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1. General Methods

'H NMR and 3C NMR spectra were recorded on a 400 MHz Bruker Biospin avance
Il spectrometer. Deuterated reagents for characterization and in situ reactions were
purchased from Sigma—Aldrich Chemical Co. and Cambridge Isotope Laboratories, Inc.
(purity > 99.9%). The chemical shifts (8) for *H NMR spectra, given in ppm, are
referenced to the residual proton signal of the deuterated solvent. Mass spectra were
recorded on a Bruker IMPACT-II spectrometer. Melting points (MP) were measured
on a WRX-4 digital melting point apparatus. Acetonitrile for fluorescence experiments
was purchased from Energy Chemical (purity > 99.9%). All other reagents were
obtained from commercial sources and were used without further purification, unless
indicated otherwise.
Dynamic covalent reactions. Dynamic Covalent Reactions (DCRs) were performed in
situ in DMSO-ds or CD3CN without isolation and purification. To a stirred solution of
1(F) (~15 mM, 1.0 equiv) in deuterium reagents (0.60 mL), was added a thiol (3.0
equiv). The mixture was stirred and characterized by *H NMR and ESI mass spectral
analysis. See specific conditions in figure captions of the main text or supporting
information if necessary.
Fluorescence experiments in solution. Fluorescence spectra in solution were recorded
on a microplate reader (BioTek SYNERGY H4) at a concentration of 50 uM of each
probe in acetonitrile. Stock solutions of components were prepared, and titrations were
then conducted by mixing 1 with 1,8-diazabicyclo[5.4.0Jundec—7—ene (DBU),
methanesulfonic acid (MA), or anions. Anions for anionic recognition experiments
were added as a stock solution of BusN*X" in CH3CN. For signaling cascade reactions,
a stock solutions of 3(F) was titrated to a solution of fluorescent switch (0.2 mM) in
DMSO or CH3CN. Please see specific conditions in figure captions of the main text or
supporting information if necessary.

Absolute quantum vyields (¢) were determined on a FLS920 fluorescence
spectrometer (Edinburgh Instruments).5% 52 A degassed solution of each probe (50 pM

in acetonitrile, deaerated by a nitrogen flow) was excited at its maximum wavelength.
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The quantum yield was calculated according to equation-S1.

¢ — N emission — f L emission
Nabsorption fEsozvent _I Esample (Equation-S1)

where Nemission IS the number of photons emitted from a sample, Nabsorption i the number
of photons absorbed by a sample, Lsample IS the emission intensity of sample, Esampie and
Esowvent are the intensity of the excitation light with and without a sample, respectively.

Thermally activated luminescent materials. The powder of 1(F) was activated by
heating under vacuum for 12 h. For solution studies the samples were heated in an
external constant temperature bath. After the desired temperature was reached and the
samples were equilibrated for 5 min, the emission intensity of solutions was recorded.
The solid state fluorescence was measured on a FLS920 fluorescence spectrometer
(Edinburgh Instruments). Probes loaded filter papers for reversible thermally-activated
materials were prepared by soaking a square Whatman filter paper (2cm X 2 cm) into
a solution of 1(F) in CH3CN (10.0 mM), followed by evaporation to dry. The filter
papers were activated by heating for 1 min using a hair drier. The cooling process was
conducted by putting the activated filter papers at room temperature for 1 min. The
photographs were taken under a 365 nm UV lamp in a dark room.

Vapor-responsive luminescent materials. 1(F) loaded filter papers for the visualization
of volatile vapors were prepared as above mentioned method. Solid samples for the
visualization of volatile vapors were prepared by grinding the solid 1(F) (50 mg) into a
powder in quartz crucible. The filter papers or solid powder were activated by HCI
vapor (generated from aqueous HCI, 37.5%, w/w), followed by exposure to different
vapors generated from liquid amines and methyl mercaptan (5% in 1,3-propanediol,
wi/w), respectively. For the real sample test, individual florets (~50 g, measuring 2-3
mm long) were cut from each broccoli head (purchased from Bravo YH supermarket),
collected, crushed, and immersed into 20 mL of 10 mM phosphate buffer solution (pH
8.0).52 The mixture and a solid sample of 1(F) (50 mg) activated with HCI vapor were
placed in a sealed jar for the detection of vapors generated during broccoli florets

spoilage. The photographs were taken under a 365 nm UV lamp in a dark room.
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2. Synthesis and Characterization

Scheme S1. The Synthesis of Urea Derivatives

H
NH, N._O
@;( _GDI, R-NH, HCl ©/\/\[4
N.
CH,Cl THF/H,0 R
o
8

OH
) -9(NO,) 1(Et) - 1(NO,)

R =

o 40 -%@cm oo+

9(Et), 1(Et) 9(H), 1(H) 9(Me), 1(Me) 9(OMe), 1(OMe) 9(F), 1(F)

—§©—0| -g@ar -%@% -%@Noz

9(CI),1(Cl) 9(Br), 1(Br) 9(CF3), 1(CF3) 9(NO,), 1(NO,)

General Procedure

To a stirred solution of N,N'-carbonyldiimidazole (CDI) (1.0 equiv) in CH2Cl> was
added 2-(1,3-dioxolan-2-yl)aniline 8% (1.0 equiv) in CH:Cl, dropwise at room
temperature under nitrogen. The mixture was stirred at r.t. for 6 h, and R-NH> (1.0 equiv)
was added. The resulting mixture was stirred for another 6 h at r.t. and monitored by
TLC. The solvent was removed under vacuum, and crude products were purified by
silica gel column chromatography to afford intermediates 9(Et) — 9(NO2).5°

To a solution of 9(Et) (200 mg, 0.85 mmol) in THF (20 mL) was added aqueous HCI
(10 mL). The reaction was stirred at room temperature for 16 h. The mixture was
extracted with EtOAc (200 mL) and washed with saturated aqueous NaHCO3 (50 mL).
The organic phase was dried over MgSO4. The crude product was obtained after
removal of solvent under vacuum and recrystallized to afford pure 1(Et). Other
compounds, including 1(H), 1(Me), 1(OMe), 1(F), 1(Cl), 1(Br), 1(CFs), and 1(NO),
were obtained from the corresponding intermediates according to the similar procedure

as 1(Et).
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d_b . 1-(2-(1,3-dioxolan-2-yl)phenyl)-3-ethylurea: Compound 9(Et) was
éNTN synthesized from 7 and ethylamine according to the general procedure.

The crude product was purified by silica gel column chromatography
using petroleum ether/ethyl acetate (3:1, v/v, containing 2% EtsN) as an eluent to
obtain9(Et) as a white solid (91%). MP: 139.8-140.5 °C. *H NMR (DMSO-ds): & 7.87
(d, J = 8.4 Hz, 1H), 7.66 (br, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.27 (td, J = 8.4, 1.2 Hz,
1H), 6.97 (t, J = 7.6 Hz, 1H), 6.90 (t, J = 5.2 Hz, 1 H), 5.74 (s, 1H), 4.14 — 3.92 (m,
4H), 3.12 - 3.06 (M, 2H), 1.07 —1.04 (t, J = 7.2 Hz, 3H). 13C NMR (DMSO-ds): 5 154.9,
138.4,129.2, 125.4, 121.6, 121.5, 101.1, 64.7, 34.0, 15.4. ESI-HRMS: m/z calculated

for C12H16N203Na [M + Na]*: 259.1053; found: 259.1053.

6.0 §oH 1-(2-(1,3-dioxolan-2-yl)phenyl)-3-phenylurea: Compound 9(H) was
(5/ X \© synthesized from 7 and aniline according to the general procedure. The
crude product was purified by silica gel column chromatography using petroleum
ether/ethyl acetate (4:1, v/v, containing 2% Et3N) as an eluent to obtain 9(H) as a white
solid (84%). MP: 145.3-146.5 °C. *H NMR (CD3CN): § 8.13 (m, 1H), 8.06 (d, J = 8.0
Hz, 1H), 7.99 — 7.96 (m, 1H), 7.84 (d, J = 8.4 Hz, 1H), 7.80 (br, 1H), 7.71(d, J = 7.2
Hz, 1H), 7.61-7.54 (m, 4H), 7.41-7.36 (m, 2H), 7.08 (td, J = 7.6, 1.2 Hz, 1H), 5.59(s,
1H), 3.82-3.65 (M, 4H). 13C NMR (CD3CN): & 153.7, 140.5, 138.6, 130.4, 129.9, 128.4,
127.5, 123.8, 123.7, 120.4, 103.4, 65.9. ESI-HRMS: m/z calculated for C1sH15N203
[M —H]: 283.1083; found: 283.1072.

