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Ac

Ar
AUC
Bn
Boc
cat.
Cbz
Cmax
COD
conc.
DCM
DFT
DIPAMP
DMM
DMSO
DNBA
dr

E

(E)-
ee
equiv

ESI

NBA
NMR

A SCHUZAE T U 72 W5 & LA R ISR,

acetyl

aryl

area under the blood concentration time curve
benzyl

tert-butoxycarbonyl

catalyst

benzyloxycarbonyl

maximum plasma concentration
1,5-cyclooctadiene

concentrated

dicholoromethane

density functional theory
1,2-bis[(2-methoxyphenyl)phenylphosphino]ethane
diaminomethylenemalononitrile
dimethylsulfoxide

2.,4-dinitrobenzoic acid

diastereoratio

electrophile

entgegen

enantiomeric excess

equivalent

electrospray ionization

ethyl

hour

high performance liquid chromatography
high-resolution mass spectrometer

hertz

isopropyl

coupling constant (in NMR spectrometry)
molar

methyl

melting point

nitrobenzoic acid

nuclear magnetic resonance



"Bu
"Pen
"Pr
Nu
Ph
PMB
PMP
ppm
(R)-
rac

r.t.

‘Bu
TBS
temp.
TFA
TFAA
THF
TIPS
TLC
TMBA
T™MS
TOF
Trp
TS

Ts

normalbutyl
normalpentyl
normalpropyl
nucleophile

phenyl
para-methoxybenzyl
para-methoxyphenyl
parts per million

rectus

racemic

room temperature
sinister

tert-butyl
tert-butyldimethylsilyl
temperature
trifluoroacetic acid
trifluoroacetic anhydride
tetrahydrofuran
triisopropylsilyl
thin-layer chromatography
2,4,6-trimethylbenzoic acid
trimethylsilyl
time-of-flight
tryptophan

transition state
para-toluenesulfonyl

Zusammen



Fri

EERNIZB T 2ZHERIT -7 IV BOBNORERESND 2D, REMEEZA LTS, Thbb,
EIEMEE NI BT 285G, = v T A~ —RCTAEBEEICENE L 2568085
%o T, EEMHDFICB W TOEFREERD 5 bEMME - ZeMEicERT-LOESBEL, #
EHME L TEARBRINDIBONREATETWD, il LT, 7LAF—MHEERKICHNOND
TFUDUDOIEEARKIT R KTHY, SIKEEAST R AOE e A¥Z I H BRI T S
BUFIMED 30 @<, MEEERE LRIRCTH D, ZDD, 7T 7Y « AIRT T4 4KV iREE
SNEEVREF U PUHERE (R 1K) 27 IK0O¥EREGTL20 T, RFomfETeF Y v
VIRENGE O, MEHRETF Y U0 Cmax fH, KN AUCo-ss EHR%ETH S (Figure 1), "

cl ~_-0._COH cl ~_-0._COH
N N
L0 L
) e

Levocetirizine

(rac)-Cetirizine (R)-Cetirizine
10 mg 5mg
Cmax : 203.3+42.49 ng/mL Cmax : 196.5+31.31 ng/mL
AUC_ 45 : 1814.9£304.22 ng-hr/mL AUC(_4g5: 1710.5£263.31 ng-hr/mL
Figure 1

Flo, HFRMERIC XD ABISHEOMHETEBER O RNDO AR BT ZHREOBRIRMEIC L
Brb5250, Thbb, =F v FA~—OHFEIEIERZ5I SR THERE 20 5 5, RENR
il LTH Y F~A FEEDRET NS, Y FvA Rl 1950 44 1T Griinenthal GmbH ££:7)
BIRGE S NTFE I Y — VIR RMEIREFRIETH 5 (Figure 2) .

0O

@iw{;

O O
(#)-Thalidomide

Figure 2

T U <A NXEREOREREO FCRIEH DD WERES & LT, AREZET 40 HELLLET
RoE ST, L LR S| AR O MR ARIER 2 IR LB, TRIROFRLH e EICar
R Z L, HRMZREERE~LFREL, AARIZBWTY 1962 FITREIFF LS
oo TDH%, R KBLD S KDYV Y R~ A R~ 0 2Tk L TRE LIZRER., § K2 Hnizga
(ZHEATENE A 7" 2 &8 Blaschke HIZX > THLMIZE N, 2 FERMIZY Y R~ o FEME,
FELWIHSHWEZ T TR, ABEFICBT 2R EGROEREEZ & T,



VB L T B NREHAL AW AR D TIEL LT, (1) RARICEAFET DG RT 2 3B
e Ex2FAT 5 X TV T— ik (2) SFmnEiE. 3) MAEMSCBER L EAFIN LIz A G
RRiE, (4) BIEARFT ARIER ENFET D, LOLARRL, F 707 —WETIHMEREGRED
HUVNEENLL EOSEEMNR R Z MBS L, S BICIMEERH L UDEE STV S 7201
BRV— N ORBPHIRE N D, HFEDENETIIAE RS v F A~ — % FEETIMLERDH D |
ﬁ%&ﬁ%@%u\ﬁz& IXE 2722\, WA RE CIRIER I EOSLARIRME 2 R 813 5 R 03B %
ENTHDHDOOD, ARFERAEME, B E OB SICHIBRNZ V. 2L OFIEITH L.
’)g@?%/ﬂ?i)x%jﬁg@t%{ﬁ PERZ G T 52 LN TE, BEHRAMKEFEV S ITLZLEHTE
% TR RF G IFEFED L DR DR TH S, PTH, BBEBOGEZRE, R
FFEUL T OBPUZ L o TR A @ ICHIE FTRE 72 72 2 < ORFIENHE STV D

2001 42 ) —~AbLFE Z5%E L7z Knowles 5, Rh(I) & DIPAMP % 7= R KFEILIK
JRIZ XD Pt —F o Y IRIRIFEIE TH D L-DOPA O TEMAEREIEDBIFRIZK L) L 7= (Scheme 1),

3)

MeOWCO2H [Rh((R,R)-DIPAMP)COD]"BF ;- MGOD/XC%H
H NHAc
AcO NHAc Ha AcO

95% ee

OMe HO

CO,H
HO
L-3,4-Dihydroxyphenylalanine
@ MeO’@ CcoD (L-DOPA)

(R,R)-DIPAMP

Scheme 1

LU 6, EBeROZ IImPIr o Th . EROMEN OGN EET DY 22
VDb, £lo, @WEEEZ AT 2EBGRBIINRCEREIC S L TRERERELE X D, FICE
O Tl HEROIRAPMERWEFICER T 2720, EELT~ORAFEITR L < B S
NTW5, ZhHDOEENL, EBEEEEZ ARV 2R AR F SR OBFE A R D b T
2

IO OBBIIH LT, @AM FICAEBIS 2 (89 5 A0 AR, BREE AL 208

L. BIHOKEEZ & OS2 MBEICIS 2 9 2 b5EHET & L GEFEHE %%&)Tb\éo A5y
TR X B REFA RO SEERR 72 & L C. Hajos-Parrish-Sauer-Wiechert SUS13Z81F 5415, 1970
ECYIBH, Hajos® © & Wiechert? LIXZENENMAIIZ, 7 /B THD -7 0 B TRT
b R = /VERJSIZEB W TNl T 5 2 & 2325 L72 (Scheme2) , AT EE = HEARE 11 0ELT:
HTH D (+)-Desogestrel DEEKICHIGH SN TN D, ©



Q Me @ H OH Me O
0,
Me% @Bmo%) ¢©t/§
o) (@)

93% ee
Hajor-Parrish Ketone
()®
N
o Mo H OH Me??
(0] (@)

71% ee
Wieland-Miescher Ketone

Scheme 2

*7-. 2000 EIZ List S -7V 2T b 87T REDAREFET IV R—/LEG
A L7z (Scheme3), 7 ZOWMEIC KV | HHY TAMLII 0 TN T2 <L o RIROG
WChEARETH D Z LRGN E T,

KTLYQ
O N O OH
OH
0 (30 mol%) Ph\[ﬁm’[\jo /\H
+ H > Me y
Me)J\Me DMSO Ho Me X,

62% yield
60% ee

Transition State

Scheme 3

F-FEIC, MacMillan X RKRT 2 VO OLFHEINTZA I XY U Y /W Diels-Alder
FOSIZERB W TH e AFMEETH D Z & 25 L7z (Schemed), ¥ 1 I XV U UflllED 5 —
T I VAN NIEE A I =T A F U ERR LIEME(ET 5 2 & T, @R D ENLRER
WIS ETTT 5,



0 Me

N
M
>/M © O, Me
N € N
H
Ph ' HCl rﬁﬂgul\ﬂe
Ph O*\ /)~ MeoHH,0 rt | . S
CHO Ph e
(2S)-endo (2S)-exo Ph
93% ee 93% ee Iminium lon Dienophile
99% vield

(2S)-endo:(2S)-exo = 1.3:1

Scheme 4

List & MacMillan & O % 2T ARGy AL ER & B AEORER [T D - 7o A%
fldft & U CHEHZED, BUEICELIETHARE LWRREZZF C& /-, List & MacMillan 1XZ 1
BIFEMN D 2021 i) — VU EFEEZEH L T\ 5,

ARGy TR X 2 ROSHEIL, bl & FOSHEE D AR S 2R L CTEM LT 2568 &, K
FREGEN LU UEE LT 2560 2 FIZKEnD, BBl t-7rl) oo/ IFy )Y v
it & U7 BOS TIR, BSOS EEE L AR S AT 2 2 & T RUSDOIREIZTET 5,
KFEFEG I UT- RS & LT, 1998 4EIZ Jacobsen O IIMAMEERERLE L CTF AU LT 2EA
L7y Tl KD o 7 o bkFE L A 2 0 & DARE Strecker sz HE L7- (Scheme5), ?

B
Ph. _N_ _~ S
~ NN N=
.
(2mol%) HO OMe o
=
N 1) 24 h, toluene, -78 °C ¢
+ hon W Bu > F3C)W
Ph)J\H (2) TFAA :
Ph” >CN
78% vield
91% ee
Scheme 5

2003 ., MIARGIZTF AU L7 ENENTOKB-EEMGEA L LTHEET S Z LICER L, A
PEERECTHDHE M7 I U EHEA L EREMEAR Y T (FIARRREE) 2B L7, ZoF
F U LT RIER FRNE = e XA F L AT D v r B AT L O AR BTN A e
L. @SSR C HIOM IR 23S 535 (Scheme 6), 'O AfiliE X T4 7 L 7 AL &
BT X UERALIC & 0 SR A & SRR & FIRFICTEME L, D0 T L2l IR X 2 i RS A
DL & HIES 5 2 & T, 2R & ERK LT,



CF;

o
F3C NJ\N"Q

H H NM 0 o)

€2
(0] (@) o
Ph/\/N02 + JJ\/U\ (10 mol /o) . EtO OFt
EtO OEt toluene, r.t.,, 24 h o NO,
2.0 equiv
( o 86% yield
93% ee

Scheme 6

ZOWERREIT, EREMEAE S AN ETEM R A A & U OR<ERA S L, 25K
WS I T& 7z, Bl& LT, 2008 4FIZ Rawal HIZAZ 77 I REBMEEREL LTROAZ T
T FRUEMES T 2B L, = ha XA F LoD 13-V H LR =LAV O ARFE ALK
& s L7- (Scheme7), 'V

N
Fsc\I:;:]/”\N HN
H H
=
CF; - |
O O
o 0 0.5 mol%
)J\)J\ + Ph/\/Noz ( o) — Mo Ve
Me Me CH,Cl,, rt., 8 h e
2
(2.0 equiv) Ph
94% yield
>99% ee
Scheme 7

i LT Ty L7 AT TAME L 22 7 T A AR T = R OB
RS B L DBRYERE 7S B2 5 7200 T E AU AT 2R S (Figure3), 19 200 5
(7 TEREPEATHESY T AT 35V CORSRRE AR, UL - SRR K& BB RIET
LELBND,



[H-bond distance] [pKa values in DMSQ]
| H
s Oj io CFs o, 0
\N)J\N/ /@\ S j\;f N
H Ho A FsC NN i \QAN Ny
H H
213 A 572 A NMe, P

pKa = 15.1

Figure 3

BROBEFEND, EEDPTRT HMEETIIKRER MG E LT, VT I/AF L~/
= UV (diaminomethylenemalononitrile: DMM) ‘4% % 9 5 A8y il 2 BA%E L 7=, 2013 4F
(o ZIHBIEH T I &2f L7 DMM BUAHES TREFE T, o 2T V7 e FoE =1
AJVIR SO AR A IS N @R« B AR T35 Z & 2 L7= (Scheme 8),
149 DMM BB 5 i O K FE A B GMALIT IR 7B R R TH DT Kxk 2 DHAT
HZETARFEMABBEE RO, TNUONRETAITH D E=/LAVHR AT BNLT D 2 & TER
REELZELSETND LEZ LN,

FsC N ”[ ]
NH,
(10 mol%)

SOPh CHO CF3 TFA (10 mol%) Ph, Me SO2Ph
+ > :
SO,Ph Ph)\ Me CHyClp, rt., 24 h OHC SO,Ph
(2.0 equiv) 90% yield
89% ee
Scheme 8

Z OWELIRE, DMM BUEHES AT SEARIEIREY 7 R B IRFBRE S TR PSR IRFHE-Y ik
BRBUSIZEAFEETH Y . E OARFRISHRES NI, W vrl P BROE HT 2
v %A L7z DMM PR T = b 2 F L AT T 28R b o OARF AR

(Scheme 9 eq 1) ' BIOBRWKST N EFFRT VT & REDARFT LV R—/VKE (Scheme 9
eq2) " ZEMHFRETH D,



NC.___CN

F3C NIN//,O
HOH N

0 CF4 (10 mol%) O Ph
4-Nitrobenzoic acid (10 mol%) : NO
x._ NO - 2
Ph -2+ ij neat, rt, 24 h > é/y ™
(5.0 equiv) 83% yield
syn:anti = 92:8
89% ee
NC._ _CN

F3C NIN//,O
HOoH aN

0 0 CF, (10 mol%) O OH
H 2,4-Dinitrobenzoic acid (10 mol%) ‘ 9
* neat, rt, 24 h > ; (2)
O-N NO,
(10.0 equiv) 90% yield
syn:anti = 92:8
92% ee
Scheme 9

T, vraFTahad NREEOE ZHET I 24 L. DMM By itltix, 7ot
R b Azxt T 5 RF e FadR AR = /{tXE (Scheme 10 eq 1,2), ™ 5 X O o B-FAaf7
N ASDRFHRAT 7~ A 7 VAINEE (Scheme 10 eq 3) ') (235U THEEAL/Z SEARIEIRE 278 L
7o



11
0 o Bu MeO OH
0,
Ho, /lFl’\\oph (10 mol%) g P(OPh), (1)
H™ oph toluene, -78 °C, 28 h o
(1.2 equiv) 97% yield
90% ee

f
0 o Bu MeO HO, Me
©)J\Me . /g\\oph (20 mol%)  MS 4A . @ﬁ(OPh)z (2)
H OPh toluene, -60 °C, 74 h o
(1.2 equiv) 82% yield
92% ee

0 o MeO 0O Me
1 20 mol% MS 4A ;
Mo & R~ (20 mol%) - POPh), )
H \O,thh toluene, r.t, 72 h g
(2.0 equiv) 94% yield
92% ee

Scheme 10

IR OERIZ, 2000 FELICK, AARARIE A B SRR S =it E L TIER SIS K )1
2o TR TREIE 2 < OFRF I L o THIFE STV D, L L s, ks 7ttt —
AR WG 2 B3 5 8, @A EOMBZ VNI L35 L Vot REEH LTS, - T,
HIBRBREEICHCRE L2 S B EHK M &2 A pE L, BRRBIGIC LD ZRITmIT 5 L nolcttad =— X
JER DToOITIE, & OBV R 2 7o A5 ik B ZE & B RA AN & AOGR D BRFE A3
BB Lo TnD,

BRHIEREND, EHIERBIGICRKE» LR EICERL 2 MG T2 FHEOBEEZANE L, A
53 TR X 2 Zh SR 0 AR 75 SO D BRI JEICE T LTz,



B 77 UHEERONR AT ) a= MU AASORFEEN E =0 B AL IR
DORRFEB L OB y-7 7 # AFEREGERA~DIGH

Fr i

V-7 7 7V RIEZ < OEMIEEMEIZE ENHEARED 1| D TH Y | 13,000 FELL EOKAY
D777 U REHEEALTND, D HThH, yy- & -7 7 /7 U REHIL peroxisome
proliferator-activated receptor (PPAR) y 7 ==& h & L Cf< Plakilactone C '© CHUEEEME % R~
9" Crassalactone D '?, gamma-aminobutyric acid (GABA)x = AR EIEM 2B 7 5 Securinine ¥ 7¢

EDEYIEEE P AFAET 2 EHE o EIETH S (Figure 1. 1),

O Me
Me = N
Me (0] S Me
Plakilactone C Crassalactone D Securinine

Figure 1. 1

Floyy-BH -7 7 U RERIEBR RSO HEAT IS8 EOBMSOSIZ KV | #kx 722G
R RAR AN E RS ICEHTRETH S (Figure 1.2), < LT, JERIEMERR vy- & v-77 /Y
R ONRE e A IEORFE L, EEBEFOSIFICB W TEHEEREREE 2> TWnh, Ll
RIND .,y MLTORFK AR FEOHEEIL, SRR AR > TV D TDIZEHNETH 5,

R Nu
R . N . i R .
R 1,4-Reduction R’)Q Michael Addition
: - - R
(0] © 0 o)
0 vy-disubstituted y-butenolide 0

Diels-Alder Reaction

Ring Opening 1,3-Dipolar Cycloaddition
0 R f
R V&
HONX 5
R R o)

Figure 1. 2

HEEEETR yy-— B -7 7 2 U ROBFLEE LT, E=a FAMLU-<A 7 /AR S H
HMHNTWD, 2003 412 MacMillan DT A 2 # Y U ¥ 7 il %2 A vy, 5-methyl-2-
(trimethylsiloxy)furane & 3% 7 L7 & Ko =0 H AW U-~A 7 IVFHINEIG &2 #is L



(Scheme 1. 1), ' Boiie yy-—EH -7 7 /2 U ROT AT v R &2 20 L3528 T
KINW) T % Spiculisporic acid DEEZEK L TV D,

Me
o) H
Lo
e
H Me I\:/IelvIe
A F)h(zo o) oA :
TMSO™ ~o™ "Me Me™ = 70 MeOH-H,0, -70 °C 6
(3.0 equiv) Y
81% yield
syn:anti = 22:1
92% ee
Me
0 ,
iy
"ME—Me
TIPSO/@\CO Ve b o e BuO,C HO2% copm
0 2 Ph - TFA 2¥ co,Me :
. (20 mol%) . o7 : N N\
THF-H,0, -4 °C o  — o)
AN
BuO,C” 0 o} Spiculi ic acid °
i 90% vyield piculisporic aci
(3.0 equv) syn:anti = 11:1
89% ee
Scheme 1. 1

S BT, Pihko HIE trans-2,5-diarylpyrrolidine Zfitfi s L THEHT 252 & T o (LICEBREEZS
LB T7 LT R~ = b AMU-~A 7 AT S Z 7R L7- (Scheme 1.2), 2% AR
XK Td D Pectenotoxin @ C17-C28 7 T 7' A Lk OSEARIRI A2 G AL A& ATREIC LT, 2

Ph“"Q‘Ph

H (20 mol%)
4-NBA (20 mol%)

7\ 0 H,O (2.0 equiv) . 07 N
TBSO/O\Me * Y\ > .

Me DCM, 0 °C—r.t. Me O

(0]
90% yield
dr=55:45
96% ee

Scheme 1. 2

vy- B -7 T ) REBEAREES LT = u b AL~ A Z AN S R 2 A RIED
1 D ThDH, LnLnb, E=aHZXm-~A TAANBISIE -7 7 /U & 2-vnfx 7
T UNEEWT HNENDH DR, VY NVEBSROBEFEMPEL D Lo REER LTV,
VAR CIRBRESIH Y E 2 H T BALFRT 5 D Tlde < RARICHEHZIET 577 Y —o 7 2 R b
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U—"OBENRE S, Y ZOMEITAEEEFEO T THHSTIIR < HFRrmE <, R

BE~DOARIIARE L7 RFEDORENEENL TV D,
2011 4F, Alexakis (37 I —n-t'0 U VUMBFE T, BRIEEOEV a-KFE2HT 5 o-
angelica lactone Z sKEZAIL LTHWD Z & T, =) — /L L EBRAF © =1 T ZILEAS IS

MAEETH D Z X LI L~ (Schemel.3), ?

m ]

f PN Ph (15 mol%) G !
Me/[;\/QO v M ™0 Toluene, r.t. 5 N
. (3.0 equiv)
a-angelica lactone o)
79% yield
dr=4.7:1
97% ee

Scheme 1. 3

b X5 AR A A e AR FEERT E = v 7 R RAINOSIE, © = a2 A -~
AT NATINEOER E LT, 2-va X%y 7 7 0Ol a2 L LS9, UV VIR kRO FEEY A
C22nWEDFHAZA LTS (Figure 1. 3) . ASUSTIEFIFER & < BEEAM AR 7O & L
THHEED A RETARRA VT4 B~ ATNT 78T HZ—L L THW TR T,

23)

O
Siloxylation _ ﬂ ) Rz/\)KR3
>~ R OSiRg

o
Vinylogous Mukaiyama-Michael Reaction

2
/L/_\A\ Organocatalyzed Direct Vinylogous Michael Reaction QR
(0] o + (o] R3 N N
/\/u\ ©
R2 R3 o)

Figure 1. 3
2016 4, Alexakis ©Id 2-hydroxy-1-naphtoic acid OfFE . 9-amino-9-deoxy-epi-quinine 7% fillf

ELTHWAZ LT, FETT VU FOx ) o ~DORFEBN L =1 7 2SS
R0 BAF 72 UK CH#EI T35 2 & 2345 L7 (Scheme 1.4), 2
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NH,

(20 mol%)
Me 2-HO-naphtoic acid 0 PhMe
- o (60 mol%) Me N
+ - -
° o] Ph/\)L Me toluene, r.t., 72 h o
2.0 equi ©
(2.0 equiv) 77% yield
dr=8:1
99% ee
Scheme 1.4

Fo. ZERMEARS AR A WS AR EER = v T A BATINRIS DOBR%E b 2 < O
FIZX > TER SN, 2012 4F, Mukherjee HIEF=—FBHKDOFE {7 I 2HL-TFA UL
7RIS TR X % | a-angelicalactone & =~ a7 L2 L OIS E AT L7z (Scheme1.5)
B)BEND vy EE -7 7 U Fo= bk, i< aza-Michael {HIMBRILERIZ LD
CBRME v-T 7 b U RIRE A~ DR Z TRE L LT,

74
iE:U \l/ s
BN NJLN\\-
H H
o HO
Ph, N
Mo~ (10moi%)  igyo ON_ALN _ AlHg) _ph H
o) + pr N0z > I T
o _ CHCl3, -36 °C, 34 h o) THF/H,0 Me
(1.5 equiv) y 0°C.20h o
o
92% yield o i
dr > 20-1 73% yield
89% ee
Scheme 1. 5

Jiang DIZFEIREHNC Ltert-m A L oD BFFE LT F 40 LT RATHE S A X 5 | 5-EH# T 7
VAQBH)-A v EAXH VT VREGT o - AT R L ORFEBI Y = v 7 AR
N i Z 445 U7~ (Scheme 1. 6),
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CF;

~Ls Q 0P
C‘N\/T\NJLN oF, %\:‘1/\:&0

(0]
Ph~ e} 0]
Q .\ P b H H(imo%) ~ Ph
o o PhM Et,0,25°C, 5 h Ph I\
0 0
1.1 i
(1.1 equiv) >
88% yield
dr>99:1
94% ee
Scheme 1. 6

UboXoiz, EFREALVT 4 v ERWTEAFEBNE =0 T ALEMINFOEZ LD yy-—
B y-7 7 2 U RFEEROERITEZ < HMEINTND, £ TEFIAFEENE =0 721k
BATIMINC BT 2~ A TNT 78T —L LTRU Y ANANT 7V n= b ZER LT, v
SANT 7 Va= NI VESATNT 7T 2 —E UTHWEARF ARG D SEBE) 7o 6 &
LT, 2012 4 Melchiorre & [IHk-Jorgensen fltfiif7{E T, N-Boc-3-(2-methylinodol-3-yl)acrylaldehyde
EDORISIZEDT R I Rrh sy — LB OARFE AR AZER L7 (Scheme 1.7), 2

Q""’ﬁp;h

© H
H OTMS
o) (20 mol%)
A TMBA (20 mol%)
+ A CN >
N toluene, 40 °C, 48 h
Me
N ! CN
Boc BOC
(1.2 equiv) 71% yield
dr>20:1
98% ee
Scheme 1.7

S 51T, 2020 FEFOFTET HMEETIE, F=—FHEKOE=HT I %H L= DMM i
BRI Z WD Z e TR AN T 7V rn= NI VIR T D a-v T /7 b ORFIE
RIS DS BRI\ N o F AR THE T2 Z & 285 L7 (Scheme 1.8), '
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O CN O

(0]
o _ MeO™ 30 mol%)
é/CN * CN toluene, r.t., 24 h > :
it < 'CN
(1.0 equiv) 83% yield
syn:anti = 71:29
93% ee

