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I. General Information.

All commercially available organic compounds were purchased from Sigma-Aldrich,
adamas-beta and Shanghai GeorGene Biotech Co., Ltd. in China. Unless otherwise noted, all
commercial reagents and solvents were used without additional purification. The substrates 1 were
prepared according to literature methods.'! Water was purified with a Millipore Milli-Q system.
NMR spectra were recorded on Bruker AM-500 instruments. Chemical shifts are reported in o0
(ppm) referenced to TMS as an internal standard for 'H NMR and CDCl; (8 77.0) or DMSO-d; (8
39.5) for 13C NMR. High-resolution mass spectra were obtained on High-resolution mass spectra
(HRMS-ESI) were obtained on an Agilent Technologies 6230 Accurate Mass TOF LC/MS
instrument or an AB Sciex 4600 QTOF MS instrument.

All reagents and DNA headpiece HP-NH2 (5°- / Sphos / GAGTCA / iSp9 / iUniAmM / iSp9
/ TGACTCCC-3’) were obtained from commercial sources unless otherwise noted and used as
received. All on-DNA reactions were performed in 1.5 mL or 5 mL Eppendorf tubes. On-DNA
reactions in the studies of reaction condition optimization and substrate scope extension were
analyzed by UPLC-MS. Typically, samples were dissolved in an appropriate amount of distilled
and deionized water (ddH,0) and injected into a reverse-phase chromatography column (Xbridge
Oligonucleotide BEH C18 column, 1.7 um, 2.1x50 mm). The elution was carried out as
followings: 5-95% solvent B over 4.5 min, 0.4 mL/min, A = 260 nm; solvent A: 0.75% v/v
hexafluoroisopropanol/ 0.038% v/v triethylamine in methanol/water = 5/95; solvent B: 0.75% v/v
hexafluoroisopropanol/ 0.038% v/v triethylamine in methanol/water = 90/10. The effluents were

analyzed by a Xevo G2-XS Q-TOF with electrospray ionization source was used for detection.

II. Experimental Procedures and Characterizations:

General procedure for the Synthesis and Characterization of 1.[!]

A solution of 4-methylbenzonitrile (586 mg, 5 mmol), acetonitrile (1.7 mL, 40 mmol) and 3-
mercaptopropionic acid (0.44 mL, 5 mmol) in ethanol (1 mL) was cooled to 0 °C. To this mixture
was added dropwise hydrazine hydrate (3.9 mL, 80 mmol). The reaction mixture was stirred at
room temperature for 18 h. An ice water solution of NaNO, (5.175, 75 mmol) was slowly added
into the reaction mixture, followed by slow addition of 1M HCI during which the solution was
stirred intensely and turned bright red, and gas evolved. Addition of 1M HCI continued until gas
evolution ceased and the pH value was 3-4. Then, the reaction mixture was extracted with
dichloromethane before washing with saturated salt water. The extract was combined, dried over
sodium sulfate and concentrated in vacuo. The crude residue was purified on silica column
chromatography (PE : DCM = 2 : 1) to afford the desired product 1b as a pink solid in 41% yield
(382 mg).
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'H NMR (500 MHz, CDCls) 6 8.47 (d, J= 7.9 Hz, 1H), 7.38 (d, J = 8.0 Hz, 1H), 3.07 (s, 2H), 2.47 (s,
2H). 3C NMR (125 MHz, CDCl;) § 167.0, 164.1, 143.2, 130.0, 129.0, 127.8, 21.6, 21.1. HRMS (ESI):
Calcd for CioH;1Ny: [M+H]" 187.0984, found: m/z 187.0982.

Pink solid, 35% yield. 'H NMR (500 MHz, CDCls) § 8.52 (d, J = 8.6 Hz, 2H), 7.06 (d, J = 8.6 Hz, 2H),
3.90 (s, 3H), 3.04 (s, 3H). 3C NMR (125 MHz, CDCl3) § 166.5, 163.7, 163.2, 129.7, 124.1, 114.6, 55.4,
21.0. HRMS (ESI): Caled for CoH;N,O: [M+H]* 203.0933, found: m/z 203.0937.

19
Pink solid, 31% yield. '"H NMR (500 MHz, CDCl;) & 8.72 (d, J = 8.2 Hz, 2H), 7.85 (d, J = 8.2 Hz,
2H), 3.13 (s, 3H). *C NMR (125 MHz, CDCl;) 6 167.9, 163.2, 135.1, 134.1 (q, J = 32.9 Hz), 128.2,
126.2 (q, J = 3.8 Hz), 123.7 (q, J = 272.4 Hz), 21.2. HRMS (ESI): Calcd for C;HgF;N,: [M+H]*

