76.73 (CH-3"); 77.67 (CH-2"); 83.75 (CH-4"); 85.32 (CH-1"); 94.95 (C-4a);
116.22 (CH-8); 120.06 (CH-5); 121.56 (C-4b); 123.99 (CH-7); 125.41 (C-6); 136.09 (C-8a);
155.21 (CH-2); 155.53 (C-9a); 157.78 (C-4); IR (ATR): v = 3120, 1654, 1597, 1460, 1319, 1218,
1033, 907, 855, 795, 525 cm™t; ESI MS m/z (rel. %): 351 (100) [M+H]*, 373 (56) [M+Na]*; HR
MS (ESI) for C15H1604N4CI [M+H]*: calcd 351.08546; found 351.08557.

9-(#-D-Arabinofuranosyl)-6-chloro-4-methoxy-9H-pyrimido[4,5-b]indole (17b)

Nucleoside 16 (80 mg, 0.22 mmol) was dissolved in dry MeOH (5 mL) and solution of sodium
methoxide (1M in MeOH, 2 mL) was added. The mixture was stirred for 3 h at r.t. Solvent
evaporation, purification by RP-HPFC (C18 column, 10—100% MeOH in H20) and
recrystallization from a H,O/MeOH mixture gave nucleoside 17b (62 mg, 77%) as a white solid:
m.p. 238-241 °C; [a]p?® —8.4 (c 0.30, DMSO); *H NMR (500.0 MHz, DMSO-ds): 3.75-3.85 (m,
3H, H-4",5"); 4.15 (td, 1H, J3 4 = J3,0n = 4.8, J3» = 3.3, H-3); 4.20 (td, 1H, J>,1' = Jo,on = 4.9, Jo 3
= 3.3, H-2"); 4.20 (s, 3H, CH30); 5.32 (t, 1H, Jon,s' = 5.1, OH-5"); 5.32 (d, 1H, Jon2 = 4.9, OH-
2'; 5.55 (d, 1H, Jouy = 4.8, OH-3"); 6.77 (d, 1H, Ji-o = 4.9, H-1"); 7.45 (dd, 1H, J78 = 8.9, J75 =
2.2, H-7); 7.95 (d, 1H, Js7 = 2.2, H-5); 8.04 (d, 1H, Jg7 = 8.9, H-8); 8.68 (s, 1H, H-2); 13C NMR
(125.7 MHz, DMSO-de): 54.38 (CH30); 61.12 (CH2-5"); 76.57 (CH-3"); 77.67 (CH-2'); 83.93 (CH-
4'); 85.65 (CH-1"); 98.31 (C-4a); 117.22 (CH-8); 120.15 (C-4b); 120.61 (CH-5); 125.68 (CH-7);
125.82 (C-6); 136.92 (C-8a); 154.85 (CH-2); 156.33 (C-9a); 163.81 (C-4); IR (ATR): v = 3299,
1598, 1566, 1460, 1323, 1294, 1192, 1124, 1052, 943, 769, 722, 588, 560 cm™; ESI MS m/z (rel.
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%): 388 (100) [M+Na]"; HR MS (ESI) for C16H1605N3CINa [M+Na]*: calcd 388.06707; found
388.06722.

9-(#-D-Arabinofuranosyl)-6-chloro-4-methylsulfanyl-9H-pyrimido[4,5-b]indole (17c)
Nucleoside 16 (80 mg, 0.22 mmol) and sodium methanethiolate (30 mg, 0.43 mmol) were
dissolved in anhydrous EtOH (10 mL) and stirred for 3 h at r.t. The solvent was removed under
reduced pressure and the crude product was purified by RP-HPFC (C18 column, 10—100%
MeOH in H20). Recrystallization from a H2.0/MeOH mixture gave compound 17¢ (60 mg, 71%)
as a white solid: m.p. 181-183 °C; [a]p?® —14.9 (c 0.28, DMSO); *H NMR (500.0 MHz, DMSO-
de): 2.80 (s, 3H, CHaS); 3.76-3.85 (m, 3H, H-4',5"); 4.15 (td, 1H, J3.4 = J3on = 4.8, J3» = 3.2, H-
3");4.20 (td, 1H, Jo1' = Jron = 4.9, J2 3 = 3.2, H-2"); 5.11 (t, 1H, Jon,s = 5.2, OH-5"); 5.30 (d, 1H,
Jonp = 4.9, OH-2'); 5.56 (d, 1H, Jon,3' = 4.8, OH-3"); 6.79 (d, 1H, Ji2r = 4.9, H-1"); 7.52 (dd, 1H,
J78=8.9, J75 = 2.2, H-7); 8.01 (d, 1H, Js7 = 2.2, H-5); 8.10 (d, 1H, Jg7 = 8.9, H-8); 8.87 (s, 1H,
H-2); $3C NMR (125.7 MHz, DMSO-dg): 11.83 (CH3S); 61.05 (CH-5"); 76.54 (CH-3"); 77.68
(CH-2"); 83.99 (CH-4"); 85.57 (CH-1"); 109.33 (C-4a); 117.38 (CH-8); 120.28 (C-4b); 120.87 (CH-
5); 125.89 (C-6); 126.40 (CH-7); 137.38 (C-8a); 153.10 (C-9a); 154.03 (CH-2); 162.32 (C-4); IR
(ATR): v =3278, 1557, 1473, 1433, 1292, 1236, 1163, 1119, 1072, 943, 844, 802, 593, 565 cm™*;
ESI MS m/z (rel. %): 404 (100) [M+Na]*; HR MS (ESI) for C16H1604N3CINaS [M+Na]*: calcd
404.04423; found 404.04433.

9-(p-D-Arabinofuranosyl)-6-chloro-4-methyl-9H-pyrimido[4,5-b]indole (17d)

Nucleoside 16 (80 mg, 0.22 mmol) and Pd(PPhs)s (13 mg, 0.011 mmol) were dissolved in
anhydrous THF (5 mL) and MezAl (2M in toluene, 220 uL) was added. The mixture was stirred
at 70 °C for 18 h and solvents were evaporated. RP-HPFC (C18 column, 10—100% MeOH in
H>0) and recrystallization from a H,O/MeOH mixture gave nucleoside 17d (52 mg, 68%) as a
white solid: m.p. 233-235 °C; [a]p®® —10.7 (¢ 0.21, DMSO); *H NMR (500.0 MHz, DMSO-ds):
2.97 (s, 3H, CHg3); 3.76-3.87 (m, 3H, H-4',5"); 4.16 (dd, 1H, J3 4 = 4.5, J3» = 3.3, H-3"); 4.22 (td,
1H, J2 11 = 4.9, Jr 3 = 3.3, H-2); 6.81 (d, 1H, Ji2r = 4.9, H-1"); 7.53 (dd, 1H, J78 = 8.9, J75 = 2.2,
H-7); 8.11 (d, 1H, Js.7 = 8.9, H-8); 8.17 (d, 1H, Js7 = 2.2, H-5); 8.93 (s, 1H, H-2); *C NMR (125.7
MHz, DMSO-dg): 22.48 (CH30); 61.06 (CH2-5"); 76.59 (CH-3'); 77.64 (CH-2'); 83.99 (CH-4');
85.50 (CH-1"); 111.50 (C-4a); 117.31 (CH-8); 120.94 (C-4b); 121.67 (CH-5); 126.12 (C-6); 126.86
(CH-7); 138.01 (C-8a); 153.70 (CH-2); 154.55 (C-9a); 159.89 (C-4); IR (ATR): v = 3271, 1564,
1475, 1068, 1030, 836, 567, 425 cm™; ESI MS m/z (rel. %): 350 (12) [M+H]*, 372 (100) [M+Na]*;
HR MS (ESI) for C16H1604N3CINa [M+Na]*: calcd 372.07215; found 372.07232.
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9-(#-D-Arabinofuranosyl)-6-chloro-4-(furan-2-yl)-9H-pyrimido[4,5-b]indole (17¢€)
Arabinoside 16 (120 mg, 0.32 mmol) was reacted with furan-2-boronic acid (54 mg, 0.48 mmol)
in 3 mL of H2O/MeCN (2:1) for 2 h according to the general procedure A. Recrystallization from
a H,O/MeOH mixture gave 17e (42 mg, 33%) as a greenish solid: m.p. 241-243 °C; [a]p?® —7.2
(c 0.15, DMSO); *H NMR (500.0 MHz, DMSO-ds): 3.77-3.87 (m, 3H, H-4",5"); 4.16 (m, 1H, H-
3); 4.24 (td, 1H, J2,; = J2,om = 4.9 Hz, J> 3 = 3.2 Hz, H-2"); 5.14 (bs, 1H, OH-5"); 5.34 (d, 1H,
Jon2-=5.0 Hz, OH-2"); 5.58 (bd, 1H, Jox 3 = 4.8 Hz, OH-3"); 6.88 (d, 1H, J;>- = 4.9 Hz, H-1");
6.91 (dd, 1H, Ja3 = 3.5 Hz, Ja5 = 1.8 Hz, H-4-furyl); 7.55 (dd, 1H, J78 = 8.9 Hz, J75 = 2.2 Hz, H-
7); 7.61 (dd, 1H, J34 = 3.5 Hz, J35 = 0.9 Hz, H-3-furyl); 8.14 (dd, 1H, Js7 = 8.9 Hz, Js5 = 0.6 Hz,
H-8); 8.36 (dd, 1H, Js4 = 1.8 Hz, Js3 = 0.9 Hz, H-5-furyl); 8.77 (dd, 1H, Js7 = 2.2 Hz, Jsg = 0.6
Hz, H-5); 8.97 (s, 1H, H-2); *C NMR (125.7 MHz, DMSO-dg): 61.07 (CH2-5"); 76.70 (CH-3");
77.70 (CH-2"); 84.01 (CH-4"); 85.65 (CH-1"); 107.03 (C-4a); 113.33 (CH-4-furyl); 115.37 (CH-
3-furyl); 117.22 (CH-8); 120.26 (C-4b); 123.02 (CH-5); 125.96 (C-6); 127.24 (CH-7); 138.60 (C-
8a); 146.92 (CH-5-furyl); 144.67 (C-4); 152.50 (C-2-furyl); 154.29 (CH-2); 156.40 (C-9a); IR
(ATR): v = 3194, 1542, 1474, 1439, 1296, 1073, 1044, 1024, 799, 750, 592, 562, 524 cm™*; ESI
MS m/z (rel. %): 424 (100) [M+Na]"; HR MS (ESI) for C19H160sN3CINa [M+Na]*: calcd
424.06707; found 424.06713.

9-(p-D-Arabinofuranosyl)-6-chloro-4-(furan-3-yl)-9H-pyrimido[4,5-b]indole (17f)

Arabinoside 16 (120 mg, 0.32 mmol) was reacted with furan-3-boronic acid (54 mg, 0.48 mmol)
in 3 mL of H,O/MeCN (2:1) for 2 h according to the general procedure A. Recrystallization from
H.O/MeOH mixture gave 17f (80 mg, 62%) as a tan solid: m.p. 186-188 °C; [a]p® +19.1 (c 0.19,
DMSO); *H NMR (500.0 MHz, DMSO-de): 3.76-3.87 (m, 3H, H-4",5"); 4.16 (td, 1H, J5"4' = J3-0n
=4.7 Hz, J32- = 3.2 Hz, H-3"); 4.24 (td, 1H, J2,;- = J270n = 5.0 Hz, J2,3- = 3.2 Hz, H-2"); 5.12 (4,
1H, Jors-=5.1 Hz, OH-5"); 5.34 (d, 1H, Jor 2 = 5.0 Hz, OH-2"); 5.57 (d, 1H, Jou 3’ = 4.8 Hz, OH-
3'); 6.87 (d, 1H, J;2* = 4.9 Hz, H-1"); 7.12 (dd, 1H, Ja5 = 1.8 Hz, J42 = 0.9 Hz, H-4-furyl); 7.52
(dd, 1H, J78 = 9.0 Hz, J75 = 2.2 Hz, H-7); 8.02 (t, 1H, J5» = Js4 = 1.7 Hz, H-5-furyl); 8.05 (dd,
1H, Js7=2.2 Hz, Jsg = 0.5 Hz, H-5); 8.13 (dd, 1H, Jg7 = 9.0 Hz, Jg 5 = 0.5 Hz, H-8); 8.54 (dd, 1H,
J25=1.6 Hz, J2.4 = 0.9 Hz, H-2-furyl); 9.00 (s, 1H, H-2); *3C NMR (125.7 MHz, DMSO-ds): 61.05
(CH2-5"); 76.64 (CH-3"); 77.66 (CH-2"); 84.01 (CH-4"); 85.57 (CH-1"); 110.05 (C-4a); 110.77
(CH-4-furyl); 117.46 (CH-8); 120.26 (C-4b); 120.82 (CH-5); 124.43 (C-3-furyl); 125.63 (C-6);
127.12 (CH-7); 138.27 (C-8a); 144.43 (CH-2-furyl); 144.89 (CH-5-furyl); 152.73 (C-4); 154.52
(CH-2); 155.62 (C-9a); IR (ATR): v= 3363, 1565, 1477, 1451, 1113, 1073, 1056, 1026, 876, 833,
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690, 642, 601, 549 cm; ESI MS m/z (rel. %): 424 (100) [M+Na]*, 402 (39) [M+H]"; HR MS
(ESI) for C19H1605N3CINa [M+Na]*: calcd 424.06707; found 424.06720.

9-(p-p-Arabinofuranosyl)-6-chloro-4-(thiophen-2-yl)-9H-pyrimido[4,5-b]indole (179)
Arabinoside 16 (120 mg, 0.32 mmol) was reacted with thiophene-2-boronic acid (62 mg, 0.48
mmol) in 3 mL of H2O/MeCN (2:1) for 2 h according to the general procedure A. Recrystallization
from H,0/MeOH mixture gave 17g (94 mg, 70%) as a tan solid: m.p. 192—-194 °C; [a]p® +18.1 (c
0.26, DMSO); *H NMR (500.0 MHz, DMSO-de): 3.77-3.87 (m, 3H, H-4',5"); 4.16 (td, 1H, J3.4 =
Jyon =4.8, 32 =3.2,H-3"); 4.25 (td, 1H, J21r = Jo,on = 4.8, Jo3 = 3.2, H-2'); 5.13 (t, 1H, Jon,s'
= 5.0, OH-5"); 5.35 (d, 1H, Jon.' = 4.8, OH-2"); 5.59 (d, 1H, Jon = 4.8, OH-3"); 6.88 (d, 1H, J;"»
=4.8, H-1); 7.43 (dd, 1H, Ja5 = 5.0, Js3 = 3.7, H-4-thienyl); 7.54 (dd, 1H, J78=9.0, J75 = 2.2, H-
7); 7.99 (dd, 1H, Js 4 = 5.0, Js 3 = 1.1, H-5-thienyl); 8.06 (dd, 1H, J34 = 3.7, J35 = 1.1, H-3-thienyl);
8.15 (d, 1H, Js7=9.0, H-8); 8.20 (d, 1H, J57 = 2.2, H-5); 8.98 (s, 1H, H-2); *C NMR (125.7 MHz,
DMSO-dg): 61.06 (CHz-5"); 76.66 (CH-3'); 77.69 (CH-2'); 84.06 (CH-4"); 85.71 (CH-1'); 108.77
(C-4a); 117.61 (CH-8); 120.16 (C-4b); 120.58 (CH-5); 125.65 (C-6); 127.36 (CH-7); 128.69 (CH-
4-thienyl); 129.83 (CH-3-thienyl); 131.48 (CH-5-thienyl); 138.42 (C-8a); 141.16 (C-2-thienyl);
153.07 (C-4); 154.30 (CH-2); 156.06 (C-9a); IR (ATR): v = 3358, 1562, 1447, 1217, 1172, 1138,
1057, 918, 707, 632, 483 cm™; ESI MS m/z (rel. %): 418 (100) [M+H]*; HR MS (ESI) for
C19H1704N3CIS [M+H]": calcd 418.06228; found 418.06235.

9-(p-p-Arabinofuranosyl)-6-chloro-4-(thiophen-3-yl)-9H-pyrimido[4,5-b]indole (17h)

Arabinoside 16 (120 mg, 0.32 mmol) was reacted with thiophene-3-boronic acid (62 mg, 0.48
mmol) in 3 mL of H,O/MeCN (2:1) for 2 h according to the general procedure A. Recrystallization
from H2O/MeOH mixture gave 17h (100 mg, 75%) as a white crystalline solid: m.p. 207-209 °C;
[a]p?® +9.2 (¢ 0.22 , DMSO); *H NMR (500.0 MHz, DMSO-de): 3.77-3.87 (m, 3H, H-4",5"); 4.17
(td, 1H, 374 = J3 0 = 4.7 Hz, J3.2- = 3.2 Hz, H-3"); 4.25 (td, 1H, J27; = J2708 = 5.0 Hz, J2 3 =
3.2 Hz, H-2"); 5.12 (bt, 1H, Jon5-= 5.2 Hz, OH-5"); 5.35 (d, 1H, Jon,2- = 5.0 Hz, OH-2"); 5.58 (d,
1H, Jous = 4.8 Hz, OH-3"); 6.88 (d, 1H, J;2- = 4.9 Hz, H-1"); 7.51 (dd, 1H, J75 = 9.0 Hz, J75 =
2.2 Hz, H-7); 7.66 (dd, 1H, J45 = 5.0 Hz, Js2 = 1.3 Hz, H-4-thienyl); 7.88 (dd, 1H, Js4 = 5.0 Hz,
Js.2 = 2.9 Hz, H-5-thienyl); 7.91 (dd, 1H, Js7 = 2.2 Hz, Js8 = 0.5 Hz, H-5); 8.13 (dd, 1H, Js7 = 9.0
Hz, Js5 = 0.5 Hz, H-8); 8.31 (dd, 1H, J25 = 2.9 Hz, J24 = 1.3 Hz, H-2-thienyl); 9.02 (s, 1H, H-2);
13C NMR (125.7 MHz, DMSO-ds): 61.07 (CH2-5"); 76.65 (CH-3"); 77.67 (CH-2"); 84.04 (CH-
47); 85.60 (CH-1"); 109.98 (C-4a); 117.51 (CH-8); 120.36 (C-4b); 120.69 (CH-5); 125.51 (C-6);
127.17 (CH-7); 127.89 (CH-5-thienyl); 128.18 (CH-4-thienyl); 128.51 (CH-2-thienyl); 138.33 (C-
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8a); 139.27 (C-3-thienyl); 154.52 (CH-2); 155.21 (C-4); 155.75 (C-9a); IR (ATR): v = 3800, 1564,
1449, 1105, 1072, 1056, 999, 813, 777, 587, 502, 444 cm™; ESI MS m/z (rel. %): 440 (100)
[M+Na]*, 418 (51) [M+H]*; HR MS (ESI) for C19H1504N3CINaS [M+Na]*: calcd 440.04423;
found 440.04424.

