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AR ST, I U7 aE A2 LU RIS T 2,

Ac acetyl

AcOH acetic acid

Ar aryl

BINAP 2,2"-bis(diphenylphosphino)-1,1'-binaphthyl
Bu butyl

c concentration

Caled calculated

d doublet

DCE 1,2-dichloroethane

dd double doublet

ddd double double doublet

DFT density functional theory

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

DPMS diphenylmethylsilyl

dr diastereomeric ratio

EDC 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
ee enantiomeric excess

EI electron-impact ionization

equiv. equivalent(s)

er enantiomeric ratio

Et ethyl

Et,O diethyl ether

EtOAc ethyl acetate

EWG electron withdrawing group

FAB fast atom bombardment

h hour(s)

HPLC high performance liquid chromatography
HRMS high-resolution mass spectrometry
Hz hertz

i-Pr isopropyl

J coupling constant

L-DOPA L-3,4-dihydroxyphenylalanine
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minute(s)

melting point

mass spectrometry

normal

nuclear magnetic resonance
ortho

para

phenyl

room temperature

singlet

sustainable development goals
tertiary
tert-butyldimethylsilyl
trifluoromethanesulfonyl
trifluoroacetic acid
tetrahydrofuran
triisopropylsilyl

thin-layer chromatography
trimethylsilyl
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P
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Scheme 3
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NHA > NHA
MeO ¢ Ha MeO ¢

95% ee

BF,

Beeaulinieots
—_—

~
HO NFRe MeO, P.{ \

L-DOPA

[Rh((R, R)-DIPAMP)CODIBF,

L Eo 3 40k, BB ESE R X 2 RIS OBFEOIFEIZ LV 2001 42 ) —~ULFEE
nEzh s 0

LinL, EBGBIERMEIZIZLLTO XS ek and s, OEHT 2 EBBSREN AL, &l T
HOBPAENLN, @ MICHFEEORE WL ONEEND, QERFP DIEFZSCKICALETH DT,
BB EAE D EHE LT 5,

1972 45 R Y OERBEIC B 2 FES 03B L, BREERE S E A0 22 B L 2 42D 72, 1992 4,
FEHEERBIR RS IRV v b)) TH AT ATV T 0 (B rlheErE) OBE&ES & L, 2015 4
DOEHY I v FC SDGs (Fife FIRE72 17 BHH ORI BAR) IR S iz, ARG FEICB VT
1990 FRIZ T U — 7 I A B Y — OGBS 10, BREEICEUE L 7-HE N EER SN D
L9l odz, LEDOZ D, AEGRMFICEBNTH, L0 BEREEAMEO W IFiER R D
BITWS, ZOMBEARRT 5D —o 8 L THBES TMIESEEER S TWb, s
TR IEE 2S£, KR, R, EHR, N VR EDR TR SN SMEETH D, Ak
Oy TR XA TS S TR S U B e s 2 Fr o 2 L 3% < BB A RIS RAE L LR TRE
PERFE L, ROV RES &) R Ao, 7. AS ML ESRE 2 & 004w
OB OBEN2N D & LA TR X RFRTH D, BEGBITAER~OEYEL
FIETZEBNMBNTEY , ERLOBESRILEEIH ST\ D, fito T, ERLAKIC
B 2D ORI AR EfE ST g 1

2000 4E, List HlE, RAT I /B THLHL-72 U UBNT AT R&EF ROy FET IV R—L
B DO ARF RN 725 Z & 4 L= (Scheme 4) 2, L-7 10 U O 7T I NN bk
TFIVEBR L, FRHC VAR BN DSKER-BEICL D 7T v Rt L, JUBREBR
BB S 4L, mWNRSERIRMEZ R T LB X BTV D,



Scheme 4

[ﬁ>—COOH
N
Q 0 80|% M D
mol7o H
A ' )J\ > i-Pr/\)K

-Pr~ "H DMSO, 48 h
97% yield, 96% ee
t
N—Cupy
Pr o0
NEOHT %
H

[FRFHIC Macmillan B3, 7 ==V 7 7 = U8Rz o L THWZ T AT LT e RE
v aRX B VT OAFHE Diels-Alder K% #E L7- (SchemeS) 3, il b > F A7 L7 R
MAIZTAAF U ERTH LT aRe T b ORSHEREETR S 115 O L [FIFFIC,
fIED R D NVHED R = ARO—F ORISR L, O F AR AR T EE XD

NTW5b,

Scheme 5
O 7
N
M Hel
Ph
oo LUNY, v v,
Ph” Y~ * iii7 ; > TPh 7CHO
MeOH-Hzo, 23 C, 21h CHO Ph
endo exo
endo/exo
1(93% ee) : 1.3 (93% ee)
- o , |
N
+)gd

Peske, B ARSI 2 F N R 1T AU R T & 7 s o T I AN A R A B Y T T RTEEIS
L72DEIZ R0, 2021 2, WEIZ ) — VUL FPEPRE Sz 28, Zh b OWELIRE, G5
Tk 2 FN P2 R RO O RFZE DS TREERIC R L 7=,

2003 4, MIARLIZ, HWEMEERETHLHE —HhT IV EMEERETH LT AT LT ZF—4
FTHICFFST AT U7 BEHS T2 L, ~vr By =Tl = ha AT Lo ORFHEE
RIS Z2@RE Lz Y, T30 LT BEH Tl F 4 7 L7 Biix. KERHEUEGEHA L e
2 WML DR N-H #5578 2 @i 2 7200 EE 4 AU CE IS 2 2 & m&ZE X 6T\ D,
Papai H1X, DFT HRIC LD ZDORICOEBREZ T L T, vy By=F Loz ) 77— |



ERF AT LT E R TARFEREE L, = brAF L3 7T e hAbENT=T I UL & kSE
A Lo CTHESND Z L ZH LML TS (Scheme 6) 15, ARIGIE, o7 I L ARAL
DY BB ZFNVOIEREATF L OKRFELG| EHE, —AER LI, T — b2, il F 7
U LT EMLCEE SHL, FRFICT S VRIS EE L S e = b e AF L oA~ 5, £ O
%, BRI v FARIZ K Y = b B ESEITT S 2 & TEBIA G LN EE X BT
5o Fio. KRBT Aldol K& 6, aza-Henry )& 7, Michael NG 118, Mannich & 1,
3218 LA NS 2, aza-Morita-Baylis-Hillman SOit 2! 72 &, S SR SICHEA ST 5,

Scheme 6
CF,

J@L i
FsC NJ\N“‘“ 0O O
H H

N
(0] (@] (10 mol%) N Eto)%OEt
+ /\/NOZ > NO
EtOMOEt Ph toluene, rt, 24 h Ph 2

86% yield, 93% ee

CF3 ¥

FsC

FA T VT RER S T, 7 ML A RS ICERTE L7, v Ak oY
TIvRevu vy, vrarraiad R Lot L B ST g 2,
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Figure 1. 1
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Scheme 1. 1
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e} Y OAc toluene, 45 °C, 24 h
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BAF 72RO @RI T 5 2 & 28 L7z (Scheme 1.2) 3, 5-7 U L7 V75 —)L
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Scheme 1. 2
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a
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N
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Scheme 1. 3
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NO o
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Scheme 1. 4

F3C” i N

H
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CF3

Benzoic acid
o (20 mol%)

S

A NH/ Ph
H

NH,

+ Ph/\(CN

CN

toluene, 0 °C, 24 h

CF,
Q L

w\__Ph

FsC NJ\N\ H/
H o H o \H

(20 mol%) 2

Benzoic acid
(20 mol%)

Ph/\/ NO,

Scheme 1. 5
(0] (0]
RO /1
o oY
EWG g~ EVG
e-selective a-selective
(0]
e@/u\ . R/\/EWG Catalyst
0] pe o
2-Furylacetone Electrophile Q
R = aryl, alkyl (o) EWG
o * * *
R R EWG
a’-selective B,e-selective
Diels Alder reaction

toluene, rt, 144 h

j:%/EI\\

o}
Ph o\
O
NC CN

€ adduct
85% yield, 92% ee

(0]
aw
(0]
NO,
Ph” *
a adduct
84% yield, dr=2:1
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KU = R ONLIRELE & HIET 5 2 & T, ALE RIS RRIEIEVRAE L H DT
IZ72 DD ERGER A ST, BERNE LT AU, ZHETITHER DR N 2-7 VLT fhrr b=k
AT LD e fEIRIIRF G R TE D EBEXERICEF LT,

\

P

\_O \ _O

( 20
N (" fi&ﬁ "
/?¥
(2)

@) (E) (E)
Favored Disfavored Disfavored Favored
a) Trienamine intermediate wtih primary amine catalyst b) Trienamine intermediate wtih secondary amine catalyst
Figure 1. 2
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HE RSSO R & HEE il

= hBrAF L (2a) 02 mmol IZxf LT, 2-7 VLT ¥ b (1a)% 2.0 48, flEE 10 mol%.
CHCL IR T | S8 C Ul 2 OB 1Al 2 N C e AR AR IS Z #5f L 7= (Table 1. 1),
FAT LT RIE T I AR S L=k X A 7 TiX, o IR da OBDBE LI, e 0
K 3a 3G on7en o7 (entries1,3), T4 L 7RIS — k7 I fikllt 6 2 V23545, 3a &2 R
FE DR DD BAF IR NIARIEIRETH: D Z 2Rk B L7z (entry 2), EHONGRIEY . 7 I HALO
BT XY B éu%uﬂﬁﬁwénto BT, KEBREABEEINE A7 T T 3 NERICER
U7l 8 Z it L7223, ROSITHEIT L7ed o7 (entry 4), DA EDORERZENE 2| il 6 2 Hu»
T g sk *Réﬁ?%)im%@apﬁ“é i LT,

Table 1. 1
/ 9 NO (ﬁ)atrﬁzi}f, Z/@\/”\ O
w + PR CH,Cl, (0.25 M), rt, 48 h é
1a 2a
(2.0 equiv.) (0.2 mmol)
entry catalyst product yield (%) anti/syn ee (%)
1 5 4a 17 68:32 702
2 6 3a a7 - 77
3 7 4a 52 80:20 —79a,b
4 8 - - - -

a Enantiomeric excess of anti 4a. ® Opposite enantiomer (S, R) obtained as the major product.

CF3 CF3

Q I Q I
FsC N)kN“‘“ F4C K

NN NERY O
NH, HOH N

5 6
CF3 CF,
o) o)
bl g

FsC N FsC N N

H OH H H oo

PN
7 8
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il 6 % PN CRUGIAE 2 M55 L7 (Table1.2), Toluene, CHCl;, CH,Cl, TlE. IFEE DI R
PN B BAF IR F AR A7) L7- (entries 1-3), —J7. EtOAc, THF, EtO 72 & ORI Tl
PEEAME <, MeOH TiX, e fIMA 3a 35572702572 (entries 4-7), MeOH 1%, /KFEFEARE
Fpofew, it L WEOMEERAZEE L, KIGOETEZREIZ LB b5, ZhbOf
s, BEAEBA CH.ClL & L7z (entry 3),

Table 1. 2
CFy
0L
F5C N A N o
o Ho HopN Phy /1
6 (10 mol%
CA L+ SN 09 moth) 0
(o) solvent (0.25 M), rt, 48 h NO
2
1a 2a 3a
(2.0 equiv.) (0.2 mmol)
entry solvent yield (%) ee (%)
1 toluene 47 77
2 CHCl3 40 72
3 CH,Cl, 49 80
4 EtOAc 25 76
5 THF 26 65
6 Et,O 21 79
7 MeOH

RIS Ol d S HICHED D720 FEO Y & L IRINFI O 21T > 7 (Table 1. 3), 2-7
ULTE Ry (la)z 2.0 HEND 1.0 YEICHD LR TIRIGEMETF L, 3.0 £72013 5.0 45
[CHAIM S D EULEMNH E LT (entries2-4), IRMAIE LT v h R TH D TFA, Kk, ZEFH
g, 4-= b ZBERE AV TR Lz, b)) U HREROERK 22, B L OIROLEE
HFF U720y, B2 WIS L2 WS (entry 1) & AT, IO EITFRD HiL7e 0 > 7= (entries 5—
9.

U EORERIY, BEsktd, = hn2F L2 2a)02mmol (2% LT, 2-7 VL7 +E b (1a)
Z 3.0 Y&, il 6 % 10 mol%, CHCLIEEE T, =R, RIGKH % 48 IKff#] & L7z (entry 3),

16



Table 1. 3

CF4 additive

( 0 |O| /0)
)k ",
3C N N <

H HHE> P /1 9

O 6 (10 mol%
0 CH,Cl, (0.25 M), rt, 48 h NO
2
1a 2a 3a
(X equiv.) (0.2 mmol)
entry X additive yield (%) ee (%)

1 2.0 - 49 80
2 1.0 - 33 80
3 3.0 - 65 80
4 5.0 - 59 81
5 2.0 TFA

6 2.0 acetic acid 50 81
7 2.0 benzoic acid 55 82
8 2.0 4-nitrobenzoic acid 42 82
9 3.0 benzoic acid 59 82

B E RIS, E (L OMFT 21T 572 (Table1.4), RKEFHI THL=brrXAFL DX
VU ERTAIC, BTHERETHD A R UL ATV EEL LG (2b, o) TiX, BAF
RN L o FARRECTHI Z 1572 3b,¢), AT NIEE A XAL, AV MIICEH#S L7
FEE (2d, )IZB W THRBRICBA 2GR L O o FARRECHM® 2572 (3d, e).

FNT, BT RBIETHL MY ZAAr AT AR, saoi, ToEhE STAICER L7
B 2f-h) T, PREREOINERN G Bif o) v FARRETHEMYMEST- 3f-h), 7Tk
ALNL, AV ML, ICEBR LS @26, ). Y7 EEE QRICBW TS RIS PR DOILR A A
SRR F U F BRI TARNYZ ST Bik), = FaAFLORUPURE 7T VBRICE
ML= BH/HE= T A7y Q). A Y Fa e VERICER LIENE= Fa T v s 2m)E
THE S, PREOIERN G Bif/rot o F AR EZR L2 GLm), 1-Q-7 VU V)2-T X
(Ib)Z KA L L CTHWESA S, TREDIERRN b Bif e o F A ERMEZ R L2 3n),
LU, 1b ZREAIE LTS A ERMEARTH 5 a AR DT NI LTz, 2-7 VLT
T by (1a)ZsREAIE LT-5A Tl a RO A IR S e o 7=,

17



Table 1. 4

CF,4
it
S,
FsC N~ N7 ™
* H H R /9
o 6 (10 mol%
LN, + N (10 mol%) o R’
o) R CH,Cl, (0.25 M), rt, 48 h NO
2
1 2 3
(3.0 equiv.) (0.2 mmol)
1a:R'=CH,3 1b : R' = C,H;
2a:R2=CgHs 2b :R?=4-CH30CgH; 2c:R2=4-CH3CgHs 2d:R?=3-CHzCgHs 2e : R2=2-CH3CgH,
2f :R2=4-CF;CgHs 29 : R?=4-CICgH,4 2h:R2=4-BrCgH,  2i :R2=3-BrCgH,  2j : R?=2-BrCgH,
2k : R2=3,5-Br,CgH; 2l : RZ=2-furanyl 2m : R2= isopropyl
H;CO HsC
0 o] 0 HsiC 0
/3 /1 /Y ’ /
0 0 o o
NO, NO, NO, NO,
3a 3b 3c 3d
65% yield, 80% ee 61% yield, 78% ee 69% yield, 79% ee 60% yield, 77% ee
F3C CI Br
0 0 0
/ 7\ / / 9
HsC o) o) 0 0
NO, NO, NO, NO,
3e 3 39 3ha
74% yield, 80% ee 40% vyield, 79% ee 57% yield, 82% ee 47% vyield, 79% ee
Br
B B - /
r 0 0 r 0 0
7\ /\ /7 \ o /\
0] Br 0] o) o)
NO, NO, NO, NO,
i@ 3j° 3k? 31
42% vyield, 78% ee 47% vyield, 74% ee 34% yield, 77% ee 47% vyield, 82% ee
o o)
/ /
0 o)
No2 N02
3m 3n°
50% yield, 83% ee 46% vyield, 81% ee

aThe reaction was carried out in toluene. ® Catalyst 6 (20 mol%) was used. ¢ 2a (0.1 mmol) Catalyst 6 (20 mol%) and
CH,Cl, (0.13 M) was used for 71 h. a adduct was obtained (24% yield, dr = 75:25).
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UEOKBFNZEY, = b AF LoD 7 2=V RIS ES8EREHEZEALZEE 2b-K),
FEHE= Ty QNIZBWTH, e MRIRAFIEDSETTT 5 2 L RS-, Fiz,
Hp D EHRA L FFOREICB W T B O ER KO F o F AR 2R3 2 & 03 620
Elpote, EBIZ=RaAF LT UV — x4 V7 a EVEICERLZEE 2m)a Wiz
ATHLHREOINEL LORURF o FARIEA R LI LD, ARISIZBWT=ha A
FLrDT U —VIRIFTMETIE A <, BUSTERCSASEIRME IS K L CHHE 2B L MF SV &
ﬁrﬁémﬁ@1@7)n027&//am%*ﬁﬂkbf%mtﬁu o AR AR L2 &

O N OBEN M EIRIEICEEEZ 525 E 2005, ZUIBRELZERED U =)
/¢ﬁ% BWT1b O=F VIR T T UBRELIIMBEE STAROBEZETL D2 D, —iF Z B2

[ECRIGEIT L2720 Ll S D (Figure 1. 3), 72, Bt L7222 TOREE (2b-n) T, I
PP E EE SR, e KA 3IZH 9~ 7O= a7 /L7y 2 BI0L - EE T
IR AER LTzl EB 2 HvD, mEISIA 9 1%, B &5#H11% (HRMS (EI) Caled for Cp3H,,N0,
(M*)-422 1472, Found: 422.1474)|IZ L W i@ STz, EFRGIETEBR L 2AYE etk EZ MW

DEMET L2 &b b, BREIIMEOERPNERIE TORRTHL LB bND, T/
zbf; FE QfR)IERE @  BOSEREN =S INARY) 3 & Zh3HIB RIS 23T T
L. &0 OWBEIRIENER LT EHERIESND, o, efFIE3alck LT, =hexF L
v (2a)Z 1.0 M, il 6 2 10mol%. CHCL AL T T 21 FefiE#ET 2 & mREIHINA 9 23 fERE S
L7z (Scheme 1. 6), L7223 > T, fFonicefTME3I &9~ FO=FraxAF L2 LD
FOSHEIT LTS Z EDVRIE S T,

Trienamine intermediate wtih secondary amine catalyst and 1-(furan-2-yl)butan-2-one (1b)

Figure 1. 3
Scheme 1. 6
CF3
0L
F3C ”JJ\”/"’M..O
o} HN Ph o}
Phe /1 6 (10 mol%) 7\,
+ pr NNO: AR o
o CH,Cl, (0.25 M), rt, 21 h
NO NO,
NO, 2 pp*
3a 2a 9
(1.0 equiv.) (0.076 mmol)
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55 H AR D IR ZE R

KRS OERMEMRBT D720, A7 —T v 7B IO e fMNAERKRY 3g OFBIRZ R AT,
FT, = b RAF LY QZEWERD 10 FETHS 2.0 mmol IZAT—/LT v 7 L, & (RIRAIA
BRIGERFT LT & 2 A, BHRIGERS LT U F AP UET ¢ K 3a 2155 Z L 12pk3h
L7z (Scheme 1. 7),

Scheme 1. 7
CF;
ol
~
F3C N™ "N™ ™
0 ’ H H HNO P /9
(0} CH,CI, (0.25 M), rt, 48 h NO,
1a 2a 3a
(3.0 equiv.) (2.0 mmol) 62% yield, 82% ee

eftfRO=ra X, 7IICEILT D2 & TCE I EREMEB~TFTENAIRETH D, efT
Ik 3g D=~ v H% Fe/AcOH &I L ViEL L, 7I 10 AR L, #i\ T, EDC {F(E T 4-
= e EEEREMAE LT T ARREEZ RE SRS 227 I FERY 11 ~OFFEI
FZh L7 (Scheme 1.8), F7=, 7 I F/ERKY 11 OHLFE S X Mk ST I L0 1 B L We
FIIMAE 3g OB E 2 8 Lz, DL OAERIELEIZ DWW T 3g M HFEEHEL T\ b,

Scheme 1. 8
Cl cl
Fe (15 equiv.)
0 o)
/ | AcOH, reflux, 30 min. 4 \
0 o)
NO, NH,
39 10
82% ee o
/ (0]
4-nitrobenzoic acid (2.0 equiv.) |
EDC (1.2 equiv.) . (6]
CH,Cly, rt, 21 h o NH
(0]
NO,
11

22% yield (2 steps), 76% ee
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HE SUSHERE, YA 7 v ROSEBIRBOHEE

ARSI T D BOCHERE, it 7 V& LI T O X 9 ICHEE L7z (Figurel.4), OF 4 L 7
R T X AR A N2 ARFE Michael fEINBUGIZIUVN T, =) I UM THEAT L T SN
5 & (i, Scheme8), @= / 7 — MEMECTHEITT 2T 40 LT B =7 I il 7 2 H
WA, a AR ONT-DICR L, 40 LT BIE kT I Al 6 TiX e MIMERES
N2 & (Table 1. )25, ARJSITEZO THEYD MU =) I U288 H U TRISHET L &
ELTW5 (Figure 1. 4),

il 6 DFE T I L 22T VLT Ry Qa) kRN T T UBREE R Y VR L OSIRERE %
5RO ERED M) = F I UFMEREZERT D D). £/2. M= I URHEEN E BLE S
RHZ LT, efiN=rrAF L Qa)DIISHIZERE LT < 257280 e MBIRAVIZ RS A3 1
ITLleEEZ2 D, 20%, M) =F I UHFRKRD 7 Z VEROMAEFRLZ LN R 5 2a ~Jt
BT 5 (D, FWVT, = Fr B AR e LOKERBT 7 b AL SN B E BN FAET
% (M), 0%, MU =F I UPIKGESIND Z L T e K 3a AR L, filli 6 234