Scheme 1. 8

ULEDERIZ, Xy AT 7 Vua= ) WIRMR~ATNT 78T 2 —ThdH, LinLRN
B RV ANT 7Y a= s U ERWEARF NS O®ERNT LR L7z 2 floATHY |
REFEENE =0 B AEMMEOSZ KD vy- & -7 7 7 U ROGEENER, R AL
TrVu=hUl 5EHRT T U20H)-A I LA RFEENE =0 B ALK & o
T, RHEMRIRSE EARF ZRIREDREEE Lz -7 7 /U R EAROBERTETH DL, SHIC,
T IR A R ERREAE R BICEBTE 570, HoND vy- B -7 7 ) RiZAHAR
BRI E LIRS D,

RAHE RIS, EHITERS AL D, 5-BHT T 20H)-4 v XA NT 7 ) n=
N UV DRERE DO T o TF AR 72 NP R B = v 7 A SEAS ISR D B % B L7z,
DT, VT EEREVEEREAN BT 52 LT NI EIT L, ~Ta
RALAEMERA~EBEFRETH D LB X, G2 MG 421T o7 (Scheme 1.9),

R2
o = Organocatalyst . R
1J\/\CN * o] > R TN\
R O | Direct Vinylogous Conjugate Addition 0

@]
y,y-disubstituted y-butenolide

Nu -
- Q] o
Intramolecular Conjugate Addition | i R2
(0]

R1
hetero-bicyclic compound

Scheme 1.9
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5 1ET ol SRR OGS

WEOIZ, RIGHE & LT (E)-4-oxo-4-phenylbut-2-enenitrile (1a) & o-angelicalactone (2a) % H
W, R 21T o 72 (Table 1.1), BEICAFAIRERNA Frd=—x 4 ZfitfiEE L THNY
TeBRIX. B E T 560K 3a 2 BAFRIEE TR LN b OO, VRERVETIHREICE EEo
oo AT T R-ANKRLT I REVERES 7l 5 1% o-angelica lactone (2a) &7 /L7 k& K&
DRF Direct Vinylogous Aldol S IZIHWTENTZAME TH D, 2 L LR b, RRISIZEN
THREE 5 Z AW TZBRITAR W ARSI 278 LT,

T, FEFIIARBRE GG L D BRI B AR T 5720, A7 7 7 I A
By TRt 6 T4 D LT RIER S TR 7 . DMM BUERE S 7kt 8 AW TR AT T2,
Z DR, DMM BUAHE > 7l 8 13t oD il & FLle L TV O SZARBRIE TINE 3a &2 5 27,
UL EDOFERS ., DMM BiE ks 2 A3 2 i & S A SOSIZ B W THE L TWD ik L7z, 7
BAFF DT IUMBFHEINIE = RT I AT 5 DMM RIS Ak 9,10 & —
W7 I EATDH DMM BV FAlE 11 CIESLASEIRIME O KIE AR T 23R8 S 4172, DMM
9*”7%1;&% PR 8 O RNY T A AFAEORDVICE R Bu %48 A L7z DMM AU

TAREE 12 2 WS, IER X O REREO [ EAMEGR S s, DLEORERMNS . KB
FONIAREIE & S IC B2 R A2 7R L7z DMM BUARE > 7l 12 % Fomfiist & 1l Lz,

15



Y

Me
_ = catalyst (5 mol%)
CN (o)
Et,0 (0.4 M), r.t, 3 h
(0]

1a 2a
(2.0 equiv)

(0] 0]
HO AN < N N F3C N ﬁ s
| N H H H H
Z NHSO,C4Fq
MeO MeO CFs MeO
4 5 6
98% yield 90% yield 94% vyield
syn:anti = 10:1 syn:anti = 13:1 syn:anti = 16:1
70% ee 31% ee 59% ee
NC._ CN
NC._ CN :[Ji .
s I HN™ TN
N H
FsC P HN™ N FsC NMe,
NN FaC H
H H 3
MeO CF
CF3 3
MeO CFs
7 9
o/ vi 8 89% yield
s ggﬁﬁyflzdo.1 96% yield syn:anti > 20:1
y 4% ee syn:anti > 20:1 -55% ee
° 93% ee

NC. _CN NC. _CN
I NC. _CN
N HN NQ I
Ho NH, W

HNIH
F4C N F5C HN™ TN
O P
CFj

CF3 MeO
t
10 1 %
84% yield 95% vyield 12
syn:anti > 20:1 syn:anti > 20:1 99% yield
-18% ee 15% ee syn:anti > 20:1
96% ee
Table 1.1
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ftu T, DMM BBy F-iiE 12 2 W TSRO KL 21T -7 (Table1.2), k% 72X
IRV 2 AN TRRRS 24T o 7o L toluene 2 W2 BRIC = F o F A8 RME & SOSIRE ] O BB 703 e
AEnTz (Entry 1-5), iR EORFIZ1To72 (Entry 5-7), &% 3 mol% IZHi&E L7
BR. Smol% DFRE DI « SLREIRETH & T 201K 3a 5O, flliEs S 512
1 mol% T F TE LZBRITITmOSARRIRMEZ R L7272y ROSRF O K2R iR 2 B & LTz,
FOGHED T2 D1 LDz, EREZ 04 M 22D 1.0 M ~ L L2 ROGSRIE TR, SRS
RIEZHEZ 9 2 & 7 < OGRS S 4172 (Entry 6, 8) o IRIZSUGFEE O X4 Bt 217 - 7= (Entry
8-10), EH TH D a-angelicalactone (2a) DY w|A 1.5 B 1.2 Y&EITWH L7HETH, X
FB L ONVARRIRMEOIR T I3 S dr o7 (Entry 9, 10), 7z, VRERMVEOM L& HAY &
L. 10 °C FTRINREZ T CHRET AT o722y, =) o FA@REOm RIFBlE sh o7
(Entry 11), PLEDOFERNG ., A Al 3 mol% {F7E F. a-angelica lactone (2a) 1.2 &
toluene M1, =IRIZ TIT > 7oA xS & L7z (Entry 11),

@) Me Me
_ =
o solvent (M), r.t. o
1a 2a 3a )
solvent cat. 2a time yield
entry (M) (mol%) (equiv) (h) (%)@ syn/anti ® % ee
1 Et,O (0.4) 5 2.0 3 99 > 20:1 96
2 EtOAc (0.4) 5 2.0 3 97 > 20:1 96
3 THF (0.4) 5 2.0 3 98 > 20:1 96
4 DCM (0.4) 5 2.0 3 93 > 20:1 96
5 toluene (0.4) 5 2.0 1 94 > 20:1 98
6 toluene (0.4) 3 2.0 2 93 > 20:1 98
7 toluene (0.4) 1 2.0 72 54 > 20:1 97
8 toluene (1.0) 3 2.0 1 93 > 20:1 98
9 toluene (1.0) 3 1.5 1 98 > 20:1 98
10 toluene (1.0) 3 1.2 1 98 > 20:1 98
114 toluene (1.0) 3 1.2 1 99 > 20:1 98

a: Isolated yield. b: Determined by "H NMR analysis of the crude product. c: Determined by chiral HPLC
analysis. d: at 10 °C

Table 1. 2
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52 H HE RO

BoNTRESTEE S Lo, FEREIC O W THRFE21To 72 (Table 1.3), HEERIRD para
BT RO EEGT oY AT 7 U r=1FU/ 1b-e Tid, WIS @R « &SRR
I BB & T DMK 3b-e MG ONTZ, HFEBRIRD ortho, meta, para (VIZE G E2HF LT
HE M- 2O TEBRIEL, BRI XSO IRRREZ R LTz, FERELTTZ 7 U0BXW
FAT =% LIIE 1k 11 2 WTZERE, T2 BAF 22 SLAREIRVETHINE 3k 38 KX OF 31
%1372, (2E,5E)-4-Ox0-6-phenylhexa-2,5-dienenitrile (1m) Z J/E & U THWZERIZIE, (ESERIC
BOGHEIT L, @WIER « BAFRe o FABRIE TR & 26000 3m 24572, (2E)-4-Oxo-
6-phenyl-2-hexenenitrile (1n) Z 5/H & L THWZERX, mWIERTHERE T 544K 3n 231560
Ted SEREBRPPEITHRREIC & EFE o7, W T, B By-AREaFT T 2 U ROSE 2 T
L7z, vy ALIC Bt Z2H L By-Reafn77 2 U K 2b A WTBRIT, &R « @ ARSI
WCHWET DMK 30 672, v AL Bn &AL By-Rfafi7 7 /U K 2¢ EX0 Y
ANTZ7YVr=RUV lae &EDOINE, BAFRIRE KO WIREFPETHR &3 2401k
3pr 5272, o (LIZ Me 24 LT 2d ZHWE5EA. BEELZAH L CORVREHA] 1a
EHIE L TRWAIGK R Z B & L7y, @leR « @ REIRAVIC BB & T 5 64001K 3s 2355
Nz, BOBRRIOIER X, Me EOGFEIZEL Y a-KBEAANARINCE S L 720 w7 I
L7 e M ACDOROSHER FICER L Tnb B2 6D,
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HNT NS
Bu H
O R2 MeO
= 3 t
R1)J\/\CN + Q’R Bu 12 -~
toluene (1.0 M), r.t.

o]
1 2 (1.2 equiv)

99% yield 95% yield 95% yield 94% yield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
98% ee 96% ee 96% ee 93% ee
reaction time : 60 min reaction time : 60 min reaction time : 60 min reaction time : 75 min

Me

0 N ve

0 NC 0 NC Me O NC

Me Me

NC Me
O O O O
3e 3f 39 3h
94% yield 97% yield 97% yield 90% yield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
91% ee 98% ee 99% ee 89% ee
reaction time : 75 min reaction time : 75 min reaction time : 120 min reaction time : 240 min
o Ng Me Q N(? Me Q N(T: Me 0 N‘? Me

. O (0] (o)
3 3j 3k 3l
96% yield 97% yield 96% yield 91% yield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
- 99%ee _ 98% ee 93% ee 97% ee
reaction time : 180 min reaction time : 180 min reaction time : 105 min  reaction time : 105 min
0 NGy, 0 NGy, 0 N g, 0 N g,

O 0 0 (0]
3m 3n 30 3p
90% yield 95% yield 94% yield 93% yield
syn:anti = 16:1 syn:anti = 7.3:1 syn:anti > 20:1 syn:anti > 20:1
94% ee 55% ee 97% ee 96% ee
reaction time : 120 min reaction time : 24 h reaction time : 120 min reaction time : 75 min
O NC g, 2 NS e

Me
Cl 5 5
3q 3s
90% yield 89% vyield 94% yield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
94% ee 94% ee 93% ee
reaction time : 90 min reaction time : 90 min reaction time : 40 h

Table 1.3
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B3 NV ANT I U= kU VCHT DARFEEN E = a B RIS O RS

HEFL, S-EWT T U 2GH)- A N T AR YA AT 7V r= P LOARFESEH =0
AN DA P2 T 57280, 7T LA — )L O %2377 (Scheme 1. 10), 7
Z LA — b (6.5mmol) THFTZAT o 7o iR, IERB LONAREIRMEL BICTIK T T2 2 & 72 < H
()& T DK 3a 3% Sz,

Q Me Q Me
A eN \CQ Bu 12 (3 mol%) . TN
toluene (1.0 M), r.t., 60 min o
0 o)
1a 2a 3a
6.5 mmol (1.2 equiv) 95% vyield
(1.021 g) (1.581 g)
syn:anti > 20:1
98% ee

Scheme 1. 10

Flo B THD 837 /-7 T U FEEROAMAMEEZ®mO D20, ¥ T a2 RN
E LT BRI v-T 7 F AEERA~OEB R T, 1-T 7 F LBRIIRBPICE L FET D EEAR
BHD 1 DTHY | Ha REMEEMETICbEEND, 0 207D, XTNIR y-T 7 7 L
EIRONRI G ROBFIL, EERMEFOSIFIZE W TEERFFEHRED | > ThdEE 25,

FTHEOIT, AR 3a BEO 3b ZRER CUEET 52 L TRIGT 27 X MMEAE® 13a B &
O 13b ZVARERPFEDO RIERIE T 2925 2 L7 BIFRIETHE D Z L1123 L7z (Scheme
111, 7ed, AR 13b OFEXIRLEIL X SEEMITIC LV IEL TRV | oL Ok L
FIEAEY 13b OAEHELENSFEHEL TV D, o727 I MEGH 13a B LD 13b 1 THF
1. Cs:COs THERT 5 Z & THFNIEMINFUS A EIT L, BB E T2 Z8RME v-7 7 % L5548
K 14a BLO 14b NG HTZ, “BRME -7 7 % 2 14b OFERIELE X XSS I X v ke
LTkY, B v-7 7 % 2 14a ONARMEFHIIAEEY) 14b OFERIELE D SFEHEL T D,
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9 Me : Me NN k \/'\x/
AN conc. HCI TNy — /l ( /‘/ A
- 5 - =
R o 0°C,4h R 0
(6] O o Y.
3a (R = H); 98% ee 13a: 94% yield, 96% ee (R = H)
3b (R = Br); 96% ee 13b: 78% yield, 95% ee (R = Br) 13b
H H
N
o) o) f
) (0] ) \o @b
Cs,CO; Oy Me = /\I:J:]/\ﬁ’;%:{
THF,rt,7h : N ;\T/ﬁ
14b ‘
R

14a: 89% yield, 96% ee (R = H)
14b: 44% vyield, 95% ee (R = Br)

Scheme 1.11

b
b

gD E

ph

A SOSEBRIR

2

FBERRFNC VT, DMM RIS TRt T4 0 L 7 By T-RERC 2 7 7 F 3 R
Oy Tl & Rl U CEODNIRIERIRIE AR L7 (Table 1), 2 X 9 22 EBRFER) S, DMM Af
B TR XD RAEROGIE. T4 Y L7 B TS 2 7 7 7 I RAVE G 1Attt & 135
25 ERBIREBA B L CWD AIREMED B D, Jilf, NMR X° DFT #1572 &5, DMM BAHESy
TR A DK FEHE B U GG RS T AR & B7p Y | H—0 N-H FEPVKFERAEEGARE LT
WTWND Z AR S fLTn, W) 7 N DT ORER K ERE S G & L TR
L CW D AEEME b RIE Stz EFIIARIEICB N TR U DAL O KRR TIZ K D KE/BE O
HAMERT D720, N UNNLOKFER T &2 EAFZL LT DMM RIS 7t 15 2 Hv T,
Z ORI DWW THlA L7z (Scheme 1.12) , £ D55, DMM BUGHE > F-AREE 12 2 W72 B
ELER LT, IR L ONAERERIRMEOZ BRI N R oTe, 2O Enb, RUVIILOK
FIRFIC L DARBREAEFIAINCRKELSEELTELT, BH—0O N-H #E&ICL D KER/EEEN
LB IEZ R LT D L HESR LT,
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HN™ °N
¢ H
Bu D
D
0 Me MeO Q NC;: Me
Aon + By 15 (3 mol%) g I\
o toluene (1.0 M), r.t., 60 min 5
© 0
1a 2a 3a
98% yield
syn:anti > 20:1
98% ee
Scheme 1.12

IO EHELNTAERY 13b OfELE L 0 | ARG OEBIRIEITLL NI R L 91248
FEL TS (Figureld), XY ANT 7 U a= kU /LDHIVAE=VEBEEFETIZ DMM BIEHS
T D —F D N-H B & DKBREEGICL - THESND, —FH T, DR =k 7 I HALR
a-angelicalactone @ o (KFEZ G EH< Z & CRISEHFETHDH 7T /) T — FaERL, X
ANT 7V a= kYW U CREMINT 5 2 & TRISHEITT 5, TR, TS (Si—Si) BIL O
TS (Re—Si) TRV A N7 7 Vu=hKY/L® Ph LD Bu FL OSKRKENEL DT
W, WEHOBANAFNZ /D EHELELTCWD, o, 77 /77— ORI AT 7 Va=hK]
SIS BB, UENER YA D TS (Re—Re) THUGHAEITT S Z & T, AR FEH
LTV EHEZEL T D,

22



NC CN

NH
\\“" N\HszH

//)O
Me

TS (Re—Re) Favored

Figure 1.4

23

Me

TS (Si—Re) Disfavored

NC CN
Ar
l}l NH
\\“" NC;)H :H
Q0" /
N

e 7

TS (Re—Si) Disfavored

H

O NC Me

(S,S)-3a



555 Ei /MR

W TR, AR TIEEAE WY A LT 7 ) a = b U SO RFERN = v 523
BATMIRNZ K D yy- 8 v-7 7 7 U RHEIRO RN 2 G RIEDORIE 21T o 7o fid & L T,
FEVET 2 EDSFFE L 7= DMM BERS TRl 2 w5 2 & T, k4% 8- 7 /-7
77 VU FFHER % SR 20 RAF A LR IME 5 2 C L gl L7z, ARIGIZ, REEEN Y
= u B RAREIN G D~ A r AT 7 FE—=L LT A AT 7 Y=k i N
RIBI T D, Flo, 8- T /-7 7 /7 Y FaFiRiZe 7 7 a7 I VE~ZET 52 L ¢8R
Y y-7 7 2 LEFERA~LRBICHET L2 8T, APRIKRE Lot EILL 72,
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B RV ANLT 7Y a= B LAOARFEEN E = v B AR & D SRR
DEAR A B E DB

Fr i

B TIX, DMM B TR 12 ZHW5 28T, (B AT 7 Ve= kU iz
X3 H ARA BB B =0 I A IAAHMBOE OBIF IR LTz, RAFEEAN) B = 7 2 AKX
JRZEBNT (B ANT 7 a= N UWIRIR~A TN T 78T 2 —ThHV | kixle §-v
T y-7T ) FBEEEOBKNFIRETH D, EHITIHE-HOERLFEIIEEL LT, Mok
FMER S X TORRM G IED BT & AT,

Th T A —IIERE A RS TR TOYELFHIMENF U Th b, —F T, FKEEEIT=
FUFF—BTENELDEER DD, LEER-> T, NEREMEEAET HILEMEERL L L
THWLEGE, WO F o F A~ —NEDRBIOEIEIC L RIET NN THRITHE L
7o BT MERRMERBLE 2 b OMEE OV FIEER DR EN RO B D, L L b, A
FOSZ AW X% 7 VIROBHERMEERDBAFTERWGEAEHEL, i) I~ —DAFIEINT
LbAES TRV, D), W) o F4~—ORIRESREDRRITERLARICB VN THE
R TH D,

rafradiaA FELTHLNAF=—XF =V 0BV ra=vrbyra=vsig
BT o F A~ —DRRICH Y | MEEGREEKROED T S D (Figure 2.1), »

N N__ NI~
MeO OMe
Quinine Quinidine Cinchonidine Cinchonine
pseudo-enantiomer pseudo-enantiomer

Figure 2.1

veaFTradiaA N O SHGRMERORRGHE & LT, 2006 4F Deng HiX, 7=
FTUNINEER LX =2 VFERE A L7z 2-chloroacrylonitrile & o->7 /77 & ®
AFFIEATINBOG & L7z (Scheme 2. 1), 2% ARSI, =7 I Ul L TF=—x
FHEARE VD Z & THREGERMKDIED 3T 2 =R LT,
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0O

o)
C OH (10 mol%) cl
+ /J\ CN
CN CN toluene, rit., 4 h ~~,,/'\CN

(4.0 equiv) 95% yield
dr> 20:1
96% ee

0 o)

Cl
+ )\ (10 mol%) \\CNg
CN . -
CN toluene, r.t.,, 7 h CN

(4.0 equiv) 95% yield
dr>20:1
93% ee

Scheme 2. 1

F£72. 2014 4 Wennemers HIiXT A= HROE =T I 2 HGT 50 LT RGHS T Al
fFIE T, o-8E FEXvB-= Fa AT L U FEERICHT D a-BIfE ) T4~ VBT AT LVOARHE
HARA IS 2 4 L7z (Scheme 2.2), ) AKJETIE, =) FA~—0BRICH DLV
A=V EREEZRT I VEEE LTHWD Z LT, mGE - SRS S 5 — 5 OFHG R
ERfFoN5,
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~_NO, 6 O
@ * PMPSMOPMB

OPMB Me
(1.6 equiv)

~_NO, 6 O
©\/\/ * PMPSMOPMB

OPMB Me
(1.6 equiv)

SR ORRIZ, AR F G RGEEIT I T HIBHE SR ORI A A,

CF3

/@\ I

JJ\ =

FaC N NH/ZJ
H
P N
N /

(5 mol%)

mesitylene, -15 °C, 48 h

(5 mol%)

mesitylene, -15 °C, 48 h

Scheme 2.2

O 0O

Me

PMPS OPMB
NO,

OPMB
86% yield
dr=13:1

99% ee

82% yield
dr=>5:1
94% ee

ktLipdx o FA~

— DN FITIZ KV BERFRETH D, —FH T, MR ARESHEORED 1 o2& LT,
EHORFRLERT DRISERDBIT DT AT LA~ —ORRN R & RIEDBRE N ZET 5
N5, ZHHOMEICK LT, MacMillan HliE, A I¥Y VY BRI vl v a2 fniet L
74O RaT I MR T V=7 X RIS Z#RE L7z (Scheme 2.3), Y AL T B
VY ONRZREET 5 2 & T anti AR LN syn MR OIBIRKIE RN FIEETH 5,
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(R)-catalyst (10 mol%) Me

Me Cbz (S)-proline (30 mol%)
A Xo o+ N=N electrophile (1.2 equiv) -0
Cb7 CH,Cl,, -30 °C—-15 °C CoaN.
z

(1.5 equiv) 75% yield
anti:syn = 6:1
99% ee
(R)-catalyst (10 mol%)
Me cbz  (R)-proline (30 mol%) Me
N Ng  + /N:N/ electrophile (1.2 equiv) Yo
Cbz CH,CI,, -30 °C—-15 °C CbZN\NHCbz
(1.5 equiv) 75% yield
syn:anti = 6:1
99% ee
O, Me : HH t
N BuO,C .- CO,Bu
N e H H Me” "N Me
(R)-catalyst (S)-proline (R)-proline electrophile

Scheme 2. 3

F7-, BEEORMEMKROMEITHE —~OF T NAMBC L 50T AT LA~ —DO%hREE % 7]
BBIZT 5, M Denmark HIXF T UEET I Nittlck s, NV Zoues o )5 —RET L
Tb REDMEILT IV R=VIRZEBWNT, PV 7o Ux )T — b ERMEAROE T

METATUA~—DARTAHTHD Z L E2HRH L7 (Scheme2.4), 3@

o Phosphoramide catalyst OH OMe
: 5mol%)
x_OSiCl; (
o sy T Pen” Y CHCI,/CH,Cly, 78 °C, 61 Ph” Y "OMe -
(1.0 equiv) then MeOH CsHiq
91% yield OO Me
anti:syn = 97:3 N O
o ;
82% ee N‘P\N—_(CHZ)5
Phosphoramide catalyst OH OMe ‘MeMe
o n ) (5mol%)
)J\ + "Pen OSiCl3 Ph oMe | L Js
Ph H \—/ CHCI3/CHJCI,, -78 °C, 6 h )
(1.0 equiv) then MeOH CsHqq Phosphoramide catalyst
92% vyield
syn:anti = 99:1
90% ee
Scheme 2. 4

Z DM, B2 DEEBEDOE Y LCEROTIN P 72 ERISSRAFOER S B —DF 7 VA X 5

VT AT VA — ORI G E FIREICT D,
£io, B2 D % T VAL Z RN 2 FIETREAIR LOSRE AT 2fE e L,
F T VEALIC K 2 WEISHI OBL 2 HE L, SeHEE a2 AR T 5, AFEEZThZENOF
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T NVAED AR 2 R S H D 2 & THEED AR RIER ORI B LA FTREIC T 5, SEBRAY 7226 &
L. Carreira (X237 L7 & FONARERK a-7 U /ALEIGE 2T Hivd  (Scheme 2.
5), Y KRNI a7 aliad RipbiFESNTZEH T I s LO—ioREA Y ¥
U LA D R ENONARE KRS E 5 2 LT 4 D2 TONARBIERD BAF IR0 8
WDANZIRIEIRETE OGN D Z &2 WE LT,

[{Ir(cod)Cl}5] (2 mol%)
(R)-ligand (8 mol%)

amine catalyst A (10 mol%) O H Ph
CHsCCO,H (0.5 equiv) H)W
1,2-dichloroethane K2
25°C, 24 h Me Ph
(R,R)-product
Q o OH 77% yield
+ dr>20:1
H)K( ph)\/ [{Ir(cod)Cl},] (2 mol%) 99% ee
Me (L)-ligand (8 mol%)
(1.1 equiv) amine catalyst A (10 mol%) O H Ph
CH3CCO,H (0.5 equiv) H)W
1,2-dichloroethane >
25°C, 24 h Me Ph
(R,S)-product
78% yield
dr=15:1
99% ee
[{Ir(cod)Cl},] (2 mol%)
(R)-ligand (8 mol%)
amine catalyst B (10 mol%) O H Ph
CHsCCO,H (0.5 equiv) H)W
1,2-dichloroethane N
25°C, 24 h Me Ph
o (S,R)-product
Ph OH 80% yield
+ — dr = 20:1
H)Kr ph)\/ [{Ir(cod)Cl},] (2 mol%) 99% ee
Me (L)-ligand (8 mol%)
(1.1 equiv) amine catalyst B (10 mol%) O H Ph
CHsCCO,H (0.5 equiv) HJ\e\/
1,2-dichloroethane N
25°C, 24 h Me Ph
(S,S)-product
71% yield
dr> 20:1
99% ee
Z
73 A 0. Qo O
= N A o)
[ N | O~p N >P-N
Y NeoiNsNes iRy
amine catalyst A amine catalyst B (R)-ligand (L)-ligand
Scheme 2. 5
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AHFEEOE =1 T AEAMEISNZ LD yy-— B -7 7 7 U ROSAREVEROZEIREGE K

il LT, 2014 4 Dixon HIZX D oB-REdFT b & S-BELT T L 23H)-A v & DRUGHZE
F oD (Scheme2.6), 2V ASIL,  trans-1,2-diphenylethane-1,2-diamine 7> 558 S L7255 —

BT IS LTy 7 manX Yo DT I VHROE T IV ER LT AU LT RS
TR AN T 2 2 8T anti AR KOV syn AR DTRIRE) ARk 2 3R L7,

Ph
f - Ph
Bu \‘/\ N \ K‘/
H ) O "Pr
Ph NH, NHTs (10 mol%) Ph
o = 0-NO,-CgH4CO,H (20 mol%) M
/\)J\ * o © 2
npr Me Y CHCI3, 25°C, 72 h 0O
0]
(1.5 equiv) 95% yield
anti:syn > 19:1
99% ee
QJ
CLALC
A A
NH, H H
Ph (20 mol%) MeO Q"o
o} . \r:Z 0-F-CgH4CO,H (20 mol%) Me L\
"Pr/QQ/j\Me © X CHCl3, 25°C, 72 h o
0

(1.5 equiv) 77% yield

syn:anti = 16:1
97% ee

Scheme 2. 6

LU 6, REFEENE =0 2B K D FTEER yy- @& -7 7 2 U R
BRIZIBNT, EREMEROBIR A R OZERAFIL Dixon 1285 1 flOATHD, £ TE
HE~IATNT 78T H—E LT (DRI AT 7V a= k) VCER L, (22 AL
TrVu= NI VEATNT I T H—L L THWERRF L LT,
HlE~r U AT AR - F T AT VI K D AERAINEISIZ KD
IWETHELND Z EZHE L7 (Scheme2.7),

2010 45{Z Rousseau
. BB E T D AIMEN B if 7
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O CN OMe

O O n H H *
_ . )J\/U\ BuLi (1.0 equiv) X0
THF, -40 °C, 1 h
MeO OMe .