241.0701, found: m/z 241.0701.
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Pink solid, 45% yield."H NMR (500 MHz, CDCl;) 8 8.25 (d, J= 3.7 Hz, 1H), 7.66 (d, J= 4.9 Hz, 1H),
7.24 (t, J= 4.3 Hz, 1H), 3.03 (s, 3H). *C NMR (125 MHz, CDCl3) § 166.7, 162.0, 135.7, 132.3, 131.0,
128.8, 21.1. HRMS (ESI): Calcd for C;H7N4S: [M+H]* 179.0391, found: m/z 179.0391.
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Pink solid, 48% yield. '"H NMR (500 MHz, CDCls) & 8.76 (s, 1H), 8.53 (d, J= 7.8 Hz, 1H), 7.75 (d, J
= 7.9 Hz, 1H), 7.47 (t, J = 7.9 Hz, 1H), 3.12 (s, 3H). 3C NMR (125 MHz, CDCls) § 167.7, 163.1,
135.5, 133.7, 130.8, 130.8, 126.4, 123.4, 21.2. HRMS (ESI): Caled for CoHgN,Br: [M+H]* 250.9932,

found: m/z 250.9958.
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1h
To a 25 mL test tube was combined (4-(6-methyl-1,2,4,5-tetrazin-3-yl)phenyl)methanamine
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(commercial available, 1.006 g, 5 mmol, 1 equiv), TEA (1.1 mL, 7.5 mmol, 1.5 equiv) and 20 mL
CH,Cl,, then Ac,0 (0.57 mL, 6 mmol, 1.2 equiv) was added at 0 °C and the mixture was stirred at
room temperature for 2 h. Then water (20 mL) was added and extracted with CH,Cl, (15 mL x 2),
dried over Na,SO,, and concentrated under reduced pressure. The residue was purified on silica
gel column chromatography (CH,Cl,/MeOH, 100 : 1) to afford 1h (1.156 g, 95%).

'H NMR (600 MHz, CDCl3) & 8.53 (d, J = 8.0 Hz, 2H), 7.48 (d, J = 8.0 Hz, 2H), 6.02 (s, 1H),
4.54 (d, J= 5.9 Hz, 2H), 3.09 (s, 3H), 2.07 (s, 3H). 3C NMR (125 MHz, CDCl;) 4 170.1, 167.2,
163.8, 143.2, 130.9, 128.4, 128.2, 43.3, 23.2, 21.1. HRMS (ESI): Calcd for C;;H4NsO: [M+H]*
244.1198, found: m/z 244.1195.

Procedure for the Synthesis and Characterization of 2.

Methyl 4-(chlorosulfonyl)benzoate (2.347 g, 10.0 mmol) was dissolved in acetone (30 mL) and
water (30 mL). The solution was cooled to 0 °C and NaNj3 (715 mg, 11.0 mmol) was added. The
reaction was stirred for 2 h. The acetone was removed under vacuum and the remaining water
layer was extracted with EtOAc (50 mL), the EtOAc layer was washed with brine, dried on
Na,SO, and concentrated. The residue was purified on silica gel column chromatography
(PE/DCM, 10 : 1) to afford 2f (2.29 g, 95%).

Q
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'H NMR (500 MHz, CDCl;) & 8.26 (d, J = 7.9 Hz, 2H), 8.03 (d, J = 8.0 Hz, 2H), 3.98 (s, 3H). 3C
NMR (125 MHz, CDCl3) § 165.0, 142.0, 135.7, 130.8, 127.5, 52.9.

0
0
2h

97% yield. 'H NMR (500 MHz, CDCl3) 8 7.98 (d, J = 7.8 Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H). 3C NMR

(125 MHz, CDCls) 6 139.0, 138.0, 128.6, 103.0.
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93% yield. 'H NMR (500 MHz, CDCl3) 8 8.01 (d, J = 2.0 Hz, 1H), 7.72 (dd, J = 8.8, 2.0 Hz, 1H), 7.00
(d, J=8.9 Hz, 1H). 3C NMR (125 MHz, CDCL;) & 156.0, 138.8, 132.6, 129.0, 114.1, 112.5, 56.7.



General Procedure for the Synthesis and Characterization of 4 and/or 3.

To a 10 mL test tube was combined 1 (0.2 mmol, 1 equiv), 2 (0.5 mmol, 2.5 equiv),
[IrCp*Cl,], (6.4 mg, 4 mol %), AgNTT; (12 mg, 16 mol %), AgOCOCF; (9 mg, 20 mol %) and 2
mL DCE, then the reaction was stirred at 100 °C for 3 h. The solvent was removed and the residue

