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=7, A ol EFE(SVH0) =& ol&dte] At TSI

=5
=

=]

% 78 B3LYP/6-31G(d,p) AAFE (R,R)-1,2-tholsd o€ gltio]olwl (DPEN)-E] & 9-#lo}-Zuf sl A& el
tlo]Z ¥k o] At G oy tholojmAE yHto g AotdE ) WAHAUZES Ul Ao 2A | Z(water),
o 6k2-(EtOH), Y22 E|¢1(CHLLy), HEZS|E2FH(THF), F2E2XE, 574, WA, n-IAAS vz
o] g-3te] AAHS SIS

% 82 B3LYP/6-31G(d,p) 7%= (R,R)-1,2-tho] s ol & glt}e]o}rl (DPEN)-E] & 9-d|o}-Zul| 3l o] AF-E| 2
stol=o} HdE 23E UERZIA] ASAAEA vlo]F whgo A dux] tho]ojde v|wtoz AetkE
Zu HAUEFS YeERH Aol

T 9E f7] 1" Ev) 4-29F £ B& o] &3 mpolF HI} kol EA(F) ARt M) AR gHe) S
2 AS gAstr] Y3 Axr] FH EFHOMR) ZAIE e Foltk, & 9aw= E(D0)O] ' A5, = 9
= 2ol e 45 MR Axjolt},
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EE, A 2WE gxalel AWl glo), £W FEd wAgle]l $U® T4 ait FIAF FEIBE Yo
a ol @ FEEE AYe P Gk AAGE 4HPel Yoid nAH FA sl%] FE FAA
ol Aol ANdle] 8XF FALS Y 5 dntw wAHE 4 1 AT 49 Y%

wodge g WHe JHE & oda od b AXdE b 4 9lE v old 54 ANdES 2vle] o
Ak AR Al AASA AEstad ok, qed, ol B wwe 538 A4 Fel vl aste s
Aol ohm, # wdel A W 7% ele] T BE WA, 2EE WA AR Zde Ao ol

ofok Fth. ¥ WES APl QoM WUF FA A& B FAH Aol ¥ Ay 84 Y 5
ki BEEE A4S 1 PG 49e Y

AAd 1. £ 3499 71 YEZ FEA9 A

1.1. 7171 & A¢F

IR 2FE=Z L NICOLET 380 FT-IR #3333 %A (Thermo Fisher Scientific Inc., Waltham, MA, USA)E o]-&3}¢]
7128k, F3de A% ux" #HAFA (model name: A20766 APV/6w, Rudolph Research Analytical,

Hackettstown, NJ, USA)E o]&3to] FA3FS ). H MR = “CONR 2FAEHL TMSE WH EF° % Varian
Gemini 300 (300, 75 MHz, Agilent, Santa Clara, CA, USA), Varian Mercury 400 (400, 100 MHz, Agilent,
Santa Clara, CA, USA) % Bruker Avance 500 (500, 125 MHz, Bruker BioSpin GmbH, Silberstreifen 4, 76287
Rheinstetten, Billerica, MA, USA)E o]&3te] 535 th. 719 HPLC #2412 Jasco LC-1500 Series HPLC
system (JASCO, 4-21, Sennin-cho 2-chome, Hachioji, Tokyo 193-0835, Japan)Z& o]&3to] 3s}tt. &
HES2 QB A AxH ZxIFoA o= 3k o Fsy. EFAd(Caly), THF (Na,
benzophenone), H CHCly(Cally) WFSEwl= ARE el AASST. B dola Al&® AJeFS Aldrich
(Louis, MO, USA), TCI (Tokyo, Japan) 59 A|F=L Algslgion, Qo HJ—E} FAHE WHo g AA = A
z33 k. Merck's silica gel 60 (230-400 mech)S Z¥ AZntEy e mAA}o 2 AREEA T

1.2. oo} Sl A

(R,R)-1.2-tj=deld&At]o}dl (200 mg, 0.942 mmol)% EZ4(1.00 mL)o |34A7 the, o]AFA_OLA]o}LﬂO]E
(0.140 mL, 0.942 mmol)Z 0ColA 1AZF ¢ wukelgdtt. E/FFE ve 28 3 fZzdHudoezs +
(20 mL x 33]), MgSO,= &<, o3, @ 7+t o%o}ﬂ AY F20lE 789 (Si0,, EtOAc:CH,LCl, = 1:6)2 01

ato] ARE(FA 4, B, RADS BIAATCNSA 1),

(W82 1]

Ph NH, S=C=N—Ar (1.0 eq.) Ph E H
j/ toluene (0.1M), 0°C, 2 h j/

Ph™ “NH, Ph™  “NH,
(1eq.) 90%

Ed, o] wgd 20 W N-mwdds Hlegeel SulE gAsT,
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Ph NH» HH (1.0 equiv.)

H
j/ Ph_ N excess NaBH,
Ph” “NH, MaSOs, CHyCly, reflux PhINX EtOH, 1,3 h Ph™ “NH
H

S
H H
Ph. LN N—Ar

S=C=N-Ar (1.0 equiv.) :r
CH,Cly, 1t, 2 h Ph HN;

(R,D)-1,2-tfoldldodditfo]oll (1.0 equiv.)= EFA(0.1 M)A A £ NgS0,2 3-pentanone(1.0
equiv.)S H7FE F 719 @7 A7k, 48 AIZE 3 CHCL3 NgSO,2 o3, AAst AAE tho]olu ol g

o gh&o] 52l § o] NaBH, & FH7bste] 3A1%F &b Ao A anketch. 1N NaOH 8o whgS F4
A7, CHLL2 33] F&d0h. = NgS0,= &3k § oféte] 74¢t $FAA L Zol&s ¥ A=ntELy
7 (Si0;, CHCly:MeOH:NH; = 300:10:1)E =S devh. Ex dAstd (RR)-1,2-tho] s & ltteo]o}wl
(1.0 equiv.)S oF23 3ollA] CHL12(0.2 Mol =1 F ofo]amfo] L ALoJofd[o]E(1.1 equiv.)E YWil A&
A etk 2 A7 & B2 713 CHCl, 100 nLZ 33 F&3. 32 §7158 4 NS0,z g3 §
st 7St EFAVL 1 FAES ¥ AZvE I (Si0,, FAthaxane = 1:5)3}9] b= A E (3184

4, &, R&=3-pentyl)S G533,

o

rr

g A AAjdel mE Bleg-ol FHule] niAlgAl o= that 2ok

(1) 1-[(IR,2R)-2-Amino-1,2-diphenylethyl]-3-isopropylthiourea (3}8+2] 4-1)
[alp25 462.3 (¢ 1.0, CHCls); 1H—NMR (500 MHz, CDCls) 67.37~7.21 (m, 11H), 6.04 (br s, 1H), 5.09(br s,

13
1H), 4.30 (s, 1H), 4.15 (br s, 1H), 1.73 (s, 2H), 1.09~1.03 (m, 6H) ppm; C-NMR (125 MHz, CDCl;) &
180.68, 142.06, 129.00, 128.75, 127.88, 126.91,64.12, 60.55, 46.39, 22.70 ppm; IR (KBr) 3335, 2966,
1527, 1326, 1273, 966, 695, 514 cmil; HRMS (ESI+) for CigHaNsS [M + H]+ Caled: 314.1691, Found:

314.1627;

(2) 1-[(1R,2R)-2-Amino-1,2-diphenylethyl]-3-[3,5-bis(trifluoromethyl)phenyl]thiourea(&}a2 4-2)

25

£ 1
[aly +13.5 (¢ 1.0, CHiCl); H-NMR (500 MHz, DMSO-d6) 68.25 (s, 2H), 7.78 (s, 1H),7.32~7.15 (m, 13H),

5.99 (d, J = 3 Hz, 1H), 4.77 (d, J = 3 Hz, 1H) ppm; 13C—NMR (125 MHz, DMSO-d6) &180.51, 143.26,
142.48, 130.82, 130.56, 128.51, 128.29 127.66, 127.55, 127.38, 124.78, 122.62, 121.34, 116.08, 63.66,

59.94 ppm; IR (KBr) 3305, 3032, 2963, 1652,1601, 1557, 1383, 1277, 1262, 803, 700 cmil; HRMS (FAB+) for

CostligFeNsS [M + H]+ Calcd: 484.1282, Found: 484.1254;

(3) 1-[(1R,2R)-2-Amino-1,2-diphenylethyl]-3-phenylthiourea (3}&}2] 4-3)

20

[aly = 462.0 (c = 0.02, CH,Cl.); 'H-NMR (300 MHz, CDCl3) &7.76 (s, 1 H), 7.54~7.19 (m, 15 H), 5.54

(s, 1 H), 4.42 (d, 1 H, J =5 Hz), 1.35 (br s, 1 H); FC-NIR (100 MHz, DMSO-d6) &182.09, 134.48,
133.93, 129.89, 128.70, 128.10, 127.91, 127.15, 126.94, 126.82, 126.74, 126.23, 125.59, 125.24,

122.98, 63.07,59.09; IR (KBr) 3287.86, 3027.84, 1521.63, 1241.99, 1072.28, 939.20, 698.13 cmil; HRMS
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(FAB+) for CyHaoNsS [M + H]+ Calcd: 348.4918, Found: 348.1534.
(4) 1-[(1R,2R)-2-Amino-1,2-diphenylethyl]-3-p-tolythiourea (3}3+2] 4-4)

22 1
[aly +0.27 (c 1.00, CHsCl); H-NMR (300 MHz, DMSO-d6) &69.79 (s, 1H), 7.13~7.38 (m, 15H), 5.50(s,
1H), 4.32 (d, J = 3 Hz, 1H), 2.27(s, 3H) ppm; 13C—NMR (100 MHz, DMSOd6) & 180.90, 143.72, 142.20,
137.14, 134.32, 129.86, 128.82 128.59, 127.68, 127.61, 127.46, 127.39, 123.97, 63.88, 60.00, 21.23

ppm; IR (KBr) 3301.69, 2861.98, 1889.99, 1527.42, 1342.28, 964.28, 701.99, 524.56 em 5 HRMS (FAB+) for
CooHoaNsS [M + H]+ Calcd: 362.1691, Found: 362.2188