Y

(1.1 equiv) 80% yield
O CN OMe

Pk o 0 NaH (1.0 equi 3
_ . )J\/U\ aH (1. oequw) . X0

Me OMe THF, -20°C, 1h
Me™ ~O
(1.1 equiv) 77% yield
Scheme 2. 7

ZOEINT (D)X ANT 7V an= NYVEIBA R~ ATV T 78S 2 —L L THEET DI
L BT, RIS ~OMEISHENEL 1 BlOHRTH Y | RERIS~OEAFILRV, (-
SANT 7 Uua= M) vEHWE S-E#RT T U 20H)-A v EORFEEBN E = a ALK
FIGIZE» T, B—ETHEONT 8- T /-7 7/ U F 3 OVAKREEAEREKATREIC 72 5 & 1]
FECE %,

RDHIEFMNS, FEH T DMM B Rl 12 22, 5-E# 7 T L 23H)-4 2 & (Z)-X
YIANT 7Y=Lk @K%ﬁ@iﬁ/‘]t =v H ARG LD anti AR O
Bk &R AT (Figure2.2), & 512, DMM BUEHES Tl 12 O F 7 VRZ =) F 4~ —
®%%K%5%:Vymﬁﬁﬁé$?\4O®J%£ﬁ¢£f®@R%&émﬂﬂ%?%5&%
Z. Rt EIT o7z,

0 NC .,
Q-DMM cat. (12) - R 25\
2 o)
O CN RZ__
M + O
R o ] anti product
(Z)-benzoyl acrylonitriles 0] 0 NC R
QD-DMM cat. ~ R \
0
(0]
(0] NC
Q-DMMecat.(12) 2N
o R2 o)
=
= 0
R1)k/\CN + Q ] 3a
(E)-benzoyl acrylonitriles o O NC R2
QD-DMM cat. > R N\
(0]

o

syn product
ent-3a

Figure 2.2
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FB1HEI - ANT 7 Uu= kAWK EMERORIR AR

HHIZ, DMM AU Tt 12 % FV T (2)-4-oxo-4-phenylbut-2-enenitrile (16a) (Z%F3 %
a-angelica lactone (2a) DO RFEETIE =1 H A KA II)EE BHiET L7Z (Scheme 2.8) , HE D
(E)-4-ox0-4-phenylbut-2-enenitrile (1a) & O EBIT DS Tt 21T 7-/E%R, BE 3
% anti AR 17a 78 BAF72IERE L O OALRERE TR,

O CN Me _ Me
11 o,
P . > Bu 12 (3 mol%) - N\
toluene (1.0 M), r.t., 75 min O
(0]
o
16a 2a 17a
(1.2 equiv) 88% yield
anti:syn > 20:1
98% ee

Scheme 2. 8

feWN T, EREORIRE b L2, SE—RMEOKE 21T 272 (Table2.1) . 7 = =/VEED para i
B REIEZA LI 16b Tl @R - BNLABHRIC B & F 2400 17b 2353 57z,
7%, AR 17b OfERIELEIL X BAEEMITIC LV IRE L TR Y | oL ORIk
EW 170 OHERIFCE N SEHE L T\ D, 7 == /VIEED para (LICETHGIEZ A L7 HE 16¢
WL, BAFRICERS KO WONLIREIRIE 2 7R Lie, it L y-iE L By-Rfafn>> /U K
DIE—felE 288 Uiz, v AZIC Bt A2 A LA 2b ° Bn K2 A L72RE 2¢ & ORI,
RO NLREIREYIC B & 3 21K 17d,17e 2 5-2 72,
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MeO

Bu 12 (3 mol%)

toluene (1.0 M), r.t.

17a
88% yield
anti:syn > 20:1
98% ee
reaction time : 75 min

O NC

Me

Me

17c
94% yield
anti:syn > 20:1
98% ee
reaction time : 180 min

17b
90% yield
anti:syn > 20:1
96% ee
reaction time : 180 min

O NC

Et

17d
85% yield
anti:syn > 20:1
97% ee
reaction time : 180 min

17e
98% yield
anti:syn > 20:1
97% ee
reaction time : 180 min

Table 2.1
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F2H BT T A~ — S D SR R IR ORI S A

FNT, BRI =—20E T o TF A~ —DOBRICH L F =D 2 =7 I L LTE
A L7 DMM BUHE 7t 18 % H\ T (Z)-4-oxo-4-phenylbut-2-enenitrile (13a) (%155 AR5
BE#EMN Y =0 B ARG &2 BiE L7z (Table2.2), DMM FUATHESy Tl 12 2 W78 &
A U it SO S TR L7/ 3, RO IEMMIZEI T L, BROE T2 anti £ ent-17a 73T
LI OB TR O, 7 == VEED para NMICETF RS EEZA LAE 13b OE T
G2 A LI E 13¢ ZHWea, @GR - @LRBRIRICER & 3 561K ent-17b, ent-
17¢ B SNTz, Fio, y-iBH# By-Rfafnr 7 /U K& LT y Ll Bt HAEH L7ZHE 2b X Bn
Lo LI HE 2¢ ZAWVEEEIL, MERRIMEOKRTE29 5 2 L7, BAFRIEECHINA ent-
17d, ent-17e 315617, 708, A OSAMMEFIIAAE 17 & D% F )L HPLC (28T 5 0rFF

IRFfde KON LEE D bz K 0 FEHE L 72,

B I Et
u N~ NH Zj
H
P N

Bu N__~

OMe

/

R2 _
W + \(Q 18 (3 mol%) /@)‘\/\Q
o toluene (1.0 M), r.t. R

R1
16 2 ent-17
(1.2 equiv)
O NC O NC O NC
: Me : Me : Me
N\ N\ -
0] (0] 0]
5 Br Me
ent-17a ent-17b ent17c
97% yield 92% yield 91% yield
anti:syn > 20:1 anti:syn = 19:1 anti:syn > 20:1
98% ee 96% ee 98% ee

reaction time : 60 min

ent-17d
81% yield
anti:syn > 20:1
97% ee
reaction time : 180 min

reaction time : 210 min

ent-17e
99% yield
anti:syn > 20:1
96% ee
reaction time : 180 min

reaction time : 180 min

Table 2.2
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I 52, EHIL DMM AR 7kt 18 % VT (E)-4-oxo-4-phenylbut-2-enenitrile (2a) IC
X3 % a-angelicalactone (2a) DIAXNNISIG % BiET L 72 (Table 2.3) . Z Difiid. DMM AUAH S
TR 12 2 OB & i U C O RIBIRME O R IR T 23 5572 < B E T 241K ent-
3a ZEWIERTHERD Z LTt L, 7 == VEEICERLZ A LIZAE 2b, 2¢ Z W25 E,
DMM B H5 7l 12 & W 7oBR L it U CRWBUSIRF 2 B L L7223, @I - @ik
EIRAIZ AW & T 560K ent-3b, ent-3¢ 35 HNT-, F7=, y AZlT Et £X° Bn EZxH LT y-
B By-AEafI~7 7 2 U K 2b, 2¢ WL, BOSMEREIRMETH & T 201K ent-3d,
ent3¢ DFHILT, Teds. AW ONAELEIIMIMAE 3 L DX T HPLC (IZR1T S IREfR S
F O EE DI K 0 fEHE L 72,

NC._ _CN

. J
u N~ NH Z]
H
P N
Bu N~
0 R2 O NG g
= :
= CN + \Q 18 (3 mol%) OMe .~ N
o toluene (1.0 M), r.t. R 0
R? 0
1 2 ent-3
(1.2 equiv)
O NC Me O NC Me O NC Me
© Br © Me ©
(0] 0 (0]
ent-3a ent-3b ent-3c
95% yield 92% yield 92% yield
syn:anti > 20:1 syn:anti = 19:1 syn:anti = 5.3:1
96% ee 93% ee 98% ee
reaction time : 60 min reaction time : 240 min reaction time : 180 min
O NC Et O NC Bn
N N\
(0] (0]
(0]
ent-3d ent-3e
71% yield 95% yield
syn:anti > 20:1 syn:anti > 20:1
94% ee 94% ee
reaction time : 180 min reaction time : 120 min
Table 2.3
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W3 83T -7 T U ROEHS

EHT A THD -7 /-7 7 ) FIFEEIROGHME®mO LT, 7/ EOERE
TR i 2 Wit U= FEIA 17a, ent-17a B8 LN ent-3a Z G COLEE L7-F5 R, B E 4257
I MEEW 19a,ent-192 B LW ent-13a ZSIARRIRVEO KIERE T 2920 Z 72 < BAFRIHR
THEDHZ LITEPI LT (Scheme 2.9), L&Y 17a BL W ent-17a O T I NMUIZIEB W TR H
FREEICRE E 72T, ¢y (B X § (EONRMERICER L T\ 5 LHEZR L TV 5,

Me
SN
0 conc. HCI
0°C,6h
17a 19a
antl:syon > 20:1 75% yield
98% ee anti:syn = 12:1
95% ee
O~ _NH
O NC X2
: Me ? : Me
N\ N
0O conc. HCI m
0°C,6h
ent-17a ent-19a ©
ant::s;;n > 20:1 74% yield
98% ee anti:syn = 12:1
96% ee
O+_NH,
O NC Me
N\
0] conc. HCI
0°C,4h
.ent'-3a . ent-13a ©
syn.arzt/ > 20:1 90% vyield
96% ee anti:syn > 20:1
95% ee
Scheme 2.9
FAT USEBIREDOER

NV ANT 7Y r= b USSR FEEN = n RIS OERIREIL, 55
AV DOSTARELE & 5B — 8 4 Bi COHER A KT, LT DO L HIZEE L T\ % (Figure2.1),
DMM "ATHE Sy 1Al 12 B3 X0 18 O—H D N-H fEEIE_Xy YA VT 7 Vre=r) rO L
R= VRS A LKFER B 2T 0 Z LIS L - THliE T %, —5 T, DMM BUAES ikl 12 B
KO 18 OXF X7 UV UBROE =T I ) a-angelica lactone @ o (/KFZF| X< Z & TH
WEMRECHD 7T ) 7— FEAEKR L, XUV AT 7 )a= kU WIx L COREMNT 5 Z &
THRIGHHETT 5,

36



NC CN

NH

//)O
Me

TS (Re—Si) Favored

ent-3

Figure 2.1
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555 Ei /MR

BRI, AESFREEAE AW A LT 7 ) a = B Y A~ORFEEN e = a5 23t
AT 31T D SRR OB 70 B LD 21T o 72, #iFE LT, DMM A
TR 12 F720F 18 FET. ER L LT Z ko A7 7 Va=kY vaENSiT5
Z & T 4 OONAREMARE TORRIE U E) LT, KF5EL (-~ AT 7 )r=K
N~ ATNT 7T —E UTRFIBEMAIBISIZ AW OREFTH 5
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B oA -7 TR T I A LOR Y ANLT ) a= N LSO RFEEHE =0 A
SAAT B D BAFE

e

=

B—mI LU “FETIE, DMM AR Al 12 E7213 18 FETE kb LI Z ko
R ANT 7Y a= MY IHT AT T U RORFBEETIE =1 2 LIS D
BAFEIZ DWW Tl UToe ARBUSITA S itk s I OSKREF-H O BT BRI ITFIT D | 8-
T AT T ) U ROETOSARREMARORIR G E FTREIC LTz, EF IV Y AT 7=
= MU VERHOWIZAFEEN E =0 T ARG D & 572 5835217 5 7o, JEFENE op-
REAFN y-7 7 2 NERIZER Lz,

HFEME o, B-AEFN y-T 7 Z LT y-EH y-T T a T 7 7 LB XN OBERIEOA R R &
LTHRTH L, v y-7F 077 2 NFkgiI7 a7 7 Y — LAEEEM 2773 Salinosporamide
A9 R Lactacystin *” 72 EOEPEHMEICE FN L BEELMEED | D THS (Figure3d.1),

Salinosporamide A (+)-Lactacystin

Proteasome inhibitor

Figure 3.1

REFEE E =0 HAMBAMA IO K D FE a,B-REafl y-7 7 % LD JEERE 7e & Rl
E LT, B HIC XD MIEFINET B D, 2010 4L 5, il e U< 8% Ni-Schiff Mk
PEARZE WD Z LT, ap- A3 -7 TF R T I X AL bR AT LU EORFEEBNIE =0 H A
AT BE A LR DD BRI IS T4 5 2 & 234 L7 (Scheme 3.1), %)
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S,

- (2.5 mol% O2N
Ph/\/ NO, 4:\&0 : TN
Boc 1,4-dioxane, 50 °C, 13 h BocN
(2.0 equiv) O
98% yield
dr > 30:1
97% ee

Scheme 3.1

F7ZFRHYIZ, Chen & IAk-Jorgensen MREEAF/E T, o B-REAFNT LT & RIZKT 5 o B-AHdFN
V-7 F 0T 72 AORFEENE =1 A KL Z S Uiz, 30 ARSI #5 1-fl %
HAWEARFEEN E =1 2 BTN K 5 HFEVE o, B-REf y-7 7 % KOO A R
Th b, E70. B ONTHFEE ap-REf y-7 7 & AFTETHT 2 /{ERIGSE LT aza-Michael
FEMBRALIE . AU < $ifilit 2 727N N-7 U — U EROSIC K > TRHGS T 514 KU~

RS EEWNFRETH D (Scheme 3.2)
prh
H 5 PhS
™
o 41 (20 mol%) o Bh
/\)L . N~S0 OFBA (20 mol%) H A
Ph H Boc MeCN/H,0, rt., 46 h BocN
(2.0 equiv) 0O
63% yield
dr=4:1
93% ee
1) BnNH, Bn Me-NH HN-Me Bn
o Br NaBH(OAc); Br N Cs,CO; N
AcOH o Cul o«
H N 2) TFA HN @’N
BocN 0 o
97% ee 56% vyield 62% yield
(2 step) 94% ee
Scheme 3.2

SEIF & Chen D DA ZFUEIC, o p-FREFN v-7F 0T 7 X AEHAVEAFEHNE =04 &
IPAT IS T FIEIE R o B-BAFN y-T 7 2 LFEA AT 2 FE L L TR 28D, %<
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DOWFZEE I L - THEDMThini-, 38D

2011 £EIT Ye BIF, LU U biFEESN MU T I UMBHEE T, ap- AR -7 F e T s
H LDT ) o ~DARFEI B = 1 A IBAINBE S SR 7D BAF IR SEARERME CHETT 92

ZLxHE L (Scheme3.3), ) ARNIEEEHEFNAL, BIRT M 2G5 0EMR op-
REafnr o e~ANT 787 =L LTHWSZ EHA[EETH D,

Ph Ph

Ts—NH HN—
—ipr

(15 mol%) H,N O Ph

9 T\
Ph/vL Me N O

N-Boc-L-Trp (15 mol%)

- Me TN
Boc CHCI3,35°C, 72 h BocN
(1.3 equiv) o
86% yield
dr=15:1
98% ee
Ph Ph
Ts—NT—I HN
_E_'Pf 0
0} _ (15 mol%) HoN
. F\A\O N-Boc-L-Tr;z (15 mol%) \
Boc CHCI3,35°C, 72 h &
BocN
(1.3 equiv) ©
> eq 86% yield
dr=15:1
98% ee
Scheme 3.3
_HHe

PEA 3 1Al 2 DT AR E B B = o 0 2 BATINEOS & LT, 2011 4% Wang

W am U BROEZRT I B LT AT LT RS BT, hva sl apR

fafn y-7 eI 7 X LEDOKISEHRE LT (Scheme 3.4), 3%

CF;

/@\ S
/
FaC N s NH/ZJ
H
X N

N# O Ph
o - (10 mol%)
Ph
/\)J\ + FNkO > \
Ph Ph Boc CHCl3, 50 °C, 72 h BocN
(2.0 equiv) ¢}

90% vyield

dr > 30:1

98% ee

Scheme 3.4
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F72. 2013 £ Wang DIEF=—FHKRDOFE=MT IV 2 [ LRI T 7 I RS T ki
Z M5 Z & T, 3-methyl-4-nitro-5-alkenylisoxazoles & o,B-AEafll -7 F a7 7 X A& DARKE
B e =g B AN 2 R L7= (Scheme3.5eq1), ) X 5|2, AABEIT o, B-AEaFl b
Vr7mnl bz Ve AFEENE = 2N bEHAFTRETH L Z s 2 R LT

(Scheme 3.5¢eq2),

CF3 7
0] O
Jo:=0%
F3C N N N
Ho oH L "
Z e
o-N — 10 o O3 Q)
\ mol
NN Me @O ( ) MeO
NO Boc THF, 50 °C, 36 h
2
(1.5 equiv)
88% vyield
dr=19:1
96% ee
7z
CF,
O o}
Jo:=0%
Foc NN T
N
(0] Ph 2)
(10 mol%) MeO

o — H
M " (lm ClsC N\
Ph CCly Eoc toluene, 30 °C, 30 h BocN
¢}

(1.3 equiv)
91% vyield

dr>25:1
93% ee

Scheme 3.5

UL EORRIZ, KEAIE LT ap-REaF -7 F 0T 7 &2 L& RO RFEENE =0 H 2 &
IR X 2 A ENE o B-FREafN y-T 7 X LOBRRITER A BT REA V7 0 o TERINT
Wh, LINLNG, XU ALTr7ia= NI vEvATLVT 7272 —8 L THW R
P o, B-REUFN y-T 7 Z DB ROMEFNTR WV, BROFRND, EBHITIAES LD, N
SANT 7V a= kU o, B-AREF y-TF 0T T H BDNERN YO LSRR A 2 AR E A
e = AN EOS DR Z 5 L 7= (Figure 3.2),

O CN

O e x*
R 5
)J\/\ + @O Organocatalyst N
R CN Boc

BocN

(o]
chiral a,f-unsaturated y-lactam

Figure 3.2
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51 Hi Bl USSR OGS

WEOIZ, RORIE & LT, (E)-4-oxo-4-phenylbut-2-enenitrile (1a) & N-(tert-butoxycarbonyl)pyrrol-
2(5H)-one (20) % AW CHUBLMRFTI 24T > 72 (Table3.1), 5-EH#a 7 7 > 23H)-A4 > 2 L ORI THR
T 72 R E 2o L7 DMM By 7AbidE 8,12 2 VTGt L 72 1 RIS =)
CFABRMETHB & T AN 21a LN, 3 DOET e N EFTDHATT T I K-
ZNVIR T X RV AR 5, 22 2 VT2 BRIE. DMM BV By il & Hele LTI AN
EL7eb DD, HREEONIRBIRMEIC L EF o7,

BT, EFIIKRBREA MG L D INEDR B EMERT D720, 2 DOMETe %
BLIZAZ T T REIEHS Tl 6 BX T A0 LT RIS Tk 7 2 VTRt &1 T-
Teo TORER, FA D VT RIEHESTFRME 7 (MO & Ll U T O SLREIRIE THIIMA 21a
2T, LEORERNG, AT LT RIEEBARISICHB N TE L TWD YLz, T4 7
v 7RO B Sy 7 il 5 o 3,5-bis(trifluoromethyl)benzylamine 43y @ {8 o D T 3.5-
bis(trifluoromethyl)aniline Z3& A L7-F 4 7 L 7 Ay 7kt 23 2 H W ZES, SCREIRPED M)
EAMERE N, £, IWERB L ONIKREREO[ EE2RAE L, 3 2Ot 7T o 2 ET5D
AN T I R=FF 0 LT RIS Tl 24 2 W TRETZIT o 7223, =) o F A BEIRPEDK
TR SNz, U LTRSS T 25 TR L O U FARIREOK F AR S
7oo LLEORERMNG | IR L ONLEERIUE & b I R R R AR LicF 4o U7 RIS 1fil
23 % feifist &I L7z,
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catalyst (10 mol%)

toluene (0.4 M), r.t.,, 24-48 h

>

1a 20
(1.5 equiv)
NC._ _CN NC._ _CN o) 0
X X =
HN ” HN™ N . N .
F3C Bu H H
MeO MeO MeO
CF3 Bu ©
8 12 5
15% yield 12% yield 77% yield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
15% ee 8% ee 72% ee
Et
o O Zj 0] O
e FaC e FsC NS
H H N H H H H
CF F
MeO 3 MeO CFs MeO
22 6 7
96% vyield 80% vyield 75% yield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
77% ee 67% ee 85% ee
Et
CF; Zj CF;
F5C NJ\N" NJ\N" F4C NJ\N"
H H H H N H H
NHSO,C,4Fq
MeO MeO MeO
23 24 25
64% yield 84% vyield 56% yield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
91% ee 72% ee 72% ee
Table 3.1
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WIS F AT VT RUGHE TRk 23 2 VT RISKRIFEOKIE(LIZBI T 5 FT 21T - 72 (Table
3.2), HR& TR BUSHS 2 RS L72fE R, toluene & JHWVZBRITHR & BVWIGER & NEARIEPUE THHINR
21a #1572 (entry 1-7), LA EDOFERG | toluene % Feibiiwit & T L, WRICSHEE O XY SEiast
%1T-72 (entry8-10), H'E D (E)-4-oxo-4-phenylbut-2-enenitrile (1a) DY &% 1.2 Y &EIZ L=
Bl IR« SRR & HICRE B ISR S N> 7 (entry 8), —J7 T, (E)-4-ox0-4-
phenylbut-2-enenitrile (1a) DM &% 2.0 YR LIS T, IWEBS X O=F U F A O
TOBIE ST (entry9), F72. N-(tert-butoxycarbonyl)pyrrol-2(5H)-one (20) OY¥&E% 1.5 BL
W 2.0 YETHRFIZAT o722, = U F A EPRPEO I LIRS v7e o7 (entry 10, 11),

CF;
Q]
F3C N J\ N
H H
0 0 Ne
OMCN . (;\A\O 23 (10 mol%) MeO _ M
Boc solvent (0.4 M), r.t., 48 h BocN
1a 20 21a ©
(X equiv) (Y equiv)
entry solvent 1a (equiv) 20 (equiv) yield (%) @ syn/anti ® % ee ©
1 toluene 1.5 1.0 64 > 20:1 91
2 m-xylene 15 1.0 51 > 20:1 89
3 Et,O 1.5 1.0 59 > 20:1 90
4 CH,Cl, 1.5 1.0 51 >20:1 83
5 THF 1.5 1.0 38 > 20:1 89
6 EtOAC 1.5 1.0 38 > 20:1 87
7 MeCN 1.5 1.0 24 > 20:1 82
8 toluene 1.2 1.0 59 > 20:1 91
9 toluene 2.0 1.0 44 > 20:1 89
10 toluene 1.0 1.5 72 > 20:1 87
11 toluene 1.0 20 52 > 20:1 88

a: Isolated yield. b: Determined by "H NMR analysis of the crude product. ¢: Determined by chiral
HPLC analysis

Table 3.2

RNT, B2 ISKIFORBELDT0, REE, EERE, el X OSISREH O 21T
>72 (Table3.3), FUGIREZ 0°C £ TP TR 2T o2l IERE LU= T o F A @Rt
DR TABEE ST (entry 2), F7z. 40°C F THUGIRE Z EF72BITIE, RO LAVHERE S
N, = F o FABREOR TABIZE ST (entry3), ULEDRIRNG | HIRSM % woliRE
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R L, W CHREIRE OREIAIT 572 (entry 4-6), EEIREZ 04 M D 02 M ~EFAR
LT ROSSRIETIE, IR T35 2 & R < SR IRME O L3R S vz, LaLgi b, 0.1 M
~NESIBIZHN LTINS T, BEEDMET L2 (entry 5), 1.0M ~ & JRHE L7256 Tid, IX
e FUFABERMEE GBI T L2 (entry6), fillii&E% 10mol% 706 20mol% ~E L LT
BOSERAETIE, IR K ONREIRM O M RIIBIZE S oT (entry 7). £7z, IEROM L4
HigE U, BORK#Z 72 RIS & CTRER L7oai R, SEAREHUWEME T 975 2 & 72 IR Lk
L7z (entry 8), LA EDERERNL ., AHS L 10 mol% {F{ET. (£)-4-oxo-4-phenylbut-2-
enenitrile (1a) 1.5 &, toluene H., H|IRICTHT - 7oK ZE s & L7z (entry 8),

CF;
Q]
FsC N A N
H H
o) Q NC&
©)‘\/\CN . ég\/Qo 23 (10 mol%) MeO . M
Boc toluene (M), temp, 48 h BocN
1a 20 21a ©
(1.5 equiv)
entry temp (°C) concentration (M) yield (%) @ syn/anti ® % ee

1 r.t. 0.4 64 > 20:1 91

2 0 0.4 37 > 20:1 86

3 40 0.4 73 > 20:1 87

4 r.t. 0.2 64 > 20:1 93

5 r.t. 0.1 51 > 20:1 93

6 r.t. 1.0 59 > 20:1 82

7d r.t. 0.2 62 > 20:1 93

8e r.t. 0.2 79 > 20:1 93

a: Isolated yield. b: Determined by 'H NMR analysis of the crude product. ¢: Determined by chiral
HPLC analysis. d: Catalyst 23 (20 mol%) was used. e: The reaction was carried out for 72 h.

