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Ac

Ar

BINAP

Bn

Bu

dba

DCB

DCE

DCM

DMA

DMF

Et

Me

Ms

NBS

NIS

Ph

PMB

Pr

TBAB

Tf

THF

=h__EE
aa- 5=

acetyl

aryl
2,2'-bis(diphenylphosphino)-1,1"-binaphthyl
benzyl

butyl
dibenzylideneacetone
1,2-dichlorobenzene
1,2-dichloroethane
dichloromethane
N,N-dimethylacetamide
N,N-dimethylformamide
ethyl

methyl

methanesulfonyl
N-bromosuccinimide
N-iodosuccinimide
phenyl

p-methoxybenzyl

propyl
tetrabutylammonium bromide
trifluoromethanesulfonyl

tetrahydrofuran



TMS trimethylsilyl
Tol tolyl (methylphenyl)

Ts p-toluenesulfonyl



E A

4yH—w¢4V$/Uwa%ﬁ%mé%®i%§&T&D,E%%%@ﬁ%‘%%
ZITOBMBIRE - E5 = JBEY, ZRBERERITZILAOAS RICBEICERN
3. Z0foH, BIEFTYTL—hEUTEETHD, 1Y R=IL"PAYF /U DERK
EORFEFTHL NS EZLOHAREFICELDITONTWVWS,

AV R=ILEEDIEYOOEEFDE, WETI/BTHZNITNT 7y, HRE
EYMEBETHIEONZY, EYRILEYODVEDTH S Y R—ILEFE, HEE L TES
HSFMSNTWEA YT« dRENHD. e, EEMEVLTRHVLWLONTVWSDDTI,
AV RXEYY GERTOA RERXER), ¥ rO—)L (p-EWE), TIIXNYY

(FENMEE), TLNY 75y (FBEBEAER) »HS (Figure 1),

Figure 1
CO,H
@EC @EC EI§
tryptophan serotonln indole-3- acetlc acid |nd|go
Y
HO
COH jAH Me
MeO 0
N Me I/\l
N @ Me
N

Iz

indometacin pindolol ergometrine eletriptan

(1) (a) Cacchi, S.; Fabrizi, G. Chem. Rev. 2005, 105, 2873-2920. (b) Humphrey, G R.; Kuethe, J. T.

Chem. Rev. 2006, 106,2875-2911.
(2) (a) Scott, J. D.; Williams, R. M. Chem. Rev. 2002, 102, 1669-1730. (b) Chrzanowska, M.;
Rozwadowska, M. D. Chem. Rev. 2004, 104,3341-3370.
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AYF/VYEETTILAOACREBEFAOIYEDFES N, NIRDY (BEE), N
AN Y (fBRE) PEILER EEE) BEB’HD, EERTR/ANEY (EXRE),

FFTUIN (BEE), vUTZ7zFYy (BRERUERIUVER) BEMMERSNTVS

(Figure 2).
Figure 2
MeO X
N
N MeO =
N OMe
MeO Z
Me berberine papaverine OMe morphine

CO,H

©C( Ve COQEt
N__O,
SO TR TR
Hph O N

quinapril solifenacin

AV R=IJLOEREE L THLSHOSHSN TWS Fischer 1 > R—JLER’IE, 7V —)L
ERZIV 1 ERDIVRZIVEEY 2 ZBEMESRETMEL, 12 R—IL 3 2823 AHETH
% (Scheme 1). LN U, BEEXEZINEETZOTRHRICHEVEETIIAWSZ ENTE

Y, IERIT MY TS DDNBEGEEIERT 2RI BEIEDNH 5.

Scheme 1
R R
+
©\ VD .t mRZ
N 07 R? N
1 2 3 H

(3) Fischer, E.; Jourdan, F. Ber. 1883, 16, 2241-2245.
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CHBRFUWHERE LT, BLUSIKEDERERSNLETIVIZLFAZZVR4 DT
HIVBICE DAY R=LE ZERTZRENH S (Scheme 2)'. ZORIGIE 2,3-" 8
g Y R=—ILEBRT BRVWAERTH DD, ZVNIRE LV TEBBRAXILENZRWR
FNIEE 50,

Scheme 2

AVE Yy OEBIASRETH S Bischler-Napieralski Kit'ld, 7T I ITFILF
IVBEKG EATVIENY Y ERDEE, Vismeier-Haack BARGICED 34-YER
O4Y*x /Uy 7 #ERT 2RIGTHS (Scheme 3).

Scheme 3

FOELRIGE U T, Pictet-Spengler RIG'DH D, 7z ZIITFILTIVHSHEEL
feA3y 8%, BUKHETMRTZIET, ThIEROAMYF/ UV I ZRB/EIZIL

YOFBRRLCBFHEREEZH OEEDSS

I

NTES (Scheme 4), 7z ZILZFILT

IRV F /Y HELENS.

@ (a) Fukuyama, T.; Chen, X.; Peng, G. J. Am. Chem. Soc. 1994, 116, 3127-3128. (b) Tokuyama,
H.; Yamashita, T.; Reding, M. T.; Kaburagi, Y .; Fukuyama, T. J. Am. Chem. Soc. 1999, 121, 3791~
3792.
(5) Bischler, A.; Napieralski, B. Ber. 1893, 26, 1891-1903.
(6) Vilsmeier, A.; Haack, A. Ber. 1927, 60, 119-122.
(7) Pictet, A.; Spengler, T. Ber. 1911, 44, 2030-2036.
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Scheme 4

H* A
: fN —_— NH
8 9

R R

iz, 72NV I10EFE/PEMNZILTERTZEY—IL 1T ZEEMESRETINR
L, 1-Barv*/U> 12 #&MT % Pomeranz-Fritsch RIG°HHS5NTWVWS
(Scheme 5).

Scheme 5

2
PR H*, A \
o RZO/\ —_— N

10 R 19 NH 12 R

LAL, 2hoDrYE /U VABBETEEEREFBRIEORIGTH D, BEREH

TTITO>RENH S,

EBREBEAAUIERBEAREROREIC OVWTOMR EERLFICBITERER—
PHBTHD. FIC, EETIR, BBEBORTEMBESEL(LE Tobs, BEBRENK
H-REFMNEE OB FICRAT 2HEEEFA U CRIGORAEDEATNS, HERR
A ABTHBZETILIZ I LR ZELRUERD, AIRZILPAIVDATHRTIC
BMERMNT 20, o-REFMHILA A (o-electrophilic Lewis acid) &g 2 DIC

XU, Kﬁ@%ﬂ%éiﬁ’l%bﬁ‘é@Eb\i%ﬁgﬁ)ﬁ(in—ﬁi%?'l‘i)b%XEA’% (n-electrophilic Lewis

(8) (a) Pomeranz, C. Monatsh. 1893, 14, 116-119. (b) Fritsch, P. Ber. 1893, 26, 419-422.
9) BB EFAULERREKICEYT 2857 | (2) Nakamura, 1.; Yamamoto, Y. Chem. Rev.
2004, 104,2127-2198. (b) Patil, N. T.; Yamamoto, Y. Chem. Rev. 2008, 108, 3395-3442. 5T Pd
[CBEY B850 (d) Zeni, G.; Larock, R. C. Chem. Rev. 2004, 104, 2285-2309. (d) Zeni, G.; Larock,
R. C. Chem. Rev. 2006, 106, 4644-4680.
(10) Corma, A.; Garcia, H. Chem. Rev. 2003, 103, 4307-4365.
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acid) EMEENTWS (Scheme 6)',
Scheme 6

X

o-bindin )J\ LA /XIK X=0,N
9 LA = AICl5, BClg, etc.

> _ < LA > — <
n-binding LA

— LA — LA = PiCl,, CuCl, AgCl, AuCl, etc.

RE-RERMIN/EAEATORFESTRICHODEBEICEWT, - REFIEIL 1 ABRIC
& D REFEES EBIRNITEE(LT 22 & T, AFRANTORFORKMMRIEHFE D
BEBEZ—RBTARITBIEMNTES (Scheme 7). ZnNEATHREKRIE
(heterocyclization) &MEEN, 8, R, & /XTI VAL, E@@E@E%@Eb“ﬁ@%tb
TE<BAVWSNTWS, £, EFHNEENHBEESEICUTVSE 12 KTROERPE
REBTHZA Y IVLETITHHHD, 7Oy, N\OT VLRI X D REENEST

M EFET IR HSEBEZFEALUEVWC ENSTEEESDDIZLDIICBR>TETVS

(11) Yamamoto, Y. J. Org. Chem. 2007, 72,7817-7831.
(12) Yamamoto, Y ; Gridnev, I. D.; Patil, N. T.; Jin, T. Chem. Commun. 2009, 5075-5087.
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Scheme 7

Q — OO
Q— G

n-REFMHEILA A% F B L/TC’\?I;]I%{E&FISUD@U’E%H\%.
Widenhoefer 5, 2 fiASMEERAW I/ 7ILTrY 13 OHFReROFP X/
{bEHELTWLWD (Scheme 8)°. —MMWIC, FEMESICERRFMNHMNT 2REZ E

RO7 = /4t (hydroamination)® & &), Scheme 8 D & 5B A FRIRIERIGDIBEIE,

AFRERO7 I /{EEFEND,

Scheme 8
NHR  [PICL(HC=CHy)l, Ne e
PPh
Me‘]i/\ ° Me R =Bn; 65%
AN . . > R = CH,CH,0Bn; 70%
Me 13 dioxane, 120 °C Me 14

(13) Bender, C. F.; Widenhoefer, R. A. J. Am. Chem. Soc. 2005, 127,1070-1071.
(14) E ROFP X /{bOMERIC DWW T T ZZMR ¢ () Miller, T. E.; Beller, M. Chem. Rev.
1998, 98, 675-703. (b) Pohlki, F.; Doye, S. Chem. Soc. Rev. 2003, 32, 104-114. (c) Brunet, J.-J.;
Chu, N.-C.; Rodriguez-Zubiri, M. Eur. J. Inorg. Chem. 2007,4711-4722. (d) Miiller, T. E.;
Hultzsch, K. C.; Yus, M.; Foubelo, F.; Tada, M. Chem. Rev. 2008, 108, 3795-3892.
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e, AESENTIYTLEZRW: o7 UL T7 /=)L 15 DARF Wacker 25
ERIGIEEDIERARYY Ty 16 ZRFB/IELELVCARFRERTERLTWVDS

(Scheme 9)".

Scheme 9
(S, S)-i-Pr-boxax (20 mol%) O 0
[PA(CHZCN)41(BF4)5 (10 mol%) " N
_ 3ViN)4 4)2 X i-Pr.,. N~ "ipy
p-benzoquinone
15OH MeOH, 60 °C

0, 0,
91% ( 7/o ee) (S, §)-i-Pr-boxax

FILFEZILYT Ny OBLEML (cycloisomerization) [c& D, 25-Z“B#T 5 VNG
I TZE 3. Gevorgyan 53, AV LiAEMEE URBERELTHD (Scheme 10)",
Dembinski 5% 17 OE4AETH S 18 Hh5, EdEipv/\O7 VLA ZAWTRIGZLT

>TW3 (Scheme 11)".

Scheme 10
Q Cul (5-10 mol%) r. O g2
z - U
R/L R Et;N-DMA
17 80-130 °C 63-94%
Scheme 11
10 mol% ZnCl,
DCM, rt R1__O<__R2
g U 85-97%
R! 0

\)Lm ]
18 R O5 R
E* \S\J/ 81-94%

solvent, rt E
(E*: NBS, NIS, ICl)

(15) (a) Uozumi, Y .; Kato, K.; Hayashi, T. J. Am. Chem. Soc. 1997, 119, 5063-5064. (d) Uozumi,
Y .; Kato, K.; Hayashi, T. J. Org. Chem. 1998, 63, 5071-5075. (¢) Uozumi, Y .; Kyota, H.; Kato, K ;
Ogasawara, M.; Hayashi, T. J. Org. Chem. 1999, 64, 1620-1625.
(16) Kel’in, A. V.; Gevorgyan, V. J. Org. Chem. 2002, 67, 95-98.
(17) (a) ¥E{LEEAT D KL : Sniady, A.; Durham, A.; Morreale, M. S.; Wheeler, K. A.; Dembinski,
R. Org. Lett. 2007, 9, 1175-1178. (b) /\O% > {LEITDKIL © Sniady, A.; Wheeler, K. A.;
Dembinski, R. Org. Lett. 2005, 7, 1769-1772.
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AV R=ILPAYVE/VYDEHE, FILFZIILFIY 19 OFFRERE UL, 7
WEZIA I 20 ANORBEHOMMEDTRREICK D —ERETERT 2 EHTE,

BABRETOREARESNTNS (Scheme 12).

Scheme 12

M R

\\//

== R

- = n = 0; indole
NHR' NHR' N =1;isoquincline
n n
19 21
M / .
/\\///R nucleophile
©CNHR‘

AV R=ILDOEBAITDOWVWTRT.
BEASIF, BAD 2 MilfExAN, BERXFOBBRERCIDU TENZNRBELGHMEZ %
FLTWS (Scheme 13)%,

Scheme 13

1

P R Cu(OAg), or Cu(OTH),
or Cu(OCOCFy), mw
N
NHR?

DCE, reflux

R2
R2 = H, Ms, Ts, COR, PMB, i-Pr up t0100%
RS IGHASBETHIRILA VIV LZRAWE T, EBRO7 I/ EZ/HDT

ZYVBEBERHISIELLKA Y R=ILEBTWS (Scheme 14)".

(18) Hiroya, K.; Itoh, S.; Sakamoto, T. J. Org. Chem. 2004, 69, 1126-1136.
(19) Sakai, N.; Annaka, K.; Fujita, A.; Sato, A.; Konakahara, T. J. Org. Chem. 2008, 73, 4160—
4165.
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Scheme 14

R2
Z InBrz (5 mol%) R1mR2
| N »> = N

10
R™—g _ toluene H
NH, reflux 59-98%

NS VYLENBIT ZRIGEDNROLEINSHMEENTED, Taylor 51, BIE/S

Yy (PACL) METOERILERE L TWS (Scheme 15)%,

Scheme 15
P Ph
7 PdCl, N
R1-L > R1—, Ph
L , MeCN, 80 °C Z N
NHCOR COR?
R2 = Ph, Me 67-95%

2 NS VI LMETH D PACL ZEEWVWEERICE, BIEICKLDERT S
indolylpalladium #& 22 ORIGEZFIAL, 23-“EBA VY R—ILZB2ZIELHTES.
BASIF—BIEREBARIGEZEHAEDLEDZET, XFILIATILAEASNCAV R

—IILEEBRRLTWS (Scheme 16)*',

Scheme 16
R PdX CO,Me
// PdCl,, CuCl,, CO, MeOH
NaOAc, K,COg, 25 °C N N
NHMs 67-76% 29 Ms Ms
R =Ph; 76%
R =Bu; 67%

(20) Taylor, E. C.; Katz, A. H.; Salgado-Zamora, H.; McKillop, A. Tetrahedron Lett. 1985, 26,
5963-5966.
(21) Kondo, Y .; Shiga, F.; Murata, N.; Sakamoto, T.; Yamanaka, H. Tetrahedron 1994, 50, 11803—
11812.
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AVF/ VTR, TESHPIFAVESME*Z*HAVWAIRIGZERELTWVWDS

(Scheme 17)®, RINFEFRDFE, BWRETAVEF/UIUNESNID, FILFILE

TIFUNERAME LY,
Scheme 17
T .
CCh, —g— COX

R2 = CBz, Ms, PMP, Boc 28-87%

UL, TIARSICED, 1 2T UAOKREMNNEFIBT Z2AEERESINTWLWS (Scheme

18 KFE LT, PUILAZEY, T/ —LYULI—F, EHEXFL VLAY

EERTZENTES,
Scheme 18
R'  In(OTf)3 or AuCI(PPhg)/AgNTf, R
= Nu-M or Nu-H AN
N.
_NR? additive, DCE R2
Nu

ARSI, REFEICLDIREZERELTHED, KZAIE U TEEXF L MEEME LT

KiFFILFVHDMERATE S (Scheme 19)%,

(22) Teles, J. H.; Brode, S.; Chabanas, M. Angew. Chem. Int. Ed. 1998, 37, 1415-1418.
(23) Enomoto, T.; Obika, S.; Yasui, Y.; Takemoto, Y. Synletr 2008, 1647-1650.
(24) Obika, S.; Kono, H.; Yasui, Y.; Yanada, R.; Takemoto, Y. J. Org. Chem. 2007, 72, 4462-4468.
(25) Asano, N.; Yudha S., S.; Nogami, T.; Yamamoto, Y. Angew. Chem. Int. Ed. 2008, 44, 5526—
5528.
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Scheme 19

R AgOTi 1
FZ Nu-H N1
N.
_NR? DCE, 80 °C R?
Nu
56-93%

ZOESIC, - REFHILARBERVWSZILEZILT IV OHFRELIEF, BMARSE
HBTERRETEBEE5X2E8RBAETHZ. LHL, RIBIBETHZ 7 I VIFRRILS
n¢?<,%<®M?ﬁ%bt%?%m5n7m% $t,4sy@5®4V$/uyé
AIVEPBRLPYPTVWzHRBREETICAVNSNS.

RDIZE,
Bk, AYR=LPAYFE/UYOEBUEICDWTRRL TE e, RETIF, n-KEF

MWL 2B % FERT 2BIRRGETOBRBENTIRICB>TETVEILEZXS. BVT,

RISOREER LOBRBREMNOBESRN S, EOLSBRIGNELLWHICDWTHE SR

NTHIEWN,

11



BRGSO BB AN EREINES < BRT 2 TROBRE, BRARIEC
B BRERTF—TDDESEERS. ZOENEERT BEHE < ORENTONER
RESAME RIS NTE . ULhL, BEEROEROSA & atmEs i
Bicoh, 2 1 BHEOERARILECE, BEBNOBAI B ROSNEES T
Sr. BETRABHEENAL, RERESYETE BRI RN EChz, UE
BRI THRRRIEOS VRN RGOBRAT AT —Y EB>TWD, AV K=
BAVE U ORI AREORRIC B D, AR TONAEER LIS, BY
(C BHEEAL S e S BH SR BT S 2 AMNERIE & BHEND SRS
SBVE WS REBNORAFRCERL BEEEISN,

EO AR TSR RISAERNIC T 55 YT ARG, RIS
T B, BERTILE— - B - AEEUFHTE, AROVEER LIS, &
o RO - BRI S BEENEBHT B ENTE, FU—Y s RN U—0OR
IS HEELNEETH D,

RISTROEREEBNE LT FLARORIGIELD A Y R—ILBA Y E /U ES
BRUELDEURES, BIlRETHD7IFZIVTIY 23 &0V 24, ZILFZIb1zx>
25 EHEHUHERLTAVEOTRES, AFEHTEDRELILANE LRER &
LT 2325 Z2RIDZRNTHRESTHWS I ENTENIE, RIGBIEDOERE{LICDEAD

ERNBRIGICEZDTRBWHEEE(ITE Z T2 (Scheme 20).

(26) (a) Posner, G. H. Chem. Rev. 1986, 86, 831-844. (b) Tietze, L. F. Chem. Rev. 1996, 96, 115—
136. (c) Parsons, P. J.; Penkett, C. S.; Shell, A. J. Chem. Rev. 1996, 96, 195-206. (d) Pellissier, H.
Tetrahedron 2006, 62, 1619-1665.
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Scheme 20

starting material

:’ ;:ommér-c-lz;lly avallablza"-—> \ R inggle

; easily synthesized ' NHR H

i stable
\ M : metal catalyst
| P> R
nuc eophlle \ o7
_NR' NHR NR isoquinoline

X, JU—VTIZANY—ORMMS, YA 7OREFBLLLBERER IR ZE
HTHED, 1990 ERTBHMSFRICHRINTWVWS, A7 RIFBRBITK & FEN S
EROETHD, HR T em~1m, FEE#H 300 MHz ~ 30 GHz ORBOER TH S, —
RIS, MBETSRODEXERABLIVCREADOY A 7 OKKEDKERIE 12.2cm (2.45
GHz [c18H) PMERAINTWS.

YA ORIk BRIBDO%ERIE, PR (thermal effect) TSI D, Y170
BOIRINF—R@EHFICEERESN, RRICEEN LFET S, REBHROMEERICE
BINBWESD, YAI7O0KOIRXRLF—Z2RINTEZ2@EDFIEBAICER
(superheating) &h, HRULEDEBEICENET DI ENH 5.

HEIRBOEEETLZIADR (k= Ae™T) L& DRESH, RIGREZFIEHYT S
DIFRET THB. FROMBATIE, KISMRMBOMRICED D> DMBASN, K
REEZDEZEDLEDRET, &85, VAV AKRRBHICLD, WRFZRHOIDFPA

AVIFEESE(LENDD, TONAMI7OROIRINF—(EESFEEITENY A LRT —

(27) (a) Perreux, L.; Loupy, A. Tetrahedron 2001, 57,9199-9223. (b) Lidstrém, P.; Tierney, J.;
Wathey, B.; Westman, J. Tetrahedron 2001, 57, 9225-9283. (c) Hayes, B. L. Aldrichim. Acta 2004,
37,66-77.(d) Kappe, C. O. Angew. Chem. Int. Ed. 2004, 43, 6250-6284. (¢) Roberts, B. A.;
Strauss, C. R. Acc. Chem. Res. 2005, 38, 653-661. (f) Dallinger, D.; Kappe, C. O. Chem. Rev. 2007,
107,2563-2591.
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TR DIHDFEICET D ENTEY, 2 FORELALVBPANICERICEIS. &
DEZDRBETIFAET 2 EMNTERVD, 2URDEBRE T, LDFEBICHEWVEREITET .
X, 52onfk~N17 MEDHHAKE 1B & THRELED. VA7 ORBESENG
TORGIE, 2EORE T, T3 THIRISEEZREYT 57, RIGHBIFICES 25,

YA 7 RIC & B RIBDIEIEXZ D superheating ICL DERBEI N, RIGKHBDOREHEIC
L OB - TRILF—DOENICOEND. £, YAI7OKRZRINTE2BEDFTHN
FIEMERGO ML 83, —HT, RISOERIER EHDER T TRHBTE BV
BENRESNZZEHHD, "FERMNME (non-thermal effect) “EIFIEND T EHH B DY,
SDE B INEXFTT BRERAEEMIZER L,

BRSEMEZARAULRR-RELLVCRR-ANTORFEETEENRINIE, —KRHIC,
HEFSGULIE T BUEONMBRGEEREETZZENZVD, I JOROFBICELD
RIGKEDBEE ICREBS N, B SBTDTRIDHTHET 2.

