Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2015

Supporting Information

The N-silylation of sulfoximines
Haibo Peng, Jin-Tao Yu, Weijie Bao, Jinwei Xu and Jiang Cheng*

School of Petrochemical Engineering, Jiangsu Key Laboratory of Advanced Catalytic Materials &
Technology, Jiangsu Province Key Laboratory of Fine Petrochemical Engineering, Changzhou
University, Changzhou 213164, P. R. China.

E-mail: jiangcheng@cczu.edu.cn

Table of Contents

1 General Experimental Details ...........c.ccooeeevieiiieiieieeeeee S2
2 Mechanism Study EXperiments...........cccoceeeeeeiiiecieecieeceeee, S3
3 Determination of ee value. ...........cccoeeeiiiieiciiceeeeeeee e, S6
4 Characterization Data for the Products..........ccccccveevieeirennenne., S8



1 General Experimental Details

Dry CH;CN was distilled from CaH,. Chemicals were used as received without
special purification unless stated otherwise. "H and '*C NMR spectra were recorded at
ambient temperature on a 400 MHz NMR spectrometer (100 MHz for *C NMR). NMR
results were reported in 0 units, parts per million (ppm), and were referenced to CDCl; (6
7.26 or 77.0 ppm) as the internal standard. The coupling constants J are given in Hz. IR

spectra was recorded on a spectrometer using KBr discs.
General Procedure:

A sealed tube was charged with sulfoximine (0.2 mmol), triethylsilane (0.8 mmol,
4.0 equiva.), DTBP (0.6 mmol), Cul (0.02 mmol), H,O (1.0 equiv.), CH;CN (dry, 1.0 mL).
The mixture was purged with nitrogen and kept stirring under nitrogen at 110 °C for 12 h.
The reaction mixture was analyzed using GC-MS spectrometer, as shown in Figure S1.
Then the mixture was concentrated in vacuum and the residue was purified by preparative

TLC on GF254 (petroleum/ethyl acetate) to afford the desired product.
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Figure S1 GC-MS spectra of 3aa.

2 Mechanism Study Experiments

2.1 The Radical Capture Experiment

Under standard procedure, a sealed tube was charged with 1a (0.2 mmol), 2a (0.8
mmol), DTBP (0.6 mmol), Cul (0.02 mmol), galvinoxyl free gadical (0.6 mmol), H,O
(1.0 equiv.), CH3CN (dry, 1.0 mL). The reaction was conducted under nitrogen at 110 °C

for 12 h. The reaction mixture was analyzed using GC spectrometer, as shown in Figure

S2.
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Figure S2 GC spectra of free radical capture result.
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2.2 Determination of Reaction Intermediates.

Under standard procedure, a sealed tube was charged with 2e (0.8 mmol), DTBP (0.6

mmol), Cul (0.2 mmol), CH;CN (dry, 1.0 mL). The reaction was conducted under

nitrogen at 110 °C for 12 h. Then, the reaction mixture was analyzed using GC-MS

spectrometer, as shown in Figure S3.
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Under standard procedure, a sealed tube was charged with 1a (0.2 mmol), 2a (0.8

mmol), DTBP (0.6 mmol), Cul (0.2 mmol), acetamide (0.8 mmol), ethyl acetate (dry, 1.0

mL), H,O (1.0 equiv). The reaction was conducted under nitrogen at 110 °C for 12 h.

Then, the reaction mixture was analyzed using GC spectrometer, as shown in Figure S4.
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Under standard procedure, a sealed tube was charged with 1a (0.2 mmol), DTBP (0.6
mmol), N-(trimethylsilyl)acetamide (0.8 mmol), H,O (1.0 equiv.), CH3CN (dry, 1.0 mL).
The reaction was conducted under nitrogen at 110 °C for 12 h. Then, the reaction mixture

was analyzed using GC-MS spectrometer, as shown in Figure S5.
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Figure S5 GC-MS spectra of 3aj.

