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Figure 1. Recent Approved Drugs Including Medium-Sized Ring
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Scheme 1. Controllable Formation of Eight-Membered Ring-Fused Indoles and Propellane-Type Indolines via Gold-

Catalyzed Cyclization.
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Figure 2. Structure-Activity Relationship Study of Eight-Membered Ring-Fused Indoles
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Figure 3. Recently Approved Drugs Bearing a Spirocyclic Scaffold
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Figure 1. Representative IDO1 Inhibitors
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in enzymatic assay at 10 uM in enzymatic assay at 10 uM

Figure 2. Structures of KPYC12532 (5a) and KPYC12438 (6)
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Scheme 1. Construction of Eight-Membered Ring-Fused Indoles by Gold Catalysis
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Scheme 2. Gold-Catalyzed Cyclization of 2-Alkynyl-N-propargylaniline by Rearrangement of a Propargyl Group
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Scheme 3. Gold-Catalyzed Cyclization of Anilines with Diynes

© ZMmEt

XUDIZ, Z2OT VX ZHT 5 N-AF LT =Y 10a & CEFEBRLES O R 217> 72
(Table 1), 5 mol %™ PPhsAuNTf, #1E . i-PrOH 1 80 °C TG EITo72 & Z A, #ifF L T2\ BER
MR A > R—/L La 3G oizno7- (entry 1), fillii% IPrAUNTR ICATE L= & 2 A\ BERMEER A~ 8
—/b 11a 73 65%DURTHELNTZ, -, TR0 SICRIERD E LT a T B 0 R v 12a B
1%L TH B2 (entry 2), IPrAuSbFs-MeCN % V7= BEIZ1E 11a OUCENME T L= (42%, entry 3),
B %2 MeOH <° EtOH (A LIREZ N TRt 21T 72 & 2 A, MeOH & FIWZERICIE 11a DULERD
74%, EtOH ZHW\ =85 Tlx 82% & i b BV % -2 7= (entries 4,5), & BT, i-PrOH o v iz
JuBRTHE RN IR EDIET T N MR W TRIGEAT o7 & 2 A BIRMER YR L, 12a 3
BIRICTER SN D Z &R bhro 7= (entries 6,7), F£7=. IPr i V|2 JohnPhos <° BrettPhos 72 & ™
Buchwald % A 7@V 77 K& HWGAEIZEB W T i-PrOH FI TS ZAT 9 & 12a 8@ IRAIICHE H 7
(entries 8-10), Z DX I Y T2 RN, BWEDOMENG T D3 ZODILEW & BIRNTTER T 5 DICEHEETH
LN, TR Pr Y Ay RET A a— LRERE WS &\ BB A v F—/L 11a 23,
Buchwald % 4 7DV 77 R HWNIHET v b MR Z WD & 7T e T U BA o R v 12a BENE
BRI OGN D Z Enbholz,
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Table 1. Optimization of the Reaction Conditions

Ph
\
Ph

0 Em M
oC Gt QD Qs
I}IH (0.1 M) l}l l}l
Me Me Me
10a 11a 12a
Entry Catalyst? Solvent Temp (°C) vield (%)°°
1la 12a
1 PPhsAUNTf, i-PrOH 80 0 0
2 IPrAuNTf; i-PrOH 80 65 27
3 IPrAuSbFs-MeCN i-PrOH 80 42 25
4 IPrAuNTf;, MeOH 60 74 9
5 IPrAUNTf, EtOH 60 82 (85) 11 (7)
6 IPrAUNTf, DCE 80 4 86
7 IPrAUNTf toluene 80 10 66
8 JohnPhosAUNTf i-PrOH 80 8(8) 88 (81)
9 JohnPhosAuSbFs-MeCN i-PrOH 80 6 86
10 BrettPhosAuNTf; i-PrOH 80 8 80
MeQO F{C'ijz
P(t-Bu), " r’ o
Q @ A
JohnPhos BrettPhos

2 The ligand structures are shown above. ® Determined by 'H NMR spectroscopy using 1,2,4,5-tetrachloro-3-
nitrobenzene as an internal standard. © Yields in parentheses are the isolated yield on a 1.0 mmol scale.

® EHBCHEHORRN

ZHLARE, I\ BERHEER A > R—/L (condition A: Table 1, entry 5) & 7'm~XZ Ml > KU (condition
B: Table 1, entry 8) 23 E L E ik HUHE R < 15 6105 §oh 2 FHWC, FEEICHIPH BT 2 Mt 217> 72,
XL OIZ, 7=V OBEFEINLOERELN R ;“Db\fﬁﬂﬁ L7z (Table2), RZDALEIZ F &, Cl L, Br
Ko na G VR EFFOT =) U ERWZGE TR, WTILORMBITE TS BROISIZREFIC
HEAT L7z (entries1-6), F7=, Me J&<° MeO f72 E D %TJ—LEEL PEEEAZ AT 2B ICB N TS, I\ BB
A R=ne7aXT7 A R URBWNETHE O (entries 7-10), — 5T, BR5IETHD
CN EZHTHREEICOWTIHELLOLMITBWTY 129 T2 &5, 11g MENEKRTE SN DD
T -7 (entries 11 and 12), AJSORIERM & LT, —BEREH OBRICEIS TR ESND A R—v
DB SN TV o, O Table3 OFERNDH 7/ BB RIIAREFGRILOSEZE Lt BE2 b5 2
EMD, VT ) EEATDHA Y RV FRIRDRE D53 TRWZ L3, 11g & DML 12g 23 ER L 72
WZEDRRTHDEEZTND, RIZ, 7=V COBEBEONEIZEAT2MAEGL720, Br £4FH
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THREEEHO TR E1T>72, R O)LE
condition B Tl 7 a7 Al A4 o KU v 12h DENENTREDOINETES

BRfEBR A F—/L 11h 73,
L7~ (entries 13 and 14),

TIXNBBRMER A R—/L 110 38 L OV 11 23,

R £7-1X R* D&

FNFIGRIRICE 57 (entries 15-18)

Table 2. Substrate Scope (1)

ZBr a2 AT RE WIS

IBr R oRE MM L2y

e

X condition A TIZ/\EB

Az TH, condition A

condition B T/ w7 UHIA R 120 6 LM 12§ A3

Ph
JohnPhos-

IPrAUNTf, AuNTf,
RJU™— 5 | % 5 | %
INVE ™ O\/\/ m
N EtOH g_f_ i-PrOH
Me 60 °C NH 80 °C
Condition A Condition B
11 12
Entry Substrate Condn. Product (Isolated Yield)
Ph S
\ - Ph
R o} 1 R?
P 2 R' Ph
R? NH R? ) e N
R* Me R4 “’?/‘I Me
e
1 10b A 11b (68%) 12b (3%)
1-— 2 — 3= 4 —
2 (R'=H,R*=F R*=H,R'=H) B 11b (22%) 12b (67%)
3 10c A 11c (64%) 12c (trace)
4 (R'=H,R*=CI,R®=H, R*= H) B 11c (13%) 12¢ (79%)
5 10d A 11d (62%) 12d (6%)
6 (R'=H,R?=Br,R®=H, R*=H) B 11d (11%) 12d (82%)
7 10e A 11e (77%) 12e (3%)
8 (R'=H,R>=Me, R®=H, R*=H) B 11e (6%) 12e (77%)
9 10f A 11f (75%) 12f (5%)
10 (R'=H,R?=0Me,R*=H,R*=H) B 11f (16%) 12f (65%)
11 109 Al 11g (17%) 12g (0%)
12 (R'=H,R?=CN,R*=H,R*=H) B 11g (5%) 12g (0%)
13 10h A 11h (55%) 12h (0%)
14 (R*=Br,R?=H,R*=H, R*=H) B 11h (0%) 12h (44%)
15 10i A 11i (64%) 12i (<19%)
16 (R'=H,R?=H,R*=Br,R*=H) B 11i (6%) 12i (79%)
17 10j A 11j (71%) 12j (trace)
18 (R'=H,R?=H,R*=H,R*=Br) B 11j (9%) 12j (80%)

2The second portion of IPrAUNTf (5 mol %) was added after the reaction mixture was stirred for 6.5 h. ® Containing
small amounts of impurities.
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BEWT, TAFVRBOEBBRIEIZCOWV TR 21772 (Table3), 7 = =V IEO TN E TR MPED
Cl A, Brk, CN A2 AT LHEIL, WTFNORMFIZHHEILAEETH -7 (entries1-6), [Fl U < /NTALIZ
Me 5° MeO & H T 5 FE IO T, condition B IZBWTIET a7 U HlA v KU v 3 BRINREL &
HAL7ZA3, condition A IZF W TSN < | Al 23500 C 5 mol %N X 7= RflZ )\ BB fiigR 1 o~ R
—ILINEINEI 52%, 22% TH:H L7z (entries 7-10), S BT 7 = =V FOEHILOAMEIZOW T, Cl
Tt O THRET AT 2 7o m-CLFFEAR 10p 72 6 1355t T 2 11p 36 L OV 12p 23 BAF 72 IR T B 4172 (entries
11and 12), o-Cl #3E1{K 10q % FHV 723541213 condition A TN BERHER A > K —/L 11q % 70%D UL HE T
DT ENTEN (entry 13), condition B Tl 11 & 129 OBRMEDELS E6 0 HIRINEICE -7

(11g:12g=ca. L:l;entry 14), 7 ==LHEORDOVIZT 7X LD L D 72 FEER % H D 10r IZ O\
FEEDICRTHI 2 5- 2 7 (entries 15and 16), 2 (ZT /W FNEEZ AT HIE L LTIV F 2 RKbwos
Me EDOREEIZOWTHILEITo T2, MGFHFICEWTHIMIIE AL OO, RIEIZE EE o7

(entries17and 18), L7Z>L. Tablel @ entry9 ™ DCE % f\ % 5:fF% conditionC & L TG EITo T2 &
A, TaRT U R U R UREIRERTE S (entry 19),

Table 3. Substrate Scope (2)

Y
v \\ JohnPhos-
= IPrAuNTf, AuNTf,
(5 mol %) O (5 mol %
\ O «— // ;))» O 0
N EtOH i-PrOH N
NH

Me 60_ °_C 80 °C Me
" Condition A Me 10 Condition B 12
Entry Substrate Condn.
g6
RS R
X
I}JH
Me
1 10k A 11k (73%) 12k (<10%?)
2 (R°=CI,R°=H,R"=H) B 11k (8%) 12k (77%)
3 101 A 111 (56%) 121 (<15%%)
4 (R°=Br,R°=H,R"=H) B 111 (4%) 121 (69%)
5 10m A 11m (73%) 12m (<11%9)
6 (R°=CN,R°=H, R"=H) B 11m (6%) 12m (74%)
7 10n AP 11n (53%) 12n (12%)
8 (R®=Me, R°=H,R"=H) B 11n (10%) 12n (76%)
9 100 AP 110 (22%) 120 (<14%°2)
10 (R°=0OMe R°=H,R"=H) B 110 (0%) 120 (67%)

13



Table 3. (Continued)

11 10p A 11p (71%) 12p (<7%2)
12 (R°=H,R*=CI,R"=H) B 11p (8%) 12p (74%)
13 10q A 11q (70%) 12q (<12%?)
14 (R°=H,R®=H,R"=Cl) B 11q (27%) 12q (26%)
N Vg
Me l\'/Ie
15 o A 11r (63%) 12r (<99%%)
r
16 B 11r (0%) 12r (52%)
Me
Me,
o>y Qe
) \
Me Me
17 AC 11s (16%) 125 (8%)
18 10s B 11s (5%) 125 (34%)
19 cd 11s (trace) 12s (82%)

2 Containing small amounts of impurities. ® The second portion of IPrAuUNTf, (5 mol %) was added after the reaction
mixture was stirred for 1 h. © The reaction was carried out in i-PrOH using IPrAuNTf; (5 mol %) and MS3A at 80 °C.
dThe reaction was carried out under entry 6 of Table 1.

WIZ, 7=V OERF T EOBEBILSY U —OREEIZOW T OMET 217> 72 (Tabled), 7=V v
DERFFNEREDIE 10t Z W eHa . TR ENORMET 11t & 12t 2MEIER7Z2703 5IEIRNICE 5
i (entries 1and 2), HTBAFZE=R CLARIBASE Sz 7 a7V X OVIE DN % £ 5 S fllibEii B L R 2
BWC, IaA_TUBA U R CEZIFINBRIEEICIE, REOT =) VERFF LRI AF VRN L
Tho7230, ZHIZH LT, REONET =V OEFRRF PN EEROLE 2 DT HRISHET L, 1>
N VERRFICERE AR R WHER O ERT 5 2 N TE T, BniRiEEOT =Y &2 Hnhs
TIEMEEZ < RIS HEST L7 (entries 3 and 4), 7 —{53 D RFEEHD — DFLIWIE &2 FH O T BRICIE,
condition A Tt BERMEER A > K—/L 11v 2% 63%, condition B Tl 44%f55 Z LN TE 72, L LR b,
WTHOSEEICBNTE T aXT Ui A v R U 3e B bneh-7- (entries5and 6), ZiuE. A
FIEREERNRECTH D Z EICERT 2 EHEL TV D, RIJED —DOEWVWEIZO N TIE, JLEER
A ¥ F—= 1w (35547, condition B IZEWTHIST 27 0 ~T7 LA R 212w 3D T 0M2H5 5
NIzDH T o7 (entry8), TH—ENLD Z IZEATDMETE LTHRIAT I REHWEEZ A, WTh
DEMFIZBNTH T BT UBAL R 12X TR GO T, LX BEHND DA TH -7 (entries 9
and 10)
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Table 4. Substrate Scope (3)

Ph

X
Ph \l JohnPhos-
= IPrAuNTf, AuNTf,

{ L, _(5mol %) % Z (5 mol %) O -z
N N EtOH i-PrOH N
RS 60 °C N 80 °C n

\ RS
" Condition A R® 10  condition B 12
Entry Substrate Condn. Product (Isolated Yield)

Ph

ol

N

R R8
1 10t A 11t (32%) 12t (7%)
8 = = =
2 R*=H,n=1,2=0) B 11t (0%) 12t (18%)
3 10u A 11u (56%) 12u (trace)
4 (R®=Bn,n=1,Z=0) B 11u (8%) 12u (77%)
Ph
Ph
p N
Me Me
5 10v A 11v (63%) 12v (0%)
(R®=Me,n=0,Z2=0) B 11v (44%) 12v (0%)
Ph
Ph
=
{ o J O '°
N N
Me Me
7 10w A 11w (0%) 12w (0%)
8 (R®=Me,n=2,Z2=0) B 11w (0%) 12w (289%)
Ph
Ph
N N
Me Me
9 10x A 11x (63%) 12x (0%)
10 (R®=Me,n=1,Z=NTs) B 11x (67%) 12x (0%)
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@ ISHEIBMAT & HEEROCTEAR

ABIED AT = XA L TR DEEZIRD 5720, WL DD FEERE1T - 7= (Scheme 4), condition
BIZBWT, MUNREZ 40 °CE LTE5 0B L7 L ZATRIGE LD, RUNMEBMEZRR LI 2 A,
TV/¢%¢1%ﬂn%nto_®¢W% X, FTBRMFIEE CUARIBRE S L2 G & AR O F A TH 5
0, IHIT, o7 L 13alcxt L, NEBRMEERA » =N EAERY & L THE L5 condition A @
FIGEAT 128 2 A, NBBRHEERA > F—/1 11ai’ 4%, 7aT U8B0 0 R 2 12a 78 91% DR T
biz, ZOZEND, 1la OERIZBW T, 7L UrFROFET/NSWZ ERBEShZ, —J T,
TuaxXZURA R 12837 b2 13a AR L TCVWD T ERRE S L, FTEAFSEE TUIRIBR S 1
RIS RO T o XTI U R UBERENTND EEZ DD,

P
\ JohnPhosAuNTf, Ph

(o) (5 mol %)
Z \ on } 11a + 12a
i-PrOH (0.1 M) N (14%)  (46%)
° |
NH 40 °C e
|
Me 10a 13a (35%)
IPrAUNTf,
(5 mol %)
OH ——m
EtOH (0.1 M)
60 °C
13 Condition A 11a (45 12a (91 %)

(Determined by "H NMR spectroscopy using
1,2,4,5-tetrachloro-3-nitrobenzene as an internal standard)

Scheme 4. Gold-Catalyzed Cyclization of 10a

RIS, TRV FNAUNZ A F VAT L EEE LI 10y 2 AV TRISZ1T 72 (Scheme 5A), %
# 13 5-endo-dig Tt Fr7 2 /{ky 8-endo-dig TOEHLIZ L » TIEM X5 (S)-10yC DT 1 hF AL —
Va rERET, MnTAEFIEENERMEERA > F—L 1y NE—OxF o FA~—L L THELNLD L
FHLTZ, LL7Zed 6, condition A T(S)-10y Z Ui SH 5 &, JPiEIEE BRI K - 72 )\ B BRffEER A
Y R=ly T aRT R R 12y 3 BT (Scheme 5A), £7-. condition B T(S)-10y & X
BEED L, FusT UL LR 212y 135 SRR A » KL 11y (<31%, 0% ee) 235611
7= (Scheme5B). & 52, 10y ORUG 4 & 0 B REHE £ 72 HE ORISR TIT 5 & st 57 1w
IR 13y BEH. ZOXFAEE S 22z dkbiu Tz (Scheme 5C), ZNUHDFERMNMEL, T Lo
RIS R B BRI IZ B =L S — L RHf ik 10yC OBIBRIC L - T4 U 5 10yD D & 9 727 % 5 L 72 i
RERRE L TWA Z AR ESNE 8, &6, NBBRERML I IR Tho 2 b, NBEE
FZ IS —BERHER L, A 10yD OFPHER A #H L CRISDEITT 2 Z E AR ST, 7ok, afitiito
EFIC & > C7 Lo i 18y 2358 L L, b Fo o 10yD Z 4R i8FIC RIS AT LT 5
AREME S E X HiLD %,
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(A) Gold-Catalyzed Cyclization of 10y
Ph

\
o IPrAuUNTf,
le) (5 mol %)
©\/\/
EtOH (0.1M) ,,, ;',M
60 °C
(S)-10y

Me (>99% ee)

[Au"] ¢ ¢

Condition A (£)-11y (35%, 0% ee) (,)-12y (35%, 0% ee)

[Au’]
[Au] [Au]
Ph Me Ph Me Ph
=N = ==Me
PP =Y
n ---- OH
) ) D
Me Me Me
(S)-10yC (R)-10yC 13y
\ [Au]
Ph Me
) X
@,
N OH
Me 1oyD
(B) The Reaction of 10y under Condition B
Fh X JohnPh
onn os
SNMe N Ph Me "
u 2 N
o} (5 mol %)
o O | O s
iPrOH (0.1M) N 7,
80 °C Me N Me
'}‘H Me
Me (s)-10y 11y (<31%, 0% ee) 12y (0%)

(C) Isolation of Allene 13y and Determination of the Enantiomeric Excess of 13y

N
\\‘Me IPrAUNTS, Ph
o (5 mol %) '=<|':"e
= —_— > \ ont My + 12y
EtOH (0.1M) N (16%)  (<15%)
o )
NH 60°C, 1h e
Me (S)-10y 13y (<38%, 0% ee)
Ph

Q Me JohnPhos Ph
AuNTf, Ve
_ o (5 mol %) =4
—»
iPrOH (0.1M) N
o |
NH 40°C Me

|
Me (R)-10y 13y (<56%, 0% ee)

Scheme 5. Gold-Catalyzed Cyclization of 10y

INHOERE S LIS, OCHEDBEE %47 >7- (Scheme6), 7", &fiiitic L TiEM LI T
NE AT L, 7=V U OERFTF1EHO 5-endo-dig Bl e Ka 7 U —UALEGA#EIT L, 7 a b4 L —
asIlEoTA Y R=V A RTERREND 2, HtW\ T, b O —FHOTILF 3BT K- TEME S
NHZ &L 8endo-dig Bl K7 U —AbLSAEIT L, BE=/ra— L RHEHE C EL 5, HH

KCONBERIIBEZDICHE L CHF A MEOFMBIKD 24 L, [t EoEm Wz it Ref v
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EDPREHESTHZLTCILRD ETPREND, FHECOT v FTFH L — 3 28> TNERMER
A2 R—V WL BERT D, —F, TRIED MO0 BEET 57 L 13 BRSNS 3, EkIhi-
T LU Ko TIEM (b S D & LIRTATBAT SRS TR S VRS OREIZ L > T, VR A
FAUHRBIKEG 2R LT aXT A, v R 12 083EK9 5 0, ZZ T, 7L 13a @ condition A
TORGTUNa BV EULNER LR -T2Z B (4%, Schemed), 7L 136D E =)L 3 —/L N
R C ~DWRISIE G DAEMRELVBEVWEHERITE D, £/, Bi biX, IWFAPEHEIE G DERKIZHS
WT, 4 BB F Z2RETIRIEKRE LD b1 2 R—L 2 (MO L » TEHZTE 5K O 3G F]
ThdIEHFERTRLTND %,

U7 RROEIED DRI L 2 BPUEDIENE T T DL S SR DB UNETH L8, Araetk s L

TIHUTFTOZ ENREZ HND, Tablel T 1 b UEEIEEZ AW EGEITIZNEER 113, FE7' 1 b oM
A RNEBEIIT T eI R U R RBERELTHELND LW ORI GO, ZhiE, 7
o b UMEIREEOEAE. TEK C oF o hTFAL—T g U ERRET OISR L, ET T b oA A
WEBRIZIZ C O e T AL —va UREIVIZKL, Ty BaRBLTLR2 BERT S LB b
5, HU7m b Msgh s, U RELTIPr ZHWild/\ B8R 11 28, Buchwald %1 7DV 77
R FWTZBRIIE 12 2RISR S e, IPr U T R 8D LD B EER NHC U Ty Rigd7'm
AL —va U ERRET D Z LA BALTN S 362 360, Wmimm)ﬁ/%fiA#%%%ﬁAA@
WG NRRKRENFICHERT D L Bbid ¥, 2070, IPr Z VT HAIIEFEIK C o7e b7
F—l—va UPMBESL, W PMEEMICAER LD EEX BILD,

AT BRI B W TR SN RS IZEB W T, 7R VIO L > TR ST b
YHERDN D NBEBRDTER SN TN eDITH L 0, RRISTIHEICE =L —/L Rk 7 e 74
L—ya X TNEBERPERESND, £/o, 7T 8 R L TH/NBRE= LI —
U RHRRRDBRER 35 Z & CTHEKT 27 LRGBS D, 20X ICNBRE= LI —L R
A Z R LTS E G L2 2 Ik o T, U RERITEEOBIRIC L 0 N BRERA ~ F—
NWENRISBEST L2 ZEITHRIIL, 7aXT U8 U KU EOMEY 3T bR T D 2 LAk,
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R
X
7/ \
@, R
N OH —
) =
ring opening Me D \
+ OH
H N
+ Me

8-endo dig \ l\llle c
6]

\

+ " r P 13 R ATl
Y O Q{j
) \ O \ oH ‘ R AU
R JAV] N [Au'] N j{
R
N = Ref. 37 Me f
Me \ (0] !
14 N 19 [Au'] v
|

Scheme 6. Proposed Reaction Mechanism
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F=H FHRN\BREKLZET D IDOL FEA OBEE AR5

O KPYC12532 (5a) #HEARDFHRE LA

RIZ IDOL [HEAIEE DO T- 912, KPYC12532 (5a) DTG HAHBINIZE %2 1T - 7=, KPYC12532 (5a) %
b L LTIERB 21T 9 12 T2 > TLLF O & 5 eifEk 2 5kGt L7z (Figure3), £9°, 1 > F—/Ld C5
ALD Br feZ b4 7 BEHAILIC A L 727 1 2 5b-5e, 11s &, C6 (T Br k&2 Fi > (LB 5Ff Z3%Et L=,
A2 R=L NLALD A F )L EEDO BN 2 T3 5 729012, N-Me 24 & 72 W B E (R 59 18 L OV N-Me & &
A2 R—®D C5 LD Br 2% H I 72 5h, Bn A2 HT LG5I #&5t L7c, Y Ratx Vo U8R
DIEHNATRENE O WAL, PhE2ETe 11d, BN\ BREAT 5 55, T ORFERILEIA 5k
7 EOFHERE N oG LT, . LAROFEK B) L2xo®FET Sl (5m, 5n) ZEKT
LHZEELT,

Modification of
dihydrooxocine ring

Various substituents

instead of Br group Ph (11d)
H (11s and 5h), F (5b), CI (5c),
Me (5d), MeO (5e) \
B
Me,
@ @Sm (R = Boc),

5n (R=H)

H
Br (5f) &

Br group at C6 position |

KPYC12532 (5a H (59 and 5h), Bn (5i)

Examination of the importance
of the methyl group

Figure 3. Design of KPYC12532 (5a) Derivatives

THICB L7 BUS A2 VT, KPYC12532 (5a) B L OZED#EEK%E Gk L= (Scheme7), millR®
7=V 153, 15b L T VF v 17a L DOREED v TV LN E ST, VAU EAETDHT = U VFEIK 16a,
16b #1572, #5417z 163, 16b (2 L T IPrAUNTf, 2 W il b O 2179 28 K A1 U F—1 oD
BFRFTN TV —OFEM 5h, b5g A LTz, S 5HIZ, 5h, 59 DERF1TEH ATF /T HZ LIk -T
11s,5a ~EFFE LT, F72.Bn a2 A9 2{LAY 5i 13 59 2 BnBr & NaH THLEET 5 Z L2k » T,
LB 5j 137 % b Afili A - ba DNBEE EOA L7 4 ORI L > TAKR L, 1£E% 5b-f D
ARk % Scheme 1B (27”7, N-AF /L7 =V 15¢c-g & 7 /F 2 17a EDEEAT » 7V T L ->TYA
VIRER 16c-g AL, 16c-g (ZxF L CRMBGEGEERILEUS 21T O 2 IR > TA v R—/Ld C5 fiLic
F,Cl, Me, MeO 241 5 F5E (K 5b-e. A > R—/L®D C6 \ZlT Br A AT 558K 5f 2157, ﬂﬁ/*\% 5k I
T LA 50 DA > R—ILDZERIFT D A FAIZ L > TERL L7 (Scheme7C), &Iz, L EBRGFEA
DERKETIT-7- (Scheme 1D), 7=V > 15b & 7/ % 17b & DOEEED v 7V 7, ﬁ’%& T n%E
RIRTFDAF AL E | HFHITZ 161 OBMEGERGERLESIC K-> T, LERFEMR 5 21572, HikiC,
CERICERF T2 & 78K 5m,5n 24/ L7- (Scheme7E), £7°. N-AF /L7 =V L #HE(K 15h &
Boc RSN ERFE2HTLHT XL 17 LOREED v 7V o N2k > T16) ~EFE LT, 16) 1
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%t L C JohnPhosAuNTf, # W Tl b 2179 Z & KD 5m 26 kL., 5m 2 TFA ALEE3 5 Z L (Z
£ > T Boc B EEINT5n f\k%l/\f:o

(A)

Me
R! | (a)
T —
NH,
15a:R' = H 16aR1—H 5h: R1—H 1s: R1—H
15b: R" = Br 16b: R = |j 5g:R'= |_>/ 5a:R' =
Bn Me
(B) Me 5i 5j
Me
R! R3 /
—» (o] Me
j@: \ A\
R? NH NH N
Me Me X
15¢c:R'=F, R?2=H,R3=| 16c.R1—F, R2 H 5b:R'=F, R?=H //HB/
15d: R'=CI,R2=H,R3=1 16d: R'=CI,R?2=H 5¢:R'=CI,R?2=H 17a:n=1,X=0
15e: R'=Me, R?=H, R®=1 16e: R'=Me, R2=H 5d:R'=Me, R?=H 17b:n=0,X=0
15f; R = OMe, R2 = H, R3 = Br 16f: R = OMe, R2= H 5e: R' = OMe, R2 = H 17c:n =0, X = NBoc
15g: R'=H,R2=Br, R®= | 16g: R'=H, R2=Br 5f: R'=H, R2=Br
() (D) Me
Br. Br. J Me,
(c) "
\ > \ h) Br. \ o
N 15b_>
N \ N
H Me NHR® e
50 5k 16h: R®=H 51
i
® I: 16i : R® = Me
Me
(E) Jl
M
N Br. e Br Me,
Br I Br 7 Boc () (m) =
" —_— \ NBoc —> \ NH
NH NH N
] } | '}‘
Me Me Me Me
15h 16j 5m 5n

Scheme 7. Synthesis of KPYC12532 (5a) and Its Derivatives 5b-5n, 11s. Reagents and Conditions: (a) 17a,
PdCI2(PPhs)z, Cul, EtsN, 50 °C; (b) IPrAuNTf,, AcOH, MS3A, i-PrOH, 80 °C; (c) Mel, NaH, DMF, 0 °C to rt; (d)
BnBr, NaH, DMF, 0 °C to rt; (e) H (balloon), PtO,, EtOH, rt; (f) 17a, PdCI»(PPhs),, Cul, EtsN, DMF, rt or 80 °C;
(g) IPrAUNTf,, MS3A, i-PrOH, 80 °C; (h) 17b, PdCI,(PPhs),, Cul, Et3N, DMF, rt; (i) MeLi, Mel, THF, -78 °C to rt;

(i) IPrAUNTf,, i-PrOH, 80 °C (k) 17c, PdCIl>(PPhs),, Cul, EtsN, DMF, rt; (1) JohnPhosAuNTf,, i-PrOH, 80 °C; (m)
TFA, CH.Cly, rt
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@ KPYC12532 (5a) #FHEAROMEETE MBS

AR U= A TSRO IDOL (2% 2 BLEEME A5 72, recombinant human IDO (rhIDO) % >
TEERIET v A 21T -7z, IDOL BERFLEENEX, LAWFET (B 30 uM) . rhiDOL 2L » T4
% S 415 kynurenine OPEE B A ET H Z & TRl L7z (Table5),

Table 5. Inhibitory Activities toward the rhIDO of KPYC12532 (5a) Derivatives?

rhIDO rhIDO
Compd kynurenine Compd kynurenine
production production
at 30uM at 30uM
R Me Br LN
O w QO e
) )
Me Me
5a R =Br 50% 5 Me
]
1= 0
11s Rl=H 73% 5 Q—Co 3%
N
5b Ri=F 76% Me
5¢ Ri=Cl 70% Br
5d R! = Me 72% 5k O‘Q 60%
N
5e R!=OMe 94% Me
Me Br Me
5f Br@‘C‘D 64% 51 CZ—Q 42%
N )
Me Me
R1 Me Br Me,
N N
H Me
59 Rl =Br 70% 5m R2 = Boc 79%
5h Rl=H 96% 5n RZ2=H 75%
Br. Me
5i O_CO 75% 4 Epacadostat (1 pM) 2%
N
Bn

305 kynurenine production = [{L&#1FE T (30 uM) @ kynurenine D FEARE] L EWMIEFIE T D

kynurenine O pEA ],
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IXLOIZ, A RV EOERENHEIFHICED L 9 B LE KITTONEFTH~T, 4 F—/L 5 {iL
D Br A BRELALAY (11s) R Brikz F R, Cl . Me <> MeO JEiCc@E# L7-1bA% (Sh-e) 1T,
{E&® 5a L0 HELEIEIEAMK T L7z (70-94% kynurenine production), Br ZEDALE 231 > R—/L 6 (\L TH
55 IOV THATOESEDIK TR RGN (36%), £z, v FR—LOEFFT LD Me FEAEFrREL
72 59 W DWW TIHIEEDIR T A 64 (5g: 70%) . A > R—/L 5 iLdD Br k& A > R— NV OEFRF1 LD
Me FED T Z FRUN 2 Bh IZ DWW TIIIEMER R b o7z (96%), F72, AT INVEE R DV E
L7258 BIEEME T Lz (5i: 75%) , 26 OFERMN 5, C5 LD Br £k & NLALOD A F /L3 KPYC12532

(5a) DIFMEICEHG LTS Z EARIBE T, RIZ, KPYC12532 (5a) Yk Rue4% Y v U BRICET
% SAR %1T-o7-, \BER LD Me 5% Ph JEICAH# L7z 11d 128 W QI FLETEESHERF S vz (56%)
T RTk Radx Y v UFEK 55 14 5a LV IEHMENZ R bhols (73%), BB 1% KBTI
B L7 bE Bk X, NBEREOATFIVEEZA L TRV, ba LREFEDOIEMELZ R LT (60%), &
BB OFER 511X 5a & RIS OMEFEZ R L (42%), —F5, BER EICERF 24T 5LE8% 5m
BLOBn L, IEEOR ERNRD S o7z (Bm:79%, 5n:75%), IS DOFERMNG, A XV U B
DEBCEICE D, HRLEAVBAHETHD Z ERH LN T2,

REIZ, fiEE W7 vtA4 T KPYC12532 (5a) O HBEEKFHRLE 2] ~7-. KPYC12532 (5a)
I3 A431 IR W CHRRFEAICS X L=V pEAEZ4H L2 (ICs = 4.7 uM, Figure 4a) ., £7=. {b&
¥0> 0.3-30 uM OPEFEFEFA Tk, MlaEtEEBE s 2o -7 (Figure 4b)

(@ (b)

100 —

g -

8 £

=] =

k-] a8

o 3

S soqf =

£ | S

c

o ®

£ e I I I 3 <
S > N e P SN e s, @
compound conc. (uM) compound conc. (uM)

Figure 4. (a) Investigation of the Dose-Dependent Inhibition of KPYC12532 (5a) in Cell-Based Assay (A431 cell);
(b) Investigation of the A431 Cell Viability of KPYC12532 (5a)
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B /NG

FEFT, A2 W o EERILEOSICT L0 . NBBRMEERA V R— e 7 a T U, v R &
AL WDATéﬁ&%%%LtOKﬁmijw/biti@ﬁ@ﬁwAf Lo TRI—DEEND
ODRIL B ENED 31D 2 LN ATRETH o 7= (Figure 5A) ., ALUG % FAW 73T 1DO1 P HAA) 5
D= OfERTE LT, baz b LICHFEFEREL AL, £ O LT rhIDO & HWeEERIRET v &
A HAT o T2 T ORER, TEMERBUCHEREHILOERIG NIz, /o, ba L AEOTEELZ AT 5 11d
& 51 Z R L7 (Figure 5B),

(A) Summary of Gold-Catalyzed Cyclization of Anilines with Diynes

Ph JohnPhos-
% AuNTf,
Fh, i-PrOH, 80 °C
= IPrAUNTF,
\ O «——— // —_—
N EtOH, 60 °C IPrAuNTf,
1
DCE, 80 °C
Me
I\IIH
Eight-Membered Ring Me Propellane -Type
Fused Indole Indoline
(B) Summary of Structure-Activity Relationships of KPYC12532 (5a)
Br group desirable modlflable
Ny QQ O
N
|
Me
Me group desirable KPYC12532 (5a) 11d 5l

Figure 5. Summary of Chapter 1
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General Methods. *H NMR spectra were recorded using a JEOL ECA-500 or a JEOL AL-400. Chemical shifts are
reported in & (ppm) relative to MesSi [in CDCl; or DMSO-ds] as the internal standard. 3C NMR spectra were
recorded using a JEOL ECA-500 or a JEOL ECZ600R, and referenced to the residual solvent signal. IR spectra were
obtained on a JASCO FT/IR-4100 spectrometer. Exact mass (HRMS) spectra were recorded on a Shimadzu LC-ESI-
IT-TOF-MS equipment (ESI). Column chromatography was performed using a forced flow (flash chromatography)
of the indicated solvent system on Wakogel C-300E (Wako), Chromatorex NH-DM1020 (Fuji Silysia) or Biotage
Isolera flash purification system on Presep® Silica Gel Type M (Wako), Presep® Silica Gel Type L (Wako), Biotage
ZIP® ISOLUTE NH (Biotage) or Biotage® Sfir Silica D. All the heating experiments were performed in an oil bath.
The Compounds 50, 15a, 15b, S1a, S1b, Slc, Sle, S2a, S2b, S2c are commercially available. The known Compounds
15e%0, 1530, 15h%0, 17a%, 17b38, 17¢%°, S1d*0, S1f41, S1j*2, S1k3°, S2d*3, S34, S4f*5, S5% were synthesized according
to the literatures. The 'H NMR spectra of 5a%®°, 5k*’, 12a%, 15d¢, S1g*° and S4b°° were in good accordance with
those reported in literature. Structures of Sla-S1k, S2a-S2d, S3, S4a-S4e, S5, S6, S7, S8, S9, S10 are shown in
Schemes S1-S5.

