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General. All reactions that required anhydrous conditions were carried by standard procedures under
nitrogen atmosphere. Commercially available reagents were used as received. The solvents were
dried by distillation over the appropriate drying reagents. Infrared spectra were recorded on a
TENSOR 27 FT-IR spectrophotometer and reported in wave numbers (cm™). 'H and C NMR
spectra were recorded on Varian (400 MHz) spectrometer. Chemical shifts (8) are reported in ppm
relative to TMS (8 0.00) for the '"H NMR and to chloroform (8 77.0) for the >*C NMR measurements.
High resolution mass spectra were obtained on a UltiMate 3000 spectrometer. Enantiomeric excesses
were determined by HPLC analysis on Dionex UltiMate 3000 HPLC units, including the following
instruments: pump, LPG-3400SD; detector, VWD-3100; column, Daicel Chiralpak 1A, IB or IC.
Optical rotations were recorded on a Jasco DIP-1000 polarimeter. Reactions were followed with
TLC (0.254mm silica gel 60-F plates). Visualization was accomplished with UV light. Flash

chromatography separations were performed on 200-300 mesh silica gel.

General Procedure for the Bromoamination and Silylation of Allylic Alcohols.

4s, (10 mol%) NHNs NHNs
RN oy NsNBr; (1.2 equiv) R)\A TBSCI, imidazole TS
CH,Cl/toluene 2:3, - CH,Cl,, 25°C, 2 h =
1 135°C, 120 h Ez‘f Ef

To a solution of allylic alcohol 1 (0.20 mmol, 1.00 equiv), catalyst 4s (14.0 mg, 0.02 mmol, 0.10
equiv) in CH,Cly/toluene (2:3, 5.0 mL) at -35 °C in dark under N, was added
NN-dibromo-4-nitrobenzenesulfonamide (86.4 mg, 0.24 mmol, 1.20 equiv). The resulting mixture
was stirred at —35 °C for 120 h. The reaction was quenched with saturated Na,SOs (3.0 mL) at —35
°C and then was warmed to 25 °C. The solution was diluted with water (3.0 mL) and extracted with
CH,CI, (3 x 6 mL). The combined extracts were washed with brine (10.0 mL), dried (Na,SO,),
filtered and concentrated in vacuo. The residue was purified by a short silica column to give a
mixture of 2 and NsNH,. To a solution of the mixture in CH,Cl, (2.0 mL) was added TBSCI (33.2
mg, 0.22 mmol) and imidazole (15.0 mg, 0.20 mmol) at 25 °C. The resulting mixture was stirred at
25 °C for 2 h, to the mixture was added brine (3 mL) and extracted with CH,Cl, (3 x 5 mL). The
combined extracts were dried (Na,SOy), filtered and concentrated in vacuo. The residue was purified

by flash column chromatography to yield the corresponding vicinal bromoamine 3.
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Scheme S1. Silylation of 2a.
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Treatment of 2a according to the general procedure (step 2) resulted in 3a in 96% yield without

change of enantiopurity. HPLC of 2a (Daicel Chiralpak IC, i-PrOH/hexane = 10/90, 1.5 mL/min, 250

nm) t; = 34.2 min (major), t, = 38.5 min (minor):

500 -3 P TENT #49 [manipulated] 43-2 UV_VIS_3 WVL:250 nm
1-33.772
12-379%
|_.375
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!
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0 — T T
-50
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Time [min]
|Integration Results
No. [|Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 33772 6817 665 443614 50.83 5247 na
2 37.939 597.550 401822 4917 47 53 na
Total: 1215.215 845.437 100.00 100.00
o M VA TR 248 [manipulated) 431 UV_VIS_3 WVL 250 nm
11-34.159
375+
g 250
1254
0. A ——
-w- r T T 1 T T v T T T 1
0.0 50 100 15.0 200 25.0 300 350 400 425
Time [min]
[Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % % na
1 34159 £€55910 438013 75.07 75.86 na
2 38.532 217.808 139.696 2493 2414 na .
Total: 873.719 578.609 100.00 100.00
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Table S1. Optimization of the Bromoamination of 1a.

NHR NHR
& catalyst, 10 mol%,
OH Br source (1.2 equiv) Y OH TBSCI, imidazole Y OTBS
solvent (0.04 M), Br CH,Cly, 25°C, 2 h Br
1a temperature, time S2a R=Ts S3a, R=Ts
2a,R=Ns 3a,R=Ns

Catalysts.
H -

TsHN OO 0 o
A OO o >
N/
Sda S4d

entr catalyst Br/amine source (equiv) solvent temp °C) time (h) vield (%)° ee

1 Cinchonine NBS (1.2)/TsNH> (1.2) CHCl; rt 12 trace -
2 TsNBr; (1.2) CHCl; rt 12 46 -
3 (DHQD),PHA TsNBr; (1.2) CHCl, -78 64 5
4 (DHQD),Pyr TsNBr; (1.2) CHCl, -78 64 6 4

5 (DHQD),Pyr NBS (1.2)/NsNH> (1.2) CHCl, -78 80 5

6 cinchonidine NsNBr2 (1.2) CH.Cl, -78 65 29 4

7 (DHQD),Pyr NsNBr (1.2) CHCl, -78 65 25 11

8 (DHQ).PHAL NsNBr; (1.2) CHCl; -78 65 40 0

9 Sda NsNBr; (1.2) CHCl, -78 65 63 0
10 S4b NsNBr; (1.2) CHCl, -78 76 5 2
11 S4c NsNBr (1.2) CHCl, -78 76 20 0
12 S4d NsNBr (1.2) CHCl, -78 76 17 2
13 8d NsNBr (1.2) CHCl, -78 76 50 49
14 8d NBS (1.2)/NsNH; (1.2) CHCl -78 80 11 37
15 8d NsNBr; (1.2) CH,CI, -50 76 59 47
16 da NsNBr; (1.2) CHCl, -50 42 44 51
17 da TsNBr; (1.2) CHCl, -50 96 30 15
18 da NsNBr; (0.6)/NsNH; CHCl, -50 60 23 44
19 da NBP (1.2)/NsNH; (1.2) CHCl, -50 138 27 49
20 da DBDMH (1.2)/NsNH; CHCl; -50 138 Trace -
21 4a NsNBr; (1.2) Toluene -40 96 Trace -
22 4a NsNBr; (1.2) Et,O -50 96 70 0
23 4a NsNBr; (1.2) CH,Cly/toluene, 1:1 -50 138 49 57
24 4a NsNBr; (1.2) CHCly/hexane, 1:1 -50 96 71 26
25 da NsNBr (1.2) CHCI3/CICH,CHCI, -50 98 61 46
26 4a NsNBr; (1.2) CHyCly/toluene, 1:2 -50 138 36 41
27 4a NsNBr; (1.2) CH,Cly/toluene, 2:1 -50 138 37 54
28 da NsNBr; (1.2) CH.Cly/toluene, 2:3 -50 75 24 59
29 4a NsNBr; (1.2) CHCly/toluene, 2:3 -40 96 59 63
30 4a NsNBr; (1.2) CH_Cly/toluene, 2:3 -30 72 53 47
31 4s NsNBr; (1.2) CH_Cly/toluene, 2:3 -40 96 67 90
32 4s NsNBr; (1.2) CH_Cl/toluene, 2:3 -35 120 64 86°

& Reactions were carried out with 1a (0.20 mmol), catalyst (0.02 mmol) and bromine source (equiv), amine source (equiv)

in solvent (0.04 M) in the absence of light.” Isolated yield by two steps. © The concentration is 0.1 M.
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NHNs

7~ JoTBS

Br
(1R,2R)-N-(-2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-phenylpropyl)-4-nitrobenzenesulfonam
ide (3a)

White solide, [a]y —51.9 (¢ 1.0, CHCl3, 91% ee); IR (KBr): 3297, 2928, 1606, 1348, 1310, 1012,
836 cm™; "HNMR (400 MHz, ) & 8.15 (d, J = 8.5 Hz, 2H), 7.80 (d, J = 8.5 Hz, 2H), 7.18-7.21 (m,
5H), 6.68 (d, J=7.2 Hz, 1H), 4.97 (dd, J = 6.8, 4.0 Hz, 1H), 4.20 (s, 1H), 3.81 (d, J = 11.2 Hz, 1H),
3.52(dd, J =11.2, 5.6 Hz, 1H), 0.98 (s, 9H), 0.11 (s, 3H), 0.10 (s, 3H); °C NMR (100 MHz, CDCl3)
0 149.6, 146.3, 136.3, 128.4, 128.4, 128.2, 127.3, 123.8, 64.2, 61.3, 54.8, 25.7, 18.1, -5.56, -5.61;
HRMS (ESI) caled for C;1H9BrN,OsSSiNa m/z [M + Na]": 551.0642, found: 551.0655; HPLC
(Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 250 nm) t; = 17.2 min (major), t, = 20.3

min (minor).
UV_VIS_2WVL230nm |

*‘.
1400~ 9 14 LAY #68 [manipulated) 55.3
i1-17.245
__1000- | 219772
%‘ |\ N\
- || \ Ir \\I
500 [\ [\
[\ [\
| I.‘\ | \
ol 7 e Tt ) \\__,_e N
-200-1 - — - - - - - :
00 25 50 75 100 125 150 175 200 225 237
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % ne
1 17.245 1243837 50.75 §7.20 nes
2 18.772 803.527 930.809 4925 42 80 na.
Total: 1665.503 2174.646 100.00 100.00
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m: 1115999
100 +
0 M L - J_Lz_; 1.‘2‘
'” — ” T ~ v T v v T v T o ¥. !
00 50 10.0 150 200 251
Time [min]
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mMAU min mAU % % na.
1 15.999 102,631 £9.42 $9.34 ne.
2 18424 05988 1317 058 066 ne |
Total: 103.230 200.257 100.00 100.00
1000: 2-19.080
z 750
250 - .4
] 1-18.
0: J'/\I T
.1m L) L) L] — ¥ ¥ L
00 50 10.0 150 200 250 264
Time [min]
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integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 16.840 34311 85.172 517 540 na.
2 19.080 629.310 952434 94.83 93.60 na.
Total: 663.622 1017.606 100.00 100.00
NHNs
7~ ~oTBS
Br
=

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(4-fluorophenyl)propyl)-4-nitrobenzenesulfonam

ide (3b)

White solide, [a]y —21.8 (¢ 0.45, CHCls, 88% ee); IR (KBr): 3130, 1607, 1401, 1167, 1092, 838,
cm™'; 'THNMR (400 MHz, CDCl3) § 8.19 (d, J = 8.6 Hz, 1H), 7.85 (d, J = 8.6 Hz, 2H), 7.22-7.19 (m,
2H), 6.93-6.89 (m, 2H), 6.68 (d, J = 6.9 Hz, 1H), 4.95-4.93 (m, 1H), 4.16 (s, LH), 3.79-3.76 (m, 1H),
3.49-3.45 (m, 1H), 0.98 (s, 9H), 0.09 (s, 3H), 0.07 (s, 3H); °C NMR (100 MHz, CDCl;) § 162.4 (d, J
=247.0 Hz), 149.7, 146.1, 132.2, 129.0, 128.7 (d, J = 88.0 Hz), 123.9, 115.3 (d, J = 21.0 Hz), 64.0,
60.2, 54.9, 25.7, 18.0, —5.6; HRMS (ESI) calcd for C,;HysBrFN,05SSiNa m/z [M + Na]': 569.0548,
found: 569.0557, HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 230 nm) t;= 13.3

min, (major), t, = 15.1 min (minor).
_§ N #183

aF UV_VIS_2 WVL 230 nm

1113074

f\ 12- 14732
|

l
| |
\

g .
f A
50 [ |\

2
J
04— J\ﬂ‘\. e i S ——— ™ L/ \-}J \T_ S——
-20JL— R —— S A —
00 20 40 60 80 100 12.0 140 16.0 185
Time [min]
[Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALU*min mALU % % na
1 13074 42 §2.77 ne
2 14732 82547 120.647 49.58 47.23 na.
Total: 126.142 255.427 100.00 100.00




1-13332
A

4 ul \ 2-15.140
% PR B W sk -
00 25 50 7.5 10.0 125 15.0 175 200
g Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
L 13332 424038 £61.309 g398 9407 na
2 15.140 27.172 60.562 6.02 583 na
Total: 451.210 1021.871 100.00 100.00
NHNs
X OTBS
Br
Cl

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(4-chlorophenyl)propyl)-4-nitrobenzenesulfona
mide (3c)

White solide, [a]p —35.0 (¢ 2.5, CHCl3, 93% ee), IR (KBr): 3296, 2927, 1607, 1532, 1349, 1311,
1014, 837 cm™'; 'THNMR (400 MHz, CDCls) & 8.21 (d, J = 8.2 Hz, 2H), 7.85 (d, J = 8.4 Hz, 2H),
7.2-7.18 (m, 4H), 6.63 (d, J = 7.2 Hz, 1H), 4.91 (dd, J = 6.8, 4.0 Hz, 1H), 4.14 (s, 1H), 3.79 (d, J =
11.3 Hz, 1H), 3.50 (dd, J = 11.2, 6.0 Hz, 1H), 0.97 (s, 9H), 0.10 (s, 3H), 0.09 (s, 3H). "CNMR (100
MHz, CDCls) 6 149.8, 146.18, 135.2, 134.5, 128.7, 128.3, 124.0, 64.2, 60.7, 54.4, 25.7, 18.1, -5.5, —
5.6; HRMS (ESI) calcd for C,;HpsBrCIN,OsSSiNa m/z [M + Na]+: 585.0252, found: 585.0257,
HPLC (Daicel Chiralpak IC,i-PrOH/hexane = 8/92, 1.0 mL/min, 254 nm) t; = 12.3 min (major), t, =

14.0 min (minor).
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LN #182 [manipulated)

200 133-1 UV_VIS_3 WVL:254 nm
600 - i1-12432 2. 14082
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Time [min]
|Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mALU % % na
1 12432 | 503730 $0.46 5083 ne |
2 14.082 201.758 674.245 49.54 49.17 na
Total: 588.973 1167.975 100.00 100.00
i1+ 12357
=375 f’\
2 I
250+ I\
| |
!
1254 ] 11
) f \ 12+ 14,032
04l e —— — . n—
.50:I = T = T - T T T
00 25 50 7.5 100 125 15.0 17.5 201
Time [min]
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 12,357 188,127 448705 96.46 96.28 ne.
2 14.032 £.802 17.320 354 372 na.
Total: 195.029 466.024 100.00 100.00
NHNs
p OTBS
Br
Br

N-(2-Bromo-1-(4-bromophenyl)-3-((tert-butyldimethylsilyl)oxy)propyl)-4-nitrobenzenesulfona
mide (3d)

White solide , [a]2 —32.7 (c 2.5, CHCls, 90% ee); IR (KBr): 3440, 2925, 1736, 1624, 1532, 1463,
1166 cm™'; '"HNMR (400 MHz, CDCls) & 8.22 (d, J = 8.6 Hz, 2H). 7.85 (d, J = 8.6 Hz, 2H), 7.39 (d,
J=28.1 Hz, 2H), 7.11 (d, J = 8.1 Hz, 2H), 6.63 (d, J = 7.0 Hz, 1H), 4.90 (dd, J = 6.4, 4.4 Hz, 1H),
4.14 (s, 1H), 3.81 (d, J = 11.3 Hz, 1H), 3.51 (dd, J = 11.2, 6.0 Hz, 1H), 0.97 (s, 9H), 0.10 (s, 3H),
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0.09 (s, 3H); °C NMR (100 MHz, CDCls) & 149.7, 146.0, 135.7, 131.6, 128.9, 128.3, 124.0, 122.5,
64.1, 60.9, 54.2,25.7, 18.1, -5.5, —=5.6; HRMS (ESI) calcd for C,;H»sBr,N,OsSSiNa m/z [M + Na]+:
628.9747, found: 628.9753; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 214

nm) t; = 12.4 min (major), t, = 14.1 min (minor).

