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A. General Information

Chemicals and solvents were purchased from commercial suppliers and used as received.
'H and >C NMR spectra were recorded on a Bruker ACF300 or a DPX300 (300 MHz) or an
AMXS500 (500 MHz) spectrometer. Chemical shifts were reported in parts per million (ppm),
and the residual solvent peak was used as an internal reference: proton (chloroform & 7.26),
carbon (chloroform & 77.0). Multiplicity was indicated as follows: s (singlet), d (doublet), t
(triplet), q (quartet), m (multiplet), dd (doublet of doublet), br s (broad singlet). Coupling
constants were reported in Hertz (Hz). Low resolution mass spectra were obtained on a
Finnigan/MAT LCQ spectrometer in ESI mode, and a Finnigan/MAT 95XL-T mass
spectrometer in FAB mode. All high resolution mass spectra were obtained on a Finnigan/MAT
95XL-T spectrometer. For thin-layer chromatography (TLC), Merck pre-coated TLC plates
(Merck 60 F»s4) were used, and compounds were visualized under a UV light at 254 nm. Further
visualization was achieved by staining with iodine, or ceric ammonium molybdate followed by
heating on a hot plate. Flash chromatographic separations were performed on Merck 60 (0.040 -
0.063 mm) mesh silica gel. The enantiomeric excesses of products were determined by chiral-
phase HPLC analysis.

All the nitroalkanes and 1,2-bis(phenylsulfonyl)ethylene were purchased from Sigma-

Aldrich or from commercial sources.
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B. Representative Procedure: addition of nitrohexane to 1,1-bis(benzenesulfonyl)ethylene

catalyzed by quinidine-derived thiourea 6

W

H H N
Y
\©/ S N OMe
O:N CFs L. O,N SO,Ph
SO,Ph N
+ :< (20 mol %) SO,Ph
SO,Ph
1 toluene, 24 h, - 10 °C 3
2

Nitrohexane (33 mg, 0.25 mmol) was added to a mixture of 1-(3,5-bis(trifluoromethyl)-
phenyl)-3-((S)-(6-methoxyquinolin-4-yl)((2S)-8-vinylquinuclidin-2-yl)methyl)thiourea 6 (6.0 mg,
0.01 mmol), and 1,1-bis(benzenesulfonyl)ethylene (15.4 mg, 0.05 mmol) in anhydrous toluene
(0.2 mL) in a sample vial at -10 °C. The vial was then sealed and the reaction mixture was stirred
at -10 °C for 24 hours, and quenched with the addition of 1N HCI (2 mL). The organic layer was
extracted with ethyl acetate several times (3 X 5 mL), and the combined organic extracts were
dried over anhydrous Na,SOy, filtered, and concentrated in vacuo. Purification by flash column
chromatography (ethyl acetate/hexanes = 1:5 to 1:2) afforded the desired product as a white solid

(19.1 mg, 87%). The enantiometric excess of product was determined by chiral HPLC analysis.
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C. Determination of Absolute Configurations of the Michael Products

O,N SOPh 6 (20 mol %) O2N SO,Ph i) Zn, HOAc
+ == _
I SO,Ph  Toluene, 0 °C mzPh i) CbzCl, THF/Et3N

Ph Ph
9g 2 (87%) 11g (85%)
CbzHN SO,Ph CbzHN i) Pd/C, Hp, MeOH AcHN
j/\( Mg, MeOH j/\
ii) CH3COCI, THF/EtzN
Bh SO,Ph 83%) Bh ii) CH3 3 Ph
12 13 (91%) A

Following the representative procedure illustrated in section B, the Michael addition of 1-(2-
nitroethyl)benzene to vinyl sulfone was performed to give the adduct 11g, which was reduced to
amine in situ, followed by protection with Cbz to afford 12. Removal of the sulfone groups' gave
13, which was deprotected and acylated to yield the known compound A, the configuration of
which was determined by comparison with the literature data.” The configurations of other

Michael adducts were assigned by analogy.

(R)-Benzyl 1-phenyl-4,4-bis(phenylsulfonylbutan-2-ylcarbamate 12

To a solution of compound 11g (112 mg, 0.20 mmol) in THF (2.0 mL) containing acetic
acid (1.5 mL) was added zinc powder (406 mg, 7.0 mmol). After stirring at room temperature for
24 hours, the mixture was filtered, and the filtrate was concentrated and partitioned between
aqueous NaHCO; and ethyl acetate. The organic layer was washed with brine and dried with

Na,SOs. The solvent was removed to afford the crude product, which was directly used for the
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next step. To a solution of crude amine in THF (5 mL) was added triethylamine (1.0 mmol, 0.14
mL) and CbzCl (41 mg, 0.24 mmol). The reaction mixture was stirred at room temperature for 3
hours and concentrated. The residue was taken up in ethyl acetate (10 mL), washed with water (2
x 5 mL), and dried over Na,SO4. After filtration, the filtrate was concentrated, and the residue
was purified by column chromatography (ethyl acetate /hexanes = 1/5 to 2/5) to afford 12 as a

yellow oil (96 mg, 85%).

