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Materials and Instrumentation

All chemical reagents and solvents were obtained from commercial sources (Sigma-Aldrich,
Alfa-Aesar, Combi-Blocks, Acros-Organic, TCI) and used without further purification. Thin-layer
chromatography (TLC) analysis was carried out to monitor the process of reactions. Purification
of compounds was achieved by column chromatography with silica gel 300-400 mesh. '"H NMR
and BC NMR spectra were recorded on a Varian Mercury-400 spectrometer with chemical shifts
expressed as ppm (in CDCl3;, MeOD-d, or DMSO-dj) using Me,Si (TMS) as internal standard.

Mass spectra were measured by the University of Utah Chemistry Mass Spectrometry
Facility. All payload release and stability tests were performed by analytical reverse-phase HPLC
(Thermo Scientific, USA) by using a LUNA C18 column (5 pM, 250x10 mm, Phenomenex,
USA).

UV-VIS photospectrometic kinetic measurements were performed on a BioTek Synergy HT
Microplate Reader (BioTek, USA) in a 96-well plate formate. Cell proliferation assays were

performed on an Envision 2104 Multilabel Reader (PerkinElmer, USA).



Synthetic Procedures

2-(Trimethylsilyl)phenyl imidazolsulfonate
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Br FN-§-N ) 0 F:¢>
@ n-Buli, N o ¥N N
> o
THF o
OTMS T™MS

2-(Trimethylsilyl)phenyl imidazolsulfonate was prepared according to a literature protocol.!]
'H NMR (400 MHz, CDCl;) & 7.92 (s, 1H), 7.54-7.53 (m, 1H), 7.39 (s, 1H), 7.32-7.22 (m, 3H),
6.50 (t, J = 4.4 Hz, 1H), 0.35 (s, 9H). The '"H NMR data agreed with the reported spectrum of this

compound.t']

1,4-dihydro-1,4-epoxynaphthalen-1-yl)methanol (1d)
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To a solution of 2-(trimethylsilyl)phenyl imidazolsulfonate (2.37 g, 8.0 mmol) and furan-2-
ylmethanol (1a; 1.26 g, 12.8 mmol) in anhydrous MeCN (30 mL) was added CsF (2.43 g, 16
mmol). The reaction mixture was heated and maintained at 50 °C for 8 h. The mixture was
extracted with EtOAc (250 mL) and washed with water (2x150 mL). The separated organic layer
was again washed with brine (3%x150 mL) and concentrated under reduced pressure. The crude
was purified by column chromatography (hexane : EtOAc = 3:1, v/v) to give the desired product
as yellow solid in a yield of 510 mg (36%; R¢= 0.35 in hexane : EtOAc = 1:1, v/v).

'H NMR (400 MHz, CDCI;) § 7.24-7.22 (m, 1H), 7.18-7.16 (m, 1H), 7.05 (dd, J; = 1.6 Hz, J, =
5.6 Hz, 1H), 6.98-6.96 (m, 2H), 6.88 (d, J = 5.2 Hz, 1H), 5.70 (d, J = 1.6 Hz, 1H), 4.48-4.37 (m,
2H), 2.58 (t, d, J= 6.0 Hz, 1H). 3C NMR (100 MHz, CDCl;) 8 150.5, 147.8, 144.9, 142.4, 125.2,
125.1, 120.2, 119.6, 93.7, 82.2, 60.3. HRMS (ESI): calcd. for C;1H;00, [M+Na]* 197.0578, found

197.0583.



1,4-dihydro-1,4-epoxynaphthalen-1-yl)methyl (4-nitrophenyl)carbamate (1)
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To a solution of 1d (556 mg, 3.2 mmol) and DMAP (507 mg, 4.16 mmol) in anhydrous THF (40
mL) was added 4-nitrophenyl isocyanate (1.3 g, 8.0 mmol). The reaction mixture was stirred at 50
°C for 12 h. The mixture was diluted with EtOAc (150 mL) and washed with water (2x100 mL)
and brine (3x150 mL). The separated organic layer was dried with Na,SO,4 and concentrated under
reduced pressure. The crude compound was purified by column chromatography (hexane : EtOAc
= 3:1, v/v) to afford the desired compound as a yellow solid in a yield of 180 mg (29%; R¢= 0.6 in
hexane : EtOAc = 1:1, v/v).

'"H NMR (400 MHz, CDCl;) § 8.21 (d, J = 9.2 Hz, 2H), 7.55 (d, J = 8.8 Hz, 2H), 7.31-7.28 (m,
1H), 7.22-7.20 (m, 1H), 7.16-7.13 (m, 2H), 7.03-7.01 (m, 2H), 6.89 (d, /= 5.6 Hz, 1H), 5.77 (d, J
= 1.6 Hz, 1H), 5.16 (d, J = 12.8 Hz, 1H), 5.02 (d, J = 13.2 Hz, 1H). *C NMR (100 MHz, CDCl;)
5 152.4, 149.8, 147.1, 145.3, 143.5, 141.6, 125.5, 125.3, 125.2, 120.5, 119.4, 117.8, 91.1, 82.4,

62.4. HRMS (ESI): caled. for C13H4N,Os [M+Na]* 361.0800, found 361.0804.



1-acetyl-1H-pyrrole-2-carbaldehyde
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1-acetyl-1H-pyrrole-2-carbaldehyde was prepared according to a literature protocol.[?!