Pamies 51, 2,3-YVk RO 7S > & phenyl triflate DFR#F Heck RKIBICHEWT, Kk
EREIDY 15 BREAS 10 DICEBIND I EZH/ELTWS (Scheme 21)%,

Scheme 21

[sz(dba)a]dba @
@ N OTf L1orL2 _ 0 “"Ph |
@) THF, i-PrNEt 99-100% conversion

MW, 70 °C, 10 min 96-99% ee

Ph>\ R! R2
0 |O
0 |
O,fﬁh\ (O = O L1 (R' = R2 = -Bu)
o’ N.O © o L2 (R' = TMS, R? = H)
Co Y ]
R2

(28) Mata, Y .; Pamies, O.; Diéguez, M. Chem. Eur. J. 2007, 13, 3296-3304.
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ERIEE/NS I AE 28 ERWLRR T 4> - $HRET7V—OBEEDY TU Y TIKE
WTH, ¥ 7 OKOFBIC & D RIBDMER (0.5-15h — 5-20 min) ARHTNT

W23 (Scheme 22)%.

Scheme 22
X
| ~
[t
AN T 2
ArX +  =—Ph Cro 28 Ar—=—Ph
X=Br, | water/base/TBAB 41-100%

MW, 160 °C, 5-20 min

2003 £(c Leadbeater SIic & DRSS I T LT —DtsKAy 7Y V7RO RBH RS
Ih, 1 Y20 tetrabutylammonium bromide (TBAB)& 3.8 HEBDKEFT b U VA

£h 160°C, b A TRIBINERETBENSIHDTH > (Scheme 23)%,

Scheme 23
TBAB (1 eq)
B(OH), Na,CO; (3.8 eq) —
X
H20, MW, 5 min R
X=Br,1 3-99%

LML, 2005 EDMET, REFNUTLILEEND SLKHMED/NZY YL (50 ppb)
ICEDREHETLUTWBZENHESHICSNEY, BRNICNZIVLADRETED S

HDOD, FEFICHBRVESE TRIGNETT BDREINRER/BREEX

(29) Dawood, K. M.; Solodenko, W.; Kirschning, A. Arkivoc 2007, (v), 104-124.
(30) (a) Leadbeater, N. E.; Marco, M. Angew. Chem. Int. Ed. 2003, 42, 1407-1409. (b) Leadbeater,
N. E.; Marco, M. J. Org. Chem. 2003, 68, 5660-5667.
(31) Arvela, R. K .; Leadbeater, N. E.; Sangi, M. S.; Williams, V. A.; Granados, P.; Singer,R. D. J.
Org. Chem. 2005, 70, 161-168.
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LEDLSIE, XA7OKDABICEIDELONS,

- RISHBEZERIY, BE - TXILF—0HRc 233

- EEMBEAVIRIBICEVWT, FERYIMEOEBEZNEDHIETES

EWS XYy NIDROBHNTHD, 1V R=ILBLTAVEF/ VDT URY bE

BICBEWTHRWERMNMESNZDTRBULHNEHFSNS.

EEIE, BRETRWCIKAFRSRERERBDS7ILFZILT

1

Y DRFARCER
HIT2TVRY A Y R=ILBIXPAYF/ U VERICDOVWTORERZITV, UTDER
Tz 5.

FE—BTE, FIFDILTFIVERESEIHMAELE LT, 7 RO Hofmann BYEE(T
ICEB U, BREFMIVERAEZHAVWDIEBNGESETO Hofmann BEsfzic kD, 1V
ST F—hOFEE, REFOMM HFRRLCETVRY hTEELTITS, 1V R=)
BLPAYF /U YERICDOWTIND,

EZEBTE, A1IUNANOKRERIONMZFMBL7ZILFZILY

1

VEMERERBET B
TAYF/UYOBRERETSRIGE LT, 2-7OEXRYXFZILTER, Kig7ILF>, o
TJIZLYITFIUMSD benzimidazo[2,1-alisoquinoline O 7 OKRZFIB LT

iy NEERICDWTHRANS,
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K i

E=—8 FIROHofmannBENEFIRT YV TLAL Y R—ILELTAY
F/UVEAR

%
huns}
=
=
]

BIETHRAREZ&ESIIC, 2-7IFZINTFZUVE LT 2-FILF IR VT 2 VFEENR
DOHFHE ROFI MERIGEA Y R—LBLOA YT/ UV BREBEICESETE2E
BARRISTHS. LKL, PIVREESBIEESIVPTRARERLEYTHD, KRS
NSD% DBET, EERFEEEINLFTAVLNTVNS, ZOLSBREEEZIOD

I

FEHSFELRRNTRESETHEWRZ LN TENR, FILFZILTIVOFFRER
O7 2 /{bDORADENLD D EHFINS.

EHEE, TIVHEAORRAES L TREGE? I RICEB L, Hofmann i FIH
FBZE&HEZc. Hofmann s &3, DILARVEEP S R 29 Z2RREBETUIET S
&, AVYTFTR—h 30 2RETDEURGICED 1 REBD UL I 31 MMEE5ND
RSO &THS (Scheme 24). Fiz, ZILOA—IFETTREZ{TDZETHILIIX

—MREA 32 Z2/2IEDTED,

(32) Hofmann, A. W. Ber. 1881, 14, 2725-2736.
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Scheme 24

0 Br2
)J\ NaOH
R7ONH, — = [R-N=C=0] —~ R-NH,
29 30 31
R'OH
HQ
R—N-C-OR'
32

Hofmann NEAIICHRE USHETIRB 7 IL AU EOBELRSETH DD, HE, BR
FA TR AZ BV Hofmann BUE5(7 (Scheme 25) BREINTHR D P, LLEME

MBRRETITS ENTES.

Scheme 25
o hypervalent iodine
)J\ reagent
R” “NH, R-NH,
29 31

hypervalent iodine reagent: Phl(OAc),, PhI(OCOCF3),, Phi(OH)OTs

ZIT, PILFDINFIRI3EHREE L, BEFMIVRAEER L Hofmann &
ALK DRESBIAY Y TFR—b 34 [CREHZNMSE S & TP I VEHEEMEK 35
NETHRL, EHRNICERIETS 7Ry hERL A TIEZWNEE X (Scheme

26).

(33) (a) Moriarty, R. M.; Chany II, C.J.; Vaid, R. K.; Prakash, O.; Tuladhar, S. M. J. Org. Chem.

1993, 58, 2478-2482. (b) Zhang, L.-H.; Kauffman, G. S.; Pesti, J. A.; Yin, J. J. Org. Chem. 1997,

62,6918-6920. (¢c) Song, H.; Chen, W.; Wang, Y ; Qin, Y. Synth. Commun. 2005, 35,2735-2748.
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Scheme 26

R1 Rt KM Rt Rt
o AN
Z Z  NuH 2 )
—_— —_ _— NCONu
CONH, NCO _NHCONu n
n n
36
33 34 35 n = 0; indole

n = 1; isoquinoline
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S8 Hofmann BEEMEFIET 37V Ky k1 ¥ R—LAKOKERS

BEFMEITRAEE LT, BEEYHPI— KR LY EFEED A TdH S iodobenzene
diacetate (Phl(OAc),) ZFWTF7 I RD Hofmann B A fRAIT 2T YRy VR
— LEREIE®RS U (Scheme 27). 1,2-Dichlorobenzene (DCB) #, 2-7 )L+ =LA
v X7 3= R 37a % Phl(OAc), & &£ HIC 100 °C TH#RL, 1Y v 7x—h 38 IcEHS
NEOEEILEDS, T4 ./ —)L (EtOH) &i8{kHSE (PtCl) & & U Phl(OAC), IcHK
4 BEEL % BN 2 -8 IC triethylamine (Et,N) ##1Z T 100 °C T 3 BEME L 72hY,
BRID > R—)L 39a i 9% UHESNT, HIL/NX—h 40a & 64% T/, Et,NZ
MEPIcToTc& 23, 39a A 82%DINETESh, BFEEMNEFEL TWTH PtCl, DR

SERRETETC Y R—ILEDBESNE Db o T

Scheme 27
PtCl, (0.1 eq),
P n-Bu P n-Bu EtOH (3 eq)
(:( Phl(OAc), (1.2 eq) ©\/ additive
CONH, DCB, 100 °C, 2 h NGO DCB, 100 °C
37a 38
n-Bu ", .
mw” & additive time (h) 39a (%) 40a (%)
N * Et;N (3eq) 3 9 64
CO.Et NHCO,Et - 0.5 82 0
39a 40a

BT, REOEEED, EtOH LMEEFHHSMI TMAT 2HATIT> e
(Table 1). 4 EFA UL e PICL DIBE, RIGENMET I3 Z &% < 39a MR 5N (entry
). RIGRE% 70 °C L T3 &NRICKREREBBD > Tch, RIGKEIER U
(entry 2). PACL, #FBWTH 39a FE5hfch, RIGHER K CRENETET U (entry

3). Bff2/CS U v (PA(OAC),) 2 AR Tld 40a NELEMM TH o1z (entries 4-
20



6). Bbr> YL (InBr,) ®BE, 0.1 ET 100 °C, 3EHEDIFATIL 39a [F155
nihokh, 02 ¥ED InBr,ZAW, RIGKEZ 41 KREICERT & 39a H'1E5N

7= (entries 7 and 8).

Table 1
n-Bu Phl(OAc), (1.2 eq) n-Bu
& catalyst (0.1 eq), EtOH (3 eq) mn-su Z
: N . +
B A
CONH, bC COoEt NHCO,Et
37a _ 39%9a 40a
yield (%)
entry catalyst conditions 39a 40a
1 PtCl, 100 °C, 0.5 h 85 0
2 PtCl, 70°C,25h 84 0
3 PdCl, 100 °C,2.5h 78 0
4 Pd(OAc), 100 °C, 3.0 h 6 62
5 CuCl, 100 °C,3.0 h 0 84
6 Cu(OTf), 100 °C, 3.0 h 4 93
7 InBrg 100 °C, 3.0 h 0 92
8 InBrg (0.2 eq) 100°C,41h 85 0

2-FILFZIRIYZAFIRDOEDTVRY MY R—LERDRBREDIIRE LIZD
T, BWT, BAOBREZFOEBERSLIUCMOTILI-LERVWT, RIGOBEIGEHHE
BTHRUK (Table2), FEBLOBBRER FEFRIIE, EFHEEDEES5THRIGE
CEEIBE SN T (entries 1-3). ZEHALOBBRE R*ICDWTIE phenyl &,
p-tolyl R EBHFBETHRMIGETT D0, POPRENEN ST (entries 4 and b), K
1=, tosyloxy (OTs) E0D&SABMENEEL THRBEL RISIEETT S (entry 6).
KT L% S TIRIEABOS, ZhiE PhIOAC), Ic & BRET ILE Y OB B ED
BIRIGMER T sfcfchlz&EEZ5NS (entry 7). Triméthylsilyl (TMS) E=FED>EET

(&, FHEINZ0YR—)L 39 TldE<, RIUIMELeA Y R—)L 39h NEERY &

(34) Yan, J.; Wu, J.; Jin, H. J. Organomet. Chem. 2007, 692, 3636-3639.
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Ko Tz (entry 8). EtOH J«X%@T)b:l—)l/é: L T benzylalcohol Z W\ = & & (ERIFA
T N-Cbz (RFE1 > R—)L 39j B’E SN zhY, t-butanol DIZBEFIIARMICRATNS
TeDHIVINA— KNS DIBIEAETULICK WOIMEINERTH >z (entries9and 10). K
ISEIEDE EDHNA I DEBREHICTRINET &3, 20 P TRIDIEFEREL,
INEDETEEShEh>7 (entry 11). EtOH ZBEE L THWTS, Y1V OKE

ST, 60°C, 2RHEOMEICEL D RIFRINERT 39a MESNh (entry 12).

Table 2
' P R2 Phl(OAc), (1.2 eq)
Z PtCI, (0.1 eq), R%OH (3 eq) mRz
) TR N
Rl CONH, bCB, 100 °C CO,R?
37 39
entry 37 R1 R2 R3 time (h) 39 yield (%)

1 37b F n-Bu Et 2 39b 84
2 37¢c NO, n-Bu Et 2 39¢ 91
3 37d OMe n-Bu Et 2 39d 82
4 37e H Ph Et 25 39 84
5 371 H p-Tol Et 1 39¢ 66
6 379 H -(CH,)30Ts Et 2 39¢g 100
7 37h H H Et 1 day 39h 33
8 37i H T™S Et 3 39i 0a
9 37a H n-Bu Bn 1 39 90
10 37a H n-Bu -Bu 3 39k 34
11b 37a H n-Bu Et 20 min 39a 83
120 37a H n-Bu Et 2 39a 97

aDesilylated indole 39h was obtained in 66% yield.
bUnder microwave irradiation at 100 °C.
¢Under microwave irradiation in EtOH at 60 °C.

teg e, PACl, ZAWT, BADRYXFTIRPSDTVYRY MY R—LERK%E

Tofc. 2EFENICELAZICENPRMETIZHERANLES N, Ris7ILF v TMS &

ZRDOEBE TRPEEODERELLLDA Y R—ILHBFENEMN > (Table 3),

22



Table 3

/ R? PhI(OAc); (1.2 eq)
Z PdCl, (0.1 eq), R%OH (3 eq) mRQ
DGB, 100 °C % R N
R1 CONH, ’ CO,R3
37 39

entry 37 R1 R2 RS 39 time (h) yield (%)

1 37b F n-Bu Et 39b 2.7 61

2 37c  NO, n-Bu Et 39c 5.5 48

3 37d OMe n-Bu Et 39d 1.8 63

4 37e H Ph Et 3% . 6.0 36

5 37f H p-Tol Et 39f 1.7 62

6 379 H -(CH,)50Ts Et 39g 1.8 78
7 37h H H Et 3%9h 6.0 decomp.

8 37i H T™MS Et 39i 4.0 o*

9 37a H n-Bu Bn 39j 1.3 86

10 37a H n-Bu +Bu 39k 1.8 48

*Carbamate 40b was obtained in 45% yield. TMS
o
NHCO,Et
40b

2T, AV R—IVEROHERERRT (Scheme 28). 2-FIILF IRV XTI R
41 & PhiOAc), E D RIBIC &N 1T Y BOHMBOBRE & &bk
N-(phenyliodonio)carboxamide FRREHA®42 NFEEL, < DOHFEEHS Hofmann Bix
UDETTBIETIY YT ER—KN 43 BEET D, 43 AOFIILI—ILOFMIMCTKD A
JVIX— | 44 BERL, 44 OMERNDFREROFPI /MEICEDAIY K= 46 N&

TIN5,

(35) Lazbin, I. M.; Koser, G. F. J. Org. Chem. 1987, 52, 476-477.
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Scheme 28

—_—
2 |
OAc\ CH(OAc
41 0 \/ 42 O ¢ -AcIOH
-Ph

H
M(Il) ©\/

N—R

N N=C=0

46 Ruo)Q O 43
M) M(n__R I~
\_R 2% R'OH
e
=0 NH
45 RO /&
RO X0
44

ZIZT, AV R—JVEEDOBICHEE 45 ERALTWEDTHNIE, 3 UNDBEBRE
EANTRETH D EEZOND, £ T, MEE LT PACL ZAWTRAS DA EZS
EDTVIRY Y R=ILARICEAT 3 & x@iLich, BN 2,3-2“E8#1 > K—
L 47 OINEFEL, 39a NEERHTH >z (Scheme 29). ZDEHRELT, TV

Ry NRISTIERRIEEETH D, FEE 45 07O MEDSEPNCEI > TUEDS

HEEZSND.
Scheme 29
COgMe
n-Bu 1, PhI(OAC), (1.2 eq), EtOH (3 eq)
4 100 °C, 30 min mn-Bu N—n-Bu
> N + N
2. PdCl, (0.1 eq), CuCls (2 eq) CO,Et CO,Et
CONH; methyl acrylate (3 eq), TBAF (1.2 eq) 2 2
60 °C, 18 h 39a a7
37a (65%) (26%)

(36) Yasuhara, A.; Takeda, Y.; Suzuki, N.; Sakamoto, T. Chem. Pharm. Bull. 2002, 50,235-238.
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2-FYINRY AT IR 48 2BEE L TRIDZET -GS, #ILINX—K 49 DR{LIC
& D indoline &R LZESERILEZITTA Y R—=/LBT MESNDDTIRBVWHEEZ
(Table 4). AuCI(PPh,)/AgOTf ¥ PtCl, £ B\ & ZET7 VILAILIX— K 49 DHHE
Shtz (entries 1 and 2). PtCLOEE, REMOMEAICL D ZEHEOEMELDES
h, 2-(1-propenyl)phenylcarbamate 50 A'&I4%E U7z (entry 3). PACL D& Z (L 50 A
FTEBYTH ol (entry 4). /XTI TLMEFIC KL BB I/ (oxidative
amination)®ICHBWT, 2 /8T VT LlEp-KREBEIC KL D OffilCEITSNTUERS 28,
HECHINREERS, 22T BAEE LT 1 HEDEMIHE (CuCl) ZRIMLIcE I35,
A4V R=JLB1 MESNf (entry5). CuClL, DEEZEIFEYL, 2 HEBICU & I BRI
B S NENNRICAKZRRERRESNEN o (entry 6). ZDEHE U T, CuCl,
L& BERIDBIRIGE UTETUREHTHEEEZSND.

2-FUINRY XTI K48 OB{LMWT = /{bO#EZRY (Scheme 30). 2-7 UL
Y X7 IR 48 H5 Hofmann BEr(z & EtOH ORHNIC K D ﬁ)b/\“x; N 49 DAERL,
49 (3 2 /NS YVLEEICED B0 NEEMELEND. 2MNTIVLREKICLD 49
F7-14 50 hSBIMEC D E, o-FIFIITZITLFREEHRB2 DhoDR-b K'Y REE
C&bA Y R=JLB1 BERHT S, /XTI TAIER 2 A5 OMETENSsH, CuCl,

K& D 2MHlcBtSNRORIGEMET 5EEZS5ND.

(37) (a) Jing, X.; Gu, W.; Bie, P.; Ren, X.; Pan, X. Synth. Commun. 2001, 31, 861-867. (b) Curti,
C.; Zanardi, F.; Battistini, L.; Sartori, A.; Rassu, G.; Pinna, L..; Casiraghi, G. J. Org. Chem. 2006, 71,
8552-8558.
(38) (a) Fix, S. R ; Brice, J. L.; Stahl, S. S. Angew. Chem. Int. Ed. 2002, 41, 164-166. (b) Kondo,
T.; Okada, T.; Mitsudo, T. J. Am. Chem. Soc. 2002, 124,186-187. (c) Liu, G.; Stahl, S. S. J. Am.
Chem. Soc. 2007, 129, 6328-6335.
(39) Manzoni, M. R.; Zabawa, T. P.; Kasi, D.; Chemler, S. R. Organometallics 2004, 23, 5618—
5621.
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Table 4

Y PhI(OAc), (1.2 eq) Z
(:(\/ . EtOH (3 eq)

DCE, 70°C,1.5h 49
48
catalyst (0.1 eq) 7 X _-Me
additive ©\/\/ ©\/V ’\T Me
70°C NHCO,Et NHCO,Et CO,Et
49 50 51
entry catalyst additive time (h) results
1 AuCI(PPhg)/AgOTf - 2.5 9 (82%)
2 PtCl, - 1 9 (86%)
3 PICl, - 5.5 9 (84%) +50 (16%)
4 PdCl, - 4 50 (94%)
5 PdCl, CuCl,(1eq) 5 51 (46%)
6 PdCl, CuCl, (2eq) 2 51 (53%)
Scheme 30

- @fv/ - @V\
—_—
CONH2 NHco2 NHCO,Et
PR T
Pd (Il)
2CucCl / H Pd (Il) H
2 CuCly” N N
J . CO,Et 52 CO,Et
™ Pd(0)
@[\; all) @[\we

CO,Et CO,Et
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BZE 2-7IFZINRVINWTEIREREEETDZTVRY NIV X/ U VER

2-FIWFZINRYZIFIRDEDTYRY MY R—ILERDRGEDEILTE DT,
RIC2-FILFZINRVIVFIRBIZEEHE L TIYEROCMYF /YUY B4 DT VRY
hERANDIRZRE Ule (Table 5). 1Y R—ILEROEEORBEHEEER L TRG

TV, RFGNETIY ROV * /Y 54a-54g B3 ENTE . ZEHE
BE R DAEEROADNTILFIVHOBEBEICEAN, KWRETYEROCYF /Y UHiE
Shfc. AIVIKA—HREEDRICE, 1YV F/UUHB5NS 6-endo BIbICHIZ,
isoindoline #5 2. % 5-exo |ILAHEI D 5 BH%, KRG 6-endo BEOH THEITU Iz,
6-endo IRILAMBEMITETTS 2EHICDOVWTIRASHTIERVLWD, R DAEFEEBOAINK
O - INRARWC &F, MEICEDBEEESNETILFVREODF A VENEEL T
WBDTIERWNHEEZSNS, Entry 3 TESN B4c D X RiERBERTZ TV,

1VF/VUEREEFIT D 2R UL (Figure 3).