was purified by silica gel chromatography using PE/EA to afford the title compounds.
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Pink solid, 55% yield (60 °C). 'H NMR (500 MHz, CDCls)  10.56 (s, 1H), 8.49 (d, J = 8.0 Hz,
1H), 7.81 (d, J=8.3 Hz, 1H), 7.56 (t,J = 7.8 Hz, 1H), 7.52 (d, J= 7.8 Hz, 2H), 7.30 (t, /= 7.7 Hz,
1H), 7.06 (d, J = 7.9 Hz, 2H), 3.10 (s, 3H), 2.30 (s, 3H). 3C NMR (125 MHz, CDCl;) & 166.3,
164.5, 143.9, 138.1, 136.1, 133.7, 130.3, 129.4, 127.0, 124.9, 122.9, 120.4, 21.4, 21.1. HRMS
(ESI): Calcd for C1cH¢NsO,S: [M+H]* 342.1025, found: m/z 342.1016.
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Pink solid, 93% yield.'H NMR (500 MHz, CDCls) 8 8.99 (s, 2H), 7.66 — 7.56 (m, 3H), 7.08 (d, J
— 7.8 Hz, 4H), 6.92 (d, J = 7.8 Hz, 4H), 3.06 (s, 3H), 2.30 (s, 6H). 13C NMR (125 MHz, CDCl3) &
165.6, 163.4, 144.1, 136.5, 135.0, 133.2, 129.3, 126.3, 125.8, 118.9, 21.4, 21.2. HRMS (ESI):
Calcd for C23H23N604SQ§ [1\/H'H:|Jr 51 11222, found: m/z 511.1214.
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Pink solid, 88% yield. 'H NMR (500 MHz, CDCLy) § 9.02 (s, 2H), 7.44 (s, 2H), 7.06 (d, J = 8.0
Hz, 4H), 6.89 (d, J = 8.0 Hz, 4H), 3.01 (s, 3H), 2.46 (s, 3H), 2.27 (s, 6H). 3C NMR (125 MHz,
CDCly) § 165.3, 163.4, 144.6, 144.0, 136.3, 134.9, 129.1, 126.4, 1262, 115.9, 21.8, 21.3, 21.1.
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HRMS (ESI): Calcd for C4H5sNO4S,: [M+H]* 525.1379, found: m/z 525.1390.
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Pink solid, 92% yield. 'H NMR (500 MHz, CDCls) § 9.71 (s, 2H), 7.23 (d, J = 7.9 Hz, 4H), 7.11
(s, 2H), 6.97 (d, J = 7.9 Hz, 4H), 3.89 (s, 3H), 3.03 (s, 3H), 2.30 (s, 6H). 13C NMR (125 MHz,
CDCls) § 165.0, 163.8, 162.8, 144.1, 139.0, 135.2, 129.3, 126.5, 109.1, 108.3, 55.8, 21.4, 21.0.
HRMS (ESI): Caled for Co4HasNgOsS,: [M+H]* 541.1328, found: m/z 541.1321.
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Pink solid, 85% yield. "H NMR (500 MHz, CDCl3) § 9.79 (s, 2H), 7.33 — 7.27 (m, 6H), 7.03 (d, J
= 7.8 Hz, 4H), 3.09 (s, 3H), 2.33 (s, 6H). 3C NMR (125 MHz, CDCL3) & 165.78, 164.4 (d, J =
254.7 Hz), 163.6, 144.4, 139.7 (d, J = 13.4 Hz), 135.1, 111.1 (d, J = 3.7 Hz), 109.8 (d, J = 25.6
Hz), 21.5, 21.2. HRMS (ESI): Caled for Co3HyFNGO,S,: [M+H]* 529.1128, found: m/z 529.1103.
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Pink solid, 73% yield. '"H NMR (500 MHz, CDCl;) 8 9.29 (s, 2H), 7.75 (s, 2H), 7.18 (d, J = 7.9 Hz,
2H), 6.98 (d, J = 7.9 Hz, 2H), 3.06 (s, 3H), 2.31 (s, 6H). 1*C NMR (125 MHz, CDCls) & 165.8, 163.4,
144.4, 137.8, 134.9, 1294, 127.3, 127.0, 126.5, 115.8, 21.4, 21.2. HRMS (ESI): Calcd for
C3H2BrNgO4S,: [M+H]™ 589.0327, found: m/z 589.0317
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Pink solid, 78% yield. 'H NMR (500 MHz, CDCls) 8 9.31 (s, 2H), 7.77 (s, 2H), 7.19 (d, J = 7.8
Hz, 4H), 6.98 (d, J=7.9 Hz, 4H), 3.07 (s, 3H), 2.33 (s, 6H). 13C NMR (125 MHz, CDCl;) 3 165.8,
163.4, 144.4, 137.8, 134.9, 129.4, 127.4, 127.2, 126.5, 115.8, 21.5, 21.2. HRMS (ESI): Calcd for
Cy3HINgO4S,: [M+H]* 637.0189, found: m/z 637.0185.

BN

TsHN NHTs

N
|

N

\
N

CF,
49

Pink solid, 83% yield. 'H NMR (500 MHz, CDCLy) § 9.27 (s, 2H), 7.81 (s, 2H), 7.21 (d, J = 7.9
Hz, 4H), 7.00 (d, J = 7.8 Hz, 4H), 3.11 (s, 3H), 2.33 (s, 6H). *C NMR (125 MHz, CDCls) § 166.3,
163.1, 144.6, 137.9, 134.9, 134.8 (q, J = 34.3 Hz), 134.6, 126.6, 122.5 (q, J = 273.3 Hz), 120.5 (q,
J=3.6Hz), 119.7,21.5, 21.3. HRMS (ESI): Caled for Co4H»F3N¢O4S,: [M+H]* 579.1096, found:

