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General Methods and Materials
Materials and Instrumentation

All non-aqueous reactions were carried out in oven-dried glassware under an argon or nitrogen
atmosphere using analytical grade solvents. Commercially available chemicals were of analytical or
synthetic grade and used without further purification. Analytical grade solvents were used for HPLC
purposes. Water was ultrapure (18 MQcm) and prepared by a Millipore (MilliQ®) purification system.
Reactions were monitored by TLC with UV-activated silica-coated aluminium plates acquired from Sigma-
Aldrich (60778). Column chromatography was performed with silica gel 60 A, 40-60 pM, Acros Organics
(360050300). Preparative HPLC purification was carried out with a Phenomenex Gemini 110 A column
(C18,10 um, 21.2 mm x 250 mm) using a mobile phase of water/acetonitrile. High-resolution mass spectra
(HRMS) were recorded in positive or negative ionization mode with a quadrupole orthogonal acceleration
time-of-flight mass spectrometer (Synapt G2 HDMS, Waters, Milford, MA). H, 13C, and 3P spectra were
recorded on a Bruker 300, 500, or 600 MHz spectrometer. Acrylamide-bisacrylamide stock solution 40%
(29:1) was purchased by Carl-Roth (A121.1). Illustra NAP-25 columns were acquired from GE Healthcare
(17085201). Oligonucleotides were purchased from IDT DNA Technologies (Leuven, Belgium), without
prior purification. T7 RNA polymerase was obtained from Thermo Fisher Scientific (EP0112).

Methods

Oligonucleotide purification. Oligonucleotides were purified by 10% denaturing (7 M urea) polyacrylamide
gel electrophoresis (PAGE) in a 1X Tris-Boric acid-EDTA buffer (TBE). The corresponding band was crushed
and soaked in 0.3 M sodium acetate buffer (pH = 5.4) overnight at 37 °C, desalted on a NAP-25 column,
ethanol precipitated, re-suspended in ultrapure water, and quantified with a ClarioStar microplate reader
(LVis plate, BMG Labtech, Isogen Life Science).

In vitro transcription. Equal amounts of the complementary strands (MT1 and MT1, Table S1) were mixed
together in the presence of 10 mM Tris-HCI (pH = 7.0) and 80 mM NaCl to give a final concentration of 10
UM. The mixture was heated at 75 °C for 2 min, followed by slow cooling (0.1 °C/sec) to 16 °C to ensure
complete hybridization. Transcription reactions were carried out at a final volume of 20 pL containing 1
UM double-stranded DNA template, 40 mM Tris-HCI (pH = 7.9), 6 mM MgCl,, 10 mM dithiothreitol (DTT),
10 mM NacCl, 2 mM spermidine, 0.6 U/uL of T7 RNA polymerase, 2 mM of the three NTPs (ATP, UTP, CTP),
and varying concentrations of initiator nucleotide and GTP (as described in Figure 2). Transcription
mixtures were incubated at 37 °C for 4 h.

In vitro transcription analysis. Transcription reactions were stopped by adding an equal volume of gel
loading dye (90% v/v formamide, 10% TBE, 0.05% w/v xylene cyanol and bromophenol blue) and analysed
by 12% denaturing PAGE. Glass plates (20 x 20 cm) were coated with 2% dichlorodimethylsilane in DCM
prior to gel casting. Gels were run at a constant power of 30W, stained with 1X SYBR™ Safe (Thermo Fisher
Scientific, $33102) in 1X TBE buffer, and scanned with a Typhoon FLA9500 imager (GE Healthcare). Gel
band intensities were analysed using the ImageQuant™ TL 1D v8.1 software.
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Synthetic Schemes (S1-S2)
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Scheme S1. a: PSCls, EtsN, DCM, rt, 1 h, 59%; b: CH3COONa, Et3N, H,0, 0-5 °C, 1 h, 62%; c: propargyl bromide, K,CO3;, DMF, rt,
o/n, 68%; d: TsCl, EtsN, DCM, rt, 18 h, 82-89%; e: NaN3, DMF 90 °C, 3 h, 92%; f: TBDPS-CI, imidazole, DCM, rt, 20 h, 90%; g: H,,
Pd/C, MeOH, rt, 1 h, 98%,; h: 4-(chloromethyl)benzene-1-sulfonyl chloride, EtsN, DCM, rt, o/n, 75%; i: EtsN.3HF, EtsN, THF, rt,
o/n, 99; j: DMFDMA, MeOH, rt, 3 h, 98%; k: 2-cyanoethyl N,N-diisopropylchlorophosphoramidite, DIPEA, DCM, rt, 1 h, 86%; I: i)
4-6 or 10, tetrazole, ACN, rt, 2 h. ii) tBuOOH/decane, rt, 1 h, 59-87% (over 2 steps); m: i) 2, K2CO3;, DMF, 50 °C, o/n. ii) HCOOH/
H,0, rt, 3 d, 36-79% (over 2 steps); n: i) DBU, ACN, rt 1 h. ii) [Cu(CH3CN)4]PFe, 45 °C, 2 d. iii) HCOOH/H,O0, rt, 3 d, 37% (over 3
steps).
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Scheme S2. a: MMTr-Cl, pyridine, rt, 12 h, 69%; b: benzyl chloroformate or benzyl isocyanate, DIPEA, rt, 30 min, 80-85%; c: 4N

NaOH in MeOH/H,0 (4:1), THF, rt, 2 h, 74-77%; d: 2-(2-aminoethoxy)ethanol, DIPEA, HOB, rt, 24 h, 84-85%; e: i) tetrazole, ACN,
rt, 2 h. ii) t-BuOOH/decane, rt, 1 h. iii) DBU, DCM, rt, 2 h. iv) HCOOH/H,0, rt, 3 d, 21-32% (over 4 steps).
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Chemical Synthesis
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0-(2-(4-Methylthiazol-5-yl)ethyl) phosphorodichloridothioate (1). 2-(4-Methylthiazol-5-yl)ethanol (1.0
eq, 3.00 g, 21 mmol) was dissolved in dry DCM (30 mL). The solution was cooled to 0 °C and EtsN (2.5 eq,
7.3 mL, 52.4 mmol) was added. A solution of PSCl; (1.5 eq, 5.32 g, 31.4 mmol) in dry DCM (40 mL) was
slowly added to the reaction mixture, which was then stirred overnight at room temperature. The mixture
was concentrated under reduced pressure and the resulting residue was purified by silica gel column
chromatography (Hexane/EtOAc, 6:4) to give the title compound (3.2 g, 59%) as a colourless oil. *H NMR
(600 MHz, CDCls): & 8.63 (s, 1H), 3.66 (t, J = 7.1 Hz, 2H), 3.22 (t, J = 7.1 Hz, 2H), 2.42 (s, 3H); 3C NMR (150
MHz, CDCl3): 6 150.0, 149.9, 127.2, 44.2, 29.6, 14.8; 3'P NMR (121 MHz, CDCls): § 59.5.
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Sodium 0O-(2-(4-methylthiazol-5-yl)ethyl) phosphorothioate (2). Compound 1 (1.0 eq, 2.00 g, 7.3 mmol)
was emulsified in a solution of CH3COONa (4.4 eq, 2.64 g, 32.1 mmol) in H,0 (20 mL) and cooled to 0 °C.
Then, EtsN (4.4 eq, 4.48 mL, 32.1 mmol) was added dropwise and the mixture was left stirring below 5 °C
for 1 h. The reaction mixture was allowed to warm to room temperature and neutralised with 1 N HCI. A
solution of BaCl, (1.2 eq, 2.14 g, 8.8 mmol) in 10 mL of H,O was added and a white precipitate was formed.
The precipitate was collected by filtration, washed sequentially with H,O (20 mL) and Et,0 (20 mL) and
left to dry overnight over anhydrous CaCl,. The dried powder was re-suspended in 10 mL of H,0 and 0.64
g of Na,SO, was added. The precipitated BaSO,4 was filtered off and the remaining solution was freeze-
dried to give the title compound (1.8 g, 62%) as a white solid. *H NMR (300 MHz, D,0): 6 8.65 (br s, 1H),
3.88(q,J = 7.0 Hz, 2H), 3.02 (t, J = 6.7 Hz, 2H), 2.29 (s, 3H); **C NMR (75 MHz, D,0): 6 151.8, 148.6, 128.6,
64.2 (d, J = 4.9 Hz), 27.0 (d, J = 7.8 Hz), 13.5; 3'P NMR (121 MHz, D,0): 6 42.6; HRMS (ESI-) calcd for
CsHoNOsPS, [M-H] 237.9766, found 237.9764.

N %/OH
(ﬁ/\o/ ~sTTSS
s

0-(2-(4-Methylthiazol-5-yl)ethyl) S-prop-2-yn-1-yl O-hydrogen phosphorothioate (3). To a stirring
solution of compound 2 (1.0 eq, 200 mg, 0.7 mmol) in 10 mL of DMF, K,COs (1.0 eq, 98 mg, 0.7 mmol) was
added and the resulting suspension was stirred overnight at room temperature. The mixture was
concentrated in vacuo and the residue was purified by HPLC (90-50% H,O in ACN). Fractions containing
the phosphorothiolate were collected and freeze dried to give the title compound (132 mg, 68%) as a
white foam. *H NMR (600 MHz, D,0) 6 8.75 (br s, 1H), 4.08 (q, J = 6.5 Hz, 2H), 3.14 (t, J = 6.0 Hz, 2H), 2.35
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(s, 3H); *C NMR (151 MHz, D,0) & 153.7, 150.7 (d, J = 4.8 Hz), 129.8 (d, J = 12.4 Hz), 82.2 (d, J = 6.8 Hz),
73.2 (t,J=3.8),67.6 (d, = 5.8 Hz), 28.2 (d, J = 8.5 Hz), 18.7 (d, J = 3.0 Hz), 15.3; 3P NMR (121 MHz, D,0):
519.1; HRMS (ESI-) calcd for CoH11N:03P1S; [M-H]" 275.9923, found 275.9925.

TsO H
4

2-(2-(2-(2-Hydroxyethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (4). Compound 4 was
prepared according to a literature procedure?. Yield: 82%. *H NMR (300 MHz, CDCls): 6 7.79 (d, J = 8.3 Hz,
2H), 7.33 (d, J = 8.4 Hz, 2H), 4.22—4.07 (m, 2H), 3.76-3.54 (m, 14H), 2.44 (s, 3H).

TSOQ\/ O%H

17-Hydroxy-3,6,9,12,15-pentaoxaheptadecyl 4-methylbenzenesulfonate (5). Compound 5 was prepared
according to a literature procedure?. Yield: 89%. *H NMR (300 MHz, CDCls): 6 7.80 (d, J = 8.3 Hz, 2H), 7.34
(d, J = 8.0 Hz, 2H), 4.19-4.14 (m, 2H), 3.80-3.46 (m, 22H), 2.45 (s, 3H).

NA/\/O% H

2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethanol (6). Compound 6 was prepared according to a literature
procedurel. Yield: 92%. *H NMR (300 MHz, CDCls): & 3.76-3.55 (m, 14H), 3.43-3.32 (m, 2H).

h

15-Azido-2,2-dimethyl-3,3-diphenyl-4,7,10,13-tetraoxa-3-silapentadecane (7). A two-neck round-
bottom flask was charged with compound 8 (1.0 eq, 4.00 g, 18 mmol) and imidazole (1.5 eq, 1.86 g, 27.2
mmol). Dry DCM (35 mL) was added and the solution was cooled to 0 °C. TBDPS-CI (1.1 eq, 5.2 mL, 20
mmol) was slowly added and the mixture was allowed to warm to room temperature and stir for 20 h.
The reaction mixture was washed with H,0 (50 mL x 1), brine (50 mL x 1), dried over Na,SQ,, filtered, and
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(Hexane/EtOAc, 9:1 to 1:1) to give the title compound (7.5 g, 90%) as a colourless oil. *H NMR (300 MHz,
CDCls): 6 7.67 (dd, J = 7.7, 1.7 Hz, 4H), 7.45-7.31 (m, 6H), 3.80 (t, / = 5.4 Hz, 2H), 3.69-3.57 (m, 12H), 3.36
(t, J=5.2 Hz, 2H), 1.04 (s, 9H); 3C NMR (75 MHz, CDCls): 6 135.9, 134.0, 129.9, 127.9, 72.7, 71.1, 71.02,
71.00, 70.3, 63.7, 51.0, 27.1, 19.5. HRMS (ESI+) calcd for Ca4H3sN4O4Sin [M+NH4]* 475.2740, found
475.2739.
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2,2-Dimethyl-3,3-diphenyl-4,7,10,13-tetraoxa-3-silapentadecan-15-amine (8). Compound 9 (1.0 eq, 4.00
g, 8.4 mmol) was dissolved in 50 mL of dry MeOH and Pd/C (0.1 eq, 424 mg, 0.84 mmol) was added. The
resulting suspension was placed under hydrogen gas and stirred at room temperature for 1 h. The reaction
mixture was then filtered through a pad of Celite to remove the catalyst. Additional MeOH (50 mL x 2)
was used to wash the Celite. After removal of all the volatiles under reduced pressure, the residue was
purified by silica gel column chromatography (EtOAc/EtsN, 95:5) to give the title compound (3.56 g, 98%)
as a colourless oil. *H NMR (300 MHz, CDCls): 6 7.68 (dd, J = 7.7, 1.8 Hz, 4H), 7.44-7.34 (m, 6H), 3.81 (t, J
= 5.3 Hz, 2H), 3.70-3.57 (m, 10H), 3.52 (t, J = 5.2 Hz, 2H), 2.86 (t, J = 5.2 Hz, 2H), 2.39 (br s, 2H), 1.05 (s,
9H); 3C NMR (75 MHz, CDCl3): 6 135.9, 134.0, 129.9, 127.9, 73.0, 72.7, 71.04, 70.96, 70.9, 70.6, 63.8, 41.9,
27.1, 19.5; HRMS (ESI+) calcd for CasHasN104Siy [M+H]* 432.2564, found 432.2560.

