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3 Ba(O:Pr): 48 55 15/85

4 1/2[Sr(HMDS)z]l: | 18 >99 14/86

5l Ca(O:Pr)2 48 68 11/89

bl Sr(O:Pr)2 48 45 7/93

71b) Ba(OPr)2 48 65 9/91

8lb) 1/2[Sr(HMDS)2): | 24 92 7/93
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= 2] Catalyst | Yield (%) | antisynla
1 Ca(OPr): | 72 93/7
2 Sr(OPr)2 | 75 93/7
3 Ba(OPr): | 68 ' 90/10
4 Mg(OBu): | 94 96/4
5 Ca(OBu):2 | 78 87/13
6 Sr(0OBu): | 61 80/20
7 Ba(OBu)2 | 80 90/10
8l Mg(OBu): | >99 94/6

[a] Determined by 'H NMR of the crude product.
[b] Ar = pNO2-CeHa.
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7.65-7.63 (d, 2H, J = 9.2 Hz), 7.55-7.53 (d, 2H, J = 9.2 Hz),
7.42-7.41 (d, 2H, J = 7.2 Hz), 7.15-7.11 (m, 2H),

7.00-6.98 (t, 1H, J 7.20 Hz), 5.27-5.22 (t, 1H, J = 10.3 Hz),
4.46-4.42 (m, 1H), 4.22-4.17 (d, 1H, J = 10.3 Hz), 4.16-4.11 (mn, 1H),
1.51-1.50 (d, 3H, J = 6.3 Hz), 1.39 (s, 9H),

0.73-0.72 (d, 3H, J = 6.3 Hz), 0.49-0.47 (d, 3H, J = 6.3 Hz);
oooooo, 0, 0060

176.5, 155.3, 149.8, 147.7, 141.4, 128.9, 128.5, 128.3, 127.6, 123.9,
79.3, 72.6, 56.9, 45.1, 28.4, 20.6, 20.0, 16.2; IR (neat) 3367, 2982,
2942, 1715, 1698, 1582, 1531, 1455, 1349, 1305, 1160, 1081, 1010, 907,
855, 746, 701, 657, 607 0 O " © O
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0 Isopropyl 3-(tert-butoxycarbonylamino)-3-(4- methoxyphenyl)-2-methyl-N-(4-nitr
ophenylsulfonyl)propanimidate (0 O O ):
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ooov7.37-7.35 (d, 2H, J = 8.9 Hz), 6.76-6.74 (d, 2H, J = 8.9 Hz),
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Y poDooo0ooDoDO0, 0, 068 O176.8, 159.9, 155.6, 150.0, 148.0, 133.6, 129.3,
00adi128.5, 128.4, 128.2, 127.9, 124.1, 114.4, 79.3, 72.6, 56.5, 54.9, 45.4,
0o0o28.6, 20.8, 20.4, 16.3; IR (neat) 3370, 3104, 2980, 2936, 2837, 1712,
000 1698, 1583, 1531, 1513, 1456, 1349, 1304, 1246, 1160, 1092, 1036, 1010,

0o 00983, 907, 879, 855, 833, 7460 0 O, 5 O
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O Isopropyl 3-(tert-butoxycarbonylamino)-3-(4-fluorophenyl)- 2-methyl-N-(4-nitro

phenylsulfonyl)propanimidate (0 O O ):
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0001.47-1.46 (d, 3H, J = 6.3 Hz), 1.40 (s, 9H),

0000.72-0.71 (d, 3H, J = 6.3 Hz), 0.47-0.45 (d, 3H, J = 6.3 Hz);

"t DooooD0oDO0,0,080

0O00176.7, 164.3, 162.3, 155.9, 150.5, 148.2, 137.6, 130.3, 129.1, 128.7,
000 128.5, 128.2, 124.5, 116.3, 116.1, 80.0, 73.2, 56.7, 45.7, 29.0, 21.1,
00 020.7, 16.4; IR (neat) 3366, 2981, 2834, 1698, 1599, 1583, 1532, 1510,
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0 Isopropyl 3-(tert-butoxycarbonylamino)-2-methyl-N- (4-nitrophenylsulfonyl)-3-m

-tolylpropanimidate (0 O O ):
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OO Ooo0oood
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OOo0ooogo-gogao

