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Rawal's Catalyst as an Effective Stimulant for the Highly
Asymmetric Michael Addition of B-Keto Esters to
Functionally Rich Nitro-olefins

A. Suresh Kumar, T. Prabhakar Reddy, R. Madhavachary, and Dhevalapally B.
Ramachary*

Catalysis Laboratory, School of Chemistry, University of Hyderabad, Central University (P.O.),
Hyderabad 500 046, India

E-mail: ramsc@uohyd.ernet.in or ramchary.db@gmail.com

General Methods: The 'H NMR and '*C NMR spectra were recorded at 400 MHz and 100 MHz,
respectively. The chemical shifts are reported in ppm downfield to TMS (6 = 0) for 'H NMR and
relative to the central CDCl; resonance (6 = 77.0) for 3C NMR. In the C NMR spectra, the nature of
the carbons (C, CH, CH, or CH;) was determined by recording the DEPT-135 experiment, and is
given in parentheses. The coupling constants J are given in Hz. Column chromatography was
performed using Acme’s silica gel (particle size 0.063-0.200 mm). High-resolution mass spectra
(HRMS) were recorded on ESI-TOF maXis. IR spectra were recorded on JASCO FT/IR-5300.
Elemental analyses were recorded on a Thermo Finnigan Flash EA 1112 analyzer. Mass spectra were
recorded on either VG7070H mass spectrometer using EI technique or Shimadzu-LCMS-2010 a mass
spectrometer. The X-ray diffraction measurements were carried out at 298 K on an automated Enraf-
Nonious MACH 3 diffractometer using graphite monochromated, Mo-Ka (A = 0.71073 A) radiation
with CAD4 software or the X-ray intensity data were measured at 298 K on a Bruker SMART APEX
CCD area detector system equipped with a graphite monochromator and a Mo-Ka fine-focus sealed
tube (A = 0.71073 A). For thin-layer chromatography (TLC), silica gel plates Merck 60 F254 were
used and compounds were visualized by irradiation with UV light and/or by treatment with a solution
of p-anisaldehyde (23 mL), conc. H,SO, (35 mL), acetic acid (10 mL), and ethanol (900 mL)
followed by heating.

The enantiomeric excess (ee) of the Michael products 4 and 5 were determined by chiral
stationary phase HPLC using a Daicel Chiralcel OD-H columns and hexane/2-propanol as the eluent
or using a Daicel Chiralpak AD-H or ID-H columns and hexane/2-propanol as the eluent or using a
Lux 5u cellulose 2 columns and hexane/2-propanol as the eluent. Retention times and solvent ratios

are indicated in the respective entries.
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RACEMIC 4aa:

Chromatogram
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Lux Su Cellulose-2, Hexane/ i-PrOH = 80:20, Flow Rate 1.0 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1/ RT6.229 6.229 49758 3082 9.877 15.341
2| RT8.043 8.043 52379 2720 10.397 13.542
3| RT9.745 9.745 209000 9011 41.486 44 856
4|RT15.566 15.566 192643 5275 38.239 26.261
Total 503780 20088 100.000 100.000
CHIRAL-(+)-4aa (98% ee and >99% de):
Chromatogram
dask-1-175 D\HPLC\Data\DASK\dask-1-175 lcd
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Lux Su Cellulose-2, Hexane/ i-PrOH = 80:20, Flow Rate 1.0 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT9.552 9.552 50624 2710 1.091 2.093
2|RT14.925 14.925 4589979 126773 98.909 97.907
Total 4640603 129482 100.000 100.000
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Chromatogram

DASK-1-232 D:AHPLC'\Data\DASK\DASK-1-232.led
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Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT14.721 14.721 4804439 130738 49.659 70.249
2|RT23.548 23.548 4870386 55368 50.341 29.751
Total 9674825 186106 100.000 100.000
CHIRAL-(+)-d4ab (>99% ee and >99% de):
Chromatogram
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DASK-1-230 D:\HPLC\Data\DASK\DASK-1-230.Icd
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Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10 Flow Rate 0.8 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1 |RT14.685 14.685 11893017 300614 100.000 100.000
Total 11893017 300614 100.000 100.000




