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Boc
Cbz

aqueous
tert-butoxycarbonyl

carbobenzoxy

carbon-carbon

carbon-oxygen

10-camphorsulfonic acid
N,N-dimethylacetamide
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N,N-dimethylformamide
dimethylsulfoxide
diphenylphosphoryl
high-performance liquid chromatography
high-performance mass spectroscopy
infrared

kinetic isotope effect
m-chloroperoxybenzoic acid

methyl
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nuclear magnetic resonance
2-nitrobenzenesulfonyl

isopropyl

4-pyrrolidinopyridine

room temperature

tetrahydrofuran

para-toluenesulfonyl
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REMBEERIZEY v 7T 7 —ENINET 57 2 MESGOMANR LI b5 K 5 Tk b IEARR
IR ERE D 1 D Th D, T3 O SREMEA ST 2 BOSIZT oAb, BN, ~ A 7 A%
(2720 AHEA AL FI2 380 Tid 4-(dimethylamino)pyridine (DMAP) 2 <2, Tributylphosphine (PBus)? %
DEIIREMBEN R S TE R, £, TR RBREICAFERA AT HERELM5T524T
C-O fEBTEHRC C-C # A T AR TR CALATERIRIE 2 F8 B S & 5 RASREZALEE & 5% < BT ST\ 5 3,

— 5 PLE RN 2 AR X o THIET 2 IR BN AR A RSB T D RMBIGRECH Y 4 FTEF
ZEE TIIM A OARF R 2 35 - AT 5 2 & TAMBEDO TR AT THR Y A TWD 5, Koz
£ TIZ C-0 WABERSIS KEREED T k) I2B\W L, MR IC L 0 (BRI 2 88T 5 R %
BE < AHLTWS S, 22 CHMEDRFERZ1E) L, MEERMEICNZ Tz J o F 48R % il E5
HZENTEIE, L0 EERSTEBRNFEEL 720 | REMBO(LFEO—BOREICHFGTHHOL
ZEzbhb,

U EDOHEZOS & FFITREMBEZ L LT F B ROHE =S CIIARERICI T D i E RS
T D C-CFEETRSUCBFICEE LT, ALiE M =T > F 48R aza-Morita-Baylis-Hillman (aza-MBH)
FOSOBIRICE Y MA TS, £, HINE L O LR CIIATBMZEE TR L7-Mitic k2 78I kU4
—VO'ERRIEDNER X T U T ¢ ZIEBITHAT 2B O R AE A2 L, C-O AR X DHif O
IR ENE A BSE LTz,

B N-I ST A A I 2% O DALEZRIREY vinylogous aza-Morita-Baylis-Hillman it ©

Y

y-selective

B=E ER L) T AEIREY vinylogous aza-Morita-Baylis-Hillman it

O
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FBE N-INANEANA I ERAOBALEIRIRW vinylogous aza-Morita-Baylis-Hillman 5t~

H—H AR R R OEE O
aza-Morita-Baylis-Hillman (aza-MBH) &1L o,B-RESFT A VAR = /WAL E RO I A2k L, & 3 %T
VBN 3 AR AT 4 ANVT 4 NEOREMBEZE S 2 L THIST ST VAT I UiE
KE 52 H5FETHDL T, RRIGOFRE LCIRET 2/ EX _HEA, IVR=VEE2HT 5% EhE
VAL A Y DO—FREHNFREL R A SN YT hAxT 2 ) I —ITENLANET NS, HELE L=
WEEDRMRR LT 0By, 8- REafA LR =/ AbEW 2 O 2 BRI IS e TR LB 2 Gk T &
D0, ZO%E I EERREDNRIBE & 72 5,
BS ., JFERIZITEE O o AL Yy fZDW
FTHIZBNTS C-CHBIEHAETL 2 5
(Scheme 2-1.), Vinylogous aza-MBH it~ [ ZAF
B Y B BIFAE L T D3 o ALAHIR
ZIERANAER T 2 MEDHATH -T2 8, —
F. FHOFTBRISEE Tl 3-vinyleyclopent-
s 2-en-1-one (1) Z#5H &7 % vinylogous aza-
Scheme 2-1. Vinylogous aza-MBHSreactions with a,B,y,;-jr?:a:jtztrated ketone MBH SUSZIW T, itz X% C-C fEH O
ALiE HilE 4 A L7 (Scheme 2-2)°,

BI NHR

R
| / \
SNU\
NR
RT Y

3

NHTs Ej o
Q < DA

~\ o
Ny Q
NTs | NHTs
NZ ;
@X”

VA GD
a-only 1 a:y=13:87
92% yield 91 % vyield

Scheme 2-2. Catalyst-controlled regiodivergent vinylogous aza-MBH reactions

EFEFIEIX vinylogous aza-MBH U Z 38N T auB,y,8- AR VAR = AL SR D y LT C-C #5H & AL

ﬁémmﬁ%@&éo$&mmﬁw1@1Ammmwmpznmmmmmxn)ﬁ&?f

1T E DR 8

O NHTs
ol
Nu = DABCO Ar
Hammett /
p=+1.26 a-adduct
rate-d mmmg step
- 0 -
(0]
H/D NTs
= NHTs
Nu = DMAP ® Ar KIE
N \| Fwko=75 Ar
! _ y-adduct
L N— -

Scheme 2-3. Catalyst dependancy in rate-determining step
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ERIER, a PEAPINRD 7% 5- 2 7253, DMAP #7475 T CIENLEBIRME O WHRZ (0 y AL Z BRI
b2 7z, BURIRNZ LIZENENDOLEM 2 52 DROEBEMEN 25 Z ERBRICH LS TND 2%
BIG. o MEAPINAZ 52 2502 T, A4 2 U BEEER E para MOEBRILZHFIZEET 5 Hammett plot TlX
p=t1.26 £ 721 | C-C BT B HEHEPE TH 2 —H 10, y MifIA % B 2 2 512 81F 5 1 IREKFEF
(LR RITSOE BEE I knlko = 7.5 E R Sh, HOEBERSIT T v~ B8 2 1 5 Al EE O BB < &
L EPRENTND N, AL MBH IS8\ e b U BE &2 U, o B2 ns42 =
EMHLNTWAT La—L 2L L TT7x )/ —ERIN LB y AR ) B U7 fE R0 6 & 3k
4D *(Scheme2-4), LA EDFERMNG | y MifHIEE G2 DG TIE 7 = 7 — VO ~7 v &4 L
SFEARBERMT v b oBENETT 56 O LB 272 (Scheme 2-4 X)),

o) (0] —
a NTs DMAP (1.0 eq.)
additive (1.0 eq.)
+ H - v NHTs
/ Y CHCI3 (0.25 M) on
20°C, 24 h
y-adduct
1(1.0eq.) (2.0eq.)
additive yield aly
none 91% 1:8
phenol 98% 1:19 —

proposed proton transfer

Scheme 2-4. Effects of protic additive in y-selective aza-MBH reactions

FROMATIROT =42 T ) —VOBET 2 N 20T 2578 U BENT pKka OBLED
THEARFTIEH DD FEULIEALKT I RTHOLRX B ANLERYT I RO pKal®: 16.1vs 7 = /
—/L® pKa'®: 18.0), = R/NX—MIZAF]Z2MEERM O 7 v F o BEIZRHT 2O TER, =¥ —
FNCHRIZRANBERMO 70 U BEERET 5 2 ERERIMEOER EE 2 6D, U LOEENLE
FlIA X AR AV VIS DN REA NVIEANLE BTS2 LT L EOEIRNET v A
EREFHND DO TR EB X7 (Scheme 2-5.), AL, C-C fEGTEMBELCDAINNA—NT =4
TANVRCT I RT =F 0 L U THREER S ERILIZ— A= ThHLT b F I —"A—
k@ pKal*:242), 3 FNAREERM T 0 N OBEISHEICETT S EEE LT,

o M
0 o} 0 o}
S ¢y
o 0~ N H N
+ | Nu _ NHBoc Y
v H o Ph
/ X\
Ph ON—\
1 y-adduct 4
pKa* =
N—-—
NH,SO,Ph 16.1 B /
NH,(CO)OEt 24.2
PhOH 18.0