9-(B-D-Arabinofuranosyl)-6-chloro-4-phenyl-9H-pyrimido[4,5-b]indole (171i)

Arabinoside 16 (120 mg, 0.32 mmol) was reacted with phenylboronic acid (59 mg, 0.48 mmol) in
3 mL of H2O/MeCN (2:1) for 4 h according to the general procedure A. Recrystallization from
H.O/MeOH mixture gave 17i (76 mg, 58%) as a tan solid: m.p. 183-185 °C; [a]p?® —6.5 (¢ 0.17,
DMSO); *H NMR (500.0 MHz, DMSO-ds): 3.78-3.88 (m, 3H, H-4",5"); 4.18 (td, 1H, J3.4 = J3.0n
=48, J32 =3.2, H-3"); 4.26 (td, 1H, J2,1r = Jo.on = 4.8, Jo 3 = 3.2, H-2'); 5.13 (t, 1H, Jon,s' = 5.3,
OH-5"); 5.36 (d, 1H, Jon, = 4.8, OH-2'); 5.59 (d, 1H, Jon,3' = 4.8, OH-3"); 6.90 (d, 1H, Ji'» = 4.8,
H-1'); 7.50 (dd, 1H, J78 = 9.0, J75 = 2.2, H-7); 7.64 (d, 1H, Js7 = 2.2, H-5); 7.67-7.72 (m, 3H, H-
m,p-Ph); 7.88 (m, 2H, H-0-Ph); 8.13 (d, 1H, Js7 = 9.0, H-8); 9.08 (s, 1H, H-2); 3C NMR (125.7
MHz, DMSO-dg): 61.10 (CH2-5"); 76.67 (CH-3'); 77.68 (CH-2'); 84.10 (CH-4'); 85.66 (CH-1');
110.16 (C-4a); 117.61 (CH-8); 120.30 (C-4b); 120.50 (CH-5); 125.44 (C-6); 127.21 (CH-7);
128.91 (CH-0-Ph); 129.09 (CH-m-Ph); 130.62 (CH-p-Ph); 137.83 (C-i-Ph); 138.39 (C-8a); 154.64
(CH-2); 155.66 (C-9a); 159.88 (C-4); IR (ATR): v = 3365, 1561, 1448, 1219, 1174, 1058, 918,
883, 767, 702, 640, 601, 483 cm™; ESI MS m/z (rel. %): 412 (100) [M+H]*, 434 (59) [M+Na]*;
HR MS (ESI) for C21H1904N3CI [M+H]*: calcd 412.10586; found 412.10594.

4,6-Dichloro-9-[2-O-acetyl-3,5-O-(tetraisopropyldisiloxan-1,3-diyl)-f-p-arabinofuranosyl]-
9H-pyrimido[4,5-b]indole (18)

Protected arabinonucleoside 15 (3.49 g, 5.7 mmol) was dissolved in anhydrous MeCN (100 mL)
and EtsN (0.95 mL, 6.8 mmol), DMAP (70 mg, 0.57 mmol) and acetic anhydride (0.65 mL, 6.8
mmol) were added. The mixture was stirred at r.t. for 1 h and then evaporated under reduced
pressure. Residue was dissolved in EtOAc (60 mL), extracted with water (50 mL) and saturated
NaHCO3 (30 mL), dried over MgSO4 and evaporated under reduced pressure to give crude acetate
18 (3.62 g, 96%) as a yellowish foam: *H NMR (500.0 MHz, CDCls): 0.98-1.28 (m, 28H,
(CH3)CHSI); 1.32 (s, 3H, CH3CO); 3. 90 (ddd, 1H, Js43 = 8.5, Ja5 = 3.8, 3.2, H-4"); 4.14 (dd, 1H,
Jgem = 12.7, Isv 4 = 3.2, H-5'b); 4.27 (dd, 1H, Jgem = 12.7, Jsua = 3.8, H-5"a); 5.11 (bdd, 1H, J34'
= 8.5, J32 = 6.5, H-3"); 5.56 (dd, 1H, J2,1' = 6.9, Jo3 = 6.5, H-2); 7.00 (d, 1H, Ji'» = 6.9, H-1");
7.51 (dd, 1H, J78=8.9, J75 = 2.2, H-7); 7.79 (d, 1H, Js 7 = 8.9, H-8); 8.33 (d, 1H, Js57 = 2.2, H-5);
8.80 (s, 1H, H-2); °C NMR (125.7 MHz, CDCl5): 12.44, 13.03, 13.13, 13.33 ((CH3).CHS:i); 16.80,
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16.84, 16.91, 16.96, 17.36, 17.43, 17.52, 17.54 ((CH3).CHSIi); 19.56 (CH3CO); 60.85 (CH2-5");
74.09 (CH-3'); 79.19 (CH-2'); 80.02 (CH-4"); 81.74 (CH-1"); 111.57 (C-4a); 114.54 (CH-8);
119.80 (C-4b); 122.42 (CH-5); 128.29 (C-6); 128.51 (CH-7); 137.09 (C-8a); 153.02 (C-4); 154.11
(CH-2); 155.89 (C-9a); 169.49 (COCHs3); ESI MS m/z (rel. %): 676 (100) [M+Na]"; HR MS (ESI)
for C29H106N3Cl2NaSi> [M+Na]*: calcd 676.18032; found 676.1804215.

4,6-Dichloro-9-(2-O-acetyl-#-D-arabinofuranosyl)-9H-pyrimido[4,5-b]indole (19)

A solution of acetate 18 (6.2 g, 9.5 mmol) in anhydrous THF (100 mL) was treated with EtsN-3HF
(3.1 mL, 20 mmol). The mixture was stirred overnight at r.t. Evaporation under reduced pressure
and HPFC purification (silica column, 0—5% MeOH in DCM) gave 19 (3.7 g, 94%) as a yellowish
foam: *H NMR (500.0 MHz, DMSO-ds): 1.25 (s, 3H, CH3CO); 3.79 (dd, 1H, Jgem = 12.0, Jsp4 =
5.1, H-5'b); 3.84 (dd, 1H, Jgem = 12.0, Js:a4' = 3.5, H-5"a); 3.91 (ddd, 1H, J43 = 6.4, J45 =5.1, 3.5,
H-4"); 4.48 (bdd, 1H, Jy4 = 6.4, J3» = 3.8, H-3"); 5.51 (bs, 1H, OH-5"); 5.27 (dd, 1H, J2,1r = 5.4,
Jo3=3.8, H-2"); 5.92 (bs, 1H, OH-3"); 7.02 (d, 1H, Jir> = 5.4, H-1"); 7.70 (dd, 1H, J78 = 8.9, J75
=2.2,H-7);8.10 (d, 1H, Js7 = 8.9, H-8); 8.27 (d, 1H, Js7 = 2.2, H-5); 8.92 (s, 1H, H-2); 1*C NMR
(125.7 MHz, DMSO-dg): 19.71 (CH3CO); 60.25 (CH2-5"); 73.58 (CH-3'); 79.91 (CH-2'); 82.94
(CH-1"); 83.29 (CH-4"); 110.77 (C-4a); 116.88 (CH-8); 119.31 (C-4b); 121.37 (CH-5); 127.16 (C-
6); 128.48 (CH-7); 137.16 (C-8a); 152.27 (C-4); 154.71 (CH-2); 155.54 (C-9a); 169.22 (COCHj);
IR (ATR): v=12945, 2867, 1750, 1580, 1546, 1460, 1437, 1219, 1153, 1098, 1032, 884, 835, 793,
693 cmL; ESI MS m/z (rel. %): 434 (100) [M+Na]*; HR MS (ESI) for C17H1505N3Cl,Na [M+Na]":
calcd 434.02810; found 434.02816.

4,6-Dichloro-9-[2-O-acetyl-3,5-di-O-(tetrahydropyran-2-yl)-#-b-arabinofuranosyl]-9H-
pyrimido[4,5-b]indole (20)

Compound 19 (1.83 g, 4.4 mmol) and TsOH-H20 (840 mg, 8.8 mmol) were dissolved in anhydrous
DMF (50 mL) and the mixture was cooled to 0 °C. 3,4-Dihydro-2H-pyran (12.2 mL, 134 mmol)
was added and the mixture was allowed to warm to r.t., stirred overnight, diluted with EtOAc (100
mL) and extracted with aqueous NaHCOs (saturated, 50 mL). The organic layer was dried over
MgSOs and evaporated under reduced pressure. HPFC purification (silica column, 10—50%
EtOAc in PE) furnished the crude product 20 (2.43 g) as a yellow oil. This intermediate was used
directly in the next step. ESI MS m/z (rel. %): 580 (14) [M+H]", 602 (100) [M+Na]*; HR MS
(ESI) for C27H3107N3Cl2Na [M+Na]*: calcd 602.14313; found 602.14319.
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4,6-Dichloro-9-[3,5-di-O-(tetrahydropyran-2-yl)-g-D-arabinofuranosyl]-9H-
pyrimido[4,5-b]indole (21)

Crude THP-protected acetate 20 (2.4 g) was dissolved in methanolic ammonia (27%, 200 mL) at
0 °C and stirred for 4 h at 0 °C. The evaporation of the solution under reduced pressure resulted in
crude THP-protected arabinoside 21 (2.1 g) as a yellow oil. This intermediate was used directly in
the next step. ESI MS m/z (rel. %): 538 (14) [M+H]*, 560 (100) [M+Na]"; HR MS (ESI) for
C2s5H2906N3Cl2Na [M+Na]*: calcd 560.13256; found 560.13257.

4,6-Dichloro-9-(2-deoxy-2-fluoro-g-p-ribofuranosyl)-9H-pyrimido[4,5-b]indole (22)
THP-protected arabinonucleoside 21 (2.1 g, 3.9 mmol) was dissolved in anhydrous DCM (55 mL)
and anhydrous pyridine was added (2.4 mL, 9.75 mL). The mixture was cooled to 0 °C and treated
with DAST (2.6 mL; 19.7 mmol). The mixture was allowed to warm to r.t. and stirred overnight.
Then, it was diluted with DCM (60 mL) and neutralized with aqgueous NaHCO3 (saturated, 90 mL).
The organic phase was washed with water (90 mL), dried over MgSO4 and evaporated under
reduced pressure. The crude product was then dissolved in aqueous TFA (90% v/v, 20 mL) and
stirred at r.t. for 2 h. The solution was evaporated under reduced pressure and co-evaporated with
MeOH. RP-HPFC purification (C18 column, 10—100% MeOH in H20) and recrystallization
(H20/MeOH 3:1) gave the free fluororibonucleoside 22 (640 mg, 38% over four steps) as a beige
solid: m.p. 249-251 °C; [0]p?® —26.2 (c 0.24, DMSO); *H NMR (500.0 MHz, DMSO-dg): 3.61
(dd, 1H, Jgem = 12.3, Jspa = 4.5, H-5'0); 3.74 (dd, 1H, Jgem = 12.3, J5aa = 2.6, H-5'3); 4.02 (dddd,
1H, Ja3 = 6.3, Jas = 4.5, 2.6, Jur = 1.0, H-4"); 4.63 (ddd, 1H, Jur = 14.8, J3 4 = 6.3, J3 2 = 5.4,
H-3Y); 5.71 (ddd, 1H, JnF=53.6, J2.3 = 5.4, J2.1'= 3.9, H-2"); 6.72 (dd, 1H, Jur= 19.3, J12 = 3.9,
H-1Y; 7.71 (dd, 1H, J78 = 8.9, J75 = 2.1, H-7); 8.18 (d, 1H, Js 7 = 8.9, H-8); 8.31 (d, 1H, J57 = 2.1,
H-5); 8.91 (s, 1H, H-2); 13C NMR (125.7 MHz, DMSO-ds): 60.78 (CH2-5'"); 68.45 (d, Jcr = 15.7,
CH-3"); 84.20 (CH-4"; 86.02 (d, JcF = 34.0, CH-1"); 91.75 (d, Jc r = 187.0, CH-2"); 111.41 (C-4a);
114.60 (CH-8); 119.53 (C-4b); 121.85 (CH-5); 127.55 (C-6); 128.92 (CH-7); 136.78 (C-8a);
152.54 (C-4); 154.70 (CH-2); 155.67 (C-9a); °F NMR (470.4 MHz, DMSO-ds): —198.47 (ddd,
Jrn = 53.6, 19.3, 14.8); IR (ATR): v = 3279, 1589, 1443, 1295, 1227, 1104, 1057, 1028, 1003,
833, 808, 537 cmY; ESI MS m/z (rel. %): 372 (100) [M+H]*; HR MS (ESI) for C15H1303NsCIF
[M+H]": calcd 372.03125; found 372.03137.

4-Amino-6-chloro-9-(2-deoxy-2-fluoro-g#-p-ribofuranosyl)-9H-pyrimido[4,5-b]indole (23a)
Fluororiboside 22 (90 mg, 0.24 mmol) was dissolved in dioxane (3 mL) and aqueous ammonia

(30%, 3 mL) was added. The mixture was stirred in screw-cap pressure glass tube at 100 °C for
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20 h and then solvents were evaporated under reduced pressure. RP-HPFC (C18 column,
10—100% MeOH in H20) and recrystallization from a H.O/MeOH mixture gave nucleoside 23a
(69 mg, 82%) as a white solid: m.p. 275-278 °C; [0]p?® —44.9 (c 0.21, DMSO); *H NMR (500.0
MHz, DMSO-de): 3.59 (ddd, 1H, Jgem = 12.2, Jsb0n = 5.9, Jsb,a = 4.5, H-5'b); 3.72 (ddd, 1H, Jgem
=12.2, Jsa0H = 5.2, Jsas = 2.6, H-5'a); 3.97 (dddd, 1H, Js#3 = 5.8, Jas = 4.5, 2.6, JnF = 1.2, H-
4'); 4.56 (dddd, 1H, Jur=13.0, J3 o1 = 6.2, J34 =5.8, J3.2 = 5.5, H-3"); 5.16 (dd, 1H, Jon s = 5.9,
5.2, OH-5'); 5.65 (ddd, 1H, J4rF=54.1, J3=5.5, J» 1= 4.4, H-2'); 5.69 (d, 1H, Jon3 = 6.2, OH-
3); 6.60 (dd, 1H, Jur=19.3, Jr 2> = 4.4, H-1"; 7.41 (dd, 1H, J78 = 8.8, J75 = 2.1, H-7); 7.51 (bs,
2H, NH2); 7.90 (d, 1H, Js7 = 8.8, H-8); 8.31 (s, 1H, H-2); 8.51 (d, 1H, Js7 = 2.1, H-5); *C NMR
(125.7 MHz, DMSO-ds): 61.18 (CH.-5"; 68.61 (d, Jc,r = 15.5, CH-3"); 84.09 (CH-4"); 85.45 (d,
Jcr =33.3, CH-1%; 91.45 (d, Jc,r = 186.9, CH-2"); 95.37 (C-4a); 112.85 (CH-8); 120.93 (CH-5);
121.28 (C-4b); 124.88 (CH-7); 126.48 (C-6); 134.57 (C-8a); 155.50 (CH-2); 155.67 (C-9a); 157.99
(C-4); °F NMR (470.4 MHz, DMSO-ds): —199.28 (ddd, Jrn = 54.1, 19.3, 13.0); IR (ATR): v =
3163, 1575, 1463, 1303, 1198, 1059, 901, 857, 799, 775, 425 cm™1; ESI MS m/z (rel. %): 353
(100) [M+H]*, 375 (31) [M+Na]*; HR MS (ESI) for C1sH1503N4CIF [M+H]*: calcd 353.08112;
found 353.08124.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-ribofuranosyl)-4-methoxy-9H-pyrimido[4,5-b]indole
(23b)

