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gooao
Inl (5 mol%
yNeBz pif;; ¢%OH&50eq$vJ h-NHEZ
N > ~ Ao
Ph/\)I\H /W/B 0 toluene, rt, 48 h Ph = (VID
(1.5 equiv.) 85% vyield
oy =973
syn:anti : 5:95
0000000 o0oo0oDoDODO0oDbOoo0oO0oooDooDg@.0mg, 0.0125 mmol) OO 3-000D0O
0000000 Ooo0 N-OODODODODOO0OO(e3.1 mg, 0.250 mmol) OO OO ODOODO
ooooooDOoOO0O (@o.50mL) DODOOODDODODOOODODOOO (96 p L, 1.25 mmol) OO
Oo0O00DDo -OD0O0O0OOO0OO0ODDODOOOC@8 YL, 0.3r5mmol) DODODODDOODOOOO
OO0O0O0OO01MK,CoO; 000 .om)DOO0OO0O0O0O0O0OO0O0O0OO0OOOOOOCOOCODOO
goooooobobobob bbb uoooooobobobbbboboo
oooooOoDOoOO0O0oO0oOoOoooooooODoDDODOoD@oOoO/0O0DDOOD =2/2) 0000
0000000 N"-(4-methyl-1-phenylhex-5-en-3-yl)benzohydrazideld 85%0 O O O (65.
5 mg, 0.213 mmol, a :y = 97:3, syn:anti = 5:95)0 0000000000 0O0O0O0OO0
Kobayashi, S.; Hirabayashi, R. J. Am. Chem. Soc. 1999, 121, 6942.0 0 00 0O 0O O
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Inl (6 mol%)
N'NHBZ+ 0 IProH(B.0equiv) B2
Ph/U\H By R1)/>/\ (XVID
(1.5 equiv.) R

goooooobooobbbobbboboooood

gooooao

00O 0O 0O N*-(1-(4-methoxyphenyl)-2-methylbut-3-enyl)benzohydrazide:O0 0O 0 0O O O O
0" 04-MeOCgH,0 0" ODHO O OO

00O0000098%0 a :y = 99:1, syn:anti = 9:910 00 0 0O
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gooao

(VIID)

MeO

0 Mp 87.4-88.2 C; *H NMR (400 MHz, CDCl3) & 0.76 (major, d, J = 6.8 Hz, 3H), 1.
06 (minor, d, J = 6.8 Hz, 3H), 2.35-2.48 (major, m, 1H), 2.57-2.63 (minor, m, 1H
), 3.75 (br d, J = 9.6 Hz, 1H), 3.80 (s, 3H), 4.97-5.05 (minor, br, 1H), 5.22
d, J =10.0, 1.6 Hz, 1H), 5.28 (dd, J = 16.8, 1.6 Hz, 1H), 5.36-5.40 (major, br,
1H), 5.72-5.85 (minor, m, 1H), 5.86-5.99 (major, m, 1H), 6.87 (dd, J = 8.8, 2.4
Hz, 2H), 7.14-7.55 (m, 8H); 3C NMR(100 MHz, CDCl3) & 15.6 (minor), 17.8 (major
), 41.9 (minor), 44.1 (major), 55.2, 68.0 (major), 68.1 (minor), 113.5 (minor),
113.8 (major), 116.6, 126.7, 128.6, 129.5, 131.6, 132.6, 132.9, 140.1 (minor), 1
41.5 (major), 159.1, 166.8; IR (KBr) 3291, 3065, 3033, 2961, 2932, 2907, 2836, 2
247, 1639, 1613, 1579, 1512, 1461, 1304, 1249, 1177, 1037, 910, 827, 810, 733, 6
93 cm™*; HR-ESIMS: Calcd for C,gH,5N,NaO, ([M+Nal*) 311.1754; Found: 311.1762.
gooooao
O0000N" -(1-(4-chlorophenyl)-2-methylbut-3-enyl)benzohydrazide: 00O 0O O O
O00Y 04-Cl CgH,00" OHO ODOO
OO00D0O0OO00oee% a zy =99:1, synzanti = 4:960 0000
gooo

O.~_.Ph
Y

_NH
HN (IX)

Ci

O Mp 121.9-123.0 C; *H NMR (400 MHz, CDCl;) & 0.78 (dd, J = 6.9, 2.1 Hz, 3H), 2.
41 (dgq, J = 8.9, 6.9 Hz, 1H), 3.82 (d, J = 9.6 Hz, 1H), 5.23 (d, J = 10.3 Hz, 1H
), 5.28 (d, J = 17.4 Hz, 1H), 5.35 (br d, J = 6.8 Hz, 1H), 5.92 (ddd, J = 18.5,
8.9, 3.2 Hz, 1H), 7.28-7.32 (m, 5H), 7.36 (t, J = 7.6 Hz, 2H), 7.46 (t, J = 8.3
Hz, 1H), 7.53 (d, J = 7.6 Hz, 2H); *3C NMR (100 MHz, CDCl3) & 17.7, 44.0, 67.9,
116.9, 126.7, 128.6, 128.6, 129.8, 131.8, 132.7, 133.3, 139.4, 141.0, 167.2; IR
(KBr) 3435, 3290, 3066, 2976, 2928, 2870, 2248, 1639, 1603, 1578, 1530, 1489, 14
58, 1312, 1091, 1027, 1014, 997, 908, 821, 794, 733, 693, 648 cm~1; HR-ESIMS: Ca
lcd for C,gH,oN,Na0 ([M+Na]*) 337.1078; Found: 337.1074.