Under standard procedure, a sealed tube was charged with 2a (0.8 mmol) DTBP (0.6
mmol), Cul (0.2 mmol), solvent (1.0 mL). The reaction was conducted under nitrogen at

110 °C for 12 h. Then, the reaction mixture was analyzed using GC-MS spectrometer, as
shown in Figure S6.
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Figure S6. Results of deuterium-labeling experiments

3 Determination of ee value.
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Figure S7. The ee value of (R)-(-)-3i’a detected by HPLC.



4 Characterization Data for the Products
siet;  N-(Triethylsilyl)-4,4’-dimethyldiphenyl sulfoximine (3ba): TLC on

fe) |
NN GF254 (ethyl acetate: petroleum, 1: 20) give the product (54.3 mg, 76% yield)
/©/ as a colorless liquid. 'H NMR (CDCl;, 400 MHz): ¢ 7.81-7.79 (m, 4H), 7.20 (s,

4H), 2.34 (s, 6H), 0.96-0.92 (m, 9H), 0.60-0.54 (m, 6H); *C NMR (CDCls, 100

MHz): 6 143.7, 142.0, 129.3, 127.2, 21.3, 7.8, 6.6. MS (EI): 359 (M"); HRMS
(ESI-TOF) m/z caled for CaoHzNOSSi (M+H)" 360.1812, found 360.1812. IR (KBr) v 3059,
1597, 1490, 1457, 1412, 1159, 1096 cm’.

sei, N-(Triethylsilyl)-4-methyldiphenyl sulfoximine (3ca): TLC on GF254

O\\S ;llu (ethyl acetate: petroleum, 1: 20) give the product (56.8 mg, 82% yield) as a
/©/ yellowish liquid. "H NMR (CDCls, 400 MHz): 6 7.93-7.91 (m, 2H), 7.81 (d, J =
8.2 Hz, 2H), 7.41-7.39 (m, 3H), 7.20 (d, J = 8.1 Hz, 2H), 2.34 (s, 3H), 0.94 (t, J

= 7.9 Hz, 9H), 0.58 (q, J = 7.8 Hz, 6H); °C NMR (CDCl;, 100 MHz): 6 146. 5,

143.3, 1422, 131.4, 129.3, 128.6, 127.3, 127.1, 21.3, 7.2, 6.6. MS (EI): 345 (M"); HRMS
(ESI-TOF) m/z caled for CioH,gNOSSi (M+H)" 346.1655, found 346.1657. IR (KBr) v 3062,

1598, 1457, 1318, 1294, 1095 cm’.

o\\/zﬂs N-(Triethylsilyl)-4,4’-dichlorodiphenyl sulfoximine (3da): TLC

¢ on GF254 (ethyl acetate: petroleum, 1: 20) give the product (62.5 mg, 78%
CI/©/ Q yield) as a yellowish liquid. '"H NMR (CDCls, 400 MHz): § 7.85 (d, J = 8.6
Hz, 4H), 7.39 (d, J = 8.6 Hz, 4H), 0.93 (t, J = 7.9 Hz, 9H), 0.58 (q, /= 7.8 Hz,

6H); '°C NMR (CDCls, 100 MHz): 6 144.4, 138.4, 129.1, 128.7, 7.1, 6.5. MS
(E): 399 (M"); HRMS (ESI-TOF) m/z caled for CsHCLNOSSi (M+H)™ 400.0719, found
400.0719. IR (KBr) v 3087, 1643, 1577, 1474, 1320, 1163, 1013 cm™.

o 75 N-(Triethylsilyl)-4-bromodiphenyl sulfoximine (3ea): TLC on
N GF254 (ethyl acetate: petroleum, 1: 20) give the product (61.3 mg, 75% yield)
@ as a colorless liquid. "H NMR (CDCls, 400 MHz): 6 7.92-7.90 (m, 2H), 7.80

(d, J= 8.5 Hz, 2H), 7.55 (d, J = 8.6 Hz, 2H), ¢ 7.46-7.40 (m, 2H), 0.93 (t, J =
7.9 Hz, 9H), 0.58 (q, J = 7.8 Hz, 6H); °C NMR (CDCl;, 100 MHz): § 145.7, 145.3, 131.9, 131.9,
128.9, 128.8, 127.2, 126.6, 7.2, 6.6. MS (EI): 409 (M'); HRMS (ESI-TOF) m/z calcd for
CsH,sBrNOSSi (M+H) 410.0604, found 410.0603. IR (KBr) v 3064, 1641, 1573, 1470, 1320,

1237, 1163, 1009 cm™.