Nucleoside 22 (90 mg, 0.24 mmol) was dissolved in dry MeOH (5 mL) and sodium methoxide
(IM in MeOH, 2 mL) was added. The mixture was stirred for 3 h at r.t. Solvent was evaporated
and crude product was purified by RP-HPFC (C18 column, 10—100% MeOH in H.O) and
recrystallized from a HoO/MeOH mixture. Nucleoside 23b (71 mg, 80%) was obtained as a white
solid: m.p. 201-205 °C; [a]p?® —33.6 (c 0.22, DMSO); *H NMR (500.0 MHz, DMSO-ds): 3.60
(ddd, 1H, Jgem = 12.2, Jsb,0H = 5.6, Jsba = 4.6, H-5'0); 3.73 (dd, 1H, Jgem = 12.2, J5a.0H = 5.3, J5as
= 2.6, H-5'3); 4.00 (dddd, 1H, J43 = 6.3, J45 = 4.6, 2.6, Jur = 1.0, H-4"); 4.20 (s, 3H, CH30); 4.60
(dtd, 1H, JuF = 13.8, J3.4 = J3.0H = 6.3, J32 = 5.4, H-3); 5.07 (dd, 1H, Jon,s = 5.6, 5.3, OH-5');
5.69 (ddd, 1H, Jur=53.6, J».3=5.4, J2.1= 4.2, H-2"); 5.73 (d, 1H, Jon3 = 6.3, OH-3"); 6.67 (dd,
1H, JnF=19.2, Jr2=4.2, H-1'); 7.54 (dd, 1H, J78 = 8.8, J75 = 2.2, H-7); 8.00 (d, 1H, Js7 = 2.2,
H-5); 8.05 (d, 1H, Js7 = 8.8, H-8); 8.71 (s, 1H, H-2); **C NMR (125.7 MHz, DMSO-ds): 54.52
(CH30); 60.97 (CH2-5"); 68.52 (d, Jc,r = 15.6, CH-3'); 84.11 (CH-4"); 85.74 (d, Jc F = 33.5, CH-1";
91.64 (d, Jcr=187.1, CH-2"); 98.91 (C-4a); 113.96 (CH-8); 120.39 (C-4b); 121.45 (CH-5); 126.59
(CH-7); 126.86 (C-6); 135.39 (C-8a); 155.20 (CH-2); 156.39 (C-9a); 164.06 (C-4); °F NMR
(470.4 MHz, DMSO-ds): —199.04 (ddd, JrH = 53.6, 19.2, 13.8); IR (ATR): v =3313, 1600, 1460,
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1327, 1189, 1109, 1069, 1045, 894, 851, 536, 432 cm™; ESI MS m/z (rel. %): 368 (79) [M+H]",
390 (100) [M+Na]*; HR MS (ESI) for C16H1504N3CIFNa [M+Na]*: calcd 390.06273; found
390.06282.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-ribofuranosyl)-4-methylsulfanyl-9H-
pyrimido[4,5-b]indole (23c)

Nucleoside 22 (90 mg, 0.24 mmol) and sodium methanethiolate (35 mg, 0.50 mmol) were
dissolved in anhydrous EtOH (10 mL) and stirred for 2 h at r.t. The solvent was evaporated under
reduced pressure. RP-HPFC (C18 column, 10—100% MeOH in H20) and recrystallization from
H.0/MeOH mixture gave compound 23c (80 mg, 87%) as a white solid: m.p. 205-209 °C; [a]p®°
—34.6 (¢ 0.19, DMSO0); *H NMR (500.0 MHz, DMSO-ds): 2.80 (s, 3H, CH3S); 3.59 (ddd, 1H, Jgem
=12.2, Jshon = 5.5, Jsp 4 = 4.6, H-5'0); 3.73 (dd, 1H, Jgem = 12.2, Jsaon = 5.3, J5aa = 2.6, H-5'3);
4.00 (dddd, 1H, Js#3 = 6.2, Ja5 = 4.6, 2.6, JuF = 1.3, H-4"); 4.62 (dtd, 1H, Jnr = 13.8, J3.4 = J3 oH
= 6.2, J32 = 5.4, H-3"; 5.07 (dd, 1H, Jon,s = 5.5, 5.3, OH-5"); 5.69 (ddd, 1H, JnF=53.8, J23 =
5.4, J21=4.0, H-2'); 5.75 (d, 1H, Jon,3 = 6.2, OH-3'); 6.69 (dd, 1H, Jur= 19.5, Jr2 = 4.0, H-1');
7.62 (dd, 1H, J;8 =8.8, J75 = 2.1, H-7); 8.04 (d, 1H, Js7 = 2.1, H-5); 8.11 (d, 1H, Jg 7 = 8.8, H-8);
8.88 (s, 1H, H-2); 13C NMR (125.7 MHz, DMSO-ds): 11.92 (CH3S); 60.91 (CH-5"); 68.50 (d, Jcr
=15.6, CH-3"); 84.08 (CH-4"); 85.74 (d, Jc F = 33.8, CH-1"); 91.75 (d, Jcr = 186.8, CH-2"); 109.74
(C-4a); 114.15 (CH-8); 120.51 (C-4b); 121.71 (CH-5); 126.94 (C-6); 127.32 (CH-7); 135.84 (C-
8a); 153.24 (C-9a); 154.27 (CH-2); 163.16 (C-4); 9F NMR (470.4 MHz, DMSO-ds): —198.57
(ddd, Jrn =53.8, 19.5, 13.8); IR (ATR): v = 3247, 1558, 1472, 1433, 1295, 1235, 1049, 966, 906,
839, 794, 594, 535 cm*; ESI MS m/z (rel. %): 384 (81) [M+H]*, 406 (100) [M+Na]*; HR MS
(ESI) for C16H1503N3CIFNaS [M+Na]*: calcd 406.03989; found 406.03999.

6-Chloro-9-(2-deoxy-2-fluoro-g-b-ribofuranosyl)-4-methyl-9H-pyrimido[4,5-b]indole (23d)

Nucleoside 22 (90 mg, 0.24 mmol) and Pd(PPhs)s (14 mg, 0.012 mmol) were dissolved in
anhydrous THF (4 mL) and MesAl (2M in toluene, 250 puL) was added. The mixture was stirred
at 70 °C for 24 h. Solvents evaporation under reduced pressure, RP-HPFC purification (C18
column, 10—100% MeOH in H20) and recrystallization from a H.O/MeOH mixture gave
compound 23d (55 mg, 65%) as a white solid: m.p. 247-251 °C; [o]p?° —45.2 (c 0.18, DMSO); *H
NMR (500.0 MHz, DMSO-ds): 2.95 (s, 3H, CHz3); 3.59 (ddd, 1H, Jgem = 12.2, Jsb.0n = 5.5, Jsb 4 =
4.7, H-5'b); 3.73 (dd, 1H, Jgem = 12.2, Jsa0n = 5.3, Jsa.4 = 2.6, H-5'a); 4.00 (dddd, 1H, Js3 = 6.2,
Jos =4.7, 2.6, Jur = 1.0, H-4"); 4.62 (dtd, 1H, JnFr = 14.0, J3.4 = J3on = 6.2, J32 = 5.4, H-3");
5.08 (dd, 1H, Jon,s' = 5.5, 5.3, OH-5"); 5.71 (ddd, 1H, J4r=53.9, J23=5.4, J» 1= 4.1, H-2"); 5.75
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(d, 1H, Jon,3 = 6.2, OH-3"); 6.70 (dd, 1H, Jhr=19.4, J12»=4.1, H-1"); 7.62 (dd, 1H, J78 = 8.8, J75
=2.1,H-7); 8.09 (d, 1H, Js7 = 8.8, H-8); 8.23 (d, 1H, Js7 = 2.1, H-5); 8.89 (s, 1H, H-2); *C NMR
(125.7 MHz, DMSO-ds): 23.03 (CHz3); 60.97 (CH2-5"); 68.53 (d, Jc F = 15.6, CH-3'); 84.07 (CH-4);
85.54 (d, JcF = 33.6, CH-1"); 91.57 (d, Jc F = 186.9, CH-2'); 111.84 (C-4a); 113.92 (CH-8); 121.27
(C-4b); 122.59 (CH-5); 126.94 (C-6); 127.56 (CH-7); 136.30 (C-8a); 154.60 (CH-2); 154.73 (C-
9a); 161.33 (C-4); IR (ATR): v = 3309, 1580, 1449, 1371, 1299, 1183, 1133, 1103, 1068, 1024,
859, 828, 808, 621, 525, 480, 425, 389 cm™; F NMR (470.4 MHz, DMSO-ds): —198.88 (ddd,
JrH=53.9, 19.4, 14.0); ESI MS m/z (rel. %): 352 (100) [M+H]", 374 (60) [M+Na]*; HR MS (ESI)
for C16H1603N3CIF [M+H]": calcd 352.08587; found 352.08597.

6-Chloro-9-(2-deoxy-2-fluoro-g-b-ribofuranosyl)-4-(furan-2-yl)-9H-pyrimido-[4,5-b]indole
(23e)

Nucleoside 22 (130 mg, 0.35 mmol) was reacted with furan-2-boronic acid (59 mg, 0.53 mmol) in
4 mL of H,O/MeCN (2:1) for 2 h according to the general procedure A. Recrystallization from
H,0/MeOH mixture gave nucleoside 23e (17 mg, 12%) as a white solid: m.p. 203—206 °C; [o]p®°
—48.9 (c 0.14, DMSO0); 'H NMR (500.0 MHz, DMSO-ds): 3.62 (dt, 1H, Jgem = 12.3 Hz, Js 0n =
Jsw4- = 5.0 Hz, H-5"a); 3.75 (ddd, 1H, Jgem = 12.3 Hz, Js50m = 5.1 Hz, J5%4 = 2.6 Hz, H-5D);
4.01 (dddd, 1H, J473-=6.4, )45 =4.7Hz, )4 5% = 2.6 Hz, J4,r = 1.1 Hz, H-4"); 4.64 (dtd, 1H, J;'F
=143 Hz, J3.4 = J3,00 = 6.3 Hz, J3.2- = 5.5 Hz, H-3"); 5.09 (t, 1H, Jox s = 5.4 Hz, OH-5"); 5.73
(ddd, 1H, J2-r=53.9 Hz, J>.3- = 5.5 Hz, J;;- = 4.0 Hz, H-2"); 5.76 (bd, 1H, Jou 3 = 6.2 Hz, OH-
3): 6.76 (dd, 1H, J;,r = 19.8 Hz, J;,>' = 4.0 Hz, H-1"); 6.91 (dd, 1H, Ja3 = 3.5 Hz, Ja5 = 1.8 Hz,
H-4-furyl); 7.62 (dd, 1H, J3 4 = 3.5 Hz, J35 = 0.9 Hz, H-3-furyl); 7.65 (dd, 1H, J7¢ = 8.9 Hz, J75 =
2.2 Hz, H-7); 8.11 (d, 1H, Js 7 = 8.9 Hz, H-8); 8.36 (dd, 1H, J5 4 = 1.8 Hz, J53 = 0.9 Hz, H-5-furyl);
8.82 (d, 1H, Js7 = 2.2 Hz, H-5); 8.98 (s, 1H, H-2); 13C NMR (125.7 MHz, DMSO-ds): 60.95 (CH.-
57); 68.51 (d, JcF = 15.6 Hz, CH-3"); 84.08 (CH-4"); 85.71 (d, JcF = 34.2 Hz, CH-1"); 91.58 (d,
Jcr = 186.4 Hz, CH-2"); 107.31 (C-4a); 113.41 (CH-4-furyl); 113.80 (CH-8); 115.73 (CH-3-
furyl); 120.59 (C-4b); 124.01 (CH-5); 126.99 (C-6); 128.16 (CH-7); 136.93 (C-8a); 147.16 (CH-
5-furyl); 148.18 (C-4); 152.30 (C-2-furyl); 154.49 (CH-2); 156.56 (C-9a); °F NMR (470.4 MHz,
DMSO-ds): —198.06 (ddd, 1F, Jr> = 53.9 Hz, Jr;- = 19.8 Hz, Jr3- = 14.3 Hz, F-2); IR (ATR): v
= 3313, 2936, 1571, 1544, 1466, 1441, 1048, 802, 750, 595, 537 cm™*; ESI MS m/z (rel. %): 426
(100) [M+Na]*, 404 (27) [M+H]"; HR MS (ESI) for CigH1504N3CIFNa [M+Na]*: calcd
426.06273; found 426.06275.
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6-Chloro-9-(2-deoxy-2-fluoro-g-p-ribofuranosyl)-4-(furan-3-yl)-9H-pyrimido-[4,5-b]indole
(23f)

Nucleoside 22 (130 mg, 0.35 mmol) was reacted with furan-3-boronic acid (59 mg, 0.53 mmol) in
4 mL of H2O/MeCN (2:1) for 2 h according to the general procedure A. Recrystallization from
H.O/MeOH mixture gave nucleoside 23f (70 mg, 50%) as a white solid: m.p. 184—186 °C; [a]p?°
—33.5(c 0.21, DMSO); *H NMR (500.0 MHz, DMSO-ds): 3.62 (ddd, 1H, Jgem = 12.3 Hz, J54.01 =
5.5 Hz, Js544 = 4.5 Hz, H-5"a); 3.75 (ddd, 1H, Jgem = 12.3 HZ, J5%,00 = 5.4 Hz, J5,4 = 2.6 Hz, H-
5'b); 4.02 (dddd, 1H, J4 3 = 6.2, Ju' 5 = 4.5 Hz, J4 5% = 2.6 Hz, J4s-r = 1.2 Hz, H-4"); 4.64 (dtd,
1H,J3,F=14.0Hz, J3 4 = J3 . 0u= 6.2 Hz, J3;2- = 5.2 Hz, H-3"); 5.09 (t, 1H, Jor 5 = 5.4 Hz, OH-
57); 5.74 (ddd, 1H, J>'r =53.8 Hz, J>:3r = 5.5 Hz, J>";- = 4.1 Hz, H-2"); 5.77 (bd, 1H, Jon 3 = 6.2
Hz, OH-3); 6.75 (dd, 1H, J;,r = 19.4 Hz, J;2- = 4.1 Hz, H-1"); 7.12 (dd, 1H, J45=1.9 Hz, J42 =
0.9 Hz, H-4-furyl); 7.63 (dd, 1H, J78=8.9 Hz, J75 = 2.1 Hz, H-7); 8.02 (t, 1H, J5» = J54 = 1.7 Hz,
H-5-furyl); 8.10 (d, 1H, Js7 = 2.1 Hz, H-5); 8.12 (d, 1H, Js7 = 8.9 Hz, H-8); 8.55 (dd, 1H, J25 =
1.6 Hz, J24 = 0.9 Hz, H-2-furyl); 9.02 (s, 1H, H-2); 3C NMR (125.7 MHz, DMSO-ds): 60.97
(CH2-5"); 68.54 (d, Jc.r = 15.7 Hz, CH-3"); 84.15 (CH-4"); 85.65 (d, Jc F = 33.7 Hz, CH-1"); 91.59
(d, JoF = 186.9 Hz, CH-2"); 110.48 (C-4a); 110.75 (CH-4-furyl); 114.16 (CH-8); 120.63 (C-4b);
121.82 (CH-5); 124.32 (C-3-furyl); 126.71 (C-6); 128.10 (CH-7); 136.66 (C-8a); 144.66 (CH-2-
furyl); 145.01 (CH-5-furyl); 153.43 (C-4); 154.76 (CH-2); 155.83 (C-9a); °F NMR (470.4 MHz,
DMSO-ds): —198.88 (bdt, 1F, Jr> = 53.8 Hz, Jrs- = Jrs- = 16.6 Hz, F-2'); IR (ATR): v = 3149,
1570, 1471, 1440, 1293, 1109, 1070, 805, 599, 539 cm™*; ESI MS m/z (rel. %): 426 (100) [M+Na]",
404 (60) [M+H]"; HR MS (ESI) for C1gH1604N3CIF [M+H]™: calcd 404.08079; found 404.08090.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-ribofuranosyl)-4-(thiophen-2-yl)-9H-pyrimido-
[4,5-b]lindole (239)

Nucleoside 22 (90 mg, 0.24 mmol) was reacted with thiophene-2-boronic acid (46 mg, 0.36 mmol)
in 3 mL of H2O/MeCN (2:1) for 4 h according to the general procedure A. Recrystallization from
H>0/MeOH mixture furnished nucleoside 23g (94 mg, 70%) as a tan solid: m.p. 206-211 °C;
[0]0?°—37.1 (¢ 0.19, DMSO); *H NMR (500.0 MHz, DMSO-ds): 3.62 (ddd, 1H, Jgem = 12.2, Js,0H
=5.5, Jsha = 4.6, H-5'0); 3.75 (ddd, 1H, Jgem = 12.2, Jsaon = 5.3, Jsa4 = 2.6, H-5'3); 4.02 (dddd,
1H, Ja3 = 6.3, Jas = 4.6, 2.6, Jur = 1.0, H-4"); 4.65 (dtd, 1H, Jnur =144, J3.4 = Jzon = 6.3, Ja32
= 5.4, H-3"; 5.09 (dd, 1H, Jous = 5.5, 5.3, OH-5"); 5.74 (ddd, 1H, Jnr=53.8, J23=5.4, J» 1 =
4.0, H-2"; 5.78 (d, 1H, Jous = 6.3, OH-3'); 6.77 (dd, 1H, Jur= 19.7, Jr 2= 4.0, H-1); 7.43 (dd,
1H, J45 =5.0, Ja3 = 3.7, H-4-thienyl); 7.65 (dd, 1H, J78 = 8.8, J75 = 2.1, H-7); 8.01 (dd, 1H, J54 =
5.0, Js.3 = 1.1, H-5-thienyl); 8.09 (dd, 1H, J34 = 3.7, J35 = 1.1, H-3-thienyl); 8.15 (d, 1H, Jg 7 = 8.8,
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H-8); 8.25 (d, 1H, Js7 = 2.1, H-5); 9.00 (s, 1H, H-2); *3C NMR (125.7 MHz, DMSO-dg): 60.95
(CH.-5"; 68.52 (d, Jc F = 15.6, CH-3"); 84.11 (CH-4"; 85.75 (d, JcF = 34.0, CH-1"); 91.67 (d, Jcr
= 186.8, CH-2"); 109.17 (C-4a); 114.26 (CH-8); 120.52 (C-4b); 121.55 (CH-5); 126.67 (C-6);
128.30 (CH-7); 128.80 (CH-4-thienyl); 130.17 (CH-3-thienyl); 131.84 (CH-5-thienyl); 136.80 (C-
8a); 140.94 (C-2-thienyl); 153.70 (C-4); 154.52 (CH-2); 156.24 (C-9a); °F NMR (470.4 MHz,
DMSO-de): —198.28 (ddd, JrH = 53.8, 19.7, 14.4); IR (ATR): v = 3090, 1569, 1443, 1291, 1051,
965, 804, 717, 539, 436 cm™t; ESI MS m/z (rel. %): 420 (100) [M+H]", 442 (79) [M+Na]*; HR
MS (ESI) for C19H1603N3CIFS [M+H]": calcd 420.05794; found 420.05797.

