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Ac
acac
AChE
AIBN
aq

Ar
BIPHEP
Bn
Boc
br

Bu

Bz

c

.

cod
COX

dd

ddd

dq
DMAP
DMF
DMSO
dtbbpy
EDC
ee

eq.

ESI

Et

g
hexane
HPLC

AB quartet

acetyl

acetylacetonato

acetyl cholinesterase
2,2’-azobisisobutyronitrile
agueous

aromatic, aryl
2,2’-bis(diphenylphosphino)-1,1°-biphenyl
benzyl

tert-butoxycarbonyl

broad

butyl

benzoyl

cyclo

concentrated
1,5-cyclooctadiene
cyclooxygenase

doublet

doublet of doublets

doublet of doublets of doublets
doublet of quartets
4-dimethylaminopyridine
dimethyl formamide

dimethyl sulfoxide
4,4’-di-tert-butyl-2,2’-bipyridyl
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
enantiomeric excess
equivalent

electrospray ionization

ethyl

gas

n-hexane

high-performance liquid chromatography



HRMS high resolution mass spectrum

i iSO

IL interleukin

IR infrared

m multiplet

Me methyl

Mp melting point

MS mass spectrum

MS 4 A molecular sieves 4 A

MW microwave

n normal

n.d. not detected

NMR nuclear magnetic resonance
NOESY nuclear Overhauser enhancement and exchange spectroscopy
Np naphtyl

NSAIDs non-steroidal anti-inflammatory drugs
Ph phenyl

ppy 2-phenylpyridyl

Pr propyl

PTSA p-toluenesulfonic acid

q quartet

gt quartet of triplets

quant. quantitative

r.t. room temperature

S singlet

S secondary

t triplet

t tertiary

td triplet of doublets

TFAA trifluoroacetic anhydride
THF tetrahydrofuran

TLC thin layer chromatography
TMS trimethylsilyl

Ts p-toluenesulfonyl

[3,3] [3,3]-sigmatropic rearrangement
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GEFBAT ORI, EARCREHAR R & OAEMTEB OMERF I EE B 2 R - L
TWH7ETF T, BETREN TV ARG FEERAEO L EICHsEKE LTEENR
T, Y LEBR-T, GEFZAT nBILEW & HE ) ORE IR T DB 72 2 7 Eim O
BIZ&IE, DM AIBEIIIE AT 5 7o OEBE/RFEO—DTH 5,

FIT, BEFB~ATURESKTHT-OOIE L L THAA I UICEH L, Ko,
et I VNSRRI RIS E G T HDANFEG BRERPIREE LTERINTEY ., 0%
BAFH LTtz OGS ST D, BilZIE, 1,2-8 L0 LAMINRIGRA X o EH
DOREMEEZFIAT AR, I E A I v 2T oz & LTHWEBRIBAIN S &
DBRFE SHL, HEx B EREAT e BRILAEMO A~ EFIA S T2 (Figure 1), * Lo
L, 8B A IV EET OMNVZREE LTRIA LIEEERA~T 2 BBOARENTIZE A L
<. ZOBRITHEA I VHO I LR DA HAMOIERIZOR N D LIRS D,

P A (Michael acceptor)

{1 ,2-addition acceptor} — \'}‘

R

—

azadiene

Figure 1. Conjugated imines.

ORI RBEEND, FEEITIEA I VO TR ISTEDO B &~ T n A RGE
ORFEZEHME LT, AXVEREI T2 /)X VEBLN T 2= 0T I KeHT 5 H%
A ~DTIHNMEE T T2 KV BKEOBRRBIZET L, Thbb, 3t
BAX ATV IABLOHKEE RT VU IANE, T U BABIBAIB L O=TF LT O
NMRERD NV ZTFNART ERES®ED & TV INAAMIMBISIZ L0 AT 5 N-R U v
TSI 20 [33]- 7~ hr b —iifr, ABRBIOT 7 ¥ 2Mbvdfn T L, 3 Bk
~TREADELND EFE 2T (Scheme 1),

RO,C Et.__CO,R Et.__CO,R Et
| W; 0
Et,B N
SRR G IR B
X X~ \BEtZ XH ~BEt, X
1A (X = O) 2A, A' 3A, A’ 4Aa, A'a
1A' (X=NH) - -

Scheme 1. Strategy for the synthesis of tricyclic heterocycles.
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TUOIC, EAF T L2—T VD NI )T DT NWATI— 86 S Z 5 L7z (Table
1), ¥, =F LT AT NLERETLHAZHANT R AFATAI=ULFER TR =F
IWIRT v E DG EBIRTHRE Lc, ZORER, WIfF L7 FI VRIS EITL, XY
7 1[2,3-b] 1 —/L 4Aa A3 50% DU exo :endo = 1 : 1 ONARERMETE S 72 (entry 1),
WIZ, TAT A ORFEIZONTHFILIZEZ A, XU F TN A R T 2= VAT )V E
BT 5 6A ZHNTHE, VA ABIEHFIET, BIRTHIERE S NITHETL, 5% L KD
BWERTR Y 7a o —/L4ha 35607 (entry 4) (55 1 =4 1 &% 1 ),

Table 1. Domino reaction of conjugated oxime ethers.

Et Et
H O H 0}
@L N cOR —EB_ _NH NH
o= benzene o H g H

5A, 6A exo-4Aa endo-4Aa
entry substrate additive temp. yield (%)a)

1 5A (R = Et) MeszAl r.t. 50

2 5A (R = Et) MesAl reflux 64

3 6A (R=CgF5) MesAl reflux 88

4 6A (R = CgF5) - r.t. 95

a) Ratio of stereoisomers: exo/endo =1 : 1.

WIZ, AR BISEDORSHRREIZ DWW THELZ LTz (Scheme 2), £9°. R x=F/LAKRT
VINBRAETILIZTFNT AN A X AT —T L 6A OPBALITALERINAGIZ AN LT
TFI=NTTUINT Elpolztk, NI ZTFART Lo THife S, AU =)
8 AT 5, WIT, 8 D[33]-v 7~ b —#ifir <. a-7 U —/A I 9a DFABRIC
XV 2-7I /e RaxXr Y77 10a BEKT D, wEIZ, 77 % MEnEITL TR
Yuurua—LahaNMELNTEEZ LD (1 EF 1 2 H),

Et;B + O,
L . 1. R
Eto d O
|
O,NWCOQR O/NWCO2R N CO,R

radical

i
P addition 7 Et EtB
6A (R = CqFs) g Et
Et Et
H CO,R H (o)
HO BE, I
"33 o o N COR~ NH ——————
[3,3] Et,B™ cyclization O H lactamization O H
%9a Et 10a 4Aa

Scheme 2. Plausible reaction pathway.
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WIZ, XV LABBRF FICHFEET IR P UBOBHIL R ICHOWTHRE LT
(Scheme 3), = DFEHR, BT RBIEAEFTHEEDIZ ) DNE TG EREETHREELY %)
BN IERHEITT D Z ENA SN E o7 (5515 1 i 35, ¥

Et 4Ba (R = 5-CF3): 89%

_ H O 4ca (R =5-Me): 56%
R EtB 5 2 Ny 4Da(R=5-Br): 65%

X O,NWCOZC6F5 R— | 4Ea (R = 7-CF3): 73%
benzene A O H 4Fa (R = 7-Me): 48%
6B-G reflux 7 4Ga (R = 7-Br): 71%

4Ba-Ga

Scheme 3. Substituent effect.

Wiz, AT AN ERAETHT XL T VN E AN R RS ERE LT
(Scheme 4), ZDOFER, CINLITkkAx REME LT oY 7n e —ARIERRE<AGL
iz, Fio, BEBREWNT L2 38D tert-7 F /LT U H L & DG TIE exo-4Ae 53 L R®R
RN HND Z ERHALNERoT- (5 1 EF 2 i),

R R
H// -3 _0O H -3 _0O
( l _N CO,CeFs— 3 +
O TS benzene ©\/O</’\Hf <J\)O<K\HT//
fl
6A refiux exo-4Ab-Ae endo-4Ab-Ae

4Ab (R = EtO,CCH,): 67% (exo : endo=1: 1)
4Ac (R =/Pr): 81% (exo:endo=2:1)

4Ad (R = c-Pentyl): 62% (exo : endo = 3 : 2)
4Ae (R = tBu): 98%? (exo : endo =>10: 1)

a) In the presence of Nay,S,03

Scheme 4. Domino reaction with various alkyl iodides.

BT, ARISEARFINRET 2720, W77 —ANVZ LEREMELE LTH
FTOHREAF VATV 11 ZHNCYT AT UARIRN N/ BKSEBRE L7
(Scheme5), MU AFAT NI = LFEET, 7 F= KU /H, -40°C TZ VAKX
NE{ToTlmE 2 A, Ry 7ubEr—/L4Aa D 76% DU, endo : exo = 3 1 1 DOILIREER
PECHELNT, 728, endo K TH S (3S,3aS,8aR)-4Aa D HAME L 93% ee THH7- (B 1
w3 E), Y



Et Et

H e H, js~7°
\ v
o MeCN O 'H o H

-40 °C to reflux
(3S,3aS,8aR)-4Aa (3S,3aR,8aS)-4Aa
57% yield, 93% ee 19% yield

Scheme 5. Diastereoselective domino reaction.

Lt Xz, O-7 )V —NIERAFL LA —FT I NI ZF LRI UV ERESED &
Z BNV E[3,3]-3 7~ b v B — a7 S 03 @?éh J BIROEBHEIT L, N
Y7uvuo—AngEeonsZEERHLE (B 1E), °

WIZ, ke RT Y 12A O R BT DA AN — 80 S E it LTz, & OfEE,
WAL AT —F VOIS EITRRY, Baaaf Ly Ry UAa ITELNRT, 42 R—
JV13Aa AERKT S Z L AZRH L7 (Scheme 6), F7=. A AfiEE LT3 vLlignZ SN
T2 L RIS NRINTHEITT 5 2 L WAL E e o7 (55 2 23 1), O ARG TIZ, £
TZFNT AN L VAR T D N-RU LB RV 16 D[33]-v 7/~ hu
VB LOPHBRDEIT L, 227X /A > RU 16 BAERKT 5, Fitl\ T, 16 DR Y LT
S UDOBBEEE D FERSET L, 1BRAa GO EEZXBND, ThRbH, AKRUSTIE
ZTh /I/WJD}im & Fischer A > R — L&A B EI T L TWD Z EHA L (38
2 T 2 Fy, °

Et CO,Et Et
2
Me0\©\ Et,B, Znl, M€O \ MeO ©
30, 2 e
_N COEt ———2»

NS MeCN N NH

12A reflux H N

13Aa: 89% H

Ete l radical addition T 14Aa

OMe
Et
CO,Et
HN MeO

NN

|
_N CO,Et > NH
BB Y Fischer-type N BEt
15 Et indolization 16"

Scheme 6. Domino reaction of conjugated hydrazone.

Iz, e RT VOB VB EOBHEZNRIZOWTHRET L7z (Scheme 7), Zd
FERL. NTNICEFHEEEZ G T 2 EN D ITPREDINERTA > K—/L 13Ba-Fa 155



Nz, L, Z7x=)Lt KTV 12G & DR TIEA v~ F—/L 13Ga ITEB & L ARk
B \aF 2T 5EEEORMNIBWWTH A~ K—/L 13Ha, 13la 1HEIR T LM
SN ots (F 2 =i 3 ), ©

o 13Ba (R = BnO): 61%
CO,Et 13Ca (R =AcHN): 66%

R = 13Da (R = MeS): 57%
\©\ Et3B, Znl, N 13Ea (R = Me): 60%
N N X CO2E TN 13Fa (R = tBu): 47%
H e N 13Ga (R = H): trace
reflux H

13Ha (R = F): 28%

13Ba-|
a-la 13la (R = Cl): 17%

Scheme 7. Substituent effect.

SIHZ, Na T AT VXN ERET TN T N ERANWT R ARG
#f L7z (Scheme 8), F DR, = AT /L DofLITHEA 2T VX VEBIELEZET 5 A 2 K—
JUEERR T F L 13Ab-Ah OAFRICHKL) LTz (3 2 45 4 #), ©

MeO CO,Et
\©\ N cop X ELB. Znl, MeO N
P 2 >
N N MeCN N
12A reflux H
13Ab-Ah: 22-95%

R = iPr, sBu, c-Pentyl, c-Hexyl
Bn, EtO,CCH,, NCCH,

Scheme 8. Domino reaction with various alkyl halides.

UEDX 52, N7V =B RTI V0 NV F VAT v EDORSTIE, 701
B & Fischer A > R— L& RRDERET 5 R VKSR ET T2 Z ¢ 2 /RE L
(45 2 &), ©

RO RV U E2EEE LT VNI — 860 O BRI W T, 3 kT Y
TV EFET S I b tert-7 F L EDORILTIE, tBuEDOEAINT-A > F—/L 13Ai 135
ST, BBREWC LICKFBRFOEAINT-A » R—/V 1TA N ER L7= (Scheme 9), &
BT, ARRISIZIET PANVBEAICH D Y = F VR T AInE R F U1k tert-7 F L
DWMD I TIEITLS & A R—=/VERBAEIT L, ITADBEOND Z B LMNE o7,
ZZ T, aufk tert-7 FERAWDIETLA O =V ERUICEIR A © 6, Z DS %
Rt L7, EOME, ARNIBIEFEEFR CORMEIT L, FFloT7 ' b= MY 2RV
AR ODRINETT D ERHLNE oz, £, a Uik tert-7 FLrofbviza



ALKFEREZ N THA » F= L ITA DG HND 2 & KRISITE V1 tert-7 F /47>
BRATDLIAVIKERICEVIEITT L EZ RS (653 WH 1),

tBu
MeO COEt CO,Et
tBul, (Et;B) MeO MeO
N COEt ————

N W 2 MeCN \ \

H N N

12A reflux H H

17A 13Ai

Scheme 9. tert-Butyl iodide mediated reductive Fischer indolization.

ASEITIRD X HITHEITL TS EE X Hv5 (Scheme 10), £, 3 U1k tert-7 F /L)
HRAELTEI MEKRBIZLVEE RT VU 18 OB T2 M ALENTT VYV =0T LA T
VA9 MAERRT D, WV T, T AMIA AN 19 OFEFE-ER T EEA L RSB L
R 20 L7poizth, VLA AL EDOKIRIC LY EHR-3 URBEDESh, =t
KT o021 BNEKRT D, &512, 21 D[33]-v 7/~ br b —isir, HERBLOa vb7
T LD A HFFENEIT L. A v F—=L 2 355 nizéExbn5, Thbb,
A CTIRIEE & Fischer o > R — L& RS EGEICHEIT LT\ D (5 3 &5 2 &), 7

tBul

. D -~ — N~ R
N N N .
N ; H) \/\( H \/\(
18 19 H 20 H

17
| ®
R QW U NG P
N’\/\H( |2 H/21\/\H(

H H H
Ho R = y =
HI i R
®
21—~ o — ~LNH — N
o (LU ;
NH
H o

NH,l
Scheme 10. Plausible reaction pathway.

WAZ . ARSI O FEE 8 HFFH I OV Cfigt L7 (Scheme 11), £9°, X2 B U8R RICiE#
EREHTHEEE KTV U EHWTRIGEITo T2, T ORGSR, #hx ipEikz a3 53t
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T RV oo xET D4 =V ER L2, NI = NIV EFTLHEND
T4 > F—=v TK I bR 72 (5 3 345 3 it 1 1H), 7
E BT, RGOtk 2R+ 5720, BHRERY R, RUCOWTHRE LD, 7,

BHRIFF EOBEBHRERICOVTHRFLIEZLE ZA R E LTATFAERRVONLELZFT 5
A > R—/L 27Aa, 27Ab IZEINETH LN, T FNIEREFET 54 2 R—/L 27Ac 1TK
INETLNMEONR)oT-, ZiUE, ke RV UV OREFZBR - LEOBEBFEEMITLT
BY.PRFELETOT T M ALREIT LIS WEDTHDL EEZ NS, £/-. RRIZ7 =
“ANEEETHZ M RI VUL EINERTA v F—L 28 %2527, &6, RYUZIILTL
BT AT VEIMNETIT R, KBREACATFINVE, 7TV — )V EREx @SR T
XL ERW LMot (653 EE 3HIE 2 H),

R4
=
R1_ | N R4 tBul = | \
N . AN R1— R3
NS MeCN
r.'{2 lj\/ reflux N N\
R2
12B-H, J-M (R?, R® = H, R* = EtO,C) 17B-H, J-M
23Aa-Ac (R' = p-MeO, R3 = H, R* = EtO,C) 27Aa-Ac
24 (R' = p-MeO, R? = H, R® = Ph, R* = EtO,C) 28
25a-d, 26a-c (R', R® = H, R? = Ph) 29a-d, 30a-c
CO,Et CO,Et CO,Et R
R! MeO
A\ A\ A\ N\
N N N N
178 (R’ BHO) 83% ve .- Ph
=BnO): . 27Aa (R° = Me): 829
1_ o, T7L:64% a ®):82%  9a (R* = EtO,C): 89%
17C (R = AcHN): 77% 27Ab (R? = Bn): 88% PN
17D (R = MeS): 83% .y COEt  p7ac (R2=Ac) 13% o0 (R =H):60%
— . 0,
17E (R1 = Me): 82% = \ 29c (R4— Me) 91%
17F (R‘l - tBU) 77% Me—\ | COzEt 29d (R = Ph) 98%
17G (R1 =H): 67% 6 H MeO \ 30a (R4 = p-MeOCGH4): 63%
4 _ .
17H (R1 - F) 51% 17M (4-Me) 28% N Ph 30b (R4 = p-NCCeH4) 98%
. — H . 0,
17K (R = NC): n.d. 28:93%

Scheme 11. Substituent effect.

I, ARPEZEERLSOORIMERIZICH Lz, £7, FEXT A RERREEKTH
% Indomethacin ® % 2" & 2 -7 —/ )L CARL LT~ (Scheme 12), HilR D4 - o s & & B
icdfe e K7 V0 31 24537-1%., EICH Fischer A > R— VAR EIT->72 & 25, 95%DIL
BCA Y F— 32 BDAER LT, 61T, XY AIMEB L UOBA T AL TRZKE T,
Indomethacin % i liEUEN B 4 TRE, RUNER 70% TAR L= (5 3 545 4 &i 1 1),



MeO CO,Me CO,H
\@\ Bul MeO N MeO N
_N CO,Me ———> Me Me
A 2
N Y MeCN N — N

Me reflux o
31 95% 32 75% o

1049
Indomethacin

cl 1.01g

Scheme 12. Synthesis of Indomethacin.

oz, TeFral R T T —VRERAEZET S RKERWTH D Physostigmine ¥
FEREAEIT -7 (Scheme 13), T 7ebb, 3T ATFNAEEZET LKL KTV 33
Favfbtert-7 FERIGESED E, A FL=0 34 NAERT 5, fit\ T, Zh i B
HZERSAFAT I VEITKBIET N UATRET 5L Eruf N 358K
VC7rAr R 36 23 5Goil, 61T, B DN-AFEBLOT 7 Z ADEILIZED
(+)-Esermethole ~ & #it4 2% = & T, (+)-Physostigmine DB AR A ER L (55 3 =5
4 1% 2 1H), 7

1) HCHO, NaBH3;CN

MeO )
\©\ Me Me © " MeCN/ACOH ypon M@
M o ©
H/Nx)e,\VCOzEt eo\@%e 0°C, 99% \@QMG
2) LiAlH,, THF
N H e
33 H Me

0 °C to reflux

tBul, MeCN MeNH, 35: 50% 78% (+)-Esermethole
reflux EtOH l
r.t. l
o
Me, ~—CO,Et MeO Me,
MeO ; _aqNaOH o MeHN._ O _~®
X EtOH Y g NMe
r.t. H (@) N H
34 36: 52% Me

(*¥)-Physostigmine

Scheme 13. Formal total synthesis of (x)-Physostigmine.

DL EO#ERIN G | ZE NS L= 3 w1k tert-7 F /L & N A3B 50 Fischer A > R—14&
RIX T T DA — B Z D DFIETHY, FixpA v R— VOB EREEL 2D 2
ERHS N E ot (F3E), D

PlED X olz, FHITHEA I VO L BBEE G S ORI AT - T2, & DRGSR,
AIVEHZLO T2 )X VEBINT 2= T 3 ) ROl A R 7 BRI SIS AT =
TR L, BERA~T aBRILEW OB A L Z BFE LT,



i

Fl1®E NI BT OHAAIN—BA S E R A L=
7 1[2,3-b] &° 1 — /L5 ki DB %

Bl ziE, ~F¥ b Foroa2,3-b)1 > F—/LNN-37a? 37 F /L=y
v 2T 5 —PEEMZ AT 5 Physostigmine ? ICEEN LB TH Y |
F 7 Ru7nr[23-b]1f > K=/ NO-37b 1A > & —1 A ¥ 6 Z[HE
4% Madindoline 28 ™ 2 & £ T\ 5% (Figure 2), F7-. 37381
B Th5 Aflatoxin JHIZT FF b Fr7u[2,3-b]X V75 0,0-37c #REE LT

I/\éo 12)

N,N-37a: Hexahydropyrrolo- N,0-37b: Tetrahydrofuro-  O,0-37c: Tetrahydrofuro-
[2,3-b]indole [2,3-blindole [2,3-b]benzofuran

Me HO
MeHN (@]
hg NMe o)
O N H N H
Me

Me,
Oﬁo
Me nBu

3 Bt~ T T 37 BRI E T B RO AR T B,
(ji;l
X

37
(X = NH, O)

Physostigmine
AChE inhibitor

Aflatoxin B,
carcinogen

Madindoline A
IL-6 inhibitor

Figure 2. Natural products containing tricyclic heterocycles 37.

—F. T hTE Fusyy7aR3bh)e e — ik

ON-37d ZH9 2 RIMIIBUED & Z AR ENTE LT, [:Iﬁ;lH
REBIZZNETHEVER SN TR, ¥ 207 o
O, AERIETECRA L G IR 2N E L A E1T

O,N-37d: Tetrahydrobenzofuro-
DILTWARY, UL, oEET 5 3 BiE~T 0 BREH# [2,3-b]pyrrole

WEE& IRAEMIENE 2T 2 b, XY 7 a[2,3-b e e — B E ST LAY S AW



EEEZETHZEnHfEEIND, Lo T, RNy 7u[23-b| 8 — W TH i ERS O
Ty—~a T T ERDAREENR D O . T ORI EBIEOMESLII AR AL FRE LV
BIEEDBLEN D EHERIFEHO—D>TH D,

INFETICHESINTWER Y 7o B r— L OA R % Scheme 14 (Z7k9, JFH &%
A2 VT 1,220 %Y U0 38 ZHiELT 5 & AT 2 R 39 OFfER
H—RICHITL, XY T n— 40 B3 G652t RHLTHS (K1), ¥ E.
TR OITMEERAAR Y 7T 41 EE R TINECT S & 41 ORI NET LY T
B ER—L 42 B OEOMNBERMERSNERT S ZEERE LTS (K2, UL,
IO DOFETEMERIE AN YLETH D Z bRy 7 a B r— )L ORI AR
ELIIEVE, S5, RELEBABESEFRY 7T (44) EN-TUL-N-Z B AL
RUT I RA5 DT HAAMBILEIGIC L VBRI 7o a—/L 46 28R L
TWHH, HE T 2 WG IS Ty (X3),

R COy;Me NH R
PO R _,@% 1)
o N AcOH op 202Me O CO,Me
38 39 40: 44-58%
R2 EtOZC
R N,COzEt R N
- |
>~ N, + r2 @
o R? toluene or g CO,Et O R!
xylene i )
Cl—
Et;B
LY + Ty 22 "= )
0] ! benzene 0]
Cl rt.,3h
44 45 e 46: 82%

Scheme 14. Known methods for the synthesis of benzofuropyrroles.

ZZTERIL, LufEE AR Y T v — LA RiEORHS B LT,
BVREY IR 7 T A RKIETE % Sheradsky SGIZ & H L7z, Sheradsky fisiE, O-7 =
ST XV LT =TIV AT NBRIZ K > TEML L TAERKT D N-7 =/ F2 =3I 49 O
[33]-> 7/~ buv—ifinir, BB, 7o E=TOMEiZREL TRV Y77 52 2525
Fischer f o~ F—/LA& R L7-FETH % (Scheme 15), 17 Sheradsky [ iaid. #1EA
FECHMRIETH BN, FH L AT—F L 4T TS 3 v 49 ~O RIS L O[3,3]-

10



7' b a B —HEAL DBV THRWVEEVESE L S W RISTEEN L ETH 5, £, 7
BEMESRIFIZ L O 7 B =T A A A BL DR E T B =7 ORBED ER/NICHEIT L, N
VT 5B WNERRT B0, TREURICHET AT I ) AR TE o,

R! R! R!
R2 R2 R2
AN % —O%
O/ ___________ _A ___________ O/ \H O/ \;H
47 E strongly acidic condition | 48 49
! high temperature '
______________________ [3,3]-sigmatropic
rearrangement

R1
R2 R?
N2 _ |
R = ® N@
O @ T mmmemmmmm--en O NHj o) \;H
L 51

Scheme 15. Sheradsky reaction.

ZZTC P ATV ERTHAX L Ao —T L 53 A T o) I 54 24
T D EMTEIUX. 7T XV EORFFESNT2-7I )V RaxXy Yy 75 55 AR L,
EBIZT 7 X MEPHERE L CHEITT D2 T Ry 7rEr— 56 BNELND EHIRFFL
7= (Scheme 16),

5 ~COR COR
CO,R 0
N
' NH
@ N g @ NH T g NHp ===~ g
(0] (@) 0 0]

53 |neutra| condition| 54

Scheme 16. Strategy for benzofuropyrrole synthesis.

PRI RO S VA AT A FIEE LT, MY =FART V205 T OH AN
FOSDHIATE S L E X, T, BFRETIIIEAF L LZ—T V5T &2 Y =F )L
RT TS % & 57 ~DOALEBRN e T DU ATINBOE T L N-R Y b= I
58 WERT D Z EERH LTS (Scheme 17), ¥ & 512, N-R U v 3 o 58 % REEA
ELTHWE R JERIT PHNAIN—T v R—= VRIS R 2T D ufin—e Ra
X MBS DOBFEICHZh L T 5, 92
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RCHO

MesAl
BE\tz/\Hj\ BnON

o)
BnONWJ\X _EtB _ |BnON

57 BnON\)\(U\

= (1R)-camphorsultam, EtO
Scheme 17. Domino radical addition-aldol type reaction and -hydroxylation.

FROBMAICESE, BHIITOANANGE[B33]-V Y~ b r E— R RS O#ET 5 R
RIS ERA LRy Yy 7 e v e — LG IEDBSE 25l L7 (Scheme 18), 47205,
Fx T ABERA LT 2=V EE R T oA L —T L 1A B N ZTFART
TS DL, T UHNMAIMBIGEIZ LD N-R Y T 2 2 2A DAL ZRRE LT, [3,3]-
7~ b —iEi, PARBIOT 7 # MBS ERICHET L, XY 7 e Er—/ L 4Aa 8
BondEEZT,

Et
@)
Et,B NH
©\0”NWCO2R -------------- - S
1A 4Aa
A
Et" radical - cyclization/
Y addition ' lactamization
/© [3,3]-sigmatropic
(ID rearrangement HO
N (007 S > N R
Et,B \/\( 2 Et,B™ X 0
Et Et
L 2A 3A _

Scheme 18. Radical addition/[3,3]-sigmatropic rearrangement/cyclization/lactamization cascade.

INETIZ, TFVDVEIE[33]-v 7~ b o B —infi s AdbEz K BG
& LTI, Curran B2 XA AXE RV RiEJL & Claisen #ai7 D95 St (Scheme 19,
K1) # =, Stephenson H1Z K 2 kil & V724 7 T 2 I /LER{E & Cope Bafiz 034
DG (K2)2 BN ESnTW5, LavL, IV BAMIBISICE W AT 5253 0D
Hsfr e N BOSICH A A TEBNIE 72 < . RFEIZ R 2 BT D0 WA — 45067 RS D
JBR 7R RFZE & 70 D 2 E BN IRE S N D,
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| |
o BusSnH H Claisen HO /
(0] AIBN BusSnO rearrangement (0]

benzene (1)

reflux, 3 h
74%

(0]
Ph%_/( Ir(ppy)o(dibpy)PFs | Phy, < Cope
Et;N o rearrangement _
Ph Br N 2)
=/ _\\ DMF
\ visible light |
40°C,10h |

69%

Scheme 19. Sequential radical addition-rearrangement reactions.
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Fefe o A

FH1E O-7V—NEEAF T Lo—TFT LD NI VBT D AN —
R VA

B 1IH SR O RS

XU oI, BEERDIZEAF Lo —T LV BA DEREIT- T2,

ik P o AR5 E |, O (2E)-4-0x0-2-butenoic acid ethyl ester (61a) & ik O-
T rx=)bk Radx T 2 U (62A) 2B VAR CHKHES L. A% AER
FHRS L7 2=V EE2ET LGS A —T 0 5A % 98% DR TH AL L T-
(Scheme 20),

O CO,Et —_—
R PV2E + ©\ . N Et
ONH,+HCl pyridine o WCOZ
61a rt.,1h
62A 98% 5A

Scheme 20. Preparation of conjugated oxime ether 5A.

Wi, ARy AT —F v BA VT R VAT D H I — BRI £ 5
Y7uva—LOAKERF L (Table 2), £3°. 7V HWABBAIBLR=TF LT Va0
BELLTRIZFART LEANT, _oPorth, |KETHRISEITY L. BRIORISITME
789, BHERIRAM A5 25 DHTHh-7= (entry 1), ZOHMAHE LT, AISSKMETIE
[33]-2 7~ b o B —#ifrd L ONT 7 Z 2L ST LIS < HREHAD S5 # 2 & ORISR

Table 2. Domino reaction of conjugated oxime ether 5A.

Et Et
H, - O H O
gron =2 O L OO
5A exo-4Aa endo-4Aa

entry solvent Me3Al (eq.) temp. time (h) yield (%)a)
1 benzene - r.t. 2 -
2 benzene 24 r.t. 2 50
3 benzene 24 reflux 2 64
4 toluene 2.4 reflux 1 49

a) Ratio of stereoisomers: exo/endo =1 : 1.

14



EITLEDThDeEZAOND, 22T, BBIOT 7 ¥ MEOEEZ BT, LA
A LTHRIAFATAI = LEHAVTRINERG Lz, ZOME, #fFLE R/
FUIROSENEIT L, XYy 7 n— L 4Aa 8 50%DILE Texo tendo=1: 1 DIREME L
THRLI (entry 2), 2B, ZNUOLORMKZI VW T NV I T L u~ NTT7 7 4—IT X
DWEGIMETE o, RIS, NRUB VBRSNS T TRISZIT 212 & 24, 4Aa DILERIT 64%
(2 B L7z (entry 3), £ 2T, XV EIETOMISEBREFTT 272012 bLx Vg RS TR
AR L7223, 4Aa DICEO M EidAH bivZe - 72 (entry 4),

WIZ, TAT NG DRI RIET B L RFT 5720, xR AT VERIEEH
THIEA X A —T VDGR ETo T, A F T Lo —T )L BA ODZF LT AT )L
ZKEBILY F 7 N TR R L=t 1554072 VR k% DMAP {77 T, EDC % #5574l
ELTHWTH AR 7 = ) =V EMAESEH 2T, ST DH7 2=V AT VERT
LI AT AT —T L 63A, 64A, 6A AL L7- (Table 3),

Table 3. Preparation of conjugated oxime ethers bearing phenyl ester groups.

1) LiOH, THF/H,0
(:L rt,0.5h [:L
o N COE o N COAT

2) ArOH, EDC, DMAP

5A CH,Cl, r.t., time 63A, 64A, 6A
entry Ar time (h) product yield (%)a)

1 Ph 3 63A 82

2 CeCls 3 64A 85

3 CgFs 2 6A 89

a) 2 steps yield from 5A.

Wiz, Goni-tFE A ax—7 10 K VRS EBRGF L7z (Table 4), 3. —=F
NVEAT VL E L TR L L TER WS 7 2= VT AT V2T 5 %45 A
T —F L 63A & VT BA & RIBEDSMET (Table 2, entry 3) TR ZIT o 70, & DR,
4Aa DILRIL 73% 121 E L7z (entry 1), S HICHBEREDER W AT LV EZHGTHHEE L LT
N a7 2= ) VT ATV EREZ T ANF A T 2 = VT AT )VEAT AR L
T—7 /L 64A, 6A ZHWT R VBIRISZRFI LTc & 2 A, RUFZTNAFRT 2 =)LT A
TN WA, 88% & mI R TR Y 7 u ' r—/L 4Aa VERL LT- (entries 2 and 3),
TR, ATV AT—T L 6A FHWTIRIGRTEFRRI LI 2 A, VA AR
LT, =R THRAUISUCDEIT L, 5% DR TRy Y 7 m e r—/L 4Aa B35
NHZENRHBMNERoT (entry 6), ZDOFERIT, BWEFRSMEEAET L H T4
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07 2= )VENT DANMMIIMB LT 7 Z Mz glET 5 L FRESNL 2D, = F Lz
T L L TR VRS CRISHEIT LI EA 6D,

Table 4. Domino reaction of conjugated oxime ethers 63A, 64A and 6A.

Et
0 H 2 0O
EtsB (5 eq.) -
( l _N COAr —————— > —~NH NH
0 RTIT2 benzene E d H
63A, 64A, 6A endo-4Aa

entry  substrate Ar Me3Al (eq.) temp. time (h)  vyield (%)a)

1 63A Ph 24 reflux 2 73
2 64A CsCls 24 reflux 1.5 67
3 6A CeFs 24 reflux 1 88
4 6A CeFs 24 r.t. 1 75
5 6A CsFs - reflux 1 81
6 6A CeFs - r.t. 1 95

a) Ratio of stereoisomers: exo/endo =1 : 1.

¥, RNV 7mEr—/L4Aa DONARFEEIZEE L TIE NOESY A7 h/UWZ KV fggd L
7= (Figure 3), 77205, ex0-4Aa IZBWTIL 3O F IVED X FILKFE & 3a, 8a LDk
FEI/ v A= BRD LTI, exo K TH D EHEE LT, —F . endo-4Aa lZF W
TILANDKRF L BMNDOTTFNHEDAF U U AKFEB I OAFIKEZEMIZZ v A —7 H3ER
DO, endo K TH D EHEE LTz,

H/_\
Me
H 4
o H
37\ v 3 H
o 3a NH Me o
8a N (@]
H H
exo-4Aa endo-4Aa

Figure 3. Stereochemistry of benzofuropyrrole 4Aa.

UEFEDXoiz, X F 7007 2o )V ATV EETAHO-7 2=V d s Ao —
TIVBAIWZ N =T NRT U EMZD E RV 7u[23-bEr—/L4Aa NEIETE LR
HTENHBNE ST,
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b

B2 MnRE D FEER

..[

Wi, KRR VBRSO KISRIEIZONWTELE LT, TSNS KSR E % Scheme 21
R T, £9. NIZFART UREEF S5 WVITRNICHFIEL T AR LIS L, =
FNTIHNEIET D, RIZ, TFNVTIANNEESF T LT —T /L 6A OBALIALE
BRI L T, = FI=2A T VBT 2720 ELIC M) ZFRT K- THE
S, RV V= F I 8 NERKT D ERIFFC=TF VT PN ERT D, Hitl T, 8 D[3,3]-
VU b a BT L, IR 65 WA L%, BEELEHERICKY 227 /Y
bt ReRe Y770 10a BWEKT 5, &&IZ, 772 2MepEIT T2 TRy TR
o—/L4Pha NBEL N EB X BILD,

Et;B
@\ lOZ @\ Et;8  Ete
Ete N E Z
_N CO,CeF _N CO,CeF
0 NN TT2NES radical O\/\( Zee
B I
6A addition 7 Et
(I) : (0]
_N CO,CeF > _N CO,CeF
Et,B \%4¢\T/ 27075 13 3]-sigmatropic  Et,B7 N Zees
8 Et rearrangement 65 Et
Et
H CO,CqF5 H 3 O
BEt2 NH
E.5 CO2CeFs5
5 ycllzat|on o H Iactamlzatlon O H
4Aa

Scheme 21. Plausible reaction pathway.

T, KRS EL T ORI T TEELIBLE L,
1. NEESER T VA AINRIS (6A—T)
2. [33]-v 7~ hr bt —izfL (8—65)
3. HRBIOT 7 % MUIE (9a—4Aa)

ek, XY 7arre—/L4Aa O C3NLONARERIRMEIT[3,3]-3 7~ b 1 B —HafL D B
THRESINDD, T OFEMILE 2 Hi Tk~ %,
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1. ALEBERN T ¥ ISR (6A—T)

A X AT —T L 6A ~ZF VT UAAPMINT DRIERE LT, A IV RFEB X
OEDofL, BALRFED 3 ENREZHILDHD, ARRISIEPAL CTERANHEIT L2, Z OB H
ZIRD X HITELZE LT (Scheme 22), ENENDALEIZ T VT DAL THEKT D
AR 66, 67 BLONT 2T 2L, 7 I =0T V0L 66 (X T 2MRFFE D IEHA
EAC L DB ELEZ T, = X0 T P HIL 6T 1T EREAIC L p el E%
FHEEZLND, ZHUTKH LT, =FI=LTVH 7 3T AEIR - OIELAE
kP& THFEGOW I L DL EEZIT DT, D 2 DOFRIEL Y bLETH
HEEZOND, LEN->T, =ZF =T Ph0 7 OAEKRERBT 5 RIS AERNIEST
LiztEZ2 N5,

Et O Et- .
_N COLAr _N COLAr
_N 4%# PhO~ \/\/ 2 i} PhO™ X
PhO WJ\ OAr  -addition P-addition \/\E:
6A (Ar = CGF5) 68
I addition at
. imino carbon
Et O . .
<N COLAr <:_N COLAr
/N - 2 - 2:
PhO”" " oA PhO N PhO™ ">
67 Et 7 Et

66

Scheme 22. Regioselective addition of ethyl radical to conjugated oxime ether 6A.