Experiments in Section 2

Preparation of the Cyclization Precursor.

R! ) R’
R2 | MeLi. Mel Rﬁ:(l
3
R® NH; -781‘-’2':'(0 rt R 4 o
R* R Me
S1a(R'=H,R?=F, R®=H,R*=H) 15¢ (R'=H,R?=F, R®=H, R*=H)
S1b (R'=H,R?=CI,R®=HR*=H) 15d (R'"=H,R?=CI,R®*=H,R*=H)
S1c (R'"=H,R?=CN,R3=H, R*=H) S1g (R'=H,R?>=CN,R%=H,R*=H)
S1d (R'=Br, R?=H, R®=H, R* = H) S1h (R'=Br, R?=H, R®=H, R* = H)
S1e (R'=H,R?=H,R®=Br, R* = H) 15g (R'=H, R?=H, R®=Br, R* = H)
S1f(R'"=H,R?=H,R®=H, R*=Br) S1i(R'=H,R2=H,R®=H,R*=Br)

Scheme S1. Preparation of 15¢, 15d, S1g, S1h, 15g, S1i

. /© -
NaH = K2CO3
oOH — 5 o F NHTs _ MeCOs
//P\)F/ THF //(/\)5/ ///\/ N

N
MeCN
0°Ctort reflux ///\/
S2a(n=1) S4a(n=1) s2d s4d
$2b (n = 0) S4b (n = 0)
S2c (n=2) S4c (n=2)
OH H Ohira-Bestmann //
oH Br” N"0H TEMPO o Reagent
NaH PhI(OAc), K2CO3
_— e —_— (6]
= Me O O
Ph/L JTHF CH,Cl, MeOH _ Me
0°Ctort & Me rt = Me 0°Ctort 4
S5 Ph Ph Ph
S6 S7 S4e

Scheme S2. Preparation of S4a-S4e.



R! Sda R
R2 | PdCl,(PPhg), R2 =
Cul, Et;N
R3 NH - RS NH
P DMF RN
R Me it R Me

S1j(R"=H,R?>=H,R3=H, R*=H)
15¢ (R'=H,R%2=F, R®=H, R*=H)
15d (R'=H, R?=CI,R®=H, R* = H)
15h (R'=H,R2=Br, R®=H,R*=H)
15e (R' =H, R?=Me, R® = H, R* = H)
S1g(R"=H,R2=CN,R®=H, R* = H)
S1h(R'=Br,R?=H,R%=H,R*=H)
15g (R'=H,R%=H, R®=Br, R*=H)
S1i (R'=H,R?=H, R®=H, R* = Br)

10a (R'=H,R?2=H,R®=H, R*=H)
10b (R'=H,R?=F, R®=H,R*=H)
10c (R'=H,R?=CI,R®=H,R*=H)
10d (R'=H,R2=Br,R®=H,R*=H)
10e (R' =H, R? = Me, R® = H, R* = H)
10g (R'=H,R%2=CN, R®=H, R* = H)
10h (R'=Br, R?=H,R®=H, R* = H)
10i (R'=H,R?=H, R®=Br, R* = H)
10j (R'=H,R?=H,R%=H,R*=Br)

Ph
\
S4a (o)
MeO Br PdCly(PPh3);  veo =7z
\C[ Cul, Et;N
—>
“'?/‘IH DMF EH
€ 80 °C e
15¢ 10f
Scheme S3. Preparation of 10a-10j
R5
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///\/0 \l \ \\
s4f o o) Arl o
| PdCIy(PPh3), FZ = PdCI,(PPh3), FZ
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—_—— —
NH
\H DMF \H MeOH o DMF “'?/‘IH
Me . Me t e rt or 80 °C °
S1j s8 9 10k (R* = CI, RS = H, RS = H)
101 (R* = Br, R® = H, R® = H)
Br 10m (R*=CN, R®=H, R® = H)
Me - - -
\ PdCIy(PPh3), 10n (R* = Me, R® = H, R® = H)
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///\/ A DMF, rt 10p (R*=H, R%=CI, R® = H)
17a 109 (R*=H,R%=H,R®=CI)
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|
rt Me X
10s 0
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Scheme S4. Preparation of 10k-10s
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S4a or S4b or S4c \

or S4d Z
| PdCly(PPhs), =
@( Cul, Et;N
_
NHR NH
R

DMF
15a (R = H) rt 10t (R=H,n=1,Z=0)
or 10u(R=Bn,n=1,Z=0)
$1j (R = Me) 10v(R=Me,n=0,Z=0)
or 10w (R=Me,n=2,Z=0)
S1k (R = Bn) 10x (R=Me, n=1,Z=NTs)

Ph

\ \‘\Me
Sde o}
| PdCly(PPhs), FZ
@E Cul, Et;N MeLi. Mel
—_— —_—
NH, NH
Me oy

o

DMF H, THF
15a -78 °Ctort

Scheme S5. Preparation of 10t-10y

4-Fluoro-2-iodo-N-methylaniline (15c). To a stirred solution of 4-fluoro-2-iodoaniline (S1a) (1.16 g, 4.90 mmol)
in THF (16 mL) was added MeLi (1.16 M in Et;0; 4.65 mL, 5.39 mmol) at —78 °C under argon. After the mixture
was stirred for 1 h at this temperature, Mel (0.366 mL, 5.89 mmol) was added to the mixture. The mixture was
gradually warmed to room temperature and stirred for 12 h at this temperature. The reaction was quenched with
saturated aqueous NH4CI. The resulting mixture was extracted with EtOAc twice. The combined organic layer was
washed with brine, dried over Na,SQO, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane/EtOAc = 40/1) to give 15¢ (630 mg, 51%) as a red oil; IR (neat cm): 3408
(NH); *H NMR (500 MHz, CDCls): 6 2.83 (s, 3H), 3.95-4.04 (br m, 1H), 6.45 (dd, J = 8.9, 4.9 Hz, 1H), 6.98 (ddd, J
=8.9, 8.9, 2.9 Hz, 1H), 7.40 (dd, J = 8.0, 2.9 Hz, 1H); 3C{*H} NMR (125 MHz, CDCls): 6 31.5, 83.4 (d, Jc.r = 8.4
Hz), 109.5 (d, Jc.r = 7.2 Hz), 115.8 (d, Jc.r = 21.6 Hz), 125.3 (d, Jc-r = 25.2 Hz), 145.1 (d, Jcr = 2.4 Hz), 154.5 (d,
Jcr = 238.7 Hz); HRMS (ESI-TOF) m/z: [M + H]* calcd for C7H7FIN, 251.9680; found 251.9679.

4-Chloro-2-iodo-N-methylaniline (15d). According to the procedure described for the preparation of 15c, 4-
chloro-2-iodoaniline (S1b) (991 mg, 3.91 mmol) was converted into 15d (271 mg, 26%) by the reaction with MeL.i
(1.16 M in Et20; 4.05 mL, 4.69 mmol) and Mel (292 uL, 4.69 mmol) in THF (6.5 mL) at—78 °C to room temperature
for 5 h. Column chromatography: silica gel (gradient 1 to 5% EtOAc in hexane); *H NMR (500 MHz, CDCls): § 2.87
(d, J = 5.2 Hz, 3H), 4.15-4.24 (br m, 1H), 6.45 (d, J = 8.6 Hz, 1H), 7.20 (dd, J = 8.6, 2.3 Hz, 1H), 7.62 (d, J = 2.3 Hz,
1H). The 'H NMR spectrum was in good agreement with that reported.*®

3-lodo-4-(methylamino)benzonitrile (S1g). According to the procedure described for the preparation of 15c¢, 4-
amino-3-iodobenzonitrile (S1c) (452 mg, 1.85 mmol) was converted into S1g (210 mg, 44%) by the reaction with
MeLi (1.16 M in Et;0; 1.91 mL, 2.22 mmol) and Mel (150 pL, 2.41 mmol) in THF (6.2 mL) at —78 °C to room
temperature for 1 h. Column chromatography: silica gel (hexane/EtOAc = 10/1); *H NMR (400 MHz, CDClz): 6 2.94
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(d, J=5.2 Hz, 3H), 4.76-4.85 (br m, 1H), 6.49 (d, J = 8.6 Hz, 1H), 7.48 (dd, J = 8.6, 1.7 Hz, 1H), 7.88 (d, J = 1.7 Hz,
1H). The *H NMR spectrum was in good agreement with that reported.*®

3-Bromo-2-iodo-N-methylaniline (S1h). According to the procedure described for the preparation of 15c, 3-
bromo-2-iodoaniline (S1d) (244 mg, 0.818 mmol) was converted into S1h (78.9 mg, 31%) by the reaction with MeLi
(1.16 M in Et;0; 0.847 mL, 0.982 mmol) and Mel (65.9 pL, 1.06 mmol) in THF (2.7 mL) at —78 °C to room
temperature for 10 h. Column chromatography: (gradient 1 to 5% EtOAc in hexane) and amine silica gel (hexane
only); colorless oil; IR (neat cm™): 3401 (NH); *H NMR (500 MHz, CDCls): 6 2.88 (d, J = 5.2 Hz, 3H), 4.47-4.58
(br m, 1H), 6.43 (d, J = 8.0 Hz, 1H), 7.00 (dd, J = 8.0, 1.1 Hz, 1H), 7.10 (dd, J = 8.0, 8.0 Hz, 1H); 3C{*H} NMR
(125 MHz, CDCls): ¢ 31.4, 92.0, 107.7, 120.8, 130.1, 130.5, 150.6; HRMS (ESI-TOF) m/z: [M + H]* calcd for
C7HsBrIN, 311.8879; found 311.8874.

5-Bromo-2-iodo-N-methylaniline (15g). According to the procedure described for the preparation of 15c, 5-
bromo-2-iodoaniline (S1e) (473 mg, 1.59 mmol) was converted into 15g (335 mg, 68%) by the reaction with MeL.i
(1.16 M in Et20; 1.64 mL, 1.91 mmol) and Mel (129 uL, 2.06 mmol) in THF (5.3 mL) at —78 °C to room temperature
for 10 h. Column chromatography: (gradient 1 to 5% EtOAc in hexane); yellow solid; mp 78-80 °C; IR (neat cm™):
3401 (NH); *H NMR (500 MHz, CDCl3): & 2.87 (d, J = 5.2 Hz, 3H), 4.23-4.29 (br m, 1H), 6.57 (dd, J = 8.6, 2.3 Hz,
1H), 6.64 (d, J = 2.3 Hz, 1H), 7.46 (d, J = 8.6 Hz, 1H); 3C{*H} NMR (125 MHz, CDCls): 5 30.8, 82.7, 112.7, 121.1,
123.7, 139.6, 149.2; HRMS (ESI-TOF) m/z: [M + H]* calcd for C;HsBrIN, 311.8879; found 311.8880.

[3-(But-3-yn-1-yloxy)prop-1-yn-1-yl]Jbenzene (S4a). To a suspension of NaH (532 mg, 13.3 mmol) in anhydrous
THF (15 mL) at 0 °C was added dropwise 3-butyn-1-ol (S2a) (777 mg, 11.1 mmol). After the mixture was stirred for
30 min, a solution of (3-bromoprop-1-yn-1-yl)benzene (S3) (2.38 g, 12.2 mmol) in THF (3.5 mL) was added to the
reaction mixture at 0 °C. The mixture was stirred at room temperature for additional 7.5 h, and then diluted with
water. The resulting mixture was extracted with EtOAc twice. The combined organic layer was washed with brine,
dried over Na;SQy, filtered, and concentrated in vacuo. The residue was purified by column chromatography on silica
gel (gradient 1 to 5% EtOAc in hexane) to give S4a (1.46 g, 73%) as a yellow oil; IR (neat cm): 2235 (C=C); 'H
NMR (500 MHz, CDCls): 6 2.02 (t, J = 2.9 Hz, 1H), 2.54 (td, J = 6.9, 2.9 Hz, 2H), 3.73 (t, J = 6.9 Hz, 2H), 4.43 (s,
2H), 7.28-7.34 (m, 3H), 7.43-7.47 (m, 2H); 3C{*H} NMR (125 MHz, CDCls): ¢ 19.7, 58.9, 67.9, 69.4, 81.0, 84.7,
86.4,122.5,128.3 (2C), 128.5, 131.7 (2C); HRMS (ESI-TOF) m/z: [M + Na]* calcd for C13H12NaO, 207.0780; found
207.0779.

[3-(Prop-2-yn-1-yloxy)prop-1-yn-1-yl]benzene (S4b). According to the procedure described for the preparation
of S4a, pent-4-yn-1-ol (S2b) (0.135 mL, 2.29 mmol) was converted into S4b (155 mg, 40%) by the reaction with S3
(491 mg, 2.52 mmol) in THF (1.3 mL), NaH (82.3 mg, 3.43 mmol) in THF (2.5 mL) at room temperature for 5 h.
Column chromatography: silica gel (gradient 1% to 3% EtOAc in hexane); *H NMR (500 MHz, CDCls): § 2.48 (t, J
= 2.4 Hz, 1H), 4.33 (d, J = 2.4 Hz, 2H), 4.50 (s, 2H), 7.30-7.50 (m, 5H). The *H NMR spectrum was in good

agreement with that reported.>°
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[3-(Hex-5-yn-1-yloxy)prop-1-yn-1-yl]benzene (S4c). According to the procedure described for the preparation of
S4a, pent-4-yn-1-ol (S2c) (0.221 mL, 2.38 mmol) was converted into S4c (382 mg, 81%) by the reaction with S3
(464 mg, 2.38 mmol) in THF (1.0 mL), NaH (105 mg, 2.62 mmol) in THF (2.0 mL) at room temperature for 6.5 h.
Column chromatography: silica gel (gradient 1 to 5% EtOAc in hexane); yellow oil; IR (neat cm™): 2335 (C=C);
'H NMR (500 MHz, CDCls): 6 1.85 (tt, J = 6.3, 6.3 Hz, 2H), 1.95 (t, J = 2.6 Hz, 1H), 2.33 (td, J = 6.3, 2.6 Hz, 2H),
3.69 (t, J = 6.3 Hz, 2H), 4.37 (s, 2H), 7.28-7.33 (m, 3H), 7.42-7.47 (m, 2H); 3C{*H} NMR (125 MHz, CDCls): ¢
15.2,28.5,58.9, 68.4, 68.5, 83.8, 85.2, 86.1, 122.6, 128.2 (2C), 128.4, 131.7 (2C); HRMS (ESI-TOF) m/z: [M + H]*
calcd for C14H150, 199.1117; found 199.1118.

N-(But-3-yn-1-yl)-4-methyl-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide (S4d). A mixture of N-(but-3-yn-
1-yD)-4-methylbenzenesulfonamide (S2d) (185 mg, 0.829 mmol) and K.COs3 (229 mg, 1.66 mmol) in dry MeCN (6.0
mL) was added S3 (178 mg, 0.911 mmol) in dry MeCN (2.3 mL) at room temperature. The mixture was stirred under
reflux for 2 h, and then diluted with water. The resulting mixture was extracted with EtOAc twice. The combined
organic layer was washed with brine, dried over Na»SOs, filtered, and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (gradient 6 to 19% EtOAc in hexane) to give S4d (261 mg, 93%) as a white
solid; mp 84-85 °C; IR (neat cm™): 2253 (C=C), 1348 (S=0), 1160 (S=0); *H NMR (500 MHz, CDCls): 6 2.03 (t,
J=2.6 Hz, 1H), 2.34 (s, 3H), 2.57 (td, J = 7.4, 2.6 Hz, 2H), 3.44 (t, J = 7.4 Hz, 2H), 4.42 (s, 2H), 7.09 (d, J = 8.6 Hz,
2H), 7.22-7.30 (m, 5H), 7.78 (d, J = 8.6 Hz, 2H); 33C{*H} NMR (125 MHz, CDCls): 6 19.0, 21.4, 38.1, 45.5, 70.3,
80.8, 81.7, 85.6, 121.9, 127.6 (2C), 128.1 (2C), 128.5, 129.5 (2C), 131.4 (2C), 135.7, 143.6; HRMS (ESI-TOF) m/z:
[M + H]* calcd for C2H1sNO>S, 338.1209; found 338.1205.

(S)-[3-(But-3-yn-1-yloxy)but-1-yn-1-yl]lbenzene (S4e). To a suspension of NaH (651 mg, 16.3 mmol) in
anhydrous THF (16 mL) at 0 °C was added dropwise a solution of (S)-4-phenylbut-3-yn-2-ol (S5) (1.83 g, 12.5 mmol)
in THF (4.9 mL). After the mixture was stirred for 30 min, 3-bromopropan-1-ol (2.09 g, 15.0 mmol) was added to
the reaction mixture at 0 °C. The mixture was stirred at room temperature for additional 7 h, and then diluted with
water. The resulting mixture was extracted with EtOAc twice. The combined organic layer was washed with brine,
dried over Na;SQy, filtered, and concentrated in vacuo. The residue was purified by column chromatography on silica
gel (gradient 5 to 30% EtOAc in hexane) to give S6 (1.14 g, <45%), including inseparable impurities, as a yellow oil.
To a solution of S6 (1.14 g, ca. 7.80 mmol) including impurities in CH2Cl, (7.8 mL) were added TEMPO (122 mg,
0.78 mmol) and DAIB (2.77 g, 8.59 mmol) at room temperature. After being stirred for 2 h, the mixture was washed
with a saturated aqueous solution of Na,S»03 and extracted with CH2Cl, twice. The combined organic extracts were
washed with aqueous NaHCOs and brine, dried over Na;SOy, filtered, and concentrated in vacuo to give crude S7 as
ared oil. To a solution of crude S7 in MeOH (9.8 mL) were added Bestmann Reagent (1.65 g, 8.59 mmol) and K.CO3
(1.29 g, 9.37 mmol) at 0 °C. The mixture was warmed to room temperature and stirred for 2 h. The reaction was
quenched with saturated aqueous NH4Cl. The resulting mixture was extracted with EtOAc twice. The combined
organic layer was washed with brine, dried over Na>SO4, filtered, and concentrated in vacuo. The residue was purified

by column chromatography on silica gel (gradient 2 to 5% EtOAc in hexane) to give S4e (352 mg, 23%, 2 steps) as
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a colorless oil; [a]?°p —150.0 (c 1.24, CHCI3); IR (neat cm™): 2249 (C=C); *H NMR (500 MHz, CDCls): 6 1.52 (d, J
= 6.7 Hz, 3H), 2.00 (t, J = 2.7 Hz, 1H), 2.52 (ddd, J = 7.0, 7.0, 2.7 Hz, 2H), 3.60 (dt, J = 12.6, 7.0 Hz, 1H), 3.90 (dt,
J =126, 7.0 Hz, 1H), 4.43 (q, J = 6.7 Hz, 1H), 7.27-7.32 (m, 3H), 7.41-7.46 (m, 2H); *C{*H} NMR (125 MHz,
CDCls): § 19.8, 22.0, 65.8, 66.6, 69.3, 81.1, 85.0, 88.7, 122.5, 128.2 (2C), 128.3, 131.6 (2C); HRMS (ESI-TOF) m/z:
[M + H]* calcd for C14H150, 199.1117; found 199.1123.

N-Methyl-2-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10a). A mixture of 2-iodo-N-methylaniline
(S1j) (1.43 g, 6.1 mmol), S4a (1.24 g, 6.7 mmol), PACI2(PPhs), (216 mg, 0.3 mmol), Cul (58.0 mg, 0.3 mmol), and
EtsN (2.7 mL, 18 mmol) in DMF (20 mL) was stirred at room temperature under Ar for 11 h. The mixture was diluted
with saturated aqueous NH4CI. The resulting mixture was extracted with EtOAc twice. The combined organic layer
was washed with brine, dried over Na;SQy, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane/acetone = 20/1) to give 10a (1.03 g, 58%) as a purple oil; IR (neat cm): 3297
(NH); *H NMR (500 MHz, CDCls): 6 2.82 (t, J = 6.9 Hz, 2H), 2.87 (d, J = 5.2 Hz, 3H), 3.82 (t, J = 6.9 Hz, 2H), 4.46
(s, 2H), 4.69-4.74 (br m, 1H), 6.55 (d, J = 8.0 Hz, 1H), 6.59 (dd, J = 8.0, 8.0 Hz, 1H), 7.18 (dd, J = 8.0, 8.0 Hz, 1H),
7.24 (d, J= 8.0 Hz, 1H), 7.28-7.34 (m, 3H), 7.43-7.47 (m, 2H); 3C{*H} NMR (125 MHz, CDCl3): 6 21.0, 30.2, 58.9,
68.3, 78.4, 84.9, 86.4, 92.2, 107.7, 108.7, 115.9, 122.5, 128.3 (2C), 128.5, 129.4, 131.7 (3C), 150.0; HRMS (ESI-
TOF) m/z: [M + H]* calcd for C20H20NO, 290.1539; found 290.1540.

4-Fluoro-N-methyl-2-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10b). According to the procedure
described for the preparation of 10a, 15¢ (293 mg, 1.17 mmol) was converted into 10b (247 mg, 69%) by the reaction
with S4a (236 mg, 1.28 mmol), PdClx(PPhs), (40.9 mg, 0.0583 mmol), Cul (11.1 mg, 0.0583 mmol) and EtsN (0.51
mL) in DMF (3.9 mL) at room temperature for 6 h. Column chromatography: silica gel (hexane/acetone = 20/1) :
yellow oil; IR (neat cm™): 3422 (NH); *H NMR (500 MHz, CDCls): 6 2.82 (t, J = 6.9 Hz, 2H), 2.85 (d, J = 5.2 Hz,
3H), 3.82 (t, J = 6.9 Hz, 2H), 4.46 (s, 2H), 4.52-4.59 (br m, 1H), 6.45 (dd, J = 8.9, 4.9 Hz, 1H), 6.91 (ddd, J = 8.9,
8.9, 2.9 Hz, 1H), 6.97 (dd, J = 8.9, 2.9 Hz, 1H), 7.28-7.35 (m, 3H), 7.43-7.47 (m, 2H); BC{*H} NMR (125 MHz,
CDCls): 6 20.9, 30.7, 59.0, 68.1, 77.5, 84.7, 86.5, 93.2, 108.2 (d, Jcr = 9.6 Hz), 109.3 (d, Jc.r = 8.4 Hz), 116.1 (d,
Jer = 22.8 Hz), 117.9 (d, Jc-r = 22.8 Hz), 122.4, 128.3 (2C), 128.5, 131.7 (2C), 146.8, 154.2 (d, Jcr = 233.9 Hz);
HRMS (ESI-TOF) m/z: [M + H]* calcd for CoH19FNO, 308.1445; found 308.1450.

4-Chloro-N-methyl-2-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10c). According to the procedure
described for the preparation of 10a, 15d (259 mg, 0.966 mmol) was converted into 10c (218 mg, 41%) by the
reaction with S4a (192 mg, 1.06 mmol), PdCl2(PPhs). (33.9 mg, 0.0483 mmol), Cul (9.20 mg, 0.0483 mmol) and
EtsN (0.42 mL) in DMF (3.2 mL) at room temperature for 5 h. Column chromatography: silica gel (hexane/acetone
= 20/1): yellow oil; IR (neat cm): 3410 (NH); *H NMR (500 MHz, CDCls): § 2.81 (t, J = 6.9 Hz, 2H), 2.84 (d, J =
5.2 Hz, 3H), 3.81 (t, J = 6.9 Hz, 2H), 4.46 (s, 2H), 4.69-4.74 (br m, 1H), 6.45 (d, J = 8.6 Hz, 1H), 7.12 (dd, J = 8.6,
2.3 Hz, 1H), 7.20 (d, J = 2.3 Hz, 1H), 7.28-7.34 (m, 3H), 7.43-7.46 (m, 2H); *C{*H} NMR (125 MHz, CDCls): ¢
21.0, 30.3,59.0, 68.1, 77.3, 84.7, 86.5, 93.4, 109.0, 109.7, 120.2, 122.4, 128.3 (2C), 128.5, 129.2, 131.0, 131.7 (2C),
148.6; HRMS (ESI-TOF) m/z: [M + Na]* calcd for C20H1sCINNaO, 346.0969; found 346.0966.
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4-Bromo-N-methyl-2-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10d). According to the procedure
described for the preparation of 10a, 4-bromo-2-iodo-N-methylaniline (15h) (195 mg, 0.624 mmol) was converted
into 10d (159 mg, 69%) by the reaction with S4a (127 mg, 0.687 mmol), PdCI>(PPhs), (21.9 mg, 0.0312 mmol), Cul
(5.94 mg, 0.0312 mmol) and Et3N (0.27 mL) in DMF (2.1 mL) at room temperature for 7 h. Column chromatography:
silica gel (hexane/acetone = 20/1): yellow oil; IR (neat cm™): 3414 (NH); *H NMR (500 MHz, CDCls): 6 2.81 (t, J
= 6.6 Hz, 2H), 2.84 (d, J = 5.2 Hz, 3H), 3.81 (t, J = 6.6 Hz, 2H), 4.46 (s, 2H), 4.70-4.76 (br m, 1H), 6.41 (d, J = 8.6
Hz, 1H), 7.23-7.26 (m, 1H), 7.28-7.35 (m, 4H), 7.43-7.46 (m, 2H); 3C{*H} NMR (125 MHz, CDCl5): 6 21.0, 30.2,
59.0, 68.1, 77.2, 84.7, 86.5, 93.6, 106.9, 109.5 110.2, 122.4, 128.3 (2C), 128.5, 131.7 (2C), 132.1, 133.8, 149.0;
HRMS (ESI-TOF) m/z: [M + Na]* calcd for CooH1sBrNNaO, 390.0464; found 390.0461.

N,4-Dimethyl-2-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10e). According to the procedure
described for the preparation of 10a, 2-iodo-N,4-dimethylaniline (15e) (260 mg, 1.05 mmol) was converted into 10e
(185 mg, 58%) by the reaction with S4a (213 mg, 1.16 mmol), PdCI>(PPhs); (37.0 mg, 0.0527 mmol), Cul (10.0 mg,
0.0527 mmol) and EtsN (0.46 mL) in DMF (3.5 mL) at room temperature for 9 h. Column chromatography: silica
gel (hexane/acetone = 20/1): yellow oil; IR (neat cm™): 3407 (NH); *H NMR (500 MHz, CDCls): 6 2.19 (s, 3H), 2.81
(t, J = 6.9 Hz, 2H), 2.85 (d, J = 4.0 Hz, 3H), 3.82 (t, J = 6.9 Hz, 2H), 4.46 (s, 2H), 4.51-4.56 (br m, 1H), 6.48 (d, J =
8.0 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 7.08 (s, 1H), 7.28-7.35 (m, 3H), 7.44-7.47 (m, 2H); 3C{*H} NMR (125 MHz,
CDCls): 6 20.1, 21.0, 30.5, 59.0, 68.3, 78.5, 84.8, 86.4, 91.8, 107.6, 108.9, 122.5, 125.0, 128.2 (2C), 128.5, 130.0,
131.7 (2C), 132.1, 147.9; HRMS (ESI-TOF) m/z: [M + H]* calcd for C21H22NO, 304.1696; found 304.1694.

