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General Experimental

All reagents were obtained from commercial suppliers and used without further
purification. NMR spectra were recorded on a Bruker DRX-600 spectrometer at 300 K.
Deuterated NMR solvents were obtained from Cambridge Isotope Laboratories, Inc.,
Andover, MA, and used without further purification. Reverse Phase High Performance
Liquid Chromatography (HPLC) for analysis was performed on Hewlett Packard
HP-1100 series system with following gradient: 5 to 40% over 7 min, 40 to 100% over
25 min and then 100% over 5 min CH3CN in H,O (0.1% TFA), with the flow rate of 0.5
mL/min on a GL Sciences Inc. Inertsil-ODS-1HO, 4.6 x 150 mm column. Peak areas
were integrated with 254 nm. MALDI-FTMS experiments were performed on an
lonSpec FTMS mass spectrometer.

Experimental Procedures and Characterization

Scheme S1. Synthesis of the amine 3b
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Boc-Protected Amine 7
1) NaBH(CN)3 (446 mg, 7.10 mmol) and AcOH (812 pL, 14.2 mmol) was added

to the aldehyde 6 (580 mg, 1.42 mmol) and trans-N-Boc-1,2-diaminocyclohexane (608
mg, 2.84 mmol) in DMF (14 mL) at 0 °C.  After 24 h of stirring at 50 °C, the mixture
was quenched with aqueous solution of the saturated NH4ClI, and extracted with ethyl
acetate. The extract was washed with saturated aqueous sodium bicarbonate and brine,
dried over magnesium sulfate, filtered and concentrated in vacuo. The residue was
used for the next reaction without further purification.

2) Benzyl bromide (338 pL, 2.84 mmol) and Cs,CO3 (1.39 g, 4.26 mmol) was

added to the residue in CHsCN (14 mL) at 0 °C. After 6 h of stirring at room
temperature, the mixture was quenched with saturated aqueous NH4Cl, and extracted
with ethyl acetate. The extract was washed with saturated aqueous sodium bicarbonate
and brine, dried over magnesium sulfate, filtered and concentrated in vacuo. The
residue was purified by column chromatography on silica gel, eluting with 15% ethyl
acetate in hexane to afford ester 7 (752 mg, 1.08 mmol, 76% in 2 steps) as a colorless
oil.

'H NMR (600 MHz, CDCl3) & 7.76 (d, J = 2.4 Hz, 1H), 7.62 (d, J = 2.4 Hz, 1H), 7.38

—7.22 (m, TH), 5.32 (s, 1H), 4.29 (d, J = 13.6 Hz, 1H), 4.03 (s, 3H), 3.93 — 3.85 (m,
1H), 3.58 — 3.52 (m, 1H), 3.45 (d, J = 13.6 Hz, 1H), 3.43 — 3.35 (m, 1H), 2.48— 2.42 (m,
1H), 2.37 (td, J = 3.0, 11.4 Hz, 1H), 2.32 — 2.25 (m, 1H), 1.84 — 1.80 (m, 1H), 1.76 -
1.57 (m, 1H), 1.67 (s, 3H), 1.61 (s, 3H), 1.48 (s, 9H), 1.45 — 1.33 (m, 1H), 1.38 (s, 9H),
1.37 (s, 9H), 1.29 — 1.26 (m, 1H), 1.18 — 1.07 (m, 1H), 0.97 — 0.91 (m, 1H);

BC NMR (151 MHz, CDCl3) & 167.0, 156.4, 148.6, 147.1, 145.0, 131.7, 129.3 x 2,

129.2, 128.3, 128.1, 127.1, 126.9, 126.8, 126.5, 125.7, 120.6, 118.6, 78.8, 62.0, 53.0,
52.3, 51.8, 46.8, 35.1, 34.7, 33.6, 32.0, 31.9, 31.6, 31.4, 28.8, 25.9, 24.8, 24.0, 23.8;
HRMS (MALDI-FTMS: MH") calcd. for C4HgiN2Os™ 697.4581, found 697.4581.

Amine 3b
1) HCI gas was bubbled through a solution of the ester 7 (752 mg, 1.08 mmol) in
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ethyl acetate (11 mL) for 2 min. at 0 °C.  After being stirred at room temperature for
12 h, the mixture was concentrated in vacuo. The residue was diluted with diethyl
ether and filtered. The filtrate was dried in vavuo to afford amine 3b (526 mg, 0.83
mmol, 77%) as a white solid.

