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e
SmeEL 12-7 3 — R ¥ UL RSB AEEZR 3 Uik~ Y 7 A (Smly) 1 (Scheme 1),
FEODIN—EFEILHITH Y, TSR, SR TORECTHISHEITT 2R 8 EH LT
Wb, 1

Sm + ICH,CH,l Sml, + H,C=CH,
THF, 1t
1 2 3 4

Scheme 1.1

SMlp 1T FRREF R EOA~T v Fio L HRERE < IRINT BN FIZ L > TEDRIL % 2
YRR—ATHIENTED, 2 S BITEDIA RRME, REIRA T, @B & ORH%
NG LCL SRS HITE SN TeAL B OERR EI2 b Z < AN LTV D, 2Sml; & AV 5 KOS
I%. 1) Barbier fJ)i&s (Scheme 2)* <2 pinacol B/ )itz 5 72 & D IRF-IRFBAEETERIIGE L 2) TI R
R, S =RTL T T H (Scheme 3), & = b OEREEIRAIESTCUNICKAIE NS,

1) Barbier i

OH
H
CHO H
Sml,, HMPA
-
i THF, 1t 2
5 6
Scheme 2.4

2) BEREAEIRAYIE TS

/©/\CN Sm|2, Et3N, Hzo /@/\/NHZ
Br THF, rt Br

7 8
(83%)

Scheme 3.8

AT IR T, SUHFREOEIE ST, SmhZHWTHF /LT P HLFE (Scheme 410 7 = =)L
FUNNFEYN BRESE, FERE T VANVZERRE LT FHNARKGIZ L 5 A e R{IbaY
DEMEHRE LTV D,

—JF, TR T UINZEERE UTHER T2 2 EMbLNA T %, Hatem O I3 AR A 33K
WKV RAESEZT I NVOSFHNARKIGIC L DEREOEREZHE L TWDH (Scheme 5),
RV ETVANVZRERE UTHRE LIERISIERE D720, 1314



OH
MeO,C o Sml,, HMPA
> MeOZC \
i-PrOH, THF, 0 °C

9 10
(93%)

M602C\©\/\)O\Sm|2

Scheme 4.10

Rl
R2 BUgan AIBN
_N'N_ R3 c- hexane reflux
CS,Me
11 12 13

Scheme 5.12

BERETHHA ¥ =V ERBIIRARDCARMIZE S FEL, EIERM, BIEOIEMERIUCME
IEGEO—HE LTRIHEIN T A EHAE LD 2L 2D OREN G RIEORRBITEE
MEO—>TH D (Figure 1), ZHE TITEZE < OARRIENHAE SN TWDH A, 16 REalE, sRiEi
PE. INEGE, RRERIOSISKEM 2 2 ET 2 b ORKETH Y | %E'H%EF'EE LRI S USRS Y
TTA v F—VFHEEKRESD HIET < #E)TH D (Scheme 6), !

HN COOH
H
\ NN \
OH
N N
H o H
panobinostat indole-3-propanoic acid
Figure 1.



SR H
TI/H BU3SHH, Et3B N
- )R
R' toluene, rt
<45 min R'
14 15
(36-94%)
R R

Y

N Pd (OAc),, EtsN N
[::I;ITQ§ n-BuyNCl, DMF [::I:{?
- o ~
rt-80 °C, 1~2 day 17
Scheme 6.16 (81-97%)

FHEIZ, TV—ATGUHINET LoDy 7 ) 7 RIGRENEFIR U R ERIE RSN TE
LAERNT & W R NI R D BSOS OB ITE L FRIICEHE TH D Z &b,
SMLICKVRAESELET V=T IHNDT Lo e T I NIVERIKE LA v R— VBRI
JRDBAZEIZE T LT (Scheme 7. 5 —3=—5 ),

R? p
Sml,, additive

P /
RﬁE::[\ THF, 0 °C 7/

Scheme 7.

Fio, TEE T NFT e A K7 @ phenanthridinone #%E /& (nalciclasine. lycorine) 73,

BOHLOERT 4 AT 2HUESEEDE & L CHER 20T\ % (Figure 2), Y7
@)
NH OH

nalciclasine lycorine

Figure 2.

FEDT=D, phenanthrldlnone FHEIR ORI B LRI EEREO—>TH D, S
EDHE BT, BT A B rBRAEEMDOERMTFEOEIZ, BI/ERM & L T phenanthridinone &
EAT HILEMBI LN 2 & 2#E LT\ 5 (Scheme 8)0



Me

o)
Me O Me Me N'Me 0 )
N Smly, HMPA Me H D—N
> +
D i-PrOH, THF, —35 °C ‘ O Q Q
| H
19 20

18

(89%) (6%)
Scheme 8.

7 2T, #F1T pyrrolophenanthridinone Bk & ZhRHYICHES T B 72 O D USRI OER IZEF
L7, Flo, RFEEROEMIZIEM L7z (Scheme 9. % =),

R2 R2
Q 0
N
1{)}'\] Sml,, additive
R
1

' THF, 0 °C R Q Q

Scheme 9.



AT LM E T elc =T

HEIEIZB 9 DI
Ac: acetyl

Bn: benzyl

Boc: t-butoxycarbonyl
Bu: butyl

Et: ethyl

i-Pr: i-propyl

Me: methyl

Ph: phenyl

Py: pyridyl

s-Bu: s-butyl

TBS: t-butyldimethylsilyl
t-Bu: t-butyl

Tf: trifluoromethanesulfonyl
THP: tetrahydropyranyl
TMS: trimethylsilyl

Ts: p-toluenesulfonyl

Wi, REKICBT A

AIBN: 2,2’-azobisisobutyronitrile

9-BBN: 9-borabicyclo[3.3.1]nonane

DMP: Dess-Martin periodinane

DABCO: 1,4-diazabicyclo[2.2.2]octane

DDQ: 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DMAP: N,N-dimethyl-4-aminopyridine

DMF: N,N-dimethylformamide

DMPU: 1.3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
DMSO: dimethyl sulfoxide

dppf: 1,1’-bis(diphenylphosphino)ferrocene

EDCI: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
HMPA: N,N,N’,N’, N, N ”-hexamethylphosphoric triamide
HOBt: 1-hydroxybenzotriazole

LDA: lithium diisopropylamide

NBS: N-bromosuccinimide

TFA: trifluoroacetic acid



THEF: tetrahydrofuran
TMEDA: N,N,N’,N -tetramethylethylenediamine

Z DAt DOWE 5

El: electron ionization

FAB: fast atom bombartment

HIV: human immunodeficiency virus
HRMS: high-resolution mass spectrometry
HT: hydroxytryptamine

IR: infrared

LO: lipoxygenase

MS: mass spectrometry

NMR: nuclear magnetic resonance
rt: room temparature

TLC: thin layer chromatography



W T LU ETIUNNZRIEE LA v R— VBT 0 B 3
A v R LHEROSRRE

INFETIZEL DA v R— L ARRIENBF SN TE Y, 8 Larock, !° Gastro, # Gelpke, %' Ma
(Scheme 10), % Fuwa ?® & @, 2-iodoaniline FHE R HE BB L HWTA » F— VR ZEET 5
T, BLUDIZEKA NV T7FAuFre Y REAWS T U VBERIG: ED3 & 5 (Scheme 11),
2 U L7RIN D, e GE. HVESRIE, BIRFE DD @ICR e A RIEIXIZ & A 720,

Ma 512 K 2 it

NHTs Ts
Et,Zn (20 mol%) N
2 > Y R
R \\ o toluene, reflux R2
21 22
(82-98%)

Scheme 10.22

Sz K D WmE

H
@[I\i Bu;SnH, AIBN N
- Y
2SR CH4CN, 100 °C
R
23 24
(44-91%)

R = CO,Me, OTHP, Ph, t-Bu etc.
Scheme 11.%4

IR HIE, Smly Z JHWTZREF RS T 7 P AVBISIZ K 2 AV R BRI ZB%E L TR |
FEENT VOINVZHREE LTERTHL Z E AL LTS (Scheme 8), 1

—Ji. Smly ZHWET L &R T AN ZEEE LI IRERERUCEMIE S DL d D08
(Scheme 12), 3 ZFEHDFHATBR Y CIIER BRI SIS OHREBNL /20,

0 HO
(0] Sm|2 ~"
Vo H,0, THF, 1t /R

R HO ~
25 26

R! = Ph, Me, Et (68-98%)

Scheme 12.13



ZDX DR ENOEFIL, PIESME TR 2SR TER ATEEZ: SmI IZE B L. Smip 12 LV %
EXRTETIV—NTOINDT Ve T P NNSZRIRE LToA v R— VBTG DB AE
F LI

B ROSHEE OB

ZOEICBWTIE, FEmE L ELEE TICHWA T L ALE DO BRI OWTIRR S,
FPREILIZ Ac B2 HTHHEEZ B LT, STHRO FIEIHENA R LT T /L3 R 2725 25
EALEE LT L AR 28 ~ L 72 (Scheme 13),

Ac Ac
N_Z  tBuoK N_~
_ >
[i:I;I THF, 0 °C [::I;I
27 28
(49%)
Scheme 13.

WIZHHER LICEBILZ AT 2 EZ G LT, STRO FIEIZTEWNE R LT LB 29% % 7'm
POV AR, AR LR L 7 L2 3la-g -~ &L 72 (Scheme 14),

I|30c I|30c P ||30C
R—r - T R~ 7 R
N 2N 7N

29a: R = 4-OMe 30a: R =4-OMe (88%) 31a: R=4-OMe (84%)
29b: R = 4-Me 30b: R = 4-Me (88%) 31b: R = 4-Me (92%)
29c: R =4-Cl 30c: R =4-ClI (83%) 31c: R=4-Cl (91%)
29d: R = 4-CO,Me 30d: R = 4-CO,Me (95%) 31d: R = 4-CO,Me (47%)
29e: R = 6-OMe 30e: R =6-OMe  (99%) 31e: R=6-OMe  (86%)
29f: R = 5-OMe 30f: R =5-OMe  (89%) 31f: R = 5-OMe (85%)
29g: R = 3-OMe 30g: R =3-OMe (97%) 31g: R=3-OMe (quant.)

Reagents and conditions: a) 3-bromo-1-propyne, NaH, THF:DMF (5:1), 0 °C; b) t-BuOK, THF, 0 °C.
Scheme 14.



FHERET XL EY DU E L2 34a-b, 37a-b b [AEEIC L CTA L 7= (Scheme 15),
27

, o Boc Boc
SONEN G ¢ g N
—_— _ —_—

X X X
R R R
32a: R = 1 33a: R =1-1 (78%) 34a: R = 1-1 (87%)
32b: R = 3-I 33b: R = 3-1 (92%) 34b: R = 3-1 (83%)

Reagents and conditions: a) 3-bromo-1-propyne, NaH, THF:DMF (5:1), 0 °C; b) t-BuOK, THF, 0 °C.

Scheme 15.
l|30c I|3oc P I|30c
(Y\ N‘H a (Y\ N\// b (Y\ N\///
X =z | O~ | Xz |
35a: X =N, Y =CH 36a: X = N, Y = CH (63%) 37a: X = N, Y = CH (80%)
35b: X=CH,Y=N 36b: X = CH, Y = N (91%) 37b: X = CH, Y = N (86%)
Reagents and conditions: a) 3-bromo-1-propyne, NaH, THF:DMF (5:1), 0 °C; b) t-BuOK, THF, 0 °C.
Scheme 16.

NUBUBR B ATF AT I FEEHT 266 40 12, 30d 72 HFEE L72 (Scheme 17),

Boc P Boc Boc
N\// a N\/// b \/
— B J@(
MeO,C ' HO,C | Me,NOC |
30d 38 (88%) 39 (63%)
I|300
¢ N\/
— X
Me,NOC |
40 (87%)

Reagents and conditions: a) 1N NaOH ag., EtOH, rt; b) Me;NH<HCI, EDCI, HOBt, EtsN, DMF, rt;
¢) t-BuOK, THF, 0 °C.
Scheme 17.



T Ly EOBBENNRIZEZ DA ATODOEEL LT, T aFk <Ll
LT 4 AZ ML EBRILE BT 282Gk Lz,

SCERDTTIEIZ > TER LT LUK 412 o7 m o~ Lol 7 v b oAktg, KEFH 42
EAEL L, T L AR 43a-d 24572 (Scheme 18),

I|30c IBOC
o —— Y
I | R
41 42a: RX = BnBr 43a: R = Bn (22%)
42b: RX = TMSCI 43b: R = TMS (61%)
42c: RX = allyl bromide 43c: R = allyl (55%)

Reagents and conditions: a) LDA, HMPA, -78 °C then RX, -78 °C to rt.
Scheme 18.

WIZT VDT 4 AN ERIEZ G T DG AT 13, ER L7 e X L7 a3 K45 %
FHvN Scheme 14 & [FIBRD FEIZ L W AR L7 (Scheme 19),

Boc Boc R Boc
NH a N\/é/ b N~ R
> —_—
L L L
44 45a: MeC=CCH,Br 46a: R =Me (quant.) 47a: R =Me (45%)
45b: -BUC=CCH,Br 46b: R = {-Bu (57%) 47b: R = -Bu (71%)
45c: PhC=CCH,Br 46c: R =Ph (66%) 47c: R =Ph (45%)

Reagents and conditions: a) 45, NaH, THF:DMF (5:1), 0 °C; b) t-BuOK, THF, 0 °C.
Scheme 19.

10



FH OSSR OIRER

FT. PSR TR RS T TR SM IC KV BAESETLET V=L T P INDT L&
TIUANZFIRE UlcA o R—)VERETE RS O Fcii 72 22 R IRGE R DR &SROSR Db %
T L7 (Table 1), STHERODO FIEIZHEWVERK LT- Ts {2 9 5 A/ 488 (oxf L, = HIZ X
HLLRETD A v BRSO KIS GRME 00 & &% (2 (Scheme 4)., Sml, (5.0 eq.).
hexamethylphosphoric triamide (HMPA : 18.0 eq., Sml, (Z%f L T 3.6 24 &), isopropyl alcohol (i-PrOH :
2.0 eq.) DEMETFRIGZEITo7225, FEHANR (72%) & 72 ->7- (entry 1), HMPA (%, FEFEE34
~ U U AJRAEENALL Sml, D&t % EiF 5720 i-PrOH X7 e b R E U CTAR LIz RIRE
N7 T T HDITINAT, 2 22T, SmMLOYEHAHEC LI EZ A, BHIUE LIZPARKIGIT
BRI SHEIT LA, Ts BDPER#E SN A ¥ F—ILIK 4928 T1%DINER TEH LT (entry 2),
LiBr Z 0095 & Smly KXV BRI H DO SMBR B AER TS Z ENMEN TS, P TOEA
t. JEUEL 48 &AL (72%) T HDHTH 7= (entry 3), fRi#F%a Ac e L7234 Tk, HMPA
FAE FIZBWTRIEZR N 5 BRI O A > R—/UK 50 2545 HAL727Y (entry 4).i-PrOH 21 L 745
B CIE, Ts 2 & FIERDLRGE ST A > R — /K 49203 47% DILHE T HAL7- (entry 5), #ilv T Boc
AETRESNTZT Lk 41 2 HMPA f#1E FRUS SHT2 L 2 A, 84%DINFETA » F—/LIK 51 7
BHh (entry6), S 52, 71 b UTROTINC X o T, RUSITERONT, RG] 15 4 TILR
1T 93% F T TS T (entry 7),

Table 1.
P P
N / Sml,, additive N
©il THF, 0 °C 7
28,41, 48 49-51

entry substrate P Sml; (eq.) additive (eq.) product yield (%)
1 48 Ts 50 HMPA (18), i-PrOH (2.0) 49 0 (72)?
2 48 Ts 80 HMPA (29),i-PrOH (2.0)  49°[P=H] 71
3 48 Ts 50 LiBr (40) 49 0 (72)2
4 28 Ac 50 HMPA (18) 50 35
5 28 Ac 50 HMPA (18),i-PrOH (2.0)  49°[P=H] 47
6 41 Boc 5.0 HMPA (18) 51 84
7 41 Boc 5.0 HMPA (18), i-PrOH (2.0) 51 93

2 The number in parentheses is the recovered yield of 48.

WIZERRERZ Boc £& LT, BERDOISHKIEDKEELIT o7 (Table 2), Sml; DY &
(HMPA [ SmI 1Z%} LT 3.6 &) 2D &E-L 2 A, BHTOWREROETFNRASND HDDRKIK
TR T 51 235 H A7z (entries 3 and 4), HMPA O 85 (Smip (2% LT 14 &) 25 L7-5%
FRIZBW TS, TA%DIERT 51 G672 (entry5), FEE D a7 & a uRNLEE~L LM

11



LEBACEREOERTFTARLNL, HMPA O R EBEM E L TES<AVERA TV
N,N -dimethylpropyleneurea (DMPU) % H W\ D FRET H AT o 7223, ¥ 51 OPCRIIHFRE Th > 72
(entries 6 and 7),

Table 2.
Boc Boc
N / Sml,, additive N
@[X THF, 0 °C 7
41, 52 51

entry substrate X Smly(eq.) additive (eq.) yield (%)
1 41 I 5.0 HMPA (18) 84
2 41 I 50 HMPA (18), i-PrOH (2.0) 93
3 41 | 38 HMPA (14),i-PrOH (2.0) 90
4 41 I 26 HMPA (9.3), i-PrOH (2.0) 88
5 41 I 50 HMPA (5.0), i-PrOH (2.0) 74
6 52 Br 5.0 HMPA (18), i-PrOH (2.0) 35 (22)?
7 41 I 50 DMPU (18), i-PrOH (2.0) 57 (12)?

2 The number in parentheses is recovered yield of substrate.

EHRRERL L LT Boc 2 L TVl & LTIRO K D IZEEL LT\ 5D, Procter 5 IZ/KFAE
T SMiZ X5 T7 X FOBITICHEITT D Z & 2 LT % (Scheme 20), ©
O
©/\)k’,\l’R Sml,, Et3N _ ©/\/\OH
R H,O, THF, rt
53 54
(79-99%)

Scheme 20.6

Z I TEEZEOBFIBWTHRROKICAEITL TS &2, B, Ac K2 AT 2 EHD
A v R—/VERETERE D 50 Tl Ac ED LI/ NS I B REIRE Td 2 728 Ac DO IEHEE-1Z Sml;
ENL L2 2 — B MEES L, ~I 7 I — VR ER L, BRI BiEER T35 2
L CHRHENEIT LIZA v R—= R 4R E 5=t E 2 b5 (Scheme 21), — 5., Y~ U A
DA AP X > TEMAL ST VR =V HEAY i-PrOH 12 X » THEE S, BifRa#E S 03 LT
TLZEHERLND, £Z T, AbEWS5 & =MD~ U U LMEE T, FERO S TR E1T -
T ZAhH TP TAINTA  R—L56 130T, FEAEIE 7 (Scheme 22), Z o
FER LD . BRER 49 OARBERE L, SMLICLDBETICL 2D THD Z LRI NI,

12



Sm(III)IZ

Me
re N _ PoH §m(|ll)|2 Iz(11Sm, ><
@ - CHgCHO /
I L]
28 49
Smlz (2 eq.) i-ProH
i-PrOH
IL,(IHSm.,, Sm(lll)lz CIS)m(|||)|2
Me \—Me Me
z/ Smlz \7/ Smlz Sm|2 \7/
sm(lll)l,
L(IHSm_ IH
\\]/M
\__HoP
& NW OPr-i - CH3CO,i-Pr
—> 49
- Sm(III)Iz
Scheme 21.
IAc
N Sm(SO;CF3);, HMPA H
Y > + 55
i-PrOH, THF, 0 °C / (quant.)
55 56
(0%)
Scheme 22.
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—J7. Boc BTV L& VBRI (DA — M) TH Y ALFIICLE T, TENIED
BHFETH D720 51 ~D Smly OENLBET b, EHRLBLEDEI SRV EEZXOLND
(Scheme 23), F7= AR =/L7 2 FEII SmL i L > THIKr&N 2 LA S TEY (Scheme 24),
UTs OLGEIIMRHEE CHEIT LT 49N oo EE L5,

\i/ Sm(II)IZ{ »L {ISm(III)lz
O

Y s”o Sml, OgTOK

0
N Smi, (2 eq.) N
o O e O
I

41 51
Scheme 23.
HN TS NH,
Smil,, pyrrolidine
H,0O, THF, rt
OMe OMe
57 58

(95%)
Scheme 24.31

14



HUET N R EICEREE AT OFEERLTT Ly BICEREE AT 5 ERORILRIE

H—IE NUB VR EOBEBRAE

EoETTHE LN RESEE AV, FER ECEREAZAETIIFEROSERGTH L &
L7z £9. 7LD AR TABEHRIED B SOV T (Table 3), T OfEHR, Bk HE
ThHHAT N, A N VEEFFORE TIIRGRIGETHRNOA » F—/ K59 3G 5L, BTk
SlIEETH D Cl AEFSHA L BWINERTH 7= (entries 2-4), L72>L. CONMe, DA T,
TLC T/ F ARy MBI I, RINEET LN EBIWASE LR -7 (entry 5),

Table 3.
Boc Boc
N/ Sml, (5 eq.), HMPA (18 eq.) N
R/[::I;I i-PrOH (2 eq.), THF, 0 °C R 7
31a-c, 40, 41 51, 59a-c, 60

entry  substrate R product yield (%)

1 41 H 51 93

2 3la OMe 59a 80

3 31b Me 59b 82

4 31c Cl 59¢ 74

5 40 CONMe2 60 21

WIZ BAF 7RI % 5 2 7= OMe J£% W TEBNLE OB RIC OV T2 (Table 4), 7 2 7 FkoD
AV ML (6 07) DOEFEIX, 79% & BIF/RIERTA > K— LK 59 M &F 517 (entry 2), A Z L (5
A0) ICEHIENTFAET 2518V TIE 89% & MR TA > F—/L{K 59f 2345 547 (entry 3),
ZHuE, BTG TH D OMe BN A ZALZERT 52 & T, B LT Y — T U H ORIk
HERM ETHZEICERTLEEZOND, £ 9 —FHFDOA XML B4L) ICEEEEZHTLH5E
IZBWTIE, 73% & BT ORI TN R 572 (entry 5), T, HARKFICHIT2E#HILE T L
VIEDNREEICLVNEME T L b0 LRSS,

15



Table 4.

R* Boc R*  Boc
R3 N._#~ Smi (5 eq), HMPA (18 eq) R? N
R2 | i-PrOH (2 eq.), THF, 0 °C - R2 %
R1 R
31a, e-g, 41 51, 59a, e-g
entry  substrate R?! R? R3 R* product vyield (%)
1 41 H H H H 51 93
2 3le H H H OMe 59 79
3 31f H H OMe H 59f 89
4 3la H OMe H H 59a 80
5 31g OMe H H H 599 73

2% 51 D 3[LAFNINTT B E X F /AR L BHATRETH U | MIIEFEMSIER 2 A9 2 K%K
¥ tryprostatin B O & HEA E L THWSIL TV D (Scheme 25),

IBOC
N _ NBS,ABN
/

Ccu

HO

51 61 tryprostatin B
(92%)

Scheme 25.32

K AFNVEOBACSIEIZE D T AT 8 RN BRI DL b ARETHY, BT oY T h
77 YOERIZH AN RTINS (Scheme 26), % 2L b Z a0 & LT 3-AF /LA & R—/ UKL
T2 GBI RA[REIR EVT (7T 0y 7 T,

F
F COR F COR

N F H
F N Se0, F N N
_— > —
_ / diglyme, 160°C % — F % NH,
E E CHO F
COOH
62 63 64
(74-86%)

Scheme 26.34

16



BOIE T Ly RICEREA AT HHEROBRVE S

ﬁm\TVyL’%@%%ﬁ¢6%%%:owT@%Lkmmmaoif\7vy@?4x&
NALICEWIL 2 AT 5 HWE THRE LT-, Me EOBAICITERINER T 65a 235 H 72725, Ph oo
AT 47c BIRBNARZETH Y, WD MR A 4?@%)%%%%6 DHTdH -7 (entries2and 3), L
2L, tBu EEE2 AT 2 IEIZEB W TR, 7T7T%DINEET 65b #4572 (entry 4), — 5., 7L D7 'm
XU~ ALIZ Bn &, TMS B2 H T2 EICB VT, @IETHY T 54 v K= EBREoh
72 (entries5and 6), £7=. S FHNICT L UND T D HIVZRIEZAT HEE % AV CTRH 21T
ST, TLrD7aX I T NI o EHTHEETIE, 7L ETO 5-exo BRILDNERAY
WZEEZ D A 2 R—/L{K 65e 23 50% DI TH LA (entry 7). —FH., TAF U2 AT HHET
X, 7 L&D 5exo RIS DA TH DA > R—/UK 65f 28 33% TR LD Lz T v &
D 6-ex0 BALEFRM THLHT T FrXk ) U 1K 65075 8% TH LT (entry 8), Z DfER, &
FOSIE, 3o o R—/L KR 2,3- A o R— RO ERRIZEHAFRETH D Z E BB B e
ot

Table 5.
(distal)
Boc R? Boc
N Sml; (5 eq.), HMPA (18 eq) N .
R1 i-PrOH (2 eq.), THF, 0 °C - 78
' (proxymal) R2
41, 43a-d, 47a-c 51, 65a-f
entry substrate R?! R? product yield (%)
1 41 H H 51 93
2 47a H Me 65a 27
3 47c H Ph decomposition
4 47b H t-Bu 65b 77
5 43a Bn H 65c 99
6 43b TMS H 65d 93
7 43c allyl H 65e 50
82 43d CH.C=CTMS H 65f 33
& Compound 65f” was also obtained in 8% yield. Boc
N
|
TMS
65f'

JEE 1) 7L RAK FWEEORE T, T 5 2 & 2R L TW\W5,
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BHE NUBUVRUNOFEFREZAE T HFEROBR(LIG

BIH NUPUBRBUNOEEREZAET LA R—LiFEkof At

RS A Y R=)b, THA 2 R—=IVEKERT DEDIEHELEIL. BELFEL TS, 4
ZIER A v RV EBRE2 ST AR HAL AT, PIRIEETSCHIIEER B2~ 66 <0, 35 7

A v R—= VR ZEGTAEYIEHALEDIT, FT HIV {EMHEORIREE GG 72 £ 2R3 67 BNE b
TuW% (Figure 3), 3¢

0
Me Me FO N/»
N Me N X
R \HNHNR'N'/\&N@
g e S WAL
¥

n=2,3
66 67
IC50 = 1.7-2.4 uM EC5y=0.05nM
(cytotoxicity) (inhibitor of HIV-1 attachment)
Figure 3.

FloL AV R NEBER YAV K= VENEBHRT 52 L1280, 5-LOTEMENM E L7261
WEEHTW5D (Figure 4),

N CI H C|
/ - /
HO HO

CO,Et CO,Et
68 69
IC50=1.7 uM 1C50=0.23 uM
(inhibition of 5-LO activity) (inhibition of 5-LO activity)
Figure 4.

S5, THEAL U F—VBRIZ, A R—LBe ) VIREDOARAL T A4 V2T T L LT, %<
DAEDIEHAL AWM ST (Figure 5), 360 36d
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70
|C50 =37 nM
(kinase inhibitor)

Figure 5.

K;=4.9 nM (5-HTg)
ICs50 = 7.3 nM (5-HTg antagonist)

ZDOXEICRUBUBRUNOEFREAT DA R—/ViFE8RIL, AR EEmc£< Bbh
Hlmo, _UBUVEORDbYICHFZ XLy, B UV ERTLEREAZANCT, VA =L
Bk, THA v R—VBREKEZRTT5 2L & L= (Figure 6),

naphthalene ring

Boc

]

N
Y

benzindole

azaindole

Figure 6.
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B NV RUE TYA U R VRS A~ DG

B HIUE CHENL LI RUNRE R, XU A v R= )LV AR LTz, T ORE. 1-
I — K 34a OV 3—3— R 34b 25, IGT DRV A v R—IUIK 72 & F N2 BATF 7RI R
TH37= (Scheme 27),

I pu—

Boc
N/ Smi, (5 eq.), HMPA (18 eq.) N-Boc
OO i-PrOH (2 eq.), THF, 0 °C OO

34a 72a
(74%)
I|30c Boc
N\/ Sml, (5 eq.), HMPA (18 eq.) OO N
O | i-PrOH (2 eq.), THF, 0 °C 7
34b 72b
(88%)
Scheme 27.

