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1H NMR and 13C NMR spectra
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1H NMR of 4h
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1H NMR of 4j
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1H NMR of 4k
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13C NMR of 4l
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1H NMR of 4u
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HPLC trace
4a-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 1
0.

06
4 

 1
7.

68
6 

Retention time Area Height Area%
1 10.064 23754816 746927 49.750
2 17.686 23993670 393904 50.250

Total 47748486 1140831 100.000
4a

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 9
.8

44
 

 1
8.

24
1 

Retention time Area Height Area%
1 9.844 21634839 684388 96.537
2 18.241 776198 14468 3.463

Total 22411037 698856 100.000
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4b-racemic 

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

0

50

100

150

200

250

300

350

400

450 1 检测器A 254nm

 7
.2

15
 

 1
7.

52
8 

Retention time Area Height Area%
1 7.215 8260935 362186 49.382
2 17.528 8467705 131867 50.618

Total 16728640 494054 100.000
4b

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

0

250

500

750

1000

1250

1500

1750
1 检测器A 254nm

 7
.1

89
 

 1
7.

61
8 

Retention time Area Height Area%
1 7.189 25493912 1095440 97.057
2 17.618 772934 15822 2.943

Total 26266847 1111261 100.000
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4c-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-500

0

500

1000

1500

2000

2500

3000

1 检测器A 254nm

 6
.0

68
 

 1
6.

40
1 

Retention time Area Height Area%
1 6.068 51173493 2376374 49.938
2 16.401 51300320 682096 50.062

Total 102473813 3058470 100.000
4c

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-500

0

500

1000

1500

2000

2500

3000

1 检测器A 254nm

 6
.0

55
 

 1
6.

73
8 

Retention time Area Height Area%
1 6.055 60166576 2754601 98.195
2 16.738 1106054 24699 1.805

Total 61272630 2779300 100.000
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4d-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-50

0

50

100

150

200

250

300

350

400 1 检测器A 254nm

 7
.8

30
 

 1
7.

13
3 

Retention time Area Height Area%
1 7.830 6062370 240895 50.809
2 17.133 5869339 98224 49.191

Total 11931709 339119 100.000
4d

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-50

0

50

100

150

200

250

300

350

400 1 检测器A 254nm

 7
.8

23
 

 1
7.

18
6 

Retention time Area Height Area%
1 7.823 6940496 272535 98.691
2 17.186 92056 2561 1.309

Total 7032552 275096 100.000
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4e-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0

-250

0

250

500

750

1000

1250

1500

1 检测器A 254nm

 6
.1

96
 

 1
2.

01
8 

Retention time Area Height Area%
1 6.196 19017583 859909 50.956
2 12.018 18303693 399619 49.044

Total 37321276 1259528 100.000
4e

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-250

0

250

500

750

1000

1250

1500

1 检测器A 254nm

 6
.1

64
 

 1
2.

11
6 

Retention time Area Height Area%
1 6.164 22144341 1033873 95.461
2 12.116 1052949 26724 4.539

Total 23197290 1060596 100.000
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4f-racemic

min

mV

0 5 10 15 20 25

0

25

50

75

100 1 检测器A 254nm

 8
.8

55
 

 2
1.

04
4 

Retention time Area Height Area%
1 8.855 1803520 64533 49.865
2 21.044 1813295 24881 50.135

Total 3616815 89414 100.000
4f

min

mV

0 5 10 15 20 25

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 8
.7

77
 

 2
1.

07
0 

Retention time Area Height Area%
1 8.777 18393941 623390 97.070
2 21.070 555127 8496 2.930

Total 18949068 631887 100.000
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4g-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

0

100

200

300

400

500

600

700

800

900 1 检测器A 254nm

 9
.1

67
 

 1
6.

91
2 

Retention time Area Height Area%
1 9.167 20500754 651248 50.095
2 16.912 20422928 315700 49.905

Total 40923682 966948 100.000
4g

min

mV

0 5 10 15 20 25

0

100

200

300

400

500

600

700

800

900 1 检测器A 254nm

 9
.2

24
 

 1
7.

25
4 

Retention time Area Height Area%
1 9.224 15640424 509037 97.074
2 17.254 471413 12514 2.926

Total 16111837 521551 100.000
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4h-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-50

0

50

100

150

200

250

300

350

400 1 检测器A 254nm

 1
0.

01
2 

 1
6.

42
2 

Retention time Area Height Area%
1 10.012 12758180 369165 49.718
2 16.422 12902679 211012 50.282

Total 25660859 580176 100.000
4h

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-50

0

50

100

150

200

250

300

350

400 1 检测器A 254nm

 9
.9

96
 

 1
6.