% V),
A CFy
O

NO2 5, N

N"ON
H H

Figure 1. 4
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FEWNT, BoNTARY 3 OMKIEE XY . RRICOEBIREBZLUTOL I ITHELTWD
(Figure 1.5), ZEBIRREB TiX, = hur X F L v Qa)d b U =) I NZHEET D BRI SRR N A
U, EBREA L L TARRITHD, 207D, ERROSIRKIENA UV EBIRIE A 28 H

L CRULDEIT L, e MK 3a AR LTZEE 26D, e FHHA 3b—n 2OV T RIERDER
RRE 2 B ORI DLz EHEHI L TV b,

Favored Disfavored

Figure 1. 5
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SEUUET /R

WETIE, 227 UAT R R (la)b = Fa Ty 20 e MIBIRIIARF RS2 E L-, #
RELTZ@ Y | DT I AL OE, 77205 MY =) I RO NRELE (E,2)DEWIZ X
S TALERIRIVEICEAE U, AT LTRSS kT I it 6 ZH W52 TR = I
PR EBEEZ &V, e MOBRORERIEREIT LB bND, £io, REOFEMMEE
MR T DI A —VT v 7 L FHEMACEIT o T2, SIS A 77—V 10 fEIHER L& TH BAt
RNEB IO T U FARPETHIIMNGOND Z L E2R LT, S 6T, e fIMROFHERIH
ARECTH D . AEZHERF LT BMNTZA D Z 2R LT,

AR I N ETERTE TR o72 1a & 2 O e MR ARFFISOW OB TH %,
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BTE 2LT7IATEI A= N T AL LD o fOBRREOARFT RS DB

Fri

BT, FAVUVTRE I I 6 #fHnA 2L T, 2-7 U AT Y (la)b= |
a7V 2 O e (ORI F S 2 2R L7z, Chen HiX, REE CF AT LT RIE KT I
fileZ N2 3550 o ADIER SO D 2 L AHRE LTV DR, KIGRKMBREL, = F ik
PRI OWD T S TRV (B2, Scheme 1.4b) %, EF|T, FH—EICBWTF AT LT
BB R T X Ul 5, AT U TR ST S i 7 2 O TR AT, o MIEDS B 7R SR
BRMETHEONS Z AR L (%, Tablel1.1), AREDFAMBEIC X5 o fitd X e (1IN
IARFE BSOS ATRE & AeduiE, R—EE D B OF T MbAE M OEEG RS CX | 2Nk
¥ T VERLGHCOBEEME S T ORIRICEIRCTE 2 B2 b b, 22T, EFT1a L 20 aff
BT SUSIZE F LT,

HE PUSSRMEO Rl & HEE il

= hBrZAF L (22)02mmol (X LT, 2-7 U /AT ¥ b (1a)Z 3.0 24 &, toluene IAHE T, =
BT, SR A 24 B & L, e OF AT LT RIS T >, 5= T R A AV Ca
PRI A SO 2 Bt L7- (Table 2. 1), il 5,7 TITARINER, FHFLEE O SLREIRME T o (0K
4a 215372 (entries 1,2), F=—FHRKOTF AU L T7RE k7T I ki 12 Tk, BHFRIER X
ONZARIEIRPE T 4a 21572 (entry 3), & 2 C, AREMAMECTH LT AT L7 B OB EZ
ERT D720, il L THF=—x (1) ZHWTHFZITo7 (entry 4), ZDFEFR., NEL IV
SRBIRPEN & IR T L7272, AISIE, F=— B ETFF U LT EKOm SR, ARG
DFSHER X ONLREHRMEIZ BN T, EEREEZH - TWD Z ERNRB Iz, T2 Tb R
B 7 2R S KON AR ME 27 U 7= il 12 % Feadifihiit & U7 (entry 3),
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Table 2. 1

O /1,
7 ~_ _NO Catalyst o~ "
<oj\/“\ +opp X2 (10 mol%) L no,

toluene (0.25 M), rt, 24 h Ph"
1a 2a 4a
(3.0 equiv.) (0.2 mmol)
entry catalyst yield (%) antilsyn oo (0P
! 5 " 74:26 58
2 7 27 81:19 _g2b
3 12 88 80:20 78
4 13 14 67:33 7

a Enantiomeric excess of anti 4a. P Opposite enantiomer (S, R) obtained as the major product.

CFs CFs3

Q] Q3
FsC A NQ FAC A Q

%
HO”
N

o

FEWN T, UMD F i b 21T - 7= (Table2.2), Toluene % 72354 T, %L&%ﬁxoaﬂfg
SEARGRIMEA 7R LTz (entry 1), CHoCl, CHCl3, EtOAc Tlid, L DULEIRN b B4 72 3 A
M%7~ L7= (entries 2-4), THF CTIHIEIME T L, MeOH TIINARERIRMENE T L72 (entries 5, 6),
PLEDORER X0 s % toluene & L72 (entry 1),

\

FsC
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Table 2. 2

aw! ~_NO 12
o o N NO2 (10mol%) O

solvent (0.25 M), rt, 24 h Ph""
1a 2a 4a
(3.0 equiv.) (0.2 mmol)
entry solvent yield (%) antilsyn ee (%)2

1 toluene 88 80:20 78

2 CH,Cl, 61 86:14 79

3 CHCl3 45 86:14 69

4 EtOAc 40 87:13 79

5 THF 33 85:15 79

6 MeOH 64 67:33 16

@ Enantiomeric excess of anti 4a.

RSSO LA S HIZHED D728, RISKEH & ROSIRE OMET 41T > 72 (Table 2.3), i
R & 6 Rl ds KUY 1 R[] & i L7236, SERIRIRIEIZRAF 2 b 0D ILERDME T L7 (entries
2,3), £Z°C, BUSKERZ 24 Fif & U ORI o m B2 B I B REIC DV TRE L7z
(entries 4, 5), FUSIREZ 0 °C £721F 30 °C XTI HTH, SEEBEIRYEO R RITERD S22
=72,

LSRR LY, KilEdftha, = FaZXF L2 (2a)02mmol IZX LT, 2-7 VL T+E kv (1a)
Z 3.0 M, il 12 2 10 mol%. toluene AT, =Kk, SUGKFH & 24 FF#] & L72 (entry 1),
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Table 2. 3

o
o
7 12
Q\)\ v o X NO2 (10mol%) O 1 No,
toluene (0.25 M), time, temperature Ph"
1a 2a 4a
(3.0 equiv.) (0.2 mmol)
entry time (h) temperature yield (%) antilsyn ee (%)3
1 24 rt 88 80:20 78
2 6 rt 60 87:13 76
3 1 rt 30 87:13 79
4 24 0°C 76 89:11 77
5 24 -30°C 40 90:10 72

@ Enantiomeric excess of anti 4a.

RS2 T, BE - bOBmE 21T >7- (Table2.4), REFHITHH= b xFL DX
VEVER BRI, BETHERTHD A M UEE AT ER LTE (2b, o) Tl BAF
RN ERES L ONLRERIRME T H M 21572 (b, e), A T /VIEE A XL, AV MLICE#R L7- 38 (2d,
IZBWNT Y, RARIGERS X ONLEREIRIECHBW A 1572 (4d, e), fit\ T, ERIIETHD
N Znda 2Tk Jaok TaeLE R TAICEBR LEEE ef-h)TH, RRICRI7
INERF L ONIRSRINME TR A 157- (4f-h), 7 HrEHZE A X AL, A0 MLICES L7 (24
D U7 EER QRICBW TS FEERIC BAFRIGER KON ERERIRMETHMZ 57 dik), = b
BAFLORBUBRET T VBRICEMR LGSR = a7 v Q) TR, FREDIER
DO BAFIRSLAREERME 2R LTz @), — 07, JElil= b e 7 v 2m)a V728586 TIRRUSH
LT L7272 (dm), 1-2-7 V)W)-2-7 % 7 2 (Ib)&HE & LI2GE T, FREOIEERN S
BAFeSERIERYEZ 7R L72 (4n),

UEDFREID, = AT L7 2= VRIS E S EREBA LB A LZEE 2b-Kk), #
Fr=ha 7 Al QOICEWNT S, o (BRI AT RIS HEITT 5 2 E RS-, £7-, &
72 HEHE A RO EIC RN T BAF A RUSER L ONRRIME 2R3 2 3 D b e o7,
fEWlE= b a7 v Qm) TIESUGSDEIT Lo 72 2 D | RESIEE —FEO e (\HRIRAR
HFRISERRY, = b AFLrOT7 ) —VEBVUHATHD Z EDNRBINT, 7ok, A 4k
O HAAE L XORRE AE EEARATIC L 0 a AHIIME 4k OFETELE 2P E L, o AR O #ETBLE 1 4k
MOFEHEL TV D,
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WW v RN

Table 2. 4

FsC

CF3

12 -
(10 mol%) o}

toluene (0.25 M), rt, 24 h

1 2 4
(3.0 equiv.) (0.2 mmol)
1a:R"=CHj; 1b: R' = C,H5
2a: R2=CgHs 2b: R?=4-CH30CgH; 2c:R2=4-CH3CgHs 2d:R2=3-CH3CgHs 2e : R?=2-CH3CgH,4
2f :R2=4-CF3CgHs 29 : R?=4-CICgH, 2h : R2= 4-BrCgH, 2i : R2=3-BrCgH,4 2j : R2=2-BrCgH,4
2k : R2=3,5-Br,CgHs 2l : RZ=2-furanyl 2m : R2= isopropyl
a) AP AW ap!
O n,,, o n,,, O I, O "n,.
: - NO, : - NO, - NO
H;CO HiC
4a 4b 4c CHs 4q
88% yield 83% yield 82% vyield 87% yield
anti/lsyn = 80:20 antilsyn = 81:19 antilsyn = 81:19 antilsyn = 81:19
78% ee (anti) 78% ee (anti) 79% ee (anti) 74% ee (anti)
CH3 F3C Cl Br
4e af 49 4h
85% yield 85% yield 81% yield 87% yield
antilsyn = 78:22

antilsyn = 88:12
84% ee (anti)

Br 4
70% yield

antilsyn = 75:25
72% ee (anti)

antilsyn = 77:23
74% ee (anti)

Br
4j
81% yield

antilsyn = 85:15
87% ee (anti)

4n
60% vyield

anti/lsyn = 92:8
82% ee (anti)

anti/lsyn = 78:22
74% ee (anti)

am
O i,
S\ _NO,

Br 4k
92% yield
antilsyn = 66:34
68% ee (anti)

78% ee (anti)

"
<

4
66% yield
antilsyn = 60:40
72% ee (anti)

NO,
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BH ATy SRR

AI)EDERMEZEHERT D7D, AT —NT v T a2l Bl, = haAF L Qa)ZHEko 10
ERETH D 2.0 mmol [IZAT —NT v 7 L o \LBERNAF IS E M LIz & 2 A, RAF7RIERE
K ONEAREIET a IR 4a 24572 (Scheme 2.1), ZOFER LV | a KO EKIZEBNTS
R =T TR TH Y | KEOERMEICOWTHEIIFRFTE 5 Z L3R ST,

Scheme 2. 1
e
CF3
o f
FsC NJ\N“‘ ’
H H e}
0 «
4 12 o~
Q\/“\ v o X NO2 (10 mol%) ~0 L_no,
toluene (0.25 M), rt, 24 h PR’
1a 2a 4a
(3.0 equiv.) (2.0 mmol)
81% yield

antilsyn = 75:25
77% ee (anti)
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HE BUSHERE, YA 7 v ROSEBIRBOHEE

Chen 5%, 2-7UATE Y la)DT ULz ) — /LT —T VERKRIZEBWNT, ZONKREEN Z
BB AT 5 2 & 2 ME LTV 5 (Scheme 2.2) %%, 7 Z TEHIT, ARISICBWTH, 47
VTR =7 I Ui 12 E la il KWk AT ) T — MIZEE & HEHI L 7=,

Scheme 2. 2
OTBS
9 TBSCI, Et;N e =
VY 9] \
0 DMF, rt 0 \
2-Furylacetone Z configuration E configuration
Favored Disfavored

F72. Houk HIEF=—RHkO T LTI =7 I Uiz s ra~dt ) T4 7
x ) = NVORFIAEAINE DOBEBIRIEZ DFTFHEIC L VLT O X D IZHER L T2 (Scheme 2.
3), FA T2 )= NVOKBRFIZE>TT e MALSNTZFE M7 IV BRETAITHL V7
BAF R ) CEREHAL L, U LT ENL KBRS L VKRB TCHLTF AT =/ — Ol T e b
e % EEL U7 BN AR A ORI SUSDEIT L T A B2 b T D,

Scheme 2. 3
——
CFs %
o f
FsC N7 N
H H
O 0}
ij + PhSH (01 mol%) \O ij\
toluene, rt SPh
94% ee
¥ r Tt
hit
0 O/ "‘f\[}j [}1/\ }’i
X nopoo
F5;C f:l - ‘NLIJ .
H\_,"b.,H, “E
() - |
@ E = electrophile
Nu~ = nucleophile
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ARG F T D SOCHEE, fbiiEt 4 7 V2 LT O X 9 ICHEE L7- (Figure 2. 1), fillit 12 0% =
W7 IM2-T7 I AT E R 1a)D a fLDOKFBESIEHRE, AR LT ) 7 — MER, ZE
EERR LT AT LT E OKRFR-EEICLY ZATHiESND, = heXF L2 Qa)ld7w b
ALSHIB =T I SRV EEkS D ), €O%, EElkShic=/ 7 — b3 2a ~3L(R
BRI T 5 (D), FEW\ T, = ha B2, Bl e hfbsns Z & Tl oa
IR da 23 4ERC L, A 12 23495 (D),

o~ 0 . _NO,
m
F N N 0" ~a ¥
N 1a 2a
12
1 |
N
F3;C
H H H[N+ F3C
7 (6] (0]
SN
‘0o,

Figure 2. 1

%V T, EFLO Chen, Houk & D 3637 & Papai H O (Fifi. Scheme 6) 15, 3 X U5
AT 4 OREIBLE 2 HAZ . ARBUSOBBIRIEZ LLT O X 5 IZHEE L7z (Figure 2. 2), EBRIRAE C,
D Tt 1aD7 T VELEEEWFRX T U PGk & OSSR RE L 5 7o O AR BB IRRE & 72
%, Fiz, BBIRKEB,C TlX, 2a O 7 = = VIEMHEE & 85T USNTRRKE B4 L D, —FH T, BB
WHE A TIX ERRONARERITAET T, S OICEEREOHEDOELR Y NRIFIZR D, DDA
ROSTE, EBBRAE A 2080 U CEIT L. ALEBREI DD SAREIRAYIC o MK 4a D3R LT &
ZEZOND. affE 4b-1,n 2OV T [FERDBBIRAE A& TI ARG DALz L HERI L C
W5,

IO, RETANCHENIE= a7 7y em)E WG ARG EIT L2027 2 &0
1laD7 7 8E2OT7 Y —VEPHEEHT 2 Z & TRICHEITL TND Z &R I 1L,
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FsC

Favored

Disfavored

o’
]

NO,

(S, R)y-4a

F3C

Disfavored

(R, R)-4a

Disfavored



T, FTAUULTRE KT I U S W EGE D o RO A E S BB, LT
DEDITHELZ LT, Chen HIXTF AV LT B —#kT I Al L 2-7 U AT & o 1a)DRUGRIE Z
BliE D b U = I R AR U RSP ETTT 2 Z &2 Lz (55—, Figure 1. 2a) %%,
LMo T, ARUSIZBWTY ZEED F U =) I IR Z B U TG EIT Lz L HEE L
foo EFZEED MY =S I FBERERRKT S Z L Ta it 2a ORISA ERBET L, o 0
K da D EOLNT-EE X HID (Figure 2. 3),

CF3 ¥

S
FsC ITJH @” (6]

Figure 2. 3

SEUUET R

BOETIE, 227U AT Ry (la)t=bua Ty 20 o MGEIRAF S EHE Lz, F
T VTR =8 T I b 12 2 WD 2 & TRLE BRI DO SLAREHRAC o (IR ESS 2
ST Uiz, BEfF O (55—, Scheme 1.4b)» L LR L€, G CHIMM A D Z &N T
X, NEBLIOVERIE S BIFCh o7, LEDOE— ZEORFHI LY. A Tl z H
W2 o LB KON e MOEIRHRF UG & JER% L 7= (Scheme 2. 4), ASAFZEIZ ARyl 2 31
L2 ETCHR—EENOEBDOF T /MLENE AR TE LD TH D, o, RiEZMEMNT L2
L B E T DNERMARZERENICAR TE D720, AR OFM AR S5,
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Scheme 2. 4
CF3

F3C©\H H O °
HN NO,

6 (10 mol%) - € adduct

CH,Cl, (0.25 M), 1t, 48 h 65% yield, 80% ee
e
CF;
(o]
7/ \ + X NO2 —
o Ph o 2
FsC NJLN““‘" @
3 H H o E
NO,
12 - Ph
(10 mol%) O a adduct
88% yield

toluene (0.25 M), rt, 24 h anti/lsyn = 80:20

78% ee (anti)
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F=E 22 FzoATE RS b T A U ONEBIRARETR)IG DT
FHi

B, ZET,227UAT NS Qayb=raT Ty 20 ofiids X0 e MBI EF RSO
BRFEICRS) LT, BRI, S LR LMERRAFRICOEINIRE BIEL, T4 72280
T52-FT=T7t b ()DOEICEHEFTTHZ L L Lz, 1a LEFEIC 14 & 2 ORISIZBWNT
b~ =S I RO SARELE (E2)ZHIET 2 2 & CESBIR AT RICZEZERTE 5 L%
Z 77,

FTHT7 2 EEGOERRLIZIE, =F YT LA Jukxi Ty FrubET U RERHY, T
T FEER T y—~a T 3 T EFE LTS (Figure3. 1), S50, 47 = Uik, &
LM B BIEDIFE, T2 F v 7 GRHIRIHEN TS, ZOXHIC, FAT7 = E%
SOERMERDIZ 3+ Th Y, EOFEMEERIL. FBlEESCERETES T ORISR 5 &
EZoiLD,

OH
N\

pe, (J
e : S
\ =N ST ©VN /

cl O O Cl
ol
HO

Etizolam Raloxifene Ticlopidine

Figure 3. 1
H—H OGSO R & B (b

=haRAF L 2a)0.1mmol (X LT, 2-FZ=1LT7T%& b (14)% 2.0 4 &, filkli% 10 mol%.
CHCL AT, =R T, RUSKE# % 24 REfE & L, Fix O F 40 L7 B 7l o 78R A A
FIGZ et L2 (Table3.1), &4 7 L7 B —fk7 I AL 5 Tid, RWIEB L O=F T
A ERME T o TR 152 21572 (entry 1), AT U7 R “#k7T I Ul 6 2 WA TH ¢
FIRIZAS HAVT, 15a DB BAF RN/ N HIRW =) U F AR TE OS2 (entry 2), T4
UL TR SRR T S UfRIEE 7, 12 TiX, EICENO BAFR T T AR T 15a 21572 (entries
3, 4), MEt L7 TOMBIT, 15a ODAHBEF LI, e MHIRITHGE SN eh o7, e ARG S
NP E LT, 790 B LTTF A7 = o OFEHEMENE S . ARG TS E
WEACZPE D IRATMBHEIT Lie o Tolod B2 bild,

BONTAERYIT 152 TEXH D H OO, Ml 7 T, BICEN D BAF R REIRETE D 2 &
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(ZHRED U777 2 W7o a OBRIAFTLUS D S 7R HatalTo & L LT,

Table 3. 1
o Catalyst 7 \ o
(10 mol%)
@\/U\ + Ph/\/ N02 S
S CH,CI, (0.25 M), rt, 24 h NO,
Ph
14 2a 15a

(2.0 equiv.) (0.1 mmol)

entry catalyst yield (%) antilsyn ee (%)?
1 5 20 90:10 -26°
2 6 79 90:10 -32°
3 7 89 95:5 78
4 12 90 96:4 -67°

a Enantiomeric excess of anti 15a. ® Opposite enantiomer (S, S) obtained as the major product.

N N N/O

TR\, HOoH N

5 6

CFs
Q I
FsC NJ\N
HoH o)
PN
7 12

fibfit 7 2 I TROGI ), BOSREE . Al EORE 21T > 72 (Table3.2), SUGKHH % 6 Ffilds
F OV 1 NG L 72 4o C b @UER DD BAF A2 AR C o AHIIMA 152 2455 Z L3 T& 72
(entries 1-3), L2>L. & BICHUGKMZEME L7210 0 Cid, IWENRKRE KT L (entry4), <
ZC, PUGKEEZ 1R E U, BOSTREIZOW TR L= (entries 5, 6), SUSIREEZ 0 °C, =30 °C
CIRTEETEH, RRREOR RITRO benoiz, Hi T, Iz S W TR EIT- 72
(entries 7, 8), fiiff% 5 mol% ~Ji U7=355 T b M) D BAF 72 SEAARIRME T 15a 3G o7
(entry 7), L L. 1mol%IZ & BT U256 Tk, BRI ARRIRMEZ R L2 b O OILENMK T
L7z (entry8), T O DFERAMEE 2, IUFE, ARBIRMEZB[E L, Al EIE 10 mol% % il & L

72 (entry 3),
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Table 3. 2

CF;
Q i
FsC N~ ONY
H H N 0
0 7(Xmol%) /)
(o]
@\/U\ + P N0z CH,CI i S
S ,Cl, (0.25 M), time, temperature NO,
Ph
14 2a 15a
(2.0 equiv.) (0.1 mmol)
entry time temperature X yield (%) antilsyn ee (%)@
1 24 h rt 10 89 95:5 78
2 6h rt 10 86 96:4 79
3 1h rt 10 95 96:4 79
4 10 min. rt 10 36 96:4 77
5 1h 0°C 10 84 97:3 79
6 1h -30°C 10 88 95:5 79
7 1h rt 5 99 96:4 78
8 18 h rt 1 51 96:4 78

@ Enantiomeric excess of anti 15a.