'"H NMR (500 MHz, CDCl3) & 2.07-2.28 (m, 1H), 2.37-2.39 (m, 1H), 2.72-2.76 (m, 1H), 2.89-
2.93 (m, 1H), 3.85 (s, 3H), 4.08 (m, 1H), 4.71-4.74 (m, 2H), 5.07-5.13 (m, 2H), 7.11-7.13 (m,
2H), 7.31-7.38 (m, 8H), 7.45-7.49 (m, 4H), 7.65-7.66 (m, 2H), 7.79-7.80 (m, 4H); *C NMR (75
MHz, CDCl;) § 30.10, 41.53, 51.40, 66.71, 77.38, 79.92, 126.86, 127.90, 128.15, 128.51, 128.69,
129.02, 129.31, 129.45, 134.30, 134.43, 136.35, 137.44, 137.54, 156.30; [a]p = -19.5 (c = 0.40,

CHCls); HRMS (ESI) m/z caled for C30HaoNOgS> [M+Na]" 586.1329, found 586.1326.

(S)-Benzyl 1-phenylbutan-2-ylcarbamate 13

The activated magnesium metal (108 mg, 4.5 mmol) was added into a solution of (R)-
benzyl 1-phenyl-4,4-bis(phenylsulfonyl)butan-2-ylcarbamate 12 (85 mg, 0.15 mmol) in
anhydrous methanol (10 mL) with stirring. After 30 minutes, the reaction mixture was brought to
reflux for 2 hours. Upon cooling down to room temperature, the mixture was poured into 2 N
HCI (aq.) (10 mL) and extracted with ether (3 x 10 mL). The organic extracts were combined,
dried over Na,SO, and filtered. Solvent was removed in vacuo, and the residue was purified by
column chromatography (ethyl acetate /hexanes = 1/15 to 1/5) to afford the desired product as a

white solid (35 mg, 83%).
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'"H NMR (300 MHz, CDCls) § 0.89-0.94 (t, J = 7.4 Hz, 3H), 1.26-1.37 (m, 1H), 1.50-1.59 (m,
1H), 2.75-2.77 (d, J = 6.2 Hz, 2H), 3.80 (s, 1H), 4.48-4.51 (m, 1H), 5.05 (s, 2H), 7.14-7.32 (m,
10H); *C NMR (75 MHz, CDCl3) & 10.27, 26.92, 40.74, 53.56, 66.42, 126.28, 127.90, 127.95,

128.28, 128.42, 129.39, 136.64, 137.95, 141.15; [a]p = - 3.6 (c = 0.6, CHCl5).

(S)-N-(1-Phenylbutan-2-yl)acetamide A

To a solution of carbamate 13 (15 mg, 0.053 mmol) in methanol (2 mL) was added 10%
activated Pd/C (5 mg). The suspension was allowed to stir under a balloon of hydrogen gas.
After 2 hours, the reaction mixture was filtered through Celite, and the filtrate was concentrated
in vacuo. To the residue in THF (2 mL) at 0 °C was added triethylamine (42 uL, 0.3 mmol) and
acetyl chloride (16 mg, 0.2 mmol). After stirring at room temperature for 30 minutes, the
reaction mixture was concentrated and taken up in ethyl acetate (10 mL). The organic extracts
were washed with 1IN HCI (3 X 5 mL), IN NaOH (3 X 5 mL) and brine, and dried over Na,SO,.
After filtration, the filtrate was concentrated to afford the desired product as a colorless oil (9.2
mg, 91%).