'H NMR (600 MHz, DMSO-ds, mixture of rotamers) 5 9.02 (s, 0.5H), 8.86 (s, 1H),

8.21 (d, J = 1.9 Hz, 0.5H), 7.87 — 7.65 (m, 3.5H), 7.61 (d, J = 2.1 Hz, 0.5H), 7.60 (d, J =
2.1 Hz, 0.5H), 7.44 — 7.36 (m, 2H), 7.35 (d, J = 2.1 Hz, 0.5H), 7.26 (t, J = 7.3 Hz, 2H),
7.21 (t, J = 7.2 Hz, 1H), 4.91 (d, J = 10.6 Hz, 0.5H), 4.78 (dd, J = 8.8, 12.5 Hz, 0.5H),
4.64 (dd, J = 7.9, 13.6 Hz, 0.5H), 4.29 (dd, J = 2.3, 13.0 Hz, 0.5H), 4.08 — 3.74 (m, 5H),
3.56 (d, J = 13.9 Hz, 1H), 3.27 (t, J = 9.8 Hz, 0.5H), 3.10 — 3.02 (s, 0.5H), 2.63 (td, J =
2.8, 11.1 Hz, 0.5H), 2.45 (d, J = 10.3 Hz, 0.5H), 2.20 — 2.13 (m, 0.5H), 2.07 — 1.90 (m,
1H), 1.86 — 1.80 (m, 0.5H), 1.77 — 1.50 (m, 7H), 1.50 — 1.24 (m, 19H), 1.23 — 1.09 (m,
1H), 1.09 — 0.88 (m, 2H);

3C NMR (151 MHz, DMSO-dg, mixture of rotamers) & 166.0, 165.4, 147.0, 146.4,

146.1, 145.6, 145.4, 145.2, 144.8, 139.3, 131.8, 131.2, 131.1, 130.7, 129.5, 129.4, 128.9,
128.8, 128.8, 128.5, 128.2, 127.2, 126.9, 125.5, 125.4, 125.3, 125.0, 121.1, 118.3, 117.6,
115.4, 62.6, 62.1, 59.7, 53.4, 52.4, 52.2, 52.2, 50.1, 48.0, 47.0, 40.1, 34.6, 34.4, 34.3,
343, 34.2, 32.9, 32.2, 32.1, 31.3, 31.2, 31.1, 31.1, 31.0, 30.3, 29.8, 24.7, 23.6, 23.3,
23.3,22.6, 22.4, 20.7;

HRMS (MALDI-FTMS: MH") calcd. for C3oHs3N203" 597.4055, found 597.4053.

Scheme S2.  Synthesis of amine 3a
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Boc-Protected Amine 12

1) KOH (806 mg, 14.3 mmol) was added to a solution of the ester 7 (1.00 g, 1.43
mmol) in MeOH (14 mL) at 0 °C. After 12 h of stirring at reflux, the mixture was
guenched with saturated aqueous NH4CI and extracted with ethyl acetate. The extract
was washed with brine, dried over magnesium sulfate, filtered and concentrated in
vacuo. The residue was used for the next reaction without further purification.

2) To a stirred solution of the residue in CH,Cl, (28 mL) was added Phenol (403
mg, 4.29 mmol), DCC (443 mg, 2.15 mmol) and DMAP (263 mg, 2.15 mmol) at 0 °C.
After 6 h of stirring at room temperature, the mixture was concentrated in vacuo. The
residue was purified by column chromatography on silica gel, eluting with 10% ethyl
acetate in hexane to afford semi-pure phenyl ester 8. The residue was used for the next
reaction without further purification.

3) Biguanides2HCI (979 mg, 7.15 mmol) and triethylamine (1.4 mL) was added to
the residue in EtOH (14 mL) at room temperature. After 2 days of stirring at reflux,
the mixture was concentrated in vacuo. The residue was purified by column
chromatography on silica gel, eluting with 20% acetone in CH,ClI, to afford triazine 12
(576 mg, 0.78 mmol, 54% in 3 steps) as a white solid.

'H NMR (600 MHz, DMSO-dg) & 8.31 (s, 1H), 7.52 (d, J = 2.4 Hz, 1H), 7.37 (d, J =

2.3 Hz, 1H), 7.29 — 7.22 (m, 3H), 7.20 — 7.13 (m, 3H), 6.85 — 6.65 (M, 4H), 5.45 (s, 1H),
3.97 (d, J = 13.6 Hz, 1H), 3.66 (d, J = 11.2 Hz, 1H), 3.38 — 3.32 (m, 1H), 3.25 — 3.20 (m,
1H), 3.22 (d, J = 13.6 Hz, 1H), 2.12 (td, J = 3.0, 11.4 Hz, 1H), 2.08 — 2.04 (m, 1H),
1.82-1.76 (m, 1H), 1.71 — 1.65 (m, 1H), 1.60 (s, 3H), 1.55 (s, 3H), 1.51 — 1.44 (m, 1H),
1.36 (s, 9H), 1.31 (s, 9H), 1.25 (s, 9H), 1.20 — 1.09 (m, 2H), 0.96 — 0.79 (M, 2H);

