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1. Other optimizations of the Mannich reaction

Table S1: The effects of different solvents.?

N/Ts OAc O

\ NHTs N
N t,24h O o | ph NT 0N ph
H K/NH HN\Z

Ph

Ph pyBisulidine

1a 2a 3aa
Entry Solvent Yield (%)? dr¢ ee (%)?
1 2-Me-THF 50 15:1 97
2 THF 34 15:1 97
3 AcOEt 38 24:1 98
4 Toluene 37 25:1 96
5 CH,(Cl, 29 4:1 71
6 1,4-dioxane 25 22:1 95

aAll reactions were performed with Zn(acac), /L. (1:1, 10 mol%), 1a (0.1 mmol), 2a
(0.1 mmol), solvent (1 mL), at rt for 24 h. ? Isolated yield. ¢ Determined by HPLC. ¢
Enantiomeric excess values of major diastereomers; Determined by chiral HPLC.

Table S2: Effects of the temperature and the ratio of 1a/2a.“

N/TS OAc
| I NHTs
. o,
N 2-Me-THF,rt,24h O O

N
1a 2a 3aa
The amount of The amount of .
Entry Yield (%)? dre ee (%o)?
1a (mmol) 2a (mmol)

1 0.1 0.12 55 15:1 98
2 0.1 0.14 44 13:1 99
3 0.1 0.2 66 10:1 97
4 0.12 0.1 40 8:1 98
5 0.14 0.1 43 9:1 98
6 0.2 0.1 30 13:1 97
7¢ 0.1 0.12 40 12:1 99
8 0.1 0.12 58 10:1 94

@ Unless otherwise noted, the reactions were performed with Zn(acac),/L (1:1, 10
mol%), 2-Me-THF (1 mL), at rt for 48 h. Isolated yield. ¢ Determined by HPLC. ¢
Enantiomeric excess values of major diastereomers; Determined by chiral HPLC. ¢
At 0 °C.7 At 40 °C.

Table S3: The effect of additive.“
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N~ Ts OAc

| | NHTs
. 0,
: @E% 2L 0mo%) one
N 2-Me-THF additive O

o]
N
1a 2a 3aa
Entry Additive Theamountof 140y dre  ee (%)
additive

1 none - 55 15:1 98
2 N-methyl morpholine 20 mmol% 54 15:1 98
3 DIPEA 20 mmol% 33 15:1 87
4 Et;N 20 mmol% 46 7:1 98
5 4-Methylphenol 20 mmol% 39 15:1 98
6 3A MS 3 mg 54 11:1 98
7 4A MS 3 mg 40 15:1 97
8 5A MS 3 mg 72 15:1 99
9 5A MS 30 mg 73 15:1 99
10¢ SA MS 30 mg 94 15:1 97
11¢ 5A MS 45 mg 76 6:1 96

“Unless otherwise noted, the reactions were performed with Zn(acac),/L (1:1, 10
mol%),1a (0.1 mmol), 2a (0.12 mmol), 2-Me-THF (1 mL), at rt for 24 h. *Isolated
yield. ¢ Determined by HPLC. ¢ Enantiomeric excess values of major diastercomers;
Determined by chiral HPLC. ¢ At rt for 48 h.
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2. Crystal data and structure refinement

Preparation of the single crystals of enantiopure 3aa: Compound 3aa (20.0 mg,
20:1 dr, 98% ee) was dissolved in ethyl acetate (0.5 mL), then followed by the slowly
addition of petroleum ether until a solid just appeared. Shaked the tube to make the
solution clear. The tube was sealed, thus allowing slow evaporation of the solvents at
room temperature. After a week, several small particles could be observed at the bottom
of the tube. The crystals were chosen and subjected to the single crystal X-ray
diffraction analysis for the determination of the absolute configuration of 3aa. The data
were collected by a Rigaku Gemini equipped with a Cu radiation source (Ko = 1.54184
A) at 293(2) K. CCDC 2085480 (3aa) contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge via www.ccdc.cam.ac.uk

/data_request/cif.
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Table S4. Crystal data and structure refinement for 202009189 (3aa).

