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Efficient and Facile Synthesis of Chiral Sulfonamides via Asymmetric
Multicomponent Reactions

Yu, Sifan Fu, Xiang Liu, Gengxin Qiu, Huang* Hu, Wenhao*
(School of Pharmaceutical Sciences, Sun Yat-Sen University, Guangzhou 510006)

Abstract Sulfonamide is a key structural unit of several groups of vitally synthetic drugs that have been extensively used as
antimicrobials, antiretroviral drugs and anticancer agents. In particular, enantiomerically pure sulfonamides represent a rap-
idly-increasing important substance in new drug discovery due to their unique pharmacological properties. Thus, developing
asymmetric synthetic methods involving rapid and highly efficient construction of these compounds is extremely important
and highly demanded for medicinal chemists. In our laboratory, we have reported a serial of asymmetric multicomponent
reactions via trapping reactive ammonium ylides generated from amines and diazo compounds in the presence of transition
metal complexes and chiral phosphoric acids. In this work, an asymmetric three-component reaction of sulfonamides, diazo
compounds and imines cooperatively catalyzed by Rh,(OAc), and chiral phosphoric acids was reported. This Rhy(OAc), and
chiral phosphoric acids cooperatively catalyzed three-component reaction of sulfonamides, diazo compounds and imines
accomplished with satisfying yields (up to 85%), high diastereoselectivity (=20 : 1) and excellent enantioselectivity (up to
99% ee), thus providing a rapid access to synthesize enantiomerically enriched sulfonamides bearing two adjacent chiral car-
bons. Furthermore, this newly developed three-component reaction was carried out on a gram-scale with a lower catalyst
loading and without impacting the yield, diastereoselectivity and enantioselectivity. Finally, we explored the further transfor-
mation of obtained three-component reaction products: 1) treatment of Saaa with LiAlH,under 0 “C in THF for 8.0 h gave
the corresponding alcohol derivative 6 in 82% yield without changing the diastereoselectivity and enantioselectivity (0.20
mmol scale); 2) treatment of Saaa with triphosgene and triethylamine under 0 ‘C in DCM for 1.0 h, gave five-membered
heterocyclic sulfoximine derivative 7 bearing three adjacent chiral atoms (2 carbons and 1 sulfur) in 80% yield with perfect
diastereoselectivity (=20 : 1) and remained enantioselectivity (0.20 mmol scale).
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Figure 1 Examples of chiral drugs containing sulfonamide functional
group
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Figure 2 Trapping of ammonium ylides with electrophiles
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Table 1 Optimization of enantioselective three-component reaction

condition
N

: z g

NS NH2 N

S ©)J\002Me D/\N

o + +
Cl
3a
O

1a 2a
MeOZC/’
g |
\\S\<NH al
iog
Me
4a:R=H
4b: R = phenyl
4c:R= 4-CF3CGH4
4d: R = 3,5-(CF3),CeH3
4e:R= 3,5-C|2C6H3
4f: R = 9-phenanthryl
4g: R =2,4,6-('Pr)3CgH,

Me

Rhy(OAc), (2.0 mol%)
4(10.0 mol%)

4 R MS, Toluene, -10 'C

5aaa

4h: R = SiPh;

Entry 4 Solvent Yield"/% drt ee"l%
1 4a DCE 71 >20:1 26
2 4b DCE 65 >20: 1 58
3 4c DCE 68 >20: 1 49
4 4d DCE 71 >20:1 29
5 4e DCE 62 >20:1 14
6 4f DCE 62 >20:1 10
7 4g DCE 40 >20:1 78
8 4h DCE 81 >20:1 84
9 4h DCM 75(73)° >20:1 93
10 4h CHCl, 60 >20: 1 91
11 4h THF <5 — —
12 4h PhCI 69 10:1 98
13 4h  Toluene 83(82)° >20:1 99