(5) 1-[(1R,2R)-2-Amino-1,2-diphenylethyl ]-3-(4-methoxyphenyl)thiourea (3}&2] 4-5)

22 1
[aly, +40.327 (¢ 1.00, CHsCl); H-NMR (300 MHz, DMSO-d6) &9.55 (s, 1H), 8.17 (s, 1H), 7.12~7.22 (m,
12H), 6.87(d, J = 6.0 Hz, 3H), 5.94 (s, 1H), 3.72 (s, 3H) ppm; 13C—NMR (100 MHz, DMSO-d6) & 180.72,

156.54, 139.70, 131.67, 128.09, 127.97, 127.19, 125.61, 113.93, 62.38, 59.81. 55.24 ppm; IR (KBr)
3303.63, 3027.84, 1733.78, 1510.06, 1297.92, 1243.92, 1029.85, 831.21, 700.07, 568.93 cmil: HRMS (FAB+)

for CoollauNs0S [M + H]+ Calcd: 378.1640, Found: 378.1563

(6) 1-[(1R,2R)-2-Amino-1,2-diphenylethyl]-3-(4-fluorophenyl)thiourea (3}3}* 4-6)

22

[aly +0.132 (¢ 1.00, CHsCl); lH—NMR (300 MHz, DMSO-d6) 69.93 (s, 1H), 7.08~7.46 (m, 15H), 5.52(s,
1H), 4.34 (d, J = 3 Hz, 1H) ppm; 13C—NMR (100 MHz, DMSO-d6) &181.28, 160.71, 143.73, 142.10, 136.32,
128.79, 128.58, 127.70, 127.59, 127.49, 127.39, 125.79, 115.94, 115.71, 63.88, 60.06 ppm; IR (KBr)
3301.69, 3029.77, 1874.56, 1527.42, 1342.27, 1218.85, 840.85, 701.99 Cmil§ HRMS (FAB+) for CoilloiFN3S [M
+ H]+ Calcd: 366.1440, Found: 366.1440

(7) 1-[(1R,2R)-2-Amino-1,2-diphenylethyl ]-3-(4-cyanophenyl )thiourea (3} 4-7)

22

[aly” +1.50 (¢ 1.00, CHCl); H-NMR (300 MHz, DNSO-d6) §10.50 (s, 1H), 7.07~7.88 (m, 15H), 5.56 (d, J
= 3 Hz, 1), 4.39 (d, J = 3 Hz, 1H) ppm; C-NMR (100 MHz, DMSO-d6) &180.47, 145.05, 143.34, 141.61,
133.36, 128.83, 128.64 127.74, 127.68, 127.59, 127.50, 121.37, 119.85, 105.11, 63.74, 60.04 ppm; IR
(KBr) 3263.1, 2219.7, 1646.9, 1592.9, 1361.5, 1091.5 cm ; HRMS (FAB+) for CunHuN,S [N + HI' Caled:
372.1487, Found: 372.1400

(8) 1-(4-Nitrophenyl)-3-[(1R,2R)-2-(pentan-3-ylamino)-1,2-diphenylethyllthiourea (3}3}2] 4-8)

20

1
[aly +37.7 (¢ 0.20, CHCl;); H-NMR (300 MHz, DMSO-d6) 610.5 (s, 1H), 8.16 (m, 2 H), 7.90 (d, J =
9.1 Hz, 2H), 7.37~7.15 (m, 10H), 5.54 (br s, 1H), 4.16 (d, J = 5.5 Hz, 1H), 2.07 (m, 1H), 1.30~1.15

(m, 4H), 0.75 (t, J = 7.4 Hz, 3H), 0.50 (t, J = 7.4 Hz, 3H) ppm; FC-NMR (100 MHz, DMSO-d6) & 179.85,
146.27, 141.82, 141.25, 140.25, 128.00, 127.86, 127.04, 126.98, 126.87, 124.60, 124.46, 120.28, 63.71,
63.14, 55.72, 26.04, 23.36, 10.32, 7.97 ppm; IR (KBr) 3330.5, 2960.2, 2599.6, 2456.4, 2345.0, 1951.6,

1743.3, 1496.5, 1346.1, 1110.8, 1072.2, 852.4, 700.0, 586.3 cmfl; HRMS (FABt) for CoeHyNi0S [M + H]+
Calcd: 463.2168, Found: 463.2186.

(9) 1-[(1R,2R)-2-Amino-1,2-diphenylethyl]-3-(naphthalene-1-yl)thiourea (3} 4-9)

25

[alp +0.157 (¢ 1.00, CHiCl); 'H-NIR (300 MHz, DMSO-d6) 69.93 (s, 1H), 7.22~7.99 (m, 18H), 5.51(s,
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1H), 4.34 (d, J = 3 Hz, 1H) ppm; 13C—NMR (100 MHz, DMSO-d6) 6182.70, 143.47, 142.08, 135.06, 134.65,
130.66, 128.84, 128.55, 127.69, 127.61, 127.45, 126.99, 126.32, 126.00, 123.65, 64.01, 59.88 ppm; IR

(KBr) 3340.26, 3116.55, 1951.70, 1511.99, 1249.70, 941.13, 701.99, 632.56 cm ' HRMS (FAB+) for CosllauNsS

M + H] Caled: 398.1691, Found: 398.551

1.3. 71E(chiton)&} a,B-EX3} YEZZAS H|)F vlo]E H/M$
1.3.1. ALY A%
Ab2o A WkS g7]o) Elog-#ol Zw (3434 4, 7.3 mg, 0.020 mmol), 4-HEZH=E(G mol%), a,B

UEZ A (384 2, 30 mg, 0.20 mmol)S ¥l &7 A Z(1.0 mL)2 &35t ct. ojoj A=
1, & Ri=HY @%xﬁkozlm,ZOmm%%@ﬂdﬂ5MFi@P RS, FHTFE WS F

-5
3}
A%

= _191; Hl
dob > ok

o =
dezzdHdeon FEQLx38), MgS0E B4, o3, U gebsFeln, Ay AReEIYY(Si0,
EtOAC: 81415 1) ol §5te] AR (BoHa 3)2 Beagiet,

1.3.2. gHslo|ES F¢

S-dlo} (382 4, 5 mol%), a,B-E3x3 UERLAN(FEH] 2,

PARCR® DS %7] z7e A wkg g7]el HL
(1.0 nL)2 g3akich. ololq stlatel= (884 1, &, Ri=H, 5 equi

0.3 mol)S ¥i, &7 A &

v.)E HIbsta 4 ~ 12713 35 SRR IS AR F gEEREdEHJeR FE(20 ol X

33]), MgSO,= &4, o3, @ 7ebsZsla, #AE I ZufE a9 (Si0,, meﬂ&%JE%ﬂ%dﬁ A=
(3}3H4] 3)S w3tt.

L
i
r O
=
(X
o
on
32
o

ubg o) o) AAdo] mel AE T dgslel=s}t o, BEEI} YERIA WA vlo]F HIMHEOoR A
g 718 UERZ fFreAle] uiA@Hd o= vhgat 2

(1) (S)-5-Nitro-4-phenylpentan-2-one (&}&4] 3-1)

BN e

20

[aly +4.5 (¢ 1.0, CHClg);]H NMR (400 MHz, CDCl3) 67.35~7.21 (m, 5H), 4.72~4.67 (dd, J = 12.3, 7.0
Hz, 1H), 4.63~4.58 (dd, J = 12.3, 7.6 Hz, 1H), 4.05~3.98 (m, 1H), 2.92 (d, J = 7.0 Hz, 2H), 2.13 (s,
3H) ppm; 13C NMR (100 MHz, CDCls) &205.67, 138.99, 129.30, 128.14, 127.59, 79.67, 46.33, 39.23, 30.65
ppm; IR (KBr) 3064, 3035, 2968, 2948, 2919, 2902, 1714, 1548, 1384, 1361, 1163, 758, 696, 548 Cmﬂ;
LRMS (FAB+) for CiH;sNOs [M+H]+ Calcd: 208, Found: 208; HPLC [Chiralcel AD-H, hexane/ 2-propanol =
4/96, flow rate = 1.0 mL/min, A= 254 nm, retention times: (major) 28.2 min, (minor) 38.3 min];

(2) (R)-2-[(S)-2-Nitro-1-phenylethyl]lcyclohexanone (3}s+2 3-2)

2

6 1
[aly +37.5 (¢ 0.100, CHCl3;); H NMR (300 MHz, CDCl;) 7.34-7.23 (m, 3H), 7.16 (d, J = 7 Hz, 2H), 4.95
(dd, J = 12, 5 Hz, 1H), 4.63 (dd, J = 12, 10 Hz, 1H), 3.76 (dt, J = 10, 5 Hz, 1H), 2.68 (m, J = 11, 9,

8 Hz, 1H), 2.49-2.33 (m, 2H), 2.10-2.04 (m, 1H), 1.79-1.52 (m, 4H), 1.52-1.19 (m, 1H); “C MR (100
MHz, CDCl;) 211.9, 137.6, 128.8, 128.1, 127.7, 78.8, 52.4, 43.8, 42.7, 33.1, 28.5, 24.9, IR(KBr)

3855.1, 3650.7, 3448.2, 2921.1, 1700.9, 1552.4, 1382.7, 1243.9, 1130.1, 696.2, 561.2 Cmﬂ; LRMS(FAB+)
for CHHWNOg[Mi-H]+ Calcd:247, Found: 247; chiral-phase HPLC, AS-H column (i-PrOH/hexane = 20:80), 254
nm, flow rate = 0.5 ml/min, tr (major) = 19.74 min, tr (minor) = 27.57 min.

(3) (R)-2-[(S)-2-Nitro-1-phenylethyl]lcyclopentanone(3}s+ 3-3)
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23 1
[aly +12.1(c 1.00, CHCl3); H NMR (300 MHz, CDCls) 7.34-7.23 (m, 3H), 7.20-7.15 (m, 2H), 5.37-5.30 (m,
1H), 4.71 (dd, J = 13, 10 Hz, 1H), 3.76-3.65 (m, 1H), 2.44-2.31 (m, 2H), 2.19-2.06 (m, 1H) , 1.94-1.83
(m, 2H), 1.76-1.66 (m, 1H), 1.55-1.41 (m, 1H);13C NMR (100 MHz, CDCl;) 218.5, 137.6, 128.8, 127.9,

78.2, 50.4, 44.1, 38.6, 28.3, 20.2, IR (KBr) 3363.4, 2921.7, 1731.8, 1552.4, 1378.9, 1124.3 Cmili
LRMS(FAB+) for CmeNog[M+H]+ Calcd: 234, Found: 234; chiral-phase HPLC, AS-H column (i-PrOH/hexane =
20:80), 254 nm, flow rate = 0.5 ml/min, tr (major) = 22.74 min, tr (minor) = 30.47 min.