Identification code 202009189
Empirical formula C,4H2,N,O5S
Formula weight 450.49
Temperature/K 293(2)
Crystal system orthorhombic
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Space group

a/A

b/A

c/A

a/°

pre

v/°

Volume/A3

Z

Pealeg/cm’

wmm-!

F(000)

Crystal size/mm3
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

Flack parameter

P2,2:2;
9.42743(15)

9.8509(2)

24.0927(4)

90

90

90

2237.46(7)

4

1.337

1.610

944.0

0.14 x 0.1 x 0.09

CuKa (A = 1.54184)

7.338 to 134.116
11<h<7,-11<k<10,-28<1<28
8071

3985 [Rin = 0.0367, Ryjgma = 0.0559]
3985/0/295

1.036

R, = 0.0499, wR, = 0.1299

R, =0.0561, wR, = 0.1372
0.28/-0.25

0.07(3)
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3. Copies of HPLC

VWD1 A, Wavelengih=264 nm (DEF_LC 2021-01-14 10-23-201058-0301.0)

E—Te

280

rac-3aa

Peak# Retention Time Area Area%
1 38.04 2.00101e4 22.6617
2 41.833 2.37290e4 26.8734
3 46.654 2.05981e4 23.3276
4 81.313 2.39621¢e4 27.1373
m' aco NS
; H 5
3aa
Peak# Retention Time Area Area%
1 39.378 755.83234 2.6972
2 42.455 438.55524 1.5650
3 46.244 1027.25305 3.6658
4 80.723 2.58013¢e4 92.0721
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VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-02 10-22-37\032-0201.D)

mAU ] %
TsHN

200 AcO O
(Lo

150 N

H 2
1001 rac-3ba 0 E -
Peak# Retention Time Area Area%
1 10.539 6008.21338 27.6389
2 18.159 4858.50684 22.3500
3 22.487 6024.83691 27.7154
4 26.413 4846.69434 22.2957
VWD1 A, Wavelength=215 nm (DEF_LC 2020-12-08 15-12-53051-0101.D) -
m_ 3ba
Peak# Retention Time Area Area%

1 10.643 933.87533 0.5950
2 18.315 5368.28467 3.4223
3 22.629 6194.30225 3.9489
4 26.958 144364 92.0337
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VWD A, Wavelength=254 nm (DEF_LC 2020-12-16 17-38-17027-0301.D)

NHTs
300 — AcO O
N
200 — H
rac-3ca 8 8
150 2 <
Peak# Retention Time Area Area%
1 11.455 4.90752¢4 37.2361
2 14.934 1.62817¢4 12.3538
3 22.995 1.68415¢e4 12.7786
4 40.074 4.95964¢e4 37.6315
VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-16 15-31-26\041-0101.D)
mAU g
176 o NHTS
o] A P
(L5
125 N
100 H
= | 3ca
) _M §
Peak# Retention Time Area Area%
1 11.497 376.01935 0.8786
2 14.705 1038.41614 3.4886
3 22.351 214.11430 9.4882
4 40.733 3.49961¢e4 86.1445

S8



VWD1 A, Wavelength=254 nm (DEF_LC 2020-10-28 17-17-41\001-0101.D)

mAU
80 -

70

AcO O
60 |
L
N

50

g

40 H
1 rac-3da
UAA/\AN JH[
Peak# Retention Time Area Area%
1 36.197 7208.13867 17.8165
2 43.203 1.29935¢4 32.1163
3 49.828 1.33438¢4 32.9821
4 58.239 6912.24170 17.0851

VWD1 A, Wavelength=254 nm (DEF_LC 2020-10-20 15-12-501001-0101.D)

mn; NHTs
L~ O
o
N
g | H
3da
20 M g
1 s
Peak# Retention Time Area Area%
1 36.963 442.07983 1.9516
2 45.091 329.50961 1.4547
3 49.040 2.01339¢4 88.8831
4 58.584 1746.61963 7.7106
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VWD1 A, Wavelength=254 nm (SL-37-C 2021-04-27 14-26-19\071-0101.D)

mAU 7 o
1 =

200 ] NHTs
] AcO O
150 7- %
] H
100 4 rac-3ea -
. g
B ]
Peak# Retention Time Area Area%
1 8.482 4517.29297 21.8871
2 9.719 6113.34619 29.6203
3 15.214 4123.76074 19.9804
4 23.080 5884.63721 28.5122

