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1. General Information

1.1. Instruments

Proton NMR spectra were recorded using Agilent 400 MR (400 MHz) and Agilent 600 MR (600 MHz) spectrometers. Chemical shifts
were reported in parts per million (ppm) downfield (8) relative to internal tetramethylsilane (TMS, 6 = 0.00) or/with the solvent
reference as the internal standard (CDCls, 6 = 7.26; CD3OD, 6 = 3.31; [De]Acetone, 6 = 2.05; [De]DMSO, 6 = 2.50). Data were
presented as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sept = septet, br =
broad, m = multiplet), coupling constants (Hz), integration, and assignment. Carbon NMR spectra were recorded using Agilent 400
MR (100 MHz) and Agilent 600 MR (600 MHz) spectrometers with complete proton decoupling. Chemical shifts were reported in ppm
downfield () relative to the respective solvent reference as the internal standard (CDCls, 6 = 77.16; CD3OD, 6 = 49.00; [Ds]Acetone,
0 = 29.84; [Dg]DMSO, 6 = 39.52). Fluorine-19 NMR spectra were recorded using Agilent 400 MR (376 MHz) and Agilent 600 MR (600
MHz) spectrometers without complete proton decoupling. Chemical shifts were reported in ppm downfield (0) relative to the
respective solvent reference as the external standard (CFCls, 6 = 0.00) in CDCls. Infrared (IR) spectra were recorded using a JASCO
FT/IR-5300 IR spectrophotometer, with vmax given in cm™. Mass spectra were obtained using JEOL JMS-T100LP AccuTOF and
JEOL JMS-700 MStation spectrometers. Melting points were recorded using a YANAKO MP-S3 apparatus. X-ray diffraction
measurements for the 1,2,5-oxadiazinane 3ab were performed at 93K using a Rigaku R-AXIS RAPID diffractometer with graphite
monochromated Cu Ka radiation (A = 1.54187 A). Elemental analysis (C, H and N) of the anti-Schistosomal molecule 4 was
performed using a J-SCIENCE LAB MICRO CORDER JM11. The absorption spectrum of the Ir'! complex IX was measured using a
JASCO V-730 spectrophotometer. The emission spectra of the Ir'' complex IX at ambient temperature and 77K were recorded using
a JASCO FP-8300 spectrophotometer. Electrochemical measurements for the Ir'"" complexes VIII and IX were conducted using an

electrochemical analyzer (Als/CHI, model 760D) equipped with a single-compartment cell under an argon atmosphere.

1.2. Materials

All reaction solvents were anhydrous and were purchased from FUJIFILM Wako Pure Chemical Corporation. Deuterated solvents for
NMR spectroscopic measurements were obtained from KANTO CHEMICAL Co., Inc. I'"" and Ru" complexes I-XI were prepared
using previously reported procedures.’? A novel Ir'' complex IX was synthesized using [Ir(dFCF3ppy)2Cl]2 and 2-(2,4-difluorophenyl)-
4-(trifluoromethyl)pyridine® following the known method mentioned above. Nitrones 1a-1u were prepared according to previously
reported methods.* N,N,N',N-Tetramethyldiaminomethane (2a) was purchased from Tokyo Chemical Industry Co., Ltd., while other

N,N,N’,N-tetraalkyldiaminomethanes 2b—2e were prepared using previously reported procedures.?

1.3. Reaction Monitoring and Purification

All reaction were monitored performed by thin layer chromatography (TLC), using glass TLC plate, silica gel coated with fluorescent
indicator F254. The TLC was visualized by UV-quenching and oxidative staining with phosphomolybdic acid (PMA) / ethanol solution.
Flash chromatography was performed using Silica Gel (PSQ-60B) purchased from Fuiji Silysia Chemical, LTD. Organic solvents and

volatile compounds were removed by evaporation at 40 °C.
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2. Synthesis of Ir" Complex IX

PFs

MeO OMe 1) ethylene glycol, 150 °C, 16 h
7\ — 2) NH4PFg (10 equiv.), H,O
/

[Ir(dFCF3ppy)Cll  + S
=N N

Scheme S1.

To a 30 mL eggplant flask equipped with a stir bar, [Ir(dFCFsppy)2Cl]2 (180 mg, 0.121 mmol, 1.00 equiv.), 4,4'-dimethoxy-2,2'-
bipyridine (60.0 mg, 0.277 mmol, 2.29 mmol), and ethylene glycol (8.20 mL) were added under a stream of argon. The resulting
suspension was heated to 150 °C and stirred for 16 hours. The resulting yellowish solution was cooled to room temperature and
poured into aqueous NH4PFs (197 mg, 1.21 mmol, 10.0 equiv.) / water (5.00 mL) solution was added. The resulting suspension was
stirred for overnight, and then the bright yellow precipitates was collected by filtration followed by washing with water (20.0 mL). The
yellow precipitates was purified by flash chromatography (stationary phase: silica gel, eluent: gradient from 50% AcOEt / n-hexane to
100% AcOEt) to afford 220 mg (85%) of IX as a bright yellow solid.

3. Synthesis of Nitrone 1i

1) NaH (1.05 equiv.), 0 °C; then rt, 30 min
- 2) Boc,O (1.05 eqv.), rt, 1.5 h _

o‘lf\rj 3) NH4CI (5 equiv.), 30 min; then H,O (5 equiv.) o‘lrtl
AN X
\_NH \_NBoc

1i
Scheme S2.

To a 50 mL single-neck round-bottom flask equipped with a stir bar, (Z)-N-benzyl-1-(1H-pyrrol-2-yl)methanimine oxide (500 mg, 2.50
mmol, 1.00 equiv.) and THF (12.5 mL) were added under a stream of argon. The resulting colorless solution was cooled to 0 °C and
stirred for 10 minutes, after which NaH (60% dispersion in mineral oil) (175 mg, 2.62 mmol, 1.05 equiv.) was added. The resulting
suspension, containing grayish-white precipitates, was warmed to room temperature and stirred until hydrogen gas evolution ceased.
Boc20 (572 mg, 2.62 mmol, 1.05 equiv.), pre-weighed as a solid before melting, was then added to the suspension and stirred for 1.5
hours. Upon completion of the reaction, NH4Cl (668 mg, 12.5 mmol, 5.00 equiv.) was added to the reaction mixture with vigorous
stirring for 30 minutes to form a suspension with white precipitates, followed by the addition of water (225 mg, 12.5 mmol, 5.00
equiv.). The resulting suspension was evaporated, yielding white precipitates as the crude product. The crude product was purified
directly by flash chromatography (stationary phase: spherical silica gel; eluent: 10% — 25% — 50% ethyl acetate/n-hexane) to afford

677 mg (90%) of (Z)-N-benzyl-1-(1-(tert-butoxycarbonyl)-1H-pyrrol-2-yl)methanimine oxide (1i) as colorless flakes.
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4. Small-Scale Photochemical Reactions

4.1. Equipment for Small-Scale Photochemical Reaction

Figure S1.

Small-scale photochemical reactions (Table 1, Scheme 2) were conducted employing a 12 W white LED tape light sourced from
Akiba LED PIKARI-KAN (https://www.akiba-led.jp/product/1019). The LED tape light, measuring 10 mm in width and 1 m in length,
features SAMSUNG 5630, LM561B LED chips with a color temperature of 5000 K. A DOSHISHA FST-106U WH cooling fan was
utilized, and the LED tape was affixed around a PET bottle with slits.

4.2. General Procedure

B 3 hv (12 W white LEDs) R%NDW
O y-R? ST g I complex VI (2.5 mM) A
J + i RORE RN NRe w0 R
R! RIUNNOR CH,Cly, 1t Rs o N~ Rs
1a-1u 2a-2e
(50 mM) (500 mM) 3aa-3zd
Scheme S3.

To a test tube equipped with a stir bar were added nitrone 1a (50.0 mg, 237 umol, 1.00 equiv.), CH2Clz (4.74 mL), Ir'"" complex VIl
(12.7 mg, 11.8 pmol, 0.0500 equiv.), and N,N,N’,N"-tetramethyldiaminomethane (2a) (323 uL, 2.37 mmol, 10.0 equiv.). The resulting
solution was degassed by bubbling with argon for 15 min under stirring. External irradiation was performed using a homemade
photochemical reactor equipped with a 12 W white LED tape light (Figure S1). The resulting bright yellow solution was stirred at room
temperature for 6 h, after which the volatile compounds were removed through evaporation. The crude product was purified through
flash chromatography (stationary phase: spherical silica gel; eluent: gradient ranging from 20% ethyl acetate/n—hexane) to afford 54.9

mg (86%) of ()-2-benzyl-5-methyl-3-phenyl-1,2,5-oxadiazinane (3aa) as a colorless solid.
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5. Photochemical Flow Reaction

5.1. Photochemical Flow Reactor for Multi-Gram Scale Synthesis

Polypropylene cup
(95 mm diameter)

Stainless wire

LED strip

PTFE tube
PTFE tube

LED strip

Reaction field Reaction field
(viewed from the front) (viewed from the above)

Figure S2.

For the gram-scale photoflow synthesis of 3tb (Scheme 3), a dedicated photochemical flow system was constructed. Specifications
and conditions for the photoflow synthesis are as follows: LED tapes measuring 4 meters in length (60 LEDs/m), PTFE tube with an
outer diameter of 1.59 mm and inner diameter of 0.8 mm, spanning 3.75 meters, diaphragm pump model TAKUMINA Q-5-KR-UP-S.

5.2. Procedure for Multi-Gram Scale Synthesis of 3tb

. 5 hv (12 W white LEDs) .0
N Phj (Ph IF! complex VIl (2.5 mM) NTTY (Ph
e N_Phs
Me” >"""Me CHCl, t H ' Me
1t 2b 3tb
(50 mM) (500 mM)
Scheme S4.