WIZ, 5-TFA o R—= T-THA » R=/IRERICE T L7z (Table 6), 37ald, HRYD 5-7 %
A v R—= )UK % 50%DILHETH 272 (entry 1), —7F. 37b DAL 5.0 ¥ &ED Sml, Z o & =
A, BHIOT YA K= UKD 16%, X 52 Boc (b L7227 A > K— 11K 73’73 54% DI T
Foiic (entry 2), & 2T, BLRFEZMHIT 2 HATSML, DY EL 38 Y&EICHDL LIz 2 A,
HEIDT A o R—ILARKD 44%, BARERD 37% DR TEH G- (entry 3), & 52 2.6 Y& F
TR SET2, BROIRITSE L) > 72 (entry 4),

Table 6.
poC Sml,, HMPA Y. 20¢ X, H
mly, N AN
(Y\ N_+&~ | . S LT )
! i-PIOH, THF, 0°C X __J~/ XA
Xz |
37a-b 73a-b 73b'
entry  substrate X Y Smi; (eq.) yield (%)
73+73 (73,73
1 37a N CH 5.0 50 (50, 0)
2 37b CH N 5.0 70 (16, 54)
3 37b CH N 3.8 81 (44, 37)
42 37b CH N 2.6 65 (36, 29)

4 37b was recovered in 23% yield.
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-7 A R=NVDOGE. T A R—IVERZF T & Boc D /LR VRS & ORICY~ U
TANENMN L TR L — MEEEZ LD, Sm ICL B VR Vo —EZET)E#EfT L. i Boc
kSN 7-7 A U R=ABHGoN5 EEZ BV (Scheme 28),

L(ISm-+Q ,(IHSMm—OQ L(ISm—
OBu-t 1S ) —OBu-t Al Y+ OBu-t AsT 07/05“4
NN Sml, N N Sml, N Sml, N. N©
| / - | AN <:> | N _— | N
Pz _ Y/ Pz / = %
73b
i-PrOH
H
o) ,(ISm—O
. 0B e P coBu
N “HCO,t-Bu _N__ppH i-ProH NN H
| _ ) - | S B | h
P A
73b’
Scheme 28.
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EANE S THNBRIE-T VR RIS X DA v R— VBRSSO B

B ISR ORIEL

IFNEIC L DA R= VBRSSO RUSHEED B LEN G, 7a b RO Y IZEY)
7RREAHNE DR, —ZFIBRIb-T S U LT-BBRIEAE SN 5 & & %, one—pot SOt~ &
BRI L7z, £TREFHE LTERALT VA ZANTRIGEREORG 21T -7 (Table 7). £9°0°C
T, BT V50 YETRHEITo MR, BRIEETH 50 2 EOAER-T VX ALK DL
NBIEREND L HITBALDO BB HEIT Lo A > R— AN RREDOIRTE L (entry 1), FEE
BALDLEALT VL ZEMZ 2% E TORRZH 264 (1874 (TLC THEEIOTE K Z fERR)—405y) 12
FER U725 FClE, INERICR X 2RI R onZe i~ 7= (entry 2), 7 /L LEHLO SR % 7] _E
SELHBTREZ T TG EITo 1208, T fkide< 22 5720 - 7= (entries 3 and 4),
WICEIR T, BT UV r%z 100 HEMAWESGE, R-7 X/ UEDRBINERIT 62% Th -7
(entry 6), & DOLFE % S A 7RI T3, PEROUGEIT R HAL72h > 72 (entries 7 and 8),

Table 7.

Boc Sml, (5 eq.)
(<~ HMPA (18 eq.), THF, X min

N
@ then allyl bromide
I

V4
41 74a 75a 51
entry temp. allyl bromide 74a (%) 75a (%) | 74a+ 75a (51) (%)?
eqg. X min

1 0°C 5 18 19 21 40 (40)

2 0°C 5 40 18 18 36 (43)

3 —40°C 5 17 - - 0 (64)

4 -40to0°C 5 17 - - 0 (74)

5 rt 5 17 21 23 44 (27)

6 rt 10 17 27 35 62 (20)

7 rt 5 0 - 8 8 (8)

8 rt 20 17 - 31 31 (19)

2 The yields of 75 and 51 were estimated from *H-NMR spectrum.
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W5 T TH  one—pot KL O S HIH D HE K

WD T X ALKl & DORISZERRE LT (Table 8), = 7 b7 U v & AW =846 T, I8N
L AL S T BB A LR T &L & G BB A R DR T B = (entry 2).,
2-BALT m R B A Y T F A E RS BEOBER-7 LR ALENRINER S BE bR
7= (entries 3 and 4),

Table 8.
Boc Sml, (Ez eq.) ) Boc [\]BOC Boc
' HMPA (18 eq.), THF, rt N N
N\/ > R + Y/ +
then RX (10 eq.), rt Y/,
I
R
41 74 75 51
entry RX yield (%)
74 75 51
1 B 74a 33 75a 27 22
P a
2 | 74a 0 75a 23 59
/\/

3 /L 74b 0 75b 13 0
Br
4 74¢ 0 75¢ 14 15
/k/B"

F=IH BEKRFELFERRIC L D SOSHEE O & 52

FAENC L L TR RIR ORI & B 7 /L5 AL ST L7 h o T2 AR & SIS HHs & iR+ 5 72
HAKFLFRAZIT > 72 (Table 9), Smly (5.0 eq.), dg-THF "' HMPA 777E FIZHU\ T, BAKHE LS
oA v R= U RIT e G nR o7 (entry 1), T D72 AT 54 2 R—/vF P H L5 HMPA
DAFNKFEEGI SRS ETFHRESNID, BEARF SN diesHMPA Z W TRETE1T - 72,
LML s, EAFELENTA v R—UKIZEL BN -T2 (entry 2), 2L S DFERMNG
HMPA, THF 23VKFEIR Th 5 rIREMENTE STz, £72 THF H1, i-PrOD & HMPA f71E F et 4
ITo T, BEARFER 42% THAFELA > F—ERE L7 (entry 3), % LT dg-i-PrOH
[(CDs).CDOD] % H\ N THrat&47 o 7ol e, BKFALE T1% TEAFEA > F— ARG LN
(entry 4), ZHHDFERLY ., ERTHA L F—LTFPHART =4 13 i-PrOH 725 KFE 5215 T
WD EHEI S LTe, AKFRRE LTEZONDAKFEL LT, KBS L <IXT VAN OLEMN
BAFUKRFTHD LB, ERFER I KESOEE TENENOKENGI &N D &
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HEHI SN D, £72 de-i-PrOH 2 W TR 21T o 2l T h, EAE (LS N T ARNA > K=k
/o2 enn, KISMEIEZHNTHAKNEKREEZHTND Z ERARBINT, £ 2 THEK
EHOWCTRISZEIE S S/ R, entry 4 &g U CTHEKELA » R— UKD EIE N 2 727280,

AT 2T =AU PR —EITSISE T D E THEE L, D IEME DB KD HKFHE

BTG L ERSNG,
Table 9.
poC Sml, (5 eq.), additive ;\]BOC ,\]BOC
©1N\/ solvent, 0 °C - @ * @
' CHs CH,D
41 51 51'
entry additive (eq.) solvent 50 +51°
yield (%)  HEH/KFE(LFE?
1 HMPA (18) dg-THF 69 0
2 dis-HMPA (18) THF 83 0
3 HMPA (18), i-ProD (2) THF 78 42
4 HMPA (18), dg-i-PrOH (2) ~ THF 85 71
5°  HMPA (18), dg-i-PrOH (2)  THF 88 82

2 Determined by *H-NMR spectrum.
b The reaction was quenched with D,O.

One—pot SGZ 1T DARUR D JFKIE, HMPA X° THF 226 OKFIRO G| EHE D E Z 0 | 1EME
R KRDONDT2OTH D LEZTWER, BARFEERNOEEI N, BE L KEFAID Sml,
FHETIZBWTALRETHY RIEL T LE I m EHERI SN D, 23D OFEBREE R S KIS HEE
ZHEE L72 (Scheme 29), £3. Sml,O—EFEICICEIVAELCLET U —T V), 5-exo BT
BIL L. A R T PHNPERT D, INFIE LTI-PrOH Z W2 5ia Tk, A K= 7
It LLIET =4 0L 0-PrOH, BUSEIEDEED KNG DKFEZITIRD Z &2k, 1
R— UKV E T2 (Route 1), —J57. one—pot SIS Tld, A > K= T P VidREFH & K&
L. ®Ied 248 % 5 2 50 (Route 2,3), Smhil L5645 —&EFETICLD, 41 F—L
T =AU BERL, ZHBKREFHEIEL, LB 74 S LAIMLED 75 G 6N 5 LHERIS
% (Route 4),
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N
©i< Route 2

74

A
B N’
5-exo Route 3 RX
7
i-PrOH Sml,
Boc Route 1
N N Route 4
Scheme 29.
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B 23-T VT NEET VHIVEEERE LIZHR]G & A 2 R R D R

BEDOMIMIBWTC, A7 2= TV ET L OHPNRE~E B L T2 e
DT D & —IRFW R LT EEZ AWIGE, 6-endo BR(LICK VT R o FaXx 2 U URET
X 6-exo BRILICE D U RuaXx /) U AROAERBHIf S D, —FH, ZVIABRLICBIT D HA
- SSENO VAN =3I 77 =N Eﬁﬁ%&ﬁﬁ%?é ENFMBLNTEY, 5—exo BBfbIck D5V FuaAg
YRR RIS, °

FH OSHEEE

\]m%

DE

%

T LU —IRBEIR LT HE 2 HNT, JUVINVBRILINERFTHZEE L. DD
HEEER LTz, B —ECTAR LT VX K% T, Crabbe SIZ LY 7 L UAR~GHE L 7=
(Scheme 30), 38

ll\l\/// CuBr, (HCHO),, (i-Pr)oNH \

_ I 1,4-dioxane, reflux - |
30a: R =4-OMe 76a: R=4-OMe (56%)
30b: R = 4-Me 76b: R = 4-Me (54%)
30c: R =4-Cl 76¢c: R =4-Cl (59%)
30d: R = 4-CO,Me 76d: R = 4-CO,Me (65%)
30e: R =6-OMe 76e: R=6-OMe  (53%)
30f: R = 5-OMe 76f: R = 5-OMe (41%)
30g: R = 3-OMe 76g: R=3-OMe  (59%)
30h:R=H 76h:R=H (58%)
Scheme 30.

BE 23-TH VTNV E T OV RIEE UG

FEEE, 76h ZFH W CRINEIT-T2 & 2 A, IiE 5-exo B{L TH#ITL, B KA v F—/UK
79h 75 97% & EEIRA DD mUER TH: ALz (Scheme 31),
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Boc Boc

IBOC
@N\/\ 6-endo or 6-exo N N N
I

cyclization P

76h 77 78

Boc
5-exo cyclization N

Sml,, HMPA, i-PrOH

THF, 0 °C
V4

79h
(97%)

Scheme 31.

72T, ZORISORE & BE L= (Table 10),

Table 10.

Boc Boc
N Sml, (5 eq.), HMPA (18 eq.) SN
5 ml, (5 eq.), eg. i
R@E v\\.\ - R
AN | i-PrOH (2 eq.), THF, 0 °C
3 V4
76a-h 79a-h
entry  substrate R product yield (%)
1 76h H 79h 97
2 76a 4-OMe 79a 89
3 76b 4-Me 79 81
4 76¢ 4-Cl 79c 62
5 76d 4-CO;Me 79d 48
6 76e 6-OMe 7% 90
7 76f 5-OMe 79f 85
8 769 3-OMe 799 88

B (Me, OMe) DIFATITEINRTYE FuaA v R—=LERE LN, BERF1%E (CI,
CO:Me) TIIHREDIETYE FuA ¥ R—/UERE L7 (entries 2-5), B K5O EIC
ICERMEWEREIL, ERT 27 VAT VI NDOREENE T REIKIC L > THD LN L
BEEIND, OMe FEOBEHNLE ORI OWNWTIE, WTHOEA TH BGRIEETHRMRED
A7z (entries 6-8)
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FE A PR~ DA

Tk RrA v F—/URIE, DDQ BALIZ L W ESITA » R= R~ E I D Z b T
V% (Scheme 32), %

R R
0 >—0
DDQ N
NN - 7\
N= toluene, 80 °C Y N=
F Cl E Cl
80 81

(63-97%)

Scheme 32.

ZIZT ALY RuA v R—/1E% DDQ BR{LIZff L, A > R—/u iR~ & E 72 (Table 11),
EEHIRDOTE FuA v R/ RIE, BARIEETA o R—R~ LB SN (entry 1), &1
AT W T BAF QIR TA > F—= RGO, BFREIETIIPREDOIRTA > F—
VRIS BT (entries 2-5), OMe JEDEHANLE DN FAZSOWTIEL, 347, 407, 5N CTIZHREE
O BAFRINETA » R—=/UHERE LI, 6 fLICEMEZ AT 556 TlE 9% Th -7 (entries 2,
6-8), ZAuliE, BMIZ XV FmEMESETZ L2k, A F—/LdD Boc £ & OMe 282 L, 37
KEENELHT-DICLDbDOTHDL LEEZBND, WEY
Table 11.

6 Boc Boc

RS_: AN ’\] DDQ - AN N;

AN toluene, 80 °C =

Y/ /
79a-h 82a-h

entry  substrate R product yield (%)

1 79h H 82h 70

2 79a 4-OMe 82a 89

3 79b 4-Me 82b 61

4 79c 4-Cl 82c 41

5 79d 4-COMe  82d 63

6 7% 6-OMe 82e 9

7 79f 5-OMe 82f 62

8 799 3-OMe 829 63

7 3) L& 82a, e-g DI Z2 ENEE % . Spartan’14 (Wavefunction) % FV> DFT (B3LYP/6-31G** 5L
JERS%) HAEA1To7-, 3-OMe: -23555/90.56 (+3.80 kJ/mol), 4-OMe: -23555/87.58 (+6.78 kJ/mol),
5-OMe: -23555/94.36 (0 kJ/mol), 6-OMe: -23555/60.66 (+33.76 ki/mol), % D#EH, 82e |32 EH 1k
82f L ik LT, 34k)/imol B2 ERLZEThH -7,
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A K= UK, 3N T v v 2R LI O BROBREREZSH# (Scheme 33).
0 D ERS R LT BRAREE A SIS TS (Scheme 34), F 72 AR E BRI
JRZ kD 2R FICEREZEAT L LARETH D EE X BND (Scheme 35),

Me
Me N
N 1) 9-BBN, THF, 0 to 23 °C
Y > %
2) RX, (dppf)PdCl,
K,PO,, THF, 65 °C
V4
R
83 84
(56-75%)
Scheme 33.40
S S
“Y—NH HN—
3,5-CF3-Ph—NH HN-3,5-CF3-Ph
H IBoc 15 mol% catalyst 87
N N
)+ R—- 0
= hexane, rt, <10 min
y \
R
85 86 88
(75-99%, 88-97%ee)
Scheme 34.41
R1
N
R1 2
N R3 AI(DS); (2.5-10 mol%) /R
R2 + )=\ - EWG
Y R4 EWG H,0, rt R3
R4
89 920 91
(20-97%)

Scheme 35.42
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% =% Pyrrolophenanthridinone ‘B #& 2 SUE DBA%E & KRG R~ D JE B
% —ffi  Pyrrolophenanthridinone #FiE & & Z D& pkik

Phenanthridinone |£ 2 DD B UERNANEER T 7 4 L& L THEER LT ZBRME(LE M ORIRT
HD, ZHETIZH BTV phenanthridinone ‘FiAEEEIZR B L2 6 FEICHHTHZ LT
x % (Figure 7).

1) o FKFE-IRFE (10a-100) ARG 24

2) BRI K D IRFE-EF (5-6) MBTEAIS 4

3) WTWNIRF-EFR (4a-5) MEATERMEIG 4647

4) Sy fRIRFE-RSE (10a-10b), fRF-ZEFR (4a-5) FEATEAL 48

5 C(p)-HT7 I/ InNih=L— g

6) Mt ikF—kFE (6-6a), (10a-10b) #EE TSI

O R
N’ OTf
\Ié +
TMS
) 10a-10b bond 6) 6-6a and 10a-10b
formatlon bond formation
HN’R
O OR 2) 5-6 bond formation _5) aminocarbonylation O
L ) < 1
N ! O
O 3) 4a-5 bond ) 4a-5 and 10a-10b
formatlo / \bond formation

R OTf
O @ AR
TMS
CN X

Figure 7.

OH O

L L2 b, 2O ORISR, TREE, SREROMH, BWRISKH 7R S 7o 5123
VBB D%V (Scheme 36),
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Me

/(j\/é,N—OH
') Me HO P|d\)‘ 0] Me
_ > 7 N\
X X
R
92

DMA, 140 °C, 24 hr _\R
93
X=Cl, Br, | (up to 97%)
o) ) @) )
N t-BuOK (3 eq.), mesitylene N
T e GO0
94 95
X=Br, | (up to 70%)
n=1or2
Scheme 36.5'

KR O HIZiL, pyrrolophenanthridinone ‘F 4% AT 2L &N E < EENTND, B H L F
Bov B R FIcE&END T aA RiciL, hippadine, assoanine 72 ERTEAE L. UGS M.
LT oA <= —IiH, BLU A VATENE e E kT TR s T b AN L b b (Figure 8), 2
P4, Rho A RRIETEMALIC L 27 7 FUEG HRHET 5 2 LI X o THUIEEE M 2 R 3 KARY
lycorine ARG SHIEH SN TWD, ¥ ZIUTT R F—3 ZAEZFHE L2 WHBLOERBEFCcH Y |
TR b= AREREI IR O b 2 PR IBIE, B A, fIER A, FEMRMEA AR E DT
I LTHIfF SN TWD, ZUOEKER T 2L G OMETEVEFBIFF RO 7= DIZiX, KXY
FHEIRONRA 2 EIEDRITEETH 5,

X —
Q N
NH
Sad o aal;
AO
phenanthridinone scaffold X=0: hippadine
X = H, H: dehydroanhydrolycorine
X
N
wo{ %)
MeO
X=0: oxoassoanine lycorine

X =H, H: assoanine
Figure 8.
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F7=. lycorine DX o ) PUEKEAET HILEWIL. DDQ B LEINZ LV B u — /L
~NEEHRRETH 0 | B PUERME: pyrrolophenanthridinone B #8754 < OFFEK A — 2R ICHEETE 5
AREMEN B D,

IS 1E Sml; 2 W5 A B r bW OE At ORI, RIZERY & LT phenanthridinone 753
EREOND Z L Z2HELTWD (Scheme8), U ZdD k) A mn ., FEFH TIPS T EMA
S CREFATREZR Smlp 2 WV AUE, PUBRYE pyrrolophenanthridinone B % 2 58 T & 2 O Tl
e Bz BIRAIZ pyrrolophenanthridinone 35384 4 15 2 B FIE DBHFEIZE T L 72 (Scheme 37),

R2
7~

0
N N Sml,, additive
A | THF, 0°C

Scheme 37.

B ROSEE OB

W iGN E CICHW A RISEE G LT-, 1,234-7 7t kr-8-3— K%/
U 2 98b 1%, SCHRD FVEIZHEVY 96 D 8 i = 7 F Ak, it < Wi Boc {kIZ L W Ak L 7= (Scheme 38),

52

Boc | Boc |

N.  s-Buli, TMEDA, Et,0 N TFA y
> B — T
@Q then I,, -78 °C to rt CH,ClI,, 0 °C
96 97 98b
(58%) (79%)
Scheme 38.

FISEEE L7257 I RIK 100 1Z, ST A 07 aF 4 RFEKRE A RY U EFS S
5 Z & TAA LT (Scheme 39),

O H 0]
N
+ >
X CH,Cl,, toluene X
99a: X =Br indoline 100a: X = Br (quant.)
99b: X =1 100b: X =1 (80%)
Scheme 39.

F7-7 2 FK102a-1 1L, ®HInT DRV AT T A RiEERE WD method A 5 W, &
BEBTEAZ VS method B (2L VW &k L7= (Table 12),
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Table 12.
able (A) 98a or 98b,

Rz O Ly EtsN, CH,Cl,, 0 °C to rt R? o )
N or N n
X + -
(B) 1) (COClI),, DMF, CH,Cl,
R n 2) 98a, EtzN, THF R |
101 98a:n =1 102a-1
98b:n=2
X R! R? n  method yield (%)

102a H 1 quant.
102b 2 34
102c Me 69
102d OMe H 79
102e CO2Me 61

------------------- Cl A e
102f Cl 63
102g CFs . 70
102h Me 50
102i OMe guant
102j H Cl 74
102k OPh 55

------------------- OH = I e —
1021 CN 72

—JF., Bal UrR RCEREEZET LA FU K (1058, b) 1.

TR DALEH) 103 DOALE

BN I v FE L5 &< fR#EIC L W Ak L7, 52 Z ™ 105 & benzoyl chloride % 5% & & [AEE

(A &8, SIS 106 2 157- (Scheme 40),

Boc ' Boc

103a: R = 2-Me
103b: R = 3-Me

104a: R = 2-Me (75%)
104b: R = 3-Me (32%)

I 0]

H
N
CLQ
R

105a: R = 2-Me (87%)
105b: R = 3-Me (85%)

Scheme 40.

N—~2 UK 107 1%, 98a DRI fkic kv . A > F—/L{& 109
X VAR L7 (Scheme 41),
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benzoyl chloride, Et;N @ N
CH,Cl,, 0 °C |

106a: R = 2-Me (93%)

106b: R = 3-Me (76%)

TFA

_

'> s-BuLi, TMEDA, Et,0 N
N~R  thenly, -78 °C tort \>R CH,Cl,, 0 °C

R
/-

1%, 108 D A UARIT



|
' benzyl chloride, K,CO4 N
DMF, 65 °C - |

98a 107
(27%)
I ’ 0 =~
N benzoyl chloride, DMAP N
/' EtzN, CH,Cl,, 0 °C to rt |
108 109
(83%)
Scheme 41.

FH ISR ORI

BRRE S e E 100 2 W T, KFE-RFE (10a-10b) # & 7 Bk BOIE (& 2 U BR
pyrrolophenanthridinone ‘B84 D 7= O DS Z T 5 Z & & L7z (Table 13), 95K O
IZ & B A0 BIERRIGDRIGSEE 22512 L (Scheme 8), JE 100a & AV T—40°C TG AT
ST A, T%DIEHETHRY 110a 35 57z (entry 1), KIZ, IGRE %A 0°C 12 L CTRat &
1To72M, WROUGEIIZE Lo 72 (entry 2), £ Z THE 100b 2 VT, HINAISS Sml, D
WM&, SOGRE 7R ERE AT o o DA KIBZRIEEOUEITIEE S /e h o 72 (entries 3-9),

Table 13. o 0
N Sml,, additive N
@ % THF, temp. O O
X
100a-b 110a
entry  substrate Smil; additive temp. yield
X (eq) (°C) (%)
1 100a Br 5.0 HMPA -40 7
2 100a Br 5.0 HMPA 0 13
3 100b | 5.0 HMPA 0 13
4 100b | 3.0 HMPA 0 22
5 100b | 2.4 HMPA 0 02
6 100b | 3.0 HMPA rt 19
7 100b 1 3.0 TMEDAP 0 39 (65% b.r.s.m.)
8 100b | 3.0 1,10-phenanthroline 0 02
9 100b | 3.0 none 0 23

2 Substrate was recovered. ® 2.2 equiv. of TMEDA relative to Sml, was used.
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ZZT AR ANCa vHFEEAT HEE 102a 2 AV TR 217> 72 (Table 14), Z OFfE R,
RN RIEIZME E L7 (entry 1), KIZ, 0°C TRILZEIT-72& 2 A T5%DINEHE T HBIM % 157
(entry 2), HEW T Sm DY BEAAEH L= & Z A, 35 HEITEBV T 84% & @R T HWHFE 5
L7z (entry 4), 7' b AROTIMLIIMANI DI L 24T > 7o h3, IRINFETH - 72 (entries 6-8), AN
#lZ TMEDA IZ L7236 Tld, BEIIZ 22%DINETH LI, i e 7oAk L 7o BB D 55% D IX
FTHLNT (entry 7),

Table 14. o 0
N Sml,, additive N
@ THF temp. O O
I

102a 110a
entry Smlz (eq.)  additive (eq.) temp. (°C)  vyield (%)
1 3.0 HMPA (10.8) -30 60
2 3.0 HMPA (10.8) 0 75
3 25 HMPA (9) 0 70
4 35 HMPA (12.6) 0 84
5 4.0 HMPA (14.4) 0 62
6 35 HMPA (12.6),i-PrOH (2) 0 22
7 3.0 TMEDA (6) 0 222
8 3.5 none 0 30

2 Dehalogenated product was obtained as major product (55%).

HIUET FEx OF

$

EAR A~

BT NV AT L ERIE AT D RE 2 O T BRIERUS

R A NS T AL OB HIEZD RN OV TRRET L7z (Table 15), E 155 (Me, OMe) D4
IZBAFRNER T, EREIH (COMe, Cl, CFs) OBAITTRREN SRR TH 7= (entries 1-4
and 6), Smi IZ X B 7 ALIZE BN TWAD M, 1°Br, Cl Lk L TF, $FIZ CR g
TESIUT L K i~ a i ALOREF D7, 3 Lo, CI X CRs st Cld, R4 & LT
fiio~we 7 b L7z BBIR (110a, 110c) 3MFHiviz, Z D7z, Smly OIRIT A3 G & HIr L,
HMPA Z N2 UGS EAT o7& 2 A, IERDUEE S L2 (entries 5 and 7).
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Table 15.

@)
0] N
N Sml, (3.5 eq.), HMPA
moe ()
R I
R
102c-g 110c-g
entry substrate HMPA (eq.) yield (%)
R 110 (102)
1 102c  Me 12.6 110c 72 N.D.
2 102d OMe 12.6 110d 62 N.D.
3 102e CO:Me 12.6 110e 35 N.D.
4 102f  ClI 12.6 110f 192 N.D.
5 102f  ClI none 110f 57 102f (20)°
6 102g CFs 12.6 110g  41° 102g (7)°
7 102g CFs none 110g 50 102g (12)°

2 110a (R = H) was obtained in 42% yield. ® Recovered yield of substrate in parentheses.
¢ 110c was obtained in 2% yield.

BT N A AL LIS E#RIL Z A D AE 2O BB

WIZR A ANA N M EBRIE AT 2 EE 2 W THRF 21T o 72 (Table 16), E#ikk2
Me & L7234, HBY® pyrrolophenanthridinone {AMEINEE T L 2MvF H AT 39% DI T A ' R
LN E LN (entry 1), EHILS OMe HEDOBEA, BHMITEHOLAT, R ErBRLEN
23%. A 7" {&#A pyrrolophenanthridinone fA7% 45% D ULR T B L7 (entry 2), ¥INAIZ HMPA
225 LiBr & L72SRHCB W TR, A rB{bEWmE A 7 Y B LEW OFIE R WHEE L7 (entry
., ZNHLDEWIX, LBr W H A&, AT 228807 VP EAENS
pyrrolophenanthridinone & ~#z(7 9" % B2, SmBr2 2% OMe JEDEEHE & VR = )V EEOERFEIZKT LT
FL—hL, AR T UONFRERELZET D720, BALEYIT 550 EHEH S D (Figure 9
7£). HMPA % W 72354 i, Figure 9 () DX 91, Smy ~DEMLAE Z V| ®° O EE
SDHF L— MEEZAMT Z LN TE RV, HONTEMAEZ D, £2 T, inFlZz L
THRFZITAIXA e bEMPRIRMICE LN D & TAELZA, BEHEI E W I FER & o7z
(entry 4), Entry 2 TA 7YV EHAIENEIT LT2120, A 7Y KGR/ ERIE 2 RRT 57
B, AV ME#HIEE LTClI . OPh, CN & F7 5 HE CHiata T > 7228, OMe A #ET HH D
X727~ 7= (entry 2 vs entries 5-7),

36



Table 16.

R RO o)
O N N
N Smi, (3.5 eq.), add|t|ve
+
weam. (- Y D
I

102h-I 110h-I M 110a

entry substrate additive (eq.) temp. yield (%)

R 110 111 110a
12 102h  Me HMPA (12.6) 0°C 110h 15 111h 39 0
2 102i OMe HMPA (12.6) 0°C 110i 0 111i 23 45
3 102i OMe LiBr(28) rt 110i 0 1111 47 24
4v 102i OMe none 0°C 110i 0 111i 0 0
5 102j ClI HMPA (12.6) 0°C 110j 0 1115 31 26
6 102k OPh HMPA (12.6) 0°C 110k  25° 111k 32 11°
7 1021 CN HMPA (12.6) 0°C 1101 0 1111 0 7°
2102h was recovered in 31% yield. ® 102i was recovered in 93% yield.

¢ Mixture of 110k and 110a. The yield was estimated from *H-NMR spectrum.

i / S\
Br-Sm \ EP’ | ‘P//
‘\\\\ 1 / \\ // =~
~o O i o | .0
N : :Sm’\
il! ; \ O ‘ o !/
° O ! N\P | P N\
E 7 A
Figure 9.

ZDX 97 OMe FIZ X B4 7V EBAIGE, PLEFER 512X > TR & TWS (Scheme
42), T INA T EHRNT, T v FE T IR, T ZAVR BT ATV B RV T
IR AIO0 RN KDETTINAT Y @mﬁmiﬁiémfw5#(&mW4a OMe
FENZBT A 7V EEREOS AR O 3HE L WD RGN E2 5 DN TH D, §

CO,Me

MeO,C
OMe Sml, (3.5 eq.) 2 OH
THF, rt
o)
112 113
(50%)
Scheme 42.
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N 3
I t-Bu //—|:j /—N

/
NS o N, NS
E E di-t-butyl peroxide E 0] 4 E 0
N i - A A
| SCSOEt 2,6-lutidine | Bu | \Bu
i~ ~ ~
F">N" "N

F N ,I\l PhC|, reflux F N N
Ac Ac
114 115 116
(61%) (18%)
Ph CF,Br

BusSnH/AIBN

NS
Ph™ "N° "CO,Et benzene, reflux
117

— CO,Et
CO,Et Ph>%\“/ 2

118
(93%)

Scheme 43.56,60

BEIA VAR VAR A WS A AW B bR

TNVR=NVIEDIRNGE . R v 7 AL LT AL A & FERS Z N E U h R EE DI T
S, Bk 119 1HMRIR Td - 7= (Scheme 44), HAR =)V, Vb —% b HFEERE S
HIZENWTEDHI L, BEROT VHNWVSREN EFHT 52 L, 4T 5 pyrrolophenanthridinone
FOHNHEEEZESEDLZLICIVBRIEERZIZLTWDLI D EEZ LD,

Sml, (3.5 eq.)

[::r/_ HMPA (12.6 eq.)
107
mroe (Y Q O ey

119 120
(6%) (48%)
Scheme 44.

