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Ar
AIBN
BINAP
BINOL

Boc
Bu

DABCO
DBU
DIBAL
DMAP
DMF
DMSO

Tf
THF
TMS
Ts

Abbreviations

acetyl

aryl

azobisisobutyronitrile
2,2"-bis(diphenylphosphino)-1,1-binaphthyl
1,1’-bi-2-naphthol

benzyl

tbutoxycarbonyl

butyl

benzoyl
1,4-diazabicyclo[2.2.2]octane
1,8-diazabicyclo[5.4.0lundec-7-ene
diisobutylaluminum hydride
4-dimethylaminopyridine

N, N-dimethylformamide
dimethylsulfoxide
1,4-bi(diphenylphosphino)butane
ethyl

iso

potassium hexamethyldisilazide
methyl

methanesulfonyl (mesyl)
normal

naphthyl

N-bromosuccinimide

palladium

phenyl

propyl

secondary

tertiary
trifluoromethanesulfonyl
tetrahydrofuran

trimethylsilyl

prtoluenesulfonyl (tosyl)
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2000 List et al.
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0 . L-proline (30mol%b) | |~ N—fu,
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97% yxeld 96%ee

Scheme 1
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(Scheme 2), 4
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93%ee
Scheme 2
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Phu, ,\’,\ e
/l: ’P<N
N
0SiCly oo PN O —
+
S
Scheme 5
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e

LA N ;
S~"gicl, +PhCHO 00 10mol%

0 OH

o

syn/antj=1/99
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Scheme 6

N
85% yield, BB%ee

< EEEEMR ST =V 2 % B Michael IR S (Scheme 7) 9

2001 Ishikawa et al. Ph
e

MeN/n\NMe Ph @]
Ph>___N\j\ /\goa P Ph Ph>= N < Ot-Bu
PH Ot-Bu without solvent, 20°C H
EtO,C
Scheme 7 100% yield, 97%ee

@ fEBEAE (phase-transfer catalyst: PTC)

PTC &t BE-HEFZKR-BEOMEZERICBH T2 MHEEZRALRSEZMET SERZHE
OB THB, TOFTHEHTY > EZVLRIRORFERAINTEY, BERDTAITF
FRIEZHED PTC ODREVBATH D, HEEHEOEWNA A VS E LI L EFREEEICD
mnbh 5T, RINFIEE W,

-2 aF 7)Ao REKED PTC (Scheme 8) 10
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cEF T FIVEROEREEFE L7 PTC (Scheme 9) 1V
1989 Maruoka et al.

O ) Ph (o]
gt ”" KOH, BnBr
. ===N
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Scheme 9 95% yield, 96%ee

* Guanidine B#ZF|H L7z PTC (Scheme 10) 12

2002 Nagasawa et al.
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Ph 0 KOH, B-N P
H , pBr N
Ph>= N\)kor-au HMp0/CH,Cly, 0°C ph>ﬁ— \ 7)\& Bu
P
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Scheme 10

CZRHETUMMC b AR ZAA L ZREZVSHEINTED, EESOMEETH
REICERLAFEELT, ZEERISE—Z2IIULODEEMETH2IRT B2y LB 20
#& U THIE L7z tandem-Michael-aldol RIS ZBFEL, PEROF /0>, FhSRoF /U
o EROOF ) EROSRICKIIL TS (Scheme 11), 12,19 EER 2SO EMEEELE

PMRZDORSBANTOREZSDMLEWNE L, FRMEZAALZERIATOREBOBEE

MEEFh T3,

Aldol reaction

BEtN*CI
©:0Hm __base C(I (:\‘/‘j\k
NHSOLR CHClg/Hz0
éoza SO.R

v A: 1,2-dihydroquinoline  B: 1,2,3,4-tetrahydroquinoline

Michael reaction R: 4-MeO-CgHy-
KoCOg:  A-84%, B-0%
NaHCOgz: A-0%, B-81%

Boc,

N
HO
N7 _~_-NHBoc

s
C: pyrroloquinoline

Scheme 11

CORIBERNS, EESIT, BHEEHRLAEZTILTE REN op-FEaFf{EEH~D Michael
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HBZFH LTz Stetter RIGIZER L. BIEEERLAL =,
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E—f NV RS, Stetter KIHP L ONF DR IS

1832 #EIT Liebig 5T &V, MEEDOFR I VLABFEET, 20 FORVITINTE RMERY
A CWERT BRIE, TIROBN A AHEEAHRE S/, 19 RWNWT 1943 4 Ukai 5L D,
BEFET, FTI(EFIY BB LLBEFTVUITLRIZED, ZORGAMENITETT

3 EDHE TN (Scheme 12), 19
1832 Liebig et al.

o}
2 PhCHO —_cat. KON Ph Ph
EtOH H

1943 Ukai et a.

R. R?
X . 0 R=Ph, furyl  HO(CHyp),
2 RCHO QVNLRG or Thiamine RJ\(H R'= H, Me ﬁJ{ /N\Ll(
KOH in EtOH On  Ri=H.Me or
3
R°= Bn, Et

.. NHp
Thiamine
Scheme 12

2B, FTIV(EFIVBIL RRICEETEFTVUDLET, EFERCBVWT, F73>
PO VEBIPPELTHEET D EOE ROF U AFNVANRIVEMNERIZDZTINT EFCE
BLFBEEERT DI I AT NI —EORBRLL THSN TS (Scheme 13).

RO(CHy)z /N\K R=H: Thiamine
S—Q—N+ o 0 .o
e R= ——I%—O—I{J O : Thiamine pyrophosphate (TPP)
NH; OH OH
1 oH transketolase 2 oH
R —f—j‘—CHZOH +ReCHO — anskelolase . g —"—n—CHz(:’H +R'CHO
HO HO
Scheme 13

EBAA Y, FTVY T LBEOMEEEZ, ZNF1 Lapworth (1903 ££), Breslow (1958 )i
FUMEENTVS, 018 F7JSUTLEDNR /A S TOMBEEZFICRSE, ST
IZRTEO THS  (Scheme 14).
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RBBRZTZNTERHOAIVAZIVEITREREL, N&1 VRIOFEE C 2HET 3.
CORERIT. ATFRTORCBEICED, HREEEEEZFLEBEE NEEHBIND, TO
&N, 2H0FEORCZATNTE RHICHL T, REREZTW, 70N BEZRT. X
AL EEERTH S R B 2L, A1 JIVDERAIT B,



1958 Breslow
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R N*’H . base R N““R PhCHO(H
/ )\X —— / ) . 1
R‘) S H R‘l R
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Scheme 14

/=, 1971 £€ Wanzlick 513, F7V/UDLENSEUBZEAFTVIUZUT VN, MEEEZ
ARTTEEHELSMILTWNS (Scheme 15), 19 BRAL D KISENED 5720, EROMEAIZIL
HIR2H2HOD, MEEEOETERCAERGHOIAREZER S LTI, #ECEER
HATH S,

1971 Wanzlick et al.

3 R3
I = 1H1 OH
2 PhCHO Ph~~pPh
0
Scheme 15

R A HESTEFET VT E RICHIBETE. 1977 £ Stetter HI2KD, ZJOARYA >
BENMEINTNG, 20 EFEOHAEOERETIE. €07 01 45 A, B 2Z2738IR
HETERTES (Table 1),

Table 1. Cross-benzoin condensation catalyzed by thiazolium sait

HO(CHy)s I (0.1eq)

0 OH
RI-CHO (16q) + R%-CHO (3oq) — £ 2658 R‘)\/Rz R1)\(R2
OH Q
A
R1 Rz Yield (A+B) A'B
Ph Isopropyl 56% 35:65
o
@ Isopropyl 81% 100:0
&l
Q, Me 52% 0:100
n-GrHus Isopropyl 56% : 30:70
[;X\\ Isopropyl 88% 95:5




F 7z, 2003 I Suzuki 513, DFRXR AL UHEEZEFIBEL, P7TAFUARIRNE=RT IV
d—=)VDER. ThbHb, TIVTFeREF ORI A ESITRIILTWS (Scheme 16).
21) '

2003 Suzuki et al.

)

o—r\gMeo /Z-N)* Br O-N  OMe
):r@ HO(CHz)s~ 8~ (0.2eq) N
7eq) in t-BuOH, 40°C, 0. g
CHO DBU (0.7eq) in t-BuOH, 40°C, 0.5hr 5

Y. 90%, dr=>20:1

Scheme 16

1999 EITid. F7 VU D LEZEA T U EBREICRIB LRV A UBENREINTNWD, KIS
ERDPRBENEDD, FTV U LEOFERFIRAAEE LU TEEENTWNS (Scheme 17), 22
1998 Forrester et al.
1
R RZBF4.
d Nt o OH
& n-Bu as organic ionic liquid Ph

2 Ph-CHO Ph
EtaN, 1week, y.80%

Scheme 17

Tz, RVJA AL, 1973 4 1974 F EFARNT Stetter H5IT& 0. AVAZNED LI

SRUNEERBULZERS S TIVT & REELE O Michael BRI A S, RIS

BMEMEE 57 (Scheme 18). 29 BTE 2N S DRISIEI—MIT Stetter RIS & IFITNTHED. 20 R
A R ERR BB PFTV U LECRIMERIS TS S,

1973 Stetter et al.
\ R'=Ph, p-Cl-CgHs4
RI—CHO + PBSooy poiaNras%ﬁ'/em J\/\x R%H, Me, Ph, CO,Et
X=CN, COEt, COMe
1974 Stetter

HO(CHZ)H Cl or Br

. R 8 N\Fét R1=Ph, Me, n-Pr, a-furyl
1_ R n or /lkp 2.
R—CHO ¥ X polar solvent X R"=H, Ph
X=CN, CO,Et, COMe, COPh

Scheme 18

e, TORIGEED. EEMNIIR /A UEEERREEASNTNS, XUATINTERE
o, BB AN R I EH ORI ZFUCE S ELLTF DXL 512722 (Scheme 19), 7z b, H
EILBHTO P AMETELTZA U RBAN X7 IVTE RTIRERE L, X& 1 2 BOHHE
EERT, HBREBEEZELBEE NEEBIND, ZIETRERI YA UEEERKETS
%, ZOFRUEE DN, o B-REFMIDVRZIVEEY I 1T LT Michael BOMMRGEREZ L,
L4 ZPHINBRZNWEEM K 2ERETSEEHIC. TURBEEETHIEICLD, Y1 o)
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Scheme 19

NS Stetter RGNS, BODOREICKD, EBRAF L EFTVIULRORGEZLKRTE

A, RISEICZNZEEEREZZR SN2V, 2 LAL, BEOGAEICEL TR FB 4
PEBWERE, Y7/ R COEREHREL. BRI IVTE RANOEAREZENE N E
EZoNTng, o

Table 2. Comparison of the yields between thiazolium salt and sodium cyanide

o) HO(CHy),

R? R catalyst (0.1 3 =( Br
1 7 yst (0.1eq) MH
R'-CHO + \/\’O'/ R 2 SVNLEt

R® © thiazolium salt
R1 R2 Rs Catalyst Solvent | Yield (%)
Ph H Me thiazolim salt+EtsN None 65
Ph H Me NaCN DMF 82
Ph Ph Ph thiazolim salt+EtsN EtOH 84
Ph Ph Ph NaCN DMF 93
2-Furyl Ph Me thiazolim salt+EtsN EtOH 80
2-Furyl Ph Me NaCN DMF 72
2-Furyl Ph Ph thiazolim salt+EtsN EtOH 91
2-Furyl Ph Ph NaCN DMF 93

2001 ¢ Merck @ Process research 7 )V — 712, YUNANEKECTIRETFINTE RORBEE
HLTWB, ZORIBRTIE, ARERTINAIVERBERTERTAZEIZED, ar b
72 REENETERL TS (Scheme 20), 29
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2001 Franz et al.

HO(CH)z or H
) o)
/'Jf\s 0 s N%g, Ph._N
| H o PN
N~ H | 0
N _~#
Ts O o
PN = PN
H
Scheme 20 :

2002 EIZ Gong Hid, NUTFIVT 5 AT 1 208 Stetter RIGEME TS Z &2 HWEL T3,
) FORGHET, FBAA o7/ UDLEERWZRERBEEZLZ SN TS (Scheme 21),

2002 Gong et al.
T BugP ?
Ar—CHO + S L J\/\]'/NMee
r ")\ NMez " THF, reflux R )
Mechanism
o OH
R-cHo —ua” R-i—H —— H-L-
+BU3 +BU3

0
NMe o) 0
IHk 2 OH = -BU3P NMe
———— O NMeg e R 2
+BU3

0

Scheme 21

F/=, 2004 EITIE, Scheidt Hld, 7N T2 T7)VT b REMEKE UTHW/ Sila-Stetter
FIEDEREL TS, 2 7)LTE REIR, FOREEDOEDIZ, REERT /NEWH, EEHE
DENWT NI ANBT EIZXD, Stetter RIGDSABBOIBIIARE A2 HOLEFREIN

% (Scheme 22).
2004 Scheidt et al.

HO(CHY /o
0 0 S _NLg RA_O
- /\)!\ 4 = I)\
R SiR%, R R DBU in 2-propanal/THF 3 R
Mechanism j’\
R OSiR%, ) [\
= S _N-gt S N~ .
S/VNLEt —_— I _BOH _ /\,[ Et . ROSIRZ,
- R OSiR%; R~ SOH
0 v/_-__hi.
S LN~ 1
RS H AP0~
T R-TOHOH Rsi/k o SN
R R
Scheme 22

PhEDEDHiz, 7V LEEE#EE U TRIB LN HEE, Stetter FUSIE, T D%E
BRIEDASHBEIN TS, FOHTH, Stetter RIBIZLDEREEIND 1L4-YHNRZILE
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Pt TORABOBHS NS, RRUEROFREEL LT, FIASNZANERSEEINTNS,
1979 4E Trost 5 13, Hirsutic acid C D&& RO — K & L THF K Stetter RIS EFIA L T3,
¥ ZORETHE. RBRBOFT7V/IUDLEZANTVRDDOD, MERFEOHEEIIHRNL TH
D, FESDHEICRESEE L/ (Scheme 23).

1979 Trost et al.
L LCN Thiazolium salt(3eq), EtsN(50eq) CN OH
o/ in 2-Propanol, reflux, 5hr, y. 67% Meogc\% \
" HO.C N1
MHC * H

Hirsutic Acid C
Scheme 23 )

E7z, HFH Stetter RIGZEFIAE L. 1999 £ Tius 513 Reseophilin 2. 30 2001 £ Galopin I3
trans-Sabinene hydrate D Z I &S % 3V #EL T2 (Scheme 24),

1999 Tius et al.

0 o
Bz0._4 Thiazolium salt(0.1eq), Et;N ~ BZO
. \/\/\JO\ in dioxane y. 60% -
! |

2001 Galopin

J Thiazolium salt(0.1eq), EtsN 0 "q
HE)\ + \&) in EtOH v. 64% /H(\)\ S
0

trans-sabinene hydrate

Roseophilin

Scheme 24
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BE ST MEEYODE ﬁ

B THRANCXIITT VU ILEZRA LERSEES <BEEh TS, 200 TEE 51X
T Stetter RISZFIA L, BRNCHRREEHOATFOBEEROBEICED L, —B1Y
IR R OBEIIERE LR IED 1 DTHOD, ISITENHANTFOBANTH 2 ETHIE. SR
BRIIbB2A, EEENCOREGSIMETHE EEXHNS,
Stetter KIRIZ K © MEkKEDOHEIL, 1979 F Trost SOREIC—FIRLNBFITTH S
(Scheme 23), TDWEFTIL, EEHROFD 1 RIEELTORBIZEEETD, —BHNTHS &1
BWEEWL, £ T T, Scheme 25 IT7RL=&L D1, BALIZ 2 DOBEEATES Ula, B-REFIH )L
RINIZZAFIET T E REEZSFRICHEDEBEICN L THFA Stetter RIEEFTV, ZORK
D—EEZERTENR AT ORNICERREEZED 70T/ VERPVEROF ) )V E
BEZEMTDIENTREAD, ERREZSUEBEECEYOHI-REREE LTOERE
NEnEBbhik.

intramolecular 0 p2
RLE:L)l\H Stetter reaction ; E:,\)‘jy\cozﬁs
H -
X/\{\COQR:B "
R

0O: chroman-4-ones
N: 2,3-dihydroqunolin-4-ones

X=
X=

Scheme 25

AFWN Stetter RIGZEFIA L TEBRREZARLZF1E LT, 1995 F£0 Ciganek DHENH 5, 32
ZOHETIE., BFA Stetter KEZFAL, BIERTIZOT ) VEREZBELTWSA, K
REBEZSUANTORERNIGEEINTE ST, EEIMERL TWAW (Scheme 26).

1995 Ciganek
o} o
. (‘:H Thiazolg{rwn Fsalt, EtgN . E:f‘j/\cozm g=;|, 0%
=8-MeO, 94%
O >"CO,Me 0 R=6-Cl, 88%

Scheme 26

MENCERIL > T ZORIETHESNLPMIC 2 DOEREEFED 1,47 b EROSHAIZH
EL7%, Ll U7z Stetter RIGZFIFH L7z Trost 5 DHET 6TXDWENESNTHBD, Fz,
ORUAFIVIINTT JERY RN RTINRGICK O —FIDH 80% B L ER L T
H5HD0, TNUNTIE, BEWERIEFESNTWIRWIENHEAL L  (Scheme 27).
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1957 Huang®®

n-Pr
n-PrCHO + Y\c:ozst ___(B2Q)y = n-Pr CO.Et
OQEt
A:B=3:1
1980 Hunig et &/, ¥
OTMS| /é\o o o (0]

PACHO ——— ph_@., . . oute

0

\(\Cone 45% yield 81% yield

1980 Cerfontain et a/.% o

OR i
MeCHO + W __rrediation - Me or  R=H, 56% yield
-R=Et, 50% yield

1982 Kawenoki et al, °®

n-PrCHO + — CO,E irradiation n'PrﬁCOgEt
OqEt O,Et  10% yield

2001 McDonald et al, *"

o} oT OTi
Me\N)K/\)\,COEEt__If_ZO_. Me\NJ,/JK):\: __Smlp _ Me\N/‘\k)___k
Ph Ph O,E Ph 0,Et

Me
o}
Ph/ﬂl oTt
~_-OFEt Ot
15% vyield
Scheme 27

PLEDES2EEDS &, Scheme 25 IZ;RL7=L D57, Stetter RIGZEFIA L. HFAIZELE
REZEOANTOREBRO BRI ESRIEOHEIICEEL .
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ST Stetter RIS DRISEME DR

Mk RE HONT DRLEM OB FEE LT B 720 DRSO Ciganek DRISEE
PEEEEZ SN, 2 RISEROGHRENRLE, £7, piIic 2 DOBMEEED 3,3 UAF
WT T UNVEBEXAFIVIZATI 1 eMEROBREN A NEET, NTOEAI A3 RT
RFLL. r-TOLE 2 ZRMEREORENEL THE. ® ZORSYWIE. BEBIUY
ATNAZ LA ML HHNRETH o /2, BEMOETAW, RKEH ) T LEET,
YUFATNTER 3% OFTVIHELIz. BN OFINIATIVE 4 DBMEEET, =
WTLCHIIZSERICABEL . S U AT NAS L7 OX MK D BZEFNEN%EEEL (Scheme
28), E/z. JOFINITZATIAE 4 OIEERREIE, o REMIAFINORIOAFIILTO R &,
BT 0k ED NOE OAMBEIC L gL 7= (Figure 1.
OMe N OMe OMe
T CREmee e o™ Y
E-2 Z-2

1

E:2=53:47, 69% yield

CHO CHO
CHO
. Bﬁr\T/um/OMe K,CO, [::I: . [::I: COzMe
o DMF, 0°C to r.t. O/Y\COEMe o/\%

OH
3 (E/Z)-2 Z-4
44% yield 32% vyield
Scheme 28
CHO CO “
O R L
14
GX%I% 0" FC0oMe
L A.18% 0.20%
Z-4 E-4
Figure 1

Uik RFEEZEONT ORBEOBEEZ LD —RNZSDITT 2D, WHIKEELTOE
DA ORBIRNEETHO, VT ARV T LB EQEEL 7 Abe&M, F7VUILEBE
CrUTVUDLEMEREUTETSNS, THENORBEEUTITRT,
Y AEAV T L ZETR S5 DO DORESEOMEL SREWICENH D, £z, BE
YILBEOMBELRET S, FEETIN T RCHTaRGTE, F7VIDLEERETH
B0, BBFEYZ VTERTIE, 7 /R OB, £ £ECIODREINAILVEZIL
L&MW 1,4-( 0 &V ZRIRISOSETTT 5,
ROV UDTLE BTNV —REOIEREOBVWBRETHY, £k, AFESR
TRV, —F, REEEEN, 39
FT7VUD L —REIIC Stetter RIGKEDEASNSHMETHD, T5ITESYI D B1D
FEE LT, ZETAFEDO ENWFEENEONEFET S,

15



SEDESAND, £FR. F7VUDLEEMES LTRRL, REEFS 2 L,
SEHICB LTI, KBEF P U A, FUTFILT I, DBU, KHMDS, U > EBEHHA A < (&
AENTWE, SEDERS—5y M. BERLANTS D, RSH—tEHET 520,
HHERE LAY )= P BT EE LT,

ERICEALTIL, 7L a— VRS L% DMF OERANS< BESNTNBRD, 25T
ADVN—=Z 055 &ELTE,

RIGEE & L T(D4 2B\ RH ORES Table 3 IR L7

Table 3. Optimization of the reaction conditions

CHO - 0
(Z catalyst, base COMe
/\K\C%Me solvent(20vol), temp, 22hr
O

Ee HO(CH,) °
T ™ mompm
Entry | Catalyst(eq) Base (eq) Solvent Temp E42 52)
1 6(1.0eq) EtsN (1.0) DMF 700C 1% 91%
2 6(0.5eq) EtsN (0.55) DMF 700C 3% 82%
3 7(0.5eq) EtsN (0.55) DMF 700C 6% 82%
4 6(0.5eq) EtsN (1.0) DMF 700C 5% 85%
5 6(0.5eq) DBU (0.55) DMF 700C 14% 71%b)
6 6(0.5eq) HMUKHMDS in DMF 700C 16% 67%
toluene (0.55)
7 6(0.5eq) EtsN (0.55) +BuOH 70°C 0% 100%
8 6(0.5eq) EtsN (0.55) sBuOH 700C 2% 95%
9 6(0.5eq) EtsN (0.55) EtOH 700C 5% 91%
10 6(0.2eq) EtsN (0.22) tBuOH 700C 0% 93%
11 6(0.2eq) EtsN (0.22) +BuOH 30°C 17% 15%
12 6(0.2eq) EtsN (1.0) t+BuOH 30°C 0% 88%
13 7(0.2eq) EtsN (0.22) +BuOH 300C 20% 8%
14 7(0.2eq) - EtsN (1.0) tBuOH 300C 4% 75%

a) The yields of the reactions were determined by HPLC analysis. CO.Me
HPLC conditions; column: YMC Inertsil ODS-2, UV254nm, MeCN: = 2
H:0=400: 600, 1.0mL/min, Retention time of Z*4=13.5min, m
5=11.4min. o

b) Benzooxepine (8) was isolated. . 8

MRS AL BE ¥ BHRBORET, TROE 14BOF 7 /U LE6E 1 4BEO R T
FINT I EHET, DMF F 70C T 22 BERIE#R1T 72 & 25, B 4131313k, BMDY
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O< /) VFEEES N IN%EVNIHWIERTHLSNZ Entry ) . TI T, MEE 05 4B)DF
TV TLEE6EMIIFINT I (0.55 BB)TIT o7/ & 5, FRIC 80% B NNEREE X -
@mw9°?YVU7Aﬁ@@ﬁﬁﬂ%t%@%%if@mw$.it\?YVUWAﬁKﬁb
THEEEON)IFNTIVZERALEZSEED. RIENOEEIIR SNah 5 =(Entry 4),
KiZT, HEE LT, DBU, KHMDS ZH WA, EE50FEbNRBOETNHRIN, DED
R FFELES 8 DEMRMNHEAR Nz, (Entries 5, 6) ZOBIERMIE. —ERBSORMELSD
KW aldol RISWBENICHEITLZEEA SN, TN Scheme 29 1R L7 K D12, Entries 5, 6
DREEHETFTTFTV/ U ILEOARMUBNWTRIGET S IZEBE, PEOXRFFEE S 9
DERDHEREINL I ENEDIHEN, FBOEE %Az Ciganek DIRE 99 E - HHEER
Thol, |
DBU(1eq), DMF, 70°C, 15hr