m/z 579.1090.
JQN
|

N

N
1

TsHN NHTs

NHAc
4h

Pink solid, 88% yield. "H NMR (500 MHz, DMSO-dy) & 9.60 (s, 2H), 8.37 (t, J = 6.0 Hz, 1H),
7.44 (d, J = 8.0 Hz, 4H), 7.29 (d, J = 8.0 Hz, 4H), 7.02 (s, 2H), 4.11 (d, J = 6.1 Hz, 2H), 3.06 (s,
3H), 2.35 (s, 6H), 1.84 (s, 3H). 3C NMR (125 MHz, DMSO-d,) 5 169.1, 165.7, 163.7, 143.8,
143.3, 136.5, 129.5, 126.7, 120.6, 119.1, 41.5, 22.4, 21.0. HRMS (ESI): Caled for CygHgN,0sSy:
[M+H]* 582.1593, found: m/z 582.1573.
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Pink solid, 98% yield. 'H NMR (500 MHz, CDCls) & 10.12 (s, 1H), 7.75 (d, J = 7.7 Hz, 2H), 7.56
~7.50 (m, 2H), 7.21 (d, J = 7.9 Hz, 2H), 3.04 (s, 3H), 2.35 (s, 3H). *C NMR (125 MHz, CDCl;) §
165.79, 162.55, 144.25, 141.00, 136.44, 132.54, 129.79, 127.04, 121.99, 114.18, 77.00, 21.53,
21.21. HRMS (ESI): Caled for C4H sN50,S,: [M+H]* 348.0589, found: m/z 348.0595.
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Pink solid, 87% yield. '"H NMR (500 MHz, CDCls) 8 10.56 (s, 1H), 8.63 (s, 1H), 7.69 (d, J = 8.8
Hz, 1H), 7.63 (d, J = 8.8 Hz, 1H), 7.52 (d, /= 7.8 Hz, 2H), 7.09 (d, J = 7.8 Hz, 2H), 3.12 (s, 3H),
2.31 (s, 3H). >*C NMR (125 MHz, CDCls) 5 166.7, 163.6, 144.2, 137.2, 136.4, 135.8, 132.6, 129.5,
126.9, 124.1, 121.6, 117.9, 21.4, 21.2. HRMS (ESI): Calcd for C;4H;5BrNsO,S: [M+H]* 420.0130,
found: m/z 420.0126.

4k

Pink solid, 91% yield. "H NMR (500 MHz, CDCl;) 4 9.12 (s, 2H), 7.68 — 7.59 (m, 3H), 7.40 (t, J
= 7.4 Hz, 2H), 7.30 — 7.26 (m, 4H), 7.19 (t, J = 7.5 Hz, 4H), 3.08 (s, 3H). *C NMR (125 MHz,
CDCl3) 8 165.6, 163.5, 138.0, 136.5, 133.3, 133.0, 128.8, 126.3, 125.5, 118.4, 21.2. HRMS (ESI):
Calcd for C,1H 9N¢O4S,: [M+H]* 483.0909, found: m/z 483.0894.
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Pink solid, 95% yield. 'H NMR (500 MHz, DMSO-d,) & 9.58 (s, 2H), 7.48 (d, J = 8.7 Hz, 4H),
7.35 (t, J = 8.2 Hz, 1H), 7.06 (d, J = 8.2 Hz, 2H), 7.00 (d, J = 8.7 Hz, 4H), 3.81 (s, 6H), 3.08 (s,
3H). 3C NMR (125 MHz, DMSO-dy) 8 165.7, 163.8, 162.5, 136.7, 131.5, 130.8, 128.9, 122.6,
120.8, 114.2, 55.6, 21.0. HRMS (ESI): Calcd for Cp3H3NgOgSa: [M+H]* 543.1120, found: m/z
543.1093.
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Pink solid, 56% yield. "TH NMR (500 MHz, DMSO) & 10.34 (s, 2H), 9.63 (s, 2H), 7.67 (d, J = 8.6
Hz, 4H), 7.47 (d, J = 8.5 Hz, 4H), 7.35 (t, /= 8.2 Hz, 1H), 7.04 (d, J = 8.2 Hz, 2H), 3.06 (s, 3H),
2.08 (s, 6H). 3C NMR (125 MHz, DMSO-ds) 6 169.0, 165.7, 163.8, 143.2, 136.6, 132.7, 131.4,
127.8, 123.2, 121.3, 118.3, 24.1, 21.0. HRMS (ESI): Calcd for CpsH»5sNgOgS,: [M+H]" 597.1338,
found: m/z 597.1327.
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Pink solid, 63% yield. '"H NMR (500 MHz, DMSO-d,) & 10.19 (s, 2H), 8.32 (d, J = 8.4 Hz, 4H),
7.73 (d, J = 8.4 Hz, 4H), 7.50 (t, J = 8.1 Hz, 1H), 7.24 (d, J = 8.1 Hz, 2H), 3.02 (s, 3H). 3C NMR
(125 MHz, DMSO-dy) § 165.9, 163.4, 149.7, 144.8, 135.8, 132.0, 128.1, 124.9, 124.4, 123.7, 20.9.
HRMS (ESI): Caled for CoH;;NgOsS,: [M+H]* 573.0611, found: m/z 573.0600.
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Pink solid, 65% yield. 'H NMR (500 MHz, CDCls) § 9.15 (s, 2H), 7.83 (d, J = 8.0 Hz, 4H), 7.60
(s, 3H), 7.36 (d, J = 8.1 Hz, 4H), 3.95 (s, 6H), 3.08 (s, 3H). 13C NMR (125 MHz, CDCl3) 5 166.1,
165.0, 163.5, 141.9, 136.3, 134.2, 133.5, 129.9, 126.5, 125.3, 118.2, 52.8, 21.2. HRMS (ESI):
Caled for CasHa3NgOsSa: [M+H]* 599.1019, found: m/z 599.1017.
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Pink solid, 85% yield. 'H NMR (500 MHz, DMSO) § 9.79 (s, 2H), 7.58 (dd, J = 8.1, 5.3 Hz, 4H),
7.43 (t,J = 8.2 Hz, 1H), 7.35 (t, J = 8.6 Hz, 4H), 7.14 (d, J = 8.2 Hz, 2H), 3.06 (s, 3H). 13C NMR
(125 MHz, DMSO-dy)  165.8, 164.4 (d, J = 251.5 Hz), 163.6, 136.3, 135.5, 131.6, 129.7 (d, J =
9.7 Hz), 123.8, 123.8, 122.1, 1163 (d, J = 22.9 Hz), 21.0. HRMS (ESI): Calcd for
C1H,7FaNg04S,: [M+H]* 519.0721, found: m/z 519.0715.
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Pink solid, 72% vield. 'H NMR (500 MHz, DMSO-d,) & 9.87 (s, 2H), 7.89 (d, J = 7.9 Hz, 4H),
7.44 (t,J = 8.2 Hz, 1H), 7.26 (d, J = 7.9 Hz, 4H), 7.14 (d, J = 8.2 Hz, 2H), 3.07 (s, 3H). 3C NMR
(125 MHz, DMSO-d) & 165.8, 163.6, 138.9, 138.0, 136.2, 131.8, 128.2, 124.0, 122.4, 101.3, 21.0.
HRMS (ESI): Caled for Co1H71Ng04S,: [M+H]* 734.8842, found: m/z 734.8847.
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Pink solid, 81% yield. 'H NMR (500 MHz, DMSO-dy) 8 9.71 (s, 2H), 7.75 (dd, J = 8.8, 1.5 Hz,
2H), 7.48 (d, J = 2.1 Hz, 2H), 7.46 (1, J = 8.0 Hz, 1H), 7.17 (d, J = 8.2 Hz, 2H), 7.10 (d, J = 8.9 Hz,
2H), 3.63 (s, 6H), 3.01 (s, 3H). 3C NMR (125 MHz, DMSO-d,) § 165.6, 163.7, 155.6, 149.0,
137.3, 136.4, 131.4, 130.8, 128.6, 123.5, 1153, 110.7, 56.2, 21.0. HRMS (ESI): Caled for
Cy3Ha BraNgOSy: [M+H]* 698.9331, found: m/z 698.9328.
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Pink solid, 61% yield. '"H NMR (500 MHz, CDCl;) & 10.96 (s, 1H), 8.60 (d, J = 8.0 Hz, 1H), 7.85
(d, J=8.1 Hz, 2H), 7.79 (d, J = 8.3 Hz, 1H), 7.63 (d, J = 8.1 Hz, 2H), 7.57 (t, J = 7.8 Hz, 1H),
7.33 (t,J = 7.7 Hz, 1H), 3.13 (s, 3H). *C NMR (125 MHz, CDCl;) & 166.6, 164.4, 143.4, 137.5,
134.0, 132.7, 130.6, 127.6, 125.2, 121.7, 119.6, 116.9, 116.7, 21.2. HRMS (ESI): Calcd for
Ci6Hi3NgO,S: [M+H]* 353.0821, found: m/z 353.0816.