6-Chloro-9-(2-deoxy-2-fluoro-g-p-ribofuranosyl)-4-(thiophen-3-yl)-9H-pyrimido-
[4,5-b]indole (23h)

Nucleoside 22 (130 mg, 0.35 mmol) was reacted with thiophene-3-boronic acid (67 mg, 0.52
mmol) in 4 mL of H.O/MeCN (2:1) for 2 h according to the general procedure A. Recrystallization
from H2O/MeOH mixture gave nucleoside 23h (58 mg, 40%) as a beige solid: m.p. 221-222 °C;
[0]o?° —32.7 (¢ 0.16, DMSO); *H NMR (500.0 MHz, DMSO-dg): 3.62 (dd, 1H, Jgem = 12.2 Hz,
Jsaa = 4.5 Hz, H-5"a); 3.75 (dd, 1H, Jgem = 12.2 Hz, J5,4' = 2.6 Hz, H-5'b); 4.02 (m, 1H, H-4");
4.65 (m, 1H, H-3"); 5.08 (bs, 1H, OH-5"); 5.75 (ddd, 1H, J>'r=53.9 Hz, J>.3- =5.5 Hz, J;; = 4.1
Hz, H-2"); 5.76 (bd, 1H, Joxn 3 = 5.7 Hz, OH-3"); 6.77 (dd, 1H, J;-r = 19.5 Hz, J; > = 4.1 Hz, H-
17); 7.62 (dd, 1H, J78 =8.9 Hz, J75 = 2.1 Hz, H-7); 7.67 (dd, 1H, Js5 = 5.0 Hz, J4» = 1.3 Hz, H-4-
thienyl); 7.89 (dd, 1H, Js4 = 5.0 Hz, Js» = 2.9 Hz, H-5-thienyl); 7.96 (d, 1H, Js7 = 2.1 Hz, H-5);
8.13 (d, 1H, Jg7 = 8.9 Hz, H-8); 8.33 (dd, 1H, J25 = 2.9 Hz, J24 = 1.3 Hz, H-2-thienyl); 9.04 (s,
1H, H-2); 3C NMR (125.7 MHz, DMSO-ds): 60.95 (CH2-5"); 68.51 (d, Jc e = 15.6 Hz, CH-3");
84.11 (CH-4"); 85.65 (d, Jcr = 33.8 Hz, CH-1"); 91.59 (d, JcF = 186.9 Hz, CH-2"); 110.40 (C-
43); 114.17 (CH-8); 120.70 (C-4b); 121.64 (CH-5); 126.54 (C-6); 128.00 (CH-5-thienyl); 128.08
(CH-7); 128.16 (CH-4-thienyl); 128.79 (CH-2-thienyl); 136.72 (C-8a); 139.06 (C-3-thienyl);
154.73 (CH-2); 155.83 and 155.92 (C-4, 9a); °F NMR (470.4 MHz, DMSO-dg): —198.49 (ddd,
1F, Jr2 =53.9 Hz, Jr ;- = 19.3 Hz, Jr3- = 14.8 Hz, F-27); IR (ATR): v = 3068, 1570, 1445, 1291,
1093, 1050, 1028, 969, 888, 840, 688, 538, 497 cm™; ESI MS m/z (rel. %): 442 (100) [M+Na]",
420 (87) [M+H]"; HR MS (ESI) for CigH1503N3CIFNaS [M+Na]*: calcd 442.03989; found
442.03990.

6-Chloro-9-(2-deoxy-2-fluoro-g-bp-ribofuranosyl)-4-phenyl-9H-pyrimido-[4,5-b]indole (23i)
Nucleoside 22 (130 mg, 0.35 mmol) was reacted with phenylboronic acid (59 mg, 0.48 mmol) in
4 mL of H2O/MeCN (2:1) for 2 h according to the general procedure A. Recrystallization from
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H.0/MeOH mixture gave nucleoside 23i (59 mg, 41%) as a tan solid: m.p. 192—193 °C; [0]p%® —
44.8 (¢ 0.20, DMSO); *H NMR (500.0 MHz, DMSO-dg): 3.63 (ddd, 1H, Jgem = 12.2 HZ, J5,01 =
5.6 Hz, J5744- = 4.6 Hz, H-5"a); 3.76 (ddd, 1H, Jgem = 12.2 HZ, J5%,00 = 5.3 Hz, J5,4 = 2.6 Hz, H-
5'b); 4.03 (dddd, 1H, J4 3 = 6.2, Ju' 50 = 4.6 Hz, J4' 5% = 2.6 Hz, J4s-r = 1.1 Hz, H-4"); 4.66 (dtd,
1H,J3'Fr=14.2 Hz, J3 4 = J3.0n = 6.2 HZ, J3-2- = 5.5 Hz, H-3"); 5.10 (bt, 1H, Joxr s = 5.4 Hz, OH-
57); 5.76 (ddd, 1H, J>'r =53.9 Hz, J>:3-=5.5 Hz, J> ;- = 4.1 Hz, H-2"); 5.78 (bd, 1H, Jon 3 = 6.2
Hz, OH-3); 6.77 (dd, 1H, J;,r = 19.5 Hz, J;2- = 4.1 Hz, H-1"); 7.61 (dd, 1H, J78 = 8.9 Hz, J75 =
2.2 Hz, H-7); 7.66-7.72 (m, 4H, H-m,p-Ph, H-5); 7.89 (m, 2H, H-0-Ph); 8.13 (d, 1H, Js7 = 8.9 Hz,
H-8); 9.10 (s, 1H, H-2); 3C NMR (125.7 MHz, DMSO-ds): 60.98 (CH2-5"); 68.56 (d, JcF = 15.6
Hz, CH-3"); 84.15 (CH-4"); 85.72 (d, Jcr = 33.8 Hz, CH-1"); 91.65 (d, Jcr = 187.0 Hz, CH-2");
110.66 (C-4a); 114.30 (CH-8); 120.67 (C-4b); 121.46 (CH-5); 126.50 (C-6); 128.19 (CH-7);
128.96 (CH-0-Ph); 129.16 (CH-m-Ph); 130.82 (CH-p-Ph); 136.83 (C-8a); 137.63 (C-i-Ph); 154.88
(CH-2); 155.86 (C-9a); 160.56 (C-4); °F NMR (470.4 MHz, DMSO-ds): —198.45 (ddd, 1F, Jr-
=539 Hz, Jr; = 19.5 Hz, Jr3 = 14.2 Hz, F-2"); IR (ATR): v = 3311, 1565, 1473, 1071, 1049,
814, 766, 705, 659, 605, 556, 515, 441 cm™*; ESI MS m/z (rel. %): 436 (100) [M+Na]*, 414 (68)
[M+H]*; HR MS (ESI) for C2:H1703N3sCIFNa [M+Na]*: calcd 436.08347; found 436.08348.
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HPLC Purity of Final Compounds

Supplementary Table S1. HPLC Purity of Final Compounds

Compound tr[min]  Purity [%]
%9a 13.13 99.27
9b 15.17 98.63
9c 15.91 99.64
od 13.90 99.87
9 15.29 98.59
of 14.81 96.36
99 15.71 99.88
9h 15.32 99.59
9i 15.57 99.93
16 14.05 98.88

17a 12.52 96.09
17b 14.04 99.56
17c 14.60 100.0
17d 13.04 99.00
17e 14.16 97.03
17f 13.83 96.70
179 14.54 98.80
17h 14.26 98.86
17i 14.45 97.94
22 15.31 95.59
23a 13.36 98.92
23b 15.48 95.06
23c 16.23 99.68
23d 14.04 99.78
23e 15.49 99.08
23f 14.99 99.43
23g 15.91 98.75
23h 15.51 95.86
23i 15.80 99.72

Method: H2O:MeCN = 100:0 for 5 min, gradient to H.O:MeCN = 50:50 over 5 min, gradient to
H>0:MeCN = 5:95 over 5 min, gradient to H2O:MeCN = 0:100 over 5 min, H,O:MeCN = 0:100

for 15 min.
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Antiviral and cytotoxicity assays

Viruses and cells

Dengue virus type 2 (strain 16681) was obtained from Dr. Jochen Bodem, University of Wurzburg
(Wurzburg, Germany), influenza virus (HLIN1 A/Mexico/4108/2009) from Diagnostic Hybrids
(Athens, USA), Human coxsackie B3 virus (strain Nancy) and human herpesvirus 1 (strain HF)
were obtained from the American Type Culture Collection (ATCC, Manassas, USA). Madin-
Darby canine kidney cells (MDCK) and HB-46 cells were obtained from ATCC, HelLa cells
through the NIH AIDS Reagent Program, Division of AIDS, NIAID, NIH from Dr. Richard Axel,
and Vero cells from the European Collection of Cell Cultures (Salisbury, UK). All cell lines were
mycoplasma negative (routinely tested at Generi Biotech, Czech Republic) and maintained in
Dulbecco's Modified Eagle's Medium (DMEM) with L-glutamine, 10 % fetal bovine serum (FBS),
100 U of penicillin/ml and 100 pg of streptomycin/ml (all Sigma-Aldrich, St. Louis, USA) in 5 %
CO2 at 37 °C.

Screening of antiviral activity

Dengue virus

The anti-dengue activity was measured by determining the extent to which the test compounds
inhibited replication in Vero cells as previously described.* Briefly, three-fold serial dilutions of
compounds were added in triplicate in a 96-well plate with 20,000 Vero cells plated day before in
DMEM medium. After 1 hour incubation dengue type 2 virus was added at multiplicity of infection
0.3 IU/cell. After three days of incubation cells were fixed, permeabilized, washed, incubated with
DENV-2 specific antibody (harvested from HB-46 cells) overnight at 4 °C, followed by 1.5 hour
incubation with Cy3-labeled donkey anti-mouse IgG (Jackson ImmunoResearch Europe) and
documented using fluorescence microscope with camera (Carl Zeiss, Jena, Germany). Images
were processed in ImageJ program (NIH) and drug concentrations required to reduce fluorescence

by 50 % (EC50) were calculated using nonlinear regression analysis from plots of percentage of
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fluorescent cells versus logl0 drug concentration using nonlinear regression analysis with
GraphPad Prism version 7.03 for Windows (GraphPad Software, La Jolla, USA).

Coxsackie virus, herpes virus, influenza virus

The anti-coxsackie, anti-herpes, anti-influenza activity was measured by determining the extent to
which the test compounds inhibited virus-induced cytopathic effect in HeLa cells, Vero cells, and
MDCK cells, respectively, as previously described® for anti-coxsackie activity. Briefly, three-fold
serial dilutions of compounds were added in triplicate in a 96-well plate with 30,000 HeLa cells,
25,000 Vero cells, and 20,000 MDCK cells plated day before in DMEM medium with 2 % FBS,
2 % FBS, and 0.19 % bovine serum albumin with 1 ug/ml TPCK-trypsin, respectively. After one
hour of incubation coxsackie virus, herpesvirus, and influenza virus was added at multiplicity of
infection 0.005 IU/cell, 0.1 1U/cell, and 0.005 1U/cell, respectively. Following incubation at 37 °C
in 5 % CO2 incubator for two days, three days, and two days, respectively, the cell viability was
determined by addition of XTT solution (Sigma-Aldrich) for 4 hours and the absorbance of newly
formed orange formazan solution was measured using Victor X3 plate reader (Perkin Elmer,
Waltham, USA). Drug concentrations required to reduce viral cytopathic effect by 50 % (EC50)
were calculated using nonlinear regression analysis from plots of percentage cell viability versus
log10 drug concentration using GraphPad Prism v.7.03 (GraphPad Software).

HCV and RSV

Cell Culture. Huh-luc replicon cells were obtained from ReBlikon GmbH (Mainz, Germany). The
cell lines were cultured in Dulbeccos’s modified Eagles’ medium (DMEM) with GlutaMAX-I
(Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS; HyClone, Logan,
UT), 1 U/mL penicillin (Invitrogen). GT1b (consensus) and GT2a (JFHI1) are authentic
subgenomic replicons of the indicated strain and replicon cell lines were created as previously
reported.® Luciferase HEp-2 cells (ATCC, Manassas, VI) were maintained in MEM media

supplemented with 10% FBS and penicillin/streptomycin. The cells were passaged twice per week
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to maintain sub-confluent densities. The cell expression was quantified after 3 days of incubation
using a commercial luciferase assay (Promega, Madison, WI). RSV strain A2 was obtained from
Advanced Biotechnologies (Columbia, MD).

Antiviral ECso determination. Determination of 50% effective concentration (ECso) was
conducted in HCV replicon assay as previously described.’ Briefly, replicon cells were seeded into
96-well plates. Compounds were serially diluted in DMSO at 200% final concentrations and then
added to the assay plate. Luciferase expression was quantified after 3 days of incubation using a
commercial luciferase assay (Promega, Madison, W1). Data were fit to the logistic dose response
equation y = a/(1+(x/b)), and ECso values were calculated from the resulting equations as
described previously.® The anti-RSV activity was tested based on methods published previously.®
Compounds were 3-fold serially diluted in source plates from which 100 nL of the diluted
compound was transferred to a 384-well cell culture plate using an acoustic transfer apparatus
(Echo, Labcyte, Sunnyvale, CA). HEp-2 cells at a density of 50,000 cells/mL were then infected
by adding RSV strain A2 (Advanced Biotechnologies, Columbia, MD) at a titer of 1 x 10*° tissue
culture infectious doses/mL. The cells were cultured for 4 days at 37°C and the RSV-induced
cytopathic effect was determined by CellTiter-GloTM Viability Reagent (Promega Biosciences,
Inc., Madison, WI) using an Envision plate reader (Perkin EImer, Waltham, MA). Data were fit to

the logistic dose response equation y = a/(1+(x/b)°) as described above.

Manual Modelling using Moloc

Diphosphates derived from three aminonucleosides 9a, 17a and 23a were manually docked within
the known co-crystal structure of viral RNA-dependent RNA polymerase HCV NS5B genotype
2A in complex with RNA template 5'-AUCC, RNA primer 5'-PGG, Mn?* and ADP (PDB code

AWTJ).2° The enzyme and RNA structures without ADP were fixed and the energy of the system
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was minimized using the MAB force field,!! as impletented in the computer program Moloc.

Evaluation of binding modes of all three nucleotides was done manually.

S34



S35



-
<
e
e
4@
e
Th—aTe

BzO

OBz

KONC JKO-412
1H NMR in DMSO0-d6
11

n
251
250
250
250
249
008

28

T—208

ROHC_JRD-&1_2
1

1
20140411
6. 38

£410.25E
0.100004
0 4. 9999280

220.1
oW 78000
0E E.00

298. 1
D1 1. 00000000
1

a5E |
251
51 31072
SF 499, 9459951
]

1. 453!
499,

o
0.00
o

PC 30,00

_

T T
T0 65 55

T T T T T T
25 20

T T T T T
0.5 8.0 85 8.0 75 6.0 5.0 45 4.0 a5 3o 15 10 05 ppm 49641
1 L
A AR Al & N HoH
= 585 IPELERUEY5RES5HRER KONC JKO—4
| aEE ZITPEER ERE5KEEI /E o - e @ NoumnYsoma® 12
85 838 baamessmssanazi=r g3 33E°S8 g §95833333%: APT in DMSO-d5
e Aol LA LA N2 2 Potw s s e
R N P s W NN | e
WANE  KOWC_ D1 2
EXPHO z
1
Do ooamt2
T 1%
HETRLM
FROBHD_ 5 mm BE0 BS-1H
o
SOLYENT  DMEOD
WE 1l
D& !
SAM  BuESt ur
ADFEE G0
MO LAZEE s
i} ]
oW 15000 e
DE EShemc
| E ek
ChaT2  1BOCONGD
| | S
| | DA O.00ZS000 mc
| D8 T
_____ CHARBEL H e
[y 135
Fi 830 mme
L P2 12H] 1m0
huy sl Pi1 o0
LA hald ¥ Y PLIN  i7.43E0738 W
SFOU 1S redet M
_____ CHANNEL £ e
TFOPRED  walmk
NUGE it
FCFZ  ld0usac
P2 i)
PLiz ]
FLZW  Z0R0GESAIW
FLIZW DGDstas W
SFLE  ADLOS I M
5 (i3]
S5F 1ZETIZSBME
wow EM
558 i
B e
] [
Fo 100
49641
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 ppm

S36



3 KONG JKD41.2
= 19F{1H} NMR in DMSO-¢
2 17-04—14 BA
s e ]
FROCHD i
Dap_ 20T
e g
mensmﬁgmm
™ e
SOLVENT DMEC
BE 2
[} []
IWH__ 13EEEET
FIDFES 020007 Hr
a0 1 99654 532
Ba i)
oW 2500 1sac
3 200 usae
T 2E2K
01 10000000 mo
Oii 03000000 =
m 1
r—. | V7 TR P——
NUCT 0
F1 1250 usen
Bl [Tk
BLIW Tz W
SA01 728 MHE
T —
CPOFAGE  walme
NUCZ 1t
] 80,00 1mae
FiZ 2508
BL12 155Em
FLOW 35737 W
B2 QlshAsesERW
SFOZ 4090430807 MHr
a1 Je1d
SF 707D M
WO EM
558 [}
B ani
aE 0
FC 100
L |
T T T T T T T T T T T
-165 =170 =175 -180 -185 =190 -185 —200 —205 =210 ppm
KONC JKO-197M
1H NMR in DMSO-d6
21-12-16 RA
ke ek ok ok
BzO
©
e}
5}
orrorrcO® OBz
- OO0 ®©OWw
60 wW®OoNNN
S 8d T
o
@
@
<
Re5883 888358RKR
NSNS S S S TSI S
| f— P
MO IMNONNN
SHOBONNN
© 1616161016 18 16
- ==
[VNVIPURIPRV—— A ) h
o om = ™~ oo - o o — -
2 HROHT 2.2 > - -
T T T T T T T T
9 8 7 6 5 3 1 0
1H (ppm)

500

400

300

200

100

S37



400

200

+-200

+-400

-600

— —8v'2C

KONC JKO-197M
APT in DMSO-d6

21-12-16 RA

Sk Rk Rk ok

9L'g9 — —3

95 L — —
€6'SkL
86'SkL AN
zeLeL
gezel
06'9Z1
26'8ZL
2062k

G'9L
28'9L
o

G LL
i eLe8
828

—— —€L'V6
L2796

LLech
8v'6CL
06'621

18°9€L

90¥Sh ~
1551~

0091 — 3
Lzg9L
99691 AN

Fm.mmr\“ 3
8L vEL

T
100

T
140

13C (ppm)

o o o
o o o
™ N -~ o
" 1 " " 1 1 1
09'681-
55681
05681
Sv'68L- 1
ov'ée8L-
o o o o o
o o [=] o o
0 < [} N - o
1 1 1 1 1 1
@Q
[}
F o
°
;
©
-3
o681~ wE
sge8L-~ g
05'68L- — FS
G681~ 4_%
0’681~ )}
\ L3~
°
© T
B
. L
S0 i
s i N
o o
2= i ]
Y- ®
O cgqi !
X =
DKol
o =i
Z o3
4 w X
Og i
¥ - i

T

-180

-280

-260

-240

-220

-200

-160

-140

-120

-100

19F (ppm)

S38



1500

1000

500

le—

95,

KONC JKO-230

1H NMR in DMSO-d6

21-12-16 RA

Sk kR Rk ek

o
N
o

v.'8
mﬂ.ww.

