Supplementary Information (SI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2025

Electronic Supplementary Information

for

Iridium-catalyzed N-methylation of drug molecules

Yujie Zhang, Kangjia Zhang, Jiaxi Xu, and Zhanhui Yang*

College of Chemistry, Beijing University of Chemical Technology.15 Beisanhuan East
Rd, Chaoyang, Beijing 100029, P. R. China

E-mail: zhyang@mail.buct.edu.cn



mailto:zhyang@mail.buct.edu.cn

Contents

1. General INFOrMAtION .........c.o.cooiiiii e S3
2 Classic Eschweiler-Clarke methylation of drug molecules................c.ccocoocevvvvnnenee. S6
3. Preparation Of NEW CAtAIYSES ..o S7
3.1. Synthesis 0f C10, C11 aNd CL7.........c.coooivioeeeeeeeeeeeeeeeeeeee e, S7
3.2. Improved synthesis of catalysts in ethanol ..., S9
3.3 CatalySt ACHIVITY TESE ... S9
4. Optimization of reaction conditions of dimethylation of primary amines...................... 10
4. 1. Optimization of catalysts in entries 1-18, Table 1. ..o S10
4. 2. Optimization of catalyst loading in entries 19-30, Table 1..............ccocoovveivvevceeen, S10
4. 3. Optimization of equivalents of HCHO and HCO;H in entries 31-34, Table 1. ......... S10
5. Optimization of N-monomethylation of primary amines............ccccccocovvvcvecvceennn.n. S11
5. 1. Optimization of catalyst loading in entries 1-3, Table S1. ..o, S11
5. 2. Optimization of equivalents of for HCHO in entries 3-5, Table S1. ........................ S11
5. 3. Optimization of reaction time in entries 5-7, Table S1...............ccocooioiiieieceeee S12

6. Procedure for methylation of primary and secondary amines and NMR (and HRMS) data

OF PROQUCES ..ot S12
7. Procedure for N-Monomethylation of primary amines and NMR (and HRMS) data

OF PROQUCES ..ot S26
8. Large-SCale FBACLIONS.............oooveoeeeeeeeeeeeeeeeee ettt ettt S29
8. 1. Gram-scale preparation OF 28, .............ccooooooeeeeeeeeeeeeeeeeeeeeeee et S29
8. 2. Decagram-scale preparation Of 4ab. ..o S30
8. 3. Decagram-scale preparation OF AW. ..ot S30
9. Deuteration labelling and calculation of deuterium incorporation ......................... S31
10. KiNetic 1ISOTOPE BFFECT ... S42
11. Reaction rate COMPAIISON ...............co.oouieoeeeeeee oo, S44
12. Observation of the iridium hydride SPECIES ............coooiveeoeeeeeeeeeeeeeeee e, S45
13, RETBIBNCE ... 546
14.  Copies of *H and *C NMR and HRMS SPECEIa.............ccooeorveorreesereereeereeeeeeeeeeseeeenes S48

15.  The 'H NMR of crude reaction mixtures for the reaction rate comparison studies
S174

S2



1. General Information

Unless otherwise noted, all starting materials were purchased from commercial suppliers. Column
chromatography was performed using silica gel (normal phase, 200-300 mesh) from Anhui
Liangchen Silicon Material Co. Ltd, with petroleum ether (60-90 °C fraction), dichloromethane,
and ethyl acetate as eluents. Reactions were monitored by thin-layer chromatography (TLC) on
GF2s4 silica gel plates (0.2 mm) from Anhui Liangchen Silicon Material Co. Ltd. The plates were
visualized under UV light, as well as other TLC stains (1.5 g of KMnOa4, 10 g of K>COs3, and 1.25
mL of 10 % NaOH in 200 mL water. *H, *3C NMR spectra were recorded on a Bruker 400 MHz
spectrometer in CDCls, or dimethyl sulfoxide-ds, with tetramethylsilane (TMS) as an internal
standard. The chemical shifts () are reported in parts per million (ppm), and multiplicities are
indicated as s (singlet), d (doublet), t (triplet), g (quartet), dd (double doublet), tt (triple triplet), dq
(double quartet), m (multiplet). Coupling constants (J) are reported in Hertz (Hz). HRMS
measurements were carried out on an Agilent LC/MSD TOF mass spectrometer. Melting points
were obtained on a Yanaco MP-500 melting point apparatus and are uncorrected. PE, EtOAc, DCM,
THF, DMSO and HFIP are abbreviations for petroleum ether, ethyl acetate, dichloromethane,
dimethyl sulfoxide, and hexafluoroisopropanol, respectively.

The solvents used are chosen according to the CHEM21 selection guide of solvents established
by Prat and coworkers (D. Prat, A. Wells, J. Hayler, H. Sneddon, C. R. McElroy, S. Abou-Shehadad
and P. J. Dunn, Green Chem., 2016, 18, 288-296.). Even so, in very rare cases we had to use the
problematic or hazardous solvents (dichloromethane, methanol and petroleum ether for some
column chromatography purifications). The poor solubility and/or large polarity of some cyclized
and N-monomethylated products makes the use of these solvents almost unavoidable. Although we
had checked alternative recommended low-boiling-point green solvents (EtOH, i-PrOH, EtOAc, i-
PrOAc) and recommended or problematic solvent acetone, they did not give good purification

results.
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The substrates are listed in Figures S1 and S2.
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Figure S1. The drug molecules
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2 Classic Eschweiler-Clarke methylation of drug molecules
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o g 9 o | |
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Scheme S1. The example of failure in classic Eschweiler-Clarke methylation

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added amine (0.2
mmol), ethanol (0.6 mL), HCHO (60 pL, 0.8 mmol, 4 equiv; 150 uL, 2 mmol, 10 equiv, w = 37-
40%), HCO2H (30 pL, 0.8 mmol, 4 equiv; 37.5 pL, 1 mmol, 5 equiv) and H>O (1mL). The mixture
was stirred for 2 h at 80 <C in a heating block. The reaction process was monitored by TLC. After
cooling to room temperature, neutralizing with saturated sodium bicarbonate (2 mL), and extracting
with ethyl acetate (2 mL x<3), concentration of the organic phase under reduced pressure followed
by purification by column chromatography on silica gel afforded desired products.

Note: With mixtures of recommended low-boiling-point green solvents (EtOH, i-PrOH, EtOAc,
i-PrOAc) and recommended or problematic solvent acetone, 2a-cyc or 4a-cyc could not be well
purified.
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11-Ethyl 9-methyl 10-(2-chlorophenyl)-8-methyl-1,3.,4,5,6,10-
hexahydropyrido[2,1-c][1,4,6]oxadiazocine-9,11-dicarboxylate
Cl (2a-cyc)

\ i i A~ Yellow oil, 0.2 mmol scale, yield: 53.7 mg, 64%, Ry= 0.60 (EtOAc).
U ° 'H NMR (400 MHz, Chloroform-d) 3 7.41 —7.36 (m, 1H), 7.36 — 7.32

N (m, 1H), 7.22 (dd, J= 7.8, 1.3 Hz, 1H), 7.11 (td, J = 7.4, 1.4 Hz, 1H),

( 1% 7.03 (dd, J=7.6, 1.8 Hz, 1H), 5.40 (s, 1H), 4.73 (g, J = 16.5 Hz, 2H),

A 4.10 — 3.99 (m, 2H), 3.62 (m, SH), 3.55 (s, 2H), 2.80 (d, J = 4.8 Hz,

2H), 2.33 (s, 3H), 1.17 (t, /= 7.1 Hz, 3H). 3C NMR {'H} (101 MHz, Chloroform-d) 5 168.0, 167.2,
145.6, 145.6, 143.9, 132.5, 131.6, 129.4, 127.4, 126.7, 103.9, 101.4, 74.8, 69.7, 68.1, 59.8, 52.3,
50.8,37.5, 19.4, 14.3. HRMS (ESI) m/z: [M + H]" caled for C21HyeCIN,Os", 421.1525; found, 421.1525.

\ (3aS,8aR)-3-Methyl-3,3a,8,8a-tetrahydro-2 H-indeno[1,2-d]oxazole (4a-cyc)

‘\N\l Yellow oil, 0.2 mmol scale, yield: 31.2 mg, 89%, Ry=0.70 (DCM/MeOH = 15:1,

CE>.\\O v/v). 'H NMR (400 MHz, Chloroform-d) 8 7.42 (dd, J = 5.2, 3.5 Hz, 1H), 7.28 -

7.14 (m, 3H), 4.86 (td, J= 5.3, 2.5 Hz, 1H), 4.55 (dd, /= 5.5, 2.4 Hz, 1H), 4.32

(dd, J=6.2, 1.4 Hz, 1H), 3.97 (dd, J= 6.2, 1.6 Hz, 1H), 3.23 — 3.08 (m, 2H), 2.63 (d, /= 2.0 Hz,

3H). 3C NMR (101 MHz, Chloroform-d) & 142.2, 140.6, 128.4, 127.1, 125.7, 124.8, 87.5, 76.5,
76.0, 43.5, 39.3. HRMS (ESI) m/z: [M + H]* calcd for C;1H14NO™, 176.1070; found, 176.1073.

3. Preparation of new catalysts

The catalysts (C1-C9, C12-16, C18) were synthesized according to our previous publications, [!]
and their solution in water at different concentrations were also prepared according to our previous

publication. ['! Herein, we also report a greener procedure with ethanol as the solvent.

3.1. Synthesis of C10, C11 and C17

® ®
[Cp*IrCly], = _
N NX - N i
T o e
N *Cp/Ir\
S1 Cl
X=0,C10
X=8,C11

Scheme S2. Preparation of C10 and C11 catalysts
To a solution of ligand S1 (0.11 mmol, 16.3 mg for X =0, 18.1 mg for X = S) in 5 mL of DCM was
added the powder of [Cp*IrCly]» (0.05 mmol, 40 mg). The resultant red solution was stirred
overnight. DCM was removed under reduced pressure, and the resulting red solid was dissolved in
minimum amount of DCM. Then a large amount of EtOAc slowly was added to precipitate a bright
yellow powder as desired product, which was isolated by reduced-pressure filtration and further

dried under vacuum at room temperature.
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] + Light yellow solid, 51.5 mg, yield 90%, m.p. > 300 °C. 'H NMR (400

| N MHz, Chloroform-d) 6 8.93 (d, J = 5.3 Hz, 1H), 8.18 (t,J= 7.5 Hz, 1H),

N/ ‘ f> or 8.04 —7.93 (m, 2H), 5.47 (q, J = 9.5 Hz, 1H), 5.06 (q, J = 8.2 Hz, 1H),

*Cp’\lr\_N 4.90 (m, 1H), 4.15 — 4.01 (m, 1H), 1.82 (s, 15H). 3*C NMR (101 MHz,

Cl Chloroform-d) 6 172.4, 152.5, 143.6, 140.4, 131.0, 126.8, 89.2, 74.4,
52.2,9.5. HRMS (ESI) m/z: [M]" calcd for C1gH23ClIrN>O*, 511.1123; found, 511.1123.

] + Light yellow solid, 52.8 mg, yield 94%, m.p. > 300 °C. 'H NMR (400

| N MHz, Chloroform-d) § 9.03 (d, J = 5.5 Hz, 1H), 8.24 (t, /= 7.7 Hz, 1H),
N \3) o 803 (tJ=6.7 Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 5.20 - 5.08 (m, 1H),
“Cp /\|r\——-N 4.48 — 429 (m, 2H), 3.96 (td, J = 10.0, 6.7 Hz, 1H), 1.82 (s, 15H). 3C
Cl NMR (101 MHz, Chloroform-d) & 177.6, 152.3, 150.7, 140.6, 130.9,

128.1, 89.8, 62.9, 34.9, 9.5. HRMS (ESI) m/z: [M]" calcd for CigH23CIIrN2S™, 527.0894; found,
527.0894.

AN
» _n. B
AN PhMe N5 co
N \\) + Re(CO)sBr N f 6 h = N RIeVCO
N 2, refiux, e N/CO
S2 /

C17

Scheme S3. Preparation of C17 catalysts
To a mixture of ligand S2 (30.8 mg, 0.21 mmol) and Re(CO)sBr (81.2 mg, 0.20 mmol) was added
15 mL of toluene. The mixture was refluxed under N> atmosphere for 6 h. After cooling, the solvent
was removed by evaporation. The product was purified by recrystallization from PE:DCM (1:1 v/v),

isolated by reduced-pressure filtration, and dried under vacuum at room temperature.

X Light yellow solid, 88 mg, yield 89%, m.p. > 300 °C. 'H NMR (400 MHz,
| N Br DMSO-ds) 39.14 — 8.91 (m, 2H), 8.34 (t, /= 7.4 Hz, 1H), 8.21 (d, /= 7.5 Hz,
"RerCO  1H), 7.87-7.73 (m, 1H), 4.08 (q, /= 10.7 Hz, 1H), 4.01 —3.93 (m, 1H), 3.89

A J
o0 (q,7=9.2,7.8 Hz, 2H). 3C NMR (101 MHz, DMSO-dg) 5 198.1, 197.8, 189.7,

169.0, 154.4, 146.9, 140.8, 129.4, 125.6, 55.7, 45.9. HRMS (ESI) m/z: [M]"
calcd for C11HoN3O3Re", 418.0196; found, 418.0196. FT-IR © (cm™): 2025 (s, CO), 1901 (s, CO),
1872 (s, CO).

N
HN N/
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3.2. Improved synthesis of catalysts in ethanol

R R .
® ®
[Cp*IrCly), pZ X _
N > N cl
'\L) EtOH \

* — —N
S1 cp Ir\CI
then precipitated with EtOAc
isolated by filtration X = NH, R = OMe, C2, yield: 91%
X=0, R=H, C10, yield: 92%
X =8, R=H, C11, yield: 89%

Scheme S4. Process diagrams of C10 and C11 catalysts preparation by new method
To a solution of ligand S1 (0.11 mmol; 19.5 mg for X = NH, R = OMe; 16.3 mg for X =0, R =H;
18.1 mg for X =S, R = H) in 1 mL of EtOH was added the powder of [Cp*IrCl>]> (0.05 mmol, 40
mg). The resultant red solution was stirred overnight. EtOH was removed under reduced pressure,
and the resulting red solid was dissolved in minimum amount of EtOH. Then a large amount of
EtOAc slowly was added to precipitate a bright yellow powder as desired product, which was
isolated by reduced-pressure filtration and further dried under vacuum at room temperature. These

catalysts display identical NMR data with those prepared in dichloromethane.

3.3 Catalyst activity test

The catalytic activity of freshly prepared catalysts C2, C10, and C11 in ethanol were measured. The
C2 catalyst showed the same activity as that prepared in dichloromethane (both >99% conversion
at S/C = 10000). The C10 and C11 catalysts showed slightly higher activity, as compared with the
results listed in Table 1 in the manuscript.

Cl Cat. (S/C)
o o HCHO (4 eq), HCO,H (4 eq) 0
~N,
0N o EtOH-H,O (3:5), 80 °C, 30 min O R
(o}
N ~"NH, N
H C2 (S/C = 10000), 99% yield; H
1a €10 (S/C = 5000), 99% yield; J
C11 (S/C = 5000), 25% NMR yield; from left to right: 1a authentic sample,

crude reaction mixtures with C2, 10, and C11
Scheme S5. Catalyst activity test experimental reaction
To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added Amlodipine
(1a, 41 mg, 0.1 mmol), EtOH (0.3 mL), HCHO (30 pL, 0.4 mmol, 4 equiv, w = 37-40%), HCO,H
(15 pL, 0.4 mmol, 4 equiv) and 0.5 mL of catalyst solution (C2, 0.00002 mol/L for S/C = 10000,
C10 and C11, 0.00004 mol/L for S/C = 5000 dissolved in deionized water). The mixture was stirred
for 30 min at 80 T in a heating block. After cooling to room temperature, neutralizing with saturated
sodium bicarbonate (2 mL) and extracting with ethyl acetate (2 mL > 3), the organic solvent was
evaporated under reduced pressure. The *H NMR vyields of the crude residues were determined using

1,3,5-trimethoxybenzene (11.2 mg, 0.067 mmol) as an internal standard.
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4. Optimization of reaction conditions of dimethylation of primary

amines

4. 1. Optimization of catalysts in entries 1-18, Table 1.

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added Amlodipine
(1a, 41 mg, 0.1 mmol), EtOH (0.3 mL), HCHO (30 pL, 0.4 mmol, 4 equiv, w = 37-40%), HCO,H
(15 pL, 0.4 mmol, 4 equiv) and 0.5 mL of catalyst solution (C1-C18, 0.00002 mol/L for S/C =
10000 dissolved in deionized water). The mixture was stirred for 30 min at 80 <C in a heating block.
After cooling to room temperature, neutralizing with saturated sodium bicarbonate (2 mL) and
extracting with ethyl acetate (2 mL % 3), the organic solvent was evaporated under reduced pressure.
The 'H NMR yields of the crude residues were determined using 1,3,5-trimethoxybenzene (11.2

mg, 0.067 mmol) as an internal standard.
4. 2. Optimization of catalyst loading in entries 19-30, Table 1.

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added Amlodipine
(1a, 41 mg, 0.1 mmol), EtOH (0.3 mL), HCHO (30 uL, 0.4 mmol, 4 equiv, w = 37-40%), HCO,H
(15 uL, 0.4 mmol, 4 equiv) and 0.5 mL of catalyst solution (0.00004 mol/L for S/C = 5000, C9-C12
in entries 19-22; 0.0002 mol/L for S/C = 1000, C13-C18 in entries 23-28; 0.00001 mol/L for S/C =
20000, C2 in entry 29; 0.000004 mol/L for S/C = 50000, C2 in entry 30, dissolved in deionized
water). The mixture was stirred for 30 min at 80 < in a heating block. After cooling to room
temperature, neutralizing with saturated sodium bicarbonate (2 mL) and extracting with ethyl
acetate (2 mL x3). The organic solvent was evaporated under reduced pressure. The *H NMR vyields
of the crude residues were determined using 1,3,5-trimethoxybenzene (11.2 mg, 0.067 mmol) as an

internal standard.
4. 3. Optimization of equivalents of HCHO and HCO:H in entries 31-34, Table 1.

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added Amlodipine
(1a, 41 mg, 0.1 mmol), EtOH (0.3 mL), HCHO (15 pL, 0.2 mmol, 2 equiv; 45 pL, 0.6 mmol, 6
equiv, w = 37-40%), HCO2H (7.5 puL, 0.2 mmol, 2 equiv; 22.5 pL, 0.6 mmol, 6 equiv) and 0.5 mL
of catalyst solution (0.00001 mol/L for S/C = 20000, C2 dissolved in deionized water). The mixture
was stirred for 30 min at 80 <C in a heating block. After cooling to room temperature, neutralizing
with saturated sodium bicarbonate (2 mL) and extracting with ethyl acetate (2 mL x<3). The organic
solvent was evaporated under reduced pressure. The *H NMR yields of the crude residues were

determined using 1,3,5-trimethoxybenzene (11.2 mg, 0.067 mmol) as an internal standard.
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5. Optimization of N-monomethylation of primary amines

Table S1. Optimization of reaction conditions of N-Monomethylation

o NH, C2(S/IC=X) o  HNT o N7
:H<\J;/§7 HCO,H (2 equiv), HCHO (X equiv) :F{\lj, ;:© :|.{\|:/§7 ;;@
o N _ o N + 0 N
EtOH-H,0 (3:5), 80 °C, 8-30 min
o} o} o}
1b 7b 2b
entry cat. s/IC HCHO HCOzH Time yield /7b (%) ®  yield / 2b (%) P
(equiv.) (equiv.) (min)
1 C2 5000 1 2 30 12 33
2 C2 10000 1 2 30 19 22
3 C2 20000 1 2 30 28 16
4 C2 20000 0.8 2 30 35 10
5 C2 20000 0.6 2 30 47 8
6 C2 20000 0.6 2 15 50 0
7 C2 20000 0.6 2 10 41 0
8 C2 20000 1 2 15 59 0

@Reactions conditions: 1b (0.2 mmol), C2, EtOH (0.6 mL), H20 (1 mL), HCO2H (15 uL, 2 equiv), 80°C, 8-30 min.
bIsolated yield.

5. 1. Optimization of catalyst loading in entries 1-3, Table S1.

