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1. Materials and methods, syntheses, and characterization

Solvents for extractions and chromatography were of technical grade and were distilled prior
to use. Extracts were dried over technical grade anhydrous Na;SOs. Melting points were
determined on a Kofler micro hot stage. The NMR spectra were obtained on a Bruker Avance
DPX 300 and Bruker Avance 111 300 at 300 MHz for *H nucleus, Bruker UltraShield 500 plus
(Bruker, Billerica, Massachusetts, United States) at 500 MHz for 'H and 126 MHz for *C
nucleus, and Bruker Ascend 600 (Bruker, Billerica, Massachusetts, United States) at 600 MHz
for 'H and 151 MHz for 3C nucleus using DMSO-ds and CDCls with TMS as the internal
standard, as solvents. Mass spectra were recorded on an Agilent 6224 Accurate Mass TOF
LC/MS (Agilent Technologies, Santa Clara, California, United States), IR spectra on a Perkin-
Elmer Spectrum BX FTIR spectrophotometer (PerkinElmer, Waltham, Massachusetts, United
States). CD spectra were recorded on a J-1500 Circular Dichroism Spectrophotometer (JASCO
corporation, Tokyo, Japan). Column chromatography (CC) was performed on silica gel (Silica
gel 60, particle size: 0.035-0.070 mm (Sigma-Aldrich, St. Louis, Missouri, United States)).
HPLC analyses were performed on an Agilent 1260 Infinity LC (Agilent Technologies, Santa
Clara, California, United States) and Dionex Summit HPLC system (Dionex Corporation,
Sunnyvale, California, United States) using CHIRALPAK AD-H (0.46 cm g x 25 cm) and
CHIRALPAK 0OJ-H (0.46 cm g x 25 cm), as chiral column (Chiral Technologies, Inc., West
Chester, Pennsylvania, United States). All the commercially available chemicals used were
purchased from Sigma-Aldrich (St. Louis, Missouri, United States). (1S,2S,4R)-7,7-dimethyl-
1-(pyrrolidin-1-ylmethyl)bicyclo[2.2.1]heptan-2-amine (1b) was prepared following the

literature procedure®.



Reduction of (1S,4R,E)-1-((dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-

one oxime

n-PrOH
Na, A
— H and NH,
N \ N N
N N—OH N NH, N H
/ / /

1a 2a

Oxime (7.6 mmol, 1.6 g) was dissolved in propan-1-ol (86 mL) and heated to 95 °C. Then small
pieces of sodium (about 50 mg) were added continuously for 1 h at 95 °C; care was taken to
ensure that the unreacted sodium (excess sodium) remained present in the reaction mixture at
all times during the reaction. After completion of the reaction, the volatiles were evaporated in
vacuo. The residue was dissolved in a mixture of water (20 mL) and EtO (80 mL). The organic
phase was washed with water (2 x 20 mL) and NaCl (aqg. sat., 1 x 20 mL), dried over anhydrous
Na2SOg4, and the volatiles were evaporated in vacuo. Diastereomers 1a and 2a were formed in
a ratio of 2.6 : 1. The diastereomers were separated by column chromatography (Silica gel 60,
EtOAC/MeOH/EtsN =4 : 1 : 1).
(1S,2R,4R)-1-((Dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-amine (2a)
Elutes first from the column. Yield: 175 mg (0.89 mmol, 12%) of colorless oil. *H-NMR (500
MHz, CDClz): 6 0.79 (s, 3H), 1.05 (s, 3H), 1.06 — 1.13 (m, 1H), 1.34 (ddd, J = 12.8, 9.4, 3.9,
1H), 1.54 — 1.61 (m, 3H), 1.63 (t, J = 4.3, 1H), 1.64 — 1.75 (m, 2H), 1.93 (d, J = 11.4, 1H), 2.02
(d, J=13.0, 1H), 2.27 (s, 6H), 2.74 (d, J = 13.0, 1H), 3.11 (dd, J = 8.7, 5.1, 1H).
(1S,2S,4R)-1-((Dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-amine (1a)
Elutes second from the column. Yield: 850 mg (4.33 mmol, 57%) of colorless oil. *H-NMR
(500 MHz, CDCls): 6 0.67 (dd, J = 12.9, 4.3, 1H), 0.86 (s, 3H), 0.89 (s, 3H), 1.22 (ddd, J =
12.3,9.5, 4.4, 1H), 1.38 (ddd, J = 12.3, 4.5, 2.0, 1H), 1.49 (t, J = 4.6, 1H), 1.70 — 1.79 (m, 1H),
1.80 (br s, 2H), 2.10 (d, J = 13.1, 1H), 2.13 — 2.17 (m, 1H), 2.20 (s, 6H), 2.21 — 2.26 (m, 1H),
2.45 (d, J =13.0, 1H), 3.36 (ddd, J = 10.6, 4.3, 2.0, 1H).



Boc protection of chiral amines — General procedure 1 (GP1)

BOC20, CH20|2
Et3N, r.t.

Y

R\ R\
N NH, N NHBoc
/ /

To a solution of amine 1 or 2 and triethylamine (1.4 equivalents) in anhydrous CH2Cl> was
added di-tert-butyl dicarbonate (1.4 equivalents). The resulting reaction mixture was stirred at
25°C for 24 hours. Dichloromethane was evaporated in vacuo and the residue was purified by
column chromatography (CC). The fractions containing product 3 or 4 were combined and the

volatiles were evaporated in vacuo.



tert-Butyl  ((1S,2S,4R)-1-((dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-
yl)carbamate (3a)

H

AN
N NHBoc

Following GP1. Prepared from (1S,2S,4R)-1-((dimethylamino)methyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-amine (1a) (4.69 mmol, 920 mg) and di-tert-butyl dicarbonate
(6.56 mmol, 1.431 g), EtsN (6.56 mmol, 915 uL), CHCl, (20 mL), 25°C, 24 h. Isolation by
column chromatography (Silica gel 60, EtOAc/petroleum ether = 1 : 5). Yield: 1.39 g (4.69
mmol, 99%) of colorless oil. [e]o"" = +11.2 (0.15, MeOH). EI-HRMS: m/z = 297.2646 (MH)";
C17H33N202" requires: m/z = 297.2536 (MH)"; vmax 3346, 2935, 2819, 2765, 1698, 1483, 1454,
1389, 1364, 1297, 1242, 1167, 1114, 1065, 1040, 1014, 946, 874, 837, 780 cm™. *H-NMR (500
MHz, CDCls): 6 0.86 (s, 3H), 0.90 (s, 3H), 1.04 (dd, J = 13.4, 4.3, 1H), 1.21 (ddd, J = 12.2, 9.5,
4.4, 1H), 1.43 (s, 9H), 1.45 — 1.51 (m, 1H), 1.56 (t, J = 4.6, 1H), 1.72 (tq, J = 12.1, 4.1, 1H),
1.86 (brt, 1H), 2.21 (s, 6H), 2.24 (d, J = 13.6, 1H), 2.28 — 2.33 (m, 1H), 2.36 (d, J = 13.8, 1H),
3.75 (s, 1H), 6.00 (s, 1H). 3C-NMR (126 MHz, CDCls): 6 19.19, 20.31, 25.40, 28.39, 28.64,
37.92, 45.07, 48.10, 48.33, 50.98, 56.25, 61.97, 78.72, 157.52.



tert-Butyl  ((1S,2R,4R)-1-((dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-
yl)carbamate (4a)

NHBoc
AN

N H

/
Following GP1. Prepared from (1S,2R,4R)-1-((dimethylamino)methyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-amine (2a) (0.81 mmol, 160 mg) and di-tert-butyl dicarbonate
(1.134 mmol, 247 mg), EtsN (1.19 mmol, 166 pL), CH2Cl, (4 mL), 25°C, 24 h. Isolation by
column chromatography (Silica gel 60, EtOAc/petroleum ether = 1 : 5). Yield: 230 mg (0.78
mmol, 95%) of colorless oil. [a]o"" = +25.7 (0.175, MeOH). EI-HRMS: m/z = 297.2536 (MH)*;
C17H33N202" requires: m/z = 297.2537 (MH)"; vmax 3344, 2935, 2819, 2765, 1698, 1484, 1453,
1389, 1364, 1297, 1243, 1167, 1113, 1065, 1040, 1004, 943, 874, 837, 780 cm™. 'H-NMR (500
MHz, CDClIs): 6 0.87 (s, 3H), 0.99 (s, 3H), 1.09 — 1.17 (m, 1H), 1.34 (t, J = 9.4, 1H), 1.42 —
1.45 (m, 1H), 1.43 (s, 9H), 1.67 (d, J = 3.5, 2H), 1.69 — 1.75 (m, 1H), 1.86 (d, J = 8.4, 1H), 2.24
(s, 6H), 2.25 (d, J = 13.9, 1H), 2.40 (d, J = 13.9, 1H), 3.71 (br s, 1H), 5.58 (br s, 1H). 3C-NMR
(126 MHz, CDCls): ¢ 20.95, 27.15, 28.50, 28.67, 30.48, 33.79, 40.55, 45.67, 48.03, 50.94,
57.44, 58.86, 78.90, 155.72.



tert-Butyl ((1S,2S,4R)-7,7-dimethyl-1-(pyrrolidin-1-ylmethyl)bicyclo[2.2.1]heptan-2-
yl)carbamate (3b)

H

C/N NHBoc

Following GP1. Prepared from (1S,25,4R)-7,7-dimethyl-1-(pyrrolidin-1-
ylmethyl)bicyclo[2.2.1]heptan-2-amine (1b) (3.91 mmol, 869 mg) and di-tert-butyl dicarbonate
(5.474 mmol, 1.194 g), EtsN (5.474 mmol, 763 pL), CH.Cl, (20 mL), 25°C, 24 h. Isolation by
column chromatography (Silica gel 60, EtOAc/petroleum ether = 1 : 5). Yield: 1.251 g (3.88
mmol, 99%) of brownish oil. [e]o"" = +1.1 (0.295, MeOH). EI-HRMS: m/z = 323.2688 (MH)*;
C19H35N202" requires: m/z = 323.2693 (MH)*; vmax 3300, 2979, 2937, 2879, 2794, 1808, 1757,
1715, 1460, 1395, 1371, 1306, 1250, 1211, 1168, 1113, 1062, 950, 844, 775, 664 cm™. H-
NMR (600 MHz, CDClz): 6 0.85 (s, 3H), 0.90 (s, 3H), 1.07 (dd, J = 13.4, 4.4, 1H), 1.21 (ddd,
J=12.8,95, 45, 1H), 1.4 — 1.45 (m, 1H), 1.41 (s, 9H), 1.56 (t, J = 4.6, 1H), 1.65 — 1.73 (m,
6H), 1.90 (ddd, J = 13.6, 8.9, 4.1, 1H), 2.31 (s, 1H), 2.37 (d, J = 13.4, 1H), 2.41 — 2.46 (m, 2H),
2.56 — 2.60 (m, 2H), 2.66 (d, J = 13.4, 1H), 3.72 (br s, 1H), 6.31 (br s, 1H). *C-NMR (151
MHz, CDCls): ¢ 19.18, 20.23, 24.16, 26.03, 28.43, 28.61, 37.58, 45.22, 47.88, 50.81, 56.47,
56.82, 58.03, 78.48, 157.80.



Benzylation of tertiary amines — General procedure 2 (GP2)

BnBr, K2C03
DMF, r.t.
R R.®
N NHBoc r—N NHBoc
/ / S)
R Bn Br

To a solution of tertiary amine 3 or 4 and K2COs (1.1 equivalents) in anhydrous DMF was
added benzyl bromide (1.1 equivalents). The resulting reaction mixture was stirred at 25°C for
24 hours. DMF was evaporated in vacuo and the residue was purified by column
chromatography (CC). The fractions containing product 5 or 6 were combined and the volatiles

were evaporated in vacuo.



N-Benzyl-1-((1S,2S,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium bromide (5a)

H
—
NHB
J ® ocC
Ph S

Br

Following GP2. Prepared from tert-butyl ((1S,2S,4R)-1-((dimethylamino)methyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-yl) (3a) (1.06 mmol, 315 mg) and benzyl bromide (1.16 mmol,
139 pL), KoCOz (1.16 mmol, 160 mg), DMF (5 mL), 25°C, 24 h. Isolation by column
chromatography (Silica gel 60, EtOAc/MeOH = 4 : 1). Yield: 340 mg (0.73 mmol, 69%) of
colorless oil. [a]o"" = +14.0 (0.087, MeOH). EI-HRMS: m/z = 387.3003 (M)*; C24H3sN202
requires: m/z = 387.3006 (M)"; vmax 3369, 3197, 2951, 2199, 2163, 2098, 1989, 1685, 1540,
1490, 1477, 1454, 1392, 1379, 1366, 1299, 1284, 1271, 1252, 1217, 1158, 1125, 1065, 1042,
1012, 947, 917, 882, 868, 854, 839, 783, 752, 732, 706 cm™. 'H-NMR (500 MHz, CDCls): §
0.87 —0.93 (m, 1H), 0.94 (s, 3H), 0.98 (s, 3H), 1.29 — 1.34 (m, 1H), 1.36 (s, 9H), 1.58 (t, J =
4.4, 1H), 1.86 (brt, J = 11.7, 1H), 1.93 — 2.03 (m, 1H), 2.21 (br t, J = 13.1, 1H), 2.47 (d, J =
11.7, 1H), 3.17 (s, 3H), 3.25 (s, 3H), 3.44 (br d, J = 13.6, 1H), 4.11 (br d, J = 13.5, 1H), 4.18
(brt,J=9.9,1H), 4.97 (d, J = 12.3, 1H), 5.03 (br s, 1H), 5.20 (d, J = 12.2, 1H), 7.32 — 7.43 (m,
3H), 7.61 (d, J = 7.4, 2H). ®*C-NMR (126 MHz, CDCls): ¢ 19.48, 20.76, 27.34, 28.28, 28.75,
40.19, 43.67, 50.40, 51.55, 53.72, 54.15, 69.24, 70.42, 80.67, 127.78, 128.94, 130.51, 133.47,
156.14.



N-Benzyl-1-((1S,2R,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium bromide (6a)

NHBoc

—
PhJ ? Br@
Following GP2. Prepared from tert-butyl ((1S,2R,4R)-1-((dimethylamino)methyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-yl)carbamate (4a) (2.53 mmol, 748 mg) and benzyl bromide
(3.795 mmol, 453 pL), K2COs3 (2.78 mmol, 385 mg), DMF (13 mL), 25°C, 24 h. Isolation by
column chromatography (Silica gel 60, EtOAc/MeOH = 4 : 1). Yield: 904 mg (1.93 mmol,
76%) of colorless oil. [a]o"t = —4.3 (0.26, MeOH). EI-HRMS: m/z = 387.3004 (M)*;
Co4H39N202" requires: m/z = 387.3006 (M)"; vmax 3341, 2965, 2885, 2156, 1698, 1606, 1508,
1475, 1456, 1365, 1278, 1247, 1168, 1060, 1019, 953, 860, 782, 732, 706 cm™. *H-NMR (500
MHz, CDClz): 6 0.92 (dd, J = 13.4, 3.5, 1H), 0.97 (s, 3H), 1.03 (s, 3H), 1.35 (t, J = 4.8, 1H),
1.39 (s, 9H), 1.62 (t, J = 4.5, 1H), 1.88 — 1.99 (m, 2H), 2.29 (br t, J = 12.9, 1H), 2.46 — 2.56 (m,
1H), 3.19 (s, 3H), 3.27 (s, 3H), 3.43 (br d, J = 14.3, 1H), 4.16 — 4.26 (m, 2H), 4.92 (d, J = 10.9,
1H), 4.97 (d, J = 12.4, 1H), 5.21 (d, J = 12.4, 1H), 7.37 — 7.46 (m, 3H), 7.63 (d, J = 6.9, 2H).
13C-NMR (126 MHz, CDCls): 6 19.60, 20.95, 27.47, 28.40, 28.91, 40.49, 43.82, 50.54, 51.73,
53.85, 54.30, 69.39, 70.63, 80.94, 127.79, 129.12, 130.72, 133.57, 156.18.