[\
(50/“7(“ 1-(2-(1,3-dioxolan-2-yl)phenyl)-3-(p-tolyl)urea: Compound 9(Me)
0 ©\ was synthesized from 7 and p-toluidine according to the general
procedure. The crude product was purified by silica gel column chromatography using
petroleum ether/ethyl acetate (4:1, v/v, containing 2% EtzN) as an eluent to obtain 9(Me)
as a white solid (76%). MP: 138.9-140.1 °C. *H NMR (CDsCN): § 7.96 (d, J = 8.4 Hz,
1H), 7.66 (br, 1H), 7.59 (br, 1H), 7.43 (dd, J = 7.6, 1.2 Hz, 1H), 7.40 — 7.32 (m, 3H),
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7.15(d, J = 8.4 Hz, 2H), 7.09 (td J = 7.6, 0.8 Hz, 1 H), 5.77 (s, 1H), 4.13 — 3.98 (m,
4H), 2.31 (s, 3 H). *3C NMR (DMSO-ds): & 152.6, 137.4, 137.2, 130.7, 129.2, 127.0,
126.7, 122.7, 122.4, 118.5, 101.0, 64.7, 20.4. ESI-HRMS: m/z calculated for
Ci17H1sN20sNa [M + Na]*: 321.1215; found: 321.2106.

Omon ' 1-(2-(1,3-dioxolan-2-yl)phenyl)-3-(4-methoxyphenyl)urea:
é 1.( @O/ Compound 9(OMe) was synthesized from 7 and 4-methoxyaniline
according to the general procedure. The crude product was purified by silica gel column
chromatography using petroleum ether/ethyl acetate (4:1, v/v, containing 2% EtsN) as
an eluent to obtain 9(OMe) as a white solid (79%). MP: 166.3-166.9 °C. *H NMR
(CD3CN): § 7.97 (d, J = 8.0 Hz, 1H), 7.65 (br, 1H), 7.46 (br, 1H), 7.42 (dd, J = 7.6, 1.2
Hz, 1H), 7.39 — 7.32 (m, 3H), 7.08 (td, J = 7.2, 0.8 Hz, 2H), 6.93 — 6.89 (m, 2H), 5.74
(s, 1H), 4.07 — 3.97 (m, 4H), 3.78 (s, 3H). 3C NMR (DMSO-de): 5 154.5, 152.7, 137.5,
132.8, 129.2, 127.0, 126.4, 122.5, 122.3, 120.2, 114.0, 101.1, 64.7, 55.2. ESI-HRMS:
m/z calculated for C17H1sN20sNa [M + Na]™: 337.1164; found: 337.1156.

[\
o_ 0

éHTH 1-(2-(1,3-dioxolan-2-yl)phenyl)-3-(4-fluorophenyl)urea:

[¢]
F

Compound 9(F) was synthesized from 7 and 4-fluoroaniline
according to the general procedure. The crude product was purified by silica gel column
chromatography using petroleum ether/ethyl acetate (4:1, v/v, containing 2% EtsN) as
an eluent to obtain 9(F) as a white solid (87%). MP: 176.8-177.7 °C. 'H NMR
(CD3CN): 6 7.94 (d, J = 8.4 Hz, 2 H), 7.71 (br, 1H), 7.67 (br, 1H), 7.51 — 7.47 (m, 2H),
7.44 (dd, J = 7.6, 1.2 Hz, 1 H), 7.38 (td, J = 8.0, 1.6 Hz, 1 H), 7.13 — 7.05 (m, 3 H),
5.79(s, 1H), 4.18 — 4.00 (m, 4H). 3C NMR (CDsCN): § 160.7, 158.3, 153.9, 153.8,
138.5, 136.7, 130.5, 128.4, 127.6, 123.9, 123.7, 122.3, 122.2, 116.3, 116.1, 103.4, 65.9.
ESI-HRMS: m/z calculated for C16H14FN2O3 [M — H]™: 301.0988; found: 301.0979.

[\

o__ 0O
H H 1-(2-(1,3-dioxolan-2-yl)phenyl)-3-(4-chlorophenyl)urea:
NTN

o ©\o| Compound 9(CI) was synthesized from 7 and 4-chloroaniline
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according to the general procedure. The crude product was purified by silica gel column
chromatography using petroleum ether/ethyl acetate (4:1, v/v, containing 2% EtsN) as
an eluent to obtain 9(CI) as a white solid (89%). MP: 181.2-182.2 °C. *H NMR
(CD3CN): §7.92 (d,J = 8.0 Hz, 1 H), 7.84 (br, 1 H), 7.70 (1 br, H), 7.52 — 7.48 (m, 2H),
7.45 (dd, J = 7.6, 1.2 Hz, 1H), 7.39 (td, J = 7.6, 1.6 Hz, 1 H), 7.33 — 7.30 (m, 2H), 7.12
(td, J = 8.4, 0.8 Hz, 1H), 5.80(1 H, s), 4.20 — 4.01 (m, 4 H). 3C NMR (DMSO-d¢): 5
152.4,138.9, 137.0, 129.2, 128.6, 127.0, 125.3, 123.0, 122.8, 119.7, 101.0, 64.7. ESI-
HRMS: m/z calculated for C16H14CIN203 [M — H]: 317.0693; found: 317.0682.

1-(2-(1,3-dioxolan-2-yl)phenyl)-3-(4-bormophenyl)urea:
é I Osr Compound 9(Br) was synthesized from 7 and 4-bromoaniline
according to the general procedure. The crude product was purified by silica gel column
chromatography using petroleum ether/ethyl acetate (4:1, v/v, containing 2% EtsN) as
an eluent to obtain 9(Br) as a white solid (88%). MP: 180.3-181.0 °C. 'H NMR
(CD3CN): § 7.92 (d, J = 8.0 Hz, 1H), 7.84 (br, 1H), 7.70 (br, 1 H), 7.45 — 7.43 (m, 5H),
7.39 (td, J = 8.0, 1.6 Hz, 1H), 7.12 (td, J = 7.6, 0.8 Hz, 1H), 5.80 (s, 1H,) 4.20 — 4.00
(m, 4 H). 3C NMR (CDsCN): § 160.7, 158.3, 153.9, 153.8, 138.5, 136.7, 130.5, 128.4,
127.6, 123.9, 123.7, 122.3, 122.2, 116.3, 116.1, 103.4, 65.9. ESI-HRMS: m/z
calculated for C16H14BrN2O3 [M — H]: 361.0188; found: 361.0173.
1-(2-(1,3-dioxolan-2-yl)phenyl)-3-(4-
é \©\ (trifluoromethyl)phenyl)urea: Compound  9(CF3)  was
" synthesized from 7 and 4-(trifluoromethyl)aniline according to the
general procedure. The crude product was purified by silica gel column
chromatography using petroleum ether/ethyl acetate (4:1, v/v, containing 2% EtsN) as
an eluent to obtain 9(CFs) as a white solid (85%). MP: 211.3-212.1 °C. 'H NMR
(CDsCN): 6 8.07 (br, 1 H), 7.93 (d, J = 8.0 Hz, 1 H), 7.77 (br, 1H), 7.69 (d, J = 8.8 Hz,
2H), 7.62 (d, J = 8.8 Hz, 2H), 7.47 (dd, J = 8.0, 1.6 Hz, 1 H), 7.40 (td, J = 8.0, 1.6 Hz,
1H), 7.14 (td, J = 7.6, 0.8 Hz, 1H), 5.82 (s, 1H), 4.22 — 4.02 (m, 4H). *C NMR (CD3CN):
0 153.3, 144.4, 138.1, 130.5, 128.4, 127.9, 127.1, 127.0, 124.4, 124.2, 124.0, 119.3,
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103.3, 65.9. ESI-HRMS: m/z calculated for C17H14F3N303 [M — H]: 351.0957; found:
351.0945.

O/_\O
é“jg“@ 1-(2-(1,3-dioxolan-2-yl)phenyl)-3-(4-nitrophenyl)urea:
e Compound 9(NO2) was synthesized from 7 and 4-nitroaniline
according to the general procedure. The crude product was purified by silica gel column
chromatography using petroleum ether/ethyl acetate (4:1, v/v, containing 2% EtsN) as
an eluent to obtain 8(NO2) as a white solid (82%). MP: 217.5-218.2 °C. 'H NMR
(CD3CN): & 8.33 (br, 1H), 8.21 —8.17 (m, 2H), 7.94 (d, J = 8.4 Hz, 1H), 7.85 (br, 1H,),
7.74 —7.70 (m, 2H), 7.47 (dd, J = 7.6, 1.2 Hz, 1H), 7.41 (td, J = 9.6, 1.6 Hz, 1H), 7.16
(td, J=7.6, 1.2 Hz, 1H), 5.83 (s, 1 H), 4.23 — 4.03 (m, 4H). 3C NMR (CD3CN): § 153.0,
147.2,143.1, 137.8, 130.5, 128.4, 128.1, 126.0, 124.5, 124.1, 103.3, 66.0. ESI-HRMS:
m/z calculated for C16H14N3Os [M — H]™: 328.0939; found: 328.0933.