2.[33]-> 7~ b o E—#i{7 (8—65)

WIZ, [3,3]-> 7'~ hu B —Haf OEREIZDOWTEL LTz, Scheme 21 IZH /R L7 X 51T,
AL N-RY V=G I 8 D337~ br B—difr N HEIT L T s RIS D
(Scheme 23, patha), L72L. &9 1 DDH[EEME LT, oA X/ 7 T H /L 68 DRANLIZ K-
TH#EATL TV AHAMREME S B 2 Hvd (path b),

o i o i
-NWCOZAr _EtsB N

(path a) BB WCOZN

Et 3,3
. \Q\L o
i _N CO,A

6A Et,B" N A
N

N

=
7 Et
Ete

—— > °*N COLAr
CO,A X 2
W 2Al path b
L 68 Et 69 Et

Scheme 23. Possible rearrangement processes.
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2 C, BNLBEFED RSB DR DT 6A ~DF A NT VI NAFINE S ZEATH Z &
E LTz, UHIOWIZEIZ LD, FANT UANANHEA I VOB L TEKT Ho-1 2
I HIVIERERFIC RV RERESND Z EEREL TS, M LEER-> T, KRGO
HEALBEPEN 7 D VIOGIZ LD HEIT L TV DD THIUR, a1 X /T U1V 70 DERAL
TL, "Ry rvavo— L 7AnNEohstE2x 505,

FROEZICESE, HEAF VLT —T IV A DF AT =) —ABLIRKNY =F LR
T ERWETFANT CANATINEZF L2 (Scheme 24), ZDf5HR, Xy 7ny
02—V 741355 T, B RaXxv A7 o RT2 B4R LT, T7bb, ARG TIEET,
FANTPHNDMNINME L > THER Liza-A 2/ TV HN 70 DEEFE D TE2HitT 52 &
WZEDVE R~ RT RT1 &%, EHIT, TLIZ2 YBOF AT = /) —/LIZKVIET
SN, BE R ALT 4 RT2BNERLIEEBZLND, ZOMEND, a4 X/ T7Th
Jb 70 VBRI AOGZIEE S L TRE B9, N-AR U bmF 2 U D[3,3]- 7~ k1 B —ifinfif & %
HLTRI VHERIEHEITL TS LB BLD,

OH
PhSH, Et,B, air @\
©\O/ NWCOZCGF5 - O/ NwCO2C6F5

benzene
6A rt,18h 72 SPh

74%
PhSe l k (PhS),, H,0

2PhSH N

_OH
N _CO,CeF = ‘©\ N i CO,CeF
NS 2%v6' 5 - 2%el 5
MY oMy
SPh
71

PhS
(@)
o) - H
*N S COzCGF5 NH
SPh OH
L 73 _ 74

Scheme 24. Domino reaction with thiyl radical.

3. ABRB LT 7 & 2MEUE (9a—4Aa)

HEFF o b —T )V BA XN B VRS T TR 2 FART & 1 RS S
1%, FOKEERECULBEL7-L 2 A, Ry 7a b a—/ cis-4Aa 75 21% THE 55 L [FIEE
W, T HOT7TEFIULENTZ2-T 2 7V KXY 75 trans-75 73 36% DIV T
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o7 (Table 5, entry 1), RIZ, FUSHFHZ 6 FRFHICIER: L7 & 2 A, cis-4Aa DILER|T
40%IZ 1A E L, trans-75 OYLHEIL 4% E TIK T 5 Z E B E 572 (entry 2),

Table 5. Formation of cis-4Aa and trans-75.

1) Et3B, benzene
@\ reflux, time
o N WCOZEt

+
2) AcyO, r.t.,,0.5h
5A trans-75
entry time (h) yield (%)
cis-4Aa trans-75
1 1 21 36
2 6 40 4

ZOFERI D, 9a—4Aa ~DOHBRRICIFa-T U —b A 29 ENLT2-7 I/ Yk Fax
v/ 77 cis-10a & trans-10a ORI EHNAFAET 5 LB 2 HivDd (Scheme 25), cis-10a
EEEDEWNR I LT I v ERT 5120, BT 7 Z M TL TRy Yy 7y
o —/L cis-4Aa & 5.2 %, —J7 trans-10a 7 AT H X2V 7 1 B r — /L trans-4Aa 1% 5-5
B A H T DT OBROEBELNRKREL 77 X MUTHET LN B bR, LA 5
T, trans-10a (Fo-7 U —/LA I 9a kM T 5B L OWRIC L Y cis-10a & 72 o7
%, 77X MEPHEITL Ccis-dAa ~EEWINDH B2 LD, B, ZFNVZAT )V E
AT 588 AF v Lo —T L EDOKIG T, cis-10b 725 cis-4Aa ~D 7 7 # MEDEL |
179 5 trans-10b N EKEERE CTT B F /U b SN2 trans-75 WA L2 & B 2 b b,

trans-4Aa

trans-75

Scheme 25. Cyclization and lactamization steps.
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PLED X 91z, REOSIFHE AR b —T )L ~DN BRI T 2 B LA, N-R U L
TFID[E3]-T /v hrb—isfr, MR, 77 7 MEARBL TR Y 7R —/L)0
ERRLZEB 2N,
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o3I EHIESNIR OGRS

WIZ, ARV BIRISICEBT 4% ¥ ARRIF T LICHAET 2B U ROBEHRADR
WZOWTHHNT I, HELFT L —T )1 6B-G OAKEIT-T2, Thbb,
(2E)-4-oxo-2-butenoic acid ethyl ester (61a) & k4 ZefEHiksH 325 O-7 U —/L e R ¥
VT R KRR 62B-G P EBUKHMEG LTtk TFILZ AT ILONKGRE KO 2 T
a7 x )= OfEEEITV, AT LA —T )1 6B-G Z Ak L= (Table 6),

Table 6. Preparation of conjugated oxime ethers 6B-G.

1) =
R—\ |
ONH,*HCI
62B-G
o COLEt pyridine, r.t. . R = |
X 2
SN 2) LiOH, THF/H,0, r.t. NN N C02C6Fs
61a 3) C¢F5OH, EDC, DMAP
CH2C|2, r.t. 6B-G
entry aryloxyamine R product yield (%)a)
1 62B p-CF, 6B 55
2 62C p-Me 6C 50
3 62D p-Br 6D 62
4 62E 0-CF3 6E 72
5 62F o-Me 6F 50
6 62G o-Br 6G 50

a) 3 steps yield from 61a.

Wiz, B LIz A ¥ 2 —F /L 6B-G D K2/ BIK G 25 L7= (Scheme 26), I
Uz, NIMOBEBBEGHFIZOWTHRFT LTz, BFRIIEE L TR 7oAt m AF L
EET LGSRV LA Z—T L 6B AANTRUBURRESRE TR = FALRT AL
ez A Ry Tvnrn—4Ba DILRIT 2% EERINETH 7=, Zhid, RISSRET
THE 6B NARLETHDH 0, BIOIGENHEITT D X0 S8l 6B O’ r Lz &
ZHhbd, TIT, BT CHIGSES &, 4Ba DULEIT 89%Zm E L=, &iZ, A
FNEEFTHHESXF T L —T )L 6C ZHANTRUEB UVERSGE TR ET> 25
TIX 6B Ot & Hlg LT 4Ca DYEMNME T Lz, £ 2T, SO EZ B & LT
FUAFATNAI =T LEZRIML CRISERF LTcE 2A, IWROm ERA LRz, Lk
OFEFR LD | RRJEOEHRILE U THIBE T RIIENDENTNDL Z LR LN LTz, F
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7o, RBRTZ2HTHIKEAR LA —T )L 6D IZHAKINTEHAFRE TH 72, I HIT,
Fv MLDOEBRILDRICOWNWTERETLIZE 2 A, NIICEBREL T 56 L ﬁ*é*i@
iz L, B ROIEZAETLHHREDIIZ) PEFGEZAT 2HE LV LRIEMIC
ST L, Ny e u—/L 4Ea-Ga BWAEK LTz, BB, N-T U — L FF oI
Y R NAS AN B Vs WOV Z VA ’%%*élﬁfa:ﬁﬁ“é BTN FRNCHEITT D 2 &
MHENTEY, ZTOMEEABRES—FKLE, 2

R ] EtB (5eq)_
X o/NWCO2CGF5 benzene NH + R_
reflux, 1 h 0] H 0] H

6B-G

exo-4Ba-Ga @) endo-4Ba-Ga @)
Et
H (0]
NH NH
O H O H O H
4Ba: 89% ( 2% 4Ca: 56% (66%) © 4Da: 65%
Et
H (@]
NH
O H
CF3 Br
4Ea: 73% 4Fa. 48% 4Ga: 71%

a) Ratio of sterecisomers: exo/endo =1 : 1.
b) The reaction was carried out at room temperature.
c) The reaction was carried out in the presence of Me3Al (2.4 eq.).

Scheme 26. Substituent effect.
PlEo X olz, RUBVER EICERA RBEREA G T HEAS S L2 —T L EHWZ R
RN BWTH, ST ARy e a— A RNELNAZ ERHELNE R oT,

Filo, B L L TIEFAIREGEE LY bEFRGIELET 5135 DR SUSITETT L,
FHEEREZATLEETIE, NI AFATAI=TLERNT 5 2 & TIERm E L,
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281 MBI KX BT 2 VA I — BRSO

WiZ, SRRy 7t a—LOAKEHIEL T, a2 a b7 AT bR AET
DT NXNTIHNED R RIS ZET L. (Table 7), & AF Lz —T )L 6A &
FELLT, S—FEFRB=F LV EDOSERRI LIZE A, XYy 7rbu—)LIlT AT

IVBBEILOEANI N 4Ab 2155 Z LI Lz (entry 1), 72, 2T L THDHA
VTR ENT IR I a X F T AN E DRIGETIRT T IV T D NI G O
B L AT ABRIEDR M L, Ry 7 a e r—/L exo-4Ac, 4Ad DA E L TED
U7z (entries 2 and 3), BLBREEWZ &2, 34D tert-7 F /L7 ¥ A1V & O TIE exo-4Ae
23 66% DU TENLAAEIRIIZE DT (entry 4), 7RBARRIN T, ap-REEFIT 7 & A
6 BEIERM E L TEKRLTNDZ EBHLNE ST,

Table 7. Domino reaction with various alkyl iodides.

R R
H ~_0O H ~°
[::]\ RI, Et;8% < T
_N CO,CgF . +
0NN penzene 2
6A reflux O H O H
exo-4Ab-Ae endo-4Ab-Ae
entry RI time (h) product yield (%) exo : endo
1 EtO,CCH,l 1 4Ab 67 1:1
2 iPrl 1 4Ac 81 2:1
3 c-Pentyl | 1 4Ad 62 3:2
4 tBul 0.5 4Ae 66 (12)?  >10:1
a) Reaction conditions: RI (60 eq.), Et3B (5 eq.). Bu
b) Yield in parentheses is for the by-product 76. Y O
NH
OH
76

T, Ry 7rber—/Lexo-4Ae % Table 7, entry 4 & [RAROISFRIFIZA LTz & 2
5. o B-EFIT 7 B I T6 ~ L Q0% DI R TER X 7= (Scheme 27),

tBu tBu
H B o) tBul (60 eq.) O
~, Et3B (5 eq.) 74
@% benzene NH
O H reflux, 0.5 h OH
exo-4Ae 90% 76

Scheme 27. Conversion of exo-4Ae into o,-unsaturated lactam 76.

24



Ero. KRS BB T R RSHRHAR < B LTV 2 &b 3 9RO
Wi, LIEN-oT, GURLZHIETADICT AHEET b Y U LAZRI L CTRIGZE MR
L7, 2 ZORE, ap-REF1T 7 Z 576 1IXEIERET, R Y 7o r— L exo-4Ae D
I3 98%I1Z F Tl E L7= (Scheme 28),

Bu
tBul (60 eq.), Et3B (5 eq.) H ~_©
©\ N328203 (35 eq) e NH
o N C0CeFs benzene >,
6A reflux, 0.5 h O H
98% exo-4Ae

Scheme 28. Stereoselective domino reaction with tert-butyl iodide.

T, F Ak tert-7 F L A& W SARERIRA N X BIROSIZEHT D 4% & Afg# LI
FAET DN B VROBIIENRIZOWTHE LT, AZMLUT MY T Ar AF VLR
THHEEAF VLA —FT )V 6H 135 1 EH L HE 3 HEELEKEOFIEICLY
(2E)-4-oxo0-2-butenoic acid ethyl ester (61a) 7>5 3 T.F2, 53% DI THRL L7z (Scheme 29),

e
F3C ONHz‘HC|

62H
o co.Ef __Pyridine,rt, 05h Q
NS 2 >
g 2) LIOH, THF/H,0, rt, 0.5h  F,C o N COCeFs
61a 3) CeFsOH, EDC, DMAP .
CH,Clp, rt, 3h 6H: 53%

Scheme 29. Preparation of conjugated oxime ether 6H.

FI. NTICEREEE T AHE AT L —T L 6B-D ZHWT, FTAHEET VU
ULFET, G btert- 7 F LB IO N =FUR T U EIMMZTRIGZETT> 72 (Scheme 30),
ZORER, WTNOHE D ESEIERINIC K VRSN EITL, XY 7rEr—L
ex0-4Be-De 735 5 L7z, B SICRIC KT TBIZ = F LT D HINRE (81358 1
Hith 3 ) LREkOMEME R L, BRI EEAETHEEDOIZ ) NETHGEEAET HHE
HE0 b RIFRNETXy Yy Juta— x5 27, £7-, AV ML N 7 v4da AF
NEBIOAFNLVEEGHET 285 FF L2 —F )L 6E, 6F OISIE. WTHoOHA ST
FBEDINFE TR Y 7r e a—/L 4Ee, 4Fe G HNT-, S HIT, AXALC KU 74| R
FNREEETHHBEF R LT —F )L 6H IZOWVWTHIRE L7-, FOREE., & AR
WCROSNTEST L7 b D0 B OGIZI1T DALE BRI OV b O TIER<, 4 fif
B AHe 15 KOV 6 (BRI AHe BN Z N 1:2 DR TAR LT,
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_ tBul, Et;B H ~ 0
R N CO,CoF Naz9205 A wH
N . - 1
0 RIS benzene R ~ | S ’,/H
reflux, 0.5 h
6B-F, H exo-4Be-Fe, He
Bu Bu Bu
H > O H > O H > O
FsC - Me ~ Br ~
_NH _NH _NH
O ,/H O ,/H O ,/H
exo-4Be: 76% exo-4Ce: 60% exo-4De: 83%
Bu
4 H/, / o
7
FsC—— | - NH
RS O H

CF;
exo-4Ee: 50% exo-4Fe: 60% exo-4He' (6-CF3): 48%

exo-4He (4-CF3): 22%

Reaction conditions: tBul (60 eq.), Et3B (5 eq.), Na,S,05 (3.5 eq.).

Scheme 30. Substituent effect.

LDz et AR BIRISIZET D SRR T O I AATINESIC L 0 EA S
NDHEBILIKGFT D ENHALMNE o7z, FRT tert-7 F VT DA v & OGS Tl R AL
AEIRPIZ exo-RXv 7o o — L BN ES 7,

ZIZT, tert-7 T T VAN B BRGNS RN X BIRSITEIT D SRR
DFEBHHICHONTHELT S (Scheme 31), APUSDOABIRNEIL[3,3]-2 7~ b v B —Hr
OB TREIND DI, ZOEBEBRELEZZ DVNERND D, —MIZ[33]-> 7~ kr
AT AN BRRIBEBIREZ R THITT 5720, ) 3 #4550 A -strain 28 &/MT 72
LHarvikiA—varyALrBE12) 28527, ALBERKTLE, XUFTFn T o
ZIVERAT R TEFE tert-7 F LR D 7 = = VIR ORI 3T T EBIRTE B
TN EDNRENWZOARRN R a R A—a s ThireELZLND, LIzRno>T, RV
ZINF BT 2= )V AT NG T = = VRN T 5 BRSIREE A AR T DR A ME
LT HELEZONDN, AR TIE endo-4Ae WERT 5720, EBFER L FETH, #2
TWIZ, AMPstrain Bfg/NZ2 D 2R A—2 a2 C L D3, 4) 2Lz, ZOEA
HIEREIC, K ONRREED/ NS WAL H T A T 2 =)bx 2T VI BEAL A EI TS
L. EBRIED #RRHB L Tsyn77 WAEKRT L EB X DND, ETORER. exo-4Ae D3RS
LI, REEAIEBIRIED M L CEIT LI B2 b5, £o, EBIREE A DGR
NEDHETT LW BRI IS, BEBRIREED L L CT7 z= e X 7 4dn 7 2 =)L A
TIVEDNRBEEDRRENZOHTHD EEZBND,
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« Minimization of A"-3-strain in the [3,3]-sigmatropic rearrangement step

= - > NH
CO,Ar (1)
O H
tBu endo-4Ae
anti-77
Bu
f (@]

N COAr —>= NH 2
Et,B o H
B
syn-7t7 Y exo-4Ae

« Minimization of A"-?-strain in the [3,3]-sigmatropic rearrangement step

QOQAI'

H =
:_=1Bu tBu: 0
/‘\/ H
o (@)
2

: COZAI' —_— NH (3)
O H
y 7t7Bu endo-4Ae
anti-

COAr ——>,

Bu
syn-77

Scheme 31. Stereochemical feature of [3,3]-sigmatropic rearrangement.

kB, =FNTIANMMIIMBOENZ E > TAERKT D N-RY Lz F I D)B83]- 7~ ke
E— LT, = F R E Z R T L & OMICIRRY 72 KR & S DFEN D729 | endo-4Aa
& exo-4Aa DAEFSLIZEN R B> T LB 2 HiLsd (Scheme 32), 72 LEROEHE G |
TFNELD EENA Y Ta ST 7 a R TF A AT HEEE TIE exo (ROARLL
M kL EHERI SN,
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W\

e

NH
O H
endo-4Aa

Scheme 32. Stereochemical feature of [3,3]-sigmatropic rearrangement.
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H3ET VT AT ULBIRE R T D h VAN — BRI

WIZ, FHIRN Y 7o —LOARFEMICEFLL, ZRET, XYy 7rttn—
NORFAERICEAT HHFRITHE SN TE O T, EWIEEEFMT 5 EThAEEEOE
RITEERFECTH L0, TORFAMRIEORRBEEITo 12,

KRS Z ARFONMTEBT 5720, AT RETHRE L AT Lo —T L ~DTF Y
T NAFNIBIENZ BN T BRI IRNARRINEZ R LT D 7 7 — AV W REMBIAE L LT
AWsZ &z, ¥ Thbb, = FLTATAEAETHIEFF L Lo —F L BA &
(1R)-(+)-2,10-camphorsultam % U A F LT NI =T ATHEET H Z L Ic L 0 &4 A
T—7 /L 11 & 66%DULRTHEL L 72 (Scheme 33),

(1R)-(+)-2,10-camphorsultam Me_ Me
_N CO,Et > _N
0 N2 (CH,CI), 0 XN

5A 0 °C to reflux, 6 h 0,5

66% "

Scheme 33. Preparation of conjugated oxime ether 11.

Wiz, TEAF L= 11 ZFHNWDLYT AT LARIRK K B SZ R L
(Table 8), £, XUEBUH, HETHEA X L2 —T V1IN ZFIRT U E2Z
e, NUAFATNAI =y LE M, BRFME T CRISEIT2T2E 2 A, WifF@EY FI
JRIROENEIT L, XY 7 e —/L4Aa D 63%DIETHE L7 (entry 1), BLERZEN

Table 8. Diastereoselective domino reaction.

Et;B (2 eq.)
©\O M \% MesAl 36eq) S\E_NH R\S-NH
O H o H

(3S,3aS,8aR)-4Aa  (3S,3aR,8aS)-4Aa

endo exo
entry solvent temp. time (h) yield (%) endo : exo ee (%) of endo
1 benzene r.t.—reflux 4 63 2:1 76
2 toluene 0 °C—reflux 4 12 1:1 91
3 DMF -40 °C—100 °C 3 53 5:2 82
4 MeCN -40 °C—reflux 3 76 3:1 93
5 EtCN -78 °C—reflux 7 80 2:1 85
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T L ARISOSIAERIEL, BIEIORIS (5 1 55 2 #i) L1357V endo:exo=2:1
Eendo RIS EAMY & LT LTz, 72E, (35,3aS,8aR)-4Aa DYEFHE X 76% ee T -
Too WIT, SARERMOM E& B L CREER X OBUSREIZOWTHRE L., Moy
BELUDMF H1, T VU NMAIIBIS ZARIR A TIT > 72 & 2 A, endo (RO A 13 rm) E
L7=b DD MEROE FAAA S 7= (entries 2 and 3), Kt Y C. 7 b=k U L% VN TC-40 °C
TRISZEITST-E 2 A, T6%DILHE, endo:ex0=3:1 DR TR Yy 7o' e —L 355
. (3S,3aS,8aR)-4Aa D IEEAME X 93% ee (2 b L7 (entry 4), & 5725 SEARERNMEM |
D=, FuvrA= KU NH -78 °C TRIGZMFT LTz, ORGSR, RUSINHRAICHEST
THHLOD, WFMEDRE LA SN2 (entry 5),

BB, By Y 7 n e n— L (35,3aS,8aR)-4Aa D EAAER T X G SRS AT I
X VR L7z (Figure 4),

Figure 4. X-ray crystal structure of (3S,3aS,8aR)-4Aa.

WIT, PT AT VAR T 2 B VATINOE D BSREEIZ OV TEEL L7z (Scheme 34),
Ny T —ANELEGT LA A —F L UL DAL RA— g 0d, HAR=L
L ZANVR=NFEOBBA KB LOF VT 4 e ANVKR= VIR OREZRET 5 X 91
anti, s-Cis 2 HRNZ & 5 LHEMEN D, ZOREE, =F T P HIITANK =V EORRE
JFRAEDRFEERET DI DI, DVR=aiiDF L7 4 O Si 1l 6 s LT, ofif 23
SEEDN-RY LT F I I8 NERLIZEEZLND,
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E@B Me

Et'

PhO~ \

(anti, s- crs)

Et;B  Ete

Scheme 34. Diastereoselective radical addition to conjugated oxime ether 11.

E5ICHEL . [3,3]-3 7~ b u B S O SEASEIRPEIC DWW T E L L= (Scheme 35),
FLER2H TR LEZL IS EBALIT= ) 2 D Al%strain RN/ e b R A— g v
MOEITTHLEZLND, ThDL, 6 BEREBREH & 1 2T 2E IvEmn
T 7 —=ANENEDRIEERT D H DR A—a vy 2ARICED EHERISN D,
L7emo T, ZF VNS 7 = = VOB ESIT L, anti-79 % #% T (35,3aS,8aR)-4Aa
DMEEMIZEONTZEE 2B,

Et
-0
@ N
(e} e — S\R_NH
T —_—
_N_ _A~_ _COX
Et,B %//\T/ O H
Et (3S,3aS,8aR)-4Aa
anti-79
Et,B” o] H
Eg 3s3aR8as -4Aa
sy

X = camphorsultam

Scheme 35. Stereochemical feature of [3,3]-sigmatropic rearrangement.
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PLED XSz, FH X T VAN E[3,3]-> 7~ b r B —#afr R
RISOBET 5 K3 /MRS &R Lz~ Y 78 e a—Lo#if /,H %
SRIERBR L7, ARUSTIE. 1 TRT2 SOREREESB L R— [ TNH
1 ODRBMERED LR ERESE —RITUR L, 3 >OMFT 5
T SEARER ISR T X B,

Fi . AEMEIEE T D IEAF S AT T LR N DT 2T L AR K3
FISIZ LBy 7aea— L OPIORFERIC S L, ARSI E O SRR
ML RF R ORES N3 HRISICHRA A PRI FETH 5.,
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F2w NI TN -8B OSERH LA >~
R — L& BiiE DB %6

AR CELIIA IVERLEII T = ) XU EE SO A I ~DO T AN % H
%&#6Fi/@ﬁm%ﬂmbt&y77mEu—w@Aﬁ%%%%Lto%*fﬁ’
EBRIFIZ T 2=V T I EREETHHEAI L, ThbbiEke RI Vv INZHVR
X, Era[2,3-b]1f > FU aNa DERTE S L& 27 (Scheme 36), T72bbH, 1A% b
VZTFNRT TS DL TV E D ERT D N-ARY v e TV
2R D[33]-v 7~ hr B —iifr, BARB LT 7 ¥ MEPNEGICEITT 5 EE X T,

Et
/© [3,3]-sigmatropic 0]
@\ Et,B H'}l rearrangement
N COR----=- - N CO,R| "77IIIZIIIIIIIZL NH
N X2 \/Y 2 >

H radical then cyclization/ N
1A addition , Et lactamization H
L 2A i '
4A'a

Scheme 36. Strategy for the synthesis of pyrrolo[2,3-b]indoline 4A’a.

INFETICHEE RT Y o ~D T D ANATIISIZE T 2 EENEIER 17 <0 HF
FTETHE LB 2R T 1 HI Loy (Scheme 37), 7726, 2014$ Monteiro
& Bouyssi 573 Togni R¥EA MY 704 v AF LT UONJEE LTHWSHEE KTV
80 DPHL F U 7 A AF ARG EBE L TWADHRTHS (1), wik\éﬁni

THEMNIZTFART U EHNWDIEZE RT V2 82 ~D~YL T )vF a7 VX )vT 21 VA
IBSEDOBRFICR LTS (K 2), @ Lindo T, ke KTV ~D T VAKX
ISR LTe~T v BRBMIEIIRTERE SN TE 6T, 2O S BN & 72,

cucl O _N CF
anN’NV\B/Ph o BN SN )
3
80 25°C, 24 h g1 Ph
73%
CF3CF,CF,l
Et,B N CO.Et (2
BzMeN Xy CO2E 3 BzMeN™ X 2Bt (2)
CH,Cl,

82 rt,1h 83
58%

CF,CF,CF5

Scheme 37. Radical addition to conjugated hydrazones.
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5 1HT FoESR O RE

FZUDIZ, NV ZTFART UEFRBHIE T2 RT Y 012G ~D T ¥ B VARG
Rt L, 12G 1330k 0 o hika 55, ﬁ?ﬁﬁ@ (2E)-4-ox0-2-butenoic acid ethyl ester
(6la) L7 ==/t KT VLML (84G) 'Y UL R THAMAT S Z LIk VAL
7= (Scheme 38), KIZ, N B H | T|E T 12G ~DF VT ¥ I NATINE S AT > 7253
BHERIREMDER L, EraAf v R v aNaldffonignor,

Et
o)
NHNH,*HCI

o LEt —

N pyridine NN X OO benzene N
. rt,1.5h H t,1h ¥
61a 24 12G rt, 4A'a

Scheme 38. Domino reaction of conjugated hydrazone 12G.

T, NRUBUVROANIMICEBRE A AT 5K FI Y U EORIGERE LT, &
kL U CIIATES p raaB IO p-A MFUHEERIRLZ, 705, Scheme 38
ERBEOTEE AW TIR e R 7V 121 & 12A 265 L7= (Scheme 39),

R R
o CO,Et —_—
N \©\ idi
NHNH,*HCI ptyn;dlgeh ”/choza
rt., 1.
61a 841 (R = Cl) 121 (R = Cl): 85%
84A (R = MeO) 12A (R = MeO): 97%

Scheme 39. Preparation of conjugated hydrazones 121 and 12A.

FT, EEFTY U R2Q1I O NV ZFNURT AL D R VB GEEXB o h Eil
TR LA B L n oA v R v Wlaldfgsnien -7z (Table 9. entry 1), KIZ
A ZFEEOFME T CTRIGEES L, oo v R v ldAaidfG oo izb oo, =
AT NVDONNZ = F NI b DA o R—/VREEE T F /L 13Aa 78 16% & IRINER 28 B b

(entry 2),
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Table 9. Domino reaction of conjugated hydrazones 121 and 12A.

Et Et
R CO,Et 0]
R R
\©\ Et;B (5 eq.) A NH

_N COEt ———

NS benzene N N

H r.t. H H
121, A 13la, Aa 14la, Aa

entry hydrazone R time (h) indole yield (%)
1 121 Cl 1 13la -
2 12A MeO 1 13Aa 16

iz, EmreAr RY) v l4Aa DEREHNE LT, At an—7 1D R 8
IS B W TEWKIGHEEZ R LN 2 704 a7 2 =)V AT ) ~DEHZ R I T
(Scheme 40), T 72ohH, KEE{LY F UL TH&AL N7V 12A OD=F )L 27 )VE DN
KR ERRR LTz, UL, DAVRUEE 86 IS LN, 727 4 2MboHE T LT- 85 % 234
LT, XU FTAA 0T 2 =)V T AT ILA~OFFEIIWT A LT,

MeO
MeO
/N\/\/002Et \©\
N AN X
H TH!:/HZO [Tj | N’NWCOzH
60°C,9h
12A o N H
82% 85 86

Scheme 40. Attempted hydrolysis of 12A.

¥, AV R=/VEFBEOfIZ T VRV EE AT 2 87 X0 Auxinole 7¢ & AMEH) D 53 LRk
RICHAET L2 A= oAl e LTERT 2 ZERAHS A TEY . =% 04k
HSRE DM D7D Y — Lt LTHIH &N TW5 (Figure 5), 2 L7z3-> T, SHEla-
TIF A v R VERB TR SR 2 RIS G T D FIEOMENLIT, fEY O /L BREERERE D 72
WICHEETH D, =T, Table 9 ITRTA > R—/LHEERHE(R 13Aa 2 A T& 5 ARG
INZEOFERTIEE 2D EEHIF LT, IRom EEZ BT E L,

Me

COZH Me
O
\ O \
N
H

N
H

87 Auxinole

CO,H

Figure 5. Auxin antagonist.
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£, JUSIREZ EIFCRIGERETL7E 2 A, A4 2 F—/L 13Aa DILEHEIT 35%I21h) F
L7- (Tabe 10, entry 1), = 2 C, LV R COMIGERFTT 570, 7 ar X £ X DMF
IR AW TR ST CRISZAT S 723, RO M BT A B h - 7= (entries 2 and 3),
EHIC. Tk h= b UVERSRM RIS E R L7c & 25 A & F— 1 13Aa DI 43%
EETMELED, 7 b= MU AV EREELEE L7 (entry 4),

Table 10. Influence of temperature and solvent effect.

Et CO,Et
MeO 2
MeO
N CO.Et Et;B (5 eq.) N\
. 2 — >
H SN reflux N
H
12A 13Aa

entry solvent time (min) yield (%)

1 benzene 60 35
2 PhCI 5

3 DMF 15 25
4 MeCN 60 43

WIZ, SHRDIEOM L& B L CEWARISEMREST 2 BT, VA ABERmL T
K VRIS Z G L7z (Table 11), £9°. =7 v bR U FE-=—TF )UK A4 o A
T—7 VDRI VRS THEN THoTZ M) AFAT VI =0 A E AWTRISEIT T2,
A v F—/L13Aald G b e A~ 7~ (entries 1and 2), ¥ Wiz, HALTSNFLE F CRISZ21T-
e A, RISTEREICIFIOEED N Y = F LR T U2 BT L5500, 66%E BAFRILERT
13Aa’ & 57 (entry 3), * Wiz, 2O MSHFEE & L CRALHS Z V= E 2 A, G
REF DIER N MLETh o723, RO ERA LT (entry 4), S 5612, F V(LR Z T
MUTKIEZEITY &L BEED N =F AR T U THRRMICSIENETL, A > F—b
13AaT3% DI TR H L7z (entry 5), £72., I VALHEH DY EEUZ OV THRET L 7o f5 R,
I UbHESR 2054 & E TR DO L THRIERMICSUCHHEIT L, 89% & mlN=R Tl3Aax 52 %
Z DB E TS (entries 6-8),
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Table 11. Screening of Lewis acid.

CO,Et
MeO Et;B (5 eq.) 2
. . MeO
N~ COsEt Lewis acid _ N\
N ecn g
retiux
12A 13Aa
entry Lewis acid (eq.) time (h) yield (%)
1 BF3°Et,0 (3) 1 -
2 MesAl (3) 0.5 -
3? ZnCl, (3) 15 66
4? ZnBr, (3) 7 71
5 Znl, (3) 0.5 73
6 Znl, (1) 0.5 73
7 Znl, (0.5) 0.5 89
8 Znl, (0.1) 0.5 64

a) 10 equivalents of Et;B were used.

Pl X iz, aoblighfFET. 7k b= MU LEBRSEE FTTHEE KTV 12A12
NV ZFNURT o E2MzDE, TATIVONIZZTF VIEE DA v R—)VEET T L
BAa DN ENRTEOND Z LRI LN 75T,
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b

H2H MR D EER

..[

Wi ke BTV 12A 0B A > R— v 13Aa DA T 2 SSRRIEICOWTEE LT,
AISIIEAF T A —T D KX 7RIS (85 1 558 LHISE 2 1) LRERIC. AU L=
FTIVOAERERB L TEITLTWS EEXHD (Scheme 4l), T 72bb, =F LT TH
I E RT Y 2 12A OB ESIRICAINL T, =/ I=1F T/ 88 &7V,
EHIC N ZFURT AL > THIE SN N-RY L= b KT U0 16 BWAERKT 5 & [FIF
=TT PANPAERT D, FEVWT, 16 D[3,3]- 7~ b1 & —iifr i JOPRERNDET L,
-7 /A4 R 16 BAEKT D, RIS, RU AT I OBEEE SN EITLTA v
K=/ BAaBHE LN EEZEZBIND, 2O X I, KRG TIET ¥ AINRER & Fischer
Rlg v F— ARk ) 23 L C#IT LTV B,

Et;B

OMe
l Oz /©/ Et,B  Ete
HN

Meo\©\
Ete | E Z
N,NWCOQEt - . 'N\/\(COQEt

radical addition

H B
Et
12A 88
/©/OMG
HITI HN
_N CO,Et [3,3]- Slgmatroplc _N Cco Et CO,Et
EiB \/\( rearrangement EtpB™ ’ EtZB ’
Et
15 | Fischer-type indolization
Et Et Et
CO,Et CO,Et CO,Et
MeO MeO MeO
NH — > ) A\
cyclization N \BEtz N N
H H
16 91 13Aa

Scheme 41. Plausible reaction pathway.

WIZ, REINZHBWT = 7ALHER ORI £ 0 B R IGR O] LR A b7 Z L2200
THELE L, IR ZRINLRVRFICENThE FT Y RAITEESNLD Z L
5. T VINAINBOEDBEFEITEIT L TV D LIS D, L7ed-> T, = v klfghid N-
RINT e RTV 1O F I VOERIKFICHNT D, FLIEP=F AR VL&
T HZ L TRI-> I/~ hrE—dEOEMBEZEEL TWDH EEXLNDLN, BITED &
ZAEHMIZOWTIIRATH 5,



Fo ARSI 05 Y& & EO I VLR ORINTHEST L7z, —f&IZ, Fischer 1 > F—
NARITEVER & LCT =T BAERL, BEBERRT 5 AMREMN B 5720, (b
BREDOT LU ATy FRETZIINA ABALETH S, O —F, KIS TSR
WRIEDO ) ZFVRT U FET D7D, A2 R—/L 13Aa BERT HERICHAET LY
TFARINANT IVEREFTVE=T N M) ZFART AT Lo Tt s v, BEKEZF
R 5 Z & Ta UALEMOKLEEZIH LT\ LB X 5D (Scheme 42), 2

Et Et
CO,Et CO,Et
MeO MeO Et,B-NH,BEt
3 2 2
N\H —>Et3B N + or
N BEt N Et,B-NH
H 2 H 3 8
16 13Aa

Scheme 42. Formation of ammonia-triethylborane complex.

EHC, BIECTRH LIZEZA T 2= 00 R RIS ST R Y | KRG T
T LMEDET LT R B A U RY ATERET, A R—FB= AT LG LT
ZLIZOWNWTELLE, ZHIETREE 922 ofEICERNT Lo ThEEEZLND
(Scheme 43), T 7echb b, ke RTIVUNBERTH2-7I /74 KU 16 (X=NH) ©
e, AV R UBZBOBWVETHGRIZEY . RUAT I OBk L HELSIELAIC
EITL, 412 F—/ 13Aa Mol eExonbd, —FH, HEAF oo —T b4
T 52-73 YV Ruxr Yy 7710b (X =0) DA, Vb FaxXv Yy 7500l
JRF1EA > RY COBRBFR IS TEAEGREMENZD, HHILL D 77 % LMehE
EHINCET L, Ry 7eba—Ll4fhanfEohni-eEZ22x 505,

Et Et Et
CO,Et o ) COzEt CO,Et
MeO MeO MeO
DO —— > — N
N BEt, N N
H H
16 91 13Aa
R = OMe
o)
Et et C Et
CO,Et (33 H o)
OEt
R -
NH & ——> NH — >
X BEt, R=H O} BEt O H
92 10b 4Aa

Scheme 43. Reactivity of intermediate 92.
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53 EHRINR OGS

WIZ, REIGSOR Y VB EOBEHRIENRICOWTHRFZITH 720, $ix 72T U — 4k
PET 5% E RT 0 12B-F, H, N-Q DA E T~ 7= (Table 12), Ciik *9 o k%%
%12 (2E)-4-o0x0-2-butenoic acid ethyl ester (61a) & 7 U —/L & N7 2 U iEREM 84B-F, H, N-Q
ZE Y T (method A) E72IEHEET U U AFET, =& 7 —/LH (method B) THik
ad sz ickvifke KF 2 12B-F H, N-Q 28 BAF 2RI TR L iz,

Table 12. Preparation of conjugated hydrazones 12B-F, H, N-Q.

method A or B

O COEL +  ANHNH,HCI A N CO2E
H
61a S4B-F.H.N-Q method A: pyridine, r.t. 12B-F, H, N-Q
method B: AcONa, EtOH, r.t.
entry hyrdazine Ar method time (h) hydrazone yield (%)
1 84B p-BnOCgH,4 B 1 12B 87
2 84C p-AcHNCgH, B 1 12C 76
3 84D p-MeSCgH, B 1.5 12D 84
4 84E p-MeCgH, A 1 12E 80
5 84F p-tBuCgH, A 0.5 12F 84
6 84H p-FCgH4 A 1.5 12H 75
7 84N 1-Np A 1.5 12N 61
8 840 2-Np A 1 120 71
9 84P 0-MeO A 1 12P 81
10 84Q m-MeO A 1 12Q 90

BB, RNRIFMICTE TS ReATE 7=l BT YU HERE 84C 135CHR ® o ik
#HEIZLTHBL LT (Scheme 44), 726, I U bz bl L THWD N-(4-3— K
Z7x=/W)TER7INR(©3) ENBock RZVOBy 7TV U TRINZED T Y —vEe R
TV 9k QUDILETHR LTz, IHIZ, 94 Y7 an A o Hifi{b/kE (4M, 14-
VAT VEIR) T L T Boc ZEDOMRFELITV, EEMIIC 84C AT & L TR,
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BocNHNH,

/-\CHN\©\ Cul, Cs,CO;3 ACHN\©\ HCI ACHN\©\
—_—_—

DMSO _NH
| N2 CH,Cl NHNH,*HCI

50°C,22h Boc 0°Ctor.t.,15h
o)
93 82% 94 quant. 84C

Scheme 44. Preparation of hydrazine hydrochloride 84C.

Wiz, ke K70 12B-1, N-Q O R X BRI %55 2 T8 1 8 Crer U 7= fei 54 %
FAWTHEET L7z (Scheme 45),

Et
CO,Et
= | Et;B (5 eq.)
R—— Znl, (0.5 eq.) 4 N\
A -N CO,Et R—

reflux, 0.5 h H
12B-l, N-Q 13Ba-la, Na-Qa
Et Et
CO,Et CO,Et CO,Et
BnO AcHN MeS
A\ A\ A\
N N N
H H H
13Ba: 61% 13Ca: 66% 13Da: 57%
Et Et Et
CO,Et CO,Et CO,Et
Me tBu
A\ A\ N\
N N
H H ”
13Ea: 60% 13Fa: 47% 13Ga: trace
Et Et
CO,Et CO,Et

Et
CO,Et
F cl
A\
N
H

Iz /:>\/

13Ha: 28% 13la: 17% 13Na: 92%
Et
Et CO,Et Et
O CO,Et CO,Et
N\
A\ N
N N N
H OMe MeO H
130a: 62% 13Pa: 44% 13Qa: 18%

Scheme 45. Substituent effect.