(4) (S)-3-[(S)-2-Nitro-1-phenylethyl]tetrahydropyran-4-one (3}s}2] 3-4)

23 1
[aly +14.4 (¢ 1.00, CHCI3); H NMR (300 MHz, CDCl3) 7.37-7.26 (m, 3H), 7.21-7.16 (m, 2H), 4.96 (dd, J
=12, 5 Hz, 1H), 4.64 (dd, J = 12, 10 Hz, 1H), 4.20-4.10 (m, 1H), 3.87-3.68 (m, 2H), 3.70 (dd, J = 11,
5 Hz, 1), 3.27 (dd, J = 11, 10 Hz, 1H), 2.93-2.83 (m, 1H), 2.73-2.61 (m, 1H), 2.60-2.53 (m, 10); C
NMR (100 MHz, CDCls) 207.4, 136.1, 128.9, 127.8, 78.6, 71.5, 68.9, 53.2, 42.9, 41.2, 29.6; IR (KBr)
3278.5, 2923.7, 2291.1, 1735.7, 1457.9, 1243.9, 1087.7 Cmfl; chiral-phase HPLC, AS-H column (i-
PrOH/hexane = 50:50), 254 nm, flow rate = 0.5 ml/min, tr (major) = 19.29 min, tr (minor) = 25.53 min.

(5) (R)-3-[(S)-2-Nitro-1-phenylethyl]tetrahydrothiopyran-4-one (3}8+2] 3-5)

[a]D23 +21.9 (c 1.00, CHCl3); I NMR (300 MHz, CDCls) 7.37-7.26 (m, 3H), 7.21-7.16 (m, 2H), 4.96 (dd, J

=12, 5z, 1l1), 4.64 (dd, J = 12, 10 Hz, 1H), 4.20-4.10 (m, 1H), 3.87-3.68 (m, 2H), 3.70 (dd, J = 11,
5 Hz, 1H), 3.27 (dd, J = 11, 10 Hz, 1H), 2.93-2.83 (m, 1H), 2.73-2.61 (m, 1H), 2.60-2.53 (m, 1H); 13C
NMR (100 MHz, CDCls) 209.5, 136.5, 129.3, 128.3, 128.2, 78.6, 55.0, 44.6, 53.5, 35.1, 31.6; IR (KBr)
3367.2, 1646.9, 1376.9, 1093.4 cmq; chiral-phase HPLC, AS-H column (i-PrOH/hexane = 50:50), 254 nm,
flow rate = 0.5 ml/min, tr (major) = 18.40 min, tr (minor) = 26.84 min.

(6) (S)-4-Nitro-1,3-diphenyl-butan-1-one (3}&-2 3-6)

[a]p20 -18.5 (¢ 1.0, CHCl3); ' NMR (300 MHz, CDCl3) 67.91~7.92 (m, 2H), 7.59~7.26 (m, 8H), 4.85~4.81
(dd, J = 12.5, 6.7 Hz, 1H), 4.71~4.67 (dd, J = 12.5, 7.8 Hz, 1H), 4.26~4.20 (m, 1H), 3.51~3.46 (dd, J
= 17.7, 6.4 Hz, 1H), 3.45~3.40 (dd, J = 17.7, 7.5 Hz, 1H) ppm; “CONIR (125 MHz, CDCl;) &196.87,
139.15, 136.39, 133.60, 129.09, 128.77, 128.04, 127.90, 127.48, 79.58, 41.54, 39.30 ppm; IR (KBr)
3058, 3029, 2920, 1687, 1544, 1440, 1367, 1268, 1224, 1084, 988, 764, 703, 623, 559 cmil; LRMS (ESI+)

for CygHisNOs [M+Na]+ Caled: 292.1, Found: 292.1; HPLC [Chiralcel AD-H, hexane/2-propanol = 90/10, flow
rate = 1.0 mL/min, A= 254 nm, retention times: (major) 12.8 min, (minor) 17.4 min];
(7) (S)-5-Nitro-4-(p-tolyl)pentan-2-one (3}3+4 3-7)

2

[a]no+4.7 (¢ 1.5, CHCly); I NR (500 MHz, CDCl;) &7.13~7.08 (m, 4H), 4.68~4.64 (dd, J = 12.3, 6.9
Hz, 1H), 4.58~4.54 (dd, J = 12.1, 7.7 Hz, 1H), 3.99~3.93 (m, 1H), 2.89 (d, J = 7.7 Hz, 1H), 2.31 (s,
3H), 2.10 (s, 3H) ppm; e ONIR (125 MHz, CDCls) &205.57, 137.62, 135.76, 129.74, 127.24, 79.63, 46.22,
38.76, 30.41, 21.05 ppm; IR (KBr) 3056, 3029, 2976, 2944, 2924, 1717, 1551, 1378, 1365, 1163, 816, 544
cmfl; LRMS (ESI+) for CisHisNOs [M+Na]+ Caled: 244.1, Found: 244.2; HPLC [Chiralcel AS-H, hexane/2-

propanol = 80/20, flow rate = 1.0 mL/min, A= 213 nm, retention times: (major) 13.1 min, (minor) 20.4

min];

(8) (S)-4-(4-Methoxyphenyl)-5-nitropentan-2-one (33+*] 3-8)
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20

[aly -5.7 (¢ 1.0, CHCl3); H NIR (500 MHz, CDCl;) &7.13 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz,
2H), 4.67~4.63 (dd, J = 12.3, 6.8 Hz, 1H), 4.57~4.53 (dd, J = 12.3, 7.8 Hz, 1H), 3.98~3.92 (m, 1H),
3.78 (s, 8H), 2.88 (d, J = 7.0, 20), 2.11 (s, 3H) ppm; “CONIR (125 MHz, CDCl;) 6205.55, 159.13,
130.67, 128.45, 114.44, 79.73, 55.26, 46.29, 38.42, 30.43 ppm; IR (KBr) 3028, 3002, 2960, 2901, 1715,

1550, 1517, 1260, 1180, 1033, 813,544cm71§ LRMS (ESI+) for C12H15NO4 [M+Nal+ Caled: 260.1, Found:
260.1; HPLC [Chiralcel AS-H, hexane/2-propanol = 80/20, flow rate = 1.4 mL/min, A= 213 nm, retention
times: (major) 16.2 min, (minor) 37.9 min];

(9) (S)-4-(4-Chlorophenyl)-5-nitropentan-2-one (3}3}2] 3-9)

[al,” =2.9 (¢ 1.0, CHCly): H NMR (500 MHz, CDCly) 67.32~7.29 (m, 2H), 7.17~7.15 (m, 2H). 4.70~4.66

(dd, J = 12.4, 6.7 Hz, 1H), 4.59~4.55 (dd, J = 12.4, 7.9 Hz, 1H), 4.02-3.96 (m, 1H), 2.94~2.90 (dd, J
= 18.5, 7.0 Hz, 1H), 2.89~2.85 (dd, J = 19.0, 7.0 Hz, 1H), 2.12 (s, 3H) ppm; C NMR (125 MHz, CDC,)
§205.03, 137.35, 133.79, 129.26, 128.82, 79.19, 45.97, 38.40, 30.39 ppm; LRMS (ESI+) for CyH.CINO:
[M+Na]+ Calcd: 264.0, Found: 264.1; HPLC [Chiralcel AD-H, hexane/2-propanol = 5/95, flow rate = 1.0

mL/min, A= 254 nm, retention times: (major) 14.1 min, (minor) 21.9 min]; Rf (Si02, EtOAc/n-hexane =
1/5) = 0.22

(10) (S)-4-(4-Bromophenyl)-5-nitropentan—-2-one (3}s+2 3-10)

20

[aly -0.6 (c 0.4, CHCl3); MR (500 MHz, CDCl;) &7.45 (d, J = 7.0 Hz, 2H), 7.10 (d, J = 7.0 Hz,
2H), 4.69~4.66 (dd, J = 12.5, 6.5 Hz, 1H), 4.59~4.55 (dd, J = 12.7, 7.5 Hz, 1H), 4.0~3.95 (m, 1H),
2.88 (d, J =7.5Hz, 2H), 2.12 (s, 3H) ppm; 13C NMR (125 MHz, CDCls) &205.04, 137.91, 132.20, 129.18,

121.85, 79.10, 45.91, 38.46, 30.38 ppm; LRMS (ESIt) for CyHi2BrNO; [M+Na]+ Calcd: 308.0, Found: 308.0;

HPLC [Chiralcel AD-H, hexane/2-propanol = 80/20, flow rate = 1.0 mL/min, A= 210 nm, retention times:

(major) 10.9 min, (minor) 12.5 min];

(11) (S)-4-(2-Methoxyphenyl)-5-nitropentan-2-one (&84 3-11)

2

[a]DO +16.4 (¢ 1.6, CHCI3); 1H NMR (500 MHz, CDCl3) 67.26~7.23 (m, 1H), 7.15~7.13 (m, 1H), 6.92~6.87
(m, 2H), 4.76~4.69 (m, 2H), 4.25~4.19 (m, 1H), 3.86 (s, 3H), 3.05~3.0 (dd, J = 18.0, 7.5 Hz, 1H),
2.98~2.93 (dd, J = 18.0, 7.0 Hz, 1H), 2.13 (s, 3H) ppm; 13C NMR (125 MHz, CDCls) 6206.16, 157.09,
129.31, 129.01, 126.44, 120.94, 110.99, 77.85, 55.35, 44.52, 35.33, 30.25 ppm; LRMS(ESI+) for
CwH5N04[M+Na]+CaICdI 260.1, Found: 260.1; HPLC [Chiralcel AD-H, hexane/2-propanol = 5/95, flow rate =
1.0 mL/min, A= 254 nm, retention times: (major) 14.1 min, (minor) 21.9 min];