J . C

Pink solid, 93% yield. "H NMR (500 MHz, DMSO-d,) § 10.10 (s, 2H), 8.26 (d, J = 8.6 Hz, 2H),
8.15 (d, J= 8.2 Hz, 2H), 8.02 (d, /= 8.2 Hz, 2H), 7.77 (d, J= 7.3 Hz, 2H), 7.62 (t, J = 7.5 Hz, 2H),
7.52 (t,J= 7.7 Hz, 2H), 7.47 (t, J = 7.8 Hz, 2H), 7.29 (t, J = 8.2 Hz, 1H), 7.02 (d, J = 8.2 Hz, 2H),
2.71 (s, 3H). *C NMR (125 MHz, DMSO-d,) § 165.1, 163.2, 135.8, 134.3, 133.5, 131.3, 128.9,
127.8, 126.8, 126.8, 124.9, 124.3, 124.1, 21.0. HRMS (ESI): Caled for CaH3N404S,: [M+H]*
583.1222, found: m/z 583.1437.
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4u

Pink solid, 75% yield. "H NMR (500 MHz, CDCls) 6 9.28 (s, 2H), 7.71 (d, J = 8.0 Hz, 2H), 7.67 —
7.62 (m, 1H), 7.35 (d, J = 4.9 Hz, 2H), 7.04 (d, J = 3.6 Hz, 2H), 6.80 (t, J = 4.3 Hz, 2H), 3.11 (s,
3H). 3C NMR (125 MHz, CDCl;) & 165.9, 163.6, 138.7, 136.4, 133.4, 132.6, 132.3, 127.3, 125.6,
21.2. HRMS (ESI): Calcd for C;7HsNgO4S,: [M+H]" 495.0038, found: m/z 495.0029.

4v

Pink solid, 92% yield. 'H NMR (500 MHz, CDCLy) § 9.58 (s, 2H), 7.60 — 7.52 (m, 3H), 3.16 (s,
3H), 3.14 — 3.06 (m, 4H), 1.67 (p, J = 7.5 Hz, 4H), 1.41 — 1.31 (m, 4H), 0.85 (t, J = 7.3 Hz, 6H).
13C NMR (125 MHz, CDCl;) § 166.4, 164.9, 138.7, 133.7, 117.5, 112.1, 52.6, 25.3, 21.3, 13.4.
HRMS (ESI): Caled for C,7HyNgO4S,: [M+H]* 443.1535, found: m/z 443.1523.