FIIE b FaA v F—VANCE#RILZ 69 5 E %2 V- 8R{EG

WIZV e RaA > R—= OB EIZOWTHRARTZ/ER, o IR0 B AL Me K2 HT 254128
WTHZIZEI 43%, 58%DINEE T H W33 H L7z (Scheme 45, entries 1 and 2), F7-EH DY
b FaA Yy R=vEEA v F—/VEik L LTCYE 109 TOMRZIT o722, BRIITE<EDL
Nmot- (entry 3), Zhut. HTFREOERIEAE < . EVORISAITESZIZ Wb Th
D EHERE D,
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entry 1 Me

Me 0
0 N
N Sml, (3.5 eq.), HMPA (12.6 eq.)
S
I
106a 121a
(43%)
entry 2 Me
Me Q
0 N
N Sml, (3.5 eq.), HMPA (12.6 eq.)
e ()
|
106b 121b
(58%)
entry 3
Sml, (3.5 eq.) ~
HMPA (12.6 eq.)
+ 109
THF, 0°C O O (9%)
122 123
(0%) (25%)
Scheme 45.

BHIE TRt FaXx /U a2/ T 5882 V- RIERIG

WIZA > RY MDY A ROEEERRL12DIZ, A RV UEKET e Rkax ) v
B & LTk Em%%%wf@ﬁ%ﬁotawMN)30%%®mm%mwtk’% ERESLY)]
23 50% DI T, A BB LEWH 9% DR TR LV (entry 1), Sml, DY &4 LiF7-& 2 A,
BINRIZFE U TH LN A0 BILAMOEIE R 2 7= (entry 2), ZAUlE, i@EID Smix 2 L v ARk
THAER 7 UHNHFRERFES ISR T ShAY R T =4 R E 70 | T VB VRN HETT
LaW=o R IN S (BNEHENHEER), S OICEAl S LT LBr 2 V=& ndix
57%DILHETHIIMD, 2% DR TA Y v IbLAEWNF O (entry3), 7 7k Fa¥x U v
B TIIA R BRILAEYBI AL, A2 R CEROBE TIIAY R EEMITH oy, 2
AU, RO A B ROREMICER T2 B2 bivd, LARRLOR Y afiEL, NER
CHERLDACREE LB L TREROTAHBAEL DD, AR BRILEMIIRLETH Y
5512 pyrrolophenanthridinone ‘B #&~E(I§~ 5720 Th 5 LB x HiLd (FEINEIFH HEHSR),

39



Table 17.

f

Sml,, additive

O 0
N N
EASA Oy,
124 125

THF, temp.
102b
entry  Smlz (eq.) additive (eq.) temp. (°C) vield (%)
124 125
1 3.0 HMPA (10.8) 0 50 9
2 3.5 HMPA (12.6) 0 31 28
3 3.5 LiBr (28) rt 57 42

FONIH R USRS

HEE SO HEE 27”3 (Scheme 46), £ TEEN SmMLIC L - TE TSN, A RU AT IHAN
ARCL, 5—exo RUBRILICK W AR T U VK A XIEB 24E 05, ATV HHE A
17 VA NEEAZIZ LV pyrrolophenanthridinone ‘B &~ & #5795, LA LiEREIED Smiy 23MFET
Dl AFIEIBOILRL—EFRTICELY T =F ke A aRLAEMBRE LN
b, F-. HEBROLGAIZ, HERTZ /7 XL L0 PV HEBROEOTAHANRKEL FOOT A2
IRHET D720, 2T VANHFREANSFRRLS T A/MEMREZ Y | A RIEEMO
FEMNEWTZOA R KIE NN EBZLND,

0 )
—_—
|
126 ////f
- 5 _
N rearrangement
Ol

A

N
R o%;? p%?

L B

Scheme 46.
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FEIE RKRMERA~DIGH
F—H S EEOG MK
7 98a

<ﬁ @Q

piperonylic acid

<ﬂ @Q

6-methoxy-1,3-benzodioxole
-5-carboxylic acid

ﬁ@

2,4,5-trimethoxybenzoic acid

W2k LT, TR piperonylic acid, 6-methoxy-1,3-benzodioxole-5-carboxylic acid.
2,4,5-trimethoxybenzoic acid % L ZHAEA S, SOGRE

129,130,131 # ARk L 7= (Scheme 47),

(COC,, DMF, CH,Cly _

then 98a, Et;N, THF

o

129
(78%)
MeO 0
(COCI),, DMF, CH,Cl, N
then 98a, Et;N, THF 5 |
o
130
(96%)
MeO 0
(COCI),, DMF, CH,Cl, N
then 98a, Et;N, THF
en 98a, Et3N, MeO |
OMe
131
(73%)

Scheme 47.

%5 " IH anhydrolycorinone, oxoassoanine M %

AAIBEFE L=t % . KERY) anhydrolycorinone D& f%~& BB L7-, 37205 129 % Smly & X

iS5 & BEY® anhydrolycorinone & & DAL E

B EMERNENEN 48% & 22%DINERTH H 7=

(Scheme 48), ZNOHKFEARY MLT—H L, RIMOT—2 L B—EE R LTz, 272k,
anhydrolycorinone @ DDQ 2{k.(Z X 5 hippadine @A k3 S CH Y 8 hippadine DAk A

EWRLI-Z LT D,
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0 N Sml, (3.0 eq.)
<O]©} HMPA (10.8 eq.) O O O
O | THF, 0 °C
129 anhydrolycorlnone (132) 133

(48%) (22%)

DDQ, toluene®3 i

@) —
o~ )=
LO

hippadine

Scheme 48.

129 DAL TliL, PHBRIRICOLE RIS AR LTz, =2 CHMNE, B _HTRH LA 7V E
BRI EZIEAT 2 Z 20, MERRPUICEK T 2D TIE 0N ESZ 2, KRAW
anhydrolycorinone O & k% f#Et L 7= (Table 18), Z MR, —40°C FIZIRZEAT 9 & 58%DILHE
T anhydrolycorinone 2315 H 41, IR & DR PEA S L7 (entry 4),

Table 18.
MeO
N Sy, additive
o | THF, temp. O Q
-0
130 anhydrolycormone (132)
entry Smlz (eq.) additive (eq.) temp. yield (%)
anhydrolycorinone (132) 133

1 35 HMPA (12.6) 0°C 50 5

2 35 HMPA (12.6) rt 39 5

3 35 LiBr (40) rt 35 0

4 35 HMPA (12.6) —-40°C 58 1

5 5.0 HMPA (18) —-40°C 43 2

F 7o, KIW) oxoassoanine DE AT BIGH L7z, 131 DERILEZAT o7z & Z A, FIBRIZA 7'V B
BICEZY, B—OA MW %157 (Scheme 49), 8 F 7=, Z @ oxoassoanine 7> pratosing ~MDZ2
P b s S TR Y ., pratosine DIER AR EER L2 Ltk b, 6
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MeO 9]

N Sml, (3.5 eq.)
HMPA (12.6 eq.) MeO O O
MeO | THF, 0 °C

OMe oxoassoanine (134)
131 (83%)

DDQ, benzene63

MeO _
pratosine

Scheme 49.

% 7-. phenanthridinone & {&7>5 phenanthridine 75 E A ~DE TG bHRE SN TWH 2D
(Scheme 50), %5 A [AIE AL L7-FBE R DR 4 B ER BN ARETH D B HND,

@)
N N
LiAIH,
—_—
) O O THF, reflux Ci O
ko OPh © OPh

135
Scheme 50.55
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EHT Smly W R BREEE DR 21TV, BLFICR TR &2 1572,

. Smh ZRWT, T Ly aTUVHNAZRIRE LA v R—=AEREIGZ RIS LT, ARG
B (BUGIRERE 15 43) TRULDSEIT L, SRS T CA v R— L RS ATRE R FIE T
B BRI 2 G AT D Bl 2R AR SE 72 EICHW BN D 3R )72 — iz D
BHEZEZDIND, ETEBRLTEA Y F=AFEERIT, 7rEREICi) bR DFHK
BHNAEETH Y EFRPEAEE LTHRATLZ EBNAEETH D,
R2 Boc
Boc Sml,, HMPA N
XN N - F{—: p R1
R— i-PrOH, THF, 0 °C Z

P R1
| R2

. A Y RV ROG O #EFEILR D72 e b EORD D IZKREFH L LTT UL
TuavA RERAWDZ LTV VR VERE TEIT L7 2 FEOBRKEZ A 62% DIET
Blze ZOB, T UbInB D olc A vy R=UWERG LT Z L b, EKEIER
ATV, BUSHREAHEE L=, ZORER, A4 > R—L 7 P h L dhRRIE, THF, HMPA Tl
72 < i-PrOH ROBUSME IEDFED KN B KFEEZITED Z L2 X0, A4 v R—= U EKEZARKT 5
EEZ LT,

Boc
Sml,, HMPA

2oe THF, 1 I\]BOC
, 17 min —
NV%/ - +
then allyl bromide
I
V

. A Y R VR E ORJEFPAIE R D 7=, — B R LT EE 2 O TRET 21T, ¥
b ReA 2 RV ks BIF2IETH, b % DDQ BILIcff3 2 & T, RVWIGET
AV R—=VFERA~ BN, ZHDA Y R—=VRIE, D TRNICT AT v G357,
SO EEBNARETH D, oAy F—AARICHWZFEZ, vV A4 F—v
RT VA 2 R—=LOBRIZ B IS FIRE Th o7z,

Boc Boc
' Sml,, HMPA N DDQ XN
N 2 | N i
7N » R—— » R | Y/
R \V/Q§§§* i-PrOH, THF, 0 °C N toluene, 80 °C E:;;[%ji
| p y
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Boc

Boc :
N_N_s~ _ SmlaHWPA |N\ N
[;:[\ -PrOH, THF, 0 °C A~
)
Boc Boc
N_s~ _ SmlaHMPA N
i-PrOH, THF, 0 °C %
!
po° Sml,, HVMPA
N\/ m 2 _

i-PrOH, THF, 0 °C
I

4. Smly % v 7= pyrrolophenanthridinone ‘B #& 2RSS O BRFE I BE) U, % F1 72 Seft -2 A iRe i)
T (SUSHEE 20 43) phenanthridinone #F3#E (k% BAF IR T2 FiEE R Lz, ~v /A
JARIA IV LIZ A PRV EREETIHEICBWTIL, A 7Y EHRAENET LTz, AF
EEFIH L. K& anhydrolycorinone, oxoassoanine & flAFZE~L BEEA L. hippadine.
pratosine DTEAA B A 2R L 72,

RI RI
O /7 o /1
N N Sml,, HMPA - N
L | THF, 0 °C 7
R/_
o 0]
N N
L) w50
I\o MeO
anhydrolycorinone oxoassoanine

T DOMFFERRIT. Smz 1T K o TR S TR ICEE M EM LS E L < IXE3E
PRUAL R V15 08k A REHELZ AT OERETLERTRTHDL L EZEKRLTEY,
B2 REREARG S LB L S A5 BIBERFZE R R 75 & DB AR I8 3 2 LA
DEWIFRETHD LB BND,
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e

ARBFRZAT 92 H 72 V) AR o FE T L HHiEE 215 0 £ U7 s R Ry SR 25y
B OIUTFIEST ERICOIVEHOBEEZRLET, MEREBE I VIEEO B E LTHAT
W2 E, ZOEFNAFERZT DI LM TEROITOE 2ITAEOHE L RSB L EFET,

AR ZED DIZHTZY . ZRAEREE LHBE 2B 0 £ Lo R Ry i iE 2y
AR BhBUT L K VL £,

Priciin, FERICER L TR AR2HE LEFEE2 B Y £ LMY Ranllidsy
B NSEN GERD, UEEERLRYE: PAEEEE 4 — R BhBICIR EEIE L £,
FEERMBRATR O OHIEICEDL E T, £ ORI ZH Y £ LI Ry 5K
anBGEFY At L GROREIF R SR BhE) ISR BBl £,

AWFENCER L CE R ) 2 THE & LI AR Ry G0 st sR, =
BRI, IR, AP AR R#E L £,

ABFFEZER LTI T S W E L7oa#ERRT G20 miEEs 2R, (IR
PR WEXCR, DRRER, BARERK, BRAER, EAEER, TEEIK, WEL
FFR, MiARTZR, BAEER, B, Mg lr, EAREILK, IR, 2o
SRR FRARE R B O 5 2 IR B L £

BRERILIE AT FVOREICB W TAHRZREINE 20 F U7 BRI [FA R &
A= NIMRIRER GERTCTR < G E L £
HESHTOWE L AHRAEIZ 2B 0 F LIy SRR S 7 —  #mERT
REAT, mRAF BB G UBERIRY: PRAREEE U2 RETET BINEMEE
(TR G L £77

AR SHNERRIC T2 0 . ARERHEE LIRS 2B Y £ Lot R Ry Syt Ly
— B, LD CITHEEMART Kbl R BdRICERSEHE L £
AT AR LR D £ T, B < O & EfFE, HEHEZ B0 £ L7t
FRRY: ALY ORERM Bk (R RIEAAATRE STV A2 220 K8
i) TR BEE L £

AR NZA IR T 70 O NS AR R R 2B AT - REERE~OEFORRZ 52, F
AEFEEZE LT RFSWE LR b NS ANITL J 0 BB L £,
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— R

KRRZELUCHUR AR SO L TE, 7= RIA L7e AT ABMEEZHWT, 7 a v Foid=
FHEPAR T TITo 7=, /K D THF 1 Z Kanto Chemcal Co., Inc.2> 5 i A L 7=, HMPA <> DMPU (% CaH;
ERWTEBIEARBIC L > THE L7202 AW, AR S 1 ESR CRIERMETH D,
'HNMR & T BC NMR (%, JEOL EX-270, JEOL JNM-LA-500 (*H: 500 MHz; 13C: 125 MHz), JEOL
ECS-400 (*H: 400 MHz; *C: 100 MHz), JEOL AL-300 (*H: 300 MHz; 3C: 75.0 MHz), and Varian
INOVA 400NB (*H: 400 MHz, 13C: 100 MHz) spectrometers Tl iE L . I EH 2 1% CDCls 2 VT,
T RIAFNT T o ENEIEEYE & LTl £o k%27 Mi (0.00 ppm) % ML LT ppm
TR L7z (75 ; s =singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad, dd = double
doublet, ddd = double double doublet), #RFWLIL 2227 k/LiZ, Shimadzu FTIR-8400 THllE L. #EH)
¥t em?t TR LTz, E&EHHE. JEOL JIMS-GC mate spectrometer ([Z CHIE L7z, T L7 < b
77 7 4 —IZ1% Silica gel 60N (60-230 mesh, Kanto Chemical Co., Inc.)% f# fl L. thin-layer
chromatography (TLC) (Zi3 silica gel 60 Fzs4 pre-coated glass plates (0.25 mm-thickness, Merck) % /i
VY, prepative TLC (21 silica gel 60 Fzs4 (0.5 mm and 1.0 mm-thickness, Merck) % fv 7=,
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&4 31d, 41, 46a, 48, 52 1%, SCHRD FIEIZHEWERL LTz, 2 BR{k{K 49, 50, 51, 59a, 59c, 59g, 65a,
65b, 75a 1%, BEab&4, ©

T RO %R
N-(2-iodophenyl)-N-acetyl-2-allenylamine (28)

27 1 SCHRD FIEIHEWA L LT, 227 (500 mg, 1.67 mmol) @ THF (8.4 mL) &2 0 “C F T,
t-BuOK (188 mg, 1.67 mmol) %z . IE&W % 30 0f#E L=, IBAWIT ELO THiH L. /K & ffn
BHOKTHEFL, i~ 27 2 U LATHBE L, AL, BIERMETL2Z2LICEY . /BoNHH
e, VANV~ 87T 7 40— (hexane:EtOAcC = 5:1) THHL L 28 (244 mg, 49%) %45
7=

Yellow oil (244 mg, 49%): IR (CHCI3) cm®: 1668 (C=0); 'H NMR (400 MHz, CDCls); § 1.87(s, 3H,
Ac), 4.94-5.05 (m, 2H, CH»=C), 7.10 (ddd, J = 7.6, 1.6, 0.4 Hz, 1H, C=CH), 7.27 (dd, J = 8.0, 1.6 Hz, 1H,
Ar), 7.43 (td, J = 7.6, 1.6 Hz, 1H, Ar), 7.62 (t, J = 6.4 Hz, 1H, Ar), 7.93 (dd, J = 8.0, 1.2 Hz, 1H, Ar); 3C
NMR (100 MHz, CDCls); 6 23.0 (3C), 86.6, 99.6, 99.9, 129.5, 129.7, 130.1, 140.0, 142.5, 167.8, 202.3;
MS (FAB) m/z (%) calcd for C1;H11INO (MH™): 299.9885; found: 299.9882.

N-(2-l1odo-4-methylphenyl)-N-tert-butoxycarbonyl-2-propynylamine (30b)

29b [ 3k D FFIEICHEWE AL L 72, 20 29b (150 mg, 0.450 mmol) @ THF (4.2 mL) & DMF (0.8 mL)
DIEEVHET NaH (27 mg, 0.675 mmol) Z =i F Tz, 30 /##E L7z, 0 ClzimHA L 721,
3-bromo-1-propyne (0.08 mL, 1.125 mmol) ZEAITINZ ., 1 R[] =R CHiFE L 72, IRE1% EtOAC
THEH L. K& fafn @K Tl L, Wilg~ 7 22U ATl Lo, AM%BERSM L TH b
LA E ) BV a~ 7T 7 4 — (hexane:EtOAc = 7:1) THHL L 30b (146 mg, 88%)
s Y

Pale yellow oil (146 mg, 88%): IR (CHCI3) cm™: 1699 (C=0); 'H NMR (300 MHz, CDCl3) 6 1.36 (s,
7H, t-Butyl), 1.55 (s, 2H, t-Butyl), 2.20 (t, J = 2.7 Hz, 1H, C=CH), 2.32 (s, 3H, Ar-CH3), 3.87 (dd, J = 17.7,
2.7 Hz, 1H, N-CHH), 4.77 (dd, J = 17.7, 2.7 Hz, 1H, N-CHH), 7.15 (d, J = 7.8 Hz, 1H, Ar), 7.24 (d,J=7.8
Hz, 1H, Ar), 7.69 (s, 1H, Ar); 13C NMR (75 MHz, CDCl3) major 6 20.4, 28.1 (3C), 38.1, 72.3, 79.3, 80.8,
99.7, 129.5, 129.7, 139.3, 139.6, 140.7, 153.7. minor 6 20.4, 28.2 (3C), 39.5, 71.9, 79.4, 81.3, 99.8, 129.8,
130.0, 139.3, 139.9, 141.1, 153.5; MS (EI) m/z (%) 371 (M*, 2.0), 271 (27), 189 (13), 188 (100), 144 (50),
57 (56); HRMS (EI) calcd for C1sH1sINO2 (M): 371.0382; found: 371.0374.

N-(2-lodo-4-methylphenyl)-N-tert-butoxycarbonyl-2-allenylamine (31b)

31b 1%, 28 LRIERICERK LTz,

White powder (134 mg, 92%): m.p. 74-76 °C (n-hexane); IR (KBr) cm: 1693 (C=0); *H NMR (300
MHz, CDCls) & 1.38 (s, 6H, t-Butyl), 1.57 (s, 3H, t-Butyl), 2.32 (s, 3H, Ar-CHs), 4.96-5.07 (m, 2H,
C=C=CH,), 7.03-7.14 (m, 2H, Ar), 7.26-7.30 (m, 1H, Ar), 7.67 (brs, 1H, Ar); 3C NMR (75 MHz, CDCls)
major ¢ 20.4, 28.0 (3C), 77.2, 81.3, 86.7, 99.3, 101.1, 128.9, 129.6, 139.1, 139.6, 151.6, 201.8. minor &
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20.4, 28.0 (3C), 77.2, 82.0, 86.3, 99.3, 101.7, 129.5, 129.8, 139.2, 139.9, 151.6, 200.7; MS (El) m/z (%)
371 (M*, 0.4), 316 (14), 315 (100), 270 (16), 188 (34), 144 (28), 57 (28): HRMS (EI) calcd for
Ci5H18INO2 (M+)Z 371.0382; found: 371.0388.

N-(2-lodo-4-methoxyphenyl)-N-tert-butoxycarbonyl-2-propynylamine (30a)

30a (% 30b & [FARIZE L LTz,

Pale yellow oil (391 mg, 88%): IR (CHCIs) cm™: 1697 (C=0); 'H NMR (270 MHz, CDCls) & 1.37 (brs,
8H, t-Butyl), 1.55 (brs, 1H, t-Butyl), 2.21 (brs, 1H, C=CH), 3.80 (brs, 3H, OCH3), 3.80-3.89 (m, 1H,
N-CHH), 4.78 (dd, J = 2.4, 19.5 Hz, 1H, N-CHH), 6.89 (dd, J = 2.7, 9.6 Hz, 1H, Ar), 7.26 (d, J = 9.6 Hz,
1H, Ar), 7.37 (d, J = 2.7 Hz, 1H, Ar); 3C NMR (75 MHz, CDCls) major §28.0 (3C), 38.1, 55.4, 72.3, 79.3,
80.6, 100.1, 114.4, 123.9, 130.1, 136.2, 153.8, 158.8. minor §28.1 (3C), 39.5, 55.4, 72.0, 79.4, 81.1, 100.2,
114.8, 124.2, 130.3, 136.6, 153.6, 159.1; MS (EI) m/z (%) 387 (M™, 3.2), 287 (27), 204 (52), 57 (100), 41
(36); HRMS (EI) calcd for C1sH18INO3 (M™): 387.0331; found: 387.0340.

N-(2-lodo-4-methoxyphenyl)-N-tert-butoxycarbonyl-2-allenylamine (31a)

3laid. 28 DAERL L FERICERK LT,

Pale yellow oil (72 mg, 84%): IR (CHCIs) cm*: 1703 (C=0); 'H NMR (270 MHz, CDCls) 6 1.38 (brs,
6H, t-Butyl), 1.56 (brs, 3H, t-Butyl), 3.80 (brs, 3H, OCHa), 4.97-5.09 (m, 2H, C=C=CH), 6.87 (d, J = 7.8
Hz, 1H, Ar), 7.06-7.16 (m, 1H, Ar), 7.26-7.30 (m, 1H, Ar), 7.35 (brs, 1H, Ar); *C NMR (68 MHz, CDCls)
major 6 27.9 (3C), 55.4, 81.2, 86.7, 99.6, 101.3, 114.4, 123.9, 129.5, 134.8, 151.7, 158.7, 201.8. minor &
27.9 (3C), 55.4, 81.9, 86.3, 99.9, 101.9, 114.8, 124.3, 130.0, 134.8, 151.7, 159.0, 200.7; MS (El) m/z (%)
547 (M*, 1.4), 388 (100), 332 (59), 288 (74), 57 (25); HRMS (EI) calcd for C1sH1sINO3 (M"): 388.0410;
found: 388.0419.

N-(2-l1odo-4-chlorophenyl)-N-tert-butoxycarbonyl-2-propynylamine (30c)

29 [ I ILHERD FHEIZHENE R LTz, %230c 13 30b & [ARRIZER LT,

Pale yellow oil (208 mg, 83%): IR (CHCI3) cm™: 1703 (C=0); 'H NMR (300 MHz, CDCl3) 6 1.37 (brs,
8H, t-Butyl), 1.55 (brs, 1H, t-Butyl), 2.22 (dd, J = 2.1, 12.1 Hz, 1H, C=CH), 3.88 (dd, J = 17.4, 2.1 Hz, 1H,
N-CHH), 4.77 (dd, J = 17.4, 2.1 Hz, 1H, N-CHH), 7.29 (d, J = 8.4 Hz, 1H, Ar), 7.35 (dd, J = 8.4, 2.1 Hz,
1H, Ar), 7.86 (d, J = 2.1 Hz, 1H, Ar); 13C NMR (75 MHz, CDCls) major §28.0 (3C), 37.9, 72.8, 78.8, 81.2,
100.4, 129.1, 130.6, 133.8, 138.6, 142.1, 153.2. minor 6 28.1 (3C), 39.3, 72.4, 79.0, 81.7, 100.4, 129.4,
130.8, 134.1, 138.8, 142.4, 153.2; MS (El) m/z (%) 391 (M ™, 1.0), 291 (35), 208 (48), 164 (41), 128 (18),
57 (100); HRMS (EI) calcd for C14H15CHINO, (M ): 390.9836; found: 390.9831.

N-(2-lodo-4-chlorophenyl)-N-tert-butoxycarbonyl-2-allenylamine (31c)

3lciE, 28 LREIBRIZERK LTz,
Pale yellow solid (183 mg, 91%): m.p. 78-79 °C (n-hexane); IR (KBr) cm: 1703 (C=0); *H NMR (300
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MHz, CDCls) 51.39 (s, 6H, t-Butyl), 1.57 (s, 3H, t-Butyl), 4.99-5.10 (m, 2H, C=C=CH,), 7.11 (d, J = 8.4
Hz, 1H, Ar), 7.33 (dd, J = 8.4, 2.1 Hz, 1H, Ar), 7.84 (d, J = 2.1 Hz, 1H, Ar); 3C NMR (75 MHz, CDCl5)
major §27.9 (3C), 81.8, 87.2, 99.9, 100.9, 129.1, 130.0, 133.7, 138.6, 140.7, 151.1, 201.5. minor & 28.1
(3C), 81.3, 86.8, 100.1, 101.4, 129.4, 130.6, 134.1, 137.8, 138.9, 152.4, 200.4; MS (EI) m/z (%) 391 (M,
0.3), 337 (21), 335 (65), 290 (18), 256 (18), 164 (21), 57 (100); HRMS (EI) calcd for C14H1sCIINO, (M™):
390.9836; found: 390.9828.

N-(2-l1odo-4-methylesterphenyl)-N-tert-butoxycarbonyl-2-propynylamine (30d)

29d 1%, STHEROD FIEIZHEVERL L7z, 26030d (X, 30b & [RERICA L L7,

Pale yellow oil (582 mg, 95%): IR (CHCls) cm: 1705 (C=0), 1720 (C=0); *H NMR (270 MHz, CDCl5)
61.36 (s, 7H, t-Butyl), 1.56 (s, 2H, t-Butyl), 2.23 (t, J = 2.2 Hz, 1H, C=CH), 3.94 (s, 3H, OCH3), 3.91-3.97
(m, 1H, N-CHH), 4.78 (dd, J = 17.8, 2.2 Hz, 1H, N-CHH), 7.43 (d, J = 8.4 Hz, 1H, Ar), 8.04 (dd, J = 8.4,
1.6 Hz, 1H, Ar), 8.54 (d, J = 1.6 Hz, 1H, Ar); 133C NMR (100 MHz, CDCls) §28.1 (3C), 37.9, 52.5, 72.8,
78.7,81.5,99.8, 129.8, 130.1, 130.7, 140.5, 147.4, 152.9, 165.1; MS (EI) m/z (%) 415 (M*, 0.2), 315 (48),
232 (79), 188 (49), 57 (100); HRMS (EI) calcd for C16H1sINO4 (M ™): 415.0281; found: 415.0278.

N-(2-l1odo-6-methoxyphenyl)-N-tert-butoxycarbonyl-2-propynylamine (30e)

30e 1% 30b & [AIERICARL LTz,

Pale yellow oil (2.0 g, 99%): IR (CHCIs) cm™: 1686 (C=0), 3294 (C=C-H); *H NMR (400 MHz, CDCls)
61.35 (s, 6H, t-Butyl), 1.56 (s, 2H, t-Butyl), 1.60 (s, 1H, t-Butyl), 2.10 (t, J = 2.4 Hz, 0.7H, C=C-H), 2.14
(t, J = 2.4 Hz, 0.3H, C=C-H), 3.81 (s, 3H, OCH3), 4.29-4.44 (m, 2H, N-CH), 6.89 (dd, J = 8.0, 1.2 Hz,
0.5H, Ar), 6.90 (dd, J = 8.0, 1.2 Hz, 0.5H, Ar), 6.98 (t, J = 8.0 Hz, 1H, Ar), 7.44 (dd, J = 8.0, 1.2 Hz, 0.5H,
Ar), 7.45 (dd, J = 8.0, 1.2 Hz, 0.5H, Ar); 3C NMR (100 MHz, CDCls) major §28.1 (3C), 37.3, 55.8, 72.0,
78.9, 80.4, 102.2, 111.5, 129.7, 130.5, 132.5, 153.8, 156.4. minor 6 28.3 (3C), 38.7, 55.9, 71.7, 79.2, 81.1,
102.3, 112.0, 130.0, 130.8, 132.7, 153.0, 156.9; MS (El) m/z (%) 387 (M*, 5.6), 331 (25), 287 (63), 204
(71), 160 (52), 145 (69), 57 (100); HRMS (EI) calcd for C15H1gINO3 (M ™): 387.0331; found: 387.0326.