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added Lenalidomide
(1b, 52 mg, 0.2 mmol), EtOH (0.6 mL), HCHO (15 uL, 0.2 mmol, 1 equiv, w = 37-40%), HCO,H
(15 uL, 0.4 mmol, 2 equiv) and 1 mL of catalyst solution (0.00001 mol/L for S/C = 20000; 0.0004
mol/L for S/C = 5000; 0.00002 mol/L for S/C = 10000, C2 in entries 1-3, dissolved in deionized
water). The mixture was stirred for 30 min at 80 <C in a heating block. After cooling to room
temperature, neutralizing with saturated sodium bicarbonate (2 mL) and extracting with ethyl
acetate (2 mL x<3). The organic solvent was evaporated under reduced pressure. Then, the isolated

yield is obtained through silica gel column chromatography.
5. 2. Optimization of equivalents of for HCHO in entries 3-5, Table S1.

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added Lenalidomide

(1b, 52 mg, 0.2 mmol), EtOH (0.6 mL), HCHO (15 pL, 0.2 mmol, 1 equiv; 12 pL, 0.16 mmol, 0.8

equiv; 9 uL, 0.12 mmol, 0.6 equiv, w = 37-40% in entries 3-5), HCO.H (15 pL, 0.4 mmol, 2 equiv)

and 1 mL of catalyst solution (0.00001 mol/L for S/C = 20000, C2 dissolved in deionized water).
S11



The mixture was stirred for 30 min at 80 <C in a heating block. After cooling to room temperature,
neutralizing with saturated sodium bicarbonate (2 mL) and extracting with ethyl acetate (2 mL x<3).
The organic solvent was evaporated under reduced pressure. Then, the isolated yield is obtained

through silica gel column chromatography.
5. 3. Optimization of reaction time in entries 5-7, Table S1.

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added Lenalidomide
(1b, 52 mg, 0.2 mmol), EtOH (0.6 mL), HCHO (15 uL, 0.2 mmol, 1 equiv, w = 37-40%), HCO.H
(15 pL, 0.4 mmol, 2 equiv) and 1 mL of catalyst solution (0.00001 mol/L for S/C = 20000, C2
dissolved in deionized water). The mixture was stirred for 30 (15 or 10 in entries 5-7) min at 80 C
in a heating block. After cooling to room temperature, neutralizing with saturated sodium
bicarbonate (2 mL) and extracting with ethyl acetate (2 mL %3). The organic solvent was evaporated
under reduced pressure. Then, the isolated yield is obtained through silica gel column

chromatography.

6. Procedure for methylation of primary and secondary amines and

NMR (and HRMS) data of products

. OMe +
[}
C2 (S/C = 10000) ! | A H
HCO,H (4 equiv), HCHO (4equiv) Me Z N _
@ —\H, > @—nN N J of
EtOH-H,0 (3:5), 80 °C, 30 min Me _Ir—N
| Cp*”y
1 Cl
' c2

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added amine (0.2
mmol), ethanol (0.6 mL), HCHO (60 uL, 0.8 mmol, 4 equiv, w = 37-40%), HCO.H (30 pL, 0.8
mmol, 4 equiv) and 1 mL of the C2 catalyst solution in deionized water (0.00002 mol/L for S/C =
10000). The mixture was stirred for 30 min at 80 T in a heating block. The reaction process was
monitored by TLC. After cooling to room temperature, neutralizing with saturated sodium
bicarbonate (2 mL) and extracting with ethyl acetate (2 mL > 3) and drying over Na;SOa,
concentration of the organic phase under reduced pressure followed by purification by column
chromatography on silica gel with afforded desired products.

SN~ 4-Methoxy-N, N-dimethylaniline (4b) 2! [CAS:701-56-4]
Purified by extraction with ethyl acetate, drying over Na;SO., and concentration under
reduced pressure. Yellow oil, 0.2 mmol scale, yield: 25 mg, 83%, R = 0.5 (PE/EtOAc =
5:1, v/v). IH NMR (400 MHz, CDCls)  (ppm): 6.90 — 6.85 (m, 2H), 6.82 — 6.76 (m, 2H),
~  3.79 (s, 3H), 2.90 (s, 6H). *C NMR{'H} (101 MHz, CDCl3) & (ppm): 152.1, 145.8, 115.1,
114.7,55.9, 42.0.
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~ N,N,2,4,6-Pentamethylaniline (4¢) ! [CAS:13021-15-3]
N Purified by extraction with ethyl acetate, drying over Na;SO4, and concentration under
reduced pressure. Colorless oil, 0.2 mmol scale, yield: 32 mg, 98%, R¢= 0.5 (PE/EtOAc
=20:1, v/v). 'H NMR (400 MHz, CDCls3) & (ppm): 6.85 (s, 2H), 2.84 (s, 6H), 2.30 (s,

6H), 2.28 (s, 3H). 13C NMR{'H} (101 MHz, CDCls) § (ppm): 147.2, 137.1, 134.3, 129.6,
42.7,20.8,19.1.

3,5-Di-tert-butyl-N,N-dimethylaniline (4d) (4 [CAS:53172-38-6]

~p -
N
Purified by extraction with ethyl acetate, drying over Na»,SO4 and concentration
under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 42 mg, 90%, Rf = 0.5
(PE/EtOAc = 10:1, v/v). *H NMR (400 MHz, CDCls) 8 (ppm): 6.93 (s, 1H), 6.72 (s,

2H), 3.03 (s, 6H), 1.41 (s, 18H). 3C NMR{'H} (101 MHz, CDCls) & (ppm): 151.5,
150.4, 112.0, 107.8, 41.2, 35.2, 31.7.

NN~ 4-Fluoro-N,N-dimethylaniline (4e) ! [CAS:403-46-3]
Purified by extraction with ethyl acetate, drying over NaSOs, and concentration under
reduced pressure. Yellow oil, 0.2 mmol scale, yield: 29 mg, 99%, R¢ = 0.35 (PE/EtOAc =
20:1, viv). *H NMR (400 MHz, CDCl3) & (ppm): 6.95 (t, J = 8.7 Hz, 2H), 6.69 (dd, J = 9.0,
F 4.3 Hz, 2H), 2.90 (s, 6H). 3C NMR{*H} (101 MHz, CDClIs) & (ppm): 155.8 (d, J = 235.6
Hz), 147.7 (this carbon is not split by the fluorine atom), 115.5 (d, J = 14.6 Hz), 114.1 (d, J = 4.9
Hz), 41.5.
SN 4-Bromo-N, N-dimethylaniline (4f) 2 [CAS: 586-77-6]
Purified by extraction with ethyl acetate, drying over Na2SO4, and concentration under
reduced pressure. White solid, m.p. 53-55 °C, 0.2 mmol scale, yield: 39.4 mg, 99%, R,=
0.5 (PE/EtOAc = 10:1, v/»). '"H NMR (400 MHz, Chloroform-d) & 7.43 — 7.35 (m, 2H),
6.69 — 6.60 (m, 2H), 2.99 (s, 6H). 13C NMR{*H} (101 MHz, Chloroform-d) § 149.6, 131.8,
114.2, 108.5, 40.6.

Br

| 2-Bromo-N,N-dimethylaniline (4g) I [CAS: 698-00-0]

N Purified by extraction with ethyl acetate, drying over Na2SO4, and concentration
@[ under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 39.2 mg, 99%, R,= 0.4
(PE/EtOAc = 10:1, v/v). 'H NMR (400 MHz, Chloroform-d) & 7.61 — 7.55 (m, 1H),
7.27 (tt, J=7.4, 1.5 Hz, 1H), 7.10 (dt, J= 8.1, 1.6 Hz, 1H), 6.90 (tt, J= 7.5, 1.5 Hz, 1H), 2.82 (s,
6H). *C NMR {'H} (101 MHz, Chloroform-d) 6 151.9, 133.9, 128.2, 124.0, 120.6, 119.2, 44.3.

Br

SN 2,4-Dichloro-N,N-dimethylaniline (4h) B! [CAS:35113-90-7]
¢ Purified by extraction with ethyl acetate, drying over Na2SO4, and concentration
under reduced pressure. Brown solid, m.p. 169-171 <C, 0.2 mmol scale, yield: 26 mg,
©/ 70%, Ri = 0.3 (PE/EtOAc = 20:1, v/v). *H NMR (400 MHz, CDCls) & (ppm): 7.37 (d,
Cl J=2.4Hz 1H), 7.19 (dd, J = 8.6, 2.4 Hz, 1H), 7.00 (d, J = 8.7 Hz, 1H), 2.81 (s, 6H).
13C NMR{*H} (101 MHz, CDCls) & (ppm): 149.3, 130.4, 128.9, 127.6, 127.5, 120.8, 43.8.
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/
\

N,N-Dimethyl-(1,1'-biphenyl)-4-amine (4i) 61 [CAS:1137-79-7]
Purified by extraction with ethyl acetate, drying over Na;SO4, and concentration under
reduced pressure. Yellow solid, m.p. 112-114 <C, 0.2 mmol scale, yield: 39 mg, 98%, Rs
= 0.5 (PE/EtOAc = 10:1, v/v). *H NMR (400 MHz, CDCls) & (ppm): 7.63 (dd, J = 20.5,
Ph 8.1 Hz, 4H), 7.48 (t, J = 7.6 Hz, 2H), 7.34 (t, J = 7.3 Hz, 1H), 6.89 (d, J = 8.7 Hz, 2H),
3.06 (s, 6H). 3C NMR{*H} (101 MHz, CDCl3) & (ppm): 150.1, 141.3,129.3, 128.8, 127.8,
126.4,126.1, 112.9, 40.7.

~Nn (2-(Dimethylamino)phenyl)(phenyl)methanone (4j) [l [CAS:36648-32-5]
Purified by extraction with ethyl acetate, drying over Na,SOs, and concentration
under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 30 mg, 67%, Rt = 0.5
(PE/EtOAc = 5:1, v/v). *H NMR (400 MHz, CDCls) & (ppm): 7.89 — 7.82 (m, 2H),
7.60 — 7.53 (m, 1H), 7.48 — 7.39 (m, 3H), 7.34 (dd, J = 7.6, 1.7 Hz, 1H), 7.02 (d, J = 8.3 Hz, 1H),
6.93 (td, J=7.4, 1.0 Hz, 1H), 2.73 (s, 6H). 1*C NMR{*H} (101 MHz, CDCls) 3 (ppm): 198.3, 151.8,
137.9, 132.8, 131.6, 130.9, 130.1, 129.3, 128.2, 119.0, 116.6, 43.6.

Ph

e

/

N~ N,N-Dimethyl-3-nitroaniline (4k) [ [CAS:619-31-8]
Purified by extraction with ethyl acetate, drying over Na SO, and concentration
under reduced pressure. Yellow solid, m.p. 93-95 <C, 0.2 mmol scale, yield: 25 mg,
NO, 75%, Rf=0.40 (PE/EtOAc = 10:1, v/v). *H NMR (400 MHz, CDCls)  (ppm): 7.56
—7.47 (m, 2H), 7.34 (t, J =8.1 Hz, 1H), 6.97 (dd, J = 8.3, 2.5 Hz, 1H), 3.05 (s, 6H).
13C NMR{*H} (101 MHz, CDCls) 8 (ppm): 150.9, 149.5, 129.6, 117.7, 110.8, 106.2, 40.5.

O

/
\

N~ N,N-Dimethylpyridin-4-amine (41) ) [CAS: 1122-58-3]

Purified by extraction with ethyl acetate, drying over Na,SOa, and concentration under
reduced pressure. White solid, m.p. 110-112 °C, 0.2 mmol scale, yield: 23.9 mg, 98%, Ry
= 0.5 (PE/EtOAc = 5:1, v/v). 'H NMR (400 MHz, Chloroform-d) & 7.93 — 7.83 (m, 2H),
6.16 — 6.06 (m, 2H), 2.58 (s, 6H). *C NMR {'H} (101 MHz, Chloroform-d) & 153.8, 149.4, 106.3,
38.6.

7\
~N N~

Purified by extraction with ethyl acetate, drying over Na,SO,, and concentration
OO under reduced pressure. White solid, m.p. 180-182 <C, 0.2 mmol scale, yield: 41.5
mg, 97%, Rr = 0.6 (PE/EtOAc = 10:1, v/v). 'H NMR (400 MHz, Chloroform-d) &

7.57 (dd, J = 8.0, 1.0 Hz, 2H), 7.49 (t, J = 7.7 Hz, 2H), 7.15 — 7.10 (m, 2H), 2.99 (s, 12H). 3C
NMR{*H} (101 MHz, Chloroform-d) § 150.9, 138.0, 125.6, 121.9, 120.8, 112.9, 44.6.

NI1,N1,N8,N8-Tetramethylnaphthalene-1,8-diamine (4m) [2) [CAS: 20734-58-1]

o 1-(Furan-2-yl)-N,N-dimethylmethanamine (4n) '% [CAS: 14496-34-5]
@/\N/ Purified by extraction with ethyl acetate, drying over Na;SO4, and concentration
/ under reduced pressure. Red oil, 0.5 mmol scale, yield: 55 mg, 88%, Ry = 0.4
(DCM/MeOH = 15:1, v/v)."H NMR (400 MHz, Chloroform-d) & 7.34 (d, J= 1.5 Hz, 1H), 6.44 (d,
J=3.2Hz, 1H), 6.27 (dt, J= 3.3, 1.9 Hz, 1H), 4.04 (s, 2H), 2.55 (s, 6H). 3C NMR {'H} (101 MHz,
Chloroform-d) $ 167.0, 144.3, 113.6, 111.0, 52.3, 41.8.
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s N,N-Dimethyl-1-(thiophen-2-yl)methanamine (40) [ [CAS: 26019-17-0]
@/\N/ Purified by extraction with ethyl acetate, drying over Na;SO4, and concentration
under reduced pressure. Colorless oil, 0.2 mmol scale, yield: 25.6 mg, 97%, Ry=
0.3 (PE/EtOAc = 5:1, v//).'"H NMR (400 MHz, Chloroform-d) 8 7.25 (dd, /= 5.0, 1.1 Hz, 1H), 7.04
—6.88 (m, 2H), 3.67 (s, 2H), 2.29 (s, 6H). *C NMR {'H} (101 MHz, Chloroform-d) & 142.0, 126.4,
126.0, 125.0, 58.3, 45.0.

(S)-N-Dimethyl-1-phenylmethanamine (4p) * [CAS: 17279-31-1]

N Purified by extraction with ethyl acetate, drying over Na,SOs, and concentration
under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 21 mg, 74%, R = 0.40
(PE/EtOAC/TEA =5:1:4%, v/v). *H NMR (400 MHz, CDCls) 8 (ppm): 7.38 —7.23
(m, 5H), 3.28 (g, J = 6.7 Hz, 1H), 2.23 (s, 6H), 1.40 (d, J = 6.7 Hz, 3H). 3C

NMR{*H} (101 MHz, CDCls) & (ppm): 144.0, 128.3, 127.7, 127.1, 66.1, 43.3, 20.3.

\N/ (3s,5s,7s)-N,N-Dimethyladamantan-1-amine (4q) '] [CAS:3717-40-6]
Purified by extraction with ethyl acetate, drying over Na,SOa, and concentration under
reduced pressure. Colorless oil, 0.5 mmol scale, yield: 88.4 mg, 99%. 'H NMR (400
MHz, Chloroform-d) & 2.22 (s, 6H), 2.03 (s, 3H), 1.67 — 1.51 (m, 12H). 3C NMR {'H}
(101 MHz, Chloroform-d) § 53.4, 37.9, 37.0, 36.8, 29.5.

N,N-Dimethylcyclooctanamine (4r) [''l [CAS: 17630-21-6]
l\,l Purified by extraction with ethyl acetate, drying over Na;SOs, and concentration
O/ ™ under reduced pressure. Colorless oil, 0.2 mmol scale, yield: 30.7 mg, 98%. 'H
NMR (400 MHz, Chloroform-d) 4 2.52 (t, J = 6.6 Hz, 1H), 2.22 (s, 6H), 1.78 —
1.66 (m, 4H), 1.60 (d, /= 11.3 Hz, 3H), 1.51 — 1.39 (m, 7H). *C NMR {'H} (101 MHz, Chloroform-
d) 6 63.7,40.8,28.9, 26.7, 26.5, 25.5.

N1,N1-Diethyl-N2,N2-dimethylethane-1,2-diamine (4s) 12 [CAS:123-10-4]

I/ Purified by extraction with ethyl acetate, drying over Na;SO4 and

\N/\/N\/ concentration under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 28

| mg, 97%. *H NMR (400 MHz, CDCls) & (ppm): 2.66 —2.58 (m, 6H), 2.47 (dd,

J =8.6, 6.0 Hz, 2H), 2.28 (s, 6H), 1.05 (t, J = 7.2 Hz, 6H). ¥C NMR{*H} (101 MHz, CDCls) §
(ppm): 56.9, 50.4, 47.2,45.7, 11.2.

TSHN \N— N-((1R,2R)-2-(Dimethylamino)-1,2-diphenylethyl)-4-
N methylbenzenesulfonamide (4t)

Ph Ph  Purified by extraction with ethyl acetate, drying over Na>SO4, and concentration
under reduced pressure. Colorless oil, 0.2 mmol scale, yield: 54.4 mg, 69%, R; = 0.6 (DCM/MeOH
= 15:1, v/v). *H NMR (400 MHz, Chloroform-d) & 7.48 (d, J = 8.3 Hz, 2H), 7.23 — 7.17 (m, 3H),
7.06 (d, J = 8.0 Hz, 2H), 7.02 — 6.96 (m, 4H), 6.95 — 6.89 (m, 3H), 6.28 (s, 1H), 4.70 (d, J = 11.1
Hz, 1H), 3.72 (d, J=11.1 Hz, 1H), 2.34 (s, 3H), 2.19 (s, 6H). 3C NMR{*H} (101 MHz, Chloroform-
d) 6 142.7, 137.7, 137.3, 130.6, 129.9, 128.9, 128.3, 128.1, 127.9, 127.7, 127.3, 127.1, 73.1, 57.5,
40.1, 21.4. HRMS (ESI): m/z calcd for: Ca3H27N20,S* [M+H]*: 395.1788, found: 395.1792.
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/ N,N-Dimethyl-2-morpholinoethan-1-amine (4u) 31 [CAS:4385-05-1]
O/_\N _ N\ Purified by extraction with ethyl acetate, drying over Na;SO4 and
\__/ concentration under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 31
mg, 99%. 'H NMR (400 MHz, CDCls) & (ppm): & 3.72 — 3.65 (m, 4H), 2.51 — 2.38 (m, 8H), 2.24
(s, 6H). *C NMR{*H} (101 MHz, CDCls) 8 (ppm): 66.9, 57.1, 56.6, 54.2, 45.9.

1-((1R,4R)-Bicyclo[2.2.1]hept-5-en-2-yl)-/V,N-dimethylmethanamine (4v)

%] 141 TCAS: 6537-01-5]
—N Purified by extraction with ethyl acetate, drying over Na;SO. and

\ concentration under reduced pressure. Colorless oil, 0.5 mmol scale, yield:
74.7 mg, 99%, Ry= 0.4 (DCM/MeOH = 10:1, v/v). 'H NMR (400 MHz, Chloroform-d) 8 6.26 (dd,
J=5.7,3.1 Hz, 1H), 6.06 (dd, /= 5.7, 2.8 Hz, 1H), 3.10 (s, 1H), 2.97 — 2.92 (m, 1H), 2.85 (s, 6H),
2.71 = 2.63 (m, 1H), 2.55 (ddq, J = 14.5, 7.3, 3.8 Hz, 1H), 2.09 (ddd, J = 12.5, 9.0, 3.8 Hz, 1H),
1.53 (dd, J= 8.5, 2.1 Hz, 1H), 1.33 (d, J = 8.6 Hz, 2H), 0.77 (ddd, J = 11.7, 4.0, 2.7 Hz, 1H). 13C
NMR {'H} (101 MHz, Chloroform-d) 4 139.0, 131.5, 62.8, 49.8, 45.5, 42.6, 34.7, 32.1.