668 —

OBz
8e

018 ]

689
689
689
069
669
669
00°L
L0°L
8L L

PN

N

/

1653
009
0097
109

00

il d

L

s

1H (ppm)

10

+1000

500

~-500

~-1000

~-1500

KONC JKO-230
APT in DMSO-d6

21-12-16 RA

ek ek ek

LVE9 — ——=

G6°90L —
GeELL

8L°GLL
8902t /

@w.@w_\/
PAYEAS _

v6'821L
vo'6zL
€erect

Ls'6cL 7
ce'ech W
£6°€El

6L'vEL \

SLIYL~
ovgyL <
2zesL ~
15751 ~
62'95L —

O i)
0Lg9L 7~

140 120 100 80 60 40 20
13C (ppm)

160

180

S39



KONC JKO-230

19F NMR in DMSO-d6é

27-12-16 RA

Tk ok ek ek

o
o o o o o
o o o o o
- o © < q o
1 1 1 1 1 1
6681
ve'68L-
82'681- —
£2'681- 9
81'681-
3
o o
o o o
0 o (=}
- - o} o
1 1 1 1
~
[}
e}
-
;
0
[}
<]
S~
£
12'v8068-~ o g
S6'19068- 3L
11'9€068- — <o
2L0L068" ~ '
9€'88688- ~

-189.1

-188.9

-130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250
19F (ppm)

-120

300

200

KONC JKO-49F

1H NMR in DMSO-d6

21-12-16 RA

e

o
N
m

S06 —

OBz

8f

8LY

T
5
1H (ppm)

10

sS40



200

100

0
+-100

r-200

F-300

KONC JKO-49F
APT in DMSO-d6

21-12-16 RA

P

6L'€9 —

SLOLL~
8/ 0LL

08'0clL
86821
80621

oL'ezh
8L'6Zh
ss'6Zh
16'621 b
69'LEL
L2181 W
yeZEL
66°€El
9T YEL

PrESL
£675L ~—
voggL 7

0€'59L
vrgoL

T
100

T
120

T
140

T
160

13C (ppm)

KONC JKO-49F

19F NMR in DMSO-d6

27-12-16 RA

o o o
o 0 o o
N - - 0 (=]
1 1 1 1 1
v9'681-
¥S'681-
05684~ __J
vr68L- w
6€°68L- 3
vE681L-
o o o
o o o
™ N - o -
1 n 1 n 1 n n 1 0
[}
-
;
©
[}
@
-
l
0985168~ p g
98'9€168- ~— ol
L9°0L168- — T
£9'68068- — 23
L¥'€9068- -

Fedddddkkkkkkkkkkkkkkkkkk

-189.2

-188.9

-280

-260

-240

-220

-200

-180

-160

-140

-120

-100

19F (ppm)

S41



500

S42

+-500
F-1000

8g

OBz

(e}
N
o

L1°€9 —

mm.ﬂ
] L 8'9,
MMM = Jiou
17 ] €Ly \m%mnmh
-7 [ 4 e
L o L« “eoes
peiyn Sy
J57 ] oLy
7571 67
85/ ] 6Lv

852 L8y 0
092 1 ve'y Lw

1o/ v6'y
292 96y 08'80L —

€92 1 67

——— — 8.6
296

1H (ppm)

8L9LL

. mw.otv

o% L9021~
Lo i

Dy S—

€L'ect j S

r 0s'6ch S—
z6'62h
9coel
€6'€EL
ozvel

- o o °

L9°ESL ~_
€9VSL —
e09sL 7

ecaol~
89'g9L

HEBN )—Nl—tqo f He e HE

oo~

KONC JKO-231
APT in DMSO-d6

23-12-16 RA

€06 — L34

1H NMR in DMSO-d6

23-12-16 RA
P ————
o
©
-
o
—
T
9

KONC JKO-231

80

13C (ppm)

100

120

ez

140

160




j=} [=3 (=3 o
o o o o
< ™ N -
N . h .
Ly'68L-
9€'681-
0e'68L-
SZ'681-
0Z'681-
o o o f=}
o o o o
© © < N (=}
1 1 N h |
=
o
F o
©
(2]
[ ©
6626068 'E
06°02068 ~ [ &
S8'v7068- — M(
SS mromw.\ L 8%
S2'26688- -2
© L
° «
v " ©
o ro
52 i "
Q= = L
1 <
O c gt @
s -8
© i =
=i
OZai
z w Yk
Tk
Oo i
X - Nk

-200 -220 -240

19F (ppm)

T
-160 -180

-140

-120

KONC JKO-220

23-12-16 RA

Feddd gk dkkkkkkkkkkkrk

o
o o
o (=]
- 0 o
1 1 1
e — |||L “
M o
!
)
O i
€0v
YLy
8Ly
x4 6
8y oﬁ
€6V T
vm.vw
%'y
6L
08's
08's
06'S 0
06'S W. m &
16°S \
= 86'S \
0 €09
669
102
102
N VL o}
o szl :
o) 9z'L o
85,
o AN M”
N [ :
o 108 9-
wo.m/ o
© 60'8 ~ T
2 2] J
w vi'g
=
(a]
c
- 60
[\ 106 — T
=
z
I
-

S43



~ 1000

500

F-500

~-1000

KONC JKO-220
APT in DMSO-dé

23-12-16 RA

Seededededke e ek ek

6665 —
8L'€9 —

90°0LL —
cloLL
PANIZS V.
Nw.owvv
el

0082t N

e

992
1892
——3 GLL

9°LL

.Amw.Nw

1628

—— — 0876
€96

[ora-74%
26821

L5621
6621
v6'€EL

88'vSL
v.L°SSL W
28651

SZT'SOL ~
091~

—_—

9062t ————
vi6cl \ _

T
120

T
140

T
160

13C (ppm)

500

400

300

200

100

KONC JKO-220

19F NMR in DMSO-d6

27-12-16 RA

B

700

9¥'681L-
cr'e8l-
9£°681L-
Lee8l-
9z'681L-

600
500
400

esozi68- 7
15'86068-
€1.22068- —
215068~
1692068~

300
200
100

T

-189.7

-189.3 -189.5

-189.1

19F (ppm)

T

-180

-260

-240

-220

-200

-160

-140

-120

19F (ppm)

S44



500

L -1000
S45

t-500

1500
~ 1000
500

99°L7

8977 ! 619 — —4

022 Sy L < 99,
YR 9y \ww.wn
VL2 oLy = X
[IVE 6.7 922
i €828
628

o N
N~
NN
< N
L
<+ <
—/
o =
HIN
T
5
1H (ppm)

—— —6.'v6
—z2e9e

12°0LL—

: Lz'oLL =
NM.B 66'0 srorL 1
mm.ow - ogozks
@ e Wi ,

Fw 16'821L

BzO
2

80

13C (ppm)

100

120

vo'ezh

60621 =
6T L6zt S
@V.@N_\H\v £

X ce'ech
P f © ze'eel

ocvel

208
208

0
@
~

Q

—

80'8 |
60'8 ]
60'8
T Y -
€Le
€Le

86'7SL
59661

*
*
*
*
*
*
-

05091 —
€2°691L
19691 V

ol

[

'8
SL's

©
?
o
(2}
=
o
£
14
=
z
I
-

-5
14
©
-

]
N
&

T
-
N

KONC JKO-219F2
KONC JKO-219F2
APT in DMSO-d6
21-12-16 RA

Fekdedededkdkok ok ko
<
«©

10

140

160




KONC JKO-219F2
19F NMR in DMSO-d6
27-12-16 RA
BT ———— 800
800
85383
PG oW
SNI RSB
28888 600
QDO DD
VAN
400
600
200
0
- ©-
T T T T T T T g ; g g ;.
-189.0 -189.2 -189.4 -189.6 B
19F (ppm) TN
=
400
200
1 J I Lo
T T T T T T T T T T T
-130 -140 -150 -160 -170 -190 -200 -210 -220 -230 -240
19F (ppm)
97 EG98ERE3AE8Y g3 a8 BEg38k H-2  GHEREF 8y 583 KONC  JKO45
0o P P P P PP P P G G0 0 W w w0 o e Ll ] Lo - ooo M
VSN N VN WA N ' A T
% | W
HAME EORC_JEO4S
EXPNO 1
PROCHD 1
Data_ 20140403
Tima 11.05
] INETROM pact.
PROE 5 mn TEQ Bi-1H
PILIROG zg30
b consy
SOLVENT o
H5 32
D5 ]
SWE £00%. 615
FIDRES 0.100004
] 4. 0958708
BG 456
D B3. 200
DE 2000
TE 290. 2
ni 0. 0000000
ToO 1
HO
51 131072
\ SF 499, 2400020
Méﬂ ma
OH I 5.cd
CE o
rC a0 00
9a
f
|
|
! I
| 1
|1
A . A
T T T T T T T T T T T T T T T
85 80 70 65 60 55 50 40 35 a0 20 o o5 ppm 49558
e Wl

B

)

ol

[

W

TRt

Y H

S46



1T
i8558
16538

=

—135.3

—— 128101
— 12445
—1n77
T—120m

11545

11541

=

8830

—a7a7
~——8486

—8033
é

4029
4020
4013
4003
A687
39.79
3970
3953
947
2920

T
170

T
160

T
150

T
140

T
130

T
120

T
110

—18am

i
:

23
8
H
2
B

:
th

b
g

Egﬂﬁ

aEegg ReEsy

49556

KONC JKO45
19F[1H} NMR in DMSO-c
17-04—14 HA

bR R bR bR R R

ME  KOWC

p

mmr?

am
Emﬁﬂﬂ-lﬂ
SEde‘lw

DME0
=

[]
VEBRER B HE
HE

g

o

E?Enssssigazgavg
8

i

o e . GHANMEL 1 o o o e
10F

Pi 1250 usao

PL1 .00 g8

PLIW  427IRESZIW

SAO1 AOZERTA MHE

gugzazaaz
RgEs
B
Sl
3 g
R
ge=

aeegg

49556

T
-160

T
-165

T
=170

T
-175

-180

-185

T
-190

-185

T
—200 -205

T
-215

T
ppm

S47



S48

8
g g g
S =] o \
N A 1 1
1 1
g 8
e 3 )
1 1 1
L O
L —
LN
6v'C m £zl
e : —€5'vS
E.N\ 3
zsc
ore Lo 6209 — ————————
R.m&
8L¢
aic _J
og'e
8¢ e (MWL
z8'e ﬂw VL
98'c — i
i8¢ \ Fs 1228
88'c e N.Mm
VLS -
. or'y . _ /M .
S’ T\ g8 g Les
SLg . E
. 1S v%. g
e zsy =
I .
ocs a vy
0z
sz's |m _“w vees
9z's
9z's
9z's
g oL
Ly — % o ge'oLL
665 Nv.miv
seoet >y —m —o-v-—--t
-] 86021 7
N vZ9TL
69'9 1v'92L
06'9 —_— o.HF ~
T mm.w\. -
o ve's 11981
8v'L :
8v'L o}
@) 052
I 2672 om.n\.
16°L .
86°L Y2 le
© MMM AT
) ’ ¥ 1951
1 008 oo
o) * - T ¥
© ¥ N A *
2 i oL e I coL—
NE de— - OQwdgi 16
09 «% - X=oi
X c m r 0o X
° x O3 o £ - i
& = N k
(SR 2oQi
H 1%
52 g on® x
) e H X i
X - ¥

120 100 80 60 40 20
13C (ppm)

140

160

180



800

600

L 400

200

KONC JKO-216

19F NMR in DMSO-d6

27-12-16 RA

60681~
0681~
00°681L-

86'881-
€6'881-
88'881-

1200
1000
800

600

[ 400

200

Lo

167688\
2062688 ~\_
2800688~
12'26888" W
£1°69888"

vo'evess- 7

Fkkddkk Rk Rk Rk Rk Rk ok

LN B B B B B B B B

T

-188.5 -188.7 -188.9 -189.1 -189.3 -189.5

T

19F (ppm)

-260

-240

-220

-200

-180

-160

-140

-120

19F (ppm)

o o
o o o
n o o
- -~ 0 o
1 1 1 1
w 62
6,2 — s
08¢ |
18°¢
+8-€
z8°€ 7
8°€
18°€ 5
88'€ —
88'c
68°€
Iy
VA4 OH_
B.v\
sy
SL'g
m:.m/
1z’s
3
rwmw.jllmmww
mm.m\ ﬁ
9z's
=Y
't
I
(@]
-
t
2
o
t
108
© 20'8
? €08 0
~9Q v0'8
-9 i 508
NS * ;
PR 20’8
¢o2]
= X
I ['4 ©o i
v i § 0
O f 68'8 — 1
£251
I i
¥+«

1H (ppm)

549



1000
500

~-500

-1000

KONC JKO-217
APT in DMSO-d6

23-12-16 RA

Fedddddkk ok kkkkkkkrrrk

0509 —

5601 —

62911
ot
€201 ~
srizL
28921~

SEVL

oL
828
628

mv.mw
e8]

—9G'.6
6066

—9LcL

[

€8°9€L —

6Lresk~ —m0m— —m 0 m

LSPSL

61°€9L —

120 100 80 60 40 20
13C (ppm)

140

160

700
600

500

t 400

300

200

100

KONC JKO-217

19F NMR in DMSO-d6

27-12-16 RA

00681~
96'881-
16881~

68'88L-
¥8'881-
08’884~

1000
800

600

400

200

Lo

£0°'70688- ~_
6£'28888- ~
26'65888" ~
6715888~
51'62888-
9z20888-

Sk ek ke ek ek ek ek ek ek

T

-189.4

-188.8 -189.0 -189.2

-188.6

19F (ppm)

T

-180

-120 -140 -160 -200 -220 -240 -260
19F (ppm)

00

S50



§ ci3smamEaseas 3 oz 9y E9% @ @ sme KOG KO
WL LA AL A 1H NMR in DMSO-d6
[NV NN N LR -
BAME HONC_JHO-51
EXPHD 1
FROCKD 1
Data_ 20140414
Tima 8.2
INZTROM spact
FROH] 5 o EB0 BH-1H
FULPRDG zg30
e £aio0
SOLVENT oMED
S EF
e (10250
3 10.25
Cl FIDRES ©.100004
] 4. 0959280

HO

OH

499 9459950
=

9d

[
o.o0
0

PC 30.00

.