C|\_©7802NH{\/0%%“/{
h

4-(Chloromethyl)-N-(2,2-dimethyl-3,3-diphenyl-4,7,10,13-tetraoxa-3-silapentadecan-15-
yl)benzenesulfonamide (9). To a stirring solution of 4-(chloromethyl)benzenesulfonyl chloride (1.0 eq,
1.04 g, 4.6 mmol) and EtsN (1.0 eq, 0.64 mL, 4.6 mmol) in 20 mL of dry DCM at 0 °C, a solution of compound
10 (1.0 eq, 2.00 g, 4.6 mmol) in 5 mL of dry DCM was slowly added and the reaction was allowed to stir at
room temperature overnight. The reaction mixture was concentrated under reduced pressure and the
residue was purified by silica gel column chromatography (Hexane/EtOAc, 3:1 to 1:1) to give the title
compound (2.3 g, 75%) as an off-yellow oil. *H NMR (300 MHz, CDCls): § 7.85 (d, J = 8.3 Hz, 2H), 7.68 (dd,
J=17.5,1.5Hz, 4H), 7.50 (d, J = 8.2 Hz, 2H), 7.46-7.32 (m, 6H), 5.37 (t, / = 5.8 Hz, 1H), 4.59 (s, 2H), 3.81 (t,
J=5.3 Hz, 2H), 3.70-3.46 (m, 7H), 3.12 (g, / = 5.4 Hz, 2H), 1.04 (s, 9H); 3C NMR (150 MHz, CDCls): 6 142.3,
140.6, 135.9, 134.0, 129.9, 129.3, 127.9, 127.8, 72.7, 71.03, 70.96, 70.8, 70.6, 69.5, 63.8, 45.2, 43.3, 27.1,
19.5; HRMS (ESI+) calcd for C31Ha,Cl1N106S1SitNa [M+Na]* 642.2082, found 642.2085.

° 9
SO,NH LH

4-(Chloromethyl)-N-(2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl)benzenesulfonamide (10).
Compound 9 (1.0 eq, 1.00 g, 2.4 mmol) was dissolved in 15 mL of dry THF and placed under an inert
atmosphere. Next, EtsN-3HF (10.0 eq, 3.90 mL, 24 mmol) and EtsN (2.0 eq, 0.65 mL, 4.7 mmol) were added
to the mixture, which was allowed to stir at room temperature overnight. After removal of all the volatiles
under reduced pressure, the resulting residue was purified by silica gel column chromatography
(Hexane/EtOAc, 1:1 to 0:1) to give the title compound (0.99 g, 99%) as an off-yellow oil. *H NMR (300 MHz,
CDCl5): 6 7.88 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.5 Hz, 2H), 7.01 (t, / = 5.7 Hz, 1H), 4.62 (s, 1H), 3.79-3.59 (m,
10H), 3.54-3.47 (m, 4H), 3.13 (dd, J = 9.7, 5.8 Hz, 2H); 3C NMR (75 MHz, CDCI3) & 142.0, 141.0, 129.3,
127.8,72.9,71.0,70.5,70.2,69.9,61.8, 45.3, 43.3; HRMS (ESI+) calcd for C15H25CliN106S1 [M+H]* 382.1085,
found 382.1089.
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2-N,N-Dimethylaminomethylene-2’,3’-0,0-isopropylidene Guanosine (11). Compound 11 was prepared
according to a literature procedure?. Yield: 98%. *H NMR (300 MHz, MeOD): § 8.68 (brs, 1H), 8.09 (s, 1H),
6.13 (d, J = 3.0 Hz, 1H), 5.32 (dd, J = 6.0, 3.1 Hz, 1H), 5.06 (dd, J = 6.1, 2.6 Hz, 1H), 4.35-4.29 (m, 1H), 3.81-
3.68 (m, 2H), 3.24 (s, 3H), 3.15 (s, 3H) 1.63 (s, 3H), 1.42 (s, 3H).
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2-Cyanoethyl-N,N-diisopropylamino-5’-(2-N-dimethylaminomethylene-2’,3’-0,0
isopropylideneguanosine) Phosphoramidite (12). Compound 12 was prepared according to a literature
procedure?. Yield: 86%. *H NMR (300 MHz, CDCls): 6 8.93 (br s, 1H), 8.63 (s, 1H), 7.90 (d, J = 11.4 Hz, 1H),
6.17-6.10 (m, 1H), 5.14 (dd, J = 6.1, 2.3 Hz, 1H), 5.02—4.94 (m, 1H), 4.45—4.42 (m, 1H), 3.95-3.69 (m, 4H),
3.64-3.50 (m, 2H), 3.19 (s, 3H), 3.10 (s, 3H), 2.78-2.61 (m, 2H), 1.63 (s, 3H), 1.40 (s, 3H), 1.20-1.13 (m,
12H).
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2-(2-(2-(2-(((2-Cyanoethoxy)(((3aR,4R,6R,6aR)-6-(2-((E)-((dimethylamino)methylene)amino)-6-oxo-1H-
purin-9(6H)-yl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-

yl)methoxy)phosphoryl)oxy)ethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (13). To a stirring
solution of phosphoramidite 5 (1.0 eq, 200 mg, 0.34 mmol) in dry ACN (10 mL) under an inert atmosphere,
a solution of alcohol 6 (2.0 eq, 236 mg, 0.68 mmol) in 5 mL of dry ACN was added. The mixture was cooled
to 0 °Cin an ice-bath and a 0.45 M solution of tetrazole in acetonitrile (3.0 eq, 2.26 mL, 1.02 mmol) was
slowly added. The ice-bath was removed and the reaction was allowed to warm to room temperature and
stirred for an additional 2 h. The reaction progress was monitored by 3'P NMR. Upon completion, a 5.5 M
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solution of tBUOOH in decane (1.1 eq, 0.075 mL, 0.37 mmol) was added to the reaction mixture. After 1
h, full oxidation of the phosphorus atom was confirmed by 3P NMR and the mixture was concentrated in
vacuo. The resulting residue was purified by silica gel column chromatography (DCM/MeOH, 1:0 to 9:1)
to give the title compound (colourless oil, 244 mg, 87%) as an inseparable mixture of two isomers in a
93:7 ratio. *H NMR (600 MHz, MeOD-d4) (major): & 8.64 (brs, 1H), 7.98 (d, J = 2.1 Hz, 2H), 7.77 (d, /= 7.8
Hz, 2H), 7.41 (d, J = 7.9 Hz, 2H), 6.15 (d, J = 2.5 Hz, 1H), 5.43 (dt, J = 6.0, 2.8 Hz, 1H), 5.11 (dd, J = 5.8, 3.4
Hz, 1H), 4.44 (dd, J = 8.4, 4.2 Hz, 1H), 4.35-4.26 (m, 2H), 4.24-4.09 (m, 6H), 3.68-3.48 (m, 14H), 3.21 (d, J
=1.0 Hz, 3H), 3.12 (d, J = 0.5 Hz, 3H), 2.84 (ddd, /= 12.3, 8.7, 5.3 Hz, 2H), 2.43 (s, 3H), 1.59 (s, 3H), 1.40 (s,
3H); 2C NMR (151 MHz, MeOD-d4) (major): § 160.1, 159.8, 159.2, 151.6, 146.5, 139.3, 134.4, 131.1, 129.0,
118.6,115.7,91.3 (d,/=4.2 Hz), 86.0 (d, /= 5.7 Hz), 85.3 (d, /= 4.1 Hz), 82.4 (d, /= 10.3 Hz), 71.54, 71.47,
71.4,71.0,70.8 (d,J=6.1Hz),69.7,68.5(d,/=4.5Hz),64.1(t,J=5.1Hz),41.8, 35.4,27.5,25.6, 21.6, 20.0
(d, J = 7.4 Hz). *H NMR (600 MHz, MeOD-d4) (minor): § 8.64 (s, 1H), 7.98 (d, J = 2.1 Hz, 2H), 7.70 (d, J = 7.8
Hz, 2H), 7.22 (d, J = 7.9 Hz, 2H), 6.15 (d, J = 2.5 Hz, 1H), 5.43 (dt, J = 6.0, 2.8 Hz, 1H), 5.11 (dd, J = 5.8, 3.4
Hz, 1H), 4.44 (dd, J = 8.4, 4.2 Hz, 1H), 4.35-4.26 (m, 2H), 4.24-4.09 (m, 6H), 3.68-3.48 (m, 14H), 3.21 (d, J
=1.0Hz, 3H),3.12 (d, J = 0.5 Hz, 3H), 2.84 (ddd, J = 12.3, 8.7, 5.3 Hz, 2H), 2.36 (s, 3H), 1.59 (s, 3H), 1.40 (s,
3H); *C NMR (151 MHz, MeOD-d4) (minor): 6 160.1, 159.8, 159.2, 151.6, 146.5, 139.3, 134.4, 129.8, 127.0,
118.6,115.7,91.3 (d,/=4.2 Hz), 86.0 (d, /= 5.7 Hz), 85.3 (d, /= 4.1 Hz), 82.4 (d, J = 10.3 Hz), 71.54, 71.47,
71.4,71.0,70.8 (d,J=6.1Hz),69.7,68.5(d,J=4.5Hz),64.1 (t,/=5.1Hz),41.8,35.4,27.5,25.6,21.3, 20.0
(d, J = 7.4 Hz). 3P NMR (121 MHz, MeOD-d4) (major and minor): & -2.08, -2.10. HRMS (ESI+) calcd for
C34H49N7014P151 [M+H]+ 8422790, found 842.2811.
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17-(((2-Cyanoethoxy)(((3aR,4R,6R,6aR)-6-(2-((E)-((dimethylamino)methylene)amino)-6-oxo-1H-purin-
9(6H)-yl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methoxy)phosphoryl)oxy)-3,6,9,12,15-
pentaoxaheptadecyl 4-methylbenzenesulfonate (14). Compound 14 was obtained as an inseparable
mixture of two isomers in a 9:1 ratio (colourless oil, 243 mg, 77%) starting from alcohol 7 (2.0 eq, 296 mg,
0.68 mmol) following the same procedure described for compound 13. 'H NMR (600 MHz, MeOD-d4)
(major): 6 8.65 (br's, 1H), 7.98 (d, J = 2.7 Hz, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 7.9 Hz, 2H), 6.15 (d, J
=2.2 Hz, 1H), 5.44 (dt, /= 5.9, 2.8 Hz, 1H), 5.11 (ddd, J = 6.2, 3.4, 1.6 Hz, 1H), 4.44 (dd, J = 8.4, 4.1 Hz, 1H),
4.35-4.26 (m, 2H), 4.25-4.11 (m, 6H), 3.66-3.51 (m, 22H), 3.22 (s, 3H), 3.13 (s, 3H), 2.85 (ddd, J = 12.5,
8.9, 5.4 Hz, 2H), 2.44 (s, 3H), 1.60 (s, 3H), 1.40 (s, 3H); 3C NMR (151 MHz, MeOD-d4) (major): § 160.1,
159.8, 159.2, 151.6, 146.5, 139.4 (d, J = 6.1 Hz), 134.4, 131.1, 129.1, 121.0, 118.6, 115.7,91.3 (d, /=43
Hz), 86.1 (d, J = 3.9 Hz), 85.3 (d, J = 5.0 Hz), 82.4 (d, J = 11.6 Hz), 71.6, 71.50, 71.46, 71.0, 70.8 (d, / = 6.1
Hz), 69.7, 69.0, 68.5, 64.2 (t,J = 5.1 Hz), 41.7, 35.4, 27.5, 25.6, 21.6, 20.0 (d, J = 7.4 Hz). *H NMR (600 MHz,
MeOD-d4) (minor): & 8.65 (s, 1H), 7.98 (d, J = 2.7 Hz, 1H), 7.70 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 7.9 Hz, 2H),
6.15 (d, J = 2.2 Hz, 1H), 5.44 (dt, J = 5.9, 2.8 Hz, 1H), 5.11 (ddd, J = 6.2, 3.4, 1.6 Hz, 1H), 4.44 (dd, J = 8.4,
4.1 Hz, 1H), 4.35-4.26 (m, 2H), 4.25-4.11 (m, 6H), 3.66-3.51 (m, 22H), 3.22 (s, 3H), 3.13 (s, 3H), 2.85 (ddd,
J=12.5, 8.9, 5.4 Hz, 2H), 2.36 (s, 3H), 1.60 (s, 3H), 1.40 (s, 3H); 3C NMR (151 MHz, MeOD-d4) (minor): 6
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160.1, 159.8, 159.2, 151.6, 146.5, 139.4 (d, / = 6.1 Hz), 134.4, 129.8, 127.0, 121.0, 118.6, 115.7,91.3 (d, J
=4.3 Hz), 86.1 (d,J=3.9 Hz), 85.3 (d, /= 5.0 Hz), 82.4 (d, J = 11.6 Hz), 71.6, 71.50, 71.46, 71.0, 70.8 (d, J =
6.1 Hz), 69.7, 69.0, 68.5, 64.2 (t, J = 5.1 Hz), 41.7, 35.4, 27.5, 25.6, 21.3, 20.0 (d, J = 7.4 Hz). 3'P NMR (121
MHz, MeOD-d4) (major and minor): 6 -2.08, -2.11; HRMS (ESI+) calcd for C3gHs7N;016P1S: [M+H]* 930.3314,
found 930.3322.