“Standard conditions: 1a/2a/3a/4/Rhy(OAc)s=0.12/0.12/0.1/0.01/0.002 mmol,
2a in 1.0 mL solvent was added a solution of 1a, 3a, 4, 50 mg 4 A molecular
sieves and Rhy(OAc), in 1.0 mL solvent via a syringe pump at —10 C under
a dinitrogen atmosphere for 1 h, and the resulting mixture was stirred at
—10 °C for another 1 h. * Determined by '"H NMR spectroscopy analyses
using 1,3,5-trimethoxybenzene as an internal standard. ¢ Determined by 'H
NMR spectroscopy analyses. ? Determined by HPLC analyses using a chiral
stationary phase. ¢ Isolated yields.
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Table 2 Substrate scope of sulfonamides and diazo compounds Table 3 Substrate scope of imines
N2 O, _NH,
R-S-NH J S e
no 2 AT SCo,Me Rh,(OAc), (2.0 mol%) o) PS
o 4h (10.0 mol%) Ph™ “CO3;Me Rh,(OAc), (2.0 mol%)
Me o
1 + 2 \, 1 2 4h (10.0 mol%)
4 R Ms, Toluene, -10 °C a o+ a -
Sy-Pn 4 A Ms, Toluene, -10 'C
N AP
Cl
3a SiPh,
A8 SiPhg
HN HN
ON P/’O MeO,C,
0" “OH Ph—~ “Ar? 0,20
OO \\S/NH 0" “OH
SiPhy /L:fb C'CUS%
i
4h Me 5 3
4h
Entry R Ar' 5 Yield/% dr¢  eel%
1 Ph Ph Sbaa 72 >20:1 98 Entry Ar AP 5 Yield"/%  d.r° ee’I%
2 4-MeCgHy Ph Saaa 82 >20:1 99 1 Ph Ph 5aab 84 >20:1 96
3 4-BuCH, Ph Scaa 78 >20:1 92 2 4-MePh Ph Saac 85 >20:1 98
4 2-MeCgHy Ph S5daa 77 >20:1 98 3 3,4-MePh Ph S5aad 81 >20:1 96
5 4-BrCeH,4 Ph Seaa 60 >20:1 99 4 4-BrPh Ph Saae 83 >20:1 94
6 4-CICsHy4 Ph Sfaa 72 >20:1 98 5¢ 4-CIPh Ph S5aaa 82 >20:1 99
7 4-FCsH,4 Ph Sgaa 81 >20:1 95 6 4-FPh Ph Saaf 79 >20:1 98
8 3,4-F,CHs Ph Shaa 81 >20:1 94 7 4-CF5Ph Ph 5aag 75 >20:1  >99
9 4-CNCeH, Ph Siaa 30 >20:1 99 8 3,4-CIPh Ph Saah 78 >20:1 99
10 4-CF3CeHs Ph Sjaa 79 >20:1 97 9 3-CFsPh Ph Saai 73 >20:1 99
11 3-CF3CeHs Ph Skaa 73 >20:1 94 10 3-FPh Ph 5aaj 66 >20:1 99
12 2-Thienyl Ph S5laa 65 >20:1 98 11 3-BrPh Ph Saak 72 >20:1 99
13 5-Cl-2-thienyl Ph Smaa 74 >20:1 99 12 2-BrPh Ph 5aal 55 >20:1 >99
14 Cyclopropyl Ph Snaa 68 >20:1 98 13 2-NO,Ph Ph 5aam 40 >20:1  >99
15 ‘Bu Ph Soaa 65 >20:1 94 14 Napthyl Ph 5aan 71 >20:1 98
16 4-MeCgH, 2-MeCH, Saba 47 >20:1 99 15 2-Thienyl ~ 4-BrPh  5aa0 76 >20:1 98
17 4-MeCsHy 4-MeCgH,4 Saca 84 >20:1 98 16 Ph 4-CIPh S5aap 75 >20:1 98
18 4-MeCsHy 3-MeOC¢Hy  5ada 75 >20:1 94 17 4-CIPh 4-MePh  Saaq 67 >20:1 92
19 4-MeCeHy 4-MeOCeHy ~ Saea 78 >20:1 99 “Standard conditions: 1a/2a/3/4h/Rhy(OAc),=0.12/0.12/0.1/0.01/0.002 mmol,
20 4-MeCeHy 3-BrCsHy Safa 73 >20:1 92 2a in 1.0 mL solvent was added a solution of 1a, 3, 4h, 50 mg 4 A molecular
21 4-MeCgH, 4-BrCH, Saga 83 >20:1 90 sieves and Rhy(OAc), in 1.0 mL toluene via a syringe pump at —10 ‘C under
2 4-MeCoH, 4.CICH, Saha 75 ~20:1 98 a dinitrogen atmosphere f;)r 1 h, and the resulting mixturelwas stirred at
—10 °C for another 1 h. ” Isolated yields. ¢ Determined by 'H NMR spec-
- - i > .
23 4-MeCoH, 4-FCoH, Saia 60 20:0 94 troscopy analyses using a chiral stationary phase. ¢ Determined by HPLC
24 4-MeCgH, 2-Napthyl Saja 55 >20:1 92 analyses.

“ Standard conditions: 1/2/3a/4h/Rhy(OAc);=0.12/0.12/0.1/0.01/0.002 mmol,
2 in 1.0 mL solvent was added a solution of 1, 3a, 4h, 50 mg 4 A molecular
sieves and Rhy(OAc)4 in 1.0 mL toluene via a syringe pump at —10 C under
a dinitrogen atmosphere for 1 h, and the resulting mixture was stirred at
—10 °C for another 1 h. * Isolated yields. © Determined by '"H NMR spec-
troscopy analyses using a chiral stationary phase. ¢ Determined by HPLC

analyses.
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Figure 3 Gram-scale synthesis of Saaa
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