— T VS TEAT #145 manipulated) 120-2-4-br UV_VIS_1 WVL 214 nm

1000 -

g 750 -

500
|1-|2m|2.1‘m

250 -

s A VAEYS

-200- \ ST . TR T LEEEaL M ke (e Som ey vy L jpen ! BT, AN AL ERE ot B S oo LI e ST o Nt P |
00 25 50 75 10.0 125 150 1758 200 223
Time [min)]

mn mAU"min mAY ~ % na
j 12632 155.105 350.803 49,93 §2.40 na.
2 14.340 155.526 318.694 50.07 47.60 na
Total: 310.631 669.496 100.00 100.00
2200 W STER #173 manipulated) 883 UV_VIS_1 WVL 214 nm
2000 - (1-12474
§.1soo.
g 1000
500 -
1 2-14.97
0 T
-200 - - T + v v - T v - o T v T v v ™
0.0 50 100 150 200 254
Time [min)
Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % % na.
j 12474 919600 1942626 9477 9482 na.
- 14174 50724 106,195 523 518 ne. |
Total: 970.324 2048.820 100.00 100.00
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NHNs

: OTBS

Qe
=

FsC
N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(4-(trifluoromethyl)phenyl)propyl)-4-nitrobenze
nesulfonamide (3e)

White solide, [a]% —30.3 (c 0.5, CHCLs, 92% ee); IR (KBr): 3343, 2928, 1613, 1533, 1466, 1417,
1167, 1129 cm™; "H NMR (400 MHz, CDCl;) & 8.20 (d, J = 8.7 Hz, 2H), 7.86 (d, J = 8.7 Hz, 2H),
7.51 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 7.9 Hz, 2H), 6.77 (d, J = 7.4 Hz, 1H), 5.00 (dd, J = 7.2, 4.4 Hz,
1H), 4.18 (dd, J = 3.6, 2.4 Hz, 1H), 3.79 (dd, J = 11.2, 2.4 Hz, 1H), 3.50 (dd, J = 11.2, 6.0 Hz, 1H),
0.98 (s, 9H), 0.11 (s, 3H), 0.10 (s, 3H); *C NMR (100 MHz, CDCl3) § 149.8, 145.9, 140.7, 130.7 (q,
J =32 Hz), 128.3, 127.8, 125.5, 125.4 (q, J = 3.5 Hz), 124.0, 64.1, 60.9, 53.9, 25.7, 18.0, 5.5, -5.6.
HRMS (ESI) calcd for CyyHysBrF;N,0sSSiNa m/z [M + Na]™: 619.0516, found: 619.0528; HPLC
(Daicel Chiralpak 1A, i-PrOH/hexane = 8/92, 1.0 mL/min, 270 nm) t; = 14.0 min, (major), t, = 17.4

min (minor).

200 W 15T %209 [manpulated] 140-1-2-1a UV_VIS_4 WVL270 nm |
h e LS
| |2+ 17,687
': I
2004 _
z -
I '
g | |
g 100 |
0 = S — e L \
0.0 25 50 75 10.0 125 150 175 200 229:
Time [min)
1 ation Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % o n.a.
1 14,309 122 441 278.8684 4964 §3.51 ne
2 17.657 124.183 242303 50.36 46.49 na.
Total: 246.634 521.167 100.00 100.00
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1800 - 3 V4 HL R #217 [manipulated) 965 - UV_VIS_4 WVL 270 nm |
+ 1-14015
1500 4| I\
-~ |
=) ] .
E- 1000 - ‘ |
| |
§ | I.I
500 - [ |
' (2-17.482
04 P _— S ——— = Ll — e L - — WS | \-., -
-200 17 : - : - ;
00 25 50 75 100 125 150 1756 200
_Time [min]
a Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"'min mAU % % na
1 14018 786.868 1657.364 9577 $588 na
2 17.482 34.779 71.154 423 412 na.
Total: 821.645 1728.517 100.00 100.00
NHNs
H OTBS
Br
H;C

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(p-tolyl)propyl)-4-nitrobenzenesulfonamide (3f)

White solide, [a]y —15.0 (¢ 1.2, CHCl;, 72% ee) IR (KBr): 3130, 1633, 1531, 1350, 1257, 1166,
1092. 836 cm™; "HNMR (400 MHz, CDCls) & 8.13 (d, J = 8.4 Hz, 2H), 7.79 (d, J = 8.4 Hz, 2H),
6.96-6.89 (m, 4H), 6.61 (d, J = 7.5 Hz, 1H), 4.92 (dd, J = 4.0, 2.8 Hz, 1H), 4.19 (s, 1H), 3.82 (d, J =
11.0 Hz, 1H), 3.51 (dd, J = 11.2, 6.0 Hz, 1H), 2.27 (s, 3H), 0.97 (s, 9H), 0.10 (s, 3H), 0.09 (s, 3H);
BCNMR (100 MHz, CDCls) & 149.5, 146.3, 138.3, 133.2, 129.0, 128.2, 127.3, 123.7, 64.2, 61.0,
55.1, 25.7, 21.0, 18.1, —5.5, =5.6. HRMS (ESI) calcdfor Ca,H3;BrN,OsSSiNa m/z [M + Na]':
565.0799, found: 565.0808; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 214

nm) t; = 16.3 min (major), t, = 20.1 min (minor).
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i :lhli.m #142 [manipulated] 120-1-4ch3 UV_VIS_1 WVL:214 nm

1500 -

|
| |

Absorbance [mAU]
8

]

0 A A = s~ u \T_ .

-MJI' v L A v L4 L T Ll LJ A T v v v ¥ v i )

0.0 50 100 15.0 200 250 300 350 391
Time [min]
|Integration Results -
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU"min mALU % % na.
L 16.207 1009 970 1822077 £0.19 56,64 ne.
2 19.824 1002.335 1384.988 4881 43.38 na.
Total: 2012.305 3217.065 100.00 100.00
600 1-16.382

“w-‘f L T L 1
0.0 50 100 150 200 246
Time [min)
|Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
] 16.382 313.227 575318 85.79 £6.90 na.
2 20.182 51.872 £6.694 1421 13.10 na
Total: 365.099 662.011 100.00 100.00
NHNs
Cl
I OTBS
Br

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(3-chlorophenyl)propyl)-4-nitrobenzenesulfona
mide (3g)

Light yellow oil, [a]? —22.4 (c 2.6, CHCls, 95% ee); IR (KBr): 3295, 2929, 1730, 1532, 1350, 1168,
1091 cm™; "THNMR (400 MHz, CDCl3) 6 8.17 (d, J = 8.1 Hz, 2H), 7.81 (d, J = 8.2 Hz, 2H), 7.19-7.1
(m, 4H), 6.63 (d, J = 7.0 Hz, 1H), 4.94 (s, 1H), 4.17 (s, 1H), 3.80 (d, J = 11.0 Hz, 1H), 3.51 (dd, J =
11.2, 6.0 Hz, 1H), 0.90 (s, 9H), 0.11 (s, 3H), 0.10 (s, 3H); °C NMR (100MHz, CDCl3) & 149.7,
146.0, 138.2, 134.4, 129.7, 128.5, 128.1, 127.5, 125.7, 123.9, 64.1, 60.5, 54.2, 25.7, 18.0, —5.6, —5.7.
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HRMS (ESI) caled for C,;HasBrCIN,OsSSiNa m/z [M + Na]': 585.0252, found: 585.0261; HPLC

(Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 270 nm) t;= 11.8 min (major), t,= 13.9

min (minor).

1400 ) VI EENY #152 [manipulated] 130-3-2-3cl UV_VIS_4 WVL 270 nm
2+ 13.760
1000 -
g m- * \
0+ . . e
-200- —r . T T e e p—— —r oy ey, - T ™"
00 25 50 75 100 1256 150 175 206
Time [min]
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % na
] 11707 465618 1156906 49,99 £3.10 na.
- 13.740 485877 1021.763 50.01 48.80 na
Total: 931,495 2178.669 100.00 100.00
500- 11-11.765
. |
g 375 i \
250 \
125
] |
] - 13,857
o o L
‘1&"-' T v v T r T T T T v T hd
00 25 50 75 10.0 125 15.0 175 195
Time [min]
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
] 11765 211888 $7.42 97.35 ne.
2 1385 5617 13.661 258 285 na
Total: 217.505 516.420 100.00 100.00
NHNs
Br
T OTBS

Br

N-(2-Bromo-1-(3-bromophenyl)-3-((tert-butyldimethylsilyl)oxy)propyl)-4-nitrobenzenesulfona

mide (3h)
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White solide, [a]y —28.5 (¢ 2.7, CHCls, 91% ee); IR (KBr): 3129, 1605, 1257, 1167, 838, 782, 739,
687 cm™; 'THNMR (400 MHz, CDCl3) & 8.17 (d, J = 7.4 Hz, 2H), 7.80 (d, J = 8.1 Hz, 2H), 7.20 (m,
4H), 6.60 (d, J = 6.6 Hz, 1H), 4.92 (d, J = 4.3 Hz, 1H), 4.16 (s, 1H), 3.80 (d, J = 11.2 Hz, 1H), 3.50
(dd, J = 11.2, 6.0 Hz, 1H), 0.98 (s, 9H), 0.11 (s, 3H), 0.10 (s, 3H); "CNMR (100 MHz, CDCl;) &
149.8, 146.1, 138.4, 131.5, 130.5, 130.0, 128.1, 126.3, 123.9, 122.6, 64.2, 60.5, 54.1, 25.7, 18.1, =5.5,
—5.6. HRMS (ESI) calcd for C,;HysBroN,OsSSiNa m/z [M + Na]+: 628.9747, found: 628.9766;
HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 230 nm) t; = 12.2 min (major), t, =

14.2 min (minor).

1000 . 1 V4 HE N #147 [manipulated] 129-4 UV_VIS_2 WVL 230 nm
] *1"2524 12 - 14,699
800 | ﬂ
. |
1 !.\
o .l
1 \
o ||
] ot ) |
1 \
200] R ||
- |
0 N\ L/\\) -l .J _L;,_-—_q____ o —— ]
100 L . . . ' . _J
0.0 50 10.0 150 200 265
Time [min)]
[Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
mn mAU*min mAU % % ne
1 12524 463579 £§97.881 4986 5077 ne
2 14699 466.157 870618 50.14 4923 na
Total: 920.736 1768.499 100.00 100.00
mé 11+ 11,765

\
'.
\

|
. | JX g

|
|
|

00 25 Y 75 10.0 126 15.0 176 195
Time [min])
[Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % % na.
1 12.232 413082 865217 9549 9405 ns
2 14232 19.496 45.032 451 5.05 na.
Total: 432.558 911.249 100.00 100.00
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NHNs

H3C
: OTBS

r

O m

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(m-tolyl)propyl)-4-nitrobenzenesulfonamide (3i)

White solide, [a]y —21.6 (¢ 1.0, CHCl3, 82% ee); IR (KBr): 3129, 1610, 1531, 1351, 1167, 1095,
839 cm™'; "HNMR (400 MHz, CDCl;) & 8.09 (d, J = 8.2 Hz, 2H), 7.79 (d, J = 8.3 Hz, 2H), 7.05-6.91
(m, 4H), 6.69 (d, J = 7.6 Hz, 1H), 4.93 (s, 1H), 4.19 (s, 1H), 3.79 (d, J = 9.3 Hz, 1H), 3.50 (dd, J =
11.2, 6.0 Hz,1H), 2.16 (s, 3H), 0.89 (s, 9H), 0.09 (s, 3H), 0.07 (s, 3H); *CNMR (100 MHz, CDCl) &
149.4, 148.9, 146.2, 137.8, 135.9, 128.9, 128.1, 128.0, 124.5, 123.5, 64.1, 60.9, 55.0, 25.6, 21.1, 18.0,
-5.6, 5.7, HRMS (ESI) calcd for C,,H3;BrN,OsSSiNa m/z [M + Na]+: 565.0799, found: 565.0801;
HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 254 nm) t; = 15.4 min (major), t, =

17.8 min (minor).