*Acidity in DMSO

Scheme 2-5. Working hypothesis for high y-selective aza-MBH reactions




BE RUSSRMF ORI L

0]
Q HN’(
catalyst (1.0 eq. ) o O'Bu
DMF (0.25 M) Q O
20°C,24 h
3a
(1 0 eq.) (2. o eq.) a-adduct
entry catalyst yield of y-adduct regioselectivity (a : y)
1 DMAP 7% 1:5
| 2 DABCO 39% 1:14 | : :
) ! Quinuclidine
3 DBU complexed mixture — H
4 PBus no reaction — ®/OH
5 Quinuclidine 32% 1:12 N
6 3-Quinuclidinol 19% 1:6 ' 3-Quinuclidinol

Table 2-2. Catalyst screening

vx )1 BREE L. DMF BT N-Boc A X > 2a ZAVEICxT L M EH WD M. REgfhEo
Ag ) == TR Tz (Table 2-2), DMAP & W7z & Z A8 0y AR da MBI BTz
D, IRIT 7% £ O ALE SRS & < 2o 72 (entry 1, aiy=1:5), DABCO MW\ 7236, N-Ts A
AW DA LBy INA 4a 23 BAF2 3R M CTE G 7 (entry 2,39% yield, aiy=1:14), AHEFR
E. A I OEHE FRERIC L > TERMEADIED SRR TH L Z L AR L THY (FREHI#E O

BIRME), BLRRDEER L S 2%, DBU KON U TF LR AT ¢ & AWTZSSAITAT L0 AT &< 15
HIL7RDr o7z (entries 3, 4), & Z T, DABCO [Tl L7 M@EAN G R T I v EE AT 50X 27 VU
KO 3-%R7 V) =N iz d A R KON EZERIETIK T L7Z (entries 5, 6), LA EDORERNG |
DABCO 7% f il 72 SRAZ Ml & U CH 72 5 St 247 o 72 (Table 2-3),



+ | DABCO (1.0 eq.)= I o
solvent (0.25 M) O
// 20 °C, 24 h

1 2a / 3a
(1.0eq.) (2.0eq.) a-adduct y-adduct

entry solvent yield of y-adduct  regioselectivity (o : y)  dielectronic constant (&)

1 MeOH trace — 32.35

2 DMSO 45% 1:17 46.71

3 DMF 39% 1:14 37.06

4 DMA 26% 1:10 38.30

5 CH3CN trace — 36.00

6 Acetone trace — 21.36

7 DCM trace — 9.02

8 THF trace — 7.47
| o DMF 52% 1:14 37.06 |

10° DMF 12% 1:8 37.06

a) Run with 3.0 eq. of 2a at 50 °C for 36 h. b) Run with 3.0 eq. of 2a at 50 °C for 12 h in the presence of 0.2 eq. of DABCO.

Table 2-3. Optimization of conditions

7a b OMEREEEE LT MeOH Z W2 & 2 A, AT < Ebn2r>7-—5 7T (entry 1), IE7' 1 |+
MRS & L C DMSO & W2 & 2 A DMF & [R5 OISR N O BRIV C 4a 23753 541172 (entries
2vs3), DMSO & bl LT XV FEERDOIK DMA THHIR, @RMEILICT L, FIZHEROE AL
TITEME LV N0 572 (entries 4-8), Ay 3R aza-MBH G2V T, IWEEOFFE R & IR
Je ONE BB —TE OAHREA W, B D MU SO IR 2 5- 2 DR & W2 D, DMF s LT
WHEOUGEZ B E L, 2a —YE&(FEF S0 ETRIE LI E ZA, 52%IEET 4ab 235 H 4072 (entry 9),
fib i B DARIFA b 2 5l AT & T APER DK T A2 728 (entry 10) entry 9 (IR Sefh 2 i S & LT,
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D RIS HI OGS

BT L7l SoE T (Table 2-3, entry 9), v (Zi%#AY vinylogous aza-MBH SRR N TA I >
0 O3 p G DE &2 WA L 7= (Scheme 2-6.), X P L BR para (AT E TR IENER L7 I 2b-2d ZHWN
HA. WL B ERINVERS L O RRE QIR CTHTED ¢ MAHIMER S Sz, £72. para {if
(LGN EBR LA 22 2e KO 2f ZH WA S RIEOUIERR KON ERRUE CTITE O ¢ AL
k% 52 7z, NUB VB EOBBIENEN AL LN L BEEERY C-C fEA TR OB T2
ZENRBEINT, FT2. meta LW ortho fi~DEHILEANZIT 724 2 2g T 2h W55
B < Y MEAIMEZIBIRANICG D Z N T&E e, HHERELTEVVUVREEZAT LA I 2 W
72 ZAH AIVOREERITERT HIEROE T 2NN, 6T 25 y MRS EIRICE S
72, 2-Naphthyl XeZ2H T 54 22 2j W= 5E. ZHVE TTRED 67%IR T y M fHINANE STz,
ZOXIIIRIEFA I OB IRESCE OBHSERIC LS T By CRIICHET L7 2 LD, BRI
EESEHA AT S Z LR SN, M. PV AIOIE T 1 SO REBIIIT 2 TV,

(e}
o o) o A )
Xk o [ O®
+ IN o DABCO (1.0 eq.) I N
_———
| A DMF (0.25 M) / A=
/ V&2 50 °C, 36 h
R
1 2b-2j 3b-3j 4b-4j
(1.0eq.) (3.0 eq.) a-adduct y-adduct
o o )7 e e
/©) /©) CF /©) /©) /©)
¢ 2b Br 2¢ 3 2d Me 2e MeO 2f
yield of y—adduct yield of y—adduct yield of y—adduct yield of y—adduct yield of y—adduct
57% yield 54% yield 48% yield 49% yield 49% yield*
a:y=1:>20 a:y=1:>20 a:y=1:>20 a:y=1:14 a:y=1:>20

(0}

Xk

Pi"k F‘j\ok PJ\O)< )

yield of y—adduct yield of y—adduct yield of y—adduct yield of y—adduct
60% yield 39% yield* 37% yield* 67% yield
a:y=1:>20 a:y=1:20 a:y=1:>20 a:y=1:19

*DMSO was used as solvent
Scheme 2-6. Substrate scope of imines
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FIUET SR OV T OB
—IH A AR R

A X REREPERIIEIC B 2 DB A RGET 2 HT, Y=/ 1ITxtL, B A I ARER
AT % 5a-7Ta ZMEt L72 (Scheme 2-5), N-Ts 1 2 > 5a # V=& 2 A, afift A L3 E 579,
2a LABRICH — " A — MEHERE G T D N-Cbz A 22 6a Z =& 2 A, HIFEHE Y @Oy AR T4
B E LT, A 2 DOREFVELN-Ts £ 2> 5a>N-Boc 1 2> 2a>N-Dpp 1 > Ta DFF|TRE
FHMETT D EnMmiEsnTnd 4 Bib, C-CRAIMRBAEL DT I K7 =4 O FEMIT I —
A—=FBDAIVDIFNANVET I RROA I LI L TEVE 725 & FPHEINDS, £ Z T N-Boc
A UL FIREPEOR N-Dpp £ 2> Ta ZHWZ, RVRE D C-C FEATERICAFNE
We BV ERIIT RSB ONR Do, LEORERIY, 7LV I UAREREE LTI — A — FROMR
FEILS Y NORPEDOREBLUCH N TH H Z L RS,

DABCO (1.0 eq.) .
DMF (0.25 M) . O
50 °C, 36 h /

2a, 5a, 6a, 7a
(1 O eq.) (3.0 eq.) a-adduct y-adduct
2 J< Oy P (l?
\ 4
,P—Ph
INJI\O \©\ /\© N \
©)2a ©) ©) ©)

a:y=1:14 a only a:y=1:>20 )
Y= 52% y|e|d o =68% yleld* y= 37% y|e|d No reaction

*Run with 2.0 eq. of imine at 20 °C for 9 h.
Scheme 2-7. Optimization of protecting group on imines
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% " JIH Retro aza-MBH i~ DA #E