oooooo

O 0O 0 O N"-(1-(2-methoxyphenyl)-2-methylbut-3-enyl)benzohydrazide: 0 00O 0O OO
00" 02-Me0 CgH,0 0" OHO OO DO

0000000 75%0a :y = 99:1, syn:anti = 6:940 0 0 00O
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gboooad

0 Mp 89.1-90.8 C; *H NMR (400 MHz, CDCl3) & 0.85 (major, d, J = 6.8 Hz, 3H), 1.0

7 (minor, d, J = 6.8 Hz, 3H), 2.53 (major, dd, J = 16.0, 9.2 Hz, 1H), 2.70-2.77
(minor, m, 1H), 3.72 (major, s, 3H), 3.76 (minor, s, 3H), 4.43 (major, br d, J =
10.0 Hz, 1H), 4.56 (minor, br d, J = 10.0 Hz, 1H), 5.21 (dd, J = 10.0, 2.0 Hz,

1H), 5.27 (dd, J = 17.2, 1.2 Hz, 1H), 5.42 (br d, J = 5.6 Hz, 1H), 5.97-6.06 (m,
1H), 6.87 (d, J = 8.0 Hz, 1H), 7.00 (dd, J = 8.0, 6.8 Hz, 1H), 7.20-7.58 (m, 8H

); 13C NMR (100 MHz, CDCl3) & 14.4 (minor), 17.5 (major), 40.4 (minor), 43.5 (ma

jor), 55.2 (minor), 55.4 (major), 61.0 (major), 61.6 (minor), 110.6 (minor), 110
.7 (major), 114.7 (minor), 116.1 (major), 120.2 (minor), 120.8 (major), 126.7, 1

28.0, 128.2, 128.5, 129.0, 131.5, 133.1 (minor), 133.2 (major), 141.0 (minor), 1

41.8 (major), 157.8 (minor), 158.5 (major), 166.6 (minor), 166.7 (major); IR (KB
r) 3445, 3292, 3065, 2962, 2932, 2837, 2249, 1652, 1612, 1579, 1512, 1457, 1442,
1420, 1304, 1249, 1176, 1068, 1037, 998, 909, 827, 734, 693, 648 cm™1; HR-ESIMS
: Caled for C g, Ho5N50, ([M+H]™) 311.1754; Found: 311.1746.

ogooooao

0 O O O N"-(4-methyhexa-1,5-dien-3-yl)benzohydrazide: 00D 00 000" OCH,=C

HOO" OHOOOD

0000000850 a y =99:1, synzanti = 9:910 000 0O

ooooao

@)

Y

HN’NH (XD

\\\M

O *H NMR (400 MHz, CDCl3) & 1.00 (d, J = 6.8 Hz, 3H), 2.24 (dg, J = 8.6, 6.8 Hz
, 1H), 3.25 (t, J = 8.8 Hz, 1H), 5.12-5.29 (m, 5H), 5.66 (ddd, J = 16.8, 10.0, 8
.8 Hz, 1H), 5.84 (ddd, J = 16.8, 10.0, 8.8 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.

50 (t, J = 7.6 Hz, 1H), 7.71 (d, J = 6.8 Hz, 2H), 7.77 (br s, 1H); *3C NMR (100

MHz, CDCl3) & 17.3, 41.5, 67.9, 116.4, 119.5, 126.8, 128.7, 131.7, 133.0, 137.7,
160.9, 166.9; IR (neat) 3446, 3290, 3080, 2978, 2929, 2871, 2249, 1645, 1604, 1

578, 1531, 1457, 1419, 1315, 1066, 1027, 996, 909, 734, 694, 648 cm™*; HR-ESIMS:
Calcd for C,4H;gNo,Na0 ([M+Na]™) 253.1311; Found: 253.1299.

ocooooao

O O 0 O N"-(4-methyl-1-phenylhex-5-en-1-yn-3-yl)benzohydrazide: O 0O 0D0O0O0O0O

“OpPhc=CcO0O0” O0HOOODO

O00DO0000099%0 a :y = 99:1, syn:anti =5:950 00 00O

Ph
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goooaog
OY Ph

an-H (XID)

0 Mp 101.8-104.3 C; *H NMR (400 MHz, CDCl3) & 1.24 (dd, J = 6.9, 2.1 Hz, 3H), 2.
53 (dgq, J = 6.9, 6.2 Hz, 1H), 4.00 (dd, J = 6.8, 3.4 Hz, 1H), 5.15 (d, J = 10.3
Hz, 1H), 5.21 (d, J = 16.5 Hz, 1H), 5.25 (br s, 1H), 5.89 (ddd, J = 18.3, 8.3, 2
.0 Hz, 1H), 7.26-7.41 (m, 7H), 7.49 (t, J = 6.9 Hz, 1H), 7.77 (d, J = 6.9 Hz, 2H
), 8.18 (br d, J = 6.2 Hz, 1H); *3C NMR (100 MHz, CDCl;) & 16.7, 41.7, 57.8, 85.
1, 87.3, 116.4, 122.7, 126.9, 128.2, 128.6, 131.7, 131.8, 132.7, 140.1, 167.1; I
R (KBr) 3299, 3065, 3034, 2975, 2931, 2902, 2860, 2248, 1646, 1602, 1579, 1506,
1490, 1457, 1442, 1372, 1339, 1313, 1169, 1087, 1070, 1027, 1010, 995, 908, 862,
840, 798, 760, 733, 690, 650 cm™*; HR-ESIMS: Calcd for C,ooH,4N,O5 ([M+H]™) 305.
1648; Found: 305.1645.

oooooao

O 0O 0 O Methyl 2,3-dimethyl-2-(2-(phenylcarbonyl)hydrazinyl)pent-4-enoate: 0O O
000000 0OMeo,CO O OMeD 00O