Table 3.3
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52 H HE RO

BEon-mEstte b o, WE ROV THET 21T - 7= (Table3.4), 7 = =V IED para
fle~aF BB ANT 7V a=hkU )b 1b, ¢ TiE, TIENRFRARERETH
)& T DAME 21b L 21 24572, 738, BB 21c OFETBLEIT X #EEMRITIC LY
RELTRY ., MOERMORILFHIIEY 21c OREE N SEHEL T D, 7 ==K
ortho, meta, para NLI\ZE G REEZA LS 1) 2 HOWZBIE. TRENERAF7RIER « BT
REPPECTHI E T AR 216§ 2572, £/, HFHEELTHIZTFARERER LT 7 bA L
T7UVa=hU 1o RTTUVBLOFAT7 20 E2H LIEEE 1k 11 TH, KIEZRSLAERMED
KTFZ2T 252 &<, BET DMK 210, 21k B LW 211 &SN 7=, (2E SE)-4-Oxo-6-
phenylhexa-2,5-dienenitrile (1m) Z 58 & L CTHWRE R, MERROICEN E T 540K 21m 23
BO EED o p-Aafl -7 F T s X AR U ERIIBIER S o 72, (2E)-4-Oxo-
6-phenyl-2-hexenenitrile (1n) Z 3 /E & L THWZHA, TERIIHFRETH L DD, EOIRER
PECHIE T DMK 21n BT,
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Y

o —
0,
R)J\/\CN . @o 23 (10 mol%) MeO

Boc toluene (0.2 M), r.t., 72 h

1 20
(1.5 equiv)

21b
79% yield 69% yield
syn:anti > 20:1 syn:anti > 20:1
93% ee 89% ee
o5
_ oA ;
= A
N 1»1\ e Me
21c 21f
71% yield 21c 66% yield
syn:anti > 20:1 syn:anti > 20:1
90% ee 95% ee
Me O CN

BocN

o]
21g 21h 21i
70% yield 72% yield 74% vyield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
93% ee 95% ee 95% ee

O CN O CN

BocN

MeO
0]
21j 210 21k
63% yield 63% yield 71% yield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
99% ee 88% ee 97% ee

O CN

BocN

211 21m 21n
74% yield 75% yield 51% vyield
syn:anti > 20:1 syn:anti > 20:1 syn:anti > 20:1
93% ee 92% ee 95% ee
Table 3.4
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B3 o BRI y-T T T 7 H LT KD ARFEEN E = 0 T A MBS O AR

EEL, A p-REFN y-TF T I B RERANANT 7= R L EDOARFEEH =0 H
AP INB R DO A% FERET B 7212, UGD A —/VT v 7 ik 7= (Scheme3.5), JE
20 %277 LA — b (5.5mmol) THiET L7ZfER. 0.2mmol A —/ L & Hi L TR D DO h/e
KT ARSI, SO Z MR L2 BN E T 560K 21a 2855 2 LTk L

77

= CN + @O
Boc

1a
(1.5 equiv)

20
5.5 mmol
(1.007 g)

23 (10 mol%) MeO

O CN

toluene (0.2 M), r.t., 72 h

Scheme 3. 5

H N
BocN

O
21a
70% yield
(1.308 g)
syn:anti > 20:1
93% ee

BEWTEEIL, LR THD 8- 7 /-op- N8 -7 7 /U FFHEROEREEEHZHE L
Too ATIME 212 ZHERRIAIED ., MR N T 20 Dl L Ui 7 /7 B /KRG IESL AR ME D
KIERIET 2T 52 La<#ITL, BMET 57 X MeEGWE BIFRIRTHED 2 LTI L7z

(Scheme 3. 6), 3%

21a

Pd(NO3), (5 mol%)
acetamide (4.0 equiv)

syn:anti > 20:1

93% ee

AcOH (0.2 M), r.t, 3 h

Scheme 3. 6
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o O%_/NHZ

H N
BocN

o)

26a
82% yield
syn:anti > 20:1
92% ee



I

FAH MNEBIREDEL

‘.{

FA T VTR A L AERBIRREL LT, 7 X UEMESREEARI AR L L, KBRS
H GERAL AN R E A A flifeds L ONEME L = # 5 20 (Figure3.3 path A) 0 o il 7' m F vk Eh
1T =F MERERIDN T AT LT EKRFERE L, BT o E=0 DEPRETH EHAEEH
9520 (Figure3.3 path B) *V, /KEHE S MG 5AL S REEHA & RE 1K % € 2 BB e
K OVEMEAL S ® 50 (Figure 3.3 path C) *» &2 6TV 5,

R S F S T IS T
KIJLN}% KIJLN* NN
U M U M _ﬁ//ﬂ' .
/~H E /\H NU@ / @ :
¥ ) K FHN
- path A - - path B - - path C -

2012 fFIZ Wang OIETF AT LT RIS FRUEAEE T, v a2 o B- ANl y-7F
177 H LAORFEEBHE =0 HAMEMINSIZBN T, EERO =201 % ZiZ£1 DFT
R L7, 2 2 ofER, 7k7ﬁfft/‘\1ﬁ£f*ﬁﬁ75§3kﬁﬁ' ERETFANZ I EBN IR R L OVEME
fb x5 (Figure3.3 pathC) OERBIREICB W TR LBV VT —HENTH D Z & 23HE
Enie, AEL EERFARB LN Y ALT 7 )= b WIxET 5 RFEHEN E =0 5 A%
FIIESIZ BN T H R UREA] 20 ZHWTWD Z LD ARRISITAKRER A 5500753 KEZ A
ERE A Z N EVEBNC RIS X OVEE(L S ® 5 (path C) THEAITT 2 LHELE LTV 5D

(Figure 3.4) ,

CFs3

ﬁm
»‘O’Bu

Q/

Figure 3.4
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HSHT MG

BT, ARSI VR AT 7V a= UL ap-REF -7 TF T s 4
L EDRFEBRIE =0 FZAEBRMINOS O AT o7, fRE LT, FAY L 7RG T
filfit 23 WD Z LT, fhxrde 8- T o B-AEUR] y-T 7 X LFFERE R L AGERE TR
52 EICHII LTz, 72, 8- T / -oB-AEIM v-F 7 2 LEFEMRIISAMERERE R S 2 &7 <
T ) HOLER AT LA TE, AEPRIRE LCoRRAMEEFEIEL 7,
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&

A
TN

B TOKFER UGB A 2 T2 RN R AR T SOS OB 2 AR & LT ZAT -
7o

B TIL, By T2 Wz 5-E#L T 7 U 208H)-A v & (B ANVvT 7 Ve=RY
VORFEEN) =1 I ALEMINOEDRIEEIT T, F=—FRHROFE =T I ZH L
DMM HBUE RS FAfiiE 12 (2 XD ARBISIZ K - T, @WIGEER - BAF 72 SEAREIRME T B B OAHInR
EiFle, 1o, BONIAMIED ST 2 AL T 22 LT, FiEl R -7 7 ¥ L5598
R~OFFEITH) LTz,

o}
O NC H H
JJ\/\CN 2
+

MeO - R o N o
Bu 12(3mol%) _ R 5 NSRS T— . 0
toluene, r.t., 1h-40 h o O>/s R2

= R3 o R1
o up to 99% yield L L
syn:anti > 20:1 Bicyclic y-lactam derivatives

up to 99% ee

BOETIE, BB CHEONEHRAE RN AT 7 )= ) LADORFEFN L =1
T ASATINB S EB 1T 5 3T ONARENERO BRI 70 E L OBAFE 21T > 72, DMM BIAHE
PR 12 2RV (- AT 7 U e = b U LSO RFEBIE = v 4 2R ARG
X, BIE T 50T AT LA~ —% BIFRIGEB LSOV ARRIRPE TR, 62, F=—x
DELBEBRMATH DX =T U 28 A L7z DMM BUARES B 18 13 W IR D@ LA
EIRWICEN ET 22 U FAY—DOAMEAREICL, ML IO Y A LT 7 Ve=K L
DEATEMR A ENFT D 2 LT 4 DONIREMEARS TOBRIRK G & EmR LT,

O NC

R2 R2
— = Bu 12 (3 mol%) A
+ > :
o toluene, r.t., 75-180 min 0O

R1
R1 (o] o)

up to 98% yield
up to 98% ee
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T
Bu N~ NH

H

S N

Bu N~
O NC

Pz = 18 (3 mol%) OMe
CN + o) > N
toluene, r.t., 60-240 min . e}
R
R1 (o] o)

up to 95% yield
up to 98% ee

BT, oA -7 Fu T s A NE (BE)-RUV AT 7= MY LOAFESNE
= B A IBOGE DRI DN TRz, FA4 7 V7 AEH S il 23 #H\W5 2 & T,
B E T2 8-> 7 /7 -aB-REUM v-7 7 & LZaFEARE RIFAIGE - @B RECHE S 2 L

B3 L7z,

O CN

O - -
23 (10 mol%) MeO -
+ >
RJ\7\CN qxo toluene , rt., 72 h RK/\Q
Boc BocN

(6]

up to 79% yield
syn:anti > 20:1
up to 99% ee

o Xyic, BHREFAERD TR ER U AT 7 n= R ) L~DOARFE Eﬁ(ﬁ’]kv—
1 7 ARG DOFAFEZER L 720 T D RG2S F Ut EfT L. filifiic

TILVBENT 4 v 7uy 2255 LTHEHATH EEZLNS, 5K, ﬁ%#%%bﬁ
%ﬁ%ﬁ%mx#ﬁ&“%%ﬁmfﬁAﬁﬁﬁE*mmW«kfﬁéh = 3R 5 & BRR B 1C &
DEEICET 5 2 LICHBNT 5 2 & 2 HARF
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L

E={1[1%
a

k=110
B

FALOHFHIZATD o LUT Ol & AWz,

1) “Asymmetric Direct Vinylogous Conjugate Addition of Substituted Furanone Derivatives to Benzoyl
Acrylonitrile: Stereoselective Synthesis Toward Bicyclic y-Lactam” Daiki Ishii, Shin-ichi Hirashima,
Kosuke Nakashima, Hiroshi Akutsu, Takaaki Sakai, Yasuyuki Matsushima, Masahiro Kawada, and
Tsuyoshi Miura, Org. Lett. 2021, 23, 480-485.

2) “Asymmetric Direct Vinylogous Conjugate Addition of Substituted Furanone Derivatives to (E)- and
(Z£)-Benzoyl Acrylonitrikes Using Organocatalysts” Daiki Ishii, Shin-ichi Hirashima, Hiroshi Akutsu,
Kosuke Nakashima, Yasuyuki Matsushima, Takaaki Sakai, and Tsuyoshi Miura, Asian J. Org. Chem.
2022, 71, €202200048.
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Eifs

DV IZEEI . ABFZEIZER U CER NI AGR S OIERIC S 720 | #AIGIERRE R 5 S L &
HEREA 0 F U7z B R R b 2 - =M ER IR E R DM OB 2R L ET,

AW U CHZRE 2 2 TR & THiBEZ 15 0 £ LI i UCER R PIR B e 2 — -
AR HEREE . ORI R FIAC P HE - CEBEE R, W - PRI TEEA. A - R
. [ - REBIME T, EFREREALR AR - SOk S2sudh . i R A R b2
= - PR LBY UG N2 L ET,

BEOH. LRSI LOEMESE X BESEET 2 1E L W2 & £ LIRS ZF
LU & T 5 HULER R TRt o 2 —OERIE# - LET,

AT, EBRICES U, 52 L Wil & F LRy, /NINERS K Z 4G DA
JEEFERITEH N L E T,
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EEROED

FBRIZ W2 3K S OV 3R U bRk 3k st otk Ut B R b Pk s k.
Sigma-Aldrich RSt 6 2 ENiEA LT,

'H i 2227 kL ("H NMR) (% Bruker Avance III Nanobay 400 (400 MHz) % F VN CillE
L7z, b5 7 MiEIE SiMes (8 0.00) 2 NHBEH#E L L, ppm TR L7z, (s = singlet, d = doublet, t
= triplet, q = quartet, m = multiplet, br = broad)

BC BRI A~ kL (C NMR) (% Bruker Avance III Nanobay 400 (100 MHz) % F\ > CHIE
Lz, ALy 7 MEIZEZ mad/b A (6§ 77.16), EA X 7 —/1 (5 49.00) Z NEHZEH#E L L ppm T
FrLTz,

BHEAY FUE(MS) 1T Waters £ Xevo G2-XS QTof % FWCTHIE L7=,

JL#oMTIE Elementar £t Vario EL % W CHIE L7,

X A SRS AT X Bruker £ SMART ApexIl ULTRA % AW CHIE L 7=,

HEs n~ 777 ¢ —(TLC) I Merck Silicagel 60F 254 plate ZH\, B 7 L7 u~ 7T 7
4 —IZBAHALT: Silica gel 60N (spherical, neutral, 40-50 um) % H\ 7,

HEREYERE 1L JACCO P-2200 % FAVCHIE L7z,

FleE Yanaco MP-J3 Z W THIE L7z, F7-, BRI ETRHIETH D,

B R R R T A 2 v~ 75 7 4 — (HPLC) R SUAERT Lab Solution CBM-20A .
DAICEL CHIRALPAK AD-H, AS-H, IC, DAICEL CHIRALCEL OJ-H % i\ CHIE L7=,

FRICREE O 22 W BR Y [ERITHBRIR TR LT, £72, U7 AT LARRMEIL THNMR (2L &
HL7e, = F AR DEAD 7 22 HWicEmdigk s a~ s 777 0 —I2 L EH
L. SCHKMIE & o MeliRiz X 0 fseh il 2 P LTz,

56



o B 5 ER

(E)-_XVANT 7 Va=hkU 1al®* b 1n® [ZREMOE R TFIECHENERK LT,
B, - FEIAIT 7 / U F 2b-2d 13EEAO &R T BBk LTz, 464

HHE Tl 549 649,759, 8 14d), 94 11 ) 12 14D I FREEN DS R TFIEICRE VSRR LT,

(B ANTZ7Ua=kKU/)L 1lm O

(0] Se0, ) ph3p4\CN 0]
e H20 ™ H benzoic acid X e
Me ™1 4-dioxane, reflux I -H0 benzene, reflux
S1 1m

SeO, (2.00g, 18.0 mmol) & H,O (310 mg, 17.0 mmol) @ 1,4-dioxane (10 mL) {&#ZIC trans-4-
phenyl-3-butene-2-one (1.46 g, 10.0 mmol) Z MNERFESAFE THRAN L, 3 FEMIRFE L=, BOSKE T4,
FOSEEMZE T A Mg L, BET CRELZEE L, BONTHARY S1 1T ICE
HBIZIRD IS~

HARY S1 @ benzene (40 mL) ¥R 2 MNEGEGT LK A2 HLiFRE L7-1%. cyanomethylidene-
triphenylphosphorane *> (3.80 g, 12.6 mmol) & benzoic acid (211 mg, 1.73 mmol) % =E{& TR L .
80°C T 12 WefiiffifE L7z, RUGK T#., WET CHEARE LT, BHonRikks 77 v v
2V VBTN T A7 a~ 8757 4 — (Hexane:EtOAc =2:1) THRL L, (B)-X> VA LT 7
2=k Y/L 1m (659 mg, 36%, 2step) % FHODfEH & LT,
1m: yellow crystal; m.p. 101.0-103.0 °C; "H NMR (CDCls, 400 MHz): § 7.74 (d, 1H, J= 16.0 Hz), 7.60-7.62
(m, 2H), 7.42-7.47 (m, 3H), 7.38 (d, 1H, J=16.0 Hz), 6.91 (d, 1H, J=16.0 Hz), 6.49 (d, 1H, J = 16.4 Hz);
BC {'H} NMR (CDCls, 100 MHz): & 185.4, 146.9, 143.7, 133.9, 131.8, 129.3, 128.9, 124.6, 116.5, 110.9;
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C1,HoNONa 206.0582; Found 206.0574.

HHgESy 7l 10 D&k

NCICN ch(cN(j
HN” N N

NH,
O’ HN” >SMe \
+  FsC F.C H
'\O s THF, reflux, 24 h s \Q) @
CFs
10

CF;
27

28

L& 27 (1.38g,3.79mmol) @ THF (20mL) A&z, LA 28°Y (692 mg,3.79 mmol)
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ZER TN, 24 FFRDINBVETT L7z, BOSK THR, BUE T CRIEZHE L, 50N 7cRiEiE
BrE 77y av VBTN T A a~ 7T 7 4 — (Hexane:EtOAc=5:1) THRI L, A1
il 10 (482 mg, 25%) % HARERE L TH,

10: white powder; m.p. 65.0-67.0 °C; [a]*’p = +134.4° (¢ 1.00, CHCl3); 'H NMR (CDCl3, 400 MHz): & 8.87
(br's, 1H), 7.86 (s, 1H), 7.78 (s, 2H), 5.57 (br s, 1H), 4.65-4.79 (m, 2H), 3.32-3.38 (m, 1H), 2.47-2.51 (m,
2H), 2.27-2.35 (m, 3H), 2.09-2.16 (m, 1H), 1.741.90 (m, 3H), 1.12-1.28 (m, 10 H); '°C {'H} NMR (CDCl,
100 MHz) : 8 164.7, 140.2, 132.5 (q, J = 33.0 Hz), 127.3, 123.2 (q, J = 273 Hz), 122.2 (q, J = 3.7 Hz), 118.1,
69.9,55.9,46.7,35.5,33.2,26.3,25.1,24.4 24.2, 24.1; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C24H2sNsFs
500.2249; Found 500.2245.

AR TR 15 DA

NCICN
MeS” "N
H
D D NC._ _CN
Bu CN NaBD,4 By

I NH, 30 MeO .

THF, reflux, 3 h THF, reflux, 11 h By b H

tBU tBU D
29 s2 MeO

By
15

L& 29 (287mg, 1.34mmol) & NaBDs (167 mg,4.00mmol) @ THF (3.0mL) A&z, 2V
F# (255mg,2.00mmol) @ THF (3.7mL) #&#k% 0°C T F L. 3 FFEINEGER L7z, £ D%,
2M HEER (10mL) Z={RIC T R L, 85°C T 1 Wi L7z, MUK T, SOSRIRIC IRER /K35
T MU U LKERAEMZ, CHCl; T 3 [EIfhH L. CHCl; J8 % fafn ik T Lz, 0%,
CHCL; @& KM N U AT SE, JE T Tt a L Lc, GonicfAEmd S2 1%
RSB TICE BIZR O SOG~ T,

HUAERY S2 (221 mg, 1.34mmol) @ THF (4.0mL) ¥iklZ. 1b&% 30 (448 mg, 1.00mmol) %
FERTHRIML, 11 ReINBGER U7z, BOGK T, BIET CRIEZ R E LTz, 150 iRiEikig
7Ty a v VATNAT A a~x 87T 7 4 — (CHCL:EtOAc=20:1) THE L, G5 1-fil
15 (97% D, 379 mg, 61%) ZiEE AR L LT,

15: pale yellow solid; m.p. 106.0-108.0 °C; [a]*®p = -114.1° (¢ 1.00, CHCI3); 'H NMR (CD;0Ds3, 400 MHz):
8 8.40 (d, J=3.2 Hz, 1H), 7.94 (d, ] = 9.2 Hz, 1H), 7.71 (br s, 1H), 7.40-7.44 (m, 3H), 7.07 (br s, 3H), 5.68
(brs, 1H), 4.00 (s, 3H), 3.08-3.14 (m, 3H), 2.45-2.55 (m, 2H), 1.38-1.64 (m, 4H), 1.27 (s, 18H), 1.01-1.22
(m, 3H), 0.83-0.88 (m, 1H), 0.75 (t, ] = 7.4 Hz, 3H); '*C {'"H} NMR (CDCls, 100 MHz) : & 165.1, 159.7,
152.6, 148.1,145.0, 137.5, 131.7, 129.0, 124.0, 122.9, 122.8, 120.0, 102.7, 62.9, 57.8, 56.5, 41.8, 38.3, 35.7,
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34.7,31.9, 29.0, 28.3, 26.3, 26.0, 12.3; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C30H49D2N6O 621.4250;
Found 621.4250.

By ANT 7 ) u= b VL ~OAFEERT E = 0 7 AP IE O — i) Fik

Bu
0 Me _
en 4 \(Q By 12 (3 mol%)
toluene, r.t., 60 min
O
1a 2a

(E)-4-ox0-4-phenylbut-2-enenitrile (1a, 31.4 mg, 0.200 mmol) & DMM AU HE -l (12,3.7 mg,
0.0060 mmol) @ toluene (0.2 mL) ¥&&ZIZ, a-angelica lactone (2a,21.5 pL, 0.240 mmol) % =5
TECHT L. 60 S Lic, FOSHE TR, RONREME 7 T v v 2 VATV T L7 a< b
77 7 4 — (Hexane:EtOAc=4:1) TR L. (R)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-
4-phenylbutanenitrile (3a, 51.2 mg, 99% yield, 98% ee) % KL L THT-,

(R)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (3a):
o} Ng Me white solid, 99% yield (51.2 mg), syn/anti > 20:1, 98% ee; [a]**p = -131.6° (¢ 1.00,
\. CHCL); m.p. 111.0-113.0 °C; 'H NMR (CDCls, 400 MHz): § 7.93 (d, 2H, J = 7.2
o Hz), 7.58-7.65 (m, 2H), 7.48-7.52 (m, 2H), 6.29 (d, 1H, J= 5.6 Hz), 3.81-3.85 (m,
° 1H), 3.30 (d, 1H, J = 2.4 Hz), 3.29 (s, 1H), 1.70 (s, 3H); *C {'"H} NMR (CDCls,
100 MHz): 3 194.4,170.7, 156.9, 135.5, 134.4, 129.1, 128.3, 123.1, 118.2, 86.0, 36.1, 34.6, 23.4; LD
Hitgp AR REIFE (ee) (X ChiralPak IC 77 A% /2 HPLC Z3#TIZ &> THRIE L7-, (hexane/i-
PrOH = 75:25 at 1.0 mL/min); A = 254 nm; t major = 39.3 min, t minor = 44.7 min; HRMS (ESI) m/z: [M+Na]*

Calcd for CisHi3NOsNa 278.0793; Found 278.0786.

3a

(R)-4-(4-Bromophenyl)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxobutanenitrile (3b):
O NC e white solid, 95% yield (66.3 mg), syn/anti > 20:1, 96% ee;[a]*’p = -100.3° (c
Ny 1.00, CHCI3); m.p. 132.0-134.0 °C; 'H NMR (CDCl;, 400 MHz): § 7.78 (d, 2H,
Br © Y J=28.4Hz),7.64 (d,2H, J=8.4 Hz), 7.56 (d, 1H, J=5.6 Hz), 6.29 (d, 1H, J =
3b 5.6 Hz), 3.79-3.82 (m, 1H), 3.26 (d, 1H, J=4.4 Hz), 3.25 (s, 1H), 1.70 (s, 3H);

BC {'H} NMR (CDCls, 100 MHz): § 193.5, 170.6, 156.9, 134.1, 132.4, 129.7, 123.1, 118.0, 85.9, 36.1, 34.6,
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23.3; AR OHEEIEARETEIE (ee) I ChiralPak IC 7 7 A% V7= HPLC O#TIZ & - THRE
L7z, (hexane/i-PrOH = 75:25 at 1.0 mL/min); A = 254 nm; t major = 38.3 min, t minor = 43.1 min; HRMS
(ESI) m/z: [M+Na]" Calcd for CisH12BrNOsNa 355.9898; Found 355.9890.

(R)-4-(4-Chlorophenyl)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxobutanenitrile (3c):

o NQ Me white solid, 95% yield (55.1 mg), syn/anti > 20:1, 96% ee; [a]*®p = -119.6° (¢

N\, 1.00, CHCI3); m.p. 138.0-140.0 °C; "H NMR (CDCls, 400 MHz): & 7.86 (d, 2H,

Cl 0 J=8.4Hz),7.59 (d, IH, J=5.6 Hz), 7.47 (d, 2H, J= 8.4 Hz), 6.29 (d, 1H, J =

3c © 5.6 Hz), 3.79-3.83 (m, 1H), 3.25-3.27 (m, 2H), 1.70 (s, 3H); *C {'H} NMR
(CDCl3, 100 MHz): 6 193.3, 170.6, 156.9, 140.9, 133.7, 129.6, 129.4, 123.1, 118.0, 85.9, 36.1, 34.6, 23.3;
LR D FEE FVEAIETRIR (ee) 1% ChiralPakIC U 7 A% v 7z HPLC #TiC k- TRIE L 7=,
(hexane/i-PrOH = 75:25 at 1.0 mL/min); A = 254 nm; t major = 36.4 min, t minor = 40.8 min; HRMS (ESI) m/z:
[M+Na]" Calcd for CisH12CINOsNa 312.0403; Found 312.0395.