IXUDIC, NUBUVER EONRIICEREZ AT 5% 7V U i2 o0 THRET LT,
FT ARUVUAFX VI TN I FRBLOAT AT A EEZHET LI E KTV 12B,
12C. 12D i3 VALHERFIE T 7 b= RN U VEBIRGEHET CRY ZF AR T V&2 Mx b &
KI5 5 ALEH#A > K—/L 13Ba, 13Ca, 13Da BNHREEDOIETE LN, KRIZ, AT
NEB X Otert-7 F L2 A4 5488 TV 12E12F Z W C RS2 T2 & 25,
A > K—/V 13Ea, 13Fa NEIEI 60%F XN 47%DULRTHE: ST,

Wiz, MEHO T = VHEFT e 870 12G it CUE Lz 2 A,
HI9DOA > R—/L 13Ga ITEME LNER L o7z, 70, 7 v EBLOEER 424
THIEE KTV 2 12H, 121 # FEICHWSA TiE, RIET LA > F—/L 13Ha,
BlalFFoiznoi,

SO, TV =N LTHFI7FAREEZET % E FT7 Y 0 12N B LN 120 12201 T
et L7z, 1-F7F a3 2%& e BT V0 12N O R BIROS TR T L,
R V[g]A v F—/L 13Na 28 % & @R TH LN, Fio, 22T 7 FLEEHT 5 404%
bt RT7 V2120 ZREOSRME T CRIGEE S & F 7 F D 1AL TEIRAIZTERNL SR
T L, X V[e]lf v F—/L 130a 7% 62% & FFEE DILR T H iz,

BZIZ, ANV MIBEIORAZLUCA MU EEHTHHEE RT V2 12P BELON12Q 12
OWTHFE LT, AV MICERLEZ T 5% K72 12P EORIGTIE, 7-A R ¥
A R—/v 13Pa N MWDK THEO Nz, —J7, AZALUTA bFVEEFT LM% B
7 12Q E DS TIL6-A hF A > F—/113Qa T § 72 18% L3 /e > 72,

EFITTNOOREREZ S LI FOEIZOWNWTELE LT,
1. 7=V EONRTNOBERIEIC L DIRDOFE
2. FTUTFNEEFTLHHEEE KTV 12N & 120 O K EOFHE

1. 7= =)VE LO/STALDOERINT L DINRDFE

NUB VR EONTLICEBRE A AT & R Y o iid 5 &, B EAER
THEBEDIZI NN UREBO 7 = VAR TAEE LY QICERENoT-, =
OHBZUTOX HITELE LT,

LB, —HDOT7 2=V EONFICEFHEEEITEF R EL AT LV 7=
Jbe K7 95a & 95b & FHWT, FetESeft 7 C Fischer 1 & R—/L&RZHRETL T\ 5
(Scheme 46), * Z DR, WTNOREN L LB BE 2B VBRI T O T L7z
A > R—/v96a, 97b NMELMICELNL Z EERHLTWD, £72. —f%IT Fischer 1 >
R—= BRI B VB EORTAICE TG R 2R/ T 556 ISR ET LT VW &
NEIHN TS, ® L7=2v-> T, Scheme 45 DSICEBWT NP U B EDO/RTALICE
TG A G T 2 WEIZB W TR ET LI B b,
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R Me. _CO,Et R
g N—co,Et N—co,Et
N HCl
N N + N
EtOH >

95a (R = MeO) 96a: 43% 97a: 2% R
95b (R = EtO,C) 96b: 11% 97b: 67%

Scheme 46. Fischer indolization of diphenyl hydrazones 95a and 95b.

2. FOTFNIEEET LI KT V2 12N & 120 Ok OFHE
FIFNEEAETLHIEE KTV 2 12N & 120 OKGEZ ST 5 & | ICRICH B /R ZEM
HDHZEPNHA L, ZOHBEE L ES 2/ & FKICB,3]-v /v b E—ilEB T b
NEREBINEESZ AVWTHEE L= (Scheme 47),
1-F7FNEEETHHEE KTV 2NN BART HAR Y )Lz 2 2 98 DEALEG T
1T, AMPstrain S5/ &7 HEBIREE J 13 7 FLE L BHREL (= FLEE LI FLT R
FIV) & OSREENNE | BRI AEIT L2 bnD (R 1), Tkl
T 2-F 7 FNEEHETHIEE KTV 0 120 2 BAEKRT 2R U b= 2 2 99 OFRNL
T, BRI K 3T 7 F L BRI L OSEREENRD D720, J &l L TS
fTLicK wWeEzbns (2, LER->T, 120 [T T 12N L ORIGEDIE D MR E
KAV R=ADBH{LNTZEBZ X BD,

H Et
H = EtzBN/” 0

O N\
N o y (1)
_N Et
e (7 H
13Na: 92%
Et
QI ! oWaii
HN _ /\T/ O A
_N CO,Et — EtBN— O 2
EtZB \/\( 2 2 H 0 N ( )
H
Et
99 K 130a: 62%

Scheme 47. Reactivity of conjugated hydrazones bearing naphthyl groups.

Ubkokric, RUBVE EOBBHBESFEICOWTHRE LZEZ A, Bt RE2ET
%3G CTIHNEMICRISDNEIT L, ~Na F o OmE RO 7 « = VI A2 5 38 TG
DEIT LIS WD ENHIBA LT, F70. -7 7 FAEEETHEEDIE ) N 2-F 7 F L5k
ERTHEE LD LROICUENEITT D Z EBNHLMNE 5T,
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WA BEARIREZTI AN LD R T D AT — 86T K s

WIZ, T AT VDL SRR T VX VEREEZ R T 54 > R—/VERGFHEERO G % B
& LT, B a P AT VXL & DT 2 h AT —EaAL SO % #iat L= (Table 13),
TP, FVEHERBIOTAIFATOANMFEE L TCIa v, Y T a EFET, TR b=
FUEFREHE T TR ZF VR T U EINZTE 2 A, USMIRMICET L, 4 Y 7 n
ENVEOBAI T A R—/V 13Ab 75 95% & mIER T H 7z (entry 1), E7-[FERIC, 2
WMT NN T NEFRAT DA T sec-T T, Ay uaXrFaBLog vy
I a~F I EDRIGTHRIGT DA > F—/L 13Ac-Ae DU E <G 54172 (entries 2-4),
Fo, BAERUUANERET IRV T OV EDRIGERF LI E Z A, KINET
EH5HOD, BDOA > R—)L 13AF 34k L7z (entry 5), & 52, RE 72T Vv
ERAETDHI—FEBZFLEBL NI — KT b= IV EDORMIGHHEITL, TAT AR
= MU NVERTDHEBRENEANS A F—/L 13Ag. 13Ah OERRIZE) L7z (entries 6
and 7).

Table 13. Domino reaction with various alkyl halides.

MeO CO,Et
\T[::]\ No_~_CO,Et RX, EtgB, Zny _ Mo N
NTRTS MeCN N
reflux H
12A 13Ab-Ah
entry RX time (min) indole yield (%)
1 iPrl 5 13Ab 95
2 sBul 10 13Ac 74
3 c-Pentyl | 5 13Ad 76
4 c-Hexyl | 10 13Ae 71
5 BnBr 90 13Af 30
6 EtO,CCH,l 60 13Ag 48
7 NCCH,l a0 13Ah 22

Reaction conditions: RX (30 eq.), Et3B (3 eq.), Znl, (0.5 eq.).

S, 3T HNEIRAET S I Tbtert-7 FLE N TS ERRILTIZE 2 A, tert-
TFNFEOBFEANS N BANTEONT, BBRENZ &I tert-7 F L DR D U ITKERF
DA ST 17TAY 78 35% DL R TH AL L 7= (Table 14, entry 1), RIZ. BiEED 3 V1L tert-
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TFNERND R BRSIZEB W TIEED [ RS2 %i{btv’“ﬂ“ﬁ’ﬁ@&f FU T AZEINL
TRISEITD & A2 F—/L 17TA OILERIL 67%I2 E L7= (entry 2), RIZ., L6 Dk
MNTRCUETHDLIDEMHERT HTD, 7/ﬁW%%ﬂT%5FJE%wT7/%Wz#

RS ERET LIz L 2 A, B R&EZ & 4/%<wﬂA#&%@W¢fﬁ%nkoLt
Mo T, REINME T ¥ VBBARI O LISEIT T2 2 EBHA LN E o7, W2, H
W5 = Al tert-7 F L DR % 30 égﬁ)%ﬁ% LTV &, 5 YETHARKISIIZNRAIHE
fTL. BIERTA > F—= 1TA MG 572 (entries4and 5), & HICEEROBFI 21772 L
A, AULHERCT AR T Y U AZTINE T E L ONTEITT S 2 E R LN E
7272 (entries 6 and 7). LA EDOFERNG . AEUSIE F UAL tert-7 F L DI D I THEATT
DN LTz, 7eds. entry 7 OGSHE T IRFIC RN IR DFEMEFE 2 pH SBRH CHER L
T2 ZA pH KL et a Rr L2 Enn, I b tert-7 F L ORI L0 3 wikK
FPAER L TV AR R S NTc, ARIS T, KERFPEASNTNDZ END
%ﬁﬁﬁﬁ@ﬁbfwééﬁiEﬂékﬁ\ﬁﬁ%ﬁ@ﬁﬁﬂ%%#ﬁﬂ@%%%oKﬁ
JZBE LTI 3 B CREfZIR < %,

Table 14. Domino reaction with tert-butyl iodide.

tBu

H
MeO CO,Et CO,Et
tBul MeO MeO
NN COEt ———— A\ A\
MeCN
H reflux ” ”
12A 17A 13Ai

entry tBul(eq.) Et3B(eq.) Znly(eq.) NayS,03(eq.) time (min) yield (%)a)

1 30 3 0.5 - 5 35
2 30 3 05 35 5 67
3 30 - 0.5 3.5 5 63
4 10 - 0.5 3.5 5 90
5 5 - 0.5 35 5 87
6 5 - - 3.5 30 71 (8)
7 5 - - - 5 75

a) Yield in parentheses is for the recovered starting material.

b Xy, FEEiTE e KTV 0~ T P HAINEJE & Fischer A o R—/L &Rk
PN L CH#EITT S B2 /mﬁm%ﬁmu A v R—= ViR 2 7 VOGO B

I LTc, £lo, m"a bl ALT7 A XN NS Z 8T, T AT IIVOofITER 2 727 L%
JVIEHAFEDE AN ST A v R— W DERT 2 Z ERHA LN 72T,
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W 3FE  myoh Fischer 1 > R —/L& kD BEXE

AR CEHEEIL, 78 b= F U VRIRSEMET, &kt RV 12A 123 Uik tert-7 F L &
Mz B R=/V1ITA BELND Z L2 RH LTS (Scheme 48), ARSI TIX, K&
VIR IS FRIRIVE 22 7R L7272 5?%mmf%wﬂgaﬁmmfﬁﬁibfm5&%Méﬂ
b. Tbb, IUKENEEE FT YV UDBETET U E RTPUbEDA v R—LJE
Wuﬁﬁbfwék%zEméo%;f\;@Eﬁmm$@%¢;@%%%%\ﬁﬂ;@
R IR Rl B

H
MeO CO,Et
\[::j\ Bul (5 eq.) MeO §
/N N \ COzEt >
H ST MeCN, reflux N
12A 5 min, 75% H
17A

H CO,Et
HI MeO \% HI
reduction NH indolization

N
H

Scheme 48. Synthesis of indole 17A with tert-butyl iodide.

I AbARFITEIZ, TV AT v RiEB X ONETLAl & L COME % ffd o Bk
AIETH D, B2, a?kﬂ%@“ﬁ%%ﬂmbkﬁmkbf\&mngLmﬁio_
TV RBIOR= a7 I UA~OBETR ol v R ReX KR AT5 7
DFBITHAHRE SN TVDEA, T HEKEOFHAKIE~OFFIFREN TH D, M %
DOERE LT, 33U bKRBREIKERE LTHRSNTEY . BASHE T THEHATE 00
B, BKRFMETREERICEM~ORMAPRNETH L Z L nBTons, £, 3 UK

R—N3 aq. HI

>  R-NH,
R-NO,
O 0]

R1J\(R2 __aq.Hl R1)K(R2
X H

X = halogen, OH

Scheme 49. Reduction with aqueous hydrogen iodide.
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FHABAFARETH DD, REFE 21T 0 72 DITITFFER e 28 &SRR B ED L E T H
D RAMICKRIT D, P Lo T, BKSAE T CREIC 3 D{bkFEEERT 2 TiEOR
FIX, I ULKFEEZRCDFHAERELRET 5 LT, BERFEDO —DOTH 5,

INETIZ, BAKETTCIMbAKRBERASED HiEE LTI vEOETEHHT
LHFEPHRESN TS, BEOIZI VRZT AR TEILCTDHE, VANLT 4 ROAER
EEHIca LKRENRBETHZEEZRMAL, 7V aarer— k100 2670 2L
I—Y R 101 25T 2 FIEEBE LTS (Scheme 50, 1), “© F£7=. /I Hida vk
BT 2R AT 4 XY FCEILT D LAERT D3 VLKHE-VT7 == VR AT 4
VAR FEAEERWET AR 102 Ok Fr I vRE K SERELTWS (&K 2),
E 5T, Sarpong HIE R U AF LT U I —Y RIZDBEOKERINT S &filitg&oa v
fEARFZENAERTHZEERHL, 2 THNICA L7 02675 b L7 2 K 104 OFABRK
ENERAL TS (#3), ©

Aco PAC OAc Aco OAC OAc
o) l,, AcSH o)
AcO 0  oa ~ AcO o) O ()
AcO AcO C  CHyCly, reflux AcO AcO
AcO 20 min, 77% AcO,
100 101
l, + RSH —= RSI + HI
RSI + RSH — RSSR + HI
H
lp, PhoP(O)H
Rl= gz _2°"PO) R%7kw @)
CDC|3, r.t.
102 16 h, 43-99% '
103
l, + 2Ph,PH ——> PhyPl + Ph,PH-HI
I ] I
o) o)
TMSI (0.2 eq.)
o~ NHTs H20 (0.05¢eq,) [j§>—Me @)
CH.Cl,, r.t. N
104 4 h, 95% Ts
’ 105
TMSI + H,0 TMS.-TMS Hq

Scheme 50. Methods for generation of anhydrous hydrogen iodide.

—J7. 3 UAbKEN I U4 tert-7 T L OEGRIC L 0 AERKT 5 Z & 7% Benson X° Ogg 52
LOHESN TS (Scheme 51, 1), % AFETIE, I HLAEOAERE & HICEIA
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THAYTTUNHR TR TH L0, TORERENLFETHSD, izt LT,
Scheme 50 D FHETITRIAERM E LTVANLT 4 RO T 2 =/WRAT 4 VBB LW YR
XA UNERT AT, TROOREBRENLEL 725, LEB-T, 371k tert-7 F L
OBGRIT L 0 fEE 2 BKSGIE T Coa U{bRFERAELEE D ENHIfFSNS, ZvE
T, Fvibtert-7 FANSFAET H I UKRFEEZ G EISICHIA L72fliL, Jin kX
N Liebscher (IZ KX » CTHEINTZ3-A VY TF VT -25-U 7 BT U106 DiETeGHD
LBIOHTHS (X 2), P KRG TIE, M UBREIET, 106 123 ik tert-7 F L %
TERESED L, AL 700 NI vfbkRBIZEDV e FravRfbSnTa-3— R R =L
{bEW 107 AT 5, 512, 107 NI VIMA A ERIETHZETEHLT 4 DR
JTLINTZ 108 NGO EEZEZHILTWVD

Me Me

Bu— — & + I° \W
Me
_ o -
J\ \> Bul (4.2 eq.) HN \> HNJ\ \>
Pr =~ N —, IPr—_ (2)
toluene
reflux, 5 h H) o’\v@)
106 i 107 108. 95%

Scheme 51. Generation of anhydrous hydrogen iodide from tert-butyl iodide and application to
reduction of 106.

L., HKFHETF T fbAFZEOT LU ATy RIBB L OWE LAl E L COmMMEE 2 H
A ARSI RIRF ISR AA A TEFN TR D T 7 <L FBEN R LA > F— A RSED
MENTAZ X 0 3 ALKFEOF -2 AL Z A A2 "+ 2 e B T& 5, ©

Flo, 2 fLICEBREEZ LIV, U R—=LDEK, TRbb7 VT e REREET5
Fischer f & F—AARUX LIX LIZREEZ 5, ZAUIEEDOT LT & RRE R Y UK
JIGRME FCARRETHD Z L0, AR LTIZA v K= ~DOFFRRE %ﬁﬁﬁm Loy
ZA v R—/v 111 DB E DRI ST Lo W2 THh 5 (Scheme 52), °

Me2N NMe2

NHNH,HCI R O
AcOH/HCI (g)
OMe 75 °C, 20 min
109
R = CH,SO,N(Me)CO,Et  110: 50%

111:6% NMe,

Scheme 52. Fischer indolization with acetal.
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LT, T TIET AT E RET/La—)L 112 oA L7 4 > 115 025 S HZ T TH
A&, A2 R BRICH AT 2503 T T 5 (Scheme 53), 2 UL, Zh
HOFEEI~A 7 a0 2 —T7RFCERBOMBRLETH LD, L0 @ERERIED
BN EENL TS,

]
_ [Rus(CO)4,], BIPHEP R
R1 . R | CH3CH=CHCN, ZnCl, , ~ N
HO/\/ + N _NH, Re— | H
N 2-methyl-2-butanol, MW A N
112 R3 130°C, 3 h R3
113 114
R! R?
R 50 bar CO, 10-20 bar H,, PTSA
/]\ , + _NH, Rh(acac)(CO), or [Rh(cod)Cl], N\ H
R H dioxane N
115 116 100 °C, 2-3 days H
117

Scheme 53. Fischer indolization from alcohols and olefins.

ZOXHINREENS, EHEITI Ubtert- T F LAV LA I RT YDA v R—LE
FREE e SRR BT LT,
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5 1HT FoESR O RE

FUDIC, ke RV U RAZEEE L Cavibtert-7 F A2 N5 A R—/LA Rk
BOS D B Gt 2 fiit L7z (Table 15), AFEIZRWT, 7& b= MU LRSS T, 5 4 &
DA b tert-7 F N EMZ D L TB%DIETA > R—/V 1TA BFHiL7e (entry 1), &2
T, I vfbtert-7 FILOEAE 3 Y& D L TRIEZIT O &I 90%IZm E L7 (entry
2), IHIT, 2 BEFETHOL T EOUMRFMZER LTH, B 12A NHERETS, 12 F—

Table 15. Optimization of the reaction conditions.

MeO CO,Et
H,NWCOZE’( — \
H
12A 17A

entry RX (eq.) solvent temp (°C) time yield (%)a)
1 tBul (5) MeCN reflux 5 min 75
2 tBul (3) MeCN reflux 0.5h 90
3 tBul (2) MeCN reflux 4h 55 (20)
4 tBul (3) MeCN r.t. 24 h 77
5 tBul (3) CH,Cl, reflux 3h - (81)
6 tBul (3) benzene reflux 3h - (59)
7 tBul (3) EtOH reflux 3h 66 (trace)
8 tBul (3) DMF 90 3h 51 (27)
9 55% HI (3) MeCN reflux 0.5h 65
10 47% HBr (3) MeCN reflux 0.5h -
112 Bul (3) MeCN reflux 05h 85

a) Yields in parentheses are for the recovered starting material.
b) Gram scale reaction.
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JU1TA OILHEIL 55%ITIK T L7z (entry 3), ML EOFER G, 3 &ED I ik tert-7 F L %
IMZ TG AR OB IS ETTHZ RN E RS2, RIZ, BIRTONILE
Bt Lz & 2A, RIGKRKRIOIERIZAGND DD TT%E BAFRIHET 17TA B Eoii
(entry 4), WIZ, ARIISOEBHINRIZOWTREI L7z & 2 A, BRBEWLEERN GO, K
POtz Y7 ma X 8 RN Bl EOIFMMEE R TITY & 4 R—=/L 1ITA TR 6N
T R2ANEIR SN D DA TH 7= (entries5and 6), —J7, =& / —/L<° DMF 72 & Ok
W CIx, 7 b= R UL R U TR DOEITIZE VS OO 17A 2353 H 7= (entries 7
and 8), DL ED X 51z, AKNIMHERECOLEIT L, 7' b= MU vEAWEAICR
HENRANHEITT D Z EBRHL N E o7, RIT, ABUGD I VLKEIC L - TH#EFTT 5
L EMEGRT D720, IO I Vb KERE N TS ERFLIZE 2 A, PHEBED A v
R— L 17A 73 65%DINETHE L= (entry9), ZDZ it I Uik tert-7 F L & O
WZEBWTHRIGRFTIE VLAKRBRFEAEL TND LB X LD, 728 ARKKISSEMETldentry
2 L U CUCEME T LCEBY RBIERYE L TEAA > R—/L 118 X° 119 AR L T
oo 2T E VALKFERBRE AN TW DTS, SUBRTITFET D KIC L > TREH K
DOIKGENPEIT L TER LT DTH DL EEZX LN, ZOERFREITI VILKFE L IE
KEMTFTTRAESEDLZLEOEEMEZRL TS, £/7, I VLAERORD V ITELK
Fer WL 2 A, TTAIZEL<ELNRo7- (entry 10), L7=AR->T, I 71 4
DA WTHBEREEEZ R LTSI EBHLNE R oTe, S BT, T T LA —
NTRISZEIT>TH, IFEAEMEMET T2 2 L R<ETTH2 0, ARUSNNIKE
BARICHINZ D DA v F—LOFRERIETH D (entry 11),

PlEo Loz, 78 b= MU MERSGE T, ke RT7 V2 12A12 3 ¥ &0 3 U1k tert-

TFNEMAZD ERBIRNSIEDEIT L, 4> =L 1ITA BENETE LD Z &2
BN E TR o T,
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b

28 RUSTEES O 5%

..[

WIZ, T AKRFEOAERBER IS TOIEZE FT VU b A o F—= DT D BOGTEH
APALNITLHZL2AME LT, fHx @)iﬁ}é’@éﬁﬁbf:o

1. 3 VKB DA LR

AREDOFim Cik~7= X 912, Jin 35 X O Liebscher (Z iof?&iéﬂfca 71t tert-7 F v
ERAWDA VT 4 OBEILKIS TR, I UEKFBEOFRAIZ ML VRS & SRS
<% (Scheme 51, #.2), ) Zhcx LT, %%ﬂ%%bt4/b—wAW$fi£mf
H I EKREPBELTWND EEXLND, S BT RSV IEMMER S T3 T8 7,
WHERBEO A THEITT 2 2 005, 3 AL tert-7 F VORISR BEN B 5 LT b &
ERTco 22T, IVKEORAZHERTL2HMT, BT E =M ALBIUENE
VEBIERBEE L TONMR B2 7 F o — 7T a vk tert-7 F LD *HNMR A7 R L
DORRRFEALERE Lic, ZOfREE, 7 & b= M VEBEEICHWSEICIE, 30 51
1% 1.71 ppm & 4.65 ppm DAL~ Hﬁﬁ:/f VTT DT T BR S e, — .
BB A HWTEGE T 24 RRE L TH AT MLOZEITA B o
oo LTEDS T, 72 b= MU AR I Tl tert-7 F LD fRERE L TND EEZBND,

Fro. 7 =YL G Ufbtert-7 F/LIKZRIN L T LRFRINBGRIE L7 & 2 A,
N-tert-7F /L7 & b7 2 K (121) % 73 39% DK T H 7= (Scheme 54), T 726 KK
Efu\5?%mn7%»k7tF:FUwﬁﬁELT“FUU?A4ﬁV¢ﬁ¢HO%
FER LT, KOFDBMT52 LTI RI2LBERKRLIZEEZLND,

o 0
I
® H20 M
tBul —N= N Bu~
MeCN [ Bu '\:20 Me ” Me
reflux, 1 h HI 121: 39%

Scheme 54. Reaction of tert-butyl iodide in acetonitrile with water.

PLEDFER G, AREISIZBWTREEO T2 b= Y Ana vk tert-7F L =1rU Y
VLA A PREIR 120 2R H 2 & T, I VKEDORELREL TWD EEZDND
(Scheme 55),

€]

Me o I Me_ _Me
tBul Me——N=—Me HI + \[f
MeCN
120

Scheme 55. Generation of hydrogen iodide from tert-butyl iodide.
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2. e RT VUi A v BR—LNVEK T D SRR

WIZ, JEE TV UDBA v R=ARAERT DU OWTEL L, £7. K
FOGHRIEEE BT Y VU ORRE TETT 208 ) D EfMRT 5720, &Ll Lz
WA ¥ L —F )L 5A HRHWT, Bif CHEST L 7= i 5 ChUG & #isf L7 (Scheme
56), ZDfER, NV T T 12 135G 60T, JREIO RN & EHEZRIRS M DK B
HDHTHoT, LEN-T, KNI HEEE N7V ORI SHICERT 56O T
borEBEZLND,

CO,Et
©\ tBul (3 eq.)\
N CO,Et A
(@) W 2 MeCN \\} g

5A reflux, 6 h

122: n.d.

Scheme 56. Reaction of conjugated oxime ether 5A with tert-butyl iodide.

e BT AR RS E LT, A 2 U DOBARHE ETORETFHI L DRISHE S
TW5 (Scheme57), % 4 /bbb, difkk KTV v 123 ZHEBFFOEmWEHGEIC L -
TL24 DL D 72 HIEAEEE LD N TE DD, A X U OPLRE EOE THEENERK L
TW5b, 07, ke K7V 2 123 (To,B-REf A VAR =/ L& 61 LT8R | B
frfRFE ECRETAIE S L, 125 %52 5,

€20
, R2NHNH2 ' R N R
OWR R\N/NWR L.A» \l?l/ W
S+ ! 5-
E
61 R 423 125

Scheme 57. Reactivity of conjugated hydrazone.

ZOXIRRISHIE LT, Ak S13d ke RV 123a, 123b I RETFHIE LTHRY 7
VA O R K a2 SOS S D & B- U ZvA T FARIA 125a, 125b MR 5N 5 2
EERWE LTS (Scheme 58, 1), ® F7-. A btk e 70 123 DMt %
FIFH L7 N Y A A 22126 DIRRII72 T V7 = ARG O BIFEIZAKE L Tn5 (X
2)0 59)
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TFAA O

N pyridine _N
RN cHCl R,N Mca (1)
2Ll
123a:R=Me 20 °C, 5 min 125a: 40%
123b: R = iPr 125b: 79%

chiral dicarboxylic NHBz
NBz ;
-N acid catalyst _N
NS AL N NAr ()
Ar MS4 A, (CH,CI),

123c 126 -35°C,48h 125c: 71-87%
87-93% ee

Scheme 58. 3-Substitution of conjugated hydrazones.

FREORISHEIN G, ke KTV 18 A ¥ R—/b 22 AT D SRR 2 IR D X
I FHL 7= (Scheme59), T 72 H., I Ufbtert-7 F LB RAE LI U{bAKkFICk - T
A IVIRFEOBMA T 1 b AMEIINTT V=0 hA F 2 19 BEKT D, RIC, 19 DER-
EBROFHEENIUAKBIZLVEILINT=F I 20 AR L, & BICERA RIS S EST
THZETA LV R= 23 EbnizEE X T,

R
H
Wg \g \g R
! @ @ = 0
N’ protonatlon reductlon N
H H
18 22

Scheme 59. Plausible reaction pathway.

Z T, BHR-ER _EHEOBRICOG) I UL tert-7 F U Ko THEITT 2 Z & &l
T 57T, RO LD REREIT-T,

P BHE-BE _EHEEEATLIT Y VIARCEY T (127) 2B L LT, T
F= MU LEHREE T T2 980 I vibtert-7 F L LG ST & 2 A, BR-EH EE
BOBETLENTZE RT V122U H VAR BEY =T (128) 0 28 91%DILR TH LT
(Scheme 60, 1), ¥ — 7, KF-RFE _EHAEZHTD 7~ /EEY ATV (129) % RIS
S LI ZA AV T 4 VOB ST 130 XS o, e R E v (X 2),
INLOREMNG, Fufbtert-7 F/MTRA-RFE _HEMEA LY bER-ER _HEHESLEL
HNETT D E LN E otz ©
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H

EtO,C.. _N. tBul (2 eq.) EtO,C.. _N.

2¥>N* " CO,Et > Z¥>N" CCO.Et (1)
MeCN H

127 reflux, 10 min 128: 91%

MeOZC\/\COZMe tBul (2 GQ) \\\\ g MeOZC\/\COZMe (2)
MeCN
129 reflux, 0.5 h 130:n.d.

Scheme 60. Reduction of N-N and C-C double bond with tert-butyl iodide.

EHIL, Zz= a2 b729, 4 FR=APERLERDN NN-UAF e KTV
131%9 & = ok tert-7 F AL DG A Kiat L2, 7235, 131 13 (2E)-4-ox0-2-butenoic acid ethyl
ester (61a) & NN-TAF/LE FZ VUMb EM LT (Scheme 61, 2 1), 131 % = V1L tert-
TFNTRIL LT & 2 A, [RF-RFE HMEHDOERILINIE BTV 133 5 40% DI =K
LR (02), AL HEE RS L1831 AR E 5T e FAbSRT
ERT 2T =T LA F L 182 OBRF-ER _HFEGOBRTEBIVZ T I NHA I~
DOEMALPHEIT L CTER LTZEEZBND, LTz > TOARA v R— VARG TIEE T,
I UKRFICLVIEE R T Y DR 14-ETRISHETT 2 B2 b D,

MezNNHz
cat. AcOH
. _N CO,Et
61a 0°C,1h 131
95%
tBul (2 eq.) @_N CO,Et
_N COEt — 5 - Z4 — _N CO,Et
Me,N™ SN2 MeCN MeaN \J/A\E/ Me,N™ X7 77250 (2)
131 reflux, 0.5 h 132 133: 40%

Scheme 61. Reduction of N,N-dimethyl conjugated hydrazone 131 with tert-butyl iodide.

PLEDFER S | KGO GREE 2523 L 7= (Scheme 62), £3°. I vk tert-7 F /L &
WIEDOT 2 = I ANKIEL, = ) VT ALAF L 120 B LTI TIAKFEEL L VT
TUNERT D, T, I EAKBICL - T R TV 18 DBALA T 1 b oAb &R
TT Y =ULAF 19 BPERK LI, I U1 4 OER-EFR _HEES~ORBEHE
MHEAT L, WA 20 725, WIT, S UL 42 EDORIRIC LD E5E-3 U RFEG 0]
WrEiv, = e RT U0 20 BAERT D, 61T, 21 b [3,3]-v 7~ hu v —isfir, FABR
BLOI U7 20 LAOBMEE ) HEEDEITL, A =L 2 13 (G oniztEX
Lbivd,
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F7o. ARISOERBICIE 3 ¥EO T UL tert- 7 FARMETH 72, Zhdditke K7
V18 Mb T KTV 21 ~ORICIC 2 YEO I UALKBENHEE I, EY 1 YED
IUALKFENT L AT v KligE LTC[3,3]-v 7~ b B —in(r s X OB 2 (e L 7=,
FEACDOBRITHH SN T V=T LEERKT 270 ThoEE2bND, B, KK
JETLYEDI RS FNERT I, Z0Z LIIISK TH ORISR % 0.1mol/lL O F
AT Y U LKEER THRET 2 2 LI X VR L7z,

(€]

Me\ o | Me._ _Me
Bul =—— Me——N=—Me =—— HI + W
MeCN Me/
120
L @ QW
N\/\/R‘— ®.N — N_ = R
ND N~
H N N \/\(
18 20 H

[3 31 & ©\/§NH3T®

NHyl
Scheme 62. Plausible reaction pathway.

F2. L) OO E LT, 7Y = A AR 19 123 Uik A A n
Michael BN L TARKT Da-3— Fb K7V 134 33 LAKFIC LD ELS N, =k
K721 L balEtEbE X 545 (Scheme 63),

I@

0|l ned o H‘?" T@

19

Scheme 63. Another plausible reaction pathway.
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PLED X iz, AROSTEH I 7ML tert-7 F B 384E L3 wbKkFIZ L ke K
Vv DRI LABTERIGASET Licte, =vE F7 Y ORI/~ br bk
IERBELTA Y R=ARNERLIZEEZTWS, B, ARSITEEE KTV 0 0ET
FG L [33]-3 7~ b B —RRAL SR ASERE L CEIT L, A > R—AREBbR S BT
Fischer 1 > R— /L &R DOHID TORITH 5,
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o5 3 H BREE I HEDH O R

W, ZEHEITZEICH Fischer A > F—/ L4 R o 528 36 & =

- i R-— |
DREE T 77, 8 3 B8 3 {0 1 H TR~ E U8 EoEk N MNﬁ/\VW
3 O(RY. 45355 3 Hi 2 ETIAE Ik (RS, RS, RY I R2 RS

= - —
Ob\f*ﬁﬂ# [—/7:—0 Jipee o
%1 IH B2 IH

B1EH NP UiR EoBE#REL RY ORE
TP, EE LK E RT YV 12)-M OB A T 7= (Table 16), ke K7
12J-M 1355 2 7555 3 Hi L [FIEEIZ. (2E)-4-0x0-2-butenoic acid ethyl ester (61a) &7V —/L& K

7 U U HERE 843-M L DB KMEAIC XY ARk LT,

Table 16. Preparation of conjugated hydrazones 12J-M.

method A or B
OWCozEt + ArNHNH,*HCI . Ar\”,NV\/COZEt
61a 84J-M 12J-M

method A: pyridine, r.t.
method B: AcONa, EtOH, r.t.

entry hydrazine Ar method time (h) hydrazone yield (%)
1 84J p-BrCgH, A 1 12J 74
2 84K p-NCCgH, B 0.5 12K 95
3 84L 0-MeCgH, B 1 12L 90
4 84M m-MeCgHy, B 1.5 12M 85

W, ¥kx 72T V— N EEHETHHEE RT Y U ERWTRUEB VR EOBRILNRIC
DUVWTHET L7z (Scheme 64), £7°, N“I(ICEFIGEEEZAT L% KTV 12B-F
7 b= b UIVEFRSM T TI UL tert-7 FIL E OGS L 2 A, RN LHNHE
ITL, ST %A > R—/L 17B-F BRAFRINERTH O, Fo, AIETIRIE S A T
Lo e @B D 7 = = VA HT 5 Eke RV 126G L OGS HETL, 4> F—
LATG ™ NEERINERTHE LN, £l 8T M a P a4 5% e K5V 12H,
123 &£ OIS TIEHFREDILR T A > F—/L 17H P (51%), 173 % (48%) 734k L=, La»
L, BFREIEELT=NINVEATLHIEE FT Y RKEZHWTHKIGERET L2 & 2
AH. Ay R=TIKIFGELNRr o7, 2L, = MU M IO RUBUBROEBEFEEN
ETFLTWA7D, [33-3 7~ Fr E— I REITET, £ R—ARBLRRhoT &
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EBEZBND, SHIT, AN MLE A ZLUCATFNVIEEFT 2488 KTV 0 120, 12M &
DRIGERG LTz, TORER, 122L > BIX 7- 2 FvA > R— L 17L 28 64% D ULHE THRL L
T2 — 7. 12M MBI 4-AF A > F—/L 1TM (28%) B LN 6-A F LA > F—/L 1TM°
(23%) 231 : 1 OLFETHE LI, BAISIZE T DALEERIPEDO R BUIA Do 7z,
BB, 1T 7 FNEREET K RT Y 2 12N & OIS B RAITHET L, <o)

A > R—/L 17N 23 79% DULR T & i,

CO,Et
R@\ Bul@eq) 7 T\
I
NS N,NWCOQEt MeCN ~ \
H reflux, 0.5 h H
12B-H, J-N 17B-H, J-N
CO,Et CO,Et CO,Et
BnO AcHN MeS
A\ A\ A\
N N N
H H H
17B: 83% 17C: 77% 17D: 83%
CO,Et CO,Et CO,Et
Me tBu
A\ A\ A\
N N N
H H H
17E: 82% 17F 77% 17G: 67%
CO,Et CO,Et CO,Et
F Br NC
A\ A\ A\
N N N
H H H
17H: 51% 17J: 48% 17K: n.d.
CO,Et CO,Et CO,Et
4
=
\ o2 TN i'u\
N [ N N
i H H H
e 17M (4-Me): 28%
17L: 64% ' : 17N: 79%

Scheme 64. Substituent effect.

PLED X5z, KEISZE T DB U8 EoE# I
TG IR AT S m AT B B TR G i

TS EIT L2 WZ ERA SN Ao Tz,
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WoTH  E—rE (RA R RY ot

wic, e 7Y v OE A RIEICOWTHRET 5720, RA R R (p.58 &) &
BREETHIEOEMEITo 12,

F. BHEEFLICERE RRAATHEEE RT V2 23Aa-Ac A L7- (Table 17),
THF #1, 0°C T 12A #/KF{LFT NV U ATREL L 7-t%, T VLA F L& 2 TR TS
S5 LT, N-AFIUBIKR 23Aa % 98NDILEETH: /=, Fiz, 12A ZRIFEIZKFELT K
U LATIB LT, BAL U DV E TR ERRS 2 0 2 TINEGETE L T, N-X> Uk
{4 23Ab (55%) & N-7" & F/LAb{k 23Ac (78%) %157z,

Table 17. Preparation of N,N-disubstituted hydrazones 23Aa-Ac.

MeO reagent MeO
N,NWCOzEt N’NWCOZEt

N THF Y
12A 23Aa-Ac
entry reagent temp. (°C) time (h) hydrazone yield (%)
1 Mel Otor.t. 1 23Aa (R? = Me) 98
2 BnBr 0 to reflux 15 23Ab (R? = Bn) 55
3 Ac,0 0 to reflux 4 23Ac (R? = Ac) 78

wiZ, RRIZ7Z 2=V uaH4 57 b KTV 24 % (2E)-4-oxo-4-phenyl-2-butenoic acid
ethyl ester (135) & p-A FF¥ v 7= =)Lk KT VUM (84A) & OIKMEAIZL W AR
L 72 (Scheme 65),

Meo\©\
NHNH,sHCI MeO

o CO,Et 84A > \©\ N CO,Et
X - X 2

pyridine
Ph rt,1.5h Ph
135 79% 24

Scheme 65. Preparation of ketohydrazone 24.

E 61T, R ICKEx RBEHILZ AT DL RT Y U OaRET> T2, Xk * OFiEE
£\, (2E)-4-0x0-2-butenoic acid ethyl ester (61a), 727 2 L1 > (6lb), 7 r b T /LTt
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K (6lc) BI OV F AT ATE R (61d) £V 7 =/t KTV UHEBREEBAKMEA L
T, RUCTZ AT, KBETF. AFAEBLOT7 2o e ok e R5 V0 25a-d %
1572 (Table 18),

Table 18. Preparation of conjugated hydrazones 25a-d.