C NMR (151 MHz, DMSO-dg) & 172.3, 167.2, 155.1, 146.5, 145.9, 144.6, 144.2,

140.6, 130.4, 128.9, 128.6, 127.8, 127.0, 126.5, 126.4, 124.7, 124.5, 123.1, 120.3, 79.2,
775, 62.1, 52.5, 50.7, 46.9, 34.5, 34.2, 34.1, 33.0, 31.6, 31.4, 31.3, 28.2, 25.3, 24.3,
23.0;

HRMS (MALDI-FTMS: MH") calcd. for C4sHg2N;O3" 748.4908, found 748.4904.

Amine 3a
1) HCI gas was bubbled through a solution of the diaminotriazine 12 (250 mg,
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335 pmol) in ethyl acetate (3.4 mL) for 2 min. at 0 °C.  After 6 h of stirring at room

temperature, the mixture was concentrated in vacuo. The residue was diluted with

ethyl acetate and filtered. The filtrate was dried in vavuo to afford amine 3a (181 mg,

265 pmol, 79%) as a white solid.

'H NMR (600 MHz, DMSO-dg) & 8.88 — 8.35 (m, 4H), 7.80 (s, 1H), 7.78 (s, 1H), 7.62

— 7.58 (m, 3H), 7.58 (s, 1H), 7.38 — 7.34 (m, 2H), 7.36 (s, 1H), 7.27 — 7.20 (m, 3H),
4.89 (d, J = 11.9 Hz, 1H), 4.60 (d, J = 11.9 Hz, 1H), 3.77 = 3.72 (m, 2H), 3.40 — 3.35 (m,
1H), 3.15 — 3.05 (m, 1H), 2.49 — 2.40 (m, 1H), 2.05 — 1.98 (m, 1H), 1.80 — 1.72 (m, 2H),
1.67 (s, 3H), 1.60 (s, 3H), 1.38 — 1.33 (m, 1H), 1.34 (5, 9H), 1.30 (s, 9H), 1.23 — 1.16 (m,
1H), 1.02 — 0.91 (m, 1H), 0.89 — 0.75 (m, 1H).

BC NMR (151 MHz, DMSO-dg) & 172.0, 162.0, 145.7, 145.7, 145.3, 144.9, 138.9,

130.6, 128.9, 128.7, 128.2, 128.1, 127.9, 126.9, 125.4, 125.2, 121.2, 118.3, 79.3, 49.8,
34.5,34.4,34.3,32.8, 31.6, 31.3, 31.3, 31.1, 29.7, 24.6, 23.5, 22.3, 21.1.
HRMS (MALDI-FTMS: MH") calcd. for C4HssN;O" 648.4384, found 648.4386.

Scheme S3.  Synthesis of thymine derived thioisocyanate 4a

1) HCl gas, EA, r.t.

o 0
\fLNH _ \fLNH
o o
BocHN\) 2) SCCl,, NaHCOsag., CH,Cl,, 0 °C S=C=N\)

13 2 steps 81% 4a

Thymine Derived Thioisocyanate 4a

1) HCI gas was bubbled through a solution of the 13 (1.50 g, 5.57 mmol) in ethyl
acetate (60 mL) for 2 min. at 0 °C. After 12 h of stirring at room temperature, the
mixture was concentrated in vacuo. The residue was diluted with ethyl acetate and
filtered. The filtrate was dried in vavuo to afford amine as a white solid. The amine
was used for the next reaction without further purification.
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2) Thiophosgene (849 uL, 11.2 mmol) was added to a solution of the amine in

CH,Cl, (50 mL) and saturated aqueous sodium bicarbonate (5 mL) at 0 °C. After 6 h
of stirring at same temperature, the mixture was quenched with saturated aqueous
NH,4CI and extracted with ethyl acetate. The extract was washed with brine, dried over
magnesium sulfate, filtered and concentrated in vacuo. The residue was purified by
column chromatography on silica gel, eluting with 3% methanol in CHCl, to afford
thioisocyanate 4a (952 mg, 4.51 mmol, 81% in 2 steps) as a pale yellow solid.

'H NMR (600 MHz, DMSO-dg) & 11.40 (s, 1H), 7.56 (s, 1H), 3.99 — 3.88 (m, 4H),
1.76 (s, 3H).
3C NMR (151 MHz, DMSO-d) & 164.2, 150.8, 141.2, 129.8, 108.8, 46.4, 43.7, 11.9.

HRMS (MALDI-FTMS: MH") calcd. for CgH10N30,S™ 212.0488, found 212.0485.