OoooooooooooggoQg
OoooooOgs

O

OoOoooooOooogooodg

Isopropyl 3-(tert-butoxycarbonylamino)-2-methyl-N- (4-nitrophenylsulfonyl)-3-0

O

O

DooDo0DoDoDoDOoDOoD” 0000000, 0,080
7.66-7.63 (d, 2H, J = 8.9 Hz), 7.57-7.55 (d, 1H, J
7.27-7.23 (m, 2H), 7.09-7.06 (t, 1H, J = 7.6 Hz),
6.86-6.85 (d, 1H, J = 7.6 Hz), 5.24-5.20 (t, 1H, J = 10.3 Hz),
4.47-4.42 (m, 1H), 4.31-4.24 (m, 1H), 4.16-4.12 (m, 1H), 2.160 (s, 3H),
1.54-1.53 (d, 3H, J = 6.3 Hz), 1.40 (s, 9H),

0.74-0.73 (d, 3H, J = 6.3 Hz), 0.52-0.51 (d, 3H, J = 6.3 Hz);
000000, 0,080

176.8, 155.7, 150.1, 148.2, 141.4, 138.7, 129.1, 128.7, 120.0, 125.5,
124.2, 79.5, 72.8, 52.2, 45.6, 28.8, 21.7, 20.9, 20.4, 16.4;
IR(neat)3367, 2980, 2935, 1698, 1594, 1583, 1531, 1455, 1349, 1305,
1242, 1159, 1090, 1010, 938, 907, 855, 745, 705, 685 0 0O " P O
ooooooao

s, 0, 0,00000000000000%0000000000
0000000000000 D0D00D0D000 000000000
0o0o0O00O0O0O0oooooao

8.9 Hz),
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-tolylpropanimidate (0 O O ):
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7.69-7.68 (d, 2H, J = 8.6 Hz), 7.61-7.60 (d, 1H, J = 7.8 Hz),
7.56-7.55 (d, 2H, J = 8.6 Hz), 7.23-7.20 (m, 1H),

6.98-6.95 (t, 1H, J = 7.8 Hz), 6.91-6.90 (d, 1H, J = 7.8 Hz),
5.45-5_.41 (t, 1H, J = 10.3 Hz), 4.40-4.35 (m, 1H), 4.25-4_.19 (m, 1H),
4.04-4.01 (d, 1H, 10.3 Hz), 2.470 (s, 3H),
1.67-1.66 (d, 3H, J = 6.9 Hz), 1.40 (s, 9H),
0.69-0.68 (d, 3H, J = 6.3 Hz), 0.33-0.31 (d, 3H, J
000000, 0,080

176.8, 155.7, 150.0, 148.0, 140.0, 137.1, 131.0, 127.8, 127.1, 126.5,
124.1, 79.3, 72.5, 52.4, 45.3, 28.5, 20.8, 20.1, 19.8, 16.9;
IR(neat)3369, 2979, 2933, 1714, 1699, 1594, 1583, 1531, 1456, 1349,
1304, 1159, 1089, 1011, 907, 855, 745, 657 0 O Y O

Ooo0ooooogao

0,0, 0,0,00000000000000%0000000000
0000000000000 DDO0OO0O0DDODO0OO0DDOD DOO0OO0DOODOOO

6.3 Hz);

R S SR GEPR EE I IR
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HPLC; Daicel Chiralcel OD-H; hexane/iPrOHO O O O O
O00DD0DO00O0O0o0ooDoDDOflowrateD OO OO0 O OOOOO
0000000 0d (Minor enantiomer obtained from (R,R)-ligand),
000000000 (Major enantiomer obtained from (R,R)-ligand)
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O Isopropyl 3-(tert-butoxycarbonylamino)-2-methyl-N- (4-nitrophenylsulfonyl)-3-(
3-vinylphenyD)propanimidate (0 O O ):

ooooooooooooo0O0O0O0O0O0O0 0,080

000 7.66-7.60 (m, 3H), 7.57-7.52 (m, 2H), 7.32-7.27 (m, 1H),

0007.10-7.05 (m, 2H, 6.65 (dd, 1H, J = 10.8, 17.6 Hz),

0005.84 (d, 1H, J = 17.6 Hz), 5.23 (t, 1H, J = 10.2 Hz),

0005.16 (d, 1H, J = 10.2 Hz), 4.40 (quintet, 1H, J = 6.2 Hz),
0004.25-4.10 (m, 2H), 1.55 (d, 3H, J = 6.2 Hz), 1.39 (s, 9H),