Br

SiEty N-(Triethylsilyl)-4-bromo-4’-methoxy-diphenyl sulfoximine
YN (3fa): TLC on GF254 (ethyl acetate: petroleum, 1: 15) give the product
/©/ (59.7 mg, 68% yield) as a yellowish liquid. 'H NMR (CDCl3, 400 MHz): 6
B 7.83 (d, J= 8.9 Hz, 2H), 7.76 (d, J = 8.6 Hz, 2H), 7.53 (d, J = 8.6 Hz, 2H),
OMe  6.90 (d, J = 8.9 Hz, 2H), 3.82 (s, 3H), 0.93 (t, /= 7.9 Hz, 9H), 0.57 (q, J =

7.9 Hz, 6H); °C NMR (CDCls, 100 MHz): § 162.4, 146.0, 137.5, 131.9, 129.4, 128.6, 126.2,
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114.0, 55.5, 7.2, 6.6. MS (EI): 439 (M"); HRMS (ESI-TOF) m/z caled for CjoHyBrNO,SSi
(M+H)" 440.0710, found 440.0710. IR (KBr) v 3071, 1727, 1593, 1495, 1463, 1310, 1158, 1095,
1009 cm™.

o /@ S—-Benzyl-N-triethylsilyl-S-phenylsulfoximine (3ga): TLC on
©\/\\S\\ GF254 (ethyl acetate: petroleum, 1: 20) give the product (49.3 mg, 71% yield)
Etgsi/'“ as a colorless liquid. '"H NMR (CDCls;, 400 MHz): 6 7.68-7.64 (m, 2H),
7.51-7.47 (m, 1H), 7.42-7.38 (m, 2H), 7.28-7.20 (m, 3H), 7.05 (m, 2H), 4.17
(s, 2H), 0.92-0.86 (m, 1H), 0.56-0.48 (m, 6H); >°C NMR (CDCls, 100 MHz): § 142.8, 132.2, 131.1,
129.9, 128.4, 128.1, 128.0, 67.3, 7.1, 6.6. MS (EI): 345 (M"); HRMS (ESI-TOF) m/z calcd for
C1oH,sNOSSi (M+H)" 346.1655, found 346.1655. IR (KBr) v 3063, 1639, 1456, 1445, 1316, 1298,
1165 cm™.

o N-(Triethylsilyl) dibenzyl sulfoximine (3ha): TLC on GF254
©\/\s (ethyl acetate: petroleum, 1: 20) give the product (33.7 mg, 47% yield) as a
- Si/N colorless liquid. '"H NMR (CDCl;, 400 MHz): 6 7.41-7.36 (m, 10H),

3

4.12-4.03 (m, 4H), 0.77 (t, J = 8.0 Hz, 9H), 0.34 (t, J = 7.9 Hz, 6H); 1°C
NMR (CDCls, 100 MHz): § 131.1, 129.3, 128.4, 128.5, 62.7, 7.0, 6.5. MS (EI): 359 (M"); HRMS
(ESI-TOF) m/z caled for CaHsoNOSSi (M+H)" 360.1812, found 360.1811. IR (KBr) v 3064, 1603,
1495, 1455, 1314, 1170, 1118 cm’™.

. e S—-Methyl-N-triethylsilyl-S-benzylsulfoximine (3ia): TLC on GF254

N (ethyl acetate: petroleum, 1: 20) give the product (27.2 mg, 51% yield) as a

©/ \ colorless liquid. '"H NMR (CDCls, 400 MHz): 6 8.30-7.95 (m, 2H), 7.57-7.49 (m,

3H), 3.00 (s, 3H), 0.94 (t, J = 7.9 Hz, 9H), 0.58 (q, J = 7.8 Hz, 6H); °C NMR

(CDCls, 100 MHz): § 145.3, 132.1, 128.8, 126. 9, 49.6, 7.1, 6.5. MS (EI): 269 (M"); HRMS

(ESI-TOF) m/z caled for Ci3H,yNOSSi (M+H)" 270.1342, found 270.1341. IR (KBr) v 3087,
1643, 1576, 1474, 1320, 1162, 1088, 1012 cm™.