To a 500 mL three-neck round-bottom flask equipped with a stir bar were added nitrone 1t (1.70 g, 11.6 mmol, 1.00 equiv.), CH2Cl2
(231 mL), Ir'" complex VIII (618 mg, 0.578 mmol, 0.0500 equiv.), and N,N-dibenzyl-N',N-dimethylmethanediamine (2b) (29.4 g, 116
mmol, 10.0 equiv.). The resulting bright yellow solution was degassed by bubbling argon through it for 15 minutes while stirring.
Using a diaphragm pump, the resulting CH2Cl2 solution was transferred to the reaction field for irradiation (Figure S2). The residence
time was set to 45 minutes, resulting in an average flow rate of 0.0420 mL/min. During the flow reaction, the 500 mL three-neck
round-bottom flask was filled with argon using an argon balloon. The CH2Cl2 solution, which turned brownish, was collected into a
500 mL single-neck round-bottom flask. After completing the flow, CH2Cl2 (115 mL) was added to the 500 mL three-neck round-
bottom flask. The resulting CH2Cl2 solution in the 500 mL three-neck round-bottom flask, containing a small amount of reagents, was
then delivered to the reaction field for irradiation at the same flow rate mentioned above and collected into the same 500 mL single-
neck round-bottom flask. The combined brownish solution in the 500 mL single-neck round-bottom flask was evaporated, yielding a
brownish oil as the crude product. The crude product was dissolved in Et2O (115 mL), and then acetic acid (13.3 mL, 231 mmol, 20.0
equiv.) was added. After stirring for 30 minutes, a colorless solid precipitated. The resulting precipitate was removed by filtration and
washed with Et20. The filtrate was evaporated, yielding a pale brown oil, which was purified through flash chromatography (stationary
phase: spherical silica gel; eluent: 9% ethyl acetate/n-hexane) to afford 1.88 g (58%) of (+)-2-Benzyl-1,2,3,6,7,11b-hexahydro-
[1,2,5]oxadiazino[3,2-a]isoquinoline (3tb) as a colorless viscous oil. The ratio of the eluent was changed to 50% ethyl acetate/n-
hexane, yielding some fractions containing the Ir'"' complex. The counter anion was possibly altered from PFs of VIl to another,
which needs to be determined. We have been attempting to establish the regeneration method of VIIl. Next, the colorless solid was
added to a saturated aqueous solution of NaHCO3, followed by extraction with AcOEt to recover unreacted 2b. The recovered 2b
was purified by distillation under reduced pressure, yielding 13.2 g (48%) of 2b as a colorless oil, which was reusable.
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6. Synthesis of anti-Schistosomal Molecule 4

Pd(OH),/C (0.2 eq.), Hy (1 atm)
0 O

Oy e ”/O“NWJQ

THF (0.05 M), 50 °C, over night

3tb 4
Scheme S5.

To a 200 mL single-neck round-bottom flask equipped with a stir bar were added (t)-2-Benzyl-1,2,3,6,7,11b-hexahydro-
[1,2,5]oxadiazino[3,2-alisoquinoline (3tb) (518 mg, 1.85 mmol, 1.00 equiv.), cyclohexanecarboxylic anhydride (880 mg, 3.69 mmol,
2.00 equiv.), and THF (37.0 mL). The resulting solution was conditioned under reduced pressure using a low-pressure hand pump,
then filled with argon via an argon balloon. Pd(OH)2/C (20 wt%, dry basis) (259 mg, 0.369 mmol, 0.200 equiv.) was then added to the
THF solution, which was again conditioned under reduced pressure using a low-pressure hand pump, followed by the introduction of
H2 gas to the reaction mixture using a balloon. The mixture was stirred overnight. The suspension was filtered, and the filtrate was
evaporated, yielding a pale yellow oil as the crude product. The crude product was purified by flash chromatography (stationary
phase: spherical silica gel; eluent: 9% ethyl acetate/n-hexane) to afford 333 mg (60%) of (z)-cyclohexyl(1,6,7,11b-tetrahydro-

[1,2,5]oxadiazino[3,2-alisoquinolin-2(3H)-yl)methanone (4) as a colorless solid.
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7. Characterization of Products

7.1. Characterization of Ir'"' Complex

@{/
%3

CF3

—|PFg

(4,4'-Dimethoxy-2,2’-bipyridine)bis[3,5-difluoro-2-[4-trifluoromethyl-2-pyridinyl-k N)phenyl-
kCJiridium(lll) hexafluorophosphate (IX)

Bright yellow solid; "H NMR (600 MHz, [De]Acetone, 22 °C, TMS, ppm): 6 = 8.57-8.49 (2H, m), 8.41 (2H, d,
J=2.7Hz), 8.30 (2H, d, J = 6.3 Hz), 7.96 (2H, d, J = 6.5 Hz), 7.56 (2H, dd, J = 6.3, 2.0 Hz), 7.27 (2H, dd, J
= 6.5, 2.7 Hz), 6.85 (2H,ddd, J = 12.9, 8.8, 2.4 Hz), 5.96 (2H, dd, J = 8.8, 2.4 Hz), 4.1 (6H, s); *C NMR
(150 MHz, [Ds]Acetone, 22 °C, TMS, ppm): 6 = 166.5, 165.2 (dd, J = 261.2, 13.2 Hz), 163.0 (dd, J = 258.2,
12.5 Hz), 156.1 (d, J = 7.3 Hz), 152.9, 152.2, 140.6 (q, J = 34.5 Hz), 127.9 (dd, J = 8.9, 2.9 Hz), 123.3 (q, J
=273.1 Hz), 120.7 (dd, J = 6.0, 3.1 Hz), 119.9 (q, J = 21.3 Hz), 115.4, 115.1 (dd, J = 14.7, 2.9 Hz), 112.8,
99.9 (dd, J = 27.1, 27.1 Hz), 57.4; °F (564 MHz, [Ds]Acetone, 23 °C, TMS, ppm): & = -=109.2 (1F, dt, J =
12.1, 4.2 Hz), -105.7 (1F, td, J = 11.2, 9.0 Hz), -65.8 (3F, s); HRMS (ESI): m/z Calcd for CasH22F10lrN4O2
[M]*:925.1216; Found:925.1213.

7.2. Characterization of Novel Nitrones 1h and 1i

(Z2)-N-Benzyl-1-(furan-3-yl)methanimine oxide (1h)

Pale brown solid; M.p. 98-99 °C; 'H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 8.90 (1H, s), 7.54-7.36
(6H, m), 7.33 (1H, s), 5.03 (2H, s); *C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 146.3, 142.8, 133.1,
129.4, 129.2 (2C), 127.8, 116.8, 109.4,69.4; IR (KBr): v = 3076, 1591, 1457, 1430, 1135, 1018, 818 cm™;
HRMS (FAB): m/z Calcd for C12H12NO2: 202.0868 [M+H]*; Found: 202.0868.

(Z2)-N-Benzyl-1-(1-(tert-butoxycarbonyl)-1H-pyrrol-2-yl)methanimine oxide (1i)
Colorless flake; M.p. 131-132 °C; "H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 8.70 (1H, s), 8.15 (1H, dd,
J = 3.6, 1.6 Hz), 7.53-7.43 (2H, m), 7.43-7.31 (4H, m), 6.29 (1H, dd, J = 3.6, 3.6 Hz), 5.03 (2H, s), 1.59 (9H,
s); ®*C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 149.4, 133.9, 129.1, 129.0, 128.8, 126.6, 126.4, 124.6,
120.2, 112.0, 84.8, 70.6, 28.1; IR (KBr): v = 3156, 2983, 2950, 1751, 1566, 1471, 1327, 1296, 1127, 835, 737
cm'; HRMS (ESI): m/z Calcd for C17H21N203: 301.1552 [M+H]*; Found: 301.1547.

7.3. Characterization of Previously Reported 1,2,5-Oxadiazinanes Acquired in this Research

(x)-2-Benzyl-5-methyl-3-phenyl-1,2,5-oxadiazinane (3aa)

"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.60-7.07 (m, 10H), 4.65 (d, J = 9.7 Hz, 1H), 4.40 (dd, J =
9.7, 1.8 Hz, 1H), 4.03 (dd, J = 10.6, 2.3 Hz, 1H), 3.88 (d, J = 14.6 Hz, 1H), 3.55 (d, J = 14.6 Hz, 1H), 3.05 (dd,
J=13.0, 10.6 Hz, 1H), 2.87 (ddd, J = 13.0, 2.3, 1.8 Hz, 1H), 2.52 (s, 3H); '*C NMR (100 MHz, CDCls, 22 °C,
TMS, ppm): 6 = 139.8, 138.3, 128.9, 128.5, 128.1, 128.0, 127.9, 126.9, 87.0, 65.0, 60.0, 59.6, 39.7; HRMS
(ESI): m/z Caled for Ci7H21N20: 269.1654 [M+H]*; found: 269.1652. The spectral characteristics were

consistent with spectral data previously reported.>®

(x)-2-Benzyl-5-methyl-3-(4-(trifluoromethyl)phenyl)-1,2,5-oxadiazinane (3ba)

"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.61 (d, J = 8.2 Hz, 2H), 7.52 (br d, J = 7.0 Hz, 1H),
7.36-7.15 (m, 5H), 4.67 (d, J = 10.0 Hz, 1H), 4.41 (dd, J = 10.0, 2.0 Hz, 1H), 4.10 (dd, J = 10.6, 3.0 Hz, 1H),
3.82 (d, J = 14.7 Hz, 1H), 3.58 (d, J = 14.7 Hz, 1H), 3.03 (dd, J = 13.2, 10.6 Hz, 1H), 2.86 (ddd, J = 13.2, 3.0,
2.0 Hz, 1H), 2.53 (s, 3H); C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 143.9, 137.8, 130.3 (q, J = 32.5
Hz), 128.5, 128.2 (2C), 127.1, 125.9 (q, J = 3.7 Hz), 124.1 (q, J = 272.2 Hz), 86.9, 64.4, 59.85, 59.81, 39.6; '°F
NMR (376 MHz, CDCls, 23 °C, TMS, ppm): 6 = -62.6; HRMS (ESI): m/z Calcd for C1sH20F3N20: 337.1528

[M+H]*; found: 337.1520. The spectral characteristics were consistent with spectral data previously reported.>®
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(x)-2-Benzyl-3-(4-bromophenyl)-5-methyl-1,2,5-oxadiazinane (3ca)

'"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.53-7.41 (m, 2H), 7.39-7.14 (m, 7H), 4.63 (d, J = 10.0 Hz,
1H), 4.40 (dd, J = 10.0, 1.9 Hz, 1H), 4.00 (dd, J = 10.5, 3.0 Hz, 1H), 3.82 (d, J = 14.6 Hz, 1H), 3.55 (d, J = 14.6
Hz, 1H), 2.98 (dd, J = 13.1, 10.5 Hz, 1H), 2.85 (ddd, J = 13.1, 3.0, 1.9 Hz, 1H), 2.51 (s, 3H); *C NMR (100
MHz, CDCls, 22 °C, TMS, ppm): 6 = 138.8, 138.0, 132.1, 129.5, 128.6, 128.2, 127.1, 121.9, 87.0, 64.2, 59.9,
59.6, 39.7; HRMS (ESI): m/z Calcd for C17H208"BrN20: 349.0739 [M+H]*; found: 349.0751. The spectral

characteristics were consistent with spectral data previously reported.®

(x)-2-Benzyl-3-(4-methoxyphenyl)-5-methyl-1,2,5-oxadiazinane (3da)

"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): 6 = 7.43-7.13 (m, 7H), 6.97-6.78 (m, 2H), 4.62 (d, J = 9.8 Hz,
1H), 4.39 (dd, J = 9.8, 1.9 Hz, 1H), 3.98 (dd, J = 10.7, 3.0 Hz, 1H), 3.89 (d, J = 14.8 Hz, 1H), 3.79 (s, 3H), 3.53
(d, J = 14.8 Hz, 1H), 3.00 (dd, J = 12.7, 10.7 Hz, 1H), 2.85 (ddd, J = 12.7, 3.0, 1.9 Hz, 1H), 2.51 (s, 3H); "°C
NMR (100 MHz, CDCls, 22 °C, TMS, ppm): 6 = 159.4, 138.4, 131.7, 129.0, 128.5, 128.2, 126.9, 114.3, 87.0,
64.3, 60.0, 59.4, 55.4, 39.7; HRMS (ESI): m/z Calcd for C1gH23N202: 299.1760 [M+H]*; found: 299.1758. The

spectral characteristics were consistent with spectral data previously reported.