000O000D9%%0 a :y = 91:9, synzanti = 8:920 0000

Ph
Y

.NH
HN $411)

h/lEB(:);Z(:: AN

O

irey

0 Mp 61.8-63.7 C; 1H NMR (400 MHz, CDCI3) & 1.11 (major, d, J = 6.8 Hz, 3H), 1.
12 (minor, d, J = 6.8 Hz, 3H), 1.35 (major, s, 3H), 1.36 (minor, s, 3H), 2.65-2.
77 (m, 1H), 3.75 (s, 3H), 5.10-5.20 (m, 3H), 5.80-5.92 (m, 1H), 7.43 (t, J = 7.6
Hz, 2H), 7.50 (t, J = 7.6 Hz, 1H), 7.71-7.85 (m, 3H); *3C NMR (100 MHz, CDCIl3)
6 14.3 (minor), 14.8 (major), 18.1 (minor), 18.7 (major), 43.6 (minor), 44.0 (ma
jor), 52.1 (minor), 52.2 (major), 67.7 (major), 68.0 (minor), 116.6 (minor), 117
.6 (major), 126.8, 128.6, 131.7, 132.8 (minor), 132.9 (major), 137.7 (major), 13
8.6 (minor), 166.4 (major), 166.6 (minor), 175.2 (minor), 175.3 (major); IR (KBr
) 3282, 3067, 2981, 2950, 2877, 2840, 1733, 1644, 1603, 1579, 1541, 1457, 1381,
1312, 1261, 1191, 1130, 1071, 1027, 997, 922, 793, 694 cm~1; HR-ESIMS: Calcd for
C1sH21N505 ([M+H]™) 277.1547; Found: 277.1540.
goooooo
0 O O O N"-(2-chloro-1-phenylbut-3-enyl)benzohydrazide: 0 0 00 00 00O 0O PhO
O 0HODODOO0OODDDO0OO0ODODDOO0OODDOO0OO0ODODOO0OODODOOODODOOODRS=CI,
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R6=R“=R®=HO O O 0O O O
0000000 00%0 a :y = 95:5, major:minor = >95:<50 0 00 0O
Ooooo

OY Ph
.NH
HN (XIV)
Ph X

Cl
0 H NMR (400 MHz, CDCl) & 4.39 (d, J = 6.4 Hz, 1H), 4.57 (dd, J = 9.2, 6.4 Hz,
1H), 5.28 (d, J = 10.0 Hz, 1H), 5.33 (br s, 1H), 5.35 (d, J = 17.2 Hz, 1H), 6.0
0 (ddd, J = 17.2, 9.6, 9.6 Hz, 1H), 7.33-7.48 (m, 8H), 7.57-7.62 (m, 2H), 7.71 (
br s, 1H); 3C NMR (100 MHz, CDCl;) & 64.4, 68.4, 119.5, 126.9, 128.4, 128.4, 12
8.6, 128.8, 131.9, 132.5, 135.2, 137.6, 167.4; IR (neat) 3282, 3062, 3032, 1644,

1603, 1578, 1531, 1494, 1455, 1420, 1356, 1313, 1266, 1073, 1027, 989, 933, 801
, 738, 699 cm™*; HR-ESIMS: Calcd for C;,H,gCIN,O ([M+H]*) 301.1102; Found:301.11
10.
gooooao
0 0 O O N"-(2-(benzyloxy)-1-phenylbut-3-enyl)benzohydrazide:0 0D O OO0 O OO O
PROO" DOHOODODOODDODODODOODODOODDODODOODOODODOORS=
0000000, Re=R/=R®=HO 00 00O
0o0o0o0o0ooDooDOo%la z:y =00 :0, major:minor = >94:<60 0000
goooao

I

OY Ph
HN’NH (XV)
Ph)\:/‘\
OBn
0 H NMR (400 MHz, CDClg) & 3.97 (dd, J = 7.2, 6.4 Hz, 1H), 4.31 (d, J = 6.0 Hz
, 1H), 4.38 (d, J = 11.6 Hz, 1H), 4.61 (d, J = 12.0 Hz, 1H), 5.25 (d, J = 17.2 H

z, 1H), 5.38 (d, J = 10.4 Hz, 1H), 5.43 (br d, J = 6.0 Hz, 1H), 5.93 (ddd, J = 1
9.6, 9.6, 8.0 Hz, 1H), 7.16-7.18 (m, 2H), 7.24-7.34 (m, 8H), 7.38-7.44 (m, 3H),

7.49 (d, J = 7.2 Hz, 2H), 7.54 (br d, J = 4.4 Hz, 1H); *3C NMR (100 MHz, CDCl;)

5 67.3, 70.2, 82.8, 120.4, 126.7, 127.5, 127.7, 127.8, 128.2, 128.3, 128.5, 128.
6, 131.6, 132.8, 135.0, 138.1, 138.5, 166.4; IR (neat) 3440, 3065, 3032, 2870, 2
250, 1654, 1604, 1579, 1523, 1496, 1455, 1387, 1362, 1306, 1205, 1091, 1071, 102
7, 994, 909, 792, 734, 70lcm™t; HR-ESIMS: Calcd for C,, H,sN,0, ([M+H]') 373.1911
; Found: 373.1927.
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ooooO
Int(mol%) .
(4R,58)-Ph,-Box (5 mol%) ! i
N«NHBZ+ 0 MeOH (1.0 equiv.) pn-NHBz :P”“éij/A\Fj}-Ph:
> . i N N :
%JW1 APy toluene, O k€, 48 h %)\/\ . L (XVD
(1.5 equiv.) ! (4R5S)-PhyBox !
83% yield Moo J
94% ee
000000000000 000000000(R.0mg, 0.0125mmol) OO 00000 10