Ph,NNH,+HCI ©\
4 AcONa 4
OWR on > N/NWR
t

61a-d rt. P
entry aldehyde time (h) hydrazone yield (%)
1 61a (R* = EtO,C) 1 25a 92
2 61b (R* = H) 0.5 25b 57
3 61c (R* = Me) 1 25¢ 86
4 61d (R* = Ph) 1 25d 83

Fo. D ol EEBE I, w7 ) —/ 136a-c & T & ¥ —/ 137 & D Heck KIS
IRV YT AT AT e RFEER138ac # AR L, S HICY 7 ==Lk KT VUi &
AT LT, ROICHRART ) — AV EE2HT ke KTV 26ac A LT
(Scheme 66),

Pd(OAc),, K,CO4
OEt nBuyNOAc, KCI

o+ DMF, r.t.—90 °C, 0.5 h

136a-c then 10% HCI, r.t., 10 min
137 138a-c

Ph,NNH,*HCI
AcONa @\ N A 263 (Ar = 4-MeOCGH,): 68% in 2 steps
> NI 26b (Ar = 4-NCCgH,): 61% in 2 steps
MeOH Bh 26c (Ar = 2-thienyl): 20% in 2 steps
rt,0.5h

Scheme 66. Preparation of conjugated hydrazones 26a-c.

PLED X SIZA LTk K7 Y 2T, #ITH) Fischer f > R—/L &R A G L
77

FP, BRI LICATAEB IO OV EEZAT 584 K7 0 23Aa, 23Ab &
DS Zfat L7z (Scheme 67), Z DOfEHR, FRMICSISHEIT L, ®IERTA > F—b
27Aa%? (82%). 27AL ™ (88%) N LTz, — . TR FNIEEFT DL KTV 23Ac
ZHWTESGE . 27AC 1 13% S RIETH D . 23Ac 23 48%[BIL iz, ZOEHEIN-T&
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Fe KT 23Ac DEZF - EOEFEENMITLTREY, BirRFZELETOT v hAvk
NEITLIZS W= ThHDHEEZ NS,

oo CO,Et
\©\ tBul (3 eq.) MeO
N,NWCOZEt MeCN N
R2 reflux, 0.5 h i?
23Aa-Ac 27Aa-Ac.
27Aa: 82% 27Ab: 88% 27Ac: 13% (48%)

a) Yield in parentheses is for the recovered starting material.

Scheme 67. Reaction of N,N-disubstituted hydrazones 23Aa-Ac.

WIZ, 7 he RT V24 3 vfbtert-7 F /L TUFLT 5 &, 983% & IR T2 il 7 =
=NVEERETHA L F—= 2835615 Z L 3H & 72572 (Scheme 68),

MeO CO,Et
\©\ tBul (3eq) MeO N
H Ph reflux, 0.5 h H
24 93% 28
Scheme 68. Reaction of ketohydrazone 24.
Sz, ke RV 25a-d, 26a-c & DRILZ G L7- (Scheme 69), #:fkt KTV

» 25a-c 727? = kU VERSH T, I b tert-7 FATUE L= & Z A, W@ X
JEISHEFT L, A o R—/L-3-FiliE = F /L 29a (89%). 3- A F /LA > F—/L 29b * (60%) I L
3-TF A > K= 29c ¥ (91%) NGBz, £z, ke KTV 25d % L OIETIE

81% & BAF 7RI T 3-_0 LA o =1 29d D B L, UGS ZIEIE L THD
BEOFEREIN S -, £ T, Ik tert-7F /L& 5 Y BT L TR E RS LT &
Z A, 29d DYLRIT 98%IZ 1A L7z, PLEDOFERENS, ke KT ok RUICITN
FTLHZ AT IME T, BRx REHRENFIHTE 5 2 LAV L7z, %ﬁé . RYiC
p-A XL Tz p-vT ) T2 VEBEID 2-F 2= VAR AT AR KTV
26a-c # TG ZEIToT2, TOFER, 26b & OSISIINRAICHET L, 98% & |ILET
A2 K=/ 300 &5 zx7=, —F, 26a L 26c & H\=HA, 1> K—/L 30a(63%). 30c
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(62%) 1345357228, WG JEEL 26a (25%). 26¢ (30%) 23EIIN S v7m, AT, K
ISR O IE R0 I AL tert-7 F /L OB B CIIINER XA E Lo T,

R4
@\ tBul (3 eq.) N\
Na X _R*
N MeCN N
Ph reflux, 0.5 h Ph
25a-d, 26a-c 29a-d, 30a-c
CO,Et Me Et Ph
N N N N
29a: 89% 29b: 60% 29¢: 91% 29d: 81% ( 3% 98%°
O OMe CN
g8 O
N
\
Ph
30a: 63% (25%) " 30b: 98%° 30c: 62% (30%)

a) These reactions were carried out for 3 h. b) Yields in parentheses are for the
recovered starting material. c) 5 equivalents of {Bul were used.

Scheme 69. Reaction of conjugated hydrazones 25a-d and 26a-c.

26a & 26c DSUGEPME T L7z B 2R D & 5 IZ#%%2 L7= (Scheme 70), EH#atk R* 12+

227 V=3 (B p-MeOCeH,) Z# AT 5 fkt N7V 121X 139 @ L 5 Ze dLigtEE o

%57%3?)%’) LEZLND, P Z0lD, T :WM’ A 140 DERBET b Z &I
X, A F—=30aBLV30c DINERNMETFLTIZEEZBND,

)
OMe OMe
)
Ph\N,N\ N -~ Ph\N,N N

I

Ph 26a Ph 139

®
l H OMe

Ph.®_N

'Tl/ \/\(@

Ph H

140

Scheme 70. Reactivity of conjugated hydrazone 26a.
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PLEDFERDE L% TR LT,

1. AREUSIZZEHRE Eo@E#HIE RPICT VR AESLT 2 =Lk %
BT 2 HWE TIIBRMNEITT 203, TUNVED K S 7eE R1_\ |
TR EE2AT 2 HE TIINROIE TR A SN,

2. RRICEMEZHETL7 b RT Y EOMIGHHRNIC
HATL, 20LCEREEZET 54 0 R—A B3G50 5,

3. EHE RUCZ AT ENLT LB TR, e @ik e /T o ke K7
oAy R=A3Bbn5, £z, RICTV—AVEEZETIHA. 7V —AEEICE
TR Y B RIEEZ AT 21T 2 BRSNS ITET L,

55 3 T 3MIZH L, 5 2 THCMRFT L7 E#HEL R b L ORE — M OGO RN 6 |
ARESIIE A 703tk e R Y U C L CHEMAATRETH D . Sk A v R—ARAERTE 5
ZEBRMEMEIR o, o, —MRITHIRAYZR Fischer A > R—/L & Tl 2 (LI E#LIEZ
HIoNA U R= L DEMN UL UIRREEAZ LS 2 &b, AFETEOREEWIRT S
BHRGTECRDEEZDLND,
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o AH RIS LR ERRA~DIGH

WHIEPE LEHNOE 3BT, I Uk tert-7 F A D EEKSIET THRAET S 3 V1L
IKEZEEFIH L RT Y O®ICH Fischer 1 > R—ILA&RREEZ R L, Bix oA v
R— VDO ERRIZHE) LTz, & 2 CTEEIT. ARG ZIGA L, EERLSC KR DGR AT
7=,

# 118  Indomethacin D& A%

Indomethacin (Indometacin) ® % 1963

1 Merck #HIC & - THITE S 7= FE % Z:)TXCC%H Z:ziﬁfC%H
TuA REFIRIES (NSAIDs) TH Y |
e F R B & L C Ak i JaL B A 25 12
331F % NSAIDs /L A FRIECRIE U o~ )\Q /©/§
s-tra Cl Cl s-cis

FOEMERIEI I Y © B - BEAR DI
SN D2 TR <, A SRk & Indomethacin
LTOTCEE M b EENTVD,

Indomethacin IXFEIRINIC T 7 a4 F 7 —8 (COX) #HETHZ b, COX-2
FLEIC LD FEMEIT T <. COX-1 BLFEIC L 2THLERE R EORIEA L Z 0 070
L ENTWS, 228, Indomethacin 2% COX & DEARETEAT DB, COX-1 1% LTl s-
FT oA T COX-2 1% LTCiE s-3 ARCHE ™ THREGT 2 2 & A X it i i 1o &
DIRENTWD, L7=N-> T, IETIE Indomethacin DA > R—/LVEE0_ 2V A VEE B
B A TIT 5 2 L TEOREAHIE L, COX-1 35 L8 2 BIRAY 72 BLEFH 2 BRI 5 A
FEHRTOIN TN D,

AES D 134 v R—VBRO 2N E TALCHEY R BEREZEAT S 2L T, 72 MEED
[Bl#i5 4 P12, Indomethacin 7538 (R DBLEE 2§l 32 = & 12pkE LT\ 5 (Scheme 71), §°72
bH, A4 F—/L14la(R' = H,R*=Ph) 3L 141b (R* = alkyl, R*=H) 1T s- ~ T o A

CO,H CO,H
\ 2 \ 2

7 ONT R? 777 >NT R?

R H
(@) (e}
s-trans cl Cl S-cis

141a (R' = H, R? = Ph) 141c (R? = alkyl)
141b (R" = alkyl, R? = H)

Scheme 71. Conformations of indomethacin derivatives.
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.42 F—v141c (R*=alkyl) X s-> AEEEZ ZNENELMICE D2 L2 R LTV D,
—f1Z Indomethacin DA RRICIXELILF EE © RAVWSRTERY, Bz TEMZRFiE
ThHDHN, ZOFHEREERT D7 OIIIH 722 FIEORBENYE L 72D, & 2 TH O IX,
INHDOA Yy R=VFEERESEL -0, MAICHB LIS FR- I F—o o A XA
SO AW TEREIT> T D (Scheme 72), " AKISIZZEHA » F—L & R#HEMICH
RCEDENT=FIETHDIMN, FEEEZ2D N-TUL-N-F I b-0-E=1T7 =1 v 143 O
oA v =V OBEREIEER A D L BOA > KA X L 3FEK 146 OARKIZ 10 £ 7=
XU TREZOTEEELEL LTS,

CHO =
~ Asteps, o P TS ge RUHICOICIPPR), o 2T o
R | — X A< F R )
< N > N&Jﬁ

NO, | toluene |
Ts reflux, 1 h
142 143 1441-5
CO,H
2nd-generation =
Grubbs catalyst R1—()\/\>*R2 4 or 8 steps o = | N\ i
= . —
toluene X N X N
reflux, 1 h Ts
145 0
Cl

146

Scheme 72. Synthesis of Indomethacin derivatives using aromatic enamide/ene metathesis.

EH OB LT e Fischer 1 o K—/ /LA REIR, 2-HEE#ids O 2-@E 1 o F—/LfE
AR 2 I AR TE 5728, LV E T T Indomethacin 35 X O OFERN G T
XHEEBERXL, 220, KRFEPNINLOERICHEHAARETHLZ L Z2RTIOD,
Indomethacin D& AL ZET L 7=,

FP RO R 14T & p-A R T T 2= KT UHEEE (84A) A P
TS LT, EICH Fischer f > R—/LARROIEE L 2 5% RF V' 31 % 99%
DL THH7= (Scheme 73), VT, #ERUGL T o HIEICH Fischer > R— /L& % 7T L
A=)V CiTolz, TR b= U, 10 g oke KTV 31123 vk tert-7 F L%
AT 30 ARMMEBGERIE L& 2 A, MfFE 0 RISHET L, 95% & @R TS v R—L
27 WAL I p-raa_r A rrul ReEfWT L2y Ak ™ L,
148 % % 8% DU TRz, Ftkic, I VLY F U AL DBA T AL 2470, 1.01g
@ Indomethacin #1525 Z & IZpH L7z,
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Me0\©\
NHN H2'HC|

pyridine MeCN
Me 147 rt,0.5h reflux, 0.5 h
99% 31 95%
109
CO,Me CO;Me CO,H
MeO Et;N, DMAP MeO
N\ M p-CICgH,4COCI
e L —>
N CH,Cl, N pyridine
H

reflux, 24 h reflux, 20 h
32 89% 84%

Indomethacin
1.01g

Scheme 73. Synthesis of Indomethacin.
PLEDOFERES . HIROILET LT K147 05 4 TR, IR 70% T Indomethacin %
AT A LIRS LT, ATEE. V9 AR —NIBWTHEINERTA v R— L% 5

A, MR REWEEZ AT OEEICODEMARETH L EEAXABND LD, ZERRA V F—L
MERERS SR DGR~ LIS SN D Z L3 liff S5,
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%5 2TH  (+)-Physostigmine DU A %

WIZ, FEH IR A~ RV > 37a, 37b

Me
ICEH L7, E1EOFR Tl E I, K:Iﬁ;lhmmkmqrijfggwe
faBefl A RV »37a, 37ThlT A FEM 2 A9 N o) N

S H M
DRRA R R EEN DB TH DD, 37a, b )

IR S Z DB RIS AT TS,  (X=NH0)
MEERM A > R L 3Tazm KRB E LTHTOIRARYOF T, < oMb T H{EEY
|Z Physostigmine ® 7% & %, Physostigmine |3 1864 4F |Z Jobst & Hesse (= & ¥ Physostigma
venenosumDFE - O HEfES N n oA o RN U ERERO KA THY , 7EF L=l
VEAT T —BIEEEEZ AT I EAMONT VS, ¥ £ 2T, BTHFischer( o K—
NERDS bR AMEOILRZ B L, MERAA > FU 37al3TbD Akl L O
(2)-Physostigmine D NG R & 1T o 72,

FHFIL, Scheme 74 (R T THEIC L AMEEREA > KUV OAKEFE Lz, T7bb, 3
frCiEIL 2/ 23 BT Y 1491238 JeiFischer o o R —/ V& EA 340X, A >
RL = 150084 T 5 EE26N5, &5IT, 160%UkT 2 v f I3k A 4 > T
YL LT IR LOMBRAEIT L, Mg > N U 151la% 72131516235 b1
HEFZI,

2
N’N\Jg,\/COZR """""""" *@ TTTTSTTT %
H reductive N R3NH, or OH H H

151a (X = R3N)
151b (X = O)

(-)-Physostigmine

Scheme 74. Strategy for the synthesis of fused indoline 151a and 151b.

T, MU ATFNIEAEF T HIMEE KT V2 33% (2E)-3-methyl-4-oxo-2-butenoic acid
ethyl ester (152) ¥ Lp-A Fx > 7 =)Lt TV U (84A) L DOBAFEAIZLY
87T%DILHETHAL L7= (Scheme 75), ki, &kt KTV 33% 3 wititert-7 F /L & )i S
HHE, B ARRE LA TDHA L FL=u 3RS 67 2 L 2 HARYOH NMR X
N7 MR ORER L, VT, MEEEET 52 7, =& /) — 1, BIRTAFLT
RVEMAZEZA, BEraA Yy KU UBR0%OIRTHE LN, £/, FkicHEe
N7 33% & JuHFischer £ » R — /LG RD IR L7tk KT R U T LKEHK T
WERS 5 L 7uA 2 R 236 R52%DIRTAR Lz,

68



Me0\©\
NHNH2-HCI MeO

Me
84A tBul (3 eq)
O X CO,Et \©\
A CO, p— \)\/COZMe o
152 rt,05h reflux, 0.5 h
87%

MeNH, \Qfg
N H

Meo\@ rt,24h 35: 50% (in 2 steps)
N aq NaOH Me o
34 EtOH MeO o
rt.,4.5h
N H
H

36: 52% (in 2 steps)

Scheme 75. Synthesis of pyrroindoline 35 and furoindoline 36.

IblZ, ffonfctrnnA R U3xE T I /LR TN-A F b Lzt 77
B DB 5 2 L T(+)-Esermethole ® %) 24457 L7 b F15272 H5T A, HILER34% T
BRET % Z LTI LT (Scheme 76), Esermethole’)» &Physostigmine~ZE#a & 34Tl
WEIN TS, Z OB T()-Physostigmine D AR S iz, 7o, 71
A > KU 367% 5Esermethole & &1k d % FELHE ® shTnwsaZ énb, 36
(+)-Physostigmine~ & FHETX 5,

Me O  HcHO Me o Me
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NMR spectra were recorded at 300 MHz/75 MHz (*H NMR/**C NMR) or 500 MHz/125 MHz (*H
NMR/*C NMR) using Varian Gemini-300 (300 MHz), Varian MERCURY plus 300 (300 MHz), or
Varian NMR system AS 500 (500 MHz) spectrometers. IR spectra were obtained on a Perkin Elmer
SpectrumOne A spectrometer. High-resolution mass spectra were obtained by ESI methods on
Thermo Fisher Scientific Exactive. Melting points (uncorrected) were determined on BUCHI
M-565 apparatus. Optical rotation was measured with a JASCO DIP-370 digital polarimeter.
Preparative TLC separations (PTLC) were carried out on precoated silica gel plates (E. Merck
60F254). Medium-pressure column chromatography was performed using Lobar gro3e B (E. Merck
310-25, Lichroprep Si60). HPLC was performed on a Hitachi L-7100 liquid chromatography
coupled with a Hitachi L-7400 spectrophotometeric detector. X-Ray single crystal diffraction
analysis were performed on a Rigaku XtaLAB PRO apparatus at -180 °C using with CuK,, radiation
(L = 1.54187 A). tert-Butyl iodide was purified by column chromatography on Al,Os prior to use.
Unless otherwise stated, all the reagents and solvents were used as received from the manufacturer.
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(2E, 4E/Z)-4-(Phenoxyimino)-2-butenoic Acid Ethyl Ester (5A). To a solution of
(2E)-4-ox0-2-butenoic acid ethyl ester (1.0 g, 7.8 mmol) in pyridine (50 mL) was added
O-phenylhydroxylamine hydrochloride (1.36 g, 9.4 mmol) under N, atmosphere at room
temperature. After being stirred for 0.5 h, the reaction mixture was acidified with 10% HCI and
extracted with Et,O. The organic phase was washed with saturated NaCl, dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 10 : 1) to afford 5A (1.67 g, 98%, 2 : 1 mixture of 4E- and
4Z-isomers) as pale yellow solid. E-5A. White crystals; Mp: 62-63 °C (hexane-AcOEt); IR
(CHCIy): 1714 cm™; *H NMR (300 MHz, CDCls) &: 8.15 (1H, d, J = 10.0 Hz), 7.43 (1H, dd, J =
16.0, 10.0 Hz), 7.36-7.03 (2H, m), 7.22-7.18 (2H, m), 7.10-7.05 (1H, m), 6.28 (1H, d, J = 16.0 Hz),
4.27 (2H, q, J = 7.0 Hz), 1.34 (3H, t, J = 7.0 Hz); **C NMR (75 MHz, CDCls) &: 165.4, 158.7, 150.5,
136.4, 129.3, 128.9, 123.0, 114.5, 60.9, 14.1; ESI-HRMS m/z: calcd for C;;H,O3N [M + H]”
220.0968, found 220.0969. Z-5A. Yellow oil; IR (neat): 1721 cm™; *H NMR (300 MHz, CDCl5) &:
7.98 (1H, dd, J = 16.0, 10.0 Hz), 7.45 (1H, d, J = 10.0 Hz), 7.37-7.31 (2H, m), 7.26-7.21 (2H, m),
7.10-7.05 (1H, m), 6.27 (1H, d, J = 16.0 Hz), 4.29 (2H, q, J = 7.0 Hz), 1.34 (3H, t, J = 7.0 Hz); °C
NMR (75 MHz, CDCly) 6: 165.7, 158.9, 147.5, 129.7, 129.6, 129.4, 123.0, 114.8, 61.2, 14.2;
ESI-HRMS m/z: calcd for C1,H1403N [M + H] 220.0968, found 220.0969.

Domino Reaction of 5A [Table 2, entry 2]. To a solution of 5A (50 mg, 0.23 mmol) in benzene (5
mL) was added Et;B (1.04 M in hexane, 1.1 mL, 1.14 mmol) and Me;Al (1.05 M in hexane, 0.52
mL, 0.55 mmol) under N, atmosphere at room temperature. After being stirred for 2 h, the reaction
mixture was diluted with 20% Rochelle salt solution and extracted with CHCI;. The organic phase
was dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
PTLC (hexane : AcOEt =1 : 2) to afford exo-4Aa (11.3 mg, 24%) and endo-4Aa (12.1 mg, 26%).

(3S,3aR,8aS)-rel-3-Ethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b]pyrrol-2-one (exo-4Aa).
White solid; Mp: 126-128 °C (hexane-AcOEt); IR (CHCIs): 3430, 1712 cm™; *H NMR (300 MHz,
CDCl,) 8: 7.20-7.14 (3H, m), 6.93 (1H, dd, J = 8.0, 7.5 Hz), 6.80 (1H, d, J = 8.0 Hz), 6.10 (1H, d, J
=7.5Hz), 3.83 (1H, dd, J = 7.5, 3.0 Hz), 2.55-2.50 (1H, m), 2.05-1.91 (1H, m), 1.74-1.59 (1H, m),
1.14 (3H, t, J = 7.5 Hz); ®*C NMR (75 MHz, CDCls) &: 178.7, 157.6, 129.2, 128.5, 124.6, 121.7,
110.4, 90.7, 50.0, 47.3, 25.4, 11.5; ESI-HRMS m/z: calcd for C1,H;4,0,N [M + H]" 204.1019, found
204.1021. Anal: calcd for C;,H130,N: C, 70.92; H, 6.45; N, 6.89. found: C, 70.73; H, 6.22; N, 6.84.
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(3S,3aS,8aR)-rel-3-Ethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b]pyrrol-2-one  (endo-4Aa).
White solid; Mp: 152-153 °C (hexane-AcOEt); IR (CHCI,): 3431, 1713 cm™; *H NMR (300 MHz,
CDCl,) &: 7.24-7.17 (3H, m), 6.91 (1H, dd, J = 8.0, 7.5 Hz), 6.82 (1H, d, J = 8.0 Hz), 6.10 (1H, d, J
= 7.0 Hz), 4.26 (1H, dd, J = 9.0, 7.0 Hz), 2.72 (1H, td, J = 9.0, 5.0 Hz), 1.91-1.77 (1H, m),
1.73-1.58 (1H, m), 1.12 (3H, t, J = 7.5 Hz); *C NMR (75 MHz, CDCls) &: 178.0, 158.3, 129.3,
126.5, 124.4, 121.1, 110.5, 90.0, 45.4, 45.2, 20.1, 12.8; ESI-HRMS m/z: calcd for C1,H;4,0,N [M +
H]* 204.1019, found 204.1013. Anal: calcd for Cy,H;30,N: C, 70.92; H, 6.45; N, 6.89. found: C,
70.52; H, 6.43; N, 6.77.

[Table 2, entry 3]. To a solution of 5A (50 mg, 0.23 mmol) in benzene (5 mL) was added Et;B
(1.04 M in hexane, 1.1 mL, 1.14 mmol) and MesAl (1.05 M in hexane, 0.52 mL, 0.55 mmol) under
N, atmosphere at reflux. After being stirred for 2 h, the reaction mixture was diluted with 20%
Rochelle salt solution and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by PTLC (hexane : AcOEt =
1: 2) to afford exo-4Aa (14.4 mg, 31%) and endo-4Aa (15.5 mg, 33%).

[Table 2, entry 4]. To a solution of 5A (50 mg, 0.23 mmol) in toluene (5 mL) was added Et;B (1.04
M in hexane, 1.1 mL, 1.14 mmol) and Me;Al (1.05 M in hexane, 0.52 mL, 0.55 mmol) under N,
atmosphere at reflux. After being stirred for 1 h, the reaction mixture was diluted with 20%
Rochelle salt solution and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by PTLC (hexane : AcOEt =
1: 2) to afford exo-4Aa (11.9 mg, 25%) and endo-4Aa (11.0 mg, 24%).

General Procedure for Preparation of 4-(Phenoxy)imino-2-butenoic Acid Phenyl Esters [Table
3]. To a solution of 5A in THF (0.025-0.1 M) was added LiOH (10.0 eq.) in H,O (15 mL) at room
temperature. After being stirred for 0.5 h, the reaction mixture was concentrated under reduced
pressure, acidified with 10% HCI, and extracted with CHCI;. The organic phase was dried over
MgSQ, and concentrated under reduced pressure to afford the corresponding carboxylic acid which
was used directly for the next step. To a solution of carboxylic acid in CH,Cl, (0.4 M) were added
ArOH (1.2 eq.), EDC+HCI (1.5 eq.), and DMAP (0.1 eq.) at room temperature. After being stirred
for 2-3 h, the reaction mixture was diluted with H,O and extracted with CHCI;. The organic phase
was dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
flash column chromatography (hexane : AcOEt = 10 : 1) to afford 63A, 64A or 6A in yield shown
in Table 3.
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(2E, 4E)-4-(Phenoxyimino)-2-butenoic Acid Phenyl Ester (63A) [entry 1]. Pale yellow crystals;
Mp: 119-120 °C (hexane-AcOEt); IR (CHCI5): 1736 cm™; *H NMR (300 MHz, CDCl3) 8: 8.22 (1H, d, J
= 10.0 Hz), 7.62 (1H, dd, J = 16.0, 10.0 Hz), 7.45-7.06 (10H, m), 6.47 (1H, d, J = 16.0 Hz); *C NMR
(75 MHz, CDClI;) &: 163.9, 158.7, 150.4, 150.3, 138.3, 129.5, 129.4, 127.9, 126.1, 123.2, 121.4,
114.6; ESI-HRMS m/z: calcd for CyH1,05N [M + H]* 268.0968, found 220.0969.

(2E, 4E)-4-(Phenoxyimino)-2-butenoic Acid 2,3,4,5,6-Pentachlorophenyl Ester (64A) [entry 2].
Pale yellow crystals; Mp: 143-145 °C (hexane-AcOEt); IR (CHCI,): 1756 cm™; *H NMR (300 MHz,
CDCly) &: 8.26 (1H, d, J = 10.0 Hz), 7.73 (1H, dd, J = 16.0, 10.0 Hz), 7.36 (2H, br t, J = 7.5 Hz), 7.22
(2H, br d, J = 7.5 Hz), 7.10 (1H, br t, J = 7.5 Hz), 6.52 (1H, d, J = 16.0 Hz); *C NMR (75 MHz,
CDCly) &: 161.2, 158.7, 149.8, 143.8, 140.7, 132.1, 131.8, 129.5, 127.7, 125.0, 123.4, 114.6;
ESI-HRMS m/z: calcd for C16HgO3sNCls [M + H]*437.9092, found 437.9027.

(2E, 4E)-4-(Phenoxyimino)-2-butenoic Acid 2,3,4,5,6-Pentafluorophenyl Ester (6A) [entry 3].
Yellow crystals; Mp: 126-128 °C (hexane-AcOEt); IR (CHCIs): 1760 cm™; *H NMR (300 MHz,
CDCls) 8: 8.24 (1H, d, J = 10.0 Hz), 7.70 (1H, dd, J = 16.0, 10.0 Hz), 7.38-7.33 (2H, m), 7.23-7.20
(2H, m), 7.13-7.08 (1H, m), 6.49 (1H, d, J = 16.0 Hz); *C NMR (75 MHz, CDCl,) &: 161.3, 158.7,
149.7, 142.8 (m), 141.3 (m), 141.0, 139.6 (m), 138.0 (m), 136.2 (m), 129.5, 124.4, 123.5, 114.6;
ESI-HRMS m/z: calcd for C16HgOsNFs [M + H]" 358.0497, found 358.0488.

Domino Reaction of 63A [Table 4, entry 1]. To a solution of 63A (53 mg, 0.2 mmol) in benzene (5
mL) was added Et;B (1.04 M in hexane, 0.96 mL, 1.0 mmol) and Me;Al (1.05 M in hexane, 0.46
mL, 0.48 mmol) under N, atmosphere at reflux. After being stirred for 2 h, the reaction mixture was
diluted with H,O and extracted with CHCIls. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by PTLC (hexane : AcOEt =
1: 2) to afford exo-4Aa (14.2 mg, 35%) and endo-4Aa (15.4 mg, 38%).

Domino Reaction of 64A [Table 4, entry 2]. To a solution of 64A (87 mg, 0.2 mmol) in benzene (5
mL) was added Et;B (1.04 M in hexane, 0.96 mL, 1.0 mmol) and Me;Al (1.05 M in hexane, 0.46
mL, 0.48 mmol) under N, atmosphere at reflux. After being stirred for 1.5 h, the reaction mixture
was diluted with H,O and extracted with CHCI;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by PTLC (hexane : AcOEt =
1: 2) to afford exo-4Aa (13.9 mg, 34%) and endo-4Aa (13.5 mg, 33%).
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Domino Reaction of 6A [Table 4, entry 3]. To a solution of 6A (70 mg, 0.2 mmol) in benzene (5
mL) was added Et;B (1.04 M in hexane, 0.96 mL, 1.0 mmol) and Me;Al (1.05 M in hexane, 0.46
mL, 0.48 mmol) under N, atmosphere at reflux. After being stirred for 1 h, the reaction mixture was
diluted with H,O and extracted with CHCIls. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by PTLC (hexane : AcOEt =
1: 2) to afford exo-4Aa (17.5 mg, 43%) and endo-4Aa (18.2 mg, 45%).

[Table 4, entry 4]. To a solution of 6A (70 mg, 0.2 mmol) in benzene (5 mL) was added Et;B (1.04
M in hexane, 0.96 mL, 1.0 mmol) and Me;Al (1.05 M in hexane, 0.46 mL, 0.48 mmol) under N,
atmosphere at room temperature. After being stirred for 1 h, the reaction mixture was diluted with
H,O and extracted with CHCIs. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The crude product was purified by PTLC (hexane : AcOEt = 1 : 2) to afford
exo-4Aa (13.9 mg, 34%) and endo-4Aa (16.7 mg, 41%).

[Table 4, entry 5]. To a solution of 6A (70 mg, 0.2 mmol) in benzene (5 mL) was added Et;B (1.04
M in hexane, 0.96 mL, 1.0 mmol) under N, atmosphere at reflux. After being stirred for 1 h, the
reaction mixture was diluted with H,O and extracted with CHCIs. The organic phase was dried over
MgSQO, and concentrated under reduced pressure. The crude product was purified by PTLC
(hexane : AcOEt = 1 : 2) to afford exo-4Aa (16.4 mg, 40%) and endo-4Aa (16.3 mg, 41%).

[Table 4, entry 6]. To a solution of 6A (70 mg, 0.2 mmol) in benzene (5 mL) was added Et;B (1.04
M in hexane, 0.96 mL, 1.0 mmol) and under N, atmosphere at room temperature. After being stirred
for 1 h, the reaction mixture was diluted with H,O and extracted with CHCIs;. The organic phase
was dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
PTLC (hexane : ACOEt =1 : 2) to afford exo-4Aa (18.4 mg, 45%) and endo-4Aa (20.4 mg, 50%).
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Domino Reaction of 6A with Thiyl Radical [Scheme 24]. To a solution of 6A (71 mg, 0.2 mmol)
in benzene (5 mL) were added thiophenol (77 mg, 0.7 mmol) and Et;B (1.04 M in hexane, 0.1 mL,
0.1 mmol) under air atmosphere at room temperature. After being stirred for 18 h, the reaction
mixture was concentrated under reduced pressure. Purification of the residue by medium-pressure
column chromatography (hexane : AcOEt = 10 : 1) afforded 72 (72 mg, 74%) asal1l:2:5:10
mixture of sterecisomers.

3-Hydroxy-4-(phenoxyimino)-2-(phenylthio)-butanoic Acid 2,3,4,5,6-Pentafluorophenyl Ester
(72). Yellow oil; IR (neat): 3446, 1780 cm™; '"H NMR (300 MHz, CDCls) &: 8.00 (10/18H, d, J =
5.0 Hz), 8.00 (5/18H, d, J = 4.0 Hz), 7.63-7.58 (2H, m), 7.38-7.25 (5H, m), 7.17-7.01 (3H + 3/18H,
m), 4.94-4.85 (1H, m), 4.49 (1/18H, d, J = 3.5 Hz), 4.36 (2/18H, d, J = 7.0 Hz), 4.27 (5/18H, d, J =
7.0 Hz), 4.18 (10/18H, d, J = 8.0 Hz), 3.28 (1H, m); *C NMR (75 MHz, CDCls) 8: 166.6, 158.8,
150.9, 150.7, 134.1, 134.0, 131.2, 130.9, 129.6, 129.5, 129.4 (2C), 129.3, 122.9, 122.8, 114.8, 114.5,
69.4, 68.5, 55.4, 54.3; ESI-HRMS m/z: calcd for CyHisO4NFsS [M + H]* 484.0636, found
484.0638.

Formation of trans-75 [Table 5, entry 1]. To a solution of 5A (50 mg, 0.23 mmol) in benzene (5
mL) was added Et;B (1.04 M in hexane, 1.1 mL, 1.14 mmol) under N, atmosphere at reflux. After
being stirred for 1 h, the reaction mixture was cooled to room temperature and acetic anhydride
(0.11 mL, 1.14 mmol) was added. After being stirred for 0.5 h, the reaction mixture diluted with
H,O and extracted with CHCI3. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The crude product was purified by PTLC (hexane : AcOEt = 1 : 1) to afford
cis-4Aa (11.7 mg, 21%, exo : endo =1 : 1) and trans-75 (23.8 mg, 36%, less polar product : more
polar product =5 : 1).

(2R,3R)-rel-2-[2-(Acetylamino)-2,3-dihydrobenzofuran-3-yl]butanoic ~ Acid  Ethyl Ester
(trans-75 : less polar product). Colorless oil; IR (neat): 3286, 1730, 1670 cm™; *H NMR (300 MHz,
CDCly) 6: 7.18 (1H, brt, J =7.0 Hz), 7.08 (1H, d, J = 7.5 Hz), 6.87 (1H, td, J = 7,5, 1.0 Hz), 6.83
(1H, d, J=8.0 Hz), 6.36 (1H, brd, J=9.0 Hz), 6.29 (1H, dd, J = 9,0, 3.5 Hz), 4.16 (2H, qd, J = 7,0,
1.0 Hz), 3.37 (1H, dd, J = 8.0, 3.5 Hz), 2.54 (1H, ddd, J = 10.0, 8.0, 3.5 Hz), 2.01 (3H, s), 1.80-1.55
(2H, m), 1.23 (3H, t, J = 7.0 Hz), 0.92 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 173.9,
169.9, 157.9, 129.3, 126.0, 124.7, 121.1, 110.3, 85.4, 60.6, 50.9, 50.2, 23.4, 22.8, 14.2, 11.8;
ESI-HRMS m/z: calcd for C16H2,04N [M + H]* 292.1543, found 292.1542.
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(2R,3R)-rel-2-[2-(Acetylamino)-2,3-dihydrobenzofuran-3-yl]butanoic ~ Acid  Ethyl Ester
(trans-75 : more polar product). Colorless oil; IR (neat): 3287, 1729, 1671 cm™; 'H NMR (300
MHz, CDCl,) &: 7.21 (1H, d, J=7.5 Hz), 7.20 (1H, t, J = 7.5 Hz), 6.91 (1H, t, J = 7,5 Hz), 6.84 (1H,
d, J=8.0 Hz), 6.29 (1H, br d, J = 9.0 Hz), 6.24 (1H, dd, J = 9,0, 2.5 Hz), 4.15 (2H, q, J = 7,0 Hz),
3.38 (1H, dd, J = 7.5, 2.5 Hz), 2.60 (1H, dd, J = 14.0, 7.5 Hz), 2.00 (3H, s), 1.74-1.64 (2H, m), 1.21
(3H, t, J = 7.0 Hz), 0.94 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl;) &: 173.7, 169.8, 158.3,
129.3, 125.7, 125.3, 120.9, 110.4, 86.3, 60.8, 49.84, 49.78, 23.4, 22.1, 14.1, 11.5; ESI-HRMS m/z:
calcd for C16H,,04N [M + H]* 292.1543, found 292.1540.

[Table 5, entry 2]. To a solution of 5A (50 mg, 0.23 mmol) in benzene (5 mL) was added Et;B
(1.04 M in hexane, 1.1 mL, 1.14 mmol) under N, atmosphere at reflux. After being stirred for 6 h,
the reaction mixture was cooled to room temperature and acetic anhydride (0.11 mL, 1.14 mmol)
was added. After being stirred for 0.5 h, the reaction mixture diluted with H,O and extracted with
CHCls. The organic phase was dried over MgSO, and concentrated under reduced pressure. The
crude product was purified by PTLC (hexane : AcOEt = 1 : 1) to afford cis-4Aa (18.6 mg, 40%,
exo :endo=1:1) and trans-75 (2.4 mg, 4%, less polar product).
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General Procedure  for  Preparation of  4-(Aryloxy)imino-2-butenoic  Acid
2,3,4,5,6-Pentafluorophenyl Ester [Table 6]. To a solution of (2E)-4-ox0-2-butenoic acid ethyl
ester (1.0 g, 7.8 mmol) in pyridine (50 mL) was added O-arylhydroxylamine hydrochloride > (9.4
mmol) under N, atmosphere at room temperature. After being stirred for 0.5 h, the reaction mixture
was acidified with 10% HCI and extracted with Et,O. The organic phase was washed with saturated
NaCl, dried over MgSO, and concentrated under reduced pressure. The crude product was purified
by flash column chromatography (hexane : AcOEt = 10 : 1) to afford the corresponding
o,B-unsaturated oxime ether. To a solution of a,3-unsaturated oxime ether in THF (60 mL) was
added LiOH (10.0 eq.) in H,O (15 mL) at room temperature. After being stirred for 0.5 h, the
reaction mixture was concentrated under reduced pressure, acidified with 10% HCI, and extracted
with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure to
afford the corresponding carboxylic acid which was used directly for the next step. To a solution of
carboxylic acid in CH,Cl, (50 mL) were added CsFsOH (1.2 eq.), EDC+<HCI (1.5 eq.), and DMAP
(0.1 eq.) at room temperature. After being stirred for 2-3 h, the reaction mixture was diluted with
H,O and extracted with CHCIs. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The crude product was purified by flash column chromatography (hexane :
AcOEt = 10: 1) to afford 6B-G in yield shown in Table 6.

(2E, 4E)-4-[(4-Trifluoromethylphenoxy)imino]-2-butenoic Acid 2,3,4,5,6-Pentafluorophenyl
Ester (6B) [entry 1]. White crystals; Mp: 105-106 °C (hexane-AcOEt); IR (CHCIy): 1766 cm™; *H
NMR (300 MHz, CDCls) 8: 8.27 (1H, d, J = 10.0 Hz), 7.70 (1H, dd, J = 16.0, 10.0 Hz), 7.61 (2H, d,
J =85 Hz), 7.31 (2H, d, J = 8.5 Hz), 6.55 (1H, d, J = 16.0 Hz); **C NMR (75 MHz, CDCls) &:
161.1, 160.9, 150.7, 142.8 (m), 141.4 (m), 140.3, 139.6 (m), 138.0 (m), 136.2 (m), 127.0 (9, J =3.5
Hz), 125.49, 125.48 (q, J = 32.5 Hz), 124.1 (q, J = 270.0 Hz), 114.5; ESI-HRMS m/z: calcd for
C17HgOsNFg [M - H]" 424.0214, found 424.0230.