(x)-2-Benzyl-5-methyl-3-(pyridin-2-yl)-1,2,5-oxadiazinane (3ea)

"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): 6 = 8.63-8.52 (m, 1H), 7.67 (ddd, J=7.7, 7.7, 1.8 Hz, 1H), 7.47
(d, J = 7.7 Hz, 1H), 7.35-7.16 (m, 6H), 4.78 (d, J = 10.2 Hz, 1H), 4.41 (dd, J = 10.2, 2.0 Hz, 1H), 4.30 (dd, J =
10.7, 2.9 Hz, 1H), 3.81 (d, J = 14.9 Hz, 1H), 3.69 (d, J = 14.9 Hz, 1H), 3.18 (dd, J = 13.2, 10.7 Hz, 1H), 2.99
(ddd, J =13.2, 2.9, 2.0 Hz, 1H), 2.58 (s, 3H); '3C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 159.4, 149.6,
137.9, 137.0, 128.5, 128.2, 127.0, 122.9, 122.4, 86.8, 66.0, 60.1, 58.3, 39.6; HRMS (ESI): m/z Calcd for
C16H20N30: 270.1606 [M+H]*; found: 270.1609. The spectral characteristics were consistent with spectral data

previously reported.®®

(x)-2-Benzyl-5-methyl-3-(thiophen-2-yl)-1,2,5-oxadiazinane (3fa)

'"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.41-7.18 (m, 6H), 7.03 (br d, J = 3.6 Hz, 1H), 6.96 (dd, J =
5.1, 3.6 Hz, 1H), 4.63 (d, J = 10.0 Hz, 1H), 4.37 (d, J = 10.4 Hz, 1H), 4.36 (d, J = 10.0 Hz, 1H), 3.96 (d, J =
14.7 Hz, 1H), 3.56 (d, J = 14.7 Hz, 1H), 3.11 (dd, J = 12.9, 10.4 Hz, 1H), 2.97 (br d, J = 12.9 Hz, 1H), 2.51 (s,
3H); *C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 141.9, 138.1, 128.7, 128.2, 127.0, 126.6, 125.7, 125.6,
87.0, 60.7, 60.1, 59.6, 39.6; HRMS (ESI): m/z Calcd for C1sH19N20S: 275.1218 [M+H]"; found: 275.1228. The

spectral characteristics were consistent with spectral data previously reported.®

(x)-2-Benzyl-3-(furan-2-yl)-5-methyl-1,2,5-oxadiazinane (3ga)

'"H NMR (400 MHz, [Ds]Acetone, 22 °C, TMS, ppm): 6 = 7.57-7.53 (dd, J = 1.6, 0.8 Hz, 1H), 7.33-7.12 (m, 5H),
6.52-6.38 (m, 2H), 4.54 (d, J = 9.6 Hz, 1H), 4.27 (d, J = 9.6 Hz, 1H), 4.18 (dd, J = 11.1, 2.5 Hz, 1H), 3.78 (d, J
=14.7 Hz, 1H), 3.62 (d, J = 14.7 Hz, 1H), 3.24 (dd, J = 13.5, 11.1 Hz, 1H), 2.88 (ddd, J = 13.5, 2.5, 2.0 Hz, 1H),
2.47s (s, 3H); 3C NMR (100 MHz, [De]Acetone, 22 °C, TMS, ppm): 6 = 153.4, 143.2, 139.3, 129.3, 128.7,
127.4, 111.3, 109.2, 87.4, 60.4, 58.3, 57.0, 39.5; HRMS (ESI): m/z Calcd for C15sH19N202: 259.1447 [M+H]*;

Found: 259.1458. The spectral characteristics were consistent with spectral data previously reported.®

(x)-2-Methyl-1,2,3,6,7,11b-hexahydro-[1,2,5]oxadiazino[3,2-alisoquinoline (3ta)

'H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): 6 = 7.21-7.14 (2H, m), 7.13-7.02 (2H, m), 4.62 (1H, d, J = 9.4
Hz), 4.47 (1H, dd, J = 9.4, 1.6 Hz), 4.05 (1H, d, J = 9.6 Hz), 3.50 (1H, dd, J = 10.6, 6.5 Hz), 3.42 (1H, d, J =
10.6 Hz), 3.28 (1H, ddd, J = 12.0, 10.4, 4.5 Hz), 3.02 (1H, ddd, J = 12.0, 10.4, 4.5 Hz), 2.90-2.70 (2H, m), 2.56
(3H, s); C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 134.5, 134.1, 128.9, 127.1, 126.3, 123.8, 87.0,
60.8, 55.9, 52.8, 40.2, 29.1; HRMS (ESI): m/z Calcd for C12H17N20: 205.1341 [M+H]*; Found: 205.1307. The

spectral characteristics were consistent with spectral data previously reported.®
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7.4. Characterization of Novel 1,2,5-Oxadiazinanes

(x)-2-Benzyl-3-(furan-3-yl)-5-methyl-1,2,5-oxadiazinane (3ha)

Pale yellow oil; "H NMR (400 MHz, CD30D, 22 °C, TMS, ppm): & = 7.57 (1H, s), 7.49 (1H, dd, J = 1.1, 1.1 Hz),
7.29-7.14 (5H, m), 6.51 (1H, d, J = 1.1 Hz), 4.41 (1H, d, J = 9.8 Hz), 4.39-4.28 (1H, m), 4.06 (1H, dd, J = 10.2,
3.2 Hz), 3.94 (1H, d, J = 14.4 Hz), 3.53 (1H, d, J = 14.4 Hz), 2.91 (1H, dd, J = 12.7, 10.2 Hz), 2.85 (1H, ddd, J
=12.7, 3.2, 1.7 Hz), 2.41 (3H, s); "®*C NMR (100 MHz, CDs0OD, 22 °C, TMS, ppm): & = 144.7, 141.9, 138.9,
129.7, 128.7, 127.6, 124.2, 109.9, 87.3, 60.1, 59.5, 57.5, 39.1; IR (neat): v = 2939, 1497, 1454, 1159, 1021
cm™; HRMS (ESI): m/z Calcd for C1sH19N20: 259.1447 [M+H]*; Found: 259.1456. To prevent the observation

of broadened signals in the NMR measurement, we utilized CD3OD as a deuterated solvent.

(x)-tert-Butyl 2-(2-benzyl-5-methyl-1,2,5-oxadiazinan-3-yl)-1H-pyrrole-1-carboxylate (3ia)

Pale yellow solid; M.p. 74-75 °C; "H NMR (400 MHz, [Des]Acetone, 22 °C, TMS, ppm): 6 = 7.35-7.14 (6H, m),
6.54-6.30 (1H, br s), 6.18 (1H, dd, J = 1.1, 1.1 Hz), 5.01 (1H, dd, J = 9.9, 3.1 Hz), 4.56 (1H, d, J = 9.8 Hz),
4.29 (1H, d, J = 9.8 Hz), 3.93 (1H, d, J = 14.7 Hz), 3.63 (1H, d, J = 14.7 Hz), 3.03 (1H, br d, J = 12.6 Hz), 2.91
(1H, dd, J = 12.6, 9.9 Hz), 2.48 (3H, s), 1.63 (9H, s); "*C NMR (100 MHz, [Ds]Acetone, 22 °C, TMS, ppm): & =
150.1, 139.6, 134.2, 129.3, 128.7, 127.4, 122.3, 113.3, 111.3, 87.4, 84.9, 59.9, 59.6, 56.8, 39.6, 28.1; IR (KBr):
v = 3169, 2971, 2932, 1735, 1321, 969, 732 cm™; HRMS (ESI): m/z C20H2sN30s: 358.2131 [M+H]*; Found:
358.2114. To prevent the observation of broadened signals in the NMR measurement, we utilized [Ds]Acetone

as a deuterated solvent.

(x)-2-Benzyl-5-methyl-3-(naphthalen-2-yl)-1,2,5-oxadiazinane (3ja)

Colorless oil; '"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.93-7.74 (4H, m), 7.65-7.52 (br s, 1H),
7.50-7.40 (2H, m), 7.32-7.16 (5H, m), 4.71 (1H, d, J = 9.9 Hz), 4.44 (1H, dd, J = 9.9, 2.2 Hz), 4.21 (1H, dd, J
=10.7, 2.7 Hz), 3.92 (1H, d, J = 14.8 Hz), 3.62 (1H, d, J = 14.8 Hz), 3.16 (1H, dd, J = 12.2, 10.7 Hz), 2.93 (1H,
ddd, J = 12.2, 2.7, 2.2 Hz), 2.56 (3H, s); '*C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): 6 = 138.2, 137.3,
133.5, 133.3, 128.7, 128.6, 128.2, 127.9, 127.8, 127.1, 127.0, 126.4, 126.2, 125.5, 87.1, 65.0, 59.9, 59.8, 39.7;
IR (neat): v = 2940, 1509, 1048, 700 cm™; HRMS (ESI): m/z Calcd for C21H2sN20 [M+H]*:319.1810;
Found:319.1825.

(x)-2-Benzyl-5-methyl-3-(quinolin-4-yl)-1,2,5-oxadiazinane (3ka)

Colorless oil; '"H NMR (400 MHz, [Ds]DMSO, 80 °C, ppm): 6 = 8.86 (1H, d, J = 4.5 Hz), 8.46 (1H, br s), 8.05
(1H, d, J=8.5, 1.0 Hz), 7.76 (1H, ddd, J = 8.5, 6.6, 1.2 Hz), 7.65 (1H, ddd, J = 8.5, 6.6, 1.0 Hz), 7.64 (1H, d, J
=4.5Hz),7.26-7.17 (5H, m), 4.88 (1H, br d, J = 10.7 Hz), 4.68 (1H, d, J = 10.0 Hz), 4.43 (1H, dd, J = 10.0, 2.2
Hz), 3.74 (1H, J = 14.9 Hz), 3.64 (1H, J = 14.9 Hz), 3.13 (1H, br dd, J = 13.1, 10.7 Hz), 2.93 (1H, ddd, J = 13.1,
3.6, 2.2 Hz), 2.54 (3H, s); 3C NMR (100 MHz, [D¢]DMSO, 80 °C, ppm): & = 149.8, 147.9, 144.5, 137.3, 129.6,
128.8, 127.9, 127.4, 126.24, 126.20, 125.4, 123.1, 119.6, 85.9, 58.9 (2C), 57.7, 38.5; IR (neat): v = 3029, 2938,
2884, 1586, 1508, 1050, 966, 759 cm™'; HRMS (ESI): m/z Calcd for CaoH22N3O [M+H]*: 320.1763; Found:
320.1768. The 'H NMR spectrum and '*C NMR spectrum were measured at room temperature, where signals
from conformational isomers were observed. Therefore, the measurement was conducted at 80 °C to coalesce

the signals of the conformational isomers.