NYO 3-ethyl-4-hydroxy-3,4-dihydroquinazolin-2(1H)-one: Compound 1(Et)
CL(N\/ was synthesized from 9(Et) and aqueous HCI according to the general

> procedure. The crude product was recrystallized from dichloromethane
to obtain 1(Et) as a white solid (69%). MP: 225.1-226.0 °C. *H NMR (DMSO-dg) &
9.56 (s, 1H), 7.23 — 7.18, 6.92 (td, J = 7.6, 1.2 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 6.22
(d, J=7.6 Hz, 1H), 5.76 (d, J = 8.0 Hz, 1H), 3.66 — 3.57 (m, 1H), 3.36 — 3.28 (M, 1H),
1.13 (t, J = 7.2 Hz, 1H). 3C NMR (DMSO-dg): & 152.2, 136.8, 129.2, 127.7, 121.2,
121.1, 113.8, 79.0, 14.3. ESI-HRMS: m/z calculated for C10H12N20O2Na [M + Na]*

215.0791; found: 215.0791.

HYO 4-hydroxy-3-phenyl-3,4-dihydroquinazolin-2(1H)-one: Compound 1(H)
OHN© was synthesized from 9(H) and aqueous HCI according to the general
procedure. The crude product was recrystallized from ethyl acetate to obtain 1(H) as a
white solid (91%). MP; 201.3-202.1 °C. 'H NMR (DMSO-ds): 5 9.96 (s, 1H), 7.45 —
7.37 (m, 4H), 7.28 — 7.24 (m, 3H), 6.97 (d, J = 7.6 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H),
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6.54 (d, J=8.0 Hz, 1H), 5.92 (d, J = 8.0 Hz, 1H). 3C NMR (DMSO-ds): 6 151.5, 141.7,
136.1, 128.9, 128.4, 127.2, 126.9, 125.9, 121.4, 121.1, 113.7, 81.4. ESI-HRMS: m/z
calculated for C14H12N202Na[M + Na]* 263.0791; found: 263.0790.

HYO 4-hydroxy-3-(p-tolyl)-3,4-dihydroquinazolin-2(1H)-one:
@[OKHNO\ Compound 1(Me) was synthesized from 9(Me) and aqueous HCI
according to the general procedure. The crude product was

recrystallized from petroleum ether/ethyl acetate to obtain 1(Me) as a white solid (81%).
MP: 228.1-228.9 °C. *H NMR (DMSO-dg): § 9.92 (s, 1H), 7.33 — 7.25 (m, 4 H), 7.18
(d, J = 8.4 Hz, 2H), 6.97 (d, J = 7.2 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.49 (d, J = 8.0
Hz, 1H), 5.876 (d, J = 8.0 Hz, 1H, 2.32 (s, 3H). 3C NMR (CD3CN): § 152.7, 140.0,
137.7, 137.1, 130.4, 130.2, 128.8, 128.1, 122.8, 122.0, 114.7, 83.2, 21.1. ESI-HRMS:

m/z calculated for C1sH1aN202Na [M + Na]* 277.0947; found: 277.0948.

N

Mo 4-hydroxy-3-(4-methoxyphenyl)-3,4-dihydroquinazolin-2(1H) -
@oﬁ. CLO/ one: Compound 1(OMe) was synthesized from 9(OMe) and aqueous
HCI according to the general procedure. The crude product was recrystallized from
petroleum ether/ethyl acetate to obtain 1(OMe) as a white solid (83%). MP: 210.3-211.4
°C. 'H NMR (DMSO-ds): 5 9.56 (s, 1 H), 7.23 — 7.18 (m, 2H), 6.91 (td, J = 7.6, 1.2 Hz,
1H), 6.22 (d, J = 7.6 Hz, 1H), 5.76 (d, J = 8.0 Hz, 1H), 3.66 — 3.57 (m, 1H), 3.63 — 3.28
(m, 1H), 1.13 (t, J = 7.2, 3H). 3C NMR (DMSO-ds): § 157.5, 151.7, 136.2, 134.5, 128.9,
127.0, 121.4, 121.0, 113.6, 81.6, 55.3. ESI-HRMS: m/z calculated for C15sH14N20O3Na
[M + Na]* 293.0897; found: 293.0897.

N

©/\N(Yo 3-(4—fluorophenyl)-4-hydroxy-3,4-dihydroquinazolin-2(1H)-one:
o OF Compound 1(F) was synthesized from 9(F) and aqueous HCI

according to the general procedure. The crude product was
recrystallized from petroleum ether/ethyl acetate to obtain 1(F) as a white solid (79%).

MP: 214.1-214.9 °C. 'H NMR (DMSO-de): 5 9.98 (s, 1H), 7.48 — 7.42 (m, 2H), 7.29 —

S10



7.19 (m, 4 H), 6.98 (td, J = 7.6, 0.8 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 6.57 (d, J = 8.4
Hz, 1H), 5.90 (d, J = 8.0 Hz, 1H). *3C NMR (DMSO-ds): & 161.4, 159.0, 151.5, 137.9,
136.0, 129.6, 129.5, 129.0, 127.0, 121.3, 121.2, 115.2, 115.0, 113.7, 81.4. ESI-HRMS:
m/z calculated for C14H11:FN202Na[M + Na]* 281.0697; found: 281.0698.

CLN(YO 3-(4-chlorophenyl)-4-hydroxy-3,4-dihydroquinazolin-2(1H)-one:
OHNQO Compound 1(Cl) was synthesized from 9(Cl) and aqueous HCI

according to the general procedure. The crude product was
recrystallized from petroleum ether/ethyl acetate to obtain 1(Cl) as a white solid (92%).
MP: 239.8-240.6 °C. 'H NMR (DMSO-de): § 10.04 (s, 1H), 7.48 — 7.43 (m, 4H), 7.29
—7.25 (m, 4H), 6.98 (td, J = 7.6, 0.08 Hz, 1H), 6.94 (t, 1 H, m), 6.61 (d, J = 8.0 Hz,
1H), 5.94 (d, J = 8.4 Hz, 1H). 3C NMR (DMSO-ds): § 151.9, 141.1, 137.9, 136.5,
130.7,129.5, 129.4, 129.4, 128.9, 128.7, 127.5, 125.9, 121.8, 114.3, 81.7. ESI-HRMS:

m/z calculated for C14H11CIN202Na[M + Na]* 297.0401; found: 297.0397.

N

@K:Yo 3-(4-bromophenyl)-4-hydroxy-3,4-dihydroquinazolin-2(1H)-one:
O T@Br Compound 1(Br) was synthesized from 9(Br) and aqueous HCI

according to the general procedure. The crude product was
recrystallized from dichloromethane to obtain 1(Br) as a white solid (90%). MP: 240.9-
241.8 °C. 'H NMR (DMSO-dg): & 10.04 (s, 1H), 7.60-7.56 (m, 2H), 7.43 — 7.39 (m, 2
H), 7.29— 7.26 (m, 2H), 6.98 (t, J = 7.6 Hz, 1H), 6.93 (m, 1H), 6.61 (d, J = 8.4 Hz, 1H),
5.94 (d, J = 8.0 Hz, 1H). *C NMR (DMSO-ds): & 151.3, 141.0, 135.9, 131.3, 129.2,
129.0, 127.0, 121.3, 1185, 113.8, 81.2. ESI-HRMS: m/z calculated for

C14H11BrN2O2Na [M + Na]* 340.9896; found: 340.9896.

H\fo 4-hydroxy-3-(4-(trifluoromethyl)phenyl)-3,4-
: T NQ dihydroquinazolin-2(1H)-one: Compound 1(CF3) was synthesized
CF

OH
3

from 9(CF3) and aqueous HCI according to the general procedure.

The crude product was recrystallized from ethyl acetate to obtain 1(CFs3) as a white
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solid (97%). MP: 282.6-283.3 °C. *H NMR (DMSO-ds): & 10.16 (s, 1H), 7.76 (d, J =
8.8 Hz, 2H), 7.70 (d, J = 8.8 Hz, 2H), 7.31 — 7.28 (m, 2H), 7.00 (td, J = 8.0, 0.8 Hz,
1H), 6.96 (d, J = 8.0 Hz, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.04 (d, J = 8.0 Hz, 1H). 13C
NMR (DMSO-ds): 6 151.2, 145.4, 135.7, 129.1, 127.0, 126.9, 126.9, 125.7, 125.5,
125.4, 123.0, 1215, 121.3, 113.9, 81.0. ESI-HRMS: m/z calculated for
C1sH11FsN2O2Na [M + Na]* 331.0665; found: 331.0666.