ARSI BN T B AV D LR DN ENT ) 0 AL B 7 P G A B 7> 2 RGBT 8D WIS O A
Z AL L7 (Scheme2-8), y AZATINIAR da 1okt U, A I VU IEFAE FROSSERMICAT LIz & 2 A 3a DAERITHE
PR E 72D o 72 (Scheme 2-8a), [FIEEIZ 3a 205 da ~DOEMLHER I N2> 722 L2 5 (Scheme 2-8b),
APGEM T retro aza-MBH JOGIIHEFT LR Z E R0y o 72, DLEDOFERNS | y MATIMA 4a 1303 E G
IR E LTHRLNTWD ZERahoT,

@)
HN’I(

0]
DABCO (1.0 eq.) o 0'Bu
o omm (]
DMF (0.25 M) O
50 °C, 24 h /
3a
91% recovery not detected

b

DABCO (1.0 eq.) HN"N g,
_—
DMF (0.25 M) Q
50 °c 24 h

87% recovery not detected
Scheme 2-8. Retro vinylogous aza-MBH pathway is not involved

ZIH PR RINL A A

N-Boc A > 2a % 10 YEHWDE—IREISEME T, 1 LU T 5 D ALK 1-a, o, o, y—ds 7 FEH &
T D SERE by e DN kp 22N ENROD & hkn=5.5x102 h' kp=23x102 h' EHH X172 (Scheme
2-9), HERRMIFEN AR (ko) DERIS NI Z LD ARG OHSEEE N 7 1~ BE OB TH
L BT, KEERITA IV OFFR EOBEBBIDRPB RN P> T /8D b X FFEND,

©) I
N" (1.0eq) Q NHBoc
_
y
DMSO-ds (0.16 M)
&

1 or 1-a,a',0', y—dy4

(1.0eq.) (10.0 eq.) 4a or 4a-a,0',0'—d3
0.15
01 -
,.;__ L ]
£
‘g l
z /
T L4 ]
0.05 ."
B H(F=0.99)
_ ® ® D (F=099)
0
0 1 2 3 4 5 &
time (h)

Scheme 2-9. Kinetic isotope effects on DABCO-catalyzed vinylogous aza-MBH reactions
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F A1 Double aza-MBH J)its~® 2B

VI ) KT D aza-MBH FUGTETERINCS a iids KONy (L H THEIT LD, o fiids KONy (Lic 7
HA4 I VEBEBROICKGSE D Z R TEEREICERELINIALEM DN ELND 12D, Al
EAE, AR Lz y (MRS L > TE OGNS 4a lZxf L, N-Ts £ 2 v Sa 2 EHSE 52 &
T, a il Ts RS N7 X/ HA | y (LI Boc (RESNTT R V BEEFFHOUT I ALEMNHR LN D
EHIR LTz, v AT LT aza-MBH s 2 1T S % double aza-MBH SUS I 3Rk &61 2372 < 15,
FEHLAREAMRFT 21T > 72 (Scheme 2-10), DABCO & Fv= /1 & N-Bocf I 2axH 52 & Ty
NEAFINK 4a 2 157-, 4a |Z%F LT Scheme 2-7 {Z/RT N-Ts 1 X > 5a Z W5 a (fift iR %= 5- 2 5 s
el Lizb 2 A, HMRIRAWE 5 2 1-, 2T, MaxBRE%1T o 1ok 5 CHCL IS8+, DMAP &
X Schreiner’s thiourea 2277 FC 5a Z/EH S5 Z & THTE @ double aza-MBH A %2 S0%INR, 7 &
TLUAH1:1.5 THDLIZENTE, BED L ZAZ OMIMELEIZIRE TE TV,

......

H
O
o] 2a (3.0 eq.) DMAP (1.0 eq.)
DABCO (1.0 eq.) Schreiner's thiourea (1.0 eq.)
= 'NHBoc -
DMF (0.25 M) UV Abihl CHCl; (0.25 M)
/ 50 °C, 36 h o 40°C, 36 h
1 52% 4 50%
a:y=1:14 a
DABCO (1.0 eq.) : CFs CF4 '
: i ‘ @ i
| : :
H : :
O {CF3 NJLN CF3
complexed 5a (2.0 eq.) H H H
mixture o ' Schreiner's thiourea s
1= 0

Scheme 2-10. doulbe aza-MBH reaction via sequential incorporation of imines
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F=E [ER IV F A BRH vinylogous aza-Morita-Baylis-Hillman 5

H—H B SR O O

b BEAY AR MBH & (N aza-MBH SUGIEZNENIEFIEET U AT L a— L ROT VL7 X k8RR E
B2 2FELE L TER EAHTHY . ZIVE TITER A ZRARF AN R S T & 72 7, AR A Al
& LC(Fig. 3-1), LBz Lo TRHEENZY a7 hu A RFERTH D B-ICD X°, IS, Shi
LIZR > TRIHSNTEE T 7 b —VdFERTh DAL 9 K OREE 10 23 5 T2 16, 2405 Ofififie
(BT DA E LT, SREEEMLE 7LV ATy FRREMLA AT 5 Bt ThH 5 Z LT 6D,

: Nu o~
OH PPh2 ' < Y :
: 0\ /4 R E
! H--XR' '

gb) c) 10d) 1 !

Fig. 3-1. Chiral bifunctional catalysts used for MBH reactions'®

FEHOPFBMRETIX -7 AFNT I B DU &R &3 D AR REZAMBEZ M B IZB¥E LT
BY (Fig.3-2). R Y A—/VONEEIRT P ALEFE~DOREZHE L THD S,

(0]
Ak N
S) N OCgH17 CgH1707 NELN & s) N& ~OCgHy7
7/‘ N B E 7f N
(0] (0] (0] O
g J O g )
S
\N N
12
(0]

H
H H S) {))LOC H
CeH170 SN (® ®) Niég/“\OCgHw CgH470 NW QH(N Y sH17
N E X ~¢NH
HNT 0 0 Z “NH HN 0 P o)
Z |
<) S\
N
13

Fig. 3-2. 4-Pyrrolidinopyridine (PPY) derived asymmetric nucleophilic catalysts

$%ﬁ®%%7:/%%m&LTkab77V%%¢%%myV%§%%ﬁwnﬁ\Kﬁummm&

(CH B ZEREMEAREE S U CHRE T S L HIRE S LD, BT C. AE TR E TR LD v [k
%ﬂMmWBHﬁW%KﬁﬁEAE%%¢&<ﬁ%%ﬁokoVi/y@ﬁ%&@ify?ﬁﬁﬂﬁuw
MBH St T EZ GG 2 <. GREF ERERF Yy LTV THDL EVR D,
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G ARG

B EIZBWTBFE L7 N-Boc £ 2> 2a ZHWAH Y= /1 & D aza-MBH S IZ W THESANL S —
T X NEEE AT DRk A I ARF I A BRE L7, 13 e A EROSITEIT L e o T, 2Ty N-Ts A
2V 5a ZAVDEM T A DMAP FEIKIC OV TR L7z & 24, fllilgiilc 7 Lo 2T v RligE L
TOMWRERPIIFFCE 2T e b2 G T 5N Y ) v y ML TORFRBUCANTH D Z & DVRIE
Iz,

BH A X RGEEE OGS

R DMAP B8R Z N, flix DT VX)L Z LR = UL S U2 VT F o F IR m -4
ST, TF T AR O K E LR EE &I LT,

FEUET TAY I T U — VE O R

THREMBOT L ATy I E LTEL OREDRH DT =/ —VFEEERIT, Y VL DKHE
FENARETH D V, FEG E LTT =/ — ViR I EA LTz v A 207 U —L i
MLE L TR Y D UVREZEAT HHE TS o FABRRMERBLEFEICB W COKEMEOAZHWDGE LT
RTCHDBRAF G EHETEZHH D LEE X, vinylogous aza-MBH Kt~ A L 72,