(x)-2-Benzyl-3-cyclohexyl-5-methyl-1,2,5-oxadiazinane (3la)

Pale yellow solid; M.p. 57-58 °C; 'H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): 6 = 7.44-7.352 (2H, m),
7.350-7.27 (2H, m), 7.27-7.21 (1H, m), 4.33-4.18 (3H, m) 3.62 (1H, d, J = 14.8 Hz), 2.94 (1H, ddd, J = 10.1,
3.6, 3.6 Hz), 2.78 (1H, ddd, J = 12.2, 3.6, 1.2 Hz), 2.76 (1H, dd, J = 12.2, 10.1 Hz), 2.36 (3H, s), 1.89-1.593
(5H, m), 1.592-1.44 (1H, m), 1.37-0.96 (5H, m); "*C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 138.6,
128.5, 128.2, 126.9, 86.7, 63.5, 58.3, 52.5, 39.8, 39.1, 30.1, 27.2, 26.9, 26.8, 26.4; IR (KBr): v = 2953, 2925,
2849, 1452, 1047, 969 cm™'; HRMS (ESI): m/z Calcd for C17H27N20 [M+H]*: 275.2123; Found: 275.2122.
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(x)-2-(tert-Butyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (3ma)

Pale yellow solid; M.p. 39-40 °C; '"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.36 (2H, d, J = 6.7 Hz),
7.31-7.19 (3H, m), 4.54 (1H, d, J = 9.4 Hz), 4.44 (1H, dd, J = 9.4, 2.5 Hz), 4.24 (1H, dd, J = 10.0, 2.5 Hz), 2.95
(1H, dd, J = 12.6, 10.0 Hz), 2.72 (1H, ddd, J = 12.6, 2.5, 2.5 Hz), 2.42 (3H, s), 0.91 (9H, s), "*C NMR (100 MHz,
CDCls, 22 °C, TMS, ppm): 6 = 141.6, 128.7, 128.3, 127.7, 87.0, 61.2, 61.0, 60.3, 39.5, 27.3; IR (KBr): v = 2971,
2920, 2886, 1359, 1048, 978 cm™'; HRMS (ESI): m/z Calcd for C14H23N20 [M+H]*: 235.1810; Found: 235.1799.

(x)-5-Methyl-2,3-diphenyl-1,2,5-oxadiazinane (3na)

Colorless solid; M.p. 41-42 °C; 'H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.35-6.95 (10H, m), 4.93
(1H, d, J = 9.8 Hz), 4.60 (1H, dd, J = 9.8, 1.9 Hz), 4.51 (1H, dd, J = 9.5, 3.0 Hz), 3.23 (1H, dd, J = 13.0, 9.5 Hz),
3.00 (1H, ddd, J = 13.0. 3.0, 1.9 Hz), 2.60 (3H, s); 3C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 149.1,
138.8, 128.4, 128.3 (2C), 127.7, 125.7, 123.2, 87.6, 64.3, 59.5, 39.6; IR (KBr): v = 2940, 2800, 1490, 696 cm™";
HRMS (ESI): m/z Calcd for C16H19N20 [M+H]*: 255.1502; Found: 255.1497.

(x)-2-(4-Fluorophenyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (30a)

Pale yellow solid; M.p. 41-42 °C; '"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): 6 = 7.06-7.28 (7H, m),
6.76-6.86 (2H, m), 4.91 (1H, d, J = 9.8 Hz), 4.59 (1H, dd, J = 9.8, 2.0 Hz), 4.43 (1H, dd, J = 10.3, 3.0 Hz), 3.23
(1H, dd, J = 13.4, 10.3 Hz), 2.99 (1H, ddd, J = 13.4, 3.0, 2.0 Hz), 2.62 (3H, s); "*C NMR (100 MHz, CDCls, 22
°C, TMS, ppm): &6 = 160.8 (d, J = 245 Hz), 145.2 (d, J = 2.9 Hz), 138.5, 128.5 (d, J = 10.5 Hz), 128.0, 125.7,
125.6, 115.1 (d, J = 22.4 Hz), 87.7, 65.2, 59.6, 39.7; "°F (376 MHz, CDCls, 23 °C, TMS, ppm): 6 = -116.2 (3F,
s); IR (KBr): v = 2942, 1505, 1208, 700 cm™; HRMS (ESI): m/z Calcd for C1sH1sFN20 [M+H]*: 273.1393;
Found: 273.1403.

(x)-2-(4-Chlorophenyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (3pa)

Pale yellow solid; M.p. 57-58 °C; '"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.25-7.16 (5H, m),
7.13-7.05 (2H, m), 7.05-6.98 (2H, m), 7.00-6.90 (2H, m), 4.91 (1H, d, J = 9.9 Hz), 4.60 (1H, dd, J = 9.9, 1.9
Hz), 4.44 (1H, dd, J = 9.9, 3.0 Hz), 3.23 (1H, dd, J = 13.1, 9.9 Hz), 2.99 (1H, ddd, J = 13.1, 3.0, 1.9 Hz), 2.60
(3H, s); "®*C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 146.5, 139.0, 135.7, 128.9, 128.3, 128.2, 127.6,
123.6, 87.5, 64.2, 59.8, 39.6, 20.9; IR (KBr): v = 2941, 1488, 1087, 700 cm™; HRMS (ESI): m/z Calcd for
C16H18CIN20 [M+H]*: 289.1107; Found: 289.1107.

(x)-5-Methyl-3-phenyl-2-(p-tolyl)-1,2,5-oxadiazinane (3qa)

White solid; M.p. 40-41 °C; 'H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.27-7.13 (5H, m), 7.06-7.00
(2H, m), 7.00-6.90 (2H, m), 4.91 (1H, d, J = 9.9 Hz), 4.58 (1H, dd, J = 9.9, 1.9 Hz), 4.50 (1H, dd, J = 10.1, 3.0
Hz), 3.20 (1H, dd, J = 13.0, 10.1 Hz), 3.00 (1H, ddd, J = 13.0, 3.0, 1.9 Hz), 2.60 (3H, s), 2.20 (3H, s); 3C NMR
(100 MHz, CDCls, 22 °C, TMS, ppm): 6 = 146.5, 139.0, 135.7, 128.9, 128.3, 128.2, 127.6, 123.6, 87.5, 64.2,
59.8, 39.6, 20.9; IR (KBr): v = 2940, 1454, 969, 743 cm™; HRMS (ESI): m/z Calcd for Ci7H22N20 [M+H]*:
269.1654; Found: 255.1654.

(x)-2-(3-Methoxyphenyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (3ra)

Pale yellow oil; 'H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.29-7.15 (5H, m), 7.03 (1H, dd, J = 8.0, 8.0
Hz), 6.70 (1H, ddd, J = 8.1, 1.5, 1.5 Hz), 6.64 (1H, dd, J = 1.5, 1.5 Hz), 6.56 (1H, dd, J = 8.1, 1.5 Hz), 4.91 (1H,
d, J=9.8 Hz), 4.60 (1H, dd, J = 9.8, 1.2 Hz), 4.49 (1H, dd, J = 9.8, 2.5 Hz), 3.62 (3H, s), 3.23 (1H, dd, J = 12.9,
9.8 Hz), 3.00 (1H, ddd, J = 12.9, 2.5, 1.2 Hz), 2.58 (3H, s); '3C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & =
159.6, 150.5, 139.0, 129.0, 128.5, 128.4, 127.8, 115.0, 111.6, 108.4, 87.6, 64.5, 59.4, 55.2, 39.7; IR (neat): v =
2940, 2801, 1602, 1489, 1452, 1046, 698 cm™'; HRMS (ESI): m/z Calcd for C17H21N202 [M+H]*: 285.1603;
Found: 285.1616.

S11



(x)-5-Methyl-3-(naphthalen-2-yl)-2-phenyl-1,2,5-oxadiazinane (3sa)

Colorless solid; M.p. 72-73 °C; 'H NMR (400 MHz, CDClIs, 22 °C, TMS, ppm): & = 7.79-7.64 (4H, m),
7.49-7.35 (3H, m), 7.21-7.04 (4H, m), 7.02-6.92 (1H, m), 4.95 (1H, d, J = 9.9 Hz), 4.70 (1H, dd, J = 9.9, 3.0
Hz), 4.63 (1H, dd, J = 9.9, 1.9 Hz), 3.32 (1H, dd, J = 13.1, 9.9 Hz), 3.05 (1H, ddd, J = 13.1, 3.0, 1.9 Hz), 2.63
(3H, s); '®*C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 149.2, 136.7, 133.3, 133.0, 128.5, 128.2, 128.0,
127.7,127.4, 126.1 (2C), 126.0, 125.9, 123.3, 87.7, 64.3, 59.7, 39.8; IR (KBr): v = 2933, 1491, 1056, 693 cm™";
HRMS (ESI): m/z Calcd for C20H21N20 [M+H]*: 305.1654; Found: 305.1654.

(x)-3-Methyl-3,4,4a,9-tetrahydro-2H-dibenzo[c,f][1,2,5]oxadiazino[2,3-a]lazepine (3ua)

Colorless solid; 131-132 °C; 'H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.48-7.41 (1H, m), 7.29-7.04
(5H, m), 6.98-6.89 (2H, m), 4.84 (1H, d, J = 9.6 Hz), 4.69 (1H, d, J = 13.7 Hz), 4.65 (1H, dd, J = 9.6, 1.9 Hz),
4.62 (1H, dd, J = 10.5, 2.5 Hz), 3.35 (1H, d, J = 13.7 Hz), 3.21 (1H, dd, J = 13.0, 10.5 Hz), 3.02 (1H, ddd, J =
13.0, 2.5, 1.9 Hz), 2.66 (3H, s); '3C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): 6 = 147.9, 138.3, 136.4, 134.8,
129.0, 128.6, 127.4, 127.1, 126.6, 126.5, 123.7, 116.9, 87.7, 64.7, 61.2, 39.9, 38.9; IR (KBr): v = 2491, 1485,
1053, 752 cm™; HRMS (ESI): m/z Calcd for C17H19N20 [M+H]": 267.1497; Found: 267.1485.

(x)-2,5-Dibenzyl-3-phenyl-1,2,5-oxadiazinane (3ab)

Colorless plate; M.p. 110-111 °C; '"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.49-7.16 (15H, m), 4.77
(1H, d, J = 10.2 Hz), 4.49 (1H, dd, J = 10.2, 2.5 Hz), 4.07 (1H, dd, J = 10.6, 2.5 Hz), 3.94 (2H, s), 3.89 (1H, d, J
= 14.8 Hz), 3.59 (1H, d, J = 14.8 Hz), 3.09 (1H, dd, J = 13.4, 10.6 Hz), 2.93 (1H, ddd, J = 13.4, 2.5, 2.5 Hz);
3C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 139.8, 138.4 (2C), 129.1, 128.9, 128.6, 128.5, 128.2, 128.0,
127.9, 127.3, 126.9, 85.4, 65.1, 59.7, 57.5, 55.9; IR (KBr): v = 3031, 2909, 2845, 1493, 1454, 1357, 965, 736,
697 cm™'; HRMS (ESI): m/z Calcd for C2sH2sN20 [M+H]": 345.1967; Found: 345.1974. The single crystal of this
compound was obtained by recrystallization from n-hexane / ethyl acetate, and its structure was analyzed by

single-crystal X-ray crystallography.