'"H NMR (400 MHz, CDCl3) 6 10.29 (s, 1H), 7.33 (dd, J, = 1.6 Hz, J, = 2.8 Hz, 1H), 7.21 (dd, J, =
1.6 Hz, J, = 4.0 Hz, 1H), 6.35 (t,J = 3.2 Hz, 1H), 2.66 (s, 3H). The '"H NMR data agreed with the

reported spectrum of this compound.?]

1-(2-(hydroxymethyl)-1H-pyrrol-1-yl)ethanone (2a)

Ac Ac
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1-(2-(hydroxymethyl)-1H-pyrrol-1-yl)ethanone (2a) was prepared according to a literature
protocol.l?]
'H NMR (400 MHz, CDCl3) 8 7.06 (d, J; = 1.6 Hz, J, = 3.2 Hz, 1H), 6.21-6.19 (m, 2H), 4.61 (s,
2H), 2.57 (s, 3H). 3C NMR (100 MHz, CDCls) & 171.5, 135.4, 121.7, 114.7, 112.2, 57.8, 23.7.

The 'H NMR data agreed with the reported spectrum of this compound. B3]

1-(2-(((tert-butyldimethylsilyl)oxy)methyl)- 1 H-pyrrol-1-yl)ethanone (2b)

H
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To a solution of 2a (1.2 g, 8.6 mmol) and imidazole (877 mg, 12.9 mmol) in anhydrous DMF (10

mL) was added tert-butylchlorodimethylsilane (1.52 g, 10.3 mmol) at 0 °C. The reaction mixture
was warmed to room temperature and kept at this temperature for 3 h. The reaction was quenched
with sat. aq. NaHCOj; solution (200 mL), diluted with water (150 mL) and extracted with EtOAc
(2x150 mL). The combined organic layers were washed with brine (150 mL), dried over Na,SO,
and concentrated under reduced pressure. The crude product was purified by column
chromatography (hexane : EtOAc = 20:1, v/v) to give the product as a brown oil in a yield of

1.25 g (58%).



'H NMR (400 MHz, CDCl5) § 7.06-7.04 (m, 1H), 6.31-6.30 (m, 1H), 6.22 (t, J= 3.2 Hz, 1H), 4.94
(brs, 2H), 2.53 (s, 3H), 0.93 (s, 9H), 0.09 (s, 6H). 3C NMR (100 MHz, CDCl;) § 169.0, 136.9,
120.3, 112.0, 111.5, 60.7, 25.9, 23.5, 18.4, -5.4. HRMS (ESI): calcd. for C;3H3NO,Si [M+Na]*

276.1396, found 276.1398.

1-(((tert-butyldimethylsilyl)oxy)methyl)-1,4-dihydro- 1,4-epiminonaphthalen-9-yl)ethanone (2¢)
O
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To a solution of 2-(trimethylsilyl)phenyl imidazolsulfonate (0.98 g, 3.3 mmol) and 2b (1.25 g, 5
mmol) in anhydrous MeCN (20 mL) was added CsF (1 g, 6.6 mmol). The reaction mixture was
heated and maintained at 60 °C for 12 h. The mixture was diluted with EtOAc (150 mL) and
washed with water (2x50 mL). The separated organic layer was again washed with brine (2x150
mL) and concentrated under reduced pressure. The crude was purified by column chromatography
(hexane : EtOAc = 2:1, v/v) to give the product as a brown oil in a yield of 350 mg (32%).

'"H NMR (400 MHz, CDCl;) 8 7.46 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 8.0 Hz, 1H), 7.14 (brs, 1H),
7.00-6.93 (m, 3H), 5.41 (s, 1H), 4.96 (d, J = 8.0 Hz, 1H), 4.68 (d, J = 8.0 Hz, 1H), 1.93 (s, 3H),
0.96 (s, 9H), 0.21 (s, 3H), 0.19 (s, 3H). 3C NMR (100 MHz, CDCl3) 8 167.5, 151.1, 148.5, 145.5,
141.2,125.2, 124.7, 121.2, 119.7, 77.1, 67.1, 60.9, 25.9, 22.7, 18.2, -5.3, -5.4, -5.5. HRMS (ESI):

caled. for C9H»7;NO,Si[M+Na]* 352.1709, found 352.1716.

1-(hydroxymethyl)-1,4-dihydro- 1,4-epiminonaphthalen-9-yl)ethanone (2d)

Ac Ac
N OTBDMS N OH
1 N TBAF
/ THF /

To a solution of 2¢ (350 mg, 1.1 mmol) in THF (4 mL) was added 1 M tetra n-butyl ammonium
fluoride (2 mL. 2 mmol) at room temperature, and the mixture was stirred for 2 h. The mixture
was diluted with Et,O/EA mixture (100 mL, 1:1) and washed with water (50 mL) and brine (2x50

mL) and the separated organic layer was dried with Na,SO,4, and concentrated under reduced
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pressure. The crude product was purified by column chromatography (hexane : EtOAc = 10:1, v/v)
to afford the product as a brown oil in a yield of 200 mg (85%; R¢= 0.25 in hexane : EtOAc = 1:1,
v/v).

'H NMR (400 MHz, CDCl;) 8 7.29-7.26 (m, 2H), 7.08-7.06 (m, 1H), 7.04-7.00 (m, 2H), 6.93 (d, J
=5.6 Hz, 1H), 5.51 (d, /= 2.4 Hz, 1H), 5.30-5.26 (m, 1H), 4.59 (dd, J,= 3.2 Hz, J,= 7.2 Hz, 2H),
2.05 (s, 3H). 3C NMR (100 MHz, CDCls) 5 164.8, 148.2, 147.8, 145.4, 143.3, 125.5, 125.3. 120.5,
120.2, 79.0, 66.8, 58.0, 22.3. HRMS (ESI): calcd. for C;3H;3sNO, [M+Na]* 238.0844, found
238.0842.

