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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 (1H 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 (1H NMR) spectra and proton-decoupled carbon nuclear 
magnetic resonance (13C{1H} 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 (1H) or 125/100 MHz (13C).  Chemical shifts (δ) are reported in parts per million 
(ppm) relative to the solvent residual peak (CDCl3; 7.26 ppm for 1H NMR and 77.16 ppm for 13C 
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 1H 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 μm, 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 μL, 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, tR = residence time, p-TsOH·H2O = p-toluenesulfonic acid 
monohydrate, NaHCO3 = sodium hydrogencarbonate, MgSO4 = magnesium sulfate, NMP = 1-
methyl-2-pyrrolidinone, DMF = dimethylformaldehyde, DMA = dimethylacetaldehyde, DMSO 
= dimethylsulfoxide, THF = tetrahydrofurane, MeOH = methanol, IPA = 2-propanol, TFA = 
trifluoroacetic acid, Ac2O = acetic anhydride, MsOH = methanesulfonic acid.
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2. Experimental Procedures, Compound Characterization and Spectra

Reaction condition screening of step 1:

2

3 mL, 0.03" ID

Temperature (ºC)
Residence time: tR (min)

9

Flow rate
(L/min)

BPR
2.8 bar

N

O

O O
+N+

H
Additive
(5 mol%)

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

10

entry reaction parameter NMR yield

(%)a

solvent additive conc. (M)

[2, 9, additive]

temp.

(°C)

tR

(min)

flow rate

(μL/min)

9 10

1 DCE p-TsOH·H2O 0.2, 0.2, 0.01 110 30 100 14 79

2b DCE p-TsOH·H2O 0.2, 0.2, 0.01 130 30 100 15 79

3b DCE p-TsOH·H2O 0.2, 0.2, 0.01 130 60 50 11 81

4 MeCN p-TsOH·H2O 0.2, 0.2, 0.01 110 30 100 30 61

5b EtOH p-TsOH·H2O 0.2, 0.2, 0.01 110 30 100 64 25

6 DOX p-TsOH·H2O 0.2, 0.2, 0.01 110 30 100 21 70

7 AcOH p-TsOH·H2O 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 2.3 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 - 2.4, 2.0, ----- 110 5 600 3.3 96
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13 AcOH - 2.4, 2.0, ----- 120 5 600 4.0 96

14 AcOH - 2.4, 2.0, ----- 130 5 600 4.0 94

15 AcOH p-TsOH·H2O 2.2, 2.0, ----- 110 5 600 5.3 91

aThe NMR yield was determined using 1,3,5-trimethoxybenzene as an internal standard.  b6.9 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·H2O (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 μL/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% NaHCO3 
aq (6 mL), extracted with EtOAc three times (6+6+6 mL), dried over MgSO4, filtered, 
concentrated and analyzed by 1H 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 101 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 μL/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% NaHCO3 aq (6 mL), 
extracted with EtOAc three times (6+6+6 mL), dried over MgSO4, filtered, concentrated and 
analyzed by 1H 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 101 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 μL/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% NaHCO3 aq (6 mL), extracted with 
EtOAc three times (6+6+6 mL), dried over MgSO4, filtered, concentrated and analyzed by 1H 
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 101 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·H2O (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 μL/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% NaHCO3 aq (6 mL), extracted with EtOAc three times (6+6+6 mL), dried 
over MgSO4, filtered, concentrated and analyzed by 1H 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 101 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:

2.4 M

1 mL, 0.03" ID

110 ºC

2.0 M

200 L/min

+

K2HPO4
KOAc

diketone 9

AcOH (8.74 eq, 4.7 V)

2140 L/min

5 min

35% K3PO4 aq

8.83 eq
(1.01 eq
to AcOH)

50 V

[reaction]

Syrris Asia Pump

BPR
2.8 bar

pH = 10.0

20 mL, 0.04" ID

N

O

2140
L/m

in

EtOAc

50 V

aqueous waste

MgSO4 dry
conc.