H

10



1-Benzyl-1-(((1S,2S,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)methyl)pyrrolidin-1-ium bromide (5b)

H
@N NHBoc
) o
Ph Br

Following GP2. Prepared from tert-butyl ((1S,2S,4R)-7,7-dimethyl-1-(pyrrolidin-1-
ylmethyl)bicyclo[2.2.1]heptan-2-yl)carbamate (3b) (2.48 mmol, 828 mg) and benzyl bromide
(2.73 mmol, 324 pL), KoCOs3 (2.73 mmol, 377 mg), DMF (13 mL), 25°C, 24 h. Isolation by
column chromatography (Silica gel 60, EtOAc/MeOH = 4 : 1). Yield: 469 mg (1.45 mmol,
59%) of brownish semisolid. [a]o™ = +17.7 (0.12, MeOH). EI-HRMS: m/z = 413.3161 (M)*;
Co6Ha1N202" requires: m/z = 413.3162 (M)*; vmax 3323, 3270, 2965, 2923, 1708, 1639, 1531,
1452, 1388, 1363, 1307, 1247, 1159, 1121, 1066, 1028, 1002, 923, 901, 855, 839, 780, 710 cm
1 IH-NMR (500 MHz, CDCls): § 0.92 (s, 3H), 0.91 — 0.96 (m, 1H), 0.96 (s, 3H), 1.32 — 1.35
(brt, 1H), 1.37 (s, 9H), 1.55 (t, J = 4.5, 1H), 1.62 — 1.73 (m, 1H), 1.74 — 1.86 (m, 2H), 1.88 —
2.04 (m, 2H), 2.04 — 2.13 (m, 1H), 2.17 — 2.27 (m, 1H), 2.39 — 2.48 (m, 1H), 3.39 (d, J = 14.0,
1H), 3.41 — 3.50 (m, 1H), 3.58 — 3.74 (m, 2H), 3.96 (ddd, J = 12.3, 8.1, 6.3, 1H), 4.13 (d, J =
14.0, 1H), 4.24 (tt, J = 10.8, 3.1, 1H), 4.59 (d, J = 12.6, 1H), 5.22 (br s, 1H), 5.26 (d, J = 10.8,
1H), 7.28 — 7.39 (m, 3H), 7.57 (d, J = 7.0, 2H). ¥.C-NMR (126 MHz, CDCls): 6 19.33, 20.70,
21.60, 22.07, 27.88, 28.29, 28.81, 39.70, 43.63, 51.48, 53.44, 53.74, 59.55, 62.11, 63.58, 67.05,
80.48, 128.21, 128.99, 130.40, 133.30, 156.03.

11



Boc deprotection of amines — General procedure 3 (GP3)

CF3COzH, CH20|2, r.t.

R.® > R.®
_N NHBoc R-N NH
o o B o
n
Br CF5C00

To a solution of amine 5 or 6 in anhydrous CH2Cl> (2.5 mL/mmol) was added trifluoroacetic
acid (2.5 mL/mmol). The resulting reaction mixture was stirred at 25°C for 2 hours.
Dichloromethane and trifluoroacetic acid were evaporated in vacuo and the residue was
dissolved in CH2Cl> (2.5 mL/mmol). The organic phase was washed with NaOH (ag., 2 M, 2 x
2.5 mL/mmol) and NaCl (ag. sat., 1 x 2.5 ml/mmol). The volatiles were evaporated in vacuo to
give product 7 or 8.

12



(1S,2S,4R)-1-((Benzyldimethylammonio)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-
aminium 2,2,2-trifluoroacetate (7a)

47

PhJ CFgco?

Following GP3. Prepared from N-benzyl-1-((1S,2S,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium bromide (5a) (2.1 mmol, 1
g), trifluoroacetic acid (5 mL), CH.Cl> (5 mL), 25°C, 2 h. Volatile components were evaporated
in vacuo, the residue was dissolved in dichloromethane and washed with NaOH (ag., 2 M) and
NaCl (ag. sat.). Yield: 605 mg (1.51 mmol, 72%) of colorless solid, mp = 179.9-182.1°C. [a]o"*
=+16.2 (0.125, MeOH). EI-HRMS: m/z = 287.2483 (M)"; C19H31N2" requires: m/z = 287.2482
(M)"; vmax 3377, 3292, 3042, 2943, 2881, 1685, 1585, 1479, 1457, 1401, 1372, 1302, 1196,
1157, 1113, 1048, 1025, 1010, 989, 935, 917, 881, 854, 819, 780, 785, 753, 733, 716, 707, 632,
607 cm™. 'H-NMR (500 MHz, CDCls): 6 0.89 (dd, J = 3.4, 13.1, 1H); 0.93 (s, 3H); 0.97 (s,
3H); 1.31 - 1.38 (m, 1H); 1.61 (t, J = 4.6, 1H); 1.77 — 1.84 (m, 1H); 1.86 — 1.96 (m, 1H); 2.05
—2.13 (m, 1H); 2.44 — 2.53 (m, 1H); 3.28 (s, 3H); 3.37 (s, 3H); 3.43 — 3.49 (m, 1H); 3.68 (d, J
=13.9, 1H); 3.72 (d, J = 13.9, 1H); 4.97 (d, J = 12.4, 1H); 5.11 (d, J = 12.3, 1H); 7.40 — 7.48
(m, 3H); 7.56 — 7.60 (m, 2H), signal for NH; is missing. 3C-NMR (126 MHz, CDCls): § 19.41,
20.51, 26.70, 29.29, 44.19, 44.63, 49.97, 50.49, 52.44, 53.20, 53.69, 69.11, 71.98, 117.64 (q, J
=297.3), 128.29, 129.14, 130.57, 133.49, 161.16 (q, J = 32.7).

13



(1S,2R,4R)-1-((Benzyldimethylammonio)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-
aminium 2,2,2-trifluoroacetate (8a)

NH,
—\
H
I s
Ph CF3CO;

Following GP3. Prepared from N-benzyl-1-((1S,2R,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium bromide (6a) (1.92 mmol,
900 mg), trifluoroacetic acid (5 mL), CHz2Cl. (5 mL), 25°C, 2 h. Volatile components were
evaporated in vacuo, the residue was dissolved in dichloromethane and washed with NaOH
(ag., 2 M) and NacCl (aqg. sat.). Yield: 567 mg (1.41 mmol, 74%) of colorless solid, mp = 157.1—
158.8°C. [a]po"" = —9.8 (0.11, MeOH). EI-HRMS: m/z = 287.2477 (M)*; C19Hz1N2" requires:
m/z = 287.2482 (M)"; vmax 2953, 2883, 1684, 1476, 1456, 1393, 1371, 1311, 1196, 1153, 1113,
1035, 1009, 936, 911, 851, 820, 798, 784, 735, 714, 631 cm™. 'H-NMR (600 MHz, CDCls): ¢
0.86 (s, 3H), 0.90 (s, 3H), 1.15 — 1.22 (m, 1H), 1.34 — 1.41 (m, 1H), 1.50 — 1.55 (m, 1H), 1.67
(s, 1H), 1.77 (d, J = 13.9, 3H), 1.92 (dd, J = 13.0, 7.3, 2H), 3.01 (dd, J = 9.0, 4.9, 1H), 3.19 (s,
6H), 3.33 (d, J=13.5, 1H), 4.14 (d, J = 13.5, 1H), 4.75 (d, J = 12.5, 1H), 4.86 (d, J = 12.8, 1H),
7.35—7.41 (m, 3H), 7.56 (d, J = 7.4, 2H). 1*C-NMR (126 MHz, CDCls): § 20.58, 21.40, 27.73,
32.27, 44.01, 44.29, 50.60, 51.35, 51.53, 52.44, 57.11, 64.64, 71.26, 117.56 (g, J = 296.8),
127.79, 129.26, 130.81, 133.53, 161.25 (g, J = 32.7).
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Synthesis of 1-(((1S,2S,4R)-2-ammonio-7,7-dimethylbicyclo[2.2.1]heptan-1-yl)methyl)-1-
benzylpyrrolidin-1-ium iodide (7b)

H HI (aq.), CH,Cl,, r.t. H
@N\] NHBoc @N\] NH,
Ph B Pr °

1-Benzyl-1-(((1S,2S,4R)-2-((tert-butoxycarbonyl)amino)-7,7-dimethylbicyclo[2.2.1]heptan-1-
yl)methyl)pyrrolidin-1-ium bromide (5b) (0.55 mmol, 270 mg) was dissolved in anhydrous
CHCI (8 mL), then HI (ag., 48%, 5 equvivlents, 2.75 mmol, 495 pL) was added. The reaction
mixture was stirred for 4 h at 25°C. Volatile components were evaporated in vacuo, the residue
was dissolved in dichloromethane (5 mL) and washed with NaOH (ag., 2 M, 2 x 5mL) and
NaCl (aqg. sat., 1 x 5mL). Yield: 150 mg (0.34 mmol, 62%) of yellowish semisolid. [a]o"" =
+18.8 (0.15, MeOH). EI-HRMS: m/z = 313.2635 (M)"; C2:Ha3N2" requires: m/z = 313.2635
(M)"; vmax 3273, 2951, 2881, 2188, 2152, 1969, 1594, 1458, 1372, 1303, 1217, 1142, 1077,
1033, 1004, 917, 822, 764, 725, 641 cm™. tH-NMR (600 MHz, CDCls): 6 1.03 — 1.06 (m, 1H),
1.06 (s, 3H), 1.07 (s, 3H), 1.41 - 1.50 (m, 1H), 1.67 (t, J = 4.6, 1H), 1.77 (td, J = 10.7, 9.7, 6.5,
1H), 1.81 - 1.88 (m, 1H), 1.92 — 1.99 (m, 1H), 2.05 — 2.11 (m, 1H), 2.12 — 2.21 (m, 2H), 2.26
(ddd, J=13.4,9.4, 4.1, 1H), 2.36 — 2.75 (m, 3H), 3.68 (dt, J = 10.5, 3.1, 1H), 3.75 (ddd, J =
12.3,8.5,5.9, 1H), 3.81 - 3.87 (m, 1H), 3.83 (d, J = 14.1, 1H), 3.89 (d, J = 14.2, 1H), 4.07 (ddd,
J=122,8.3, 6.3, 1H), 4.16 (ddd, J = 11.9, 8.2, 6.2, 1H), 5.06 (d, J = 12.6, 1H), 5.25 (d, J =
12.6, 1H), 7.42 — 7.50 (m, 3H), 7.66 (d, J = 6.6, 2H). *C-NMR (151 MHz, CDCls): 5 19.88,
21.16, 21.96, 22.08, 26.80, 29.23, 42.76, 44.69, 52.63, 53.69, 54.48, 60.85, 61.96, 63.75, 67.23,
128.66, 129.39, 130.71, 133.42.
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Synthesis of phase-transfer bifunctional catalysts — General procedure 4 (GP4)

electrophile, CH,Cl,, r.t.

Amine 7 or 8 was dissolved in anhydrous CH2Cl, the appropriate electrophile was added (1.2-
1.4 equivalents), and the reaction mixture was stirred for 16 h at room temperature. The volatiles
were evaporated in vacuo. The residue was purified by column chromatography (CC). The

fractions containing product 1-X were combined and the volatiles were evaporated in vacuo.

16



Trifluoroacetate anion exchange — General procedure 5 (GP5)

Nal, EtOAc
g \
N HN—R! ~N HN—pR1
_Je Je i
Ph o Ph o
CF4CO0 I

The column was packed with Nal (5 g) and conditioned with ethyl acetate. The trifluoroacetate
phase transfer catalyst was dissolved in ethyl acetate and applied to the Nal column. The
fractions containing the product were combined and the volatiles were evaporated in vacuo.

Based on the F NMR spectra (presence of a signal for fluorine from trifluoroacetate anion),
the procedure was repeated as necessary.
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N-Benzyl-1-((1R,2R,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium 2,2,2-trifluoroacetate
(1

H
N H
\ >]/N
N H
Ph
©
CF3CO, F\C

Following GP4. Prepared from (1S,2R,4R)-1-((benzyldimethylammonio)methyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-aminium 2,2,2-trifluoroacetate (8a) (0.585 mmol, 300 mg) and
3,5-bis(trifluoromethyl)phenyl isothiocyanate (1.05 mmol, 192 pL), CH2Cl, (4 mL), 25°C, 16
h. Isolation by evaporation followed by column chromatography (Silica gel 60, EtOAc/MeOH
=4:1). Yield: 316 mg (0.47 mmol, 80%) of yellowish solid, mp = 87.5-89.0°C. [a]o"" = +6.8
(0.13, MeOH). EI-HRMS: m/z = 558.2374 (M)*; C2gHz4FsN3S™ requires: m/z = 558.2372 (M)*;
vmax 3260, 2962, 2885, 2091, 1679, 1622, 1523, 1472, 1382, 1333, 1274, 1218, 1171, 1125,
999, 970, 883, 848, 828, 780, 760, 727, 700, 680 cm™. *H-NMR (500 MHz, CDCls): 5 0.89 (s,
3H); 1.18 (s, 3H); 1.36 — 1.45 (m, 1H); 1.66 — 1.74 (m, 1H); 1.81 — 1.94 (m, 4H); 2.22 (dd, J =
8.6, 13.4, 1H); 3.00 (s, 3H); 3.08 (s, 3H); 3.29 (d, J = 14.5, 1H); 4.65 (d, J = 12.6, 1H); 4.74 —
4.80 (m, 1H); 4.84 —4.93 (m, 2H); 7.40 — 7.54 (m, 6H); 8.36 (s, 2H); 8.79 (d, J = 7.9, 1H); 10.97
(s, 1H). 3C NMR (126 MHz, CDCls): 6 20.76, 20.93, 27.84, 34.28, 41.11, 43.92, 50.38, 50.44,
51.25, 53.08, 58.99, 66.90, 71.59, 113.57, 116.74 — 117.00 (m), 117.08 (q, J = 294.0), 122.13
(d, J=4.0),123.41 (q, J =272.6), 124.49, 126.58, 129.53, 131.34 (q, J = 33.2), 131.37, 133.09,
141.70, 162.07 (q, J = 34.3), 180.02.
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N-Benzyl-1-((1R,2R,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium iodide (1)

\ N
N H % CF4
J S
Ph
O
! FsC
Following GP5. Prepared from N-benzyl-1-((1R,2R,4R)-2-(3-(3,5-

bis(trifluoromethyl)phenylthioureido)-7,7-dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-
dimethylmethanaminium 2,2,2-trifluoroacetate (1) (0.21 mmol, 140 mg), dissolved in ethyl
acetate (4 mL) and filtered through a pad of Nal. Volatile components were evaporated in
vacuo. Yield: 140 mg (0.20 mmol, 96%) of colorless solid, mp = 61.4-62.9°C. [a]p"" = +5
(0.19, MeOH). EI-HRMS: m/z = 558.2365 (M)*; C2sHz4FsN3S* requires: m/z = 558.2372 (M)*;
vmax 3305, 2964, 1674, 1536, 1473, 1384, 1336, 1275, 1172, 1123, 1000, 971, 884, 846, 801,
780, 759, 725, 701, 679 cm™. *H-NMR (500 MHz, CDCls): 6 0.96 (s, 3H); 1.28 (s, 3H); 1.39 —
1.46 (m, 1H); 1.64 — 1.73 (m, 1H); 1.81 — 2.01 (m, 4H); 2.23 (dd, J = 8.8, 13.4, 1H); 3.08 (s,
3H); 3.14 (s, 3H); 3.51 (d, J = 14.3, 1H); 4.81 — 4.89 (m, 1H); 4.96 (d, J = 12.5, 1H); 5.07 (d, J
=13.9,1H); 5.17 (d, J = 12.7, 1H); 7.38 — 7.45 (m, 2H); 7.46 — 7.51 (m, 1H); 7.54 (s, 1H); 7.55
—7.60 (m, 2H); 8.08 (d, J = 8.1, 1H); 8.43 (s, 2H); 10.52 (s, 1H). 3C-NMR (126 MHz, CDCls):
0 21.37, 21.94, 27.90, 34.23, 41.04, 43.83, 50.02, 50.70, 51.55, 53.44, 59.26, 66.70, 70.85,
117.35, 122.27, 123.36 (q, J = 272.7), 126.56, 129.49, 131.36, 131.36 (q, J = 33.3), 133.31,
141.23, 179.91.
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1-Benzyl-1-(((1S,2S,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)methyl)pyrrolidin-1-ium iodide (111)

CFj3

CF;

Following GP4. Prepared from 1-(((1S,2S,4R)-2-amino-7,7-dimethylbicyclo[2.2.1]heptan-1-
yDmethyl)-1-benzylpyrrolidin-1-ium iodide (7b) (0.34 mmol, 150 mg) and 3,5-
bis(trifluoromethyl)phenyl isothiocyanate (0.68 mmol, 124 uL), CH.Cl, (3 mL), 25°C, 16 h.
Isolation by column chromatography (Silica gel 60, EtOAc/MeOH =10: 1). Yield: 99 mg (0.14
mmol, 41%) of brownish semisolid. [«]o"" = +20 (0.047, MeOH). EI-HRMS: m/z = 584.2519
(M)*; CsoH36FsN3S™ requires: m/z = 584.2529 (M)*; vmax 3194, 3126, 2968, 2149, 1625, 1589,
1542, 1492, 1472, 1381, 1324, 1271, 1249, 1222, 1166, 1136, 1108, 1094, 1061, 1025, 999,
967, 909, 885, 847, 756, 721, 701, 679, 612 cm™. H-NMR (500 MHz, CDCls): 6 1.03 (s, 3H);
1.06 (s, 3H); 1.15 (dd, J = 13.4, 3.9, 1H); 1.51 — 1.93 (m, 5H); 1.98 — 2.06 (m, 1H); 2.16 — 2.31
(m, 2H), 2.61 — 2.70 (m, 1H); 2.99 — 3.07 (m, 1H); 3.41 — 3.51 (m, 2H), 3.67 — 3.83 (m, 3H);
3.83-3.93 (m, 1H); 4.63 (d, J = 12.9, 1H); 4.96 (d, J = 12.8, 1H); 5.34 — 5.45 (m, 1H); 7.39 —
7.45 (m, 2H); 7.47 — 7.52 (m, 1H); 7.54 — 7.58 (m, 2H); 7.60 (s, 1H); 8.34 — 8.43 (m, 3H); 10.67
(s, 1H). 3C-NMR (126 MHz, CDCls): § 19.98, 20.65, 21.49, 21.93, 28.65, 29.57, 38.39, 43.68,
51.83, 54.54, 57.00, 60.89, 61.91, 64.34, 67.34, 117.85 — 118.26 (m), 123.08 — 123.29 (m),
123.38 (q, J = 209.2), 127.38, 129.67, 131.28, 131.57 (q, J = 33.4), 133.39, 140.92, 182.20.
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N-Benzyl-1-((1R,2S,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium 2,2,2-trifluoroacetate
(1V)