Table 5
P R? Phi(OAc), (1.2 eq) ]
, . N
CONH, DCB, 100 °C CO,R2
entry 53 R1 R2 time (h) 54 yield (%)

1 53a Ph Et 1 54a 86

2 53a Ph Me 1 54b 92

3 53a Ph Bn 1 54c¢ 92

4 53b p-Tol Et 1 54d 82

5 53b p-Tol Bn 1 54e 82

6 53¢ n-Bu Et 3 54f 66

7 53c n-Bu Bn 1 549 73

(40) BWAEEAE, BEOBEREICELD 5-endo B LV 6-exo DRIRMEZHITEL TWS
BIH338 % : (a) Gulfas, M.; Rodriguez, R.; Castedo, L.; Mascarefias, J. L. Org. Lett. 2003, 5, 1975—
1977. (b) Uchiyama, M.; Ozawa, H.; Takuma, K.; Matsumoto, Y.; Yonehara, M.; Hiroya, K.;
Sakamoto, T. Org. Lett. 2006, 8, 5517-5520.
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Figure 3

28



EUET BRERXALY R—ILER

TRy MY R—ILEBDISAE LT, ZE/FEOBBRER Co-E ROFIT7ILFIL
BE%ZHI 255 zRHWLES, 1Y 2F7X—NFEE 56 [CEWTKBEDOMMASFH
TEIZDON, DFETREIZOMNICHEHGEL K. DCBH, XY XF7ZRK55a(m=
3) 8K V55b (m=2) % Phl(OAc), L &b ICMBLIzE T3, ZHFRTRIEMNETL
FEBRREZXNDIVIA—K 57a BBLV57b HE5hdZehbh -/ (Table6). #h2
NEEOBEE2Z X TRIBET IR, 0.01-005M D EZICERAILNAA—K BT D
REMWFROHEL, EDVBVWBEETRIGZITAS 005MEZREREEE TS &IT UL,
BMBDEYDEIET D8, NRIEPEEICEEE>TED, 5ba FAW L E=81t
UDTeBRIRAILINA— K B8 MERT B2 & HFER L TWS.

Table 6
m m m (II)N
p
#Z O pnioag), =  OH Z ,*_!
_ —_— H
DCB , NCO., & '
CONH, 130 °C NCO | & m
55a (m = 3) 56 57a (m = 3)
55b (m = 2) 57b (m = 2)
o)
entry m conc. (M) time (h) yield (%) OJ\N XN
1 3 0.005 5 39
2 3 0.01 5 62 FZ fl
3 3 0.05 2 62
4 3 0.1 1 48
5 3 05 1 35 INH
........................................................ o 0
6 2 0.005 5 39 A
7 2 0.01 5 62 S HN™ ~O
8 2 0.05 3 38 X
58

1YY TR—h 56 LHWTRIHBENICRI B EANS 0, BRlbaH
29



Z1TW, B/ HILIX—h 59 OBRREMEEEH U, B3LYP/6-31G*//MMFF94s L
NIV DBERBELTEOSNIBELD, KBEDOKRRFEANY I T7X— NDRRRFIE
2142 A DFEBtICRIBLTHD, —ATHILNA—RDBERTZERDDAY I TFR—K
EKBENKGLPTWIAY TAX—=avEE>TWS I EDbh -7 (Figure 4).

Figure 4

B U7 BBIRE R AILINA— k B7 (& PICLIC & DEBRE R > R—JL 60 [CE#RT 3

ZEMNTET (Scheme 31).

Scheme 31
mQ
s N
H PtCl, N
oo 2 o Ty
Ngo m B 0707 N
57a (m = 3) 100°C,1.5h 60a (m = 3, quant.)
57b (m = 2) 140 °C, 0.5 h 60b (m = 2, 52%)

WIREZXAIINAXA—K B7a, BREAAM VY R—=J)L60a $LV=E4KE8 hoZTHL i
RURAYR=ILB1 FZENZNXFERBERITICE D ZDBEEZHEZ Uz (Figure 5-

7},
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Figure 5

Figure 6
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Figure 7

.CICH,CH,ClI

BREXA Y R=—ILPBENZZENDON DT, RE 2-7ILFZIINVYXF IR
556 M5TVIRY hTORIREXAMY R—)L 60 DEKZEITo>fc (Table 7). EMRD#E
YIDEIET B8, 60 DINREFHFEEICE ET e, R, ARBBYA 7 OKREIC
KO RISKEZEMET B ENTE R (entry 7).
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Table 7

R1

R2 .

m
OH 1. PhI(OAc),, DCB (0.05 M)

R1
7z 0__0.
~ 130°C, 1.5h m(“fm\f
> R2 N N R2
CONH, 2. PtCl,, conditions 4\\ AN
0~ 0 R
55 60
entry 55 R! R? m  conditions 60 yield (%)
1 55a H H 3 130°C,1h 60a 47
2 55b H H 2 130°C,4.5h 60b 45
3 55¢ H OMe 3 100°C,1.5h 60c 31
4 55d H F 3 140 °C,0.5h 60d 50
5 55e F H 3 130 °C,0.5h 60e 52
6 55f Cl H 3 130°C,0.5h 60g complex mixture
7* 55a H H 3 130 °C,10 min  60a 40

*Under microwave irradiation.
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VERWETVRY MY R—=ILER

11

BRHET KkEHIEULTT

BIEIE TIRAY Y 7R —MORZEHE LTFIL I ZRAVWCRIGERE L TE L
A, A=A DKERIE LT, PEIVZRAWTVIRY MY R—ILEKRDIRE %
Tole, KEAELTTIVEBWZEEIIBONZT Y R=IL N-OILIRFI T I RIE
B-e ROFY MU TH Iy (5-HT,) ZRATF VI TR PIVREUV-A (ET-A) £
AEr7ry IR I\“Z?t;éz“@ﬁ‘liﬁj\%?f%é:@%ﬁ%ﬁfbé%?a‘é%b\
1-(2-alkynylphenylurea @2 FWE RO 7 = /LI & 2 ERUEIREFI AR W0,

fERfiE7 S Vv EBWTIT> iR % Table 8 [C”Y. ZX > DigaE, Phl(OAc), & kIt
?%ﬂﬁé’l‘ib“&%f:&% VTR —RMANOEHRIC, PICL EE&HICMASAEZE T,
FZILA—ILDOBFEICHERNRIGCHEENER T 2MERANE S, BROT I Vi & DE
FHENBETULUREES TRERBWHEZEZ S5 NS, Benzylamine, allylamine,
2—phenylethylamine; cyclohexylamine, S-methyl-L-cysteine R &ED 1 k7 IV %A
W&, HBRBEFRINERTA Y R—IUE 62 28252 ENTER (entries 1-5). 2
™7 2> TH3 diethylamine TlEAY 7R — MADORINEETT 202 DEDOIRIEH
ETEY, UL 7 63 MESN (entry 6), ARIGTON 7 OKRREC K B INERNE

[FEEETH D, benzylamine T4 AN 5 5 RKAICEMBI iz (entry 1 vs entry 7).

(41) Bermudez, J.; Dabbs, S.; Joiner, K. A.; King, F. D. J. Med. Chem. 1990, 33, 1929-1932.
(42) von Geldern, T. W .; Kester, J. A.; Bal, R.; Wu-Wong, J. R.; Chiou, W.; Dixon, D. B ;
Opgenorth, T. J. J. Med. Chem. 1996, 39, 968-981.
(43) (a) Leogane, O.; Lebel, H. Angew. Chem. Int. Ed. 2008, 47,350-352. (b) Ye, S.; Ding, Q.;
Wang, Z.; Zhou, H.; Wu, J. Org. Biomol. Chem. 2008, 6, 4406-4412.
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Table 8

nBu .- n-Bu
= 1. Phl(OAc), (1.2 eq) /
(:( 2. PtCl, (0.1 eq), amine N\ n-Bu 4
CONH2 DCB! 100 OC . CONHR NHCONEt2

37a 62 63
entry amine (eq) time (day) 62 yield (%)
1 benzylamine (3) 4 62a 91
2 allylamine (3) 7 62b 63
3 2-phenylethylamine (3) - 1.6 62c 80
4 cyclohexylamine (3) 4 62d 87
5 S-methyl-L-cysteine methyl ester (1.2) 5 62e 98
6 diethylamine (3) 2.7 62f -a
70 benzylamine (3) 5h 62a 84

aUrea 63 was obtained in 92% vyield. PUnder microwave irradiation.

RICESBET 2 Vv EBWIRIZET> % (Table 9). Aniline THIFE ERURHFICTR
SET e 234 Y R—)L64a NN 75%TESNZA, 2-butyl-1H-indole 65 A 25%
BlEL, DEELPREETH > (entry 1). BALIA (CuBr) ZHMULEZE 25 65 OERIE
Nslxt, BMO 64a OADESNI: (entry 2). 2T, ZOFFEZAWVWTZOMD
aniline HBATRIGZ{T>7. 2-lodoaniline, 2-toluidine, 4-aminobenzonitrile & &
BaE%Z 1D aniline FEAEZBVWV & E, RIGBEIEEY 2EANRE SN, ERNRYF

RINETA > R—)L 64 i"B5S Nz (entries 3-5).
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Table 9

P mBU 4 phi(OAc), (1.2 eq) ‘
2. PtCl (0.1 eq), amine (1.2 eq) \ \
CuBr (0.1 eq) \ n-Bu \ n-Bu

CONH, . ) H
DCE, 70 °C CONHAr
37a 64 65
entry amine time (h) 64 yield (%)
1a aniline 48 64a 75b
2 aniline 31 64a 82
3 2-iodoaniline 15 - 64b 72
4 2-toluidine 3 64c 73
5 4-aminobenzonitrile 2.5 64d 75

aCuBr was not used.
b2-Butyl-1H-indole 65 was obtained in 25% vyield.

K#HIE LT 2-(1-hexynyl)aniline 66 ZBWEEE, B85h3TL 7 67 ERaE
EEFS, RIETE WM DFEET S (Scheme 32). PICLZIMZ TRIEZEIT> 2
EZB—HDREIE 25 BETEITLE/ MY R—/L 68 HESN i (Scheme 33). £
AV R=)L 68 NS RODFELIFHETUIC K, MEZEMUMMREZERTSIET
EXAYR—=)LB9 #8BBZEMNTET (Scheme 34), DL 767 [cEWTIFHILARZ
IWEDEBFREIMENZEDDERICAHBMENZDICHL, E/AYR—=)L 68 TiFI VR
—LBRZDSNIVRZIVEANOBFHRENTERLRD, P REZROREENT L 7 67

DERRFICHNETI B8, RIGKHICEDHIEEZISNS,

Scheme 32
n-Bu
= n-Bu

n-Bu ~ é

Z 0

PhI(OAc), (1.2 eq) NH, 66 (1.1 eq) /U\
> > N N
DCE, 70 °C CuBr (0.1 eq) H H

CONH; 70 °C, 2.5 h ll

37a 67 (72%)

n-Bu
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Scheme 33

P n-Bu
Z N—n.Bu
P n-Bu N
= NH, 66 (1.1 eq)
| PhI(OAc), (1.2 eq): 2 . o NH P n-Bu
CONH DCE,70°C  CuBr (0.1 eq), PtCl, (0.1 eq) 7
2 70°C,2.5h o
a7 68 (77%)

Scheme 34

1. Phl(OAc), (1.2 eq), DCE, 70 °C
2. n-Bu
7

@(
n-Bu NH, = 66 (1.1 eq) mn-Bu
N

CuBr (0.1 eq), PtCl, (0.1 eq), 70 °C, 2 h

CONH, 3. PtCl, (0.1 eq), 70 °C, 14 h N
37a Yy n-Bu

4

Y

@]
(22]
©
)
(o))
32
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FRE KBFELTYYALYRZEAWETVRY MY R—ILER

RIT, l‘%?ﬂ‘?ﬁ%’:%b\’(r)//‘h/I\’f/l\—)l/\bjz T22&ZEZI. LML, 7
= RO Hofmann B DRICEIET 2EFRNRANICERET /8, T/ L— M PERE
BREDLSBT7 A VHEDORRREADEREIHREND. 22T, YUY RICEHE
U, ZEAYU RTHNISEERGTHRAREROTEFRWNEEZ . 22T, methyl
(triphenylphosphoranylidene)acetate ZHWTA Y Y 7 RX— MADRMAEI 2HhE
ShERUIEE T3, 7T6%DIEETHINET70 HE SNz (Scheme 35), HiWLWT, BEA
DLEEAYV RERAVWTTIYRY Y R=ILEBZTWV, RBRLIINEDORECY R%E
DZWNT, A1YR=ILT71 ZRIFRINETEDI I EMNTE (Table 10). 85N 71 D
KDY R Wittg HEEUTOFRAY, PILZZUVLFPNIALICLBAFL A

DERTCA YV Y DRICE Ba,p-TVHIRZIMEEMNOERHTRETH 2.

Scheme 35
n-Bu CO,Me P n-Bu
=Z PhI(OAc), (1.2 eq) PhgP=/ (1.2 eq) /O
DCE, 70°C, 1.5 h 70 °C, 45 min CO,Me 70 (76%)
CONH, H
37a PPh,

(44) Benetti, S.; Romagnoli, R.; Risi, C. D.; Spalluto, G.; Zanirato, V. Chem. Rev. 1995, 95, 1065~
1114.
(45) Rubin, M. B.; Gleiter, R. Chem. Rev. 2000, 100, 1121-1164.
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Table 10

n-Bu

= R
72 Phl(OAc), (1.2 eq)‘ Ph3p=/ (12eq) PtCl, (0.1 eq)
CONH, DCE, 70°C,1.5h 70 °c, 20 min 70 °C
37a
entry R time (day) 71  vyield (%)

1 COsMe 0.6 71a 89

2 COPh 0.9 71b 80

3 COMe 1.8 71c 77

4 CN 3.5 71d 72

5 CHO 2.0 0

71e

39
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% — % Benzimidazo[2,1-dlisoquinoline D ¥ > F LB
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|
s
=
il

Benzimidazo[2,1-alisoquinoline 72 (&, 1V F /U ERVY AL I —ILHOEEL
cERZIFSE (Figure 8), E55H4MERENMEME UL TEELR—Ba2LHD. HIZE,
AVF /D) BRERDLEDICIE, MRAYAZT—EIBEEEES, R UZRETT
ZAN/TPUETZARNY, PF/OY ARBERET VI TZZANRE, Flz, RVZA
2TV -ILBRERDILEYIC AIIVHRBET VI TZRR®, UV /GRER
MF+—EEE", AMPERETOT Vv FF—EFEL", Yo/OAF2 5 F—EHE
BREDEYEUNRESNTWVND, INOSLZEDDERONAT YUY RiBEEET
benzimidazo[2,1-alisoquinoline (&, FNZNAEDEHOHEIMERICIZ 7S oD
e R E D TE B LAY THEEER B, Benzimidazo[2,1 —a]isoquinoliné =R
DEBGEIFINE TV DONRESNTWVNSD, BA OFEESHADLALF A

DEVWHEORFEEZENE L TWVWSEDIFAE W,

(46) Jayaraman, M.; Fox, B. M.; Hollingshead, M.; Kohlhagen, G.; Pommier, Y.; Cushman, M. J.
Med. Chem.2002,45,242-249.
(47) Zhang, A.; Neumeyer, J. L.; Baldessarini, R. J. Chem. Rev. 2007, 107, 274-302.
(48) van Muijlwijk-Koezen, J. E.; Timmerman, H.; van der Goot, H.; Menge, W. M. P. B.; von
Drabbe Kiinzel, J. F.; de Groote, M.; IJzerman, A. P. J. Med. Chem. 2000, 43, 2227-2238.
(49) Venable, J. D.; Cai, H.; Chai, W.; Dvorak, C. A.; Grice, C. A.; Jablonowski, J. A.; Shah, C.R ;
Kwok,A.K.; Ly, K. S.; Pio, B.; Wei, J.; Desai, P. J.; Jiang, W.; Nguyen, S.; Ling, P.; Wilson, S. ] ;
Dunford, P. J.; Thurmond, R. L.; Lovenberg, T. W.; Karlsson, L.; Carruthers, N. I.; Edwards, J.P. J.
Med. Chem. 2005, 48, 8289-8298.
(50) Sabat, M.; VanRens, J. C.; Laufersweiler, M. J.; Brugel, T. A.; Maier, J.; Golebiowski, A .; De,
B.; Easwaran, V.; Hsieh, L. C.; Walter, R. L.; Mekel, M. J.; Evdokimov, A.; Janusz, M. J. Bioorg.
Med. Chem. Lett. 2006, 16, 5973-5977.
(51) Charton, J.; Girault-Mizzi, S.; Debreu-Fontaine, M.-A .; Foufelle, F.; Hainault, I.;
Bizot-Espiard, J.-G.; Caignard, D.-H.; Sergheraert, C. Bioorg. Med. Chem. 2006, 14,4490-4518.
(52) Paramashivappa, R.; Kumar, P. P.; Rao,P. V. S.; Rao, A. S. Bioorg. Med. Chem. Lett. 2003, 13,
657-660.

40



Figure 8

isoquinoline

benZ|m|dazoIe

72
Benzimidazo[2,1-alisoquinoline

Deady 5(&, o-cyano-o-tolunitrile 73 b\b,.\ikﬁ’lf@m‘: RibtSEH/oNc 74 = 0-7
TILYYFIVEEG 75 LRSS, 76 EARLTWSH, INRRHRETHS”

(Scheme 36).

Scheme 36
Me H,oN X CN y
e
X
CN ACZO pyridine X Me H,N 75 76a (X = H; 53%)
0 s N 76b (X = CO,H; 60%)
reflux 7h Et;N, dioxane \ X

N

NAc reflux

74 (84%)

Séderberg SlEFhZE ROV F /U 77 & 2-7OFZMANYEY 78 £OD
Backwald-Hartwig 2O 7 2 /LK DER U 2-Z hAXRYEY 7 I VFEEKR T H
505 TY LI LD NMAFOF=2L—Yavicdh 72 EARLTNSH, YL

RO 80 DEIERME LTTHD, INEHEW® (Scheme 37).

(53) Deady, L. W.; Loria, P. M.; Rodemann, T. Aust. J. Chem. 1998, 51, 941-945.

(54) De Riccardis, F.; Bonala, R. R.; Johnson, F. J. Am. Chem. Soc. 1999, 121,10453-10460.

(55) Hubbard, J. W .; Piegols, A. M.; Soderberg, B. C. G. Tetrahedron 2007, 63, 7077-7085.
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Scheme 37

Pd(OAC),, BINAP @ON Pd(dba),
©© D Cs,CO; j@ 1,10-phenanthroline
O:N toluene, 80 °C, 2 days O,N CO (6 atm), DMF
120 °C, 3 days
79 (68%)

AN
N
D D
N
(6%) 80 (44%)

Prager 5i, XYY NUFPY—=)L 81 & 1-7004VF/U> 82 hoEshni 83
DEZEH IR &DE%@WKT?Z%AmbTw§%Fﬁmaé&£T&%tﬁ LY
#L\ (Scheme 38).

Scheme 38

H N i N
N = Flash vacuum pyrolysis
N’ + —_— » N
N =N toluene 600 °C Ill
S reflux, 19 h N, (120 °C, 0.01 mmHg, 30 min)
83 (70%) N

81 82 72 (91%)

INSOERZEEE, & EEAD benzimidazo[2,1-dlisoquinoline FHEAR%Z SE T
ZEMTHEINLHDOTIRAEL, BBRS51/: benzimidazo[2,1-alisoquinoline 8 U M & EL
TEY, Ffe, NEPRIGFHICHEORMDH D EEZISND.

Dyker 5(F 2-7OEXRYX7ILTER 84 OEBEHY 7YV TICEIDER L 2-7 )L
FIIRYZATZILTER 86 & o7z =LY IYFIY 87a LEDBRILMIRIERIGICED
B4 ® benzimidazo[2,1-dlisoquinoline 88 % 38%H5 88%DINETERHL TWLWB®

(Scheme 39). BIMRETOAZEICLNR, AFBRSBRERZHEVWTEIRETERT I EN

(56) Janowski, W. K.; Prager, R. H. J. Chem. Soc., Perkin Trans. 1 2000, 3212-3216.
(57) Dyker, G.; Stirner, W.; Henkel, G. Eur. J. Org. Chem. 2000, 1433-1441.
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TEDN, BEEELK5% 86 2H5NUHEEAY TV YT TERT 2HELHD, BET
BEBORIGTHZD L, £, BESVTHWTWSZ NAXY BV DRENENTH

528RE, BRAEBUENVETHS.

Scheme 39
HoN .
| Br =—R 85 Z " H,N 87a o \N
' R'/C[CHO Scz)r:)%%?iir;ra R O CHO PhNO,, 150 °C, 2 day; i &\@
84 ‘ 86 (19-88%) 88 (38-88%)

FITEEL LOANBUEOHIAENODRELZENE LT, 2-7AOTRVYIATILTE
KR89 FKigFIFr85 o7x=LYITPIV87 zHREREREL, 1229006 D

EENBEERAT DT VRY hERZRETT 5 2 iU (Scheme 40).