[ VLAY #206 [manipulated) 1203 UV_VIS_3WVL 254 nm |
BOO:! 11-15515
1 "' 12-17718
6004 I | \
| : | | | ‘,I
ig . { | | I.
<" 400 |
| | | | t
i 4 | | |
I
| m—o | |
; |II II
0 — — A T il AV R
400 J— : ———— - - at— il ————— - S —
00 50 100 150 200 247
L Time [min]
Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALU*min mAU % % na
1 16515 386 549 754 005 49 94 5402 na
2 17.715 387 440 841.704 50.08 45 88 na.
Total: 773.990 1395.710 100.00 100.00
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[ 700 3 IWILNY #204 (manipulated) 951 “UV_VIS_3WVL254 nm
Il
600 4|

400‘ '-l

Absorbance [mAU]
.--:’ N
g

Qoo.l \
| \
oq; e ——————— — S— — —_— N ——— —— —
00 25 50 75 100 1256 150 175 200 232
L Tenejmin)
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % 2 ne
1 15499 336,881 632804 90.76 90.78 ne
2 17.899 34295 6429 9.24 8.22 na.
Total: 371.176 697.100 100.00 100.00
NHNs
H;CO
I OTBS
Br

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(3-methoxyphenyl)propyl)-4-nitrobenzenesulfon
amide (3))

Colourless oil, [o] ¥ —22.2 (¢ 2.4, CHCls, 90% ee); IR (KBr): 3453, 2928, 1604, 1349, 1258, 1165,
1092 cm™; "THNMR (400 MHz, CDCl;) & 8.12 (d, J = 8.1 Hz, 2H), 7.80 (d, J = 8.2 Hz, 2H), 7.10 (t, J
= 8.0 Hz, 1H), 6.77-6.64 (m, 4H), 4.94 (d, J = 4.0 Hz, 1H), 4.20 (s, 1H), 3.83 (d, J = 11.2 Hz, 1H),
3.67 (s, 3H), 3.52 (dd, J = 11.2, 6.0 Hz, 1H), 0.96 (s, 9H), 0.10 (s, 3H), 0.08 (s, 3H); '°C NMR (100
MHz, CDCls) 8 159.4, 149.5, 146.2, 137.6, 129.4, 128.1, 123.7, 119.7, 113.3, 113.2, 64.2, 61.0, 55.0,
54.8, 25.7, 18.0, —5.6, —5.7. HRMS (ESI) calcd for C,,H3BrN,OsSSiNa m/z [M + Na]™: 581.0748,
found: 581.0731; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 10/90, 1.5mL/min, 270 nm) t; =

18.2 min (major), t, = 22.2 min (minor).
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1600 - M A AT #163 [manipulated) 130-1-1A UV_VIS_4 WVL 270 nm
] 1-14.007
] q r.z 15199
g'tooo: l (\‘
i i
] ’ |
500 [l | \
| &
0 ! _,_/"'-_.._A,________,—J L1TA
0.0 25 50 75 100 125 150 175 200 233
Time [min)
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % % nea
! 14007 473857 1327.324 48,96 SL72 ns
2 15,199 535235 1236 033 5104 4828 ne.
Total: 1009.093 2566.357 100.00 100.00
12+ 15815
750 m
x |
|
1= 18,
0 AN A - o
'1m r n g T T T T T 1
00 50 100 150 200 255
Time [min]
[Integration Results
No. |Peak Name Retention Time Area Height
min mMAU"min mAY
[ 14,582 18268 51410
2 15.815 335427 776.946
Total: 353.693 828.356

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(3,5-dimethylphenyl)propyl)-4-nitrobenzenesulfo

namide (3Kk)
Yellow solide, [a]y —17.7 (¢ 0.7, CHCls, 72% ee) IR (KBr): 3361, 2972, 1068, 1532, 1348, 1165,

952 em’; "H NMR (400 MHz, CDCL3) § 8.13 (d, J = 8.6 Hz, 2H), 7.80 (d, J = 8.6 Hz, 2H), 6.82 (s,
1H), 6.72 (d, J = 12.5 Hz, 2H), 6.62 (d, J = 7.7 Hz, 1H), 4.88 (dd, J = 7.4, 4.1 Hz, 1H), 4.17 (s, 1H),
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3.82 (m, 1H), 3.53 (dd, J = 11.2, 5.4 Hz, 1H), 2.17 (s, 3H), 2.13 (s, 3H), 0.98 (s, 9H), 0.11 (s, 3H),
0.09 (s, 3H); °C NMR (100 MHz, CDCl;) & 149.5, 146.4, 137.9, 136.1, 129.8, 128.2, 125.2, 123.5,
64.3, 61.4, 54.7,25.7, 21.1, 18.1, =5.7; HRMS (ESI) calcd for C2;H33BrN,0sSSiNa m/z [M + Na]':
579.0955, found: 579.0954; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 270

nm) t; = 15.1 min (major), t, = 16.9 min (minor).

ww_]iﬁif.ﬁ #227 [manipulated] 140-3 UV_VIS_4 WVL:270 nm
4 (1-15.249
800 ’\ 2+ 16.940
g 600 \ I
E i
] ' [
g ] | \
0 A
.1m: vvvvvvvvvvvvvvvvvvvvvvvvvv e ————
0.0 25 50 75 10.0 125 15.0 175 200 224
Time [min)
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % na.
15.249 457844 £05.090 4955 53.68 ne. |
- 16.840 466228 181.701 50.45 46.34 ns.
Total 924.072 1686.791 100.00 100.00
800 3 V41N #228 [manipulated] 97-1 UV_VIS_4 WVL 270 nm
] {1+ 15157
; A
600 -
g—- 400
g 200
: 12~ 16.940
0 —
“w-r v v L e T T—————T Ty T ———— — —
0.0 25 50 75 100 125 150 175 200 220
Time [min)
| e m
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % % na
1 18,157 366 950 726796 £6.08 8713 ne.
16.840 59.342 107.360 1392 12.87 na.
Total 426.202 834.156 100.00 100.00
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N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(3,5-dichlorophenyl)propyl)-4-nitrobenzenesulfo
namide (3l)

White solide, [a]p —9.2 (¢ 2.8, CHCl3, 95% ee), IR (KBr): 3442, 2927, 1609, 1532, 1468, 1350,
1168, 1092 cm™; "THNMR (400 MHz, CDCls) & 8.23 (d, J = 8.4 Hz, 2H), 7.85 (d, J = 8.5 Hz, 2H),
7.24 (s, 1H), 7.07 (s, 2H), 6.59 (d, J = 7.0 Hz, 1H), 4.89 (dd, J = 6.4, 4.0 Hz, 1H), 4.14-4.09 (m, 1H),
3.80 (d, J = 10.5 Hz, 1H), 3.50 (dd, J = 11.2, 6.0 Hz, 1H), 0.98 (s, 9H), 0.12 (s, 3H), 0.10 (s, 3H);
BCNMR (100 MHz, CDCls) 6 149.9, 145.9, 139.6, 135.2, 128.5, 128.2, 126.1, 124.0, 64.2, 60.1,
53.6,25.7, 18.1, 5.6, —5.7; HRMS (ESI) calcd for C,;H,7BrC1,N,05SSiNa m/z [M + Na]": 618.9863,
found: 618.9850; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 254 nm) t; = 8.7

min (major), t; = 10.4 min (minor).

Y00 _ 9 KH W #157 [manipulated] 1304 UV VIS 3WVL254 nm |
1 1-8740
600 |n|
! Il 12- 10407
= 1 | |
[ 4004 [ | (|
2 | | | I|
4 | | |
2004 | |
:g 1 | 1 |
|I .ll l'
04 _ T ——— — - - “'rl . ey — — - — - -
s ————————— = ————————
00 20 40 6.0 BO 100 120 140 16.0 181
Time [min]
Wmm
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALU*min mALU % % n.a
1 8.740 183.737 £61.004 4962 53.66 nas
2 10.407 186.524 564088 50.38 46.04 ne.
Total: 370.261 1225.092 100.00 100.00
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1800 1 14 FEAY #168 [manipulated] 89-2 UV_VIS_3 WVL 254 nm
1 1-8724
4 .|.
- |
;E 1000 |
. (1
g 500 - | |
] ' 210457
04 - — S - e - | - —
'200‘, — - - — ——— —————
00 20 40 60 80 100 120 140 160 176
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 8.724 386.027 1387.302 97.39 97 46 na
2 10.457 10.587 36.180 261 254 na.
Total: 406.624 1423.482 100.00 100.00

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(3,5-difluorophenyl)propyl)-4-nitrobenzenesulfo
namide (3m)

Light yellow oil, [a]? —18.0 (c 2.3, CHCls, 88% ee), IR (KBr): 3298, 2925, 1601, 1532, 1352, 1169,
994 ¢cm™; "H NMR (400 MHz, CDCl3) & 8.25 (d, J = 8.5 Hz, 2H), 7.90 (d, J = 8.6 Hz, 2H), 6.69-6.80
(m, 4H), 4.92 (d, J = 3.7 Hz, 1H), 4.15 (s, 1H), 3.80 (d, J = 11.3 Hz, 1H), 3.52 (dd, J = 11.3, 6.0 Hz,
1H), 0.97 (s, 9H), 0.11 (s, 3H), 0.09 (s, 3H); *C NMR (100 MHz, CDCl3) 8 162.8 (dd, J = 250.0,
10.0 Hz), 149.9, 145.9, 140.7 (t, J = 8.6 Hz), 128.3, 124.0, 110.5 (dd, J =24.2, 4.5 Hz), 103.9 (t, J =
24.7 Hz), 64.1, 60.4, 53.7, 25.7, 18.0, —5.6, —5.7. HRMS (ESI) calcd for C,;H,7BrF,N,0sSSiNa m/z
[M + Na]™: 587.0454, found: 587.0452; HPLC (Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0

mL/min, 270 nm) t; = 8.7 min (major), t, = 9.7 min (minor).
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800- 9 TN #2086 (manipulated) 140-2 UV_VIS_4 WVL 270 nm
11-8815
400 ’\ 2-9732
L |
'é 300 4 i ‘
g 200- -
100
0- — . —
-w % r v v T T v T v v T - - T s g v T v - T v T o ™
00 20 40 60 80 10.0 120 140 16.0 184
Time [min)
Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
L 8815 132937 414419 20.96 5227 n.a
2 8732 127926 | 378496 48,04 A773 ne.
Total: 260.863 792914 100.00 100.00
2500 - 3 V4 LAY #229 [manipulated) §7-3 UV_VIS_4 WVL 270 nm
! 1-8.732
2000 -
g 1000 -
0
'm r L} v T Ls T T T 1
00 20 40 60 80 10.0 120 136
Time [min]
Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % % na |
1 8732 628688 2095380 8376 8334 na. |
2 8724 41856 149628 824 666 na. |
Total: 670.544 2245.009 100.00 100.00
NHNs
Cl
I OTBS
cl Br

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(3,4-dichlorophenyl)propyl)-4-nitrobenzenesulfo

namide (3n)

White solide, [a] —35.0 (¢ 0.4, CHCls, 92% ee); IR (KBr): 3301, 2927, 1607, 1532, 1350, 1168,
1092, 837 cm™; 'H NMR (400 MHz, CDCls) & 8.23 (d, J = 8.5 Hz, 2H), 7.85 (d, J = 8.5 Hz, 2H),
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7.36-7.34 (m, 2H), 7.11 (d, J = 8.1 Hz, 1H), 6.61 (d, J = 7.0 Hz, 1H), 4.89 (dd, J = 4.4, 2.8 Hz, 1H),
4.13 (d, J = 2.4 Hz, 1H), 3.82-3.79 (m, 1H), 3.50 (dd, J = 11.2, 6.0 Hz, 1H), 0.97 (s, 9H), 0.11 (s, 3H),
0.10 (s, 3H); °C NMR (100 MHz, CDCl3) & 149.9, 145.9, 136.7, 132.8, 130.4, 129.4, 128.2, 126.8,
124.0, 64.2, 60.2, 53.9, 25.7, 17.9, -5.5, —5.6. HRMS (ESI) calcd for C,;H,7BrCl,N,0OsSSiNa m/z [M
+ Na]": 618.9863, found: 618.9875; HPLC (Daicel Chiralpak IA, i-PrOH/hexane = 8/92, 1.0 mL/min,

270 nm) t; = 13.9 min (major), t; = 15.8 min (minor).