/\/\/\/E/\/\/\/\/'\ll\
(Z)-N,N-Dimethyloctadec-9-en-1-amine (4w) U5 [CAS: 14727-68-5]

Purified by extraction with ethyl acetate, drying over Na,SO4, and concentration under reduced
pressure. Yellow oil, 0.2 mmol scale, yield: 58.4 mg, 99%, Ry= 0.5 (PE/EA+EtN = 2:1:4%, v/Wv).
'"H NMR (400 MHz, Chloroform-d) & 5.28 (t, J=4.8 Hz, 2H), 2.18 (d, /= 7.3 Hz, 2H), 2.15 (s, 6H),
1.96 (q, J = 6.6 Hz, 3H), 1.39 (p, /= 7.1 Hz, 2H), 1.33 — 1.13 (m, 23H), 0.83 (t, J = 6.8 Hz, 3H).
3C NMR{'H} (101 MHz, Chloroform-d) & 129.8, 129.7, 59.9, 45.4, 31.9, 29.7, 29.7, 29.6, 29.6,
29.5,29.3,29.2,27.8,27.5,27.1, 22.6, 22.5, 14.0.

N 4-((Dimethylamino)methyl)phenol (4x) (161 [CAS:103-87-7]

/©/\ | Purified by extraction with ethyl acetate, drying over Na;SO. and
HO concentration under reduced pressure. White solid, m.p. 108-110 <C, 0.2
mmol scale, yield: 30 mg, 98%, Rt = 0.25 (PE/EtOAC/TEA = 2:1:4%, v/v). *H NMR (400 MHz,
DMSO-ds) 6 (ppm): 9.40 (s, 1H), 7.09 — 7.02 (m, 2H), 6.74 — 6.65 (m, 2H), 3.24 (s, 2H), 2.09 (s,
6H).13C NMR{*H} (101 MHz, DMSO-ds) & (ppm): 156.3, 129.9, 129.0, 114.8, 63.0, 44.8.

~n S (S)-2-(Dimethylamino)-2-phenylethan-1-ol (4y) 171 [CAS: 2202-65-5]
OH Purified by extraction with ethyl acetate, drying over Na;SO4 and
concentration under reduced pressure. Colorless oil, 0.2 mmol scale, yield: 30
mg, 91%, Rt= 0.3 (PE/EtOAC/TEA = 2:1:4%, v/v). *H NMR (400 MHz, CDCls)
& (ppm): 7.36 (dddd, J = 10.5, 6.7, 4.4, 2.4 Hz, 3H), 7.25 — 7.19 (m, 2H), 3.96 (dd, J = 10.8, 8.9 Hz,
1H), 3.71 (dd, J = 10.8, 5.3 Hz, 1H), 3.59 (dd, J = 8.9, 5.3 Hz, 1H), 3.20 (s, 1H), 2.22 (s, 6H).1*C
NMR{*H} (101 MHz, CDCls) & (ppm): 135.8, 129.1, 128.3, 127.9, 70.3, 61.5, 41.5.
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N (1S,2S)-1-(Dimethylamino)-2,3-dihydro-1H-inden-2-ol (42) 18]

;N [CAS:1571103-71-3]
®E>_OH Purified by extraction with ethyl acetate, drying over Na,SOs and
concentration under reduced pressure. Colorless oil, 0.2 mmol scale, yield: 30
mg, 85%, Ry=0.35 (DCM/MeOH = 10:1, v/v). 'H NMR (400 MHz, CDCl;3) 8 (ppm): 7.38 — 7.19
(m, 4H), 4.66 (s, 1H), 4.49 (q, /= 7.9 Hz, 1H), 4.11 (d, J= 7.9 Hz, 1H), 3.29 (dd, /= 16.4, 8.2 Hz,

1H), 2.83 (dd, J= 16.3, 7.7 Hz, 1H), 2.32 (s, 6H). 13C NMR{'H} (101 MHz, CDCls) § (ppm): 141.8,
138.3, 128.7, 126.6, 126.5, 125.7, 69.9, 69.8, 43.2, 41.3.

N\ (1S,2R)-1-(Dimethylamino)-2,3-dihydro-1H-inden-2-ol (4a) [8 [CAS:
N 245085-46-5]

@E>...OH Purified by extraction with ethyl acetate, drying over NaSO4 and
concentration under reduced pressure. Colorless oil, 0.2 mmol scale, yield: 31.5
mg, 89%, Ry= 0.35 (DCM/MeOH = 10:1, v/v). '"H NMR (400 MHz, Chloroform-d) & 7.36 — 7.14
(m, 4H), 5.07 — 4.74 (m, 1H), 4.46 (q, J= 7.8 Hz, 1H), 4.04 (g, J= 7.3 Hz, 1H), 3.23 (td, /= 13.8,
11.6, 7.5 Hz, 1H), 2.82 (dd, J = 16.3, 7.6 Hz, 1H), 2.29 (s, 6H). 3*C NMR{'H} (101 MHz,

Chloroform-d) & 141.6, 138.4, 128.5, 126.4, 125.5, 70.0, 69.9, 43.1, 41.2.

\N— 1-(Dimethylamino)cycloheptyl)methanol (4aa) [CAS:1554358-67-6]
Purified by extraction with ethyl acetate, drying over Na,SO., and concentration
@OH under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 32 mg, 92%. H
NMR (400 MHz, CDClz3) 6 (ppm): 4.88 (s, 1H), 3.47 (s, 2H), 2.34 (s, 6H), 1.79

(dd, J = 14.5, 9.5 Hz, 2H), 1.61 — 1.43 (m, 10H). *C NMR{'H} (101 MHz, CDCls) & (ppm): 66.2,
64.0, 38.5, 31.3, 31.2, 24.1.

0 N,N-Dimethyl-L-tyrosine (4ab) '] [CAS: 17350-74-2]
MOH Purified by recrystallization from water (may contain small amount of
HO N ethanol) after concentration under reduced pressure. White solid, m.p.
248-249 °C, 0.5 mmol scale, yield: 103.4 mg, 99%, Ry = 0.35
(DCM/MeOH = 1:1, v/v). 'H NMR (400 MHz, Deuterium Oxide) 8 7.13 — 7.03 (m, 2H), 6.81 — 6.73
(m, 2H), 3.67 (dd, J=9.0, 5.8 Hz, 1H), 3.14 (dd, J= 13.9, 5.8 Hz, 1H), 2.94 (dd, /= 13.9, 9.0 Hz,

1H), 2.82 (s, 6H). 3C NMR {'H} (101 MHz, Deuterium Oxide) 8 172.3, 154.6, 130.5, 126.9, 115.6,
72.2,42.6,40.4, 33.1.

o Dimethyl-L-leucine (4ac) (> [CAS: 174785-98-9]
Purified by recrystallization from water (may contain small amount of ethanol)
\‘/\l)LOH after concentration under reduced pressure. White solid, m.p. 182-183 °C, 0.5
NS mmol scale, yield: 77.9 mg, 98%. '"H NMR (400 MHz, Deuterium Oxide) &

3.47 (dd, J=9.8, 4.5 Hz, 1H), 2.78 (d, J = 8.0 Hz, 6H), 1.59 (m, 3H), 0.86 (t, J = 5.4 Hz, 6H). 13C
NMR {'H} (101 MHz, Deuterium Oxide) § 173.4, 70.2, 42.3, 40.9, 36.7, 25.1, 22.7, 20.6.
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4-(Dimethylamino)benzoic acid (4ad) ') [CAS: 619-84-1]
N Purified by recrystallization from water (may contain small amount of
/©/ ethanol) after concentration under reduced pressure. White solid, m.p.
HOOC 240-242 °C, 0.2 mmol scale, yield: 32.4 mg, 98%, R;= 0.40
(DCM/MeOH = 10:1, v/v). '"H NMR (400 MHz, DMSO-de) 6 12.12 (s, 1H), 7.83 — 7.71 (m, 2H),
6.73 — 6.62 (m, 2H), 2.95 (s, 6H). *C NMR{'H} (101 MHz, DMSO-ds) & 168.0, 153.5, 131.4,
117.4,111.1, 40.0

~_O \n/\N _ Eth_y_l dimethylgly_cinat_e (4ae) 21 [CAS: 33_229—89—9]
| Purified by extraction with ethyl acetate, drying over Na,SO4, and
o concentration under reduced pressure. Yellow oil, 0.5 mmol scale, yield: 64.2
mg, 98%. 'H NMR (400 MHz, Chloroform-d) & 4.17 (q, J= 7.1 Hz, 2H), 3.13 (s, 2H), 2.32 (s,
6H), 1.25 (t, J= 7.1 Hz, 3H). 3C NMR{'H} (101 MHz, Chloroform-d) 4 170.6, 60.6, 60.5, 45.3,
14.2.

0 Methyl dimethyl-L-phenylalaninate (4af) 23] [CAS:27720-05-4]
O/\‘)‘\O _~ Purified by extraction with ethyl acetate, drying over Na,SO, and
N concentration under reduced pressure. Yellow oil, 0.5 mmol scale, yield:
i 102.4 mg, 99%, R, = 0.25 (PE/EtOAc = 5:1, vw»). 'H NMR (400 MHz,
Chloroform-d) 8 7.32 — 7.25 (m, 2H), 7.21 (dq, /= 9.0, 2.3 Hz, 3H), 3.61 (s, 3H), 3.45 (dd, /= 9.4,

5.7 Hz, 1H), 3.07 (dd, J = 13.4, 9.5 Hz, 1H), 2.95 (dd, J = 13.4, 5.7 Hz, 1H), 2.40 (s, 6H). 13C
NMR {'H} (101 MHz, Chloroform-d) & 171.8, 138.2, 129.1, 128.4, 126.4, 69.6, 51.0,41.9, 35.8.

Dimethylglycyl-L-alanine (4ag) 4 [CAS: 1227930-17-7]

Purified by removing water and ethanol under reduced pressure, followed
by washing with small portion of EtOAc. Yellow oil, 0.5 mmol scale, yield:
79.2 mg, 91%. *H NMR (400 MHz, DMSO-dg) & 8.20 (d, J = 6.5 Hz, 1H),
7.05 (s, 1H), 4.14 (t, J = 7.2 Hz, 1H), 3.25 (s, 2H), 2.43 (s, 6H), 1.25 (d, J = 7.2 Hz, 3H). *C
NMR{*H} (101 MHz, DMSO-ds) 6 175.1, 167.3, 60.8, 48.8, 44.7, 18.4.

H\/Og|
N N
TA{{; ©

OH N, N-Dimethyl-D-glucosamine (4ah) >>1 [CAS: 2161394-97-2]
Purified by removing water and ethanol under reduced pressure, followed
Hoﬁ‘ by washing with small portion of EtOAc. Yellow oil, 0.5 mmol scale, yield:
N_ OH  88.6 mg, 86%, a:p = 5:3. "H NMR (400 MHz, DMSO-ds) data for the a-
anomer 8 9.52 (s, 1H), 5.36 (d, 2.4 Hz, 1H), 3.86 — 3.77 (m, 1H), 3.57 (d,
J =13.0 Hz, 1H), 3.53 — 3.36 (m, 2H), 3.23 (s, 1H), 3.11 (d, J = 10.6 Hz, 1H), 2.8 (s, 6H). *C

NMR{'H} (101 MHz, DMSO-ds) data for the a-anomer  88.7, 72.4, 71.1, 68.0, 65.9, 60.9, 41.6,
41.1.

N1,N1-Bis(2-(dimethylamino)ethyl)-N2,N2-dimethylethane-1,2-diamine
(4ai) 61 [CAS:33527-91-2]

Purified by extraction with ethyl acetate, drying over Na.SO. and
concentration under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 21
mg, 99%. 'H NMR (400 MHz, CDCl3) § (ppm): 2.60 (dd, J = 8.4, 6.1 Hz,

| |
/N\/\N/\/N\

\
/
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6H), 2.38 (dd, J=8.6, 6.1 Hz, 6H), 2.22 (s, 18H). 13C NMR{'H} (101 MHz, CDCls) § (ppm): 57.5,
53.0, 45.9.

N,4-Dimethyl-N-(p-tolyl)aniline (6a) (] [CAS:3480-97-5]
,L Purified by extraction with ethyl acetate, drying over NaSOs and
/O/ \©\ concentration under reduced pressure. Yellow oil, 0.2 mmol scale, yield:
37 mg, 86%, Rf = 0.35 (PE/EtOAc = 20:1, v/v). 'H NMR (400 MHz,
CDCl3) & (ppm): 7.14 (d, J = 8.3 Hz, 4H), 6.98 (d, J = 8.4 Hz, 4H), 3.33 (s, 3H), 2.37 (s, 6H). *C
NMR{*H} (101 MHz, CDCls) § (ppm): 147.2, 130.6, 129.8, 120.5, 40.6, 20.8.

4-Methoxy-N-(4-methoxyphenyl)-N-methylaniline(6b) [
,L [CAS:27151-57-1]

/©/ \©\ Purified by extraction with ethyl acetate, drying over Na,SO., and
~o o~ concentration under reduced pressure. White solid, m.p. 96-97 <C, 0.2
mmol scale, yield: 42 mg, 88%, R = 0.5 (PE/EtOAc = 10:1, v/v). *H NMR (400 MHz, CDCls) &
(ppm): 6.95 — 6.88 (M, 4H), 6.86 — 6.80 (m, 4H), 3.79 (s, 6H), 3.22 (s, 3H). *C NMR{*H} (101
MHz, CDCl3) 6 (ppm): 154.5, 143.8, 121.7, 114.7,55.7, 41.2.

N,N-Dimethyl-1-phenylmethanamine (6c) 21 [CAS:103-83-3]
©/\T Purified by extraction with ethyl acetate, drying over Na,SO4, and concentration
under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 21 mg, 78%, Rs = 0.35
(PE/EtOAc = 5:1, v/v). *H NMR (400 MHz, CDCls) & (ppm): 7.40 — 7.23 (m, 5H), 3.47 (s, 2H),
2.28 (s, 6H). °C NMR{*H} (101 MHz, CDCls) & (ppm): 138.6, 129.3, 128.4, 127.3, 64.4, 45.4.

2-Methoxy-N-(2-methoxyethyl)-N-methylethan-1-amine  (6d) [*7]
[CAS: 92260-33-8]

Purified by extraction with ethyl acetate, drying over Na.SO, and
concentration under reduced pressure. Yellow oil, 0.2mmol scale, yield: 29.1mg, 99%. 'H NMR
(400 MHz, Chloroform-d) & 3.71 (s, 4H), 3.32 (s, 6H), 3.26 (s, 4H), 2.82 (s, 3H). '3C NMR {'H}
(101 MHz, Chloroform-d) § 67.4, 58.8, 55.5, 41.5.

N N-Benzyl-N-methyl-1-phenylmethanamine (6e) (4 [CAS:102-05-6]
O/\ | /\© Purified by extraction with ethyl acetate, drying over Na;SO4 and
concentration under reduced pressure. Colorless oil, 0.2 mmol scale,
yield: 41.79 mg, 99%, R¢ = 0.5 (PE/EtOAc = 10:1, v/v). 'H NMR (400 MHz, Chloroform-d) & 7.61
— 7.40 (m, 8H), 7.37 (t, J = 6.7 Hz, 2H), 3.66 (s, 4H), 2.32 (s, 3H). 3C NMR{*H} (101 MHz,
Chloroform-d) & 139.5, 129.1, 128.4, 127.1, 62.0, 42.4.

/O\/\N/\/O\
|

_N

N,N-Dimethyloctadecan-1-amine (6f) 81 [CAS: 124-28-7]

Purified by extraction with ethyl acetate, drying over Na,SO,, and concentration under reduced
pressure. Yellow oil, 0.2 mmol scale, yield: 58.8 mg, 99%. '"H NMR (400 MHz, Chloroform-d) &
2.20(d, J=7.4 Hz, 1H), 2.17 (s, 6H), 1.47 — 1.36 (m, 2H), 1.24 (d, /= 11.3 Hz, 31H), 0.84 (t, /=
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6.8 Hz, 3H). 3C NMR{'H} (101 MHz, Chloroform-d) & 59.9, 45.5, 31.9, 29.7, 29.6, 29.4, 27.8,
27.5,22.7,14.0.

VI Y N VN 0 N Y . N

I
N-Methyl-N-tetradecyltetradecan-1-amine (6g) *°! [CAS: 41961-81-3]
Purified by extraction with ethyl acetate, drying over NaSO4, and concentration under reduced
pressure. Colorless oil, 0.2 mmol scale, yield: 82.1 mg, 97%. '"H NMR (400 MHz, Chloroform-d) &
2.34 —2.27 (m, 4H), 2.21 (s, 3H), 1.46 (p, J= 6.7, 5.8 Hz, 4H), 1.27 (s, 44H), 0.89 (t, J = 6.8 Hz,
6H). 3C NMR{'H} (101 MHz, Chloroform-d) & 58.0, 42.4, 31.9, 29.7,29.7, 29.4,27.7,27.4,22.7,
14.1.

Methyl methyl-D-prolinate (6h) 3% [CAS: 114883-82-8]
\ Q Purified by extraction with ethyl acetate, drying over Na SO4, and concentration
<\'j)‘\o/ under reduced pressure. Yellow oil, 0.5 mmol scale, yield: 70.1 mg, 98%. 'H
NMR (400 MHz, Chloroform-d) 6 3.69 (s, 3H), 3.13 — 3.05 (m, 1H), 2.95 —2.87
(m, 1H), 2.35 (s, 3H), 2.26 (td, J= 8.9, 7.7 Hz, 1H), 2.16 — 2.03 (m, 1H), 1.96 — 1.82 (m, 2H), 1.80
—1.68 (m, 1H). *C NMR{'H} (101 MHz, Chloroform-d) 4 174.2, 67.5, 56.3, 51.8, 40.9, 29.6, 23.1.

Methyl-D-proline (6i) B! [CAS: 475-11-6]
N Purified by recrystallization from water (may contain small amount of ethanol)
<j)L OH  after concentration under reduced pressure. White solid, m.p. 114-116 °C, 0.5
mmol scale, yield: 63.2 mg, 98%. 'H NMR (400 MHz, Deuterium Oxide) & 3.80
(dd, /=94, 6.9 Hz, 1H), 3.65 (ddd, J=11.7, 7.4, 4.4 Hz, 1H), 3.12 — 3.01 (m, 1H), 2.85 (s, 3H),
2.48 —2.36 (m, 1H), 2.13 — 1.84 (m, 3H). *C NMR{'H} (101 MHz, Deuterium Oxide) & 173.6,
70.6, 56.3, 40.7, 28.7, 22.8.

| OH (R)-(1-Methylpyrrolidin-2-yl)diphenylmethanol (6j) 32 [CAS:144119-12-0]
Ph purified by extraction with ethyl acetate, drying over Na;SO4, and concentration

under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 52 mg, 98%, Ri= 0.5
(PE/EtOAc = 5:1, v/v). 'H NMR (400 MHz, CDCls) 8 (ppm): 7.70 — 7.63 (m, 2H), 7.57 (dt, J = 8.4,
1.7 Hz, 2H), 7.29 (ddt, J=8.1, 6.7, 2.0 Hz, 4H), 7.20 — 7.12 (m, 2H), 3.65 (dd, J = 9.5, 4.4 Hz, 1H),
3.17-3.09 (m, 1H), 2.46 (ddd, J = 10.0, 9.1, 6.5 Hz, 1H), 1.96 — 1.88 (m, 1H), 1.84 (s, 3H), 1.77 —
1.61 (m, 3H). 13C NMR{*H} (101 MHz, CDCls) & (ppm): 148.4, 146.8, 128.1, 126.2, 125.6, 125.5,
77.6,72.1,59.3,43.1,30.0, 24.2.

_ 2-Methyl-1,2,3,4-tetrahydroisoquinoline (6k) 3l [CAS:1612-65-3]
©©\l Purified by extraction with ethyl acetate, drying over Na SO, and concentration
under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 29 mg, 99%, Rf= 0.3
(PE/EtOAc = 5:1, v/v). 'H NMR (400 MHz, CDCl3) & (ppm): 7.21 — 7.09 (m, 3H), 7.08 — 7.01 (m,
1H), 3.61 (s, 2H), 2.96 (t, J = 5.9 Hz, 2H), 2.72 (t, J = 6.0 Hz, 2H), 2.49 (s, 3H). *C NMR{*H} (101
MHz, CDCl3) 8 (ppm): 134.8, 133.9, 128.8, 126.5, 126.2, 125.7, 58.1, 53.0, 46.2, 29.3.
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| 4-Methylmorpholine (61) 331 [CAS: 109-02-4]

N Purified by extraction with ethyl acetate, drying over Na,SOs, and concentration under
[ j reduced pressure. Colorless oil, 0.5 mmol scale, yield: 50.1 mg, 99%. '"H NMR (400 MHz,

O Chloroform-d) & 3.68 — 3.46 (m, 4H), 2.25 (s, 4H), 2.19 - 2.05 (s, 3H). *'C NMR {'H} (101
MHz, Chloroform-d) 6 66.7, 55.3, 46.3.

cl 4-((4-Chlorophenyl)(phenyl)methyl)-1-methylpiperidine (6m) B4 [CAS:

Q 109-02-4]

/—\ Purified by extraction with ethyl acetate, drying over Na;SOs and
_N\_/N concentration under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 59.5
Q mg, 99%, Ry=0.5 (DCM/MeOH = 5:1, v/v). 'H NMR (400 MHz, Chloroform-

d) 6 7.42 —7.37 (m, 4H), 7.32 — 7.18 (m, 5H), 4.22 (s, 1H), 2.46 (s, 8H), 2.30

(s, 3H). BC NMR {'H} (101 MHz, Chloroform-d) & 142.3, 141.5, 132.5, 129.2, 128.7, 128.6, 127.8,

127.1,75.5, 55.4, 51.9, 46.0.