0000.71 (d, 2H, J = 6.2 Hz), 0.50-0.42 (m, 3H);

" ooooooo,0,080

000 176.6, 155.6, 150.0, 147.9, 141.8, 138.6, 137.2, 129.3, 128.7, 128.5,
000 127.8, 126.4, 125.8, 124.1, 114. 7, 79.4, 72.7, 57.1, 28.6, 20.8, 20.2,
000 16.4;

0 O O IR(neat)3734, 3367, 2980, 2938, 1717, 1698, 1594, 1582, 1531, 1455,

0O O O 1349, 1304, 1159, 1090, 1010, 907, 855, 745, 684 00" P O
0o0oo0ooOoooooao

oooo, 0, 0,0,00000000000000" 00000000000
0000000000000 D0D0D0D0D00D0D0D0D00D0D0D0O0 0D000D0O0D0000
0000000000000 00O0D0DO0oOooaO
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Condition BO OO0 OO OO
O Isopropyl 3-(tert-butoxycarbonylamino)-3-(furan-2-yl)-2- methyl-N-(4-nitrophen
ylsulfonyl)propanimidate (0 O O ):

Ooo0oDO0oooOooDooo®o0Do000O00O0, 0,080

0007.75-7.72 (d, 2H, J = 9.2 Hz), 7.62-7.60 (d, 1H, J = 9.2 Hz),

00 06.99-6.98 (d, 1H, J = 2.9 Hz), 6.53-6.52 (d, 1H, J = 2.9 Hz),

00 06.02-6.01 (d, 1H, J = 2.9 Hz), 5.48-5.44 (t, 1H, J = 10.3 Hz),
0004.61-4.56 (m, 1H), 4.23-4.21 (d, 2H, J = 10.3 Hz), 4.11-4.05 (m, 1H),
000 1.49-1.47 (d, 3H, J = 6.9 Hz), 1.40 (s, 9H),

00 0O0.76-0.74 (d, 3H, J = 6.3 Hz), 0.65-0.64 (d, 3H, J = 6.3 Hz);

"t DooooD0oDO0,0,080

0O00176.6, 155.6, 154.3, 150.1, 148.0, 142.3, 128.5, 127.9, 124.2, 110.7,
000 107.3, 100.5, 79.6, 72.9, 50.5, 44.4, 28.6, 20.7, 20.5, 15.7;

O O O IR(neat)3368, 3107, 2981, 1716, 1597, 1583, 1532, 1455, 1350, 1306,

0O 0O O 1238, 1160, 1093, 1011, 945, 908, 884, 856, 746, 685 0 O " " [
0Oo0o0DO0O0oDooo0O0o
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O Isopropyl 3-(tert-butoxycarbonylamino)-2-methyl-N- (4-nitrophenylsulfonyl)-3-(
thiophen-2-yD)propanimidate (0 O O ):
DoooDoDoDoDOoDOoDOoOOoO" 0000000, 0,080

O

ooov7.71-7.69 (d, 2H, J = 8.6 Hz), 7.58-7.55 (d, 2H, J = 8.6 Hz),
0007.32-7.31 (d, 1H, J = 2.3 Hz), 6.73-6.70 (m, 2H),

0O005.53-5.49 (t, 1H, J = 10.3 Hz), 4.54-4.49 (m, 1H), 4.17-4.08 (m, 2H),
0001.50-1.49 (d, 3H, J = 6.9 Hz), 1.39 (s, 9H),

0000.74-0.73 (d, 3H, J = 6.3 Hz), 0.58-0.57 (d, 3H, J = 6.3 Hz);