NH
Ng/e\/o);ﬁ/o o <N | N/)\Né\ -
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NG el
2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl (2-cyanoethyl) (((3aR,4R,6R,6aR)-6-(2-((E)-

((dimethylamino)methylene)amino)-6-oxo-1H-purin-9(6H)-yl)-2,2-dimethyltetrahydrofuro(3,4-
d][1,3]dioxol-4-yl)methyl) phosphate (15). Compound 15 was obtained as a colourless oil (148 mg, 61%)
from alcohol 8 (2.0 eq, 150 mg, 0.68 mmol) following the same procedure described for compound 13. 'H
NMR (600 MHz, MeOD-d4): & 8.65 (br s, 1H), 7.98 (d, J = 2.3 Hz, 1H), 6.16 (d, J = 2.4 Hz, 1H), 5.44 (dt, J =
5.9, 2.8 Hz, 1H), 5.11 (ddd, J = 6.2, 3.3, 1.7 Hz, 1H), 4.44 (dd, J = 8.5, 4.0 Hz, 1H), 4.35-4.26 (m, 2H), 4.24-
4.11 (m, 4H), 3.66—-3.58 (m, 12H), 3.37-3.34 (m, 2H), 3.22 (s, 3H), 3.13 (s, 3H), 2.85 (ddd, J = 13.4,9.2,5.4
Hz, 2H), 1.60 (s, 3H), 1.41 (s, 3H); 1*C NMR (151 MHz, MeOD-d4): & 160.1, 159.8, 159.2, 151.6, 139.3, 121.0,
118.5,115.7,91.4 (d, J = 5.7 Hz), 86.1, 85.3 (d, J = 4.8 Hz), 82.4 (d, J = 12.1 Hz), 71.6, 71.5, 71.0, 70.8 (d, J
=6.2 Hz), 69.0 (d, J = 2.6 Hz), 68.5 (d, /= 3.8 Hz), 64.1 (t,J = 5.5 Hz), 51.8, 41.7, 35.4, 27.4, 25.6, 20.0 (d, J
= 7.4 Hz); 3'P NMR (121 MHz, MeOD-d4): § -2.08, -2.09. HRMS (ESI+) calcd for C27H41N10011P1Na [M+Na]*
735.2586, found 735.2576.
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cl 0 (N:fj\NH
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2-(2-(2-(2-(4-(Chloromethyl)phenylsulfonamido)ethoxy)ethoxy)ethoxy)ethyl (2-cyanoethyl)
(((3aR,4R,6R,6aR)-6-(2-((E)-((dimethylamino)methylene)amino)-6-oxo-1H-purin-9(6H)-yl)-2,2-
dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl) phosphate (16). Compound 16 was obtained as a
colourless oil (176 mg, 59%) starting from alcohol 12 (2.0 eq, 260 mg, 0.68 mmol) following the same
procedure described for compound 13. *H NMR (600 MHz, MeOD): 6 8.65 (br s, 1H), 7.98 (d, J = 1.9 Hz,
1H), 7.84 (d, J = 7.7 Hz, 2H), 7.59 (d, J = 8.1 Hz, 2H), 6.16 (d, J = 2.5 Hz, 1H), 5.44 (ddd, J = 6.5, 4.2, 2.5 Hz,
1H), 5.11 (ddd, J = 6.2, 3.3, 1.4 Hz, 1H), 4.44 (dd, J = 8.6, 4.4 Hz, 1H), 4.34-4.27 (m, 2H), 4.24-4.12 (m, 4H),
3.66-3.49 (m, 8H), 3.48-3.40 (m, 4H), 3.22 (s, 3H), 3.12 (s, 3H), 3.04 (td, J = 5.5, 1.9 Hz, 2H), 2.86-2.81 (m,
2H), 1.60 (s, 3H), 1.40 (s, 3H); 3C NMR (151 MHz, MeOD): 6 160.1, 159.8, 159.2, 151.6, 144.0, 141.9, 139.3,
130.7, 128.4, 121.0, 118.6, 115.7, 91.3 (d, J = 7.3 Hz), 86.1 (s), 85.3 (d, J = 7.1 Hz), 82.4 (d, J = 11.6 Hz),
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71.5,71.5,71.2,70.8 (d, J = 6.2 Hz), 70.6, 68.9, 68.5, 64.1 (t, J = 5.2 Hz), 45.2, 44.0, 41.7, 35.4, 27.46, 25.6,
20.0 (d, J = 7.4 Hz); 3'P NMR (121 MHz, MeOD): & -2.06, -2.11. HRMS (ESI+) calcd for CssHasCliNsO13P1S1
[M+H]* 875.2560, found 875.2557.

N oH N NH
7 | o) 4 f\
<81Ao/ﬁ\s%\/o IF!/OW N N/)\NHZ

OH OH

((2R,3S,4R,5R)-5-(2-Amino-6-oxo-1H-purin-9(6H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl  (2-(2-
(2-(2-((hydroxy(2-(4-methylthiazol-5-yl)ethoxy)phosphoryl)thio)ethoxy)ethoxy)ethoxy)ethyl)
hydrogen phosphate (T1).Compound 2 (1.0 eq, 50 mg, 0.18 mmol) and K,COs (1.0 eq, 25 mg, 0.18 mmol)
were suspended in 10 mL of DMF. Compound 13 (1.0 eq, 151 mg, 0.18 mmol) was added and the mixture
was heated at 50 °C overnight. The solvent was removed under reduced pressure and the residue was
dissolved in 60% HCOOH in H,0. The mixture was allowed to stir at room temperature for 3 days. The acid
was removed under vacuum and the aqueous solution was lyophilised. The resulting residue was purified
by HPLC (90-50% H,0 in ACN). The fractions containing the thiophosphate were collected and freeze dried
to give the title compound (108 mg, 79%) as a white solid. *H NMR (600 MHz, D,0): § 8.84 (br s, 1H), 8.08
(brs, 1H), 5.91 (d, J = 5.7 Hz, 1H), 4.52-4.49 (m, 1H), 4.34—4.31 (m, 1H), 4.13-4.09 (m, 2H), 4.05 (g, J = 6.1
Hz, 2H), 3.93 (td, J = 6.1, 3.6 Hz, 2H), 3.64-3.59 (m, 8H), 3.56-3.53 (m, 2H), 3.51 (t, J = 6.5 Hz, 2H), 3.13 (t,
J=5.8 Hz, 2H), 2.66 (dt, J = 13.0, 6.4 Hz, 2H), 2.36 (s, 3H); 3C NMR (151 MHz, D,0): & 160.1, 155.2, 153.6,
153.1, 149.6, 138.8, 130.3, 117.5, 88.3, 85.0 (d, J = 8.8 Hz), 74.9,71.8,71.34,71.3,70.9,70.8 (d, J=5.1
Hz), 70.6, 67.0 (d, J = 5.7 Hz), 66.2 (d, J = 4.8 Hz), 66.1 (d, J = 5.1 Hz), 30.2, 27.9 (d, J = 8.6 Hz), 14.7; 3P
NMR (202 MHz, D,0): 6 20.8, 0.30; HRMS (ESI-) calcd for Cy4H37NeO14P2S; [M-H]  759.1289, found
759.1301.

N OH N NH
7\ i o 7 :f‘\
<Si/\o/|g\s(/\/o);$/o o <N N/)\NHZ
o < 7

H
OH OH

((2R,3S,4R,5R)-5-(2-Amino-6-o0xo-1H-purin-9(6H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl (17-
((hydroxy(2-(4-methylthiazol-5-yl)ethoxy)phosphoryl)thio)-3,6,9,12,15-pentaoxaheptadecyl) hydrogen
phosphate (T2). Compound T2 was obtained as a white solid (94 mg, 62%) from tosylate 14 (1.0 eq, 167
mg, 0.18 mmol) following the same procedure described for compound T1. *H NMR (500 MHz, D,0): 6
8.75 (br's, 1H), 8.08 (br's, 1H), 5.92 (d, J = 5.8 Hz, 1H), 4.51 (dd, J = 5.1, 3.8 Hz, 1H), 4.33 (dt, /= 6.5, 3.2 Hz,
1H), 4.11 (t,J = 3.6 Hz, 2H), 4.06 (dd, /= 12.5, 6.1 Hz, 2H), 3.92 (dt, /= 5.7, 3.6 Hz, 2H), 3.67-3.58 (m, 18H),
3.54 (t, J = 6.4 Hz, 2H), 3.13 (t, J = 5.9 Hz, 2H), 2.67 (dt, J = 13.0, 6.4 Hz, 2H), 2.36 (s, 3H); 3C NMR (151
MHz, D,0): 6§ 159.9, 158.5, 153.6, 151.6, 151.4, 148.7, 137.0, 127.9, 115.8, 86.5, 83.2 (d, J = 8.8 Hz), 73.1,
70.0, 69.6, 69.14 (d, J = 1.4 Hz), 69.06, 68.8, 65.4 (d, J = 5.6 Hz), 64.5 (d, J = 4.5 Hz), 64.2 (d, J = 5.2 Hz),
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285, 26.2 (d, J=8.6 HZ), 13.3; 31p NMR (202 MHz, DzO)Z 1) 209, 0.29; HRMS (ES|-) calcd for CasHasN60O16P2S2
[M-H]- 847.1813, found 847.1842.

é—xo o ﬁ@somv H/ %_? *

H H

((2R,3S,4R,5R)-5-(2-Amino-6-oxo-1H-purin-9(6H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl  (2-(2-
(2-(2-(4-(((hydroxy(2-(4-methylthiazol-5-
yl)ethoxy)phosphoryl)thio)methyl)phenylsulfonamido)ethoxy)ethoxy)ethoxy)ethyl) hydrogen
phosphate (T3). Compound T3 was obtained as a white solid (60 mg, 36%) from chloride 16 (1.0 eq, 157
mg, 0.18 mmol) following the same procedure described for compound T1. 'H NMR (600 MHz, D,0): 6
9.62 (s, 1H), 8.84 (brs, 1H), 7.66 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 8.5 Hz, 2H), 6.00 (d, J = 3.9 Hz, 1H), 4.69-
4.67 (m, 1H), 4.47 (t, J = 5.2 Hz, 1H), 4.35 (td, J = 5.2, 2.7 Hz, 1H), 4.23 (ddd, J = 11.8, 4.4, 2.8 Hz, 1H), 4.12
(ddd, J = 11.8, 4.4, 2.8 Hz, 1H), 4.00-3.97 (m, 3H), 3.73-3.60 (m, 10H), 3.56-3.53 (m, 2H), 3.50-3.47 (m,
2H), 3.45-3.42 (m, 2H), 3.01 (t, J = 5.2 Hz, 2H), 2.86 (t, J = 5.7 Hz, 2H), 2.40 (s, 3H); 3C NMR (151 MHz,
D,0): 6 155.0, 154.4, 153.6, 149.3, 144.6, 141.0, 136.4, 135.3, 132.4, 129.2, 126.1, 109.2, 88.6, 83.1 (d, J
= 8.5 Hz), 73.6, 69.4 (d, J = 7.3 Hz), 69.0, 68.93, 68.89, 68.74, 68.68, 68.1, 64.2 (d, J=5.2 Hz), 63.5(d, J =
4.5 Hz), 63.4 (d, J = 5.2 Hz), 41.59, 33.0 (d, J = 2.7 Hz), 25.7 (d, J = 8.4 Hz), 10.47; 3P NMR (202 MHz, D;0):
6 19.5, 0.29. HRMS (ESI-) calcd for C31H44N7016P,S3 [M-H] 928.1487, found 928.1470.

k g N‘é\/ }H/ |N/)\NH2
=N *oH % ?
H OH

((2R,3S,4R,5R)-5-(2-Amino-6-oxo-1H-purin-9(6H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl  (2-(2-
(2-(2-(4-(((hydroxy(2-(4-methylthiazol-5-yl)ethoxy)phosphoryl)thio)methyl)-1H-1,2,3-triazol-1-

yl)ethoxy)ethoxy)ethoxy)ethyl) hydrogen phosphate (T4). Compound 15 (1.0 eq, 100 mg, 0.12 mmol)
and DBU (2.0 eq, 35 pL, 0.24 mmol) were dissolved in 10 mL of dry ACN and the solution was stirred at
room temperature. After 1 h, compound 3 (1.2 eq, 33 mg, 0.14 mmol) and [Cu(CH3CN)4]PFs (0.1 eq, 5 mg,
0.01 mmol) were added to the mixture, which was allowed to stir at 45 °C for 2 d. The solvent was removed
under reduced pressure and the residue was dissolved in 60% HCOOH in H,0. The mixture was allowed to
stir at room temperature for 3 d. The acid was removed under vacuum and the aqueous solution was
lyophilised. The resulting residue was purified by HPLC (90-50% H,0 in ACN). The fractions containing the
thiophosphate were collected and freeze-dried to give the title compound (37 mg, 37%) as a yellowish
solid. *H NMR (600 MHz, D,0): 6 8.65 (br's, 1H), 8.04 (br s, 1H), 7.82 (br s, 1H), 5.88 (d, J = 5.8 Hz, 1H),
4.49-4.47 (m, 3H), 4.29 (dt, J = 6.6, 3.4 Hz, 1H), 4.10-4.07 (m, 2H), 3.91-3.88 (m, 2H), 3.85-3.81 (m, 4H),
3.79(d,J=13.0 Hz, 2H), 3.59-3.57 (m, 2H), 3.54-3.46 (m, 8H), 2.90 (t, / = 6.2 Hz, 2H), 2.27 (s, 3H); ®°C NMR
(151 MHz, D;0): 6 160.1, 155.2, 153.3, 153.1, 150.3, 146.5, 138.7, 129.3, 125.6, 117.5, 88.2, 85.0 (d, J =
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8.8 Hz), 74.9, 71.8, 71.3 (d, J = 7.5 Hz), 70.9 (d, J = 6.3 Hz), 70.8 (d, J = 9.3 Hz), 70.0, 66.9 (d, J = 5.5 Hz),
66.2 (d, J = 4.8 Hz), 66.1 (d, J = 5.3 Hz), 51.3, 27.8 (d, J = 8.1 Hz), 24.9, 15.0; 3P NMR (202 MHz, D,0): &
19.5, 0.22; HRMS (ESI-) calcd for Ca7HaoNsO14P2S; [M-H]- 840.1616, found 840.1614.

NH,
MMTMHN, =

i

Methyl 5-((2S,3S,4R)-3-amino-4-(((4-methoxyphenyl)diphenylmethyl)amino)tetrahydrothiophen-2-
yl)pentanoate (17). Methyl 5-((2S,3S,4R)-3,4-diaminotetrahydrothiophen-2-yl)pentanoate (1.0 eq, 3.0 g,
12.9 mmol) was co-evaporated twice with dry pyridine, dissolved in 55 mL of dry pyridine, and cooled to
0°C. 4-Methoxytriphenylmethyl chloride (1.2 eq, 4.78 g, 15.5 mmol) was added dropwise and the mixture
was allowed to stir at room temperature for 12 h. The reaction was then quenched with MeOH and the
organic solvents were evaporated under reduced pressure. The residue was dissolved in 50 mL of DCM
and washed with water (50 mL x 1). The organic layer was dried over Na,SO4 and concentrated in vacuo.
The residue was purified by silica gel column chromatography (Hexane/EtOAc/EtsN 80:20:1) to give the
title compound (4.5 g, 69%) as a white solid. *H NMR (600 MHz, CDCls): 6 7.55-7.52 (m, 4H), 7.46-7.42
(m, 2H), 7.28-7.23 (m, 4H), 7.19-7.14 (m, 2H), 6.81-6.78 (m, 2H), 3.76 (s, 3H), 3.64 (s, 3H), 3.03 (brs, 1H),
2.97 (ddd, /= 8.0, 6.9, 3.6 Hz, 1H), 2.68-2.63 (m, 1H), 2.52 (t, J = 10.6 Hz, 1H), 2.26-2.21 (m, 2H), 1.68 (t, J
=3.7 Hz, 1H), 1.58-1.43 (m, 3H), 1.39-1.30 (m, 1H), 1.18-1.08 (m, 2H); 1*C NMR (151 MHz, CDCl5): 6 173.9,
158.0, 147.1, 147.0, 138.9, 129.7, 128.4,127.8, 126.3, 113.2, 70.6, 61.2, 55.2, 55.1, 51.4, 50.2, 33.7, 33.3,
30.8, 27.5, 24.7; HRMS (ESI+) calcd for C3oH3sN,03SNa [M+Na]* 527.2339, found 527.2338.