1,4,7,10-Tetramethyl-1,4,7,10-tetraazacyclododecane (6n) 1331 [CAS: 76282-33-

N/ N\ /

N N 2]
[ ] Purified by extraction with ethyl acetate, drying over Na,SO4, and concentration
/N\ /N\ under reduced pressure. Colorless oil, 0.5 mmol scale, yield: 112.7 mg, 99%. 'H

NMR (400 MHz, Chloroform-d) & 2.45 (s, 16H), 2.16 (s, 12H). 3C NMR {'H} (101
MHz, Chloroform-d) 6 55.9, 44.6.

| 1,1,2-Trimethyl-2-(4-nitrophenyl)hydrazine (60)
N~N/ Purified by extraction with ethyl acetate, drying over Na;SO., and
/©/ | concentration under reduced pressure. Green solid, m.p. 68-70 <C, 0.2
OaN mmol scale, yield: 38.2 mg, 98%, Ri = 0.5 (PE/EtOAc = 5:1, v/v). 'H NMR
(400 MHz, Chloroform-d) & 8.14 —8.06 (m, 2H), 6.95 (d, J = 8.8 Hz, 2H), 2.94 (s, 3H), 2.53 (s, 6H).
13C NMR{*H} (101 MHz, Chloroform-d) & 154.6, 137.8, 126.0, 110.5, 41.7, 26.5. HRMS (ESI):
m/z calcd for : CoH14N3O2* [M+H]*: 196.1081, found: 196.1089

3-Ethyl-5-methyl-4-(2-chlorophenyl)-2-((2-
(dimethylamino)ethoxy)methyl)-6-methyl-1,4-

o 8' dihydropyridine-3,5-dicarboxylate (2a) [ [CAS:84157-10-8]
~o o~ Purified by extraction with ethyl acetate, drying over Na;SO4 and
|| o concentration under reduced pressure. Yellow solid, m.p. 112-
N \/\N/ .
H | 114 <C, 0.2 mmol scale, yield: 86 mg, 99%, R¢ = 0.4 (EtOAc). H

NMR (400 MHz, CDCls) § (ppm): 8.36 (s, 1H), 7.36 (dd, J = 7.7,
1.7 Hz, 1H), 7.21 (dd, J = 8.0, 1.3 Hz, 1H), 7.11 (td, J = 7.5, 1.4 Hz, 1H), 7.02 (td, J = 7.5, 1.7 Hz,
1H), 5.39 (s, 1H), 4.83 — 4.65 (M, 2H), 4.03 (qd, J = 7.1, 3.1 Hz, 2H), 3.51-3.63 (m, 5H), 2.53 (qtd,
J=12.4,65,4.0 Hz, 2H), 2.32 (s, 3H), 2.30 (s, 6H), 1.17 (t, J = 7.1 Hz, 3H). 13C NMR{*H} (101
MHz, CDCls) & (ppm): 168.2, 167.4, 146.7, 146.0, 144.8, 132.4, 131.6, 129.2, 127.3, 126.8, 103.5,
101.0, 69.2, 68.3, 59.7, 59.0, 50.7, 45.6, 37.5, 18.9, 14.3.
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~,,~ 3-(4-(Dimethylamino)-1-oxoisoindolin-2-yl)piperidine-2,6-dione

HN O \ (2b) 1361 [CAS:905952-53-6]

O&N Purified by recrystallization from water (may contain small amount of
ethanol) after concentration under reduced pressure. White solid, m.p.
0] 248-249 <, 0.2 mmol scale, yield: 46 mg, 80%, Rf = 0.50
(DCM/MeOH = 15:1, v/v). 'H NMR (400 MHz, DMSO-de) 4 10.99 (s, 1H), 7.38 (t, J=7.7 Hz, 1H),
7.17 (dd, J=17.5, 0.9 Hz, 1H), 6.97 (dd, J=8.2, 0.9 Hz, 1H), 5.12 (dd, J= 13.3, 5.1 Hz, 1H), 4.56
(d,J=17.0Hz, 1H), 4.41 (d,J=17.0 Hz, 1H), 2.99 — 2.91 (m, 1H), 2.90 (s, 6H), 2.68-2.57 (m, 1H),
2.53 —2.42 (m, 1H), 2.08-1.98 (m, 1H). 1*C NMR{*H} (101 MHz, CDCls) & (ppm): 178.2, 176.3,

173.5, 153.0, 138.4, 134.9, 134.3, 123.0, 118.7, 56.7, 53.0, 47.1, 36.4, 27.6.

1-((1R,4aS,10aR)-7-I1sopropyl-1,4a-dimethyl-1,2,3,4,4a,9,10,10a-
octahydrophenanthren-1-yl)-N,N-dimethylmethanamine (2c) [7
[CAS:54234-82-1]
Purified by extraction with ethyl acetate, drying over Na,SO., and
concentration under reduced pressure. Colorless oil, 0.2 mmol scale,
yield: 58 mg, 92%, R = 0.45 (DCM/MeOH = 25:1, v/v). 'H NMR (400
MHz, Chloroform-d) 6 7.21 (d, J = 8.1 Hz, 1H), 7.01 (dd, J = 8.2, 2.0
Hz, 1H), 6.91 (d,J=2.0 Hz, 1H), 2.97 — 2.79 (m, 3H), 2.31 (m, 8H), 1.99 (d, /= 14.1 Hz, 1H), 1.88
—1.78 (m, 2H), 1.78 — 1.75 (m, 1H), 1.75 — 1.69 (m, 2H), 1.59 (td, /= 13.3, 4.0 Hz, 1H), 1.48 (dd,
J=12.9, 3.7 Hz, 1H), 1.38 (dtd, /= 12.8, 3.4, 1.6 Hz, 1H), 1.27 (s, 3H), 1.25 (d, J = 1.1 Hz, 6H),
0.88 (s, 3H). 3C NMR{*H} (101 MHz, CDCls) & (ppm): 147.8, 145.3, 134.8, 126.8, 124.2, 123.7,
71.1,49.2,44.2,38.8,38.5,37.4, 36.4, 33.5, 30.2, 25.7, 24.0, 19.1, 19.0, 18.9.

/\/\ 0 Ethyl(4R,5S)-4-acetamido-5-(dimethylamino)-3-(pentan-3-
o O:@)ko/\ yloxy)cyclohex-1-ene-1-carboxylate (2d) 8 [CAS:2230050-50-5]
)J\ Purified by extraction with ethyl acetate, drying over Na;SO4, and
ﬂ H concentration under reduced pressure. Colorless oil, 0.2 mmol scale,

AN\ yield: 62 mg, 91%, R¢ = 0.45 (DCM/MeOH = 25:1, v/v). 'H NMR (400

MHz, Chloroform-d) § 6.73 (s, 1H), 5.71 (d, J= 7.2 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 4.04 (d, J =
8.8 Hz, 1H), 3.90 (dt, J = 11.4, 8.8 Hz, 1H), 3.29 (p, J= 5.6 Hz, 1H), 2.98 —2.87 (m, 1H), 2.53 (dd,
J=17.3, 4.6 Hz, 1H), 2.27 (s, 6H), 2.24-2.21 (m, 1H), 2.00 (s, 3H), 1.48 (dt, J= 13.0, 7.1 Hz, 4H),
1.27 (t,J= 7.1 Hz, 3H), 0.86 (dt, J= 14.9, 7.4 Hz, 6H). 3C NMR{*H} (101 MHz, CDCls) 5 (ppm):
170.6, 166.7, 138.2, 129.5, 82.1, 77.8, 60.9, 60.8, 53.4, 40.2, 26.1, 25.6, 23.9, 21.8, 14.3, 9.7, 9.2.

0 Ethyl 4-(dimethylamino)benzoate (2e) (4 [CAS:10287-53-3]
o Purified by extraction with ethyl acetate, drying over Na,SO., and
concentration under reduced pressure. Colorless oil, 0.2 mmol scale,
'i‘ yield: 34 mg, 95%, Rs = 0.30 (PE/EtOAc = 10:1, v/v). *H NMR (400
MHz, CDCl3) & (ppm): 7.91 (d, J = 8.8 Hz, 2H), 6.64 (d, J = 8.8 Hz,
2H), 4.32 (q, J = 7.1 Hz, 2H), 3.03 (s, 6H), 1.36 (t, J = 7.1 Hz, 3H). *C NMR{*H} (101 MHz,
CDCls) 8 (ppm): 167.1, 153.3, 131.3, 117.4, 110.8, 60.2, 40.2, 14.6.

N
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2-(Diethylamino)ethyl-4-(dimethylamino)benzoate (2f) [

and concentration under reduced pressure. White oil, 0.2 mmol

2 g
A~ N [CAS:10367-92-7]
0 Purified by extraction with ethyl acetate, drying over Na;SOg,
o

scale, yield: 52 mg, 98%, Rs = 0.45 (DCM/MeOH = 15:1, v/v).

IH NMR (400 MHz, CDCls)  (ppm): 7.96 — 7.87 (m, 2H), 6.70 — 6.60 (m, 2H), 4.36 (t, J = 6.3 Hz,
2H), 3.04 (s, 6H), 2.86 (t, J = 6.3 Hz, 2H), 2.65 (q, J = 7.1 Hz, 4H), 1.09 (t, J = 7.1 Hz, 6H). °C
NMR{'H} (101 MHz, CDCls) & (ppm): 167.1, 153.4, 131.4, 117.2, 110.8, 62.7, 51.2, 47.9, 40.1,

12.2.

4-(Dimethylamino)-N-(4,6-dimethylpyrimidin-2-yl)benzenesulfonamide (2g)

Purified by extraction with ethyl acetate, drying over Na,SO4, and
concentration under reduced pressure. White soild, m.p. 189-190 <TC,
0.2 mmol scale, yield: 54.5 mg, 89%, Rf = 0.6 (DCM/MeOH = 15:1,
v/v). 'H NMR (400 MHz, Chloroform-d) & 9.44 (s, 1H), 7.97 (d, J =
8.8 Hz, 2H), 6.68 — 6.56 (m, 3H), 3.03 (s, 6H), 2.39 (s, 6H). *3C

NMR{*H} (101 MHz, Chloroform-d) & 168.2, 156.6, 153.1, 130.8, 124.6, 114.7, 110.1, 40.1, 23.7.
HRMS (ESI): m/z calcd for : C14H19N4O2S* [M+H]*: 307.1223, found: 307.1228.

4-(Dimethylamino)-/V-(6-methoxypyridazin-3-
yl)benzenesulfonamide (2h)

_~ Purified by extraction with ethyl acetate, drying over Na>SOg,
and concentration under reduced pressure. Green solid, m.p.
175-176 <C, 0.2 mmol scale, yield: 60.4 mg, 98%. Rf = 0.5

(DCM/MeOH = 15:1, v/v).'H NMR (400 MHz, DMSO-ds) 6 12.04 (s, 1H), 7.62 (d, J = 7.9 Hz, 3H),
7.25 (d, J = 9.1 Hz, 1H), 6.71 (d, J = 7.6 Hz, 2H), 3.85 (s, 3H), 2.95 (s, 6H). 3C NMR{*H} (101
MHz, DMSO-de) 6 152.8, 152.6, 128.6, 127.3,127.2,125.1, 125.0, 111.2, 54.8, 40.1. HRMS (ESI):
m/z calcd for : C13H17N4O3sS* [M+H]*: 309.1016, found: 309.1017.

H
O\\S,N /N\
ISR~
O -
o

4-(Dimethylamino)-/N-(5-methylisoxazol-3-
yl)benzenesulfonamide (2i) %1 [CAS: 2543698-83-3]

Purified by extraction with ethyl acetate, drying over Na,SOa, and
concentration under reduced pressure. White solid, m.p. 205-207 <C,
0.2 mmol scale, yield: 54.5 mg, 97%, Rs = 0.6 (DCM/MeOH = 15:1,
v/v).'H NMR (400 MHz, DMSO-ds) & 11.00 (s, 1H), 7.61 (d, J=9.0

Hz, 2H), 6.75 (d, J = 9.1 Hz, 2H), 6.11 (s, 1H), 2.98 (s, 6H), 2.28 (s, 3H). 3C NMR{ H} (101 MHz,
DMSO-de) & 175.1, 163.2, 158.0, 133.6, 129.5, 116.0, 100.5, 44.8, 17.2.

o 0O

\//

4,4'-Sulfonylbis(N,N-dimethylaniline) (2j) “1 [CAS: 33871-62-

S 4]
~ /©/ \©\ _Purified by extraction with ethyl acetate, drying over NazSO4,and
N N

concentration under reduced pressure. White solid, m.p. 257-
259 <C, 0.2 mmol scale, yield: 57.8 mg, 97%, Rs = 0.5 (PE/EtOAc
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= 2:1, viv). H NMR (400 MHz, DMSO-d) 5 7.60 (d, J = 8.5 Hz, 4H), 6.73 (d, J = 8.7 Hz, 4H),
2.96 (5, 12H). 3C NMR{'H} (101 MHz, DMSO-ds) § 152.9, 128.7, 128.6, 111.6, 40.1.

1-Cyclopropyl-6-fluoro-7-(4-methylpiperazin-1-yl)-4-oxo-

FmCOOH 1,2,3,4-tetrahydroquinoline-3-carboxylic acid (2k) [
| [CAS:86483-46-7]
(\ N N Purified by extraction with ethyl acetate, drying over NaxSOg,
/N\) A and concentration under reduced pressure. Yellow solid, m.p.
241-243 °C, 0.2 mmol scale, yield: 61 mg, 88%, Ry = 0.50
(DCM/MeOH/HCOOH=5:1:1, v/v). '"H NMR (400 MHz, Chloroform-d) 8 (ppm): 8.76 (s, 1H), 7.99
(d,/=13.1Hz, 1H), 7.37 (d,J=7.1 Hz, 1H), 3.57 (tt, J= 7.4, 4.0 Hz, 1H), 3.38 (t, /= 4.8 Hz, 4H),
2.67 (t, J = 4.8 Hz, 4H), 2.41 (s, 3H), 1.40 (t, J = 6.7 Hz, 2H), 1.22 (dd, J = 6.2, 3.9 Hz, 2H). 13C
NMR {'H} (101 MHz, CDCl;3) & (ppm): 176.9, 166.9, 153.6 (d, J = 251.5 Hz), 147.3, 145.8 (d, J=

10.3 Hz), 139.1, 119.5 (d, J = 7.6 Hz), 112.1 (d, J = 23.4 Hz), 107.9, 104.8 (d, J = 3.2 Hz), 54.7,
49.7 (d, J = 5.1 Hz), 49.6, 46.1, 35.3, 8.2. '°F NMR (376 MHz, Chloroform-d) & -120.7.

0 1-Cyclopropyl-6-fluoro-8-methoxy-7-((4aS,7aS)-1-
F COOH methyloctahydro-6H-pyrrolo[3,4-b]pyridin-6-yl)-4-oxo-
1,4-dihydroquinoline-3-carboxylic acid (2I) 3 [CAS:

N N N 721970-37-2]
A0 A Purified by extraction with ethyl acetate, drying over Na;SOa,
H

and concentration under reduced pressure. Yellow solid, m.p.
137-139 °C, 0.2 mmol scale, yield: 79 mg, 95%, Ry= 0.50 (DCM/MeOH/HCOOH=5:1:1, v/»). 'H
NMR (400 MHz, Chloroform-d) & 8.69 (s, 1H), 7.66 (d, J=13.9 Hz, 1H), 3.98 (tt, J= 7.6, 4.0 Hz,
1H), 3.85 (t, J=9.5 Hz, 1H), 3.70 (q, J = 11.2 Hz, 2H), 3.53 (s, 3H), 3.41 (d, J = 8.6 Hz, 1H), 2.80
—2.65 (m, 2H), 2.38 (m, 1H), 2.22 (s, 3H), 2.13 (t, /= 10.0 Hz, 1H), 1.82 (d, /= 12.1 Hz, 1H), 1.67
(s, 2H), 1.56 (d, J = 9.8 Hz, 1H), 1.20 (s, 1H), 1.13 — 0.95 (m, 2H), 0.86 (s, 1H). '3C NMR {'H}
(101 MHz, CDCIl3) & (ppm): 176.6, 167.2, 153.6 (d, J = 250.8 Hz), 149.4, 140.3 (d, J = 7.4 Hz),
137.7 (d, J=10.9 Hz), 134.5, 117.7 (d, J= 8.4 Hz), 107.6, 107.4 (d, J= 3 Hz), 64.4, 61.0, 54.3 (d,
J=6.1Hz),54.2,53.2 (d,J= 6.5 Hz), 44.2, 40.6, 37.6, 23.1, 22.0, 10.1, 8.9. 'F NMR (376 MHz,
Chloroform-d) 6 -120.7.

| 1-(2-((2,4-Dimethylphenyl)thio)phenyl)-4-methylpiperazine (2m) 4
N [CAS:1293489-87-8]
[ j Purified by extraction with ethyl acetate, drying over Na,SO. and
s concentration under reduced pressure. Yellow solid, m.p. 69-71 <C, 0.2
mmol scale, yield: 62 mg, 99%, Rr = 0.50 (EtOAc). *H NMR (400 MHz,
/©i CDCl3) 6 (ppm): 7.41 (d, J =7.8 Hz, 1H), 7.17 (d, J = 1.9 Hz, 1H), 7.13 -
7.08 (m, 2H), 7.08 — 7.02 (m, 1H), 6.88 (ddd, J = 8.3, 6.0, 2.6 Hz, 1H),
6.53 (d, J = 7.2 Hz, 1H), 3.14 (s, 4H), 2.67 (s, 4H), 2.40 (s, 3H), 2.38 (s, 3H), 2.35 (s, 3H). 3C
NMR{*H} (101 MHz, CDCI3) & (ppm): 149.3, 142.6, 139.3, 136.4, 134.7, 131.7, 128.1, 127.9,
126.2,125.5, 124.4, 120.0, 55.6, 51.7, 46.3, 21.3, 20.7.
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2-(2,2-Dicyclohexylethyl)-1-methylpiperidine (2n) *°1 [CAS:81321-04-2]

Purified by extraction with ethyl acetate, drying over Na;SOs and

concentration under reduced pressure. Yellow oil, 0.2 mmol scale, yield: 57

mg, 98%, Rt = 0.3 (DCM/MeOH = 20:1, v/v). *H NMR (400 MHz, CDCls) &

(ppm): 2.84 (dtd, J =11.8, 3.7, 1.4 Hz, 1H), 2.31 (s, 3H), 2.17 — 2.04 (m, 1H),
N 1.85(tt, J=9.7, 3.0 Hz, 1H), 1.78 — 1.53 (m, 14H), 1.50 — 1.43 (m, 1H), 1.39

(dg, J = 13.9, 2.8 Hz, 1H), 1.30 — 0.95 (m, 15H). 1*C NMR{*H} (101 MHz,
CDCl3) 8 (ppm): 63.1,57.2, 45.6, 43.0, 40.7, 39.5,32.4,31.5,31.3, 31.2, 29.4, 27.3, 27.2, 27.1, 26.9,
26.8, 26.8, 25.8, 24.4.