9-acetyl-1,4-dihydro- 1,4-epiminonaphthalen-1-yl)methyl (4-nitrophenyl)carbamate (2)
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To a solution of 2d (200 mg, 0.9 mmol) and DMAP (146 mg, 1.2 mmol) in anhydrous THF (12
mL) was added 4-nitrophenyl isocyanate (300 mg, 2 mmol). The reaction mixture was stirred at
50 °C for 10 h. The mixture was diluted with EtOAc (150 mL) and washed with water (200 mL)
and brine (2x150 mL). The separated organic layer was dried with Na,SO,4, and concentrated
under reduced pressure, purified by column chromatography (hexane : EtOAc = 5:1, v/v) to afford
the desired compound as yellow solid in a yield of 70 mg (22%; Ry = 0.15 in hexane : EtOAc =
1:1, v/v).

'"HNMR (400 MHz, = DMSO-dy) 4 10.50 (s, 1H), 8.22 (d, J = 9.6 Hz, 2H), 7.76 (d, J = 9.6 Hz,
2H), 7.37-7.35 (m, 2H), 7.18-7.16 (m, 1H), 7.06 (d, J = 5.6 Hz, 1H), 7.01-6.99 (m, 2H), 5.84 (d, J
= 2.4 Hz, 1H), 5.40-5.30 (m, 2H), 1.89 (s, 3H). 3C NMR (100 MHz, DMSO-dy) & 169.3, 153.6,
149.7, 149.3, 146.1, 144.9, 143.9, 142.2, 125.5, 125.2, 121.0, 120.6, 118.2, 75.3, 67.0, 62.2, 23.4.

HRMS (ESI): calcd. for C,0H;7N30s [M+Na]* 402.1066, found 402.1075.



Tert-butyl 2-formyl-1H-pyrrole-1-carboxylate
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Tert-butyl 2-formyl-1H-pyrrole-1-carboxylate was prepared according to a literature protocol.[*]
'H NMR (400 MHz, CDCl;) 8 10.23 (s, 1H), 7.34 (brs, 1H), 7.06 (brs, 1H), 6.18 (t, J = 4.0 Hz,

1H), 1.55 (s, 9H). The 'H NMR data agreed with the reported spectrum of this compound.]

Tert-butyl 2-(hydroxymethyl)- 1 H-pyrrole-1-carboxylate (3a)

Boc /Boc
N/ NaBH4 N

Tert-butyl 2-(hydroxymethyl)-1H-pyrrole-1-carboxylate (3a) was prepared according to a
literature protocol.™]

'"H NMR (400 MHz, CDCl;) 6 7.16 (d, J= 1.2 Hz, 1H), 6.18 (brs, 1H), 6.10 (brs, 1H), 4.64 (d, J=
7.6 Hz, 2H), 3.60 (d, J = 7.2 Hz, 1H), 1.61 (s, 9H). 3*C NMR (100 MHz, CDCls) 8 150.0, 134.8,
121.9,113.6, 110.4, 84.5, 57.7, 28.0. The 'H and '3C NMR data agreed with the reported spectrum

of this compound. [%]

Tert-butyl 2-(((tert-butyldimethylsilyl)oxy)methyl)- 1 H-pyrrole-I-carboxylate (3b)

N
Boc [ Boc

| »
N N , TBDMSCI N
[ )— = )
OH DMF OTBDMS

To a solution of 3a (7.0 g, 35.5 mmol) and imidazole (3.6 g, 53 mmol) in anhydrous DMF (30 mL)

was added fert-butylchlorodimethylsilane (6.5 g, 44 mmol) at 0 °C. The reaction mixture was
allowed to warm to room temperature and stirred for 12 h. The reaction mixture was extracted
with DCM (300 mL), quenched with sat. ag. NaHCOj; solution (150 mL), and washed with water
(2x200 mL). The combined organic layers were washed with brine (2x200 mL), dried over
Na,SO,4 and concentrated under reduced pressure. The crude product was purified by column
chromatography (hexane : EtOAc = 20:1, v/v) to give the product as a brown oil in a yield of 8.8 g
(80%).

'"H NMR (400 MHz, CDCl;) & 7.19 (t, J = 2.4 Hz, 1H), 6.23 (brs, 1H), 6.13 (t, J = 3.2Hz, 1H),
10



4.89 (s, 2H), 1.59 (s, 9H), 0.93 (s, 9H), 0.09 (s, 6H). 13C NMR (100 MHz, CDCl3) & 149.2, 135.4,
120.9, 111.0, 110.3, 83.5, 60.2, 27.9, 25.9, 18.4, -5.4. HRMS (ESI): calcd. for C;sHyNO;Si

[M+Na]* 334.1814, found 334.1815.

tert-butyl 1-(((tert-butyldimethylsilyl)oxy)methyl)- 1,4-dihydro- 1,4-epiminonaphthalene-9-
carboxylate (3¢)
0]
o=§-N )
] \=N

Boc
© N
Boc
N TMS |, CsF 7
@/\OTBDMS >

MeCN
OTBDMS

To a solution of 2-(trimethylsilyl)phenyl imidazolsulfonate (4.5 g, 15 mmol) and 3b, (7.2 g, 22.8
mmol) in anhydrous MeCN (60 mL) was added CsF (4.7 g, 30 mmol). The reaction was
maintained at 60 °C for 12 h. The mixture was diluted with EtOAc (150 mL) and washed with
water (100 mL). The separated organic layer was washed with brine (2x100 mL), dried with
Na,SO, and concentrated by reduced pressure. The crude was purified by column chromatography
(hexane : EtOAc = 100:1 to 50:1, v/v) to give the product as a brown oil in a yield of 1.2 g (20%).