(2E, 4E)-4-[(4-Methylphenoxy)imino]-2-butenoic Acid 2,3,4,5,6-Pentafluorophenyl Ester (6C)
[entry 2]. Pale yellow crystals; Mp: 112-114 °C (hexane-AcOEt); IR (CHCIs): 1764 cm™; '"H NMR
(300 MHz, CDCls) &: 8.21 (1H, d, J = 10.0 Hz), 7.69 (1H, dd, J = 16.0, 10.0 Hz), 7.16-7.08 (4H, m),
6.47 (1H, d, J = 16.0 Hz), 2.33 (3H, s); *C NMR (75 MHz, CDCl,) &: 161.3, 156.7, 149.4, 142.9
(m), 1415 (m), 141.2, 139.6 (m), 138.0 (m), 136.2 (m), 133.0, 129.9, 124.1, 114.6, 20.6;
ESI-HRMS m/z: calcd for C1;H1;,03NFs [M + H]™ 372.0654, found 372.0649.
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(2E, 4E)-4-[(4-Bromophenoxy)imino]-2-butenoic Acid 2,3,4,5,6-Pentafluorophenyl Ester (6D)
[entry 3]. Pale yellow crystals; Mp: 130-131 °C (hexane-AcOEt); IR (CHCI;): 1763 cm™; *H NMR
(300 MHz, CDCl,) &: 8.23 (1H, d, J = 10.0 Hz), 7.68 (1H, dd, J = 16.0, 10.0 Hz), 7.45 (2H, d, J =
8.5 Hz), 7.10 (2H, d, J = 8.5 Hz), 6.51 (1H, d, J = 16.0 Hz); *C NMR (75 MHz, CDCl;) &: 161.1,
157.7, 150.1, 142.8 (m), 141.4 (m), 140.6, 139.5 (m), 138.0 (m), 136.2 (m), 132.4, 124.9, 116.3,
115.8; ESI-HRMS m/z: calcd for C16HgOsN"°BrFs [M - H]" 433.9446, found 433.9460.

(2E, 4E)-4-[(2-Trifluoromethylphenoxy)imino]-2-butenoic Acid 2,3,4,5,6-Pentafluorophenyl
Ester (6E) [entry 4]. Pale yellow crystals; Mp: 106-107 °C (hexane-AcOEt); IR (CHCIs): 1766
cm™; *H NMR (300 MHz, CDCl,) &: 8.34 (1H, d, J = 10.0 Hz), 7.69 (1H, dd, J = 16.0, 10.0 Hz),
7.63-7.52 (3H, m), 7.17 (1H, dd, J = 8.0, 7.0 Hz), 6.56 (1H, d, J = 16.0 Hz); *C NMR (75 MHz,
CDCls) 6: 161.1, 156.0 (d, J = 2.0 Hz), 151.3, 142.8 (m), 141.4 (m), 140.2, 139.6 (m), 138.0 (m),
136.3 (m), 133.4, 126.7 (g, J = 5.0 Hz), 125.6, 124.7 (m), 123.2 (g, J = 271.0 Hz), 122.9, 117.3 (q, J
= 32.0 Hz), 115.8; ESI-HRMS m/z: calcd for C1;HgO3sNFg [M - H]" 424.0214, found 424.0230.

(2E, 4E)-4-[(2-Methylphenoxy)imino]-2-butenoic Acid 2,3,4,5,6-Pentafluorophenyl Ester (6F)
[entry 5]. Yellow crystals; Mp: 79-80 °C (hexane-AcOEt); IR (CHCI;): 1761 cm™; *H NMR (300
MHz, CDCl,) &: 8.30 (1H, d, J = 10.0 Hz), 7.71 (1H, dd, J = 15.5, 10.0 Hz), 7.35 (1H, d, J = 8.5
Hz), 7.27-7.17 (2H, m), 7.02 (1H, td, J = 8.5, 1.0 Hz), 6.49 (1H, d, J = 15.5 Hz), 2.29 (3H, s); **C
NMR (75 MHz, CDCls) &: 161.3, 156.7, 149.7, 142.9 (m), 141.3 (m), 141.1, 139.6 (m), 137.9 (m),
136.2 (m), 130.9, 127.0, 125.0, 124.2, 123.4, 114.5, 15.8; ESI-HRMS m/z: calcd for C;;H;;03NFs
[M + H]* 372.0654, found 372.0646.

(2E, 4E)-4-[(2-Bromophenoxy)imino]-2-butenoic Acid 2,3,4,5,6-Pentafluorophenyl Ester (6G)
[entry 6]. Yellow crystals; Mp: 79-81 °C (hexane-AcOEt); IR (CHCI;): 1766 cm™; *H NMR (300
MHz, CDCly) 6: 8.36 (1H, d, J = 10.0 Hz), 7.68 (1H, dd, J = 16.0, 10.0 Hz), 7.56 (1H, dd, J = 7.5,
1.5 Hz), 7.45 (1H, dd, J = 8.0, 1.5 Hz), 7.31 (1H, ddd, J = 8.0, 7.5, 1.5 Hz), 6.98 (1H, ddd, J = 8.0,
7.5, 1.5 Hz), 6.53 (1H, d, J = 16.0 Hz); *C NMR (75 MHz, CDCl,) &: 161.1, 155.0, 150.9, 142.8
(m), 141.4 (m), 140.4, 139.5 (m), 138.0 (m), 136.3 (m), 133.3, 128.6, 125.3, 124.6, 116.2, 109.3;
ESI-HRMS m/z: calcd for C16HgOsN"BrFs [M - H]* 433.9446, found 433.9462.

General Procedure for Domino Reaction of Conjugated Oxime Ether with Ethyl Radical
[Scheme 26]. To a solution of 6B-G (0.2 mmol) in benzene (5 mL) was added Et;B (1.04 M in
hexane, 0.96 mL, 1.0 mmol) under N, atmosphere at reflux. After being stirred for 1 h, the reaction
mixture was diluted with H,O and extracted with CHClI3. The organic phase was dried over MgSO,

and concentrated under reduced pressure. The crude product was purified by PTLC (hexane :
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AcOEt = 1: 2) to afford 4Ba-4Ga in yield shown in Scheme 26.

(3S,3aR,8aS)-rel-3-Ethyl-5-trifluoromethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b]pyrrol-2-
one (exo0-4Ba). White solid; Mp: 157-158 °C (hexane-AcOEt); IR (CHCIs): 3430, 1719 cm™; *H
NMR (300 MHz, CDCl;) &: 7.75 (1H, br s), 7.45 (1H, d, J = 8.5 Hz), 7.39 (1H, s), 6.86 (1H, d, J =
8.5 Hz), 6.20 (1H, d, J = 7.5 Hz), 3.86 (1H, dd, J = 7.5, 3.0 Hz), 2.57-2.51 (1H, m), 2.06-1.93 (1H,
m), 1.76-1.61 (1H, m), 1.15 (3H, t, J = 7.5 Hz); *C NMR (75 MHz, CDCls) 8: 179.1, 160.4 (d, J =
1.0 Hz), 129.5, 127.1 (q, J = 4.0 Hz), 124.2 (q, J = 270.0 Hz), 124.1 (q, J = 32.0 Hz), 122.0 (q, J =
4.0 Hz), 110.5, 92.0, 50.0, 46.6, 25.2, 11.4; ESI-HRMS m/z: calcd for Cy3H130,NF; [M + H]
272.0893, found 272.0888.

(3S,3aS,8aR)-rel-3-Ethyl-5-trifluoromethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[ 2,3-b]pyrrol-2-
one (endo-4Ba). White solid; Mp: 192-193 °C (hexane-AcOEt); IR (CHCI,): 3431, 1720 cm™; *H
NMR (300 MHz, CDCls) &: 7.49 (1H, d, J = 8.5 Hz), 7.46 (1H, s), 7.10 (1H, br s), 6.89 (1H, d, J =
8.5 Hz), 6.20 (1H, d, J = 7.0 Hz), 4.30 (1H, dd, J = 9.0, 7.0 Hz), 2.75 (1H, td, J = 9.0, 5.5 Hz),
1.88-1.74 (1H, m), 1.69-1.54 (1H, m), 1.12 (3H, t, J = 7.5 Hz); **C NMR (75 MHz, CDCls) &: 177.6,
161.1, 127.3(q, J = 4.0 Hz), 125.5, 124.2 (q, J = 270.0 Hz), 123.7 (q, J = 32.0 Hz), 123.7 (9, J = 3.5
Hz), 110.6, 91.0, 45.0, 44.9, 20.4, 12.6; ESI-HRMS m/z: calcd for Cy3H130,NF; [M + H]* 272.0893,
found 272.0889.

(3S,3aR,8aS)-rel-3-Ethyl-1,3,3a,8a-tetrahydro-5-methyl-2H-benzofuro[2,3-b]pyrrol-2-one
(exo0-4Ca). White solid; Mp: 161-163 °C (hexane-AcOEt); IR (CHCI5): 3430, 1713 cm™; 'H NMR
(300 MHz, CDCl,) 4: 6.98-6.95 (3H, m), 6.69 (1H, d, J = 8.5 Hz), 6.08 (1H, d, J = 7.5 Hz), 3.79
(1H, dd, J = 7.5, 3.0 Hz), 2.54-2.49 (1H, m), 2.29 (3H, s), 2.02-1.90 (1H, m), 1.73-1.58 (1H, m),
1.14 (3H, t, J = 7.5 Hz); ®*C NMR (75 MHz, CDCl5) 8:178.9, 155.5, 131.1, 129.6, 128.5, 125.0,
109.9, 90.9, 50.1, 47.3, 25.3, 20.8, 11.5; ESI-HRMS m/z: calcd for C;3H30,N [M + H]" 218.1176,
found 218.1171.

(3S,3aS,8aR)-rel-3-Ethyl-1,3,3a,8a-tetrahydro-5-methyl-2H-benzofuro[2,3-b]pyrrol-2-one
(endo-4Ca). White solid; Mp: 171-172 °C (hexane-AcOEt); IR (CHCI,): 3432, 1714 cm™; '*H NMR
(300 MHz, CDCly) 8: 7.01-6.97 (3H, m), 6.70 (1H, d, J = 8.0 Hz), 6.07 (1H, d, J = 7.0 Hz), 4.21
(1H, dd, J = 9.0, 7.0 Hz), 2.69 (1H, td, J = 9.0, 5.0 Hz), 2.29 (3H, s) 1.90-1.76 (1H, m), 1.74-1.59
(1H, m), 1.13 (3H, t, J = 7.5 Hz); **C NMR (75 MHz, CDCls) &: 177.9, 156.2, 130.4, 129.7, 126.9,
124.4, 110.0, 90.0, 45.4, 45.3, 20.9, 20.1, 12.8; ESI-HRMS m/z: calcd for Cy3HisON [M + H]*
218.1176, found 218.1171.
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(3S,3aR,8aS)-rel-5-Bromo-3-ethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b]pyrrol-2-one
(exo-4Da). White solid; Mp: 157-158 °C (hexane-AcOEt); IR (CHCIs): 3431, 1717 cm™; 'H NMR
(300 MHz, CDCl,) 8: 7.28 (1H, d, J = 8.5 Hz), 7.26 (1H, s), 6.70 (1H, d, J = 8.5 Hz), 6.42 (1H, br s),
6.12 (1H, d, J = 7.5 Hz), 3.84 (1H, dd, J = 7.5, 3.0 Hz), 2.53-2.48 (1H, m), 2.04-1.90 (1H, m),
1.73-1.57 (1H, m), 1.14 (3H, t, J = 7.5 Hz); *C NMR (75 MHz, CDCls) &: 178.5, 156.9, 132.1,
131.0, 127.6, 113.4, 112.0, 91.4, 49.9, 47.1, 25.3, 11.4; ESI-HRMS m/z: calcd for C1,H130,N"°Br
[M + H]" 282.0124, found 282.0119.

(3S,3aS,8aR)-rel-5-Bromo-3-ethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b]pyrrol-2-one
(endo-4Da). White solid; Mp: 197-198 °C (hexane-AcOEt); IR (CHCI5): 3431, 1718 cm™; 'H NMR
(300 MHz, CDCls) §: 7.32-7.29 (2H, m), 6.96 (1H, br s), 6.71 (1H, dd, J = 9.0 Hz), 6.12 (1H, d, J =
7.5 Hz), 4.25 (1H, dd, J =9.0, 7.5 Hz), 2.71 (1H, td, J = 9.0, 5.0 Hz), 1.90-1.56 (2H, m), 1.12 (3H, t,
J = 7.5 Hz); ®C NMR (75 MHz, CDCls) &: 177.4, 157.6, 132.3, 129.3, 126.9, 113.0, 112.1, 90.5,
45.3, 45.1, 20.3, 12.8; ESI-HRMS m/z: calcd for Ci,H;30,NBr [M + H]* 282.0124, found
282.0120.

(3S,3aR,8aS)-rel-3-Ethyl-7-trifluoromethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[ 2,3-b]pyrrol-2-

one (exo-4Ea). White solid; Mp: 186-187 °C (hexane-AcOEt); IR (CHCIy): 3427, 1718 cm™; *H

NMR (300 MHz, CDCl;) 8: 7.42 (1H, d, J = 8.0 Hz), 7.33 (1H, d, J = 7.5 Hz), 7.01 (1H, dd, J = 8.0,
7.5 Hz), 6.65 (1H, brs), 6.25 (1H, dd, J = 7.5, 1.5 Hz), 3.87 (1H, dd, J = 7.5, 3.0 Hz), 2.52 (1H, m),

2.07-1.93 (1H, m), 1.76-1.63 (1H, m), 1.15 (3H, t, J = 7.5 Hz); *C NMR (75 MHz, CDCl5) 8: 178.4,
155.0 (d, J = 2.5 Hz), 130.8, 128.2, 126.1 (q, J = 4.5 Hz), 123.1 (q, J = 270.5 Hz), 121.5, 113.6 (q, J
=33.0 Hz), 92.2, 50.0, 46.6, 25.3, 11.4; ESI-HRMS m/z: calcd for Cy3H130,NF; [M + H]* 272.0893,
found 272.0884.

(3S,3aS,8aR)-rel-3-Ethyl-7-trifluoromethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[ 2,3-b]pyrrol-2-
one (endo-4Ea). White powder; Mp: 203-204 °C (hexane-AcOEt); IR (CHCI;) 3431, 1717 cm™; 'H
NMR (300 MHz, CDCl5) &: 7.45 (1H, d, J = 8.0 Hz), 7.40 (1H, d, J = 7.5 Hz), 7.01 (1H, dd, J = 8.0,
7.5 Hz), 6.48 (1H, br s), 6.25 (1H, d, J = 7.0 Hz), 4.31 (1H, dd, J = 9.0, 7.0 Hz), 2.75 (1H, td, J =
9.0, 5.0 Hz), 1.87-1.76 (1H, m), 1.69-1.54 (1H, m), 1.13 (1H, t, J = 7.5 Hz); *C NMR (75 MHz,
CDCly) 8: 177.1, 155.6, 130.1, 126.8, 126.3 (q, J = 4.5 Hz), 123.1 (q, J = 270.0 Hz), 121.0, 113.8 (q,
J = 33.0 Hz), 91.2, 45.0, 44.7, 20.3, 12.7; ESI-HRMS m/z: calcd for Cy3Hi130,NF; [M + H]*
272.0893, found 272.0888.

(3S,3aR,8aS)-rel-3-Ethyl-1,3,3a,8a-tetrahydro-7-methyl-2H-benzofuro[2,3-b]pyrrol-2-one
(exo-4Fa). White powder; Mp: 170-172 °C (hexane-AcOEt); IR (CHCIy): 3431, 1712 cm™; 'H
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NMR (300 MHz, CDCl,) &: 7.01-6.98 (2H, m), 6.87 (1H, brs), 6.84 (1H, dd, J = 8.0, 7.0 Hz), 6.10
(1H, d, J = 7.0 Hz), 3.84 (1H, dd, J = 7.0, 3.0 Hz), 2.54-2.49 (1H, m), 2.20 (3H, s), 2.05-1.91 (1H,
m), 1.73-1.58 (1H, m), 1.14 (3H, t, J = 7.5 Hz); *C NMR (75 MHz, CDCl;) &: 178.9, 156.1, 130.3,
127.8, 121.8, 121.6, 120.6, 90.4, 50.2, 47.6, 25.3, 15.2, 11.5; ESI-HRMS m/z: calcd for Ci5H160,N
[M + H]* 218.1176, found 218.1170.

(3S,3aS,8aR)-rel-3-Ethyl-1,3,3a,8a-tetrahydro-7-methyl-2H-benzofuro[2,3-b]pyrrol-2-one
(endo-4Fa). White solid; Mp: 193-194 °C (hexane-AcOEt); IR (CHCI;): 3431, 1712 cm™; *H NMR
(300 MHz, CDCl,) 6: 7.05 (1H, d, J = 7.5 Hz), 7.02 (1H, d, J = 8.0 Hz), 6.82 (1H, dd, J = 8.0, 7.5
Hz), 6.74 (1H, brs), 6.10 (1H, d, J = 7.0 Hz), 4.27 (1H, dd, J = 9.0, 7.0 Hz), 2.70 (1H, td, J = 9.0,
5.0 Hz), 2.19 (3H, s), 1.90-1.58 (2H, m), 1.12 (3H, t, J = 7.5 Hz); *C NMR (75 MHz, CDCl;) &:
177.7, 156.7, 130.5, 123.8, 123.6, 121.0, 120.7, 89.5, 45.6, 45.4, 20.1, 15.2, 12.9; ESI-HRMS m/z:
calcd for Ci3H160,N [M + H]* 218.1176, found 218.1178.

(3S,3aR,8aS)-rel-7-Bromo-3-ethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b]pyrrol-2-one
(ex0-4Ga). White solid; Mp: 170-172 °C (hexane-AcOEt); IR (CHCIs): 3431, 1716 cm™; *H NMR
(300 MHz, CDCly) 6: 7.34 (1H, d, J = 8.0 Hz), 7.09 (1H, d, J = 7.5 Hz), 7.00 (1H, br s), 6.82 (1H,
dd, J = 8.0, 7.5 Hz), 6.20 (1H, d, J = 7.5 Hz), 3.92 (1H, dd, J = 7.5, 2.5 Hz), 2.54-2.49 (1H, m),
2.05-1.91 (1H, m), 1.74-1.59 (1H, m), 1.14 (3H, t, J = 7.5 Hz); **C NMR (75 MHz, CDCls) &: 178.9,
155.6, 132.7, 130.4, 124.0, 123.5, 103.8, 91.5, 50.4, 48.5, 25.7, 11.9; ESI-HRMS m/z: calcd for
C1H130,N"Br [M + H]" 282.0124, found 282.0119.

(3S,3aS,8aR)-rel-7-Bromo-3-ethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b]pyrrol-2-one
(endo-4Ga). White powder; Mp: 187-188 °C (hexane-AcOEt); IR (CHCI,): 3431, 1718 cm™; 'H
NMR (300 MHz, CDCls) &: 7.37 (1H, d, J = 8.0 Hz), 7.16 (1H, d, J = 8.0 Hz), 6.82 (1H, t, J = 8.0
Hz), 6.45 (1H, br's), 6.21 (1H, d, J = 7.0 Hz), 4.37 (1H, dd, J = 9.0, 7.0 Hz), 2.73 (1H, td, J = 9.0,
5.5 Hz), 1.89-1.75 (1H, m), 1.70-1.55 (1H, m), 1.12 (1H, t, J = 7.5 Hz); *C NMR (75 MHz,
CDCly) 8: 177.1, 155.7, 132.5, 125.9, 125.4, 122.5, 103.6, 90.2, 46.2, 45.1, 20.2, 12.8; ESI-HRMS
m/z: calcd for Cy,H130,N"Br [M + H]* 282.0124, found 282.0120.
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General Procedure for Domino Reaction of Conjugated Oxime Ether with Alkyl lodides
[Table 7, entries 1-3]. To a solution of 6A (0.2 mmol) in benzene (5 mL) were added RI (12.0
mmol) and Et;B (1.04 M in hexane, 0.96 mL, 1.0 mmol) under N, atmosphere at reflux. After being
stirred for 1 h, the reaction mixture was diluted with H,O and extracted with CHCIs. The organic
phase was dried over MgSO, and concentrated under reduced pressure. The crude product was
purified by PTLC (hexane : AcOEt = 1 : 2) to afford 4Ab-4Ad in yield shown in Table 7.

(3S,3aR,8aS)-rel-1,2,3a,8a- Tetrahydro-2-oxo-3H-benzofuro[2,3-b]pyrrole-3-acetic Acid Ethyl
Ester (exo0-4ADb) [entry 1]. Colorless crystals; Mp: 151-153 °C (hexane-AcOEt); IR (CHCls): 3430,
1725 cm™; *H NMR (300 MHz, CDCls) 8: 7.35 (1H, d, J = 7.0 Hz), 7.19 (1H, t, J = 7.5 Hz), 7.10
(1H, brs), 6.94 (1H,t, J =75 Hz), 6.81 (1H, d, J = 7.5 Hz), 6.15 (1H, d, J = 7.0 Hz), 4.23 (2H, q, J
=7.0 Hz), 3.96 (1H, dd, J = 7.0, 3.0 Hz), 3.00-2.90 (2H, m), 2.76-2.66 (1H, m), 1.31 (3H,t,J=7.0
Hz); *C NMR (75 MHz, CDCl,) &: 177.5, 171.4, 157.6, 129.4, 128.1, 125.0, 121.8, 110.3, 90.8,
61.1, 47.6, 45.0, 36.0, 14.2; ESI-HRMS m/z: calcd for Cy,Hi;s0O4N [M + H]* 262.1074, found
262.1081.

(3S,3aS,8aR)-rel-1,2,3a,8a- Tetrahydro-2-oxo-3H-benzofuro[2,3-b]pyrrole-3-acetic Acid Ethyl
Ester (endo-4Ab) [entry 1]. Colorless crystals; Mp: 151-153 °C (hexane-AcOEt); IR (CHCIy):
3432, 1721 cm™; *H NMR (300 MHz, CDClI3) &: 7.20 (1H, t, J = 8.0 Hz), 7.04 (1H, d, J = 7.5 Hz),
6.89 (1H, t,J = 7.5 Hz), 6.82 (1H, d, J = 8.0 Hz), 6.79 (1H, br s), 6.17 (1H, d, J = 7.0 Hz), 4.43 (1H,
dd, J=9.5, 7.0 Hz), 4.20 (2H, g, J = 7.0 Hz), 3.34 (1H, ddd, J = 10.5, 9.5, 3.5 Hz), 2.92 (1H, dd, J =
18.0, 3.5 Hz), 2.48 (1H, dd, J = 18.0, 10.5 Hz), 1.29 (3H, t, J = 7.0 Hz); *C NMR (75 MHz,
CDClj) 8: 176.9, 172.2, 158.3, 129.5, 126.1, 123.9, 121.1, 110.5, 90.3, 61.0, 44.9, 40.3, 32.3, 14.1;
ESI-HRMS m/z: calcd for C14H;60,N [M + H]* 262.1074, found 262.1069.

(3S,3aR,8aS)-rel-1,3,3a,8a-Tetrahydro-3-(1-methylethyl)-2H-benzofuro[2,3-b]pyrrol-2-one
(ex0-4Ac) [entry 2]. White solid; Mp: 155-156 °C (hexane-AcOEt); IR (CHCI,): 3430, 1712 cm™;
'H NMR (300 MHz, CDCls) &: 7.17 (1H, dd, J = 8.0, 7.5 Hz), 7.12 (1H, d, J = 7.5 Hz), 7.00 (1H, br
s), 6.93 (1H, dd, J = 8.0, 7.5 Hz), 6.80 (1H, d, J = 8.0 Hz), 6.06 (1H, d, J = 7.5 Hz), 3.87 (1H, dd, J
=7.5, 3.0 Hz), 2.56 (1H, dd, J = 4.0, 3.0 Hz), 2.39-2.28 (1H, m), 1.18 (3H, d, J = 7.0 Hz), 0.97 (3H,
d, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 178.3, 157.6, 129.1, 128.8, 124.5, 121.7, 110.4, 90.9,
55.1, 43.6, 29.1, 20.7, 17.6; ESI-HRMS m/z: calcd for Ci3H;60.N [M + H]" 218.1176, found
218.1167.
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(3S,3aS,8aR)-rel-1,3,3a,8a-Tetrahydro-3-(1-methylethyl)-2H-benzofuro[2,3-b]pyrrol-2-one
(endo-4Ac) [entry 2]. White solid; Mp: 194-195 °C (hexane-AcOEt); IR (CHCI5): 3432, 1713 cm™;
'H NMR (500 MHz, CDCl5) &: 7.25 (1H, d, J = 7.5 Hz), 7.20 (1H, dd, J = 8.0, 7.5 Hz), 6.92 (1H, dd,
J=8.0, 7.5 Hz), 6.80 (1H, d, J = 8.0 Hz), 6.34 (1H, br s), 6.07 (1H, dd, J = 7.5, 1.5 Hz), 4.25 (1H,
dd, J = 10.0, 7.5 Hz), 2.66 (1H, dd, J = 10.0, 5.0 Hz), 2.11-2.05 (1H, m), 1.22 (3H, d, J = 6.5 Hz),
0.71 (3H, d, J = 6.5 Hz); *C NMR (125 MHz, CDCls) &: 177.2, 158.9, 129.4, 126.4, 124.8, 121.1,
110.1, 89.9, 48.2, 45.5, 27.0, 23.2, 17.9; ESI-HRMS m/z: calcd for Cy3H;60,N [M + H]* 218.1176,
found 218.1168.

(3S,3aR,8aS)-rel-3-Cyclopentyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b] pyrrol-2-one
(ex0-4Ad) [entry 3]. White solid; Mp: 138-140 °C (hexane-AcOEt); IR (CHCI,): 3430, 1713 cm™;
'H NMR (300 MHz, CDCl5) &: 7.19-7.12 (3H, m), 6.92 (1H, t, J = 7.5 Hz), 6.80 (1H, d, J = 8.0 Hz),
6.08 (1H, d, J = 7.5 Hz), 3.85 (1H, dd, J = 7.5, 2.5 Hz), 2.63 (1H, dd, J = 6.5, 2.5 Hz), 2.37-2.24
(1H, m), 2.03-1.43 (7H, m), 1.34-1.22 (1H, m); *C NMR (75 MHz, CDCl;) &: 178.4, 157.6, 129.2,
128.6, 124.6, 121.7, 110.4, 90.8, 52.2, 45.8, 41.9, 30.5, 29.3, 25.2, 25.0; ESI-HRMS m/z: calcd for
Ci5H150,N [M + H]" 244.1332, found 244.1328.

(3S,3aS,8aR)-rel-3-Cyclopentyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b] pyrrol-2-one
(endo-4Ad) [entry 3]. White solid; Mp: 150-152 °C (hexane-AcOEt); IR (CHCIs): 3431, 1713 cm™;
'H NMR (300 MHz, CDCl5) &: 7.26 (1H, d, J = 7.5 Hz), 7.20 (1H, dd, J = 8.0, 7.5 Hz), 6.91 (1H, dd,
J=8.0,7.5Hz), 6.81 (1H, d, J = 8.0 Hz), 6.55 (1H, br s), 6.06 (1H, d, J = 7.5 Hz), 4.22 (1H, dd, J =
9.0, 7.5 Hz), 2.81 (1H, dd, J = 9.0, 7.0 Hz), 2.20-2.09 (1H, m), 1.99-1.89 (1H, m), 1.83-1.22 (7H,
m); *C NMR (75 MHz, CDCl5) &: 177.3, 158.7, 129.4, 126.5, 125.1, 121.1, 110.3, 89.7, 47.2, 46.2,
38.1, 32.7, 29.1, 25.7, 24.8; ESI-HRMS m/z: calcd for CysHigO,N [M + H]* 244.1332, found
244.1329.

Domino Reaction of 6A with tert-Butyl lodide [Table 7, entry 4]. To a solution of 6A (70 mg, 0.2
mmol) in benzene (5 mL) were added tBul (1.4 mL, 12.0 mmol) and Et;B (1.04 M in hexane, 0.96
mmol) under N, atmosphere at reflux. After being stirred for 0.5 h, the reaction mixture was diluted
with H,O and extracted with CHCI;. The organic phase was dried over MgSO, and concentrated
under reduced pressure. The crude product was purified by PTLC (hexane : AcOEt =1 : 2) to afford
exo-4Ae (30.6 mg, 66%) and 76 (5.7 mg, 12%).

(3S,3aR,8aS)-rel-1,3,3a,8a- Tetrahydro-3-(1,1-dimethylethyl)-2H-benzofuro[2,3-b]pyrrol-2-one
(ex0-4Ae¢) [entry 4]. White solid (hexane-AcOEt); Mp: 181-182 °C; IR (CHCls): 3431, 1712 cm™;
'H NMR (500 MHz, CDCls) &: 7.17 (1H, dd, J = 8.0, 7.5 Hz), 7.13 (1H, d, J = 7.5 Hz), 6.94 (1H, dd,
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J=8.0,7.5Hz), 6.80 (LH, d, J = 8.0 Hz), 6.52 (1H, br s), 6.03 (1H, d, J = 7.0 Hz), 3.97 (1H, dd, J =
7.0, 2.5 Hz), 2.36 (1H, d, J = 2.5 Hz), 1.15 ppm (9H, s); *C NMR (125 MHz, CDCl;) &: 177.2,
157.5,129.2, 128.9, 124.6, 121.8, 110.4, 90.3, 58.9, 45.3, 33.4, 27.6 (3C); ESI-HRMS m/z: calcd for
CuH150.N [M + H]* 232.1332, found 232.1324.

3-(1,1-Dimethylethyl)-4-(2-hydroxyphenyl)-1,5-dihydro-2H-pyrrol-2-one (76) [entry 4]. White
solid; Mp: 158-160 °C (hexane-AcOEt); IR (CHCIl,): 3259, 1684 cm™ 'H NMR (500 MHz,
DMSO-dg) 6: 9.49 (1H, br s), 8.13 (1H, brs), 7.15-7.11 (1H, m), 7.04 (1H, dd, J = 8.0, 2.0 Hz), 6.83
(1H, dd, J = 8.0, 1.0 Hz), 6.78 (1H, td, J = 7.5, 1.0 Hz), 3.74 (2H, br s), 1.08 (9H, s); *C NMR (125
MHz, DMSO-dg) 8: 173.6, 154.0, 146.7, 139.4, 129.6, 128.9, 124.2, 118.4, 115.1, 49.4, 33.1, 28.9
(3C); ESI-HRMS m/z: calcd for C14H150,N [M + H]* 232.1332, found 232.1334.

Conversion of exo-4Ae into 76 [Scheme 27]. To a solution of exo-4Ae (24 mg, 0.1 mmol) in
benzene (5 mL) were added tBul (0.74 mL, 6.2 mmol) and Et;B (1.04 M in hexane, 0.5 mL, 0.52
mmol) under N, atmosphere at reflux. After being stirred for 0.5 h, the reaction mixture was diluted
with 10% Na,S,0; solution and extracted with CHCIz. The organic phase was dried over MgSO,
and concentrated under reduced pressure. The crude product was purified by PTLC (hexane :
AcOEt =1: 3) to afford 76 (20.8 mg, 90%).

Domino Reaction of 6A with tert-Butyl lodide in the Presence of Na,S,0; [Scheme 28]. To a
solution of 6A (70 mg, 0.2 mmol) and Na,S,0; (0.11 g, 0.7 mmol) in benzene (5 mL) were added
tBul (1.4 mL, 12.0 mmol) and Et;B (1.04 M in hexane, 0.96 mL, 1.0 mmol) under N, atmosphere at
reflux. After being stirred for 0.5 h, the reaction mixture was diluted with 10% Na,S,05 solution and
extracted with CHCI3 The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was purified by PTLC (hexane : AcOEt =1 : 2) to afford exo-4Ae (45.4
mg, 98%).

(2E, 4E)-4-[(3-Trifluoromethylphenoxy)imino]-2-butenoic Acid 2,3,4,5,6-Pentafluorophenyl
Ester (6H) [Scheme 29]. According to the general procedure described in Table 6, 6H was obtained
as white crystals. Mp: 85-86 °C (hexane-AcOEt); IR (CHCIy): 1766 cm™; 'H NMR (300 MHz,
CDCl;) 8: 8.26 (1H, d, J = 10.0 Hz), 7.71 (1H, dd, J = 16.0, 10.0 Hz), 7.51 (1H, brs), 7.46 (1H, d, J
= 7.5 Hz), 7.40-7.35 (2H, m), 6.54 (1H, d, J = 16.0 Hz); *C NMR (75 MHz, CDCls) &: 161.1, 158.7,
150.5, 142.9 (m), 141.4 (m), 140.3, 139.6 (m), 138.0 (m), 136.2 (m), 132.0 (q, J = 32.5 Hz), 130.0,
125.3, 124.8 (m), 123.8 (q, J = 271.0 Hz), 120.0 (g, J = 4.0 Hz), 117.8, 111.5 (q, J = 4.0 H2);
ESI-HRMS m/z: calcd for C1;HsOsNFg [M - H]* 424.0214, found 424.0231.

86



General Procedure for Domino Reaction of Conjugated Oxime Ether with tert-Butyl lodide
[Scheme 30]. To a solution of 6B-F, H (0.2 mmol) and Na,S,05 (0.11 g, 0.7 mmol) in benzene (5
mL) were added tBul (1.4 mL, 12.0 mmol) and Et;B (1.04 M in hexane, 0.96 mL, 1.0 mmol) under
N, atmosphere at reflux. After being stirred for 0.5 h, the reaction mixture was diluted with 10%
Na,S,0; solution and extracted with CHCIl;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by PTLC (hexane : AcOEt =
1: 2) to afford exo-4Be-Fe, He in yield shown in Scheme 30.

(3S,3aR,8aS)-rel-5-Trifluoromethyl-1,3,3a,8a-tetrahydro-3-(1,1-dimethylethyl)-2H-benzofuro][
2,3-b]pyrrol-2-one (exo-4Be). White solid; Mp: 224-225 °C (hexane-AcOEt); IR (CHCIs): 3431,
1712 cm™; 'H NMR (300 MHz, CDCls): & = 7.46 (1H, d, J = 8.5 Hz), 7.35 (1H, s), 6.88 (1H, br s),
6.87 (1H, d, J = 8.5 Hz), 6.12 (1H, d, J = 7.0 Hz), 3.99 (1H, dd, J = 7.0, 2.5 Hz), 2.36 (1H, d, J =
2.5 Hz), 1.16 (9H, s); *C NMR (75 MHz, CDCl5): & = 177.0, 160.3, 129.9, 127.1 (q, J = 4.0 Hz),
124.3 (g, J = 32.5 Hz), 124.2 (g, J = 270.0 Hz), 122.0 (q, J = 4.0 Hz), 110.5, 91.4, 58.7, 44.7, 33.5,
27.5 (3C); ESI-HRMS m/z: calcd for C15H1;0,NF3 [M + H]* 300.1206, found 300.1206.

(3S,3aR,8aS)-rel-1,3,3a,8a- Tetrahydro-5-methyl-3-(1,1-dimethylethyl)-2H-benzofuro[ 2,3-b]pyr
rol-2-one (exo-4Ce). White solid; Mp: 186-187 °C (hexane-AcOEt); IR (CHCI,): 3431, 1705 cm™;
'H NMR (300 MHz, CDCls): § = 6.95 (1H, d, J = 8.0 Hz), 6.91 (1H, s), 6.86 (1H, br s), 6.68 (1H, d,
J =8.0 Hz), 6.00 (1H, d, J = 7.0 Hz), 3.91 (1H, dd, J = 7.0, 2.5 Hz), 2.35 (1H, d, J = 2.5 Hz), 2.29
(3H, s), 1.15 (9H, s); *C NMR (75 MHz, CDCly): & = 177.4, 155.3, 131.1, 129.5, 128.8, 125.0,
109.9, 90.5, 58.9, 45.2, 33.4, 27.6 (3C), 20.8; ESI-HRMS m/z: calcd for CisH,0,N [M + H]”
246.1489, found 246.1492.

(3S,3aR,8aS)-rel-5-Bromo-1,3,3a,8a-tetrahydro-3-(1,1-dimethylethyl)-2H-benzofuro[2,3-b] pyr
rol-2-one (exo-4De). White solid; Mp: 215-217 °C (hexane-AcOEt); IR (CHCI,): 3431, 1710 cm™;
'H NMR (300 MHz, CDCl,): 8 = 7.26 (1H, dd, J = 8.5, 2.0 Hz), 7.21 (1H, s), 7.12 (1H, br s), 6.67
(1H, d, J=8.5Hz), 6.04 (1H, d, J = 7.5 Hz), 3.93 (1H, dd, J = 7.5, 2.5 Hz), 2.33 (1H, d, J = 2.5 H2),
1.14 (9H, s); *C NMR (75 MHz, CDCl,): & = 177.2, 156.8, 132.0, 131.4, 127.5, 113.4, 112.0, 91.1,
58.7, 45.0, 33.4, 27.5 (3C); ESI-HRMS m/z: calcd for Cy4H1;0,NBr [M + H]" 310.0437, found
310.0444.

(3S,3aR,8aS)-rel-7-Trifluoromethyl-1,3,3a,8a-tetrahydro-3-(1,1-dimethylethyl)-2H-benzofuro[
2,3-b]pyrrol-2-one (exo-4Ee). White solid; Mp: 178-180 °C (hexane-AcOEt); IR (CHCIy): 3427,
1710 cm™; *H NMR (300 MHz, CDCl,): & = 7.41 (1H, d, J = 8.0 Hz), 7.30 (1H, d, J = 7.5 Hz), 7.01
(1H, dd, J = 8.0, 7.5 Hz), 6.66 (1H, br s), 6.17 (1H, d, J = 7.0 Hz), 3.99 (1H, dd, J = 7.0, 3.0 Hz),
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2.35 (1H, d, J = 3.0 Hz), 1.16 (9H, s); *3C NMR (75 MHz, CDCly): § = 176.7, 154.8, 131.2, 128.2,
126.0 (g, J = 4.5 Hz), 123.1 (g, J = 270.0 Hz), 121.5, 113.6 (q, J = 33.0 Hz), 91.7, 58.7, 44.5, 33.5,
27.5 (3C); ESI-HRMS m/z: calcd for CysH170,NF; [M + H]* 300.1206, found 300.1204.

(3S,3aR,8aS)-rel-1,3,3a,8a- Tetrahydro-7-methyl-3-(1,1-dimethylethyl)-2H-benzofuro[2,3-b]pyr
rol-2-one (exo-4Fe). White solid; Mp: 206-207 °C (hexane-AcOEt); IR (CHCIs): 3431, 1705 cm™;
'H NMR (300 MHz, CDCl5): & = 6.99-6.94 (3H, m), 6.83 (1H, t, J = 7.5 Hz), 6.01 (1H, d, J = 7.0
Hz), 3.94 (1H, dd, J = 7.0, 2.5 Hz), 2.34 (1H, d, J = 2.5 Hz), 2.19 (3H, s), 1.14 (9H, s); *C NMR
(75 MHz, CDCl,): 8 = 177.6, 155.9, 130.2, 128.1, 121.8, 121.6, 120.5, 90.1, 59.0, 45.4, 33.3, 27.6
(3C), 15.1; ESI-HRMS m/z: calcd for CisH,00,N [M + H]" 246.1489, found 246.1490.