VWD1 A, Wavelength=254 nm (SL-37-C 20271-04-27 14-26-19W072-0201.D)

mAU 4

200 -

Peak# Retention Time Areca Area%
1 8.772 568.63776 2.8722
2 9.891 418.27148 2.1127
3 15.551 1475.18640 7.4511
4 23.043 1.73360¢e4 87.5640
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VWD1 A. Wavelength=254 nm (DEF_LC 2020-12-21 14-45-03\006-0501.D)
o

0] NHTs
AcO
35 g O OO
30 = N
H
7 rac-3fa
154 §
Peak# Retention Time Area Area%
1 12.940 1122.10889 20.0834
2 17.010 1719.66980 30.7785
3 31.420 1126.57922 20.1634
4 58.401 1618.87695 28.9746
VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-21 14-45-03\003-0301.D)
mAU | g
NHTs
AcQ, = O
X -
N
60 — H
3fa
20 . § )
A E A -1
Peak# Retention Time Area Area%
1 12.762 84.59418 0.4686
2 16.836 314.98401 1.7448
3 31.275 443.69452 2.4577
4 59.594 17210.0 95.3290
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VWD1 A, Wavelength=254 nm (SL-37-C 202 1-07-30 12-20-55\053-0101.D)

mAU ] g
1750 - NHTs
AcO OO
. O
1250 = N
H
e rac-3ga
500 = §
ZE—JA__‘J /g\ QA
Peak# Retention Time Area Area%
1 11.866 5.37464¢4 29.7757
2 14.859 3.58072¢4 19.8373
3 30.118 5.47544¢e4 30.3342
4 48.708 3.61959¢4 20.0527

VWD1 A, Wawvelength=254 nm (SL-37-C 2021-07-30 12-20-55058-0201.D)

mAU ] 2
_ NHTs
175—: AcO? B O
15(:—;
] N
125‘; H
1oo—§ 3ga
" g
25 — E f\ %
Peak# Retention Time Area Area%
1 12.888 41.12314 0.1793
2 15.004 542.54950 2.3653
3 31.893 69.35703 0.302
4 47.598 2.22848¢4 97.1530
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rac-3ha

2805

82071

8.5

Peak# Retention Time Area Area%
1 42.895 2.13946¢4 24.5576
2 56.592 1.88732¢4 21.6633
3 62.071 2.57895¢4 29.6022
4 76.495 2.10630e4 24.1769

3ha
B DYV N R

Peak# Retention Time Area Area%
1 44.599 151.77515 0.8013
2 54.088 200.00208 1.0559
3 61.345 1.64311e4 86.7509
4 78.626 2157.67505 11.3918
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VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-25 14-52-09\043-0201.D)

ma{
80 -
Sﬂ—-
40—-

20+

)

Peak# Retention Time Area Area%
1 25.313 312.20825 1.4632
2 31.408 10399.11 48.7378
3 38.576 10323.40 48.3829
4 59.429 302.14886 1.4161
VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-25 14-52-091018-0301 D)
NHTs NO,
50 AcQ -
Crs W
30 3ia
Peak# Retention Time Area Area%
1 25.027 135.86183 1.0830
2 31.165 923.98108 7.3652
3 38.337 918.82520 7.3241
4 59.922 10436.1 84.2278
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VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-30 10-26-24\004-0201.D)

g 3
0+ L L —|
Peak# Retention Time Area Area%
1 19.581 902.55109 1.4748
2 23.531 2.97761¢4 48.6540
3 30.525 2.96240¢e4 48.4055
4 55.544 897.03772 1.4658
VWD A, Wavelength=254 nm (DEF_LC 2020-12-30 10-26-24\007-0301.0)
NHT:
_ Ao, cl
(Lo
15 - N
H
10 - 3ja
R | g % g
Peak# Retention Time Area Area%
1 19.521 75.68641 1.6617
2 24.551 135.68826 2.9791
3 30.251 186.78535 4.1009
4 55.251 4156.52881 91.2582