’ 4-hydroxy-3-(4-nitrophenyl)-3,4-dihydroquinazolin-2(1H)-
N (0]
Cﬁ(f one: Compound 1(NO.) was synthesized from 9(NOz) and

OH [ j\NO

product was recrystallized from petroleum ether/ethyl acetate to obtain 1(NO>) as a pale

> aqueous HCI according to the general procedure. The crude

yellow solid (70%). MP; 276.8-277.6 °C. *H NMR (DMSO-ds): § 10.30 (s, 1H), 8.28 —
8.24 (m, 2H), 7.79 — 7.50 (m, 2H), 7.34 — 7.29 (m, 2H), 7.02 (td, J = 7.6, 0.8 Hz, 1 H),
6.97 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 6.12 (d, J = 8.4 Hz, 1 H). 13C NMR
(CD3sCN): 6 152.1, 148.6, 146.3, 136.5, 130.7, 128.0, 127.6, 124.9, 123.3, 121.9, 115.0,
82.6. ESI-HRMS: m/z calculated for Ci14H1:N3OsNa [M + Na]* 308.0642; found:
308.0641.

Scheme S2. The Synthesis of Compound 2(F)

F

a) HCHO, CH30Na o

[ j \
NH, H
CE( b) NaBH, CDI, NH, Q;/
o —
y 0
o F

8 2(F)

h',H 2-(1,3-dioxolan-2-yl)-N-methylaniline: To a mixture of 2-(1,3-
©/\(O dioxolan-2-yl)aniline 8 (400 mg, 2.42 mmol) and sodium methoxide (196

OJ mg, 3.63 mmol) in MeOH (10 mL), was added paraformaldehyde (200
mg). The reaction was stirred at 40 °C for 16 h. Sodium borohydride (137 mg, 3.36

mmol) was then added to the mixture, and the reaction was stirred at 40 °C for another
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3 h. The reaction was quenched with 20 mL of saturated aqueous NaHCO3 and
subsequently extracted with Et2O. The organic phase was washed with brine three times
and dried over Na,SOg4. The crude product was purified via alkaline aluminum oxide
column chromatography to afford compound 10 as a light yellow oil (351 mg, 81%).
IH NMR (DMSO-de): & 7.21-7.17 (m, 2H), 6.61 — 6.53 (m, 2H), 5.68 (s, 1H), 5.19 —
5.17 (m, 1H), 4.09 — 3.90 (m, 4H), 2.72 (d, J = 4.8 Hz, 3H).23C NMR (DMSO-ds): &
148.0, 130.5, 127.5, 120.6, 115.4, 110.2, 102.26, 64.8, 30.4. ESI-HRMS: m/z calculated
for C10H14NO2Na[M + Na]* 202.0838; found: 202.0838.

\ 3-(4-fluorophenyl)-4-hydroxy-1-methyl-3,4-
o__0O

,L H dihydroquinazolin-2(1H)-one:  Compound 11  was

\([3( - synthesized from 10 and 4-fluoroaniline according to the

general procedure. The crude product was purified by silica
gel column chromatography using petroleum ether/ethyl acetate (3:1, v/v, containing 2%
EtsN) as an eluent to obtain 11 as a white solid (80% ). MP: 107.3-108.1 °C. *H NMR
(DMSO-de): & 7.84 (br, 1H), 7.61 (d, J = 7.6 Hz, 1H), 7.40 (t, J = 6.4 Hz, 1H), 7.45 —
7.35 (m, 3H), 7.31 (d, J = 7.6 Hz, 1H), 7.05 (t, J = 8.4 Hz, 2H), 5.83 (s, 1H), 4.11 —
3.90 (m, 4H), 3.18 (s, 3H). 13C NMR (DMSO-de): & 159.2, 156.8, 155.3, 142.6, 136.8,
136.4, 131.0, 129.5, 128.3, 127.9, 122.5, 122.4, 115.2, 115.0, 100.0, 65.4, 55.4. ESI-
HRMS: m/z calculated forCi7H17FN2OsNa [M + Na]* 339.1113; found: 339.1108.
| 3-(4-fluorophenyl)-4-hydroxy-1-methyl-3,4-
Q:\I/TO dihydroquinazolin-2(1H)-one: Compound 2(F) was synthesized
OH - from 11 and aqueous HClI according to the general procedure. The
crude product was recrystallized from petroleum ether/ethyl
acetate to obtain 2(F) as a white solid (85%). MP: 171.2-172.3 °C. *H NMR (DMSO-
de): & 7.479 — 740 (m, 3H), 7.34 (d, J = 7.6 Hz, 1H), 7.23 (t, J = 8.8 Hz, 2H), 7.14 —
7.08 (M, 2H), 6.63 (d, J = 7.6 Hz, 1H), 5.87 (d, J = 8.0 Hz, 1H), 3.34 (s, 3H). 3C NMR
(DMSO-ds): 6 152.4, 137.9, 129.7, 129.5, 129.4, 127.4, 123.5, 122.2, 115.7, 115.5,
113.8, 81.0, 30.6. ESI-HRMS: m/z calculated for CisH14FN2O2 [M + H]* 273.1039;
found: 273.1023.
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Scheme S3. The Synthesis of Compound 3(F)

OTf
3(F)

H H

N\fo o N\fo
o= Yo

OH

1F) F F
3-(4-fluorophenyl)-2-oxo-1,2-dihydroquinazolin-3-ium trifluoromethanesulfonate:
To a solution of 1(F) (300 mg, 1.16 mmol) in anhydrous CH2Cl, (50 mL) was added
trifluoromethanesulfonic anhydride (1.0 mL). The mixture was stirred at room
temperature for 1 h. The solvent was removed under vacuum, and diethyl ether (10 mL)
was added to the residual. The resulting precipitates were filtered and washed with
diethyl ether to obtain pure 3(F) as a yellow solid (440 mg, 97%). MP: 230.8.3-231.9
°C. 'H NMR (CDsCN): & 11.55 (br, 1H), 9.71 (s, 1H), 8.30 (t, J = 8.4 Hz, 1H), 8.21
(d, J=8.0 Hz, 1H), 7.73-7.67 (m, 4H), 7.48-7.44 (m, 2H). 3C NMR (CD3CN): & 166.9,
165.0, 162.5, 145.9, 145.7, 145.0, 133.6, 133.6, 133.2, 128.7, 128.6, 126.6, 117.0, 116.7,
116.2, 114.1. ESI-HRMS: m/z calculated for CisH14FN2O, [M]* 241.0772; found:
241.0774.

Scheme S4. The Synthesis of Compound 3(Br)

" OTf
3(Br)

N.__oO N._O
\|¢ Tf,0 \lé
N CH,CI /gl)
2v12
B Br
1(Br)
3-(4-bromophenyl)-2-oxo0-1,2-dihydroquinazolin-3-ium
trifluoromethanesulfonate Compound 3(Br) was synthesized from 1(Br) (100 mg,
0.31 mmol) by using the similar procedure as 3(F) to obtain a yellow solid (134 mg,
95%). MP: 245.6-246.3 °C. 'H NMR (CDsCN): & 11.62 (br, 1H), 9.69 (s, 1H), 8.31-
8.26 (m, 2H), 8.20 (d, J =8.0 Hz, 1H), 7.86 (d, J = 8.8 Hz, 2H), 7.70-7.64 (m, 2H), 7.57
(d, J = 7.2 Hz, 1H). 3C NMR (CD3CN) § 166.7, 146.0, 145.5, 145.10, 136.6, 133.2,
133.0,128.1, 126.6, 125.10, 116.3, 114.2. ESI-HRMS: m/z calculated for C14H10BrN>O

[M]* 300.9971; found: 300.9973,
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Scheme S5. The Synthesis of Compound 4(F)
H o) H o)
\Nf .~ _sH HCl \rf
SRS g o}
OH E S F
1(F) j 4(F)

To a solution of 1(F) (200 mg, 0.78 mmol) in DMSO (10 mL) was added 1-propanethiol

(177 mg, 2.32 mmol) and aqueous HCI (3 mL). The reaction was stirred at r.t. for 14 h.
The mixture was extracted with EtOAc (3 <30 ml) and washed with saturated aqueous
NaHCOz. The organic phase was dried over MgSO4 and concentrated under vacuum.
The crude product was purified by silica gel column chromatography using petroleum
ether/ethyl acetate (9:1, v/v, containing 2% EtsN) as an eluent to afford 3(F) as a white
solid (240 mg, 98 %). MP; 59.5-60.1 °C. *H NMR (CDsCN): & 7.90 (br, 1H), 7.50 —
7.45 (m, 2H), 7.29 — 7.24 (m, 2H), 7.20 — 7.14 (m, 2H), 7.04, (td, J = 8.4, 1.2 Hz, 1H)
6.90 (d, J = 8.0 Hz, 1H), 6.05 (s, 1H), 2.45 — 2.38 (m, 1H), 2.34 — 2.27 (m, 1H), 1.44 —
1.35(m, 1H), 0.82 (d, J = 7.2 Hz, 1H). 23C NMR (CDsCN): § 162.5, 160.0, 152.1, 137.4,
137.3, 136.8, 130.4, 130.3, 128.9, 126.2, 122.1, 120.3, 115.5, 115.3, 113.7, 67.8, 31.0,
22.7,12.8. ESI-HRMS: m/z calculated for C17H17FN2OSNa[M + Na]* 339.0938; found:
339.0939.