800- 3 S H W #220 [manipulated) 140-4-1a UV_VIS_4 WVL 270 nm
4 11 - 14 057
800 | 2-18915
] \ |
g 3?5: | I
: |
250 ‘ [ |
: |
125+ J \
0_ - - . _-——_-/\.__
0.0 28 50 75 10.0 125 15.0 175 200 231
Time [min)
[Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
L 14057 236,168 555614 $1.01 5474 ne
2 15815 209371 459.332 4899 4520 na.
Total: 445.539 1014.946 100.00 100.00
1200 3 14 FEAY #221 [manipulated) 97-2-a UV_VIS_4 WVL 270 nm
| 1+ 13657
1000 - f\
g | ,"
g 500- ,
] } 12- 15874
ol N VRS il
‘m 7 L T L T v T T <
00 50 100 15.0 200 248
Time [min]
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mALU*min mAU % % na
1 13857 423.792 1045179 £5.90 2603 ne.___ |
2 15.874 18.137 43.170 4.10 397 na. |
Total: 441,920 1088.340 100.00 100.00
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Cl  NHNs

7~ ~oTBS

Br

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(2-chlorophenyl)propyl)-4-nitrobenzenesulfona
mide (30)

White solide; [a]s —34.5 (¢ 0.6, CHCl3, 83% ee); IR (KBr): 3320, 2927, 1607, 1532, 1351, 1168,
1098 cm™; "THNMR (400 MHz, CDCls) & 8.26 (d, J = 8.2 Hz, 2H), 7.94 (d, J = 8.0 Hz, 2H), 7.49 (s,
1H), 7.32-7.18 (m, 4H), 5.19 (s, 1H), 4.29 (s, 1H), 3.83 (d, J = 11.6 Hz, 1H), 3.68 (d, J = 11.4 Hz,
1H), 1.00 (s, 9H), 0.13 (s, 3H), 0.10 (s, 3H); "CNMR (100MHz, CDCl3) & 149.8, 146.1, 145.8,
135.5, 132.3, 129.9, 129.7, 128.4, 127.2, 123.9, 64.6, 60.6, 50.6, 25.7, 18.1, 5.6, =5.7; HRMS (ESI)
caled for CyHysBrCIN,OsSSiNa m/z [M + Na]™: 585.0252, found: 585.0257; HPLC (Daicel
Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 214 nm) t; = 17.2 min (major), t, = 22.7 min

(minor).
1000 - ) VI TERT #185 [manipulated) 130-2 UV_VIS_1WVL214nm |
i
800
1
1
g |
|8 400
jg 1' 818
| 1-17.81
2004 K= 12-23.307
J
01‘;- —— e — — — _— — P m— v -
1
-100 L — z = —— — -
0.0 50 100 150 200 250 283
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU %o % na
1 17.815 118983 200,337 £0.57 §5.68 ns
2 23.307 116.278 159.4%8 4943 4432 na
Total: 235,261 350.833 100.00 100.00




M HTEN #203 [manipulated) 931 UV_VIS_1WwL214nm |

800
] 11-17.240
4 [ |
600 'I
: ] |
[& 400 I
|
(2 200 [
i |
| 12+ 22740
04 M e L S
100 s ————— —_—
00 50 10.0 150 200 250 300 350 400 450 474
Time [min])
Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 17.240 389872 £68.539 9142 92.76 na
2 22.740 36.800 52.199 8.58 7.24 na
Total: 426.471 720.738 100.00 100.00
CH3 NHNs
T OTBS
Br

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(o-tolyl)propyl)-4-nitrobenzenesulfonamide (3p)

White solide, [a] ~15.9 (¢ 1.6, CHCls, 46% ee) IR (KBr): 3447, 2926, 1609, 1532, 1463, 1351,
1311 em™'; "THNMR (400 MHz, CDCl3)  8.14 (d, J = 8.6 Hz, 2H), 7.74 (d, J = 8.6 Hz, 2H), 7.14 (m,
4H), 6.97 (d, J = 5.5 Hz, 1H), 5.13 (t, J = 4.2 Hz, 1H), 4.03-3.96 (m, 2H), 3.72 (dd, J = 11.6, 3.5 Hz,
1H), 2.36 (s, 3H), 1.00 (s, 9H), 0.15 (s, 3H), 0.12 (s, 3H); *"CNMR (100 MHz, CDCls) & 149.5,
146.5, 135.65, 135.2, 130.8, 128.2, 128.1, 126.7, 126.2, 123.7, 64.9, 59.9, 51.8, 25.7, 19.1, 18.1, -5.6;
HRMS (ESI) caled for CH3BrN,OsSSiNa m/z [M + Na]™: 565.0799, found: 565.0797; HPLC
(Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 270 nm) t; = 13.3 min (major), t, = 15.1

min (minor).
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1§ LAY #158 [manipulated) 90-1 UV_VIS_4 WVL.270 nm

min i
i 12682 403515 4966 5281 ne. |
2 14.357 405.761 50.14 47.38 na
From: 809.277 1684.014 100.00 100.00
9 WILN #167 (manpulated) 59-4 UV_VIS_4 WVL 270 nm

12+ 15.149

0.0 50 10.0 15.0 200 250 278

NHNs

OTBS
r

N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-(naphthalen-2-yl)propyl)-4-nitrobenzenesulfona
mide (3q)
White solide, [a]y —36.0 (¢ 1.0, CHCls, 79% ee), IR (KBr): 3290, 2928, 1728, 1606, 1531, 1348,

C0

1167, 1091 cm™; "HNMR (400 MHz, CDCl3) & 7.94 (d, J = 8.5 Hz, 2H), 7.75 (d, J = 8.5 Hz, 2H),
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7.68-7.59 (m, 4H), 7.47-7.45 (m, 2H), 7.29 (d, J = 8.2 Hz, 1H), 6.78 (d, J = 7.4 Hz, 1H), 5.14-5.12

(m, 1H), 4.30 (s, 1H), 3.85 (dd, J = 11.2, 2.2 Hz, 1H), 3.56 (dd, J=11.2, 6.0 Hz, 1H), 1.01 (s, 9H),

0.12 (s, 3H), 0.11 (s, 3H); "CNMR (100 MHz, CDCl;) & 149.3, 146.1, 133.4, 132.8, 132.6, 128.2,

128.1, 127.6, 127.5, 127.1, 126.7, 126.6, 124.7, 123.6, 64.3, 61.4, 54.7, 25.7, 18.1, -5.5, —5.6;

HRMS (ESI) calcdforC,sH; BrN,OsSSiNa m/z [M + Na]: 601.0799, found: 601.0792, HPLC

(Daicel Chiralpak IC, i-PrOH/hexane = 8/92, 1.0 mL/min, 270 nm) t; = 16.5 min (major), t, = 21.1

min (minor).

200... 3 14 HEAY #160 [manipulated) 133-2 UV_VIS_4 WVL 270 nm
1 - 16,382
A\
'gm‘ H 2-20787
£ 1
| | [
g 100 [ | )
1
/
ol . = J
-w- r T T T T 1
0.0 50 100 150 200 242
Time [min)
! o
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
] 16.382 144,745 251455 $0.62 56.47 ne.
2 20757 141215 183,798 4938 4353 ne.
Total: 285.960 445.253 100.00 100.00
250 3 14 LAY #171 [manipulated] 884 = UV_VIS_4 WVL 270 nm
1-16
3004 p
2 i
ey i l
[ |
|
100 - i '\
| 2-21.165
0"—""_———"_}"“'-— R, —
-w- r L T T T Y
00 50 100 150 200 260
Time [min]
[Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % ) na
1 16.565 195594 328122 89.31 91.02 na.
2 21.165 23.405 32382 10.69 898 na
Total: 218.999 360.504 100.00 100.00
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1) 4s (10 mol%), NsNBr, (1.2 equiv), ~ NHNs NHNs
S\ CH,Clyftoluene 2:3, -35 °C, 120 h )\ﬁ :
Ph OH ) TBSCI, imidazole, CH,Cly rt. 20 1 oTBS PR Y OTBS
63% yield Br Br
1r 0y 3r 3a
59% ee

3r:3a=6:1

The absolute configuration of 3r was not determined. Compounds 3r and 3a have similar polarity,
which could not be separated by column chromatography.
N-(2-Bromo-3-((tert-butyldimethylsilyl)oxy)-1-phenylpropyl)-4-nitrobenzenesulfonamide (3r)
'H NMR (400 MHz, CDCl3) & 8.05 (d, J = 8.4 Hz, 2H), 7.71 (d, J = 8.5 Hz, 2H), 7.18-7.03 (m, 5H),
5.93 (d, J=7.6 Hz, 1H), 5.03 (d, J = 4.8 Hz, 1H), 4.14-4.01 (m, 2H), 3.83-3.75 (m, 2H), 0.95 (s, 9H),
0.11 (s, 6H); °C NMR (100 MHz, CDCls) § 149.5, 146.2, 136.2, 128.2, 128.1, 127.4, 123.7, 58.3,
57.2,25.8, 18.1, -5.46, -5.49; HPLC (Daicel Chiralpak IA, i-PrOH/hexane = 8/92, 1.0 mL/min, 254

nm) t; = 12.5 min (major), t; = 21.8 min (minor).

i1k AY 8248 (manpuisted) TouR A UV VIS 3 WVL 254 o
100 AERLE )
T84 [| 13- 141w
2 | |
| e ] l| r |
1 1
2 || | |
I |
J
/ \ i)
0 I Moty et \!_ _— ——
-10
00 25 50 s 100 125 150 175 00 214
3a (1A): Tie )
W 15 TEAY 8247 [manipulated) 1352-1A UV VIS 3 WVL 254 nm
1600 M-151
= L 148 g07
2 13-13.509
g. 1000
§ 14 -20174
5 e —— L
L) ) |
200 vvvvvvvvvvvvvvvvvvvvvvvvv — Y ———— ——
0.0 25 50 75 10.0 125 15.0 17.5 200 229
Time [min)
Integration Results
No Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mALU*min mAU % % na
1 11.149 446.707 1460.305 2587 31.62 na
2 11.907 439439 1338019 25 45 28.97 na
3 13.599 437.034 1152 070 2531 24 94 na.
4 20174 403 444 668613 2337 14 48 na
Total: 1726.624 4619.007 100.00 100.00
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[ sa00 - W EERT #243 [manipulated] T 993 UV_VIS_3 WVL254 nm_
= 12~ 12.524
5% 1000
'§ 500
' 141972 . 13882 4-21774
3 : * A
'm v T A L
00 50 T 100 150 20.0 25.0 304
Time [min]
{Integration Results
No Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 11.724 46.290 151816 8.28 934 na
2 12.524 378763 1173 081 87.79 72.20 na
3 13.682 35046 120.384 6.27 7.41 na
4 21774 98 671 179.558 17.66 11.05 na
Total 558.771 1624.840 100.00 100.00
Br nOTBS
WOH optimal conditions - NHNs K,COg, W/HROTBS
NsHN" 1 hotes {1 N
Br
1s,n=1 ) . Vo — Al
1t n=2 3s, n =1, yield: 59%; regioisomer: 2:1 3s’,n=1,yield:94%
' 3t', n =2, yield: 95%

44% ee, major isomer.
3t, n = 2, yield: 61%; regioisomer: 5:1
52% ee, major isomer.

The absolute configuration of 3s, 3t were not determined, the ratio of the regioisomers of 3s and 3t is
2:1 and 5:1, respectively.6 Which have similar polarity and are difficult to be separated by column
chromatography. To gain pure NMR, further cyclization were performed smoothly.

HPLC of 3s: Daicel Chiralpak IA, i-PrOH/hexane = 8/92, 1.0 mL/min, 270 nm) t; = 12.2 min (major),

t, = 14.1 min (minor).

[ b 9T #38 [manipulated] 152-2-2 UV_VIS_4 WVL 270 nm
‘ 3-12599
]

| I 4-14.732
2 |
| | |
..E.. I\ |
i | 'I |1
| 100 | | ! |
| | 1 [ |
i [ | |\
: [ f
| |1-98624 .2‘.-'119? /

| = e MANL—nlNe N N ]

.20 4
00 20 40 60 80 100 120 140 16.0 173
Time [min]
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No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
: 9624 4021 17.697 313 454 na,
2 11.940 3524 14.128 274 362 na.
3 12599 59.550 191.783 4831 49.19 na.
4 14732 81.515 166.245 47.83 4264 na.
Total: 128.619 389.853 100.00 100.00
1400+ W A FERT #250 [manipulated] 103-2 UV_VIS_4 WVL 270 nm
: 19-12.207
g_um.‘
] 14 - 14,090
0 AA_ |
-m ~-frror...y2rr.. rr-~-mr 1oL rroroyryre,rorerrerrvr. 1 gt o r oty o rnrrl
0.0 25 5.0 75 10.0 125 15.0 17.5 19.8
Time [min)
Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
L 9309 45249 196,126 818 1052 na
2 11,549 45,849 176,851 8.29 $A7 S
3 12.207 333 401 1127873 60.26 60.48 ne.
4 14,080 128,847 364,184 23.29 1953 na.
Total: 553.347 1864.834 100.00 100.00

HPLC of 3t: Daicel Chiralpak IA, i-PrOH/hexane = 8/92, 1.0 mL/min, 270 nm) t; = 12.2 min (major),

t, = 14.1 min (minor).

! 1% 1] #47 [manipulated)] 6 UV_VIS_3 WVL:254 nm
250 - :o.eq‘;
4= 11.707
200
z 13-14082
4 - 15649
i J Lj\
0 e T T
'w L v L L3 L} L) ¥ L T ¥ o L 1
00 20 40 6.0 80 100 120 140 16.0 180 198
Time [min]
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % % n.a.
L 10.632 60480 | 228904 28.80 34.08 na.
2 11.707 80.624 | 209.756 28.87 31.21 na. ]
3 14.082 44748 124304 21.31 18.50 n.a. .
: 15649 44152 109.008 21.02 16.22 na |
Total: 210.003 671.972 100.00 100.00
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1100 8 V4 FERY #251 [manipulated) 103-3 UV_VIS_3 WVL 254 nm
1000 i1-10.582
_I |1
5 750 "[
g .
E ] f [
g 500 | |
1 |
|1 12-11.624
: . |3-13.965
§ 250: |I \ | \ r.l'.‘ ‘x\‘ - 15416
] | In ull II' .I l' 'I’ I\
0 11 g, - o —~ -r"._l'xr L’l:—-"“r'\\'—'x_ 1L -IL;‘- -‘.{_\\-.. e ————
_100:" T I S PR A FENL ISR D [ ad T T T T Y T T T T
0.0 25 50 7.5 10.0 125 150 175 19.7|
Time [min] |
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU " min mAU % % n.a
1 10.582 244810 947.737 51.38 56.76 na.
2 11.624 76.830 286.032 16.13 17.13 n.a.
3 13.965 79.871 248.237 16.77 14.75 na.
B 15418 74.935 188.791 15.73 11.37 n.a.
Total: 476.247 1669.797 100.00 100.00

2-(((tert-Butyldimethylsilyl)oxy)methyl)-1-((4-nitrophenyl)sulfonyl)aziridine (3s')

Light yellow oil; '"H NMR (400 MHz, CDCl3) & 8.37 (d, J = 8.6 Hz, 2H), 8.16 (d, J = 8.6 Hz, 2H),
3.79 (dd, J = 11.6, 3.0 Hz, 1H), 3.56 (dd, J = 7.6, 5.6 Hz, 1H), 3.09-3.03 (m, 1H), 2.76 (d, J = 7.2 Hz,
1H), 2.32 (d, J = 4.5 Hz, 1H), 0.78 (s, 9H), -0.04 (s, 3H), -0.05 (s, 3H); *C NMR (100 MHz, CDCls)
o 150.5, 144.0, 129.2, 124.2, 61.9, 41.8, 30.9, 25.6, 18.2, -5.5,-5.6; HRMS (ESI) calcd for
C15H24N,05SSiNa m/z [M + Na]': 395.1067, found: 395.1064.
2-(2-((tert-Butyldimethylsilyl)oxy)ethyl)-1-((4-nitrophenyl)sulfonyl)aziridine (3t")

White solide; '"H NMR (400 MHz, CDCls) & 8.38 (d, J = 8.4 Hz, 2H), 8.16 (d, J = 8.2 Hz, 2H),
3.63-3.58 (m, 1H), 3.54-3.50 (m, 1H), 3.03-3.05 (m, 1H), 2.77 (d, J = 7.0 Hz, 1H), 2.23 (d, J = 4.4
Hz, 1H), 1.80-1.75 (m, 1H), 1.63-1.56 (m, 1H), 0.86 (s, 9H), 0.01 (s, 6H); °C NMR (100 MHz,
CDCl;) 6 150.5, 144.0, 129.2, 124.2, 60.1, 39.0, 34.4, 34.3, 25.8, 18.1, -5.4, -5.5; HRMS (ESI) calcd
for C16H26N205SSiNa m/z [M + Na]": 409.1224, found: 409.1235.