Oo000OD0DDO N-OOODOOOoOoOoOoOEeGe.1 mg, 0250 mo)DODOOODODOOOOO2,
2" -methylenebis[(4R,5S)-4,5-diphenyl-2-oxazoline] (Ph,-Box, 5.7 mg, 0.0125 mmol)
ooDo0O (o.50mL) OODODDODOODODO @O p L, 0.25 mmol)O
O00o0ooDooooooooogdEo pL, 0.375 mmol)O O O
O00O001MK,CO;, OOOC.0mL)DO0OOO0OO0DO0OOOOO
000DoOD00000O0ooooooODDODOoODO0oOoDooooooo
0000000000000 000D0DDO0oDo0O0oo0oo0Oooooao

ooobooooooon
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gooooooo
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Ooo0ood
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O
oooooooOoao
ooo@ooo/o
d)benzohydrazided 83%[
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ooooooooooao
oooooDoON-O0000
ooooao

O Ooooo

J ot B

2
(1.5 equiv)

O

a
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O
g
a
O

O

O

O

=2/1) 0000000000 0ON"-(1-phenylbut-3-enyl

(55.4 mgO 0.208 mmol) 94% ee O O O O
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(o] Ph
In'l (5 mol%), L* 3d (5 mol%) T; O\T/gﬁ/o
MeOH (3 equiv) HN ph=( | \J>~'Ph VI

toluene, 0 °C, time Ph

L*3d

30

JodoooouoooDoooooosml-000O0CO0O0O0ODOOOODODDODDODOOODOOS
mol0 D0 D000D0L3d0DD00000D0000D0O0O Gmlw)loODODODO0O0O0DO

0003000000000 oDo0oDO0D0o0Dl0 o000 0o oDoDoOooDOooDoOooDOooDad
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o000
RER ) EF5YY 1R BRI (h) a: YR (%)) er
1 1a: Ph 12 4a: 99 98:2
2lel 1b: 2-MeO-CgH, 48 4b: quant 91:9
3 1c: 3-MeO-CgH, 18 4c: quant 97:3
4 1d: 4-MeO-CgH, 24 4d: quant 98:2
5 1e: 4-Me,N-CgH, 36 4e: 88 95:5
6 1f: 4-Me—CgH, 24 4f: 96 97:3
7kl 1g: 4-Ph—CgH, 72 4g: 98 98:2
8 1h: 4-O,N-CgH, 72 4h: 95 92:8
glt} 1i: 4-HO-CgH, 36 4i: quant 98:2
10 1j: 2-naphthyl 24 4j: 90 98:2
11 1k: 2-furyl 24 4k: quant 89:11
12 11: 3-furyl 48 41: 97 95:5
13 1m: 3-pyridy! 36 4m: 91 937
14 1n: 4-pyridyl 36 4n: 98 02:8
15 10: 2-thienyl 24 40: 99 97:3
16/ 1p: °Hex 36 4p: 87 65:35

[al .20 °C. [°] Without catalyst preformation. [l Use of methanol as sole solvent.

[ |solated yields after purification on silica gel (PTLC).

goooao

000000000000 4ald 4p0 O O O 4a, 4b, 4c, 4d, 4e, 4F, 4h, 4k, 4m, 40, 4p
0doodooooooDooDooOoooaod4a,db,4c,4d,4n,4k0 000000000 O0OO0OR
. Berger, P. M. A. Rabbat, J. L. Leighton, J. Am. Chem. Soc. 2003, 125, 9596-959
I-H. Chen, S. Kobayashi, Org. Lett. 2008, 10, 737-74
0.0 00000F. Garcia-Flores, L. S. Flores-Michel, E. Juaristi, Tetrahedron Le
tt. 2006, 47, 8235-8238.0 0 0 O O O S. Kobayashi, C. Ogawa, H. Konishi, M. Sugiu
ra, J. Am. Chem. Soc. 2003, 125, 6610-6611.0 0 O O O O D. Hui, G. K. Friestad, S
ynthesis 2004, 2216-2221.0 0 0 0 0O 0O K. L. Tan, E. N. Jacobsen, Angew. Chem.

7.00 0 000U. Schneider,

O

. Ed. 2007, 46, 1315-1317.000000000
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gboooad

: (XIX)

Ph

000040 00000000@O0 98%; er = 98:2); *H NMR (CDCl;, 400 MHz): &

= 2.47-2.60 (m, 2H), 4.21 (t, J = 7.2 Hz, 1H), 5.11-5.30 (m, 3H), 5.80-5.92 (m,

1H), 7.31-7.46 (m, 8H), 7.55-7.70 (m, 7H); *3C NMR (CDCl, 100 MHz): & = 40.3, 6
3.5, 118.1, 126.7 (2C), 126.9 (3C), 127.1 (2C), 127.2, 128.0 (2C), 128.5 (20), 1
28.7 (2C), 131.7, 132.6, 134.3, 140.4, 140.6, 167.1; HPLC (DAICEL CHIRALPAK IC,

Nhexane-"PrOH = 9:1, 1.0 mL/min): tg; (min) = 13.0 (R), 16.6 (S).

oooooao

O 000 430 N-L(R)-1-(naphthalene-2-yl)but-3-enyl]benzohydrazideO O OO0 0O OO O

ooo

ooooao

OYPh
Hl;l’NH (XX)
AN

000040000000000(@0O0 90%; er = 98:2); *H NMR (CDCl5, 500 MHz):
6 = 2.51-2.63 (m, 2H), 4.32 (dd, J = 6.8 Hz, J = 7.3 Hz, 1H), 5.09-5.21 (m, 2H),
5.33 (br s, 1H), 5.79-5.89 (m, 1H), 7.27-7.32 (m, 2H), 7.39-7.49 (m, 3H), 7.51-