SiEts
| . . .

O\\S;N S—Methyl-N-triethylsilyl-S-4-chorolbenzyl  sulfoximine (3ja):

\ TLC on GF254 (ethyl acetate: petroleum, 1: 20) give the product (44.8 mg,

cl 74% yield) as a yellow liquid. 'H NMR (CDCl;, 400 MHz): 6 7.83 (d, J=8.4

Hz, 2H), 7.41 (d, J = 8.4 Hz, 2H), 2.93 (s, 3H), 0.87 (t, J = 7.9 Hz, 9H), 0.50 (q, J = 7.8 Hz, 6H);
3C NMR (CDCls, 100 MHz): 6 143.8, 138.6, 129.1, 128.5, 49.7, 7.1, 6.5. MS (EI): 303 (M");
HRMS (ESI-TOF) m/z calcd for Ci3HysCINOSSi (M+H)' 304.0953, found 304.0953. TR (KBr) v
2957, 1635, 1581, 1434, 1312, 1170, 1001 cm’".

o 1% S-Methyl-N-triethylsilyl-S-4-bromophenylsulfoximine (3ka):

\\S< N TLC on GF254 (ethyl acetate: petroleum, 1: 20) give the product (48.1 mg,

/©/ 69% vyield) as a colorless liquid. 'H NMR (CDCl3, 400 MHz): 6 7.83 (d, J =
o 8.5 Hz, 2H), 7.65 (d, J = 8.5 Hz, 2H), 3.00 (s, 3H), 0.94 (t, J = 7.9 Hz, 9H),

0.57 (q,J = 7.8 Hz, 6H); *C NMR (CDCls, 100 MHz): 6 144.4, 132.1, 128.7, 127.1,49.7, 7.1, 6.5.
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MS (EI): 347 (M"); HRMS (ESI-TOF) m/z calcd for C;3H,;BrNOSSi (M+H)"™ 348.0448, found
348.0448. IR (KBr) v 2953, 1640, 1573, 1464, 1322, 1157, 1009 cm’.

sier, S—Methyl-N-triethylsilyl-S-4-fluorophenylsulfoximine (3la): TLC

O\\S;'ll on GF254 (ethyl acetate: petroleum, 1: 20) give the product (36.0 mg, 63%

/@( \ yield) as a yellowish liquid. '"H NMR (CDCls, 400 MHz): 6 7.99-7.95 (m, 2H),

F 7.21-7.16 (m, 2H), 3.00 (s, 1H), 0.94 (t, J = 7.9 Hz, 9H), 0.57 (q, J = 7.8 Hz,

6H); *C NMR (CDCls, 100 MHz): § 164.9 (d, Jo.p = 251.7 Hz), 141.4 (d, Jer = 5.7 Hz), 129.6 (d,

Jer=9.2Hz), 115.9 (d, Jo.r = 22.3 Hz), 49.8, 7.1, 6.5. MS (EI): 287 (M"); HRMS (ESI-TOF) m/z

caled for C3H,3FNOSSi (M+H)"™ 288.1248, found 288.1246 IR (KBr) v 3066, 1594, 1496, 1442,
1309, 1154, 1027 cm™.

Skt S—Ethyl-N-triethylsilyl-S-benzylsulfoximine (3ma): TLC on GF254

\\s\;N (ethyl acetate: petroleum, 1: 20) give the product (34.0 mg, 60% yield) as a
©/ Bt coroless liquid. "H NMR (CDCls, 400 MHz): 6 7.98-7.90 (m, 2H), 7.57-7.48 (m,
3H), 3.00 (q, J = 7.2 Hz, 2H), 1.19 (t, J = 7.4 Hz, 3H); °C NMR (CDCls, 100

MHz): 6 143.2, 132.1, 128.7, 127.8, 54.7, 8.1, 7.1, 6.6. MS (EI): 283 (M"); HRMS (ESI-TOF) m/z
caled for C14H,NOSSi (M+H)™ 284.1499, found 284.1499. IR (KBr) v 3064, 1583, 1476, 1445,