4-Methoxy-N-methyl-2-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline  (10f). According to the
procedure described for the preparation of 10a, 2-bromo-4-methoxy-N-methylaniline (15f) (365 mg, 1.69 mmol) was
converted into 10f (92.1 mg, 17%) by the reaction with S4a (335 mg, 1.86 mmol), PdCI>(PPhs), (59.2 mg, 0.0843
mmol), Cul (16.1 mg, 0.0843 mmol) and EtsN (0.74 mL) in DMF (5.6 mL) at 80 °C for 5 h. Column chromatography:
silica gel (hexane/acetone = 20/1 and gradient 2 to 15% EtOAc in hexane): blue oil; IR (neat cm™): 3407 (NH); H
NMR (500 MHz, CDCls): 6 2.82 (t, J = 6.6 Hz, 2H), 2.84 (s, 3H), 3.72 (s, 3H), 3.82 (t, J = 6.6 Hz, 2H), 4.37-4.40 (br
m, 1H), 4.46 (s, 2H), 6.51 (d, J = 8.6 Hz, 1H), 6.82 (dd, J = 8.6, 2.9 Hz, 1H), 6.86 (d, J = 2.9 Hz, 1H), 7.28-7.34 (m,
3H), 7.43-7.47 (m, 2H); BC{*H}NMR (125 MHz, CDCls): 5 21.0, 31.0, 55.9, 59.0, 68.2, 78.3, 84.8, 86.4, 92.3, 108.3,
110.1, 116.3, 116.8, 122.5, 128.3 (2C), 128.5, 131.8 (2C), 145.0, 150.6; HRMS (ESI-TOF) m/z: [M + H]* calcd for
C21H22NO3, 320.1645; found 320.1641.

4-(Methylamino)-3-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}benzonitrile (10g). According to the
procedure described for the preparation of 10a, S1g (195 mg, 0.757 mmol) was converted into 10g (199 mg, 84%)
by the reaction with S4a (153 mg, 0.833 mmol), PdCI,(PPhs). (26.6 mg, 0.0379 mmol), Cul (7.21 mg, 0.0379 mmol)
and EtsN (0.33 mL) in DMF (25 mL) at room temperature for 8 h. Column chromatography: silica gel
(hexane/acetone = 20/1 and gradient 1 to 25% EtOAc in hexane): orange oil; IR (neat cm™): 3410 (NH), 2217 (C=N);
'H NMR (500 MHz, CDCls): 6 2.81 (t, J = 6.3 Hz, 2H), 2.90 (d, J = 5.2 Hz, 3H), 3.82 (t, J = 6.3 Hz, 2H), 4.46 (s,
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2H), 5.34-5.39 (br m, 1H), 6.50 (d, J = 8.6 Hz, 1H), 7.28-7.34 (m, 3H), 7.41 (dd, J = 8.6, 1.7 Hz, 1H), 7.42-7.45 (m,
2H), 7.47 (d, J = 1.7 Hz, 1H); *C{*H} NMR (125 MHz, CDCls): § 20.9, 29.8, 59.0, 67.9, 76.3, 84.6, 86.6, 94.4, 97.6,
108.2, 108.3, 120.0, 122.3, 128.3 (2C), 128.6, 131.7 (2C), 133.4, 135.2, 152.5; HRMS (ESI-TOF) m/z: [M + Na]*
calcd for Co1H1sN2NaO, 337.1311; found 337.1304.

3-Bromo-N-methyl-2-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10h). According to the procedure
described for the preparation of 10a, S1h (163 mg, 0.524 mmol) was converted into 10h (37.3 mg, 19%) by the
reaction with S4a (106 mg, 0.576 mmol), PdCl2(PPhs), (18.4 mg, 0.0262 mmol), Cul (4.99 mg, 0.0262 mmol) and
EtsN (0.23 mL) in DMF (1.7 mL) at room temperature for 11 h. Column chromatography: silica gel (hexane/acetone
= 20/1): yellow oil; IR (neat cm): 3413 (NH); *H NMR (500 MHz, CDCls): § 2.84-2.90 (m, 5H), 3.85 (t, J = 6.6 Hz,
2H), 4.48 (s, 2H), 4.94-5.00 (br m, 1H), 6.46 (d, J = 8.3 Hz, 1H), 6.84 (d, J = 8.3 Hz, 1H), 7.00 (dd, J = 8.3, 8.3 Hz,
1H), 7.28-7.35 (m, 3H), 7.42-7.47 (m, 2H); ¥C{*H} NMR (125 MHz, CDCls): ¢ 21.2, 30.3, 59.0, 68.1, 77.5, 84.7,
86.5, 97.0, 107.1, 109.5, 119.4, 122.4, 125.2, 128.3 (2C), 128.5, 129.7, 131.7 (2C), 151.5; HRMS (ESI-TOF) m/z:
[M + H]* calcd for CooH19BrNO, 368.0645; found 368.0641.

5-Bromo-N-methyl-2-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10i). According to the procedure
described for the preparation of 10a, 15g (256 mg, 0.819 mmol) was converted into 10i (216 mg, 71%) by the reaction
with S4a (166 mg, 0.901 mmol), PdCI(PPhs)2 (28.8 mg, 0.0410 mmol), Cul (7.80 mg, 0.0410 mmol) and EtzN (0.36
mL) in DMF (2.7 mL) at room temperature for 10 h. Column chromatography: silica gel (hexane/acetone = 20/1):
yellow oil; IR (neat cm?): 3407 (NH); *H NMR (500 MHz, CDCls): 6 2.80 (t, J = 6.6 Hz, 2H), 2.85 (d, J = 5.2 Hz,
3H), 3.81 (t, J = 6.6 Hz, 2H), 4.46 (s, 2H), 4.78-4.83 (br m, 1H), 6.66 (d, J = 1.7 Hz, 1H), 6.70 (dd, J = 8.0, 1.7 Hz,
1H), 7.07 (d, J = 8.0 Hz, 1H), 7.29-7.34 (m, 3H), 7.42-7.46 (m, 2H); 3C{*H} NMR (125 MHz, CDCl5): § 21.0, 30.1,
59.0, 68.1, 77.6, 84.7, 86.5, 93.3, 106.6, 111.6, 118.7, 122.4, 123.6, 128.3 (2C), 128.6, 131.7 (2C), 132.6, 150.9;
HRMS (ESI-TOF) m/z: [M + H]* calcd for Co0H19BrNO, 368.0645; found 368.0643.

2-Bromo-N-methyl-6-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10j). According to the procedure
described for the preparation of S1h, 2-bromo-6-iodoaniline (S1f) (543 mg, 1.82 mmol) was converted into S1i (170
mg, <30%) including impurities by the reaction with MeLi (1.09 M in Et,0; 2.01 mL, 2.19 mmol) and Mel (147 uL,
2.37 mmol) in THF (6.1 mL) at —78 °C to room temperature for 2.5 h. Column chromatography: silica gel (gradient
1 to 5% EtOAc in hexane) and amine silica gel (hexane only); According to the procedure described for the
preparation of 10a, S1i (142 mg, ca. 0.425 mmol) including impurities was converted into 10j (53.3 mg, ca. 32%)
by the reaction with S4a (92.4 mg, 0.502 mmol), PdCI,(PPhs); (16.0 mg, 0.0228 mmol), Cul (4.34 mg, 0.0228 mmol)
and EtsN (0.20 mL) in DMF (1.5 mL) at room temperature for 9 h. Column chromatography: silica gel (gradient 2 to
5% EtOAc in hexane and gradient 1 to 3% EtOAc in hexane): yellow oil; IR (neat cm): 3418 (NH); *H NMR (500
MHz, CDCls): 5 2.80 (t, J = 6.9 Hz, 2H), 3.16 (s, 3H), 3.81 (t, J = 6.9 Hz, 2H), 4.32-4.38 (br m, 1H), 4.44 (s, 2H),
6.57 (dd, J = 8.0, 8.0 Hz, 1H), 7.25 (dd, J = 8.0, 1.1 Hz, 1H), 7.29-7.33 (m, 3H), 7.37 (dd, J = 8.0, 1.1 Hz, 1H), 7.43-
7.46 (m, 2H); BC{*H} NMR (125 MHz, CDCls): § 21.0, 34.6, 58.9, 68.0, 79.5, 84.8, 86.4, 91.8, 112.8, 113.3, 119.8,
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122.5, 128.3 (2C), 128.5, 131.8 (2C), 132.8, 133.5, 148.8; HRMS (ESI-TOF) m/z: [M + H]* calcd for CaoH1sBrNO,
368.0645; found 368.0638.

N-Methyl-2-(4-{[3-(trimethylsilyl)prop-2-yn-1-ylJoxy}but-1-yn-1-ylaniline (S8). A mixture of 2-iodo-N-
methylaniline (S1j) (729 mg, 3.11 mmol), [3-(but-3-yn-1-yloxy)prop-1-yn-1-yl]trimethylsilane (S4f) (618 mg, 3.43
mmol), PdCI>(PPh3)2 (109 mg, 0.156 mmol), Cul (29.7 mg, 0.156 mmol), and EtsN (1.36 mL, 9.34 mmol) in DMF
(10.4 mL) was stirred at room temperature under Ar for 13 h. The mixture was diluted with saturated aqueous NH4CI.
The resulting mixture was extracted with EtOAc twice. The combined organic layer was washed with brine, dried
over Na SOq, filtered, and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(gradient 2 to 5% EtOAc in hexane) to give S8 (294 mg, 33%) as an orange oil: IR (neat cm™): 3410 (NH); *H NMR
(500 MHz, CDCls): 6 0.19 (s, 9H), 2.78 (t, J = 6.9 Hz, 2H), 2.90 (d, J = 5.2 Hz, 3H), 3.74 (t, J = 6.9 Hz, 2H), 4.23
(s, 2H), 4.67-6.73 (br m, 1H), 6.56 (d, J = 7.7 Hz, 1H), 6.60 (dd, J = 7.7, 7.7 Hz, 1H), 7.19 (dd, J = 7.7, 7.7 Hz, 1H),
7.24 (d, J = 7.7 Hz, 1H); BC{*H} NMR (125 MHz, CDCls): 6 -0.27 (3C), 20.8, 30.2, 58.9, 68.2, 78.3, 91.5, 92.1,
101.1, 107.6, 108.6, 115.8, 129.3, 131.6, 149.9; HRMS (ESI-TOF) m/z: [M + Na]* calcd for Ci7H2sNNaOSi,
308.1441; found 308.1434.

N-Methyl-2-[4-(prop-2-yn-1-yloxy)but-1-yn-1-yl]aniline (S9). To a stirred mixture of S8 (1.07 g, 3.74 mmol) in
MeOH (7.5 mL) was added K>CO3z (517 mg, 1.07 mmol). After being stirred at room temperature for 30 min, the
mixture was filtered. The filtrate was evaporated to dryness and the residue was purified by column chromatography
on silica gel (gradient 2 to 5% EtOAc in hexane) to give S9 (645 mg, 81%) as an orange oil: IR (neat cm™): 3401
(NH), 2248 (C=C); 'H NMR (500 MHz, CDCls): 6 2.47 (t, J = 2.3 Hz, 1H), 2.78 (t, J = 6.9 Hz, 2H), 2.89 (d, J = 5.2
Hz, 3H), 3.75 (t, J = 6.9 Hz, 2H), 4.23 (d, J = 2.3 Hz, 2H), 4.66-4.72 (br m, 1H), 6.56 (d, J = 7.7 Hz, 1H), 6.60 (dd,
J=177,7.7Hz, 1H), 7.19 (dd, J = 7.7, 7.7 Hz, 1H), 7.24 (d, J = 7.7 Hz, 1H); 3C{*H} NMR (125 MHz, CDCl3): &
20.9, 30.3,58.2, 68.3, 74.6, 78.3, 79.4, 92.1, 107.6, 108.7, 115.9, 129.4, 131.7, 150.0; HRMS (ESI-TOF) m/z: [M +
H]* calcd for C14H16NO, 214.1226; found 214.1222.

2-(4-{[3-(4-Chlorophenyl)prop-2-yn-1-ylJoxy}but-1-yn-1-yl)-N-methylaniline  (10k). According to the
procedure described for the preparation of 10a, S9 (127 mg, 0.595 mmol) was converted into 10k (138 mg, 71%) by
the reaction with 1-chloro-4-iodobenzene (156 mg, 0.655 mmol), PdCIl»(PPhs)2 (20.9 mg, 0.0298 mmol), Cul (5.67
mg, 0.0298 mmol) and EtzN (0.26 mL) in DMF (1.9 mL) at room temperature for 7 h. Column chromatography:
silica gel (gradient 2 to 10% EtOAc in hexane and hexane/acetone = 20/1): yellow oil; IR (neat cm™): 3410 (NH);
IH NMR (500 MHz, CDCls): & 2.80 (t, J = 6.9 Hz, 2H), 2.85 (s, 3H), 3.79 (t, J = 6.9 Hz, 2H), 4.43 (s, 2H), 4.67-4.74
(br m, 1H), 6.52-6.56 (m, 1H), 6.56-6.61 (M, 1H), 7.16-7.20 (m, 1H), 7.22-7.28 (m, 3H), 7.34-7.38 (m, 2H); *C{*H}
NMR (125 MHz, CDCls): ¢ 20.9, 30.2, 58.8, 68.4, 78.4, 85.2, 85.8, 92.1, 107.6, 108.7, 115.9, 120.9, 128.6 (2C),
129.4,131.7,132.9 (2C), 134.5, 150.0; HRMS (ESI-TOF) m/z: [M + Na]* calcd for C2oH1sCINNaO, 346.0969; found
346.0966.
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2-(4-{[3-(4-Bromophenyl)prop-2-yn-1-ylJoxy}but-1-yn-1-yl)-N-methylaniline (10I). According to the procedure
described for the preparation of 10a, S9 (101 mg, 0.475 mmol) was converted into 101 (110 mg, 63%) by the reaction
with 1-bromo-4-iodobenzene (148 mg, 0.523 mmol), PdCI»(PPhs)2 (16.7 mg, 0.0238 mmol), Cul (4.53 mg, 0.0238
mmol) and EtsN (0.21 mL) in DMF (1.6 mL) at room temperature for 3 h. Column chromatography: silica gel
(hexane/acetone = 20/1): yellow oil; IR (neat cm): 3405 (NH); *H NMR (500 MHz, CDCls): 6 2.81 (t, J = 6.9 Hz,
2H), 2.87 (d, J = 5.2 Hz, 3H), 3.80 (t, J = 6.9 Hz, 2H), 4.44 (s, 2H), 4.68-4.73 (br m, 1H), 6.55 (d, J = 8.6 Hz, 1H),
6.60 (dd, J =8.6, 8.6 Hz, 1H), 7.19 (dd, J = 8.6, 8.6 Hz, 1H), 7.24 (d, J = 8.6 Hz, 1H), 7.30 (d, J = 8.3 Hz, 2H), 7.44
(d, J = 8.3 Hz, 2H); C{*H} NMR (125 MHz, CDCls): § 21.0, 30.3, 58.9, 68.4, 78.4, 85.3, 86.0, 92.1, 107.6, 108.7,
115.9, 121.4, 122.8, 129.4, 131.6 (2C), 131.7, 133.2 (2C), 150.0; HRMS (ESI-TOF) m/z: [M + Na]* calcd for
C20H1sBrNNaO, 390.0464; found 390.0466.

4-[3-({4-[2-(Methylamino)phenyl]but-3-yn-1-yl}oxy)prop-1-yn-1-yl]lbenzonitrile (10m). According to the
procedure described for the preparation of 10a, S9 (103 mg, 0.482 mmol) was converted into 10m (127 mg, 84%)
by the reaction with 4-iodobenzonitrile (121 mg, 0.530 mmol), PdCl»(PPhs). (16.9 mg, 0.0241 mmol), Cul (4.59 mg,
0.0241 mmol) and EtsN (0.21 mL) in DMF (1.6 mL) at room temperature for 9 h. Column chromatography: silica
gel (gradient 6 to 25% EtOAc in hexane): orange oil; IR (neat cm™?): 3416 (NH), 2227 (C=N); *H NMR (500 MHz,
CDCls): § 2.82 (t, J = 6.9 Hz, 2H), 2.87 (d, J = 5.2 Hz, 3H), 3.81 (t, J = 6.9 Hz, 2H), 4.47 (s, 2H), 4.66-4.71 (br m,
1H), 6.56 (d, J = 8.0 Hz, 1H), 6.60 (dd, J = 8.0, 8.0 Hz, 1H), 7.19 (dd, J = 8.0, 8.0 Hz, 1H), 7.24 (d, J = 8.0 Hz, 1H),
7.52 (d, J = 8.6 Hz, 2H), 7.59 (d, J = 8.6 Hz, 2H); 3C{*H} NMR (125 MHz, CDCls): 6 21.0, 30.3, 58.8, 68.6, 78.5,
84.8, 89.4, 92.0, 107.6, 108.9, 111.9, 116.0, 118.3, 127.4, 129.5, 131.8, 132.0 (2C), 132.2 (2C), 150.0; HRMS (ESI-
TOF) m/z: [M + Na]* calcd for C21H1sN2ONa, 337.1311; found 337.1314.

N-Methyl-2-(4-{[3-(p-tolyl)prop-2-yn-1-ylJoxy}but-1-yn-1-yDaniline (10n). According to the procedure
described for the preparation of 10a, S9 (106 mg, 0.497 mmol) was converted into 10n (120 mg, 80%) by the reaction
with 1-iodo-4-methylbenzene (119 mg, 0.546 mmol), PdCIx(PPhs)2 (17.4 mg, 0.0248 mmol), Cul (4.73 mg, 0.0248
mmol) and EtsN (0.22 mL) in DMF (1.7 mL) at room temperature for 9 h. Column chromatography: silica gel
(gradient 1 to 5% EtOAc in hexane): yellow oil; IR (neat cm™): 3412 (NH); *H NMR (500 MHz, CDCls3): 6 2.35 (s,
3H), 2.81 (t, J = 6.9 Hz, 2H), 2.87 (s, 3H), 3.81 (t, J = 6.9 Hz, 2H), 4.45 (s, 2H), 4.70-4.74 (br m, 1H), 6.55 (d, J =
8.0 Hz, 1H), 6.59 (dd, J = 8.0, 8.0 Hz, 1H), 7.11 (d, J = 8.0 Hz, 2H), 7.18 (dd, J = 8.0, 8.0 Hz, 1H), 7.24 (d, J = 8.0
Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H); 3C{*H} NMR (125 MHz, CDCls): 6 21.0, 21.5, 30.3, 59.0, 68.3, 78.4, 84.0, 86.6,
92.2,107.7, 108.7, 115.9, 119.4, 129.0 (2C), 129.4, 131.6 (2C), 131.7, 138.6, 150.0; HRMS (ESI-TOF) m/z: [M +
Na]* calcd for C21H21NNaO, 326.1515, found 326.1519.

2-(4-{[3-(4-Methoxyphenyl)prop-2-yn-1-ylJoxy}but-1-yn-1-yl)-N-methylaniline (100). According to the
procedure described for the preparation of 10a, S9 (125 mg, 0.587 mmol) was converted into 100 (63.3 mg, 34%) by
the reaction with 1-iodo-4-methoxybenzene (137 mg, 0.587 mmol), PdCl2(PPhs). (20.6 mg, 0.0293 mmol), Cul (5.59
mg, 0.0293 mmol) and EtsN (0.26 mL) in DMF (2.0 mL) at 60 °C for 3 h. Column chromatography: silica gel
(gradient 4 to 20% EtOAc in hexane): orange oil; IR (neat cm™): 3411 (NH); *H NMR (500 MHz, CDCls): 6 2.81 (t,
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J = 6.6 Hz, 2H), 2.87 (d, J = 4.0 Hz, 3H), 3.79-3.83 (m, 5H), 4.44 (s, 2H), 4.70-4.74 (br m, 1H), 6.55 (d, J = 7.4 Hz,
1H), 6.59 (dd, J = 7.4, 7.4 Hz, 1H), 6.83 (d, J = 8.6 Hz, 2H), 7.18 (dd, J = 7.4, 7.4 Hz, 1H), 7.24 (d, J = 7.4 Hz, 1H),
7.39 (d, J = 8.6 Hz, 2H); BC{*H} NMR (125 MHz, CDCls): ¢ 21.0, 30.3, 55.3, 59.0, 68.2, 78.4, 83.4, 86.4, 92.2,
107.7, 108.7, 113.9 (2C), 114.5, 115.9, 129.4, 131.7, 133.2 (2C), 150.0, 160.0; HRMS (ESI-TOF) m/z: [M + Na]*
calcd for Co1H21NNaO», 342.1465; found 342.1474.

2-(4-{[3-(3-Chlorophenyl)prop-2-yn-1-ylJoxy}but-1-yn-1-yl)-N-methylaniline  (10p). According to the
procedure described for the preparation of 10a, S9 (186 mg, 0.873 mmol) was converted into 10p (219 mg, 78%) by
the reaction with 1-chloro-3-iodobenzene (208 mg, 0.873 mmol), PdCI>(PPhs), (30.6 mg, 0.0436 mmol), Cul (8.31
mg, 0.0436 mmol) and EtzN (0.38 mL) in DMF (2.9 mL) at room temperature for 4 h. Column chromatography:
silica gel (gradient 4 to 15% EtOAc in hexane): yellow oil; IR (neat cmt): 3425 (NH); *H NMR (500 MHz, CDCls):
02.80(t, J=6.9 Hz, 2H), 2.86 (d, J = 2.9 Hz, 3H), 3.79 (t, J = 6.9 Hz, 2H), 4.43 (s, 2H), 4.68-4.73 (br m, 1H), 6.54
(d, J=8.0 Hz, 1H), 6.59 (dd, J = 8.0, 8.0 Hz, 1H), 7.16-7.20 (m, 1H), 7.20-7.23 (m, 1H), 7.23-7.26 (m, 1H), 7.27-
7.33 (m, 2H), 7.43 (s, 1H); *C{*H} NMR (125 MHz, CDCls): § 20.9, 30.2, 58.8, 68.4, 78.4, 84.9, 86.1, 92.1, 107.6,
108.7, 115.9, 124.1, 128.7, 129.4, 129.5, 129.8, 131.5, 131.7, 134.0, 149.9; HRMS (ESI-TOF) m/z: [M + H]* calcd
for CooH19CINO, 324.1150; found 324.1153.

2-(4-{[3-(2-Chlorophenyl)prop-2-yn-1-ylJoxy}but-1-yn-1-yl)-N-methylaniline  (10q). According to the
procedure described for the preparation of 10a, S9 (187 mg, 0.879 mmol) was converted into 10g (186 mg, 65%) by
the reaction with 1-chloro-2-iodobenzene (210 mg, 0.879 mmol), PdCI»(PPhs). (30.8 mg, 0.0439 mmol), Cul (8.37
mg, 0.0439 mmol) and EtzN (0.38 mL) in DMF (2.9 mL) at room temperature for 4 h. Column chromatography:
silica gel (gradient 4 to 15% EtOAc in hexane): yellow oil; IR (neat cm): 3410 (NH); *H NMR (500 MHz, CDCls):
52.83(t, J = 6.9 Hz, 2H), 2.87 (d, J = 5.2 Hz, 3H), 3.86 (t, J = 6.9 Hz, 2H), 4.52 (s, 2H), 4.68-4.74 (br m, 1H), 6.55
(d, J = 8.0 Hz, 1H), 6.59 (dd, J = 8.0, 8.0 Hz, 1H), 7.16-7.22 (m, 2H), 7.23-7.28 (m, 2H), 7.38-7.41 (m, 1H), 7.46-
7.50 (m, 1H); BC{*H} NMR (125 MHz, CDCls): ¢ 21.0, 30.3, 58.9, 68.3, 78.4, 83.2, 90.1, 92.2, 107.7, 108.7, 115.9,
122.4, 126.4, 129.2, 129.4, 129.5, 131.7, 133.5, 135.9, 150.0; HRMS (ESI-TOF) m/z: [M + Na]* calcd for
C20H1sCINNaO, 346.0969; found 346.0971.

N-Methyl-2-(4-{[3-(naphthalen-2-yl)prop-2-yn-1-ylJoxy}but-1-yn-1-ylaniline  (10r). According to the
procedure described for the preparation of 10a, S9 (125 mg, 0.588 mmol) was converted into 10r (80.6 mg, 40%) by
the reaction with 2-bromonaphthalene (134 mg, 0.647 mmol), PdCl,(PPhs); (20.6 mg, 0.0294 mmol), Cul (5.60 mg,
0.0294 mmol) and EtsN (0.26 mL) in DMF (2.0 mL) at room temperature for 1.5 h and 60 °C for 4.5 h. Column
chromatography: silica gel (gradient 4 to 15% EtOAc in hexane): yellow oil; IR (neat cm™): 3416 (NH); *H NMR
(500 MHz, CDCls): 6 2.83 (t, J = 6.9 Hz, 2H), 2.86 (d, J = 4.0 Hz, 3H), 3.85 (t, J = 6.9 Hz, 2H), 4.50 (s, 2H), 4.71-
4.76 (br m, 1H), 6.54 (d, J = 8.0 Hz, 1H), 6.59 (dd, J = 8.0, 8.0 Hz, 1H), 7.18 (dd, J = 8.0, 8.0 Hz, 1H), 7.26 (d, J =
8.0 Hz, 1H), 7.46-7.50 (m, 3H), 7.73-7.81 (m, 3H), 7.97 (s, 1H); 3C{*H} NMR (125 MHz, CDCls): 6 21.0, 30.2,
59.0, 68.4, 78.4, 85.1, 86.8, 92.2, 107.7, 108.7, 115.9, 119.7, 126.5, 126.7, 127.7 (2C), 128.0, 128.3, 129.4, 131.7
(2C), 132.8 (2C), 150.0; HRMS (ESI-TOF) m/z: [M + H]* calcd for C24H22NO, 340.1696; found 340.1698.
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2-[4-(But-2-yn-1-yloxy)but-1-yn-1-yl]-N-methylaniline (10s). According to the procedure described for the
preparation of 10a, S1j (427 mg, 1.83 mmol) was converted into 10s (179 mg, 43%) by the reaction with 4-(but-2-
yn-1-yloxy)but-1-yne (17a) (246 mg, 2.01 mmol), PdCIl>(PPhs), (64.3 mg, 0.0915 mmol), Cul (17.4 mg, 0.0915
mmol) and EtsN (0.80 mL) in DMF (6.1 mL) at room temperature for 24 h. Column chromatography: silica gel
(hexane/acetone = 20/1): yellow oil; IR (neat cm): 3406 (NH); *H NMR (500 MHz, CDCls): 6 1.87 (t, J = 2.3 Hz,
3H), 2.77 (t, J = 6.9 Hz, 2H), 2.90 (d, J = 5.2 Hz, 3H), 3.72 (t, J = 6.9 Hz, 2H), 4.18 (q, J = 2.3 Hz, 2H), 4.68-4.73
(br m, 1H), 6.56 (d, J = 8.0 Hz, 1H), 6.59 (dd, J = 8.0, 8.0 Hz, 1H), 7.19 (dd, J = 8.0, 8.0 Hz, 1H), 7.24 (d, J = 8.0
Hz, 1H); 3C{*H} NMR (125 MHz, CDCl5): § 3.58, 20.9, 30.2, 58.7, 68.1, 74.8, 78.3, 82.7, 92.2, 107.7, 108.7, 115.8,
129.3, 131.7, 150.0; HRMS (ESI-TOF) m/z: [M + H]* calcd for C1sH1sNO, 228.1383; found 228.1388.

2-{4-[(3-Phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10t). According to the procedure described for the
preparation of 10a, 2-iodoaniline (15a) (424 mg, 1.93 mmol) was converted into 10t (196 mg, 37%) by the reaction
with S4a (384 mg, 2.13 mmol), PdCI>(PPhs). (67.9 mg, 0.0967 mmol), Cul (18.4 mg, 0.0967 mmol) and EtsN (0.85
mL) in DMF (6.5 mL) at room temperature for 6 h. Column chromatography: silica gel (hexane/acetone = 10/1):
orange oil; IR (neat cm™): 3472 (NH), 3478 (NH); *H NMR (500 MHz, CDCls3): 6 2.81 (t, J = 6.9 Hz, 2H), 3.82 (t, J
= 6.9 Hz, 2H), 4.21 (s, 2H), 4.45 (s, 2H), 6.63-6.67 (m, 2H), 7.08 (dd, J = 7.7, 7.7 Hz, 1H), 7.24 (d, J = 7.7 Hz, 1H),
7.28-7.34 (m, 3H), 7.43-7.47 (m, 2H); BC{*H} NMR (125 MHz, CDCls): § 20.9, 58.9, 68.3, 78.3, 84.8, 86.4, 91.9,
108.3, 114.1, 117.7, 122.5, 128.3 (2C), 128.5, 129.1, 131.8 (2C), 131.9, 147.9; HRMS (ESI-TOF) m/z: [M + H]*
calcd for C19H1sNO, 276.1383; found 276.1373.

N-Benzyl-2-{4-[(3-phenylprop-2-yn-1-yl)oxy]but-1-yn-1-yl}aniline (10u). According to the procedure described
for the preparation of 10a, N-benzyl-2-iodoaniline (S1k) (198 mg, 0.641 mmol) was converted into 10u (176 mg,
75%) by the reaction with S4a (127 mg, 0.705 mmol), PdClz(PPhs), (22.5 mg, 0.0320 mmol), Cul (6.10 mg, 0.0320
mmol) and EtsN (0.28 mL) in DMF (2.1 mL) at room temperature for 7 h. Column chromatography: silica gel
(gradient 1 to 10% EtOAc in hexane): yellow oil; IR (neat cm™): 3405 (NH); *H NMR (500 MHz, CDCls): 6 2.80 (t,
J=6.9 Hz, 2H), 3.78 (t, J = 6.9 Hz, 2H), 4.34 (s, 2H), 4.41 (d, J = 5.7 Hz, 2H), 5.15-5.19 (br m, 1H), 6.51 (d, J = 8.0
Hz, 1H), 6.59 (dd, J = 8.0, 8.0 Hz, 1H), 7.10 (dd, J = 8.0, 8.0 Hz, 1H), 7.22-7.38 (m, 9H), 7.41 (dd, J = 7.7, 1.4 Hz,
2H); BC{*H} NMR (125 MHz, CDCls): ¢ 21.0, 47.6, 58.9, 68.2, 78.4, 84.8, 86.4, 92.5, 107.9, 109.7, 116.3, 122.4,
127.1 (3C), 128.3 (2C), 128.5, 128.6 (2C), 129.3, 131.7 (2C), 131.8, 139.3, 148.9; HRMS (ESI-TOF) m/z: [M + H]*
calcd for CosH24NO, 366.1852; found 366.1854.

N-Methyl-2-{3-[(3-phenylprop-2-yn-1-yl)oxy]prop-1-yn-1-yl}aniline (10v). According to the procedure
described for the preparation of 10a, S1j (190 mg, 0.817 mmol) was converted into 10v (136 mg, 61%) by the reaction
with [3-(prop-2-yn-1-yloxy)prop-1-yn-1-yl]benzene (S4b) (153 mg, 0.899 mmol), PdCl»(PPh3), (28.7 mg, 0.0408
mmol), Cul (7.78 mg, 0.0408 mmol) and EtsN (0.36 mL) in DMF (2.7 mL) at room temperature for 6 h. Column
chromatography: silica gel (hexane/acetone = 20/1): yellow oil; IR (neat cm™): 3419 (NH); *H NMR (500 MHz,
CDCls): 6 2.88 (d, J = 5.2 Hz, 3H), 4.55 (s, 2H), 4.61 (s, 2H), 4.63-4.66 (br m, 1H), 6.58 (d, J = 8.0 Hz, 1H), 6.62
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(dd, J = 8.0, 8.0 Hz, 1H), 7.24 (dd, J = 8.0, 8.0 Hz, 1H), 7.29-7.35 (m, 4H), 7.44-7.48 (m, 2H); 3C{*H} NMR (125
MHz, CDCls): 6 30.2, 57.3, 57.6, 83.7, 84.3, 86.8, 89.9, 106.3, 108.9, 116.0, 122.4, 128.3 (2C), 128.6, 130.3, 131.8
(2C), 132.5, 150.1; HRMS (ESI-TOF) m/z: [M + H]* calcd for C1sH1sNO, 276.1383; found 276.1375.