'"H NMR (400 MHz, CDCl;) & 7.42 (d, J = 6.0 Hz, 1H), 7.22 (d, J = 6.0 Hz, 1H), 7.06 (d, J=5.2
Hz, 1H), 6.95 (t, J = 6.0 Hz, 3H), 5.44 (s, 1H), 4.78 (brs, 1H), 4.55 (d, J = 9.6 Hz, 1H), 1.32 (s,
9H), 0.96 (s, 9H), 0.20 (s, 3H), 0.19 (s, 3H). *C NMR (100 MHz, CDCls) § 154.8, 150.5, 149.5,
144.4, 141.6, 141.5, 124.9, 124.6, 120.9, 120.8, 120.5, 80.5, 67.4, 61.4, 29.7, 28.1, 25.9, 18.3, -5.3,

-5.4. HRMS (ESI): calcd. for C,,H33NO5Si [M+Na]* 410.2127, found 410.2138.

tert-butyl 1-(hydroxymethyl)-1,4-dihydro-1,4-epiminonaphthalene-9-carboxylate (3d)

Boc Boc.
~N OTBDMS N OH
1N TBAF
—_—
/
A THF

To a solution of 3¢ (1.1 g, 3.0 mmol) in anhydrous THF (7 mL) was added 1 M tetra n-butyl
ammonium fluoride (4.8 mL, 4.8 mmol) at room temperature and the mixture was stirred for 8 h.

The mixture was extracted with Et,O/EtOAc mixture (50 + 50 mL) and washed with water (2x50
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mL). The separated organic layer was again washed with brine (2x50 mL), dried with Na,SO,4 and
concentrated under reduced pressure. The crude compound was purified by column
chromatography (hexane : EtOAc = 10:1, v/v) to afford the product as a brown oil in a yield of 0.7
g (85%; Ry= 0.7 in hexane : EtOAc = 1:1, v/v).

'"H NMR (400 MHz, CDCl;) 8 7.24 (t, J = 5.2 Hz, 2H), 7.04-6.98 (m, 3H), 6.88 (d, J = 5.2 Hz,
1H), 5.51 (brs, 1H), 4.58 (d, J = 6.8 Hz, 2H), 1.42 (s, 9H). 13C NMR (100 MHz, CDCl5) & 148.8,
148.1, 144.4, 144.0, 125.1, 125.0, 120.5, 120.1, 81.6, 78.6, 66.9, 58.9, 28.2, 25.6. HRMS (ESI):

caled. for C1¢H;gNO; [M+Na]* 296.1263, found 296.1267.

tert-butyl 1-((((4-nitrophenyl)carbamoyl)oxy)methyl)-1,4-dihydro- 1,4-epiminonaphthalene-9-
carboxylate (3)

NO,

Boc
N —OH DMAP, OCNONoz Q
>  Boc, >‘NH
o}

/ THF N

To a solution of 3d (408 mg, 1.5 mmol) and DMAP (244 mg, 2 mmol) in THF (25 mL) was added
4-nitrophenyl isocyanate (450 mg, 3 mmol). The reaction was stirred at 50 °C for 10 h. The
mixture was diluted with EtOAc (150 mL) and washed with water (200 mL) and brine (2x150
mL). The separated organic layer was dried with Na,SO,, concentrated under reduced pressure
and purified by column chromatography (hexane : EtOAc = 5 :1, v/v) to afford the desired
compound as a yellow solid in a yield of 405 mg (62%; R¢= 0.8 in hexane : EtOAc = 1:1, v/v

'"H NMR (400 MHz, CDCl;) § 8.21 (d, J = 9.2 Hz, 2H), 7.57 (d, J = 9.2 Hz, 2H), 7.31-7.29 (m,
1H), 7.24-7.22 (m, 2H), 7.08-7.06 (m, 1H), 7.03-6.98 (m, 2H), 6.84 (d, /= 5.6 Hz, 1H), 5.55 (d, J
= 2.0 Hz, 1H), 5.40 (brs, 2H), 1.36 (s, 9H). 13C NMR (100 MHz, CDCl;) & 154.8, 152.6, 148.6,
147.9, 143.9, 142.9, 126.3, 125.4, 125.2, 125.1, 121.1, 119.8, 117.7, 81.4, 75.6, 67.4, 62.2, 28.1.

HRMS (ESI): calcd. for C3H23N306 [M+Na]™ 460.1485, found 460.1495.
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Doxorubicin-containing Prodrug (5)
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N
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To a solution of 2d (53 mg, 0.24 mmol) in dry DCM (6 mL) was added DMAP (0.5 mmol, 70 mg)
and nitrophenyl chloroformate (71 mg, 0.35 mmol) at 0 °C. The reaction was kept in the dark at 25
°C overnight. The reaction mixture was quenched with ice and extracted with DCM (2x20 mL).
The combined organic layer was washed with water (3x50 mL) and brine (3%50 mL) until no
more yellow color was observed in the organic phase, dried over Na,SO, and concentrated to
afford the carbonate intermediate (4) as light yellow solid in a yield of 65 mg (64%). 4
decomposed upon storage and was immediately used in the next step.

