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1. General Information

Methods:

All reactions were performed with commercially available reagents and solvents that were used
as received unless otherwise specified. The reagents and solvents were purchased from Sigma
Aldrich, Alfa Aesar, TCI, Combi-Blocks, Thermo Scientific, Oakwood Chemical or STREM
Chemicals. Batch reactions were performed in round bottom flasks under an argon or nitrogen
atmosphere unless otherwise noted. Flow reactions were performed using the commercially
available components supplied from IDEX Health & Science, Upchurch Scientific, Swagelok
Company, Harvard Apparatus, Syrris, Vapourtec, Zaiput Flow Technologies and Luzchem
Research. Reactions were monitored by thin-layer chromatography (TLC), high-performance
liquid chromatography (HPLC) or proton nuclear magnetic resonance ('"H NMR). Concentration
and removal of solvents was performed using a Buchi Rotavapor R-210. Column
chromatography was carried out using a prepackaged Teledyne ISCO RediSep High-
Performance silica gel column on a Biotage Isolera chromatography system.

Instrumentation:

Proton nuclear magnetic resonance ("H NMR) spectra and proton-decoupled carbon nuclear
magnetic resonance ('*C{'H} NMR) spectra were recorded on either a two-channel Bruker
avance-III HD Nanobay spectrometer, a three-channel Bruker Avance Neo spectrometer, or a
two-channel JEOL ECZ spectrometer at ambient temperature at operating frequencies of
500/400 MHz ('H) or 125/100 MHz ('3C). Chemical shifts (8) are reported in parts per million
(ppm) relative to the solvent residual peak (CDCls; 7.26 ppm for "H NMR and 77.16 ppm for '3C
NMR). Data are represented as follows: chemical shift, multiplicity (br = broad, s = singlet, d =
doublet, t = triplet, q = quartet, p = pentet, m = multiplet, o = overlap), coupling constants (J) in
Hertz (Hz), integration. 1,3,5-Trimethoxybenzene and dimethyl terephthalate were used as an
internal standard for quantitative 'H NMR spectroscopy. High-performance liquid
chromatography (HPLC) analysis was performed using an Agilent 1200 series quaternary HPLC
system with an Agilent Poroshell 120 EC-C18 2.7 pum, 4.6x50 mm column. The HPLC
measurement conditions were as follows: flow rate: 1.000 mL/min, UV detection wavelength:
254 and 210 nm, mobile phase: [A] is 0.1% trifluoroacetic acid containing aqueous solution and
[B] is 0.1% trifluoroacetic acid containing acetonitrile solution, gradient: linear gradient of 5% to
100% solvent [B] for 10 minutes was performed and 100% solvent [B] was maintained for 2
minutes and 5% solvent [B] was maintained for 2 minutes, column temperature: 35 °C, injection
volume: 2.00 pL, sample preparation: an appropriate amount of samples was dissolved in 1 mL
of 80% MeCN aq. High-resolution mass spectrometry data were acquired on a JEOL AccuTOF
4F LC-plus equipped with an ionSense DART (Direct Analysis in Real Time) source. IR spectra
were recorded on a Bruker Alpha II FTIR spectrometer with a Diamond Crystal ATR (attenuated
total reflectance) accessory and only significant absorptions were listed.
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Abbreviations used:

aq = aqueous, eq = equivalent, DCE = 1,2-dichloroethane, MeCN = acetonitrile, DOX = 1,4-
dioxane, EtOH = ethanol, EtOAc = ethyl acetate, AcOH = acetic acid, ID = inside diameter, BPR
= back pressure regulator, tg = residence time, p-TsOH-H,O = p-toluenesulfonic acid
monohydrate, NaHCO; = sodium hydrogencarbonate, MgSO, = magnesium sulfate, NMP = 1-
methyl-2-pyrrolidinone, DMF = dimethylformaldehyde, DMA = dimethylacetaldehyde, DMSO
= dimethylsulfoxide, THF = tetrahydrofurane, MeOH = methanol, IPA = 2-propanol, TFA =
trifluoroacetic acid, Ac,O = acetic anhydride, MsOH = methanesulfonic acid.
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2. Experimental Procedures, Compound Characterization and Spectra

Reaction condition screening of step 1:

L, O
+ N +
0] e} H

2

9

Additive
(5 mol%)

Flow rate
(uL/min)

N

</

Solvent, Concentration of 2, 9 and additive (M)

Residence time: tg (min)

3mL, 0.03"ID

Temperature (°C)

BPR
2.8 bar

1

e (1,0

0

entry reaction parameter NMR vyield
(Vo)
solvent additive conc. (M) temp. tr flow rate 9 10
[2, 9, additive] (°C)  (min) (pL/min)

1 DCE  p-TsOH-H,O 0.2,0.2,0.01 110 30 100 14 79
2b DCE  p-TsOH-H,O 0.2,0.2,0.01 130 30 100 15 79
3b DCE  p-TsOH-H,O 0.2,0.2,0.01 130 60 11 81
4 MeCN  p-TsOH-H,O 0.2,0.2,0.01 110 30 100 30 61
5b EtOH  p-TsOH-H,O 0.2,0.2,0.01 110 30 100 64 25
6 DOX  p-TsOH-H,O 0.2,0.2,0.01 110 30 100 21 70
7 AcOH  p-TsOH-H,O 0.2,0.2,0.01 110 30 100 2.7 97
8 AcOH - 0.2,0.2, ----- 110 30 100 6.7 90
9 AcOH - 0.24,0.2, ----- 110 30 100 23 96
10 AcOH - 1.2, 1.0, ----- 110 30 100 2.3 94
11 AcOH - 1.2,1.0, ----- 110 5 600 2.7 97
12 AcOH - 24,2.0,----- 110 5 600 33 96
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13 AcOH - 24,2.0,----- 120 5 600 4.0 96
14 AcOH - 24,20, ----- 130 5 600 4.0 94

15 AcOH  p-TsOH-H,O 2.2,2.0,----- 110 5 600 53 91

“The NMR vyield was determined using 1,3,5-trimethoxybenzene as an internal standard. ?6.9 bar
of the back pressure was applied.

