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1. Experimental Section

1.1. General methods

All the reactions were carried out in anhydrous solvents and under inert atmosphere.
Melting points were measured in open-end capillary tubes. NMR spectra were recorded
at 300 MHz (‘H), 75 MHz (**C), at room temperature in CDCl; [calibrated at 7.28 ppm
('H) and 77.0 ppm (**C)] and acetone [calibrated at 2.05 (‘H) and 206.7. (*C)] unless
indicated. Mass spectra (MS) were determined at an ionizing voltage of 70 eV. The
sodium and/or methoxy adduct of the molecular ion were detected in most of mass
spectra due to the presence of Na" as the ionization source or MeOH as solvent. HPLC
experiments were conducted using Daicel Chiralpak AD and IA columns. Flash column
chromatography was performed using silica gel Merk-60 (230-400 mesh). Iminoesters
2a-d were prepared according to reported literature procedures.' The racemic products
were prepared under identical conditions at room temperature, but using 1,1'-
Bis(diphenyl-phosphino)ferrocene (dppf), (10 mol%) instead of (R)-Fesulphos as the
ligand.”

1.2. Synthesis of a-Amido sulfones

General procedure A*: To a solution of sulfonamide (1.0 equiv) and TolSO,Na (1.2
equiv) in a 1:1 mixture of formic acid and H,O (30 mL), cooled to 0 °C, was added the
corresponding aliphatic aldehyde (1.0 equiv). The solution was warmed up to room
temperature and stirred for 24 h, whereupon a white solid precipitated. The white
powder was successively washed with water and pentane, and then air-dried to give the
a-amido sulfone.

General procedure B*: To a solution of fert-Butyl carbamate (1.0 equiv) and
TolSO,Na (2.0 equiv) in a 1:2 mixture of MeOH/H,0 (20 mL), cooled to 0 °C, was
successively added the corresponding aliphatic aldehyde (1.5 equiv) and formic acid
(0.41 mL). The solution was warmed up to room temperature and stirred for 24 h,
whereupon a white solid precipitated. The white powder was successively washed with

water, diethyl ether and pentane, to give the corresponding a-amido sulfone.

1. (a) S. Cabrera, R. Gémez Arrayas, J. C. Carretero , J. Am. Chem. Soc. 2005, 127, 16394; (b) T.
Llamas, R. Gémez Arrayéds. J. C. Carretero, Org. Lett. 2006, 8, 1795; (c) D. G. Brenner, K. M.
Cavolowsky, K. L. Shepard, J. Het. Chem. 1995, 22, 805; (d) M. J. O'Donrnell, R. L. Polt. J. Org.
Chem. 1982, 47, 2663.

2. 1,1’-Bis(diphenyl-phosphino)ferrocene (dppf) typically provides lower yields and much poorer syn-
diastereoselectivities than the (R)-Fesulphos ligand.

3. F.Chemla, V. Hebbe, J-F. Normandt, Synthesis, 2000, 1, 75.

4. H. Zhang, S. Syed, Carlos F. Barbas III, Org. Lett. 2010, 12, 708.
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4-Methyl-N-(1-tosylethyl)benzenesulfonamide (1a). Following the general procedure
A, the reaction of acetaldehyde (0.56 mL, 10.0 mmol) with p-
HN’SO?TOI toluensulfonamide (1.71 g, 10.0 mmol) and TolSO,Na (1.97 g, 12.0
mmol), afforded 1a as a white solid; yield: 3.18 g (90%); m.p: 114-
116 °C. '"H HMR (300 MHz, CDCl3), & (ppm): 7.77 (d, J = 8.1 Hz,
2H); 7,58 (d, J = 8.1 Hz, 2H); 7.33 (d, J = 7.9 Hz, 2H); 7.23 (d, J = 7.9 Hz, 2H); 5.78
(d, J= 9.8 Hz, 1H); 4.47-4.45 (m, 1H); 2.48 (s, 3H); 2.44 (s, 3H); 1.49 (d, J = 6.8 Hz.
3H). “C-NMR (75 MHz, CDCl3), & (ppm): 145.4; 143.4; 137.3; 132.3; 129.7; 129.6;
126.8; 69.4; 21.8; 21.6; 14.3. HRMS (ESI") (M"-pTolSO,+H): calculated CoH{,NO,S:
198.0590; Found: 198.0576. (M+-pTOISOz+Na+MeO'): calculated C;oH;15NNaO;S:
252.0670; Found: 252.0656. Elemental analysis: calculated C,cH9NO4S,: C, 54.37; H,
5.42; N, 3.96; S, 18.14. Found: C, 54.48; H; 5.37; N, 3.92; S, 18.08.

SO, Tol

tert-Butyl-(1-tosylethyl)carbamate (1b). Following procedure B, tert-butyl carbamate
(0.69 g, 5.94 mmol) and TolSO,Na (2.17 g, 11.88 mmol) reacted
HN/BOC with acetaldehyde (0.50 mL, 8.91 mmol) to afford 1b as a white
solid; yield: 1.41 g (80%); m.p: 110-111 °C. "H-NMR (300 MHz,
CDCl), 6 (ppm): 7.83 (d, J = 8.1 Hz, 2H); 7.37 (d, J = 7.7 Hz, 2H);
5.14-4.89 (m, 2H); 2.46 (s, 3H); 1.64 (d, J = 6.6 Hz, 3H); 1.26 (s, 9H). C-NMR (75
MHz, CDCl;), 6 (ppm): 153.6; 144.8; 133.6; 129.6; 129.4; 80.4; 66.9; 27.9; 21.5; 12.8.
HRMS (ESI") (M+Na"): calculated Ci4H2;NNaO4S: 322.1083 Found: 322.1089.
(2M+Na+): calculated CogH4,N,NaOgS,: 621.2280; Found: 621.2276.

SOzTO|

4-Nitro-N-(1-tosylethyl)benzenesulfonamide (1c). Following the general procedure A,
the reaction of acetaldehyde (0.22 mL, 3.87 mmol) with 4-

OO0
HN)\S”/Q—NOZ nitrobenzenesulfonamide (0.52 g, 2.58 mmol) and TolSO,;Na
)\ (0.93 g, 5.17 mmol), afforded 1c as a white solid; yield: 0.70
SOzTO|

g (71%); m.p: 135-137 °C. "H-NMR (300 MHz, Acetone), &
(ppm): 8.36 (d, J = 8.9 Hz, 2H); 8.01 (d, J = 8.8 Hz, 2H); 7.82 (d, J=9.4 Hz, 1H); 7.68
(d, J=28.2,2H); 7.36 (d, J=7.9 Hz, 2H); 4.85 (dd, /= 10.0 Hz, J = 6.8 Hz, 1H); 2.42
(s, 3H); 1.46 (d, J = 6.6 Hz, 3H). >C-NMR (75 MHz, Acetone), & (ppm): 150.9; 147.6;
146.0; 134.2; 130.5; 130.4; 129.0; 125.2; 70.3; 21.5; 14.9. HRMS (ESI") (M+Na"):
calculated C;sH¢N,NaOgS,: 407.0342; Found: 407.0332. (2M+Na+): calculated
C30H32N4Na;01,S4: 791.0747; Found: 791.0822.
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N-(1-Tosylethyl)naphthalene-2-sulfonamide (1d). Following the general procedure A,
the reaction of acetaldehyde (0.20 mL, 3.62 mmol) with

o} 0 naphthalene-2-sulfonamide (0.50 g, 2.41 mmol) and
HN’S O TolSO,Na (0.86 g, 4.82 mmol) afforded 1d as a white solid;
/kSOZTol yield: 0.63 g (67%); m.p: 118-119 °C. 'H-NMR (300 MHz,
CDCly), 6 (ppm): 8.46-8.39 (m, 1H); 8.11-8.03 (m, 2H); 7.99-
7.93 (m, 1H); 7.78-7.59 (m, 2H); 7.50-7.40 (m, 3H); 6.90 (d, J = 8.1 Hz, 2H); 5.44-5.25
(m, 1H); 4.67-4.49 (m, 1H); 2.33 (s, 3H); 1.56 (d, J = 6.8 Hz, 3H). "C-NMR (75 MHz,
CDCly), & (ppm): 144.8; 134.6; 134.4; 134.1; 132.1; 129.2; 129.0; 128.9; 128.6; 127.7,
127.0; 124.2; 124.0; 69.4; 21.7; 149. HRMS (ESI) (2M+Na"): calculated

Ci9H19NNaO4S;: 412.0647; Found: 412.0648. (2M+Na+): calculated C;gH33N,NaOgSy:
801.1409; Found: 801.1448.

4-Methyl-N-(1-tosylpropyl)benzenesulfonamide (10): Following the general
procedure A, the reaction of propionaldehyde (0.73 mL, 10.0 mmol)
HN,SOzToI with p-toluenesulfonamide (1.71 g, 10.0 mmol) and TolSO,Na (1.97
g, 12.0 mmol) afforded 10 as a white solid; yield 2.84 g (77%); m.p:
118-120 °C. "H-NMR (300 MHz, CDCls), 8 (ppm): 7.73 (d, J= 8.3
Hz, 2H); 7,58 (d, J = 8.5 Hz, 2H); 7.31 (d, J = 8.5 Hz, 2H); 7.23 (d,
J=17.9 Hz, 2H); 5.33 (d, J = 9.7 Hz, 1H), 4.43 (dt, J = 4.0 Hz, J = 10.0, 1H); 2.48 (s,
3H); 2.45 (s, 3H); 2.37-2.25 (m, 1H); 1.76-1.74 (m, 1H); 0.91 (t, J = 7.4 Hz, 3H). *C-
NMR (75 MHz, CDCl;), & (ppm): 145.2; 143.6; 137.9; 132.9; 129.7; 129.6; 129.6;
126.7; 75.0; 21.9; 21.8; 21.6; 9.8. HRMS (ESI") (M'-pTolSO,+H): calculated
CioH4NO,S: 212.0747. Found: 212.0742. (M+—pT01802+Na+MeO'): calculated
Ci11H{7NNaOsS: 266.0827; Found: 266.0837.

Et” >SO,Tol

4-Methyl-NV-(1-tosylbutyl)benzenesulfonamide (11). Following the general procedure
A, the reaction of butyraldehyde (0.90 mL, 10.0 mmol) with p-
HN,SOZTol toluenesulfonamide (1.71 g, 10.0 mmol) and TolSO,Na (1.97 g,
12.0 mmol) afforded 11 as a white solid; yield: 2.58 g (67%); m.p:
119-120 °C. '"H-NMR (300 MHz, CDCl3), § (ppm): 7.70 (d, J = 8.3
Hz, 2H); 7,57 (d, J = 8.3 Hz, 2H); 7.30 (d, J = 8.1 Hz, 2H); 7.23 (d,
J=28.1 Hz, 2H); 5.35 (d, /= 10.4 Hz, 1H), 4.61 (dt, J = 10.2 Hz, J = 3.6, 1H); 2.47 (s,
3H); 2.45 (s, 3H); 2.16-2.13 (m, 1H); 1.69-1.67 (m, 1H); 1.41-1.39 (m, 1H); 1.27-1.25
(m, 1H); 0.86 (t, J = 7.2 Hz, 3H). “C-NMR (75 MHz, CDCls), & (ppm): 145.3; 143.6;
137.9; 132.8; 129.7; 129.6; 126.8; 126.5; 73.7; 30.4; 21.8; 21.6; 18.5; 13.5. HRMS

n-Pr SO, Tol
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(ESI")  (M'-pTolSO,+H): C;H;(NO,S: 226.0902. Found: 226.0895. (M'-
pTolSO,+Na+MeO): calculated C;,H19NNaO;3S: 280.0983; Found: 280.0983.