'H NMR (500 MHz, CDCl3) 6 0.91-0.94 (t, J = 7.6 Hz, 3H), 1.31-1.37 (m, 1H), 1.53-1.58 (m,
1H), 1.92 (s, 3H), 2.77-2.79 (d, J = 6.3 Hz, 2H), 4.09-4.15 (m, 1H), 5.28-5.29 (m, 1H), 7.16-7.22
(m, 2H), 7.26-7.17 (m, 1H), 7.28-7.30 (m, 2H); >*C NMR (75 MHz, CDCL) & 10.40, 23.44,

26.76, 40.38, 51.52, 126.38, 129.45, 138.05, 169.64; [o]p = - 1.7 (c = 0.20, CH;0H, lit* = - 1.9).
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D. Synthesis of 4-Tetrahydroisoquinolin

O,N SOPh 6 (20 mol %) ©O2N SO,Ph i) Zn, HOAc
+ = _—
1 SO,Ph  Toluene, 0 °C mzPh ii) CbzCl, THF/Et3N

Ph Ph
99 2 (87%) 11g (85%)
CbzHN SO,Ph CbzHN i) Pd/C, Hp, MeOH
j/\( Mg, MeOH j/\
i) CLCOOEt, THF/Et;N
Ph SO,Ph (83%) Ph i) 3
12 13 (90%)
EtOOCHN ref. 14 (R)-3-Ethyl-1,2,3,4-
- tetrahydroisoquinoline
NH
14 ph

Compound 13 prepared in section C was converted to 14, the conversion of which to 1,2,3,4-

tetrahydroisoquinoline was described in the literature.’

(S)-Ethyl 1-phenylbutan-2-ylcarbamate 14

To a solution of carbamate 13 (15 mg, 0.053 mmol) in methanol (2 mL) was added 10%
activated Pd/C (5 mg). The suspension was allowed to stir under a balloon of hydrogen gas.
After 2 hours, the reaction mixture was filtered through Celite, and the filtrate was concentrated
in vacuo. To the residue in THF (2 mL) at 0 °C was added triethylamine (42 pL, 0.3 mmol) and
ethyl chloroformate (22 mg, 0.2 mmol). After stirring at room temperature for 30 minutes, the
reaction mixture was concentrated and taken up in ethyl acetate (10 mL). The organic extracts

were washed with brine, dried over Na,SO, and filtered. The solvent was removed in vacuo, and
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the residue was purified by column chromatography (ethyl acetate/hexanes = 1/20 to 1/6) to

afford the desired 14 as a colorless oil (10.6 mg, 90%).

[a]p=- 3.1 (¢ = 0.32, CHCl3); "H NMR (500 MHz, CDCl5) 5 0.88-0.93 (t, J = 7.4 Hz, 3H), 1.16-
1.20 (t, J = 7.1 Hz, 3H), 1.30-1.33 (m, 1H), 1.50-1.53 (m, 1H), 2.73-2.76 (d, J = 6.2 Hz, 3H),
3.76 (s, 1H), 4.01-4.08 (m, 2H), 4.39 (s, 1H), 7.14-7.26 (m, 5H); °C NMR (75 MHz, CDCl;) &
10.25, 14.52, 26.88, 40.83, 53.35, 60.51, 126.24, 128.50, 129.38, 138.07; The ee value was 74%,
tr (major) = 22.61 min, tg (minor) = 29.89 min (Chiralcel AD-H, A = 254 nm, 3%

iPrOH/hexanes, flow rate = 0.4 mL/min).

y C\LabSohsionsizShimadzau ZHQ1472-3-0.4-254-A0-H lod Ci\LabSolutions\zShimadzul ZHQ1475-3-0.4-254-AD-H led
my [ my
' 18 perac so{ | g Det A Chi
50+ 3 ] |\
1 = |&
| o~ ]
1 il |
1 |
l |
254 25- I
1 | )
\ | 2
Y i ! Il
[ S — — — \ A A
e e ; ! O <N et
10 15 20 25 30 35 R T T T ——
min 0 10 20 30 40 50
1 DetA Chi/254nm min
1 DetACh1/254nm
PeakTable Peak Table
SPD-20A Chl 254 SPD-20A Chl 254mm
Peaks Rt Tie Area Height Area®e Height *e |_Peak# Ret. Time Area Heizht Area % Height %
1 22.607| 2876681| 54751 50.139| 56913 1 22,524 4240974 51311 86820 87.635
2 20.803 JEAOTG] 41450 49.851 43087 | 2 29.691 643821 7240 13.180 12,365
Total STITIEE) 26201 100.000] 100.000| Total AEB4T95 58551 104000 100.000]

(racemic 14)
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E. Analytical Data and HPLC Chromatogram of Michael Adducts

(R)-1-(3-Nitro-1-(phenylsulfonyl)butylsulfonyl)benzene 11a

SO,Ph

SO,Ph

1la

A pale yellow oil; The ee value was 84%, tg (major) = 126.40 min, tg (minor) = 150.30 min

(Chiralcel AS-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min); '"H NMR (300