RACEMIC 4bb:
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Daicel Chiralpak ID-H, Hexane/ i-PrOH = 80:20, Flow Rate 1.0 mL/Min, 254 nm

Rezuit Table (Uncal - E'\DATAIDASKIASK-1-17)

Feten. Time Arsa Height Height WS
[min] Im\ 5] [m] [%6] [rnin]
1 18.353 162 075 4724 135 053
2 17.270 541276 17.872 51.2 .45
3 25.030 135 468 25078 7.1 0.83
4 23,780 554 734 g.eg2i 25.2 082
Tota 1413.040 35.085 100.0

CHIRAL-(+)-4bb (>99% ee and >99% de):
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Daicel Chiralpak ID-H, Hexane/ i-PrOH = 80:20, Flow Rate 1.0 mL/Min, 254 nm

Rezuwit Table (Uincal - E'DATAIDASKIASK-1-15)

Feien. Time Area Height Ares Height WS
[min] Im\.s] [m%] [B&] [%&] [mwin]
1 17127 4766.245 154.008 698 8o.8 0.45
3 32.063 4500 o.oge: 04 0.1 0.28
Tota 4771.455 1541078 4000 100.0
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RACEMIC 4c¢b:
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Chromatogram

dask-1-19 AD-H (2) D:\HPLC\Data\DASK\ddask-1-19 AD-H (2).1cd
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17.759 / RT17.759

55.842 / RT55.842

“1PDA Multi 1

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1 RT17.759 17.759 414789 7471 9.230 12.805
2| RT20.678 20.678 2136589 27546 47.543 47215
3| RT27.654 27.654 1838951 22625 40.920 38.780
4|RT55.842 55.842 103638 700 2.3006 1.200
Total 4493967 58342 100.000 100.000
CHIRAL-(+)-4cb (96% ee and >99% de):
Chromatogram
dask-1-20 AD-H(Recrystalization) D:\HPLC\Data\DASK\dask-1-20 AD-H(Recrystalization).led
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Daicel Chiralpak AD-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT20.476 20.476 2708872 39139 98.149 98.718
2|RT26.716 26.716 51080 508 1.851 1.282
Total 2759951 39647 100.000 100.000




RACEMIC 4db:
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dask-1-64-AD-H (2) D:\HPLC'\Data\DASK\dask-1-64-AD-H (2).Icd

Chromatogram
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Daicel Chiralpak AD-H, Hexane/ i-PrOH =95:5, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|/RT16.326 16.326 1044505 17680 12.365 15.184
2|[RT18.912 18.912 2872409 45289 34.004 38.895
3[RT21.457 21.457 1151960 23940 13.637 20.560
4 RT38.317 38.317 3378309 29530 39.993 25.361
Total 8447183 116439 100.000 100.000
CHIRAL-(+)-4db (>99 ee for both major & minor isomers and 97% de):
Chromatogram
dask-1-65-AD-H (6) D:\HPLC\Data\DASK\dask-1-65-AD-H (6) lcd
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Daicel Chiralpak AD-H, Hexane/ i-PrOH =95:5, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1| RT18.754 18.754 5250429 83845 97.840 98.493
2|RT22.136 22.136 88966 1015 1.658 1.193
3| RT38.878 38.878 26920 268 0.502 0.315
Total 5366315 85128 100.000 100.000
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RACEMIC 4eb:
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Chromatogram
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Daicel Chiralcel OJ-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1 |RT15.090 15.090 1363903 12602 16.502 23.157
2|RT19.462 19.462 3264092 24855 39.492 45.672
3| RT26.800 26.800 3165976 14505 38.305 26.653
4|RT54.032 54.032 471253 2459 5.702 4.518
Tota 8265224 54421 100.000 100.000