4-Methyl-N-(1-tosyloctyl)benzenesulfonamide (12). Following the general procedure

A, the reaction of octanal (1.5 mL, 9.59 mmol) with p-
yn-S02Tol | toluenesulfonamide (1.67 g, 9.59 mmol) and TolSO;Na (2.09 g,
11.51 mmol) afforded 12 as a white solid; yield: 3.30 g (76%);
m.p: 112-113 °C. 'H-NMR (300 MHz, CDCl), & (ppm): 7.76 (d,
J = 8.3 Hz, 2H); 7.60 (d, J = 8.3 Hz, 2H); 7.35 (d, J = 8.1 Hz,
2H); 7.23 (d, J = 8.3 Hz, 2H); 5.51 (d, J = 9.8 Hz, 1H); 4.57 (dt, /= 10.2 Hz, J = 3.6
Hz, 1H); 2.48 (s, 3H); 2.44 (s, 3H); 2.17-2.14 (m, 1H); 1.69-1.66 (m, 1H); 1.40-1.00 (m,
10 H); 0.89 (t, J = 6.8 Hz, 3H). >C-NMR (75 MHz, CDCl3), & (ppm): 145.3; 143.6;
137.9; 132.8; 129.7; 129.6; 126.8; 73.8; 31.5; 28.9; 28.8; 28.2; 25.1; 22.6; 21.8; 21.5;
14.0. HRMS (ESI+) (M+-pTOISOZ+H): calculated C;sH4sNO,S: 282.1522; Found:
282.1520. (M+-pTOISOZ+Na+MeO'): calculated C;¢H»7NNaOsS: 336.1616; Found:
336.1620.

n-hept SO, Tol

4-Methyl-N-(3-methyl-1-tosylbutyl)benzenesulfonamide (13). Following the general

procedure A, the reaction of 3-methyl-butyraldehyde (1.10 mL,

HN’SOZTOI 10.0 mmol) with p-toluenesulfonamide (1.71 g, 10.0 mmol) and
)\/kSOZTol TolSO;Na (1.97 g, 12.0 mmol) afforded 13 as a white solid;
yield: 3.40 g (84%). m.p: 122-123 °C; 'H-NMR (300 MHz,
CDCl), 6 (ppm): 7.58 (d, J = 8.3 Hz, 2H); 7,47 (d, J = 8.3 Hz, 2H); 7.21 (d, /= 7.9 Hz,
2H); 7.14 (d, J = 7.9 Hz, 2H); 4.84 (d, J = 9.4 Hz, 1H); 4.61 (dt, J = 10.5 Hz, J = 3.7
Hz, 1H); 2.37 (s, 3H); 2.35 (s, 3H); 1.90-1.87 (m, 1H); 1.53-1.51 (m, 2H); 0.82 (d, J =
6.4 Hz, 3H); 0.77 (d, J = 6.4 Hz, 3H). "C-NMR (75 MHz, CDCl;), & (ppm): 145.3;
143.6; 138.0; 132.74; 129.7; 129.7; 129.5; 126.8; 72.6; 37.4; 24.1; 23.3; 21.8; 21.6;
21.1. HRMS (ESI+) (M+-pT01802+H): calculated C;pH;sNO,S: 240.1058. Found:
240.1056. (M+-pT01802+Na+MeO'): calculated C3H,NNaOsS: 294.1140; Found:
294.1126. Elemental analysis: calculated Ci9H2sNO4S»: C, 57.69; H, 6.37; N, 3.54; S,

16.21. Found: C, 57.64; H; 6.31; N, 3.49; S, 16.24.

N-(2-Ethyl-1-tosylbutyl)-4-methylbenzenesulfonamide (14). Following the general

procedure A, the reaction of 2-ethylbutanal (1.0 mL, 8.83 mmol)

_S0,Tol . ,

HN with p-toluenesulfonamide (1.51 g, 8.83 mmol) and TolSO,Na
Et\y)\SOZTol (1.89 g, 10.61 mmol) afforded 14 as a white solid; yield: 1.10 g
Et (31%); m.p: 56-57 °C. '"H-NMR (300 MHz, CDCl;), & (ppm):

7.61 (d, J = 8.3 Hz, 2H); 7.44 (d, J = 8.3 Hz, 2H); 7.24-7.16 (m, 2H); 7.11 (d, J = 8.1
Hz, 2H); 5.14 (d, J=10.6 Hz, 1H); 4.60 (dd, /= 10.6 Hz, J= 1.9 Hz, 1H); 2.37 (s, 3H);
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2.34 (s, 3H); 2.03-1.92 (m, 1H); 1.82-1.68 (m, 1H); 1.51-1.37 (m, 1H); 1.11-0.93 (m,
1H); 0.92-0.83 (t, J = 7.2 Hz, 1H); 0.83-0.74 (t, J = 6.8 Hz, 1H). "C-NMR (75 MHz,
CDCl3), 6 (ppm): 145.0; 143.6; 138.1; 134.3; 129.7; 129.5; 129.2; 126.6; 74.2; 41.5;
22.8; 22.0; 21.7; 21.6; 11.9; 11.7. HRMS (ESI") (M'-pTolSO,+H): calculated
Ci13Hy0NO,S:  254.1215. Found: 254.1210. (M+-pTOISOz+Na+MeO'): calculated
C14H23NNaO;S: 308.1290 Found: 308.1283.

N-[Cyclopentyl(tosyl)methyl]-4-methylbenzenesulfonamide (15). Following the
general procedure A, the reaction of cyclopentanecarboxaldehyde
H (0.50 mL, 4.54 mmol) with p-toluenesulfonamide (0.79 g, 4.54
O)\S%TO' mmol) and TolSO,Na (1.0 g, 5.45 mmol) afforded 15 as a white
solid; yield: 1.48 g (80%); m.p: 111-112 °C. "H-NMR (300 MHz,
CDCl3), 6 (ppm): 7.69 (d, J = 8.3 Hz, 2H); 7.52(d, J = 8.1 Hz,
2H); 7.27 (d, J = 7.9 Hz, 2H); 7.21 (d, J = 8.1 Hz, 2H); 5.19 (d, J = 10.6 Hz, 1H); 4.73
(dd, J=10.3 Hz, J = 5.1 Hz, 1H); 2.67-2.64 (m, 1H); 2.47 (s, 3H); 2.45 (s, 3H); 1.89-
1.85 (m, 2H), 1.57-1.54 (m, 4H), 1.30-1.26 (m, 2H). *C-NMR (75 MHz, CDCl3), &
(ppm): 145.0; 143.5; 138.1; 133.8; 129,7; 129.5; 129.4; 126.7; 38.9; 30.2; 27.9; 24.9;
24.7; 21.8; 21.5. HRMS (ESI") (M "-pTolSO»+H): calculated C;3H;sNO,S: 252.1052.
Found: 252.1058. (M+-pT01802+Na+MeO'): calculated C;sHo NNaOsS: 306.1140.
Found: 306.1140. Elemental analysis: calculated Cy0H,sNO4S,: C, 58.94; H, 6.18; N,
3.44; S, 15.74. Found: C, 58.56; H; 6.11; N, 3.38; S, 15.50.

_SO,Tol
\-SO:To

N-[Cyclohexyl(tosyl)methyl]-4-methylbenzenesulfonamide (16). Following the

general procedure A, the reaction of cyclohexanecarboxaldehyde
Hn-SC2T0N | 0.93 mL, 10.0 mmol) with p-toluenesulfonamide (1.71 g, 10.0
mmol) and TolSO,Na (1.97 g, 12.0 mmol) afforded 16 as a white
solid; yield: 3.01 g (71%); m.p: 101-103 °C. "H-NMR (300 MHz,
CDCl), 6 (ppm): 7.69 (d, J = 8.3 Hz, 2H); 7.48 (d, J = 8.3 Hz, 2H); 7.25 (d, J = 8.1 Hz,
2H); 7.20 (d, J = 7.9 Hz, 2H); 5.28 (d, J = 10.6 Hz, 1H); 4.50 (dd, J = 10.7 Hz, J = 2.8
Hz, 1H); 2.47 (s, 3H); 2.45 (s, 3H); 2.43-2.41 (m, 1H); 2.06-2.03 (m, 1H); 1.76-1.72 (m,
4H); 1.23-1.19 (m, 2H); 1.07-1.03 (m, 3H). “C-NMR (75 MHz, CDCl;), & (ppm):
145.0; 143.4; 138.2; 134.2; 129.7; 129.5; 129.3; 126.7; 37.4; 31.0; 27.2; 26.2; 25.7,
25.6; 21.8; 21.6. HRMS (ESI") (M -pTolSO,+H): calculated C;4H20NO,S: 266.1215.
Found: 266.1210. (M+—pTOISOz+Na+MeO'): calculated C;sH,3NNaOsS: 320.1296;
Found: 320.1278.

Cy)\SOZToI
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4-Methyl-NV-(3-phenyl-1-tosylpropyl)benzenesulfonamide (17). Following the

general procedure A, the reaction of hydrocinnamaldehyde

H (1.46 mL, 10.0 mmol) with p-toluenesulfonamide (1.71 g, 10.0
Ph/\)\SOZToI mmol) and TolSO,Na (1.97 g, 12.0 mmol) afforded 17 as a
white solid; yield: 3.91 g (88%); m.p: 127-129 °C. '"H-NMR
(300 MHz, CDCls), & (ppm): 7.60 (d, J = 8.3 Hz, 2H); 7,46 (d, J = 8.5 Hz, 2H); 7.23-
7.15 (m, 7H); 6.96 (d, J = 6.7 Hz, 2H); 5.33 (s, 1H), 4.50 (dt, J = 10.3 Hz, J = 4.1 Hz,
1H); 2.68-2.39 (m, 3H); 2.36 (s, 3H); 2.33 (s, 3H); 2.01-1.81 (m, 1H). "C-NMR (75
MHz, CDCl;), 6 (ppm): 145.4.; 143.8; 139.8; 137.8; 132.7; 129.8; 129.7; 128.6; 128.4;
126.8; 126.4; 73.2; 31.3; 30.3; 21.8; 21.6. HRMS (ESIT") (M"-pTolSO,+H): calculated
Ci6HsNO,S: 288.1058. Found: 288.1047. (M+—pT01802+Na+MeO'): calculated
C17H,1NNaOsS: 342.1140; Found: 342.1134.

\-SO2Tol

(E)-4-Methyl-V-(1-tosylhept-4-enyl)benzenesulfonamide (18). Following the general
procedure A, the reaction of trams-4-hepten-1-al (1.50

_SO,Tol ' '
HN mL, 11.37 mmol) with p-toluenesulfonamide (1.97 g,

Wsom 11.37 mmol) and TolSO,Na (2.48 g, 13.64 mmol)
afforded 18 as a white solid; yield: 1.48 g (30%); m.p:
103-105 °C. "H-NMR (300 MHz, CDCl3), § (ppm): 7.73 (d, J = 8.1 Hz, 2H); 7.60 (d, J
= 8.3 Hz, 2H); 7.33 (d, J = 8.1 Hz, 2H); 7.25 (d, J = 8.1 Hz, 2H); 5.42-5.39 (m, 1H);
5.23-5.20 (m, 2H); 4.58 (dt, J = 9.6 Hz, J = 4.1 Hz, 1H); 2.49 (s, 3H); 2.45 (s, 3H);
2.30-2.17 (m, 1H); 2.15-1.59 (m, 4H); 1.58-1.56 (m, 1H); 0.94 (t, J = 7.3 Hz, 3H). "*C-
NMR (75 MHz, CDCl;), & (ppm): 145.3; 143.7; 137.9; 133.8; 132.8; 129.8; 129.7;
129.6; 126.8; 126.1; 73.4; 28.7; 23.0; 21.8; 21.5; 20.5; 14.1. HRMS (ESI") (M-
pTolSO,+H):  calculated Cj4HyoNO,S: 266.1215. Found: 266.1215. (M+-
pTolSO,+Na+MeO): calculated C;sH23NNaO3S: 320.1296; Found: 320.1275.

N-[2-(Benzyloxy)-1-tosylethyl]-4-methylbenzenesulfonamide (19). Following the

general  procedure A, the reaction of  2-

yn-SC2Tol (benzyloxy)acetaldehyde (0.40 mL, 2.85 mmol) with p-
Ph\/o\)\sozTol toluenesulfonamide (0.48 g, 2.85 mmol) and TolSO,Na
(0.56 g, 3.42 mmol) afforded 19 as a white solid; yield:
0.91 g (70%); m.p: 118-120 °C. "H-NMR (300 MHz, CDCl3), & (ppm): 7.71-7.66 (m,
2H); 7.65-7.59 (m, 2H); 7.38-7.32 (m, 3H); 7.28-7.23 (m, 3H) ; 7.23-7.17 (m, 3H); 5.52
(d, J=10.2Hz, 1H); 4.71-4.63 (m, 1H); 4.96 (dt,J=11.8 Hz, J = 7.7 Hz, 2H); 4.12 (dd,
J=10.8 Hz, J= 3.1 Hz, 1H); 3.64 (dd, J = 10.7 Hz, J = 4.3 Hz, 1H); 2.47 (s, 3H); 2.45
(s, 3H). "C-NMR (75 MHz, CDCls), & (ppm): 145.3; 143.9; 137.3; 136.6; 133.3; 129.7;
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129.6; 129.6; 128.4; 128.0; 127.8; 127.0; 73.7; 72.7; 65.9; 21.7; 21.6. HRMS (ESI")
(M+-pTOISOZ+H): calculated C;sH;sNOsS: 304.1007. Found: 304.1015. (M'-
pTolSO,+Na+MeQO"): calculated C;7H,;NNaO4S: 358.1083. Found: 358.1102.