WIZ, BUSEBEZ DUV TRE L7z (Table3.3), it L7222 CTOBEEEC, mIEND RAF/RNLIK
BT o AFIIA 15a 21572 (entries 1-5), —, MeOH T, MUE T 15a 2723, T AT
U A @RS KO o F A @PUEN KT L72 (entry 6),

U EORERIY, St 2, = o 2F L2 (2a)% 0.1mmol IZx LT, 2-F==/L 7% b
(14)% 2.0 2 &, il 7 2 10 mol%., CH:CLIAEEE T, =ik, RS 4 1 FFE & L72 (entry 2),
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Table 3.3

CF3
Q I
FsC N/H\N““
H H N 0
0 7(10mol%) ~ &
[B\)K'f%%xﬂ% - S
S solvent (0.25 M), rt, 1 h NO,
Ph
14 2a 15a
(2.0 equiv.) (0.1 mmol)
entry solvent yield (%) antilsyn ee (%)?
1 toluene 93 96:4 73
2 CH,Cl, 95 96:4 79
3 EtOAc 93 96:4 73
4 THF 96 96:4 71
5 Et,O 81 97:3 69
6 MeOH 97 79:21 57

@ Enantiomeric excess of anti 15a.

M2 IR, WE LR 21T 57 (Table3.4), KETHICTHLH=brAFL DX
VU ERTNIC, BAHEEIRTH D A PRV, ATFVEEZEBRLZIE 2b, o) TiE, 3-24
IF [ OO B R R C AR 0 B 2 T AREIR ME © B ¥ 2 457 (15b,¢), A FIVELE X Zr, AL
MIIZE# L 72 EE (2d, ) TlE, 3 FFE T RAFRINER T X ONRERFUE T H 21572 (154, e).
W T, BARBIETHD N g rF ke, sonkk Towii RT0CER LS
(2f-h) TliE, BAFRIHEL JOSEEIRPE TR 2572 (15f-h), 7 eEHE A 27, AV ML
[CEH L 26 ). Y7 uTR QRICE W TH RBEIC BAF 2 IERE L ONLARERME T BB
157 (15ik), = bR AF LU ORUCEBUEBRE 7 T VRICEBRLEZEER= a7 7> 2T
1%, 24 R O BOGIRE R C Rl 2 RAF RSt Z2 R L (18D, — 7. M= b e 7 vy
¥ 2em)E HWTEGE TIERIG D ET L7222 > 72 (15m),

UEOREREIY, = AT L 07 2= VRIC S E S EREBRLZEAN LT WEOR 5 &
B2 FF O HE I B WD T mWBUGTEDD RAFRSRRIRE 2R3 2 L RSN E o7, &
7o, BPHEERERAEW L= e AT L UGB, RISHTERT 5 £ TIZ 3 KD 24 R %
L7, ZOHMAE LT, BEGEEZER L= Fo AT L UFERITRE ER L ORH
METF L2 ENBEZBND, 2B, Ak 15h O EfSE G X B EMATIC L Y o (01K 150
DB E 2 R E L, oA R Ofa R BLE 1L 15h 2> SHEHEL 7=,

38



Table 3. 4

CF3
S
FsC N A N
H H N o
o 7(10mol%) ~ &
(j\/u\ + R/\/ N02 - S
s CH,Cl, (0.25 M), rt, 1 h NO,
R
14 2 15
(2.0 equiv.) (0.1 mmol)
2a:R= CeH5 2b:R= 4-CH3OC6H4 2c :R= 4-CH3CGH4 2d:R= 3-CH306H4 2e:R= 2-CH3C6H4
2f : R=4-CF3CgH4 2g : R=4-CICgH,4 2h : R=4-BrCgH, 2i : R=3-BrCgH, 2j : R=2-BrCgH,4
2k : R=3,5-Br,CgHs 2l : R=2-furanyl 2m : R = isopropyl
7 Q 7\ Q 7 Q 7| Q
S S S S
NO, NO, NO, NO,
H3;CO H;C
CH
15a 15b2 15Cb 315db
95% vyield 88% vyield 87% yield 75% yield
anti/syn = 96:4 antilsyn = 96:4 anti/syn = 95:5 antilsyn = 96:4
79% ee (anti) 78% ee (anti) 80% ee ant/) 75% ee (anti)
7 \ 0} / \ O / \ O
S S S
NO, NO, NO,
CH3 F3C Br
15 15f 159 15h
87% yield 89% vyield 82% yield 91% vyield
anti/lsyn = 99:1 anti/syn = 95:5 anti/syn = 95:5 anti/syn = 94:6
79% ee (anti) 82% ee (antl 82% ee (anti) 81% ee (anti)
7 Q
S
N02 2
Br
15i 15j 15k 1512
79% yield 89% yield 89% yield 95% vyield
antilsyn = 94:6 antilsyn = 99:1 antilsyn = 97:3 antilsyn = 91:9
72% ee (anti) 82% ee (anti) 76% ee (anti) 76% ee (anti)
o
7\
S
NO,
15m
trace

aThe reaction was carried out for 24 h. PThe reaction was carried out for 3 h.
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HOE 2ERYATE Ryl = b aAF L ORERRIR U OB

2-FT=)LTE b (14)T & fIIMERELNRDST-DIE, T4 7 = OFEWEERIEIZED
L5 FA 2 £ 5 BB EIT L2 ool B BND, TDO—FH T, Er—/LOEEE
HIETFA 72 X0 IELS, 77 X0 @V IEE 2> (Figure3.2), Ziud, HEBRNO~T 75
T OBBRZHEEDOENNIRKT 5, £z, TNENOBRBER LV GO IRBT XL ¥ =D
ZOBEEBEEORIPHALNZIESN TS B, 22T, FHEIT A7 = L BEFHEEORNE
02—V EHNDZET, e ARG LND EHLE LT, Ea—/1O N-H L, BEESEWZD
KRFEFEG PG E U THRET D ATREMED N D 0 | S il X 2 EOEE(ICEELY 52 5
BandH b, 0, NNHZAFNLVRKITER LT 1-ATF A —LEEET 5 1-(1-A F/L-1H-
EH—L2-A W)2-Fa R v (16) (LR, 281 U LT b )& AWT, (BRI AR F 6%
MEt L7z,

I\ < N < N

< <0

16.2 21.6 29.1
Stability of aromatics

resonance energy (kcal/mol)

Figure 3. 2

= hBrRAF L (22)02mmol (¥ L. 2-E 2 U LTt k> (16)% 2.0 24 &, filfit % 20 mol%.
toluene VAL T, IR C. GFFH % 24 BRI L U, Fix OF 47 L7 BIG -l 2 /st L7z
(Table 3.5), A4 7 LT RIE 8T I ikl 6 2 A2 & e MUK 17 B3G5, T4 7 LT A
—tR T X UL 5 LT AT LRI =R T X A 7, 12 TIIHRREE OUIEEDND BAF AR SIS
MC o IR 18 2157-, Wi L7=1@Y . 2-7 U L7 & b (la) & REANHW 2SS & RO
ERFWEZ R L7z, LasL, il 6 2 W oid . e (IKIISE N2 b DD, IR L UYL RS
PFHETIRVAER L 72 o7z, 2 OERWNAREIR PRI, B e —/L 0 N-H (2@ # L 72 A F VIR il
LAREEOEEERNEC LIz EEZLND,
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Table 3. 5

ANV

M Catalyst ) .
NO (20 mol%) N N

+ /\/ 2

M Fh toluene (0.25 M), rt, 24 b O2N Me Me

Me Ph” *
16 2a 17 18
(2.0 equiv.) (0.2 mmol)
entry catalyst product yield (%) dr ee (%)
1 5 18 26 86:14 842
2 6 17 23 - 18
3 7 18 53 88:12 -672
4 12 18 69 86:14 682

@ Enantiomeric excess of major diastereomer 18

Q b Q 5
F3C ” w F3C ” s "’u.._

i i ri:>
H
NH, HhN

S
Fgc/EiL _ FsC
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Jipr —

HE BUSHERE, YA 7 v ROSEBIRBOHEE

Chen HiX, 2-7 U ATE hr (Qa)L I 2-F==LT¥ > 4DV VLT ) —)LT—T
NERIZBWT S, EONRREN ZEEA BT 52 L2 H®E LTS (Scheme 3.1)°%, % Z

—

TEHIL, ABUSICBWTH, FAULTRE =T I U7 & 141XV EREnD = ) 77—
T Z BB & HER L7,

Scheme 3. 1
OTIPS
@\)OJ\ TIPSCI, EtsN @T'\Pij\\ 6:<
S DMF, rt s « \
2-Thienylacetone Z configuration E configuration
Favored Disfevored

KIS DR, gLt 7 V&2 LU O L O IZHEE L7- (Figure 3. 3), filllE 7 08 =#7
VR2-FE= AT RN 14D a fiOKFEEG|IEHE, AR LT T— MER, ZEEE
R LT AT LT E OKRBREGICEY A THEESND, = hrAF L Qald7rm ik
ENTE =T IVCEVEELSND D), Z0#%, FELINIZZ 7 T — R3S 2a ~LAER
FUNZ AT 2 (D). VT, = br R ba b, MEsi 7 e AbEnd 2 & T aftl
K 15a 23ERC L, ARIE 7 25FBAT 5 (),

0
7\
S
NO> o} . _NO
)L S +
15a FsC NN 14° 2a
Ho H _NQ
7
n |
CF,
I
c NTONT
~N*
H HH,lil\

F3

Figure 3. 3
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i\ T, Chen (Scheme 3. 1) 3¢, Houk (3% —#. Scheme 2.3)%’. Papai (FFimi. Scheme 6)'° 5 D
HIB LG 72 15 OREIRLE 2 1 REOSOEBIRE A LL N O X 5 ITHEE L7z (Figure 3. 4),
EBBREC,D T, BOFF 7B 7 a~nFHh D7 I B E ONARKIENEL 7260
AR EBIRRE L 72D, F-EBBIREB, C T, 2a D7 = =)VR LI X DS ARENA L S,
— 7 BAIRIE A TlE, EREONRREITA U T, EOICHEERLOBIEDOE R B RAFICR D,
ZDOTDRINE, BEIRIE A 2881 U CTHETT L, (LB BRI D SARERIRIC o (01K 152 23
AR LTZEEZBND, o IR 15b1 (22T [REEOEBIREE 2 18 OSBRI S iz
EHERIL T B,
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Favored

NO,

(R, R)-15a

Disfavored

(6]

(S, S)-15a

NO,

Disfavored

(R, S)-15a

Disfavored

(S, R)>-15a



FTo, MR T LIRS =T I AT H B A 12 Z WA, SRR L7(S, S)-15a A
AR UTZBEH X, LFO X 5 ICHERIL T\ % (Figure 3.5), ARIGIZT A 7 L 7S KEAICTH
Hx)T—h, 7Ta b ALENET 2 UENIC 2a AR S L, SERERIRICEUS D ETTT D,
Figure 3. 5 \Z" " K 512, Ml 7 Tid, 7 I UEMEATF AU LT B LY b FRMNCALE L, K
JIGSEITT D LEZBND, —7, M 12 TX, 7 I VENRT AT LT ER LD b BN AL E
L. SRS EIT T2 EHERI SN D, LIaS -, il 7 & bl U Cfifitt 12 Tk 2-F ==
TER D= AF L Qay~OBEREMN IR0 | SEARPE LT AR F O &
EZHND, BT, 2-7 VAT E R (a), 2-E2 U AT Ry 16), 7SI T7 T (19)
ZRBANCHWTZHATYH, FABROBEBEIZ X 0 AR OSAEN KR L2 EHERI L TV 5,

QNQ

_ Catalyst 7 — Catalyst 12

| |

S S "
NO, w~_NO;,
(R, R)>-15a (S, S)-15a

Figure 3. 5
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SEUUET /R

WEETIE, 22F =T by e = Fa Ty s 2 OAERIRIARFR)G, BLO2-t
BULATERS 16)E = rAF LY Qa)DONEBIROATCE BT L, 14 & 2 OfLESE
PREGARF BSOS Tl L7222 COMEE T o MIER S DL, e MIEIIE N h o7, ZHUE,
FAT = DEWIFEFBRMIC L0 WS EBRCZ 5 RIS OET RN NE o ToTod &5
Zbid, LonL, FAULTRE =T I 7 205 2 & T o AR Z SR> R4t
IRNIARIEIRME T2 2 LTI Lo, & DITARRISIE 1 REECToEft L, Al % 5 mol%I2i s LT
& HEWE BRI DIz, 16 & 2a OALERARF KL TIE, 40 LT RS %7 I v
flit 6 2 5 Z & T e MIMENTR DI, T4 T LT BIE T I it 5, 5 =8k T X LAl 7,
12 ZHWEESEAE, o MIMERSE SNz, WIFF LY | Al X 20 @R oklgEEcE -
HLOD, +RRNERE LONARIREEZ G D ITIZE S o lz, Lo LAans, &z ko
PEEBRIEICE LN E U2 Z £ D . ARISICEBW T O EEIRME A I 512k, U x=F =
VR DSLARELE (EZ2)DOHHNEE TH D Z L ARSI,
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BUE T7xFINT7Ie=buT b O o fLRIRARF KIS DBR% & ALE R DO

Fri

227ZUNT Ry Qa)b = a7 VT2 DRIST, FAD VTR T I A 6 o
WZE D e IR 3 & BAF 7R E X ONAERERIRME T3 72 (B—%, Table 1.4), [FIERIZ, 1la D7
TURAER—IVBRICER L 2-E R Y LT R 16)EHWEHATHMEE 6 A6 H Lok
LR LOSRERIRMEITIRN S O D e IR 17 3565 Z & Mg S v/ (55 =%, Table
3.5), ZAUTMBE6 (XY U =T I UHPEHADNARELE Y E BLEICHIE S 72 2 & T e AR
BT R ELNTEBERL WD, £, FA UL TRIE T I Ul 5 O H Tl o (A 4a,
18 N Bz (B . Table2.1, % =%, Table3.5), ZAUIfbMES 2LV RV =F I > HfEE
ONLARBLE S Z Bl 2R SN AR L7 L BL L T\W\WD (35—, Figurel.2a, % % Figure2.
3).

F I CERIE, COMEERIEORERA I = XA 52 L2 AL LT, 1a ® Lo A
FNIEE T 2 = VIRICTEBR L7 =2 v 7 7 2 9% BOSEIZHV, (BRI Z 5 2
& & L7z (Figured. 1),

O
7\
O
19
Figure 4. 1

Letendre 5%, 19 ICHELILZ2-7 2= T b7z /2R Y P UVORGT, =) 3 U #FHE
RN EBEANCHEOLND Z L ZHME L TWD (Schemed. 1), L7=RN->T, 19 & F 40 L 7RI
W7 I A 6 ORISICHENT S, MU= F I U ERAE L TRICDETT 5 L HERI L 7=,

Scheme 4. 1

O ( >
O [ ) Acetic acid O N
+ >
O H cyclohexane =
rt—reflux

4h

100% yield

19 OEE, fill 6 2 L2k, BT 5 b U =) I KON REE X, 7=kl T
T UVBROSNARKIE R T T2 ZBE AT H B2 B D (Figured.2), 772056 a Nk
RN DN D ARG A L Tle, IREHIE D I o AIERSE L AUE. b Y =T I RO K
B (B LD PAERIREZ I CE 5 Z 2RI —2 LD 2B 2 T,
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N
\
o]
Z configuration E configuration
Favored Disfavored

Figure 4. 2
o8 NLESRIRVEO AR

= hrBERAF L (22)02mmol IZX LT, 7= F 7T (19)% 2.0 & il 6 %2 10 mol%.
toluene {AIE T, IR T, RUGKEH 2 24 FFfH & U, (L ERINI AR S % it L7 (Scheme 4. 2),
WA Y . AT LT R T I Uit 6 2 WA TH a MK 200 AR EHNTE, L
7R T, MY =) I U EEONARELE (E,2) DML E SR MEZ HET 2 RKO—>Th D Z &M
REE N7,

Scheme 4. 2
S
FaC HJ\H”’”’“-

HNO @ O
9] 9
o Ph toluene (0.25 M), rt, 24 h

v ~_NO2
Ph*
19 2a 20a
(2.0 equiv.) (0.2 mmol) 53% yield
antilsyn = 96:4
14% ee
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o H Fol LB O RRET & B I #PH O Pk

fib e 6 %3 ) LA D ALTZ o IR 20a DY SEARSRPE I A0 e SR ICE B 72025 72 (Scheme
4.2), T T, FAUVTRIE T I T I A AT, FERIC T = ov T T
(19) D ERINFIARFT S Z M5t L7 (Table 4. 1), FA4 7 L 7 BE 7 3 kit 5 Tik, K0
W X O F o FARIRMET o 1K 202 21572 (entry 1), — 5, TA T LT RIE =7 I
filRltE 7 TIx. FPRREE DULE DD BAF AR C o AR 20a 233 51072 (entry 2), HFlZ, %
== HROF AT LT RIE =R T I B 12 TR, ENINERE X O RERE 2 R LTz
(entry 3), T ORREZT T, i 12 . 7= F LT T2 19D o (BRI AR RIE & 7F
MR T 52 & & LTz,

AEISICBONTHEF =— R BN EERZEZHoTWAH EE X, SLICHEORFNEZITo T2
(entries 4-6), L 12 D 35-EA(RY 7 A0 A F /)T = VA o F VHICER LT AT L
T 21 2R L7z & 2 A, IR LONRRIPENME T L7 (entry4), ZAUT—=F VI E
B ZRTZ BT AT LT EALO N-H OFERMEED M Ewd°, il 12 & b~ THEE & ok
FREENTESTID B OND, I DT, flllf 22, 23 TiE, PR, SCAERRRENBE KT
L7 (entries 5,6), ZAULDDFEEND | KRIGIZIHB W TTF AT LT ERICL 2 EOREE(L S HE
IR E| S TND Z EDURIBE Iz, LEORER XY | KiEflits 12 & L7z (entry 3),
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Table 4. 1

o]
Catalyst @

0]
/ N0, (10 mol%) o~ “Ph
wph + PhT X~ toluene (0.25 M), rt, 24 h ) NO,
Ph*
19 2a 20a
(1.0 equiv.) (0.2 mmol)
entry catalyst yield (%) antilsyn ee (%)?

10 5 34 84:16 -28°¢
2 7 57 86:14 -89¢
3 12 91 937 89
4b 21 83 86:14 83
5b 22 3 - -
6 23 37 67:33 52

a Enantiomeric excess of anti 20a.? 19 (2.0 equiv.) was used. ¢ Opposite enantiomer (S, R) obtained as the
major product.

CF, CF,
i X
FaC HJ\H\ FaC H ”\ FsC
NH, N
5 7
e e
S
/\ N )J\ N\\
H
~
21 22 23
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bt 12 % D TROSEEEZ DU CRRES L 72 (Table 4. 2), Toluene, CH,Cly, hexane 72 & DA
Tk, BAFRIERE L ONLREIR M2 7R L7- (entries 1-3), THF TIZULERAME T L, MeOH 1%, ¥
T AT UABPPEDME T Le, 2D OFERN D AL toluene & L72 (entry 1),

Table 4. 2
=
oL
FaC H/M\N“”
12 o}

(10 mol%) S0

O i,
CN_ L v peSoee (e
o Ph solvent (0.25 M), rt, 24 h . NO,

Ph
19 2a 20a
(1.0 equiv.) (0.2 mmol)
entry solvent yield (%) antilsyn ee (%)?

1 toluene 91 93:7 89
2 CH,Cl, 78 91:9 78
3 Hexane 82 93:7 79
4 THF 43 90:10 84
5 MeOH 98 56:44 74

2 Enantiomeric excess of anti 20a.

RSSO E#E{bE S HIZHED D78, fllite, RINREOMRG 21T >72 (Table4.3), filfii
Z 5 mol%IZi U7z G C & w02 BAF e SRS IRMEZ 7R LT (entry 2), L2>L., 2.5mol% T
1L, DTNICNEL IR T A7 LA ERRPEDME T L, 1 mol% CTIFNENBEZE MK T L7 (entries
34), = Z T, fiE% Smol% & L CRUGNEE DOMGT 21T > 7= (entries 5-8), SUGTRE ZK T &+
% Z & TANRBRIRPE D[] E2SGE® H AL, —20 °C Tt bIEN - SLIEIRMEZ R L2 AY, ICRITET
L7z (entry 7), D728, FISIREZ-20 °C & U TSI Z 48 FFICIER L7z 2 A, IR
80%C o FIINMAK 202 21525 Z LN TE 2 (entry 9), S LIEOSKELZHIEL, 7=F 77
Y (19% 1.5 4BIZ LI E 2 A, 200 & @ IRNOESARRIRIIZES Z L I2kEh L7z (entry 10),

UbEofER LY, fEsttz, = a2 F L2 (2a)02mmol IZX LT, 7=F 75 (19)
Z 1.5 &, il 12 % 5mol%. toluene A T, ==, RUSKFH 4 48 RffE & L7z,
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Table 4. 3

F3C NJ\N‘“
H H
12 o
o) (Y mol%) ™ \
érj&\v/ﬂ\ v pp Xx-NO2 Y’ O o~ (" "Ph
o Ph Ph toluene (0.25 M), temperature, time ) NO,
Ph"
19 2a 20a
(X equiv.) (0.2 mmol)
entry X Y temperature time (h) yield (%) antilsyn ee (%)?
1 1 10 rt 24 91 93:7 89
2 1 5 rt 24 91 94:6 91
3 1 25 rt 24 87 88:12 91
4 1 1 rt 24 24 90:10 88
5 1 5 0°C 24 97 93:7 88
6 1 5 -10°C 24 85 90:10 92
7 1 5 -20°C 24 73 97:3 96
8 1 5 -30°C 24 70 937 95
9 1 5 -20°C 48 80 97:3 95
10 1.5 5 -20°C 48 91 97:3 95

@ Enantiomeric excess of anti 20a.