(x)-2-Benzyl-1,2,3,6,7,11b-hexahydro-[1,2,5]oxadiazino[3,2-alisoquinoline (3tb)

Colorless oil; '"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.69-7.27 (5H, m), 7.22-7.04 (3H, m),
7.02-6.87 (1H, m), 4.80 (1H, d, J = 10.0 Hz), 4.53 (1H, dd, J = 10.0, 1.6 Hz), 4.12 (1H, br d, J = 10.2 Hz), 3.98
(1H, brd, J = 13.3 Hz), 3.96 (1H, br d, J = 13.3 Hz), 3.61-3.38 (2H, m), 3.29 (1H, ddd, J = 14.5, 11.7, 5.7 Hz),
3.05 (1H, ddd, J = 14.5, 9.8, 4.3 Hz), 2.99-2.75 (2H, m); "*C NMR (100 MHz, CDCls, 22 °C, TMS, ppm): 6 =
138.4, 134.5, 134.2, 129.2, 128.9, 128.6, 127.5, 127.1, 126.2, 123.9, 85.5, 60.6, 56.5, 53.3, 52.9, 29.1; IR
(neat): v = 2922, 2830, 1493, 1358, 1022, 743 cm™"; HRMS (ESI): m/z Calcd for C1gH21N20 [M+H]*: 281.1654;
Found: 281.1647.

(x)-3-Benzyl-3,4,4a,9-tetrahydro-2H-dibenzo[c,f][1,2,5]oxadiazino[2,3-a]azepine (3ub)

Colorless amorphous; 'H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): 6 = 7.54-7.17 (7H, m), 7.16-7.00 (4H,
m), 6.94 (1H, ddd, J = 7.4, 7.4, 1.2 Hz), 6.85-6.75 (1H, m), 4.98 (1H, d, J = 10.5 Hz), 4.73 (1H, dd, J = 10.5,
2.0 Hz), 4.70 (1H, d, J = 13.8 Hz), 4.66 (1H, dd, J = 10.6, 2.3 Hz), 4.13 (1H, d, J = 13.3 Hz), 4.07 (1H, d, J =
13.3 Hz), 3.34 (1H, d, J = 13.8 Hz), 3.27 (1H, dd, J = 13.4, 10.6 Hz), 3.05 (1H, ddd, J = 13.4, 2.3, 2.0 Hz); '°C
NMR (100 MHz, CDCls, 22 °C, TMS, ppm): & = 147.9, 138.2, 138.0, 136.3, 134.7, 129.0, 128.8, 128.5, 128.3,
127.3, 127.2, 126.9, 126.4 (2C), 123.5, 116.7, 86.0, 64.4, 58.5, 56.0, 38.7; IR (neat): v = 3024, 2851, 1486,
753 cm™; HRMS (ESI): m/z Calcd for C23H23N20 [M+H]*: 343.1810; Found: 343.1817.
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(x)-3-(4-Methylbenzyl)-3,4,4a,9-tetrahydro-2H-dibenzo[c,f][1,2,5]oxadiazino[2,3-a]azepine (3uc)

Pale yellow oil; '"H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.46 (1H, dd, J = 8.0, 0.9 Hz), 7.31 (2H, d, J
=79Hz),7.22 (1H,ddd, J=7.7,7.7, 1.4 Hz), 7.18 (2H, d, J = 7.9 Hz), 7.15-7.00 (4H, m), 6.94 (1H, ddd, J =
7.4,7.4,1.2Hz), 6.85-6.76 (1H, m), 4.97 (1H, d, J = 10.0 Hz), 4.73 (1H, dd, J = 10.0, 2.0 Hz), 4.70 (1H, d, J =
13.7 Hz), 4.66 (1H, dd, J = 10.5, 2.4 Hz), 4.09 (1H, d, J = 13.2 Hz), 4.04 (1H, d, J = 13.2 Hz), 3.34 (1H, d, J =
13.7 Hz), 3.25 (1H, dd, J = 13.3, 10.5 Hz), 3.05 (1H, ddd, J = 13.3, 2.4, 2.0 Hz), 2.36 (3H, s); "*C NMR (100
MHz, CDCls, 22 °C, TMS, ppm): 6 = 147.9, 138.0, 137.0, 136.3, 135.0, 134.7, 129.2, 129.0, 128.7, 128.3,
127.2, 126.8, 126.4 (2C), 123.4, 116.7, 85.9, 64.4, 58.4, 55.7, 38.7, 21.1; IR (neat): v = 2921, 1485, 1032, 753
cm'; HRMS (ESI): m/z Calcd for C24H25N20 [M+H]*: 357.1967; Found: 357.1979.

(x)-3-(4-Methoxybenzyl)-3,4,4a,9-tetrahydro-2H-dibenzo[c,f][1,2,5]oxadiazino[2,3-a]azepine (3ud)
Colorless solid; M.p. 72-73 °C; 'H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.46 (1H, dd, J = 8.0, 1.0
Hz), 7.38-7.30 (1H, m), 7.23 (1H, ddd, J = 7.8, 7.8, 1.3 Hz), 7.13-6.99 (4H, m), 6.98-6.87 (3H, m), 6.86-6.77
(1H, m), 4.96 (1H, d, J = 10.2 Hz), 4.72 (1H, dd, J = 10.2, 2.1 Hz), 4.70 (1H, d, J = 13.2 Hz), 4.65 (1H, dd, J =
10.5, 2.4 Hz), 4.06 (1H, d, J = 13.0 Hz), 4.02 (1H, d, J = 13.0 Hz), 3.84 (3H, s), 3.34 (1H, d, J = 13.2 Hz), 3.25
(1H, dd, J = 13.3, 10.5 Hz), 3.04 (1H, ddd, J = 13.3, 2.4, 2.1 Hz); '3C NMR (100 MHz, CDCls, 22 °C, TMS,
ppm): & = 159.0, 148.0, 138.1, 136.4, 134.7, 130.3, 130.2, 128.8, 128.4, 128.3, 127.3, 126.9, 126.5, 126.4,
123.5, 116.7, 113.9, 85.8, 64.5, 55.4, 55.3, 38.8; IR (KBr): v = 2950, 2835, 1513, 1247, 764 cm™'; HRMS (ESI):
m/z Calcd for C2sH2s5N202 [M+H]*: 373.1916; Found: 373.1914.

(x)-1,2,3,3a,3b,8-Hexahydro-15H-dibenzo[c,flpyrrolo[2',1':4,5][1,2,5]oxadiazino[2,3-a]lazepine (3ue)

Pale yellow solid; M.p. 131-132 °C; "H NMR (400 MHz, CDCls, 22 °C, TMS, ppm): & = 7.34 (1H, d, J = 7.8 Hz),
7.20-6.92 (6H, m), 6.88 (1H, td, J = 7.4, 1.2 Hz), 5.20 (1H, d, J = 10.0 Hz), 4.86 (1H, d, J = 10.0 Hz),
4.80-4.30 (2H, br m), 3.72-3.18 (3H, br m), 3.01 (1H, td, J = 8.8, 4.4 Hz), 2.24-1.70 (4H, br m); 3C NMR (100
MHz, CDCls, 22 °C, TMS, ppm): 6 = 146.5, 139.8, 135.3, 133.9, 130.4, 128.3, 127.4, 127.0, 126.0, 125.8,
122.9, 116.3, 84.0, 69.6, 65.1, 47.3, 39.0, 26.9, 21.9; IR (neat): v = 2961, 2902, 2861, 1600, 1483, 1242, 938,
764 cm'; HRMS (ESI): m/z Calcd for CioH21N20: 193.1654 [M+H]*; Found: 293.1664. The relative

stereochemistry was determined to be in the trans configuration by ROESY spectroscopy.

7.5. Characterization of Anti-Schistosomal Molecule 4

(¥)-Cyclohexyl(1,6,7,11b-tetrahydro-[1,2,5]oxadiazino[3,2-alisoquinolin-2(3H)-yl)methanone (4)

Colorless solid; M.p. 106-107 °C; 'H NMR (400 MHz, [Ds]DMSO, 100 °C, TMS, ppm): § = 7.30-7.08 (m, 4H),
5.60 (1H, brd, J=10.0 Hz), 4.85 (1H, brd, J = 10.0 Hz), 4.73 (1H, brdd, J = 12.0, 2.0 Hz), 3.71 (1H, brdd, J =
10.0, 2.0 Hz), 3.45 (1H, ddd, J = 10.0, 6.5, 1.5 Hz), 3.22-3.02 (2H, m), 2.91 (1H, ddd, J = 12.0, 10.0, 4.5 Hz),
2.83 (1H, ddd, J = 16.0, 4.5, 1.5 Hz), 2.78-2.58 (1H, br m), 1.82-1.56 (5H, m), 1.50-1.29 (4H, m), 1.28-1.12
(1H, m); ®C NMR (100 MHz, [Ds]DMSO, 100 °C, TMS, ppm): 6 = 173.6, 133.3, 132.6, 127.9, 126.4, 125.5,
123.7, 76.2, 63.1, 51.4, 44.6, 38.7, 28.6, 28.5, 27.4, 25.0, 24.4; | IR (KBr): v = 2929, 2851, 1642, 1443, 1037,
743 cm™; Elemental analysis calcd for C1gH2sN202: C 71.97, H 8.05, N 9.33, found: C 72.05, H 7.96, N 9.21.
The 'H, °C, 'H-'"H COSY, and HSQC NMR spectrum were measured at room temperature, where signals
from conformational isomers were observed. Therefore, the measurements were conducted at 100 °C to

coalesce the signals of the conformational isomers.
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8. NMR Spectra