7.57 (m, 4H), 7.78-7.85 (m, 4H); *3C NMR (CDCl;, 125 MHz): & = 40.3, 64.0, 118.1
, 125.4, 125.8, 126.0, 126.7 (3C), 127.6, 127.8, 128.3, 128.5 (2C), 131.7, 132.6
, 133.0, 133.3, 134.3, 139.0, 167.1; HPLC (DAICEL CHIRALPAK ADH, "hexane-"PrOH =
9:1, 1.0 mL/min): tg (min) = 18.8 (R), 21.7 (S).

oooooao

0000410 N-[L(R)-1-(furan-3-yl)but-3-enyl]benzohydrazideO O OO0 OO0 O 0OODO0O
O
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gboooad

O\\l,Ph
HN" NH (XXD)

o N

10

000041000000000@0O0 97%; er = 95:5); *H NMR (CDCl, 500 MHz): &
= 2.32-2.47 (m, 2H), 4.05 (t, J = 6.8 Hz, 1H), 4.95-5.15 (m, 3H), 5.68-5.78 (m,
1H), 6.35 (s, 1H), 7.28-7.34 (m, 4H), 7.38-7.43 (m, 1H), 7.56-7.60 (m, 2H), 7.74
(br s, 1H); *3C NMR (CDCl5, 125 MHz): & = 38.9, 55.4, 109.0, 117.9, 125.4, 126.
7, 128.5 (2C), 131.8, 132.6, 134.3, 140.3 (2C), 143.2, 167.1; HPLC (DAICEL CHIRA
LPAK IC, "hexane-*PrOH = 9:1, 1.0 mL/min): t, (min) = 10.6 (R), 12.5 (S).
ocooooao
O 000 4n0 N-LR)-1-(pyridin-4-y)but-3-enyl]benzohydrazideD OO OO0 DO O0OO

ooao 20
ooooao
OY Ph
-NH
HN (XXII)
X X
pJ s 30

000D0410000000000(@ 00 98%; er = 92:8); *H NMR (CDCl, 500 MHZ):

& = 2.41-2.54 (m, 2H), 4.16 (dd, J = 6.8 Hz J = 7.3 Hz, 1H), 5.12-5.26 (m, 3H),
5.76-5.86 (m, 1H), 7.24-7.28 (m, 2H), 7.34-7.39 (m, 2H), 7.44-7.49 (m, 1H), 7.66
-7.72 (m, 2H), 8.34-8.45 (m, 3H); 13C NMR (CDCl;, 125 MHz): & = 39.8, 63.0, 118.

8, 122.9 (2C), 126.9 (2C), 128.5 (2C), 131.8, 132.5, 133.3, 149.6 (2C), 151.2, 1
67.6; HPLC (DAICEL CHIRALPAK ADH, "hexane-*PrOH = 9:1, 1.0 mL/min): tm (min) = 2

5.5 (R), 29.7 (S).

oooooo 40
Do 0000000« -00000000000000N-000000000000000
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In'l (10 mol%)
L* 3d (10 mol%)

(16)

O~_Ph
QT/

JP 5685570 B2 2015.3.18

Oy _Ph
Y

-NH . . (XX11)
" DCM-EtOH (1:1) " ' HY "o A h
B(pin —Et 1:1 - - :
/\{ (pin) or EfOH R/Y\ RN R/\/\g
Me 0°C, 8-96 h Me Me Me
rac-5 anti-6 syn-6
(1.5 equiv) o o Y

oooooooooobooooooosm-0ob0DOOO0OO0OO0ODOOOODDOOOODOO0

mol%D 00 00DO0D0L3d00000000000000 @omlw)JOOODOODOO

0o
0o
0o
0-0
oo
oo
oo
oo
oo
6rQ
0o
oo
oo

oo

goodoboobooooouoooooooooooooobo0 o001l ooDoao
0000000000000 1¢0.200.3mmol;1.000)I1 000000000000
odobooboooooouooooooUoo0oooo0oo0oo0o00oo0n0Oadrac-500.3
A5mmol;1. 50 000000000000 D8OIes I DOODDODOODDOOOO
000000000000 000Cy factor 10)0 00 0000000000000
godobooboooooooooooooo0ooooo0oo0ob oo oooboDoOooOoaa
oo oo b oo b UooboDoooaa
0000000000000 O000O000O00000000000000000 /0
00019:1-4:100000000000000060 000000000000 6ad
0oog)oooo

goooboooooooo

Dooo

00

=86 EKSUV 1 aly o- 1% 6: R IREE (%) anti-6:syn-6  er (anti-6)