“VWDT A, Wavelength=254 nm (DEF_LC 2021-03-10 1549-451066-0201 D)

mAU ]
350 NHTs CF3
300 4 AcO
250 - ")
200 K - N o
150—; g H
100*: ) ©
0 & /\ rac-3ka
0 1l0 223 3}) 4|0 5!.') E\IO
Peak# Retention Time Area Area%
1 20.705 9042.71191 45.3333
2 22.555 59591644 2.9875
3 32.240 9607.39746 48.1642
4 56.776 701.13434 3.5150

VWD1 A, Wavelength=254 nm (DEF_LC 2021-03-10 15-49-45\001-0301.D)

mAU 7
350
3003 AcO I;IHTS CF3
250 - O )
200 O (o) &
150 N o
100 8 < 3 H
504 1 M \ i\ Qg 5 2 3ka
0 15 2[0 3‘0 4’0 5‘0 GIO i
Peak# Retention Time Area Area%
1 20.621 2450.21802 5.0064
2 22.401 1296.14758 2.6484
3 31.941 3771.41333 7.7060
4 61.795 4.14237¢4 84.6393
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VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-23 15-06-02\008-0501.D)
=

=

300 4

1 NHTs
] AcO
oA
zoo—: N
g H
e} . rac-3la
8
100 : ]
Peak# Retention Time Area Area%
1 14.173 1.09381e4 30.7177
2 19.965 6865.47168 19.2804
3 29.293 1.09157e4 30.6547
4 57.260 6889.31152 19.3473
VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-18 16-14-36\050-0301.D)
NHTs
100 ACQC 5
CC L
] N
H
] 3la
= = 2
o - P
Peak# Retention Time Area Area%
1 14.399 303.42355 1.7706
2 20.137 214.91441 1.2541
3 29.347 772.27985 4.5065
4 57.944 1.58463¢4 92.4688
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VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-04 09-31-15\085-0101.0)

mAU =

220 AcO,

200;

18.441
z
O
Q

rac-3ma

les

T T T T T T
10 20 30 40 50 80 70 80 mi

Peak# Retention Time Area Area%
1 11.713 8580.37598 25.9683
2 18.441 8071.57471 24.4284
3 38.017 8530.20801 25.8164
4 73.885 7859.62939 23.7869

VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-15 15-07-00\035-0401.D)

e NHTs
Acq :
N
H
1 3ma
= g
10 - @ g
Peak# Retention Time Area Area%
1 12.590 452.06543 3.4616
2 19.768 172.88231 1.3238
3 40.800 1045.86230 8.0085
4 76.871 1.13886¢4 87.2061
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VWD1 A, Wavelength=2564 nm (DEF_LC 2020-12-04 14-32-501002-0201.D)

mAU - =
] =
9

] A NHTs
200 ] N O O Br
=7 rac-3na
50 H 3 ;i
Peak# Retention Time Area Area%
1 12.033 9060.74219 28.0799
2 19.767 7355.35400 22.7948
3 44.374 8885.72559 27.5375
4 79.655 6965.84863 21.5877
7 AcO NHTs
80 | Br
i N
3na
Peak# Retention Time Area Area%
1 12.169 950.85400 3.9106
2 19.753 446.82974 1.8377
3 44.040 1560.74072 6.4189
4 77.447 2.13565¢4 87.8329
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VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-16 17-38-17\026-0201.D)

mAU é’g
S NHTs
AcO
500 — g O O CF;
1 N
400 — H
rac-3oa

Peak# Retention Time Area Area%
1 7.843 1.46729¢4 26.0612
2 13.162 4.35984¢4 24.1528
3 28.779 1.44482¢4 25.6622
4 51.600 1.35820e4 24.1237