(0]
vl

Ph

s

Methyl 5-((2S,3S,4R)-3-(((benzyloxy)carbonyl)amino)-4-(((4-
methoxyphenyl)diphenylmethyl)amino)tetrahydrothiophen-2-yl)pentanoate (18). To a solution of
compound 17 (1.0 eq, 1.4 g, 2.8 mmol) in 20 mL of dry DCM at 0 °C was first added DIPEA (2.0 eq, 0.96
mL, 5.6 mmol), followed by benzyl chloroformate (1.1 eq, 0.43 mL, 3.1 mmol). The reaction mixture was
stirred for 30 min at room temperature, diluted with DCM (30 mL), and washed with H,0 (1 x 50 mL) and
brine (1 x 50 mL). The organic layer was dried over Na,SO4 and concentrated under reduced pressure. The
resulting residue was purified by silica gel column chromatography (Hexane/EtOAc/EtsN 90:10:1) to give
the title compound (1.55 g, 85%) as a white solid. 'H NMR (300 MHz, CDCl3): 6 7.57-7.12 (m, 17H), 6.83—
6.71 (m, 2H), 5.23 (d, J = 12.3 Hz, 1H), 5.18 (d, /= 12.3 Hz, 1H), 4.95 (d, J = 10.3 Hz, 1H), 4.07-4.0 (m, 1H),
3.77 (s, 3H), 3.64 (s, 3H), 3.25— 3.06 (m, 2H), 2.27-2.15 (m, 2H), 1.98-1.84 (m, 3H), 1.65-1.22 (m, 3H),
1.38-1.29 (m, 1H), 1.28-1.14 (m, 2H); 3C NMR (151 MHz, CDCls): & 173.8, 158.0, 156.7, 146.7, 146.6,

MMTHHN,
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138.4,136.4,129.7, 128.6, 128.4, 128.2, 128.1, 126.4, 113.4, 70.6, 66.9, 60.3, 58.6, 55.2, 51.4, 47.5, 33.7,
33.1, 30.6, 27.6, 24.6; HRMS (ESI+) calcd for CagHazN20sSNa [M+Na]* 661.2706, found 661.2703.

o)
HN//<

MMTrHN s N
MN, 0 e

Y

Methyl 5-((2S,3S,4R)-3-(3-benzylureido)-4-(((4-
methoxyphenyl)diphenylmethyl)amino)tetrahydrothiophen-2-yl)pentanoate (19). To a solution of
compound 17 (1.0 eq, 0.6 g, 1.2 mmol) in 6 mL of dry DCM at 0 °C was first added DIPEA (2.0 eq, 0.43 mL,
2.4 mmol), followed by benzyl isocyanate (1.1 eq, 0.16 mL, 1.3 mmol). The reaction mixture was stirred
for 1 h at room temperature, diluted with DCM (30 mL), and washed with H,0O (1 x 50 mL) and brine (1 x
50 mL). The organic layer was dried over Na,SO4 and concentrated under reduced pressure. The resulting
residue was purified by silica gel column chromatography (Hexane/EtOAc/EtsN 90:10:1) to give the title
compound (0.61 g, 80%) as a white solid. *H NMR (500 MHz, CDCls): § 7.55-7.46 (m, 3H), 7.40 (d, J = 8.0
Hz, 2H), 7.31-7.14 (m, 12H), 6.78 (d, J = 8.0 Hz, 2H), 5.70 (br s, 1H), 5.16 (br s, 1H), 4.47-4.36 (m, 1H),
4.34-4.22 (m, 1H), 3.75 (s, 3H), 3.63 (s, 3H), 3.22-3.08 (m, 2H), 2.59-2.49 (m, 1H), 2.20 (t, J = 7.2 Hz, 2H),
2.07 (brs, 1H), 1.95-1.73 (m, 2H), 1.62—1.52 (m, 1H), 1.51-1.40 (m, 1H), 1.35-1.24 (m, 1H), 1.23-1.12 (m,
2H), 1.10-1.01 (m, 1H); 3C NMR (126 MHz, CDCl3): 6 175.4, 160.4, 159.5, 148.2, 148.1, 140.8, 140.0, 131.2,
130.1, 129.9, 129.9, 1295, 128.7, 128.6, 127.8, 114.8, 72.0, 62.1, 59.6, 56.6, 52.9, 49.2, 47.6, 45.9, 35.2,
34.5,32.2,29.2, 26.1; HRMS (ESI+) calcd for CasHa3sN304SNa [M+Na]* 660.2866, found 660.2873.
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MMTTHN,

5-((2S,3S,4R)-3-(((Benzyloxy)carbonyl)amino)-4-(((4-

methoxyphenyl)diphenylmethyl)amino)tetrahydrothiophen-2-yl)pentanoic acid (20). To a solution of
compound 18 (400 mg, 0.6 mmol) in THF (3 mL) was added 1 mL of a 4 M solution of NaOH in MeOH/H,0
(4:1). The reaction mixture was stirred for 2 h at room temperature, diluted with EtOAc and neutralised
with TEEA buffer. The organic layer was collected, dried over Na,SO4, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (DCM/MeOH/EtsN 90:10:1) to
give the title compound (290 mg, 74%) as a thick liquid. *H NMR (500 MHz, CDCls): 6 10.17 (br s, 1H), 7.58—
7.07 (m, 17H), 6.81-6.69 (m, 2H), 5.25 (d, J = 12.3 Hz, 1H), 5.25 (d, / = 12.3 Hz, 1H), 4.98 (d, J = 10.3 Hz,
1H), 4.08 (br's, 1H), 3.77 (s, 3H), 3.20-3.16 (m, 2H), 2.19-2.16 (m, 2H), 1.95-1.85 (m, 3H), 1.64-1.47 (m,
3H), 1.42-1.30 (m, 1H), 1.24-1.17 (m, 1H); 3C NMR (126 MHz, CDCl5) & 178.7, 158.0, 156.7, 146.8, 146.6,
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138.5, 136.5, 129.7, 128.6, 128.4, 128.1, 128.0, 126.4, 113.3, 70.5, 66.9, 60.4, 58.8, 55.2, 47.6, 36.0, 33.0,
30.8, 28.0, 25.6; HRMS (ESI-) calcd for C37H39N,05S [M-H]" 623.2584, found 623.2585.

0
HN/Z<

MMTrHN : N
N, R en

Y

OH

5-((2S,3S,4R)-3-(3-Benzylureido)-4-(((4-methoxyphenyl)diphenylmethyl)amino)tetrahydrothiophen-2-
yl)pentanoic acid (21). Compound 21 was obtained as a thick liquid (380 mg, 77%) from ester 3 (500 mg,
0.6 mmol) following the same procedure described for compound 19. *H NMR (600 MHz, DMSO-ds): &
7.50-7.44 (m, 4H), 7.37-7.16 (m, 12H), 7.21-7.16 (m, 2H), 6.85-6.82 (m, 2H), 6.58 (t, J = 6.0 Hz, 1H), 5.94
(d, J = 9.7 Hz, 1H), 4.38 (dd, J = 15.5, 6.0 Hz, 1H), 4.32 (dd, J = 15.5, 6.0 Hz, 1H), 4.23 (dt, J = 8.9, 4.0 Hz,
1H), 3.72 (s, 3H), 3.15-3.10 (m, 1H), 3.04—2.99 (m, 1H), 2.56 (d, J = 8.2 Hz, 1H), 2.13 (t, J = 7.5 Hz, 2H), 2.08
(t, J = 5.1 Hz, 1H), 1.60-1.51 (m, 1H), 1.52-1.45 (m, 1H), 1.44-1.39 (m, 2H),1.32-1.25 (m, 1H), 1.21-1.12
(m, 1H); 3C NMR (151 MHz, DMSO-d¢): 6 174.4, 158.9, 157.6, 147.2, 147.1, 141.1, 138.6, 129.6, 128.3,
128.3, 128.0, 126.9, 126.6, 126.3, 113.3, 70.1, 60.6, 56.8, 55.1, 47.6, 43.0, 33.6, 32.2, 30.9, 27.3, 24.6;
HRMS (ESI+) calcd for C3;H41N304,SNa [M+Na]* 646.2710, found 646.2728.

Benzyl ((2S,3S,4R)-2-(1-hydroxy-13-oxo-3,6,9-trioxa-12-azaheptadecan-17-yl)-4-(((4-
methoxyphenyl)diphenylmethyl)amino)tetrahydrothiophen-3-yl)carbamate (22). EDCI.HCI (1.2 eq, 0.37
g, 1.9 mmol) and DIPEA (2.5 eq, 0.72 mL, 4.0 mmol) were added to a solution of 2-(2-aminoethoxy)ethanol
(1.2 eq, 0.35 mL, 1.9 mmol), compound 20 (1.0 eq, 1.00 g, 1.6 mmol), and HOBt (1.2 eq, 0.26 g, 1.9 mmol)
in dry DMF (7 mL), and the mixture was stirred for 24 h at room temperature. The solvent was removed
in vacuo and the residue was purified by silica gel column chromatography (DCM/MeOH/Et3N 95:4:1) to
give the title compound (1.1 g, 85%) as a white solid. *H NMR (500 MHz, DMSO-de): 6 7.81 (t, J = 5.5 Hz,
1H), 7.45-7.17 (m, 18H), 6.87-6.79 (m, 2H), 5.23 (d, J = 12.7 Hz, 1H), 5.14 (d, J = 12.7 Hz, 1H), 4.60 (t, J =
5.5 Hz, 1H), 4.07 (quint, J = 4.2 Hz, 1H), 3.72 (s, 3H), 3.49-3.47 (m, 10H), 3.42-3.38 (m, 4H), 3.19-3.08 (m,
4H), 2.30 (t, J = 10.4 Hz, 1H), 1.99 (t, J = 7.4 Hz, 2H), 1.55-1.61 (m, 1H), 1.41-1.32 (m, 3H), 1.27-1.04 (m,
4H); 3C NMR (126 MHz, DMSO-d¢): 6 172.2, 157.7, 157.2, 147.2, 147.1, 138.6, 137.6, 129.4, 128.5, 128.1,
128.1, 127.8, 127.6, 126.3, 113.4, 72.4, 69.92, 69.86, 69.8, 69.6, 69.3, 65.4, 60.3, 60.0, 58.8, 55.1, 52.1,
47.9, 38.5, 35.3, 31.5, 31.0, 27.5, 25.4; HRMS (ESI+) calcd for CssHs7N3OsSNa [M+Na]* 822.3758, found
822.3751.
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5-((2S,3S,4R)-3-(3-Benzylureido)-4-(((4-methoxyphenyl)diphenylmethyl)amino)tetrahydrothiophen-2-
yl)-N-(2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl)pentanamide (23). Compound 23 was obtained as
a white solid (0.62 g, 84%) from carboxylic acid 5 following the same procedure described for compound
21. 'H NMR (600 MHz, DMSO-de): & 7.80 (t, J = 5.6 Hz, 1H), 7.48-7.43 (m, 4H), 7.37-7.23 (m, 12H), 7.20—-
7.16 (m, 2H), 6.86—6.81 (m, 2H), 6.55 (t, J = 6.0 Hz, 1H), 5.91 (d, J = 9.7 Hz, 1H), 4.58 (t, J = 5.5 Hz, 1H), 4.35
(d, J=15.5, 6.0 Hz, 1H), 4.35 (d, J = 15.5, 5.6 Hz, 1H), 4.23 (dt, J = 8.9, 4.0 Hz, 1H), 3.72 (s, 3H), 3.50-3.47
(m, 8H), 3.41-3.35 (m, 4H), 3.17 (q, J = 5.9 Hz, 2H), 3.14-3.10 (m, 1H), 3.03-2.97 (m, 1H), 2.55 (d, J = 8.1
Hz, 1H), 2.06 (t, J = 10.5 Hz, 1H), 2.00 (t, J = 7.5 Hz, 2H), 1.60-1.50 (m, 1H), 1.49-1.44 (m, 1H), 1.42-1.37
(m, 2H), 1.30-1.22 (m, 1H), 1.18-1.06 (m, 2H); *C NMR (151 MHz, DMSO-ds): § 172.1, 158.8, 157.6, 147.2,
147.1, 141.1, 138.6, 129.6, 128.3, 128.3, 128.0, 126.9, 126.6, 126.3, 113.3, 72.4, 70.0, 69.9, 69.84, 69.81,
69.6, 69.2, 60.7, 60.3, 56.8, 55.1, 47.6, 43.0, 38.5, 35.2, 32.2, 30.9, 27.5, 25.4; HRMS (ESI+) calcd for
CasHs7N3OgSNa [M+Na]* 821.3918, found 821.3937.