Scheme 40
RE
= 2
= R
N Br HoN N R1—'\ R‘—;—\ X
R B s G e e
89 85 87 0 NP o1 =/"R3

/1

22T, 2-7AERYATILTER B9, KinFILFr 85, ooT7x=L Iy 87
A5 D benzimidazo[2,1-alisoquinoline £ DHETEHERE Z T (Scheme 41). £9, 89
& 85 DEEHY TUVIHEITL, 2-FILFZIRYIFILTER 92 4T 2. 7
IWTFTERO2 EVFPIY 87T MRIBULAIZYO0 &40, HI3VEDDFI/ENAIZIY
AU TYE RARY XA ZHY =)L 93 DERT 5. 93 M5 6-endo IRILIC L B
B LAY 94 DR EH<BINERKIL, dULIE BRIENWEERLLICEDAIFTY
— VBRI, 95 O 6-endoIB{kic & D benzimidazo[2,1-dlisoquinoline 91 4T
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3. EEAY T )T ERINT

I LBED, BFORCOMET S LTENR,

TRy MEDFRE T BRWHEE X T,

Scheme 41
R2
ANV
B HaN R
RL_:- + =——R2 + I /_R3 g o "
89 85 87 o =7 R
85 Sonogashira
Pdcat. | coupling
Re o Pd cat.
o N oxidative 6-endo
@\/ R - P N aromatization cyclization
R1+ / N
HN
Z > CHO @Rs i
9p N 94 =
g R > )
87 6-endo T
cyclization Pd cat. NN
R2 »~ _R2 (N\@
z Z T
LN i A H‘> oxidative 95
I i VS
P _{_“"\l y _ N aromatization
WL e
0 H2N 93 _\R3
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EOE 2-FILFZIRVAFILFERE T ZLYITI VDY VT LRIG

XD, 2-TFZI)IIRVIXFZILFER 92a & oo7xz=ZLYYTF7IYy 87 1o
benzimidazo[2,1-dlisoquinoline 91 %8 2&HD&EH%I&EET Uz (Table 11). HIEIT
WA RIDHEE T, BRI 91 £282DICELAZNEE TS, Dyker 5DFET
& BEEUTHWTWRZ hORYEVARIEFE L TOREZRZLTED, b0
RYEBVEREE U THAWTIT > NERRIEN -2 (entry 1), RIGHERZ LTS8

BRAEHEEEODSBMEZRML, BRFHEK[TIC TRIGZRET UTe, AEE U
T, AYIILNITZ—K (In(OTf),) LEEHYTY VT ORETH S Pd(OAC),/Cul
Tl entry 1 & DIEHMMET Uz (entries 2 and 3). PA(OAC), DHTITofc & & BIEK
2 60%ICHEL 1 (entry 4). AAJLINRIC K MBS V1 U OIEREHC K D INESH
CEZ32ET, RBBENMNEMUISIKNEROEENRE SN (entry 5). BHEZ R

D 87b THEEBEDINETIb HES5Nhic (entry 6).

Table 11
catalyst
a H,N X condition o
> N
+ Ij: solvent \
CHO HoN X reaction time N X
92a 87a (X = H) 91a, 91b
- 87b (X = Me) X
entry catalyst mol (%) 87 condition solvent time (h) 91 yield (%)
1a - - 87a Heatc PhNO, 24 91a 41
2b In(OTf)5 10 87a Heatt DMF 24 91a 26
3b Pd(OAc),, Cul 2 87a Heat DMF 13 91a 27
4b Pd(OAc), 2 87a Heatc DMF 10 91a 60
50 Pd(OAc), 2 87a Mwd DMF 5 91a 68
6P Pd(OAc), 2 87b Mwd DMF 5 91b 64

alUnder nitrogen atmosphere.

bUnder aerobic conditions.

¢Qil bath temerature at 120 °C. The concentration of 92a is 0.5 M.
dMicrowave irradiation at 120 °C. The concentration of 92a is 2.0 M.
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wiT, 2-TAERNYXFZIFTER 89, Kifi7IF*> 85, oo7xz=ZL VI T7IV 87T H
504 VT LARIGE®RNY 280IC, PA(OAC),lc&? 2-TRERNYXZILTER 89 &R
7 )L¥> 85 OEEAY U VI RIGHETT S & &R U (Table 12). BEohiiF &

L T triphenylphosphine (PPh,)&RW3Z & T, 2-FZILF DRV I7ILTER 92 %

B TEBZ ENDHI T
Table 12
=—R? 85 P R?
N Br Pd(OAC), 7
Ri- PPh;, Cul Ri-- Br
7 CHO T Z > CHO O
89 t3 92 CHO
89d
entry 89 R! 85 R2 92 yield (%) N_-Br
|
1 89a H 85a Bu 92b 42 @CHO
2 89a H 85b  Ph 92c 79
3 89a H 85¢c pTol 92d 55 8%
4 89b 4Me 8b Ph 92e 54 Br
5 89c 5F 85b  Ph 92f 77 R\
6 89d - 85b  Ph 929 73 - CHO
7 8%e - 85b  Ph 92h 74 S
8 89f - 85b  Ph 92i 63 89f
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B 3 BT VRY NRIBDOEERS A D benzimidazo[2,1-dlisoquinoline 48

DER

2-FIFZIARYZIFILTFTERE o7 xZ LY ITIVDIVTLARIGICES
benzimidazo[2,1-alisoquinoline DR BELEU LT D ENTEZH, BREU
TWe, 2-7OFEAYAZLFTER, REFILFY, o7z LY ITIVNEDOTVR
v k benzimidazo[2,1-alisoquinoline &% A fz. T NILRIEITHREY U e RISDREIICE

AT VI EHPAEEDTHD, 2-FILFZIINRYIATILTERE -7 =LY

/7

FIOY VT LARIGICEWTHW: PAd(OAC), IFEEEA Y 77U Y 7 OfREE UTREL
BIENTERZZEEHRLUL., £, BEEENY U VT ICIEIHEZREET S,
SEEE, SR Y —OEBERIGENRDEBEINTHED®, i, AMCEITZREREIIC
BWT, /S YUYL/MIZEAWIES, benzimidazo[2,1-alisoquinoline DINERHEL >
fele®, £¥E, FERLORERHEERALTI> LR LE,

BEAY 7YV IICBEEDRMADRETH D, TTEEORINSTOL
ﬁmb1&_ﬁ%thEuq%%mT&m%ﬁattza,ﬁﬁ@b?%@%@’
benzimidazo[2,1-alisoquinoline 91c At 68%DINETHE SN, EREMNGRILDIZE XD
HEWETH- (entry 1), EREELTREEY VL (Cs,CO,) ZRAWE I3, P
PINEAHKE LT (entry 2). Tetrabutylammonium acetate (Bu,NOAc) ZRBW/c&
= CRIGERE, WNEEDHICEORBWERMNE SN (entry 3). 2004 Fi, BEELT
Bu,NOAC %\ 33AiE 7 ) —DEERIGHRE SN TEH D™, ZOFT BuNOAC DHE

CDOWTULTOLDICHRENTWS.

(58) (a) Fukuyama, T.; Shinmei, M.; Nishitani, S.; Sato, M.; Ryu, I. Org. Lett. 2002, 4, 1691-1694;
(b) Gelman, D; Buchwald, S. L. Angew. Chem. Int. Ed. 2003, 42, 5993-5996; (¢) Cheng, J.; Sun,
Y.; Wang, F.; Guo,M.; Xu, ] -H.; Pan, Y ; Zhang, Z. J. Org. Chem. 2004, 69, 5428-5432; (d) Liang,
Y. Xie, Y.-X.; Li, J.-H. J. Org. Chem. 2006, 71,379-381; (e) Yi, C.; Hua,R. J. Org. Chem. 2006,
71,2535-2537; (f) Lipshutz, B. H.; Chung, D. W.; Rich, B. Org. Lett. 2008, 10, 3793-3796.
(59) Urgaonkar, S.; Verkade, J. G. J. Org. Chem. 2004, 69, 5752-5755.
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(1) Pd +//C—F 1 Z)LCOEMICED, PA(OAC), hSEMER O /85 YT LAAD
RITE(RET B,

(2) BEERGOMET 1 7LIEEWT, BIERMMIEEDERL L ArPd(NX FRE
R 12 EFHEAETHD, BuNOAC ICLKDRER 16 EFHHETH B,
[ArPA(INX,]2BuN'& 5% Z E TRELENE. ZD 16 BFEADSEHOI

EDRETKEFHNTHD, 7ILFYEDESGHRDERIMeES NS,

Table 13
Pd(OAC), (2 mol%) - Fh
Br H2N
@[ :@ base (2 eq)
+ =—ph + >~ N
CHO HoN DMF, MW (120 °C) ,L@
89a 85b 87a 91c
(1.1 eq) (1.1 eq)
entry base time (h) yield (%)
1 EtsN 5 68
2 CSQCOs 3 70
3 Buy,NOAc 0.5 80

2-ZIF IRV AT ILTE l\“v 89, RigFI/F> 85, oo7x=ZL>vIFPI> 87T H
5045 VT LRMICE D benzimidazo[2,1-dlisoquinoline &M ODREREERE LD
T, BROBEBREZF OHAERMNZ AW TRICOELEHEZRE Ui (Table 14). 7JLF
> 85 OEBEME R FTZILFILE, FU—ILEDEESTHRIGIFETL, 2-70ERYX
FILTER 89 OBBE R FEFHEE, BEFRIEDEESTHAERFEERL,
nicotinaldehyde 89e 4 thiophene-2-carbaldehyde 89f 72 & DEREEHIT 57 ILT

ERHERTES.

(60) Calé, V.; Nacci, A.; Monopoli, A.; Laera, S.; Cioffi, N. J. Org. Chem. 2003, 68, 2929-2933.
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2
. HoN X PdOAG, @mol%) N
R > + = R + j@ Bu, NOAc (2eq) N
= > \
CHO HoN X DMF (5.0 M), N X
89 85 87a (X = H) MW (120 °C) 91
(1.1 eq) 87b (X = Me) X
(1.1 eq)

entry 89 R? 85 R= 87 time (h) 91 yield (%)

1 89a H 85a Bu 87a 05 91d 77

2 89a H 85a Bu 87b 05 91e 70

3 89a H 85b Ph 87b 1.0 91f 76

4 89a H 85¢c pTol 87a 0.5 91g 78

5 89b 4-Me 85b Ph 87a 05 91h 81

6 89b 4-Me 85b Ph 87b 0.5 9i 83

7 89c 5-F 85b Ph 87a 05 91j 79

8 8od - 85b Ph 87b 1.0 91k 79

9 89%e - 85b Ph 87a 1.0 91l 73

10 8of - 85b Ph 87a 05 91m 77

O Br N\ Br Br
L, O, -
CHO cHo s~ CHO
89d 89 89f

E®IC, o7 z=Ly Y7o DI, aminophenol 96a = 7/ i&
aminothiophenol 96b #fAW%Z & T 98 NMESNBDTIRKIRLWNEZE X Tc (Scheme
42). LH LU, 89a & 96 DA TRIGHHEST LTz dibenzooxazepine 97a & LT

dibenzothiazepine 97b BME5N2DHATH > It
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Scheme 42

Br
Cr
CHO

89a

Ph +

e
HoN
96a (X = 0)
96b (X = S)

85b
(1.1 eq)

50

Pd(OAc), (2 mol%)
Bu, NOAc (2 eq)

DMF (5.0 M),
MW (120 °C)

P
’

98

)
@;N

97a (X = O; 82%)
97b (X =8; 77%)

C(;b



ZEF, EVEELCEVE UV TEERBRTH A Y R—ILELTAYF/UVEEA
FASTLELREFEFERNSAFRE ROFZI /bZ2FMAY 2T T LRIL (Scheme
20) KL DBEICERT 2HEDRREZT oI

Scheme 20

starting material

'};E)'n%&{ér'c}éﬁ]a'v'éiiak;ué"; — \
easily synthesized ' N
stable N HR R'

\ M : metal catalyst
/ R
nucleophlle \ o7
NR' NHR NR isoquinoline

26
R indole

B—E T, ?‘fﬁf‘?&\:\’(b?'b\ 2-FILFZINRVYZTZIREBLD 2-7ILF DRV Y
LFSREREE L, Hofmann BRI & B Y S P R— kDR, REFIOR, 5
FHE RO S ERETETVRY kA Y R—LBETTE KOS Y/ UV AHE
BE U (Scheme 43). 1YV ¥ 7x—hFEEANOREZAFREE LTI —IL, P,
UV Y RERW, 99-102 D& SBEMAA Y K—LBLOAYE/ ) UHRBHEEER

TZEf.
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Scheme 43

(:[§~m (:[}*W
N o‘c\ﬂ/cogMe
PPh,

Y
101 CONHR2 102

B_ETE, 1 VYVF /Y ERYIAZITY-ILDODEEBRTH
benzimidazo[2,1-alisoquinoline $891 %, 13> 90 » 5 DEFGMNERILICK D ERTE
ZOTIFBVWNEEZ, BEAYIVVITEDIVTALIRED, AFRSRR 2-T7OENR
YATZIFTER B89, KigFILFY 85, o7z LYIFTIVBT HhEDTYRY AR
ZER U (Scheme 40). YA 7 OKBRHEFMICELD, RIGERBLKIEICIENES N,

SHAY TV VT TRHREESNDIMER LU TRIGHETIT D ENBHSNICE > T,

Scheme 40
R2
S R2
= Xr X
B HaN X RiL N Rl
R1—; + =— R2 + I /_RS — l — —N —> = N
P \
CHO H,oN | N Ned/ N
89 85 87 90 H,N = g
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General Procedure

'H NMR spectra were recorded on JEOL Delta-600 (600 MHz) spectrometer. °C NMR spectra
were recorded on JEOL Delta-600 (151 MHz) spectrometer. Chemical Shifts are reported in 0
(ppm) from tetramethylsilane as an internal standard. Data are reported as follows: chemical shifts,
relative integration value, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, m
= multiplet), coupling constants (Hz). Infrared spectra were obtained using an FT spectrometer
(SHIMADZU IRPrestige-21). Analytical thin layer chromatography was performed on Merck silica
gel 60 F254 TLC plates. Microwave reactions were carried out using CEM Discover microwave

apparatus (200 W with ChemDriver™ Software)).
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E—EICET BHRBRDER

General procedure for the preparation of 2-alkynylbenzamides and 2-alkynylbenzylamide

To a solution of 2-halobenzamide or 2-halobenzylamide derivatives, PdCL,(PPh), and Cul in
Et;N/DMF was added a terminal acetylene and stirred at 50-60 °C under nitrogen. H,O was added
to the reaction mixture and extracted with AcOEt (three times). The combined organic solution was
washed with the saturated NaCl solution, dried over anhydrous MgSO,, and concentrated at the

reduced pressure.

n-Bu

/CK
F CONH,

5-Fluoro-2-(hex-1-ynyl)benzamide (37b). 2-Bromo-5-fluorobenzamide (634 mg, 2.91 mmol),
PdClL,(PPh), (45 mg, 0.064 mmol), Cul (6.1 mg, 0.032 mmol), 1-hexyne (442 mL, 3.85 mmol),
Et:N (13 mL) and DMF (3 mL) was stirred at 50 °C. After stirring for 3.5 h, another portion of
I-hexyne (442 mL, 3.85 mmol) was added and stirred for further 16 h. The residue was
chromatographed on silica gel [AcOEt-hexane (1:5)] to afford 37b (345.2 mg, 54%) as a white
solid; mp 105-107 °C (colorless needle from AcOEt). 'H-NMR (CDCl,) § 7.84 (1H,dd,/=9.6,2.9
Hz),7.81 (1H, br), 748 (1H,dd,J=8.2,55Hz),7.12 (1H, td, J = 8.2,2.9 Hz), 7.04 (1H, br), 2.48
(2H, t, J = 6.9 Hz), 1.64-1.59 (2H, m), 1.50-1.46 (2H, m), 0.96 (3H, t, J = 7.2 Hz). >C-NMR
(CDCL) & 167.15, 162.87, 161.21, 136.37, 135.8, 1184, 117.24, 97.77, 78.67, 30.42, 22.1, 19.27,
13.57. IR (CHCI,, cm™) 3497, 3375, 2961, 2934, 1672, 1605, 1587, 1485, 1427, 1352, 1265, 1238,
916, 829, 689. MS (EI): m/z = 219 (M"). HRMS (EI): m/z calcd for C;H,,FNO: 219.1059; found:

219.1053.
n-Bu

K%
O.N CONH,

2-(Hex-1-ynyl)-5-nitrobenzamide (37c). 2-Bromo-5-nitrobenzamide (500 mg, 2.04 mmol),
PdCl,(PPh), (29 mg, 0.041 mmol), Cul (4 mg, 0.020 mmol), 1-hexyne (281 mL, 2.45 mmol), Et,N
(8 mL) and DMF (4 mL) was stirred at 60 °C. After stirring for 5 h, another portion of 1-hexyne
(140 mL, 1.23 mmol) was added and stirred for further 19 h. The residue was chromatographed on
silica gel [AcOEt-hexane (1:10—1:5—1:3)] to afford 37c (212.8 mg, 42%) as a yellow solid; mp
133-134 °C (yellow needle from AcOEt). 'H-NMR (CDCl,) 6 8.95 (1H, d, J = 2.6 Hz), 8.24 (1H,
dd,J =8.8,2.6 Hz), 7.65 (1H, d, J = 8.8 Hz), 7.65 (1H, br), 6.96 (1H, br), 2.56 (2H, t,J = 7.2 Hz),
1.69-1.64 (2H, m), 1.53-1.48 (2H, m), 0.98 (3H,t,J = 7.6 Hz). "C-NMR (CDCl,) 8 166.07, 146.84,
135.57,134 .91, 127.32, 125.56, 125.10, 103.90, 78.44,30.08, 22.07, 19.49, 13.49. IR (CHCl,, cm™)
1678, 1605, 1587, 1526, 1346, 808, 685, 679. MS (EI): m/z = 246 (M"). HRMS (EI): m/z calcd for
54



C3H,,N,0,: 246.1004; found: 246.1014.

n-Bu

Q\/
MeO CONH,

2-(Hex-1-ynyl)-5-methoxybenzamide (37d). 2-Bromo-5-metoxybenzamide (500 mg, 2.17 mmol),
PdCL,(PPh,), (30 mg, 0.043 mmol), Cul (4.1 mg, 0.022 mmol), 1-hexyne (300 mL, 2.61 mmol),
Et,N (8.7 mL) and DMF (2 mL) was stirred at 60 °C. After stirring for 3 h, another portion of
1-hexyne (150 mL, 1.31 mmol) was added and stirred for further 17 h. The residue was
chromatographed on silica gel [AcOEt-hexane (1:10—1:7—1:5)] to afford 37d (221.1 mg, 44%) as
a white solid; mp 97-98 °C (colorless needle from CHCl;). 'H-NMR (CDCL,) 6 7.87 (1H, br), 7.68
(1H,d,J=2.7Hz),7.41 (1H,d,J =89 Hz),6.97 (1H,dd,J=8.2,2.7 Hz), 5.85 (1H, br), 3.86 (3H,
s), 248 (2H, t, J = 7.2 Hz), 1.64-1.59 (2H, m), 1.51-1.45 (2H, m), 0.96 (3H, t, J = 7.6 Hz).
3C-NMR (CDCl,) § 167.66, 159.32, 135.18, 11845, 114.06, 113.16, 96.27, 79.57, 55.55, 30.56,
2209, 19.3, 13.6. IR (CHCl,, cm™) 3495, 3374, 2963, 2936, 1667, 1585, 1491, 1464, 1423, 1360,
1298, 1238, 1038, 833. MS (ED): m/z = 231 (M*). HRMS (EI): m/z calcd for C,,H,;NO,: 231.1259;

found: 231.1265.
p-Tol

@K
CONH,

2-(p-Tolylethynyl)benzamide (37f). 2-Iodobenzamide (500 mg, 2.03 mmol), PdCl,(PPh,), (43 mg,
0.06 mmol), Cul (12 mg, 0.06 mmol), p-ethynyltoluene (309 mL, 2.44 mmol), Et;N (8 mL) and
DMF (4 mL) was stirred at 50 °C for 6 h. The residue was washed with hexane to afford 37f (376.3
mg, 79%) as a white solid; mp 166-167 °C (white needle from CHCl;-AcOEt). 'H-NMR (CDCL,) 6
8.13 (1H,dd,J=79,1.7Hz),7.62 (1H,dd,J =7.2,1.7 Hz), 7.52 (1H, br), 7.49-7 43 (4H, m), 7.20
(2H, d, J = 8.2 Hz), 6.10 (1H, br), 2.39 (3H, s). "C-NMR (CDCL,) § 168.14, 139.61, 134.32, 133 46,
13144, 131.04, 130.39, 129.38, 128.69, 120.38, 118.95, 96.12, 87.15, 21.60. IR (CHCl,, cm™") 3503,
3009, 1670, 1584, 1510, 1447, 1371, 1198, 818, 687. MS (EI): m/z = 235 (M"). HRMS (EI): m/z
calcd for C,{H,;NO: 235.0997; found: 235.1000.

// OH

CONH,
2-(5-Hydroxypent-1-ynyl)benzamide (55a). 2-Iodobenzamide (1.25 g, 5 mmol), PdCl,(PPh,),
(105 mg, 0.15 mmol), Cul (29 mg, 0.15 mmol), 4-pentyn-1-ol (509 mL, 5.5 mmol), Et;N (20 mL)
and DMF (10 mL) was stirred at 50 °C for 27 h. The residue was chromatographed on silica gel
[CHC1,-MeOH (50:1)] to afford 55a (758.6 mg, 75%) as a yellow solid; mp 80-84 °C. 'H-NMR

(CDCL)) 8 801 (1H, d,J = 6.9 Hz), 7.54 (1H, br), 748 (1H,d, J = 7.6 Hz), 7.42-7.37 (2H, m), 6.71
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(1H, br), 3.81 (2H, t, J = 6.2 Hz), 2.68 (1H, br), 2.62 (2H, t, J = 6.9 Hz), 1.89-1.85 (2H, m).
3C-NMR (CDCl,) & 168.93, 134.47, 133.61, 130.88, 129.80, 128.13, 120.92, 96.77, 79.74, 61.16,
30.73, 16.23. IR (CHCl,, cm™) 3499, 3381, 3-36, 3007, 2953, 1668, 1584, 1447, 1373, 1238, 1196,
1059, 810. MS (EI): m/z = 203 (M"). HRMS (EI): m/z caled for C,,H;NO,: 203.0946; found:
203.0955.