N-(2-l1odo-6-methoxyphenyl)-N-tert-butoxycarbonyl-2-allenylamine (31e)

3le &, 28 LIFEIERIZARL L7z,

White powder (178 mg, 86%): m.p. 97-98 °C (n-hexane); IR (KBr) cm: 1690 (C=0); *H NMR (400
MHz, CDCl3) § 1.36 (s, 6H, t-Butyl), 1.57 (s, 3H, t-Butyl), 3.80 (s, 3H, OCHz3), 4.95-5.09 (m, 2H,
C=C=CHy), 6.87-6.91 (m, 1H, Ar), 6.96-7.01 (m, 1H, Ar), 7.09-7.25 (m, 1H, Ar), 7.40-7.44 (m, 1H, Ar);
13C NMR (100 MHz, CDCls) major & 28.1 (3C), 56.1, 81.0, 86.1, 86.6, 100.0, 100.7, 101.1, 111.6, 130.0,
130.5, 156.2, 201.5. minor & 28.3 (3C), 56.3, 82.0, 86.1, 86.6, 100.0, 100.7, 101.5, 112.0, 130.3, 130.8,
156.2, 201.5; MS (EI) m/z (%) 387 (M*, 0.9), 331 (100), 286 (44), 160 (43), 145 (32), 57 (53); HRMS (EI)
calcd for C15H15INO3 (M ™"): 387.0331; found: 387.0337.
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N-(2-1odo-5-methoxyphenyl)-N-tert-butoxycarbonyl-2-propynylamine (30f)

29f |, STHEROD FIEIZHEWVERL LTz, 262 30f 1%, 30b & FRICER LT,

Pale yellow oil (820 mg, 89%): IR (CHCIs) cm™: 1701 (C=0), 3308 (C=C-H); *H NMR (400 MHz,
CDCl3) 61.38 (s, 7H, t-Butyl), 1.56 (s, 2H, t-Butyl), 2.23 (t, J = 2.4 Hz, 1H, C=CH), 3.81 (s, 3H, OCH3),
3.87 (dd, J=17.6, 2.4 Hz, 1H, N-CHH), 4.78 (dd, J = 17.6, 2.4 Hz, 1H, N-CHH), 6.64 (dd, J = 8.8, 2.8 Hz,
1H, Ar), 6.97 (d, J = 2.8 Hz, 1H, Ar), 7.70 (d, J = 8.8 Hz, 1H, Ar); 2*C NMR (100 MHz, CDCl3) major &
28.2 (3C), 38.2,55.5, 72.4, 81.0, 88.4, 115.3, 116.1, 131.9, 139.2, 144.2, 153.4, 160.2. minor & 28.4 (3C),
38.3,55.5, 69.5, 79.4, 88.4, 115.3, 116.1, 132.2, 139.5, 144.2, 153.4, 160.2; MS (EI) m/z (%) 387 (M, 1.8),
205 (12), 204 (100), 160 (34), 145 (14), 57 (49); HRMS (EI) calcd for C1sH1sINO3 (M*): 387.0331; found:
387.0338.

N-(2-lodo-5-methoxyphenyl)-N-tert-butoxycarbonyl-2-allenylamine (31f)

31f 1%, 28 LIRIERICARL L7z,

Yellow powder (207 mg, 97%): m.p. 77-79 °C (n-hexane); IR (KBr) cm*: 1695 (C=0); *H NMR (400
MHz, CDCls) & 1.39 (s, 5H, t-Butyl), 1.57 (s, 4H, t-Butyl), 3.79 (s, 3H, OCHs), 4.99-5.07 (m, 2H,
C=C=CH,), 6.62 (dd, J = 8.8, 2.8 Hz, 1H, Ar), 6.77 (brs, 1H, Ar), 7.69 (d, J = 8.8 Hz, 1H, Ar); 3C NMR
(100 MHz, CDCls3) 6 28.1 (3C), 55.5, 81.6, 86.9, 88.1, 100.9, 115.3, 115.5, 139.2, 142.6, 151.3, 160.2,
201.6; MS (FAB) m/z (%) calcd for CisH 15INO3 (MH *): 388.0410; found: 388.0415.

N-(2-l1odo-3-methoxyphenyl)-N-tert-butoxycarbonyl-2-propynylamine (30g)

30g I%. 30b & [RARIZERR LT,

White powder (97%, 1.09 g): m.p. 80-83 °C (n-hexane); IR (KBr) cm: 1709 (C=0), 3281 (C=C-H); *H
NMR (400 MHz, CDCls) & 1.35 (s, 7H, t-Butyl), 1.55 (s, 2H, t-Butyl), 2.20 (t, J = 2.4 Hz, 1H, C=CH),
3.85-3.90 (M, 1H, N-CHH), 3.91 (s, 3H, OCHs), 4.79 (dd, J = 17.6, 2.4 Hz, 1H, N-CHH), 6.77 (dd, J = 8.0,
1.2 Hz, 1H, Ar), 7.02 (dd, J = 8.0, 1.2 Hz, 1H, Ar), 7.31 (t, J = 8.0 Hz, 1H, Ar); 3C NMR (100 MHz,
CDCls) major 6 28.2 (3C), 38.1, 56.6, 72.2, 79.3, 80.8, 92.2, 109.8, 122.6, 129.2, 144.9, 153.5, 159.1.
minor 628.4 (3C), 39.5, 56.6, 71.9, 79.5, 81.4, 92.2, 110.3, 122.7, 129.7, 145.2, 153.5, 159.5; MS (EI) m/z
(%) 387 (M*, 0.2), 287 (36), 204 (100), 160 (27), 145 (30), 130 (63), 57 (48), 56 (29): HRMS (EI) calcd
for C1sH15INO3 (M ): 387.0331; found: 387.0339.

N-(2-l1odo-3-methoxyphenyl)-N-tert-butoxycarbonyl-2-allenylamine (31g)

31g 1. 28 L[AERICARL LT,

White powder (517 mg, quantitative): m.p. 120-121 °C (n-hexane); IR (KBr) cm™: 1705 (C=0); H
NMR (400 MHz, CDCls) 51.37 (s, 6H, t-Butyl), 1.58 (s, 3H, t-Butyl), 3.90 (s, 3H, OCHs), 4.95-5.04 (m,
2H, C=C=CHy), 6.74 (d, J = 8.4 Hz, 1H, Ar), 6.83 (d, J = 8.4 Hz, 1H, Ar), 7.22-7.30 (m, 1H, Ar); C NMR
(100 MHz, CDClIz) major ¢ 28.1 (3C), 56.6, 81.4, 86.7, 92.0, 100.9, 109.6, 121.9, 129.2, 143.4, 151.4,
159.1, 201.6. minor ¢ 28.3 (3C), 56.6, 82.1, 86.3, 92.0, 101.4, 110.2, 122.4, 129.6, 142.5, 154.3, 159.1,
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201.6; MS (FAB) m/z (%) calcd for C15H15INO3 (MH™): 388.0410; found: 388.0415.

&9 34a-b 13, BEEMLEM TH  SCIRO FIEITHEVE R LTz, &

N-(1-lodo-naphthalene-2-yl)-N-tert-butoxycarbonyl-2-propylamine (33a)

=i T, mono-Boc {4 32a (460 mg, 1.246 mmol) (Z THF (1.5 mL), DMF (2.3 mL) % /ilx CTHi#k
L7, 0 CETHEIL, NaH (75 mg, 1.869 mmol) Z¥shl, =Ry F CTHIE L T 1 Ff 1 /M L
72, 3-Bromo-1-propyne (0.23 mL, 3.115 mmol) % i F L C 1 Iff#] 28 sy fEIfiHE L7z, BOGHIRIZ K Z
MMz 7-#%. EtOAc THith L7z, WIZEEL THRONDIHMERNEZ T Y W TN T L7 a~v T
Z 7 4 — (n-hexane:EtOAc = 8:1) THEHIL . 7 /L 1A 33a (398 mg, 78%) %1537,

Yellow oil (398 mg, 78%): IR (CHCIs) cm™: 1701 (C=0); *H NMR (500 MHz, CDCls) 6 1.34 (s, 7H,
t-Butyl), 1.59 (s, 2H, t-Butyl), 2.24 (m, 1H, C=C-H), 4.01 (d, J = 17.5 Hz, 1H, N-CHH), 4.83 (d, J = 17.5,
1H, N-CHH), 7.47-7.60 (m, 3H, Ar), 7.816 (m, 2H, Ar), 8.21 (d, J = 8.1 Hz, 1H, Ar); 23C NMR (125 MHz,
CDCls) major 6 28.1 (3C), 38.2, 72.6, 79.1, 81.0, 105.6, 126.9, 127.5, 127.9, 128.2, 129.3, 129.8, 133.1,
135.3, 142.4, 153.6. minor 6 28.3 (3C), 39.6, 72.2, 79.4, 81.5, 105.9, 126.9, 127.4, 127.9, 128.2, 129.3,
129.8, 132.96, 135.4, 142.8, 153.6; MS (El) m/z (%) 407 (M*, 0.2), 224 (100), 180 (20), 57 (23); HRMS
(EI) calcd for C1gH15INO2 (M ): 407.0382; found: 407.0374.

(1-lodo-naphthalene-2-yl)-propa-1,2-dienyl-carbamic acid tert-butyl ester (34a)

KT, 7 /L% A4 33a (398 mg, 0.977 mmol) (= THF (4.9 mL) &A1z CTHi# L7-, t-BuOK (165
mg, 1.466 mmol) Z &AL, 59 /i Uiz, EiRFE CHIE L, 16 oM L7z, MISIEIRIZK
ZINZ 7%, ELO THiH, fafiffiK ced Lz, WA E L TR ONDMAERME TV T
NHThTa~ ~7 T 74— (n-hexane:EtOAc=7:1) THIL L. 7 L 1 {K 34a (349 mg, 87%) % 15
7=

Pale yellow powder (349 mg, 87%): m.p. 128-134 °C (n-hexane); IR (KBr) cm: 1705 (C=0); *H NMR
(500 MHz, CDCls) §1.35 (s, 7H, t-Butyl), 1.60 (s, 2H, t-Butyl), 4.87-4.97 (m, 2H, C=C=CH,), 7.18-7.40
(m, 2H, Ar), 7.48-7.61 (m, 2H, Ar), 7.79 (d, 2H, Ar), 8.24 (d, J = 8.0 Hz, 1H, Ar); C NMR (125 MHz,
CDCls) major 628.0 (3C), 81.5, 87.0, 100.9, 105.4, 126.7, 126.9, 127.8, 128.2, 129.5, 129.8, 133.2, 135.3,
140.8, 151.5, 201.7. minor 6 28.3 (3C), 82.2, 86.6, 101.6, 106.0, 126.7, 126.9, 127.8, 128.2, 129.5, 129.8,
132.9, 135.5, 140.7, 151.5, 200.6; MS (FAB) m/z (%); HRMS (MH™) calcd for CigHisINO; (M*):
408.0461; found: 408.0468.

N-(3-lodo-naphthalene-2-yl)-N-tert-butoxycarbonyl-2-propylamine (33b)

33b I, 33a OERKE RO FEIZ X Y. mono-Boc A 32 (152 mg, 0.412 mmol) 7>5 7 /L% AR
33b (153 mg, 92%) % 157=,

Yellow oil (153 mg, 92%): IR (CHCI3) cm™: 1701 (C=0); *H NMR (400 MHz, CDCls) 6 1.35 (s, 7H,
t-Butyl), 1.59 (s, 2H, t-Butyl), 2.20-2.29 (m, 1H, C=CH), 3.97 (dt, J = 16.0, 2.4 Hz, 1H, NCHH), 4.82 (dt, J
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= 13.6, 2.4 Hz, 1H, NCHH), 7.45-7.62 (m, 2H, Ar), 7.70-7.96 (m, 2H, Ar), 8.18-8.42 (m, 1H, Ar); *C
NMR (100 MHz, CDCls) major &§28.2 (3C), 38.7, 72.5, 79.3, 81.1, 97.7, 105.6, 126.8, 127.1, 127.8, 128.0,
129.3, 133.0, 138.8, 142.3, 153.7. minor & 28.4 (3C), 40.0, 72.2, 79.4, 81.6, 97.4, 105.9, 126.5, 127.4,
127.5, 128.2, 129.8, 132.9, 139.1, 142.7, 153.6; MS (El) m/z (%) 407 (M*, 1.2), 224 (34), 57 (100), 41
(54); HRMS (EI) calcd for C1gH1sINO2 (M™): 407.0382; found: 407.0388.

(3-lodo-naphthalene-2-yl)-propa-1,2-dienyl-carbamic acid tert-butyl ester (34b)

34a DARL L FBED I RIZ L 0 | 7 V% 1K 33b (148 mg, 0.363 mmol) 7>5 7 L A 34b (121 mg,
83%) = 1%7-,

White powder (121 mg, 83%): m.p. 138-140 °C (n-hexane); IR (KBr) cm: 1697 (C=0); *H NMR (500
MHz, CDCls) §1.35 (d, 7H, t-Butyl), 1.60 (s, 2H, t-Butyl), 4.89-5.99 (m, 2H, C=C=CH,), 7.20-7.31 (m,
1H, NCH), 7.33-7.42 (m, 1H, Ar), 7.44-7.59 (m, 2H, Ar), 7.66-7.83 (m, 2H, Ar), 8.24 (d, J = 8.0 Hz, 0.5H,
Ar), 8.38 (s, 0.5H, Ar); 3C NMR (125 MHz, CDCls) major & 28.3 (3C), 81.8, 87.2, 101.8, 126.8, 126.9,
127.2, 127.3, 128.0, 128.2, 128.5, 129.7, 133.4, 139.1, 151.8, 202.0. minor 6 28.5 (3C), 82.4, 86.8, 102.1,
126.8,126.9, 127.2, 127.3, 128.1, 128.2, 128.5, 129.7, 133.3, 138.6, 152.0, 202.0; MS (FAB) m/z (%) calcd
for C1gH1sINO, (MH *): 408.0461; found: 408.0457.

L& 3513, RO FFIEIHEVERL LTz, &

N-tert-Butoxycarbonyl-N-(3-iodopyridin-4-yl)prop-2-ynylamine (36a)

IR T, = 7 #({Ak 35a (316 mg, 0.987 mmol), THF (7.6 mL), DMF (1.5mL) #f#:L7=, 0 C=E
THAEIL, NaH (59.2 mg, 1.48 mmol) # Nz, iR FE CHIE L T 1 BER 11 B L=,
3-bromo-1-propyne (0.19 mL, 2.47 mmol) Z{i§i ~ L. 1 Rff] 9 /ofR#: Lc, BOSIRIZ/K &2z 72
. EtOAc THliItH L7z, WIEZREL THONDIMERMEZ L VDTN T I 0~ N T T 7 4
— (n-hexane:EtOAc = 3:1) THHRLL . 7 /1% 1K 36a (222 mg, 63%) %157,

Yellow oil (222 mg, 63%): IR (CHCI3) cm™: 1709 (C=0), 3308 (C=C-H); 'H NMR (400 MHz, CDCl3) &
1.38 (brs, 7H, t-Butyl), 1.56 (brs, 2H, t-Butyl), 2.26 (s, 1H, C=CH), 3.99 (d, J = 17.6 Hz, 1H, NCHH), 4.74
(d, J=17.2 Hz, 1H, NCHH), 7.36 (brs, 1H, Ar), 8.56 (d, J = 5.2 Hz, 1H, Ar), 9.00 (d, J = 0.4 Hz, 1H, Ar);
13C NMR (100 MHz, CDCls) 6 28.1 (3C), 37.7, 73.1, 78.4, 82.1, 99.0, 125.1, 150.2, 151.0, 152.3, 158.5;
MS (EI) m/z (%) 358 (M*, 0.3), 258 (12), 176 (11), 175 (100), 131 (14), 57 (36); HRMS (EI) calcd for
Ci3H15IN202 (MT): 358.0179; found: 358.0170.

N-tert-Butoxycarbonyl-N-(3-iodopyridin-4-yl)allenylamine (37a)

ST, 7L 1K 36a (210 mg, 0.586 mmol) @ THF (2.9 mL) iR = HE L=, 0 CE THH
L. t-BuOK (98.7 mg, 0.879 mmol) % ¥ L C 2 W 29 43 IFEHE Lo, BUSIARIZK Z N Z 721
Et.O THiM., fafEHEAKTHE L., WA EL THEONLIMERMZ Y ) I TNV T 570
~ N 7'Z 7 4 — (n-hexane:EtOAc =5:1) THHI L, 7 L > {K 37a (169 mg, 80%) % 157-,
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White powder (169 mg, 80%): m.p. 68-69 °C (n-hexane); IR (KBr) cm: 1701 (C=0); *H NMR (400
MHz, CDCls) §1.39 (brs, 7H, t-Butyl), 1.66 (s, 2H, t-Butyl), 5.04-5.07 (m, 2H, C=C=CHy), 7.18 (brs, 1H,
NCH), 7.24 (brs, 1H, Ar), 8.54 (d, J = 5.2 Hz, 1H, Ar), 8.99 (s, 1H, Ar); 3C NMR (100 MHz, CDCls) §
28.1 (3C), 82.6, 87.7, 98.7, 100.2, 125.0, 149.5, 150.2 (2C), 158.6, 201.0; MS (EI) m/z (%) 358 (M, 6.5),
302 (19), 258 (21), 257 (45), 177 (10), 131 (58), 130 (12), 104 (10), 85 (18), 57 (100), 43 (12), 42 (22), 41
(21); HRMS (EI) calcd for Ci3H15IN,0O2 (M™): 358.0179; found: 358.0181.

N-tert-Butoxycarbonyl-N-(3-iodopyridin-2-yl)prop-2-ynylamine (36b)

HE T, I 7 #E/K 35b (589 mg, 1.84 mmol ). THF (14.2 mL), DMF (2.8 mL) ###L7-, 0 C=
THAI L, NaH (110 mg, 2.76 mmol) Z Mz, =R E CTHIE L T 1 Ff 4 MEAL L=,
3-Bromo-1-propyne (0.35 mL, 4.60 mmol) %3 F L. 1 KF[E] 45 3R Uiz, BOSIERIRIZ/K 2N %
7ot%. EtOAc THiHH L7z, WA E L THRONMAERNE L D I TN T T L u~ NI T 7
+4 — (n-hexane:EtOAc = 4:1) THHLIL ., 7 /L3 {4 36b (602 mg, 91%) % 157=,

Yellow oil (602 mg, 91%): IR (CHCls) cmt: 1709 (C=0), 3308 (C=C-H); *H NMR (400 MHz, CDCls) &
1.41 (brs, 9H, t-Butyl), 2.17 (s, 1H, C=CH), 4.50-4.60 (m, 2H, NCH,), 6.96 (dd, J = 7.8, 4.8 Hz, 1H, Ar),
8.20 (dd, J = 8.0, 1.6 Hz, 1H, Ar), 8.49 (dd, J = 4.8, 1.6 Hz, 1H, Ar); 13C NMR (100 MHz, CDCl3) 6 28.2
(3C), 37.3, 72.3, 78.7, 81.8, 96.3, 123.6, 148.4 (2C), 152.5, 155.3; MS (El) m/z (%) 358 (M*, 26.0), 303
(12), 302 (100), 258 (67), 257 (18), 176 (11), 175 (94), 131 (15), 130 (12), 57 (35); HRMS (EI) calcd for
C13H15IN202 (M): 358.0179; found: 358.0175.

N-tert-Butoxycarbonyl-N-(3-iodopyridin-2-yl)allenylamine (37b)

HiE T, 7 /L% 1K 36b (200 mg, 0.557 mmol) @ THF (2.8 mL) &k Z#H#E L7Z, 0 CE THH
L. t-BuOK (94.0 mg, 0.838 mmol) Z AN L T 1 e 14 43 REHR U 7o, SOSIRIRICK Z N2 7214,
Et,O THiM, SR T Lic, WA EL CTHEONAMERME T Y ISV A7 8
~ h7'Z 7 4 — (n-hexane:EtOAc =3:1) THRLL, 7 L K 37b (171 mg, 86%) % 157=,

Pale yellow powder (171 mg, 86%): m.p. 106-107 °C (n-hexane); IR (KBr) cm™: 1692 (C=0); *H NMR
(400 MHz, CDCl3) §1.39 (brs, 9H, t-Butyl), 5.04 (d, J =2.4 Hz, 2H, C=C=CH>), 6.99 (dd, J = 8.0, 4.8 Hz,
1H, Ar), 7.23 (brs, 1H, N-CH), 8.20 (dd, J = 8.0, 1.6 Hz, 1H, Ar), 8.51 (d, J = 3.6 Hz, 1H, Ar); 13C NMR
(100 MHz, CDCIls) 628.1 (3C), 82.0, 86.9, 95.4, 99.9, 124.2, 148.3, 148.7, 150.7, 153.7, 201.3; MS (FAB)
m/z (%) calcd for C13H16IN20, (MH *): 359.0257; found: 359.0251.

N-(2-lodo-4-dimethylamidophenyl)-N-tert-butoxycarbonyl-2-propynylamine (39)

30d (316 mg, 0.716 mmol) @ 1IN NaOH /K#i#& (1.5 mL) I, H.O (3.8 mL) & EtOH (3.8 mL) #*
Nz 25 KRR L7, IBAEWEBIERM L CTEiE4 IN HCI TRPEIZ LT, ALz, B Hh
ToER A2 B 220 L. CHCI I L TRt~ 7 % > 0 L CHEMR U, UL L7, F04E1C DMF
(0.7 mL)., Me;NH-HCI (82 mg, 1.008 mmol), EDCI (142 mg, 0.739 mmol) & HOBt (113 mg, 0.739
mmol) Mz 7=, 15 734 L7=%. EtN (0.19 mL, 1.344 mmol) Z Iz, 16 BRI L=, 1BS
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Y7 EO \[CHRE L, AERe, fufniRIKFE T MY O A S EEK Tl Lc, WIEEA®EL T
BoNIHERYE L VBN T AT~ N F T 7 4 —T (n-hexane:EtOAc = 1:2) ¥FHI L, 39
(182 mg, 55% in 2 steps) % %7,

Pale yellow amorphous (182 mg, 55%): IR (CHCIs) cm*: 1628 (C=0), 1703 (C=0); *H NMR (400 MHz,
CDCl3) 61.37 (s, 6H, t-Butyl), 1.56 (s, 3H, t-Butyl), 2.22 (t, J = 2.4 Hz, 1H, C=CH), 2.99 (s, 3H, N-CH3),
3.11 (s, 3H, N-CHg), 3.90 (dd, J = 17.6, 2.4 Hz, 1H, N-CHH), 4.78 (dd, J = 17.6, 2.4 Hz, 1H, N-CHH),
7.40-7.43 (m, 2H, Ar), 7.93 (d, J = 2.0 Hz, 1H, Ar); 2*C NMR (100 MHz, CDCls) §28.2 (3C), 35.4, 38.1,
39.5, 72.7, 79.0, 81.4, 100.0, 127.7, 129.9, 137.0, 137.9, 144.4, 153.2, 169.2; MS (EI) m/z (%) 428 (M*,
0.5), 328 (52), 284 (50), 245 (100), 57 (75); HRMS (EI) calcd for C17H21IN2O3 (M*): 428.0597; found:
428.0588.

N-(2-lodo-4-dimethylamidophenyl)-N-tert-butoxycarbonyl-2-allenylamine (40)

40 1%, 28 L[FAIERICERL LTz,

Colorless oil (119 mg, 87%): IR (CHCIs) cm™: 1630 (C=0), 1707 (C=0); *H NMR (300 MHz, CDCls3) &
1.38 (s, 7H, t-Butyl), 1.58 (s, 2H, t-Butyl), 2.96 (s, 3H, N-CHs), 3.10 (s, 3H, N-CHj3), 4.97-5.07 (m, 2H,
C=C=CH,), 7.21-7.27 (m, 2H, Ar), 7.40 (dd, J = 7.8, 1.2 Hz, 1H, Ar), 7.91 (d, J = 1.2 Hz, 1H, Ar); C
NMR (75 MHz, CDCl3) major §27.9 (3C), 35.2, 39.3, 77.2, 81.7, 87.1, 100.7, 127.6, 129.3, 136.9, 137.9,
142.9, 151.0, 169.2, 201.5. minor §28.0 (3C), 35.2, 39.3, 77.2, 82.3, 86.9, 99.5, 128.1, 129.9, 137.2, 138.1,
142.9, 151.2, 169.2, 200.3; MS (El) m/z (%) 428 (M, 0.2), 57 (100), 191 (25), 284 (33), 327 (25), 328
(32), 372 (67); HRMS (EI) calcd for C17H21IN203 (M *): 428.0597; found: 428.0593.

N-(2-lodophenyl)-N-[1-(benzyl)propa-1, 2-dienyl]-carbamic acid tert-butyl ester (43a)

TL—ARITA LT 2T AT T AT VI EHEHLA T, 7 L2 (100 mg, 0.28 mmol), THF
(2.8 mL), HMPA (73 L, 0.42 mmol) % Ah-78 CIZ#HEI4 %, LDA (0.41 mL, 0.42 mmol) % wp - <
DT L. BRI L7=%. benzyl bromide (50 pL, 0.42 mmol) i F L. [A C{EE C— R
T 5, 0%, RN THIR Lz, BOSEIRIZKEZMA 2%, Y=F /o —7 L CTHit,
WALT =0 KR, faflBEK T Lo, WIEEZEEL THONLDMAERME 7L XT
—7 47 TLC T (n-hexane : EtOAc = 13:1) M &1T\ . HEY®) 43a (27 mg, 22%) % #57=,

Yellow oil (27 mg, 22%): IR (CHCI3) cm™: 1701 (C=0); 'H NMR (400 MHz, CDCl3) & 1.45 (s, 9H,
t-Butyl), 3.50 (d, J = 15.2 Hz, 1H, CHHBN), 3.90 (brs, 1H, CHHBn ), 4.85-4.99 (m, 2H, CH2=C), 6.70 (brs,
1H, Ar), 6.91 (dt, J = 7.6, 1.6 Hz, 1H, Ar), 7.16-7.31 (m, 6H, Ar), 7.80 (d, J = 7.6, 1.2 Hz, 1H, Ar); 13C
NMR (100 MHz, CDClIs) 628.3 (3C), 38.3, 81.2, 82.4, 100.4, 126.5 (2C), 128.2 (3C), 128.5, 128.8, 129.3,
129.5 (3C), 138.3, 139.4, 212.0; MS (FAB) m/z (%) calcd for CaH23INO, (MH™): 448.0774; found:
448.0780.

N-(2-lodophenyl)-N-[1-(trimethylsilyl)propa-1, 2-dienyl]-carbamic acid tert-butyl ester (43b)
43b 1%, 43a L[FERRIZER LT,
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Yellow oil (220 mg, 61%): IR (CHCI3) cm™: 1701 (C=0); 'H NMR (400 MHz, CDCls) 6 0.28 (s, 9H,
TMS), 1.36 (s, 9H, t-Bu), 4.58 (g, J = 10.4 Hz, 2H, CH>=C), 6.94 (ddd, J = 7.6, 1.6, 0.4 Hz, 1H, Ar), 7.13
(dd, J=17.6, 0.8 Hz, 1H, Ar), 7.29 (ddd, J = 7.6, 1.6, 0.4 Hz, 1H, Ar), 7.82 (dd, J = 7.6, 1.6 Hz, 1H Ar); *C
NMR (100 MHz, CDCls) 6§0.94 (3C), 28.1, 79.9, 80.7, 99.7, 128.4, 128.5, 129.5 (3C), 129.6, 138.8, 139.1,
144.5, 205.2; MS (FAB) m/z (%) calcd for C17H25INO2Si (MH*): 430.0699; found: 430.03009.

N-(2-lodophenyl)-N-[1-(allyl)propa-1, 2-dienyl]-carbamic acid tert-butyl ester (43c)

43c 1%, 43a L[RERICE R L7z (7272 L, LDA, HMPA, Allyl bromide (£9<T 25eq. fv 7).