Procedure for entries 1-9:

N-Methylaniline 9 (0.54 mL, 5 mmol, 1 eq), 1,3-cyclohexanedione 2 (561 mg, 5 mmol, 1 eq or
673 mg, 6 mmol, 1.2 eq) and p-TsOH-H,0 (0 mg, 0 mmol, 0 eq or 48 mg, 0.25 mmol, 0.05 eq)
were added to a 25 mL volumetric flask. The designated solvent was added to the 25 mL line of
the volumetric flask.

The reactor was constructed from the fluorinated ethylene propylene (FEP) tubing (1/16”
outside diameter, 0.03"’ inside diameter, 658 cm, 3 mL), the complementary polyether ether
ketone (PEEK) fittings, and the Upchurch Scientific’s back pressure regulator (40 psi, 2.8 bar or
100 psi, 6.9 bar).

The prepared reactant solutions were pumped into the reactor by the Syrris Asia pump at the
designated flow rate (50 or 100 puL/min). The reaction tube was immersed in an oil bath and
heated at the designated temperature (110 or 130 °C). The reaction was equilibrated for 90 or
180 minutes, which was three times longer than the residence time. After the equilibration, 6 mL
of the solution was collected for 60 or 120 minutes, depending on the flow rate. To the collected
solution, was added 1,3,5-trimethoxybenzene (67.3 mg, 0.4 mmol, 1/3 eq of the collected
reaction scale) as a standard compound. 0.1 mL of this solution was washed with 5% NaHCO;
aq (6 mL), extracted with EtOAc three times (6+6+6 mL), dried over MgSQ,, filtered,
concentrated and analyzed by 'H NMR. The methoxy peak (3.77 ppm, 9H) or the aromatic peak
(6.08 ppm, 3H) of 1,3,5-trimethoxybenzene was used as a reference. The methyl peak (3.24 ppm,
3H) of the target compound 10' and the methyl peak (2.84 ppm, 3H) of N-methylaniline 9 were
used to determine the NMR yields.

Procedure for entries 10-11:

N-Methylaniline 9 (2.71 mL, 25 mmol, 1 eq), 1,3-cyclohexanedione 2 (3.36 g, 30 mmol, 1.2 eq)
were added to a 25 mL volumetric flask. AcOH was added to the 25 mL line of the volumetric
flask.

The reactor was constructed from the fluorinated ethylene propylene (FEP) tubing (1/16”°

outside diameter, 0.03’ inside diameter, 658 cm, 3 mL), the complementary polyether ether
ketone (PEEK) fittings, and the Upchurch Scientific’s back pressure regulator (40 psi, 2.8 bar).
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The prepared reactant solutions were pumped into the reactor by the Syrris Asia pump at the
designated flow rate (100 or 600 pL/min). The reaction tube was immersed in an oil bath and
heated at the designated temperature (110 °C). The reaction was equilibrated for 15 or 90
minutes, which was three times longer than the residence time. After the equilibration, 6 mL of
the solution was collected for 10 or 60 minutes, depending on the flow rate. To the collected
solution, was added 1,3,5-trimethoxybenzene (336 mg, 2.0 mmol, 1/3 eq of the collected reaction
scale) as a standard compound. 0.1 mL of this solution was washed with 5% NaHCO; aq (6 mL),
extracted with EtOAc three times (6+6+6 mL), dried over MgSQ,, filtered, concentrated and
analyzed by '"H NMR. The methoxy peak (3.77 ppm, 9H) or the aromatic peak (6.08 ppm, 3H)
of 1,3,5-trimethoxybenzene was used as a reference. The methyl peak (3.24 ppm, 3H) of the
target compound 10! and the methyl peak (2.84 ppm, 3H) of N-methylaniline 9 were used to
determine the NMR yields.

Procedure for entries 12-14:

N-Methylaniline 9 (5.42 mL, 50 mmol, 1 eq), 1,3-cyclohexanedione 2 (6.73 g, 60 mmol, 1.2 eq)
were added to a 25 mL volumetric flask. AcOH was added to the 25 mL line of the volumetric
flask.

The reactor was constructed from the fluorinated ethylene propylene (FEP) tubing (1/16”°
outside diameter, 0.03” inside diameter, 658 cm, 3 mL), the complementary polyether ether
ketone (PEEK) fittings, and the Upchurch Scientific’s back pressure regulator (40 psi, 2.8 bar).

The prepared reactant solutions were pumped into the reactor by the Syrris Asia pump at the
designated flow rate (600 pL/min). The reaction tube was immersed in an oil bath and heated at
the designated temperature (110, 120 or 130 °C). The reaction was equilibrated for 15 minutes,
which was three times longer than the residence time. After the equilibration, 6 mL of the
solution was collected for 10 minutes. To the collected solution, was added 1,3,5-
trimethoxybenzene (673 mg, 4.0 mmol, 1/3 eq of the collected reaction scale) as a standard
compound. 0.1 mL of this solution was washed with 5% NaHCO; aq (6 mL), extracted with
EtOAc three times (6+6+6 mL), dried over MgSO,, filtered, concentrated and analyzed by 'H
NMR. The methoxy peak (3.77 ppm, 9H) or the aromatic peak (6.08 ppm, 3H) of 1,3,5-
trimethoxybenzene was used as a reference. The methyl peak (3.24 ppm, 3H) of the target
compound 10! and the methyl peak (2.84 ppm, 3H) of N-methylaniline 9 were used to determine
the NMR yields.

Procedure for entry 15:

N-Methylaniline 9 (5.42 mL, 50 mmol, 1 eq), 1,3-cyclohexanedione 2 (6.17 g, 55 mmol, 1.1 eq)
and p-TsOH-H,0 (476 mg, 2.5 mmol, 0.05 eq) were added to a 25 mL volumetric flask. AcOH
was added to the 25 mL line of the volumetric flask.