2108 1a >99:1  6a:Ph 95 8.1:1 97:3

22 ¢ >9911  6c: 3-MeO-CgH, 90 6.1:1 94:6

23 1d  >99:11  6d: 4-MeO-CgH, 86 13:1 96:4

24 1e >99:1 6e: 4-Me,N-CgH, 72 2.81 94:6

25[P] 1f >99:1  6f 4-Me—CgH, quant 5.2:1 96:4

26(°1 1i >99:1  6i: 4-HO-CgH, 98 8.1:1 93:7

27 1j >32:1 6j: 2-naphthyl 94 11:1 97:3

28lel 1k 49:1  6k: 2-furyl 85 4.5:1 96:4

29l 1l >00:1 6l 3-furyl quant 4.9:1 96:4

30 10 >00:1 60: 2-thieny! quant 11:1 94:6

31 19  >99:11  6q: 4-Cl-CgH, 83 13:1 92:8

[eBl_40 °C. 120 °C. [Fl Use of L* 3¢: the opposite enantiomer was obtained as the major isomer.
[l Combined isolated yields after purification on silica gel (PTLC).
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oooooooec,6e,6fF,6i,6j,6k,61,60,6p0 000000000000 O0O0OODOODOO
Oo000DD0DDODO0000000eGa,6d0 0000000 OOOOOODODDODOOOOOODO
ocoooooooOoao
gooooao
00O 0O 0 6cO N-[(1R,2R)-1-(3-methoxyphenyl)-2-methylbut-3-enyl]benzohydrazidel O
ooooooooooo
ooooao
MeO : (XXIV)
e
AN
Me

anti-(R,R)-6¢

Oo000ecODODODODODOOOOOC@ODO 90%;a :y =>99:1;anti:syn=6.1:1(a -adduct);
er = 94:6(anti-diastereisomer)); *H NMR (CDCl;, 500 MHz): & = 0.80 (anti; d, J
= 6.8 Hz, 3H), 1.08 (syn; d, J = 6.8 Hz, 3H), 2.39-2.49 (anti; m, 1H), 2.63-2.68
(syn; m, 1H), 3.79 (anti; s, 3H), 3.81 (syn; s, 3H), 5.02-5.06 (syn; m, 4H), 5.
21-5.32 (anti; m, 3H), 5.39 (anti; br s, 1H), 5.80-5.89 (syn; m, 1H), 5.90-5.99
(anti; m, 1H), 6.81-6.95 (m, 4H), 7.22-7.55 (m, 6H); HPLC (DAICEL CHIRALPAK ADH,
"hexane-"PrOH = 19:1, 1.0 mL/min): t; (min) = 14.5 (anti-R,R), 18.5 (anti-S,S),

22.7 (syn, major enantiomer), 27.4 (syn, minor enantiomer).
Oo0o000D000o0oo0ooo20000000

ocooooao

0 00O 0 6ed N-{(1R,2R)-1-[4-(dimethylamino)phenyl]-2-methylbut-3-enyl}benzohydra
zideOOOOODOOOGOOOO

ooooao
OY Ph
N
iy
: (XXV)
X
hﬂf%zrq Me

anti-(R,R)-6e

0o0db0Oeel D00 ODODODO@OO 72%;a :y =>99:1;anti:syn=2.8:1(a -adduct);
er = 94:6(anti-diastereisomer)); *H NMR (CDCl;, 500 MHz): & = 0.78 (anti; d, J

= 6.8 Hz, 3H), 1.07 (syn; d, J = 6.8 Hz, 3H), 2.41-2.49 (anti; m, 1H), 2.59-2.65
(syn; m, 1H), 2.94 (anti; s, 6H), 2.95 (syn; s, 6H), 3.70 (anti; d, J = 9.6 Hz,
1H), 3.97 (syn; d, J = 5.6 Hz, 3H), 5.01-5.06 (syn; m, 2H), 5.19-5.32 (anti; m,
2H), 5.77-5.86 (syn; m, 1H), 5.90-6.00 (anti; m, 1H), 6.69-6.74 (m, 2H), 7.18-7
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.22 (m, 2H), 7.31-7.36 (m, 3H), 7.41-7.46 (m, 2H), 7.52-7.58 (m, 2H); 13C NMR (C
DCl;, 125 MHz): & = 15.7 (syn), 17.9 (anti), 40.6 (2C), 41.9 (syn), 44.0 (anti),
68.1 (anti), 68.2 (syn), 112.2 (syn), 112.5 (anti), 114.8 (syn), 116.3 (anti),
126.7 (2C), 128.5 (2C), 129.2 (2C), 131.5, 132.9 (syn), 133.0 (anti), 140.3 (syn
), 141.7 (anti), 149.7 (syn), 149.9 (anti), 166.6 (anti), 166.8 (syn); HPLC (DAl
CEL CHIRALPAK ADH, "hexane-"PrOH = 9:1, 1.0 mL/min): t; (min) = 8.8 (anti-R,R),

10.8 (anti-S,S), 13.2 (syn, major enantiomer), 20.0 (syn, minor enantiomer).
ooooooOooooDoooos4ooooooao

goooooo

0O 00 0O 6f0 N-L(1R,2R)-2-methyl-1-p-tolylbut-3-enyl]benzohydrazideO 0 0 O 0O O O
oooooao

Ooo00oao
OY Ph
.NH
HN
B (XXVI)
X
Me Me

anti-(R,R)-6f

ODO00Oef0DODODOODODOO (DO zquant;a y =>99:1;anti:syn=5.2:1(a -adduct);
er = 96:4(anti-diastereisomer)); *H NMR (CDCl;, 500 MHz): & = 0.78 (anti; d, J
= 7.3 Hz, 3H), 1.07 (syn; d, J = 6.8 Hz, 3H), 2.33 (syn; s, 3H), 2.35 (anti; s,
3H), 2.43-2.47 (anti; m, 1H), 2.61-2.65 (syn; m, 1H), 3.78 (anti; d, J = 9.6 Hz,
1H), 4.04 (syn; d, J = 7.0 Hz, 1H), 4.99-5.05 (syn; m, 2H), 5.20-5.31 (anti; m,
2H), 5.38 (br d, J = 6.3 Hz, 1H), 5.77-5.86 (syn; m, 1H), 5.90-5.99 (anti; m, 1
H), 7.11-7.57 (m, 9H); HPLC (DAICEL CHIRALPAK ADH, "hexane-"ProH = 19:1, 1.0 mL/

min): tg (min) = 10.2 (anti-R,R), 11.7 (anti-S,S), 15.9 (syn, major enantiomer),
18.0 (syn, minor enantiomer).