"H NMR spectrum of (Z)-N-benzyl-1-(furan-3-yl)methanimine oxide (1h)
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"H NMR spectrum of (Z)-N-benzyl-1-(1-(tert-butoxycarbonyl)-1H-pyrrol-2-yl)methanimine oxide (3i)
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3C NMR spectrum of (Z)-N-benzyl-1-(1-(tert-butoxycarbonyl)-1H-pyrrol-2-yl)methanimine oxide (3i)
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(4,4'-Dimethoxy-2,2’-bipyridine)bis[3,5-difluoro-2-[4-trifluoromethyl-2-pyridinyl-k N)phenyl-k Cliridium(lll)
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(4,4'-Dimethoxy-2,2’-bipyridine)bis[3,5-difluoro-2-[4-trifluoromethyl-2-pyridinyl-k N)phenyl-k Cliridium(lll)
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"H NMR spectrum of (x)-2-benzyl-5-methyl-3-phenyl-1,2,5-oxadiazinane (3aa)
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"H NMR spectrum of (£)-2-benzyl-5-methyl-3-(4-(trifluoromethyl)phenyl)-1,2,5-oxadiazinane (3ba)
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3C NMR spectrum of (+)-2-benzyl-5-methyl-3-(4-(trifluoromethyl)phenyl)-1,2,5-oxadiazinane (3ba)
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SF NMR spectrum of (£)-2-benzyl-5-methyl-3-(4-(trifluoromethyl)phenyl)-1,2,5-oxadiazinane (3ba)
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"H NMR spectrum of (£)-2-benzyl-3-(4-bromophenyl)-5-methyl-1,2,5-oxadiazinane (3ca)
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3C NMR spectrum of (£)-2-benzyl-3-(4-bromophenyl)-5-methyl-1,2,5-oxadiazinane (3ca)
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"H NMR spectrum of (£)-2-benzyl-3-(4-methoxyphenyl)-5-methyl-1,2,5-oxadiazinane (3da)
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3C NMR spectrum of (£)-2-benzyl-3-(4-methoxyphenyl)-5-methyl-1,2,5-oxadiazinane (3da)
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"H NMR spectrum of (+)-2-benzyl-5-methyl-3-(pyridin-2-yl)-1,2,5-oxadiazinane (3ea)
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3C NMR spectrum of (£)-2-benzyl-5-methyl-3-(pyridin-2-yl)-1,2,5-oxadiazinane (3ea)
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"H NMR spectrum of (£)-2-benzyl-5-methyl-3-(thiophen-2-y1)-1,2,5-oxadiazinane (3fa)
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3C NMR spectrum of (+)-2-benzyl-5-methyl-3-(thiophen-2-yl)-1,2,5-oxadiazinane (3fa)
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"H NMR spectrum of (£)-2-benzyl-3-(furan-2-yl)-5-methyl-1,2,5-oxadiazinane (3ga)
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3C NMR spectrum of (£)-2-benzyl-3-(furan-2-yl)-5-methyl-1,2,5-oxadiazinane (3ga)
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"H NMR spectrum of (£)-2-methyl-1,2,3,6,7,11b-hexahydro-[1,2,5]oxadiazino[3,2-aisoquinoline (3ta)
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"H NMR spectrum of (£)-2-benzyl-3-(furan-3-yl)-5-methyl-1,2,5-oxadiazinane (3ha)
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3C NMR spectrum of (£)-2-benzyl-3-(furan-3-yl)-5-methyl-1,2,5-oxadiazinane (3ha)
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"H NMR spectrum of (+)-tert-butyl 2-(2-benzyl-5-methyl-1,2,5-oxadiazinan-3-yl)-1H-pyrrole-1-carboxylate (3ia)
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3C NMR spectrum of (+)-tert-butyl 2-(2-benzyl-5-methyl-1,2,5-oxadiazinan-3-yl)-1H-pyrrole-1-carboxylate (3ia)
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"H NMR spectrum of (£)-2-benzyl-5-methyl-3-(naphthalen-2-yl)-1,2,5-oxadiazinane (3ja)
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3C NMR spectrum of (£)-2-benzyl-5-methyl-3-(naphthalen-2-yl)-1,2,5-oxadiazinane (3ja)
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"H NMR spectrum of (£)-2-benzyl-5-methyl-3-(quinolin-4-yl)-1,2,5-oxadiazinane (3ka) at 80 °C
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3C NMR spectrum of (£)-2-benzyl-5-methyl-3-(quinolin-4-yl)-1,2,5-oxadiazinane (3ka) at 80 °C
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"H NMR spectrum of (£)-2-benzyl-3-cyclohexyl-5-methyl-1,2,5-oxadiazinane (3la)
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3C NMR spectrum of (£)-2-benzyl-3-cyclohexyl-5-methyl-1,2,5-oxadiazinane (3la)
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"H NMR spectrum of (£)-2-(tert-butyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (3ma)
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3C NMR spectrum of (+)-2-(tert-butyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (3ma)
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"H NMR spectrum of (+)-5-methyl-2,3-diphenyl-1,2,5-oxadiazinane (3na)
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3C NMR spectrum of (+)-5-methyl-2,3-diphenyl-1,2,5-oxadiazinane (3na)
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"H NMR spectrum of (£)-2-(4-fluorophenyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (30a)
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3C NMR spectrum of (+)-2-(4-fluorophenyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (30a)
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9F NMR spectrum of (x)-2-(4-fluorophenyl)-5-methyl-3-phenyl-1,2 5-oxadiazinane (30a)
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"H NMR spectrum of (£)-2-(4-chlorophenyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (3pa)
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3C NMR spectrum of (+)-2-(4-chlorophenyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (3pa)
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"H NMR spectrum of (£)-5-methyl-3-phenyl-2-(p-tolyl)-1,2,5-oxadiazinane (3qa)
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"H NMR spectrum of (+)-2-(3-methoxyphenyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (3ra)
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3C NMR spectrum of (£)-2-(3-methoxyphenyl)-5-methyl-3-phenyl-1,2,5-oxadiazinane (3ra)

€52L°68 —

0122 'S

e ———

G66% V9

99¥8 9L —
0091 °LL /\m

108y 'LL —

9929 °(8

86EY 80—
GSE9 L1
8¥20 'SII

£L8L (21

LLLE ‘gEl—
159y '821————
266 82—

900 "6¢1

66vS 051

9085 651 ——

()

=
\|N
Q
MN
o)
()
=

-3

2

0 o 80 60
S39

100

120

140

160

180




"H NMR spectrum of (£)-5-methyl-3-(naphthalen-2-yl)-2-phenyl-1,2,5-oxadiazinane (3sa)
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3C NMR spectrum of (+)-5-methyl-3-(naphthalen-2-yl)-2-phenyl-1,2,5-oxadiazinane (3sa
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"H NMR spectrum of (+)-3-methyl-3,4,4a,9-tetrahydro-2H-dibenzol[c,f][1,2,5]oxadiazino[2,3-alazepine (3ua)
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"H NMR spectrum of (+)-2,5-dibenzyl-3-phenyl-1,2,5-oxadiazinane (3ab)
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"H NMR spectrum of (+)-2-benzyl-1,2,3,6,7,11b-hexahydro-[1,2,5]oxadiazino[3,2-alisoquinoline (3tb)
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3C NMR spectrum of (+)-2-benzyl-1,2,3,6,7,11b-hexahydro-[1,2,5]oxadiazino[3,2-a]isoquinoline (3tb)
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"H NMR spectrum of (+)-3-benzyl-3,4,4a,9-tetrahydro-2H-dibenzo[c,fl[1,2,5]oxadiazino[2,3-alazepine (3ub)
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3C NMR spectrum of (£)-3-benzyl-3,4,4a,9-tetrahydro-2H-dibenzolc,f][1,2,5]oxadiazino[2,3-alazepine (3ub)
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"H NMR spectrum of (+)-3-(4-methylbenzyl)-3,4,4a,9-tetrahydro-2H-dibenzo[c,f][1,2,5]oxadiazino[2,3-alazepine (3uc)
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3C NMR spectrum of (£)-3-(4-methylbenzyl)-3,4,4a,9-tetrahydro-2H-dibenzo[c,f[1,2,5]oxadiazino[2,3-alazepine (3uc)
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"H NMR spectrum of (+)-3-(4-methoxybenzyl)-3,4,4a,9-tetrahydro-2H-dibenzo[c,f][1,2,5]oxadiazino[2,3-a]azepine (3ud)

/)6, 9224
6.7974
6. 7706
4.9726
4.9476
4.7383
4.7336
4. 735

1086
46819
4. 6674
46614
46411
4.6351

0809

0483

CoeccCceeww

SEER

4
>/
o
<
5
4.1607

31495
3.163
314n

2.0909

2.0078

1.4392

1.0057
1. 0005
1.0285
1.0

1.0195
1.0426

I ‘
” "‘ 'h A’!|‘ [‘p l, ) ; ll*’ | A [ h \

3C NMR spectrum of (£)-3-(4-methoxybenzyl)-3,4,4a,9-tetrahydro-2H-dibenzo[c,f[1,2,5]oxadiazino[2,3-alazepine (3ud)
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"H NMR spectrum of (¥)-1,2,3,3a,3b,8-hexahydro-15H-dibenzolc,flpyrrolo[2',1":4,5][1,2,5]oxadiazino[2,3-alazepine (3ue)
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"H-"H ROESY spectrum of (x)-1,2,3,3a,3b,8-hexahydro-15H-dibenzo[c,flpyrrolo[2',1"4,5][1,2,5]oxadiazino[2,3-alazepine (3ue)

YRA-1-0070 W\M\

Sample: YRA-1-0070
File: exp =

Pulse Sequence: ROESYAD

Sample: YRA-1-0070
File: exp

e . @

S48



"H decoupled 'H spectrum of (¥)-1,2,3,3a,3b,8-hexahydro-15H-dibenzo[c,flpyrrolo[2',1":4,5][1,2,5]oxadiazino[2,3-a]lazepine (3ue)
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HSQC spectrum of (+)-1,2,3,3a,3b,8-hexahydro-15H-dibenzo[c,flpyrrolo[2',1":4,5][1,2,5]oxadiazino[2,3-alazepine (3ue)
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"H NMR spectrum of (+)-cyclohexyl(1,6,7,11b-tetrahydro-[1,2,5]oxadiazino[3,2-alisoquinolin-2(3H)-yl)methanone (4) at 100 °C
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"H NMR spectrum of (£)-cyclohexyl(1,6,7,11b-tetrahydro-[1,2,5]oxadiazino[3,2-alisoquinolin-2(3H)-yl)methanone (4) at rt
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3C NMR spectrum of (+)-cyclohexyl(1,6,7,11b-tetrahydro-[1,2,5]oxadiazino[3,2-alisoquinolin-2(3H)-yl)methanone (4) at 100 °C

e
N
HN-analog
JRp— o
e —
date Teb 16 2023 sevmote
solvent dmso  wet
file SPECIAL
ACQUISITION ‘temp 100.0
W 24038.5 gain 30
at 1.363 spin not used
b 17000 pw90 9.800
bs 16 alfa 10.000
nt 10000 i1 n
ct 6480 in n
s 8o v
sfrq 100.570 PROCESSING
tof 1028.4 1b 6.00
o SeiE | aor o
W 4.900 DISPLAY
'DECOUPLER sp -0.5
- 5 o
dof 0 xfl 5533.0
am vyy =rfp 3972.1
R i
dpwr 40 1p L
amf 9634 PLOT
B
sc L
vs 250
nm ph
e st Uw i t ; J“ M JM»M UW VIR it
il A o e (L LR LR PR s i S T T ke i L b
180 160 140 120 100 80 60 40 20 ppm
3C NMR spectrum of (£)-cyclohexyl(1,6,7,11b-tetrahydro-[1,2,5]oxadiazino[3,2-alisoquinolin-2(3H)-yl)methanone (4) at rt
.0
i
N
HN-analog
exp52 cammon o
. —
et -
file exp SPECIAL
ACQUISITION temp mnot used
W 24038.5 gain 30
at 1.363 spin not used
£b 17000 pw90 9.800
bs 16 alfa 10.000
b 2.000 riacs
- leos 0 :
ct 27280 in n
s an :
v w0570 - moceasms
toiea 1 2.00
‘tpwr 56 fn not used
- o0 meamie
- i
dan H1 wp 20111.5
am yyy rfp 3972.1
decwave w rp 160.4
dpwr 40 1p J
Aamf 9634 PLOT
we 400
sc J
vs 500
nm ph
J A \
i hadiicitad
etk bl b s A bl st s s Bl Ll s d Bl kB Bl sl sl il
180 160 140 120 100 80 60 40 20 ppm

S52



"H-"H COSY spectrum of ()-cyclohexyl(1,6,7,11b-tetrahydro-[1,2,5]oxadiazino[3,2-alisoquinolin-2(3H)-yl)methanone (4) at 100 °C
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9. Quenching Experiment

Emission of I complex VII (excited at 380 nm, monitored at 475 nm) was quenched by nitrone 1a, N,N,N'N“-
tetramethyldiaminomethane (2) in CH2Cl2. The Stern-Volmer plots is shown in Scheme 3 (a) in the article. The emission from the
excited states of VIIl was measured on Molecular Devices SpectraMax M5. The emission was quenched with 1a and N,N,N’ N"-
tetramethyldiaminomethane (2) in Ar-saturated CH2Cl.. The relative emission intensities at 475 nm (excited at 380 nm) were
determined with various concentrations of the quenchers. The Stern-Volmer relationship (equation 1) was obtained between the
concentration of the quencher (Q) and the relative emission intensity (/o/l), where lo and I represent the intensity in the absence and

the presence of a quencher, respectively.