CHIRAL-(+)-4eb [99% ee for major isomer, 85% ee for minor isomer and 70% de]:

Chromatogram
DASK-1-77-0OJ-H D:\HPLC\Data\DASK\DASK-1-77-0J-H.led
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Daicel Chiralcel OJ-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1 RT15.899 15.899 128675 1141 1.136 2.369
2|RT20.398 20.398 43833 369 0.387 0.766
3| RT27.650 27.650 9589429 38606 84.636 80.166
4| RT55.636 55.636 1568210 8041 13.841 16.698
Total 11330147 48157 100.000 100.000
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RACEMIC 4fb:
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Chromatogram

dask-1-79 AD-H D:\HPLC\Data\DASK\dask-1-79 AD-H.lcd

PDA Multi 1/254nm 4nm

“IPDA Multi 1

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1| RT7.790 7.790 1943195 80794 40.135 45.428
2|RTI11.166 11.166 462809 18448 9.559 10.373
3|RT12.204 12.204 1874429 60388 38.714 33.954
4|RT13.522 13.522 561267 18221 11.592 10.245
Total 4841700 177851 100.000 100.000
CHIRAL-(—)-4fb (>99% ee for both major/minor isomers and 3:1 dr):
Chromatogram
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Daicel Chiralpak AD-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1/RT11.503 11.503 801225 24753 73.749 73.346
2|RT12.783 12.783 285199 8995 26.251 26.654
Total 1086424 33748 100.000 100.000

S-8




RACEMIC 4gb:
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Daicel Chiralpak ID-H column, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/Min, 254 nm

Rezuit Tshle (Unesl - E'DATAIDA SKIDASK-7-68 iD)

Feten. Time Area Height Ares Height Wios
[min] Im\.s] [mY] [B&] [%&] [mnin]
1 7.482 154856 13.827 5.4 10.7 air
. &.707 261,543 14.040i 732 10.8 .30
3 10.073 1897 241 E6.831F 44.0 431 0.40
g 14.450 1633074 457551 425 35.2 .52
Tota A06.713 120.565f 4000 100.0

CHIRAL-(+)-4gb (>99% ee and 88% de):
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Daicel Chiralpak ID-H column, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/Min, 254 nm

Reszuit Table (Uncal - E\DATADA SIDAZK-7-92(2) 100

Reten. Time Areas Height Ares Heigit WS
[min] Imt.s] [m'] [2] [36] [mniin]
1 7.452 123850 12 940 a1 125 014
2 2817 2053540 arami 638 87.2 036
Tota 107,350 100781 00.0 100.0
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RACEMIC 4ac:

Chromatogram

dask-1-90 cel D:\HPLC\Data\DASK\dask-1-90 cel.led
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Lux Su Cellulose-2, Hexane/ i-PrOH = 80:20, Flow Rate 1.0 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1/ RT8.016 8.016 733235 20890 10.754 12.773
2 |RT9.827 9.827 699404 25259 10.258 15.444
3|RT14.173 14.173 2903547 66718 42.586 40.793
4|RT16.342 16.342 2481904 50685 36.402 30.990
Total 6818091 163552 100.000 100.000
CHIRAL-(-)-4ac (94% ee and 95% de):
Chromatogram
dask-1-91 cel D\HPLC\Data\DASK\dask-1-91 cel.led
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Lux 5u Cellulose-2, Hexane/ i-PrOH = 80:20, Flow Rate 1.0 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT8.188 8.188 112216 3775 0.676 1.2.17
2| RTI10.125 10.125 303812 11709 1.831 3.774
3 |RT14.602 14.602 469979 11993 2.833 3.866
4|RT16.128 16.128 15704092 282739 94.659 91.143
Total 16590099 310215 100.000 100.000
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RACEMIC 4ad:
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Chromatogram

dask-1-78 AD-H D:\HPLC\Data\DASK\dask-1-78 AD-H.led
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Daicel Chiralpak AD-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1/ RT21.429 21.429 7893513 127510 25.501 31.243
2|RT24.487 24.487 7136096 104809 23.054 25.680
3|RT33.473 33.473 7814171 92235 25.245 22.599
4|RT39.560 39.560 8109819 83575 26.200 20.478
Total 30953600 408130 100.000 100.000