The reactor was constructed from the fluorinated ethylene propylene (FEP) tubing (1/16”

outside diameter, 0.03’ inside diameter, 658 cm, 3 mL), the complementary polyether ether
ketone (PEEK) fittings, and the Upchurch Scientific’s back pressure regulator (40 psi, 2.8 bar).
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The prepared reactant solutions were pumped into the reactor by the Syrris Asia pump at the
designated flow rate (600 pL/min). The reaction tube was immersed in an oil bath and heated at
the designated temperature (110 °C). The reaction was equilibrated for 15 minutes, which was
three times longer than the residence time. After the equilibration, 6 mL of the solution was
collected for 10 minutes. To the collected solution, was added 1,3,5-trimethoxybenzene (673 mg,
4 mmol, 1/3 eq of the collected reaction scale) as a standard compound. 0.1 mL of this solution
was washed with 5% NaHCOj; aq (6 mL), extracted with EtOAc three times (6+6+6 mL), dried
over MgSO,, filtered, concentrated and analyzed by '"H NMR. The methoxy peak (3.77 ppm,
9H) or the aromatic peak (6.08 ppm, 3H) of 1,3,5-trimethoxybenzene was used as a reference.
The methyl peak (3.24 ppm, 3H) of the target compound 10' and the methyl peak (2.84 ppm,
3H) of N-methylaniline 9 were used to determine the NMR yields.

Caution:

The target compound 10 tends to be lost into the aqueous phase during the extraction process and
N-methylaniline 9 can be evaporated during the concentration process. These factors can affect
the reproducibility of the experiments.

Procedure for continuous reaction and work-up of step 1:

EtOAc
Vapourtec Pump
50V

20 mL, 0.04" ID i
2.2 min

[phase separation]

uwr oL

1mL, 0.03"ID

@ 4@ 200 pL/min BPR
2. 8 bar
2, o M 2. 4 M I
ACOH (8.74 eq, 4.7 V)

Syrris Asia Pump 1510 _C
min

10 mL Vapourtec Pump

4480 uL/min  Decanter 2140 pL/min  MgSO, dry o

A = Q. b

rt
4.5 min

[reaction] [quench] Dropping by Gravity

uw/ oyl

aqueous waste
K,HPO,
KOAc
diketone 9

35% K4PO, aq
8.83 eq

(1.01 eq Vapourtec Pump pH = 10.0
to AcOH)
time (hr) NMR yield (%)*
9 10
0 33 94
1 3.0 96
2 2.7 97
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4 3.7 96
5 3.7 96
6 33 95
7 3.0 97

“The NMR yield was determined using 1,3,5-trimethoxybenzene as an internal standard.

N-Methylaniline 9 (21.67 mL, 200 mmol, 1 eq), 1,3-cyclohexanedione 2 (26.91 g, 240 mmol, 1.2
eq) were added to a 100 mL volumetric flask. AcOH was added to the 100 mL line of the
volumetric flask.

The reactor was constructed from the fluorinated ethylene propylene (FEP) tubing (1/16”
outside diameter, 0.03’ inside diameter, 219 cm, 1 mL), the complementary polyether ether
ketone (PEEK) fittings, and the Upchurch Scientific’s back pressure regulator (40 psi, 2.8 bar).

The quenching and extraction tube was constructed from the perfluoroalkoxy (PFA) tubing
(1/16”° outside diameter, 0.04’’ inside diameter, 2467 cm, 20 mL), and the complementary
polyether ether ketone (PEEK) fittings.

The decanter was constructed from the 10 mL glass syringe, the complementary polyether ether
ketone (PEEK) fittings, and the rubber septa.

The prepared reactant solutions were pumped into the reactor by the Syrris Asia pump at the
designated flow rate (200 pL/min). The reaction tube was immersed in an oil bath and heated at
the designated temperature (110 °C). 35% K;PO, aq and EtOAc were pumped into the
quenching and extraction tube by the Vapourtec pumps at the designated flow rate (2.14
mL/min). The organic phase was pumped out of the decanter into the storage tank at the
designated flow rate (2.14-2.19 mL/min). The system was equilibrated for 36 minutes, which
was three times longer than the residence time. After the equilibration, 32.1 mL of the organic
phase was collected for 15 minutes every hour. To each of the collected solution, was added
1,3,5-trimethoxybenzene (336.4 mg, 2 mmol, 1/3 eq of the collected reaction scale) as a standard
compound. This solution was dried over MgSQ,, filtered, concentrated and analyzed by 'H
NMR. The methoxy peak (3.77 ppm, 9 H) or the aromatic peak (6.08 ppm, 3 H) of 1,3,5-
trimethoxybenzene was used as a reference. The methyl peak (3.24 ppm, 3H) of the target
compound 10! and the methyl peak (2.84 ppm, 3H) of N-methylaniline 9 were used to determine
the NMR yields.

To the 674 mL of the organic phase which was collected for 315 minutes, was added MgSO,4

(6.7 g,0.01 W). The mixture, which could contain 25.41 g of the target compound 10
theoretically, was filtered, washed with EtOAc and concentrated to 31.10 g. To the residue, was
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added hexane (127 mL, 5 V). The solution was concentrated to 28.63 g. To the residue, was
added hexane (127 mL, 5 V). The solution was concentrated to 30.51 g. To the residue, the seed
crystal was added if necessary. To the solid, was added hexane (127 mL, 5 V). The slurry was
stirred at 5 °C for 1 h. The slurry was filtered, washed with cold hexane (127 mL, 5 V), and air-
dried overnight to afford the title compound 10' (24.115 g, 94.9% yield, 97.62 pa%, yellow solid,
MWL loss: 1.4%). '"H NMR (500 MHz, CDCl;) 6: 7.41 (t, J= 7.7 Hz, 2H), 7.31 (t, J = 7.4 Hz,
1H), 7.15-7.11 (m, 2H), 5.32 (s, 1H), 3.24 (s, 3H), 2.31 (t, J = 6.5 Hz, 2H), 2.21 (t,J= 6.2 Hz,
2H), 1.89 (p, J= 6.3 Hz, 2H). 3C NMR (125 MHz, CDCls) &: 197.7, 165.1, 145.5, 129.8 (2C),
127.6, 127.3 (2C), 100.7, 40.9, 36.3, 28.7, 22.7. IR (neat) v: 3042, 2938, 2891, 1610, 1556 cm’!.
HRMS (DART) m/z: calcd for C;3H;gNO™ [(M+H)*] 202.1226, found 202.1220.