(12) (S)-4-(Furan-2-yl)-5-nitropentan-2-one (3}&-2] 3-12)

2

[a]no -8.1 (¢ 1.0, CHCl3); 'H NIR (500 MHz, CDCly) 67.34~7.33 (dd, J = 1.8, 0.7 Hz, 1H), 6.30~6.29

(dd, J
(dd, J

= 16.7, 6.0 Hz, 1H), 2.18 (s, 3H) ppm; "t NR (125 MHz, CDCl;) &205.11, 151.69, 142.31, 110.50,

3.2, 1.8 Hz, 1H), 6.14 (d, J = 3.2 Hz, 1H), 4.71~4.68 (dd, J = 12.6, 6.6 Hz, 1H), 4.67~4.64
12.6, 6.6 Hz, 1H), 4.13~4.07 (m, 1H), 3.00~2.95 (dd, J = 16.7, 5.2 Hz, 1H), 2.93~2.87 (dd, J

107.10, 77.07, 43.49, 32.89, 30.22 ppm; IR (flim) 3151, 3124, 2920, 1714, 1552, 1430, 1377, 1165,
1015, 741 cmfl; LRMS (ESI+) for CgHyiNO, [M+Na]+ Caled: 220.1, Found: 220.1; HPLC [Chiralcel AD-H,

hexane/2-pro panol = 94/6, flow rate = 1.0 mL/min, A= 213 nm, retention times: (major) 10.5 min,

(minor) 11.6 min];
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(13) (R)-2-[(S)-1-(3-Methylphenyl)-2-nitroethyl Jcyclohexanone (&}3+2] 3-13)

[aly’ +10.8 (c 1.00, CHCly); H NMR (300 Miz, CDCl) 7.12 (d, J = 8 Hz, 2H), 7.04 (d, J = 8 Hz, 2I),
4.91 (dd, J = 12, 5 Hz, 1H), 4.60 (dd, J = 12, 10 Hz, 1H), 3.72 (dt, J = 10, 5 Hz, 1H), 2.71-2.62 (m,
1), 2.50-2.37 (m, 21), 2.10 (s, 3H), 2.08 (m, 1), 1.81-1.53 (m, 5H); C NMR (75 MHz, CDCly) 8212.0,
137.4, 134.5, 129.5, 127.9, 78.9, 52.5, 43.5, 42.7, 33.1, 28.5, 24.9, 21.0; IR (KBr) 3286.2, 2025.6,

1704.8, 1552.4, 13789, 1130.1, 819.6 em LRMS(FAB+) for C15HI9NO3 [MtH]+ Calcd: 262, Found: 262

chiral-phase HPLC, AD-H column (i-PrOH/hexane = 5:95), 254 nm, flow rate = 1 ml/min, tr (major) =
10.54 min, tr (minor) = 12.98 min.

(14) (R)-2-[(S)-1-(4-Isopropylphenyl)-2-nitroethyl]lcyclohexanone (3}&+2] 3-14)

2

[al,” +16.9 (c 1.00, CHCls); H NMR (300 MHz, CDCly) 7.16 (d, J = 8 Hz, 2H), 7.07 (d, J = 8 Hz, 2H),
4,91 (dd, J =12, 4 Hz, 1H), 4.62 (dd, J = 12, 10 Hz, 1H), 3.76-3.70 (m, 1H), 2.88-2.85 (m, 1H), 2.71-
2.65 (m, 1H), 2.49-2.38 (m, 2H), 2.09-2.04 (m, 1H), 1.81-1.58 (m, 5H), 1.22 (d, J = 7 Hz, 6H); C NMR
(75 MHz, CDCls) 212.2, 148.2, 134.8, 127.9, 126.9, 78.9, 52.5. 43.4, 33.6, 29.6. 28.5, 24.9, 23.8; IR

(KBr) 3853.2, 3357.6, 2925.6, 2345.1, 1706.7, 1552.4, 1378.9, 1089.6 cmﬁ, chiral-phase HPLC, AD-H
column (i-PrOH/hexane = 3:97), 254 nm, flow rate = 1 ml/min, tr (major) = 10.19 min, tr (minor) =
12.15 min.

(15) (R)-2-[(S)-1-(4-Fluorophenyl)-2-nitroethyl]cyclohexanone(3}8}2 3-15)

9t

[ a]nﬂ +29.2 (¢ 1.00, CHClg);JH NMR (300 MHz, CDCls) 7.14-7.17 (m, 2H), 7.03-6.99 (m, 20), 4.95 (dd, J
=8, 5 Hz, 1), 4.59 (dd, J = 12, 10 Hz, 1H), 3.80-3.74 (m, 1H), 2.67-2.65 (m, 1H), 2.49-2.32 (m, 2H),
2.12-2.04 (m, 1H), 1.81-1.56 (m, 4H), 1.26-1.20 (m, 1H); 13C NMR (75 MHz, CDCl;) 211.6, 163.3, 160.8,
133.3, 129.7, 115.9, 78.8, 52.5, 43.2, 42.7, 33.1, 28.4, 25.0; IR (KBr) 3266.9, 2923.7, 2279.5,
1708.7, 1550.5, 1376.9, 1093.4, 853.0 cmﬂ; LRMS(FAB+) for CisHigFNOs [M+H]+ Calcd: 266, Found: 266;

chiral-phase HPLC, AS-H column (i-PrOH/hexane = 10:90), 254 nm, flow rate = 1 ml/min, tr (major) =
17.62 min, tr (minor) = 23.07 min.

(16) (R)-2-[(S)-1-(4-Chlorophenyl)-2-nitroethyl]cyclohexanone (3}&+2] 3-16)

23 1
[aly,” +24.6 (c 1.00, CHCls); H NMR (300 MHz, CDCls) 7.31 (d, J = 8 Hz, 2H), 7.13 (d, J = 8 Hz, 2H),
4,96 (dd, J = 12, 4 Hz, 1), 4.62 (dd. J = 12, 10 Hz, 1H), 3.78 (dt. J = 10, 4 Hz, 1H), 2.69-2.60 (m,
), 2.51-2.34 (m, 2H), 2.15-2.05 (m, 1H), 1.83-1.52 (m, 4H), 1.28-1.23 (m, 1H), C NMR (75 Mz,
CDCly) 211.6, 136.3, 133.7. 129.6, 129.2, 78.6, 52.4, 43.4, 42.8, 33.2, 28.5. 25.1; IR (KBr) 3252.2,
2897.7, 1721.7, 1555.0, 1087.5 Cmq; chiral-phase HPLC, AS-H column (i-PrOH/hexane = 10:90), 254 nm,

flow rate = 1 ml/min, tr (major) = 14.96 min, tr (minor) = 21.15 min.

(17) (R)-2-[(S)-1-(4-Bromophenyl)-2-nitroethyl]cyclohexanone (3}s}2] 3-17)

925

[aly +16.4 (¢ 0.80, CHClg);]H NMR (300 MHz, CDCly) 7.46 (d, J = 8 Hz, 2H), 7.06 (d, J = 8 Hz, 2H),
4.93 (dd, J = 12, 4 Hz, 1H), 4.60 (dd, J = 12, 10 Hz, 1H), 3.75 (dt, J = 10, 4 Hz, 1H), 2.69-2.60 (m,

1), 2.51-2.32 (m, 2H), 2.15-2.05 (m, 1H), 1.85-1.58 (m, 4H), 1.30-1.16 (m, 1H); “CONR (75 MHz,
CDC13) 211.4, 136.7, 132.0, 129.8, 121.7, 78.4, 52.3, 43.4, 42.7, 33.1, 28.4, 25.0; IR (KBr) 3373.0,

2927.5, 1706.7, 1550.5, 1376.9, 1087.7, 827.3 cmﬂi LRMS(FABt) for Cy;HiBrNO; [M+H]+ Caled: 326, Found:

326; chiral-phase HPLC, AS-H column (i-PrOH/hexane = 10:90), 254 nm, flow rate = 0.5 ml/min, tr
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(major) = 20.22 min, tr (minor) = 29.08 min.

(18) (R)-2-[(S)-1-(3-Chlorophenyl)-2-nitroethy!l]cyclohexanone(3}st2] 3-18)

[a]DZ3 +17.2 (¢ 1.00, CHCls); I NR (300 MHz, CDCl3) 7.26-7.24 (m, 2H), 7.17 (s, 1H), 7.09-7.06 (m,

1H), 4.94 (dd, J = 13, 4 Hz, 1H), 4.61 (d, J = 13, 10 Hz, 1H), 3.75 (dt, J = 10, 4 Hz, 1H), 2.69-2.64

3

(m, 1H), 2.62-2.34 (m, 2H), 2.13-2.07 (m, 1H), 1.82-1.57 (m, 4H), 1.23-1.19 (m, 1H); “C MR (75 MHz,
CDCl;) 211.4, 139.8, 134.7, 130.1, 128.2, 128.0, 126.4, 78.3, 52.2, 43.6, 42.7, 33.2, 28.4, 25.0; IR

(KBr) 3284.3, 2929.4, 2362.4, 1706.7, 1552.4, 1378.9, 1130.1, 794.5 cmﬁ§ chiral-phase HPLC, AS-H
column (i-PrOH/hexane = 10:90), 254 nm, flow rate = 1 ml/min, tr (major) = 16.09 min, tr (minor) =
22.16 min.

(19) (R)-2-[(R)-1-(Furan-2-yl)-2-nitroethyl]cyclohexanone(&}st2] 3-19)

[aly +12.4 (¢ 2.00, CHCl;); H NMR (300 MHz, CDCls) 7.35 (m, 1H), 6.28 (dd, J = 3, 2 Hz, 1H), 6.18 (d,
J =3 Hz, 1), 4.83-4.63 (m, 2H), 3.97 (dt, J = 10, 5 Hz, 1H), 2.80-2.71 (m, M), 2.50-2.31 (m, 2H),
2.14-2.04 (m, 1H), 1.88-1.56 (m, 4H), 1.35-1.21 (m, 1H); C NMR (75 MHz, CDCly) 211.0, 150.9, 142.3,
110.3, 109.0, 77.1, 51.1, 42.6, 37.6, 32.5, 28.2, 25.1; IR (KBr) 3392., 2941.0, 1706.7, 1552.4,
1430.9, 1376.9, 1130.1, 1014.4, 916.0, 740.5 cm ; HRMS(FAB+) for CiHNO, [M+H]™ Calcd: 238.1079,

Found: 238.1080; chiral-phase HPLC, AD-H column (i-PrOH/hexane = 5:95), 254 nm, flow rate = 0.7
ml/min, tr (minor) = 26.50 min, tr (major) = 33.60 min.