4480 L/min

2140
L/m

in

[quench]

4.5 min

Vapourtec Pump

Vapourtec Pump

Cross
Mixer

O O
N
H

9 2

r.t.

10 mL
Decanter

10

2.2 min
r.t.

Vapourtec Pump

Dropping by Gravity

[phase separation]

time (hr) NMR yield (%)a

9 10

0 3.3 94

1 3.0 96

2 2.7 97
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3 3.0 95

4 3.7 96

5 3.7 96

6 3.3 95

7 3.0 97

aThe 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 μL/min).  The reaction tube was immersed in an oil bath and heated at 
the designated temperature (110 °C).  35% K3PO4 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 MgSO4, filtered, concentrated and analyzed by 1H 
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 101 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 MgSO4 
(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 



S9

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 101 (24.115 g, 94.9% yield, 97.62 pa%, yellow solid, 
MWL loss: 1.4%). 1H NMR (500 MHz, CDCl3) δ: 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).  13C NMR (125 MHz, CDCl3) δ: 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) ν: 3042, 2938, 2891, 1610, 1556 cm-1.  
HRMS (DART) m/z: calcd for C13H16NO+ [(M+H)+] 202.1226, found 202.1220.

One of the 1H NMR spectra to determine the NMR yields (after 3 hours):
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1H NMR Spectrum of isolated 10:
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13C NMR Spectrum of isolated 10:

-100102030405060708090100110120130140150160170180190200210
f1 (ppm)

-100000

0

100000

200000

300000

400000

500000

600000

700000

800000

900000

1000000

1100000

1200000

1300000
YH-2022-12-008-01 13C Bruker 125 MHz

2
2
.6

7

2
8
.6

7

3
6
.2

6

4
0
.8

9

7
7
.1

6
 C

D
C

l3

1
0
0
.7

3

1
2
7
.3

2
1
2
7
.5

8
1
2
9
.8

2

1
4
5
.5

4

1
6
5
.0

8

1
9
7
.7

2

HPLC data of isolated 10:
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Photograph of the flow reactor for step 1:

Solubility of the substrate 5 and ondansetron 1:
Solvents Solubility (Substrate 5)

N

O

5

Solubility (ondansetron 1)

N

O
N

N

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

reactant
solution

1 mL reaction tube
 BPR
 cross mixer

35% K3PO4 aq EtOAc

10 mL
decanter

aqueous phase organic phase

20 mL
quenching and extraction tube
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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

Ac2O 0.57 g/100 g Ac2O 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 Hykl2 for step 3 and 4:

N

O

5 g, 99.65 pa%

DMF (4 V)
AcOH (0.02 V, 0.07 eq)
Ac2O (0.5 V, 1.05 eq)

Me2NH HCl (1.22 eq)
(HCHO)n (1.2 eq)

110 °C, 1.5 h

(6.07 eq)

110 °C, 5 h

NHN
cooled to 100 °C
added H2O (31.25 V)
cooled to 24 °C

filt.
washed with H2O (16 V)

N

O
N

N

7.039 g, 95.6%, 99.24 pa%
MWL loss: 0.69%

N

O
N

N

O

5 6 7 1

5: nd
6: 65.79 pa%
7: 31.92 pa%

solution, then slurryslurry
5: 0.13 pa%
6: 1.33 pa%
7: 1.30 pa%
1: 95.39 pa%

8

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 Ac2O (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 H2O (156.25 mL, 31.25 V) over 10 
minutes.  The reaction mixture was cooled to r.t., filtered and washed with H2O (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:

HPLC data at the end point of step 4:

5

6

7

56 7

1



S15

HPLC data of isolated ondansetron 1:

6 7

1
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1H NMR Spectrum of isolated ondansetron 1:
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Procedure of the batch homogeneous condition for step 3 and 4:

N

O

2 g, 99.65 pa%

AcOH (30 V)
Ac2O (1.05 eq, 0.5 V)