4-Methyl-N-(tosylmethyl)benzenesulfonamide (30). Following the general procedure
A, the reaction of formaldehyde (0.74 mL, 37% w/w aq. solution, 10.0

HN ,802T0|

mmol) with p-toluenesulfonamide (1.71 g, 10.0 mmol) and TolSO,Na
(1.97 g, 12.0 mmol) afforded 30 as a white solid; yield: 2.91 g (86%);
m.p: 161-162 °C. '"H-NMR (300 MHz, CDCl;), & (ppm): 7.77 (d, J =
8.3 Hz, 2H); 7,62 (d, J = 8.3 Hz, 2H); 7.37 (d, J = 7.9 Hz, 2H); 7.32 (d, /= 7.9 Hz, 2H);
534 (t, J= 7.4 Hz, 1H), 437 (d, J = 7.1 Hz, 2H); 2.50 (s, 3H); 2.47 (s, 3H). *C-NMR
(75 MHz, CDCl3), 6 (ppm): 145.7; 144.2; 136.8; 133.0; 130.0; 129.8; 129.1; 126.8;
63.5; 21.8; 21.6. HRMS (ESI") (M"-pTolSO,+H): calculated CsH;oNO,S: 184.0426;
Found: 184.0433. (M+-pT01802+Na+MeO'): calculated CoH;3NNaOsS: 238.0514;
Found: 238.0501. Elemental analysis: calculated C;sH;7NO4S,: C, 53.08; H, 5.05; N,
4.13; S, 18.89. Found: C, 53.32; H; 5.05; N, 4.06; S, 18.64.

802T0|

1.3. General procedure for the asymmetric Mannich reaction

Cs,CO31.5€eq

Fesulphos (10 mol%) -5l
/Ali NS0T CU(CHACN)PFg (10 mol%) Y CO,R!
Ar N/\COQR1 + J\ g R2 2
R?” ~SO,Tol THF, T, t Nﬁ/Ar
1.0 eq 1.3 eq Ar

To a solution of (R)-Fesulphos (6.87 mg, 10 mol %) and Cu(CH3CN)4PF¢ (5.59 mg, 10
mol %) in THF (2 mL), under inert atmosphere and the optimum temperature (indicated
in each entry), were successively added the corresponding glycine derivative (0,15
mmol), Cs,CO; (0.22 mmol) and the aliphatic a-amido sulfone (0.19 mmol). The
reaction mixture was stirred upon consumption of the starting material (TLC
monitoring) and filtered through Celite. After evaporation of the solvent, the crude
product was analyzed by 'H NMR spectroscopy to determine the diastereomeric ratio
and then purified by column chromatography on silica gel (the eluent is indicated for
each case).

Products 6 and 20-29, were isolated as inseparable mixtures of syn/anti diastereomers,
which were analyzed by chiral HPLC to determine enantioselectivity, as well as

diastereoselectivity.
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Racemic Mannich reaction: In spite of the high diastereo and enantioselectivities
achieved with the Fesulphos ligand, very poor syn/anti mixtures were obtained
following the general procedure using a combination of dppf [1,1'-Bis-

(diphenylphosphino)-ferrocene] and Cu(CH3CN)4PF¢ as the catalyst.

(2S,3R)-Methyl-2-(diphenylmethyleneamino)-3-(4-methylphenylsulfonamido)-

[ SO.Tol \ butanoate (3). Following the general procedure, the reaction of
- (o

HN™ 2 methyl 2-[(diphenylmethylene)amino]acetate (2a) (38.0 mg,

Me COMe 0.15 mmol) with 4-methyl-N-(1-tosylethyl)benzenesulfonamide

NYPh (1a) (69.0 mg, 0.19 mmol) in THF (2 mL) at rt for 5 h, afforded,
Ph ) after flash chromatography (n-hexane-EtOAc 6:1), syn-3 as a

yellow oil; yield: 35.1 mg (52%, syn/anti = 88:12). '"H-NMR (300 MHz, CDCl;), &
(ppm): 7.68 (d, J = 8.3 Hz, 2H); 7.57-7.53 (m, 2H); 7.39-7.32 (m, 4H); 7.30-7.24 (m,
2H); 7.22-7.16 (m, 2H); 7.03-6.91 (m, 2H); 5.56 (d, J = 9.0 Hz, 1H); 3.96-3.87 (m, 1H);
3.86 (d, J=3.0 Hz, 1H); 3.31 (s, 3H); 2.34 (s, 3H); 1.06 (d, J = 6.0 Hz, 3H).

ee = 93 %; [o]p>: -14 (¢ = 1.0; CHCls). HPLC: Daicel Chiralpak TA, i-PrOH/hexane
10/90, flow rate 1.0 mL/min (A= 254.4 nm), T syu: 15.7 min (2R,3S) and 21.5 min
(2S,3R).

(+-)Svn
mAU > >
&
350 45 S
00 | zq,\ < @\ Peak RetTime Type Width Area Height Area
250 M‘* ¢ #  [min] [min] [mAU*s] [mAU]
\“ (+-)Anti R R [-==-]------- |-==-mmmnen [-=--mmmm- |==------ I
200 | | ‘ N 1 15.237 MM 0.7612 1.72114ed  376.83221 38.9468
1504 | | “ RSP 2 20.979 MM 0.9743 1.70114ed  291.00714 38.4942
100 “ ‘\ I g ¥ & 3 31.999 MM 1.4997 5011.17188  55.69019 11.3395
| [\ Il 3\?‘@;‘1%@@ 4 35.094 MM 1.5905 4958.11816  51.95681 11.2195
50 \‘ A AN
0 SRS S Y VAWAN
T T
10 20 30 40 50 60 70 80 m
mAU @ K3
800 g 3
J
600 ‘TS |Enamioselec!ive1‘eac(ion:Fesulphos as ligand Peak RetTime Type Width Area Height Area
| | #  [min] [min]  [mAU*s] [mAU]
400 [ Rl R [--==]-=----- [===mmmmme- [-===mmm-- [--=----- |
’LQ\ | 1 15.743 MM 0.6568 2102.90552 53.36501 3.5957
200 2 & 2 21.553 MM 1.0126 5.63808e4  928.00134 096.4043
5. |
0 J;J /N
T T T 7 T
10 20 30 40 50 mir

(25,3R)-tert-Butyl-2-(diphenylmethyleneamino)-3-(4-methylphenylsulfonamido)-

f _50,Tol 1| butanoate (4). Following the general procedure, the reaction of
HN methyl fert-butyl 2-(diphenylmethyleneamino)acetate (2b) (44.3

Me CoZBu mg, 0.15 mmol) with 1a (68.9 mg, 0.19 mmol) in THF (2 mL) at
Nx Ph —20°C for 17 h, afforded, after flash chromatography (n-hexane-

L Ph ] EtOAc 6:1), syn-4 as a yellow oil; yield: 29.5 mg (40%, syn/anti

= 96:4). '"H-NMR (300 MHz, CDCl5), & (ppm): 7.69 (d, J = 8.1 Hz, 2H); 7.58-7.52 (m,
2H); 7.36-7.32 (m, 4H); 7.31-7.26 (m, 2H); 7.20-7.14 (m, 2H); 7.04-6.96 (m, 2H); 5.51
(d, J=9.2 Hz, 1H); 3.99-3.87 (m, 1H); 3.75 (d, J = 2.2 Hz, 1H); 2.33 (s, 3H); 1.27 (s,
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9H); 0.98 (d, J = 6.6 Hz, 3H). C-NMR (75 MHz, CDCl3), & (ppm): 172.3; 168.9;
142.8; 139.2; 138.9; 136.2; 130.7; 129.5; 128.8; 128.8; 128.6; 128.1; 127.4; 126.9; 82.0;
69.3; 52.1; 27.8; 21.5; 19.6.

ee = 97%:; [a]DZS: -17 (¢ = 1.0; CHCIs). HPLC: Daicel Chiralpak IA, i-PrOH/hexane
4/96, flow rate 1.0 mL/min (A= 254.4 nm), T syn: 21.1 min (2R,3S) and 33.6 min (2S,3R).

(+-)Svn
mAU 3 g & | Racemic version: dppf as ligand |
% 2 g
800 i & & &
& o Peak RetTime Type Width Area Height Area
600 | i # [min] [min] [mAU*s] [mAU]
| I (=) Anti . [ (R [ [E—— [ ——— [E—— |
200 | ‘\ \ 1 19.646 MM 1.1143 6.23255e4  932.23920 43.0540
\ I © @9‘3 2 32.230 MM 1.5181 6.27067e4  688.41803 43.3173
200 H | ‘ | = ¥ 3 & 3 42.114 MM 3.5884 1.14400e4 53.13470  7.9027
| \ \ @ & 4 54.124 MM 2.1110 8288.94531  65.44231  5.7259
I \ |\ b ¥
o~ N N A
T T T T
20 40 60 80 mir
mAU 4 @ o
of
400 % ‘&@?’
350 ‘ ‘Ygz?' | Enantioselective reaction: Fesulphos as ligand
300 ‘ \ )
250 \ Peak RetTime Type Width Ar Height Are
200 I 4 [min] min]  [mAU*e] [mAU] %
\
150 o el R e B B R !
1004 ‘\ > ;b““ | | 1 21.129 MM 0.9657 538.40808 9.29266 1.2850
50 “‘ o «5@ | \ 2 33.636 MM 1.5525 4.13605e4 444.01987 98.7150
P \
O (S s ) _
T T T T T T T
10 20 30 40 50 60 70 mir

(2S,3R)-tert-Butyl-2-{[bis(4-chlorophenyl)methylene]amino}-3-(4-methylphenyl-

Ve

Ln-SO2Tol

COZtBU
Me

N _4-CICgHy

4-CICgH,

N

sulfonamido)butanoate Following the general
the of  tert-butyl  2-[bis(4-
chlorophenyl)methyleneamino]acetate (2¢) (54.6 mg, 0.15
mmol) with 1a (68.9 mg, 0.19 mmol) in THF (2 mL), at —20
°C for 17 h, afforded, after flash chromatography (n-hexane-
EtOAc 6:1), syn-5 as a light yellow solid; yield: 52.2 mg
(62%, syn/anti = >98:<2); m.p: 197-200 °C. 'H-NMR (300

(5).

procedure, reaction

MHz, CDCl3), § (ppm): 7.68 (d, J = 8.3 Hz, 2H); 7.46 (d, J = 8.5 Hz, 2H); 7.33 (d, J =
8.4 Hz, 2H); 7.23 (d, J = 8.6 Hz, 2H); 7.18 (m, 2H); 6.94 (d, J = 8.4 Hz, 2H); 5.40 (d, J
= 3.0 Hz, 1H); 3.97-3.83 (m, 1H); 3.70 (d, J = 1.0 Hz, 1H); 2.33 (s, 3H); 1.28 (s, 9H);
0.97 (d, J = 6.7 Hz, 3H). C-NMR (75 MHz, CDCl;), & (ppm): 169.0; 167.4; 142.0;
138.0; 136.2; 136.0; 134.2; 133.0; 129.0; 128.5; 128.1; 127.8; 127.4; 125.9; 81.4; 68.5;

51.0; 26.8; 20.5; 18.3.

ee = 98%; [a]p: -17 (¢ = 0.6; CHCl;). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
5/95, flow rate 0.7 mL/min (A= 254.4 nm), T sy: 26.7 min (2R,3S) and 72.7 min (25,3R).
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mAU o
250