(e}

o
HN)X\O/\Ph o) o <)‘ﬁNH
HZN.,.O"“\M”%\/O%‘H/O o N N/)\NHZ
" 5t
H H

Benzyl ((2S,3S,4R)-4-amino-2-(1-((2R,3S,4R,5R)-5-(2-amino-6-oxo-1H-purin-9(6H)-yl)-3,4-
dihydroxytetrahydrofuran-2-yl)-16-oxo-2,3,6,9,12-pentaoxa-15-azaicosan-20-yl)tetrahydrothiophen-3-
yl)carbamate (B1). To a stirring solution of phosphoramidite 5 (1.0 eq, 200 mg, 0.34 mmol) in dry ACN (10
mL), a solution of alcohol 22 (2.0 eq, 424 mg, 0.68 mmol) in 5 mL of dry ACN was added. The mixture was
cooled to 0 °Ciin an ice-bath and a 0.45 M solution of tetrazole in acetonitrile (3.0 eq, 2.26 mL, 1.02 mmol)
was slowly added. The ice-bath was removed and the reaction was allowed to warm to room temperature
and stirred for an additional 2 h. The reaction progress was monitored by 3P NMR. Upon completion, a
5.5 M solution of tBUOOH in decane (1.1 eq, 0.075 mL, 0.37 mmol) was added to the reaction mixture.
After 1 h, full oxidation of the phosphorus atom was confirmed by 3P NMR and the mixture was
concentrated in vacuo. The crude compound was dissolved in 5 mL of DCM and treated with DBU (2.0 eq,
0.1 mL, 0.68 mmol) for 2 h at room temperature. The solvent was removed under reduced pressure and
the residue was dissolved in 60% HCOOH in H,0. The mixture was allowed to stir at room temperature for
3 d. The acid was removed under vacuum and the aqueous solution was lyophilised. The resulting residue
was purified by HPLC (90-50% H,0 in ACN). The fractions containing the thiophosphate were collected
and freeze dried to give the title compound (95 mg, 32%) as a white solid. *H NMR (600 MHz, DMSO-d):
6 8.40 (br's, 2H), 7.94 (s, 1H), 7.90 (t, J = 5.4 Hz, 1H), 7.39-7.33 (m, 5H), 7.32-7.28 (m, 1H), 7.25 (d, /=9.9
Hz, 1H), 6.57 (br's, 2H), 5.70 (d, J = 6.1 Hz, 1H), 5.45 (br s, 1H), 5.33 (br's, 1H), 5.18 (d, J = 12.7 Hz, 1H), 4.98
(d,J=12.7 Hz, 1H), 4.48 (br s, 1H), 4.45-4.41 (m, 1H), 4.14-4.11 (m, 1H), 4.00-3.95 (m, 1H), 3.90-3.85 (m,
1H), 3.83-3.75 (m, 1H), 3.76-3.72 (m, 2H), 3.55-3.52 (m, 1H), 3.53-3.40 (m, 12H), 3.41-3.39 (m, 2H),
3.20-3.14 (m, 2H), 3.08-3.05 (m, 1H), 2.93 (t, J = 10.7 Hz, 1H), 2.02 (t, J = 6.8 Hz, 2H), 1.64-1.56 (m, 1H),
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1.48-1.28 (m, 3H), 1.22-1.13 (m, 1H); *C NMR (151 MHz, DMSO-ds): 6 172.1, 156.9, 156.8, 153.8, 151.6,
137.1,135.7, 128.4,127.9,127.6, 116.6, 83.8 (d, / = 7.6 Hz), 73.7, 71.0, 70.4 (d, J = 7.3 Hz), 69.8, 69.7, 69.6,
69.2, 65.7, 64.7 (d, J = 4.0 Hz), 63.6 (d, J = 5.4 Hz), 56.5, 54.2, 48.8, 38.7, 35.3, 30.4, 29.6, 27.3, 25.4; 3P
NMR (121 MHz, DMSO-d¢): 6 -1.27; HRMS (ESI-) calcd for CssHs:NsO14PS [M-H]- 871.3066, found 871.3064.

e . <f
Han--~Q”‘\\\/\)J\M/\/OiH/O /)\NHZ
H

5-((2S,3S,4R)-4-Amino-3-(3-benzylureido)tetrahydrothiophen-2-yl)-N-(1-((2R,3S,4R,5R)-5-(2-amino-6-
oxo-1H-purin-9(6H)-yl)-3,4-dihydroxytetrahydrofuran-2-yl)-2,3,6,9,12-pentaoxatetradecan-14-
yl)pentanamide (B2). Compound B2 was obtained as a white solid (62 mg, 21%) from alcohol 23 (2.0 eq,
543 mg, 0.68 mmol) following the same procedure described for compound B1. *H NMR (500 MHz, DMSO-
de): 6 8.34 (brs, 2H), 7.96 (s, 1H), 7.92 (t, J = 5.6 Hz, 1H), 7.31-7.24 (m, 5H), 7.23-7.17 (m, 1H), 7.10 (t, J =
5.9 Hz, 1H), 6.56 (br s, 2H), 6.37 (d, J = 9.9 Hz, 1H), 5.70 (d, J = 6.0 Hz, 1H), 5.44 (br s, 1H), 5.32 (br s, 1H),
4.56-4.51 (m, 1H), 4.46 (t, J = 5.3 Hz, 1H), 4.35 (dd, J = 15.5, 6.5 Hz, 1H), 4.17 (dd, J = 15.5, 5.4 Hz, 1H),
4.13-4.10 (m, 1H), 3.97 (g, J = 3.7 Hz, 1H), 3.92-3.86 (m, 1H), 3.82-3.74 (m, 3H), 3.71-3.65 (m, 1H), 3.55—
3.45 (m, 12H), 3.44 —3.48 (m, 2H), 3.19-3.16 (m, 2H), 3.09-3.05 (m, 1H), 2.81 (t, J = 10.6 Hz, 1H), 2.09—
1.99 (m, 2H), 1.66-1.62 (m, 1H), 1.53-1.34 (m, 3H), 1.26-1.12 (m, 1H); 3C NMR (151 MHz, DMSO-d¢): &
172.3,158.6, 157.1, 154.1, 151.8, 141.0, 135.9, 128.5, 127.2, 126.8, 116.8, 86.7, 84.0 (d, / = 7.4 Hz), 74.0,
71.1, 70.6 (d, J = 7.2 Hz), 70.1, 70.0, 69.8, 69.5, 64.9 (d, J = 4.3 Hz), 64.0 (d, J = 5.1 Hz), 55.3, 54.7, 49.7,
43.1, 38.9, 35.4, 30.6, 29.8, 27.6, 25.6; 3P NMR (202 MHz, DMSO-ds): & -1.12; HRMS (ESI-) calcd for
CssHs3NgO13S [M-H] 870.3226, found 870.3248.
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PAGE images (S3-S8)
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Figure S3. Denaturing PAGE analysis of transcription initiation with T1. Cntr, reference in vitro transcription (no T1, 2 mM GTP);
a, 5’-modified 28-mer (n*+1); b, 5’-modified 27-mer (n*); ¢, 28-mer (n+1); d, 27-mer (n); e, 25-mer (early termination product). ¥
The appearance of approximately 1% n+1 band was taken into consideration for calculating the relative RNA yields.
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Figure S4. Denaturing PAGE analysis of transcription initiation with T2. Cntr, reference in vitro transcription (no T2, 2 mM GTP);
a, 5’-modified 28-mer (n*+1); b, 5’-modified 27-mer (n*); ¢, 28-mer (n+1); d, 27-mer (n); e, 25-mer (early termination product).
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Figure S5. Denaturing PAGE analysis of transcription initiation with T3. Cntr, reference in vitro transcription (no T3, 2 mM GTP);
a, 5’-modified 28-mer (n"+1); b, 5’-modified 27-mer (n*); ¢, 28-mer (n+1); d, 27-mer (n); e, 25-mer (early termination product).
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Figure S6. Denaturing PAGE analysis of transcription initiation with T4. Cntr, reference in vitro transcription (no T4, 2 mM GTP);

a, 5’-modified 27-mer (n*); b. 27-mer (n); ¢, 25-mer (early termination product).
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Figure S7. Denaturing PAGE analysis of transcription initiation with B1. Cntr, reference in vitro transcription (no B1, 2 mM GTP);
a, 5’-modified 28-mer (n"+1); b, 5’-modified 27-mer (n*); ¢, 28-mer (n+1); d, 27-mer (n); e, 25-mer (early termination product).
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Figure S8. Denaturing PAGE analysis of transcription initiation with B2. Cntr, reference in vitro transcription (no B2, 2 mM GTP);
a, 5’-modified 28-mer (n"+1); b, 5’-modified 27-mer (n*); ¢, 28-mer (n+1); d, 27-mer (n); e, 25-mer (early termination product).
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Table of Sequences (S9)

CODE SEQUENCE
MT1 5’-TAATACGACTCACTATAGGGAGCCTGAGCCTCCAGTCTCCAGTC-3’ sense
MT2 5’-mGmMACTGGAGACTGGAGGCTCAGGCTCCCTATAGTGAGTCGTATTA-3’ antisense

Table S9. Sequences of the DNA oligonucleotides used to prepare the DNA template for in vitro transcription. The consensus T7
promoter sequence is underlined. Methyl-modifications are shown in bold.
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5’-B1-RNA + Na

92104
100 5’-B1-RNA ‘
9189.3
9211.2
|
92126
i |
* 9‘85"“ 91913
| 9208.4
" | 9226.3
|
” 9227.3
‘ || s228.4
1
| gm0

|

‘ ) 9248.2
|

! | | 92505
9080.8 | | I ‘\ \ iy

i I (i

il f

L T e T L e = = SENEIEMES— ) P11}
4000 9020 : 9040 9060 ; 9080 9100 : 9120 9140 : 9160 9180 . 9200 9220 ' 9240 9260 9280 9300

Mass spectrum of B1-modified RNA

5’-B1-RNA

o 9187.5

9188.4

9186.5 5’-B1-RNA + Na

9189.5
9210.4
9209.4
9208.5 |
9185.3
# |
9244.4
9190.3 9211.4
‘9212.5
9207.4
92453
o246
9241.2
| | lo213.4 i
I
‘ 92251 l|e247.3
‘ ‘ 1/ 9248.4
| |oros || l

| |

[

| - |‘|| |
i Il | i g .

S SNSUNUOUUSNUOPNPSSSUSSOPSUNPSIUPORO DU SRS S OO0 15511 SIS+ 1 | WSO Cee e ma
9000 9020 9040 9060 9080 9100 9120 9140 | 9160 9180 | 9200 9220 = 9240 9260 9280 9300

‘ | 9285.5

‘ 926?.3

SS

Mass spectrum of B2-modified RNA

S23



100
Q
M e 4 I‘L
P. ol 1l 0. P
s O’H\S'k\/ bf’ o N NA\NHZ
QH
OH OH
%
1 - : Time
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
HPLC analysis of initiator T1
100 5.78
N.
¢
s
%
1 ” : Time
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

HPLC analysis of initiator T2

S24



o
Ny
~r NH
N 4
©
lfg—k T )—so, NH'(\/O)‘S’O <NIP;\NH
s o.p N\ 2 o 0. 2
/P-—<S OH
HO OH OH
%
A —— - Time
0.00 1.00 2.00 3.00 4.00 5.00 9.00 10.00
HPLC analysis of initiator T3
100
Ho OH OH
%
-1
0.00 1.00 2.00 3.00 4.00 5.00 9.00 10.00

HPLC analysis of initiator T4

Time

S25



100
< o
P
HN o o ) \[\NH
3 ) )
- oyll.0 g
HyNu. {\I \//\)]\u{\/ fe ~ \r‘q N Ny
s oH
OH oK
%
-2 : : Time
.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
HPLC analysis of initiator B1
100 6.41
q o
Y
N o P |
ormghafe GAL
HoNo <W u{\ e o NN,
—8 OH
OH OH
%
-3 Time
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

HPLC analysis of initiator B2

S26



(€12@2 “ZHIN 009) T PuNOdwod Jo W3S YAIN Hy

(wdd) 13
i = £ ¥ < a L 8 6 0T T s £T
1 L 1 L L 1 L L 1 L 1 L L
i iy —l
I
I
[ __ -
| [ _
_f
]
_ |15 \0 /_ ,w
_O\n,_d. N
g
L sfidh L
$ BRNIEX z



8¢S

B0+3T-+

BO+3TH

BO+3E~

BO+3E~

BO+3b~

BO+35+

/0+394

BO0+3L4

B0+38+

B0+36+

60+3T+

60+3T+

60+3T~

60+3T+

60+3T+

(€12@D “ZHIN 0ST) T punodwod 4O wiN33ds YAIN et

(wdd) 13
0T- ot 0z 0E o ng 09 0L og 06 00T 01T 0T DET o+t 08T 0ot 0LT 08T 06T 0oe 01e
1 1 | | | | 1 1 1 1 1 1 | | | | 1 1 1 L 1 1
]
|
]
T
_uxi\o ,, w
- N
12 P
oy

EB'FT

G5 G

FAN Y

BTLET=—

SE'6kT
+Orost



6¢S

(812aD “ZHIN TZT) T punodwod jo wni33ds YIAIN dre

(wdd) 74
00z- 0sT- 00T- 0s- 0 08 00T 0sT 00z

BO+3E-—
B0+32-4

B0+3T-+

mc+MH“
BO+3Z+
BO+3IE+
BO+3b—
B0+35+
BO+39+
ma+mn“
BO+38+
B0+36+
mc+MHM
60+3T+
60+3T~
60+3T+
60+3T+
60+32~ l

60+32~

s
60+37 o W
9 \
60+32- e N
S
60+3z-

60+32+

60+32~

0565




(013

(0%a ‘ZHN 00€) T punodwod 4O WNJ33ds YAIN Hy

(wdd) 74
9 £ 8 6 o1 ja 1

Fooe

— [0 -

L0435+

—
4
e 50 b

B0+3TH

/04324

BO0+3T+
BO0+3T4
BO+3E+
B0+3F __ \ mZO!n_\_O

J J mZO\ 1

BO0+3F+ ;

>
2

BT E—
00E
Z0E
S0E
SEE
{BE
06E
ZhE
58—

B0+



T€S

AOND ‘ZHIN mﬁv < _UCDOO_C._OU jo wnJyoads HIAIN D¢t

(wdd) 74
01- ] ot 0z i} 0¥ 0s 09 174 k] 06 ooT o01T 0T OET  OFT  OST 09T OLT 0 0BT 06T 0OE OTE

|0+3E+
30+3b-
80+35-
80+39-
8043/
30+38-
80+36-
60437
60+3T+

’ ENO - n_\o 1 w
60+3T eNo” ! N
60+3T+

60+3T+

56" 9L
LA
ar'+9
P FD

55°ET

95 BET—
b5 BFT—
T81581—



€S

00z-

0sT-

(0%a ‘ZHIN TZT) T punodwod jo wnu3ads YIAIN dre

(wdd) 74
00T- 0s- 0 08 00T

0SsT

0oz

B0+3T-+

BO+3T+

BO+3E+

BO+3E+

BO+3b—

BO0+35+

BO+39+

BO+3L4

B80+38+

B0+36+

60+3T+

60+3T+

60+3T+

60+3T+

EXEp—

ENO-. ,~

eNo” !}



€es

L0435+

BO+3ITH

BO+3E~

BO+3Z+

BO+3TH

BO+3E+

BO+3t~

BO+3b—

BO+3F~

(38}

(0%a “ZHIN 009) € punodwod 40 WiNI33ds YAIN Hy

-+

(wdd) 74
9

0T

1T

[4s

£T

T

Eore

ane

4

Zne

o0

SEE=—

TS 7T

ET'E

+IE

5TE

TZE

ELE

A0

anre

G0

0Ty

— 1 FeEn

548



VES

B0+3T-+

BO+3TH

BO+3Z4

BO+3E+

BO+3b—

BO0+35+

80+39+

BO+3L4

B0+38+

B0+36+

60+3T~

60+3T+

60+3T+

60+3T+

(0%A ‘ZHIN TST) € punodwiod Jo WNIAAS YIAIN Jer

(udd) 1
oT- 0T 0Z 0E ot 0s o9 0L og 06 oot 0Tt 0T 0ET 0sT 9T 0Lt 08T 06T 0oz 0Te
1 1 L l 1 1 1 | I Il Il 1 1 1 1 | | | Il 1
- -
|
I
|
€
S
‘A A AN A A AN s s ™ L)
— e e [ - TR -] — — l.f.r.,.rd.f(\ \n_____ M
ces nd Sg33s us 55 g Ho'
@ ow A W o o RNl ho R e



SES

AOND ‘ZHIN ._”N._”v € _UCJOQEOU jo winJyoads HIAIN dr¢

(wdd) 74
00z- 0sT- 00T- 0s- 0 08 00T 0sT 00z

B0+3T-+

/0+3T+

B0+32+

BO+3E~

B0+

BO0+35+

/0+39+

BO+3L+

B0+38+

BO+36+

60+3T~

60+3T~

60+3T+

60+3T+

60+3T~

60+32

60+32+

GOGT




~5E+08

~4E+08

~4E+08

~4E+08

F3E+08

F2E+08

+2E+08

+2E+08

F1E+08

~5E+07

POT—

FEE
9E'E
LE'E
B5'E
09'g
198
FIE
59°E
99'E
840E
OFE
LHE

£EY-
PEL
SE¢
9E'
LEE]
BEY
BE)
k' —
b
T
£
e
9944
994
89
694

o s

h,l;'

i
Si”

oyl
Fh

[ Py

)

-

E——

= ooa

e
IOl
= g

F eog

= iod

10

11

12

13

f1 (ppm)

1H NMR spectrum of compound 7 (300 MHz, CDCls)

S36



LES

(10@D “ZHIN G£) £ punodwod Jo wn133ds YIAIN Jer

(wdd) 74
01- ] ot 0z i} 0¥ 0s 09 174 k] 06 ooT o01T 0T OET  OFT  OST 09T OLT 0 0BT 06T 0OE OTE

B0+3T-4

B0+3TH

BO+3E~

BO+3E+ !