CHIRAL-(+)-4ad (94% ee and 84% de):

Chromatogram

dask-1-85 AD-H D:\HPLC\Data\DASK\dask-1-85 AD-H. led
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40

50
min

: 1PDA Multi 1

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1| RT21.200 21.200 18749515 261306 89.580 91.444
2| RT24.109 24.109 541748 6713 2.588 2.349
3|RT33.091 33.091 1113259 12379 5.319 4.332
4| RT38.811 38.811 526019 5357 2:513 1.875
Total 20930542 285755 100.000 100.000
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RACEMIC 4ae:

Chromatogram
dask-1-86 (b) -2 D:\HPLC\Data\DASK\dask-1-86 (b) -2.lcd
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Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10, Flow Rate 1 mL/Min, 220 nm

PeakTable
PDA Chl 220nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT18.594 18.594 804616 18596 12.227 14.956
2 |RT20.448 20.448 1045022 17288 15.880 13.904
3| RT25.659 25.659 2344747 52014 35.631 41.832
4|RT35.953 35.953 2386209 36443 36.261 29.309
Total 6580594 124342 100.000 100.000
CHIRAL-(+)-4ae (>99% ee and >99% de):
Chromatogram
dask-1-87 (2) D:\HPLC\Data\DASK\dask-1-87 (2).led
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1 PDA Multi 1/220nm 4nm

Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10, Flow Rate 1 mL/Min, 220 nm

PeakTable
PDA Chl 220nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT26.385 26.385 5192317 105249 100.000 100.000
Tota 5192317 105249 100.000 100.000
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RACEMIC 4af:
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Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/Min, 254 nm

Result Table (Unca! - E\DATA\DASKIDASK-1-80 /D)

Reten. Time Arsa Height Ares Height
[rnin] Im\ 5] [m'] [%] 06]
T | 17.023 | 585.338 | 21502} 209 275
] e i s g
3 19003  1045.451 ] 23.086 ] 228 205
P 33.323 7.882i 8.8}
T Total | 3170.668 78.007§  100.0; 100.0

CHIRAL-(+)-4af (94% ee and 79% de):

[m]
E:DATAIDASKIDASK-1-31 ID
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Time [min]

Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/Min, 254 nm

Rezult Tahie {Uncsl - EDATADASKIDASK-1-57 1D)

Feien. Time Arsa Height Ares Height Wios
[min] I\ .s] [m] [%&] [B&] [mnim]
1 16547 1356.438 47 201 6.5 598 0.45
2 18.253 166 246 4.885i 0.6 0.3 0.53
3 30,477 45540 0.578F 2 1.1 .93
Tota 1EgE 832 g2E84: 4000 100.0
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RACEMIC 5ag
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Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/Min, 254 nm
Rezuit Table (Uncal - E'\DATAIDASKIDASK-1-8773) D)
Reien. Time Ares Height Ares Height W5
[min] Im.s] [m'] [%] [%&] [mnin]
1 G.830 2883.817 154,483 50.¥ 47.8 0.31
2 TA57 2823.128 187.852 48.3 52.1 0.25
Tota 53168.852 322,355 100.0 100.0
CHIRAL-(+)-5ag (98% ee):
[m*]
E:\DATA\DA SKIDA SK-1-105 (2) ID
300 It}
B OQN\_
i B
2 CO,Et
200
LXK
3 l}l Me
Boc
100 (+)-5ag
=
&
0 aioe P SRR
0 5 10 15 20
Tirme [ipes]

Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/Min, 254 nm

FRezult Table (Uncal - E\DATADASKIDASK-1-105 (2] iDY

Feien. Time Area Height Height W5
[min] imY.s] [m%] [%a] [mnin]
1 G.7aT 42.785 3107 0.g 0.23
] 7.407 EERE.&1T 3epmeai 8.1 0. 96
Tota BEZE 202 asz2ani  A00.0 100.0
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RACEMIC 5ah:
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Daicel Chiralcel AD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

Rezulf Table (Uncal - E\DATATPRITPR-1-122 AD-H)

Reten. Time Ar=a Height Ares Height Wios
[min] Im\.5] [m] [%] [3&] [mnin]
1 10.817 18776.415 545872 47 5 51.0 5T
2 12.427 21588 602 523.707 525 42.0 0.85
i Tota i 41845015 ; 1068379 100.0; 100.0;
CHIRAL-(+)-5ah (98% ee):
[m*v]
E-\DATA\TPRITPR-1-122 AD-H 3
400 0N
__CO,Me ¢
300 ©\/\/|[ =
N Me -
. Boc
< 200 (+)-5ah
100 =
o
&
=
i
0 5 10 15 20 25 30 35
Time Lot

Daicel Chiralcel AD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

Rezulf Table {Lincal - E'DATANTPRITPR-1-122 AD-H 3)

Feien. Time Area Height Ares Height Wos
[min] ImW.s] [m'] [%&] [%&] [mnin]
1 10603 B.711 16 0.47
) 12.057 3 423.214% 5.4 a8
I Tota U TanT gss | 430.028] AC 100.0}
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RACEMIC 5ai:

Chromatogram
dask-1-108 (1) OD-H D:\HPLC'\Data\DASK\dask-1-108 (1) OD-H.led

mAU = -
100-| f/\g NE 02N
] /‘i % ,‘/% : CO,'Bu
P K
[ /
50- | [ N Me
| f r! \ Boc
| { | \ (z)-5ai
;’\j‘v‘ | \ / \
L f \
! ‘\4 / \
0 T /’ _— \
L “1PDA Multi 1
LI S A R s SR P 1 ] T o
0.0 2.5 5.0 75 10.0 125 15.0 175
min

1 PDA Multi 1 / 254nm 4nm

Daicel Chiralcel OD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

CHIRAL-(+)-5ai (99% ee):

Chromatogram
dask-1-110 (3) OD-H D:\HPLC\Data\DASK\dask-1-110 (3) OD-H.led
mAU
&
| e
1007 ‘ﬁ‘ \E OZN\=

f : __CO,Bu

I

i
] [ O\/\/'E

50- If \ N Me
g \ Boc
\ .
| ‘1\ (+)-5ai
[ | \
J I / \
ﬂ \ / \\
0 S —  F 1
] N “IPDA Multi 1
: — — T — —r—— —— —
0.0 255 50 TS 10.0 12.5 150 175
min

1 PDA Multi 1 /254nm 4nm

Daicel Chiralcel OD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1/ RT10.821 10.821 5807950 111064 100.000 100.000
Total 5807950 111064 100.000 100.000
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RACEMIC 5aj:

Chromatogram

dask-1-115 (1) OD-H D:\HPLC\Data\DASK\dask-1-115 (1) OD-H.led

=]

mAU
150 53 =
-
OZN\_ ;ﬂs | E
H : | &
1 / f
N B f \ f{ \\
Boc ) \ | \
50 . | / \
1 (*)-5aj [J » / \
\ \
| \ | \
A \ \
o] JN \\i \J/ N o
: = — S — 1 1PDA Multi 1
0.0 2.5 5.0 1.5 10.0 12:5 15.0 17.5
min