S15



'H NMR and *C NMR Spectra

00 O O v —_ 0 < T T N =l o\ o~ v
XK o xR = —==S2aaa =9 s<ee
~ e~ 0~ ~ N=JN=a¥=} wy ST T tenenen enoen —_— -
~ 1 | — ——— ey -
o_ 0
H H
NTN\/
(o]
¥
1 L
s 4 = 2
— <+ o [2e}
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
I (ppm)
- 1 -
Figure S1. *H NMR spectrum of 9(Et) in DMSO-ds.
=) ] o ftn ~ - . -
z & Aadan 5 3 3 2
| (N | |
0. 0
H H
NYN\/
(6]
.
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

11 (ppm)

Figure S2. 13C NMR spectrum of 9(Et) in DMSO-ds.

S16



1.0

1.5

2.5

59°¢
L9 F
89°¢
0L'€
€Le 5
MM -M Foor
L€ L
8L'€
8L°€
08°¢ L
€

3.0

3.5

4.0

6'69 —

4.5

5.0

f1 (ppm)

656 — —— H00'T

90°L L
90°L

80°L

or'e L
or'e '

9¢'L —
tS'L —
9¢'L ]

L5

852

65L

th; Ir=

09°c | =0

197 4 Iz

19°L Q
0L'L m r
wL (o]

08'L
€8°L r
98'L
96'L

6.0

Pe0l —

6.5

7.0

8.0

9.0

9.5

Figure S3. *H NMR spectrum of 9(H) in CD3CN.

70

80

1 (ppm)

S17

110

130

140

150

160

Figure S4. 13C NMR spectrum of 9(H) in CD3CN.



v A ool — ~ (=1 WO — X —
ST amn——=23g ~ = S222sses225a3 e
~oe o N L i ~ FFFFFFF T o
] e e et et —
[oXggye]
H H
NTN
5L
1
1
| I
1 “
| I M J
1
UL
[y ‘ .
i =& s g 5 g
— O e O] - —_ <t e
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
- 1 -
Figure S5. *H NMR spectrum of 9(Me) in CDsCN.
< S a5 5
ci [ = - B — r~ -
z o= Joa =2 = = 2 a
Vs !
I
o._0
NN
= . A
T L
~ T
155 145 135 125 115 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

Figure S6. 13C NMR spectrum of 9(Me) in DMSO-ds.

S18



o

L6E—
86'¢
66'¢
66'¢
00
00
0%
oY

90

vLS—

68°9
069

169

69

69—
90°L —
#or \
8L~
oL
9L —

96°L~_
86°L<

HO'C -

WNN.#

07T
01

Fse0

o'l

Tre [
mé
L16'0

4.8 4.4 4.0 3.6 3.2 2.8 24 2.0

fl (ppm)

5.2

5.6

7.6 7.2 6.8 6.4 6.0

8.0

Figure S7. *H NMR spectrum of 9(OMe) in CDsCN.

90 80 70 60 50 40

100
f1 (ppm)

150 140 130 120 110
Figure S8. 13C NMR spectrum of 9(OMe) in DMSO-ds.

160

S19



e = e o - R na) > e TN NS HXO T T D
@ v da —sceaee = ST ooooeeeeceS
e e e e i fFSFFFFFFT TS S F
~l (I —" | 8

| S

1.00=
4,19

6.5 6.0 5.0 4.5 4.0 35 3.0 25

9.5 9.0 8.5 5.5
1 (ppm)

Figure S9. *H NMR spectrum of 9(F) in CDsCN.

~e o B s - s T Rl =+ ~
SeE e LELES L o B i e
N=RUs ISt LR R s e Mo | ol o — = w
N e B I B ¥ |
I\
0.0
I H H
‘.’j‘N o
~ ] ]\
N F
i
|
I
| nl \
T T T T T T T T T r T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

Figure S10. *3C NMR spectrum of 9(F) in CDsCN.

S20



=g O —oF oo S SeCcwunn T =
e S R e ] %X 0 Ammeee e
T R N S S SN v
=N Ne=—=— |
o._ 0
H H

0

06
06
05
05
03
01

J
¢ £y
- ~
9‘.5 9‘.0 8‘.5 8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3;.0 2‘.5 2‘.0 1‘.5
1 (ppm)
Figure S11. *H NMR spectrum of 9(CI) in CD3CN.
< 29 ©9o®m @ N~ e ~
2 5 SRREQE 3 3
| Vo 1 | |
[
o_ 0

100 90 80
1 (ppm)

Figure S12. *3C NMR spectrum of 9(Cl) in DMSO-ds.

60 150 140 130 120 110

S21

70

60 50

40



en — < O o <t [ o Il [=3 oo — DO oW en —
R A L e R 2 —=====3553S535S523
N N I A N S w TEFFFF ST

=

. W
2T %5
cdo oo <
—_— e =
9.0 8.5 8.0 7.5 7‘.0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2‘.5 2‘.0 I‘.S
f1 (ppm)
Figure S13. *H NMR spectrum of 9(Br) in CD3CN.
] vt e A oo i d
€5 49 225388 § |22 g &
S BN I e I
I
o_.0
(g
e
Br
! I
1
i
1‘6() I‘SO 1;10 ll30 1‘20 lll(J IIO() 9I() 80 7‘0 f;() 50 =‘t() 310 2‘0 IIO I(J
f1 (ppm)

Figure S14. *3C NMR spectrum of 9(Br) in CDsCN.

S22



el g, =] e o = T ooy ol oW~ Lo X0 o Tl
QAo Hyp = S % WA= ==—CoooooS
R e e N T wi FHSF ST F S
SN NN —t——— | e L e —
I\
O\’,O
H H
A ‘N\_H_‘N\ N
PRNe
T T c"F3
m
JUL M
< &
=1 =
= <
T T T T T T T T T T T 1
6.5 6.0 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0

5.5
fl (ppm)

Figure S15. *H NMR spectrum of 9(CFs) in CDsCN.

) < - oOomo o

[}  ®© N~NNTT o

0 + 0 NNNN o

- - Y v = o

| I ===
o_ 0

70 60 50 40 30 20 10 0

160 150 140 130 120 110 100 90 80
1 (ppm)

Figure S16. 13C NMR spectrum of 9(CFs) in CD3CN.

S23



MO TO & ©Lo T ) S 96 G0 B0 I~ T — 08 [~ [~ O W) ol

MO =—=== & 6 ===== > NO=m==—=T=mmOo09Co

OC 00 00 90 00 00 0 o~ Ll L vy T T T T T T T T T T T T T

Te——— & | == e it
5

[\

o_0

0,

-

M
<

FIggr I & 4 %
[ - =N -] (=] =] (=3 (2]
S—==Za = = =
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)

Figure S17. *H NMR spectrum of 9(NO2) in CDsCN.

S o= % T9u-= o
XY o daaa A
| [ | |
—

0. 0

ToaH

. X
RPN

~F ~7 7 NO,

T T r T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
fl (ppm)

Figure S18. 13C NMR spectrum of 9(NO3) in CDsCN.

S24



i
¥

r3.66
3.64
3.62
3.60
3.59
3.57
3.36
3.34
3.33
3.31
3.29
13.28

,',O
N
OH
J A
e Y Y '
o = da o o o
=] === (=1 E=1 (=3
- == - = o

120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10

Figure S19. *H NMR spectrum of 1(Et) in DMSO-ds.

o o

o = o
o & S = e <
e A Ao e — S
- pas = oz = =

SN |

— 143

T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

Figure S20. *3C NMR spectrum of 1(Et) in DMSO-ds.

S25



b d N N— A0 OOV 0N
(=3 T TT MMM NNANNANNSID NV
¥ REEEEERCECESeSeuiy

e, Y

" LA i
o oo o =1
=N I-R-R-} S S
o T NN — —
120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
fl (ppm)

o o~ © TO~NTITNO o~
w T ) NN AN AN NN -— ~
-~ - - rrrTcr— = ©
| | | == N | |

120 110 100 90 80 70 60 50 40
f1 (ppm)

T

150 140 130

T

Figure S22. *3C NMR spectrum of 1(H) in DMSO-ds.

S26



=) "o no~ = o® % o
=) e ol 0l el - - Y v <t o0 0 L]
= L e O ol o - -1 i ]
| —— N ~
H
‘ S N\f/O
= \|/N o
OH \U\)\
1
by
] M
Y 2L e L < <
S ns 33 3 3 S
- el == = - -
T T T T T T T T T T T T T T T T T T r
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 20 1.5
fl (ppm)

Figure S23. *H NMR spectrum of 1(Me) in DMSO-ds.

—152.7

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S24. 13C NMR spectrum of 1(Me) in CD3CN.