200 \\ >
E o &
1503 2 & Peak RetTime Type Width Area Height Area
R #  [min] [min]  [mAU*s] [mAU] B
100 \‘ | A Rl R l----]------- l---mmmmeee [---mmmeee [-------- |
. | 1 26.677 MM 1.0009 6460.82324 107.58615 12.0115
0 | 2 32.625 MM 1.1616 2.01728e4 289.42996 37.5038
03— AL — [ N\ — 3 76.873 MM 2.5738 6827.87354 44.21441 12.6939
T 4 93.803 MM  3.1581 2.0327led  107.27573 37.7907
20 40 60 80 100
K 2
" T «q"b
700 q e
| L&
6004
o Enantioselective reaction: Fesulphos as li || | ¥
400 \
300 N [
2003 < 1A Peak RetTime Type Width Area Height Area
100 3 N R #  [min] [min]  [mAU*s] [maU] %
&° \ R R el Ry [zommmmeee |--mmmoeee [--omooe- |
03 . o — — — — %'ﬁ — 1 26.414 MM 1.0338 1471.21289 23.71827 1.0553
20 4 60 an 00 min 2 72.719 MM 2.8734 1.37946e5  800.13226 98.9447

(28,3R)-tert-Butyl-2-|bis(4-fluorophenyl)methyleneamino|-3-(4-methylphenyl-

I

H- SO2Tol

t
Me CO,Bu

N _4-FCgH,
T

4-FCgH,

N\

~

J

the
tert-butyl

(6).

reaction

sulfonamido)butanoate Following general
the of 2-[bis(4-
fluorophenyl)methyleneamino]acetate (2d) (49.7 mg, 0.15
mmol) with 1a (68.9 mg, 0.19 mmol) in THF (2 mL), at -20
°C for 17 h, afforded, after flash chromatography (n-hexane-
EtOAc 6:1), syn-6 as a light yellow solid; yield: 58.2 mg

procedure,

(74%, syn/anti = >98:<2); m.p: 163-164 °C. '"H-NMR (300 MHz, CDCls), & (ppm):
7.67 (d, J = 8.3 Hz, 2H); 7.56-7.48 (m, 2H); 7.17 (d, J = 7.7 Hz, 2H); 7.06-6.90 (m,
6H); 5.42 (d, J = 9.4 Hz, 1H); 3.97-3.84 (m, 1H); 3.71 (d, J = 3.0 Hz, 1H); 2.33 (s, 3H);
1.28 (s, 9H); 0.97 (d, J = 6.6 Hz, 1H). C-NMR (75 MHz, CDCl3), & (ppm): 170.2;
168.6; 164.5 (d, 'Jer = 250.5 Hz); 162.8 (d, 'Jer = 247.5 Hz); 143.0; 139.0; 135.05 (d,
‘Jer =3.0 Hz); 131.7 (d, *Jer = 3.7 Hz); 130.9 (d, *Jer = 8.2 Hz); 129.5; 129.4 (d, *Jc.
F =82 Hz); 126.9; 115.92 (d, *Jer = 21.3 Hz); 115.2 (d, “Je.r = 21.8 Hz); 82.3; 69.4;
52.0; 27.8; 21.5; 19.4. YF-NMR (300 MHz, CDCl3), & (ppm): -111.3; -109.4; HRMS
(ESI") (M™+H): calculated C,5H3;N,04F,S: 529.1967 Found: 529.1952.

ee =>99 %: [a]p>: -35 (¢ = 1.0; CHCl;). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
4/96, flow rate 1.0 mL/min (A= 254.4 nm), T syn: 19.8 min (2R,3S) and 50.1 min (25,3R).

mAU (+-)8vm Racemic version: dppf as ligand
250 )
K (+-)dnii Peak RetTime Type Width Area Height Area
200 o 8 [ . 4 [min] min]  [mAU*s] [mAT] %
[
150 \D—"r&@ o2 Q & EERnl EEE bl bl [------- |----mmmme - [--mmmmm - |---mmm-- |
) 3 + & e 1 19.775 MM 1.0544 7904.39795 124.94498 22.1035
d s
100 "\‘ = ;@qf’ = 2 31.754 MM 2.3592 9811.37109  69.31237 27.4361
50 A il o I 3 50.114 MM 2.2985 8266.68457  59.94374 23.1166
I\ \ A \ 4 60.015 MM 2.5448 9778.38574  64.04270 27.3438
0 SRS I \ _ AN SN
T T T
0 20 40 60
mAU 2 >
o T — . g &
120 Enantioselective reaction: Fesulphos as ligand Il 'o"q/
L&
|
100 ?
0 ‘ | Peak RetTime Type Width Area Height Area
| #  [min] [min] [mAU*s] [mAU] g
© | e == |-=mmo=- | == oo |--mmmeoo=- |--ommoe- \
o [
40 o ¥ [ 1 19.956 MM 0.8082  60.32208 1.24390  0.2976
20 8§ 5° I 2 48.388 MM 2.2172 2.02064e4  151.89052 99.7024
= Y
o - S - JoN
I T T T
0 20 40 60
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(28,3R)-tert-Butyl-2-{[bis(4-fluorophenyl)methylene|amino}-3-(4-nitrophenyl-

r N

HN’SO2@NOZ

CO,Bu

N _4-FCgHy

4-FCgH,

-

the
tert-butyl

sulfonamido)butanoate Following general
the of 2-[bis(4-
fluorophenyl)methyleneamino]acetate (2d) (49.7 mg, 0.15

8).

procedure, reaction

mmol) with 4-nitro-N-(1-tosylethyl)benzenesulfonamide
(1¢) (75.0 mg, 0.19 mmol) in THF (2 mL) at —20 °C for 17
h, afforded, after flash chromatography (n-hexane-EtOAc

7:1), syn-8 as a light yellow oil; yield: 26.7 mg (32%, syn/anti = >98:<2). '"H-NMR (300
MHz, CDCl3), 5 (ppm): 8.27-8.21 (m, 2H); 8.06-7.97 (m, 2H); 7.56-7.47 (m, 2H); 7.11-
6.91 (m, 6H); 5.73 (d, J = 9.1 Hz, 1H); 4.09-3.94 (m, 1H); 3.71 (d, J = 2.6 Hz, 1H); 1.25
(s, 9H); 1.03-0.99 (d, J = 6.6 Hz, 3H). >*C-NMR (75 MHz, CDCl;), & (ppm): 170.8;
168.4; 164.6 (d, "Jep = 251.2 Hz); 162.8 (d, 'Jep = 246.7 Hz); 149.8; 147.8; 134.84 (d,
“Jer =3.0 Hz); 131.6 (d, “Jor = 3.7 Hz); 130.9 (d, *Jer = 9.0 Hz); 129.3 (d, *Jep = 8.3

Hz); 128.1; 124.2; 116.0 (d,

“Jep =21.0 Hz); 115.3 (d, “Jer = 21.7 Hz); 82.5; 69.2;

52.3; 25.3; 19.9. F-NMR (300 MHz, CDCls), & (ppm): -110.9.; -109.0. HRMS (ESI")
(M++H): calculated Cy7HsN3O¢F,S: 560.1687; Found: 560.1680; (M++2H—tBu):
calculated Cy3H20N306F,S: 504.1035; Found: 504.1030.

ee = 97%; [a]p>: -12 (¢ = 0.3 ; CHCls). HPLC: Daicel Chiralpak IA, i-PrOH/hexane

10/90, flow rate 0.7 mL/min

(A=254.4 nm), T gyn: 23.9 min (2R,3S5), 49.4 (2S,3R).

(+=)5vin
mAU ﬁ 2
3 % 0}\6' /\%
<
1753 P g ¥
150 3 v &
125 | I Peak RetTime Type Width Ar Height Are
| i #  [min] [min] [mAU*s] [mAU] 3
1003 ‘ I Rl R |----]------- |-=mmmmoeee [-=mmmmmee |--mmmoe- |
| i (+-)Anti
754 I I e ® 1 22.529 MM 1.1292 1.34708e4  198.81958 46.4021
50 \ I 5 & 2 42.649 MM 1.6830 1.41783e4  140.40878 48.8393
25 | ‘ \ I\ o & 3 71.599 MM 3.8848 1381.45032 5.92669  4.7586
o S\ AN S
I IOV | G i N J N\ [ S S—
T T T T T
20 40 60 80 100 min
mAU 2 &
§
<
1000 5
L&
| ¥
\
\

I Peak RetTime Type Width

‘ Area Height
\ #

min]  [mAU*s] [mAU] B
| e R R |=oeomeees loeeeeeees I--ommee !
[ 1 23.860 MM 1.2097 2110.10645 29.07203 1.5229
\ 2 49.693 MM 1.8933 1.36452e5 1201.15295 98.4771

[min]

T
70 mir

(28,3R)-tert-Butyl-2-{[bis(4-fluorophenyl)methylene]amino}-3-(naphthalene-2-

sulfonamido)butanoate

(9). Following the general

procedure, the reaction of fert-butyl 2-[bis(4-fluorophenyl)-
methyleneamino]acetate (2d) (49.7 mg, 0.15 mmol) with N-
(1-tosylethyl)naphthalene-2-sulfonamide (1d) (75.9 mg, 0.19
mmol) in THF (2 mL) at —20 °C for 17 h, afforded, after
flash chromatography (n-hexane-EtOAc 7:1), syn-9 as a
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colourless oil; yield: 45.5 mg (54%, syn/anti = >98:<2). '"H-NMR (300 MHz, CDCl5), &
(ppm): 8.56 (d, J = 8.5 Hz, 1H); 8.2 (dd, J = 7.3 Hz, J = 1.1 Hz, 1H); 7.96 (d, J = 8.3
Hz, 1H); 7.85 (d, J = 7.9 Hz, 1H); 7.65-7.56 (m, 1H); 7.55-7.50 (m, 1H); 7.49-7.38 (m,
3H); 7.03-6.85 (m, 6H); 5.74 (d, J = 9.2 Hz, 1H); 3.85-3.80 (m, 1H); 3.61 (d, J = 2.8
Hz, 1H); 1.20 (s, 9H); 0.84 (d, J = 6.8 Hz, 3H). >*C-NMR (75 MHz, CDCl3), & (ppm):
170.1; 168.53; 164.5 (d, 'Jer = 250.5 Hz); 162.8 (d, 'Jer = 247.5 Hz); 136.62; 135.05
(d, “Jer = 3.0 Hz); 134.3; 133.9; 131.6 (d, “Jer = 3.7 Hz); 130.8 (d, *Jer = 8.2 Hz);
129.3 (d, Jer = 8.2 Hz); 129.0; 128.9; 128.2; 128.1; 126.7; 124.6; 124.2; 115.8 (d, *Jc
r =213 Hz); 115.1 (d, “Jer = 21.3 Hz); 82.4; 69.3; 52.2; 27.8; 18.9. ""F-NMR (300
MHz, CDCly), & (ppm): -111.3; -109.4. HRMS (ESI") (M'+H): calculated
C31H31N,O4F->S: 565.1967; Found: 565.1986; (M++2H—tBu): calculated C,7H23N,O4F,S:
509.1341; Found: 509.1334.

ee = 97%,; [a]Dzs: -30 (¢ = 1.0; CHCI3). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
5/95, flow rate 0.7 mL/min (A= 254.4 nm), T sy,: 21.6 min (2R,3S), 44.7 (25,3R).