S E IR, W LR 21T 57 (Tabled.4), KETHICTHLH=brrAFL DX
VBB BTN, BTG THD A PR ATFVEEER LT (2b, o) T, &L
BOOENARIBIRMETHBIM Z 1572 (20b, ¢), A F VA A XL, AV MLIZEWR L7 HEE (2d,
BN T[RRI IR DENLRIERE CH 2157 (20d,e), HiVVT, EFRAIETH D
MU ZAFdua AT Zavnkk 7eERE2 R STM0CE LAY (2f-h)TiE, 24 KEECTRATF
TR N OENARRIRME CHIIW 2 157- (20f-h), 7 1 EHE A X0, AV MLIZE# L7 3E (2,
. U7 R QKIZEWD T G [ARRIC BAF IR O @ LARRI M T H M A 1572 (20i-k), = b
RAFLUDORBURE T 7 VRICEMR LIZEEFR =T V7 QDIZBWTHENEND
ENLAEIRPEZ R Lz (20), —5, JEMiE= b7 vy em)a HWicha, RISIEHET L7
o7z (20m),

52



Table 4. 4

-
CF3
S
FsC N A N
H H
12 o
o (5 mol%) So )
@\/‘k + RN “” Ph
e Ph toluene (0.25 M), —20 °C, 48 h | NO,
R"
19 2 20
(1.5 equiv.) (0.2 mmol)
2a:R= C6H5 2b:R= 4-CH30C6H4 2c :R= 4-CH3CGH4 2d:R= 3-CH306H4 2e:R= 2-CH3CGH4
2f : R=4-CF3CgH, 2g : R=4-CICgH,4 2h : R=4-BrCgH, 2i :R=3-BrCgH, 2j : R=2-BrCgH,
2k : R=3,5-Br,CgH; 2l : R=2-furanyl 2m : R = isopropyl
a8 a8 a8 a8
o~ " Ph o~ " “Ph o~ "« “Ph o~ " Ph
©\“\.‘.- NO, /©\\“‘.-- NO, @\“‘“, NO, - NO,
H5CO HsC
20a 20b 20c CHs 204
91% yield >99% vyield 93% yield 98% yield
antilsyn = 97:3 antilsyn = 97:3 antilsyn = 96:4 antilsyn = 96:4
95% ee (anti) 96% ee (anti) 95% ee (anti) 94% ee (anti)

@) @ )
‘¢~ "Ph 0~ " Ph
AL _NO, : N _NO,

o ax Qs
o o, 0 i, Ph 0 n,, Ph
CHj FsC

e

Cl
20e 20f2 20g° 20h?
97% yield 78% yield 87% yield 90% yield
antilsyn =97:3 antilsyn = 96:4 antilsyn = 94:6 antilsyn = 96:4
96% ee (anti) 95% ee (anti) 95% ee (anti) 95% ee (anti)

Ay i a.f O
0~ " Ph " “Ph 0~ " “Ph o "”"'-\iiph
\\\\.(\-&No2 aéNOz Br \N\‘.-&No2 e N2
3

©\ Br

Br 205 15j2 Br0ka 201

82% yield 95% yield 78% yield 92% yield
antilsyn = 96:4 antilsyn = 99:1 antilsyn = 97:3 antilsyn = 96:4
95% ee (anti 97% ee (anti) 95% ee (anti) 94% ee (anti)

)
Y o)
Q& Ph
N0,
ﬁ 20m

trace

2 The reaction was carried out for 24 h.
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U EDORRLY, FHERICSESERERELER L LECRR 2B EFF OB ICE
WTh, BAF»BEWIERNOENRER IS o NIRRT RIGNEITT 5 Z E RS E 72
oty £io, BYRSILETERLZEE QK TIHNEMETFLZ, ZoBEELT, 72Fv
N7 T A2 T D= rrAF L2 QEKDAI L @RS IAER AR Liz72d B2 b
%o ERRIT BVE 2k & W2 ROSIZ B W T A 24 D47 NMR 36 X OVE &5 (HRMS
(FAB) Calcd for CygH,BrsN2Og (M+H") : 800.8086, Found: 800.8091.)IC L ¥ f#8 L C\\% (Figure 4.
3), 7ed5. AR 20h O HURES X MRS S IERENTIC KD o AR 200 O EE AR E L, o
AL DR RTBCE 1T 20h 2> 5 FEHE L 7=,

24

Figure 4. 3
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Jipr —

HE BUSHERE, YA 7 v ROSEBIRBOHEE

Tz FINT Ty 19D ) T— MEIX, 7T URET 2= VEONRRIEEEETH L DT Z
BB & BT 5 L B2 b (Figure 4. 4), T Z CTHEH X, ARISOEBEBIRIEIZBWT
H, 19 DT ) F— MEDOS AR E % ZBlE & LT,

o -O
4
PN =
(o) \\
Z configuration E configuration
Favored Disfavored

Figure 4. 4

A D R, Lt 7 v Z LU O L O IZHEE L7- (Figure 4.5), filtllt 12 05 =#k7
Y19 D afiDOKFEE I EFE, HER LT ) T— MAR, ZEEEZEK LT AT LTI
EDOKRFREGIZE Y R THESND, = b AF L2 Qa)id7 e b ALEINH =T I I
BElSND D), 0%, BEEINTET 77— M3 2a ~EMAINT25 3D, HHNT, = bt
PEAL Z PR RIEEAS I 1 R AL S 3L D 2 & CLa IR 20a 23R L AR 12 25F 432 (100),

8
o
- CFs /N
© NO,
20a
Fs;C

N O/

|S
vy ﬁ S 0NOe
H H N
19 2a
12
] |

CF3 /N
N - N
S (@] CF3 -
| ~ -
FaC N*W N Itl $ o
H H HC N+ FsC NTN N
(0]
2N O_ H
I, o . R
~ ! % /O
- // \ +

. /’:-LO
—

Figure 4. 5

O

R
.
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BT, B T/~ Houk (3% %, Scheme2.3)3’. Papai (Fif. Scheme6)® B L OGS
72 20 Ol E A L2, EEBREEAZ LT O X 5 ICHEE L7z (Figure 4. 6), EZIREC, D 1%, 19
D7 TUBREXX TV U UFEONARKIENE L D120, FRIREBEBIREL 0D, £, BB
RE B, C Tl 2a O 7 = = )VHEDlil & B UNIIRICRE BN AE L D, EBIREE A TIX, b DT
KEENA T T, SDICHRERTOBEOER D NEBIFICR D720, EBIREE A 288 L TG
DSELT Ly a FHINAK 202 2SERK L7z EHEE L7z, o SR 20011220 T b AIEOERBIRREZ 1R C
SRR DAL EHERI L T 5,

19 Tlit, BRENT-T ) T — " AU N7 2 = AT L0 B EREND 2D, 2-7 VLT
T hy (la)b b LT/ 7 — FORRDBEHCNIZHET L, mWISEEZ R LT EE I BND,
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Disfavored Disfavored

NO,

(S, R)-20a

Figure 4. 6
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SEUUET R

BUETIL, 2-7 AT by (la)l = ka7 sy 20 o il X0 e MBI AT RORIZE
T BAEERIREOMRAZ BINE L7 =T VL7 Ty 19ZHWT, = hrXF L (2a)& DORIS
ARET LTz, RGE Y | ikt e 2 L72HE Th o TH, e TIRIIEL T, a FIERES
Niz, LER-T, MY = 3 o KO SRELE (B2 2§15 2 5" o—>Th
LT LRI NI, Flo, FAU VTR =T I 12 2 VD 2 & T o BRI AR
IEOBIFRICHE) LTz, ARSI, AER 5 mol% T b ERAICEST L, #L ISR 5 LTz,
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waid

FEFIX, AR TR A T E R IO A B SUSOBR E B E L TIFE 21T - 72,

WoEmTIE, FAULTRE RT IVt AW SZ LT, 227 UAT R E=beT
Vo D e NOEIREG AR SOS DBAFEIC RS Lz, it 6 12XV, MU x=J I RO SRR E
DEBEICHIEIND Z & T, e MBRAFRIENEIT LI EZ X DD, EICAT—LT v
TREEM OFEMRNAIRETH DL Z LALLM L, RRISOFEHAMEN R ST,

CF3
ol
FsC N~ N7 N
H H HN R2 / \
o 6 (10 mol%) 1
LA+ SN ~ [ oR
o R R CH,Cl, (0.25 M), t, 48 h
NO,
R! = Me, Et R? = Ar, isopropyl up to 74% yield

up to 83% ee

HOETIE, 2-7IUAT R R = a T D o MIBIRIIAR TS OBRFRICKE LT~ F

A VT RIE =T I U 12 VD Z LT BEfFOHE (F—%. Scheme 1.4b) % XV 40

WF[E]C H B v, BAFRIGERES KON RSRIRE 2 R Lic, B—. “EIZBWT, Al F

2 W= 2-7 U LT b= ha T o o LB X O e NMOEIR BRSO DBRSE % 22k
L. R—EENSEEDOX 7 LA DERRIZERE LTz,

12

R

o (10 mol%) MO0 <;]%“ R

LN+ SN -

o R Ar CH,Cl, (0.25 M), 1t, 24 h e NO,
r

up to 92% yield
uo to antilsyn = 88:12
up to 87% ee (anti)

R'= Me, Et

FETIE, LEBROAFRISOBEISIERZ Af L. T4 7=V REGHT D 2-F =17
T R b= ha T s ONCEBRIRAR T BOR & R U a MBI AR SUS O BRI Al Lz,
L L. e MOBIREARFRSITEIT LR o 72, RIS, Eo—LEBE2 a8+ 52-t'a L7k b
L= bR AF LU OMERBIRNAEEEZREFT L& 2 A, 2-7 VAT b ERERIC a frdks X
W e MOBRMENFHND Z ERHA L E 2o 7y, IURE KON K2y~ 72, LavL7e
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MO, MBS L0 TEERMEIC BN A T2 D, 2.8 U LT ' b ORISIZEBWT
HALE IRV 2 I 5720120, BV =) 2 R ONARE & (EZ)OFENEETHD Z L

MIRIE S i,
CF,
Q i

FsC N/M\N““

H H
o 7 (5-10mol%) ~

</j\/u\ * Ar/\/Noz

s CH,Cl, (0.25 M), rt, 1-24 h

CF;

F3C/©\H H ""'«.O
HN
>

6 (20 mol%)
toluene (0.25 M), rt, 24 h

12
(20 mol%) g

' o

Y

toluene (0.25 M), rt, 24 h

S
S

NO,
Ar

up to 99% vyield
uo to antilsyn = 99:1
up to 82% ee (anti)

Ph. /77 o
*
N
O2N Me

23% vyield, 18% ee

*

Me NO,
Ph”*

69% yield
dr =86:14
68% ee

FENETIE, afifB L e MEERARF SIS BT DALEERIEOMIAZ B9 & L Tiat a2
Irfre FADVTRE M7 I VL6 2N T 7 2SNV T7 T = ha AF LU DORIGER
FL7eE ZA, a ARG LTz, REtEY | il e & ZEED MY =) I R ZTER L
N U T X R OSLREE (E,2) 5L E R PWE A HIE 3 5
JRERD—2>ThbHZ LRI, £lo, il 12 2 H\\ 25 Z & T o fEBIRAYAR RS DB
IZRRED Lo, AROGIEAREEE 5 mol% TR oo L IR 2R L7z,

eEEZOND, ZORMKLD,
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N R
o 12 @ o
o Ph toluene (0.25 M), =20 °C, 24-48 h e NO,

up to >99% yield
uo to antilsyn = 99:1
up to 97% ee (anti)

FERLORRIZ, A TR A AT E SR AR F SOS OBRR 21TV A TRl X 5 2-
ZINANTE R A= aT AT D a LB LN e BRI SOOI Lz, £/ MY
TF X RO SLRELE (B2 ERIPEEZ FIET 2 KO —2TH D Z E0RB ST,
Ltk ARFRTHEONIZMAEZ T, U)o PR SR E & 5 B 2 fldsise 7
RZEIERRERY, XTI NVEERBOBRIISHT 2 Z & T ALl BIER DA A I 2 72231
BRAFORIEOFERANYFHSND, £o, BHEOKGENHIHATH, RiELEHEHT LI &
R EHEARTE 5720, AR A hOFIREE X OVE R O MHE b IR S h b,

I OREIT, A T XA RFRIEOMMAEHEZIER L, FOEREERLIZLO
ThY, BROFEEBILZOERICHEEGTH B2 61D, Ub, BB LA 7tk
IZ X DNLEIRIAFT ARSI, B, AR B~ORERERAHFIND,
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P

ARWFEDZEAT, ARG L DIERIC B 7= Y #8755 IR E L HIEAC 2 85 Y £ L 2 pu R E A RS (L
WHFEE - (b 8%, [\ - HHEEERE. [ - ARG EBIBICER 2 2 #HE 2R L £,

AFEDZEITICH 7= Y AR MBS B 21 0 £ U 72 RAERRER AL B0 - &%,
[l - PR —E B, [ - h SRR AN, PSR A EYA AT IEE - LIRS, KRB
FWIRE - BB ICRHE L £

ARim X DIEBIC B 72 ) AR/ BN S . M2 85 Y £ L 723k LA e - oRatsh
Bz, HAWBCAWITEE - TDIIESREE. BRI AR E - RS —EEICEHE L £ 5

Bt X R ST 2 1T 72 o TTHE £ L 23R RAIE(L AT E - SAOCHTHERIR. NMR
AEICBE L CHISRMIBIE . HBh. X o IcHiEEENC IR WEHICE 2 B D F L 7P R
s v 2 — - EHEMEK, HRMS BE 21772 - THE % L72[F - ZM@HTK, iEmEhic
FEvimA WEHECE 2 5 0 % L 2R - KIEE IR, KRBT DI 4 I imd Wil S 3% & #IlChE %
D E L 7P R AR AR = I L £ 97

MA T, AW % OB FMRERIR P A LOREEDHEIGITI v e pTE
Tl OXYEHEL T,

RIS, ARSI LA T AR, BRI L £ 9,
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KBROW

AREBITEE L, L 7oil3E L O IR R bk st dO bk CERAS ., BT 4
Jb NFERIEERR S, Sigma-Aldrich #7024, Santa Cruz Biotechnology, Inc.2> & L Z U A L
7o

1. NMR
H AL 2~ 7 L ((HNMR)IL, 7 ¥ % /L NMR AVANCE NEO 400 +* A7 A (400 MHz)
F721%. T ¥ # /L NMR AVANCE NEO 600 2 27 A (600 MHz)% W CHIE L7z, (b~
N SiMes (8 0.00)Z NEBIEHE L L, ppm THER L7z, BCEMRIL A2 hL (13C NMR)
IZ. T ¥4 /L NMR AVANCE NEO 400 > A7 A (100 MHz) £ 721%. 7 ¥ % /L NMR AVANCE
NEO 600 2 A7 A (150 MHz)Z IV, b2 7 MIEZ nakLh (577.16) 2 NERIEYRE L L
THW=,

HEA~T ML

TR AT MV (MW, R fiRERIS & 7 2 — AV By T dEiE TMS-700 (2)% Hv T EI-MS
£ (Electron Impact Mass Spectrometry), FAB-MS % (Fast Atom Bombardment Mass Spectrometry)
THIE LTz,

W OR O

G AETEMEAT 1, CPAD #5350 s iR 2 I 5 HiAh O X BAB IS MEAT 25 D8 Venture %
FWTCTHIE Lz,

4. LREE
FERESEREE1X. JASCO P-2200 Z FHWTHIE L7,
A, SANSYO SMP-500 Z W CHIE L7z, F7z, BSIEE TRMIETH D,
6. BifpRiEFEE
g R, Bk a~ 27 7 ¢+ — (HPLC)&HEH/ERT Lab Solution CBM-20A.
DAICEL CHIRALPAK IA, IC, ID, IG, IK % F\WCHIE L7z,
7. #Eru~ 57 40— (TLC), HTFL7u~xhIT7 44—

#ifg 7~ 727 ¢— (TLO)IX. Merck Silica gel 60F 254 plate % V7=,
NI Lra<w 777 40—, BEHEILT Silica gel 60 N (200-300 mesh)Z Hv 7=,
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F—EICET 5 FEBR

Ay 7R 5-8 13 STHIRBEA O FAEIZHE > TR L7z 14222340

By T 6 2 FH\ - e AR AR F UG D — A A

= kB AF L (2a, 29.8 mg, 0.200 mmol) & FHE5r Tl 6 (7.4 mg, 0.0200 mmol, 10 mol%)
CH2CL ¥AZ (0.8 mL)IZ 2-7 U /L7 & k> (1a, 74.5 mg, 0.600 mmol) % =Rild Tl z., 48 REMHHE L
7o ROSIREWMZE 7T v a VATV TAIa~ 8757 0 — (BEAVAHEE; hexane : EtOAc =
10:1-5:1) (Z X DRI L, e IR (3a, 35.5 mg, 65% yield, 80% ee) % F ik & L TH7=,

(R)-1-(5-(2-Nitro-1-phenylethyl)furan-2-yl)propan-2-one (3a)
According to the general procedure, Yellow oil; 65% yield (35.5 mg), 80% ee;
o [OL]ZD8 =+21.4° (¢ 0.47, CHCI3); 'TH NMR (400 MHz, CDCl3): § = 7.26-7.37 (m,

/O | 5H), 6.13 (d, /= 3.2 Hz, 1H), 6.08 (d, /= 3.2 Hz, 1H), 4.99 (dd, /= 7.6 Hz, J
NO =12.1 Hz, 1H), 4.89 (t,J=7.6 Hz, 1H), 4.79 (dd, /= 7.6 Hz, J=12.1 Hz, 1H),
2
3.66 (s, 2H), 2.13 (s, 3H); '*C NMR (100 MHz, CDCl3): §=204.1, 151.8, 148.6,
3a

136.9, 129.2, 128.3, 127.9, 109.3, 108.8, 78.2, 43.7, 43.3, 29.3; Enantiomeric
excess of the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC
column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 26.2 min, t major = 28.4 min; HRMS
(EI) Calcd for C;sH;sNO,4 (M"): 273.0996, Found: 273.1000.

(R)-1-(5-(1-(4-Methoxyphenyl)-2-nitroethyl)furan-2-yl)propan-2-one (3b)
H;CO According to the general procedure, Yellow oil; 61% yield (37.0 mg),
78% ee; [a]2]38 =+432.0° (¢ 0.38, CHCl3); 'H NMR (400 MHz, CDCl): §
7\ D =7.19 (d, J= 8.7 Hz, 2H), 6.87 (d, J= 8.7 Hz, 2H), 6.12 (d, /= 3.2 Hz,
O 1H), 6.05 (d,J=3.2 Hz, 1H), 4.95 (dd, J=7.7 Hz, J=12.0 Hz, 1H), 4.83
NO (t,J=17.7Hz, 1H), 4.74 (dd, J= 7.7 Hz, J = 12.0 Hz, 1H), 3.78 (s, 3H),
3b 3.66 (s, 2H), 2.13 (s, 3H); *C NMR (100 MHz, CDCl3): 6 =203.9, 159.5,
152.1, 148.5, 129.0, 128.8, 114.5, 109.3, 108.6, 78.4, 55.4, 43.3, 43.0, 29.3; Enantiomeric excess of the
product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IG column
(hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t major = 26.7 min, t minor= 29.1 min; HRMS (EI) Caled

for C4H;;NOs (M"): 303.1101, Found: 303.1107.
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(R)-1-(5-(2-Nitro-1-(p-tolyl)ethyl)furan-2-yl)propan-2-one (3c)

H5C According to the general procedure, Yellow oil; 69% yield (39.6 mg), 79%
ee; [oc]zD8 =+37.8° (¢ 0.30, CHCl3); 'H NMR (400 MHz, CDCl3) § = 7.15

7\ D (s, 4H), 6.12 (d, J=3.1 Hz, 1H), 6.06 (d, J=3.1 Hz, 1H), 4.97 (dd, /= 7.6

o Hz, J=12.0 Hz, 1H), 4.85 (t, /=7.6 Hz, 1H), 4.76 (dd, J= 7.6 Hz, J=12.0

NO, Hz, 1H), 3.66 (s, 2H), 2.33 (s, 3H), 2.13 (s, 3H); '3*C NMR (100 MHz,

3c CDCl): 6 =204.0, 152.1, 148.5, 138.1, 133.9, 129.9, 127.8, 109.3, 108.7,

78.3, 43.4, 43.4, 29.3, 21.2; Enantiomeric excess of the product was determined by chiral stationary phase
HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor
= 20.0 min, t major = 21.8 min; HRMS (EI) Calcd for C,sH;;NO, (M"): 287.1152, Found: 287.1156.

(R)-1-(5-(2-Nitro-1-(m-tolyl)ethyl)furan-2-yl)propan-2-one (3d)
According to the general procedure, Yellow oil; 60% yield (34.5 mg),
H4C ') 77% ee; [oc]zD2 =+46.5° (c 1.00, CHCI3); 'H NMR (400 MHz, CDCl3): §

/ 5 | =7.21-7.26 (m, 1H), 7.05-7.11 (m, 3H), 6.13 (d, J = 3.2 Hz, 1H), 6.07
NG (d, J=3.2 Hz, 1H), 4.98 (dd, J= 7.5 Hz, J = 12.0 Hz, 1H), 4.84 (¢, J =
2
7.5 Hz, 1H), 4.77 (dd, J= 7.5 Hz, J = 12.0 Hz, 1H), 3.66 (s, 2H), 2.33 (s,
3d

3H), 2.13 (s, 3H); '*C NMR (100 MHz, CDCl3): 6 =204.0, 151.9, 148.5,
138.9, 136.8, 129.0, 129.0, 128.7, 124.9, 109.3, 108.7, 78.2, 43.6, 43.3, 29.2, 21.5; Enantiomeric excess of
the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column
(hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 20.1 min, t major = 22.7 min; HRMS (EI) Caled
for CsH;;NO, (M"): 287.1152, Found: 287.1151.