H
-\
HN_ _S
J ® \’%
Ph HN CF,
©
CF4CO,

CF3

Following GP4. Prepared from (1S,2S,4R)-1-((benzyldimethylammonio)methyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-aminium 2,2,2-trifluoroacetate (7a) (0.39 mmol, 200 mg) and
3,5-bis(trifluoromethyl)phenyl isothiocyanate (0.70 mmol, 128 pL), CH2Cl> (4 mL), 25°C, 16
h. Isolation by column chromatography (Silica gel 60, EtOAc/MeOH = 4 : 1). Yield: 250 mg
(0.37 mmol, 95%) of colorless solid, mp = 153-155°C. [a]o"" = +2.1 (0.11, MeOH). EI-HRMS:
m/z = 558.2363 (M)"; CasHz4aFsN3S* requires: m/z = 558.2372 (M)"; vmax 3275, 3247, 3047,
2961, 2890, 1682, 1542, 1473, 1385, 1278, 1177, 1132, 966, 887, 848, 801, 719, 702, 680 cm"
1 IH-NMR (500 MHz, CDCls): 6 0.97 (s, 3H), 1.05 (s, 3H), 1.10 (dd, J = 13.4, 3.7, 1H), 1.51
(ddd, J = 13.4, 9.2, 4.7, 1H), 1.73 (t, J = 4.6, 1H), 1.78 — 1.89 (m, 1H), 1.95 — 2.12 (m, 1H),
2.59 - 2.67 (m, 1H), 2.68 — 2.76 (m, 1H), 3.03 (s, 3H), 3.04 (s, 3H), 3.47 (d, J = 13.7, 1H), 3.72
(d,J=13.7,1H),4.55 (d,J = 12.6, 1H), 4.71 (d, J = 12.6, 1H), 5.22 (tt, J = 10.2, 3.0, 1H), 7.34
— 7.40 (m, 4H), 7.43 — 7.48 (m, 1H), 7.53 (s, 1H), 8.29 (s, 2H), 8.91 (d, J = 9.8, 1H), 11.09 (s,
1H). 3C-NMR (126 MHz, CDCls): ¢ 19.81, 20.25, 28.05, 28.57, 38.68, 43.75, 50.78, 51.03,
51.76, 54.43, 56.70, 69.58, 73.03, 117.02 (q, J = 294.4), 117.24 — 117.53 (m), 122.72 (d, J =
3.4),123.39(q, J = 272.7), 126.96, 129.47, 131.24, 131.48 (g, J = 33.4), 133.03, 141.44, 161.62
(9, J=34.1), 181.96.
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N-Benzyl-1-((1R,2S,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium iodide (V)

\ H
N HN S
PhJ ® \’%
o HN CF3

CF3

Following GP5. Prepared from  N-((S)-(6-methoxyquinolin-4-yl)((1S,2S,4S,5R)-5-
vinylquinuclidin-2-yl)methyl)-4-(trifluoromethyl)benzene-1,2-diamine (1V) (0.17 mmol, 116
mg), dissolved in ethyl acetate (3 mL) and filtered through a pad of Nal. Volatile components
were evaporated in vacuo. Yield: 109 mg (0.16 mmol, 92%) of white solid, mp = decomposition
above 350°C. [a]o"" = +69.2 (0.013, MeOH). EI-HRMS: m/z = 558.2368 (M)*; CagH34FsN3S*
requires: m/z = 558.2372 (M)"; vmax 3247, 2960, 2928, 2857, 2175, 2163, 2135, 2034, 1996,
1954, 1722, 1595, 1534, 1473, 1385, 1277, 1177, 1135, 965, 887, 730, 701, 680 cm™. tH-NMR
(500 MHz, DMSO-de): 6 0.98 (s, 3H), 1.02 (dd, J = 13.0, 3.7, 1H), 1.05 (s, 3H), 1.43 — 1.52 (m,
1H), 1.72 (t, J = 4.4, 1H), 1.90 — 2.06 (m, 2H), 2.16 — 2.24 (m, 1H), 2.45 — 2.49 (m, 1H), 2.95
(s, 3H), 2.99 (s, 3H), 3.60 (d, J = 14.1, 1H), 3.71 (d, J = 14.0, 1H), 4.52 — 4.63 (m, 2H), 5.04 —
5.12 (m, 1H), 7.43 — 7.59 (m, 5H), 7.81 (s, 1H), 8.28 (s, 2H), 8.38 (d, J = 9.8, 1H), 10.32 (s,
1H). 3C-NMR (126 MHz, DMSO-ds): § 19.25, 20.04, 26.97, 28.11, 38.10, 42.97, 49.08, 50.46,
51.23, 53.88, 56.13, 67.81, 70.46, 116.76 — 117.00 (m), 122.27 — 122.44 (m), 123.17 (g, J =
272.8), 128.03, 128.86, 130.17 (q, J = 32.8), 130.38, 133.06, 141.46, 181.00.
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N-Benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-phenylthioureido)bicyclo[2.2.1]heptan-1-yI)-
N,N-dimethylmethanaminium 2,2,2-trifluoroacetate (V1)

\ H
N HN S
PhJ ©) \’y
N

H
©
CF4CO,

Following GP4. Prepared from (1S,2S,4R)-1-((benzyldimethylammonio)methyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-aminium 2,2,2-trifluoroacetate (7a) (0.39 mmol, 200 mg) and
phenyl isothiocyanate (0.70 mmol, 84 pL), CH2Cl. (4 mL), 25°C, 16 h. Isolation by evaporation
followed by column chromatography (Silica gel 60, EtOAc/MeOH =4 : 1). Yield: 119 mg (0.22
mmol, 56 %) of colorless solid, mp = 180-183°C. [«]o"" = +6.7 (0.06, MeOH). EI-HRMS: m/z
= 422.2618 (M)"; Co6H3sN3S™ requires: m/z = 422.2624 (M)"; vmax 3244, 2959, 2884, 1683,
1540, 1507, 1489, 1473, 1457, 1362, 1317, 1202, 1148, 1056, 1033, 851, 801, 727 cm™. *H-
NMR (500 MHz, CDClz): 6 0.96 (s, 3H); 1.04 (s, 3H); 1.08 (dd, J =13.3, 3.7, 1H); 1.45 - 1.53
(m, 1H); 1.67 — 1.79 (m, 2H); 1.96 — 2.06 (m, 1H); 2.57 — 2.65 (m, 1H); 2.67 — 2.76 (m, 1H);
2.98 (s, 3H); 3.03 (s, 3H); 3.41 (d, J =13.6, 1H); 3.73 (d, J = 13.8, 1H); 4.54 (d, J = 12.5, 1H);
4.79 (d, J = 12.4, 1H), 5.24 — 5.31 (m, 1H), 7.04 — 7.10 (m, 1H); 7.22 — 7.29 (m, 2H); 7.33 —
7.47 (m, 5H); 7.60 — 7.68 (m, 2H); 8.64 (d, J = 9.9, 1H); 10.45 (s, 1H). 3C-NMR (126 MHz,
CDCls): 6 19.95, 20.50, 28.53, 28.65, 38.67, 43.85, 51.11, 51.22, 51.72, 54.34, 56.50, 69.08,
72.83, 123.82, 124.84, 127.30, 128.46, 129.38, 130.98, 133.35, 139.65, 182.21 (two signals

missing).
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N-Benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-phenylureido)bicyclo[2.2.1]heptan-1-yl)-N,N-
dimethylmethanaminium 2,2,2-trifluoroacetate (VI11)

H

\
N HN o
N

H
©
CF3CO,

Following GP4. Prepared from (1S,2S,4R)-1-((benzyldimethylammonio)methyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-aminium 2,2,2-trifluoroacetate (7a) (0.39 mmol, 200 mg) and
phenyl isocyanate (0.69 mmol, 76 pL), CH2Cl2 (4 mL), 25°C, 16 h. Isolation by evaporation
followed by column chromatography (Silica gel 60, EtOAc/MeOH =5 : 1). Yield: 57 mg (0.11
mmol, 28%) of colorless solid, mp = 120.0-123.8°C. [a]o"" = +5 (0.08, MeOH). EI-HRMS:
m/z = 406.2850 (M)*; C26H3sN3O* requires: m/z = 406.2853 (M)*; vmax 3261, 2960, 2886, 2150,
1683, 1598, 1550, 1489, 1457, 1313, 1202, 1139, 846, 801, 727, 702 cm™. tH-NMR (500 MHz,
CDCl3): 6 0.95 (s, 3H), 1.00 (s, 3H), 1.12 (dd, J = 13.3, 3.6, 1H), 1.44 — 1.53 (m, 1H), 1.55 —
1.68 (m, 2H), 2.03 — 2.11 (m, 1H), 2.47 — 2.55 (m, 1H), 2.60 — 2.67 (m, 1H), 3.04 (s, 3H), 3.08
(s, 3H), 3.36 (d, J = 13.7, 1H), 3.88 (d, J = 13.7, 1H), 4.52 — 459 (m, 1H), 4.73 (d, J = 12.4,
1H), 4.97 (d, J=12.3, 1H), 6.91 - 6.98 (m, 1H), 7.18 — 7.24 (m, 2H), 7.25 - 7.30 (m, 3H), 7.35
— 7.40 (m, 1H), 7.42 — 7.47 (m, 2H), 7.51 — 7.57 (m, 2H), 9.31 (s, 1H). 3C-NMR (126 MHz,
CDCls): 6 19.71, 20.51, 28.46, 28.68, 39.90, 44.00, 50.46, 51.29, 51.76, 52.02, 54.06, 68.41,
72.90, 117.34 (d, J = 295.3), 118.79, 122.19, 127.49, 128.82, 129.24, 130.75, 133.32, 139.93,
156.51, 161.52 (q, J = 33.5).
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N-Benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-phenylureido)bicyclo[2.2.1]heptan-1-yl)-N,N-

dimethylmethanaminium iodide (VI1I1)

H

\
N HN o
N

.@H©

Following GPs5. Prepared from N-benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-
phenylureido)bicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium 2,2,2-trifluoroacetate
(V11) (0.26 mmol, 139 mg), dissolved in ethyl acetate (5 mL) and filtered through a pad of Nal.
All volatile components were evaporated in vacuo. Yield: 111 mg (0.21 mmol, 80%) of
colorless solid, mp = 153-155°C. [a]o"" = +78 (0.073, MeOH). EI-HRMS: m/z = 406.2850
(M)*; Co6H3sN3O* requires: m/z = 406.2853 (M)*; vmax 3277, 2967, 2881, 1678, 1597, 1543,
1487, 1442, 1377, 1311, 1217, 1158, 1128, 1030, 949, 852, 816, 753, 729, 694 cm™. H-NMR
(500 MHz, CDCls): 6 1.01 (s, 6H), 1.14 (dd, J = 13.3; 3.6, 1H), 1.46 — 1.60 (m, 2H), 1.62 (t, J
=45, 1H), 2.23 -2.31 (m, 1H), 2.48 — 2.56 (m, 1H), 2.67 — 2.76 (m, 1H), 3.08 (s, 3H), 3.11 (5,
3H), 3.34 (d, J = 13.7, 1H), 4.07 (d, J = 13.6, 1H), 4.54 — 4.65 (m, 1H), 4.80 (d, J = 12.3, 1H),
5.05(d, J=12.3, 1H), 6.75 (d, J = 10.8, 1H), 6.94 — 7.00 (m, 1H), 7.19 — 7.25 (m, 2H), 7.31 (t,
J=17.6,2H), 7.38 — 7.43 (m, 1H), 7.48 — 7.53 (m, 2H), 7.56 — 7.62 (m, 2H), 8.93 (s, 1H). 13C-
NMR (126 MHz, CDCIls): 6 19.88, 20.81, 28.41, 29.13, 39.96, 44.02, 50.51, 51.57, 51.95, 52.34,
54.45, 68.01, 72.56, 118.82, 122.49, 127.33, 128.83, 129.29, 130.86, 133.38, 139.60, 156.34.
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N-Benzyl-1-((1R,2S,4R)-2-((2-((3,5-bis(trifluoromethyl)phenyl)amino)-3,4-
dioxocyclobut-1-en-1-yl)amino)-7,7-dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-
dimethylmethanaminium 2,2,2-trifluoroacetate (1X)

2 0
HN
e
Ph
0
©  HN
CF,CO,
CF,
FsC

Following GP4. Prepared from (1S,2S,4R)-1-((benzyldimethylammonio)methyl)-7,7-
dimethylbicyclo[2.2.1]heptan-2-aminium 2,2,2-trifluoroacetate (7a) (0.19 mmol, 100 mg) and
3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-ethoxycyclobut-3-ene-1,2-dione  (0.30 mmol,
106,4 mg), CH2Cl> (2 mL), 25°C, 16 h. Isolation by evaporation followed by column
chromatography (Silica gel 60, EtOAc/MeOH = 4 : 1). Yield: 106 mg (0.15 mmol, 75%) of
colorless solid, mp = 148.9-150.1°C. [a]o"" = +65 (0.006, MeOH). EI-HRMS: m/z = 594.2545
(M)™; Cs1H34FsN3O2 requires: m/z = 594.2550 (M)™; vmax 3420, 3153, 3034, 2967, 2888, 1791,
1686, 1603, 1551, 1475, 1427, 1377, 1276, 1176, 1127, 948, 931, 880, 848, 831, 730, 701, 684,
666 cm™. 'H-NMR (500 MHz, CDCls): ¢ 1.02 (s, 3H), 1.17 (s, 3H), 1.35 (dd, J = 13.2, 3.6,
1H), 1.60 — 1.66 (m, 1H), 1.77 (t, J = 4.5, 1H), 1.89 (br t, J = 13.3, 1H), 1.93 — 2.05 (m, 1H),
2.52 —2.62 (m, 1H), 3.01 (s, 1H), 3.14 (s, 3H), 3.16 (s, 3H), 3.42 (d, J = 13.8, 1H),4.33 (d, J =
13.9, 1H), 4.63 (d, J = 12.5, 1H), 4.76 (d, J = 12.5, 1H), 5.27 (t, J = 9.9, 1H), 7.41 (t, J = 7.4,
2H), 7.45 —-7.50 (m, 2H), 7.55 — 7.66 (m, 2H), 8.21 (s, 2H), 9.13 (d, J = 9.2, 1H), 11.34 (s, 1H).
13C-NMR (126 MHz, CDCls): 6 19.80, 20.66, 26.61, 28.93, 41.29, 44.05, 50.80, 51.47, 52.79,
55.04, 58.56, 70.65, 73.17, 116.24, 119.01, 123.33 (q, J = 272.9), 126.85, 129.59, 131.38,
132.65 (g, J = 33.4), 133.40, 140.74, 165.81, 169.02, 181.07, 185.00. (two carbon missing).
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1-Benzyl-1-(((1S,2S,4R)-7,7-dimethyl-2-(3-phenylthioureido)bicyclo[2.2.1]heptan-1-
yl)methyl)pyrrolidin-1-ium iodide (X)

Following GP4. Prepared from 1-(((1S,2S,4R)-2-amino-7,7-dimethylbicyclo[2.2.1]heptan-1-
yl)methyl)-1-benzylpyrrolidin-1-ium iodide (7b) (0.25 mmol, 109 mg) and phenyl
isothiocyanate (0.38 mmol, 45 pL), CHxCl> (2 mL), 25°C, 16 h. Isolation by column
chromatography (Silica gel 60, EtOAc/MeOH = 10 : 1). Yield: 72 mg (0.13 mmol, 50%) of
colorless solid, mp = 178-180 °C. [a]o"" = +7.4 (0.14, MeOH). EI-HRMS: m/z = 448.2776
(M)*; CasH3sNsS requires: m/z = 448.2781 (M)"; vmax 3209, 3030, 2953, 1685, 1597, 1528,
1495, 1450, 1360, 1308, 1243, 1144, 1089, 1027, 1002, 915, 758, 716, 698, 607 cm™. *H-NMR
(500 MHz, CDCl3): 6 0.99 (s, 3H), 1.02 (s, 3H), 1.12 (dd, J = 13.4, 3.9, 1H), 1.42 — 1.52 (m,
2H), 1.65 (t, J = 4.3, 1H), 1.71 - 1.89 (m, 2H), 1.96 — 2.07 (m, 1H), 2.15 — 2.23 (m, 2H), 2.53
—2.64 (brt, J=11.8, 1H), 2.97 (br s, 1H), 3.40 (d, J = 13.9, 1H), 3.42 — 3.48 (m, 1H), 3.70 (dt,
J=12.3,7.4,1H), 3.81 (d, J = 13.8, 1H), 3.83 —3.99 (m, 2H), 4.64 (d, J = 12.7, 1H), 5.12 (d, J
=12.7,1H),5.40 (brt,J =10.6, 1H), 7.14 (t, J=7.3,1H), 7.31 (t, J = 7.6, 2H), 7.41 (t, = 7.4,
2H), 7.46 (t, J = 7.3, 1H), 7.60 (d, J = 6.8, 2H), 7.76 (d, J = 7.2, 2H), 8.10 (d, J = 10.4, 1H),
10.10 (s, 1H). *C-NMR (126 MHz, CDCls): 6 19.98, 20.70, 21.34, 22.00, 28.48, 29.80, 38.39,
43.70, 51.66, 54.42, 56.54, 60.24, 62.02, 63.82, 67.18, 123.99, 125.16, 127.84, 128.55, 129.49,
130.93, 133.61, 139.32, 182.27.
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2. HPLC data