MHz, CDCls) § 1.59-1.61 (d, J = 7.0 Hz, 3H), 2.55-2.61 (m, 1H), 2.75-2.81 (m, 1H), 4.59-4.61

(m, 1H), 4.71-4.74 (m, 1H), 5.12-5.16 (m, 1H), 7.55-7.62 (m, 4H), 7.71-7.74 (m, 2H), 7.82-7.84

(m, 2H), 7.96-7.97 (m, 2H); °*C NMR (75 MHz, CDCls) § 19.53, 30.86, 79.57, 80.62, 129.34,

129.40, 129.44, 129.57, 135.01, 136.80, 137.83; [a]p = +9.5 (¢ = 0.10, CHCls); HRMS (ESI) m/z

caled for C1sH7NOgS, [M+Na]” 406.0414, found 482.0407.

Clwomatogram
ZHQ1395-10-1-254-A5-H C:'\LabSolutions'Data'project2 ZHQ1395-10-1-254-A5-H.led
uV
l('UU(JfJ- "E Z
) 4 0
b A /&
4 ) ) \'\.
0 I e —=——{—1Det.A Chll
— . —T T
75 1040 125 150 175
min
I Der.A Chl /220mm
PeakTable
Detector A Chl 220nm
Peak# Ret. Tume Area Height Area %o Heighr %
1 126401 62510920 120375 51.063 56.679
150.304 SSE04041 92003 45.935 43.321
Total 122414861 212380 100000 100000

Chromatogram

250000

T

ZHQ1396-10-1-254-A8-H C:\LabSolutions\Data'project2 ZHQ 1 396-10-1-254-A5-H led
uV

F
o S— T - 1Det.A Chll
75 IlI‘J.’J 1 ! 1 : i II‘
min
1 DetAChl/ 220nm
PeakTable
Detactor A Chl 220nm
| Peak# Ret. Tune Area | Henght Aren %a Heght %
1 120.114 129065686 248607 91.979 91.087
2 143,190 112555885 24328 5.021 8913
Total 140323273| 272935 100.000 100.000

(racemic 11a)
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(R)-1-(3-Nitro-1-(phenylsulfonyl)pentylsulfonyl)benzene 11b

O,N SO,Ph
)/\S(OQPh

11b

A pale yellow oil; The ee value was 78%, tg (major) = 43.74 min, tg (minor) = 52.77 min
(Chiralcel AS-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 1.0 mL/min); 'H NMR (500
MHz, CDCls) 6 0.98-1.01 (d, J = 7.6 Hz, 3H), 1.87-1.89 (m, 1H), 1.94-1.99 (m, 1H), 2.63-2.66
(m, 1H), 2.72-2.75 (m, 1H), 4.44-4.47 (m, 1H), 4.98-5.00 (m, 1H), 7.57-7.62 (m, 4H), 7.71-7.74
(m, 2H), 7.81-7.83 (m, 2H), 7.96-7.98 (m, 2H); >C NMR (75 MHz, CDCls) § 9.82, 27.26, 29.24,
79.57, 87.12, 128.49, 129.33, 129.38, 129.45, 129.57, 135.00, 136.77, 137.94, 140.39; [a]p = -
6.1 (c = 0.21, CHCl3); HRMS (ESI) m/z caled for C;7H;oNOgS, [M+Na]™ 420.0570, found

420.0562.

Ci\LabSohugions zShimadaZHO1411-10-1-254-A5-H ed X CilLabSohitions\ ZShmada  ZHO1412-10-1-254-A5-H led

" w0 ; DetA L “DeACH

(racemic 11b) (enatiometric enriched 11b)
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(R)-1-(3-Nitro-1-(phenylsulfonyl)hexylsulfonyl)benzene 11c

O,N SO,Ph
SO,Ph

11c
A pale yellow oil; The ee value was 80%, tg (major) = 94.00 min, tg (minor) = 102.81 min
(Chiralcel (AS+AS)-H, A = 254 nm, 30% iPrOH/hexanes, flow rate = 0.5 mL/min); '"H NMR
(300 MHz, CDCls) 6 0.92-0.97 (t, J = 7.4 Hz, 3H), 1.26-1.39 (m, 2H), 1.67-1.77 (m, 1H), 1.90-
1.97 (m, 1H), 2.57-2.79 (m, 2H), 4.42-4.46 (m, 1H), 5.00-5.09 (m, 1H), 7.54-7.67 (m, 4H), 7.68-
7.74 (m, 2H), 7.76-7.83 (m, 2H), 7.95-7.97 (m, 2H); >*C NMR (75 MHz, CDCls)  13.24, 18.70,
29.49, 35.75, 79.40, 85.64, 129.26, 129.29, 129.38, 129.45, 134.93, 136.62, 137.87; [a]p = +2.5