0o0o0DooobooooboooD2a00000000

oooooao

0000 610 N-[(1S,2S)-1-(4-hydroxyphenyl)-2-methylbut-3-enyl]benzohydrazide O
gooooooooooan

goooaon

@) Ph
Q:T/’
HN/ NH

(XXVID

HO
anti-(S,S)-6i

000060000000 DOD0OC@DO z98%;a -y =>99:1;anti:syn=8.1:1(a -adduct); e
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r = 93:7(anti-diastereisomer)); *H NMR (CDCl;, 400 MHz): & = 0.75 (anti; d, J =
6.7 Hz, 3H), 1.05 (syn; d, J = 6.7 Hz, 3H), 2.39-2.51 (anti; m, 1H), 2.57-2.65 (
syn; m, 1H), 3.72 (anti; d, J = 10.0 Hz, 1H), 3.98 (syn; d, J = 5.6 Hz, 1H), 4.9
6-5.03 (syn; m, 2H), 5.17-5.31 (anti; m, 2H), 5.44 (br s, 1H), 5.70-5.78 (syn; m
, 1H), 5.85-5.96 (anti; m, 1H), 6.75-6.82 (m, 2H), 7.14-7.56 (m, 7H); HPLC (DAIC
EL CHIRALPAK ADH, "hexane-*PrOH = 9:1, 1.0 mL/min): tgy (min) = 21.0 (anti, major
), 30.8 (anti, minor), 40.1 (syn, major), 50.9 (syn, minor).
gooooobooobooos8ooooooad

oooooao

O 000 6j0 N-L(1IR,2R)-2-methyl-1-(naphthalen-2-yl)but-3-enyl]benzohydrazidel O
goooooooobobobon

ooooao

. (XXVIID)

Me
anti-(R,R)-6j

00006000000 0D0O0OCDO :94%;a :y =>32:1;anti:syn=11:1(a -adduct); er
= 97:3(anti-diastereisomer)); *H NMR (CDCl;, 400 MHz): & = 0.80 (anti; d, J = 6
.8 Hz, 3H), 1.10 (syn; d, J = 6.8 Hz, 3H), 2.51-2.60 (anti; m, 1H), 2.65-2.76 (s

yn; m, 1H), 4.99-5.06 (syn; m, 2H), 5.24-5.36 (anti; m, 2H), 5.48 (d, J = 6.8 Hz
, 1H), 5.80-5.88 (syn; br s, 1H), 5.95-6.04 (anti; m, 1H), 7.25-7.57 (m, 8H), 7.

77-7.87 (m, 4H); HPLC (DAICEL CHIRALPAK ADH, "hexane-"PrOH = 9:1, 0.8 mL/min): t

r (min) = 10.5 (anti-R,R), 11.9 (anti-S,S), 14.5 (syn, major enantiomer), 17.7 (

syn, minor enantiomer).

Oo0000D000O0oOoo0ooo20000000

oooooao

0 0O 0O 0O 6kO N-[(1R,2R)-1-(Furan-2-yl)-2-methylbut-3-enyl]benzohydrazided O O O

oooooooood

ooooao

Me
anti-(R,R)-6k
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000o0ekDOOODDOOOODOC@O -85%;a :y = 49:1;anti:syn=4.5:1(a -adduct); e
96:4(anti-diastereisomer)); H NMR (CDCl5, 400 MHz): & = 0.88 (anti; d, J =
6.8 Hz, 3H), 1.10 (syn; d, J = 6.8 Hz, 3H), 2.63-2.70 (anti; m, 1H), 2.72-2.80 (
syn; m, 1H), 3.96 (anti; d, J = 6.8 Hz, 3H), 3.96 (anti; d, J = 6.8 Hz, 1H), 4.1
6 (syn; br, 1H), 5.04-5.15 (syn; m, 2H), 5.19-5.31 (anti; m, 2H), 5.84-5.96 (syn
+ anti; m, 1H), 6.25-6.35 (m, 2H), 7.25-7.64 (m, 8H); HPLC (DAICEL CHIRALPAK OD
H, "hexane-"PrOH = 40:1, 0.8 mL/min): tgz (min) = 32.7 (anti-R,R), 41.0 (anti-S,S
), 46.0 (syn, major enantiomer), 66.4 (syn, major enantiomer).
OoooDDoDOoOo0oDooooooes0nOOOnOd
ogooooao
0O 000610 N-[(1R,2R)-1-(furan-3-yl)-2-methylbut-3-enyl]benzohydrazidel O O O

ugboodoagodado
goooao

-
1

Os~_Ph
Y

Me
anti-(S,S)-6l

O ODOO0OelDODOOOODOO@DO zquant;a y =>99:1;anti:syn=4.9:1(a -adduct);
er = 96:4(anti-diastereisomer)); HPLC (DAICEL CHIRALPAK ODH, nhexane-iPrOH = 19:
1, 1.0 mL/min): tR (min) = 12.8 (anti-S,S), 16.9 (anti-R,R), not visible (syn, m
inor enantiomer), 21.4 (syn, major enantiomer).
Oo0o0D0DD0D0o0o00oOoo0oooD20000000

ocooooao

0 0O 0 0O 600 N-[(1R,2R)-2-methyl-1-(thiophen-2-yl)but-3-enyl]benzohydrazidel O O
ooooooooOoao