Scheme S4. Synthesis of thymine derived thioisocyanate 4b

1) HCl gas, EA, r.t.

] 1) Mel, K,CO3, DMF Q 2) SCCl,, NaHCOsaq. ?

| r rt., 81% \ELIVIe CH,Cl,, 0°C \fl\j‘l:"e

N0 —_ > N0 —_— > N0
BocHN._J BocHN,_J 2 steps 56% s=c=N_J
13 14 4b

Thymine Derived Boc-Protected Amine 14

1) Methyl iodide (691 mL, 11.2 mmol) and K,CO3 (2.31 g, 16.7 mmol) was added
to a solution of 13 (1.50 g, 5.57 mmol) in DMF (60 mL) at 0 °C.  After 6 h of stirring
at room temperature, the mixture was quenched with 1M HCI and extracted with ethyl
acetate. The extract was washed with saturated aqueous sodium bicarbonate, H,O and
brine, dried over magnesium sulfate, filtered and concentrated in vacuo. The residue
was purified by column chromatography on silica gel, eluting with 2% methanol in
chloroform to afford 14 (1.28 g, 4.51 mmol, 81%) as pale yellow oil.
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'H NMR (600 MHz, CDCls) & 6.93 (s, 1H), 5.17 (s, 1H), 3.80 (t, J = 5.7 Hz, 2H), 3.36
—3.29 (M, 2H), 3.26 (s, 3H), 2.13 — 2.07 (m, 1H), 1.84 (s, 3H), 1.34 (s, 9H).
3C NMR (151 MHz, CDCl3) & 162.7, 156.2, 151.9, 139.2, 109.4, 79.8, 49.1, 39.4,

28.4,28.0, 13.1.
HRMS (MALDI-FTMS: MH") calcd. for C13H,,N304" 284.1605, found 284.1602.

Thymine Derived Thioisocyanate 4b

1) HCI gas was bubbled through a solution of 14 (1.28 g, 4.51 mmol) in ethyl
acetate (45 mL) for 2 min. at 0 °C. After 10 h of stirring at room temperature, the
mixture was concentrated in vacuo. The residue was used for the next reaction without
further purification.

2) Thiophosgene (688 pL, 9.02 mmol) was added to a solution of the residue in

CH,CI, (50 mL) and saturated aqueous sodium bicarbonate (5 mL) at 0 °C. After 6 h
of stirring at same temperature, the mixture was quenched with saturated aqueous
NH,4CI and extracted with ethyl acetate. The extract was washed with brine, dried over
magnesium sulfate, filtered and concentrated in vacuo. The residue was purified by
column chromatography on silica gel, eluting with 1% methanol in CH,ClI, to afford
thioisocyanate 4b (568 mg, 2.52 mmol, 56% in 2 steps) as a pale yellow solid.

'H NMR (600 MHz, DMSO-dg) & 7.63 (s, 1H), 4.01 (t, J = 5.8 Hz, 2H), 3.95 (t, J =
5.8 Hz, 2H), 3.19 (s, 3H), 1.82 (s, 3H).
3C NMR (151 MHz, DMSO-dg) & 164.1, 151.9, 140.6, 130.8, 108.7, 48.4, 44.6, 28.4,

13.4.
HRMS (MALDI-FTMS: MH") calcd. for CgH1,N30,S™ 226.0645, found 226.0648.
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General procedure for coupling reaction of amine 3a or 3b with thymine derived
thioisocyanate 4a or 4b:

Thymine derived thioisocyanate 4a or 4b (1.2 equiv.) was treated with a
solution of amine 3a or 3b (1.0 equiv.) in CH.Cl; (7.6 mM) and triethylamine (0.4 mM)
at -78 °C in an acetone dry ice bath. After 24 h of stirring at -78 °C, the reaction
mixture was concentrated in vacuo. The residue was purified by column
chromatography on silica gel, eluting with 20% acetone in chloroform to afford the
thiourea.

Scheme S5.  Coupling reaction of amine 3a and thymine derived thioisocyanate 4a

t-Bu t-Bu
NH, NH,
N—¢ N—¢
N=<N S=C=N O)—NH N=
N—n =0

NH NH
2 o) 2

. S
4a: 1.2 equiv. H O,
BnN,, NH; q BNN,, N*Nx $—NH
y, y, H N__ =0
“ O e O =

EtsN : CH,Cl, =5: 100
. -78°C
3a: 1.0 equiv. 2a: 92%

Thiourea 2a
'H NMR (600 MHz, DMSO-dg) & 7.70 (d, J = 2.4 Hz, 1H), 7.58 (d, J = 2.4 Hz, 1H),