Yellow oil (122 mg, 54%); IR (CHCIs) cm; 1701 (C=0) ;*H NMR (400 MHz, CDCls) &§ 1.45 (s, 9H,
t-Butyl), 3.01 (brs, 1H, CHH), 3.21 (brs, 1H, CHH), 5.01 (dd, J = 3.6, 2.8 Hz, 2H, C=CHy), 5.06 (ddt, J =
10.0, 2.4, 1.2 Hz, 1H, CH=CHy), 5.11 (ddt, J = 16.8, 2.0, 1.2 Hz, 1H, CH=CH,), 5.76-5.87 (m, 1H,
CH=CHy), 6.96 (ddd, J=8.0, 7.2, 1.6 Hz, 1H, Ar), 7.25 (d, J = 1.6 Hz, 0.4H, Ar), 7.27 (d, J = 1.6 Hz, 0.6H,
Ar), 7.33 (ddd, J = 7.2, 1.6, 0.4 Hz, 1H, Ar), 7.85 (dd, J = 8.0, 1.6 Hz, 1H, Ar); 3C NMR (100 MHz,
CDCl3) 6 28.3(3C), 36.3, 76.5, 81.2, 82.7, 100.4, 111.4, 116.9, 128.6, 128.9, 129.5, 134.46, 139.5, 144.4,
206.9; LRMS (El) m/z: 497 (M*, 0.8), 342 (14), 341 (100), 214 (20), 170 (39), 57 (16): HRMS (EI) calcd
for C17Ha0INO2 (M) : 397.0539; found: 397.0544.

tert-Butyl N-(buta-1,2-dienyl)-N-(2-iodophenyl)-carbamate (47a)

46a (300 mg, 0.808 mmol) @ THF (4.0 mL) #A#Z!Z t-BuOK (227 mg, 2.02 mmol) % 0°C FCHlZ.,
IR T 11 REEIEHR L7, ELO IZIME Lo, K&K Tl L7, WikEBEL THE LR
HHAERME ) DNV T A a~ N7 T 7 4 — (n-hexane:EtOAc = 7:1) THHRL L. 47a (137
mg, 45%) % 1:1 TfH7=,

Pale yellow oil (137 mg, 45%): IR (CHCI3) cm™*: 1703 (C=0); *H NMR (400 MHz, CDCls) major; &
1.38 (brs, 6H, t-Butyl), 1.46 (dd, J = 6.8, 2.8 Hz, 3H, CHa), 1.54 (s, 3H, t-Butyl), 5.30-5.41 (m, 1H, 3-H),
6.74-6.79 (m, 1H, Ar), 6.99 (t, J = 7.2 Hz, 1H, NCH), 7.17 (t, J = 7.2 Hz, 1H, Ar), 7.29-7.35 (m, 1H, Ar),
7.84 (d, J =7.2 Hz, 1H, Ar); minor; 6 1.38 (brs, 6H, t-Butyl), 1.51 (dd, J = 7.2, 2.8 Hz, 3H, CH3), 1.54 (s,
3H, t-Butyl), 5.30-5.41 (m, 1H, 3-H), 6.99 (t, J = 7.2 Hz, 1H, NCH), 7.17 (t, J = 7.2 Hz, 1H, Ar), 7.29-7.35
(m, 1H, Ar), 7.73-7.76 (m, 1H, Ar), 7.84 (d, J = 7.2 Hz, 1H, Ar);**C NMR (100 MHz, CDCl3) major; 615.5,
28.1 (2C), 28.3, 81.1, 97.9, 100.2, 120.1, 128.7, 129.1, 129.70, 138.8, 139.17, 196.2, 205.4; minor; & 15.5,
28.1, 28.3 (2C), 81.1, 98.0, 100.6, 124.7, 128.9, 129.2, 129.72, 138.8, 139.19, 196.2, 205.4; MS (FAB) m/z
(%) calcd for CisH10INO2 (MH™): 372.0461; found: 372.0456.

tert-Butyl N-(4,4-dimethylpent-2-ynyl)-N-(2-iodophenyl)-carbamate (46b)

44 (491 mg, 1.54 mmol) @ THF (11.9 mL), DMF (2.4 mL) {&#Z!\Z NaH (92.4 mg, 2.31 mmol, 60% in
oil) Z=iE FT3004H# L7=,0 C FIZ#HE! L. 1-bromo-4,4-dimethyl-2-pentyne (674 mg, 3.85 mmol)
@ THF (L5 mL) IEiRZ M4, 2 REER L=, IRGW % EtOAC IR L, 7K, Bafn B K Tl
Lic, Wik E L TR ERME ) B 7V h T 57 a~ v 75 7 4 — (n-hexane:EtOAC
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=12:1) THHL L, 46b (364 mg, 57%) % 457-,

Pale yellow oil (364 mg, 57%): IR (CHCI3) cm*: 1699 (C=0); H NMR (400 MHz, CDCls) major; &
1.10 (s, 9H, t-Butyl), 1.36 (s, 6H, t-Butyl), 1.55 (s, 3H, t-Butyl), 4.03 (d, J = 17.2 Hz, 1H, NCHH), 4.67 (d,
J = 17.2 Hz, 1H, NCHH), 6.98-7.02 (m, 1H, Ar), 7.29-7.42 (m, 2H, Ar), 7.85 (d, J = 8.0 Hz, 1H, Ar);
minor; §1.15 (s, 9H, t-Butyl), 1.36 (s, 6H, t-Butyl), 1.55 (s, 3H, t-Butyl), 3.91 (d, J = 17.2 Hz, 1H, NCHH),
454 (d, J = 17.2 Hz, 1H, NCHH), 6.74-6.78 (m, 1H, Ar), 7.29-7.42 (m, 2H, Ar), 7.74 (d, J = 8.0 Hz, 1H,
Ar); 13C NMR (100 MHz, CDCls) major; §27.2, 28.2 (3C), 30.7 (3C), 38.1, 73.4, 80.6, 93.5, 100.7, 128.4,
128.8, 130.5, 139.0, 143.2, 153.5; minor; §27.9, 28.4 (3C), 30.8 (3C), 39.9, 73.8, 81.0, 93.0, 100.5, 120.1,
124.6, 129.1, 139.3, 143.9, 153.6; MS (E1) m/z (%) 413 (M™, 2.4), 230 (27), 186 (40), 130 (20), 118 (27),
95 (24), 69 (29), 57 (100); HRMS (EI) calcd for C1gH24INO, (M™): 413.0852; found: 413.0850.

tert-Butyl N-(4,4-dimethylpenta-1,2-dienyl)-N-(2-iodophenyl)-carbamate (47b)

47b 1. 47a LFEERICARL L, L1 DERAWE L THELNIZ,

Pale yellow oil (169 mg, 71%) : IR (CHCI3) cm™: 1703 (C=0); *H NMR (400 MHz, CDCl3) major; &
0.74 (s, 9H, t-Butyl), 1.38 (s, 6H, t-Butyl), 1.58 (s, 3H, t-Butyl), 5.39 (d, J = 6.0 Hz, 1H, 3-H), 6.96 (d, J =
7.6 Hz, 1H, NCH), 7.12-7.28 (m, 2H, Ar), 7.30-7.35 (m, 1H, Ar), 7.83 (d, J = 7.6 Hz, 1H, Ar); minor; &
0.76 (s, 9H, t-Butyl), 1.39 (s, 6H, t-Butyl), 1.58 (s, 3H, t-Butyl), 5.42 (d, J = 6.0 Hz, 1H, 3-H), 6.98 (d, J =
7.6 Hz, 1H, NCH,) 7.12-7.28 (m, 2H, Ar), 7.30-7.35 (m, 1H, Ar), 7.84 (d, J = 7.6 Hz, 1H, Ar); 3C NMR
(100 MHz, CDCl3) major; & 28.1 (2C), 28.4, 29.3 (3C), 32.68, 81.2, 100.0, 102.2, 114.5, 128.4, 128.9,
129.6, 139.1, 142.0, 151.4, 191.8; minor; 6 28.1 (2C), 28.4, 29.5 (3C), 32.73, 81.3, 100.1, 102.5, 114.9,
128.7, 128.9, 130.0, 139.1, 142.2, 151.5, 192.0; MS (FAB) m/z (%) calcd for CigHasINO2 (MH™):
414.0935; found: 414.0930.

(3-Phenyl-prop-2-ynyl)-(2-iodo-phenyl)-carbamic acid tert-butyl ester (47¢)

47c 1%, 47a LFEERICARL L. L1 OEAWE L THELNIZ,

Yellow oil (62 mg, 45%): IR (CHCI3) cm™: 1699 (C=0); *H NMR (400 MHz, CDCl3) & 1.38 (s, 6H,
t-Butyl), 1.58 (s, 3H, t-Butyl), 4.16 (d, J = 18.0 Hz, 0.2H, NCHH), 4.24 (d, J = 18.0 Hz, 0.8H, NCHH),
4.82 (d, J=17.6 Hz, 0.3H, NCHH), 4.95 (d, J = 17.6 Hz, 0.7H, NCHH), 7.02 (ddd, J = 7.2, 2.0, 0.4 Hz, 1H,
Ar), 7.24-7.51 (m. 7H, Ar), 7.89 (d, J = 7.6 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls) major; 6 28.2 (3C),
38.8, 80.9, 84.4, 84.7, 100.4, 122.9, 128.2, 128.3, 128.8, 129.1, 129.3, 130.3, 131.6, 139.2, 139.5, 143.3,
153.5; minor; 6 28.4 (3C), 38.8, 80.9, 84.4, 84.7, 100.3, 122.9, 128.2, 128.3, 128.8, 129.1, 129.3, 130.3,
131.5, 139.2, 139.5, 143.3, 153.5; MS (El) m/z (%) 433 (M™*, 0.1), 377 (25), 251 (15), 250 (81), 207 (17),
206 (100), 115 (15), 57 (15); HRMS (EI) calcd for CaH20NO2I (M™): 433.0539; found: 433.0537.

R RO FER
Uikt~ U LI KD ABRUS O (61 DH AL
TL—LRIA L2 T A7 7222~ U L& (141 mg,0.938 mmol) & 12— — K
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T % (197 mg, 0.700 mmol) % AL, THF (6.7 mL) #h1x T=Ri{E T 2.5 BifE#H#E L=, BAEWIC
HMPA (0.44 mL, 2.520 mmol) Z/Nx 20 53R L7z, A7 T 22 %0 ClzmA L, 7 L 241 (50
mg, 0.14 mmol) & i-PrOH (20 pL, 0.28 mmol) @ THF (3.4 mL) &Kz Wb~ < W Iz 1554 LT,
FoCER L A SRR EREKERE N2, YT —T VI Lz, AiE A
TR T, BOKEEE~ 7 X0 ATHBESE, AB L7, WKEEEL TH LD AR
WMEL VPNV ET AT a~ 7T 7 4—T (n-hexane:EtOAc = 8:1) HERIL ., A > K—/L{k 51
(30 mg, 93%) % 1537-,

ikt~ o s—VFusTua~vA REHWEAERMKGEDO B EIEE

TUL—ALRIA LIE2HFT AT I A2~ ULeE (247 mg, 1.64 mmol) & 12— 33— R
T X (345mg, 1.23 mmol) Z A#l, THF (11.6 mL) Zh1x C=EIR T 2.5 FFEfE L=, IREWIC
LiBr (851 mg, 9.8 mmol) @ THF (8.8 mL) ik 4 i F L CEIR F 40 i Lic, A7 7 2 a%
0 CITHEIL, 7 L2 48 (101 mg, 0.245 mmol) @ THF (6.1 mL) &z - < Wiz, 30 4rHi#k
Lz, ForiceR e i S w7 I ERKERE MZ, Y=FLz—7 LTl L7z, Ak
J& A BN B K TUE, BRI~ 7 X U A THMR S, AL, BRikERELTELND
MAERME ) WAV T Ao a~ 7T 74— (n-hexane:EtOAc = 5:1) TR L, Jikl 48 (72
mg, 72%) & 157=,

RIS — IO SR
tert-Butyl 3,5-dimethyl-1H-indole-1-carboxylate (59b)

59b (X, 51 L[RIERDFIETEHERK LTz,

Colorless oil (44 mg, 82%): IR (CHCIs) cmt: 1724 (C=0); 'H NMR (400 MHz, CDCls) 5 1.65 (s, 9H,
t-Butyl), 2.23 (d, J = 1.6 Hz, 3H, 3-CH3), 2.45 (s, 3H, 5-CHs), 7.12 (dd, J = 11.2, 1.6 Hz, 1H, Ar),
7.27-7.28 (m, 1H, Ar), 7.31 (brs, 1H, Ar), 7.97 (brs, 1H, Ar); 13C NMR (100 MHz, CDCl3) §9.6, 21.3, 28.2
(3C), 82.9, 114.7, 116.0, 118.8, 122.8, 125.5, 131.6, 131.7, 133.6, 149.8; MS (EI) m/z (%) 245 (M, 34),
189 (75), 145 (100), 144 (53), 143 (20), 57 (16); HRMS (EI) calcd for C1sH10NO2 (M*): 245.1416; found:
245.1414,

tert-Butyl 5-(dimethylcarbamoyl)-3-methyl-1H-indole-1-carboxylate (60)

60 (X, 51 LRIERDHFIETHI LT,

Colorless oil (12 mg, 21%): IR (CHCIs) cm™: 1722 (C=0), 1634 (C=0); 'H NMR (400 MHz, CDCls) &
1.67 (s, 9H, t-Butyl), 2.27 (d, J = 1.6 Hz, 3H, 3-CHj), 3.03 (brs, 3H, N-CHz), 3.13 (brs, 3H, N-CHs), 7.36
(dd, J = 11.6, 1.6 Hz, 1H, Ar), 7.39 (brs, 1H, Ar), 7.62-7.63 (m, 1H, Ar), 8.11 (d, J = 11.6 Hz, 1H, Ar); 3C
NMR (100 MHz, CDCls) 69.5, 28.2 (3C), 35.5, 39.9, 83.6, 114.7, 116.5, 118.4, 123.3, 123.7, 130.3, 131.2,
135.9, 149.6, 172.3; MS (El) m/z (%) 302 (M*, 16), 246 (41), 202 (91), 158 (100), 57 (17); HRMS (El)
calcd for C17H2,N203 (M™"): 302.1630; found: 302.1633.
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tert-Butyl 7-methoxy-3-methyl-1H-indole-1-carboxylate (59¢)

59 |%, 51 &I[AIKRD HIETER LT,

Colorless crystal (79%): m.p. 70-71 °C (n-hexane): IR (KBr) cm: 1732 (C=0); 'H NMR (400 MHz,
CDCl3) 61.61 (s, 9H, t-Butyl), 2.23 (d, J = 1.2 Hz, 3H, 3-CHs3), 3.93 (s, 3H, OCH3), 6.83 (dd, J = 8.0, 1.2
Hz, 1H, Ar), 7.10 (dd, J = 8.0, 1.2 Hz, 1H, Ar), 7.19 (t, J = 8.0 Hz, 1H, Ar), 7.30-7.31 (m, 1H, Ar); *C
NMR (100 MHz, CDCls) 69.7, 28.0 (3C), 55.9, 82.7, 107.1, 111.6, 115.8, 123.3, 124.7, 125.4, 134.5, 148 4,
149.6; MS (EI) m/z (%) 261 (M, 12), 161 (100), 160 (23), 146 (46), 118 (42), 57 (42), 41 (24); HRMS
(EI) calcd for C1sH19NO3 (M™): 261.1365; found: 261.1362.

RIS IH O R
tert-Butyl 2-benzyl-3-methyl-1H-indole-1-carboxylate (65c)

65c (X, 51 L [FAIERD HIETEHR LT,

Colorless crystal (51 mg, 99%): m.p. 86-87 °C (n-hexane): IR (KBr) cm™: 1720 (C=0); *H NMR (400
MHz, CDCls) & 1.43 (s, 9H, t-Butyl), 2.25 (s, 3H, 3-CHa), 4.46 (s, 2H, PhCH,), 6.99-7.08 (m, 2H, Ar),
7.15-7.31 (m, 5H, Ar), 7.49-7.52 (m, 1H, Ar), 8.10-8.15 (m, 1H, Ar); 3C NMR (100 MHz, CDCls) 58.9,
27.9 (3C), 32.1, 83.4, 108.4, 115.4, 115.9, 118.2, 122.3, 123.8, 125.8, 127.8 (2C), 128.2 (2C), 130.4, 131.8,
133.8, 139.8; MS (El) m/z (%) 321 (M, 12), 265 (40), 221 (100), 218 (38), 206 (32), 144 (49), 57 (24), 41
(28); HRMS (EI) calcd for C21H23NO2 (M™): 321.1729; found: 321.1727.

tert-Butyl 3-methyl-2-(trimethylsilyl)-1H-indole-1-carboxylate (65d)

65d (. 51 & RIERD FIETEHR LT,

Colorless oil (46 mg, 93%): IR (CHCIs) cm™: 1728 (C=0); 'H NMR (400 MHz, CDCl3) §0.39 (s, 9H,
Si(CHsa)s), 1.69 (s, 9H, t-Butyl), 2.36 (s, 3H, 3-CHs), 7.19-7.23 (m, 1H, Ar), 7.27 (ddd, J = 8.4, 7.2, 1.2 Hz,
1H, Ar), 7.50 (dt, J = 7.6, 0.8 Hz, 1H, Ar), 7.93 (dt, J = 8.4, 0.8 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls)
62.3(3C), 11.2, 28.3 (3C), 83.4, 115.1, 118.7, 122.0, 124.5, 127.7, 132.6, 136.1, 137.0, 151.4; MS (EI) m/z
(%) 303 (M, 12), 247 (16), 232 (56), 203 (100), 188 (67), 57 (17); HRMS (EI) calcd for C17H2sNO2Si (M
*): 303.1654; found: 303.1658.

2-Allyl-3-methyl-indole-1-carboxylic acid tert-butyl ester (65€)

65e (X, 51 & [FAIERDHIETHR LT,

Yellow oil (24 mg, 50%); IR (CHCI3) cm?: 1722 (C=0): *H NMR (400 MHz, CDCl3) & 1.66 (s, 9H,
t-Butyl), 2.20 (s, 3H, CHs), 3.78 (dt, J = 5.6, 1.6 Hz, 2H, CHy), 4.92 (dtd, J = 16.8, 2.0, 1.6 Hz, 1H,
CH=CHy), 5.00 (dtd, J = 10.4, 2.0, 1.6 Hz, 1H, CH=CH>), 6.01 (ddt, J = 16.0, 10.4, 5.6 Hz, 1H, CH=CH>),
7.20-7.27 (m, 2H, Ar), 7.43-7.45 (m, 1H, Ar), 8.09-8.11 (m, 1H, Ar); 13C NMR (100 MHz, CDCls3) § 8.6,
28.2 (3C), 30.6, 83.4, 115.0, 115.1, 115.4, 118.0, 122.3, 123.6, 130.6, 133.9, 135.7, 135.9, 150.5; LRMS
(E1) m/z: 271 (M*, 16), 215 (46), 172 (13), 171 (100), 170 (26), 156 (19), 144 (24), 131 (12), 130 (16), 57
(20), 56 (13), 41 (10); HRMS (EI) calcd for C17H21NO (M™): 271.1572; found: 271.1575.
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3-Methyl-2-[3-(trimethylsilyl)prop-2-yn-1-yl]-indole-1-carboxylic acid tert-butyl ester (65f)

65f 1%, 51 & IRIKRD HIETER LT,

White powder (9 mg, 33%); m.p. 105-108 °C; IR (KBr) cm™: 1728 (C=0);'H NMR (400 MHz, CDCls)
60.11 (s, 9H, Si(CHs3)3), 1.70 (s, 9H, t-Butyl), 2.25 (s, 3H, CHa), 3.94 (s, 2H, CH>), 7.21-7.31 (m, 2H, Ar),
7.44-7.46 (m, 1H, Ar), 8.17-8.19 (m, 1H, Ar); *C NMR (100 MHz, CDCls) 0.1 (3C), 8.8, 18.9, 28.0 (3C),
83.7, 84.2, 103.3, 115.1, 115.4 (2C), 118.3, 122.4, 124.1, 130.2, 136.1, 150.2; LRMS (EI) m/z: 341 (M ",
5.5), 309 (15), 285 (25), 242 (22), 241 (100), 240 (13), 168 (18), 73 (44), 56 (19), 41 (14); HRMS (EI)
calcd for CooH27NO2Si(M™): 341.1811; found: 341.1807.

RS L IH O SR
1-Methyl-benzo[e]indole-3-carboxylic acid tert-butyl ester (72a)

72a %, 51 LAk TIETEK LT,

Colorless oil (36 mg, 74%): IR (CHCIs) cm™: 1730 (C=0); 'H NMR (500 MHz, CDCl3) §1.69 (s, 9H,
t-Butyl), 2.68 (s, 3H, 3-CHs), 7.46 (m, 2H, Ar), 7.562 (dd, J = 7.0, 1.5 Hz, 1H, Ar), 7.72 (d, J = 9.0 Hz, 1H,
Ar), 7.93 (d, J = 8.0 Hz, 1H, Ar), 8.38 (d, J = 8.5 Hz, 1H, Ar), 8.47 (d, J = 8.0 Hz, 1H, Ar); 3C NMR (100
MHz, CDCls) 614.2, 28.2 (3C), 83.6, 115.5, 118.0, 122.6, 123.4, 124.0, 124.5, 125.0, 125.9, 128.7, 128.9,
130.6, 133.2, 149.8; MS (El) m/z (%) 281 (M*, 17.0), 225 (70), 181 (100), 180 (88), 57 (45); HRMS (EI)
calcd for C1gH19NO, (M *): 281.1416; found: 281.1421.

3-Methyl-benzo[f]indole-1-carboxylic acid tert-butyl ester (72b)

72b 1% 51 & [FEED HETERR LTz,

Colorless crystals (43 mg, 88%): IR (KBr) cm?: 1728(C=0); *H NMR (400 MHz, CDCl3) 61.70 (s, 9H,
t-Butyl), 2.36 (d, J = 1.2 Hz, 3H, 3-CHs), 7.39-7.51 (m, 3H, Ar), 7.90-8.00 (m, 3H, Ar), 8.61 (brs, 1H, Ar);
13C NMR (100 MHz, CDCls) 6 10.1, 28.6 (3C), 83.4, 112.4, 116.6, 117.0, 124.5 (2C), 125.0 (2C), 125.9,
128.2, 128.7, 130.3, 131.8, 150.2; MS (EI) m/z (%) 281 (M, 7.2), 225 (31), 181 (100), 152 (25); HRMS
(EI) calcd for C1gH19NO, (M*): 281.1416; found: 281.1413.

3-Methyl-1H-pyrrolo[3,2-c]pyridine -1-carboxylic acid tert-butyl ester (73a)

51 DAL E FRED FIEIC LD, 7 L Ak 37a (69.8 mg, 0.195 mmol) 726 7 %1 > K—/L{k 73a
(22.8 mg, 50%) % 15%7-,

Yellow oil (23 mg, 50%) ; IR (CHCI3) cm™: 1734 (C=0) ;*H NMR (400 MHz, CDCl3) 6 1.68 (s, 9H,
t-Butyl), 2.33 (d, J = 1.6 Hz, 3H, 3-CHj3), 7.36 (s, 1H, Ar), 7.94 (brd, J = 4.0 Hz, 1H, Ar), 8.47 (d, J = 6.0
Hz, 1H, Ar), 8.83 (s, 1H, Ar); 1*C NMR (100 MHz, CDCls) § 9.4, 28.1 (3C), 84.3, 109.9, 115.5, 123.5,
127.5, 139.8, 141.9, 144.0, 149.1; LRMS (El) m/z: 232 (M™", 37.6), 177 (11), 176 (100), 132 (43), 57 (13);
HRMS (EI) calcd for C13H1sN20, (M™): 232.1212; found: 232.1207.
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3-Methyl-1H-pyrrolo[2,3-b]pyridine-1-carboxylic acid tert-butyl ester (73b)

51 DERKE RO FIEIZ LD . 7 L AR 37b (69.8 mg, 0.195 mmol) 75 7 A > K—/L{K 73b
(23 mg, 16%) & BifReE S NT=T A R—/ LK 73b’ (14.1 mg, 54%) %157,

73b: Pale Yellow oil (23 mg, 16%); IR (CHCIs) cm: 1716 (C=0);*H NMR (500 MHz, CDCls) §1.66 (s,
9H, t-Butyl), 2.26 (d, J = 0.4 Hz, 3H, 3-CH3), 7.18 (dd, J = 6.4, 4.0 Hz, 1H, Ar), 7.39 (d, J = 0.8 Hz, 1H,
Ar), 7.81 (dd, J = 6.4, 1.2 Hz, 1H, Ar), 8.50 (dd, J = 4.0, 1.2 Hz, 1H, Ar); 3C NMR (125 MHz, CDCl3) §
9.8, 28.3 (3C), 83.8, 113.9, 118.3, 123.6, 124.3, 127.5, 145.3, 148.2, 148.9; LRMS (El) m/z: 232 (M*,
16.9), 132 (100), 131 (92), 104 (13), 57 (46), 42 (13); HRMS (EI) calcd for C13H16N20, (M™): 232.1212;
found: 232.1209.

3-Methyl-1H-pyrrolo[2,3-b]pyridine -1-carboxylic acid tert-butyl ester (73b?)

73b’: Pale Yellow crystal (14 mg, 54%); IR (CHCIs) cm™: 2926 (NH);*H NMR (500 MHz, CDCls) &
2.33 (s, 3H, 3-CHg), 7.07 (dd, J = 4.5, 7.5 Hz, 1H, Ar), 7.12 (s, 1H, Ar), 7.90 (dd, J = 1.5, 7.5 Hz, 1H, Ar),
8.31 (d, J = 4.5 Hz, 1H, Ar), 10.75 (brs, 1H, NH); 13C NMR (125 MHz, CDCls) 5§9.7, 109.8, 115.0, 121.0,
122.4, 127.2, 142.3, 149.1; LRMS (El) m/z: 132 (M, 68.0), 131 (100), 104 (17), 77 (11): HRMS (EI)
calcd for CgHsgN2 (M™): 132.0688; found: 132.0684.

F—EEAHIE —HOER
3 Akt~ U U A—sREE A A VT2 BHBR RO O — kB ELE (T4a, 758 DA %)

TL—LRIA LT 2B T A7 T A a2~ v LAe)E (197 mg, 1.31 mmol) & 12— 33—
T & (276 mg, 0.979 mmol) % AL, THF (9.3 mL) i1z CT=RiE T 2.5 B L7, BAEWIC
HMPA (0.61 mL, 3.56 mmol) Z/x 20 73 L7, AT 7 X2% 0 CIZHEIL, 7Lk 41
(70 mg, 0.196 mmol) @ THF (4.9 mL) & &2 P ->< Wiz, 17 5 L, RISEKICT VLT
2~ F (166 uL, 1.96 mmol) % A, 15 73 fE#E L7, +0I0 285 & Befil S W 7= 1% IS Aufn B oK
Wiz Mz, YoFrxz—7 /LTl L7c, AHE 2 faf K T, EKmiE~ 7Ry 7 A
THESE, Al LTz, WIREREL THEONOIMAERME S Y DTN T Ara~ NI T 7 4
— T (n-hexane:EtOAc = 7:1) F5HIL . 7L/ bk L7-FHBRIK 74a (14 mg, 27%) %155 & & i,
T FIALA o F—/UfK 75a (17 mg, 35%) & A > R—/ L1k 51 (10 mg, 22%) & DIRAW 25T, iR
AEMOIEIL, NMR »HHEH L,
2-Allyl-2,3-dihydro-3-methylene-indole-1-carboxylic acid tert-butyl ester (74a)

Colorless oil (14 mg, 27%); IR (CHCIs) cm*: 3010 (C=C), 2982 (C=C), 1697 (C=0); *H NMR (400
MHz, CDCl3) & 1.58 (s, 9H, t-Butyl), 2.49-2.57 (m, 1H, CHCHy), 2.73-2.83 (m, 1H, CHCH,), 4.77-4.89
(brm, 1H, NCH), 4.97-5.10 (m, 3H, CH=CH), 5.50 (d, J = 3.6 Hz, 1H, C=CHH), 5.57-5.73 (m, 1H,
C=CHH), 6.98 (td, J = 10.8, 1.2 Hz, 1H, Ar), 7.23 (td, J = 12.0, 0.8 Hz, 1H, Ar), 7.41 (ddd, J = 11.2, 2.0,
0.8 Hz, 1H, Ar), 7.81-7.99 (brm, 1H, Ar); 3C NMR (100 MHz, CD;OD) & 28.4 (3C), 30.5, 63.2, 84.1,
115.5, 115.6, 118.3, 118.4, 122.5, 122.8, 124.1, 129.9, 132.3, 136.2, 150.1; LRMS (EI) m/z: 271 (M, 13.5),
215 (27), 174 (49), 131 (11), 130 (100), 57 (63); HRMS (EI) calcd for C17H21NO2 (M*): 271.1572; found:
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271.1577.

R NE S IHO R
3-Methylpropyl-indole-1-carboxylic acid tert-butyl ester (75b)

75b 1%, 75a & [AERD FIETAEM LT,

Pale yellow oil (5.7 mg, 13%); IR (CHCIs) cm: 2959 (C=C), 1722 (C=0);*H NMR (400 MHz, CDCls)
60.96 (d, J = 6.4 Hz, 6H, CH(CHs3)2), 1.67 (s, 9H, t-Butyl), 2.01 (m, 1H, CH(CHs3)2), 2.55 (dd, J=7.2, 1.2
Hz, 2H, CHy), 7.22 (dd, J = 7.6, 1.2 Hz, 1H, Ar), 7.29 (dd, J = 7.2, 1.2 Hz, 1H, Ar), 7.34 (brs, 1H, Ar),
7.51-7.53 (m, 1H, Ar), 8.11 (brd, J = 6.8 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls) §22.8 (2C), 23.3, 28.2
(3C), 28.6, 39.3, 83.9, 115.9, 119.9, 122.3, 122.9, 123.1, 124.9, 131.6, 132.0, 150.3; LRMS (EI) m/z: 273
(M*, 34.6), 259 (10), 218 (12), 217 (81), 175 (11), 174 (50), 173 (11), 131 (11), 130 (100), 57 (30); HRMS
(EI) calcd for C17H2sNO, (M™'): 273.1729; found: 273.1725.

3-Methybutyl-indole-1-carboxylic acid tert-butyl ester (75c)

75C 1X, 75a & [AEED HIETER LTz,

Colorless oil (7.9 mg, 14%); IR (CHCIs) cm™: 2964 (C=C), 1736 (C=0); ‘H NMR (400 MHz,
de-acetone) ¢ 0.92-0.93 (m, 1H, CH(CHa). ), 0.98 (d, J = 6.4 Hz, 6H, CH(CHs3)2), 1.57-1.63 (m, 2H,
CH.CH), 1.67 (s, 9H, t-Butyl), 2.70-2.74 (m, 2H, ArCH), 7.21-7.25 (m, 1H, Ar), 7.31 (dddd, J = 11.2, 8.4,
1.2, 0.4 Hz, 1H, Ar), 7.33 (dd, J = 1.2, 0.4 Hz, 1H, Ar), 7.52 (ddd, J = 8.4, 1.2, 0.4 Hz, 1H, Ar), 8.13 (d, J =
8.4 Hz, 1H, Ar); 3C NMR (100 MHz, ds-acetone) 6 22.8 (2C), 28.2 (3C), 28.5, 34.26, 83.3, 115.2, 119.2,
120.2, 122.2, 123.0, 124.0, 131.2, 135.5, 149.9; LRMS (EI) m/z: 287 (M ", 26.8), 231 (37), 187 (14), 176
(12), 175 (100), 174 (14), 131 (49), 130 (98), 42 (14); HRMS (EI) calcd for C1gH2sNO2 (M*): 287.1885;
found: 287.1882.