(R)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-o0xo0-4-(4-(trifluoromethyl)phenyl)butanenitrile
(3d):

O NC e white solid, 94% yield (60.7 mg), syn/anti > 20:1, 93% ee; [a]®p = -123.9° (c

M 1.00, CHCl3); m.p. 98.0-100.0 °C; "H NMR (CDCls, 400 MHz): & 8.03 (d, 2H,

F3C © J=8.2Hz),7.77 (d, 2H, J=8.2 Hz), 7.60 (d, 1H, J=5.6 Hz), 6.30 (d, 1H, J =

3d ° 5.6 Hz), 3.81-3.84 (m, 1H), 3.31 (d, 1H, J=5.2 Hz), 3.29 (d, 1H, J = 2.4 Hz),
1.72 (s, 3H); °C {'"H} NMR (CDCls, 100 MHz): § 193.8, 170.6, 156.9, 138.0, 135.4 (q, “Jc-r = 32.5 Hz),
128.6, 126.1 (q, *Jcr = 3.7 Hz), 123.4 (q, 'Jo-r = 271.2 Hz), 123.1, 118.0, 85.9, 36.5, 34.6, 23.2; LD
it ALK R (ee) 14 ChiralPak AD-H 7 A% Flv 7= HPLC HTIC & » TRE L7z,

(hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm; t minor = 13.6 min, t major = 58.2 min; HRMS (ESI) m/z:
[M+Na]" Calcd for Ci6H12F3NO3;Na 346.0667; Found 346.0660.

4-((R)-3-Cyano-3-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)propanoyl)benzonitrile (3e):
O NC .. pale yellow solid, 94% yield (52.6 mg), syn/anti > 20:1, 91% ee; [a]*)p = -
Ny 122.37 (¢ 1.00, CHCLs); m.p. 172.0-174.0 °C; "H NMR (CDCls, 400 MHz): &
Ncm 8.02 (d, 2H, J=8.4 Hz), 7.81 (d, 2H, J=8.4 Hz), 7.61 (d, 1H, J= 5.6 Hz), 6.30
3e © (d, 1H, J = 5.6 Hz), 3.79-3.83 (m, 1H), 3.28-3.31 (m, 2H), 1.72 (s, 3H); 1*C
{'"H} NMR (CDCls, 100 MHz): § 193.4, 170.5, 156.8, 138.2, 132.9, 128.7, 123.2, 117.8, 117.7, 117.5, 85.8,
36.4, 34.6, 23.3; LR OB RIEMETIFR (ee) 13 ChiralPak AS-H 717 A&V /2 HPLC 4347
IZ X > THE L7z, (hexane/i-PrOH = 60:40 at 1.2 mL/min); A = 254 nm; t minor = 51.8 min, t major = 82.0
min; HRMS (ESI) m/z: [M+Na]" Calcd for C16H;2N203Na 303.0746; Found 303.0739.
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(R)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-(p-tolyl)butanenitrile (3f):
@) NQ Me white solid, 97% yield (52.5 mg), syn/anti > 20:1, 98% ee; [a]*’p = -125.4° (c
\, 1.00,CHCls); m.p. 128.0-130.0 °C; '"H NMR (CDCls, 400 MHz): & 7.82 (d, 2H,
Me 0 J=8.0Hz),7.59 (d, 1H, J=5.6 Hz), 7.29 (d, 2H, J= 8.0 Hz), 6.28 (d, 1H, J =
3f © 5.6 Hz), 3.82 (t, 1H, J= 6.6 Hz), 3.27 (d, 2H, J = 6.8 Hz), 2.43 (s, 3H), 1.69 (s,
3H); 3C {'H} NMR (CDCls, 100 MHz): § 194.0, 170.7, 157.1, 145.3, 133.0, 129.6, 128.3, 122.9, 118.2,
86.0, 36.0, 34.6, 23.1, 21.8; ‘Epk# DL RVEMRIER= (ee) 1% ChiralPak AD-H 7 L& iz
HPLC Z#TIZ K- CTHRE L7, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 254 nm; t minor = 34.3 min, t

major = 68.5 min; HRMS (ESI) m/z: [M+Na]" Calcd for Ci6H;sNOsNa 292.0950; Found 292.0942.

(R)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo0-4-(m-tolyl)butanenitrile (3g):
O NC e white solid, 97% yield (52.2 mg), syn/anti > 20:1, 99% ee; [a]*p = -121.7° (c
1.00, CHCl:); m.p. 138.0-140.0 °C; "H NMR (CDCls, 400 MHz): & 7.71 (d, 2H,
Y J=10.8 Hz), 7.59 (d, 1H, J= 5.6 Hz), 7.44 (d, 1H, J= 7.6 Hz), 7.38 (t, 1H, J
3g =17.6 Hz), 6.29 (d, 1H, J = 5.6 Hz), 3.83 (t, 1H, J = 6.4 Hz), 3.29 (d, 1H, J =
2.4 Hz), 3.28 (s, 1H), 2.43 (s, 3H) 1.70 (s, 3H); *C {'"H} NMR (CDCls, 100 MHz): & 194.6, 170.7, 157.1,
138.9, 135.5, 135.1, 128.9, 128.7, 125.4, 123.0, 118.2, 86.0, 36.2, 34.6, 23.2, 21.4; £k OHt% Btk {4
i@%E#%E (ee) 1% ChiralCel OJ-H 517 A% FV 7= HPLC Z3#TIZ & - CHRJE L7z, (hexane/i-PrOH =
75:25 at 1.5 mL/min); A = 254 nm; t major = 39.5 Min, t minor = 63.5 min; HRMS (ESI) m/z: [M+Na]" Calcd
for CisHisNO3Na 292.0950; Found 292.0943.

Me

(R)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo0-4-(o-tolyl)butanenitrile (3h):
Me O NC . white solid, 90% yield (49.0 mg), syn/anti > 20:1, 89% ee; [a]*’p = -113.5° (c 1.00,
N\, CHCIL); m.p. 103.0-105.0 °C; '"H NMR (CDCls, 400 MHz): & 7.57-7.61 (m, 2H),
7.42-7.46 (m, 1H), 7.29 (t, 2H, J = 6.4 Hz), 6.27 (d, 1H, J= 6.0 Hz), 3.81 (dd, 1H,
3h © J=5.6,7.6 Hz),3.21 (d, 1H,J=3.2 Hz), 3.19 (s, 1H), 2.54 (s, 3H) 1.71 (s, 3H); 1*C
{'"H} NMR (CDCls, 100 MHz): 8 197.4, 170.7, 156.9, 139.4, 135.6, 132.6, 132.5, 128.8, 126.1, 123.0, 118.3,
86.0, 38.4, 34.8, 23.3, 21.7; LM DO HEBLRMEMRIERI= (ee) 1% ChiralPak AD-H 7 L& iz
HPLC s#TIZ L - CTHRE L7, (hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm; t minor = 9.8 min, t
major = 18.2 min; HRMS (ESI) m/z: [M-H]™ Caled for C16H14NO;3 268.0974; Found 268.0974.

(R)-4-(3,4-Dimethylphenyl)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxobutanenitrile (3i):
O NC . white solid, 96% yield (54.0 mg), syn/anti > 20:1, 99% ee; [a]*p =-116.3° (c
A\ 1.00, CHCl3); m.p. 110.0-112.0 °C; '"H NMR (CDCl3, 400 MHz): § 7.69 (s, 1H),
Me 0 7.64 (d, 1H,J=7.6 Hz), 7.58 (d, 1H, J=5.6 Hz), 7.23 (d, 1H, J= 8.0 Hz), 6.28
3i ° (d, 1H, J=5.6 Hz), 3.83 (t, 1H, J= 6.6 Hz), 3.28 (d, 1H, J = 1.6 Hz), 3.26 (s,

1H), 2.33 (s, 3H), 2.32 (s, 3H), 1.68 (s, 3H); 13C {'H} NMR (CDCls, 100 MHz): 5 194.1, 170.8, 157.1, 144.1,

Me
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137.5, 133.4, 130.2, 129.3, 126.0, 123.0, 118.3, 86.1, 36.0, 34.6, 23.3, 20.3, 19.9; A=k D Hitg Sk AH
Fl# (ee) X ChiralPak AD-H # 7 A% 7= HPLC Z3#7iZ L - THRE L7, (hexane/i-PrOH =
90:10 at 1.0 mL/min); A = 254 nm; t minor = 24.9 Min, t major = 35.9 min; HRMS (ESI) m/z: [M+Na]" Calcd
for C17H;7NO3Na 306.1106; Found 306.1100.

(R)-4-(4-Methoxyphenyl)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxobutanenitrile (3j):
O NC e white solid, 97% yield (55.2 mg), syn/anti > 20:1, 98% ee; [a]*’p = -139.1° (¢
Ny 1.00, CHCl3); m.p. 102.0-104.0 °C; 'H NMR (CDCls, 400 MHz): § 7.90 (d,
MeO © 2H, J= 8.8 Hz), 7.58 (d, 1H, J = 5.6 Hz), 6.95 (d, 2H, J = 8.8 Hz), 6.28 (d,
3j © 1H, J=5.6 Hz), 3.89 (s, 3H), 3.83 (dd, 1H, J=6.0, 7.2 Hz), 3.25 (d, 1H, J =
1.2 Hz), 3.24 (s, 1H), 1.69 (s, 3H); '*C {'"H} NMR (CDCls, 100 MHz): § 192.7, 170.8, 164.4, 157.1, 130.6,
128.5,122.9, 118.3, 114.2, 86.1, 55.7, 35.7, 34.7, 23.1; A OHFfp MR R F (ee) L ChiralPak
AD-H 77 X% v 7z HPLC Z3#7IC Lo THRE L7z, (hexane/i-PrOH = 80:20 at 1.0 mL/min); A =
254 nm; t minor = 23.6 min, t major = 41.4 min; HRMS (ESI) m/z: [M+Na]" Calcd for C1¢H;sNO4Na 308.0899;

Found 308.0892.

(R)-4-(Furan-2-yl)-2-((S)-2-methyl-5-ox0-2,5-dihydrofuran-2-yl)-4-oxobutanenitrile (3k):

o NC Me pale yellow solid, 96% yield (50.1 mg), syn/anti > 20:1, 93% ee; [a]*’p = -88.0° (c

x L~ 050, CHCL); m.p. 158.0-160.0 °C; "H NMR (CDCls, 400 MHz): 8 7.62 (dd, 1H,
\o o ~0.8,2.0 Hz), 7.57 (d, 1H, J = 5.6 Hz), 7.29 (dd, 1H, J= 0.8, 3.6 Hz), 6.59 (dd, 1H,
3k © J=1.6,3.6 Hz), 6.28 (d, 1H, J= 5.6 Hz), 3.79 (dd, 1H, J= 5.4, 8.2 Hz), 3.14-3.17

(m, 2H) 1.70 (s, 3H); '*C {'"H} NMR (CDCls, 100 MHz): § 183.4, 170.7, 156.8, 151.6, 147.4, 123.2, 118.5,
117.9,113.0, 86.0, 35.7, 34.2, 23.2; kM D HEGEIERIERIZ (ee) (I ChiralPak AD-H U 7 A% [
V7o HPLC ST & - THE L7z, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 254 nm; t minor = 38.9
min, t major = 101.6 min; HRMS (ESI) m/z: [M+Na]" Calcd for Ci3H;1NO4sNa 268.0586; Found 268.0579.

(R)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-(thiophen-2-yl)butanenitrile (31):

o} NC Me pale yellow solid, 91% yield (47.4 mg), syn/anti > 20:1, 97% ee; [a]*p = -204.6° (c

~ L\ 0.50, CHCls); m.p. 172.0-174.0 °C; '"H NMR (CDCls, 400 MHz): 8 7.73 (d, 2H, J =
\s 0 3.6 Hz), 7.59 (d, 1H, J = 5.6 Hz), 7.16-7.18 (m, 1H), 6.28 (d, 1H, J = 5.6 Hz), 3.80-
3 © 383 (m, 1H), 327 (d. 1H, J = 3.2 Hz), 3.26 (s. 1H), 1.68 (s, 3H); °C {'H} NMR

(CDCI3, 100 MHz): 6 187.1, 170.7, 157.0, 142.3, 135.3, 133.0, 128.6, 123.0, 117.9, 86.0, 36.5, 34.5, 23.1;
AERD) D BEAG BANEABEISE (ee) 1E ChiralPak AD-H % 7 A% V2 HPLC Z3#Tic k- CTHREL
72 (hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm; t minor= 16.0 min, t major = 37.4 min; HRMS (ESI)
m/z: [M+Na]* Calcd for C13H;;NO3;SNa 284.0357; Found 284.0349.
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(R,E)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-0xo0-6-phenylhex-5-enenitrile (3m):
QO NC e white solid, 90% yield (50.5 mg), syn/anti = 16:1, 94% ee; [a]*’p = -87.7° (¢

X N, 1.00, CHCl3); m.p. 129.0-131.0 °C; 'H NMR (CDCls, 400 MHz): § 7.61 (d,
© \ 1H,J=162H7),755-7.57 (m, 3H), 7.41-7.4 (m, 3H), 6.74 (d, 1H, /=162
3m Hz), 6.28 (d, 1H, J = 5.6 Hz), 3.74 (t, 1H, J= 6.6 Hz), 2.99 (d, 2H, J = 6.8 Hz),

1.68 (s, 3H); '*C {'"H} NMR (CDCls, 100 MHz): § 194.0, 170.7, 157.0, 144.8, 133.8, 131.3, 129.2, 128.7,
124.6,122.9, 118.1, 86.0, 37.9, 34.4, 23.1; /£y D #ifg BrEAKIEFEIZ (ee) IX ChiralPak AD-H 77 7
L% Az HPLC Z3#HTic X - CTRE L7z, (hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm; t minor
=25.3 min, t major = 33.8 min; HRMS (ESI) m/z: [M-H] Calcd for C;7H;4NO3 280.0974; Found 280.0971.

(R)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-6-phenylhexanenitrile (3n):
O NC Me colorless oil, 95% yield (51.2 mg), syn/anti = 88:12, 55% ee; '"H NMR (CDCls,
N\, 400 MHz): 6 7.49 (d, 1H, J= 6.0 Hz, syn), 7.32 (d, 1H, J= 5.6 Hz, anti), 7.27-
7.31 (m, 2H, syn, anti), 7.15-7.22 (m, 3H, syn, anti), 6.20 (d, 1H, J = 5.6 Hz,
3n ° syn), 5.99 (d, 1H, J = 5.6 Hz, anti), 3.57-3.61 (m, 1H, syn), 3.42 (dd, 1H, J =
5.6, 7.6 Hz, anti), 2.89-2.94 (m, 2H, syn, anti), 2.67-2.84 (m, 2H, syn, anti), 2.63 (d, 1H, J = 0.4 Hz, syn,
anti), 2.61 (s, 1H, syn, anti), 1.64 (s, 3H, anti), 1.61 (s, 3H, syn); °C {'"H} NMR (CDCls;, 100 MHz) syn
diastereomer: 6 204.4, 170.6, 156.8, 140.2, 128.7, 128.3, 126.4122.8, 118.0, 85.7,44.1, 39.8, 34.1, 29.5, 22.9.
anti diastereomer: 8 204.5, 157.4, 128.4, 122.0, 44.0, 40.1, 33.9, 29.5, 22.1; A=l D $iff BAEIRGE o=
(ee) I% ChiralPak AD-H 7 7 L% Hu 7z HPLC 4342 K> THRiE L7z, (hexane/i-PrOH = 80:20
at 1.0 mL/min); A = 220 nm; t minor = 14.0 min, t major = 27.9 min; HRMS (ESI) m/z: [M+Na]" Calcd for

Ci17H17NOsNa 306.1106; Found 306.1102.

0

(R)-2-((S)-2-Ethyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (30):
O NC white solid, 94% yield (52.9 mg), syn/anti > 20:1, 97% ee; [a]*p = -135.4° (¢ 1.00,
' N, CHCI); m.p. 108.0-110.0 °C; '"H NMR (CDCls, 400 MHz): § 7.90-7.92 (m, 2H),
7.60-7.64 (m, 1H), 7.47-7.52 (m, 3H), 6.33 (d, 1H, J = 6.0 Hz), 3.88 (dd, 1H, J =
30 © 4.8, 8.4 Hz), 3.24-3.27 (m, 2H), 2.01-2.18 (m, 2H), 0.94 (t, 3H, J = 7.6 Hz); 1*C
{'"H} NMR (CDCls, 100 MHz): & 194.4, 171.0, 155.9, 135.5, 134.2, 129.0, 128.2, 124.0, 118.3, 88.7, 35.9,
33.3,28.8,7.5; AR DG RIEKIERZ (ee) (T ChiralPak AD-H % 7 &% i 7= HPLC Z3#7ic
Ko THIE L7z, (hexane/i-PrOH = 80:20 at 1.0 mL/min); A =254 nm; t minor= 11.1 min, t major = 19.8 min;
HRMS (ESI) m/z: [M+Na]" Calcd for C16H1sNO3Na 292.0950; Found 292.0942.

Et
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(R)-2-((S)-2-Benzyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (3p):
O NC o white solid, 93% yield (61.6 mg), syn/anti > 20:1, 96% ee; [a]*’p = -115.4° (¢ 1.00,
. Ny CHCL); mep. 175.0-177.0 °C; "H NMR (CDCl3, 400 MHz): § 7.87-7.90 (m, 2H),
© 7.59-7.63 (m, 1H), 7.56 (d, 1H, J = 5.6 Hz), 7.46-7.50 (m, 2H), 7.27-7.34 (m, 3H),
3p © 7.20-7.23 (m, 2H), 6.13 (d, 1H, J = 5.6 Hz), 3.83 (dd, 1H, J = 5.4, 8.2 Hz), 3.23-
3.40 (m, 4H); 1°C {'"H} NMR (CDCls, 100 MHz): § 194.3, 170.5, 155.8, 135.5, 134.3, 132.5, 130.5, 129.0,
128.8,128.2,128.0, 124.1, 118.4, 88.1,42.3,35.8, 33.1; A DHFfp MR F (ee) 1L ChiralPak
AD-H 77 L% v 7z HPLC Z3#7IC L o THRE L7z, (hexane/i-PrOH = 85:15 at 1.0 mL/min); A =
254 nm; t minor= 19.5 min, t major = 31.2 min; HRMS (ESI) m/z: [M+Na]* Caled for C21Hi7NOsNa 354.1106;

Found 354.1100.

(R)-2-((S)-2-Benzyl-5-0x0-2,5-dihydrofuran-2-yl)-4-(4-chlorophenyl)-4-oxobutanenitrile (3q):

O NC white solid, 90% yield (65.5 mg), syn/anti > 20:1, 94% ee; [a]*p = -75.4° (¢

\\ 1.00, CHCl3); m.p. 162.0-164.0 °C; '"H NMR (CDCls, 400 MHz): § 7.82 (d, 2H,

cl 0 J=28.4 Hz), 7.56 (d, 1H, J = 5.6 Hz), 7.45 (d, 2H, J = 8.4 Hz), 7.29-7.32 (m,
3q © 3H), 7.20-7.22 (m, 2H), 6.14 (d, 1H, J = 5.6 Hz), 3.79-3.83 (m, 1H), 3.18-3.40

(m, 4H); °C {'H} NMR (CDCls, 100 MHz): & 193.1, 170.5, 155.7, 140.9, 133.8, 132.4, 130.5, 129.6, 129.4,
128.9,128.1, 124.2, 118.3, 88.1,42.4,35.7, 33.1; A OFAGBVEAERIF (ee) 1L ChiralPak AD-H
717 L W2 HPLC #ric K> THRE L7, (hexane/i-PrOH = 85:15 at 1.0 mL/min); A = 254 nm;
t minor = 22.6 min, t major = 42.2 min; HRMS (ESI) m/z: [M+Na]" Caled for C1H;sCINO3Na 388.0716; Found
388.0710.

(R)-2-((S)-2-Benzyl-5-0x0-2,5-dihydrofuran-2-yl)-4-(4-bromophenyl)-4-oxobutanenitrile (3r):

O NC o white solid, 89% yield (72.2 mg), syn/anti > 20:1, 94% ee; [a]*p = -66.9° (¢

N\, 1.00,CHCIs); m.p. 161.0-163.0 °C; "H NMR (CDCl;, 400 MHz): § 7.74 (d, 2H,

Br 0 J=28.8 Hz), 7.62 (d, 2H, J = 8.8 Hz), 7.56 (d, 1H, J = 5.6 Hz), 7.28-7.34 (m,
3r O 3H), 7.20-7.22 (m, 2H), 6.14 (d, 1H, J = 5.6 Hz), 3.79-3.82 (m, 1H), 3.17-3.40

(m, 4H); °C {"H} NMR (100 MHz, CDCl5): & 193.4, 170.5, 155.7, 134.2, 132.4, 130.5, 129.7, 128.9, 128.1,
124.2,118.2,88.0,42.4,35.7,33.1; kM D HEGRIMERIER= (ee) (I ChiralPak AD-H U 7 4% [
VW72 HPLC ST & - THRE L7z, (hexane/i-PrOH = 85:15 at 1.0 mL/min); A = 254 nm; t minor= 26.1
min, t major = 49.7 min; HRMS (ESI) m/z: [M+Na]" Calcd for C2H16BrNO3Na 432.0211; Found 432.0202.

(R)-2-((S)-2,4-Dimethyl-5-0x0-2,5-dihydrofuran-2-yl)-4-0xo-4-phenylbutanenitrile (3s):

o Ng Me white solid, 94% yield (50.5 mg), syn/anti > 20:1, 93% ee; [a]*p = -87.4° (c
N_Me 100, CHCl3); m.p. 95.0-97.0 °C; 'H NMR (CDCl;, 400 MHz): & 7.93 (dd, 2H,

0 J=1.2,8.0 Hz), 7.60-7.65 (m, 1H), 7.48-7.52 (m, 2H), 7.16 (d, 1H, J= 1.6 Hz),

s © 3.76-3.79 (m, 1H), 3.28-3.31 (m, 2H), 2.01 (d, 3H, J = 1.2 Hz), 1.64 (s, 3H);
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3C {'"H} NMR (CDCls, 100 MHz): 8 194.6, 172.1, 149.4, 135.5, 134.3, 131.9, 129.0, 128.2, 118.4, 83.8,
36.2, 34.9, 23.4, 10.8; AR OFEGENEAEF R (ee) 1% ChiralPak AD-H U 7 A% v /= HPLC
IIHTIZ K> THRE L7z, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 254 nm; t minor = 18.7 min, t major =
30.3 min; HRMS (ESI) m/z: [M+Na]" Calcd for C16HisNO3;Na 292.0950; Found 292.0941.

75 WA —)L (6.5mmol) TOE)-_L YV ANLT 7=k L~ORFEBH L =a i 2%
IO i D FEBR T

(E)-4-ox0-4-phenylbut-2-enenitrile (1a, 1.021 g, 6.500 mmol) & DMM FUAHE Tl (12, 123.8
mg, 0.2000 mmol) @ toluene (6.5mL) ¥A#&IZ, a-angelicalactone (2a,698.8 uL, 7.800 mmol) % ==
TAIETH T L, 60 s Lic, RIS TR, BUNEEWMEZ 7 7 v a2y VTN AT hon
~ b2 7 14— (Hexane:EtOAc=4:1) TR L, (R)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-
oxo-4-phenylbutanenitrile (3a, 1.581 g, 95% yield, 98% ee) # FtafEfAL L TH 7z,

T -T 7 XA 14 ~OEW S D EBTIE
MK 3 367 2 KMEEW 13 ~D RS

o NH
X2
9 NC Me 9 - Me
TN conc. HCl TN
o 0°C,4h o
o 0]
3a 13a

(R)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (3a,255 mg, 1.00 mmol)
(ZHHEE2 (10 mL) % 0°C T F L., 4 FRE#EEE Ui, ROSK TR, ROSEIRIOKm /K Z A
CHCl; T 3 [Efliti L. CHCl; J& A fafn ik Tt L7z, £ D%, CHCl; &2 Kl ~ VU
U LATHRMRSHE, BETCHRELZEE L, JBONRNREEZ Y 7 v a2 VATV DT LY
0~ k2777 4— (CHCI:EtOAc=1:1) THELL, (5)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-
4-oxo-4-phenylbutanamide (13a, 258 mg, 94%) ZFHEAFEKRE L TH7-,

(8)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-0xo-4-phenylbutanamide (13a):
o} OY :‘A:z yellow solid, 94% yield (257.7 mg), syn/anti > 20:1, 96% ee; [a]**p = -142.4° (c
' N\ 100, CHCl3); m.p. 162.0-164.0 °C; 'H NMR (CDCls, 400 MHz): § 7.83-7.87 (m,
0 3H), 7.54-7.57 (m, 1H), 7.42 (t, 2H, J= 7.4 Hz), 6.59 (brs, 1H), 6.16 (d, 1H, J=5.2
13a © Hz), 5.83 (brs, 1H), 3.54 (d, 1H, J=10.4 Hz), 3.24-3.31 (m, 1H), 2.86 (d, 1H, J =
18.0 Hz) 1.62 (s, 3H); '*C {'"H} NMR (CDCl;, 100 MHz): & 197.8, 173.8, 172.0, 159.8, 136.1, 133.9, 128.8,

128.2,121.3, 87.8, 48.5, 36.6, 23.5; LM D Eitg FAEIKIEFZ (ee) 1L ChiralPak AD-H 7 7 A% H
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V72 HPLC ST & - THE L7z, (hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm; t minor= 11.0
min, t major = 15.8 min; HRMS (ESI) m/z: [M-H] Calcd for C1sH14NO4 272.0923; Found 272.0921.