I/1 = Key[Q] +1 (eq. 1)

The slopes in the Stern-Volmer plots correspond to the Stern-Volmer constants (Ksv). The quenching fraction of emission (n (%)) is

calculated according to equation 2. The parameters for the quenching of emission of VIII are surmmarized in Table S1.

n={1-1/I}*100 = {K [Q]/(Ksy[Q] + 1)} * 100 (eq. 2)

Table S1. Quenching fraction () of the emission of Ir'"' complex VIII in CH2Cl.

Quencher Concentration (mM) Ksv (M) Ksv [Q] n (%)
Nitrone 1a 50 1.01 x 10* 5.05 x 10? 99.8
N,N,N' N"-tetramethyldiaminomethane (2) 500 2.86 x 108 1.43 x 108 99.9

10. Determination of Quantum Yield

The quantum yield of the reaction of nitrone 1a with N,N,N' N-tetramethyldiaminomethane (2) was determined by using Ka[Fe(C204)3]
as the actinometer.®” The photolysis of Ks[Fe(C20a4)3] (0.15 M) was carried out in a room with dim light, as depicted in the previously
reported literature from our group.! The volume of the solution in the photon flux reaction was adjusted to 1 mL. A plot of moles of
Fe?* vs. irradiation time gave the average value of the three slopes of 5.277 x 1078, After that, the average value of the three slopes
was divided by the quantum yield (®sw = 1.14) of the actinometer (0.15 M) at 405 nm, followed by the absorbed fraction of 1.0 to give
4.629 x 1078 einsteins s™'. The plot of the formation of product 3aa shown in Scheme 3 (b) in the article was drawn resulting from the
following experiment. The mixture of nitrone 1a (10.0 mg, 4.73 x 1072 mmol), N,N,N' N-tetramethyldiaminomethane (2) (0.473 mmol),
and Ir'"" complex VIII (2.37 x 10-® mmol), CH2Cl2 (946 uL), and a stirring bar was placed in a quartz cuvette (path length: 1.00 cm) with
a silicon septum and deaerated by bubbling with Ar for 15 min. After irradiation with a definite time, the reaction solution was
evaporated to dryness. The residue was dissolved in CDCIls with 1,1,2,2-tetrachloroethane as an internal standard and was
transferred to an NMR tube. The resulting amount of 1,2,5-oxaziadinane 3aa was determined with the '"H NMR spectrum. The plots of
the moles of 3aa versus irradiation times gave the slope of 1.053 x 1078, The absorbance at 405 nm was >2, which corresponded to
the absorbed fraction of >0.999. Finally, the quantum yield (®r) of the formation of 3aa was determined to be 0.23 according to

equation 3.

__ (Rate of product formation)
(Photon flux)

b,

(eq. 3)
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11. Determination of Redox Potential and Excited-State Potential of Ir'" complex

11.1. I' complex VIII

Electrochemical measurements were conducted using a glassy carbon electrode and a coiled platinum as the working and the
counter electrodes, respectively. A reference electrode was Ag/AgNOs in CH3CN, and the scan rate was 100 mV/s. Sample solutions
were prepared by dissolving a sample (1 mM) in an electrolyte solution of [(Bu)4N][PFs] in CH3CN (0.1 M, 8 mL) (Figure S3). The
reference electrode was calibrated before measurements using an external ferrocene standard. Electrochemical data of Ir'!' complex
VIII are depicted in Table S2.

5.00E-05
4.00E-05

3.00E-05

2.00E-05
1.00E-05

0.00E+00

Current

-1.00E-05

-2.00E-05
-3.00E-05

-4.00E-05

-5.00E-05 T T r r
-2.00 -1.00 0.00 1.00 2.00 3.00

Potential / V vs. Ferrocene

Figure S3. Cyclic voltammogram of Ir'"" complex VIII.

Table S2. Electrochemical data (potential in VV vs. Fc/Fc*) of VIII in CH3CN at 298 K.

Vil Fc/Fc* Iriyiet Ir'/ir! vs. Fe/Fc* Irltyirv Ir'IrY vs. Fe/Fc*
Ei +0.085 -1.18 -1.26 +1.38 +1.30
Ep - -1.03 -1.12 +1.43 +1.34
En - -1.32 -1.40 +1.34 +1.25

Excited-state potentials are estimated using the Rehm-Weller equations as given (equation 5 and 6):

E°%ox = E°'ox — E®° (eq. 5
E°*Req = E%Red + E*° (eq. 6)

Where E°* and E°' represent the excited state potential and the ground state potential, respectively. E° means the 0-0 transition
frequency of Ir'" complex VIII, which was revealed as 2.67 V in the previous report.! Eox represents the Ir'/Ir'V couples, and Ered to

the Ir'/!"" couple. Therefore, excited state potentials (potential in V vs. Fc/Fc*) of VIl in CH3CN at 298 K are depicted in Table S3.

Table S3. Excited-state potentials (E*) (potential in V vs. Fc/Fc*) of VIII in CH3CN at 298 K.

Vil *IPM/1r vs. Fe/Fc* *IPM/1rY vs. Fe/Fc*

E* +1.41 -1.37
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11.2. I'" complex IX

The absorption spectrum and emission spectrum of Ir'' complex IX in MeCN are shown in Figure S4.
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Figure S4. (a) Absorption spectrum of Ir'' complex IX at 296 K (5.34 x 10 M in MeCN). (b) Emission spectrum of I'"" complex IX at
296 K (5.34 x 10° M in MeCN).

The emission spectrum of novel Ir'"' complex IX at 77 K in propionitrile/n-butyronitrile was measured in accordance with the previously
reported method?® to reveal that the maximum emission peak was observed at 2.63 eV (471 nm) as 0-0 transition frequency (Fig. S5a).
Electrochemical measurements were conducted using a glassy carbon electrode and a coiled platinum as the working and the
counter electrodes, respectively. A reference electrode was Ag/AgNOs in CH3CN, and the scan rate was 100 mV/s. Sample solutions
were prepared by dissolving a sample (1 mM) in an electrolyte solution of [(Bu)4N][PFs] in CH3sCN (0.1 M, 8 mL) (Figure S5b). The
reference electrode was calibrated before measurements using an external ferrocene standard. Electrochemical data of Ir'!' complex
IX are depicted in Table S4.
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Figure S5. (a) Emission spectrum of Ir'' complex IX at 77 K in propionitrile/n-butyronitrile. (b) Cyclic voltammogram of Ir'!' complex IX.
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Table S4. Electrochemical data (potential in V vs. Fc/Fc*) of IX in CH3CN at 298 K.

IX Fc/Fc* Iriyiet Ir'/ir! vs. Fe/Fc* Irtyirv Ir'IrY vs. Fe/Fc*
Ei +0.085 -1.18 -1.26 +1.36 +1.28
Ep - -1.02 -1.10 +1.40 +1.32
En - -1.34 -1.42 +1.32 +1.24

Excited-state potentials are estimated using the Rehm-Weller equations depicted in equation 5 and 6. The 0-0 transition frequency of
I complex IX, which is revealed as 2.63 V. Therefore, excited state potentials (potential in V vs. Fc/Fc*) of IX in CH3CN at 298 K are

depicted in Table S5.

Table S5. Excited-state potentials (E*) (potential in V vs. Fc/Fc*) of IX in CH3CN at 298 K.

IX *IPM/1r vs. Fe/Fc* *IP"/1rY vs. Fe/Fc*

E* +1.37 -1.35
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12. Computation of Dipole Moment

Structures of PZQ and 4 were optimized by B3LYP hybrid functional with 6-31G** basis set using Gaussian 16. Solvent effect of
water was considered using the polarizable continuum model with the integral equation formalism variant (IEFPCM). Optimized
geometries and energies are shown in Tables S6 and S7. The values of dipole moments obtained by the same calculation method

are 1.97 and 3.96 debye for PZQ and 4, respectively. The vectors of dipole moments for both compounds are shown in Figure S6.

Table S6. Optimized geometry of PZQ. Energy of PZQ is -998.512628364 a.u.

No. Element x (A) y (A) z (A)

1 N -0.749748 -0.160301 0.614772

2 C 0.592694 -0.715016 0.701638

3 C 1.500074 -0.053635 -0.343687
4 N 1.448925 1.408316 -0.167480
5 C 0.394671 2.069570 0.381451

6 C -0.814592 1.270466 0.872658

7 C 2.597366 2174162 -0.657441
8 C -1.817297 -0.986162 0.357733

9 C 2.926128 -0.594000 -0.253992
10 C 4.034231 0.236782 -0.017050
11 C 3.853022 1.734915 0.091656

12 0o -1.647390 -2.191834 0.150254

13 C 3.126097 -1.971813 -0.430231
14 C 4.398338 -2.530611 -0.339047
15 C 5.497951 -1.708782 -0.078319
16 C 5.310593 -0.336997 0.070171

17 C -3.213341 -0.360203 0.292596

18 C -4.295322 -1.361272 0.774112
19 C -5.669361 -1.118111 0.110493
20 C -5.887749 0.368841 -0.194885
21 C -4.850872 0.877922 -1.224067
22 C -3.517419 0.099021 -1.154341
23 0o 0.357682 3.295505 0.518916
24 H -1.675160 1.720676 0.379610
25 H -0.905707 1.483153 1.947082
26 H 0.521412 -1.785660 0.527528
27 H 1.005788 -0.543867 1.704475
28 H 1.100121 -0.301269 -1.338672
29 H 2.713357 1.995279 -1.733858
30 H 2.376995 3.228588 -0.501802
31 H 4.729779 2.249024 -0.316434
32 H 3.767311 2.039572 1.142908
33 H 2.278527 -2.615284 -0.649845
34 H 4.531121 -3.599452 -0.475976
35 H 6.495213 -2.132726 -0.008405
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36 H 6.165866 0.310394 0.246799

37 H -3.246916 0.520495 0.940987

38 H -3.950098 -2.376217 0.561212

39 H -4.388524 -1.277182 1.863279

40 H -5.738230 -1.686848 -0.825947
41 H -6.464145 -1.501946 0.759456

42 H -6.903501 0.545322 -0.565260
43 H -5.798722 0.939418 0.738843

44 H -5.255558 0.788341 -2.238873
45 H -4.663580 1.945303 -1.059138
46 H -3.561236 -0.794876 -1.787741
47 H -2.701964 0.713817 -1.551306

Table S7. Optimized geometry of 4. Energy of 4 is -960.319474276 a.u.