(\ - KHMDS(1eq)OrDMF 70°C, 15hr 2" coue oM
;I;Afﬂmwe - (jfj;' ' (jf?“
E-4 9t 0 O'/J
NPT e
©i ] -H,0
O/Y\COZMe

10
Scheme 29

RIT, Stetter RISTELKFAINZ TN I—)VRIBEERET Lz, TORER, DMF LHELT
WO EAR SN, BT tBuOH P& D EWER % 5 A7z (Entries 2, 7°9). SHIXFTVIY
LEBIVMIIFNTIVEERS LEZERIIBVWTD, BNEELZEZ (Entry 10). 70CTO
RiGIZBWTIE, F7VYUILE- N IFINT IV OEAEDENELETH D LB AT,
ZORBITIEROICAERIENERBIRZENND 5720, TEHRVEBTRIET S &0
FELW. UL, RGREOHEEHER LR, RINRE 30C T, £ LUbHRBTESH
BTIARL, FFYUILEBEICN) IFNT I U 2MEERWERISTBWTIE, ERHEE
IZHMMh S TRIERINEOEK TR 57/ (Entries 11, 13), ZOHE, SEBHERNICEIERS A
ESREN, PUIFNTIVEEEPLEER NEOHEBERFRSNIZDOD, X2 T70CTOH
B X DEFNEAEN 5= (Entries 10, 12, 14),

30C TORBTINEEFTAERSNAREICIONWTIE, FHYOEERENTERN LD
FRTERVWA, OF4+ tBuOH, @F4+ MJIFINT I (1%8) + ¢BuOH, TEENE
ETHoIl &, B QEEDFHMEL LIZIEMET L TS Z & (Entries 11,13), @@ F
EONIIFIT IV OHEEICEVNENKEL TS T &(Entries 12,14), 25, fllEE 4
MOEFRENS FIGHEEDSTFRT O b BEN 30CTRBEED N TFIVT IV OFE
Wk oEEEN, BREEDQ N IFNT ICNEELRVWESS. FISHRERSHRLIZEER
T3,
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B EORER, B4 ZRIGEEELZSFA Stetter RIGIZKD. ANFORNICERRFELZED Y
O</ BRI BNERTEBETESENERINE. SSICIOEBISNONRREZRFD
NTOREEREEL UTORBEEEZE#EL, RIEO—REZERTD &L,

RIGEHE

FFVUULE 03%8), NUTFILT I (L 4E), 73— )L REEE RN £BuOH),
70°C\ }im%Fﬂﬁpi%...Eo
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HENE MRRFEFDIOT ) FHEEDEK

ETEHTHE L X DI, 5T Stetter RIBEFIAL T, 3MIcfHkREH 72207/ VB
BEBRTEDZEMHOMNIIZRSZDOT, £T A7 0O/ YERITEATH I & &L,
FIEFTARTORSEZR, HEELTREBAY TLZAWZDMF RTO 07 ) JHMERIGIZED
SRTE, BABEEIZIVAFINVASLZOTMNIKD, B#ETER. LHrL, TUINSA
K17 ZEWERSIE. REH) T LAOHTIE 38% TLNBHYMNE S BN oD, Uik
WA A ELTHIBERDOT F I TFIVT VEZDLAI-V REBRNTS I &ICKD, NRITKE
NS ERANOBLHYT—FED). TUIWNTA FOERDIERZ Scheme 3012, X
- BEE A RAER% Table 4 IZ7R L7z,

OEt
WOE‘ NBS(1eq), cat. (Bz0) distillation B,/\K\ﬂ/oEt . j/\,(
0 CHClg, reflux, 8hr o) 0

Br

1 E-12 Z12
E:Z2=53:47, 80% yield
Ph\KYOEt NBS(1eq), cat. (Bz0)s Ph. -~ -OHt
o) CHCla, refiux, 7hr 5 e}
;
13 72% yield 14

Tamura's data
HC(OMe)s NBS

Br
M cat. H,SO, /l\/l?\ cat. AIBN j\/OL
OMe rt, 24hr MeO” "“OMe  CHClg reflux24hr N "gpye
15 3% vield 16 79% yield 17
Scheme 30
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Table 4. Preparation of the substrates for the chroman-4-one derivatives

OR?

HO

CO,R?

C CHO
SN 7 KoCO4 atl > gt >
R—i— + Br T + { o L
N 1 DMF, 0°C then r.t. ~ O/T/\COERZ 0
E/Z mixture A ! B !
Entry Aldehydes R! R2 A B
CHO
1 C[ 3 Me Me E444%  7432%
OH
TTEHS
2 T Me  Me  E1942% 219 39%
CI)Me
Cl CHO.
3 \Oi 20 Me Me  E2140% 221 25%
OH
CHO
4 °“ 22 Me Et E2341% 223 42%
N\ CHO
5 | 24 Me Et E25 38% Z25 37%
#0H
CHO
6 C[ 3 Ph Et 26 97%
OH
CHO
72 C[ 3 OMe  Me 27 65%
OH

a) The reaction was carried out in the presence of catalytic amount of z-BusNL.

123, BRICATERE 19, 21, 23, 25 OITFEEIZ. 4 & 1H, 18C-NMR

DILFS 7 hERBTEZ LICLDREL. 26,2713, NOE %
ETDHILICEDRELRE QT 1T, YUHEEHANOELHIF—

FE0). 26 ITDOVWTIE, o FENIAFILOEZNTO R
BFE LR, 7))V 7O > &0 NOE 13889 517, pRros
BFEREDNOE MBDH NI &M, ZBRSDORELART -

TWRWIZ E 2R L7 Figure 2),

CHO
o
O

CO,Et
Z Y

‘J 2.08%

Figure 2

BONLRIEHBED, BEHTRELERESE, Thbb, 1 YBORNIIFINTIVER
W, MEEDTFT ) T LAEBEET. 70C T Stetter KIS&TFo 7. FD#EE% Table 5 1255 L

7“-,
o
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Table 5. Intramolecular Stetter reaction for chroman-4-one derivatives

CHO
g_©: catalyst 6(0.3eq), Et;N(teq) coutte HO(CHy): o
o/j/\coaMe +-BuOH, 70°C R- ’ Ngn
© catalyst 6
Entry Substrates Products Reaction time | Yield
1 C[ oo B 22hr 99%
OzMe 5
CO,Me
2 Z4 22hr 99%
TBHG
3 L ,I °/T come  E19 0 29hr 85%
o /Jﬁkoogm 98
COzMe (\(/ 0
4 Z-19 OMe 22hr 98%
N / \
5 [ o oo B2 0 22hr 100%
C'\I-'\I/ ‘]L\COQMe 29
1/ COzMe r\/ 0
6 Z21 22hr 99%
60%2)
7 oo E23 22hr
0 cant O o) 85%b)
O O co.Et | 30
CHO O
CO,Et 0,
8 O o/\% 2 723 22hr 99%
C‘I:“" 72 79%
9 Y /Y\COZB 5 16h1‘ 92%(:)
K BTG l/ —CO,Et 3]_
| ~ CO,Et 78%
10 o 7 Z25 16hr
96%¢°)
O coget 2 P 79%
11 - 26 C@“w@ 32 22hr
g 97%®
5RO oo Me T ome
124 E/on/’l 27 O*)HV\COZME 33 33hr 75%
OMe ~0”

a) The starting material was recovered 12% yield.

b) The reaction was carried out by using leq of the catalyst.

¢) The reaction was carried out by using 3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium bromide at 25°C.

d) Tamura’s data

21




$Y, FEROBREOFEL LT, BEROLE(E 249, 6 MITA M ENASREHEE,
719), 4RITERETNA- ZEEE 22DI00WT, METRELLESE TREEF>k &
TE BREQYE. It BARMEOEEIIRSNT. EEICHVINEERL 7 (Entries 1-6),

KICFTISUILALY) RORBETHETINT b REICHEERMNES L TS E, Z23 Tid. E-
KL TRIEEEDEFARSNAELOD, F7VUTAEE | YBAND I &Ik, X
123 U7z (Entries 7, 8). KICY ) U VEESDEHE 25 KOWTIE, BELEHETHS T0CT
2. EFORBOSRNE ‘53‘17‘:733\ 25CTh., EZ BFNFN. 92%. 96%DEINEZER L
7z (Entries 9, 10), B\ /= Z 12, Michael REETH B, B-AREAFI T A )V DORALICE R W B
ETHB7 T NEMEELEEE 26 KDV ThH, EFORGHOETHAESNELOD, &
BO%DIEEER L, F7/ 1T LEE | SREVEBEICBNTIE IT%0OENEINERE N
7 (Entry 1. ZORMICEDBEND 3213, XY BICIEHENEERES L BRE N
HTH3. KiZ, ARFLEOBFHEMEDDIZ, Michael SEETH 3 BRSO RIS
EWEEZSNS 27T KDNThH, EFORGHBOEERBES 5= bDD, T5%NETS 0T
J > 5EE%E 5 % (Entry 12), '

PLEDHRIZ, 72 FA Stetter RIGZFIA L ZMERFLZEL IO/ VBEEEAOERIEIL. 7 b
SOANRZI DT INFIVERBIRE EIZRRZD, A—DORIBTHIVRZ)V afiic 7 IVF)b
B, 7UNVE THNAFEBEALBNS, WRREZEATELIEARFETHEIEN
BHehEizo7.
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SEE MERREFOTE RO/ O BEAD L VZOMEEBOAR

B, WETHE LSRR MOERBEORIIEATA<, U ROk oVvBEk UE R
or¥ooqf > R—)lFEA, PEROEOYY ) VEEABLIOE KOO I8 —)L &
HWADE R Zi A= (Scheme 31),

Dihydroquinolones Dihydropyrroloindole Dihydropyrrolizinone Dihydropyrroloimidazole
0
R? 0
CO.R —
Scheme 31

¥9. PeEROF) O FEEEOEE DR 36,3813, LLTFOLIKAEMRLE. T7Rbb, 2
TR TINA=NBOEE) I UFEET N IMELE, ZBb< 0 > TREL.
TIVTE RE 36 2R/l NATIVE88IE, N MWK 36 SRR, 227X /XTI
=)V BOEEVIVHEET NAVIMELzH%, B TBIETA &KX DERLE
(Scheme 32).

CHO
I\ OH TsCl, pyridine C[\OH MnO, C[
2 NH, CHoCly, 1t, 19hr NHTS CHCl3, 60°C, 24hr NHTs

34 92% yield 35 78% yield 36
HO
@\OH MsCl, pyridine Oi\OH MnO, C[C
NH, CH,Clg, 1t, 27hr NHMs CHClg, 60°C, 24hr NHMs
34 guant. 37 70% vield 38

Scheme 32

F/, 2RIV A 2 R—=ILADIE, FEROT > F—J)L 39 % DIBAL &L 7J)Ld3—)l{K 40 %
Sl L%, 40 Jimenez b OMAHFIT LD Bk TEBIELTAIZEICIDERLE

(Scheme 33). ¢V
S
wcoga DIBAL ‘ MnO, ©j\'CH0
AN THF, -78°C to 0°C, 1hr OH  MecN, 60°C, 14hr N

H
39 97% yield 40 71% yield 41
Scheme 33

Boniz 2RIV )A 2 F=)VADEOEEIL, M7 UIMMET S I EITX DIRILEIRRIE S Lz,

ZFO#ER%Z, Table 6 12FED. 227 I /AR XTIVTERES6, 38 &7 UIIWNTA FORIG

W, REED U U LATERISPET Liaho 7z, BEELVTRREF MU TLZRAVNS I EITX

0. BONMIET L, 723, Entry 21TR L7, 36 & 17T D N7 UIMERIETI, E4) 46 D

TEREOREMMNA SN, BERICED. TERMEERL. NOE 2BIE LR, EAEN
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FERMTHZ ZEMNHBALTWS (MHREEN OELH ITW&J: D). TNLUSNDOEE,
YUATINVAS LI TR MIKD, %Eﬁﬁ'lﬁﬁiﬁfﬁ%ﬁf‘%tt&b, 42, 45 /&, NOE I &k O 3 {FE
EBEZWREL (Figure d), 441342 &, 47,4913, 45 & 'H, BC-NMR Dfb# 7 &K T 3 2

EICLDBEREL .
@Cﬁ) COMe CHO 2. 54%

lﬂ/@H 'ﬁ&CO Me @CHO @CHO

S0 1.66% 50, \1 45% 21%

0.400/<,\de 2 17%\C§;‘3°2E‘
EtO,C
Z-42 E-42 745 E-45
Figure 3

Table 6. Preparation of the substrates for the dihydroquinolin-4-one derivatives and other

benzocyclic compounds

</‘Z

2 CHO gt CHO R’
CHO OR Base
N\)\/COZRZ
NHR DMF, 0°C then rt ' ﬁ
R 02R2
E/Z mixture A
Entry | Aldehydes Allylhalides Bases Products
CHO CHO CHO oo ,Me
X @ BrYaCOQMe NaH C[ P _
a N CO.Me N
36 E-42 52% yield Z-42 47% yield
CHO MeO CHO  come
& COZMQ 2
2 NHTs NaH NN 43 53% yield
36 a7 TS bme E/Z=4.6/1
CHO CHO CHO
] O: Br/Yacone NaH @ _ @ /\()Cone
a N CO,Me N
NHMs 2 Ms 2 Ms
38 E-44 45% yield Z-44 44% yield
N\
mCHO Br/\’/“COQEt @‘CHO CEP‘CHO
4 N K2COs N\_<- \_g
12 . ,
41 E-45 37% yie[d\ CO,Et Z-45 36% yleld £10,C
N\
(N oo B 00,8 [}' cHo QCHO
5 N K2COs \_<\— (
46 12
E-47 39% yield CO,Et E10, Z-47 34% yield
>=__< Br/\[/H‘COZEt HJ\/ N
6 NH KzCO0s N ~CO:Et A%

H
- -]

E-49 35% yield

Z-49 33% yield
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INOEREZRELLAEFETHIBMNIIFNTIY (I YBEEET. 7))L I— ) Eld oabm
BOFT VYU DLEZEBWT Stetter KIS ET- /= fEHE % Table 7 1257 L7, '

Table 7. Intramolecular Stetter reaction for the dihydroquinolin-4-one derivatives and other

benzocyclic compounds

Entry Substrates Conditions® Products Yield
CHO
C[ catalyst 6(0.3eq), EtsN(leq), 34hr-74%
1 N’\(‘\cogm
o +BuOH, 70°C P 5 70hr-91%
CHO “ I‘ [ coatte
\ | ] oM lcatalyst 6(0.3eq), EtsN(leq),| =~ % s 34hr-34%
N '
™ #BuOH, 70°C 70hr-58%
T EHE o]
; P - foMe | catalyst  6(leq), EtsN(leq), WCOM -
e e Me
T owe #BuOH, 70°C, 22hr N 4%
43 £/Z=4.6/1 Ts 51
CHO

P catalyst 6(0.3eq), EtsN(leg),
4 Ny oo 96%

W #BuOH, 70°C, 16hr i1
E-44 ©fljb\cone
- Cro ooge N

5 catalyst 6(0.3eq), EtsN(leqg),
N
Ms | #BuOH, 70°C, 16hr

Z-44

97%

C[}—cm catalyst 7(0.3eq), EtaN(leq),

6 89%
£.a5 L_<_CO251 2-BuOH, 100°C, 24hr EI}\:‘Q ’
. 'mc“o catalyst  7(0.3eq), EtsN(leg), 53 COzEt 870,
0
\—g 7-45 Z'BuOH, ].OOOC, 24hr
E10,C
D‘CHO catalyst  7(0.3eq), EtsN(leq),
8 ”% 81%
g7 \ COLE 2-BuOH, 1000C, 72hr 0

9 E?_CHO catalyst  7(0.8eq), EtsN(leq), 54 8904
L§ »ar | 2°BuOH, 100°C, 72hr ’

EI0,C

CHO

>=-—< catalyst 6(0.3eq), EtsN(leq),
10 AN 0 92%
tBuOH, 80°C, 36hr %
COE —
NN CO,Et
_CHO, catalyst 6(0.3eq), EtsN(leq), Y

11 NN AN COREL 91%

t£BuOH, 80°C, 36hr

2-49

a) catalyst 6: 3-benzyl-5-(2-hydroxyethyl)-4-methylthiazolium chloride
catalyst 7 3-ethyl-5-(2-hydroxyethyl)-4-methylthiazolium bromide
b)  No reaction with catalyst 6 (0.3eq).
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£, VEROF/ OVBEAEEXBANGLT I RTRBENT > F 5L TLTE K
Bk 42-44 ZAN, RELLEZETRIEZTo7. N RIIUK 42 12D W T, SMBEMERT
RISEEIZENR SN, EROREHEMN S F=(Entries 1, 2). £/, “EESLICA MFIEMN
BATN/ 43Tl BELFETFFVUTLAE 03I YETIE Fok RENEFET. 77
VUDLE 1SEEAN, 70C, 22 BT 34%DIREICE £ 5~ Entry 3). —H. NAI)
1 44 13, BMEMEEICLD RIGEEDE H72< BIFRINE%E 5 X 7=(Entries 4,5); N b Uik
42 & NAUNVE M4 DRREHETHZEIZLD, MUK 42 ORBEEDETIZ. ~))
EONFHERINRALEDLNDY, EMIZIE-ZFV L TWARN, TEICANFVEDAS T
NR2)VAk 431200 T, bRk BIFEE & Michael SEARICEFHAEED A F+
VEANEFET ALKV ZEREORBEDEL . REOETNHITohEEELTVS,
r0x ) CHFBEBIUTE FOF ) O FEAIZLE BT Stetter KIHICLD 6 BEBEBRT S,
R ROEOUD ) VA&, JPRoooq I8y — ) SEEBIU0CE ROorooa
Y R=IFEBEO LS RORREEZED 5 BREBBENTEE TS 2 45, 47, 49 ZANTHRE
Ll TOHR, 10 R—)ViE#EH& 45, EO—)LBEEK 47 T, BELKEEESE LR 70CT
i RISIZEAEET LMo, £ZT £BuOH LD #ADE W 2-BuOH /AW, 100CT
RISEAAIZET A, 12 R—)VEEAK 4513 24 Bef, Y O—)VEB#EK 47 12 T2 BRI TEINE %
5A, 5 508EBMBIAIC L2 RISEEDELR 5 Nish o 7= (Entries 6:9), £/, +
25V -VIEEE 49 THETRIGEEOETARE SN, 80T, 36 MEITRIFZRETHHY
W% 5 Z J-(Entries 10, 11). ZORISEEEL, THENERTIERL, \FOBEO 1 EFEEE
BRELILEZEAZTNS, Thabb, tBHECEWAFORTIE. FIFt ROBFEENS
BD. TNTEREFTVUDLAL) RORBPET LIS WEEZ 5N D,

ULDEKRIZ, 1 SBO MY IFITIDEET. MEROF 7V UYLAEERN, T I—)%
BEFTHTFA Stetter RIBZTD ZEIZKD, ANFOBNIIERERZFOIE Rox /o>
FEE, PERFOEOUY ) CHEEEK CLROoPOooA IS/ - LSBEARLIOSE KOO
01 R=VBEEEOERETRETHB I LEHONICLE,
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BAHE B-ERE

MERICF TV U LAEERY, HEELTMNIIFNTIY, FAI—VEEFTHTR
Stetter RISZ1TD Z&ICk D, BEMERNSE ZURXKFEZATOBAICE DU TOLSRI/OT
J OB, PeRoF /o ERK, YeroroUy ) EK, PkRo¥ooq Iy —)LE
BBIUOPERDYODOA > R—=)VBROEEIZRII L= (Scheme 34).

TINT e REDQRINEEABENFENEEZ SNAFEFROBHRIEYRELLTIE, p-AFIZO
VEEIATI)IEEAEZEME LT, MEEEOARER 1T 7R TNTE RO ERBXD, 7TIVTF
ERFOBFEENE RIGEMENEEZEZ 5NS A » R—)LF#EK, Co—)/FHEKk 1345
—NFEETETORISEEDE THMERINEN, TNLUAOEBIZDOWTIE, #22 BRITKR
JMETEkE L7z, £z, Michael ZAKAOBHREEL LTI, BFHEHICE 0 ZERE ORIGHE
IMENWEEZEZOSNDA M VEZFIOREERBIN MMIIWT N SZNT VT RFEETR
HEEDETRHER SN, LML, pLICIENICERN T 2 ZVEMEES L ET Y FILTIILT
ERFEETODRBNEE L XD, BFERFINEDORGEENDEEIININEEZ SNS,

Chromanones
(0] o]
R I'D Y N
Rl COR’ O CO,E o COE
>0 0 20
Rl= H, R%= Me, R3=Me, 99% vyield 99% vyield 96% yield

R'= 8-MeO, R?= Me, R®=Me, 98% yield
R'= 6-Cl, R%= Me, R®=Me, 100% vield
R'= H, R%= Ph, R®<Et, 97% yield
R'=H, R%= MeO, R3=Me, 74% vield

Dihydroquinolones Dihydropyrroloindole Dihydropyrrolizinone
0 2
0
CO,Me M O
N - CO,Et
2
N CO,Et NN
R 82% vyield
89% yield 2% yie
R'=Ts, R%= Me, 91% yield
R'= Ts, R?= MeO, 34% yield Dihydropyrroloimidazole
R'= Ms, R®= Me, 97% yield 0
}___(54\(30 Et
NN 2
o
Scheme 34 92% yield
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BE EFT7FNEREEMELSAREERF TV U ILEORE
B—E RXJA A B XU Stetter RISIZHIT 2 Rl

NI A EE R Stetter RIS TH SN ERMIT. FERAFFLE/FDZ ENAETH Y,
HFEEIRT ) D LB EBWERBERESRFI TN S,
1966 £F Sheehan 5I2& 0. RYDHFEMELRF T/ YT LEOERNHME TN, XU 1 UHE
BNRHE N, 9 LAL ZOMER CNEGOBEHRENE VYD, AEARIITES T, HE
WSHRZEZRMN o7z, BIRRENWZ EIZ, RIMRNSHH LRV A 2 OREFNEIL 0.8%ee
ThHoldl —h, HERCBEBONT VA 13, 22%ee £RL, X2V UE, SEIEKTH
HT 5 ENWRBEINTWS (Scheme 35).

1966 Sheehan et al. ' 0

o) Q//QO
2 BhCHO catalyst(0.1eq), EtsN(1eq) P Ph .
MeOH, rt Ph
" NS
50% yield, 0.8%ee R
mother liquor yield 9%, 22%ee S Br
total 59% vyield, 4%ee catalyst
Scheme 35

Sheehan 5id. T 5IT 1974 FiT, FIHFERER F7TVVTLEDOERL. RV 1 UHES
TOXAFMEOEBELEREL TS, © N IFINT I, MeOH RUETRGEEFo7ETD
B, FTVUTLBEMARVKETIER /I OSEIMIRE SNV, FTVUILE
EMAZRETE, RIEOETITHVY, AFMEMRLIETTEZL2BEL TS, £/=,
1980 FIZ Takagi 513, F7V—INBOBREFIIHEEMRA > F—IV BB E S S B/ Al
ZHREL., UZEBNY 77 —0@H )R TRENRI VA B EIT> TWDA, {L2INR - 31y
RETWBRERIZESN T2 (Figure 4),
1974 Sheehan et al.