+-1.Sv1
mAU o § a* +-)An
7004 ﬁ ,@N (+=1Anti
)
6003 & o «(;? Peak RetTime Type Width Area Height Area
500 I o 8 42 #  [min] [min] [mAU*s] [maU]
| 3
o] /| g & & e o |ommooeaeae Jommmoooaae l-------- \
I g ( o & 1 21.596 MM 0.8169 3.87174e4  789.91681 35.4661
3004 |l & [\ g N 2 28.736 MM 1.0131 1.65314e4  271.95529 15.1432
200 I A [ & 3 46.305 MM 1.5728 3.75344e4  397.73270 34.3824
1003 [ [\ v N 4 50.432 MM 1.7169 1.63842e4  159.04675 15.0083
03— / — —J N N NN
T
10 20 30 40 50 mi
3 2
mAU R
2503 §Q{E’
200 Enantioselective reaction: Fesulphos as ligand | ¥
1504 I\ Peak Re_ ime Type Width P Height Area
| #  [min] [min] [mAU*s] [mAU] %
100 & [ e R [ E [ [ [-mmmmee [
g P I\ 1 21.642 MM 0.9345 323.08453 5.76227  1.2039
03 SWQ? [\ 2 44.709 MM 1.4953 2.6513%4  295.52087 98.7961
0 S - .= - N
T T T T T
10 20 30 40 50 mit

(28,3R)-tert-Butyl-2-{[bis(4-fluorophenyl)methylene|amino}-3-(4-methylphenyl-

( 1 sulfonamido)pentanoate (20). Following the general
g SOz2Tol procedure, the reaction of tert-butyl 2-[bis(4-fluorophenyl)-
Et CO,'Bu methyleneamino]acetate (2d) (49.7 mg, 0.15 mmol) with 4-

N _4-FCgH, methyl-N-(1-tosylpropyl)benzenesulfonamide (10) (71.6 mg,

4F CgH, 0.19 mmol) in THF (2 mL) at —20 °C for 23 h, afforded, after
L Jflash chromatography (n-hexane-EtOAc 7:1), syn-20 as a
light yellow solid; yield: 72.9 mg (90%, syn/anti = 99:1); m.p: 151.0-152.3 °C. 'H-
NMR (300 MHz, CDCl3), 6 (ppm): 7.71-7.64 (m, 2H); 7.55-7.47 (m, 2H); 7.16 (d, J =
8.1 Hz, 2H); 7.07-6.90 (m, 6H); 5.50 (d, J = 9.4 Hz, 1H); 3.85-3.79 (m, 1H); 3.77-3.62
(m, 1H); 2.33 (s, 3H); 1.51-1.38 (m, 2H); 1.28 (s, 9H); 0.60 (t, J = 7.3 Hz, 3H). °C-
NMR (75 MHz, CDCls), & (ppm): 170.0; 169.1; 164.5 (d, "Je.r = 249.7 Hz); 162.8 (d,
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"Je.r = 247.5 Hz); 142.9; 139.4; 135.1 (d, “Je.r = 3.0 Hz); 131.8 (d, *Jer = 3.7 Hz);
130.8 (d, *Jer = 9.0 Hz); 129.5; 129.4 (d, *Jer = 8.2 Hz); 126.8; 115.7 (d, “Jer = 21.3
Hz); 115.2 (d, “Jer = 21.3 Hz); 82.3; 66.7; 57.9; 27.9; 26.1; 21.4; 10.3. "’F-NMR (300
MHz, CDCLy), & (ppm): -111.2; -109.5. HRMS (ESI") (M" + H): calculated
CaoH33N,04F,S: 543.2123; Found: 543.2111.

ee = 99%: [a]p™: - 43 (¢ = 1.0; CHCl3). HPLC: Daicel Chiralpak IA, i-PrOH/hexane
8/92, flow rate 0.8 mL/min (A= 254.4 nm), T syn: 15.0 min (2R,3S) and 21.4 min (2S,3R).

600 P ‘ 0 Peak RetTime Type Width Area Height Area
6 5 06 S 4 [min] [minl  [mAU*s] [mAU] %
400 I ) @z’b' « @@ R [ P Y P [[E—
I F
2004 I &N LS 1 15.312 MM 0.7193 1.7202led  398.57297 34.3510
[IRY / “‘ h /"i 2 20.601 MM 0.8443 7590.73047 157.73418 15.9567
0} —— S i — — e — 3 22.781 MM 1.0327 1.68138ed  271.36603 33.5756
iy 20 2 4 =0 4 43.765 MM 1.6623 8070.82910  80.91914 16.1167
mAU < A
il 5
A S
800 | Enantioselect; t: Fesulplh 1 1
|

Peak RetTime Type Width Height a
4 [min] [min] [mAU] %
Rl |-l [=mmmmmmmme [===mmmme |==mmmm-- |
1 15.01%9 MM 0.5750 379.34723 10.99480 0.5764
2 21.394 MM 1.0390 6.54307ed 1049.56018 99.4236

) P

(28,3R)-tert-Butyl-2-{[bis(4-fluorophenyl)methylene|]amino}-3-(4-methylphenyl-

N SO2Tol
CO,'Bu
NY4-FC6H4

4-FCgH,

N

sulfonamido)-hexanoate (21). the

procedure, the reaction of fert-butyl 2-[bis(4-fluorophenyl)-

Following general
methyleneamino]acetate (2d) (49.7 mg, 0.15 mmol) with 4-
methyl-N-(1-tosylbutyl)benzenesulfonamide (11) (74.4 mg,
0.19 mmol) in THF (2 mL) at —20 °C for 23 h, afforded, after
flash chromatography (n-hexane-EtOAct 7:1), syn-21 as a
colourless oil; yield: 73.4 mg (88 %, syn/anti = 96:4). 'H-

NMR (300 MHz, CDCl3), 6 (ppm): 7.71-7.63 (m, 2H); 7.55-7.46 (m, 2H); 7.16 (d, J =
7.9 Hz, 2H); 7.07-6.91 (m, 6H); 5.44 (d, J = 9.3 Hz, 1H); 3.84-3.78 (m, 1H); 3.78-3.69
(m, 1H); 2.33 (s, 3H); 1.45-1.39 (m, 1H); 1,28 (s, 9H); 1.22-1.16 (m, 1H); 0.84-0.75 (m,
2H); 0.70 (t, J = 7.2 Hz, 3H). *C-NMR (75 MHz, CDCl5), & (ppm): 169.9; 169.1; 164.5
(d, "Jep =249.7 Hz); 162.8 (d, 'Jer = 247.5 Hz); 142.9; 139.3; 135.1 (d, “Jer = 3.0
Hz); 131.8 (d, “Jer = 3.0 Hz); 130.8 (d, *Jer = 8.2 Hz); 129.4; 129.3 (d, *Jer = 8.2
Hz); 126.7; 115.8 (d, “Jer = 21.3 Hz); 115.2 (d, “Jer = 21.3 Hz); 82.3; 67.1; 56.1; 35.1;
27.9; 21.4; 18.9; 13.7. "F-NMR (300 MHz, CDCl3), & (ppm): -111.2; -109.5. HRMS
(ESI+) (M++H): calculated C5oH35N,04F,S: 557.2280; Found: 543.2278.

ee = 96%; [a]p>: -31 (¢ = 1.0; CHCI3). HPLC: Daicel Chiralpak IA, i-PrOH/hexane
10/90, flow rate 0.7 mL/min (A= 254.4 nm), T syn: 17.02 min (25,3R), 26.9 min (2R,3S).
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(=) Anri
mAU 3 = © 4 o> Racemic version: dppf as ligand

] 207 o

I2OOE r‘).ﬁl\ Qé\
1000 S
800 | (+-/Swm Peak RetTime Type Width Area Height Area

] N . .

] | | # [min] [min] [mAU*s] [mAU] %
e 8|l & Seesfesmmee- | == == s |==mmmeeee R \
400 o “ ~ ‘Z% @,f\')’ 1 14.421 MM 0.7154 5.72705e4 1334.23950 40.6783
200: \ ‘ﬁl \I m\?'.\'a 2 17.108 MM 0.7287 1.25501e4 287.05533 8.9142

| Wi ;‘“\\ 3 18.816 MM 0.8635 5.77364e4 1114.36206 41.0093
o /
00— N 4 31.512 MM 1.2661 1.32317e4 174.18311 9.3982
T T T T
10 20 30 40
mAU { & a?
1000 ] hQ,BQ Peak RetTime Type Width Area Height Area

] @'b" # [min] [min] [mAU*s] [mAU] %
800 1 e L | <--===- o ol ot |

] | 1 17.027 MM 0.7056 4.80023e4 1133.90234 97.8007
600 ‘\‘ 2 26.867 MM 0.9108 1079.45044  19.75274  2.1993

] |
400 ‘ ©

] | | o
200 ‘ g ;S

] | < &

P Y N N— el
. T — T . - - T — . . . T
10 20 30 40 mir

(28,3R)-tert-Butyl-2-{[bis(4-fluorophenyl)methylene]amino}-3-(4-

-

n-hept

\

HN/SOZTOI
CO,Bu
N _4-FCgHy

4-FCgH,

~

/

methylphenylsulfonamido)decanoate (22). Following
the general procedure, the reaction of fert-butyl 2-[bis(4-
fluorophenyl)methyleneamino]acetate (2d) (49.7 mg,
0.15 mmol) with 4-methyl-N-(1-tosyloctyl)benzene-
sulfonamide (12) (85.3 mg, 0.19 mmol) in THF (2 mL)
at —20 °C for 24 h, afforded, after flash chromatography

(n-hexane-EtOAct 7:1), syn-22 as a light yellow oil; yield: 73.5 mg (80%, syn/anti =
98:2). '"H-NMR (300 MHz, CDCl3), & (ppm): 7.71-7.63 (m, 2H); 7.56- 7.48 (m, 2H);
7.16 (d, J = 8.1 Hz, 2H); 7.06-6.89 (m, 6H); 5.48 (d, J = 9.6 Hz, 1H); 3.81 (d, J = 2.6
Hz, 1H); 3.78-3.68 (m, 1H); 2.33 (s, 3H); 1.49-1.31 (m, 2H); 1.29 (s, 9H); 1.23-1.12 (m,
2H); 1.11-0.98 (m, 7H); 0.91-0.83 (m, 1H); 0.78 (t, J = 6.9 Hz, 3H). *C-NMR (75
MHz, CDCl;), & (ppm): 169.9; 169.1; 164.5 (d, "Jer = 250.5 Hz); 162.8 (d, "Jep =
247.5 Hz); 142.9; 139.3; 134.1 (d, *Jer = 3.0 Hz); 131.8 (d, “Jer = 3.7 Hz); 130.9 (d,
Jer = 9.0 Hz); 129.4; 129.4 (d, *Jer = 8.2 Hz); 126.9; 115.8 (d, “Jer = 21.9 Hz);
1152 (d, “Jer = 21.3 Hz); 82.3; 67.1; 56.5; 32.9; 31.6; 29.1; 29.0; 27.9; 25.7; 22.6;
21.4; 14.0. YF-NMR (300 MHz, CDCls), & (ppm): -111.2; -109.5. HRMS (ESI")
(M++H): calculated C34H43N,04F,S: 613.2906; Found: 613.2906.

ee = 99%; [a]p>: -30 (¢ = 1.0; CHCls). HPLC: Daicel Chiralpak IA, i-PrOH/hexane
3/97, flow rate 0.7 mL/min (A= 254.4 nm), T sy: 27.5 min (2R,3S) and 34.9 min (25,3R).
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AU
- Anti
800
600
DPeak RetT Type Width A Heigh A
400 < # [min] [min] [mAU*s] [mAU] %
5 P I & R bbbl Rk [--mmoomfommmmoeees |--mmmmmen e |
200 | X [\ 8 & 1 27.122 MM 1.5231 5.20119e4  569.16370 42.2206
A \\/ \ B 2 30.977 MM 1.4553 1.04742e4  119.95654  8.5024
o A~ y ., P
. . : . . 3 36.464 MM 1.7169 5.21790e4  506.50977 42.3562
10 2 30 40 50 min 4 55.866 MM 2.1138 8525.79688  67.22431  6.9208
&
mAU g g°
170 E 1 Fesulpl 1 d Fle”
a | &
1500 1t tive reaction g |+
1250 |
1000 “ \
7504 |\ Peak RetTime Type Width Area Height Area
S # [min] [min] [mAU*s] [mAU] 3
00 g Rl Rk [l Rty [---mmmmoee [---mmmm-e- |-=------ |
250 Y | \ 1 27.476 MM 1.0045 1581.06567  26.23376  0.6649
03— Ae— N — 2 34.892 MM 1.9713 2.36216e5 1997.14880 99.3351
T
10 20 30 40 50