BT SOCTERE AT

BEDA I NIBNTOIRENT T U FAEIRMERN I L2 L h . ZOxF 0 F 48R3 Bk
oW TR L,
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BUE 7 VA —/VEHIZRT 5 Parallel Kinetic Resolution (PKR) DB§3%

IR IEE AW 7 & RO P ENETX 2N E TICEE < O FENRBRE I TND 18, KA
By FRE A N2 T LU b 2 B & T 5 e BN FEE R I AT v a— v TV FA—V R
BDFEE LTEACHFEDTOILTE 19, KRIZEHIT D EEABEII AR A & 7 & I RILER ToHE
B DB matched, mismatched D = R/LF—22C LD RAKIE & S RFEEM CTORIGHE 2% E
BT TFIETH D (Scheme4-1a), ZAUIZX) L Parallel Kinetic Resolution (PKR) 137 & I (RILE Ik L, A
fié)yim%:a_ﬁéﬁé & TR Z @\ O CHB 5 FIETH D (Scheme 4-16)°, B PKR 73
AL D IO ITH—DF 7 J74 %ﬁﬁ”éﬁﬁﬁ%rjmﬁmosﬁmﬁw 2k L CTENZI matched DA
ﬁ:ﬁﬁk%”%ﬁf;@foﬁéﬁﬁﬁ% ITSELMENRD D, BT, BHE O KR & HAKKEICNEER FERTH D
R B — i 2 iV 5 PKR I3 L7036 75%5@2&%7\_50

a) OH + b OH + )
OR ' Ho \/'\ OR
OH R (s) e (R)-cat. > : OH (s) e (R)-cat. > HO\/'\
favored (S) HO\/k favored (S)
(S) " Matched recognition - enantio-enriched ) " Matched recognition - enantio-enriched
product H — - product A
(R)-cat. H (R)-catalyst catalytic intermediate
oH - - : oH - -
A OH T OH i HOLUA OH t OH
® : 2 ®R) HO_AL RI_AL
R * (R)-cat. |""""""°" » (R) E R) * (R)-cat. > (R)
disfavored H favored
- - enantio-enriched -~  Matched recognition - enantio-enriched
Mismatched recognition substrate recovered ! product B

Reaction path of catalytic KR Reaction path of catalytic PKR

Scheme 4-1. Schematic comparison between KR and PKR

ZDOXEIRPKRIZEBWNWTT UL EZ M LT o0& LTE, 2 oERmEOET T F AR v
2T AL B WD FEN M STV D (Scheme 4-2.)21, #hERA7Z: PKR 1L 2 i D =) o FF~—IZ

| X
Bu ﬁ/ Bu
0.__CCls
o8B gLy
o J% B oo 1K
: cl 0
/>cel; g
racemate (0.56 eq.) (0.56 eq.) 49% yield 46% yield
- 95% ee (R) 88% ee ()
MgBr, (2.25 eq.), NEts (3.0 eq.
9Br DCMqr)t 36ﬁ( %) Vedejs, E. et al. JACS. 1997,119, 2584.

Scheme 4-2. Acylative parallel kinetic resolution®®
Sk U TN SIS EITT 2 0 E H H M, Vedejs © 1L 1-(1-naphthyl)ethanol (Z%F LT S{K% 5 = 42 @
BIRVECHL S5 7 2L R —B2 (Scheme 4-2. EED T L IULANITINZ, R K% s=41 OFRME Clig
HESEDT7 L RF—A  (Scheme 4-2. FREDT I NMALHA) D2 SDEETF L F A A Y v 77T L ALK
AHAEDOEDZ L TPKR ZEM LT, LinL, REFTOFR L b FEREORT T F AR v
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7T ALK E LB LT HENIEE LTS, ZOXIREROL &, Bz A5 T voue
%M L4 % PKR OBFENRD S5,
/ﬁ—w%%ﬁﬁkbtﬁ it 2 N5 PKR AZ DWW TIE 1,2-V A — VEEA B &5 2 flodiid &
LTS (Scheme 4-3.)%, Z Tan b OHWEILE (Scheme 4-3b) (LK 1,2-U A — iz H L TEY
f&7k@&ﬁ&0“%&7k@&%@ﬂ: BRMEOFRININZ . REMBINSE L 225, X, oKEBED
2 U IBIZB W TSR E RFRBNERE L T D ORI TR E S Th D08, 65—k
HEOT ) UICBWTIIRSE E RFRENRAF L TRTHNATEY . REBINIEFICHETH D,

t)
a) \ Bu H t
" )\I(NYB“
HO  OH HO,  OH <’ e TESO  OH HO ~ OTES
) ( ° L
e’ pr e’ pr (30 mol%) e’ pr e’ pr
(R, S) (S R) TESCI (1.3 eq.) 45% yield 45% yield
95% ee (R, S) 95% ee (S, R)

Hoveyda, A.H., Snapper, M. L. et al. OL. 2011,13, 3778.
b)

o o N W
Q Br OTES Bra_~_-OH
\—/ (15 mol%) 50% yield 41% yield
> 91% ee (R 98% ee (S
rac. TESCI (1.3 q.) eee(R) ee(®)

Tan, K. L. etal. JACS. 2012,134, 7321.
Scheme 4-3. Precedents for regiodivergent PKR of diols?3

FTBMFEE CIIAR U A —v b L <XV A —/VEHO B /B M FREE 2 5500 9 5 4 7 ai s i 2 v % 2
&L FEIRMEO W 2 o T2 7 L a2 — VO EBR T bz dftd LT s 2, il X %45+
DR FEZ, FT VT AN CTRRDONEICT bz #ITIE 2R 2R T L2 LTI
THAEF O 72 W —fREIZ X D KEEIED T U ARIZ L D PKR S AIRE & B 2 7o, ikiHiadt & 7 20 1A
% Scheme 4-4 TN 4-5 277 L7z, 1 D BIE D-7 /b 23— AFHEEARD 4 (L KEEHGEIR T U kiE Th 5 240,

) O
a
CgH470 \\\ OCus ol
OH 6
-PrCO0—\_—0,
1-Fr!
o] HO OCgHy7
OCBH” (10 mol% OH

4-Acylat
(PrCO »,0 (1.03 eq.) 98%(:3;%3
D-Glucose derivative > . .
2,4,6-collidine (1.7 eq.) > 99% regioselectivity
CHCl3, -60 °C, 24 h Kawabata, T. et al. JACS, 2007, 129, 12890.
) OCOi-Pr
o 14 (10 mol%) 1L o
i 4
\ 6 o ('PrC0),0 (1.10 eq.) HO - OCgHy7
> 3
- OH
HO$3 Q.S/OCSH” 2,4,6-collidine (1.5 eq.) 6-Acylate
OH CHCI3, 20 °C, 14 h 46% yield

D-Galactose derivative 91% regioselectivity

Scheme 4-4. Regioselective acylation of carbohydrates via recognition of 1,3-diol substructure by catalyst 14
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AVENE 6 LB — KR IE & T X R VR = VI & OKRFRES KOV NLEE oK EERE & A > K —/L NH
HOKREREAIT L | AN KBRS ST 5 2 & DN ERR MR OBER L ZE 2 5TV 5
(Scheme 4-4a), —77. 4 NAKEIEDPN WD F 2 HT 2D D-H T 7 b —AFERITHT 57 2 Akld, 6
mm@ﬁ%ﬂ%ﬁ‘ﬁﬁ’a ZHE1T3 % (Scheme 4-4b)25, AFERIIMIE 14 23 1, 3-UA— S E H T 5 Bt
CHEBEOX T VT G UL EEIRN T b A TS S Z AR LTV D,

2o E I% NHNs 52 2 #7200 & U7 B REAEMBEEERING 7 > ki TH % 24O (Scheme 4-5), DMAP %
W86, NHNs £ & 1,2-0BFRIC S 5 /KEREEDMERRIIC T S vk a5 —T5, cat. 12 Z W 2561
i&%@#ﬁﬁwkﬁwﬂﬂ\ NHNs %205 1,4-OBRIZH 5 KBEIENDIZIZ LB IETT Lk
%o AKEFIIAREE 12 53 NHNs 3500 6 4 JRFBWE CIALE OKBRIE~NEN 72 7 b2 TS5 2 & &
AL TWA,

0O
CgH17O b OCSH17
4 NHNs NHNs
\H/OM/OH HOM/OY
14-72) 7031 O I i v
12 (20 mol%)
HO Ac,0 (1.03 eq.) > 99 : <1 (+ Diacylate 3%)
2

1 2,4,6-collidine (1.7 eq.) . .
CHCls, —60 °C, 24 h (with DMAP) 16 : 84 (+ Diacylate 30%)
95% T. Kawabata et al. Chem. Commun. 2012, 48, 6981.