Evaluation of organocatalysts I-1X in the fluorination of g-keto ester 9

H H
N, H N. H
\ 7]/N \ \]//N
N N
B Hod CF; 6 d CF,
Ph Ph
© ©
CF4CO, FaC I FsC
I 1
H H
~ \\
N~ HN_ _S N~ HN_ _S

HN CF, HN CF3
o \©
CF4CO,

N HN o N HN

Y

HN
o
CF5CO,

VI VIII

Figure S1. Applied organocatalysts 1-1X.
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Table S1. Evaluation of organocatalysts I-1X in the fluorination of -keto ester 9.23 [

o catalyst (5 mol%), K3PO,4 (2M aq.) o
toluen, 16h, 0°C
[ I IE + NFSI [ j: E JF
COOtBu ",
COO1Bu
Entry Catalyst Yield I (90) ee [ (%)
1 | 63 3(9)
2 [ 96 9 (S)
3 i 38 18 (S)
4 IV 96 1(R)
5 V 94 3 (R)
6 Vi 58 5 (S)
7 VII 71 5 (S)
8 VIl 87 29 (S)
9 IX 90 18 (S)

[a] Aqueous K3PO4 (2 M, 2 equivalents, 0.1 mL) was added to a mixture of S-keto ester 9 (0.1
mmol, 24.4 mg, ® = 95%) and organocatalyst I-1X (2 mol%) in toluene (2 mL) under argon
atmosphere. Mixture was cooled to —10°C and NFSI (1.1 equivalents, 34.7 mg) was added in
two portions over 2 h. The reaction mixture was stirred for another 12 h at —10°C. After
completion, the reaction was quenched by addition of NH4ClI (ag. sat, 4 mL) and extracted with
CH2Cl> (10 mL). The organic phase was dried over anhydrous Na.SOa, filtered, and the
volatiles were evaporated in vacuo. The residue was purified by column chromatography (Silica
gel 60, EtOAc/n-Heptane = 1 : 15). [b] Reaction yield determined after isolation with column
chromatography (Silica gel 60, EtOAc/Heptane = 1 : 15). [c] ee determined by HPLC
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(Chiralpak AD-H, n-Hexane/i-PrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C) after
the isolation by column chromatography.
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Table S1, Entry 1

Catalyst Yield (%) ee (%)
H
\ AN
10 L o, 63 3(9)
JG) S
Ph
o
CF5CO,

FsC

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram
1 600 - 5 WASZ20191002-LUKA #4 [manually integrated) LC 1298 UV _VIS_2 WWVL:250 nm
] 1 - 25,923
1400
1200 2-31813
10004
= ]
= i
E  &o04
o j
c
g <
Lg EOD—_
=] 4
‘j: -
4004
200
O'_ T I
20D-_r T — T ' T T T T T T — T 7 L
0.0 50 10,0 15,0 20.0 250 30.0 35,0 40.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAL % % n.a.
1 25,923 1267,752 1425663 51,31 54,88 n.a.
2 31,613 1202,796 1172,321 48,69 4512 n.a.
Total: 2470,548 2597,984 100,00 100,00
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Table S1, Entry 2

Catalyst

Yield (%)

ee (%)

CF;

F3C

96

9.(S)

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram |
200 - T WAS20191002-LUKA #37 [manually integrated] LC 1325 UV WIS 2 WYL:250 nm
600
500

= 4004

=

E

g 300
2 300+
M

=

2

2 200
100

04
100- T T T T T T T 1
0.0 5.0 10.0 15.C 20.0 25.0 30.0 35.0 40.0
Time [min]
| Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 28,527 367,085 594,860 54,66 61,60 n.a.

2 34,047 304,504 370,840 45,34 38,40 n.a.
Total: 671,589 965,700 100,00 100,00
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Table S1, Entry 3

Catalyst Yield (%) ee (%)
H
L On— hn S
3 1 7 38 18 (S)
Ph N CF3

CF3

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram |
50 7 WAS20191002-LUKA #40 [manually integrated) LC 1350 UV_WIS 2 WWL:250 nm
] 1 -29.370
3004
250
- 200
= ]
E.
8 150] 23764
m
0
2
< 100
50
O—- | |
50--I T T T T T T T 1
0.0 5,0 10.0 15.0 20.0 250 30.C 35,0 40.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 29,370 202,806 318,253 59,20 69,36 n.a.
2 37,620 139,776 140,566 40,80 30,64 n.a.
Total: 342,582 458,819 100,00 100,00

33



Table S1, Entry 4

Catalyst Yield (%) ee (%)
H
\\N HN_ _S
4 IV e Y 96 1(R)
Ph HN CF,
©
CF3CO,

CF;

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram |
450 - 7 WAS20191002-LUKA #1 [manually integrated) LC 1292 UV _WIS_2 WWL:250 nm
1- 24525
400 -
12 - 29,157
SV
=)
=
E
@
2 200 4
m
=
2
0
=
100
04 1
50 _I T T T T T T T T T T T T T T 1
0.0 50 10,0 15.C 20.0 25.0 30,0 35.0 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU %o % n.a.
1 24,323 197,204 404,864 49,57 55,18 n.a.
2 29.157 200.629 328,851 50,43 44,82 n.a.
Total: 397,832 733,715 100,00 100,00
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Table S1, Entry 5

Catalyst

Yield (%)

ee (%)

H

\
N HN S
PhJ ® \’%
HN
ICD

94

CF;

CF;

3(R)

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

Ichromatogram
a00 - 3 WAS20191002-LUKA #2 [manually integrated] LC 1293 UV _WVIS_2 WWL:250 nm
| 1-24 520
7504
2 - 29,492
625
2 s00]
E
8
= 3754
2
=]
<T
2504
125]
0 T : |
100_] T T T T T T T T T T T T T T T 1
0.0 5.0 10.0 15.0 20.0 250 30.0 350 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mALl i ] n.a.
1 24,620 403,853 820,449 48,44 54,40 n.a.
2 29,493 429,856 687,839 51,56 45,60 n.a.
Total: 833,709 1508,288 100,00 100,00
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Table S1, Entry 6

Catalyst Yield (%) ee (%)
H
6 Vi N 58 5(S
PhJ - HNYS (S)
HN
©
CF5;CO,

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram |
200 7 WAS20191002-LUKA #39 [manually integrated] LC 1343 UV_VIS_2 WWL:250 nm
600 11- 29,340
500 4
- 400+ 12 - 36,080
=
E.
8 300
£ 200
1004
04 | - T
100- T T T T T T T 1
0.0 5.0 10.0 15.C 20.0 25.0 30.0 35.0 40.0
Time [min]
Integration Results
No Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na.
1 29,340 358,925 588,519 52,74 60,41 na.
2 36,090 322,479 385,678 47 26 39,59 n.a.
Total: 682,403 974,197 100,00 100,00
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Table S1, Entry 7

Catalyst Yield (%) ee (%)
H
7 VI N 71 5(S
PhJ@ HNYO ®)
HN
©)
CF5;CO,

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C
[Chromatogram

|
1400 - T WASZ0191002-LUKA #5 [manually integrated] LC 1297 UV WIS 2 WWL:250 nm
| 11- 26,533
1200
10004 12 - 32,457
= 800
= |
£
> |
2 g004
m 4
=
@ |
£ 4001
2004
o L : ! .
200-_, 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 T T T T 1
a.0 50 10.0 15.C 20.0 250 30.0 35.0 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 26,633 1123,141 1249,087 52,45 55,79 n.a.
2 32,457 1018,331 989.625 47,55 4421 n.a.
Total: 2141,472 2238,712 100,00 100,00
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Table S1, Entry 8

Catalyst Yield (%) ee (%)

H

\
N HN__O
L
HN

I@

8 VI 87 29 ()

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram |
1 400~ T WAS20191002-LUKA #38 [manually integrated) LC 1342 UW_WMIS_ 2 WWL:250 nm
1200 1-29.023
1000

- 8004
= i
E
B
c 8004
o j

5 |2 - 35577

E 4

< 4004

200
04 T - T
200-—l T T T T T T T 1
0.0 5,0 10.0 15.0 20.0 25.0 300 35.0 40.0
Time [min]

| Integration Results

No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount

min mAU*min mAU % % na.

1 29,023 722,164 1181,046 64,70 71,11 n.a.

2 35,577 394,064 479,905 35,30 28,89 na.

Total: 1116,227 1660,951 100,00 100,00
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Table S1, Entry 9

Catalyst Yield (%) ee (%)
H
— 0
JN 5 HN
9 IX Ph o 90 18 (S)

S) HN

CF5;CO,
CF;
F3C

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram
900 - 3 WAS20191002-LUKA #3 [manually integrated] LC 1298 UV _VIS_2 WWVL:250 nm
] i1- 24757
7504
625
— 12 - 28853
3 500
E
4
B 3754
3
=]
=
2504
125
04 ;! .
100_! T T T T T T T T T T T T 1
0.0 50 10.0 15.0 200 250 30.0 350 400
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU Y % na.
1 24,757 670,227 840,939 58,82 61,81 na.
2 29893 469,212 518,535 41,18 38,19 n.a.
Total: 1139,440 1360,474 100,00 100,00
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Table S2. Further evaluation of organocatalysts 111, VII1, and X in the fluorination of s-keto
ester 9.23 (2]

o) catalyst lll, XIlI, or IX (2 mol%) (o)
base, CH,Cl,, 16 h, 0°C
[ I/f + NFSI [ I lé JF
COO1Bu
COO1Bu
9 10
Entry Catalyst Base Yield I (90) ee [ (%0)
KsPO
1 1l ST 64 0
(leq.)
K3PO4(aq)
2 1 48 2 (S)
(2eq.)
K3PO
3 n e 87 0
(leq.)
K3POsan)
4 VIl 77 28 (S)
(leq.)
K3POu)
5 VI 96 23 (S)
(leq.)
K3P04(aq)
6 IX 80 26 (S)
(leq.)
K3POa(aq)
7 IX 98 19 (S)
(2eq.)
K2H PO4(aq)
8 IX 96 9 (S)
(2eq.)
CSZCO3(aq)
9 IX 49 19 (S)
(2eq.)
K2COs(ag)
10 IX 51 14 (S)
(2eq.)

[a] Appropriate base (2 M) was added to a mixture of S-keto ester 9 (0.1 mmol, 24.4 mg, ® =
95%) and organocatalyst 111, VI, or IX (2 mol%) in CH2Cl> (2 mL) under argon atmosphere.
Mixture was cooled to —10°C and NFSI (1.1 equivalents, 34.7 mg) was added in two portions
over 2 h. The reaction mixture was stirred for another 12 h at —10°C. After completion, the

reaction was quenched by addition of NH4ClI (ag. sat, 4 mL) and extracted with CH.Cl, (10
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mL). The organic phase was dried over anhydrous Na SO, filtered, and the volatiles were
evaporated in vacuo. The residue was purified by column chromatography (Silica gel 60,
EtOAc/n-Heptane = 1 : 15). [b] Reaction yield determined after isolation with column
chromatography (Silica gel 60, EtOAc/n-Heptane = 1 : 15). [c] ee determined by HPLC
(Chiralpak AD-H, n-Hexane/i-PrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C) after

the isolation by column chromatography. [d] 2 equivalents of K3POas.
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Table S2, Entry 1

Catalyst Base Yield (%) ee (%)
H
HN KsPO
11 ) ST 64 0
h HN CF, (1eq.)
S)

CF;

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram
200 - 7 WASZ20191002-LUKA #58 [manually integrated] LC 13862 UV _WIS_2 WWL:250 nm
|1+ 25,327
6004
5004 12 - 30723
= 400+
= i
E
p” i
2 3004
m 4
2
2
< 2004
1004
04 L.
100-_! T T T T T T T T T T T T T T T T 1
Q.0 10.0 15.0 20,0 25.0 30,0 350 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU Yo % n.a.
1 25,327 327,116 626,175 50,21 56,82 na.
2 30,723 324 316 475,833 49,79 43,18 n.a.
Total: 651,432 1102,008 100,00 100,00
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Table S2, Entry 2

Catalyst Base Yield (%) ee (%)

@N HN S K3POus(aq)
2 1

) 48 2(5)
h N CF4 (2eq)

CF3

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C
[Chromatogram

250 - 17 WAS20191002-LUKA #52 [manually integrated) LC 1366 UV_VIS_2 WWVL:250 nm
1 1-26,210
3004
250
(2 - 32,087
= 200
=
£
i)
2 150
m
]
3
< 1004
504
0 : T : I
5D-| —T T T I T T T —r T 1 Tt T T T T T T T 1
Q.0 5,0 10.0 15.C 20.0 25.0 30,0 35.0 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 26,210 166,931 319,299 50,82 58,01 n.a.
2 32,097 161,549 231,086 49,18 41,99 n.a.
Total: 328,480 550,385 100,00 100,00
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Table S2, Entry 3

Catalyst Base Yield (%) ee (%)
H
ON~ HN_ _S KsPO
3 1 5\7 \’4 3rUs(aq) 87 0
PH HN CF, (1eq.)
©
|
CF;

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C
[Chromatogram

J
250 - 7 WASZ0191002-LUKA #63 [manually integrated] LC 1367 UV VIS 2 WAL:250 nm
1-26,250
3004
250
12 -32,180
= 200
=
E
b
2 150 4
< 100
504
o] AN | : 1 |
50-| L S e e T L L B T T
Q.0 50 10,0 16.C 20,0 250 30,0 350 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 26,250 164,469 312,495 50,05 57.36 na.
2 32,180 164,125 232,313 49,95 42,64 n.a.
Total: 328,594 544,808 100,00 100,00
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Table S2, Entry 4

Catalyst Base Yield (%) ee (%)
4 VI \ KaPOsen 77 28 (S)
N HN (0]
T
Ph HN

I@

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram ]
180 1 WAS20191002-LUKA #58 [manually integrated) LC 1363 UV VIS 1 WWL:220 nm
11-25810
1504
1284
ERTE
E
)
cC 5 ]
‘Lg & 12 - 31,450
@
o
=
504
254
0 M |
f T
20_I T T T T T T T T T T T T T T T 1
0.0 50 10.0 15.C 200 250 30 350 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 25,810 84,948 160,167 63,92 69,56 n.a.
2 31.450 47,956 70,092 36,08 30.44 n.a.
Total: 132,905 230,259 100,00 100,00
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Table S2, Entry 5

Catalyst Base Yield (%) ee (%)
H
5 VIII \ KaPOus 96 23 (S)
N HN (0]
J® Y (1eq)
Ph HN

I@

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C
[Chromatogram

800 - 3 WAS20191002-LUKA #61 [manually integrated) LC 13685 UW_WIS_ 2 WWL:250 nm
] |1-26,153
7004
6004
500
=)
= i
E 400+
§ 12 - 31,983
m
‘L; 300—_
=] 4
=
2004
100
0__ 1 1 -
100-. T T T T T T T T T T T T T T T T T T T 1
0.0 50 10.0 15.0 20.0 25.0 30.0 350 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % % n.a.
1 26,153 384,712 727,676 61,36 67,92 n.a.
2 31,983 242,288 343,744 38,64 32,08 n.a.
Total: 627,000 1071,419 100,00 100,00
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Table S2, Entry 6

Catalyst Base Yield (%) ee (%)
H

\\N HN P

® K3POq4
6 IX o ﬁo e 80 26 (S)

©  HN (1eq)

CF4CO,

CFs
FsC

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram
1802 1 WAS20191002-LUKA #60 [manually integrated] LC 1364 UW_WIS_ 1 WAWL:220 nm
i 1- 26010
150
1284
ERTIE
E
]
_‘E’ 75.] 12 - 31,762
2
<
504
254
04 A J | 1 |
20_I T T T T T T T T T T T T T 1
0.0 5.0 10.0 15.C 20.0 25.0 30,0 35.0 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % % n.a.
1 26,010 84,429 160,183 62,77 68,98 n.a.
2 31,763 50,072 72,048 37,23 31,02 n.a.
Total: 134,501 232,231 100,00 100,00
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Table S2, Entry 7

Catalyst Base Yield (%) ee (%)
H

\\N HN P

® K3POq4
71X o ﬁo e 98 19 (S)

©  HN (2eq.)