(8)-4-(4-bromophenyl)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxobutanamide (13b):

O NH, yellow solid, 78% yield (284.5 mg), syn/anti > 20:1, 95% ee; [a]*p = -125.7°
O X

- Me (¢ 0.50, CHCls); m.p. 180.0-182.0 °C; 'H NMR (CDCls, 400 MHz):  7.86 (d,

5 > IH, J =48 Hz), 7.70 (d, 2H, J = 8.0 Hz), 7.57 (d, 2H, J = 7.6 Hz), 6.37 (brs,

Br O 1H),6.18 (d, 1H, J=5.6 Hz), 5.65 (brs, 1H), 3.51 (d, 1H, J=10.8 Hz), 3.21 (dd,

1H, J=10.8, 17.6 Hz), 2.81 (d, 1H, J= 18.0 Hz), 1.63 (s, 3H); '*C {'H} NMR
(CDCI3, 100 MHz): & 196.7, 173.5, 171.9, 159.7, 134.8, 132.2, 129.6, 129.2, 121.4, 87.7, 48.5, 36.5, 23.5;
R OFHG EVEARRRISE (ee) 1L ChiralPak AD-H %1 7 A% Uz HPLC Z3#TiC K- THREL
72 (hexane/i-PrOH = 85:15 at 1.0 mL/min); A = 254 nm; t minor= 22.5 min, t major = 33.0 min; HRMS (ESI)
m/z: [M-H] Calcd for C1sH13BrNO4 350.0028; Found 350.0022.

13b

72 MMbEW 13 D BRI v-TF 7 X A 14 ~DEHN

H H
N
OOYNHZ O&O
;. Me Cs,COs —T~0
N O ~ Me
o THF, rt.,, 7 h
(@]
13a
14a

7 2 NeEY (13a: 54.7 mg, 0.200 mmol, 13b: 176.1 mg, 0.500 mmol) @ THF (13a:4.0 mL, 13b:
10mL) ¥RIZREEE > 7 A (13a: 162.9 mg, 0.500 mmol, 13b: 407.3 mg, 1.300 mmol) % =& CEHRN
L. 7 REIRER L7, BOSKE T2, BOSHIRIZHALT B =0 LKEEKZ A, EtOAc T 3 [alf
L. EtOAc & Zfafn K Tl L1z, £ D%, EtOAc EZ HEKAEET ~ U ¥ A TS,
BIE T CRIEAEE LT, BOoNREEREZ 7 7y av VANV T LIa~ NI T7 41—

(CHCI3:EtOAc = 1:1) THRIL, BRIV y-7 7 % 2 (14a: 48.7 mg, 96%, 14b: 78.3 mg, 44%) % &
tERE Uiz,
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(3aR,68,6aR)-6a-Methyl-6-(2-0x0-2-phenylethyl)tetrahydro-2 H-furo[3,2-b|pyrrole-2,5(3H)-dione

(14a):
H H
N
(0] (0]
) (0]
O ~ Me
14a

yellow solid, 89% yield (48.7 mg), syn/anti > 20:1, 96% ee; [a]*°p = +98.7° (¢ 1.00,
CHCl5); m.p. 61.0-63.0 °C; 'H NMR (CDCls, 400 MHz): § 8.03 (d, 2H, J = 8.0 Hz),
7.60 (t, 1H, J = 7.4 Hz), 7.47-7.51 (m, 2H), 7.31 (brs, 1H), 4.13 (d, 1H, J = 5.6 Hz),
3.40-3.58 (m, 3H), 2.88 (dd, 1H, J = 5.6, 18.0 Hz), 2.67 (d, 1H, J = 18.4 Hz), 1.58 (s,
3H); *C {'H} NMR (CDCls, 100 MHz): & 197.4, 176.5, 173.4, 136.4, 133.7, 128.8,
128.4, 89.3, 57.8, 45.6, 36.0, 34.3, 22.9; Ak D HEG BAERBFEIE (ee) 1T

ChiralPak AD-H #1 7 A % 7= HPLC 5342 & - CTHRE L7-, (hexane/i-PrOH = 80:20 at 1.0

mL/min); A = 254 nm; t major = 11.5 min, t minor = 18.1 min; HRMS (ESI) m/z: [M+Na]" Calcd for
CisHisNOsNa 296.0899; Found 296. 0896.

(3aR,68,6aR)-6-(2-(4-Bromophenyl)-2-oxoethyl)-6a-methyltetrahydro-2 H-furo|3,2-b]pyrrole-2,5(3H)-

dione (14b):

N
@) @)
) O

~ Me

Br
14b

yellow solid, 44% yield (78.3 mg), syn/anti > 20:1, 95% ee; [a.]**p = +88.9° (¢ 1.00,
CHCl5); m.p. 87.0-89.0 °C; "H NMR (CDCls, 400 MHz): & 7.89 (d, 2H, J = 8.4 Hz),
7.63 (d, 2H, J = 8.4 Hz), 7.05 (brs, 1H), 4.14 (d, 1H, J = 5.6 Hz), 3.52 (dd, 1H, J =
3.4, 17.8 Hz), 3.34-3.46 (m, 2H), 2.89 (dd, 1H, J = 6.0, 18.4 Hz), 2.67 (d, 1H, J =
18.0 Hz), 1.58 (s, 3H); '*C {'"H} NMR (CDCls, 100 MHz): § 196.4, 176.2, 173.2,
135.1,132.2, 129.9, 129.0, 89.2, 57.8, 45.5, 36.0, 34.3, 22.9; k¥ D #ifs BPER
B (ee) 1L ChiralPak AD-H 7 A% v /= HPLC 9#Hric k- CTHREL

72 (hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm; t major= 18.8 min, t minor = 34.5 min; HRMS (ESI)
m/z: [M-H] Calcd for C15sH13BrNO4 350.0028; Found 350.0027.
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13b DfEET — & (CCDC2047467).

B, EtOAc I XU pentane T TORASILBGEIC L o> TR O, 90K DFEFICEWT,
L&Y 13b 7 — £ 1% Bruker SMART APEX II CCD area detector % fifif L CUNEE X 117z, EfE
FIfRIE 50 %D %2R L T 5,

(@) NH
X 2
9 - Me

Br o
13b
Bond precision: C-C=0.0026 A Wavelength =0.71073
Cell: a=9.4170 (3) b=5.1483 (2) c=14.9447 (4)
alpha =90 beta=96.707 (1) gamma =90
Temperature: 90K
Calculated Reported
Volume 719.58 (4) 719.58 (4)
Space group P21 P1211
Hall group P 2yb P2yb
Moiety formula C15 H14 Br N O4 C15 H14 Br N O4
Sum formula C15 H14 Br N O4 C15 H14 Br N O4
Mr 352.17 352.18
Dx, g cm-3 1.625 1.625
V4 2 2
Mu (mm-1) 2.871 2.871
F000 356.0 356.0
F000’ 355.60
h, k, Imax 13,7,21 13,7,21
Nref 4406[ 2428] 4384
Tmin, Tmax 0.743, 0.823 0.625, 0.868
Tmin’ 0.342

Correction method = # Reported T Limits: Tmin = 0.625 Tmax = 0.868
AbsCorr = NUMERICAL

Data completeness= 1.81/1.00 Theta(max)= 30.503
R(reflections)= 0.0197 ( 4213) wR2(reflections)= 0.0499 ( 4384)
S =1.067 Npar= 191

68



14b DfEET — & (CCDC2047468).

Hid 3, ERO B XU hexane M TORSILEGEIC X o TfRb N7, 90K DEMFICHENT, b
%) 13b O F — %13 Bruker SMART APEX II CCD area detector % {HFH L CUNEE X 7z, BEMIA
¥ 50 %D EZ R L T3,

y
oO:SN/\nIAgO%O \/"\/"\ e

14b
Bond precision: C-C=0.0033 A Wavelength =0.71073
Cell: a=5.5952 (2) b =8.2745 (2) c=31.2751(9)
alpha =90 beta =90 gamma = 90
Temperature: 90K
Calculated Reported
Volume 1447.96 (8) 1447.96 (8)
Space group P212121 P212121
Hall group P 2ac 2ab P 2ac 2ab
Moiety formula C15 H14 Br N O4 C15 H14 Br N O4
Sum formula C15 H14 Br N O4 C15 H14 Br N O4
Mr 352.17 352.18
Dx, g cm-3 1.615 1.616
V4 4 4
Mu (mm-1) 2.854 2.854
F000 712.0 712.0
F000° 711.19
h, k, Imax 8, 11,44 8, 11,44
Nref 4421[ 2577] 4405
Tmin, Tmax 0.444, 0.644 0.568, 0.762
Tmin’ 0.415

Correction method = # Reported T Limits: Tmin = 0.568 Tmax = 0.762
AbsCorr = NUMERICAL

Data completeness= 1.71/1.00 Theta(max)=30.571
R(reflections)= 0.0266 ( 4126) wR2(reflections)= 0.0647 ( 4405)
S =1.069 Npar= 191
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5 I BT D FER
(2)-_ A NT 7 Y=k )L 16a FEEMOERTFIECHENEK LIz, 2

HHgSy 7 18 D&k

Bu
£t NC. _CN NC. _CN NH, NC._ _CN
y X N
2 MeS~ “SMe MeS~ “NH u N~ NH
N N 31 N Bu 33 H N
NI _ THF, reflux, 18 h | A THF, reflux, 48 h | N
N~ Bu N~
OMe OMe OMe
32 S3 18

2-(Bis(methylthio)methylene)malononitrile 313 (624 mg, 3.70 mmol) @ THF (10mL) &i&IZ LG
¥ 3259 (1.19g,3.70mmol) Z=IEIZTHRIM L, 18 REEIINBGEGE L7z, S T, BT T TF
MEREL, BOoNREREZ 7 7 v av VBTN D T A~ NI T 7 40—

(CHCI3:MeOH = 100:1) 177z, G674 S3 (1.56 g,3.30 mmol) @ THF (20 mL) #
RIZ (3,5-di-tert-butylphenyl)methanamine 33 (767 mg, 3.50 mmol) % SRR CHAN L, 48 HRfINZL
W L7z, BSOS TH, WIE T CIRIE2 B E L, BonBiEkits 77 v a U0
Fhrma~ 777 ¢— (CHCI:MeOH = 100:1) THER L, Gy 7l 18 (721 mg, 32%) %
AR s LTHT,
18: white solid, 32% yield (721.1 mg); [a]**p = +43.2° (¢ 1.00, CHCls); m.p. 116.0-118.0 °C; 'H NMR
(CD;0D, 400 MHz): 8 8.40 (brs, 1H), 7.94 (d,J=9.3 Hz, 1H), 7.67 (brs, 1H), 7.46 (dd, J= 2.4, 9.3 Hz, 1H),
7.39 (brs, 1H), 7.14 (brs, 1H), 7.06 (s, 2H), 5.68 (brs, 1H), 4.62 (d, J = 14.5 Hz, 1H), 4.43 (d, J = 15.0 Hz,
1H), 4.01 (s, 3H), 3.13 (d, J= 8.7 Hz, 1H), 2.94-2.99 (m, 1H), 2.59-2.84 (m, 3H), 1.20-1.56 (m, 7H), 1.26 (s,
18H), 1.03-1.10 (m, 1H), 0.84 (t, /= 7.2 Hz, 3H); *C{'H} NMR (CD;0D, 100 MHz): & 165.4, 159.9, 152.7,
148.1, 145.0, 137.9, 131.7, 129.6, 124.1, 122.9, 122.9, 120.2, 102.4, 71.6, 56.5, 38.3, 35.7, 34.5, 31.9, 27.6,
27.2,26.9, 25.4, 12.2; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C30Hs/N6O 619.4124; Found 619.4126.
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(2 ANT 7 Vr=hkU) 16b-c DEE
hydroxamate S5b-¢ D& HK

H 1) oxalyl chloride H
X o CH,Cl,, 0 °C—rit. X N.on
R o) 2) NH,OH/H,0, r.t. Rm
S4aR=H
S4b R = Br
S4c R=Me
pyridine H O
acethyl chloride X N. )J\M
THF, 0 °C—rit. /@/\/\g 0 e
R
S5aR=H
S5b R =Br
S5¢c R=Me

(3E)-4-(4-bromoohenyl)-3-butenoic acid (1.46 g, 6.00 mmol) ® CH,Cl, (24 mL) #A#Z!Z oxalyl chloride

(900 uL, 10.5mmol) % 0°C TIRML., =R T—Woeh i Uiz, RIS 7K. BT T TRt &
E LT, BoNBEmIce Rex o7 I U kEk (16.8mL,2.5M /KIER) % =ik ClRNT 5
Z L THARBK S4b AHTH L7z, JEE THARBKAZEIL L, EKIT CHCL T 2 [EHiH L,
CH.Cl, J& % ffn Bk T Lz, D%, CH.CL J8 4 MK b U v A TS, BT
TCHBEEARE LT, /BONTRMERIEIXAABR S4b Ght, KM+ 5 2 L SIRORISITHE
AL,

HEE R S4b (1.37 g, 5.40 mmol) @ THF (21.6 mL) ¥&{ZIZ pyridine (460 pL, 5.70 mmol) %

0°C THIIL, 0°C T 10 R L=, T 0%, =iET 20 oM L. KSRKIZ acetyl
chloride (430 uL, 5,70 mmol) % I L 7z, iR T 2 Wil {E L 7214, KIGER % ELO0 THER L.
E6O JEZK, 0.5M Mk, fafn K Clleid L, T D%, EuO J8 % BKMEET U 7 A Tl
SH, BETCTHEELZHEE L, JBONTRNREEZ 7 7 v v a v VBTN T Lua~x N TT
7 4 — (Hexane:CHCl; = 1:3) THH L. hydroxamate S5b (927 mg, 58% yield) % @R E LT
7=,
S5b: white solid; 58% yield (927.3 mg); m.p. 147.0-149.0 °C; 'H NMR (CDCls, 400 MHz): & 8.99 (brs, 1H),
7.42-7.45 (m, 2H), 7.21-7.25 (m, 2H), 6.52 (d, 1H, J = 15.9 Hz), 6.24-6.31 (m, 1H), 3.23 (dd, 2H, J = 1.3,
7.1 Hz), 2.23 (s, 3H); *C{'H} NMR (CDCls, 100 MHz): & 168.9, 135.4, 134.1, 131.9, 128.0, 121.9, 121.3,
37.6, 18.4; HRMS (ESI-TOF) [M-H] Calcd for C12H;iNO3Br 295.9922; Found 295.9922.

S2¢: white solid; 70% yield (668.2 mg); m.p. 137.0-139.0 °C; 'H NMR (CDCls, 400 MHz): §9.17 (brs, 1H),
7.26 (d, 2H, J = 8.1 Hz), 7.12 (d, 2H, J = 7.9 Hz), 6.54 (d, 1H, J = 15.8 Hz), 6.17-6.25 (m, 1H), 3.22 (d, 2H,
J=6.9Hz),2.33 (s, 3H), 2.21 (s, 3H); 3C{'H} NMR (CDCls, 100 MHz): 5 168.8, 138.0, 135.3, 133.7, 129.4,
126.4, 119.3, 37.8, 21.3, 18.4; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C13H;sNOsNa 256.0950; Found
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256.0958.

(L)~ ANT 7Y r=b UL 16b-c DAL

1) Bls(collidine)bromine(l)

H o) hexafluorophosphate O CN
. N.g )LM CH,Cly, rt. =
/©/\/\(f)f © T2)ELN, rt
R R
S5aR=H $16aR=H
S5b R = Br S16b R =Br
S5¢c R =Me S$16¢c R = Me

hydroxamate S3b (894 mg, 3.00 mmol) @ CHxCl, (50 mL) ¥&#Z(Z Bis(collidine)bromine(I)
hexafluorophosphate (1.57 g,3.30 mmol) Z =R TN L7, IR T 2 FFfHE#EE L7-1%. triethylamine

(836 pL, 6.00 mmol) Z =i TN L., 2 WREfEHE Lic, ROSHE T2, BE T Tz E LT,
BONTENEEE 7 7y av VTN T h7a~v 7T 7 4 — (Hexane:EtOAc=8:1) THi
WML, @V AT 7 Ur=hKU/L 16b (171 mg, 24% yield) % FHEOFESH L L THE-,
16b: yellow crystal, 24% yield (170.6 mg); m.p. 147.0-149.0 °C; '"H NMR (CDCls, 400 MHz): § 7.82-7.86
(m, 2H), 7.67-7.70 (m, 2H), 7.55 (d, J = 11.5 Hz, 1H), 6.00 (d, J= 11.5 Hz, 1H); *C{'H} NMR (CDCls, 100
MHz): § 185.9, 141.2, 134.5, 132.6, 130.3, 130.1, 115.2, 109.6; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
Ci10HeNOBrNa 257.9530; Found 257.9533.

16¢: yellow crystal; 23% yield (78.9 mg); m.p. 114.5-116.0 °C; '"H NMR (CDCls, 400 MHz): & 7.88 (d, 2H,
J=28.1 Hz), 7.60 (d, 1H, J=11.5 Hz), 7.32 (d, 2H, J = 8.0 Hz), 5.96 (d, 1H, J = 11.5 Hz), 2.45 (s, 3H);
BC{'H} NMR (CDCls, 100 MHz): & 186.4, 145.8, 142.2, 133.4, 129.9, 129.1, 115.5, 108.7, 22.0; HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C;;HoNONa 194.0582; Found 194.0589.

NI ANT 7Y a= b U NSDOAFEBR E = v 5 2B INSOE D — i) Fi%

NCICN
HN H
Bu
O CN Me. MeO O NS Me
P . \(Q By 12 (3 mol%) _ BN
toluene, r.t., 60 min 0
© (e}
1a 2a 3a
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(Z)-4-0x0-4-phenylbut-2-enenitrile (16a, 31.4 mg, 0.200 mmol) & DMM HUAHE > 7t (12, 3.7
mg, 0.0060 mmol) @ toluene (0.2mL) ¥&#KIZ, o-angelicalactone (2a,21.5puL,0.240 mmol) % =R
FETHIML, 60 LTz, BUSKTHR., BONREMZ 7 7 v a2 VBTN T A7~ b
77 7 4 — (Hexane:EtOAc=4:1) TR L. (5)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-
4-phenylbutanenitrile (17a, 44.8 mg, 88% yield, 98% ee) % FHtafEfA L L T 7z,

(8)-2-((S)-2-Methyl-5-o0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (17a):
o NC white solid, 88% yield (44.8 mg), anti/syn > 20:1, 98% ee; [a]**p = —0.8° (¢ 1.00,
N\, CHCIls); m.p. 172.0-174.0 °C; '"H NMR (CDCls, 400 MHz): & 7.91-7.93 (m, 2H),
7.61-7.76 (m, 1H), 7.48-7.52 (m, 3H), 6.11 (d, J=5.6 Hz, 1H), 3.68 (dd, /=5.6,7.3
17a © Hz, 1H), 3.29-3.47 (m, 2H), 1.76 (s, 3H,); *C{'H} NMR (CDCls;, 100 MHz):
5194.6, 170.7, 157.7, 135.3, 134.4, 129.1, 128.2, 122.2, 118.2, 86.0, 36.4, 34.5, 22.3; £l DFifs Bk
{RiEFE = (ee) 1L ChiralPak AD-H 517 A% 7= HPLC Z9HTiZ X - THE L7-, (hexane/i-PrOH
= 60:40 at 1.0 mL/min); A = 254 nm; t major= 31.0 min, t major = 45.8 min; HRMS (ESI-TOF) m/z: [M+Na]*

Calcd for CisHi3NOsNa 278.0793; Found 278.0794.

o}

(8)-4-(4-Bromophenyl)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxobutanenitrile (17b):

O NC . white solid, 90% yield (60.1 mg), anti/syn > 20:1, 96% ee; [o]*p = —1.2° (c

7Ny 1.00, CHCls); m.p. 127.0-129.0 °C; 'H NMR (CDCls, 400 MHz): § 7.77-7.80

Br ° S (m, 2H), 7.63-7.65 (m, 2H), 7.50 (d, J = 5.6 Hz, 1H), 6.12 (d, /= 5.6 Hz, 1H),

17b 3.64 (dd, J= 5.3, 7.6 Hz, 1H), 3.26-3.44 (m, 2H), 1.75 (s, 3H); *C{'H} NMR
(CDCl3, 100 MHz): 8 193.7, 170.6, 157.7, 134.1, 132.4, 129.8, 129.7, 112.2, 118.0, 85.9, 36.4, 34.5, 22.1;
LR DA TR (ee) 14 ChiralPak IC 7 7 A% U7z HPLC 0TI Ko THRE LT,
(hexane/i-PrOH = 70:30 at 1.0 mL/min); A = 254 nm; t major = 45.5 min, t minor = 77.2 min; HRMS (ESI-TOF)
m/z: [M+Na]* Calced for CysH;2NO3;BrNa 355.9898; Found 355.9890.

(8)-2-((S)-2-Methyl-5-o0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-(p-tolyl)butanenitrile (17¢):

o NG white solid, 94% yield (50.5 mg), anti/syn > 20:1, 98% ee; [a]*p = —9.5° (c

~ Ny 1.00, CHCl3); m.p. 150.0-152.0 °C; 'H NMR (CDCl;3, 400 MHz): § 7.81 (d, J

Me ° Y = 8.2 Hz, 2H), 7.47 (d, J=5.6 Hz, 1H), 7.28 (d, /= 8.1 Hz, 2H), 6.09 (d, J =

17¢c 5.6 Hz, 1H), 3.69 (dd, J=5.7, 7.1 Hz, 1H), 3.25-3.42 (m, 2H), 2.43 (s, 3H),
1.75 (s, 3H); *C{'H} NMR (CDCls, 100 MHz): & 194.1, 170.8, 157.8, 145.5, 132.9, 129.7, 128.3, 122.1,
118.2,86.1,36.2, 34.5,22.3, 21.9; A DO Fig SRR (ee) 1% ChiralPak AD-H U 7 A% ]
V72 HPLC Z3#TiZ & - THRE L7z, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 254 nm; t minor = 33.4
min, t major = 42.1 min; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C1sH1sNO3Na 292.0950; Found

292.0943
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(8)-2-((S)-2-Ethyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (17d):
O NC white solid, 85% yield (46.0 mg), anti/syn > 20:1, 97% ee; [a]*p = —14.2° (¢ 1.00,
Ny CHCls); m.p. 114.5-116.0 °C; '"H NMR (CDCls, 400 MHz): § 7.90-7.92 (m, 2H),
Y 7.61-7.65 (m, 1H), 7.48-7.51 (m, 2H), 7.34 (d, J= 5.7 Hz, 1H), 6.14 (d, J = 5.7 Hz,
17d 1H), 3.77-3.81 (m, 1H), 3.25-3.45 (m, 2H), 2.22-2.32 (m, 1H), 2.10-2.19 (m, 1H),
0.91 (t,J= 7.4 Hz, 3H); *C{'H} NMR (CDCls, 100 MHz): § 194.7, 171.0, 156.1, 135.3, 134.3, 129.0, 128.2,
123.4, 118.2, 89.0, 36.2, 33.7, 28.2, 7.5; LM D FiG FMEAIERIZR (ee) 13 ChiralPak AD-H 777
% A7z HPLC 7M1 & - TRIE L7z, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 254 nm; t minor =
30.4 min, t major = 33.3 min; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for CisHisNO3Na 292.0950; Found

292.0944.

0]

(8)-2-((S)-2-Benzyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (17e):
o NC white solid, 98% yield (64.7 mg), anti/syn > 20:1, 97% ee; [a]*’p = —114.0°; m.p.
Ny 108.0-110.0 °C; 'H NMR (CDCl3, 400 MHz): § 7.87-7.89 (m, 2H), 7.60-7.64 (m,
© 1H), 7.47-7.50 (m, 2H), 7.28-7.34 (m, 4H), 7.19-7.22 (m, 2H), 5.88 (d, /= 5.7 Hz,
17e © 1H), 3.84 (dd, J = 6.0, 6.6 Hz, 1H), 3.23-3.50 (m, 4H); *C{'H} NMR (CDCls, 100
MHz): 6 194.6, 170.6, 156.0, 135.3, 134.4,132.7, 130.3, 129.1, 128.9, 128.2, 128.0, 123.3, 118.4, 88.3, 42.1,
36.2,33.4; ‘LR OFG RIEAERIFE (ee) (L ChiralPak AD-H % 7 A% W 7= HPLC Z347iC
THIE L7, (hexane/i-PrOH = 85:15 at 1.0 mL/min); A = 254 nm; t minor = 25.1 min, t major = 27.5 min;
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C2;Hi7NO3Na 354.1106; Found 354.1099.

(R)-2-((R)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (enz-17a):

o NQ Me white solid, 97% yield (51.7 mg), anti/syn > 20:1, 98% ee; [a]*p = +1.7° (¢ 1.00,
' CHCl3); m.p. 172.0-174.0 °C; '"H NMR (CDCls, 400 MHz): & 7.91-7.93 (m, 2H),
7.61-7.65 (m, 1H), 7.48-7.52 (m, 3H), 6.10 (d, J=5.6 Hz, 1H), 3.68 (dd, /=5.6,7.3

ent-17a © Hz, 1H), 3.29-3.46 (m, 2H), 1.76 (s, 3H,); *C{'H} NMR (CDCls;, 100 MHz):
5194.6, 170.7, 157.7, 135.3, 134.4, 129.1, 128.2, 122.2, 118.2, 86.0, 36.4, 34.5, 22.3; £l DFifs Bk
{RiEE= (ee) X ChiralPak IC 5 7 A% 7= HPLC #7112 & - CTHRE L7, (hexane/i-PrOH =
60:40 at 1.0 mL/min); A = 254 nm; t minor = 31.0 min, t major = 43.7 min; HRMS (ESI-TOF) m/z: [M+Na]"
Calcd for CisHi3NOsNa 278.0793; Found 278.0794.