Ooogooano
OYPh
_NH
HN (XXXI)
) o
Me

anti-(R,R)-60

OO00D0eoc00O0DODOOOODODOCEO -quant;a y =>99:1;anti:syn=11:1(a -adduct);
er = 94:6(anti-diastereisomer)); *H NMR (CDCl;, 400 MHz): & = 0.89 (anti; d, J =
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6.8 Hz, 3H), 1.12 (syn; d, J = 6.8 Hz, 3H), 2.42-2.49 (anti; m, 1H), 2.64-2.67
(syn; m, 1H), 4.17 (anti; d, J = 7.9 Hz, 1H), 4.41 (syn; d, J = 6.0 Hz, 1H), 5.1
1-5.18 (syn; m, 2H), 5.21-5.32 (anti; m, 2H), 5.43 (br, 1H), 5.89-5.96 (syn + an
ti; m, 1H), 6.96 (br, 2H), 7.25-7.60 (m, 6H); HPLC (DAICEL CHIRALPAK ODH, "hexan
e-"PrOH = 19:1, 1.0 mL/min): t; (min) = 11.6 (anti-S,S), 15.6 (anti-R,R), 23.3 (
syn, minor enantiomer), 25.8 (syn, major enantiomer).
Oo0o00D0D000o0oo0ooo20000000
ocooooao
0000690 N-[(1R,2R)-1-(4-chlorophenyl)-2-methylbut-3-enyl]benzohydrazided O
oooooooOoOoooo

gbooaod
OY Ph
.NH
HN (XXXII)
X
Ci Me

00006 0D OD0OOD0ODODO DO z83%;a -y =0 99:1;anti:syn=13:1(a -adduct); e
r = 92:8(anti-diastereisomer)); *3C NMR (CDCls, 125 MHz): & = 15.7 (syn), 17.9 (
anti), 40.6 (2C), 41.9 (syn), 44.0 (anti), 68.1 (anti), 68.2 (syn), 112.2 (syn),
112.5 (anti), 114.8 (syn), 116.3 (anti), 126.7 (2C), 128.5 (2C), 129.2 (2C), 13
1.5, 132.9 (syn), 133.0 (anti), 140.3 (syn), 141.7 (anti), 149.7 (syn), 149.9 (a
nti), 166.6 (anti), 166.8 (syn); HPLC (DAICEL CHIRALPAK ADH, "hexane-"PrOH = 9:1
, 1.0 mL/min): tz (min) = 8.8 (anti-R,R), 10.8 (anti-S,S), 13.2 (syn, major enan
tiomer), 20.0 (syn, minor enantiomer).
0gooooooooobobobbos4oooooan
gooooao
Co00D0D0O0Oe -00000DO0QODOODOOOON-OOOOODODODDDODOOOOOOO

gpboooog
gboooad

Os_Ph
QT/

NH

In1 (10 mol%) O+__Ph Os__Ph Os__Ph
L* 3d (10 mol%) Y Y

H
_ HN (XXXII)

Y ~20°C, 96 h PR P NN Ph/\/\g

Cl Ci Cl Cl
rac-7 oy = 49:1 anti-8a syn-8a
(1.5 equiv) a a Y
84% yield

anti-8a:syn-8a = 49:1, er = 92:8 (anti-8a)

oooooObOOO0OO0OOoOoooooosm-0000000O0DO0OOODODDDOOOODOOOO
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mol%D 0 D00 DO0D0L3d00000000000000 (omlw)JDOOODOODOO

O

Do oo< OoOooooooogogao
Ooooooooogooooo

O

ocooooo0oo0oo0ooooooD (:yyoOoOoOoOoooooOo1wWOooOooODODOOoOoOoo
O0DD0OO0O001a¢0.200.3mmol;1.00 0)0000O0O0O0OCDOCOODODODODOOOO
0000000000000 rac-700.30-0.45mmol;1.50 0000000000 -20
] 0 0C0C0O0ODODDOOO0OO0O0DO0O0OOoDOOODOCy factor 10)0 O O00ODODOO
oooobOooooboooooobooboooobooOooboooooobOoooooao
gbooooobobobooooboboboboooobobobobooooDoognn
gboooobobobooooboboboobooooobooboboobooooboonn
Oo0oD0ODD0O0Ov/000000119:1-4:100000000000000080O0000

O08UIDIDUDOIUNDNDDO0Oo -OD000antizsynd 0000000000 (oD
Y IODODOMWMNMR OODODODODDDOOODDOO8IODOOOODONIbocOO0ODODODO
O0D0DD0D0oDO0O0OXoooooooooooao
O08I0000000D0C0O0O0ODDDODODODODODOOOO

0O O 8al N-[(1S,2R)-2-chloro-1-phenylbut-3-enyl]benzohydrazideO O 0O O O 0O O
O0 (00 :84%;a :y =49:1;anti:syn=49:1(a -adduct); er = 92:8(anti-diastereis

omer)); *H NMR (CDCl;, 500 MHz): & = 4.41 (d, J = 6.8 Hz, 1H), 4.57 (dd, J = 6.8
Hz, J = 9.1 Hz, 1H), 5.30-5.41 (m, 3H), 5.98-6.08 (m, 1H), 7.31-7.51 (m, 9H), 7

.57

(d, J = 7.9 Hz, 2H); 3C NMR (CDCl, 500 MHz): ? = 64.3, 68.4, 119.6, 126.7

(2C¢), 128.4 (3C), 128.6 (2C), 128.7 (2C), 131.9, 132.4, 135.1, 137.6, 167.2; HPL
C (DAICEL CHIRALPAK ODH, "hexane-*PrOH = 19:1, 1.0 mL/min): tz (min) = 29.4 [min
or enantiomer: anti-(R,S)], 35.9 [major enantiomer: anti-(S,R)], other signals w

ere

not detected.
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