R O FER
Crabbe 7 L > & IED iR AI#EIE

7 L% (2.00 g, 5.60 mmol) @ dioxane (21 mL) ¥ #Z(Z CuBr(l) (402 mg, 2.80 mmol), (HCHO),
(420 mg, 14.0 mmol) & (i-Pr)sNH (1.6 mL, 11.2 mmol) % Nz 7=, I8A ¥ % 105°C T 1 BEEHEE L,
FRETHA LT, BT L ZHOTHREZ AL TRV RE, AREEELTHELNLDMA
KV N T A a~ N7 T 7 4 — (n-hexane:EtOAc = 19:1) THHIL, 7 L 4K 76h
(1.2 g, 58%) % 157-,

N-(2,3-Butadien-1-yl)-N-(tert-butoxycarbonyl)-2-iodoaniline (76h)

Colorless crystal (1.2 g, 58%); m.p. 57-58 °C (n-hexane); IR (KBr) cm*: 3008 (C=C=C), 1956 (C=C=C),
1697 (C=0); *H NMR (400 MHz, CDCls) 6 1.35 (s, 6H, t-Butyl), 1.54 (s, 3H, t-Butyl), 3.65-3.80 (m, 1H,
NCHH), 4.41-4.57 (m, 1H, NCHH), 4.64-4.79 (m, 2H, C=CH,), 5.28 (quin, J = 6.8 Hz, 1H, CH=C), 6.99 (t,
J=7.6Hz, 1H, Ar), 7.20 (d, J = 7.6 Hz, 1H, Ar), 7.33 (t, J = 7.6 Hz, 1H, Ar), 7.86 (d, J = 7.6 Hz, 1H, Ar);
13C NMR (100 MHz, CDCls) & major: 28.2 (3C), 48.2, 76.0, 80.3, 86.7, 100.6, 128.6, 128.7, 130.0, 139.3,
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144.2, 153.7, 209.3. minor: 28.4 (3C), 49.3, 76.3, 80.8, 87.2, 100.5, 129.0, 129.1, 130.3, 139.6, 144.6,
153.9, 209.4; MS (FAB) m/z calcd for C1sH19INO2 (MH *): 372.0461; found: 372.0466.

N-(2,3-Butadien-1-yl)-N-(tert-butoxycarbonyl)-4-methoxy-2-iodoaniline (76a)

76a (X, 76h &[FERD FIETAEM LT,

Yellow oil (405 mg, 56%); IR (CHClIs) cmt: 3005 (C=C=C), 1956 (C=C=C), 1693 (C=0); 'H NMR (400
MHz, CDCls) 6§1.36 (s, 6H, t-Butyl), 1.53 (s, 3H, t-Butyl), 3.60-3.74 (m, 1H, NCHH), 3.78 (s, 1H, OCHj3),
3.80 (s, 2H, OCHs), 4.39-4.54 (m, 1H, NCHH), 4.63-4.78 (m, 2H, C=CHy), 5.26 (quin, J = 6.8 Hz, 1H,
CH=C), 6.85 (dd, J = 8.4, 2.4 Hz, 1H, Ar), 7.07 (d, J = 8.4 Hz, 0.7H, Ar), 7.17 (d, J = 8.4 Hz, 0.3H, Ar),
7.36 (d, J = 2.4 Hz, 1H, Ar); 1*C NMR (100 MHz, CDCIs) 6 major: 28.2 (3C), 48.3, 55.6, 75.9, 80.2, 86.8,
100.7, 114.4, 123.9, 129.9, 137.2, 154.1, 158.4, 209.3. minor: 28.4 (3C), 49.5, 55.6, 76.2, 80.7, 87.2, 100.7,
114.8, 124.3, 130.3, 137.6, 154.2, 158.8, 209.0; MS (El) m/z (%) 401 (M, 4.9), 346 (14), 345 (100), 300
(11), 275 (35), 262 (39), 218 (36), 174 (24), 57 (70); HRMS (EI) calcd for CigH20INO3 (M™): 401.0488;
found: 401.0494.

N-(2,3-Butadien-1-yl)-N-(tert-butoxycarbonyl)-4-methyl-2-iodoaniline (76b)

76b X, 76h L [RIERD FIETHR LT,

Pale yellow oil (742 mg, 72%); IR (CHCIs) cm™: 3005 (C=C=C), 1956 (C=C=C), 1693 (C=0); 'H NMR
(400 MHz, CDCls) & 1.36 (s, 6H, t-Butyl), 1.53 (s, 3H, t-Butyl), 2.31 (s, 3H, CHs), 3.63-3.76 (m, 1H,
NCHH), 4.39-4.53 (m, 1H, NCHH), 4.64-4.78 (m, 2H, C=CH,), 5.27 (quin, J = 6.8 Hz, 1H, CH=C),
7.02-7.17 (m, 2H, Ar), 7.67-7.71 (m, 1H, Ar); 2¥C NMR (100 MHz, CDCl3) § major: 20.5, 28.2 (3C), 48.3,
76.0, 80.2, 86.8, 100.3, 129.3, 129.5, 138.7, 139.6, 141.6, 153.9, 209.3. minor: 20.5, 28.4 (3C), 49.3, 76.2,
80.6, 87.2,100.3, 129.8, 129.8, 139.2, 139.9, 142.0, 154.0, 209.1; MS (EI) m/z (%) 385 (M ", 0.4), 330 (14),
329 (100), 259 (11), 246 (32), 202 (33), 158 (58), 57 (71); HRMS (EI) calcd for CisHa0INO, (M™*):
385.0539; found: 385.0533.

N-(2,3-Butadien-1-yl)-N-(tert-butoxycarbonyl)-4-chloro-2-iodoaniline (76c)

76c (L. 76h & RIERDTIETHRK LT,

Yellow oil (463 mg, 58%); IR (CHCIs) cm™: 1956 (C=C=C), 1699 (C=0); *H NHR (400 MHz, CDCl3) &
1.36 (s, 7H, t-Butyl), 1.53 (s, 2H, t-Butyl), 3.62-3.76 (m, 1H, NCHH), 4.38-4.54 (m, 1H, NCHH),
4.63-4.80 (m, 2H, C=CHy), 5.25 (quin, J = 6.4 Hz, 1H, CH=C), 7.11 (d, J = 8.4 Hz, 0.7H, Ar), 7.20 (d, J =
7.6 Hz, 0.3H, Ar), 7.31 (dd, J = 8.0, 2.0 Hz, 1H, Ar), 7.85 (d, J = 2.0 Hz, 1H, Ar); 23C NMR (100 MHz) &
major: 28.2 (3C), 48.1, 76.2, 80.7, 86.5, 100.9, 128.9, 130.4, 133.3, 138.6, 143.0, 153.4, 209.4. minor: 28.4
(3C), 49.2, 76.4, 81.1, 87.0, 100.9, 129.2, 130.8, 133.7, 138.9, 143.3, 153.7, 209.1; MS (El) m/z (%) 405
(M*, 0.3), 351 (33), 350 (13), 349 (100), 307 (12), 306 (12), 305 (37), 304 (25), 270 (30), 266 (25), 222
(12), 180 (11), 178 (34), 143 (15), 57 (34), 56 (53); HRMS (EI) calcd for CisHi7ClIINO2 (M™): 404.9993;
found: 404.9984.
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N-(2,3-Butadien-1-yl)-N-(tert-butoxycarbonyl)-4-methoxycarbonyl-2-iodoaniline (76d)

76d 1%, 76h & [RIERD HIETER LT,

Colorless oil (270 mg, 65%); IR (CHCI3) cm*: 1956 (C=C=C), 1720 (C=0), 1699 (C=0); *H NMR (400
MHz, CDCls) & 1.35 (s, 7H, t-Butyl), 1.55 (s, 2H, t-Butyl), 3.70-3.84 (m, 1H, NCHH), 3.93(s, 3H,
CO,CHg), 4.40-4.55 (m, 1H, NCHH), 4.64-4.77 (m, 2H, C=CHy), 5.27 (quin, J = 6.8 Hz, 1H, CH=C), 7.26
(d, J = 8.0 Hz, 1H, Ar), 8.00 (d, J = 8.0 Hz, 1H, Ar), 8.53 (s, 1H, Ar); 1*C NMR (100 MHz, CDCls) 6
major: 28.2 (3C), 48.1, 52.5, 76.2, 80.9, 86.5, 100.4, 129.7, 123.0, 130.2, 140.6, 148.3, 153.1, 165.2, 209.4.
minor: 28.4 (3C), 49.2, 52.5, 76.5, 81.3, 86.9, 100.2, 129.7, 123.0, 130.2, 140.9, 148.3, 153.1, 165.2, 209.4;
MS (FAB) m/z calcd for C17H21INO4 (MH™): 430.0515; found: 430.0512.

N-(2,3-Butadien-1-yl)-N-(tert-butoxycarbonyl)-6-methoxy-2-iodoaniline (76e)

76e 1L, 76h L [RIERD HFIETHR LT,

Colorless crystal (550 mg, 53%); m.p. 80-81 °C (n-hexane); IR (KBr) cm™: 2978 (C=C=C), 1950
(C=C=C), 1701 (C=0); *H NMR (400 MHz, CDCls) 51.34 (s, 7H, t-Butyl), 1.54 (s, 2H, t-Butyl), 3.795 (s,
2.1H, OCHs3), 3.801 (s, 0.9H, OCHg), 3.95-4.03 (m, 0.3H, NCHy), 4.07-4.25 (m, 1.7H, NCH>), 4.52-4.68
(m, 2H, C=CHy), 5.29-5.39 (m, 1H, CH=C), 6.88 (dt, J = 1.2, 8.4 Hz, 1H, Ar), 6.95 (dt, J = 2.4, 8.0 Hz, 1H,
Ar), 7.43 (ddd, J = 8.0, 6.4, 1.2, Hz, 1H, Ar); 13C NMR (100 MHz, CDCls) & major: 28.2 (3C), 47.5, 55.8,
75.0, 79.8, 86.8, 102.3, 111.5, 129.4, 130.6, 133.3, 154.2, 156.3, 209.2. minor: 28.5 (3C), 49.2, 56.0, 75.1,
80.5, 87.5, 102.5, 112.0, 129.7, 130.9, 133.7, 153.7, 156.7, 208.9; MS (EI) m/z (%) 401 (M, 1.7), 346 (14),
345 (100), 275 (32), 262 (26), 234 (16), 174 (10), 57 (29); HRMS (EI) calcd for CisH20INO3 (M™):
401.0488; found: 401.0479.

N-(2,3-Butadien-1-yl)-N-(tert-butoxycarbonyl)-5-methoxy-2-iodoaniline (76f)

76f 1X, 76h & [RIERDHFIETHR LT,

Colorless oil (664 mg, 64%); IR (CHCIs) cm: 3005 (C=C=C), 1956 (C=C=C), 1697 (C=0); '*H NMR
(400 MHz, CDCl3) 6 1.37 (s, 6H, t-Butyl), 1.54 (s, 3H, t-Butyl), 3.65-3.82 (m, 1H, NCHH), 3.79 (s, 3H,
OCHj3), 4.39-4.53 (m, 1H, NCHH), 4.67-4.79 (m, 2H, C=CH>), 5.29 (quin, J = 6.8 Hz, 1H, CH=C), 6.61
(dd, J = 8.8, 2.8 Hz, 1H, Ar), 6.79 (d, J = 2.8 Hz, 0.7H, Ar), 6.87 (brs, 0.3H, Ar), 7.70 (d, J = 8.8 Hz, 1H,
Ar); 3C NMR (100 MHz, CDCl3) 6 major: 28.2 (3C), 48.2, 55.5, 76.1, 80.4, 86.8, 89.0, 114.7, 116.0, 139.2,
145.1, 153.6, 160.2, 209.3. minor: 28.4 (3C), 49.3, 55.5, 76.3, 80.8, 87.3, 88.8, 115.3, 116.2, 139.5, 145.4,
153.6, 160.5, 209.3; MS (EI) m/z (%) 401 (M, 0.7), 345 (22), 262 (18), 219 (13), 218 (100), 174 (47), 57
(63); HRMS (EI) calcd for C16H20INOs (M *): 401.0488; found: 401.0483.

N-(2,3-Butadien-1-yl)-N-(tert-butoxycarbonyl)-3-methoxy-2-iodoaniline (76g)

76g 1%, 76h & [EERDFIETERM LT,

Yellow oil (614 mg, 59%); IR (CHCIs) cm™: 3009 (C=C=C), 1956 (C=C=C), 1693 (C=0); 'H NMR
(400 MHz, CDCl3) §1.34 (s, 6H, t-Butyl), 1.54 (s, 3H, t-Butyl), 3.63-3.76 (m, 1H, NCHH), 3.88 (s, 1H,
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OCHj3), 3.91 (s, 2H, OCHa), 4.43-4.59 (m, 1H, NCHH), 4.63-4.79 (m, 2H, C=CHy), 5.28 (quin, J = 2.4 Hz,
1H, CH=C), 6.74 (d, J = 8.0 Hz, 1H, Ar), 6.84 (d, J = 7.6 Hz, 0.7H, Ar), 6.94 (d, J = 7.6 Hz, 0.3H, Ar),
7.24-7.33 (m, 1H, Ar); *3C NMR (100 MHz, CDCl3) & major: 28.2 (3C), 48.1, 56.6, 75.9, 80.2, 86.8, 92.8,
109.4, 122.5, 129.0, 145.8, 153.8, 159.2, 209.3. minor : 28.5 (3C), 49.2, 56.6, 76.2, 80.7, 87.2, 92.8, 109.9,
122.7, 129.6, 146.1, 153.9, 159.6, 209.3; MS (FAB) m/z calcd for C1sH21INOs (MH*): 402.0566; found:
402.0563.

R RO SR
N-(tert-Butoxycarbonyl)-3-ethenyl -2,3-dihydroindole (79h)

79h 1, 51 ERIERICERL S LT,

Colorless oil (45 mg, 97%); IR (CHCI3) cm: 1693 (C=0);H NMR (500 MHz, CDCl3) 6 1.56 (brs, 9H,
t-Butyl), 3.68 (brs, 1H, NCHH), 3.95 (q, J = 8.5 Hz, 1H, NCH A), 4.13-4.26 (m, 1H, ArCH), 5.14 (dd, J =
10.0, 1.0 Hz, 1H, CH=C AH), 5.20 (dt, J = 17.0, 1.0 Hz, 1H, CH=CH H), 5.83 (ddd, J = 17.0, 10.0, 8.0 Hz,
1H, CH=C), 6.95 (td, J = 7.5, 1.0 Hz, 1H, Ar), 7.08 (d, J = 7.5 Hz, 1H, Ar), 7.19 (t, J = 7.5 Hz, 1H, Ar),
7.78-7.92 (m, 1H, Ar); 13C NMR (125 MHz, CDCls) 628.4 (3C), 44.5, 53.6, 81.5, 98.0, 114.7, 116.4, 122.3
(2C), 124.6, 128.0, 138.6, 152.4; MS (EI) m/z (%) 245 (M, 25.7), 190 (13), 189 (100), 145 (27), 144 (23),
130 (13), 117 (12), 57 (69); HRMS (EI) calcd for C1sH19NO2 (M™): 245.1416; found: 245.1410.

N-(tert-Butoxycarbonyl)-3-ethenyl-5-methoxy-2,3-dihydroindole (79a)

79a %, 51 &R TGTIETER S LI,

Colorless oil (149 mg, 89%); IR (CHCI3) cm™: 1686 (C=0); *H NMR (400 MHz, CDCl3) §1.55 (brs, 9H,
t-Butyl), 3.61-3.72 (brm, 1H, NCHH), 3.76 (s, 3H, OCHz), 3.88-3.97 (m, 1H, CH,CH), 4.12-4.25 (brm, 1H,
NCHH), 5.15 (ddd, J = 10.0, 1.2, 0.4 Hz, 1H, CH=CHH), 5.21 (dt, J = 17.2, 1.2 Hz, 1H, CH=CHH), 5.82
(ddd, J =17.2, 1.2, 0.4 Hz, 1H, CH=C), 6.65 (dd, J = 2.8, 0.8 Hz, 1H, Ar), 6.72 (dd, J = 8.8, 2.8 Hz, 1H,
Ar), 7.68-7.81 (brm, 1H, Ar); 3C NMR (100 MHz, CDCls) 528.5 (3C), 44.8, 53.8, 55.7, 80.3, 110.9, 112.8,
113.2, 115.2, 116.1, 116.6, 138.3, 152.3, 155.5; MS (El) m/z (%) 275 (M, 18.7), 220 (19), 219 (100), 175
(17), 174 (12), 160 (30), 57 (20); HRMS (EI) calcd for C16Ha1NO3 (M *): 275.1521; found: 275.1524.

N-(tert-Butoxycarbonyl)-3-ethenyl-5-methyl-2,3-dihydroindole (79b)

79b 1%, 51 L RIBRARTTIE TR ST,

Colorless oil (163 mg, 81%); IR (CHCIls) cm™: 1686 (C=0);'H NMR (400 MHz, CDCl3) &1.56 (s, 9H,
t-Butyl), 2.29 (s, 3H, CHs), 3.58-3.78 (m, 1H, NCHH), 3.91 (q, J = 8.4 Hz, 1H, CH.CH), 4.18 (t, J = 10.0
Hz, 1H, NCHH), 5.12-5.15 (dd, J = 10.0, 1.2 Hz, 1H, C=CHH), 5.20 (dt, J = 16.8, 1.2 Hz, 1H, C=CHH),
5.82 (ddd, J = 16.8, 10.0, 8.4 Hz, 1H, CH=C), 6.89 (s, 1H, Ar), 6.99 (d, J = 8.0 Hz, 1H, Ar), 7.62-7.83 (m,
1H, Ar); 13C NMR (100 MHz, CDCls) 620.8, 28.5 (3C), 44.6, 53.7, 80.4, 114.4, 116.3, 125.3, 128.4, 131.8
(2C), 138.7 (2C), 152.4; MS (E1) m/z (%) 259 (M*, 25.0), 204 (18), 203 (100), 188 (11), 159 (25), 158 (27),
144 (25), 132 (11), 131 (16), 57 (33); HRMS (EI) calcd for C16H21NO, (M™): 259.1572; found: 259.1566.
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N-(tert-Butoxycarbonyl)-3-ethenyl-5-chloro-2,3-dihydroindole (79c)

79c (X, 51 LRIRRZRTIETER ST,

Colorless oil (29.9 mg, 62%); IR (CHCI3) cm™: 1697 (C=0); *H NMR (400 MHz, CDCl3) §1.55 (s, 9H,
t-Butyl), 3.69 (t, J = 10.0 Hz, 1H, NCHH), 3.93 (g, J = 8.8 Hz, 1H, CH.CH), 4.20 (t, J = 10.0 Hz, 1H,
NCHH), 5.16-5.24 (m, 2H, CH=CH), 5.81 (ddd, J = 17.2, 10.0, 8.8 Hz, 1H, CH=CHy), 7.02-7.04 (m, 1H,
Ar), 7.14 (dd, J = 8.8, 2.0 Hz, 1H, Ar), 7.58-7.89 (m, 1H, Ar); 2¥C NMR (100 MHz, CDCls) 528.4 (3C),
44.3,53.8, 81.0, 115.6, 116.3, 117.1, 119.6, 124.9, 127.2, 127.9, 137.7, 152.2; MS (El) m/z (%) 279 (M ",
42.3), 281 (15), 225 (35), 224 (13), 223 (100), 179 (11); HRMS (EI) calcd for CisH1sCINO, (M¥):
279.1026; found: 279.1022.

N-(tert-Butoxycarbonyl)-3-ethenyl-5-methoxycarbonyl-2,3-dihydroindole (79d)

79d 1%, 51 L RIBRARIGIE TR ST,

Colorless crystal (23.8 mg, 48%); m.p. 118-120 °C (n-hexane:EtOAc = 10:1); IR (KBr) cm™: 1710
(C=0); *H NMR (400 MHz, CDCl3) §1.57 (s, 9H, t-Butyl), 3.74 (dd, J = 10.8, 7.6 Hz, 1H, NCHH), 3.87 (s,
3H, CO;Me), 3.97 (g, J = 8.8 Hz, 1H, CH2CH), 4.24 (t, J = 10.8 Hz, 1H, NCHH), 5.19 (dt, J = 10.0, 1.2 Hz,
1H, CH=CHH), 5.23 (dt, J = 16.8, 1.2 Hz, 1H, CH=CHH), 5.83 (ddd, J = 16.8, 10.0, 8.4 Hz, 1H, CH=CHy),
7.57-8.09 (m, 1H, Ar), 7.74 (s, 1H, Ar), 7.92 (dd, J = 8.0, 0.8 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls) §
28.3 (3C), 43.7, 51.8, 54.0, 81.5, 113.9, 117.0, 124.0, 126.1, 130.6, 133.2, 137.8, 146.6, 152.0, 166.7; MS
(EI) m/z (%) 303 (M ™, 21.9), 248 (18), 247 (100), 216 (12), 203 (31), 202 (11), 188 (32), 144 (19), 115 (11),
57 (61); HRMS (EI) calcd for C17H2:NO4 (M ™): 303.1471; found: 303.1474.

N-(tert-Butoxycarbonyl)-3-ethenyl-7-methoxy-2,3-dihydroindole (79¢)

79 (X, 51 L [AERZRTEETAR ST,

Colorless oil (186 mg, 90%); IR (CHCI3) cm®: 1689 (C=0); *H NMR (400 MHz, CDCl3z) §1.50 (s, 9H,
t-Butyl), 3.74 (dd, J = 11.2, 8.0 Hz, 1H, NCHH), 3.86 (s, 3H, OCHs3), 3.92 (g, J = 8.0 Hz, 1H, CH,CH),
4.30 (dd, J =11.2, 8.0 Hz, 1H, NCHH), 5.15-5.25 (m, 2H, CH=CH), 5.79 (ddd, J = 17.2, 10.4, 8.4 Hz, 1H,
CH=CHy), 6.74 (dt, J = 8.0, 1.2 Hz, 1H, Ar), 6.80 (d, J = 8.0 Hz, 1H, Ar), 7.04 (dd, J = 8.0, 7.2 Hz, 1H,
Ar); BC NMR (100 MHz, CDCl3) 6 28.2 (3C), 46.6, 55.6, 56.9, 80.4, 111.7, 116.6, 117.1, 125.4, 131.3,
137.6, 138.1, 149.8, 153.8; MS (El) m/z (%) 275 (M*, 32.9), 219 (24), 202 (13), 176 (15), 175 (100), 174
(51), 160 (49), 159 (12), 147 (22), 57 (72), 42 (13); HRMS (EI) calcd for C1sH1NO3z (M*): 275.1521;
found: 275.1518.

N-(tert-Butoxycarbonyl)-3-ethenyl-6-methoxy-2,3-dihydroindole (79f)

79f 1, 51 LRIBRZARTIETARK ST,

Yellow oil (141 mg, 85%); IR (CHCIs) cm™: 1697 (C=0);H NMR (400 MHz, CDCl3) & 1.57 (s, 9H,
t-Butyl), 3.69 (t, J = 8.4 Hz, 1H, NCHH), 3.79 (s, 3H, OCHs), 3.88 (q, J = 8.4 Hz, 1H, CH,CH), 4.19 (t, J =
10.4 Hz, 1H, NCHH), 5.08-5.20 (m, 2H, CH=CHy), 5.81 (ddd, J = 17.2, 10.0, 8.4 Hz, 1H, CH=CH,), 6.50
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(dd, J = 2.4, 8.4 Hz, 1H, Ar), 6.94 (d, J = 8.4 Hz, 1H, Ar), 7.46-7.61 (m, 1H, Ar); 13C NMR (100 MHz,
CDCls) §28.4 (3C), 43.7, 54.3, 55.4, 80.6, 100.5, 101.5, 107.6, 108.8, 115.9, 124.9, 138.9, 152.2, 156.0;
MS (EI) m/z (%) 275 (M, 21.6), 220 (15), 219 (100), 192 (12), 175 (17), 174 (25), 160 (28), 148 (15), 147
(11), 85 (41), 83 (62), 58 (14), 57 (41), 47 (11), 44 (16), 43 (35), 42 (15), 41 (46); HRMS (EI) calcd for
C16H21NOs (M *): 275.1521; found: 275.1526.

N-(tert-Butoxycarbonyl)-3-ethenyl-4-methoxy-2,3-dihydroindole (79g)

799 1%, 51 & [FAERARTIE TR S NI,

Colorless oil (181 mg, 88%); IR (CHCI3) cm™: 1690 (C=0);'H NMR (400 MHz, CDCls) & 1.56 (s, 9H,
t-Butyl), 3.80 (s, 3H, OMe), 823.82-4.01 (m, 2H, CH,CH), 4.05 (dd, J = 9.6, 10.8 Hz, 1H, CH,CH),
5.02-5.09 (m, 2H, CH=CHy), 5.92 (ddd, J = 17.2, 10.0, 6.8 Hz, 1H, CH=CH,), 6.52 (d, J = 8.4 Hz, 1H, Ar),
7.16 (t, J = 8.4 Hz, 1H, Ar), 7.36-7.66 (m, 1H, Ar); 3C NMR (100 MHz, CDCls) §28.4 (3C), 41.1, 53.8,
55.3, 80.3, 105.1, 107.9 (2C), 114.4 (2C), 129.4, 138.3, 152.4, 156.4; MS (EI) m/z (%) 275 (M, 31.3), 220
(15), 219 (100), 204 (17), 191 (11), 175 (25), 174 (24), 160 (35), 148 (15), 147 (20), 85 (34), 83 (51), 57
(63), 43 (20), 42 (15), 41 (27); HRMS (EI) calcd for C16Ha1NOz (M *): 275.1521; found: 275.1519.

o B = O R

82h X, BEFEMLEWTH U TR FIEIHEWER LTz, 7P
DDQ BLIZ X B A > R—/EDA R FIE

A > R U K 79h (95 mg, 0.387 mmol) @ ~/L= > (3.9 mL) ¥i%IZ DDQ (105 mg, 0.464 mmol)
% 80 CTHIx., 2.5 KFEEE LT, BUSIERIRIZAKZ Adv, BEfE— T /L CHiH Uiz, AHgE 2 oK
Wifg~ 7 2 7 A CHEESE, Al LT, WKEHEL THLNIMERWEZ > ) 7NV T A
7 a~ k777 ¢ — (n-hexane-EtOAc = 15:1) THEH L., A > K—/L{k 82h %157 (66 mg, 70%),

N-(tert-Butoxycarbonyl)-3-ethenyl-5-methoxy-indole (82a)

82a !, 82h LIAERDTTIETERK LI,

Yellow oil (59 mg, 89%); IR (CHCI3) cm: 1726 (C=0);H NMR (400 MHz, CDCl3) 6 1.66 (s, 9H,
t-Butyl), 3.88 (s, 3H, OCHj3), 5.31 (d, J = 11.2 Hz, 1H, CH=CHH), 5.76 (d, J = 17.6 Hz, 1H, CH=CHH),
6.78 (dd, J = 17.6, 11.2 Hz, 1H, CH=CHH), 6.95 (dd, J = 8.8, 2.4 Hz, 1H, Ar), 7.24 (d, J = 2.4 Hz, 1H, Ar),
7.6 (brs, 1H, Ar), 8.04 (d, J = 8.0 Hz, 1H, Ar); 3C NMR (100 MHz, CDCls) §28.2 (3C), 55.8, 83.7, 103.0,
110.8, 113.0 (2C), 114.1, 116.0 (2C), 119.0, 124.5, 128.1, 156.0; MS (El) m/z (%) 273 (M*, 66.1), 219 (16),
218 (14), 217 (100), 173 (32), 57 (10); HRMS (EI) calcd for C16H10NO3z (M ™): 273.1365; found: 273.1363.

N-(tert-Butoxycarbonyl)-3-ethenyl-5-methyl-indole (82b)

82b (%, 82h L FIERDTETHRK LT,

Yellow oil (42.6 mg, 61%); IR (CHCI3) cm*: 1726 (C=0);'H NMR (400 MHz, CDCls) 6§ 1.66 (s, 9H,
t-Butyl), 2.46 (s, 3H, CH3), 5.30 (dd, J = 11.2, 1.2 Hz, 1H, CH=CHH), 5.79 (dd, J = 17.6, 1.2 Hz, 1H,
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CH=CHH), 6.79 (ddd, J = 18.0, 11.2, 0.8 Hz, 1H, CH=CHH), 7.15 (dd, J = 8.4, 1.2 Hz, 1H, Ar), 7.57-7.59
(m, 2H, Ar), 8.02 (d, J = 6.8 Hz, 1H, Ar); 3C NMR (100 MHz, CDCls) & 21.5. 28.2 (3C), 83.6, 114.1,
114.9, 119.0, 119.9, 124.0, 125.9, 128.2, 128.9, 132.3, 134.1, 149.6; MS (EI) m/z (%) 257 (M ", 28.5), 202
(11), 201 (76), 158 (16), 157 (100), 156 (29), 85 (25), 83 (39), 57 (55), 42 (12); HRMS (EI) calcd for
C16H1sNO, (M *): 257.1416; found: 257.1410.

N-(tert-Butoxycarbonyl)-3-ethenyl-5-chloro-indole (82¢)

82c 1%, 82h L [FEIBkARFIETEM I NI,

Yellow oil (31.4 mg, 41%); IR (CHCI3) cm*: 1732 (C=0);H NMR (400 MHz, CDCls) § 1.67 (s, 9H,
t-Butyl), 5.33 (dd, J = 11.2, 1.2 Hz, 1H, CH=CHH), 5.76 (dd, J = 18.0, 1.2 Hz, 1H, CH=CHH), 6.74 (ddd, J
=18.0, 11.6, 1.2 Hz, 1H, CH=CHH), 7.28 (dd, J = 8.8, 2.0 Hz, 1H, Ar), 7.62 (s, 1H, Ar), 7.74 (d, J = 2.0 Hz,
1H, Ar), 8.08 (d, J = 8.8 Hz, 1H, Ar); 33C NMR (100 MHz, CDCls) §28.1 (3C), 84.3, 116.3, 118.7, 119.5,
119.8, 124.6, 124.9, 127.5, 128.7, 129.9, 134.3, 149.2; MS (E1) m/z (%) 277 (M*, 53.4), 279 (20), 223 (37),
222 (13), 221 (100), 179 (18), 177 (54), 57 (29); HRMS (EI) calcd for CisH16CINO2 (M™): 277.0870;
found: 277.0865.