J jk; JA: jﬂ . k L__HJLJAJL¢_JJL. e

T T T
85 8.0 85 6.5 6.0 55 5.0 45 40 a5 20 15 10 0.5 ppm 40642

BB R e Y Py

KONGC JKO-51
APTin DM%—dﬁ

4013
3996
1987
3979
3970
3953
3847
3820

— 80
164 58
154,40

=

g 2
B <]

S B24d
741
T412

—E023
4029
4020

:

—22a1

i
&
E

zugaLd
it 3

ey
E i
H

FL1 200 8
FLIW 107 45B9T 38 W
BFN 25T MHD

49642

T T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 an a0 70 60 50 40 30 20 10 ppm

S51



~198.81

KONG JKO51
19F{1H} NMR in DMS0-«
0414 RA

HEREEREEERE ERERRRE FEEEER

BAME KW DS

Pl 1
Dib_ el
Tima L)
INSTRUM T
PROBHD 5 mm T80 BE-1H
Eliece 1
SCLVENT DMED
N5 =

o8 []

SWH__ IMBERED W
FIDFES 030007 Hr
AQ R 5
) ADE

oW 300 usac
DE Ao
IE ZEIF

o1 100000000 o
Oii 002000000 mo
o0 1
RN 177K —
LT I

Fi 1250 use

PL1 Lo g8
PLIW  427I206E33 W
BFON 470283 M

s GHANMEL T e

HUC2 H
PCRR 8000

PLZ 258
FLiZ 155 B
FLPW  35TR4EETENW
PLIZW  /SoHEpEERW
L AT BATREET NHT
El JeT1as

EF  aT0ETEE MH
oW EM

558 1]

LE EY T

= []

PC 100

T T
—160 —165

HO

T T T
=170 -175 —180

OH

9e

T
—185

T
—190

T T T T
—185 —200 —205 210

aigan B 30EER
FTONP

KONC JKO48
1H NMR in DMSO-—ds
03-04-14 RA
B SRR
HAME ROBC_JRO4E
PN 1
PROCHD 1
Data_ 20140403
ima 14. 4
INSTROM spact
HO = mm TBG EH-1H
PULPROG 220
T £oose
SOLVENT o
HE EHS
D5 ]
E £00%_615
FIORES 0.100004
) 4. 0058708
BL [E
i) B3.200
0E 2000
TE 200_ 3
oL 0. CD0C0000
0O 1
——— CHAMBEL fi ——
HIUT1 18

1
490 BA0D0ZY
=]

o
0.00
o
PC Z0.00

T
95

.5

ap BA

e

0.5 pem 49561

S52



15615
~— 550
il -5
R P e
T— 14707

—iT

1T
—— 2654
—ny
120,46

116322
11628

i
T 11583

T3

— 0

——— GhAY
——a738

#3124
a2

e
-

“eaz81
747
7418

To— 278

=

— &2

é

4028
4020
4013

4003
3998

a7
3470

3853

3837
3920

KONG JKO48

APT in DMSO-dé
03-04-14 RA
et A b .
MAME KON,
EXPRD
B i
i a0z
o 1554
Eroen s Ta0 BE_ 14
el
SOWVENT  DMSO
NS 124
o8 4
SAH  ZWELIGH
i Labaidi
P
)
oW BB emc
BE Hiblumo
©® ooy
CNSTZ  180.0000000
CNETH _ | 1.0000000
B1 ' 2.00000000 mc
0 DooEsN0mo
o 1

EEE
EER
Ede

B
£

MEET I
£
H

285y

49561

T
160

T
150

140

130 120

110

100

20

=188.43

KONG JKO48
19F{1H} NP&E'IH DMS0-¢

17-04-14
TR R TR AR D

ME KON

7

gd“
i
;

AHEESE%EE
e

i

49561

T
—160

T
-185

T
-170

T
-175

T
—180

T
—185

T
—180

T
-195

T
—200

T
—205

T
—210

T
—215

ppm

g
&
£
g
H

S53



- & Bg go2 ZERZE
- = @ L T P PN
| WY S
| HRME
EXPND
FROCKD
Data_
Tima
INSTROM
PROEH]
FULFROG
T
SOLVENT
NS
i
SWE
FIORES
A
R
]
DE
TE
D1
e
OH NUC1
b
9f Thiw
| EFD1
51
1
1 WIH
558
LE
GE
| PC
-
|
|
[ Vi
SN | S L—l——-ﬁA—L—
T T T T T T T T T T T T T T T T T T T T
8.5 8.0 85 a0 7.5 T.0 6.5 6.0 5.5 50 5 4.0 as a0 25 20 15 10 05 ppm
\
BB M A R g J#f HoAW HE E
Ie: FB 3 =AE52RE °F oo s e - PounmweaonDo KONC JKO-52
B33 33 5 bsassee sg 3% 335§ §5 § §833833cS3as APT in DMSO_d6
- - - rrreTmr e e - o Do @ @ Hdt gdomdmmman 14—04—14HA
MOV ATYY Y Y | Tl s
PROCNO 1
Dals_ 2ialars
1mnis
INSTRUM
PROBHD 5 mm EB-1H
| Ei
Eu
SOLVENT NGO
L} s
[} 4
SWH Hia4ll 541 HE
Fii 4TIE3E H
AQ 1 D4205ED S
[} 3BaE.1
oW 15.000 smc
DE E50wmo
TE e K
CHETZ 180.0000000
CHET11 10000000
o 2,00000000 ma
o2 100625000 %0
oo 1
e e CHANMEL 1
NUCh 13C
P1 80 =mc
P2 A2E0 usen
Li —200 8
PLIW 107 4EB0T3EW
Ao 1257238411 MHE
o e CHANMEL B
CPOPRE2 waitrig
NUCZ 1H
PCPOR 80,00 umac.
PL2 270
PL12 11.50 B
PL2N  20.02EES0W
PLI2N
a2 400 951 9908 MHT
a2 13072
BF 1257135658 MHE
wow EM
=58 a
LB 100
cB []
PG 100
49643

T T T T T T T T T T T
160 150 140 130 120 110 100 20 20 70 60

————— CHARMEL £

KONC. JKO-52
1H NMR inHI?IAMED—dE

EONC_THO-52
1

1

20140414

10.03

spact.

5 mm EBG EH-1H
zg30

Exion

mesg

EH

]

£410._256

0. 100004
4. 9059280

258.1
1.00000000
i

S54



3 KONG JKOs2
El 19F{1H} NMR in DMS0—c
5 17-04-14 RA
Shververe et ere sres e e
I NAME L ;NZG?
E ]
DOais_ st
“IBN w2
;I‘DND Em;ﬁﬂ-lﬂ
SOLVENT DME0
& i
2WH 13EEEE BOY H
FIDRES OLES0007 Hr
AD 1 G005 3
i) 408
ow 3.800 usec
DE 2000 usen
IE HEZK
o 1,00000000 mc
o MK!'I"K'A'IK)D:
o . CHANNEL 11 o o .
NUC1 1
P 1250 usao
PL1 000 g8
PLIW &271 W
SFAN ATNZE2GT40 MHE
o cmn. CHANNEL £ o o .
waitr g
NuCz 1H
PCPR 80.00
PL2 —2E0d8
PLi2 15588
PL2W BET3EHTEI W
PLIZN O.SERSHSER W
sFO2 AT BATOEET MHE
= 2ED 144
8F ATOH THIEE W
WO EM
=88 a
LB A0 H
GB []
PC 100
- F—ra
T T T T T T T T T T T T
~160 -185 -170 -175 ~180 -185 ~180 -105 -200 -205  -210 -215  ppm
KONC JKO-233
1H NMR in DMSO-d6
23-12-16 RA
Fkkkkkkkhkkhkhhkhkkhk L 2000

9.02

1500

HO

9g I 1000

TT-O0OoONT-OO
co 2n®aNNdd
oo 0WWW WY W
©© =
+500
ToaYoaNO O ®
QRLQO QYD NN
MOOMOMOOPO MO
e
A EONO)
3329 TN
< T

o ) - - - -0 @
He HeHE = HeHe e He o [N HZ

T T T T T T T T T T
9 8 7 6 3 2 1 0

5
1H (ppm)

S55



KONC JKO-233
APT in DMSO-d6é

23-12-16 RA

o
o
S 8
- =) ~
" 1 " " 1 " " 1
1209 —
SV
e
928
828
%Mm,mw
]
—1£726
~06'86
69'80L —
Lokl
mthV
LY0Z) ~
oo
vmm%mr/
s8LzL\
2821~ —————————————
vL0EL —
ygLEL—
o e —
8Y'ESL ~_
£5VSL —
68651~

Sk kkkkkkkkkkkkkk

120 100 80 60 40 20
13C (ppm)

140

160

o o o o
o o o o
«© © < N
| L | h
65°881-
55881~
05°881-
87881~
£v'88l-
6£'881-
o o
o o o
0 o o
- - o
| | |
@
@
[
A
©
FS
seL1s08- 7 TE
6268988 — 8
0v'99988- ~ Foo
065988~ >
£0'9€988- ~ Ay
zLEL988- L&
© N -
$ :
o i L
22 |
NE i N
b=} E ]
Oc«i &
$eti _
© i
S i
OZai
z WYk
Og i
X e ¥

-280

-260

-240

-220

-200

-180

-160

-140

-120

-100

19F (ppm)

S56



<
4
©
-
J
]
-
!
©
~

(=} o o
o o o o
S I} IS] S
N - - o) o
1 1 1 1 1
8L'€
6.°€
os'e
8¢
5
BERS
ve'e -
68'c
06°€ EHFF
16'c
z6'e
6Vt
Giad ow
6L°S vm,v\
0z's e
0z's
1z's
0€'s -
0€'s R
Fm.mv M B
= Le's
=)
009~ o
109"
I
© §§°27
GS'LA
1872 002
m”u 252 SE—— .. ¢
19729 wan\
89'/ S0°L
89
69°L o’k
SNW. ow
88°L :
88'L fw
682/ ot
mmsi“
$ €62 ) oL
v 908
o . __.
© i 908
82 i 80’8
NS o
¢lsi
< H 906 — r?ou L
x ©: ve'e
0SS gt ge'g-
a4 *
OT i
X -~

TH (ppm)

o
o
S S 3 3
= ) ) Q@ i
1 1 1 1 1
=
g,
9209 —
]
LV
e
1928
128
/MN.%
]
—8€'26
1686
96'60L —
vo'9LL
m@.wiv
£9°0Z1 ~
e
0%t
mmsur/ U
ze8zL —
osezL
05°2€L ~
60'6EL —
* .
g8 1 wmn
NA % 7
10 % S9'G5 1
Cwndgi
Xsx:
" 0oi
c % i
RS
Z v
X i

120 100 80 60 40 20
13C (ppm)

140

160

S57



o
o o o [=] o
o o o o o
- <] © < N o
1 1 1 1 1 1
69'881-
v9'88L-
65'881-
85881~
€5'881-
8v'8gl-
o o
&« 8 8 8 8 8
- - © © < N (=]
1 1 1 1 1 1 1
«Q
oo}
[ ©
~
oo}
[ ©
/ -
11°66288- ©~
svecses- P m.
S501288- ~ [¥a
. — =
6€'€0288- [
12°08988- ~\_ v
65°25988- 0+
F o
© A W
® . <
o i L3
g2 i 2
3 :
Y¥a i )
Qg | <
X = 4 ®
DKol T
=53
Oz
b4 w Y
LI
Qo N i
X - X

-260

-240

-220

-200

-180

-160

-140

-120

-100

19F (ppm)

2000

1500

1000

500

8L'¢€
6L°€
08'e
[4: 2
z8'¢
£8'¢

KONC JKO-225

1H NMR in DMSO-d6

23-12-16 RA

Sk ok ok ke

L6 —

o
I

¥4

0z's
z’s
z’s
ces
LES
zes
zes

L

oL

1H (ppm)

10

S58



o o
g g g g
S IS) o o
« - o - N
1 1 1 1 1
62°09 —
— (BLYL
ey
9'Z8
L______ JeLses
£°€8
€'e8
—8E'L6
~16'86
8L oL — ————
9L9LL
ow.wCV —
85021 ~- L _
omL
115984
mm.wﬁ/
zL6zl —
22081~
85°LEL
mw.nmrv
*
n © *
NT i
Yo i
Ow«i Z6'YSL ~
Xsi ¥5'g51L -~
" Noi
c w3 9€°09L —
O .=
*
Z - - ¥
oo ™ ¥
X <N X

120 100 80 60 40 20
13C (ppm)

140

160

o o o o o o o
o o (=] (=] o o =}
~ © n < [} N -~ o
1 1 1 1 1 1 1 1
19881~ 4
£9°881-
85°881-
95°g8L-
15881~
Lv'88L-
o o
o o o
n o (=]
-~ - 0w o
1 1 1 1
o
@
L o
@
N
[ o
N~
L ©
L
0L'6v.88- — 5
FoF
g - — Q
Sv'9z.88 =
8L
1180188~ T
9£'96988- — Fo2
0
126,988 — [ o
g @
O 12'15988- — N
o Fo
w 0 ¥ <
NS i 5
& b [ o
=] * ©
O cgi A
¥Eoi -
Kol
=i
OZas
4 -~ %
OG i
¥ - i

-200 -220 -240 -260

19F (ppm)

T
-160 -180

-140

-120

S59



+300C

+200C

+100C

980~
€0'L 7
g0/
zeL
8G'L ~

80°¢C

L

KONC JKO-157

©
9
o}
@
=
a
£
14
=
z
I
=

g
4
©
-

1
0
=
N
=)

*
E
*
*
*
*
*
E
*
*
*
*
E
*
*
%
*
*
*
*
E
*

accog 2N 838F
Gnage <yoood

) o]
M

< ™
w0
[o)
—4’

€68 —

3=k
T

or'e
T

v’

26’0

oLl

1H (ppm)

+400

+200

+-20C

ocee
Nw.mm/

865,

g ~CE€'S-

KONC JKO-157
APT in DMSO-d6

02-05-16 RA

eLov
ocor

620V

Fededededededededkedededededededededede ke

0829 —

ceLLL—

= o
= 19'G8
F— T 8V'88

zZEVLL
or'vLL 7
656LL —
zeLzL
05221\
69'8ZL —

85'9€l — —F

[N TN

0L ¥SL ~

9e'ggL

T

80

100

120

140

160

13C (ppm)

S60



S61

(e L (d
o o o
3 g E o
-
L L L L m m m m
o I\ - o - I
1 1 1 1 1
-
3
4
6v'2 F o
om.m% 0z'6€
. 1 9g'6e
05z 9€) _J le8 wm.mm/ ?
R AN
_‘m.N 19'¢ I €00V
152 o6 cLoy
zse ) | o oz'ov
zoz 69'€
oLe
L2e
LLe
€Le mmm
pre— 299 T
007~ oo’k <
(o]0 4 20°L
[Xoi4 B —_ ——
oY €
ey 1LY . o
€0'L a
Ty Nn,wW I =
oA €Ly 5H
ey - .00
———
YZG~ wnﬁ 1€°28
s
T ©
O «
T —
8Y'9~ 96°0 N
HO R e oo/
LSGLL —
SO6LLN. ]
N~ €L71ZL ~
2z L2)
09°821 \
89°2
© 892 66°0
B o7 zgoeL — ——
3 0LL o
o vz'g
°2 e %7
' 8 ze'8 * T 0
0L« ze's Own«
M £ ce'g 4 ¥s¢ 18260~ —
x © o €e'8 j ¥80 Qo0 19'¥SL ~
0S¥ 16’8 o OET £2°951
- £
22 ) 2 - o
Oxo on ¢
¥ - N XN

T

80
13C (ppm)

100

120

140

160



M M A

KONC JKO-109
ROESY in DMSO-d6
—= 26-01-16 RA &= o Le.5
+7.0
3
Q
e
T
F7.5 «
=
+8.0
? & = &=

T T T T T T T T T

5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4
1TH (ppm)
KONC JKO-92
1H NMR in CDCI 38588 YE
26-01-16 RA NN
*hkkkkhkhkhkhkhhhkhhhkkk \\M/ r 400(
OUOUNNT OO N
MBI R
—_— =
+300C
N~ O W
Q 13 Sr'?r'?r' +200C
© ~
33 33
© © ©©
N2 N +100C
LTt
[ONORONe]
BNYTT T
66 =
U
) I U "
=3 @ 19 0 [T} @ o
—L @ HA® W0 2 [ -} HO —g
- oo - o o o N Q
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0

1H (ppm)

S62



KONC JKO-92
APT in CDCI3

Q Q Q 3 3 3
o o o
© < I\ o A b ©
1 1 1 1 1 1 1
Gzl
221
691
Z0°2L
V2L
1211
e Ll
} e /L
ZvLL
0919 —
—z.1°0L
_J
—9g'18
—ov'e8
SELLL~
gzzLL 7
L e ——
06zzL —
ov'8zl
62821 A
ZLIEL — ——

Fedededededededededededededededededede

© 0Z'ESL

- z6'esL .
- evgal /.