7.35 - 7.26 (m, 3H), 7.25 — 7.18 (m, 3H), 7.13 (t, J = 7.3 Hz, 1H), 7.03 (s, 1H), 6.60 —
6.48 (M, 2H), 4.06 — 3.90 (m, 3H), 3.94 (s, 3H), 3.91 — 3.68 (m, 4H), 3.72 (d, J = 13.9
Hz, 1H), 3.60 (d, J = 13.7 Hz, 1H), 3.27 (s, 3H), 2.56 (t, J = 9.8 Hz, 1H), 2.25 (s, 1H),
2.06 (d, J = 9.9 Hz, 1H), 1.85 — 1.73 (m, 1H), 1.79 (s, 3H), 1.73 — 1.65 (m, 1H), 1.58 (s,
6H), 1.51 — 1.38 (m, 1H), 1.38 — 1.16 (m, 1H), 1.32 (s, 9H), 1.30 (s, 9H), 1.14 — 1.01 (m,
1H), 1.02 - 0.90 (m, 1H).

C NMR (151 MHz, DMSO-dg) & 182.4, 167.4, 164.2, 152.7, 149.1, 147.3, 146.4,

145.4, 141.0, 139.2, 132.2, 129.5, 129.3, 128.6, 127.4, 127.2, 127.0, 126.6, 126.6, 120.9,
118.3, 110.3, 62.8, 55.5, 53.4, 52.6, 48.7, 44.2, 35.3, 35.0, 34.9, 33.5, 32.00, 31.9, 31.8,
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31.7, 30.1, 28.3, 26.0, 25.1, 14.5, 13.3.
HRMS (MALD'-FTMS: MH+) calcd. for C48H63N10038+ 859.4805, found 859.4792.

Scheme S6. Coupling reaction of amine 3a and thymine derived thioisocyanate 4b

NH NH
N—¢ | 2 ‘N_sz

Q N
N= =C=N S>—NM N=
NH, SECENT TS S NH,

4b : 1.2 equiv.

BNN,, __NH, BNN,,
W — W

EtsN : CH,Cl, = 5: 100
) -78°C
3a: 1.0 equiv. 2b : 96%

S
H ] O,
N »—NM
N HxN_ eo

Thiourea 2b
'H NMR (600 MHz, DMSO-dg) 6 11.25 (s, 1H), 7.69 (d, J = 2.1 Hz, 1H), 7.67 — 7.61

(m, 1H), 7.59 (d, J = 2.1 Hz, 1H), 7.38 (s, 1H), 7.30 — 7.24 (m, 3H), 7.20 — 7.13 (m, 4H),
6.83 (s, 1H), 4.05 — 3.88 (m, 1H), 3.93 (s, 3H), 3.86 — 3.77 (M, 1H), 3.76 — 3.69 (s, 2H),
3.65 — 3.45 (m, 3H), 3.32 (s, 2H), 2.56 — 2.46 (m, 1H), 2.16 — 2.00 (m, 2H), 1.76 — 1.69
(m, 1H), 1.63(s, 3H), 1.62 — 1.57 (m, 1H), 1.59 (s, 3H), 1.53 (s, 3H), 1.30 (s, 9H), 1.29
—1.15 (m, 2H), 1.28 (s, 9H), 1.10 — 0.85 (m, 2H).

BC NMR (151 MHz, DMSO-ds) & 166.4, 164.3, 151.0, 146.9, 1455, 145.2, 144.6,

141.5, 140.0, 131.1, 128.4, 128.2, 128.0, 127.0, 126.5, 126.3, 125.6, 125.2, 120.5, 118.4,
108.1, 62.3,52.9, 52.3, 46.9, 46.1, 42.2, 40.1, 34.3, 34.2, 32.9, 32.3 31.3, 31.2, 31.1,
25.1,24.5,11.8.

HRMS (MALDI-FTMS: MH") calcd. for C4HgsN1003S™ 873.4961, found 873.4950.
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Scheme S7. Coupling reaction of amine 3b and thymine derived thioisocyanate 4a
was done as described above.

t-Bu t-Bu

OMe S=C=N S NH OMe
N—n o
o = o

4a: 1.2 equiv.