Wi <

-
Reaction time 6hr: 6% vyield, 52%ee Reaction time 24hr: 21% yield, 39%ee
48hr: 26% yield, 29%ee

1980 Takagi et al.

D\i

\EN\> pH8 buffer, rt

g ClO4 : 20% yield, 35%ee
Fi'gure 4
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TRREEINAFTVIIAER TRTF7YV—VBOERETF QSO S b EET
BETHB, 22T HEEEEMIZBRL, F7V )04 MOREE 3 MOBRTREMR
LRBIEDOF 7V ) LN, 1997 £ Leeper 5, 491998 £4F Rawal 5 9912 & DR\ THS
TN, INSDBRVERZEEZ TR (Scheme 36).

thiazolium salt(0.1-0.5eq), EtgN JOH*/H
R

2RCHO
1997 Leeper et al.
_ TBS-Q
TBS-Q Ph
+ + N+
TIO IZ 3 MsO’ % \ TIO ( \
S S S
R=Ph: 34% yield, 20%ee R=Ph: 20% yieid, 11%ee R=Ph: 50% vyield, 21%ee
R=n-Pr: 75% yield, 33%ee R=n-Pr. 86% yield, 18%ee R=n-Pr: 77% yield, 14%ee

1998 Rawal et al.

o
NTs NTs
S0’ L{ . 5

MsO S
R=Ph: 30% yleld 23%ee R=Ph: 26% yield, 27%ee

Scheme 36

-8, E—HTRLELIIC. F7VIVILEBERTO b ALINERIA NEELDER
FTVUZ) T AEEEERT, BEABIOEAFOERMBEMAE, RIGRFTIZIL 3 B
DOEEENEET DI ENEISND I ENS, Lopez SEF TV —IVDEREDHD —5FDF
TV DEREERE UL EABF TV I LEEER L. RIERFTERAF TV UZUT
HEERSE, TOMBEORCLORBEETIVLD ELEDN X2V 1 VERITBIT 2K
EEBIUARFNELDHIZEWEREZ S TN (Scheme 37), ¢

1993 Lopez et al.
O o
/\( w 5°C,
20hr, 17% yield, 9%ee
( - ( 5days, 54% vield, 8%ee
2| S S S

bis(thiazolinylidene)

Q+ Q 30°C, 11% yield, 27%ee

N NN 5°C, 20% yield, 26%ee
| '\K 4 \ | . \ ' s
[S>2I_<; Lo~
bis(thiazolinylidene)
Scheme 37

P& DI HEEERF TV I LEERNWER YA UREER BWERESA TR,
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1996 €€ Enders 53, 7Y DI ABEOKSEIZEL T, L TOLIBBEET> TS, 39
O FIWVATINTE ROBARISIIBNT, FEHEEABLTWAWFTS U LAEL D, £E
BREHKBLEFTVUDTLEOEN, WENE (Scheme 38),

CH,OH CHO CHO
CHz0H CHO 5 H-—OH HO——H
HCHO(4 CHO H——OH
(40eq) ————— {,0H HoOH Shoon HOH H——OH H——OH
2 2 H,OH CH,0H CH,0H
| I m v v vi

Reaction conditions: thiazolium salt (1eq), EtzN in DMF, 100°C, 1hr

SWS | |
S | S o 2 3
S | S B 0w Qe

11-27.0%, IV-13.8% 11-84.7%, IV-2.4% 1-1.3%, 11-64.8%, IV-9.7% l1-22.2%, IV-12.4%
total 40.8% total 87.1%% total 75.8% total 34.6%

e b
O NS\> r @[Ng clo4

1-1.9%, I-27.8%, IV-28.7% 1-2.0%, 1I-15.0%, 1IV-27.6%

total 58.4% total 44.6%
Scheme 38

FPIVOLED2MDRTO R ALICEVELZ 1Y RiE, K

BRRTH. 10 RERLARS OTERIEISD (Scheme 39). ( N

1Y RORETTZINT e REICREKZRTZEZZ0NTNWS, [S> [s>
ylide carbene

FEROKBICLDNEOHMZ, 1) ROF =4 L HEBRT Scheme 39
ZELL, T U REICHES 2D EEZ 5N 5.

QBREEET, 7V WAiEODEZE’I‘ijD PDEKFREHRIT, F1IFVUTLE, FTIUIL
B, MUTVUILE, FESTVUILEDIETELSZS (Scheme 40).
B e B

R
ll:N)>—H D,0, basic condition ”/\'5_[)

N i R ) N+ i i A B
m‘\l\? | W‘LN> ! @ s\> Br E“s‘\> Br @;\P Br [N> Br
Et Ph \ N
k=2.0x10""M7sT  k=8.6x10'M"sT  k=1.8x10°M's"  k=6.4x10*M''s"  k=4.3x10*M's" k=2.0x102M"'s”*

Scheme 40

INSDFEREZDEI, NUTV U LABOHENEHBEIN, 1996, 2002 412 Enders 5. 1998
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[EIT Leeper Bid. WEEMA b7V U T LKICEBRENL VAL UBEER

“1, Bk
INZE, WK EZER LTS (Scheme 41), 4950
' 0
2 RCHO _— H)Kgﬂ
H
1996 Enders et al. 1998 Leeper ot al. 2002 Enders et al.
Ph
P
N cloy , fh
IYL y Vo Ph Q NN
o Cl ( \
1 ; S
“ Ph N
KoCOjz in THF, r.t. EtsN in MeOH, rit. KOt-Bu in THF, 0-18°C
:R= Ph, yield 66% (75%ee) :R= p-Me-CgHg, yield 38% (83%ee) .p_ : o 0
R= 4-MeO-CgHa, yield 22% (86%se) R= Ph, yield 45% (80%se) iR=Ph, yield 83% (30%ee)
R= 4-F-CgH,, yield 48% (44%ee) R= 4-F-CgHy, yield 61% (91%ee)

R=2-furyl, yield 41% (88%ee) at -78°C
Scheme 41

R 7Y AEREEICEL TR, B-EETE TN 1995 £0 Ciganek OREEET)
Iz, Stetter RISIZHISE SN TS, 32 1996 ££1Z Enders 5AN&AICHE L. 50 KWT 2002
17 Rovis LAARERISERE Lz, O BIC Rovis B DIEIL, (LHIE - H2NE & BITHEE
IZ& ) (Scheme 42).

0 o
X " CO,R X

1996 Ender et al. 2002 Rovis et al.
Ph

O
0y o G
'Z—{\O BF,

o]

“y

Conditions: catalyst(0.2eq), KHMDS in xylenes, 25°C
X=0, R=Et: 94% vyield, 94%ee

Conditions: catalyst(0.2eq), KoCOg in THF, 25°C X=8, R=Me: 63% yield, 96%ee

X=0, R=Me: 73% vield, 71%ee X=NMe, R=Me: 64% vield, 82%ee

X=C, R=Et: 35% yield, 94%ee

Scheme 42

*7#  Rovis HiE. LIMEPRT, BHETINTERANOHHEEREDTOTVS (Scheme 43).

2002 Rovis et al. Ph
N-N’

o
Bn CO3Et
HJ\/\/\COZEt KHMDS é—/

yield 819% (95%ee)
Scheme 43
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BEDESIT, EFEREEINTVE TV U LABRREAEL, FTISUULEBEO D RYTY
U LABOHNENIALERE - FHREEZERL TV,
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B FTVUVUULBRRREMEDORTE1

BB THILLIHTA Stetter RAGEFIA L IR HK 2 & DERBERB RIS FE RIS
CISETARL, MgOMBICEF L.
FTVUIYLERMBEE N TV Y AERAENEZ 5052 Figure 5ICRLALS . A
F45 72 BINOL OBAF R LEFT7 VU D LERAEE 71 > R
Lize ZFOBHEZUTICRET, OO \> X
BICHREShTWAF 7V U Y LAERMET, BRI RREEE S
ATz bR, BREEHE L MBI REFTH D, BAE —Ph
EFRLESS, FYYUINBOEERT. EETEREEHT
BREQEAINAEF7VUILELLBEL T, RISAEEL, 2 Figure 5
FEIZZENTHED, TUFE REORBIAFTHD EFRTES,
1996 £ Enders 5 DWMEITH B L D1T,39 FEFREKBRLU=FTT7 bF 7V U D LE Rl
i3, BRIEESE W ERHTE S
WERZEETIZ, FU TV ) Y AEROMIEOR SRR LN, BREENE ST
VY,
wWifgem OMATIL, Scheme 44 ITRULAEEDIR MU TVU TLAEZER L. Stetter RIS ZMET
Lize TORER, CHRFEOFT VU DA D 2HWERIK, 43%DNE (5%ee)E 517,
FTUUTLEETICDOWTIE, 707 ) V6B OREMES, RISt & BRECBRORMK?
S ZfRITIIRETH - =,

‘ 0 o
H *
@\)\ — Oﬁﬁ/\gozm
0" Co,Me o + by-product C (aldol adduc)
A B
Ph,  Ph
% < Ph Ft
N N -N N
L < A ) L
Ph"J:N/ W Phji NT Cf LN\+ '
2CI Et Et
triazorium salt D (0.2eq) E F
KHMDS(0.4eq) in xylenes Ylide reacted as base. DBU in DMF

A-22%, B-43% yield, 5%ee
Et
N
L2 -
N* TsO
(CHy),0H
G

DBU in DMF
B:C=24:76

Ph
+

=N ciog
Ph’Nj/ N
Ph

H
KHMDS: no reaction
DBU in DMF: B:C=50:50

Scheme 44
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A:B:C=15:25:60

BnO(CH?_){N\(

I
KHMDS in xylenes
A-66%, B-5% yield

FHA O ULEFTVIOLEDARERRLEZ, NV U HMEEFAICEETS L, UToLDcR



B, ThbE, RXTFNTEROZzZNEEFTV—INROERZR LOBHRE ENAEES
BB T, TFIVEPEEAERRT 2. ZAFEON X7 T E RIZ, TF3 2 BIAR
FATHTE2REENEST 7 FIVEBROBAFICLOREIN, 51T, T7¥ L BO 242
TrZNVEPEELTWAZEICED, RISHOERDRMEREND, KIEAIKE, 7z2)b
ELOIUKREZEZMITZHTREESEZBRLUENSEEL. B OL5RBRREZERL,
BERIGVEI B Z &Y, SEBRENEEINS EE X (Figure 6).

R
{'_
0~
S
g
Thiazolium salt

R/ }\‘
o) Ph ‘i
/@' / H/<Ph H"'O ¢§/%HLS\

Figure 6

ZOTYA L UEFRT 7V LB OB ERMITE, Scheme 45 IR Lz, NV XFT7V/—)b
RETI/FAT7 2 /) =V DoBAOFETHETES, ZOT IV EEFF—)ILEDEAR,
FTI-NVRZERTZ 7 VEQEAR, Wihd 7z ) — )V EKEEE BN DICEAT
B EWARET, HEMELLTHROE S 7 M= R ETE S,

e e
SH SR!
T SO SO
O SR! O@ OTf O OTf OO OH

g g SO N
Scheme 45

|

£7°, (9-BINOL(56)Z b Z7)LA DO AL > Z )ik CEBEAYMTERA N 7L —RMEB57T &L, 52
NS T ARy IV E VN Y DA Ay T S P RIRICE D 7 SV EQEA R 2
A, REHERS U< REEOTAF L EOMALSEIE AL > TE5%, BHOI TRy 7
TR B8IIES N/ M5 7z (Scheme 46).
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1) Pd(PPhg)a, phenyl boronic acid, KoCOgs, THF

OO CO 2) Pd(PPhg)s, PAMgBr, THF
OH  THO, pyridine 0Tt 3) NiClz(PPhg)z, PhMgBr, Etz0
SO ©
99% yield >
56 57
Scheme 46

ZZ T, Katsuki 52RELTWD 70X Ay TU L THEEANWSEZEE L, 89 Tabb,
(9-BINOL(B6)ZE/ hU 7L — K59 NFHEL 2, — v r VRSB LT ) Z v — VR E 2 F
BLER-EA-Corriu RISIZED 7z ZVENEAI N Ay T Tk 60 2&7k
(Scheme 47). |

I l OH TioNPh, collidine ] l OH NiCla(PPhg)s, PhMgBr l O OH
OO OH DMAP, CHyCly, 40°C, 14 hr —OTf Etg0, reflux, 1 hr ——Ph
56 59

69% vyield 69% vield 60

Scheme 47

RiZ, BEN= 600 3o FOEABAL LD E LA BIRAIZ 6 ALICDAZ b A E
AN e roOMd 61 DAHMESN, BRID S boEK62I3E-7m<ELENRN 0. T
7 h =)L 60 OREFHIREDOEREAIL, 6 ML THB I ENREETN (Scheme 48),

OO L
OO OH HNO3 OH OH
Qg e gt |

60

61 quant. 0% yield

Scheme 48 62

ZIT, 6 E—BRELAE. FNOD M POEZEATEI L& LR, REREIIDN
T, FPVVILEZARLZEECETRECE IR IBREZEADRANDIIRS L
MEZEN, T, BAETETEGICREDARERIENS, RERTFLTHILELE,
F7 =Lk 60 &, NTOEAZ I A IRTRIEMLEETS, 10%EE 3, 6 IANRFE(LS
NEAEEHMOERMESNZHO0, FIERIRVIC6 L BrEk 63 0E LN, H<ZhOfLickD
3 {ﬁf_ Ok 64 2%/ (Scheme 49).

Br Br O O NO,
OO OH NBS OO OH HN03 OH
OO —pPh  MeCN, -45°C to 0°C, 26 hr OO Ph CHCl,, 40°C, 24 hr OO —Ph
60 63 64

72% vyield 92% yield

Scheme 49
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73 ) EAOTHRAES AT FOEOBRINE AR L), KT, 2 DT/ — )UK
BEANOHEEFOHEAZBRN L. —BOICT =/ —VRKBEOREREFAOBLI, 7.
T )= WHEKBEEFFHILNEAIEL, BN OFFAINA— MMEZE, BE
Newman-Kwart &2k 0, SFAH—INA— MEATHEE, FERIIKRBERFE2EATDH
ERHSNTWND, FIT. Meier 5D HEESEIT, 59 DABCO 2HEL L THERALEZAET
S bk 64 D7z /) —IVEKEEE OFFAINELIELE, BENZ OFFHILNRA
— MK 65 13, EEERETIIINBAR Lah- 2/, B mAEE S LT Meier SAMERL T
WBZT7xZ)VI—FI)VERW 200CTHMHATZZEICKD, FERIIHERFIESERZES L
SFH—INA— Mk 66 £B7 (Scheme 50).

Br. NO> Br:
OO OH MeoNCSCI, DABCO

0,
‘ O Ph DMF, 0°C to rt, 22 hr ‘ Ph Pho0, 200°C
# quant. 92% yield
4

6 65
Scheme 50

KICKBIVDFTLATINIZOLZHAWEEBTICED, SFFH—NNA—NEk66 %2, 73 )FF
T x/)—IVERD 6Tab NDILBYNDOEBRERATZN, BHRIECYEEA /2D, BREMIC
“hOEET7IVER, SFAD—NA— 2FAT7x ) =)VITEHETBZ L E L7 (Scheme
51).

Br NO» Br NH,
L e 90
s LiAlHg4, THF, reflux, 4hr SH multi-spot
N M92
SO
66

67a,b: R=Bror H

Scheme 51

EAFAT T ) — VORI 7= 1 e, 122 F RO RREETERB, TORE,
LB AXDRET, 2 FNOEMBTINTT I /REEL. ZOT I EN SF4H—/TA
—FOANEZNEEREBE L TELSTF TV S SR8 BESNTER. FT/UD ) >
£ 68 IZNK ARG THBITRETE o /e < RISMEITHT, $70, AL FILTILIZD
AR X BB T EMREENESA BMOFAT 1 ) — )Lk 69 13852 h -7 (Scheme
52).

Br NO H B
OO e Br N 1) LiAHg, THF, reflux r OO NHz
54 SnClp, HCI, AcOH =0 2)NaOH, THF/HO, reflux SH
NMe; s
Ph 90°C, 30 min )
OO Ph O Ph 1. multi-spot
g 83% yield # # 2: no reaction
66 68

69

Scheme 52
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2T FTVYD) AR 68 & NITFIMEL %, IKMRER MR, 70U &4T,
K-IFLIFTY AT 54 LEEEELTEN, 150CTERSMITIMASEIETL, 72
JFFT L )= TLHE S, F 7Y ) Ak 68 TONIAS AN Uizt o 72 FEIE,
AR THRE NS ER SRESITEDFT VU Y ) VENEELL Tk EEX5ND, 12
B I TEBNETI ) FAT L) — IR TLI, ERICH L T ICRB L ST, RS
= o BRI TR S BEN B 0T, TLT T FAT 2 ) — IV 1L RERIERS )BT
5 A7 0% NTORBREITFROT, BAERMOEE, Jenkins 5DHEESEIT, » HHHE
PG, A)) B R ) TF BT R TERTE D Lt & D, BMOFT U LK T2
DERICAEI L= (Scheme 53), |

n-Bulli, Etl NaOH
THF, 60°C, 24 hr H,0, ethylene glycol,
H 0,
94% yield diglyme, 150°C, 2.5 hr

HC(OEt)3, HCIP
AcOEt, rt, 18hr

95% vyield (2steps)

Scheme 53

X517, MEQOETFEEDENER A AP, Stetter RISITH T 2 MELEE ORI ZRE
TLENT. BEETE, POUVLTEBRLAFTVIVLEBERTE L. FTY
U A T2 AQEDY UUVBOEAZRENTFRSND, FTVUI UETONDEAE
S, ZORE. /85T AMBIEE VL Buchwald 5O&HICED 7 0AL v T T RIE
EESMICEF L. ZOXAY T 2 Ik 18 BBz, 0 BT IVA VKR FT/UTL
it F7UTAE T2 2ER LRI NMIREL, BROFT V)T LE 75 OERICRIIL
7= (Scheme 54).

Et Et Clll

Br N Pd(OAC)z, BINAP, ON N NHEt
OO S>=O NaOt-Bu, pyrrolidine OO S>=O KOH OO o
toluene, 75°C, 3 hr H,0, ethylene glycol, )
‘O Ph O Ph diglyme, 160°C, 2 hr OO Ph
91% yield
74

70 73
G 8
HC(OEt)3, HCI N OO h\> or
AcOEt, t, 18 hr S
81% yield (2steps) ~ | Ph
N
75

Scheme 54
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ZTRRLAEFTSUDLE 72,76 BLUSHREOERNEMRLIZ 76 ZANT. £TIXE
FIRBEL TR A e %> 7= (Scheme 55),

2 RCHO thiazolium salt, base R )K,,rg
solvent, ternp. OH

Et <j Et Et
+ -
ReosLERR ¢ oo LN GGl
S S S
g SOLNRC O N
72 75 : 76
' Scheme 55

FRERLELSIBRSRHT, EOF7V/)ILEERNEBED, BHORT /A SI3E-
< BENAN T,

TIVTFE R ROZXFVFER, p7ZATINTER, pZ hOFIFER, 2277 IVFE R,
NTZF—=)v. THF—)

WE: NUIFINTI, ®EEH VDL, KOtBu, pH8 U EEBEIR

B . 7V a— )V R¥EHE, DMF, DMSO, H:0

W FUIFNT I UHEEE

BEE : 25-80C

PERMIIEREICE <, FEMRRIRIEOMINIRE TH -0, 12 2B, —EREICX2ERE
BMETOILRBTH, XRUXTNT e ROBBRIGT, BIERMELTF TV VD) AR 70 D3R
HENZZ NG, RIGEEREIL, BRICHLUTRIGENE W EHREN-,

ERRHHEIT, Scheme 56 ITRLAZHONEBEZ5ND, LORKEWD ETEE, REEE 80
WERT BN, ERICIIREINTWARWD, TORKEZIW> TWAAETREENE D, 2B, N
VA BEITBVWTBOEI BRI FI UHEMNEILEN, REBEEERT S Z &3, FAIER
TH5, 59
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+ PhCHO

dimerization

Br.

Scheme 56

Fim, FTVUUDLE T2, THICEL TR, B—FTHIMLZ, ZFNR Stetter RIGNDJHH & &,
AN, BHOBLEIEZE SN o7 (Scheme 57),

CHO 0
E): 72 or 75(0.3eq), Et;N(1eq) wcow .
O/Y\C%Me t-BuOH, 70°C, 20hr
0
E-4 5 0% yield

Scheme 57

F7 1)L T2, T5 BLUNTE A, MEENEFE Mo BB E LT Lz E2 D
EROIEMT. UTFO 3 ONEZSNBH, ENNEERTHEMHEIEDHBF—FEBSNT
RYA42N |

D 1V ROBME

R4 EETIE, BE 0.2:05 YBBEQT 7V U Y AEMMEAENS, £< OBRBRT. &
EAMADE BT EMARRE NA D, RISRETHY ROMEESENEFEET. KIS
PERF LMo T ENELBND,

@ 7oF L DEREITK BMEEEDOET

EVWRBRERE > TWB® BRITEZHTO P ALTELELU R TTOT S AL B LA
SXTNFE REA U Kb AR L FREENERLL. NV AT INFE RA0+27RkiktE
AYE BN ER S T,

@ SHWER

AR T S DR T AT, SR BRI & B RBIEE T O TEREIHEN EE X 5NBH,
B, BETESRT—HEREEDRETLA.

PLERAZE ST, EFT7FIERESFRICEVF TV UDLE 72,75 ICHL T, XU
S HEE B LU Stetter RIS TOMBIEEIZR SNEM o7,
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e

B=E F7V U LERAEMEORFE-2

FIHVBERBLAEFT VUL 72, 75 HEEES R S Nah o /=, MO E
IZEF L, UIEE0ERIR. E7x2)VBOF 7V ) ILE 83 28K L. Ciganek M#RE
U7z HE 84 2R W TH TN Stetter RIGZETTo k. 32 TOMKE, HELLTDBU % 0.2 Y84
W, DMF &, ZEifTFH 9D 10 2T, 90%DNETREAEFTTSHZ & RAHE L7 (Scheme 58).

COHRAZEFENL T ADKDITFTV—INRDSMEEFTFIERD 2 AL THE
ULAEEERTENL, BVWMEEENSETES, BB NSOULBMERRIALE 4 AF
NFTJ—8TEETZNVE/ MY TL—MMEBE DI ORA Yy T Y IRIGIZEDF TV
DL 83 2ERLTHRY. FHEOFEEZEE BISATENL, EIRTHARERRF Y

LieF7 /U

DLBMERTESL I LITRBIENS, JUAAY T) X TRIEOBRFTNTEF L.

N+
JOE
J
[e]
CHO catalyst (0.2eq), DBU (0.2eq) O.Me
SNCoMe DMF, rt, 10 min 5 2

84 85

H 90% yield

R
O R=Ph, OH, O-alky!
B

Sato's data

O Pd(OAG), (0.16q), PPhj (0.2eq),
oTt . f( K2COj3 (1eq) OH
O N DMF, 140°C, 40hr
87

86 88 40% 89 15%
Scheme 58

X9, 57,60, 91 DEHIZDWT, 83 ZAMLIERBEHET. VOAAv T S FRIEEF> -
M JUZA Ay T K93 IELNT, FEBENICKD 57~ (Scheme 59).