// OTs

CONH,
2-(5-Tosyloxypent-1-ynyl)benzamide (37g). To a cooled (ice-water) solution of 55a (588.9 mg,
2.9 mmol) in CHCI, (12 mL) was added p-toluenesulfonyl chloride (1.1 g, 5.8 mmol), DMAP (cat.)
and pyridine (704 mL, 8.7 mmol). After being stirred at room temperature for 2 days, the inixture
was diluted with H,0O and extracted with AcOEt (three times). The combined organic solution was
washed with the saturated NaCl solution, dried over anhydrous MgSO,, and concentrated at the
reduced pressure. The residue was chromatographed on silica gel [AcOEt-hexane (1:1)] to afford
37g (368.9 mg, 36%) as a white solid; mp 109-110 °C (colorless plate from CHCl,). '"H-NMR
(CDCL,) & 8.02-8.01 (1H, m), 7.79 (2H, d, J = 8.2 Hz), 7.40-7.37 (4H, m), 7.30 (2H, d, J = 7.6 Hz),
6.65 (1H, br), 4.20 (2H, t, J = 5.8 Hz), 2.58 (2H, t,J = 6.5 Hz), 2.37 (3H, s), 1.99-1.94 (2H, m). °C
-NMR (CDCl,) & 168.53, 145.02, 134.78, 133.7, 132.6, 130.77, 129.92, 129.87, 128.35, 127.89,"
12037, 94.75, 80.44, 68.69, 27.56, 21.59, 15.92. IR (CHCl,, cm™) 3501, 3387, 3007, 1668, 1585,
1447, 1364, 1190, 1177, 1098, 1013, 934, 810, 689. MS (EI): m/z = 357 (M"). HRMS (ED): m/z

caled for C,(H,(NO,S: 357.1035; found: 357.1026.
H

©\/
CONH,

2-Ethynylbenzamide (37h). K,CO, (366 mg, 2.65 mmol) was added to a solution of
2-((trimethylsilyl)ethynyl)benzamide 37i (523.9 mg, 2.4 mmol) in MeOH (16 mL) at room
temperature. After stirring for 2.5 h, H,O was added to the reaction mixture and extracted with
AcOEt (three times). The combined organic solution was washed with the saturated NaCl solution,
dried over anhydrous MgSO,, and concentrated at the reduced pressure. The residue was
chromatogyaphed on silica gel [AcOEt-hexane (1:10—1:3—1:1)] to afford 37h (285.7 mg, 82%) as
a yellow solid; mp 137-138 °C (colorless needle from CHCI;-AcOE). 'H-NMR (CDCl,) & 8.09-
8.07 (1H, m), 7.61-7.59 (1H, m), 7.49-7.45 (2H, m), 7.36 (1H, br), 6.48 (1H, br), 3.53 (1H, s).
PC-NMR (CDCl;) 8 168.06, 135.40, 134.26, 130.97, 130.14, 12942, 118.95, 8397, 82.38. IR
(CHCI,, cm™) 3509, 3397, 3302, 3009, 1670, 1585, 1447, 1371, 670. MS (EI): m/z = 145 (M", 100).
HRMS (EI): m/z calcd for C,H,NO: 145.0528; found: 145.0529.
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OH

Z

CONH,
2-(4-Hydroxybut-1-ynyl)benzamide (55b). 2-Iodobenzamide (1.25 g, 5 mmol), PdCL,(PPh;), (105
mg, 0.15 mmol), Cul (29 mg, 0.15 mmol), 3-butyn-1-ol (415 mL, 5.5 mmol), Et;N (20 mL) and
DMF (10 mL) was stirred at 50 °C for 20 h. The residue was chromatographed on silica gel
[CHC1,-MeOH (50:1—30:1)] to afford 55b (664.6 mg, 70%) as a yellow solid; mp 61-65 °C.
'H-NMR (CDCl,) 6 7.94 (1H, dd, J = 7.6, 1.4 Hz), 757 (1H, br), 747 (1H, dd, J = 7.6, 1.4 Hz),
739 (1H,td,J =7.6,1.4Hz),7.36 (1H,td,J=7.6,14 Hz), 6.88 (1H, br), 3.83 (2H, t,/ = 5.8 Hz),
2.70 (2H, t, J = 5.8 Hz). >C-NMR (CDCL,) & 169.31, 134.84, 133.32, 130.87, 12948, 128.13,
121.01, 94.51, 80.86, 60.56, 23.79. IR (CHCI3, cm™) 3689, 3607, 3495, 3381, 3034, 3009, 2945,
1668, 1584, 1447, 1375, 1198, 1051, 770, 754, 619. MS (EI): m/z = 189 (M"). HRMS (EI): m/z
calcd for C;;H,,NO,: 189.0790; found: 189.0793.

& OH

MeO CONH,

2-(5-Hydroxypent-1-ynyl)-5-methoxybenzamide (55c). 2-Bromo-5-methoxybenzamide (230 mg,
1 mmol), PACL,(PPh), (35 mg, 0.05 mmol), Cul (9.5 mg, 0.05 mmol), 4-pentyn-1-ol (111 ml, 1.2
mmol) and Et,N/DMF (4:1) was stirred at 50 °C under nitrogen for 1 day. The residue was
chromatographed on silica gel [CHCl;-MeOH (50:1-30:1)] to afford 55¢ (69.1 mg, 30%) as a
‘orange solid. 'H-NMR (CDCl,) & 7.72 (1H, br), 7.58 (1H, d, J = 3.1 Hz), 7.39 (1H, d, J = 8.9 Hz),
6.95 (1H, dd, J = 8.9, 3.1 Hz), 6.59 (1H, br), 3.84 (3H, s), 3.80 (2H, t,J = 5.8 Hz), 2.60 (2H, t,J =
6.9 Hz), 1.88-1.83 (2H, m). "C-NMR (CDCl;) § 1684, 159.3, 135.7, 135.0, 118.0, 114.0, 113.0,
95.2,79.6,61.2,55.5,30.9, 16.2. IR (CHCl,, cm™) 3686, 3497, 3036, 3009, 1668, 1603, 1585, 1493,
1423, 1360, 1238, 1038, 810. MS (EI): m/z = 233 (M*). HRMS (EI): m/z caled for C;H sNO;:
233.1052; found: 233.1053.

é OH

F CONH,

5-Fluoro-2-(5-hydroxypent-1-ynyl)benzamide (55d). 2-Bromo-5-fluorobenzamide (327 mg, 1.5
mmolj, PdCL,(PPh), (21 mg, 0.03 mmol), Cul (5.7 mg, 0.03 mmol), 4-pentyn-1-ol (153 ml, 1.65
mmol) and Et,N/DMF (6:1) was stirred at room temperature under nitrogen for 1 day. The residue
was chromatographed on silica gel [CHCL;,-MeOH (50:1)] to afford 55d (41.8 mg, 13%) as a pale
yellow solid. '"H-NMR (CDCl;) 8 7.77 (1H, dd, J = 9.6, 2.7 Hz), 7.68 (1H, br), 747 (1H, dd, J = 8.2,
5.5 Hz),7.12 (1H, td, J = 8.1, 3.0 Hz), 6.53 (1H, br), 3.81 (2H, t,J =5.8 Hz), 2.62 (2H,t,J =69
Hz), 1.90-1.85 (2H, m). BC.NMR (CDCl;) 6 167.2,162.8,161.2,136.6, 136.6, 135.7, 135.6, 118.5,
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1183, 1172, 117.0, 96.6, 78.9, 61.3, 30.7, 16.2. IR (CHCL,, cm™) 3497, 3379, 3038, 3007, 1672,
1605, 1587, 1485, 1427, 1352, 1240, 1194, 1060, 829. MS (EI): m/z = 221 (M*). HRMS (EI): m/z
caled for C,,H,,FNO,: 221.0852; found: 221.0850.

F =7 OH

CONH,

4-Fluoro-2-(5-hydroxypent-1-ynyl)benzamide (55e). 4-Fluoro-2-iodobenzamide (398 mg, 1.5
mmol), PACL,(PPh), (32 mg, 0.045 mmol), Cul (8.5 mg, 0.045 mmol), 4-pentyn-1-ol (153 ml, 1.65
mmol) and Et,;N/THF (1:1) was stirred at 60 °C under nitrogen for 4 h. The reaction mixture was
filtered and the filtrate was concentrated at the reduced pressure. The residue was chromatographed
on silica gel [AcOEt-MeOH (30:1)] to afford S5e (269.5 mg; 81%) as a pale yellow solid. '"H-NMR
(CDCl;) 6 8.09 (1H, dd,J=8.9,6.2 Hz),7.51 (1H,br),7.17 (1H,dd,J=9.3,2.4 Hz), 7.09 (1H, td,
J=84,25Hz),6.15(1H,br),3.82 (2H, q,J=5.3 Hz),2.64 (2H,t,J =69 Hz), 1.91-1.87 (3H, m).
PC-NMR (CDCL,) § 1674, 164.6, 162.9, 132.8, 132.7, 130.6, 130.6, 123.2, 123.1, 120.3, 120.1,
1159, 1157, 98.1, 79.0, 79.0, 614, 30.7, 16.3. IR (CHCl,, cm™) 3501, 3009, 1668, 1605, 1584,
1368, 1267, 1198, 876, 808. MS (EI): m/z = 221 (M"). HRMS (EI): m/z caled for C,H,FNO,:
221.0852; found: 221.0850.

cl Z OH
CONH,
4-Chloro-2-(5-hydroxypent-1-ynyl)benzamide (55f). 4-Chloro-2-iodobenzamide (366 mg, 1.3
mmol), PACL,(PPh), (27 mg, 0.039 mmol), Cul (7.4 mg, 0.039 mmol), 4-pentyn-1-ol (132 ml, 1.43
mmol) and Et;N/DMF (5:1) was stirred at 60 °C under nitrogen for 6 h. The residue was
chromatographed on silica gel [AcOEt-MeOH (30:1)] to afford 55f (226 mg, 73%) as a pale yellow
solid. "H-NMR (CD,0D) 8 7.60 (1H, d, J = 8.4 Hz), 747 (1H,d,J = 2.3 Hz),7.38 (1H, dd, J = 8 4,
2.3 Hz),3.70 (2H,t,J = 6.2 Hz), 2.56 (2H, t,J = 6.9 Hz), 1.84-1.80 (2H, m). "C-NMR (CD,OD) §
171.9,137.2,137.1,133.7,130.9, 129.1, 124.6,97.8, 78.6, 61.6, 32.2, 16 8. IR (CHCI,, cm™) 3499,
3383, 3034, 3009, 2953, 1670, 1581, 1472, 1408, 1358, 1287, 1236, 1115, 1082, 1059, 928, 883,
843. MS (ED): m/z =237 (MM*). HRMS (EI): m/z calcd for C,H,,CINO,: 237.0557; found: 237.0554.
Ph

4
CONH,

2-(2-(Phenylethynyl)phenyl)acetamide (53a). 2-(2-lodophenyl)acetamide (500 mg, 1.92 mmol),

PdCl,(PPh,), (40 mg, 0.058 mmol), Cul (11 mg, 0.058 mmol), phenylacetylene (253 mL, 2.3 mmol),

Et;N (10 mL) and DMF (5 mL) was stirred at 60 °C for 17 h. The residue was chromatographed on

silica gel [AcOEt-hexane (1:10—1:5—1:3—1:1-2:1)] to afford 53a (270 mg, 60%) as a pale
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yellow solid; mp 141-142 °C (from AcOEt). 'H-NMR (CDCly) 8 7.57 (1H, d, J = 7.6 Hz), 7.54—
7.52 (2H, m), 7.36-7.26 (6H, m), 5.89 (1H, br), 5.61 (1H, br), 3.83 (2H, s). "C-NMR (CDCl,) §
173.01, 136.87, 132.44, 131.58, 130.03, 129.02, 128.68, 128.47, 127.52, 123.27, 122.66, 94.37,
87.24,42.31.1R (CHCl,, cm™) 3520, 3406, 3009, 1682, 1587, 1495, 1362, 808, 683. MS (EI): m/z =
235 (M*). HRMS (El): m/z calcd for C,H,;NO: 235.0997; found: 235.0996.

p-Tol

FZ
CONH,

2-(2-(p-Tolylethynyl)phenyl)acetamide (53b). 2-(2-Iodophenyl)acetamide (300 mg, 1.15 mmol),
PdCL,(PPh,), (24 mg, 0.035 mmol), Cul (5.7 mg, 0.035 mmol), p-ethynyltoluene (175 mL, 1.38
mmol), Et;N (5 mL) and DMF (2.5 mL) was stirred at 60 °C for 22 h. The residue was
chromatographed on silica gel [AcOEt-hexane (1:10—1:3—1:2—1:1)] to afford 53b (269 mg,
94%) as a yellow solid; mp 147-148 °C (white needle from AcOEt). 'H-NMR (CDCL,) & 7.57 (1H,
dd,J/=76,14Hz),744 (2H,d,J=8.2 Hz),7.38-7.29 (3H,m),7.17 2H, d,J = 8.2 Hz), 5.61 (1H,
br), 5.35 (1H, br), 3.85 (2H, s), 2.37 (3H, d, J = 7.6 Hz). "C-NMR (CDCl,) § 172.74, 139.00,
136.77, 132.39, 131 .49, 130.01, 129.26, 128.89, 127.56, 123.44, 119.54, 94.68, 86.63, 42.38, 21.56.
IR (CHCL,, cm™) 1682, 1585, 1510, 1198, 810, 708, 687. MS (EI): m/z = 249 (M", 100). HRMS
(EI): m/z caled for C,H,;sNO: 249.1154; found: 249.1164.

n-Bu

Z
CONH,

2-(2-(Hex-1-ynyl)phenylacetamide (53c). 2-(2-Iodophenyl)acetamide (500 mg, 1.92 mmol),
PdCl,(PPh,), (40 mg, 0.058 mmol), Cul (11 mg, 0.058 mmol), 1-hexyne (264 mL, 2.3 mmol), Et;N
(10 mL) and DMF (5 mL) was stirred at 60 °C for 17 h. The residue was chfomatographed on silica
gel [Acht—hexane (1:10—1:5—1:1)] to afford 53¢ (164.7 mg, 40%) as a pale yellow solid; mp
85-88 °C (colorless needle from CHCI3-hexane). '"H-NMR (CDCL,) & 7.44 (1H, d, J = 7.6 Hz),
7.31-7.21 (3H, m), 5.64 (2H, br), 3.75 (2H, s), 2.45 (2H, t, J = 6.9 Hz), 1.63-1.58 (2H, m), 1.51-
1.45 (2H, m), 0.95 (3H, t,J = 7.2 Hz). "C-NMR (CDCl,) 4 173.19, 136.70, 132.54, 129;79, 128.26,
127.36, 123.99, 95.70, 78.67,42.24, 30.77,22.07, 19.19, 13.61. IR (CHCl,, cm™) 3518, 3406, 3009,
2961, 2934, 1682, 1587, 362, 687. MS (EI): m/z = 215 (M"). HRMS (EI): m/z calcd for C,,H,,NO:
215.1310; found: 215.1305.

General procedure for tandem indole formation from 2-alkynylbenzamide.

To a solution of 2-alknynylbenzamide 37 (0.05 mmol), PhI(OAc), (0.06 mmol), PtCl, (0.005 mmol)
in 1,2-dichlorobenzene (0.5 mL) was added alcohol (0.15 mmol) and the mixture was stirred at

100 °C. The reaction mixture was directly chromatographed on silica gel to afford the indole 39.
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mn-Bu
F N

CO,Et

Ethyl  2-butyl-6-fluoro-1H-indole-1-carboxylate  (39b). The reaction mixture was
chromatographed on silica gel [AcOEt-hexane (1:20)] to afford 39b as a white solid; mp 49-51 °C
(colorless plate from CHCI3). 'H-NMR (CDCl;) 6 7.83 (1H, dd, J = 11.0,2.1 Hz), 7.34 (1H,dd, J =
8.2,55Hz),695 (1H,td,J =9.1,2.1 Hz), 6.32 (1H, 5),4.50 2H, q,J = 7.2 Hz), 298 (2H, t,J =
7.6 Hz), 1.69-1.64 (2H, m), 149 (3H,t,J = 7.2 Hz), 147-1.41 (2H, m), 0.96 (3H, t, J = 7.2 Hz).
PC-NMR (CDCl,) 8 159.53, 151.79, 142.94, 136.67, 125.74, 120, 110.91, 106.96, 103.37, 63.19,
30.96, 29.73, 22.55, 14.32, 13.99. IR (CHCl,, cm™) 3036, 3009, 2961, 2931, 1734, 1599, 1483,
1439, 1379, 1331, 1269, 1194, 1074, 854, 810. MS (EI): mlz = 263 (M"). HRMS (EI): m/z calcd for
C,sH,;FNO,: 263.1322; found: 263.1317.

O,N N

CO,E

Ethyl 2-butyl-6-nitro-1H-indole-1-carboxylate (39c). The reaction mixture was chromatographed
on silica gel [AcOEt-hexane (1:20)] to afford 39c as a yellow oil. 'H-NMR (CDCl,) 8 9.02 (1H, s),
8.11 (1H,d,/=8.2 Hz),7.50 (1H,d,J =82 Hz),6.47 (1H,s),4.58 (2H,q,J = 7.2 Hz),3.07 (2H, t,
J=179 Hz), 1.74-1.69 (2H, m), 1.55 (3H,t,J = 7.2 Hz), 1.50-1.44 (2H, m), 0.99 (3H,t,J = 7.6 Hz).
PC-NMR (CDCl,) 6 151.18,148.73, 144.17, 135.23, 134.56, 119.45, 118 .49, 112.24, 107.29, 63.93,
30.69, 29.89, 22.56, 14.29, 13.93. IR (CHCl,, cm™) 2959, 1744, 1518, 1339, 1319, 1196, 1099, 837,
808. MS (EI): m/z =290 (M"). HRMS (EI): m/z calcd for C;sH (N,O,: 290.1267; found: 290.1272.

OTs

o~

CO,Et

Ethyl 2-(3-(tosyloxy)propyl)-1H-indole-1-carboxylate (39g). The reaction mixture was
chromatographed on silica gel [AcOEt-hexane (1:3)] to afford 39g as a white solid; mp 71-72 °C
(colorless needle from CHCL,). '"H-NMR (CDCl,) 8 8.06 (1H,d, J = 8.2 Hz), 7.79 (2H, d, J = 8.2
Hz),7.41 (1H,d,J=69 Hz),7.32 (2H,d,J =82 Hz),7.26-7.19 (2H, m), 6.23 (1H, s), 448 (2H, q,
J=72Hz),4.11 2H,t,J=6.2Hz),3.06 2H,t,J =7.2 Hz),2.44 (3H, 5), 2.08-2.04 (2H, m), 1.48
(3H, t, J = 7.2 Hz). "C-NMR (CDCl,) & 151.81, 144.76, 139.77, 136.45, 133.00, 129.84, 129.17,
12791, 123.74, 122.99, 119.90, 115.71, 108.57, 69.57, 63.16, 28.08, 25.81, 21.65, 14.33. IR
(CHCl,, cm™) 3008, 1730, 1456, 1379, 1360, 1325, 1190, 1175, 1096, 928, 810, 692. MS (EI): m/z
=401 (M"). HRMS (EI): m/z calcd for C,;H,;NO,S: 401.1297; found: 401.1297.
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mn-Bu
N

bOQBn

Benzyl 2-butyl-1H-indole-1-carboxylate (39j). The reaction mixture was chromatographed on
silica gel [AcOEt-hexane (1:20)] to afford 39j as a pale yellow oil. 'H-NMR (CDCl,) ¢ 8.08 (1H, d,
J=89Hz),7.49 (2H, d, J = 6.2 Hz), 7.44-7.36 (4H, m), 7.21-7.17 (2H, m), 6.35 (1H, s), 5.45 (2H,
s), 297 (2H, t, J = 7.6 Hz), 1.65-1.60 (2H, m), 1.39-1.33 (2H, m), 091 (3H, t, J = 7.6 Hz).
BC-NMR (CDCL) & 151.88, 142.59, 136.54, 135.01, 129.58, 128.76, 128.72, 128.70, 123.43,
12292, 119.71, 115.69, 107.63, 68.66, 30.99, 29.77, 22.50, 13.95. IR (CHCL;, cm™) 3034, 2959,
2932, 1732, 1570, 1456, 1392, 1325, 1258, 1196, 1119, 1078, 689. MS (ED: m/z = 307 (M").
HRMS (EI): m/z calcd for CyH, NO,: 307.1572; found: 307.1571.

COsMe

Pt

N n-Bu

N

CO,Et
(E)-Ethyl 2-butyl-3-(3-methoxy-3-oxoprop-1-enyl)-1H-indole-1-carboxylate (47). A solution of
2-alkynylbenzamide 37a (0.05 mmol), PhI(OAc), (0.06 mmol) and ethanol (0.15 mmol) in
1,2-dichlorobenzene (0.5 mL) was stirred at 100 °C for 1 h. Then, PdCl, (0.005 mmol), CuCl, (0.1
mmol) TBAF (1 M solution in THF, 0.06 mmol) and methyl acrylate (0.15 mmol) was added and
the mixture was stirred at 60 °C for 18 h. The reaction mixture was directly chromatographed on
silica gel [AcOEt-hexane (1:30)] to afford the indole 47 as a yellow oil. 'H-NMR (CDCl,) 6 8.16—
8.14 (1H, m), 7.93 (1H, d, J = 16.2 Hz), 7.84-7.83 (1H, m), 7.34-7.31 (2H, m), 6.57 (1H, d, J =
16.2 Hz), 4.55 (2H, q, J = 7.1 Hz), 3.84 (3H, 5), 3.20 (2H, t, J = 7.9 Hz), 1.65-1.41 (7TH, m), 0.95
(3H, t, J = 7.2 Hz). ®*C-NMR (CDCl,) & 168.2, 151.5, 1454, 136.4, 136.3, 1272, 124.5, 123 8,
1197, 117.0, 115.8, 114.9, 63.6, 51.6, 32.4, 26.6, 22.7, 14.3, 13.9. IR (CHCl;, cm™) 3036, 3009,
2959, 1736, 1628, 1545, 1477, 1456, 1435, 1398, 1373, 1342, 1323, 1281, 1238, 1194, 1175, 1163,
1144, 1123, 1015, 976, 810. MS (EI): m/z = 329 (M*). HRMS (EI): m/z caled for C,;H,;NO,:
329.1627; found: 329.1631.

cre
CONH,

2-Allylbenzamide (48).