N-Methyl-2-{5-[(3-phenylprop-2-yn-1-yl)oxy]pent-1-yn-1-yl}aniline (10w). According to the procedure
described for the preparation of 10a, S1j (148 mg, 0.634 mmol) was converted into 10w (104 mg, 54%) by the
reaction with S4c (138 mg, 0.698 mmol), PdCI>(PPh3). (22.3 mg, 0.0317 mmol), Cul (6.04 mg, 0.0317 mmol) and
EtsN (0.28 mL) in DMF (2.1 mL) at room temperature for 19 h. Column chromatography: silica gel (hexane/acetone
= 20/1): yellow oil; IR (neat cm™): 3422 (NH); *H NMR (500 MHz, CDCls): 6 1.95 (tt, J = 6.9, 6.9 Hz, 2H), 2.62 (t,
J=6.9 Hz, 2H), 2.86 (d, J = 4.6 Hz, 3H), 3.75 (t, J = 6.9 Hz, 2H), 4.40 (s, 2H), 4.58-5.64 (br m, 1H), 6.55 (d, J = 8.0
Hz, 1H), 6.58 (dd, J = 8.0, 8.0 Hz, 1H), 7.18 (dd, J = 8.0, 8.0 Hz, 1H), 7.23 (d, J = 8.0 Hz, 1H), 7.26-7.33 (m, 3H),
7.41-7.45 (m, 2H); BC{*H} NMR (125 MHz, CDCls): 6 16.6, 28.9, 30.3, 58.9, 68.7, 77.4, 85.1, 86.2, 95.0, 108.1,
108.7, 116.0, 122.5, 128.2 (2C), 128.4, 129.2, 131.7 (2C), 131.9, 149.7; HRMS (ESI-TOF) m/z: [M + H]* calcd for
C21H22NO, 304.1696; found 304.1697.

4-Methyl-N-{4-[2-(methylamino)phenyl]but-3-yn-1-yI}-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide

(10x). According to the procedure described for the preparation of 10a, S1j (144 mg, 0.619 mmol) was converted
into 10x (111 mg, 41%) by the reaction with S4d (230 mg, 0.681 mmol), PdCI>(PPhs) (21.7 mg, 0.0309 mmol), Cul
(5.89 mg, 0.0309 mmol) and EtsN (0.27 mL) in DMF (2.1 mL) at room temperature for 6 h. Column chromatography:
silica gel (gradient 2 to 5% EtOAc in hexane): yellow oil; IR (neat cm™): 3408 (NH), 1346 (S=0), 1161 (S=0); H
NMR (500 MHz, CDCla): & 2.34 (s, 3H), 2.84 (t, J = 6.9 Hz, 2H), 2.89 (s, 3H), 3.53 (t, J = 6.9 Hz, 2H), 4.45 (s, 2H),
4.82-4.87 (br m, 1H), 6.54-6.60 (m, 2H), 7.07 (d, J = 8.0 Hz, 2H), 7.19 (dd, J = 8.0, 8.0 Hz, 1H), 7.21-7.30 (m, 6H),
7.80 (d, J = 8.0 Hz, 2H); *C{*H} NMR (125 MHz, CDCls): § 19.9, 21.4, 30.1, 37.7, 45.6, 79.3, 81.6, 85.8, 91.5,
107.3, 108.8, 115.7, 122.0, 127.7 (2C), 128.1 (2C), 128.5, 129.6 (3C), 131.5 (2C), 131.8, 135.8, 143.6, 150.1; HRMS
(ESI-TOF) m/z: [M + H]* calcd for C27H27N202S, 443.1788; found 443.1778.

(S)-2-{4-[(4-Phenylbut-3-yn-2-yl)oxy]but-1-yn-1-yl}aniline (S10). According to the procedure described for the
preparation of 10a, 15a (253 mg, 1.16 mmol) was converted into S10 (163 mg, 49%) by the reaction with S4e (252
mg, 1.27 mmol), PdCI,(PPhs), (40.6 mg, 0.0578 mmol), Cul (11.0 mg, 0.0578 mmol) and EtsN (0.50 mL) in DMF
(3.9 mL) at room temperature for 9 h. Column chromatography: silica gel (gradient 4 to 10% EtOAc in hexane):
yellow oil; [a]?p —120.3 (¢ 0.67, CHCIs); IR (neat cm™): 3364 (NH), 3474 (NH); *H NMR (500 MHz, CDCls): §
1.55 (d, J = 6.3 Hz, 3H), 2.80 (t, J = 6.9 Hz, 2H), 3.71 (dt, J = 9.2, 6.9 Hz, 1H), 3.99 (dt, J = 9.2, 6.9 Hz, 1H), 4.21
(s, 2H), 4.48 (q, J = 6.3 Hz, 1H), 6.62-6.68 (m, 2H), 7.07 (dd, J = 7.4, 7.4 Hz, 1H), 7.23 (d, J = 7.4 Hz, 1H), 7.27-
7.32 (m, 3H), 7.42-7.46 (m, 2H); *C{*H} NMR (125 MHz, CDCl,): 6 21.1, 22.2, 65.9, 67.1, 78.2, 85.1, 88.8, 92.2,
108.4, 114.0, 117.7, 122.6, 128.2 (2C), 128.3, 129.0, 131.7 (2C), 131.8, 147.9; HRMS (ESI-TOF) m/z: [M + H]*
calcd for CooH20NO, 290.1539; found 290.1539.
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(S)-N-Methyl-2-{4-[(4-phenylbut-3-yn-2-yl)oxy]but-1-yn-1-yl}aniline (10y). To a stirred solution of S10 (156
mg, 0.539 mmol) in THF (0.90 mL) was added MeLi (1.1 M in Et,0; 0.79 mL, 0.863 mmol) at —78 °C under argon.
After the mixture was stirred for 1 h at this temperature, Mel (50.4 uL, 0.809 mmol) was added to the mixture. The
mixture was gradually warmed to room temperature and stirred for 5 h at this temperature. The reaction was quenched
with saturated aqueous NH4CI. The resulting mixture was extracted with EtOAc twice. The combined organic layer
was washed with brine, dried over Na;SQy, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (gradient 2 to 5% EtOAc in hexane) to give 10y (39.5 mg, 24%) as a colorless oil;
[0]®b —105.6 (c 0.59, CHCIs); IR (neat cmt): 3400 (NH); *H NMR (500 MHz, CDCls): § 1.56 (d, J = 6.3 Hz, 3H),
2.80 (t, J = 6.9 Hz, 2H), 2.87 (s, 3H), 3.71 (dt, J = 9.2, 6.9 Hz, 1H), 3.99 (dt, J = 9.2, 6.9 Hz, 1H), 4.49 (q, J = 6.3
Hz, 1H), 4.70-4.74 (br m, 1H), 6.55 (d, J = 8.0 Hz, 1H), 6.59 (dd, J = 8.0, 8.0 Hz, 1H), 7.18 (dd, J = 8.0, 8.0 Hz, 1H),
7.24 (d, J= 8.0 Hz, 1H), 7.27-7.32 (m, 3H), 7.41-7.46 (m, 2H); 3C{*H} NMR (125 MHz, CDCl3): 6 21.1, 22.2, 30.2,
65.9, 67.1, 78.2, 85.1, 88.8, 92.5, 107.8, 108.7, 115.9, 122.6, 128.3 (2C), 128.4, 129.4, 131.7 (3C), 150.0; HRMS
(ESI-TOF) m/z: [M + H]* calcd for C21H22NO, 304.1696; found 304.1695.

Gold-Catalyzed Cascade Cyclization

(2)-11-Methyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-blindole (11a) and 4-Methyl-1-phenyl-3H,4H-8b,3a-
(epoxyethano)cyclopenta[b]indole (12a). Condition A: To a stirred mixture of 10a (303 mg, 1.05 mmol) in EtOH
(10 mL) was added 5 mol % IPrAuNTf; (45.3 mg, 0.0523 mmol) at room temperature. After being stirred for 10 min
at 60 °C, the reaction mixture was filtered through a short pad of celite and silica gel, and the filtrate was evaporated
in vacuo to give a crude product, which was purified by column chromatography on amine silica gel (hexane/EtOAc
= 25/1 to 0/100) to give 11a (258 mg, 85%) and 12a (22.5 mg, 7%). Condition B: To a stirred mixture of 10a (309
mg, 1.07 mmol) in i-PrOH (11 mL) was added 5 mol % JohnPhosAuNTf, (41.4 mg, 0.0533 mmol) at room
temperature. After being stirred for 5 min at 80 °C, the reaction mixture was filtered through a short pad of celite and
silica gel, and the filtrate was evaporated in vacuo to give a crude product, which was purified by column
chromatography on amine silica gel (hexane/EtOAc = 30/1 to 10/1) to give 11a (24.7 mg, 8%) and 12a (251 mg,
81%). Compound 11a: pale yellow solid; mp 183-186 °C; *H NMR (500 MHz, CDCls): 6 2.83-2.94 (br m, 1H), 3.22-
3.35 (br m, 2H), 3.46-3.56 (br m, 1H), 3.79 (s, 3H), 4.12-4.18 (br m, 1H), 4.44-4.51 (br m, 1H), 6.28 (dd, J = 8.3, 8.3
Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.89 (dd, J = 8.0, 8.0 Hz, 1H), 7.16 (dd, J = 8.0, 8.0 Hz, 1H), 7.28-7.34 (m, 4H),
7.39-7.44 (m, 2H); BC{*H} NMR (125 MHz, CDCls): 6 28.4, 29.8, 63.3, 67.8, 109.0, 111.3, 119.5, 120.3, 121.3,
122.4, 126.6, 127.8, 128.0 (2C), 128.2 (2C), 137.1, 138.8, 140.9, 141.0; HRMS (ESI-TOF) m/z: [M + H]* calcd for
C20H20NO, 290.1539; found 290.1539. Compound 12a: *H NMR (500 MHz, CDCls): 6 2.02-2.07 (m, 1H), 2.31-2.36
(m, 1H), 2.67 (dd, J = 17.8, 2.6 Hz, 1H), 2.72 (dd, J = 17.8, 2.6 Hz, 1H), 2.86 (s, 3H), 3.81-3.86 (m, 1H), 4.02-4.06
(m, 1H), 6.09 (dd, J = 2.6, 2.6 Hz, 1H), 6.36 (d, J = 7.4 Hz, 1H), 6.46 (dd, J = 7.4, 7.4 Hz, 1H), 7.08-7.12 (m, 2H),
7.28-7.31 (m, 1H), 7.34-7.37 (m, 2H), 7.83-7.84 (m, 2H). The 'H NMR spectra were in good agreement with those

reported.*°

(2)-8-Fluoro-11-methyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11b) and 7-Fluoro-4-methyl-1-
phenyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[b]indole (12b). According to the procedure described for
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Condition A, 10b (56.1 mg, 0.192 mmol) was converted into 11b (40.1 mg, 68%) and 12b (1.6 mg, 3%) by the
reaction with IPrAUNTf, (8.34 mg, 0.00962 mmol) in EtOH (1.9 mL) at 60 °C for 40 min. Column chromatography:
amine silica gel (gradient 2 to 5% EtOAc in hexane). According to the procedure described for Condition B, 10b
(66.1 mg, 0.215 mmol) was converted into 11b (14.8 mg, 22%) and 12b (44.0 mg, 67%) by the reaction with
IPrAuUNTf; (8.34 mg, 0.0108 mmol) in i-PrOH (2.2 mL) at 80 °C for 10 min. Column chromatography: amine silica
gel (gradient 4 to 10% EtOAc in hexane). Compound 11b: pale yellow solid; mp 167-170 °C; *H NMR (500 MHz,
CDCls): 6 2.83-2.93 (br m, 1H), 3.18-3.34 (br m, 2H), 3.45-3.54 (br m, 1H), 3.77 (s, 3H), 4.10-4.19 (br m, 1H), 4.43-
4.52 (br m, 1H), 6.25 (dd, J = 8.0, 8.0 Hz, 1H), 6.43 (dd, J = 9.0, 2.3 Hz, 1H), 6.88 (ddd, J = 9.0, 9.0, 2.3 Hz, 1H),
7.21(dd, J=9.0, 4.3 Hz, 1H), 7.28-7.33 (m, 3H), 7.36-7.40 (m, 2H); 3C{*H} NMR (125 MHz, CDCls): 6 28.6, 30.0,
63.4,67.8, 105.3 (d, Jc.r= 22.8 Hz), 109.5 (2C), 111.4 (d, Jc-r= 4.8 Hz), 122.7, 126.9 (d, Jc-r= 10.8 Hz), 127.9 (2C),
128.0, 128.3 (2C), 133.6, 140.3, 140.5, 140.6, 157.9 (d, Jc.r = 235.1 Hz); HRMS (ESI-TOF) m/z: [M + H]* calcd for
C20H19FNO, 308.1445; found 308.1436. Compound 12b: yellow oil; *H NMR (500 MHz, CDCls): 6 2.00-2.07 (m,
1H), 2.29-2.35 (m, 1H), 2.67 (dd, J = 17.5, 2.6 Hz, 1H), 2.73 (dd, J = 17.5, 2.6 Hz, 1H), 2.84 (s, 3H), 3.83-3.89 (m,
1H), 4.02-4.07 (m, 1H), 6.12 (dd, J = 2.9, 2.9 Hz, 1H), 6.23-6.27 (m, 1H), 6.78-6.83 (m, 2H), 7.29-7.33 (m, 1H),
7.35-7.39 (m, 2H), 7.78-7.81 (m, 2H); *C{*H} NMR (125 MHz, CDCls): 6 30.3, 38.6, 40.6, 68.0, 85.6, 103.8, 105.8
(d, Jcr = 8.4 Hz), 112.2 (d, Jcr = 24.0 Hz), 115.8 (d, Jcr = 22.8 Hz), 127.1 (2C), 127.9, 128.2 (d, Jc-r = 9.6 Hz),
128.4 (2C), 129.3, 134.4, 142.6, 148.3, 155.6 (d, Jc-r = 230.3 Hz); HRMS (ESI-TOF) m/z: [M + Na]* calcd for
C20H1sFNNaO, 330.1265; found 330.1259.

(2)-8-Chloro-11-methyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11c) and 7-Chloro-4-methyl-1-
phenyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[b]indole (12c). According to the procedure described for
Condition A, 10c (53.2 mg, 0.164 mmol) was converted into 11c (34.2 mg, 64%) and 12c (trace) by the reaction
with IPrAuNTf; (7.12 mg, 0.00821 mmol) in EtOH (1.6 mL) at 60 °C for 25 min. Column chromatography: amine
silica gel (gradient 4 to 15% EtOAc in hexane). According to the procedure described for Condition B, 10c (49.8
mg, 0.154 mmol) was converted into 11c (6.6 mg, 13%) and 12c (39.5 mg, 79%) by the reaction with
JohnPhosAUNTf; (5.96 mg, 0.00769 mmol) in i-PrOH (1.5 mL) at 80 °C for 20 min. Column chromatography: amine
silica gel (gradient 4 to 15% EtOAc in hexane). Compound 11c: white solid; mp 176-179 °C; *H NMR (500 MHz,
CDCls) ): & 2.81-2.93 (br m, 1H), 3.18-3.32 (br m, 2H), 3.40-3.52 (br m, 1H), 3.76 (s, 3H), 4.09-4.18 (br m, 1H),
4.45-4.47 (br m, 1H), 6.27 (dd, J = 8.0, 8.0 Hz, 1H), 6.75 (d, J = 2.0 Hz, 1H), 7.09 (dd, J = 8.9, 2.0 Hz, 1H), 7.21 (d,
J =8.9Hz, 1H), 7.29-7.33 (m, 3H), 7.35-7.40 (m, 2H); 3C{*H} NMR (125 MHz, CDCls) ): J 28.5, 29.9, 63.4, 67.8,
110.1, 111.0, 119.6, 121.5, 123.0, 125.1, 127.5, 127.8 (2C), 128.0, 128.3 (2C), 135.5, 140.0, 140.2, 140.5; HRMS
(ESI-TOF) m/z: [M + H]* calcd for C2H19CINO, 324.1150; found 324.1142. Compound 12c: yellow oil; 'H NMR
(500 MHz, CDCl3) ): 6 1.99-2.06 (m, 1H), 2.28-2.34 (m, 1H), 2.64-2.74 (m, 2H), 2.83 (s, 3H), 3.78-3.85 (m, 1H),
4.00-4.05 (m, 1H), 6.11 (dd, J = 2.6, 2.6 Hz, 1H), 6.26 (d, J = 8.6 Hz, 1H), 7.00-7.06 (m, 2H), 7.29-7.33 (m, 1H),
7.35-7.39 (m, 2H), 7.78-7.82 (M, 2H); ¥C{*H} NMR (125 MHz, CDCl5): ¢ 29.8, 38.6, 40.8, 67.9, 85.5, 103.9, 106.5,
121.1, 124.9, 127.4 (2C), 127.9, 128.4 (2C), 128.8, 129.2, 129.5, 134.3, 142.5, 150.4; HRMS (ESI-TOF) m/z: [M +
Na]* calcd for C2oH1sCINNaO, 346.0969; found 346.0966.
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(2)-8-Bromo-11-methyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11d) and 7-Bromo-4-methyl-1-
phenyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[b]indole (12d). According to the procedure described for
Condition A, 10d (69.3mg, 0.188mmol) was converted into 11d (42.9 mg, 62%) and 12d (4.1mg, 6%) by the reaction
with IPrAuUNTf, (8.16mg, 0.00941mmol) in EtOH (1.9 mL) at 60 °C for 20 min. Column chromatography: amine
silica gel (hexane/EtOAc = 25/1 to 15/1). According to the procedure described for Condition B, 10d (60.5 mg,
0.164 mmol) was converted into 11d (6.9 mg, 11%) and 12d (49.9 mg, 82%) by the reaction with JohnPhosAuUNTT
(6.37 mg, 0.00822 mmol) in i-PrOH (1.6 mL) at 80 °C for 10 min. Column chromatography: amine silica gel (gradient
4 t0 15% EtOAc in hexane). Compound 11d: yellow solid; mp 133-138 °C; *H NMR (500 MHz, CDCls): 6 2.82-2.92
(br m, 1H), 3.19-3.32 (br m, 2H), 3.41-3.51 (br m, 1H), 3.76-3.78 (br m, 3H), 4.09-4.19 (br m, 1H), 4.42-4.51 (br m,
1H), 6.28 (dd, J = 8.0, 8.0 Hz, 1H), 6.91 (d, J = 1.7 Hz, 1H), 7.18 (d, J = 9.0 Hz, 1H), 7.23 (dd, J = 9.0, 1.7 Hz, 1H),
7.29-7.34 (m, 3H), 7.36-7.40 (m, 2H); 3C{*H} NMR (125 MHz, CDCls): 6 28.4, 29.9, 63.4, 67.8, 110.5, 111.0, 112.8,
122.6,123.1, 124.2, 127.8 (2C), 128.0, 128.2, 128.3 (2C), 135.8, 139.9, 140.1, 140.4; HRMS (ESI-TOF) m/z: [M +
H]* calcd for C20H19BrNO, 368.0645; found 368.0647. Compound 12d: yellow oil; *H NMR (500 MHz, CDCls): 6
1.99-2.07 (m, 1H), 2.28-2.35 (m, 1H), 2.65-2.75 (m, 2H), 2.84 (s, 3H), 3.78-3.85 (m, 1H), 4.00-4.06 (m, 1H), 6.11
(dd, J=2.6, 2.6 Hz, 1H), 6.23 (d, J = 8.6 Hz, 1H), 7.14 (d, J = 1.7 Hz, 1H), 7.18 (dd, J = 8.6, 1.7 Hz, 1H), 7.29-7.34
(m, 1H), 7.35-7.40 (m, 2H), 7.78-7.82 (m, 2H); *C{*H} NMR (125 MHz, CDCls): 6 29.8, 38.6, 40.8, 67.9, 85.4,
103.9, 107.1, 108.1, 127.1 (2C), 127.7, 127.9, 128.4 (2C), 129.1, 129.3, 132.4, 134.2, 142.6, 150.8; HRMS (ESI-
TOF) m/z: [M + H]* calcd for C2H19BrNO, 368.0645; found 368.0643.

(2)-8,11-Dimethyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole  (11e) and 4,7-Dimethyl-1-phenyl-
3H,4H-8b,3a-(epoxyethano)cyclopentalblindole (12e). According to the procedure described for Condition A, 10e
(41.5 mg, 0.137 mmol) was converted into 11e (31.8 mg, 77%) and 12e (1.2 mg, 3%) by the reaction with IPrAuUNTf;
(6.07 mg, 0.00684 mmol) in EtOH (1.4 mL) at 60 °C for 20 min. Column chromatography: amine silica gel (gradient
0 to 10% EtOAc in hexane). According to the procedure described for Condition B, 10e (51.4 mg, 0.169 mmol) was
converted into 11e (3.0 mg, 6%) and 12e (39.5 mg, 77%) by the reaction with JohnPhosAuNTf; (6.57 mg, 0.00847
mmol) in i-PrOH (1.7 mL) at 80 °C for 2 h. Column chromatography: amine silica gel (gradient 4 to 10% EtOAc in
hexane). Compound 11e: white solid; mp 173-175 °C; *H NMR (500 MHz, CDCls): § 2.24 (s, 3H), 2.80-2.89 (br m,
1H), 3.20-3.30 (br m, 2H), 3.43-3.51 (br m, 1H), 3.76 (s, 3H), 4.08-4.16 (br m, 1H), 4.42-4.49 (br m, 1H), 6.28 (dd,
J=8.3, 8.3 Hz, 1H), 6.60 (s, 1H), 6.98 (d, J = 8.6 Hz, 1H), 7.21 (d, J = 8.6 Hz, 1H), 7.28-7.32 (m, 3H), 7.40-7.44
(m, 2H); BC{*H} NMR (125 MHz, CDCls): 6 21.4, 28.5, 29.8, 63.4, 67.9, 108.8, 110.7, 119.9, 122.4, 122.8, 126.8,
127.7, 127.9 (2C), 128.2 (2C), 128.8, 135.5, 138.9, 140.9 (2C); HRMS (ESI-TOF) m/z: [M + Na]* calcd for
C21H2:NNaO, 326.1515; found 326.1508. Compound 12e: yellow oil; *H NMR (500 MHz, CDCls): 6 1.97-2.05 (m,
1H), 2.08 (s, 3H), 2.29-2.35 (m, 1H), 2.61-2.74 (m, 2H), 2.83 (s, 3H), 3.82-3.88 (m, 1H), 4.00-4.05 (m, 1H), 6.10
(dd, J =2.3, 2.3 Hz, 1H), 6.30 (d, J = 8.6 Hz, 1H), 6.89-6.94 (m, 2H), 7.27-7.32 (m, 1H), 7.34-7.39 (m, 2H), 7.82-
7.86 (m, 2H); B¥C{*H} NMR (125 MHz, CDCls): 6 20.7, 30.1, 38.5, 40.4, 67.9, 85.3, 104.3, 105.9, 125.4, 126.2,
127.3 (2C), 127.4,127.6, 128.2 (2C), 128.8, 130.2, 134.7, 143.0, 149.9; HRMS (ESI-TOF) m/z: [M + Na]* calcd for
C21H21NNaO, 326.1515; found 326.1511.
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(2)-8-Methoxy-11-methyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11f) and 7-Methoxy-4-methyl-
1-phenyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[b]indole (12f). According to the procedure described for
Condition A, 10f (50.2 mg, 0.157 mmol) was converted into 11f (37.4 mg, 75%) and 12f (2.6mg, 5%) by the reaction
with IPrAuNTf, (6.81 mg, 0.00786 mmol) in EtOH (1.6 mL) at 60 °C for 15 min. Column chromatography: amine
silica gel (gradient 4 to 10% EtOAc in hexane) and PTLC (hexane/EtOAc = 3/1). According to the procedure
described for Condition B, 10f (42.9 mg, 0.134 mmol) was converted into 11f (6.9 mg, 16%) and 12f (27.9 mg, 65%)
by the reaction with JohnPhosAuNTf (5.21 mg, 0.00672 mmol) in i-PrOH (1.3 mL) at 80 °C for 1 h. Column
chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane). Compound 11f: white solid; mp 156-158 °C;
'H NMR (500 MHz, CDCls): ¢ 2.81-2.92 (br m, 1H), 3.17-3.36 (br m, 2H), 3.49-3.59 (br m, 4H), 3.75 (s, 3H), 4.09-
4.20 (br m, 1H), 4.43-4.53 (br m, 1H), 6.22 (d, J = 2.3 Hz, 1H), 6.25 (dd, J = 8.0, 8.0 Hz, 1H), 6.80 (dd, J = 8.6, 2.3
Hz, 1H), 7.19 (d, J = 8.6 Hz, 1H), 7.27-7.32 (m, 3H), 7.40-7.44 (m, 2H); 3C{*H} NMR (125 MHz, CDCls): 6 28.6,
29.9, 55.6, 63.4, 67.9, 102.5, 109.6, 111.0 (2C), 122.1, 126.9, 127.8, 128.0 (2C), 128.2 (2C), 132.3, 139.3, 140.8,
141.0, 153.8; HRMS (ESI-TOF) m/z: [M + H]* calcd for C21H22NO», 320.1645; found 320.1645. Compound 12f:
brown solid; mp 91-93 °C; *H NMR (500 MHz, CDCls): 6 1.98-2.05 (m, 1H), 2.28-2.34 (m, 1H), 2.64 (dd, J = 17.5,
2.6 Hz, 1H), 2.72 (dd, J = 17.5, 2.6 Hz, 1H), 2.82 (s, 3H), 3.56 (s, 3H), 3.85-3.90 (m, 1H), 4.01-4.07 (m, 1H), 6.11
(dd, J = 2.6, 2.6 Hz, 1H), 6.31 (d, J = 8.0 Hz, 1H), 6.70 (dd, J = 8.0, 2.9 Hz, 1H), 6.74 (d, J = 2.9 Hz, 1H), 7.25-7.30
(m, 1H), 7.32-7.37 (m, 2H), 7.79-7.83 (m, 2H); 3C{H} NMR (125 MHz, CDCls): 6 30.5, 38.4, 40.3, 55.9, 68.1,
85.5,104.1, 106.4, 111.8, 115.1, 127.3 (2C), 127.7, 128.3 (3C), 129.1, 134.7, 142.9, 146.6, 152.0; HRMS (ESI-TOF)
m/z: [M + H]* calcd for C21H22NO3, 320.1645; found 320.1635.

(2)-11-Methyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-b]lindole-8-carbonitrile  (11g). According to the
procedure described for Condition A, 10g (46.2 mg, 0.147 mmol) was converted into 11g (8.0 mg, 17%) by the
reaction with IPrAUNTf; (6.37 mg, 0.00735 mmol) in EtOH (1.5 mL) at 60 °C for 6.5 h, and additional 11.5 h after
addition of a second portion of IPrAUNTf, (6.37 mg, 0.00735 mmol). Column chromatography: amine silica gel
(gradient 6 to 50% EtOAc in hexane) and PTLC (toluene/EtOAc = 5/1). According to the procedure described for
Condition B, 10g (48.6 mg, 0.155 mmol) was converted into 11g (2.4 mg, 5%) by the reaction with JohnPhosAuNTf
(5.99 mg, 0.00773 mmol) in i-PrOH (1.5 mL) at 80 °C for 6 h. Column chromatography: amine silica gel (gradient 6
to 20% EtOACc in hexane) and PTLC (toluene/EtOAc = 5/1). Compound 11g: yellow solid; mp 230-234 °C; IR (neat
cm™?): 2220 (C=N) 'H NMR (500 MHz, CDCls): 6 2.86-2.98 (br m, 1H), 3.21-3.38 (br m, 2H), 3.43-3.55 (br m, 1H),
3.83 (s, 3H), 4.13-4.20 (br m, 1H), 4.44-4.53 (br m, 1H), 6.30 (dd, J = 7.7, 7.7 Hz, 1H), 7.12 (s, 1H), 7.31-7.41 (m,
7H); BC{*H} NMR (125 MHz, CDCls): ¢ 28.4, 30.1, 63.2, 67.8, 102.5, 109.9, 112.4, 120.7, 123.8, 124.5, 125.6,
126.4, 127.7 (2C), 128.3, 128.5 (2C), 138.7, 139.5, 140.3, 140.8; HRMS (ESI-TOF) m/z: [M + H]* calcd for
C21H19N20, 315.1492; found 315.1494.

(2)-7-Bromo-11-methyl-6-phenyl-1,2,4,11-tetrahydrooxocino-[4,5-b]indole (11h) and 8-Bromo-4-methyl-1-
phenyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[b]indole (12h). According to the procedure described for
Condition A, 10h (28.3 mg, 0.768 mmol) was converted into 11h (15.7 mg, 55%) by the reaction with IPrAuNTf
(3.33 mg, 0.00384 mmol) in EtOH (0.77 mL) at 60 °C for 1 h. PTLC (hexane/acetone = 5/1) and PTLC
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(toluene/EtOAC = 5/1) According to the procedure described for Condition B, 10h (26.6 mg, 0.0722 mmol) was
converted into 12h (10.9 mg, 44%) by the reaction with JohnPhosAuNTT; (2.80 mg, 0.00361 mmol) in i-PrOH (0.72
mL) at 80 °C for 5 h. PTLC (hexane/acetone = 5/1). Compound 11h: white solid; mp 159-161 °C; *H NMR (500
MHz, CDCls) ): ¢ 2.80 (ddd, J = 16.0, 10.3, 1.7 Hz, 1H), 3.16-3.24 (m, 2H), 3.45 (dd, J = 12.3, 10.0 Hz, 1H), 3.80
(s, 3H), 4.08—4.12 (m, 1H), 4.47 (dd, J = 12.3, 6.3 Hz, 1H), 6.49 (dd, J = 10.0, 6.3 Hz, 1H), 7.03 (dd, J = 8.0, 8.0 Hz,
1H), 7.17 (d, J = 8.0 Hz, 1H), 7.24-7.31 (m, 6H); 3C{*H} NMR (125 MHz, CDCls): 6 28.0, 30.1, 64.2, 67.9, 108.3,
111.3, 114.2, 122.3, 124.3, 124.7, 125.6, 127.1 (2C), 127.4, 128.1 (2C), 138.3, 139.7, 140.8, 143.0; HRMS (ESI-
TOF) m/z: [M + Na]* calcd for C2oH1sBrNNaO, 390.0464; found, 390.0463. Compound 12h: yellow solid; mp 174-
176 °C; *H NMR (500 MHz, CDCls): § 2.08-2.14 (m, 1H), 2.22-2.28 (m, 1H), 2.63 (dd, J = 17.2, 2.3 Hz, 1H), 2.75
(dd, J = 17.2, 2.3 Hz, 1H), 2.87 (s, 3H), 3.93-3.99 (m, 1H), 4.07-4.13 (m, 1H), 5.81 (dd, J = 2.6, 2.6 Hz, 1H), 6.31
(d, J=8.0 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 6.93 (dd, J = 8.0, 8.0 Hz, 1H), 7.26-7.30 (m, 3H), 7.43-7.46 (m, 2H);
BC{*H} NMR (125 MHz, CDCls): 6 30.1, 38.0, 41.0, 68.0, 85.9, 104.9, 105.6, 119.8, 121.9, 126.3, 127.2, 127.6 (2C),
129.1 (2C), 130.8, 132.8, 138.1, 144.0, 153.4; HRMS (ESI-TOF) m/z: [M + H]* calcd for C20H19BrNO, 368.0645;
found 368.0646.