'H NMR (400 MHz, CDCl;) 8 7.29 (dd, J; = 2.0 Hz, J, = 6.8 Hz, 2H), 7.44 (dd, J, = 2.0 Hz, J, =
6.8 Hz, 2H), 7.31-7.26 (m, 2H), 7.10-7.08 (m, 1H), 7.04-6.99 (m, 3H), 5.65-5.62 (m, 1H), 5.67 (s,
1H), 5.53 (d, J=7.6 Hz, 1H), 1.99 (s, 3H).

To a solution of 4 (64 mg, 0.17 mmol) in dry DMF (0.5 mL) was added DIEA (272 mg, 2.1
mmol), after 15 min, doxorubicin hydrochloride (120 mg, 0.2 mmol) was added and the reaction
mixture was stirred in the dark and at 25 °C for 24 h. The mixture was diluted with DCM (100 mL)
and washed with H;O (50 mL) and brine (2x50 mL). The organic phase was concentrated and
purified by preparatory-TLC (DCM : MeOH = 15:1, v/v) to afford the desired compound as red
solid in a yield of 40 mg (30%; R¢= 0.5 in DCM : MeOH = 10:1, v/v).

'"H NMR (400 MHz, CDCl;:MeOD-d, = 9:1) 6 7.97 (dd, J; = 1.2 Hz, J, = 8.0 Hz, 1H), 7.73 (t, /=
8.0 Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 7.17 (brs, 2H), 6.95-6.90 (m, 2H), 6.81 (brs, 1H), 6.74 (brs,
1H), 5.42 (brs, 2H), 5.23 (d, J=15.2 Hz, 2H), 5.11 (d, J=11.6 Hz, 1H), 4.71 (s, 2H), 4.08 (d, J =
6.4 Hz, 1H), 4.01 (s, 3H), 3.79 (d, J = 12.0 Hz, 1H), 3.62 (s, 1H), 3.20 (d, J = 18.8 Hz, 1H), 2.98

(d, J=18.8 Hz, 1H), 2.30 (d, /= 15.2 Hz, 1H), 2.09 (d, /= 15.2 Hz, 1H), 1.89 (d, /=4.0 Hz, 3H),
13



1.80-1.74 (m, 2H), 1.23 (d, J = 6.4 Hz, 3H). 3C NMR (126 MHz, DMSO-d;) & 214.3, 186.9,
186.8, 169.3, 161.2, 156.6, 155.7, 154.9, 150.3, 144.7, 143.5, 136.6, 135.9, 135.1, 134.5, 125.3,
125.1, 120.9, 120.6, 120.4, 120.2, 119.4, 111.2, 111.0, 100.8, 75.4, 70.3, 68.4, 67.1, 67.0, 64.2,

61.3, 57.0, 55.4, 47.7, 37.0, 32.5, 30.3, 23.2, 17.5. HRMS (ESI): caled. for C4;HaoN,0,4 [M+Na]*

807.2377, found 807.2383.
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3,6-di(pyridin-2-yl)pyridazine (DPPz)

NZ |
N//N| NN
N ~ _N
S N >
= MeCN

To a solution of 1,4-epoxynaphthalene (72 mg, 0.5 mmol) in MeCN (12 mL) was added a solution
of 3,6-di(pyridin-2-yl)-1,2,4,5-tetrazine (118 mg, 0.5 mmol) in MeCN (12 mL). The reaction was
stirred at 40 °C for 4 h. The mixture was concentrated and purified by column chromatography
(hexane : EtOAc = 1:1, v/v) to afford the desired compound as a pale solid in a yield of 60 mg
(49%).

'"H NMR (400 MHz, DMSO-dy) 4 8.80 (d, J = 3.6 Hz, 2H), 8.69 (s, 2H), 8.65 (d, J = 6.4 Hz, 2H),
8.08 (t, J = 6.4 Hz, 2H), 7.61-7.59 (m, 2H). The '"H NMR agreed with the reported spectrum of

this compound.[®!
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4-(1,2,4,5-tetrazin-3-yl)benzoic acid

NN
NH N N
N I AcoH &
H NH2 , N2H4, Zn(OTf)z, NaNOz
COOH
COOH

4-(1,2,4,5-tetrazin-3-yl)benzoic acid was synthesized according to a literature protocol.[”]
'H NMR (400 MHz, DMSO-d;) 6 10.65 (s, 1H), 8.64-8.57 (m, 2H), 8.24-8.17 (m, 2H). The 'H

NMR data agreed with the reported spectrum of this compound. 7]
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N-(2-(2-(2-methoxyethoxy)ethoxy)ethyl)-4-(1,2,4,5-tetrazin-3-yl) benzamide (PEG-Tz)

/
_/_O
(6]
NN
g 5 .
oz ~ N
wn—’ DCC, HOBt L
- °N
> H
N\/\O/\/O\/\O/
COOH 0

To a dry round-bottom flask was added 2-(2-(2-methoxyethoxy)ethoxy)ethan-1-amine (190 mg,
1.19 mmol) in THF (0.5 mL), dicyclohexylmethanediimine (230 mg, 1.09 mmol) in THF (1.0 mL),
and hydroxybenzotriazole (170 mg, 1.09 mmol) in THF (1 mL). The solution was cooled to 0 °C
in an ice bath and stirred. 4-(1,2,4,5-tetrazin-3-yl)benzoic acid (200 mg, 0.99 mmol) in THF (2.5
mL) was added to the flask while allowing the reaction mixture to return to room temperature and
the resultant red reaction mixture was stirred for 20 h. After the allotted time, the reaction was
diluted with 10 mL of diethyl ether to precipitate out the dicyclohexylurea byproduct, which was
removed by filtration; the solution was subsequently washed with diethyl ether (2x5 mL), filtered
again, and concentrated. The mixture was directly concentrated and purified by column
chromatography (DCM : Acetone = 10:1, v/v) to afford the desired compound as a pink solid in a
yield of 80 mg (20%)