Procedure for the deprotection of 5.

3j (126 mg, 0.3 mmol) was added cold H,SO4 (1.0 mL) slowly at 0 °C and stirred at room
temperature for 2 h. The reaction mixture was cooled to 0 °C and quenched by cold water (30 mL)
and then saturated aqueous NaHCO; (20 mL) slowly, extracted with CH,Cl, (20 mL x 3), dried
over Na,SQO,, and concentrated under reduced pressure. The residue was purified on silica gel
column chromatography (CH,Cl,/MeOH, 20 : 1) to afford 5 (69 mg, 87%) as a pink solid.

A

~

44
Z2-Z

NH,

Br
5

'"H NMR (500 MHz, DMSO-dy) 3 8.40 (s, 1H), 7.42 (d, J = 8.8 Hz, 1H), 7.11 (s, 2H), 6.90 (d, J =
8.8 Hz, 1H), 2.97 (s, 3H). 3C NMR (125 MHz, DMSO-dy) 8 164.9, 164.0, 148.7, 135.4, 130.7,
119.4, 113.0, 106.2, 20.8. HRMS (ESI): Calcd for CoHoBrNs: [M+H]" 266.0041, found: m/z
266.0055.

Procedure for the synthesis of 6.

12



To a stirring solution of 5 (53 mg, 0.2 mmol) in DMF (1.0 mL) was added ESF (34 pL, 0.4 mmol)
at room temperature. After t stirring at 60 °C for 3h, the mixture was cooled to room temperature
and concentrated under reduced pressure. The residue was purified on silica gel column
chromatography (CH,Cl,/MeOH, 50 : 1) to afford 6 (60 mg, 80%) as a pink solid.

N N
1 |
N.__N
N
/,
\/\//S/\F
(o)
Br
6

'H NMR (500 MHz, CDCls) & 8.86 (s, 1H), 8.69 (s, 1H), 7.56 (d, J = 8.8 Hz, 1H), 6.72 (d, J = 8.9
Hz, 1H), 4.03 — 3.95 (m, 2H), 3.75 — 3.68 (m, 2H), 3.10 (s, 3H). 3C NMR (125 MHz, CDCL;) &
165.5, 164.4, 146.4, 136.8, 133.0, 115.1, 112.8, 109.4, 49.6 (d, J = 14.8 Hz), 37.3, 21.1. HRMS
(ESI): Caled for Cy H;,BrFN;0,S: [M+H]* 375.9879, found: m/z 375.9892.

Procedure for the synthesie of 7.

4e (177 mg, 0.3 mmol) was added cold H,SO,4 (1.0 mL) slowly at 0 °C and stirred at room
temperature for 2 h. The reaction mixture was cooled to 0 °C and quenched by cold water (30 mL)
and then saturated aqueous NaHCO; (20 mL) slowly, extracted with CH,Cl, (20 mL x 3), dried
over Na,SO,, and concentrated under reduced pressure. The residue was purified on silica gel
column chromatography (CH,Cl,/MeOH, 20 : 1) to afford 5 (72 mg, 85%) as a pink solid.

A

=

z=2
z2-2

H,N NH;

Br
7

"H NMR (500 MHz, CDCl;) 8 6.29 (s, 2H), 6.22 and 3.03 (a pair of s, 4H), 3.05 (s, 3H). *C NMR
(125 MHz, CDCly) ¢ 167.0, 163.2, 151.1, 128.0, 108.2, 97.4, 21.0. HRMS (ESI): Calcd for
CoH,BrNs: [M+H]* 281.0150, found: m/z 281.0176.

Procedure for the synthesis of 8.

To a 25 mL test tube was combined 7 (28mg, 0.1 mmol), bromoacetyl chloride (18 pL, 0.22 mmol)
and 3 mL CH,Cl,, then TEA (42 uL, 0.3 mmol) was added at 0 °C and the mixture was stirred at
room temperature for 2 h. Then water (20 mL) was added and extracted with CH,ClI, (10 mL x 2),
dried over Na,SO,, and concentrated under reduced pressure. The residue was purified on silica
gel column chromatography (CH,Cl,/acetone, 2 : 1) to afford 8 (31 mg, 60%) as a pink solid.

13



’?‘.J§'.“
N.__-N
H N
N
Br/\"/ \n/\Br
fo) (o]
Br
8

'H NMR (500 MHz, CDCLy) § 11.12 (s, 2H), 8.30 (s, 2H), 3.98 (s, 4H), 3.19 (s, 3H). 3C NMR (125
MHz, CDCl3) § 166.5, 164.5 (two peaks, 164.54 and 164.49), 137.9, 127.4, 123.6, 111.9, 29.3, 21.4.
HRMS (ESI): Caled for C 3H ,BrsNgO,: [M+H]* 520.8572, found: m/z 520.8583.

Procedure for the synthesis of HP-A-1 and HP-A-2.