(28,3R)-tert-Butyl-2-{[bis(4-fluorophenyl)methylene]amino}-5-methyl-3-(4-

( | methylphenylsulfonamido) hexanoate (23). Following
H- SO2Tol

the general procedure, the reaction of fert-butyl 2-[bis(4-
COZBu fluorophenyl)methyleneamino]acetate (2d) (49.7 mg,
NY4'FC6H4 0.15 mmol) with 4-methyl-N-(3-methyl-1-tosylbutyl)-
4-FCgH, benzenesulfonamide (13) (77.1 mg, 0.19 mmol) in THF
b (2 mL) at -20 °C for 24 h, afforded, after flash
chromatography (n-hexane-EtOAct 7:1), syn-23 as a light yellow solid; yield: 70.2 mg
(80%, syn/anti = 96:4); m.p: 114.3-115.1 °C. '"H-NMR (300 MHz, CDCls), & (ppm):
7.70-7.62 (m, 2H); 7.56-7.47 (m, 2H); 7.16 (d, J = 8.1 Hz, 2H); 7.06-6.89 (m, 6H); 5.42
(d, J=9.4 Hz, 1H); 3.83-3.78 (m, 1H); 3.78-3.73 (m, 1H); 2.33 (s, 3H); 1.29 (s, 9H);
1.25-1.17 (m, 2H); 0.82-0.77 (m, 1H); 0.73 (d, J = 6.2 Hz, 3H); 0.67 (d, J = 6.2 Hz,
3H). *C-NMR (75 MHz, CDCls), & (ppm): 169.9; 169.1; 164.5 (d, "Jc.r = 250.5 Hz);
162.8 (d, 'Jer = 247.5 Hz); 142.9; 139.2; 135.1 (d, “Je.r = 3.0 Hz); 131.8 (d, “Jer = 3.7
Hz); 130.8 (d, *Je.r = 8.2 Hz); 129.4; 129.3 (d, *Jer = 8.2 Hz); 126.9; 115.8 (d, “Jep =
21.3 Hz); 115.2 (d, “Jer =21.9 Hz); 82.3; 67.1; 54.6; 41.9; 27.9; 24.4; 22.5; 22.3; 21 4.
PF-NMR (300 MHz, CDClL), & (ppm): -111.2; -109.5. HRMS (ESI") (M'+H):
calculated C51H37N,O4F,S: 571.2436; Found: 571.2457.
ee = 99%; [a]p>: -33 (¢ = 1.0; CHCI3). HPLC: Daicel Chiralpak IA, i-PrOH/hexane
3/97, flow rate 0.7 mL/min (A= 254.4 nm), T syn: 34.8 min (2R,3S) and 41.2 min (25,3R).
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nAU
175
1503
125 Peak RetTime Type Width Area Height Area
100 #  [min] [min]  [mAU*s] [mAU] s
5 R Rt [----]--mm--- |-=-mmmmme [-----mmee [-------- |
IS 1 34.405 MM 1.6876 1.68844e4 166.75386 46.5033
50 2 39.547 MM 1.5078 1108.68201 12.25526 3.0536
25 3 43.125 MM 1.8496 1.70626e4 153.74957 46.9943
03— — 4 51.387 MM 1.9853 1252.19519 10.51232 3.4488
T
0 20 30 40 50
mAU Ed
g &
1000 =
|
800+ | LS
Enantioselective reaction: Fesulphos as ligand |
600 I
[ Peak RetTime Type Width Area Height Area
400 & | \ #  [min] [min] [mAU*s] [maU] P
g & |\ Rl Ry |----]------- [------- [--mmmooooe [-------- |
200 8 s |
v@’b | \ 1 34.803 MM 1.3523 1024.67273 12.62898 0.7151
[ N — 71—“§j o =S e 2 41.219 MM 2.1056 1.42258e5 1126.04956 99.2849
T
10 20 30 40 0

(28,3R)-tert-Butyl-2-{[bis(4-fluorophenyl)methylene]amino}-4-ethyl-3-(4-

p . methylphenylsulfonamido) hexanoate (24). Following
g~ S02Tol the general procedure, the reaction of fert-butyl 2-[bis(4-

Et CO,Bu fluorophenyl)methyleneamino]acetate (2d) (49.7 mg,

Et  Na _4-FCgH, 0.15 mmol) with N-(2-ethyl-1-tosylbutyl)-4-methyl-
4]:;6H4 benzenesulfonamide (14) (79.9 mg, 0.19 mmol) in THF

L J (2 mL) at rt for 18 h, afforded, after flash

chromatography (n-hexane-EtOAct 7:1), syn-24 as a light yellow oil; yield: 60.0 mg
(70%, syn/anti = >99:<1). 'H-NMR (300 MHz, CDCls), & (ppm): 7.72 (d, J = 8.1 Hz,
2H); 7.57-7.44 (m, 2H); 7.21 (d, J = 7.9 Hz, 2H); 7.12-6.90 (m, 6H); 5.91 (d, J = 8.5
Hz, 1H); 4.11-3.98 (m, 1H); 3.86-3.75 (m, 1H); 3.09 (s, 3H); 1.42-1.29 (m, 1H); 1.26 (s,
9H); 1.23-1.04 (m, 2H); 0.92-0.76 (m, 2H); 0.72 (t, J = 7.0 Hz, 3H); 0.62 (t, J = 6.6 Hz,
3H). "C-NMR (125 MHz, CDCl3), & (ppm): 169.9; 169.6; 164.5 (d, "Je.r = 249.7 Hz);
162.8 (d, 'Jer = 247.5 Hz); 142.7; 139.3; 135.0 (d, “Je.r = 3.0 Hz); 132.1 (d, “Jer = 3.7
Hz); 130.9 (d, *Je.r = 9.0 Hz); 129.4; 129.1 (d, *Jer = 7.5 Hz); 127.0; 116.2 (d, “Jep =
21.7 Hz); 115.6 (d, Jerp=21.7 Hz); 82.2; 65.0; 56.8; 45.5; 27.7; 22.6; 22.1; 21.4; 11.9;
11.6. "F-NMR (300 MHz, CDCls), & (ppm): 111.1; -109.4. HRMS (ESI") (M'+H):
calculated C3,H39N>,O4F,S: 585.2593; Found: 585.2567.

ee = 97%; [a]p™: -44 (¢ = 1.0; CHCls). HPLC: Daicel Chiralpak IA, i-PrOH/hexane
3/97, flow rate 0.7 mL/min (A= 254.4 nm), T syn: 33.4 min (25,3R), 42.2 (2R,3S).
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(+-)8vn
a4 i § &
) s
3503 ‘ -4 b:s 2 b,@“’
3 IR o
300 i ’g(\ &
250 13 \ f
2004 w&? | I\ Peak RetTime Type Width Area Height A
Ny |\ # [min] [min] [mAU*s] [mAU]
1503 I [ e el e [-===--- R R \
1003 | |\ 1 32.176 MM 0.8970 1.01712e4  188.98204 14.3718
504 [\ 2 34.122 MM 1.3060 3.09727e4  395.26230 43.7638
o] AP A~ \. / N 3 40.310 MM 1.8128 2.96284ed  272.39441 41.8644
T T T
10 20 30 40 50
mAU o
b
1 g N
000 Enantioselect tion: Fesulphos as ligand [\
800 |
I
600 ; . :
| Peak RetTime Type Width Area Height Area
400 4 #  [min] [min]  [mAU*s] [mAU] %
9
© 3 R Ry |----]------- |-----mmm-- |----mmo-e |-------- |
200 N B 1 33.408 MM 1.5716 1.10583e5 1172.75342 98.4577
o . N B o 2 42.218 MM 1.2368 1732.26550  23.34425  1.5423
T T T
10 20 30 40 50

(2S,3R)-tert-Butyl-3-cyclopentyl-2-(diphenylmethyleneamino)-3-(4-methylphenyl-

I

_SO,Tol
HN

O/‘\f coZby
NYPh

Ph

N\

sulfonamido)propanoate  (25). the

procedure, the reaction of fert-butyl 2-(diphenylmethylene-

Following general
amino)acetate (2b) (44.3 mg, 0.15 mmol) and N-[cyclopentyl-
(tosyl)methyl]-4-methylbenzenesulfonamide (15) (79.5 mg, 0.19
mmol) in THF (2 mL) at —20 °C for 17 h, afforded, after flash
chromatography (n-hexane-EtOAct 6:1), syn-25 as a white

solid; yield: 68.2 mg (83%, syn/anti = >99:<1); m.p: 62—63 °C. '"H-NMR (300 MHz,
CDCls), & (ppm): 7.80 (d, J = 8.3 Hz, 2H); 7.68-7.59 (m, 2H); 7.48-7.40 (m, 4H); 7.40-
7.34 (d, J = 7.5 Hz, 2H); 7.27-7.22 (m, 2H); 7.15-7.05 (m, 2H); 5.92 (d, J = 8.8 Hz,
1H); 3.98 (s, 1H); 4.05-3.90 (m, 1H); 2.41 (s, 3H); 1.98-1.80 (m, 1H); 1.60-1.45 (m,
3H); 1.45-1.35 (m, 2H); 1.39 (s, 9H); 1.24-1.01 (m, 2H); 0.95-0.86 (m, 1H). *C-NMR
(75 MHz, CDCl;), o (ppm): 171.8; 169.3; 142.5; 139.9; 139.0; 130.7; 129.3; 128.9;
128.5; 128.1; 127.4; 126.9; 82.1; 67.9; 60.6; 44.6; 30.1; 29.5; 27.9; 25.11; 24.9; 21.5.
HRMS (ESI") (M"+H): calculated C3,H30N,04S: 547.2625; Found: 547.2623

ee =>99 %; [a]p>: -18 (¢ = 0.5 ; CHCl3). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
3/97, flow rate 1.0 mL/min (A= 254.4 nm), T syn: 24.5 min (25,3R), 44.6 min (2R,35).

mAU ]
1000 -

800

Peak RetTime Type Width Area Height A
600 #  [min] [min] [mAU*s] [mAU] %
e |=oef-reeee e Bl R |
400 & 1 24.523 MM 1.0968 7.62230e4 1158.26343 37.4311
T 2 34.735 MM 1.4388 2.48732e4  288.12244 12.2146
200 [ 3 40.058 MM 1.5649 2.65669e4  282.93936 13.0463
o] J\, 4 44.586 MM 2.6622 7.59725e4  475.61655 37.3081
T T
20 40 60
mAU 2 o
600 e &
W
500 & :
ha Enantioselective reaction: Fesulphos as ligand
4005 I
300 I . .
o Peak RetTime Type Width Area Height Area
200 | \‘ # [min] [min] [mAU*s] [mAU] %
1003 I EREl it |----]-mmmmm- |---mmomen [----mmmmme [-------- |
\ 1 24.678 MM 1.2441 4.85429e4  650.31244 100.0000
01— _ _
T
20 40 60
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(28,3R)-tert-Butyl-3-cyclohexyl-2-(diphenylmethyleneamino)-3-(4-methylphenyl-

I

H

.SO,Tol
N 2

CO,Bu
NYPh

J

Ph

sulfonamido)-propanoate (26). Following the general

procedure, the reaction of tert-butyl 2-(diphenylmethylene-

ami

no)acetate (2b) (443 mg, 0.15 mmol) with N-

[cyclohexyl(tosyl)methyl]-4-methylbenzenesulfonamide  (16)

(82.

2 mg, 0.19 mmol) in THF (2 mL) at -20 °C for 17 h,

afforded, after flash chromatography (n-hexane-EtOAc 6:1),
syn-26b as a white solid; yield: 67.3 mg (80%, syn/anti = 98:2); m.p: 58-60 °C. 'H-
NMR (300 MHz, CDCls), ¢ (ppm): 7.70 (d, J = 8.2 Hz, 2H); 7.52 (d, J = 8.5 Hz, 2H); );
7.39-7.25 (m, 4H); 7.36-7.18 (m, 2H); 7.18-7.11 (m, 2H); 7.05-6.90 (m, 2H); 5.90 (d, J
= 8.7 Hz, 1H); 3.78 (dd, J = 1.6 Hz, J = 6.72 Hz, 1H); 2.30 (s, 3H); 1.60-1.42 (m, 5H);
1.24 (s, 9H); 1.10-0.61 (m, 6H). C-NMR (75 MHz, CDCl3), & (ppm): 171.3; 169.6;
142.6; 139.6; 138.9; 136.6; 130.7; 129.3; 128.9; 128.5; 128.1; 127.2; 126.9; 81.9; 65.7,
60.6; 41.8; 29.7; 29.1; 27.8; 26.3; 26.3; 26.2; 21.4. HRMS (ESI") (M +H): calculated
C33H41N204S: 561.2781. Found: 561.2783.

ee = 97%; [a]Dzs: -40 (¢ = 1.0; CHCIl;). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
3/97, flow rate 0.7 mL/min (A= 254.4 nm), T sy: 38.1 min (25,3R) and 66.1 min( 2R,3S).

nAU
700
600
500 ‘
Peak RetTime Type Width Area Height Area
400 ‘ #  [min] [min] [MAU*s] [mAU] %
300 Rl R |-=--]------- [---------- [--mmmmme- [-------- |
200 1 37.458 MM 1.3824 6.48296e4  781.58398 42.8015
100 ‘ 2 47.661 MM 2.3534 2.43723e4  172.60683 16.0910
0 A 3 60.094 MM 2.9568 6.22638e4  350.96368 41.1075
T
20
mAU d \s
8 o
&
120 [l &
100 “‘RS Enantioselective react Fesulph 1 i
80 I
|
60 I
© “ | 5 Peak RetTime Type Width Area Height Area
[ g & #  [min] [min] [mAU*s] [mAU]
. e
2 | & Rl R [----]------- |---mmmmeee [-=mmmm- [-------- |
0— A ~ N~ 1 38.073 MM 1.6780 1.50302e4  149.28445 98.7453
) ) o ) 2 66.106 MM 2.0696 190.97296 1.53792  1.2547

(28,3R)-tert-Butyl-2-{[bis(4-fluorophenyl)methylene]amino}-3-(4-methylphenyl-

-

|

Ph

HN

!