'"H NMR (400 MHz, CDCl3) 8 10.27 (s, 1H), 8.75-8.67 (m, 2H), 8.09-8.01 (m, 2H), 7.00 (s, 1H),
3.77-3.62 (m, 9H), 3.58-3.51 (m, 2H), 3.33 (s, 3H). *C NMR (100 MHz, CDCls) 8 166.4, 165.9,
157.9, 138.7, 134.0, 128.4, 128.1, 71.9, 70.6, 70.5, 70.2, 69.7, 39.9. HRMS (ESI): calcd. for

C16H21N504 [M+Na]+ 3701491, found 370.1496.
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Photospectrometric Analysis of Reaction Kinetics

The reaction was monitored at 525 nm, which is a local absorbance maximum of tetrazine. All
kinetic experiments were run in triplicates. Pseudo-first order curve fitting was performed with

Origin 8.0 software using the exponential formula: y = A x e + y,,.
Kinetics in DMSO and DMSO/H,0 (9:1, v/v)

Stock solutions of benzonorbornadiene derivatives 1-3 (60 mM or 12.5 mM) and tetrazine (15
mM or 2.5 mM) in DMSO were prepared. Final solutions containing tetrazine (2 mM or 0.25 mM)
and 1-3 (20 mM, 30 mM, 40 mM and 50 mM or 2.5 mM, 3.75 mM, 5 mM, 6.25 mM) were

prepared in 96-well plates and thoroughly mixed at 37 °C for UV-Vis measurements.
Kinetics in DMSO/PBS (3:2, v/v)

Final solutions containing tetrazine (0.05 mM) and 1-2 (0.5 mM), tetrazine alone (0.05 mM) were

prepared in 96-well plates and thoroughly mixed at 37 °C for UV-Vis measurements.
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Figure S1. Second-order rate constants k, of the reactions with the benzonorbornadiene
derivatives 1-3 and the tetrazines DPTz and PEG-Tz determined from plots of pseudo-first order

kobs Versus concentration of 1-3. The results are expressed as the mean + standard deviation (n = 3).
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Color change resulting from the reaction of 1 and DPT;

Stock solutions of 1 (12 mM) and DPTz (12 mM) in DMSO were prepared. Aliquots of the DPTz
stock solution (500 pL) was added with DMSO (500 pL); Solution of 1 (500 pL) was added with
DPTz stock solution (500 pL). Solution of 1 (500 pL) was added with DMSO (500 pL). The
samples were incubated at 37 °C and the image was recorded at the time point of 24 h, shown as

insert in Figure 1.
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Analysis of Release by HPLC

Stock solutions of probes 1-3 (24 mM) and tetrazine (24 mM) in DMSO were prepared. Aliquots
of the benzonorbornadiene derivatives 1-3 stock solution (125 pL) and tetrazine stock solution
(375 pL) were combined to give final concentrations of 6 mM for the 1-3 and 18 mM for the
DPTz. Samples were incubated at 37 °C and aliquotes were taken at five time points (5 min, 30
min, 2 h, 6 h and 24 h) and diluted by 25-fold with MeCN to quench the reaction and analyzed by

HPLC monitoring. (Blue line: 317 nm channel; Red line: 378 nm channel)
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Figure S2. Analysis of reaction between 1 and DPTz at different time points. From left to right:
DPPz, DPTz, pNA and 1 (Indicated with arrows). The mobile phase A was 0.1% TFA in water
and mobile phase B was acetonitrile. A gradient of 0-100% B ranging from 1-15 min was run at a
flow rate of 4.0 mL/min. Retention time for DPPz: 9.87-9.96 min; DPTz: 9.98-10.05 min; pNA:

11.71-11.81 min; 1: 14.78-14.80 min.
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Figure S3. Analysis of reaction of 2 and DPTz at different time points. From left to right: DPPz,
DPTz, pNA and 2 (Indicated with arrows). The mobile phase A was 0.1% TFA in water and
mobile phase B was acetonitrile. A gradient of 0-100% B ranging from 1-15 min was run at a flow
rate of 4.0 mL/min. Retention time for DPPz: 9.85-10.08 min; DPTz: 10.06-10.14 min; pNA:

11.68-11.76 min; 2: 14.32-14.37 min.
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Figure S4. Release analysis of 3 with DPTz at different time points. From left to right: DPPz,
DPTz, pNA and 3 (Indicated with arrows). The mobile phase A was 0.1% TFA in water and
mobile phase B was acetonitrile. A gradient of 0-100% B ranging from 1-15 min was run at a flow
rate of 4.0 mL/min. Retention time for DPPz: 9.83-10.18 min; DPTz: 10.00-10.23 min; pNA:

11.64-11.87 min; 3: 16.64-16.89 min.
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IH NMR Mechanistic Studies and Release Products Distribution

Mechanistic studies in DMSO-d

Stock solutions of benzonorbornadiene derivatives 1-3 (24 mM) and DPTz (24 mM) in DMSO-ds

were prepared. Aliquots of the benzonorbornadiene derivatives 1-3 stock solution (125 pL) and

DPTz stock solution (375 pL) were combined to give final concentrations of 6 mM for the 1-3 and

18 mM for DPTz. 18-crown-6-ether or furan was added as internal standard for peak integration.