2-Allylbenzoic acid was synthesized according to the literature procedure. The solution of

2-allylbenzoic acid (2 mmol) and thionyl chloride (2.4 mmol) in CHCl; was stirred at 70 °C for 2 h,

then cooled to room temperature. The mixture was added slowly to aqueous ammonia (3 mL). The
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mixture was extracted with CHCl, and the combined organic layer was washed with brine. The
solvent was removed under reduce pressure to afford pure 48 as a white solid. Mp 116-118 °C
(white needle from EtOAc-CHCI,). '"H-NMR (CDCl,) 8 749 (1H, d, J = 6.9 Hz), 7.38 (1H, t,J =
7.6 Hz), 7.27-7.25 (2H, m), 6.30 (1H, br), 6.07-6.00 (1H, m), 5.96 (1H, br), 5.09 (1H, dd, J = 10.3,
14Hz),5.00 (1H,dd,J=17.2,1.4Hz),3.62 (2H,d, J = 6.2 Hz). "C-NMR (CDCl;) 8 172.0, 137.6,
137.6, 135.3, 130.6, 1304, 127.5, 1263, 116.2, 37.4. IR (CHCl,, cm™) 3522, 3404, 3078, 3034,
3009, 1674, 1585, 1489, 1447, 1369, 922. MS (El): m/z = 161 (M"). HRMS (EI): m/z calcd for
C,oH;;NO: 161.0841; found:161.0844.

General procedure for the reaction of 2-allylbenzamide.

A solution of 2-allylbenzamide 48 (0.08 mmol) and PhI(OAc), (0.096 mmol) in 1,2-dichloroethane
(0.4 mL) was stirred at 70 °C for 1 h. Then, catalyst (0.00'8 mmol) was added and the reaction
mixture was stirred at 70 °C. The reaction mixture was directly chromatographed on silica gel

[AcOEt-hexane (1:10)].

Cr”
NHCO,Et

Ethyl 2-allylphenylcarbamate (49).Colorless oil. 'H-NMR (CDCl,) & 7.80 (1H, br), 7.25 (1H, td,
J=79,14Hz),7.15 (1H,dd, J =76, 1.4 Hz), 706 (1H, t, J = 7.6 Hz), 6.58 (1H, br), 5.99-5.92
(1H, m), 5.16 (1H, dd, J = 10.3, 1.4 Hz),5.06 (1H, dd, J =172, 14 Hz), 421 (2H, q,J = 7.2 Hz),
3.37 (2H,d, J = 6.2 Hz), 1.30 (3H, t, J = 7.2 Hz). "C-NMR (CDCl,) 6 154.0, 136.2, 135.8, 130.1,
128.9,127.5,124.3,121.9,116.7,61.2,36.5, 14.6. IR (CHCl,, cm™) 3420, 3034, 3009, 2982, 1730,
1589, 1526, 1454, 1302, 1236, 1063, 924. MS (EI): m/z = 205 (M"). HRMS (EI): m/z calcd for
C,HsNO,: 205.1103; found:205.1107.

@(\/
NHCO,Et

(E)-Ethyl 2-(prop-1-enyl)phenylcarbamate (50). Colorless oil. 'H-NMR (CDCl;) § 7.81 (1H, br),
7.30 (1H,d,J=7.6 Hz),7.22 (1H,t,J =7.6 Hz), 705 (1H,t,J =7.6 Hz), 6.54 (1H, br), 6.44 (1H, d,
J=158Hz),6.10 (1H, dt,J=22.2,6.5 Hz),4.23 (2H,q,J=7.2Hz),1.92 (3H,dd, /= 6.2, 1.4 Hz),
1.32 (3H,t,J = 7.2 Hz). "C-NMR (CDCl,) 4 154.0, 136.2,135.8, 130.1, 128.9, 127.5, 1243, 121.9,
116.7, 61.2, 36.5, 14.6. IR (CHCIl,, cm™) 3433, 3034, 1730, 1584, 1522, 1470, 1454, 1298, 1236,
1196, 1061. MS (EI): m/z = 205 (M"). HRMS (EI): m/z calcd for C,,H;sNO,: 205.1103; found:
205.1101.

N

CO,Et
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Ethyl 2-methyl-1H-indole-1-carboxylate (51). Colorless oil. 'H-NMR (CDCL,) 6 8.10 (1H, d, J =
8.2 Hz), 743 (1H,d, J = 6.9 Hz), 7.23 (1H, td,J = 7.6, 1.4 Hz), 7.19 (1H, t, J = 7.2 Hz), 6.32 (1H,
s),448 (2H, q,J = 7.2 Hz), 2.60 (3H, d, J = 1.4 Hz), 147 (3H, t,J = 7.2 Hz). "C-NMR (CDCl,) §
152.1, 137.8, 1364, 129.5, 123.2, 122.8, 119.5, 115.5, 1084, 62.9, 168, 14.3. IR (CHCl,, cm™)
3034, 3009, 2986, 2930, 1732, 1595, 1572, 1456, 1447, 1400, 1379, 1329, 1258, 1119, 1090, 1032.
MS (ED): m/z = 203 (M*). HRMS (EI): m/z calcd for C,H;NO,: 203.0946; found:203.0947.
General procedure for tandem dihydroisoquinoline formation from 2-alkynylbenzylamide.

To a solution of 2-alknynylbenzylamide 53 (0.05 mmol), PhI(OAc), (0.06 mmol), PtCl, (0.005
mmol) in 1,2-dichlorobenzene (0.5 mL) was added alcohol (0.15 mmol) and the mixture was stirred
at 100 °C. The reaction mixture was directly chromatographed on silica gel to afford the

dihydroisoquinoline 54.

CCr,
N-co,Et

Ethyl 3-phenylisoquinoline-2(1H)-carboxylate (54a). The reaction mixture was chromatographed
on silica gel [AcOEt-hexane (1:10)] to afford 54a as a yellow viscous oil; mp 114-115 °C (colorless
plate from CHCl,-hexane). 'H-NMR (CDCL) 8 7.49 (2H, d, J = 6.9 Hz), 7.37-7.20 (7TH, m), 6.53
(1H, s), 4.92 (2H, s), 3.89 (2H, br), 0.74 (3H, br). "C-NMR (CDCL;) § 154.40, 140.23, 138.16,
132.53, 131.93, 128.23, 127.90, 127.67, 127.39, 126.00, 125.21, 125.06, 115.77, 61.81, 48.00,
13.76. IR (CHCL,, cm™) 3034, 3009, 1699, 1622, 1402, 1379, 1342, 1236, 1198, 1167, 1020, 980.
MS (EI): m/z =279 (M*). HRMS (EI): m/z calcd for CgH,,NO,: 279.1259; found: 279.1265.

O
N\COQMG

Methyl 3-phenylisoduinoline-2(lH)-carboxylate (54b). The reaction mixture was
chromatographed on silica gel [AcOEt-hexane (1:10)] to afford 54b as a pale yellow solid; mp 113—
116 °C (pale yellow plate from CHCL). 'H-NMR (CDCl,) 6 7.50 (2H, d,J = 7.6 Hz), 7.38 (2H, t, J
= 7.6 Hz), 7.33-7.20 (5H, m), 6.58 (1H, s), 491 (2H, s), 3.46 (3H, br). "C-NMR (CDCl,) § 154.98,
140.03, 137.56, 132.51, 132.04, 128.33, 128.01, 127.73, 125.81, 125.30, 125.02, 116.21, 52.83,
48.23. IR (CHCl,, cm™) 1703, 1449, 1360, 1198, 808, 687, 673. MS (ED: m/z = 265 (M"). HRMS
(ED): m/z caled for C,;H,sNO,: 265.1103; found: 265.1111.

~Ph
CO,Bn

Benzyl 3-phenylisoquinoline-2(1H)-carboxylate  (54c). The reaction mixture  was
chromatographed on silica gel [AcOEt-hexane (1:10)] to afford 54¢ as a yellow viscous oil; mp
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143-144 °C (colorless plate from CHCl;-hexane). 'H-NMR (CDCl,) & 7.50 (2H, d, J = 7.6 Hz),
7.36-7.13 (11H, m), 6.55 (2H, br), 4.95 (2H, 5), 4.90 (2H, br). C-NMR (CDCl,) & 154.29, 139.92,
137.96, 135.40, 132.47, 132.03, 128.46, 128.10, 128.02, 127.73, 127.55, 127.49, 126.07, 125.29,
125.08, 116.31, 67.76, 48 23. IR (CHCl,, cm™) 3034, 1701, 1622, 1454, 1396, 1344, 1260, 1236,
1161, 1123, 968, 808. MS (EI): m/z = 341 (M"). HRMS (EI): m/z calcd for C,;H,,NO,: 341.1416;
found: 341.1408. Crystals for X-ray diffraction analysis were obtained by recrystallization from

CHCl;-hexane.
N\COQEt

Ethyl 3-p-tolylisoquinoline-2(1H)-carboxylate (54d). The reaction mixture was chromatographed
on silica gel [AcOEt-hexane (1:10)] to afford 54d as a yellow viscous oil; mp 124-125 °C
(colorless prism from CHCl;-hexane). 'H-NMR (CDCl;) 6 7.39 (2H, d, J = 8.2 Hz), 7.27-7.19 (4H,
m), 7.17 (2H, d, J = 7.6 Hz), 6.50 (1H, s), 4.90 (2H, s), 3.91 (2H, br), 2.37 (3H, s), 0.79 (3H, br).
PC-NMR (CDCl,) & 15441, 140.30, 137.81, 135.17, 132.72, 131.93, 128.93, 127.64, 127.20,
125.90, 125.10, 125.00, 115.17, 61.81, 48.06, 21.26, 13.85. IR (CHCl,, cm™) 1697, 1454, 1400,

1377, 1342, 1260, 1117, 689. MS (EI): m/z = 293 (M"). HRMS (EI): m/z calcd for C,,H (NO,:
293.1416; found: 293.1416.

N p-Tol
mCOQBn
Benzyl 3-p-tolylisoquinoline-2(1H)-carboxylate (54e).
The reaction mixture was chromatographed on silica gel [AcOEt-hexane (1:20)] to afford 54e as a
yellow viscous oil.'H-NMR (CDCl;) 6 7.39-7.14 (11H, m), 6.62 (1H, br), 6.52 (1H, s), 4.92 (4H,
br), 2.38 (3H, s). >*C-NMR (CDCl,) § 137.9, 132.6, 129.1, 128 0, 127.7, 127.6, 127.3, 126.0, 125.1,
125.0, 115.5, 67.7, 48.2, 21.3. IR (CHCl,, cm™) 3034, 1701, 1620, 1512, 1485, 1454, 1441, 1396,

1344, 1310, 1260, 1198, 1161, 966. MS (EI): m/z = 355 (M*). HRMS (EI): m/z calcd for C,,H, NO,:
355.1572; found: 355.1579.

N n-Bu
mCOQEt
Ethyl 3-butylisoquinoline-2(1H)-carboxylate (54f). The reaction mixture was chromatographed
on silica gel [AcOEt-hexane (1:20)] to afford 54f as a yellow oil. 'H-NMR (CDCL,) & 7.20 (1H, td,
J=74,16Hz),7.16-7.12 (2H, m), 7.05 (1H,d,J = 6.9 Hz), 6.08 (1H, 5),4.71 (2H, s),4.18 (2H, q,
J=7.1Hz),2.68 2H,t,J=7.6 Hz), 1.54-1.50 (2H, m), 1.41-1.37 (2H, m), 1.28 (3H,t,J = 7.2 Hz),

093 (3H, t, J = 7.2 Hz). "C-NMR (CDCl;) & 153.81, 142.34, 13245, 131.31, 127.56, 126.58,
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124.79, 124.10, 114.94, 61.92, 48.04, 34.06, 30.65, 22.36, 14.49, 13.94. IR (CHCl,, cm™) 1697,
1632, 1464, 1456, 1443, 1402, 1379, 1342, 1186, 1117, 662. MS (EI): m/z = 259 (M*). HRMS (EI):
m/z caled for C,H, NO,: 259.1572; found: 259.1572.

N\COQBn
Benzyl 3-butylisoquinoline-2(1H)-carboxylate (54g).
The reaction mixture was chromatographed on silica gel [AcOEt-hexane (1:20)] to afford 54g as a
yellow oil. 'H-NMR (CDCL,) & 7.36-7.31 (5H, m), 7.22-7.11 (3H, m), 7.04 (1H, d, J = 6.9 Hz),
6.08 (1H,s),5.16 (2H,s),4.73 (2H, s), 2.63 (2H, br), 1.47-1.43 (2H, m), 1.30 (2H, br), 0.87 (3H, ¢,
J = 7.2 Hz). "C-NMR (CDCl,) 8 153.6, 142.2, 136.0, 132.4, 131.3, 128.5, 128.3, 128.2, 127.6,
126.7, 1248, 124.2, 1152, 67.8, 48.2, 340, 30.7, 22.3, 13.9. IR (CHCl,, cm™) 3009, 2959, 2930,

1697, 1634, 1456, 1398, 1344, 1281, 1238, 1184, 1117, 810. MS (EI): m/z = 321 (M"). HRMS (EI):
m/z calcd for C, H,,NO,: 321.1729; found: 321.1727.

0
_ }NH
o FZ
NH
ko

Bis-yne carbamate (57a). A solution of 55a (10 mg, 0.05 mmol), PhI(OAc)2 (16 mg, 0.05 mmol) in
1,2-dichlorobenzene (5 mL) was stirred at 130 °C for 5 h. 1,2-Dichlorobenzene was removed by
Vacﬁum distillation and the residue was purified by column chromatography on silica gel
[hexane-CHCI3 (1:10)] to afford 57a (6.2 mg, 62%) as a white solid; mp 217 °C (colorless prism
from CHCl,-hexane). 'H-NMR (CDCL,) 6 8.14 (1H, d, J = 8.2 Hz), 7.65 (1H, s), 7.34 (1H, dd, J =
7.6,14Hz),7.30 (1H,t,J =79 Hz),6.97 (1H,t,J=7.6 Hz),4.46 (2H,t,J =55 Hz),2.71 (2H,t,J
= 6.5 Hz), 2.05-2.00 (2H, m). C-NMR (CDCl,) & 153.02, 139.50, 130.95, 129.27, 122.39, 117.20,
111.61, 95.61, 77.34, 62.96, 26.75, 15.64. IR (CHCl,, cm™) 1732, 1601, 1582, 1522, 1454, 1308,
1236, 1198, 771, 746, 727. MS (EI): m/z = 402 (M*). HRMS (EI): m/z caled for C,;H,,N,O,:
402.1580; found: 402.1580.

H
(@) N

FZ g
2
HJLO Z

Bis-yne carbamate (57b). A solution of 55b (9.5 mg, 0.05 mmol), PhI(OAc), (16 mg, 0.05 mmol)
in 1,2-dichlorobenzene (1 mL) was stirred at 130 °C for 3 h. The reaction mixture was directly

chromatographed on silica gel [AcOEt-hexane-CHCI; (1:20:20)] to afford 57b (3.6 mg, 38%) as a
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white solid; mp 208-209 °C (colorless prism from CHCl,-hexane). 'H-NMR (CDCl,) § 8.25 (1H, d,
J=82Hz),7.79 (1H,s),7.35 (1H,dd, J = 7.6, 1.4 Hz), 7.33-7.30 (1H, m), 6.98 (1H,t,/ = 7.6 Hz),
442 (2H,t,J =5.5 Hz),291 (2H,t,J = 5.2 Hz). "C-NMR (CDCl,) & 152.7, 139.3, 131.2, 129 4,
1225, 1170, 111.2,94.1, 77.0, 63 4, 20.6. IR (CHCl,, cm™) 3389, 3036, 3009, 2965, 2928, 2359,
2342, 1734, 1582, 1533, 1518, 1458, 1339, 1308, 1242, 1067, 1042, 810. MS (EI): m/z = 374 (M").
HRMS (EI): m/z calcd for C,,H,{N,O,: 374.1267; found: 374.1263.
O
I
0
Bis-indole (60a). A solution of 55a (10 mg, 0.05 mmol), PhI(OAc), (16 mg, 0.05 mmol) in
1,2-dichlorobenzene (1 mL) was stirred at 130 °C. After stirring for 1 h, PtCl, (1.3 mg, 0.005 mmol)
was added and -the mixure was stirred for 1 h at 130 °C. The reaction mixture was directly
chromatographed on silica gel [AcOEt-hexane-CHCl, (1:20:20)] to afford 60a (4.7 mg, 47%) as a
white solid; mp 238-239 °C (colorless plate from CHCl,-hexane). 'H-NMR (CDCl,) 8 8.39 (1H, d,
J=82Hz),748 (1H,d,J=7.6 Hz), 731 (1H,td,J =7.6, 1.4 Hz), 7.24 (1H, t,J = 7.6 Hz), 645
(1H, s), 4.53 (2H, dd, J = 5.2 Hz), 3.27-3.24 (2H, m), 2.23-2.18 (2H, m). "C-NMR (CDCl,) §
151.78, 139.62, 137.60, 129.27, 124.16, 123.31, 119.79, 115.98, 109.55, 67.78, 30.48, 29.16. IR
(CHCL,, cm™) 3036, 3009, 1728, 1595, 1572, 1456, 1429, 1398, 1368, 1325, 1258, 1238, 1121,
1098, 1034, 812. MS (ED): m/z = 402 (M"). HRMS (EI): m/z calcd for C,,H,,N,0,: 402.1580; found:
402.1584.
o
N N
o)\of@
Bis-indole (60b). A solution of 55b (9.5 mg, 0.05 mmol), PhI(OAc), (16 mg, 0.05 mmol) in
1,2-dichlorobenzene (1 mL) was stirred at 130 °C. After stirring for 1.5 h, PtCl, (1.3 mg, 0.005
mmol) was added and the mixure was stirred for 4.5 h at 130 °C. The reaction mixture was directly
chromatographed on silica gel [AcOEt-hexane-CHCI, (1:20:20)] to afford 60b (4.2 mg, 45%) as a
white solid; mp 216-217 °C (colorless plate from CHCl;-hexane). "H-NMR (CDCL,) § 8.08 (1H, d,
J=8.1Hz),747 (1H,d,J=7.6 Hz),7.23 (1H,td,J=8.1,14 Hz),7.19 (1H,td, J = 7.6, 1.4 Hz),
6.51 (1H, s), 4.78 (2H, br), 3.55 (2H, br). "C-NMR (CDCL,) & 151.12, 137.62, 137.33, 128.80,
124.27, 123.08, 120.03, 115.28, 110.30, 67.60, 29.38. IR (CHCL,, cm™) 3688, 3034, 1736, 1601,
1566, 1456, 1427, 1395, 1329, 1196, 1121, 1098, 1013, 810. MS (EI): m/z = 374 (M"). HRMS (ED):
m/z calcd for C,,H(N,0,: 374.1267; found: 374.1258.
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Bis-indole (60c). A solution of 55¢ (19 mg, 0.08 mmol), PhI(OAc), (26 mg, 0.08 mmol) in
1,2-dichlorobenzene (1.6 mL) was stirred at 130 °C. After stirring for 1 h, PtCl, (2.1 mg, 0.008
mmol) was added and the mixure was stirred for 1 h at 130 °C. The reaction mixture was directly
chromatographed on silica gel [AcOEt-hexane-CHCl; (1:20:20)] to afford 60c (5.7 mg, 31%) as a
white solid. 'H-NMR (CDCl,) 6 8.00 (1H,d,/=2.1 Hz),7.34 (1H,d, /= 8.2 Hz), 6.88 (1H, dd,J =
8.2,2.1 Hz), 6.37 (1H, s), 4.52 (2H, t, J = 5.2 Hz), 3.89 (3H, 9), 323 (2H, dd, J = 10.7, 6.5 Hz),
2.22-2.17 (2H, m). "C-NMR (CDCl,) & 157.6, 152.0, 1.38.5, 138.3, 122.9, 120.1, 112.5, 109.3,
1004, 67.8, 55.7, 30.6, 29.2. IR (CHCl,, cm™) 2963, 1724, 1614, 1574, 1489, 1441, 1400, 1368,
1323, 1277, 1196, 1238, 1167, 1098, 1034, 918, 810. MS (EI): m/z = 462 (M"). HRMS (ED): m/z
caled for CygH,(N,Oy: 462.1791; found: 462.1784.
O

A T

e
Bis-indole (60d). A solution of 55d (19 mg, 0.08 mmol), PhI(OAc), (26 mg, 0.08 mmol) in
1,2-dichlorobenzene (1.6 mL) was stirred at 130 °C. After stirring for 1 h, PtClL, (2.1 mg, 0.008
mmol) was added and the mixure was stirred for 1 h at 130 °C. The reaction mixture was directly
chromatographed on silica gel [AcOEt-CHCl, (1:20)] to afford 60d (8.8 mg, 50%) as a white solid.
'H-NMR (CDCl,) 6 8.13 (1H, dd,J = 10.7,2.4 Hz), 7.38 (1H, dd, /= 8.2, 5.5 Hz), 7.00 (1H, td, J =
8.9,2.7 Hz), 643 (1H, s), 4.54 (2H, t,J = 5.2 Hz), 3.26-3.23 (2H, m), 2.26-2.17 (2H, m). "C-NMR
(CDCl,) & 160.0, 151.6, 139.9, 1254, 120.3, 120.2, 111.5, 111.3, 109.1, 103.7, 103.5, 99.9, 67.9,
304, 29.1. IR (CHCl,, cm™) 3690, 1730, 1601, 1483, 1439, 1398, 1368, 1325, 1267, 1238, 1196,
1115, 1094, 926. MS (EI): m/z = 438 (M"). HRMS (EI): m/z calcd for C,,H,F,N,0,: 438.1391;
found: 438.1391.