"YU ooooooo,0,080

0oodogaive.5, 155.4, 150.1, 147.9, 144_.7, 127.9, 127.3, 125.1, 124.1, 79.6,
ooogv72.9, 51.6, 45.9, 28.6, 20.7, 20.2, 16.3; IR (neat) 3373, 2981, 1714,
00odaie97, 1594, 1582, 1531, 1349, 1306, 1159, 1092, 1010, 908, 855, 745,
oooes7 00" PO

goooboooooao

oo, 0,,0,0,0,0000000000000" 00000000000
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0 Isopropyl 3-(tert-butoxycarbonylamino)-2-methyl-N-(4- nitrophenylsulfonyl)-3-(

pyridin-3-yl)propanimidate (O O O ):

o0o0O0O0oOoOooooo? 0000000, 0,080

0008.91 (s, 1H), 8.42-8.41 (d, 1H, J = 4.0 Hz), 7.64-7.54 (m, 5H),
0006.80 (brs, 1H), 5.19-5.15 (t, 1H, J = 10.3 Hz), 4.41-4.36 (m, 2H),

000 4.12-4.08 (m, 1H), 1.46-1.44 (d, 3H, J = 6.9 Hz), 1.37 (s, 9H),

00 00.70-0.68 (d, 3H, J = 6.3 Hz), 0.49-0.48 (d, 3H, J = 6.3 Hz);

" ooooo0o0O0O0O0O0, 080

00 0175.5, 155.0, 149.8, 149.2, 147.1, 135.8, 134.5, 127.9, 127.7, 127.5,
000 124.0, 123.5, 80.2, 73.3, 54.4, 44.6, 28.2, 20.8, 15.4;

0 O O IR(neat)3364, 3213, 2981, 2928, 1712, 1597, 1583, 1531, 1349, 1305,

0 001160, 1091, 1010, 906, 855, 746, 715, 684 O O " " O

Oooo0ooOooOoooao

oooo, 0, 0,0,00000000000000% 00000000000
0000000000000 D0DO0D0DO0D0D0DO0DO0ODO0DO0OD DO0O0OD0DO0DO00DO0
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O Isopropyl 3-(tert-butoxycarbonylamino)-3-cyclopropyl-2- methyl-N-(4-nitropheny
Isulfonyl)propanimidate (0 O O ):

ooooOoooooooo? 0000000 ;0,080

0oo07.82-7.80 (d, 2H, J = 8.6 Hz), 7.65-7.62 (d, 2H, J = 8.6 Hz),
0O00A4.74-4.66 (m, 1H), 4.05-4.03 (d, 1H, J = 9.8 Hz), 3.84-3.80 (m, 1H),
0O003.62-3.57 (m, 1H), 1.43 (s, 9H), 1.25-1.24 (d, 3H, J = 6.9 Hz),

0 O000.90-0.89 (d, 3H, J = 6.3), 0.84-0.82 (d, 3H, J = 6.3),



0O
0O

Oooooooooooogdg
OO0 ooooogo4Qgogoooao

OoooooooooogogQgg

OoOo0oo0ogoao
O 0Oo0ood

O

(20) JP 2010-202537 A 2010.9.16

0.51-0.44 (m, 1H), 0.44-0.37 (m, 2H), 0.36-0.32 (m, 1H);
OoDo0O0O0oO0, 0,080

177.7, 156.3, 150.2,0 148.4, 128.8, 128.1, 124.3, 79.1, 73.0, 57.2,
46.6, 28.8, 21.1, 16.5, 15.1, 6.1, 3.2; IR (neat) 3382, 2981, 2933,
1715, 1698, 1582, 1531, 1456, 1349, 1302, 1251, 1159, 1093, 1013, 908,
855, 746, 685 0 O P O
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Isopropyl 3-(tert-butoxycarbonylamino)-3-cyclohexyl-2- methyl-N-(4-nitrophenyl

sulfonyD)propanimidate (0 O O ):
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DooDoDoDoDoDOoDOoO” 0000000, 0,080

7.78 (d, 2H, J = 8.2 Hz), 7.59 (d, 2H, J = 8.9 Hz),

4.71 (quintet, 1H, J = 6.2 Hz), 4.20-4.27 (m, 1H),

3.94 (d, 1H, J = 11.0 Hz), 3.75-3.80 (m, 1H), 1.95 (d, 1H, J = 12.4 Hz),
1.78 (d, 1H, 13.7 Hz), 1.65-1.75 (m, 1H), 1.55 (d, 1H, J = 13.7 Hz),
1.45 (s, 9H, 1.32-1.40 (m, 1H), 1.26 (d, 3H, J = 6.9 Hz),