¢ = 1.30, CHCl;); HRMS (ESI) m/z caled for C1sH2NOgS, [M+Na]” 434.0703, found 434.0711.
(

CiLabSoh w2Shim: ZHO14ET-3000, 5254 AS+ASH ke CLabSolutions'zShimadzu'ZHO 1490-30-0.5--254-A5+AS-H led

v : i " ] Det & Chi|
[ B -] Det A Chi 2 |

nE
& |8

(racemic 11c) (enatiometric enriched 11c)
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(R)-1-(3-Nitro-1-(phenylsulfonyDheptylsulfonyl)benzene 11d

O,N SO,Ph
SO,Ph
11d

A white solid; The ee value was 83%, tg (major) = 84.20 min, tg (minor) = 98.69 min (Chiralcel
(AS+AS)-H, A = 254 nm, 30% iPrOH/hexanes, flow rate = 0.5 mL/min); 'H NMR (300 MHz,
CDCl) 6 0.87-0.92 (t, J = 6.7 Hz, 3H), 1.26-1.35 (m, 4H), 1.70-1.74 (m, 1H), 1.82-1.98 (m, 1H),
2.57-2.79 (m, 2H), 4.42-4.46 (m, 1H), 4.99-5.08 (m, 1H), 7.54-7.69 (m, 4H), 7.68-7.74 (m, 2H),
7.80-7.83 (m, 2H), 7.95-7.98 (m, 2H); °C NMR (75 MHz, CDCl;) & 13.58, 21.89, 27.34, 29.49,
33.52, 79.41, 85.87, 129.25, 129.29, 129.37, 129.44, 134.92, 136.63, 137.87; [a]p = +2.2 (¢ =

0.30, CHCl3); HRMS (ESI) m/z calcd for C1oH3NOgS; [M+Na]™ 434.0703, found 434.0711.

C\LabSolutions\zShimadzu ZHG 1488-30-0.5-254-A5+A5-H led [r——
my 3040.5-254 S HC S i 30-0.5-254 3]
75 - BRATH " ZHQ149130-0.5-254-A5+AS- H C:LabSolutions'zShanadzy ZHQ149130-0.5-254-AS+AS H led.
= ©
s = B
| F 30000 ."\§_
_ \ | [
50 | \ 20000 [\
I \
R | ‘J \
: [ 10000 ’
\ \ |
% [ | i
| | \ | 8
\ | M,
| \ | N, ol J Z\\_\L
gy \ 1Det A Chi
! -~ — T T T
0 . i — . 70 80 o0 100 110
LA A S A AL L A S L A A (LA AL R S LR A A R i
70 80 90 100 110 120 1 DetAChl/254m
min|
1 DetA Ch1/254nm
. PeakTable
) ) PeakTable SPD-20A Chl 254m
SPD-20A Chl 254un : : . Peak# | Ret Time Atea Height | Area% eight % |
Peak#d Ret. Tone Area Hewlut Area %o Heght % | 1 79.449) 7223320 30324] 91.218] 90.519]
1 §4.195 21973016 71719 49.575 54.945] ) 92 544 605425 3176 3782 0431
2 95.688 23368504 59630 50.425 45.055 Tota 718743 33500) 100.000] 100.000]
Tota 16343920 132349 100.000 100000

(racemic 11d) (enatiometric enriched 11d)
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(R)-1-(3-Nitro-1-(phenylsulfonyl)octylsulfonyl)benzene 3

O,N SO,Ph

SO,Ph

A white solid; The ee value was 87%, tg (major) = 55.04 min, tg (minor) = 58.90 min (Chiralcel
AD-H, A = 254 nm, 7% iPrOH/hexanes, flow rate = 0.5 mL/min); "H NMR (300 MHz, CDCl;) &
0.86-0.89 (t, J = 6.6 Hz, 3H), 1.26-1.29 (m, 6H), 1.74-1.78 (m, 1H), 1.90-1.97 (m, 1H), 2.62-
2.80 (m, 2H), 4.43-4.47 (m, 1H), 5.01-5.04 (m, 1H), 7.55-7.60 (m, 4H), 7.68-7.73 (m, 2H), 7.80-
7.83 (m, 2H), 7.96-7.98 (m, 2H); *C NMR (75 MHz, CDCl3) & 13.74, 22.13, 24.94, 29.50, 30.85,
33.78, 79.45, 85.88, 129.24, 129.29, 129.36, 129.44, 134.90, 136.68, 137.89; [a]p = +7.2 (¢ =

0.30, CHCl3); HRMS (ESI) m/z calcd for Co0HysNOgS, [M+Na]" 462.1040, found 462.1035.