(R)-1-(5-(2-Nitro-1-(o-tolyl)ethyl)furan-2-yl)propan-2-one (3e)
According to the general procedure, Yellow oil; 74% yield (42.5 mg), 80%
o ee; [oc]zD3 = +36.8° (¢ 1.00, CHCl3); 'H NMR (400 MHz, CDCl;3): § = 7.17—

HaO /O\ 7.20 (m, 4H), 6.11 (d, /= 3.2 Hz, 1H), 6.01 (d, /= 3.2 Hz, 1H), 5.16 (t, J =
3
NO 7.8 Hz, 1H), 4.99 (dd, J= 7.8 Hz, J=13.0 Hz, 1H), 4.77 (dd, /= 7.8 Hz, J =
2 13.0 Hz, 1H), 3.65 (s, 2H), 2.42 (s, 3H), 2.12 (s, 3H); 3*C NMR (100 MHz,
3e

CDCl3): & = 203.9, 151.8, 148.5, 136.2, 135.0, 131.2, 128.0, 126.8, 126.7,
109.3, 108.8, 77.4, 43.3, 39.4, 29.2, 19.5; Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min);
A = 240 nm; t minor = 20.2 min, t major = 21.4 min; HRMS (EI) Calcd for C;sH;;NO4 (M"): 287.1152, Found:
287.1159.
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(R)-1-(5-(2-Nitro-1-(4-(trifluoromethyl)phenyl)ethyl)furan-2-yl)propan-2-one (3f)
FsC According to the general procedure, Yellow oil; 40% yield (27.3 mg), 79%
ee; [(1]%1 =+34.8° (¢ 1.00, CHCI;); '"H NMR (400 MHz, CDCl;): & = 7.62
7\ D (d, J=8.2 Hz, 2H), 7.42 (d, /= 8.2 Hz, 2H), 6.15 (d, /= 3.2 Hz, 1H), 6.10
O (d, J=3.2 Hz, 1H), 4.94-5.04 (m, 2H), 4.82 (dd, J= 6.9 Hz, /= 11.2 Hz,
NO, 1H), 3.68 (s, 2H), 2.15 (s, 3H); *C NMR (100 MHz, CDCl;): § = 203.6,
3f 150.6, 149.0, 140.9, 130.6 (q, 2Jc-r = 32.5 Hz), 128.5, 126.2 (q, *Jcr = 3.7
Hz), 124.0 (q, 'Jc.r =270.6 Hz), 109.5, 109.2, 77.7, 43.4, 43.2, 29.4; Enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH =
90:10 at 1.0 mL/min); A = 240 nm; t minor= 17.8 min, t major = 19.7 min; HRMS (EI) Calcd for C;sH4F;NO,

(M"): 341.0869, Found: 341.0870.

(R)-1-(5-(1-(4-Chlorophenyl)-2-nitroethyl)furan-2-yl)propan-2-one (3g)

Cl According to the general procedure, Yellow oil; 57% yield (35.1 mg), 82%
o ee; [a]B = +26.5° (¢ 0.76, CHClz); 'H NMR (400 MHz, CDCL): § = 7.33
7\ (d, J=8.5Hz, 2H), 7.22 (d, J= 8.5 Hz, 2H), 6.14 (d, /= 3.2 Hz, 1H), 6.07

0]

(d, J=3.2 Hz, 1H), 4.97 (dd, J=7.7 Hz, J= 12.2 Hz, 1H), 4.87 (t, J="7.7
Hz, 1H), 4.76 (dd, J = 7.7 Hz, J = 12.2 Hz, 1H), 3.67 (s, 2H), 2.14 (s, 3H);

39 C NMR (100 MHz, CDCls): § = 203.7, 151.2, 148.8, 135.4, 134.3, 129.4,
129.4, 109.4, 109.0, 78.0, 43.2, 43.1, 29.3; Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 80:20 at 0.5 mL/min);
A =240 nm; t minor = 29.0 min, t major= 30.3 min; HRMS (EI) Caled for C,sH,4,CINO4(M"): 307.0606, Found:
307.0603.

NO,

(R)-1-(5-(1-(4-Bromophenyl)-2-nitroethyl)furan-2-yl)propan-2-one (3h)

Br According to the general procedure, Yellow oil; 47% yield (33.1 mg), 79%
ee; [a]h =+21.0° (¢ 0.34, CHCl3); '"H NMR (400 MHz, CDCls): & = 7.48

7\ O (d, J=8.4 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H), 6.13 (d, J= 3.2 Hz, 1H), 6.07

O (d, J=3.2 Hz, 1H), 497 (dd, J= 7.6 Hz, J= 12.2 Hz, 1H), 4.85 (t, /= 7.6

NO, Hz, 1H), 4.76 (dd, J = 7.6 Hz, J = 12.2 Hz, 1H), 3.67 (s, 2H), 2.14 (s, 3H);

3h 3C NMR (100 MHz, CDCls): 6 = 203.7, 151.1, 148.8, 135.9, 132.4, 129.7,

122.3, 109.4, 109.0, 77.9, 43.2, 43.1, 29.3; Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min);
A =240 nm; t minor = 19.2 min, t major= 20.5 min; HRMS (EI) Calcd for C;sH;4sBrNO4(M"): 351.0101, Found:
351.0089.
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(R)-1-(5-(1-(3-Bromophenyl)-2-nitroethyl)furan-2-yl)propan-2-one (3i)
According to the general procedure, Yellow oil; 42% yield (29.6 mg), 78%
Br o ee; [a]ZS =+27.2° (¢ 0.37, CHCl;); 'H NMR (400 MHz, CDCl3): § = 7.42—

/ o \ 7.45 (m, 2H), 7.22-7.23 (m, 2H), 6.15 (d, J= 3.2 Hz, 1H), 6.10 (d, J=3.2
NG Hz, 1H), 4.97 (dd, J = 7.6 Hz, J = 12.1 Hz, 1H), 4.86 (t, J = 7.6 Hz, 1H),
2
4.77(dd,J=7.6 Hz,J= 12.1 Hz, 1H), 3.68 (s, 2H), 2.14 (s, 3H); 1°*C NMR
3i

(100 MHz, CDCl3): & = 203.7, 150.9, 148.9, 139.2, 131.5, 131.1, 130.8,
126.6, 123.2, 109.4, 109.1, 77.8, 43.3, 43.2, 29.3; Enantiomeric excess of the product was determined by
chiral stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0
mL/min); A = 240 nm; t minor = 25.7 min, t major= 27.8 min; HRMS (EI) Calcd for C;sH 4,BrNO4(M"): 351.0101,
Found: 351.0089.

(R)-1-(5-(1-(2-Bromophenyl)-2-nitroethyl)furan-2-yl)propan-2-one (3j)
According to the general procedure, Yellow oil; 47% yield (33.1 mg), 74% ee;
0 [0c]2D8 = +73.8° (¢ 1.00, CHCl;); 'H NMR (400 MHz, CDCl3): 8 = 7.61 (dd, J

BY /o \ = 1.2 Hz, J = 8.0 Hz, 1H), 7.29 (ddd, J = 1.2 Hz, J = 8.0 Hz, J = 8.0 Hz, 1H),
NO 7.15-7.21 (m, 2H), 6.19 (d, J= 3.4 Hz, 1H), 6.16 (d, J = 3.4 Hz, 1H), 5.45 (dd,
2
. J=62Hz,J=9.4 Hz, 1H), 4.92 (dd, J= 9.4 Hz, J = 13.2 Hz, 1H), 4.84 (dd, J
j

= 6.2 Hz, J = 13.2 Hz, 1H), 3.68 (s, 2H), 2.13 (s, 3H); '*C NMR (100 MHz,
CDCl3): 8 = 203.9, 150.5, 148.8, 136.1, 133.7, 129.8, 129.1, 128.2, 124.3, 109.5, 109.5, 76.4, 43.3, 42.6,
29.3; Enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis using a
CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 19.7 min, t major =
21.2 min; HRMS (EI) Calcd for C;sH4BrNO, (M"): 351.0101, Found: 351.0081.

(R)-1-(5-(1-(3,5-Dibromophenyl)-2-nitroethyl)furan-2-yl)propan-2-one (3k)

According to the general procedure, Yellow oil; 34% yield (29.2 mg), 77%
ee; [a]%o =+22.7° (¢ 0.33, CHCl3); '"H NMR (400 MHz, CDCl5): § = 7.61
Br 0 (t,J=1.7Hz, 1H), 7.37 (d, J=1.7 Hz, 2H), 6.16 (d, /= 3.3 Hz, 1H); 6.13
(d, J=3.3 Hz, 1H), 4.96 (dd, /= 7.1 Hz, J=12.0 Hz, 1H), 4.74—4.85 (m,
2H), 3.69 (s, 2H), 2.16 (s, 3H); '*C NMR (100 MHz, CDCl5): §= 203.5,
150.0, 149.2, 140.8, 134.1, 129.9, 123.7, 109.5, 109.4, 77.4, 43.2, 42.8,
29.3; Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min);
A =240 nm; t minor= 24.1 min, t major = 26.4 min; HRMS (EI) Caled for C;sH;3Br,NO4(M"): 430.9185, Found:
430.9188.

Br

3k
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(8)-1-(5-(1-(Furan-2-yl)-2-nitroethyl)furan-2-yl)propan-2-one (31)

J o According to the general procedure, Yellow oil; 47% yield (24.9 mg), 82% ee;
o | [\ [a]2 =-1.94° (¢ 1.00, CHCLs); 'H NMR (600 MHz, CDCL): § = 7.38 (dd, J =
o 0.8 Hz, J= 1.9 Hz, 1H), 6.34 (dd, /= 1.9 Hz, J= 3.3 Hz, 1H), 6.19-6.20 (m,
NO, 1H), 6.15-6.16 (m, 2H), 5.02 (t, J = 7.7 Hz, 1H), 4.87-4.93 (m, 2H), 3.68 (s,

3l

2H), 2.16 (s, 3H); *C NMR (150 MHz, CDCl3): § =203.9, 149.5, 149.2, 148.7,
142.8,110.8, 109.5, 109.3, 108.2, 76.3, 43.3, 37.8, 29.3; Enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis using a CHIRALPAK IG column (hexane/i-PrOH = 90:10 at 1.0
mL/min); X = 240 nm; t major = 19.5 min, t minor = 26.2 min; HRMS (EI) Calcd for C;3H;3NOs(M"): 263.0788,
Found: 263.0798.

(R)-1-(5-(3-Methyl-1-nitrobutan-2-yl)furan-2-yl)propan-2-one (3m)
According to the general procedure, Yellow oil; 50% yield (23.9 mg), 83% ee;

(0]
/ \ [ocﬁ)0 =-32.3°(c 1.00, CHCI3); '"H NMR (400 MHz, CDCl;): § =6.11 (d, J=3.2
© Hz, 1H), 6.09 (d, /= 3.2 Hz, 1H), 4.66 (dd, J= 8.0 Hz, /= 9.0 Hz, 1H), 4.62 (dd,
NO
2 J=2.0Hz, J=12.4 Hz, 1H), 3.65 (s, 2H), 3.40 (ddd, /= 6.4 Hz, J= 6.4 Hz, J =
3m

9.0 Hz, 1H), 2.14 (s, 2H), 1.94-2.06 (m, 1H), 0.98 (d, J = 6.8 Hz, 3H), 0.89 (d, J
= 6.8 Hz, 3H); '*C NMR (100 MHz, CDCl5): & = 204.3, 151.7, 148.1, 109.3, 109.1, 77.0, 44.5, 43.5, 30.1,
29.1, 20.6, 19.6; Enantiomeric excess of the product was determined by chiral stationary phase HPLC
analysis using a CHIRALPAK IG column (hexane/i-PrOH = 95:5 at 1.0 mL/min); A = 240 nm; t major = 15.5
min, tminor= 16.5 min; HRMS (EI) Calcd for C;4H;;NOs (M™): 239.1152, Found: 239.1159.

(R)-1-(5-(2-Nitro-1-phenylethyl)furan-2-yl)butan-2-one (3n)
According to the general procedure, Yellow oil; 46% yield (13.1 mg), 81%
e} ee; [oc]zD0 =+56.8° (¢ 0.62, CHCl3); '"H NMR (600 MHz, CDCl3): 6 = 7.27—

/O \ 7.36 (m, 5H), 6.12 (d, J = 3.2 Hz, 1H), 6.06 (d, J=3.2 Hz, 1H), 4.99 (dd, J
NO =7.7Hz,J=12.5 Hz, 1H), 4.88 (t, J=7.7 Hz, 1H), 4.79 (dd, J="7.7 Hz, J
2
=12.5 Hz, 1H), 3.66 (s, 2H), 2.43 (q, J = 7.3 Hz, 2H), 1.03 (t, J = 7.3 Hz,
3n

3H); *C NMR (150 MHz, CDCl3): § = 206.6, 151.7, 148.8, 136.9, 129.2,
128.3, 128.0, 109.2, 108.8, 78.2, 43.7, 42.2, 35.3, 7.7; Enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0
mL/min); X = 240 nm; t minor= 18.0 min, t major = 19.4 min; HRMS (EI) Calcd for C;sH;;NO, (M"): 287.1152,
Found: 287.1155.
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e LI AR SUED A 7 — VT v THIR

= hrAF L (2a, 298.3 mg, 2.00 mmol) & AHES > TRl 6 (74.3 mg, 0.20 mmol, 10 mol%)
CH,CLA#E (8.0 mL)IZ 2-7 U /L7 k> (1a, 744.8 mg, 6.00 mmol) % iR Tz, 48 BREffl#H#E L
7o ROSIREWMZE 7 T v a VATV TAIa~ 8757 0 — (BEAVAEE; hexane : EtOAc =
10:1-5:1) (C X DR L, e fHIIMK (3a, 338.9 mg, 62% yield, 82% ee) % (Al & L7,

e APINZERRY) 3g DFERMEO Fik

Cl Cl
Fe (15 equiv.)
O > o]
a2 AcOH, reflux, 30 min. a2
6} o
NOZ NH2
39 10
82% ee
Cl
/ O
4-nitrobenzoic acid (2.0 equiv.) |
EDC (1.2 equiv.) _ o
CH5Cl,, 1t, 21 h o NH

NO,
1
22% yield (2 steps), 76% ee

(R)-1-(5-(1-(4-Chlorophenyl)-2-nitroethyl) furan-2-yl) propan-2-one (3g, 100 mg, 0.326 mmol) D FEE (5
mL)AHRIZ 8K (273 mg, 4.89 mmol) Z Ul L 30 sy fINEE T L7z, Fiv T, /K& CHCL THRL
TIA FAE LB ERE LT, AIRERIEKFET MU UL TR L%, AEZ 0L 5SmL
£TRIET CHBEAZ R LT, AW 10 DA T JERE D CHCL (5 mLEEIC 4-= F e 2B
FEE (109 mg, 0.652mmol) & 1-3-T AT /N7 I ) I a )3-mF /NN RT A I REEEE (EDC,
75.0mg, 0.391 mmol) A ¥RAN L, =R T 21 REfEHE L7z, BUGHKE T#. fafmigKkFEF R v Ll
FRI IR TUE LT, £ D%, CHCL JE 2 HKGERET & U » A TR S EE T Tl 2 B %
L7z, BiERiEE 77 v av U BTNV AT L7~ 7T 70— (EEEE; Hexane : CHCl; =
1:1-1:2-CHCI; ® &N L 0 FFR U | A 11 2 EEfES & L CTH72, 11; White solid; 22% yield (30.6
mg, 2 steps), 76% ee; mp = 163-164 °C; [oc]%0 = 422.5° (¢ 0.29, CHCl3); '"H NMR (400 MHz, CDCl3): 6 =
8.23 (d, J= 8.9 Hz, 2H), 7.88 (d, /= 8.9 Hz, 2H), 7.30 (d, /= 8.6 Hz, 2H), 7.23 (d, /= 8.6 Hz, 2H), 6.71 (t,
J=6.0 Hz, 1H), 6.12 (d, J = 3.2 Hz, 2H), 6.09 (d, J = 3.2 Hz, 2H), 4.37 (dd, J = 6.6Hz, J = 9.0 Hz, 1H),
4.04-4.10 (m, 1H), 3.85-3.92 (m, 1H), 3.77 (s, 2H), 2.21 (s, 3H); '*C NMR (100 MHz, CDCl3): § = 204.4,
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165.7, 154.2, 149.7, 147.9, 139.9, 138.2, 133.3, 129.3, 129.1, 128.4, 123.9, 109.3, 108.7, 44.2, 44.1, 43.1,
29.6; Enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis using a
CHIRALPAK IG column (hexane/i-PrOH =80:20 at 1.0 mL/min), A = 240 nm, t minor = 21.3 min, t major =
26.0 min; HRMS (EI) Calcd for Co,H;oCIN20s (M"): 426.0977, Found: 426.0966.

LB 11 O X AT

Single crystals of product 11 were obtained by gradually diffusing n-hexane into a solution of 11 in CH>Cla.
An approximately 0.274 mm % 0.089 mm x 0.046 mm C»H;9CIN,Os specimen was used for the X-ray
crystallographic analysis. CCDC 2385067 contains the supplementary crystallographic data for this study.

Crystal data of 11 at 100 K: C2xH9CIN,Os, M, = 426.84, monoclinic, space group P2 (no. 4), p. =1.405 g
em>, Z=2,a=14.1374(11) A, b =5.0414(4) A, c = 15.7323(12) A, f=115.844(3)°, V= 1009.13(14) A3,
u=0.227 mm™. The values of the measured and unique reflections were 10384 and 4264, respectively (Rint
=0.0525). The final R(F) = 0.0703 and wR(F?) = 0.1634 for the 319 parameters and 2956 reflections with /
> 20(l) and 2.577°< 8 < 26.724° (corresponding R-values based on all 4264 reflections) were 0.1074 and
0.1861, respectively. The goodness of fit was 1.054. The largest peak in the final difference electron density
synthesis was 0.578 e /A®, and the largest hole was —0.395 e /A with an RMS deviation of 0.064 ¢ /A3, The
data can be obtained free of charge from the Cambridge Crystallographic Data Centre at

www.ccdc.cam.ac.uk/data_request/cif.
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o FICET 5 FEBR

B T 12 13 SCRRBERN O FIEICHE > TAA L 72 2,
B Tl 12 2 N2 o ALSIRI RSOGO — R RO T 15

= hmAF L (2a,29.8 mg, 0.200 mmol) & A7 H& /> il 12 (11.9 mg, 0.0200 mmol, 10 mol%) @
toluene ¥Xif% (0.8 mL)IZ 2-7 U /L7 & k> (1a, 74.5 mg, 0.600 mmol) % £ Tl %, 24 FERHEAE L
7o ROSIREWMZE 7 T v a VATV TATa~ 8757 0 — (BEAVAHEE; hexane : EtOAc =
513D WX VHKERL, BEZI vy vav VB Vo hrua~ 777 0 — (BB,
hexane : CHCl; = 1:22) THHRL L, o fHIIK (4a, 48.3 mg, 88% yield, 78% ee) % M [H A & L THH7=,

(3R,4S)-3-(Furan-2-yl)-5-nitro-4-phenylpentan-2-one (4a)
o According to the general procedure, White solid; 88% yield (48.3 mg, anti/syn = 80:20),
@%’ 78% ee; mp = 66—68 °C; [a]3 =+21.4° (¢ 0.47, CHCl3); '"H NMR (400 MHz, CDCl;):
° \:&NOQ 8=17.46 (d,J=0.8 Hz, 1H), 7.30-7.32 (m, 2H), 7.24-7.27 (m, 1H), 7.18-7.20 (m, 2H),
@ 6.41 (dd, /J=1.2Hz,J=2.2 Hz, 1H), 6.31 (d, /J=2.2 Hz, 1H), 4.52-4.57 (m, 2H), 4.35
(ddd, J=3.9 Hz, J=6.3 Hz, J= 6.3 Hz 1H), 4.23 (d, J= 6.3 Hz, 1H), 1.97 (s, 3H); 1*C
NMR (100 MHz, CDCl3): ¢ = 202.6, 148.4, 143.6, 137.6, 129.1, 128.2, 128.0, 111.3,

4a

110.4, 78.3, 55.8, 44.3, 29.4; Enantiomeric excess of the product was determined by chiral stationary phase
HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 95:5 at 1.0 mL/min); A = 240 nm; t major
=17.2 min, t minor= 19.0 min; HRMS (EI) Caled for C;5H;sNO4 (M"): 273.1001, Found: 273.0998.