CF4CO,

CFs
FsC

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram |
1 200- T WAS20191002-LUKA #41 [manually integrated] LC 1351 UW_WIS_2 WWL:250 nm
1000

8004
=) _
T BOU-
3 _
c
m
= _
5 400+
0
=
2004
O- |
200- Ls T T T T T T T 1
0,0 5,0 10.0 15.0 20,0 25.0 30,0 35.0 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 29,633 734,793 1072,076 59,67 70,61 n.a.
2 37,940 496,579 446,246 40,33 29,39 n.a.
Total: 1231,372 1518,321 100,00 100,00
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Table S2, Entry 8

Catalyst Base Yield (%) ee (%)
H

\\N HN

® K2HPOq4
8 IX o ﬁo e 9 9(S)

©  HN (2eq.)

CF4CO,

CFs
FsC

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram ]
700 - T WAS20191002-LUKA #45 [manually integrated] LC 1352 UV _WIS_2 WWL:250 nm
600 4 |1- 27,847
5004
= 400 -
<
E.
8 12 - 35,857
2 3004
@
0
2
£ 2004
1004
04 1 | 1
100- T T T T T T T 1
0.0 5.0 10.0 15.C 20.0 250 30.0 35.0 400
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % Y% n.a.
1 27,947 368,111 598,349 54,60 66,15 n.a.
2 35,857 306,136 306,251 45,40 33,85 n.a.
Total: 674,247 904,599 100,00 100,00
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Table S2, Entry 9

Catalyst Base Yield (%) ee (%)
H
\\N HN
® Cs2C0Os3
9 IX o ﬁo e 49 19 (S)
HN (2eq.)
CF4CO0,
CF,
FsC

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C

[Chromatogram ]
1 400 T WAS20191002-LUKA #43 [manually integrated] LC 1353 UV _WIS_2 WWL:250 nm
200- 11 - 27,663
‘] -
10004
- 8004
= J
E.
& so0
= AU
@ 4 - PR —
=} 12 - 35,397
2 ]
I 400
200+
o__ L | 1 |
20n__l T T T T T T T 1
0,0 50 10.0 15.0 200 250 30,0 350 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl %0 % n.a.
1 27,663 789,287 1230,343 59,69 70,48 n.a.
2 35,397 533,047 515228 40,31 29,52 n.a.
Total: 1322,333 1745,571 100,00 100,00
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Table S2, Entry 10

Catalyst Base Yield (%) ee (%)
H
\\N HN P
® K2COs3
101X P \)io e 51 14 (S)

HN (2eq.)

CF4CO,

CFs

FsC

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 200:1, flow rate 0.75 mL/min, A =250 nm, 10°C
[Chromatogram ]

7 WAS20191002-LUKA #44 [manually integrated] LC 1354 UV _WIS_2 WWL:250 nm

4504

4003 - 27,917
3504

300—:

=]

o

=
L

h
=
Lasa ol alasaa o alss

Absorbance [mAL
ko
o=
T

12 - 35,867
1504
1004
0_: J : /\ | -
50: r T T T T T T T 1
0.0 50 10.0 15.0 20,0 25.0 30.C 35.0 40.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.

1 27,917 235,792 393,086 57,00 70,80 n.a.
2 35,867 177,899 162,086 43,00 29,20 n.a.
Total: 413,691 555,173 100,00 100,00
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Table S3. Evaluation of organocatalysts 11, 111, VI-VIII, and IX in the chlorination of s-keto

ester 9.4 1

o) catalyst (1 mol%), K,HPO, (aqg., 2 M) o)
chlorobenzene, NCS, -20°C
[ j: lé [ j: lé ,Cl
COOtBu
‘COOtBu

9 11

Entry Catalyst Yield 1 (90) ee [ (%)

1 I 73 0

2 i 27 0

3 VI 55 0

4 VII 27 0

5 VI 64 0

6 IX 98 7(5)

[a] To a mixture of s-keto ester 9 (0.1 mmol, 24.4 mg, ® = 95%), organocatalyst I, 111, VI-

VI, or IX (1 mol%), KoaHPOg4 (solid, 1 equivalent, 17.4 mg) in chlorobenzene (2 mL) at —
20°C under argon atmosphere was added N-chlorosuccinimide (NCS, 1.2 equivalents, 16 mg)
and the reaction mixture was stirred for 2 h at —20°C. After completion, the reaction was
quenched by addition of NH4ClI (ag. sat, 4 mL) and extracted with CH2Cl, (10 mL). The organic
phase was dried over anhydrous Na,SOu, filtered, and the volatiles were evaporated in vacuo.
The residue was purified by column chromatography (Silica gel 60, EtOAc/n-Heptane =1 :
12). [b] Reaction yield determined after isolation with column chromatography (Silica gel 60,
EtOAc/n-Heptane = 1 : 12). [c] ee determined by HPLC (Chiralpak OJ-H, n-Hexane/iPrOH =
70:30, flow rate 0.7 mL/min, A = 250 nm, 10°C) isolation with column chromatography (Silica
gel 60, EtOAc/n-Heptane = 1 : 12).
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Table S3, Entry 1

Catalyst Yield (%) ee (%)

e
1 1 — 73 0
JN@ H o g CF;
Ph
©

| FsC

HPLC: Chiralpak OJ-H, n-Hexane/iPrOH = 70:30, flow rate 0.7 mL/min, A = 250 nm, 10°C

[Chromatogram
500 7 WASZ20191002-LUKA #67 [manually integrated) LC 1371 UV WIS 2 WWL:250 nm
AUl 9= — —
11-9.797
400 <
12-12,160
— 300+
-0
=
E
8
=
£ 2004
2
=]
=
10C 4
o - _
504
—_— 3
0.0 5C 10.0 15.0 20.0 25.0 30,
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 9,797 127,684 430,769 49,29 56,42 n.a.
2 12,160 131,358 332,701 50,71 43,58 n.a.
Total: 259,042 763,470 100,00 100,00
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Table S3, Entry 2

Catalyst Yield (%) ee (%)
H
{ @N; HN_ _S
2 1 27 0
Ph HN CF3
©
|
CF;

HPLC: Chiralpak OJ-H, n-Hexane/iPrOH = 70:30, flow rate 0.7 mL/min, A = 250 nm, 10°C

[Chromatogram
0.0+ T WASZ0191002-LUKA #65 [manually integrated) LC 1369 UV_WIS_2 WWL:250 nm
] (- 9823
SO.D-
40 D: 12 - 12,200
2
E. 30.04
3 ]
3 |
5 20.0
=
10.04
0.0 v—wﬂﬁ/‘m —
-1 D'D_r N T N T T T T T T T T T T T T T T T T T T 1
0.c 50 10.0 15.0 20.0 250 30,0 38
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 9,823 17,307 55,402 50,98 58,05 n.a.
2 12,200 16,643 40,030 49,02 41,95 n.a.
Total: 33,950 95,432 100,00 100,00
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Table S3, Entry 3

Catalyst

Yield (%)

ee (%)

H

\

TN HN._S
T
HN

©

CF5CO,

55

HPLC: Chiralpak OJ-H, n-Hexane/iPrOH = 70:30, flow rate 0.7 mL/min, A = 250 nm, 10°C

[Chromatogram |
5002 7 WAS20191002-LUKA #70 [manually integrated] LC 1372 UV _WVIS_2 WWL:250 nm
|1 -9.857
4004
12 - 12,257
. .3004
]
= J
E.
3
o ]
8 200+
b
=
1004
04 ‘J_J T T
5D-I T T T T T T T T T 1
0.0 25 50 75 10.0 12.5 15.0 17.5 20.0 2.5 246
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9,857 138,723 466,343 50,15 57,53 n.a.
2 12,257 137,868 344 296 49,85 42 47 n.a.
Total: 276,590 810,639 100,00 100,00
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Table S3, Entry 4

Catalyst

Yield (%)

ee (%)

4 VII

H

©

CF,CO,

\
N HN (0]
HN

HPLC: Chiralpak OJ-H, n-Hexane/iPrOH = 70:30, flow rate 0.7 mL/min, A = 250 nm, 10°C

[Chromatogram

400 - 7 WAS20191002-LUKA #69 [manually integrated) LC 1373 UW_WIS_2 WWL:250 nm
3504
3004
2504
.
=< ]
E. 2004
8 ]
c
S s
5 1507 19,887
0
=
1004 12 12,302
504
01 T
50--I T T T T T T 1
0.0 25 5.0 75 10.0 15.0 17.5 206
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % Y% n.a.
1 9,887 40,996 135,632 51,70 58,82 na.
2 12,303 38,304 94.946 48,30 41,18 n.a.
Total: 79,300 230,578 100,00 100,00
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Table S3, Entry 5

Catalyst

Yield (%)

ee (%)

5 VIII

H

I@

\
N HN (0]
HN

HPLC: Chiralpak OJ-H, n-Hexane/iPrOH = 70:30, flow rate 0.7 mL/min, A = 250 nm, 10°C

[Chromatogram
250 - 1 WAS20191002-LUKA #66 [manually integrated) LC 1370 UV_VIS_2 WWL:250 nm
1-8.607
3004
250+
12-12,173
= 200
<
E
a
2 150 4
2
2
< 1004
50 J
0 4:\_—_/\_\} ! :
5D-I T T T T T T T T 1
Q.0 50 10.0 15.0 20.0 250 30,0 35,
Tirme [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL) Yo % n.a.
1 9,807 90,533 307,795 50,35 57,79 n.a.
2 12,173 89,291 224,781 49,65 42,21 n.a.
Total: 179,824 532,576 100,00 100,00
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Table S3, Entry 6

Catalyst Yield (%) ee (%)
H
- 0
JN@) HN
6 IX Ph 7
o)
) HN
CF4CO,
CF3
F3C

HPLC: Chiralpak OJ-H, n-Hexane/iPrOH = 70:30, flow rate 0.7 mL/min, A = 250 nm, 10°C

[Chromatogram
200 - 7 WAS20191002-LUKA #8584 [manually integrated) LC 1368 UV VIS 2 WWL:250 nm
| 1-9,783
600
5004
1212147
= 400
= ]
E
” ]
S 3004
m B
=]
2
£ 200
1004
o _
100-_' T T T T T T T T T T T 1
0.0 50 10.C 15.0 20.0 25.0 30,0 35,0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min, mAL i % n.a.
1 8,783 187,679 639,838 53,56 61,16 n.a.
2 12,147 162,720 406,257 46,44 38.84 n.a.
Total: 350,399 1046,095 100,00 100,00
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Table S4. Evaluation of organocatalysts 111, 1V, VII, VIII, and IX in the hydroxylation of -
keto ester 9.5 [4

Hzoz(aq, 350/0)

o} Il\lTos catalyst (5 mol%) 0
20h, 0°C, MTBE
+ > OH
COO1Bu
COO1Bu
Br
9 12 13
Entry Catalyst Yield (%) ee (%)
1 1 Nno conversion -
2 v Nno conversion -
3 VIl no conversion -
4 VI no conversion -
5 IX no conversion -

[a] Into a flame dried Schlenk flask under argon atmosphere at 0°C, a mixture of s-keto ester 9
(0.1 mmol, 24.4 mg, ® = 95%), and N-(4-bromobenzylidene)-4-methylbenzenesulfonamide
(12) (1 equivalent, 33.8 mg) was added. Catalyst 111, 1V, VII, VI, or IX (5 mol%) was
dissolved in anhydrous methyl tert-butyl ether (MTBE, 5 mL) and slowly added via syringe
into the reaction mixture. After addition of H202 (1 equivalent, 35% in water, 8.6 pL), the
reaction mixture was stirred for 20 h at room temperature. After 24 h at 25°C, the reaction

mixture was filtrated trough a plug of anhydrous Na,SO4 and washed with dichloromethane.
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Table S5. Evaluation of organocatalysts 1V, VII1I, and IX in the addition of S-keto ester 9 to

tosylaziridine 14.5 &

0 1,\-105 catalyst (5 mol%), K3POys)(2 eq.) O pn
toluene, 24h, 25°C
+ NHTos
»—COO1Bu
(j/u COOBu

9 14 15
Entry Catalyst Yield (%) ee (%)
1 v no conversion -
2 VI no conversion -
3 IX Nno conversion -

[a] To a mixture of g-keto ester 9 (0.1 mmol, 24.4 mg, ® = 95%), catalyst 1V, VIII, or IX (5

mol%), and K3PO4 (2 equivalents, 42 mg) in toluene (2.5 mL) under argon atmosphere 2-

phenyl-1-tosylaziridine (14) (2 equivalent, 54.6 mg) was added and stirred at room temperature

for 24 h. After 24 h at 25°C, the reaction mixture was filtrated trough a plug of anhydrous

Na>S0O4 and washed with dichloromethane.
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Table S6. Evaluation of organocatalysts I, 111-V, VII, VIII, and IX in the addition of tert-
butyl 2-((diphenylmethylene)amino)acetate (16) to methyl acrylate (17).”

Z>cooMe 17
COOBU Cs,CO3 (1.5 eq.), catalyst (10 mol%)

Ph\(/N - toluen (degassed), r.t. Ph /N évCOOtBu
L Ph 3 COOMe
16 18
Entry Catalyst Yield 1 (90) ee [ (%0)
1 I no conversion -
2 i 79 5(S)
3 v no conversion -
4 \Y 63 6 (S)
5 VII no conversion -
6 VIII 73 10 (S)
7 IX no conversion -
g [d] vV 58 11(S)
9 [l \Y; 98 1(S)
10 \Y no conversion -
111 v no conversion -
12 [n] v 58 1(S)
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[a] Degassed toluene (25 mL) was added to a mixture of tert-butyl 2-
((diphenylmethylene)amino)acetate (16) (0.05 mmol, 14.8 mg), catalyst I, 111-V, VII, V111, or
IX (10 mol%), and Cs.COs (1.5 equivalents, 48.8 mg) in a Schlenk tube, then methyl acrylate
(17) (1.5 equivalents, 6.8 pL) was added. After 24 h at 25°C, the reaction mixture was filtrated
trough a plug of anhydrous Na,SOs and washed with ethyl acetate. The volatiles were
evaporated in vacuo. The crude product 18 was purified by column chromatography (Silica gel
60, EtOAc/Heptane = 1 : 15). [b] Reaction yield determined after isolation with column
chromatography (Silica gel 60, EtOAc/Heptane = 1 : 15). [c] ee determined by HPLC
(Chiralpak AD-H, n-Hexane/i-PrOH = 95:5, flow rate 0.5 mL/min, A = 250 nm, 10°C) after
filtration trough a plug of Na>SOas. [d] Reaction in methyl tert-butyl ether (MTBE). [e] Reaction
in dichloromethane. [f] Reaction proceeded at 0°C. [g] 2 equivalents of Cs2CO3 were used. [h]

10 equivalents of Cs,CO3 were used.
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Table S6, Entry 2

Catalyst Yield (%) ee (%)
H
[ ®N— HN_ _s
2 11 79 5(5)
Ph HN CF3
©

CF3

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 95:5, flow rate 0.5 mL/min, A =250 nm, 10°C

[Chromatogram
30004 T WAS20191002-LUKA #35 [manually integrated)] LC 1345 UW_WIS_2 WWVL:250 nm
5 500 1112475 aasap
UL -
2 000
=) ]
T 1 500
8 ]
c
@
0
5 1000
o ]
=
500
] JL
500-—I T T T T T T T T T 1
0.0 2.0 4,0 g.0 8.0 10,0 12.0 14.0 16.0 18.0 20.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU Yo % n.a.
1 11,247 749,566 2575,503 47,67 50,39 n.a.
2 12,680 822,990 2535708 52,33 49,61 n.a.
Total: 1572,556 5111,211 100,00 100,00
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Table S6, Entry 4

Catalyst Yield (%) ee (%)

H

s
4 V © 63 6 (S
., HT (s)

| ©

CF3

CF;

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 95:5, flow rate 0.5 mL/min, A =250 nm, 10°C

[Chromatogram
5 500 - T WAS20191002-LUKA #16 [manually integrated] LC 13132 UV_WIS_2 WWVL:250 nm
- T107 5 g sy
2 000
1500
=) i
<L
E.
& 1 000
™
Nl
3
= 1
5004
o] JU U A
500:! T T T T T T T T T 1
0,0 2.0 4.0 6.0 8.0 10,0 12.0 14.0 16.0 18.0 200
Time [min]
| Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL i % n.a.
1 11,107 490,811 2190,670 46,79 50,47 na.
2 12,520 558,084 2149622 53.21 49,53 n.a.
Total: 1048,895 4340,292 100,00 100,00
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Table S6, Entry 6

Catalyst

Yield (%)

ee (%)

H

\
N HN (0]
HN

I@

6 VI

73

10 (S)

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 95:5, flow rate 0.5 mL/min, A =250 nm, 10°C