CiLabSohutions'ZShimadan ZHO1 370-7-0,5-254-A0-H led CliLabSolutions'zShimadzu ZHQ1361-7-0,5-254-AD-H led
m . my
f 2 Dhon & Det A Chi|
a0 e ] 50 B
{ [
o]
-.0: 25+
0 .
! #
104 foLLE
Hm——— - e i AV — -
o} AN 10 2 20 & 50 8 70
= » = ® % x e 1 DetACh1/254nm
PeakTabl
SPD-20A Chl 254mm
Peak# Fet Tune | Area | Height Area%s | Height®s
] 55.679) S062T 14 52984 92856 90.409
[ F 59,683 697296] 5621 T.144] 9.591
Total 9760011 58605 100,000 100000
(racemic 3) (enatiometric enriched 3)
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(R)-1-(3-Nitro-1-(phenylsulfonyl)hexylsulfonyl)benzene 11e

O,N SO,Ph

SO,Ph

1le )5

A white solid; The ee value was 74%, tr (major) = 71.12 min, tg (minor) = 83.37 min (Chiralcel
AS-H, A =254 nm, 10% iPrOH/hexanes, flow rate = 0.5 mL/min); 'H NMR (500 MHz, CDCl3)
0 0.86-0.89 (t, J = 7.6 Hz, 3H), 1.25-1.29 (m, 10H), 1.73-1.77 (m, 1H), 1.90-1.97 (m, 1H), 2.62-
2.80 (m, 2H), 4.42-4.45 (m, 1H), 5.02-5.05 (m, 1H), 7.55-7.62 (m, 4H), 7.70-7.75 (m, 2H), 7.81-
7.82 (m, 2H), 7.96-7.98 (m, 2H); °C NMR (75 MHz, CDCl3) & 13.96, 22.47, 25.28, 28.70, 28.75,
29.49, 31.49, 33.83, 79.41, 85.89, 129.25, 129.29, 129.36, 129.45, 134.91, 136.63, 137.87; [a]p
= +3.2 (¢ = 1.20, CHCls); HRMS (ESI) m/z caled for CyHyNOgS, [M+Na]™ 490.1319, found

490.1321.

. Clhromatogram
. g ChEOUMOgES ) ZHQI480-2nd-10+0.5-254-AS-H C:\...\Data\project? ZHQ1 480-2nd-100.5-254-A5-H led
ZHQ1479-20d-10-0.5-254-A8-H C:\LabSolutions\Data'project2\ ZHQ1479-20d-10-0.5-234-A8-Hled | v/ :
uv —
50000 — % 25000 g
2] I FE AN
> /3 / A
* \‘\ \\ 5
AN ~ -
. ! S =
bi—  — / — — — — | -IDetACh 0 — - R —— N
T T T T — T — = T T 1T |
30 75 100 60 0 80 90 100
min e min
1 Det.AChl/ 254nm 1 DetA Chl/254mm
PeakTable
PeakTable
oy 25
Dm"“i'_ A Chl ..-h}m = —— Detector A Chl 254nm
Peakt | Ret. 11“"’1 ,\UET“ — Heght | Area <" - Helfl“: L. Peak? Fet. Time Area Heiglt Area % Height %
[ LI2IL 203166 49643 45.598 3.447 ] 72870] 11348242 26183 6875 86,450
83368 24119508 43252 34.402 46358 2 §5.390 1713409 3137 13.125 13511)
Total 44336484 92900 100.000 100.000 Total 13062651 30621 100.000 100.000

(racemic 11e)
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(R)-1-(3-Nitro-1-(phenylsulfonyDhexylsulfonyl)benzene 11f

O,N SO,Ph

).SOPh
11f 7
A white solid; The ee value was 80%, tg (major) = 65.09 min, tg (minor) = 77.51 min (Chiralcel
AS-H, A = 254 nm, 10% iPrOH/hexanes, flow rate = 0.5 mL/min); 'H NMR (300 MHz, CDCl3)
6 0.86-0.90 (t, J = 7.1 Hz, 3H), 1.25-1.27 (m, 15H), 1.74-1.76 (m, 1H), 1.90-1.95 (m, 1H), 2.62-
2.80 (m, 2H), 4.41-4.45 (m, 1H), 5.01-5.02 (m, 1H), 7.55-7.60 (m, 4H), 7.68-7.73 (m, 2H), 7.80-
7.83 (m, 2H), 7.96-7.98 (m, 2H); *C NMR (75 MHz, CDCl3) & 14.00, 22.56, 25.28, 28.74, 29.08,
29.11, 29.25, 29.50, 31.72, 33.83, 79.45, 85.89, 129.23, 129.29, 129.36, 129.45, 134.90, 136.67,
137.90; [a]p = +3.1 (¢ = 0.32, CHCl;); HRMS (ESI) m/z caled for C,4H33NOgS, [M+Na]"

518.1642, found 518.1645.