~_0-0 (S)-2-(N-((S)-1-Ethoxy-1-ox0-4-phenylbutan-2-yl)-N-
J\fo methyl-L-alanyl)-1,2,3,4-tetrahydroisoquinoline-3-
’|“ ! ﬁ\ carboxylic acid (20) 46 [CAS:103733-45-5]

OH  Purified by extraction with ethyl acetate, drying over Na;SQg,

and concentration under reduced pressure. Yellow oil, 0.1 mmol

scale, yield: 61.3 mg, 98%, Rs = 0.3 (PE/EtOAc = 1:2, viv). 'H

NMR (400 MHz, Chloroform-d) 6 7.31 — 7.25 (m, 2H), 7.20 (d,

J=7.1Hz, 1H), 7.15 (d, J=7.3 Hz, 2H), 7.10 — 6.99 (m, 3H), 6.97 — 6.91 (m, 1H), 4.90 (d, J=15.0

Hz, 1H), 4.64 (t, J = 5.4 Hz, 1H), 4.44 (d, J = 14.9 Hz, 1H), 4.12 — 4.04 (m, 1H), 4.02 — 3.93 (m,

1H), 3.80 (q, J= 6.3 Hz, 1H), 3.39-3.33 (m, 1H), 3.08 (dd, /= 15.4, 6.1 Hz, 1H), 2.92 (dd, /= 15.3,

5.6 Hz, 1H), 2.56 (t, J = 7.9 Hz, 2H), 2.18 (s, 3H), 2.07 (dq, /= 16.2, 8.0 Hz, 1H), 1.84 (dq, J =

13.7, 8.0 Hz, 1H), 1.18 (t, J = 7.1 Hz, 3H), 1.04 (d, J = 6.3 Hz, 3H). 1*C NMR{*H} (101 MHz,

CDCls) 6 177.6, 173.5, 173.0, 141.5, 135.0, 134.0, 128.4, 128.4, 127.9, 126.9, 126.0, 125.6, 77.3
64.1, 60.4,59.4,55.8,45.2,32.7,31.9, 31.1, 14.2, 11.8.

8-Chloro-11-(1-methylpiperidin-4-ylidene)-6,11-dihydro-5H-
Cl [ N\ benzo[5,6]cyclohepta[1,2-b]pyridine (2p) 71 [CAS:38092-89-6]
= Purified by extraction with ethyl acetate, drying over Na;SOs and

N
| concentration under reduced pressure. Pink solid, m.p. 108-110 °C, 0.2
mmol scale, yield: 63.5 mg, 98%, R;= 0.3 (DCM/MeOH = 10:1, v/v).'H
NMR (400 MHz, Chloroform-d) & 8.32 (tt, J=4.6, 1.7 Hz, 1H), 7.32 (d,

—z

J=17.3Hz, 1H), 7.06 (t, J= 6.4 Hz, 3H), 6.98 (h, J=4.5 Hz, 1H), 3.42 —
3.21 (m, 2H), 2.82 — 2.57 (m, 4H), 2.52-2.44 (m, 1H), 2.46-2.26 (m, 3H), 2.18 (s, 3H), 2.03-1.96
(m, 2H). 3C NMR{'H} (101 MHz, Chloroform-d) & 157.5, 146.5, 139.5, 138.2, 137.8, 137.2, 133.3,
132.8, 132.6, 130.7, 128.9, 125.9, 122.0, 77.4, 56.8, 46.0, 31.8, 31.4, 31.0, 30.8.
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7. Procedure for N-Monomethylation of primary amines and NMR

(and HRMS) data of products

' OMe +
C2 (S/C = 20000) : B
HCO,H (2 equiv), HCHO (1 equiv) ; X -
‘_NHZ > ._N\H : | P2 H cl
EtOH-H,0 (3:5), 80 °C, 8-30 min Me . N\ \ J
o'
P™ Tl c2

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added primary
amine (0.2 mmol), ethanol (0.6 mL), HCHO (15 uL, 0.2 mmol, 1 equiv, w = 37-40%), HCO.H (15
uL, 0.4 mmol, 2 equiv) and 1 mL of the C2 catalyst solution in deionized water (0.00001 mol/L for
S/C =20000). The mixture was stirred for 8-30 min at 80 <C in a heating block. The reaction process
was monitored by TLC. After cooling to room temperature, neutralizing with saturated sodium
bicarbonate (2 mL) and extracting with ethyl acetate (2 mL > 3) and drying over Na;SOs,
concentration of the organic phase under reduced pressure followed by purification by column
chromatography on silica gel with afforded desired products.
Note: The very similar polarity of starting materials and N-monomethylated and N,N-dimethylated
products makes the use of recommended low-boiling-point green solvents (EtOH, i-PrOH, EtOAc,
i-PrOAc) unreliable in the column chromatography process, and they did not give good purification
results. Thus, for the products with low polarity, the mixture of PE and EtOAc were used. For the
products with very high polarity, the mixture of DCM and MeOH were used.
4-Methoxy-N-methylaniline (5b) 'Y [CAS: 5961-59-1]
H\ Purified by column chromatography on silica gel with petroleum ether and
/©/ ethyl acetate. Black oil, 0.2 mmol scale, yield: 19.7 mg, 72%, Ry = 0.55
~o (PE/EtOAc = 10:1, v»).'"H NMR (400 MHz, Chloroform-d) & 6.90 (dd, J =
8.7, 1.3 Hz, 2H), 6.68 — 6.63 (m, 2H), 3.83 (s, 3H), 3.55 (s, 1H), 2.85 (s, 3H). 3C NMR{'H} (101
MHz, Chloroform-d) § 152.1, 143.9, 115.0, 113.6, 55.8, 31.6.

H N-Methyl-o-methylaniline (5aj) [''] [CAS: 611-21-2]
N._ Purified by column chromatography on silica gel with petroleum ether and ethyl
©/\ acetate. Gray oil, 0.2 mmol scale, yield: 17.2 mg, 71%, Ry= 0.5 (PE/EtOAc = 5:1,
v/v). '"H NMR (400 MHz, Chloroform-d) & 7.49 (t, J= 7.6 Hz, 1H), 7.36 (s, 1H), 7.06
—6.96 (m, 1H), 6.91 (dd, J=7.7, 2.6 Hz, 1H), 3.78 (s, 1H), 3.14 (d, J= 2.6 Hz, 3H), 2.41 (s, 3H).
BC NMR{'H} (101 MHz, Chloroform-d)  147.6, 130.2, 127.5, 122.1, 117.1, 109.4, 31.0, 17.6.

2-Chloro-N-methylaniline (5ak) 431 [CAS: 932-32-1]
~ Purified by column chromatography on silica gel with petroleum ether and ethyl
acetate. Colorless oil, 0.2 mmol scale, yield: 20.5 mg, 73%, Ry= 0.5 (PE/EtOAc =
10:1, v/v)."HNMR (400 MHz, Chloroform-d) § 7.26 — 7.14 (m, 1H), 6.82 (dt, J=9.3,
4.9 Hz, 1H), 6.67 (dp, J = 4.1, 2.0 Hz, 1H), 6.58 — 6.51 (m, 1H), 3.79 (s, 1H), 2.84 (s, 3H). 13C
NMR{'H} (101 MHz, Chloroform-d) & 150.7, 135.0, 130.3, 116.9, 112.0, 110.9, 30.5.

ZT

Cl
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N-Methyl-2,4-dichloro (5h) [''l [CAS: 35113-88-3]
H\ Purified by column chromatography on silica gel with petroleum ether and
/@i ethyl acetate. Colorless oil, 0.2 mmol scale, yield: 23.8 mg, 68%, R;= 0.6
Cl Cl (PE/EtOAc = 10:1, v/v). 'H NMR (400 MHz, Chloroform-d) 8 7.27 (d, J =
2.4 Hz, 1H), 7.15 (dd, J= 8.7, 2.4 Hz, 1H), 6.57 (d, J = 8.7 Hz, 1H), 4.34 (s, 1H), 2.90 (s, 3H). 13C
NMR{'H} (101 MHz, Chloroform-d) & 143.8, 128.5, 127.8, 120.9, 119.2, 111.1, 30.4.

H N-Methyl-4-nitroaniline (5al) [''I [CAS: 100-15-2]
N Purified by column chromatography on silica gel with petroleum ether and
/©/ ethyl acetate. Yellow solid, m.p. 147-149 °C, 0.2 mmol scale, yield:17.94 mg,
O,N 59%, Ry= 0.5 (PE/EtOAc = 5:1, v/v).'"H NMR (400 MHz, Chloroform-d) &
8.22 — 8.01 (m, 2H), 6.62 — 6.49 (m, 2H), 4.65 (s, 1H), 2.96 (d, J= 5.0 Hz,
3H). BC NMR{'H} (101 MHz, Chloroform-d) 8 154.2, 137.9, 126.4, 110.7, 30.2.

FiC H N-Methyl-3,5-bis(trifluoromethyl)aniline (5am) [!31 [CAS: 42450-72-6]
™ Purified by column chromatography on silica gel with petroleum ether and
\Q/ ethyl acetate. Yellow oil, 0.2 mmol scale, yield: 29.5 mg, 61%, Ry = 0.5
CF, (PE/EtOAc = 10:1, v/v). 'TH NMR (400 MHz, Chloroform-d) & 7.17 (s, 1H),
6.95 (s, 2H), 4.19 (s, 1H), 2.93 (s, 3H). 3C NMR {'H} (101 MHz, Chloroform-
d)$149.7,132.3 (q, J = 32.7 Hz), 123.6 (q, J = 273.6 Hz), 111.4 (2C), 109.9, 30.3.

N-Methylbenzylamine (5an) ['3] [CAS: 103-67-3]
©\/H\ Purified by column chromatography on silica gel with petroleum ether and ethyl
acetate. Colorless oil, 0.2 mmol scale, yield: 14.2 mg, 59%, Ry= 0.6 (PE/EtOAc =
10:1, v/v)."H NMR (400 MHz, Chloroform-d) § 7.38 — 7.31 (m, 4H), 7.26 (ddt, J=8.5, 6.5, 3.2 Hz, 1H),

3.75 (d, J= 1.8 Hz, 2H), 2.46 (d, J = 2.4 Hz, 3H), 1.48 (s, 1H). 13C NMR{'H} (101 MHz, Chloroform-
d) 5 140.3, 128.4, 128.2, 126.9, 56.1, 36.1.

H N-Methylpentylamine (5a0) 41 [CAS: 25419-06-1]
_N__~_~~_ Purified by column chromatography on silica gel with petroleum ether and
ethyl acetate. Colorless oil, 0.2 mmol scale, yield: 11.5 mg, 57%, Ry = 0.45
(DCM/MeOH = 15:1, v/»)."H NMR (400 MHz, Chloroform-d) § 2.25 (ddt,J=9.4,7.2, 2.7 Hz, 2H),
2.13 (td, J= 6.8, 5.5, 3.8 Hz, 3H), 1.31 — 1.11 (m, 3H), 1.11 — 0.89 (m, 4H), 0.60 (qt, J = 7.1, 2.7
Hz, 3H). *C NMR {'H} (101 MHz, Chloroform-d) & 51.9, 36.1, 29.3, 29.2, 22.3, 13.6.

SN NN

H
N-Methyldodecylamine (5ap) % [CAS: 7311-30-0]
Purified by column chromatography on silica gel with petroleum ether and ethyl acetate. Colorless
oil, 0.2 mmol scale, yield: 20.71 mg, 52%, R;= 0.3 (DCM/MeOH = 15:1, v/).'"H NMR (400 MHz,
Chloroform-d) 8 2.46 (td, J= 7.2, 2.6 Hz, 2H), 2.33 (s, 3H), 1.37 (qt, /= 7.4, 3.2 Hz, 2H), 1.28 —
1.05 (m, 19H), 0.78 (td, J= 6.7, 2.6 Hz, 3H). '*C NMR {'H} (101 MHz, Chloroform-d) & 52.2, 36.4,
31.8,29.9,29.6,29.5,29.3,27.3,22.6, 13.9.
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3-(4-(Methylamino)-1-oxoisoindolin-2-yl)piperidine-2,6-dione
0 NH  (7b) B [CAS: 2197421-58-0]

HN Purified by column chromatography on silica gel with
o N dichloromethane and methanol. White solid, m.p. 267-268 °C, 0.2
mmol scale, yield: 32.2 mg, 59%, Ry=0.45 (DCM/MeOH = 15:1, v/v).
'"H NMR (400 MHz, DMSO-ds) 6 11.01 (s, 1H), 7.32 (t,J = 7.7 Hz,
1H), 6.96 (d, J= 7.3 Hz, 1H), 6.71 (d, J= 8.0 Hz, 1H), 5.79 — 5.64 (m, 1H), 5.12 (dd, J=13.2, 5.1
Hz, 1H),4.23 (d,J=17.1 Hz, 1H), 4.13 (d, J=17.1 Hz, 1H), 2.93 (ddd, J= 18.3, 13.6, 6.0 Hz, 1H),
2.79 (d,J=4.9 Hz, 3H), 2.63 (d, J=16.5 Hz, 1H), 2.31 (qd, J=13.2, 4.3 Hz, 1H), 2.10 — 1.97 (m,
1H). ®*C NMR {'H} (101 MHz, DMSO-d) 6 173.4, 171.7, 169.4, 145.1, 132.4, 129.8, 126.9, 111.8,
110.4,52.0, 46.1,31.7, 30.1, 23.3

0]

Ethyl 4-(methylamino)benzoate (7¢) 133 [CAS: 10541-82-9]
~Purified by column chromatography on silica gel with petroleum ether and
/©/ ethyl acetate. Yellow solid, m.p. 52-53 °C, 0.2 mmol scale, yield: 26.5 mg,
EtO,C 74%, R;= 0.4 (PE/EtOAc = 5:1, v/v). '"H NMR (400 MHz, Chloroform-d) &
7.96 — 7.82 (m, 2H), 6.62 — 6.45 (m, 2H), 4.33 (q, /= 7.1 Hz, 3H), 2.87 (s, 3H), 1.38 (t, /= 7.1 Hz,
3H). 3C NMR{'H} (101 MHz, Chloroform-d) 6 167.0, 152.9, 131.4, 118.4, 111.0, 60.2, 30.1, 14.5.

H
N

o ( 2-(Diethylamino)ethyl 4-(methylamino)benzoate (7f) 521 [CAS:

~ N 16488-52-1]
O Purified by column chromatography on silica gel with petroleum
~
N

ether and ethyl acetate. Colorless oil, 0.2 mmol scale, yield: 21.1

mg, 42%, Ry= 0.3 (PE/EtOAc = 10:1, v/»). '"H NMR (400 MHz,
Chloroform-d) 6 7.89 (d, J= 8.8 Hz, 2H), 6.56 (d, /= 8.8 Hz, 2H), 4.37 (t, J= 6.3 Hz, 2H), 4.22 (s,
1H), 2.90 (s, 3H), 2.87 (t, J = 6.3 Hz, 2H), 2.67 (q, J = 7.1 Hz, 4H), 1.09 (t, /= 7.1 Hz, 6H). 13C
NMR{'H} (101 MHz, Chloroform-d) & 166.8, 152.9, 131.5, 118.3, 111.1, 62.5, 51.0, 47.7, 30.1,
12.0.

H

N-(4,6-Dimethylpyrimidin-2-yl)-4-

O\\S ,H N (methylamino)benzenesulfonamide (7g) 3 [CAS: 50520-02-0]
/©/ \\O \l\|l|/ _ Purified by column chromatography on silica gel with
SN dichloromethane and methanol. White solid, m.p. 82-83 °C, 0.2
H mmol scale, yield: 36.1 mg, 67%, Ry= 0.5 (DCM/MeOH = 15:1,
v/v)."H NMR (400 MHz, Chloroform-d) & 9.95 (s, 1H), 7.88 (d, J = 8.8 Hz, 2H), 6.59 (s, 1H), 6.50
(d, J= 8.8 Hz, 2H), 4.54 (s, 1H), 2.79 (s, 3H), 2.37 (s, 6H). *C NMR {'H} (101 MHz, Chloroform-

d) 6 168.3, 156.6, 153.0, 131.0, 125.4, 114.8, 110.5, 29.9, 23.6.

H N-(6-Methoxypyridazin-3-yl)-4-
5-N N\‘N (methylamino)benzenesulfonamide (7h) 53 [CAS: 50519-

S
) |
\N (0]

Purified by column chromatography on silica gel with
dichloromethane and methanol. Yellow oil, 0.2 mmol scale,
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yield: 32.9 mg, 56%, Ry= 0.3 (DCM/MeOH = 15:1, v/v).'"H NMR (400 MHz, Chloroform-d) & 7.72
(d, J=8.8 Hz, 2H), 7.32 (d,J=9.6 Hz, 1H), 6.97 (d, /= 9.7 Hz, 1H), 6.55 (d, J = 8.8 Hz, 2H), 3.93
(s, 3H), 2.86 (s, 3H). 3C NMR {'H} (101 MHz, Chloroform-d) § 158.6, 152.5, 151.2, 129.9, 128.5,
128.0, 124.6, 111.3, 54.8, 30.1.
4-(Methylamino)-N-(5-methylisoxazol-3-yl)benzenesulfonamide
O\\S /H _N, (7i) B3 [CAS: 204636-74-8]

/©/ \b L<O Purified by column chromatography on silica gel with
~N dichloromethane and methanol. White solid, m.p. 142-143 °C, 0.2
H mmol scale, yield: 22.9 mg, 43%, Ry=0.5 (DCM/MeOH = 15:1, v/v).
'"H NMR (400 MHz, DMSO-dc) 6 10.94 (s, 1H), 7.54 (d, J = 8.6 Hz, 2H), 6.65 (q, J = 4.9 Hz, 1H),
6.58 (d, J = 8.7 Hz, 2H), 6.10 (s, 1H), 2.71 (d, J = 4.7 Hz, 3H), 2.29 (s, 3H). 3C NMR {'H} (101

MHz, DMSO-ds) 6 170.3, 158.4, 153.8, 129.2, 124.4, 111.0, 95.7, 29.6, 12.5.

SNH  2-(2,6-Dioxopiperidin-3-yl)-4-(methylamino)isoindoline-1,3-dione

O O
HN (7q) [CAS: 2934571-12-5]
(0] N Purified by column chromatography on silica gel with
o]

dichloromethane and methanol. Green solid, m.p. 275-277 °C, 0.2

mmol scale, yield: 26.4 mg, 46%, R,=0.55 (DCM/MeOH = 15:1, v/v).
'H NMR (400 MHz, DMSO-de)  11.10 (s, 1H), 7.60 (t, J = 7.7 Hz, 1H), 7.03 (d, J = 7.7 Hz, 2H),
6.63 (s, 1H), 5.06 (dd, J=13.0, 5.5 Hz, 1H), 2.90 (s, 3H), 2.69 — 2.41 (m, 3H), 2.14 — 1.94 (m, 1H).
13C NMR (101 MHz, DMSO-ds) 6 173.3, 170.6, 169.2, 167.9, 147.5, 136.7, 132.6, 117.4, 110.7,
109.6, 49.0, 31.5, 29.7, 22.6.

8. Large-scale reactions

8. 1. Gram-scale preparation of 2a.

To a 100-mL round bottom flask charged with a magnetic stirring bar was sequentially added
Amlodipine (1a, 5 mmol, 2.041 g), ethanol (5 mL), HCHO (1.5 mL, 20 mmol, w = 37-40%),
HCO2H (0.75 mL, 20 mmol), C2 (0.28 mg, S/C = 10000) and H20 (25 mL). The mixture was stirred
for 30 min at 80 <C in the oil bath. The reaction process was monitored by TLC. Upon cooling the
system to room temperature, part of ethanol was removed under reduced pressure. The resulting
mixture was neutralized with saturated sodium bicarbonate (10 mL) and extracted with ethyl acetate
(25 mL x 3). The organic phase was dried over NaSO4 and concentrated under reduced pressure,
yielding 2a as a yellow solid (2.16 g, 99%).
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C2 (S/C = 10000)

o &l HCHO (4 equiv), HCO,H (4 equiv) |
- >
O ] o™ EtOH (5 mL)-H,0 (25 mL)
H O\/\NHZ 80°C, 30 min

1a, 5 mmol, 2.041 g

2a, 2.165 g, 99%

Scheme S6. Gram-scale preparation of 2a.

8. 2. Decagram-scale preparation of 4ab.