N-(tert-Butoxycarbonyl)-3-ethenyl-5-methoxycarbonyl-indole (82d)

82d 1%, 82h LRIk FIETEMK I NI,

Yellow oil (20.8 mg, 63%); IR (KBr) cm: 1722 (C=0); *H NMR (400 MHz, CDCls) & 1.68 (s, 9H,
t-Butyl), 3.96 (s, 3H, OCHs), 5.38 (dd, J = 11.2, 0.8 Hz, 1H, CH=CHH), 5.87 (dd, J = 17.6, 0.8 Hz, 1H,
CH=CHH), 6.82 (dd, J = 17.6, 11.2 Hz, 1H, CH=CHH), 7.67 (s, 1H), 8.04 (dd, J = 8.8, 1.6 Hz, 1H, Ar),
8.21 (d, J = 8.8 Hz, 1H, Ar), 8.51 (d, J = 1.6 Hz, 1H, Ar); 23C NMR (125 MHz, CDCls) §28.2 (3C), 52.1,
84.5, 114.8, 119.6, 122.0, 122.3, 124.8, 125.9, 126.2, 127.5, 128.5, 138.5, 149.2, 167.5; MS (EIl) m/z (%)
301 (M™, 34.2), 247 (16), 246 (18), 245 (89), 214 (15), 202 (21), 201 (95), 170 (52), 142 (13), 115 (20),
114 (19), 57 (100), 42 (27): HRMS (EI) calcd for C17H1sNO4 (M™): 301.1314; found: 301.1319.

N-(tert-Butoxycarbonyl)-3-ethenyl-7-methoxyindole (82¢)

82e |%, 82h & KRR TTIETHR S NI,

Pale yellow oil (3.1 mg, 9%); IR (CHCIs) cm™: 1722 (C=0); *H NMR (300 MHz, CDCls) 6 1.63 (s, 9H),
3.94 (s, 3H), 5.29 (d, J = 11.1 Hz, 1H), 5.75 (d, J = 18.0 Hz, 1H), 6.79 (dd, J = 11.1, 18.0 Hz, 1H), 6.85 (d,
J =7.8Hz, 1H), 7.23 (t, J = 7.8 Hz, 1H), 7.39 (d, J = 7.8 Hz, 1H), 7.57 (s, 1H); **C NMR (100 MHz,
CDCls) 627.9 (3C), 55.8, 83.4, 107.1, 112.4, 113.9, 118.7, 123.9, 126.4 (2C), 128.0, 131.6, 148.3, 149.4;
MS (El) m/z (%) 273 (M*, 76.2), 274 (14), 217 (12), 173 (100), 130 (18); HRMS (EI) calcd for C16H1sNO3
(M*): 273.1365; found: 273.1360.

N-(tert-Butoxycarbonyl)-3-ethenyl-6-methoxy-indole (82f)
82f 1L, 82h L RIERZRITIE TR ST,
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Yellow oil (43.1 mg, 62%); IR (CHCI3) cm™: 1724 (C=0);'H NMR (400 MHz, CDCl3) § 1.67 (s, 9H,
t-Butyl), 3.88 (s, 3H, OCHs), 5.30 (dd, J = 11.6, 1.2 Hz, 1H, CH=CHH), 5.77 (dd, J = 18.0, 1.2 Hz, 1H,
CH=CHH), 6.76 (ddd, J = 18.0, 11.2, 0.8 Hz, 1H, CH=CHH), 6.91 (dd, J = 8.8, 2.4 Hz, 1H, Ar), 7.50 (s,
1H, Ar), 7.66 (d, J = 8.8 Hz, 1H, Ar), 7.77 (brs, 1H, Ar); 3C NMR (100 MHz, CDCls) & 28.2 (3C), 55.6,
83.7, 99.4, 112.2, 114.1, 119.2, 120.5 (2C), 122.6, 122.9, 128.3, 149.6, 157.9; MS (El) m/z (%) 273 (M",
65.5), 274 (12), 219 (10), 218 (15), 217 (100), 173 (13); HRMS (EI) calcd for C1sH1sNOs (M *): 273.1365;
found: 273.1371.

N-(tert-Butoxycarbonyl)-3-ethenyl-4-methoxy-indole (82g)

829 1%, 82h L[AERZRFTIETHERINT,

Colorless oil (43.4 mg, 63%); IR (CHCI3) cm™: 1726 (C=0); *H NMR (400 MHz, CDCl3) §1.66 (s, 9H,
t-Butyl), 3.91 (s, 3H, OCH3), 5.17 (dd, J = 11.2, 1.6 Hz, 1H, CH=CHH), 5.64 (dd, J = 17.6, 1.6 Hz, 1H,
CH=CHH), 6.67 (d, J = 8.0 Hz, 1H, CH=CHH), 7.19-7.29 (m, 2H, Ar), 7.62 (s, 1H, Ar), 7.76 (d, J = 8.0 Hz,
1H, Ar); 13C NMR (100 MHz, CDCls) & 28.1 (3C), 55.3, 83.7, 103.6, 108.3, 113.2, 118.5, 120.0, 120.1,
125.2, 129.8, 137.0, 149.6, 154.4; MS (EI) m/z (%) 273 (M™, 28.7), 218 (15), 217 (100), 174 (11), 173 (72),
172 (21), 158 (30), 146 (16), 130 (23), 115 (16), 85 (22), 83 (33), 57 (64), 43 (18), 42 (15), 41 (25); HRMS
(EI) calcd for C16H19NO3 (M ™'): 273.1365; found: 273.1372.

o = HOER
&% 100 1%, SCHER O FFEIZHEWA K L 72, #4258 98a, 100a, 100b, 105a, 105b, 110a, 110c, 110d, 119,
120, 123, 124, 129, anhydrolycorinone (132), 133, oxaassoanine (134). (%. BEm{b&W<TH 5,

43f,44a,45b,52,63,68,69,70,71,72,73,74,75

i & BRSO — AN EAE (1028 DA k)

Benzoyl chloride (0.18 mL, 1.51 mmol) % 7-iodo-2,3-dihydroindole (371 mg, 1.51 mmol), EtsN (0.63
mL, 4.54 mmol) @ CH,.Cl, (15 mL) &% 0 CCiiii F L., =il FEEHE LZ, IRAYW% EtOAC
VAR L, M HCI & fafn Bk T L, Mg~ 7 X U ATl LT, IWREEEL THE LI
MR AE ) WAV H T o < 7T 7 4 — (n-hexane:EtOAc = 4:1) TR L, 102a (527
mg, quantitive yield) #7%37-,
1-Benzoyl-2,3-dihydro-7-iodo-1H-indole (102a)'’

Colorless needles: m.p. 146-147 °C (n-hexane); IR (KBr) cm™: 1651 (C=0); *H NMR (400 MHz,
CDCls) §3.07 (t, J = 7.6 Hz, 2H, CHy), 4.12 (t, J = 7.6 Hz, 2H, NCH,), 6.83 (t, J = 7.2 Hz, 1H, Ar), 7.23
(dd, J = 7.2, 0.8 Hz, 1H, Ar), 7.46 (t, J = 7.6 Hz, 2H, Ar), 7.52-7.56 (m, 1H, Ar), 7.70 (d, J = 8.0 Hz, 1H,
Ar), 7.79 (dd, J = 8.0, 1.2 Hz, 2H, Ar); 1*C NMR (100 MHz, CDCls) §31.2, 53.9, 86.2, 124.3, 126.5, 128.4
(2C), 128.9 (2C), 131.7, 135.6, 137.0, 138.2, 146.5, 169.3; MS (EI) m/z (%) 349 (M*, 38.0), 222 (17), 105
(100), 77 (25); HRMS (EI) calcd for C1sH12INO (M *): 348.9964; found: 348.9960.
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1-Benzoyl-1,2,3,4-tetrahydro-8-iodo-quinoline (102b)

102b |%, 102a & [RIERDHFIETER LT,

Colorless prisms (159 mg, 25%): m.p. 150-152 °C (EtOAc); IR (KBr) cm™: 1645 (C=0); *H NMR (400
MHz, CDCls) ¢ 1.65-1.86 (m, 1H, CH,CH,CH>), 1.94-2.08 (m, 0.5H, CH,CH>CH,), 2.34-2.50 (m, 0.5H,
CH2CH,CH>), 2.69-2.94 (m, 2H, ArCH>), 3.20 (ddd, J = 12.7, 9.0, 4.2 Hz, 0.5H, NCHy>), 3.40 (dt, J = 13.2,
7.9 Hz, 0.5H, NCH>), 3.98 (dt, J = 11.5, 5.5 Hz, 0.5H, NCH>), 4.72 (dt, J = 12.5, 8.7 Hz, 0.5H, NCH>),
6.86 (t, J = 7.6 Hz, 0.5H, Ar), 6.91 (t, J = 7.6 Hz, 0.5H, Ar), 7.13 (t, J = 7.6 Hz, 1H, Ar), 7.15 (t, J = 7.6 Hz,
1H, Ar), 7.20-7.32 (m, 2H, Ar), 7.45 (d, J = 8.0 Hz, 1H, Ar), 7.48 (d, J = 7.2 Hz, 1H, Ar), 7.76 (d, J = 6.0
Hz, 1H, Ar); 1*C NMR (100 MHz, CDCls) §24.9 (2C), 26.5, 27.8, 42.5, 47.6, 95.7, 96.7, 127.2 (2C), 127.5
(2C), 127.9, 128.3 (2C), 128.5 (2C), 129.4 (2C), 130.3, 130.9, 135.8, 135.9, 136.4, 137.5, 137.8 (2C), 138.4,
141.3,142.7, 169.0, 171.9; MS (El) m/z (%) 363 (M, 1.8), 237 (21), 236 (100), 130 (9), 105 (82), 77 (39);
HRMS (EI) calcd for C16H14INO (M™): 363.0120; found: 363.0123.

2,3-Dihydro-7-iodo-1-(4-methylbenzoyl)-1H-indole (102c)

102c 1%, 102a & [FEkDHTIETERM LT,

Colorless prisms (1.07 g, 69%): m.p. 164-165 °C (EtOAc); IR (KBr) cm™: 1651 (C=0); *H NMR (400
MHz, CDCls) 62.43 (s, 3H, CHs), 3.07 (t, J = 7.6 Hz, 2H, CH,), 4.13 (t, J = 7.6 Hz, 2H, NCH,), 6.82 (t, J
= 7.6 Hz, 1H, Ar), 7.22 (dd, J = 7.2, 0.8 Hz, 1H, Ar), 7.27 (d, J = 7.6 Hz, 2H, Ar), 7.70 (d, J = 8.0 Hz, 3H,
Ar); 3C NMR (100 MHz, CDCls) §21.6, 31.2, 54.0, 86.3, 124.2, 126.4, 129.1 (4C), 132.7, 136.9, 138.1,
142.3, 146.6, 169.3; MS (El) m/z (%) 363 (M ™, 36.9), 236 (13), 119 (100), 91 (24); HRMS (EI) calcd for
C16H14INO (M™): 363.0120; found: 363.0126. Anal. Calcd for C16H14INO: C, 52.91; H, 3.89; N, 3.86.
Found: C, 52.96; H, 3.46; N, 3.84.

2,3-Dihydro-7-iodo-1-(4-methoxybenzoyl)-1H-indole (102d)

102d 1%, 102a & [AEROTTIETHR LI,

Colorless prisms (502 mg, 79%): m.p. 192-193 °C (EtOAc); IR (KBr) cm™: 1645 (C=0); *H NMR (400
MHz, CDCls) §3.07 (t, J = 7.6 Hz, 2H, CH>), 3.87 (s, 3H, OCH3), 4.14 (t, J = 7.6 Hz, 2H, NCH>), 6.81 (t, J
= 7.2 Hz, 1H, Ar), 6.94-6.98 (m, 2H, Ar), 7.22 (dd, J = 7.6, 1.2 Hz, 1H, Ar), 7.67 (dd, J = 8.0, 0.8 Hz, 1H,
Ar), 7.75-7.79 (m, 2H, Ar); *C NMR (100 MHz, CDCl3) 631.2, 54.1, 55.4, 86.3, 113.7 (2C), 124.2, 126.3,
127.7,131.0 (2C), 136.8, 138.1, 146.7, 162.4, 169.1; MS (EI) m/z (%) 379 (M*, 30.3), 250 (6), 135 (100),
92 (7), 77 (8); HRMS (EI) calcd for CigH14INO2 (M™): 379.0070; found: 379.0064. Anal. Calcd for
C1sHuINOz: C, 50.68; H, 3.72; N, 3.69. Found: C, 50.73; H, 3.61; N, 3.69.

Methyl 4-(7-indolinylcarbonyl)benzoate (102¢)

102e (X, 102a & [AIBRDGIETEHK LT,

Colorless prisms (308 mg, 61%): m.p. 151-153 °C (EtOAc); IR (KBr) cm™: 1709 (C=0), 1655 (C=0);
IH NMR (400 MHz, CDCls) §3.09 (t, J = 7.6 Hz, 2H, CHy), 3.96 (s, 3H, OCHa), 4.10 (t, J = 7.6 Hz, 2H,
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NCH,), 6.85 (t, J = 7.6 Hz, 1H, Ar), 7.24 (dd, J = 7.6, 1.2 Hz, 1H, Ar), 7.70 (d, J = 7.6 Hz, 1H, Ar), 7.84 (d,
J=8.0 Hz, 2H, Ar), 8.13 (d, J = 8.0 Hz, 2H, Ar); 3C NMR (100 MHz, CDCls) 5 31.1, 52.4, 53.7, 86.1,
124.4, 126.8, 128.8 (2C), 129.7 (2C), 132.8, 136.9, 138.3, 139.7, 146.0, 166.2, 168.1; MS (EI) m/z (%) 407
(M*, 38.8), 280 (14), 163 (100), 135 (11); HRMS (EI) calcd for C17H1INOs (M*): 407.0019; found:
407.0021.

1-(4-Chlorobenzoyl)-2,3-dihydro-7-iodo-1H-indole (102f)

102f (%, 102a & [RIERDHTIETERR LT,

Colorless prisms (588 mg, 63%): m.p. 149-150 °C (EtOAc); IR (KBr) cm™: 1649 (C=0); *H NMR (400
MHz, CDCls) §3.09 (t, J = 7.6 Hz, 2H, CH,), 4.11 (t, J = 7.6 Hz, 2H, NCHy), 6.84 (t, J = 7.6 Hz, 1H, Ar),
7.24 (dd, J = 7.6, 1.2 Hz, 1H, Ar), 7.43-7.46 (m, 2H, Ar), 7.70 (dd, J = 7.6, 1.2 Hz, 1H, Ar), 7.71 (m, 2H,
Ar); 3C NMR (100 MHz, CDCl3) 6 31.4, 54.1, 86.4, 124.6, 126.9, 129.0 (2C), 130.6 (2C), 134.2, 137.1,
138.2, 138.5, 146.4, 168.4; MS (El) m/z (%) 383 (M*, 42.7), 256 (23), 141 (52), 139 (100), 111 (31);
HRMS (EI) calcd for C1sH1:CIINO (M™): 382.9574; found: 382.9578. Anal. Calcd for C1sH1;CIINO: C,
46.96; H, 2.89; N, 3.65. Found: C, 47.01; H, 2.54; N, 3.65.

1-(4-Trifluoromethylbenzoyl)-2,3-dihydro-7-iodo-1H-indole (102g)

102g 1%, 102a & [FIERDFIETH L 72,

Colorless prisms (742 mg, 70%): m.p. 173-174 °C (EtOAc); IR (KBr) cm: 1657 (C=0); *H NMR (400
MHz, CDCls) 63.10 (t, J = 7.6 Hz, 2H, CHy), 4.10 (t, J = 7.6 Hz, 2H, NCH), 6.86 (t, J = 7.6 Hz, 1H, Ar),
7.25(dd, J=7.6,1.2 Hz, 1H, Ar), 7.71 (d, J = 7.6 Hz, 1H, Ar), 7.74 (d, J = 8.4 Hz, 2H. Ar), 7.90 (d, J = 8.4
Hz, 2H, Ar); 3C NMR (100 MHz, CDCls) & 31.2, 53.7, 86.1, 123.6 (g, 1C, J = 272.5 Hz, CFs), 124.4,
125.5 (g, 2C, J = 3.7 Hz, CHCCF3), 126.9, 129.3 (2C), 133.3 (q, 1C, J = 32.4 Hz, CCF3), 136.9, 138.3,
139.0, 146.0, 167.7; MS (EI) m/z (%) 417 (M*, 43.0), 290 (38), 173 (100), 145 (39), 90 (10); HRMS (EI)
calcd for C16H11F3INO (M™): 416.9838; found: 416.9834.

2,3-Dihydro-7-iodo-1-(2-methybenzoyl)-1H-indole (102h)

102h %, 102a & [AERDOTTIETHR LT,

Colorless amorphas (340 mg, 50%); IR (KBr) cm™: 1651 (C=0); 'H NMR (400 MHz, CDCl3) 62.51 (s,
3H, CHg), 3.03 (t, J = 7.6 Hz, 2H, CHy), 3.89 (t, J = 7.6 Hz, 2H, NCHy), 6.83 (t, J = 7.2 Hz, 1H, Ar),
7.21-7.28 (m, 3H, Ar), 7.35 (dt, J = 1.2, 7.2 Hz, 1H, Ar), 7.44 (d, J = 7.6 Hz, 1H, Ar), 7.71 (dd, J = 8.0, 0.8
Hz, 1H, Ar); 13C NMR (100 MHz, CDCl3) 619.8, 30.9, 52.7, 85.9, 124.3, 125.8, 126.6, 127.9, 130.2, 131.1,
136.0, 136.8, 137.3, 138.3, 146.2, 169.0; MS (El) m/z (%) 363 (M*, 35.8), 119 (100), 91 (26), 83 (27), 43
(17); HRMS (EI) calcd for C1sH1INO (M™): 363.0120; found: 363.0118.

2,3-Dihydro-7-iodo-1-(2-methoxybenzoyl)-1H-indole (102i)
102i 1%, 102a & [FERDO T iETEMK LI,
Colorless prisms (905 mg, quantitive yield): m.p. 114-115 °C (EtOAc); IR (KBr) cm™: 1647 (C=0); *H
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NMR (400 MHz, CDCls) 63.02 (t, J = 7.6 Hz, 2H, CH>), 3.82 (s, 3H, OCH?a), 3.99 (brs, 2H, NCH?>), 6.80 {t,
J=7.6 Hz, 1H, Ar), 6.95 (d, J = 8.0 Hz, 1H, Ar), 7.03 (td, J = 7.6, 1.2 Hz, 1H, Ar), 7.21 (ddd, J = 7.6, 2.0,
1.2 Hz, 1H, Ar), 7.43 (ddd, J = 8.4, 7.6, 2.0 Hz, 1H, Ar), 7.56 (dd, J = 7.6, 1.6 Hz, 1H, Ar), 7.68 (brd, J =
8.0 Hz, 1H, Ar); 3C NMR (100 MHz, CDCls) & 30.6, 52.4, 55.8, 111.7, 120.7 (2C), 124.1 (2C), 125.8,
126.3, 130.4, 132.0, 137.5, 138.3, 146.3, 156.9; MS (EI) m/z (%) 379 (M", 34.5), 135 (100), 92 (9), 77
(16); HRMS (EI) calcd for C16H14INO2 (M™): 379.0070; found: 379.0072.

1-(2-Chlorobenzoyl)-2,3-dihydro-7-iodo-1H-indole (102j)

102j 1%, 102a & [FIEROFIETHEL LT,

Colorless prisms (695 mg, 72%): m.p. 124-125 °C (EtOAc); IR (KBr) cm™: 1651 (C=0); *H NMR (400
MHz, CDCl3) 63.06 (t, J = 7.2 Hz, 2H, CH>), 3.93 (brs, 2H, NCHy), 6.85 (t, J = 7.2 Hz, 1H, Ar), 7.24 (dd,
J=172,12Hz 1H, Ar), 7.31-7.48 (m, 3H, Ar), 7.54 (d, J = 7.2 Hz, 1H, Ar), 7.72 (d, J = 8.0 Hz, 1H, Ar);
13C NMR (100 MHz, CDCls) 6 30.7, 52.1, 85.6, 124.2, 126.9, 127.0, 129.5, 130.3, 131.2, 131.6, 136.0,
137.5, 138.5, 145.7, 165.3; MS (El) m/z (%) 383 (M, 34.7), 385 (12), 256 (17), 141 (33), 139 (100), 111
(16); HRMS (EI) calcd for C1sH11CIINO (M™): 382.9574; found: 382.9568.

2,3-Dihydro-7-iodo-1-(2-phenoxybenzoyl)-1H-indole (102k)

102k F, 102a & [AEROFTIETER LI,

Colorless prisms (835 mg, 74%): m.p. 188-191 °C (EtOAc); IR (KBr) cm™: 1666 (C=0); *H NMR (400
MHz, CDCls) §2.99 (t, J = 7.2 Hz, 2H, CHy), 4.10 (brs, 2H, NCHy), 6.77 (t, J = 7.6 Hz, 1H, Ar), 6.84-7.01
(m, 3H, Ar), 7.06 (t, J = 7.6 Hz, 1H, Ar), 7.17 (d, J = 7.2 Hz, 1H, Ar), 7.20-7.31 (m, 3H, Ar), 7.43 (td, J =
7.6, 1.6 Hz, 1H, Ar), 7.63 (d, J = 8.0 Hz, 1H, Ar), 7.73 (dd, J = 7.6, 1.2 Hz, 1H, Ar); 13C NMR (100 MHz,
CDCls) 630.6, 52.6, 118.3, 123.3, 123.9, 124.1, 126.5, 128.6, 129.8 (2C), 132.2, 137.4, 138.3, 146.0, 153.7,
157.0; MS (El) m/z (%) 441 (M, 29.3), 245 (10), 197 (100); HRMS (EI) calcd for CaHisINO; (M™):
441.0226; found: 441.0230.

1-(2-Cyanobenzoyl)-2,3-dihydro-7-iodo-1H-indole (102I)

1021 1%, 102a & [FERDITIETERM LT,

Colorless prisms (401 mg, 55%): m.p. 168-169 °C (AcOEt); IR (KBr) cm™: 1655 (C=0), 2230 (C=N);
H NMR (400 MHz, CDCls) 63.12 (t, J = 7.2 Hz, 2H, CHy), 4.06 (t, J = 7.2 Hz, 2H, NCH_), 6.86 (t, J = 7.6
Hz, 1H, Ar), 7.26 (dd, J = 7.2, 2.0 Hz, 1H, Ar), 7.62 (td, J = 8.0, 1.2 Hz, 1H, Ar), 7.66-7.77 (m, 3H, Ar),
7.80 (d, J = 7.6 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls3) 6 30.9, 52.9, 85.8, 111.6, 116.9, 124.4, 127.1,
129.5, 131.2, 132.7, 134.0, 137.2, 138.3, 139.3, 145.4, 165.1; MS (El) m/z (%) 374 (M*, 58.6), 247 (63),
130 (100), 102 (21); HRMS (EI) calcd for C16H11IN2O (M ™"): 373.9916; found: 373.9912.

3 U FbSOR DO — ik (104a)
103a (4.00 g, 17.1 mmol) & tetramethylethylenediamine (4.34 mL, 29.1 mmol) @ Et,O (82 mL) ¥& ik
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(2. 1.03 M sec-BuLi in hexane (34.3 mL, 34.3 mmol) % -78°C T/Hlx T L7=, lodine (6.09 g, 24.0
mmol) @ Et;0 (46 mL) k% - < Vi F L TR CIRE T 45 fifk Uiz, RINERZ P ->< b
SR L, R CHRARE L, BREMIT ELO THitH L, fafiifi(kr v =7 LAKEK & sat.
NazS:03 THEH L T, M~ 7 XL U ATHMEE LT, AIREBEL TIRONDMAERYZ )
TNAT AT a~w NJT 7 ¢ — (n-hexane:EtOAc = 14:1) THEHI L, 104a (4.61 g, 75%) %157,
tert-Butyl-2,3-dihydro-7-iodo-2-methyl-1H-indole-1-carboxylate (104a)

Colorless oil; IR (CHCI3) cm™: 1693 (C=0); 'H NMR (400 MHz, CDCl3) §1.21 (d, J = 6.8 Hz, 3H,
CHa), 1.56 (s, 9H, t-Butyl), 2.45 (d, J = 15.6 Hz, 1H, ArCH,), 4.4 (dd, J = 8.4, 15.6 Hz, 1H, ArCH,), 4.67
(dgd, J = 8.0, 6.8, 1.2 Hz, 1H, NCHCHz), 6.73 (dd, J = 8.0, 7.6 Hz, 1H, Ar), 7.14 (dd, J = 7.6, 0.8 Hz, 1H,
Ar), 7.63 (d, J = 8.0 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls) §21.2, 28.4 (3C), 37.3, 58.6, 81.3, 85.5,
124.6, 125.5, 135.3, 138.3, 144.7, 152.7; MS (El) m/z (%) 359 (M, 41.8), 303 (66), 259 (80), 244 (69),
117 (58), 57 (100); HRMS (EI) calcd for C14H15INO, (M™): 359.0383; found: 359.0377.

tert-Butyl 2,3-dihydro-7-iodo-3-methyl-1H-indole-1-carboxylate (104b)

104b |%, 104a & [RIERDHTIETER LT,

Colorless oil (1.46 g, 32%); IR (CHCIs) cm: 1701 (C=0); H NMR (400 MHz, CDCls) §1.24 (d, J =
6.8 Hz, 3H, CHs), 1.54 (s, 9H, t-Butyl), 3.29-3.40 (m, 1H, ArCHCH>), 3.60 (dd, J = 7.2, 11.2 Hz, 1H, CHy),
4.26 (dd, J = 7.6, 11.2 Hz, 1H, CHy), 6.77 (dd, J = 8.0, 7.6 Hz, 1H, Ar), 7.10-7.13 (m, 1H, Ar), 7.60-7.64
(m, 1H, Ar); 13C NMR (100 MHz, CDCls) 6 18.0, 28.3 (3C), 37.2, 59.1, 81.5, 85.7, 122.9, 126.0, 138.1,
141.8, 146.1, 153.3; MS (El) m/z (%) 359 (M, 36.5), 303 (50), 259 (100), 244 (17), 117 (17), 57 (69);
HRMS (EI) calcd for C14H1sINO, (M™): 359.0383; found: 359.0387.

W ARFE SIS O — kA ERAE (1058 D& Ak)

104a (2.00 g, 5.57 mmol) @ CH.Cl, (4.4 mL) |Z trifluoroacetic acid (2.9 mL) % 0°C THZ .= T
2 W HR L7z, IRAM% CH.Cl, Tt L, sat. NaHCOs & /K CTHevs L, it~ 7 % > 7 L CHij
L7z, AIREREE L THEONDMERME VATV I T L7 a~ ~ 7T 7 14— (n-hexane:EtOAC
=6:1) TEsM L. 105a (1.25 g, 87%) %137~
105a IZHR SN TV AIEAHTH B,

2,3-Dihydro-7-iodo-3-methyl-1H-indole (105b)

105b %, 105a & [AERDOFTiETHR LI,

Colorless oil (502 mg, 85%); IR (CHCI3) cm™: 1603 (C=0); 'H NMR (400 MHz, CDCl3) §1.31 (d, J =
6.8 Hz, 3H, CH3), 3.17 (t, J = 8.8 Hz, 1H, CH,), 3.45-3.56 (m, 1H, CHCH3), 3.74 (t, J = 8.8 Hz, 1H, CH,),
3.83 (brs, 1H, NH), 6.47 (dd, J = 8.0, 7.2 Hz, 1H, Ar), 7.01 (dd, J = 7.2, 1.2 Hz, 1H, Ar), 7.735 (dd, J = 8.0,
1.2 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls) §18.9, 38.3, 54.2, 75.3, 120.2, 123.0, 134.3, 135.6, 152.9;
MS (EI) m/z (%) 259 (M ™, 83.0), 244 (29), 149 (17), 130 (17), 117 (100), 83 (10); HRMS (EI) calcd for
CoH10IN (M™): 258.9858; found: 258.9863.

74



1-Benzoyl-2,3-dihydro-7-iodo-2-methyl-1H-indole (106a)

106a 1%, 102a & [FERD FIETERK LT,

Colorless prisms (922 mg, 93%): m.p. 142-143 °C (EtOAc); IR (KBr) cm™: 1655 (C=0); *H NMR (400
MHz, CDCl3) §1.34 (d, J = 6.4 Hz, 3H, CHs), 2.54 (d, J = 15.2 Hz, 1H, CHy), 3.42 (dd, J = 7.6, 15.2 Hz,
1H, CHy), 4.42 (dq, J = 7.6, 6.4 Hz, 1H, NCHCH3), 6.84 (t, J = 7.6 Hz, 1H, Ar), 7.24 (dd, J = 7.2, 0.4 Hz,
1H, Ar), 7.41-7.47 (m, 2H, Ar), 7.48-7.55 (m, 1H, Ar), 7.64-7.74 (m, 3H, Ar); 3C NMR (100 MHz, CDCls)
621.0, 38.5,60.3, 87.7, 125.0, 126.7, 128.2 (2C), 128.4 (2C), 131.3, 136.1, 136.4, 137.9, 145.2, 170.2; MS
(El) m/z (%) 363 (M, 44.8), 236 (24), 105 (100), 77 (25); HRMS (EI) calcd for CisH1INO (M™):
363.0120; found: 363.0116.