CO Pd(OAc), (0.1eq), PPh, (0.2eq),

2 s
oTf R K00, (teq)
OO R N DMF, 140°C, 40hr

(Seq)

57: R'=0Tf 87: R%<Me :
60: R'=0H 92: R2=H 93 was not obtained, and starting materials
91: R'=Ph were recovered.

Scheme 59
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#Z T, Skjmrbak 5DHEEEEIT, 8 EA M) T7L—MESTBIUE/ )T —HME60
I BB Y T S T RIS RSN, TORED E o/ < EFRT FRAERE N (Scheme

60). 2001 Skias=baek et al.
Br
FN
SE /;

(1.5eq)

1) Pd(PPhg)s, THF, reflux
2) H*

1) n-Buli ZnCl

_2zCl m
Tus

.

83% yield
Cross coupling reaction under Ngishi condition ‘O ot
(1.0eq)
R' 57. R'=OTf
/__<R2 1) n-BuLi Cizn  R? 60: R'=OH
Iyt 2) ZnCly ﬁ 1)LH3 (PPha)e, THF, reflux
TMS MS
(1eq)
94: R%=Me
95: R%=H

Scheme 60

RICZORGETERLE. 22 MU AFIVIUNLFT/ =) 95 2FWN, NIVULETER ~

JT7L—RMMEBT EDIZOAN Yy T IRIEEITD EFT7V D 2 TREELAEENEL

TEARAY T ST EE ) 1y T 7k 9T 2FNZTIURE 31%, 6% TR/ (Scheme 61).
AURGEEE, £/ MU 7L — MO ICHERAE LIS, PROFTV D 2{EDI T

2Hy T TR A, TI%DNETER Uz, £z, 4 AF)N-2- b U AFININFT V=)

94 2E/ FUTL—MMEGO ICBWEEED, T8UDRNRTFTV =D 2fLLDr/nAhy 7

YR8 B EATr, BEBRENWT EIZ, PUAFI T UNENBRNFT V=) 87, 92 4 it

RUXAFNIUNETERINEZF 7 —IL100IZDWTIE, 70X Ay T) OTRIERETL

Mol ENS, 2 N M)AFIVUNETBRSINAEF TV IV ORENZRIGEEZS

Nz,

Pd(OAc);, (0.3eq), dppb (0.3eq)

K2COj3 (2eq), LICI (2.5eq)
DMF, 140°C, 17hr

SO

. SN

O
95 (10eq)
57

96 31% yield 97 6% yield

OO OTf . g\—'rj\‘ﬂ
T e
60

94 : R=Me

95 : R=H

R? TMS

570r60 =+ /———{

SN

- SN

87: R=Me
92: R=H

same conditions

ool

same conditions

Scheme 61
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no reaction

98; R=Me, 73% vield
99: R=H, 71% yield



¥/, Stille Hy 7 U TRIEELT, 1999 €1 Corey 513, Stille /1w 7'V > J &Mz, —ff
DOHFEE)FILEEMAD LKLY, MFBEOREREANOI O Y T 2T RGN
[BEXNDZELEZR/EL TN D, 9 ZOHFIKESE Stille H v TV DT RIEETo b, KR
WBETET, ARXRENDELZDOATH -7z (Scheme 62).

+

OH DMSO, rt to 60°C
C"D 101
60

Scheme 62

no reaction

n-BusSn
CO OTf 8 ﬁ Pd(OAc)s, PPhs, KzCOg, CuCl, LiCl
A

PERRZZEDIZ, EFTFINER 2 MNAOF TV VDI axAy 7TV TRIGIE. 2 A
FIWUNFTS = 95 £7213 4 AFN-2- MU AFNTUIFT7V =) 94 ZHWZEETD
e FTI—NVER2MTOHAY T T RERz, LML, ZORBIE. 1 REFVEEST S
EECHEKREVARTHS. RIGEEIL., NSOV LMIE-FHKT 1 ZREOHEAEDLETHER
THRRUAY TV T EEZTNS, O FE, LA TYTTE FRITFNTEDY
LINF T REDERT 1 ZREOERMAENVETH 20, SEORKIETIEZTNS 2HRmME
TICRBAETL TS, ZOEHEL TR, BERLAY T TRV EZIL TS
BT V=N T MLBMELBRL T, 4 AFIN-2-RUAFILIUINFT/ =)L 94 2-
UAFNZVINFT =)l 95 D C-SifEBIEAMBNKRELS, hTILARXAZ )V, BBITETL
el THBHEZEZTNS,
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##|3. Green chemistry DR#A S, F7 U T LAEIET B/ A UHEEB LU Stetter
RiSicEE L, FEZMBLEZ. TOER. F7VUTLEEZRIALZZTA Stetter RIFIZX
D, FFRICIEREZESD 7O/ CHEK, P ROF/ 02 FEEK ooy
CHEEAK, CeRovooq Iy o FEABLUOCEROEOOT 2 R—)LFEEED R
BEEZRAHLE, £ ZNS5ORBERFRBITSATARLS, EFTFINERORRZED
LIEARFRHOF 7 ) 7 LEOARITKII Lz, LML, RV A UHEE Stettr RISANDG
me\%ﬁﬁ%ﬁEBﬁf\Kﬁﬁﬁ«@ﬁ%hﬁﬁ%%ﬁbtoit\%tm?TVUWA
HAEARDO—EBEL T, NS TLAMEZRWZ 2- NI AFNVIUINFT—IVERIT 4 ATF
W2 R AFIIYNF TS =& EFTFI- M) TL—EEDI T AR v T 2 TRIET,
F7V=IVK 2 AL COBRWIZ OBy T P TEERE L, BB TOIZOXAyTY T
EERESYE., EFTFNERETHLUEEERTY VU LEOERETIFETH S,

B, BESEERRICT V) U LERE A OB FEIZED Rovis 5IZXDITHNTH O, 2004
Fiz, NOTZYVUDLEZMESL THAY, AEEERORRREZSVDERBOBEICRIILZ

Z &N SN/ (Scheme 64), 5D
2004 Rovis et al.

Q 0
EWG triazolium salt A (0.2eq) R
" /EH EtsN(2eq), toluene, 25°C EWG
X=0, R=Et, EWG=COyMe, yield 96% (97%ee)
X=8, R=Et, EWG=CO,Me, yield 95% (92%ee)

X=CHj,, R=Me, EWG=CO,E, yield 95% (99%ee)
X=0CHy, R=Ph, EWG=COMe, yield 55% (99%se¢)

0
| R OMe triazolium salt (0.2eq) Q RO
0
g ~ KHMDS(0.2¢q), toluene, 25°C é/)LOMe

catalyst A, R=Me: yield 0%
catalyst A, R=CO,Me: yield 78% (65%ee)
catalyst B, R=CO2Me: yield 86% (90%ee)

Ph
F 1,
M®=-N\+ F . N_N+
- . NVN /( >
F TN eea
BF4 F E L<Bn
A B
Scheme 64
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Experimental Section

General.

Melting points were determind on a Yamato MP-21 apparatus and are uncorrected. IR spectra
were measured with a Perkin-Elmer 1600 FTIR spectrometer. tH-NMR and 13C-NMR spectra
were recorded on JEOL JNM-ALPHA 400 or JEOL JNM-AL 400 spectrometers with
tetramethylsilane or CHCls as an internal standard. Optical rotations were measured with a
Jasco DIP-1000 digital polarimeter.

TLC was done on precoated (0.25 mm) Merck silica gel F-254 plates. Silica gel (FL-100D; Fuji

Silysia Chemical Ltd.) was used for column chromatography.
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Experiments concerning Chapter 1

Methyl (£)-4-bromo-8-methyl-2-butenoate (£2) and Z-2

0 O - Br
E-2 . Z-2

1 -

To a solution of methyl 3-methylbut-2-enoate 1 (50.12 g, 438.93 mmol) in CCls (450 mL), NBS
(78.12 g, 438.93 mmol, 1.0 eq.) and benzoyl peroxide (0.24 g, 1.00 mmol, 0.002 eq.) were added .
at rt under nitrogen atmosphere. The suspension was refluxed for 8 hr, and then cooled with
ice-water bath. Precipitated succinimide was removed by filtration and the organic phase was
washed with saturated aqueous Na2SOs and saturated aqueous NaCl subsequently, dried
over MgSOs and filtered. The extract was concentrated in vacuo at 30°C and the residue was
purified by distillation (80-84 °C/8.0 mmHg) to give the Z/Zmixture of 2 (58.24 g, 301.70 mmol,
69 % yield, £:Z=53:47 by TH-NMR) as colorless oil. Z-2: H-NMR (400MHz, CDCls) & 2.05 (3H,
d, /1.2 Hz), 3.73 (3H, ), 4.56 (2H, ), 5.79 (1H, d, /= 1.2 Hz). £*2: 'H-NMR (400MHz, CDCls)
8 2.28 (3H, d, &~1.2 Hz), 3.72 (38H, s), 3.95 (2H, s), 5.97 (1H, d, J/~ 1.2 Hz). 62

Methyl (£)-4-(2-formyl-phenoxy)-3-methyl-2-butencate (#4) and Z4

0 0 o)

H o+ Br/\("«“COgMe d‘\H . CQ\H CO,Me
H o/\(\coalvie Y
E-4

3 E/Z-2

Z-4

To a solution of salycilaldehyde 3 (3.66 g, 30.0 mmol) in DMF (15 mL), K2COs (5.39 g, 39.0
mmol, 1.3 eq) and E/Z mixture of 2 (6.95 g, 36.0 mmol, 1.2 eq.) were added at 0°C under
nitrogen atmosphere. After the addition of the reagents was completed, the ice-water bath
was removed and the reaction mixture was stirred for 12 hr. The reaction was quenched with
aqueous 1N HCl, extracted with AcOEt. The organic extract was washed with water,
saturated aqueous NaHCOs and saturated aqueous NaCl subsgquently, dried over MgSO4
and filtered. The extract was concentrated In vacuo and the residue was purified by column
chromatography on silica gel (Hexane/AcOEt= 1/0 then 4/1) to give £'4 (3.12 g, 13.32 mmol,
44 % yield) as colorless crystals and Z4 (2.26 g, 9.64 mmol, 32 % yield) as as pale yellow oil.
E-4: mp 78°C; IR (neat) vmax' 760, 844, 1150, 1228, 1596, 1678, 1718 cm'}; 'H-NMR (400MHz,
CDCls) & 2.25 (3H, d, &0.7 Hz), 3.73 (8H, s), 4.64 (2H, s), 6.08 (1H, dd, &1.5, 2.9 Hz), 6.92

47



(1H, d, &8.3 Hz), 7.08 (1H, t, =7.6 Hz), 7.55 (1H, ddd, /2.0, 7.6, 8.8 Hz), 7.87 (1H, dd, 2.0,
7.8 Hz), 10.6 (1H,s); 13C-NMR (100MHz, CDCls) § 15.7, 51.2, 71.8, 112.6, 115.8, 121.4, 125.1,
128.8, 135.8, 151.7, 160.1, 166.4, 189.1; HRMS-ESI (m/2): [M + Nal* caled for C1sH14NaO4
257.0790; found, 257.0773. Z-4: IR (neat) vmax' 757, 1024, 1152, 1210, 1598, 1687, 1711 cm'};
IH-NMR (400MHz, CDCls) & 2.09 (3H, d, /0.7 Hz), 3.74 (3H, s), 5.34 (2H, s), 5.89 (1H, d4d,
J=1.7, 3.2 Hz), 7.03-7.07 (2H, m), 7.52-7.57 (1H, m), 7.85 (1H, dd, ~2.0, 8.1 Hz), 10.53 (1H, s);
13C-NMR (100MHz, CDCls) 5 21.4, 51.3, 67.6, 112.6, 117.4, 121.0, 124.8, 128.6, 136.1, 155.1,
160.6, 166.3, 189.5; HRMS-ESI (m/2): [M + Nal* caled for Ci1sH14NaOs 257.0790; found,
257.0790.

Methyl (3-methyl-4-oxo-2 #-chroman-3-yDacetate (5)

0 0
H CO;Me R CO,Me
/\’2
Z-4 5

To a suspension of Z4 (70.3 mg, 0.300 mmol, 0.30 eq) and 3-benzyl-5-(2-hydroxyethyl)
-4-methylthiazolium chloride (24.3 mg, 0.09 mmol) in #BuOH (1.4 mL), triethylamine (41.8
uL, 0.30 mmol, 1.0 eg) was added at rt under argon atmosphere. After being heated at 70°C
for 22 hr, the reaction was quenched with aqueous 1 VHCI, extracted with AcOEt. The organic
extract was washed with water, saturated aqueous NaHCO3 and saturated aqueous NaCl
subsequently, dried over MgSOs4 and filtered. The extract was concentrated in vacuo and the
residue was purified by column chromatography on silica gel (Hexane/AcOEt= 1/0 then 99/1)
to give 5 (69.6 mg, 0.297 mmol, 99 % yield) as pale yellow oil: IR (neat) vmax' 759, 1023, 1202,
1479, 1606, 1687, 1736 cm'l; tH-NMR (400MHz, CDCls) § 1.30 (3H, s), 2.54 (1H, d, /~16.1 Hz),
2.82 (14, d, /~16.1 Hz), 3.67 (3H, s), 4.24 (1H, d, /~11.3 Hz), 4.65 (1H, d, ~11.3 Hz), 6.98 (1H,
dd, J=0.8, 8.7 Hz), 7.02-7.06 (1H, m), 7.46-7.51 (1H, m), 7.92 (1H, dd, J=1.8, 7.9 Hz); 13C-NMR
(100MHz, CDCls) 6 19.1, 37.6, 43.7, 51.7, 74.2, 117.7, 119.5, 121.7, 127.9, 135.8, 161.1, 171.1,
195.3; Anal. caled for C1sH1404: C, 66.66; H 6.02. Found: C, 66.34; H, 6.02.; HRMS-ESI (:z/2):
[M + Nal* caled for CisH14NaO4 257.0790; found, 25'%.0790.
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Methyl 3-methyl-1-benzoxepine-4-carboxylate (8)
Methyl 5-hydroxy-3-methyl-4,5-dihydro-1-benzoxepine-4-carboxylate (9)

CHO __CoMe  H9 - co,me
/ +

e e soitioqs
4

O
E 8 9

To a solution of £4 (93.7 mg, 0.400 mmol) in DMF (0.6 mL), DBU (55.8 uL, 0.400 mmol, 1.0
eq.) was added at rt under nitrogen atmosphere. After wormed at 70°C for 15 hr, the reaction
was quenched with aqueous 1VHC], extracted with AcOEt. The organic extract was washed
with water, saturated aqueous NaHCOs3 and saturated aqueous NaCl subsequently, dried over
MgSO4 and filtered. The extract was concentrated in vacuo and the residue was purified by
column chromatography on silica gel (Hexane/AcOEt= 1/0 then 9/1) to give 8 (74.0 mg, 0.342
mmol, 86 % yield) as colorless crystals and 9 (5.2 mg, 0.022 mmol, 6 % yield) as colorless oil. 8:
mp 89°C; IR (neat) vmax' 750, 819, 861, 1145, 1160, 1183, 1214, 1434, 1450, 1610, 1710 cm-1;
1H-NMR (400MHz, CDCls) § 2.55 (3H, d, -&~1.5 Hz), 3.78 (3H, s), 6.65 (1H, d, /1.7 Hz), 7.00
(1H, s), 7.21-7.24 (1H, m), 7.31-7.36 (1H, m), 7.47 (1H, d, ~8.3 Hz), 7.58 (1H, d, /7.8 Hz);
183C-NMR (100MHz, CDCls) § 14.8, 51.3, 107.6, 111.3, 114.9, 121.5, 123.1, 126.0, 128.4, 142.1,
155.0, 155.7, 167.2; HRMS-EI (m/2): [MI* caled for CisH1203 216.0786; found, 216.0793. 9:
1H-NMR (400MHz, CDCls) § 2.20 (3H, s), 3.68 (3H, s), 4.90 (1H, d, /2.7 Hz), 5.11-5.17 (1H,
m), 5.97 (1H, s), 6.88-7.48 (4H, m) with minor peaks.

Ethyl (£)-4-bromo-3-methyl-2-butenoate (£-12) and Z-12

\{/\ro\/ Br/Y\gOV N ﬂo\/
O B

r
11 E-12 Z12

To a solution of ethyl 3-methylbut-2-enoate 11 (48.92 g, 381.65 mmol) in CCls (400 mL), NBS
(67.93 g, 381.65 mmol, 1.0 eg.) and benzoyl peroxide (0.24 g, 1.00 mmol, 0.003 eg.) were added
at rt under nitrogen atmosphere. The suspension was refluxed for 23 hr, and then cooled with
ice-water bath. Precipitated succinimide was removed by filtration and the organic phase was
washed with saturated Na2SOs aq. and saturated NaCl aq. subsequently, dried over MgSO4
and filtered. The extract was concentrated in vacuo at 30°C and the residue was purified by
distillation (74-78 °C/6.0 mmHg) to give the E/Z mixture of 12 (63.14 g, 304.92 mmol, 80 %
yield, £-Z=53:47 by TH-NMR) as colorless oil. Z12: 1H-NMR (400MHz, CDCla) & 1.29 (3H, t,
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J=17.3 Hz), 2.02 (3H, t, &=0.7 Hz), 4.18 (2H, q, &17.3 Hz), 4.56 QH, s), 5.77 (1H, d, ~0.7 Ha),
F-12: 1H-NMR (400MHz, CDCI13) & 1.29 (3H, t, /~17.3 Hz), 2.28 (3H, dd, &1.2, 0.7 Hz), 3.94
(2H, ), 4.18 (2H, q, /7.3 Hz), 5.95 (1H, dd, /1.2, 0.7 Hz). 63

Ethyl (2)-4-bromo-3-phenyl-2-butenoate (14)

T — Y
Br

13 14

To a solution of ethyl (2£)-3-phenylbut-2-enocate 13 (5.00 g, 26.28 mmol) in CCls (50 mL), NBS
(4.68 g, 26.28 mmol, 1.0 eg) and benzoyl peroxide (50.0 mg, 0.206 mmol, 0.008 eq.) were
added at rt under nitrogen atmosphere. The suspension was refluxed for 7 hr, and then cooled
with ice-water bath. Precipitated succinimide was removed by filtration and the organic
phase was washed with saturated aqueous NazSOs and saturated aqueous NaCl subsequently,
dried over MgSO4 and filtered. The extract was concentrated in vacuo at 30°C to give the 14
(7.13 g, 13: 14=28: 72 by 1H-NMR, 13-1.40 g, 7.36mmol, 14-5.09 g, 18.92 mmol, 72 % yield,
79.2 % content): 'H-NMR (400MHz, CDCls) & 1.34 (3H, t, &7.1 Hz), 4.26 (2H, q, /7.1 Hz),
4.97 (1H, s), 6.20 (1H, s), 7.25-7.56 (5H, m). 64

Methy] (B)-3-methoxy-but-2-enoate (16)

o O
MOMe MeO™ COMe
15 16

To a mixture of methyl acetoacetate 15 (2.7 mL, 25 mmol) and trimethyl orthoformate (2.7 mL,
25 mmol, 1.0 eg.), sulfuric acid (1 drop) was added at rt. After being stirred at rt for 24 hr, the
reaction mixture was quenched with quinoline (2 drops). The mixture was distilled (108°C,
115 mmHg) to give 16 (2.0 g, 16 mmol, 62% yield) as colorless oil: H-NMR (400MHz, CDCls) &
2.30 (3H, s), 3.63 (3H, s), 3.67 (3H, s), 5.02 (1H, s). €9

Methyl (£)-4-bromo-3-methoxy-but-2-enoate (17)

Br.
MeO™ - COMe Meoj\vcogrwe

16 17
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To a solution of 16 (2.00 g, 15.8 mmol) in CHCls (15 mL), NBS (2.80 g, 15.8 mmol, 1.0 eq.) and
AIBN (0.13 g, 0.79 mmol, 0.05 eg.) were added in one portion at rt. The mixture was refluxed
for 24 hr. The reaction mixture was allowed to cool to rt, the resulting precipitate was
removed by filtration, and the filtrate was concentrated in vacuo. The residue was purified by
column chromatography on silica gel (Hexane/AcOEt= 4/1) to give 17 (2.60 g, 12.4 mmol, 79 %
yield) as colorless oil: 1H-NMR (400MHz, CDCls) § 3.70 (3H, s), 3.76 (3H, s), 4.50 (2H, s), 6.78
(1H, s). 65

Methyl (B)-4-(2-formyl-6-methoxy-phenoxy)-3-methyl-2-butenoate (£19) and Z-19

0 o} 0
H o+ Br/\(“" CO,Me H . H CO,Me
OH /Y\COZMe ﬂ/
Me Me Me
18 E/Z-2 E-19 719

To a solution of o-vanillin 18 (4.56 g, 30.0 mmol) in DMF (14 mL), K2COs (5.39 g, 39.0 mmol,
1.3 eq.) and Z/Z mixture of 2 (6.87 g, 35.6 mmol, 1.2 eq.) were added at 0°C under nitrogen
atmosphere. After the addition of the reagents was completed, the ice-water bath was
removed and stirred for 2 hr. The reaction was quenched with aqueous 1NV HC], extracted
with AcOEt. The organic extract was washed with water, saturated aqueous NaHCOs and
saturated aqueous NaCl subsequently, dried over MgSOs and filtered. The extract was
concentrated in vacuo and the residue was purified by column chromatography on silica gel
(Hexane/AcOEt= 1/0 then 9/1) to give £-19 (3.14 g, 12.54 mmol, 42 % yield) as colorless
crystals and Z19 (2.96 g, 11.82 mmol, 839 % yield) as colorless crystals. £19: mp 74°C; IR
(neat) vmax: 781, 1053, 1153, 1223, 1271, 1437, 1484, 1691, 1718 cm'l; 'H-NMR (400MHz,
CDCls) 5 2.21 (3H, s), 3.73 (3H, s), 3.90 (3H, s), 4.62 (2H, s), 6.16 (1H, s), 7.15-7.16 (2H, m),
7.43 (1H, t, /4.8 Hz), 10.42 (1H, s); 13C-NMR (100MHz, CDCls) 3 16.0, 51.5, 56.1, 115.4, 118.1,
119.4, 124.5, 129.7, 150.7, 152.7, 152.8, 166.8, 189.7; HRMS-ESI (m/2): [M + Nal* caled for
C14H16NaOs 287.0895; found, 287.0913. Z-19:mp 94°C; IR (neat) vmax: 767, 777, 1008, 1158,
1213, 1428, 1481, 1694, 1717 cm';; tH-NMR (400MHz, CDCls) § 2.19 (3H, t, 0.7 Hz), 3.66
(3H, s), 3.89 (3H, ), 5.26 (2H, t, /0.7 Hz), 5.81 (1H, dd, /1.7, 3.2 Hz), 7.13-7.15 QH, m),
7.42(1H, dd, &3.7, 5.6 Hz), 10.41 (1H, s); 3C-NMR (100MHz, CDCls) & 21.8, 51.2, 56.0, 73.6,
116.7, 117.9, 119.1, 124.2, 129.8, 151.4, 152.8, 155.5, 166.0, 189.9; HRMS-ESI (m/2): [M + Nal+
caled for C1aHi1sNaOs 287.0895; found, 287.0913.
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Methyl (2-4-(4-chloro-2-formyl-phenoxy)-3-methyl-2-butenoate (Z21) and £21

o 0 o)

cl s Cl H cl H  CO.M

H o+ Br/\r CO;Me + 2Me
O/Y\COQMe o/\%

OH

20 E/Z-2 E-21 Z-21

To a solution of 5-chlorosalicylaldehyde 20 (3.91 g, 25.0 mmol) in DMF (14 mL), K=COs (4.49 g,
32.5 mmol, 1.3 eq) and E/Z mixture of 2 (5.79 g, 30.0 mmol, 1.2 eq.) were added at 0°C under
nitrogen atmosphere. After the addition of the reagents was completed, the ice-water bath
was removed and the reaction mixture was stirred for 2 hr. The reaction was quenched with
aqueous 1N HCl, extracted with AcOEt. The organic extract was washed with water,
saturated aqueous NaHCOs and saturated aqueous NaCl subsequently, dried over MgSO4
and filtered. The extract was concentrated in vacuo and the residue was purified by column
chromatography on silica gel (Hexane/AcOEt= 1/0 then 9/1) to give £-21 (2.57 g, 10.08 mmol,
40 % yield) as coloxless crystals and Z21 (1.56 g, 6.12 mmol, 25 % yield) as colorless crystals.
E21: mp 120°C; IR (neat) vmax' 673, 846, 1130, 1147, 1485, 1598, 1665, 1678, 1713 (cm);
IH-NMR (400MHz, CDCls) & 2.24 (3H, s), 3.73(3H, s), 4.62 (2H, s), 6.03(1H, d, /1.2 Hz), 6.87
(1H, d, /8.8 Hz), 7.48 (1H, dd, 2.9, 9.0 Hz), 7.81 (1H, d, £2.7 Hz), 10.47 (1H, s); 13C-NMR
(100MHz, CDCls) § 15.8, 51.5, 72.5, 114.9, 116.6, 126.5, 127.8, 129.0, 136.0, 152.0, 159.3, 167.2,
188.7; HRMS-ESI (m/: [M + CHsOH + Nal* caled for Ci4H17CINaOs 311.1285; found,
311.1283. Z21: mp 104°C; IR (neat) vmax: 677, 813, 1026, 1183, 1229, 1372, 1478, 1593, 1682,
1714 cm’l; TH-NMR (400MHz, CDCls) 5 2.06 (3H, s), 3.74 (3H, s), 5.32 (2H, ), 5.89 (1H, d,
1.2 Hz), 7.02 (1H, d, /9.0 Hz), 7.47 (1H, dd, /2.7, 8.8 Hz), 7.79 (1H, 4, /2.7 Hz), 10.44
(1H, s); 13C-NMR. (100MHz, CDCls) 3 21.4, 51.4, 68.0, 114.3, 117.8, 125.7, 126.7, 128.1, 135.5,
154.2, 159.0, 166.1, 188.0; HRMS-ESI (m/2): [M + CH3OH + Nal* caled for C14H17CINaOs
311.1285; found, 311.1283.