(20) (R)-2-[(S)-1-Thien-2-y1-2-nitroethyl]cyclohexanone(3}8+4 3-20)

[a]D23 +20.1 (¢ 1.00, CHClg)JH NMR (300 MHz, CDCls) 7.22-7.21 (m, 1H), 6.93 (dd, J = 5, 3 Hz, 1H),

6.88-6.87 (m, 1H), 4.89 (dd, J = 12, 5 Hz, 1H), 4.65 (dd, J = 12, 9 Hz, 1H), 4.13 (dt, J = 9, 5 Hz,
M), 2.73-2.64 (m, 1H), 2.50-2.32 (m, 2H), 2.14-2.06 (m, 1H), 1.95-1.82 (m, 2H), 1.69-1.58 (m, 2H),

1.39-1.29 (m, 1H); 13C NMR (75 MHz, CDCls) 3392.3, 3110.7, 2939.1, 2285.3, 1704.8, 1552.4, 1378.9,
1253.5, 1128.2, 850.4, 705.8 cmq; HRMS(FAB+) for CioHisNOsS [M+H]+ Calcd: 254.0851, Found: 254.0853;

chiral-phase HPLC, AS-H column (i-PrOH/hexane = 4:96), 254 nm, flow rate = 0.5 ml/min, tr (minor) =
29.95 min, tr (major) = 35.16 min.

(21) (R)-2-[(S)-1-Naphthalen-2-y1-2-nitroethyl]cyclohexanone(3}a2] 3-21)

23 1
[aly +15.6 (¢ 1.00, CHCl3); H NMR (300 MHz, CDCl;) 7.84-7.78 (m, 3H), 7.64 (s, 1H), 7.50-7.46 (m,

2H), 7.29 (dd, J = 11, 2 Hz, 1H), 5.03 (dd, J = 12, 4 Hz, 1H), 4.74 (dd, J = 12, 10 Hz, 1H), 3.95 (dt,
J =10, 4 Hz, 1H), 2.83-2.74 (m, 1H), 2.54-2.36 (m, 2H), 2.11-2.04 (m, 1H), 1.79-1.62 (m, 4H), 1.32-

1.29 (m, 1H); 13C NMR (75 MHz, CDClz) 211.8, 135.0, 133.2, 128.8, 127.7, 126.4, 126.1, 125.1, 78.8,
52.4, 44.0, 42.7, 33.3, 28.5, 25.0; IR (KBr) 3376.9, 2923.7, 1700.9, 1550.5, 1382.7, 1091.5, 825.4 cm
1; LRMS(FAB+) for CigHgNOs [M]+ Calcd: 297, Found: 297; chiral-phase HPLC, ASH column (i-PrOH/hexane =
50:50), 254 nm, flow rate = 0.7 ml/min, tr (major) = 9.14 min, tr (minor) = 13.12 min.

(22) (R)-2-[(S)-1-(4-Methoxyphenyl)-2-nitroethyl]cyclohexanone(3}s}2] 3-22)

[a]DB +10.8 (¢ 1.00, CHClg);]H NMR (300 MHz, CDCl3) 7.08 (d, J = 9 Hz, 2H), 6.85 (d, J = 9 Hz, 2H),

4.91 (dd, J = 12, 4 Hz, 1H), 4.58 (dd, J = 12, 10 Hz, 1H), 3.78 (s, 3H), 3.71 (dt, J = 10, 4 Hz, 1H),

2.69-2.60 (m, 1H), 2.52-2.32 (m, 2H), 2.13-2.03 (m, 1H), 1.83-1.51 (m, 4H), 1.30-1.16 (m, 1H); “CNIR
(75 MHz, CDCl3) 212.2, 15809, 129.4, 129.1, 114.2, 79.0, 55.1, 52.6, 43.1, 42.7, 33.1, 28.5, 24.9; IR
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(KBr) 3380.7, 2950.7, 2360.5, 1700.9, 1552.4, 1388.5, 1255.4, 1089.6, 831.2 Cm71§ HRMS(FAB+) for
CisH1oNO, [M]+ Caled: 278.1392, Found: 278.1390; chiral-phase HPLC, AD-H column (i-PrOH/hexane = 20:80),
254 nm, flow rate = 0.5 ml/min, tr (major) = 18.59 min, tr (minor) = 23.72 min.

(23) (R)-2-[(S)-1-(2-Methoxypheny!)-2-nitroethyl]cyclohexanone(3}at4 3-23)

[al,” +7.2 (¢ 0.10, CHCls):'H NMR (300 MHz, CDCly) 7.28-7.22 (m, 1H), 7.09 (dd, J = 7, 2 Hz, 1H),

6.91-6.86 (m 2H), 4.84 (dd, J = 10, 5 Hz, 1H), 4.00-3.90 (m, 1H), 3.84 (s, 3H), 2.99 (dt, J = 10, 5
Hz, 1H), 2.50-2.34 (m, 2H), 2.10-2.04 (m, 1H), 1.80-1.54 (m, 4H), 1.12-1.18 (m, 1H): C NWR (75 Miz,
CDCl3) 212.5, 157.5, 130.9, 128.8, 125.2, 120.8, 110.9, 76.6, 55.3, 50.5, 42.6, 33.2, 28.5, 25.1; IR
(KBr) 3293.9, 2935.2, 2345.1, 1706.7, 1550.5, 1378.9, 1245.8, 1122.4, 755.9 Cm71§ HRMS(FAB+) for
Ci5H19NO, [M+H]+ Calcd: 278.1392, Found: 278.1390; chiral-phase HPLC, AS-H column (i-PrOH/hexane =
10:90), 254 nm, flow rate = 0.5 ml/min, tr (major) = 26.35 min, tr (minor) = 36.10 min.

(24) (R)-2-[(S)-2-Nitro-1-(2-nitrophenyl)ethyl)cyclohexanone(3}3t2] 3-24)

[aly” +9.8 (c 0.80, CHCl:):H NMR (300 MHz, CDCly) 7.83 (dd, J = 8, 2 Hz, M), 7.64-7.58 (m, 1H),
7.49-7.41 (m, 2H), 4.98-4.83 (m, 2H), 4.38 (dt, J = 9, 4 Hz, 1H), 2.98-2.87 (m, 1), 2.50-2.34 (m,
9H), 2.17-2.07 (m, 1H), 1.85-1.61 (m, 5H); C NMR (75 MHz, CDCI,) 211.1, 150.7, 133.1, 132.8, 129.1,
128.6, 124.9, 77.6, 52.1, 42.8, 38.6, 33.2, 28.3, 25.3; IR (film) 2944, 2864, 1707, 1552, 1527, 1358,
855, 781 cm ; HRMS(FAB+) for CiHiN.O; [M+H]™ Caled: 293.1137, Found: 293.1141; chiral-phase HPLC, AD-H

column (i-PrOH/hexane = 15:85), 254 nm, flow rate = 1 ml/min, tr (major) = 14.45 min, tr (minor) =
22.22 min.

(25) (R)-2,2,-Dimethyl-4-nitro-3-phenylbutanal (&}8t2] 3-25)

2

[OL]DO +11.26 (¢ 0.3, CH,Cly); 'H-NMR (300 MHz, CDCl3) §9.50 (s, 1H), 7.18~7.34 (m, 5H), 4.81~4.89 (dd,
J =9.0, 12 Hz, 1H), 4.66~4.71 (dd, J = 3.0, 12 Hz, 1H), 3.76~3.81 (dd, J = 3.0 12 Hz, 1H) 1.10 (s,
3H), 0.97 (s, 3H) ppm; FC-NMR (100 MHz, CDCls) &204.25, 135.30, 129.06, 128.71, 128.15, 76.30, 48.45,
48.22, 21.70, 18.88 ppm; IR(neat) 3033, 2974, 2933, 2819, 2721, 1725, 1555, 1496, 1455, 1379, 882,
750, 705 cmil; HRMS (FABt+) for CisHisNOs [M+Nal+ Caled: 244.0950 Found: 244.0950; HPLC [Chiralcel ODH,

hexane/2-propanol = 80/20, flow rate = 0.7 mL/min, A= 254nm, retention times: (major) 18.3 min,
(minor) 31.1 min].

(26) (R)-3-(4-Chlorophenyl)-2,2-dimethyl-4-nitrobutanal (3}&+2] 3-26)

[a]D22 -5.83 (¢ 0.2, CHLCly); 'H-NIR (300 MHz, CDCl3) §9.50 (s, 1H), 7.31 (d, J = 6.0 Hz, 2H), 7.15 (d,
J =6.0 Hz, 2H), 4.79~4.85 (dd, J = 6.0, 9.0 Hz, 1H), 4.67~4.71 (dd, J = 3.0, 9.0 Hz, 1H), 3.75~3.79
(dd, J = 3.0, 9.0 Hz, 1H), 1.12 (s, 3H), 1.00 (s, 3H) ppm; 13C—NMR (100 MHz, CDCls) 6204.07, 134.34,
134.20, 130.61, 129.16, 76.35, 48.39, 48.07, 21.95, 19.10 ppm; IR (KBr) 2926, 1728, 1556, 1494, 1378,
1094, 835 cm_l; HRMS (FAB+) for CioHi4CINOs [M+Na]+ Caled: 278.0560 Found: 278.0562; HPLC [Chiralcel OD-

H, hexane/2-propanol = 80/20, flow rate = 0.7 mL/min, A= 254nm, retention times: (major) 16.1 min,
(minor) 25.4 min].