1-Benzoyl-2,3-dihydro-7-iodo-3-methyl-1H-indole (106b)

106b 1%, 102a & [RIERDHTIETER LT,

Colorless prisms (497 mg, 76%): m.p. 145-146 °C (EtOAc); IR (KBr) cm™: 1663 (C=0); *H NMR (400
MHz, CDCIs) §1.23 (d, J = 6.8 Hz, 3H, CH3), 3.36-3.45 (m, 1H, CHCH3), 3.68 (dd, J = 10.4, 7.6 Hz, 1H,
NCHH), 4.22 (dd, J = 10.4, 7.6 Hz, 1H, NCHH), 6.86 (t, J = 7.6 Hz, 1H, Ar), 7.18 (dt, J = 7.2, 1.2 Hz, 1H,
Ar), 7.43-7.50 (m, 2H, Ar), 7.51-7.56 (m, 1H, Ar), 7.71 (dt, J = 8.0, 0.8 Hz, 1H, Ar), 7.76-7.81 (m, 2H, Ar);
13C NMR (100 MHz, CDCl3) 617.7, 37.8, 61.5, 86.3, 122.9, 126.7, 128.4 (2C), 128.9 (2C), 131.7, 135.6,
138.2, 142.1, 146.2, 169.3; MS (El) m/z (%) 363 (M*, 46.0), 236 (27), 105 (100), 77 (28); HRMS (EI)
calcd for C16H14INO (M ): 363.0120; found: 363.0117.

1-Benzyl-2,3-dihydro-7-iodo-1H-indole (107)

107 1%, 102a & [A#RD H{ETERL L7z, benzoyl chloride ™14 U |Z benzyl chloride % fv 7z,

Colorless oil (212 mg, 27%); IR (CHCI3) cm™: 2357; 'H NMR (400 MHz, CDCls) §2.93 (t, J = 8.8 Hz,
2H, NCH2CHy), 3.38 (t, J = 8.8 Hz, 2H, NCH2CH>), 4.67 (s, 2H, NCH2Ar), 6.46 (dd, J = 8.0, 7.2 Hz, 1H,
Ar), 7.05(dd, J=7.2, 1.2 Hz, 1H, Ar), 7.23-7.29 (m, 1H, Ar), 7.30-7.36 (m, 2H, Ar), 7.37-7.41 (m, 2H, Ar),
7.53 (dd, J = 8.0, 1.2 Hz, 1H, Ar); 3C NMR (100 MHz, CDCls3) & 28.7, 53.5, 55.5, 76.0, 121.3, 124.5,
127.0, 128.0 (2C), 128.3 (2C), 134.1, 138.9, 139.1, 152.2; MS (EI) m/z (%) 335 (M, 100.0), 258 (11), 208
(52), 206 (38), 117 (23), 91 (58); HRMS (EI) calcd for CisH14IN (M™): 335.0171; found: 335.0167.

1-Benzoyl-7-iodo-1H-indole (109)

109 (X, 102a & [RIBRDHTIETER LT,

Colorless oil (432 mg, 83%); IR (CHCI3) cm™: 1697 (C=0); 'H NMR (400 MHz, CDCl3) §6.58 (d, J =
3.6 Hz, 1H, Ar), 7.02 (t, J = 7.6 Hz, 1H, Ar), 7.26 (d, J = 3.6 Hz, 1H, Ar), 7.52-7.58 (m, 2H, Ar), 7.63 (dd, J
= 7.6, 1.2 Hz, 1H, Ar), 7.65-7.70 (m, 1H, Ar), 7.87 (dd, J = 7.6, 0.8 Hz, 1H, Ar), 7.95-7.99 (m, 2H, Ar); 3C
NMR (100 MHz, CDCl3) 6 79.6, 107.1, 121.0, 124.9, 128.9 (2C), 129.6, 130.5 (2C), 133.5, 133.7, 134.0,
136.7, 138.9, 166.1; MS (El) m/z (%) 347 (M™, 85.1), 219 (20), 191 (11), 115 (14), 105 (100), 77 (60);
HRMS (EI) calcd for C1sH10INO (M™): 346.9807; found: 346.9814.
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N-tert-Butoxycarbonyl 1,2,3,4-tetrahydro-8-iodo-quinoline (97)

97 %, 104a & [RIERD HIETER LTz,

Colorless prisms (1.78 g, 58%): m.p. 121-122 °C (n-hexane); IR (KBr) cm™: 1697 (C=0); 'H NMR (400
MHz, CDCls) §1.44 (s, 6H, t-Butyl), 1.55 (s, 3H, t-Butyl), 1.68-2.26 (m, 2H, CH,CH,CH), 2.54-2.79 (m,
2H, ArCHy), 2.87-3.14 (m, 1H NCHH), 4.12-4.49 (m, 1H, NCHH), 6.82 (t, J = 7.6 Hz, 1H, Ar), 7.10 (d, J =
7.6 Hz, 1H, Ar), 7.68 (d, J = 7.6 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls) §24.2, 27.0, 28.1 (3C), 42.9,
81.0, 97.5, 127.0, 127.8, 128.3, 137.0, 142.4, 153.8; MS (El) m/z (%) 359 (M, 13.5), 259 (100), 176 (89),
130 (27), 57 (75); HRMS (EI) calcd for C14H18INO2 (M™): 359.0383; found: 359.0379.

o =B = Hi O SR
3 vk~ U v A& v 7z phenanthridinone B #TASUG 0D SEER B

bt~ U U A KD RGO —IEEE (110a DA )
TVU—ALRTA L7288 FT A7 T 22iZ%~ U U7 L4 (144mg,0.960 mmol) & 12— d— K=
%> (197 mg, 0.700 mmol) % A#l, THF (6.7 mL) %Nz C=RIE T 2.5 L L=, RAEWIC
HMPA (0.44 mL, 2.52 mmol) Z ANz 20 /3R L7z, T A7 2 2% 0 ‘CizmA L, 102a (70.0 mg,
0.200 mmol) @ THF (4.9 mL) &% P ->< Wiz, 0 ‘CT30 o Lz, +olcgeki & i s+
R ER KRR Z A, Yo F Ao —T LTI L, ARE 2 Sk Tred, MK
Wi~ 7327 ACHREESE, AL, WREBEL THRONDMAERMEZ ) BTNV T A
Ju~ 777 ¢— (n-hexane:EtOAc = 2:1) THHI L. 110a (37.3 mg, 84%) %437~

o = BB IUET S — TH D FEBR
Methyl-4H-pyrrolo[3,2,1-de]phenanthridin-7(5H)-one-10-carboxylate (110e)

110e (¥, 110a & [RIERDITIETER LT,

Colorless prisms (16.6 mg, 35%): m.p. 188-189 °C (EtOAc); IR (KBr) cm™: 1719 (C=0), 1647 (C=0);
IH NMR (400 MHz, CDCls) §3.47 (t, J = 8.4 Hz, 2H, ArCHy), 4.02 (s, 3H, OCH3), 4.52 (t, J = 8.4 Hz, 2H,
NCH,), 7.27 (t, J = 7.6 Hz, 1H, Ar), 7.38 (d, J = 7.2 Hz, 1H, Ar), 8.03 (d, J = 8.0 Hz, 1H, Ar), 8.20 (dd, J =
8.0, 1.2 Hz, 1H, Ar), 8.62 (d, J = 8.0 Hz, 1H, Ar), 8.91 (s, 1H, Ar); 13C NMR (100 MHz, CDCls) §27.2,
46.5, 52.6, 116.3, 120.1, 123.6, 123.9, 125.0, 127.9, 128.6, 130.2, 130.8, 132.9, 133.7, 139.8, 159.2, 166.4;
MS (El) m/z (%) 279 (M™, 100.0), 278 (51), 219 (14), 96 (12); HRMS (EI) calcd for C17H13NO3 (M™):
279.0895; found: 279.0890.

10-Chloro-4H-pyrrolo[3,2,1-de]phenanthridin-7(5H)-one (110f)

110f 1Z. HMPA JE{F7E T 110a & [AEED 7L THRL L T2,

Colorless prisms (26.7 mg, 57%): m.p. 211-212 °C (EtOAc); IR (KBr) cm™: 1643 (C=0); 'H NMR (400
MHz, CDCls) §3.41 (t, J = 8.4 Hz, 2H, ArCH,), 4.44 (t, J = 8.4 Hz, 2H, NCH,), 7.20 (t, J = 7.6 Hz, 1H,
Ar), 7.33 (d, J = 7.2 Hz, 1H, Ar), 7.49 (dd, J = 8.8, 1.2 Hz, 1H, Ar), 7.77 (d, J = 8.0 Hz, 1H, Ar), 8.06 (s,
1H, Ar), 8.42 (d, J = 8.8 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls) §27.2, 46.4, 115.6, 119.8, 121.9, 123.4,
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125.2, 125.6, 128.0, 129.9, 130.9, 135.1, 138.6, 140.1, 159.2; MS (EI) m/z (%) 255 (M*, 100.0), 257 (33),
256 (42), 254 (80), 219 (23), 191 (15); HRMS (EI) calcd for CisHCINO (M*): 255.0451; found:
255.0446.

10-Trifluoromethyl-4H-pyrrolo[3,2,1-de]phenanthridin-7(5H)-one (110g)

110g i%. HMPA JETF(E T 110a & RO HETARR L=,

Colorless prisms (24.4 mg, 50%): m.p. 239-240 °C (EtOAc); IR (KBr) cm: 1649 (C=0); 'H NMR (400
MHz, CDCls) §3.47 (t, J = 8.4 Hz, 2H, ArCHy), 4.51 (t, J = 8.4 Hz, 2H, NCH>), 7.27 (dd, J = 8.0, 7.2 Hz,
1H, Ar), 7.39 (dd, J = 7.2, 0.8 Hz, 1H, Ar), 7.80 (dd, J = 8.0, 0.8 Hz, 1H, Ar), 7.94 (d, J = 8.0 Hz, 1H, Ar),
8.44 (brs, 1H, Ar), 8.66 (d, J = 8.0 Hz, 1H, Ar); 3C NMR (100 MHz, CDCl3) §27.3, 46.6, 115.9, 119.4 (q,
1C, J = 4.0 Hz, CHCCF3), 120.0, 123.80, 123.81 (q, 1C, J = 271.5 Hz, CFs), 123.9 (q, 1C, J = 3.5 Hz,
CHCCF3), 125.5, 129.4, 129.6, 131.0, 133.7 (q, 1C, J = 32.3 Hz, CCF3) 134.1, 140.1, 159.0; MS (El) m/z
(%) 289 (M, 100.0), 240 (9), 191 (11); HRMS (EI) calcd for CigH10FsNO (M™): 289.0715; found:
289.0718.

o R IUET S IH O FER
8-Methyl-4H-pyrrolo[3,2,1-de]phenanthridin-7(5H)-one (110h)

110h %, 110a & [RERDFIETER LT,

Colorless prisms (6.7 mg, 15%): m.p. 177-177 °C (EtOAc); IR (KBr) cm: 1641 (C=0); *H NMR (400
MHz, CDCls) 63.00 (s, 3H, CHs), 3.40 (t, J = 8.4 Hz, 2H, ArCHy>), 4.45 (t, J = 8.4 Hz, 2H, NCH>), 7.18 (t,
J=7.6Hz, 1H, Ar), 7.28-7.32 (m, 1H, Ar), 7.32-7.37 (m, 1H, Ar), 7.59 (t, J = 7.6 Hz, 1H, Ar), 7.89 (dd, J =
7.6, 0.4 Hz, 1H, Ar), 8.10 (d, J = 7.6 Hz, 1H, Ar); 3C NMR (100 MHz, CDCls) §24.2, 27.1, 46.6, 116.8,
120.1, 120.3, 123.0, 124.4, 125.6, 130.4, 131.2, 131.6, 135.4, 139.8, 142.6, 161.3; MS (EI) m/z (%) 235 (M
*,100.0), 234 (95), 219 (11), 204 (10), 191 (12), 83 (12); HRMS (EI) calcd for C16H1zNO (M*): 235.0997;
found: 235.0999.

2-Methyl-4°,5°-dihydro-2’H-spiro[cyclohexa[2,5]diene-1,1’-pyrrolo[3,2,1-hi]indol]-2’-one (111h)

111h 1%, 110a & FEROFTIETERM LT,

Colorless prisms (17.6 mg, 39%): m.p. 120-121 °C (EtOAc); IR (KBr) cm: 1661 (C=0); 'H NMR (400
MHz, CDCls) 62.06 (s, 3H, CHs), 3.10-3.27 (m, 3H, ArCH,, C=CHCHH), 3.87-3.93 (m, 1H, C=CHCHH),
3.99-4.16 (m, 2H, NCHy), 5.44 (dd, J = 9.3, 3.2 Hz, 1H, C=CH), 5.89-5.93 (m, 1H, CH=CH), 5.99 (ddd, J
=9.3,5.3, 3.2 Hz, 1H, CH=CH), 6.96 (t, J = 7.6 Hz, 1H, Ar), 7.05 (d, J = 7.6 Hz, 1H, Ar), 7.10 (dd, J = 7.6,
1.2 Hz, 1H, Ar); 13C NMR (100 MHz, CDCl3) 6 24.0, 27.7, 37.2, 45.4, 45.5, 120.8, 122.1, 123.55, 123.64,
124.86, 124.88, 126.0, 128.9, 133.3, 140.6, 167.3; MS (El) m/z (%) 237 (M*, 80.8), 236 (100), 222 (56),
208 (31), 193 (15); HRMS (EI) calcd for C16H1sNO (M ™): 237.1154; found: 237.1147.
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2-Methoxy-4°,5’-dihydro-2’H-spiro[cyclohexa[2,5]diene-1,1’-pyrrolo[3,2,1-hi]indol]-2’-one (111i)

110 13, 110a & [RIBROFTIETERK LT,

Colorless oil (22.1 mg, 47%); IR (CHCI3) cm?: 1663 (C=0); *H NMR (400 MHz, CDCls) 6 3.10-3.31
(m, 3H, ArCH, C=CHCHH), 3.72 (s, 3H, OCH3), 3.99-4.16 (m, 3H, NCH,, C=CHCHH), 5.17 (d, J = 6.0
Hz, 1H, CH=CH), 5.19 (dd, J = 9.2, 2.8 Hz, 1H, C=CH), 6.01 (ddd, J = 9.2, 6.0, 2.8 Hz, 1H, CH=CH), 6.97
(t, J=7.6 Hz, 1H, Ar), 7.06 (d, J = 7.6 Hz, 1H, Ar), 7.11 (dd, J = 7.6, 1.2 Hz, 1H, Ar); 3C NMR (100 MHz,
CDCls) 627.7, 38.4, 45.7, 45.9, 55.2, 93.9, 119.9, 121.7, 123.6, 123.7, 124.9, 125.5, 129.1, 140.5, 155.4,
165.8; MS (EI) m/z (%) 253 (M*, 100.0), 238 (31), 225 (44), 224 (38), 224 (38), 222 (38), 210 (15);
HRMS (EI) calcd for C16H1sNO2 (M ™): 235.1103; found: 235.1100.

2-Chloro-4°,5’-dihydro-2’H-spiro[cyclohexa[2,5]diene-1,1’-pyrrolo[3,2,1-hi]indol]-2’-one (111j)

111 X, 110a & RO FETERK LT,

Colorless prisms (14.6 mg, 31%): m.p. 194.4-195.0 °C (EtOAc); IR (KBr) cm: 1657 (C=0); *H NMR
(400 MHz, CDCl3) 6 3.11-3.29 (m, 2H, ArCHy), 3.48 (d, J = 8.8 Hz, 1H, C=CHCHH), 4.00-4.09 (m, 1H,
C=CHCHH), 4.11-4.20 (m, 2H, NCH), 5.52 (dd, J = 9.2, 2.9 Hz, 1H, C=CH), 5.97 (ddd, J = 9.2, 5.6, 2.9
Hz, 1H, CH=CH), 6.30 (d, J = 5.6 Hz, 1H, Ar), 6.99 (t, J = 7.6 Hz, 1H, Ar), 7.06 (d, J = 7.6 Hz, 1H, Ar),
7.13 (dd, J = 7.6, 0.8 Hz, 1H, Ar); 13C NMR (100 MHz, CDCls) 6 27.7, 38.7, 45.8, 47.8, 120.4, 123.3,
124.0, 124.1, 124.9, 125.0, 127.0, 129.3, 129.5, 140.3, 164.7; MS (EI) m/z (%) 257 (M, 88.2), 259 (30),
258 (44), 256 (94), 228 (26), 222 (100), 193 (31), 165 (14), 96 (13); HRMS (EI) calcd for C15H12CINO (M
*): 257.0607; found: 257.06009.

2-Phenoxy-4°,5’-dihydro-2’H-spiro[cyclohexa[2,5]diene-1,1°-pyrrolo[3,2,1-hi]indol]-2’-one (111k)
111k 1, 110a & FERDFTIETERM LT,

Colorless oil (15.9 mg, 32%); IR (CHCI3) cm™: 1663 (C=0); 'H NMR (500 MHz, CDCl3) 6 3.10-3.30
(m, 2H, ArCHy), 3.50 (d, J = 8.5 Hz, 1H, C=CHCHH), 3.99-4.09 (m, 1H, C=CHCHH), 4.12-4.22 (m, 2H,
NCH,), 5.11 (d, J = 6.0 Hz, 1H, C=CH), 5.21 (dd, J = 9.5, 2.5 Hz, 1H, CH=CH), 5.90 (ddd, J = 9.0, 6.0, 3.0
Hz, 1H, CH=CH), 7.00 (t, J = 7.5 Hz, 1H, Ar), 7.10 (d, J = 7.5 Hz, 1H, Ar), 7.14 (d, J = 7.5 Hz, 1H, Ar),
7.16 (t, J=7.8 Hz, 1H, Ar), 7.28 (d, J = 7.8 Hz, 2H, Ar), 7.36 (t, J = 7.8 Hz, 2H, Ar); 3C NMR (100 MHz,
CDCls) 627.7, 38.9, 44.8, 45.7, 100.6, 121.4 (2C), 121.5, 121.6, 123.8, 123.9, 124.6, 125.08, 125.10, 129.3,
129.6 (2C), 140.6, 155.1 (2C), 165.9; MS (El) m/z (%) 315 (M, 100.0), 314 (70), 287 (35), 222 (50), 221
(11), 198 (10), 193 (26); HRMS (EI) calcd for C21H17NO, (M™): 315.1259; found: 315.1263.

o — DS =T 0> FEER
5,7-Dihydro-4H-pyrrolo[3,2,1-de]phenanthridine (119)

119 1%, 110a & [RIBRDOGTIETERK LT,

Colorless prisms (2.4 mg, 6%): m.p. 73-75 °C (EtOAc); IR (KBr) cm: 1601 (C=0); *H NMR (400 MHz,
CDCls) 63.02 (t, J = 8.0 Hz, 1H, ArCHy), 3.34 (t, J = 8.0 Hz, 1H, NCHy), 4.15 (s, 2H, ArCHN), 6.77 (t, J
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= 7.6 Hz, 1H, Ar), 7.04 (d, J = 7.6 Hz, 1H, Ar), 7.13 (d, J = 7.6 Hz, 1H, Ar), 7.19 (t, J = 7.6 Hz, 1H, Ar),
7.29 (t, J = 7.6 Hz, 1H, Ar), 7.42 (d, J = 7.6 Hz, 1H, Ar), 7.67 (d, J = 7.6 Hz, 1H, Ar): 3C NMR (100 MHz,
CDCls) 628.9, 53.4, 55.5, 118.8, 119.6, 120.1, 121.9, 124.1, 127.07, 127.13, 127.7, 128.8, 131.4, 132.1,
150.3; MS (El) m/z (%) 207 (M*, 47.7), 206 (100), 204 (19), 103 (14), 102 (11); HRMS (EI) calcd for
CisH13N (M): 207.1048; found: 207.1042.

o — TS DU B 55 DU IH 0> SE R
5-Methyl-4H-pyrrolo[3,2,1-de]phenanthridin-7(5H)-one (121a)

121a i3, 110a & [AEROFIETER LT,

Colorless oil (19.3 mg, 43%); IR (CHCI3) cm*: 1641 (C=0); 'H NMR (500 MHz, CDCl3) §1.64 (d, J =
6.5 Hz, 3H, CHs), 2.99 (dd, J = 16.5, 3.5 Hz, 1H, ArCHH), 3.65 (dd, J = 16.5, 9.5 Hz, 1H, ArCHH), 5.13
(dgd, J=9.5, 6.5, 3.5 Hz, 1H, NCH), 7.24 (t, J = 7.5 Hz, 1H, Ar), 7.32 (d, J = 7.5 Hz, 1H, Ar), 7.56 (t, J =
7.5 Hz, 1H, Ar), 7.76 (t, J = 7.5 Hz, 1H, Ar), 7.94 (d, J = 7.5 Hz, 1H, Ar), 8.22 (d, J = 7.5 Hz, 1H, Ar), 8.56
(d, J=7.5Hz, 1H, Ar); 13C NMR (125 MHz, CDCls) §20.6, 36.3, 56.0, 116.8, 119.9, 122.0, 123.4, 124.7,
127.8 (2C), 128.4, 129.5, 132.0, 133.9, 139.2, 160.0; MS (El) m/z (%) 235 (M*, 57.9), 221 (17), 220 (100),
191 (12); HRMS (EI) calcd for C16H1sNO (M ™): 235.0997; found: 235.0994.

4-Methyl-4H-pyrrolo[3,2,1-de]phenanthridin-7(5H)-one (121b)

121b %, 110a & FERDOHTIETEM LT,

Colorless prisms (26.1 mg, 58%): m.p. 140-141 °C (EtOAc); IR (KBr) cm: 1641 (C=0); 'H NMR (500
MHz, CDCls) §1.48 (d, J = 7.0 Hz, 3H, CHs), 3.78 (sext, J = 7.0 Hz, 1H, ArCH), 4.03 (dd, J = 12.5, 5.5 Hz,
1H, NCHH), 4.66 (dd, J = 12.5, 9.5 Hz, 1H, NCHH), 7.25 (t, J = 7.5 Hz, 1H, Ar), 7.32 (d, J = 7.5 Hz, 1H,
Ar), 7.59 (t, J = 7.5 Hz, 1H, Ar), 7.75 (t, J = 7.5 Hz, 1H, Ar), 7.93 (d, J = 7.5 Hz, 1H, Ar),8.21 (d,J =75
Hz, 1H, Ar), 8.56 (d, J = 7.5 Hz, 1H, Ar); 3C NMR (125 MHz, CDCl3) §20.7, 34.7, 54.4, 116.7, 120.1,
122.1, 123.47, 123.53, 127.4, 127.8, 128.4, 132.0, 133.9, 136.0, 139.2, 160.1; MS (EI) m/z (%) 235 (M,
69.1), 221 (17), 220 (100), 191 (14); HRMS (EI) calcd for C16H13sNO (M™): 235.0997; found: 235.0994.

o — TGS VUS55 1UIH 0D FEBR
5°,6’-Dihydrospiro[cyclohexa[2,5]diene-1,1’-pyrrolo[3,2,1-ijJauinolin]-2’(4’H)-one (125)

125 1%, 110a & [FERDFIETER LT,

Colorless prisms (19.1 mg, 42%): m.p. 148-149 °C (EtOAc); IR (KBr) cm: 1713 (C=0); 'H NMR (400
MHz, CDCl3) §2.03 (quin, J = 6.0 Hz, 2H, CH,CH,CH,), 2.80 (t, J = 6.0 Hz, 2H, ArCH,), 2.77-3.04 (m,
2H, C=CHCHy), 3.73 (t, J = 6.0 Hz, 2H, NCH), 5.42 (dt, J = 10.4, 1.6 Hz, 2H, 2xCH=CH), 6.13 (dt, J =
10.4, 3.2 Hz, 2H, 2xCH=CH), 6.92-6.99 (m, 2H, Ar), 7.01-7.07 (m, 1H, Ar); 13C NMR (100 MHz, CDCls)
621.1, 245, 25.7, 39.2, 52.9, 120.1, 122.3 (2C), 123.8 (2C), 127.1, 127.2 (2C), 132.8, 138.8, 176.8; MS
(E1) m/z (%) 237 (M™, 41.6), 236 (100), 220 (12); HRMS (EI) calcd for C16H1sNO (M™): 237.1154; found:
237.1159.
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2,3-Dihydro-7-iodo-1-[(6-methoxy-1,3-benzodioxol-5-yl)carbonyl]-1H-indole (130)

130 1. 102a & [AIBRD HIETEHR LT,

Colorless prisms (2.49 g, 96%): m.p. 137-138 °C (EtOAc); IR (KBr) cm™: 1636 (C=0); 'H NMR (400
MHz, CDCls) 63.02 (t, J = 7.6 Hz, 2H, ArCHy>), 3.75 (brs, 3H, OCH3), 4.03 (brt, J = 7.6 Hz, 2H, NCH>),
5.99 (s, 2H, OCH?0), 6.54 (s, 1H, Ar), 6.79 (t, J = 7.6 Hz, 1H, Ar), 7.07 (s, 1H, Ar), 7.21 (dd, J = 7.6, 0.8
Hz, 1H, Ar), 7.67 (d, J = 7.6 Hz, 1H, Ar); 23C NMR (125 MHz, CDCl3) §29.6, 30.6, 52.6, 57.1, 95.4, 101.8,
109.9, 117.9, 124.2, 126.2, 137.4, 138.3, 141.6, 146.5, 150.9, 153.8, 165.9; MS (El) m/z (%) 423 (M*,
38.0), 179 (100), 164 (12), 121 (9); HRMS (EI) calcd for C17H14INO4 (M *): 422.9968; found: 422.9972.

2,3-Dihydro-7-iodo-1-(2,4,5-trimethoxybenzoyl)-1H-indole (131)

131 13 102a & [FAERD HIETER LTz,

Colorless prisms (306 mg, 73%): m.p. 184-185 °C (AcOEt); IR (KBr) cm: 1636 (C=0); *H NMR (400
MHz, CDCls) §3.02 (t, J = 7.6 Hz, 2H, ArCH,), 3.82 (brs, 3H, OCHs), 3.87 (s, 3H, OCHs3), 3.94 (s, 3H,
OCHj3), 4.06 (t, J = 7.6 Hz, 2H, NCHy), 6.52 (s, 1H, Ar), 6.80 (t, J = 7.6 Hz, 1H, Ar), 7.19 (s, 1H, Ar), 7.22
(dd, J=7.6, 0.8 Hz, 1H, Ar), 7.69 (d, J = 7.6 Hz, 1H, Ar); 13C NMR (125 MHz, CDCls) §30.7, 52.6, 56.1,
56.3, 57.6, 98.2, 113.8, 117.0, 124.2 (2C), 126.3 (2C), 137.5, 138.4 (2C), 143.5, 146.6, 152.4; MS (El) m/z
(%) 439 (M™*, 18.4), 195 (100), 137 (5); HRMS (EIl) calcd for CigH1sINOs (M™): 439.0281; found:
439.0285.

Anhydrolycorinone (132)
132 1%, 110a & [FERD FIETEHEM LTz, 7272 L, RIRiE-40°C TiT- 7,

Colorless prisms (26.1 mg, 58%): m.p. 227-229 °C (EtOAc); IR (KBr) cm: 1643 (C=0); 'H NMR (400
MHz, CDCls) §3.40 (t, J = 8.2 Hz, 2H, ArCHy), 4.44 (t, J = 8.2 Hz, 2H, NCHy), 6.12 (s, 2H, OCH0), 7.16
(t, J=7.2Hz 1H, Ar), 7.26 (dd, J = 7.2, 0.8 Hz, 1H, Ar), 7.48 (s, 1H, Ar), 7.69 (d, J = 7.2 Hz, 1H, Ar),
7.87 (s, 1H, Ar); 3C NMR (125 MHz, CDCls) §27.3, 46.4, 100.8, 102.0, 106.7, 116.7, 119.4, 123.0, 123.2,
123.7, 130.6, 130.8, 139.3, 148.4, 151.8, 159.5; MS (EI) m/z (%) 265 (M*, 100.0), 264 (94), 234 (13), 206
(26), 178 (20), 131 (10); HRMS (EI) calcd for C1H1iNOs (M™): 265.0739; found: 265.0735.

Oxoassoanine (134)
134 1%, 110a & [FERDFIETER LT,

Colorless prisms (15.6 mg, 33%): m.p. 266-268 °C (EtOAc); IR (KBr) cm: 1643 (C=0); 'H NMR (400
MHz, CDCls) 63.45 (t, J = 8.4 Hz, 2H, ArCHy), 4.05 (s, 3H, OCHj3), 4.09 (s, 3H, OMe), 4.51 (t, J = 8.4 Hz,
2H, NCHy), 7.22 (t, J = 7.2 Hz, 1H, Ar), 7.31 (dd, J = 7.2, 0.4 Hz, 1H, Ar), 7.55 (s, 1H, Ar), 7.82 (d, J = 7.2
Hz, 1H, Ar), 7.95 (s, 1H, Ar); 3C NMR (125 MHz, CDCls) §27.4, 46.5, 56.1, 56.2, 102.9, 108.8, 116.7,
119.2,121.3, 123.1, 123.5, 128.5, 130.9, 139.4, 149.6, 152.9, 159.6; MS (EI) m/z (%) 281 (M, 100.0), 266
(18), 238 (24), 140 (10); HRMS (EI) calcd for C17H1sNO3z (M): 281.1052; found: 281.1047.
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