Catalysts 4a," 41,> 4n,* 40,% 4p,* 8a,% 8b,* 8c,* 8d,% S4a,” S4b,°® are known compounds, all catalysts

were synthesized according to the report procedure.?®
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White solide, [a]? —65.3 (¢ 1.0, CHCLy); IR (KBr): 3441, 2926, 1623. 1510, 1261, 1165, 1030 cm™;
'"H NMR (400 MHz, CDCl3) & 9.30 (s, 1H), 8.27(s, 2H), 7.89-7.87 (m, 3H), 7.50-7.28 (m, 4H), 7.10
(s, 1H), 5.91(s, 1H), 5.57-5.51 (m, 1H), 4.87-4.83 (m, 2H), 4.12-3.88 (m, 3H), 3.25-2.86 (m, 3H),
2.52-2.40 (m, 2H), 2.15 (s, 1H),2.03 (s, 1H), 1.58-1.50 (m, 3H), 1.26-1.25 (m, 2H), 0.92 (s, 1H); "°C
NMR (100 MHz, CDCly) § 181.8, 157.4, 147.1, 144.4, 140.4, 134.4, 133.2, 131.3, 129.9, 128.1,
126.9, 126.5, 125.3, 125.2, 122.8, 121.6, 114.6, 102.1, 60.2, 55.4, 54.8, 41.1, 38.8, 27.3, 27.0, 20.9,
14.0. HRMS (ES]I) caled for C3;H3N408 m/z [M + H]': 473.2370, found: 473.2379.

White solide, [0 —99.2 (c, 1.0 CHCls); IR (KBr): 3436, 2926, 1734, 1622, 1348, 1166, 1086, 1032
em’™; "H NMR (400 MHz, CDCl3) § 9.08 (s, 1H), 8.34 (s, 2H), 7.88 (d, J = 9.2 Hz, 1H), 7.21 (m, 6H),
5.92 (s, 1H), 5.54-5.46 (m, 1H), 4.85-4.79 (m, 2H), 3.85 (s, 3H), 3.28-3.14 (m, 2H), 3.00-2.94 (m,
2H), 2.59-2.52 (m, 2H), 2.15 (s, 1H), 1.96 (s, 3H), 1.59-1.50 (m, 3H), 1.24-1.19 (m, 1H), 0.88-0.85
(m, 1H); °C NMR (100 MHz, CDCls) & 180.8, 157.3, 147.1, 144.1, 140.0, 135.7, 134.9, 131.9, 131.0,
130.9, 127.6, 127.3, 126.3, 121.5, 114.6, 102.0, 55.4, 54.5, 53.3, 41.0, 38.5, 26.8, 24.9, 17.4. HRMS
(ESI) caled for CosHasN4OS m/z [M + H]': 473.2370, found: 473.2381.

White solide, [o]? ~111.9 (¢, 1.0 CHCl3); IR (KBr): 3442, 2926, 1622. 1511, 1262, 1166, 1031 cm™;
'"H NMR (400 MHz, CDCl;) 8 8.62-8.48 (m, 3H), 7.96 (d, J = 9.1 Hz, 1H), 7.35-7.25 (m, 5H), 5.95
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(s, 1H), 5.64-5.55 (m, 1H), 4.94-4.90 (m, 2H), 4.33(s, 1H), 3.94 (s, 3H), 3.34-3.06 (m, 3H), 2.64 (s,
2H), 2.43 (s, 2H), 2.27 (s, 1H), 1.66-1.62 (m, 3H), 1.31-1.23 (m, 2H), 1.04 (s, 3H)."*C NMR (100
MHz, CDCLy) 5 181.3, 157.5, 147.2, 144.3, 140.9, 140.1, 134.0, 131.9, 131.2, 129.1, 128.0, 126.5,
121.7, 114.9, 102.1, 61.1, 60.3, 55.5, 54.7, 40.9, 38.7, 27.0, 26.9, 25.2, 24.0, 14.0. HRMS (ESI) calcd
for C2oH3sN4OS m/z [M + H]": 487.2526, found: 487.2532.

White solide, [a]; —128.7 (c, 1.0 CHCI;); IR (KBr): 3422, 2926, 1735, 1622, 1512, 1262, 1084,
1031 cm™; 'H NMR (400 MHz, CDCls) & 8.51 (s, 1H), 8.16 (s, 1H), 7.89 (d, J = 8.5 Hz, 1H),
7.9-7.16 (m, 6H), 5.73 (s, 1H), 5.53-5.50 (m, 1H), 4.85-4.80 (m, 2H), 4.02-4.04(m, 1H), 3.85 (m,
3H), 3.16-2.98 (m, 4H), 2.56-2.50 (m, 2H), 2.17 (s, 1H), 1.95 (s, 2H), 1.57 (s, 3H), 1.22-0.94 (m,
6H); °C NMR (100 MHz, CDCl;) § 181.6, 157.4, 147.2, 145.9, 144.4, 140.5, 133.9, 132.0, 131.9,
131.3, 128.5, 128.3, 126.5, 121.6, 114.6, 102.2, 60.2, 56.3, 55.5, 55.0, 40.9, 39.0, 27.9, 27.4, 27.0,
26.8, 23.3, 22.8, 14.0. HRMS (ESI) calcd for C30H36N4OSNa m/z [M + Na]+: 523.2513, found:
523.2502.

White solide, [0 —81.0 (c, 1.0 CHCls); IR (KBr): 3447, 2925, 1624, 1511, 1470, 1262, 1031 em™;
'"H NMR (400 MHz, CDCls) 5 8.9 (s, 1H), 8.53 (s, 1H), 7.98 (d, J = 9.1 Hz, 1H), 7.79 (s, 1H ), 7.62
(d, J = 7.6 Hz, 1H), 7.40-7.16 (m, SH), 5.95 (s, 1H), 5.66-5.57 (m, 1H), 4.97-4.92 (m, 2H), 3.95 (s,
3H), 3.45-3.11 (m, 3H), 2.68 (d, J = 7.6 Hz, 2H), 2.30 (s, 1H), 1.99 (s, 1H), 1.69-1.64 (m, 3H),
1.37-1.25 (m, 1H), 1.01-0.98 (m, 1H);'>*C NMR (100 MHz, CDCl3) & 181.2, 157.7, 147.4, 144.6,
139.9, 135.0, 131.4, 129.9, 129.7, 128.0, 127.5, 127.1, 126.5, 121.8, 115.1, 102.1, 60.2, 55.6, 54.7,
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41.1,38.6, 27.5, 27.0, 26.9; HRMS (ESI) calcd for C,7H30CINJOSNa m/z [M + H]': 493.1823, found:
493.1821.

White solide, [o]i —86.9 (c, 1.0 CHCls); IR (KBr): 3440, 2924, 1737, 1623, 1510, 1466, 1381, 1228,
1166 cm™; '"H NMR (400 MHz, CDCl;) & 8.66-8.53 (m, 2H), 7.91 (d, J = 8.9 Hz, 1H), 7.44-6.8 (m,
5H), 5.78-5.57 (m, 2H), 4.88-4.84 (m, 2H), 4.13-3.97 (m, 4H), 3.14-3.03 (m, 2H), 2.72-2.63 (m, 2H),
2.33-2.03 (m, 9H), 1.65-1.61 (m, 3H), 1.26-1.22 (m, 2H), 0.97 (s, 1H); °C NMR (100 MHz, CDCl;)
8 180.6, 170.9, 157.4, 147.1, 144.3, 140.9, 137.3, 136.9, 133.3, 131.9, 131.8, 128.7, 128.5, 128.4,
128.2, 114.3, 102.2, 60.1, 55.5, 40.9, 39.2, 27.7, 27.0, 20.8, 18.1, 17.6, 14.0; HRMS (ESI) calcd for
CaoH3sN4OS m/z [M + H]™: 487.2526, found: 487.2524.

White solide, [o]? —58.1 (c, 1.0 CHCls); IR (KBr): 3439, 2961, 1622, 1511, 1263, 1083, 1032 cm™;
'"H NMR (400 MHz, CDCl3) & 8.76-8.66 (m, 1H), 7.98-7.93 (m, 2H), 7.38-7.22 (m, SH), 7.03 (d, J =
7.5 Hz, 2H), 6.80 (d, J = 7.5 Hz, 1H), 6.48 (s, 1H), 5.94 (s, 1H), 5.66-5.56 (m, 1H), 4.90-4.85 (m,
1H), 3.99 (s, 6H), 3.22-3.18 (m, 2H), 2.96-2.61 (m, 3H), 1.60-1.16 (m, 16H); >°C NMR (100 MHz,
CDCly) § 181.2, 157.7, 147.8, 147.5, 147.1, 144.4, 141.0, 140.1, 132.3, 131.2, 129.7, 128.7, 124.1,
123.9, 123.5, 122.6, 121.9, 118.7, 118.4, 114.3, 102.4, 61.2, 55.7, 40.9, 39.3, 28.6, 28.2, 27.8, 25.0,
24.8,24.5,24.3,22.3; HRMS (ESI) caled for C33HssN;OS miz [M + H]': 543.3152, found: 543.3154.

S34



White solide, [a]y —100.4 (c, 2.6 CHCI3); IR (KBr): 3258, 2925, 1736, 1621, 1510, 1228, 1084,
1031 cm™; '"H NMR (400 MHz, CDCls) & 8.85 (s, 1H), 8.33 (s, 1H), 7.88 (d, J = 9.0 Hz, 1H),
7.26-6.98 (m, 5H), 5.57-5.49 (m, 1H), 4.86-4.80 (m, 2H), 4.00-3.86 (m, 3H), 3.23-2.94 (m, 3H), 2.53
(s, 2H), 2.26-2.15 (m, 4H), 2.07-1.94 (m, 4H), 1.55 (m, 3H), 1.19-1.16 (m, 2H), 0.88-078 (m, 2H);
C NMR (100 MHz, CDCls) & 181.1, 157.5, 147.3, 144.4, 140.6, 137.6, 135.1, 132.9, 132.0, 131.7,
131.3, 127.6, 127.3, 114.6, 102.2, 60.3, 55.5, 55.0, 41.1, 39.0, 27.4, 27.1, 21.0, 17.5, 14.1; HRMS
(ESI) calcd for Co0H3sN4OS m/z [M + H]™: 487.2526, found: 487.2536.

White solide, [o]? ~104.2 (¢, 2.3 CHCl3); IR (KBr): 3278, 2936, 1619, 1510, 1209, 1166, 1033 cm™;
'"H NMR (400 MHz, CDCl;) § 8.57-8.39 (m, 2H), 7.97-7.93 (m, 2H), 7.38 (s, 3H), 6.43 (s, 2H), 6.2
(s, 1H), 5.63-5.32 (m, 2), 4.95 (s, 2H), 4.10 (s, 3H), 3.96 (s, 3H), 3.78 (s, 3H), 3.47 (s, 1H), 3.24 (s,
1H), 2.78 (s, 2H), 2.36 (s, 1H), 2.03-1.72 (m, 2H), 1.80 (m, 2H), 1.39-1.26 (m, 2H), 1.02 (s, 1H); *C
NMR (100 MHz, CDCLy) & 181.0, 158.9, 157.6, 153.9, 147.2, 144.3, 139.3, 131.0, 128.0, 127.5,
121.8, 119.3, 115.2, 103.7, 102.3, 98.8, 60.1, 55.5, 55.2, 55.1, 54.3, 41.1, 38.1, 26.9, 26.3, 24.8, 23 4;
HRMS (ESI) caled for CaoH3sN;OsS m/z [M + H]": 519.2424, found: 519.2538.

White solide, [a]2 —83.4 (c, 4.6 CHCls); IR (KBr): 3238, 2927, 1733, 1621, 1528, 1228, 1167, 1098
cm™; "H NMR (400 MHz, CDCls) & 8.57 (s, 1H), 7.98 (d, J = 9.1 Hz, 1H), 7.82 (s, 1H), 7.64 (d, J =
8.2 Hz, 1H), 7.44-7.34 (m, 3H), 7.19 (d, J = 8.2 Hz, 1H), 6.09 (s, 1H), 5.64-5.58 (m, 1H), 4.99-4.93
(m, 2H), 4.12-4.08 (m,1H), 4.06 (s, 2H),3.96 (s, 2H), 3.40 (s, 2H), 3.19-3.13 (m, 1H), 2.72 (s, 2H),
2.31 (s, 1H), 2.02 (d, J = 10.2 Hz, 1H), 1.70 (s, 2H), 1.37-1.23 (m, 2H), 0.97 (s, 1H); >C NMR (101
MHz, CDCls) & 181.2, 157.7, 147.2, 144.34 (s), 139.5, 134.0, 131.8, 131.2, 130.0, 129.3, 128.5,
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127.9, 127.1, 121.8, 115.2, 102.1, 60.2, 55.5, 54.5, 41.1, 38.3, 26.8, 26.6, 24.9, 24.0, 14.0; HRMS
(ESI) calcd for Co7HaeCLN4OS m/z [M + H]": 527.1434, found: 527.1423.