1 PDA Multi 1 /254nm 4nm

Daicel Chiralcel OD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak#t Name Ret. Time Area Height Area % Height %
1/ RT9.317 9.317 7686156 135690 47.527 48.378
2|RTIL.710 11.710 8486016 144788 52.473 51.622
Total 16172172 280478 100.000 100.000
CHIRAL-(+)-52j (99% ee):
Chromatogram
dask-1-113 (1) OD-H D:\HPLC\Data\DASK\dask-1-113 (1) OD-H.led
mAU
-
o
N 4=
150 N ' E
‘_CO,Et / x
L X &
100 N~ Et | \\
]
Boc \\
50 (+)—53] \
\
_ \
0 e T 2 S——
A
0.0 2.5 5.0 7:5 10.0 125 15.0
min

1 PDA Multi 1/254nm 4nm

Daicel Chiralcel OD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT11.714 11.714 9448384 174886 100.000 100.000
Total 9448384 174886 100.000 100.000
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RACEMIC 5ak:

Chromatogram

dask-1-116 AD-H (1) D:\HPLC\Data\DASK\dask-1-116 AD-H (1).lcd

mAU
n\% f\é OZN\
LS
i € > |
g
i ,\ | K \W l}l "Pr
25— it [ lk Boc
] \ / | / \ ()-5ak
\
i ‘ | .
0; e L - \/\ f L,F— s |
0 5 10 15 20

1 PDA Multi 1 /254nm 4nm

min

"1PDA Multi 1

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 97:3, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1/ RT10.794 10.794 3324988 59285 48.369 48.702
2| RT13.619 13.619 3549164 62444 51.631 51.298
Tota 6874152 121729 100.000 100.000
CHIRAL-(+)-5ak (97% ee):
Chromatogram

mAU

dask-1-114 AD-H (2) D:\HPLC\Data\DASK\dask-1-114 AD-H (2).lcd

150-]
100

50-]

0.0 25

1 PDA Multi 1/254nm

—T T

4nm

0

=

S 1
s |
g [
s /|
15 / A\
=) / .
P — W4 =
TN /ﬁ
b
— e
10.0 12.5 15.0

——
17.5

"\IPDA Multi 1

——
20.0

min

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 97:3, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1/ RT10.702 10.702 145813 3003 1.363 1.704
2|RT13.569 13.569 10552848 173237 98.637 98.296
Tota 10698661 176240 100.000 100.000
RACEMIC 5dg:

S-18




Chromatogram
dask-1-121 AD-H D:\HPLC\Data\DASK\dask-1-121 AD-H.led

mAU
75; ‘g JFE O-N
] ,"ﬁ | & N
] E A cl ~_COEt
“ T LK
| ‘I |‘ | ’}l Me
25; f‘\ ( \ \ Boc
] “L ! | ‘ ]“ (+)-5dg
t | | I“ “I‘\.JI‘ ‘\
0+ e Lﬂ’\ — T e —
] U
i T T T T
0 10 15 20 25

1 PDA Multi 1/254nm 4nm

min

“1PDA Multi 1

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT9.725 9.725 2848722 78150 48.996 49983
2|RT11.385 11.385 2965516 78202 51.004 50.017
Total 5814238 156353 100.000 100.000
CHIRAL-(+)-5dg (99% ee):
Chromatogram
dask-1-117 AD-H D:HPLC\Data\DASK\dask-1-117 AD-H.led
mAU .
] =
300 f E O2N\=
lE Cl ~_-COEt
=
200- N m
il [ ‘ l}l Me
2 | Boc
0 g j \ (+)-5dg
) |
0 ‘ B N -
] _ - “1PDA Multi 1
0.0 25 50 75 10.0 125 15.0 17.5 200 25

1

PDA Multi 1 /254nm 4nm

min

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Ch1 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1| RT9.663 9.663 100621 3134 0.716 0.892
2|RT11.313 11.313 13956105 348358 99.284 99.108
Total 14056726 351492 100.000 100.000
RACEMIC Seg:
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(']

200

150

100

Voltage

50

10 530

S
Boc
()-5eg
20 25

E:\DATA\DASKIDASK-1-122 AD-H

[min.]

