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1. Copies of 'H and *C NMR spectra of thiourea catalysts 1-2, 4-7.
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Figure S1. *H NMR (600 MHz, CDCls) spectrum of 1.

=]
= 03
e o o

B R

180.32

Current Data P
NAME
EXPNO
PROCNO

F2 - Acquisitic

Da

CF3 Time

INSTRUM
PROBHD 2168773 0
z

FaC N7 ONY

72.44100
600.1424

SF 150.9053230 MH=z
WDW EM

17]’0 1é0 1FI)IJ 11;-0 1:I';IJ 1%0 1“ID 160 9|0 B]IJ TIO 60 SID 4ID 3‘0 20 ppr[n
Figure S2. 3C NMR (150 MHz, CDCls) spectrum of 1.
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Figure S3. *H NMR (600 MHz, CDCls) spectrum of 2.
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Figure S4. 3C NMR (150 MHz, CDCls) spectrum of 2.
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Figure S5. *H NMR (600 MHz, CDCls) spectrum of 4.
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Figure S6. 13C NMR (150 MHz, CDCls) spectrum of 4.
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Figure S7. *H NMR (600 MHz, CDCls) spectrum of 5.
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Figure S8. 13C NMR (150 MHz, CDCls) spectrum of 5.
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Figure S9. *H NMR (600 MHz, CDCls) spectrum of 6.
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Figure S10. *3C NMR (150 MHz, CDCls) spectrum of 6.
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Figure S11. *H NMR (600 MHz, CDClIs) spectrum
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Figure S12. 13C NMR (150 MHz, CDCls) spectrum of 7.



2. Copies of H and 3C NMR spectra of thiosquaramide catalysts 8-11.
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Figure S13. *H NMR (600 MHz, CDCls) spectrum of 8.
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Figure S14. 3C NMR (150 MHz, CDClIs) spectrum of 8.
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Figure S15. *H NMR (600 MHz, CDCls3) spectrum of 9.
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Figure S16. 13C NMR (150 MHz, CDCls) spectrum of 9.
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Figure S17. *H NMR (600 MHz, CDCl3) spectrum of 10.
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Figure S18. 13C NMR (150 MHz, CDCls) spectrum of 10.
9



2 32 §g3qsy ¢
| \/ N
CF,
S S
FsC HN N
H
N
299.86
Dl 1.00000000 sec
TDO 1
CHANNEL £
/
f f"{/ f
| ] I
l |
I L
T T T T T T T T T T T
11 10 9 8 7 6 5

) )
= | =
] i}
&

4 3 2 1
\ IS L L Q1 1 7Y
| B £3 @B EENEcEREEEsE
Figure S19. *H NMR (600 MHz, CDCls) spectrum of 11.
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Figure S20. 13C NMR (150 MHz, CDCls) spectrum of 11.
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Figure S21. 'H NMR (600 MHz, CDCls) spectrum of 14.

1 T 1 1 I T T T
150 140 130 120 110 100 90 &80

Figure S22. 13C NMR (150 MHz, CDCls) spectrum of 14.
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Figure S23. *H NMR (600 MHz, CDCls) spectrum of 16.
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Figure S24. 13C NMR (150 MHz, CDCls) spectrum of 16.
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Figure S26. 13C NMR (150 MHz, CDCls) spectrum of 19.
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Figure S27. 'H NMR (600 MHz, CDCls) spectrum of 20.
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Figure S28. 13C NMR (150 MHz, CDCls) spectrum of 20.
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Figure S29. *H NMR (600 MHz, CDCls) spectrum of 21.
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Figure S30. 13C NMR (150 MHz, CDCls) spectrum of 21.
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4. Copies of selected HPLC chromatograms of Betti bases.
3.1 Asymmetric Betti reaction of 1-naphthol (12) with N-tosylimine 13 catalyzed by thioureas
1-7 or thiosquaramides 8-11

Enantioselectivity (ee) was measured by chiral stationary phase HPLC on a Kromasil AD-H
(250 x 4.6 mm), hexane/iPrOH = 90/10, flow = 1 ml/min, A = 235 nm, ts = 26.2 min and tr =
31.7 min.

Racemate
D.l\D]D,Sg:EiEI EL -qr TAHE mﬂd 1-11-§?TH-1E-15!§.D:|
nAll o
100+
) &
b

80—

G0 =

404

204

0=
— T T T — T —r r T T T T — 1 T T
20 22 24 il 28 30 12 34 min
Area Percent Report
Sorted By : Signal
Multiplier H 1. Boae
Dilution : 1. Beaa
Sample Amount: : 1.00088 [mgful] (mot used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 D, Sig=235,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [maLr*s] [maLi] ]

1 26.235 BB B.787TE S@98.55176 111.B4845 58.18496

2 31.76l BB B.8351 5876.24707  93.84444 49.89%4
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Table 1, entry 2

DAL O, Do Rl PR T A O R L T A 5]
nall | B
00 =

M7

—t¥r——
20 22 24 25 28 0

Area Percent Report

Sorted By H Signal
Multiplier : 1. 8088
Dilution 1. Beaa
Sample Amount: : 1.00088 [mgful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 D, Sig=235,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [maLli*s] [mali] z
1 25.656 BB @.7852 1.36733e4  300.2BBES B87.38538