White solide, [y —173.7 (¢, 1.0 CHCl3); IR (KBr): 3235, 2926, 1732, 1620, 1527, 1166, 1099 cm’';
'H NMR (400 MHz, CDCl3) § 9.44 (s, 1H), 8.40 (s, 2H), 7.96 (d, J = 9.2 Hz, 1H), 7.85-7.25 (m,
12H), 7.08 (s, 1H), 6.09 (s, 1H), 5.64-5.55 (m, 1H), 4.93-4.89 (m, 2H), 4.12-4.10 (q, 1H), 3.94 (s,
3H), 3.49 (s, 1H), 3.21 (s, 1H), 2.90 (s, 1H), 2.66 (d, J = 9.1 Hz, 2H), 2.23-2.15 (m, 2H), 1.63-1.58
(m, 2H), 1.29-1.23 (m, 2H), 0.92-0.85 (m, 2H); "*C NMR (100 MHz, CDCl3) & 180.2, 157.7, 147.4,
144.6, 142.9, 140.5, 134.0, 138.4, 131.5, 128.8, 127.7, 127.1, 123.7, 122.8, 121.8, 114.8, 102.3, 60.3,
55.7, 54.9, 41.6, 38.9, 27.6, 27.4, 27.2, 25.4, 21.0, 15.4, 14.1; HRMS (ESI) calcd for C3oH39N,0S
m/z [M + H]": 611.2839, found: 611.2852.

White solide, [a]y —122.4 (c, 1.5 CHCLy); IR (KBr): 3425, 2926, 1736, 1621, 1513, 1324, 1262,
1119, 1067 cm™; "H NMR (400 MHz, CDCls) & 8.59 (s, 1H), 7.98 (d, J = 8.9 Hz, 1H), 7.78 (s, 1H),
7.55-7.26 (m, 6H), 6.08 (s, 1H), 5.67-5.61 (m, 1H), 4.98-4.96 (m, 2H), 3.95 (s, 3H), 3.47-3.38 (m,
2H), 3.20-3.14 (m, 1H), 2.34 (s, 2H), 2.34 (s, 1H), 1.72 (s, 4H), 1.39-1.37 (m, 1H), 0.96 (d, J = 7.6
Hz, 1H); °C NMR (100 MHz, CDCls) & 180.3, 158.0, 147.5, 144.7, 141.3, 139.8, 131.6, 128.0, 126.3,
125.2, 123.6, 122.5, 122.1, 115.4, 102.2, 55.7, 54.78, 41.5, 38.6, 37.9, 37.9, 27.0, 26.9, 25.2, 24.2;
HRMS (ESI) caled for CogH3oFsN4OS m/z [M + H]™: 527.2087, found: 527.2101.
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White solide, [o]? —158.1 (c, 1.0 CHCly); IR (KBr): 3441, 2924, 1736, 1621, 1512, 1379, 1229,
1164, 1083 cm™; "H NMR (400 MHz, CDCL3) § 9.69 (s, 1H), 8.79 (s, 1H), 8.40 (d, J = 90.0 Hz, 1H),
7.97 (s, 2H), 7.54-7.33 (m, 10H), 6.23 (s, 1H), 5.59-5.57 (m, 1H), 4.94-4.89 (m, 2H), 3.95 (s, 3H),
3.57-3.40 (m, 2H), 3.16 (s, 1H), 2.75 (s, 2H), 2.26 (s, 1H), 1.95 (s, 1H), 1.71-1.63 (m, 3H), 1.32 (s,
2H), 0.94-0.85 (m, 1H);'>°C NMR (100 MHz, CDCl3) & 180.0, 157.6, 147.2, 144.3, 139.7, 138.3,
137.0, 131.0, 128.5, 128.0, 127.4, 127.0, 126.5, 126.3, 124.6, 121.8, 114.9, 102.2, 55.4, 54.4, 41.3,
38.3, 26.8, 26.7, 24.9, 23.9; HRMS (ESI) calcd for C33H3sN4OS m/z [M + H]": 535.2526, found:
535.2531.

White solide, [0 —141.2 (c, 1.0 CHCL); IR (KBr): 3266, 2926, 1734, 1620, 1510 cm™; '"H NMR
(400 MHz, CDCl3) § 9.23 (s, 1H), 8.45 (s, 1H), 7.94 (d, J = 9.1 Hz, 1H), 7.76 (s, 1H), 7.43-7.20 (m,
19H), 7.11(d, J = 8.3 Hz, 2H) 5.85 (s, 1H), 5.68-5.60 (m, 1H), 4.97-4.91 (m, 2H), 3.88 (s, 3H),
3.26-2.98 (m, 3H), 2.65-2.57 (m, 2H), 2.24 (s, 1H), 1.63-1.55 (m, 3H), 1.31-1.16 (m, 3H), 0.94-0.85
(m, 2H); >C NMR (100 MHz, CDCl3) § 180.2, 157.5, 147.3, 146.3, 144.8, 144.4, 140.7, 135.3, 131.8,
131.3, 130.8, 127.4, 125.9, 123.7, 121.7, 114.6, 102.1, 64.5, 60.2, 55.5, 55.0, 41.1, 39.1, 27.0, 20.9,

18.3, 14.0; HRMS (ESI) calcd for C46HysN4OS m/z [M + H]": 701.3309 found: 701.3322.

s 7
N_O
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White solide, [a]y +89.3 (c, 1.0 CHCls); '"H NMR (400 MHz, CDCl3) & 8.58 (s, 1H), 8.17-8.12 (m,
2H), 7.75-7.41 (m, 5H), 7.16-7.02 (m, 2H), 6.06-5.71 (m, 5H), 5.18-5.10 (m, 2H), 4.11-3.94 (m, 1H),
3.52-3.16 (m, 2H), 2.71-2.68 (m, 1H), 2.30 (s, 3H), 1.66 (s, 2H), 1.57-1.26 (m, 2H), 0.94-0.91 (m,
2H); >C NMR (100 MHz, CDCl;) & 160.0, 149.9, 147.8, 145.3, 141.5, 140.5, 137.4, 129.0, 128 4,
126.6, 126.5, 125.8, 124.0, 123.4, 119.1, 116.1, 59.5, 48.3, 46.1, 45.5, 45.0, 37.0, 26.5, 24.3, 21.1,
8.3; HRMS (ESI) caled for C,7H3N4O3S m/z [M + H]": 491.2111, found: 491.2104.

White solide, [a]y +188.8 (c, 1.0 CHCL); IR (KBr): 3271, 2926, 1735, 1621, 1508, 1320, 1227,
1082, 1031 cm™; "H NMR (400 MHz, CDCls) & 8.61 (s, 1H), 7.98 (d, J = 9.0 Hz, 1H), 7.60 (s, 1H),
7.35-7.13 (m, 18H), 5.94-5.85 (m, 1H), 5.62 (s, 1H), 5.16-5.12 (m, 2H), 3.90 (s, 3H), 3.48 (s, 2H),
2.95-2.76 (m, 4H), 2.28-2.17 (m, 2H), 1.65-1.13 (m, 8H), 0.87-0.85 (m, 1H)."*C NMR (100 MHz,
CDCls) & 180.3, 157.5, 147.3, 146.3, 144.9, 144.4, 139.9, 135.2, 131.9, 130.9, 127.5, 125.9, 122.9,
123.7, 122.1, 114.9, 101.7, 64.6, 55.4, 50.3, 48.5, 47.0, 38.8, 27.0, 26.2. 22.5, 11.3; HRMS (ESI)

caled for C46HysN4OS m/z [M + H]™: 701.3309, found: 701.3327.
Ns

N

(2S, 3R)-2-(((tert-Butyldimethylsilyl)oxy)methyl)-1-((4-nitrophenyl)sulfonyl)-3-phenylaziridine
9)

Colourless oil, [a]y —11.3 (¢ 1.7, CHCls, 99% ee) IR (KBr): 2926, 1737, 1622, 1532, 1463, 1379,
1165 cm™; "H NMR (400 MHz, CDCl3) & 8.30 (d, J = 8.6 Hz, 2H), 8.12 (d, J = 8.6 Hz, 2H),
7.19-7.29 (m, 5H), 4.31 (dd, J = 11.3, 5.4 Hz, 1H), 4.16 (dd, J = 11.2, 5.6 Hz, 1H), 3.99 (d, J = 4.2
Hz, 1H), 3.25 (dd, J = 5.6, 4.2 1H), 0.90 (s, 9H), 0.10 (s, 6H); °C NMR (100 MHz, CDCl3) & 150.2,
145.9, 133.7, 128.7, 128.6, 128.5,126.8, 124.1, 60.6, 53.2, 47.8, 25.8, 18.3, —5.3, —5.4. HRMS (ESI)
calcd for C,1H3N,OsSSiNa m/z [M + Na]+: 471.1380, found: 417.1385; HPLC (Daicel Chiralpak IA,
I-PrOH/hexane = 8/92, 1.0 mL/min, 254 nm) t; = 11.0 min (major), t; = 12.4 min (minor).

S38



1200 !Eﬂuﬂ

136-2-1A

UV_VIS_3 WVL 254 nm

2500 13 =71 #14 (manipulated) 6 UV_VIS_3 WVL 254 nm
. 1-11.007
2000 -
1500 -
1000 -
500 -
| J 2-12282
0 ~ ‘ —
m r T - v T T T T T . - T v T . ]
0.0 20 40 60 8.0 100 120 140 w.ol
N3
OTBS
NHNs
amide (10)

((1S,2S)-N-1-Azido-3-((tert-butyldimethylsilyl)oxy)-1-phenylpropan-2-yl)-4-nitrobenzenesulfon
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White solide, [a] +52.8 (c 1.5, CHCLs, 98% ee) IR (KBr): 3443, 2927, 2105, 1531, 1463, 1348,

1255, 1165 cm™; "H NMR (400 MHz, CDCl5) & 8.11 (d, J = 8.5 Hz, 2H), 7.66 (d, J = 8.6 Hz, 2H),

7.10-7.21 (m, SH), 5.00 (d, J = 9.2 Hz, 1H), 4.60 (d, J = 8.3 Hz, 1H), 3.96-3.98 (m, 1H), 3.65-3.53

(m, 2H), 0.91 (s, 9H), 0.09 (s, 3H), 0.08 (s, 3H); *C NMR (100 MHz, CDCL;) § 149.6, 145.9, 136.0,

128.8, 128.7, 127.9, 127.6, 124.0, 65.0, 62.0, 59.1, 25.8, 18.3, 5.5, —5.6. HRMS (ESI) calcd for

CyH2oNs05SSiNa m/z [M + Na]™: 514.1551, found: 514.1568; HPLC (Daicel Chiralpak IA,

i-PrOH/hexane = 8/92, 1.0 mL/min, 254 nm) t; = 7.6 min (major), t, = 8.3 min (minor).

1mﬂj:&ﬁiu[mm} 136-3-1A UV_VIS_3 WVL 254 nm
117549
f‘ 2-8318
g 750 I /\
_— 1 ‘I \ / \
s /|
' 1
3 250 [ |
: . -
-‘m L 1 L T 1 L L 1 L 1
001 125 250 a7s 500 6.25 750 875 10.00 11.73
Time [min]
[Integration Resuits
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAUmin mAU % % na.
L 7.549 224920 49 51 5322 na
2 8315 220,402 748.039 50.49 48.78 na
Total: 454,322 15090.037 100.00 100.00
gaadl 2-8.332
% 400 -
g 200
0- L1y F68
. 1 w o I I | v I I I
0.0 20 40 6.0 8.0 10.0
Time [min]
[Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 1.682 1,156 5852 1.01 110 na.
2 8.332 113.275 §28.330 98.99 $8.90 na
Total: 114.431 534,182 100.00 100.00

S40



Reference

(1) X. Li, H. Deng, B. Zhang, J. Li, L. Zhang, S. Luo and J.-P. Cheng, Chem. Eur. J., 2010, 16, 450.
(2) J. Xu, Y. Hu, D. Huang, K.-H. Wang, C. Xu and T. Niu, Adv. Synth. Catal., 2012, 354, 515

(3) L. Zhou, C. K. Tan, X. Jiang, F. Chen and Y.-Y. Yeung, J. Am. Chem. Soc., 2010, 132, 15474.
(4) J. Ye, D. J. Dixon and P. S. Hynes, Chem. Commun., 2005, 4481

(5) Z.-q. Zhou,; L.-h. Wu and Y. Liu, Huaxue Shiji, 2008, 30, 729.

(6) E.-M. Tanzer, W. B. Schweizer, M.-O. Ebert and R. Gilmour, Chem. Eur. J., 2012, 18, 2006

S41



600
Nn-dv

186'0—

NSE
st
SES't
64SE

808t
IE8'¢ W
9€8°¢
L6l .T\

1s6't
196
696'F
(400

£599
1299
S81°L
60T°L
STTL
09T'L
16L°L
ei8L
LEl'8
8SI'8

NHNs

OTBS

—
QllTan}

3a

Rz
oot
_.\8.—

A

Foot

= D

b~

542



w & ] -
w o o =f ~ ™ I~ ~ :; o - = - o ~ o %
S 8 9 % o I = - ~ © v o
T T O N NN ~ I~ O - — v o o8 ok
v w4 e= e e em e ~ I~ ~ o O W ~ —

L \ L R J e L A "

™Y e ~—— e o | | S’

200.0 180.0 160. 0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 0.0

543



6200
o@Qduv

L560—

9rre
e
rive
681°E
tIL't
99L'E
064
oor'e
si'r
8sUy
et
ey
66’y

rL99
£699
068°9
1169
69
3]
861°L
9NTL
0F8L
198°L
Ur's
B61'8

L U e e ey e S

F 9

F-root

NHNs

b= -

= D

s44



05—

1081 —

L9'ST—

FErS~
09~

109~

899L
i

::.Ru»
e

sty
Z¥stiy
S8'€T1
\
+7 .5//

48 4 O

LYerl-—

91191~

£9°¢€917

NHNs

10

60

80

100

20

1

140

180

200

S45



o
01'o

L6'0—

8r'E
68°E
IS’
st
8L
wel
..w.v\
06'¢
6y
wr

t6'y
9’9

99
9L
8L
ITL
&L

~ =

—y N et

N8 83
o0

NHNs

056

e

Fsst

F10T
F961

S46



oo.m-v

¥38'G-

L08L

cL'Se

rys —
LL09 ™
SLvY9 ™

89'9L
oo.nnW

ceLL

G6'€TL /
62'821

L9821 V
8yl M
0z'sel

cLoplL ~
LLevl ™

NHNs

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

S47



L80°0
ro1 dv.