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

Resuit Table (Uncal - E\DATAIDASKIDASK-1-122 AD-H)

Retien. Time Area Height Area Height Wios
[min] imY.s] [m'] [3&] [B&] [mniir)
1 8,230 57408.810 185.883 : 45.0 .58
2 10.530 T212.232 1 181.513 ;i 56.0 0.81
Tota 12882041 . 345408 100.0 100.0
CHIRAL-(+)-5eg (98% ee):
[m\]
300
E:\DATADASKIDASK-1-120 (3) AD-H
250 N O,N -
200 g R CO,Et
s Cl l}l Me
100 Boc
- : (+)-5eg
o
0 [ 10 15 20
Time [min]

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

Rezwlf Table (Uncal - E'DATADASKIDASK-1-120 (3] AD-H)

Feien. Time Arsa Height Ares Height WS
[ming] ImY.s] [m] [%&] [%&] [rmir)
1 0.063 20.780 2807 0.3 10 0.53
7. 10.270 10715082 280.728: | G g2.0 081
Tota 10504 871 283.535:  00.0} 100.0
RACEMIC 4gg:
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Chromatogram
dask-1-134 (4) AD-H D:\HPLC\Data\DASK\dask-1-134 (4) AD-H.led

mAU
B = g 3
200 ‘ e & A a
s & “ g
i e B8
/ | A= /\3 3 CO,Et
: [ 13 i o
F [ & , Y]i‘, K
= I £
o | N AU A
[ [ [
\ | \ { \
| \ f \ J \ [
\ ;I \ / \\\ f’
f I AL N
o VAL M e A -
IV “IPDA Multi 1
7 T T T o
0 10 20 30 40 50

min
1 PDA Multi 1 /220nm 4nm

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 220 nm

PeakTable
PDA Ch1 220nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT20.857 20.857 16126250 200170 25.197 33.914
2|RT28.911 28.911 15600845 138776 24.376 23.512
3|RT35.546 35.546 16084302 134973 25.131 22.868
4| RT42.364 42.364 16190001 116314 25.296 19.706
Total 64001399 590233 100.000 100.000
CHIRAL-(+)-4gg (99% ee; 94% ee and 1:1 dr):
Chromatogram
dask-1-132 (2) AD-H D:\HPLC\Data\DASK \dask-1-132 (2) AD-H.led
mAU
200-] | 2 S CO,Et
] i . N
AU S A
100- ‘ ‘} ,: £ e
[ =) = |
] % },‘ \ f i’ }.f \
N N | S . W S 1 S,
] \f ;
S | iepaM
0 10 20 30 40 50 60

min
1 PDA Multi 1/220nm 4nm

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 220 nm
PeakTable
PDA Chl 220nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1| RT20.555 20.555 22350991 272091 48.152 61.412
2| RT27.960 27.960 722096 5913 1.556 1.335
3| RT34.921 34.921 165398 1657 0.356 0.374
4|RT40.413 40.413 23178933 163395 49.936 36.879
Total 46417418 443055 100.000 100.000
RACEMIC 4al:
Chromatogram
dask-1-103 (2) AD-H D:\HPLC\Data\DASK\dask-1-103 (2) AD-H.led
mAU

] B E: &

G

i E & &

& | T I =

25- | | i A

‘\ L] # 1 / \

| I‘ \‘I “" ‘f 1\ / \‘\

[ \ RV




CHIRAL-(+)-4al (90% ee, 91% ee and 3.4:1 dr):

Chromatogram

dask-1-104 AD-H D:\HPLC\Data\DASK\dask-1-104 AD-H.lcd

100

1 PDA Multi 1/254nm 4nm

i3

e

|l

il 5

\ i

[ g ©

[ é o 4]