One of the 'H NMR spectra to determine the NMR yields (after 3 hours):
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13C NMR Spectrum of isolated 10:

YH-2022-12-008-01 13C Bruker 125 MHz [ ovouy
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HPLC data of isolated 10:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-06 18-11-0012022-12-06_18-11-02.D)
mAU 1 % uéb
GOO—: ; \‘\'
500 ‘\a@b‘
E As
400—;
300 |
200 4
100 5 ﬁ‘lr‘?\ﬁ
O—; ‘:. (l.?‘%%':: — = = T I~
2 4 6 8 10 12 ]
Peak RetTime Type Width Area Height Area
# [min] [min ] [mAU*s ] [MAU | %
e e e foemian sy cmee B
1 1957 BY 0.0661 31 . T3a%7 7.54864 218950
e 3.615 MM 0.0323 2.84016 146593 0.1881
3 3 V28 M (. 0325 1.30074 6.67698e-1 0.0861
4 3.985 MM 0.0374 1474_07886 657.73804 97.6208
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Photograph of the flow reactor for step 1:

"

{ 1 mL reaction tube 20 mL
[F o= U — BPR quenching and extraction tube

F\—) cross mixer :
- cied Zh10mL o
~=— -8 e _ decanter & "

o 35% K4PO, aq

Solubility of the substrate 5 and ondansetron 1:

Solvents Solubility (Substrate 5) Solubility (ondansetron 1)
0 0 N
—N
\ \
N N
| |
5 1
NMP 3.49 g/100 g NMP 2.29 g/100 g NMP
DMF 2.46 g/100 g DMF 1.27 g/100 g DMF
DMA 2.53 g/100 g DMA 1.22 g/100 g DMA
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DMSO 1.59 g/100 g DMSO 0.82 g/100 g DMSO
THF 0.97 g/100 g THF 0.25 g/100 g THF
MeCN 1.07 g/100 g MeCN 0.35 g/100 g MeCN
MeOH 0.59 g/100 g MeOH 0.67 g/100 g MeOH
IPA 0.23 g/100 g IPA 0.25 g/100 g IPA
TFA >15.7 g/100 g TFA >18.7 g/100 g TFA
AcOH 3.73 g/100 g AcOH >27.3 g/100 g AcOH
Ac,O 0.57 g/100 g Ac,O Swelled, could not be filtered
Toluene 0.37 g/100 g Toluene 0.023 g/100 g Toluene
DCE 2.65 g/100 g DCE 0.53 g/100 g DCE

Procedure of the batch one-pot condition invented by Hesoun and HykP for step 3 and 4:
I\

N7 "NH
o

MeoNH HCI (1.22 eq)
@Z_b (HCHO)n (1.2 eq)
) DMF (4 V)
N

\=/ cooled to 100 °C
\ ACOH (0. ozv oo7 eq)

8 added H,0 (31.25 V) filt. Q N
(6.07 eq) cooled to 24 °C washed with H,O (16 V) ):
@tﬁ @tb/ Qs
N
Ac,0 (0.5 V, 1.05 eq) ‘

5 110°C,1.5h 110°C,5h
slurry solution, then slurry
7.039 g, 95.6%, 99.24 pa%
MWL loss: 0.69%

59,99.65pa% ——————— > 5:nd —— > 5:0.13 pa%
6:65.79 pa% 6:1.33 pa%
7:31.92 pa% 7:1.30 pa%

1: 95.39 pa%

To a 300 mL round bottomed flask, were added the substrate 5 (5.00 g, 25.09 mmol, 1 eq),
dimethylamine hydrochloride (2.50 g, 30.61 mmol, 1.22 eq), paraformaldehyde (904 mg, 30.11
mmol, 1.20 eq), DMF (20 mL, 4 V), AcOH (0.1 mL, 1.76 mmol, 0.07 eq), and Ac,0 (2.49 mL,
26.35 mmol, 1.05 eq, 0.5 V) in this order. The reaction mixture was warmed to 110 °C and
stirred at 110 °C for 1.5 hours. To the reaction mixture, was added 2-methylimidazole 8 (12.51 g,
152.32 mmol, 6.07 eq). The reaction mixture was stirred at 110 °C for 5 hours. The reaction
mixture was cooled to 100 °C. To the mixture, was added H,O (156.25 mL, 31.25 V) over 10
minutes. The reaction mixture was cooled to r.t., filtered and washed with H,O (80 mL, 16 V).
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The solid was air-dried overnight to give ondansetron 13 (7.039 g, 95.6% yield, 99.24 pa%, off-
white solid, MWL loss: 0.69%).

HPLC data at the end point of step 3:

mAU -

500

400+

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-14 11-16-39\2022-12-14_11-48-01.D)

%6

300—f | %7
200—2 ‘ |‘|
sl 8 s |
ot—p— L | - 0 0 O OO0 A
T T e
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU ] %
e S A it i — [ |
1 2.962 VB R 0.0288 11.49214 6.14242 0.5784
s 3.462 BV R 0.0298 372970 1.91132 0 71 877
3 3.662 BB 0.0286 4,10604 2.21425 0.2066
4 3.77¢6 BB 00282 18.57401 1023405 0.9348
5 3.875 BV R 0.0327 1307.26282 6l6.86481 65.7910
o 4.333 BB 00372 =B 0TS 2.90043 0:3778
7 5.369 BV R 0.0376 ©34.32092 258.69705 31.9237