Ethyl (E)-4-[(1-formyl-2-naphthyDoxy]-3-methyl-2-butenoate (£23) and Z23

(O
+ O H  CO,Et
O/\%

22 E/Z2-12 E-23 : Z-23

PP
O H o+ BITYTTCOME
O

H

To a solution of 2-hydroxy-1-naphthaldehyde 22 (4.30 g, 25.0 mmol) in DMF (15 mL), K2COs
(4.49 g, 32.5 mmol, 1.3 eg.) and E/Z mixture of 12 (6.47 g, 31.3 mmol, 1.25 eg.) were added at

52



0°C under nitrogen atmosphere. After the addition of the reagents was completed, the
ice-water bath was removed and the reaction mixture was stirred for 16 hr. The reaction was
quenched with aqueous 1VHC], extracted with AcOEt. The organic extract was washed with
water, saturated aqueous NaHCO; and saturated aqueous NaCl subsequently, dried over
MgSO4 and filtered. The extract was concentrated in vacuo and the residue was purified by
column chromatography on silica gel (Hexane/AcOEt= 1/0 then 87/13) to give £-23 (3.04 g,
10.19 mmol, 41 % yield) as colorless crystals and Z23 (3.13 g, 10.49 mmol, 42 % yield) as
colorless crystals. £-23' mp 123°C; IR (neat) vmax: 757, 819, 1147, 1189, 1228, 1436, 1661, 1705
em'l; TH-NMR (400MHz, CDCls) § 1.29 (3H, t, &7.1 Hz), 2.26 (3H, d, &~1.0 Hz), 4.18 (2H, q,
J=7.1 Hz), 4.76 2H, d, /0.7 Hz), 6.08 (1H, q, &1.5 Hz), 7.19 (1H, d, 9.3 Hz), 7.44 (1H, ddd,
1.0, 6.8, 8.1 Hz), 7.64 (1H, ddd, #~1.2, 6.8, 8.4 Hz), 7.78 (1H, d, 8.1 Hz), 9.28 (1H, dd,
J=0.5, 8.8 Hz), 10.98 (1H, s); 13C-NMR (100MHz, CDCls) § 14.3, 15.7, 60.1, 72.8, 113.3, 116.4,
117.1, 125.0, 125.0, 128.2, 128.8, 130.0, 131.4, 137.5, 151.3, 162.2, 166.0, 191.4; HRMS-ESI
(m/2): IM + Nal* caled for Ci1sH1sNaO4 321.1103; found, 321.1100. Z23: mp 60°C; IR (neat)
vmax: 805, 1047, 1149, 1223, 1436, 1510, 1591, 1667, 1705 cm'l; 1H-NMR (400MHz, CDCls) &
1.31 (3H, t, /&=7.1 Hz), 2.01 (3H, t, 0.7 Hz), 4.20 (2H, q, &7.1 Hz), 5.47 (2H, d, /0.7 Hz),
5.89 (1H, dt, &~1.5, 3.2 Hz), 7.35 (1H, d, /9.0 H2), 7.42 (1H, ddd, .~1.2, 6.8, 8.1 Hz), 7.62 (1H,
ddd, ~1.5, 6.8, 8.5 Hz), 7.76-7.78 (1H, m), 8.04 (1H, d, /9.0 Hz), 9.27 (1H, dd, ~1.2, 8.8 Hz),
10.94 (1H,s); 13C-NMR (100MHz, CDCls) § 14.3, 21.6, 60.2, 68.4, 113.3, 116.7, 118.2, 124.8,
124.9, 128.2, 128.6, 129.8, 131.5, 137.6, 154.2, 162.8, 165.8, 191.5; Anal. Caled for C13H1404: C,
72.47; H 6.08. Found: C, 72.19; H, 6.13; HRMS-ESI (m/2): [M + Nal* caled for C1sH1sNaO4
321.1103; found, 321.1140.

Ethyl (£)-4-[(2-formyl-pyridin-3-yoxy]-3-methyl-2-butenoate (£-25) and Z-25

o] 0 0
| Ny L Br/\K:,,“CozEt E“jf:H e No™SH  co,Et
Z~OH 7~ Y\COQEt < OY
24 E/Z-12 E-25 Z-25

To a solution of 3-hydroxypyridine-2-carbaldehyde 24 (3.00 g, 24.37 mmol) in DMF (30 mL),
K2COs (4.38 g, 31.68 mmol, 1.3 eq.) and E/Z mixture of 12 (6.06 g, 29.24 mmol, 1.2 eq.) were
added at 0°C under nitrogen atmosphere. After the addition of the reagents was completed,
the ice-water bath was removed and stirred for 12 hr. Water was added, extracted with AcOEt.
The organic extract was washed with water, saturated aqueous NaCl subsequently, dried over
MgSO4 and filtered. The extract was concentrated in vacuo and the residue was purified by

column chromatography on silica gel (Hexane/AcOEt= 1/0 then 7/3) to give £25 (2.32 g, 9.31
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mmol, 38 % yield) as colorless crystals and Z25 (2.21 g, 8.89 mmol, 37 % yield) as colorless
crystals. £25: mp 101°C; IR (neat) vmax: 812, 855, 879, 1034, 1052, 1067, 1119, 1154, 1229,
1290, 1327, 1430, 1573, 1661, 1702 cm'l; 1H-NMR (400MHz, CDCls) 6 1.29 (3H, t, 7.1 Hz),
9.24 (3H. 5), 4.18 (2H, q, /7.1 Hz), 4.66 (2H, ¢), 6.13 (1H, d, 1.2 Hz), 7.34 (1H, d, /8.5 Hz),
7.47 (1H, dd, /4.6, 8.5 Hz), 8.44 (1H, dd, ~0.7, 4.4 Hz), 10.39 (1H, s); 13C-NMR (400MHz,
CDCI3) & 14.3, 15.6, 60.1, 72.0, 116.7, 121.2, 128.5, 142.6, 150.3, 156.1, 166.0, 189.9;
HRMS-ESI (m/2): [M + Nal* caled for C1sH1sNNaO4 272.0899; found, 272.0932. Z-25: mp 64°C;
IR (neat) vmax: 800, 865, 1026, 1162, 1229, 1285, 1377, 1433, 1574, 1643, 1693, 1713 cm';
1H-NMR (400MHz, CDCls) 5 1.30 (3H, t, /7.1 Hz), 2.11 (3H, s), 4.19 (2H, q, &7.1 Hz), 5.37
(2H, ), 5.89 (1H, d, ~1.2 Hz), 7.44-7.52 (2H, m), 8.40 (1H, d, /4.4 Hz), 10.36 (1H, s);
13C-NMR (100MHz, CDCls) § 14.3, 21.4, 60.3, 67.8, 118.3, 121.2, 128.7, 142.2, 153.9, 156.6,
165.8, 190.1; HRMS-ESI (m/2): [M + NaJ* caled for C1sH1sNNaO4 272.0899; found, 272.0913.

Ethyl (2-4-(2-formyl-phenoxy)-3-phenyl-2-butenoate (26)

@)

o)
E:ELH + TN CO,E ©¢H CO,E!
OH Br /\‘P/
h
3 14 26

To a solution of salicylaldehyde 3 (1.92 g, 15.75 mmol) in DMF (15 mL), K2COs (2.83 g, 20.48
mmol, 1.3 eq.) and 14 (6.42 g, calculated as 79.2 % content, 18.90 mmol, 1.2 eq.) were added at
0°C under nitrogen atmosphere. After the addition of the reagents was completed, the
ice-water bath was removed and stirred for 17 hr. The reaction was quenched with aqueous
1N HC), extracted with toluene. The organic extract was washed with water, saturated
aqueous NaHCOs and saturated aqueous NaCl subsequently, dried over MgSO4 and filtered.
The extract was concentrated in vacuo and the residue was purified by column
chromatography on silica gel (Hexane/AcOEt= 1/0 then 97/3) to give 26 (4.72 g, 15.19 mmol,
97 % yield) as pale yellow oil: IR (neat) vmax' 696, 757, 1159, 1175, 1281, 1457, 1598, 1687,
1707 em'; 'H-NMR (400MHz, CDCls) § 1.33 (3H, t, J=7.1 Hz), 4.25 (2H, q, ~7.1 Hz), 5.75 (2H,
d, ~1.2 Hz), 6.24 (1H, t, 1.1 Hz), 6.99 (1H, dt, J=0.7, 7.3 Hz), 7.15 (1H, d, /8.3 Ha),
7.33-7.38 (3H, m), 7.41-7.45 (2H, m), 7.52 (1H, ddd, 1.7, 7.3, 8.6 Hz), 7.73 (1H, dd, &~1.7, 7.6
Hz), 9.94 (1H, d, 0.7 Hz); 13C-NMR (100MHz, CDCls) & 14.3, 60.6, 64.6, 113.1, 120.4, 121.0,
125.1, 127.0, 127.9, 128.4, 129.4, 135.7, 137.8, 153.6, 160.4, 165.7, 189.4; HRMS-ESI (m/2): M
+ H]* caled for C1sH1904 311.1283; found, 311.1285.
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(B)-4-(2-Formyl-phenoxy)-3-methoxy-but-2-enoic acid methyl ester (27)

0]

H COZMS
COQME /f

Me
27

A solution of 17 (21 mg, 0.1 mmol) and tetrabutylammonium iodide (1.1 mg, 3.0 umol) in DMF
(1 mL) was added to a solution of salicylaldehyde 3 (10.6 uL, 0.10 mmol), K2COs (18 mg, 0.13
mmol) in DMF (1 mL) at rt. After being stirred for 20 hr, waster was added and the aqueous
layer was extracted by AcOEt. The extract was washed with saturated aqueous NaCl, dried
over Na2SQ4, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (Hexane/AcOEt= 4/1) to give 27 (16 mg, 0.065 mmol, 65 % yield)
as light yellow oil: IR (neat) vmex' 1152, 1458, 1637, 1686, 2253 cm'l; 'H-NMR (400MHz,
CDCls)  3.70 (3H, s), 3.72 (3H, s), 5.23 (1H, s), 5.34 (2H, s), 7.02-7.08 (2H, m), 7.53 (1H, dt,
J=2.0, 7.3 Hz), 7.84 (1H, dd, /1.7, 7.6 Hz), 10.05 (1H, s); 13C-NMR (100MHz, CDCls) 5 51.3,
56.1, 65.3, 93.2, 113.3, 121.3, 125.3, 128.1, 135.8, 161.0, 167.2, 168.7, 190.0; HRMS-FAB (m/2):
[M + HI* caled for C1sH1505 251.0920; found, 291.0901.

Methyl (8-methoxy-3-methyl-4-oxo-chroman-3-yl)acetate (28)

o)

H C02Me COgMe
0 Vs

Me
Z-19 Me

28

To a suspension of 2419 (75.1 mg, 0.300 mmol) and 3-benzyl-5-(2-hydroxyethyl)-4
-methylthiazolium chloride (24.3 mg, 0.09 mmol, 0.30 eg) in #BuOH (1.4 mL), triethylamine
(41.8 pL, 0.30 mmol, 1.0 eq.) was added at rt under argon atmosphere. After wormed at 70°C
for 22 hr, the reaction was quenched with aqueous 1NHCI, extracted with AcOEt. The organic
extract was washed with water, saturated aqueous NaHCOs and saturated aqueous NaCl
subsequently, dried over MgSOq and filtered. The extract was concentrated in vacuo and the
residue was purified by column chromatography on silica gel (Hexane/AcOEt= 1/0 then 10/1)
to give 28 (73.6 mg, 0.294 mmol, 98 % yield) as pale yellow crystals: mp 60°C; IR (neat) vmax'
747, 1026, 1183, 1205, 1270, 1440, 1492, 1682, 1739 cm'}; 'H-NMR (400MHz, CDCls) 8 1.31
(3H, 8), 2.53 (1H, d, ~16.1 Hz), 2.83 (1H, d, /=16.1 Hz), 3.66 (1H, s), 3.92 (1H, ), 4.34 (1H, d,
J=11.5 Hz), 4.72 (1H, 4, J~11.5 Hz), 6.98 (1H, dd, ~7.9 Hz), 7.06 (1H, dd, /1.5, 8.1 Hz), 7.51
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(1H, dd, ~1.7, 8.1 Hz); 13C-NMR (100MHz, CDC13) § 19.2, 37.6, ‘43.7, 51.8, 56.2, 74.8, 116.4,
119.0, 120.0, 121.1, 148.5, 150.9, 170.8, 195.1; HRMS-ESI (m/z): M + Nal* calcd for
C14H1sNaOs 287.0895; found, 287.0874.

Methyl (6-chloro-3-methyl-4-oxo-chroman-3-yDacetate (29)

0 0
Cl H CO.Me G CO,Me
/\l/
z21 29

To a suspension of 721 (16.4 mg, 0.300 mmol) and 3-benzyl-5-(2-hydroxyethyl)-4
-methylthiazolium chloride (24.3 mg, 0.09 mmol, 0.30 eq.) in #BuOH (1.4 mL), triethylamine
(41.8 pL, 0.30 mmol, 1.0 eg.) was added at rt under argon atmosphere. After wormed at 70°C
for 22 hr, the reaction was quenched with aqueous 1 NHC], extracted with AcOEt. The organic
extract was washed with water, saturated aqueous NaHCOs and saturated aqueous NaCl
subsequently, dried over MgS04 and filtered. The extract was concentrated in vacuo and the
residue was purified by column chromatography on silica gel (Hexane/AcOEt= 1/0 then 10/1)
to give 29 (75.6 mg, 0.297 mmol, 99 % yield) as colorless crystals: mp 106°C; IR (neat) vmax:
633, 836, 1023, 1205, 1282, 1421, 1483, 1687, 1724 cm'l; 1H-NMR (400MHz, CDCls) § 1.29 (3H,
s), 2.51 (1H, d, #16.3 Hz), 2.83 (1H, d, /=16.1 Hz), 3.67 (3H, s), 4.23 (1H, d, #11.5 Hz), 4.64
(1H, d, /=11.5 Hz), 6.94 (1H, d, /=9.0 Hz2), 7.41 (1H, dd, /2.9, 8.8 Hz), 7.86 (1H, d, /2.7 Hz);
183C-NMR (400MHz, CDC13) & 19.2, 37.7, 43.6, 51.9, 74.4, 119.4, 120.3, 127.1, 135.6, 159.4,
170.8, 194.1; HRMS-ESI (n/2): [M + HI* caled for C13H14C104 269.0581; found, 269.0597.

Ethyl (2-methyl-4-oxo-benzo[Achroman-2-ylacetate (30)

To a suspension of Z23 (298.3 mg, 1.00 mmol) and 3-benzyl-5-(2-hydroxyethyl)-4
-methylthiazolium chloride (80.9 mg, 0.30 mmol, 0.30 eg.) in #BuOH (6.0 mL), triethylamine
(139.4 pL, 1.00 mmol, 1.0 eq.) was added at rt under argon atmosphere. After wormed at 70°C
for 22 hr, the reaction was quenched with aqueous 1 NVHCI, extracted with AcOEt. The organic

extract was washed with water, saturated aqueous NaHCO3 and saturated aqueous NaCl
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subsequently, dried over MgS0O4 and filtered. The extract was concentrated in vacuo and the
residue was purified by column chromatography on silica-gel (Hexane/AcOEt= 1/0 then 96/4)
to give 30 (295.3 mg, 0.990 mmol, 99 % yield) as pale yellow oil: IR (neat) vmax: 756, 825, 993,
1028, 1086, 1121, 1141, 1207, 1238, 1344, 1366, 1435, 1512, 1598, 1618, 1667, 1729 cm'};
1H-NMR (400MHz, CDCls)  1.23 (3H, t, /=7.1 Hz), 1.34 (3H, s), 2.59 (1H, d, &15.6 Hz), 2.83
(1H, d, /#~15.6 Hz), 4.13 (H, q, /7.1 Hz), 4.35 (1H, d, /~11.2 Hz), 4.74 (1H, d, ~11.2 H2),
7.10 (1H, d, ~8.8 Hz), 7.40-7.44 (1H, m), 7.62 (1H, ddd, /1.0, 7.1, 8.'3 Hz), 7.75 (1H, 4, /~8.1
Hz), 7.92 (1H, d, /9.0 Hz), 8.41 (1H, d, /8.5 Hz); 13C-NMR (100MHz, CDCls) § 14.2, 19.4,
38.5, 44.3, 60.7, 74.2, 111.1, 118.5, 124.8, 125.9, 128.3, 129.5, 131.9, 137.3, 162.9, 170.7;
HRMS-ESI (m/2): [M + H]* caled for C1sH1904 299.1283; found, 299.1303.

Ethyl (3-methyl-4-oxo-3,4-dihydro-2 A-pyranol8,2- Alpyridin-3-ylacetate (31)

0 0
Ny N

, H  CO.Et N COEt
Ao —

Z-25 ~ N

To a suspension of Z25 (249.3 mg, 1.00 mmol) and 3-ethyl-5-(2-hydroxyethyl)-4
-methylthiazolium bromide (75.7 mg, 0.30 mmol, 0.30 eq.) in #£BuOH (5.0 mL), triethylamine
(139.4 pL, 1.00 mmol, 1.0 eg.) was added at 25°C under argon atmosphere. After stirred for 16
hr, water was added, extracted with AcOEt. The organic extract was washed with water and
saturated aqueous NaCl subsequently, dried over MgSOs and filtered. The extract was
concentrated 7n vacuo and the residue was purified by column chromatography on silica gel
(Hexane/Et:0= 1/0 then 1/9) to give 31 (239.8 mg, 0.962 mmol, 96 % yield) as pale yellow oil:
IR (neat) vmax: 810, 1022, 1109, 1146, 1293, 1216, 1305, 1433, 1473, 1587, 1703, 1729 cm'};
1H-NMR (400MHz, CDCls) § 1.24 (3H, t, /~=17.3 Hz), 1.35 (3H, ), 2.59 (1H, d, /~16.1 Hz), 2.85
(1H, d, &#16.1 Hz), 4.12 (2H, q, 7.3 H2), 4.33 (1H, d, &11.5 Hz), 4.75 (1H, d, /~11.5 Ha),
7.37-7.43 (2H, m), 8.48 (1H, dd, /1.7, 3.9 Hz); 3C-NMR (100MHz, CDCls) & 14.1, 19.1, 37.8,
44.8, 60.8, 74.4, 126.5, 129.0, 135.7, 144.6, 158.6, 170.2, 193.6; HRMS-ESI (m/): M + H}*
caled for C13H1sNO4 250.1079; found, 250.1095.
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Ethyl (4-0x0-3-phenyl-chroman-3-yDacetate (32)

0 o)
Ph
H CO,Et ‘ S CO,Et
F
h
26 32

To a suspension of 26 (217.2 mg, 0.700 mmol) and 3-benzyl-5-(2-hydroxyethyl)-4
-methylthiazolium chloride (56.7 mg, 0.210 mmol, 0.30 eg.) in. £ BuOH (4.4 mL), triethylamine
(97.6 uL, 0.700 mmol, 1.0 eq.) was added at rt under argon atmosphere. After wormed at 70°C
for 22 hr, the reaction was quenched with aqueous 1VHC], extracted with AcOEt. The organic
extract was washed with water, saturated aqueous NaHCOs and saturated aqueous NaCl
subsequently, dried over MgSOs and filtered. The extract was concentrated in vacuo and the
residue was purified by column chromatography on silica gel (Hexane/AcOEt= 1/0 then 10/ 1)
to give 32 (171.6 mg, 0.553 mmol, 79 % yield) as colorless crystals: mp 90°C; IR (neat) Vmax'
701, 756, 1125, 1202, 1310, 1460, 1486, 1681, 1727 cm'}; 1H-NMR (400MHz, CDCls) & 1.09 (3H,
t, /7.1 Hz), 2.93 (1H, d, ~16.1 Hz), 3.05 (1H, d, /~16.3 Hz), 3.99 (2H, dq, /1.0, 7.1 Hz), 6.86
(1H, dd, 0.7, 8.5 Hz), 6.96 (1H, ddd, #~1.0, 7.1, 8.0 Hz), 7.20-7.31 (3H, m), 7.38 (1H, dd,
J=2.0, 7.3, 8.0 Hz), 7.44-7.47 (2H, m), 7.91 (1H, dd, J&=1.7, 8.3 Hz); 13C-NMR (100MHz, CDCls)
5 14.0, 40.2, 51.0, 60.6, 117.5, 119.9, 121.3, 126.8, 127.8, 127.9, 128.6, 135.8, 160.6, 170.2,
192.4; Anal. Caled for C1sH1404: C, 73.53; H 5.85. Found: C, 73.38; H, 5.98; HRMS-ESI (m/2):
[M + H]* caled for C19H1904 311.1283; found, 311.1285.