To a 250-mL round bottom flask charged with a magnetic stirring bar was sequentially added L-
tyrosine (3ab, 56 mmol, 10.14 g), H20 (50 mL), HCHO (16.8 mL, 224 mmol, w = 37-40%), HCO,H
(8.4 mL, 224 mmol) and C2 (3.19 mg, S/C = 10000). The mixture was stirred for 30 min at 80 C
in the oil bath. The reaction process was monitored by TLC. After the reaction was completed, the
water was removed under reduced pressure at 60 <C. The solid mixture was washed with ethanol (3
15 mL) and then dried to obtain 4ab (white solid, 11.013 g, yield 96%)

0 0

C2 (S/C =10000)
OH HCO,H (4 equiv), HCHO (4equiv)‘ /O/\‘)‘\OH
. NH, H,0, 80 °C, 30 min HO NS

3ab, 56 mmol, 10.130g 4ab, 11.013g, 96 %

Scheme S7. Decagram-scale preparation of 4ab.

8. 3. Decagram-scale preparation of 4w.

To a 100-mL round bottom flask charged with a magnetic stirring bar was sequentially added
oleylamine (3w, 35 mmol, 10.40 g), ethanol (10 mL), HCHO (10.5 mL, 140 mmol, w = 37-40%),
H20 (20 mL), HCO2H (5.25 mL, 140 mmol) and C2 (1.96 mg, S/C = 10000). The mixture was
stirred for 30 min at 80 <C in the oil bath. The reaction process was monitored by TLC. Upon cooling

the system to room temperature, ethanol was removed under reduced pressure. The resulting mixture
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was neutralized with saturated sodium bicarbonate (10 mL) and extracted with ethyl acetate (25 mL
x 3). The organic phase was dried over Na,SO4 and concentrated under reduced pressure, yielding
4w as a yellow oil (11.62 g, 99%).

/\/W\:/\/\/\/\/NHZ
3w, 35 mmol, 10.402g
C2 (S/C =10000)

HCO,H (4 equiv), HCHO (4 equiv)
EtOH-H,0 (3:5), 80 °C, 30 min

4w, 11.620g, 99 %

Scheme S8. Decagram-scale preparation of 4w.

9. Deuteration labelling and calculation of deuterium incorporation

CH,D

&_NHZ C2 (S/C = 10000) ’_N\CHD
2

or DCO,D (4 equiv), HCHO (4equiv)
’—NH EtOH-H,0 (3:5), 80 °C, 30 min B '(iN,CHzD
* e
1a-1p 2a-2p

Scheme S9. Deuteration experiment of 1a-1p.
To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added drug
molecules (1a-1p, 0.1 mmol), EtOH (0.3 mL), HCHO (30 puL, 0.4 mmol, 4 equiv, dissolved in H20,
wit% = 37-40%), DCO2D (15 pL, 0.4 mmol, 4 equiv), and 0.5 mL of catalyst solution (0.00002
mol/L for S/C = 10000, C2 dissolved in deionized water). The mixture was stirred for 30 min at

80 T in a heating block. After cooling to room temperature, neutralizing with saturated sodium
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bicarbonate (2 mL) and extracting with ethyl acetate (2 mL x3), the organic solvent was evaporated
under reduced pressure. The product was submitted to *H NMR and HRMS determination.

CHD,
‘ —NH; C2 (S/C = 10000) ‘ _N\CHD
or HCO,H (4 equiv), DCDO (3 equLv) o 2
‘ —NH EtOH-H,0 (3:5), 80 °C, 30 min _N,CHDz
° @
1a-1p 2a-2p

Scheme S10. Deuteration experiment of 1a-1p.

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added drug
molecules (1a-1p, 0.1 mmol), EtOH (0.3 mL), DCDO (30 uL, 0.3 mmol, 3 equiv, dissolved in D20,
wit% = 30%), HCO2H (15 pL, 0.4 mmol, 4 equiv), and 1 mL of catalyst solution (0.00002 mol/L for
S/C = 10000, C2 dissolved in deionized water). The mixture was stirred for 30 min at 80 T in a
heating block. After cooling to room temperature, neutralizing with saturated sodium bicarbonate
(2 mL) and extracting with ethyl acetate (2 mL x 3), the organic solvent was evaporated under
reduced pressure. The product was submitted to *H NMR and HRMS determination.

3-Mthyl 5-methyl 2-((2-(bis(methyl-
d)amino)ethoxy)methyl)-4-(2-chlorophenyl)-6-methyl-

e} 0 1,4-dihydropyridine-3,5-dicarboxylate (2a-d>)
~o o Purified by extraction with ethyl acetate, drying over
| | o CH-D NazSO4 and concentration under reduced pressure. Yellow
\/\N/ 2

\ solid, m.p. 97-99 °C, 0.2 mmol scale, yield: 42.9 mg, 99%,
CHD  R;=04 (DCM/McOH = 10:1, v4). '"H NMR (400 MHz,
Chloroform-d) & 8.38 (s, 1H), 7.38 (d, J= 7.7 Hz, 1H), 7.22 (d, J= 7.9 Hz, 1H), 7.12 (t, J = 7.5 Hz,
1H), 7.03 (t, J = 7.6 Hz, 1H), 5.40 (s, 1H), 4.79 (d, J = 17.0 Hz, 1H), 4.70 (d, J = 16.9 Hz, 1H),
4.07-4.00 (m, 2H), 3.69 — 3.55 (m, 5H), 2.62 — 2.47 (m, 2H), 2.33 (s, 3H), 2.30 (s, 4H), 1.22 — 1.13
(m, 3H).3C NMR{'H} (101 MHz, Chloroform-d) & 168.1, 167.3, 146.7, 145.9, 144.7, 132.4, 131.6,
129.2, 127.2,126.7, 103.5, 100.9, 69.3, 68.3, 59.6, 58.9, 50.7, 45.3 (1, J = 20.5 Hz), 37.5, 18.9, 14.3.
HRMS (ESI) m/z: [M + H]" calcd for C2HasD2CIN2Os™, 439.1963; found, 439.1961.

DH,C. N .CH5D 3-(4-(Bis(methyl-d)amino)-1-oxoisoindolin-2-yl)piperidine-

O 2,6-dione (2b-ds)
O=|-|<\I_J§7N Purified by extraction with ethyl acetate, drying over Na;SO4 and
concentration under reduced pressure. White solid, m.p. 251-
0] 252 °C, 0.2 mmol scale, yield: 46.2 mg, 80%, Ry = 0.50

(DCM/MeOH = 15:1, v/v). 'H NMR (400 MHz, DMSO-de) 5 11.00 (s, 1H), 7.37 (t,J=7.7 Hz, 1H),
7.18 (d,J=7.0 Hz, 1H), 6.96 (d, J=7.8 Hz, 1H), 5.12 (dd, J=13.3, 5.1 Hz, 1H), 4.56 (d,J=17.0
Hz, 1H), 4.42 (d, /= 17.0 Hz, 1H), 2.99 — 2.89 (m, 1H), 2.88 (s, 4H), 2.61 (d, J= 17.6 Hz, 1H),
2.57 — 2.41 (m, 1H), 2.03-1.98 (m, 1H). 3C NMR (101 MHz, DMSO-ds) & 173.4, 171.5, 168.7,
148.2, 133.6, 130.2, 129.5, 118.2, 113.8, 52.0, 48.2, 42.1 (t, /= 20.7 Hz), 31.7, 22.9. HRMS (ESI):
m/z calcd for : Ci5sHisD2N303" [M+H]": 290.1468, found: 290.1470.
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Ethyl-(4R,55)-4-acetamido-5-(bis(methyl-d)amino)-3-(pentan-3-

/\é/\ Q yloxy)cyclohex-1-ene-1-carboxylate (2d-d>)
O 0™ Ppuyrified by extraction with ethyl acetate, drying over Na,SO4, and
)LN - concentration under reduced pressure. Yellow oil, 0.2 mmol scale,
H 3 :
No : 67. , 98%, R = 0.35 (DCM/MeOH = 15:1, v/v). *H NMR
DH,C” N CH,D yield: 67.0 mg, 98%, Ry ( e vIv)

(400 MHz, Chloroform-d) & 6.70 (s, 1H), 6.06 — 5.86 (m, 1H), 4.25 —
4.10 (m, 2H), 4.02 (d, J = 7.3 Hz, 1H), 3.95 — 3.81 (m, 1H), 3.28 (p, J = 5.3 Hz, 1H), 2.95 - 2.78
(m, 1H), 2.50 (d, J = 15.2 Hz, 1H), 2.21 (s, 5H), 1.97 (d, J = 2.1 Hz, 3H), 1.46 (p, J = 7.3 Hz, 4H),
1.25 (td, J = 7.1, 1.6 Hz, 3H), 0.92 — 0.77 (m, 6H). 3C NMR (101 MHz, Chloroform-d) & 170.4,
166.6, 138.0, 129.5, 81.9, 77.3, 76.8, 60.7, 60.6, 53.3, 39.8 (t, J = 20.2 Hz), 25.9, 25.4, 23.7, 21.7,
14.2, 9.5, 9.1. HRMS (ESI): m/z calcd for : C1sH31D2N204* [M+H]*: 343.2560, found: 343.2564.

o) 1-Cyclopropyl-6-fluoro-8-methoxy-7-((4aS$,7a5)-1-
E COOH (methyl-d)octahydro-6H-pyrrolo[3,4-b]pyridin-6-
| yl)-4-0x0-1,4-dihydroquinoline-3-carboxylic acid

DH,C H
N N N (2d-d)
O A Purified by extraction with ethyl acetate, drying over
H

Na;SO4, and concentration under reduced pressure.
Yellow solid, m.p. 170-171 °C, 0.2 mmol scale, yield: 82.4 mg, 99%, Ry = 0.50
(DCM/MeOH/HCOOH=5:1:1, v/v). "H NMR (400 MHz, Chloroform-d) & 8.74 (s, 1H), 7.72 (d, J =
13.9 Hz, 1H), 4.04-3.99 (m, 1H), 3.89 (td, /= 9.7, 3.3 Hz, 1H), 3.83 — 3.67 (m, 2H), 3.57 (s, 3H),
3.46 (ddd, J=9.9, 7.5, 2.3 Hz, 1H), 2.85 — 2.67 (m, 2H), 2.46-2.38 (m, 1H), 2.24 (s, 2H), 2.22 —
2.11 (m, 1H), 1.91-1.81 (m, 1H), 1.77-1.66 (m, 2H), 1.65 — 1.54 (m, 1H), 1.24 (tt, J=9.2, 4.6 Hz,
1H), 1.19 — 1.00 (m, 2H), 0.95 — 0.83 (m, 1H). 3C NMR (101 MHz, Chloroform-d) & 176.7, 167.2,
154.8 (d, J=251.6 Hz), 149.4, 140.2 (d, /= 6.9 Hz), 137.6 (d, /= 9.8 Hz), 134.5, 117.7 (d, /= 8.6
Hz), 107.7,107.4 (d, J= 3.5 Hz), 64.4, 61.0, 54.4 (d, J= 6.1 Hz), 54.2, 53.2 (d, /= 6.5 Hz), 43.9 (t,
J=30.2Hz),40.5,37.6,23.1,22.0,10.1, 8.8. ’F NMR (376 MHz, Chloroform-d) 5 -120.68. HRMS
(ESI): m/z calcd for : CooHasDFN3O4" [M+H]™: 417.2043, found: 417.2043.

?HZD 1-(2-((2,4-dimethylphenyl)thio)phenyl)-4-(methyl-d)piperazine (2m-

N d) 54 [CAS: 2492423-51-3]
[ j Purified by extraction with ethyl acetate, drying over Na;SO. and
N concentration under reduced pressure. White solid, m.p. 71-72 °C, 0.2
S mmol scale, yield: 62 mg, 97%, R;= 0.50 (EtOAc). 'H NMR (400 MHz,
/©/\ \© Chloroform-d) & 7.42 (d, J= 7.8 Hz, 1H), 7.17 (s, 1H), 7.09 (dd, J= 6.6, 1.3
Hz, 2H), 7.07 — 7.02 (m, 1H), 6.87 (ddd, J=8.1, 6.3, 2.1 Hz, 1H), 6.55 (d, J
= 7.8 Hz, 1H), 3.15 (s, 4H), 2.66 (s, 4H), 2.38 (s, SH), 2.36 (s, 3H). 3C NMR{'H} (101 MHz,
Chloroform-d) 6 149.2, 142.4, 139.1, 136.3, 134.6, 131.7, 128.1, 127.8, 126.1, 125.5, 124.3, 119.9, 55.5,

51.7,45.9 (t, J = 20.2 Hz), 21.2, 20.7. HRMS (ESI) m/z: [M + H]" caled for C1oH4DN,S*, 314.1796;
found, 314.1801.

S33



8-Chloro-11-(1-(methyl-d)piperidin-4-ylidene)-6,11-dihydro-5H-

Cl / N benzo[5,6]cyclohepta[1,2-b]pyridine (2m-d)
N= Purified by extraction with ethyl acetate, drying over Na,SO4, and
| concentration under reduced pressure. Pink oil, 0.2 mmol scale, yield:
63.5 mg, 98%, Ry= 0.3 (DCM/MeOH = 10:1, v/v). 'H NMR (400 MHz,
",‘ Chloroform-d) 4 8.38 (dd, J=4.8, 1.5 Hz, 1H), 7.40 (d, J=7.7 Hz, 1H),
CH,D 7.16 — 7.09 (m, 3H), 7.05 (ddd, J = 7.5, 4.8, 1.4 Hz, 1H), 3.46 — 3.28
(m, 2H), 2.88 — 2.74 (m, 2H), 2.73-2.65 (m, 2H), 2.53 (ddd, J=14.3, 10.2, 4.4 Hz, 1H), 2.45 - 2.30
(m, 3H),2.22 (s, 2H), 2.09-2.01 (m, 2H). 3C NMR (101 MHz, Chloroform-d) & 157.6, 146.6, 139.5,
138.3, 137.9, 137.2, 133.4, 132.8, 132.6, 130.8, 128.9, 126.0, 122.1, 77.3, 56.9, 46.0, 45.8 (t, J =
20.1 Hz), 31.8, 31.4, 31.0, 30.8. HRMS (ESI): m/z calcd for : CooH2iDCIN,* [M+H]": 326.1529,

found: 326.1534.

3-Ethyl 5-methyl 2-((2-(bis(methyl-
d;)amino)ethoxy)methyl)-4-(2-chlorophenyl)-6-

0 8' methyl-1,4-dihydropyridine-3,5-dicarboxylate (2a-dy)
~o 0~ Purified by extraction with ethyl acetate, drying over
| | o CHD Na»SOs,and concentration under reduced pressure. Yellow
\/\Nz 2

| solid, m.p. 92-93 °C, 0.2 mmol scale, yield: 87.1 mg, 99%,
CHD; R;= 0.4 (DCM/MeOH = 10:1, v/v). '"H NMR (400 MHz,
Chloroform-d) 6 8.39 (s, 1H), 7.38 (dd, /= 7.8, 1.7 Hz, 1H), 7.23 (dd, J="7.9, 1.3 Hz, 1H), 7.12 (td,
J=1.5,14Hz, 1H), 7.03 (td, J= 7.6, 1.7 Hz, 1H), 5.40 (s, 1H), 4.89 —4.62 (m, 2H), 4.04 (qd, J =
7.1, 2.7 Hz, 2H), 3.71 — 3.51 (m, 5H), 2.62 — 2.46 (m, 2H), 2.33 (s, 3H), 2.27 (s, 2H), 1.18 (t, J =
7.1 Hz, 3H). '*C NMR (101 MHz, Chloroform-d) & 168.2, 167.3, 146.7, 145.9, 144.7, 132.4, 131.6,
129.2,127.2,126.7, 103.5, 100.9, 69.3, 68.3, 59.6, 58.9, 50.7, 44.9 (quint, J=21.0 Hz), 37.5, 18.9,
14.3. HRMS (ESI): m/z calcd for : C2oH5sD4CIN,Os™ [M+H]": 441.2089, found: 441.2086.

D,HC. .CHD, 3-(4-(Bis(methyl-dz)amino)-1-oxoisoindolin-2-yl)piperidine-
N

O 2,6-dione (2b-dy)
OIHQN_J§7N Purified by extraction with ethyl acetate, drying over Na;SO4 and
concentration under reduced pressure. White solid, m.p. 250-
o]

251 °C, 0.2 mmol scale, yield: 46.2 mg, 79%, Ry = 0.50
(DCM/MeOH = 15:1, v/v). 'H NMR (400 MHz, DMSO-de) 6 10.99 (s, 1H), 7.37 (t, J=7.7 Hz, 1H),
7.21 —7.14 (m, 1H), 6.96 (d, J= 7.8 Hz, 1H), 5.12 (dd, J=13.3, 5.1 Hz, 1H), 4.56 (d, /= 17.0 Hz,
1H), 4.42 (d, J=17.0 Hz, 1H), 2.99 — 2.87 (m, 1H), 2.86 (s, 2H), 2.61 (d, J=17.8 Hz, 1H), 2.55 —
2.42 (m, 1H), 2.04-1.97 (m, 1H). 3C NMR (101 MHz, DMSO-ds) & 173.4, 171.5, 168.7, 148.2,
133.7, 130.1, 129.5, 118.1, 113.8, 52.0, 48.2, 41,7 (quint, J = 20.8 Hz), 31.7, 22.9. HRMS (ESI):
m/z calcd for : CisH14DsN303* [M+H]": 292.1594, found: 292.1600.

/\/\ 0 Ethyl (4R,55)-4-acetamido-5-(bis(methyl-d>)amino)-3-(pentan-3-
o 0o N yloxy)cyclohex-1-ene-1-carboxylate (2d-dy) [CAS: 2230279-52-2]
)L Purified by extraction with ethyl acetate, drying over Na,SO4, and
” H concentration under reduced pressure. Yellow oil, 0.2 mmol scale,

D,HC” “CHD, yield: 66.8 mg, 97%, R = 0.35 (DCM/MeOH = 15:1, v/v). 'H NMR
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(400 MHz, Chloroform-d) 6 6.70 (s, 1H), 6.08 —5.83 (m, 1H), 4.24 — 4.10 (m, 2H), 4.02 (d, J = 8.3
Hz, 1H), 3.89 (g, J = 9.5, 9.0 Hz, 1H), 3.40 — 3.19 (m, 1H), 2.89-2.81 (m, 1H), 2.49 (d, J = 17.3 Hz,
1H), 2.19 (s, 3H), 1.97 (d, J = 3.8 Hz, 3H), 1.46 (m, 4H), 1.28-1.23 (m, 3H), 0.88-0.80 (m, 6H). *C
NMR (101 MHz, Chloroform-d) 8 170.4, 166.6, 138.0, 129.5, 81.9, 77.7, 60.7, 60.6, 53.3, 39.4
(quint, J = 18.8 Hz), 25.9, 25.4, 23.7, 21.7, 14.2, 9.5, 9.1. HRMS (ESI): m/z calcd for :
C1gH29D4aN204* [M+H]*: 345.2686, found: 345.2690.
o 1-Cyclopropyl-6-fluoro-8-methoxy-7-((4aS$,7aS)-1-
F COOH (methyl-d;)octahydro-6H-pyrrolo[3,4-b]pyridin-6-
| yl)-4-0x0-1,4-dihydroquinoline-3-carboxylic acid

D,HC H
N N N 21-d2)
_O A Purified by extraction with ethyl acetate, drying over
H

Na;SO4, and concentration under reduced pressure.
Yellow solid, m.p. 168-169 °C, 0.2 mmol scale, yield: 81.2 mg, 97%, Ry = 0.50
(DCM/MeOH/HCOOH=5:1:1, v/). '"H NMR (400 MHz, Chloroform-d) & 8.73 (s, 1H), 7.71 (d, J =
13.9 Hz, 1H), 4.01 (s, 1H), 3.87 (d, /= 10.1 Hz, 1H), 3.83 — 3.65 (m, 2H), 3.57 (s, 3H), 3.45 (t, /=
8.9 Hz, 1H), 2.86 — 2.64 (m, 2H), 2.41 (s, 1H), 2.21-2.13 (m, 2H), 1.84 (t, /= 11.4 Hz, 1H), 1.70-
1.58 (m, 3H), 1.24 (s, 1H), 1.18 — 0.99 (m, 2H), 0.89 (s, 1H). 3*C NMR (101 MHz, Chloroform-d)
8 176.6, 167.2, 153.5 (d, J = 251.6 Hz), 149.4, 140.3 (d, J= 7.2 Hz), 137.6 (d, /= 9.9 Hz), 134.5,
117.7 (d, J= 8.8 Hz), 107.7, 107.4 (d, J = 3.4 Hz), 64.4, 61.0, 54.4 (d, J= 5.8 Hz), 54.2,53.2 (d, J
= 6.6 Hz), 43.6 (quint, J = 12.4 Hz), 40.5, 37.6, 23.1, 22.0, 10.1, 8.9. ’F NMR (377 MHz,
Chloroform-d) 6 -120.68. HRMS (ESI): m/z caled for : C22H2sD2FN3O4" [M+H]™: 418.2106, found:
418.2106.