MsOH (1.22 eq)
tetramethyldiaminomethane (1.2 eq)

110 °C, 4 h

(6.07 eq)

110 °C, 3 h

NHN
cooled to 100 °C
added H2O (31.25 V)
cooled to 24 °C

filt.
washed with H2O (30 V)

N

O
N

N

2.735 g, 93.0%, 97.58 pa%
MWL loss: 1.3%

N

O
N

N

O

5 6 7 1

5: 1.36 pa%
6: 84.41 pa%
7: 11.26 pa%

solution, then slurrysolution
5: 1.61 pa%
6: 3.15 pa%
7: 3.05 pa%
1: 89.95 pa%

conc. to 6.5 W
added toluene (30 V)
conc. to 4.3 W
added toluene (30 V)
conc. to 3.4 W

NMP (4 V)

8

oil

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), Ac2O (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 H2O (62.5 mL, 31.25 V) over 10 
minutes.  The reaction mixture was cooled to r.t., filtered and washed with H2O (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:

HPLC data at the end point of step 4:

5

6

7

56 7

1
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HPLC data of isolated ondansetron 1:

56 7

1
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1H 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:

N

O

2 g, 99.65 pa%

AcOH (30 V)
Ac2O (1.05 eq, 0.5 V)

MsOH (1.22 eq)
tetramethyldiaminomethane (1.2 eq)

110 °C, 4 h

(6.07 eq)

110 °C, 24 h

NHN

N

O
N

N

N

O
N

N

O

5 6 7 1

5: 1.40 pa%
6: 85.80 pa%
7: 9.98 pa%

solutionsolution
5: 1.68 pa%
6: 16.78 pa%
7: 40.39 pa%
1: 30.25 pa%

8

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), Ac2O (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.



S20

HPLC data at the end point of step 3:

HPLC data at the end point of step 4:

5

6

7

1

5

6
7
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Reaction condition screening of step 3:

Temperature (ºC)
Residence time: tR (min)

0.165 M in AcOH

Flow rate
(L/min) BPR

2.8 bar++

N

O

MsOHN N + Ac2O

N

O
N

N

O

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

6 7
5

entry reaction parameter HPLC (pa%)

equivalent

[diamine, MsOH, Ac2O]

temp.

(°C)

tR

(min)

flow rate

(μL/min)

5 6 7 5+6+7

1 1.20, 1.22, 1.05 110 60 206 8.10 84.31 6.09 98.50

2 1.20, 1.22, 1.05 120 60 206 2.08 73.93 19.45 95.46
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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 34.35 92.08

5 1.20, 1.22, 1.05 130 30 412 3.23 69.99 21.84 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 74.85 14.13 96.76

8 1.20, 1.22, 0 120 45 275 3.82 74.44 17.76 96.02

9 1.20, 1.22, 2.10 120 45 275 3.83 84.46 8.90 97.19

10 1.20, 1.22, 3.15 120 45 275 4.77 83.43 8.50 96.70

11 1.20, 1.22, 0 130 25 494 5.10 67.90 22.96 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 5.85 77.53 12.88 96.26

14 1.20, 1.22, 0 130 30 412 2.85 62.02 29.40 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 5.46 74.47 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 Ac2O (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 μL/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:

Temperature (130 ºC)
Residence time: tR (30 min)

0.165 M in AcOH

Flow rate
(412 L/min) BPR

2.8 bar++

N

O

MsOHN N + Ac2O

N

O
N

N

O

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

6 7
5

0.198 M 0.201 M 0.347 M

time (hr) HPLC (pa%)

reactant solution

HPLC (pa%)

reacted solution

5 5 6 7 5+6+7

-1.5 99.59 - - - -

0 99.45 3.61 76.87 15.47 95.95

1 99.18 3.47 77.18 15.29 95.94

2 99.11 3.50 76.80 15.55 95.85

3 99.12 3.46 76.84 15.56 95.86

4 99.09 3.37 77.17 15.31 95.85

5 98.99 3.38 76.93 15.52 95.83

6 99.00 3.37 77.16 15.50 96.03

7 99.02 3.38 77.22 15.20 95.80

all collected solution - 3.45 76.95 15.46 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 Ac2O (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 μL/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:

5

6

7
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Procedure for step 4:

(6.07 eq)

110 °C, 4 h

NHN
cooled to 100 °C
added H2O (31.25 V)
cooled to r.t.

filt.
washed with H2O (30 V)

N

O
N

N

7.69 g, 91.8%, 97.07 pa%
MWL loss: 1.3%

N

O
N

N

O

6 7 1

5: 3.45 pa%
6: 76.95 pa%
7: 15.46 pa%

solution, then slurry
5: 3.67 pa%
6: 2.08 pa%
7: 3.14 pa%
1: 88.23 pa%

NMP (4 V)

conc. to 6.0 W
added toluene (10 V)
conc. to 4.3 W
added toluene (10 V)
conc. to 3.5 W

oil

8

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 H2O (177.8 mL, 31.25 V) over 10 
minutes.  The reaction mixture was cooled to r.t., filtered and washed with H2O (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:

1

56 7
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HPLC data of isolated ondansetron 1:



S27

1H NMR Spectrum of isolated ondansetron 1:

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
f1 (ppm)

-200000

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

2000000

2200000

2400000

2600000

2800000

3000000

3200000

3400000

3600000

3800000
YH-2022-12-032-01 Bruker 500 MHz

0
.9

9
1
.0

0
2
.9

5

2
.0

1
1
.0

7

3
.0

5

1
.0

0

1
.0

0

0
.9

7
0
.9

2

2
.9

9

0
.9

4

1
.6

6
1
.9

1
1
.9

2
2
.1

7
2
.1

8
2
.1

9
2
.2

0
2
.2

1
2
.4

3
2
.8

3
2
.8

4
2
.8

4
2
.8

5
2
.8

6
2
.8

7
2
.8

7
2
.8

8
2
.9

0
2
.9

1
2
.9

2
2
.9

8
2
.9

9
2
.9

9
3
.0

0
3
.0

2
3
.7

1

4
.0

5
4
.0

7
4
.0

8
4
.1

0
4
.6

5
4
.6

6
4
.6

8
4
.6

9

6
.8

9
6
.9

3
7
.2

6
 C

D
C

l3
7
.3

0
7
.3

1
7
.3

1
7
.3

2
8
.2

3
8
.2

4
8
.2

5
8
.2

5
8
.2

6
8
.2

7

Procedure for the recrystallization of ondansetron 1:

78 °C, 1 h

filtered through celite
washed with hot EtOH (5 V*2)

conc. to 14 W
stirred at 3 °C for 1 h
filtered
washed with cold EtOH (1.5*2 V)

N

O
N

N

7.18 g, 93.4%, 99.76 pa%
MWL loss: 2.9%

1

7.69 g

5: 1.06 pa%
6: 0.31 pa%
7: 1.55 pa%
1: 97.08 pa%

EtOH (55 V)
N

O
N

N

1

activated carbon (0.1 W)

5: 1.03 pa%
6: 0.26 pa%
7: 1.53 pa%
1: 97.05 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 13 (7.18 g, 93.4% yield, 99.76 pa%, off-white solid, residual 
EtOH 4200 ppm, MWL loss: 2.9%).  1H NMR (500 MHz, CDCl3) δ: 8.29-8.22 (m, 1H), 7.36-
7.28 (m, 3H), 6.93 (d, J = 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).  13C NMR (125 MHz, CDCl3) δ: 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) ν: 3125, 3100, 2934, 2872, 1621, 1578, 1529, 1479, 1458 cm-1.  HRMS 
(DART) m/z: calcd for C18H20N3O+ [(M+H)+] 294.1601, found 294.1607.

HPLC data of isolated ondansetron 1:
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1H NMR Spectrum of isolated ondansetron 1:
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13C NMR Spectrum of isolated ondansetron 1:
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