(3-Methoxy-4-oxo-chroman-3-yD-acetic acid methyl ester (33)

i ? OMe
Cﬁl\H COzMe COQMG
%,
Me
27 33

To a suspension of 27 (75.1 mg, 0.300 mmol) and 8-benzyl-5-(2-hydroxyethyl)-4
-methylthiazolium chloride (24.3 mg, 0.090 mmol, 0.30 eg.) in #BuOH (1.4 mL), triethylamine
(40 pl, 0.300 mmol, 1.0 eq.) was added at rt under argon atmosphere. After wormed at 70°C
for 33 hr, the reaction was quenched with aqueous 1 VHCI, extracted with AcOEt. The organic
extract was dried over NazSOs and filtered. The extract was concentrated in vacuo and the
residue was purified by column chromatography on silica gel (Hexane/AcOEt= 3/ 1) to give 33

(56.3 mg, 0.225 mmol, 75 % yield) as yellow oil: IR (neat) vmax: 1086, 1149, 1219, 1311, 1466,
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1479, 1581, 1607, 1694, 1732, 2836, 2952 crm'l; TH-NMR (400MHz, CDCls) & 2.79-3.01 (2H, m),
3.28 (3H, m), 3.70 (3H, m), 4.58-4.79 (2H, m), 6.99-7.07 (2H, m), 7.49-7.53 (1H, m), 7.92 (1H,
dd, J=1.6, 4.0 Hz); 13C-NMR (100MHz, CDCls) § 33.2, 52.0, 52.3, 72.7, 75.2, 117.9, 119.0, 121.7,
127.8, 136.3, 161.0, 170.0, 188.5; HRMS-FAB (m/2): [M + HJ* caled for C1sH1505 251.0920;
found, 291.0919.

N[2-(hydroxymethyl)-phenyll-4-methyl-benzenesulfonamide (35)

Sl (L
NH, _'ﬁs

34 35

To a solution of (2-aminophenyl)methanol 34 (5.00 g, 40.60 mmol) in CHCls (180 mL), pyridine
(4.27 mL, 52.78 mmol, 1.3 eq.) and p-toluenesulfonyl chloride (9.29 g, 48.72 mmol, 1.2 eg.)
were added at 0°C under nitrogen atmosphere. After the addition of the reagents was
completed, the ice-water bath was removed and stirred for 19 hr. The reaction was quenched
with saturated aqueous NH4Cl, extracted with AcOEt. The organic extract was washed with
water, dried over MgS04 and filtered. The extract was concentrated /n vacuo and the residual
crystals was purified by Et20 suspension to give 85 (10.41 g, 37.53 mmol, 92 % yield) as
colorless crystals: 1H-NMR (400MHz, CDCls) 5 2.00 (1H, bs), 2.38 (3H, s), 4.39 H, d, /4.9
Hz), 7.07-7.09 (2H, m), 7.20-7.28 (3H, m), 7.44 (1H, d, /=8.1 Hz), 7.63-7.66 (2H, m), 7.83 (1H,

bs). 60

N-(2-Formylphenyl)-4-methyl-benzenesulfonamide (36)

0
L o
NH - -H
N
" X
35 36

The suspension of 35 (4.00 g, 14.42 mmol) and MnOs (6.27 g, 72.10 mmol, 5.0 eq.) in CHCls (30
ml) was stirred for at 60°C. After stirred for 24 hr, solids were removed by filtration and the
filtrate was concentrated in vacuo. The residue was purified by column chromatography on
silica-gel (CHCls) to give 36 (3.08 g, 11.20 mmol, 78 % yield) as yellow crystals: 'H-NMR
(400MHz, CDCls) 5 2.37 (3H, ), 7.15 (1H, dt, &1.0, 7.6 Hz), 7.22-7.28 (2H, m), 7.50 (1H, ddd,
J=1.7, 7.6, 8.3 Hz), 7.58 (1H, dd, ~1.7, 7.8 Hz), 7.69 (1H, d, =8.3 Hz), 7.76-7.76 (2H, m), 9.82
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(1H, s), 10.77 (1H, bs). 67

N[2-(Hydroxymethyl)phenyll-methanesulfonamide (37)

To a solution of 34 (5.50 g, 44.66 mmol) in CHCls (200 mL), pyridine (4.15 mL, 58.06 mmol, 1.3
eg) and methanesulfonyl chloride (4.15 g, 53.59 mmol, 1.2 eq.) were added at 0°C under
nitrogen atmosphere. After the addition of the reagents was completed, the ice-water bath
was removed and stirred for 27 hr. The reaction was quenched with saturated aqueous NH4Cl,
extracted with AcOEt. The organic extract was washed with water, dried over MgSO4 and
filtered. The extract was concentrated in vacuo to give 37 (9.08 g, 44.66 mmol, 100 % yield,
99% content) as pale yellow crystals: 1H-NMR (400MHz, CDCls) & 3.05 (3H, s), 4.78 (2H, ),
7.12-7.56 (4H, m), 7.80 (1H, bs). The residue was used for next step without further

purification.

N(2-Formylphenyl)-methanesulfonamide (38)

Ms |
Ms

37 38

The suspension of 37 (2.22 g, 11.01 mmol) and MnOz (4.79 g, 55.07 mmol, 5.0 eq.) in CHCls (20
mL) was stirred for at 60°C. After stirred for 24 hr, solids were removed by ﬁ]tfation and the
filtrate was concentrated in vacuo. The residue was purified by column chromatography on
silica-gel (CHCls) to give 38 (1.53 g, 7.69 mmol, 70% yield) as colorless crystals: mp 117°C; IR
(neat) vmax: 757, 842, 964, 1149, 1293, 1325, 1395, 1;160, 1493, 1582, 1673 cm'y; tH-NMR
(400MHz, CDCI3) 8 3.11 (3H, s), 7.23-7.76 (4H, m), 9.92 (1H, d, 0.7 Hz), 10.60 (1H, bs);
13C-NMR (100MHz, CDCls) & 40.3, 116.8, 121.5, 122.8, 122.83, 122.84, 136.0, 136.3, 140.0,
194.8; HRMS-ESI (m/2): [M + H]* caled for CsHi10NOaS 200.0381; found, 200.0402.
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1A-Indol-2-ylmethanol (40)

C[\-coza mOH

H
39 40

To a solution of ethyl indol-2-carboxylate 39 (9.94 g, 52.52 mmol) in THF (40 mL) at —78°C,
DIBAL (1.5 M in toluene, 73.5 mL, 110.29 mmol 2.1 eq.) was drop wised over 0.5 hr. The
reaction mixture was allowed to be stirred for 10 min in ice-water bath and then re-cooled at
-60°C. The reaction was quenched with aqueous 2.5 NHCl and 30% citric acid, extracted with
AcOEt. The organic extract was washed with saturated aqueous NaHCOs3, dried over MgSO4
and filtered. The extract was concentrated in vacuo to give 40 (7.51 g, 51.03 mmol, 97 % yield)
as pale yellow crystals: mp 75°C (lit 75-76°C). 49; 1H-NMR (400MHz, CDCls) 8 4.83 (2H, s),
6.40 (1H, dd, 0.7, 2.0 Hz), 7.10 (1H, ddd, 1.0, 7.1, 7.8 Hz), 7.18 (1H, ddd, &1.2, 7.1, 8.0
Hz), 7.34 (1H, ddd, /1.0, 2.0, 7.8 Hz), 7.57 (1H, ddd, /=0.7, 2.0, 7.7 Hz), 8.32 (1H, bs).

1H-Indole-2-carbaldehyde (41)

@[\VoH mwo
N - N

H H

40 41

The suspension of 1H-indol-2-ylmethanol 40 (7.51 g, 51.03 mmol) and MnO: (52.17 g, 510.0
mmol, 10.0 eq.) in MeCN (254 mL) was stirred at 60°C. After being stirred for 14 hr, solids
were removed by filtration and the filtrate was concentrated in vacuo. The residue was
purified by column chromatography on silica gel (Hexane/AcOEt= 95/5 then 85/ 15) to give 41
(5.26 g, 36.23 mmol, 71 % yield) as yellow crystals: ‘H-NMR (400MHz, CDCls) & 7.18 (1H, ddd,
J=9.0, 6.8, 1.0 Hz), 7.28-7.28 (1H, m), 7.37-7.46 (2H, m), 7.75 (1H, dd, 8.1, 0.7 Hz), 9.03 (1H,
bs), 9.85 (1H, s). 40
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Methyl (B)-4-{(2-formyl-phenyl) [(4-methyl-phenyDsulfonyllamino}-3-methyl-2-butenoate
(E-42) and Z-42

0 0 0
Cﬁ” + Br/\(“cozlvle dH + dH CO,Me
N""CO,Me NY
NHTs T;\(/\ 2 Ts
36 E/Z-2 E-42 Z-42

To a solution of 3 86 (1.51 g, 5.50 mmol) in DMF (12 mL), NaH (60 % in oil, 264 mg, 6.6 mmol,
1.2 eq) and E/Z mixture of 2,(1.49 g, 7.70 mmol, 1.6 eg.) were added at 0°C under nitrogen
atmosphere. After the addition of the reagents was completed, the ice-water bath was
removed and stirred for 19 hr. Water was added, extracted with AcOEt. The organic extract
was washed with water, saturated aqueous NaCl subsequently, dried over MgSO4 and filtered.
The extract was concentrated 7n wvacuo and the residue was purified by column
chromatography on silica gel (Hexane/AcOEt= 1/0 then 79/21) to give £42 (1.10 g, 2.84 mmol,
52 % yield) as colorless crystals and Z+42 (1.01 g, 2.60 mmol, 47 % yield) as colorless crystals.
E-42: mp 113°C; IR (neat) vmax* 817, 861, 1035, 1153, 1227, 1342, 1597, 1186, 1720 cm'};
1E-NMR (400MHz, CDCls) § 2.17 (3H, s), 2.45 (3H, s), 3.61 (3H, d, J~0.5 Hz), 3.89 (1H, bs),
4.52 (1H, bs), 5.59 (1H, s), 6.69-6.72 (1H, m), 7.26-7.29 (2H, m), 7.41-7.48 (4H, m), 7.99-8.02
(1H, m), 10.38 (1H, s); 13C-NMR (100MHz, CDCls) § 17.2, 21.7, 51.2, 59.0, 119.8, 127.0, 128.0,
128.7, 128.9, 129.7, 133.9, 135.6, 140.7, 144.5, 151.1, 165.8, 189.2; HRMS-ESI (m/2): [M + Nal*
caled for C20H21NNaOsS 410.1038; found, 410.1051. Z42: mp 164°C; IR (neat) vmax: 822, 861,
1031, 1155, 1200, 1355, 1595, 1694, 1705 cm'L; tH-NMR (400MHz, CDC13) § 2.10 (3H, d, ~1.2
Hz), 2.45 (3H, s), 3.43 (3H, s), 4.65 (1H, bs), 5.19 (1H, bs), 5.66 (1H, dd, /1.0, 2.4 Ha),
6.79-6.83 (1H, m), 7.27-7.28 (2H, m), 7.37-7.42 (1H, m), 7.98-8.02 (1H, m), 10.47 (1H, s);
13C-NMR (100MHz, CDCls) & 21.7, 23.0, 50.5, 51.1, 120.2, 127.2, 128.1, 128.2, 128.3, 129.6,
133.6, 135.4, 141.0, 144.4, 152.0, 165.8, 189.4; HRMS-ESI (m/2): [M + Nal* caled for
C20H21NNaOsS 410.1038; found, 410.1079.

4-[(2-Formyl-pheny])-(toluene-4-sulfonyl)-amino]-3-methoxy-but-2-enoic acid methyl ester
(43) )

0 O
o e — O
COs;Me 7
MeO™ 2 N“g
NHTSs Ts OMe
36 17 43
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To a solutiqn of 3 86 (10.6 uL, 0.10 mmol), NaH (60% in oil, 4.0 mg, 0.10 mmol, 1.0 eq.) in DMF
(1 mL), a solution of 17 (21 mg, 0.10 mmol, 1.0 eq.) in DMF (1 mL) was added at rt. After being
stirred for 23 hr, water was added, extracted with AcOEt. The organic extract was washed
with saturated aqueous NaCl, dried over Na2SQO4 and filtered. The extract was concentrated
in vacuo and the residue was purified by column chromatography on silica gel
(Hexane/AcOEt= 4/1) to give 43 (21.7 mg, 0.053 mmol, 53 % yield, E/Z4.6/1) as white
crystals; mp 152°C; IR (KBr) vmax: 1145, 1351, 1384, 1456, 1484, 1637, 1709, 2955 cm'L;
1H-NMR (400MHz, CDCls) § 2.45 (3H, s), 3.54 (3H, s), 3.58 (3H, s), 4.98 (1H, s), 5.05 (2H, 4,
/4.8 Hz), 6.74 (1H, dd, /~2.8, 4.0 Hz), 7.25-7.31 (2H, m), 7.39-7.43 (2H, m), 7.49-7.52 (2H, m),
7.64-7.99 (1H, dd, J/~1.6, 4.0 Hz), 10.48 (1H, s); 13C-NMR (100MHz, CDCls) § 21.6, 46.7, 51.1,
55.7, 93.7, 127.6, 127.9, 128.6, 129.7, 133.8, 134.2, 136.0, 141.6, 144.2, 167.0, 168.0, 191.0;
LRMS-FAB (m/2): [M + HI* calcd for C20H22NOsS 404; found, 404.

Methyl (B)-4-[(2-formyl-pheny])(methanesulfonyl)amino]-3-methyl-2-butenoate (%£-44) and
(Z44)

o 0 0
dH + BrY "COMe Ofk H . Cﬁ]\H CO,Me
N/Y\CO Me Nﬁ/
NHMs Ms 2 Ms
38 EfZ-2 E-a4 : Z-44

To a solution of 8 38 (1.20 g, 6.01 mmol) in DMF (9.8 mL), NaH (60 % in oil, 288 mg, 7.21
mmol, 1.2 eq) and E/Z mixture of 2 (1.62 g, 8.41 mmol, 1.4 eq.) were added at 0°C under
nitrogen atmosphere. After the addition of the reagents was completed, the ice-water bath
was removed and stirred for 11 hr. Water was added, extracted with AcOEt. The organic
extract was washed with water, saturated aqueous NaCl subsequently, dried over MgS04 and
filtered. The extract was concentrated im vacuo and the residue was purified by column
chromatography on silica gel (Hexane/AcOEt= 2/98 then 77/33) to give E-44 (0.84 g, 2.70
mmol, 45 % yield) as pale yellow oil and Z-44 (0.83 g, 2.66 mmol, 44 % yield) as colorless
crystals. F-44: IR (neat) vmax: 783, 820, 874, 951, 1038, 1148, 1226, 1336, 1597, 1690, 1719
cm'l; TH-NMR (400MHz, CDCls) § 2.17 (3H, d, &~1.2 Hz), 2.95 (3H, s), 3.63 (3H, s), 4.36 (2H, s,
5.69 (1H, q, /1.2 Hz), 7.42 (1H, dd, &1.0, 8.1 Hz), 7.51-7.55 (1H, m), 7.67 (1H, dt, /1.8, 6.0
Hz), 7.98 (1H, dd, /1.7, 7.6 Hz), 10.28 (1H, s); 13C-NMR (100MHz, CDCls) 5 17.1, 37.8, 51.2,
58.9, 119.5, 128.9, 129.1, 131.7, 134.6, 134.7, 139.5, 151.4, 165.9, 189.6; HRMS-ESI (m/2): [M +
Nal* caled for C1sH17NNaOsS 334.0725; found, 334.0700. Z44: mp 90°C; IR (neat) vmax: 783,
822, 860, 963, 1036, 1144, 1203, 1236, 1333, 1597, 1693, 1715 cm'}; 1H-NMR (400MHz, CDCls)
§ 1.96 (3H, d, /~1.2 Hz), 2.96 (3H, s), 3.60 (3H, s), 4.78 (1H, bs), 5.40 (1H, bs), 5.70 (1H, d,
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J#=0.7 Hz), 7.45-7.52 (2H, m), 7.62 (1H, ddd, ~1.7, 7.6, 7.8 Hz), 7.98 (1H, dd, ~1.7, 7.6 H2),
10.39 (1H, s); 3C-NMR (100MHz, CDCls) 8 22.9, 36.2, 50.1, 51.3, 120.5, 127.3, 128.6, 129.6,
'134.2, 135.1, 140.8, 151.7, 165.9, 189.4 HRMS-ESI (mm/2): [M + Nal* caled for C1sH17NNaOsS

334.0725; found, 334.0774.

Ethyl (2)-4-(2-formyl-1Hindol-1-y)-3-methyl-2-butenoate (£-45) and Z-45

0 0
HO Br- 7" CO,Et = ==
” * I'/Y 2 ’ + }_/COzEt
' HOQEI
E-45

M E/Z-12 Z-45

To a solution of 41 (2.18 g, 15.00 mmol) in DMF (20 mL), K2COs (2.49 g, 18.00 mmol, 1.2 eq.)
and E/Z mixture of 12 (4.66 g, 22.50 mmol, 1.5 eg) were added at 0°C under nitrogen
atmosphere. After the addition of the reagents was completed, the ice-water bath was
removed and stirred for 12 hr. The reaction was quenched with water, extracted with AcOELt.
The organic extract was washed with water and saturated aqueous NaCl subsequently, dried
over MgSO0s and filtered. The extract was concentrated in vacuo and the residue was purified
by column chromatography on silica gel (Hexane/AcOEt= 1/0 then 96/4) to give £45 (1.50 g,
5.52 mmol, 37 % yield) as colorless crystals and Z45 (1.47 g, 5.40 mmol, 36 % yield) as pale
yellow oil. £-45: mp 88 °C; IR (neat) vmax' 732, 741, 752, 800, 860, 1044, 1115, 1143, 1213, 1319,
1463, 1615, 1660, 1714 cm'}; 1H-NMR (400MHz, CDCls) 8 1.19 (3H, t, J=7.1 Hz), 2.21 (3H, d,
0.7 Hz), 4.06 (2H, q, &7.1 Hz), 5.10 (1H, d, ~1.2 H2), 5.24 (2H, d, J=1.0 Hz), 7.20 (1H, ddd,
J=0.7, 6.8, 7.8 Hz), 7.28 (1H, dd, /1.0, 8.5 Hz), 7.33 (1H, d, /1.0 Hz), 7.41 (1H, ddd, /1.2,
7.1, 8.3 H2), 7.76 (1H, dt, J~1.0, 8.1 Hz), 9.86 (1H, s); 1*C-NMR (100MHz, CDCls) & 14.2, 16.7,
51.2, 59.8, 110.5, 114.8, 118.4, 121.4, 123.5, 126.3, 127.4, 135.0, 140.3, 153.9, 166.1, 182.4;
HRMS-ESI (m/2): [M + Nal* caled for C1s6H17NNaO3 294.1106; found, 294.1115. Z45: IR (neat)
vmax: 736, 753, 807, 1044, 1146, 1211, 1353, 1373, 1463, 1614, 1666, 1706 cm'l; 'H-NMR
(400MHz, CDCls) & 1.35 (3H, t, &~7.1 Hz), 1.47 (3H, d, /~0.7 Hz), 4.26 (2H, q, &7.1 Hz), 5.85
(1H, d, /1.5 Hz), 6.00 (2H, ), 7.17-7.21 (1H, m) 7.30 (1H, s), 7.39-7.40 (1H, m), 7.74 (1H, dd,
J=0.7, 8.1 Hz), 9.90 (1H, s); 8C-NMR (100MHz, CDCls) & 14.3, 20.9, 45.2, 60.0, 110.9, 117.6,
118.1, 121.2, 123.2, 126.2, 127.2, 135.5, 140.7, 155.0, 166.0, 182.6; HRMS-ESI (m/2): [M + Na]*
caled for C1sH17NNaOs 294.1106; found, 294.1115.
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Ethyl (22)-4-(2-formyl-1 Hpyrrol-1-y1)-3-methyl-2-butenoate (Z47) and E-47

Q | 2 Q
H ; H H
_ N Br/Y "CO,E = . —
H AN _>___¥ g CO,Et
OEt

\

46 E/z-12 E-47 » z-47

To a solution of pyrrole-2-carbaldehyde 46 (3.33 g, 35.00 mmol) in DMF (33 mL), K2COs (5.80
g, 42.00 mmol, 1.2 eq.) and E/Z mixture of 12 (10.87 g, 52.50 mmol, 1.5 eq.) were added at 0°C
under nitrogen atmosphere. After the addition of the reagents was completed, the ice-water
bath was removed and stirred for 25 hr. The reaction was quenched with water, extracted
with AcOEt. The organic extract was washed with water and saturated aqueous NaCl
subsequently, dried over MgSO4 and filtered. The extract was concentrated in vacuo and the
residue was purified by column chromatography on silica gel (Hexane/AcOEt= 1/0 then 93/7)
to give £-47 (2.99 g, 13.51 mmol, 39 % yield) as colorless crystals and Z-47 (2.66 g, 12.04 mmol,
34 % yield) as colorless oil. £-47: mp 46°C; IR (neat) vmax: 749, 850, 1040, 1150, 1223, 1321,
1408, 1480, 1654, 1709 cm'L; TH-NMR (400MHz, CDCls) 8 1.24 (3H, t, /=7.3 Hz), 2.16 (3H, 4,
J=0.7 Hz), 4.11 2H, q, 7.1 Hz), 4.50 (2H, d, J/=0.7 Hz), 5.14 (1H, d, /1.5 Hz), 6.30 (1H, dd,
2.4, 3.9 Hz), 6.89-6.91 (1H, m), 6.98 (1H, dd, ~1.7, 3.9 Hz), 9.53 (1H, d, F1.2 Hz);
13C-NMR (100MHz, CDCls) & 14.2, 16.6, 54.9, 59.8, 110.2, 115.2, 124.7, 131.3, 131.4, 154.1,
166.0, 179.2; HRMS-ESI (m/2): M + Nal* caled for C12H15NNaOs 244.0950; found, 244.0952.
Z-47: IR (neat) vmax* 748, 850, 1040, 1079, 1146, 1213, 1319, 1369, 1409, 1478, 1657, 1710 cm'%;
1H-NMR (400MHz, CDCls) & 1.31 (3H, t, =7.1 Hz), 1.62 (3H, d, /1.0 Hz), 4.20 (2H, q, &7.1
Hz), 5.68 (2H, ), 5.81 (1H, dd, /1.5, 2.7 Hz), 6.26 (1H, dd, /2.4, 3.9 Hz), 6.93 (1H, dd, &1.7,
3.9 Hz), 6.98 (1H, s), 9.56 (1H, d, /=0.7 Hz); 13C-NMR (100MHz, CDCls) § 14.3, 21.3, 48.7, 60.1,
110.3, 118.1, 124.5, 131.7, 132.0, 154.0, 165.8, 179.5: HRMS-ESI (m/z): [M + Nal* caled for
C12H15NNaO3 244.0950; found, 244.0935.

Ethyl (2 B)-4-(5-formyl-4-methyl-1 Fimidazol-1-y])-3-methyl-2-butenoate (£-49) and Z49

0 ]

Ho Br/\K " CO,Et —. . —
N NH NVN% " oo
e CO,Et

48 E/Z-12 E-49 Z-49

To a solution of 4-methyl-5-imidazolecarboxaldehyde 48 (4.71 g, 42.73 mmol) in DMF (90 mL),
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K2COs (7.09 g, 51.27 mmol, 1.2 eq.) and E/Z mixture of 12 (13.27 g, 64.09 mmol, 1.5 eq.) were
added at 0°C under nitrogen atmosphere. After the addition of the reagents was completed,
the ice-water bath was removed and stirred for 24 hr. The reaction was quenched with water,
extracted with AcOEt. The organic extract was washed with water and saturated aqueous
NaCl subsequently, dried over MgSO4 and filtered. The extract was concentrated in vacuoand
the residue was purified by column chromatography on NH silica gel (Hexane/AcOEt= 1/0
then 4/6) to give £49 (3.53 g, 14.95 mmol, 35 % yield) as pale yellow oil and Z-49 (3.34 g,
14.14 mmol, 33 % yield) as pale yellow oil. £+49: IR (neat) vmax' 849, 1047, 1144, 1216, 1312,
1353, 1499, 1660, 1713 cm'l; tH-NMR (400MHz, CDCls) 8 1.25 (8H, t, 1.1 Hz), 2.18 (3H, d,
J=0.7 Hz), 2.54 (3H, 8), 4.12 (1H, q, &7.1 Hz), 4.92 2H, s), 5.23 (1H, m), 7.53 (1H, s), 9.81 (1H,
d, £0.7 Hz); 13C-NMR (100MHz, CDCls) 8 13.4, 14.3, 16.7, 52.8, 60.0, 115.9, 126.2, 142.5,
152.4, 153.3, 165.8, 178.4; HRMS-ESI (m/2: [M + HI* caled for C12H17Nz03 237.1239; found,
937.1211. Z49: IR (neat) vmax: 855, 1050, 1147, 1230, 1352, 1374, 1660, 1707 cm'}; 1H-NMR
(400MHz, CDCls) 5 1.31 (3H, t, /7.1 Hz), 1.69 3H, d, /1.5 Hz), 2.52 BH, s), 4.21 @H, q,
J=7.1 Hz), 5.60 (2H, s), 5.84-5.86 (1H, m), 7.61 (1H, s), 9.85 (1H, d, 0.5 Hz); 13C-NMR
(100MHz, CDCls) 5 13.4, 14.3, 21.5, 46.8, 60.3, 119.1, 126.7, 142.7, 151.8, 153.1, 165.6, 178.6;
HRMS-ESI (m/2): [M + H]* caled for C12H17N203 237.1239; found, 237.1227.