(3S,3aR,8aS)-rel-4-(Trifluoromethyl)-1,3,3a,8a-tetrahydro-3-(1,1-dimethylethyl)-2H-benzofuro
[2,3-b]pyrrol-2-one (exo-4He). White solid; Mp: 169-171 °C (hexane-AcOEt); IR (CHCIy): 3431,
1710 cm™; *H NMR (300 MHz, CDCl5): 8 = 7.31 (1H, dd, J = 8.0, 7.5 Hz), 7.23 (1H, d, J = 7.5 Hz),
7.02 (1H, d, J = 8.0 Hz), 6.66 (1H, br s), 6.09 (1H, d, J = 6.5 Hz), 4.18 (1H, d, J = 6.5 HZz), 2.71 (1H,
s), 1.13 (9H, s); *C NMR (75 MHz, CDCl5): & = 176.8, 158.6, 129.8, 127.8 (q, J = 32.5 Hz), 125.7,
123.6 (g, J = 271.0 Hz), 119.3 (q, J = 5.0 Hz), 114.6, 90.9, 56.9, 46.4, 33.7, 27.7 (3C); ESI-HRMS
m/z: calcd for C15H170,NF3 [M + H]* 300.1206, found 300.1199.

(3S,3aR,8aS)-rel-6-(Trifluoromethyl)-1,3,3a,8a-tetrahydro-3-(1,1-dimethylethyl)-2H-benzofuro
[2,3-b]pyrrol-2-one (exo-4He’). White solid; Mp: 172-174 °C (hexane-AcOEt); IR (CHCI;): 3431,
1710 cm™; *H NMR (300 MHz, CDCls): & = 7.21 (2H, m), 7.08 (1H, br s), 7.03 (1H, s), 6.11 (1H, d,
J = 7.0 Hz), 3.99 (1H, dd, J = 7.0, 3.0 Hz), 2.35 (1H, d, J = 3.0 Hz), 1.16 (9H, s); *C NMR (75
MHz, CDCls): & = 177.1, 157.9, 133.1 (d, J = 1.0 Hz), 131.7 (g, J = 32.0 Hz), 124.9, 123.8 (q, J =
271.0 Hz), 118.8 (q, J = 4.0 Hz), 107.6 (q, J = 4.0 Hz), 91.2, 58.7, 44.9, 33.5, 27.5 (3C); ESI-HRMS
m/z: calcd for Cy5H3,0,NF3 [M + H]" 300.1206, found 300.1200.
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(2E, 4E/Z)-4-Oxo0-4-[(3aR,6S,7aS)-tetrahydro-8,8-dimethyl-2,2-dioxido-3H-3a,6-methano-2,1-
benzisothiazol-1(4H)-yl]-2-butenal 1-(O-Phenyloxime) (11) [Scheme 33]. To a solution of oxime
ether 5A (1.0 g, 4.6 mmol) and (1R)-(+)-2,10-camphorsultam (1.0 g, 4.6 mmol) in (CH,CI), (50
mL) was slowly added dropwise MezAl (1.05 M in hexane, 6.1 mL, 6.4 mmol) under N,
atmosphere at 0 °C and then the reaction mixture was warmed up to reflux. After being stirred for 6
h, the reaction mixture was diluted with 20% Rochelle salt agueous solution and extracted with
CHCl3. The organic phase was dried over MgSO, and concentrated under reduced pressure. The
crude product was purified by flash column chromatography (hexane : AcOEt = 3 : 1) to afford 11
(.17 g, 66%, 2 : 1 mixture of 4E- and 4Z-isomers) as yellow crystals. Mp: 112-113 °C
(hexane-AcOEL); IR (neat): 1680 cm™; *H NMR (300 MHz, CDCls) 8: 8.20 (2/3H, d, J = 10.0 Hz),
8.03 (1/3H, dd, J = 15.5, 10 Hz), 7.54 (2/3H, dd, J = 10.0, 7.0 Hz), 7.50 (1/3H, d, J = 10.0 Hz),
7.36-6.99 (6H, m), 3.98 (1H, dd, J = 7.0, 5.0 Hz), 3.58-3.45 (2H, m), 2.17-2.14 (2H, m), 1.95-1.88
(3H, m), 1.49-1.35 (2H, m), 1.19 (3H, s), 0.99 (3H, s); **C NMR (75 MHz, CDCl;) &: 163.1, 162.8,
158.9, 158.8, 150.6, 147.3, 137.2, 130.0, 129.4, 129.3, 128.2, 127.6, 123.1, 123.0, 114.7 (2C), 65.3,
65.2, 53.1, 48.7 (2C), 47.9 (2C), 44.6, 38.3 (2C), 32.8, 26.5, 20.8, 19.9; ESI-HRMS m/z: calcd for
Ca0H2504N,S [M + H]" 389.1530, found 389.1520.

Diastereoselective Domino Reaction of 11 [Table 8, entry 1]. To a solution of 11 (78 mg, 0.2
mmol) in benzene (5 mL) was added Et;B (1.04 M in hexane, 0.38 mL, 0.4 mmol) under N,
atmosphere at room temperature. After being stirred for 1 h, MesAl (1.05 M in hexane, 0.69 mL,
0.72 mmol) was added dropwise and warmed up to reflux. After being stirred for 3 h, the reaction
mixture was diluted with 20% Rochelle salt agueous solution and extracted with CHCIs. The
organic phase was dried over MgSO, and concentrated under reduced pressure. The crude product
was purified by PTLC (hexane : AcOEt = 1 : 2) to afford exo-4Aa (8.5 mg, 21%) and endo-4Aa
(17.2 mg, 42%).

[Table 8, entry 2]. To a solution of 11 (78 mg, 0.2 mmol) in toluene (5 mL) was added Et;B (1.04
M in hexane, 0.38 mL, 0.4 mmol) under N, atmosphere at 0 °C. After being stirred for 1 h, MezAl
(1.05 M in hexane, 0.69 mL, 0.72 mmol) was added dropwise and warmed up to reflux. After being
stirred for 3 h, the reaction mixture was diluted with 20% Rochelle salt agueous solution and
extracted with CHCIls. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was purified by PTLC (hexane : AcOEt = 1 : 2) to afford exo-4Aa (2.3
mg, 6%) and endo-4Aa (2.5 mg, 6%).
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[Table 8, entry 3]. To a solution of 11 (78 mg, 0.2 mmol) in DMF (5 mL) was added Et;B (1.04 M
in hexane, 0.38 mL, 0.4 mmol) under N, atmosphere at -40 °C. After being stirred for 1 h, MezAl
(1.05 M in hexane, 0.69 mL, 0.72 mmol) was added dropwise and warmed up to 100 °C. After
being stirred for 2 h, the reaction mixture was diluted with 20% Rochelle salt agueous solution and
extracted with CHCl;. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was purified by PTLC (hexane : AcOEt = 1 : 2) to afford exo-4Aa (6.2
mg, 15%) and endo-4Aa (15.4 mg, 38%).

[Table 8, entry 4]. To a solution of 11 (78 mg, 0.2 mmol) in MeCN (5 mL) was added Et;B (1.04 M
in hexane, 0.38 mL, 0.4 mmol) under N, atmosphere at -40 °C. After being stirred for 1 h, Me;Al
(1.05 M in hexane, 0.69 mL, 0.72 mmol) was added dropwise and warmed up to reflux. After being
stirred for 2 h, the reaction mixture was diluted with 20% Rochelle salt aqueous solution and
extracted with CHCIl3. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was purified by PTLC (hexane : AcOEt =1 : 2) to afford exo-4Aa (7.8
mg, 19%) and endo-4Aa (23.1 mg, 57%).

(3S,3aS,8aR)-3-Ethyl-1,3,3a,8a-tetrahydro-2H-benzofuro[2,3-b]pyrrol-2-one
[(3S,3aS,8aR)-4Aa]: [a]p® = -114.0 (c = 1.00 in CHCI;, 93% ee); the enantiomeric purity was
determined by HPLC analysis (Daicel CHIRALCEL OD-H, hexane : iPrOH = 80 : 20, flow rate =

1.0 mL/min, A = 254 nm, retention times: 9.77 min [minor] and 12.86 min [major]).

Determination of single-crystal structure by X-ray crystallography: the (3S, 3aS, 8aR)-4Aa was
recrystallized from MeOH to give single crystals suitable for X-ray single crystallographic analysis.
Crystal data for (3S, 3aS, 8aR)-4Aa: monaclinic, space group 2/m, a = 5.0702(3) A, b = 7.4042(5)
A, c=13.5228(9) A, f=95.941(9)°, V = 504.93(6) A®, Final R Value 0.0242 for 3948 reflections.

[Table 8, entry 5]. To a solution of 11 (78 mg, 0.2 mmol) in benzene (5 mL) was added Et;B (1.04
M in hexane, 0.38 mL, 0.4 mmol) under N, atmosphere at -78 °C. After being stirred for 2 h, Me;Al
(1.05 M in hexane, 0.69 mL, 0.72 mmol) was added dropwise and warmed up to reflux. After being
stirred for 5 h, the reaction mixture was diluted with 20% Rochelle salt aqueous solution and
extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was purified by PTLC (hexane : AcOEt = 1 : 2) to afford exo-4Aa (10.5
mg, 26%) and endo-4Aa (21.8 mg, 54%).
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(2E, 4E)-4-(2-Phenylhydrazono)-2-butenoic Acid Ethyl Ester (12G) [Scheme 38]. To a solution
of (2E)-4-oxo-2-butenoic acid ethyl ester (1.0 g, 7.8 mmol) in pyridine (20 mL) was added
phenylhydrazine hydrochloride (1.35 g, 9.4 mmol) at room temperature. After being stirred for 1.5 h,
the reaction mixture was acidified with 10% HCI and extracted with Et,O. The organic phase was
washed with saturated NaCl, dried over MgSO, and concentrated under reduced pressure. The crude
product was purified by flash column chromatography (hexane : AcOEt = 3 : 1) to afford 12G (1.25
g, 74%) as yellow solid. Mp: 115-116 °C (hexane-AcOEt); IR (KBr): 3280, 1688 cm™; 'H NMR
(300 MHz, CDCly) &: 8.00 (1H, brs), 7.49 (1H, dd, J = 14.5, 9.5 Hz), 7.40 (1H, d, J = 9.5 Hz), 7.43
(1H, d, J =9.5 Hz), 7.28 (2H, dd, J = 8.5, 7.5 Hz), 7.07 (2H, dd, J = 8.5, 1.0 Hz), 6.93 (1H, td, J =
7.5, 1.0 Hz), 5.97 (1H, d, J = 14.5 Hz), 4.23 (2H, g, J = 7.0 Hz), 1.32 (3H, t, J = 7.0 Hz); ®*C NMR
(75 MHz, CDCl3) &: 166.8, 143.1, 141.3, 135.5, 129.4, 121.32, 121.25, 113.1, 60.5, 14.3;
ESI-HRMS m/z: calcd for C1,H350,N, [M + H]* 219.1128, found 219.1130.

(2E, 4E)-4-[2-(4-Chlorophenyl)hydrazono]-2-butenoic Acid Ethyl Ester (121) [Scheme 39].
According to the procedure described in Scheme 38, 121 was obtained in 85% yield as yellow solid.
Yellow solid; Mp: 140-142 °C (hexane-AcOEt); IR (KBr): 3259, 1682 cm™; *H NMR (300 MHz,
CDCl;) &: 8.03 (1H, br s), 7.50-7.41 (2H, m), 7.23 (2H, d, J = 9.0 Hz), 7.00 (2H, d, J = 9.0 Hz),
6.03-5.94 (1H, m), 4.23 (2H, q, J = 7.0 Hz), 1.32 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &:
166.7, 141.8, 141.0, 136.1, 129.3, 126.0, 122.0, 114.3, 60.6, 14.3; ESI-HRMS m/z: calcd for
C1.H140,N,*°CI [M + H]" 253.0738, found 253.0737.

(2E, 4E)-4-[2-(4-Methoxyphenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12A) [Scheme 39].
According to the procedure described in Scheme 38, 12A was obtained in 97% yield as yellow solid.
Mp: 136-137 °C (hexane-AcOEt); IR (KBr): 3272, 1693 cm™; 'H NMR (300 MHz, CDCl;) &: 7.92
(1H, brs), 7.48 (1H, dd, J = 15.0, 10.0 Hz), 7.40 (1H, d, J = 10.0 Hz), 7.01 (2H, d, J = 9.0 Hz), 6.86
(2H, d, J=9.0 Hz), 5.94 (1H, d, J = 15.0 HZz), 4.23 (2H, g, J = 7.0 Hz), 3.78 (3H, 5), 1.31 (3H, t, I =
7.0 Hz); *C NMR (75 MHz, CDCl;) 8: 166.9, 154.6, 141.5, 137.1, 134.6, 120.3, 114.7, 114.3, 60.4,
55.6, 14.3; ESI-HRMS m/z: calcd for Cy3H;,03N, [M + H]" 249.1234, found 249.1233.

Domino Reaction of 12A [Table 9, entry 2]. To a solution of 12A (50 mg, 0.2 mmol) in benzene (5
mL) was added Et;B (1.04 M in hexane, 0.96 mL, 1.0 mmol) under N, atmosphere at room
temperature. After being stirred for 1 h, the reaction mixture was diluted with H,O and extracted
with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure.
The crude product was purified by PTLC (hexane : AcOEt = 2 : 1) to afford 13Aa (8.4 mg, 16%).
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a-Ethyl-5-methoxy-1H-indole-3-acetic Acid Ethyl Ester (13Aa). Yellow oil; IR (neat): 3405,
1723 cm™; *H NMR (500 MHz, CDCl5) &: 8.04 (1H, br s), 7.23 (1H, d, J = 9.0 Hz), 7.15 (1H, d, J =
2.0 Hz), 7.11 (1H, d, J = 2.5 Hz), 6.85 (1H, dd, J = 9.0, 2.5 Hz), 4.20-4.08 (2H, m), 3.86 (3H, s),
3.73 (1H, 1, J = 7.5 Hz), 2.20-2.11 (1H, m), 1.97-1.86 (1H, m), 1.23 (3H, t, J = 7.0 Hz), 0.98 (3H, t,
J = 7.0 Hz); ®°C NMR (75 MHz, CDCl5) &: 174.7, 154.0, 131.3, 127.1, 122.7, 113.9, 112.4, 111.9,
101.0, 60.6, 55.9, 44.8, 25.9, 14.3, 12.4; ESI-HRMS m/z: calcd for C1sH,00sN [M + H]* 262.1425,
found 262.1431.

Attempted Hydrolysis of 12A [Scheme 40]. To a solution of 12A (1.0 g, 4.0 mmol) in THF (40
mL) was added LiOH (0.97 g, 40 mmol) in H,O (10 mL) at 60 °C. After being stirred for 9 h, the
reaction mixture was concentrated under reduced pressure, acidified with 10% HCI, and extracted
with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced pressure to
afford 2-(4-methoxyphenyl)-3-(2H)-pyridazinone 85 (0.67 g, 82%). The spectral data were identical
with those reported in the literature.*”

[Table 10, entries 1, 3 and 4]. To a solution of 12A (50 mg, 0.2 mmol) in solvent (5 mL) as
indicated in Table 10 was added Et;B (1.04 M in hexane, 0.96 mL, 1.0 mmol) under N, atmosphere
at reflux. After being stirred for 5-60 min, the reaction mixture was diluted with H,O and extracted
with CHCl;. The organic phase was dried over MgSO, and concentrated under reduced pressure.
The crude product was purified by PTLC (hexane : AcOEt = 2 : 1) to afford 13Aa in the yields
shown in Table 10.

Domino Reaction of 12A in the Presence of Zinc Halides [Table 11, entries 3 and 4]. To a
solution of 12A (50 mg, 0.2 mmol) and ZnX; (0.6 mmol) in MeCN (5 mL) was added Et;B (1.04 M
in hexane, 0.96 mL, 1.0 mmol) under N, atmosphere at reflux. After being stirred for 1.5 or 7 h, the
reaction mixture was diluted with 20% Rochelle salt solution and extracted with CHCI;. The
organic phase was dried over MgSO, and concentrated under reduced pressure. The crude product
was purified by PTLC (hexane : AcCOEt = 2 : 1) to afford 13Aa in the yields shown in Table 11.

Domino Reaction of 12A in the Presence of Zinc lodide [Table 11, entries 5-8]. To a solution of
12A (50 mg, 0.2 mmol) and zinc iodide (0.02-0.6 mmol) in MeCN (5 mL) was added Et;B (1.04 M
in hexane, 0.96 mL, 1.0 mmol) under N, atmosphere at reflux. After being stirred for 0.5 h, the
reaction mixture was diluted with 20% Rochelle salt solution and extracted with CHCl;. The
organic phase was dried over MgSO, and concentrated under reduced pressure. The crude product
was purified by PTLC (hexane : AcCOEt =2 : 1) to afford 13Aa in the yields shown in Table 11.
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Preparation of Conjugated Hydrazones [Table 12].

General Procedure A (method A). To a solution of (2E)-4-oxo-2-butenoic acid ethyl ester (1.0 g,
7.8 mmol) in pyridine (20 mL) was added N-arylhydrazine hydrochloride (8.2-9.4 mmol) at room
temperature. After being stirred for 0.5-1.5 h, the reaction mixture was acidified with 10% HCI and
extracted with Et,O. The organic phase was washed with saturated NaCl, dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 3 : 1) or recrystallization (AcOEt/hexane) to afford conjugated
hydrazones 12E, F, H, N-Q in the yields shown in Table 12.

General Procedure B (method B). To a mixture of (2E)-4-ox0-2-butenoic acid ethyl ester (1.0 g,
7.8 mmol) and sodium acetate (8.2-9.4 mmol) in EtOH (20 mL) was added N-arylhydrazine
hydrochloride (8.2-9.4 mmol) at room temperature. After being stirred for 1-1.5 h, the reaction
mixture was concentrated under reduced pressure, diluted with H,O and extracted with CHCIs. The
organic phase was dried over MgSO, and concentrated under reduced pressure. The crude product
was purified by flash column chromatography (hexane : AcOEt = 3 : 1) or recrystallization

(AcOEt/hexane) to afford conjugated hydrazones 12B-D in the yields shown in Table 12.

(2E, 4E)-4-{2-[4-(Phenylmethoxy)phenyl]hydrazono}-2-butenoic Acid Ethyl Ester (12B) [entry
1]. Yellow solid; Mp: 155-157 °C (hexane-AcOEt); IR (KBr): 3276, 1680 cm™; *H NMR (300 MHz,
CDCl;) &: 7.89 (1H, br s), 7.51-7.29 (7H, m), 7.01 (2H, d, J = 9.0 Hz), 6.92 (2H, d, J = 9.0 Hz),
5.94 (1H, d, J = 14.5 Hz), 5.02 (2H, s), 4.23 (2H, q, J = 7.0 Hz), 1.31 (3H, t, J = 7.0 Hz); *C NMR
(75 MHz, CDCIl;) &: 166.9, 153.8, 141.4, 137.3, 137.1, 134.8, 128.5, 127.9, 127.5, 120.6, 115.9,
114.3, 70.5, 60.4, 14.3; ESI-HRMS m/z: calcd for CyoH21 05N, [M + H]* 325.1547, found 325.1549.

(2E, 4E)-4-{2-[(4-Acetylamino)phenyl]hydrazono}-2-butenoic Acid Ethyl Ester (12C) [entry 2].
Yellow solid; Mp: 190-192 °C (hexane-AcOEt); IR (KBr): 3332, 3259, 1697, 1671 cm™; *H NMR
(300 MHz, CD;0D) &: 7.53 (1H, d, J = 10.0 Hz), 7.39 (2H, d, J = 9.0 Hz), 7.38 (1H, dd, J = 15.5,
10.0 Hz), 7.02 (2H, d, J = 9.0 Hz), 5.94 (1H, d, J = 15.5 Hz), 4.19 (2H, g, J = 7.0 Hz), 2.08 (3H, s),
1.29 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CD;0D) &: 171.3, 168.9, 143.8, 142.2, 136.1, 133.1,
122.8, 120.3, 114.0, 61.5, 23.6, 14.6; ESI-HRMS m/z: calcd for Ci4H;50;N; [M + H]" 276.1343,
found 276.1337.
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(2E, 4E)-4-{2-[4-(Methylthio)phenyl]hydrazono}-2-butenoic Acid Ethyl Ester (12D) [entry 3].
Yellow solid; Mp: 129-131 °C (hexane-AcOEt); IR (KBr): 3272, 1684 cm™; *H NMR (300 MHz,
CDCls) 6: 8.01 (1H, br s), 7.51-7.40 (2H, m), 7.26 (2H, d, J = 8.5 Hz), 7.02 (2H, d, J = 8.5 Hz),
5.97 (1H, dd, J = 14.0, 1.0 Hz), 4.23 (2H, q, J = 7.0 Hz), 2.46 (3H, s), 1.32 (3H, t, J = 7.0 Hz); **C
NMR (75 MHz, CDCly) &: 166.7, 141.4, 141.1, 135.7, 129.7, 129.5, 121.5, 113.8, 60.5, 17.7, 14.3;
ESI-HRMS m/z: calcd for C13H;,0,N,S [M + H]" 265.1005, found 265.1004.

(2E, 4E)-4-[2-(4-Methylphenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12E) [entry 4]. Yellow
solid; Mp: 115-117 °C (hexane-AcOEt); IR (KBr): 3272, 1684 cm™; *H NMR (300 MHz, CDClI,) &:
7.94 (1H, brs), 7.48 (1H, dd, J = 15.0, 9.5 Hz), 7.40 (1H, dd, J = 9.5, 1.0 Hz), 7.09 (2H, d, J = 8.5
Hz), 6.97 (2H, d, J = 8.5 Hz), 5.95 (1H, d, J = 15.0 Hz), 4.23 (2H, q, J = 7.0 Hz), 2.29 (3H, 5), 1.31
(3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 166.9, 141.5, 140.8, 134.9, 130.7, 129.8, 120.6,
113.1, 60.4, 20.6, 14.2; ESI-HRMS m/z: calcd for Cy3H;,0,N, [M + H]* 233.1285, found 233.1287.

(2E, 4E)-4-{2-[4-(1,1-Dimethylethyl)phenyl]hydrazono}-2-butenoic Acid Ethyl Ester (12F)
[entry 5]. Yellow solid; Mp: 152-153 °C (hexane-AcOEt); IR (KBr): 3297, 1686 cm™; 'H NMR
(300 MHz, CDCls) 6: 7.95 (1H, brs), 7.49 (1H, dd, J = 15.0, 9.5 Hz), 7.41 (1H, d, J = 9.5 Hz), 7.31
(2H, d, J =9.0 Hz), 7.01 (2H, d, J = 9.0 Hz), 5.95 (1H, d, J = 15.0 Hz), 4.23 (2H, g, J = 7.0 Hz),
1.32 (3H, t, J = 7.0 Hz), 1.30 (9H, s); *C NMR (75 MHz, CDCls) &: 166.9, 144.3, 141.6, 140.8,
135.0, 126.1, 120.6, 112.9, 60.4, 34.1, 31.4, 14.3; ESI-HRMS m/z: calcd for Cy5H»30,N, [M + H]*
275.1754, found 275.1756.

(2E, 4E)-4-[2-(4-Fluorophenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12H) [entry 6]. Yellow
solid; Mp: 126-127 °C (hexane-AcOEt); IR (KBr): 3272, 1688 cm™; *H NMR (300 MHz, CDCls;) &:
7.96 (1H, brs), 7.51-7.41 (2H, m), 7.05-6.95 (4H, m), 6.02-5.93 (1H, m), 4.23 (2H, q, J = 7.0 Hz),
1.32 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) 8: 166.9, 157.9 (d, J = 238.0 Hz), 141.3, 139.5,
135.5, 121.3, 116.0 (d, J = 22.5 Hz), 114.2 (d, J = 7.5 Hz), 60.5, 14.2; ESI-HRMS m/z: calcd for
C1oH140,N,F [M + H]" 237.1034, found 237.1033.

(2E, 4E)-4-[2-(1-Naphthalenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12N) [entry 7]. Yellow
solid; Mp: 154-156 °C (hexane-AcOEt); IR (KBr): 3319, 1673 cm™; *H NMR (300 MHz, CDCls) &:
8.54 (1H, br s), 7.88-7.78 (2H, m), 7.67 (1H, d, J = 9.5 Hz), 7.59-7.42 (6H, m), 6.05 (1H, d, J =
15.5 Hz), 4.25 (2H, q, J = 7.0 Hz), 1.33 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl5) &: 166.7,
141.1, 137.8, 137.5, 134.1, 128.9, 126.5, 125.9, 125.5, 122.2, 121.9, 121.5, 119.0, 109.4, 60.6, 14.3;
ESI-HRMS m/z: calcd for C16H1,0,N; [M + H]™ 269.1285, found 269.1282.
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(2E, 4E)-4-[2-(2-Naphthalenyl)hydrazono]-2-butenoic Acid Ethyl Ester (120) [entry 8]. Yellow
solid; Mp: 165-167 °C (hexane-AcOEt); IR (KBr): 3263, 1695 cm™; *H NMR (300 MHz, CDCl;) &:
8.12 (1H, br s), 7.78-7.71 (3H, m), 7.58-7.40 (4H, m), 7.34-7.28 (2H, m), 6.01 (1H, d, J = 14.5 Hz),
4.25 (2H, g, J = 7.0 Hz), 1.33 (3H, t, J = 7.0 Hz); **C NMR (75 MHz, CDCl;) &: 166.7, 141.1, 140.7,
136.0, 134.4, 129.5, 129.4, 127.8, 126.72, 126.71, 123.6, 121.7, 115.1, 107.9, 60.5, 14.3;
ESI-HRMS m/z: calcd for C16H1,0,N; [M + H]™ 269.1285, found 269.1283.

(2E, 4E)-4-[2-(2-Methoxylphenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12P) [entry 9].
Yellow solid; Mp: 126-127 °C (hexane-AcOEt); IR (KBr): 3276, 1686 cm™; 'H NMR (300 MHz,
CDCly) 6: 8.43 (1H, br s), 7.54-7.42 (3H, m), 6.99-6.83 (3H, m), 6.01-5.93 (1H, m), 4.23 (2H, q, J =
7.0 Hz), 3.87 (3H, s), 1.32 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl,) &: 166.8, 145.3, 141.4,
136.3, 132.5, 121.5, 121.0, 120.6, 112.7, 110.1, 60.4, 55.5, 14.2; ESI-HRMS m/z: calcd for
C13H1703N, [M + H]* 249.1234, found 249.1236.

(2E, 4E)-4-[2-(3-Methoxylphenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12Q) [entry 10].
Yellow solid; Mp: 123-124 °C (hexane-AcOEt); IR (KBr): 3272, 1694 cm™; 'H NMR (500 MHz,
CDCly) 6: 8.01 (1H, brs), 7.48 (1H, dd, J = 15.0, 9.5 Hz), 7.41 (1H, dd, J = 9.5, 1.0 Hz), 7.17 (1H, t,
J=8.0Hz),6.72 (1H, t,J = 2.5 Hz), 6.58 (1H, ddd, J = 8.0, 2.5, 1.0 Hz), 6.49 (1H, ddd, J = 8.0, 2.5,
1.0 Hz), 5.97 (1H, d, J = 15.0 Hz), 4.23 (2H, q, J = 7.0 Hz), 3.81 (3H, s), 1.32 (3H, t, J = 7.0 H2);
3C NMR (125 MHz, CDCls) &: 166.7, 160.9, 144.5, 141.2, 135.6, 130.1, 121.5, 107.2, 105.8, 98.8,
60.5, 55.2, 14.3; ESI-HRMS m/z: calcd for C13H;,05N, [M + H]" 249.1234, found 249.1232.

1-[(4-Acetylamino)phenyl]hydrazine-1-carboxylic Acid 1,1-Dimethylethyl Ester (94) [Scheme
44]. To a solution of N-(4-iodophenyl)acetamide (93) (3.0 g, 11.5 mmol) in DMSO (12 mL) were
added tert-butyl carbazate (1.8 g, 13.8 mmol), Cul (110 mg, 0.58 mmol) and Cs,CO; (5.6 g, 17.3
mmol) at 50 °C. After being stirred for 22 h, the reaction mixture was diluted with H,O and
extracted with AcOEt. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was purified by flash column chromatography (hexane : AcCOEt =1 : 3)
to afford 94 (2.5 g, 82%) as white solid. Mp: 139-141 °C (MeOH); IR (KBr): 3330, 1698, 1664
cm™; *H NMR (300 MHz, CDCl5) 8: 7.46-7.37 (4H, m), 4.43 (2H, br s), 2.16 (3H, s), 1.49 (9H, s);
C NMR (75 MHz, CDCl;) &: 168.7, 155.1, 139.0, 134.7, 123.9, 119.7, 81.7, 28.2, 24.3;
ESI-HRMS m/z: calcd for C13H;05N3Na [M + Na]* 288.1319, found 288.1317.

N-(4-Hydrazinylphenyl)acetamide Hydrochloride (84C) [Scheme 44]. To a solution of 94 (2.2 g,
8.3 mmol) in CH,CI, (40 mL) was added HCI (4M in dioxane, 35 mL) at 0 °C. After being stirred at
room temperature for 15 h, the resulting pale brown solid was filtered and washed with Et,O to
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afford 84C (1.7 g, quant.) as pale brown solid. Mp: 154-156 °C (MeOH); IR (KBr): 3426, 3203,
2974, 1663 cm™; *H NMR (300 MHz, CD,0D) &: 7.52 (2H, d, J = 9.0 Hz), 6.97 (2H, d, J = 9.0 Hz),
2.13 (3H, s); *C NMR (75 MHz, CD;0D) &: 171.8, 142.7, 135.2, 122.7, 116.9, 23.5; ESI-HRMS
m/z: calcd for CgH1,ON3 [M + H]* 166.0975, found 166.0975.

General Procedure for Domino Reaction of Conjugated Hydrazones with Ethyl Radical
[Scheme 45]. To a solution of 12B-1, N-Q (0.2 mmol) and Znl, (32 mg, 0.1 mmol) in MeCN (5
mL) was added Et;B (1.04 M in hexane, 0.96 mL, 1.0 mmol) under N, atmosphere at reflux. After
being stirred for 0.5 h, the reaction mixture was diluted with 20% Rochelle salt solution and
extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was purified by PTLC (hexane : AcOEt = 2 : 1) to afford 13Ba-la,
Na-Qa in yield shown in Scheme 45.

a-Ethyl-5-(phenylmethoxy)-1H-indole-3-acetic Acid Ethyl Ester (13Ba). Yellow oil; IR (neat):
3409, 1725 cm™; *H NMR (300 MHz, CDCl;) 8: 8.06 (1H, br s), 7.50-7.20 (7H, m), 7.09 (1H, d, J =
2.0 Hz), 6.92 (1H, dd, J = 9.0, 2.0 Hz), 5.11 (2H, s), 4.21-4.03 (2H, m), 3.72 (1H, t, J = 7.5 Hz),
2.22-2.07 (1H, m), 1.98-1.84 (1H, m), 1.22 (3H, t, J = 7.5 Hz), 0.96 (3H, t, J = 7.5 Hz); *C NMR
(75 MHz, CDCly) 6: 174.7, 153.1, 137.5, 131.4, 128.5, 127.7, 127.6, 127.0, 122.8, 113.7, 113.0,
111.9, 102.5, 70.8, 60.5, 44.8, 25.9, 14.3, 12.3; ESI-HRMS m/z: calcd for C,;H,,03N [M + H]*
338.1751, found 338.1752.

5-(Acetylamino)-a-ethyl-1H-indole-3-acetic Acid Ethyl Ester (13Ca). Pale yellow oil; IR (neat):
3306, 1716, 1662 cm™; *H NMR (300 MHz, CDCls) 8: 8.42 (1H, br s), 7.74 (1H, s), 7.51 (1H, br s),
7.25-7.17 (2H, m), 7.10 (1H, d, J = 2.0 Hz), 4.21-4.03 (2H, m), 3.72 (1H, t, J = 7.5 Hz), 2.17-2.05
(1H, m), 2.14 (3H, s), 1.96-1.85 (1H, m), 1.21 (3H, t, J = 7.5 Hz), 0.93 (3H, t, J = 7.5 Hz); **C
NMR (75 MHz, CDCl;) &: 174.8, 168.7, 133.7, 130.0, 126.6, 123.1, 116.9, 113.8, 111.6, 111.4, 60.6,
44.8, 26.0, 24.2, 14.2, 12.3; ESI-HRMS m/z: calcd for CigH0sN, [M + H]" 289.1547, found
289.1540.

a-Ethyl-5-(methylthio)-1H-indole-3-acetic Acid Ethyl Ester (13Da). Yellow oil; IR (neat): 3405,
1716 cm™; *H NMR (300 MHz, CDCls) 8: 8.12 (1H, br s), 7.70 (1H, s), 7.28-7.19 (2H, m), 7.13 (1H,
d, J = 2.0 Hz), 4.22-4.06 (2H, m), 3.75 (1H, t, J = 7.5 Hz), 2.52 (3H, s), 2.22-2.07 (1H, m),
1.99-1.85 (1H, m), 1.23 (3H, t, J = 7.5 Hz), 0.96 (3H, t, J = 7.5 Hz); **C NMR (75 MHz, CDCl5) &:
174.6, 134.9, 127.7, 127.5, 124.1, 122.7, 120.0, 113.8, 111.7, 60.6, 44.7, 26.1, 18.8, 14.2, 12.3;
ESI-HRMS m/z: calcd for Cy5H,00,NS [M + H]* 278.1209, found 278.1212.
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a-Ethyl-5-methyl-1H-indole-3-acetic Acid Ethyl Ester (13Ea). Yellow oil; IR (neat): 3405, 1722
cm™; 'H NMR (300 MHz, CDCl,) &: 7.99 (1H, br s), 7.48 (1H, s), 7.25 (1H, dd, J = 8.5, 2.5 Hz),
7.10 (1H, d, J = 2.5 Hz), 7.01 (1H, d, J = 8.5 Hz), 4.20-4.08 (2H, m), 3.75 (1H, t, J = 7.5 Hz), 2.45
(3H, s), 2.22-2.08 (1H, m), 2.00-1.86 (1H, m), 1.23 (3H, t, J = 7.5 Hz), 0.96 (3H, t, J = 7.5 Hz); **C
NMR (75 MHz, CDCl,) &: 175.0, 134.7, 129.0, 127.2, 123.9, 122.4, 119.2, 113.9, 111.1, 60.8, 45.1,
26.4,21.8, 14.5, 12.6; ESI-HRMS m/z: calcd for CysH200,N [M + H]* 246.1489, found 246.1490.

5-(1,1-Dimethylethyl)-a-ethyl-1H-indole-3-acetic Acid Ethyl Ester (13Fa). Yellow oil; IR (neat):
3409, 1729 cm™; 'H NMR (300 MHz, CDCl,) &: 8.01 (1H, br s), 7.68 (1H, s), 7.28 (2H, s), 7.12
(1H, d, J = 2.5 Hz), 4.22-4.06 (2H, m), 3.80 (1H, t, J = 7.5 Hz), 2.24-2.09 (1H, m), 2.00-1.86 (1H,
m), 1.40 (9H, s), 1.24 (3H, t, J = 7.5 Hz), 0.99 (3H, t, J = 7.5 Hz); *C NMR (75 MHz, CDCl;) &:
174.8,142.3,134.2, 126.4, 122.0, 120.4, 114.9, 114.2, 110.6, 60.5, 44.6, 34.6, 31.9, 26.0, 14.3, 12.4;
ESI-HRMS m/z: calcd for C1gH260,N [M + H]" 288.1958, found 288.1958.

a-Ethyl-5-fluoro-1H-indole-3-acetic Acid Ethyl Ester (13Ha). Yellow oil; IR (neat): 3371, 1718
cm™; *H NMR (300 MHz, CDCls) &: 8.13 (1H, br s), 7.36 (1H, dd, J = 10.0, 2.5 Hz), 7.25 (1H, dd, J
=9.0,4.0 Hz), 7.18 (1H, d, J = 2.5 Hz), 6.93 (1H, td, J = 9.0, 2.5 Hz), 4.21-4.09 (2H, m), 3.71 (1H,
t,J = 7.5 Hz), 2.22-2.08 (1H, m), 1.99-1.85 (1H, m), 1.24 (3H, t, J = 7.5 Hz), 0.96 (3H,t,J =75
Hz); *C NMR (75 MHz, CDCls) &: 174.5, 157.7 (d, J = 233.0 Hz), 132.6, 127.0 (d, J = 9.5 Hz),
123.8, 114.2 (d, J = 5.0 Hz), 111.7 (d, J = 9.5 Hz), 110.5 (d, J = 26.0 Hz), 104.3 (d, J = 24.0 Hz),
60.7, 44.8, 25.8, 14.2, 12.3; ESI-HRMS m/z: calcd for Ci4H;,O,NF [M + H]" 250.1238, found
250.1239.