1237, 1095 cm™.

o 1% N-(Triethylsilyl) diphenyl sulfoximine (3aa): TLC on GF254 (ethyl
N acetate: petroleum, 1: 20) give the product (53.0 mg, 80% yield) as a colorless

©/© liquid. '"H NMR (CDCls;, 400 MHz): 6 7.95-7.92 (m, 4H), 7.43-7.38 (m, 6H),

0.94 (t, J= 7.9 Hz, 9H), 0.58 (q, J = 7.8 Hz, 6H); *C NMR (CDCls, 100 MHz): 6
146.1, 131.6, 128.7, 127.5, 7.1, 6.5. MS (EI): 331 (M+); HRMS (ESI-TOF) m/z calcd for
CisH26NOSSi (M+H)" 332.1499, found 332.1500. IR (KBr) v 3064, 1583, 1475, 1457, 1446, 1162,
1095 cm™.

siry N-(Triisopropylsilyl) diphenyl sulfoximine (3ab): TLC on GF254
N (ethyl acetate: petroleum, 1: 20) give the product (56.3 mg, 75% yield) as a
©/ yellow liquid. "H NMR (CDCls, 400 MHz): & 7.97-7.94 (m, 4H), 7.42-7.40 (m,
@ 6H), 1.08-1.03 (m, 21H); C NMR (CDCls, 100 MHz): 6 146.6, 131.5, 128.7,

127.2, 18.2, 18.3, 13.2. MS (EI): 373 (M"); HRMS (ESI-TOF) m/z calcd for

C,H3,NOSSi (M+H)" 374.1968, found 374.1969. IR (KBr) v 3065, 1639, 1463, 1327, 1168, 1095

-1
cm .

Si"CgHq3

AN N-(Tri-n-hexylammoniumsilyl) diphenyl sulfoximine (3ac): TLC

[
S on GF254 (ethyl acetate: petroleum, 1: 20) give the product (84.4 mg, 85%
©/ @ yield) as a colorless liquid. '"H NMR (CDCls, 400 MHz): J 7.93-7.91 (m, 4H),
7.43-7.38 (m, 6H), 1.32-1.21 (m, 24H), 0.85 (t, J = 6.6 Hz, 9H), 0.59-0.55 (m,
6H); °C NMR (CDClLs, 100 MHz): & 146.2, 131.5, 128.6, 127.3, 33.3, 31.5, 23.5, 22.6, 15.8, 14.1.
MS (EI): 499 (M+); HRMS (ESI-TOF) m/z caled for C3HsoNOSSi (M+H)" 500.3377, found
500.3378. IR (KBr) v 3064, 1584, 1466, 1446, 1319, 1296, 1164, 1095 cm™.
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SI(OEYs

N-(Triethoxylsilyl) diphenyl sulfoximine (3ad): TLC on GF254 (ethyl

S acetate: petroleum, 1: 15) give the product (33.4 mg, 44% yield) as a colorless

©/© liquid. "H NMR (CDCls;, 400 MHz): 6 8.00-7.97 (m, 4H), 7.48-7.43 (m, 6H),

3.82 (q,J=7.0 Hz, 6H), 1.15 (q, J = 7.0 Hz, 9H); *C NMR (CDCl;, 100 MHz):

0 144.8, 132.1, 128.2, 127.4, 58.8, 18.0. MS (EI): 379 (M"); HRMS (ESI-TOF) m/z calcd for

CisH26NO,SSi (M+H)" 380.1346, found 380.1346. IR (KBr) v 3067, 1636, 1446, 1428, 1286,
1164 cm™.