(2)-9-Bromo-11-methyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-blindole (11i) and 6-Bromo-4-methyl-1-
phenyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[b]indole (12i). According to the procedure described for
Condition A, 10i (60.6 mg, 0.165 mmol) was converted into 11i (38.9 mg, 64%) and 12i (11.7 mg, <19%) including
inseparable impurities by the reaction with IPrAuUNTf, (7.13 mg, 0.00823 mmol) in EtOH (1.7 mL) at 60 °C for 30
min. Column chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane). According to the procedure
described for Condition B, 10i (55.1 mg, 0.150 mmol) was converted into 11i (3.4 mg, 6%) and 12i (43.4 mg, 79%)
by the reaction with JohnPhosAuNTf; (5.80 mg, 0.00748 mmol) in i-PrOH (1.5 mL) at 80 °C for 10 min. Column
chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane). Compound 11i: yellow solid; mp 169-172 °C;
IH NMR (500 MHz, CDCls): § 2.82-2.91 (br m, 1H), 3.19-3.35 (br m, 2H), 3.45-3.54 (br m, 1H), 3.75 (s, 3H), 4.09-
4.19 (br m, 1H), 4.42-4.52 (br m, 1H), 6.27 (dd, J = 8.0, 8.0 Hz, 1H), 6.63 (d, J = 8.3 Hz, 1H), 6.97 (dd, J = 8.3, 1.7
Hz, 1H), 7.27-7.32 (m, 3H), 7.35-7.39 (m, 2H), 7.46 (d, J = 1.7 Hz, 1H); BC{*H} NMR (125 MHz, CDCls): ¢ 28.4,
29.9, 63.3, 67.8, 111.5, 112.1, 114.9, 121.5, 122.7, 122.9, 125.4, 127.9 (3C), 128.2 (2C), 137.9, 139.3, 140.3, 140.7;
HRMS (ESI-TOF) m/z: [M + H]* calcd for C0H19BrNO, 368.0645; found 368.0643. Compound 12i: yellow solid;
mp 108-111 °C; 'H NMR (500 MHz, CDCl3): 6 2.00-2.07 (m, 1H), 2.29-2.34 (m, 1H), 2.65-2.74 (m, 2H), 2.84 (s,
3H), 3.78-3.83 (m, 1H), 4.00-4.06 (m, 1H), 6.08 (dd, J = 2.6, 2.6 Hz, 1H), 6.47 (d, J = 1.7 Hz, 1H), 6.55 (dd, J = 8.0,
1.7 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 7.27-7.32 (m, 1H), 7.33-7.38 (m, 2H), 7.76-7.81 (m, 2H); *C{*H} NMR (125
MHz, CDCls): 6 29.6, 38.8, 41.1, 67.7, 85.4, 103.9, 108.6, 119.4, 123.9, 125.9, 126.3, 127.3 (2C), 127.8, 128.3 (2C),
129.0, 134.4, 142.6, 152.9; HRMS (ESI-TOF) m/z: [M + H]* calcd for C20H19BrNO, 368.0645; found 368.0642.

(2)-10-Bromo-11-methyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-bJindole (11j) and 5-Bromo-4-methyl-1-
phenyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[b]indole (12j). According to the procedure described for
Condition A, 10j (27.3 mg, 0.0742 mmol) was converted into 11j (19.3 mg, 71%) and 12j (trace) by the reaction
with IPrAUNTf; (3.22 mg, 0.00371 mmol) in EtOH (0.74 mL) at 60 °C for 30 min. Column chromatography: amine
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silica gel (hexane/EtOAcC = 25/1) and amine PTLC (hexane/EtOAc = 10/1 x 2). According to the procedure described
for Condition B, 10j (25.1 mg, 0.0683 mmol) was converted into 11j (2.4 mg, 9%) and 12j (30.0 mg, 80%) by the
reaction with JohnPhosAuNTf, (2.65 mg, 0.00341 mmol) in i-PrOH (0.68 mL) at 80 °C for 30 min. Column
chromatography: amine silica gel (gradient 4 to 15% EtOAc in hexane). Compound 11j: white solid; mp 206-208 °C;
IH NMR (500 MHz, CDCls): § 2.83-2.90 (m, 1H), 3.23-3.33 (m, 2H), 3.44-3.50 (m, 1H), 4.11-4.16 (m, 1H), 4.19 (s,
3H), 4.43-4.49 (m, 1H), 6.30 (dd, J = 8.6, 6.9 Hz, 1H), 6.66-6.74 (m, 2H), 7.26-7.32 (m, 4H), 7.34-7.39 (m, 2H);
BC{*H} NMR (125 MHz, CDCls): ¢ 28.3, 32.6, 63.5, 67.8, 103.5, 112.0, 119.7, 120.6, 123.6, 126.9, 127.8 (2C),
127.9, 128.3 (2C), 129.6, 133.5, 140.0, 140.6, 140.7; HRMS (ESI-TOF) m/z: [M + H]* calcd for CxoH19BrNO,
368.0645; found 368.0648. Compound 12j: colorless oil; *H NMR (500 MHz, CDCls): 6 2.03-2.10 (m, 1H), 2.37-
2.43 (m, 1H), 2.71 (dd, J = 17.5, 2.6 Hz, 1H), 2.80 (dd, J = 17.5, 2.6 Hz, 1H), 3.31 (s, 3H), 3.82-3.88 (m, 1H), 4.00-
4.05 (m, 1H), 6.07 (dd, J = 2.6, 2.6 Hz, 1H), 6.30 (dd, J = 8.0, 8.0 Hz, 1H), 6.97 (dd, J = 8.0, 1.1 Hz, 1H), 7.20 (dd,
J=8.0, 1.1 Hz, 1H), 7.28-7.32 (m, 1H), 7.33-7.37 (m, 2H), 7.77-7.80 (m, 2H); *.C{*H} NMR (125 MHz, CDCly): &
33.2,39.4, 41.6, 67.5, 86.0, 100.0, 102.8, 118.4, 124.0, 127.4 (2C), 127.8, 128.3 (2C), 129.4, 130.7, 134.8, 135.2,
142.9, 147.7; HRMS (ESI-TOF) m/z: [M + H]* calcd for C2oH19BrNO, 368.0645; found 368.0640.

(2)-6-(4-Chlorophenyl)-11-methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11k) and 1-(4-Chlorophenyl)-4-
methyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[blindole (12k). According to the procedure described for
Condition A, 10k (37.8 mg, 0.117 mmol) was converted into 11k (27.6 mg, 73%) and 12k (3.6 mg, <10%) including
inseparable impurities by the reaction with IPrAuUNTf, (5.07 mg, 0.00585 mmol) in EtOH (1.2 mL) at 60 °C for 30
min. Column chromatography: amine silica gel (gradient 4 to 15% EtOAc in hexane). According to the procedure
described for Condition B, 10k (37.7 mg, 0.117 mmol) was converted into 11k (2.9 mg, 8%) and 12k (29.0 mg,
77%) by the reaction with JohnPhosAuNTf, (4.53 mg, 0.00584 mmol) in i-PrOH (1.2 mL) at 80 °C for 30 min.
Column chromatography: amine silica gel (gradient 4 to 15% EtOAc in hexane) and 11k was purified by PTLC
(hexane/EtOAc = 5/1). Compound 11k: yellow solid; mp 178-180 °C; *H NMR (500 MHz, CDCls): § 2.81-2.89 (m,
1H), 3.23-3.32 (m, 2H), 3.45-3.52 (m, 1H), 3.78 (s, 3H), 4.10-4.17 (m, 1H), 4.43-4.50 (m, 1H), 6.25 (dd, J = 8.0, 8.0
Hz, 1H), 6.80 (d, J = 7.7 Hz, 1H), 6.92 (dd, J = 7.7, 7.7 Hz, 1H), 7.17 (dd, J = 7.7, 7.7 Hz, 1H), 7.24-7.28 (m, 2H),
7.30-7.36 (m, 3H); BC{*H} NMR (125 MHz, CDCls): 6 28.4, 29.8, 63.4, 67.8, 109.1, 110.8, 119.6, 120.2, 121.4,
122.8, 126.3, 128.4 (2C), 129.2 (2C), 133.6, 137.1, 138.9, 139.5, 139.8; HRMS (ESI-TOF) m/z: [M + H]* calcd for
C20H19CINO, 324.1150; found 324.1156. Compound 12k: yellow solid; mp 168-170 °C; *H NMR (500 MHz, CDCls):
§2.00-2.06 (m, 1H), 2.30-2.36 (M, 1H), 2.67 (dd, J = 17.5, 2.6 Hz, 1H), 2.72 (dd, J = 17.5, 2.6 Hz, 1H), 2.86 (s, 3H),
3.79-3.85 (m, 1H), 4.00-4.05 (m, 1H), 6.07 (dd, J = 2.6, 2.6 Hz, 1H), 6.37 (d, J = 7.4 Hz, 1H), 6.48 (dd, J= 7.4, 7.4
Hz, 1H), 7.03 (d, J = 7.4 Hz, 1H), 7.11 (dd, J = 7.4, 7.4 Hz, 1H), 7.32 (d, J = 8.6 Hz, 2H), 7.76 (d, J = 8.6 Hz, 2H);
BC{'*H} NMR (125 MHz, CDCls): 6 29.7, 38.7, 40.9, 67.9, 85.0, 104.2, 105.8, 116.9, 124.7, 126.9, 128.4 (2C), 128.7
(2C), 129.5, 129.9, 133.3, 133.4, 142.0, 151.8; HRMS (ESI-TOF) m/z: [M + H]* calcd for C20H19CINO, 324.1150;
found 324.1151.

(2)-6-(4-Bromophenyl)-11-methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11l) and 1-(4-Bromophenyl)-4-
methyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[blindole (121). According to the procedure described for
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Condition A, 101 (63.9 mg, 0.174 mmol) was converted into 111 (36.0 mg, 56%) and 121 (9.9 mg, <15%) including
inseparable impurities by the reaction with IPrAuUNTf, (7.52 mg, 0.00868 mmol) in EtOH (1.7 mL) at 60 °C for 30
min. Column chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane). According to the procedure
described for Condition B, 10l (38.2 mg, 0.104 mmol) was converted into 111 (1.4 mg, 4%) and 121 (26.5 mg, 69%)
by the reaction with JohnPhosAuUNTf, (4.03 mg, 0.00519 mmol) in i-PrOH (1.0 mL) at 80 °C for 5 min. Column
chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane). Compound 111: white solid; mp 182-184 °C;
'H NMR (500 MHz, CDCls): ¢ 2.80-2.88 (br m, 1H), 3.22-3.31 (br m, 2H), 3.44-3.52 (br m, 1H), 3.78 (s, 3H), 4.10-
4.16 (br m, 1H), 4.42-4.49 (br m, 1H), 6.25 (dd, J = 8.0, 8.0 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.92 (dd, J = 8.0, 8.0
Hz, 1H), 7.17 (dd, J = 8.0, 8.0 Hz, 1H), 7.28 (d, J = 8.6 Hz, 2H), 7.32 (d, J = 8.0 Hz, 1H), 7.41 (d, J = 8.6 Hz, 2H);
BC{*H} NMR (125 MHz, CDCls): 6 28.4, 29.8, 63.4, 67.8, 109.1, 110.7, 119.6, 120.2, 121.4, 121.8, 122.8, 126.3,
129.6 (2C), 131.3 (2C), 137.0, 138.9, 139.8, 139.9; HRMS (ESI-TOF) m/z: [M + H]* calcd for CH19BrNO,
368.0645; found 368.0641. Compound 12I: orange solid; mp 169-172 °C; *H NMR (500 MHz, CDCls): § 2.00-2.06
(m, 1H), 2.30-2.36 (m, 1H), 2.64-2.74 (m, 2H), 2.86 (s, 3H), 3.80-3.85 (m, 1H), 4.00-4.05 (m, 1H), 6.09 (dd, J = 2.6,
2.6 Hz, 1H), 6.37 (d, J = 8.0 Hz, 1H), 6.48 (dd, J = 8.0, 8.0 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 7.12 (dd, J = 8.0, 8.0
Hz, 1H), 7.48 (d, J = 8.6 Hz, 2H), 7.70 (d, J = 8.6 Hz, 2H); 3C{*H} NMR (125 MHz, CDCls): § 29.7, 38.7, 40.9,
67.9,85.0,104.2,105.8,116.9, 121.7,124.7, 126.9, 129.0 (2C), 129.6, 129.9, 131.3 (2C), 133.7, 142.0, 151.8; HRMS
(ESI-TOF) m/z: [M + H]* calcd for CooH19BrNO, 368.0645; found 368.0645.

(2)-4-(11-Methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indol-6-yl)benzonitrile (11m) and 4-[4-Methyl-3H,4H-
8b,3a-(epoxyethano)cyclopenta[b]indol-1-yl]benzonitrile (12m). According to the procedure described for
Condition A, 10m (36.3 mg, 0.116 mmol) was converted into 11m (26.6 mg, 73%) and 12m (3.9 mg, <11%)
including inseparable impurities by the reaction with IPrAUNTf, (5.00 mg, 0.00577 mmol) in EtOH (1.2 mL) at 60 °C
for 30 min. Column chromatography: amine silica gel (gradient 6 to 10% EtOAc in hexane). According to the
procedure described for Condition B, 10m (44.3 mg, 0.141 mmol) was converted into 11m (2.8 mg, 6%) and 12m
(33.0 mg, 74%) by the reaction with JohnPhosAUNTf, (5.46 mg, 0.00704 mmol) in i-PrOH (1.4 mL) at 80 °C for 10
min. Column chromatography: amine silica gel (gradient 6 to 20% EtOAc in hexane). Compound 11m: white solid;
IR (neat cm): 2226 (C=N); mp 186-188 °C; *H NMR (500 MHz, CDCls): 6 2.79-2.90 (br m, 1H), 3.23-3.36 (br m,
2H), 3.47-3.59 (br m, 1H), 3.80 (s, 3H), 4.10-4.19 (br m, 1H), 4.44-4.54 (br m, 1H), 6.33 (dd, J = 8.0, 8.0 Hz, 1H),
6.72 (d, J = 8.0 Hz, 1H), 6.92 (dd, J = 8.0, 8.0 Hz, 1H), 7.18 (dd, J = 8.0, 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.50
(d, J=8.6 Hz, 2H), 7.58 (d, J = 8.6 Hz, 2H); 3C{*H} NMR (125 MHz, CDCl5): J 28.3, 29.8, 63.5, 67.6, 109.3, 110.1,
111.2, 119.0, 119.8 (2C), 121.6, 125.2, 126.0, 128.5 (2C), 132.1 (2C), 137.1, 139.2, 139.4, 145.6; HRMS (ESI-TOF)
m/z: [M + H]* calcd for C21H19N20, 315.1492; found 315.1491. Compound 12m: white solid; IR (neat cm™): 2245
(C=N); mp 161-165 °C; *H NMR (500 MHz, CDCly): § 2.01-2.07 (m, 1H), 2.32-2.38 (m, 1H), 2.72 (dd, J = 18.0, 2.6
Hz, 1H), 2.78 (dd, J = 18.0, 2.6 Hz, 1H), 2.87 (s, 3H), 3.81-3.87 (m, 1H), 4.00-4.06 (m, 1H), 6.23 (dd, J = 2.6, 2.6
Hz, 1H), 6.39 (d, J = 7.7 Hz, 1H), 6.49 (dd, J = 7.7, 7.7 Hz, 1H), 6.98 (d, J = 7.7 Hz, 1H), 7.13 (dd, J = 7.7, 7.7 Hz,
1H), 7.64 (d, J = 8.6 Hz, 2H), 7.93 (d, J = 8.6 Hz, 2H); *C{*H} NMR (125 MHz, CDCls): 6 29.7, 38.6, 41.1, 68.0,
85.1, 104.1, 106.0, 111.0, 116.9, 119.1, 124.5, 126.6, 127.8 (2C), 130.1, 132.1 (2C), 132.4, 139.4, 141.8, 151.8;
HRMS (ESI-TOF) m/z: [M + H]* calcd for C21H19N20, 315.1492; found 315.1495.
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(2)-11-Methyl-6-(p-tolyl)-1,2,4,11-tetrahydrooxocino[4,5-b]indole  (11n) and 4-Methyl-1-(p-tolyl)-3H,4H-
8h,3a-(epoxyethano)cyclopenta[b]indole (12n). According to the procedure described for Condition A, 10n (60.0
mg, 0.198 mmol) was converted into 11n (31.5 mg, 53%) and 12n (7.2 mg, 12%) by the reaction with IPrAuUNTf;
(8.57 mg, 0.00989 mmol) in EtOH (2.0 mL) at 60 °C for 1 h, and additional 1 h after addition of a second portion of
IPrAuNTf, (8.57 mg, 0.00989 mmol). Column chromatography: amine silica gel (gradient 4 to 10% EtOAc in
hexane). According to the procedure described for Condition B, 10n (45.1 mg, 0.149 mmol) was converted into 11n
(4.3 mg, 10%) and 12n (34.3 mg, 76%) by the reaction with JohnPhosAuNTf; (5.76 mg, 0.00742 mmol) in i-PrOH
(1.49 mL) at 80 °C for 5 min. Column chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane).
Compound 11n: white solid; mp 169-172 °C; *H NMR (500 MHz, CDCls): § 2.35 (s, 3H), 2.82-2.91 (br m, 1H),
3.21-3.32 (br m, 2H), 3.45-3.52 (br m, 1H), 3.78 (s, 3H), 4.10-4.18 (br m, 1H), 4.43-4.49 (br m, 1H), 6.25 (dd, J =
8.3, 8.3 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 6.90 (dd, J = 8.0, 8.0 Hz, 1H), 7.10 (d, J = 8.0 Hz, 2H), 7.15 (dd, J = 8.0,
8.0 Hz, 1H), 7.29-7.33 (m, 3H); 3C{*H} NMR (125 MHz, CDCl): § 21.2, 28.4, 29.7, 63.3, 67.9, 109.0, 111.4, 119.4,
120.4,121.2, 121.6, 126.6, 127.8 (2C), 128.9 (2C), 137.0, 137.6, 138.1, 138.7, 140.7; HRMS (ESI-TOF) m/z: [M +
H]* calcd for C21H22NO, 304.1696; found 304.1694. Compound 12n: colorless oil; *H NMR (500 MHz, CDCls): §
1.99-2.07 (m, 1H), 2.29-2.38 (m, 4H), 2.63-2.74 (m, 2H), 2.86 (s, 3H), 3.80-3.86 (m, 1H), 4.00-4.06 (m, 1H), 6.05
(dd, J = 2.3, 2.3 Hz, 1H), 6.36 (d, J = 8.0 Hz, 1H), 6.47 (dd, J = 8.0, 8.0 Hz, 1H), 7.08-7.13 (m, 2H), 7.17 (d, J = 8.0
Hz, 2H), 7.72 (d, J = 8.0 Hz, 2H); 3C{'H} NMR (125 MHz, CDCls): § 21.2, 29.7, 38.8, 40.7, 67.8, 84.9, 104.4,
105.7, 116.8, 124.9, 127.2 (3C), 127.9, 128.9 (2C), 129.7, 131.8, 137.3, 142.8, 151.8; HRMS (ESI-TOF) m/z: [M +
H]* calcd for C21H22NO, 304.1696; found 304.1696.

(2)-6-(4-Methoxyphenyl)-11-methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (110) and 1-(4-Methoxyphenyl)-
4-methyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[b]indole (120). According to the procedure described for
Condition A, 100 (55.5 mg, 0.174 mmol) was converted into 110 (12.4 mg, 22%) and 120 (7.8 mg, <14%) including
inseparable impurities by the reaction with IPrAUNTf; (7.53 mg, 0.00869 mmol) in EtOH (1.7 mL) at 60 °C for 1 h,
and additional 1 h after addition of a second portion of IPrAuNTf, (7.53 mg, 0.00869 mmol). Column
chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane). According to the procedure described for
Condition B, 100 (34.9 mg, 0.109 mmol) was converted into 120 (23.4 mg, 67%) by the reaction with
JohnPhosAuUNTf; (4.27 mg, 0.00546 mmol) in i-PrOH (1.1 mL) at 80 °C for 5 min. Column chromatography: amine
silica gel (gradient 4 to 10% EtOAc in hexane). Compound 110: yellow solid; mp 144-146 °C; *H NMR (500 MHz,
CDCl): 6 2.83-2.91 (m, 1H), 3.22-3.31 (m, 2H), 3.43-3.50 (m, 1H), 3.78 (s, 3H), 3.81 (s, 3H), 4.11-4.17 (m, 1H),
4.42-4.49 (m, 1H), 6.20 (dd, J = 8.3, 8.3 Hz, 1H), 6.81-6.86 (m, 3H), 6.91 (dd, J = 8.0, 8.0 Hz, 1H), 7.16 (dd, J = 8.0,
8.0 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.35 (d, J = 9.2 Hz, 2H); 3C{*H} NMR (125 MHz, CDCls): 6 28.5, 29.8, 55.2,
63.3,67.9, 109.0, 111.4, 113.5 (2C), 119.4, 120.4, 120.8, 121.2, 126.6, 129.1 (2C), 133.6, 137.0, 138.7, 140.3, 159.4;
HRMS (ESI-TOF) m/z: [M + H]* calcd for C21H2,NO,, 320.1645; found 320.1642. Compound 120: yellow oil; *H
NMR (500 MHz, CDCls): 6 1.99-2.06 (m, 1H), 2.30-2.36 (m, 1H), 2.63-2.72 (m, 2H), 2.85 (s, 3H), 3.79-3.85 (m,
4H), 4.01-4.05 (m, 1H), 5.98 (dd, J = 2.6, 2.6 Hz, 1H), 6.36 (d, J = 8.0 Hz, 1H), 6.47 (dd, J = 8.0, 8.0 Hz, 1H), 6.87-
6.91 (m, 2H), 7.08-7.12 (m, 2H), 7.77 (d, J = 8.6 Hz, 2H); *C{*H} NMR (125 MHz, CDCl3): 6 29.7, 38.8, 40.6, 55.2,
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67.8,84.9,104.4,105.7,113.6 (2C), 116.8, 124.8, 126.9, 127.2, 127.4,128.6 (2C), 129.7, 142.5, 151.9, 159.2; HRMS
(ESI-TOF) m/z: [M + H]* calcd for Co1H22NO2, 320.1645; found 320.1641.

(2)-6-(3-Chlorophenyl)-11-methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11p) and 1-(3-Chlorophenyl)-4-
methyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[blindole (12p). According to the procedure described for
Condition A, 10p (43.8 mg, 0.136 mmol) was converted into 11p (31.1 mg, 71%) and 12p (2.9 mg, <7%) including
inseparable impurities by the reaction with IPrAUNTf; (5.88 mg, 0.00678 mmol) in EtOH (1.4 mL) at 60 °C for 1 h.
Column chromatography: amine silica gel (gradient 4% to 10% EtOAc in hexane). According to the procedure
described for Condition B, 10p (47.9 mg, 0.148 mmol) was converted into 11p (3.8 mg, 8%) and 12p (35.6 mg,
74%) by the reaction with JohnPhosAuNTf; (5.75 mg, 0.00742 mmol) in i-PrOH (1.5 mL) at 80 °C for 1 h. Column
chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane). Compound 11p: yellow solid; mp 171-
174 °C; 'H NMR (500 MHz, CDCls): 6 2.80-2.90 (br m, 1H), 3.22-3.33 (br m, 2H), 3.44-3.53 (br m, 1H), 3.78 (s,
3H), 4.10-4.18 (br m, 1H), 4.42-4.51 (br m, 1H), 6.25 (dd, J = 8.0, 8.0 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 6.92 (dd, J
= 8.0, 8.0 Hz, 1H), 7.17 (dd, J = 8.0, 8.0 Hz, 1H), 7.19-7.23 (m, 1H), 7.25-7.28 (m, 2H), 7.32 (d, J = 8.0 Hz, 1H),
7.40-7.43 (m, 1H); *C{*H} NMR (125 MHz, CDCls): ¢ 28.4, 29.8, 63.4, 67.7, 109.1, 110.7, 119.7, 120.1, 121.4,
123.5, 126.3 (2C), 127.8 (2C), 129.4, 134.1, 137.1, 138.9, 139.8, 143.1; HRMS (ESI-TOF) m/z: [M + H]* calcd for
C20H19CINO, 324.1150; found 324.1146. Compound 12p: yellow oil; *H NMR (500 MHz, CDCls): 6 2.00-2.06 (m,
1H), 2.30-2.36 (m, 1H), 2.68 (dd, J = 17.8, 2.9 Hz, 1H), 2.73 (dd, J = 17.8, 2.9 Hz, 1H), 2.86 (s, 3H), 3.80-3.86 (m,
1H), 4.00-4.05 (m, 1H), 6.11 (dd, J = 2.9, 2.9 Hz, 1H), 6.37 (d, J = 8.0 Hz, 1H), 6.49 (dd, J = 8.0, 8.0 Hz, 1H), 7.05
(d, J=8.0 Hz, 1H), 7.12 (dd, J = 8.0, 8.0 Hz, 1H), 7.25-7.31 (m, 2H), 7.71-7.74 (m, 1H), 7.79-7.82 (m, 1H); *C{H}
NMR (125 MHz, CDCls): 6 29.7, 38.7, 40.9, 67.8, 85.0, 104.2, 105.8, 116.9, 124.7, 125.5, 126.8, 127.4, 127.7, 129.5,
129.9, 130.3, 134.2, 136.7, 141.9, 151.8; HRMS (ESI-TOF) m/z: [M + H]* calcd for C20H19sCINO, 324.1150; found
324.1148.

(E)-6-(2-Chlorophenyl)-11-methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11q) and 1-(2-Chlorophenyl)-4-
methyl-3H,4H-8b,3a-(epoxyethano)cyclopenta[blindole (12q). According to the procedure described for
Condition A, 10q (47.2 mg, 0.146 mmol) was converted into 11q (33.2 mg, 70%) and 12q (5.7 mg, <12%) including
inseparable impurities by the reaction with IPrAUNTf; (6.34 mg, 0.00731 mmol) in EtOH (1.5 mL) at 60 °C for 1 h.
Column chromatography: amine silica gel (gradient 4 to 15% EtOAc in hexane). According to the procedure
described for Condition B, 10q (40.9 mg, 0.127 mmol) was converted into 11q (11.1 mg, 27%) and 12qg (10.8 mg,
26%) by the reaction with JohnPhosAuNTf; (4.91 mg, 0.00633 mmol) in i-PrOH (1.3 mL) at 80 °C for 3 h. Column
chromatography: amine silica gel (gradient 4 to 15% EtOAc in hexane). Compound 11q: white solid; mp 149-151 °C;
IH NMR (500 MHz, DMSO-dg, 100 °C): & 3.12-3.16 (br m, 2H), 3.70-3.76 (m, 5H), 4.00-4.04 (br m, 2H), 5.83 (dd,
J=17.2,7.2Hz, 1H), 6.62 (d, J = 8.0 Hz, 1H), 6.74 (dd, J = 8.0, 8.0 Hz, 1H), 7.01 (dd, J = 8.0, 8.0 Hz, 1H), 7.29-
7.37 (m, 4H), 7.42 (dd, J = 8.0, 1.7 Hz, 1H); BC{*H} NMR (125 MHz, CDCl3): 6 28.5, 29.8, 63.2, 67.4, 109.0, 111.5,
119.3, 119.6, 121.2, 125.6, 126.2, 126.5, 128.6, 129.9, 131.5, 133.5, 136.8, 138.0, 139.6, 141.2; HRMS (ESI-TOF)
m/z: [M + H]* calcd for C20H19CINO, 324.1150; found 324.1149. Compound 12q: yellow oil; *H-NMR (500 MHz,
CDCla): 6 2.10-2.16 (m, 1H), 2.23-2.30 (m, 1H), 2.67 (dd, J = 17.8, 2.3 Hz, 1H), 2.88-2.94 (m, 4H), 3.84-3.89 (m,
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1H), 4.00-4.06 (m, 1H), 6.10 (dd, J = 2.3, 2.3 Hz, 1H), 6.38 (d, J = 8.0 Hz, 1H), 6.46 (dd, J = 8.0, 8.0 Hz, 1H), 6.68
(d, J = 8.0 Hz, 1H), 7.11 (dd, J = 8.0, 8.0 Hz, 1H), 7.23 (ddd, J = 7.7, 7.7, 1.7 Hz, 1H), 7.28 (ddd, J = 7.7, 7.7, 1.1
Hz, 1H), 7.39 (dd, J = 7.7, 1.1 Hz, 1H), 7.84 (dd, J = 7.7, 1.7 Hz, 1H); 3C{*H} NMR (125 MHz, CDCls): J 29.8,
38.9, 42.3,67.3,84.0, 105.5, 105.8, 116.9, 124.3, 126.1, 127.0, 128.4, 129.6, 129.9, 130.8, 133.7, 134.2, 134.4, 138.4,
151.5; HRMS (ESI-TOF) m/z: [M + H]* calcd for C2oH19CINO, 324.1150; found 324.1152.

(2)-11-Methyl-6-(naphthalen-2-yl)-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11r) and 4-Methyl-1-
(naphthalen-2-yl)-3H,4H-8b,3a-(epoxyethano)cyclopenta[b]indole (12r). According to the procedure described
for Condition A, 10r (32.0 mg, 0.0943 mmol) was converted into 11r (20.0 mg, 63%) and 12r (2.8 mg, <9%)
including inseparable impurities by the reaction with IPrAUNTf; (4.09 mg, 0.00474 mmol) in EtOH (0.9 mL) at 60 °C
for 9 h. Column chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane) and 12r was purified by
PTLC (hexane/acetone = 5/1). According to the procedure described for Condition B, 10r (39.2, mg, 0.115 mmol)
was converted into 12r (20.2 mg, 52%) by the reaction with JohnPhosAuNTf; (4.48 mg, 0.00577 mmol) in i-PrOH
(1.2 mL) at 80 °C for 5 h. Column chromatography: amine silica gel (gradient 4 to 15% EtOAc in hexane). Compound
11r: yellow solid; mp 190-193 °C; *H NMR (500 MHz, CDCls): 6 2.89-2.97 (br m, 1H), 3.26-3.37 (br m, 2H), 3.51-
3.60 (br m, 1H), 3.82 (s, 3H), 4.13-4.21 (br m, 1H), 4.49-4.56 (br m, 1H), 6.41 (dd, J = 8.0, 8.0 Hz, 1H), 6.77-6.85
(m, 2H), 7.12-7.17 (m, 1H), 7.33 (d, J = 8.6 Hz, 1H), 7.40-7.47 (m, 2H), 7.55 (dd, J = 8.0, 1.7 Hz, 1H), 7.73-7.78 (m,
2H), 7.80-7.84 (m, 1H), 7.89 (s, 1H); 3C{*H} NMR (125 MHz, CDCls): & 28.5, 29.8, 63.4, 67.9, 109.0, 111.3, 119.6,
120.4,121.3,123.1, 125.8, 125.9, 126.2, 126.6, 127.0, 127.5, 127.7, 128.3, 133.1, 133.4, 137.1, 138.6, 138.9, 140.9;
HRMS (ESI-TOF) m/z: [M + H]* calcd for C24H2:NO, 340.1696; found 340.1699. Compound 12r: yellow oil; *H
NMR (500 MHz, CDCl): 6 2.03-2.11 (m, 1H), 2.34-2.40 (m, 1H), 2.73 (dd, J = 17.5, 2.6 Hz, 1H), 2.78 (dd, J = 17.5,
2.6 Hz, 1H), 2.88 (s, 3H), 3.86-3.92 (m, 1H), 4.08-4.13 (m, 1H), 6.24 (dd, J = 2.6, 2.6 Hz, 1H), 6.38 (d, J = 8.0 Hz,
1H), 6.42 (dd, J = 8.0, 8.0 Hz, 1H), 7.10 (dd, J = 8.0, 8.0 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 7.43-7.50 (m, 2H), 7.78-
7.87 (m, 3H),7.91 (d, J = 6.9 Hz, 1H), 8.43 (s, 1H); 3C{*H} NMR (125 MHz, CDCl3): § 29.8, 38.8, 40.8, 68.0, 85.1,
104.5, 105.8, 116.9, 125.0, 125.5, 125.9, 126.0, 126.3, 127.2, 127.5, 127.8, 128.5, 129.4, 129.8, 132.1, 132.9, 133.4,
143.1, 151.9; HRMS (ESI-TOF) m/z: [M + H]" calcd for C22sH21NO, 340.1696; found 340.1697.