HPLC data at the end point of step 4:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-14 15-00-43\2022-12-14_15-16-26.D)

mAU ] <
1 T
1000 T
800 - ‘
600 l
4 5]
00 6 | 5 7
] o @ o Q
200 2 ?%l g8
o0 Il (ﬁ‘fﬂ-"l} his e —_— - T
T ¥ T I " T T T
2 4 6 8 10 12 miy
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Peak RetTime Type Width Area Height Area

i [min] [min] [MAU* s ] [mAU] %
oo oaa e caa | g e s [ Eaa e a s s |
1 3.0609 BV R 0.0289 7.96623 4.24664 025190
2 3.456 VB R 0.0286 23. 74027 12 .79580 0.7481
3 3.670 BY R 0.0347 13.94607 6.32046 0.4395
4 3.779 VB 0.0302 13117312 6.89114 0.4132
5 3.885 BB 0.0300 42.05742 22 .30237 1.3253
6 4.174 BV R 0.0392 3027.14038 1208.54138 95.3900
7 4.872 VB 0.0351 4.15706 1.78651 il 210
8 a.dbs BY B 03540 41. 31589 1661780 123810

HPLC data of isolated ondansetron 1:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-14 16-45-05\2022-12-14_17-00-52.D)
mAU 3 © A
E T 1 b‘&p
700 N
600 &
500
400 ‘
300 l
200 6 i 7
100 4 5 \ E
04— el £ -
R L S B F L— T
2 4 6 8 10 12 miry
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s ] [mAU | %
e | === | === R | -———————-- | --—————- |
1 3.890 VB 0.0293 383831 2.00381 D. 20760
2 4.186 MM O30S 1840 G638 B22. 489301 99,2398
2 H.dlb BB 0.0374 1021658 4.21708 0.5541
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'H NMR Spectrum of isolated ondansetron 1:
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Procedure of the batch homogeneous condition for step 3 and 4:

conc. to 6.5 W

%
added toluene (30 V) N™ 'NH
o conc. to 4.3 W =/ cooled to 100 °C o
MsOH (1.22 eq) added toluene (30 V) 8 added H,0 (31.25 V) filt. N/ﬁ
@Z—b telramelhy\dlam\nomelhane (1.2 eq) @_ﬁ @_ﬁ conc. to 3.4 W (6.07 eq) cooled to 24 °C washed with H,0 (30 V) @_ﬁ );
3 AcOH (30 V) NMP (4 V) 3
'T‘ Ac0 (1 oseq osv ’T‘
5 110°C,4h 110°C,3h
solution oil solution, then slurry
2g,99.65 pa% 5:1.36 pa% 5:1.61pa% 2.735 g, 93.0%, 97.58 pa%
6:84.41 pa% 6:3.15 pa% MWL loss: 1.3%
7:11.26 pa% 7:3.05 pa%

1: 89.95 pa%

To a 250 mL round bottomed flask, were added the substrate 5 (2.00 g, 10.04 mmol, 1 eq), and
AcOH (60 mL, 30 V). The mixture was stirred at 24 °C for 10 minutes to make a homogeneous
solution. To the solution, were added N,N,N,N-tetramethyldiaminomethane (1.64 mL, 12.04
mmol, 1.20 eq), MsOH (0.80 mL, 12.25 mmol, 1.22 eq), Ac,O (1.00 mL, 10.54 mmol, 1.05 eq,
0.5 V) in this order. The reaction mixture was warmed to 110 °C and stirred at 110 °C for 4
hours. The reaction mixture was concentrated to 13.06 g, 6.53 W. To the residue, was added
toluene (60 mL, 30 V). The reaction mixture was concentrated to 8.51 g, 4.26 W. To the residue,
was added toluene (60 mL, 30 V). The reaction mixture was concentrated to 6.82 g, 3.41 W. To
the residue, were added NMP (8 mL, 4 V) and 2-methylimidazole 8 (5.00 g, 60.93 mmol, 6.07
eq). The reaction mixture was warmed to 110 °C and stirred at 110 °C for 3 hours. The reaction
mixture was cooled to 100 °C. To the mixture, was added H,O (62.5 mL, 31.25 V) over 10
minutes. The reaction mixture was cooled to r.t., filtered and washed with H,O (60 mL, 30 V).
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The solid was air-dried overnight to give ondansetron 13 (2.735 g, 93.0% yield, 97.58 pa%, off-

white solid, MWL loss: 1.3%).

HPLC data at the end point of step 3:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-14 13-11-10\2022-12-14_13-26-55.D)
mAU ,‘: 6
700 $
600 ;
500 I!
400 7
300
200 ‘l f (%b
0F—v— ikl T P (- SN— — =y
2 4 & 8 10 12 " i
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
S e s e s S e —— A s |
1 3.462 BB 0.0306 6.52084 3.36321 0.2987
2 3116 BB 0:0270 7.09429 4.14243 D:3250
3 3.871 BV B 040349 1842.68030 829.82214 84.4108
4 4:150 BV R 0.0334 14.16360 6.51818 0.6488
5 4.874 BB 0.0360 29. 62728 12 818y 13572
6 8.369 BV R 04.0371 245.73027 102.13350 11.2566
E| 5. 4080 YW E 0.0355 3717379 14.19628 1.7029

HPLC data at the end point of step 4:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-14 16-45-056\2022-12-14_17-16-33.D)