Cluomatogram Chromatogram
ZHOQ1446=10-0.5-254=A5-H C:\LabSolutions Data'project2 ZHO1446=1 00, 5-254-A5-H led ZHQ1449-10-0,5-254-AS-H C/ LabSolutions Data) project2 ZHQ1449-10-0,5-254-A5-H led
uv oV
25000 g 5
/ "“-\__ 10000
\ /
Ny 5000 \ =
“ g
0 - — — T~ IDetAChl . —
I ' ' ' v T v v v 0 / e
50 s 100 — e — ]
min . . . . . . 1DerA Chl
1 Det.A Chl/ 254um 55 60 65 0 75 80 85 90
min
1 DetA Chl/259mn
PeakTable )
Detector A Chl 254nm Detector & Chl 254mm PeakTable
ki Ares 1 Area * 1ght ¢ st =
Peakhh 1 Ret. Time Area | Height ] Area% 1 Height% Peak? | Ret Time e Feight A Height %%
1 65.091 10574462 2651 47.36 53914 1 5555 1356578 19038 50,769 o
2 77307 11749904 22667 52.633 16.086 3 e T 95 e el
Tota 22524366 19184 100.000] 100.000 Tou 3799652 i 100,000 100.000
(racemic 11f) (enatiometric enriched 11f)
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(R)-1-(2-Nitro-4.4-bis(phenylsulfonyl)butyl)benzene 11g

O,N SO,Ph

Ph
11g

A colorless oil; The ee value was 75%, tg (major) = 60.19 min, tg (minor) = 73.48 min (Chiralcel
AD-H, A = 254 nm, 20% iPrOH/hexanes, flow rate = 0.5 mL/min); "H NMR (300 MHz, CDCl3)
0 2.55-2.59 (m, 1H), 2.74-2.78 (m, 1H), 3.03-3.10 (m, 1H), 3.34-3.39 (m, 1H), 4.47-4.50 (m, 1H),
5.29-5.37 (m, 1H), 7.19 (m, 2H), 7.34-7.37 (m, 3H), 7.50-7.69 (m, 4H), 7.71-7.74 (m, 4H), 7.80-
7.83 (m, 2H); C NMR (75 MHz, CDCl3) § 28.81, 39.97, 79.40, 86.21, 127.84, 129.11, 129.24,
129.40, 129.78, 134.04, 134.93, 136.94; [a]p = +12.8 (¢ = 0.91, CHCl;); HRMS (ESI) m/z calcd

for C2oH,NOgS; [M+Na]" 482.0703, found 482.0705.

C:\LabSclutions'zShimadzu ZHD1402-20-0.5-254-A0-H ed

- Ci\LabSohutions'zShimadzul ZHO1403-20-0.5-254-AD-H led
30 - my " s pros
f ] B oeheh) a0 F] Geth Chij
] ! |
| 1 o
i 1
o5 3
1 1
10 204
| |
b 1 "
10+ g
o} ;
| !
| i
0 . _ - .
20 30 40 50 80 70 &0 20 W a0 50 &0 70
min min
1 DeLA Ch1/254nm 1 DeLA Ch1/254nm
Peak Table
SPD-20A Chl 284
[
1
[

(racemic 11Q) (enatiometric enriched 11Q)
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(R)-1-Methoxy-4-(2-nitro-4,4-bis(phenylsulfonyl)butyl)benzene 11h

O,N

MeO

SO,Ph
SO,Ph

11h

A colorless oil; The ee value was 72%, tg (minor) = 37.69 min, tg (major) = 80.32 min (Chiralcel

AS-H, A = 254 nm, 40% iPrOH/hexanes, flow rate = 1.0 mL/min); 'H NMR (300 MHz, CDCl3)

§ 2.57-2.60 (m, 1H), 2.76-2.79 (m, 1H), 3.02-3.06 (m, 1H), 3.29-3.34 (m, 1H), 3.85 (s, 3H),

4.49-4.50 (m, 1H), 5.29-5.32 (m, 1H), 6.90-6.91 (d, J = 8.9 Hz, 2H), 7.10-7.12 (d, J = 8.9 Hz,

2H), 7.54-7.61 (m, 4H), 7.72-7.78 (m, 4H), 7.83-7.84 (m, 2H); '°C NMR (75 MHz, CDCls) &

28.72, 39.28, 5534, 79.50, 86.40, 114.52, 125.97,128.49, 129.17, 129.30, 129.42, 129.85,

129.87,130.03, 134.94, 137.00; [a]p = -3.4 (¢ = 0.31, CHCl3); HRMS (ESI) m/z caled for

C23H23NOgS, [M+Na]" 512.0808, found 512.0811.