(3R,4S)-3-(Furan-2-yl)-4-(4-methoxyphenyl)-5-nitropentan-2-one (4b)
0 According to the general procedure, White solid; 83% yield (50.1 mg, anti/syn
@/é = 81:19), 78% ee; mp = 82-83 °C; [a]} = —135.1° (¢ 0.42, CHCls); '"H NMR
NO, (400 MHz, CDCl;): 6 = 7.45 (dd, J= 0.5 Hz, J= 1.9 Hz, 1H), 7.11 (d, J = 8.7
/©\ Hz, 2H), 6.83 (d, /= 8.7 Hz, 2H), 6.41 (dd, /= 1.9 Hz, J= 3.2 Hz, 1H), 6.31
H4CO (dd, J= 0.5 Hz, J = 3.2 Hz, 1H), 4.47-4.54 (m, 2H), 4.26-4.32 (m, 1H), 4.19
4b (d,J=9.6 Hz, 1H), 3.77 (s, 3H), 1.97 (s, 3H); *C NMR (100 MHz, CDCL3): §
=202.8, 159.3, 148.5, 143.5, 129.3, 129.1, 114.5, 111.3, 110.2, 78.6, 55.9, 55.3, 43.7, 29.4; Enantiomeric
excess of the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC
column (hexane/i-PrOH = 95:5 at 1.0 mL/min); A = 240 nm; t major = 28.5 min, t minor = 33.2 min; HRMS (EI)

Calcd for CsH;NOs (M"): 303.1101, Found: 303.1109.
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(3R, 45)-3-(Furan-2-yl)-5-nitro-4-(p-tolyl)pentan-2-one (4c)
0 According to the general procedure, White solid; 82% yield (47.0 mg, anti/syn =
@/ﬁj 81:19), 79% ee; mp = 70-71 °C; [0]F =—123.3° (c 0.47, CHCl3); '"H NMR (400
NO, MHz, CDCL): 6=7.46(dd,J=0.7 Hz,J=1.9 Hz, 1H), 7.06-7.12 (m, 4H), 6.41
/©\\ (dd,J=19 Hz,J=3.2 Hz, 1H), 6.31 (dd, /J=0.7 Hz, J = 3.2 Hz, 1H), 4.48-4.55
HsC (m, 2H), 4.30 (ddd, J = 6.1 Hz, J=9.7 Hz, J=9.7 Hz, 1H), 4.21 (d, J=9.7 Hz,
4c 1H), 2.30 (s, 3H), 1.97 (s, 3H); '*C NMR (100 MHz, CDCl3): 6 = 202.7, 148.5,
143.5, 137.9, 134.5, 129.8, 127.8, 111.3, 110.3, 78.5, 55.9, 44.0, 29.4, 21.2; Enantiomeric excess of the
product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column
(hexane/i-PrOH = 95:5 at 1.0 mL/min); A = 240 nm; t major = 11.9 min, t minor = 13.5 min; HRMS (EI) Caled

for C;4H;;NO4 (M™): 287.1152, Found: 287.1170.

(3R, 45)-3-(Furan-2-yl)-5-nitro-4-(m-tolyl)pentan-2-one (4d)

0 According to the general procedure, White solid; 87% yield (50.0 mg, anti/syn = 81:19),
Q"”“h ﬂ/\ 74% ee; mp =93-96 °C; [oc]zD6 =-129.4° (¢ 0.78, CHCl3); "H NMR (400 MHz, CDCl3):
NO, 0=1746(dd, J=0.7Hz,J=19 Hz, 1H), 7.19 (t, J=7.5 Hz, 1H), 7.06 (d, /= 7.6 Hz,
1H), 6.97-6.99 (m, 2H), 6.41 (dd, /= 1.9 Hz, J= 3.2 Hz, 1H), 6.31 (dd, /= 0.7 Hz, J
=3.2 Hz, 1H), 4.47-4.56 (m, 2H), 4.30 (ddd, /= 5.5 Hz, J=9.5 Hz, J = 9.5 Hz, 1H),
CHs 422 (d,J=9.5 Hz, 1H), 2.31 (s, 3H), 1.98 (s, 3H); 3C NMR (100 MHz, CDCl3): § =
4d 202.7, 148.5, 143.5, 138.8, 137.5, 129.0, 128.9, 128.9, 124.8, 111.3, 110.3, 78.4, 55.8,
44.2, 29.5, 21.6; Enantiomeric excess of the product was determined by chiral stationary phase HPLC
analysis using a CHIRALPAK IC column (hexane/i-PrOH = 95:5 at 1.0 mL/min); A = 240 nm; t major = 14.9

min, t minor= 17.7 min; HRMS (EI) Calcd for C;¢H;7NO, (M"): 287.1152, Found: 287.1158.

(3R, 45)-3-(Furan-2-yl)-5-nitro-4-(o-tolyl)pentan-2-one (4e)
According to the general procedure, Yellow oil; 85% yield (49.0 mg, anti/syn = 88:12),

0
Q é 84% ee; [ =—158.0° (c 0.37, CHCLs); 'H NMR (400 MHz, CDCls): 6 =7.46 (dd, J
N0, =0.7HzJ=1.9Hz, 1H), 7.11-7.18 (m, 3H), 7.02-7.06 (m, 1H), 6.41 (dd, /= 1.9 Hz,
@ J=33Hz, 1H), 6.32 (dd, 7= 0.7 Hz, J = 3.3 Hz, 1H), 4.65 (ddd, J=7.0 Hz, J = 7.0
4CH3 Hz, J=9.3 Hz, 1H), 4.49-4.56 (m, 2H), 4.25 (d, /= 9.3 Hz, 1H), 2.48 (s, 3H), 1.95 (s,

e

3H); *C NMR (100 MHz, CDCl3): § =202.8, 148.5, 143.5, 137.5, 136.1, 131.4, 127.8,
126.5,125.4,111.3, 110.4, 78.2, 55.6, 39.2, 29.7, 19.7; Enantiomeric excess of the product was determined
by chiral stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 95:5 at 1.0
mL/min); X = 240 nm; t major = 10.2 min, t minor= 12.5 min; HRMS (EI) Calcd for C,¢H;;NO, (M"): 287.1152,

Found: 287.1160.
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(3R,4S)-3-(Furan-2-yl)-5-nitro-4-(4-(trifluoromethyl)phenyl)pentan-2-one (4f)
o) According to the general procedure, White solid; 85% yield (57.8 mg, anti/syn =
Q/ﬁ? 77:23), 74% ee; mp = 83-85 °C; [a]h =—121.6° (¢ 0.72, CHCls); 'H NMR (400
NO, MHz, CDCL): 6=7.57(d,J=8.2 Hz, 2H), 7.48 (dd, /= 0.6 Hz, /= 1.9 Hz, 1H),
/©\\ 7.31 (d, J=8.2 Hz, 2H), 6.43 (dd, J= 1.9 Hz, J = 3.3 Hz, 1H), 6.31 (dd, /= 0.6
FiC Hz, J=3.3 Hz, 1H), 4.52-4.62 (m, 2H), 4.43 (ddd, /=59 Hz, J=8.9 Hz,J= 8.9
af Hz, 1H), 421 (d,J = 8.9 Hz, 1H), 2.00 (s, 3H); *C NMR (100 MHz, CDCls): § =
202.1, 147.8, 143.9, 142.0, 130.4 (q %Jcr= 32.4 Hz), 128.5, 126.0 (q *Jcr= 3.7 Hz), 124.0 (q, 'Jcr=270.7
Hz), 111.4, 110.9, 77.7, 55.5, 43.8, 29.3; Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 95:5 at 1.0 mL/min); A
= 240 nm; t major = 10.2 min, t minor = 12.8 min; HRMS (EI) Calcd for C;¢H,4F3NO, (M"): 341.0869, Found:

341.0868.

(3R,45)-4-(4-Chlorophenyl)-3-(furan-2-yl)-5-nitropentan-2-one (4g)
0 According to the general procedure, Yellow oil; 81% yield (49.9 mg, anti/syn =
Q/ﬂ? 78:22), 74% ee; [oc]zD7 =—127.5° (¢ 0.50, CHCl3); 'H NMR (400 MHz, CDCl;): §
NO, =7.46(dd,J=0.6 Hz,J=1.9 Hz, 1H), 7.28 (d, J = 8.5 Hz, 2H), 7.13 (d, /= 8.5
/©\\ Hz, 2H), 6.42 (dd, J = 1.9 Hz, J = 3.2 Hz, 1H), 6.30 (dd, J = 0.6 Hz, J = 3.2 Hz,
Cl 1H), 4.47-4.57 (m, 2H), 4.33 (ddd, J= 6.0 Hz, J=9.1 Hz, J= 9.1 Hz, 1H), 4.17
49 (d, J=9.1 Hz, 1H), 1.99 (s, 3H); *C NMR (100 MHz, CDCls): § = 202.3, 148.0,
143.7, 136.3, 134.1, 129.4, 129.3, 111.4, 110.6, 78.0, 55.7, 43.5, 29.4; Enantiomeric excess of the product
was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH
=95:5 at 1.0 mL/min); A = 240 nm; t major = 14.5 min, t minor= 17.6 min; HRMS (EI) Calcd for C,sH;4CINO,

(M"): 307.0605, Found: 307.0608.

(3R,45)-4-(4-Bromophenyl)-3-(furan-2-yl)-5-nitropentan-2-one (4h)
o) According to the general procedure, Yellow oil; 87% yield (61.2 mg, anti/syn =
@/& 78:22), 78% ee; [0(]2]37 =-98.7° (¢ 0.87, CHCl3); '"H NMR (400 MHz, CDCl3): § =
NO, 7.46(dd,J=0.7Hz,J=1.8Hz, 1H), 7.44 (d,J= 8.5 Hz, 2H), 7.07 (d, /= 8.5 Hz,
/©\\ 2H), 6.42 (dd, J= 1.8 Hz, J= 3.3 Hz, 1H), 6.30 (dd, /= 0.7 Hz, J= 3.3 Hz, 1H),
Br 4.47-4.56 (m, 2H), 4.32 (ddd, J=5.8 Hz, J=9.1 Hz, J=9.1 Hz, 1H), 4.17 (d, J=
4h 9.1 Hz, 1H), 1.9 (s, 3H); '>C NMR (100 MHz, CDCls): § = 202.3, 148.0, 143.7,
136.8, 132.2, 129.7, 122.2, 111.4, 110.6, 77.9, 55.6, 43.6, 29.4; Enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH =
95:5 at 1.0 mL/min); A = 240 nm; t major = 17.4 min, t minor = 18.6 min; HRMS (EI) Calcd for C;sH4BrNO,

(M"): 351.0100, Found: 351.0098.
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(3R, 45)-4-(3-Bromophenyl)-3-(furan-2-yl)-5-nitropentan-2-one (4i)
@ o According to the general procedure, Yellow oil; 70% yield (49.2 mg, anti/syn =75:25),
o~ 72% ee; [a]f =—118.8° (c 0.48, CHCl3); 'H NMR (400 MHz, CDCl3): & = 7.47 (dd,
\\\\«éNOZ J=0.6 Hz,J=1.9 Hz, 1H), 7.38-7.41 (m, 1H), 7.34 (t, /= 1.8 Hz, IH), 7.18 (t, J="7.8
Hz, 1H), 7.10-7.13 (m, 1H), 6.42 (dd, /= 1.9 Hz, J=3.3 Hz, 1H), 6.30 (dd, /= 0.6 Hz,
J=3.3 Hz, 1H), 4.484.57 (m, 2H), 4.33 (ddd, J=5.7 Hz, J= 9.0 Hz, J= 9.0 Hz, 1H),
4i 4.19 (d, J=9.0 Hz, 1H), 2.00 (s, 3H); 3*C NMR (100 MHz, CDCl5): § = 202.2, 147.9,
143.8, 140.2, 131.4, 131.0, 130.6, 126.8, 123.0, 111.4, 110.7, 77.8, 55.6, 43.6, 29.4; Enantiomeric excess of

Br

the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column
(hexane/i-PrOH = 95:5 at 1.0 mL/min); A = 240 nm; t major = 14.7 min, t minor= 17.6 min; HRMS (EI) Caled
for CsH4,BrNO, (M"): 351.0100, Found: 351.0089.

(3R, 45)-4-(2-Bromophenyl)-3-(furan-2-yl)-5-nitropentan-2-one (4j)
/7 (0] According to the general procedure, Yellow oil; 81% yield (56.7 mg, anti/syn = 85:15),
Q’& 87% ee; [a]p =+144.9° (¢ 1.00, CHCL3); '"H NMR (600 MHz, CDCls, ~30 °C): § = 'H
NO, NMR (600 MHz, CDCls, 30 °C): 6 = 7.63 (d, J = 7.6 Hz, 1H), 7.49 (d, J = 1.0 Hz,
©\ 1H), 7.23 (t, J = 7.6 Hz, 1H), 7.16 (t, /= 7.6 Hz, 1H), 6.86 (d, /= 7.6 Hz, 1H), 6.41
Br (bs, 1H), 6.21 (d, J=2.6 Hz, 1H), 4.87-4.94 (m, 2H), 4.57 (dd, /=9 Hz, J=13.3 Hz,
1H), 4.33 (d, J= 6.6 Hz, 1H), 2.11 (s, 3H); '3C NMR (150 MHz, CDCls, 30 °C): § =
203.5, 147.3, 143.7, 136.2, 133.7, 1294, 127.8, 127.1, 125.0, 111.5, 111.2, 75.5, 54.0, 41.5, 29.2;

4j

Enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis using a
CHIRALPAK IC column (hexane/i-PrOH = 95:5 at 1.0 mL/min); A = 240 nm; t major = 17.3 min, t minor= 18.8
min; HRMS (EI) Calcd for C;sH;,BrNO4 (M"): 351.0100, Found: 351.0098.

(3R, 45)-4-(3,5-Dibromophenyl)-3-(furan-2-yl)-5-nitropentan-2-one (4k)
@ O According to the general procedure, White solid; 92% yield (79.1 mg, anti/syn =
o~ - 66:34), 68% ee; mp = 94-95 °C; [a]l =—164.7° (¢ 0.56, CHCl3); 'H NMR (400
Br \\\\«éNOZ MHz, CDCl3): § =7.57 (t,J = 1.7 Hz, 1H), 7.47 (dd, J= 0.6 Hz, J = 1.9 Hz, 1H),
7.25(d, J=1.7 Hz, 2H), 6.43 (dd, J= 1.9 Hz, J= 3.3 Hz, 1H), 6.30 (dd, /= 0.6
Br Hz, J=3.3 Hz, 1H), 4.45-4.57 (m, 2H), 4.30 (ddd, /=4.7 Hz, J=8.7 Hz, J=8.7
4k Hz, 1H), 4.15 (d, J= 8.7 Hz, 1H), 2.03 (s, 3H); *C NMR (100 MHz, CDCl3): § =
201.8, 147.5, 143.9, 142.0, 134.0, 130.0, 123.5, 111.4, 111.0, 77.4, 55.4, 43.2, 29.3; Enantiomeric excess of
the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column
(hexane/i-PrOH = 95:5 at 1.0 mL/min); A =240 nm; t major = 11.5 min, t minor= 13.9 min; HRMS (FAB) Calcd

for C;sH3BroNO4 (M+H"): 431.9263, Found: 431.9265.
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(3R,4R)-3,4-Di(furan-2-yl)-5-nitropentan-2-one (41)

@ (0] According to the general procedure, Yellow oil; 66% yield (35.3 mg, anti/syn = 60:40),
0 ""',.Ai\/\ 72% ee; (*: representative signals for the minor diastereoisomer) 'H NMR (400 MHz,
e NO, CDCl): 6= 7.43(dd,J=0.6 Hz,J= 1.8 Hz, 0.60H), 7.32-7.33* (m, 1H), 7.27-7.27*
<\j (m, 0.40H), 6.39 (dd, J=1.8 Hz, J=3.3 Hz, 0.60H), 6.30 (dd, /= 0.6 Hz, J=3.3 Hz,
4 0.60H), 6.27-6.29* (m, 1H), 6.20* (dd, J = 1.8 Hz, J=3.3 Hz, 0.40H), 6.15 (dd, J =
0.4 Hz, J = 3.2 Hz, 0.60H), 6.11* (dd, J = 0.5 Hz, J = 3.3 Hz, 0.40H), 6.03* (d, J = 3.3 Hz, 0.40H), 4.84—
4.89*% (m, 0.40H), 4.72* (dd, J=4.3 Hz, J=12.8 Hz, 0.40H), 4.32-4.51* (m, 3.20H), 2.15* (s, 1.20H), 2.07
(s, 1.80H); *C NMR (100 MHz, CDCl3): 6=203.7*, 202.4, 150.7, 150.4*, 148.4*, 147.9, 143.6*, 143.2,
142.5, 142.3*, 111.3, 110.9%, 110.8, 110.5*, 110.5, 109.6*, 108.4, 108.3*, 76.1, 76.0*, 53.3, 53.2*, 38.2%,
38.0, 29.5%, 29.0; Enantiomeric excess of the product was determined by chiral stationary phase HPLC
analysis using a CHIRALPAK IK column (hexane/i-PrOH = 95:5 at 1.0 mL/min); A = 240 nm; t major = 17.2

min, t miner = 22.5 min; HRMS (EI) Calcd for C53H;;NOs (M"): 263.0788, Found: 263.0791.

(4R,55)-4-(Furan-2-yl)-6-nitro-5-phenylhexan-3-one (4n)
/ 0 According to the general procedure, White solid; 60% yield (34.5 mg, anti/syn = 92:8),
@, &/ 82% ee; (*: representative signals for the minor diastereoisomer) 'H NMR (600 MHz,
NO, CDCls): 6 = 7.44 (dd, J= 0.6 Hz, J = 1.9 Hz, 0.92H), 7.18-7.32* (m, 4.92H), 7.09—
©\\ 7.10*% (m, 0.16H), 6.39 (dd, J= 1.9 Hz, J = 3.2 Hz, 0.92H), 6.30 (dd, /= 0.6 Hz, J =
3.2 Hz, 0.92H), 6.19* (dd, J= 1.9 Hz, J=3.2 Hz, 0.08H), 6.02* (d, /= 3.2 Hz, 0.08H),
4.89* (dd, J=8.8 Hz, J= 12.8 Hz, 0.08H), 4.76* (dd, J=4.7 Hz, /= 12.8 Hz, 0.08H),
4.57 (dd, J=10.3 Hz, J = 13.0 Hz, 0.92H), 4.51 (dd, /= 4.5 Hz, J= 13.0 Hz, 0.92H), 4.31-4.38* (m, 1H),
4.20-4.24* (m, 1H), 2.46-2.53* (m, 0.08H), 2.30-2.39* (m, 1H), 2.07-2.14 (m, 0.92H), 0.99* (t, /= 7.3 Hz,
0.24H), 0.82 (t, J= 7.3 Hz, 2.76H); '3C NMR (150 MHz, CDCls): 6 =207.3*, 205.5, 148.9%, 148.7, 143.4*,
142.9, 137.7, 137.2*%,129.0, 128.8%, 128.2, 128.0, 128.0*, 127.9%, 111.3, 110.8%*, 110.0, 109.5*, 78.4, 77.9*%,
54.9, 54.4*%, 44.6, 44.4%, 35.8%, 35.7, 7.77*, 7.59; Enantiomeric excess of the product was determined by
chiral stationary phase HPLC analysis using a CHIRALPAK IA column (hexane/i-PrOH = 95:5 at 1.0
mL/min); A = 240 nM; t minor = 7.7 Min, t major = 8.2 min; HRMS (EI) Caled for C,sH,;NO, (M"): 287.1152,
Found: 287.1160.

4n

a BRI AT RIED AT =T v THRK

= hmAF L (2a,298.3 mg, 2.00 mmol) & A%/ F il 12 (118.9 mg, 0.20 mmol, 10 mol%) @
toluene ¥X% (8.0 mL)IZ 2-7 U /LT b > (1a, 744.8 mg, 6.00 mmol) % =i THl %, 24 FERIHEHE L
oo FUNREWE 7T v a VAT NVAT A7 a~ N7 T 7 0 — (BB hexane : EtOAc =
20:1-5:1) I X DR L, o ffIMA (3a, 444.7 mg, 81% yield, antilsyn = 75:25, 77% ee) % M4 [EH (A &
L7,
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Single crystals of product 4k were obtained by gradually diffusing n-hexane into a solution of 4k in EtOAc.
An approximately 0.445 mm x 0.133 mm x 0.103 mm C;sH;3Br.NO4 specimen was used for the X-ray
crystallographic analysis. CCDC 2383738 contains the supplementary crystallographic data for this study.

Crystal data of 4k at 100 K: CsH13BroNO4, M, = 431.08, monoclinic, space group C2 (no. 5), p.=1.781 g
em>, Z=4,a=31.056(3) A, b=15.4985(4) A, c=9.5954(8) A, f=101.165(3)°, V' =1607.5(2) A3, u=5.059
mm . The values of the measured and unique reflections were 11851 and 3527, respectively (Rint = 0.0546).
The final R(F) = 0.0290 and wR(F?) = 0.0666 for the 201 parameters and 3380 reflections with / > 25(/) and
2.163°< 0 < 27.877° (corresponding R-values based on all 3527 reflections) were 0.0306 and 0.0675,
respectively. The goodness of fit was 1.032. The largest peak in the final difference electron density synthesis
was 0.422 ¢ /A3, and the largest hole was —0.485 ¢ /A® with an RMS deviation of 0.098 e /A, The data can
be obtained free of charge from the Cambridge Crystallographic Data Centre at

www.ccdc.cam.ac.uk/data_request/cif.
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2-FT =T N A)ESCRBEE O FIEICHE > TER L T2 %,
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= hrZAF L (2a, 14.9 mg, 0.100 mmol) & A HES>F-flfi 7 (4.1 mg, 0.0100 mmol, 10 mol%)
CH2CL VAR (0.4mL)IZ 2-F ==L 7% k> (14,28.0 mg, 0.200 mmol) % & THlx. 1 FEMHHEL
7o ROSIREWMZE 7T v a VATV TAIa~ 8757 0 — (BEAVAHEE; hexane : EtOAc =
6:1) I VKL, oA (15a, 27.5 mg, 95% yield, 80% ee) % M [H A & L THH7=,

(3R,4R)-5-Nitro-4-phenyl-3-(thiophen-2-yl)pentan-2-one (15a)
7 ) O According to the general procedure, White solid; 95% yield (27.5 mg, anti/syn = 96:4),
S 79% ee; mp = 114-115 °C; [a]%) = +148.8° (c 0.79, CHCl3); 'H NMR (400 MHz,
NO, CDCl3): 6 =7.25-7.35 (m, 6H), 7.03-7.08 (m, 2H), 4.42-4.55 (m, 3H), 4.22 (ddd, J =
4.3 Hz, J=10.5 Hz, J = 10.5 Hz, 1H), 1.95 (s, 3H); *C NMR (100 MHz, CDCl3): & =
15a 204.2, 137.6, 136.8, 129.2, 128.3, 128.0, 127.8, 127.6, 126.8, 78.8, 56.5, 47.0, 30.1;
Enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis using a

CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 10.4 min, t major =
11.8 min; HRMS (EI) Calcd for C;sH;sNO;S (M™): 289.0761, Found: 289.0774.