mAU
1600

1400
1200
1000
800
600
400
200
0

%1

6 57
g eg B g 3¢
— amllsx & 8 o & S— N .|
I S R S I 5 & -
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU ] %
] e f e i e e === feoert et 2 |
il 3461 VB R 0.:0292 22531 8. 11.83943 0.4085
2 3.585 BB 0.0276 5.59639 3.16837 Dz 1015
2 J3.6008 B R Q20312 26.40295 13.25941 0.4786
4 3.784 BV B 0.0308 26.03684 12773682 0. 45720
5 3.889 VB 0. 0291 173.73604 91.58176 3.1495
6 4,168 BV R 0.0457 4961.88086 1717.10291 89.9485
7 4,478 VB E 0.0292 4.46658 2.34788 0.0810
8 da8iS NN By 0 0360, 88.95988 38.29840 Lo6l2
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU ] %
e e e st nnee e e s |
9 5369 BV R 0208377 16811240 6834435 304715
1.0 5.945 BB 0.0364 683146 280639 01239
il | 6.624 BY R 0:0542 2807673 682257 0.4365
12 J=112 BB 0.0500 T=72209 2371225 0.1400
HPLC data of isolated ondansetron 1:
MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-14 17-36-59\2022-12-14_17-37-01.D)
mAU = 1
600 %
500 I
400 H
300
200 6 | 5 7
100 g B E .
0 6 8 — e ——
2 4 s ‘ 8 10 12 il
Peak RetTime Type Width Area Height LArea
# [min] [min] [mMAU*s] [mMAU] %
e e el e R e e |
1 3.893 BB 0.0291 7.58967 4. 00155 0.4739
2 21190 BV R, 0:0336 1562.61224 H13:0742. 975147
2 4.877 VB R 0.0399 9.09338 3.43326 0.5678
4 5.370 BB 0.0379 225519809 8.954914 3836
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'H NMR Spectrum of isolated ondansetron 1:
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Procedure of the batch homogeneous condition without the solvent switch for step 3 and 4:

N7 "NH
o \/

MsOH (1.22 eq) Q N Q 8 ] N
Q_b tetramethyldiaminomethane (1.2 eq) \ Q_ﬁ (6.07 eq) Q—b\ ):N
\ AcOH (30 V) ) ) )
! ! ! !

| Ac,0 (1.05eq, 0.5V)

5 110°C, 4 h 6 7 110°C, 24 h 1
solution solution
29, 99.65 pa% 5: 1.40 pa% — > 5:1.68 pa%
6: 85.80 pa% 6: 16.78 pa%
7:9.98 pa% 7:40.39 pa%

1: 30.25 pa%

To a 250 mL round bottomed flask, were added the substrate 5 (2.00 g, 10.04 mmol, 1 eq), and
AcOH (60 mL, 30 V). The mixture was stirred at 24 °C for 10 minutes to make a homogeneous
solution. To the solution, were added N,N,N,N-tetramethyldiaminomethane (1.64 mL, 12.04
mmol, 1.20 eq), MsOH (0.80 mL, 12.25 mmol, 1.22 eq), Ac,O (1.00 mL, 10.54 mmol, 1.05 eq,
0.5 V) in this order. The reaction mixture was warmed to 110 °C and stirred at 110 °C for 4
hours. To the reaction mixture, was added 2-methylimidazole 8 (5.00 g, 60.93 mmol, 6.07 eq).
The reaction mixture was stirred at 110 °C for 24 hours.
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HPLC data at the end point of step 3:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-15 13-23-14\2022-12-15_13-23-16.D)
mAU 7

£ %6
700
[

600
500 ‘
400 ‘
300 ‘| 5 7
200 ~
100 3ge § B
03— iy 1 SE S e — |
2 i 6 | 8 10 12 " i
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e fesliemee e [cormrrn s |
1 3.464 BB 0.0294 6.42071 3.38815 8.2971
2 3.776 BB 0.0269 0.34129 F.71639 0.2934
3 3.871 Bv R 0.0339 1854.40637F 834.02509 85.7972
4 4.150 VB 0.0341 15.55631 6.70434 0.7197
5 4.874 VW R 0.0371 30.29416 12 .55980 1.4016
6 u gl BN B .08l Z215.78151 g .2l 9.9840
I 2.403 W E U.0400 32 .27296 1723124 1.5070
HPLC data at the end point of step 4:
MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-16 12-55-54\2022-12-16_13-27-21.D)
mAU{ §1 $7
400% 6 T
300 §|‘ |;
] | |
2004
1oo—§ &Jl %g ‘E 2
d . Jmisl: e e
> i 6 8 10 12 " i
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Peak RetTime Type Width Area Height
¥ [min] [min] [MAU*s ] [mAU]
el SRS S | premr— [ I
1 3.460 VB R 0.0282 9.51389 5.23200
2 J.382 BB 00271 Feal g3 1.86562
3 3.674 BB 0.0276 49.48617 28.01710
4 3780 B¥Y E Bi0315 6.40532 PN B
5 3.820 w E 0.0258 A 1Ra5H 1. 87734
6 3.882 YW B 0.0310 515.16412 261.74942
P 4.146 BV E 0.0231 6.26398 262 38
8 4:193 YW R 0.0320 928.65729 450.82239
Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]
e sanes s et e esrtine o s emm e | s |
9 4.659 VW R 0.0374 8.16894 323970
10 4815 YWWR 0:0357 51.64676 21.76896
11 5.313 BY R 0.0369 1238.37024 518.41809
12 5494 YW E 0.0388 192.76135 75585142
13 5.949 BB 0.0336 57.06334 25.96767

Reaction condition screening of step 3:

12.355 mL, 0.04" ID
50 feet (15.24 meters)

Flow rate BPR
(uL/min)
NN N

0.165 M in AcOH

Temperature (°C)
Residence time: tg (min)

entry reaction parameter HPLC (pa%)
equivalent temp. tr flow rate 5 6 7 5+6+7
[diamine, MsOH, Ac,0] (°C)  (min) (puL/min)
1 1.20, 1.22, 1.05 110 60 206 8.10 8431 6.09 98.50
2 1.20, 1.22, 1.05 120 60 206 2.08 7393 19.45 9546
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3 1.20, 1.22, 1.05 120 45 275 4.01 80.67 12.55 97.23

4 1.20, 1.22, 1.05 130 45 275 1.23  56.50 3435 92.08
5 1.20, 1.22, 1.05 130 30 412 323 6999 2184 95.06
6 1.20, 1.22, 1.05 130 25 494 4.17  73.61 18.68 96.46
7 1.20, 1.22, 1.05 130 20 618 7.78 7485 14.13  96.76
8 1.20,1.22,0 120 45 275 3.82 7444 1776 96.02
9 1.20, 1.22,2.10 120 45 275 383 8446 890 97.19
10 1.20, 1.22,3.15 120 45 275 4.77 8343 850 96.70
11 1.20,1.22,0 130 25 494 510 6790 2296 95.96
12 1.20,1.22,2.10 130 25 494 4.19  79.56 13.18 96.93
13 1.20, 1.22,3.15 130 25 494 585 7753 12.88 96.26
14 1.20,1.22,0 130 30 412 285 62.02 2940 94.27
15 1.20, 1.22,2.10 130 30 412 2.18  77.88 15.16 95.22
16 1.20, 1.22,3.15 130 30 412 546 7447 15.07 95.00