1.20-1.30 (m, 1H), 1.10-1.20 (m, 1H), 0.95-1.05 (m, 1H),

0.91 (d, 3H, J = 6.2 Hz), 0.87-0.90 (m, 1H), 0.82 (d, 3H, J = 6.2 Hz), O
0.71-0.79 (m, 1H);

oooooo, 0, 0060

178.2, 156.7, 150.4, 148.4, 129.2, 128.5, 128.3, 124.5, 79.3, 73.0,
59.0, 57.4, 43.2, 42.1, 31.9, 29.1, 27.6, 27.4, 27.2, 27.0, 21.2, 15.1;
IR(neat)3389, 2977, 2928, 2847, 1715, 1698, 1578, 1531, 1455, 1349,
1301, 1159, 1093, 992, 908, 855, 746, 684, 658 0 0" Y O

ooooooao

0, 0,00000000000000" ,,000000000
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Isopropyl 2-((tert-butoxycarbonylamino)(phenyl)methyl)- N-(4-nitrophenylsulfon
Dbutanimidate (0 O O ):

000000000 0000000,0, 080

7.60-7.54 (m, 4H), 7.40-7.38 (d, 2H, J = 7.7 Hz),

7.11-7.08 (t 2H, J = 7.7 Hz), 6.99-6.96 (t, 2H, J = 7.7 Hz),
5.34-5.30 (t, 1H, J = 9.7 Hz), 4.52-4.48 (m, 2H), 4.20-4.16 (m, 1H),
1.98 (brs, 1H), 1.78 (brs, 1H), 1.39 (s, 9H),

1.10-1.07 (t, 3H, J = 7.2 Hz), 0.79-0.78 (d, 3H, J = 6.3 Hz),
0.57-0.55 (d, 3H, J = 6.3 Hz);

000000, 0,080
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(m, 4H), 6.44-6.42 (d, 2H, J

0000000, 0,080
9.2 Hz), 7.63-7.61 (d, 2H, J
8.0 Hz), 6.88-6.86 (d, 2H, J
8.6 Hz), 5.02-4.96 (m, 1H),
10. 6 Hz), 4.21-4.15 (m, 1H), 1.74 (s, 3H),
6.3 Hz), 1.02-1.01 (d, 3H, J

6.3 Hz);
o O
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9.2 Hz),
8.6 Hz),

6.3 Hz),
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2010.9.16
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000D0DD0D000000O0O00DDDOO0OOCondition ADOOODODODO
2-methyl-3-(4-methylphenylsulfonamido)- N-(4-nitrophenylsulfonyl)-3-

177.1, 150.0, 147.0, 142.5, 137.7, 137.4, 128.9, 128.5, 128.0, 127.8,
127.1, 126.6, 124.2, 74.3, 61.7, 46.6, 29.7, 21.3, 21.1, 21.0, 14.7;
IR(neat)3289, 2983, 2922, 2853, 1594, 1583, 1531, 1456, 1349, 1301,

1160, 1090, 1057, 977, 909, 855, 812, 747, 700 0 O " " O
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[a] Conditions A: DMF, RT, 17 h, Ar = 2,5-xylyl. Conditions B: Ligand 4 (11 mol%),
THF, RT, 24 h, Ar = prNO2-CsHa.
[b] Determined by 'H NMR spectroscopy of the crude product.
[c] Ts imine instead of Boc imine was used.
[d] R = Et.

[e] 2 equiv of imine were used.
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Mg(OBu)2 [Sr(HMDS):]2
Condition Alal Condition Blal

Entry | R Yield (%) antil synb] Yield (%) antisyn'

1 Ph 94 96/4 98 7/93

2 pMeOCeH4 92 95/5 99 5/95

3 pFCeHy >99 98/2 87 8/92

4 mMeCsH4 >99 96/4 99 6/94

5 oMeCsH4 93 93/7 99 11/89

6 mrvinyl CeHs | >99 96/4 90 7/93

7 2-furyl 90 96/4 95 6/94

8 2-thienyl 96 98/2 99 7/93

9 2-pyridyl 95 97/3 70 6/94

10fel Ph 98 67/33 94 93/7

11 cyclopropyl 94 85/15 99 15/85

121 Ph 80 95/5 85 5/95

13 [e] cyclohexyl 99¢ 80/20 ¢ 82 16/84
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