(3R,4R)-4-(4-Methoxyphenyl)-5-nitro-3-(thiophen-2-yl)pentan-2-one (15b)
o) According to the general procedure, White solid; 88% yield (28.0 mg, anti/syn
=96:4), 78% ee; mp = 137-138 °C; [0]F = +122.9° (c 0.28, CHCl3); 'H NMR
NO, (400 MHz, CDCls): 8 =7.32 (dd, J= 0.8 Hz, /= 5.0 Hz, 1H), 7.19 (d, J = 8.8
Hz, 2H), 7.02-7.07 (m, 2H), 6.85 (d, J= 8.8 Hz, 2H), 4.39-4.51 (m, 3H), 4.16
HsCO (ddd, J=4.4 Hz, J=10.6 Hz, J= 10.6 Hz, 1H), 3.78 (s, 3H), 1.95 (s, 3H); 13C
15b NMR (100 MHz, CDCL3): 8 = 204.3, 159.4, 137.0, 129.3, 129.1, 127.8, 127.5,
126.7, 114.6, 78.9, 56.7, 55.4, 46.4, 30.1; Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min);
A =240 nm; t minor= 16.5 min, t major = 19.1 min; HRMS (EI) Caled for C,¢H;;NO,S (M"): 319.0872, Found:

319.0869.

7\
s

77



(3R,4R)-5-Nitro-3-(thiophen-2-yl)-4-(p-tolyl) pentan-2-one (15¢)
e} According to the general procedure, White solid; 87% yield (26.5 mg, anti/syn =
95:5), 80% ee; mp = 103—105 °C; [a]¥ =+140.7° (¢ 0.85, CHCIs); '"H NMR (400
NO, MHz, CDCl):6=7.32(dd,J=0.7Hz,J=5.0 Hz, 1H), 7.11-7.16 (m, 4H), 7.02—
7.07 (m, 2H), 4.39—4.52 (m, 3H), 4.17 (ddd, J=4.3 Hz, J=10.6 Hz, /= 10.6 Hz,
HsC 1H), 2.30 (s, 3H), 1.95 (s, 3H); '*C NMR (100 MHz, CDCl3): § = 204.3, 138.0,
15¢ 137.0, 134.4, 129.9, 127.8, 127.8, 127.5, 126.7, 78.9, 56.5, 46.8, 30.1, 21.2;
Enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis using a
CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 10.1 min, t major =
11.0 min; HRMS (EI) Caled for C;sH;;NO;S (M"): 303.0923, Found: 303.0926.

7\
s

(3R,4R)-5-Nitro-3-(thiophen-2-yl)-4-(m-tolyl)pentan-2-one (15d)
7 \ ) According to the general procedure, White solid; 75% yield (22.8 mg, anti/syn = 96:4),
S 75% ee; mp = decompose; [0]¥ = +136.3° (¢ 0.32, CHCI;); 'H NMR (400 MHz,
NO2 CDClsy): 6 =7.33 (dd, J= 0.8 Hz, J = 5.1 Hz, 1H), 7.19-7.23 (m, 1H), 7.03-7.08 (m,
5H), 4.40-4.54 (m, 3H), 4.17 (ddd, J= 4.3 Hz, J=10.5 Hz, J= 10.5 Hz, 1H), 2.33 (s,
CH, 3H), 1.96 (s, 3H); '*C NMR (100 MHz, CDCl3): § =204.2, 138.8, 137.5, 136.9, 129.1,
15d 129.0, 129.0, 127.8, 127.6, 126.7, 124.7, 78.9, 56.5, 47.0, 30.1, 21.6; Enantiomeric
excess of the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC
column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 8.75 min, t major = 9.66 min; HRMS

(EI) Calcd for CsH;;NO;S (M"): 303.0923, Found: 303.0930.

(3R,4R)-5-Nitro-3-(thiophen-2-yl)-4-(o-tolyl)pentan-2-one (15¢)

0 According to the general procedure, White solid; 87% yield (26.3 mg, anti/syn =99:1),
79% ee; mp = 94-95 °C; [a]F =+148.1° (c 1.00, CHCl3); "H NMR (400 MHz, CDCl5):

NO, 6=7.33(dd,J=1.1Hz,J=5.1Hz, 1H), 7.14-7.20 (m, 4H), 7.08-7.09 (m, 1H), 7.02—
7.05 (m, 1H), 4.40-4.54 (m, 4H), 2.49 (s, 3H), 1.92 (s, 3H); *C NMR (100 MHz,
CDCls): 6=204.4,137.9,137.1,136.0, 131.6, 128.0, 127.7, 127.6, 126.7, 126.6, 125.1,
78.8, 56.7, 42.1, 30.4, 19.7; Enantiomeric excess of the product was determined by

7\
s

CHj;
15e

chiral stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0
mL/min); A = 240 nm; t minor= 7.50 min, t major = 8.64 min; HRMS (EI) Calcd for C,¢H;;NO;S (M"): 303.0923,
Found: 303.0928.
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(3R,4R)-5-Nitro-3-(thiophen-2-yl)-4-(4-(trifluoromethyl)phenyl)pentan-2-one (15f)
o According to the general procedure, White solid; 89% yield (31.9 mg, anti/syn =
95:5), 82% ee; mp = 123-124 °C; [a]¥ =+143.9° (¢ 0.66, CHCls); 'H NMR (400
NO, MHz, CDCL): 6 =7.60 (d, /= 8.2 Hz, 2H), 7.41 (d, J= 8.2 Hz, 2H), 7.36 (t, J =
3.5Hz, 1H), 7.06 (d, J = 3.5 Hz, 2H), 4.45-4.55 (m, 3H), 4.31 (ddd, /J=4.3 Hz, J
FsC =10.4 Hz,J=10.4 Hz, 1H), 1.99 (s, 3H); '3*C NMR (100 MHz, CDCl3): § =203.5,
15 142.0, 136.1, 130.5 (q, 2Je.r = 32.5 Hz), 128.6, 128.1, 127.9, 127.1, 126.1 (q, Jc.
r= 3.8 Hz), 124.0 (q, 'Je.r = 270.7 Hz), 78.3, 56.3, 46.4, 29.9; Enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH =
90:10 at 1.0 mL/min); A = 240 nm; t minor = 6.55 min, t major = 7.38 min; HRMS (EI) Calcd for C,¢H;4F3NO;S
(M"): 357.0641, Found: 357.0647.

7\
s

(3R,4R)-4-(4-Chlorophenyl)-5-nitro-3-(thiophen-2-yl)pentan-2-one (15g)
0 According to the general procedure, White solid; 82% yield (26.6 mg, anti/syn =
95:5), 82% ee; mp = 119-121 °C; [0]Fy = +159.0° (¢ 0.72, CHCl3); 'H NMR (400
NO, MHz, CDCl): 6 =7.30-7.35 (m, 3H), 7.21 (d, /= 8.5 Hz, 2H), 7.04-7.05 (m, 2H),
4.41-4.52 (m, 3H), 4.21 (ddd, J=4.4 Hz, J=10.4 Hz, J = 10.4 Hz, 1H), 1.98 (s,
Cl 3H); 3C NMR (100 MHz, CDCl3): & = 203.7, 136.4, 136.2, 134.2, 129.4, 129.4,
15g 127.9,127.8,126.9, 78.5, 56.4, 46.2, 30.0; Enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH =
90:10 at 1.0 mL/min); A = 240 nm; t minor = 9.08 min, t major = 10.2 min; HRMS (EI) Calcd for C;¢H4,CINO;S
(M"): 323.0377, Found: 323.0382.

7\
s

(3R,4R)-4-(4-Bromophenyl)-5-nitro-3-(thiophen-2-yl)pentan-2-one (15h)
0 According to the general procedure, White solid; 91% yield (33.5 mg, anti/syn =
94:6), 81% ee; mp = 117-119 °C; [a]5=+144.9° (¢ 1.00, CHCls); 'H NMR (400
NO, MHz, CDCL): 8 =7.46 (d, /= 8.4 Hz, 2H), 7.34 (t, /= 3.3 Hz, 1H), 7.16 (d, J =
8.4 Hz, 2H), 7.05 (d, J = 3.3 Hz, 2H), 4.40-4.52 (m, 3H), 4.20 (ddd, /J=4.5 Hz, J
Br =10.4 Hz, J=10.4 Hz, 1H), 1.98 (s, 3H); *C NMR (100 MHz, CDCl5): § = 203.7,
15h 136.8, 136.3, 132.3, 129.8, 128.0, 127.8, 126.9, 122.3, 78.4, 56.4, 46.3, 30.0;

7\
s

Enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis using a
CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 9.33 min, t major =
10.6 min; HRMS (EI) Calcd for C;¢H;,BrNO;S (M"): 367.9950, Found: 367.9954.
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(3R,4R)-4-(3-Bromophenyl)-5-nitro-3-(thiophen-2-yl)pentan-2-one (15i)
7 O According to the general procedure, White solid; 79% yield (29.0 mg, anti/syn = 94:6),
S 72% ee; mp = decompose; [a]} = +144.4° (c 0.58, CHCl3); 'H NMR (400 MHz,
NO> CDCl3): 8 =7.40-7.42 (m, 2H), 7.34 (t,J = 3.4 Hz, 1H), 7.20-7.21 (m, 2H), 7.05-7.06
(m, 2H), 4.41-4.52 (m, 3H), 4.20 (ddd, /=4.4 Hz, J= 10.5Hz, J= 10.5 Hz, 1H), 2.00
(s, 3H); *C NMR (100 MHz, CDCl3): § = 203.6, 140.1, 136.3, 131.5, 130.9, 130.7,
15i 128.0, 127.8, 127.0, 127.0, 123.2, 78.4, 56.3, 46.3, 30.0; Enantiomeric excess of the

Br

product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column
(hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 9.04 min, t major = 9.97 min; HRMS (EI) Caled
for C;gH4BrNO;S (M™): 367.9950, Found: 367.9958.

(3R,4R)-4-(2-Bromophenyl)-5-nitro-3-(thiophen-2-yl)pentan-2-one (15j)
o) According to the general procedure, White solid; 89% yield (32.8 mg, anti/syn =99:1),
82% ee; mp = 90-92 °C; [0]H=+164.7° (¢ 0.49, CHCl3); "H NMR (600 MHz, CDCl;):
NO, 8=7.061(d,J=5.1Hz, 1H),7.34 (dd, J=0.6 Hz, J=3.4 Hz, 1H), 7.25 (ddd, /= 0.8
Hz, J=5.0 Hz, J= 5.0 Hz, 1H), 7.04-7.16 (m, 3H), 7.01 (bs, 1H), 4.50-4.77 (m, 4H),
2.09 (s, 3H); *C NMR (150 MHz, CDCl3): §=204.3, 136.6, 136.1, 134.1, 129.6, 128.2,
128.0, 127.8, 127.3, 126.9, 125.5, 76.2, 54.9, 44.5, 29.6; Enantiomeric excess of the

7\
s

Br
15j

product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC column
(hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor= 9.58 min, t major = 13.9 min; HRMS (EI) Caled
for C;gH4BrNO;S (M™): 367.9950, Found: 367.9948.

(3R.,4R)-4-(3,5-Dibromophenyl)-5-nitro-3-(thiophen-2-yl)pentan-2-one (15k)

7 O According to the general procedure, White solid; 89% yield (40.0 mg, anti/syn
S =97:3), 76% ee; mp = 117-119 °C; [a]3= +137.8° (¢ 1.00, CHCL;); '"H NMR
Br NO2 (600 MHz, CDCly): 8 = 7.58 (t,J = 1.7 Hz, 1H), 7.35-7.36 (m, 3H), 7.06 (dd,

J=3.5Hz,J=5.1 Hz, 1H), 7.03 (dd, /= 1.1 Hz, J= 3.5 Hz, 1H), 4.40-4.49

Br (m, 3H), 4.18 (ddd, J=4.6 Hz, J=10.4 Hz, J= 10.4 Hz, 1H), 2.03 (s, 3H); "*C

15k NMR (150 MHz, CDCls): 6 =203.2, 142.0, 135.8, 134.1, 130.0, 128.1, 128.0,

127.2, 123.6, 78.1, 56.1, 45.7, 29.9; Enantiomeric excess of the product was determined by chiral

stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0

mL/min); A = 240 nm; t minor = 6.83 MinN, t major = 7.90 min; HRMS (EI) Calcd for C,sH3Br,NO;S (M"):
446.8956, Found: 446.8963.
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(3R,4S5)-4-(Furan-2-yl)-5-nitro-3-(thiophen-2-yl)pentan-2-one (15I)

/R ) According to the general procedure, Colorless oil; 95% yield (26.5 mg, anti/syn =
S 91:9), 76% ee; [a]h= +165.9° (c 0.60, CHClz); '"H NMR (400 MHz, CDCLs): &

NO2 = 7.35(dd,/J=0.8 Hz,J=1.8 Hz, 1H), 7.32 (m, 1H), 7.01-7.04 (m, 2H), 6.30 (dd,

\\O J=1.8 Hz, J=3.3 Hz, 1H), 6.19 (d, J = 3.3 Hz, 1H), 4.60 (d, /= 10.5 Hz, 1H),
151 4.41-4.53 (m, 2H), 4.31-4.37 (m, 1H), 2.09 (s, 3H); °C NMR (100 MHz,

CDCls): 0=204.2, 150.4, 142.5, 136.2, 127.8, 127.8, 126.9, 110.9, 108.9, 76.3, 54.0, 40.5, 29.6;
Enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis using a
CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 10.6 min, t major
= 12.0 min; HRMS (EI) Calcd for C;3H,;5NO,S (M"): 279.0559, Found: 279.0565.

) 15h O B L X RS SRS AR T

Q

O—%—-« ~
cue | 6@ uﬁ' =
O

Single crystals of product 15h were obtained by gradually diffusing n-hexane into a solution of 15h in EtOAc.
An approximately 0.590 mm x 0.118 mm x 0.044 mm 2(C;sH14BrNO3S) specimen was used for the X-ray
crystallographic analysis. CCDC 2385088 contains the supplementary crystallographic data for this study.

Crystal data of 15h at 100 K: 2(CsH14BrNO3S), M; = 736.48, orthorhombic space group P2:2,2; (no. 19), pc
=1.543 gem>,Z=4,a=15.7326(2) A, b=18.4070(7) A, c = 30.0522(14) A, p=90°, V¥ =3171.1(2) A>, u =
2.732 mm™'. The values of the measured and unique reflections were 34192 and 7034, respectively (Rint =
0.0582). The final R(F) = 0.0322 and wR(F?) = 0.0678 for the 381 parameters and 6439 reflections with 7>
20(/) and 2.213°< @ < 27.171° (corresponding R-values based on all 7034 reflections) were 0.0374 and
0.0696, respectively. The goodness of fit was 1.031. The largest peak in the final difference electron density
synthesis was 0.237 e /A3, and the largest hole was —0.535 e /A with an RMS deviation of 0.065 ¢ /A3, The
data can be obtained free of charge from the Cambridge Crystallographic Data Centre at

www.ccdc.cam.ac.uk/data_request/cif.
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Me 0°Ctort Me 6°Ctort Me
s1 S2 16

1-AF /L Er—)L (S1,2.43 g, 30 mmol)® THF {&##X (30 mL)IZ, n-7 F /LU F 7 A (19.9 mL, 30
mmol; 1.51 M in hexane)® 7 /L 2 5PH& F. 0°C T F L. 30 04 L=, T0#%, YL
4% K (1.75mL, 25 mmol) & i F L. iR T 16 Rif#E#: L=, fafntiib7 vt =7 LIRIE T
g k% . CHCL C 3 [EHlH L. CHLClL i Z ik Coeid L=, MoKl R U 7 AT
et JE T CIHEIE A E L, IBREEZ 7 7 v a v VDTN T hra~ N7 T7 14— (&
BRVAME; hexane : EtOAc=3:1-1:1)IC L W KR L, ARk 82 (1.37 g, 39% yield) & 15372, 3 B 7= A=Ak
¥ 82 @ CH,ClL/DMSO =3/2 DIRETEIRIZ 0°C Th U =F LT I (596 g, 58.9 mmol) & =FE{LAfk
FEU UK (3.90 g, 24.5 mmol) & Mz, I T 14 B L7z, A b7 = v ARIK
TG 245 1E# ., CHxCL C 3 [Efili L, CHoCL JE & fafn Bk THatf L7z, &0k, Bk
MU U LTHRG, BET CREZREEL, RREEZ 7 7 v a v VBTN AT L7 a< b
777 4 — (JRBHVASE; hexane : EtOAc = 3:1)IZ L 0 FEHL LA A 16 (0.839 g, 62% yield) THE IR
WL <THT,

16; '"H NMR (400 MHz, CDCls): & = 6.59 (dd, J = 1.9 Hz, J = 2.6 Hz, 1H), 6.08 (t, J = 3.4 Hz, 1H), 6.01—
6.02 (m, 1H), 3.65 (s, 2H), 3.50 (s, 3H), 2.14 (s, 3H); '*C NMR (100 MHz, CDCL3): § = 206.0, 125.4, 122.8,
109.0, 107.3, 42.4, 34.0, 28.8; HRMS (EI) Calcd for CgH;;NO (M"): 137.0835, Found: 137.0838.

B Tl 6 % V7 e AR A UG O G il Tk

= hrAF L (2a,29.8 mg, 0.200 mmol) & A5 T-AlHE 6 (14.9 mg, 0.0400 mmol, 20 mol%)
toluene ¥ (0.8 mL)IZ 2-E' 1 U L7 & F X (16, 54.9 mg, 0.400 mmol) % =R T x, 24 KRFEHEE
Lz RISIREWME 7 T v 2 VBTN T LI a~ NI T 7 0 — (R hexane : EtOAc
=6:1-1:1) ICEVHKERL, BETV I v av UV hTIaru~x NI T 70— (BERE;
CHCl, &) THHRLL . e MR (17, 13.0 mg, 23% yield, 18% ee) % ik & L CTi57-,

A7 12 & HV Tz o AR IREY AR RUG D G R

= hm AF L (2a,29.8 mg, 0.200 mmol) & A%/ F il 12 (23.8 mg, 0.0400 mmol, 20 mol%)
toluene ¥ (0.8 mL)IZ 2-E' 1 U L7 & K (16, 54.9 mg, 0.400 mmol) % =R TN x, 24 KRFEHEE
LTz RISIREWME 7 T v 2 VBTN T A a~ NI T 7 0 — (R hexane : EtOAc
=6:1-3:1) I X VKR L, oA (18,39.5 mg, 69% yield, 68% ee) & i talE{k & L T/,
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1-(1-Methyl-5-(2-nitro-1-phenylethyl)-1H-pyrrol-2-yl)propan-2-one (17)
Ph /3 @) According to the general procedure, Yellow oil; 23% yield (13.0 mg), 18% ee;

TN [0l = +16.4° (c 0.57, CHCls); "H NMR (400 MHz, CDCL): = 7.30-7.32
O2N Me (m, 3H), 7.14-7.16 (m, 2H), 6.09 (dd, J = 0.4 Hz, J = 2.4 Hz, 1H), 6.02 (d, J =
17 2.4 Hz, 1H), 4.95 (dd, J= 5.2Hz, J= 8.4 Hz, 1H), 4.86 (t, J= 5.2 Hz, 1H), 4.73

(dd,J=5.2 Hz, J = 8.4 Hz, 1H), 3.57-3.64 (m, 2H), 3.16 (s, 3H), 2.10 (s, 3H); '*C NMR (100 MHz, CDCl5):
5 =205.8, 138.1, 130.3, 129.3, 128.1, 128.0, 126.7, 108.1, 105.4, 79.5, 42.8, 42.3, 30.8, 28.9; Enantiomeric
excess of the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IC
column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t major = 26.9 min, t minor = 32.3 min; HRMS
(EI) Calcd for C¢H gN,03 (M"): 286.1311, Found: 286.1321.

3-(1-Methyl-1H-pyrrol-2-yl)-5-nitro-4-phenylpentan-2-one (18)

0 According to the general procedure, Yellow solid; 69% yield (39.5 mg, dr = 86:14),

/N \ * 68% ee; mp = 123-126 °C; [0(]2]30 = —126.6° (c 0.78, CHCI3); 'H NMR (400 MHz,

Me NO, CDCl3): 6 =7.24-7.33 (m, 3H), 7.15-7.18 (m, 2H), 6.16 (t, /= 2.3 Hz, 1H), 6.14-6.17
Ph™*

(m, 2H), 4.73 (dd, J= 3.9 Hz, J = 12.8 Hz, 1H), 4.56 (dd, J= 9.5 Hz, J= 12.8 Hz, 1H),
427 (ddd, J=3.9 Hz, J= 9.5 Hz, J = 9.5 Hz, 1H), 4.13 (d, J = 9.5 Hz, 1H), 3.39 (s,
3H), 1.94 (s, 3H); 13C NMR (100 MHz, CDCl3): 8 = 203.8, 137.9, 129.2, 128.2, 128.0, 125.1, 124.2, 109.3,

18

108.3, 78.4, 54.2, 44.7, 34.0, 28.2; Enantiomeric excess of the product was determined by chiral stationary
phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm;
t major = 13.7 min, t minor= 16.5 min; HRMS (EI) Caled for C,¢H;gN,O5 (M"): 286.1311, Found: 286.1325.
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72 VT T AIESCERBER O FIEIZHE > THEB L7 4,
By TR (21— 23) T SCEREEAN O THEICHE - TR L T2 24,
T2tV T T 19)% AW o AGEIRIA TSSO — %I ik

=B AF L (2a,29.8 mg, 0.200 mmol) & HH#E5> 7k 12 (5.9 mg, 0.0100 mmol, 5 mol%) Dk
BEICT7 =77 (19, 55.9 mg, 0.300 mmol)% toluene ¥A#Z (0.8 mL)IZIEL L TINZ, =il
T 48 B L7-, RUSIREME 7T v as VRPN DT LI a~<x N7 T7 40— (R,
hexane : EtOAc=10:1-6:1-3:1) IC X VMR L BET T v a2 VATN DT LIa<w NI 57
o — (EBHYALE; hexane : CHClL = 1:3) CHEHRL L. o fII{A (20a, 60.7 mg, 91% yield, 95% ee) % M £ [
ke LTH,

(2R,3S)-2-(Furan-2-yl)-4-nitro-1,3-diphenylbutan-1-one (20a)
o) According to the general procedure, White solid; 91% yield (60.7 mg, anti/syn = 97:3),
Q’mﬁ:ph 95% ee; mp = 173-175 °C; [oc]%O = —-39.4° (¢ 0.97, CHCl3); '"H NMR (400 MHz,
NO, CDCl): & =7.79-7.82 (m, 2H), 7.46-7.50 (m, 1H), 7.41 (dd, /= 0.8 Hz, J = 1.8 Hz,
©\\ 1H), 7.33-7.38 (m, 2H), 7.16-7.27 (m, 5H), 6.36 (dd, /= 1.8 Hz, J= 3.3 Hz, 1H), 6.34
(dd, /=0.8 Hz, J=3.3 Hz, 1H), 5.23 (d, J=9.7 Hz, 1H), 4.58-4.67 (m, 2H), 4.53 (ddd,
20a J=49Hz,J=9.7Hz,J=9.7 Hz, 1H); *C NMR (100 MHz, CDCls): 5 = 194.3, 148.9,
143.4,137.9, 136.0, 133.5, 129.0, 128.8, 128.5, 128.1, 128.0, 111.5, 110.0, 78.7, 49.9, 45.4; Enantiomeric
excess of the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IG
column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 17.3 min, t major = 19.3 min; HRMS

(EI) Calced for CoH;;NO,4 (M"): 335.1152, Found: 335.1161.