(27) (R)-3-(4-Bromophenyl)2,2-dimethyl-4-nitrobutanal (3}8t2] 3-27)
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[aly -14.86 (c 0.1, CHCly); H-NMR (300 MHz, CDCls) 69.49 (s, 1H), 7.47 (d, J = 6.0 Hz, 2H), 7.09
(d, J = 6.0 Hz, 2), 4.79-4.85 (dd, J = 9.0, 9.0 Hz, 1H), 4.67~4.71 (dd, J = 3.0, 9.0 Hz, 1H),
3.74~3.78 (dd, J = 3.0, 9.0 Hz, 1H), 1.12 (s, 3H), 1.01 (s, 3H) ppm; C-NMR (100 Mz, CDCls) &204.04,
134.73, 132.12, 130.95, 122.49, 76.28, 48.33, 48.15, 21.98, 19.11 ppm; IR (KBr) 2024, 2857, 1727,
1555, 1457, 1377, 1009 cm ; HRMS (FAB+) for CiHuBrNO, [WNal  Caled: 322.0055 Found: 322.0053; HPLC

[Chiralcel OD-H, hexane/2-propanol = 80/20, flow rate = 0.7 mL/min, A= 254nm, retention times:

(major) 21.9 min, (minor) 31.7 min].

(28) (R)-2,2-Dimethyl-4-nitro-3-p-tolylbutanal (3}8+4 3-28)

2

[a]D2 -15.07 (¢ 0.4, CH,Cl.); 'H-NIR (300 MHz, CDCl3) §9.50 (s, 1H), 7.05~7.12 (m, 4H), 4.78~4.84 (dd,
J =9.0, 12.0 Hz, 1H), 4.63~4.67 (dd, J = 3.0, 9.0 Hz, 1H) 2.29 (s, 3H), 1.09 (s, 3H), 0.97 (s, 3H);
“C-NMR (100 MHz, CDCls) &6204.65, 138.07, 132.38, 129.60, 129.13, 76.60, 48.46, 48.34, 21.75, 21.23,

19.05 ppm; IR (KBr) 2973, 2925, 1726, 1556, 1516, 1381, 1120, 824 cmil; HRMS (FAB+) for CisHiNOs; [M+Nal+

Calcd: 258.1106 Found: 258.1107; HPLC [Chiralcel OD-H, hexane/2-propanol = 80/20, flow rate = 0.7
mL/min, A= 254nm, retention times: (major) 14.2 min, (minor) 21.1 min].

(29) (R)-3-(Furan-2-y1)-2,2-dimethyl-4-nitrobutanal (3}&-2] 3-29)

22

1
[aly -12.06 (c 0.3, CHCl,); H-NMR (300 MHz, CDCly) 69.51 (s, 1H), 7.37 (d, J = 0.6 Hz, 1H),

6.31~6.32 (dd, J = 3.0, 3.3 Hz, 1H), 6.23 (d, J = 3.0 Hz, 1H), 4.73~4.79 (dd, J = 9.0, 12 Hz, 1H),
4.58~4.62 (dd, J = 3.0, 9.0 Hz, 1H), 3.91~3.95 (dd, J = 3.0, 9.0 Hz, 1H), 1.17 (s, 3H), 1.04 (s, 3H)

ppm; FC-NMR (100 MHz, CDCls) 6203.76, 150.02, 142.92, 110.62, 109.82, 75.09, 48.36, 42.39, 21.31,

19.21 ppm; IR (KBr) 2925, 1728, 1557, 1376, 1148, 740 cmil; HRMS (FAB+) for CioHisNOy [M+Na]+ Calcd:

234.0742 Found: 234.0742; HPLC [Chiralcel OD-H, hexane/2-propanol = 90/10, flow rate = 0.7 mL/min, A=

254nm, retention times: (major) 14.7 min, (minor) 21.2 min].

(30) (R)-3-(4-Methoxyphenyl)-2,2-dimethyl-4-nitrobutanal (3}8+2] 3-30)

[aly -9.55 (c 0.2, CHCly); H-NMR (300 Mz, CDCI;) §9.51 (s, 1H), 7.12 (d, J = 9.0 Hz, 2H), 6.85 (d,
J = 6.0, 2H), 4.78-4.84 (dd, J = 9.0, 12 Hz, 1H), 4.64~4.68 (dd, J = 3.0, 9.0 Hz, 1), 3.77 (s, 3H),
3.71-3.75 (dd, J = 3.0, 9.0 Hz, 1H), 1.11 (s, 3H), 0.98 (s, 3H) ppm; C-NMR (100 MHz, CDCl;) &204.73,
159.47, 130.32, 127.30, 114.26, 76.69, 55.41, 48.57, 47.98, 21.71, 19.10 ppm; IR (KBr) 2027, 1725,
1611, 1556, 1514, 1465, 1380, 1252, 1033, 836 cm ; HRMS(FAB+) for CiHyNO, [MNal® Caled: 274.1055

Found: 274.1055; HPLC [Chiralcel OD-H, hexane/2-propanol = 80/20, flow rate = 0.7 mL/min, A= 254nm,
retention times: (major) 18.2 min, (minor) 25.7 min].

(31) (R)-3-(2-Methoxyphenyl)-2,2-dimethyl-4-nitrobutanal (&}3a2 3-31)

2

[a]DO -14.39 (¢ 0.3, CHCl,); 'H-NIR (300 MHz, CDCl3) &§9.50 (s, 1H), 7.23~7.29 (m, 1H), 7.11~7.14 (dd,
J =3.0, 9.0 Hz, 1H), 6.87~6.95 (m, 2H), 4.86~4.94 (dd, J = 12, 15 Hz, 1H), 4.69~4.75 (dd, J = 3.0, 12

Hz, 1), 4.22 (d, J = 9.0 Hz, 1H), 3.81 (s, 3H), 1.09 (s, 3H), 1.05 (s, 3H) ppm; FC-NMR (100 MHz,
CDCl3) &§204.13, 157.36, 129.79, 129.28, 124.00, 120.76, 111.29, 75.81, 55.34, 48.37, 21.00, 19.96

ppm; HRMS (FAB+) for CysH/NO, [M+Na]+ Caled: 274.1055 Found: 274.1056; IR (KBr) 2927, 1725, 1611, 1556,

1514, 1465, 1380, 1252, 1033, 836 cmﬂ; HPLC [Chiralcel OD-H, hexane/2-propanol = 90/10, flow rate =
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0.7 mL/min, A= 254nm, retention times: (major) 15.4 min, (minor) 25.2 min].

(32) (R)-3-(4-Hydroxyphenyl)-2,2-dimethyl-4-nitrobutanal (3}3}2] 3-32)

[aly” -13.37 (c 0.2, CHCl,); H-NMR (300 MHz, CDCly) §9.52(s, 1H), 7.04~7.07 (m, 2H), 6.74~6.77 (m,

9H), 5.47 (br s, 1H), 4.77~4.85 (dd, J = 12, 12 Hz, 1H), 4.64~4.69 (dd, J = 3.0, 12.0 Hz, 1H),
3.69-3.75 (dd, J = 6.0, 12.0 Hz), 1.12 (s, 3H), 1.00 (s, 3H) ppm; C-NMR (100 MHz, CDCls) &205.71,
155.80. 130.47, 127.07, 115.8, 76.71, 48.67, 48.01, 21.40, 19.07 ppm; IR (KBr) 2925, 1726, 1638, 1556,
1456, 1380, 705 cm ; HRMS (FAB+) for CplisNO, [M#Nal  Caled: 260.0899 Found: 260.0899; HPLC [Chiralcel

ODH, hexane/2-propanol = 80/20, flow rate = 0.7 mL/min, A= 254nm, retention times: (major) 16.1 min,
(minor) 24.9 min].

(33) (2R,3S)-2-Methyl-4-nitro-3-phenylbutanal (&}8}2] 3-33)

20

[aly -9.00 (c 0.2, CHCL): H-NMR (300 MHz, CDCly) 69.71 (s, 1H), 7,15~7.36 (m, 5H), 4.77-4.83 (dd,
J=6.0, 12 Hz, 1H), 4.64~4.71 (dd, J = 9.0, 12 Hz, 1H), 3.77~3.87 (m, 1H), 2.72~2.83 (m, 1H), 1.00
(d, J = 9.0 Hz, 3H) ppm; C-NMR (100 MHz, CDCls) &202.53, 136.75, 129.30, 128.35, 128.28, 78.33,
48.65, 44.24, 12.36 ppm; IR (neat) 3031, 2075, 2933, 2827, 2729, 1724, 1603, 1551, 1496, 1433, 1459,
1380, 1203, 914, 853, 757, 702 cm ; LRMS (FAB+) for CyHuNO; [WNal™ Caled: 230.1 Found: 230.1; HPLC

[Chiralcel OD-H, hexane/2-propanol = 90/10, flow rate = 1.0 mL/min, A= 254nm, retention times:
(major) 35.4 min, (minor) 25.4 min].

(34) (2R,3S)-2-Ethyl-4-nitro-3-phenylbutanal (3}&-2] 3-34)

[aly” +8.10 (c 0.4, CHCl); H-MMR (300 MHz, CDCls) 69.72 (d, J = 3.0 Hz, 1H), 7.28-7.35 (m, 3H),
7.16~7.20 (m, 2H), 4.74~4.81 (dd, J = 9.0, 18 Hz), 4.63~4.71 (dd, J = 3.0, 15 Hz), 3.75~3.83 (m, 1H),
2.64~2.72 (m, 1H), 1.46~1.56 (m, 2H), 0.83 (t, J = 9.0 Hz, 3H) ppm; C-NVR (100 MHz, CDCl,) &203.32,
136.75, 129.11, 128.21, 127.99, 78.55, 54.98, 42.68, 20.36, 10.66 ppm; IR (neat) 3031, 2969, 2878,
2738, 1719, 1551, 1496, 1456, 1432, 1379, 1206, 757, 702 cm ; LRMS (FAB+) for CiHiNO; [MtNal Calcd:

244 .1 Found: 244.1; HPLC [Chiralcel OD-H, hexane/2-propanol = 90/10, flow rate = 0.8 mL/min, A=
215nm, retention times: (major) 34.5 min, (minor) 29.9 min].