896'0—

18¥¢
96t
olse
res's
.E.m\
S08°€

oy

LISy
§.,W
06t

1999
|
wores

ﬁ_.nk

65T L~
1 Y4 9
£6t'L

N..m.h“
£98°L

ei
ters

NHNs

F98's

F86'8

OTBS

—
i ko]

3

Br

Reot
kseo
yso1

To.—

A

”
Rogt
ooz
86°1
07

e L

= N

S48



- -— - e -~ "2 w

~ © ¥ 3 & N & W o9 B O o = [ S

N O W e 00 00 MmN 1 =% - It 9 =3 ot v}

- = M o o~ Mo Sl Vo iy 4 2 - A o0 A

A B s B s - - - x. . H —_

- B LN R i - O \ J I -
-y — "—-“'“-J -”——' — LI "j I \H""

NHNs

200 180 160 140 120 100 80 60 40 20 0

549



$60°0
o1 _..ov.

§26°0

Jes's

8
66+
s
L2se
reLes
LLey

66L°¢
W8t

691°F
x:w
8l

86t
66t
+00°s
S10's

9549

SLL .cv
ELEL
tot°L
00s°L
0zsL
6487°L
0L8°L
8818
607’8

==

NHNs

Rsot
b960
360

[oot

- Wna._
1671
hooz

[oet

S50



£9°¢- “\

9§~ S/

rO's1 “n
69°5T
\

£8°5T/

68'tS—
€609+
s

01r'y9—

89'9L4

00°LL—$

ct iLl/

96°€T1 4
|
4 SY4 8
\
SFSCINE
BLLTI-T

6 ,;_m"...\

0s0£14

__ﬁ
69011 .___ﬁ
]
88s1d

|
oL6v1)

NHNs

o

10

60

80

100

140

160

180

200

S51



G0
por

£L60

WTT—

06 £
SO’
8ISt

A3 3
tONE
1£8'¢
SRI'p—

PlO'P—

NHNs

-1.0

-0.5

0.0

4.0

fl (ppm

Ll L}
9.5 9.0

10.0

S52



Ll

£LT\
T8I
:52&
N..m_:*,
£seld
p...x.:__m

sorid

NHNs

————y—— )

e

————— [ —y———

——

o

10

60

80

100

20

o

1

140

160

180

200

S53



9600
c_-.cv-

60—

L8Y'E
st
s18t
0£8't
7
618°¢
ore
sy
£ty
rile
Or6'r—

99
i}
oL
691°L
981°L V
08,
(4.9
onrs
81’8

N

Fero

Fece

NHNs

OTBS

Cl

o
MiiTan]

39

foor

koo

T-.-..d

|
WU L_JULL

oot

FI81

T: 4

e

= AN

S54



£081—

0L'sT—

15821
. :
o6zLdy
sc et
mm.mw.—.{m
10°9%1 ‘\___
8961/

NHNs

170 160 150 140 130 120 110 100

180

190

S55



o1
1o

860—

6re
:....V
6L
N:M
orv/
16
6r)
099
199
0L
e
€L
sIL
e
we
L
£€°2
(1
6LL
182
918
818

NHNs

|

A

A

Reso
Fse0

1,3.—

T.o.o

-S8'¢

Fest

= N

S56



Vv > O s WO 90 v WO S W
~ © T W T & = 0 © W ~N 2 o« “y T = o .
. . . : s b, = oy ~ — ey b4
L= O o0 - - o ot g o ~ : — - : . -
S T A on R NN NN~ r ~ O <t S -~ =
B AL - R . . s - ~ ~ M~ 2 B v r 4 b
SR oy Pl S B e T £ 3
e ey P b /

\_¢ 62

200.0 180.0 160.0 140.0 120.0 IOG. 0 80.0 60.0 40.0 20.0

S57



100
mwo.cv

856'0—

rrT—

ure
L8Y'E
66F'L

tis’t
O_R.m*
£08’t \
o'y
tt6r—

NHNs

Foro

OTBS

HiC

—
|,

Frte

Fsot

Rsso
B0

m\mw._

Lo

Frot

o

Fret
Fo8'1

S58



088~
<809 ~~
ory9—
899L

00'LL

/

L iL/

£S°ET14
0S°$T1

\‘-.‘-I #
L6°LT1 1\t
€871+
/
98°sC1/
s L
68°SELST

£8°LE1d

7
ool .ﬂ\
L6°8r1 4

trorl J

NHNs

vy

e — e

R

e e e e I e o S mame s S

40

60

80

100

140

160

180

S59



S0
SO0

X6 0—

S0s't
[4A X
9¢s’E

ISS°E
S99e—
15,41
[33.43
0T p—

£8Y
poL
ar
e
wL

V0L
re
e

06L'L
8L
601's
1£1I'8

NHNs

o

A M

Fszo

Fere

a0l
kgz'
Fzo'l

Fioi

o'l

Froz

-1.0

0.0 0.5

0.5

.5 a0

10.0

S60



66'L1—

98—

0LFS
—:.mmv
€019
619/
m.w.c.n.,

o022}

zeLLd

et~
e/
12611 \
el *
#1821
.:f,.n_mLa
et
mm.e:\x
LEerld
6651

NHNs

40

60

80

100

20

),
&

1

140

160

180

200

S61



ooo.ov
oo
86 0—

om—.N/.

e/
60S°%

tis’t
LES'E
018°¢
918’¢
6£8°C
1218 AN

98’y
ri8r
88F
68'F

0199
s

S0L9
hnh.ow
89

L8L°L
—
(U4

_-.—.ww

NHNs

e L

Joz9

[es6

kseo
Feot
pot

kwm.c

Mw:
#L0

s
[set

= I

S62



.n:.mm./
60 12—
1S

CLrs~

V19~
ety
B9'9L

::....l.l_,w

7€ L L__.

139

~

Iq
18zl /,,
0T8Tl —
f
08°'6Z14
I
LO9EL4T
w&-.hn. I g__
8¢ 91 \m
rS6rtd

NHNs

3k

CHs

0]

a

40

60

80

100

120

0

140

160

180

200

S63



toro
h:dv

9L60—

08+t
%€
08¢
tis’t

98L°¢
N—n.nk
60'r
vy
N..—.?\

U8’
Naw...v
ey

0859
sees)
0L0'2

e
sste/

LERL
wmw.hv

6178
.uwﬂ.mN

NHNs

959

98

Reso

—\on.—

F660

Rzot

06°1

[s6't
Joo

S64



o I.; o I M~ o8 s o o~

00 O WA e Wn e o ~N o o o ) - -
& W & v 8 B & A - - - 3 3
-+ - - ~N N N ™ ~ I~ L - '; w o e W
v e e — e e = ~ 0~ I~ ¥ B A ~ — [

L — | | —_— — L8 [] _— |

- - - \ /r g - - : / | ‘\"”
|
....................... D T T T T T T T T R e

- :
200.0 180.0 160. 0

S65



600
sora)

696'0—

86+°€
15§
928°E
133
8&&
+18°E \
38

oze'r
er)

NHNs

Keso
w.S."
T:."

[oot

T.o...

Frot

S66



- O 8 B o On I~ IR - s - S .
T F = = & n D % T O S T ¢4 o 3 0 T Rl
O 8 'Y O % Y % N N = = O QO R 9 % g o
b - . b - o i S - - s z
- i - A — . 4 -~ | o | ]

e h e Rt Sy SN 4 .3 I

m—tol

—18.0

&

200 180 160 140 120 100 80 60 40

S67



86070
ﬂﬂ_..ov

L6'0—

(2.0 2
66¥'E
LISt
st

68L°¢
:w.nw
BIR'E
%y
Nﬂ.vw.

08t
hmw...w
BO8t

2099
zo.ok
H1L
vzl .hk
LSTL
83%
1862
:.m.h\.
998,

_nﬂ.m\
s

NHNs

£ o
| cot
T r6’0

L]

Y

P ——————

e ————

1

3

10

S68



r6'll—

~
I
e
~
|
]

CR'ES~—
S109~_
L1'Y9—
89'97

;Eh#

{
L

00'+Z1+
_idﬂs
VE8TLL
0r'621/]
ot
erzstd
0791 .__.___.~

Ir
N-Ma.Mﬂ-— -..._L

98°6r1/

NHNs

Y T~

ey~

————————

40

60

80

100

140

0

180

200

S69



L6070
0t —.ov

L66'0—

699't
869t
LIs't
o8t
S8TF

=

D61°8—

NHNs

Cl

1209

WB._
1

H\N_.ﬁ

frot

T LA
Hrcm. I

Tﬁﬁ

w\ e

4

S70



2 A - - - - I
I~ —_— - Wy ~ o= I~ - — o ~ ; - a~ 3 oo o w© -T
= - R SR S - - - S M & % o g U = -~
- - ™) o~ ~ -3 -~ ~ o~ - ™~ . - 3 (= wm =2 Wy
— v e v w= = v w= e e ~ I~ r~ O e — '
| SR — . | S .- — - e — | - A [
. —_— __1.,_‘"_,.._-_- —d— Z b | |

Cl NHNs

200. 0 180. 0 160. 0 140. 0 120. 0 100. 0 80.0 60. 0 40.0 20. 0 0.0

S71



ozro
mm—dv

10071 —

SSET—

869°¢
0Lt
8Lt
9ELE

8S6't
QS.MN
1tor
11887
oN-.mW
6E1'S

£969
LL6
660°L
114
rorL
L5TL
tell
L T4
rZrs
oarls

OTBS

—
Kl an]

CH; NHNs

3p

)

Fert
ozt

F1ot

pset
hese

Feoz

ooz

- 0

S72



19°6-—

6081~
8061/
vLSTS

£8'1S~
88'65~

619~

89°9L
\

::.hhs\

(4 AR

1L°€T1
L1921 J___.
so'9z1
.x,.xm_w
szser|
LLOEL HQ
8IS€14
I
£9°s51
6+'9r1 L__n_7
v 61

40.0

180. 0

0.0 -20.0

20.0

140.0 120.0 100.0 80.0 60.0

160.0

200.0

S73



L01°0
¥l ‘ov

LHol—

NHNs

= D

S74



09s
§8°S v.

60°81~_

09°ST
:.,.av

69°FS
.13 _c./
tEr9—
89'9L+
00°LL /
Nw..h..__\!\
9C €7
R XA 1
-__-w.w.N:
7991 1
69°9T1
60°£T1
£5°LT1
]
§9°LT1+
[§%.74 1
CU8Cl-¥
9¢TEl—

8T 61—

NHNs

180.0 160. 0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 0.0

200.0

S75



omno—

LT6'0~

IS6'0~~

oKy |—

tsl't
IiL'e
860t
£INE
0l0'p

'y
lor
Icr
Iri'y
L0'S
DS.WW
IP0's

sW6'S
i}
8ro'L
211°L
SElL
e
(FA W
0T L

10L'¢
XN
gh_n\
£I8L
GEO'S

BLI'S
osl's

NHNs

NHNs

OTBS

otes Ph

Ph

Br

Br

3a

3r

=6:1

3r:3a

' .LJLL

F st9

Fivor |

W [Lip4
6Lo 1

F e

s

61z |

Ko

€0 |

9.0

-L0

-0.5

0.5 0.0

LO

4.5 4.0
fl (ppm

50

8.0

8.5

9.5

10.0

S76



(1 % N
Sy's~

LETSI—

e ..,N./.r
1LLsT~

SLILS~C
GOL RS~

£ __nh.v.

PEP VO

T8I 9L~
OO LL=k
.4 r\

P8O ETI \
0LE LTI\
O£ I'8TI~L
£61'821-T
wrseld
12298 1—

26191 —
OpS 6bl—

NHNs

NHNs

OTBS

otes Ph

Ph

Br

Br

3a

3r

=6:1

3r:3a

-10

70

80

130 140

160

1=
L

70

190



0s1s
ILI'8
E9ER
PSEs

2]

om

S

) %
[72]
zZz

3s'

-

+56'0

660

Fsso

Feo't
Foo't

4.5 4.0 35

50

S78

f1 (ppm)



196'¢-
A

wIsl—

rI9ST—
IR0E—

wa

8E6' 19—

089'9L \
000°LL
SIELL

6O1IPTI—
6Tl —

096tk —

L0811~

3s'

30

40

120 1no 100 90 80 70

130

170 160

180

200

f1 (ppm)

S79



£I00—

teY
609’
sl
0oLt
bL

awLT
(41143
SH'e

0Lt
>

i
\

b0 €
SISE
p2S €4
98¢
08661
2654
094
L1o¢d
0£9°¢

—

LrIs
891%
115% 3
PGER

OTBS

3t

M A lMJL_JL_

= 1P6

2’4
=0l

WS;

F960

%0
860

Fa

-0.5

00

L) L] L]
4.5 40 35 30 25 2.0 1.5 10 05
f1 (ppm)

5.0
S80

5.5

6.5

7.5 7.0

8.0

8.5

9.5

10.0




s —

PEISI—
ILLST—
06E'vE

Ibb¥E
68

SIELL

LLvei—
oetl—

0L6'Erl—

PISOSI—

OTBS

3t

v,

120 110 100 90

130

140

190

200

-21

-10

20 10

60 50 30

70

80

f1 (ppm)

150

170

180

10

S81



6160
S¥CL
ol
6681
8871
££0T
0s1°C
e
LIST

198°C
68T
8167

£S0'E—
wre/

SLR'E
h:.../.