S27



9,88
7.33
7.32
7.32
7.30
7.30
7.29
7.28
7.26
7.24
9
96
g
g
g
9
48
46
5.85
5.83
—3.77

|
£
E
<

1.004 L—_‘

LAY T T
=0 nli=) — (=] (=]
Saan 9 S S
o - — — o
11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05

" fl (ppm)

Figure S25. *H NMR spectrum of 1(OMe) in DMSO-ds.

o 00 o Wwo wm o
- -] AT %o Mo o N %
= = o T WL = = [ i N
i " A A oo - ~= wi
- - —_— == - % v
| NN N | |

H

N__O

Ll X
[
OH
ko)

Wi

165 155 145 135 125 115 105 95 9 85 80 75 70 65 60 55 50 45 40 35 30 25
f1 (ppm)

Figure S26. 13C NMR spectrum of 1(OMe) in DMSO-db.

S28



Fa
-
L e
L w
LS
o
|8 b /
« .
o
Fa > Z 1
L = \.\O
Foen %.|.,/,
L e =
p
g 618
©
Lo o]
- ;
. 9
m— 5 ()() | ) M
2E o
L jﬂ c
- =l @ -
2ol (R
= ch,_ Fe ~
- ey — 415N
=S0T [ v Y PSLL
- o ren’
o e el
“ > gzl
[ w ] G2y
o % AN
5621
o 7
w FS ) ooel
—~ §9ELN
IS e @ £8tly
o )= = 78cl
S — g 2
= —0 T
e “ a
A\ /v [s .
\—/ N~ 0Z6L—
LS N
- )
L= [<B) S65L—
= W 6191 —
(@)
L

T
120

Wy

40

50

60

70

80

90

S29

1 (ppm)

105
Figure S28. 13C NMR spectrum of 1(F) in DMSO-ds.

115

130

145

160




—10.04

}
‘\1
\
<

(7.48
7.47
7.47
7.46
7.45
7.45
7.44
7.43
6.98
6.94
6.92
6.62
£.68
5,93

TR
=y coM—o o
S Sss<e2< S
- + = - - —
120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

" £1 (ppm)

Figure S29. *H NMR spectrum of 1(Cl) in DMSO-ds.

&) — o St~® «© «©

- - NGO ODOW < M
D TOO AN o - -
-~ e v o — @
| [ oY A B | | |

160 150 140 130 120 110 100 90 80 70 60 50 40
1 (ppm)

Figure S30. 13C NMR spectrum of 1(CI) in DMSO-ds.

S30



-
o AN~ OV OOT NN M
= VI T T T TN NO G OO Oy
e 000000 0 0 ann
1 MANANING IR ih  i
| —r—r— -~
H

e N_ _O

,‘, L NP

~~ N

OH ]\
Br
1
1 |
|
| -
T Y
o =
S <
T

120 115 110 105 100 95 90 85 80 75 70 6. 5 50 45 40 35 30 25 20

5 60 5
f1 (ppm)

Figure S31. *H NMR spectrum of 1(Br) in DMSO-ds.

@ e @ oo My ©
- - B CODN~ O o N
w < (52 ONANN N — — -
- — - rrTvrTvT v~ ©
| I | N e I

OH

155 140 125 110 95 85 75 65 55
1 (ppm)

Figure S32. 13C NMR spectrum of 1(Br) in DMSO-ds.

S31



= CVM—C O~ NO XM M
=) ~ceoMN N OO OO
e N

0,982

g W g Y
[l I =
Soooo S
NN — -

120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30
fI (ppm)

Figure S34. 1*C NMR spectrum of 1(CFs) in DMSO-ds.

S32



o
(Y 20 S S0 v 00 WO N — N 00D PN —
S SHNada BemnS 0o~
| e—L PV N
H
.:"NT:O
S «T
OH 1
“ "NO;
1
\
Vo
T T
o =
2 g
S ~

120 115 110 105 100 95 90 85

Figure S35. *H NMR spectrum of 1(NO2) in DMSO-ds.

T

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S36. 13C NMR spectrum of 1(NO3) in CDsCN.

S33



(V2N
Lz’

06'¢
26’
v6'e

20~

€0y
vo'y
90y

LV'S
81s 7

196 —

vs'9
SS9 p-
959
65°9 .\.

9L
Ve

6L
1zL 7

“NH 0/>
o)

e

”45.: L

oot

5.0
f1 (ppm)

Figure S37. *H NMR spectrum of 10 in DMSO-ds.

26

3.0

34

3.8

4.2

4.6

5.4

5.8

6.2

6.6

7.0

7.4

e —

89—

€201 —

oL —

PShL—

90zt —

§'lZL —
S0l —

0's¥lL —

“NH 0/>
o)

150

100

130 120

140

90 80 70 60 50
f1 (ppm)

Figure S38. 13C NMR spectrum of 10 in DMSO-de.

110

S34



SLL'E

9v6'E |
856°€ |
z86°¢ L
10 ]
6507
5.0

128G —

feoe

oy

=o't

5.5 5.0 4.5 4.0 3.5 3.0 25 2.0

f1 (ppm)

'H NMR spectrum of 11 in DMSO-ds.

6.5 6.0

7.0

Figure S39.

85

110

125

65 55 45 35

95 75
f1 (ppm)
Figure S40. **C NMR spectrum of 11 in DMSO-ds.

140

155

S35



3.347

- 6.638
2 6.619
~5.881
2 5.861

Lo —
1 2969 kk
—

B
7.4 7.0 6.6 6.2 5.8 54 5.0 4.6 4.2 3.8 3.4
1 (ppm)
Figure S41. *H NMR spectrum of 2(F) in DMSO-ds.
N RN o wae °
2 & 888 § £EF 3
- I~
\_o
oy
N
& L
F
165 150 135 120 105 90 80 70 60 50 40

Figure S42. 13C NMR spectrum of 2(F) in DMSO-ds.

S36

3.0

2.6

—30.6



e

110 100 90 80 70 60 50 40

1 (ppm)

S37

L
e
0
<
Q
e}
[ pd
LEVL L %) Pow
651, E N
08Y'L 2 O
999°L = LPLLA
5892 [ S ZoLL -y
969'L ‘||.-J Fuoz | ﬁ g 4=
9027, . oLbL
nre Fouy | _|(_|\ 9924
8zZLL _ L ™ 9'8Zk -\
g - Lol | Y 18z —
waw\ - Wé [ o o
: [ TEEL ¢
MMM& ® E 55
vzes o 9eg
r = . .
o 6¥PlL
© D L'5pL—
L Lo o [
)
60.°6— _— oo |
| o
O I Te} M -
Za - L & zZ m.ﬂ.:w
[ = 0'saL
rz Y 00 1H 6991~
[ ™
0 <
05511 — A TS r- w
b 5]
et
I -]
(@]
LL

120

130

160 150 140

N._-0

F
@D@\
6Tf F

170

180

Figure S44. 13C NMR spectrum of 3(F) in CDsCN.



—11.620
—9.688

A ’L T e 'S L
I i e
115 10.5 9.5 8.5 75 6.5 bid 4.5 3.5 2:5
f1 (ppm)

Figure S45. *H NMR spectrum of 3(Br) in CD3CN.

~ S’ - © o —©- N~
< o 1515 © g GGG 10 <
2 I 2 ¢ J8Y EC
| ~I— [ | 7~ \ ol

H

NYO

~N

®
S)
oTf Br
185 170 165 140 125 110 95 85 75 65 55 45
f1 (ppm)

Figure S46. 13C NMR spectrum of 3(Br) in CDsCN.

S38



08°0

780 - o6t [
80/ =
SET A

LET~ _ e
= 0T | «
o .N 0T | w

&
i

T
2

p 01
My = bporp [

spT e

50

fl (ppm)

55

6.0

S0'9— H00°1

689 3 t
bO'L |
pIL ,,_,r 660
Ll h//r A0 [

{ _ T00
61°L-~t _ 00T
STLF w - 10C

6T'L 7 Y - Floz -
et 7%
o =

06'L — - ool
3

6.5

7.0

€0t —

7.5

9Tl — -
5321 ‘
5981

€Lel ww

FLEl

8.5

0csl — -

9.0

0091 — -
91— .

5

Figure S47. *H NMR spectrum of 4(F) in CDsCN.

70 60 50 40

f1 (ppm)

Figure S48. 13C NMR spectrum of 4(F) in CDsCN.

S39

100

110

150 140 130

160




X-ray Crystallography

1(Br) 3(Br) 4(F)

Figure S49. Crystal structures of 1(Br), 1(CF3), and 3(Br), and 4(F).
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Table S1. Summary of crystallographic data.