5-Chloro-a-ethyl-1H-indole-3-acetic Acid Ethyl Ester (131a). Yellow oil; IR (neat): 3362, 1716
cm™; *H NMR (300 MHz, CDCls) 8: 8.14 (1H, brs), 7.68 (1H, d, J = 2.0 Hz), 7.26 (1H, d, J = 8.5
Hz), 7.18 (1H, d, J = 2.5 Hz), 7.13 (1H, dd, J = 8.5, 2.0 Hz), 4.21-4.09 (2H, m), 3.71 (1H,t,J =75
Hz), 2.22-2.07 (1H, m), 1.99-1.84 (1H, m), 1.24 (3H, t, J = 7.5 Hz), 0.96 (3H, t, J = 7.5 Hz); **C
NMR (75 MHz, CDCl,) 8: 174.4, 134.5, 127.8, 125.3, 123.4, 122.4, 118.9, 114.0, 112.1, 60.7, 44.7,
26.0, 14.2, 12.3; ESI-HRMS m/z: calcd for C14H;,0,N*CI [M + H]" 266.0942, found 266.0944.

a-Ethyl-1H-benz[g]indole-3-acetic Acid Ethyl Ester (13Na). Yellow oil; IR (neat): 3353, 1712
cm™; *H NMR (500 MHz, CDCls) 8: 8.98 (1H, br's), 7.95 (1H, d, J = 8.5 Hz), 7.90 (1H, d, J = 8.0
Hz), 7.79 (1H, d, J = 9.0 Hz), 7.51 (1H, d, J = 8.5 Hz), 7.47 (1H, td, J = 8.0, 1.0 Hz), 7.40 (1H, td, J
=8.0, 1.0 Hz), 7.13 (1H, d, J = 2.0 Hz), 4.22-4.10 (2H, m), 3.85 (1H, t, J = 7.5 Hz), 2.24-2.15 (1H,
m), 2.01-1.92 (1H, m), 1.23 (3H, t, J = 7.5 Hz), 0.98 (3H, t, J = 7.5 Hz); *C NMR (125 MHz,
CDCly) 6: 174.9, 130.7, 130.4, 128.7, 125.4, 123.4, 122.5, 121.7, 120.3, 120.2, 119.4, 119.2, 115.8,
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60.6, 44.9, 26.3, 14.2, 12.3; ESI-HRMS m/z: calcd for CigH,00,N [M + H]* 282.1489, found
282.1490.

a-Ethyl-3H-benz[e]indole-1-acetic Acid Ethyl Ester (130a). Yellow oil; IR (neat): 3409, 1718
cm™; *H NMR (500 MHz, CDCls) &: 8.53 (1H, brs), 8.47 (1H, d, J = 8.0 Hz), 7.91 (1H, d, J = 8.0
Hz), 7.564 (1H, d, J = 9.0 Hz), 7.561 (1H, ddd, J = 8.0, 7.0, 1.5 Hz), 7.45 (1H, d, J = 9.0 Hz), 7.41
(1H, ddd, J = 8.0, 7.0, 1.0 Hz), 7.20 (1H, d, J = 2.5 Hz), 4.39 (1H, dd, J = 9.0, 6.0 Hz), 4.22-4.16
(2H, m), 2.25-2.16 (1H, m), 2.13-2.05 (1H, m), 1.24 (3H, t, J = 7.0 Hz), 1.10 (3H, 1, J = 7.5 Hz); **C
NMR (125 MHz, CDCly) &: 175.1, 133.0, 129.9, 129.0, 128.8, 125.7, 123.5, 123.2, 122.9, 120.4,
119.5, 116.9, 113.0, 60.7, 46.2, 26.9, 14.2, 12.6; ESI-HRMS m/z: calcd for CigH0,N [M + H]*
282.1489, found 282.1487.

a-Ethyl-7-methoxyl-1H-indole-3-acetic Acid Ethyl Ester (13Pa). Yellow oil; IR (neat): 3400,
1725 cm™; *H NMR (300 MHz, CDCls) 8: 8.30 (1H, brs), 7.31 (1H, d, J = 8.0 Hz), 7.13 (1H, d, J =
2.5 Hz), 7.03 (1H, t, J = 8.0 Hz), 6.64 (1H, d, J = 8.0 Hz), 4.22-4.05 (2H, m), 3.94 (3H, s), 3.75 (1H,
t, J = 7.5 Hz), 2.22-2.07 (1H, m), 2.01-1.86 (1H, m), 1.22 (3H,t, J =7.5 Hz), 0.96 (3H,t,J =75
Hz); *C NMR (75 MHz, CDCls) &: 174.7, 146.1, 128.0, 126.7, 121.5, 119.8, 114.6, 112.0, 101.8,
60.5, 55.3, 44.9, 26.2, 14.2, 12.3; ESI-HRMS m/z: calcd for Cy5H200sN [M + H]* 262.1438, found
262.1441.

a-Ethyl-6-methoxyl-1H-indole-3-acetic Acid Ethyl Ester (13Qa). Yellow oil; IR (neat): 3400,
1727 cm™; *H NMR (300 MHz, CDCl;) &: 7.96 (1H, br s), 7.58 (1H, d, J = 8.5 Hz), 7.03 (1H, d, J =
2.5 Hz), 6.84 (1H, d, J = 2.0 Hz), 6.79 (1H, dd, J = 8.5, 2.0 Hz), 4.22-4.05 (2H, m), 3.84 (3H, s),
3.72 (1H, t, J = 7.5 Hz), 2.22-2.07 (1H, m), 2.00-1.85 (1H, m), 1.22 (3H, t, J = 7.0 Hz), 0.96 (3H, t,
J = 7.5 Hz); ®C NMR (75 MHz, CDCls) &: 174.7, 156.5, 136.9, 121.1, 120.7, 120.0, 114.2, 109.5,
94.6, 60.5, 55.6, 44.9, 26.0, 14.2, 12.3; ESI-HRMS m/z: calcd for C15H,,0sN [M + H]* 262.1438,
found 262.1437.
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General Procedure for Domino Reaction of 12A with Alkyl Halides [Table 13]. To a solution of
12A (50 mg, 0.2 mmol), RX (6.0 mmol) and Znl; (32 mg, 0.1 mmol) in MeCN (5 mL) was added
Et;B (1.04 M in hexane, 0.58 mL, 0.6 mmol) under N, atmosphere at reflux. After being stirred for
5-90 min, the reaction mixture was diluted with 20% Rochelle salt solution and extracted with
CHCls. The organic phase was dried over MgSO, and concentrated under reduced pressure. The
crude product was purified by PTLC (hexane : AcCOEt = 2 : 1) to afford 13Ab-Ah in yield shown in
Table 13.

5-Methoxy-a-(1-methylethyl)-1H-indole-3-acetic Acid Ethyl Ester (13Ab) [entry 1]. Pale
yellow oil; IR (neat): 3409, 1729 cm™; *H NMR (300 MHz, CDCl5) 8: 8.06 (1H, br s), 7.23 (1H, d,
J =9.0 Hz), 7.18 (1H, d, J = 25 Hz), 7.17 (1H, d, J = 2.5 Hz), 6.85 (1H, dd, J = 9.0, 2.5 Hz),
4.22-4.03 (2H, m), 3.87 (3H, s), 3.47 (1H, d, J = 10.0 Hz), 2.50-2.38 (1H, m), 1.24 (3H, t, J = 10.0
Hz), 1.07 (3H, d, J = 11.0 Hz), 0.83 (3H, d, J = 11.0 Hz); *C NMR (75 MHz, CDCl;) &: 174.5,
153.9, 131.2, 1275, 123.5, 112.8, 112.2, 111.8, 101.3, 60.4, 55.8, 51.1, 31.7, 21.3, 20.5, 14.2;
ESI-HRMS m/z: calcd for C16H,,03NNa [M + Na]* 298.1414, found 298.1420.

5-Methoxy-a-(1-methylpropyl)-1H-indole-3-acetic Acid Ethyl Ester (13Ac) [entry 2]. 13Ac was
obtained as an inseparable diastereomeric mixture (dr = 1 : 1). Pale yellow oil; IR (neat): 3412,
1732, 1715 cm™; *H NMR (300 MHz, CDCl;) &: 8.07 (1H, brs), 7.22 (1H, d, J = 8.5 Hz), 7.18 (2H,
m), 6.84 (1H, dd, J = 8.5, 2.5 Hz), 4.22-4.02 (2H, m), 3.869 and 3.867 (3H, s), 3.589 and 3.585 (1H,
d, J =10.0 Hz), 2.32-2.14 (1H, m), 1.66-1.53 (1.5H, m), 1.47-1.34 (0.5H, m), 1.24 (1.5H,t,J = 7.0
Hz), 1.23 (1.5H, t, J = 7.0 Hz), 1.04 (1.5H, d, J = 6.5 Hz), 0.96 (1.5H, t, J = 7.0 Hz), 0.81 (1.5H, t, J
= 7.0 Hz), 0.79 (1.5H, d, J = 6.5 Hz); *C NMR (75 MHz, CDCl;) &: 174.6, 174.5, 153.9, 131.2,
127.64, 127.58, 123.6, 123.5, 112.8, 112.7, 112.2, 112.1, 111.78, 111.76, 101.4, 101.2, 60.4, 55.87,
55.85, 49.6, 49.5, 37.8, 37.7, 27.9, 26.4, 17.3, 16.4, 14.2, 11.3, 11.1; ESI-HRMS m/z: calcd for
C17H2405N [M + H]* 290.1751, found 290.1750.

a-Cyclopentyl-5-methoxy-1H-indole-3-acetic Acid Ethyl Ester (13Ad) [entry 3]. Yellow oil; IR
(neat): 3405, 1721 cm™; *H NMR (300 MHz, CDCls) &: 8.02 (1H, br s), 7.24 (1H, d, J = 8.5 Hz),
7.20 (1H,d, J=25Hz), 7.16 (1H, d, J = 2.5 Hz), 6.85 (1H, dd, J = 8.5, 2.5 Hz), 4.19-4.06 (2H, m),
3.87 (3H, s), 3.59 (1H, d, J = 11.0 Hz), 2.76-2.63 (1H, m), 1.97-1.86 (1H, m), 1.72-1.12 (8H, m),
1.23 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 174.6, 153.9, 131.1, 127.4, 123.2, 113.7,
112.3, 111.8, 101.2, 60.4, 55.8, 49.0, 42.8, 31.4, 31.0, 25.3, 25.0, 14.3; ESI-HRMS m/z: calcd for
C1sH2403N [M + H]* 302.1751, found 302.1751.
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a-Cyclohexyl-5-methoxy-1H-indole-3-acetic Acid Ethyl Ester (13Ae) [entry 4]. Pale yellow oil;
IR (neat): 3411, 1716 cm™; *H NMR (300 MHz, CDCl5) &: 8.07 (1H, br s), 7.22 (1H, d, J = 8.5 Hz),
7.17-7.16 (2H, m), 6.84 (1H, dd, J = 8.5, 2.5 Hz), 4.22-4.02 (2H, m), 3.87 (3H, s), 3.54 (1H, d, J =
10.0 Hz), 2.08 (1H, qt, J = 10.5, 3.0 Hz), 1.87-1.73 (2H, m), 1.64-1.52 (2H, m), 1.38-1.05 (5H, m),
1.23 (3H, t, J = 7.0 Hz), 0.91-0.78 (1H, m); *C NMR (75 MHz, CDCls) &: 174.5, 153.9, 131.1,
127.7,123.4, 112.4, 112.1, 111.8, 101.3, 60.4, 55.9, 49.9, 41.2, 31.9, 30.7, 26.3, 26.09, 26.06, 14.3;
ESI-HRMS m/z: calcd for C19H,03N [M + H]* 316.1907, found 316.1910.

5-Methoxy-a-phenylmethyl-1H-indole-3-acetic Acid Ethyl Ester (13Af) [entry 5]. Colorless oil;
IR (neat): 3414, 1727 cm™; *H NMR (300 MHz, CDCl5) &: 7.99 (1H, br s), 7.28-7.15 (6H, m), 7.12
(2H, dd, J = 7.0, 2.5 Hz), 6.86 (1H, dd, J = 8.5, 2.5 Hz), 4.14-3.99 (3H, m), 3.85 (3H, s), 3.45 (1H,
dd, J = 13.5, 9.5 Hz), 3.18 (1H, dd, J = 13.5, 6.5 Hz), 1.13 (3H, t, J = 7.0 Hz); *C NMR (75 MHz,
CDCl,) &: 173.9, 154.1, 139.5, 131.2, 128.9, 128.3, 126.8, 126.3, 122.9, 113.5, 112.5, 111.9, 100.9,
60.7, 55.8, 45.2, 38.8, 14.1; ESI-HRMS m/z: calcd for C,H»,0sN [M + H]* 324.1594, found
324.1596.

2-(5-Methoxy-1H-indol-3-yl)-butanedioic Acid 1,4-Diethyl Ester (13Ag) [entry 6]. Yellow oil;
IR (neat): 3392, 1731 cm™; 'H NMR (300 MHz, CDCls) &: 8.09 (1H, br s), 7.24 (1H, d, J = 8.5 Hz),
7.17 (1H,d, J = 2.5 Hz), 7.07 (1H, d, J = 2.5 Hz), 6.86 (1H, dd, J = 8.5, 2.5 Hz), 4.34 (1H, dd, J =
10.5, 5.0 Hz), 4.24-4.05 (4H, m), 3.87 (3H, s), 3.30 (1H, dd, J = 17.0, 10.5 Hz), 2.77 (1H, dd, J =
17.0,5.0 Hz), 1.24 (3H, 1, J = 7.0 Hz), 1.22 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl;) &: 173.4,
172.0, 154.1, 131.2, 126.6, 122.7, 112.8, 112.4, 112.0, 100.8, 61.03, 60.69, 55.8, 38.8, 37.0, 14.1;
ESI-HRMS m/z: calcd for C1;H»,0sN [M + H]" 320.1493, found 320.1492.

a-(Cyanomethyl)-5-methoxy-1H-indole-3-acetic Acid Ethyl Ester (13Ah) [entry 7]. Yellow oil;
IR (neat): 3407, 2252, 1729 cm™; *H NMR (300 MHz, CDCl5) &: 8.17 (1H, br s), 7.27 (1H, d, J =
8.0 Hz), 7.17 (1H, d, J = 2.5 Hz), 7.06 (1H, d, J = 2.5 Hz), 6.89 (1H, dd, J = 8.5, 2.5 Hz), 4.31-4.10
(3H, m), 3.86 (3H, s), 3.11 (1H, dd, J = 17.0, 7.0 Hz), 2.94 (1H, dd, J = 17.0, 7.0 Hz), 1.23 (3H, t, J
= 7.0 Hz); ®*C NMR (75 MHz, CDCls) &: 171.5, 154.4, 131.3, 125.9, 123.3, 118.1, 113.0, 112.3,
110.4, 100.3, 61.8, 55.8, 40.0, 21.0, 14.1; ESI-HRMS m/z: calcd for C15H;7,03N, [M + H]" 273.1234,
found 273.1232.

Domino Reaction of 12A with tert-Butyl lodide [Table 14, entry 1]. To a solution of 12A (50 mg,
0.2 mmol), tBul (0.71 mL, 6.0 mmol) and Znl, (32 mg, 0.1 mmol) in MeCN (5 mL) was added Et;B
(1.04 M in hexane, 0.58 mL, 0.6 mmol) under N, atmosphere at reflux. After being stirred for 5 min,

the reaction mixture was quenched with 10% Na,S,0; solution and extracted with CHClz. The
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organic phase was dried over MgSO, and concentrated under reduced pressure. The crude product
was purified by PTLC (hexane : AcOEt =2 : 1) to afford 17A (16.5 mg, 35%).

5-Methoxy-1H-indole-3-acetic Acid Ethyl Ester (17A)“?. Yellow oil; IR (neat): 3401, 1724 cm™;
'H NMR (300 MHz, CDCls) &: 8.07 (1H, brs), 7.21 (1H, d, J = 8.5 Hz), 7.10 (1H, d, J = 2.5 Hz),
7.06 (1H, d, J = 2.5 Hz), 6.85 (1H, dd, J = 8.5, 2.5 Hz), 4.17 (2H, q, J = 7.0 Hz), 3.86 (3H, s), 3.73
(2H, s), 1.27 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl;) &: 172.1, 154.1, 131.2, 127.6, 123.8,
112.5, 111.9, 108.2, 100.6, 60.8, 55.8, 31.5, 14.2; ESI-HRMS m/z: calcd for Cy3H:0:N [M + H]*
234.1125, found 234.1124.

[Table 14, entry 2]. To a solution of 12A (50 mg, 0.2 mmol), tBul (0.71 mL, 6.0 mmol) Na,S,05
(174 mg, 0.7 mmol) and Znl, (32 mg, 0.1 mmol) in MeCN (5 mL) was added Et;B (1.04 M in
hexane, 0.58 mL, 0.6 mmol) under N, atmosphere at reflux. After being stirred for 5 min, the
reaction mixture was quenched with 10% Na,S,0; solution and extracted with CHCl;. The organic
phase was dried over MgSO, and concentrated under reduced pressure. The crude product was
purified by PTLC (hexane : AcOEt = 2 : 1) to afford 17A (31.4 mg, 67%).

[Table 14, entries 3-5]. To a solution of 12A (50 mg, 0.2 mmol), Na,S,0; (174 mg, 0.7 mmol) and
Znl, (32 mg, 0.1 mmol) in MeCN (5 mL) was added tBul (1.0-6.0 mmol) under N, atmosphere at
reflux. After being stirred for 5 min, the reaction mixture was quenched with 10% Na,S,0; solution
and extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The crude product was purified by PTLC (hexane : AcOEt = 3 : 1) to afford 17A
in yield shown in Table 14.

[Table 14, entry 6]. To a solution of 12A (50 mg, 0.2 mmol) and Na,S,03 (174 mg, 0.7 mmol) in
MeCN (5 mL) was added tBul (0.12 mL, 1.0 mmol) under N, atmosphere at reflux. After being
stirred for 0.5 h, the reaction mixture was quenched with 10% Na,S,05 solution and extracted with
CHCls. The organic phase was dried over MgSO, and concentrated under reduced pressure. The
crude product was purified by PTLC (hexane : AcOEt = 3 : 1) to afford 17A (33.0 mg, 71%).

[Table 14, entry 7]. To a solution of 12A (50 mg, 0.2 mmol) in MeCN (5 mL) was added tBul (0.12
mL, 1.0 mmol) under N, atmosphere at reflux. After being stirred for 5 min, the reaction mixture
was quenched with 10% Na,S,03 solution and extracted with CHCIs. The organic phase was dried
over MgSO, and concentrated under reduced pressure. The crude product was purified by PTLC
(hexane : AcOEt = 3 : 1) to afford 17A (35.1 mg, 75%).
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Reaction of 12A with tert-Butyl lodide [Table 15, entries 2 and 3]. To a solution of 12A (50 mg,
0.2 mmol) in MeCN (2 mL) was added tBul (0.4 or 0.6 mmol) at reflux. After being stirred for 0.5
or 4 h, the reaction mixture was quenched with 10% Na,S,0; solution and extracted with CHClIs.
The organic phase was dried over MgSO, and concentrated under reduced pressure. The crude
product was purified by PTLC (hexane : AcOEt = 3 : 1) to afford 17A in yield shown in Table 15.

[Table 15, entry 4]. To a solution of 12A (50 mg, 0.2 mmol) in MeCN (2 mL) was added tBul (71
uL, 0.6 mmol) at room temperature. After being stirred for 24 h, the reaction mixture was quenched
with 10% Na,S,03 solution and extracted with CHCIs. The organic phase was dried over MgSO,
and concentrated under reduced pressure. The crude product was purified by PTLC (hexane :
AcOEt = 3: 1) to afford 17A (35.7 mg, 77%).

[Table 15, entries 7 and 8]. To a solution of 12A (50 mg, 0.2 mmol) in EtOH or DMF (2 mL) was
added tBul (71 pL, 0.6 mmol) at reflux. After being stirred for 3 h, the reaction mixture was
guenched with 10% Na,S,0; solution and extracted with CHCIs. The organic phase was dried over
MgSQO, and concentrated under reduced pressure. The crude product was purified by PTLC
(hexane : AcOEt = 3 : 1) to afford 17A in yield shown in Table 15.

Reaction of 12A with Hydroiodic Acid [Table 15, entry 9]. To a solution of 12A (50 mg, 0.2
mmol) in MeCN (2 mL) was added hydroiodic acid (55 wt% in water, 87 uL, 0.6 mmol) at reflux.
After being stirred for 0.5 h, the reaction mixture was quenched with 10% Na,S,03 solution and
extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was purified by PTLC (hexane : AcOEt = 3 : 1) to afford 17A (30.4 mg,
65%), 118 (2.3 mg, 6%) and 119 (2.4 mg, 6%).

3-(2-Ethoxy-2-oxoethyl)-y-[3-(2-ethoxy-2-oxoethyl)-5-methoxy-1H-indol-2-y1]-5-methoxy-1H-i
ndole-2-butanoic Acid Ethyl Ester (118). Red oil; IR (neat): 3394, 1727 cm™; *H NMR (500 MHz,
CDCly) 4: 9.69 (2H, brs), 7.12 (2H, d, J = 9.0 Hz), 6.99 (2H, d, J = 2.5 Hz), 6.79 (2H, dd, J = 9.0,
2.5 Hz), 4.68 (1H, t, J = 8.0 Hz), 4.25 (4H, g, J = 7.0 Hz), 4.09 (2H, g, J = 7.0 Hz), 3.94 and 3.85
(4H, ABq, J = 7.0 Hz), 3.84 (6H, s), 2.66 (2H, q, J = 7.5 Hz), 2.36 (2H, t, J = 7.5 Hz), 1.32 (6H, t, J
= 7.0 Hz), 1.22 (3H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCls) &: 174.1, 173.0, 153.9, 137.7,
130.8, 128.6, 111.8, 111.7, 103.2, 100.2, 61.5, 60.6, 56.0, 37.1, 32.3, 30.4, 27.2, 14.3, 14.2;
ESI-HRMS m/z: calcd for C3,Hss0gN,Na [M + Na]* 601.2520, found 601.2522.
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3-(2-Ethoxy-2-oxoethyl)-y-[3-(2-ethoxy-2-oxoethyl)-5-methoxy-1H-indol-6-yl]-5-methoxy-1H-i
ndole-2-butanoic Acid Ethyl Ester (119). Brown oil; IR (neat): 3358, 1724 cm™; *H NMR (500
MHz, CDCl,) &: 8.36 (1H, br s), 8.00 (1H, br s), 7.19 (1H, s), 7.11 (1H, d, J = 9.0 Hz), 7.04-7.02
(3H, m), 6.75 (1H, dd, J = 9.0, 2.5 Hz), 4.66 (1H, t, J = 8.0 Hz), 4.13 (2H, q, J = 7.0 Hz), 4.06 (2H,
q,J=7.0Hz),4.05(2H, q,J =7.0 Hz), 3.87 (3H, s), 3.83 (3H, s), 3.79 and 3.71 (2H, ABq, J = 15.5
Hz), 3.68 (2H, s), 2.49-2.40 (2H, m), 2.39-2.26 (2H, m), 1.24 (3H, t, J = 7.0 Hz), 1.183 (3H, t,J =
7.0 Hz), 1.175 (3H, t, J = 7.0 Hz); *C NMR (125 MHz, CDCls) &: 173.8, 172.1, 172.0, 154.0, 152.0,
139.3, 131.1, 130.4, 128.9, 126.4, 126.3, 123.6, 111.35, 111.29, 110.9, 108.1, 104.8, 100.8, 100.3,
60.8, 60.6, 60.3, 56.00, 55.95, 37.5, 32.7, 31.6, 30.7, 29.2, 14.3, 14.2 (2C); ESI-HRMS m/z: calcd
for C3,H3505N,Na [M + Na]* 601.2520, found 601.2522.

[Table 15, entry 11]. To a solution of 12A (1.0 g, 4.0 mmol) in MeCN (40 mL) was added tBul
(1.43 mL, 12.1 mmol) at reflux. After being stirred for 0.5 h, the reaction mixture was quenched
with 10% Na,S,0; solution and extracted with CHCIs. The organic phase was dried over MgSO,
and concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 3 : 1) to afford 17A (0.79 g, 85%).
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Reaction of tert-Butyl lodide in Acetonitrile with Water [Scheme 54]. To a solution of tBul (37
mg, 0.2 mmol) in MeCN (2 mL) was added H,O (36 pL, 2.0 mmol) at reflux. After being stirred for
1 h, the reaction mixture was concentrated under reduced pressure. The crude product was purified
by PTLC (CHCI; : MeOH = 10 : 1) to afford N-(1,1-dimethylethyl)acetamide (121) (8.9 mg, 39%)

as white solid. The spectral data were identical with those reported in the literature. **

Reduction of 127 [Scheme 60, eq 1]. To a solution of 127 (35 mg, 0.2 mmol) in MeCN (2 mL) was
added tBul (48 pL, 0.4 mmol) at reflux. After being stirred for 10 min, the reaction mixture was
guenched with 10% Na,S,0; solution and extracted with CHCIs. The organic phase was dried over
MgSQO, and concentrated under reduced pressure. The crude product was purified by PTLC
(hexane : AcOEt = 1 : 1) to afford diethyl 1,2-hydrazinedicarboxylic acid 1,2-diethyl ester (128)
(31.7 mg, 90%) as white solid. The spectral data were identical with those reported in the literature. **

(2E, 4E)-4-(2,2-Dimethylhydrazono)-2-butenoic Acid Ethyl Ester (131) *® [Scheme 61, eq 1].
To a solution of ethyl trans-4-oxo-2-butanoate (1.0 g, 7.8 mmol) in EtOH (20 mL) were added
N,N-dimethylhydrazine (0.65 mL, 8.6 mmol) and AcOH (2 drops) at 0 °C. After being stirred for 1
h, the reaction mixture was concentrated under reduced pressure. The crude product was purified by
flash column chromatography (hexane : AcOEt = 3 : 1) to afford 131 (1.26 g, 95%) as yellow oil. IR
(neat): 1703 cm™; *H NMR (300 MHz, CDCls) &: 7.41 (1H, dd, J = 15.5, 9.5 Hz), 6.89 (1H, d, J =
9.5 Hz), 5.83 (1H, d, J = 15.5 Hz), 4.20 (2H, g, J = 7.0 Hz), 3.04 (6H, s), 1.29 (3H, t, J = 7.0 Hz);
3C NMR (75 MHz, CDCls) &: 167.1, 143.1, 128.2, 117.1, 59.7, 42.1, 14.1; ESI-HRMS m/z: calcd
for CgH1,0,N;Na [M + Na]* 193.0947, found 193.0949.

Reduction of 131 [Scheme 61, eq 2]. To a solution of 131 (34 mg, 0.2 mmol) in MeCN (2 mL) was
added tBul (48 puL, 0.4 mmol) at reflux. After being stirred for 0.5 h, the reaction mixture was
guenched with 10% Na,S,0; solution and extracted with CHCI;. The organic phase was dried over
MgSQO, and concentrated under reduced pressure. The crude product was purified by PTLC
(hexane : AcOEt = 2 : 1) to afford 133 (13.7 mg, 40%).

(4E)-4-(Dimethylhydrazono)-butanoic Acid Ethyl Ester (133). Yellow oil; IR (neat): 1735 cm™;
'"H NMR (300 MHz, CDCls) &: 6.67 (1H, brt, J = 4.0 Hz), 4.14 (2H, q, J = 7.0 Hz), 2.73 (6H, s),
2.58-2.49 (4H, m), 1.26 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 173.1, 136.1, 60.3, 43.2,
32.0, 28.1, 14.2; ESI-HRMS m/z: calcd for CgH70,N, [M + H]* 173.1285, found 173.1285.
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Preparation of Conjugated Hydrazones 12J-M [Table 16]. According to the general procedure A
or B described in Table 12, 12J-M was obtained in the yields shown in Table 16.

(2E, 4E)-4-[2-(4-Bromophenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12J). Yellow solid;
Mp: 137-138 °C (hexane-AcOEt); IR (KBr): 3259, 1682 cm™; *H NMR (300 MHz, CDCl;) &: 7.91
(1H, br s), 7.49-7.40 (2H, m), 7.36 (2H, d, J = 9.0 Hz), 6.95 (2H, d, J = 9.0 Hz), 6.03-5.94 (1H, m),
4.23 (2H, g, J = 7.0 Hz), 1.31 (3H, t, J = 7.0 Hz); **C NMR (75 MHz, CDCls) &: 166.7, 142.3, 141.0,
136.2, 132.2, 121.9, 114.7, 113.3, 60.6, 14.2; ESI-HRMS m/z: calcd for C;,H1,0,N,Br [M+H]
297.0233, found 297.0235.

(2E, 4E)-4-[2-(4-Cyanophenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12K). Yellow solid;
Mp: 174-176 °C (hexane-AcOEt); IR (KBr): 3259, 2216, 1682 cm™; *H NMR (300 MHz, CDCls) &:
8.33 (1H, br s), 7.57-7.52 (3H, m), 7.44 (1H, dd, J = 15.5, 9.5 Hz), 7.12 (2H, d, J = 8.5 Hz), 6.07
(1H, d, J = 15.5 Hz), 4.25 (2H, g, J = 7.0 Hz), 1.33 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl5)
d: 166.4, 146.6, 140.4, 138.5, 133.7, 123.9, 119.6, 113.2, 103.3, 60.7, 14.2; ESI-HRMS m/z: calcd
for C13H1,0,N3 [M + H]* 244.1081, found 244.1079.

(2E, 4E)-4-[2-(2-Methylphenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12L). Yellow solid;
Mp: 96-97 °C (hexane-AcOEt); IR (KBr): 3306, 1686 cm™; 'H NMR (300 MHz, CDCls) &: 7.86
(1H, brs), 7.57-7.45 (3H, m), 7.21 (1H, t, J = 7.5 Hz), 7.10 (1H, d, J = 7.5 Hz), 6.87 (1H, td, J = 7.5,
1.0 Hz), 6.05-5.94 (1H, m), 4.24 (2H, q, J = 7.0 Hz), 2.23 (3H, s), 1.32 (3H, t, J = 7.0 Hz); **C
NMR (75 MHz, CDCl,) &: 166.7, 141.3, 141.0, 136.3, 130.5, 127.3, 121.3, 120.9, 120.7, 113.1, 60.4,
16.9, 14.2; ESI-HRMS m/z: calcd for Cy5H;70,N, [M + H]* 233.1285, found 233.1286.

(2E, 4E)-4-[2-(3-Methylphenyl)hydrazono]-2-butenoic Acid Ethyl Ester (12M). Yellow solid;
Mp: 124-125 °C (hexane-AcOEt); IR (KBr): 3280, 1686 cm™; *H NMR (300 MHz, CDCls) &: 7.94
(1H, br s), 7.49 (1H, dd, J = 15.0, 9.5 Hz), 7.41 (1H, dd, J = 9.5, 1.0 Hz), 7.16 (1H, t, J = 7.5 H2),
6.93 (1H, s), 6.84 (1H, d, J = 7.5 Hz), 6.75 (1H, d, J = 7.5 Hz), 5.97 (1H, d, J = 15.0 Hz), 4.23 (2H,
g, J = 7.0 Hz), 2.33 (3H, s), 1.32 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl,) &: 166.9, 143.1,
1415, 139.3, 135.3, 129.1, 122.1, 120.7, 113.7, 110.3, 60.4, 21.5, 14.2; ESI-HRMS m/z: calcd for
C13H170,N, [M + H]" 233.1285, found 233.1284.
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General Procedure for Reductive Fischer Indolization of Conjugated Hydrazones [Scheme 64].
To a solution of 12B-H, J-N (0.2 mmol) in MeCN (2 mL) was added tBul (71 pL, 0.6 mmol) at
reflux. After being stirred for 0.5 h, the reaction mixture was quenched with 10% Na,S,0; solution
and extracted with CHCIs. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The crude product was purified by PTLC (hexane : AcOEt = 3 : 1) to afford
17B-H, J-N in the yields shown in scheme 64.

5-(Phenylmethoxy)-1H-indole-3-acetic Acid Ethyl Ester (17B) ®®. Yellow oil; IR (neat): 3409,
1727 cm™; *H NMR (300 MHz, CDCl5) &: 7.99 (1H, br s), 7.50-7.46 (2H, m), 7.42-7.29 (3H, m),
7.25 (1H, dd, J = 9.5, 0.5 Hz), 7.19-7.15 (2H, m), 6.94 (1H, dd, J = 9.0, 2.5 Hz), 5.11 (2H, s), 4.15
(2H, g, J = 7.0 Hz), 3.72 (2H, d, J = 1.0 Hz), 1.26 (3H, t, J = 7.0 Hz); **C NMR (75 MHz, CDCl,)
8:172.1, 153.3, 137.6, 131.4, 128.5, 127.7, 127.6, 123.9, 113.1, 111.9, 108.2, 102.2, 70.8, 60.8, 31.5,
14.2; ESI-HRMS m/z: calcd for CyH,005N [M + H]* 310.1438, found 310.1437.

5-(Acetylamino)-1H-indole-3-acetic Acid Ethyl Ester (17C). White solid; Mp: 138-139 °C
(MeOH); IR (KBr): 3375, 3302, 1716, 1654 cm™; *H NMR (300 MHz, CD;0D) &: 7.74 (1H, d, J =
1.5 Hz), 7.28 (1H, d, J = 9.0 Hz), 7.19-7.16 (2H, m), 4.13 (2H, g, J = 7.0 Hz), 3.71 (2H, s), 2.12
(3H, s), 1.23 (3H, t, J = 7.0 Hz); °C NMR (75 MHz, CD;0D) §: 174.3, 171.5, 135.4, 131.4, 128.5,
125.7, 117.3, 112.2, 112.0, 108.8, 61.9, 32.1, 23.6, 14.5; ESI-HRMS m/z: calcd for C14H1;03N, [M
+ H]" 261.1234, found 261.1233.

5-(Methylthio)-1H-indole-3-acetic Acid Ethyl Ester (17D). Yellow oil; IR (neat): 3405, 1727
cm™; 'H NMR (300 MHz, CDCl5) &: 8.22 (1H, br s), 7.61 (1H, s), 7.25-7.18 (2H, m), 7.07 (1H, d, J
=25Hz),4.17 (2H, q, J = 7.0 Hz), 3.74 (2H, d, J = 0.5 Hz), 2.51 (3H, s), 1.27 (3H, t, J = 7.0 Hz);
3C NMR (75 MHz, CDCl3) 6: 172.1, 134.7, 127.8, 127.6, 124.0, 123.9, 119.5, 111.7, 107.9, 60.9,
31.2, 18.7, 14.2; ESI-HRMS m/z: calcd for C13H;0,NS [M + H]* 250.0896, found 250.0897.

5-Methyl-1H-indole-3-acetic Acid Ethyl Ester (17E). Yellow oil; IR (neat): 3409, 1727 cm™; *H
NMR (300 MHz, CDCls) &: 8.00 (1H, br s), 7.40 (1H, s), 7.23 (1H, d, J = 8.0 Hz), 7.11 (1H, d, J =
2.5 Hz), 7.02 (1H, dd, J = 8.0, 1.5 Hz), 4.17 (2H, q, J = 7.0 Hz), 3.74 (2H, s), 2.45 (3H, 5), 1.27 (3H,
t, J = 7.0 Hz); ®C NMR (75 MHz, CDCl,) 8: 172.2, 134.4, 128.8, 127.4, 123.7, 123.1, 118.5, 110.8,
108.0, 60.7, 31.4, 21.5, 14.2; ESI-HRMS m/z: calcd for Cy3Hi60,N [M + H]* 218.1176, found
218.1176.
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5-(1,1-Dimethylethyl)-1H-indole-3-acetic Acid Ethyl Ester (17F). Yellow oil; IR (neat): 3409,
1725 cm™; *H NMR (300 MHz, CDCI5) &: 8.00 (1H, br s), 7.61 (1H, d, J = 0.5 Hz), 7.29 (2H, d, J =
1.5 Hz), 7.14 (1H, d, J = 2.5 Hz), 4.17 (2H, g, J = 7.0 Hz), 3.77 (2H, d, J = 1.0 Hz), 1.39 (9H, ),
1.27 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 172.2, 142.4, 134.1, 126.9, 123.1, 120.5,
114.5, 110.6, 108.4, 60.7, 34.6, 31.9, 31.5, 14.2; ESI-HRMS m/z: calcd for C15H»,0,N [M + H]*
260.1645, found 260.1647.

1H-Indole-3-acetic Acid Ethyl Ester (17G)®”. Yellow oil; IR (neat): 3409, 1725 cm™; '"H NMR
(300 MHz, CDCls) &: 8.13 (1H, br s), 7.64-7.60 (1H, m), 7.31 (1H, d, J = 8.0 Hz), 7.22-7.10 (3H,
m), 4.16 (2H, g, J = 7.0 Hz), 3.76 (2H, d, J = 0.5 Hz), 1.26 (3H, t, J = 7.0 Hz); *C NMR (75 MHz,
CDCly) &: 172.2, 136.0, 127.1, 123.1, 122.0, 119.5, 118.8, 111.2, 108.3, 60.8, 31.4, 14.2;
ESI-HRMS m/z: calcd for C1,Hy,0,N [M + H]* 204.1019, found 204.1022.

5-Fluoro-1H-indole-3-acetic Acid Ethyl Ester (17H) ®®. Orange oil; IR (neat): 3366, 1723 cm™;
'H NMR (300 MHz, CDCly) 6: 8.15 (1H, br s), 7.28-7.22 (2H, m), 7.18 (1H, d, J = 2.5 Hz), 6.94
(1H, td, J = 9.0, 2.5 Hz), 4.18 (2H, q, J = 7.0 Hz), 3.72 (2H, d, J = 1.0 Hz), 1.27 (3H, t, J = 7.0 H2);
15C NMR (75 MHz, CDCl) &: 171.9, 157.9 (d, J = 232.0 Hz), 132.6, 127.6 (d, J = 10.5 Hz), 124.8,
111.8 (d, J = 9.5 Hz), 110.6 (d, J = 26.5 Hz), 108.7 (d, J = 4.5 Hz), 103.9 (d, J = 23.5 Hz), 60.9,
31.3, 14.2; ESI-HRMS m/z: calcd for C1,H;30,NF [M + H]* 222.0925, found 222.0926.

5-Bromo-1H-indole-3-acetic Acid Ethyl Ester (17J) . Yellow oil; IR (neat): 3366, 1725 cm™; *H
NMR (300 MHz, CDCl,) 5: 8.21 (1H, brs), 7.74 (1H, d, J = 2.0 Hz), 7.26 (1H, dd, J = 8.5, 2.0 Hz),
7.17 (1H, d, J = 8.5 Hz), 7.12 (1H, d, J = 2.5 Hz), 4.18 (2H, q, J = 7.0 Hz), 3.71 (2H, s), 1.28 (3H, t,
J = 7.0 Hz); ®C NMR (75 MHz, CDCly) &: 171.9, 134.7, 128.9, 125.0, 124.3, 121.5, 112.9, 112.6,
108.1, 61.0, 31.2, 14.2; ESI-HRMS m/z: calcd for Ci,H130,N"Br [M + H]" 282.0124, found
282.0126.

7-Methyl-1H-indole-3-acetic Acid Ethyl Ester (17L). Colorless oil; IR (neat): 3414, 1727 cm™;
'H NMR (300 MHz, CDCls) &: 8.02 (1H, br s), 7.48 (1H, d, J = 8.0 Hz), 7.18 (1H, d, J = 2.5 Hz),
7.09-6.99 (2H, m), 4.16 (2H, g, J = 7.0 Hz), 3.77 (2H, d, J = 0.5 Hz), 2.47 (3H, s), 1.26 (3H, 1, J =
7.0 Hz); *C NMR (75 MHz, CDCl5) &: 172.1, 135.6, 126.7, 122.70, 122.66, 120.3, 119.8, 116.6,
109.0, 60.8, 31.5, 16.5, 14.2; ESI-HRMS m/z: calcd for Ci3HyO,N [M + H]" 218.1176, found
218.1176.
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4-Methyl-1H-indole-3-acetic Acid Ethyl Ester (17M). Colorless oil; IR (neat): 3405, 1727 cm™;
'H NMR (300 MHz, CDCls) &: 8.06 (1H, br s), 7.19 (1H, d, J = 8.0 Hz), 7.11 (1H, d, J = 2.5 Hz),
7.06 (1H, dd, J = 8.0, 7.0 Hz), 6.84 (1H, d, J = 7.0 Hz), 4.18 (2H, q, J = 7.0 Hz), 3.92 (2H, d, J =
1.0 Hz), 2.67 (3H, s), 1.27 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl;) &: 172.7, 136.6, 130.5,
125.7,123.5,122.2, 121.3, 109.2, 60.8, 33.0, 20.0, 14.2; ESI-HRMS m/z: calcd for C;3H;0,N [M +
H]* 218.1176, found 218.1174.

6-Methyl-1H-indole-3-acetic Acid Ethyl Ester (17M°). Colorless oil; IR (neat): 3405, 1729 cm™;
'H NMR (300 MHz, CDCl3) 8: 7.94 (1H, br s), 7.50 (1H, d, J = 8.5 Hz), 7.15 (1H, s), 7.10 (1H, d, J
= 2.0 Hz), 6.97 (1H, d, J = 8.5 Hz), 4.16 (2H, q, J = 7.0 Hz), 3.74 (2H, d, J = 1.0 Hz), 2.46 (3H, s),
1.26 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 172.1, 136.5, 132.0, 125.1, 122.3, 121.4,
118.6, 111.0, 108.5, 60.7, 31.5, 21.7, 14.2; ESI-HRMS m/z: calcd for C3H30,N [M + H]* 218.1176,
found 218.1175.