Scheme 4-5. Regiodivergent acylation of amino alcohol by catalyst 12

PLEOMRAZRICEEDOXR T VT I LT 1,3-OA4—vE 14-7 2 7 T a—Lalik & il % 12l
ZHIEITRETT D Z & CHEE A WD KEBIED T Iz KD PKR BNAJHE & & 2 72,
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X DX T U T 4 108 U TERBIRI T b 2T S8 5 2 & TR PKR 21T 885 2
NG T,

[P P R L

I M DYER AR LTz, Fix OEHIEZE AN LT IR A — 1121 % PKR 23 @sh R ik
1TL7=,

EUOHET Kl E O E

PKR D —#k/KEEFL T S AR D Hchic & % 37 L 7=,
BT OSSR RRAT
APKRICEBWTITREDORIGRRIE L UCIIE —BokBREDO T b & 8 ok ko 7 > nAbo —o
DORBEN DD, FTF o FA~—IZ% L TR ORBENTFET D720, 4 DORBEOMXHEEIZ L - T
PKR DREENRE D, F Z T USHEICE L T RA G5 < | RGOSR NMEO BRI BT 5

WKERELT S AR DR L O T o F AR 2 E Lz, £, MBI X 50 7k & OB RE
EBBEGLTW L0 Z2WENCT 5 AR TERERA Z IR L 72 EE 2 FW 7244 T PKR ORRET 21T > 72,
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BHE HERT ALV OBEERNFES LD

i WFETE R MO DN #

FNETIIOA— LV OEREMBHELR X7V 7 0 O 2L L, B—iEs Hns 7 1ra—u
DT IIZ E DD PKR 2K Lz, 22T, TaAa—LD7 bzl 350 FEHICBIT 5K
fRIRFRE A B 2 1A BT NV a— LD KR BHET b D, FTNVRE RT N a— Va5 55k bIE
PR FIEL LT bor~D 7 ) = v — Vil O S RMREO R E 2L b s, LinL, =)
FARRMESEETE DG L LUL a7 AT AR, HF UiFEAR, a- N Y Zvd e AF 07 ko
ZBRE SN TEHEAL STV RN R AT 2 @RS AT BRI W T H HRR AR T h 5 2,
Flo, ABGERELZHVLFICER T2 ERERALFMHEOERI BME L 20 | BAMREFETOXF T VE
TNV A=V ERBIERRD HID, — ., T VBN TR 72 S CEBARE TH H %, 7 vk
WZEDKRIZFINFE=ITNa— N a5 DHNRFEEZELZOLND, LML, k7 /La—/LoOHE
PERO72 KR 1 1) 25 oK B O NLARRREEIC L 0 7 2 LSS T LR AR OY 2) 55 = #RoKEB R oo
PEARFIRFBICESL LT 3 ORI HEHIEZWHT 52 ENMTEE SNDHED 2 DOFRKD L, BIEIZ
BT H NLAMEZ WD 5 =7 v a—1D7 T WRIZ L D KRIZ3FIZROD 7,

Miller 1% N-A F/vA I X — )L E BN & UTo 7T Rl 2 ok EEo 7 v ki &
% KR Z#55 LT\ % (Scheme 5-1)270¢, 25 =#R/KERIE DA K IRF OEHIL L L TAF L (A-value
= 1.70 keal/mol) &7 = =/L3& (A-value = 3.0 kcal/mol) %5 D W72 TARREE D 22030 5 FE 2B W TR
A7 KR DTS5 — 0, 7= = VIRICEZ TAF L UM EHE L 72 Tl KR ORBKE <K
T35, ZHUIRBEEOMR Z L L FIETIEARF RUEFBONARBEE O K/ KB 5 2 & 3K
Wik ThHLEBEZLND,

Me H
Me, 0 HN (@ P .
N (10 mol%)
NHAc N Boc (@) S NHAC Z, NHAG E Ph NHAc 5
NH-Phe-OMe
ACQO ; kre| =18 '

L
= Maeeeesmssssssassesas=as

=>
kret = >50 Miller, S. J. et al. Tetrahedron, 2006, 62, 5554.

Scheme 5-1. Kinetic resolution of tert-alcohol by peptide catalyst

D LRRARBE ORI IR, SERBEEIC X DFRBICIN & fREC X DB OB TR AL E L D,
Smith &AL 7 O NWACKINKIET D Z ETELDXFTNA Y T A IV U LD T F b AF oA
R—=NDOH VRV EEFEE OFMEERZEEE TS 3-t Faxvddi A v R—=1roOmEsh®Ee KR 2
#H LTV (Scheme 5-2)22, L7sL., AIEOERILEM ~DOBEAFNITHE S TUV7R0Y,
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iF’r/,, psonnTnonenssneasanaansnsannns .
OMe (\ N : Ph ;

T N/)\S : L
HO : ;

HyperBTM (2 mol%)

O o (-PrC0),0 (0.7 eq.)
N >

N
\ - . . \ \
Allyl I PrCzll-\llglt (006°gq ) Allyl Ally EH iPr
¥ 50% yield 48% yield ipr Ph
s value = 200 94% ee 96% ee
npeeecation interaction
HO ppip w4 e
s 5 S
o
N ° ()
) B
Allyl n .
s value = 60 svalue =103 +6 svalue =5 Smith, A. D. et al. Angew. Chem. Int. Ed. 2018, 57, 3200.

Scheme 5-2. Kinetic resolution of tert-alcohol by isothiourea catalyst

ORI E~D R & LT, BUSHEDIRWE ok 4 pOs R & LTRIET 20 TiER<,
PR SOESPED BN — oK ER 2 SO R & LCREE L7z Ln-Y A — /LD KRE PRFR S, T E TITH
BIOBWEDPAET Do 12-VA—NVZHE L LGS, 73 UBIZ Z DI FELRW—FH T, 7%
B Uik, 5 BERT & & — VB E ok & 3 DAY KR 28d S 40TV % (Scheme 5-3)°, L2 L,

@ Ar 0 o B

HO_ Me Ar = 3,5-(iC3F7),CeH @ T HO, Me
r = 3,5-(iC3F7)2CeH3 g /\)k/

OH : — PhA/OBn D A OH
47% yield H 25% vyield
l Ph>\/ 84% ee : 69% ee

@[ D Onre, SR .

H Maruoka, K. et al. Chem. Sci. 2018, 9, 1231.

b)
/ N \ ...................... .
oM HO Me
] ) : :O ‘(_< HO,, Me .

, L "C4H
@Q/OH R = 2P MeCsH3 Men L Ao P e I _oH

O-m

’

o 4% yleld 45% yield i svalue=9

R = 1-Naphthyl H >99% ee 97% ee B e EEEEEE '

s value = 389 List, B. et al. J. Am. Chem. Soc. 2015, 137, 1778.