BO0+3F+

BO+35+
BO+39+
BO+3L4
80+38+
BO+36
60+3T+
60+3T+
60+3T~
60+3T~
60+3T+

60+32 g

|
. .-, E
..__mmo...x ,,{U_\ M
=7 ud

j

b Bl —
17T
G’ 05
i E—
TE 05
o0 TL
2 TL
LN TE
PLEL

60+32~

TELET =
GEGET—
FPOPET—
TH5ET—



8€S

£0+35-+

£0+35+

BO0+3TH

BO+3E~

BO+3T~

BO+3EZ~

BO+3E~

B0+3F

BO+3t~

B0+

B0+35+

B0+39+

B80+394

(£12@D ‘ZHN 00€) 8 puNodwiod Jo WIS YN Hy

(wdd) 14
- T- T £ ¥ g a £ g 0T IT [As €T
1 1 1 1 L L 1 L L L 1 L L
= = oo
= = =2 = in = Rz
h oL L
4 _ A
g1
I
| [ [
__ ] ___.__ __
|
|
_ )
| __ 8
Ud
| +
ke _mm \/\wzf
q Lehh ST TITTOIIITT I M\;n__ ©
2 B EERORuUnEEgTRRR e Y L



6€S

(€12@D ‘ZHIAl §£) 8 punoduwiod Jo WNIAAS YIAIN et

(udd) 14
o1- 1] ot 0z 0E ot oS 09 0L oe 06 0ot OTT 0zt DET  OFT 0sT oot 0LT o8t 06T 0o€ oTe
1 1 | 1 1 1 | 1 | | 1 | 1 1 1 | 1 1 | 1 1 L |
80+3T-
0+ _ : e 1
]
|
B0+3T |
I
|B0+32+
I
|B0+3E
|0+3++
1
80+35 !
|0+39
|80+3/+
a0+38
|0+36+ !
60+3T+
60+3T+
.._n__ .
60+3T+ 15 NEH
| | NS nn Srite™)
2 5 S283z5% §BER ud



(072
(€12@2 “ZHIN 00€) 6 Punodwiod Jo WNJ33ds YAIN Hy

(wdd) 14
z- 1- 0 1 z £ e G 9 i 8 6§ ot 83 1 €T
| 1 | 1 | | 1 | | 1 | 1 | | 1 |
£D+36 4 g = il
£ - W = = - e o
1 h [ i Tl of 1d
0 .14 Y
I
£0+35 I i
|
80+31T-
80+32-
80+32-
80+32-
80+3£-
80+3-
80+3b-
f __ { _. [ _q
| __ f _ _:_ _‘ |
80+3b- | [
] _ /
_
80+35- [
| 6
|
80+39- Uel
. w5y Hvos Y/
ey L TTTTAOYTITTL Uﬂﬂﬁo;¢\ — 1o
g0+384 S afoyuEzZzznznzE oz BBk BuyzaainznnanpR



TS

(€12@D “ZHIN 0ST) 6 punodwod 4O WiNI3ds YAIN Der

(wdd) 7y
0 0 0T 02 0f O0b OS5 09 04 08 06 00T OTT 0ZT OET ObT  OST  0OT 0T 08T 06T 00T 0T
1 1 l | | 1 | 1 | l 1 l 1 1 L | | 1 l | 1 1 |

80+37-

DI

I
80-+3T
|

80+3Z-
80+3€ _

1 1
80+3b-]
80+35-]
80+39-
80+3£-
80+38- 6

“
| Y TR 1 S Ty HnTos 7 Y/
80-+36+ 503 & & mazasy NRRNGEE mqjﬁoﬂ%t —
= - T e I S AT ] Ue 12
& B i dEEdREER Bigwinoioi



s
(812AD “ZHIN 00€) 0T punodwod 4O WiNIAAS YIAIN Hy

(wdd) 74
3 9 o1 jas 1 €T

[==]
(=]

= oo~
= omwe
e

£0+35-4

B o
o 0¥
oo
= ooz

L0435+

80+37- | _

BO+3E~

BO+3E~

B0+3T+

80+3E
80+3p+
80+3b-
80+3¢+
80+35
80+30 |
80+39-
80+38+
01

BO+3/~

’ 7o

fh \/V\_._znﬁum
\0 — o

e

15~
E5e~"
e
&

B0+38+

GLE

EO—
ons
e
LIS

0T'Eq
ZT°Eq
ET'Eq
S5T°E)
P E
Gy E
05'E
T5E
EQ'E
+5'E
G65'E
09'ES
E9E
ETET
LERS
BUE
GOE
0Lg
ELE
tLE
tLE
9LE
LLE




EvS

(€12AD “ZHIA §£) 0T punodwod 4O win33ds YAIN Der

(wdd) 74
01- ] ot 0z i} 0¥ 0s 09 174 k] 06 ooT o01T 0T OET  OFT  OST 09T OLT 0 0BT 06T 0OE OTE

£0+35-+

L0435+

BO+3TH

BO+3E~

BO+3E~

BO+3Z~

BO+3E~

BO0+3b—

BO+3t~

BO+3b~

B0+354

B0+39+

B0+39+

01

B0+39+

j

’ 7o

fh \/V\_._znﬁum
\0 — o

PE Ep=——
8 Sb—"
02 19—
05 69
PE0L
5 0L
ENTE
06" 24

BELET
GEGIT="
86 0BT~ _
00EET—"

BO0+3L+



~5E+08

~4E+08
F4E+08

+4E+08

~3E+08

~2E+08

-2E+08

F2E+08

F1E+08

+5E+07
~0

—-3E+07

0F' 19
65T
9E'Eq
EF'I
28I
EBE
FEI
LERS
582
582
TTE
ZTE
TZE
TZEA
05'E]

05€
05E
15€
15€
15€
15€
Z5E
Z5E
Z5E
S5E
S5E
S5E
95'E
95'E
L5E
L5E
L5E
85E
85E
B5E
09'e
19E
19€
19€
Z9E
ZOE
ZOE
Z9E
Z9E
EYE
ETE
ETE
POE
POE
S5
2k
b
8
b
AN
ET'b
%=
A%E
[a%s
10
610
610
02+
02+
02
12t
0E't
2t 5]
£G4
£F'5
5194
5194
0F's
T4
LTS
L
864
864

+ara-

s

1

SE
SE

It

9z'0
SO0°E
are
9f'E
EC'E
L5FT

Sk 9
FTE
s0°1

L e A T

f

a0 T

fan]
oo e
fan]
oo e
T

FIsEy

60T

6
f1 (ppm)

12 11 10

13

1H NMR spectrum of compound 13 (600 MHz, MeOD)

44



SvS

(QO3IN ‘ZHN TST) €T punodwiod Jo wnu3ds YIAIN Der

(wdd) 74
0t1- ] 0t 0z i} o+ 0s ne 0L ng 06 gor o OTT 0T OET OPT OST 09T 04T 0BT 06T 00T OTE

L0+3E-+

04 ﬁl _
£0+32- ;A _7 ﬁ I i 7
| i

£0+3b "

£0+30-
£0+38-
80+3T-
80+3T-
80+31-
80+32-
80-+32-
80+32-
80+32-
80+32-
80+3€
80+3£-
80+3¢-
80+3¢

BO+3E~

BO+3F~

}
7
~F
57
AN
7

Eb' SE—
2 bk
6t B9
5 89
0 69
04" 69+
Ed' 04
28044

BO0+3b—

1002
a0' 0z
0g' 1z
19'52
LT

86’ 04
O T4
£ TdA)
6 14—
1€ Th

09 1

TL5TT=—
L5BTT—
ooreEr—
SEIET=~_
FPOGIT—
LLBET
aorTET
GEPET
GF Ok —
95'15T—
9T BST
ER'BST
a9t

BO+3b-



IS

(QO3IN ‘ZHIN TZT) €T punodwod Jo wnuads YIAIN dre

(wdd) 74
00z- 0sT- 00T- 0s- 0 08 00T 0sT 00z
WD+MN|I l L | l 1 | | 1 ]

B0+3T-+

BO0+3TH

BO0+3T4

BO+3E+

BO+3b—

B0+35+

B0+39+

BO+34~

B0+38+

BO0+36+

60+3T+

60+3T+

60+3T1+

60+3T1+

60+3T+

60+32~

60+32+

60+32—

60+32+

60+32~
60+372~

60+32+

0rT'E=
gres




~GE+08

+6E+08

~SE+08

—4E+08

4E+08

~4E+08

F3E+08

~2E+08

+2E+08

-2E+08

F1E+08
FSE+07

0

r-3E+07

19€E
19E
19E
Z9E
Z9E
ETE
EUE
EUE
POE
POE
POE
PIE
S9E
A
ET'b
ET'b
El'
El'b
PIE
PIb
6T
61+
IEECE
1204
220
1+
TE+
ZE+
EEb
P
Gt ]
115
Z1'5
Eb' 5]
b5
b5
5194
9194
s
£
L6
LTS
864
[

o8-

14

=— GE'E

WAL

STE

A I

!

ZE'E

EED
e
=T
EE'E
PE'E

OEvE

299
ar'e
LO00T

B0 T
S0°T

G0 T

TZn
e
TZn
oo e
FO'T

ot

6
f1 (ppm)

12 11 10

13

1H NMR spectrum of compound 14 (600 MHz, MeOD)

S47



81S

(QO3IN ‘ZHN TST) ¥T punodwod Jo wnudads YIAIN Der

(wdd) 74
0t1- ] 0t 0z i} o+ 0s ne 0L ng 06 ootr o 01T 0ET OET OPT OST 09T  OLT 0BT 06T 00T OTE

L0+3E-4

£0+3T-+

£0+3T+ [}

£0+37 | i
£0+3E- i
£0+Tb-

L0435+
£0+39+
L0+34~
£0+38+

£0+36+

/0437~
BO+3TH
BO0+3TH
BO+3T+
/0+3TH
BO+3Z~ +T
BO0+32+
BO+32+
BO0+3T+
BO+3Z+

/0432

BO+3E~

A
7
1
%
/
X
7
7
v

BO+3E~

10 0E
an’ 0z
£ G
bt g
LT 9

BE' TE
09' 52

L= A
Z0' 69
469
0L
208
83504

09 T
G TL
05 TL
55°TL

1£511—
E9BIT—
ez —
96921
9061
L8621
90TET
EFBET
PEBET
BEGET
b 9T —
£5151—
BT'6ST
SEBST
o9

BO+3E+



6v7S

(QO3IN ‘ZHN TZT) ¥T punodwod Jo wnuads YIAIN dre

(wdd) 74
00z- 0sT- 00T- 0s- 0 08 00T 0sT 00z

B0+3T-+

/0+3T+

BO+3E~

BO+3E~

BO+3t~

B0+35+

/0+39+

BO0+3L+

B0+38+

B0+36+

60+3T+

60+3T+

60+3T+ N

TreE=
gre=



~OE+08

~BE+08

~7E+08

~6E+08

-SE+08
-4E+08
-3E+08
-2E+08
-1E+08

59E
99
ET'h
(283
(284
(283
STk
STk
STk
EIRS
Tk
[3R%
[3R%
2R3
0Z'k
0Zk
12k
12k
4%
0Eh
et
0t
TEH
TEH
26t
as
Has
0154
1159
1159
1154
115
215
215
2154
Eb'5
£t 54
b5
5b'5]
5t 51
91 9
9194
86
65

o8-

]
)

i
4P

o},

Ny

A

L

= OOE
e

26T
b0 E
e
oo e
arar

[

FOE

e 66D

= 95'0

= BE'0

6
f1 (ppm)

12 11 10

13

1H NMR spectrum of compound 15 (600 MHz, MeOD)

S50



TGS

(QO3IN ‘ZHN TST) ST punodwod Jo wnud3ds YIAIN Der

(wdd) 14
0T- 0 0T o0z 0 0k 05 09 0/ 08 06 00T OIT OZT OET  OPT OST 09T 0ZT 08T 06T 00 OTZ
1 1 L L L L L L 1 1 1 | 1 L L L L L 1 1 1 | |
£0+37-
0 : . ’
|
£0+3T- ! i _
]
] i _

£0+32-
£0+36- __ |
£0+3t-
£0+36-
£0+394
£0+3/-
£0+38- cT
£0+36-
80431
80437

bl L 1 |lrrereh sddeas Ll ! Lo

SRR a by PR DD OO e RN e e ﬂmm ﬁ E ﬁﬁm
B0+31 cRiEa = HERYERUR 2alEREY Qms i o Lmn