Methyl {3-methyl-1-[(4-methylphenyl)sulfonyl]-4-0xo0-1,2,3,4-tetrahydroquinolin-3-ylacetate
(50)

9 o
O e~ O™
N’\(\cozm N

Ts
E-42 50

To a suspension of E42 (310.0 mg, 0.80 mmol) and 3-benzyl-5-(2-hydroxyethyl)-4
-methylthiazolium chloride (64.7 mg, 0.24 mmol, 0.30 eg) in #BuOH (6.2 mL), triethylamine
(112 pL, 0.80 mmol, 1.0 eg.) was added at rt under argon atmosphere. After stirred at 70°C for
70 hr, water was added, extracted with AcOEt. The organic extract was washed with water
and saturated aqueous NaCl subsequently, dried over MgSOs4 and filtered. The extract was
concentrated in vacuo and the residue was purified by column chromatography on silica gel
(Hexane/Et20= 98/2 then 85/15) to give 50 (282.1 mg, 0.728 mmol, 91% yield) as pale yellow
oil: IR (neat) vmax: 753, 885, 1042, 1078, 1161, 1203, 1351, 1478, 1599, 1687, 1734 cm'
1H-NMR (400MHz, CDCls) 8 1.36 (3H, s), 2.43 (3H, s), 2.55 (1H, d, /16.6 Hz), 3.03 (1H, 4,
J/=16.6 Hz), 3.66 (3H, ), 4.26 (2H, d, &~1.5 Hz), 7.09-7.13 (1H, m), 7.33-7.35 (2H, m), 7.42 (1H,
ddd, #~1.7, 7.3, 8.6 Hz), 7.54 (1H,.d, J=8.3 Hz), 7.79-7.82 (2H, m), 8.02 (1H, dd, ~1.7, 7.8 Hz);
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13C-NMR (100MHz, CDCls) 8 20.7, 21.6, 39.2, 44.8, 51.8, 54.7, 118.7, 122.1, 123.5, 126.7, 129.1,
130.0, 134.4, 187.2, 142.1, 144.3, 171.0, 195.3; HRMS-ESI (m/2: [M + Na]* caled for
C20HzNNaOsS 410.1038; found, 410.1066.

[3-Methoxy-4-oxo-1-(toluene-4-sulfonyl)-1,2,3,4-tetrahydro-quinolin-3-yll-acetic acid methyl
ester (51)

? 0
OMe
O\)\H COQMS w\cone
Y, v
43 51

To a suspension of 43 (21.7 mg, 0.053 mmol) and 3-benzyl-5-(2-hydroxyethyl)-4
-methylthiazolium chloride (14.3 mg, 0.053 mmol, 1.0 eg.) in #BuOH (0.3 mL), triethylamine
(7.4 pL, 0.053 mmol, 1.0 eq.) was added at rt under argon atmosphere. After wormed at 70°C
for 22 hr, the reaction was quenched with aqueous 1 VHC], extracted with AcOEt. The organic
extract was dried over Na2SO4 and filtered. The extract was concentrated in vacuo and the
residue was purified by column chromatography on silica gel (Hexane/AcOEt= 3/1) to give 51
(7.4 mg, 0.018 mmol, 34 % yield) as yellow oil: IR (neat) vmax: 1005, 1040, 1089, 1166, 1229,
1351, 1405, 1460, 1479, 1574, 1599, 1693, 1738, 2257, 2952 cm'}; 'H-NMR (400MHz, CDCls) &
2.36 (8H, ), 2.82 (1H, d, ~15.6 Hz), 2.97-3.13 (4H, m), 3.71 (3H, s), 4.11-4.19 (2H, m),
4.92-5.06 (1H, m), 7.09-7.27 (3H, m), 7.43-7.51 (1H, m), 7.72-7.99 (4H, m); 13C-NMR (100MHz,
CDCls) & 21.5, 84.0, 51.3, 52.0, 53.7, 75.4, 120.7, 122.0, 124.0, 127.8, 129.1, 129.2, 135.0, 136.3,
142.0, 143.9, 170.1, 188.9; HRMS-FAB (m/2): [M + HI* calcd for C20H22NOsS 404.1168; found,
404.1157.

Methyl [3-methyl-1-(methanesulfonyl)-4-0x0-1,2,3,4-tetrahydroquinolin-3-yllacetate (52)

0 0
F

Ms Ms
Z-44 52

To a suspension of Z44 (3114 mg, 1.00 mmol) and 3-benzyl-5-(2-hydroxyethyl)-4
-methylthiazolium chloride (80.9 mg, 0.30 mmol, 0.30 eg.) in #£BuOH (6.2 mL), triethylamine
(139 L, 1.00 mmol, 1.0 eq.) was added at rt under argon atmosphere. After being stirred at
700C for 16 hr, water was added, extracted with AcOEt. The organic extract was washed with
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water and saturated aqueous NaCl subsequently, dried over MgSO4 and filtered. The extract
was concentrated in vacuo and the residue was purified by column chromatography on silica
gel (Hexane/Et20= 98/2 then 73/27) to give 52 (301.1 mg, 0.967 mmol, 97 % yield) as colorless
oil: IR (neat) vmax' 756, 777, 888, 962, 1153, 1203; 1346, 1457, 1479, 1600, 1685, 1732 cm'};
1H-NMR (400MHz, CDCls) § 1.34 (3H, s), 2.52 (1H, d, /~16.6 Hz), 3.02 (1H, d, ~16.6 Hz), 3.18
(3H, s), 3.66 (3H, s), 4.10 (1H, 4, J12.7 Hz), 4.19 (1H, d, &12.7 Hz), 7.17-7.21 (1H, m), 7.55
(1H, ddd, &~1.7, 7.3, 8.6 Hz), 7.67 (1H, d, /8.5 Hz), 8.09 (1H, dd, /1.7, 7.8 Hz); 183C-NMR
(100MHz, CDCls) 8 20.5, 39.2, 39.4, 44.6, 51.9, 53.9, 118.1, 122.0, 123.6, 129.5, 134.8, 142.1,
171.0, 195.7; HRMS-ESI (/2 [M + Nal* caled for C14H17NNaOsS 334.0725; found, 334.0763.

Ethyl (2-methyl-1-0xo0-2,3-dihydro- 1 H-pyrrolo[1,2- alindol-2-yDacetate (53)

0]
H o)
‘>=:/CO SEt — N CO,Et
Z-45 53

To a suspension of Z45 (1357 mg, 0.50 mmol) and 3-ethyl-5-(2-hydroxyethyl)-4
-methylthiazolium bromide (37.8 mg, 0.15 mmol, 0.30 eg.) in 2-BuOH (2.7 mL), triethylamine
(69.7 uL, 0.50 mmol, 1.0 eq.) was added at rt under argon atmosphere. After wormed at 100°C
for 24 hr, water was added, extracted with AcOEt. The organic extract was washed with water
and saturated aqueous NaCl subsequently, dried over MgSO4 and filtered. The extract was
concentrated in vacuo and the residue was purified by column chromatography on silica gel
(Hexane/AcOEt= 1/0 then 96/4) to give 53 (118.6 mg, 0.437 mmol, 87 % yield) as colorless
crystals: mp 61°C; IR (neat) vmax' 746, 804, 999, 1142, 1160, 1190, 1233, 1317, 1343, 1374,
1537, 1709 em'l; YH-NMR (400MHz, CDCls) § 1.15 (3H, t, &=7.1 Hz), 1.43 (3H, s), 2.77 (1H, d,
J=16.8 Hz), 2.89 (1H, d, .~16.8 Hz), 4.08 (2H, q, /7.1 Hz), 4.29 (1H, d, /~11.0 Hz), 4.50 (1H, d,
J=11.0 Hz), 7.06 (1H, d, /=0.7 Hz), 7.18 (1H, ddd, &1.2, 6.6, 8.3 Hz), 7.34-7.42 (2H, m), 7.77
(1H, dt, #<1.0, 7.3 Hz); 13C-NMR (100MHz, CDCls) § 14.0, 23.9, 40.8, 50.9, 52.5, 60.8, 99.8,
110.4, 121.3, 124.0, 125.0, 132.0, 134.0, 185.1, 170.6; HRMS-ESI (m/2): [M + Nal* caled for
C1sH1"NNaOs 294.1106; found, 294.1125. ‘
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Ethyl (2-methyl-1-0x0-2,3-dihydro- 1 H-pyrrolizin-2-yDacetate (54)

0

& H CO |
CO,EL 2Et

Z-47 54

To a suspension of Z47 (221.3 mg, 1.00 mmol) and 3-ethyl-5-(2-hydroxyethyl)-4
-methylthiazolium bromide (75.7 mg, 0.30 mmol, 0.30 eq.) in 2-BuOH (4.4 mL), triethylamine
(139 pL, 1.00 mmol, 1.0 eq.) was added at rt under argon atmosphere. After wormed at 100°C
for 72 hr, water was added, extracted with AcOEt. The organic extract was washed with water
and saturated aqueous NaCl subsequently, dried over MgSO4 and filtered. The extract was
concentrated in vacuo and the residue was purified by column chromatography on silica gel
(Hexane/AcOEt= 1/0 then 9/1) to give 54 (180.6 mg, 0.816 mmol, 82 % yield) as pale yellow oil:
IR (neat) vmax: 739, 1024, 1057, 1186, 1309, 1364, 1527, 1693, 1728 cm'l; *H-NMR (400MHz,
CDCls) & 1.18 (3H, t, &£7.1 Hz), 1.37 (3H, s), 2.69 (1H, d, J/~16.3 Hz), 2.76 (1H, 4, /~16.6 Hz),
4.09 (2H, bq, £1.2, 7.1 Ha), 4.12 (1H, d, £12.2 Hz), 4.44 (1H, d, /~11.7 Hz), 6.54 (1H, dd,
2.4, 4.1 Hz), 6.77 (1H, dd, 0.5, 4.1 Hz), 7.01 (1H, dd, 0.7, 1.2 Hz); 13C-NMR (100MHz,
CDCly) & 14.0, 23.6, 40.7, 50.9, 54.5, 60.7, 108.4, 116.9, 122.7, 130.7, 170.8, 192.5; HRMS-ESI
(m/2): [M + Nal* caled for C12H1sNNaOs 244.0960; found, 244.0960.

Ethyl (1,6-dimethyl-7-oxo-6,7-dihydro-5Hpyrrolo[1,2-dimidazol-6-yDacetate (55) |

}‘%H — }—%L
o = CO,Et

Z-49 55

To a suspension of Z-49 (3544 mg, 150 mmol) and 3-benzyl-5-(2-hydroxyethyl)-4
-methylthiazolium chloride (121.4 mg, 0.45 mmol, 0.30 eg.) in £#BuOH (7.0 mL), triethylamine
(209 pL, 1.50 mmol, 1.0 eq.) was added at rt under argon atmosphere. After wormed at 80°C
for 36 hr, water was added, extracted with AcOEt. The organic extract was washed with water
and saturated aqueous NaCl subsequently, dried over MgSO4 and filtered. The extract was
concentrated in vacuo and the residue was purified by column chromatography on NH silica
gel (Hexane/AcOEt= 1/0 then 4/6) to give 55 (322.5 mg, 1.37 mmol, 91 % yield) as pale yellow
crystals: mp 97°C; IR (neat) vmax' 835, 847, 920, 1032, 1108, 1187, 1226, 1240, 1315, 1345,
1368, 1402, 1572, 1705, 1728 cm'}; 'H-NMR (400MHz, CDCls) 8 1.20 (8H, t, &~7.1 Hz), 1.36
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(3H, ), 2.45 (3H, s), 2.66 (1H, d, ~16.8 Hz), 2.82 (1H, d, .~16.8 Hz), 4.09 (1H, d, /~11.7 Ha),
4.10 (2H, q, ~&7.3 Hz), 4.41 (1H, d, J=11.7 Hz), 7.57 (1H, s); 3C-NMR (400MHz, CDCI3) 5 13.9,
14.0, 23.9, 40.4, 52.3, 52.5, 60.9, 127.7, 134.8, 140.7, 170.5, 190.7; HRMS-ESI (m/4): [M + H]*
caled for C12H17N203 237.1239; found, 237.1219.
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Experiments concerning Chapter 2

(9-2-{[(Trifluoromethylsulfonylloxy}-1,1"-binaphththalen-2-yl trifluoromethanesulfonate
(67

OO CH OO oTf
SN SoN
56 57

To a suspension of (.8)-BINOL 56 (8.59 g, 30 mmol) in CH2Clz (55 mL), pyridine (7.28 mL, 90
mmol, 3.0 eq.) and triflic anhydride (19.75 g, 70 mmol, 2.34 eq.) were added dropwise at 0°C
under nitrogen atmosphere. After the addition of the reagents was completed, the ice-water
bath was removed and stirred for 19 hr. The reaction mixture was passed through silica gel
short column (Hexane/ CHzClz=1/1), concentrated in vacuo to give 57 (16.42 g, 29.83 mmo],
99 % yield) as colorless crystals: IH-NMR (400MHz, CDCls) § 7.25 (2H, d, /6.6 Hz), 7.41 (2H,
ddd, ~1.2, 6.4, 9.0 Hz), 7.59 (2H, ddd, /1.2, 8.3, 9.0 Hz), 7.61 (2H, d, /9.0 Hz), 8.01 (2H, d,
/8.3 Hz), 8.14 (2H, d, 9.0 Hz). 52

(9)-2-Hydroxy-1,1"-binaphthalen-2-yl trifluoromethanesulfonate (56)

OO OH OO OH
SN SON
56

59

B

To a suspension of (§-BINOL 56 (10.00 g, 34.93 mmol) in CHzCle (140 mL), 2,4,6-collidine
(4.62 mL, 34.93 mmol, 1.0 eq.) and Nphenyl trifluoromethane sulfonimide (12.48 g, 34.93
mmol, 1.0 eq) were added at rt. After wormed at 40°C for 14hr, the reaction mixture was
cooled to rt and concentrated in vacuo at 40°C. The residue was purified by column
chromatography on silica gel (Hexane/AcOEt= 1/0 then 15/85) to give 59 (10.98 g, 26.24 mmol,
69 % yield) as brown oil: 1H-NMR (400MHz, CDCls) § 4.96 (1H, bs), 7.00 (1H, 4, /8.3 Hz),
7.22-7.35 (3H, m), 7.41-7.42 (2H, m), 7.55-7.59 (2H, m), 7.86 (1H, d, /=8.0 Hz), 7.94 (1H, d,
J=9.0 Hz), 7.99 (1H, d, ~8.3 Hz), 8.04 (1H, d, ~9.0 Hz). 59
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(9-2'-Phenyl-1,1"-binaphthalen-2-ol (60)

OO OH O OH
g "
59 60

To the suspension of 59 (6.98 g, 16.67 mmol) and NiClz(dppe) (176.0 mg, 0.334 mmol, 0.02 eq.)
in diethyl ether (60 mL), phenylmagnesium bromide (1.0M in THF, 67.0 mL, 66.70 mmol, 4.0
eq.) was added dropwise at rt ﬁnder nitrogen atmosphere. After refluxed for 1 hr, the reaction
was quenched with saturated aqueous NH4Cl, extracted with Et20. The organic extract was
washed with saturated aqueous NH4Cl and water subsequently, dried over MgSOs and
filtered. The extract was concentrated in vacuo and the residue was purified by column
chromatography on silica gel (Hexane/AcOEt= 1/0 then 95/5) and NH silica gel
(Hexane/AcOEt= 1/0 then 6/4) to give 60 (3.97 g, 11.47 mmol, 69 % yield) as colorless
amorphous powder: H-NMR (4OOMIIZ, CDCls) & 4.83 (1H, bs), 7.00-7.13 (7H, m), 7.17-7.33
(4H, m), 7.47-7.51 (1H, m), 7.68 (1H, d, /8.3 Hz), 7.75 (1H, d, /=8.8 Hz), 7.96 (1H, d, /8.3
Hz), 8.05 (1H, d, /8.5 Hz). 59

(9)-6-Nitro-2"-phenyl-1,1"-binaphthalen-2-ol (61)

e
CO OH OH
SO g
60 61

To the solution of 60 (346.4 mg, 1.00 mmol) in Et20 (9.5 mL), aqueous HNO3 (60%, 76 uL, 1.00
mmol, 1.0 eq) was added at —10°C under nitrogen atmosphere. After stirred for lhr at 0°C,
the reaction was quenched with saturated aqueous NaHCOs, extracted with Et20. The
organic extract was washed with water and saturated aqueous NaCl subsequently, dried over
MgSO4 and filtered. The extract was concentrated in vacuo and the residue was purified by
column chromatography on silica gel (Hexane/AcOEt= 1/0 then 9/1) to give 61 (395.7 mg, 1.00
mmol, 100% yield) as yellow crystals: mp 96°C; IR (KBr) vmax' 1637, 1654, 1685, 1735, 3433
cm’l; tH-NMR (400MHz, CDCls) § 5.64 (1H, s), 7.00-7.09 (5H, m), 7.14 (1H, 4, /~9.2 Hz), 7.22
(1H, d, /8.6 Hz), 7.27-7.36 (2H, m), 7.51 (1H, dd, /6.6, 8.4 Hz), 7.65 (1H, d, /8.4 Ha),
7.89-7.92 (2H,m), 7.97 (1H, d, /8.6 Hz), 8.16 (1H, d, /8.3 Hz), 8.68 (1H, s); 13C-NMR
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(100MHz, CDCls) 5, 118.6, 119.5, 120.1, 125.0, 125.6, 126.2, 126.7, 126.8, 127.1, 127.3, 127.6,
127.9, 128.4, 128.5, 128.6, 130.1, 132.7, 133.3, 136.9, 140.3, 142.0, 143.6, 154.5; HRMS-FAB
(m/2): IM + HI* caled for CesH17NOs 391.1208; found, 391.1213; [o)20p +6.4 (1.02, CHCls).

(9-6-Bromo-2'-phenyl-1,1"-binaphthalen-2-ol (63)

Br.
OO OH OO OH
SO OO
60 63

To the solution of 60 (3.74 g, 10.80 mmol) in MeCN (75 mL), NBS (2.02 g, 11.34 mmol, 1.05
eq.) was added at —45°C under nitrogen atmosphere. After gradually wormed to 0°C for 26hr,
the reaction was quenched with water, extracted with AcOEt. The organic extract was washed
with water and saturated aqueous NaCl subsequently, dried over MgSOs and filtered. The
extract was concentrated in vacuo and the residue was purified by column chromatography on
silica gel (Hexane/AcOEt= 1/0 then 97/3) to give 63 (3.30 g, 7.75 mmol, 72 % yield) as pale
yellow amorphous powder: mp 85°C; IR (KBr) vmax: 763, 820, 874, 934, 1045, 1242, 1373, 1494,
1588, 1731 cm’}; 'H-NMR (400MHz, CDCls) 3 4.89 (1H, bs), 6.95 (1H, d, /=9.0 Hz), 7.03-7.11
(5H, m), 7.14 (1H, d, ~8.8 Hz), 7.23-7.26 (2H, m), 7.33 (1H, ddd, 12.0, 6.8, 1.2 Hz), 7.51 (1H,
ddd, /8.1, 6.8, 1.2 Hz), 7.66 (1H, d, /9.0 Hz), 7.68 (1H, d, /~8.3 Hz), 7.90 (1H, d, /2.0 Hz),
7.97 (1H, d, /8.1 Hz), 8.07 (1H, d, /8.5 Hz); 13C-NMR (100MHz, CDCls) 8, 117.0, 118.0,118.3,
126.0, 126.5, 126.8, 127.1, 127.3, 127.8, 128.3, 128.5, 128.6, 128.9, 129.6, 129.79, 129.84, 130.0,
132.6, 132.9, 133.2, 140.6, 141.7, 151.3; HRMSFAB (/2 [M + HI* caled for CsH1OBr
424.0463; found, 424.0498; [a]20p —48.1 (1.01, CHCls).

(9)- 6-Bromo-3-nitro-2"-phenyl-1,1'"-binaphthalen-2-ol (64)

Br Br NOg

OO OH ‘ O OH

YoM SO
64

63

To the solution of 63 (1.30 g, 3.07 mmol) in CHzClz (5.2 mL), aqueous HNOs (85%, 0.82 mL,
3.68 mmol, 1.2 eq) was added at rt under nitrogen atmosphere. After wormed at 400C for

24hr, heptane (24 mL) was added and the crystals were collected by filtration to give 64 (1.32
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g, 2.81 mmol, 92 % yield) as orange crystals: mp 294°C; IR (KBr) vmax' 762, 822, 938, 10686,
1192, 1313, 1353, 1443, 1489, 1520, 1598, 1622 cm'}; 'H-NMR (400MHz, CDCls) § 7.01 (1H, 4,
9.1 Hz), 7.04-7.08 (3H, m), 7.13-7.16 (3H, m), 7.33 (1H, ddd, ~1.2, 6.8, 8.3 Hz), 7.38 (1H, dd,
2.0, 9.0 Hz), 7.50 (1H, ddd, ~1.0, 6.8, 8.1 Hz), 7.65 (1H, d, /8.5 Hz), 7.99 (1H, d, /8.5 Hz),
8.00 (1H, d, ~2.0 Hz), 8.07 (1H, d, ~8.3 Hz), 8.67 (1H, s), 10.13 (1H, s); 13C-NMR (100MHz,
CDCls) &, 119.2, 124.9, 125.5, 125.7, 126.1, 126.9, 126.96, 127.02, 127.2, 127.7, 128.3, 128.4,
128.7, 129.1, 131.6, 132.3, 132.9, 134.0, 134.6, 136.4, 140.8, 141.3, 147.5; HRMS-FAB (m/2):
[M + H]* caled for C26H160sNBr 469.0313; found, 469.0297; [0]20p +7.1 (0.77, CHCla).

(9)-0-(6-Bromo-3-nitro -2"-phenyl -1,1"-binaphthalen-2-yl) dimethylthiocarbamate (65)

To a solution of 64 (0.97 g, 2.07 mmol) in DMF (10 mL), DABCO (0.46 g, 4.14 mmol, 2.0 eq.)
and N, M-dimethylthiocarbamoyl chloride (0.51 g, 4.14 mmol, 2.0 eq.) were added at 0°C
under nitrogen atmosphere. After the addition of the reagents was completed, the ice-water
bath was removed and stirred for 24 hr. Water (20 mL) was added and precipitated crystals
were collected by to give 65 (1.15 g, 2.07 mmol, 100 % yield) as pale yellow crystals: mp 293°C;
IR (KBr) vmax: 762, 822, 914, 1112, 1172, 1227, 1283, 1346, 1396, 1527, 1592 cm'}; 13C-NMR
(100MHz, CDCls) 8, 38.3, 38.7, 43.1, 43.2, 121.6, 124.6, 126.4, 126.5, 126.9, 127.0, 127.1, 127.5,
127.7,127.8, 127.9, 128.2, 128.38, 128.41, 128.5, 128.7, 129.2, 129.5, 130.2, 130.3, 131.6, 132.1,
132.5, 133.3, 134.6, 140.2, 141.00, 141.02, 142.5, 184.8; Anal. caled for C2o0H21BrN:203S: C,
62.48; H 3.80; N 5.03. Found: C, 62.29; H, 3.93; N, 5.03; [a]2%p +5.8 (1.04, CHCl3).