B E 8 =

[ = &

I NA

N S/ N &
T T T ] T T
10 20 30 40 50 60

min

" IPDA Multi 1

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT31.900 31.900 10923190 113503 73.556 78.160
2|RT41.181 41.181 580100 5420 3.906 3.733
3|RT45.218 45.218 3197043 25105 21.529 17.288
4|RT51.516 51.516 149744 1190 1.008 0.819
Total 14850077 145218 100.000 100.000
RACEMIC 4hb:
Chromatogram
DASK-1-180-R-CELLULOSE-2 D:\HPLC\Data\DASK\DASK-1-180-R-CELLULOSE-2.led
mAU
1 % PDA Multi
ON_ 0 | g
500 (2

CO,Pr
(+)-4hb

—— 30,330/ RT30.530

3.474

{T37.641




CHIRAL-(-)-4hb (98% ee and >99% de):

Chromatogram
dask-1-178 Cell-2 D:\HPLC\Data\DASK\dask-1-178 Cell-2.led
mAU

TRT39.676

100

o 39.676

50 1 g
1 o
2
\ =
] s oA N
0 \™ -
) ‘LPDA Multi 1
— 1 T T T T T T T L L
0 10 20 30 40 50

min

1 PDA Multi 1 /220nm 4nm

Lux 5u Cellulose-2, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/Min, 220 nm

100

PeakTable
PDA Chl 220nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1|RT29.906 29.906 69284 1409 1.199 1.181
2 |RT39.676 39.676 5708588 117893 98.801 98.819
Tota 5777871 119302 100.000 100.000
RACEMIC 4ib:
Chromatogram
dask-1-177 AD-H D:\HPLC'Data\DASK \dask-1-177 AD-H.led
mAU -
200 123
IE [E 0N
[ & B
150 = :
IR=HRS
\ ‘F | |
| \
[




CHIRAL-(-)-4ib (99% ee and >99% de):

mAU

1

dask-1-176 AD-H D:\HPLC\Data\DASK\dask-1-176 AD-H.led

Chromatogram

200+

100

10.756 / RT10.756

3

=

—

— ———1ZA03/RT12.40

/RT16.122

22

16.1

PDA Multi 1/254nm 4nm

| = 1PDA Multi 1

25

min

Daicel Chiralpak AD-H, Hexane/ i-PrOH = 90:10,

Flow Rate 0.8 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1/ RT10.756 10.756 46885 1098 0.424 0.466
2|RT12.403 12.403 10973016 234036 99.291 99.217
3|RT16.122 16.122 31432 748 0.284 0.317
Total 11051333 235882 100.000 100.000
RACEMIC 4ad’:
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Chromatogram
dask-1-231 ID-H D:\HPLC\Data\DASK\dask-1-231 ID-H.led

mAU
9 0
] {3
30 1?:
] & 8
~~ o
] 2 i
204 o &
- 1 vy
] &
10— /
] L/I\I ‘i. fr\\
] - (+)-4ad' \ S
o— | =S —
-10] v :
] 1PDA Multi 1
— ‘ — — —
0 10 20 30 40 50 60

1

PDA Multi 1/ 254nm 4nm

min

Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1/ RT29.908 29.908 1960715 33370 48.545 75.878
2 | RT36.865 36.865 2078213 10609 51.455 24.122
Tota 4038927 43979 100.000 100.000
CHIRAL-(+)-4ad’ (>99% ee and >99% de):
Chromatogram
dask-1-224 D:\HPLC\Data\DASK\dask-1-224 led
mAU
1 RS
150 &
1 Z
=
5
100-| i
50—
(+)-4ad’ \\
0____fx\~\\x/_A_‘_/\_A‘_ \ .
i “1PDA Multi 1
L — T ] T T T
0 10 20 30 40 50 60
min

1 PDA Multi 1 /254nm 4nm

Daicel Chiralpak ID-H, Hexane/ i-PrOH = 90:10, Flow Rate 0.5 mL/Min, 254 nm

PeakTable
PDA Chl 254nm 4nm
Peak# Name Ret. Time Area Height Area % Height %
1| RT28.241 28.241 8690702 159732 100.000 100.000
Total 8690702 159732 100.000 100.000
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