(35) (R)-2-[(S)-2-Nitro-1-phenylethyl]lpentanal (3}8+4 3-35)

20

[aly +15.40 (¢ 0.2, CHCl,); 'H-NMR (300 MHz, CDCl3) 69.70 (d, J = 3.0 Hz, 1H), 7.27~7.37 (m, 3H),
7.16~7.19 (m, 3H), 4.60~4.81 (m, 2H), 3.73~3.81 (m, 3H), 2.60~2.74 (m, 3H), 1.12~1.55 (m, 4H), 0.79
(t, J = 6.0 Hz, 3H) ppm; FC-NMR (100 MHz, CDCls) 6203.28, 136.77, 129.11, 128.22, 127.98, 78.42,

53.78, 43.13, 29.44, 19.75, 13.93 ppm; IR (neat) 2968, 1719, 1553, 1379 Cmﬂ; LRMS (FAB+) for CysHi7NOs
[M+Na]+ Calcd: 258.1 Found: 258.1; HPLC [Chiralcel OD-H, hexane/2-propanol = 80/20, flow rate = 1.0
mL/min, A= 254nm, retention times: (major) 19.3 min, (minor) 14.1 min].

(36) (2R,3S)-2-Isopropyl-4-nitro-3-phenylbutanal (3}s}2] 3-36)

20

[aly +19.81 (¢ 0.5, CHCly); 'H-NIR (300 MHz, CDCl3) 69.93 (d, J = 1.8 Hz, 1H), 7.28~7.37 (m, 3H),

7.15~7.20 (m, 2H), 4.65~4.69 (dd, J = 3.0, 9.0 Hz, 1H), 4.55~4.60 (dd, J = 6.0, 9.0 Hz, 1H), 3.87~3.93
(m, 1H), 2.75~2.80 (m, 1H), 1.68~1.76 (m, 1H), 1.11 (d, J = 6.0 Hz, 3H), 0.89 (d, J = 6.0 Hz, 3H) ppm;

FC-NMR (100 MHz, CDCl3) 6204.59, 137.26, 129.37, 128.32, 128.16, 79.21, 58.95, 42.13, 28.13, 21.88,
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17.18 ppm; IR (neat) 2964, 1717, 1553, 1379 cmfl; HRMS (FAB+) for CysHiZNOs [M + H]+ Caled: 236.1208

Found: 236.1287; HPLC [Chiralcel AD-H, hexane/2-propanol = 99.5/0.5, flow rate = 0.3 mL/min, A=
254nm, retention times: (major) 24.1 min, (minor) 29.6 min]

AAd 2. E 299 7]E dE FE=A9 A

THF(5 mL) 3 (R)-2-((S)-1-(4-methoxyphenyl)-2-nitroethyl)cyclohexan-1-one(3}&+2] 3-22, 300 mg, 1.08
mmol)2] &N o}l EH(707 mg, 10.8 mmol)S #H7Ist E(2 ml) T NHLCI(57 mg, 1.08 mmol) &3 7}
et Ed=S AZoA 6417 F¢F AdsHAl wnbstal o Fekivt. AF A E THRZ AlHskar, 93k of of
S FEHIG. AHES AgtA oA EuA ZAd A ZetE2H 9 (CHCL./MeOH, 95/5) % AIske] 197
mg(95%) 9] 3-arylhexahyroindole 1-oxides(3}&4] 5-1)& WA TAZA FEIATHRESA] 3).

[Whe-2) 3]

o~
o] 1a cat. (1 mol%)
. ~-NO2  4nitrophenol (5moi%)  ?
water, rt, 5 hour } NO,
0]
|
i 14 mmol %
10 equiv mmo yield: 97%, ee: 99%
o/
Q
O0®
N
o Zn powder, NH,CI ! o)
N02 - \
THF, Water, rt, 6 hour
5a
yield: 95%

(3R, 3aS)-3-(4-Methoxyphenyl)-3,3a,4,5,6, 7-hexahydro-2H-indole-1-Oxide( &} 824} 5-1)

' NIR (500MHz, CDCls): 7.16 (d, 2H, J = 8.7, ArH), 6.89 (d, 2H, J = 8.7, ArH), 4.27-4.24 (br m, 1H,
NCH2), 4.15-4.10 (br m, 1H, NCH2), 3.81 (s, 3H, OCH3), 3.25-3.15 (m, 2H, ArCH, NCCH2), 2.8-2.7

(ArCHCH), 2.12-1.84 (m, 3H, CH2), 1.85 (br d, 1H, J = 12.8, CH2), 1.45-1.18 (m, 4H, CH2); e NIR (125
MHz, CDCl;): &6158.9, 148.6, 131.7, 128.3, 114.4, 68.4, 55.3, 50.6, 45.3, 32.3, 24.3, 23.8, 23.5;

LRMS(ESI+): m/z 246.1 (M+H);

Fl[‘
N

S A% AB FEAR FA FashE
4e A% 57 G4 BaAst] FAHOR U f

Agel 1. Hosdol Zule 23}

YERAR gl ALPAEY vhol2 Arlurgol U@ Fulel E3E 2AS] S8, olarE =g
datols 2 Eds-we-UER NS ol gl we Fastedth DPEING V1B 34L& Ful Apgetdle



[0365]
[0366]

[0367]

[0368]

[0370]

[0372]

[0374]

o, shtel opme

H[ X gk 7L 3-HE = A gk ol

kil
L HES e oo S I THE 1).
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L OE ole Hesdelz Ag ahqct,

Eulg ol g

1aR'=H, R? = isopropyl 1b R' = H, R? = 3,5-(CF3),-CsH3
1cR'=H, R? = CgH5 1d R' = H, R = 4-CH3-CgH,

1e R' = H, R? = 4-MeO-CgH, 1fR' = H, R? = 4-F-C4H,

1g R! =H, R? = 4-CN-CgHy4 1h R = 3-pentyl, RZ = 4-NO»-CgH4
1i R'=H, R?=CyoH;

A spel obm)s oilE Afd e

dob o2 g, Sulv B

O
X -NO cat. (Y mol%)
® H
toluene, rt, 4 day
X equiv 2
# 1

Entry Catalyst Temp (TC) Equiv. mol% Yield * (%) e " (%)
1 la rt 10 10 50 92
2 1b rt 10 10 91 97
3 1c rt 10 10 67 93
4 1d rt 10 10 70 93
5 le rt 10 10 50 92
6 1f rt 10 10 68 97
7 1g rt 10 10 86 94
8 1h rt 10 10 N.R -
9 1i rt 10 10 45 94
10 1b 10 10 74 97
11 1b rt 7 10 86 97
12 1b rt 5 10 85 97
13 1b rt 10 5 83 96

‘ isolated yvields, ’ The ee values were determined by chiral-phase HPLC using OD-H column.

obilo] kA7t gl Blegelel Hulg AAga 4%, obwle] dhdvE Ao Ful (584 4-8)F AHgeks
A FE 7 (ED6)9) 188 Elogelor Fulsh A 1

A9k Aol 9l

Shebu| =4 7] (8h8tA) 4-5) 2 %
Ie) =

@6 FELeRI) (34 4-6)% ARE Hogeol oo F& L ANEAL vad An, AR
mE 719 SHEFOR (B8 4-6)2 ABE Fuhk o we FE3 GANEYS Gt Foisk A4
e A2 AR A, F4 Al welshs Pesdeld Favt A4 Fi vlw A% Fund fh 2
of Fl@ sbsel W wgka, ol wet AYBe] YAAGYe] U Bk, 53], 3,50 (EEF oY
D2 AR FuE 425 A e SE3 GAAGYL e

Zulo) £3E 0% Fol7] 919 mr} e LmelA WS AT, ALolAel wge Feoe] we
AR GANEAS dEiglod e o wath &, Sus dedd g ke wedn dAnegs
AFEe Festednt
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o] B% 7tadddl. weld, 10 B dulsto]l=gl 10 mol%e e AL S w 4

A 2. 8o HH3}

Aol 1904 44 BAol SHAW 35N A(EHEFo MDD AR Fo)(Fe4 42)S ol gste] A
2 Aagsierh, BE GujolA] wgol Aasgion, Ay HEese ELFH(HNS AT LE o)
Ashe FES A, RE SulolA 968 o de] ANl olhrt. H3] B Uiz AET Aol
B 8l (96A7) T 8o e 12417K50k We AAsGom, Ful AL§H0 nol)E AU 5 noléd ol§
stk mebd, 3 Be £83 GANGRS AFHT FS VSADT A o) Gl vholF B}
wgol w22 gl Ausigiy

@]
X NO; 1b (10 mol%)
+ H ol
©/\/ solvent, rt, 4 day

NO,
5 equiv 2
* 2
Entry Solvent YVield (%) a ce (%) b

1 n-hexane 52 97

2 CHC13 80 97

3 THF 60 96

4 benzene 87 97

5 EtOH 58 97

6 toluene 85 97
7 ¢ water 99 99

8 CHC1y 85 97
* isolated yields, ’ The ee values were determined by HPLC using OD-H column. ¢ The reactions were
run with catalyst of 5 mol%, 12h

Agd 3. 7lRd BFEY FHA wE ue
3.1. AIEY A%

TR AR AdE ARE UERSAL v, v % AEm FEAY A sl WAAE 3).

@) 1a (1 mol%) O Ph
RA_H N ___NG; 4-nitrophenol (5 mol%) R1J\‘*/N02
R2 Ph/ rt, water, 5 h R2
10 equiv 0.3 mmol 2a-e
X 3
Entry R1 R2 Yield (%) syn/anti ee (syn) = (%)
K Cll, i 72 - 72
5 © CH, i 81 - 98
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3 f CH, H 90 - 99
48 CH; H 98 - 99

5 Cells H 95 - 98

6 ~-(CHy) 4= 99 90/10 99

7 ~(CHy) 5~ 98 80/20 88

8 -CH,CH,0CHy— 87 82/18 66

9 —-CH,CH,SCHy— 85 66/34 94
‘ isolated yields, b diastereoselectivities were determined by 1H NMR analysis, ° The ee values
were determined by chiral-phase HPLC, ‘ used 1 mol% of 1b catalyst, * used 5 mol% of phenol
addictive, ' used 5 mol% of 4-chlorophenol, * the reaction proceeded for 36 h.