(2)-6,11-Dimethyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11s) and 1,4-Dimethyl-3H,4H-8b,3a-
(epoxyethano)cyclopenta[b]indole (12s). To a stirred mixture of 10s (31.7 mg, 0.139 mmol) in i-PrOH was added
MS3A at room temperature. After the mixture was stirred for 30 min at this temperature, IPrAuNTf, (6.04 mg, 0.0697
mmol) was added to the mixture. After being stirred for 10 h at 80 °C, the reaction mixture was filtered through a
short pad of celite and silica gel, and the filtrate was evaporated in vacuo to give a crude product, which was purified
by PTLC (hexane/acetone = 5/1) and PTLC (toluene/EtOAc = 5/1) to give 11s (5.1 mg, 16%) and 12s (2.5 mg, 8%).
According to the procedure described for Condition B, 10s (46.1 mg, 0.203 mmol) was converted into 11s (2.4 mg,
5%) and 12s (15.5 mg, 34%) by the reaction with JohnPhosAuNTf; (7.86 mg, 0.0101 mmol) in i-PrOH (2.0 mL) at
80 °C for 30 min. Column chromatography: amine silica gel (gradient 4 to 10% EtOAc in hexane). Condition C: To
a stirred mixture of 10s (22.6 mg, 0.0994 mmol) in DCE (0.99 mL) was added 5 mol % IPrAuNTf; (4.31 mg, 0.0497

mmol) at room temperature. After being stirred for 10 min at 80 °C, the reaction mixture was filtered through a short
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pad of celite and silica gel, and the filtrate was evaporated in vacuo to give a crude product, which was purified by
PTLC (hexane/acetone = 5/1) to give 11s (trace) and 12s (18.5 mg, 82%). Compound 11s: orange solid; mp 93-95 °C;
'H NMR (500 MHz, CDCls): 6 2.30 (s, 3H), 2.67-2.86 (br m, 1H), 3.08-3.28 (br m, 2H), 3.29-3.43 (br m, 1H), 3.72
(s, 3H), 4.02-4.16 (br m, 1H), 4.20-4.33 (br m, 1H), 5.85 (dd, J = 8.0, 8.0 Hz, 1H), 7.12 (dd, J = 8.0, 8.0 Hz, 1H),
7.22 (dd, J=8.0, 8.0 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H); *C{*H} NMR (125 MHz, CDCls):
023.3,28.4,29.7,63.6,67.6,109.2, 113.4, 119.5, 119.7, 121.2, 122.4, 126.1, 136.8, 136.9, 137.3; HRMS (ESI-TOF)
m/z: [M + H]* calcd for C1sH1sNO, 228.1383; found 228.1381. Compound 12s: *H NMR (500 MHz, CDCls): 6 1.93
(d, J = 1.1 Hz, 3H), 1.94-1.98 (m, 1H), 2.19-2.24 (m, 1H), 2.42-2.46 (m, 1H), 2.58-2.62 (m, 1H), 2.83 (s, 3H), 3.71-
3.75 (m, 1H), 3.85-3.89 (m, 1H), 5.42 (m, 1H), 6.36 (dd, J = 8.0, 1.1 Hz, 1H), 6.64 (ddd, J = 7.7, 7.4, 1.1 Hz, 1H),
7.15 (ddd, J = 8.0, 7.7, 1.1 Hz, 1H), 7.29 (dd, J = 7.4, 1.1 Hz, 1H). The *H NMR spectra were in good agreement
with those reported.®

(2)-6-Phenyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11t) and 1-Phenyl-3H,4H-8b,3a-(epoxyethano)cyclo-
penta[b]indole (12t). According to the procedure described for Condition A, 10t (42.0 mg, 0.153 mmol) was
converted into 11t (13.3 mg, 32%) and 12t (2.8 mg, 7%) by the reaction with IPrAuUNTf; (6.61 mg, 0.00763 mmol)
in EtOH (1.5 mL) at 60 °C for 9 h. Column chromatography: amine silica gel (gradient 4 to 40% EtOAc in hexane)
and 12t was purified by PTLC (hexane/Acetone = 5/1). According to the procedure described for Condition B, 10t
(48.4 mg, 0.176 mmol) was converted into 12t (8.6 mg, 18%) by the reaction with JohnPhosAuNTf; (6.82 mg,
0.00879 mmol) in i-PrOH (1.8 mL) at 80 °C for 6 h. Column chromatography: amine silica gel (gradient 4 to 15%
EtOAC in hexane). Compound 11t: orange oil; *H NMR (500 MHz, DMSO-ds, 100 °C): § 2.94 (t, J = 4.6 Hz, 2H),
3.60 (s, 2H), 3.88 (s, 2H), 6.13 (t, J = 8.0 Hz, 1H), 6.56 (d, J = 8.0 Hz, 1H), 6.73 (dd, J = 8.0, 8.0 Hz, 1H), 6.97 (dd,
J=8.0, 8.0 Hz, 1H), 7.27-7.34 (m, 6H), 10.95 (s, 1H); 33C{*H} NMR (125 MHz, CDCls): & 31.4, 63.9, 68.0, 110.5,
111.7, 119.8, 120.4, 121.7, 122.7, 127.7, 127.8, 128.0 (2C), 128.2 (2C), 135.3, 137.3, 140.6, 140.8; HRMS (ESI-
TOF) m/z: [M + HJ* calcd for C19H1sNO, 276.1383; found 276.1383. Compound 12t: colorless oil; *H NMR (500
MHz, CDCl3): 6 2.19-2.25 (m, 1H), 2.28-2.33 (m, 1H), 2.72 (dd, J = 17.5, 2.6 Hz, 1H), 2.93 (dd, J = 17.5, 2.6 Hz,
1H), 3.84-3.91 (m, 1H), 4.03-4.08 (m, 1H), 4.14 (s, 1H), 6.09 (dd, J = 2.6, 2.6 Hz, 1H), 6.56 (dd, J = 8.0, 8.0 Hz,
1H), 6.59 (d, J = 8.0 Hz, 1H), 7.06 (dd, J = 8.0, 8.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 7.28-7.32 (m, 1H), 7.34-7.39
(m, 2H), 7.84 (d, J = 7.4 Hz, 2H); *C{*H} NMR (125 MHz, CDCls): ¢ 43.0, 46.2, 67.7, 80.1, 106.3, 109.7, 118.8,
125.2, 127.4 (2C), 127.6, 127.8, 128.2 (2C), 129.3, 129.6, 134.8, 143.0, 151.3; HRMS (ESI-TOF) m/z: [M + H]*
calcd for C19H1sNO, 276.1383; found 276.1380.

(2)-11-Benzyl-6-methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11u) and 4-Benzyl-1-methyl-3H,4H-8b,3a-
(epoxyethano)cyclopenta[b]indole (12u). According to the procedure described for Condition A, 10u (52.6 mg,
0.144 mmol) was converted into 11u (29.6 mg, 56%) and 12u (trace) by the reaction with IPrAuNTf, (6.24 mg,
0.00720 mmol) in EtOH (1.4 mL) at 60 °C for 30 min. Column chromatography: amine silica gel (gradient 2 to 5%
EtOAC in hexane) and amine PTLC(hexane/EtOAc = 5/1). According to the procedure described for Condition B,
10u (51.0 mg, 0.140 mmol) was converted into 11u ( 4.0 mg, 8%) and 12u (39.5 mg, 77%) by the reaction with
JohnPhosAUNTT; (5.41 mg, 0.00698 mmol) in i-PrOH (1.4 mL) at 80 °C for 10 min. Column chromatography: amine
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silica gel (gradient 4 to 10% EtOAc in hexane). Compound 11u: white solid; mp 150-152 °C; *H NMR (500 MHz,
CDCls): 6 2.77-2.87 (br m, 1H), 2.90-2.99 (br m, 1H), 3.10-3.19 (br m, 1H), 3.43-3.52 (br m, 1H), 3.88-3.96 (br m,
1H), 4.41-4.50 (br m, 1H), 5.37-5.48 (m, 2H), 6.29 (dd, J = 8.0, 8.0 Hz, 1H), 6.85 (d, J = 7.4 Hz, 1H), 6.91 (t, J=7.4
Hz, 1H), 7.04 (d, J = 7.4 Hz, 2H), 7.12 (dd, J = 7.4, 7.4 Hz, 1H), 7.26-7.35 (m, 7H), 7.41-7.45 (m, 2H); 3C{'H}
NMR (125 MHz, CDCls): 6§ 28.5, 46.6, 63.2, 67.8, 109.4, 112.0, 119.8, 120.5, 121.7, 122.7, 126.0 (2C), 126.7, 127.6,
127.8,128.0 (2C), 128.2 (2C), 129.0 (2C), 137.0, 137.7, 138.7, 140.6, 141.0; HRMS (ESI-TOF) m/z: [M + H]* calcd
for C26H24NO, 366.1852; found 366.1854. Compound 12u: yellow oil; *H NMR (500 MHz, CDCls): § 2.02-2.09 (m,
1H), 2.29-2.36 (m, 1H), 2.69-2.79 (m, 2H), 3.91-3.98 (m, 1H), 4.04-4.09 (m, 1H), 4.42-4.50 (m, 2H), 6.10 (dd, J =
2.6, 2.6 Hz, 1H), 6.21 (d, J = 8.0 Hz, 1H), 6.48 (dd, J = 8.0, 8.0 Hz, 1H), 7.00 (dd, J = 8.0, 8.0 Hz, 1H), 7.12 (d, J =
8.0 Hz, 1H), 7.25-7.40 (m, 8H), 7.86 (d, J = 7.4 Hz, 2H); 3C{*H} NMR (125 MHz, CDCls): 6 39.9, 41.9, 49.2, 67.9,
85.4, 104.6, 106.7, 117.2, 124.9, 126.7 (2C), 127.0, 127.3, 127.4 (2C), 127.7, 128.2 (2C), 128.6 (3C), 129.7, 134.7,
138.9, 143.2, 151.7; HRMS (ESI-TOF) m/z: [M + H]* calcd for C26H24NO, 366.1852; found 366.1851.

10-Methyl-5-phenyl-3,10-dihydro-1H-oxepino[3,4-bJindole (11v). According to the procedure described for
Condition A, 10v (50.8 mg, 0.184 mmol) was converted into 11v (31.8 mg, 63%) by the reaction with IPrAuUNTf
(8.00 mg, 0.00922 mmol) in EtOH (1.8 mL) at 60 °C 5 h. Column chromatography: amine silica gel (gradient 4 to
10% EtOACc in hexanes). According to the procedure described for Condition B, 10v (28.8 mg, 0.105 mmol) was
converted into 11v (12.7 mg, 44%) by the reaction with JohnPhosAuNTf, (4.06 mg, 0.00523 mmol) in i-PrOH (1.0
mL) at 80 °C for 9 h. Column chromatography: amine silica gel (gradient 2 to 10% EtOAc in hexanes). Compound
11v: orange oil; *H NMR (500 MHz, CDCls): 6 3.81 (s, 3H), 4.03 (d, J = 6.9 Hz, 2H), 4.80 (s, 2H), 6.31 (t, J = 6.9
Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.92 (dd, J = 8.0, 8.0 Hz, 1H), 7.21 (dd, J = 8.0, 8.0 Hz, 1H), 7.33-7.38 (m, 4H),
7.42-7.47 (m, 2H); C{*H} NMR (125 MHz, CDCls): 6 29.9, 61.2, 64.4, 109.5, 114.4, 119.7, 121.1, 122.0, 123.4,
125.4, 127.9, 128.2 (2C), 128.3 (2C), 137.4, 140.0, 140.2, 144.0; HRMS (ESI-TOF) m/z: [M + H]* calcd for
Ci19H1sNO, 276.1383; found 276.1387.

5-Methyl-10-phenyl-3,4-dihydro-2H,5H-9b,4a-prop[1]enopyrano[3,2-b]indole (12w). The reaction of 10w
(40.8 mg, 0.134 mmol) with IPrAuNTf; (5.21 mg, 0.00672 mmol) in EtOH (1.3 mL) under condition A gave a
mixture of unidentified products without producing 11w/12w. According to the procedure described for Condition
B, 10w (40.7 mg, 0.134 mmol) was converted into 12w (11.4 mg, 28%) by the reaction with JohnPhosAuNTf; (5.20
mg, 0.00671 mmol) in i-PrOH (1.3 mL) at 80 °C for 7 h. Column chromatography: amine silica gel (gradient 2 to 5%
EtOAcC in hexane). Compound 12w: blue oil; *H NMR (500 MHz, CDCls): 6 1.50-1.57 (m, 1H), 1.63-1.70 (m, 1H),
1.77-1.83 (m, 1H), 1.96-2.02 (m, 1H), 2.42 (dd, J = 16.9, 2.6 Hz, 1H), 2.46 (dd, J = 16.9, 2.6 Hz, 1H), 2.77 (s, 3H),
3.58-3.68 (M, 2H), 6.33 (dd, J = 2.6, 2.6 Hz, 1H), 6.48 (d, J = 7.4 Hz, 1H), 6.59 (dd, J = 7.4, 7.4 Hz, 1H), 7.10-7.15
(m, 2H), 7.24-7.28 (m, 1H), 7.30-7.35 (m, 2H), 7.80 (d, J = 6.9 Hz, 2H); *C{*H} NMR (125 MHz, CDCls): § 20.4,
26.4,29.4,39.5,61.0, 74.3,93.5, 107.2, 117.8, 124.6, 127.2 (2C), 127.4 (2C), 128.1 (2C), 129.3, 130.0, 135.0, 142.7,
151.7; HRMS (ESI-TOF) m/z: [M + H]* calcd for C21H22NO, 304.1696; found 304.1698.
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(2)-11-Methyl-6-phenyl-3-tosyl-2,3,4,11-tetrahydro-1H-azocino[4,5-b]indole (11x). According to the procedure
described for Condition A, 10x (49.1 mg, 0.111 mmol) was converted into 11x (30.9 mg, 63%) by the reaction with
IPrAuUNTf; (4.81 mg, 0.00555 mmol) in EtOH (1.1 mL) at 60 °C 3.5 h. Column chromatography: amine silica gel
(gradient 6 to 18% EtOAc in hexane). According to the procedure described for Condition B, 10x (48.5 mg, 0.110
mmol) was converted into 11x (32.5 mg, 67%) by the reaction with JohnPhosAuNTf; (4.25 mg, 0.00548 mmol) in i-
PrOH (1.1 mL) at 80 °C for 20 min. Column chromatography: amine silica gel (gradient 6 to 25% EtOAc in hexane).
Compound 11x: white solid; mp 163-166 °C; IR (neat cm™): 1333 (S=0), 1157 (S=0); 'H NMR (500 MHz, CDCls):
0 2.37 (s, 3H), 2.62-2.70 (br m, 1H), 2.81-2.89 (br m, 1H), 2.90-2.96 (br m, 1H), 3.27-3.33 (br m, 1H), 3.71 (s, 3H),
4.01-4.08 (br m, 1H), 4.34-4.40 (br m, 1H), 6.30 (dd, J = 8.0, 8.0 Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 6.87 (dd, J = 8.0,
8.0 Hz, 1H), 7.13 (dd, J = 8.0, 8.0 Hz, 1H), 7.21-7.30 (m, 6H), 7.34-7.38 (m, 2H), 7.67 (d, J = 8.0 Hz, 2H); 3C{*H}
NMR (125 MHz, CDCls): 6 21.4, 26.1, 29.7, 43.1, 47.2, 109.0, 111.4, 119.6, 120.3, 121.5, 121.6, 126.4, 127.0 (2C),
127.7 (2C), 127.8, 128.1 (2C), 129.7 (2C), 136.5, 137.0, 137.2, 140.4 (2C), 143.2; HRMS (ESI-TOF) m/z: [M + H]*
calcd for Co7H27N20,S, 443.1788; found 443.1787.

2-[1-Methyl-3-(1-phenylpropa-1,2-dien-1-yl)-1H-indol-2-yl]ethan-1-ol (13a). To a stirred mixture of 10a (19.0
mg, 0.0657 mmol) in i-PrOH (0.66 mL) was added 5 mol % JohnPhosAuNTf; (2.55 mg, 0.00328 mmol) at room
temperature. After being stirred for 5 min at 40 °C, the reaction mixture was filtered through a short pad of celite and
silica gel, and the filtrate was evaporated in vacuo to give a crude product, which was purified by PTLC
(hexane/acetone = 5/1) to give 13a (6.6 mg, 35%), 11a (2.6 mg, 14%) and 12a (8.8 mg, 46%). Compound 13a: brown
oil; IR (neat cm'1): 3348 (OH), 1933 (C=C=C); *H NMR (500 MHz,CDCls): 6 1.48 (t, J = 5.4 Hz, 1H), 3.08 (t, J =
6.9 Hz, 2H), 3.80 (s, 3H), 3.83 (td, J = 6.9, 5.4 Hz, 2H), 5.19 (s, 2H), 7.01 (dd, J = 8.0, 8.0 Hz, 1H), 7.17-7.24 (m,
3H), 7.25-7.29 (m, 2H), 7.30-7.36 (m, 3H); 3C{*H} NMR (125 MHz, CDCls): § 28.5, 30.1, 61.9, 76.7, 101.2, 107.9,
109.0, 119.5, 119.7, 121.4, 126.9, 127.0 (2C), 127.2, 128.3 (2C), 135.2, 136.5, 137.2, 210.1; HRMS (ESI-TOF) m/z:
[M + H]* calcd for C2H20NO, 290.1539; found 290.1530.

(2)-4,11-Dimethyl-6-phenyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole  (11y) and 3,4-Dimethyl-1-phenyl-
3H,4H-8b,3a-(epoxyethano)cyclopentalblindole (12y). According to the procedure described for Condition B, (S)-
10y (14.9 mg, 0.0491 mmol; >99% ee) was converted into 11y (5.2 mg, 35%; 0% ee) and 12y (5.2 mg, 35%; 0% ee)
by the reaction with IPrAuUNTf; (2.13 mg, 0.00246 mmol) in EtOH (0.49 mL) at 60 °C for 5 h. PTLC: amine silica
gel (hexane/acetone = 5/1) and amine silica gel (hexane/EtOAc = 5/1). Compound 11y: white solid; mp 164-166 °C;
IH NMR (500 MHz, CDCls): § 1.35 (d, J = 6.3 Hz, 3H), 2.81-2.88 (m, 1H), 3.25-3.31 (m, 1H), 3.39-3.46 (m, 1H),
3.66-3.74 (m, 1H), 3.78 (s, 3H), 4.20-4.26 (m, 1H), 5.93 (d, J = 8.6 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 6.89 (dd, J =
8.0, 8.0 Hz, 1H), 7.15 (dd, J = 8.0, 8.0 Hz, 1H), 7.27-7.32 (m, 4H), 7.39-7.43 (m, 2H); 3C{*H} NMR (125 MHz,
CDCls): 0 23.2,28.8,29.7,63.4, 72.9, 109.0, 111.6, 119.4, 120.4, 121.2, 126.6, 127.6, 127.9 (2C), 128.2 (2C), 128.9,
137.0, 138.2, 138.6, 140.9; HRMS (ESI-TOF) m/z: [M + H]* calcd for C21H22NO, 304.1696; found 304.1692.
Compound 12y: yellow oil; *H NMR (500 MHz, CDCls): § 1.27 (d, J = 7.4 Hz, 3H), 2.05-2.10 (m, 1H), 2.12-2.18
(m, 1H), 2.85-2.90 (m, 4H), 3.81-3.87 (M, 1H), 4.04-4.08 (m, 1H), 5.99 (d, J = 2.3 Hz, 1H), 6.39 (d, J = 7.4 Hz, 1H),
6.48 (dd,J=7.4,7.4Hz, 1H), 7.09 (d, J = 7.4 Hz, 1H), 7.12 (dd, J = 7.4, 7.4 Hz, 1H), 7.27-7.32 (m, 1H), 7.33-7.38
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(m, 2H), 7.86 (d, J = 7.4 Hz, 2H); C{*H} NMR (125 MHz, CDCls): § 16.5, 29.8, 32.9, 43.3, 68.7, 87.8, 104.3,
105.9, 116.9, 124.9, 127.3, 127.5 (2C), 127.7, 128.3 (2C), 129.8, 134.4, 134.8, 141.5, 151.7; HRMS (ESI-TOF) m/z:
[M + H]* calcd for C21H22NO, 304.1696; found 304.1696. The relative configuration of 12y was determined by NOE
analysis.

2-(1-Methyl-3-(1-phenylbuta-1,2-dien-1-yl)-1H-indol-2-yl)ethan-1-ol (13y) To a stirred mixture of (S)-10y (16.5
mg, 0.0544 mmol; >99% ee) in EtOH (0.54 mL) was added 5 mol % IPrAuNTf; (2.36 mg, 0.00272 mmol) at 60 °C.
After being stirred for 1 h at 60 °C, the reaction mixture was filtered through a short pad of celite and silica gel, and
the filtrate was evaporated in vacuo to give a crude product, which was purified by PTLC (hexane/acetone = 5/1) to
give 13y (6.2 mg, <38%) including inseparable impurities, 11y (2.7 mg, 16%) and 12y (2.5 mg, <15%) including
inseparable impurities. Compound 13y: brown oil; IR (neat cm™): 3397 (OH), 2128 (C=C=C); 'H NMR (500
MHz,CDCls): 6 1.84 (d, J = 7.4 Hz, 3H), 3.08 (t, J = 6.9 Hz, 2H), 3.78-3.84 (m, 5H), 5.58 (q, J = 7.4 Hz, 1H), 7.01
(dd, J = 8.0, 8.0 Hz, 1H), 7.16-7.22 (m, 3H), 7.23-7.27 (m, 2H), 7.30-7.35 (m, 3H); BC{*H} NMR (150 MHz,
CDCls): 6 14.5, 28.5, 30.1, 62.1, 87.3, 100.9, 109.0 (2C), 119.4, 119.8, 121.3, 126.7, 127.1 (2C), 127.3, 128.2 (2C),
135.0, 137.1, 137.6, 206.6; HRMS (ESI-TOF) m/z: [M + H]* calcd for C21H22NO, 304.1696; found 304.1697.

51



Experiments in Section 3

Chemistry

2-[4-(But-2-yn-1-yloxy)but-1-yn-1-yl]aniline (16a). A mixture of 15a (232 mg, 1.06 mmol), 17a (143 mg, 1.17
mmol), PdCI>(PPhs), (74.4 mg, 0.106 mmol), and Cul (10.1 mg, 0.0530 mmol) in EtsN (5.3 mL) was stirred at 50 °C
for 10.5 h under Ar. The mixture was diluted with saturated aqueous NH4Cl and 28% NH4OH. The resulting mixture
was extracted with EtOAc twice. The combined organic layer was washed with brine, dried over Na SO, filtered,
and concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane/acetone = 10/1)
to give 16a (121 mg, 53%) as yellow oil; IR (neat cm™): 3465 (NH); *H NMR (500 MHz, CDCl3): 6 1.86 (t, J = 2.3
Hz, 3H), 2.77 (t, J = 6.9 Hz, 2H), 3.72 (t, J = 6.9 Hz, 2H), 4.17 (q, J = 2.3 Hz, 2H), 4.22 (s, 2H), 6.62-6.69 (M, 2H),
7.08 (dd, J = 7.7, 7.7 Hz, 1H), 7.23 (d, J = 7.7 Hz, 1H); 3C{*H} NMR (125 MHz, CDCl5): 6 3.6, 20.8, 58.7, 68.0,
74.8,78.1,82.7,91.9, 108.3, 114.0, 117.6, 129.0, 131.9, 147.9; HRMS (ESI-TOF) m/z: [M + H]* calcd for C14H1sNO,
214.1226; found 214.1217.

4-Bromo-2-[4-(but-2-yn-1-yloxy)but-1-yn-1-yl]aniline (16b). A mixture of 4-bromo-2-iodoaniline (15b) (269 mg,
0.902 mmol), 17a (121 mg, 0.992 mmol), PdCl>(PPhs). (31.6 mg, 0.0451 mmol), and Cul (8.59 mg, 0.0451 mmol)
in EtsN (4.5 mL) was stirred at 50 °C for 3.5 h under Ar. The mixture was diluted with saturated aqueous NH4CI. The
resulting mixture was extracted with EtOAc twice. The combined organic layer was washed with brine, dried over
Na,SO., filtered, and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(hexane/acetone = 10/1) to give 16b (229 mg, 87%) as yellow oil; IR (neat cm™): 3456 (NH); *H NMR (500 MHz,
CDCls): 5 1.86 (t, J = 2.3 Hz, 3H), 2.75 (t, J = 6.9 Hz, 2H), 3.70 (t, J = 6.9 Hz, 2H), 4.17 (q, J = 2.3 Hz, 2H), 4.24 (s,
2H), 6.54 (d, J = 8.6 Hz, 1H), 7.15 (dd, J = 8.6, 2.3 Hz, 1H), 7.33 (d, J = 2.3 Hz, 1H); 3C{*H} NMR (125 MHz,
CDCls): ¢ 3.6, 20.8, 58.7, 67.8, 74.8, 77.0, 82.8, 93.3, 108.6, 110.2, 115.5, 131.8, 134.0, 147.0; HRMS (ESI-TOF)
m/z: [M + H]* calcd for C14H1sBrNO, 292.0332; found 292.0330.

(2)-6-Methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (5h). To a stirred mixture of 16a (23.5 mg, 0.110 mmol) in
i-PrOH (1.1 mL) were added AcOH (6.3 pL) and MS 3A at room temperature. After the mixture was stirred at this
temperature for 30 min, IPrAuUNTf, (4.78 mg, 0.00551 mmol) was added to the mixture. After being stirred at 80 °C
for 3 h, the reaction mixture was filtered through a short pad of celite and diluted with saturated aqueous NaHCOs.
The resulting mixture was extracted with EtOAc twice. The combined organic layer was washed with brine, dried
over NaxSOyq, filtered, and concentrated in vacuo. The residue was purified by PTLC twice (hexane/acetone = 5/1;
toluene/EtOAC = 5/1) to give 5h (2.85 mg, 12%) as white solid; mp 128-131 °C; 'H NMR (500 MHz, DMSO-ds,
100 °C): 6 2.25 (s, 3H), 2.81-2.84 (m, 2H), 3.52-3.56 (m, 2H), 3.70-3.74 (m, 2H), 5.72 (t, J = 7.9 Hz, 1H), 6.98 (dd,
J=8.0,8.0 Hz, 1H), 7.05 (dd, J = 8.0, 8.0 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.51 (d, J = 8.0 Hz, 1H), 10.79 (s, 1H);
BC{'*H} NMR (125 MHz, DMSO-dg, 100 °C): § 22.3, 29.9, 63.4, 66.5, 110.5, 111.7, 118.4, 118.5, 120.1, 121.3,
126.4,135.1, 135.7, 135.8; HRMS (ESI-TOF) m/z: [M + H]* calcd for C14aH16NO, 214.1226; found 214.1225.

(2)-8-Bromo-6-methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (5g). According to the procedure described for
the preparation of 5h, compound 16b (143 mg, 0.489 mmol) was converted to the title compound 5g (6.9 mg, 4.8%)
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by the reaction with IPrAuUNTf, (21.2 mg, 0.0245 mmol) and AcOH (28.0 uL, 0.489 mmol) in i-PrOH (4.9 mL) at
80 °C for 4 h: orange solid; mp 172-174 °C; *H NMR (500 MHz, DMSO-ds, 100 °C): 6 2.20 (d, J = 1.1 Hz, 3H),
2.81 (t, J = 4.6 Hz, 2H), 3.52 (t, J = 4.6 Hz, 2H), 3.69 (d, J = 7.4 Hz, 2H), 5.73 (t, J = 7.4 Hz, 1H), 7.15 (dd, J = 8.6,
1.7 Hz, 1H), 7.27 (d, J = 8.6 Hz, 1H), 7.61 (d, J = 1.7 Hz, 1H), 11.03 (s, 1H); 33C{*H} NMR (125 MHz, CDCl): 6
23.0,31.4,64.2,67.7,112.1, 113.1, 113.6, 122.3, 123.2, 124.5, 128.9, 133.8, 136.2, 136.4; HRMS (ESI-TOF) m/z:
[M + H]* calcd for C14H15BrNO, 292.0332; found 292.0330.

(2)-6,11-Dimethyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (11s). To a suspension of NaH (3.69 mg, 0.154 mmol)
in anhydrous THF (0.80 mL) at 0 °C was added dropwise the solution of 5h (11.5 mg, 0.00539 mmol) in THF (0.40
mL). After the mixture was stirred at 0 °C for 2 h, a solution of Mel (9.6 uL 0.154 mmol) in THF (0.34 mL) was
added to the reaction mixture at 0 °C. The mixture was stirred at room temperature for additional 18 h, and then
quenched with water. The resulting mixture was extracted with EtOAc twice. The combined organic layer was
washed with brine, dried over Na;SQs, filtered, and concentrated in vacuo. The residue was purified by PTLC
(hexane/acetone = 5/1) to give 11s (5.50 mg, 45%) as an orange solid. *H NMR (500 MHz, CDCls): 6 2.30 (s, 3H),
2.67-2.86 (br m, 1H), 3.08-3.28 (br m, 2H), 3.29-3.43 (br m, 1H), 3.72 (s, 3H), 4.02-4.16 (br m, 1H), 4.20-4.33 (br
m, 1H), 5.85 (dd, J = 8.0, 8.0 Hz, 1H), 7.12 (dd, J = 8.0, 8.0 Hz, 1H), 7.22 (dd, J = 8.0, 8.0 Hz, 1H), 7.32 (d, J = 8.0
Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H). The *H NMR spectrum was in good agreement with that reported.%°

(2)-8-Bromo-6,11-dimethyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (5a). According to the procedure described
for the preparation of 11s, compound 5g (15.4 mg, 0.0527 mmol) was converted to the title compound 5a (12.5 mg,
T77%) by the reaction with Mel (65.7 uL) and NaH (42.2 mg, 1.05 mmol) in DMF (2.6 mL) at room temperature for
1 h. *'H NMR (500 MHz, CDCls): 6 2.26 (s, 3H), 2.74-2.76 (br m, 1H), 3.10-3.31 (br m, 3H), 3.69 (s, 3H), 4.08—
4.25 (br m, 2H), 5.84 (dd, J = 7.7, 7.7 Hz, 1H), 7.17 (d, J = 8.6 Hz, 1H), 7.28 (dd, J = 8.6, 1.7 Hz, 1H), 7.72 (d, J =
1.7 Hz, 1H). The 'H NMR spectrum was in good agreement with that reported.3°

(2)-11-Benzyl-8-bromo-6-methyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (5i). To a suspension of NaH (11.2 mg,
0.281 mmol) in anhydrous DMF (0.70 mL) at 0 °C was added dropwise the solution of 5g (8.20 mg, 0.0281 mmol)
in DMF (0.70 mL). After the mixture was stirred at 0 °C for 30 min, a solution of BnBr (33.3 uL, 0.281 mmol) was
added to the reaction mixture at 0 °C. The mixture was stirred at room temperature for additional 4 h, and then
quenched with saturated aqueous NH4Cl. The resulting mixture was extracted with EtOAc twice. The combined
organic layer was washed with brine, dried over Na»SOs, filtered, and concentrated in vacuo. The residue was purified
by PTLC (hexane/EtOAc = 5/1) to give 5i (5.8 mg, 54%) as pale yellow solid; mp 103-106 °C; *H NMR (500 MHz,
CDCls): ¢ 2.30 (s, 3H), 2.63-2.89 (br m, 2H), 2.90-3.07 (br m, 1H), 3.20-3.33 (br m, 1H), 3.78-3.90 (br m, 1H),
4.17-4.29 (br m, 1H), 5.33 (s, 2H), 5.86 (dd, J = 7.4, 7.4 Hz, 1H), 6.95 (d, J = 6.9 Hz, 2H), 7.15 (d, J = 8.6 Hz, 1H),
7.24-7.30 (m, 4H), 7.77 (d, J = 1.1 Hz, 1H); 3.C{*H} NMR (125 MHz, CDCl3): ¢ 23.2, 28.5, 46.7, 63.5, 67.5, 111.0,
113.0, 113.8, 122.4, 123.3, 124.4, 125.9 (2C), 127.7, 127.8, 129.0 (2C), 135.6, 136.1, 137.2, 137.8; HRMS (ESI-
TOF) m/z: [M + H]* calcd for Co1H21BrNO, 382.0801; found 382.0802.
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8-Bromo-6,11-dimethyl-1,2,4,5,6,11-hexahydrooxocino[4,5-b]indole (5j). A mixture of 5a (9.30 mg, 0.0304
mmol) and PtO, (1.38 mg, 0.00607 mmol) in EtOH (0.61 mL) was stirred at room temperature for 5.5 h under H.
The reaction mixture was filtered through a short pad of celite and silica gel, and the filtrate was evaporated in vacuo
to give a crude product, which was purified by PTLC (hexane/acetone = 5/1) to give 5j (2.33 mg, 25%) as white
solid; mp 138-140 °C; *H NMR (500 MHz, CDCls): 6 1.52-1.58 (m, 1H), 1.65 (d, J = 7.4 Hz, 3H), 2.05-2.15 (m,
1H), 2.84-2.91 (m, 2H), 3.11-3.17 (m, 1H), 3.36-3.44 (m, 2H), 3.66 (s, 3H), 3.80-3.85 (M, 1H), 4.10-4.14 (m, 1H),
7.15 (d, J = 8.6 Hz, 1H), 7.23 (dd, J = 8.6, 1.7 Hz, 1H), 7.83 (d, J = 1.7 Hz, 1H); *C{*H} NMR (125 MHz, CDCl5):
0 19.9,27.4, 285, 29.6, 40.3, 70.7, 72.2, 110.6, 112.0, 114.8, 122.2, 123.1, 127.9, 135.8, 137.0; HRMS (ESI-TOF)
m/z: [M + H]* calcd for C1sH19BrNO, 308.0645; found 308.0645.