No. Element x (A) y (A) z (A)

1 N 0.691322 -0.355127 -0.560401
2 C -0.628338 -0.961512 -0.409749
3 C -1.5615125 -0.124253 0.551662

4 N -1.086121 1.296069 0.422089

5 C 0.647057 1.032059 -1.055892
6 C -2.160836 2.261256 0.655658

7 C 1.817229 -1.016603 -0.153017
8 C -2.994349 -0.409129 0.319112

9 C -3.889200 0.603818 -0.065748
10 C -3.393027 2.023308 -0.223476
11 0o 1.761218 -2.156602 0.321983

12 C -3.473084 -1.713915 0.511508

13 C -4.814626 -2.024809 0.299760

14 C -5.702555 -1.021040 -0.097010
15 C -5.238579 0.281521 -0.267867
16 C 3.151990 -0.278316 -0.277791
17 C 3.496459 0.390419 1.074802

18 C 4.759504 1.273420 0.956839

19 C 5.777199 0.716199 -0.066841
20 C 5.671239 -0.810507 -0.167847
21 C 4.288602 -1.243735 -0.704454
22 H 1.310287 1.667216 -0.459792
23 H 0.909479 1.097171 -2.118637
24 H -0.485098 -1.969571 -0.027126
25 H -1.114508 -1.023582 -1.388006
26 H -1.264209 -0.401372 1.584228

27 H -2.424618 2.163846 1.715355

28 H -1.746708 3.261235 0.504094
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Figure S6. Vectors of dipole moments of PZQ (1.97 debye) and 4 (3.96 debye).
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13. Single Crystal X-Ray Diffraction of 3ab

Figure S7. ORTEP drawing of 3ab (CCDC deposition number: 2224678)

Suitable colorless crystals of 3ab for X-ray diffraction measurements was obtained from the mixed solution of n-hexane and ethyl

acetate at room temperature. Thermal ellipsoids are drawn at 50% probability level.

EXPERIMENTAL DETAILS

Table S8. Crystal Data.

Empirical Formula CozHoygN,O

Formula Weight 344.46

Crystal Color, Habit colorless, platelet

Crystal Dimensions 0.300 X 0.300 X 0.300 mm
Crystal System monoclinic

Lattice Type C-centered

Lattice Parameters a= 21.63104) A

b= 5.52013(10) A
c= 30.7878(6) A

B = 90.895(6) °
V = 3675.80(12) A3

Space Group C2/c (#15)
Z value 8

Dealc 1.245 g/cm3
Fooo 1472.00
1(CuKa) 5.955 cm™!
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Table S9. Intensity Measurements

Diffractometer

Radiation

Voltage, Current

Temperature
Detector Aperture

Data Images

® oscillation Range (c=54.0, f=0.0)
Exposure Rate

 oscillation Range (c=54.0, f=90.0)
Exposure Rate

® oscillation Range (c=54.0, f=180.0)
Exposure Rate

® oscillation Range (c=54.0, f=270.0)
Exposure Rate

® oscillation Range (¢c=0.0, f=0.0)

Exposure Rate
Detector Position

Pixel Size

20max

No. of Reflections Measured

Corrections

R-AXIS RAPID

CuKa (A =1.54187 A)
graphite monochromated
50kV, 40mA

-180.0°C
460.0 x 256.0 mm

180 exposures
80.0 - 260.0°
30.0 sec./©
80.0 - 260.0°
30.0 sec./©
80.0 - 260.0°
30.0 sec./©
80.0 - 260.0°
30.0 sec./©
80.0 - 260.0°

30.0 sec./©
127.40 mm
0.100 mm

136.4°

Total: 19648

Unique: 3366 (Rjnt = 0.0253)
Lorentz-polarization

Absorption
(trans. factors: 0.683 - 0.836)
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Table S10. Structure Solution and Refinement

Structure Solution
Refinement
Function Minimized

Least Squares Weights

zemax cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: R1 (1>2.00s(l))
Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map

Minimum peak in Final Diff. Map -0.20 e /A3

Direct Methods (SIR2008)
Full-matrix least-squares on F2

T w (Fo2 - Fc;2)2

w = 1/ [ s2(Fo2) + (0.0430 - P)2
+2.8001 - P]

where P = (Max(Fo2,0) + 2Fc2)/3
136.4°

All non-hydrogen atoms
3366

235

14.32

0.0382

0.0426

0.0958

1.078

0.001

0.20 /A3
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14. Biological Assay

Freshly isolated adult schistosomes from the infected mice were cultured in RPMI 1640 medium containing 5% fetal bovine serum
and penicillin/streptomycin with or without the tested compound including 4 or PZQ at concentrations of 0.1 yM, 1 uM, and 10 uM or

No.4..., at 37°C in an atmosphere containing 5% CO..

15. ADMET Assay

15.1. Solubility and LogD

Each compound dissolved in PBS at a final concentration of 100 uyM in 1% DMSO. After shaking for 20 min, each solution was
filtered using MultiScreen HTS MSSLBPC10 (Millipore) and filtrates were analyzed via UPLC (ACQUITY UPLC, Waters), using BEH
C18 column (1.7 ym, 2.1 x 50 mm, Waters) with photodiode array detection (wavelength was 280 nm), and the solubility (%) of each
compound was calculated by comparing the peak area with that of each well-dissolved (100 uM in 5% DMSO) solution. Mobile phase
A = 10mM ammonium acetate/5% acetonitrile/water, B = 10mM ammonium acetate/5% water/acetonitrile, and gradient system as
follows: 0 min-2% B, 1.0 min-98% B. The flow rate was 0.8 mL/min. The logD (pH7.4) values were also calculated by comparing the

retention times with that of standard compounds with a known logD value.

15.2. Caco-2 Assay

A caco-2 permeability assay was performed as follows. Briefly, 25 yM each compound/HBSS solution was added to the upper wells
of cultured Caco-2 cells in a trans-well-plate, and HBSS with 1% BSA was added to the lower wells. After incubation for 2 h, the
solution on the top plate and the bottom plate was collected. Acetonitrile was added to the solution, which was vortexed and
centrifuged at 3500 rpm for 20 min. The supernatant was analyzed by LC-MS/MS, and the apparent permeability coefficient (Papp)

was calculated. The class "high" means that the Papp of compound was higher than the Papp of propranolol.

15.3. LC-MS/MS Analysis

LC-MS/MS analysis was performed using an ACQUITY UPLC® system (Waters) fitted with a cooling autosampler and a column oven
with temperature control. Mass spectrometry was performed using a Waters Xevo TQ-S tandem quadrupole mass spectrometer (QQ-
MS; Waters). Chromatographic separation was performed on an ACQUITY UPLC® BEH C18 1.7 ym column (50 mm x 2.1 mm;
Waters). The mobile phase A was 0.1% formic acid in water (v/v), and acetonitrile containing 0.1% formic acid was used as mobile
phase B. The flow rate was set at 0.5 mL/min. The sample injection volume was 5 uL. The injected sample was eluted from the
column with the following gradient program: 1.8-min linear gradient in solvent B from 2% to 98%, 0.7-min linear gradient in solvent B

from 98% to 2%, and 2.5-min hold at 2% B. Positive electrospray ionization was used to generate the parental ions.

15.4. Acid Stability Assay

For the acid stability assay, 5 yM each compound was added to acidic (dissolution test solution 1, pH1.2) or neutral (phosphate-
buffered saline, pH7.4) buffers, respectively. After incubation at 37°C for 0, 1, and 5 hours at 37 °C, acetonitrile was added to each
mixture, which was vortexed and centrifuged at 3500 rpm for 20 min. The supernatant was analyzed by LC-MS/MS, and the ratio of

unchanged chemical compound at 1 or 5 hr compared to the unchanged each compound at 0 hr as 100% was calculated.

15.5. Metabolic Stability in Microsomes

For the metabolic stability assay, 500 uM each compound was mixed with liver microsomes (Sekisui XenoTech, LLC, final
concentration 0.2 mg protein/mL), coenzyme group (1.3 mM NADPH, 3.3 mM G-6-P: Sigma, 3.3 mM MgCI2: Wako), and 0.45U/mL
G6PDH (Oriental Yeast) at 37 °C, for 0 min and 60 min. Acetonitrile was added to each mixture, which was vortexed and centrifuged
at 3500 rpm for 20 min. The supernatant was analyzed by LC-MS/MS, and the ratio of unchanged chemical compound at 60 min

compared to the unchanged each compound at 0 min as 100% was calculated.
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15.6. Cytotoxicity Assay

The Hela cells were plated to the 96 well microplate at 1,000 cells/well and incubated in the culture medium. Each compound was
treated with 10, 20, and 30 puM for 2 days, then WST-8 reagent was added and measured at 405 nm. Cytotoxicity was calculated
using the cell viability of DMSO-treated wells as 100%.

15.7. Cardiotoxicity Assay

The human iPS cell-derived cardiomyocytes, iCell® Cardiomyocytes? (FUJIFILM Cellular Dynamics, Inc.) were plated to the gelatin-
coated 96 well half-area microplate (Corning® 3882) at 30,000 cells/well and incubated in the culture medium. After 9 days of cells
maintenance, cells were stained with EarlyTox™ Cardiotoxicity Kit (Molecular Devices, LLC.), and were set on FDSS system

(Hamamatsu photonics K.K.) for Ca?* transient measurements, made pre and after compound treatment.

. Post-addition Post-addition  Post-addition
Pre-addition  (after 10 min) (after 30 min)  (after 60 min)

z | m Well 22 Well 22 Well 22

Well 23 Well 23 Well 23

Well 24 Well 24 Well 24 |

Figure S8. Time-course evaluation of the cardiotoxic effects of the hERG channel blocker E-4031.

Pre-addition of PZQ Post-addition of PZQ (10 min) Post-addition of PZQ (30 min) Post-addition of PZQ (60 min)
20uM  2pM  0.2pM DMSO 20 uM 2uM 0.2 pM DMSO

20yM 2uM  0.2pM DMSO

Well 5 | Well 8

Post-addition of 4 (10 min) Post-addition of 4 (30 min) Post-addition of 4 (60 min)
20yM 2pM  0.2pM DMSO 20uyM  2pM  0.2uM DMSO 20 uM 2uM 0.2 uM

DMSO

Figure S9. Time-course evaluation of the cardiotoxic effects of PZQ and 4.
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