To a solution of DNA headpiece (600 puL, 300 nmol) in borate buffer (250 mM, pH = 9.4), was
added a mixture of DMA solution of HATU (60 pL, 200 mM), DIPEA (60 pL, 200 mM) and
acids (60 pL, 200 mM). The resultant mixture was vortexed and stood at 25 °C for 8 hours. 5SM
NaCl (78 pL) and cold ethanol (2.34 mL) were sequentially added, and the resultant mixture was
stored at —80 °C for 30 min. The mixture was centrifuged at 4 °C for 30 min at 12000 rpm to
remove the supernatant. The resulting pellet was re-dissolved in ddH,O (300 pL), which was

used in following reaction without further purification.

(0] 0]
HNM HNJ\O
HP-A-1 HP-A-2
o
(97%) (100%)
o  H HaN. HN
j\;N/ NHZZE/ L NS /K;N/
N\ N\ o N0 NTNAN
PLN " N\\\N " N\\\N " N\ r\f \\ rT Ly
/\4:} n ; E o/\@ A o} O@E o@no O@HP O g ™ O, F?
o, 0 o0 — o ot 00—/ o— o—p~ o o
HO/P\OH HO\pOH HO P\OH H \P\OH H p\OH H \%H H E)H HO\O
}%NHQ — OO,

0 b o 0 0 0 0 9 HO\P,O
HOH, ~ o—P—oH, O0-P~0oH  o—P—OH o—P—O0H. 0—P—OH o—p—OH, o—P—of o/g;o/\/o\/\o/\/o/ %

H HO H HOH HOY HO |y HO H HO 1 HOH
H-0 H H-0 HYy 0 A F9¥e] Hlp-0 Hlp-O Hlp-0

o
N N N N N N N N\
= A _ A = A ) =
ON}NHZON}NHZON}NHZONO ONNHZ Z‘/\NHZN/Q‘\N OHO
N N
NH, H ©O
(MW: 4937)

The Structure of DNA Headpiece.

Procedure for the synthesis of HP-1-1 and HP-1-2.
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The solution of oxidant system was prepared according the literature (Org. Lett. 2018, 20,
7186—7191) procedure: briefly,??! to a solution of Cu(ClO,), (100 pL, 100 mM in water) was
added a solution of 2,2’-bipyridine (100 uL, 100 mM in DMSO). The resultant mixture was
vortexed and stood at 20 °C for 5 min. After that, to the reaction mixture was added a solution of
TEMPO (100 pL, 100 mM in DMSO) and the resultant mixture was vortexed to give the oxidant
solution (300 pL, 33 mM). To a solution of DNA-conjugated alkenes 10 (10 nmol) in water (10
pL) was added a solution of tetrazine 5 (10 pL, 200 mM in DMSO, 2000 nmol). The mixture was
vortexed and stood at 20 °C. When UPLC-MS showed that t DNA-conjugated alkenes was
consumed completely, a solution of oxidant system (6 puL, 33 mM, 200 nmol) was added to the
reaction mixture. The mixture was vortexed and stood at 20 °C for 4 h. Aqueous sodium
diethyldithiocarbamic acid (10 pL, 100 mM, 1000 nmol) was added and the reaction mixture was
vortexed and centrifuged. To the supernatant were sequentially added aqueous NaCl (3.6 uL, 5.0
M) and cold ethanol (108 pL). The resultant mixture was stored at —80 °C for 30 min and
centrifuged at 4 °C for 30 min at 10000 rpm before the resultant supernatant was removed. The
pellet was dissolved in deionized water and analyzed by UPLC-MS to determine the conversion.

HP-1-1 (90%) HP-1-2  (91%)

II1. Mechanistic Studies

Procedure for the synthesis of complex A.

AgOCOCF; (88.4 mg, 0.4 mmol) was added to a solution of [Cp*IrCl,], (80.0 mg, 0.1 mmol) in
CH,Cl; (20 mL) in the dark and stirred at room temperature for 30 min. 1a (17.2 mg, 0.2 mmol)
and NaOAc (24.6 mg, 0.3 mmol) were then added. The mixture was stirred at room temperature
for 12 h and the solution was filtered. The filtrate was evaporated under vacuum and 10 mL
(hexane and methyl tert-butyl ether) solvent was added to the residue, the title compound complex
A was precipitated and collected by filtration as black solid in 92% yield (112.5 mg).

.

5\; %O/CF;;

Complex A

'H NMR (500 MHz, CDCl3) § 8.28 (d, J = 7.7 Hz, 1H), 7.98 (d, J = 7.6 Hz, 1H), 7.38 (t, J = 7.5 Hz,
15



1H), 7.22 (t, J= 7.5 Hz, 1H), 3.14 (s, 3H), 1.74 (s, 15H). 13C NMR (125 MHz, CDCl;) 8 175.8, 165.8,
163.1 (q,J=36.3 Hz), 160.9, 135.7, 135.6, 133.7, 127.3, 124.1, 113.9 (q, J= 291.6 Hz), 92.0, 20.8, 8.8.
9F NMR (471 MHz, CDCl;) & -74.7 (s). HRMS (ESI): Calcd for Ci9HyN¢lr: [M-CF;CO,J*
499.1474, found: m/z 499.1456.

IV. Reference

[1] Mao, W.; Shi, W.; Li, J.; Su, D.; Wang, X.; Zhang, L.; Pan, L.; Wu, X.; Wu, H. Angew.
Chem. Int. Ed. 2019, 58, 1106.