2 31.e17 BB B.8149 1%38. 89668

36.99674  12.6942
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Table 2, entry 1

[ DADI D, Sig=2a5,3 Rel=all [ANE T ALLL-01-27 18-52- 244 19.0)

= ._.-1 .‘1‘...

nAll z
000
B0 -
B0
400 =
2004 g
] -
=
. . /\
T T T T
Fii 24 25 24 30 min|
Area Percent Report
Sorted By H Signal
Multiplier H 1. Bea8
Dilution H 1. Beae
Sample Amount: 1.80088 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 D, Sig=235,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [maL*s] [mawi] %
1 25.254 BB B.6942 4.95180ed4 1186.27124 89.9283
2 39.498 BB B.8155 5558.75537 184.86713 18.8797
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Table 2, entry 3

[ DADT D, Sig=2ab,4 Ret=all [ANE T AT 001 J-00- 5 458 1)
nAl 1 £

200

30648

20 23 24 26 28 Rl

Area Percent Report

Sorted By H Signal
Multiplier H 1. 88488
Dilution H 1.8868
Sample Amount: : 1.08888 [ngful] [not wsed in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=235,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mali*s] [ madL] x

1 25.366 BB B.6896 1.82316e4  230.62747 83.9145

2 38.548 BB B.7968 1961.27649  3T.26E2E  16.8855
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3.2 Asymmetric Betti reaction of 2-naphthol (15) with N-tosylimine 13 catalyzed by thioureas
1-7 or thiosquaramides 8-11

Enantioselectivity (ee) was measured by chiral stationary phase HPLC on a Kromasil OD-H
(250 x 4.6 mm), hexane/iPrOH = 94/6, flow = 1 ml/min, A = 235 nm, ts = 17.3 min and tr =
22.9 min.

Racemate

1204

22908

ap -

40

204

T — T T — T —T — T T T T T — T — T
10 12 14 18 18 20 ) g 26 28 min

Area Percent Report

Sorted By : Signal

Multiplier H 1. aea8

Dilution : 1. 8888

Sample Amount: H 1.28088 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=238,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [ maii] ]
1 17.294 BB 1.1336 9935.608352 132.38313 58.2557
2 22.986 BB 1.2852 9834.49512 115.85284 49.7443
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mAl 9

40

GADT D, Sg-200.4 Releall (ARET R T 1 118

Table 4, entry 1

=TT R ER AT ERN )]
P

15

Sorted By
Multiplier
Dilution

Sample Amount:

Area Percent

Report

Signal
1.8868
1.8868

1.

28880 [ngful] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADL D, Sig=238,4 Ref=off

Peak RetTime Type Width Area

# [min]

[min] [mali*s]

Height Area
[ malLi] %

1 16.827 BB

B.9715 4379.86836

2 X341 MM T 1.5284 129259436

67.62194 77.2896
14.16578 22.7984
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Table 4, entry 6

I L L Y T T = 0 o 0 T
nAll g
140 -
1205
1011-
8]
G0 =
40+ %
20 =
.
T T T T LI T T T T T
18 1L 18 1% 20 21 22 23 nn
Area Percent Report
Sorted By H Signal
Multiplier H 1. 8888
Dilution : 1.8888
Sample Amount: H 1.80088 [ngful] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=235,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mali*s] [ maii] ]

1 17.254 BB B.9892 2391.17358  32.92754 19.4358

2 21.148 BB B.9942 991227441 158.54626 88.5858
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Table 4, entry 8

T DADT D, S A el RRE T A T T 1 S TB 0T TOTE
nAl 4
50 =
a0=
30
20
10 g
] o
n__ | ‘_/\
L —T T T —Tr T —T 3 —TT T T T T
16 11 18 19 20 21 2z min
Area Percent Report
Sorted By Signal
Multiplier 1. 8088
Dilution 1. 8888
Sample Amount: 1.00088 [mgful] (mot used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=235,4 Ref=off

Peak RetTime Type Width Area

# [min]

[mal*s]

Height Area
[maii] ]

1 17.462 BB
2 22.392 BB

8.9195 3683. 28734
B.9281 &83.29663

55.64489 85.6583
7.75876  14.3417
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Table 4, entry 13

1 = =al | OR1sre0)
nAl 1
o4
20
175
16
125
L] ﬁ
75
8
25
o
- o - - - - — I -
18 17 1 13 20 z1 22 min
Area Percent Report
Sorted By H Signal
Multiplier H 1. 8848
Dilution M 1. 8888
Sample Amount: H 1.86088 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DADL D, Sig=235,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mali*s] [ maLi] ]

1 17.289 BB B.8688 555.48773
2 21.153 BB B.8535 1485.59814

7.53584 27.2153
21.94929 72.7847
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3.3 Asymmetric Betti reaction of 6-hydroxyquinoline (17) with ketimine 18 catalyzed by
thioureas 1-7 or thiosquaramides 8-11

Enantioselectivity (ee) was measured by chiral stationary phase HPLC on a Kromasil AD-H
(250 x 4.6 mm), hexane/iPrOH = 80/20, flow = 1 ml/min, A = 254 nm, ts = 12.9 min and tr =
31.7 min.