O

X /J—@

s
Bis-indole (60e). A solution of 55e (11 mg, 0.05 mmol), PhI(OAc), (16 mg, 0.05 mmol) in
1,2-dichlorobenzene (1 mL) was stirred at 130 °C. After stirring for 1 h, PtCl, (1.3 mg, 0.005 mmol)

F

was added and the mixure was stirred for 1 h at 130 °C. The reaction mixture was directly
chromatographed on silica gel [AcOEt-CHCI; (1:20)] to afford 60e (5.7 mg, 52%) as a white solid.
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'H-NMR (CDCL,) 8 8.33 (1H, dd, J = 9.6, 4.8 Hz), 7.13 (1H, dd, J = 8.9, 2.7 Hz), 7.02 (1H, td, J =
9.1,25 Hz), 642 (1H, 5), 454 (2H, t, J = 5.2 Hz), 3.27-3.24 (2H, m), 2.22 (2H, q, J = 9.2 Hz).
BC.NMR (CDCL,) & 158.8, 151.6, 1412, 133.8, 130.2, 130.1, 117.0, 117.0, 111.8, 111.6, 109.3,
109.3, 105.3, 67.9, 30.3, 29.2. IR (CHCL,, cm™) 3690, 1728, 1601, 1474, 1449, 1400, 1368, 1327,
1238, 1196, 1117, 1032, 810. MS (ED): m/z = 438 (M"). HRMS (EI): m/z caled for C,;H,F,N,O,:
438.1391; found: 438.1394.

Trimeric indole (61). White solid; mp 242°C (white plate from hexane-CHCL,). '"H-NMR (CDCI,)
6 8.14 (1H,d,J =82 Hz), 741 (1H, d, J = 7.6 Hz), 7.26-7.18 (2H, m), 6.39 (1H, s), 4.57 (2H, t, J
= 6.5 Hz), 3.19 (2H, t, J = 7.6 Hz), 2.28-2.23 (2H, m). "C-NMR (CDClL,) § 151.9, 140.1, 136.8,
129.2,1239,123.1,119.9,115.7, 108.3, 66.7, 28.3, 26 9. IR (CHCI,, cm™) 2926, 1730, 1456, 1400,
1325, 1198, 1119, 1094, 685. MS (EI): m/z = 603 (M"). HRMS (EI): m/z calcd for C,JH43N,Oq:
603.2369; found: 603.2374.

General procedure for tandem indole N-carboxyamide formation from 2-alkynylbenzamide.
A solution of 2-alkynylbenzamide 37a (0.05 mmol) and PhI(OAc), (0.06 mmol) in
1,2-dichlorobenzene (0.5 mL) was stirred at 70 °C for 2 h. Then, amine and PtCl, (0.005 mmol) was
added and the reaction mixture was stirred at the temperature listed in Table 8 and 9. The reaction

mixture was directly chromatographed on silica gel to afford the indole.

mn-Bu
N

O)’\NHBn

N-Benzyl-2-butyl-1H-indole-1-carboxamide (62a). White solid; mp 88—89 °C (white needle from
hexane-EtOAc). '"H-NMR (CDCL,) 8 7.55 (1H, d, J = 8.9 Hz), 749 (1H, dd, J = 6.5, 2.4 Hz), 7.41-
7.37 (4H, m), 7.34-7.31 (1H, m), 7.16-7.11 (2H, m), 6.34 (1H, s), 5.96 (1H, br), 4.67 (2H, d, J =
6.2 Hz), 2.96 (2H, t, J = 7.9 Hz), 1.69-1.64 (2H, m), 1.44-1.38 (2H, m), 0.93 (3H, t, J = 7.2 Hz).
PC-NMR (CDCly) 8 152.3, 142.0, 137.5, 1354, 129.3, 1290, 1280, 122.5, 121.7, 1203, 111.5,
104.5, 45.2, 31.0, 28.1, 22.5, 14.0. IR (CHCl;, cm™) 3034, 3008, 2959, 2932, 2872, 1705, 1510,
1454, 1381, 1300, 1196, 779, 719. MS (EI): m/z = 306 (M*). HRMS (EI): m/z calcd for C,,H,,N,O:
306.1732; found: 306.1740.
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N-Allyl-2-butyl-1H-indole-1-carb0xamide (62b). Yellow oil. 'H-NMR (CDCl,;) 6 7.61 (1H,d,J =
8.2 Hz),7.51 (1H,d, J = 6.9 Hz), 7.21-7.14 (2H, m), 6.35 (1H, s), 6.03-5.97 (1H, m), 5.74 (1H, br),
5.35-5.32 (1H, m), 5.27-5.25 (1H, m), 4.13 (2H, t,J = 5.8 Hz), 2.96 (2H, t, J = 7.6 Hz), 1.72-1.67
(2H, m), 1.46-1.40 (2H, m), 0.95 (3H, t, J = 7.2 Hz). "C-NMR (CDCl,) § 1522, 142.1, 1354,
133.5,129.3,122.4,121.7,120.4, 117.5,111.5, 104.4,43.5,31.0,28.1,22.5, 14.0. IR (CHCl;, cm™)
3445, 3389, 3009, 2961, 2930, 2874, 2862, 2359, 2340, 1709, 1670, 1607, 1585, 1518, 1454, 1381,
1300, 1238, 1175, 1105, 1074, 991, 810, 687. MS (EI): m/z = 256 (M"). HRMS (EI): m/z calcd for
C,sH,N,0: 256.1576; found: 256.1572. |

mn-Bu
N Ph

S~
e

2-Butyl-N-phenethyl-1H-indole-1-carboxamide (62c). Pale yellow solid. 'H-NMR (CDCL,) 8 7.46
(1H,d,J = 8.2 Hz), 7.36-7.33 (2H, m), 7.28-7.25 (3H, m), 7.22 (1H, d,J = 8.2 Hz), 7.10 (1H, t,/ =
7.6 Hz), 7.05 (1H,t,J = 7.6 Hz), 6.30 (1H, s), 5.64 (1H, br), 3.79 (2H, q,J = 64 Hz), 3.02 (2H, t,J
=69 Hz),2.89 2H,t,J = 7.6 Hz), 1.68-1.63 (2H, m), 1.43-1.37 (2H, m), 0.94 3H, t,J = 7.2 Hz).
BC-NMR (CDCl,) & 152.2, 141.9, 138.3, 135.3,129.1, 128.9, 128.8, 126.9, 122.23, 121.5, 120.12,
1115, 104.3, 42.0, 35.3, 30.9, 28.0, 22.5, 14.0. IR (CHCl,, cm™) 3435, 3036, 2959, 2932, 1705,
1508, 1454, 1381, 1302, 1238, 1194, 1128, 810, 691. MS (EI): m/z = 320 (M"). HRMS (EI): m/z
caled for C,,H,,N,0: 320.1889; found: 320.1831.

[ D—nBu

2-Butyl-N-cyclohexyl-1H-indole-1-carboxamide (62d). White solid. 'H-NMR (CDCl,) 8 7.57 (1H,
d,J=82Hz),7.50(1H,d,/J=7.6Hz),7.18 (1H,t,J=7.6 Hz),7.14 (1H,d, J =7.2 Hz), 6.33 (1H,
s),5.57 (1H, d, J = 7.6 Hz), 3.95-3.90 (1H, m), 2.95 (2H, t,J = 7.6 Hz), 2.15-2.13 (2H, m), 1.81-
1.77 (2H, m), 1.70-1.65 (3H, m), 1.49-1.39 (4H, m), 1.35-1.21 (3H, m), 0.94 3H, t, J = 7.2 Hz).
BC-NMR (CDCl,) & 151.3,141.9, 1354, 129.2, 122.3,121.5,120.3, 111.3, 104.0, 500, 33.2, 31.1,
280, 254, 24.8, 22.5, 13.9. IR (CHCl,, cm™) 3426, 3007, 2934, 2859, 1703, 1506, 1454, 1381,
1321, 1294, 1192, 1152, 1128. MS (EI): m/z = 298 (M"). HRMS (EI): m/z calcd for C,,H,N,O:
298.2045; found: 298.2038.

mn-Bu
N QOQMG
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(R)-Methyl 2-(2-butyl-1H-indole-1-carboxamido)-3-(methylthio)propanoate (62¢). Orange oil.
'H-NMR (CDCl,) 8 7.89 (1H,d, J = 82 Hz), 7.51 (1H,d, J = 7.6 Hz), 7.26-7.23 (1H, m), 7.18 (1H,
t,J =69 Hz), 6.57 (1H,d, J = 7.6 Hz), 6.37 (1H, s), 498 (1H, td, J = 6.0, 4.6 Hz), 3.84 (3H, s),
320 (1H,dd,J =144,4.6 Hz),3.10 (1H, dd, J = 144, 6.0 Hz),2.98 (2H,t,J = 7.6 Hz), 2.15 (3H,
s), 1.72-1.67 (2H, m), 1.46-1.40 (2H, m), 095 (3H, t, J = 7.2 Hz). *C-NMR (CDCL,) & 1712,
151.8,1420, 135.6,129.3,122.9,122.0,120.3, 112.2,105.2,52.9,36.5,31.0,28.2,22.5,16.2, 14.0.
IR (CHCl,, cm™) 3420, 3034, 3009, 2957, 2930, 2872, 1746, 1701, 1601, 1506, 1456, 1439, 1379,
1346, 1298, 1236, 1196, 1182, 1134, 1020, 833, 754. MS (EI): m/z = 348 (M"). HRMS (EI): m/z
caled for C,{H,,N,0,S: 348.1508; found: 348.1504.

n-Bu

o
NHCONE,

1,1-Diethyl-3-(2-(hex-1-ynyl)phenyl)urea (63). Pale yellow oil. 'H-NMR (CDCl,) § 8.26 (1H,d,J
=8.2 Hz), 741 (1H, br), 7.33 (1H, d, J = 7.6 Hz), 7.25 (1H, t,J = 8.2 Hz), 6.89 (1H,t,J = 7.6 Hz),
341 (4H,q,/=7.3Hz),247 (2H,t,J =7.2 Hz), 1.63-1.59 (2H, m), 1.51-1.45 (2H, m), 1.26 (6H, t,
J=172Hz),095 (3H,t,J =72 Hz). "C-NMR (CDCL,) & 154.1, 140.6, 131.3,128.9, 121.3, 117.9,
111.6,96.9,76.5,41.7,30.9,22.1,19.3, 13.8, 13.6. IR (CHCI,, cm™") 3412, 3007, 2967, 2934, 2874,
1659, 1580, 1524, 1520, 1489, 1447, 1400, 1383, 1364, 1304, 1261, 1163, 1098, 1080, 810, 671.
MS (EI): m/z =272 (M"). HRMS (EI): m/z calcd for C;H,,N,O: 272.1889; found: 272.1880.

mn-Bu

N
)\NHPh

0O

2-Butyl-N-phenyl-1H-indole-1-carboxamide (64a). White solid; mp 110-111 °C (white needle
from CHCI,). "H-NMR (CDCL,) & 7.64 (1H,d,J=7.6 Hz),7.57 2H,d,J=7.6 Hz),7.55 (1H,d, J
= 6.9 Hz), 746 (1H, br), 742 2H, t,J = 7.9 Hz), 7.24-7.18 (3H, m), 6 .41 (1H, s), 3.01 2H, t,J =
7.9 Hz),1.75-1.70 (2H, m), 1.47-1.41 (2H, m), 0.95 (3H, t,J = 7.2 Hz). >C-NMR (CDCl,)  149.5,
1422, 137.1, 1354, 1294, 1249, 122.8, 122.1, 120.6, 119.7, 111 4, 105.0, 31.0, 28.0, 22.5, 14.0.
IR (CHCL,, cm™) 3032, 3011, 2959, 2932, 2874, 1717, 1599, 1524, 1456, 1441, 1381, 1314, 1298,
1234, 1198, 808, 687. MS (EI): m/z = 292 (M*). HRMS (EI): m/z calcd for C,;H,,N,O: 292.1576;
found: 292.1582.

gty

|
2-Butyl-N-(2-iodophenyl)-1H-indole-1-carboxamide (64b). White solid; mp 104-108 °C (white
needle from hexane-EtOAc). 'H-NMR (CDCl,) 8 8.29 (1H, dd, J = 8.2, 1.4 Hz), 7.92 (1H, br), 7.86
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(2H,t,J =82 Hz),7.55 (1H,d,J =7.6 Hz), 7.45-7.42 (1H, m), 7.27-7.20 (2H, m), 6.92 (1H, td, J
=7.6,14 Hz), 644 (1H,s), 3.04 2H,t,J = 7.6 Hz), 1.77-1.72 (2H, m), 1.48-1.42 (2H, m), 0.96
(3H, t, J = 7.6 Hz). "C-NMR (CDCl,) & 149.6, 142.1, 139.3, 137.9, 1354, 129.5, 1294, 126.3,
122.9,122.3,121.4, 120.5, 112.3, 105.6, 89.5, 30.9, 28.3, 22.5, 14.0. IR (CHCl,, cm™) 3032, 1714,
1585, 1518, 1454, 1431, 1234, 1198, 808, 799, 768, 743. MS (EI): m/z = 418 (M"). HRMS (EI): m/z
calcd for C,gH,,IN,O: 418.0542; found: 418.0533.

Me

2-Butyl-N-o-tolyl-1H-indole-1-carboxamide (64c). Palev yellow solid. '"H-NMR (CDCl,) & 7.87
(1H,d,J=7.6Hz),7.74 (1H,d,J=8.2 Hz),7.55 (1H,d,J = 6.9 Hz), 7.32-7.15 (6H, m), 6.42 (1H,
$),3.02 (2H,t,J =7.9 Hz),2.34 (3H, s), 1.76-1.71 (2H, m), 1.47-1.41 (2H, m),0.95 3H,t,/=7.2
Hz). "C-NMR (CDCl;) & 1499, 1423, 1354, 135.1, 1309, 1294, 129.1, 127.1, 1256, 122.7,
122.5,122.0, 120.6, 111.4, 105.0, 31.0, 28.1, 22.5, 18.1, 13.9. IR (CHCl,, cm™) 3009, 2959, 2932,
2872, 1717, 1589, 1521, 1489, 1454, 1381, 1304, 1250, 1186, 1123, 764, 691. MS (EI): m/z = 306
(M*). HRMS (EI): m/z calcd for C,,H,,N,O: 306.1732; found: 306.1739.

mn-Bu
N /@/CN
N
0" H

2-Butyl-N-(4-cyanophenyl)-1H-indole-1-carboxamide (64d). Pale yellow solid. 'H-NMR
(CDClL,) 6 7.77 (1H, s), 7.70-7.66 (4H, m), 7.56 (2H, dd, J = 15.8, 7.6 Hz), 7.26-7.20 (2H, m), 6.42
(1H,s),298 (2H, t, J = 7.6 Hz), 1.73-1.68 (2H, m), 1.4741.41 (2H, m), 0.95 (3H, t, J = 7.2 Hz).
PC-NMR (CDCl,) & 149.2, 142.2, 141.3, 135.2, 133.5, 129.6, 123.1, 122.5, 120.8, 119.3, 118.6,
111.5, 107.6, 105.8, 30.8, 28.0, 22.5, 13.9. IR (CHCl,, cm™) 3410, 3036, 2961, 2932, 2874, 2228,
1721, 1609, 1589, 1564, 1520, 1514, 1456, 1408, 1377, 1317, 1300, 1240, 1194, 1179, 1119, 1074,
839, 687. MS (ED): m/z = 317 (M"). HRMS (EI): m/z calcd for C,,H,IN,O: 317.1528; found:
317.1536.
0O

PR

N” N
H H
fl f

n-Bu n-Bu
1,3-Bis(2-(hex-1-ynyl)phenyl)urea (67). White solid; mp 162-165 °C (white needle from

hexane-EtOAc). '"H-NMR (CDCl,) 6 8.05 (1H,d, J =82 Hz),7.38 (1H, d,J = 7.6 Hz), 7.30 (1H, t,

J =179 Hz),7.24 (1H, br), 7.00 (1H, t,J = 7.6 Hz), 2.39 (2H, t,J = 7.2 Hz), 1.58-1.53 (2H, m),

1.48-1.42 (2H, m), 0.94 (3H, t, J = 7.2 Hz). "C-NMR (CDCl;) & 152.0, 139.1, 132.0, 128.9, 123.0,
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119.5, 113.8, 97.7, 76.1, 30.8, 22.1, 19.3, 13.6. IR (CHCL,, cm™) 3391, 3007, 3961, 2934, 2874,
2862, 1690, 1605, 1580, 1518, 1317, 1300, 1194, 1105, 1042, 945. MS (ED): m/z = 372 (M").
HRMS (EI): m/z caled for C,sH,,N,O: 372.2202; found: 372.2200.

mn-Bu
N n-Bu

d>\NH Vi

2-Butyl-N-(2-(hex-1-ynyl)phenyl)-1H-indole-1-carboxamide (68). Yellow oil. 'H-NMR (CDCly)
68.55(1H,s),845 (1H,d,/=8.2 Hz),7.86 (1H,d,J=7.6 Hz),7.54 (1H, d,J = 6.9 Hz), 7.43 (1H,
dd,J=7.6,14Hz),7.37 (1H,t,J =79 Hz),7.22-7.17 (2H, m), 7.08 (1H,t,J = 7.6 Hz), 6.42 (1H,
$),3.06 (2H, t,J =79 Hz), 2.30 (2H,t,J =7.2 Hz), 1.77-1.72 (2H, m), 1.49-1.36 (4H, m), 1.29-
1.23 (2H, m), 0.96 3H, t, J = 7.2 Hz), 0.78 (3H, t, J = 7.2 Hz). "C-NMR (CDCl,) § 149.2, 142 4,
138.4,135.3,131.8,1294, 129.1, 123.6, 122.7,122.1, 1204, 118.3, 112.9, 111.8, 105.2,98.7,75.7,
30.9,30.4,28.2,22.5,22.0,19.3, 140, 134. IR (CHCl,, cm™) 3370, 3036, 3009, 2961, 2832, 2874,
2862, 2398, 1712, 1580, 1520, 1449, 1379, 1238, 1196, 1123, 928. MS (EI): m/z = 372 (M").
HRMS (EI): m/z caled for C,sH,4N,O: 372.2202; found: 372.2199.

mn-Bu
N

=0

N

Bis(2-butyl-1H-indol-1-yl)methanone (69). Yellow oil. 'H-NMR (CDCl,) § 7.49 (1H,d,J=7.6
Hz),7.13 (1H,t,J = 7.6 Hz), 6.99 (1H, t,J = 7.9 Hz), 6.70 (1H, d, J = 8.2 Hz), 6.52 (1H, s), 2.81—
2.69 (2H, m), 1.68-1.63 (2H, m), 1.37-1.33 (2H, m), 0.87 (3H, t, J = 7.6 Hz). *C-NMR (CDCL,) §
149.1, 141.8, 136.3, 129.3, 123.6, 122.9 , 120.1, 112.6, 107.9, 31.0, 27.5, 22.4, 13.7. IR (CHCL,,
cm™) 3078, 2961, 2932, 2874, 2862, 1707, 1568, 1520, 1454, 1379, 1335, 1302, 1196, 810. MS
(ED): m/z = 372 (M"). HRMS (EI): m/z calcd for C,sH,,N,O: 372.2202; found: 372.2200.

n-Bu

©\/
0
NJ\WCOZMe

H  Ppn,
Carbamoyl ylide (70). A solution of 2-alkynylbenzamide 37a (0.08 mmol) and PhI(OAc), (0.096
mmol) in 12-dichloroethane (04 mL) was stirred at 70 °C for 1 h. Then, methyl
(triphenylphosphoranylidene)acetate (0.096 mmol) was added and the reaction mixture was stirred

at 70 °C for 45 min. The reaction mixture was directly chromatographed on silica gel
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[AcOEt-hexane (1:3)] to afford 70 as a orange oil. 'H-NMR (CDCl,) & 11.39 (1H, s), 8.26 (1H, d, J
=89 Hz),7.72 (6H, dd,J = 12.4,7.6 Hz), 752 (3H,t,J = 7.2 Hz), 745 (6H, td, J = 7.6, 3.2 Hz),
7.32 (1H,d,J="7.6 Hz),7.05 (1H,t,J=7.9 Hz), 6.80 (1H, t, =176 Hz),3.10 (3H,s), 2.61 (2H, t,
J =72 Hz), 1.74-1.69 (2H, m), 1.54-1.48 (2H, m), 0.95 (3H, t, J = 7.2 Hz). "C-NMR (CDCL,) &
169.6, 169.55, 168.4, 168.3, 142.2, 133.4, 133.3, 131.6, 131.6, 131.4, 128.5, 128 4, 128.1, 127.7,
127.0, 120.8, 119.1, 1124, 97.1, 769, 57.8, 57.0, 49.2, 30.8, 22.2, 19.6, 13.8. IR (CHCl,, cm™)
3009, 1634, 1595, 1568, 1518, 1441, 1325, 1198, 1107. MS (EI): m/z = 533 (M"). HRMS (EI): m/z
caled for C;,H;,NO,P: 533.2120; found: 533.2124.

General procedure for tandem indole ylide formation from 2-alkynylbenzamide.