Procedure for entries 1-16:

The substrate 5 (1.64 g, 8.25 mmol, 1 eq), N,N,N,N-tetramethyldiaminomethane (1.35 mL, 9.90
mmol, 1.2 eq), MsOH (0.65 mL, 10.07 mmol, 1.22 eq) and Ac,0O (0 mL, 0 mmol, 0 eq, or 0.82
mL, 8.66 mmol, 1.05 eq, or 1.64 mL, 17.32 mmol, 2.10 eq, or 2.46 mL, 25.99 mmol, 3.15 eq)
were added to a 50 mL volumetric flask. AcOH was added to the 50 mL line of the volumetric
flask.

The reactor was constructed from the perfluoroalkoxy (PFA) tubing (1/16°° outside diameter,
0.04”’ inside diameter, 15.24 m (= 50 feet), 12.355 mL), the complementary polyether ether
ketone (PEEK) fittings, and the Upchurch Scientific’s back pressure regulator (40 psi, 2.8 bar).

The prepared reactant solutions were pumped into the reactor by the Syrris Asia pump at the
designated flow rate (206, 275, 412, 494 or 618 pL/min). The reaction tube was immersed in an
oil bath and heated at the designated temperature (110, 120 or 130 °C). The reaction was
equilibrated for 60, 75, 90, 135 or 180 minutes, which was three times longer than the residence
time. After the equilibration, 6.18 mL of the solution was collected for 10, 12.5, 15, 22.5 or 30
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minutes, depending on the flow rate. The collected solution was analyzed by HPLC to determine
the conversion.

Procedure for the extended-time experiment of step 3:

12.355 mL, 0.04" ID
Flow rate
[ [ (412 pL/min)
i\ + N N + MsOH + Ac,O
PN

50 feet (15.24 meters)
0.165 M in AcOH 0.198 M 0.201M 0.347M

BPR

o) v o)
2.8 bar N\
<+ \ \
I I
6 7

Temperature (130 °C)
Residence time: tg (30 min)

time (hr) HPLC (pa%) HPLC (pa%)
reactant solution reacted solution
5 5 6 7 5+6+7
-1.5 99.59 - - - -

0 99.45 3.61 76.87 1547  95.95

1 99.18 3.47  77.18 1529 9594

2 99.11 350 76.80 15.55 95.85

3 99.12 346  76.84 15.56 95.86

4 99.09 337  77.17 1531 95.85

5 98.99 338 7693 15,52 95.83

6 99.00 337  77.16  15.50 96.03

7 99.02 338 7722 1520 95.80

all collected solution - 3.45 76.95 1546  95.86

The substrate 5 (8.22 g, 41.25 mmol, 1 eq), N,N,N,N-tetramethyldiaminomethane (6.75 mL,
49.50 mmol, 1.2 eq), MsOH (3.27 mL, 50.33 mmol, 1.22 eq) and Ac,0 (8.19 mL, 86.62 mmol,
2.10 eq) were added to a 250 mL volumetric flask. AcOH was added to the 250 mL line of the
volumetric flask.
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The reactor was constructed from the perfluoroalkoxy (PFA) tubing (1/16°° outside diameter,
0.04’’ inside diameter, 15.24 m (= 50 feet), 12.355 mL), the complementary polyether ether
ketone (PEEK) fittings, and the Upchurch Scientific’s back pressure regulator (40 psi, 2.8 bar).

The prepared reactant solutions were pumped into the reactor by the Syrris Asia pump at the
designated flow rate (412 plL/min). The reaction tube was immersed in an oil bath and heated at
the designated temperature (130 °C). The reaction was equilibrated for 90 minutes, which was
three times longer than the residence time. After the equilibration, 173.04 mL of the solution
was collected for 420 minutes. The collected solution was analyzed by HPLC to determine the
conversion, stored at 0 °C and used in the next step.

HPLC data of the all collected reaction solution of step 3:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-23 18-09-58\2022-12-23_18-41-14.D)
mAU_E % 6
700 1
600
500
400—2 | 7
300—% 5 §
20075 o = "‘| o o2 ‘ﬁ‘
100 send =2 7
Ué Y’)1 o;: “3“ E’;"r '<r| 1 :t?‘l T e S—— i — —
> | 4 8 8 10 12 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s ] [mAU] %
e e R R R |
1 3.128 BB 0.0278 3. 10031 1.73593 0.1240
2 3.461 BV 0.0296 1.201865 3.88174 0.2880
3 3.774 BB 0.0281 32679714 18.05499 1o 30T
/1 3880 B¥ R B0.0343 1924, 38746 B32.07691 JE:29160
5 4.148 VW E 0.0296 23020 4.76701 .. L
6 4.733 ¥R 0.0310 by RGOS 2293345 il 2 04
1 4.873 BV R 0.036l 86..302638 3718100 3.4528
8 5.366 BY R 00370 386.70847 161.17082 15.48620
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [MAU] %

d 5.487 VvV E 0.0408 4552272 16 T0822 1.8202
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Procedure for step 4:

conc. to 6.0 W 4L
added toluene (10 V) N
conc. to 4.3 W cooled to 100 °C

? N Q added toluene (10 V) 8 added H,0 (31.25 V) it Q Yy
Q_ﬁ\ \ w conc. to 3.5 W (6.07 eq) cooled to r.t. washed with H,0 (30 V) w ):N
) ) NMP (4 V) )
N N N
I I I
6 7 1

110°C,4h

oil solution, then slurry
5:3.45 pa% 5:3.67 pa% 7.69 g, 91.8%, 97.07 pa%
6: 76.95 pa% 6:2.08 pa% MWL loss: 1.3%
7: 15.46 pa% 7:3.14 pa%