HAIE (84 1-1)& EFeh: e F(HA 1-6) L AA(EA 1) AgH AF2IAE] M) A
Hom He +83 o, ol AEe] Fule] ofnluwr]st wkg 2 g4

2
wolt, A= AEe] 45 QAR
wio] F7hat,

W, AHEA SUERAES 24 49 JUHoR we 3 ALPNAYL ATT W, AE 4
sedEe A7 A A9 FE2 e,

3.2. gdsto|=e] A4

T dlstol=oF UERAERS HAstd oA REEAIZTH(EE 4).

O
o -NO; RH)}\ 1b (5 mol%) 0
+ H =
R2 water, i, 4 h H ' NO,
R1 /RZ
5 equiv 2
I 4
Entry R1 R2 Yield (%) ° dr " (synanti)|ee ON
1 Me H 95 67:33 99
2 Et i 94 83:17 99
3 mPr H 94 83:17 98
4 i-Pr H 93 93:07 99
‘ isolated yields. ’ Determined by 1H—NMR analysis.
‘ The ee values were determined by HPLC using OD-H and AD-H columns.

<
fr
=
rlo
mO
=
ol
o
[t
Lot
o
1>
T
*
rlo
i
rlo
N
o
ox
2
)
oX,
o
T
o
v}
=3
$
Auj
[rtt
o
=
ol
)
[t
Lot
101_',
1>
T
N/
HE,
@
o
L
ot

o] [
14 ~ = A ;
T 5 REAAAA 2 ASAAMEAS eI ol duHslelse dAY7E 4% JA Fo2
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AYE AR U@ gl A8 FeAe A A8 HAIE(HRA FDE G o, B-RES UERY
E

1a (10 mol%)

O 4-nitrophenol (5 mol%

N0, phenol (5mol%) O Ar

r rt, water, time )’I\/[\/ N 02
0.3 mmol 10 equiv 3a-f

5

Entry Ar Time (h) Yield (%) a ee (%) b

1 4‘M€C()H4 10 91 99

2 4‘M€OC6H4 12 95 99

3 4-C1CeHy 9 96 99

4 4_BTC6H4 9 99 98

5 2_M€OC()H4 17 88 99

6 2-furyl 10 95 98

* Isolated vields, ’ the ee values were determined by chiral-phase HPLC.

AR FE 7R %9 dd w7k PE ERddud 44 1t v)2 A8 dd 1v 2R e
DA (35 2-4, 2-5, 2-T)°] mﬂmi g0l ¥ AT AINLE 927 FAHCE 29 entry 3, 4
6). A4 1E 719 A% ANAL AAAA Pk AL ol ¥

4.2. NEZAEY AL

A ZF2ZAES G4 o, B-EE3 UERGAF 932X AFHE 317] 3 69 YERAT.
o) NG . 1a (1 mol%) . O R
» NGO, 4-nitropheonl (5 mol %) NO,
R/ rt, water, time
10 equiv 0.3 mmol 4a-n
# 6
Entry R Yield * (%) syn/anti ee (syn) * (%)
1 4-Me-CgH, 98 86/14 99
2 4-1-Pr-CgHl, 88 93/7 82
3 4-F-CgH, 92 88/12 99
4 4-C1-CeH, 99 81/19 99
5 4-Br-CgH, 97 85/15 96
6 3-C1-CeH, 93 91/9 96
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7 2-furyl 92 92/8 96

8 2-thienyl 99 84/16 98

9 2-naphthyl 92 89/11 92

10 4-Me0-Cgll, 99 91/9 99

11 2-Me0-CgH, 94 91/9 99

12 2-NO,—Cell, 95 87/13 94
* Isolated yields, ’ diastereoselectivities were determined by lH NMR analysis, ¢
the ee values were determined by chiral-phase HPLC

Eda-B-yERZEHA(ESH 2-1)9] A5 vt f1Ad

1

24 2-4, 25, 2-9)3 FARALG 2 U B ALPHEYS kRt FAGHY 2-7), 2-

Eeld (B 2-10), ¥ g (3hehy 2122 ABE UELGNS AEE wse v 5% AL

e deie. B3 2-FY fEAse wgel Y e £8% B W, 404 9A9 A4 Fi
A

4.3. &oglol=g A

olavEEaEse E(se4 1) T o, B-RES UEmdAe] wes AH xhdH FASATHE
7).
. _NO ? 1b (5 1%
2
A X . ’ (5 mol%) O Af
water, rt, 12 h HJ>)\/N02
5 equiv 2
x 7
Entry Ar Yield (%) ° ee (%)
1 Ph 99 99
2 4-C1-Ph 94 99
3 4-Br-Ph 94 98
4 4-Me-Ph 94 99
5 2-Furyl 96 99
6 4-Me0-Ph 97 99
7° 2-MeO-Ph 96 99
8 4-0H-Ph 96 99
‘ isolated vields, ’ The ee values were determined by HPLC using OD-H column.
T A, ABEA G UERZENGHEY 2-DS AgsE 4% 43 2o o] dojgd. =@, A4 1
=Sk AR i vle e JEZAEd] weE S5 QANGT S el

A 5. DFTS B3 Aolde AviA At
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[0429]
[0430]

[0431]

[0432]
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5.1, A4¥ 99

A% 34 o]Z(Density Functional Theory, DFT) AR 71d 3 ZFujo] wAUZES HoF7] 3 Aoz A,
Gaussian 16 3! Gauss—View 6.0 ZZIFS Apgsto] FPsiglvy. H#sted 42 B3LYP/6-31G(d,p) @8-S
Abg-Ete] A, WhS-E | F7HA(intermediates, IM), Ho]Ael(transition states, TS), @ AAE9] &
Aol kA3 HA3sE &, A3 o] FFAA AT FIE AE B 9™ oA (zero-point energy,
7JPE)E F-8tal, 94X oA EW(potential energy surface, PES)S dAAr}. gy w4 2 2% wa ol
EZvE 298 K 2 171l Axtsisict.

5.2, AlEe AS

2 g gz AdE wHAUSES &= 20 YERSITE. DTS
|Akek A3k TS 2(anti), TS 3(anti) 2 TS 4(syn)ell Hl&] TS 19
Fd49dS gelstdvi(x= 3). %3, minor TS 32 th&

. RIS Fufe] 1xF oflF} Wg-3le] <llowl

& et 15 19} 15 36 ol £A% oot 2 A

& Foll AAE7] wZel dAER7E A HEZ YA
°of YER7|¢ Fujo] gl g-go} Atele] Fa A LAl Aol WEE X#7|7F 1S 1 2 TS 200|419} o] A
Aoz v Al Aoz AeHE g <llopnle wpetell A M AA S A eke] syn(2R,

1S) g7t 78 A8 e A
o] HE=WA o 7HA &A=
gapol fNFER 4y W AhHoR we ASPA

2 dZHth =9 AR} Suo} wrgstel dolne FAshu o2 A
Ao AAPels} e o delel
[e]

& e,

ok
oo
AN
o,
ﬁ
_‘\%
e
® T
T
u
ue
=~

5.3. &Hslo|l=e] AL

rRyldusie|=et ddR A3y YEZY
DFTE S8 Aoldel LTS 1D o4 oux=
19] syn F&7F A47te] P2 AF oAUAE VEe® b A AAE IS THE 5). Eg minor TS 4+ T
2 TS Fxo v 7 =2 AR dluAE delth. w23, ZRueddstel = Fule 13 ofvlz) vk

ste] oWl FElE AA HFHoR <ol s FAsrh. TS 12 TS 3% o]l AT T} E]QSyolr} e o ¢
at7] wiitel dAGN7E Ak, JERZIA YERZ7|e} Fujo] o -do} Ato]e] fa Ajte &l Ao W
= AZ717F TS 1 2 TS 2004 eF Zo] dalHoz e A Fol= ﬂ% 2]
uleboll A A AAA ] ekl syn(2R,3S) HElZF 7 AEA BAEE A

Al) who]Z wkgo e AotE HAUFES = 40 eI
AArer A3 TS 2(anti), TS 3(anti) 2 TS 4(syn)el H]3] TS

3
olo

(

fo ot

Stes b}, wmEhA XS4 <ol
o2 dFHr.

5.4. &) &3}
vlo] & w59 ZF Ao the &) Ftel A AR 2 E oUA|E DFTE Fa) AAledit.
S SuE AR A9, U8 SuE AFEE G RT Ao ¥3S AFS B &
< WE AREEE A Svle doldElE g SAA wksAel <
ol Ak, ekdstE o] AEel uhel ddstelEs FHuje] ofwwmy]e} wbgEle] dlopvl e PAshaL th
e B UERYY F A4 QA =4 A4S dA3T. S ¢ S Z13)

Zuje] g G35 oFskr] e, Evf 4-29] g AE7](CRy) 9k HO Abole

A A AUAE A o] E£8E (aqueous binary mixture, H,0+&vf)®]xl

F—,-zL

S oAv, BE 02 AT W AolgElsl A A% UAZt Y Hes s, vhel A7 Wl
A B G g Golsl Aol SHUel He wedel A ol Al AuAe) rgstel fal
weel a5 EAE Qe WAl Frhel/l WEelt. Eal Hu) 429 F5, Fvhel HAF) AAsh o
Fa) DA 2 AFS Fa Aol Fuvh gAY, B 44 Z—i%‘zi QA8 st B HEo] F

A5, & A s A el met kst A wskeksit (= 6
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EH2
i Ar ] B Ar ]
8. al s
NNy, o Ar YNy o Ar
| P D , NO2 o MNH , NG
Ol \S e
h N Ph -
P H\© syn (major) H@ anti
TS1 TS 2
B {\I’ ] i Ar ]
SYNH o Ar syﬁ,.. & ar
.o N e
Phj “0=N —_— Phj \O;N — =
M | wo ol
Ph H\© Ph anti (minor) Ph H@ Ph syn
TS3 TS4
EH3
enamine
25.03763
25 4 e
_NH
o M
o) .
e Wy
_g_ 20 4 ;. anti
o 12.54203 4
S syn s
= 9.70757 e
>\15" s__,:: 'hl‘no_,x ™
o { L
O I o, —
c Ny _1' Ph
ﬁ 10 - " . —
o) e
™ s 3 Mok
O 5- L N R -
s {
< e 10.09851
@ 9.92343 :
0} 14243 ()
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(J
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Reaction states (step)
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