Compound 1(Br) 1(CF3) 3(Br) 4(F)
Formula C14H11N2O2Br CisH11N2O3F3 Ci1sH10N204F3BrS C17H17N>OFS
Formula weight 319.16 308.26 451.22 316.40
TIK 173(2) 173(4) 173 293(2)
Crystallization | dichloromethan | dichloromethane acetonitrile acetonitrile
Color white colorless white white
Crystal system monoclinic monoclinic monaclinic monoclinic
Space group P2./c P2./c C2/c P2i/n
alA 6.516(1) 6.489(10) 22.646(5) 9.785(3)
b/A 9.521(2) 9.467(2) 12.591(3) 8.479(3)
c/A 20.424(4) 21.306(3) 12.272(3) 19.199(7)
al© 90.000 90.000 90.000 90.000
pl° 95.165(2) 94.633(10) 95.852(4) 95.155(3)
yl < 90.000 90.000 90.000 90.000
VI A3 1261.9(4) 1304.8(4) 3480.9(13) 1586.6(9)
Z 4 4 8 4
Dy/gcm? 1.680 1.569 1.722 1.325
w/ mm? 3.048 0.747 2.536 1.252
F(000) 637 634 1792 667
frange /@ 3.04 t0 60.28 3.62 t0 60.33 2.43 10 27.49 4.02 to 50.52
GOF on F? 1.037 1.044 0.927 1.079
R1 [I > 20(1)] 0.0238 0.0411 0.0321 0.0573
WR; (all data) 0.0621 0.1064 0.0839 0.1693
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3. Response toward Base, Anion, and Acid
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Figure S50. (A) Partial *H NMR spectra of 1(F) with the addition of DBU (0.0 — 6.0
equiv) in CD3CN; (B) The full NMR spectra of panel A.
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Figure S51. Ratios of the intensity changes at 419 nm (B) of 1(NO.), 1(CFs), 1(F),
1(Cl), 1(Br), 1(H), 1(Me), 1(OCHz3), and 1(Et) (50 uM) with the addition of DBU (50.0
equiv) in CH3CN (Aex = 355 nm).
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Figure S52. Fluorescence spectra (A) and ratios of the intensity changes at 419 nm (B)
of 1(F) with the addition of various anions (10.0 equiv) in CH3CN (Aex = 355 nm).
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Figure S53. Ratios of the intensity changes at 419 nm (B) of 1(NO.), 1(CFs), 1(F),
1(Cl), 1(Br), 1(H), 1(Me), 1(OCHpg), and 1(Et) (50 uM) with the addition of TBAF (10.0
equiv) in CH3CN (Aex = 355 nm).
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Figure S54. Fluorescence spectra 1(NO2), 1(CFz), 1(F), 1(Cl), 1(Br), 1(H), 1(Me),
1(OCHpg), and 1(Et) (50 uM) with the addition of DBU (50.0 equiv) and TBAF (10.0
equiv) in CH3CN (Aex = 355 nm). This figure shows the emission spectra of Figure S51
and S53.
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Figure S55. Fluorescence spectra of 1(F) and 2(F) (50 uM) with the addition of TBAF
(10.0 equiv) or DBU (50.0 equiv) in CH3CN (Xex = 355 nm).
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Figure S56. (A) Partial *H NMR spectra of 1(F) with the addition of
tetrabutylammonium fluoride (TBAF) (0.0 — 1.0 equiv) in CD3CN; (B) The full NMR
spectra of panel A.
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Figure S57. (A) *H NMR spectra of 1(F) with the addition of methanesulfonic acid
(MA, 0.0—4.0 equiv) in CD3CN; (B) The full NMR spectra of panel A.

S48



Intens.

X109
H
301 P N\‘?O 241.0769
Y \ﬂ/\
ZF

254 Exact Mass: 241.0772

2.01

1.51

1.0

0.54 242.2840

J l 243.2873 246.2422
0.0 . . . - > . e : .
238 240 242 244 246 248 miz

Figure S58. ESI mass spectrum of ion 3(F) in CH3CN.
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Figure S59. The change of fluorescence intensity at 486 nm over time (A) and
fluorescence spectra (B) of 1(F) (50 uM) with the addition of MA (20 equiv) in CH3CN
(1.0 mL), followed by the titration of H20 (Aex = 400 nm).
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Figure S60. Fluorescence spectra of 2(F) (50 uM) with the titration of MA (0-50.0
equiv) in CH3CN (kex = 400 nm) (A), and the change of emission intensity at 486 nm

(B).

S51



80000 ~ — 1(N02)
70000 LCR)
| 1 (F)

60000 - — 1(Cl)
—~ 1 1(Br)
S 50000 — 1(H)
) : 1(Me)
2 40000 1 —— 1(OMe)
2 1 — 1(E1)
& 30000
E 4
_: 20000 ~
u -

10000

0 -

T T T T T T T T T T 1
450 500 550 600 650 700

Wavelength (nm)

400 ~

300

I,

200

100 ~

o ]
A A &)
\,@O v \,\6/ > \,\?\ \,\C’\\ \,@0 \,\\)‘\ \,k“\e\ \,\O@ \,@“

Figure S61. Fluorescence spectra (A) and ratios of the intensity changes at 486 nm (B)
of 1(NO2), 1(CFs), 1(F), 1(Cl), 1(Br), 1(H), 1(Me), 1(OCHz), and 1(Et) (50 uM) with
the addition of MA (50.0 equiv) in CH3CN (kex = 400 nm for 1(NO2) — 1(OCHa) and
Xex = 388 nm for 1(Et)).
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Figure S62. (a) Fluorescence spectra of 1(F) (50 uM) with the addition of 2.0 equiv
MA, followed by consecutive addition of DBU (100 equiv) and MA (100 equiv) in
CH3CN; (b) Fluorescence response at 486 nm of the solution; (c) Fluorescence response
at 419 nm of the solution.
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4. Dynamic Covalent Reactions
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Figure S63. 'H NMR spectra of dynamic thiol exchange in the presence of MA (1.0
equiv) in DMSO-ds. (a) 1(F); (b) the reaction of 1(F) with 1-propanethiol (3.0 equiv);
(c) the reaction of 1(F) with 2-propanethiol (3.0 equiv); (d) the addition of 2-
propanethiol (3.0 equiv) into panel b. This figure shows full NMR spectra of Figure 4A
in the main text.
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Figure S64. (A) Partial 'H NMR spectra of the dynamic covalent reaction of 1(F) with
1-propanethiol (3.0 equiv) in the presence of MA (1.0 equiv) in CD3CN. (a) 1(F); (b)
1(F) with the addition of MA (4.0 equiv); (c, d, e, f) the reaction of 1(F) with 1-
propanethiol at varied time. (B) The full NMR spectra of panel A.
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Figure S65. 'H NMR spectra of the reaction between 1(F) and 1-propanethiol (3.0
equiv) at 40 °C at varied time in DMSO-ds. The equilibrium was reached after 38 h.
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Figure S66. The yield of the reaction between 1(F) and 1-propanethiol (3.0 equiv) at
40 °C at varied time in DMSO-d.
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Figure S67. 'H NMR spectra of the reaction between 1(F) and 1-propanethiol (3.0
equiv) at 60 °C at varied time in DMSO-ds. The equilibrium was reached after 5.75 h.
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Figure S68. The yield of the reaction between 1(F) and 1-propanethiol (3.0 equiv) at
60 °C at varied time in DMSO-d.
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Figure S69. 'H NMR spectra of the reaction between 1(F) and 1-propanethiol (3.0
equiv) at 80 °C at varied time in DMSO-ds. The equilibrium was reached after 30 min.
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Figure S70. The yield of the reaction between 1(F) and 1-propanethiol (3.0 equiv) at

80 °C at varied time in DMSO-de.
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Figure S71. 'H NMR spectra of the reaction between 1(F) and 1-propanethiol (3.0
equiv) at 100 °C at varied time in DMSO-de. The equilibrium was reached after 15 min.
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Figure S72. The yield of the reaction between 1(F) and 1-propanethiol (3.0 equiv) at
100 °C at varied time in DMSO-ds.
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Figure S73. 'H NMR spectra of dynamic thiol exchange at 80 °C in DMSO-de. (a) 1(F);
(b) the reaction of 1(F) with 1-propanethiol (3.0 equiv); (c) the reaction of 1(F) with 2-
propanethiol (3.0 equiv); (d) the addition of 2-propanethiol (3.0 equiv) into panel b.
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Figure S74. 'H NMR spectra of the reaction between 1(F) and 1-propanethiol (3.0
equiv) at 60 °C at varied time in CD3CN. The equilibrium was reached after 155 min.
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Figure S75. The yield of the reaction between 1(F) and 1-propanethiol (3.0 equiv) at
60 °C at varied time in CD3CN.

S61



H H
N (@] N O
i SH  _60°C Y
. —_— + SH
\©\ N CD4CN O \©\ -
~ F \]/S F

;‘—-——-l o

6.7 6.4 6.1

ok !