BNN.,___,NH,
WS — W

EtN : CH,oCl, = 5 : 100
) -78°C
3b: 1.0 equiv. 5:93%

s
R Q
N——N—___ —NH

H N o

Thiourea 5
'H NMR (600 MHz, DMSO-dg) & 11.24 (s, 1H), 7.64 - 7.57 (m, 1H), 7.51 (d, J = 2.2

Hz, 1H), 7.42 (d, J = 2.2 Hz, 1H), 7.35 — 7.27 (m, 1H), 7.24 (d, J = 2.2 Hz, 1H), 7.23 -
7.11 (m, 6H), 6.93 — 6.74 (M, 4H), 6.59 (s, 1H), 3.83 — 3.77 (m, 1H), 3.81 (d, J = 12.9
Hz, 1H), 3.77 - 3.68 (m, 2H), 3.62 — 3.43 (m, 2H), 3.38 — 3.32 (m, 2H), 3.21 (d, J =
14.1 Hz, 1H), 2.31 — 2.21 (m, 1H), 2.07 — 2.01 (m, 1H) 1.95 — 1.89 (m, 1H), 1.81 — 1.70
(m, 1H), 1.62 (s, 6H), 1.54 — 1.47 (m, 1H), 1.50 (s, 3H), 1.30 (s, 9H), 1.27 (s, 9H), 1.24
~1.13 (m, 2H), 0.95 — 0.80 (M, 2H).

C NMR (151 MHz, DMSO-dg) & 173.3, 168.1, 165.3, 151.9, 147.5, 146.9, 145.6,

145.1, 142.4, 141.0, 131.4, 129.6, 129.3, 128.8, 128.0, 127.3, 127.1, 126.8, 125.1, 123.8,
121.0, 120.9, 109.0, 63.0, 54.2, 53.5, 47.8, 46.4, 43.2, 35.4, 35.1, 35.1, 33.7, 33.2, 32.3,
32.2, 30.9, 26.0, 25.5, 23.7, 12.7.

HRMS (MALDI-FTMS: MH") calcd. for C4gHesNs0sS™ 822.4628, found 822.4620.
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Scheme S8. Coupling reaction of amine 3b and thymine derived thioisocyanate 4b
was done as described above.

t-Bu t-Bu

(0] O

OMe S=C=N O>—NMe OMe

N—n o
o] =<= o]
. S
1. . H [e)
BnN,, NH, 4b: 1.2 equiv BnN,, NJ\Nx $S—NMe
3 y H N__~O
t-BU C; —> s O =
EtN : CH,oCl, = 5 : 100
) -78°C
3b: 1.0 equiv. 15: 95%
Thiourea 15

'H NMR (600 MHz, CDCl3) & 7.63 — 7.54 (s, 1H), 7.50 (s, 1H), 7.34 (s, 1H), 7.33 —

7.29 (m, 1H), 7.28 — 7.01 (m, 7H), 6.94 — 6.73 (s, 4H), 6.60 (s, 1H), 3.92 — 3.76 (m, 4H),
3.60 — 3.52 (m, 1H), 3.46 (d, J = 12.4 Hz, 1H), 3.40 — 3.32 (s, 2H), 3.21 (d, J = 14.1 Hz,
1H), 3.15 (s, 3H), 2.30 — 2.22 (s, 1H), 2.10 — 1.97 (m, 1H), 1.97 — 1.88 (m, 1H), 1.82 -
1.71 (m, 1H), 1.69 (s, 3H), 1.62 (s, 3H), 1.59 — 1.51 (m, 1H), 1.50 (s, 3H), 1.30 (s, 9H),
1.26 (s, 9H), 1.22 — 1.09 (m, 2H), 0.98 — 0.76 (m, 2H).

C NMR (151 MHz, CDCls) & 172.4,167.2, 163.4, 151.1, 146.6, 146.0, 144.7, 144.2,

140.1, 139.9, 130.6, 128.7, 128.4, 127.9, 127.1, 126.4, 126.2, 125.9, 124.2, 122.9, 120.1,
107.2, 62.1, 53.3, 52.6, 48.1, 45.5, 42.2, 40.1, 34.4, 34.2, 34.2, 32.8, 32.3, 31.4, 31.3,
30.0,27.4,25.1, 24.6, 22.9, 12.5.

HRMS (MALDI-FTMS: MH") calcd. for C47Hg;NsOsS* 808.4471, found 808.4470.
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General procedure of competition studies for coupling reaction of amine 3a or 3b
with thymine derived thioisocyanates 4a and 4b

Thymine derived thioisocyanates 4a and 4b (8.0 mM) were mixed with a solution
of amine 3a or 3b (8.0 mM) in EtsN/CH,Cl, (5/95) at -78 °C as described above.
After 24 h of stirring at -78 °C, the mixture was analyzed by HPLC using the peak areas
[254 nm].

Scheme S9. Coupling reaction of amine 3a and thymine derived thioisocyanates 4a
and 4b was done as described above.