The samples were incubated at 37 °C and 'H NMR spectra recorded at the indicated time points (5

min, 30 min, 2 h, 6 h and 24 h) at 25 °C.

DMSO-djs
24 h =
Om
Ome 1w °
I A
6h O
[ 1]
Hm rme [ m °
1 |
2h
O ]
L O |
] me X °
mE AAA
\ l;' kauw__m_w
30 min

N TR JLFJJ‘ J _Jw e R e

5 min
& A D A a i
105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 B..D 5.0 4.5 4.0 3.5 3.0 2.5 2.1
f1 (ppm)

Figure SS5. Full spectrum monitoring the bioorthogonal release reaction of 1 with DPTz in

DMSO-ds. Legend: 1:A\; DPTz:[1; pNA:@; DPPz: M ; 13: A.LS: Internal standard.
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Figure S6. Full spectrum monitoring the bioorthogonal release reaction of 2 with DPTz in

DMSO-ds. Legend: 2:A\; DPTz:[1; pNA:@; DPPz: M. 1.S: Internal standard.
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Figure S7. Full spectrum monitoring the bioorthogonal release reaction of 3 with DPTz in

DMSO-ds. Legend: 3:/A\; DPTz:[1; pNA:@; DPPz: M. 1.S: Internal standard.
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Mechanistic studies in DMSO-dg/D,0 (9:1, v/v)

Stock solutions of benzonorbornadiene derivatives 2 (40 mM) and DPTz or PEG-Tz (24 mM) in
DMSO-ds were prepared. Aliquots of 2 stock solution (75 uL), DPTz solution (375 puL) and D,O
(50 pL) were combined to give final concentrations of 6 mM for the 2 and 18 mM for DPTz. 18-
crown-6-ether was added as internal standard for peak integration. The samples were incubated at

37 °C and '"H NMR spectra recorded at the indicated time points (5 min, 30 min, 2 h, 6 h and 24 h)

at 25 °C.
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Figure S8. Full spectrum monitoring the bioorthogonal release reaction of 2 with DPTz in

DMSO-ds/D,0 (9:1, v/v). Legend: 2: A; DPTz:[]; pNA:@; DPPz: M. 1.S: Internal standard.
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DMSO-d¢/D;0 (9:1, v/v)
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Figure S9. Full spectrum monitoring the bioorthogonal release reaction of 2 with PEG-Tz in

DMSO-dy¢/D,0 (9:1, v/v). Legend: 2:/A\; DPTz:[1; pNA:@; DPPz:l. 1.S: Internal standard,

furan.
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Analysis of Product Distribution

Characteristic peaks in 'H NMR of reaction mixtures were integrated in experiment performed as
described for the 'TH NMR mechanistic studies in DMSO-ds/D,0 (9:1, v/v). Data acquired by 'H

NMR monitoring at different time points (5 min, 30 min, 2 h, 6 h and 24 h) in triplicates.
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Figure S10. Products distribution as a function of time for the reaction of 1 and DPTz in DMSO-
dsg/Dy0 (9:1, v/v) at 37 °C. Conditions were the same as for 'H NMR mechanism studies. The

results are expressed as the mean =+ standard deviation (n = 3).
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PNA Release Studies

pNA was quantified by integration of characteristic '"H NMR peaks in experiments similar to the
'H NMR mechanistic studies. Aliquots of 1-3 stock solution and DPTz solution gave final
concentrations of 4.5 mM for the 1-3 and 18 mM for DPTz (4 eq). 18-crown-6-ether was added as
internal standard for peak integration. The samples were incubated at 37 °C and '"H NMR spectra
recorded at the indicated time points (6 h and 24 h) at 25 °C. The release studies were conducted

in triplicate, shown as Figure 2b. The results are expressed as the mean + standard deviation (n =

3).
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Stability Studies of Prodrug 5 and Compound 2

Stability of 5 in DMSO-PBS (1:1, v/v)

Stock solutions of prodrug 5 (2 mM) in DMSO were prepared. Aliquots of 5 stock solution (100
puL), DMSO (400 puL) and 0.01 M PBS (500 pL) were combined to give final concentrations of
200 puM for the 5 in DMSO-PBS (1:1, v/v). The sample was incubated in the dark at 37 °C and
analyzed by HPLC at the indicated time points (5 min, 6 h and 24 h) at 480 nm. No free

doxorubicin or doxorubicin-containing side products were observed.
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Figure S11. Representative spectra of HPLC analysis of the stability of 5 in DMSO/PBS solution

at different time points. Prodrug 5 is indicated with arrow. The mobile phase A was 0.1% TFA in
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water and mobile phase B was acetonitrile. A gradient of 0-100% B ranging from 1-15 min and
100%B ranging from 15-18 min was run at a flow rate of 4.0 mL/min. Retention time for 5: 13.16-

13.20 min.
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Release Studies of Prodrug 5