,SO,Tol

CO,Bu

N _4-FCgHy

T

4-FCgH,

J

sulfonamido)-5-phenylpentanoate (27). Following the
general procedure, the reaction of tert-butyl-2-[bis(4-
fluorophenyl)methyleneamino]acetate (2d) (49.7 mg,
0.15 mmol) and 4-methyl-N-(3-phenyl-1-tosylpropyl)-
benzenesulfonamide (17) (86.5 mg, 0.19 mmol) in THF

J

(3 mL) at —20 °C for 18 h, afforded, after flash

chromatography (n-hexane-EtOAc 7:1), syn-27 as a light yellow solid; yield: 53.2 mg
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(57%, syn/anti = 96:4); m.p: 55.4-56.0 °C. "H-NMR (300 MHz, CDCls), & (ppm): 7.61
(d, J=17.9 Hz, 2H); 7.53-7.44 (m, 2H); 7.21-7.12 (m, 4H); 7.11-6.85 (m, 9H); 5.54 (d, J
=9.4 Hz, 1H); 3.86 (d, J = 2.4 Hz, 1H); 3.75-3.68 (m, 1H); 2.44-2.33 (m, 1H); 2.33 (s,
3H); 2.30-2.22 (m, 1H); 1.90-1.75 (m, 1H); 1.74-1.60 (m, 1H); 1.28 (s, 9H). *C-NMR
(75 MHz, CDCl3), & (ppm): 170.1; 169.0; 164.6 (d, "Je.r = 250.5 Hz); 162.8 (d, 'Jer =
247.5 Hz); 143.0; 140.9; 139.0; 135.1 (d, *Jor = 2.2 Hz); 131.7 (d, *Jer = 3.7 Hz);
130.9 (d, *Jer = 9.0 Hz); 129.5; 129.4 (d, *Jer = 7.5 Hz); 128.4; 128.3; 126.9; 126.0;
116.0 (d, “Jer = 21.3 Hz); 115.2 (d, “Jer = 21.3 Hz); 82.4; 67.0; 55.9; 34.3; 32.0; 27.9;
21.4. YF-NMR (300 MHz, CDCl3), & (ppm): -111.1; -109.4. HRMS (ESI") (M'+H):
calculated C3sH37N,O4F,S: 619.2436; Found: 619.2458.

ee = 96%; [a]p™: -37 (¢ = 1.0; CHCl;). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
15/85, flow rate 0.5 mL/min (A= 254.4 nm), T s,,: 17.4 min (2R,3S), 21.4 (2S,3R).
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mAU T 9°8 \.345
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T
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200 Enantioselective reaction: Fesulphos as ligand | ‘Y@Q
| | Peak RetTime Type Width Area Height Area
150 I # [min] [min] [mAU*s] [mAU] %
[ R Rt |----]-mmm--- [----mme-- [----mmo-- |---m-m-- |
100 S 1 17.387 MM 0.5528 273.70087 8.25138  2.1223
. 54 \ 2 21.407 MM 0.7278 1.26225e4  289.04041 97.8777
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(25,3R)-tert-Butyl-2-{[bis(4-fluorophenyl)methylene]amino}-3-(4-methylphenyl-

-

~ sulfonamido)non-6-enoate (28). Following the

|_”\I,SOZTol general procedure, the reaction of tert-butyl 2-[bis(4-
N CO,Bu fluorophenyl)methyleneamino]acetate (2d) (49.7 mg,
N _4-FCgH, 0.15 mmol) with  4-methyl-N-(1-tosylhept-4-
Y enyl)benzenesulfonamide (18) (85.2 mg, 0.19 mmol)
4-FCgH,

\

in THF (2 mL) at —20 °C for 20 h, afforded, after

flash chromatography (n-hexane-EtOAc 7:1), syn-28 as a colourless oil; yield: 70.4 mg
(78%, syn/anti = 90:10). '"H-NMR (300 MHz, CDCls), & (ppm): 7.71-7.64 (m, 2H);
7.57-7.48 (m, 2H); 7.22-7.14 (m, 2H); 7.09-6.92 (m, 6H); 5.49 (d, J = 9.4 Hz, 1H);
5.28-5.15 (m, 1H); 5.13-4.98 (m, 1H); 3.82 (d, J= 2.6 Hz, 1H); 3.81-3.72 (m, 1H); 2.33
(s, 3H); 1.80-1.60 (m, 4H); 1.47-1.33 (m, 2H); 1.29 (s, 9H); 0.78 (t, J = 7.5 Hz, 3H).
BC-NMR (75 MHz, CDCl3), & (ppm): 170.0; 169.0; 164.5 (d, 'Jer = 249.7 Hz); 162.9
(d, "Jer = 247.5 Hz); 142.9; 139.3; 135.1 (d, “Jer = 3.0 Hz); 132.6; 131.8 (d, “Jer =
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3.7 Hz); 130.9 (d, *Je.r = 9.0 Hz); 129.5; 129.4 (d, *Jer = 9.0 Hz); 127.2; 126.9; 115.8
(d, “Jer =21.3 Hz); 115.2 (d, “Jer = 21.3 Hz); 82.3; 66.9; 56.0; 32.8; 27.9; 23.5; 21.4;
20.5; 14.2. F-NMR (300 MHz, CDCls), & (ppm): -111.2; -109.5. HRMS (ESI")
(M++H): calculated C33H39N,0O4F,S: 597.2593; Found: 597.2601.

ee = 99%; [o]p>: -10 (¢ = 0.3 ; CHClL3). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
10/90, flow rate 0.7 mL/min (A= 254.4 nm), T oyn: 12.0 min (2R,3S5), 16.4 (2S,3R).

(+-)Svn
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e ©
§ A 5 o
800 .
ha ’7 “&}%
600 | g &
’ | “ S o1l Peak RetTime Type Width Area Height Area
400 I il g X 4 [min] [min]  [mAU*s] [mAU] p
N & e i [zmmmmmmeee [-ommemmeee [-mmmn-- \
200 | o 1 11.955 MM 0.5402 3.26650ed 1007.80579 36.0565
I\ A\ 2 15.095 MM 0.5813 1.50576ed4  431.74136 16.6210
ol _ / \ . 3 16.716 MM 0.6386 3.03268ed  791.45435 33.4755
T T T T T 4 20.739 MM 0.7466 1.25445e4  280.02023 13.8470
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b3 ég?
1200 £
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1000 |
800 | “ |E| antioselective reaction: Fesulphos as ligand
| “ Peak RetTime Type Width Area Height Area
600 I 4  [min] [min]  [mAU*s] [mAU] B
400 & Rl Ry [----]--mm--- [-----mm--- |---mmmme [-------- |
200 g & | 1 12.024 MM 0.4725 229.99812 8.11204  0.4531
ESAAN 2 16.413 MM 0.5942 5.05270ed4 1417.18494 99.5469
0 B N — o
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(28,3R)-tert-Butyl-4-(benzyloxy)-2-{[bis(4-fluorophenyl)methylene]amino}-3-(4-

-

HN ,SOzTO'
Ph._O CO,'Bu

N _4-FCgHy

4-FCgH,

|

N

J

butanoate (29).

Following the general procedure, the reaction of tert-

methylphenylsulfonamido)

butyl 2-[bis(4-fluorophenyl)methyleneamino]acetate
(2d) (49.7 mg, 0.15 mmol) and N-[2-(benzyloxy)-1-
tosylethyl]-4-methylbenzenesulfonamide (19) (89.62
mg, 0.19 mmol) in THF (2 mL) at —20 °C for 19 h,

afforded, after flash chromatography (n-hexane-EtOAc 7:1), syn-29 as a light yellow
oil; yield: 46.7 mg (50%, syn/anti = 95:5). '"H-NMR (300 MHz, CDCl;), & (ppm): 7.72-
7.66 (m, 2H); 7.54-7.46 (m, 2H); 7.24-7.19 (m, 3H); 7.14 (d, J = 8.1 Hz, 2H); 7.08-7.02
(m, 2H); 6.98-6.84 (m, 6H); 5.59 (d, J= 9.1 Hz, 1H); 4.33-4.20 (m, 2H); 4.16-4.12 (m,
1H); 4.11-4.03 (m, 1H); 3.53-3.42 (m, 1H); 3.21 (t, J = 9.1 Hz, 1H); 2.31 (s, 3H); 1.21
(s, 9H). *C-NMR (75 MHz, CDCls), & (ppm): 170.8; 168.8; 164.5 (d, 'Jer = 249.7
Hz); 162.7 (d, "Jer = 247.5 Hz); 143.0; 138.9; 137.6; 135.1 (d, “Je.r = 3.0 Hz); 131.67
(d, “Jer = 3.7 Hz); 130.9 (d, *Jer = 9.0 Hz); 129.5 (d, *Jer = 7.5 Hz); 129.5; 128.3;
127.7; 127.5; 126.9; 115.6 (d, “Je.r = 21.3 Hz); 115.1 (d, “Jer = 21.3 Hz); 82.2; 73.1;
69.8; 64.7; 54.8; 27.7; 21.4. "F-NMR (300 MHz, CDCl3), & (ppm): -111.6; -109.5.
HRMS (ESI") (M™+H): calculated C35H37N,05F,S: 635.2385; Found: 635.2389.

ee = 93%; [o]p”: -30 (¢ = 1.0; CHCl3). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
15/85, flow rate 0.5 mL/min (A= 254.4 nm), T syn: 16.2 min (2R,3S5), 36.2 (2S,3R).
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(28)-tert-Butyl-2-|bis(4-fluorophenyl)Methyleneamino]|-3-(4-methylphenyl-

HN ,SOZTO|
CO,'Bu
NY4-FC6H4
4-FCgH,

. sulfonamido)propanoate (31). Following the general
procedure, the reaction of tert-butyl 2-[bis(4-fluorophenyl)-
methyleneamino]acetate (2d) (49.7 mg, 0.15 mmol) with 4-
methyl-N-(tosylmethyl)benzenesulfonamide (30) (66.2 mg, 0.19
mmol) in THF (2 mL) at —20 °C for 12 h, afforded, after flash
chromatography (n-hexane-EtOAc 6:1), syn-31 as a light yellow

solid; yield: 61.5 mg (80%); m.p: 59-60 °C. '"H-NMR (300 MHz, CDCl;), & (ppm): 7.61
(d, J = 8.3 Hz, 2H); 7.52-7.43 (m, 2H); 7.26 (d, J = 7.4 Hz, 2H); 7.05 (d, /= 7.0 Hz,
4H); 6.97-6.87 (m , 2H); 4.96 (t, J = 6.4 Hz, 1H); 3.98 (t, J = 5.8 Hz, 1H); 3.29 (t,J =
6.2 Hz, 2H); 2.33 (s, 3H); 1.31 (s, 9H). PC-NMR (75 MHz, CDCl3), & (ppm): 170.6;
168.8; 164.5 (d, "Jer = 250.5 Hz); 162.9 (d, "Jer = 247.5 Hz); 143.4; 137.1; 135.2 (d,
‘Jer =3.0Hz); 131.4 (d, “Jer = 3.7 Hz); 130.9 (d, *Jer = 8.2 Hz); 129.7 (d, *Jep = 7.5
Hz); 129.7; 127.0; 115.8 (d, “Jer = 21.7 Hz); 115.2 (d, “Jer = 21.8 Hz); 82.3; 64.8;
45.6; 27.9; 21.5. ""F-NMR (300 MHz, CDCl3), & (ppm): -109.4; -111.3. HRMS (ESI")
(M++H): calculated Cy7H29N,0O4F>S: 515.1810 Found: 515.1804

ee = 83%; [alp™: -35 (¢ = 1.0; CHCl3). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
4/96, flow rate 1.0 mL/min (A= 254.4 nm), t: 30.8 min (2R) and 47.2 min (25).
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1.3. Selective N-deprotection of the Mannich adducts: conversion of 26

into the cyclic urea trans-33.°

O
NHSO,Tol
NHSO,Tol 2 °t so,Tol,
CO,Bu citric acid (0.5 M) CO,'Bu (CI3C).CO N~ "NH
Cy > Cy B ———————
Ny -Ph THF, 0°C to rt NHz DCM, rt cy’ co,Bu
(26) pPn 91% syn-32 80% trans-A
Mg, MeOH
84%
rt
X
HN™ “NH
Cy %COZ‘BU
trans- 33
(28,3R)-tert-Butyl-2-amino-3-cyclohexyl-3-(4-methylphenylsulfonamido)-
SO,Tol propanoate (syn-32). To a solution of syn-26 (272.6 mg, 0.48

HI CO.IB mmol) in THF (4 mL), cooled to 0 °C, was added a 0.5 M aq
C /H/ >'Bu

solution of citric acid (2.0 mL). The mixture was allowed to reach

NH2 rt and stirred for 2 h before it was extracted with Et,O (3 x 3 mL).