N
=
o Nh, 2a
t-Bu » S-C-NLN,:NH o y s o
2 ,ll.
N_‘N 4a:8.0mM BN, __ N HxN’:NH lo]
N-<NH t-BU \_<=
2 Q
=C=| —
S=CoN—_ >-Nie,
t-Bu
BnN,  _NH, ab: 8.0 mM L
t-BU —_— N
C; N_<NH 2b
Et3N : CH,Cl, =5: 100 2
3a:8.0mM -78°C b S
o)
) BN, NN >—NM
Yield of 2a + 2b (%) = 91 ni, HxN=<'eo
Ratio (2a:2b=68:32) 'BY

Scheme S10. Coupling reaction of amine 3b and thymine derived thioisocyanates 4a

and 4b was done as described above.

O
OMe 5
S=C=N O’—NH P
==
t-Bu N—N o ys o
O JL
4a:8.0 mM BnN N ”xN’;’%O
OMe o t-Bu
o) =C=|
S=C=N—\ N)—NMeO
t-Bu
BnNy_«NH; 4b : 8.0 mM o]
e
EtgN : CH,Cl, =5 : 100 o
3b:8.0mM -78°C - o
. BnN ,NJLN >—NM
Yield of 5+ 16 (%) = 91% " \ H N—N_ =0

Ratio (5 : 16 = 45 :55)

Calke’
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General procedure of competition studies in the presence of thiourea 2a for

coupling reaction of amine 3a with thymine derived thioisocyanates 4a and 4b

A solution of amine 3a (8.0 mM) and thymine derived thioisocyanates 4a and 4b
(8.0 mM) in EtsN/CH,CI, (5/95) was treated with thiourea 2a (2.0 mM or 4.0 mM) at
-78 °C.  After 24 h of stirring at -78 °C, the mixture was analyzed by HPLC using the
peak areas [254 nm].

Scheme S11.

and 4b in the presence of 25% thiourea 2a

Coupling reaction of amine 3a and thymine derived thioisocyanates 4a

25% 2a

N—(EHZ
o Q N=¢ 2a
S=C NLNtNH o NH,
t-B H S|| o)
-BuU
4a: 8.0 mM N: »—NH
,N—ssz . BN NN o
N= o e
2 S-C-NLNtNMeO
t-Bu NH
BAN NH, 4b : 8.0 MM N— 2
t-Bu Z:; 3 NN, 2b
EtsN : CH,Cl, = 5 : 100 by S o
3a:8.0mM -78°C BnN NJ\N—L $—NMe
Yield of 2a + 2b (%) = 94% B

Ratio (2a: 2b =74 : 26)

Scheme S12. Coupling reaction of amine 3a and thymine derived thioisocyanate 4a

and 4b in the presence of 50% thiourea 2a

50% 2a t-Bu
’ o) N— T2
S=C=N: $—NH °N
N—nN o N=( 2a
NH,
4a:8.0mM S
H o)
BAN NN $—NH
HxN (o]
t-Bu \=€
N—¢ H2 S=C=N O—nme vB Z:;
g LN O
N=¢ —
5 NH; t-Bu,
NH
N—¢ 2
4b : 8.0 mM N—<N
BnN NH, NH, 2b
o R O
S
EtsN : CH,Cl, =5 100 H o)
789C BnN N HxNﬁ:NMeo
3a:8.0mM tBu <

Yield of 2a + 2b (%) = 92%
Ratio (2a: 2b =74 : 26)
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General procedure of competition studies in the presence of thiourea 2a for
coupling reaction of amine 3a with thymine derived thioisocyanates 4a and 4b
utilizing high dilution condition

Thymine derived thioisocyanates 4a and 4b (8.0 mM) were added very slowly to
a solution of amine 3a (8.0 mM) and thiourea 2a (2.0 mM or 4.0 mM) in EtsN/CH,Cl,
(5/95) at -78 °C over 6 h.  After 24 h of stirring at -78 °C, the mixture was analyzed by
HPLC using the peak areas [254 nm].

Scheme S13. Coupling reactions of amine 3a and thymine derived thioisocyanates 4a
and 4b in the presence of 25% thiourea 2a under high dilution

0 t-Bu,
25% 2a NH,
N—
0 N=¢
S=C=N —NH 2a
LN =0 o) NH,
s
t-Bu, H

NH, 4a:8.0mM BnN
H N o
E:{N t-Bu D =<=

0,
NH; =C=N »—NM
S=C=N—\ N eo
t-Bu
BAN__ NHp 4b:8.0mM N
t-BU N=<NH2 2b
—_—
0
EtsN : CH,Cl, = 5: 100 LS o
3a:8.0mM -78°C BAN NJI\HxNFNMeO

Yield of 2a + 2b (%) = 95% 'BY Z:;

Ratio (2a: 2b =90 : 10)

Scheme S14. Coupling reactions of amine 3a and thymine derived thioisocyanates 4a
and 4b in the presence of 50% thiourea 2a under high dilution.