The rotational isomers existed so could not read 'H-NMR.

(8- 5(6-Bromo -3-2'-phenyl -nitro-1,1-binaphthalen-2-yl) dimethylthiocarbamate (66)

pesi, pesH,
Oz(NMeg - . S/(N Me,
SO SO
66

65
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The suspension of 65 (1.11 g, 1.99 mmol) in diphenyl ether (11 mL) was heated at 200°C under
nitrogen atmosphere for 7.5 hr. The resulting oil was purified by column chromatography on
silica gel (Hexane/AcOEt= 95/5) to give 66 (1.02 g, 1.83 mmol, 92 % yield) as colorless crystals:
mp 263°C; IR (KBr) vmax' 764, 822, 924, 1097, 1255, 1364, 1534, 1560, 1671 cm'}; 'H-NMR
(400MHz, DMSO-db) & 2.64 (6H, s), 6.96 (1H, dd, /0.6, 8.4 Hz), 7.00-7.09 (6H, m), 7.31 (1H,
ddd, &£1.2, 6.8, 8.4 Hz), 7.52 (1H, ddd, /1.2, 6.8, 8.0 Hz), 7.62 (1H, dd, /2.0, 8.8 Hz), 7.64
(1H, d, /8.0 Hz), 8.06 (1H, d, ~8.4 Hz), 8.18 (1H, d, /8.4 Hz), 8.46 (1H, d, /2.0 Hz), 8.67
(1H, s); 13C-NMR (100MHz, DMSO-d6) 3, 35.9, 121.5, 121.6, 123.6, 123.7, 125.1, 125.6, 126.3,
126.4, 127.0, 127.4, 127.6, 127.9, 128.4, 128.6, 128.7, 130.8, 130.9, 131.4, 131.8, 132.0, 138.9,
139.9, 144.3, 150.2, 162.4; Anal. caled for CeaH21BrN203S: C, 62.48; H 3.80; N 5.03. Found: C,
62.10; H, 3.93; N, 5.04; [o]20p +6.9 (0.884, CHCla).

(9- 6-Bromo-9-(2-phenyl-1-naphthyl)naphtho[2,3-dl[1,3lthiazol-2(3 H)-one (68)

H
geei: geos
—0
S/(NMez . S
90 o
66 68

The suspension of 66 (1.02 g, 1.84 mmol) in acetic acid (28 mL), conc. HC1 (4.0 mL, 47.74 mmol,
10.0 eq.) was added at rt. After stirred at 90°C for 30 min, cooled to 0°C and the precipitated
crystals Were collected by filtration to give 68 (0.73 g, 1.52 mmol, 83 % yield) as colorless
crystals: mp >3000C; IR (KBr) vmax' 760, 818, 886, 930, 1028, 1073, 1217, 1415, 1493, 1619,
1683 cm'l; 'H-NMR (400MHz, CDCls) & 6.99-7.10 (7H, m), 7.20 (1H, d, /9.2 Hz), 7.28-7.32
(3H, m), 7.51 (1H, ddd, £1.5, 7.3, 7.6 Hz), 7.65 (1H, d, /8.6 Hz), 7.94 (1H, d, F1.5 Hz), 7.99
(1H, d, /8.3 Hz), 8.08 (1H, d, ~8.6 Hz); 13C-NMR (100MHz, CDCls) &, 105.8, 112.1, 120.3,
125.7, 126.3, 127.1, 127.2, 127.4, 127.7, 128.4, 128.5, 128.6, 128.9, 129.5, 131.0, 131.5, 133.0,
134.1, 138.8, 140.1, 140.6, 168.1; HRMS-ESI (m/2): M + HI* caled for C2rH17BrNOS 482.0214;
found, 482.0219.; [a]20p —7.2 (0.802, CHCla).
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(9- 6-Bromo-9-(2-phenyl-1-naphthyl)-3-ethylnaphthol2,3-dl[1,3]thiazol-2(3 H)-one (70)

Et

CCrde -

oou
68 70

To the solution of 68 (1.00 g, 2.07 mmol) in THF (10 mL), 2-Buli (1.55M in hexane, 1.3 mL,
2.07 mmol, 1.0 eq.) and iodoethane (199 uL, 2.49 mmol, 1.2 eq.) were added dropwise. After
stirred at 60°C for 24 hr, the reaction was quenched with aqueous 1N HC], extracted with
AcOEt. The organic extract was washed with water, saturated aqueous NaHCOs and
saturated aqueous NaCl subsequently, dried over MgSO4+ and filtered. The extract was
concentrated in vacuo and the residue was purified by column chromatography on silica gel
(Hexane/AcOEt= 95/5 then 82/18) to give 70 (0.99 g, 1.95 mmol, 94 % yield) as colorless
crystals: mp >300°C; IR (KBr) vmax: 761, 828, 850, 1051, 1226, 1246, 1295, 1428, 1446, 1458,
1510, 1620, 1678 cm'}; 'H-NMR (400MHz, CDCls) 5 1.39 (3H, d, ~7.3 Hz), 3.92-4.01 (1H, m),
4.05-4.13 (1H, m), 7.00-7.15 (6H, m), 7.20 (1H, d, 9.0 Hz), 7.25-7.32 (8H, m), 7.51 (1H, dd,
J=7.1,7.8 Hz), 7.65 (1H, d, /~8.3 Hz), 7.99 (1H, d, /8.1 Hz), 8.03 (1H, d, .5~2.0 Hz), 8.09 (1H,
d, J/=8.5 Hz); 13C-NMR (100MHz, CDCls) & 12.6, 37.9, 104.9, 120.2, 125.7, 126.3, 126.5, 127.0,
127.3, 127.6, 128.2, 128.3, 128.5, 128.6, 128.9, 129.5, 129.6, 131.2, 131.4, 132.9, 133.0, 136.2,
140.1, 140.6, 169.9 ; HRMS-ESI (m/2): [M + H]* caled for C2sH21BrNOS 510.0527; found,
510.0526.; [a]2%p +3.0 (0.523, CHCla).

(8- 6-Bromo-3-(ethylamino)-2"-phenyl-1,1-binaphthalen-2-yl hydrosulfide (71)
(9- 6-Bromo-3-ethyl-9-(2-phenyl-1-naphthyl)-naphthol2,3-dl[1,3]thiazol-3-ium chloride (72)

Br Et Br NHEt Br ,\if
O O L e
g SH S
g™ g QU
70 71 72

A carefully degassed suspension of 70 (388.3 mg, 0.761 mmol) in aqueous 2N NaOH (6.1 mL),
ethylene glycol (6.1 mL) and diglyme (6.1 mL) was stirred at 150°C for 2hr under nitrogen
atmosphere. The reaction mixture was cooled to rt, then diluted with AcOEt. The organic

extract was washed with saturated aqueous NH4Cl and water subsequently, dried over
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MgSOs4 and filtered. The extract was concentrated in vacub to give crude 71 (412.4 mg). Crude
71 was suspended in triethyl orthoformate (2.3 mL) under nitrogen atmosphere, then HC1 (4N
in AcOEt, 0.76 mL) was added at rt. After stirred for 18 hr, precipitated crystals were
collected to give 72 (382.0 mg, 0.7196 mmol, 95 % yield) as pale yellow crystals. 71: tH-NMR
(400MHz, CDCls) & 1.35 (3H, t, &~7.2 Hz), 2.80 (1H, bs), 3.23 (2H, q, /7.2 Hz), 4.28 (1H, bs),
6.72 (1H, ), 6.85 (1H, d, =9.0 Hz), 7.06-7.15 (TH, m), 7.28 (1H, ddd, /~1.2, 6.8, 8.3 Hz), 7.47
(1H, ddd, J~1.0, 6.8, 8.1 Hz), 7.65 (1H, d, /8.3 Hz), 7.77 (1H, d, J=1.7 Hz), 7.96 (1H, d, /8.1
Hz), 8.04 (1H, d, 8.3 Hz). 72: mp 150°C with decomposition; IR (KBr) vmax 703, 764, 820,
893, 919, 1065, 1308, 1335, 1425,1494, 1482, 1574, 1610 cm'l; TH-NMR (400MHz, CDCls) &
1.81 (3H, t, /7.3 Hz), 5.15 (1H, m), 5.36 (1H, m), 6.83 (1H, d, /8.5 Hz), 6.95-7.06 (5H, m),
7.30 (1H, ddd, ~1.2, 6.8, 8.3 Hz), 7.56 (1H, ddd, /1.0, 6.8, 8.1 Hz), 7.61 (1H, s), 7.67 (1H, dd,
J=2.0, 9.3 Hz), 7.74 (1H, d, /8.5 Hz), 8.06 (1H, d, /8.1 Hz), 8.22 (1H, d, /8.5 Hz), 8.44 (1H,
d, 1.7 Hz), 8.45 (1H, s), 12.73 (1H, s); 3C-NMR (100MHz, CDCls) 5 14.9, 49.0, 13.5, 123.2,
124.8, 126.7, 127.6, 127.7, 127.8, 128.0, 128.2, 128.4, 128.6, 128.8, 130.0, 130.9, 131.0, 131.3,
132.6, 132.8, 133.4, 135.8, 137.0, 139.6, 140.4, 170.0; HRMS-FAB (m/2): M -Cl']* caled for
CesH21BrNS 494.0578; found, 494.0534.; [a]20p -3.0 (0.544, CHCls).

(8)-3-Ethyl-9-(2-phenyl-1-naphthyl)-6-pyrrolidin-1-yl-naphthol2,3-dl[1, 3]thiazol-2(3 A)-one
(73)

Et
Br Et G“ OO N)=O
OO s>= ° S
SoN
70 73

A suspension of 70 (411.0 mg, 0.805 mmol), Pd(OAc)z (9.0 mg, 0.040 mmol, 0.05 eq.), BINAP
(75.2 mg, 0.121 mmol, 0.15 eg), sodium tbutoxide (108.4 mg, 1.127 mmol, 1.4 eq) and
pyrrolidine (134 pL, 1.611 mmol, 1.2 eg) in toluene (8 mL) was stirred at 75°C for 3hr under
nitrogen atmosphere. The reaction mixture was cooled to rt, and was quenched with aqueous
1N HCI, extracted with toluene. The organic extract was washed with water, saturated
aqueous NaHCOs and saturated aqueous NaCl subsequently, dried over MgSO4 and filtered.
The extract was concentrated in vacuo and the residue was purified by column
chromatography on silica gel (Hexane/AcOEt= 1/0 then 9/1) to give 73 (365.7 mg, 0.730 mmol,
91 % yield) as pale yellow crystals: mp 283°C with decomposition; IR (KBr) vmax: 701, 760, 806,
838, 849, 1140, 1225, 1294, 1421, 1446, 1458, 1510, 1620, 1676 cm 1H-NMR (400MHz,
CDCly) § 1.37 (3H, t, /7.1 Hz), 2.02-2.06 (4H, m), 3.36-3.42 (4H, m), 3.88-3.97 (1H, m),
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4.02-4.12 (1H, m), 6.75 (1H, 4, J/=8.8 Hz), 7.02-7.06 (3H, m), 7.15-7.20 (56H, m), 7.24-7.30 (2H,
m), 7.47 (1H, ddd, /1.5, 6.8, 8.2 Hz), 7.64 (1H, d, .=8.5 Hz), 7.95 (1H, d, ~8.1 Hz), 8.04 (1H,
d, J=8.3 Hz); 13C-NMR (100MHz, CDCls) 12.8, 25.6, 37.7, 47.7, 104.07, 104.14, 114.6, 120.1,
123.7, 125.9, 126.2, 127.5, 128.0, 128.5, 128.7, 128.9, 130.8, 131.9, 132.4, 133.9, 135.7, 139.6,
140.9, 145.6, 170.0; HRMS-FAB (m/%): [M + H]* caled for C3sHzsON2S 500.1922; found,
500.1934; [o]20p -2.5 (0.572, CHCls).

(9-3-(Ethylamino)-2'-phenyl-6-pyrrolidin-1-yl-1,1'-binaphthalen-2-yl hydrosulfide (74)
(9-3-Ethyl-9-(2-phenyl-1-naphthyl)-6-pyrrolidin-1-yl-naphthol2,3- dl[1,3]thiazol-3-ium
chloride (75)

(g U S
C Ph O Ph --Ph
73 74 5

A carefully degassed suspension of 73 (806.3 mg, 1.610 mmol) in aqueous 2N KOH (8.1 mL),
ethylene glycol (8.1 mL) and diglyme (8.1 mL) was stirred at 160°C for 2hr under nitrogen
atmosphere. The reaction mixture was cooled to rt, then diluted with AcOEt. The organic
extract was washed with saturated aqueous NH4Cl and water subsequently, dried over
MgSO4 and filtered. The extract was concentrated in vacuo to give crude 74 (1.04 g). Crude 74
was suspended in triethyl orthoformate (16 mL) under nitrogen atmosphere, then HCl (4N in
AcOEt, 4 mL) was added at rt. After stirred for 18 hr, precipitated crystals were collected to
give 75 (692.9 mg, 1.311 mmol, 81 % yield) as pale yellow crystals. 74: 1H-NMR (400MHz,
CDCls) & 1.23 (3H, t, /&~17.3 Hz), 1.97-2.00 (4H, m), 3.28-3-33 (6H, m), 4.47 (1H, d, J=6.1 Hz),
4.57 (1H, d, /=6.3 Hz), 6.45 (1H, s), 6.47 (1H, d, /2.7 Hz), 6.58 (1H, d, ~2.4 Hz), 6.88 (1H, d,
J=9.0 Hz), 7.08-7.24 (6H, m), 7.37 (1H, d, /~7.8 Hz), 7.44 (1H, ddd, ~1.2, 7.8, 8.1 Hz), 7.62
(1H, d, &~8.5 Hz), 7.91 (1H, d, /8.3 Hz), 7.98 (1H, 4, /8.3 Hz). 75: mp 284°C with
decomposition; IR (KBr) vmax: 701, 762, 831, 1032, 1248, 1382, 1451, 1506, 1541, 1615 cm'};
TH-NMR (400MHz, CDCls) § 1.77 (3H, t, J&=7.1 Hz), 2.10-2.14 (4H, m), 3.46-3.50 (4H, m), 4.99
(1H, dt, J~7.1, 14.2 Hz), 5.28 (1H, dt, ~7.3, 14.4 Hz), 6.93-7.07 (7H, m), 7.14 (1H, dd, /2.4,
9.2 Hz), 7.29 (1H, ddd, ~1.2, 6.8, 11.5 Hz), 7.52-7.56 (2H, m), 7.72 (1H, d, <~8.3 Hz), 8.03-8.05
(2H, m), 8.18 (1H, d, /8.8 Hz), 12.35 (1H, s); 13C-NMR (100MHz, CDCls) 5 14.8, 25.5, 47.7,
48.2, 103.1, 110.1, 120.0, 125.4, 126.6, 126.8, 127.3, 127.49, 127.53, 128.0, 128.4, 128.50,
128.54, 130.1, 130.5, 131.7, 132.9, 135.4, 137.2, 140.0, 167.0; HRMS-FAB (m/2): [M -CL]* calcd
for CssoF20N2S 485.2051; found, 485.2084; [0]20p —2.5 (0.684, CHCls).
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(9-2-[2'-(1,3-Thiazol-2-y])-1,1'-binaphthalen-2-yll-1,3-thiazole (96)
(9)-2"-(1,3-Thiazol-2-yD-1,1'-binaphthalen-2-yl trifluoromethanesulfonate (97)

OO ot O‘ y J OO ]
— %+ .

g SORENG Ok
57

96 97

A suspension of 57 (110.1 mg, 0.200 mmol), Pd(OAc): (13.5 mg, 0.060 mmol, 0.3 eq), dppb
(25.6 mg, 0.060 mmol, 0.35 eg.), K2COs (55.3 mg, 0.400 mmol, 2.0 eg), LiCl (21.2 mg, 0.500
mmol, 2.5 eq.) and 2-trimethylsilyl thiazole (314.6 mg, 2.00 mmol, 10.0 eg) in DMF (3 mL)
was stirred at 140°C for 17hr under nitrogen atmosphere. The reaction mixture was cooled to
rt, and was quenched with aqueous 1VHC], extracted with toluene. The organic extract was
washed with water, saturated aqueous NaHCOs and saturated aqueous NaCl subsequently,
dried over MgSO4 and filtered. The extract was concentrated in vacuo and the residue was
purified by column chromatography on silica gel (Hexane/AcOEt= 1/0 then 85/ 15) to give 96
(26.1 mg, 0.062 mmol, 31 % yield) as yellow crystals and 97 (5.4 mg, 0.011 mmol, 6 % yield) as
pale yellow crystals. 96: mp 244°C with decomposition; IR (neat) vmax: 727, 745, 823, 848, 1034,
1058, 1156, 1261, 1312, 1481 cm'l; tH-NMR (400MHz, CDCls) 5 6.97 (2H, d, J=3.2 Hz), 7.17
(2H, d, J=8.5 Hz), 7.23 (1H, ddd, 1.0, 7.3, 7.8 Hz), 7.50 (2H, d, /1.0, 7.1, 7.8 Hz), 7.69 (2H,
d, &3.2 Hz), 7.98 (2H, d, /8.3 Hz), 8.19 (2H, d, 9.0 Hz), 8.75 (2H, d, /8.8 Hz); 13C-NMR
(100MHz, CDCls) § 121.2, 126.2, 126.4, 127.2, 127.3, 128.0, 129.6, 132.4, 133.1, 133.4, 134.3,
141.7, 165.0; HRMS-EI (m/2: [M]* caled for C26HisN2Sz 420.0755; found, 420.0728. 97:
1H-NMR (400MHz, CDCls) 5 6.99 (1H, d, 3.2 Hz), 7.23-7.31 (H, m), 7.45-7.53 (3H, m), 7.65
(1H, m), 7.71 (1H, d, /3.2 Hz), 7.94-7.98 (2H, m), 8.05-8.09 (2H, m), 8.61 (1H, d, /~8.8 Hz);
13C-NMR (100MHz, CDCls) & 120.9, 125.4, 125.96, 126.04, 126.2, 126.5, 126.6, 126.7, 127.4,
127.8, 128.2, 128.3, 129.1, 129.5, 130.7, 133.2, 133.4, 133.6, 133.9, 135.5, 136.2, 141.4.

(9- 2'-(4-Methyl1,3-thiazol-2-y])-1,1"-binaphthalen-2-ol (98)

) SN,
OTf /
. S
SO
60 98

A suspension of 60 (83.7 mg, 0.200 mmol), Pd(OAc)z (13.5 mg, 0.060 mmol, 0.3 eq.), dppb (25.6
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mg, 0.060 mmol, 0.30 eq.), K2COs (55.3 mg, 0.400 mmol, 2.0 eq.), LiCl (21.2 mg, 0.500 mmol,
2.5 eq) and 4-methyl-2-trimethylsilyl thiazole 94 (342.7 mg, 2.00 mmol, 10.0 eg.) in DMF (3
mL) was stirred at 140°C for 18hr under nitrogen atmosphere. The reaction mixture was
cooled to rt, and was quenched with aqueous 1V HCI, extracted with toluene. The organic
extract was washed with water, saturated aqueous NaHCO3s and saturated aqueous NaCl
subsequently, dried over MgSO4 and filtered. The extract was concentrated in vacuo and the
residue was purified by column chromatography on silica gel (Hexane/AcOEt= 1/0 then 3/1) to
give 98 (53.6 mg, 0.146 mmol, 73 % yield) as pale pink crystals: mp 200°C; IR (neat) vmax: 742,
812, 869, 1037, 1279, 1342, 1435, 1505, 1622 cm'l; ‘H-NMR (400MHz, CDCls) § 2.39 (3H, s),
5.41 (1H, s), 6.60 (1H, d, ~1.0-Hz), 6.94 (1H, d, /8.5 Hz), 7.16 (1H, ddd, ~1.2, 6.8, 8.4 Hz),
7.27-7.36 (4H, m), 7.52 (1H, ddd, J~=1.5, 6.6, 8.2 Hz), 7.87 (1H, d, 8.1 Hz), 7.95 (1H, d, /8.1
Hz), 8.00 (1H, d, J=9.0 Hz), 8.07 (1H, d, ~=8.8 Hz), 8.61 (1H, d, 8.8 Hz); 18C-NMR (100MHz,
CDCls) § 17.0, 116.3, 116.6, 118.3, 123.7, 124.1, 126.4, 126.5, 127.0, 127.2, 127.3, 128.0, 128.1,
129.4, 129.5, 131.1, 132.6, 133.2, 134.0, 134.1, 151.7, 152.1, 164.5; HRMS-EI (m/2): [M]* calcd
for C24H17NOS 367.1031; found, 367.1052.

(9- 2-(1,3-Thiazol-2-y1)-1,1"-binaphthalen-2-o0l (99)

N
SO sol;
0
eoN o
60 99

A suspension of 60(83.7 mg, 0.200 mmol), Pd(OAc)z (13.5 mg, 0.060 mmol, 0.3 eg.), dppb (25.6
mg, 0.060 mmol, 0.30 eq.), K2COs (55.3 mg, 0.400 mmol, 2.0 eq.), LiCl (21.2 mg, 0.500 mmol,
2.5 eq.) and 2-trimethylsilyl thiazole 95 (314.6 mg, 2.00 mmol, 10.0 eq.) in DMF (3 mL) was
stirred at 140°C for 17hr under nitrogen atmosphere. The reaction mixture was cooled to rt,
and was quenched with aqueous 1NV HCL, extracted with toluene. The organic extract was
washed with water, saturated aqueous NaHCO3 and saturated aqueous NaCl subsequently,
dried over MgSOy and filtered. The extract was concentrated in vacuo and the residue was
purified by column chromatography on silica gel (Hexane/AcOEt= 1/0 then 3/1) to give 99
(50.2 mg, 0.142 mmol, 71 % yield) as pale yellow crystals: mp 239°C; IR (neat) vmax: 723, 747,
822, 1126, 1138, 1163, 1203, 1354, 1467, 1594, 1618 cm'; 1H-NMR (400MHz, CDCls) § 5.25
(1H, s), 6.95 (1H, d, 8.1 Hz), 7.05 (1H, d, /=3.2 Ho), 7.18 (1H, ddd, 1.2, 6.8, 8.3 Hz),
7.28-7.37 (4H, m), 7.54 (1H, ddd, ~1.5, 6.6, 8.1 Hz), 7.72 (1H, d, /3.2 Hz), 7.88 (1H, d, J=8.1
Hz), 7.97 (1H, d, /8.3 Hz), 8.02 (1H, d, J&~9.0 Hz), 8.10 (1H, d, &~9.0 Hz), 8.65 (1H, d, /8.8
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Hz); 13C-NMR (100MHz, CDCls) 8 116.3, 118.4, 121.8, 123.8, 124.0, 126.2, 126.6, 127.1, 127.27,
127.32, 128.0, 128.1, 129.2, 129.4, 129.5, 131.2, 132.4, 133.1, 133.9, 134.1, 141.6, 152.2, 165.3;
HRMS-EI (m/2): [M]* caled for CosH1sNOS 353.0874; found, 353.0896.
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