[Chromatogram
2 500 - T WAS20191002-LUKA #36 [manually integrated] LC 1344 UV _MVIS_2 WYL:250 nm
] 2-12,700
5 000, i1 - 11,257
1 500—-
- ]
=
E
2 |
S 10004
o |
=
2
E=
<< ]
500 4
04 | _JI |
500 :I T T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 14.0 16.0 18.0 20.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % % n.a.
1 11,257 445,325 2041,785 4339 47,16 n.a.
2 12,700 580,931 2287.798 56,61 52,84 n.a.
Total: 1026,256 4329,584 100,00 100,00
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Table S6, Entry 8

Catalyst

Yield (%)

ee (%)

H

-
N
e Ty
Ph HN

©

CF;

CF3

58

11 (S)

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 95:5, flow rate 0.5 mL/min, A =250 nm, 10°C

|Chromatogram
300 - B OWAS20191002-LUKA 251 [manually integrated] LC 1345 LI WIS 2 WYL 250 nm
260
200
. 1 211410
= ] 1084
ERENE A
.3. ]
5]
= 100
2 )
50
0—- s J )I
_{'::j__
0,0 2.0 40 8.0 a0 10,0 12,0 14,0 18,0 18,0 20,0
Time [rnin]
Integration Results
Mo.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mA L min mAL % o n.a.
1 10,687 29,095 152,766 44 47 47 B4 na.
2 11,910 36,324 167,910 5553 52 36 na
Total: 65,419 320,676 100,00 100,00
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Table S6, Entry 9

Catalyst Yield (%) ee (%)

H

= s
9 V © 98 1(S
., HT (s)

| ©

CF3

CF;

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 95:5, flow rate 0.5 mL/min, A =250 nm, 10°C

|Chromatogram
5500 T OWAS201E1002 LUKA #54 [manually integrated) L 1355 LW WIS _2 WL 250 nm
O UL =
30007
2 5004
=2 000
= j
E ]
@ i
2 1 5004
ET_\L o
= - 10847
Z ] ' 2 - 11j343
=T 1 000
500
04 - |'J
-I_)DU- r T T T T T T T T T 1
0.0 2.0 20 g0 a.n 10,0 12,0 14,0 18,0 18,0 20,00
Tima [min]
Integration Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL™*min mAL % Yo n.a.
1 10,647 235,041 1205,236 49 45 52 54 n.a.
2 11,843 240,011 1088,831 50,52 47,46 n.a.
Total: 475,052 2294067 100,00 100,00
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Table S6, Entry 12

Catalyst Yield (%) ee (%)
H
= s
12 IV @ Y 58 1(S)
Ph HN CF4
©
CF5CO,

CFj3

HPLC: Chiralpak AD-H, n-Hexane/iPrOH = 95:5, flow rate 0.5 mL/min, A =250 nm, 10°C

|Chromatogram
2 500 TOWAS201971002 - LUKA #57 [manually integrated) LiC 1358 LW WIS 2 WYL 250 nm
20004
1 500 4
=
=L
ax
21 0004
= 1= 10870
= i - 11U
=
500 4
01 ! — T
-5[:“:' - r T T T T T T T T 1
0.c 2.0 4.0 6.0 &0 10,0 120 14,0 16,0 18,0 20,0
Tima [min]
Integration Results
Mo.  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % k) n.a.
1 10,670 154,338 791,600 43 51 52,57 na.
2 11,870 157,419 714,232 50,49 47,43 n.a.
Total: 311,757 1505,833 100,00 100,00
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3. Copies of H- and 3C-NMR spectra

(1S,2S,4R)-1-((Dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-amine (1a)

0k33998.1.fid

LC 11745
H
N NH,
1
ll | | |
| [ e L
f
Rl 5 ey J’LL,M» = il
s I G e W B e 7
2 2 8532 Am 203 2&8
o S = - —- - o —— o -
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
f1 (ppm)
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(1S,2R,4R)-1-((Dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-amine (2a)

ok33781.1fid 0000 N Ao oM MR TSN TN YT MO NS00 0@ NN NN O N TMANO OO O R NN N N RO T TMANN SO OO ®N o
ik B e R e R R R R R R R R R R R R R R R e - KRR
1150 2

R el NN At A e A A A A = A S A= =D

NH,

T 25 i Ty N o % ¥
g = ® g8 838 2 82 s
.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.!

f1 (ppm)
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tert-Butyl  ((1S,2S,4R)-1-((dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-

yl)carbamate (3a)

Ska3ee7 A0 3 g BAATR §RNTR92R28358S
LC1154 & L s e R e e e = =1
[ R Y
\'
Il
/ |
= o ,"‘( /) LI £ ‘\'
N NHBoc
;
‘
"d ]
1 A . I, L._./\)\._JW LJ\_MI,‘ e k-l
¥ 5 S e o B o o MRN8 4
2 2 gRa 88332 88&3
E 2 ShE  S88E0 23238
7.5 7.0 6.5 6.0 5.5 50 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
i (ppm)
0k33887.2.fid o = S -
LC1154 G ;\; ; S m =S ;
| |

; T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 0 -10
f1 (ppm)
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tert-Butyl  ((1S,2R,4R)-1-((dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-

yl)carbamate (4a)

LCDAG 2 5.1.fid 2 5 EEEE AR L] R e b )
LCDAG 25 Ed ™ R A e s i Sk ek - e e S A S S =
N B N R
NHBoc
| |
ll_J . -"\"J" (o l ij"\JLJL_ I S
i . o TEE T R
T T T . = T T — . _ . :
.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
LC DAG 2 5.2.fid o - -
LCDAG 25 8 s 25
\
L |
|
| 1 | l L l
- - - - r - T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o -0
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tert-Butyl
yl)carbamate (3b)
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N-Benzyl-1-((1S,2S,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium bromide (5a)
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N-Benzyl-1-((1S,2R,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium bromide (6a)
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1-Benzyl-1-(((1S,2S,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)methyl)pyrrolidin-1-ium bromide (5b)
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(1S,2S,4R)-1-((Benzyldimethylammonio)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-

aminium 2,2,2-trifluoroacetate (7a)
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(1S,2R,4R)-1-((Benzyldimethylammonio)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-

aminium 2,2,2-trifluoroacetate (8a)
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1-(((1S,2S,4R)-2-Ammonio-7,7-dimethylbicyclo[2.2.1]heptan-1-yl)methyl)-1-
benzylpyrrolidin-1-ium iodide (7b)
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N-Benzyl-1-((1R,2R,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium 2,2,2-trifluoroacetate
(N
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N-Benzyl-1-((1R,2R,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-

dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium iodide (1)
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1-Benzyl-1-(((1S,2S,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)methyl)pyrrolidin-1-ium iodide (I11)
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NOESY
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N-Benzyl-1-((1R,2S,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium 2,2,2-trifluoroacetate
(1V)

r ‘
H ‘
[ w' ‘ [ ,‘ f [ | 1‘ fl | 'I
- | | i |/ - Nina|
N HN S J J 28 J J o 1 ) |
- HN CF,4
CF,CO,
CF;
[ i 1 '
[ il |
| M | JU 0 " L
L ! i | —F. ] J(uJ x’\,,_J LAJ‘._A
7 o it P o g gt N ey i g
g g s gy g 23 g8 8 38833 RZgg 833
S S = et 2 Gia & a &2 aa Soda  sen
T T T T T T T T T T T T T T T T T T T T T T T r
120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)
LC 1228 KAR.2.fid 2 5 & = B s
LC 1228 KAR & E = = as Se
2 oa ® R® R’S
I | NN
|
i
| H‘I |
| |
- T v . T : : T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 0  -10

f1 (ppm)

86



NOESY

1SF-NMR

LC 1228 2D.14.ser
LC 1228 2D

{1.0%5.

5.10

F5.12

5.14

5.16

-5.18

-5.20

F5.22

5.24

[-5.26

5.28

5.30

~5.32

5.34

5.36

T T T

T T T T T T T T T T T T T i 7 T
1.19 1.18 1.17 1.16 1.15 1.14 1.13 1.12 1.11 1.10 1.09 1.08 1.07 1.f06( 1.05) 1.04 1.03 1.02 1.01 1.00 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.92 0.91
2 (ppm.

T

T

T

T

T

T

T

T

T

0k34440.2.fid a 3
LC12281 o o
|
T T T T T T T T T T T T T T T T T T T T 7
) -10 -20 -30 -40 -50 -60 -70 -80 90  -100 -110 -120 -130 -140 -150 -160 -170  -180  -190 -2
f1 (ppm)

87

f1 (ppm)



N-Benzyl-1-((1R,2S,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium iodide (V)
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N-Benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-phenylthioureido)bicyclo[2.2.1]heptan-1-yI)-

N,N-dimethylmethanaminium 2,2,2-trifluoroacetate (V1)
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N-Benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-phenylureido)bicyclo[2.2.1]heptan-1-yl)-N,N-
dimethylmethanaminium 2,2,2-trifluoroacetate (V11)
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N-Benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-phenylureido)bicyclo[2.2.1]heptan-1-yl)-N,N-
dimethylmethanaminium iodide (VIII)
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N-Benzyl-1-((1R,2S,4R)-2-((2-((3,5-bis(trifluoromethyl)phenyl)amino)-3,4-
dioxocyclobut-1-en-1-yl)amino)-7,7-dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-
dimethylmethanaminium 2,2,2-trifluoroacetate (1X)
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1-benzyl-1-(((1S,2S,4R)-7,7-dimethyl-2-(3-phenylthioureido)bicyclo[2.2.1]heptan-1-

yl)methyl)pyrrolidin-1-ium iodide (X)

MO0 oo & s
ErgpenEsictn it
)
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RE588
NNNNNN

198
095-]

1.05

098]
096
197

] ; iy
2 g : B
B E =
T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 6.5 6.0 59 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 10 0.5 0.0 0.5
f1 (ppm)
ok344ﬂ_0.2.ﬁd £ = s @ 22 szes
te12go F P ORREAE
I | 4 [ NN
|
|
T T T T T T T T T T T T T T T T T T
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NOESY

0k34342.6.ser
LC1210-1
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4. Determination of the absolute configuration at the C-2 chiral center

Table S7. Correlation between the multiplicity of the H-C(3)-endo proton (He) and the endo
absolute configuration at the C-2 chiral center of compounds 1a, 3b, 5a, 7a,b, and 111-X.14

.H H, appears as dd
H between 0.67 and 1.35 ppm

endo-isomers
1a, 3b, 5a, 7a,b, and llI-X

Compound C.hemical Multiplicity! | Compound C.hemical Multiplicityf]
shift (ppm) shift (ppm)

la 0.67 dd | - -
2a 1.06-1.13 - 1 - -
3a 1.04 dd i 1.15 dd
3b 1.07 dd v 1.10 dd
4a - - V 1.02 dd
S5a 0.92 dd VI 1.08 dd
5b 0.91-0.96 [c] VII 1.12 dd
6a - - \211 1.14 dd
7a 0.89 dd IX 1.35 dd
7b 1.03-1.06 [c] X 1.12 dd
8a - -

& Spectra were recorded in CDCls. ! dd = doublet of doublet. [ The multiplicity could not be

unambiguously determined due to the overlap with other signals.
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5. Copies of HRMS reports of products

tert-Butyl

yl)carbamate (3a)

((1S,2S,4R)-1-((dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-

Qualitative Compound Report

Data File LC1204 001.d Sample Name LC1204
Sample Type Sample Position Vial 43
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time 12/15/2022 10:53:06 AM H
IRM Calibration Status S oA Method Damijana.m
Comment N NHBoc
Compound Label m/z RT Algorithm Mass
Cpd 6: C17 H30 N2 02 295.2377 0.265 Find by Molecular Feature 294.2305
Compound Identification Results
Ion Mass Calc Ion Mass Difference TonFormula IonSpecies Best
295.2377 295.238 0.3 C17 H31 N2 02 (M+H)+ v
295.2377 295.2367 -1.1 C15H29 N5 O (M+H)+
MS Spectrum
x10 6 Cpd 6: C17 H30 N2 O2: +ESI Scan (0.185-0.510 min, 40 Scans) Frag=150.0V LC1204_001.d
35 . 297;126-!6
g i
25 |
2
1.5
1
DZ i 19091 413.3164 P ?94’ 922 0096
200 300 400 500 GO0 700 800 S00 1000
Counts vs. Mass-to-Charge (m/z)
MFE MS Zoomed Spectrum
<10 5 |Cpd 6: C17 H30 N2 O2: +ESI MFE Spectrum (0.185-0.510 min) Frag=150.0V L.C1204_001.d
295 2377
1.4 (M4H)+
1.2
1
08 |
06
0.4
02
g 265 270 275 280 285 290 295 300 305 310 315 320 325
Counts vs, Mass-10-Charge (m/z)
<.« End Of Report -
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tert-Butyl

((1S,2R,4R)-1-((dimethylamino)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-

yl)carbamate (4a)

Qualitative Compound Report

Data File LCDAG25_001.4 Sample Name LCDAG2S
Sample Type Sample Position Vial 17
Instrument Name US10310002 User Name TOF-PC\admin
Acq Mathod Bypass.m Acquired Time  1/10/2023 10:06:33 AM NHBoc
IRM Callbration Status SR oA Method Damijana.m N
Comment N H
Compound Label m/z RT Algorithm Mass /
Cpd 4: C17 H32 N2 02  297.2536 0.283  Find by Molecular Feature 296,2464
Compound Identification Results
lon Mass Calc lon Mass Difference lonFormula lonSpecies Best
297.2536 297.2537 0.1 C17 H33 N2 02 (M+H)+ v
297.2536 297,2523 -1.2C15H31N50 (M+H)+
MS Spectrum
x10 6 |Cpd 4. C17 H32 N2 02! +ESI Scan (0.168-0.644 mn, 58 Scans) Frag=150.0V LCDAG25_001.d
1.6 * 2972627
(M+H)+
1.4
12
1
08
0.6 |
04
0.2
0 158 1540 | 460.3579 G632 4642 922 0058
200 o0 400 500 GO0 700 800 S00 1000
Counts vs, Mass-lo-Charge (rm/z)
MFE MS Zoomed Spactrum
%10 6 |Cpd 4: C17 H32 N2 OZ +ESI MFE Spectium (0,169-0 644 min) Frags150.0V LCDAG25_0D01.d
16 * 2072538
K (MeH)+
1.2
1
08
0.6
0.4
0.2
Q
265 270 275 280 2385 250 285 300 305 310 315 320 325 330
Coums va, Mass-10-Charge (m/iz)
- End Of Report -
3 Agilent Technelogies Page 1 of 1 Printed at: 10:09 AM on:1/10/2023
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tert-Butyl ((1S,2S,4R)-7,7-dimethyl-1-(pyrrolidin-1-ylmethyl)bicyclo[2.2.1]heptan-2-

yl)carbamate (3b)
Qualitative Compound Report
Data File LC1192_001.d Sample Name LC1192
Sample Type Sample Position Vial 66
Instrument Name US10310002 User Name TOF-PC\admin H
Acq Method Bypass.m Acquired Time  12/20/2022 2:12:08 PM
IRM Calibration Status EEES oA Method Damijana.m
e C/N NHBoc
Compound Label m/z RT Algorithm Mass
Cpd 2: C19 H34 N2 02 323.2688 0.261  Find by Molecular Feature 322.2616
Compound Identification Results
Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
323.2688 323.2693 0.5 C19 H35 N2 02 (M+H)+ v
323.2688 323.268 -0.8 C17H33N50 (M+H)+
MS Spectrum
10 6 [Cpd 2: C19 H34 N2 02: +ES| Scan (0.187-0.612 min, 52 Scans) Frag=150.0V LC1192_001.d
*323/2690
1.4 (M4{H)+
1.2
1
0.8
0.6
0.4
0.2 -
o 212.1283 4233215 5413846 663.4520 776.2322 922.0099
200 300 400 500 600 700 800 900 1000
Counts vs. Mass-to-Charge (m/z)
MFE MS Zoomed Spectrum
410 6 | Cpd 2: C19 H34 N2 02: +ESI MFE Spectrum (0.179-0.612 min) Frag=150.0V LC1192_001.d
* 3323|2688
14 (M+H)+
12
1
0.8
0.6
0.4
02

0 -
290 295 300 305 310 315 320 325 330 335 340 345 350 355 360
Counts vs. Mass-to-Charge (m/2)

--- End Of Report —
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N-Benzyl-1-((1S,2S,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium bromide (5a)

Qualitative Compound Report

Data File LC1205_001.d Sample Name LC1205
Sample Type Sample Position Vial 65
Instrument Name US10310002 User Name TOF-PC\admin H
Acq Method Bypass.m Acquired Time 12/20/2022 1:57:45 PM \
IRM Calibration Status [Biigeess I pA Method Damifana.m ~N
Comiut ® NHBoc
Compound Label m/z RT  Algorithm Mass Ph B ©
Cpd 2: C24 H38 N2 02 387.3003 0.262  Find by Molecular Feature 386.293 d
Compound Identification Results
Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
387.3003 387.3006 0.3 C24 H39 N2 02 (M+H)+ v
387.3003 387.2993 -1 C22H37N50 (M+H)+
387.3003 387.3025 2.2 C11 H37 N11 04 (M+H)+
MS Spectrum
%10 6 |Cpd 2 C24 H38 N2 02: +ESI Scan (0.190-0.449 min, 32 Scans) Frag=150.0V LC1205_001.d
1.6 *x 387&3003
14 (M+H)+
12 i
1 3
08 !
0.6
04
0‘(2) anine 610.1843 776.2339 922.0098
200 300 400 500 600 70! 800 900 1000