Stock solutions of prodrug 5 (2 mM) and PEG-Tz (16 mM) in DMSO were prepared. Aliquots of
5 stock solution (100 pL), Tz stock solution (100 pL), DMSO (300 puL) and 0.01 M PBS (500 pL)
were combined to give final concentrations of 200 uM for the 5 and 1.6 mM for PEG-Tz. The
sample was incubated at 37 °C in the dark and HPLC spectra were recorded at the indicated time

points (5 min, 30 min, 2 h and 6 h) at 480 nm.
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Figure S12. HPLC analysis of the reaction of 5§ with PEG-Tz in DMSO/PBS solution (1:1, v.v) at
different time points. From left to right: Released Dox, PEG-Tz and Prodrug 5 (Indicated with
arrows). The mobile phase A was 0.1% TFA in water and mobile phase B was acetonitrile. A
gradient of 0-75% B ranging from 1-15 min and 75%-100% B from 15-18 min and 100%B
ranging from 15-18 min was run at a flow rate of 4.0 mL/min. Retention time for Free Dox: 11.80-

11.87 min; PEG-Tz: 12.50-12.60; 5: 15.68-15.74 min.
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Stability of 5 in PBS: Serum (1:1, v/v)

Stock solutions of prodrug 5 (2.5 mM) in DMSO were prepared. Aliquots of 5 stock solution (20
pL), 0.01 M PBS (480 pL) and human serum (500 pL) (Sigma-Aldrich, USA) were combined to
give final concentrations of 50 uM for the 5 in PBS: Serum (1:1, v/v). The sample was thoroughly
mixed and incubated at 37 °C in the dark and subsequently a 50 pL aliquot of the sample was
taken at indicated time points (5 min, 6 h, 24 h and 48 h) and quenched by 200 pL ice cold
acetonitrile, followed by centrifugation at 13300 rpm for 5 min. The supernatant was injected and
analyzed by HPLC at 480 nm. No free doxorubicin or doxorubicin-containing side products were

observed in the stability test of 5 (Figure S13).
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Figure S13. Representative spectra of HPLC analysis of the stability of 5 in human serum at
different time points. Prodrug 5 is indicated with arrow. The mobile phase A was 0.1% TFA in
water and mobile phase B was acetonitrile. A gradient of 0-100% B ranging from 1-15 min was

run at a flow rate of 4.0 mL/min. Retention time for 5: 13.18-13.33 min.
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Stability of 2 in PBS: Serum (1:1, v/v)

Stock solutions of 2 (2.5 mM) in DMSO were prepared. Aliquots of 2 stock solution (20 pL), 0.01
M PBS (480 pL) and human serum (500 pL) (Sigma-Aldrich, USA) were combined to give final
concentrations of 50 uM for the 2 in PBS: Serum (1:1, v/v). The sample was thoroughly mixed
and incubated at 37 °C in the dark and subsequently a 50 pL aliquot of the sample was taken at
indicated time points (5 min, 6 h, 24 h, 48 h, 72 h and 7 days) and quenched by 200 pL ice cold
acetonitrile, followed by centrifugation at 13300 rpm for 5 min. The supernatant was injected and
analyzed by HPLC at 317 nm. No free p-Nitroaniline or p-Nitroaniline-containing side products

were observed in the stability test of 2 (Figure S14).
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Figure S14. Representative spectra of HPLC analysis of the stability of 2 in human serum at
different time points (5 min, 6 h, 1 day, 2 days and 7 days). Compound 2 is indicated with arrow.
The mobile phase A was 0.1% TFA in water and mobile phase B was acetonitrile. A gradient of 0-
100% B ranging from 1-15 min and 100%B ranging from 15-18 min was run at a flow rate of 4.0

ml/min. Retention time for 2: 14.13-14.25 min.
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Cytotoxicity Assay

AS549 lung cancer cells (ATCC, USA) were maintained in a humidified CO, (5%) incubator at 37
°C in DMEM (Thermo Fisher, USA) supplemented with 10% fetal bovine serum in the presence
of 1% Penicillin-Streptomycin-Glutamine (Thermo Fisher, USA) and 0.2% Normocin (InvivoGen,
USA).

The cells were plated in 96-well TC treated plates (PerkinElmer, USA) at a 5000 cells/well density
24 h prior to the experiment. Prodrug 5, compound 2 (2 mM in DMSO) and PEG-Tz (40 mM in
DMSO) were serially diluted in pre-warmed culture medium. Prodrug 5 and compound 2 are
added to the cells first (100 pL final volume per well) in a series of final concentrations ranging
from 0.001 to 10 uM then followed by PEG-Tz in a series of final concentrations ranging from
200 uM, 100 pM, 50 puM, 25 pM, immediately.

Doxorubicin was used as the positive control with same series of concentrations ranging from
0.001 to 10 uM. PEG-Tz was also tested with same series of concentrations ranging from 0.02 to
200 uM, no obvious toxicity was observed. After 72 h incubation at 37 °C, cell proliferation was
assessed by a CellTiter-Glo® viability assay. Lyophilized CellTiter Glo Substrate (Promega, USA)
was dissolved in the CellTiter Glo Buffer to get CellTiter-Glo® Reagent, and from which 100 pL
was added to each well. After 15 min incubation at 25 °C, the medium was gently measured with
Envision 2104 Multilabel Reader (PerkinElmer, USA) to get the luminescent based on
quantitation of the ATP present, an indicator of metabolically active cells. The proliferation assay
was performed in triplicate (n = 3). ECs, values were derived from the normalized cell growth and
corresponding sigmoidal curves were fitted and generated with Origin 8.0. Results in A549 cells

are also shown in Table 2.
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Figure S15. Cytotoxicity assay against lung cancer A549 cells. The results are expressed as the

mean + standard deviation (n = 3).
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