CHD, 1-(2-((2,4-Dimethylphenyl)thio)phenyl)-4-(methyl-d;)piperazine

l{l 2m-d,)
[ j Purified by extraction with ethyl acetate, drying over Na;SOa and
N concentration under reduced pressure. Yellow solid, m.p. 73-74 °C, 0.2
S mmol scale, yield: 62.2 mg, 99%, Ry= 0.5 (DCM/MeOH = 10:1, v/»). 'H
/@( NMR (400 MHz, Chloroform-d) & 7.42 (d, J= 7.8 Hz, 1H), 7.17 (s, 1H),
7.14 —7.01 (m, 3H), 6.88 (ddd, /= 8.3, 6.2, 2.5 Hz, 1H), 6.54 (d, J="7.4
Hz, 1H), 3.15 (s, 4H), 2.67 (s, 4H), 2.38 (s, 3H), 2.36 (d, J = 3.8 Hz, 4H). '*C NMR (101 MHz,
Chloroform-d) & 149.2, 142.5, 139.2, 136.3, 134.6, 131.7, 128.1, 127.8, 126.1, 125.4, 124.3, 119.9,
55.5,51.6,45.6 (quint, J=20.8 Hz), 21.2, 20.6. HRMS (ESI): m/z calcd for : C19H23D2N>S* [M+H]":

315.1858, found: 315.1860.

8-Chloro-11-(1-(methyl-d;)piperidin-4-ylidene)-6,11-dihydro-5SH-

Cl / N benzo[5,6]cyclohepta[l,2-b]pyridine (2p-d-)
= Purified by extraction with ethyl acetate, drying over Na;SOs and
concentration under reduced pressure. Pink oil, 0.2 mmol scale, yield:
63.9 mg, 99%, Ry= 0.3 (DCM/MeOH = 10:1, v/v). '"H NMR (400 MHz,
l\ll Chloroform-d) & 8.42 — 8.33 (m, 1H), 7.39 (d, /= 7.3 Hz, 1H), 7.14 —
CHD; 7.07 (m, 3H), 7.07 — 7.01 (m, 1H), 3.46 — 3.27 (m, 2H), 2.84-2.74 (m,
2H), 2.73 — 2.63 (m, 2H), 2.56-2.49 (m, 1H), 2.45 — 2.29 (m, 3H), 2.19 (s, 1H), 2.08-2.01 (m, 2H).
BCNMR (101 MHz, Chloroform-d) 8 157.6, 146.6, 139.5, 138.3, 137.9, 137.2, 133.3, 132.8, 132.6,
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130.8, 128.9, 126.0, 122.1,77.4,56.9, 45.7 (quint, J=22.2 Hz), 31.8, 31.4, 31.0, 30.8. HRMS (ESI):
m/z calcd for : CooH20D2CIN,* [M+H]™: 327.1592, found: 327.1596.

Table S2. Determining the deuterium incorporation ratio ([D]) of 2a-d> by HRMS analysis.

20240724-2YJ-POS 167 (0.659)
1004

961

994

1: TOF MS ES+
1.08e5

441.1953

Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance | Abundance Enrichment
(%) (%) (%) Relative (%)
2a [M+H] 100% 1641 1641 15
[M+H]+2 32% 108000 525
2a-d; [M’>+H] 100% (in sum) 107475 98.5
[D] = 107475/( 107475 + 1641) = 98.5%

Table S3. Determining the deuterium incorporation ratio ([D]) of 2b-d> by HRMS analysis.

20240924-WEIYUN-pos-1 213 (0.835) 1: TOF MS ES+
100+ 290.1470 8.96e4
] o DHZC.. -CHzD
o] HN
o\i O?&j*N/»:@
: 0o 291.1501
0 T T T T T T m/z
288 289 290 291 292 293
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance Abundance Enrichment
(%) (%) (%) Relative (%)
2b [M+H] 100% 101 101 0.1
[M+H]+2 1.2% 94490 1.2
2b-d, [M’+H] 100% (in sum) 94488.8 99.9
[D] = 94488.8/(94488.8 + 101) = 99.9%
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Table S4. Determining the deuterium incorporation ratio ([D]) of 2d-d> by HRMS analysis.

20240920-ZYJ-POS-2 160 (0.634) 1: TOF MS ES+
100+ 343.2564 2.91e5
1 /\(\ o
o O:(j)ko/\
g A N
] DHZC’N\CHZD
344.2594
] 342.2502 r345-2659
O T T T T T T T T T T T T T T \‘ T T T T T T T T T T T T T T T m/Z
332 334 336 338 340 342 344 346 348 350 352 354 356 358 360
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance Abundance Enrichment
(%) (%) (%) Relative (%)
2d [M+H] 100% 45 45 0.1
[M+H]+2 1.8% 169100 0.81
2d-d; [M’+H] 100% (in sum) 169099 99.9

[D] = 169099/(169099 + 45) = 97.4%

Table S5. Determining the deuterium incorporation ratio ([D]) of 21-d by HRMS analysis.

20240920-ZYJ-POS-2 205 (0.806) 1: TOF MS ES+
100+ 417.2043 2.56e5
1 0o
FjQ\)‘j/cozH
DH,C_ H |
eI
<:€7 /O
1 H 418.2082
] 416.1981 ?17_2609 419'\2118 420.2173
0 T T T T T T T T T T m/z
41 414 415 416 417 418 419 420 421 422 423
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance Abundance Enrichment
(%) (%) (%) Relative (%)
21 [M+H] 100% 3976 3976 1.6
[M+H]+1 23.8% 255700 946
21-d [M’+H] 100% (in sum) 254754 98.4

[D] = 254754/(254754 + 3976) = 98.4%
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Table S6. Determining the deuterium incorporation ratio ([D]) of 2m-d by HRMS analysis.

20240724-2YJ-POS 32 (0.143)
1004

9%

CHD

)
Joqe

314.1801

314.2285
‘

315.1833

316.1801

1: TOF MS ES+
2.46e5

T
312

T
313

T
314

T
315

T
316

T— miz
317

Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance | Abundance Enrichment
(%) (%) (%) Relative (%)
2m [M+H] 100% 1797 1797 0.7
[M+H]+1 20.5% 246400 368
2m-d [M’>+H] 100% (in sum) 246032 99.3

[D] = 246032/(246032 + 1797) = 99.3%

Table S7. Determining the deuterium incorporation ratio ([D]) of 2p-d by HRMS analysis.

20240920-ZYJ-POS-2 232 (0.914) 1: TOF MS ES+
100~ 326.1534 2.00e5
7 cl | N
4 \ N/
=
] hC'H2D 327157, 3281519
] 326.2032 329.1547
o, ‘ ‘ 32?.1471 ‘ / ‘ ‘ ‘ 33?.;572 ‘ ‘ miz
322 323 324 325 326 327 328 329 330 331 332
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance | Abundance Enrichment
(%) (%) (%) Relative (%)
2p [M+H] 100% 2228 2228 1.1
[M+H]+1 21.6% 199700 481
2p-d [M’+H] 100% (in sum) 199219 98.9

[D] = 199219/(199219 + 2228) = 98.9%
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Table S8. Determining the deuterium incorporation ratio ([D]) of 2a-ds by HRMS analysis.

20240924-WEIYUN-pos-1 213 (0.835) 1: TOF MS ES+
100+ 441.2086 8.44e5
: Cl
< e} o
] T T 4432068
1 N o\/\’(z:zz 442.2117
| 444.2087
0 T T T T T T | T T T — m/z
436 438 440 442 444 446 448 452
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance | Abundance Enrichment
(%) (%) (%) Relative (%)
2a [M+H] 100% 145 145 0.1
[M+H]+4 <1% 442000 <10
2a-dy [M’+H] 100% (in sum) 442000 99.9
[D] = 442000/(442000 + 145) = 99.9%
Table S9. Determining the deuterium incorporation ratio ([D]) of 2b-ds by HRMS analysis.
20240924-WEIYUN-pos-2 78 (0.318) 1: TOF MS ES+
100+ 292.1600 8.45e5
] o DZHC. -CHD;
1 HN
< O&N/;@
| 3
] 293.1629
] 292.2073
0+ T T ‘ T T m/z
290 291 292 293 294
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance | Abundance Enrichment
(%) (%) (%) Relative (%)
2b [M+H] 100% 235 235 0.1
[M+H]+4 <1% 845000 <10
2b-ds [M’+H] 100% (in sum) 845000 99.9

[D] = 845000/(845000 + 145) = 99.9%
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Table S10. Determining the deuterium incorporation ratio ([D]) of 2d-ds by HRMS analysis.

20240920-72YJ-POS-1 176 (0.691) 1: TOF MS ES+
100+ 345.2690 4.02e5
4 /\(\ 0
i o OD)%/\
| B
] H lil
1 D,HC™ “CHD,
1 346.2721
1 ?45'3204 347.2746
0 T T T T T ‘ T m/z
343 344 345 346 347 348
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance Abundance Enrichment
(%) (%) (%) Relative (%)
2d [M+H] 100% 389 389 0.1
[M+H]+4 <1% 401800 <10
2d-d,4 [M’+H] 100% (in sum) 401800 99.9

[D] = 401800/(401800 + 389) = 99.9%

Table S11. Determining the deuterium incorporation ratio ([D]) of 21-d> by HRMS analysis.

20240920-2YJ-POS-1 165 (0.652)

1: TOF MS ES+

100+ 418.2106 3.83e5
| o
| F. CO,H
1 DZHC\NH N N |
pSa
O
| AL
] 419.2132
| 418.2672 420.2159
0 T T / T T ‘ m/z
416 417 418 419 420 421
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance Abundance Enrichment
(%) (%) (%) Relative (%)
2l [M+H] 100% 134 134 0.1
[M+H]+2 2.7% 383500 4
2l-d; [M’+H] 100% (in sum) 383496 99.9

[D] = 383496/(383496 + 134) = 99.9%
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Table S12. Determining the deuterium incorporation ratio ([D]) of 2m-d> by HRMS analysis.

20240920-72YJ-POS-1 176 (0.691) 1: TOF MS ES+
100+ 315.1860 2.22e5
1 CHD,
1 N
] CJ
= s. t
: /@ 316.1895
| 315.2350 317.1860
0 T T / T T m/z
314 315 316 317
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance Abundance Enrichment
(%) (%) (%) Relative (%)
2m [M+H] 100% 1225 1225 0.5
[M+H]+2 2.0% 221800 25
2m-d; [M’+H] 100% (in sum) 221775 99.5

[D] = 221775/(221775 + 1225) = 99.5%

Table S13. Determining the deuterium incorporation ratio ([D]) of 2p-d> by HRMS analysis.

20240920-2YJ-POS-1 176 (0.691)

1: TOF MS ES+

100~ 327.1596 4.84e5
1 o] | N
ﬁ N
pSa
| r\ll 329.1570
: CHD, 328.1627
i 327.2094
326.1508
0 — I I T — m/z
326 327 328 329 330
Relative Natural Observed Corrected Isotopic
m/z Abundance Abundance | Abundance Enrichment
(%) (%) (%) Relative (%)
2p [M+H] 100% 1278 1278 0.3
[M+H]+2 32% 486500 409
2p-d; [M’+H] 100% (in sum) 486091 99.7

[D] = 486091/(486091 + 1278) = 99.7%
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10.Kinetic isotope effect

C2 (S/C = 10000), HCHO (1.6 mmol)

HCO,H (0.8 1), DCO,D (0.8 |
BN 2H (0.8 mmol) 2D (0.8 mmol) g Ph/\l\ll/
H EtOH-H,0 (3:5), 80 °C, 30 min CH,
Sc
0.2 mmol ku/kp = 1.9 6c-d, 8.6%

D

/\N/

|
CHH

Ph

6c, 16.4%

5c completely consumed, yields based on
HCO,H and DCO,D, respectively.

Scheme S11. Kinetic isotope effect of 5S¢

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added 5¢ (0.2 mmol,
24.2 mg), EtOH (0.6 mL), HCHO (120 pL, 1.6 mmol, 8 equiv, wt% = 37-40%), HCO,H (30 uL,
0.8 mmol, 4 equiv), DCO2D (30 uL, 0.8 mmol, 4 equiv), and 1 mL of catalyst solution (0.00001
mol/L for S/C = 10000, C2 dissolved in deionized water). The mixture was stirred for 30 min at
80 <C in a heating block. After cooling to room temperature, neutralizing with saturated sodium
bicarbonate (2 mL) and extracting with ethyl acetate (2 mL x<3), the organic solvent was evaporated
under reduced pressure. The product was submitted to HRMS analysis to determine the H/D ratio.

20240930-2yj-1-pos 214 (0.838)

100+ 136.1127

137.1188

%

1: TOF MS ES+
3.52e4

138.0186

138.1225

135 136 137 138
Relative Natural Observed Corrected Isotopic

m/z Abundance Abundance | Abundance Enrichment
(%) (%) (%) Relative (%)

6c [M+H] 100% 35210 35210 65.6

[M+H]+1 9.7% 21970 3415.4
6¢-d [M’+H] 100% (in sum) 18554.6 345
[D] = 18554.6/(18554.6 + 35210) = 34.5%
H/D =65.6+34.5=1.9
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C2 (S/C = 10000)
HCHO (1.6 mmol), HCO,D (0.8 mmol)

P N P N
H EtOH-H,0 (3:5), 80 °C, 30 min |
5¢, 0.2 mmol 6c, 99% no deuterium

incorporation

Scheme S12. Kinetic isotope effect of 5¢

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added 5¢ (0.2 mmol,
24.2 mg), EtOH (0.6 mL), HCHO (120 pL, 1.6 mmol, 8 equiv, wt% = 37-40%), HCO,D (30 uL,
0.8 mmol, 4 equiv), and 1 mL of catalyst solution (0.00001 mol/L for S/C = 10000, C2 dissolved in
deionized water). The mixture was stirred for 30 min at 80 T in a heating block. After cooling to
room temperature, neutralizing with saturated sodium bicarbonate (2 mL) and extracting with ethyl
acetate (2 mL % 3), the organic solvent was evaporated under reduced pressure. The product was
submitted to NMR determination, and almost no deuterium incorporation was observed.

The 'H and '3C NMR spectrum of 6¢

BARRARANANNaaNANNNNNN 3 S
MNNMNNMMMMMMMMMMMMMMMMNMNMNDN [y} N
= = - | |
Ej/ N7
\
y R J L
Py <
e e <
< ~ ©
‘

1 4.0

10.0 9.5 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)
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11.Reaction rate comparison

(a) Reaction rate of classic Eschweiler-Clarke methylation

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added N-
isopropylaniline 5p (1 mmol, 135 mg), EtOH (2 mL), 1-bromo-4-methoxybenzene (1 mmol, 185
mg, used as internal standard), HCHO (300 pL, 4 mmol, 4 equiv, wt% = 37-40%), HCO.H (150 pL,
4 mmol, 4 equiv), and H2O (1 mL). The mixture was stirred at 80 <C in a heating block. At 2 min
intervals a small aliquot of the clear solution was taken out, and was immediately neutralized with
saturated sodium bicarbonate (2 mL) followed by extraction with ethyl acetate (2 mL < 3). The
organic solvent was evaporated under reduced pressure. The *H NMR yield of each crude residue
was determined using 1-bromo-4-methoxybenzene as internal standard.

(b) Reaction rate of catalytic Eschweiler-Clarke methylation

To a 10-mL reaction tube charged with a magnetic stirring bar was sequentially added N-
isopropylaniline 5p (1 mmol, 135 mg), EtOH (2 mL), 1-bromo-4-methoxybenzene (1 mmol, 185
mg, used as internal standard), HCHO (300 pL, 4 mmol, 4 equiv, wt% = 37-40%), HCO.H (150 pL,
4 mmol, 4 equiv) and 1 mL of catalyst solution (0.00001 mol/L for S/C = 10000, C2 dissolved in
deionized water). The mixture was stirred at 80 <C in a heating block. At 2 min intervals a small
aliquot of the clear solution was taken out, and was immediately neutralized with saturated sodium
bicarbonate (2 mL) followed by extraction with ethyl acetate (2 mL % 3). The organic solvent was
evaporated under reduced pressure. The *H NMR vyield of each crude residue was determined using
1-bromo-4-methoxybenzene as internal standard.
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Kk, = 17/5.25 = 3.24

(a) Reaction rate of classic Eschweiler-Clarke methylation ' (b) Reaction rate of catalytic Eschweiler-Clarke methylation
y | 3 y €2 (S/C = 10000) |
N HCHO (4 equiv), HCO,H (4 equiv . HCHO (4 equiv), HCO,H (4 equiv) N
P \r (4 equiv) 2oH (4 equiv) N : o N 2 - pr j/
EtOH-H,0 (2:1), 80 °C, 0-8 min ; EtOH-H,0 (2:1), 80 °C, 0-2.5 min
5p, 1 mmol ka 6p 5p, 1 mmol kp 6p
time (min) 2 4 6 8 120 : time (min) 0.5 1 1.5 2 25 10
vield (%) 4 19 31 39 65 3 yield (%) 5 T 29 38 90
50
50
40 .
4 y=525x-24 v=17x-55 e
. R*=0.9764 " 30 R2=0.9843 //,/
£ : ~
= 220 e
=y - e
20 -
-
10 ~*
10 o
0
0+ 0 0.5 1 1.5 2 2.5 3
0 2 ¢ Tmin  ° 8 10 3 T/min

Scheme S13. Reaction rate comparison of 5p

12.0Observation of the iridium hydride species

To a NMR tube was sequentially added C2 (0.018 mmol, 10 mg), HCOzNa (3 mg, 0.036 mmol, 2
equiv) and DMSO-dg (0.5 mL). The mixture was heated for 30 min at 80 <C in the oil bath. After
cooling to room temperature, submitting to *H NMR determination

©
N
o
OMe =
+
A
| NG H HCO2Na (3 mg, 2 equiv)
Y JN\) DMSO-dg (0.5 mL), 80 °C, 30 min cr
cp*
Cl
0.018 mmol, 10 mg
T T T
5 10 15
£1 (ppm)

Scheme S14. Observation of the iridium hydride species
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boxylate (2a-cyc)

1car

9,11-d

'H NMR (400 MHz, CDCL3)

1azocine-

11-Ethyl 9-methyl 10-(2-chlorophenyl)-8-methyl-1,3,4,5,6,10-hexahydropyrido[2,1-

14.Copies of '"H and *C NMR and HRMS spectra
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13C NMR (101 MHz, CDCls)
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HRMS (ESI) m/z: [M + H]* caled for C21H26CIN2Os", 421.1525; found, 421.1525.

P17 50 (0.218)
100

%

1: TOF MS ES+

S50

421.1525 6.00e5
423.1508
4221549
419.1369
4241535
421.2101
420.1402 /4 4251547
L | i}
0 T T T T T T T T T T T T T T T T T T T m/z
413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432



(3aS,8aR)-3-Methyl-3,3a,8,8a-tetrahydro-2 H-indeno[1,2-d]oxazole (4a-cyc)

'H NMR (400 MHz, CDCL3)
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HRMS (ESI) m/z: [M + HJ]* calcd for C11H14NO*, 176.1070; found, 176.1073.

20240804-2yj-pos 180 (0.705)

1: TOF MS ES+

1004 176.1073 7.72e4
<
177.4111
178.1115
0 T T T T T T T T T T Tt T T T T T T T T T T T T T T — miz
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The 'H and '3C NMR spectrum of C10
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HRMS (ESI) of C10: m/z: [M]* caled for Ci1sH23ClIrN20O", 511.1123; found, 511.1123.
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The 'H and '3C NMR spectrum of C11
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HRMS (ESI) of C11 m/z: [M]* caled for Ci1sH23CIIrN2S*, 527.0894; found, 527.0894.
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The 'H and '3C NMR spectrum of C17
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HRMS (ESI) m/z: [M]* caled for C1iHsN3O3Re*, 418.0196; found, 418.0196.