o iMePh N-(Dimethylphenylsilyl) diphenyl sulfoximine (3ae): TLC on GF254
\ =N

S (ethyl acetate: petroleum, 1: 20) give the product (42.3 mg, 60% yield) as a
©/ colorless liquid. "H NMR (CDCls, 400 MHz): § 7.85 (d, J = 8.8 Hz, 1H), 7.67
(d, J = 6.6 Hz, 5H), 7.36-7.30 (m, 9H), 6.88 (d, J = 8.8 Hz, 1H), 3.82 (s, 3H),
2.86 (s, 3H); °C NMR (CDCls;, 100 MHz): 6 136.6, 135.3, 135.2, 129.8, 129.3, 129.1, 127.6,
113.9, 55.6, 49.3. MS (EI): 351 (M"); HRMS (ESI-TOF) m/z caled for C,0H,,NOSSi (M+H)"
352.1186, found 352.1185. IR (KBr) v 3048, 1594, 1497, 1442, 1309, 1258, 1154, 1112, 1027

1
cm .

SiMePh,

o | N-(Diphenylmethylsilyl) diphenyl sulfoximine (3af): TLC on

GF254 (ethyl acetate: petroleum, 1: 15) give the product (61.7 mg, 75% yield)

©/ @ as a colorless liquid. '"H NMR (CDCls, 400 MHz): 6 7.89 (d, J = 7.2 Hz, 4H),

7.62 (d, J = 7.3 Hz, 4H), 7.40-7.26 (m, 12H); °*C NMR (CDCl;, 100 MHz): &

145.1, 138.4, 134.2, 129. 0, 128.7, 127.5, 127.3, 0.2. MS (EI): 413 (M"); HRMS (ESI-TOF) m/z

caled for C,sH,yNOSSi (M+H)" 414.1342, found 414.1344. IR (KBr) v 3066, 1636, 1475, 1446,
1296, 1164, 1096 cm,

SiPh;

QN N-(Triphenylsilyl) diphenyl sulfoximine (3ag): TLC on GF254 (ethyl
@/S acetate: petroleum, 1: 15) give the product (63.4 mg, 67% yield) as a colorless
liquid. "H NMR (CDCls, 400 MHz): J 7.86-7.84 (m, 4H), 7.63-7.61 (m, 6H),

7.37-7.22 (m, 15H); °C NMR (CDCl;, 100 MHz): § 144.84, 136.33, 135.3,
131.7, 129.2, 128. 7, 127.5, 127.3. MS (EI): 475 (M"); HRMS (ESI-TOF) m/z caled for
C30H,gNOSSi (M+H)" 476.1499, found 476.1501. IR (KBr) v 2953, 1640, 1573, 1464, 1321, 1157,
1010 cm™.

Si(O'Bu)Ph,

o N-(Dipheny-tert-butoxylsilyl) diphenyl sulfoximine (3ah): TLC
N>

S on GF254 (ethyl acetate: petroleum, 1: 10) give the product (43.5 mg,
© @ 46% yield) as a yellowish liquid. "H NMR (CDCls, 400 MHz): § 7.87-7.85

(m, 3H), 7.67-7.65 (m, 4H), 7.40-7.21 (m, 13H), 1.26 (s, 9H); *C NMR
(CDCls, 100 MHz): 6 145.0, 137.9, 134.7, 131.7, 129.0, 128.7, 127.3, 127.3, 31.9. MS (EI): 471
(M"); HRMS (ESI-TOF) m/z caled for CasH3oNO,SSi (M+H)™ 472.1761, found 472.1761. IR
(KBr) v 3067, 1590, 1446, 1364, 1296, 1052 cm’".
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$OMe) N-(Trimethoxylsilyl) diphenyl sulfoximine (3ai): TLC on GF254
_N
57 (ethyl acetate: petroleum, 1: 15) give the product (35.2 mg, 52% yield) as a

©/ @ yellowish liquid ."H NMR (CDCls, 400 MHz): § 8.00-7.98 (m, 3H), 7.49-7.45
(m, 7H), 3.53 (s, 9H); *C NMR (CDCL, 100 MHz): & 144.6, 132.2, 128.9,

127.3, 51.0. MS (EI): 337 (M"); HRMS (ESI-TOF) m/z caled for C;sH;oNO,SSi (M+H)"
338.0877, found 338.0879. IR (KBr) v 3061, 1644, 1446, 1301, 1232, 1184, 1094 cm™".

S12



5 Copies of 'H NMR and **C NMR spectra
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