1H-Benz[g]indole-3-acetic Acid Ethyl Ester (17N). Green solid; Mp: 105-107 °C
(hexane-AcOEY); IR (KBr): 3343, 1718 cm™; 'H NMR (300 MHz, CDCl;) &: 8.90 (1H, br s),
7.94-7.89 (2H, m), 7.70 (1H, d, J = 9.0 Hz), 7.53-7.38 (3H, m), 7.12 (1H, d, J = 2.5 Hz), 4.19 (2H, q,
J=7.0Hz),3.82(2H, d, J = 0.5 Hz), 1.27 (3H, t, J = 7.0 Hz); °C NMR (75 MHz, CDCl5) &: 172.3,
130.7, 130.4, 128.8, 125.4, 123.9, 123.0, 121.7, 121.2, 120.5, 119.4, 118.8, 110.1, 60.9, 31.5, 14.2;
ESI-HRMS m/z: calcd for C16H160,N [M + H]* 254.1176, found 254.1175.
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(2E, 4E)-4-[2-(4-Methoxyphenyl)-2-methylhydrazono]-2-butenoic Acid Ethyl Ester (23Aa)
[Table 17, entry 1]. To a solution of 12A (500 mg, 2.0 mmol) in dry THF (8 mL) was added
sodium hydride (100 mg, 2.4 mmol) and the mixture was stirred at 0 °C for 10 min. Then, methyl
iodide (0.19 mL, 3.0 mmol) was added to the reaction mixture and the mixture was stirred at reflux.
After being stirred for 1 h, the reaction mixture was diluted with H,O and extracted with Et,O. The
organic phase was washed with saturated NaCl, dried over MgSO, and concentrated under reduced
pressure. The crude product was recrystallized from AcOEt/hexane to afford 23Aa (522 mg, 98%)
as yellow solid. Mp: 105-106 °C (hexane-AcOEt); IR (KBr): 1710 cm™; 'H NMR (300 MHz,
CDCl,) &: 7.54 (1H, dd, J = 15.5, 9.5 Hz), 7.23 (2H, d, J = 9.0 Hz), 7.18 (1H, d, J = 9.5 Hz), 6.88
(2H, d, J = 9.0 Hz), 5.96 (1H, d, J = 15.5 Hz), 4.23 (2H, g, J = 7.0 Hz), 3.80 (3H, s), 3.36 (3H, 3),
1.31 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 167.2, 155.3, 143.1, 141.0, 129.7, 119.1,
117.9, 114.3, 60.2, 55.5, 34.6, 14.3; ESI-HRMS m/z: calcd for Cy4H3003N; [M + H]* 263.1390,
found 263.1393.

(2E, 4E)-4-[2-(4-Methoxyphenyl)-2-(phenylmethyl)hydrazono]-2-butenoic Acid Ethyl Ester
(23ADb) [Table 17, entry 2]. To a solution of 12A (1.0 g, 4.0 mmol) in dry THF (40 mL) was added
sodium hydride (193 mg, 4.8 mmol) and the mixture was stirred at 0 °C for 30 min. Then, benzyl
bromide (0.68 mL, 6.0 mmol) was added to the reaction mixture and the mixture was stirred at
room temperature. After being stirred for 1.5 h, the reaction mixture was diluted with H,O and
extracted with Et,O. The organic phase was washed with saturated NaCl, dried over MgSQO, and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 5 : 1) to afford 23Ab (746 mg, 55%) as yellow solid. Mp:
77-79 °C (hexane-AcOEt); IR (KBr): 1699 cm™; *H NMR (300 MHz, CDCl,) &: 7.49 (1H, dd, J =
16.0, 9.5 Hz), 7.37-7.23 (5H, m), 7.16 (2H, d, J = 7.5 Hz), 7.05 (1H, d, J = 9.5 Hz), 6.87 (2H, d, J =
9.5 Hz), 5.79 (1H, d, J = 16.0 Hz), 5.08 (2H, s), 4.19 (2H, g, J = 7.0 Hz), 3.79 (3H, 5), 1.28 (3H, t, J
= 7.0 Hz); ®°C NMR (75 MHz, CDCl;) &: 167.1, 155.5, 142.9, 140.8, 134.8, 130.7, 129.1, 127.5,
126.0, 119.8, 117.8, 114.5, 60.2, 55.6, 52.1, 14.3; ESI-HRMS m/z: calcd for C,qH»,03N;Na [M +
Na]" 361.1523, found 361.1531.

(2E, 4E)-4-[2-Acetyl-2-(4-methoxyphenyl)hydrazono]-2-butenoic Acid Ethyl Ester (23Ac)
[Table 17, entry 3]. To a solution of 12A (1.0 g, 4.0 mmol) in dry THF (20 mL) was added sodium
hydride (193 mg, 4.8 mmol) and the mixture was stirred at 0 °C for 30 min. Then, acetic anhydride
(0.57 mL, 6.0 mmol) was added to the reaction mixture and the mixture was stirred at reflux. After

being stirred for 3.5 h, the reaction mixture was diluted with saturated aqueous NaHCO; solution
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and extracted with Et,O. The organic phase was washed with saturated NaCl, dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 3 : 1) to afford 23Ac (901 mg, 78%) as off-white solid. Mp:
123-124 °C (hexane-AcOEt); IR (KBr): 1714, 1699 cm™; "H NMR (300 MHz, CDCls) &: 7.39 (1H,
br dd, J = 16.0, 9.5 Hz), 7.06-7.00 (4H, m), 6.99 (1H, d, J = 9.5 Hz), 5.97 (1H, dd, J = 16.0, 0.5 Hz),
4.22 (2H, g, J = 7.0 Hz), 3.86 (3H, s), 2.52 (3H, br s), 1.29 (3H, t, J = 7.0 Hz); *C NMR (75 MHz,
CDCl;) 6: 173.2, 165.9, 160.1, 140.3, 139.7, 129.8, 127.6, 126.7, 115.5, 60.7, 55.4, 21.9, 14.1;
ESI-HRMS m/z: calcd for Cy5H1504N, [M + H]* 291.1339, found 291.1339.

(2E, 4E)-4-[2-(4-Methoxyphenyl)hydrazono]-4-phenyl-2-butenoic Acid Ethyl Ester (24)
[Scheme 65]. According to the general procedure A described in Table 12, 24 was obtained in 79%
yield as yellow solid. Mp: 96-97 °C (hexane-AcOEt); IR (KBr): 3315, 1712 cm™; 'H NMR (300
MHz, CDCls) &: 7.71 (1H, br s), 7.70 (1H, d, J = 16.0 Hz), 7.59-7.46 (3H, m), 7.26-7.22 (2H, m),
6.99 (2H, d, J = 9.5 Hz), 6.82 (2H, d, J = 9.5 Hz), 5.50 (1H, d, J = 16.0 Hz), 4.19 (2H, q, J = 7.0
Hz), 3.77 (3H, s), 1.28 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl,) &: 167.0, 154.5, 144.8, 142.5,
136.9, 130.5, 129.7, 129.4, 128.7, 118.8, 114.45, 114.39, 60.1, 55.4, 14.2; ESI-HRMS m/z: calcd for
C19H2.03N; [M + H]* 325.1547, found 325.1544.

Preparation of Conjugated Hydrazones 25a-d [Table 18]. To a mixture of (2E)-4-oxo-2-butenoic
acid ethyl ester, acrolein, crotonaldehyde or cinnamaldehyde (7.8 mmol) and sodium acetate
(8.2-9.4 mmol) in EtOH (20 mL) was added N-arylhydrazine hydrochloride (8.2 mmol) at room
temperature. After being stirred for 0.5-1 h, the reaction mixture was concentrated under reduced
pressure, diluted with H,O and extracted with CHCIs. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : ACOEt = 3 : 1) or recrystallization (AcOEt/hexane) to afford 25a-d in the
yields shown in Table 18.

(2E, 4E)-4-(2,2-Diphenylhydrazono)-2-butenoic Acid Ethyl Ester (25a) [entry 1]. Light green
solid; Mp: 156-157 °C (hexane-AcOEt); IR (KBr): 1699 cm™; "H NMR (300 MHz, CDCls) 8: 7.54
(1H, dd, J = 16.0, 9.5 Hz), 7.45-7.39 (4H, m), 7.26-7.20 (2H, m), 7.16-7.13 (4H, m), 6.90 (1H, d, J
= 9.5 Hz), 5.79 (1H, d, J = 16.0 Hz), 4.20 (2H, g, J = 7.0 Hz), 1.29 (3H, t, J = 7.0 Hz); *C NMR
(75 MHz, CDCl,) 5: 166.7, 142.6, 142.1, 133.9, 129.8, 125.3, 122.3, 121.3, 60.2, 14.2; ESI-HRMS
m/z: calcd for C1gH150,N, [M + H]" 295.1441, found 295.1439.
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(1E)-2-Propenal N,N-Diphenylhydrazone (25b) [entry 2]. Yellow solid; Mp: 57-58 °C
(hexane-AcOEt); IR (KBr): 3067, 1591, 1495, 1290, 1220, 1175, 1096 cm™; *H NMR (300 MHz,
CDCly) 6: 7.42-7.36 (4H, m), 7.20-7.10 (6H, m), 6.89 (1H, d, J = 9.5 Hz), 6.63 (1H, ddd, J = 17.5,
10.5, 9.5 Hz), 5.32-5.16 (2H, m); **C NMR (75 MHz, CDCl;) &: 143.4, 138.2, 135.1, 129.7, 124.4,
122.4, 118.9; ESI-HRMS m/z: calcd for Ci5H3sN, [M + H]™ 223.1230, found 223.1228.

(1E, 2E)-2-Butenal N,N-Diphenylhydrazone (25c) *? [entry 3]. 25c was obtained as an
inseparable 19 : 1 mixture of 2E- and 2Z-isomers. Yellow solid; Mp: 33-35 °C (hexane-AcOEt); IR
(KBr): 3025, 1589, 1495, 1292, 1214, 1168, 1058 cm™; major isomer: *H NMR (300 MHz, CDCls)
8:7.37 (4H, t, J = 8.0 Hz), 7.17-7.08 (6H, m), 6.87 (1H, d, J = 9.0 Hz), 6.35 (1H, ddd, J = 15.5, 9.0,
2.5 Hz), 5.70 (1H, dg, J = 15.5, 7.0 Hz), 1.80 (3H, dd, J = 7.0, 2.5 Hz); **C NMR (75 MHz, CDCl5)
5: 143.8, 138.8, 132.5, 129.8, 129.7, 124.1, 122.4, 18.3; ESI-HRMS m/z: calcd for CisHi7N, [M +
H]* 237.1386, found 237.1385.

(1E, 2E)-3-Phenyl-2-propenal N,N-Diphenylhydrazone (25d) ™ [entry 4]. Yellow solid; Mp:
135-136 °C (hexane-AcOEY): IR (KBr): 3025, 1588, 1557, 1496, 1379, 1218, 1092, 1067 cm™; *H
NMR (300 MHz, CDCly) &: 7.44-7.37 (6H, m), 7.34-7.28 (2H, m), 7.25-7.03 (9H, m), 6.54-6.45
(1H, m); BC NMR (75 MHz, CDCl,) 6: 143.4, 138.2, 136.9, 134.0, 129.8, 128.6, 127.7, 126.8,
126.4, 124.5, 122.4; ESI-HRMS m/z: calcd for C,3HyoN, [M + H]* 299.1543, found 299.1543.

Preparation of Conjugated Hydrazones 26a-c [Scheme 66]. To a solution of aryl iodide (5.0
mmol) in DMF (20 mL) were added acrolein diethyl acetal (2.3 mL, 15 mmol), "Bu;NOAc (3.0 g,
10.0 mmol), K,CO; (1.04 g, 7.5 mmol), KCI (0.37 g, 5.0 mmol) and Pd(OACc), (30 mg, 0.15 mmol).
The mixture was stirred for 0.5 h at 90 °C. After cooling, 10% HCI was slowly added and the
reaction mixture was stirred at room temperature for 10 min. Then, it was diluted with H,O and
extracted with Et,O. The organic phase was washed with saturated NaCl, dried over MgSQO, and
concentrated under reduced pressure. The obtained crude product was dissolved in MeOH (30 mL).
To this solution were added N,N-diphenylhydrazine hydrochloride (1.16 g, 5.3 mmol) and sodium
acetate (431 mg, 5.3 mmol) at room temperature. After being stirred for 0.5 h, the reaction mixture
was concentrated under reduced pressure, diluted with H,O and extracted with CHCIs. The organic
phase was dried over MgSO, and concentrated under reduced pressure. The crude product was
purified by flash column chromatography (hexane : AcOEt = 5 : 1) to afford 26a-c in the yields
shown in Scheme 66.
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(1E, 2E)-3-(4-Methoxyphenyl)-2-propenal N,N-Diphenylhydrazone (26a). Yellow solid; Mp:
157-158 °C (hexane-AcOEt); IR (KBr): 3027, 1598, 1509, 1485, 1254, 1209, 1172, 1094, 1069
cm™; *H NMR (300 MHz, CDCls) &: 7.41 (4H, dd, J = 8.0, 7.5 Hz), 7.34 (2H, d, J = 9.0 H2),
7.20-7.13 (6H, m), 7.04 (1H, d, J = 9.0 Hz), 6.95 (1H, dd, J = 15.5, 9.0 Hz), 6.85 (2H, d, J = 9.0 Hz),
6.45 (1H, d, J = 15.5 Hz), 3.81 (3H, s); *C NMR (75 MHz, CDCl;) &: 159.3, 143.5, 138.7, 133.8,
129.7, 127.6, 124.7, 124.3, 122.4, 114.0, 55.2; ESI-HRMS m/z: calcd for C,,H»;ON, [M + H]"
329.1648, found 329.1645.

(1E, 2E)-3-(4-Cyanophenyl)-2-propenal N,N-Diphenylhydrazone (26b). Yellow solid; Mp:
116-117 °C (hexane-AcOEt); IR (KBr): 3034, 2224, 1600, 1555, 1495, 1372, 1215, 1157, 1095
cm™; 'H NMR (300 MHz, CDCls) 8: 7.58 (2H, d, J = 8.5 Hz), 7.46-7.39 (6H, m), 7.25-7.13 (7H, m),
7.02 (1H, d, J = 9.0 Hz), 6.46 (1H, d, J = 16.0 Hz); *C NMR (75 MHz, CDCl5) &: 143.0, 141.4,
136.6, 132.4, 131.1, 130.5, 129.8, 126.5, 124.9, 122.4, 119.0, 110.3; ESI-HRMS m/z: calcd for
CxHigN3 [M + H]" 324.1495, found 324.1491.

(1E, 2E)-3-(2-Thienyl)-2-propenal N,N-Diphenylhydrazone (26c). Yellow solid; Mp: 137-139 °C
(hexane-AcOEt); IR (KBr): 3023, 1596, 1558, 1495, 1217, 1092 cm™; "H NMR (300 MHz, CDCl5)
d: 7.44-7.37 (3H, m), 7.21-7.12 (6H, m), 7.00-6.94 (3H, m), 6.88 (1H, dd, J = 15.5, 9.0 Hz), 6.63
(1H, d, J = 15.5 Hz); *C NMR (75 MHz, CDCls) &: 143.3, 142.4, 137.5, 129.7, 127.6, 126.7, 126.3,
126.0, 124.8, 124.5, 122.4; ESI-HRMS m/z: calcd for CigH;7N,S [M + H]" 305.1107, found
305.1105.

Reductive Fischer Indolization of 23Aa-Ac [Scheme 67]. According to the general procedure for
the reductive Fischer indolization described in Scheme 64, 27Aa-Ac was obtained in the yields
shown in Scheme 67.

5-Methoxy-1-methyl-1H-indole-3-acetic Acid Ethyl Ester (27Aa) ®*. Colorless oil; IR (neat):
1731 cm™; *H NMR (300 MHz, CDCls) 8: 7.18 (1H, d, J = 8.5 Hz), 7.05 (1H, d, J = 2.5 Hz), 7.01
(1H, s), 6.89 (1H, dd, J = 8.5, 2.5 Hz), 4.16 (2H, q, J = 7.0 Hz), 3.86 (3H, s), 3.73 (3H, s), 3.72 (2H,
s), 1.27 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl;) &: 172.1, 153.8, 132.2, 128.2, 127.9, 112.0,
110.0, 106.3, 100.6, 60.7, 55.8, 32.8, 31.4, 14.2; ESI-HRMS m/z: calcd for C14H;50;N [M + H]"
248.1281, found 248.1283.

5-Methoxy-1-(phenylmethyl)-1H-indole-3-acetic Acid Ethyl Ester (27Ab) ®®. Orange oil; IR
(neat): 1733 cm™; "H NMR (300 MHz, CDCl5) &: 7.32-7.24 (3H, m), 7.14-7.07 (5H, m), 6.82 (1H,
dd, J =9.0, 2.5 Hz), 5.24 (2H, s), 4.16 (2H, g, J = 7.0 Hz), 3.85 (3H, s), 3.73 (2H, d, J = 0.5 Hz),
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1.26 (3H, t, J = 7.0 Hz); ®C NMR (75 MHz, CDCls) &: 172.0, 154.0, 137.5, 131.7, 128.6, 128.2,
127.7, 127.5, 126.7, 112.1, 110.5, 107.0, 100.7, 60.7, 55.7, 50.1, 31.4, 14.2; ESI-HRMS m/z: calcd
for CooH203NNa [M + H]" 346.1414, found 346.1420.

1-Acetyl-5-methoxy-1H-indole-3-acetic Acid Ethyl Ester (27Ac). White solid; Mp: 89-90 °C
(hexane-AcOEY); IR (KBr): 1733, 1695 cm™; *H NMR (300 MHz, CDCl,) &: 8.33 (1H, brd, J = 8.5
Hz), 7.43 (1H, br s), 6.98-6.94 (2H, m), 4.20 (2H, g, J = 7.0 Hz), 3.87 (3H, s), 3.69 (2H, d, J = 1.0
Hz), 2.60 (3H, s), 1.26 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDClI) &: 170.8, 168.1, 156.4, 131.0,
130.4, 124.4, 117.5, 114.8, 113.6, 101.7, 61.1, 55.6, 31.1, 23.7, 14.2; ESI-HRMS m/z: calcd for
Ci5H1504N [M + H]* 276.1230, found 276.1230.

5-Methoxy-2-phenyl-1H-indole-3-acetic Acid Ethyl Ester (28) [Scheme 68]. According to the
general procedure for the reductive Fischer indolization described in Scheme 64, 28 was obtained in
93% yield as colorless oil. IR (neat): 3362, 1724 cm™; *H NMR (300 MHz, CDCls) &: 8.10 (1H, br
s), 7.66-7.62 (2H, m), 7.49-7.43 (2H, m), 7.40-7.34 (1H, m), 7.23 (1H, d, J = 9.0 Hz), 7.13 (1H, d, J
= 2.5 Hz), 6.86 (1H, dd, J = 9.0, 2.5 Hz), 4.17 (2H, q, J = 7.0 HZz), 3.87 (3H, s), 3.79 (2H, s), 1.26
(3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls) &: 172.3, 154.3, 136.9, 132.4, 130.8, 129.4, 128.9,
128.1, 127.9, 112.7, 111.6, 105.4, 100.9, 60.8, 55.8, 31.2, 14.2; ESI-HRMS m/z: calcd for
Ci19H2003N [M + H]* 310.1438, found 310.1435.

Reductive Fischer Indolization of 25a-c [Scheme 69]. According to the general procedure for the
reductive Fischer indolization of conjugated hydrazones, 29a-c was obtained in the yields shown in
Scheme 69.

1-Phenyl-1H-indole-3-acetic Acid Ethyl Ester (29a). Pale yellow oil; IR (neat): 1733 cm™; 'H
NMR (300 MHz, CDCly) &: 7.69-7.66 (1H, m), 7.57-7.54 (1H, m), 7.53-7.48 (4H, m), 7.34-7.31
(2H, m), 7.26-7.16 (2H, m), 4.19 (2H, g, J = 7.0 Hz), 3.82 (2H, s), 1.28 (3H, t, J = 7.0 Hz); **C
NMR (75 MHz, CDCl3) &: 171.8, 139.5, 135.9, 129.5, 128.6, 126.7, 126.3, 124.1, 122.6, 120.2,
119.2, 110.5, 109.5, 60.8, 31.3, 14.2; ESI-HRMS m/z: calcd for CigH;s0,N [M + H]" 280.1332,
found 280.1333.

3-Methyl-1-phenyl-1H-indole (29b) . Colorless oil; IR (neat): 3052, 2918, 2862, 1600, 1501,
1456, 1387, 1372 cm™; 'H NMR (300 MHz, CDCls) &: 7.64-7.61 (1H, m), 7.58-7.55 (1H, m),
7.52-7.47 (4H, m), 7.35-7.28 (1H, m), 7.25-7.14 (3H, m), 2.39 (3H, d, J = 1.0 Hz); *C NMR (75
MHz, CDCls) &: 139.9, 135.9, 129.7, 129.5, 125.9, 125.4, 124.0, 122.3, 119.7, 119.2, 112.8, 110.3,
9.6; ESI-HRMS m/z: calcd for CisHy,N [M + H]* 208.1121, found 208.1120.
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3-Ethyl-1-phenyl-1H-indole (29¢) ™. Colorless oil; IR (neat): 3052, 2961, 2931, 1598, 1501, 1456,
1379, 1224 cm™; 'H NMR (300 MHz, CDCls) &: 7.67-7.64 (1H, m), 7.58-7.55 (1H, m), 7.52-7.45
(4H, m), 7.35-7.27 (1H, m), 7.24-7.13 (3H, m), 2.84 (2H, q, J = 7.5 Hz), 1.38 (3H, t, J = 7.5 Hz);
3C NMR (75 MHz, CDCI5) &: 140.0, 136.0, 129.5, 128.9, 125.9, 124.4, 124.0, 122.3, 119.8, 119.7,
119.2, 110.4, 18.2, 14.3; ESI-HRMS m/z: calcd for CigHigN [M + H]" 222.1277, found 222.1277.

1-Phenyl-3-(phenylmethyl)-1H-indole (29d) ™ [Scheme 69]. To a solution of 25d (60 mg, 0.2
mmol) in MeCN (2 mL) was added tBul (119 uL, 1.0 mmol) at reflux. After being stirred for 0.5 h,
the reaction mixture was quenched with 10% Na,S,0; solution and extracted with CHCIz. The
organic phase was dried over MgSO, and concentrated under reduced pressure. The crude product
was purified by PTLC (hexane : AcOEt = 3 : 1) to afford 29d (55.7 mg, 98%) as colorless oil. IR
(neat): 3060, 3028, 2905, 1598, 1501, 1456, 1378, 1371 cm™; 'H NMR (300 MHz, CDCl,) &:
7.59-7.55 (2H, m), 7.51-7.47 (4H, m), 7.36-7.26 (5H, m), 7.24-7.10 (3H, m), 7.05 (1H, s), 4.16 (2H,
s); *C NMR (75 MHz, CDCls) &: 140.8, 139.8, 136.1, 129.5, 128.9, 128.7, 128.4, 126.1, 126.03,
125.96, 124.0, 122.5, 119.9, 119.4, 116.9, 110.5, 31.5; ESI-HRMS m/z: calcd for CyHigN [M + H]”
284.1434, found 284.1435.

Reductive Fischer Indolization of 26a-c [Scheme 69]. To a solution of 26a-c (0.2 mmol) in MeCN
(2 mL) was added tBul (71 pL, 6.0 mmol) at reflux. After being stirred for 3 h, the reaction mixture
was quenched with 10% Na,S,0; solution and extracted with CHCIs. The organic phase was dried
over MgSO, and concentrated under reduced pressure. The crude product was purified by PTLC
(hexane : AcOEt = 3 : 1) to afford 30a-c in the yields shown in Scheme 69.

3-[(4-Methoxyphenyl)methyl]-1-phenyl-1H-indole (30a). Colorless oil; IR (neat): 3056, 2931,
2835, 1598, 1505, 1456, 1373, 1247, 1176, 1036 cm™; *H NMR (300 MHz, CDCl,) &: 7.58-7.55
(2H, m), 7.51-7.45 (4H, m), 7.33-7.10 (5H, m), 7.03 (1H, s), 6.84 (2H, d, J = 8.5 Hz), 4.10 (2H, s),
3.78 (3H, s); °*C NMR (75 MHz, CDClI;) &: 157.8, 139.8, 136.2, 132.8, 129.6, 129.5, 128.8, 126.0,
124.0, 122.4, 119.9, 119.4, 117.4, 113.7, 110.5, 55.2, 30.6; ESI-HRMS m/z: calcd for C,,H,0ON [M
+ H]" 314.1539, found 314.1535.

3-[(4-Cyanophenyl)methyl]-1-phenyl-1H-indole (30b). Yellow oil; IR (neat): 3055, 2910, 2228,
1598, 1505, 1457, 1369, 1235, 1136 cm™; 'H NMR (300 MHz, CDCIl;) &: 7.60-7.56 (3H, m),
7.54-7.41 (TH, m), 7.37-7.32 (1H, m), 7.27-7.21 (1H, m), 7.17-7.11 (2H, m), 4.22 (2H, s); *C NMR
(75 MHz, CDCl,) &: 146.6, 139.5, 136.2, 132.3, 129.6, 129.4, 128.4, 126.4, 126.3, 124.1, 122.8,
120.2, 119.2, 119.1, 114.9, 110.7, 109.9, 31.7; ESI-HRMS m/z: calcd for Cx,Hi/N, [M + H]*
309.1386, found 309.1381.
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1-Phenyl-3-(2-thienylmethyl)-1H-indole (30c). Yellow oil; IR (neat): 3055, 2898, 1598, 1501,
1457, 1357, 1227, 1135 cm™; *H NMR (300 MHz, CDCls) §: 7.63-7.55 (2H, m), 7.52-7.46 (4H, m),
7.36-7.29 (1H, m), 7.25-7.12 (4H, m), 6.94-6.91 (2H, m), 4.36 (2H, s); **C NMR (75 MHz, CDCl,)
8: 144.0, 139.7, 136.1, 129.5, 128.5, 126.7, 126.1, 126.0, 124.9, 124.1, 123.5, 122.6, 120.0, 119.3,
116.3, 110.5, 25.8; ESI-HRMS m/z: calcd for CigH1NS [M + H]* 290.0998, found 290.0994.
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(2E, 4E)-4-[2-(4-Methoxyphenyl)hydrazono]-4-methyl-2-butenoic Acid Methyl Ester (31)
[Scheme 73]. To a solution of (2E)-4-oxo-2-pentenoic acid methyl ester (1.0 g, 7.8 mmol) in
pyridine (20 mL) was added p-methoxyphenylhydrazine hydrochloride (1.63 g, 9.4 mmol) at room
temperature. After being stirred for 0.5 h, the reaction mixture was acidified with 10% HCI and
extracted with Et,O. The organic phase was washed with saturated NaCl, dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by recrystallization
(hexane/AcOEt) to afford 31 (1.92 g, 99%) as yellow solid. Mp: 153-155 °C (hexane-AcOEt); IR
(KBr): 3319, 1682 cm™; *H NMR (300 MHz, CDCls) &: 7.57 (1H, br s), 7.51 (1H, d, J = 16.0 Hz),
7.10 (2H, d, J =9.0 Hz), 6.87 (2H, d, J = 9.0 Hz), 5.98 (1H, d, J = 16.0 Hz), 3.79 (3H, s), 3.78 (3H,
s), 1.97 (3H, s); *C NMR (75 MHz, CDCls) &: 167.7, 154.7, 145.7, 138.7, 137.6, 116.3, 114.7, 55.6,
51.6, 9.8; ESI-HRMS m/z: calcd for Cy3H;,05N, [M + H]* 249.1234, found 249.1232.

5-Methoxy-2-methyl-1H-indole-3-acetic Acid Methyl Ester (32) " [Scheme 73]. To a solution of
31 (1.0 g, 4.0 mmol) in MeCN (40 mL) was added tBul (1.43 mL, 12.1 mmol) at reflux. After being
stirred for 0.5 h, the reaction mixture was quenched with 10% Na,S,05 solution and extracted with
CHCls. The organic phase was dried over MgSO, and concentrated under reduced pressure. The
crude product was purified by flash column chromatography (hexane : AcOEt = 2 : 1) to afford 32
(883.5 mg, 95%) as yellow oil. IR (neat): 3397, 1733 cm™; 'H NMR (300 MHz, CDCls) &: 7.76 (1H,
brs), 7.15 (1H, dd, J = 9.0, 0.5 Hz), 6.99 (1H, d, J = 2.5 Hz), 6.77 (1H, dd, J = 9.0, 2.5 Hz), 3.86
(3H, ), 3.67 (3H, ), 3.66 (2H, ), 2.39 (3H, s); *C NMR (75 MHz, CDCls) 8: 172.5, 154.1, 133.5,
130.0, 128.9, 110.9, 104.3, 100.3, 55.9, 51.9, 30.3, 11.8; ESI-HRMS m/z: calcd for C13H;03N [M +
H]* 234.1125, found 234.1123.

1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-indole-3-acetic Acid Methyl Ester (148) &
[Scheme 73]. To a solution of 32 (883.5 mg, 3.79 mmol) in CH,CI, (35 mL) was added Et;N (2.63
mL, 19.0 mmol), DMAP (232 mg, 1.90 mmol) and p-chlorobenzoyl chloride (0.58 mL, 4.55 mmol)
at reflux. After being stirred for 24 h, the reaction mixture was cooled to room temperature, diluted
with 10% HCI solution and extracted with CHCIs. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 3 : 1) to afford 148 (1.25 g, 89%) as pale yellow solid. Mp:
162-163 °C (hexane-AcOEt); IR (KBr): 1733, 1672 cm™; *H NMR (300 MHz, CDCls) &: 7.66 (2H,
d, J=8.5Hz), 7.47 (2H, d, J = 8.5 Hz), 6.96 (1H, d, J = 2.5 Hz), 6.86 (1H, d, J = 9.0 Hz), 6.67 (1H,
dd, J = 9.0, 2.5 Hz), 3.83 (3H, s), 3.70 (3H, s), 3.67 (2H, s), 2.38 (3H, s); *C NMR (75 MHz,
CDCl,) &: 171.3, 168.2, 156.0, 139.2, 135.9, 133.8, 131.1, 130.7, 130.6, 129.1, 114.9, 112.5, 111.5,
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101.2, 55.7, 52.1, 30.1, 13.3; ESI-HRMS m/z; calcd for CyH1s0.N*CI [M + H]" 372.0997, found
372.0995.

1-(4-Chlorobenzoyl)-5-methoxy-2-methyl-1H-indole-3-acetic Acid (Indomethacin) "
73]. To a solution of 148 (1.25 g, 3.36 mmol) in pyridine (40 mL) was added Lil (9.0 g, 67.2 mmol)
at reflux. After being stirred for 20 h, the reaction mixture was cooled to 0 °C, diluted with 10%

[Scheme

HCI solution and extracted with CHCIs. The organic phase was dried over MgSO, and concentrated
under reduced pressure. The crude product was purified by flash column chromatography (hexane :
AcOEt = 1 : 3 then AcOEt) to afford Indomethacin (1.01 g, 84%) as pale yellow solid. Mp:
159-161 °C (AcOEL); IR (KBr): 1733, 1672 cm™; *H NMR (300 MHz, CDCl;) &: 7.66 (2H, d, J =
8.5 Hz), 7.47 (2H, d, J = 8.5 Hz), 6.95 (1H, d, J = 2.5 Hz), 6.85 (1H, d, J = 9.0 Hz), 6.67 (1H, dd, J
=9.0, 2.5 Hz), 3.83 (3H, s), 3.69 (2H, s), 2.39 (3H, s); *C NMR (75 MHz, CDCls) 8: 176.2, 168.3,
156.0, 139.3, 136.2, 133.8, 131.2, 130.7, 130.4, 129.1, 115.0, 111.8, 111.7, 101.2, 55.7, 29.9, 13.3;
ESI-HRMS m/z: calcd for C1oHy;0,N*CI [M + H]* 358.0841, found 358.0838.
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(2E, 4E)-4-[2-(4-Methoxyphenyl)hydrazono]-3-methyl-2-butenoic Acid Ethyl Ester (33)
[Scheme 75]. To a solution of 3-methyl-4-oxo-butenoic acid ethyl ester ¥ (859 mg, 6.0 mmol) in
pyridine (20 mL) was added p-methoxyphenylhydrazine hydrochloride (1.16 g, 6.6 mmol) at room
temperature. After being stirred for 0.5 h, the reaction mixture was diluted with H,O and extracted
with Et,O. The organic phase was washed with saturated NaCl, dried over MgSO, and concentrated
under reduced pressure. The crude product was purified by flash column chromatography (hexane :
AcOEt = 3 : 1) to afford 33 (1.37 g, 87%) as yellow solid. Mp: 115-117 °C (hexane-AcOEt); IR
(KBr): 3276, 1675 cm™; *H NMR (300 MHz, CDCl;) 8: 7.82 (1H, br s), 7.31 (1H, s), 7.02 (2H, d, J
= 9.0 Hz), 6.85 (2H, d, J = 9.0 Hz), 5.79 (1H, s), 4.20 (2H, q, J = 7.0 Hz), 3.78 (3H, s), 2.44 (3H, d,
1.0 Hz), 1.30 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl;) &: 167.0, 154.4, 151.7, 138.5, 137.7,
118.7, 114.8, 114.1, 59.8, 55.6, 14.3, 13.3; ESI-HRMS m/z: calcd for Ci4H;90sN; [M + H]
263.1390, found 263.1389.

3,3a,8,8a-Tetrahydro-5-methoxy-1,3a-dimethyl-pyrrolo[2,3-b]indol-2(1H)-one  (35) [Scheme
75]. To a solution of 33 (52 mg, 0.2 mmol) in MeCN (2 mL) was added tBul (71 uL, 0.6 mmol) at
reflux. After being stirred for 0.5 h, the reaction mixture was quenched with 10% Na,S,0; solution
and extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The crude product was dissolved in EtOH (1 mL). To this solution was added
methyl amine (33 wt% in EtOH, 1 mL) at room temperature. After being stirred for 24 h, the
reaction mixture was concentrated under reduced pressure. The crude product was purified by
PTLC (AcOEt) to afford 35 (23.0 mg, 50%) as pale yellow oil. IR (neat): 3318, 1677 cm™; *H NMR
(300 MHz, CDCls3) 8: 6.70-6.61 (3H, m), 4.88 (1H, s), 4.30 (1H, br s), 3.76 (3H, s), 2.85 (3H, s),
2.79 (1H, d, J = 17.0 Hz), 2.60 (1H, d, J = 17.0 Hz), 1.45 (3H, s); *C NMR (75 MHz, CDClI,) &:
172.5, 154.8, 140.5, 137.9, 113.6, 112.1, 109.6, 85.1, 55.9, 47.7, 44.0, 26.8, 26.0; ESI-HRMS m/z:
calcd for Cy5H17;0,N, [M + H]* 233.1285, found 233.1282.

3,3a,8,8a-Tetrahydro-5-methoxy-3a-methyl-2H-furo[2,3-b]indol-2-one (36) * [Scheme 75]. To
a solution of 33 (52 mg, 0.2 mmol) in MeCN (2 mL) was added tBul (71 pL, 0.6 mmol) at reflux.
After being stirred for 0.5 h, the reaction mixture was quenched with 10% Na,S,0; solution and
extracted with CHCI;. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was dissolved in EtOH (5 mL). To this solution was added 6M NaOH
solution (1.5 mL) at room temperature. After being stirred for 4.5 h, the reaction mixture was
diluted with saturated NH,CI solution and extracted with CHCI;. The organic phase was dried over

MgSQO, and concentrated under reduced pressure. The crude product was purified by PTLC
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(hexane : ACOEt = 1 : 1) to afford 36 (22.4 mg, 52%) as pale yellow oil. IR (neat): 3384, 1762 cm™;
'H NMR (300 MHz, CDCls) &: 6.71-6.68 (2H, m), 6.62 (1H, dd, J = 7.5, 2.0 Hz), 5.67 (1H, s), 4.81
(1H, brs), 3.76 (3H, s), 2.98 (1H, d, J = 18.0 Hz), 2.81 (1H, d, J = 18.0 Hz), 1.47 (3H, s); ®*C NMR
(75 MHz, CDCly) &: 174.7, 154.6, 139.7, 134.1, 113.8, 110.5, 110.0, 101.0, 55.9, 50.4, 41.9, 23.5;
ESI-HRMS m/z: calcd for C1,H1403N [M + H]* 220.0968, found 220.0969.

3,3a,8,8a-Tetrahydro-5-methoxy-1,3a,8-trimethyl-pyrrolo[2,3-b]indol-2(1H)-one  (153) %
[Scheme 76]. To a solution of 35 (20 mg, 0.09 mmol), 37% aqueous HCHO (46 uL, 0.44 mmol)
and AcOH (25 pL, 0.44 mmol) in MeCN (1.5 mL) was added NaBH3;CN (21.6 mg, 0.34 mmol) at
0 °C. After being stirred for 5 min, the reaction mixture was quenched with H,O and extracted with
CHCls. The organic phase was dried over MgSO, and concentrated under reduced pressure. The
crude product was purified by PTLC (AcOEt) to afford 153 (21.0 mg, 99%) as yellow oil. IR (neat):
1689 cm™; *H NMR (300 MHz, CDCl5) &: 6.71 (1H, dd, J = 8.5, 2.5 Hz), 6.67 (1H, d, J = 2.5 Hz),
6.43 (1H, d, J = 8.5 Hz), 4.56 (1H, s), 3.75 (3H, s), 3.02 (3H, s), 2.95 (3H, 5), 2.74 (1H,d, J =175
Hz), 2.53 (1H, d, J = 17.5 Hz), 1.45 (3H, s); *C NMR (75 MHz, CDCl,) &: 173.1, 153.7, 143.7,
137.0, 113.1, 109.9, 108.7, 93.3, 56.0, 46.0, 44.1, 37.3, 28.4, 26.8; ESI-HRMS m/z: calcd for
C14H160;N; [M + H]* 247.1441, found 247.1435.

%, 86)

1,2,3,3a,8,8a-Hexahydro-5-methoxy-1,3a,8-trimethyl-pyrrolo[2,3-b]indole (Esermethole)
[Scheme 76]. To a solution of 153 (20 mg, 0.08 mmol) in THF (2 mL) was added a suspension of
LiAIH, (30.8 mg, 0.81 mmol) in THF (2 mL) at O °C. After being stirred at reflux for 2 h, the
reaction mixture was cooled to 0 °C and quenched with AcOEt. Then, it was diluted with H,O and
extracted with AcOEt. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The crude product was purified by PTLC (CHCI;: MeOH = 10 : 1) to afford Esermethole
(14.5 mg, 78%) as pale yellow oil. IR (neat): 2956, 2930, 2864, 1596, 1498, 1280, 1221, 1122, 1033
cm™; *H NMR (300 MHz, CDCls) &: 6.68 (2H, m), 6.37 (1H, d, J = 8.0 Hz), 4.11 (1H, s), 3.75 (3H,
s), 2.90 (3H, s), 2.81-2.74 (1H, m), 2.67-2.59 (1H, m), 2.45 (3H, s), 2.00-1.95 (2H, m), 1.44 (3H, s);
3C NMR (75 MHz, CDCls) &: 153.0, 146.4, 138.1, 112.2, 109.7, 107.6, 98.0, 56.0, 53.1, 52.8, 40.6,
38.1, 37.8, 27.3; ESI-HRMS m/z: calcd for C14H,;0N, [M + H]* 233.1648, found 233.1642.
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