(R)-4-(4-bromophenyl)-2-((R)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxobutanenitrile (enz-17b):
0o NQ Me white solid, 92% yield (60.6 mg), anti/syn = 95:5, 96% ee; [a]**p = +2.2° (c
i 1.00, CHCl3); m.p. 127.0-128.5 °C; '"H NMR (CDCls, 400 MHz): & 7.77-7.80
(m, 2H), 7.63-7.65 (m, 2H), 7.50 (d, J = 5.6 Hz, 1H), 6.12 (d, /= 5.6 Hz, 1H),
ent-17b 3.64 (dd, J = 5.3, 7.6 Hz, 1H), 3.26-3.44 (m, 2H), 1.75 (s, 3H); *C{'H} NMR
(CDCl3, 100 MHz): 6 193.7, 170.6, 157.7, 134.0, 132.4, 129.7, 129.7, 112.2, 118.0, 85.9, 36.4, 34.5, 22.1;
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R DO FHG EVEARRRISE (ee) X ChiralPak IC 7 7 A% v 7o HPLC #1Ic K- TRE LTz,
(hexane/i-PrOH = 70:30 at 1.0 mL/min); A =254 nm; t minor = 45.7 min, t major = 74.0 min; HRMS (ESI-TOF)
m/z: [M+Na]* Calcd for CysH;2NO;3;BrNa 355.9898; Found 355.9891.

(R)-2-((R)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-(p-tolyl)butanenitrile (ent-17¢):
O NC Me white solid, 91% yield (49.8 mg), anti/syn > 20:1, 98% ee; [a]*’p = +9.9° (c
i 1.00, CHCl3); m.p. 149.0-151.0 °C; "H NMR (CDCls, 400 MHz): § 7.81 (d,J =
Y 8.2 Hz, 2H), 7.47 (d, J= 5.6 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 6.09 (d, /=5.6
ent-17¢c Hz, 1H), 3.69 (dd, J=5.7, 7.1 Hz, 1H), 3.25-3.42 (m, 2H), 2.43 (s, 3H), 1.76 (s,
3H); *C{'H} NMR (CDCls, 100 MHz): § 194.1, 170.8, 157.8, 145.5,132.9, 129.8, 128.4, 122.1, 118.2, 86.1,
36.2, 34.5, 22.3, 21.9; ZEM) O BEG BVEAERI= (ee) 13 ChiralPak AD-H % 7 A% v /2 HPLC
IHTIZ L > THIE L7z, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 254 nm; t major = 35.1 min, t minor =
46.2 min; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C1¢H;sNOsNa 292.0950; Found 292.0943.

(R)-2-((R)-2-Ethyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (enz-17d):

O NC ., white solid, 81% yield (43.6 mg), anti/syn > 20:1, 97% ee; [a]*’p = +16.9° (¢ 1.00,
i CHCl3); m.p. 114.0-116.0 °C; '"H NMR (CDCls, 400 MHz): § 7.90-7.92 (m, 2H),
5 7.61-7.65 (m, 1H), 7.48-7.52 (m, 2H), 7.34 (d, J=5.7 Hz, 1H), 6.14 (d, /= 5.7 Hz,

ent-17d 1H), 3.77-3.80 (m, 1H), 3.25-3.44 (m , 2H), 2.23-2.32 (m, 1H), 2.10-2.19 (m, 1H),
0.91 (t,J = 7.4 Hz, 3H); *C{'H} NMR (CDCl;, 100 MHz): § 194.7, 171.0, 156.1, 135.3, 134.4, 129.1,
128.2,123.5,118.2,89.0, 36.2,33.7, 28 2, 7.6 ; ALk DG RALRIERI= (ee) (I ChiralPak AD-H
717 L& W2 HPLC Hric K> THRE L7, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 254 nm;
t major = 30.2 min, t minor = 32.8 min; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for Ci¢H;sNOsNa 292.0950;
Found 292.0942.

(R)-2-((R)-2-Benzyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (ent-17e):
Q NC g white solid, 99% yield (65.8 mg), anti/syn > 20:1, 96% ee; [a]*°p = +117.8° (¢ 1.00,
> Ny CHCL); m.p. 114.5-116.0 °C; '"H NMR (CDCls, 400 MHz): & 7.87-7.89 (m, 2H),
7.60-7.64 (m, 1H), 7.47-7.50 (m, 2H), 7.28-7.34 (m, 4H), 7.19-7.22 (m, 2H), 5.88
ent-17e (d,J=5.7 Hz, 1H), 3.84 (dd, J= 6.0, 6.6 Hz, 1H), 3.23-3.50 (m, 4H); *C{'H} NMR
(CDCI3, 100 MHz): 8 194.6, 170.6, 156.0, 135.3, 134.4, 132.7, 130.3, 129.1, 128.9, 128.2, 128.0, 123.3,
118.3, 88.3, 42.1, 36.2, 33.4; LM DO EBUG FVEMAIETIS (ee) T ChiralPak AD-H 1 7 A% il 7z
HPLC Z3AHTIZ & - THIE L7z, (hexane/i-PrOH = 85:15 at 1.0 mL/min); A = 254 nm; t major= 25.5 min, t
minor = 28.3 min; HRMS (ESI-TOF) m/z: [M+Na]* Caled for C21Hi7NOsNa 354.1106; Found 354.1096.
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(8)-2-((R)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (enz-3a):

O NC 1o white solid, 95% yield (48.7 mg), syn/anti > 20:1, 96% ee; [a]**p =+136.0° (¢ 1.00,

\, CHCl); m.p. 111.0-113.0 °C; 'H NMR (CDCls, 400 MHz): & 7.91-7.94 (m, 2H),

7.61-7.65 (m, 1H), 7.59 (d, J = 5.7 Hz, 1H) 7.48-7.52 (m, 2H), 6.29 (d, J= 5.7 Hz,

ent-3a © 1H), 3.83 (dd, J = 5.8, 7.5 Hz, 1H), 3.31 (d, J = 2.6 Hz, 1H), 3.29 (d, /= 0.7 Hz,
1H), 1.70 (s, 3H); *C{'H} NMR (CDCls, 100 MHz): § 194.4, 170.7,157.0, 135.4,134.3,129.1, 128.3, 123.1,
118.2,86.0,36.1,34.6,23.3; L OFHG RIEAETIR (ee) (X ChiralPak IC &7 7 L% v 7= HPLC
IIHTIZ K> THRE L7z, (hexane/i-PrOH = 75:25 at 1.0 mL/min); A = 254 nm; t minor = 45.0 min, t major =
48.8 min; HRMS (ESI-TOF) m/z: [M-H] Calcd for CisH12NO3 254.0817; Found 254.0817.

0]

(8)-4-(4-Bromophenyl)-2-((R)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxobutanenitrile (enz-3b):

o NG white solid, 92% yield (61.7 mg), syn/anti = 95:5, 93% ee; [a]*’p = +90.1° (c

N\, 1.00, CHCls); m.p. 133.0-134.5 °C; 'H NMR (CDCls, 400 MHz): & 7.76-7.79

Br © (m, 2H), 7.63-7.65 (m, 2H), 7.59 (d, J = 5.7 Hz, 1H), 6.29 (d, J = 5.6 Hz, 1H),
ent-3b © 3.79-3.82 (m, 1H), 3.25-3.27 (m, 2H), 1.70 (s, 3H); *C{'H} NMR (CDCls, 100

MHz): § 193.5, 170.6, 156.9, 134.1, 132.4, 129.7, 123.1, 118.0, 85.9, 36.1, 34.6, 23.3; £l DHifs Bk
{RiEE= (ee) X ChiralPak IC 5 7 &% A 7= HPLC #7112 X » CTHRE L7, (hexane/i-PrOH =
75:25 at 1.0 mL/min); A = 254 nm; t minor = 40.9 min, t major = 44.9 min; HRMS (ESI-TOF) m/z: [M+Na]"
Calcd for C1sH12NOsBrNa 355.9898; Found 355.9897.

(8)-2-((R)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-(p-tolyl)butanenitrile (ent-3c):
o NG . white solid, 92% yield (49.4 mg), syn/anti = 84:16, 98% ee; 'H NMR (CDCl;,
, Ny 400 MHz): 6 7.81 (d, J = 8.2 Hz, 2H, syn, anti), 7.59 (d, J = 5.6 Hz, 1H, syn),
Me © 7.47 (d, J = 5.6 Hz, 1H, anti), 7.28 (d, J = 7.6 Hz, 2H, syn, anti), 6.27 (d, J =
ent-3¢c © 5.6 Hz, 1H, syn), 6.09 (d, J = 5.6 Hz, 1H, anti), 3.82 (dd, /= 5.5, 7.6 Hz, 1H,
syn), 3.69 (dd, J = 5.6, 7.2 Hz, 1H, anti), 3.23-3.43 (m, 2H, syn, anti), 2.42 (s, 3H, syn, anti), 1.75 (s, 3H,
anti), 1.68 (s, 3H, syn); *C{'H} NMR (CDCls, 100 MHz) syn diastereomer: § 194.0, 170.6, 157.1, 145.3,
133.0,129.7,128.3,122.9, 118.2, 86.1, 36.0, 34.6, 23.1, 21.8, anti diastereomer: 8 194.1, 157.8, 145.4, 132.9,
129.7.122.1, 36.2, 34.4, 22.3; "EfM OB FVERIERIS (ee) (T ChiralPak AD-H 77 7 L% vz
HPLC Z3#TiC & - THIE L7z, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 254 nm; t major = 39.3 min, t

minor = 85.4 min; HRMS (ESI-TOF) m/z: [M+Na]" Caled for Ci6HisNOsNa 292.0950; Found 292.0945.
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(8)-2-((R)-2-ethyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (en#-3d):
O NC white solid, 71% yield (38.2 mg), syn/anti > 20:1, 94% ee; [a]*’p = +121.6° (¢ 1.00,
i Ny CHCL); m.p. 114.0-116.0 °C; '"H NMR (CDCls, 400 MHz): § 7.90-7.92 (m, 2H),
© 7.60-7.64 (m, 1H), 7.47-7.52 (m, 3H), 6.33 (d, J = 5.7 Hz, 1H), 3.88 (dd, J = 4.9,
ent-3d 8.4 Hz, 1H), 3.24-3.27 (m, 2H), 2.01-2.18 (m, 2H), 0.93 (t,J= 7.4 Hz, 3H); *C{'H}
NMR (CDCl3, 100 MHz): 6 194.4, 171.0, 155.9, 135.4, 134.2, 129.0, 128.2, 124.0, 118.3, 88.7, 35.9, 33.3,
28.8,7.5; AR OFUREIEAEFIZE (ee) X ChiralPak AD-H U 7 A% Hv 72 HPLC /3412 K-
THWIE L7, (hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm; t major = 11.4 min, t major = 20.2 min;
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C16HisNO3Na 292.0950; Found 292.0942.

(8)-2-((R)-2-Benzyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (ent-3e):
O NC white solid, 95% yield (62.7 mg), syn/anti > 20:1, 94% ee; [a]*°p = +73.1° (¢ 1.00,
O\ CHCl3); m.p. 174.0-176.0 °C; '"H NMR (CDCl;, 400 MHz): § 7.87-7.89 (m, 2H),
© 7.58-7.62 (m, 1H), 7.56 (d, J = 5.7 Hz, 1H), 7.45-7.49 (m, 2H), 7.27-7.33 (m, 3H),
ent-3e 7.20-7.22 (m, 2H), 6.12 (d,J=5.7 Hz, 1H), 3.83 (dd, J=5.1, 8.4 Hz, 1H), 3.23-3.40
(m, 4H); BC{'H} NMR (CDCls, 100 MHz): & 194.3, 170.6, 155.8, 135.4, 134.3, 132.5, 130.5, 129.0, 128.8,
128.2,128.0, 124.1, 118.4, 88.1, 42.3, 35.8, 33.1; “E ¥ D&t BVEMAIEFIS (ee) 1% ChiralPak AD-H
717 L& W2 HPLC #ric K- THRE L7, (hexane/i-PrOH = 85:15 at 1.0 mL/min); A = 254 nm;
t major = 18.7 min, t minor = 30.1 min; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C2;H;7NO3Na 354.1106;
Found 354.1100.

7 3 FEAYA~OEBRTIEDER T

TN conc. HCI
0 0°C,6h

17a 19a

(S)-2-((S)-2-Methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanenitrile (17a, 51.1 mg, 0.200
mmol) (ZHHEEE (2.0mL) % 0°C TIRIML, 6 Wefisr Uiz, UG T#. ROSERIZKMAK
ZNZ, CHCl; C 3 [l L, CHCl; J& % fafn ik Chef Liz, £ D%, CHCl; J&Z KAt
B R DULATHEBEISYE, BIETCHRELEELL, BONTRHKREELZ 7 7 v a2 UL
BTy u~x 7T 74— (CHCl:EtOAc = 1:1) TR L, (R)-2-((S)-2-methyl-5-0x0-2,5-
dihydrofuran-2-yl)-4-oxo-4-phenylbutanamide (19a, 41.1 mg, 75%) % sEEafE AL L TR,
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(R)-2-((S)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanamide (19a):

yellow solid, 75% yield (41.1 mg), anti/syn = 92:8, 95% ee; [a]*°p = —24.4° (¢ 1.00,
CHCl3); m.p. 141.0-143.0 °C; '"H NMR (CDCls, 400 MHz): § 7.96 (d, J = 7.2 Hz,
2H), 7.58-7.62 (m, 3H), 7.48 (t, J=7.6 Hz, 2H), 6.12 (brs, 1H), 6.07 (d, /= 5.6 Hz,
1H), 5.50 (brs, 1H), 3.59-3.66 (m, 1H), 3.27-3.31 (m, 2H), 1.66 (s, 3H); *C{'H}
NMR (CDCls, 100 MHz): 6 197.7, 172.8, 171.7, 159.8, 136.1, 133.9, 128.9, 128.2,
120.9, 88.1, 48.8, 37.2, 21.7; A DO EUG EMERERIZ (ee) 1% ChiralPak AD-H % 7 L& Vi
HPLC 3Tz & - CRE L7z, (hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm; t minor= 17.2 min, t
major = 22.3 min; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for CsH;sNO4Na 296.0899; Found 296.0906.

19a

(8)-2-((R)-2-methyl-5-o0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanamide (ent-19a):

yellow solid, 74% yield (40.5 mg), anti/syn = 92:8, 96% ee; [a]*®p = +22.2° (¢
1.00, CHCl3); m.p. 142.5-144.5 °C; '"H NMR (CDCls, 400 MHz): § 7.95 (d, J= 7.8
Hz, 2H), 7.57-7.61 (m, 2H), 7.47 (t, /= 7.4 Hz, 2H), 6.28 (brs, 1H), 6.05 (d, J =
5.6 Hz, 1H), 5.75 (brs, 1H), 3.60-3.68 (m, 1H), 3.28-3.31 (m, 2H), 1.64 (s, 3H);
BC{'H} NMR (CDCls, 100 MHz): § 197.7, 172.8, 171.7, 159.8, 136.1, 133.9,
128.9, 128.2, 120.8, 88.1, 48.8, 37.1, 21.7; A OHFfp MR RF (ee) (L ChiralPak AD-H 7 7
L%z HPLC 3T & - THRE L7z, (hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm; t
major = 17.0 min, t minor = 22.0 min; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for CisH1sNO4Na 296.0899;
Found 296.0894.

ent-19a

(R)-2-((R)-2-methyl-5-0x0-2,5-dihydrofuran-2-yl)-4-oxo-4-phenylbutanamide (ent-13a):

yellow solid, 95% yield (49.4 mg), syn/anti > 20:1,95% ee; [a]**p =+138.4° (¢ 1.00,
CHCl3); m.p. 160.0-162.0 °C; '"H NMR (CDCls, 400 MHz): § 7.83-7.88 (m, 3H),
7.54-7.58 (m, 1H), 7.42 (t,J = 7.4 Hz, 2H), 6.56 (brs, 1H), 6.17 (d, /= 5.7 Hz, 1H),
5.79 (brs, 1H), 3.53-3.56 (m, 1H), 3.24-3.31 (m, 1H), 2.87 (d, /= 18.0 Hz, 1H), 1.62
(s, 3H); *C{'H} NMR (CDCls, 100 MHz): § 197.8, 173.8, 172.0, 159.8, 136.0,
133.9,128.8,128.1, 121.3,87.8,48.5,36.6, 23.5; ‘L) OFfG FIEARIERIZ (ee) (T ChiralPak AD-H
717 L& W2 HPLC Z#ric K> THRE L7, (hexane/i-PrOH = 80:20 at 1.0 mL/min); A = 254 nm;
t major = 11.1 min, t minor = 16.2 min; HRMS (ESI-TOF) m/z: [M-H] Calcd for CisHi4NO4 272.0923; Found
272.0926.

ent-13a
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17b OfEET — 4 (CCDC2133006).

HfEa I, EIESMET EtOAc B L hexane H COEKILHIEIZ L > TH L, 0.29%0.20
x 0.08 mm® @ f% dh & K L . Bruker SMART APEX II ULTRA diffractometer @ MiTeGEN
MicroMounts [ZHUY 772, 7 —ZUEH, FifmiL 90K IZfR7- T\, H&EIE ShelXT2014/5
(Sheldrick, 2014) ¥ X ' Olex2 (Dolomanov et al., 2009) % F\»CTHT & L7z, £TLIE FPIcko

Wi SE R TH RN e & #F L C XL (Sheldrick, 2008) TR L 7=,

O NC

Me

Br

17b

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Scope group

a/A

b/A

c/A

a/°

pre

/e

Volume/ A3

Z

P /om’

p/mm_1

F(000)

Crystal size/mm?
Radiation

20 range for data collection/’
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]

AN AL
N\~ ’* | y

SS3c

Ci5sH12BrNOs

334.17

90

monoclinic

P2,

5.72830(10)

12.4469(2)

9.8328(2)

90

97.6060(10)

90

694.91(2)

2

1.597

2.964

336.0

0.286 x 0.2 x 0.078

MoKa (A =0.71073)

4.18 to 61.52
-8<h<8,-17<k<17,-13<1<14
16804

4274 [Rine = 0.0235, Rsigma = 0.0362]
4274/151/182

1.047

R;=0.0175, wR> = 0.0440
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Final R indexes [all data] R1=0.0180, wR, =0.0441
Largest diff. peak/hole / e A7 0.37/-0.41
Flack parameter 0.024(3)

P A AR

(E)-_> Y ANT 7 ) a= Y im (ZBEHOERFEIHRENER LT, )
B, - REARN -7 F 0 T 7 S 1520 FBER OB TFHEICHE VAR LT, 0
BBy T 22 59,2359, 2459, 25 3 [FBEAI O G RRFIEITHENE R LT,

B, y-ARaFN -7 F T 7 HLILDEX S ANT 7V a= bV L~ODAFEHHNE =0 R
AN s D — W ) T 1

CF4
o8
FsC NJ\N““
H H

o O CN

— . :

P N N Q&O 23 (10 mol%) MeO - 7N

Boc toluene, r.t.,, 72 h BocN

1a 20 0

N-(tert-butoxycarbonyl)pyrrol-2(5H)-one (20, 31.4 mg, 0.20 mmol) & F 77 L 7 RS- AlidE (23,
11.9 mg, 0.020 mmol) @ toluene (1.0 mL) ¥##KIZ, (E)-4-oxo-4-phenylbut-2-enenitrile (1a, 47.2 mg,
0.30mmol) Z =LA TIRANL, 72 BefHEsR Lo, fOSHK TR, RINREWE 7 7 v 2 Ul
TN T KT a~< 7T 7 4 — (Hexane:EtOAc=4:1) THERL L, (S)-tert-butyl 2-((S)-1-isocyano-3-
0x0-3-phenylpropyl)-5-0x0-2,5-dihydro-1 H-pyrrole-1-carboxylate (21a, 53.7 mg, 79% yield, 93% ee) %
R AER S LT,
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(S)-tert-butyl  2-((S)-1-isocyano-3-oxo-3-phenylpropyl)-5-0xo-2,5-dihydro-1H-pyrrole-1-carboxylate
(21a) :

O NC pale yelleow solid, 79% yield (53.7 mg), 93% ee; [a]**p = —129.6° (¢ 1.00, CHCl5);

M m.p. 112.0-114.0 °C; '"H NMR (CDCls, 400 MHz): & 7.86-7.89 (m, 2H), 7.60-7.63

BocN (m, 1H), 7.46-5.50 (m, 2H), 7.38 (dd, J=2.0, 6.1 Hz, 1H), 6.34 (dd, /= 1.7, 6.1 Hz,

21a 1H), 5.06-5.08 (m, 1H), 4.33-4.38 (m, 1 H), 3.13 (dd, J = 8.6, 17.9 Hz, 1H), 3.02

(dd, J = 5.0, 17.9 Hz, 1H), 1.58 (s, 9H) ; *C{'H} NMR (CDCls, 100 MHz): & 194.3, 168.1, 149.0, 146.5,
135.4, 134.1, 129.4, 128.9, 128.1, 118.7, 84.7, 61.1, 34.6, 28.1, 27.5; AR DOFHG EVEARBREIE (ee)

I% ChiralPak AD-H U 7 5% v 7z HPLC 3 #TIZ &> THRE L7z, (hexane/i-PrOH = 95:5 at 1.0

mL/min); A = 254 nm; t minor = 42.2 min, t major = 46.0 min; HRMS (ESI-TOF) m/z: [M-H] - Calcd for
Ci9H19N204 339.1345; Found 339.1344.

(S)-tert-butyl 2-((S)-3-(4-bromophenyl)-1-isocyano-3-oxopropyl)-5-0xo0-2,5-dihydro-1 H-pyrrole-1-
carboxylate (21b):

O NC pale yelleow solid, 69% yield (57.5 mg), 89% ee; [a]*p = —157.0° (c 1.00,

m CHCl); m.p. 140.0-142.0 °C; 'H NMR (CDCls, 400 MHz): & 7.72-7.75 (m,

Br BocN 2H), 7.61-7.64 (m, 2H), 7.37 (dd, J = 2.0, 6.1 Hz, 1H), 6.34 (dd, J= 1.6, 6.1

21b ° Hz, 1H), 5.06-5.08 (m, 1H), 4.31-4.35 (m, 1 H), 3.09 (dd, J= 8.4, 18.0 Hz,
1H), 3.00 (dd, J=5.2, 18.0 Hz, 1H), 1.56 (s, 9H) ; *C{'H} NMR (CDCls, 100 MHz): § 193.4, 168.0,
149.1, 146.4, 134.2, 132.4, 129.7, 118.6, 84.9, 61.1, 34.6, 28.2, 27.6; ‘E# D&% BB EIZR (ee)
I% ChiralPak IC 7 7 A% /= HPLC Z3#TIZ & - CIRE L7z, (hexane/i-PrOH = 60:40 at 1.0
mL/min); A =210 nm; t major = 22.8 min, t minor = 56.0 min; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
C19H19BrN20O4Na 441.0426; Found 441.0424.

(S)-tert-butyl 2-((5)-3-(4-chlorophenyl)-1-isocyano-3-oxopropyl)-5-oxo-2,5-dihydro-1H-pyrrole-1-
carboxylate (21c¢):
O NC pale yelleow solid, 71% yield (53.3 mg), 90% ee; [a]*p = —127.3° (¢ 1.00,
m CHCl3); m.p. 100.0-102.0 °C; 'H NMR (CDCls3, 400 MHz): & 7.80-7.83 (m, 2H),
Cl BocN 7.44-7.47 (m, 2H), 7.37 (dd, J=2.0, 6.1 Hz, 1H), 6.34 (dd, /= 1.6, 6.1 Hz, 1H),
21c © 5.06-5.08 (m, 1H), 4.31-4.36 (m, 1 H), 3.09 (dd, /= 8.4, 17.9 Hz, 1H), 3.00 (dd,
J=52,17.9 Hz, 1H), 1.56 (s, 9H) ; *C{'H} NMR (CDCls, 100 MHz): & 193.2, 168.0, 149.1, 146.4, 140.9,
133.8, 129.6, 129.6, 129.4 118.6, 84.9, 61.1, 34.7, 28.2, 27.6; L) DHilG BIEABEIHE (ee) 1L
ChiralPak IC 7 7 2% H\ /= HPLC Z3#TIZ L > TIRE L72, (hexane/i-PrOH = 60:40 at 1.0 mL/min);
A =210 nm; t major=20.1 min, t minor = 48.5 min; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C19H9CIN,OsNa
397.0931; Found 397.0925.
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(S)-tert-butyl 2-((S)-1-isocyano-3-oxo-3-(p-tolyl)propyl)-5-oxo-2,5-dihydro-1H-pyrrole-1-carboxylate
21):
pale yelleow solid, 66% yield (44.6 mg), 95% ee; [a]*p = —175.4° (¢ 1.00,
CHCl5); m.p. 120.5-122.0 °C; '"H NMR (CDCls, 400 MHz): & 7.77 (d, J = 8.2
Hz, 2H), 7.38 (dd, J = 2.0, 6.1 Hz, 1H), 7.27 (d, J = 8.2 Hz, 2H), 6.34 (dd, J =
21f 1.6, 6.1 Hz, 1H), 5.05-5.07 (m, 1H), 4.32-4.37 (m, 1 H), 3.09 (dd, J=8.7, 17.8
Hz, 1H), 2.99 (dd, J = 4.9, 17.8 Hz, 1H), 2.42 (s, 3H), 1.56 (s, 9H) ; *C{'H} NMR (CDCls, 100 MHz): §
193.9, 168.2, 149.0, 146.5, 145.3, 133.0, 129.6, 129.5, 128.3 118.9, 84.8, 61.2, 34.4, 28.1, 27.6, 21.8; 4A=j%
Y D Fitg BRI (ee) (T ChiralPak IB 7 7 A% 7z HPLC 3 #7ic & - THRIE L 72,
(hexane/i-PrOH = 85:15 at 1.0 mL/min); A =210 nm; t minor = 22.3 min, t major = 26.3 min; HRMS (ESI-TOF)
m/z: [M+Na]* Calcd for C20H2N204Na 377.1477; Found 377.1471.