A solution of 2-alkynylbenzamide 37a (0.08 mmol) and PhI(OAc), (0.096 mmol) in
1,2-dichloroethane (0.4 mL) was stirred at 70 °C. After 1 h, phosphonium ylide (0.096 mmol) was
added and the reaction mixture was stirred at 70 °C for 20 min. Then, amine and PtCl, (0.008
mmol) was added and the reaction mixture was stirred at the temperature listed in Table 7. The

reaction mixture was directly chromatographed on silica gel to afford the indole.

n-Bu
COQMe

PPh;

Indole ylide (71a). Orange oil. 'H-NMR (CDCL,) § 7.87 (1H,d,J = 8.2 Hz), 7.82 (6H, dd, J = 12.7,
7.2 Hz), 7.59-7.49 (9H, m), 745 (1H,d,J=7.6 Hz), 7.11 (1H,t,J=7.6 Hz),7.05 (1H,t,J =72
Hz), 6.29 (1H, s), 3.07-3.02 (1H, m), 3.02 (3H, s), 2.94-2.89 (1H, m), 1.70-1.63 (2H, m), 1.37-
143 (2H, m), 0.92 (3H, t,J = 7.6 Hz). "C-NMR (CDCl,) § 167.6, 167.5, 167.1, 167.0, 142.1, 137 2,
133.6, 133.5, 1322, 132.2, 128.8, 128.7, 125.6, 125.0, 64 4, 63.6, 50.2, 309, 279, 225, 140. IR
(CHCI,, cm™) 3009, 1682, 1599, 1574, 1454, 1437, 1379, 1323, 1105. MS (EI): m/z = 533 (M").
HRMS (EI): m/z caled for C,,H;,NO,P: 533.2120; found: 533.2125.

n-Bu
COPh

PPhg

Indole ylide (71b). Brown solid. 'H-NMR (CDCl,) & 7.88 (1H, d, J = 8.2 Hz), 7.82~7.79 (6H, m),
7.58 3H,t,J =7.6 Hz),7.52-7.49 (6H, m), 7.13-7.05 (4H, m), 6.95 (2H, q,/ =7.3 Hz), 6.81 (2H, t,
J=69Hz),5.81(1H,s),2.99-2.94 (1H, m), 2.81-2.75 (1H, m), 1.64-1.54 (2H, m), 1.45-1.39 (2H,
m), 095 (3H, t,J = 7.2 Hz). "C-NMR (CDCl,)  192.8, 192.8, 167.2, 167.1, 141.6, 141.5, 141 4,
136.8, 133.8, 133.7, 132.2, 132.2, 1289, 1289, 1289, 128.8, 126.6, 126.3, 125.8, 125.2, 121.5,
120.7, 119.0, 113.4, 103.4, 79.0, 78.3, 30.3, 28.8, 22.7, 14.1. IR (CHCl,, cm™) 3063, 3007, 2959,
2932, 2872, 1624, 1584, 1551, 1539, 1483, 1454, 1439, 1319, 1238, 1194, 1163, 1105, 999, 908,
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856, 810. MS (ED): m/z = 579 (M"). HRMS (EI): m/z calcd for C,,H;,NO,P: 579.2327; found:
579.2330.

oy
~(

C_OMe

O 'Pph,

Indole ylide (71¢). Brown solid. 'H-NMR (CDCl,) & 8.07 (1H, d, J = 7.6 Hz), 7.73 (6H, dd, J =
12.4,7.6 Hz), 7.56-7.45 (10H, m), 7.16-7.10 (2H, m), 6.35 (1H, s), 3.04-2.89 (2H, m), 1.72-1.61
(2H, m), 1.58 (3H, s), 1.47-1.39 (2H, m), 0.93 (3H, t,J = 7.2 Hz). "C-NMR (CDCL,) § 193.1, 1930,
1662, 166.1, 141.9, 137.0, 133.4, 133.3, 132.0, 1319, 129.0, 128.8, 128.7, 1260, 125.3, 122.1,
121.2, 119.8, 112.6, 1044, 830, 82.3, 30.7, 28.2, 26.5, 26 4, 22.6, 14.0. IR (CHCl,, cm™) 3032,
3010, 2961, 2932, 2872, 1624, 1547, 1483, 1452, 1437, 1368, 1317, 1198, 1107, 1026, 928, 808.
MS (EI): m/z =517 (M"). HRMS (EI): m/z calcd for C;,H;,NO,P: 517.2171; found: 517.2174.

oo
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CN
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Indole ylide (71d). Brown solid. 'H-NMR (CDCl,) 8 7.79-7.76 (7TH, m), 7.67 (3H,dd, J = 8.2, 6.9
Hz),7.57 (6H,td,J=7.9,32Hz),747 (1H,d,J=7.6 Hz),7.21 (1H,t,J=7.2Hz),7.10 (1H,t,J =
6.9 Hz), 6.33(1H,s),2.95 (2H, t,J = 7.6 Hz), 1.69-1.64 (2H, m), 1.42-1.36 (2H, m), 0.92 (3H, t,J
= 7.2 Hz). "C-NMR (CDCl,) 8 168.9, 168.8, 141.6, 135.9, 133.8, 133.7, 133.5, 133.5, 1294, 129.3,
128.8, 1229, 1222, 121.8, 120.8, 120.1, 120.0, 119.7, 112.5, 104.1, 45.5, 44.6, 31.3, 27.7, 22.6,
13.9. IR (CHCI;, cm™) 3063, 3007, 2959, 2932, 2872, 2183, 1610, 1582, 1485, 1454, 1439, 1379,
1329, 1194, 1109, 908. MS (EI): m/z = 500 (M"). HRMS (EI): m/z calcd for C;;H,,N,OP: 500.2018;
found: 500.2007.
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Representation of energy minimized structure, cartesian coordinates and computed total
energy for compound 59.

All calculations were performed using Spartan '06 (Ver. 1.0.1 for Mac) on a quad-core Intel Xeon
(2 x 3.2 GHz) running Mac OS 10.5.4. Equilibrium geometry of 59 was calculated by subjection of
conformers that were located MMFF94s to geometry optimization at B3LYP/6-31G*. Computed
total energy was -1338.171556 au where 1 au = 2625 kJ/mol = 627.5 kcal/mol = 27.21 eV.

Cartesian coordinates for compound 59

Coordinates (Angstroms) Coordinates (Angstroms)
X Y Z No. ATOM X Y Z

z
=

ATOM

1 H -0.859964 | -4.793369 | -0.902366 27 o -2.820794 1.116659 | -2.368323
2 Cc -1.499679 | -3.957659 | -1.170284 28 o -0.645167 1.793529 | -2.179447
3 C -3.115268 | -1.778299 | -1.862445 29 C -1.015395 3.144174 | -2.520406
4 C -0.913259 | -2.689891 | -1.326470 30 H -0.109213 3.557846 | -2.973837
5 C -2.868055 | -4.142887 | -1.354006 31 H -1.813692 3.118474 | -3.267409
6 C -3.667757 | -3.049842 | -1.699887 32 C -1.443878 3975773 | -1.314509
7 C -1.739816 | -1.586470 | -1.677342 33 H -2.397767 3.605902 | -0.924118
8 H -3.304557 | -5.129932 | -1.229845 34 H -1.623636 4.993086 | -1.688216
9 H -4.736552 | -3.181145 | -1.848054 35 C -0.398914 4052886 | -0.172975
10 H -3.735002 | -0.932943 | -2.131271 36 H 0.612354 4.137324 | -0.595106
11 C 0491146 | -2.498210 | -1.137434 37 H -0.567816 4978017 0.395929
12 @ 1.677189 | -2.275227 | -0.982820 38 C -0.448090 2.932319 0.767974
13 C 3.100552 | -1.984287 | -0.801108 39 C -0.536741 2.040541 1.588674
14 H 3.697910 | -2.842001 -1.141938 40 C -0.667805 1.009614 2.565189
15 H 3322462 | -1.861821 0.266985 41 C -0.942305 | -0.997481 4.527616
16 C 3.551231 -0.713320 | -1.554177 42 c 0472311 0.396141 3.143133
17 H 2.890928 0.123175 | -1.286908 43 C -1.939576 0.581236 2.992699
18 H 3.442993 | -0.867046 | -2.636504 44 C -2.078361 | -0.410952 3.960125
19 (& 5.000668 | -0.326947 | -1.245743 45 C 0.328071 | -0.593700 4.120722
20 H 5.290004 0.535078 | -1.866194 46 H -2.816265 1.042866 2.548509
21 H 5.678064 | -1.152295 | -1.493882 47 H -3.070838 | -0.725311 4.270532
22 o 5228569 | -0.054369 0.134172 48 H 1221829 | -1.039172 4.546461
23 H 4721688 0.735418 0.389854 49 H -1.043664 | -1.770666 5.284105
24 N -1.103910 | -0.343831 | -1.823638 50 N 1.762334 0.757367 2.763384
25 H -0.101903 | -0.346119 | -1.664888 51 C 2.409425 1.388524 1.970173
C O

-1.648501 0.869747 | -2.141696 52 3.183006 1.942464 1.262816

e}
=)}

O-H

| 2.142 A

NTT91)s N=c=0
o

59
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Crystal Data and Structure Refinement for Compounds 54¢, 57a, 60a and 61.

parameter S54c S57a 60a 61
empirical formula C,3HsNO, (CuH;N,Oy) x 2 | CyyHpN, O, Cy6H33N5040.5(C,Cly)
formula weight 34141 201.22x2 40245 651.14
crystal system orthorhombic monoclinié ‘monoclinic monoclinic
space group Pbca P21/c P21/a P21/n
temperature (K) 296.1 296.1 296.1 293.1
a(A) 14.106(16) 9.867(8) 15.149(12) 13.709(18)
b (A) 15.139(11) 8.666(6) 5.442(6) 15.467(16)
c(A) 16.168(13) 11.827(12) 24.33(2) 16.491(19)
o (deg) 90 90 90 90
B (deg) 90 94.43(4) 99.70(3) 109.67(4)
y (deg) 90 90 90 90
V(A% 3453(5) 1008.2(15) 1977(3) 3293(7)
Z, Deyeg Mg m™) 8,1.314 4,1.326 4,1352 4,1313

‘| w (mm™) 0.084 0.091 0.093 0.167
reflections collected/unique | 31463/3946 9637/2293 17912/4457 29964/7503
unique reflections I > 20(l) | 10151 1290 5536 9670
R 0.066 0.022 0.067 0.044
wR, indices (all data) 0.0433 0.0689 0.0471 0.0644
R-factor (%) 3.59 496 3.61 5.06
CCDC deposit no. 745937 745938 745939 770817
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B BT HERDEL

General procedure for one-pot synthesis of compound 91 under microwave irradiation.

A solution of 2-bromobenzaldehyde (0.5 mmol), alkyne (0.55 mmol), o-phenylenediamine (0.55
mmol), Pd(OAc), (0.01 mmol), and Bu,NOAc (1.0 mmol) in DMF (100 ul) was heated to 120 °C in
a sealed tube in a microwave reactor (200 W) for 30 min. H,O was added to the reaction mixture
and extracted with AcOEt (three times). The cofnbined organic solution was washed with the
saturated NaCl solution, dried over anhydrous Na,SO,, and concentrated at the reduced pressure.
The crude product was purified by flash chromatography on silica gel, eluting with hexane : ethyl

acetate (8 : 1) to give compound 91.
O

N
&\Q/Me

Me
9,10-Dimethylbenzimidazo[2,1-alisoquinoline (91b). Pale yellow needles; mp 183-184 °C. 'H
NMR (CDCL,) 6 8.80 (1H, d, J = 6.9 Hz), 8.09 (1H, d, J = 6.9 Hz), 7.76-7.57 (SH, m), 7.03 (1H, d,
J=6.9Hz),247 (3H,s),2.46 (3H, s). "C NMR (CDCL,) § 146.4,141.9,141.8,134.1,131.4,131 4,
1297, 1284, 128.1, 127.0, 124.9, 123.5,121.4,119.6, 111.1, 109.9, 20.7. MS (EI): m/z = 246 (M",
100). HRMS (EI): m/z caled for C,;H ,N,: 246.1157; found: 246.1161.

N n-Bu

N

,\\I\QMe
Me
6-n-Butyl-9,10-dimethylbenzimidazo[2,1-alisoquinoline (91e). Pale yellow needles; mp 165-
166 °C. '"H NMR (CDCl,) 6 8.79 (1H, d, J = 7.6 Hz), 7.79 (1H, s), 7.75 (1H, s), 7.62 (3H, m), 6.76
(1H,s), 3.31 (2H, t,J = 7.6 Hz), 2.47 (3H, s), 2.39 (3H, s), 1.91-1.87 (2H, m), 1.64-1.59 (2H, m),
1.06 (3H, t,J = 7.6 Hz). "C NMR (CDCL,) 8 147.6, 138.9, 133.7, 131.6, 131.2, 129.8, 128.9, 127 2,
125.9,1249,121.9,119.5,114.4,109.7,33.1,29.5,22.4,21.1,20.4, 14.0. MS (EI): m/z = 302 (M",

100). HRMS (EI): m/z caled for C,H,,N,: 302.1783; found: 302.1790.

\Ph

[\\I\QMG
Me
6-Phenyl-9,10-dimethylbenzimidazo[2,1-alisoquinoline (91f). Pale yellow needles; mp 228-
229 °C.'H NMR (CDCl,) 6 8.84 (1H, q, J = 8.9 Hz), 7.73-7.58 (9H, m), 6.86 (1H, s), 6.20 (1H, s),
2.37 (3H, s), 2.13 (3H, s). "C NMR (CDCL,) d 147.6, 142.8, 137.4, 134.8, 133.3, 131.3, 130.3,
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129.7,129.7, 1294, 129.1, 128.8, 127.7, 126.5, 1249, 123.0, 119.5, 114.2, 112.0, 20.7, 20.4. MS
(ED): m/z =322 (M, 100). HRMS (EI): m/z calcd for C;;H (N,: 322.1470; found: 322.1477.

N p-Tol
N
-0

N

6-p-Tolylbenzimidazo[2,1-alisoquinoline (91g). Pale yellow needles; mp 148-149 °C. 'H NMR
(CDCL,) 6 8.88 (1H,d, J =89 Hz), 798 (1H,d, J = 8.2 Hz), 7.71-7.66 (3H, m), 7.48 2H, d, J =
8.2 Hz),7.39 3H,dd,J=72,58 Hz), 7.02 (1H, t,J = 7.9 Hz), 6.88 (1H, s), 6.56 (1H,d,J = 8.2
Hz),2.54 (3H, s). "C NMR (CDCl;) § 148.3,144.2,139.9, 137.6, 131.7, 131.6, 130.0, 129.6, 129.2,
127.7, 126.6, 1250, 124.1, 122.8, 121.1, 119.6, 1142, 112.5., 21.5. MS (EI): m/z = 308 (M", 100).
HRMS (EI): m/z caled for C,,H,(N,: 308.1313; found: 308.1318.

Me Ph

3-Methyl-6-phenylbenzimidazo[2,1-alisoquinoline (91h). Pale yellow needles; mp 197-198 °C.
'H NMR (CDCl,) 8 8.77 (1H,d,J =82 Hz),7.96 (1H,d, J= 8.2 Hz),7.63 (1H, dd, J = 6.6, 2 .4 Hz),
7.61-7.59 (4H, m), 7.52-7.50 (2H, m), 7.37 (1H, t,J = 7.6 Hz), 6.98 (1H, dd, j: 8.2,6.9 Hz), 6.85
(IH, s), 647 (1H, d, J = 8.2 Hz), 2.55 (3H, s). *C NMR (CDCl,) § 148.4, 1442, 1404, 137 4,
134.7, 131.7, 130.6, 129.8, 129.5, 1294, 1289, 1264, 1250, 1240, 121.0, 120.5, 119.5, 1140,
112.4,21.8. MS (EI): m/z = 308 (M", 100). HRMS (EI): m/z calcd for C,,H,N,: 308.1313; found:

308.1322.
Me N Ph
N
N Me

Me
3,9,10-Trimethyl-6-phenylbenzimidazo[2,1-alisoquinoline (91i). Pale yellow needles; mp 245-
246 °C. 'H NMR (CDCl,) 6 8.72 (1H, d, J = 8.9 Hz), 7.70 (1H, s), 7.71-7.62 (1H, m), 7.61-7.57
(4H,m), 748 (1H,s), 747 (1H,d, J = 8.9 Hz), 6.80 (1H, s), 6.18 (1H, s), 2.53 (3H, s), 2.36 (3H, s),
2.12 (3H, s). "C NMR (CDClL,) & 147.8, 142.8, 140.0, 1374, 134.8, 1332, 131.5, 130.0, 1296,
1294, 1293, 129.0, 128.8, 126.3, 124.8, 120.6, 119.3, 114.1, 111.9, 21.8, 20.7, 20 4. MS (EI): m/z
=336 (M", 100). HRMS (EI): m/z calcd for C,,H,,N,: 336.1626; found: 336.1626.

78



2-Fluoro-6-phenylbenzimidazo[2,1-alisoquinoline (91j). Pale yéllow needles; mp 186187 °C. 'H
NMR (CDCL,) 4 8.53 (1H,d,J =93 Hz),7.98 (1H,d,J = 82 Hz),7.71 (1H, dd, J = 4.6 Hz), 7.66-
7.63 (1H, m), 7.62-7.58 (4H, m), 7.42-7.39 (2H, m), 7.02 (1H, t,J = 7.6 Hz), 6.89 (1H, s), 6.49
(1, d, J = 8.9 Hz). ®C NMR (CDCL,) & 162.8, 161.1, 147.5, 1474, 144.1, 136.8, 134.4, 130.7,
130.0, 1294, 129.0, 128.9, 128.1, 124.5, 1244, 121.6, 119.8, 1189, 118.7, 114.2, 111.8, 110.5,
110.4. MS (ED): m/z = 312 (M*, 100). HRMS (EI): m/z calcd for C, H3N,F: 312.1063; found:
312.1062. |

11,12-Dimethyl-8-phenylbenzimidazo[2,1-a]benzo[flisoquinoline (91Kk). Pale yellow needles; mp
287-288 °C. 'H NMR (CDCl,) 4 8.87 (1H, d,J = 8.9 Hz),8.52 (1H,d, /= 7.6 Hz),8.04 (1H,d, J =
8.2 Hz),7.99 (1H, d,J = 6.9 Hz), 7.77 (1H, s), 7.71-7.63 (8H, m), 6.31 (1H, s), 2.39 (3H, s), 2.15
(3H, s). °C NMR (CDCl,) & 148.1, 143.3, 138 0, 135.1, 133.8, 133.7, 130.1, 129.9, 129.5, 1290,
128.9, 128.8, 1284, 128.3,127.3, 1270, 123.2, 122.2, 120.6, 119.5, 114.3, 107.5, 20.7, 20.5. MS
(ED): m/z =372 (M*, 100). HRMS (EI): m/z calcd for C,;H,(N,: 372.1627; found: 372.1624.

6-Phenylbenzimidazo[2,1-f][1,6lnaphthyridine (911). Pale yellow needles; mp 227-228 °C. 'H
NMR (CDCly) 8 9.14 (1H, d,J = 8.2 Hz), 8.98 (1H, d,J = 6.2 Hz), 7.99 (1H, d, J = 8.2 Hz), 7.69-
7.58 (6H, m), 7.46~7.40 (1H,m), 7.18 (1H, s), 7.05 (1H, t,J = 7.9 Hz), 6.50 (1H,d, J = 8.2 Hz). °C
NMR (CDCL,) 8 152.5, 148.6, 1474, 1444, 1413, 134.0, 132.8, 130.5, 130.3, 130.2, 129.1, 128.9,
124.6,122.5,1219,121.9,119.8, 1190, 114.2, 113.9. MS (ED): m/z = 295 (M", 100). HRMS (EI):
m/z calcd for C,oH;N;: 295.1109; found: 295.1100.
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5-Phenylbenzimidazo[1,2-a]thieno[2,3-c]pyridine (91m). Pale yellow needles; mp 208-209 °C.
'HNMR (CDCl,) 8 7.94 (1H, d, J = 8.2 Hz), 7.70 (1H, d, J = 4.8 Hz), 7.66-7.57 (5H, m), 7.40 (1H,
d,/J=48Hz),7.38 (1H,d,J=82Hz),7.05 (1H,s), 697 (1H,t,J = 8.2 Hz), 6.49 (1H,d, J = 8.2
Hz).”C NMR (CDCl,) & 145.8, 144.7, 138.7, 137.7, 134.6, 130.2, 130.0, 129.9, 129.4, 129.0, 125.9,
124.6, 124.5,120.7, 119.5, 114.3, 108.7. MS (EI): m/z = 300 (M*, 100). HRMS (EI): m/z calcd for
C,oH,,N,S: 300.0722; found: 300.0728.
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KFRICERL, RAERELQEES, HEEZzBOF U, KEH B BRICEA TR
IS VESCHE

RIRICE L CEYIREES, #H5HmeE U TEER U, KK RIEB 8%, K —8F &
IR, ERAAK BT B tE Bl BPFIORRHFHLUET.

KMFRDREIEICH2D, REBROEEEZHD, MEDHHICODVWTERBHBIEZRS
FUTe, LEEBRXZFERPEERELEZRE YA BT BRICDLDEHBLET.

RBXDBEEICHID, BRBEHBEZREES R U, AH X 2R, It & #E, 0
R BE EHIRICORCBR#ABLE T

REWXDIERICE U TERRBEERZ UTIHEX U, BLUVRIEERIEERAREDE
RICRAHEL F7.

REICERL THWMANREX Ule, LEEBRKZPEZTERELZHEDERICRAEL
X9

X ERBERAZT > TTeWE U, REERREZERZMYECIEHRE =K =
Gl %ﬂ%, F ORIE BhEUICREHEUET.

BEMMTZT>TTeWE U, BERERFELRFAHEE A B SR
£

c

ESCH
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