20240804-2yj-pos 78 (0.318) 1: TOF MS ES+
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The 'H spectrum of C11 catalyst activity test
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4-Methoxy-N,N-dimethylaniline (4b)
'H NMR (400 MHz, CDCls)
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N,N,2,4,6-Pentamethylaniline (4¢)
'H NMR (400 MHz, CDCls)

] [ (=] < o
wn 5] < o ©
(-] ['s] © ™ N
© o o~ NN
| | | N
N
N
I
J |
"o d o
< °. Qe
- © 0w ™
)56 10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -C
1 (ppm)
13C NMR (101 MHz, CDCly)
~ ~NW N
- © 0 © 0 oM N N~
N o NW N O o o N
< ™ MN ~NNO N oo
- - NN~ < N~
| (. ~ | N/
‘\N/
m L
4 Lok " sk AMA““MM“II " ") g i dae ki bl e Ll il al | A
h it aia il AN I i ot e Y WA oY iy "

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

S61



3,5-Di-tert-butyl-NV,N-dimethylaniline (4d)

'"H NMR (400 MHz, CDCls)
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4-Fluoro-N,N-dimethylaniline (4e)
'H NMR (400 MHz, CDCl3)
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4-Bromo-N,N-dimethylaniline (4f)

'H NMR (400 MHz, CDCL3)
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Br

2-Bromo-/N,N-dimethylaniline (4g)

'H NMR (400 MHz, CDCL3)
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4-Dichloro-N,N-dimethylaniline (4h)
'H NMR (400 MHz, CDCl3)
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N,N-Dimethyl-(1,1'-biphenyl)-4-amine (4i)

'H NMR (400 MHz, CDCl3)
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(2-(Dimethylamino)phenyl)(phenyl)methanone (4j)

'H NMR (400 MHz, CDCL3)
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N,N-Dimethyl-3-nitroaniline (4k)
'H NMR (400 MHz, CDCl3)

NO,

7.343
7.323
7.284
6.986
6.980
6.965
6.959
—3.052

iy iy
R @ <
-0 0o ©
)5 10.0 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -C
1 (ppm)
13C NMR (101 MHz, CDCls)
~® © o © v
o ] -©® © = o o
o < © NN N oY 0
oo o No® NN 3
el e £F@ NINIS s
Y4 I 2NN ~ I

NO,

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

f1 (ppm)

S69



N,N-Dimethylpyridin-4-amine (41)

'H NMR (400 MHz, CDCL3)
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N1, N1, N8, N8-Tetramethylnaphthalene-1,8-diamine (4m)
'H NMR (400 MHz, CDCl;)
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1-(Furan-2-yl)-V,N-dimethylmethanamine (4n)
'H NMR (400 MHz, CDCl3)
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N,N-Dimethyl-1-(thiophen-2-yl)methanamine (40)
'H NMR (400 MHz, CDCl3)
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N,N-Dimethyl-1-phenylmethanamine (4p)
'H NMR (400 MHz, CDCl;)
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(3s,5s,7s)-N,N-Dimethyladamantan-1-amine (4q)

'H NMR (400 MHz, CDCl3)
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N,N-Dimethylcyclooctanamine (4r)
'H NMR (400 MHz, CDCl3)
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NI1,NI-Diethyl-N2,N2-dimethylethane-1,2-diamine (4s)

'H NMR (400 MHz, CDCl3)
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N-((1R,2R)-2-(Dimethylamino)-1,2-diphenylethyl)-4-methylbenzenesulfonamide (4t)

'H NMR (400 MHz, CDCL3)
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HRMS (ESI): m/z calcd for : Ca3H27N20,S* [M+H]*: 395.1788, found: 395.1792.

20240719-ZYJ-3-POS 31 (0.139) 1: TOF MS ES+
100+ 395.1792 1.01e5
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397.1799
7
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N,N-Dimethyl-2-morpholinoethan-1-amine (4u)

'H NMR (400 MHz, CDCl;)
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1-((1R,4R)-Bicyclo[2.2.1]hept-5-en-2-yl)-V,N-dimethylmethanamine (4v)

'H NMR (400 MHz, CDCL3)
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(2)-N,N-Dimethyloctadec-9-en-1
'H NMR (400 MHz, CDCl3)
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4-((Dimethylamino)methyl)phenol (4x)
'H NMR (400 MHz, DMSO)
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(8)-2-(Dimethylamino)-2-phenylethan-1-ol (4y)

'H NMR (400 MHz, CDCL3)
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(18,25)-1-(Dimethylamino)-2,3-dihydro-1H-inden-2-ol (4z)

'H NMR (400 MHz, CDCL3)
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(18,2R)-1-(Dimethylamino)-2,3-dihydro-1H-inden-2-ol (4a)

'H NMR (400 MHz, CDCL3)
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(1-(Dimethylamino)cycloheptyl)methanol (4aa)

'H NMR (400 MHz, CDCl3)
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N,N-Dimethyl-L-tyrosine (4ab)
'H NMR (400 MHz, D,0)
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Dimethyl-L-leucine (4ac)

'H NMR (400 MHz, D,0)
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4-(Dimethylamino)benzoic acid (4ad)
'H NMR (400 MHz, DMSO-ds)
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Ethyl dimethylglycinate (4ae)

'H NMR (400 MHz, CDCl;)
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Methyl dimethyl-L-phenylalaninate (4af)

'H NMR (400 MHz, CDCL3)
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Dimethylglycyl-L-alanine (4ag)
'H NMR (400 MHz, DMSO-d5)
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N,N-Dimethyl-D-glucosamine (4ah)
'H NMR (400 MHz, DMSO-d5)
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N1,NI-Bis(2-(dimethylamino)ethyl)-NV2,N2-dimethylethane-1,2-diamine (4ai)

'H NMR (400 MHz, CDCL3)
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N,4-Dimethyl-V-(p-tolyl)aniline (6a)

IH NMR (400 MHz, CDCl3)
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4-Methoxy-/N-(4-methoxyphenyl)-/NV-methylaniline (6b)

'H NMR (400 MHz, CDCL3)
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N,N-Dimethyl-1-phenylmethanamine (6¢)

'H NMR (400 MHz, CDCL3)
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2-Methoxy-N-(2-methoxyethyl)-/NV-methylethan-1-amine (6d)

'H NMR (400 MHz, CDCl;)
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N-Benzyl-N-methyl-1-phenylmethanamine (6e)
'H NMR (400 MHz, CDCl3)
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N,N-Dimethyloctadecan-1-amine (6f)

'"H NMR (400 MHz, CDCls)
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N-Methyl-N-tetradecyltetradecan-1-amine (6g)
'H NMR (400 MHz, CDCl3)
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Methyl methyl-D-prolinate (6h)

'H NMR (400 MHz, CDCl; )
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Methyl-D-proline (6i)

'H NMR (400 MHz, D,0)
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2-yl)diphenylmethanol (6j)

in-
'H NMR (400 MHz, CDCL3)
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2-Methyl-1,2,3,4-tetrahydroisoquinoline (6k)
'H NMR (400 MHz, CDCl3)
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4-Methylmorpholine (61)

'H NMR (400 MHz, CDCls)
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4-((4-Chlorophenyl)(phenyl)methyl)-1-methylpiperidine (6m)
'H NMR (400 MHz, CDCl3)
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1,4,7,10-Tetramethyl-1,4,7,10-tetraazacyclododecane (6n)
'H NMR (400 MHz, CDCl;)
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1,1,2-Trimethyl-2-(4-nitrophenyl)hydrazine (60)

'H NMR (400 MHz, CDCls)
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HRMS (ESI): m/z calcd for : CoH14N302* [M+H]*: 196.1081, found: 196.1089

20240719-ZYJ-2-POS 69 (0.286) 1: TOF MS ES+
100+ 196.1089 5.09e5

%
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180.1085 201.0472  203.0443
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3-Ethyl-5-methyl-4-(2-chlorophenyl)-2-((2-(dimethylamino)ethoxy)methyl)-6-methyl-1,4-

dihydropyridine-3,5-dicarboxylate (2a)

'H NMR (400 MHz, CDCL3)
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'H NMR (400 MHz, DMSO-d®)
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1-((1R,4aS8,10aR)-7-Isopropyl-1,4a-dimethyl-1,2,3,4,4a2,9,10,10a-octahydrophenanthren-1-yl)-

N,N-dimethylmethanamine (2c)

'H NMR (400 MHz, CDCL3)
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Ethyl(4R,55)-4-acetamido-5-(dimethylamino)-3-(pentan-3-yloxy)cyclohex-1-ene-1-

carboxylate (2d)

'H NMR (400 MHz, CDCL3)
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Ethyl 4-(dimethylamino)benzoate (2e)

'H NMR (600 MHz, CDCL3)
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2-(Diethylamino)ethyl 4-(dimethylamino)benzoate (2f)

'H NMR (400 MHz, CDCL3)
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4-(Dimethylamino)-/NV-(4,6-dimethylpyrimidin-2-yl)benzenesulfonamide (2g)

'H NMR (400 MHz, CDCL3)
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HRMS (ESI): m/z caled for : C14H19N4O2S* [M+H]": 307.1223, found: 307.1228

20231122-CY-POS 38 (0.164) 1: TOF MS ES+
100- 307.1228 1.41e6
<
308.1248
0 | T — T T ‘ —— m/z
305 306 307 308 309 310
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4-(Dimethylamino)-/N-(6-methoxypyridazin-3-yl)benzenesulfonamide (2h)

'H NMR (400 MHz, DMSO-ds)
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HRMS (ESI): m/z calcd for : C13H17N4O3S* [M+H]*: 309.1016, found: 309.1017.

20240805-2yj-pos 107 (0.433) 1: TOF MSES*
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4-(Dimethylamino)-/NV-(5-methylisoxazol-3-yl)benzenesulfonamide (2i)

'H NMR (400 MHz, DMSO-ds)
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4,4'-Sulfonylbis(N,N-dimethylaniline) (2j)

'H NMR (400 MHz, DMSO-ds)
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1-Cyclopropyl-6-fluoro-7-(4-methylpiperazin-1-yl)-4-oxo-1,2,3,4-tetrahydroquinoline-3-

ic acid (2k)

carboxyl

'H NMR (400 MHz, CDCL3)
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F NMR (376 MHz, CDCl;)
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1-Cyclopropyl-6-fluoro-8-methoxy-7-((4aS,7aS)-1-methyloctahydro-6 H-pyrrolo|3,4-

ic acid (21)

b]pyridin-6-yl)-4-oxo0-1,4-dihydroquinoline-3-carboxyl

'H NMR (400 MHz, CDCL3)

vYB U
L€0°L
Ly0°L
6.0°L §
160"
VL LY
V021
vys'L A
69S°L F
699°L U
208}
@OF.N)
zeLT
v2TT
SLE'T
28€°C
669°C

th.N/
182 —

e

oov's
bzy'e L
Zvve
vees /f
959°¢ 7 ﬂ
y89°¢
vzre ]
6v.°€ ]
si8'€ |
[44: X
6£8°€ 1
svee |
£98°¢ |
698°€ |
v86°c

6€£9°L~\
vi9'L”

989'8 —

A

Feeo

Fezeo

1.0 0.5 0.0 -C

1.5

f1 (ppm)

13C NMR (101 MHz, CDCly)

)5 100 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

698'8~_
L6001

S66'1C~
143144

L6G°LE —
6¥S0v —
6LV —
681'€S
6v2'€S
€LY~

v€0'19 —
LOY'y9 —

1¥89L

8LYV'LL

owm.hor
wov.ho_. W
99°L0L

8L9°LLL
oL LLL >

SESVEL
665°LE)
L0L7L€) V
Lzeovk
00¢'ovi

alvevL —
€0€¢SL —
96LVS1

861°L9) —

€v9'9LL —

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

5126



F NMR (376 MHz, CDCl;)
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1-(2-((2,4-Dimethylphenyl)thio)phenyl)-4-methylpiperazine (2m)

'H NMR (400 MHz, CDCL3)
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—

-C

(S)-2-(N-((S)-1-Ethoxy-1-oxo0-4-phenylbutan-2-yl)-N-methyl-L-alanyl)-1,2,3,4-

tetrahydroisoquinoline-3-carboxylic acid (20)

'H NMR (400 MHz, CDCL3)
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4-ylidene)-6,11-dihydro-5H-benzo|5,6]cyclohepta|[1,2-
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4-Methoxy-N-methylaniline (5b)
'H NMR (400 MHz, CDCl3)
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N,2-Dimethylaniline (5aj)

'H NMR (400 MHz, CDCls)
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2-Chloro-N-methylaniline (5ak)

'H NMR (400 MHz, CDCL3)
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2,4-Dichloro-NV-methylaniline (5h)
'H NMR (400 MHz, CDCl3)
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N-Methyl-4-nitroaniline (5al)
'H NMR (400 MHz, CDCl3)
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N-Methyl-3,5-bis(trifluoromethyl)aniline (5am)

'H NMR (400 MHz, CDCl;)
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N-Methyl-1-phenylmethanamine (5an)

'H NMR (400 MHz, CDCl;)
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'H NMR (400 MHz, CDCL3)
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(Sap)

'H NMR (400 MHz, CDCL3)
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(7b)
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'H NMR (400 MHz, DMSO-ds)
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Ethyl 4-(methylamino)benzoate (7e)

'H NMR (400 MHz, CDCl;)
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2-(Diethylamino)ethyl 4-(methylamino)benzoate (7f)
'H NMR (400 MHz, CDCl3)
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N-(4,6-Dimethylpyrimidin-2-yl)-4-(methylamino)benzenesulfonamide (7g)

'H NMR (400 MHz, CDCls)
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N-(6-Methoxypyridazin-3-yl)-4-(methylamino)benzenesulfonamide (7h)
'H NMR (400 MHz, CDCl3)
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4-(Methylamino)-/NV-(5-methylisoxazol-3-yl)benzenesulfonamide (7i)
'H NMR (400 MHz, DMSO-ds)
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2-(2,6-Dioxopiperidin-3-yl)-4-(methylamino)isoindoline-1,3-dione (7q)

'H NMR (400 MHz, DMSO-ds)
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3-Ethyl-5-methyl-4-(2-chlorophenyl)-2-((2-(dimethylamino)ethoxy)methyl)-6-methyl-1,4-

dihydropyridine-3,5-dicarboxylate (2a) (Gram-level reaction)

'H NMR (400 MHz, CDCl; )
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N,N-Dimethyl-L-tyrosine (4ab) (Decagram-level reaction)

'H NMR (400 MHz, D,0)
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(Z2)-N,N-Dimethyloctadec-9-en-1-amine (4w) (Decagram-level reaction)
'H NMR (400 MHz, CDCl3)
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3-Ethyl 5-methyl 2-((2-(bis(methyl-d)amino)ethoxy)methyl)-4-(2-chlorophenyl)-6-methyl-1,4-

dihydropyridine-3,5-dicarboxylate (2a-d>)

'H NMR (400 MHz, CDCL3)
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HRMS (ESI) m/z: [M + H]* caled for C22H2sD2CIN20s5*, 439.1963; found, 439.1961.

20240724-2YJ-POS 167 (0.659)
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3-(4-(Bis(methyl-d)amino)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (2b-dy)

IH NMR (400 MHz, DMSO-ds)
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HRMS (ESI): m/z caled for : CsHisD2N303" [M+H]*: 290.1468, found: 290.1470.

20240924-WEIYUN-pos-1 213 (0.835) 1: TOF MS ES+
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Ethyl (4R,55)-4-acetamido-5-(bis(methyl-d)amino)-3-(pentan-3-yloxy)cyclohex-1-ene-1-

carboxylate (2d-d>)

'H NMR (400 MHz, CDCL3)
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HRMS (ESI): m/z caled for: CisH31D2N,O4* [M+H]*: 343.2560, found: 343.2564.
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ic acid (21-d)

1-Cyclopropyl-6-fluoro-8-methoxy-7-((4aS,7aS)-1-(methyl-d)octahydro-6 H-pyrrolo|3,4-

b]pyridin-6-yl)-4-oxo0-1,4-dihydroquinoline-3-carboxyl

'H NMR (400 MHz, CDCL3)
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1F NMR (377 MHz, CDCl)
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HRMS (ESI): m/z caled for : C2:H26DFN3O4" [M+H]*: 417.2043, found: 417.2043.
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1-(2-((2,4-Dimethylphenyl)thio)phenyl)-4-(methyl-d)piperazine (2m-d)

'H NMR (400 MHz, CDCL3)
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HRMS (ESI): m/z caled for: CioH24DN2S* [M+H]*: 314.1796; found, 314.1801.
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100+ 314.1801 2.46e5
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8-Chloro-11-(1-(methyl-d)piperidin-4-ylidene)-6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-

b]pyridine (2p-d)

'H NMR (400 MHz, CDCL3)
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HRMS (ESI): m/z caled for: C20H2DCIN,* [M+H]*: 326.1529, found: 326.1534.

20240920-72YJ-POS-2 205 (0.806) 1: TOF MS ES+
326.1534 2.52e5
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1,4-dihydropyridine-3,5-dicarboxylate (2a-d,)

3-Ethyl-5-methyl-2-((2-(bis(methyl-d;)amino)ethoxy)methyl)-4-(2-chlorophenyl)-6-methyl-
'H NMR (400 MHz, CDCl3)
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HRMS (ESI): m/z caled for : C22H2sD4CIN20s" [M+H]*: 441.2089, found: 441.2086

20240924-WEIYUN-pos-1 213 (0.835) 1: TOF MS ES+
441.2086 8.44e5
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3-(4-(Bis(methyl-d;)amino)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (2b-dy)

'H NMR (400 MHz, DMSO-ds)
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HRMS (ESI): m/z caled for: CisH14D4N3O3* [M+H]*: 292.1594, found: 292.1600.

20240924-WEIYUN-pos-2 78 (0.318) 1: TOF MS ES+
292.1600 8.45e5
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Ethyl (4R,5S)-4-acetamido-5-(bis(methyl-d;)amino)-3-(pentan-3-yloxy)cyclohex-1-ene-1-

carboxylate (2d-dy)

'H NMR (400 MHz, CDCL3)
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HRMS (ESI): m/z calcd for: CigH29D4N204* [M+H]*: 345.2686, found: 345.2690.

20240920-2YJ-POS-1 176 (0.691) 1: TOF MS ES+
100+ 345.2690 4.02e5
K3
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1-Cyclopropyl-6-fluoro-8-methoxy-7-((4aS8,7aS)-1-(methyl-d;)octahydro-6 H-pyrrolo[3,4-

d Ql-d>)

ic aci

b]pyridin-6-yl)-4-oxo0-1,4-dihydroquinoline-3-carboxyl

'H NMR (400 MHz, CDCL3)
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1F NMR (377 MHz, CDCl)
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HRMS (ESI): m/z caled for: C;HzsD2FN3O4" [M+H]*: 418.2106, found: 418.2106.

20240920-ZYJ-POS-1 24 (0.114) 1: TOF MS ES+
418.2106 5.44e4
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1-(2-((2,4-Dimethylphenyl)thio)phenyl)-4-(methyl-d;)piperazine (2m-d>)

'H NMR (400 MHz, CDCL3)
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HRMS (ESI): m/z caled for: CoH23D2N2S* [M+H]*: 315.1858, found: 315.1860.

20240920-2YJ-POS-1 176 (0.691) 1: TOF MS ES+
100+ 315.1860 2.22e5
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hydro-5H-benzo|5,6]cyclohepta|1,2-

4-ylidene)-6,11-di

1periain-

——

(2p-d2)
'H NMR (400 MHz, CDCL3)
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HRMS (ESI): m/z caled for: C20H2D2CIN," [M+H]*: 327.1592, found: 327.1596.

20240920-72YJ-POS-1 173 (0.680) 1: TOF MS ES+
327.1596 4.98e5
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15.The 'H NMR of crude reaction mixtures for the reaction rate

comparison studies
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The 'H NMR spectrum of N-isopropyl-N-methylaniline (6p)
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The 'H NMR yield of the crude residues 5p for 4-minute reaction.
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—3.744
—2.887

L JM«JJMUA W

1.001
0.65=

)5 100 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -
f1 (ppm)

The "H NMR yield of the crude residues 5p for 2 h reaction.

S176



(b) Reaction rate of catalytic Eschweiler-Clarke methylation
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The 'H NMR yield of the crude residues 5p forl.5-minute reaction.
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The 'H NMR yield of the crude residues 5p for 2.5-minute reaction.
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