0
Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum
x10 6 |Cpd 2: €24 H38 N2 02: +ESI MFE Spectrum (0.182-0.457 min) Frag=150.0V LC1205_001.d
1.6 * 387(3003
14 (M+H)+
1.2
1
08
06
04 [
0.2 [
0

355 4360 365 370 375 380 385 300 395 400 405 410 415 420
Counts vs. Mass-to-Charge (m/z)

-== End Of Report -
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N-Benzyl-1-((1S,2R,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium bromide (6a)

Qualitative Compound Report
Data File LC1157_001.d Sample Name LC1157
Sample Type Sample Position Vial 6 NHBoc
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  1/6/2023 11:10:57 AM ~—~ N H
IRM Calibration Status _ DA Method Damijana.m J [©)
Comment Ph @
Br
Compound Label m/z RT Algorithm Mass
Cpd 5: C24 H3IB N2 02 387.3004 0.273  Find by Molecular Feature 386,2931
Compound Identification Results
lon Mass Calc Ion Mass Difference TonFormula lonSpecies Best
387.3004 387.3006 0.2 C24 H39 N2 02 (M+H)+ v
387.3004 387.2993 -1.1 C22 H37 N5 O (M+H)+
387.3004 387.3025 2 C11 H37 N11 O4 (M+H)+
MS Spectrum
x10 & |Cpd 5 C24 H3B N2 02: +ESI Scan (0.182-0.783 min, 73 Scans} Frag=1500v LC1 157_001d
16 " 3387|3063
14 (MeH)+
12 |
‘ |
08
06
04
O'Z 283 2382 922.0098
200 300 400 500 600 700 800 900 1000
Counts va. Mass-1o-Charge (miz)
MFE MS Zoomed Spectrum
%10 6 |Cpd 5: €24 H38 N2 02; +ES! MFE Spectrum (0.182.0.791 min) Frag=1500V LC1157_001.d
16 * 387(3004
(MeH+
14 |
1.2 \
1 |
0.8 ‘
0.6
0.4
02
355 360 365 370 375 O3B0 385 390 395 400 404 40 415 4N
Counts vs, Mass-to-Charge (m/z)
=== End Of Repart ~—

107



108



1-Benzyl-1-(((1S,2S,4R)-2-((tert-butoxycarbonyl)amino)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)methyl)pyrrolidin-1-ium bromide (5b)

Qualitative Compound Report

Data File LC1195_002.d Sample Name LC1195

Sample Type Sample Position Vial 42

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  12/15/2022 10:59:08 AM
IRM Calibration Status — DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass

Cpd 2: C26 H40 N2 02 413.3159 0.258 Find by Molecular Feature 412.3088

Compound Identification Results

Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
413.3159 413.3163 0.3 C26 H41 N2 02 (M+H)+ v
413.3159 413.3149 -1 C24 H39 N5 O (M+H)+
413.3159 413.3181 2.2 C13 H39 N11 04 (M+H)+

MS Spectrum - e 8. W _wm . §

x10 5 |Cpd 2: C26 H40 N2 02_i +ESI Scan (0.185-0.552 min, 45 Scans) Frag=150.0V LC1195_002.d
3 *2 536 * 4133161
(M+H)+
25
2
15 ’
1 922.0098
05 473.3011
Al 1 610.1847 8259662 |
200 300 400 500 600 800 900 1000

700
Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

10 5 |Cpd 2: C26 H40 N2 02: +ESI MFE Spectrum (0.185-0.561 min) Frag=150.0V LC1195_002.d
3 * 4133159
(MH)+
25
2
15 ‘
L 1
0.5 3
0 |
380 385 390 395 400 405 410 415 420 425 430 435 440 445
Counts vs. Mass-to-Charge (m/z)
--- Fnd Of Renart ---
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(1S,2S,4R)-1-((Benzyldimethylammonio)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-

aminium 2,2,2-trifluoroacetate (7a)

Qualitative Compound Report

Data File LC 1226_001.d Sample Name LC 1226
Sample Type Sample Position Vial 3
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  12/13/2022 12:57:29 PM
IRM Calibration Status S oA Method Damijana.m H
Comment \
~—~
Compound Label m/z RT Algorithm Mass JNG) N H2 o
Cpd 3: C19 H30 N2 287.2483 0.259 Find by Molecular Feature 286.2409
Ph CF3CO,
Compound Identification Results
Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
287.2483 287.2482 -0.1 C19 H31 N2 (M+H)+ v
MS Spectrum
x10 & |Cpd 3: C19 H30 N2: +ES| Scan (0.180-0.505 min, 40 Scans) Frag=150.0V LC 1226_001.d
* 2872478

5 (M+H)+

A

3 2261587

2

1

0 { 383.2305 536.1650 6554133  776.2310 922 0099

200 300 400 500 600 700 800 900 1000

Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum

x10 5 [Cpd 3: C19 H30 N2: +ESI MFE Spectrum (0. 180-0.513 min) Frag=150.0V LC 1226_001.d

6 * 287.2483

& (M+H)+

4

3

2

1

0

255 260 265 270 275 280 285 290 295 300 305 310 315 320
Counts vs, Mass-to-Charge (m/z)

--- End OF Report -—-
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(1S,2R,4R)-1-((Benzyldimethylammonio)methyl)-7,7-dimethylbicyclo[2.2.1]heptan-2-

aminium 2,2,2-trifluoroacetate (8a)

Qualitative Compound Report

Data File LC1159_001.0 Sample Name  LC1159
Sample Type Sample Position Vial 19
Instrument Name US10310002 Usar Name TOF-FC\admin
Acq Method Bypass.m Acquired Time  3/2/2021 11:35:10 AM NH»>
IRM Calibration Status SUCHSERII S oA Method Damijana.m —
Comment N
® H
Compound Label m/z RT Algorithm Mass J
Cpd 3: C19 H30 N2 287.2477 0.25 Find by Molecular Feature 286,2405 Ph @
CF,CO,
Compound Identification Results
Ton Mass Calc Ton Mass Difference TonFormula IonSpecies Best
287.2477 287.2482 0.5 C19 H31 N2 (M+H)+ v
MS Spectrum
x10 5 Cpd 3: C19 H30 N2: «ESI Scan {(0.191-0.457 min, 33 Scans) Frag=150.0v LC1158_001.d
16 287.2479
14 (MeH)+
1.2 T
1 |
0e
gj: 1972012 | 9nf)om
°'§ Lo L1 | ssraz 5101976 6100831 rsg 2z {
200 300 400 500 600 700 200 1000
Counts vs. Mass-10-Charge (miz)
MFE MS Zoomed Spectrum
%10 6 |Cpd 3 €19 H30 N2: +ESI MFE Specirum (0.182-0.457 min) Frag=150.0V LC1158 001.d
16 287.0477
14 (M+H)+
12
1
0s
0.6
04
02
0

255 260 265 270 275 280 285 290 295 00 305 30 IS5 N
Counts vs. Mass-to-Charge (méz)

- End Of Report -
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1-(((1S,2S,4R)-2-Ammonio-7,7-dimethylbicyclo[2.2.1]heptan-1-yl)methyl)-1-
benzylpyrrolidin-1-ium iodide (7b)

_Qualitative Compound Report

Data File LC1202_001.d Sample Name LC1202

Sample Type Sample Position Vial 67

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  12/20/2022 2:14:32 PM

IRM Calibration Status [Sugeess 11| DA Method Damijana.m [ ® N‘
Comment

Compound Label m/z RT Algorithm Mass Ph
Cpd 4: C21 H32 N2 313.2635 0.261  Find by Molecular Feature 312.2564

Compound Identification Results

Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best
313.2635 313.2638 0.3 C21 H33 N2  (M+H)+ v
MS Spectrum
%10 5 |Cpd 4: C21 H32 N2: +ESI Scan (0.187-0.479 min, 36 Scans) Frag=150.0V LC1202_001.d
*313(2637
25 (M+H)+
2
1.5
1
3.2170
a5 i 922.0099
a J , 367 610.1836 776.2322 '
200 300 400 500 600 700 800 900 1000
Counts vs. Mass-to-Charge (m/z)
MFE MS Zocomed Spectrum
x10 5 |Cpd 4: C21 H32 N2: +ESI MFE Spectrum (0.178-0.479 min) Frag=150.0V LC1202_001.d
* 3313|2635
25 (M«F—C)q»
<
1.5
1
0.5
0

280 285 290 295 300 305 310 315 320 325 330 335 340 345
Counts vs. Mass-to-Charge (m/z)

--- End Of Report ---
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N-Benzyl-1-((1R,2R,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium 2,2,2-trifluoroacetate
(N

Qualitative Compound Report

Data File LC1237_001.d Sample Name  LC1237
Sample Type Sample Position Vial 31
Instrument Name US10310002 User Name TCF-PCyadmin H
Acq Method Bypass.m Acquired Time  12/6/2022 9:38:34 AM H
IRM Calibration Status [SEGEEI T DA Method Camijana.m \ ?]/ N
Comment
N H CF,
Compound Label m/z RT Algorithm Mass
® S
Cpd9: C28 H33 FEN3 S  558.2374 0.264  Find by Molecular Feature 557.23 Ph
©)
Compound Identification Results CF3CO, F.C
Ton Mass Calc Ton Mass i Ton| TonSpecies Best 3
558.2374 558.2372 -0.2 C28H34 FEN3 S (M+H)+ v
558.2374 558.2377 0.3C13H30F6NIS0S (M+H)+
558.2374 558.2386 1.1C30H36F60S (M+H)+
558.2374 558.2391 1.7 CISH32 F6 N1202 S (M+H)+
558.2374 558.2345 -29 C25H36 FEN203 S (M+H)+
MS Spectrum
«10 6 |Cpd 9: C28 H33 F6 N3 S: +ESI Scan (0.186-0.478 min, 36 Scans) Frag=150.0V LC1237_001.d
16 * 5582402
1.4 (M+H)+
12
1
08 ‘
0.6 |
0.4
0.2 ’ | =
o | A0G. 2850 | 726.4378 9220097
200 00 400 800 800 1000

500 600 700
Counts ve. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum
Cpd 9. C28 H33 F6 N3 S: +E51 MFE Spectrum (0.178-0.478 min) Frag= 150.0V LC1237_001d
* 5582374
{MaH)*

X106
16
14
12

1
08
06
0.4
0.2

0
525 530 635 540 545 550 555 560 565 570 575 580 585 580 585
Counts vs. Mase-10-Charge (m/z)

- End Of Report ---

Agilent Technologies Page 1 of 1 Printed at: 9:41 AM on:12/8/2022
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N-Benzyl-1-((1R,2R,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium iodide (1)

Qualitative Compound Report

Data File LC1237 1_001.0 Sample Name LC1237 1
Sample Type Sample Position Vial 32 H
Instrument Name US10310002 User Name TOF-PC\adMin N H
Acq Method Bypass.m Acquired Time  12/8/2022 9:43:33 AM \\N H \ﬁ/ cF
IRM Calibration Status SiessT | DA Method Damijana.m J ©) S 3
Comment Ph o
Compound Label m/z RT Algorithm Mass ! F3C
Cpd4: C2BH3I3F6 N3 S 558.2365 0.259  Find by Molecular Feature 557.2294
Compound Identification Results
Ion Mass Calc Ion Mass Difference TonFormula IonSpecies Best
558.2365 558.2372 0.8 C28 H34 F6 N3 S (M+H)+ v
558.2365 558.2377 1.3CI3H30F6NISOS (M+H)+
558.2365 558.2345 -1.9 C25H36 F6N203 S (M+H)+
558.2365 558.2386 2.1 C30H36F60S (M+H)+
558.2365 558.2391 2.6 CISH32 F6 N1202 S (M+H)+
MS Spectrum
«10 & |Cpd 4: C28 H33 F6 N3 S: +ESI Scan (0.180-0.689 min, 62 Scans) Frag=150.0v LC1237 1_001.d l
16 * 55812365
2 (N+H)+ ‘
1.2
1 r
08
06 :
0.4 [ |
9 f) 279.1500  406.2849 | 684.2015 T e |
200 300 400 500 600 700 800 900 1000

Counts vs. Mass-te-Charge (miz)

MFE MS Zeomex! Spectrum

x10 8 |Cpd 4: C28 H33 FE N3 S +ES|I MFE Spectrum (0. 180-0,689 min) Frag=180.0V LC1237 1_001.d
16 * 558/2365
14 (Moyh,u
12

1

(X)
06
04
02 ‘

0
525 530 535 540 545 550 555 560 585 570 575 580 585 500 595
Caunts vs. Mass-to-Charge (m/2)

-~ End Of Report ---

\ Agilent Technologies Page 1 of 1 Printed at: 9:45 AM on:12/8/2022
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Qualitative Compound Report

Data File LC 12091 _001.d Sample Name LC12091

Sample Type Sample Position Vial 45

Instrument Name usmaxoooz User Name TOF-PC\admin

Acq Method Acquired Time  4/21/2021 2:53:30 PM

IRM Calibration Status _ DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass ® N
Cpd 1: C30H35F6 N3 S  584.2519 0.258  Find by Molecular Feature 583.245
Compound Identification Results Ph
Ton Mass Calc Ion Mass Difference IonFormula IonSpecies Best
584.2519 584.252 0.1 C14H36 FEN11 OS5 S (M+H)+
584.2519 584.252 0.1 C13H30F6N18 S (M+H)+
584.2519 584.2529 1 C30H36 FEN3 S (M+H)+ v
584.2519 584.2534 1.5CI5H32F6 N150 S (M+H)+
584.2519 584.2534 1.5C16 H38FENBO6 S (M+H)+
584.2519 584,2502 -1.7 C27 H38 F6 N2 03 S (M+H)+
584.2519 584.2542 23C32H38F60S (M+H)+
584.2519 584.2547 28 C17H34 F6 N1202 S (M+H)+
MS Spectrum
«10 5 |Cpd 1: C30 H35 F6 N3 S: +ESI Scan (0.190-0.482 min, 36 Scang) Frag=150.0V LC 1209 1_001.d
4 * 584/2623
35 (MaH)
3
25
2
15
1
05 922.0098
o 224.1284 444.2605 684,2034 8322402 |
200 300 400 500 600 700 800 900 1000

Counts vs. Mass-to-Charge (nmvz)

MFE MS Zoomed Spectrum

%10 5|Cpd 1: C30 H35 F6 N3 S; +ESI MFE Spectrum (0.182-0.4B2 min) Frag=150.0v LC 1209 1_001d
a4 * 584[2519
as (M)
3
25
2
15
1
05
0 Ll
555 560 565 570 675 580 585 590 600 605 610 615 620
Counts vs, Mass-to- Chavqe (mfz)

~F7
--- End Of Report ---
lu"
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1-Benzyl-1-(((1S,2S,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)methyl)pyrrolidin-1-ium iodide (I11)

CF3

CF3



N-Benzyl-1-((1R,2S,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium 2,2,2-trifluoroacetate

(1V)
Qualitative Compound Report
Data File LC1228 2_001.d Sample Name  LC1228 2
Sample Type Sample Position Vial 22
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  5/12/2021 2:42:17 PM
IRM Calibration Status [SUREESS IR oA Method Damifana.m
Comment
Compound Label m/z RT Algorithm Mass H
Cpd 10: C28 H33 F6 N3 S 558.2363 0.279  Find by Molecular Feature '557.2292 \
N HN S
Compound Identification Results @
Ion Mass Calc Ion Mass Difference IonFormula IonSpedies Best P h
558.2363 558.2357 -0.6 C19 H34 F6 NS 07 (M+H)+ HN CF3
558.2363 558.2357 -0.6 C18 H28 F6 N12 02 (M+H)+ )
558.2363 558.237 0.7 C21 H36 F6 N2 O8 (M+H)+
558.2363 558.237 0.7 C20 H30 F6 N9 O3 (M+H)+ CF3C02
558.2363 558.2372 09 C28H34F6EN3 S (M+H)+ v
558.2363 558.2377 14 CI3H30F6NISOS (M+H)+
558.2363 558.2345 -1.8 C25H36 FEN2 03 S (M+H)+
558,2363 558.2344 -1.9 C17 H32 F6 N8 06 (M+H)+ CFj3
558.2363 558.2343 -1.9 C16 H26 F6 N15 O (M+H)+
558.2363 558.2384 2.1 C22 H32 F6 N6 04 (M+H)+
MS Spectrum
x10 6| Cpd 10: C28 H33 F6 N3 S: +ESI Scan (0.193-0.668 min, 58 Scans) Frag=150.0v LC1228 2_001d
* 5582451
1.75 (MHH)+
15
126
1
0.75
0.5
0‘2: 224.1278 32912046 922.0095
200 300 400 500 600 700 900 1000
Counts vs. Mass-to-Charge (m/z)
MFE MS Zoomed Spectrum
x10 6 |Cpd 10: C28 H33 F6 N3 S; +ESI MFE Spectrum (0.185-0.677 min) Frag=150.0v LC1228 2 001.d
* 5582363
176 (MaH)+
15
1.25
1
0.75
05
0.25
!