2-[4-(But-2-yn-1-yloxy)but-1-yn-1-yl]-4-fluoro-N-methylaniline (16c). A mixture of 15¢ (220 mg, 0.876 mmol),
17a (118 mg, 0.963 mmol), PdCI>(PPhs); (61.5 mg, 0.0876 mmol), Cul (8.34 mg, 0.0438 mmol) and EtzN (0.38 mL)
in DMF (2.9 mL) was stirred at room temperature for 10 h under Ar. The mixture was diluted with saturated aqueous
NH4CI. The resulting mixture was extracted with EtOAc twice. The combined organic layer was washed with brine,
dried over Na;SQy, filtered, and concentrated in vacuo. The residue was purified by column chromatography on silica
gel (hexane/acetone = 10/1) to give 16¢ (129 mg, <60%), including impurities, as red oil; IR (neat cm): 3397 (NH);
IH NMR (500 MHz, CDCls): 6 1.87 (t, J = 2.3 Hz, 3H), 2.77 (t, J = 6.9 Hz, 2H), 2.87 (s, 3H), 3.72 (t, J = 6.9 Hz,
2H), 4.18 (q, J = 2.3 Hz, 2H), 4.55 (s, 1H), 6.46 (dd, J = 8.9, 4.6 Hz, 1H), 6.91 (ddd, J = 8.9, 8.9, 3.2 Hz, 1H), 6.96
(dd, J = 8.9, 3.2 Hz, 1H); BC{*H} NMR (125 MHz, CDCls): ¢ 3.5, 20.8, 30.7, 58.7, 67.8, 74.8, 77.5, 82.7, 93.2,
108.3 (d, Jc-r = 9.6 Hz), 109.3 (d, Jc-r = 8.4 Hz), 116.0 (d, Jc.r = 22.8 Hz), 117.9 (d, Jc-r = 22.8 Hz), 146.8, 154.2 (d,
Jc.r = 233.9 Hz); HRMS (ESI-TOF) m/z: [M + H]* calcd for C1sH17FNO, 246.1289; found 246.1286.

2-[4-(But-2-yn-1-yloxy)but-1-yn-1-yl]-4-chloro-N-methylaniline (16d). According to the procedure described for
the preparation of 16¢, compound 15d (320 mg, 1.20 mmol) was converted to the title compound 16d (112 mg, 36%)
by the reaction with 17a (161 mg, 1.32 mmol), PdCI2(PPhs), (42.0 mg, 0.0598 mmol), Cul (11.4 mg, 0.0598 mmol),
and EtsN (0.52 mL) in DMF (4.0 mL) at room temperature for 10.5 h under Ar: yellow oil; IR (neat cm™): 3418
(NH); *H NMR (500 MHz, CDCls): 6 1.86 (t, J = 2.3 Hz, 3H), 2.76 (t, J = 6.9 Hz, 2H), 2.86 (d, J = 2.9 Hz, 3H), 3.71
(t, J = 6.6 Hz, 2H), 4.18 (g, J = 2.3 Hz, 2H), 4.70-4.72 (br m, 1H), 6.45 (d, J = 8.6 Hz, 1H), 7.12 (dd, J = 8.6, 2.3 Hz,
1H), 7.19 (d, J = 2.3 Hz, 1H); BC{*H} NMR (125 MHz, CDCl3): ¢ 3.6, 20.8, 30.3, 58.7, 67.8, 74.8, 77.2, 82.7, 93.5,
109.0, 109.7, 120.1, 129.2, 131.0, 148.6; HRMS (ESI-TOF) m/z: [M + H]* calcd for C15H17CINO, 262.0993; found
262.0993.

2-[4-(But-2-yn-1-yloxy)but-1-yn-1-yl]-N,4-dimethylaniline (16€). According to the procedure described for the
preparation of 16¢, compound 15e (158 mg, 0.641 mmol) was converted to the title compound 16e (41.2 mg, 27%)
by the reaction with 17a (86.2 mg, 0.705 mmol), PdCIx(PPhs), (45.0 mg, 0.0641 mmol), Cul (6.10 mg, 0.0321 mmol),
and EtzN (0.28 mL) in DMF (2.1 mL) at room temperature for 5 h under Ar: brown oil; IR (neat cm): 3404 (NH);
IH NMR (500 MHz, CDCls): 6 1.86 (t, J = 2.3 Hz, 3H), 2.19 (s, 3H), 2.76 (t, J = 6.9 Hz, 2H), 2.87 (s, 3H), 3.71 (t, J
= 6.9 Hz, 2H), 4.17 (q, J = 2.3 Hz, 2H), 4.53 (s, 1H), 6.48 (d, J = 8.0 Hz, 1H), 6.99 (dd, J = 8.0, 1.7 Hz, 1H), 7.07 (d,
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J = 1.7 Hz, 1H); BC{'H} NMR (125 MHz, CDCls): § 3.6, 20.1, 20.9, 30.5, 58.7, 68.1, 74.9, 78.4, 82.6, 91.9, 107.7,
108.9, 125.0, 130.0, 132.1, 147.9; HRMS (ESI-TOF) m/z: [M + H]* calcd for C1sH20NO, 242.1539; found 242.1543.

2-[4-(But-2-yn-1-yloxy)but-1-yn-1-yl]-4-methoxy-N-methylaniline (16f). According to the procedure described
for the preparation of 16¢, compound 15f (551 mg, 2.55 mmol) was converted to the title compound 16f (124 mg,
19%) by the reaction with 17a (464 mg, 3.80 mmol), PdCI>(PPhs)2 (179 mg, 0.255 mmol), Cul (48.6 mg, 0.255
mmol), and EtsN (1.1 mL) in DMF (8.5 mL) at 80 °C for 5 h under Ar: brown oil; *H NMR (500 MHz,CDCls): &
1.87 (t, J = 2.3 Hz, 3H), 2.77 (t, J = 6.9 Hz, 2H), 2.87 (s, 3H), 3.70-3.74 (m, 5H), 4.18 (g, J = 2.3 Hz, 2H), 4.38 (s,
1H), 6.52 (d, J = 8.6 Hz, 1H), 6.82 (dd, J = 8.6, 2.9 Hz, 1H), 6.85 (d, J = 2.9 Hz, 1H); 3C{*H} NMR (125 MHz,
CDCls): 6 3.6, 20.9, 30.9, 55.9, 58.7, 68.0, 74.8, 78.2, 82.7, 92.3, 108.3, 110.1, 116.2, 116.8, 145.0, 150.6; HRMS
(ESI-TOF) m/z: [M + H]* calcd for C16H20NO2, 258.1489; found 258.1487.

5-Bromo-2-[4-(but-2-yn-1-yloxy)but-1-yn-1-yI]-N-methylaniline (16g). According to the procedure described for
the preparation of 16¢, compound 15g (214 mg, 0.686 mmol) was converted to the title compound 16g (62.2 mg,
30%) by the reaction with 17a (92.2 mg, 0.755 mmol), PdCl»(PPhs), (24.1 mg, 0.0343 mmol), Cul (6.53 mg, 0.0343
mmol), and EtzN (0.30 mL) in DMF (2.3 mL) at room temperature for 10.5 h under Ar: yellow oil; IR (neat cm):
3397 (NH); *H NMR (500 MHz, CDCls): 6 1.86 (t, J = 2.3 Hz, 3H), 2.75 (t, J = 6.9 Hz, 2H), 2.87 (d, J = 5.2 Hz, 3H),
3.70 (t, J = 6.9 Hz, 2H), 4.17 (q, J = 2.3 Hz, 2H), 4.78-4.82 (br m, 1H), 6.66 (d, J = 2.3 Hz, 1H), 6.70 (dd, J = 8.0,
2.3 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H); *C{*H} NMR (125 MHz, CDCls): ¢ 3.6, 20.9, 30.1, 58.7, 67.8, 74.8, 77.5,
82.7, 93.4, 106.6, 111.6, 118.6, 123.5, 132.6, 150.9; HRMS (ESI-TOF) m/z: [M + H]* calcd for Ci5H17BrNO,
306.0488; found 306.0482.

(2)-8-Fluoro-6,11-dimethyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (5b). To a stirred mixture of 16¢ (51.0 mg,
0.208 mmol) including impurities in i-PrOH (2.1 mL) was added MS 3A at room temperature. After the mixture was
stirred at this temperature for 30 min, IPrAuNTf; (9.01 mg, 0.0104 mmol) was added to the mixture. After being
stirred at 80 °C for 10 h, the reaction mixture was filtered through a short pad of celite and silica gel, and the filtrate
was evaporated in vacuo to give a crude product, which was purified by PTLC twice (hexane/acetone = 5/1;
toluene/EtOAC = 5/1) to give 5b (2.8 mg, ca. 5.5%) as yellow oil; *H NMR (500 MHz, CDCls): 6 2.26 (s, 3H), 2.68—
2.83 (br m, 1H), 3.04-3.26 (br m, 2H), 3.27-3.42 (br m, 1H), 3.71 (s, 3H), 4.00-4.16 (br m, 1H), 4.17-4.33 (br m,
1H), 5.83 (dd, J = 7.2, 7.2 Hz, 1H), 6.95 (ddd, J = 9.0, 9.0, 2.5 Hz, 1H), 7.21 (dd, J = 9.0, 4.4 Hz, 1H), 7.24-7.28 (m,
1H); BC{*H} NMR (150 MHz, CDCls): ¢ 23.0, 28.5, 29.9, 63.7, 67.6, 104.8 (d, Jc.r = 23.1 Hz), 109.3 (d, Jc-r = 26.0
Hz), 109.7 (d, Jcr = 10.1 Hz), 113.5 (d, Jc.r = 4.3 Hz), 122.7, 126.2 (d, Jc.r = 11.6 Hz), 133.5, 136.6, 138.4, 157.7
(d, Je.r = 234.1 Hz); HRMS (ESI-TOF) m/z: [M + H]* calcd for C1sH17FNO, 246.1289; found 246.1290.

(2)-8-Chloro-6,11-dimethyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (5c). According to the procedure described
for the preparation of 5b, 16d (50.9 mg, 0.194 mmol) was converted into 5¢ (2.3 mg, 4.5%) by the reaction with
IPrAuNTf; (8.43 mg, 0.00972 mmol) in i-PrOH (1.9 mL) at 80 °C for 6 h: white solid; mp 140-142 °C; *H NMR
(500 MHz, CDCls): 6 2.27 (s, 3H), 2.70-2.80 (br m, 1H), 3.06-3.26 (br m, 2H), 3.27-3.39 (br m, 1H), 3.70 (s, 3H),
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4.00-4.16 (br m, 1H), 4.18-4.33 (br m, 1H), 5.84 (dd, J = 7.7, 7.7 Hz, 1H), 7.15 (dd, J = 8.6, 1.7 Hz, 1H), 7.22 (d, J
= 8.6 Hz, 1H), 7.57 (d, J = 1.7 Hz, 1H); 3C{'H} NMR (150 MHz, CDCls): ¢ 23.2, 28.4, 29.9, 63.6, 67.5, 110.2,
113.2,119.2,121.4,123.0, 125.2, 127.0, 135.4, 136.5, 138.1; HRMS (ESI-TOF) m/z: [M + H]* calcd for C15H17CINO,
262.0993; found 262.0991.

(2)-6,8,11-Trimethyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (5d). According to the procedure described for the
preparation of 5b, 16e (11.8 mg, 0.0488 mmol) was converted into 5d (3.85 mg, 33%) by the reaction with IPrAUNTf,
(2.11 mg, 0.00244 mmol) in i-PrOH (0.49 mL) at 80 °C for 5 h: yellow oil; *H NMR (500 MHz, CDCls): 6 2.29 (s,
3H), 2.45 (s, 3H), 2.67-2.78 (br m, 1H), 3.07-3.23 (br m, 2H), 3.28-3.38 (br m, 1H), 3.69 (s, 3H), 4.01-4.13 (br m,
1H), 4.18-4.31 (br m, 1H), 5.83 (dd, J = 8.0, 8.0 Hz, 1H), 7.04 (d, J = 8.6 Hz, 1H), 7.20 (d, J = 8.6 Hz, 1H), 7.40 (s,
1H); BC{*H} NMR (150 MHz, CDCls): 6 21.5, 23.3, 28.4, 29.7, 63.7, 67.6, 109.0, 112.9, 119.4, 122.3, 122.7, 126.2,
128.8, 135.3, 136.9, 137.5; HRMS (ESI-TOF) m/z: [M + H]"* calcd for C16H20NO, 242.1539; found 242.1537.

(2)-8-Methoxy-6,11-dimethyl-1,2,4,11-tetrahydrooxocino[4,5-bJindole  (5e). According to the procedure
described for the preparation of 5b, 16f (14.7 mg, 0.0571 mmol) was converted into 5e (2.66 mg, 18%) by the reaction
with IPrAuNTf; (2.47 mg, 0.00286 mmol) in i-PrOH (0.57 mL) at 80 °C for 3.5 h: white solid; mp 104-105 °C; *H
NMR (500 MHz, CDCls): 6 2.29 (s, 3H), 2.67-2.78 (br m, 1H), 3.05-3.26 (br m, 2H), 3.29-3.42 (br m, 1H), 3.69 (s,
3H), 3.86 (s, 3H), 4.02-4.12 (br m, 1H), 4.20-4.32 (br m, 1H), 5.84 (dd, J = 7.7, 7.7 Hz, 1H), 6.87 (dd, J = 8.6, 2.3
Hz, 1H), 7.07 (d, J = 2.3 Hz, 1H), 7.20 (d, J = 8.6 Hz, 1H); 3C{*H} NMR (150 MHz, CDCls): § 23.1, 28.5, 29.8,
56.0, 63.8, 67.6, 102.1, 109.9, 110.9, 113.1, 122.4, 126.3, 132.2, 137.2, 137.5, 154.0; HRMS (ESI-TOF) m/z: [M +
H]* calcd for C16H20NO>, 258.1489; found 258.1486.

(2)-9-Bromo-6,11-dimethyl-1,2,4,11-tetrahydrooxocino[4,5-b]indole (5f). According to the procedure described
for the preparation of 5b, 169 (42.3 mg, 0.138 mmol) was converted into 5f (1.6 mg, 3.8%) by the reaction with
IPrAuNTf; (5.99 mg, 0.00691 mmol) in i-PrOH (1.4 mL) at 80 °C for 11 h: colorless amorphous solid; *H NMR (500
MHz, CDCls): 6 2.26 (s, 3H), 2.67-2.81 (br m, 1H), 3.07-3.25 (br m, 2H), 3.26-3.40 (br m, 1H), 3.68 (s, 3H), 4.01-
4.16 (br m, 1H), 4.18-4.31 (br m, 1H), 5.84 (dd, J = 7.2, 7.2 Hz, 1H), 7.21 (dd, J = 8.6, 1.7 Hz, 1H), 7.44-7.48 (m,
2H); BC{*H} NMR (150 MHz, CDCls): § 23.2, 28.3, 29.8, 63.5, 67.5, 112.3, 113.6, 114.8, 120.9, 122.7, 123.0, 124.9,
136.5, 137.3, 137.8; HRMS (ESI-TOF) m/z: [M + H]* calcd for C15sH17BrNO, 306.0488; found 306.0479.

2-Bromo-5-methyl-6,7,8,9,10,11-hexahydro-5H-cycloocta[b]indole (5k). According to the procedure described
for the preparation of 11s, compound 50 (10.8 mg, 0.0388 mmol) was converted to the title compound 5k (8.57 mg,
76%) by the reaction with Mel (48 uL, 0.776 mmol) and NaH (31.0 mg, 0.776 mmol) in THF (1.9 mL) at room
temperature for 3.5 h under Ar. H NMR (500 MHz, CDCls): ¢ 1.36-1.46 (m, 2H), 1.64-1.77 (m, 4H), 2.79-2.84 (m,
2H), 2.86-2.90 (m, 2H), 3.64 (s, 3H), 7.11 (d, J = 8.6 Hz, 1H), 7.20 (dd, J = 8.6, 1.7 Hz, 1H), 7.60 (d, J = 1.7 Hz,
1H). The *H NMR spectrum was in good agreement with that reported.*®
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4-Bromo-2-[3-(but-2-yn-1-yloxy)prop-1-yn-1-yl]aniline (16h). According to the procedure described for the
preparation of 16¢, compound 15b (333 mg, 1.12 mmol) was converted to the title compound 16h (245 mg, 79%) by
the reaction with 17b (133 mg, 1.23 mmol), PdCI>(PPhs)2 (39.2 mg, 0.0558 mmol), Cul (10.6 mg, 0.0558 mmol) and
EtsN (0.49 mL) in DMF (3.7 mL) at room temperature for 22 h under Ar: orange oil; IR (neat cm™): 3369 (NH), 3477
(NH); *H NMR (500 MHz, CDCls): 6 1.88 (t, J = 2.3 Hz, 3H), 4.22-4.24 (br m, 2H), 4.27 (q, J = 2.3 Hz, 2H), 4.50
(s, 2H), 6.57 (d, J = 8.6 Hz, 1H), 7.20 (dd, J = 8.6, 2.3 Hz, 1H), 7.39 (d, J = 2.3 Hz, 1H); 3C{*H} NMR (125 MHz,
CDCls): 6 3.6,57.1,57.2,74.2,81.9, 83.4,90.9, 108.7, 108.9, 115.7, 132.7, 134.5, 147.1; HRMS (ESI-TOF) m/z: [M
+ H]* calcd for C13H13BrNO, 278.0175; found 278.0171.

4-Bromo-2-[3-(but-2-yn-1-yloxy)prop-1-yn-1-yl]-N-methylaniline (16i). To a stirred solution of 16h (94.3 mg,
0.339 mmol) in THF (1.1 mL) was added MeLi (1.09 M in Et,O; 0.370 mL, 0.407 mmol) at —78 °C under argon.
After the mixture was stirred at this temperature for 1 h, Mel (27.5 uL, 0.441 mmol) was added to the mixture. The
mixture was gradually warmed to room temperature and stirred for 4 h at this temperature. The reaction was quenched
with saturated aqueous NH4CI. The resulting mixture was extracted with EtOAc twice. The combined organic layer
was washed with brine, dried over Na;SQy, filtered, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (gradient 4 to 15% EtOAc in hexane) to give 16i (42.8 mg, 43%) as orange oil; IR (neat
cm): 3412 (NH); *H NMR (500 MHz, CDCls): 5 1.88 (t, J = 2.3 Hz, 3H), 2.87 (d, J = 5.2 Hz, 3H), 4.26 (g, J = 2.3
Hz, 2H), 4.50 (s, 2H), 4.60-4.66 (br m, 1H), 6.44 (d, J = 9.2 Hz, 1H), 7.29 (dd, J = 9.2, 2.3 Hz, 1H), 7.38 (d, J = 2.3
Hz, 1H); 3C{*H} NMR (125 MHz, CDCls): 6 3.6, 30.2, 57.15, 57.25, 74.2, 82.0, 83.4, 91.2, 107.0, 108.2, 110.5,
132.9, 134.4, 149.1; HRMS (ESI-TOF) m/z: [M + H]* calcd for C14H15BrNO, 292.0332; found 292.0325.

7-Bromo-5,10-dimethyl-3,10-dihydro-1H-oxepino[3,4-b]indole (51). To a stirred mixture of 16i (24.0 mg, 0.0828
mmol) in i-PrOH (0.83 mL) was added IPrAuNTf, (3.59 mg, 0.00414 mmol) at room temperature. After being stirred
at 80 °C for 7 h, the reaction mixture was filtered through a short pad of celite and silica gel, and the filtrate was
evaporated in vacuo to give a crude product, which was purified by PTLC (hexane/acetone = 5/1) on amine silica gel
to give 51 (6.94 mg, 29%) as yellow oil; *H NMR (500 MHz, CDCls): § 2.40 (d, J = 1.1 Hz, 3H), 3.70 (s, 3H), 4.01
(d, J=6.2 Hz, 2H), 4.76 (s, 2H), 5.85 (tq, J = 6.2, 1.1 Hz, 1H), 7.20 (d, J = 8.9 Hz, 1H), 7.32 (dd, J = 8.9, 1.7 Hz,
1H), 7.95 (d, J = 1.7 Hz, 1H); BC{*H} NMR (125 MHz, CDClz): 6 23.1, 29.9, 62.9, 66.1, 110.9, 113.3, 115.1, 122.9,
123.3, 124.6, 127.2, 135.9, 137.6, 139.2; HRMS (ESI-TOF) m/z: [M + H]* calcd for C14H1sBrNO, 292.0332; found
292.0336.

tert-Butyl {3-[5-bromo-2-(methylamino)phenyl]prop-2-yn-1-yl}(but-2-yn-1-yl)carbamate (16j). According to
the procedure described for the preparation of 16¢, compound 15h (243 mg, 0.777 mmol) was converted to the title
compound 16j (248 mg, 81%) by the reaction with 17c (177 mg, 0.855 mmol), PdCI,(PPhs), (27.3 mg, 0.0389 mmol),
Cul (7.40 mg, 0.0389 mmol) and EtsN (0.34 mL) in DMF (2.6 mL) at room temperature for 10 h under Ar: yellow
oil; IR (neat cm): 3417 (NH), 1695 (C=0); *H NMR (500 MHz, DMSO-dg 100 °C): § 1.50 (s, 9H), 1.80-1.84 (m,
3H), 2.86 (d, J = 4.0 Hz, 3H), 4.07-4.17 (br m, 2H), 4.39 (s, 2H), 6.43 (d, J = 8.6 Hz, 1H), 7.25-7.29 (m, 1H), 7.34
(d, J = 2.3 Hz, 1H); BC{*H} NMR (125 MHz, DMSO-ds, 100 °C): J 2.4, 27.5 (3C), 29.3, 35.7, 36.1, 74.3,78.3, 79.1,
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79.6,91.6,104.9,107.9, 110.5, 131.9, 132.9, 149.0, 153.4; HRMS (ESI-TOF) m/z: [M + H]* calcd for C19H24BrN>O>,
391.1016; found 391.1014.

tert-Butyl 7-bromo-5,10-dimethyl-3,10-dihydroazepino[3,4-blindole-2(1H)-carboxylate (5m). According to the
procedure described for the preparation of 5h, 16j (217 mg, 0.554 mmol) was converted into 5m (134 mg, 62%) by
the reaction with JohnPhosAuUNTf; (21.5 mg, 0.0277 mmol) in i-PrOH (5.5 mL) at 80 °C for 4 h: yellow solid; mp
129-132 °C; IR (neat cm?): 1691 (C=0); *H NMR (500 MHz, DMSO-ds, 100 °C): § 1.38 (s, 9H), 2.30 (d, J = 1.1
Hz, 3H), 3.74 (s, 3H), 3.86 (d, J = 5.2 Hz, 2H), 4.65 (s, 2H), 5.64-5.69 (m, 1H), 7.25 (dd, J = 8.6, 2.0 Hz, 1H), 7.42
(d, J=8.6 Hz, 1H), 7.86 (d, J = 2.0 Hz, 1H); *C{*H} NMR (125 MHz, DMSO-ds, 100 °C): § 23.0, 27.6 (3C), 29.3,
42.4,45.0,78.8,111.4, 111.7, 111.8, 121.2, 121.9, 123.1, 126.8, 132.5, 135.1, 138.2, 153.6; HRMS (ESI-TOF) m/z:
[M + H]* calcd for C19H24BrN2O2, 391.1016; found 391.1007.

7-Bromo-5,10-dimethyl-1,2,3,10-tetrahydroazepino[3,4-bJindole (5n). To a solution of 5m (63.0 mg, 0.161 mmol)
in CH.Cl, (1.6 mL) was added TFA (1.6 mL). After being stirred at room temperature for 40 min, the mixture was
diluted with saturated aqueous NaHCOj3. The resulting mixture was extracted with CH,Cl, twice. The combined
organic layer was washed with brine, dried over Na»SOs, filtered, and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (CH2Cl,/MeOH = 10/1) to give 5n (33.3 mg, 71%) as orange oil; *H NMR
(500 MHz, CDCls): 6 2.35 (s, 3H), 3.38 (d, J = 6.3 Hz, 2H), 3.85 (s, 3H), 4.19 (s, 2H), 5.89 (t, J = 6.3 Hz, 1H), 7.23
(d, J = 8.6 Hz, 1H), 7.37 (dd, J = 8.6, 1.4 Hz, 1H), 7.86 (d, J = 1.4 Hz, 1H); 3C{*H} NMR (125 MHz, CDCl5): 6
22.4,30.4,39.2,42.4, 111.5, 113.8, 116.5, 118.1, 123.0, 125.7, 126.4, 133.9, 136.2, 142.0; HRMS (ESI-TOF) m/z:
[M + H]* calcd for C14H16BrN2, 291.0491; found 291.0488.

Biology

Inhibitory Activity for Cellular Kynurenine Production and Cell Viability

The kynurenine production in A431 cells was determined as follows. In brief, A431 cells (3.0 x 10° cells/mL) were
seeded in a 96-well culture plate (100 pL/well) and grown overnight. Serial DMSO dilutions of compounds in a total
volume of 100 pL culture medium including tryptophan and human IFN-y (10 ng/mL final concentration) per well
were added into wells containing the cells. After an additional 24 h of incubation, 200 pL/well of a mixed solution
of 7% (v/v) aqueous CCIsCOOH and 2% (w/v) p-dimethylaminobenzaldehyde in acetic acid (2:5) was added into
each well. The yellow color derived from kynurenine was measured at 460 nm using a SpectraMax M5 multi-mode

microplate reader (Molecular Devices). The cell viability of A431 cells was assessed using CCK-8 assay.

rhIDO Inhibitory Activity

The rhIDO activity was determined as follow. In brief, the standard 200 pL reaction mixture contained 50 mM
potassium phosphate buffer (pH 6.5), 20 mM ascorbic acid (neutralized with NaOH and HCI), 100 pug/mL catalase,
10 pM methylene blue, 0.2 mM L-tryptophan, 0.26 pg/mL rhiDO (R & D systems), and 2% DMSO. The reaction
was carried out at 37 °C for 120 min and stopped by the addition of 40 L of 30% (w/v) CCIsCO;H. After heating at

50 °C for 15 min, the reaction mixture was centrifuged at 150009 for 5 min. The supernatant (150 pL) was transferred
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into a well of a 96-well microplate and mixed with 150 pL of 2% (w/v) p-dimethylaminobenzaldehyde in acetic acid.
The yellow pigment derived from kynurenine was measured at 490 nm using a SpectraMax M5 multi-mode
microplate reader (Molecular Devices).
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F—H HRER

O Rt uEZHETINTF FRRAY & EDEGRK

U AR Y — AFFCRERRZEM <7 F R (RiPPs) X, % v /37 & L [FAIFRIC DNA BRI 5 OERS. - U R
V= D KD K o THFE SN TF A, BERIC L 2B ERT (PTMs) &%) 5 2 &L TEAK
IND, PTMs IZ L o TR S 1D Z4k72 RiPPs OREIEIT, kkx ZRAEMIEMEA R~ 720, AISEY — NMMbaE
e L THEAEINTWDS 12

Z U F T F R RiPPs O—FETH Y . ZOHFITIFRII 2 PUEIENE R Ekx Ie BRI = H 3 5{LE
MNELFAET D 18, T F_XTF RIZRET 2 /B TH S lanthionine & FHEN A @24 L.
a7 T —RBICL DN ALEWMESFH T Tl . EOHENEMICED > T\ 5 (Figure 1), Nisin A
(1) X lanthionine #5325 7 T X7F ROREFWREITHY . _T7F K7 U B A RO MR REIE
T D lipid 1 ZHEA L. MilaeES L E & A ~DFLOTERRIC L AR E 2 PEER 25744, 2o 2
EMND, nisin HIZEEICDEZ > TRMLIEAIE LTHEA SN TVND S,

e
< o)
NH\ Kf o} NH,
L o
o) 7N
HN.__O > HN s
\ﬁ o S/ I\/ ~N
N)H/\ NH HN—\
HNH 0 N
HN 2 ° : Q
O O "I, ’l, O

H,N

N ; H
OH HN—/ng—s O_N  OHN 2 NH N
2 -
O:S@/s R L\\_{ _)=O NH, \“"K/IfN = M
mo HN HN H /

HO

o) 0 HO
HN— r O 400 H
I HO. ~ N \>—<
Lanthionine
HoN o \(IDI/\HJH( j%NH HN

Nisin A (1) Ny NH

Figure 1. Structures of Nisin A and Lanthionine

ZDEIBRTUTFRTFRELT, FFRREET I/ BEefEd s 35 A BBk 7 T R
SR T3 (Figure 2), Labyrinthopeptin A2 (2) (%, 2010 4F(Z Sussmuth & (2 X - THtHR# Actinomadura
namibiensis DSM 6313 7 b S iLictiy a7 4 =TGN E R T 27 0 FXTF RTHY | BFET I /3
labionin ZH.0y & L CAE REENTER SV TW 5 8, F 72 Sussmuth & (3 2018 A2 ii#R B Microbacterium
arborescens 5913 2> LHLEIE A AT 5 7 F <7 F R microvionin (3) ZHEEL-Z L 2@HELTWD
7, Microvionin (3) IZE% 7 X /B TH S avionin ZH.LbE LAV AT U FXTF L N KO E
ARAF AT T = 7 fGHIEE (MGFA) Ir 572 54 7 ) RELD ) ARATF KT 5., Avionin 13 labionin
DYATA LEHMLOANVARF VEPRESI, T/ E=AV VAT A2 (AVi-Cys) ffik & 7o o BT
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I ETH D, 2020 FITIX, FEED Avi-Cys HiE A4 Bl A B r il T L F X 7'F KT % goadvionin B4 (4)
OH OH

MM I L - THEESNA TS 8,
et 15\9%
o= o NH,
(:S)\:&?gﬂ/s (R):

HoN HoN o] \<HN HN}

HO
OH
Labionin O HN }NH //—
— oH HN
d
NH \ o
Ph

Labyrinthopeptin A2 (2)