The combined organic phase was washed with water (3 x 3 mL), the aqueous phase was
basified with saturated K,COs solution and it was then extracted with EtOAc (3 x 3
mL). The organic phase was washed with brine (4 mL), dried (Na,SO,) and
concentrated to afford syn-32 as a colourless oil; yield: 175.0 mg (91%). "H-NMR (300
MHz, CDCls), & (ppm): 7.66 (d, J=9.0 Hz, 2H); 7.18 (d, J = 9.0 Hz, 2H); 5.27 (s, 1H);
3.44-3.36 (m, 1H); 3.33 (d, J = 3.0 Hz, 1H); 2.34 (s, 3H); 1.65-1.42 (m, 7H); 1.36 (s,
9H); 1.10-0.61 (m, 6H). >C-NMR (75 MHz, CDCls), & (ppm): 172.8; 143.0; 138.7;
129.4; 127.0; 82.2; 60.2; 54.7; 41.4; 29.8; 28.8; 27.9; 26.2; 26.1; 21.5. HRMS (ESI")
(M™+H): calculated C0H33N,04S: 397.2155; Found: 397.2152; (M'+2H-'Bu):
calculated C;6HpsN>O4S: 341.1529; Found: 341.1525. [a]p™: + 51 (¢ = 0.8; CHCL).

5. For cis- and trans- assigment on imidazolidinones derived from a,B-diamino acid derivatives, see: S.
H. Lee, J. Yoon, S. H. Chung, Y. S. Lee, Tetrahedron, 2001, 57, 2139.
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(4S8,5R)-tert-Butyl 5-cyclohexyl-2-oxo-1-tosylimidazolidine-4-carboxylate (frans-A).
To a solution of syn-32 (260.0 mg, 0.65 mmol) in dry CH,Cl,

(4 mL), under inert atmosphere and cooled to 0 °C, was added

-

O
TolO2S< )J\
o2 N7 NH dropwise a solution of triphosgene (486.1 mg, 1.64 mmol).

>—'.,// ) ) ) o )
Cy C0,'Bu The reaction mixture was stirred at 0 °C for 1 h before it was

L allowed to reach rt and stirred for further 2 h at rt. The mixture

was concentrated and the residue was purified by flash chromatography (n-hexane-
EtOAc 2:1, stained with CAN) to afford frans-A as a light yellow solid; yield: 220.2 mg
(80%); m.p: 73.1-75.0 °C. '"H-NMR (300 MHz, CDCls), & (ppm): 7.79 (d, J = 6.0 Hz,
2H); 7.21 (d, J= 6.0 Hz, 2H); 5.77 (s, 1H); 4.24-4.20 (m, 1H); 3.70 (d, /= 3.0 Hz, 1H);
2.34 (s, 3H); 1.49-1.43 (m, 6H); 1.33 (s, 9H); 1.10-0.70 (m, 5H). "*C-NMR (75 MHz,
CDCl3), & (ppm): 169.7; 155.2; 144.6; 136.2; 129.4; 127.9; 83.14; 64.7; 53.0; 41.6;
28.4; 27.8; 26.2; 25.9; 25.5; 25.3; 21.6. HRMS (ESI") (M'+H): calculated
C21H31N,O5S: 423.1948; Found: 423.1939; (M++Na): calculated C,;H3oN;NaOsS:
445.1767; Found: 445.1762. [o]p>: + 44 (¢ = 0.7; CHCL).

(4S8,5R)-tert-Butyl 5-cyclohexyl-2-oxoimidazolidine-4-carboxylate (trans-33). To a
f o 1 solution of trans-A (45.0 mg, 0.106 mmol) in MeOH (5 mL) were

J\ added Mg turnings (52.0 mg, 2.13 mmol) and the reaction mixture
HN" NH

was stirred under sonication at rt for 1 h. After that time the Mg

Cy CO,Bu | was dissolved and the reaction mixture was filtered through

| J

Celite. The filtrate was concentrated and it was dissolved in
CH,CI; (2 mL), then successively washed with a saturated aq. solution of K,CO3 (3 x 2
mL) and brine. The organic phase was dried (Na,SO4) and concentrated to dryness. The
residue was purified by flash chromatography (n-hexane-EtOAc 1:2, stained with
ninhydrin) to afford trans-33 as light brown solid; yield: 23.9 mg (84%); m.p: 156.1-
157.8 °C. "TH-NMR (300 MHz, CDCl3), & (ppm): 5.48 (s, 1H); 4.98 (s, 1H); 3.82 (d, J =
3.0 Hz, 1H); 3.56-3.49 (m, 1H); 1.76-1.55 (m, 6H); 1.41 (s, 9H); 1.22-1.06 (m, 5H).
BC-NMR (75 MHz, CDCls), & (ppm): 169.9; 161.2; 81.5; 59.7; 56.6; 41.8; 27.6; 27.1;
26.9; 25.3; 24.8; 24.7. HRMS (ESI") (M'+H): calculated C;4H;5N,03: 269.1859;
Found: 269.1870; (M'+Na): calculated C;4H24N;NaO;: 291.1679; Found: 291.1668;
(2M++Na): calculated CgsH4sN4NaOg: 559.3472; Found: 559.3510. [a]DZS: +38 (¢ =1.0;
CHCl).
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2. Determination of the absolute and relative configuration of
the Mannich products: preparation of compound 26°.

Cs,CO5 1.5 eq _SO,Tol
o Fesulphos (10 mol%) HN
)\ un-SC2T1 Cu(CHLCN),PFg (10 mol%) c CO,Me
P SNcoMe -
cy” >s0,Tol N Ph
THF, -20°C, 24h he
1a,1.0 eq 16, 1.3 eq 26’ "

(25,3R)-Methyl-3-cyclohexyl-2-(diphenylmethyleneamino)-3-(4-methylphenyl-
sulfonamido)-propanoate (26°).® Following the general procedure, the reaction of 2-
[(diphenylmethylene)amino]acetate (2a) (38.0 mg, 0.15 mmol) (44.3 mg, 0.15 mmol)
with N-[cyclohexyl(tosyl)methyl]-4-methylbenzenesulfonamide (16) (82.2 mg, 0.19
mmol) in THF (2 mL) at —20 °C for 24 h, afforded, after flash chromatography (n-
hexane-EtOAc 6:1), syn-26" as a yellow oil, yield: 50.5 mg (65%, syn/anti = 90:10). 'H-
NMR (300 MHz, CDCls), 6 (ppm): 7.72-7.65 (d, J = 8.2 Hz, 2H); 7.57-7.51 (d, J= 7.1
Hz, 2H); 7.40-7.25 (m, 4H); 7.21-7.14 (m, 2H); 7.01-6.90 (m, 2H); 5.89 (d, J = 9.0 Hz,
1H); 4.05-3.98 (m, 1H); 3.68 (t, J = 7.9 Hz, 1H); 3.17 (s, 3H); 2.31 (s, 3H); 1.64-1.43
(m, 4H); 1.37-1.22 (m, 2H); 1.10-0.90 (m, 3H); 0.85-0.69 (m, 2H). HRMS (ESI)
(M++H): calculated C;9H35N»04S: 519.2312. Found: 519.2323.

ee = 95%; [a]Dzs: -38 (¢ = 0.9; CHCIl;). HPLC: Daicel Chiralpak AD, i-PrOH/hexane
3/97, flow rate 0.7 mL/min (A= 254.4 nm), T sy»: 52.9 min (25,3R) and 60.3 min( 2R,3S).

(+-)Anti

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] k

<
= %
R & RRRbd Rk [----]------- |-mmmmooee |---mmoo-e- |------- |
B 1 54.413 MM 2.9899 1.11463ed 62.13284 30.8202
| o 2 62.263 MM 3.4761 1.12537e4 53.95808 31.1171
104 X P \ 3 89.656 MM 4.1770 6851.76221  27.33905 18.9455

'l - ARV [\ [\ 4 158.791 MM 5.8781 6913.83057  19.60327 19.1172
o1 J/an VAVAN SN S\ . \,

1003 | Enantioselective reaction: Fesulphos as ligand

Peak RetTime Type Width a
# [min] [min] [mAU*s] [mAU]
|

~
|| 8 5 1 52.986 MM 3.1016 3.59154e4  192.99371 97.7142
o PaN 2 60.327 MM 3.7155 840.16144 3.76877  2.2858

X _ — —

T T T T T T T T
20 40 60 80 100 120 140 160

The absolute and relative configuration of the Mannich products was determined by
preparation of the known compound 26’ (methyl ester derivative of product 26) and

comparison of the NMR data and optical rotation with those described in the literature®

6. L. Bernardi, A. S. Gothelf, R. G. Hazell, K. A. JOrgensen, J. Org. Chem., 2003, 68, 2583. The
configuration of all other products was assigned by analogy.
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{[a]p>= =39 (¢ = 1.088, CDCI; for a 92% ee sample of 26°}°. The configuration of all

other product was assigned by analogy.

3. Base and solvent screening.

Base

.SO,Tol
Ph Ly S02Tol Fesulphos (10 mol %) H
Ph)\\ N“>coMe * Me”™ ~SO,Tol ST e (Do) Me woe
Solvent, rt, 5h Nﬁ/Ph
1.0eq 1.3 eq Ph
Entry Base (1.2 eq) Solvent Conversion % syn/anti syn-ee %
1 Cs,CO; THF 89 88:12 93"
2 (CsCOs (1.5) DCM 8 - -
3 CsCOs (1.5) Acetonitrile 53 79:21 -
4 CspCO; (1.5) Trifluorotoluene 53 87:13 93"
5 CsyCOs (1.5) THF 95 88:12 90"
6 Diisopropylamine THF 55 73:27 -
7  Triethylamine THF - - -
8 Diisopropylethylamine THF 38 75:25 -
e s
10 K;3POq4 THF 59 83:17 -
11 (NBus)PO,H, THF - - -

* The enantiomeric excesses were measured only when both, the conversion and diastereoselectivity were

good.
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4. Chiral ligand screening.

Cs,CO31.2eq

50,Tol Ligand (X mol%) - SO2T0!
j’\i 'j“\ Cu(CH;CN),PFg (X mol%) /H/CoztBu
Ph N/\COZ’Bu + Cy SO,Tol Cy
THF, rt, 5h Nﬁ/Ph
1.0eq 1.3 eq Ph
Entry Ligand % mmol syn/anti * Yield % syn-ee %
1 Fesulphos 10 90:10 73 89
2 Fesulphos 5 87:13 52° -
3 Fesulphos p-F 10 84:16 67 94
4 Fesulphos p-OMe 10 86:14 74 88
5 Mandyphos (R,S) 10 - 23 -
6 Josiphos (R,S),) 10 92:8 54 93

* Conversion value from the crude "H-NMR.
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5. NMR spectra.
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