54
2 

Retention time Area Height Area%
1 9.996 12813961 368444 96.138
2 16.542 514739 11336 3.862

Total 13328701 379780 100.000
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4i-racemic 

min

mV

0 5 10 15 20 25 30

-50

0

50

100

150

200

250

300

350

400 1 检测器A 254nm

 6
.1

99
 

 2
5.

33
3 

Retention time Area Height Area%
1 6.199 7046497 329341 49.894
2 25.333 7076553 113497 50.106

Total 14123049 442838 100.000
4i

min

mV

0 5 10 15 20 25 30

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 6
.1

70
 

 2
5.

41
4 

Retention time Area Height Area%
1 6.170 10975630 517856 98.026
2 25.414 221055 4798 1.974

Total 11196685 522654 100.000
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4j-racemic

min

mV

0.0 2.5 5.0 7.5 10.0

-500

0

500

1000

1500

2000

2500

3000

1 检测器A 254nm

 3
.5

96
 

 6
.0

65
 

Retention time Area Height Area%
1 3.596 23433187 2126002 49.802
2 6.065 23619604 1198254 50.198

Total 47052790 3324257 100.000
4j

min

mV

0.0 2.5 5.0 7.5 10.0

-500

0

500

1000

1500

2000

2500

3000

1 检测器A 254nm

 3
.6

15
 

 6
.0

18
 

Retention time Area Height Area%
1 3.615 2762783 301024 4.997
2 6.018 52521941 2324327 95.003

Total 55284724 2625351 100.000



30

4k-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-1000

0

1000

2000

3000

4000

5000

6000

1 检测器A 254nm

 1
2.

56
7 

 1
4.

93
7 

Retention time Area Height Area%
1 12.567 113256761 2544949 50.847
2 14.937 109481558 2094785 49.153

Total 222738319 4639734 100.000
4k

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-1000

0

1000

2000

3000

4000

5000

6000

1 检测器A 254nm

 1
2.

90
1 

 1
6.

17
7 

Retention time Area Height Area%
1 12.901 235634327 3498405 98.534
2 16.177 3505799 101469 1.466

Total 239140126 3599873 100.000
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4l-racemic

min

mV

0.0 2.5 5.0 7.5 10.0

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 5
.7

77
 

 7
.7

56
 

Retention time Area Height Area%
1 5.777 12981475 693659 50.039
2 7.756 12961362 531443 49.961

Total 25942837 1225102 100.000
4l

min

mV

0.0 2.5 5.0 7.5 10.0

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 5
.8

01
 

 7
.7

60
 

Retention time Area Height Area%
1 5.801 316336 23211 2.388
2 7.760 12931066 527665 97.612

Total 13247403 550876 100.000
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4m-racemic

min

mV

0 10 20 30 40 50

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 2
8.

64
7 

 3
6.

43
8 

Retention time Area Height Area%
1 28.647 55578097 338980 50.587
2 36.438 54287287 239694 49.413

Total 109865384 578674 100.000
4m

min

mV

0 10 20 30 40 50

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 2
6.

74
8 

 3
5.

03
2 

Retention time Area Height Area%
1 26.748 102633981 731241 95.547
2 35.032 4783628 32739 4.453

Total 107417609 763980 100.000
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4n-racemic

min

mV

0.0 2.5 5.0 7.5 10.0

-250

0

250

500

750

1000

1250

1500

1 检测器A 254nm

 4
.5

43
 

 5
.9

72
 

Retention time Area Height Area%
1 4.543 22495179 1318303 49.757
2 5.972 22715102 1072257 50.243

Total 45210281 2390560 100.000
4n

min

mV

0.0 2.5 5.0 7.5 10.0

-500

0

500

1000

1500

2000

2500

3000

1 检测器A 254nm

 4
.5

50
 

 5
.9

05
 

Retention time Area Height Area%
1 4.550 2497273 160426 4.467
2 5.905 50975815 2084326 95.533

Total 53473088 2244752 100.000
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4o-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0

-500

0

500

1000

1500

2000

2500

3000

1 检测器A 254nm

 8
.2

36
 

 1
2.

82
2 

Retention time Area Height Area%
1 8.236 45363245 1601737 49.585
2 12.822 46122249 1025398 50.415

Total 91485494 2627135 100.000
4o

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-250

0

250

500

750

1000

1250

1500

1 检测器A 254nm

 8
.3

61
 

 1
2.