[2] Li, H.; Sun, Z.; Wu, W.; Wang, X.; Zhang, M.; Lu, X.; Zhong, W.; Dai, D. Org. Lett. 2018,
20 (22), 7186-7191.
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GYA-200114-3-NONE (1) PDA Ch1 260nm@1.2nm

253 _ Range: 2
45762 Area
3 Time Height Area Area%

2.53 1989644 45761.86 97.14
2.75 68188 1348.61 2.86

o Product \

(0]
MNJ\O
; H
1.1

- . Calculated Molecular Weight: 1675.9880
< & Observed Molecular Weight: 1675.3744

9.0e-14
8.0e-1
7.0e-1-
6.0e-1-
5.0e-14
4.0e-1
3.0e-1
2.0e-1-

275
1.0e-1- 1340

0.0 e SRR ARRRRREE MH..HH

55



GYA-200114-3-NONE 295 (2.615) 1: TOF MS ES-
100+ 9.06e4

1676.0449

1675.7097

1676.3635

(@)
DTN

Calculated Molecular Weight: 1675.9880
Observed Molecular Weight: 1675.3744

%

(M-3)/3

S

1676.7156

1675.3744

1677.0510

1683.3627

1688.6930

1696.3418
1697.3372

e m/z

S U P R e TR i PR |30 L [1 L o [ e N o 1 e e e 7
1500 1550 1600 1650 1700 1750 1800 1850
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GYA-200114-4-NONE-2

AU

2.4

2.3

9.0e-1-
8.0e-1:_
7.0e-1:
6.0e-1-
5.0e-1-
4.03-1:
3.0e-1-
2.0e-1

1.0e-1

0.04——

Product \

253
61977

(1) PDA Ch1 260nm@1.2nm
Range: 3

Area

Time Height Area Area%
2.53 2519440 61976.80 100.00

APDAON_
H

Calculated Molecular Weight: 1671.3081
Observed Molecular Weight: 1671.3372

T T T e e e e e e 1ime

e
2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
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GYA-200114-4-NONE-2 294 (2.607) 1: TOF MS ES-
100+ 1672.0068_ 1.70eb
1671.6720
1672.3418
O
OO _
H |
= .
Calculated Molecular Weight: 1671.3081
Observed Molecular Weight: 1671.3372
(M-S)/S 1672.6769
1671.3374
1673.0118
1679.3325
1684.6733
"l‘l LR S B REE RRD L e “"I“J\  F R REETR m S R e L I '\"I‘l‘l\"“l"‘\"'l‘ ™ m/z
1500 1550 1600 1650 1700 1750 1800 1850 1900 1950
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GYA-0116-3-Tz-6 (1) PDA Ch1 260nm@1.2nm

271 _ Range: 2
E 59768 Area
Time Height Area Area%

0.33 193492 3166.77 4.76
E 2.53 93615 3635.51 546
PRE 2.71 2236674 59767.93 89.78

2.0

1.95

Product
1.84 \

/

1.4 NH,

3 Calculated Molecular Weight:1753.6330
1.14 Observed Molecular Weight:1753.6584

AU

4 033
2.0e-14 3167
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GYA-0116-3-Tz-6 314 (2.778) 1: TOF MS ES-

100+ 3.69e5
1754.6533
AP N
] I
N
Y =
NH,
1754.9965
1 Br
1754.3274
Calculated Molecular Weight:1753.6330
Observed Molecular Weight:1753.6584
=
1755.3224
1753.9844
[1755.6655
o (M-3)/3
16033073 1026581755 9016
1693.8129
1692.80161694.3185
1692.313 1761.9857
1540.6161

L " i
T

TR L LD SR L Ty T miz
1500 1550 1600 1650 1700 1750 1800 1850 1900 1850 2000 2050
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GYA-0116-4-Tz-6 (1) PDA Ch1 260nm@1.2nm

266 _ Range: 2
5 41963 Area
Time Height Area Area%

0.33 80258 1071.17 1.94
251 154817 3801.84 6.90
2.60 388259 8248.52 14.97
1.84 266 1871127 41963.46 76.18

o
1.3 MH | \T
E N
1.2
3 NH;
1.14
E Br

E Calculated Molecular Weight:1749.6330
9.0e-1- Observed Molecular Weight:1749.6478

AU

8.0e-1
E Product
7.0e-1
6.0e-1

2.60
5.0e-1- 8249

4.0e-14
3 Substrate

3.0e-11 \
E 251

2.0e-1 3802

033
1.0e-14 1071

0.0 T T T T T T T T T T T T T T T T T T T T T T A“ Time

61



GYA-0116-4-Tz-6 308 (2.727) 1: TOF MS ES-

100+ 3.37e5
1750.6587
1750.9843
1750.316
o
SO, ..
P
NH,
2/ 1751.3270
Br
Calculated Molecular Weight:1749.6330
Observed Molecular Weight:1749.6478
1749.9906
1751.6527
o (M-3)/3
1749.6474
1751.9955
16873134 1757.9828
168&8087\‘/1533.3050 1763.6536
| S I . )
1 - T 1 1 I ) I 1 1 T T B T T T T T m’Z
1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
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