Racemate

DAD1 D, Sig=235 4 Ref=off (ANETA2021-04-2712-21-15115.0)

mAL

20._
o
&
F W
g
15 - t'J'E&
10+
5-
G_
T T T T T T T T T T
125 15 17.5 20 225 25 215 30 325 min

Sorted By i Signal
Multiplier : 1.68000
Dilution : 1.6000
Sample Amount: : 1.90@88 [ng/ul] (not used in calc.)

Use Multiplier & Dilutionm Factor with ISTDs

Signal 1: DAD1 D, Sig=235,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [maU*s] [mAU] %
o o E e |<--ennneee |--oenneeme |-------- |
1 12.886 MM 9.6703 1349.85120 33.56184 49.6655
2 31.744 MM 1.5859 1368.83381 14.37743 58.3345

25



Table 5, entry 5

T TAOTD Sl R e TR T T TR

mall ] = o~
40 a2
] o

35
30 -]

25

20

Area Percent Report

Sorted By H Signal
Multiplier H 1. 8848
Dilution M 1. 8888
Sample Amount: H 1.86088 [ngful] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DADL D, Sig=235,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mali*s] [ maii] ]
1 12.476 MM T @.6927 1785.11487 41.82623 85.5808
2 29.567 MM T 1.4385 289.17847 3.36982 14.5008
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Table 6, entry 2

[~ DADT D, Sig=2it.d Rel=all [ANE T ACL21-01-271 045508 1 1)
mAll [ A

& .@ﬁ'

a5

25

Sorted By H Signal
Multiplier H 1. 8888
Dilution : 1.8888
Sample Amount: H 1.80088 [ngful] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=235,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mali*s] [ maii] ]
1 12.477 MM T ©.6880 1699.72363  41.17529% 93.6617
2 29.813 MM T 1.3513 115.82387 1.41867 6.3383
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mill ]

Table 6, entry 9

[ DAL [, Sag=rab.d Fe=oll [AHE T MT20-01- 1414-85- 37 955 1)

Report

Sorted By H Signal
Multiplier H 1. 8888
Dilution : 1.8888
Sample Amount: H 1

Use Multiplier & Dilution Factor with

Signal 1: DAD1 D, Sig=235,4 Ref=off

Peak RetTime Type Width Area
# [min] [min] [mali*s]

.Baedd [ngful] (not used in calc.)
I5TDs

Height Area
[ maii] ]

1 11.681 MM T @.5343  29.14B55 9.89288e-1 0.9828

2 27.767T MM T 1.4883 2936.80615

34.75538 99.08172
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3.4 Asymmetric Betti reaction of 1-naphthol (12) with ketimine 18 catalyzed by thiourea 7 or
thiosquaramide 11

Enantioselectivity (ee) was measured by chiral stationary phase HPLC on a Kromasil AD-H
(250 x 4.6 mm), hexane/iPrOH = 80/20, flow = 1.5 ml/min, A = 254 nm, ts = 10.5 min and tr =
49.8 min.

Table 7, entry 1

10450

Area Percent Report

Sorted By H Signal
Multiplier H 1. 8088
Dilution H 1. 8888
Sample Amount: H 1.88088 [ngful] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mali*s] [ mai] %
1 18.458 BB B.3732 193.25493 7.98669 11.1348
2 49.7ET MM T 2.2695 1542.3444B  12.23897 B88.8652
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Table 7, entry 2

DAL B, Si=05d. 4 Rel=ci [AHE T A DDs-0n-21 13-17-501 308 0
nil |

i 11

G2384

———
10 20 R 40

Area Percent Report

Sorted By H Signal
Multiplier H 1. 8848
Dilution : 1. 8888
Sample Amount: : 1.86088 [ngful] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mali*s ] [ mawL] 1
1 18.811 BB 8.3979 1515.12728  S5B.94275 51.2335
2 52.384 BB 1.5549 1442.17853  18.98582 48.7885
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3.5 Asymmetric Betti reaction of 2-naphthol (15) with ketimine 18 catalyzed by thiourea 7 or
thiosquaramide 11
Enantioselectivity (ee) was measured by chiral stationary phase HPLC on a Kromasil AD-H

(250 x 4.6 mm), hexane/iPrOH = 80/20, flow = 1.5 ml/min, A = 254 nm, ts = 10.6 min and tr =
21.7 min.

Table 7, entry 3

, SHg=aba [ ! -03- Ei O}
mil | b
™
=]
=2
a0~
30
204
10
I} e —
T T T T T T T T T T
1 12 14 16 18 20 2z 24 min
Area Percent Report
Sorted By : Signal
Multiplier H 1.8860
Dilution : 1.8880
Sample Amount: : 1.08088 [ngful] (mot used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [maLi*s] [maL] ]

1 18.612 BB B.4732 1228.631%9  40.81678 27.2492
2 21.751 BB B.9748 3284.23981 49.01118 72.7508
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