<

©

N

120 100 80 60 40 20
13C (ppm)

140

160

+300C

200C

+100C

A

L0
mo&/
INAN

L'V
8LV

6LV

196~
X
109 —

2524
mm.n%
152
162
) 8G'L
™ O ¥ 652 _
@ m i €e'8
*
g ve'8
X cri veg
E R
2 o098’ B
0= - %
1
IToi
¥ - N H

€0°L

OOH._\
o*_\

oL'L

o't

1H (ppm)

S63



500

+-50C

144
144

Yy — mvs.wr
2L°9L

9609 — — %

Ll

KONC JKO-93
APT in CDCI3
26-01-16 RA

Fedkdedkdkkkkkkkkkkkkkk

08°0LL ~

zezLL - =
S6°6LL ~
vL'€TL ~
26821\

1891
1691
Lzl

—LlccL

66'8ClL

SLlel — —

Le'esh N\
AT I —
ozosL”

22'90C — T

T

T

160 140 120 100
13C (ppm)

180

200

+300C

+200C

+100C

KONC JKO-94

1H NMR in CDCI3

26-01-16 RA
*hkkkkhkhkhkhkhhkdkk

9’ L
mm.h/
mm.h/
yAWA
Nm.hw.

rw.nﬂ

®
* A%
~

SS9\
9597

L8 —

Gge's
wm.wv.

mm.ﬁhm

06°0
I

va.F

m@o

NDH_\
mm.Ho
OO.H_.
OD.H_‘

1H (ppm)

S64



APT in CDCI3
26-01-16 RA

T

P P o
le) [} o S
o) =} =} B
— - 0 o T
1 1 1 1 1
8L 19— —§
ow.mm/
Yo' LT
om.k\ —
mm.mn\ S
mw.ow\
£g'e8
ssThL~ —d
og'eLL
16611 — —
zLeeL —
59'8ZL ~. 1|
906zl
oz'geL — —
< i
@ i
(@] b
™ % orESL
= k4 E5EGL 7 _—
i 6£°551
154 i
z i
(@] £
4 b

140 120 100 80
13C (ppm)

160

A L [ A
S S S S
o o o o
[oe] © < N o
1 1 1 1 1
6t'C
0s7e 18'9
0s'z I
0s'z
15z
aLe~ eLk
e’
z8'e
€8'€ .
mw.m% e
v8e .
R 655
Sl
Nm.v\
9L'S L 660
zes VoL
eeg”
19°G 0o’k
N@.mv
T
T ¢
-
I
© 08'9~ M Lo
1897
192
N@Nk me.o
€92
e mwsN
! sie .
oS e 8%
oS 9z'8 7 .
o0 9z’
€ i 1
- - 180
x @ 688 — < =
s Y
22
Oz M
X « N

1H (ppm)

S65



400

+300

+200

100

+-10C

KONC JKO-95
APT in DMSO-d6

26-01-16 RA

€9°6€
ON.OMW
18°'6€

86'09 — —

N

88°0LL — —

98'LLL ~ L
mm.m:M M
z0'LZL

€9'9ZL ~
zL'ezL —

eygel — —

zZ0zsL~ 3
€SPSL~
85'551L

9L
6922

-8Lv8
2098

20

80 60 40
13C (ppm)

Y Mo A

KONC JKO-95

100

120

140

160

+7.0

(wdd) Hy
0
~
L

8.0

ROESY in DMSO-d6

26-01-16 RA

et

)

3.8

4.0

4.2

T
4.8 4.6

T
5.0

5.2

5.4

1H (ppm)

S66



KONC JKO-171

02-05-16 RA

o o J J U J
S S S S S S
S S 5] S S S)
© ) < ® I - o
1 1 1 1 1 1 1
1
6v'z <
)
15g 1
v.'€ -
oS¢
LL€ YA
et T
O s
ey T
i.v\
SLy
IOCRY 00t
£eG 1oL
ye'g—~ e
15 > r
= 25's
o
T
(@)
69'9~ ] oot
0297
mm.n/
oe'L :
! Bt
© LeL
°
m L6 ook
s €627
o 0£8\ 004
= e 6670
zr'e
14
=
4
I
-

1H (ppm)

2000

+1000

+-100C

+-200C

om.mm
nm.mm/
966

KONC JKO-171

APT in DMSO-d6
02-05-16 RA

€001
cL'ov

oc'ov

Vel — —

S6'V6 — —

291l ~
90024\
95121 ~
66'€ZL ~
LrseL -

60°9€L — —

[RAT TN
€5°66L 7
8/°/Gl

T

120 100 80
13C (ppm)

140

160

S67



S68

3 3 o o o o Q Q o 3
o o S o o S Q =4 Q o o
I o S S o <] © = < To] -
o = S 8 g I o - - s} o : ;
L L ! | I L L L L L L a L
)
L —
0z'6¢
P m@mm/
Sionr
6v'z 168 mo.ov\
L I foralold
[Reird ]
L o ————————————————— —8c¥S
— zZLe—
08’ '
60°€
Fw.mW i
z8'e L <
) oLy
0Tt ) \m) 922
Q .
a —€6'€8
I ~G9'G8
=
LIS BW P
ceS\ 90'L .
oG~ T Le'g6 — ————
poo 0L
mm,mv
L ©
o
L TTLLLN
% SL0ZL
Lg'ozL
eroN voL 89°'GZL
o 129 zgseL”
T [
mvNW
Sv'L . .
© ors vo'L 269l —
54
v6'L .
N~ (o] L0'L N ©
o N S6°L 90 | © T
5= €08 <0
00« v0'8 Own<« S8PSL ~
¥ co so'g XS £e'9g)
== . =
x © aos 0oL oo
- ‘g — -
0= < o £ <+ 18'€9L —
22z o L o Z - Q
Orow on ¢
¥ - o ¥ o

13C (ppm)




e A e A (=) ~ O
o S o = S o o S
o o o o o o o 3
© < I I\ - o - Irsd o :
1 1 1 1 1 1 1 1 1 1
L o
———————— —€8'L1
L
0z'6¢
I o mn.mm%
_— L 69°€l mr.o¢\
w oe 0z'ov
VH
7 L o
_J S0'L9 — —
6c’e
T
L < .
vee YG'9L
_ ~89'/L
€
Q —66€8
2 ~.6°G8
oL's Sm
s aior
zLs UL R
0e's t
Femﬂ oLt
o mm.m\
=2 .
— 9g's €60 — ——
T L ©
(e}
8ELLL~\ -
82°0Z1 ~\
m 18021~
819~ oL’k 68°'GZL ~\ =
6297 * - oozt 7
S0'L 8 /el —
I
3
Y 00'8 L0'L
© m 10’8 sk @ 9
® = o187 ® % 0L€SL ~
A L8 1 O €0'bSL < ———————
D =
0B« Ow«g
X cx XSy
= x© 0oL Ao zez9L — —3
- cq— T -
0 s 4.. 188 | o 0 .m 4..
H F
I o ©
X «~o ¥ o

S69

13C (ppm)

140 120

160




S70

o o 0 A
3 3 3 S S 3 3
< = 0 ° < o o 90 N
0 1 1 1 1 1
L —
S
-
T .
5 —81'zz
(@] L o
I 0Z'6€
mﬁmm/
95.68 _J
€L oy
0z'ov
77°€1 L o 62°0%
8¢
6L'¢
18'e
z8'e
z8'e 869 90'1L9—
€8e
. b«
ree N
SL'y t
1%
%% c
rzy 2 9L
L2y =
zz v LT —66'€8
zz v - ocas
06'0
L ©
L 0S5 LLL— 3
189 160
260" = T LeLbL~
3 F ™~ ¥6°0Z1
3 L9121 —
2s'L . ARTARN
4= __J 860 98'9zL
wm.n\
© vG'L
T oL's ol
o Nr.wV mm& © 108l — ——————
28 5197 2
- = 18 T 0o
08« o<«
¥ o 20 XS
Cre £6'8— 2 le T0Oe oLest 7 —————
O g o SSPSL
2Zo Zr-o 68'65L ~ —
ora ot @
¥ - o ¥ o

T
120 100 80
13C (ppm)

140

160




OH

17¢

KONC JKO-208
1H NMR in DMSO-d6&
12-12-16 RA

A R

W50
23.02

om
=
o
=y

—13E .60

——152
147 .67
T—146.52

—_—1

.03

—107

— 05,65
—Hh4. 01
——77.70
——76.70

Corzent Cats Parssmtacs
= YONC_ JKD-206
xmio 3
FROCND 1

r2 = Acguizitico Perameters
ot 20161215

e CHANHEL £1 mmm—

=rol 125 TA2EAT0 ers
woci

1 uamc
2 24,00 uams
T 35.00000000 W

KL £7 m—m—
495 9B19999 etz
in
wnlezlf
82,00 uamc
B.60000058 W
0.18350000 W

FI - Procsasing pazametars
51 65536

=r 1257201016 s
oW m

== o

0 1.00 e
=] o

=~ L4



HO

KONC JKO-207
1H NMR in DMSO-dé

12-12-16 RA
EEER AR AT

i & e
3 == e W w
; i HE @3 =
HBER 23 = W= S i
1
T | H
T T T T T T T T T T T T
150 140 130 120 110 100 90 B0 TO 50 40 Ppm

KONC JKO-207
AFT in DMS0O-d6
12-12-16 RA

AABETE R S

Casrant Dt
HEME

XD
FROCKD

Paramatacs

WONC_JRo=267

r2 = Acguisitico Peramstecs

———— CILAANEL

=rol
wocl
7l

2
Ll
5rod
woc2
croees(2
ropn2
FIe

FLNLZ

20168235
E 3]

£1 m———

125 TA26450 Mers

12,06

&
5500000000 w

CLAMNEL £2
499. 9019999 MWz
m

wmlizlf
BO.00 um
860000038 W
0.19350000 W

ri - Frocsasing paramstsca

32768
1257201057 Mz
=

§.00 ms

S72



O e J A
o) S S S
) S o o
© © < « o
1 1 1 1 1
6v'z N
osz J 206
om.m\
152
z8'e
£Q°C
€g'e
ve'e 28¢C
sg'e T
sg'e .
oL, 48
AN -
rad
szv
YIS L0k
S€'S 60'L
o P
2 85°G >, oLt
\ml 65°G
T
(@]
889~ 80k
6897
v
[ 60'}
O e— L
© 66'L
T 662 88t
<0 Ny ———i
~ 9 00’8
5 2 920'8
00« 90'8
M £ vL'g
© . pL'g J ootk
K = ises - < %%
OS™ 9L’
z2z38 618
OT dq& oz’
¥ «o

T
4

T
5

1H (ppm)

2000

1000

+-100C

KONC JKO-174
APT in DMSO-d6

02-05-16 RA

90°19 —

1280 — —

L9'LLL
oL0zL
85021~
S9'6ZL

9€° 221\
69821 ~
€8'6zt

srier’

cr'8elL —
oLyl —

L0°€SL
0e¥GL —
90'951 7

9992
~69'LL

-90'18
LS8

T

140 120 100 80
13C (ppm)

160

S73



AT

HO

' 17h

2 ce o - .
a 22 B = I9ZaERR 8
S oz cw® @ 5o s KONC JKO-208
MR ES S APT in DMSO-d6
| || Il w | W 12-12-16 RA
Bkt S
Congons Dacy biomarais
RANE RONC TRO-2 0B
e} H
== $
o2
i R
3 T
mmmm— CAMNEL {1 s——
ST
2 it s
w2 —
2
L &0 .
T T T T T T T T T T T T T T
160 150 140 130 120 110 100 30 80 70 &0 50 a0 ppm

S74



S75

13C (ppm)

100

120

3 3 3 3 3 3 3 o 3
o s) =) o S o o 8 o) le)
~ © 0 < ™ N - o ) o 0 A\
1 1 1 1 1 1 1 1 1 i 1 1
Lo
L —
o 0z'6€
mm.mm/
J -
., mr.ov\
4 0z'0ov
L o
€8'c —
cgc _J
v8'e o ]
oge e oL'L9
sg'e T
98'c L«
IR AN 789
9Ty T
mm.vN - 1992
€ g9/
a
a
= —0L'¥8
SL'G soL ©T ~99's8
se's 60l
om.mV T
65~ 60’}
— 0957
=
- L ©
T
(@)
9LoLL— ——
L9 ZLL
68°9~ 00t og0zL =
06 O\ L~ 0s'oczL =
. a1
vo'L bZLZh\ ———————]
vo'L EA 16821 F
992 - = vmwm 60621~
59’2 iz
© wws\ T . N
5 89/ S s €8°L€1 P
. r 6e'8El 3
o O 8L 0 ©
N 182 ~ T
- = - A
\ 1 O
00« On<
¥ o XS
Spo . 60 | O =) Y9Gl — ————
0S5 80°6 OED 99ggL i
nNu z3 W o 88'65L —
Ia LN
X «~o X <o

140

160




P e e P O U
S S S S S S
) S <) S <] <]
© ) < ® N - o
1 1 1 1 1 1 1
v0'L 860
wo.FW 68:81
L0°} — mm
N:% ¥
wN.F\
zeL
68'c
06'¢
06'¢
16'€
16'€
z6'e
zLy
L'y
SlL'Yy N@H.o
sl 2 o
c0°L
mm.vV I
mm.v\
62
oL's .
$6°0
:.mW i
€L's
GG'S 00l
om.mW I
85'S
002
102 J oyt
9z'L
0s'2
0S'L mOH.r
-y
NmsN 560
whn%
© O * eegN )60l
oQ i ves”
09 «i _
S0
Xce; 08'8— < %t
EVEE
x2i
CER ¥
5221
I oz
¥+~ ® H

T
5

1H (ppm)

o o 3 3
8 s o o
N - o ~ nd_
1 1 1 1 1
vzl
891
— 891
L6'9L
[ Mo6oL
< L1
VLl
25 L1
SLL
S6L
S8°09 —
60°vL
ﬁ.wn/ |
0022 |
SgiL- -
6L6L7 —
No.ow\
vLL8
2507
vvLL " [
08'6LL~\ |
vz~ |
6282l _|
Ls'8zL
60°2€L — —
© i
M ) m Z0'eSh . |
o< LLvSL—
¥AcK m 68'a5L 7
2000 %
c Y ox
O .=z
Zpozx
on o 64691 —
¥ Lo

T
120

T
140

T
160

13C (ppm)

S76



1H NMR in DMSO-d6

KONC JKO-97
08-04-16 RA

26'8 —

P o P e e e e
o o o o o o o
o (@} [} o o o o
N~ © Yo} < ™ N A\
L L I L I L L
so'e
gL — -
6v'C
0S¢ €z'8
0S¢ -
0s'c
Ls'c
L0}
9L'e— -
SLL
90 L

160

160

160
S6°0

T

€6°0

2000
+1000

1H (ppm)

5

KONC JKO-97
APT in DMSO-d6

08-04-16 RA

G209 — —

22°0LL — —

88°9LL — wl

LeeLL— T
etz
9L'2ZL N\

8v'8c¢L — .

oLleL — —

22eSh~ ]

LLYSE ~ —

vgssL 7

cTe9L — —

—— —Ll'6L

—8G'¢€L

1662
v6'Z8
Nez'es

--100¢
- -200¢
S77

13C (ppm)




S78

20

40

o P P o o P
s} s} s} o o 8 o
g g 2 g 8 ° 8 3
- -
1 1 1 1 1 1 Al, OV "
L o
€20
L«
4
Fo 0z'6€
6.6
Q.ov\
0zZ'0ov
Lo
70
10z
mMo 8,09 — ——
66'0
= Y (689
1 15'89
907 L fo
€
1 E ,
Q
Lo~ S
z —
198
Ll — Mmo.&
~ H v'26
a ©
w L
5
ooﬁ AT
o |~ 09vLL—
T €561\
S8zl ~ i 00000
oyt S5 221~ ||LW
z6'82L 1
L o
© me.o ]
86°0 829gL — ——
-ﬂ I
0 (o] * n O *
n n H | n o H
- =S * e’k - A X
‘B x 168 — L o e %
00 «x OSM* Y5°ZGL
¥ o XSi 0L%5L ~ S
S5 ok = * s —
o © 0o * 19°5G1
- ¥ c Y3
0= < X Q.= g%
22 Q Z -0 x
(@] * L2 on g
T o: - R X
X - N § ¥ N ¥

120 100 80 60
13C (ppm)

140

160




KONC JKO-155 . o
ROESY in DMSO-d6 - - -
29-04-16 RA e ~ - @ |4
Fhkkkkkhkkhkkhkhkhhkkhkhidk 3 ..
k ® 0
5
‘ ~_~
+6 €
[}
e
T
7
+8
9
9 8 7 6 5 4
1H (ppm)
KONC JKO-155
19F NMR in DMSO-d6
02-05-16 RA
+50C
-V OMQ
B39 08
S EEEEE Faoc
< © N oMo +600
@& ]88
] © 0
n® > 238 I 30¢C
R 0O
@ Q09
PR <N 400
+200 +20C
0]
T T T T T T r 10c
-198.2 -198.3 -198.4 -198.5 -198.6 -198.7
19F (ppm)
| A Lo
0 -50 -100 -150 -200 -250

19F (ppm)

S79



S80

P P o o (e o o
S S S S S 8 o =} 3
=} ) S S o S 8 =} 1S)
g 3 2 4 < 2 5 3 o b 7
. ; : H :
L o
L~
i5°€
85
65
65°€ | 0z'6€
09°¢ Fo mn.mm/
09°¢ | cac
. L9'e . mr.ow\
67C oL eq6 0z ov
152 L2€
L2e
zre Lo
€e
€L°€1
- gLl — ——
i3 g
b 60°1
167€ I Avm.ww
26°€ Yo'l < 19'89
16°€ r
: —
4 3
v 00’1
. Q
L9r— E = 6078~
I zess 7
= .
) vrsy oL 8498~ S
Q arad ; 1206 —
o /S
W vol 61267
09'd- 1£'66
69'G 107z
._m oﬁmW A
L2 °
o
I —————————— —8'ZLl
£6°0ZL
18LzL—
or'L P~ 88vZL —
ov'L gvozl ~
ZvL :
© (44 16vEL —
o i 682~ i
Qo i 1627 ] Ng i
- = i - 1 H
R lee 10
(@] g . own X
¥ ok vmwv. Y *
S5 = % zs'8 L=k
v © oo x 05°GSk ~\
OS Tt 0L Bmmrw
0 £8 .
Z2Zoi Fo ZL 8% 66°L5L
Orwi oo &
X -0 i X Loi

120 100 80 60 40 20
13C (ppm)

140

160




KONC JKO-172

19F NMR in DMSO-d6

03-05-16 RA

o o o o o o
S 3 s S <] ]
© B 3 @ Q - 1)
1 1 1 1 1 1 1
1€°661-
YE66L-
£€°661-
0€°661-
9Z'661-
£2°661- R
Zz661-
61661
o o o o o o
S & © & o© o
© b ¥ ® & +« o
1 1 1 1 1 1 1
©
o
>
=
;
©
o
>
2
;
<
@
>
2
1€°661-— v
PEB6L-~ o E
£€661- 28
0€°664-— &
AT
9Z'661- — @
€266~ N
Z266L- o
61661 — w_
-
o
>
=
;
S
o
>
)

-150 -200 -250

19F (ppm)

-100

+800C
+600C

+400C

+200C

6v'c

12 OL\

ese

KONC JKO-158

1H NMR in DMSO-d6

29-04-16 RA

OMe
23b

HO

18—

Fededededededkdedededekedededededededek

€9°L
o=
GG,

mm.mv.