50% 2a t-Bu
NH
N 2
e O, N=< 2a
S=CaN—_ NH 5 NH,
t-Bu H S|| O,
i . BnN N N S—NH
N—sNHZ 4a:8.0 mM N N—N o
N t-Bu
N=<NH o)_
2 s=C=N NM
™—_ =0
t-Bu
NH,
BN NH, 4b:8.0mM Ny
t-Bu NN, 2b
é

Et3gN : CH,Cl, =5: 100 H S o
3a: 8.0 mM -78°C JLN NM
BnN N HxN): e

¢}
Yield of 2a + 2b (%) = 87% "B C;
Ratio (H: Me =92 : 8)
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General procedure for Organocatalytic Hydride Reduction

The trans-p-nitrostyrene 16 (1.0 equiv.) was added to a solution of thiourea 2a

(0.5 equiv.), and Hantzch ester 17 (10.0 equiv.) in CDCl3 (5.0 mM) at 0 °C. The bath
was removed and the solution was allowed to come to room temperature. The mixture

was analyzed by *H NMR as shown in Figure S1 below.

Scheme S15. Organocatalytic Hydride Reduction

+ Cat
H

H v
» NO
mNOz Oy Hyo O)\r 2
& H
H EtOWOEI

16:1.0 eq. N 18

17 :10.0 eq.
CDCl3 (5.0 mM)

Figure S1. 'H NMR spectra of the reaction in the presence of 50% 2a
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1d
2d
3d
4d
5d
6d

Table S1.

Concentration
of 18 (50%
2a)

0.77
1.76
2.86
3.90
3.96

4.70
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Concentrations of 18 in the Organocatalytic Hydride Reduction

Concentration
of 18 (no 2a)
0.01
0.03
0.05
0.05
0.08
0.10

Concentration

of 18 (60% 3a Concentration

+50% 4b +
5eq. EtsN)
1.79
2.79
3.60
4.05
4.69

4.86

of 18 (50%
2b)
2.07
3.38
4.30
4.74
4.88
4.90

Concentration
of 18 (50%

3a)

0.24
0.27
0.32
0.43

Concentration
of 18 (50%
4a)

0.18

0.35
0.45
0.49
0.54

Concentration
of 18 (5eq.
EtsN)
0.16
0.25
0.46
0.95
1.36
1.55
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General procedure of Organocatalytic Michael addition

The trans-B-nitrostyrene 16 (1.0 equiv.) was added to a solution of thiourea 2a

(0.5 equiv.), 2,5-pentanedione 19 (5.0 equiv.) and EtsN (5 equiv) in CDCl3 (5.0 mM) at
0 °C. The bath was removed and the solution was allowed to come to room temperature.

The mixture was analyzed by *H NMR as shown in Figure S2 below.

Scheme S16. Organocatalytic Michael addition

H + Cat.

NO, > H
NO,

16 :1.0 eq. 19:5.0eq. 20

5.0 equiv. EtgN, CDCl3 (0.5 M)

Figure S2. *H NMR spectrum of the reaction, in the presence of 50% 2a

® )JJ ]
o JI«‘ | @
T “j* ot A
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Table S2. Concentrations of 20 in the Organocatalytic Michael addition

Oh
1h
3h
5h
8h
18h
20h

Concentration
of 20 (50% 2a)
0
0.724
1.377
1.731
2.52
3.97

4.481

Concentration
of 20 (no 2a)
0
0.229
0.532
0.791
1.206
2.549

3.316

Concentration
of 20 (50% 3a
+ 50% 4b)
0
0.91
1.441
1.881
2.56
4.00
4.51

Concentration
of 20 (50% 2b)
0
0.86
1.77
2.37
3.16
4.50

4.94

Concentration
of 20 (50% 3a)
0
0.383
0.745
1.078
1.466
2.392
3.099

Concentration
of 20 (50% 4a)
0
0.034
0.378
0.73
1.151
2473

3.162
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General procedure of Organocatalytic Michael addition using thiophenol

The trans-B-nitrostyrene 16 (1.0 equiv.) was added to a solution of thiourea 2a (0.2

equiv.) and thiophenol 21 (2.0 equiv.) in CD,Cl, (5.0 mM) at 0 °C. The bath was
removed and the solution was allowed to come to room temperature. The mixture was
analyzed by *H NMR as shown in Figure S3 below.

Scheme S17. Organocatalytic Michael addition using thiophenol

H + Cat. G\ s

NO, . NO,
H HS. H H H
16:1.0 eq. E > 21: 2eq.

CD,Cl, (0.5 M), 20 min

Figure S3. Organocatalytic Michael addition

20 min (4a) P ® L ‘

oA

20 min (3a) ]

20 min (no 2a)

e |

20 min (2a) ‘l *
L |
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