VWD 1 A, Wavelength=215 nm (DEF_LC 2020-12-06 14-56-10\072-0101.0)

g NHTs
350 - ACO? z
300 CF3
N
250 4 - H
200 - 2 3oa
/\ &
Peak# Retention Time Area Area%
1 7.958 4485.00195 5.3290
2 13.212 1446.17529 1.7183
3 29.365 5391.12109 6.4057
4 52.276 7.28395¢4 86.5470
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VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-04 14-32-50\003-0301.D)
~

i g NHTs  cI
.- = Ac
CI
203 N
H
e rac-3pa
N b
Peak# Retention Time Area Area%
1 10.998 2214.74780 21.3503
2 14.977 2930.17188 28.2470
3 32.826 2318.61963 22.3516
4 63.649 2909.83960 28.0510

VYWD1 A, Wavelength=254 nm (DEF_LC 2020-12-12 15-55-33\022-0201.D)

NHTs cl

] AcO, :
o] O o cl

Iz

Peak# Retention Time Area Area%
1 10.943 893.11395 5.6386
2 14.873 278.11292 1.7559
3 32.169 936.92523 5.9152
4 63.511 1.37310e4 86.6902
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VWD1 A, Wavelength=254 nm (DEF_LC 2021-01-13 10-22-10\092-0301.D)
NHTs
o AcQO S
AW .
150 | H s =
rac-3gqa =
. _Jwn
Peak# Retention Time Area Area%
1 22.238 1.50651e4 29.0820
2 27.480 1.49438e4 28.8478
3 34.382 B 1.08961¢e4 21.0340
4 41.608 1.08972¢4 21.0362
VWD1 A, Wavelength=254 nm (DEF_LC 2021-01-13 10-22-10\029-0401.D)

] NHTs
20 AcO :

(=]
T “
[}
2537
21515
3524

Peak# Retention Time Area Area%
1 22.537 154.03752 5.5409
2 27.515 242.97783 8.7403
3 34.524 144.14236 5.1850
4 41.055 2238.82739 80.5338

S22



mV

200
150
100

50-]

rac-3ra

42.702

Fri #8A Chl 254nm

61. 021

0 10 20 30 40 50 60 .
Peak# Retention Time Area Area%
1 19.455 6013544 44 .879
2 21.940 621333 4.637
3 42.702 698246 5211
4 61.012 6066338 45.273
mV
250 R 25A Cl b 254nal
200; TsHN
1 AG >y
1503 |ii: s o
100 ara

50

10 20 30 10 50 60
Peak# Retention Time Area Area%
1 19.239 1609895 4.900
2 21.666 223093 0.679
3 41.824 3142175 9.563
4 60.012 27881707 84.858
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VYWD1 A, Wavelength=254 nm (DEF_LC 2020-12-03 16-58-56\081-0101.D)
>

TsHN

40077 AcO
] F O
] O o
300 - o N
j g N
1 rac-3bb
200 —

[-]
|
>29m
F«ss

Peak# Retention Time Area Area%
1 10.442 1.25945¢4 31.3936
2 12.425 6942.06201 17.3041
3 29.276 6926.31201 17.2649
4 40.315 1.24909¢4 31.1355

VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-14 15-05-00%031-0101.D)

mAU ] §
3(]0j ACTOSH'\!
1 F. "
zsu—i O O
] N
1 H
200 3bb
g 3 g
o ,4r\«_/‘uk.__._ SN =
Peak# Retention Time Area Area%
1 10.607 62.81887 0.2108
2 12.542 524.17572 1.7585
3 29.208 2.82197¢4 94.6740
4 41.375 1000.53473 3.3567
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VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-03 16-58-56\082-0201.D)

mAU k=
TsHN
AcQ
200 — cl O

(Lo

N

150 | H
rac-3bc

13883

° 8
| 1
go

T T T T v T T
5 10 15 20 25 30 35 40 miry

Peak# Retention Time Area Area%
1 10.592 6357.72949 33.2376
2 13.883 3189.30786 16.6734
3 26.480 3170.62280 16.5757
4 28.955 6410.48975 33.5134

VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-14 15-05-00\032-0201.D)
mAU

TsHN
00 AcQ =
ey
(Lo
300 H
3bc
200 -
100 —

(=]

}
10714

?13991

T T T T T T T
S 10 15 20 25 30 35 40 miny

Peak# Retention Time Area Area%
1 10.710 139.24260 0.3441
2 13.991 517.06921 1.2780
3 25.986 3.81326¢e4 94.2476
4 29.128 1671.08899 4.1302
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VWD A, Wavelength=254 nm (DEF_LC 2020-12-03 16 58-56\083-0301.0)
mAU 3

80
70
so—f
soé

rac-3bd

40

30

20 -]

%21
>4a.sas

ol TR (5 SN (S g e =
Peak# Retention Time Area Area%
1 16.798 82.83369 44.9349
2 18.702 8.76689 4.6893
3 35.218 4.33215 5.0198
4 48.686 21.67719 45.3560
7
100 1 /O % -
| Cry
80 -| N
H
0] 3bd
] 3 =
Peak# Retention Time Area Area%
1 17.244 109.15645 0.7131
2 19.174 122.37705 0.7995
3 35.877 1.33228¢4 87.0398
4 50.350 1752.22473 11.4476
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VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-04 14-32-50\004-0401 D)
=

mAU =

120 TsHN
120 CO
Crd
100 — N
H
7 rac-3be
Peak# Retention Time Area Area%
1 9.590 4492.37256 27.8723
2 12.126 4462.75000 27.6885
3 14.052 3572.83643 22.1671
4 16.370 3589.76025 22.2721

VWD1 A, Wavelength=254 nm (DEF_LC 2020-12-14 15-05-00034-0401.D)

Peak# Retention Time Area Area%
1 9.666 177.62604 0.4929
2 12.131 4105.70996 11.3941
3 14.078 1050.18042 29144
4 15.962 3.07001e4 85.1985
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VWD1 A, Wavelength=254 nm (DEF_LC 2021-01-15 10-22-38\088-0301.D)

] Cr-ts
800 - F :
rac-3bf
=
Peak# Retention Time Area Area%
1 9.759 3.64769¢4 33.0902
2 11.028 3.70050e4 33.5692
3 15.462 1.83792¢4 16.6728
4 28.370 1.83737¢4 16.6678
400 z
)
Peak# Retention Time Area Area%
1 9.744 8897.38672 16.0299
2 11.375 911.02985 1.6413
3 15.132 4.38803¢4 79.0565
4 28.773 1816.30945 3.2723
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VWD A, Wavelength=254 nm (SL-37-C 2021-04-22 13-05-00053-0301 D)

200 - ;E
1754
150
125
100 +

75

10917
Q
o]
=z

2634

T T T T
(o] S 10 15 20

T
40

Peak# Retention Time Area%
1 10917 5008.21680 20.6105
2 12.205 7331.53809 30.1718
3 22.442 4998.07568 20.5688
4 32.634 6961.47070 28.6489
ACO l;lHTs
400 cl e
N
300 H H
3fb
g 8
pdl— Nl .\_./"-\/a‘\
Peak# Retention Time Area%
1 11.067 1.3748
2 12.390 1.1722
3 22.926 5309.32568 10.4455
4 33.360 87.0075
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YWD A, Wavelength=254 nm (SL-37-C 2021-04-22 15-50-421054-0101.D)

mau =2
o] ﬁ L
~ Br-
100 -E: O O
N
H
0 rac-3fc
S 5 %
L M /\ /k
Peak# Retention Time Area Area%
1 11.477 343451831 22.6216
2 12.890 4189.20654 27.5924
3 20.157 3412.87207 22.4790
4 29.532 4145.86572 27.3069
VYWD1 A, wavelengm=254 nm (SL—37—C 2021-04-22 13-05-00\052-0401 D)
oo ] o NHTS
Br e
300 N
H
3fc
100 o §
g g
0 -/'-,\i ./L,_/\
Peak# Retention Time Area Area%
1 11.602 496.39383 1.1611
2 13.045 184.28030 0.4310
3 20.343 4267.55420 9.9822
4 29.610 3.78034¢e4 88.4256
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LG ) 25 A 254nm
NHTs

40_. CbzO O
E O O

30 N

30 .