(S)-tert-butyl 2-((S)-1-isocyano-3-oxo-3-(m-tolyl)propyl)-5-oxo-2,5-dihydro-1H-pyrrole-1-carboxylate
(21g):
Purified by silica gel chromatography with hexane and EtOAc (gradually 8:1-
4:1), pale yelleow solid, 70% yield (49.4 mg), 93% ee; [a]*p =—193.0° (¢ 1.00,
CHCl3); m.p. 94.0-96.0 °C; "H NMR (CDCls, 400 MHz): § 7.66 (d, J=9.2 Hz,
21g 2H), 7.34-7.43 (m, 3H), 6.34 (dd, /= 1.0, 6.1 Hz, 1H), 5.07 (t,/=2.1 Hz, 1H),
4.32-4.37 (m, 1 H), 3.11 (dd, J = 8.7, 17.9 Hz, 1H), 3.00 (dd, J = 4.9, 17.9 Hz, 1H), 2.41 (s, 3H), 1.57 (s,
9H) ; *C{'H} NMR (CDCl;, 100 MHz): § 194.5, 168.2, 149.0, 146.5, 138.8, 135.5, 134.9, 129.4, 128.8,
128.6, 125.4, 118.8, 84.7, 61.1, 34.6, 28.1, 27.5, 21.4; ‘ERf) OHG RIEAERIF (ee) 1T ChiralPak
AD-H 7517 2% v 72 HPLC Z#Tic K> CTHRE L7, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A =
210 nm; t minor= 16.8 min, t major = 19.1 min; HRMS (ESI-TOF) m/z: [M-H]~ Caled for C20H21N204 353.1501;
Found 353.1499.

Me

(S)-tert-butyl 2-((S)-1-isocyano-3-oxo-3-(o-tolyl)propyl)-5-oxo-2,5-dihydro-1H-pyrrole-1-carboxylate
(21h):
Purified by silica gel chromatography with hexane and EtOAc (gradually 8:1-4:1),
pale yelleow solid, 72% yield (51.0 mg), 95% ee; [a]*p =—193.3° (¢ 1.00, CHCl5);
m.p. 152.0-154.0 °C; "H NMR (CDCl3, 400 MHz): § 7.53-7.55 (m, 1H), 7.42 (dt, J
21h = 1.1, 7.5 Hz, 1H), 7.35 (dd, J= 2.0, 6.1 Hz, 1H), 7.25-7.28 (m, 2H), 6.31 (dd, J =
1.6, 6.1 Hz, 1H), 5.06-5.08 (m, 1H), 4.34-4.38 (m, 1 H), 3.07 (dd, J = 8.4, 17.9 Hz, 1H), 2.94 (dd, J = 5.2,
17.9 Hz, 1H), 2.51 (s, 3H), 1.58 (s, 9H) ; *C{'H} NMR (CDCl3, 100 MHz): § 197.3, 168.1, 149.0, 146.4,
139.3, 135.6, 132.5, 132.5, 129.5, 128.7, 126.0, 118.9, 84.7, 61.1, 36.9, 28.1, 27.4, 21.6; Ak D Hifh
PERIEREZE (ee) |d ChiralPak IC 77 A% V= HPLC T2 X - CIRE L7z, (hexane/i-PrOH
= 55:45 at 1.0 mL/min); & = 210 nm; t major = 16.3 min, t minor = 40.6 min; HRMS (ESI-TOF) m/z: [M+Na]*
Calcd for C20H22N204Na 377.1477; Found 377.1473.
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(S)-tert-butyl  2-((S)-1-cyano-3-(3,4-dimethylphenyl)-3-oxopropyl)-5-0xo0-2,5-dihydro-1H-pyrrole-1-
carboxylate (21i):

Purified by silica gel chromatography with hexane and EtOAc (gradually 8:1-
4:1), pale yelleow solid, 74% yield (54.4 mg), 95% ee; [a]*’p =—290.4° (¢ 1.00,
CHCl3); m.p. 57.0-59.0 °C; '"H NMR (CDCls, 400 MHz): & 7.64 (s, 1H), 7.59
(dd, J=1.6, 7.9 Hz, 1H), 7.38 (dd, J = 2.0, 6.1 Hz, 1H), 7.21 (d, J = 7.9 Hz,
2H), 6.34 (dd, J=1.5, 6.1 Hz, 1H), 5.05-5.07 (m, 1H), 4.32-4.36 (m, 1 H), 3.09 (dd, J = 8.8, 17.8 Hz, 1H),
2.98 (dd, J = 4.8, 17.8 Hz, 1H), 2.32 (s, 3H), 2.31 (s, 3H), 1.56 (s, 9H) ; *C{'H} NMR (CDCls, 100 MHz):
0; 194.1, 168.2, 149.0, 146.5, 144.0, 137.4, 133.4, 130.2, 129.5, 129.3, 125.9, 118.9, 84.8, 61.2, 34.4, 28.1,
27.6,20.2,19.9; LR OFAZFVEAIETIZF (ee) 13 ChiralPak AD-H % 7 &% v 72 HPLC 234
IZ &> THIE LTz, (hexane/i-PrOH = 90:10 at 1.0 mL/min); A = 254 nm; t minor = 16.3 min, t major = 19.1
min; HRMS (ESI-TOF) m/z: [M-H] "~ Caled for C21H23N>04 367.1658; Found 367.1655.

(S)-tert-butyl 2-((S)-1-cyano-3-(4-methoxyphenyl)-3-oxopropyl)-5-0x0-2,5-dihydro-1H-pyrrole-1-
carboxylate (21j):
Purified by silica gel chromatography with hexane and EtOAc (gradually 8:1-
4:1), pale yelleow solid, 63% yield (46.6 mg), 99% ee; [a]*®p = —205.3° (c
5 1.00, CHCl3); m.p. 104.0-106.0 °C; "H NMR (CDCls, 400 MHz): § 7.83-7.87
21j (m, 2H), 7.38 (dd, J = 2.0, 6.1 Hz, 1H), 6.92-6.95 (m, 2H), 6.33 (dd, J=1.7
6.1 Hz, 1H), 5.05-5.07 (m, 1H), 4.32-4.36 (m, 1H), 3.88 (s, 3H), 3.07 (dd, /= 8.7, 17.7 Hz, 1H), 2.97 (dd, J
=5.0, 17.7 Hz, 1H), 1.56 (s, 9H) ; *C{'H} NMR (CDCls, 100 MHz): §; 192.7, 168.2, 164.4, 149.0, 146.6,
130.6, 129.5, 128.6, 118.9, 114.1, 84.8, 61.2, 55.7, 34.2, 28.1, 27.6; "L DOHiG BAEABEIHE (ee) |
ChiralPak IC 77 7 &% /= HPLC Z3#H7TIZ & - TIRE L7z, (hexane/i-PrOH =65:35 at 1.0 mL/min);
A =254 nm; t major = 39.9 min, t minor = 96.6 min; HRMS (ESI-TOF) m/z: [M+Na] " Calcd for C20H22N,OsNa
393.1426; Found 393.1418.

MeO

(S)-tert-butyl 2-((S)-1-cyano-3-(furan-2-yl)-3-oxopropyl)-5-oxo-2,5-dihydro-1H-pyrrole-1-carboxylate
(21Kk):

O CN Purified by silica gel chromatography with hexane and EtOAc (gradually 8:1-4:1),

= - 7N, pale yelleow solid, 71% yield (46.9 mg), 97% ee; [a]**p = —213.4° (¢ 1.00, CHCL3);
Lo Bock m.p. 77.0-78.5 °C; '"H NMR (CDCls, 400 MHz): 5 7.59 (s, 1H), 7.36 (dd, J= 1.8, 6.1
21k © Hz, 1H), 7.24 (d, J = 3.5 Hz, 1H), 6.58 (dd, J = 1.5, 3.5 Hz, 1H), 6.34 (dd, J = 1.2

6.0 Hz, 1H), 5.05 (t, J = 2.1 Hz, 1H), 4.30-4.35 (m, 1H), 2.99 (dd, J = 8.5, 17.7 Hz, 1H), 2.88 (dd, J = 5.1,
17.7 Hz, 1H), 1.57 (s, 9H) ; 3C{'H} NMR (CDCls, 100 MHz): 5 183.3, 168.1, 151.6, 148.9, 147.2, 146.2,
129.7, 118.6, 118.2, 113.0, 84.9, 61.1, 34.1, 28.1, 27.0; £k OFif% BB FEIZ (ee) (X ChiralPak
IC %7 L% Mz HPLC Z#TiC & - THRIE L7z, (hexane/i-PrOH = 60:40 at 1.0 mL/min); A = 230
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nm; t major=32.3 Min, t minor = 60.9 min; HRMS (ESI-TOF) m/z: [M+Na] * Calcd for C17H;sN,OsNa 353.1113;
Found 353.1110.

(S)-tert-butyl 2-((S)-1-cyano-3-ox0-3-(thiophen-2-yl)propyl)-5-0xo0-2,5-dihydro-1 H-pyrrole-1-
carboxylate (211):

O CN Purified by silica gel chromatography with hexane and EtOAc (gradually 8:1-4:1),

= - 7N, pale yelleow solid, 74% yield (51.2 mg), 93% ee; [a]**p = —185.5° (¢ 0.75, CHCL3);

Vs BooN m.p. 134.0-136.0 °C; "H NMR (CDCls, 400 MHz): 8 7.71 (dd, J = 1.1, 4.9 Hz, 1H),

211 ° 7.65 (dd, J=1.1, 3.8 Hz, 1H), 7.37 (dd, J = 2.1, 6.1 Hz, 1H), 7.15 (dd, /= 3.9, 4.9

Hz, 1H), 6.33 (dd, J = 1.6, 6.1 Hz, 1H), 5.04-5.06 (m, 1H), 4.33-4.37 (m, 1H), 3.05 (dd, J = 8.2, 17.3 Hz,
1H), 2.96 (dd, J= 5.4, 17.3 Hz, 1H), 1.57 (s, 9H) ; *C{'H} NMR (CDCls, 100 MHz): 8 187.0, 168.0, 149.0,
146.3, 142.4, 135.3, 132.8, 129.7, 128.5, 118.6, 84.9, 61.1, 35.1, 28.2, 27.6; A=k DEifg FME (AR Tl

(ee) 1% ChiralPak AS-H 7 7 L% v 7z HPLC 43#TIC X o CTHRGE L7z, (hexane/i-PrOH = 80:20 at
1.0 mL/min); A = 254 nm; t minor = 32.1 mMin, t major = 39.3 min; HRMS (ESI-TOF) m/z: [M+Na] * Calcd for
C17H1sN204SNa 369.0885; Found 369.0880.

(S)-tert-butyl 2-((S,E)-1-cyano-3-oxo-5-phenylpent-4-en-1-yl)-5-0x0-2,5-dihydro-1H-pyrrole-1-
carboxylate (21m)

O CN Purified by silica gel chromatography with hexane and EtOAc (gradually 8:1-
. 3:1), pale yelleow solid, 75% yield (54.8 mg), 92% ee; [a]*®p =—191.6° (¢ 0.75,
CHCl3); m.p. 123.0-125.0 °C; '"H NMR (CDCls, 400 MHz): & 7.53-7.57 (m,
3H), 7.39-7.44 (m, 3H), 7.36 (dd, J = 1.9, 6.1 Hz, 1H), 6.69 (d, J = 16.2 Hz,
1H), 6.34 (dd, J = 1.6, 6.1 Hz, 1H), 5.03-5.05 (m, 1H), 4.25-4.29 (m, 1H), 2.82 (dd, J = 8.6, 17.8 Hz, 1H),
2.71(dd,J=4.9,17.8 Hz, 1H), 1.58 (s, 9H) ; *C{'H} NMR (CDCls, 100 MHz): § 193.9, 168.2, 149.0, 146.5,
144.7, 133.9, 131.3, 129.6, 129.2, 128.7, 124.6, 118.8, 84.9, 61.1, 36.4, 28.2, 27.4; "Ll DG FIEIK
BRI (ee) X ChiralPak AD-H %7 A% V7= HPLC Z3#TiZ & - CTIRE L7-, (hexane/i-PrOH =
80:20 at 1.0 mL/min); A = 254 nm; t minor = 14.5 min, t major = 16.6 min; HRMS (ESI-TOF) m/z: [M+Na] *
Calcd for C21H22N204Na 389.1477; Found 389.1473

(S)-tert-butyl 2-((S)-1-cyano-3-oxo-5-phenylpentyl)-5-oxo-2,5-dihydro-1H-pyrrole-1-carboxylate (21n)
O CN Purified by silica gel chromatography with hexane and EtOAc (gradually 8:1-

' Ny 3:1), pale yelleow solid, 51% yield (37.4 mg), 95% ee; [a]*'p = —144.9° (¢ 1.00,
. CHCl3); m.p. 98.0-100.0 °C; "H NMR (CDCls3, 400 MHz): § 7.14-7.30 (m, 6H),
21n 6.27 (dd, J=1.6, 6.1 Hz, 1H), 4.96-4.98 (m, 1H), 4.12-4.16 (m, 1H), 2.88-2.92

(m, 1H), 2.70-2.74 (m, 1H), 2.48 (dd, J = 7.8, 18.1 Hz, 1H), 2.40 (dd, J = 5.7, 18.1 Hz, 1H), 1.56 (s, 9H) ;
BC{'H} NMR (CDCls, 100 MHz): § 204.2, 168.0, 149.0, 146.3, 140.3, 129.5, 128.7, 128.3, 126.5, 118.5,
84.8,60.8,44.4,38.4,29.6,28.1,27.0; £ OB FIEARIERIS (ee) (T ChiralPak AS-H 77 T L%

BocN
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N7z HPLC Z3#Hric & > TRIE L7z, (hexane/i-PrOH =93:7 at 1.0 mL/min); A = 210 nm; t minor = 49.6
min, t major = 56.3 min; HRMS (ESI-TOF) m/z: [M+Na] * Calcd for C21H24N204Na 391.1634; Found 391.1627.

(S)-tert-butyl 2-((S)-1-cyano-3-(naphthalen-2-yl)-3-oxopropyl)-5-0xo0-2,5-dihydro-1 H-pyrrole-1-
carboxylate (210)
O CN Purified by silica gel chromatography with hexane and EtOAc (gradually 8:1-

OO =N 4:1), pale yelleow solid, 63% yield (49.1 mg), 88% ee; [a]*p = —154.7° (¢ 1.00,
BocN CHCls); m.p. 72.0-74.0 °C; 'H NMR (CDCls, 400 MHz): & 8.36 (s, 1H), 7.88-
210 7.98 (m, 4H), 7.56-7.66 (m, 2H), 7.42 (dd, J = 2.0, 6.1 Hz, 1H), 6.38 (dd, J =
1.6, 6.1 Hz, 1H), 5.10-5.12 (m, 1H), 4.38-4.43 (m, 1H), 3.27 (dd, J = 8.7, 17.8 Hz, 1H), 3.17 (dd, J = 5.0,
17.8 Hz, 1H), 1.57 (s, 9H) ; *C{'H} NMR (CDCls, 100 MHz): & 194.3, 168.2, 149.1, 146.6, 136.1, 132.8,
132.4,130.2, 129.7, 129.6, 129.2, 129.0, 128.0, 127.2, 123.5, 118.8, 84.8, 61.2, 34.7, 28.1, 27.7; £k D
Bitg BAEAREB RIS (ee) X ChiralPak AD-H 1 7 &% iV 7= HPLC 2347 k- THRE L 7=,
(hexane/i-PrOH = 93:7 at 1.0 mL/min); A = 254 nm; t minor = 52.8 min, t major = 68.9 min; HRMS (ESI-TOF)
m/z: [M+Na] " Calcd for C23H22N204Na 413.1477; Found 413.1474.

77 KA =)L (5.5mmol) TOR,y-REF y-7F 0T 7 XL EDE)-XUIANT 7 Va= |
VL ~DOARFEBH =1 H 2N S O 8k Tk

N-(tert-butoxycarbonyl)pyrrol-2(5H)-one (20, 1.007 g, 5.5 mmol) & F AU L 7 RIS 7-AbliE (23,
328.1 mg, 0.55 mmol) @ toluene (27.5 mL) ¥A#ZIZ. (E)-4-oxo-4-phenylbut-2-enenitrile (1a, 1.297 g,
8.3mmol) ZFEIREMTHMUL, 72 BefiiFE L7z, SOSK TR, RICREWE 7T v a2 U0
TN T KT a~ 7T 7 4 — (Hexane:EtOAc=4:1) THERL L, (S)-tert-butyl 2-((S)-1-isocyano-3-
o0xo0-3-phenylpropyl)-5-0x0-2,5-dihydro-1H-pyrrole-1-carboxylate (21a, 1.308 g, 70% yield, 93% ee) % i
wEERE LTS,

7 3 F{LAY 268 ~DOERTIEDERFL:

O«__NH,
o Ne Pd(NO), 0 Y~
N AcOH,rt.,3h -
BocN cOH, rt., 3 Boc
(@]
(0]
21a 26a

(S)-tert-butyl 2-((S)-1-isocyano-3-oxo-3-phenylpropyl)-5-oxo-2,5-dihydro-1 H-pyrrole-1-carboxylate
(21a, 340 mg, 1.00 mmol) & AR/ Z 2 A(I) (11.5 mg, 0.0500 mmol) DEEEE (5.0 mL) #&HKIZ
acetamide (236 mg,4.00 mmol) Z =IRGAF TN L, 3 FEEBIE Lo, RIS TH., ROSEIRIZK
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ZMA. EtOAc T 3 [EHfiHi L, EtOAc JEZKI/KFHET F U U A fafMBHKTHF LI, €D
#%. EtOAc JEZMKMiNET h U U AT SE, WET CREZREE L, B5ONICRMEkiEZ
7T avVATNAT AT a~ 87T 7 4 — (CHCLI:EtOAc=8:1) THEL L. (S)-tert-butyl 2-
((S)-1-amino-1,4-dioxo-4-phenylbutan-2-yl)-5-0x0-2,5-dihydro-1H-pyrrole-1-carboxylate (26a, 293.8 mg,
82% yield, 93% ee) Z Bk L L TR LN,

26a: yelleow solid, 82% yield (292.5 mg), 92% ee; [a.]*’p = —192.1° (¢ 1.00, CHCl3); m.p. 55.0-57.0 °C; 'H
NMR (CDCls, 400 MHz): & 7.86-7.88 (m, 2H), 7.54-7.60 (m, 2H), 7.43-7.47 (m, 2H), 6.32 (br s, 1H), 6.23
(dd, J= 1.6, 6.1 Hz, 1H), 5.62 (br s, 1H), 4.99-5.01 (m, 1H), 4.02 (dt, J = 2.7, 10.8 Hz, 1H), 3.18 (dd, J =
10.8, 18.3 Hz, 1H), 2.72 (dd, J=2.2, 18.3 Hz, 1H), 1.56 (s, 9H) ; *C{'"H} NMR (CDCls, 100 MHz): 5 198.1,
174.3, 169.0, 149.6, 149.5, 136.0, 133.8, 128.8, 128.2, 127.7, 84.0, 62.5, 40.7, 34.6, 28.2; A=) D i
PRI TIZR (ee) 1% ChiralPak AD-H 1 7 A% iV 72 HPLC 20472 & - CTHRE L 72, (hexane/i-PrOH
= 85:15 at 1.0 mL/min); A = 254 nm; t minor = 11.9 min, t major = 35.1 min; HRMS (ESI-TOF) m/z: [M+Na] *
Calcd for C19H22N>OsNa 381.1426; Found 381.1420.

21c DR T —4

BifEdid, |IBEM T CHClL B XL hexane " CORKILHIEIC L - THLL, fESIT,
Bruker SMART APEX II ULTRA diffractometer > MiTeGEN MicroMounts (ZH Y i 7=, 7 — I
Frp | fESIT 90K IRV TU e, T Olex2 (Dolomanov etal., 2009) % N CHEMT X7z,
E7 W/ ZEIE A L7- XL refinement package 12 - T2t R &7z,

Experimental details

Crystal data

Chemical formula Ci9H19CIN>O4

M; 374.81

Crystal system, space group Orthorhombic, P2122;
Temperature(K) 90

a, b, c(A) 6.2182 (1), 23.3262 (6), 25.7260 (7)
V(A% 3731.48 (15)

VA 8

Radiation type Mo Ka

u (mm™") 0.23

Crystal size (mm) 0.28 x0.14 x 0.11

Data collection
Diffractometer Bruker SMART APEX 11 CCD area detector

Absorption correction Numerical
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SADABS2016/2 (Bruker,2016/2) was used for absorption correction.
wR2(int) was 0.1078 before and 0.0509 after correction. The Ratio
of minimum to maximum transmission is 0.9350. The 4/2 correction

factor is Not present

Tmin, Tmax 0.935, 1.000

No. of measured, 53055, 11411, 10228

independent and

observed [/ > 2a(])]

reflections

Rint 0.040

(sin O/A)max (A7) 0.715

Refinement

R[F? > 26(F?)], wR(F?), 0.037, 0.090, 1.03

S No. of reflections No. 11411

of parameters 475

No. of restraints 390

H-atom treatment H-atom parameters constrained

Pmax, pmin (€ A7) 0.31,-0.27

Absolute structure Flack x determined using 4047 quotients [(I+)-(I-)]/[(I+)+(I-)]
(Parsons, Flack and Wagner, Acta Cryst.
B69 (2013) 249-259).

Absolute structure parameter: 0.006 (14)

Computer programs: SAINT V8.40B (2016), SHELXT 2018/2 (Sheldrick, 2018), XL (Sheldrick, 2008), Olex2 1.5 (Dolomanov
et al., 2009).

2c fiaRGEIRE

C19H19CIN,O4 (M =374.81 g/mol) D& &7 — % : orthorhombic, space group P21212; (no. 19),a=
6.21820(10) A, b =23.3262(6) A, ¢ =25.7260(7) A, V'=3731.48(15) A%, Z=8, T=90 K, w(MoKa) = 0.231
mm™!, Dcalc = 1.334 g/cm?®, 53055 reflections measured (2.356° < 20 < 61.128°), 11411 unique (Rint =
0.0396, Rsigma = 0.0355) which were used in all calculations. The final R; was 0.0374 (I>2o(1)) and wR> was
0.0903 (all data).
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Computing details

Cell refinement: SAINT V8.40B (2016); data reduction: SAINT V8.40B (2016); program(s) used to solve
structure:

SHELXT 2018/2 (Sheldrick, 2018); program(s) used to refine structure: XL (Sheldrick, 2008); molecular
graphics: Olex2

1.5 (Dolomanov et al., 2009); software used to prepare material for publication: Olex2 1.5 (Dolomanov et
al., 2009).

Crystal data

C19H1sCIN20 Dx=1334Mgm™

M, =374.81 Mo Ka radiation, 2 =0.71073 A
Orthorhombic, P21212; Cell parameters from 9842 reflections
a=62182(1)A 0=2.5-28.4°
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b=23.3262(6) A
¢=25.7260 (7) A
V=3731.48 (15) A3

u=023 mm-
T=90K

Block, colourless

Z=38 0.28 X 0.14 x 0.11 mm

F(000) = 1568

Data collection

Bruker SMART APEX II CCD area
detector diffractometer

Radiation source: rotating-anode X-ray tube, Bruker
TXS fine-focus Turbo X-ray Source

Bruker Helios multilayered confocal mirror
monochromator

Detector resolution: 8.333 pixels mm! Tmin

w and ¢ scans

11411 independent reflections

10228 reflections with /> 20(/)

Rint = 0.040

Omax = 30.6°, Omin = 1.2°
h=-8-8

k=-33-33
[=-36—29
Refinement

Refinement on F>

Absorption correction: numerical

SADABS2016/2 (Bruker,2016/2) was used for
absorption correction. wR2(int) was 0.1078 before
and 0.0509 after correction. The Ratio of minimum to
maximum transmission is 0.9350. The 4/2 correction
factor is Not present.

=0.935, Tiax = 1.000

53055 measured reflections

H-atom parameters constrained

Least-squares matrix: full
R[F?>20(F*)] = 0.037
wR(F*) = 0.090

§=1.03

11411 reflections

475 parameters

390 restraints

Primary atom site location: dual

Hydrogen site location: inferred from

neighbouring sites

w = 1/[6*(Fo?) + (0.0488P)> +
0.4515P] where P = (Fo> + 2F:?)/3
(A/o)max = 0.001
pmax =031 e A7
pmin=—027¢ A7
Absolute structure: Flack x determined using 4047
quotients [(I+)-(I-)]/[(I+)+(I-)] (Parsons, Flack and
Wagner, Acta Cryst. B69 (2013) 249-259).
Absolute structure parameter: 0.006 (14)
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