85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

Figure S76. (A) Partial *H NMR spectra of dynamic thiol exchange at 60 °C in CDsCN.
(@) 1(F); (b) the reaction of 1(F) with 1-propanethiol (3.0 equiv); (c) the reaction of 1(F)
with 2-propanethiol (3.0 equiv); (d) the addition of 2-propanethiol (3.0 equiv) into panel

b. (B) The full NMR spectra of panel A.
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Figure S77. ESI mass spectrum of the reaction between 1(F) and 1-propanethiol in the
presence of MA in DMSO-de.
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Figure S78. ESI mass spectrum of the reaction of 1(F) and 2-propanethiol in the
presence of MA in DMSO-de.
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Figure S79. ESI mass spectrum of the reaction of 1(F) and 1-propanethiol at 80 °C in
DMSO-ds.
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Figure S80. ESI mass spectrum of dynamic covalent reaction between 1(F) and 1-
propanethiol at 60 °C in CD3CN.
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5. Thermally Activated Fluorescence
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Figure S81. Fluorescence spectra of 1(F) (50 uM) with heating at 30 °C (A), 40 °C (B),
and 50 °C in CH3CN at varied time. Inset: time traced intensity response at 510 nm (Aex

=427 nm).
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Figure S82. (A) Fluorescence spectra of a solution (50 uM) of thermally activated 1(F)
in CH3CN during a natural cooling process from 50 °C to 25 °C at varied time; (B)
intensity response at 510 nm at varied time (Aex = 427 nm).

S66



OH (@]
1(F)-closed e ;
1(F)-open
A ho950C L
g.85°C
_l‘L.
£.75 °C
I\
e. 65°C
d. 55°C
c.45°C
b. 35 °C
AL
a.25°C 1(F)-open
.L/
‘ 1“1,8 I 1“1,5 I ‘ 1I1,2 ‘ 109 f 1;5,6 ‘ ‘ 163 ‘ ‘ 160 I ‘ 97
ppm
B h. 95°C N - N -
g.85°C , NE J L -
£75°C |, N
e.65°C L
d.55°C | | | -
c45°C "I -
b.35°C |
250
A 5 c M ._J u LJL e
o —

‘ 115 10.5 55 I 5,5 ‘ 7",5ﬂ ( 6)5 ‘ 5I,5 I 4‘5 I BI,S 5 ‘

ppm
Figure S83. VT-'H NMR spectra of activated 1(F) in DMSO-ds. The data indicates the
emergence of open form of 1(F) in activated 1(F), which was obtained by heating 1(F)

powder under vacuum for 12 hour.
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Figure S84. Fluorescence spectra (A) and ratios of the intensity changes at 509 nm (B)
of solid 1(F) at varied temperature (kex = 365 nm).
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6. Chemical Cascade Reactions
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Figure S85. 'H NMR spectra of 1(F) (a), 3(F) created from in situ reaction of 1(F) and
acid (b), and synthesized 3(F) (c) in CDsCN.
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Figure S86. *H NMR spectra of the reaction of 3(F) with 1-propanethiol in CDsCN or
DMSO-de. This figure shows full NMR spectra of Figure 5A in the main text.
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Figure S87. 'H NMR spectra of the reaction of 3(F) with water in DMSO-ds, coupled

with fluorescence swich 5. This figure shows associated NMR spectra of Figure 5B in
the main text.
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Figure S88. A: Fluorescence spectra of 5 in response to increasing concentration of 3F
(0—1.4 equiv) in DMSO (Aex = 435 nm). B: The corresponding titration curve from part
A (kem =523 nm).
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Figure S89. 'H NMR spectra of the reactions of 3(F) with 1-propanethiol in CDsCN.
(@) 3(F); (b) the addition of 1-propanethiol (3.0 equiv) into panel a; (c) the addition of
EtsN (3.0 equiv) into panel b.
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Figure S90. 'H NMR spectra of coupling of dynamic covalent reaction and
fluorescence switch 5 in CD3CN. (a) 3(F); (b) 5; (c) a mixture of 1-propanethiol (3.0
equiv) and 5; (d) a mixture of 3(F) and 1-propanethiol (3.0 equiv); (e) the addition of 5
into panel d.
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Figure S91. A: Fluorescence spectra of 5 (0.2 mM) in acetonitrile in the presence of a
constant concentration of 1-propanethiol (3.0 equiv) and an increasing concentration of
3(F) (0—1.5 equiv) (Xex = 435 nm). B: The corresponding titration curve from part A
(Aem = 506 nm).
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Figure S92. 'H NMR spectra of fluorescent switch 6 (), its reaction with 1-BuNH;
(3.0 equiv) (b), followed by the addition of 3(F) (3.3 equiv) to panel b in DMSO-dg (c).
This figure shows full NMR spectra of Figure 5C in the main text.

S76



A 45000 - lS(F) 0.0 equ?v
| 0.3 equiv
40000 4 — (0.6 equiv
1 0.9 equiv
35000 - — 1.2 equiv
~ 30000 —_lsequv
> ] — 1.8 equiv
& 25000 — 2.1 equiv
2 1 — 2.4 equiv
'@ 20000 — 2.7 equiv
Q 1 — 3.0 equiv
= 15000‘_ — 3.3 equiv
T 10000 \ 3.6 equiv
5000 T 3(F)
0_ T — 7' "r"77;7/ T T T T : T - "' — I’"" '47 w“I
400 450 500 550 600 650 700
Wavelength (nm)
B 50000 -
45000
1™ m g = =
40000
35000 - -
= ]
3 30000 - .
> 25000 -
2 20000 -
9 1 ]
S 15000 |
i 10000 - .
5000
T . u n u
0

00 05 10 15 20 25 30 35
Equiv. of 3(F)

Figure S93. A: Fluorescence spectra of 7 created from in situ reaction of 6 (0.2 mM)
and 1-BuNH: (3.0 equiv) in response to increasing concentration of 3(F) (0—3.6 equiv)
in DMSO (kex = 375 nm). B: The corresponding titration curve from part A (Aem = 550
nm).
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Figure S94. Fluorescence spectra of 6 (0.2 mM) with the addition of 3(F) (1.0 equiv)
in DMSO (hex = 375 nm)..
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7. Solid State Luminescent Materials
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Figure S95. The photographs of color change of powder 1(F) in response to HCI vapor
at varied time.
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Figure S96. Solid state fluorescence spectra of 1(F) upon activation with HCI vapor
(hex =365 nm).
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Figure S97. The photographs of color change of powder 1(F) with consecutive
exposure to HCI (1 min), followed by EtsN vapor (15 min).
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Figure S98. 'H NMR spectra of 1(F) (a) and the reaction of 1(F) with HCI, followed
by EtsN vapor (b). This figure supports vapor induced reaction in Figure S84.
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Figure S99. The photographs of color change of powder 1(F) with consecutive
exposure to HCI (1 min), followed by 1-BuNH. vapor (5 min).
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Figure S100. *H NMR spectra of 1(F) (a) and the product created by the reaction of

1(F) with 1-BuNH2 vapor (b). This figure supports vapor induced reaction in Figure
S86.
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Figure S101. The photographs of color change of powder 1(F) with consecutive
exposure to HCI (1 min), followed by Me>NH vapor (5 min).
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Figure S102. *H NMR spectra of 1(F) (a) and the product created by the reaction of

1(F) with 1-BuNH> vapor (b). This figure supports vapor induced reaction in Figure
S88.
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Figure S103. The photographs of color change of powder 1(F) with consecutive
exposure to HCI (1 min), followed by MeSH released from 5% solution in 1,3-

propanediol (150 min).
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Figure S104. 'H NMR spectra of 1(F) (a) and the product created by the reaction of
1(F) with MeSH vapor (b). This figure supports vapor induced reaction in Figure S90.
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Figure S105. The photographs of color change of 1(F) with exposure to HCI (1 minute),
followed by (A) 1-BuNH2 (1 minute); (B) Me2NH (1 minute); and (C) EtsN (1 minute)
on filter papers. (D) The photographs of color change of 1(F) during a heating and
cooling process. The pictures were taken under a 365 nm UV lamp, and the images are
a representative fragment (75%) of a 2 cm %<2 cm filter paper.
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Figure S106. The photographs of color change of HCI vapor activated 1(F) during a
broccoli florets spoilage. (a) 1(F) with fresh Broccoli Florets; (b) 1(F) with broccoli
florets after 12 h.
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8. Computational Data

Gaussian 09 package®® was used for geometry optimizations and the calculation of

energies. The method and basis set of M06-2X/def2-TZVP were employed for the

optimization and frequency analysis. The PCM solvent model was used for acetonitrile.

All the DFT geometries were found to have zero imaginary frequencies.

Figure S107. The calculated structures of 1(F) (a), conjugate base of 1(F) (b), keto form

of 3(F) (c), and enol form of 3(F) (d), respectively. The dihedral angles of C-N bond

are shown. The keto form is dominant for 3(F) (distribution around 100%).
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-0.02272900
-0.78777900
0.54206800
-1.00309700
-1.20390200
0.33185600
1.13370400
-0.43692900
-1.59304900
0.74894500
-0.63988700
-1.83720600

S90

0.27740700
0.24151300
0.20317200
0.50255900
0.36177400
0.00153400
-0.15516700
-0.01056300
0.99113300
-1.02933900
0.97444700
1.77947000
-1.04682800
-1.79949500
-0.04397200
1.73711600
-1.82375500
-0.06346900
-0.31522600
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