00’8
mo.wu\

20’8

oL’L
2

S6°0

1H (ppm)

10

S81



KONC JKO-158
APT in DMSO-d6

29-04-16 RA

[} o [} (=} S S
8 g g S g g
< @ « - o w A
f L ) L . h L
0z'6€
9e'6E
6.'6€
96'6€
€00V
cL'ov
oz'ov
——— —2SvS
1609 — —
v'89
S'89
— loss
\geg
—— 20606
Necz6
16'86 — ——
~ —96°€LL
6021 i
svizL— f|
65921~ L
9g'9zL 7

Feddeddddkddodokokkkkdokdkk

6€°GEL — —

0Z°65L ~ t
6€9GL 7

0Vl — —

T T T
120 100 80
13C (ppm)

T
140

T
160

T
180

o o o o o
S o S <] S
e} < @ « -
1 1 1 1 1 1
¥1°66L-
01661~
L0661~
20661~
66'861-
G6'861- O 9o 9o 9o 9o 9o o
S & & © o© © ©
XN © O ¥ ® & - o
1 1 1 1 1 1 1 1
o
N
)
o
-
]
0
b
)
)
91°129€6- — A
o
-
: -— )
¥2'¥S9€6 2
=
)
- - — 0
89'8€9€6 8 W
o Q
S
-
o)
9v'L19€6- — o
<
)
)
28°009€6- — -
© o)
9 o
! 00'585€6- — ©
(@] o
32 v
=) o
O c o
X = Sy
DKo -
= v '
OZ
z =)
S54d
X «~ o

-150 -200 -250
19F (ppm)

-100

-50

S82



+300C

+200C
+100C

+O0
+ 600

400
200

+-20C

6v'C
Fm.N/

ocee
mh.mm/

26,60

—<6'LL

ST
Nm.N‘N

[4°k4

o)
I
©
?
o *
o i
T2 i
00 «q:
Xcox
x©i
CM:.uH 88'8 —
522
I *
MR

23¢

i

90'S \

Nom\

80°G

1H (ppm)

KONC JKO-159
APT in DMSO-d6

02-05-16 RA

€Lov
ocov

620V

16°09 —

v.'60L —
SLviLL—
1G'0CL ~

LreL -
¥6'9ZL N\

789

S'89

———— —00'L6
“etz6

zceLeL

v8'gel —

YZ'ESL ~
1229517

9L'e9l —

F-40C
120 100 80 60 40 20
13C (ppm)
S83

140

160




02-05-16 RA

o o o o o o
o s} o o o o
© s} < ® « - o
1 1 1 1 1 1 1
99'861-
29'861-
65'861- J
SG'861-
15'861- E
Lv'861-
o o o o
o o o o
[¢9) o < N o
L . N ) !
©
(<o)
- o
@
)
N
[c0)
r o
2
)
Lo'ovves- 7 ©
¥9'62vE6- — @ —
8GZLYE6 FoE
g
£
L
szzeece- 7 ©vo
18'GL£€6- — L8
18'8GEE6-\ -
<
© ©
ko] r o
1 Al
o 1
% (2]
o2 o
[ =] 0
o] c ro
X = \
4
=
Oz
zZ,
Co
X «

-150 -200 -250

19F (ppm)

-100

P P P
o s} s}
=} o s}
® « - o
1 1 1 1
A
L5€y
89°¢ |
[y ara mmf )
ese 19°¢
29°¢ 962
TZE -
o] M
YA
mﬁum)r 860
L€ X 001
Y€ 1
mh.m“ 60
sre
00'%
09'v }
19y 460
_ (434
o 105 Yo'v o't
805 I
60'S
S9'S
= ww.mw — 5
3 19'S I
L SL'S )
9L's 3
T 10
(@] 8L'S 890 .
69'9 M ooH_.
] Nm@\
T €29
192 }
% mw” M 660
3 <7
S ¥ g0'8 £oL :
o0 x , V 86°0
- s i oL's — 00°L
oQ H NN.mN. -
¥ c M m €z'8
ERV
14 ©O x
oS m ) v6°0
234f oo H
Orx i
¥ +-oi

1H (ppm)

S84



o o o S 3
o o
o o =}
© 3 I 1) o ¥
1 1 1 1 1 1
L o
o
F
—€0'€z
0Z'6€
mhmm/
g.mﬂ __J L o
€10y ¥
0z ov
og'ov
| ©
1609 — ©
1t'89
G'89
B3
LS 2a
a
o
@]
®
-
—€8'06
“ze'ze
o
L &
e
PeLLL~
zeeLl —
o
12121~ o
65221 —
6921~
9221
og9glL — o
N L <
o © i -
T i
- *
1 O *
Cw«i
X=0i 09vSL,
oo x €LvS1
c % ox 3
Q.= % ‘Lol — Fre
Z- 8% € Lol
LR
X Lo

=l o (=) =) o (=) =) o
) <] o S <] o <] <]
bS] N © s} < ™ « - o
1 1 1 1 1 1 1 1 1
16'861-
v6°861-
16861~
98'861-
£8'861- B
6,861~
o o
<] S o o o o
« S S S <] <]
- - o © < « o N
1 1 1 1 1 1 1 9
F &
)
b
o
F o
i
o
o
F &
)
Nv.wmmmm.\
€2'8,6€6- — Q
£5°199€6°\ @5
ey
Fol
W
)
7 -
19°0vS€6-
0€'v25e6- — ©
08°205€6- 4
F o
A )
©

?

o} ~
on 0
©s - o
T a i
O ¢ M
.

©

s 3
OZuw Fo
r4 ) -
Oo '
X « o

-150 -200 -250
19F (ppm)

-100

T
-50

S85



WAV N W e

AR

F2 - Argpuition Parsrmaiers
Con 1213
21,31

41
31

= o ome
o 5 on e o w
[ - = weem e i =
L 4 ddd 5§ - KONC JKO-211
APT in DMS0-dé
| kl H/ | v | 141216 LS
T
Current Dats Facmsetess
) KW JRD-211
EXTNO 2
FROoCHD 1
Fi - Acguisition Pacesstecs
Dats 20161
Tim~ .35
INsTIEN apact
FROBND 5 mm CPEBO OB
FULFROG jmad
T 5536
sommT o
s 1024
s
FioeEs
Ag
ne
i
e
e
cHaTZ
cHaTIl 1.0000000
vl A x . o1 200000000 eec
| T "| i "[ nio G_00E25000 mac
700 1
[ 1 ——
sroi
i
vl 1200 »
r2 _00 uzes
rLwt 4500050000 W
—— NEL {1 messssss
439.9019999 Mz
n
F2 = Procersing paramstacs
= arTEn
= 1285.7201002 Moz
Wow B
=58 ]
18 1.00 22
o o
rc 1.40
T T T T T T T T T T T T T T
160 150 140 120 120 110 100 30 a0 T0 &0 50 40 Ppm

S86



A A

196

-197

-198

-199 -200

N A AR

-201

T
-202 ppm

KONC JKO-211
19F NMR in DMSO-d6
19-12-16 RA

B

Cucrant Data Paramstacs
AN WOmC_Tr0-211

oo 19
FROCHD 1

¥2 - Acquisition Facamsters
Date 20161219
13,38

T
¥2 - Procasaing paramstess
= BT

=¥

wou

4704493301 soee
™

1.00 n2

1.00

KONC JKO-209
\W 1H NMR in DMSO0-d6
14-12-16 LS

AR

—_—

D=y

S87



Hw W Somes wane
ge  w ARmEE A= mn @D = = semzecaenca
nw o sEw S =wao S b et A S b A
=3 = Heimmn  aoo Gg Sa= 28 g Sgcgamanamna KONC JKO-209
AFT in DMSO-d6
Vool I TV WA/ Vol TR e
T s
Cozzant Dats Paramstscs
RAME FONC_JKg= 2118
o 2
FRICHS H
e ubaiticn Farameters
Data e 20161215
Tima™ 18.%1
TR
PROBND 5 CPOBG 5B
ote 5
™ EE5 56
v
¥s 162
os 4
ELL) ZITEL M4z
ripRes 0.454151
AQ 11010048 amc
B 19%.T1
D 16.800 uamc
DE 18.00 uamc
9.0
cMET2 160. 0000000
cusTiL 1.0000000
ol O000G00 amc
oo ~OOE25000 amc
00 1
e CHRSNEL £] mmmmemm
srol 125.T326450 etz
woci isc
1 12,00 uamc
2 24.00 uamc
TLAL 35.00000000 W
— CHANMNEL £2
siod 499, 9819000 etz
woc2 n
CROFRG(2Z
roPDE
L2
FLWLZ 0.19350000 W
i - Froceasing parasetars
51 5556
¥ 125.7201009 etz
wow =
ss8 °
in 1.00 m=
E e
"~ 1.40
T T T T T T T T T T T T T
160 150 140 130 120 110 100 50 80 T 50 40 ppm
oo
S KONC  JRKO-209
zEzEEE 19F NMR in DMSO-d6
o o 19-12-16 RA
%\E\‘ r}'z} A A
Current Duta FParanstecs
KAME BOMC_TNO=208
TN
FROCHD 1
72 - Acquisition Pazeseters
Data_ 20161218
Tima 13.28
THsTRIN pact
FROBHD 5 = CPEEO BB
FULPROG =il
™ M
SOLVENT oH30
EH]
= 0
e 138888891 Hz
FIORES 0. 500028 H=
A 0.9999432 mac
=
=
e
™=
=
™0
e CIASNEL £
s¥al ATO. 3850206 pore
i 1ar
b 15.00 usss
el 6. 40000000 W
n Froceaain ramataza
S 3 Fiiiaas
Lo AT0. 4493301 sore
W =
s3n ]
= 1.00 Hs
= ]
- 1.00
T T T T T T T
-196 -187 -198 -199 -200 -201 -202 ppm

S88



+300C

+200C

+100C

O

6v'¢

Lg'c

1H NMR in DMSO-d6

KONC JKO-161
02-05-16 RA

Fedkdedededdkdoddokokkkkdokdkokkk

o
T

23g

Lo'8
108
c0'8
20'8
60’8
608
60’8
vL'g8

006 —

91’8
gg'8
Gz

1000

+ 500

+-500

L-100C

ozc'6e
1£°6€
6.6

26 6C

KONC JKO-161
APT in DMSO-d6

02-05-16 RA

€0'0v
eLov
oc'or

620V

Fededededededededededekdkdoddeokkdkddk

S6°09 —

1’60 — —
9Tyl —

zs 0z~ —4
ssizL”
19921~
oe'8zl

08'8cl *

L /9V'89

8589

~lose
9°G8
— €606
Mize

120 100 80 60 40 20
13C (ppm)

140

160

S89



KONC JKO-161

+60C
19F NMR in DMSO-d6
02-05-16 RA
+50C
ONO©OSN
SNN® OO
@ 0 0 0 ©
[N NN NN
L700 “ 555 %
+40C
+600
DN NMM
©©N©WY -
N ©WOMnOo
ANANR S 1500
3888383
BERRN r30¢
+400
+300
[ 200 +20C
+100
Lo F10C
T T T T T T T T T T T T T T
-197.7 -197.9 -198.1 -198.3 -198.5 -198.7 -198.9
19F (ppm)
1 +0
T T T T T
0 -50 -100 -150 -200

19F (ppm)

J PO

[ 11

Y Y Wl

€.3 €.0 5.5 5.0 4.z

i

KONC JKO-210

1H NMR in DMSO-d&
14-12-16 LS

]

S90



ame B ANEBeTTS K ©
ase suRNLsgsEs oS ow 0
5 R e = & LR
E ] AR HYYNNYNY 4 o 25 8 KONC JKO-210
AFT in DMSO-d6
\J/ | W // | | v | 141216 LS
et
Cargeat Dats Pacemstace
RAME KOMC_JKD-210
o z
oo i
¥2 - Aoquisition Pacameters
n.n_hq 20161215
o :
rrrTsN
FRopED. 5 om CrESO BB
=
™ B5556
- e
i e
bs "
EL 29TEL. 904 Bz
FIDRES 0.454151 nz
AQ 1.1010048 amc
e
A
o
B
[="L:+ 166,
it
Ml ol 2. o
1 1 T oo 0.00825000 am=
oo 1
—memm—— £ m——
srol 1257326450 Mz
woci 15c
ri 12.00 uams
rz 24.00 umms
LWL 35, 00000000 W
—mem——— KL £2 m—
5rod 499 9819999 Mtr
c2 i
wmltzlf
80,00 ummc
860000058 W
0.19350000 W
24 phesotecs
51 BESSE
r 1257201055 Mtz
. -~
azn
s 1.00 n=
E
e 1.40
T T T T T T T T T T
160 150 140 130 120 110 100 20 70 50 ppm
CmmrTn
S2ZSEER KONC JKO-210
sosszes 19F NMR in DMSO-d6
323333 19-12-16 RA
Il\:%\ V AR
Caccent Dats Fazametecs
HAME EONC_TRO0=210
| -4 -]
oo 1
¥ - Acguisiticn Pazsmeters
Datm_ 20161219
Tims 13.32
TR oact
PROBHD 5 mm CPEBO B
FULPROG £1,
™ ;?'.“J
- e
b= 32
o= o
INH 138868.8%1 Hz
FIDRES 6.500028 ne
ag 0. 9090433 mme
L 199.711
o 5. 600 usmc
o= 18,00 usms
™= 298.0
ol 1. 00000000 ne=
™0 1
e —
sral ATO. IB30206 MMz
s iar
L 15.00 usms
el €.40000040 W
e Frocmas i cammtaza
51 o P‘E:ztﬁats
r ATO 4493301 Mpx
L) o
530 1]
= 0 mz
-] ]
T 1.00
T T T T T T
-196 -197 -198 -199 -201 202 ppm

S91



/ P

HO

———— —
)

—_—

=
R
10—

——
£alm
—_
s.1_
1.0~

2
68 .50
98

KONC JKD-212
APT in DMSO-d6
14-12-16 LS

P

68 . 6]

— 160.56

—— 154,88
]
———50.50
— 0.

=
T .15
==

Cuccent [wts Farame
HAME 0.
BN

FROCHD

¥ - Aequisiti
Cmte_ 20

FROBND 5 e

. N
™0 1
e CHASSEL £] mmmmmmen

cammtara
¥ PRTes

LT201000 Mz
=

T T T T T T T T T T T T
160 150 140 130 120 110 100 20 80 T0 60 50 40 ppm

S92



sag z KONC JKOD-212
P e 19F NMR in DMSO0-d6
aza 2 19-12-16 RA

T I [ttt et T

Currant Dmta Facamebe:
HANE EOMC_Tho-212

mormn
FROCHD 1
Fi = Acquisition Parsmeters
Duta_ 20161319
Tine 13.38
THRETRIN act
rEomn S s crem m
mrLrRoG

fnk
sotveRT ]
w3 32
o= ]
m 138886891 Nz
rioes 6. B0G2E He
A 09999432 mac
= 199.71
™ 5600
o= 16,60
=

2980
oi 1. GG00006E
™0 1
mmmmm— CHAMNEL {1 mmmm——

ATO . FE50I06 oz
T

15,00 uamc
6. 40000010 W

ing parsmstazs

524288
AT0. 4493301 e
Ra

AREggana EZEE

T T T T T T T
-196 -197 -198 -199 -200 =201 -202 ppm

S93



1) M. Tichy, R. Pohl, H. Y. Xu, Y. L. Chen, F. Yokokawa, P.-Y. Shi and M. Hocek, Bioorg. Med.
Chem. 2012, 20, 6123-6133.

2) C. H. Tann, P. R. Brodfuehrer, S. P. Brundidge, C. Sapino Jr. and H. G. Howell, J. Org. Chem.
1985, 50, 3644-3647.

3) Y. A. Kim, A. Sharon, C. K. Chu, R. H. Rais, O. N. Al Safarjalani, F. N. M Naguib, and M. H.
el Kouni, J. Med. Chem. 2008, 51, 3934-3945.

4) M. Tichy, R. Pohl, E. Tloust'ova, J. Weber, G. Bahador, Y. J. Lee and M. Hocek, Bioorg.
Med. Chem. 2013, 21, 5362-5372.

5) I. Mejdrova, D. Chalupské, M. Kogler, M. Sala, P. Platkova, A. Baumlova, H. Hiebabecky, E.
Prochazkova, M. Dejmek, R. Guillon, D. Strunin, J. Weber, G. Lee, G. Birkus, H. Mertlikova-
Kaiserova, E. Boura and R. Nencka, J. Med. Chem. 2015, 58, 3767-3793.

6) J. Y. Feng, G. Cheng, J. Perry, O. Barauskas, Y. Xu, M. Fenaux, S. Eng, N. Tirunagari, B. Peng,
M. Yu, Y. Tian, Y. J. Lee, G. Stepan, L. L. Lagpacan, D. Jin, M. Hung, K. S. Ku, B. Han, K.
Kitrinos, M. Perron, G. Birkus, K. A. Wong, W. Zhong, C. U. Kim, A. Carey, A. Cho and A. S.
Ray, Antimicrob. Agents Chemother. 2014, 58, 1930-1942.

7) H. Yang, M. Robinson, A. C. Corsa, B. Peng, G. Cheng, Y. Tian, Y. Wang, R. Pakdaman, M.
Shen, X. Qi, H. Mo, C. Tay, S. Krawczyk, X. C. Sheng, C. U. Kim, C. Yang and W. E. Delaney,
Antimicrob. Agents Chemother. 2014, 58, 647—-653.

8) W. E. Delaney, R. Edwards, D. Colledge, T. Shaw, J. Torresi, T. G. Miller, H. C. Isom, C. T.
Bock, M. P. Manns, C. Trautwein and S. Locarnini, Antimicrob. Agents Chemother. 2001, 45,
1705-1713.

9) M. Perron, K. Stray, A. Kinkade, D. Theodore, G. Lee, E. Eisenberg, M. Sangi, B. E. Gilbert,
R. Jordan, P. A. Piedra, G. L. Toms, R. Mackman and T. Cihlar, Antimicrob. Agents Chemother.
2016, 60, 1264-1273.

10) T. C. Appleby, J. K. Perry, E. Murakami, O. Barauskas, J. Feng, A. Cho, D. Fox, D. R.
Wetmore, M. E. McGrath, A. S. Ray, M. J. Sofia, S. Swaminathan, T. E. Edwards, Science 2015,
347, 7T71-T75.

11) P. R. Gerber, K. J. Miiller, Comput.-Aided Mol. Des. 1995, 9, 251-268.

S94