C) \ tBu H

N N Me H H

<\jl/\ﬂ Y 5 M ;

HO Me on N (0] tBu HO Me HO, Me OH é

( :; ~ oo R)\/OH A_oTss L cvaez12 |
R =Pr s value = >50 44% yield, >98% ee 52% yield, 84% ee
R =1Bu s value = >50 45% yield, >98% ee 49% vyield, 91% ee

Snapper, M. L. et al. Angew. Chem. Int. Ed. 2007, 46, 8471.
Scheme 5-3. Kinetic resolution of 1,2-diols with a tertiary hydroxy group
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RERFERISRNB L VBT 13-4 — VA2 E L 32 KR Tid 6 BERT & & — VAT X 2 Al
KR N FHOLE THESNTWLDOATHY | SIRPEICE L THUBGEDORMIZ 7R L T % (Scheme 5-
4), ZHUE Fig. 5-1 I3 T L 9IT, 12-VA— B W TUIMG R ERFIRBNR AT LT THILT
WH—J7, 13-V B WIS R EAFREN T LU TRTONTWD 72D, REFRIHEIC
e 20 L ARBE S DT MEAE L C OB L 2 RSN NEECH 5720 LHER SN D,

HO Me A
R = 2-Cy-5-MeCqHs )\ R A~
OH 5 > 07% R OH
HJ\
R = 1-Naphthyl s value = 16 55% yield, 78% ee 38% yield, 89% ee
R =Ph s value = 29 54% yield, 82% ee 40% yield, 98% ee

J. Am. Chem. Soc. 2015, 137, 1778.
Scheme 5-4. Kinetic resolution of 1,3-diols with a tertiary hydroxy group

HO RZ R2 OH H H H

HO RZ Ho R? —
R OH — H H H H R OH— H H H H
R1 R1 HO* R1 R1 /'OH

Fig. 5-1. Schematic presentation for discrimination of 1,2- and 1,3-diols
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EH VIR 2 Bl & 9 2 0712 K0 . C-C fETEBUR KT C-0 #EETAMICET 5 A a by
(BT D RIRPFREIZ I AATE, C-C FEBHMISIZBW T ZNE TICHB SN ) vy (L
REY vinylogous aza-MBH JSIZHWT T w b OBENZER L RERFHI XD y Moo W RIzHA
72, F7=. vinylogous aza-MBH )i DA F AL I3 R RIS & = > F RN y ML A % 5.
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’
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R R
1.0 eq. 3.0 eq. 10 examples
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a:y=1:>20

2. (MiEER LT J o F AEIRA vinylogous aza-Morita-Baylis-Hillman i

VL) Uy NTCORFFRBUCH D IEEAR 7 V) — = T ROIERNE1TO 2 & T, @) F 4
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3. 72V VA —)VFAITKIT 5 Parallel Kinetic Resolution (PKR) D BH%E

13-UA—AEE L 14-T X ) TNV a— G257 2 IR — VOBl z v 5 7 oL
I & % PKR Z R TR TiEpk L7z,
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All reactions were carried out under a argon atmosphere with magnetic stirring. Flash column chromatography
was performed by silica gel 60N (spherical, neutral, KANTO) or Aluminum oxide (activated, basic, Brockmann I).
Purification of reaction products was carried out by preparative thin layer chromatography on precoated plates (0.5
mm, silica gel Merck Kieselgel 60F245) and visualized with UV light. Analytical thin layer chromatography was
performed on precoated plates (0.25 mm, silica gel Merck Kieselgel 60F245). Visualization was accomplished with
UV light and p-anisaldehyde or KMnOQj stain. IR spectra were recorded with a JASCO FT/IR-300 spectrometer. High
resolution mass spectra were obtained by Bruker Impact HD mass spectrometers. Melting points (m.p.) were recorded
using Yanagimoto Micro Melting Point apparatus PM-500. Specific rotations were measured by JASCO P-2200
digital polarimeter using sodium D line and are reported as follows: [a]p' (¢ in solvent). "H NMR spectra were
recorded in CDCI; solution and referenced from TMS (0.00 ppm) using JEOL ECX-400 (400 MHz)
spectrophotometer and are reported in ppm using solvent as an internal standard (CDCls at 7.26 ppm). '3C NMR were
measured in CDCIz solution and referenced to CDCl3 (77.16 ppm) using JEOL ECX-400 (101 MHz)
spectrophotometer. Data are reported as (ABq = AB quartet, s = singlet, d = doublet, t = triplet, td = triple doublet, tt
= triple triplet, q = quartet, hep = heptet, dd = double doublet, dt = double triplet, ddd = double double doublet, m =
multiplet, b = broad; integration; coupling constant(s) in Hz. Anhydrous methanol, dichloromethane, acetonitrile,
tetahydrofuran were purchased from commercial suppliers and used without further treatment. Anhydrous CHCls,
N,N-dimethylformamide, N,N-dimethylacetoamide and dimethylsulfoxide were purchased from commercial

suppliers and kept with MS4A.
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Preparation of Imines

1) N-Boc Imines
NH,Boc
0) PhSO,Na NHBoc Base NBoc
> - I
Ar)J\H HCOOH Ar SO,Ph Ar
MeOH/H,0 2bb-2bj

Following the previously reported method, N-Boc Imine was synthesized. Data for imines 2a (Ar = Ph),' 2b (Ar=
4-ClCeHa),' 2¢ (Ar = 4-BrC¢Hs),' 2d (Ar = 4-CF3C¢Hy),' 2e (Ar = 4-MeCHa),? 2f (Ar = 4-OMeCoHa),’ 2g (Ar = 3-
CICgHy),? 2h (Ar=2-MeCsHa),' 2i (Ar = 3-Pyridyl)* and 2j (Ar = 2-Naphthyl)* were in accordance with the literature.

2) N-Cbz Imine
Following the previously reported method, N-Cbz Imine (6a) was synthesized. Data was in accordance with the

literature.?

3) N-Dpp Imine
Following the previously reported method, N-Dpp (7a) Imine was synthesized. Data was in accordance with the

literature.®

General Procedure for vinylogous aza Morita-Baylis-Hillman reactions:

DABCO (0.06 mmol, 1.0 eq) was added one portion to a solution of Diene (0.06 mmol, 1.0 eq) and Imine (0.18
mmol 3.0 eq) in anhydrous DMF (0.24 ml) at room temperature under Ar atmosphere and the resulting mixture was
allowed to warm to 50 °C. After stirred for 36 h, the reaction mixture was partitioned between ethyl acetate and 1N
HCIL. The layers were separated, and the water phase was extracted with ethyl acetate for three times. The combined
organic layer was dried with Na>SQs, filtered and concentrated in vacuo. The crude material was purified by

preparative thin-layer chromatography to afford the y adduct.

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-phenylallyl)carbamate (4a)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4a as colorless oil: 8.02 mg, 46% yield.

0]
IR (neat) 3328, 2978, 2929, 1701, 1681, 1516, 1366, 1246, 1168, 866 cm™'.

Q NHBoe 'H NMR (400 MHz, CDC3) § 7.35-7.24 (m, SH), 5.98 (s, 1H), 5.90 (s, 1H), 5.66 (s, 1H), 5.61
(d, J= 7.6 Hz, 1H), 4.95-4.87 (brd, J = 5.9 Hz, 1H), 2.92-2.73 (m, 2H), 2.46-2.32 (m, 2H),

O 1.44 (s, 9H).
4a 13C NMR (101 MHz, CDCl3) § 209.75, 170.79, 154.74, 143.97, 139.49, 129.79, 129.20, 128.35,
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127.53, 119.49, 80.32, 57.04, 34.54, 28.57, 28.47.
HRMS (ESI): Exact mass calcd for C19H23NO3Na [M+Na]+, 336.1570. Found 336.1540.

tert-Butyl ((5-0xo-2-vinylcyclopent-1-en-1-yl)(phenyl)methyl)carbamate (3a)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/Acetone
= 2/1) to give 3a as white amorphous powder.
Q  NHBoc
IR (neat) 3418, 2977, 2925, 1710, 1686, 1496, 1360, 1168, 703 cm’!.
Q O 'H NMR (400 MHz, CDCl3)  7.33-7.27 (m, 4H), 7.24-7.11 (m, 2H), 6.61 (d, J= 9.5 Hz, 1H),
/ 5.93-5.82 (m, 2H), 5.66 (dd, J=10.7, 1.0 Hz, 1H), 2.74 (t, /= 5.0 Hz, 2H), 2.54-2.35 (m, 2H),
3a 1.43 (s, 9H).
13C NMR (101 MHz, CDCls) 8 209.92, 164.97, 155.56, 141.07, 138.76, 130.51, 128.72, 127.40, 126.42, 123.80,
79.71, 50.20, 34.31, 28.55, 25.42.
HRMS (ESI): Exact mass calcd for C19H23NOsNa [M+Na]+, 336.1570. Found 336.1550.

tert-Butyl (1-(3-chlorophenyl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4b)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4b as yellow amorphous powder: 11.91 mg, 57% yield.