NH So
4,
HoN " |
Avi-Cys
Moiety O~ "NH HN
OH OH i¢========"-= . )
0 0 s NH, ! Microvionin (3) HO— o)
N—/ H
Ho,N - HoN [
Avioni OH OH OH OH OH OH O \
vionin ® J\“/ H
SN N
/I H
J]\/,,, NH S =
HoN ;\ ]
O” 'NH HN
O &
%

Goadvionin B4 (4) H,N

Figure 2. Structures of Labyrinthopeptin A2 (2), Microvionin (3), Goadvionin B4 (4), Labionin and Avionin

ZHBEE T X /B2 lanthionine, labionin, avionin A& AR EEIZ DUV TR %, RiPPs D A4 AR 12
BOTHREG RS NIZRIBERT T RIZix, V—F—_XTF KL a7 XTF REMETN DN FIET
%, PTMs Tix, AiBMAXTTF RO Y — & —XTF IRFRFE S, a7 X7 F REKRO T I 7 BFEREME
fiisihs, itk 77 —BIZLoTY —F—XTF IBREINDZ EIZEY, EffiaT 7T
RONERALPE) & U CREAE &5 1, Lanthionine, labionin, avionin 72 EORE T I /Y Z O PTMs (2 X -
TR IS D,

Lanthionine (ZLA T D L 5727 a2 XA TEA S S (Scheme 1A), £, FAXTF Kot 5%
5 (Ser) BNU VEMETEEZN LT, T Fr7 7 =08k (Dha) ICE#SND, £k, VAT AV
I (Cys) (2L % Dha ~D~A ZFNAVABUIINC L » CF A= —T VEBNER S, 7a b oAbz
lanthionine 3R X5 (patha), —J57 T, RIBEKR~TF Ko Ser Bk Sk, ~A ’fll/i'ﬁﬁi][l Iz
EDBALDOBICAER LTz ) 7— R 9 — 2D DhallKE L, X575 CCABNERINDZ LT
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labionin #1&E 23S S5 (pathb) 138, Avionin #1E 2OV Tk, £ 1L UDIC Cys DER{LAIL A LR 5
UIZ L 5T AVi-Cys HEE P HEEE X% (Scheme 1B), Dk, BEFRIZ & D Ser O/KKIG, il FA4 =
S =D~ A TN, AL DT ) T — DO Dha ~O 7225~ A 7 VRIS INZ X - T avionin ##
EPHEERSND S,

(A) Biosynthetic Pathway to Lanthionine or Labionin Formation

(0] (0] o (0]
H H phosphorylation elimination H H
”z{N’fJ\Xn’Nz)\ﬁ PO W N EL N\)L —»g/NT‘)LanNJ\x
Ser “OH sH OPOz2~ \SH Dha A\_/\SH Cys
cyclizay

xn ’\ attack of enolate Xn "\
onto 2nd Dha protonation
:&u < ‘Q (path a) 0’@;3 NH
HN HN \E>: (R)
s

HN (0]
Xn ‘}4’ v,
Labionin Lanthionin
(B) Biosynthetic Pathway to Avionin Formation
H o H 9 decarboxylation H Q H phosphorylation H Q H
N, ,N\)J\ _N, N N N
L XY TOH ————> e Xn | —Y Xn |
:\ OH HS elimination Hs
OH SH Cys A\/
cyclization l
X
T " attack of enolate
(6] (6] s NH  onto 2nd Dha o
= e 0 s M
HN HN\ =/
xn HN}‘
Avionin
Scheme 1. Biosynthetic Pathway to Lanthionine, Labionin and Avionin Formation
Labyrinthopeptin A2 (2) . microvionin (3) . goadvioninB4 (4) [X3t@ L C, BE7 I /B CToh 5 labionin

R avionin ZHL & Lo RQR A nERIRBEEZHT 52 &b, _%LE;‘E T X BOERIEDMESL
TNEEAE LT RAMEB LOEZREREKIZ L > T, XT7F MeAWIck T o RE I WV AR—2 %
BT CE LD EER T, TOFHE—FHL LT, EHILIINOACRRRATF FOFLERDa-T I/
AN DU [ A 6 DO AEEEIE D BASSICE Y FLA 72, F 7=, labionin Otk ST ARELE (2 -2\ T labyrinthopeptin
A2 (2) O X BhEAEIERIT ORER D | WEBKBZTILSEETHY  AFLUEZNLTERDLE D
— S ORFRIESEETHD Z LN E 72> TWD, —J5C, microvionin (3) <° goadvioninB4 (4) 73
A7 % avionin O Z DD AF LD B FAITRIRE Th D720, SRR 2 Gl Ui SEARBLE &
WETHZEEEZT.,
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@ FZiTHR

Labyrinthopeptin A2 (2). microvionin (3) <> goadvionin B4 (4) &\ 7z A BEIRTF Roes
LI ETIZHE SN TR, BET I VB Th 5 avionin OGRS 72075, labionin #5i&EI1ZBI L T
BB FERHE STV D,

2011 42 Stissmuth 13, labionin & DR & 725 o, a- EHT IV BELT 47T 0y 7 OH
& A LTV % (Scheme2) ° D-serine % HFEME & L. Seebach DFEIZ K> To-7 I/ ARFEIUEH

IRFEEAER LT 10, F e, D-serine /05 3 TR TYT AT VARG LIALEW 5 1TxF L.,
LDA ICX o TV FUALAZ ) L— hEREIE, 77U AT7 I REEAIELZEICE-TT U VENRN
tert-7 F /L ELD SGHAIN B BN ST ALEW 6 2 SARERIRNIZAG T2, £ DRDOBSFFIZE > T, a7 VL
U AFINTZATILT ~EENZ L LAY T v 5 2 TRETE# L 72/b&% 8 12t LT, Sharpless ™
Ve FRXMEITO) LIV VA AN EBE | FUSRTTT 7 FUBRETTO 2 &Ko TT v
A=) 9 ETT AT VAY—RAEME L TR, 0%, (LEM 9 DT Vva—Lomk: 77 b
DOBER, Flix OREFLOENIZ L > TEEW 10 ~ &\, WIS, SIERINIZ L > TEAE Y 10 D ik
TNaA— TV RECERL, WT7L670~ T T7T74—2L>TC 2DV T AT LA~—%yHEd
%2 L Tlla, 1lb ~EEH L7, HfZIC, THP ROBREIC L > T 12a, 12b ~& &, 12alik R
FURICVATA L EBAL, 7Y REDBRITLEZITO Z &I X - T labionin #i&E~ L FHE AGEREETH
Do

CO,Me allyl bromide CO,Me AD-Mix f
LDA
HO.C  on ° Ste,ps RS HMPA 4\""}/\0 6M HCI CO:Me 2 steps COMe £BuOH
» OHCN ——>  OHCN —>/\ ) NoH el //\"“}ﬂ‘ oTHP
HoN THE MeOH NH, NHCbz H20
_78°C reflux rt
D-serine 5 6 70% (5 steps) 7 8 88%
PPh,, DEAD
H o/\ 5 steps HO}\ COLAllyl DPPA N3 coLAllyl Na  coAllyl
ey —_— Wy + )\u\“
; N\ e ' OTHP ' OTHP . OTHP
NHCbZOTHF’ #BUOC  NHebz THF #BUOC  NHebz EBUOC  NHebz
-10°C
10 53 1a 11b
(|nseparable mixture of (11a:11b ° 12:1)
N a: =1.2:
diastereomers) PPTS, PPTS,
EtOH, | 62% EtOH, | 62%
40°C 40°C
N3 coLAllyl Ns  coAllyl
HO,C HOLC (5) s NH, (S) (R) o
~ - ------ " /\u
S ) ST el . (R) “oH . (R) “oH
H(ZNL H:N)—/ m\co . = tBuo,C (KR tBuo,C (KR
12a 12b
Labionin

HMPA: hexamethylphosphoric triamide

Scheme 2. Synthetic Studies toward Labionin by Stissmuth (2011)

F 72, 2021 4EIZ Sani B2 Ko T, AV Y I FVICERGE S dL7z labionin DA AN ERE 417 (Scheme
3) 2, S)-vm I I U 2 TRRTERNLIALEY 13 12 Bredereck s Z/EH S E A Z & TxF 3
A BEE, I I )14 D 1A-BTE2 T 12%. Mel & EtsN % U 7= Hoffman fiifElc L - T
awB-AREIFIT 7 H b 15 ~EEW LT, S HIT, S)-V AT A VIHEEED op- AT 7 X L 15 KT D
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FT <A TNVAMISIZ E > T, FAZ—TUEEEZFTDH 16 VT A7 LA~Y—IBAEWME LTH,
ZD%, 16 DT AT LA~ —IREWZH LT LIHMDS #{EHSE 5 2 itk VFvLaz ) L— %
BESHE, FUAT YV REMNWZKREFHT Y FMUIZ > TERRFEZEAL, T L7 777

—ICRDVT AT VA =BT L 5T o7 I AFMERKFEZ AT D 17a, 17b 2572, S HIT,
17b % LiOH T T 5 Z LIC Lo TT7 7 ¥ KRR L7z 18b ~&E & | A U7z /LR EED pNBz &
#. TFA 2 X% Cumyl JEDBREIZ L » TANV Y TFLIC#E S 7 labionin 19b 2157, £7/-. b9 —F

DT AT VLA~—THs 17a b b RIEED BT K > TIEHR FZFL R ELE CTd 5 labionin 19a %
BT,

NMe,
MezN NMe; 1) NaBH(OAc),, AcOH
2 steps Ot Bu CH,Cl,, quant.
A N == AN — >
o) COH —> O CO,TMSE CO,TMSE >
N N 2) Mel
H Alloc AIIoc

S lutamic acid 13 7% 14 3) EtN
(S)-pyroglutamic aci 75% (2 steps)

O,
OCumyl OCumyl
OCumyl 5N v v
FmocHN! ‘
OQROCumyI FmocHN" FmocHN"
\

FmocHN

LlHMDS N3
—_—
o) CO,TMSE CO,TMSE CO,TMSE CO,TMSE

N
Alloc CHyCl, AIIoc THF AIIoc AIIoc
0 -78°C
15 94% 17b
17a:17b = 1.8:1
(determined by 'H NMR)
OCumyl
OH OTMSE 1) pNBzBr/KI OpNz OTMSE
FmocHN™ 1 DMF, 0°C (S)(S
; 07 0 9 073
LiOH+H,0 S 74% 3
N35| s N3 NHAlloc — 5 N3 NHAlloc
h THF/H,0 SN 2) TFA, CHyCl 5
O 7 TCO,TMSE  0°C A 98% (R)
Alloc 92% CumylO,C NHFmoc HOzc NHFmoc
17b 18b 19b
OCumyl
OH OTMSE 1) p-NBzBr/KI Op-Nz  OTMSE
Fm°°HNI DMF, 0 °C (R (S
_LiOHH0 O © 75% °\ °
3 | NHAlloc —m0 3 | NHAlloc
THF/HZO SN 2) TFA, CH,Cl, SN
CO,TMSE H 96% (R)Z
Nioc 4% Cumylo,C” NHFmoc HO,C” NHFmoc
17a 18a 19a

TMSE: 2-(trimethysilyl)ethy! _
p-NBz: p-nitrobenzyl Cumyl = g Ph

Scheme 3. Synthesis of Orthogonally Protected Labionin by Sani (2021)

PLEDYATHI A £ & %, Siussmuth & DAL, D-serine Z HFEJFEL & L7 Seebach D FEIZ LV a-
TR AH U E R R A SRS L T D 28, BT OB AIZIEE > TV e, Sani HIZ Xk
5Nﬁi(&BD7w§¢V%%ﬁﬂkTéﬁIE%T%D\%%%Cm%ﬁ¥®§ﬂlﬁ%bfwé
HOD, o-T I AW E LR E OSBRI B W TN S, £2. WThoGicksnT
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% labionin, avionin #1& 2 92 KW OFEEZ IR LT=7 2 J BEOEANIZHOW CTIIMRFT M THIL TV R
W,
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FBof BIRRERN C-H BREE/LZE L L7~ labionin, avionin BijBRAS B EE DMESL

O K

A RERANT T ROEMEZ IR LT, F& 1T E 7 labionin, avionin RiBEKRD G AIEZ ML T 5 Z & &
L7z, Labionin, avionin 1%, o-7" X / RFMEHRRE Z OIS, BPALICANT 4 R yfLic T X e fy
T2, BHIEL, ZNOOEREERT D720, Hiiz /2 UEHRRFERIEOHE T2, 2 E Tha-
T X ARFNEHKEOBEIZB N TIE, C-CHEHHWIT C-NREEERE LN RN D, TEHRKSE L
T DHIES & DAL TW e B Zhicxt LER OFTBIFEE CIL, WEHRIKEEZHT 5 M) Ak Kr¥x
VAFNT I ALy (Tris) ZJFEFE L, Tris © 3 DO%AliZs b Ko X F /L KB L CHAER(L
THZET, a7 X ARFNERIRFEEZHEET D5 FIEABRE L TS (Scheme 4), T 726, Tris HO
TEDO LSO RErXF U AFLVEELEREMEL TAFRELZEAL, ZhE2E#n & LT, 52>
Dt FrF U AFVEICEHEEND C-H A EZMERIRICERRMET 2 2 L T, BHORFUELRKSE
EHET D TETH D, TBHIFEE Tld, AFiEZ2 VT myriocin (22) OFRAF AR Z EK L T
LU, gEEE LT, BEAEE SN MY AFER20 2N, TAaxs T I INADAEREREE L
72 1L5-KBRFHE) (L,5-HAT) RIRIZ K-> TEREOE Rr X AFNEE DT 27 LA TERRAYICE R
b4 252 L To-7 2 ) AFIEHRE AL L, myriocin (22) ~EFHE LTV (Scheme 4A) , E#
IIARFIEEZ ST, labionin, avionin (23 £ 0 MEHLRFEOMEIELZHKE T2 Z L A5TH L7z, 7720
B Tris K 28 ICBT DLV T AT VA My 7 RBRICHD —HDE FrXx I AFNEO—T %,
EHRFDD LTy D7 X FOSRMEF A IGH U A ESERICE R b T2 2 L2k, UE
WURFR WSS 5 Z L A5 L7- (Scheme 4B), AHLIZIZISW T, (EHERAYZ C-H BRESMLIZIZ, =
FT7 VN mA LIz 15-HAT i (Hofmann-Loffler-Freytag Fis) Z WA Z & & E L=, &5, &5
BTz 24 1ZxF LT, BREJR OB A L B OFREIIZ L - T, labionin, avionin FIBRRIZFHEETE 5
DEEZT,
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functionalization of H Y selective Y
OH 4 hydroxymethyl group H functionalization H
HO - HO - HOJ
HO »  HO » HO %

NH, NH, NH,
Tris

(A) Contruction of the Quaternary Carbon Stereocenter of Myriocin via Alkoxy-Radical-Triggered 1,5-HAT Reaction

O-triggered
OTBDPS Site-Selective OTBDPS
1,5-HAT r
I, PhI(OAC), /Iv Ok HO,C, NHRQH o)
—_— —_— q <
0 4 = HO\)*\_/*\/\/\M}M/
cyclohexane, rt (6] * z 5
0o OH
blue LED HN\«
69% e} Myriocin (22)
Tris Derivative 20 21

(B) Contruction of the Quaternary Carbon Stereocenter of Labionin and Avionin via Nitrogen-Centered-Radical-Triggered 1,5-HAT Reaction

N-triggered

2 H
. Site-Selective R'Ogh-NRZ O HoN H,N
HN,, % 1,5-HAT LI oG, noQ, s
: oo > RO N om HN Y COH
R'O . * \ e )\/S z \§/S
R'O ' BocN ! NH; NH;
< ; ] b HO,C
BocN. .- A Labionin Avionin
Tris Derivative 23 24

Scheme 4. Strategy for the Contruction of the Quaternary Carbon Stereocenter of an a-Tertiary Amine

@ ETEIFIHINALENLE L5-HAT KIS X BB MR B

IXUDIT, Tris 22 OFFEATRERy-T 7 Z LS &3 58 30, 31 #8%E L. 1,5-HAT RUGIC &
HALE IR R ERe b 23 7=, JE 30, 31 DT & I{EDE A% Scheme5 (259, Tris 725 3 TR T
B LB T VT e K 2515 & N-Chz-0-¥ 7 = =/ViKR AR/ 7 ) v AF )L A7)0 26 @ Horner—
Wadsworth-Emmons it « 22575 817 (2 L W (E)-27 & L7=& 2 A, Boc JETIRESNTT 2 D A
FINVT AT IVA~OEALD ARENCHEIT L, LAY 28 AR L=, L&) 28 % NiCl,-6H,0 777E T NaBH4
TS 5 2 & TILAE 29 DG b7, 29 Z/KFFFPHK T, Pd/IC TREET % Z & T Chz ExFREL,
BT I E TS HERTRET HZLICL > TLEM IO~ B LT, 7=, 30 DT & kA N% BIiCls
CXOBEE L, AU o0 T N a— % TES (fi#4 5 = L C{LaW 31 2 157-,
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1) Boc,O o.
DMF, rt o P(OPh),
2) 2,2-dimethoxypropane ‘H COyMe
TsOH -H,0, DMF, rt 26 /IV JV
OH  82% (2 steps) o DBU, Nal 2 o2
> o - . N\—NHCbz | — 3 N—NHCbz
Ho "% H BocHN ~\ i BocN
HO 3) (COCI),, DMSO THF MeO 83%
NH _78 °C: NHBoc  -78°Cto0°C ¢ o)
2 CH,Cly, —78 °C; 127
Tris EtsN to rt 25 (E)- 28
91%
1) H, (balloon) .
NaBH, Pd/C 1) BiCly
0 H,0, MeCN, rt TESO
N'C|2 6H20 MeOH, rt 5 2 _ ES
NHCbz — > NHTs > NHTs
B"CN 2) TsCl, Etz;N BocN 2) TESCI, imidazole BocN
DCE 0 DMF, rt
(£)- 29 0°Cto50°C (+)-30 57% (2 steps) (+)-31

22% (3 steps)

Scheme 5. Synthesis of Tris Derivatives (£)-30 and (£)-31

B LTobE 30, 31 12xF LT, 1,5-HAT (T X DA E&EIRA) C-H & BB LS DR 21T > 72
(Scheme6), Ts R TREINTT IV ENODOEFRT VANDOFELEE LTI, T TICHENH D NIS
ERWEFEERA LR 8, b, EO R LTI RZ NISIZkoTavR{bL, ARz L -
TNAFEAOYERAEEZ L, ERPLT U INERESEDLFIETH D, FE 30, 31I12x LT, NIS
fFAE T, LED 7 72 S U TS AT o 7223, AR R S D 04 THRIOL G 32, 331355
o lz, ZORKE LT, 15-HAT IZB1T D RS RO RREETE > 72 Z BB b D,

J%O NIS, NaHCO3 /IV
“INHTs
BocN
DCE

o blue LED, rt
(+)-30 (+)- 32

Ts

TeEe2 NIS, NaHCO; N
Boon /NI X nggm
DCE N~ 0

o blue LED, rt Boc
(#)-31 (+)-33

Scheme 6. 1,5-HAT Reaction of (+)-30 and (+)-31

WIZ, L0 FpEZ AT 5 E THIVUIBUEETTT 2D Tidlenwa & B 2 JHH 36, 38 kil L
7oo HHE 36, 38 DT IKDE A Scheme 7 127, BEFIOT LT & K25 & N-Chz-0-FK AR/ 7V &
¥ MU AF T ATV 34 @ Horner-Wadsworth-Emmons SUGSZ &0 . LAWY (2)-27 #157-. L&YW (2)-
27 % NiCly-6H,0 f77E F. NaBHs Z/Efl S ¥ 5 Z & T35 ~L#uni=, (LEM) 35 2 /KEFPHSK T, Pd/IC T
WS 5 Z L2 8D Coz AMMRGEL . EUTe— T I % Ts M THRET 5 2 LI Ko TRELOHNT
A EITVW36 & Lo, (kB 36 D= AT /L% NaBH IC K W igc L, A U —#k7 /L= —/L% TBDPS &
TRi#ET 5 2 & TILEW 38 1572,
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O:P(OMe)z

Cbz.
z N7 cozMe

34 Cbz NaBH, Cbz
/lv 0 DBU | COMe  icl,-6H,0 /Iv HN-COMe
0 E—— o _ e o
o] H CH,Cl, o) MeOH 0
NHBoc 0°Ctort NHBoc 0°C NHBoc
25 72% (2)-27 (£)-35
1) Hy, (balloon)
PdIC TBDPSCI Is
MeOH, rt Jv CO;Me  NaBH, Jv HN |m|dazo|e HN OTBDPS
(¢]
2) TsCl, EtsN A')/ MeOH DMF o)
DCE NHBoc NHBoc NHBoc
0°Cto 50 °C (£)-36 9% (£)-37 91% (+)-38

65% (3 steps)

Scheme 7. Synthesis of Tris Derivatives (£)-36 and (+)-38

B LTobE M 36, 38 1ZxF LT, 1,5-HAT (T K HAEEIRA) C-H & BB LS DR 21T > 72

(Tablel), = AF LAIFE 36 l2%f LC, Y7 n o LRI NaHCOs /57 F. NIS % Fl V- 4G
JISEAToTo L ZA, ZEBRMALEY 40 28 41%I0R, TREDO YT A7 LA RRETHE L (entry 1, ab
=76:24), NIS & NaHCO3 % 4 &2 & 2 A, HTDIRD[A LA S, 40 23 54%IR TR L7

(entry2), iz, >V x—7 WVRIHVE 38 # W CRIBRD SR CRINE T T2 & 2 A, BRI EW 41
DULHE 44% T LI, LEW 36 ZHWZEL Y 07 A7 LA ~—tom EN R 57z (entry 3, ab =
89:11), WA 7 mm A 7 AT LU TRISEAT 2 12BRICIFIE 50%, 7 AT LA~ —lh 88112 T
4la, 41b BF o7 (entryd), 7 F= N U AEEE & L THOW G A TR TR A Lz b O
D, VT AT LA~ —idf E LT (entry 5, 38%, 41a: 41b =>95:5), AL LT 7 oo a2 H0
HEDT AT UA—HIIME T LR, &b BGRIETCHIMEZ 5 %7 (entry6,61%,a:b=81:19), *
7o, Ts % Chz FICEH LImm A7 /L 35 ZHEH & U THWEBIZIIRIGEHEIT Lo~ 7= (entry7),
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Table 1. Optimization of 1,5-HAT Reaction

R2 R2 R2

H’\I": R? conditions A/O | N A/O t‘ N
_ R3S + R3S
/IY)O/Q')/ blue LED O\/\I;) O\Jgi>
NHBoc rt NHBoc NHBoc

(+)-35 (R? = Cbz, R® = CO,Me) (+)-39a (R? = Cbz, R® = CO,Me) (+)-39b (R? = Cbz, R® = CO,Me)

(+)-36 (R2=Ts, R®= CO,Me) (+)-40a (R? = Ts, R® = CO,Me) (+)-40b (R% = Ts, R® = CO,Me)

(+)-38 (R? = Ts, R® = CH,OTBDPS) (+)-41a (R? = Ts, R® = CH,OTBDPS) (+)-41b (R? = Ts, R® = CH,OTBDPS)

Entry  Substrate  Oxidant (eq.) Additive (eq.) Solvent Yield (%) d.r. (a:b)

1 (¥)-36 NIS (3.0) NaHCOs (3.0) DCE (£)-40 (41%) 76:24
2 (+)-36 NIS (4.0) NaHCOs (4.0) DCE ()-40 (54%) 78:22
3 (¥)-38 NIS (4.0) NaHCO3 (4.0) DCE (x)-41 (44%) 2 89:112
4 (+)-38 NIS (4.0) NaHCOs (4.0) CH.CI> (£)-41 (50%) 2 88:122
5 (¥)-38 NIS (4.0) NaHCO; (4.0) MeCN (£)-41 (38%) ® >95:52
6 (£)-38 NIS (4.0) NaHCOz(4.0) cyclohexane ()-41 (61%)? 81:192
7 (¥)-35 NIS (4.0) NaHCO; (4.0) DCE no reaction -

2 The ratio was determined by *H NMR spectroscopy.

41a, 41b OFIHELEIL, LLFO X IICLTIRE L, 4L ICBIT DY T AT LA ~—0O5HHIINEECTH
STot2, TBDPS JeABRE L T2 ~eBHif%, hTrru~ NI T 7 4 —ZL DT AT LA~—"rBf
Z{T-7= (Scheme 8), HFHMN =7 /L —/L 42a, 42b 1ZOWT, HFET X Hfs A S i 1c & - CHxt
BliE 2 ke L7z, £72, 40a, 40b OFEXISIARLE L, DB L72& 7 A7 LA~ —% NaBH  LEEC L -
TTIva—/42a, 42b ~LEL Z L TRE LT,
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o -||C02Me—> o -ul\ O\l} ICOZMe—> \
MeOH OH : MeOH
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Scheme 8. Synthesis of (+)-42a and (+)-42b and Determination of Relative Configuration of (+)-40a, (x)-40b, (%)-
4laand (£)-41b

1,5-HAT Bt D GRS % Scheme 9 127”3, £9°, EEHO M7 I RBNISIZE Y avF b
FE A DR SN D, RICAHEHRIIC L - T NAFEEOBHEFRANKL Z D | ERPLT DI NDBARR
T% (B), ¥:< 5 FW L5-HAT SUSHRHEITL, TAXFIALTFIIHANEL S (CaorCh), Hi-IZAERK LT
TNAXNTHINNITHREIELTD 721X Db WA L=%., S UvELMEEL, A% Y=0vLhTF
4 (EaorEb) ##H L TR VT I RO TWNERILKISDIETT L, B LEMBE LN,
SERBEHRPERBLOER O—2 L LTLUTFD X 9722 ERHERITE 5, 1,5-HAT SUSIFS BB Rla —7
F A= g VERTRIGHEITT 5 Z 80O TWD 921 R L7 I RERT 77 MY TR EDOS
AU VEZIT IV DD Hi E72IE He OKFEDRGIE RPN D EEZBND, — T, P77 I RENR
T T IVELE DOBEITIE. Hy, Ha, Hs, Ha @ 4 SOKBIR T35 Xk D alietenid 5 (FhFh I,
LV 7213 VD, 2 SO0 FRla L 7 4 2 —3 5 o 1,3-diaxial ¥8 A/ % Erigg L 7= 1,3-diaxial
FEAERR—F NSO ZRRH L CTRILPETT 250 LEZ 65 2, 1E- T, 1,5-HAT KL DERIZIE
M FRTOT T N T AOKFBEBEIRANTS L T ETUT AT LALARRREHIE S T2 /]
RN H D, ZO LI U TEILNICAER LR Ca LV | ZE TAMR LTV AHEERIK 41a 7353
RIIZAETTZHLDEEZ BN, 728, AL 1,5-HAT SUSOBO R RS 2381 5 1,3-diaxial fHAAE
Aa2RDICiEim L7z, ToMmoar 74 A= a UinB ISP HEIT T DL E 2 bNnd, £,
13-VAF YV UVBROBEBIR FICHET 2 AT L O 77 MU T AKEBER T LT X0 T VKB FRAO
FlE RPN I PEIMERBLUCRE D 2 FREME S & 5, AL DO LRZEIRME 2 EfEICERET 5729012
IO DHER OB E R A N = X LR OMBENR DD L EZ BND,
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Scheme 9. Proposed Reaction Mechanism and Rationale for the Stereochemical Outcomes

® HHEETFOHEAM

BT, o7 ZERMALEY 41a lITkT D EEF OBADKREF 21T o 7o, BEtORIR, FAEMD
ELTHEROLNTALEDY 4la D 12 BRSO E BRI AW 2 2T, s 1238 A 47z labionin, avionin A
BRI 43a DA LA R LTz, [FIRFIZ, avionin OHERISIAARLE O E LR LT, EOTT AT LA~ —
KOBRICHLET LIz, TORE, {LEW 4land 10 BEOERRALH AR T, 483a DY T AT Lt~
—Tdh b 43b 2155 Z L3k (Scheme 10),
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Scheme 10. Synthesis of (£)-43a and (x)-43b
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B=H /ME

EHE Tris FHEAKIAT S ARG 72 LE-HAT BUSICE D | a7 3/ MR HRIRE 25T 5 Fik%
B LTz, £, TOH%OFHEEIC K - TSR 238 A 172 labionin, avionin FiBRIA 62 &%
R% L7= (Figure3), Siissmuth 12 J % labionin ##3& D FERA S B TIERE R F OEAITIZE > TV R -
7223 0, AR T AN E N FTRE Rk 2 B L 72, 72, Sani 51 L 2 PR labionin D ARLT
o7 3/ BRI I B SR RIEICIEN B - 7208 2, STEh(Lo 7 3/ 2 FIR L
FEIR 72 L5-HAT SUSIC £ 0 o7 X/ PUBHR SR & R O ST AR TAM T 5 - LW T& T, e,
FAT 2 BIOAERAETIE, 7 VBEHRERIE L, 7 VBEAFRE L THW TS, —FH, KERK
R T % 7178 Tris ZHUERERL LCIN T B 7200, LEHAT G ORI E = > F 4RI
BT HZ L ICE S TARAFEA~DEBENARETH B,

NIS, NaHCO;
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OH Jv HNE~oTBDPS  PU° LED’", A/O g x . A/O N
HBW = OO/%)/\ 61% 0\/\I;\>””\0TBDPS o\;il)""\OTBDPS
NH, NHBoc ((#)-41a:(x)-41b = 81:19) NHBoc NHBoc
Tris (+)-38 Site-Selective C-H (£)-41a (£)-41b

Functionalization by 1,5-HAT
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Figure 3. Summary of Chapter 2
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b, FEHIFRLR =ZVOvE 20T 268 OERIZIY AT,

FHIIVA UEEERTHT =) UIEEARAERG L A O T RL UGS L 0 L I\ BBREER
AV R )VENROHERE T 5 FEEIIE L, 01, JSEHFOENNC LT rAT U HA K
VU BRGNS Z & R L= (Scheme 1A), @B 1 E 72 IXAEDOE WL > T oD R
72 5 ) DOFIRVEN AT D ARG IE, DSOS Z B W TEERMA & 705, RRISITHMZR T
=V URBEERNG . spPEDRVVERS Th D SRR\ BB A  F— L e mRT URIL R v —
FIHETEX IR THINTH S,

W, ZF L, TR REDIEM T A TV —DA 7 V—= 7 TRIBENT-N\EBBREKEAT 58
Bl IDOL BRE A DR ETE AR BRI IE 24T o 7o BB D B 2 AW TR TR SR & & i UIEMERHI 21T - 72
AR, IEHERBUCEBERBEREOERN SO, A7V —=27t vy MLEWEREOIEEEZHT 5L
A% R L7z (Scheme1B), ZiLHALEWIX IDOL HEAICIH W T 2N E TITFIO R WHEEREHK TH
D, AERY —FNbamenz s,

(A) Gold-Catalyzed Cyclization of Anilines with Diynes: Controllable Formation of Eight-Membered Ring-Fused Indoles
and Propellane-Type Indolines

Y. JohnPhos-
A AuNTf, v
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(B) Structure-Activity Relationship Study of Eight-Membered Ring-Fused Indoles :Identification of a Novel IDO1 inhibitors
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* Novel Scaffold

* SAR Study

« Attractive Potential Candidate |:>
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Scheme 1. Summary 1

EHL Tris FH8RIT kT AALEEIRAIZR 1,5-HAT Stz LT 2 B RREAREET S TEA
BEJE L. ZOBOFEEIC L » CTHREE-INE A S labionin 38 LT avionin OIS HEE S5 LT
(Scheme 2), ARFIEIZBNT, yird 7T 2 /2 A EHENY & LIz 1,5-HAT KISIZ L > To-7 3/ Mk
3638 % STARBIRMERO IS T 5 = LIORD) LTz, £ OB%OTEILIC X - THESE L7 Frs B 7 ANEA S h
TG, A B r BT F BRI OGHIC I 2 BETETH L.
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