Chromatogram Chromatogram
. ZHQ1459-40-1-254-A5-H C\LabSolutions'Data project2 ZHQ1459-40-1-254-A5-H Ied ZHQ1460-40-1-254-AS-H C:\LabSolutions\Data'project2 ZHQ1460-40-1-254-AS-H led
uv w
Iz w000] % e
i |||1‘ = I\'/-;\\
25000 I f \
1 | I‘. g wood | \ | \
1 | \ ] I\ ! \
i [\ VAN N\ / — Ty
[N S / — _1Det A Chil fammm e T T T 1Det.A Ch1
T T T T T T T T T T T 50 75 100 125
25 50 75 100 min
min 1 DetAChl/254m
1 DetAChl/254nm
PeakTable PeakTable
Detector A Chl 254nm Detector A Chl 254nm
Peald | Ret. Time Area Height Area % Height % Peal | Ret Time Area Height Area % Height %
1 38148 §220382 30333 51.058 80.122 1 37685 3197742 15284 13963 40.100]
2 83.782 7888434 0758 8017 10878 2 80320 10704414 2831 86.037 50.000)|
Tofa 16117816 40001 100.000 100.000] Tota] 22002156 38116 100.000 100,000

(racemic 11h)

(enatiometric enriched 11h)
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(R)-1-(4-Cyclohexyl-3-nitro-1-(phenylsulfonyl)butylsulfonyl)benzene 11i

O,N SO,Ph
SO,Ph

11i

A colorless oil; The ee value was 78%, tr (major) = 25.77 min, tg (minor) = 30.94 min (Chiralcel
AS-H, X = 254 nm, 20% iPrOH/hexanes, flow rate = 1.0 mL/min); 'H NMR (300 MHz, CDCl3)
6 0.90-0.92 (m, 2H), 1.17-1.20 (m, 4H), 1.65-1.70 (m, 6H), 2.64-2.71 (m, 2H), 4.40-4.43 (m, 1H),
5.12-5.13 (m, 1H), 7.57-7.81 (m, 8H), 7.95-7.96 (m, 2H); *C NMR (75 MHz, CDCls) § 25.71,
26.05, 30.00, 32.39, 32.97, 34.28, 41.40, 79.36, 83.88, 129.24, 129.31, 129.36, 129.43, 134.88,
136.65, 137.93; [a]lp = +9.5 (¢ = 0.40, CHCls); HRMS (ESI) m/z caled for CH»7NOeS;

[M+Na]" 418.1172, found 418.1179.

Ci\LabSclutions\zShimadau' ZHZ 1448-20-1-254-A5-H.led CiLabSolutions ZShimadau ZHO1455-20-1-254-A5-H led
my my r .
o 1 - = Det A Chl ! 2] Det A Chi
] e 3 %
15] \ il
10 ]
] ! 10:
L I AN |
:. Y\ ‘
+ ™ ! |
o] _—y . _ _ |
— o
10 20 30 40
min 0 15 20 -] 30 k- a0 a5
1 DetA Chi/254 min
nm 1 DetA Ch1254nm '
PeakTable
SPD-20AChl 254un T PeskTable
Peaks Ret. Tue Area | Height |  Area% Height %o 'II'-:l; et "["m‘ T T =
1 25.766 2750614] 18780] 46.741 53.009 - - 5
2 30.941 134203] 16588 55.259 46.901 1
Tota S88481T| 35368| 100.000| 100000 Total 4g]  100.000]  100.000)
(racemic 111) (enatiometric enriched 11i)
References:

(1) Kundig, E. P.; Cunningham, A. F., Jr. Tetrahedron 1988, 44, 6855.
(2) Campbell, M. J.; Johnson, J. S. Org. Lett. 2007, 9, 1521.

(3) Grunewald, G. L.; Sall, D. J.; Monn, J. A. J. Med. Chem. 1988, 31, 824.
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NMR Spectra of Products
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