0]

IR (neat) 3323,2978, 1702, 1575, 1492, 1366, 1248, 1167, 888, 732 cm™'. '"H NMR (400 MHz,

Q NHBoc CDCl) 8 7.31 (d, J= 8.5 Hz, 2H), 7.21 (d, J = 8.5 Hz, 2H), 5.97 (s, 1H), 5.89 (s, 1H), 5.60
(brs, 2H), 4.89 (brs, 1H), 2.92-2.72 (m, 2H), 2.41 (t, J=5.1 Hz, 2H), 1.44 (s, 9H).

O 13C NMR (101 MHz, CDCl3) & 209.52, 170.44, 154.69, 143.81, 138.16, 134.19, 129.84,

129.35, 128.84, 120.13, 80.58, 56.35, 34.55, 28.56, 28.46. HRMS (ESI): Exact mass calcd for

o
4b C1sH2NOsCINa [M+Nal+, 370.1180. Found 370.1182.

tert-Butyl (1-(4-bromophenyl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4¢)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4c as yellow oil: 12.70 mg, 54% yield.

0 IR (neat) 3327, 2977, 1701, 1575, 1489, 1366, 1247, 1166, 1012, 755 cm'.
Q 'H NMR (400 MHz, CDCl3) 8 7.46 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 8.3 Hz, 2H), 5.97 (s, 1H),
NHBoc 589 (s, 1H), 5.59 (brs, 2H), 4.89 (brs, 1H), 2.92-2.71 (m, 2H), 2.41 (¢, J = 5.1 Hz, 2H), 1.44

(s. 9H).
O 13C NMR (101 MHz, CDCls) & 209.51, 170.42, 154.68, 143.74, 138.70, 132.31, 129.85,
4c Br 129.16,122.30, 120.19, 80.59, 56.41, 34.55, 28.55, 28.46. HRMS (ESI): Exact mass calcd for
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C19H22NO3;BrNa [M+Nal+, 414.0765. Found 416.0655.

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-(4-(trifluoromethyl)phenyl)allyl)carbamate (4d)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4d as yellow amorphous powder: 11.06 mg, 48% yield.

0 IR (neat) 3319, 2979, 2933, 1704, 1575, 1515, 1326, 1166, 1125, 1067 cnr''.
Q 'H NMR (400 MHz, CDCls) § 7.60 (d, J = 8.1 Hz, 2H), 7.41 (d, J= 8.2 Hz , 2H), 5.99 (s,
NHBoc 1H), 5.92 (s, 1H), 5.71 (brd, J = 7.8 Hz, 1H), 5.56 (s, 1H), 4.94 (brd, J = 7.9 Hz, 1H), 2.93—

2.73 (m, 2H), 2.43 (t, J= 5.1 Hz, 2H), 1.44 (s, 9H).
O 13C NMR (101 MHz, CDCl) 6 209.43, 170.24, 154.71, 143.71, 130.67, 130.35, 129.87,
CF, 127.76, 126.19, 126.15, 126.12, 125.36, 122.65, 120.83, 80.75, 56.53, 34.57, 28.52, 28.44.
HRMS (ESI): Exact mass calcd for C20H22NO3F3Na [M+Na]+, 404.1444. Found 404.1439.

4d

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-(p-tolyl)allyl)carbamate (4¢)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4e as white solid: 9.64 mg, 49% yield.

0 IR (KBr) 3332, 2975, 2927, 1681, 1574, 1510, 1367, 1241, 1166, 890 cm".
Q 'H NMR (400 MHz, CDCl3) 8 7.18-7.09 (m, 4H), 5.98 (s, 1H), 5.88 (s, 1H), 5.67 (s, 1H),
NHBoC 555 (brd, /= 7.4 Hz, 1H), 4.89 (brd, J = 7.4 Hz, 1H), 2.92-2.71 (m, 2H), 2.41-2.35 (m, 2H),

2.32 (s, IH), 1.44 (s, 9H).
O 13C NMR (101 MHz, CDCl3) & 209.81, 170.90, 154.74, 144.08, 138.17, 136.51, 129.87,
4e Me 129.78,127.45,119.14, 80.22, 56.79, 34.53, 28.58, 28.48, 21.21.
HRMS (ESI): Exact mass caled for C20H2sNO3Na [M+Na]+, 350.1727. Found 350.1743.

tert-Butyl (1-(4-methoxyphenyl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4f)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4f as yellow oil: 10.16 mg, 49% yield.

0 IR (neat) 3332, 2975, 2930, 1704, 1679, 1511, 1248, 1169, 1032, 732 cm.
Q 'H NMR (400 MHz, CDCl3) 8 7.18 (d, J = 8.3 Hz, 2H), 6.84 (d, J = 8.3 Hz, 2H), 5.97 (s,
NHBoc 1H), 5.88 (s, 1H), 5.67 (s, 1H), 5.54 (d, J = 7.3 Hz, 1H), 4.87 (brs, 1H), 3.79 (s, 3H), 2.92—
2.71 (m, 3H), 2.38 (s, 2H), 1.44 (s, 9H).
O 13C NMR (101 MHz, CDCl3) & 209.82, 170.93, 159.56, 154.72, 144.16, 131.50, 129.80,
4f  OMe 128.78,118.99, 114.55, 80.25, 56.49, 55.46, 34.54, 28.60, 28.49.
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HRMS (ESI): Exact mass calcd for C2oH2sNOsNa [M+Nal+, 366.1676. Found 366.1675.

tert-Butyl (1-(3-chlorophenyl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4g)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4g as yellow oil: 12.50 mg, 60% yield.

IR (neat) 3329, 2978, 2929, 1704, 1681, 1574, 1516, 1367, 1247, 1167, 756 cm’".
H NMR (400 MHz, CDCL:) § 7.31-7.26 (m, 2H), 7.23-7.14 (m, 2H), 5.98 (s, 1H), 5.91 (s,
1H), 5.61 (brs, 2H), 4.91 (brd, J= 7.4 Hz, 1H), 2.93-2.73 (m, 2H), 2.42 (t, J= 5.0 Hz, 2H),

1.44 (s, 9H).
cl
O 13C NMR (101 MHz, CDCls) § 209.56, 170.37, 154.66, 143.56, 141.69, 135.08, 130.48,

129.81, 128.53, 127.43, 125.82, 120.38, 80.62, 56.52, 34.56, 28.54, 28.45.
HRMS (ESI): Exact mass calcd for C1oH2NO3CINa [M+Na]+, 370.1180. Found 370.1202.

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-(o-tolyl)allyl)carbamate (4h)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4h as yellow amorphous powder: 7.74 mg, 39% yield.

(0]
Q NHBoc
Me

4h

IR (neat) 3326, 2976, 1702, 1574, 1515, 1365, 1246, 1169, 756 cm’".

'"H NMR (400 MHz, CDCls) 8 7.24-7.03 (m, 4H), 5.93 (s, 1H), 5.83 (s, 1H), 5.75 (d, J= 7.9
Hz, 1H), 5.62 (s, 1H), 4.76 (d, J= 7.9 Hz, 1H), 2.93-2.76 (m, 2H), 2.42-2.38 (m, 2H), 2.39 (s,
3H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCls) & 209.80, 171.06, 154.78, 144.01, 137.57, 136.66, 131.31,
129.53, 128.38, 126.55, 126.14, 119.66, 80.24, 53.39, 34.63, 28.50, 28.47, 19.20.