] rac-3ah
20*_
10 : g s
0 J/W\\Q ,//r\\\\‘J»J////\\\\\lL i
1 T
25 0

33.041
53.716
085

83. 666

T T ;3

0 5 75

min

Peak# Retention Time Area Area%
1 33.041 450915 12.305
2 53.716 1417615 38.686
3 61.085 1372766 37.463
4 83.666 423074 11.546

1 ‘ﬁiﬁll A 254nm|
=

250 NHTs

] CbzQ 1|iiD
] N

150 H
1 3ah

100

]
=] (=]
S
%rﬂl?

-

53.840
S

61. 727
ke
L

(4] 25 50 75

Peak# Retention Time Area Area%
1 33.013 8525 0.869
2 53.840 2947 0.839
3 61.727 8175 2.077
4 80.499 278417 96.215
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VWD 1 A, Wavelength=254 nm (SL-37-C 2021-05-17 17-26-24\081-0101.D)

mAU 2
1750 |
NHTs
R BzQ O
(Lo

1250 N

H
1000 |

rac-3ai

Peak# Retention Time Area Area%
1 33.013 8525 0.869
2 53.840 2947 0.839
3 61.727 8175 2.077
4 80.499 278417 96.215
100 NHTs
BzO,_. - O
.
H
Su; 3ai
20 | % §
Lorduand A\
Peak# Retention Time Area Area%
1 33.013 8525 0.869
2 53.840 2947 0.839
3 61.727 8175 2.077
4 80.499 278417 96.215
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VWD1 A, Wavelength=254 nm (DEF_LC 2021-03-02 11-26-29\SI1G1000002.D)

mAU
60 o TS
- )
40 (0]
20 rac-4aa g
104
il i
0 I ' ZIO ‘ ‘ I AIO I GIO 8]0 ' ‘ ‘ 160 min|
Peak# Retention Time Area Area%
1 56.508 1893.79529 8.1879
2 70.731 9629.56152 41.6297
3 89.768 9645.88867 41.7003
4 95.986 1962.22485 8.4829
VWD1 A, Wavelength=254 nm (DEF_LC 2021-03-02 11-26-29\SIG1000003.D)
mAU
175 o NHTS
150 >
100 H
75 4aa
50 oo o «
s - e , PR
0 2‘0 4‘0 6‘0 B’O 160 min|
Peak# Retention Time Area Area%
1 56.543 1132.86096 3.8009
2 70.474 2.70235¢4 90.6677
3 91.220 548.59631 1.8406
4 96.253 1100.04626 3.6908
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mV

1500_, A 2$A 215nm
i OH g
i NO, B
i rac-6a
500{
] I - S
;) é o lb l ll5 . ZIO 2|5 . Bb . 3]5 .
Peak# Retention Time Area Area%
1 22.293 62945527 49.332
2 30.908 64649218 50.668
mV
. ] B5A 215nm
750
1 OH
i NO,
e
] 6a
250
0—7-\_7 M f/(__
0 ‘5 lb l|5 2L0 2'5 Sb 3‘5 .
Peak# Retention Time Area Area%
1 21.739 33546586 92.064
2 30.262 2891620 7.936
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mV

L] #5A Chl 215nm|

3000{ o
/MNOz £
2000; z :
rac-6b
10001
o . L
2‘5 5.‘0 7.r5 ' 10‘.0 12’. 5_
Peak# Retention Time Area Area%
1 8.031 39761355 49.610
2 11.547 40386669 50.390
mV
1#5 M 2§A Chl 215nm|
750;
OH
NGNS e g
500+ -
1 6b
250{
O ] - N - N &
0.0 25 5.0 7.5 10.0 12.5
Peak# Retention Time Area Area%
1 8.038 10198318 89.037
2 11.621 1255764 10.963

S35



4. Copies of NMR Spectra
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