0E8'F
E:P
us's
625
155°S
0L8°S

£o1°L
.&m.u/
sscz\
a...nﬂ
L6¥'L

&E%
168°L \
L9T8

00€°6—

-LEP

690
te's
¥
€T

fr

-1

il

11

S82



UL

2607 J,_..
68 .f.,,_._.
L69T~
Tt

E8'8E~_
orlEs

9LPS
>
PSS/

209/

89'9L
\

:...nn.w
zeee)

80°701 —
oril 1

4 €\

___
I J_r
1y

Y .

~
w
—

SLT

4
8T
<

—
~
s

o0
o~
|r‘

LR7AE |

EI'8TI4
166714
orreldl

I ort __

_Z..n_.f_

—

-

0Ll —

18181 —

40

60

80

100

0

a

1

140

160

180

00

L)

S83



LS80
8980
7880
681°1
o1zl
£05°1
0ss'L
98871
£96°1

sri'e
ﬁm.ﬂ/.
ommdk

w8t
g.q
896°C

SS8't—
lel'v
08t
SI8’r

98t
Lir'S

£8F°E
ws's
0zss

8E1°L
4ty
0ZT’L
(4

698°L
Naw.hw

Ore8—

8L0°6—

STt
86'C

Ul
T.—.ﬂ
20°1

£re

M;_
7QN._
Wu

foss

Fert

D
M .

S84



10701 —

rorll,
\

£LSEl
Lo6tL

rerid

___h-,_.____

ze LSt

18081 —

L ]

40

60

80

100

(o8 ]

140

160

180

200

S85



SE0°L

Fise
Frsn
Ject

Tl
Mmm.—
08°L

—tmm.ﬂ

= 1)

=~

S86



00l
A

00'+Zy"

91°5Z-|

$6'9C~

~

€027/
698E~_

860y

o4
\

I

r
€
ST09—

7
80°19/

wr

89°9L4
0 LL-

il

1701 —
LB ¥IL,
|
12121\
1S

£5°921|
__
10°8Z1 4
t
0T 1€1f
|
T
88151
|
66'7€1/
01'orl-
06011 4

PETFLAS
ﬁmnq_*

LyLstd

60'6C1 -

[£I8l—

O

40

80

100

(=1

140

160

180

200

S87



Bt60
$66°0
0z0’1
211
(410
L[4 e
ST
-.mm..—/
69T
og..ﬂ/
0st—
6L6'C
g.nv
mmm.m\.

0s8¢
—No.»../
nmc.wv

08¢
m—w...w.

ovsv)/

9%6t°S
v—m.mw
LEs’S

mNh.m\

65Tl
697 L—
99Ls_
m___.hw
£06'L

s/

%058/

W

Hﬁw
4
4

€1
60

rol
£l
901
00’1

T

———
5

7

S88



-:_,V.w,)(
980"

g,wmv
05°SS
0209/

899 \

;,.Rw
e

it
£5°921 __"_
LT8TI :.
S+8C1
6T 1E1
16°€€T
£S0r1 J,a
OF#t1 ,_/
68°S11 /ﬁ
STLYS

4 A B

SS'i8l—

40

60

80

100

20

L]
&

1

140

160

180

S89



=00

-LL2°1

S90



$6°9T+

1
10742
ss2zd
09'8E~_

SO'Ly

W
-
W

IJf

A

e
y
N

60°SLL
08°1C14)
tLTL,)
6 LTI A
$6°LT1/
tL6Tl-
887671 1
1A SN
00°SElL t
66814

05 11 _____
9t Lr1d

L9°L81

61181 —

e

—————

— e~
100

0

e

-+

40

60

80

o

1

140

160

180

200

S91



8060
Ut
08171
9%61°1
S6F T
m—.m.—\
L9617

STIT
FTT

SS8°€
et W
Leoy
wsov]
I...h..v./.

9184/

S6F' S~
6€L°5—

r6L9
23%
£80°L
v L~
19 A.
uetL

5&
0s8°L

-PL’S

-86"C

-E1°T

L'l

-LT9

-£0°7

=007

S92



B6°C1
19214\
___;
SO8I-L
€80T
it—
._h_
0L°LT/
6t \
06°0F "

S 55—

109 —

89°9L
\

00'LL—+
J

eeeed

91°701 —
STrily

vTSZI)
9€'8T14"
1$'821+
99'8T1 4

LLIET

LeLstd
P89l
C60LL-—

S 0814
f I \

LS

40

60

80

100

140

160

180

200

S93



9t
8U'1

[wad |

&Z’l
el
091

et

16T
wT
6T
9T

‘-.._v_,_—-'

66'E—

1.8 4
g.,w
%
wiL
L
€L
L
sTL
9L
8&°L

9L
86'L

98
ho.mv

on.m\

e

11

S%4



€€TT
A‘N,*.N#
«,w,_.mg
xh_-.w._
ON...HN#

et

81 .xmw
19°8C

ST6E~

roOrS

4SS
99'5$
9g8°¢s r
g1'19/

8992

zeLLd

701 —

CEFIT
SE'81 _.%
%12
c_c,NN—./_M
06°€T1 T
PIvLd]
981
L9614
et
rovt
66081
et
1S'Lp1
sLLrt

U8l —

200

40

60

80

100

0

140

160

180

S95



£8L°0
+98°0
188"

i
L't
rel’l
£S8°1
9£6°1L
96’1
o7
T

S e 2

8S1°T/
(4394
moo.m%
866'T
198°¢—

6611
6I8'F

mmm.v.\.
L8Yr'S

01s’s
6T8°S
8re’s

6169
1502
0L0°L
SvT'L
(&4 hw
acw.h%
T68°L

@NM.&\
588

-08°1

-£6°0

=120

T...

Fozt

T

Y Y————

10

S%6



9607 —
W4

60 ..Na_w.

8€°LC/

66'88~_

60 Ik

S6'FS ./
€555/
sz09/

899L 1

g

M~

~
~J

—
b=

I~
~

i) \
19601\

\!
vy
9121 ....J.,

|

LT

-

6S°0F14
et
ezl

_q_w._u.:.__

Orisi—

100

20

40

60

80

20

n

1

140

160

180

200

S97



sto't

mﬂ.ﬁ”
S6E 1
LT
/£

S8L'1
22\
£607 \
LSET

|
v~ 4
1§Er
st
am..m\

829°¢/

QNQ.@./.

9LEL~

17,74
hﬂoﬁww
S86°L

F6C8—
vi5'84

-

%)
I
O
O]

0g'1
0t
1147
waﬁc
181
880
69°¢C
e
L6T

=11T

-£L'T

16T
=9L°1

8T

598



2T
\
T\
LLvT /,r
PE9T
g9/
608 ~_
LOTr-
cLrs 1

|
91°88+)

ﬁ..mm;w

Feess

F99L,

00'LL—

zeeL

8L 86+
-

0L~

-
-

‘s01/

~
-

o~
N

ST14

w
~

6114

r..
12~
1S°LT1,

[
86°LTLY

~
= =)

+OIELS
ze6t1S
e/
vz irtd
26'ss1/
ovestd
06851/

0181 —

)
I
(©]
O

o

40

60

80

100

0

o

1

140

160

180

200

S99



8TT14
SFTL4
791
120 8
mem.:
969°1
800T
0T
1ee
LILT
rel'e
91t
el
€or'e
096't
80
860t

9IL'f
re6'r

BS6'Y
LL6'Y

§65°S
819°¢ w
929's

(L]
00T'L
6£C° L4
8Ir’L
Lev'l
0gy’L
1592
8L
L96°L
066°L
895’8

N N ettty ettt

|

O

—p————

10

$100



9% €1 4
\
£8°074|
L
10+
84T
3
LS9 -
0s9¢/
STBE~

L'y

o

g
\

-

S5/

9109/

89°9L

00°Li—

I
et il
cELLs

80701 —
6151,

h:nn#k

r9'8T1 4\

LSl
86EET

89°L51—

LUI8I—

100

40

60

80

140

160

180

200

5101



Ph

N
o

91

g 2
~N ™

e
ss’1
£6'0
86'0
(45

=

8

%
=

T R eELereteta, Sy et e
2
~

va L90

9901

mﬁ 6871

% 0T

- 96’0

5102



12201 —
raril 1
9LTTN ,_____
1
®LTL .ﬁ_ L

vLz1y

%_}.T#
w:;;gﬁf
Ly orl
SHTFLL

\

(4 4 i N
FLLST—
6L 891 —

ST081—

Ph

c
o

2

40

60

80

100

140

60

1
i

180

200

5103



6F6°0
w@a.ow
12£'1
Imm._.v.
6117
ue's

$EET—
$sLT
\

Sri'e
ch—.nv
L6t

mum.m*
69r't

cmm._m.\.

8S6°t
vco.-.w
000°s

L09°s
ST9°S
oS
999°S \
909
SSTL
89¢t°L
£8¢°L
L5l
Lrs’L V

896'L—

8858

)
L
O

Tx:

£0'1

ﬁvhd

H/.&d

Th._

Fzs0

- se1
17

ﬁ LS

- 1-£6°0

wil

it~

10

5104



x_éwf
PSSt~
??,CN\\
£t0'8L 4
_'.
19°8€-\

151y

I~
i~
-
w

'
W
LT
S

I....C._n/
0022
156t
oF :L
9071 {
08721
65°CT14
sz
xm_,EL

86°LT1 4

09°1£1+
08'6€1 4|

7
LTIrty
w_w_ﬁ.?__ﬁ
LU l—

stLp1/

LO'8S1—

9081 —

a

40

60

100

0

19
is

140

160

180

200

5105



BH8°0~
060/
02€"1—
0£9'1—
012l

wer
32\
LTS
091°€—
Ol E—
ms.m\
0s6°¢/

068°F~
sc6v/

1SS
am.mv
0§T9—
1ecL
_E.hw
16€L
| Ay h\
98, \
£L6°L

0648 —

169'6—

N
o

- 01°1

..ﬂ_.md_
- 8.1

560
\ 001
i

- 89°0

b L=

5106



L8'ET
et
16 Z..ﬁﬁ
LY9C-1
LL'9?
1£°86~_

T S

™

o

N
s -

wown
N

89'9L+
\

00°LL—

/

4 WAL

L1T01 —
98°¢11 1

|
15 2l 8

i\
08914
£0°LT1
LYLT]
6y 8C1L-—
(4%} ;
1L76E1~
STl —

sULt1/

95 LS1—

96°6L1—

——p

40

60

80

100

120

140

160

180

200

5107



Zo01°0;
mﬂ.j
€760
€114
81T'14
Srall
€Tl
087’1
908°1
sl
w9l
52T
128°T
€197
1897
$86'C
1o'e
'€
1€0¢
£97'€
r88'E
1e'r
¥Z6'y
SE6'F
996+ [
L1964
£29°s
1975
659's |

b e

e

599°¢]
2602
8I1L
8212
8812
9%1'L
QZeL
10£°2
o1r2
092°L
926'L
6r6'L]
zsy's!

Ph
Ph

]
o

10

5108



PO~
LTSl
6802/

t0LiT—-

s0'6L “~
Uiy

86°tS \
8r'ss/
09,
€59/
uh—_w.a\th -
\
oc.tw.
4 YA
I

ZIzol,
|

+8IEL
0L'0F14\
el
]
1£°91 r,.____.
EELPI-L

17481 —

[C081—

Ph

Ph

]
o

R e B

o,

40

60

80

100

0

o
&

1

140

160

180

200

5109



0160
=
6’0
LS1 .—.\v
et

ooo._..\.
vom.ﬂ./

99T
;o.mw
60L°T

't—
Lees
e
S6r'e
FIse
r6c
Sit'y

tors
mN__..mW
€81°s

sors/
8509

6S1°L
gL
605°L
109°L
o—.o.hv
svee)
108
0508
80°8
691°8
SBI'8
SLS'8

7

Ts

L3 ¢

-SE'T

-80°1

=1l

-5

8Lt

=191

=411

5110



86'9¢ 1
)
66"

78Sk

\

£19%
-,
2% %

£5°65—

89°97
\
00LL—»

4 WAL

Zioll,

rl6ll

W

£l
0+l
u.\..umT_W
w..,..._....__/..
£e8TL~

- §
-

188214
19°621 L_____.
8€LE1S
CSoOrL 4
1Sl
9zsrl
o3t |
16°6rl _
zo'091J

40

80

100

120

140

160

180

200

S111



Ph

Ph

=
o

698

X
* Iz'8

181

€8T

691

820
$60
Twﬁ

| ro
w SE'T
Mn 00'l

10

5112



(44 &

0522
\
€T'9Z~

vo'zz/

IR'SE—
1698
Ly'8r—
9z0s/.
6css/

SSHP9—

8997

::.Rw

/

ceLLs

L0l —
98°FIL,

507zl

L
3.«.2/
m_._...mﬂ,/m
SH LT —
801
06°1€1 ]
ﬁ,w._:._ﬁﬁ
88°6€1-
8¢ rp1 S
68 1r
£E1 _&_
zurtd
gsLstd

I~
I~

w

=

—————

40

60

80

100

140

160

180

200

5113



aoro—

006'0—

65TE
Nﬂ.mw
+9T’E
86'E
mz..mw
LETE
sty
WL
08Tt
88T+
20€°t
91er
oge'y

061°L
ootz
omm..n\
£Irs
rtl's
6T'8
tie's

OTBS

b

E-T8°0

Hr..c._

|
e, .
g g

00¢
10T

5114



ORIy
ITEs—

7909~_

01'¥Z14
18921+
\
85821 J,m”
$9'821-+
o8zl
99°¢g1J
06'SPT ~
IT051—

OTBS

20

)
&

40

60

80

100

120

140

160

180

200

5115



800
wo)
160—

£5°€,
§8°F
86°€
194
29°¢
P9
59t
96t
96
86°¢
65y
19°%
86
108

'#-—

~ N N

o
(444
FAWA
6L
|t 4/
9L
LyL
ors
s

—a

[s2]
Z

OTBS

NHNs
10

= 0

s116



01765~
96" 19—
96'v9/
89'9L+
;Eh¥

[4 WAL

L6'SELS
T6sridy

65614

™
-

OTBS

NHNs
10

),

40

60

80

100

120

140

160

180

200

5117



Figure S1. X-ray structure of 3a.
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