HRMS (ESI): Exact mass caled for C20H2sNO3Na [M+Na]+, 350.1727. Found 350.1701.

tert-Butyl (2-(3-oxocyclopent-1-en-1-yl)-1-(pyridin-3-yl)allyl)carbamate (4i)

Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/Acetone

= 1/1) to give 4i as colorless oil: 6.95 mg, 37% yield.

0]

NHBoc

/ N

p—

IR (neat) 3312, 2978, 2929, 1703, 1575, 1522, 1366, 1250, 1167, 889, 717 cm"".

H NMR (400 MHz, CDCl;) § 8.55 (d, J = 6.2 Hz, 2H), 7.60 (dt, J = 8.0, 2.2 Hz, 1H), 7.28 (dd,
J=1.8,4.7Hz, 1H), 5.98 (s, 1H), 5.93 (s, 1H), 5.70 (d, J= 7.8 Hz, 1H), 5.59 (s, 1H), 4.99 (brs,
1H), 2.93-2.74 (m, 2H), 2.50-2.39 (m, 2H), 1.44 (s, 9H).

13C NMR (101 MHz, CDCL3) § 209.36, 170.10, 154.69, 149.63, 149.07, 143.31, 135.27, 135.12,
129.90, 123.88, 120.80, 80.81, 54.85, 34.56, 28.52, 28.44.
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HRMS (ESI): Exact mass calcd for C1gH23N203 [M+H]+, 315.1703. Found 315.1700.

tert-Butyl (1-(naphthalen-2-yl)-2-(3-oxocyclopent-1-en-1-yl)allyl)carbamate (4j)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, hexane/ethyl

acetate = 2/1) to give 4j as yellow oil: 12.50 mg, 60% yield.

o IR (neat) 3328, 2976, 2928, 1703, 1681, 1574, 1511, 1366, 1248, 1166, 752 cm.

Q TH NMR (400 MHz, CDCl3) 8 7.85-7.75 (m, 3H), 7.71 (d, J= 1.8 Hz, 1H), 7.54-7.43 (m,
2H), 7.38 (dd, J = 8.5, 1.9 Hz, 1H), 6.05 (s, 1H), 5.94 (s, 1H), 5.78 (d, J= 7.7 Hz, 1H),
5.70 (s, 1H), 5.01 (d, J = 6.8 Hz, 1H), 2.95-2.74 (m, 2H), 2.38 (dt, J = 6.5, 3.5 Hz, 2H),
OQ 1.45 (s, 9H).

4 3C NMR (101 MHz, CDCls) & 209.67, 170.82, 154.78, 144.03, 136.92, 133.44, 133.13,

129.82, 129.15, 128.08, 127.82, 126.66, 126.55, 126.33, 125.40, 119.78, 80.39, 57.10,

34.55,28.58, 28.48.
HRMS (ESI): Exact mass calcd for C23H2sNOsNa [M+Na]+, 386.1727. Found 386.1730.

3-(3-amino-3-phenylprop-1-en-2-yl)cyclopent-2-en-1-one (6a-y)
Prepared according to the general procedure. After preparative thin layer chromatography (silica gel, CHCls/MeOH
=40/1) to give 6a-y as colorless oil: 10.27 mg, 37% yield.

0 IR (neat) 3312, 1701, 1679, 1573, 1524, 1236, 1190, 1032, 734, 700 cm™".
Q "H NMR (400 MHz, CDCl3) § 7.38-7.27 (m, 9H), 7.25 (m, 1H), 5.98 (s, 1H), 5.90 (s, 1H), 5.72—
NHCb:
2 5.66(d,J="7.5Hz, 1H), 5.64 (s, 1H), 5.15 (d, J= 7.5 Hz, 1H), 5.12 (s, 2H), 2.91-2.72 (m, 2H),

2.46-2.31 (m, 2H).
6a- I3C NMR (101 MHz, CDCl3) § 209.66, 170.56, 155.29, 143.69, 139.12, 136.22, 129.91, 129.27,
128.72, 128.50, 128.44, 128.36, 127.44, 119.78, 67.33, 57.46, 34.53, 28.55.
HRMS (ESI): Exact mass calcd for C2o0H2oNO3 [M+H]+, 348.1594. Found 348.1593.

tert-Butyl (2-(2-(((4-methylphenyl)sulfonamido)(phenyl)methyl)-3-oxocyclopent-1-en-1-yl)-1-phenylallyl)
carbamate (8a/8b)

DMAP (0.059 mmol, 1.0 eq) was added one portion to a solution of 4a (0.059 mmol, 1.0 eq), Schreiner’s thiourea
(0.059 mmol, 1.0 eq.) and Ts-Imine (5a) (0.12 mmol 2.0 eq) in anhydrous CHCI; (0.24 ml) at room temperature
under Ar atmosphere and the resulting mixture was allowed to warm to 40 °C. After stirred for 36 h, the reaction

mixture was partitioned between ethyl acetate and 1N HCI. The layers were separated, and the water phase was
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extracted with ethyl acetate for three times. The combined organic layer was dried with Na>SOy, filtered and
concentrated in vacuo. The crude material was purified by preparative thin-layer chromatography (silica gel,
hexane/ethyl acetate = 3/1) to give 8a (major) as colorless oil: 10.32 mg, 31% yield and 8b (minor) as colorless oil:

6.70 mg, 19% yield. (Relative configuration has not been determined yet.)

O NHTs IR (neat) 3362, 2978, 1692, 1496, 1335, 1161, 912, 732, 701 cm'".
Ph TH NMR (400 MHz, CDCL3) § 7.69 (d, J = 8.0 Hz, 2H), 7.28 (m, 3H), 7.24-7.13 (m, 7H), 7.11—

NHBoC 7 04 (m, 2H), 6.48 (d, /= 10.3 Hz, 1H), 5.61 (¢, J = 9.6 Hz, 2H), 5.50 (d, J = 8.6 Hz, 1H), 5.20

Ph (s, 1H), 5.14 (s, 1H), 2.60 (dtd, J = 19.7, 17.2, 16.7, 6.6 Hz, 2H), 2.39 (s, 3H), 2.29 (ddd, J =
8a 19.1, 6.5, 2.7 Hz, 1H), 2.13 (ddd, /= 19.1, 6.6, 2.8 Hz, 1H), 1.45 (s, 9H).
13C NMR (101 MHz, CDCls) § 208.98, 172.06, 155.29, 145.48, 143.27, 139.14, 138.96, 138.86,
138.12, 129.49, 128.96, 128.70, 128.21, 127.77, 127.74, 127.28, 127.05, 118.52, 80.30, 57.01, 53.67, 34.35, 29.87,
28.43, 21.65.
HRMS (ESI): Exact mass calcd for C33H3sN2OsSNa [M+Na]+, 595.2237. Found 595.2245.

IR (neat) 3355, 2978, 1691, 1495, 1336, 1162, 912, 733, 701 cm’".
'"H NMR (400 MHz, CDCl3) 8 7.46 (m, 2H), 7.40 — 7.31 (m, 3H), 7.24 (m, 7H), 6.97 (d,J=7.9
Hz, 2H), 6.56 (d, /= 10.2 Hz, 1H), 5.62 (d, J=10.2 Hz, 1H), 5.45 (d, J=7.9 Hz, 2H), 5.17 (s,
1H), 4.78 (d,J=7.7 Hz, 1H), 2.61 (dd, J= 18.5, 7.1 Hz, 1H), 2.32 (m, 4H), 2.17 (ddd, /= 19.3,
8b 7.3,2.2 Hz, 1H), 1.81-1.70 (m, 1H), 1.41 (s, 9H).

BCNMR (101 MHz, CDCI3) $209.08, 171.27, 154.70, 143.92, 142.84, 139.45, 138.37, 138.18,
137.94, 129.59, 129.13, 128.94, 128.87, 128.06 (2C), 127.56, 127.29, 119.26, 80.40, 57.02, 54.94, 34.15, 29.44,
28.43,21.57.
HRMS (ESI): Exact mass calcd for C33H3sN2OsSNa [M+Na]+, 595.2237. Found 595.2251.
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