0
625 530 535 540 545

-- End Of Report -
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N-Benzyl-1-((1R,2S,4R)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-7,7-
dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-dimethylmethanaminium iodide (V)

Qualitative Compound Report

Data File LC1228 1_001.d Sample Name  LC122B1
Sample Type Sample Position Vial 16
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  5/12/2021 2:25:31 PM H
IRM Calibration Status ORI oA Method  Damijana.m \
S N HN_ _S
Compound Label m/z RT Algorithm Mass J @
Cpd 1: C28H33FEN3S  558.2368 0.259  Find by Molecular Feature 557.2296 Ph HN CF
e 3
Compound Identification Results I
Ton Mass Calc Ion Mass Difference IonFormula TonSpecies Best
558.2368 558.2368 O CIBH32F8NS S (M+H)+
558.2368 558.237 0.2 C23H33F7 N6 S (M+H)+
558.2368 558.2372 04 C28H34F6 N3 S (M+H)+ v CF3
558.2368 558.2377 09 CI3H30F6NI50S (M+H)+
558.2368 558.2357 -1.1 C22H37F7 N2 04 S (M+H)+
558.2368 558.238 1.2CI5H33FANSOS (M+H)+
558.2368 558.2382 14 C20H34F8N6OS (M+H)+
558.2368 558.2384 1.6 C25H35F7N30S (M+H)+
558.2368 558,2386 1.8C30H36F60S (M+H)+
558.2368 558,2345 -22C25H36 FE6 N2 03 S (M+H)+
MS Spectrum
x10 & |Cpd 1: C28 H33 F6 N3 S: +ESI Scan (0.190-0.640 min, 55 Scans) Frag=150.0V LC1228 1_001.d
16 * 5658|2371
14 (MeH)+
12
1
08
06
04 [
02 |
X 2792109  406.2853 | 684.2014 922.0098
200 400 500 600 700 800 900 1000
Counts vs. Mass-to-Charge (m/z)
MFE MS Zoomed Spectrum
x10 & |Cpd 1: C28 H33 F6 N3 S: sESI MFE Spectrum (0.181-0.640 min) Frag=150.0V LC12281_001.d
16 * 558/2368
14 (MHH)+
12
1
08
06
04
02
|
o 525 530 535 540 545 SS0 555 660 565 570 575 580 585 590 595
Counts vs. Mass-te-Charge (m/z)
-« End Of Report -
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N-Benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-phenylthioureido)bicyclo[2.2.1]heptan-1-yI)-
N,N-dimethylmethanaminium 2,2,2-trifluoroacetate (V1)

Qualitative Compound Report X\
N
N 2 R i v YL
Data File LC1229_001.d Sample Name  LC1229 oy VX N
Sample Type Sample Position Vial 21 Y. % |
Instrument Name US10310002 User Name TOF-PC\admin H
Acq Method Bypass.m Acquired Time  5/12/2021 2:38:13 PM

IRM Calibration Status (ST oA Method Damijana.m
Comment ﬁ,\

Compound Label m/z RT Algorithm Mass \\
Cpd 1: C26 H35 N3 S 422.2618 0.261  Find by Molecular Feature 421.2546 N ® HN \’%S
; Ph
Compound Identification Results HN
Ion Mass Calc Ion Mass Difference TonFormula IonSpecies B«@
422.2618 422.2623 0.5 C18 H32 N9 O3 (M+H)*  CF.CO
422.2618 422,2623 0.5 C19 H38 N2 08 (M+H)+ 3v~2
422.2618 422.2624 0.7 C26 H36 N3 S (M+H)+ v
422.2618 422.2609 -0.8 C17 H36 N5 07 (M+H)+
422.2618 422.2609 -0.9 C16 H30 N12 02 (M+H)+
422.2618 422.2629 1.2 C11 H32N150S (M+H)+
422.2618 422.2604 -1.4 C31 H34 0 (M+H)+
422.2618 422.2636 1.8 C20 H34 N6 04 (M+H)+
422.2618 422.2598 -2 C23 H38N203S (M+H)+
422.2618 422.2638 2C28H380S (M+H)+
MS Spectrum
«10 6 [CPd 1: C26 H35 N3 S: +ESI Scan (0.188-0.613 min, 52 Scans) Frag=150.0V LG1229_001.
12 * 4222618
(M) +
1
0.8
06
0.4
02 ‘ 922.0098
5 224,1283 \ 610.1841 758.2216 g
200 300 400 500 600 700 800 900 1000
Counts vs, Mass-to-Charge (m/z)
MFE MS Zoomed Spectrum
«10 6 |Cpd 1: C26 H35 N3 S: +ES| MFE Spectrum (0.188-0.613 min) Frag=150.0V LC1229_001.d
1.2 * 4222618
(M+H)+
1
0.8
06
0.4
02
11

390 395 400 405 410 415 420 425 430 435 440 445 450 455
Counts vs, Mass-to-Charge (m/z)

--- End Of Report -
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N-Benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-phenylureido)bicyclo[2.2.1]heptan-1-yl)-N,N-
dimethylmethanaminium 2,2,2-trifluoroacetate (VI1)

Qualitative Compound Report

|

\

(V]

Data File LC1230_001.d Sample Name  LC1230 2 /k p A
Sample Type Sample Position Vial 17 \N AN i
Instrument Name 1510310002 User Name TOF-PC\admin £ 4 ,‘,
Acq Method Bypass.m Acquired Time  5/12/2021 2:30:53 PM ﬂ,\
IRM Calibration Status S A Method  Damigana.m [r 4
Comment
Compound Label m/z RT Algorithm Mass
Cpd 2: C26 H35 N3 O 406.285 0.266  Find by Molecular Feature 405.2777
Compound Identification Results
Ion Mass Calc Ion Mass Difference IonFormula IonSpecies Best H

406.285 406.2853 0.2 C26 H36 N3 O (M+H)+ v \

406.285 406.2858 0.7 C11 H32 N15 02 (M+H)+ —

406.285 406.2839 -1.1 C24 H34 N6 (M+H)+ N HN (0]

406.285 406.2866 1.6 C28 H38 02 (M+H)+ @

406.285 406.2871 2.1 C13 H34 N12 O3 (M+H)+ Ph

HN
MS Spectrum o
10 6 |Cpd 2: C26 H35 N3 O: +ESI Scan (0.195-0.629 min, 53 Scans) Frag=150.0V LC1230_001.d

16 * 406/2861 CF3CO,

14 (MtH)Qr

1.2

1

08

06

0.4

0.2

o 279.2108 610.1841 758.2204 922.0097
200 300 400 800 900 1000

MFE MS Zoomed Spectrum

x10 &
16
14
12

1

08
06
04
0.2

500 600 700
Counts vs, Mass-to-Charge (m/z)

[Cpd 2: ©26 H35 N3 O: +ESI MFE Spectrum (0.187-0.629 min) Frag=150.0v LC1230_001.d

* 406
(M

2850
)+

-« End Of Report -~
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N-Benzyl-1-((1R,2S,4R)-7,7-dimethyl-2-(3-phenylureido)bicyclo[2.2.1]heptan-1-yl)-N,N-
dimethylmethanaminium iodide (VI1II)

o
. R
Qualitative Compound Report ~N, e,
I v b

Data File LC1219_001.d Sample Name  LCI219 ﬁ L i

Sample Type Sample Position vial 15 ‘

Instrument Name US10310002 User Name TOF-PC\admin

Acq Method Bypass.m Acquired Time  5/12/2021 2:23:50 PM

IRM Calibration Status DA Method Damijana.m

Comment

Compound Label m/z RT Algorithm Mass

Cpd 1: C26 H35N3 O 406.285 0.257  Find by Molecular Feature 405.2777

H

Compound Identification Results \\

IonMass  Calc Ion Mass Difference IonFormula IonSpecies Best N HN P O
406.285 406.2853 0.3 C26 H36 N3 O (M+H)+ v [©) =
406.285 406.2858 0.8 C11 H32 N15 02 (M+H)+
406.285 406.2839 -1 C24 H34 N6 (M+H)+ Ph HNI
406,285 406.2866 1.7 C28 H38 02 (M+H)+
406.285 406.2871 2.2 C13 H34 N12 03 (M+H)+ I@

MS Spectrum B -

x10 5 Cpd 1: C26 H35 N3 O: +ESI Scan (0.182-0.458 min, 34 Scans) Frag=150.0v LC1219_001.d

8 * 4062847

(MeH)+

6

4

2

4 279.2108 { 610.1839 758.2212 922.0098

200 300 400 800 900 1000

500 600 700
Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum
x10 &|Cpd 1: C26 H35 N3 O: +ESI MFE Spectrum (0.182-0.466 min) Frag=150.0v LC1219_001.d
a * 406/2850
(MeH)*
6

4

0 .
375 380 385 390 395 400 405 410 415 420 425 430 435 440
Counts vs. Mass-10-Charge (m/z)

-« End Of Report -
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N-Benzyl-1-((1R,2S,4R)-2-((2-((3,5-bis(trifluoromethyl)phenyl)amino)-3,4-
dioxocyclobut-1-en-1-yl)amino)-7,7-dimethylbicyclo[2.2.1]heptan-1-yl)-N,N-
dimethylmethanaminium 2,2,2-trifluoroacetate (1X)

Qualitative Compound Report

Data File 1C1231_001.4 Sample Name  LC1231
Sample Type Sample Position Vial 28
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time 5472021 1:50:20 #M
IRM Calibration Status [SOEESSTIN I oA Method Damijana.m H
Comment
Compound Label m/z RT Algorithm Mass \\N O
Cpd 1: C31 H33 F6 N3 02 594.2545 0.261  Find by Molecular Feature 593.2474 J ® HN
Compound Identification Results Ph
lon Mass Calc Ton Mass Diffarence IonFormula lonSpecies Best
594.2545 594.255 0.4 C31 H34 F6 N3 02 (M+H)+ v ©) HN
594.2545 594.2541 -0.4 C15H34 F6 N11 O7 (M+H)+ CF CO
504.2545 594.2536 0.9 C29 H32 F6 N6 O (M+H)+ 3 2
594.2545 594,2555 0.9 C16 H30 F6 N15 03 (M+H)+
594.2545 594.2555 0.9 C17 H36 F6 N8 08 (M+H)+
594.2545 594.2563 1.8 C33H36 F6 03 (M+H)+
594,2545 594.2523 -2.2 C2B H36 F6 N2 05 (M+H)+
594,2545 594,2523 2.2 C27 H30 F6 N9 (M+H)+
594,2545 594,2568 2.3 C1IBH32 FE N12 04 (M+H)+ F3C
504,2545 594.2568 23 CI9H38 FE N5 09 {M+H)+
MS Spectrum
210 & |Cpd 1: 31 133 £6 N3 02: +ES1 Scan (0.205-0 480 min, 34 Scans) Frag=150.0V LC1231_001.4
5 5049544
(MeH)
4
5 9220099
2 224.1283
1 836.1652 684.2028 |
. | e 311007 4psane| ll \ , . 8502515 | 9982882
20 0 400 500 600 700 800 200 1000

Counts vs. Mass4o-Charge (miz)

MFE MS Zoomed Spectrum
X104 |Cpa 1: C31H33 F& N3 02 +ESI MFE Spectrum (0.197-0 480 min) Frag=150 0V LC1231_ 0014

5 504,954
(M

65 570 575 580 585 590 448 600 605 610 615 620 625 630

Counts vs. Charge (mvz)
o~
J h’.° oy
- End Of Report — < 3 A= ~‘<;} 1
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1-benzyl-1-(((1S,2S,4R)-7,7-dimethyl-2-(3-phenylthioureido)bicyclo[2.2.1]heptan-1-
yl)methyl)pyrrolidin-1-ium iodide (X)

Qualitative Compound Report

MNELOZ et CAq

Data File LC1210_001.d Sample Name  LC1210 2
Sample Type Sample Position vial 34 =g
Instrument Name US10310002 User Name TOF-PC\admin
Acq Method Bypass.m Acquired Time  12/8/2022 9:52:38 AM
IRM Calibration Status EUEEES I oA Method Damijena.m
Comment
Compound Label m/z RT Algorithm Mass @N
Cpd 5: C28 H37 N3 S 448.2776 0.257 Find by Molecular Feature 447.27
Compound Identification Results P
Ion Mass Calc Ion Mass Difference IonFormula IonSpecies
448.2776 448.2773 0.3 CI2H38N1105S (M+H)+
448.2776 448.2781 0.5 C28 H38N3 S (M+H)+
448.2776 448.2786 1C13H34NIS50S (M+H)+
448.2776 448.2786 1C14H40NBO6 S (M+H)+
448.2776 448.2794 1.9C30H400S (M+H)+
448.2776 448.2754 -2.2 C25H40N203 S (M+H)+
448.2776 448.2799 24 CIS5H36N1202S (M+H)+
MS Spectrum
x10 6 [Cpd 6: C28 H37 N3 S +ES| Scan (0.186-0.704 min, 63 Scans) Frag=150.0V LC1210_001.d4
* 4482774
1.4 (M+H)+
1.2
1
08
0.6
0.4 358.2306
0.2 [ [ 922.0098
° 290.2227 | |} 5133885 6331116 |
200 300 400 500 600 700 800 900 1000
Counts vs. Mass-1o-Charge (m/iz)
MFE MS Zoomed Spectrum
«10 6 |Cpd 5: C2B H37 N3 S. +ESI MFE Spectrum (0.1 78-0.712 min) Frag=150.0v LC1210_001.d
* 448 2776
1.4 (M+H)+
1.2
1
0.8
06
04
0z

415 420 425 430 435 440 445 450 455 460 465 470 475 4BD 485
Counts vs. Mass-to-Charga {m/z)

— End Of Report -

i Agilent Technologies Page 10of 1 Printed at: 9:55 AM on:12/8/2022

122



6. X-Ray crystallography

Table S8. Crystal data and structure refinement for compound VI-Br.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a[A%

b [A%]

¢ [A%]

o [°]

B

v [°]

V [A%]

Z

Pcalc [g/Cm3]

u [mm]

F(000)

Crystal size/mm?®
Radiation
Reflections collected
Independent reflections
Rint
Data/restraints/parameters
GOF

R1, WR2 [I>=206 (I)]
R1, WR2 (all data)
(Ap)max [e A
(Ap)min [e A

Flack parameter

C26H36BrNsS
502.55
149.9(3)
monoclinic
P21
12.4910(10)
9.1813(4)
12.5429(9)

90

118.740(9)

90
1261.26(17)

2

1.323

1.730

528.0
06x05%x04
MoKa (A =0.71073)
11048

6225

0.0295
6225/0/284
1.052

0.0506, 0.1378
0.0608, 0.1469
0.64

-1.11

0.036(5)
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Table S9. Crystal data and structure refinement for compound I11.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a[A%

b [A%]

¢ [A%]

o [°]

B

v [°]

V [A%]

Z

Pcalc [g/Cm3]

u [mm]

F(000)

Crystal size/mm?®
Radiation
Reflections collected
Independent reflections
Rint
Data/restraints/parameters
GOF

R1, WR2 [I>=206 (I)]
R1, WR2 (all data)
(Ap)max [ A7)
(Ap)min [e A

Flack parameter

CaoH3sFsIN3S
711.58
150.00(10)
orthorhombic
P212121
10.8722(3)
14.7059(6)
19.2008(7)

90

90

90
3069.93(19)

4

1.540

1.172

1440.0
0.4x0.2x%x0.2
MoKa (A =0.71073)
29198

8371

0.0386
8371/0/382
1.035

0.0443, 0.1029
0.0590, 0.1151
0.97

-1.40
-0.031(8)
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General Information

Single-crystal X-ray diffraction data was collected on Agilent Technologies SuperNova
Dual diffractometer with an Atlas detector using monochromated Mo-K, radiation (A = 0.71073
A) at 150 K. The data was processed using CrysAlis PRO?. Using Olex2.1.2.°, the structures
were solved by direct methods implemented in SHELXS or SHELXT*! and refined by a full-
matrix least-squares procedure based on F? with SHELXT-2014/72. All nonhydrogen atoms
were refined anisotropically. Hydrogen atoms were placed in geometrically calculated positions
and were refined using a riding model. The drawings and the analysis of bond lengths, angles
and intermolecular interactions were carried out using Mercury®® and Platon** (Figure S2 and
S3). Structural and other crystallographic details on data collection and refinement for
compounds VI-Br and 111 have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication number CCDC Deposition Numbers 2204647 and
2204648, respectively. These data can be obtained free of charge Vvia
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).
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Figure S2. Molecular structure of compound VI-Br. Thermal ellipsoids are shown at 50%

probability.
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Figure S3. Molecular structure of compound Il11. Thermal ellipsoids are shown at 50%

probability.
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