1: 88.23 pa%

The collected solution was concentrated to 34.05 g, 5.98 W. To the residue, was added toluene
(57 mL, 10 V). The reaction mixture was concentrated to 24.64 g, 4.33 W. To the residue, was
added toluene (57 mL, 10 V). The reaction mixture was concentrated to 19.69 g, 3.46 W. To the
residue, were added NMP (22.8 mL, 4 V) and 2-methylimidazole 8 (14.23 g, 173.30 mmol, 6.07
eq). The reaction mixture was warmed to 110 °C and stirred at 110 °C for 4 hours. The reaction
mixture was cooled to 100 °C. To the mixture, was added H,O (177.8 mL, 31.25 V) over 10
minutes. The reaction mixture was cooled to r.t., filtered and washed with H,O (170.7 mL, 30
V). The solid was air-dried overnight to give ondansetron 13 (7.69 g, 91.8% yield, 97.07 pa%,
off-white solid, MWL loss: 1.3%).

HPLC data at the end point of step 4:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-27 14-15-25\2022-12-27_14-15-27.D)
mAU 2 1
800 3
700% ?
600
500
400 \‘
300—; 6 5 7
200 | —
100 ﬁ% =8 8
o o — —
2 4 - & 8 10 1 i
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s ] [mAU ] %
e e fe men et s e et et |
| 3.457 VB R 0.0287 2929731 15.68218 T 2040
2 3.580 BB D.0292 447421 246785 B:1952
3 3.674 BY 0.0289 9.70148 516617 0.4232
4 3179 UB 0.0314 12.576718 6.27656 0.5487
5 3.887 BY¥ R 0.0305 AT .66397 24 .770266 2.0794
6 4.183 BY B D.0349 2022_.31585 818.583850 B88.22711
7 4.734 BY E D.0299 5.36549 Z2.85551 0.2341
8 4871 3 R D064 84.02622 359015 3.6657
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Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
s e [t [ et o |
9 5365 ¥B B 0G.03195 22035831 29.47495 3.1426
10 5=939 VB B 00380 4.81184 1.817369 02099

HPLC data of isolated ondansetron 1:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-27 16-16-41\2022-12-27_16-32-19.D)
mAU o
600 :
500—; T
400—2
300—; u
200—2
100+ & ‘I‘ g 8
0oF—— ool | N S -— —— =
2 s 6 8 10 12 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [MAU] %
sl o [ s s R |
1 3.883 BB 0.0305 A 17423 2.16185 0.2754
2 4.182 BV R 0.0334 1471.43689 675.91406 97.0651
3 4.868 BB B 0371 17.56159 7.29451 1.1589
4 5.36L BY B B.0383 22.34901 8.90006 1.500
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'H NMR Spectrum of isolated ondansetron 1:

YH-2022-12-032-01 Bruker 500 MHz [
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Procedure for the recrystallization of ondansetron 1:
conc. to 14 W

stirred at 3 °C for 1 h

Q N/ﬁ filtered through celite filtered Q N/ﬁ
):N activated carbon (0.1 W)  washed with hot EtOH (5 V*2) washed with cold EtOH (1.5*2 V) ):N
\ \
"

EtOH (55 V)
N
\
1 78°C,1h 1
7699 5:1.03 pa% 7.18 g, 93.4%, 99.76 pa%
6:0.26 pa% MWL loss: 2.9%

5:1.06 pa% 7:1.53 pa%
6: 0.31 pa% 1:97.05 pa%
7:1.55 pa%

1: 97.08 pa%

To a 1 L flask, were added ondansetron 1 (7.69 g, 26.21 mmol) prepared in the preceding step,
activated charcoal (769 mg, 0.1 W) and EtOH (423 mL, 55 V). The slurry was stirred at 78 °C
for 1 h. The hot slurry was filtered through celite and washed with hot EtOH (38+38 mL, 5+5
V). The solution was concentrated to 107.66 g, 14 W. The resulted slurry was cooled to 5 °C
and stirred at 5 °C for 1 h. The slurry was filtered and washed with cold EtOH (11.5+11.5 mL,
1.5+1.5 V) to afford ondansetron 1° (7.18 g, 93.4% yield, 99.76 pa%, off-white solid, residual
EtOH 4200 ppm, MWL loss: 2.9%). 'H NMR (500 MHz, CDCl;) &: 8.29-8.22 (m, 1H), 7.36-
7.28 (m, 3H), 6.93 (d, /= 1.3 Hz, 1H), 6.89 (d, J= 1.5 Hz, 1H), 4.67 (dd, J = 14.6, 4.3 Hz, 1H),
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4.08 (dd, J = 14.6, 8.9 Hz, 1H), 3.71 (s, 3H), 3.01 (ddd, J= 17.2, 5.2, 3.4 Hz, 1H), 2.94-2.80 (m,
2H), 2.44 (s, 3H), 2.23-2.15 (m, 1H), 1.96-1.84 (m, 1H). 3C NMR (125 MHz, CDCL;) 5: 191.7,
151.4, 145.1, 137.8, 127.6, 124.8, 123.5, 123.1, 121.7, 119.9, 112.4, 109.5, 47.4, 45.8, 30.0, 26.7,
21.6, 13.5. IR (neat) v: 3125, 3100, 2934, 2872, 1621, 1578, 1529, 1479, 1458 cm’!. HRMS
(DART) m/z: caled for C1gHyoN;0" [(M+H)*] 294.1601, found 294.1607.

HPLC data of isolated ondansetron 1:

MWD1 A, Sig=254,16 Ref=off (YH\YH_20220624 2022-12-29 13-44-53\2022-12-29_14-48-06.D)
mAU 8 &
600 i g
500 ‘\r@’{&
400 |
300
200 ( B B
100 B ,z-é"d’,,-,."@
04 " Jk]ﬁf@g ) - - -
> 4 6 8 10 12 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s ] [mAU] %
e [ e R [ e |
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13C NMR Spectrum of isolated ondansetron 1:
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