90
8 

Retention time Area Height Area%
1 8.361 1416619 61655 3.962
2 12.908 34336086 781656 96.038

Total 35752705 843311 100.000
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4p-racemic

min

mV

0.0 2.5 5.0 7.5 10.0

-250

0

250

500

750

1000

1250

1500

1 检测器A 254nm

 4
.7

18
 

 6
.0

31
 

Retention time Area Height Area%
1 4.718 23461191 1150135 49.432
2 6.031 24000701 1083743 50.568

Total 47461893 2233879 100.000
4p

min

mV

0.0 2.5 5.0 7.5 10.0

-500

0

500

1000

1500

2000

2500

3000

1 检测器A 254nm

 4
.7

20
 

 5
.9

07
 

Retention time Area Height Area%
1 4.720 2594691 150195 2.990
2 5.907 84184284 2754902 97.010

Total 86778975 2905097 100.000
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4q-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 8
.0

09
 

 9
.6

09
 

Retention time Area Height Area%
1 8.009 11976614 328028 49.042
2 9.609 12444523 253356 50.958

Total 24421137 581384 100.000
4q

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

-250

0

250

500

750

1000

1250

1500

1 检测器A 254nm

 7
.8

92
 

 9
.6

58
 

Retention time Area Height Area%
1 7.892 36552546 1068951 98.593
2 9.658 521455 17643 1.407

Total 37074001 1086593 100.000
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4r-racemic

min

mV

0 5 10 15 20 25 30 35 40 45

-250

0

250

500

750

1000

1250

1500

1 检测器A 254nm

 1
8.

56
0 

 3
3.

02
7 

Retention time Area Height Area%
1 18.560 55608378 1106191 49.725
2 33.027 56223154 627980 50.275

Total 111831532 1734171 100.000
4r

min

mV

0 5 10 15 20 25 30 35 40 45

-50

0

50

100

150

200

250

300

350

400 1 检测器A 254nm

 1
8.

77
7 

 3
3.

22
3 

Retention time Area Height Area%
1 18.777 1227599 25559 3.447
2 33.223 34385877 392549 96.553

Total 35613476 418108 100.000
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4s-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0

-500

0

500

1000

1500

2000

2500

3000

1 检测器A 254nm

 7
.9

59
 

 9
.5

53
 

Retention time Area Height Area%
1 7.959 51012797 1456167 49.154
2 9.553 52769208 1253153 50.846

Total 103782004 2709320 100.000
4s

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0

-250

0

250

500

750

1000

1250

1500

1 检测器A 254nm

 8
.0

26
 

 9
.7

05
 

Retention time Area Height Area%
1 8.026 30229458 819798 97.050
2 9.705 918969 31134 2.950

Total 31148427 850932 100.000
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4t-racemic

min

mV

0 5 10 15 20 25 30 35 40

-50

0

50

100

150

200

250

300

350

400 1 检测器A 254nm

 1
3.

91
2 

 2
7.

51
4 

Retention time Area Height Area%
1 13.912 43791001 369173 49.513
2 27.514 44652812 149804 50.487

Total 88443813 518977 100.000
4t

min

mV

0 5 10 15 20 25 30 35 40

-50

0

50

100

150

200

250

300

350

400 1 检测器A 254nm

 1
5.

06
9 

 2
5.

38
4 

Retention time Area Height Area%
1 15.069 1973486 50088 1.997
2 25.384 96849093 206126 98.003

Total 98822579 256214 100.000
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4u-racemic

min

mV

0 25 50 75 100

-25

0

25

50

75

100

125

150

175

200 1 检测器A 254nm

 9
0.

87
0 

 9
7.

60
8 

Retention time Area Height Area%
1 90.870 13976110 69652 49.523
2 97.608 14245505 67289 50.477

Total 28221615 136941 100.000
4u

min

mV

0 25 50 75 100

-25

0

25

50

75

100

125

150

175

200 1 检测器A 254nm

 9
1.

47
5 

 9
7.

35
4 

Retention time Area Height Area%
1 91.475 572746 4290 2.394
2 97.354 23350011 113635 97.606

Total 23922757 117925 100.000
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4v-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5

-250

0

250

500

750

1000

1250

1500

1 检测器A 254nm

 6
.5

16
 

 1
1.

56
6 

Retention time Area Height Area%
1 6.516 34485065 885477 49.177
2 11.566 35639223 425966 50.823

Total 70124288 1311442 100.000
4v

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 6
.5

44
 

 1
1.

23
4 

Retention time Area Height Area%
1 6.544 2878554 111826 4.833
2 11.234 56685979 528284 95.167

Total 59564533 640110 100.000
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4w-racemic

min

mV

0.0 2.5 5.0 7.5 10.0 12.5 15.0

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 3
.8

14
 

 7
.6

31
 

Retention time Area Height Area%
1 3.814 5188732 284902 50.512
2 7.631 5083544 142152 49.488

Total 10272276 427055 100.000
4w

min

mV

0.0 2.5 5.0 7.5 10.0

-100

0

100

200

300

400

500

600

700

800 1 检测器A 254nm

 3
.8

09
 

 7
.6

60
 

Retention time Area Height Area%
1 3.809 9714409 537609 95.028
2 7.660 508262 19173 4.972

Total 10222671 556782 100.000