¢SS

00z-

0sT-

0oT-

(QO3IN ‘ZHN TZT) ST punodwod Jo wnuads YIAIN dre

0s-

(wdd) 74
0

0s

notT 0SsT

0oz

B0+3T-+

BO+3TH

BO+3E+

BO+3E~

B0+3F

B0+35+

B0+39+

B0+~

/0+384

B0+36+

60+3T+

60+3T+

60+3T+

60+3T~

GOE=

gres



~BE+08

~BE+08

~7E+08
—6E+08
~6E+08

~FBE+08

—5E+08

—4E+08

—4E+08

—4E+08

F3E+08

F2E+08

+2E+08

+2E+08

+F1E+08

+SE+07
-0

-3E+07

TP
BT
51
51
51
81t
61+
0+
0Z+4
12+
0E'H
1€+
28t
e
G ]
0¢'b
b5
5194
91'9
854
65
£8
(V8
86
86

o8-

qul e ‘

|

ul

=—10E
= BI'E

=0t

=50'2
- EOC
=hi'0

=107

6
f1 (ppm)

12 11 10

13

1H NMR spectrum of compound 16 (600 MHz, MeOD)

S53



¥SS

(QO3IN ‘ZHN TST) 9T punodwiod Jo wnu3ds YIAIN Der

(wdd) 74
0t1- ] 0t 0z i} o+ 0s ne 0L ng 06 ooT 01T 0ET 0ET  0O¥T OST 09T OLT 0BT 06T 00 OTE

L0+3T-4

0+ Uinantisiiait sas v inen maa n 1 : 1¢,_ekw ._# _ poaatep
£0+31+ _ ‘ _ | i ] _
1
£0+32- ‘
I Lo
£0+3E- i i

L0+3b~

L0435+

£0+39-
£0+37
£0+38
£0+36-
20+31-
80+314
a1
80+31-
80+31
80+37 _ 0 —
M. M. N di - BN —
AN N - L)
80+37 \\,%\ I o o ™ -,
)
80+32-

BO+3Z+

7

G5’ 5=
o L2

\
7
7

BO+3TH

1002
90 02
Eb' SE=—
b Th~
95’ Eb—
£S5 89
66' 89
09' 04
EL 0L
24808
61 TL

B TL
2T
TE Th

95 Th

ELSTT—
S581T—
B 0ZT—
182~
£E0ET—
TERET~—
BE TP —
SHERT =
85151 —
B1'B5T

SEBST

gt

il

BO+3ZH



§GS

(QO3IN ‘ZHN TZT) 9T punodwod Jo wnu3ds YIAIN dre

(wdd) 74
00z- 0sT- 00T- 0s- 0 08 00T 0sT 00z

£0+35-+

L0435+

BO+3TH

BO+3TH

/0432

B0+324

BO+3E+
B0+3b+
BO0+3F
B0+3b+
B0+35+
91
/0+394
B80+39+ o ¢
/0+39+
BO+34~ HN

80+38+ a

B0+38+

B0+38+

Tre=
9me=




9SS

90+35-+

90+35+

£0+3T+

LO0+3E~

L0432+

L0432+

£0+3E~

L0+3F—

£0+3b~

L0043k

£0+354

£0+39+

£0+39+

£0+39+

L0434+

£0+384

£0+38+

AOND ‘ZHIN Oowv L _UCJOQF_OU jo winJyoads HIAIN Ht

(wdd)
- Z £ t g 9 £ ] ot T 1 ET 1
1 | 1 1 I I 1 | 1 1 | L 1
2 3 ERB®2EREER = 3 =
I T e T e ¥ "l | il il
| _ |
[
|
i
|
I
TL
[
HO  HO

] \ & | f

|
A
i
!

BRI ORI BRI ORI ORI RL LI LI L LI LI LI WLt LB BB o\ =]
WO~ nnininno o Mo D - oo =]
O-ST B= R . PN T . BT - SR ST R gy =1 =]

a8



LSS

B0+3T-4

/0+3T+

BO+3TH

BO+3E~

BO+3b~

BO0+35+

B0+394

BO+3L+

BO0+38+

B0+36+

(0%a “ZHIN TST) TL punodwod 4O WiN33As YIAIN et

(wdd) 13
0T- 0T 0z 0E (1} 0g na 0L ne ne oot 01T 0ET DET 0FT 08T 0at 0LT 08T 06T 00z 01e
| 1 L | 1 1 1 | | 1 | 1 1 1 1 1 1 | | | | |
I
TL
HO  HO
_A % HO
MM N Oy s o
7 N ot T fu\;{\J.\v
4 o] [
HNL Ay HO —
u]
| ) STTII ioIL & | Lol fANY
= & pRogdssddld B B oG EomEg
= ] CDEIERESEEAE 4 i i = T



8SS

(0%a “ZHN TZT) TL punodwod Jo WnJ33ds YIAIN dre

(wdd) 74
0g- 0L- 09 0s- 0%- ne- 0z- 01- ] 0t 0z i} o 0s 0e 0L k] 06 0ot 07T 0zt

0 h o s etk " . e t - - S N ,
| tay b T ALY t y ._Jzﬁ.uiq 4 o et A iy L L g Sy ot
L0+35
B0+3TH

BO+3Z+

BO+3E~

B/O0+3Z4

80+3£
B0+3b
80+3b
80+3b-
80+35
80+39-
80+39 nxzfquz N .;o\mwo\3x(+m;h\oz<\f;ﬁxwv
80+39-

BO+3/~

Og' 0

R Py

/0+38+



6SS

AOND ‘ZHIN Oowv <l _UCJOQF_OU jo winJyoads HIAIN Ht

(wdd) 74
£

[==]

L0+3E-A

£0'Z
Earat

£0+3T-+

= I0E
- ooz
= o0E
oot
ot
= 001
= 0l
- 760

L0+3T~

£0+3E~

£0+3E+

L0043+
L0435+
L0439+
L0431+

£0+38+

£0+36+

BO+3TH

/0437
/0437
BO+3TH
BO+3T+

BO+3E~

BO+3E~

B0+3T+

/0432

BO0+3T+

BO+3E~

BO+3E~

%
=
|

9g'z
59'E
99'g
£9'E
GOE
Iré
ST'E
+5E
G5E
G5E
09'e
09'g
CoE
E9E
FIE
RN
50
A0
Tk
L5
EW'S
arg—

BO+3E+

58—



09S

L0+35-4

£0+35+

BO+3TH

BO+3E+

BO+3E~

BO+3E~

BO+3E~

B0+3F

B0+3F+

B0+3F

B0+35

(0%a “ZHIN TST) 2L punodwod 4O Win33ds YIAIN et

(wdd) 13
01- 0T o0z ©0E 0b 05 09 0/ 08 06 00T OFT 02T OET  ObT OST 09T 0LT 0BT 06T 00Z  OTZ
| | 1 1 1 1 1 | | | | | 1 1 1 1 1 1 | | | |
[
|
I
|
1
|
|
1l
HO HO
HO
WL NL g O L S o g
YUy R,
A (I
A HO P
o]
Lo AN CrTTTT L L)) L Lol AN N
& BeE ZIZIGHEECEE U 5 BEoE EEEEEG
iy B MRS ERRBREERERRES o 5z Eonuss
re ] o D T T e



T9S

BO+3E-+

B0+3T-+

BO+3T~
BO+37+
BO0+3E~
BO+3b~
B0+35+
80+39
BO+3L+
80+38+
BO+36+
B0+3T~
60+3T~
60+3T~
60+3T+
60+3T+
60+32+

60+32~

(0%a “ZHIN TZT) 21 punodwod Jo WwnJ33ds YIAIN dre

0s- 0%- neE- 0z- 01-

(wdd) 74
0

ot 0z

60+32~

BE' D

980N

0t 0s na 0L 0g
| 1 1 1 L
1l
HO HO
HO
WL NL g O L 5. o g
/ﬁ\\ \v o c_,,,_.o\zf\w ~d /.\/_l_\v
A (I
HN ~N HC Pan
0



P [y P P P P P P [y P [ [y P [y [y P w g
= = = = = = = = = = = = = = = = = +
+ + + T T + T T + T + + + + + + + ]
L L L L L L L L L L L L L L L (AN} L T}
== [=5) =) [ =] =] =] [Fs) =+ =+ =+ m [ [l [N — [Ty] = [}

1 | 1 1 | 1 1 1 1 1 1 1 | l 1 L | 1 1 1 L

o

e =00

_— =957

— 65T

vz

_— 602

- a0’z

566

— =Tz

8z'1

— 0Tt

_ a1t

60T

E0T

— —= =10t

P— —— I

— - s Feaet

- -—3  E880

CH OH

T3

=0a'0

10

11

12

13

14

1H NMR spectrum of compound T3 (600 MHz, D,0)

S62



€9S

(0*a ‘ZHN TST) €1 punodwod Jo wn.12ads YIAIN Jer

(wdd) 13
01- 0 0t 0z if 0+ 0s 09 0 08 06 00T OIT 02T OET  O#T  OST 09T 0T 0BT 06T D00Z OIZ
| 1 | 1 1 L 1 | 1 | | 1 | 1 | 1 1 L 1 | 1 | |
80+3T
0 mbemrimisair .__._»J el lﬂiir._._lﬂ iy ._...i.lJ-tl; oty g s s
|
80+31 _
1
I
80+37- |
|
1
80+3£-
1!
80+3b-
80+36 £l
80+39
HO  HO o
_._o /
i a.
g 0 Z —
HN N _._zom)\l 00 S
80+3£+ /1\ _ z/ __,_—D\J\ k! /H
] LNp 4 v
__
!
80+38- a
80+36- | AN | eSS N | L THIN
= FROME LIS EESEESId BOE = EREEEEEEOOR
=3 D B Wkbbkbrizionaild RiuE - SoLubohunns




¥79S

Doeg-

0ST-

(0%Q ‘ZHIN TZT) €1 punodwiod jo wnudads YIAIN dre

(wdd) 14
0 0g 00T 0sT

noe

B0+3T

BO+3T+

80+37

B0+3E

B0+3t—

B0+35+

B0+39—

B0+3/

B0+38+

B80+36+

60+3T+

60+31+

60+3T+

60+3T+

60+31-

N

GE' 0
6T



S9S

AOND ‘ZHIN Oowv L _UCJOQF_OU jo winJyoads HIAIN Ht

(wdd) 14
T- 0 1 T £ t S 9 £ 8 ] 0T 1T [4s £T
1 1 1 1 L | 1 1 I I 1 l I L l

W om mmma e - o o
90+36-+ 2 B8 ¥hoNRBEE g 28 B

b SN ] bA

0+ r }
90+35+ _ _
| | !
|

£0+3TH
L0432
L0+3E~

1
£0+32+
£0+3E4
L0+3b~
L0043+
L0043k
L0435+

4 _ __ _7_ ;. ___ _ _—_
£0+30- | _ e _ 7 ¥l
£0+39+ ﬁ _
£0+30- _
_

L0434+
£0+387 N BZZaszoiuRizpRea 3B =2 &



99S

(0%a “ZHIN TST) #L punodwod 4o Win33ds YIAIN et

(wdd) 74
0t1- ] 0t 0z i} o+ 0s ne 0L ng 06 gor o OTT 0T OET OPT OST 09T 04T 0BT 06T 00T OTE

80+3p

B0+32-+

80+32- |

BO+3t~ [

B0+39+

B0+38+

60+3T+

60+3T~

60+3T+

60+37—

¥l

60+32+ Ho HO

LYY af I ‘\Vuk %
60+37- xﬁm N, o Iio ™" T s

60+32- o .

60+32+

85 b1 —
06' b2,
08z
ss'zz>
Hba—
Fiig:
¥a'99
a4 s
2804
16 0s
50 0/
5¢ t.cffr
B8 kL
9 b8
n 53}
[

o
ra
ivner—

0 0L

60+3E+

DE0ST~,_

051 =—
FPISIT—
EEBET =
PLBET—
ESIFT~——
BONEST
BEZEST
£1'551



L9S

(0%a “ZHN TZT) vL punodwod Jo WnJ33ds YIAIN dre

(wdd) 74
0g- 0L- 09 0s- 0%- ne- 0z- 01- ] 0t 0z i} o 0s 0e 0L k] 06 0ot 07T 0zt

B0+3T-—

BO0+3TH

BO0+3T+

BO+3E+

80+3b-
80+36-
80+30-
80+3/-
80+38-
80+36-
60+3T- w1l

60+3T+ HO HO

BN, K al Wuk o
60+3T+ /_\..\\ M O\__ﬂ P S ™y S..

0 bl b A\
60+3T+ /:\ M N
60+3T

60+32~

'

B GT

60+32+



25000

~20000

15000

+10000

~5000
-0

NS
NS
ET'T
ET'TH
+1'T
511+
511
EINE
PETH
SE'TH
LE'TH
9F' 19
LT

s
ar'1
ar'1
05t
05t
151
151
Z5'1
EST
EST
51
51
a9t
a9t
69T
ETE
ETE
PEE
SEE
SEE
9L
152
ESE
5T
59'E
99z
9T
LI
95 E
96'E
LT
LT
LT
85'Z
852
6EE
POE
SOE
Leed
8E5+4
649
6494
0894
1394
914
fav's
fa's
favs
LIS
274
214
i
LTS
9z
fols
LTE
LTE
i
s
Sb's
s
£5
£5
+5L
5 e

557

NH;
»

MMTrHN,,

OMe

17

£ne
LET

E:ssz
160

Foet
680
=9E1
560
Pi0

-00E
Esoe

=007

102
E-bbb
w10
=0T

6
f1 (ppm)

12 11 10

13

1H NMR spectrum of compound 17 (600 MHz, CDCls)

S68



69S

(€12QD ‘ZHIA TST) LT punodwod Jo wnu3d3ds YIAIN et

(wdd) 13
] ot 0z g oF 0% 09 0z 08 06 00T OIT 02T OET  OFT  OST 09T  OZT 08T 06T 002 0Tz 0T
1 1 1 | | | | 1 1 1 1 1 1 | | | | 1 1 1 1 1 1
005
(1 et ey - ’ ™ ¥ ' _ _
. I i i
I 1
005 P [ |
| !
0007+
0051+
000z
005z
000ES
LT
a0
005E
) O
5 NHALI
0004 EHN
{440 sy b Loty oA L
raoa goEs = 2 5 EERBE B 23§ o
005+ - gk S i | = = MEam i o= = &



~10000

9000

+B8000

~7000

~G000

~5000

4000

3000

~2000

~1000

-0

—-1000

tik

irs
615
Zz's
¥Z'5
089
189
T
aTe
6TL
PTE
52£]
s
8z
zee
PE
SE4-
Five
8g/-
T4
T
i
1544
1544
7544

L
iy

)

Y,

MMTrHN,

|

18

MR TR

SRy

Ere
ErT
8T'E
e
Ere

ore
2wz

9 g
AT

LE0
e

are

EFLT

10

11

12

13

14

15

16

17

f1 (ppm)