(2R,3S)-2-(Furan-2-yl)-3-(4-methoxyphenyl)-4-nitro-1-phenylbutan-1-one (20b)

0 According to the general procedure, White solid; >99% yield (76.7 mg, anti/syn
QI%&Ph =97:3), 96% ee; mp = 150151 °C; [a]} =—134.7° (¢ 0.96, CHCl3); 'H NMR
NO, (400 MHz, CDCl3): 6 = 7.80-7.82 (m, 2H), 7.45-7.50 (m, 1H), 7.40 (dd, J =
/©\ 0.7 Hz, J= 1.7 Hz, 1H), 7.33-7.37 (m, 2H), 7.18 (d, /= 8.7 Hz, 2H), 6.77 (d, J
H3;CO = 8.7 Hz, 2H), 6.33-6.35 (m, 2H), 5.19 (d, /= 9.8 Hz, 1H), 4.54-4.63 (m, 2H),
20b 448 (ddd, J = 4.8 Hz, J = 9.8 Hz, J = 9.8 Hz, 1H), 3.71 (s, 3H); °C NMR
(100 MHz, CDCl3): 6 = 194.4, 159.2, 149.0, 143.3, 136.1, 133.5, 129.7, 129.1, 128.7, 128.5, 114.4, 111.4,
109.9, 78.9, 55.2, 50.0, 44.7; Enantiomeric excess of the product was determined by chiral stationary phase
HPLC analysis using a CHIRALPAK IG column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A =240 nm; t major

= 32.9 min, t minor= 39.4 min,; HRMS (EI) Calcd for C,;H;oNOs (M"): 365.1258, Found: 365.1250.
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(2R,3S)-2-(Furan-2-yl)-4-nitro-1-phenyl-3-(p-tolyl)butan-1-one (20c)

o) According to the general procedure, White solid; 93% yield (65.0 mg, anti/syn =

@m ,,,,, bR 96:4),95% ce; mp = 136-138 °C; [0 =—114.8° (¢ 0.65, CHCl); "H NMR (400
NO, MHz, CDCL): 8 = 7.80-7.83 (m, 2H), 7.46-7.50 (m, 1H), 7.41 (dd, J= 0.8 Hz, J

/©\ — 1.8 Hz, 1H), 7.34-7.38 (m, 2H), 7.14 (d, J = 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz,
HC 2H), 6.35 (dd, J = 1.8 Hz, J= 3.3 Hz, 1H), 6.33 (dd, J= 0.8 Hz, J= 3.3 Hz, 1H),
20c 521 (d,J=9.7 Hz, 1H), 4.55-4.64 (m, 2H), 4.49 (ddd, J= 5.2 Hz, J= 9.7 Hz, J

=9.7 Hz, 1H), 2.24 (s, 3H); *C NMR (100 MHz, CDCls): § =194.3, 149.1, 143.3, 137.7,136.1, 134.8, 133.5,
129.7, 128.8, 128.6, 127.8, 111.4, 109.9, 78.9, 50.0, 45.0, 21.2; Enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis using a CHIRALPAK IG column (hexane/i-PrOH =
90:10 at 1.0 mL/min); A = 240 nm; t major = 17.2 min, t minor = 19.1 min; HRMS (EI) Calcd for C,;HoNO,
(M"): 349.1309, Found: 349.1307.

(3R, 45)-3-(Furan-2-yl)-5-nitro-4-(m-tolyl)pentan-2-one (20d)
o According to the general procedure, White solid; 98% yield (68.6 mg, anti/syn =
Q””"'"&Ph 96:4), 94% ee; mp = 106-108 °C; [a]fy = —102.0° (¢ 0.68, CHCl3); "H NMR (400
NO, MHz, CDCl): 6 = 7.80-7.82 (m, 2H), 7.46-7.50 (m, 1H), 7.41 (dd, J= 0.7 Hz, J =
- 1.9 Hz, 1H), 7.34-7.39 (m, 2H), 7.13 (t, J = 7.6 Hz, 1H), 6.99-7.05 (m, 3H), 6.36
(dd, J=19 Hz,J=3.3 Hz, 1H), 6.33 (dd, /= 0.7 Hz, J= 3.3 Hz, IH), 5.22 (d, J =
CHj 9.6 Hz, 1H), 4.58-4.65 (m, 2H), 4.48 (ddd, J= 5.4 Hz, J= 9.6 Hz, J = 9.6 Hz, 1H),
20d 2.27 (s, 3H); *C NMR (100 MHz, CDCl5): § = 194.3, 149.0, 143.3, 138.6, 137.8,
136.1, 133.5, 129.0, 128.9, 128.9, 128.7, 128.6, 124.7, 111.5, 110.0, 78.8, 49.9, 45.3, 21.5; Enantiomeric
excess of the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IG
column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 17.3 min, t major = 19.6 min; HRMS

(EI) Calcd for C,H;oNO,4 (M"): 349.1309, Found: 349.1316.

(2R,3S)-2-(Furan-2-yl)-4-nitro-1-phenyl-3-(o-tolyl)butan-1-one (20e)
/ (0] According to the general procedure, White solid; 97% yield (67.5 mg, anti/syn =
QWM"&Ph 97:3), 96% ee; mp = 105-107 °C; [o]fy = —131.8° (¢ 0.87, CHCls); "H NMR (400
NO, MHz, CDCl3): 6 = 7.78-7.80 (m, 2H), 7.45-7.49 (m, 1H), 7.41 (t, J = 1.5 Hz, 1H),
©\ 7.33-7.36 (m, 2H), 7.11-7.14 (m, 2H), 7.05-7.08 (m, 2H), 6.35-6.36 (m, 2H), 5.25
CHj (d, J=9.8 Hz, 1H), 4.78-4.84 (m, 1H), 4.56-4.63 (m, 2H), 2.54 (s, 3H); '*C NMR
20e (100 MHz, CDCl3): 6 =194.6, 149.1, 143.4, 137.6, 136.3, 136.0, 133.5, 131.4, 128.7,
128.5, 127.7, 126.5, 125.3, 111.4, 110.0, 78.7, 50.1, 40.4, 19.8; Enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis using a CHIRALPAK ID column (hexane/i-PrOH =
95:5 at 1.0 mL/min); A = 240 nm; t minor= 9.18 min, t major = 10.4 min; HRMS (EI) Calcd for C,,;H,;;NO, (M"):

349.1309, Found: 349.1319.
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(2R,3S)-2-(Furan-2-yl)-4-nitro-1-phenyl-3-(4-(trifluoromethyl)phenyl)butan-1-one (20f)

e According to the general procedure, White solid; 78% yield (63.2 mg, anti/syn =

@m ,,,,, ph 96:4),95% ee; mp = 143-145 °C; [a]}y =—120.5° (¢ 1.00, CHCls); '"H NMR (400

NO, MHz, CDCl): 8= 7.80-7.82 (m, 2H), 7.48-7.54 (m, 3H), 7.35-7.43 (m, 5H), 6.37

/©\ (dd, J= 1.9 Hz, J = 3.3 Hz, 1H), 6.34 (dd, J = 0.6 Hz, J = 3.3 Hz, 1H), 5.22 (d, J
FsC =9.1 Hz, 1H), 4.57-4.66 (m, 3H); >*C NMR (100 MHz, CDCl3): § =193.7, 148.4,
20f 143.6, 142.1, 135.7, 133.8, 130.3 (q, 2Jer =32.5 Hz), 128.9, 128.6, 128.5, 126.0

(q, *Jer = 3.7 Hz), 124.0 (q, 'Jcr = 270.7 Hz), 111.6, 110.3, 78.3, 49.8, 45.0; Enantiomeric excess of the
product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IG column
(hexane/i-PrOH = 90:10 at 1.0 mL/min); A =240 nm; t major = 10.1 min, t minor = 11.7 min; HRMS (EI) Caled
for C,H 4F3NO, (M"): 403.1026, Found: 403.1031.

(2R,35)-3-(4-Chlorophenyl)-2-(furan-2-yl)-4-nitro-1-phenylbutan-1-one (20g)
7 o] According to the general procedure, White solid; 87% yield (64.1 mg, anti/syn =
Q’m.,&ph 94:6), 95% ee; mp = 122124 °C; [a]}) =—141.4° (¢ 0.54, CHCl3); 'H NMR (400
NO, MHz, CDCls): & = 7.80-7.82 (m, 2H), 7.48-7.52 (m, 1H), 7.42 (dd, J= 0.7 Hz, J
/@ =1.9 Hz, 1H), 7.35-7.39 (m, 2H), 7.19-7.25 (m, 4H), 6.36 (dd, /= 1.9 Hz,J=3.3
Hz, 1H), 6.33 (dd, /= 0.7 Hz, J=3.3 Hz, 1H), 5.17 (d, /= 9.5 Hz, 1H), 4.57-4.61
(m, 2H), 4.51 (ddd, J=5.7 Hz, J=9.5 Hz, J = 9.5 Hz, 1H); 3*C NMR (100 MHz,
CDCl3): 6 =193.9, 148.6, 143.5, 136.4, 135.8, 134.0, 133.7, 129.4, 129.3, 128.9, 128.6, 111.5, 110.1, 78.5,
49.9, 44.8; Enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis
using a CHIRALPAK IG column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t major = 15.1 min, t
minor = 17.8 min,; HRMS (EI) Calcd for Co0H;sCINO, (M"): 369.0762, Found: 369.0761.

Cl
209

(2R,35)-3-(4-Bromophenyl)-2-(furan-2-yl)-4-nitro-1-phenylbutan-1-one (20h)
e} According to the general procedure, White solid; 90% yield (74.8 mg, anti/syn =
@Il,lh"iph 96:4), 95% ee; mp = 146-148 °C; [a]}) =—128.2° (¢ 0.60, CHCl3); 'H NMR (400
NO, MHz, CDCl): 6 =7.80-7.83 (m, 2H), 7.48-7.52 (m, 1H), 7.35-7.42 (m, 5H), 7.15
/©\ (d, J=8.5Hz, 2H), 6.36 (dd, /= 1.8 Hz,J=3.3 Hz, 1H), 6.33 (dd, /= 0.6 Hz, J =
Br 3.3 Hz, 1H), 5.17 (d, J=9.6 Hz, 1H), 4.57-4.60 (m, 2H), 4.50 (ddd, /= 5.9 Hz, J
20h = 9.6 Hz, J = 9.6 Hz, 1H); *C NMR (100 MHz, CDCly): § = 193.9, 148.6, 143.5,
137.0,135.8, 133.8, 132.2, 129.8, 128.9, 128.6, 122.1, 111.5, 110.1, 78.4, 49.8, 44.8; Enantiomeric excess of
the product was determined by chiral stationary phase HPLC analysis using a CHIRALPAK IG column
(hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t major = 16.4 min, t minor= 20.2 min; HRMS (EI) Caled

for CyoH sBrNO, (M"): 413.0257, Found: 413.0259.

86



(2R,35)-3-(3-Bromophenyl)-2-(furan-2-yl)-4-nitro-1-phenylbutan-1-one (20i)
@ O According to the general procedure, White solid; 82% yield (67.8 mg, anti/syn = 96:4),
o~ Ph 95% ee; mp = 124-125 °C; [a]® = —112.3° (¢ 0.50, CHCl3); 'H NMR (400 MHz,
& NO2 CDCl): & = 7.80-7.83 (m, 2H), 7.47-7.52 (m, 1H), 7.32-7.43 (m, 5H), 7.18-7.21 (m,
1H), 7.12 (t, /= 7.8 Hz, 1H), 6.36 (dd, J= 1.8 Hz, J=3.3 Hz, 1H), 6.32 (dd, J= 0.6
Br Hz, J=3.3 Hz, 1H), 5.17 (d, J= 9.5 Hz, 1H), 4.56-4.63 (m, 2H), 4.47-4.52 (m, 1H);
20i BCNMR (100 MHz, CDCl3): §=193.8, 148.5, 143.5, 140.3, 135.8, 133.7, 131.3, 131.1,
130.5, 128.8, 128.6, 126.8, 123.0, 111.5, 110.2, 78.3, 49.9, 44.9; Enantiomeric excess of the product was
determined by chiral stationary phase HPLC analysis using a CHIRALPAK IG column (hexane/i-PrOH =
90:10 at 1.0 mL/min); A = 240 nm; t minor = 14.6 min, t major = 16.7 min; HRMS (EI) Caled for C,,H;sBrNO,

(M"): 413.0257, Found: 413.0255.

(3R, 45)-4-(2-Bromophenyl)-3-(furan-2-yl)-5-nitropentan-2-one (20j)

0 According to the general procedure, Yellow oil; 95% yield (78.4 mg, anti/syn = 99:1),
QMM"&PF‘ 97% ee; [a]® = —144.4° (¢ 0.72, CHCls); 'H NMR (600 MHz, CDCls, —30 °C): & =
NO, 7.96 (d,J=7.7Hz, 1H),7.65 (d,J= 7.8 Hz, 1H), 7.57 (t, J = 7.3 Hz, 1H), 7.42-7.46
@ (m, 3H), 7.19 (t, J= 7.3 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 7.02 (d, J = 7.4 Hz, 1H),
B-r 6.35-6.38 (m, 2H), 5.54 (d, J = 8.2 Hz, 1H), 5.03 (dd, J = 4.4 Hz, J = 13.4 Hz, 1H),
20] 4.91-4.94 (m, 1H), 4.52 (dd, J=7.2 Hz, J=13.4 Hz, 1H); *C NMR (150 MHz, CDCl;,
-30°C): 6 =194.3, 148.0, 143.6, 136.4, 135.0, 133.9, 133.8, 129.4, 128.8, 128.7, 127.9, 126.9, 125.2, 111.3,
110.7, 76.1, 48.0, 42.9; Enantiomeric excess of the product was determined by chiral stationary phase HPLC
analysis using a CHIRALPAK ID column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor= 9.16

min, t major = 10.3 min; HRMS (EI) Caled for C,0H;(BrNO4 (M"): 413.0257, Found: 413.0254.

(2R,35)-3-(3,5-Dibromophenyl)-2-(furan-2-yl)-4-nitro-1-phenylbutan-1-one (20Kk)

o According to the general procedure, White solid; 78% yield (76.5 mg, anti/syn =
QM'"“&Ph 97:3), 95% ee; mp = 164—-166 °C; [a]%) =—122.1° (¢ 0.69, CHCl3); '"H NMR (400
NO, MHz, CDCl3): 6 =7.81-7.84 (m, 2H), 7.50-7.54 (m, 2H), 7.37-7.42 (m, 3H), 7.35
Br " (d, J=1.7 Hz, 2H), 6.37 (dd, /= 1.9 Hz, J=3.3 Hz, 1H), 6.31 (dd, /= 0.5 Hz, J
=3.3 Hz, 1H), 5.10 (d, /= 9.3 Hz, 1H), 4.54-4.64 (m, 2H), 4.46 (ddd, /= 5.2 Hz,
Br J=9.3 Hz,J=9.3 Hz, 1H); *C NMR (100 MHz, CDCl3): 5 =193.5, 148.1, 143.7,
20k 142.1, 135.6, 134.0, 133.9, 130.1, 128.9, 128.6, 123.5, 111.6, 110.4, 77.9, 49.8,
44.5; Enantiomeric excess of the product was determined by chiral stationary phase HPLC analysis using a
CHIRALPAK IG column (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 240 nm; t minor = 12.4 min, t major =

15.9 min; HRMS (EI) Calcd for C0H,5sBr,NO4 (M"): 491.9440, Found: 491.9440.
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(2R,3R)-2,3-Di(furan-2-yl)-4-nitro-1-phenylbutan-1-one (20I)
@ o According to the general procedure, White solid; 92% yield (59.6 mg, anti/syn =
o~ Ph  96:4), 94% ee; (*: representative signals for the minor diastereoisomer)'H NMR (600
=~ \"ﬁ:NOZ MHz, CDCly): 6 = 7.94-7.95* (m, 0.08H), 7.89-7.90 (m, 1.92H), 7.50-7.55* (m,
<\/\‘o 1H), 7.38-7.44* (m, 3H), 7.25-7.28* (m, 1H), 6.30-6.33 (m, 1.92H), 6.18-6.21*
201 (m, 1.04H), 6.15 (d, J=3.3 Hz, 0.96H), 6.11* (d, J = 3.3 Hz, 0.04H), 6.06* (d, J =
3.3 Hz, 0.04H), 5.35* (d, /=9.7 Hz, 1H), 4.97* (dd, /= 8.8 Hz, J=13.0 Hz, 0.04H), 4.75* (dd, /= 4.0
Hz, J = 13.0 Hz, 0.04H), 4.65-4.68 (m, 0.96H), 4.51-4.61* (m, 1.96H); *C NMR (150 MHz,
CDCls): 6=195.2*%, 194.2, 150.7, 150.6*, 148.8*%, 148.3, 143.5, 143.2*, 143.0*, 142.4, 135.9*, 135.7,
133.9%,133.7, 128.9*, 128.8, 128.7, 128.4*, 111.4, 111.0*, 110.7, 110.5*, 110.2, 109.4*, 108.6, 108.5%,
76.3, 76.1%*, 48.1*%, 47.7, 39.5*, 39.1; Enantiomeric excess of the product was determined by chiral
stationary phase HPLC analysis using a CHIRALPAK IC column (hexane/i-PrOH = 90:10 at 1.0
mL/min); A =240 nm; t major = 11.5 min, tminor= 13.5 min; HRMS (EI) Caled for C,gH;sNOs (M"): 325.0994

Found: 325.0945.

3,5-Bis(3,5-dibromophenyl)-2-(furan-2-yl)-4,6-dinitro-1-phenylhexan-1-one (24)

'"H NMR (600 MHz, CDCl;): § = 7.72 (dd, J = 1.1 Hz, J = 8.5 Hz, 2H),
7.66 (t,J=1.6 Hz, 1H), 7.56 (t, /= 1.6 Hz, 1H), 7.50-7.53 (m, 1H), 7.37—
7.41 (m, 3H), 7.25 (d, J = 1.6 Hz, 2H), 7.05 (d, J= 1.6 Hz, 2H), 6.32 (dd,
J=19Hz, J=3.2Hz, 1H), 6.18 (d, /= 3.2 Hz, 1H), 5.24 (t, /= 7.4 Hz,
1H), 5.17 (d,J=9.8 Hz, 1H), 4.65 (dd, /= 10.3 Hz, J=13.7 Hz, 1H), 4.54
(dd, J=3.6 Hz, J=13.7 Hz, 1H), 4.34 (dd, J = 7.6 Hz, J = 9.8 Hz, 1H),
3.68-3.71 (m, 1H); *C NMR (150 MHz, CDCl;): 6 = 193.4, 146.9, 143.7,
139.7,138.1, 135.5, 135.4, 134.7, 134.0, 130.9, 129.9, 129.0, 128.5, 124.1,
123.8,111.8, 111.6,91.1, 75.8, 49. 5, 48.9, 44.1; HRMS (FAB) Calcd for C,5H,,BrsN2Og (M+H"): 800.8086,
Found: 800.8091.
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Single crystals of product 20h were obtained by gradually diffusing n-hexane into a solution of 20h in EtOAc.
An approximately 0.228 mm x 0.050 mm X 0.042 mm CyHisBrNO4 specimen was used for the X-ray
crystallographic analysis. CCDC 2385087 contains the supplementary crystallographic data for this study.

Crystal data of 20h at 100 K: Cy0HsBrNOa4, M; = 414.25, orthorhombic, space group P2:2:2; (no. 19), pc =
1.519 gem™, Z=4,a=5.51802) A, b =16.7070(8) A, ¢ = 19.6549(10) A, B =90°, V= 1811.97(14) A%,
=2.294 mm™!. The values of the measured and unique reflections were 26834 and 3971, respectively (Rint =
0.0546). The final R(F) = 0.0252 and wR(F?) = 0.0577 for the 236 parameters and 3707 reflections with 7>
20(/) and 2.649°< @ < 27.113° (corresponding R-values based on all 3971 reflections) were 0.0292 and

=

0.0593, respectively. The goodness of fit was 1.038. The largest peak in the final difference electron density
synthesis was 0.299 /A3, and the largest hole was —0.336 e /A® with an RMS deviation of 0.051 e /A3. The
data can be obtained free of charge from the Cambridge Crystallographic Data Centre at

www.ccde.cam.ac.uk/data_request/cif.
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