1H NMR spectrum of compound 18 (300 MHz, CDCls)

S70



TLS

(€12@D ‘ZHIA TST) 8T punodwod Jo WnJ33ds YIAIN et

(wdd) 74
] 0T 0z i} 0¥ 0s 09 0L 0g 06 ooT 0OTT 0ET OET OFT  OST 09T OLT 0BT 06T O0EZ OTE OEE

000T-+

0- .

| __ |
0007

I I
0007+ P ! _
|

00DE-
0004
000G
0009

0004+

0008

0006+

0000T+

000TT+

00027~

000ETH EL

000tT w N,

000ST+ N ﬂ.u

4 "

00097 : NH
yﬂl

000£T—

00081+

§

5P 9ET~——
EFBET—

E9 b~ _
09 £2~,_
55 DE~,_
Pl
0¢gg~"
15 s
B 65—
62 09—
' 99—
55 04—

0006T+

89957~
1orasi—"

JEETT—
BE9ZT
ELgETa
nZ8
LEBT
85821
9961
85 9b1
0£ 961
SEEL



= =1 = = = =
=] = = =] =] = = =] = = =] [ =] [=1 =]
= = (= = = [==] (=) = [==] (= = (= = =1 =1
o o~ — = = = = = = = = = = = =
~ ~ ~ ~ (=] [#5] [ =] "5 -+ m ™~ ~ 1 ]
1 1 1 1 1 i | 1 1 1 1 1 1 1 1 1 1 |
£
£+
P01
907
811
0Z14
BET
0T |.
91 —_—
Tk — IK 0zl
A T ETE
BO0°E == E: S8l
BI'T ot
e . E BT
172 = k 6 0
ESE T 8T
S5'E L 7 w0
483
n's-\
S — o
£9'E
5:5% EE— £ G6'E
SEt = ~ P ozoe
G2
110
) — 8e'l
= z
= :
o ) th a0
T
97 5— S F v20
086 ~ PE0
{89
629
5T
9T )
aré B st
£z )
PTE -_— ”EUZ_;
f:Tas B —
BES B - ogrg
e
[
05
L
=
(o] o
=t
(EL
ZT
oﬁ/ E
3 (=3}
= Ll
T

e,

MMTrHN

7
f1 (ppm)

13 12 11 10

14

1H NMR spectrum of compound 19 (500 MHz, CDCls)

S72



s} [Ts) [s] [s] [Te) [Te) [Ts] [Ts] 2] = = = = =
[==] (=] = = = = = = =
+ T ¥ ¥ + + + + ¥ = = = = =2
L L L L L L L L Lw = = = = i~
M ] ™ ™ ] ] — — — [¥=] =] =+ (] (=] 1
1 1 1 | 1 i 1 1 1 1 1 i | | 1 1 1 1
B0 9~ e}
51 BE~_ _
£V ZE~_ _
05 bE~,_
N ——
g SE——
15 5b— —
sa'zv_’f’,. ]
Al _
88" 25"
19' 95— _—_—
85’ B I
29— —_
E0 26— ——
—
PP —
58421
85821
0£8e
Tl B
(-4
4T = —=
0rnes
1Z1Er
96 BET~_
B 0P~ B
808k L
bZ'EH} o g
=t
o
9 BT~ ( -
SE 09T —
ZT
o =
2
=
I.l N m
b G4T— | —
S
I
=
=
=

1380 170 160 150 140 130 120 110 100 an 80 70 60 50 40 30 20 10
f1 (ppm)

190

13C NMR spectrum of compound 19 (126 MHz, CDCls)

S73



{3400
-3200

~3000

2800

~2600

~2400

2200
~2000
1800
1600
1400
1200
1000
800
&0
~400
~200
=200

GT"4
b
A
A
2EL
bE L
SE
LB L
8874
e
[
LS
9L
258

SP0T—

Ph

o
HN'*Q;er\

n[:j;i>~

MMTrHN,

A

OH

P T
SE'T
SE'E
TEE
0z

G by

LT W'Y N

i

2

15E

20

)

1H NMR spectrum of compound 20 (500 MHz, CDCls)

I

ot

ot

= |
£ ot

I— FELT

EC'T

7
f1 (ppm)

13 12 11 10

14

S74



SLS

01-

0T

(174

ne

0¥

(€12@D ‘ZHIN 9¢T) 0 Punodwod Jo WNJ3I3ds YIAIN et

(wdd) 74
0% 09 0s 08 06

oot 01T 0zt 0ET

0+T

0sT 0ot 04T ner

06T

0000T-+

00007+

0000E+

D000E+

0000%-

00005

00009+

000044

00008+

00006+

C0+3T+

SO+3TH

SO0+3TH

S0+3T+

S0+3TH

C0+3E+

SO+32+

SO+32+

S0+3Z4

9 5I—

£0 BE—

94 DE—=

T0EE=—"

£0'9E-—

9 p—
a1 55—
£8'85~_
SE 09—
£8'99—
£5 0L
159E1—
BF'8ET—

PEETT—
SE'9ET
ZO'BET
F1TEET
gEsdl
L5981
2961

—p
_

0¢
HO

“NHALINA

>

2498~
B

E9'9pT
54961
ELBL



12000

11000
10000

~2000

8000

~7000

-6000

~5000

~4000

~3000

~2000

~1000

+-1000

iT'Te
2114
[ANE
11
1
EF T
ar'1
o1
051
L0
202
12y
212
ET'24
ET'E
PI'E
[
05g
05g
052
152
S5E
952
ZTE
ZTE
ET'E
ET'E
SEE
ZOE
ZLE
ZEF
ECt
PEE
EEF
PER
9EE
LE
EE'S
565
£59
859
659
E89
E89
LR
39
Ay
Ay
6T
0z
EC{
i
i
524
LTS
LTS
9z
fs
8z
0E's
nE'L
TEL
TEL
ZEL
ZEf
£E4
P
SEL
SE'Y
9E'f
9E's
LEE
Sb'4
s
LY
a4
a4
£
e

SRS LS SRS A AR &Y

MMTIHN,,

-—

OH

ETT
9zt
are
art
T
T
are

PR R

1

950

i
ooy

)

oo
a0 T
LO0°T

N

F =20

6
f1 (ppm)

13 12 11 10

14

IH NMR spectrum of compound 21 (600 MHz, DMSO-dg)

S76



LLS

(9p-OSINIA ‘ZHIA TST) TZ Punodwod Jo wnu323ds YIAIN Jgr

(wdd) 74
0 0T 0z i} or 0s 0o 0L k] 06 00T 0TT DET OET OFT  0ST 0eT 04T 08T 06T 002 0TZ 0EE

000Z—

D00T-+

000Z+ I

DQDNH | V L A. | _ _ __

D00E+

D004

000S+

0008
000+
0008
0006+

00007+

00077+
000ET

Te

000ET

000+ T+

000ST+

8]
2]

00097 0y )
N T NHILAn

000£T+ VN\\_L_.I

00081 o

0006T+

§

E9BET—

>

19 b2~
PE LT
26 0E~,
22 ZE—
09 gE~"
0 Eb—
65—
80 55—
58'95~"
59' 09—
S0 0L—

0000Z-

oozt
26921
[
LEBTY
ZE'8LT
09621
o TE—
0Tébl
BTEbT
ETEST~
a851—"
A ral



23000
22000

21000

20000

19000
18000
+17000
16000
~13000
14000

13000

12000

~11000

10000

9000

8000

7000

+6000

5000

~4000

3000

~2000

1000

--1000
~-2000

111
ET'TA
RS
511
0Z'14
7T
EET
52T
ZET

vatl
PET]
9T
LETH
a1
o'l
951
£5T
651
LBT
66'T
no'e
A
il
ZE'E
o' E
05'¢e
05'¢
05'¢
a0'E
G0'E
GO'E
ET'E
ST'E
ar'e
iTE
GT'E
SE'E
9E'E
LEE
8E'E
GEE
oF'E
ZV'E
iFE
Br'E
6F'E
ZLE
90
L0
80+
60+
65+
09+
19
ET'5
91'5
725
52'51
165
£8'0
589
ig94
fa¥'s
[A¥s
0z
97"/
fa's
6T
1€
zE'
P
9E's
2E'7
BEY
£t
e
08
1ad
g8

—_

£

—TT
o

0
)Lof\ph
HN 0
MMTrHN.....O"‘
s

22

oy
(3
o
F oae
= 980

P

660 |
60

7
f1 (ppm)

13 12 11 10

14

IH NMR spectrum of compound 22 (500 MHz, DMSO-dg)

S78



F1E+05

~90000

80000

~70000

60000

50000

~40000

~30000

20000
10000

ESETT—
59971
EBLET
a1zt
8E'8I1
SH'8Z1
¥ s
9461
06 LET~_
b6'BET—"

TFLFT
2P :>'

FEST~
86 ST~

LFTLT—

0
v
N O 0
MMTrHN.....O"‘
s

H

22

Ll o

L

S

i

210 200 190 180 170 180 150 140 130 120f1[;n )100 a0 80 70 60 50 40 30 20 10
1 (ppm

220

13C NMR spectrum of compound 22 (126 MHz, DMSO-dg)

S79



28000

-26000

24000
22000
~20000
18000

~16000

14000

~12000

~10000

~8000

6000

=4000

2000

—-2000

GE'TH
0F14
14
9% 1
LT
BE'T
0o
T0E
502
90'Z
LEES
952
S5T'E
9T E
LTE
8T'E
LE'E
BE'E
GE'E
0F'E
0F'E
TFE
iFE
8FE
8FE
G E
GFE
GFE
GF'E
05'E
15E

2LE
£l
Fit
e
EEY
LB
8E'y
L5
85k
Ba'b

0&'S

265

59

559

959

£89

£8'9

LR

LV

BT

0z

EC{
i
LTS
LTS
9z
fs
8z
0E's
nE':
TEL
TEL
ZEL
ZEf
£E4
P
PEL
SE'Y
9E'f
9E's
Sb's
Sb's
LIS
LIPS
i
i
08¢
1Eed

N
H

MMTrHN ... O
5

23

L
SE'E
TZT
FO'T

P

ar' T
L0 T
S6°0
BT T
e
A%
G698
EE'E
S0°T
a0t
Zrt
ET'T

O R T R

A oot

el

EE91
- gpp

.Er oo

ETE L

L

6
f1 (ppm)

13 12 11 10

14

IH NMR spectrum of compound 23 (600 MHz, DMSO-dg)

S80



11000

£ ST~
iz
16'0E~7

a1 ZE'/-

9" 5E

S81

~10000
~9000
8000
7000
6000
5000
4000
3000
2000
~1000
+-1000

20 10

30

0 EP—
85 =

BO'S5-,_
98 95—
0 D9~ _
69'09~"
bE 69
5969
1869
e 69
06’ 59
5004
s

EEETT—

BE'9ET
59981
£E'9ET
86°LLT
A TA
FEBLT
09BET
E9BET—
A0TET—

BERT
2Tk

ETLST~
Lg8s1—"

ETELS—

40

50

60

110 100 an an 70
f1 (ppm)

120

23
190 180 170 160 150 140 130
13C NMR spectrum of compound 23 (151 MHz, DMSO-dg)

N
H

MMTrHN O
5

210 200

220




—8000

7000

6000

~5000

4000

3000

~2000

1000

ZLE
43
BLE
546
94E
8LE
6LE
08E
18€
18€
LBE
BEE
EE
fied
4i'E]
21
ET'H
ET'H
s
s
£t
b ]
8t ]
L6
66t
i1
6154
5t'54
69'54
0457
{594
52¢
9z
[T
0E's
TEY
(3%
ag'¢
25
ge'
GE'
Ty
06
164
[y

Pl

lx.-""'\\_/"\_/l'k-\.h {

b
L

Hyt ¢

-5

aH OH

B1

P S ST TR T R R Y

A S

891

s0°T
SE'T
£5°5
a1t
a1

TEZ=

10

11

12

13

14

15

f1 (ppm)

IH NMR spectrum of compound B1 (600 MHz, DMSO-dg)

S82



€8S

(9P-OSING ‘ZHIN TST) TG punodwod Jo wnu1a3ds YIAIN Jer

(wdd) 13
0T- 0 0T 0z 0g o s 04 0L 08 06 00T OTT 02T 0ET  ObT  OST 09T 04T 0BT 06T 00 OTC
1 1 | 1 1 1 L L | | 1 1 1 | | | | 1 1 | 1 1 1
005
DI
1
005 i [ i
P! b
|
0001
00ST
000z
005z
D00E
D0SE-
T4
000+ HO  Ho
4 HO e
3 g M._.. J_.. | -
Iz./—n.z.,_ \_,__, ,..o.,__&n.\f(__\g.ri\;/}.......f...\\
005+ \H ) ot ; .
HH - o NH
-, N .tf\oaﬂ\
o 9
0005
0055+ AR LV Tty £ LA AeA !
o= oo £ 0w N WO D D Do W w w o = LS SN ) oW LU o iy ] =1
wm_,so_%%ﬂ TR ekEEERE BE2 2 smsub hELe =



78S

(°P-OSINQ ‘ZHINI TZT) T8 punodwod Jo wnJ3d3ds YIAIN dre

(wdd) 74
00z- 0sT- 00T- 0s- 0 08 00T 0sT 00z

005+

000T+

00ST+

D00E

D0SZ

D00E+

D0SE

000t

D05+

0005+

LET=




~1700

1600

1500

1400
1300

1200

~1100

1000

900

~800

~700

~G00

~500

400

300

~200

100

-0

100

o
= 1800

SET
LT

EOE
S0E
L
[
05g
05z
052
152
182
LOE
LOE
iTE
a'E
6T'E
PEE
e
e
ZFE
IE
BF'E
BF'E
BFE
BF'E
05E
05E
Z5E
ESE
PEE
89°E
PLE
SEE
94E
LLE
6E
e
LBE
85E
LRE
86E
e
2k
A
ST
'k
'k
610
EEb
PEb
9E'b4
LEb
St
i
25
ES'P]
50
0¢54
1454
9E94
2E9+
959
074
0z
0zs
1241
1244
9z's
fs
LTid
227
[TA's
0g‘
s
76
£6'

a5’

OH o

B2

LR T
TFE
o't

BT E

oot
S0°T
12
BLE
LBl
'l
LE'E
ot
£t
a0t
ETT
GO T
a0t

£g'n
e
FO T

T e e i g, Y

260
oo e
FO'T
ET'T
ES'P
Zrt
G0 T

FE'T

e T R

90T |

7
f1 (ppm)

13 12 11 10

14

IH NMR spectrum of compound B2 (500 MHz, DMSO-dg)
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